
Fundamental^

of

BIOCHEMISTRY

[with MULTIPLE CHOICE Ques.-Ans.]

Dr. A. C. Deb

CENTRA

T



Fundamentals

of

BIOCHEMISTRY
IFor Medical Science. General Saence, Veterinary Science, Home Science, Life

Science, Agricultural and Homeopathy Courses etc ]

Dr. A. C. Deb, Phd
Professor and Head, Department of Biochemistry

Bhagalpur Medical College, Bihar

NEW CENTRAL BOOK AGENCY
8/1 Chinlamom Das Lane, Calcutta - 700 009 (INDIA)



© Reserved by the Author

Fundamentals of BIOCHEMISTRY

First Edibon— 1983

Second Edition— 1986

Third Edibon— 1988

Repnnt— 1989

Fourth Edition (Revised & Enlarged ) — April, 1990

Published by—

A Sen
New Central Book Agency

8/1 Chintamoni Das Lane
Calcutta-700 009

Printed by—

I N Sen (Managing Director)

Books Sc Allied (P) Ltd (Offset Printing Division)

8 Chmlamoru Das Lane, CaIculta-700 009

PRICE : Rs.140 00





PREFACE TO THE POT3RTH EDITION

Fundamtotair of Biochesuitu dsals with the coaarchenme treatiaeat of
the fknaaplcs of bioebanxirgy aj^d molecular biolc^ B> ttssrting highh^ts into
ths pathMogJc applications of biochemistry, it pnnndes imatemc fa^oes to
medical studeats as r^ards to the clio tcal disoMen arising from biodiemical
derangements

AUeratxoos in tbe fourth edttioa

The ajthor svh3e prepanag this ne*r edition had nourished two emn olgects
to focus the latest advances m biochemistry that are significant to n^diciae
to offer a book that,would be mere beaeSaal to medical students to study with
madb interest and aim. The following featurts bneg forth the objectivei

B A new diapter entitled ‘‘Overview of Intermediarv mctabdhsm'* (CSiapter 20)
gi\ cs assemblmg of all of the chapters tm metabolism.

B A new chapter entitled “Recombinant DNA Technology** (Chapter 23) starts

die basic oittcepts and technique of this topic and iUus:trat£s tts strong apphea
cation on biology and medicme.

B A specaaj chapter enatled “Cancer, Oncogenes, and Growth Factors*’ (Chapter
41) mantes the attention of the stud^ts to the problem ofcancer and shows how
biochemical informaaon gathered fram the study of oncogenes and growth
factors is enlightKung its f^dam^ntal nature.

D An appendix includes obiecUt c type ofquestions and their answers. This intends

to assist students m their achioxanenis dem-ed fftoa keen study

In addiQon, applied sumoon m detail a added to Fnneiples of njtnnco
(Chapter 32) for suid^ts stadyu^ oatnuoa and the revised gastrointesoaal

hormones is also added to Chapter 15 to proiode recent infcrmation.

A^oiowledgetnesls —
The author is efiremely delighted to extend his gratitude to professional

colleagues ffiends who hai-e coni'eyed suggestions for improvement and
corrections to him for placing the book In the lofty positron. Ke eaygses his well

wis!^ to them to encourage their canonued effort and mterest. Comments irom
students of 1st bfBBS (1st nrofessiona] hIBBS) of Indian as vrdl as foreign urn*

t-etsities, ilie graduate and master course students of ^en^al spenee streams

as well as vetennary, agricultural, and home saenee students, the students oT
diploma as well as post anduate of medical biochemistry and nutntion are alwayn

cordially welcome

The author is highly gratided by the wide acceptance and rjpport this book
has received from all cornera oflcamcrs He also tminks his wife Mrs. Bela Deb
and his son Pradipta Kumar Dd) who hdped him in every affair widiout vrfuch

this new edmon would not come to li^t so soon. A ma cnvxrotimmt had aho

been prevaQed to work votb the puhltsber, Mr A. Sen and his co-workers

for their continued assistance

Calcutta,

Apnl 19W Dr A G Deb.



PREFACE TO THE THHUOEDmON
I feel extreme pleasure in bringing out the edition of the book to the

enthusiasdc readers within a short period, Tlus edition has come to light with th?

znaitTfoUowing features

:

1. The thorough and Critical revision of its predecessors.

2. The addition ofseveral new articles.

3. The addition of several schematicrepreentation.

I have the high longings that this edition will signify more beneficial to the

learners for their clear recognition. The criticism ofthe readers is the best guide for

the development of the book; hence, suggestions from time to time are highly

appreciated for the subsequent edition ofthe title.

"More schematic representations in different chapters have been added in

this edition to have an enlightened concepts of the correlations between these

chapters.

A new final chapter has been included. This briefly deals with the history

and advancement of clinical biochemistry with an account of SI Units.

, I highly desire to acknowledge the great patience and many social sacrifices

madebymy Wife during the year in which this edition was bring prepared Thanks

are also due to the publisher for his unfailing co-operation.

Calcutta ^Dr,A.GDd>
Pecembfcr, 1987

PREFACE TO THE SECOND EDITION

The second ediUon ofmy book needs revision by the addition ofmore chapters

cJucfiy dealt wfA the molecular biology associated with the day to day rapid

advancement of biochenustry and hence the number of chapters in this edition

has been increased \rith a view to devriop the organization and the presentarion

of the material of the book. Although much information of each new chapter

has been available, I have devoted much care to express the material in a ccotrise

and simple manner for the easy and smooth understanding of the enthusiastic

learners.

I am too highly glad to avml the opportunity of ofiering thanks from the core

ofmy heart to those who have extended aid in all respects throughout the second

edition of the book to represent it in an accomplished way. Further stiggcstions

are cordially invited from the readers in the subsequent edition of thisbook.

Dr. A. C. DebCalcutta

May, 1986



PREFACETO THEHRSTEDITION
Recoitly, adequate advanca have taioi place in the field p-„i. .

A numher of teat booh haj been found tuitable for" studenT^avotd ootfunon m undeettanding each topic of the entite eubjeet tin.^b^on Btoebenustry ha. been written in a .ynetnatic manner in a ,approach f^e rmdenri. Deep attention ha, been adopted to cov^rSnecessary aspects ofBiochemistry.
‘'cx au me

The bool^ although in condse form, ran at >

*d
«Saicea and life nie^'mbeeU,^^ ™le^ar conoepa have aha beat introduced in thi. booL^“ 0“ hool «iU tetve dte interma of.tudma and praStftJ.tn the health Kiencee related to medicine providing than fatowlt^opjmapla of molecular chemimy and biology. An exercite otmlainW

different muvemty exammatiom is givo. at the end of eachcha^^
botefi. of the .tntoa to prepare anxva, thoroughly for their exa^£^'
give the best satafitenon of the examinetx. Thi. sort of nresee^fi^

^
mMmise the exhaustive vmrk of the smdena for finding out question.'^elS
chapter for exammaaons. The practical porrion in detail i, also added
die hook a complete one for the iacOity ofleamen.

“ “

I am thankful to my wife Mb. Bela Deb, «. sc. (Botany) s an wb u a
giveii me valuable suggestions andInspiration for the rapid and iio-'v.. ,
the book. 1 am also indebted to my iather-m-law Dr N a Bhad
respected professor Dr. P. K. Baneqee for their inspiiatise sugST’
I am highly thankfid to the publisher SriJ. N. Sen, and the artist Sri If

^
for their continuous unlailing efiorts and help throuxhont .1,

““
this book. “^"""“preparation of

AnysuggBdonfromthetmriieBandstndaitssraibehfehlvan •

that further improvements of the title can be made in the .ob.
’ PP^^tfid so

the light o*fthe sama "sequent edition in

Calcutta

October, 1983 De-AC.Dd,
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CHAPTER I

DmiODUcnoN
Biochemistry absolutely deals with the chemistry of living oiganisms—

both plant and artimal Protoplasm is the basis of all forms of life Although the
protoplasm ofeach different kind ofcell in each kind ofanimal or plant is different
in charactenslic yet the chemical composition^ orgamzation, and chemical pro-
cesses m these many different forms of protoplasm are similar m many respects
Animal biochemistry is significantly developed by the assistance of inv&tigations
of th^ chemical processes of plants and microorganisms and vice-verta The
observations on various chemical reactions first made in microorganisms or plants
have been finally brought to light m higher animals and the reverse is followed
m the true sense

Brochenustry can be divided broadly into four branches (i) Medical
biochemistry, (n) Animal biochemistry, (iii) plant biochemistry, (iv) Biochemistry
of microorganisms

Medi^ biochemistry deals with the following with winch the medical
students are mainly concerned

The chemistry of tissues and foods*

Since the foods arc largely derived from animals or plant tissue the study of
the chemistry of one is identical with the other The components of tissues and
foods are caroohydrates, fats, proteins, and nucleic acids Carbohydrates provide
a greater part of the energy needs of the body Improper utilization of glucose
leads to the development of the disease diabetes mclhms Lipids provides a part of
the energy needs of the body Essential fatty acids are required for maintaining
normal h^th These essential fatty acids are also the precursors ofprostaglandins

Complex lipids occur as integral parts of nervous tissue Proteins are necessary

for ^owth and maintenance of positive nitrogen balance Nucleic acids (DNA &
RNA) of nucleus and cytoplasm respectively arc mvolved m regulation of gene

The chexmstry of digestion and absorption

The food is chiefly composed of large molecules of starch, proteins, and fats

These large molecules arc digested into smaller molecules like glucose, ammo
acids, and fatty acids for absorption by the organic catalysts (the enzymes) present

m the digestive juice Along with their absorption, the entry ofwater, mmerafs,
vitamins, and other diffusible molecules ofthe food also takes place The absence

of one of tlie digestive enzymes leads ao senous disorders

The chemistry of respiration.

During respiration, m man, oxygen is taken into the lungs and diffusre

into the blood across the membranes It combines with the hemoglobin of red

cells and m this form, it is earned to the tissues where it is released for the oxida-

tion of food to liberate energy The carbon dioxide formed equal in volume to

that of oxygen passes from the tissues to the blood stream and is exhaled from

the lungs being reacted by chemical combination

The chemistry of blood

The blood cames foods to the tissues and waste products from them to the

excretory organ Tlic hormones produced l/y various glands pass into the blood

and through its circulation these hormones reach the specific tissues The blood

distributes heat from one part of the body to another and exerts cooling effect

F 1 1
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The blood also distnbutcs water and salts properiy and maintains aadbase
balan^ of the body It contains substances that ©irabat infection, by micro-

organisms The composition of blood is normally constant but it is dynamic.
Oiv of the substances present m it uscreased or decreased causes pathological

condition
~

Tbe chemistry of cell membrane and physical chemistry
Hormones foods waste products, and oUicr nccessarj substances required

for cells pass through the cell membrane-^ Some substances easily pass through
the membranes but some other substances pass by other mechanisms Normal
permeability of cy*ll membranes maintains normaf physiological processes and
abnormal permeability is associated with pathologicm conditions

The colloidal substances which do not diHusc through membranes exhibit

donnan membrane equilibrium rcsultingin secretion and excretion ofsubstances
The buffering system is most essential for maintainingp^ of blood slightly alkalmc
for normal fiuictioning of the body The electrical potentials across cell mem
branes is of much significance The ton exchange across the cell membrane
mamtains the cellular integicty Thcp^ofbloodif^tcredfromthe normal value
leads to complicated disorders

The chemistry of tissue metabohsm.
The oxidation of food stuffm tissues occurs by chemical processes with the

liberation ofenergy and water Thisisa\er> complicated processm biochemistry
Several disc,jcs occur m the disorder ofthe metabolism of these food stuffs

The chemistry of glajtds of internal secretion.

The control through glands of miernal secretion is barely dependent on
the activities of hormones and nervous system The hormone of one gland regu
lates the activity of another gland Biologioil achievement is recorded by the
biochemistry of the glands of internal secretion which is one of the most signi

ficant chapters “nie improvement of this chapter has infiuenced Uie efieciivc

agents of treatuig diseases Overproduction of hormones also leads to senous
disorders

Tbe chemistry of excretion

The excretory organs—kidneys, lungs, mtesime, and skm—remove decom
position products of tissues and foods m oidcr tomate the composition ofthe body
fibtds constant The most important decomposition products are urea uric acid,

and creatinine formed from proteins carbon dioxide and water formed from
carbohydrates fats and proteins The particular level of these decomposition
predicts in compatible with health but much excess may lead to dysfunction

and illness “TTie kidneys and the lungs chiefly perform the excretory function of
the body The medical students must be quuc aware ofthe concentration of the
excretory products which may indicate certain diseases In sev’cre diabetes
mellitus, sugar is excreted to the unne as a result of high blood sugar level and
along with this sugar the kidney is to excrete more water also Consequently,
there develops both hunger and thirst This symptom giv cs a hint to the disease

Bio-chenucal disorder in diseases
The laiowledge of biochemical disorder in various diseases aids in the correct

diagnosis and treatment of disease Blood glucose lev el increased and presence of
sugar m tlie unne indicates diabetes melhtus The seventy of the disease is

assessed by the concentration of blood sugar and unne sugar So treatment is

instituted by antidiabetic drugs Jaundice is accompanied by high level of bile
pigments m blood and tissues In kidney failure urea, unc acid etc m blood arc



BlOCaffiUBTRY IM MEDICTNE 3

highly increased leading to uremia. The functiom ofIddncys, liver, pancreas, small
intestine etc are determined by biDdiCmical tests.

From the above accounts^ it is quite evident that the knowledge of bio-
chemistry is most essential for imdentandmg the functioiui^ ofhuman b^y in
health and ^scase. From the time of Anstotle, students of biology and meifUcine
have endeavoured to correlate structure and funedon.

Importance of biochemistry to medicine.

Biochemistry is important to physiology, the other medical subject. Both
physiology and biochemistry overlap and merge. Pathological condithms in the
body arc taused by deranged chemical composition and functioning of tissues and
many oT the probJems of pathology ocettr from the chemical view point The

Kb. I.L Schematic rqiresmtation of D»odiem!*tfy in brief.
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bacteriologist is also concerned with the chemical thanges caused by bacteria

in tissues resulting in various diseased conditions He is to have ideas of vaccines,

scrum, and antitoxins The pharmacologist must knoiv the chemical aspects of

•the body since the action of drugs always involves some alterations in the bio-

chemical events occuirmg in the bod> Tlic physicians loo have to acquire know-
ledge of biochemical changes of different food stuffs, hormones, and vitamms
etc to diagnose a disease properly lor its cure They have also to depend on the

large numW of biochemical tests for treating diseases

STRUCTURE AND FUNCTIONS OF CELL CONSnTUENTS
The cell is the basic structural and functional unit of all living organisms

Very recent studies have revealed the use ofelectron microscope and dilTereniial

centrifugation to find out the presence ofvarious structural units of the cell with a
view to have an idea of their functions too The structure of an animal cell is

shown below, m figure I 2

Fig 12 Siructurcoraruxnal cell

Cell Constituents

1 Cell membrane (plasma mcmbrajic or unit membrane)
2 Nucleus
3 Mitochondria
4 Endoplasmic reticulum
5 Ribosomes or microsomcs
6 Centnoles
7 Lysosomes
8 Cytosol
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1. Cell Membrane:
(i) The boundary of every cell has a thin membrane of tiiickncss 75A units

(although the thickness varies from 70A to lOOA) This iS also known as unit
membrane or plasma membrane which is formed by the ingredients of the plasma
(cytoplasm)

(ii) This membrane consists of threelayers (a) Inner layer (20A) ofproteins,
(b) Middle layCT (35A) consisting of phospholipids and cholesterol and (c) 1110
outer layer (20A) consisting of protem and polysaccharide These arc arranged
continuously to form pores of about SA

The phospholipid molecules m the light band are arranged m two rows that

the phospha te contaimng ends (the polar or hydrophobic ends) point to the outside

while the non polar or hydrophobic ends point to the inside

(ill) The orientation and nature of the hpid protein components in the cell

membrane determines the charge in the membrane and movement of molecules-

across the membrane
(iv) The surface of the cell membrane beat* pores, of mtcmal diameter SA

and length about 75A, which lead from cytoplasm to tlie extenor
(v) The most important function of biologic membranes is to restrict the

exchange of substances among various compartments Thus different types of
body fluids are separated from each other by different membranes c ^ R B C
membrane separates plasma from R B C This is performed by the selective perme-
ability of the various membranes for which certain substances are passed throu^
different rates namely high, moderate or low, while othen are prevent^ from
passing through

}• Pfofe n

9
1

9
1

9
1

9
1
9

1

"iProien and
/polysocchor d

Fig 13 A crossseelion ofcell moohranc

2 Nacleuai

(i) Nucleus is the heaviest component of the cell and is separated from
the cytoplasm by a double membrane The outer membrane is continuous with
the endoplasmic reticulum The two membranes are separate fiom each other
by the pennuclear cisterns (150A) andjoin at intervals to form pores which allow
the passage of materials from the cytoplasm to the nucleus and vice versa

(ii) The pores on nuclear membranes are of higher diameter than those

on the cell sv^ls and allow the passage oflarger molecules such as protein, nucleic

acids etc

(in) The nucleolus within the nucleus contains ribonucleic acid (RNA) in

granular form
(iv) “Chromatin”, the regular cluim of thread-hke material, distributed

throughout the nucleus, is the most important component of the nucleus This
consists ofdeoxynbonucleic acid (DMA)

(v) TIxe chromatin, immediately bdbre cell division, organises into simple

small thread-like structures knovm as ‘‘chromosome*”, which consist of nuclco
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protein molecules Most of the DNA present -in the nucleus occur exclusively

ui chromosome
(vi) The gene or cistroa, the unit of genetic information, form part of the

chromosomes and IS a s^ment oftheDNA molecule (about 600 bases) The genes
are, therefore, arranged in an orderly manner along the length ofthe DNA mole-
cule m the chromosomes

(vii) The DNA molecules form the template for the synthesis ofRNA which
IS later on transported into the cytoplasm and the nbosomes The RN\ mole
cules, then synthesize different types of protems (hormones and enzymes) Since
the enzymes regulate the metabobe processes of the body the nucleusis, therefore,

said to be governing the metabolic processes in the true sense

(mi) In summary, the nucleus contain pretetm (about 15 per cent of the

cell), Rh'A (about 30 per cent of the cell of which 20 per cent m nucleolus a«d
10 per cent m chromosomes), and DJt'i

3 Mitochondria *

(i) Mitochondria arc the largest components m the cytoplasm
(ii) The\ contain about 35 per cent of the total protein of the liver In addi

lion to proteins, they also contain lipids (25 per cent) most ofwhich (about
two-third) arc phospholipids, and a small amount ofnucleic aads

(m) They are the ‘ pou’cr house of the cell” and each cell may contain

from 50 to 2500 rmfochondna depending on the respiratory actinty of the cell

The cells ofskeletal muscle, ladne> , and In'cr contain large number of mitochondria

while those of heart muscle contain less number
(iv) ’nicy vary m shape (spherical, filajnental or sausage shaped) and m size

(0 5 to 3/1 long and 0 1 to 0 6/i wide)

(v) 'They base two membrancs—thc outer membrane is smooth while the

mnerMembrane is folded to form n6gti or rmiw which extend into the macnx oT

the mitochondnon Two spaces—the intracnstae space and the matrix space

are thereby dev eloped The matrix space is nch m enzymes , while the intracnstae

space contains substances of low molecular weight In solution The outer suffice

of the outer membrane and inner surficc of the inner membrane possess indefinite

protuberances or saucer like structures which are nch in proteins, most oTwhi^
are the enzymes in biologic oxidation namely NAD—and NADP—depenttot
dehydrogenases, flavin linked enzymes, and cjtochromes

(vi) Mitochondria swell extensively m a hypotonic medium and contract

again in a hypertonic medium, faster with the addition ofATP This mechamsm
faohtates the exchange of metabohtes

(yiu) The mitochondna contain a large number of enzyme systems known
as ‘ cyclophorase ' which are involved in (I) oxidation of pyruvic acid, acetyl

—

CoA through Kreb’s cycle, fatty acids, ammo auds, (b) electron transport and
oxidative phosphorylation, (c^ synthesis offetty aads ’ITiey also contain enzymes
concemfed with the biosynthesis ofammo acids, porphyrm, phosphatidcs, heme,
hippuric acid, and urea They abo contain transhydrogenases, adenylate kinase,

glutammase, and the enzymes of phosphorylation of nucleoside diphosphatasc
and carboxylations

F(g 1 4 Structure of Mitochoodna.
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4. Endoptasmic redcxilimi:

(i) This IS the complicated and organised system of monbranes in the
cytoplasm of the cell This membrane is constituted of protem hpid double layers

and IS ver> well deyeloped in tissues with active protein synthesis

(ii) The Golgx bodirs serve as a means of producing and maintammg the
internal membrane The interior of this membrane is connected with pennuclcar
space and sometimes also with the extracellular space The cisterhae (enclosed
spaces) of this endoplasnuc reticulum play a role m the exchange of material
between the cell and the extracellular fluid This exchange of material takes

place by the processes of diHusion, active transport and pinocytosis

(m) This and the surrounding matrix are not only meant for specific meta-
bolic activity, but also provide the means ofcommunication between the nucleus,

mitochondria and ribosomes

(iv) The important functions of this membrane and cytoplasm matrix are
(a) Transport of nutrients and metabolites from in and out of the cell

,
(b) Regu-

lation of protein synthesis, (c) Glycolysis, (d) Glycogencsis, (e) Pentose phosphate
pathway, (f) Fatty acid synthesis

b Ribosomes:

(i) Ribosomes or microsomcs arc the small granules on the oui5ideS'oft(iq

membranes of the endoplasmic reticulum

(n) The size of the ribosomes ranges from 15 to 20 millimicrons (lO** mm)
and the diameter being I50A

(lu) They arc composed of ribonucleic acid (RNA) protem complex They
also contain lipids mainly phospholipids

(iv) They occur separately or m a polysomal cluster They consist mainly of
particles of two sizes—one with a sedimentation constant of 50S (S=Svcdbei^
unit) and the other with 303 Tlie combihation of the two particles is 70S They
are the mam site of protem synthesis

(v) Thc> also Assess steroid reductase (responsiblcfor mctaboli<m of choles-

terol and steroid hormones), phosphatases, hydrolases, hydroxylases, glucuronyl

transferase, and ATPasc
(vi) The Colgi apparatus acts as the store house of various hormones and

secretory mizymes which are released at the lime of requirement by the process

of meio^tosu

6 C^trides:

(v) Ccntnoles arc two short cylindrical structures known to exist on either

side of the nucleus at right angles to each otlicr

{») They arc not bound by any membrane
(ill) They help in the equal division ofthe chromosomes by taking them apart

and they are, thereby, responsible for equal distribution of the characters in the

offsprings

7 Ly«esome«t

(i) The size (mean diameter 0 4|t) of the lysosomes is m between that of
microsomcs and mitochondria They are surrounded by a lipoprotein mcmbnuie

(u) Since they contain hydrolytic enzymes they are named Ij’sosomcs

(iin They contain digestive enzyme, such as caihepsm, acid phosphatase*,

nbonucicasc, deoxyribonuclease, catalase, coUagenase, o glucosidasc, ^ gatac-

tosidase, a rmnnosidase, Phosphoprotcin phosphatase etc
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(iv) Unless the lipoprotein membrane of the lysosomes are ruptured, the
enzymes are not released into the cytoplasm Hydrolases in lysosomw are sepa-
rated from their substrates by means of lipoprotein membrane and only when
lilts membrane is ruptured^ the hydrolases «itcr the cytoplasm and destroy the
bacteria or foreign particles when the latter enter the cells The rupture of the
lipoprotein membrane takes place under conditions of c>toIj'svs which mclude
fat solvents, detergents, protease, icetthinase, acid pH, and high temperature

INTACT
LYSOSOME

Enzymes bound
and inaccessible

y
INJURED LYSOSOME

a
Enzymes occessible

\

Tig I 5 Tile lysosome-

8 Cytosol:

(i) Lardy introduced the term ‘cytosol' for the cell sap It u the unstructured
* soluble” portion ofthe cell It is the ‘supernatant’ that remains after centnfuga-

tion of mitochondria, microsomes, lysosoracs, and nuclei TTic supernatant as a
complex mixture of proteins (3a 40 per cent of the total cell), RNA, and other
organic or inorganic compounds of low molecular weight

(ii) It mainly contains thecnz>ine sj-stems involved in (a) gljcolysis, (b) fatty

acid s>nthesis, (c) pCntosC phosphate pathwa), (d) the activation ofammo acids

m protein synthesis, and (e) catabolism ofpunnes and p)Tinudines

Separation of structural units of the cell*

(i) The cells are disintegrated in the isotonic media by differential centri

fugation to separate the structural units of the cell

(ii; Potter Elvehjem homogenirer or similar equipment is used to prepare

the lisste homogenates with the help of0 25 M surcorse solution at 0®G
(ill) The homogenates are then separated by differenual centrifugation belou

4*C The results ofseparation are given below
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Centrifugal field Time in minutes Structural units

700 g 10 Nudei, cell membrane, and erythrocytes.

5,000 g 10 Mitochondria and Lysosomes

57,000 g 60 Microsomes and Lysosomes

1,50,000 g 30 Ribosomes

Unsedimented
j

1
Cytosol

Fig 1 6 Seperatioft ofitnictural units of the eel)



CHAPTERS

BIOPHYSICS
ACromf AND AERAUNTTY

1 The reaction of the tissues and tissue Quids of the body is nearly natural
excepting gastnc juice The slight changes in reaction haw a significant

physiological effect In case> the reaction of the solution is tnadeshghUy more
acid or more alkaline, the heart stops

2 Acidity IS considered bj an excess of hydrogen ions (H-^) over hydroxyl
ions (OH') and alkalinity by an excess of OH~ over H***

3 The intensity of aadity depends upon the amount ofhydrogea ions m
excess, and the intensity of aliiinity depends upon the excess ofhjc&oxjl ions.

If the amounts of hydrogen and hyiiroiQl ions are the same, the solnboa is

neutral Pure water is a neutral solution and it contains H* and OH** in equal
proportions It is never free from and OH The iocs are formed by
lonisabon, thus

H,0?iH+-rOH-

4 The hydrogen ion (H* or proton) wdi its high ratio of diarge 'waflot

exist free to aqueous solution. It becomes associated with one or more water

molecules to form a hydrated hydros ion called hydroniua ion (H,0+)

5 Tite dissoctatioa of an aad should be wntten as

H,0+HAvi=H,0+-}'A-

But It IS con'enicut to n*glect the hydration and must be wnttea as

HA^H*+A-
6 The concentration of can be made increased without increasingOH~

by adding an acid which lomses to form H* Example .

Ha^H^+O-
Similarly, the cocceatration of OH~ can be made increased wiihocl

increasing by adding an alkali Example

NaOH^Na+-OH-

7 It must be noted that even m tbs most and solutions there are alwas-s

some OH~ aad in alkaline solaboas there are always some H*^

8 Aqueous solution always contain both H*^ and OH" because water

always ionises to some extent.

9 The lomsabon of water is a m’crsible reacnoa admitung the Isw

of Uass Action. This clearlv explains that the p-oduct of th- concentrations of
and OH~ maintains a constant ratio to the concentration of waiex m

any system. This is expre^ed as

IH+3xI0H-)=KIHj01

where K^constaut, t ]=conceatratioa.

10
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10 If H+ IS added to this above ^stexo, the left hand side of the equation
will be increased To rC'Cstablish equilibrium, OH“ must decrease by combining
with H+ to form water until the equation is balanced In other words, if are
added to a solution, the ionisation of water will be depressed and there will be
fewer OH" than m pure water Similarly, addition of OH“ will depress
the ionisation of water and reduce the coni^ration of H+

11. As a matter of fact, water is lomsed to such a small extent that even if

all the H"*" and OH" are recombined to form water, the increase m the
concentration of water molecules will be negligible Considering the effect of
the addition of H+ or OH" to a system, it can be neglected that the addition will

cause a minute increase in the concentration of H,0
12 In pure water or a perfectly neutrat solution, rH+l=10H"] Hence

[H+J»=Kw.

13 If [H+l IS greater than 10~’ (eg 10^, the solution is acid If [H+J is

less than 10“’ (e g the solution is atkaime

14 HCl and KaOH are practically 100% ionised Solutions of these
substances are almost completely ionised when the solutions are more dilute than
N/10 The ionisation is not complete at concentration greater than this

15 With weak aads (eg acetic acid) 100% dissociation is attained when
the solution is weaker than N/IO Therefore^ N/IO acetic acid is much less acid
than N/10 HQ

Id. The reactions of all biological fluids occur between and lO"’*.,

tNOICATORS

Definition ; Certain dyes which can determine the hydrogen ions in a
solution are said to be Indicators

Characteristics :

1. The dyes are weak acids (or less commonly weak bases)

2 They have the property of dissociating m solution to yield ions of
different colour from the undissociated molecules

3 The P® at which dissociation will occur depends upon the strength of
the acid ,

the stronger the acid the lower the pn at which it dissociates

4 The free acid of methyl orange which is red can be represented as MH
It is dissociated as below on dissolving m water

M" being a yellow ion The colour of the solution will depend upon the

extent of ionisation, so that m very dilute solution it will be yellow.

5 It may be orange in stronger solutions with incomplete dissociation or
red with no dissociation

6 If acad (i e H+) is added, the ionisation will be depressed and MH will

be reformed and the colour will be red But if alkali (i c OH") is added, the

OH" will combine with H-*" to form water and MH will ionise to the great extent.

Hence, the colour will be yellow.

Uses •

1. Indicators are used to detenmne the titratable acidity or alkalinity
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2 When an indicator gives its intermediate colour (i e it is partially

dissociated), it can be easily assumed that the pH of the solution is about
the middle of the range

3 Solutions of mixed indicators which give a number of colour changes
o\et a wide range of ps are called *‘uni\ersal" indicators They are used
for indicating quicUy m what part ofthe range the P® ofa given solution lies.

For accurate determination of P®, the “PR meter” is used

4 The foUowing table gives a list of some common indicators which are

used for the biological P® range

Indicator PH range Colour change

Methyl orange 31—4 4 Red—YeJlow-

Bromphenol blue 30-46 Yellow—Blue

Congo red 30-50 Blue—Red

Topfer’s reagent 29-40 Red—Yellow

Methyl red 43-63 Red—VcIIoiv

Phenol red 68-84 Yellow—Red

Thymol blue 80-96 Yellow—Blue

Pbenolphlhaleio 8 3—100 Colourless—Red

pn

Defimtion

pn is defined as the negative of logarithm ( base 10 ) of the hydrogen ion

concentration
Or,

It IS defined as the loganthm of the reciprocal of the hydrogen ion

concentration

,e pH=-log (H*] or P“=log
-jjpj-

AIl vital activities arc affected by concenlralion Hydrogen ion

concentration must be ascertained before the po is calculated For strong

electrolytes, IH+] may be substantially tbe same as the total concentration,

if complete ionisation is assumed But for weak electrolytes, (H+l must be

obtained by the calculation from the ionisation constant

Variation in P“ and Intctprelalion

A solution of P» 3 contains 10-» gram H+ Per litre

A solution of P" 5 contains 10-* gram H* Per line
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A solution of P® 8 contains 10"* §ram H"** Per litre.

A solution of P® 3 has 10 times the (H+J of one of P® 4 and 100 times that

of a solution ofP® 5. As [H+l increases, P® decreases in such a way that forgone

unit increase in P® the [H+] increases 10 times. It docs mean that the higher the

P® the lower will be the acidity.

A neutral solution has P® 7. Pure water (the neutral solution) is ionised as

follows,

fH+lx(OH-I=Kw.

or, [H+1X[OH'1=1X10~“

Putting logarithm on both sides,

log [H-^]+log IOHi=Iog I+log IO-».

or, —log [H+J—Jog (OH“}=0-}-14 log 10. (multiplying both sides by

- sign]

or, pn4.poH=i4 (Since, P«=7|.
PH=pon fe.

Therefore, a solution with P“ less than 7 is acid and higher than THTalkaJine.

The P® range is 0 toHonly. it should benolcd that theP® scale ts lopriTHmlc,

not numerical.

P® 6.5 does not represent a (H+J half-way between 6 and 7.

Actually, P® 6.5«(H*I 3.2xI0-»

P® 6.0*(Hi I0xl0-’»IH*1 10-**

Determination of P® i

For weak electrolytes with which the physiologic chemistry is concerned, this

may be calculated by the law of mass action.

HA=tH-I [A'i

iHA]

HA=Uadissocialed weak acid, Ka^Dissociation constant for the add.

The table below gives the P® of some typical solutions.

5o/ufle't pn Solution PS

N/10. HCl ... 1.04 Pure water ...’ 7.0

N/IOO. HQ 2.00 iMilk 7.1

Gastric Juice fadulO ... 1.2-I.5 Tears 7.2

Gastric Juice (Infants) 5.0 Blood (average) 7.4

Urine (average) 6.0 Intestinal Juice 7.8

Saliva 6.8 Pancreatic Juice . ... 8.0
N/100. NaOH ... ... 12.0
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Detennmation in a non homogcneons solation

Diffusion between two planes X and Y in a non homogeneous solation can
be expressed quantitatively by Pick’s law as folIo\vs

where, j:=The rale of movement of solute
at

D=Difrusion constant

A=The area of the planes

between X and Y/distancc between X and Y
Physiological role

1 It helps in passive transport of substances across the cell membrane.

2 Substances move in the direction of the physical gradients which follows
the rule of diffusion

OSMOSIS AND OSMOTIC PRESSURE

Definition Osmosis is defined as the spontaneous flow of water into
a solution or from a more dilute to a more concentrated solution when the two
solutions are separated from each other by a semi permeable membrane

Osmosis occurs m the direction opposite to that m which diffusion
occurs The animal membranes are not completely ‘ semi permeable ‘

'ITie

artificial membrane is the most selective This is prepared by
keeping copper crystals iq the pores and dissolved in KiFeCCN), solution

Expenmcnt
^

In the figure below, the semipermeable membrane is fitted at the mouth of
the thistle funnel The thistle funnel is provided with a sucrose solution upto a
mark and inverted over water in a trough After some limes it has been found
that the level of sucrose solution is increased in the thistle funnel owing to the
entry of water through the semi permeable membrane The flow of water will
be prevented when both the pressure (inside and outside) are equal The excess
pressure can be measured by a mercury manometer

Fg 2 1 Osmosis and osmotie pressure
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Definition Osmotic pressure can be defined as the excess pressure which

must be applied to a solution to prevent the flow of solvent of low osmotic

pressure when they are separated by a perfectly senu permeable membrane

Point of some significance in the absorption of food

1 Osmotic pressure is only permanent if the membrane is truely semi-

permeable, i e if it stops all solute molecules and only passes solvent molecules

2 In case of dialysis, if the collodion or cellophane bag is filled with

a solution of a dye with small molecules and placed m contact with water, water

wil! pass into the dye but at the same time water plus dye will pass out from the

bag As water molecules are smaller than the dye molecules, water will pass into

the bag more quickly than water plus dye will leave it Therefore, an osmotic
pressure will be developed, but it will only be small and transient because

the membrane is permeable to both water and dye But if the bag is filled with a

dye of large molecules, the dye cannot pass out into the water but water will pass

into the dye causing a permanent pressure difference If the bag is surrounded

with a solution ofNaCI of greater osmoticpressure than the dye, water wilt at first

pass out of the bag faster but at the same time NaCi will pass into the bag The
final equilibrium will be attained when the osmotic pressure of the salt solution

outside the bag equals the osmotic pressure of salt inside, so that the ulti-

mate permanent osmotic pressure difference wiH be that of the dye alone

Factors regulating osmotic pressure

1 Osmotic pressure depends on the number of solute molecules but not on
the size of the molecules

Example A solution of urea (Mol wt 60) of 60 g per litre has the same
osmotic pressure as a solution of cane sugar (mo) wt 342) of 342 g per litre

,

because these two solutions contain the same number of molecules per litre

2t In case ofsalts which ionise. It IS the number of ions plus molecules which
count, so mat fully ionised NaCl has twice the osmotic pressure it would have as

judged by the number of molecules

3 Other substances, such as soaps, fomi molecular aggregates, so that Ihcir

kavff k>ivffz ^fsmatic p.’emw

4 The osmotic pressure increases with the rise m temperature

Osmotic pressure in cells

! If the cell is kept in a hypotonic solution, the cell wall and the vacuolar
membrane both will allow water to pass into it and will set up an excess pressure

in the interior of the cell causing the cytoplasm to be forced tightly against the cell

wall In normal health, this condition is known as “Turgor and the cell is said

to be turgid

2 If the cell is immersed in a concentrated solution (high osmotic pressure),

water will pass out of the interior ofthe cell The cytoplasm will then shrink and
detach itself from the cell wall This phenomenon is said to be ‘ plasmolysis”.

IstHismotlcs—Solutions with the same pressure are termed iso-osmotics

Isotonic soIotlon-^A pair of solutions which produce no flow through a semi-

permeable membrane are said to be isotonic solutions
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Pln^ological iraporlance

1 Absorption from castro intestinal tract, fluid intcrchanct in ^'anous

compartments of the body follow the ponciples of osmosis.

2 The osmotic pressure ofplasma proteins refulates v.'aler to flow from the

protein—free intestinal fluid into the blood vessels

3 Livanc red cells if suspended in 092% TvaCI solution thev neither gain

nor lose water speaking intracellular fluid of red cells is isotonic with

the red cell membrane in 092% "NaCl solution

Application of Osmosis

1 The purgative action of Epsom (MeSotl or Glauber s fNatSo^) salts is

an osmotic phenomenon A stronc solution of a salt m the intestine prevents

absorption of water or withdraw of water from the body causinc dilution of the

intestinal contents

2 The pain caused bv the contact of sucar with exposed nerves of te-ih is

due to the osmotic withdrawal ol water from the exposed area bv stronc <ucar

solution

3 The pain experienced bv the application of ^It on the cut of the

Sfc.m follows the same osmotic phenomenon as m No 2

4 \\ ater or salts (chicflv NaCl> are excreted bv the Udn-y to keep the blood

isotonic with the cells Hence osmosis is of great importance in the pit>cess of

unne seCTClion

^ The clinical application of osmotic force is the injection of hvpertonic

solution of matmesium sulphate to reduce the volume of the brain or lower the

pressure of cerebrospinal fluid

6 Hemolvsis is caused b> the dilution of RBC bv the osmotic

phenomenon

SLRFACE TENSION
Definition The force with which the surface molecules are held lor“ther is

called the surface tension

Explanation The interior moleciiW of a homoccneous liquid arc equallv

attracted in all directions b> surroondinc molecules Thev arc free to move in

all directions But the molecules in th-* surface of the liquid are attracted down
ward and s dewavs but not upward (cvcepi for the

little attraction of iir molecules) As a result the

molecules of the surface ire not so free to move
They are held tocether and form a membrane over
the surface of the liquid Therefore when firelv

powdered sulphur or other non wetting powders are
sprinkled upon water thev do not sink but are
suspended on the surface

A great pan of the energv required to convert a
liquid into a gas is essential to overcome surface ten
Sion and drae the molecules free from the surface of
the liquid

There is also an interfacial tension which is btoch*mically very impiortant
especially m the process of adsorption This tension lies at the boundai
between immiscible liquids eg oil drops emulsified in water This tension is du
to unequal attraction of the film molecules as compared with th* molecules m Ih
interior of the liquid



ADSORirriON

Surface tension Surface arca=Surface energy A falling drop of liquid
assumes a sphencal form because the ratio of surface area and total free surface
energy is the least

Method of determination of surface tendon

hdgr

where, h=height of the liquid
;

*

d=density of the liquid
: c h

g=acceleration due to gravity

r=radms of the capillary tube ^ ’

FiS 2 3 Capillary tube

Factors affecting surface tension

1 Temperature—Surface tension decreases with the increase in temperature

2 Dissohed substances—(a) Most inorganic salts slightly raise surface

tension of water although potassium permanganate lowers

(b) Organic substances usually lower surface tension Soaps and bile

salts are the most effective m this respect

(c) Alkalis increase surface tension but ammonia lowers Jt Strong

mineral acids also decrease surface tension

(d) In liquid liquid and solid liquid systems dissolved substances

generally lower interfacial tension

The Gibbs>ThomsoD prinaple id relation to surface tension

1 Substances that lower the surface tension become concentrated at the

interface

2 Substances that increase surface tension tend to move awa> from
the interface

3 Lipids and proteins which are both efleciive m lowering surface tension

are found concentrated m the cell wall

Physiological importance

Surface tension is involved m the process of digestion because bile

salts reduce the surface tension of hpids and thus assist emulsification

As a result, the surface area is mcrcascdwbich favourshpase activity on lipids

ADSORPTION

Definition The process of taking up substances from solution on surface

IS called adsorption

Characteristics

1 Adsorption is a surface ph«iomenon

2 The attractive forces on the surface are limited to distances of one

molecule deep
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3 The extent to which adsorption takes place is dependent upon the nature

of both adsorbing agent -and the substances adsorbed

4 The greater the surface of the adsorbing agent, the greater is the

adsorption

5 Charcoal becomes activated when it is heated at 700®—SOO^C in a closed

container and adsorption takes place on the activated charcoal due to the

attraction of oppositely charged ions Salts, acids and alkalis restrict it

6 It has got much importance in industry

Friociples goreming adsorption

1 Adsorption is a reversible process

2 It decreases with the nse in temperature

3 This process takes place relatively quickly Equilibrium is reached

within one hour

4 Adsorption is proportional to the surface area and it varies with

the nature of the surface of the adsorbent and of the substances to be adsorbed

5 It proceeds best from dilute solutions

6 Narrow pores on the surface of the adsorbing agent are more effective

than globular opemngs

7 Heat is given off in all adsorption

8 The molecules adsorbed on the surface arc oriented and arranged m a

definite manner

Importance of adsorption

1 Many chemical reactions are speeded up by the presence of adsorptive

surface Oxygen and hydrogen are adsorbed together upon platmum black and
combine rapidly at ordinary temperature to form ivater

2 Surface adsorption helps to combine enrymes with substrates to give

reaction products

3 Adsorption processes taking place on the cell membranes promote many
vital chemical reactions and also cause changes m surface tension and cell

consistency

4 Drugs and poisons which arc adsorbed on cell surfaces exert their effects

from that location Selective adsorption may be related to specific action

5 The process of adsorption is applied in the purification of enzymes

Arrangement of molecoles at an Interface

Solute molecules accumulated at an interface tend to arrange themselves in
a definite pattern if the molecules are unsymmctncal, (i e if they have —CooH,
—OH, and —NH, groups), they have water attractions

, whereas the arrangement
IS symmetrical within the solution

The unsymmctncal molecules align themselves, so that the polar groups are
directed towards water and the non polar groups at the other end of the molecule
remain away from it (onentation)



HYDBOTROPY 21

At an oil water interface the orientation would be especially favoured smce
the oil would attract the non polar groups id addition to the water attracting ebt

polar groups

poior i%$ due

I
Pcior Qrcup

Fig 2 4

In the cell (which contains both water and hpids) it is likely that some cell

constituents are onented m this way The cell membrane absorbs oriented

molecules Orientation is an important factor in adsorption ~and enzyme
reactions In this way one part of a molecule can be presented to a

reacting substance

HYDROTROPV

Introduction

Moore and Parker (1901) studied the solvent action of 5?^ aqueous solutio*

of bile sails on fatty acids (and their salts) The solubility of acids m water was
less thanOi% m bile salt solution was 0 5% and the solubility was increased

to 40% when 1% of lecithin was add^ Tlie fatty acids could be readily

recovered from solutions by extraction with solvents showing that the fatly

acid molecule had not been altered

Neubcrg (1916) suggested that substances havmg the power of making water
insoluble substances water soluble should be called hydrotropic substances

Definition It is the process by which water insoluble substances are made

water soluble by hydrotropic substances

Hvdrotroplc substances Cholic acld> benzoic acids hippunc acids phenyl

acetic acid and soaps of higher fatty acids

Water insoluble substances Fats phospholipids sterols calcium carbonate

calcium phosphate magnesium phosphate and unc acid

Biological importance

1 Substances so dissolved by hydrotropy are diffusible through membranes

2 In the body, hydrotropic substances are found not only in bile but also

m intestinal juice, extracts of mteslinal mucosa, blood plasma and places where
such substances arc particularly usefui in helping absorption and transport

of insoluble substances such as cholesterol and fatty acids formed by digestion

3 The hydrotropic substances have the power of decreasing surface tension,

eg bile salts reduce the surface tension offats and make emulsification for lipase

action
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VISCOSITY

Definition The resistance experienced by one l3)*er of a liquid ra mo'ing
over another ia>cr is called \iscosuy'*

Viscosity varies greai!> Ether and gasobne have httlc viscosity and are

quite mobile But honey and coal tar have high viscosities The unit of
viscosity IS the ‘ Poise" named after Poiscuille It is expressed as

Factors affecting nscosity

1 Temperature The viscosity of liquids decreases by about 2% for each

degree nse in temperature

2 Chemteat composition The viscosity of liquids generally depends upon
the size shape and chemical nature of their molecules It is greater with larger

than vtuh smaller molecules , with elongated than mih sphcncal mo’ecules

Larce amounts of dissolved solids generally increases viscosity Small amounts

of electrolytes loucr the viscosity of water slightly

3 Colloid s^stertts The viscosity of lyophilic colloid solution is generally

relatively high

4 Susperded matcnal Suspended particles cause an increase m the

viscosity The viscosity of blood IS important in relation to the resistance offered

to the heart in circulating the blood The bean muscle funmons best while

working against a certain resistance The vivosity of blood is due largely to the

emulsoid colloid system present to plasma and to the great proponioa of
suspended corpuscles

COLLOIDS
latToductioQ

Graham (1861) first distinguished two types of solutions—cryslalloidal which
diffused through a parchment or animal membrane, and colloidal which did

not The difference is only one of the size of the solute panicles and is unrelated

to their chemical nature The particles are of Ibe size of small molecules (like

sugar or urea) and they form a crystalloidal or a true solution In such
a solution^ the difference m size of solute and solv ent molecules is relatively small,

so that the solution can be called homogeneous. But if the particles are

large compared to the solvent molecules, the solution can be called heterogeneous

and if the particles do not separate when the mixture is allowed to stand, this is

called a colloidal solution

About 90% of the organic matter of b'lag tissues is present la the colloidal

state

The colloids much depend on surface area A physiological example of the
importance of surface area may be pointed out in case of the R-BC which
contains the oxygen earning pigment hemoglobin As blood circulates through
the capiUanes of the lungs, oxygen diffuses the surface of the corpuscles
and unite with the hemoglobin to form oxyhemoglobin This is performed by
aquichprocess This is facilitated by the great surface area for taVMgupoxygea-

Dcfimtion Certain substances such as proteins, polysacchandes do not
diffuse through pcrchment or animal membrane although form homogeneous or
heterogeneous solution These substances are i^ed coUoids,
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Size of the colloidal particle Generally the size of each particle is

10—100 nm (submicrons) Only visible under ultramicroscope

Determination of the size of colloidal particles

1 By ultrafiltration 2 By diffusion rate 3 By the ultraceatrifuge

4 By light scattering 5 By X ray analysts 6 By osmotic pressure

The electric charge of colloidal particles

The colloidal particles are electrically charged This charge is of much
importance in stabilizing colloidal solution They repel each other and remain

m suspension The neutralization of the charges causes precipitation or floccula

tion of colloids

Streaming potential or flow potential

^Vhen water is present in i glass capillary the walls of the capillary

are Qegativcl> and the tvater positively charged If water is forced to flow

through the capillary from leA to right, a potential develops between the ends of

the capillary This potential is referred to as the streaming or flow potential

It varies with the nature of the liquid and the capillary The glass capillary

probably becomes negative by absorbing OH ions from water, leaving the H+
ions to charge water molecules This positively charged water molecules are

mobile As water flows through the capillaries, the positive charges accumulate

10 excess at one end leaving an excess of negative charges sf the other

This causes potential difference which opposes the flow

CtOSS vrQll

Fig 2 3 Streamtns potentiaJ or flow potential

The flow of fluids through the membranes of tissues develops streaming

potentials which contribute to the potential differences across such meubranes

The precipitation or flocculation of colloidal particles

In order to precipitate emulsoids (hydrated colloids) by salts, sufEcient salts

must be added to dehydrate the cmukoid At the same time the positive

or ncgatise ion of the salt neutralizes the charge upon the particles leading

to precipitation

The colloidal protein particles of blood serum may be precipitated by adding
a large amount of (NH^)* SO^ The precipitations of emulsoids by adding large

amount of soluble salts is referred to as salting out
’

rrolectivt. colloids

I When a gclatm solution is added to a gold sol the particles of
the e nulioids (gelatin) arc adsorbed b) tne particles of the suspcasoids (gold) and
the gold particles become much more Tcsistaat to precipitation.
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2. Protecthe colloids play an importaat role phjsiologically. Some of the

calcium phosphate of blood is held in colloidal suspension by the protectne

action of the piotems present.

3. The bile salts also act as protectne colloids' to leep sparingly

soluble cholesterol and the calcium salt of bilinibin m colloidal suspension. Gall

stones may result from the prcopitation of such substances in the ab^cc
of sufficient protective colloids.

4. Protective colloids m nnne may prevent bladder stone formation..

General properties of colloidal solotioo

:

A. BrowToan Morement ;

1 . The continuous motion of the particles is known as Brownian Mov emeat,

2. The particles are kept in movement by continuous buffeting by the

solvent mole<^« width are themselves always in motion

3. Therateofbrowiiian movementdependsonthesizeorthepariiclcs, the

smaller pamcles are more easilj movTd than the big ones.

4. If the particles are too large, they gradually sink under the influence of
gravitj-.

5. firowzuan movement is quite haphazard.

6 The particles move in a straight hoe with sudden irregular changes of
direction.

B. Osmotic pressure of coUoidal solutions :

1. Since the size of the colloidal ‘particles are bigger than that of
solvent molecules the number of colloidal Articles are less relative to solvent

V molecules in a solution.

2. The osmotic pressure of a solution is directly proportional to the number
but not the size of the dissoh ed particles. Therefore, the colloidal solutions have
a low osmotic pressure.

3. The serum proteins which are present to the evtent of 7% to 8% eaert

only an osmotic pressure of about 30 mm. Hg ; whereas the crystalloids of serum
(09% NaQ) havenn osmotic pressure ofabout 5200mm. Hg. and 6% sucrose has
an osmotic pressure of about 3,000 mm. Hg.

4. Soap solutions have small osmotic pressure because the soap molecules
aggregate to form micelles of colloidal dimensions.

5. Although the osmotic pressure of colloidal solutions is verj’ small, it has
immense biological importance in providing the driving force for the passase of
water and other substances through cell membranes.

C Dialysis :

1. The process of separation of cijstalloids from colloids by diffusion
through a membrane by osmotic force is called diii}^is.

2 Tbs most usual membranes used to-day for dial> sis are the various crudes
of collodion (made from solutions of cellulose—nitrates or acetates—in sdvenis
such as alcohol, ether or acetic acid) or ceDophane perchmenu

3. Di3l>^is IS particularly needed for removing salt from proteins aftei
precipitation by “salting out”.
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4 The precipitate with a Uttle water is placed in a collodion bag and
immersed in water

5 The passage of salt into water is accelerated by keeping salt content ofthe
water low, i e by running water

6 Arrangement must be made for a big volume increase inside the bag in

the early stages of dialysis, since it is a strongly hypertonic solution and water
molecules will pass in more quickly than salt molecules pass out

7 The pressure will only be transient if the water outside is frequently

altered and the final pressure inside the bag may be very slightly more than the

original

8 Dialysis is applied m medicine in the "artificial kidney
’

9 This mechanism is inserted into the patient s circulation and urea passes

out from the blood, substituting for the action of the faulty kidneys

10 Dialysis of electrolytes can be done by passing an electric current

through the solution A cell consisting of three compartments separated

by membranes is used , the colloidal solution is placed in the centre compartment
and the electrodes in the outer ones Positive ions are attached to the cathode

and negative ions to the anode This process is called elcctrodialysis

D The Donnan membrane equilibrium

I If the membrane is not permeable to all the ions, i e if one of the ions is

a colloid, the result becomes very interesting But if the membrane is freely

permeable, equilibrium is reached easily

Let us take the case of solutions of NaCl and NaR (where R~ is an ion too

large to penetrate the membrane) separated by a membrane The initial state

can be represented

Na+ Na+
R- Cl'
(1) (2)

Since Na+ and Cl“ can diffuse across the membrane and R- cannot,

equilibrium can be represented

Na+ Na+
R- a-
ci-

( 1 ) (2)

If we express the molar ion concentrations as Cj and C* and assume that x

ions of Na+ and Cl" diffuse from (2) to (I) This can be represented

Imiial state Equilibrium

Na+ R~
I

Na+ Cl- Ij Na-»- R- Cl-
|

Cl-

Q Cl 1
C, C,

II
(Q+x) C, X

I
(C,-x) (C,-x)

Therefore, (Ci+x)x=(C,—x)’

_ (C,)»

C,+2C,

2 Let us consider the salt NaR and water through a membrane This ca

be represented

Jmtial state Equilibrium

Na+ Na+ Na+
R- OH“ R- OH-
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Here the piJ is changed The NaR side is acid and the alkali 'ktH be
“CTcrcted” across the membrane

3 Let us consider the salt, RQ and water through a membrane This can
be represented

Ir ual slate EqaiJibriurr

I H+ i R-^ 1 H+
a- OH- f a- a-

I } OH- I

Here acid is ‘ excreted” across the membrane

4 It muit be noted that in the bodj equilibrium max nexer be established

owing to the remoxal of ‘‘excreted ’ ions in other reactions This rather helps to

accelerate “excretion”

Types of colloidal solotion

There arc two X'j’pti of colloidal solution—Emulsoids and Suspensoids

A Sospensoids :

1 The surface tension and viscosity of suspensoids are nearly the same as
those of the solvent

2. The suspeasoid particles carry a definite e’eetne charge which detemnnes
the stability of the suspensoidL

3 They are very easily preapitated if the charge IS DeoiraJised

4 Once they are precipitated, thev are not brought back into colloidal
solution again

5 Suspensoids are not hydrated, hence they are said to be hydiophob c or
lyophobic colloids (water fearing colloids)

B Emnlsoids :

1 They are very stable and not easily precipitated bv salts.

2 If they are preapitaicd, Ihev arc easily redissohed to form a coUo dal
solution

3 They have a lower surface tension and much higher viscosity the
solvent

4 The particles cany electnc charges , some carry positive and negative
charges simultaneously, e g proteins

5 The nature of the charge on aprotein particle can be changed by allenag
the P° of the solution

6 Practically, all the colloids of the bviog cell exist as emulsoids. They
bav t a great affimty for w ater, hence they are called hy drophihc.

7 The enulsoid particles are molecules surrounded by shells of adsorbed
water.

8 An cmolsoid may be changed mto a suspensoid by dehydration and then
IS precipitated-

An emulsoid can exist m two forms—^Sol and Gel

Sol I Sol can be convrrted info a gel by changes of temperature,

hydrogen ion concentration or salt conceotratioo
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The continuous phase m sol is ^vater ( or a dilute solution ), and the
disperse phase is a concentrated solution

Addition of CacK to an alkaline solution of casemogen gives a sol

Gil 1 Solutions stronger than about 1 % form gels on cooling

2 Gels are quasi-solids

3 Thej do n6t assume the shape of the vessel in which they are placed

4 Great pressure is required to squeeze water out of a gel

5 In a gel, the concentrated solution forms the continuous phase and water
the disperse phase.

6 Formaldehyde can remove water from the gel and hence it is used m the
histological process of “filling” tissues

7 Many tissue structures are essentially gels Cytoplasm may undergo

sol?sgel transformation

8 Tissues, especially the Stan, are not dehydrated owing to the existence of
pels

Imbibition . 1 Dried emulsoids lalte up (imbibe) water and swell con-
siderably ,

this process is called imbibition

2 The process of germination of seeds is the taking up of water by
imbibition

3 Heat is liberated during imbibition

4 Most dried animal and vegetable tissues show imbibition

5 In imbibition, water is not expelled by squcering

TRANSPORT THROUGH BIOLOGICAL CELL MEMBRANE

The living organisms can be resolved into organs, glands, tissues, cells and
Organelles It is very interesting m biology to know how solutes and water get

into and out of cells and organelles Most attention is to be paid to erythrocytes

and mitochondrion The cell membrane is a complex lipoprotein structure

A. Passive diffusioo :

1. Some solutes pass through cell membrane by simple dilTusion with the

concentration gradient This can be expressed b\ the modification of Pick’s

law

(Q-C.)

where, P=lhe permeability coefficient

A—area of membranes.

Ca and C,=lbe concentration of solution outside and inside the

membrane respectively,

^=rate of movement of solute
dt

2 Lipid-solublc solutes pass more readily through cell membranes than

lipid-insoluble solutes Because the cell membrane consists ofsmall water-filled

pores of radius about 0 4 nm through which water-soluble solute of suitable
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moleojlar si:^e pass, surroanded b> hpid areas through which lipid-soluhle

solutes penetrate

3 Water diffuses through the cell pores from a solution of low concentra-
tion to a solution of high concentration and dus “bulk flow” of liquid across the

membrane will speed up molecules difiusmg in the direction of the flow and slow
down those mo\mgm the opposite direction. This "drag” effect is a second force

actmg m passive diffusion

4 The third force which ma> operate is an electric potential across

the membrane Many cell membranes can mamtam potential difference between
inside and outside and the potential gradient acts as a dntmg force for passne
transport across the cell The membrane acts as a passne bamer.

B Faalitated transfer :

1

Some compounds, e g sugar, aminoacids pass through membranes at a
greater rate than expectations This is because of the effect of a earner

2. The earner in the membrane combines with the substance to be
transported and m some waN ferried through the membrane and released on the

other side

3 In case of enzymic reactioos, there is a “saturation effect” The rate of
transport of the solute increases when the earner, enz>Tne, is saturated This
type IS sometimes termed “cataljsed diffusion”.

4 Another mechanism is that the substance to be transferred is con\ cried

into another which will penetrate the membrane more easily, Cvg the
mitochondrial membrane is impermeable to ac>J coenzyme A deniatnes The
ac>] group IS transferred to caretunc to form acyl carnitine deni-atiie which can
pass through the membrane The zc^\ coca^me A dtn%’atiN*e is than reformed
on the other side of the membrane

Fatty acids can also be transferred into and out of mitochondria

Acetyl CoA w ithm the miiochondna can be transferred to oxaloacetate to
yield citrate to which the mitochondrial membrane is permeable The citrate

\ ^
passes out into the cytoplasm where it is split enrytaically to gi\-e acctyl-

j

CoA agam

C Pinocytosis :

1 The cell membrane forms pockets or invagmaUons which can draw
materials on the outside toivards the cell xotenor

2 The sesiclcs extend into the cell wrhere they are pinched off and finally

release their contents into the cell by some unknowm way

3 This process occurs in the foetal and newborn animals and helps the
absorption of intact protein from the gut

D Transport of ions :

1 The membrane itself contains polar groups and is therefore electncally

charged

2 The transport of most ions occur more slowly than the non-electrolytes

But H+, OH' penetrate all cell membranes easily The red cell is easily penetrated

by Cl" and HCoJ

3 In the case of ions, especially, Na+and K+, the permeability u \xry small

The high concentration of K+ and low concentration of Ka'*- which are
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often found in cells are mamtamed by special mechanism which involve the
expenditure of energy

E Active transport :

1 The process by which solutes can often pass through membranes against

their concentration gradient requires energy TTiis process is termed active

transport

2 Active transport is involved m the absorption from the small intestine of
glucose and galactose, aminoacids and other substances important to the body

3 An active transport device which forces Na"*" out and K+ in has
been referred to as the “Sodium Pump

'

4 The mechanism requires a earner which can exist in two forms with
different affinities for Na^ and K"* ATPase is involved in it (see active

transport of glucose)

ISOTOPES

Definition Isotopes may be defined as atoms having the same atomic
number but different atomic weights

They are the subspecies of the same chemical element and occupy the same
position in the penodic table, but have different physical properties

The atomic constitution of three isotopes of hydrogen are illustrated below :

Fig

H* or ordinary hydrogen consists of a nucleus containing a proton

(charge + 1, mass 1) around which revolves one electron (charge —1)

Heavy hydrogen contains an additional nuclear particle, a neutron (charge 0,

mass 1), H* contains two neutrons

There are two classes of isotopes The “stable" isotopes which have

no distinguishing charactenstics other than their mass They are obtained from
natural sources by fractional procedure

“Radioactive" isotopes not only differ in mass but also characterized by un-

stable nuclei This causes them to decompose spontaneously emitting radiation

in the form of waves They occur in traces in nature They are prepared for ex-

perimental use by bombardment in the cyclotron or the atomic pile The concen-

tration of radioactive isotopes is expressed in terms of intensities of radiation

emitted The unstabihty of these isotopes is commonly expressed as their “half-

life”, the time required to decrease to half its initial value
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Preparation of labdled material *

It can be prepared by Gngnard reaction foUo^-s

:

0*0.

R-CH,-Mg-Br v R-CH,->O*00H
then acidify

Methods of ssay

1

Radioactive isotopes can be deierauned bv means of Geigtr-Moller

counter

2, Particles or rays from the decay of the isotope enter an ionisation

charaberand interact with the castofonnions which causesa discbarceofcurrent

by positiie and negative plates

3 The current is amplified and registered aulomaticall} in a counting device

which reasters the total number ofcounts for any desired period of time.

4 Isotopes concentration can then be expressed as number of counts per

unit time per uml weight of the sample;.

fiiocfaemical and diagnostic anportaace of isotopes

Biochemical importance

:

I P** in the form NaP“ is administered in the bodj to studv the lh>TO d
physiology About } of the lodme tncesied m taVen up the thyroid and ^ is

excreted by the kidney in normal human adults.

2. Plasma volume is measured by usinc I**’ labelled serum albuir n and
erjihrocytc volume is measured by ining Cr*^ labelled eiyihrocyles Total body
water is measured by usmg P” labeDed lodoantipvnn.

3 Absorption of fat is studied by using P*^oleic acid, absorption of iron
by usmg Fc * ferrous salts and mtesunal protein loss by mtraveaous injection of

lal^Iled protein

4 The life span of RBC has been determmed by lagnmg to RBC.
5 Radioactive isotopes are widely applied m the study of the intermediary

metabolism, almost every phase of metabolism, ee TCA cycle, ammo aad
metabolism, protein biosynthesis, nucleic acid synthesis flatty ard synthesis,
biosynthesis of haem and cholesterol etc. have bc« studied by usmg conpodnds
contammg O*. bP*. H*, H*, P’*, S* etc. Mineral metabolism has also been
studied by usmg Ca*% Fe”, Na**, K** and Cl” etc.

Radlc^stopes in Mcdleal Science s

In recent yean radioactive substance* are used for the folIoi\-uic purrxises
1 Experimental
2 Diagnostic
3 Th^peune.
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1 Experimental purposes

(i) The research work needs radioisootpcs to imestigatc absorption mobi
lization, storage, and distribution of dificrent substances m the bod>

(ti) The substance under m\estigation is ‘tagged widi a radioactive isotope

which acts as a tracer substance Tlie tijacer substance is detected in th'' body b)
the radiation it emits The best method used for the detection of the radioactive
isotope is Geiger Mullet counter and the less sensitive is auto radiograph meUiod

(m) The absorption, mobilization, and transport ofiron ha\ e been studied by
the use of radio active iron (Fe**)

(iv) Iodine clearance ofblood is calculated by radio-activc iodine (P®*)

(y) The radiO'active phosphorus (P®*) has been used for stud) mg tlic for

maiion of antibody in the reticulo endothelial system

% Diagnostic purposes

(i) The volume of fluid compartments of the body is measured by radio
active isotopes

(ii) Thyroid function is determined bv the use of radio lodirc

{ui) The radio active cobalt (Co**) is used for diagnosing pernicious anemia
(tv) The radio active sodium (Na**) has been used for circulator) studies and

diagnosis of arterial diseases

(v) The diagnosis for the localisation of brain tumours has been done b) the
use of radio-active di lodofluorescein

3 Tbempeotlc pnmposes

(i) The isotopes which are selecuvcly taken up by certain tissues and emit

mainly j5 rays without causing any damage to the surrounding healthy tissues arc

only used for this purpose The most important radio isotopes for the purpose

are raio-iodme radiopold (Au***), and radiophosphorus (P**)

(u) The raoio-aciivc as a solution of Nal’*’ is administered in the

body after a light breakfast The efiee* of a dose is observed uithin 3 to 4 weeks

and maximum effect within 3 to 4 months The second dose, if required, is Riven

at the interval of 2 to 3 months It acts by emifing ^ ^ radiations This is

used in the treatment of hyperthyroidism and thyroid cancers The usefulness

of I‘*‘ depends on the capacity of the thyroid gland to capture and concentrate

iodine from the blood stream Nal*’*, in a very high dose, is used in Uic treat

ment of congested heart failure or angina pectoris

D*® is more convenient tlian because its haffhle is T times greater Uian

that of1»‘, die half life ofI»* is 57 4 days, wher-as the half life of is 8 04 dap
can be stored for more periods with loosing less'T activity and this causes lesser

damage to the gland because it docs not emit ^ radiation

(ill) Radio-active phosphorus (P**) is administered m the form of sodium

phosphite either orally or intravcnouslv It emus ^ radiation and its half life is

14 3 ^ys Its end product is S** P** is distributed to all tissues of the bod) os it has

high metabolic role \Vhcn administered, it is rapidly taken up by muhipljtng

cells, tone marrow, spleen, and lymph nodes It is used m the treatment ofvarious

typesof cancers Especially, it is used in polycythemia vcri and dironic lymphatic

(iv) Radio-active gold (Au®**J emits p and y rays and its half life is 2 69

days Its end product is Hg®** it is chemically and biologically inert It 15

deposited in tissue area when injected m the body It produces local irradiation

since very Utilc of it enters the blood TIvc rap emitted by it are conmlctcly

trapped by tissues It is used in the treatment of malignant pleural and pen
toncai effusions
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(v) Radioactive cobalt (Co*<) t» the most important isotope m clinical

medicine Itenntsboth^'andy raysand itshalflifeis 5 3 >'ears Itcanbetised

as a cubstitute for sodium in interstitial suriace It has been found to be cheaper

and does not require any eksed container

Exercist

1 Wbat are colloids ? Discuss some specifie properties of colloids How caa these

properties be related to protems and other maao^molccules m the biological system ?

(P U 69S)

2 ^Vllat do you mean by permeability ofmembranes 7 Illustrate your answer with examples

from biological materials Have change composition of the membrane of cleciroljles

any role on the pcrmcabiUty of the membrane 7 (P U 69A)

3 What are buffers 7 How do you denve Henderson Hasselbalch Equation (Mith 75A)

4 Define What is the P® of blood 7 How is d regulated ?

(Luck 65A , 70A P U 60S)

5 What IS osmotic pressure 7 Discuss lU role m mamteoance of fiuid volione State the

application of osmosis (p U 63S)

6 Describe the properties of colloids What is protective colloid 7 (P U 64A)

7 What do you mean by co-cfflcient of vtsoosity 7 How i$ viscosity of blood determined *>

Describe its physiological importance

8 Define buffer Name the important buffer systems of the body

9 Discuss the following

(a) pH of blood IS 7 4

(b) Osmotic pressure of blood U seven rimes the atmospheric pressure

(c) Membrane of RBC is semi permeable

10 Write short notes on

(i) Surface tension

(11)
pn

(iiO Radioactive isotope

(iv) Diffusion

(v) Buffers

(vi) Colloidal osmotic pressure

(vi Otmos s and osmotic pressure

(viii) Protective colloids

(ix) Colloids

(x) Hydrottophy

(«f) Adsorption

(til) Brownian movement

(CU lsai)(M U 73A R U 79S)

(aU 1981)TR U 66S 69A Mitn 74A)

(au I981)R U 65A)

(M U 73S R-U 64A M Ih 60S)

(P U 75A Bh U 75A R U 64S)

(P U 75A)

(CU 1981 I983)(R U 70A . Mith 62A)

(Mlh 73A 75A)

(Mnh 6JA)

(Bh U 75S M U 73A P U 68A)

(Bh U 75A)

(Mith 74A)

(Luik 67S)

(P U 73A)

(P U 69A)
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(Bh U 74S)

(xiv)
ViscoJity (C U 1983)

,
WMt .. »ct.v.^r»n P

^
of >
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,pcaal «nplia«»

^Uotdal soWM®"

i Give bnefly the properties cf «,llo.d
^ ^^3,^

, Indicate “True
' " ‘

«f IS day*

Radioactive iodine ha» a



CHAPTER 3

CARBOHYDRATES

The carbohsdrates are vndely dtslnbotcd botfi lo animal and in plant Iis>d*s.

In plants, they ate produced by photosyotl^is In animal cells, cajbohsdrate

in the form of glucose and gljTogra scr%es as an important source of cnergj for

vital ac^viues Some catbohidrales have buddy sp«:iSc functions e g. nbose in

the nucleoproteins of the cclb galactose in certam lipii and the lactose of miB.

Definition

Carbohydralesraaybedefinedaspol>hjdfO!ty aldehjdesor lefonesaud their

denvatives

Qassificatioo

Carbohydrates are divided into 4 major groups as folloivs

1 Monosacchandes

2 Disaccbandes

3 Obgosacchandes

4 Polysaccharides

I Monoioechandis These arc often called “simple sugars’* which cannot
be hydrolyaed into a simpler fona. Tbe genera! formula is These
can be further subdiiided as foUotV's

Carbon atoms Aldoses Ketoses

Tnoses Glyceraldcbyde
or

Glycerose

Dihj droxsncclone

Tetroses Erylhrose Eothrulose

Pentoses Ribose
Xylose
Arabinose

X\luio^

Hexoses Glucose
Galactose.

Mannose.

Fructose

Heptoses Glucoheptose
Calaclobeptosc

Sedoheptulose

2. Dtsucchafides These carbohy'drates produce two molecules of the same
or of different monosaccharides on hydrolysis. Th* gen*ral formula is

Cn(H:0)a i Examples—Lactose, Maltose, Sucrose

34
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3 Oligosaccharides : These carbohydrates yield 2-6 monosaccharide units

on hydrolysis.

4 Polysaccharides These carbohydrates yield more than 6 molecules of

monosacchandes on hydrolysis The general formula is (CeHioOs)?! These

may be classified as homopolysacchandes and hsteropolysacchandes depending

on the presence of cither the same monosacchandes or more than one simple

sugar in alternating repeating sequence Examples are

Homopolysacchandes Starch, Glycogen, Cellulose, Dextrin

Heteropolysacchandcs Mucopolysaccharides

Asymmetric carbon atom *

^ A carbon atom to which four different atoms or groups of atoms are attached

15 said to be asymiAetric carbon atom '

H

CHs-G*“COOH
I

NH,

Many biochcrmcaU contain 2 or more asymmetric C atoms

Isomerism

The presence of asymmetric carbon atoms allow the formation of isomers

The compounds which have the same structural formula but differ only in

spatial configuration are called Stereoisomers or Geometric isomers Glucose
with 4 asymmetric carbon atoms has 2“ (16) isomers? n is the number of

asymmetric carbon atoms v

Gi$»Tran8 laozneriszn i

Cis-trans isomensm (Latin CiS "this sidc’% trans "across’*) occurs m com-
pounds witii double bonds As the double bond »s rigid, the atoms attached
to It are not free to rotate like those attached to a single bond The structures arc
as

H-C-COOH H— C-COOH
II II

H-C~COOH HOOG-C~H
Maleic acid (C»S) Fumanc acid (trans )

These structures have different chemical and physiologic properties

Fumanc aad is physiologically active

1. D and L *

The designation of an isomer as D-orLp form is determined by its spatial

configuration to the parent compound When the OH group around the carbon
atom adjacent to the terminal primary alcohol carbon (carbon atom 5 m glucose)

is on the right, the sugar is a member of theD series When it is on the left, it is

a member of the L senes The majority of the monosaccharides occurring in

mammalian metabolism are of (he D configuration

Optical isomer~When a beam ofpolarized light is passed through a solution
exhibiiingopficalactivjty, itivilIberotal«J tofherightortotheieftin accordance
with Ihc type ofcompound le the optical isomer, which is present A compound
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which cacses rotation of polarized light to the right is said to be dextrorotatory
and a pins ( -^ ) sign » used to deriaaate
the fact Rotation of the beam to tiie left
Oe'orotafory action) is designated a
minus (—) sign. \STjea equal amoimts
ofdextrorotatory and lerorotatoty isomers
are present, the resulting mixture has no
optical activity since the aclinUes of each
isomer cancelOM another- Snch a mixture
is said to be raceoJc or a DL airfure.
Stereoisomerism and optical isotaerism are
indepeodeni properties. Thusa compound
might be designated as D (—) or L f—),

S>T3lheticaDy produced compounds are
necessarily recent The separation of

optically actise isomers from a racemic mixture is called resolutioa lc. the
racemic nuxture IS said to be “resolied” into the optically active components,

2 a- and p-anamers :

The cyclic structure of glucose is retained in solution, but isomerism tahes

place about position I. This is accomplished optical rotation (mutarotation)

by which the posioons of —H and —OH groups are dianged around carbon 1.

Xetustake D-glucose as an example. As soon as D-gJueose is dissclvrf

m water its spemfic rotation is —111*. Gradually, and qu’cker if ammonia is

present, this v^ue faUs, finally remains constant at +52.5*. This phenomenon is

said to be mofawtatioa. If O-glucose be first recrystalhsed^ from boiling

pynditie, on first dissolving m water is not but -^!9’. This solution also

shows mutaroUUon, the specific rotation finally becomes constant at the ssuae

value, -r52.5®. The two forms arc referred to as «• cmi gfueou respectively

a£d the solution giving -^52.^ is an cquihbnum mixture ofthe two forms.

if

•C-H

HO^-H

.t

'cHjOH
O-Oi/cos*

'C-tt

Ho4i-H

h^-oh
HO-i-H

HD-i-H

Fig. 3.1

CHjOH
o;-0-G.-.c«“

cc-D-G-jJcse

I

0

1

wO-C-H

CHz04
jf-O-Cf-jcoie

Fif. SJ

3. Epimets ;

Isomers formed as a result of inlerdiaage of the —OH and —H on carbon
atoms 2, 3 and 4 of glucore are known as epimers. Biologically, the roost

important cphners of glucose are mannose and galactose formed by epimerization

at carbons 2 and 4 respectively. Ic the body cpunenzafion takes place by the

enzyme eplmcrass.
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H-’C-OH

4 |

HO-C-H

H-'i-
el

CHgOH

a-0 Gofadose

Fie

4 Pyranose and furanose ring stnictures :

1

1 I

1

ic
1

0 ==: HO-t-H (5 5i= HO-r-H
p

J

H-C-OH
1 H-’C—J

(>y>t 'CHjOH

Haworth m 1929 proposed a scheme m which all sugars forming six-

membered rings are called pyranoses from their relation to pyrane and those

forming five-membered rings furanoses after furane. The amylene oxide forfa

of glucose would be called glucopyranose and the butylene oxide form gluco-

furanose. If a sugar is referred to by its ordinary name only, the pycanose form

is to be inferred. The pyranose and furanose forms of some sugars are set out

below ID straight chain formulae as well as in ring formulae.

H^OH

HCOH

MOi

itOH

lO^H

HCOI

ni

iH,OH

CHoOH

ft-P-CuCOpyronose

CHzOH
(r-O-Glucofurortose

5.

CHaOH

AMose-kctose Isomerism ; „
Fia

WCCrtz

CHjOH

HOCH I

HCOH

"Lh
-D-Fructofuronese

iCOH
1

CHjOH

/J-O'Fruetoi#

Fif 3 6

Fructo^ has the same molecular formula

as glucose but differs in its structural formula

since carbon 2 is a part ofa>Co group, which

makes fructose a ketose rather fban an aldose.

Generally, there Is a free—H on carbon 1.

the su^r Is an aldose, but If a —CH*OH
group is substituted, the sugar is a ketose

(6gare below).
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THE KILIANI SYNTHESIS

A method for the synthesis ofmonosacchandes was first proposed by Kihani.

It IS based upon the addition of HCN to the carbony] group of aldehyde

or ketones The application ofthe Kiliam synthesis to the production of the o
tetroses, erythrose and threose from gl>cerosc is shown below.

H-C=0
I

H-C-OH
t

CHzOH
O-Glycerose

hcn-4^hcm

C=N
M-i-OH

H-i-OH

CHjCK

CHaOH
0-Tnrecse

MONOSACCHARIDES
Trloses and tetroses :

Phosphates of the two tnoses, gjyceraldehyde and dihydroxj’acetone, are

formed from fructose*!,6sJjphosphate by glycolysis 3-pho5phogl>ctral-

dehyde and crythrose-4 phosphate are formed by the hexose monophosphate

shunt.
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Feotoses :

Ribose and Deoxyribosc are important constituents of nucleic acids and many
coeniymes. The structures are given below. Deoxyribose is lacking in one

atom of oxygen from carbon No. 2.

H-C^O H-C«0

H-c-OH hS:-h
> I

H“C~OH H-C-OH

H-C-OH H-i-OM
I I

CH2OH CHaOH
0-R)t>os» 0-2-0eo»yriDcis»

Fig. 3.8

TABtB i : P«atoses of pbpsiologic importaace

Sagar Scarce Importance Reactfons

O'Ribose. Hucleic acids. Struetunl elements of

nucleic acids and coen*

iyajcs e.g. ATP, NAD,

NADF, flavoproteios.

Reduce Benedict's, Fchling^,

Barfoed's solution. Total

osazones with phenyl,

hydrazine.

D'RibuIose. Formed ia meta-

botic processes.

Intermediates in beaose

{Qonopbospbstc sbuDt.

Those of keto sugars.

D^Arabinose. FJmn and tbeny

gums.

Used ja bacterial meta*

btdism. No kxsovm

physiological functions

in man.

With o/dnol —HG reagent

gives colours

:

violet, blue, red, greea.

D-Xy!ose. Wood gums. Same as above. Gives red colour with phloro-

glucinol —HCl.

D'Lyxose, Heart muscle. A comtituent of e iyxo*

flavin isolated from

human beart muscle.
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Hexoses

TABLE 2 ’ HcxD$tt ot pbmol&Bic importuce

Sugar Source I’nponarce Reaam

D-G!ucose Fnat juices, B>’- II is earned by ibe bJoo RedccesbeQ«dict's,B2rfoed*s

drolysis of and csed bv the reagent. ©>« esaxenes

starch, cane- tissoes Its presence m with pbajl hjdiasaie.

sQptr, maltose the onae causes ^y- Fonss saedane aadnrth

and lactose cosoru HKOs

D-Froctose Fruit Juices,

Honey, Hydro-

lysis of caae-

sogar and of

Iculin

It can be changed to Ibeduoes BesedictXBsifoed's

glucose m the liver realms Fhnas osazose

and intestine and Una sotb phan-Eiydraaias O^-es

used m the body red colonr «ith SeL'sranoS's

reagect.

O-Oalactose Hydrolysis

lactose

of It can be dianged to Reduces Benedict's, Barfoed’s

ghicoseukthe Inei and itagcsts Fems osaone
metabolized. Synihe* uith Fluaylbydrazsac. Kates
sized o the naffisary muoc aada^ RKOj Koi
glazid to foTB lactose feanested by yeast

of silk Itb the cois

sutuest of idiToIipids

and glycoprotems

D-\taanose Hydrolysis of

plant mannosacs

and gums

It IS the cosstitoent of Reduces Benedict's, Bazfoed's

prosthetic polysaccha* reagests Foias same
ndes of albumins, glo- osazDse as glucose,

bulics, taueoproteffis

It IreQoeotly occurs in

glycoprotems

Stnictnres *

H-C*0 H-C=0
H-C-CH HO^-H

I I

HO-C-H HO-C-H
I I

H-C-OH H-C-K)H
( (

H-C-OH H-C-OH

CH20H CH2OH
(H^ucesa D*(/cmcise

HO-C-H
01

HO-C-H

CH20H
D-G3ic«5se

©CHiOH

HO-C-H

H-C-OH

H-C-OH

CHsOH
O^^noose

Fig. 39
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Heptoses :

Sedohepfulose is a ketoheptosfc found in plants. Its phosphate is important
as an intermediate m the hexose monophosphate shunt and has been identified as
a product of photosynthesis.

GLYCOSIDES

Glycosides aie compounds formed by the condensation reaction between a
sugar and the hydroxyl group of a second compound or aglyconc which may or
may not be another sugar. If the carbohydrate portion is glucose, the resuiliog

compound is a glucoside : if galactose, a gaUctoside etc.

All reducing sugars will condense with dry methyl alcohol under catalytic

ttPlioQofdry HCl to form glycosides. Thus, glucose forms a- and /S- methyl
glucosides.

H«C==-0 +
H-C-OH

HO-C-H

H-C-OH

H-C-OH _

iwaOH
O-Ciijcose

The aglyconc may be —OH containing substances such as methyl alcohol,

glycerol, a sterol, a phenol or another sugar (as in the disaccharidcs).

Importance :

(i) Glycosides are found in many drugs, spices and in the constituents of
animal tissues.

(li) The glycosides which are important in medicine because of their action

on the heart (cardiac glycosides). All the glycosides contain steroids as

the aglyconc component.

(ill) The glycosides include derivatives of digitalis and strophanthus such as

Owabam, which is an inhibitor of the Na+— K'*’— ATPase of cell

membranes.

(tv) Other glycosides include antibiotics such as streptomycin.

H-C-OH

^
HO-C-H

H-C-OH

H-c

^HjOH
«*0*M«5byl9lyc05'de

Fi2 3.10

AMINO SUGARS (HEXOSAMINES)

Sugars containing an amino group are called amino sugars. Examples arc

D-Glucosamioe, D-Galaclosanunc, and D-Mannosamine, ail have been

identified in nature. These amirfo sugars arc formed by the replacement of
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hj droxjl group attached to carbon atom 2 of the sugar by an amino sronp. The
structure of an ammo sugar is gi\en below.

Importance :

H-C=0
©'

H-C=0

HO-C-H HO-i-H
H-C-CH

1

H-C-OH
H-C-OH

j

H-C-OH
CH2OH QisPH

D-6kKSsCTi*V N-AceJjd Oj«s3~ire

Fig. 3.11

(i) Glucosamme is a constituent of hjaJuronic acid. It is the -organic
constituent of lobster shell and fairly distnbuled m nature.

(u) Galaaosamme is a constitnent of glycoproteins and of chondroitin as
the N-acetjl deni'afis'e

(iu) Mannosatnine is an important constituent of tnucoproletn.

(iv) SeseraJ aaubiolics (eiythromycin, earbomyem) contain aamo'sagan.
Erythrom>cm contains a dimeihylamino sugar. Carbomyoa contaas
the first knossTi 3-ammo sugar, 3-ammo-D-ribose. The amino
sugars are behcN-ed to be related to the antibiouc activity of these drees.

LMPORTANT CHE.>nCAL REACTIONS OF MON'OS.4CCH.ARIDES

(i) lodo compounds :

An aldose sugar when heated with concenUaied hydriodic and (HI) loses all

of Its oxygen and is converted mlo an lodo compound (glucose to iodoh-xane.
C,H«T).

00 Ester formation :

Sugars, by vi-tue of the alcohol groups, rcadnj form esters with acids. AH
the free -OH groups ate repjaceahle The greater biochemical significaoce is

the ester mlh phosphoric acid and to a lesser eetent m'th sulphuric act'd. Pentose
phosphates are invulvcd in the formation of nucleic

(ill) Acetylation :

The acetylation with acetylchlonde indicates the presence of —OH group
present in the sugar. The presence of 5 OH groups of glucose results in a penta
acetate.
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(iv) Oxidation

Oxidation of the aldehyde group forms “aldonic acids ’ If the aldehyde
group remains intact and the primary alcohol group is oxidized ‘ uronic acids

are formed Oxidation of galactose with concentrated HNOj yields the

dicarboxylic mucic acid This compound crystallizes readily

M Id oxidQt on Fprihef OK dot on

H-C=0 COOH COOH c^o H-C=0
H-C-OH H-C-OH H-C-OH h-c-oh] H-C-OH

HO-C-H
i _§a- HNOs HO-C-H

^ 1

H^O

y
,

HO-C-H

H-C-OH ""h-ooh H-C-OH ^ u-c—J

H-C-OH H-C'-OH H-C-OH

H-C-OH COOH COOH COOH

Glucose
H

Clvconfcocxt SxChortCOCKl SoccNorolOclone
Glucurcnc

OCd

Fig 3 12

(y) Redoction

The monosaccharides are reduced to their corresponding alcohols by

reducing agents such as sodium amalgam

Thus Glucose yields socbitot

Galactose yields dulcitol

Mannose yields mannitol

Fructose yields mannitol aod sorbitol

(vi) With strong mineral acids

There is a change of hydroxyl groups towards and of hydrogen away from

the aldehyde end of the chain Reaction products with acids will condense with

certain organic phenols to form compounds having characteristic colours

H-C=0

H-C-OH COOH

HO-C—H SfranjinnefQlocid

H-C-OH
^

1

CH,

H-i-OH

AhjOH

MCOOH \

9=»o
CH,

& Glucose L9A)ln cood

F»g 3 13

(vii) Heat

Gluconic acid on heating produces lactones These are cyclic structures

which resemble pyranoses and furaooseS
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(vm) U’ith alJcali

:

Monosacchandcs react iQ vanous v^ays.

(a) la dilute aikaU the sugar \nll change to the c>-cUc alpha and beta

structures, with an equilibrium between the 2 isomenc forms.

On standing, a rearrangement will occur which produces an equilibrated

mixture of glucose, fructose and mannose through the cnediol fonn.

(H-Cj'D

R
Ck/eos«

H-C=0
HCV-C-H

I

R
fAcnncse

H-CpOH
*==**

c^Ori

R
Commtn enedc* fan rf

Gkjeose.Moincu erd Fhjosse

Fis 3 14

H-C-CHl

fo'-
R

rruefose

(b) In concentrated alkah, sugar produces a senes of decomposition products.

Yellow and brow o pigments dei clop, salts ma> form, many double bonds between

carbon atoms are formed, and carbon'to-carbon bonds may rupture.

(u) Osaione formation .

It IS nothing but the formauoQ of crystalline deniatiies of the sugars which

arc valuable m the identiScaiioa of sugars.

These crystals are obtained by adding a mulurt of phenylhydrazme h>dro-

chlonde and sodium acetate to the sugar solution and heating in a boding water

bath- The carbonyl group 0 e. aldehyde or ketone group) and the next adjacent

carbon are inv olved in this reaction. With an aldose the reaction is shown below

.

The hydrazonc then reacts with two additional molecules of phenylbydntoae to

form the osazone. The ketoses also show the similar reaction.

From the comparison of their slrocturw it may be noted that glucose,

fructose and mannose form the same osazone ; whereas forms a di0OTnt
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osazone because the part (carbon 4)m the structure of galactose which differs from

that of glucose fructose and mannose remains unaffected m osazone formation

i5» sJoge
^

H-C= 0 -f- 1^2 rj-N-CgHs

H-C-OH

^
Phenyhydoine

A dose

2nd stoge ^
H-C^N-N-Cglts

H-C-OH + HjN
1 t
R NH

ieH,

H
H-C^sN-N-CgHs

c=0 4- HjN-fJ-CcHs

R

H
y

_

H-C^N-N-CgHs

H-C-OH
{

R
P^enylhydfOicne

UH%
H

H-CaN-N-CfeHs

C*0
}

R

H
H-CwN-N-CeHg

(^s=N-S-CeH5

R
Osojone

f=i6 3 ts

(x) Other reactions

Various other reactions take place doc to the presence of aldehyde or ketone
groups of the sugirs which nre important for inalytjcal purposes

The best known tests arc reduction of mclaliic hydroxides together with
oxidation of the sugar The alkahoe metal is kept m solution with sodium
potassium tartrate (Fehhns’s solution) or sodium citrate (Benedia s solution)

Other metallic hydroxides may be used (Bismuth Ammomacal silver, ToUen’s test,

Ny?anders test)

Barfoeds test distinguishes between monosaccharides and disacchandes
The copper acetate in dilute acid is reduced m 30 seconds by monosacchandes

,

whereas reduction of the same lakes place several minutes by disacchandes

DISACCHARroES

The disacchandes are composed of two monosaccharide units united by a
glycosidic linkage The physiologically important disacchandes arc maltose,
lactose and sucrose

Mako5e«=l mol glucose+1 mol glucose

Lactose*»l mol glucose-f-I mol galactose

Sucrose *=1 mol glucose+1 mol fructose

1 MaltiKC (malt sugar)

(i) It does not occur in the body
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(ti) Tbe sources of it are germinating cereals and malt and it is the

intermediate product in the breakdown of starch by amylase in the alimentary
canal

(ill) It IS hydrolysed to glucose by the cD2>me maltase and the products are

absorbed
(iv) It has one free aldehyde group and hence shows mutarotation and

the final rotation of the solution is + 130® It can exist m a or ^ forms
(v) It can reduce Fehling*s and Benedict s solutions since it is a reducing sugar

but cannot reduce BaTfoed’s- solutioii
' ~

(tij it forms an osazone with pbenylbydrazioe

H-^rOH
H~C~0H

I

HO-C-H o jHO-i-H

H-C !—I H-C-OH I

H-C 1 H-C— 1

I I

CH2OH CH2OH
Two K 0-0ucctiyrof«<e ecHrccrenlj

Mtftoselaform)

Fig 3 16

2 Lactose (milk sugar)-*

(I) It IS present in milk and formed in the lactatating mammary gland It

may occur in urine during pregnancy

(II) It IS hydrolysed to glucose and galactose b> the enzyme lactase in

the alimentary canal and the products are absorbed
(ill) It has free aldehyde group and hence shows mutarotation and the final

constant specific rotation of the solution is 4-55 2’ It can also exist in a or ^
forms

Civ) Since It 1$ a reducing sugar it can reduce Febling s and Benedict s solutions
but cannot reduce Barfoed s solution

(v) It forms an osazone with phenylhydrazine

Locicse C^fe-in)

HO-CrH

H-c-^ ^ h-c-oh1
HO-C-H 0

I

HO-C-H 0
H-C LJ HO-C-H I

H-i-J H-i 1

CHjOH CHjOH
D Gueopyfpfioie '^D-Co’ff'topyroriose

cemponeni comeponent

Fig. 3 13

3 Sucrose (cane sugar)

(1) It does not exist m the body but occurs m cane sugar, pineapple, carrot

roots, sweet potato and honey
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(ii) It is hydrolysed to glucose and fructose by the enzyme invertase (sucrasc)
in the alimentary canal. The products of hydrolysis are absorbed.

fiii) It has no free aldehyde or keto group because the linkage is between the
aldehyde group ofglucose and keto group offructose. Hence a non-reducing sugar.
It docs not ejdiibit mutarotation and cannot exist in o or^ forms.

(iv) Since it is a non^reducing sugar it does not reduce Fehling’s or Benedict’s
solutions. It cannot reduce Barfoed’s solution too.

(v) It cannot form osazone with phenylbydrazine.

'

(vi) The specific rotation of sucrose solution is 4-66.5“. During hydrolysis
this rotation changes to —19.5®

;
since the lacvorolation of fructose is greater than

the dextrorotation of glucose. The product of the hydrolysis is used to
be referred to as "invert sugar".

H
H-Cr

HO-C-H O

H-C-OH
I

H-C 1

CHjOH
«-0'Giucopyrefc«e

eorppofwftt

-1 H-C-OH

i-
H-C-OH

,

H-<!

—

I

I

CH^OH
S-0-f«icfopyronoM

eomporent

Fi« 3J8

POLYSACCHARIDES

JW^saccharidgs Are classiCed as homqpolysaccharides and heter0.ooXv-
saccharides.

The physiological important bomopolysaccharides are Cellulose, Glycogen,

Starch, Dextrins, and loulin.

1. Cellulose:

0) It is the main constituent of the supporting tissues of plants and forms a
considerable part of our vegetable food. It does not occur in the animal body.

(li) It is made up of ^-glucose molecules which are linked by 1 : 4 linkages.

(ill) Owing to the difference in chemical structure, cellulose is not acted upon
by amylases present in the digestive juices.

(iv) It is of considerable human dietetic value only because it adds "bulk"

to the inlestioal contents, thereby sUmulating peristalsis and elimination of food

residues.

(v) It is insoluble in ordinary solvents and gives no colour with iodine.
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(xi) Cotton and filter paper are nearly pure cellulose.

Cent/ose

Fig 3 19

2 GIjcogcQ (aiumal starch)

(0 It IS the reserve carbohydrate found id liver and mi^cles of animals and
human beings The gljcogen content of User is more than that of muscle

(ii) Itisalsofouud mplauts wluchhasenochlorophjl? s>'stem(e g fungiand
jeasts), but not m green plants

(ill) The molecular weight of glycogen obtained from difierent sources may
range from 10* to 10* and each molecule contains from 5,000 to 10,000 glucose
molecules

(iv) It has a branched structure with straight chain units of 12*18-a-D-gluco-
pyranose (m a 1-4 glucosidic ImkageJ wilb branching by means of a 11-6)-

glucosidic bonds
(y) It IS nonreducing, readily soluble m water and gives a red colour

with lodme

Fig. 320
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3 Search •

(i) It IS the store carb’ohxdrate of cWofophyU*contamTng plants In plants,

the starch is laid down in' the cells m granules The microscopic form of

the granules is characteristic or the source of the starch
(ii) It IS formed by an «-glucosidic chain Such a compound which produces

only glucose on hydrolysis is called a s^ucosan
(lu) It IS the most important source ofcarbohydrate m our food and is found

m cereals, potatoes, legumes and other vegetables in high concentrations
(jv) It IS a mixture of two substances--fl»y and amylopecun—both are

composed of ^ucopyranose units In the aroyloses, the glucose units are joined

by 1, 4-a links to form unbranched chains which are in the form of a helix with six

glucose units per turn Their molecular weights are about 60,000 which
are equivalent to about 300-400 glucose units and ate responsible for the develop-

ment of blue colour with iodine

Araylopectins have much larger molecular weights of about 5,00,000 and the

chains have at least 80 branches, each branch is at an interval of 24-30 glucose

units The point of branching is the sixth carbon atom of glucose
(v) Raw starch is insoluble in cold water owing to the resistance of the outer

cellulose layer of the granule When this is ruptured by heating m water, starch

IS soluble Concentrated solutions gelatinise on cooling and arc used as an
adhesive-starch paste

Afpylopetf n
{ 1

6

-Cli»eo5 tfc I r«i09«)

Fig. 3 22

4. Dextrlos

:

(i) Dextrms are form«l by the partial hydrolysis of starch by an enzyme

(salivary amylase), dilute mineral acids or heat
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(ii) Amjlodcitnn, ei^tiinxi-itnnand achnxlsxtna £3»« b’us, rtd b'o’^a sz'i

-no colour respictivriy w tb lOcLc? Achrodcxtnn b*n:g las

Oii) If th*v bars redacmg p*vp*Tti'^ zt 2!U th-y arc xtry

{i>) TIisj baTi^ fa-nt sweet t2«*e

(v) Tbsv form sncl^ solmioas la wsisx and are frrqcsa’lv ns*3 as adb-^rve

c.g. on postage stamps.

Or) 'njefinalp-od!}ctofh3drol)*siscf«tarcbbyaaam'vlasc Bmi’*o«s “cbjA

IS tiydrolisrf to glccoas by caltase

5 locUn

0) It IS found m fibers and roots ofdabbas. and danarbonx

Cii) It IS h>droly^»d to fmc*C!s** , beace it is a frcctos^n.

fill) It does "0* p-odoee an\ co'^^in- w th lodmt.

O') It IS easJy so’ob^e in wa»m ira’ef

(') It ’s osed in pbysioIog»c CTefpQiJon fc'tbed-snmsatjw o^'tserat*

gt''T3‘Tolar ffltratica

^aCOSl®?TA^CES

Maeo^bstances zn ha'iac tbe p*op*ft' o^ fonmas sLmv, s'xsce-ns «o'jt:oa

windj occc'ia lb*bod' Th*y hzvt ^ini'tnra) and fg~~* ons. Tb“T

are dmd^d into Gh'oop^*'nQ5 and %Iuoop?1'’S2ccb»5e5,

I Glrcoprofeias (Bcwpro»ei**s)

(I) Tbn zrg po*-*n-po*vs2cxJ-^-jd* co'-7'miad> omrrm; ra ib‘ ti'sner.

parti'ularlj in laJcos secretjon*

on Tb*> do not contain nrcnic acds altbonsih tb*v contaa zee^d beso-

saciws <nch as N acctvtgincosaima- and b* ace^^salac'osamme. H*to«s
as mannose cr cal’c^ose are also fen-d. In add non, a neti'l ptsto®* (L'-ficos*^

and lie sialic aads comrionl' cccar m these conjn»^ted p*n’'nnx

TbesialicacidsareactnaSj afamih ofeomoonnes denved f-om n*nrs=Enic

aDd Tb*' am wrdtlv d^tribstedmmdT’ale l^ssnes and hare also beta isola*“d

f’^om certain strains of bsctena N scctvfcnnamnac ac»d k an ettam?’? o^'nal c

aod. Eamres "bicii air ide^tiSed *3 lie In^rr oflb* rat can arcerm^:^ the Iro-

svntbens of K ace^lsmrammie and

(U) Examples of ^ycop'otems a^ 3l«o found am'^e tie al?b2 j and alpia.

flobnlnis of the plasma,

O') Tiey form sr^eons solaison* ®i ^ fcactjcn as Inb^cacis and pTMectu'*

“'CTeta^” in tie bodi Tie contmcorsly seerr'^d mrms ofti* resp^'O'y tra rt
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IS a protection against invasion by bacteria and the uterus is protected from the
vaginal microbial flora by the cervical mucus Intestinal mucus constitutes a
protection for the intestinal cells against mechanical damage

H-C«0

HO-C-H

H-C-OH
I

H-C-OH

HO-C-H
J

CHs
t-Fucos*

(6 d«oxy L ^loeiese)

COOH
COOH

C*0
HO-;,C

1

CH,

1 H-C-H Pyruvic oc«J

0 H-C-OH^\ 0 C-H
•C-HN-C-H HjC-C-HN-C-H

C-OH HO-C-H
H-i-OH H-i-OH
M-C-OH

iH20H

H-i-OH

injOH
N-aceV reuromneccni N oMty' 0 (wnctomift*

r? 323

2 Mucopolysaccharides (Heteropolysaccharldes)

A }f)alurcnlc add

(0 It has a molecular weight of 1 to 4 million

(u) It consists of alternate units of glucuronic acid and N acetylglucosamine
linked to give a thread like structure

(lu) It forms VISCOUS solutions m water and is important in the body
as a lubricant

(iv) It has an enormous capacity to hold water

(v) It occurs 111 sjTiovial fluid in the skm and vitreous humour

(vi) Jts presence affects the rate of diffusion of materials m the skin

(vii) The presence ofthe enzyme hjalorOnidase increases the rate of diffusion

vS thravgb t/ssiffs caatsiatng b/sJu/w.’c stJti 7bf itcbrst s&sfct
the enzyme m mammals is the testis and its presence in the semen facilitates ferti-

lization It IS secreted by some pathogenic organisms which can therefore invade
the tissues of the host animal more easily

B Chondrottin sulphates t

(0 They occur m the ground substance of connective tissue and they arc (he

comi^nents of cartilage, tendon and sbn
(ii) Chondroitm sulphates A and C consist of alternate units of glucuronic

acid and 2 N acetylamino galactose

(ui) Chondroitm sulphate B «>ntains iduronic acid m place of glucuronic

acid

(iv) In all three forms one hydroxyl group of each amino sugar is esienfied

with sulphuric aad and the molecules are long and linear

(v) They have a marked capacity to bind water and contribute to the

resistance to compression of connective tissue
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(nt) Since they arc polyvalent anions tho may also regnlale lie fiow
and concentration of cations round the cells

C. Heparin

(0 It occurs in most cells and present m liver, lung and the arterial wall

00 It consists ofanonhranched chain ofahemate units of glucosamine ard
glucuronic acid joined mainly by 1.4-c links Sulphate groups are l:nk«3 to the

hydroxyl group ofcaibon atom 6 and the ammo group of the ^ucosanirt and
to some of the glucuronic acid units.

OiD Itsmolecularn-eightisabout I7,000andlhe molecule ishighly sn’phated.

Ov) It IS used m medicine as an anticoagulant

X> Blood group r^stances

0) They consist ofK'acetylglucosamire.galactosamine, galactose, fccose and
sialic acid

00 Thev are used to dMermu'e blood group

E. Keralosulphaie

(0 It consists ofNacetylglucosamm^ galactose snlphunc and

Of) It is the component of camlage and comex

Hg 3.74

QUALrrATI\X TESTS FOR ipENTinCATIOX OF CARBOHYDRATES

Unknown e»^bo^ylJr3Ie

j
MOUSCH1TST

tso cptour

\

XTclet coloct

(Non-carboh>-dr«te) (Carboiydratf)

1

! IODINE TEST

4

BJne cclocr Cotcorless Red cetocr
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(Surcb) /A raooosacc^lar^<l«\ /Olycogen bi \w a dlsacchsnde* XEoIhrodestrjn/

1 BARFOED-STEST

i

No precipitate

(Sucrose)

t I

Marked red*ofafl^ Marked precipitate

precipitate la 30 secoads m 7 12 miQutes

No reaction with Benedict's

solution

After h)'drolysi5 by boiling

with Hcl perform Seliwa*

nofTs test for fructose and

Benedicts test for both

glucose and fructose

(Monosaccharides) (Disaccharides)

(

Respond to Benedict's test

Perform osazoae lest

BIAL’S
ORCINOL-HCJ TEST

Orecn precipitate No reaction

(Pentoses) (Heaose)

Beuldlne test mil
|

give violet bolour 1 SELIWANOFF S
TEST

Colourless Red colour

/Glucose or'v (Fructose)

'galactose /

Perform osaaone Perform osaione

test test

Benedict’s test ts preferred than the Fehlmg's test for the detection of glucose

m urme due to the following causes

Benedict’s Qualitative solution is composed of copper sulphate, sodium
citrate and sodium carbonate

Fehlmg’s solution is composed ofcopper sulphate, sodium potassium tartrate,

and potassium hydroxide
(i) Benedict’s test is less likely to give weakly positive results with con-

centrated unne due to the action of creatinine and uric acid

(n) It is more sensitive to small quantities of glucose because of the weaker
alkali It contains

(in) The strong alkali (KOH) of Fehlmg’s solution can polymcnie small
quantities of glucose when vigorously boiled

Cs«fci$e

i

3

Define carbohydrates classify them and describe the properties of Mooosacchaiides

(P U 68A ; R U «7A , hfith MS)
Write short notes on
(a) Disaccharides

(b) Starch

(c) Mucopolysaccharides

(d) Lactose

(c) Glycogen

(0 Benedict's test

(Bh U 76A)
(Mith 73A)

(Bh U 75A ,
R U «8A ; P. U 72S>

(htiu 74A)

(M U 73A , Milh 62A)
(P V €SS)
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3. MeaticafiwcharactcnJlicrcsciitnuofaasWoschaoJev^ichoKuninourbody. (C.U, 1981)

4. C^ve1fct^tn5tt^ri\fclImM\acf^Vt{oUc^ciR5• \C.\J,ISS\)

(a) Lscticftdd

(h) Ffuctose

5.

What products >mU be produced by add hydrolysisoflactase? (C-U. 1981)

6 'With examples v-nte explanatory DOtesoo c^ticaluomcrisoL. (C.U.t98I)

7. EsplaiQ the mutarotauon of carbobydratn. Describe ia brief the stiueturt and important

pcopcruei of the following (C-U. 1982)

(a) Glycogen

(b) Starch.

(c) Ollvdcse

8 Indicate *Tnic’ or False'

In lactose molecule there is ose^*l,2gtucttsidieiuila^ (CU. 1931)

Suggest the nature and molecular formula ofA from the followiog data; (C.U 1981)

(«) A
FehUng'i

. No reduction

soluuon+heat

(w) A
dll HCl

B+C
heat

(ill) B

Fehlmg's

reducuon (Red ppc)

soluuon+beat

Fehlmg's

rrfu«u» Rrf .)

solutiMiTheat

usuon (Rrfppl

(ly) 8oth B and C separately on reduttton produces bntahydric alcohol.

Streeg oxidactoa

B - ' - —V oo dtcarboxyltc acid with su C-aiom.

Strong oxtdauon

(vi) C f^'o dicarboxybc aods—one with two C^atoms and the other

with four C^toms.

9 FJl up the blanks with appropnatesiwds (C.U. 1981)

(a) Sucrose solution is — rotatory but after bydrolysb with dil. HCl it shows rotatioa

(b) Lactose solution exhibits— rotation and after treatment with diUICl it shows— rotation.



CHAPTER 4

UPIDS

Defimtioa

The Jjpids arc a heterogeneous group ofcompounds related to the fatty acids

and are insoluble in water but soluble m solvents such as ether, chloroform and
beroene

Sources The lipids occur \videly m plants and animal kingdom

Examples The lipids include fats, oils, waxes and related compounds

Otis are liquids at 20PC but fats are solids at 20X

Biological importasce

1 In the body, fat serves as an efficient source of energy when stored

in adipose tissue

3

The fat soluble vitamins and the essential fatty acids arc found with the

fat df natural foods

3 It serves as an insulating matenal m the subcutaneous tissues and around
certain organs

4 The phosphatides of blood platelets are involved m the production of
thromboplastin activity m the early stages of blood clotting

5 Lipoproteins (combinations of fat and protein) and gl>colipjds (comt.
binations of fat and carboh>drate) are essentia! for maintaining cellular integrity

6 It provides building blocks for different high molecular vs eight substances

c g acetic acid can be used for the synthesis of cholesterol and certain hormones

7 They produce metabolites through oxidation m the tissues which are used
m the interconvcrsion of substances

ClassiScation

Bloor has proposed the following classification of hpids

t Simple A'pi'ai Ester of fifty actrfs wrfft vanraenr afcoftoiV

(a) Fats—Esters of fatty acids with gljcerol

(b) Waxes—Esters of fatty aetd with higher alcohols other than gljccrol

2 Compound lipids Esters of fatty acids containing groups m addition to

an alcohol and a fattv acid

(a) Phosphohpids—An alcohol + fatty acids -f a phosphoric acid a
n]trogen*€Ontain]Og base and other substituents

(b) Gljcohpids (cercbrosidcs)—Fatty acids *f carbohydrate + nitrogen-

containing base

fc) Other compound lipids—Sulpholiptds, ammolipids and lipoproteins

3 Derncdltpids Substancesdenvedfromtheabovegroupsby hydrolysis

These include fatty acids, glywrol, sterols, gljcero) steroids, fatty aldehjdes,
ketone bodies

Glycerides (acylftlyccrols) cholesterol andchoIcster>l esters are neutral lipids

because they are uncharged

55
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SIMPLE LIPIDS

A. Fats

:

(a) They ate C5tets of fatty acids with glycecoL

(b) They are enormously found in nature.

(c) They are the best reserve food material in the human body.

(d) They act as insulator for the loss of body heat.

(e) They act as a padding material for protecting internal organs.

The chmical structure of fat (tnstyceridc) couMts of three d'femt

molecules of fatty adds with one molecule of glycerol. The thiw diBcrent fatty

acids (Rj, R,. Rj) areestenfied with rhe three hydroxyl groups ofglycctoL

CH^H
'

_HOOC—Rt CHjO-CO-Ri

CH.QK ^ ^VOOC—Ri*——•CHO- COR^
1

CHzCH “ HOOC—Ra • CHzO CO Rs

Glycerai Folly CCtCs Tfi^tyCWte#

Fit 4 1

Physical Properties of Fats :

(a) The fats are insoluble in water, but readily soluble in ether, chloroform,

benzene, carbon tetrachloride.

(b) They ate readily soluble in hot alcohol but slightly soluble In cold.

(c) They are themselves good solvents for other fats, fatty acids etc.

(d) ThQ' arc tasteless, odourless, colourless and neutral in reaction.

(e) Several neutral fats are readily crystallised, c g. beef, mutton.

(f) Their melting points are low.

(g) The specific gravity of solid fats is about 0.S6. So the fat people Ooat in

water more readily than thin ones.

(h) They spread uniformly over the surface of water ; so the spreading effect

IS to lower sunace tension.

Chemical Properties

:

1. Hydrolysis: Hydrolysis of triacylgljcerol takes placjc by Lpases
producing fatty acids and glycerol. Phospholipases attack the ester linkages of
phospholipids.

2. Saponification : Hydrolysis of a fat by alkali is called saponigeation.
The products are glycerol and the alkali salts of the fatty acids which arc c^ed
soaps.

3. Saponification number . The number of milligrams of KOH required to
saponify 1 gram of fat or oil.

4 Acidnumber : The number ofmilligrams of KOH required to neutralize
the free fatty acids of 1 gram of fau

5. Iodine number : This is the amount On grams) of iodine absorbed by
100 grams of fat. This is the measure ofthe degree of unsaturation of a fat.



COMPOXJND UPIDS d7

6 Acetyl number The number of milligrams of KOH required to

neutralize the acetie acid obtained by Eaponibcatioo of i gram of fat after it has

been acetylated This is a measure of the number of hydroxy acid groups m the

fat

7 Polenske number The cumber of milJ/hters of 0 1 normal KOH
required to neutralize the insoluble fatty acids from 5 grams of fat

8 Reichert-Miessl number This is the same as the Polenske number

except that the soluble fatty acids are measured by titration of the distillate

obtained by steam distillation of the sapooihcation mixture

9 Halogenation Chlorine, bromine, lodme atoms may be added to the

double bonds of unsaturated fatty acids containing fats

10 Panctdify Nearly all natural fats are oxidized when exposed to air,

kght, moisture, particularly if warm developing an unpleasant odour and taste

This happens so due to the formation of peroxides at the double bonds of

unsaturated fatty acids Vitamin E is an important natural antioxidant

B Waxes

(1) They are esters of fattv acids with higher alcohols and formed as
secretioDS, which are mostly protective m Aiuction, by many animals

(2) They resemble the fats and are usually solid

(3) In the human body, the commonest waxes are esters of cholesterol

COMPOUND LIPIDS

A Phospholipids (pbosphatides)

(0 They arc esters of fatty acids with glycerol containing an esterified phos
phone acid and a nitrogen base

(n) They are present lo large amounts in nerve tissue, bram, liver, kidney,

pancreas and heart

Biological foDctions of phospholipids

(i) They increase the rate of fatty acid oxidation

(ii) They act as carriers of inorganic ions across the membranes

(ill) They help blood clotting

(iv) They act as prosthetic group to certain enzymes

(v) They form the structures of membranes, matrix of cell wall, myelm
sheath, microsomes and mitochondria

The phospholipids include the following groups

! Phosphatldic acid andphosphatidyl glycerols

Pfaosphatidic acid is important as an intermediate m the synthesis of

triacylglycerols and phospholipids
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SIMPLE LIPIDS
A Fats

(a) They are esters of fatty acids wth glycerol

(b) They are enormously found in nature

(c) They are the best resene food matenal m the human body

(d) They act as insulator for the loss of body heat

(e) They act as a padding matenal for protecting internal organs

The chemical structure of fat (tnglyocnde) consists of thr« different

molecules of fatty acids ssith one molecule of glycerol The three diucrenl lallj

acids (Rj Rs R,) are estenfied with the three hydroxyl groups of glycerol

CH^OH ^ H OOC—R, CHjO CO R,

CHOH • ~ HOOC— -^CHO CO Rz
j

CHjOt H OOC—Rs • CH2O CO Rs

Glycerol Folty oc Us Tr glycw 0“

Rf 4 1

Phy«ical Properties of Fats

(a) The fats are insoluble m water* but readily soluble m ether chloroform*

benzene, carbon tetrachloride

(b) They are readily soluble m hot alcohol but slightly soluble m cold

(c) They are themselves good suUents for other fats fatty acids etc

(d) They are tasteless, odourless, colourless and neutral lo reaction

(e) Several neutral fats are readily aystalhsed c g beef mutton

(0 Their melung points are low

(g) The specific gravity of solid fats is about 0 So the fat people float in

water more readily than thin ones

(h) They spread uniformly over the surface of water , so the spreadmg effect

is to lower surface tension

Chemical Properties

1 Hydrolysis Hydrolysis of tnacylglyccrol lakes place by hpases
producing fatty acids and glycerol Phospholipases attack the ester linkages of
phospholipids

2 Saponification Hydrolysis of a fat by alkali is called saponification
The products are glycerol and the alkab salts of the fatty acids which arc called
soaps

3 Saponificauon number The number of milligrams of KOH reouired to
saponify 1 gram of fat or oil

4 Acidnumber Thenumberof milligrams of KOH required to neutralize
the free fatty aads of 1 gram of fat

5 Jodlne number This is the amount (in grams) of lodme absorbed by
iOOgramsoffat This is the measure ofthe degree of unsaturation of a fat
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6 Acetyl number The number of miJljgrams of KOH required to

neutralize the acetic acid obtained by saponibcation of 1 gram of fat after it has

been acetylated This is a measure of the number of hydroxy acid groups m the

fat

7 Poknske number The number of milliliters of 0 1 normal KOH
required to neutralize the insoluble fatty acids from 5 grams of fat

8 Reichert-Mlessl number This is the same as the Poleoske number

except that the soluble fatty acids are measured by titration of the distillate

obtained by steam distillation of the saponihcation mixture

9 Halosenation Chlorine, bromine, lodme atoms may be added to the

double bonds of unsaturated fatty acids containing fats

10 Rmcidify Nearly all natural fats are oxidized when exposed to air,

kght, moisture particularly if warm developing an unpleasant odour and taste

This happens so due to the formation of peroxides at the double bonds of

unsaturated fatty acids Vitamin £ is an important natural antioxidant

B Waxes

(1) They are esters of fattv acids with higher alcohols and formed as

secretions, which are mostly protective m function by many animals

(2) They resemble the fats and are usually solid

(3) In the human body, the commonest waxes are esters of cholesterol

COMPOUND UPIDS

A Phospholipids (phosphatidcs)

(0 They are esters of fatty acids with glycerol containing an estenfied phos
phone acid and a nitrogen base

Cii) They are present in large amounts in nerve tissue, brain, liver, kidney,

pancreas and heart

Biologic^ fnnefioss of phospholipids

(0 They increase the rate of fatty acid oxidation

00 They act as earners of inorganic ions across tbc membranes.

(ill) They help blood clotting

(iv) They act as prosthetic group to certain enzymes

(v) They form the structures of membranes matrix of cell wall, myelin
sheath, microsomes and mitochondria

The phospholipids include the following groups

1 Phosphaudio acid andphosphatidyl glycerols

Phosphatidic acid is important as aa intermediate in the synthesis of

triacylglycerois and phospholipids
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Cdrdiolipm which is found in mitochondria is formed from phos

phatid>lgl}c®ro^

CH2-O—8-R|
I

0
i U
CH—O-C-Ra
1

0
CH2-0-^-0H

OH
P^c&pnaftde oed

rig 4 2

2 Leathins {phosphaltdyichoUne)

The lecithins contain glycerol and fatty acids, phosphoric acid and
choline (nitrogenous base) Lecithins generally contain a saturated fatty acid

at a position and an unsaturated fatty acid at ^ position They can exist in a or

^ forms

a CHa-O-C-ft,

1
0

I w

£ CH-O-C-ft*
I

0 .CH5

a CHj—O-P-O-CHe—CHz—N^CH,
OH \h3

^

Lec'iiin

Fig 4 3

Physical properties

(I) Lecithins are waxy, white substances but become bronn soon when
exposed to air

(II) They are soluble in ordinary fat solvents except acetone

(ill) They decompose when heated

(iv) They constitute valuable agents for the emulsification of fats and oils

Chemical properties *

(1) Lecithins on boibog with alkalis or mmeral acids not only choJinc is split

off but the phosphatidic acid is also hydrolyzed to give glycerophosphonc acid

and fatty acids

(ti) They have the property of forming complexes with many different

substances especially with other iipids, proteins, carbohydrates, and various

heavy metals This property is concern^ in the ionisation and function ofmany
macromolecular cellular components

(ill) When the alcoholic hydroxyl group ofcboline is acetylated, acetylcholine

IS formed
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Physiological fonctions

(i) They facilitate combinations with proteins to form lipoproteins of plasma
and c^lls

(ii) Acetylcholine formed from cholme has an important role m the

transmission of nerve impulses across synapses and form nerve endings to the

muscle inervated

(in) Choline is the most important lipotropic agent

3

Cephahns (phosphatidyl ethanolomme)

)i

CPfe-O-C-Ri

1 ?
CH—O-C-R?

I

°

a^-0-|-0-CH2-CH2-NH^
0“

CeptioiQi

Tig •14

Ihey always occur m the tissues in

association with lecithins and are very

similar m properties The only differ-

ence in the nitrogenous base

4

phosphatidyl Siurie

A cephalme like phospholipid found m tissues

CHj-O-E-R,
0

I n

CH-O-C-R,

1 ff

CHj-O-P-O-CHz-CH-COO'
OH

Phosphofdyt «rw»

Tit 43

5

Plwsphaud}t lupsltot (Cip<i!i/0l or Phosphomsiltdes)

(i) They are fouad in brain, liver, heart and

soyabean

(n) They contain no base but have inositol

m its place

(ui) They are more acidic than the other

phospholipids
^

ng 4 6
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6

Lysophosphohpids

These arc phosphoacylglycerols containing only one acyl radical, e g
Lysolecith'n

Lysoiecrth n

7

Plasmalogens

(0 These are the contents of brain and muscle.

(u) Structurally, these resemble

lecithins and cephalms but give a

positive reaction when tested for

aldehydes with SchiATs reagent (fuch-

sin-sulphurous acid) after pretreat-

ment of the phospholipid with mercu-

ric chloride

(ill) They possess an ether link, in

a position instead of ester link. The

allcyl radical is an unsaturated alcohol

« CH2--0~CH=CH-R,
0

I
II

^CH-0- C—Ra
0

I I)

« CH,- 0-P-0-CH;-CH;-NH;
OH Efhcf^dom ne

PiosmcJogenl P^o$p^^t del e'hcneiomi**)

Fi* 4 8

8

Sphingomyelins

(0 These are found in large quantities in brain and nerve tissue

(ii) The concentrations of these phospholipids are increased in Niemann—
Pick disease in the Iner and spleen

(ui) These contain a complex ammo alcohol (sphingosinc) only found
tn ammal tissues, a fatty acid, a phospboncacid and choline Nog\yccrol is present

(iv) At least three types of sphingomyelins arc known

Sph n«s ne

I
9H 0

CH? Polly oc d
I

^

r ?
d-jO=P-OH

L O-CHi-CHj-lNlCHjlj

Sph fiQofryel n

FlS. 4 9
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B. Glfcolipids

These contain an ammo alcohol (sphmgosme or jso sphingosjoe) attached
with an amide linkage to a fatty acid and glycosidically to a carbohydrate moiety
(sugars, ammo sugar, siahc acid)

These are further classified mto—(i) Cerebrosides, (u) Gangliosjdes

(0 Cerebrosides

(a) Cerebrosides contain galactose a high molecular weight fatty acid and
sphmgosme Therefore, they may also be classified as sphmgolipids

(b) They are the chief constituent of myelm sheath

(c) They may be dilTerentiated by the type of fatty acid m the molecule
These are

Kerasm—Containing lignocenc acid [CHj—(Cffj)*,—COOHJ

Ccrebron—Containing a hydroxyhgnocenc acid (cercbronic acid)

(CHa-CCH,)„-CH{OH)-COOH]

Nervon—Containing an unsaturated homologue of Jignocenc acid called

nervonic acid tCH,-(CH',>,-CH=CH~(CH0ij-COOH]

Oxjnervon—Coatammg hydroxyoervomc acid

fCH5-(CH,)7-CH=CH-(CH»)„-CHfOH)-COOHJ

(d) Stearic acid is a major component of the fatty acids of rat brain

cerebrosides

(e) Cerebrosides, specnlly cerebronic acid increases in Gaucher's disease

and the Kerasm is characterized by glucose replacing galactose

(f) The cerebrosides arc in much higher concentration in medullated than
m nonmcdullated nerve fibers

(n) Cangliosides

(a) These arc glycolipids occurring in the brain

(b) Gangliosides contain ccramide (sphmgosme -f fatty acids), glucose

galactose N acetylgalactosamine and siahc acid

(c) Some gangliosides also contain dihydrosphingosme or Gangliosme m
place of sphmgosme

fd) Most of the gangliosides contain a glucose, two molecules of galactose,

one N acetylgalactosamine and upto three molecules of sialic acid

3 A Lipoproteins

(0 Tnacylglyccrol (45%) phospholipids (35%) cholesterol and cholesteryl

esters (15%) free fatty acids (less than 5%) and also protein combine to form a

hydrophillic lipoprotein complex

(n) Since pure fat is less dense than water the proportion of hpid to protein

m lipoproteins if increases the density decreases This property i* used to

separate various lipoproteins m plasma by uUracentrifugation

(ill) The density oflipoprotems increases as the protein content rises and the

lipid content falls and the size of the particle becomes smaller
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'I«rophor«,c

prore^
'' ™“n«lectro-

<1006
IVLDLI

O>>4om crons

Lipepro etns

Pfe ^ Lipopro'ems

(Seccrct<n

n*. 4 10

(>) Four major groups of lipoprotcms hasp boon .donufini nh.rl, .

oTrr:.trsr
Tliose are (a) Chylomicrons

(b) Vory loss dons,.> l.poproloms (VXDL or pm ^-l.poproloms)

?s H 'I r”"’
“-D'- O'- ^1'Pop.otons)

’

M) High dtnsily l.poprolcms (HDL or o I.poprotoms)
morons -ftcdornsnan. I.p.d ,s .naoyljljcorol (1-^ ,„d

cholostorol (23X> Tbo conoontmUona of U,1 ^mcroasod .n n,borosc,oros.s and ooronary ftromW

(\i) Chylomicrons

and

VLDL

LDL

HDL

”
'‘I”"''’' fo'Pho-tp'* (23/3 Increased sn atheroscIeros,s andcoronary thrombosis etc.

-P^nnnant hp.d .s pbosphol,p,d (27%)and prolems

«.S^.’r.:zv7:.lS;;'Zr/7::z;- -
’'“rs«'T”r

''*
(smi) Tie larger lipoprolems (snob as chjIom.orons andVLDr 1 o

bp,d core of nonpolar tnacylclycerol and chol-s,e,y| aster surrontd^T
polar phospholipid, cholesterol and apoproteins

noanded bj more
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t:A
B Aminolipias ammolipids and sphingomyelins

a„d»=^"="
C. Sulphohpids

(Snlphatides)

g,lSese\m%"nTphrie’dS»^

derived EIPIDS

£' toivSes BO sa.nra.ed (con.aining no double bonds) or

A “'^JhvrcSOT K known as .ho number and posi.ion of

Sf^i^lriou^onvensions am
^ed for^^^ atoms 9 and

the double bonds e g A

10 of rt-'
, V ,

Acclic

Prop ofl'®

Butyric

Caproic

CH.COOH

C.H.COOH

C,H7C00H

c.iiiicoon

proUjct of caihohydtale rcraicnatioa

by rumen orptni'm*

-do*

Butcr

Product of carbohydrate fctttientation

by rumen organisms
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Acid Formh CerhoH etor-a AjLrtw

Lai*nc C„H„COOH 12 CoccriDt o3s.

Mmslie C,,H„COOH 14 CocoBat oils

PalsnUc CjjHrCOOH 16 Aosia] asd Plant fits

Steanc C„H„COOH IS -do-

Aiadudic C„H«COOH 20 ^aaut o3

Bsbemc C,.H4,C00H r: Seeds

Litaocetic C„H*tCOOH 24 PtiEut on, CcfcbTisides.

B. Unsatonted fatt} aads

Geucral formitla CnHa-jCOOH

T^pe cf acid ActJ Femata Vnudurenan

et earbat

atara

Aierdier a/
dauMa bonis

Soaw

Mono-
UBS3tun*ed Pilmitoleie Ct.HttCOOH A* 1 Nearly aQ fatx

•• Oleic C„H,,COOH A* 1 "do-

Po!>-

uoszturated Lisoleic Cj.HnCXXlH A’& A** :
Attsaal csd
plant fat.

LiaotenK C^H„OOOH A*. A”. A'* 3 -do-

AraJudonic C„H„COOH A% A*, A“. A II 4 Pcaant oO

A grojp of compounds Joiown as proslagJandms are synthesized from
arachjdonicacidinlhebod} Thej ha^'cpharmacologjcand biochemical actisntv.

Example Prostaglandin Ej^PGE,)

Prosto3'^»d«% Ea\PSE2)

Ftg 4.H
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C Many other fatty acids •

(i) These have been detected m biologic material

Example : Fish oil contains 5 and 6 unsaturated fatty acids having carbon
atoms 22

(ii) Vanous other structures with hydroxy groups (nanoleic acid) or cyclic
groups have been found m nature

Example of cyclic groups js chaulmoogiic acid which was used many years
ago in the treatment of leprosy

H
c

HC^ ^-tCH2),2~C00H
H^C CH^

Chou{rt>oo^Tic octd

fig * JJ

ESSENTIAL FATTY ACIDS

Burr and Burr (1930) introduced the term “Essential Fatty Acids” (EFA) on
the basis that they are essential for the growth and health of young albino rats

These polyunsaturated fatty acids which are not synthesized m the body but are

taken from natural sources are called essential fatty acids They are

;

Essential

fatty adds

Chemical

name

General

formula

No of

double bonds Structure Sources

LiQoleic 9, 12 Octadfr"

cadienoic acid

CnHtiu-t

CXXIH
2

(A*. A’*) (CH-CH-
CH,),(CH,)8
COOH

Com Peanut.

Cottonseed,

Soyabean ot)

Ltoolenic 6 9, 12*Oetade-

calrienoic

acid

CbH„^,
COOH

3

(A*, A‘%
A**)

CH,-(CH,),
(CH«CH-
CH,), (CH,).

COOH

Found fre-

quentty wth
imoteic aad but

particularly In

linseed oil

Atachidontc 5, 8,11,14

eicosaletrae*

note aced

COOH
4

(A*. A*.

A«, A'«)

ax.~(ai,)i

,

(CH-CH- '

CH,)i (CH,).

COOH

Found m small

quantities with

luioteic and

Imoleoic acids

trot particufarly

in peanut oil

Linolenic and arachidomc acids are formed from Imolcic acids provided

bnoTSc acids are available m the body m sufficient quantities

F.5
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Properties :

(i) The essential fatty aads of \egctablc oils have low melting points and
lodme number

(li) They become saturated fatly acids on hydrogenation and the oils become
solid fats

pDDctJons •

(1) The essential fatty acids in high wmccntration along with the Iiptds

constitute the structural elements of the tissues

(2) The lipids of gonads also contain a high concentration of polyunsaturated
fatty acids which suggest the importance of reproductive function

(3) They effect tbe prolongation of clotting time and increase the fibnnoljlic

activity

(4) They retard atherosclerosis beingesterified and emulsified Vrith cholesterol

and are incorporated into Iipo-proteins for transport to the liver for further

oxidation

(5) They cure skin lesions

(6) The deficiency of these acids in the d.ct of babies causes eczema

ISOMERISM IN UNSATUR\TED PATTr AODS

Variations in tbe location ofthe double bonds in unsaturated fatty aad chains
produce isomers Oleic acid has 15 different positional isomers

Geometnc isomerism depends on the orientation of radicals around the axis

of double bonds If the radicals which are being considered are on the same side

of the bond, the compound is called “cis”, if on opposite side, “trans”. This can
be illustrated with maleic acid and fumanc acid

HOOC\ /H
II

HOOC H
C»s town

ttv’diex oc»ti*»

HOOC^^^H

n

Nxoh
TrfinS tOrm

\S^omeT>c ODa*»

Fig A 13

There are more geometric isomers m case of acids with greater degree ofun-
saturaiion The unsaturated long chain fatty acids, occumne in nature are nearly

all of the ‘cis’ form and the molecules are “bent” at the po:>ition of the double

bond Thus, arachidonic acid is M'Shaped.

REFINED AND H\T)ROGENATED OILS

Refined oil • It is prepared in the following manner :

(i) Free fatty acids arc removed by alkah treatment

(n) Colouring matter is removed by activated carbon

(ill) Odour IS removed by superlieated steam.
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Hydrogenated oits The refined oils are hydrogenated under optimum
temperature and pressure with hydrogen m the presence of -ntckel catalyst Un
saturated fatty acids are com,erted into saturated fatty acids

Hydrogenation
Oleic acid Stearic acid

The liquid oil becomes solid fat and the unsaturated fatly acid content
decreases Vanaspati is hydrogenated refined groundnut oil

2 ALCOHOLS

Alcohols found m lipid molecules include glycerol, cholesterol and higher
alcohols (cetyl alcohol), usually found m the waxes

The unsaturated alcohols are important pigments Phytyl alcohol is a
constituent ofchlorophyll and lycophylt {C,oHj«0^, a polyunsaturated dihydroxy
alcohol occurs in tomatoes as a purple pigment

3 STEROIDS

The steroids are often found in association with fat They ba\e a similar

cyclic nucleus resembling phenantbreae (rings A, B*C) to which a eyeJopentane

ring (D) js attached The parent substance is better designated as cyctopentano-
perh^rophenanthrene The positions on (he steroid nucleus ai% numbered as

shown m the figure below

CyctopwIcrwperhydrophenQrtfwos

nucleus

ng 4 14

Methyl side chains occur typically at positions 10 and 13 (constituting C
atoms 19 and 18) A side chain at position 17 is usual (as in cholesterol) If the

compound has one or more hydroxyl groups and no carbonyl or carboxyl

groups, it IS a sterof, and the name tennmates m —O''

Steroids may be divided m the following manner

Sterols—cholesterol, ergosteroJ, coprostcrol

Bile acids—Glycocholic acid and laurocholic acid

Sex hormones—^Testosterone, Cstradiol

Vitamin D—Vit Dj and Dj

Adrenocortical hormones—Corticostcr

Cardiac glycosides—Stropanthm

Siponms—Digitonin
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Cholesterol

;

It js widely distnbuted in all cells of the bod> It occup m ^nimal fats but

not m plant fats Its structure is given below The metabolism of cholesterol is

discussed in lipid metabolism chapter

Ergostcrol 4 ,3

(0 It occurs m ergot and jeast

(ii) It IS the precursor of Mlamin D
(m) It acquires anurochitic properties with the opening of ting B when

irradiated with ultraviolet light

Coprosterol Fig 4 ]6

It occurs in feces as a result of the reduction by bactena in the intestine of
the double bond between C, and C* of cholesterol

Important tests

(1) Greese spot test Adropofoilisplacedovecapieceof ordinary paper
A transluscent spot js vjsjbJe Tbjs jndjcates the preseocc of fat

(2) Emulsification test 2 ml water is taken m one test tube and 2 ml of
diluted bile salt solution in another test lube Add 3 drops ofthe given oil to each
test lube and shake vigorously Note the stability of the emulsification formed

(3) Saponification test Take 10 drops of coconut oil in a test tube Add
20 drops of 40% NaoH and 2 ml of glycerol to it Gently boil for about
3 minutes until complete saponification occurs If oil globules are visible, boiling

must be continued Divide the solution into 3 parts to cany the following
experiments m test tube 1, 2, 3

To test tube No 1 add saturated solution of Nad Note that the soap
separates out and floats to the surface (saltmg out process)

To test tube No 2 add a few drops of Cone Hcl An oily layer of the fatty

acids uses to the surface

To test tube No 3 add a few drops ofCaCl| solution The insoluble calcium

soap IS precipitated
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STEROIDS

2S:i5;£=SilSSFe.^
of Oil are added . t,.,v,nc* the tube vigor

Colour rcuclions <0 detect sterols

Whe.ore.,p.dr , Ho,^ ,P U 6«,

, cto ot W.dt """e upuls

^oro.el,P.dtoudc,...»wna4*iv*.r—

•

0„. the c,es,^»uoo

importance of phospholipids

(M»th 65S)

pocutrbt.td^'^'
"“4

Write short notes on

(,)
EsscDlial fatty acids

(iD Sterol

(ill)
Phospholipids

tiv)
Saponification number

(v)
Hydrogenated fats

Lecithin
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CHAPTERS

AMINO ACIDS AND PEPTIDES

DeGnitioa
Ammo ands are the monom*xs of proteins. Alpha ammo acids have

an ammo and a carboxjl group attached to the same (a) carbon atom.

Although, there ^ over 200 different ammo acids found m nature, only
about one tenth (20) of these occur m protein^ Protems of plant, animal and
microbial life contain the same 20 ammo acids

H
la

R—C—NHg
COOH

(«-omoood)

Fig 5 1

Compl-te acid
,
base-, or enzyme-caialjzed hjdrol>’sis of proteins produces

the naturmly occurrmg 20 L a-amino acids D ammo acids are also Joond in

some natural peptides

Commoa properties of ammo acids

1 Protomc equilibria of ammo aads

(a) Ammo acids base at least tuo lonuable groups le —COOH an3
—ISHJ The former dissociates more easily than the latter In solution, two-
forms of these groups one charged and one cmlral, eiast in protonic equilibrium
With each other

R—COOH^R-COO--rH+
R-NH *

Fig. 5 2

R—COOH and R—NHJ represent the pfotonalcd or aad partners m these

equilibria, R—COO and R—NH* are the conjugated bases (le. proton
acceptors) of the corresponding acids Although both R—COOH and R—NH,
are weak acids R—COOH is a sescral thousand times stronrer acid than
IS R-NHJ

(b) At P® 7 4, carboxjl groups exist almost entirely as

the conjugated ba»e i e R—COO~ Most ammo groups exist

in the form, R—NHJ In blood and most tissues armno

acid structures are drawn as follows

The folio \ mg structure cannot exist at any P° but is frequently used as a
convemeace when the chemistry of ammo acids i5 discuss'*d

R—C-COO"

Fig. 54

H
I

R—C—COOH
I

AHz
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(c) PK of an acid is simply the negative log of the dissociation constant

pi^=_Iog K
ps values for q ammo groups of free ammo acids is about 9 &

(d) The iroefecrric Pti (pi) ofan ammo acid IS that Pn at which it has no net

charge and hence does not move in an electric field

Addition of acid or alkali depresses one type of ionisation so that the amino

acid behaves as a base or an acid The ion at the isoclectnc point which cames

-f-and — charges internally neutralised IS called a ‘Zwitterioo ’ The three types

of ions are represented below

NHj R

R COO“+ H^O

R COOH

Fig SS

In an acid solution, the ammo acid acts as a base yielding cations When

current is allowed to pass through the solution, the ammo acid migrates to the

cathode or positive pool la ao alkaline solution, u behaves as an acid forming

anions. In the electric field, the ammo acid migrates to the anode or negative

pool On account of these opposite reactions depending on the acidity or

alkalinity of the solution the ammo acids are called arapholjtes

Since Pki (RCOOH)=2 35 and Pfc* (RNHJ)=9 69, the isoelectric (P*)

of alanine is

' pi_ Pki+Pk, _, 2 35+9 69„g^,

nt c * ^ . Pk,+Pk, 209+3 86
of Aspartic acid=—~—

^

Thus of lysine and argmme is 9 7 and 10 8 respectively

The ability to perform calculations of this type is of significant value in the

clinical laboratory to assess the mobility of known compounds in electric fields

and to select appropriate bulTers for separation of one from another

2. Structures of amino acids

For many purposes it is convenient to subdivide the amino acids m proteins

into 7 classes as in the following table In addition to their common names,

systematic chermcal names are also Included in this table
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TAB1£ * ].-a*aiBh>o acSds fooad m prolelns

Group Tririalname Symbol Syitemattc name Structural formala

I. With aliphatic side chslDS.

Gl)-aBC GJy(G) Ammo acetic acid H—CH—COOH

Alanioe Ala (A) 2*Amino
propanoic amd

CH,~CH—COOH
1

NH,

Valtne Val(V) 2-Attimo*J-«iethyl

hutanoic acid

H,Cx
CH—CH—COOH

H.C/ I

NH,

Leucute uua> 2-A»ino-4-ffleth>I

pentanoK aad
H,C\

CH-CHi-CH-COOH
H,C/

1

NH,

CH,

CH-CH-COOH
/ 1

CH, NH,

hoteucifte IleCn 2*Amtiio-3*fBethyl

pentanoic acid

II With fide chaiof coatjiotog brdrOTrl (Off) groups.

Senne Ser{S) 2-Aintno*3-

hy'drosy

propanoic aad

CH,—CH—COOH
\ )

OH NH,

Threonine Thr(D 2'Aniino-3'

hydroxy

butanoic actd

CHr-CH—CH-COOIT'
1 1

OH NH,

III Widi side chants coQtauing solfor atoms.

CJ-steme cys(o 2-Amnio-3*
zsercapto

propanoic aad

CH,—CH-COOH
1 1

SH NH,

Methionine Met (M) 2-Araino-4-

(methyltbio)

butanotcaod

CHt-CH,-CH—COOH
1 1

S—CH, NH,
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4 h>droxy H>p 4 hydroJ^l
Frol uc p>iroIidinc'

carboxyl c acid

3 Optical isomers of ammo acids

Except gtjeme, each ammo acid has at least one asvmetnc carbon atom and
hence is optical!} acu\e Although D amino acids occur m cells and c\cn

nv poli-peptides they are not present m proteins

Various other ammo acids e g Homocysteine, Homoserine, Omi^hmc,
CiltuUme, Argmosuccinic acid, Dopa, 3 monoiodotvrosme, 3, 5 DiiodoljTosme

3 , 5, 3 tniodotyrosmc, Thjroxme, ^ Alanine, Taurine etc , m free or combined

States fulfill important functions in metabolic processes oiber than as constituents

ofproteins Many additional ammo acids occur in plants or m antibiotics Oier

20 D ammo acids occur naturally

PHYSICAL PROPERTIES OF AMINO ACIDS

(i) Ammo acids are soluble m polar soKents such as uater and ctliaool bat

they are insoluble m nonpolar solvents such as benzene or cthtf

(ti) Th-ir melting point is above 200*C

(lu) The aronaiic ammo acids tryptophan tyrosine, histidmeand phenyl

alanme absorb ultraviolet light

CHEMICAL REACTIONS OF AMLNO ACIDS

(0 Ninhydrin test Nmhydon is a powerful oxidizinc ageat which causes

oxiddUvc decarboxylation of a ammo acids yielding CO, NH, and an aldehyde

The r^uced nmhydrin then reacts with ih- liberated ammonia forming a blue

complex Prolinc and hydroxyprolmt produce a yellow rather than a purple

colour with mnhydrm

(ii) A variety of colour reactions specific for particular functional groups m
ammo acids are known which arc useful in both qualitative and quantitative

identificauoa of particular ammo acids These are g'vcn below

fiC’ne ofihe test Kegerts Cb'tur /{m no ae idt ec(e:i

Isitroprussids Sod uni niiroprussidc in d 1 NH»OH Red O'Slc ne

Hopkins O. le Gl'oxylik. aud in 35VH,SO« Purple Topiophan

Millon HgNOi in HNO, heat Red Tyrosine.

Xanihoproti-ic Boil ns COT. HNOj Yellow Tyrosine Try? ophan,

Ph oylalanine

Sakagauchi < Naptithot Tnd Sod um Nypodilotwe Red Aisimnc

Pauly D aA tiTcd sulfaril t acid m alkalno

spluli >n Red Histidine
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(lii) Formation of peptide bonds: Peptide bond formation ic'-olves

removal of one mole of water between the o«amino group of one amino aad and

the a-carboxyi group of a second amino acid.

H2N~CH

CH;

Alorune

C-OH + H-N-^
CH2OH

0 COOH
li H I

_
CHjOH

CHj
A>cnyt-Senne (Ata-Ser)

0 d'peptidd

PEPTIDES

Definition : A peptide consists of two or more amino acids linked by

a peptide bond formed between the carboxyl group of one amino acid sod the

amino group of another with the removal of one mole of water during a peptide
bond.

Polypeptides arc formed by long peptide chains containing large numbers of

peptide bonds. Polymers of 100 ammo acids are termed polypeptides and those

with more than 100 are generally termed proteins.

Primary structure of peptides :

The sequence of amino acids in a polypeptide is referred to as its

primary structure. Chemical methods ate required to determine the primary

structure. Physical technics such as X-ray ciyslalJography are employed

for higher order of protein structure.

TTie N'terminal (amino terminal) amino acid is always shown at the left and

the C-terminal (carboxyl terminal) amino add at the right of the polypeptide

chain. i

Fig, 5 7

Even small changes in the primary structure of proteins may produce

remarkable phjsiologic effects. Substitution of a single amino acid for another

in a sequence of 100 or more amino acids may abolish biologic activity with serious

consequences (c.g. Sickle cell disease) The biochemical basis for many

inherited metabolic diseases are knoivn owing to the introduction ofnesv chemical

and! physical methods to determine protcin^structure.
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DETERMINATIONOFTHEPRIMARY STRUCTURE OF PEPTIDES

The pnmary structure of peptides is determined by

(A) Qualitative identification and estimation of the amino acids

(B) Determination of sequence

A Determination of the number and lands of amino acids present

(i) The peptide bonds are first broken by hjdrolysis by acid, alkali or

enzymes

(ii) The free ammo acids are then separated from one another and Identified

by chromatography and electrophoresis

(A> Hydrolysis by acid Most protems are completely h>drolyzed by 6N
Hcl at llO’C for 20-70 hours in a sealed evacuated tube to exclude oxygen

by presenting oxidative side reactions

(B) Hydrolysis by alkali All ammo acids are ractmized by alkaline

hydrolysis with 5N NaoH-

(Q Hydrolysis by enzymes All peptide bonds are cataJytically hydrolyzed

by a vanety of bactenal peptidases , but the reaction is slow

Separation and identification of the ammo aads present

The free ammo aads after hydrolysis of peptides are separated and identified

by chsomatogcaphy oc by electcophoccsis

1 Paper chromatography

(i) A small volume (about 0 005 ml contaming about 0 01 mg) of ammo
aads IS applied at a marked pomt 5 cm from the end of filter paper stnp

(u) The filler paper stnp is suspended in a sealed cylindncal jar or cabmet.

(m) One end ofthe stnp IS dipped into a solvent consisting ofwater, an acid

or base, an organic substance such as o butyl alcohol

(in) The soVvent is placed lu a trough from which the paper stnp hangs

(descending paper chromatography) or the stnp may be suspended from the top

of the jar and dipped mto a trough at the bottom of the jar (ascending

paper chromatography)

(v) Strips are removed when the solvent migrates the marked distance and

dried

(vi) Then the stnps are sprayed with 0 5% nmhydnn in acetone and heated

for a few minutes at fiO-lOO’C.

(vi5) Purple spots will mdicalc the presence of ammo acids

(viu) The ammo acids are identified by the Rf value which is determined as

follows

Distance travelled by an ammo aad from the marked point of application

^f~Distance travelled~by the solvent from the marked pomt of application
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Thin layer chromatography

;

Thin layer chromatography may be employed ia place of paper
chromatography.

(i) The absorbents (c.g, cellulose powder, alumina, a cellulose ioa exchange
resin, sephadex) are spread as a slurry on 8x 18 inch glass plates.

(ii) The plates are dried and used like paper strips of paper chromatography.

(iii) The advantage in this is in the choice of adsorbents and in the rapidity
of separation. Amino acid mixtures require 3 hours for separation instead of
16 hours.

(iv) Lipids including sterols are rapidly and clearly separated.

Fig. S.ft Descending paper cteoraatograpby Fig. 5.9 Idenlificalipn of amind adds
present In protein after desen*

diog paperchromatography

2. Electrophoresis :

(i) Amino acid mixtures are applied at the centre of the paper or thin layers

of powdered cellulose.

0}) This is then moistened with buffer of an appropriate P® connected to

buffer reservoirs by paper wcks and covered with a glass plate to reduce erapora-

tive loss of buffer during passage of the current.

fill) The current is applied wth 2000—5000 volts for 0.5—2 hours. The

mollies at the net positive charge at the selected P® more toward the

cathode and those with a net negative charge toward the anode.

0v) The electrogram (paper or thin layws of powdered cellulose) is dried

and treated with ninhydrin to see the separated amino acids.

(v) The amino acids arc separated readily on the basis of their difference in

molecular weight.
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(vi) pn 3 5 IS better for the separation of the peptides formed from the

enzymic digestion of a protein

B Determination of scqccnce

The sequence of ammo acids of peptides is determmcd by many chemicaJ

technics One technic is mentioned below

Treatment with l*Buoro<2, 4*dinitrobeD7eQe (Sanger's Reagent)

(i) All free ammo groups produce yellow 2, 4-dinitrophenjl ammo acids

which are readily quantitated by spectrophotometry

(n) Only the N terminal residue can form a I'fluoro-2, 4-dmitrobeiizene
derivative which may be separated and identified by hydrolysis

SYNTHESIS OF PEPTIDES

Peptides may be synthesized by a reaction between an activated carboxyl
group such as an acid chlonde of one ammo acid and the amino group ofanother,
eg cysteine acid chloride and lysine

0 H ^1 0 H

CHa-CH-C-Cl + H-N-CH-COOH- “CH2-CH-C-N-CH-COOH
I I i
SH NHz CHjCHZ

Cysts ne oc>d CHa
Ctorije

CH.

CHj-NHj
cyslne

CHa

CHg-NHj
Cysienyi lysjrw

Fig > 10

After the peplidc bond is formed, the blocking group is removed, leaving the
desired peptide

PHYSIOLOGICALLY ACTIVE PEPTIDES

0) In some cases, they are the basis of products of protem

(u) In others, they may be hormones, antibiotics, precursors of bacterial cell

walls, or even potent poisons

(in) The widely distributed tnpeptide glutathione is required for the action

of several enzvmes including msulin Glutathione reductase functions either in

insulin degradation or in the formation of disulfide bonds.

(iv) Other naturally occumng important peptides are brady—Kmm and
Kallidin which are smooth muscle hypotensive agents are liberated from specific-

plasma proteins by treatment with snake venom



CHAPTERS

RROTEINS

DeDaltlon ; -v

Proteins may be defined as the high molecular svcight mixed polymers

of Q-araino acids joiacd logtiher -with peptide hnkage (—CO—NH—).

Proteins are the chiefconstifuenfs ofaff ft'viflg matter. They contain carbon,

hydrogen, nitrogen and sulphur and some contain phosphorus also.

Biological imiMirtance or hiochemical fonctions

:

1. Proteins arc the essence of life processes.

2. They are the fundamental constituents of all protoplasm and are involved
in the structure of the living cell aod in its function.

3. Eir^mes are made up of proteins.

4. Many of the hormones arc proteins.

5. The cement substances and the reticulom which bind or hold the cells as
tissues or organs are made up partly of proteins.

6. They execute their activities in the transport ofoxygen and carbon dioxide
by hemoglobin and special entytacs in the ted cells.

7. They function in the homostatic control of the volume of the circulating

blood and that of the interstitial Quids throu^ the plasma proteins.

S. They are involved in blood clotting through thrombin, fibrinogen and
other protein factors.

9. They act as the defence against infccHoas by means ofprotein antibodies.

10. They perform hereditary transmission by nucleoprotems of the cell

nucleus.

CLASSinCATIOM

:

1. simple Profcltts :

Class of Proteins C/iarocfenjl/cs Ejtofnphs

(i) Albumins . Soluble in «atcr, coagutablc by

heat «nd prccpilated at high

salt conctmratJofts.

Smim albumin, egg slburun,

lactalbumin (Mtlfc), Jeuco«

*in fviheat), lejtumelin

(*o>-3b«na}

(ii) Gtobulms . Insoluble m water, soluble In

dilute salt 50ln(K»i» and prcci*

pitated by hall saturated salt

solutions

Serino gJobolm, n'telUn (cgs

yofk), tuberm fpoiato),

tnjwioogcn ImBscis),

Icgumin (peas).

(jii) OJulcJins . Insoluble in water bot soluble in

dilute acids and alkalis MosOy
found In plants.

Glutcnio (wfccat), oryteoxa

(tKe).

79 -



PROTEINS

Class of Profrms QiaraoiensUes Examples

(iv) ProlamiQss Insoluble u water and absointe

alcohol but soluble in 70 to SO

per cent alcohol

Gliadio(wbeat), zemCttiaffle).

(v) Protamines Basic proteins of low molecular

wei^t Soluble to water, dilute

aads and alkalis Not coagn >

lable by beat

Salmine (salmon sperm).

(vO Histones Soluble in water and insoluble in

very dilute amoonnim bj'dro*

xide

Globm of bemoglobm and

thymos histones

(nO Scleroprotems Insoluble in water, dilute acids

and alkalis

Keratin (hair, bom, nail,

boofand feathers) coQagsi

(bone, skm) elastm

(ligament)

2. Onjogated Proteins

Class of Proteins Characteristics Examples

(i) Hocleoproteras Composed of simple basie pr^
terns (protamines or histones)

with naclete aads, found m
nudei Soluble m water

Nadeoprotamines and t»
cleobistones

(50 Lipoproteins Combination of protcuis with

lipids soch £5 falt> sods,

cholesterol and phospholipids

etc

Lipoprotems of egg-yolk,

milk andcell membtimrs
lipoproteins of blood

Ciii) Glycoprolems Combinatim of proteins with

carbohydrate (mucopolysactha

ndes)

Mucin (sairva), oTimiiooid

(egg while) osseomucoid
(bone) tendonrucoid

(tendon)

(v) Pbospboproterns Contain phosphorus radical as a

prosthetic emip
Casemogsi (milk),

os-ovitellffl (egg yolk)

(v) MetaWoptoleins Contain metal tons as their pros-

thetic sroups The metal ions

Senerally are Fe. Co. Mg, Mo,
2ss, Cb etc.

SiderophUiti (Fe).

ceru’opIasmiQ (Qi)

(vi) Cbromoprotcms Contain porphyria (with a metal

ton) as their prosthetic groups

Haemoglobm, myorfobm,
catalase, peroxidase,

cytodiromes

(vii) FlaToprotems Contain ribofiavis as their pros

tbetK groups.

Flavoprotems of Iiser and
bdi^
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3 Derived Proteins

Class of Proteins Charaeseristies £xttmp[es

A Primary (krivatives

(j) Proteaw Derived m the early stage of

protein hydrolysis by dilute

acids enzymes or ^fcaSts

Fibrin from Sbnnogeo

(li) MetaproteiBS Derived in the lat^ stage of

protein hydrolysis by slightly

stronger acids and alkalis

Acid and alkali metaproteios

(ut) Coagulated proteins They are denatured proteins

formed by the action of heat

Xra)s ultraviolet rays etc

Cooked proteins, ooa gulated

albumins

S Secondary deriratires

(Due to cleavage of

peptide bonds)

(D Proteoses Formed by the actten of pepsm
or trypsin Ptcdpitatcd by

saturated salatioo ofacomonium

solphate incoagulable by heat

Albumose frots albumin

globutose from globulin.

(TO Fepionev Further stage ofcleavage than the

p-oteo$cs Soluble m water

incoagulable by heat and not

precipitated by saturated

ammonium sulphate solutions

*

(iii) PeptidM Compounds cooia nmg two or

more ammo aads They may
be di m and polypeptides

CHycyhalanine leucyl

glutamic acid

Protein bydroljslog enzymes

(i) Pepsin—^In Oastnc Juice

(li) Trypsin, Chymotrypsin and Carbozypeptidascs—In Pancrratic Juice

(in) Amino-peptidascs, DipepUdases and Polypeptidases—In Intestinal Juice

BONDS RELATING TO PROTEIN STRUCTURE

Protein stroctures are confirmed by

1 Strong bonds—Peptide and disulphide

2 Weak bonds—Hydrogen and hydropbobic

1 Strong bonds

A Peptide bonds

The primary structure of proteins isdenvcd from p^tide bonds which can be

established by the following evidences.
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(i) Proteases produce polypeptides by hydrolymg proteins. Th^ can also

hydrolyze peptide bonds.

(ii) The protein, Insulin, is synthesized by linldng amino-adds by pepdde
bonds.

(iii) Polypeptides like proteins react with biuret reagent which is suggestive

of 2 or more poptide bonds.

B. DisnIpUde bond

:

(i) The disulphide bond may ioterconnKt two parallel chains through
cysteine within each polypeptide shown in the figure below :

Oi) The bond is not broken under the usual condlfions of denaturation.

(lii) Perfo^'c acid is used to oxidize insulin to separate the protdn
molecule into its constituent polypeptide chains without ofiecting the other

part of the molecule.

\
NH

C=0
s.
CH—CH,-S—S—CHr
/ \
NH NH

'c=o ^=0
/ S

Fig... &l ( Two peptide cbahis ualted by > disulphide liokags )

2. Weak bonds

:

A. Hydrogen bonds

:

(i) The hydrogen bond appears from the sharing of hydrogen atoms between
the nitrogen and the carbonyl oxygen of difierent peptide bonds as shown below
by star mark.

(ii) Each hydrogen bond is quite weak.

During dgnatutation of a proteuu the hydrogpn and hydrophobic bonds

are broken.

—c-i—N—
g I

O H

H H O

61
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fi. Hjdiopbobic bonds

:

^ 0) The soQpolar side chains of neutral amino acids are closely associated
with one another in proteins.

(u) No true bond exists.

(tii) Nonetheless, they play an important role in maintaining protein
structure.

STRUCTURE OF PROTEINS
The structure of protein is considered by several level of organization on the

basis of modem views. The levels of organization are

1. Primary level of organization.

2. Seconcfery level of organization.

3. Tertiary level of organization.

4. Quartemary level of organization.

1. Primary stroctnre

:

Peptide bond is formed by the araiao acids bol:ed by carbox)

amino acid with the <-amino group of another ammo acid as sho'

H,N-CH.~CO-NH-CH,-COOH.
Glycyl—Glycine.

Thus, they form peptide bonds by sweral amino acids as

—Ala—Gly—'gly—His—leu—
—Ala—Gly—His-Gly—leu—

The primary structure ultimately becomes as

2. Secondary structore :

O R
11 i H

H n )

O R
Fig. 64

Globular proteins indicate a coiled structure in

which peptide bonds are folded in a regular manner.

The foldings arc the results of habog of the carb-

oxyl and amino groups of the peptide chains by me-

ans of hydrogen bonds and disulphide bonds. Such

foldings arc referred to as the secondary structure

of the protein. Present evidence suggests that in

many proteins, the hydrogen bonding produces a

regular coiled arrangement, called o-helix.

rig C.4
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3 Tertiary structure

Hie globular protein ifcompletely is composed of a senes of single helix, these

molecules will have elongated structures with a larger axial ratio (length

breadth) Many proteins are sphcncal

The special structure m three dimen-

sions IS mamtamed by covalent or other

bonds Many globular proteins lack in

disulphide bonds yet they are stable m
solution The other bonds like hydro-

gen beads, salt bonds and hydrophobic

or non polar bo^ds are also involved in

the stability of the molecule This has

been desenbed as the tertiary structure

of protein

(Te'tiflry structure}

< helix

(i) Pauling and Corey proposed that the polypeptide chain of a keratin is

arranged os an a helix

(u) In the structure of a helix it has been found that R groups on the

<'Carbon atoms exist outward from the centre of the helix

(ill) There are 3 6 ammo acid residues per turn of the helix.

(iv) The distance traveled per turn is 0 54 nm

(v) The spacing per ammo acid residue is 0 25 nm

(vi) The a helix is stabilized by hydrogen bonds

(vu) Since a helix is the lowest energy it forms spontaneously

(viu) The right banded helix which occurs in proteins is significantly more
stable than the left handed helix when the residues are L amino acids

(ix) Certain ammo acids like prolme lend to disrupt the c helix

The p Pleated Sheet

(i) Pauling and Corey abo proposed a second ordered structure, the /?

pleated sheet because it was their second structure, the a helix being the first)

In the a helix the polypeptide chain is condensed, m the ^ pleated sheet it is almost

fully extended (Fig 6 6)

(ii) In a ^pleated sheet when the adjacent polypeptide chains run in opposite

directions (N to C terminus), the structure is termed an antiparallel ^pleated
sheet (Fig 6 6) But when the chainsnm in the same direction, it is termed parallel

(in) Regions of ^ pleated structure arc present in many proteins, and both

parallel and anttparallel forms occur
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(iv) The o-hclix is stabilized by hydrogen bonding between peptide bonds 4
residues apart m a primary structural sense, stabilization of the ^-pleated sheet
results from formation of hydrogen bonds between pepudes far removed from
one another in a paimary structural sense

6 6 Anupv>illel ^ pleated theet Ad/iccnt »lr-*nd5 run in pppmlc dirccUon).

Hydre^a bmdi between NK and CO group of adjacent strands lUUIsze the
structure The side chains (R) are above and below the plane oT the sheer

#»Carbon atoms Q Nitrogen atoms O’*Hydrogen atoms

A Quarteroary stractorc

.

lo addition to primary, secondary and tertiary structures, many proteins

exhibit a fourth level of organization wherein several monomenc units, each with

appropriate primary, secondary and tertiary structures, may combine The

polymerization of these monomers or protomers or subunits is desenbed as the

quactemary structure of the protein

Glutamic dehydrogenase molecule is a telramet and aldolase molecule is a

truaer Haemoglobin contains four subumts identical m pairs In the adult,

the molecule consists of two a and two fi ^ains , Foetal haemoglobin contains

two a and two y chains When haemoglobin takes up oxygen there is a change in
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the structure due to the chains iDOvmg closer together without structural ahcra-
tion m the chains thcmsehts

Tip $.7

DENATtJRATlON OF PROIUSS
Oenatumtioo may be defined as the disnipuoo of the secondary^ tertiary end

quarlemajy structure of the native protein rcsoltiag m the alterations cf the

physical, chemical and biological charactenstics of the prolem ^ a variety

of agents.

^e native proicms are said to be the proteins occumag In p-nmal and plant

tissues They possess many charactcnsbc properues such as soluhihty, viscosity,

optical rotation, scdimentalioa rate, electrophoretic mobility etc.

For as ohgomenc protem, desatciatjon may mvoire d^ssocaaboD of the

protomers with or without subsequent tmfoJdmg or with or without nndetfomg
changes m protomer confonnabon-

Doatoni^ agents

.

<9 agezrtf— sccwaa; c’.’irarToAc Igift a’irasTcai
pressure etc.

fii) Chemical agents—^Aads, alhahs, heavy metal salts, urea, ethanol,

guanidine, detergents etc.

Urea and guanidine probably interfere with the hydrogen bonds between
peptide Imlagcs Acids and allcaiis probably attach dinijly thel^-drogen bonds
in the secondary and tertiary structure of protons.

Physical alteraboos

.

hfany protons, especially of the globular type, can be crystallized in

the native state. But denatured protons cannot be crystallized.

Qtemica] altmboss *

The denatured protem is greatly decreasedm solubiEty at its isodectncpomL
Tltt chemical groups are cipcwed to chemical reactions and more readily d^xted
as a result ofthe unfolding process zn denatuiation. Among these are ^pliydiyl
group of cysteme; the disulphide group of cystine and the pibaoEc group
of ijTOsme.
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Bfa^Ical alterations

The digestabllily of certain denatured proteins by proteolytic enzymes is
increased Enzymatic or hormonal activity is usually destroyed by denaturation
The antigenic or antibody functions of proteins are frequently altered

If the denaturation is severe^ the protein molecules becomes insoluble
and precipitation results as well as the changes in the properties of the proteins are
permanent and ‘ irreversible’ In case of rmJd denaturation, there is “reversible
denaturation” leading to the slight changes in the properties of the protein which
can be restored to the native state after suitable treatment

Significance

(j) The precipitation of the native protein as a result of denaturation is used
to advantage in the clinical laboratory

(ii) Blood or serum samples to be analy^d for small molecules (e g glucose,
uric acid, drugs) generally are first treated with acids such as trichloroacetic acid,

phosphotun^tic acid or phosphomolybdic acid to precipitate most of the proteins

present in the sample This Is removed by centrifugation and the protein free

supernatant liquid is then analyzed

(in) Denaturation is used to know the enzyme catalyzed reaction ofan extract

at the loss of the enzyme activity when boiled or acidified

Denatueatioo and Renatuiatlon of Proteins

Bovine cibonuclease of single polypeptide chain of 124 ammo acid residues

With small molecular weight contams four disulphide bonds When it is treated

with 0 mercaptoetbanol to 8 M urea, the disulphide bonds are reduced tO'-SH
groups as a result of the denaturation ofthe enzyme and the enzyme activity is also

lost

Denatured nbonuclease when freed from urea and j? mercaptoetbanol by
dialysis slowly regains enzymic aativity as the SH groups arc oxidized by oxygen

of air to form S S bonds But if the reduced nbonuclease m 8 M urea solution

is reoxidized it loses its enzymic activity almost completely as wrong disulphide

bonds are formed resulting in ’scrambled’ nbonuclease

Similarly, when egg albumin is heated till it is coagulated, the denaturation

IS irreversible and the secondary and tertiary structure of the proteins are

completely lost resulting in a mixture of randomly arranged polypeptide chains

SH

rtf



ESTIMATION OF FROTHNS

IMPORTANT TESTS OF PROTEINS ;

A. Colour reactions

:

(i) Biuret test : ToSml.oftestsoIutioaaddanequalvoluraeoflO %NaOH
and one drop of 10% CuSOt solution. A violet colour formation indicates
the prwence of peptide linicage.

(ii) Ninhydrin test ; To 1 ml. Ninfaydrin solution add 1 ml. protein solution
and heat. Formation of violet colour indicates the presence of «-atnino acids.

B. Coagulation reactions

:

Heat coagulation : Take the test solution upto y of the test tube and heat
the upper portion of the solution holding the lower part of the test tube.

An op^escent appears which becomes deep on the addition ofa few drops of 2%
acetic acid. This indicates the presence of protein (albumin). '

C. Precipitation reaction

:

(i) Full saturation f Saturate S m!. of test solution in a test tulje with solid

ammonium sulphate. A gelatinous ptecipiiate appears indicating the presence of
albumin.

(ii) Half satoratloo : Add 3 ml. saturated solution of ammonium sulphate

to 3 tm. of test solution in a test tube and shake wgorously. A' gelatinous

precipitate forms indicating the presence of globulin.

D. Tests for colour reactions of amino adds : See chapter of amino acids and

peptides ( Page 62 ). •

ESTRVUTION OF PROTEINS

Quantitative estimations of proteins of foods and other biological materials

are performed by the following methods.

1. Kjeldahl method.

2. ,Colorimetric method.

3. Electrophoretic method.

1. Kjeldahl method :

(i) This method consists in digesting a known weight of the matcri^ with

concentrated sulphuric acid and potassium sulphate with copper sulphate,

mercuric oxide or selenium dioxide as a catalyst

:

(ii) The amino groups of the amino acids and N present in the hetcro<^lic

rings of histidine, tryptophan, proline and hydroxyprolme arc converted into

ammonia as well as carbon is oxidized to carbon dioxide.

(iii) The ammonia present as sulphate is estimated after distillation by

titration with stand«d add or colorimctrically using Nesster’s reagent.

(iv) The nitrogen content of the sample is calculated and converted into

‘Crude Protein' content by multiplying by the factor 6.25,

Defects

:

(i) The factor 6.25 is only approximate for the same proteins.
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The nitrogen ofnre^ creatinine and other N compounds (which have do
nutritive value) present in animal foods* fi^ and milk in small amounts also forms
part of the total nitrogen i.c. crude protein.

2. Colorimetric method

:

(0 This method is entirely based on the Biuret reaction or Folia’s phenol
reagent. i

(ii) This method is generally used for the estimation of concentration
of protein of serum.

3. Electrophoretic method

:

(0 This method is used for the separation and estimation ofprotein in serum,
tissues and foodstuSfs,

In case of tissues and foods, the protems are extracted with suitable

solvents before separating them electrophoretically.

Oii) The electrophoretic separation can be performed using filter paper, agar
gel and starch gel.

(iv) The proteins after separation are treated with suitable dye and the
intensity of the colour of the individual dye^proteio complex bands are measured y
uring a densitometer.

ALBUMIN
Chemistry :

•

1. Albumins arc simple protems, soluble in water, coagulated by beat and^
prempitated by saturated salt solutions.

2. The glycine content of many albumins is low.

Sources :

.

They are fr«}uently found in serum, muscle, milk and egg white. They are

also nidely distributed In plants esped£^y in the seeds and fruits.

Characterstics :

1. Albumin is more readily affected by nutritional factors e.g. restricted

protein intake.

2. Because of its small molecular size, it is lost from the circulating plasma
more easily than the other proteins by passage forougb capill^ walls ofinerrased

permeability as in Infiammation and nephrosis (albumuiuriaj.

3. In sudden haemodilution or severe mainutritioo, in the majority of the

disease states, the plasma proteins are altered and the albumin is decrease.

4. It has the property of osmotic pressure and fatty add transport.

Oinica) importance

;

1. The plasma albumin concentration falls somewhat in the later stages of

normal pregnancy owing to haemodilution and decreased synthesis.

2. The major causes for abnormal decrease in albumin (hypoalbuminemia)

are outlined bdow

;

'(i) Excessive loss in urine.

(li) Inadequate protein supply (dietary protein restriction, vomiting, diarrhea

etc.).

(iji) Impaired synthesis 0>ver dysfunction, chronic infection and severe ane-

mia etc.).
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(iv) Sudden plasma dilution (following sudden reco\ery from dehydration,
infantile diarrhea etc>

3 In the prominent clinical mamfcstaiion of hypoalbuminenua
occurs as a result ofthe decrease m plasma colloid osmotic pressure which favours
retention of water m tissue spaces

4 The investigation of albumm is of much importance not only m the case

of edema but also of the state of h\er function and of protein nutntion

5 Pathological proteinuna may occur as a result of

(i) Increased glomerular permeability

(u) Renal tubular damage with defective reabsorption of serum albumm
(nephrosis)

(m) Disease of the lower urinary tract

(iv) Abnormal protein m the plasma.

GLYCOPROTEINS

1

The polypeptide chain is attached to one or more heterosaccbande units
by covalent Imlrs

2. Some glycoproteins have many identical disacchande units attached to
the polypeptide chain

3 In addition to the more common sugars such as glucose, mannose, N>
acetyl glucosamioe, and N acetylgalactosamine, other units also occur e.g L-fucose <•

(a me&yl pentose) and sialic aads (acyl derivatives of neuraminic acid which is

formed by the condensation of pyruvic acid and maonosamioe)

4 The carbohydrate part is bound to the protein by n glycosidic link
between K acetylglucosamme and tbe amide group of asparagine, this link is more
stable than a peptide bond

5 The carbobydrdle is lo the form of disacchande units 600-700 such
units are attached to the peptide chain, one per 64 amino acid residues

6 They are secreted by the submaxiUary glands of various animals

Functions

1 They form viscous solutions which function as lubricants and protective
“screens” in the body

2 The continuously secreted mucus of the respiratory tract is a protection
agamst invasion by bacteria and the uterus is protected from the vaginal miCTObial
flora by the cervical mucus

3 Intestinal mucus makes a protection for the intestinal cells against
mechanical damage

CHROMOPROTEINS

These are conjugated proteins composed of simple protems united with a
coloured prosthetic group Many biologically*important protems belong to this

group They are

(i) Hemoglobins—There are the respiratory proteins in which the prosthetic
group IS the iron containing porphynn complex heme

(li) C^ochroracs—These are cellular oxidation—reduction proteins in which
the prosthetic group is heme
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(lu) Flavoprotcins—^These are ceHtilar ojudation—reduction proteins in which
the prosthetic group is nbofiavm

Cbfoinoproteiiis of certain animal fibres such as black wool and Vta>r la which
the prosthetic group is melanin

Visual purple of the retina, a chromoprotein m which the prosthetic group
IS a carotenoid pigment

Catalase, a chromoproteio in which theprosthetic group is heme Peroxidase
has a similar composition

SCLEROPROTEINS (ALBUMINOIDS)

(a) These protems are similar to albumins and globulins

(b) They are characterised by great stability and insolubility in water and salt

solutions

(c) Thsyform tk& svpportjas structures of aaimals c g collagen m cartilage

and white fibres ofconnective tissue and in bones and teeth, clastin in the yellow
or clastic fibres, keratins in horn, hair, wool, real silk and feathers

(d) The keratins differ from the collagen like members in having high sulphur
content, chiefly in the form of cystine

(e) TTiey are readily attacked and dissolved by alkali sulphides

(0 The collagen of animal hides can be preserved m flexible condition giving

the substance known as leather when treated with tannic acid, alum or various

metal salts

(g> By long boiliag wth water collar is part}y hydrolysed giving a soluble

product known as gelatin

Eimue

1 What are proteins ? Qassily ibera and give ireporlaot wsu for it Describe briefly

the biological uaporiasce of protems (Bibar 60S)

2 What IS Che primary structure of protems 7 Uisscuss the biochemical funcUoos of
proteins (Patna 70A , Raocbi 66S, 70A)

3 Discuss in brief the classification and biologjca] importance of proteins (Patna 68S)

4 What are proteins and then broad classification 7 Wnat are they composed of 7

What are the special features of their structures 7 Kame some enzymes which can
hydrolyse jHotems specifically (Patna 69S , Lucknow 58A)

5 Describe the siructuie of proteins Discuss how protems are precipitated (ht U 7dA)

6. Wnle short notes on —
(a) Denaturation

(b) Basic protems

(c) Isoelectric point

(d) Olycoptotems

(e) ChromofTotems

(f) Conjugated proteins

(^ Zwittetton

(h) Biuret reaction and it*

(Muz 73S)

<R V 70A)
(P U 71A , 73A)

(R. Cf &A)
(M V 7M)

(Mull 74A)

(CU I9SI) (P U 7M . M U ISA}

ure (CU 1981}
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7 Write aames asd structures of h^-o ‘osential anuaoaads (C.U 1981}

8 VVliac )i meant by primary structure of protein* ^Vnte ac accotsit CD trethods ofuebiian of
protein (aU 1532J

9 Ducms bow structure of protein deieriRtnes biological function (C.U 1*%3)

10 \\ rite True or False (C.U 1933}

(a} Methionine IS an aromatic ammo acd "»

(b) The nitrogen content ofprotein is usually about 6 2S%

(c) Biuret test is a test for urea (C.U 19SI)

1 1 Fill up the gaps vnth oort«* words

(i) In special reactions of aeosno aads, Safcaguchs test is positive with ammo aad —— aod
^

in rcacUoDJ ofprotem.Nevmann’i testm positive with (C.U 1932)

(i») On heating near 100*G a protein aolution geu—— , the entyme hydtolytea—

-

protein (C.U 1981)



CHAPTER 7

NUCLEOTIDES

Defjnitioa

These are the compounds constituted by punne or pynmidtne bases, nbose
or deoxynbose sugars and phosphonc acid

Biological importance

1 The nucleotides are important intraceJInlar molecules of low molecular
weight

2 They play an important role in carbohydrate, fat and protein metabolism

3 The best role of punne and pyrumdme nucleotides is to serve as
the monomme precursors of RNA and DNA

4 The punne nucleotides also act as the high energy source ATP, cyclic

AMP[cAMPJ in a wide variety of tissues and organisms ind as components of
coeazymes FAD, NAD, NADP and of an important methyl donor,
S adenosylmetlnonioe.

5 The pynniidinc nucleotides also act as high energy intermediates such as
UDP glucose and UDP galactose m carbohydrate ^metabolism and CDP-
acylglycerol in Iipid synthesis

Straetore

The structures ofpunne and pjTimidiae

bases are given below The direction of

the numbering of the punne nng is differ

ent from that of the pynmidmc nog But

the number 5 wbon is the same in both (Pur fte)

H

Fig 7

1

PyriRudiac bases

1 Cytosine (2 oxy-4 armoopynmidine)

2 Thymine (2, ^loxy 5-m^yJpynmidmc)
3 Uracil (2 4-dioxypynravdme)

H
Cylosine

<2-oxy-4*cmrK>-

pyritnul'n®!

urocil

(2 4 do*y-
pyrinvd net

R*.

95
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Parine bases :

1. Adenine (6^mmopurine)
2, Gnamne (2*ammo-6-ox>‘punDe)

ouentne
(S-Qrw«c«np»l (a-crrw-S-cyp,^,

n*. 7^

l6-«ypimel (26d--cwr,)

Fig 7 4

These are the two major punnes
found in hnng organisms Two
other pnnne bases {Hrpoxarthuis

and Xanthine) aJso occor as inter-

mediates m the metabolism of ade-

nine and gnamne

Because of their resonant stmc
tures, they can exist m a lactim or
lactam form The lactam form is the

predominant tautomer of uracil or
thymine under physioIogic condi-

tions

In plants, a senes of punne bases

containing methyl substituents

occurs. Many ha>c pharmacologic
properties

Examples are

Coffee which contains caffeine

(1, 3, 7-tnmethylxanthme)

Tea which contams theoph) lime

(1, 3-dimethylxanthme)

Cocoa which contams theobro-

mine (X 7-<iimeth>lxanthine)

urecittioctc'n) uoeifkt^)

Thfm«ne(Lccfom) Ttyn^tuozitn)

Fig. 75

In natural materials, many minor bases occur Some of these unusual
substituted bases are found only m the nucleic acids of bacteria and viruses 5-

methyl-cytosme and S-hydroxymethylcytosme are sigmficant components of
bacteria and bactenophage respectiscly

More recently. N‘ methyladcmne, N'-dimethylademne aijd hT-melhjlguanine
have been found m the nucleic acids of mammalian cells.
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96 STRUCU OF CVriDlNF AND LRIDIVE

HCftf it'c

?
? «

OH OH
CytltTno

h^c-ch^ohV rO,

OH
Urid no

fA
OH

The anti form is necessary for the proper positioning of the complementary
purine and pyrimidine bases m the double stranded form of deoxyribonucleic acid
The structures of S)n and anit configurations of adenosine are given below

Fig 7 8

Nucleotides arc the nucleosides phosphorylatcd on one or more of (he hydroxyl

groups of the sugar Thus,

Adenosine monophosphate (AMP or Adcn}Iatc)=Adcnine+ribose+phosphatc
2 -deoxyadenosinc monophosphate (dAMP or deoxyadcnyIatc)=Adcninc-f-2

deoxynbose+phosphate

Thymidylic acid (TMP)=Thyminc+2-dcox}ribose4-phosphpte

Uridyhc acid (UMP)=Uracil4-nbose+phosphate

Cylidylic acid (CMP)=Cytosine+nbosc+phosphate
or

Cytidine monophosphate

Guanyhc acid fGMP)=Guanine'i-ribose+phosphate
or

Guanosme monophosphate

Inosmic acid (IMP)=Inosinc-}-nbose+phosphate
or

Inosine monophosphate
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Deoxyribonucleic acid (DNA)=Ademnc
Guanine
(^OSIDC
Thymine ^

4-2 dcoxyabosc-fphosphate

Ribonucleic acid (RNA) s=Adenine
Guanmc
Cytosine
Uracil

1

^
4-nbose-fphosphate

J

6h iH

HpC-CHj-O-P-O-P-O-P-OH

a6P

Fifi 79

NATURALLY OCCURRING NUCLEOTIDES

Free nucleotides which arc not a part ofnucleic acids are also found m tissues

Many have important roles Some are discussed below

1 ATP & ADP—(a) These arC'thc importanl compounds as regards to their

pariicipation in oxidative phosphorylation (b) ATP is the high-energy

phosphate for energy requiring reactions in the cells (c) ATP is the most

abundant intracellular free nucleotide (d) Its concentration m living maramalnn

cells IS near 1 mM
2 Cyclic AMP (cAMP or 3 , 5 adenosine monophosphate)-—

(a) This IS present in most animal cells

(b) It IS formed from ATP by the cn:^me adenylate cyclase the actn ity

of which IS regulated practically by hormone receptors

(c) It mediates a senes of reactions

(d) It IS destroyed in tissues by its cons'crston to AMP by the enzyme

cAMP phosphodiesterase

(c) The intracelluJar cAMP concentrations arc neir 1 pM
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3

NHa PPi

I II CH
HC=, ^C. ,/

^N-—

^-Cycles 5-AMp- Pfjcsef^esfercse

“f\S /i* 0=P-0H

CH
Stfuefyf® ol CAMP(3 5 odef'esme >TvoDph«p^«fe)

Fic 7 10

S adenosylmelhionine—

(a) It serves as a form of "acme ’ methionine
(b) It senes as a methyl donor in many methylation reactions

(c) It IS a source of propylamine for the synthesis of poli’ammes

OH OH I

v^ /V y
A0?no$'ne Mel^ cn ne

(StfucfvreotS o<Jef*o$yimerNcnne)

Fig 7 11

4 Cyclic GMP (cGMP or 3 , S-goanosine monophosphate)

—

(a) It IS formed from GTP by the en^me puanylate cyclase

(b) It IS catabolized by phosphodiesterase to produce 5 -monophosphate ,

(c) It IS an important intracellular signal of extracellular events

{i") W ctrta 7iTAagc(TjVst(ca\Vf tWAV

p

HN'

H,N-

qC—
(Stneture of Cycle 3 5' gucr!jsnemcficphrs{*o‘e)

Fig 712
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Inosme Monophosphate (IMP)

—

(a) JMP can be formed by the deaimaation of AMP which takes place

particularly in the muscle This IMP when reconverted to AMP
results m the net production ofammonia from aspartate

vanais

Adety^tueanofe

'

AVPS'

Pumofoie

^&rt^suiX3nase}

^

GWP+Pi

<deny/ot^ jvkj>

{ Punft« nucleotide cyctei

Fig 7 13

NH3

(b) Inosme triphosphate (IIP) and Inostne diphosphate (IDP) play an
important role in the formation of oxaloacetate from pyruvate and
also in energy trapping reactions during oxidation of o-Keto^utar»te

6 Undine nucleotide dcnvatives (UDP & UTP)—
(a) These are the important coeozymes required m the metabolism of

galactose to form lactose in the mammary gland and the polymen-
zation of glucose to form glycogen In these reactions the substra-
tes are UDP Glucose and UDP Galactose

(b) Another coenzyme undine diphosphoglueuromc acid (UDP G!c UA)
serves as the ‘‘acUve” glucuromde for conjugation reactions such as
the formation of bihrubin glucuromde m the liver

(c) They are involved m the epimenzation of galactose to glucose and
vice versa

(d) ThQf abo partiapate in the formation of high energy phosphate
compounds

(e) UTP IS the precursor for the polymerization of undine nucleotides

into RNA
7 Cytosine derivatives (CMP, CDP &. CTP)

—

(a) These derivatives arc the high energy phosphate compounds

(b) CTP acts as the precursor for the polymerization ofCMP into nucleic

acids

(c) CTP IS required for the biosynthesis of phosphoglycerides in animal

tissue

(d) Ceramide and CDP-cholme are responsible for the formation of
sphingomyelin and other substituted sphingosincs

8 Vitamin nucleotides—Described in vitamin chapter

SYNTHETIC DERIVATIVES

Synthetic nucleobases, nucleosides and nucleotides are widely used in the

medical sciences and clinical medicine

The pharmacologic view is that cither the heterocyclic ring structure or

the sugar moiety 15 changed in such a nay as to induce toxic effects when they
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are incorporated into various cellular constituents resulting m the inhibition of

enzyme activities

6-thioguanmc and 6<mercaptopurine, in which the hydroxyl groups are

repheed with thiol groups at the 6 position are widely used clinically

SH SH

H H
6Thoguanne 6 Mercopfopurme

Fig 7 1*

4 hydroxypyrazole pyrimidine (allopurinol) is marketed as an inhibitor of

xanthine oxidase Hence, it is used for the treatment of hyperuricemia and gout

OH

M

H
Alopurinoi

U-odtinl

Fig 7J5

Cytarabine (arabmosyl cytosine) and vidarabine (arabinosyl adenine) are

used m the chemotherapy of cancer and viral infections

Azathioprme is useful m organ transplantation

More recently, both nrainophyllme and thtophyllme are used clinically to

inhibit the catabolism of intracellular cAMP

Exercise

1 Give a brief account of ilie pyrunidine nucleotides (R U 72A)



CHAPTERS

NUCLEIC ACroS AND CHROMATIN

Nucleic acids are the polynucleotides There arc two types of nucleic acids

—

DNA and RNA DNA is the chemical basis of heredity Avery, Macleod and
McCarty m 1944 first demonstrated to a senes of experiments that DNA
contained the genetic information These authors referred DNA as “transforming

factor
’*

Chemistry of DNA

1 The four types of monomeric units of DNA are adenylate, guanylate,

cytidylate and thymidylate

2 The monomeric units form a single strand of DNA which are held in

polymeric form by 3 , 5 -phosphodiester badges

3 The informational content ofDNA is available in the sequence in which

these monomers are ordered

4 The polymer possesses a polarity , one end has a 5 hydroxyl

or phosphate terminus while the other has a 3 •phosphate or hydroxyl moiety

5 Since the genetic information is available m the monomeric units within

the polymers, there is cxistaoce of a mechanism of reproducing or replicating this

specific information with a high degree of fidelity

6 In DNA molecules the concentration of Adenosine (A) nucleotides equals

that of thymidine (T) nucleotides (A>*T) The concentration of guanosme (G)

nucleotides equals that of cytidine (C) nucleotides (G—C) This accelerated

Watson, Crick and Wilkins m 1950 to propose a model of double stranded DNA
mplecule

7 The 2 strands of this double-stranded molecule are held together by

hydrogen bonds benveen the purine and pyrimidine bases The pairings between

the purine and pyrimidine nucleotides on the opposite strands arc dependent upon

hydrogen bonding of A with T and G with C
8 The 2 strands of the double helical molecule are anti parallel t e

one strand runs in the 5 to 3 dirtctioa and the other in the 3 to

5 direction Since the information resides m the sequence of nucleotides on one

strand, the opposite strand is considered as “antisense” i e the complement of the

sense” strand

9 3 hydrogen bonds hold the guanosme nucleotide to the cytosine

nucleotide and A—T pair is held together by 2 hydrogen bonds Therefore, they

are represented as G~C and A—T G—C bond is stronger by 50%

101
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DOUBLE HEUX STRUCTURE OF DNA

10 The B foim has a pitch of 3 4 nm per turn and Within the Single turn 10

base pairs exist

11 The double stranded structure in solution can be melted by increasing

temperature or decreasing salt concentration

12 The double*slranded DNA molecule shows the properties of a fibre

and it IS a viscous material in solution and loses its viscosity upon denaturation

13 In the major and minor grooves winding along the molecule parallel to

the phosphodiestcr backbones speafic proteins interact with DNA molecules

14 In some organisms such as bactena, bacteriophage and many DNA*
conlaming animal viruses the two ends ofthe DNA molecules arcjoined to create

a closed circle with no terminus This does not destroy the polarity of the two

molecules but it eliminates all 3 and 5 free hydroxyl and phospfaoryl groups /

15 It contains 1600 to 9000 nucleotides The molecules are long and its

lengtli IS 250 times greater chan its breadth. Its structure is highly complex

16 Heat, acid and alkali denature DNA

Fig 8 1 Segment of a structuie of DNA molecule in v>hich puune and pynmidine bases

AdiuuxieCAl ThYOuna CH Cytasijoe (Cl and Qaamna (.0\ ara bald toptihgi: baxiii^

3 at one end and 5 at tbe oUier

Fig B 2 Double beiical structure of DNA



NUCLHC ACIDS AMD CRROMAHN

H-N'H 0

CyWin« Oucnosine

Fif. 8 3 Base patfiog between adesostoe and thymidine, Qrtidine and guannsine.

Cfaroraatio

:

1. Chromatin is the chromosomal material extracted from nuclei of cells.

2. It consists ofa long double-stranded DNA molecules and a nearly equal
mass of histones as well as smaller amount of nonhistone proteins and a small
quantity of RNA

3. It contains a 10 nm repeating unit. The repeating units occur every 200
base pairs.

Chemistry of RNA ;

1. RNA is a polymer of purine and pyrimidine ribonucleotides linked

together by 3', 5 -phosphodiestcr bridges.

2. The sugar moiety in RNA is ribose.

3 It contains uracil instead of thymine in addition to adenine, guanine and
cytosine.

4. It exists as a single-stranded molecule rather than as a double-stranded
helical molecule.

5. Since it is a single-stranded molecule, its guanine content docs not
necessarily equal its cytosine content and its adenine content does not necessarily

equal its uracil content.
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6 It can be hydrolyzed h} alkali to 2\ 3* cj'cLc diesters of the moaonccleo-
tides Aivmiennediatcinthishidroljsisislfce2',3',5-tnKteT\?luch cannotbe
formed m DNA hjdroljsis b> alkali because of the absence of a 2'-h>dros>l
group The alkali lability of RNA is tisefal diagnostically and analjucally

7 RNA molecule does not hjbndrrc wth the “antisense” strand of the
DNA of Its gene Therefore, the sequence of RNA molecule (except U bemg
replaced by T) is the same as that of the “antisense” strand of the g^e Small
amounts ofdoubIe*stranded RNA hai’e been detected from mammalian organisms
including humans which may probably be associated with RNA 'viruses.

8 It contains 60 to 6000 nodeotides. The molecule is onbranched

Fig 8J RetolK)nstupbctwccnthe«qucn«sof4aRN\inasaTj>iara iisp-Tt ni wfexii

the tecM and ajiiisensc stiaads ate shomu «nli tbttr cclanbes

Structural organiiation of RNA ;

There are 3 tnatn classes of RNA molecnlca exist lu all prolai^otic

and eukaryotic organisms These arc

J messenger RNA (mRNA)

2. transfer RNA (tRNA) or soluble RNA
3 nbosoma] RNA (rRNA)

1 The messenger RNA (mRNA) *

(i) The messenger RNA is smgle stranded and compleraentaiy to the seu>e

strand of DNA.
(ii) The 5' terminus of messenger RNA is ‘capped” by a T-meihylguanosme

tnphosphute which is linked to an adjacent 2*0-mclh\l nbonucJeoside at its 5-

hydroxvl through the 3 phosphates The protein-synlhesizing nachmerv begins

translating the”mRNA into piotcms at the 5' or capped terminus The 3 -

hydroxyl terminus has attached a polymer of adenylate residues 20-250 nucleotides

m len^
(iu) It IS the most heterogeneousm size and stability
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(iv) It passes from nucleus to cytoplasm conveying information m a gene to
the protein synthesizing machinery wh«c each serves as a template on which a
specific sequence of amino acids is polymenzed to form a i^iecific protein
molecule, the ultimate gene product

(v) It has a large molecular weight of 30,000 to 50,000 to have the
coded information corresponding to long polypeptide chains

(vi) In mammalian nuclei, the immediate products of gene transcription are
another class of RNA molecule which are quite large and heterogeneous in size
These heterogeneous nuclear RNA (HnRNA) may exceed 10’ daltons whereas the
mRNA molecules are generally smaller than 2x10* daltons These HnRNA
molecules are processed to generate the mRNA molecules which then enter the
cytoplasm to serve as templates for prolem synthesis

I

or

Fig 8 C The exprewion of geiwUc mfonnauon in DNA into the form of an

luRNA traBSCfjpt Thu i> subseqaentJy translated by iibosomcs info

specific protein molecule

2 The transfer RNA ((RNA) or soluble RNA (sRNA) '

(i) The transfer RNA molecules amount to 10 to 20 Pc of the total cellular

RNA molecules

(ii) They consist ofabout 75 nucleotides and have molecular weight of 25,000

(ill) There are at least 20 tRNA molecules m every cell, one corresponds to

each of the 20 amino acids required for protein synthesis

Qv) They serve as adaptors for the translation of tbc mforroalion in

the sequence of nucleotides of the mRNA into specific ammo acids

(v) The prunary structure allows extensive folding and intrastrand com*
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pJematan^ to gsoCTate a significant secondary structure whidi appears like a
do\erIsaf as la the fieure bdovr

(vi) AD tRNA molecules have a common CCA <eqne3ce at the 3' tenami
The caibox>l groups of ammo acids are a'tadied to the 3 •faydroiyl group of tie
adeoosyl no etj throjgh an ester bond

(>1)) The anticodon loop at the end ofa b:^e-paired stem rtcogaias the tnplet

nucjeobde or codon of the template mRNA.
(vm) In nearly all tRNA molecules, there u a loop coniaming the

nucleotides of ribotbj’mine and psendoundine and aaothsr loop contauung the
rmnor base dihjdrouradl

(ix) They are quite stable m p’Tjkaryofc>and less stable in eutaijotes.

3 The Ribosomal RNA (rRNA)

(0 Ribosomes are nucleoprotein particles and reticular granules of I0&-15CL^
in dimeter which act as the machinery for the s>-athes,s of proteins from mRNA
templates They contain SO Pc. of the RNA within the ceU

(ii) On the nbosomes, the mRNA and tRNA molecules interact to translate

into a specific protem molecule the tnfonnalion transcribed from the gene.

(m) Ribosomal particles arc sety complex The mammalian ribosome
contains 2 major nucleoprotem subunits—a larger one (60 S) and a smaller one
(40 S)

(i%) The 60 S subonits contains a 5S nbosomal RVA (rRN^), a 58 S
tRNA and a 28 S rRNA

(v) There are also more than ^ specific polyiy^d-s The smaller (40 S)

subunit contains a single 18 S rRNA and approtimaHy 30 poljpepude chains,

(\i) The 5 S rRNA has its own precursor which is irdepcndenllj iransenbed

(\ai) In the c>1oplasm the ribo>omes remain quit* stable and capable of many
translations
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DNA AND GEPffi;

1 The most important coQStilucol of chronjosomes IS DNA The double
stranded helix of DNA is tightly coiled in each chiomosomes thread

2 The unit of genetic information is the gene or ctstron
'

3 Gene is a segment of the DNA molecule containing about 600 base pairs

The genetic message is earned in the sequence of bases along the DNA strand

4 In the process of transcription, the genetic message is transferred to the
messenger RNA which carncs it to the ribosomes

5 The genes are arranged in orderly manner along the length of the DNA
molecule m the chromosome

6 Each gene for any particular characteristic has its counterpart in

the corresponding locus on the Tiomologous chromosome and these two genes
form an allehc pair When both loci of a pair carry genes with the

same characteristics, say tallness, then the individual is said to be homozygous with

respect to that character When one of the pair tailness and the other gene short-

ness, the individual is heterozygous

Comparison between DNA and RNA
---

1 They are formed by 4 types of 1 They are also formed by 4 types

monomeric units such as adenylate, of monomenc units such as ade-

guanylate, cytidylate and nylate, guanylate, cytidylate

thymidylate uracidylate

2 The sugar moiety is deoxynbose 2 The sugar moiety u D nbose

3 They are present in nucleus, 3 They are present m cytoplasm and
probably m the chromosomes nucleolus

4 They carry “genetic information” 4 They carry no "genetic mfor-

from one generation of cells to the mation” and undergo no mutation

next and undergo mutation

5 They contain 1600 to 9000 5 They contain 60 to 6000 nuejeo-

nucfeotides The molecules arc long tides The molecules arc un-

and thread like having a length of branched Their structure is less

about 250 times greater than their ngid

breadth Their structure is highly

complex

6 They are concerned with protein 6 They are also concerned with pro-

synthesis t«>n synthesis

7 They have 2 strands of antiparallel 7 They exist as a single stranded

double helical structure molecule

8 Heat, acid and alkali denature DNA 8 The alkali hydrolysis is useful diag-

moJeculcs nostically and analytically

9 They have ‘sense* and 'antisense* 9 The sequence of RNA molecule is

strands the same as that of the ‘antisense’

strand of DNA
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Biological impoctanec of nucleic acids

1 Nucleic acids are able to reproduce their kind or to stoie or express and
transmit genetic information

2 They undergo mutation

3 In cell division the nucleic aad chain is duplicated preserving in

each daughter cell the information contained m the parent cel! So the double
helix unravels and each of the tuo ongina! strands then ser^es as a template for

the synthesis of another complementary chain

4 According to the “pairing rule** in DNA, adenine can only combine iMth
thvrmne and guanine only with cytosme The newly synthesized strand will be
exactly constituted in its nucleotide sequence as was the ongmal complementarj
strand of the parent strand The result is the synthesis of two pairs of strands.

5 DNA produce a messenger RNA (mRNA) which helps m placing ammo
acids in the code for protein s^mthesis

6 RNA functions primarily in the cytoplasm of the cell as a template in

connection with the synthesis of proteins as well as m the nbosomes The forma
tion of RNA template is directed bj nuclear DNA

7 Ribosomal RNA (rRNA) and transfer RNA (IRNA) are also in.olted

in protem synthesis

8 RNA can be synthesized b> RNA polymerase which is dependent on the

presence of DNA acting as a template ^
9 Adenylic acid in combmatioQ ivith two molecules of phosphaiTis the bio-

chemical unit of energy exchange in all cells wh ch ts said to be ATP

10 Biological oxidation—reduction mvelves the transport of h>drogen
atoms or electrons through organized systems of subsiances called h>drogen
acceptors or electron transport agents The h>drogen acceptors are nucleotides
such as NAD, FAD etc

NUCLEOPROTEINS

Nuclcoprolems are conjugated proteins containmg nucleic acids and a basic
protem Lke protamines or histones

In nuclcopioteins there arc salt like combination between positivclj charged
basic proteins and negatively charged nucleic acids. Cytoplasm also contains
nboQUcleoprotem which is found particular!) m nbosomes All living cells

contain nucleoprotcins and some of the simplwt system such as viruses consist

entirely of nucleoprotcins

Protamines

—

1 These basic proteins have low molecular weicht and these arc found m
association with DNA chiefly m fish sperms

2 They produce large quantities of argmine and less amounts of nentra!

ammo acids on hydroljsis

3 Their isoelectnc PS is around 12

4 The polypeptide chains of protamines are wrapped around DNA
molecules m such a way that the positively charged argmine form salt

linkages with the phosphates of the nucleic acids

5 The best examples are saimm (salmon sperm) and clupeme (herring

sperm)
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Histones

1 They are more complex proteins than protamines

2 They have larger molecular weights and exist in combination with DNA
3 They produce a variety of ammo acids on hydrolysis

4 Nucleohistones mainly occur in animal sperms birds, erythrocytes

Deoxyribonncleoproteins

1 They are viscous maternt which ate insoluble m 0 IS M NaQ but soluble
in I M NaCl solution

2 They have high molecular weights of 10 million to several hundred
millions

3 They ate highly elongalcd^^a^ thread like in shape

Ribonacleoprotcins

1 They are present m cytoplasm of the cells and ribosomes

2 They are composed of proteins and ribonucleic acids

3 Ribosomes of E cofi consists entirely of nbonucleoprotcms

4 Ribosomes from mammalian and plant sources contain about 40 50 per
cent RNA, the remaioder being proteins

^
Exercise

1 Write m brief ibe etcrairtry of Nacle»e Aods
(R U TOA M U 74S , P t; 68S , Milb 62A, 67A)

2 What arc Nucleic Acids 7 Describe the mam points of difference between DNA and

KNA Mention the biolosica) importance of nucleic nods
(Milb 60A , M U 72A)

3 Describe what you knov of DNA and its biological role

(Bb U 75S , R D 70S Milh 63S)

4 Describe the chemistry of Hered lary Unit (P U 74A , Bh U 76S)

5. Wnieshort notes «i

(v) Nucleic acid tM U 75A)

111) DNA (MU 72A 74A,PU <8A RU 70A 72A Mith 74A)

(iiO RNA (R V 6SS 76A , Mith 74A)

(iv) Transfer RNA (P V 76A , Bh U 76S)

(v) Codon (M U 75A)

(vi) Messenger RNA (Max 74A Wi U 74S)

(vii) Adenine (C.U 1981)

(vui) Adenylic acid 19®2)

(i*) DNAai a camerofhcnrdiij {C.U 1982)

6 Crte the siructuralfonmda ofnucleotide (CU I53l)

7 Wn te True or False

(i) The process of protein synthesis on n» RNA linked ribosome is called

transcripiioei— (CU 1981)

(ui) Uracil on melhyUtion forms thytmne (CU I9SJ)

8 Write itructureofATP and its importance



CHAPTER 9

HEiMOGLOniN, PORPHYRINS AND BILE PIGMENTS

Hemoglobin is the red colouring matter of blood which is present m the red

blood cells It is a conjugated protein consisting of heme and the protein ghbm
It has a molecular weight of 64, 450 Itcancombine with oxygen and acts as the

transport mechanism for oxygen wiiliin the blood It contains 4 gram atoms of
iron per mole in the ferrous (Fe<-+) state

Heme—It is the iron porphyrins The porphyrins arc cjclic compounds
formed by the linkages of 4 pyrrole rings through methylene bridges Iron tn the

ferrous state is bound to the nitrogen atom of the pyrrole rings

H-:—CH
ii ti

HO XH

H H

^ '?T'r

'

Lin
I)

a m Hrf n 1

C*CH
’

II f
^

The porphjTins are found m nature in which the various side chains arc

substituted for the 8 hydrogen atoms as numbered m the porphin nucleus The

UfCporphyrin lit

Fig 9 2

jfnoTigeTEftTA Sift A atfi ?
ents in the uroporphjnn shown here
is asymmetric (m nog IV the expected
order of the acetate and propionate sub-
stituents IS re\ ersed) This type ofasym-
metric substitution IS classiEcd as a
type 111 porphyrin A porphynn wtb a
completely symmetrical arrangement of
the substituents is classified as a type I

porphyrin Only types I and III are
found ID nature and the type HI senes
IS more abundant

Biosynthesis of Porphyrins

Chlorophjll (magnesium containing porphyrin), the photosynthetic pigment

of plants and heme (the iron containing porphynn) of hemoglobin in animals are

synthesized in living cells by a common pathway.

no
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(i) The startmg materials are *acti\e succinate’ (succmyl CoA) derived from
the citno actd cycle and glycme, Pyndoxal phosphate ^4 Po*) is necessary to

activate glycine The product of the condensation reaction is c amino*

f kctoadipic acid which is catalyzed by the enzyme AmLev synthetase.

(11) a ammo ^ ketoadipic acid is rapidly dccarboxylated by the same enqrme
AmLev synthetase producing S aminolevulinic actd (AmLev) SynthMis of
aminoIevuIiDic acid occurs 10 the mitochondria The anemia has been observed
m the deQciency of vitamm B# or pantothenic acid

(ill) 2 mols of AmLe\ condense to form porphobilinogen (the first precursor

of pyrrole) which is catalyzed by the enzyme 5 'tmmolevulinase (AmLev
debydrase)

pv) 3 mols of porphobilinogen condense first to form a inpyrrylmethanc
which then breaks down into a dtpyrrylmcthane and amonopyrrole The dipyrryl

compounds arc of two types A and B The formation of tetrapyrrole occurs by
condensation of two dipj^rylmethanes Iflwoofthe(A) components condense,

a type I porphyrin results
,
if one (A) and one (B) condense a type III results

(v) The uroporphyrinogens I and III arc converted to coproporphj rmogens
I and in by decarboxylation being catalyzed by uroporphyrinogen decarboxylase

(vi) The coproporphyrmogen III then enters the mitochondria where it is

converted to protoporphyrioogen HI and then to protoporphyrin III The
enzyme coproporphyrmogen oxidase catalyzes the formation of protoporpbyrmo
gen III The oxidation of ptotoporphyrinogen to protoporphyrin is catalyzed

by the enzyme protoporphynnogen oxidase The enzyme coproporphyrmogen
oxidase is able to act on type III coproporphyrmogen only for which type 1 proto-

porphynn has not been identtHed m natural materials In mammalian liver the

reaction of conversion of coproporphyrmogen to protoporphyrin requires

molecular oxygen

(vii) In the final step of hcrae synthesis ferrous ion (Fe**) is incorporated

into protoporphyrin III which is catalyzed by heme synthetase or fcrrochelatase

The reaction takes place readily m the absence of enzymes but becomes rapid m
presence of enzymes

A summary of the steps is given below

Note 1 The porphyrinogens are the reduced porphyrins contaimng 6
extra hydrogen atoms The oxidized porphynns cannot be used

for heme or chlorophyll synthesis

2 The pon>hynnogeas are readily auto-oxidized to the respective

porphyrins in presence of light

S«cc nyi Cofl

(Acivesuccmite}

H'

GlyCine

A Amoo / MtOOd<p«c OCKt

COj-4‘ IBe-KX})

(Amle»J
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Z tnalecutes of

8*Am>noievulinic octd

(0 The globin of the hemoglobin is a protein which is composed of 4 parallel

layers of closely packed polypeptide chains

00 Two of the chains (o*chains) ha^c identical ammo acid composition of
14J ammo acids The livo other chains may be t»vo of the 4 polypeptide chains

designated as y, 5 and e (epsilon) Each is basing 146 amino acids.

(ill) The total liumber ofammo acids in globin is 574.

(iv) a-chams base Val-Leu-Ser in N-termnal residues and Lys-tyT'Aug in

C-termmal residues

„ „ Val-His-Leu „ „ and Lys-tyr-His in

C-terminal residues.

y- „ Gly-His-Phe „ „ and Arg-Ty-His. in

C-terramal residues

Properties of hemoglobin

1 Ox}hemoglDbin—\i forms o\yhemoglobm m combination with oxygen

When hemoglobin IS exposed to air, it takes up two atoms ofoxygen for each atom

of ferrous ion (Fe-*’’*’) present. Thus, hemoglobin will lake up 4 molecules

of oxygen In low oxygen tension, oxyhemoglobin gives up Oi readily. By this

way. blood carries O* to different parts of the body.
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+++
Fe

>timiilates(?)

Succtn}4 COA
+

Glycine

5 — aminolevulinate

Porphobilinogen

Uroporphjiinogcn lU

Pfotoporphynn IX

NADPH +

02
I

^ inhibits

— Pro(ohemc-IX
02

Amino acids • Globin

I
Hemoglobin

Spontaneous
Pfotohcmin IX

Fig 9 4 ; Regulation of hemoglobin synthesis according to Current Concepts

81BCHEM}
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2 Formauon of carbamino compound—It reacts with CO. forming
carbamino compounds

Hb-NH.+COj »Hb-NH COOH

3 Reaction m/M carbon monoxide—U forms carboxy hemoglobin aflcr
reacting with carbon monoxide (CO) Carboxy hemoglobin is stable and prevents
the formation of oxyhemoglobin So inhalation of even small amounts ofcarbon
monoxide is highly dangerous

4 Buffering action—Ont mol of hemoglobin contains 35 histidine residues
Histidine exerts its buffering action through its basic imidazole ring Hence,
hemoglobin plays an important role in regulating the acid—base balance of blood

5 Formation ofmethemoglobtn—Mcthemoglobm is formed as a result of the
oxidation ofhemoglobin by the mild oxidizing agent, potassium ferncyanide The
ferrous ion (Fe++) is oxidized to the ferric ion (Fc+++) Mcthemoglobm cannot
carry oxygen in blood It is also formed by the action of some drugs This is

found in the blood of some individuals owing to inborn errors of metabolism
This can be reduced to hemoglobin by vitamin C which is used in the treatment of
methemoglobinemia

6 Sulphemoglobln —It is formed by the administration of certain drugs
It continues to remain in the blood and cannot be reconverted into hemoglobin

7 Cyanometbemoghbtn—\t is formed by the addition of cyanide to

methemoglobin It has a bright red colour

8 Absorption spectra—Tbt different facmoglobm derivatives can be easily

identified by this characteristic absorption spectra

(a) Oxyhemoglobin—Two bands—one narrow and the other wide m the

green region

(b) Reduced hemoglobin—One single broad band in the green region

(c) Carboxy hemoglobin—Two bands m the green region

(d) Methemoglobtn—Three bands—one in red and two m the green regions

(c) Sulp/iernoglobia—ThTce bands similar to methemoglobin

Biosynthesis of hemoglobin

1 The biosynthesis of hemoglobin takes place m the bone marrow in the

erythroid cell during its development to erythrocyte

2 It starts appearing at stage II (early normoblast) and the synthesis

IS complete when the cell reaches stage IV (late normoblast)

3 Iron in the ferrous state is incorporated into protoporphyrin to form

heme

4 The heme gets attached to the newly synthesized globm to form

hemoglobin

5 Tlic iron of heme is coordinated to 2 imidazole nitrogen ofhistidme

at positions 38 and 87 in o chains and 63 &. 92 in p chains

In nature, the other metalloporphynns which are compounds of importance

in biologic processes are mentioned below

1 Ervthrocniorins (a) They are iron porphynnoprotems occurring m
blood and tissue fluids ofsome imcrtebrates (b) Their funtlioQ is corresponding

to hemoglobin
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2 MwgloWns (a) They are the respiratory pigments occumng m the
muscle cells of vertebrates and invertebrates (b) The purified one has
a molecolar weight of about 17,000 (c) They contain only 1 gram atom of iron
per mote

3 Catalases (a) They are iron porphyrin enzymes (b) They have been
^tained in crystalline form (c) Their molecular wei^t is about 225,000 (d)
They contain 4 gram atoms of iron per mo! (c) In plants, their activity is

minimal

4 Tryptophan pyirolase —
(a) It IS an iron porphyrin protein

(b) It catalyzes the oxidation of tryptophan to formyl kynurenine

5 Qrtochromes —
(a) Cytochromes means the cellular pigments because these pigments are

SMdejy distributed not only m the tissues of higher animals and plants but also m
yeast and bacteria

(b) At first cytochromes a b and c were identified and they had been shown
to exist in oxidized and reduced forms and their fundamental role is in cellular

respiration At present, some thirty cytochromes are known to exist and
according to ongmal cytochromes they are designated as aj a, aj , Cj, C|, Cs c„

, b, ba, b4 etc

(c) They are iron porphyrins and acts as electron transfer agents m oxidation*

reduction reactions

(d) The important example is cytochrome C which has been obtained m the
punfied form

(e) Cytochrome C has a molecular weight of about 13,000 and contains
0 43% iron

(0 The iron porphyrin group of cytochrome C is attached to protein more
firmly than m the hemoglobin

(g) Cytochrome C is quite stable to heal and acids

(h) The reduced form of cytochrome C is not autooxidizible

(i) At physiological ferrocytochrome C does not combine with O* or Co
IS does hemoglobin

(j) The peptide chain of human heart cytochrome C contains 104 ammo
acids Acetylgljcinc is the K terminal amino acid and glutamic acid the
terminal ammo acid The two cysteine residues are located at positions 14 and
1 7 m the peptide chain The linkage of iron in heme occurs through the imidazole
nitrogen of a histidine residue at position 18m the peptide chain

(k) The degree of difference in primary structure among the 13 cytochrome
C might be related to the degree ofphylogenetic relationship betw een the species
Eg The cytochrome C of man as compared to that of rhesus monkey differs by
onlyoneanunoacidorthel04amjnoac)ds Human cytochrome Cdiffers from
that of the dog m 1 1 ammo acid residues, from that of the horse in 12

(l) The enzymes that catalyze the reactions of molecular oxygen are known
as oxidases Cytochrome Uj which is found in heart muscle and other animal
(issues IS called cytochrome oxidase These oxidases catalyze many reactions in
addition lo terminal oxidation at the electron transport chain They can carry
three general types of reactions c g oxygen transfer, mixed function oxidation
electron transfer
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Vsrieties of Innsan hemoglobm

Normal adult bemoglobm or hemoglobia A has a molscular w-ciclit of64,455
andcoatamstwo pairs ofptppdochauis(a ofTshich cAam contaas 141 aai
y3 chain oontains 146 anuno aads

Fetal hcmo^obia (F) is present la small amounts
The normal human fcemoclohms all po&sss> a common half molscalt, i-e. a

pairofpeptidechams(ochains) ^theotherhalfcoasistsofapairof diff—ent tvpss
of peptide chains, one typw for each hemoglobin- Hemoglobin A* has two
S chains and hemoglobin F has two y chains , both t^pes of chmns contam 136
ammo acids and thus arc of the same length as the ^ chain. Hemoglobm A is

represented as hemoglobin A* as aj S| and hemos’oba F as cj yj
for describing abnormal bemoglobm- In early cmbijonic life, a fourth hemo*
globm « i e, exists

Fetal hemoglobin

I Fetal hemoglobin (F) comprises 50 to 90 per cent oftbs total hemodob-n
m the new bom

2. It takes up 015 geo more readilj at low oijcea tensions and releases

carbon dioxide more r^dy than adult hemoglobin (A)

3 It IS more resistant to denatutaiionby alkali and is more susceptible to
comersion to methemoglobm bj nttnies (contaminated water)

4 Hemo^obm F is gradt^y replaced bv hemoclobm A dtincg the first 6
months of extrautenne life

5 High concentration of hcmoelobm F after two %’ears of age o»ur
IS vanoos types of anemia e g scUe cell an*mia and

Ahoormal hemoglobms

Ov'cr one hondred different t>pes of abnormal hemoglobins ba\-e been
de«Tib^ Some of which are easilv differennated by their tl*cirophorcuc

mobihtjes and base given rise to the concept cf ‘rooJecnIar disease'", whicdi

explains that a defective gene (mutant) may direct the formation of a mo'ecrul*

similar to a normal molecule but differing from it in sbap*, composition

and electrical char^ One ammo acid of the normal h-modob-n is replaced bv

anotherammo acid, i-C- acidic ammo acid is replaced byabasjco’'an*utral ammo
acid for the formation ofabnormal hemo^obin. Ihe abnormal b*noglobms are

named m alphabetic order as C, D, E, F, G, H, K, L, M, N, O.P, Q.Srtc.

Some Ammo aad distribution m abnormal hemo^obm.

Tjpe of abnormal
hemoglobin

ReplaccrrofX ofthe Aruro caJpresent Amino cc^presert
position ofammo in the nortnal in ch^omcJ

cad kemaglohin at that hemoghhJi at j/uJ

posit^i posiLon

C 6 Glutamic sad Ljsme

D (Ibdan) 87 ‘Ihreonme Lj’sme

E 26 Glutamic^d Lj^e

M (Boston) 5S Hisndise XiTosme

N 95 Lysine Glutamic sad

S 6 Glutamic and Valiae
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A Hemoglobin C—This occurs in the blood of some Negroes in West
Africa The abnormality is found in the ^ chain at position 6, the ammo
acid glutamic acid is replaced by Lysine It is characterized by the mild anemia

with a tendency to infarction

B Hemoglobin S—This appears among the Negroes of Africa The
abnormality occurs in p chain, glutamic acid at position 6 is replaced by valine

Sickle cell anemia develops and the RBC becomes long and boat-shaped

The blood becomes more viscous which results in reduced blood flow

C Hemoglobin F—HbF is present m fetus and is replaced by adult

hemoglobin as the child grows It is present only m traces m normal adult hemo-
globin If HbF IS present m large amounts m the blood of adults, it gets

heraolysed rapidly producing a severe anemia called ‘ Thalassemia major
’

D Hemoglobin M—There are two types of HbM—HbM (Boston) and
HbM (Iwate) which are of clinical interest The abnormality is found in the a

chain, the histidine residues in 58 and 87 positions are replaced by tyrosine

Abnormal amounts of metbemoglobin are found in the blood of persons affected

by this condition This raeihemogtobin is not reduced to hemoglobin by reducing

agents

E Hemoglobin D—This occurs rarely It exists in two forms—Da and
The persons having HbD do not show any clinical signs and symptoms

Technique for identiBcatlon of hemoglobins

Finger print technique Ingram developed a technique by which the peptide

chains m hemoglobin could be broken down into several smaller peptide fragments

by digestion with trypsin Trypsin splits the peptides only at points where only

lysine and arginine occur A mixture of smaller peptides were obtained He
then separated this mixture using paper electrophoresis technique and paper
chromatography The peptides appeared as spots when nmbydnn was sprayed

Thus peptide maps had been prepared for different hemoglobins

ABNORMAL HEMOGLOBIN DERIVATIVES

In various disease states, abnormal amounts of certain derivatives of
hemoglobin are present in the blood which are of clinical importance They
generally result from abnormal exposure to toxic chemical agents

A Metbeaiogiobia (i) This is an oxidized hemoglobin (ferrous iron is

oxidized to ferric iron) Oxygen is m the firm combination

(ii) It is incapable of functioning as an oxygen earner Cyanosis usually

develops when the concentration of it reaches 3 gram per 100 ml of blood

(in) Metbemoglobm is present in normal erythrocytes 0 4 per cent of the total

hemoglobin With very high concentration, the cells may be injured, destroyed
and Itmay be liberated into the plasma along with hemoglobin and excreted in the
unne

Causes of metbemoglobin

(a) Drugs and other toxic agents—Nitriles, chlorates etc

(b) Other hemolytic agents

(c) Enterogenous cyanosis—Due to excessive production and absorption of

nitrites from the intestine

(d) Congenital—One form is characterized by the abnormality m the
molecular structure of the globin component In another type, there is the
deficiency of diaphorase enzyme system which catalyzes reduction of methtmo
globm to hemoglobin
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8 Sulfhemoglobm

0) Reduced hemoglobin combines wiih hydrogen sulphide to form
sulfhemoglobin

(ii) Sulfhemoclobinemia is an unusual condition which occurs chiefii as a
result of the action of nitrites and coat tar preparations in the presence ofexcessive
amounts of sulfur

(in) It IS also observed in subjects with marled constipation in the presence
of nitnle producing bacteria m the intestine

(iv) Cyanosis usually occurs when the concentration of sulfhemoglobm
reaches 3 to 5 gram per 100 ml of blood

C Carbox}hemoglobia

(i) It IS formed as a result of the combination of carbon monoxide with the
iron m the hemoglobin molecule

00 It has a bnght chetry red colour

(in) It IS formed by the excessue exposure to artificial illuminating gas and to
automobile exhaust gases m closed or poorly \entilated rooms

PORPHVRUS
It ts the conduion in which the excretion of both coptoporphyno and

tiroporphyno is increased

Porphyrias are of two types

1 Hereditary and familial (coneeniiat)

2 Acquired

1 Congenital porph>Tias

A Erythropoietic porphyria

B Erythropoietic protoporphyna

C Erythropoietic coproporphyria

D Hepatic porphyna

(a) Acute intermittent porphyna

(b) Porphyna variegata

(c) Hereditary coproporphyria

(d) Porphyna cutanea tarda

A Erythropoietic porphyxla

(i) Highly increased excretion of uroporphyrin I and to a lesser extent,

coproporphynn I m both urine and feces Both these porphyrins are p esent in

higher concentration in the circulating erylhroQ'tcs

(ii) Photosensitivity and severe shm lesions from infancy leading to s-vere

deformities of the fingers, nose cars and eyes

(in) Excess hair on the face and limbs

(iv) Teeth and bones may be brownish or pink due to porphyrin deposition

(v) Tendency to hemolysis and defective erythropoicsis

(vi) The disease is rare
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B Erythropoietic protoporphyria

(i) Increased protoporphyrin and uropoiphynn 10 the circulating erythrocytes,

the plasma and the feces

(ii) Photosensitivity is the major sign

(ill) Chronic skm lesions may develop

(iv) The condition is much more commonly seen

C Erythropoietic coproporphyria

(i) Large amounts of coproporphyrio III containing increased amounfs of
protoporphyrins and uroporphyrins are present in the erythrocytes

(ii) Swelling and itching of skin

(m) The condition is very rare

D Hepatic porpfajTia

(a) Acute intermittent porphyria

(i) Excess ofALA and porphobilinogen in the unne

(») Increase in serum prolem-bound iodine (PBl), some degree of hyper-
choleslemia and a diabetic type of glucose tolerance curve llie

condition is due to a marked increase of hepatic ALA synthase

(ill) Periodic attacks of abdominal pain which is associated with fever and
leukocytosis

(w) There may be constipauoa aud severe neurological and psychiatric

disturbances

(v) Freshly passed unne is often normal in colour but on standing in

sunlight (urns to red wine or black

(vi) The disease is extremely rare before the age of 15 years and after the

age of 60 It is slightly more common id females

(b) Porphjxia variegate

(i) Increased excretion of porphobilinogen m the urine during acute
neurological menifestatioos ood turns to normal to remission

(ii) Elevated urinary copro- and uroporphyrins and also fecal proto
porphyrin

(ill) Frequent uremia and electrolyte disturbances

(iv) Increased hypatic ALA syoUiasc

(v) Photosensitivity and cutaneous lesions

(c) Hereditary copropoqihyria

(i) Increased urinary output of porphobilinogen and ALA during acute
attacks

(ii) Marked incieascd excretion of coproporphyria HI mainly in the

fe<»s and this docs not always occur m the unne

(ui) Naincrcasc in erythrocyte porphyrins

(d) PoipbjTia cutanea tarda

(i) Increased urinary uro- and coproporphynns This also occurs in

feces which may also contain protopoipbyrm
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Increased hepatic ALA. synthase

(in) Frequent rise in serum iron

(iv) Skin lesions in response 4o minor trauma

(v) No pmk fluorescence m teeth by ultraviolet light

(vO Abdominal pain with fever

2 Acquired porphyrias

This disease is caused by

(a) Severe liver diseases

(b) Ingestion of certain toicms

Alcoholic cirrhosis often leads to the development of cutaneous hepauc
porphyria. This form is common in Southern African Countnes In Turkey
in 1955, the consumption of wheat contaminated with hexachlorotenzcne caused
an outbreak of this type of porphyna

Important biochemical defects

(i) Increased excretion of uroporphyrin in unne

(») Fecal porphyrin level is norma!

(m) ALA and PBG are not found m urme

EfTccts of chemical substances on induction of porphyria

(i) Drugs barbiturates sulfonamides chloioquine and »exhormoDes

00 Giemical agents—Hexachlotobcnrene, Di and tn-cWorophenoIs, pheno-
barbital, suITonmcthane chloropropamtde, and alcohols , orally administered
cootraceptiies

CATABOLISM OF HEMOGLOBIN

The catabolism of hemoglobin can be represented under two mam heads

1 Conversion of hemoglobin to bile pigments

2 Metabolism of bile pigments

1 Coniersion of hemoglobin to bi!e pigments

About 8 grams of hemoglobin is broken down each day m the normal adult

and this amount contains 27 mg of iron The protoporphynn yields about 300

mg of bilirubin

When hemoglobin is eatabolizcd in the body, the protein portion globin, may
be reuliJized either as such or in the form of its constituent ammo aads,

and he iron enters ferritin Pool for reuse The porphyrm portion

is broken down mainly m the reliculoendothehal cells of the liver, spleen and bone

marrow Fmst, it involves the opening of the porphyrin nng between pyrrole

residue I and II and elimination of the alpha methylene carbon as carbon

monoxide (Co) The iron is still present Such a green conjugated protein

formed by the oxidation of hemoglobin by oxygen m presence of ascorbic acid is

said to be chokghbiti The first of the bile pigment biliverdio, is then formed

after removal of iron and cleavage ofthe porphyrm ring of heme It is the chief

pigment of the bile in birds Bilivcrdm is easily reduced to bilirobm which is

the chief pigment m human bile by the enzyme 6ihru6w reductase requirmg the

reduced coenzymes NAD or NADP
Normally there are only slight traces of bihverdm in human bile bat

the colour is v ery intense Watson (1969) states that bihverdm jaundice is largely
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limUed to (i) biliary obstruction as a result ofcarcinoma, (it) Sesere parenchymal

liver disease as in advanced cirrhosis of the liver. The amounts of biliverdin in

the serum are very small in obstructive jaundice 'caused by the presence of

a stone in the common bile duct. No btUverdin occurs in the serum in hemolytic

jaundice.

Hemoglobin
I

Rupture of a-methylene carbon
by oxidation.

Choleglobin-

Biliverdin + Iron -f Glohin

I I I

Reduction
*

To ferritin

‘pool’

To amino acid

‘pool’

Bilirubin

( Conversion of hemoglobin to bile pigment

)

F»8- 9.5

2. Metabolism of bile pigments :

The normal concentration of bilirubin in human plasma Is 0 1—1,5 mg per

too ml. One gram of hemoglobin yields 35 mg of bilirubin which is carried in

loose association wbh protein (mainly albumin) of the plasma This is carried to

the llyer where it is conjugated with glucuronic acid. The soluble bilirubin

conjugate (direct bilirubin) is readily excreted into the intestine with the bile.

Bilirubin +2UDP glucuronate-^bilirubin diglucuronide +2UDP.

In the lower portions of the intestinal tract, the cecum and the colon,

the bilirubin is released from the conjugate and is then reduced by enryme systems

presenf ro ffte rafcsfrirs/ cnicf, nraorfy dtrfvevf /rum anaembne baeferfa m fbc

cecum. If the intestinal flora is diminished by the administration antibiotic agcnt.<;

capable of producing partial sterilization of (he intestinal tract, bilirubin may not

be further reduced mther auto-oxidized to biliverdin in contact with air. Undei

this condition the feces acquire a green tinge.

Progressive hydrogenation takes place to produce a series of intermediary

compounds, beginning with mesobilirubinogen which may be oxidized with the

loss, of hydrogen, to coloured compounds. The end product is colourless

L*stercobilinogen (L-urobilinogen). Auto-oxidation in the presence of air

produces stcrcobilin (L-urobilio), an orao^-ycHow pigment which gbes the

normal colour of the feces. Stcrcobilin is strongly fevorotatory. i

A portion of the urobilinogen is absorbed from the intestine into the blood.

Some of this is excreted by the kidney and appears in the urine in ibe
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concentntion of CM mg/da> The remarndcr is rc excreted id the bUe The un*

absorbed urobilinogen is excreted in the stool (40-280 mg/daN) On exposure

to ox\gcn urobilinogen is oxidized to urobilin which gists the darkenuig of stools

Bilirubm (In the plasma) (Indirect)

Bilirubin diglucuronide (in the Incr) (Direct)

+4H
j

Mesobihrubin (In the iQlestioe)

+4H

Mesobi lirubinoger (In the intestine)

+4H
j

L-steroobilmogen (In the intestint)

(L-urobilinogen)

1
L*stercobiIia (In the intestine)

(L*urobilin)

(Metabolism of bilepigraenls)

Fig 96

JAUNDICE

When the concentration of the bilcpigment m the blood is more, il diffuses

into the tissued producing a >cllow pigroenlation This condition is said to be
jaundice or icterus

Causes

1 Production of more bile pigment than the normal lit’cr can excrete or the

failure of a damaged hver to excrete the bilirubin produced m normal amounts

2 Obstruction ofthe cxcretorv ducts of the liter b> preventing the excretion

of bilirubm

Types

A Hemolytic jaundice —
If the concentrauon of bifirubin m the serum nses abot e normal due to the

more formation as a result of increased erjihrocytc destruction hemolyticjaundice

results

The rate of destruction of r«i blood cells is increased.

1 In hemolytic anemia

2 By the action of some drugs

3 By malarial or viral mfeclions

4 By incompatible blood transfusion
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(40-280 mg/day)

FJg- 9-7 . Bile pigment metabolism
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Findings in bemolytic jaundice :

(a) Increased level of unconjugated or indirect bilirubin in serum.

(b) Increased excretion of urobilinogen in urine.

(c) Dark brown colour of tbe faeces.

B. Obstructive (Regurgitation) janodice :

This condition occurs from blockage of the hepatic or common bile ducts.
The bile pigment passes from blood to the liver cells as usual. However, failing

to be excreted by the bile capillaries, it is absorbed into the hepatic veins
and lymphatics.

The usual causes of obstruction arc

1. Blocking of the bile passage by gall stones.

2. Obstruction caused by enlarged glands, tumour of tbe 'bead of Ibe

pancreas.

3. Narrowing of the bile duct as a result of surgery.

Tbe Important findings in obstroctire jaundice :

(a) Increased amount of conjugated or direct bilirubin in serum.

(b) Highly coloured urine due to excretion of increased amounts of bilirubin.

(c) Gay coloured stools due to absence of stercobilioogen.

(d) Increased serum alkaline phosphatase activity.

C. Hepatic fann^ce

:

This type ofjaundice is caused by liver dysfunction as a result of the damage
to the parenchymal ceils by infection, toxins and liver poisons.

At a certain stage, the infiammatiOD and damage to liver ceUs become severe

leading to partial obstruction to the flow of bile. This results in the absorption

of conjugated bilirubin and bile into the general circulation.

Tbe important findings

:

(a) Increased amounts of both conjugated and unconjugated bilirubin in

serum.

(b) Highly coloured urine due to the prerence of conjugated bilirubin and

urobilinogen.

(c) Increased SOFT activity

(d) Highly positive Bocculaiioii tests.

Normal:

Hepatic :

Hemolytic :

Obstructive :

Urim

Urobilinogen 0-4 nig/24 hours.

Bilirubin absent.

Urobilinogen incrcased-

Bilirubin present.

Urobilinogen increased.

Bilirubin absent.

Intermittent stone

—

Urobilinogen fluctuates.

Complete block

—

Urobilinogen absents

Ftcal

Unbillnogcn
40-280 mg/2'4 hours.

Urobilinogen
decreased

Urobilinogen increased.

Urobilinogen trace to
absent.
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CHAPTER 10

ENZYMES AND COENZYMES

lotTodaction

En^mes v.ere first di\jded into ttvo classes “unorganised” and “organised
ferments Theaction of ‘ organised ferments” was thought to bedue to “vital

actuity This view was encouraged by the “rediscovery’ of bacteria by Pasteur
and Koch m the middle of the last century The ‘^^tal ’ concept of enzyme was
finally discredited by Buchner in 1897 He separated active enzymes from the
Imng cells of >east and later of bacteria.

Enzymes promote and control the conversion of the complex carbohjdrates
fats and proteins of our body into simple substances vshidi the intestines can
absorb and also the vanous reactions by which these simple substances are used
in the bodj for building up new tissues or producing energy The enzymes are

not broken down or changed in the process Thev are as potent at the end ofthe
reaction as at the beginning and very small amounts can effect the conversion of
large quantity of matenal They are really the true catalyst*

Hydrolysis of a protein takes at least a day by the action of strong
acid at lOO’C The same change takes place m a few hours m the

alimentary canal at 37'C The acid in the laboratoty can cause the hydrolysis of
various substances but each enzyme attack's a special class of substances or even
a single substance

Many enrymes have been punfied and found to be active ^\^llstattc^

and PoUinger punfied peroxidase and found to be the most active Even
the enzymes are active although they are not punfied The total number
of molecules ofaparticular enzyme inacell IS very small although the number of
different enzymes in a cell is very large

Definition

Enzymes are soluble, colloidal organic catalysts formed by living cells, specific

m action protein in nature, inactive at O’C and destroyed by moist heat
at lOO'C

Intracellular Enzymes—Enzymes which are used in the cells which make them
are said to be intracellular enzymes Thc*c cnrvmes correspond to the old

“organised feiments’

Extracellular En-ymes—Enzymes which are produced by other cells and are

secreted to other parts of the bodv (eg digestive juice) are called extracdlnlar

enzymes These enzymes correspond to the old ‘ unorganised ferments”.

Zymase secretion—An extracellular enzyme which is secreted ready for action

is called a zvmase secretion Example Amylase of saliva.

Zymogen secretion—An enzyme which is secreted in inactive form and ulti*

matelv activated by an agent secreied by other cell is said to be zyrao^n secretion

Example Trypsinogcn (in pancreatic juice) activated by enlerokinase 0**

intestinal mucosa) to give active tryi^iiu piothrombm (in blood) activated by

ibromboplastm (in tissues) to give active thrombin.

126
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Zymogen secretion is probably a protective mechanism to prevent digestion

of cell walls and ducts, since it is most frequently found with protein splitting

enzymes

Subsirale—^The substance on which an enzyme acts is called the substrate

Example Maltose is the substrate on which the enzyme maltase acts

to form glucose

Names

Except (he enzymes ptyahn, pepsin, trypsin and crcpsin, enzymes are usually

named by adding the suffix—ase to the mam part of the name of the substrate on
which they act

Examples

Maltase acts on maltose

Lactase acts on lactose

Lipases act on lipids

Carbohydrases act on carbohydrates

Proteases act on proteins

Amylases act on starch (Amylum)

But there are many substances which are acted on by some enzymes in

different ways A dipeptide can be attacked by three enzymes These enzymes
are named by theic function

Example

A dipeptide can be hydrolysed by dipepttdase into ammo acids The free

ammo group of the ammo acid is removed by another enzyme and the free

carboxyl group is also removed fay another enzyme So the names of these three

enzymes acting on a dipeptide are a dipeptidase, a deaminase and a decarboxylase

Other enzymes are named by their functions only Examples transferases,

dehydrogenases, hydrolases, oxidases and reductases

Many eniQimes with the same tunction act on one substance it is therefore,

better to specify the enzyme by its source Examples Pancreatic amylase bone
phosphatase, liver esterase

Some enzymes acting on the substrates are freely described by the adjectives

Example AmyJolytic lipolytic proteolytic

CLASSIFICATION

The 6 major classes of enzymes with some examples arc given below

1 Oxidoreductascs Enzymes catalyzing oxidoreductions between two
substrates A and B

^reduced +®oxidizcd "“^oxidized ^®reduced

These enzymes can be grouped m many different ways Three mam groups
can be explain^ m order to get the simpler expression

Oxidases~The enzymes which use oxygen as hydrogen acceptor Examples
tyrosinase, cytochrome oxidase uncase

Anaerobic dehydrogenases—^Thc enzymes which use some other substance is

hydrogen acceptor Examples Malate dehydrogenase succinate dehy-

drogenase, lactate dehydrogenase
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Hydroperoxidases—^Tht enzymes which use hydrogen peroxide as sabstrale.

ExatnpiK : Pwxidase, cataL^.

Aerotfc The enzymes which use d&er oiygen or eapHitr

substance as hjdrogen acceptor. Examples: D-and L^imxflO acjd oucises,

xanthine oxida^, afdehyde oxidase.

Two other groups are

:

Ozjyniejej—The enzymes which art on sintie hydiojm donms with

incorporation of oxjgen.

Example * Tryptophan oxygenase.

ffydroxylasu—The enzymes which act on paired donoff with incoiporafioa

of oxygen into one donor. Examples : Steroid hydroxylases, phenylajaaiae*

4-h5dfotjlase

Z Transferases (Transferring enrymcs)

:

They catalyse the transfer of some group or radical, R, from out oo^tenk,

A, to another molecule, B.

Hg 10 ]

The group iodudes

(a) TremrpAosp/'orytoes—Examples : HesoUnase, phosphoslucoautiset.

phosphoglycerate kmase.

Hcxofa'nasc

ATP-i-D-hexosc » ADP-t-D-hcxo^e-S-phosphaic.

(b) rrOTjg/jvos/itoej—Examples : Phosphorylase.

(c) Trflwamincsfj—Examples : Glutamate^pyrurate transaminase, aspsrUte

amino transferase

(d) Trcrssacr/ajf—Examples : Choline acetyl transferase, acdoacetate

\TaTft3c^la5t, aimno acid transacetylasc.

CMtteKxsyf

AceV-Coa 4-CW-re— CcA+Aayebor«n

Re 105

fc> Transjncihjiase.

3. Hf&olsses Enzymes catalyzing hydrolysis of ester, ether, pej^ide.

glyCQSjU acid anhydndc by the addition of water.

The group includes the extracellubr dtgesuie enzymes and mans intracelhdar

enzymes.

(a) Enzymes acting on glycosyl compounds, e g ^-galactosidase.

^.D-galactoside-i-HsOssAn alcohol-*-D-gaheto^
(b) Enzymes acting on pepUde bonds. c.g. pepsin, rennin, chymotryi^P'
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(c) Esterases, e g lipases, phosphatases, sulphatases

.,j
(d) Aimdases, e g urease, argmase, glutamtnase

cj (e) Hydrolytic deaminases, e g guanine deaminase

4 Isomerases Enzymes catalyzing interconversion of optical, geometric,
or positional isomers

jj
(a) Racemases and epimetascs, c g alamne reccmase

L“aIanine=D-a!anme

(b) Cis trans isomerases, e g retinene isomerase

3 All transretmene=ll cis-retmene

3 (c) Enzymes catalyzing interconversion of aldoses and ketoses, e g
triosephosphate isomerase

D-glyceraldehyde-3-phosphate=Dihydroxyacetone phosphate

j
5 Lyases—Em^mes that catalyze removal of groups from substrates by

mechanisms other than hydrolysis leaving double bonds

X r
( I

C C « X-Y+ C=C

Fie 103

(a) Aldehyde^lyases, e g aldolase

Ketose-l-phosphatesaDihydroxyacctonephosphate+an aldehyde

(b) Carbon-oi^gen lyases, e g fumerase

^ L-malate^sFuraerate-f-HjO

6 Llgasca (hgateasto bmd) —Enzymes catalyzing the linking together of
two compounds couple to the breaking of a pyrophosphate bond m ATP or a
Similar compound

(a) Enzymes catalyzing formation of C-S bonds, e g succinate thiokmase.

i
GTP+succmate-hCoA«GDP+Pi+succjnyl—CoA

(b) Enzymes catalyzing formation of C-N bonds, eg glutamine synthetase

(

ATP4'L-glutaniate-hNHt=»ADP+orthophosphate^-L*glutamme

(c) EazymescatalyzingformationofC Chonds.e g Acetyl CoA carboxylase

ATP+acetyl*CoA+COj=ADP+Pi+malonyl—CoA

PROPERTIES OF ENZYAIF-S

1 Enzymes arc proteins So the amino, carboxyl and sulfhydryl groups
of the side chains of ammo acids arc available for linkage between polypeptide

chains

2 The above mentioned groups together with others such as the imidazole

nng and the alcoholic group of <enne arc also responsible for the union between

substrate and enzyme These groups are termed “active groups” and the region

of the protein surface at which they are located is termed^* active centre”

3 The enzyme-substrate complex thcorv assumes combination of enzymes
and substrate and then liberation of cn^me and the reaction pioduct Thus,

Enzyme+SubstratesiEDzyme—Substrate Complex

Enzyme-Substrate ComplexTiEo^e+Reaction Product(s)

F 9
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4

To m^y cases, a senes of reactions may be mvolred m addition to th-abo\c one This may be indicated thus.

Rg 104

5 Alkaline phosphatase b>drolyses a number of phosphate esters to
produce orthophosphate and an alcohol such as

Glucose 6«phosphate-^G{ucosc+Orihophosph3le

6 From an energy standpoint enzyme reactions arc divided into three
classes

(a) Exergonic reaction means the system undergoes a loss of free energy, c g
lipase, catalase, urease

(b) There is little change in free energy and the reactions come to
equilibrium «o that product molecules and the substrate molecules are
present m constint amounts eg gK cogen -f* inorganic phosphate
s=gIucose I phosphate under the influence of phosphorylasc

(c) Endergonic reaction means the supply ofenergy in order to proceed the
reaction

7 Many enzymes are conjugated proteins The prosthetic groups
(coenzymes) are readily detached These cnormes have special role in metabolic
processes The enzymes catalase and peroxidase have cofaetors but no
coenzymes

ENZYME spECincrry

1 Enzymes, the organic catalysts differ from inorganic catalysts in their

extraordinary spemflcity

2 An enzyme catalyzes only a very few reactions (frequently only one) As
for example, arginase, catalase and urease only attack arginin'* hydrogen

peroxide and urea respectively

3 Most enzymes can catalyze the same type of reaction (phosphate transfer,

oxidation reduction etc ) with several structorally related substrates Frequently

reactions with alternate substrates take place if they arc prescni in high

concentrations Reactions may occur m the uvnng organism depending m part

on the relative concentration of altcrodtc substrates m the cell and their relative

affinities for an cnzvme

4 Optical speciGaty

(a) Enzymes show absolute optical specificity for at least a portion of

substrate molecule Thus, raaltasc catalyzes the hydrolysis of a but not jS

glycosides while enzymes of the Embdeo Meyerhof and direct oxidative pathway

catalyze the interconversion of D but not L phosphosugars. With some
exceptions such as the D ammo acid oxidase of kidney, the majority of the

mammalian enzymes act on the Lpamino acids

(b) The glycobidases which catalyze hydrolj’sis of glycosidic bonds between

sugars and alcohols are highly specific for the sugar portion and for the linkage

(a or but relatively non specific for the alcohol portion or aglycone

(c) Many substrates form 3 bonds with enzymes This 3 point attachment

can thus confer asymmetry on the symmetric molecule
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5 Group speciOcity *

(a) A particular enzyme acts only on particular chemical groupings, c g
glycosidases on glycosides, alcohol dehydrogenase on alcohols, pepsin and trypsin

on peptide bonds and esterases on ester linkages

(b) Certain enzymes exhibit a higher order of group specificity Chy
motrypsm hydrolyzes peptide bonds m which the carboxyl group is -contributed

by the aromatic ammo acids phenylalanine, tyrosine or tryptophan Carboxy-
peptidases split offcarboxyl group and aminopeptidascs split 00*ammo group from
the polypeptide chain

(c) Although some oxidorcduclases funclion equally with cither NAD or
NADP as electron acceptor, most use one or the other

Oxidorcductascs function to biosynthetic processes in niamiiialiaa system
(e g fatty acid synthesis) tend to use NADPH as rrfuctant but those function in

degradative processes tend to use NAD as oxidant

(d) In liver, about 90% of the NADP specific enzyme occurs extra

mitochondnaily This may be concerned with biosynlhclic processes, as the

NAD specific enzyme of mitochondria is specifically activated by ADP
6 The less specific enzymes arc the proteases, lipases and esterases These

relatively non specific enzymes arc really the mixtures of several specific enzymes
Thus, trypsin of pancreatic jmcc is a mixture of trypsin, cbymotrypsin A
and chymotrypsin B

Preparation and Tsolatioo of Enzymes

1 Ttssucsarcextractedwilb saliocorglyccfol Such extracts do not keep
for any length of time

2 These extracts are carefully dried at low temperature

3 The dried substance is then grinded to a fine powder which keeps ucll

4 Then these powders arc extracted with suitable solvents

5 More atloc preparations arc made by vanous processes of purification

involving dialysis to remove inorganic impurities, adsorption lo suitable material

or precipitation with suitable reagents These arc done at Jow temperature

6 In this way much inactive materials can be removed and the enzymes arc

only present in tissues in very small amounts They have the high potency Over
100 enzymes have been obtained as crystaWmc proteins which are regarded as the

pure enzymes

Recognition of Enzymes

If by adding a neutral solution to some starch at ST’C we obtain sugar, wc tan

conclude that a catalyst is present

If (he neutral solution after boiling fails to produce sugar under similar

conditions, we may then conclude that (he catalyst is an enzyme and not

an inorganic catalyst

Therefore, in the experiments on cn^rorsil is necessary to arrange a control

with the boiled enzyme solution along with the test

The conditions of action of cozymes

or,

Factors inllucnciog action of cozymes
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1 Contact between En2yme and Sabstrate *

(a) Enzyme and substrate most be in contact to form the enzjnis—substrate
complex

(fa) The ea2>me and substrate should be well mixeJfor efficient reaction to
proceed

(c) Even the insoluble substrates must be made soluble by the help of hydro-
tropic substances whene'er required for good mixing with enzymes

(d) The digestion offatswlucharcnotio solutionis grcatlyfaalitated by fine
emulsification of the fat giving a greater area of contact for the lipases

(c) Enzjmeswhicharenotsolublcbutare bound to membranes their contact
with substrate must be maintained by setting up suitable concentration gradient.

2 Concentration of Lat-jme and Sobstrate :

(a) The rate ofeo2ytnt action is inflaenced the coacealration of substrate,

the amount of enzyme and the time

(b) In case, the concentration of substrate is low in comparison to the con-

centration of enzyme, not all the acti'e groups of the enzyme molecule will

be utilized for the formaiiou of enzyme substrate complex- The rate of reaction

will be low

(o) In case, the concentration of substrate increases, more and more actiie

sites of enzyme molecule will be used for the formation of eczyiBe'5ub>trale

complex The rate of reaction wiU increase.

(d) If the substrate concentration 7s sucb that all the active groups of tbe

enzyme are utilizrf, the rate of reaction will be proportional to tbe substrate

concentration.

(e) Above this concentration mentioned in (d), no matter how high, tbe rale

IS maximum and remains constant unless the substrate inhibits the reaction. If

the substrate lolubits, the reaction rate declines

The effect ofsubstrate concentration on the initial rate ofan enzyme reaction

is shown below by a graphical representation which is known as a hCcbaeUs curs'e

Fsg 10.5 Midiaeiis curve.
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It IS seen that at low substrate cooceottation (upto Ym the above figure) the
rate increases with increasing substrate conceatratioc At substrate concentration
above Y the rate of the reaction has a constant maximum value, V, TTiis is called
the maximum velocity of the reaction. The kinetic equation can be expressed
mathematically by Micbaelis>Menlea equation

VIS)

''“Xm+ISj

V IS the velooiry, V the maximum velocity, S the substrate coocentratioc,
Xm Micbaelis constant

The substrate concentrElion that products na}f*maximal velocity is called

Michaetis constant or Km value.

Vv=^. where Km=lS]

3 Temperature

:

(a) The rise m tempeiature acceferales an enzyme reaction but at the same
time causes inactivation of the enzymes due to denaturation of the protein

(b) At a certain temperature known as the optimum temperature the activity

IS maximum.

(c) The optimum temperature for man is in the region 37^0 and for most
animals in the region of40X The optimum temperature ofplant urease Is 60X.
The optimum temperature for enzymes from microorgaoismi adapted to growth
in natural hot springs is close to the boding point of water.

(d) If the temperature is lowered, the rate oT an enzyme reaction is

dimraished At the temperature (TC, most en^mes are practically inactive.

Fig. 10 6 effect of tempefaiufe on enzyme activity

4 Hydrogen Ion conccotrallpimr

(a) A small change in may inhibit enzyme activity.

(b> Pepsin worxs only in acid medium and is inactivated by making the

medium alkaline
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(c) Trypsm rather works m alkahoe solution and cannot digest protein in
acid solution

(d) The maximum activity of the enzyme is at the optimum pR This value
is generally between 5 0 and 9 0

(e) (0 At me optimum P^, the enzyme (E-) will react with substrate (S*) ts

E-+S+—i-ES

(n) At low pn \alues E~ will beprotooated and lose its negative charge

E-+H^

—

(ill) At the \er> high values S* will lose its positive charge

S*

—

Fit to 7 EttecSotpU oi\fvr>Tot w,Vvvrt>

Gizymes Optimum

Pepsin 1

S

Salivary amylase 6 8

Trypsm . 80

Intestinal lipase 7*8

S Oxidation

(aj The sulfhydryl (SH) groups, of many enzymes are essential for enzyme

activity

(b) Oxidation of these (SH) groups by many oxidtzmg agents indodmg the
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oxygen of air forms the disulfide
enzyme actm^.

<S—S) linkages and results m loss of

+ H2O

Fig ]08

(c) Full actmty may be regained by reduced sulfhydryl compounds such as
cysteme or glutathione (R-SH)

2R-SH« ^SH
\ + R-S~S-R

SH

FiJ JO 9

6 Radiation

:

(a) Eniymcs are highly sensitive to short wave Jength (high-energy) radiation
such as X , or y rays

(b) High energy radiation forms peroxides which causes oxidation of the
enzyme resulting loss m enzyme activity

(c) The enzyme activity is lost by irradiation which may support indirect
effects on the DNA of gen^s

7 Coenzymn and Actlvston '

(a) Enzjmes (excepting theenzymesofO I T) workcfflcienily in presence of
some other substances These substances may be organic and inorganic known
as coenzymes and activators respectively

(b) In absence of coenzymes and activators the enzymes may be inactive or
sluggish

(c) The activators (Cl', Mg'^+j Ca++, Mn+* etc ) may take partm the forma-
tion of enzyme-substrate complex

(d) Mn++m the action ofsome peptidases may prevent the inactivalion of the

enzyme by inhibitors

(e) Some enzymes which are activators are called kinases, e g enterokinase

converts irypsmogen to trypsin by removing hcxapeptidc from trypsinogcn

8 Inhibiting agents *

(a) Many cn^mes are inhibited by the salts of mercury, silver, gold and salts

of heavy metals or fluorides

(b) Oxidases are generally inhibited by cyanides

(c) Certain preservatives such as chloroform, glycerol and thymol inhibit

some enzymes

(d) Toluene has no action on enzymes but u the best preservative for enzyme

solutions.

(e) Formaldebyde destroys enzymes.
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(f) The inhibitors present m an enzyme solution occupy the active sites of theenzyme leaving free active sites for substrate to combine.
For example, many enzymes (known as SH enzymes”) depend for their

activity on the presence of free —SH groups They can be inactivated by
mercuric chloride which reacts with free —SH groups, thus

.

Sv

Fis 1010

This type of inhioition is non-specific

(g)

The specific inhibitor which is structurally so similar to the substrate
molecule that the inhibitor can combine with the enzyme m place of the substrate
decreasing the enzyme-substrate union The inhibitor competes with the
substrate for the active group This is known as “competitive inhibition”

The followings are the examples of competitive inhibition

(i) Succinic acid (HOOC CH* CHj COOH) is converted to fumaric
acid when combines with succinic dehydrogenase and the fumaric
acid IS released from the enzyme complex leaving the enzyme free to

unite with more succime acid

Sge«,r,c orld

Fiz 10 !J

Milonic acid (HOOC CHt COOH) can also combine with the

enzyme but does not undergo any change and is not readily released

from the enzyme complex So the enzyme is not available for

union with succinic acid In such a way malonic acid inhibits

succinic dehydrogenase

(ii) Sulphanilamide competes P-aminobenzoic acid.

NH2 NHj
tSulphorNlom da) tP-wnnobenzoicoeid)

Fis to 12

P-ammobenzmc acid is essential for the synthesis of fnlic acid by the

enzyme action of the enzyme in the bacteria The union of sulpha*

nilamidc with the enzyme prevents the union of the enzyme with the

P aminobenzoic acid Synthesis of folic acid is thus completely

prevented

(h) Some inhibitors are attached not to the active group but to some other

group of enzymes. Under such conditions the activity of the unoccupied active
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group IS affected , so that union with the sutetrate occurs less readdy or not at all

This type of inhibition is called “Non-comjwtitive inhibition”

Enzymes which show "aliostenc” inhibition have two sites—(i) Isosteric site,

(iQ aliostenc site

(i) Isosteric site—It can bind the substrate or other molecules struciurally

similar to it

(ii) Aliostenc site—-It can bind other substances

When the aHostenc site binds a molecule, the isosteric site is changed in shape
so that the substrate can no longer be bound and hence the enzyme is inhibited
This IS superficially similar to non-competitivc inhibition But it is more complex
because the substrate can also affect the shape of the allosteric site and for this

reason aliostenc inhibition is regarded as a distinct process

(0 Reversal of mhibiUon can be brought about by increasing the amount
of substrate relative to inhibitor

(ii) Inhibition may also be reversed by removal of the inhibitor by the

treatment with hydrogen sulphide (H^S)

E-v^^Hg + HjS + HjS

Fi/> 1013

9 Antl'enzymes

(a) If certain enzymes are repeatedly mje^ed into an animal, a substance will

be produced in the animal's serum which can prevent the normal action of the

enzymes injected This substance is called an anli enryme Examples
Antipepsin, anti trypsin nnti rennm, anii urease

(b) Some people believe that the mucus membrane contains suitable anti*

enzymes for which the alimentary canal is not digested by its own secretions

COFN7YMES

Many reactions of substrates arc catalyzed by enzymes only m the presence

of a specific non protein organic molecule called the eoenzjme Cowizyraes

combine with the apoenzyme (the p'otem pari) to form holoenzyme The
coenzymes are also regarded as cosubstralcs

Definition

Coenzymes are heat stable, dialyzable non*prolein organic molecules and the

proslheiic groups of enzymes

Classification

1 Based on chemical characferlstics

A Containing an aromatic hefero ring

(0 ATP & us relatives

(ii) NAD, NADP
(m) FMN, TPP, B,-PO<

jt
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B Containing a non aromatic hetero ring Biolm, lipoic acid

C No hetero nng
Sugar phosphate, eoenzyme Q

U. Based on functional characteristics

A Group traDsfemns coenrymes

(0 ATP and its relatives

(ii) Sugar phosphates

(ill) Tliiamme pyrophosphate (TPP)

(iv) CoA
(v) Pyndoxal phosphate (B,—PO^)

(vi) Biotin

B Hydrogen transferring coenzymes

(i) Nicotinamide adenme dtnucleotide (NAD) and Nicotinamide adeome
dmucleotide phosphate (NADP)

(u) Flavin adenine dmucleotide (FAD) and flavin mono nucleotide

(FMN)
(in) Coenzyme Q

HT Rased on cutritlosal characteristics

(a) Containing B vitamins

<0 CoA, (u) TPP (m) NAD & NADP (iv) B,-P04 (v) FMN.
FAD (vi) Folic acid eoenzyme (vii) Bj- coenzyme (viu) Biotm

Functions

1 Their function is usually to accept atoms or groups from a substrate and
to transfer them to other molecules

2 They are less specific than arc enzymes and the same eoenzyme can act

tft m a Tmrrfcw w itacviom

3 The coenzymes are also attached to the protein at a different but adjacent
site so as to be m a position to accept the atoms or groups which are re

moved from the substrate

4 NAD and NADP coenzymes function as hydrogen acceptors m dehydro
genation reactions

5 The chief function of CoA is to carry acyl groups and they are used in

the oxidative decirboxylation of pyruvic acid and synthesis of fatty acids

and acetylation

6 The function of TPP (co corboxylasej is to carry ‘active aldehyde

(R CH{OH)“) group

7 The chief function of pyndoxal phosphate (B*—POO is involved m Irans

animation reactions

8 The chief function of tetrahydrofoUc acid is as a earner of formate nnd
It IS used in the synthesis of purines and pyrimidines
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LVSOSONtES

1. Lysosomes are one type of organelles in the cytoplasm which can
he regarded as a type of ‘ground substance*,

2. They are similar in size to mitochondria and consist of sacs containing n
solution of hydrolytic enzymes which arc active at an acid

3. Protein, carbohydrate or fat molecules arc brought to the lysosome where
they are hydrolysed, so that lysosomes constitute an intracellular digestive system.

4. They are responsible for post-mortem autolysis,

5. Congenial disease such as glycogen storage disease is due to the absence
of specific lysosomal enzymes.

6. The enzyme systems present in lysosomes are for hydrolytic processes,

c.g. phosphatases, glycosidases, glucuronidases.

7. The enzymes within the lysosomes are unable to act on substances within
the cytoplasm so long the lipoprotein membrane of the lysosome remains intact.

Once the membrane is ruptured, there will be the release of lysosomal enzymes.

ASP lOi

tVSOZYME

1. Lysozyme is an en^me present In tears, nasal mucus, sputum, tissues,

gastric secretions, milli: and eggwhite.

2 . It catalyzes the hydrolysis of /3-1, 4 linkages of

N*acetylneuramimc acid in mucopolysaccharides or

mucopeptides.

3. U destroys the cell walls of many airborne giam*

positive bacteria in tears and nasal mucus.

4. Its molecular weight is about 15,000.

5. It consists of a single polypeptide chain of]29

amino acid residues having no coenzymes or metal inn

cofactors,

6. As the lysozyme molecule may readily he unfolded

and refolded, catalysis and specificity as well as 3*dimcn«

sional structure arc determined solely by these residues.

7. There are little a-helix and large regions without

secondary structure.

8. It has a central catalytic site with 6 subsites which

bind various substrates or inhibitors.

9. The residues responsible for bond cleavage lie

between sites D and E, close to the carboxyl groups of

ASP. 52 and Glu. 35,

ASP59H
ASP 46 Glu 25
ASP 52 lALallO

R^Affl ii4

Fi*. -tO.U
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ISOENZYMES or ISOZYMES
DeScltioa *

The enzymes that occur m a number of different forms and differ each othei
chemically, immunologicallj and electrophoretically are called ‘‘Isoea^roes oi

Isozymes"

Occarrence ,

Isozymes arc present m the serum and tissues of mammals, amphibians, birds,

insects, plants and unicellular organisms

Examples Isozymes of numerous dehydrogenases, and seseral oxidases,

transammas«, phosphatases, transphosphoiylaacs, proteolytic enzymes,
aldolases

Cbaracterlstics

1 They catalyze the same reaction but they can be distinguished by physical

methods such as electrophoresis or by immunological methods

2 The difference beis^een some isozymes are due to differences in il.e

quarternary structure of the enTymes, eg lactate dehydrogenase exists in f5\e

isozymic forms

3 The isozymic forms of lactate dehydrogenise are telramers, each is made
up from tno types of units H and M The molecular weight of actiw
lactate dehydrogenase is 1,30,000 Only the tetramenc molecule possesses

catalytic activity The subunits are expressed in the follovsmg 5 ways

HHHH
HHHM
HHMM
HMMM
MMMM

4 Splitting and reconstitution of lactate dehydrogenase-Tj or lactate

dehydrogenase I, produces no new isozy mes Therefore, each consists ofa single

subunit
But when i mixture of purified lactate dehydrogenase I| and lactate

dehydrogenase U is subjected to splitting and reconstitution, lactate dehy*
drogenase Ij, -Ij and -I, arc also produced The approximate proportions of the

isozymies result if the relationships arc

Lactate dehydrogenase tsozyme Submits

I, HHHH
I. HHHM
U HHMM
I, HMMhf
Ij MMMM

Synthesis of H and M subunits arc controlled by distinct genetic locu

5 Lactate dehydrogenase (LDH) catalyzes the transfer of two electrons and

one hydrogen ion from lactate to NAD

• PyTiMJle

NAOM+ H^

Fig 10)5
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6 The medical discovery itt 1957 had shosvn that the relative proportions
of several lactate dehydrogenase tso^mes of human serum were changed sjgni*

ficantly m some pathologic conditions

Method of assay

1 Serum sample is subjected to electrophoresis at P” 8 6 using starch, agar

medium

2 The isozymes have different charges at this pn and migrate to 5 regions of
the clcctrophorctogram

3 Isozymes are then localized by means of their ability to catalyze reduction
of a colourless dye to a coloured form

DiagaostiC Importance

(0 In certain solid tumors there is an increase m serum LD, and LD^
These isoenzymes are also present in the blood of patients with acute leukemia

(ii) LDj IS- usually the predominant isozyme m the tumors

(ill) Serum isozymes levels are elevated m acute leukemia

(iv) Alkaline phosphatase isozymci can distinguish liver lesion* from bone

lesions m metastatic carcinoma

KINETIC THFORV OF REACTION

The kmetic or collision theory states that the molecules to react must collide

and must possess sufficient energy to overcome the energy barrier for reaction

If the molecules have sufficient kinetic energy to react, factors that increase

the frequency of collision between molecules will increase their rate of reaction

Factors that decrease the frequent' of collision or the kmetic energy will decrease

the rate of reaction

If some molecules have msufficient energy to react, increased tempemlure

which increases their kmetic energy wilt increase the rate of the reaction

concepts are illustrated diagramatically below In A none, m B a portion and m
C all of the molecules have sufficient kinetic energy to overcome the energy barrier

for reaction

Tig 10 16 Tbe enetgy barrie* tot chc/mcal
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Molecules are ! motcoa at all temperatures above absolute zero (—273’Q
at which all molecular motion ceases With the increasing temperature, the rate
of dilTusion increases

In the absence of enzymic catalysis, many chemical reactions proceed slowly
dl the temperature of living cells At this temperature even the molecules arc m
active motion and are undergoing colhstoo They fail to react rapidly because
most of them possess insnfBcient kinetic energy to overcome the energy barrier for

reaction At the lower temperature the reaction is spontaneous but slow , at the
higher temperature the reaction is spontaneous and fast

The oveiali energy changesm chemical reactions arc independent of the path
or mechanism of the reaction

THL CATALYTIC SITE OF ENZYML

Some restricted region of the enzyme which was concerned with the process
of catalysis was termed the active sue In the beginning, the biochemists were
puzzled why enzymes were so large, when only a portion of their structure was
involved in substrate binding and catalysis Today, it is clear from 3*dimensiooal
models of enzymes that a far greater portion of the protein interacts with
the substrate

Rigid model of the cataljlic site

The lock and key or rigid template model is still useful for under*

standing certaiu properties of enzymes

oo-o
Tie 10 17 Repr«e>ttalion of rminaiioo of eiizj^iue complex

Flexible model of the catalytic site

In the Fischer Model, the catalytic is prcsuiued to be pre shaped to ht

(he substrate

III the induced fit model, the substrate induces a conformational change in

the enzyme This aligns ammo acid residues or other groups on the enzyme in

the correct spatial orientation for substiatc binding, catalysis, or both At the

same time, other ammo acid residues may be buried m the interior ofthe molecule

Hydrophobic groups (hatched portion) and charged groups (dots) both arc

involved in substrate binding A pbosphoserme (—P) and the —SH of a cysteine

are involved in catalysis Other residues involved m neither process are re-

presented bv the side chains of lysme and methionine

In the absence of substrate, the catalytic and the substrate-bmdmg groups

arc several bond distances removed from one another Approach of the substrate

induces a conformational change m the enzyme At the same time, the



143

•niE CATALYnC SITE

spaual orientations of other regions arc also

flow closer together.

altered, the lysine and methionine are

, ,oia RcP—'-o"
"

^fotcui stfuclute

0,e representatton dt

several regions "f " enzymes.

of the substrate. e..t,etMf<*hlndiiic
( 1 )

Contact resiauL^n.^ **•

as well as in catalytic process
^ ^ ^ m covalent

(2't

well as in catalytic pro

-w ra'sf;4n.5“.'isSliS2S

that is too bulKy tr*t>‘

alignment.
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Fig 10 20 RtprtsenOboo of » cxntTonnational chwiges in ta cnzyaje.

'Die exact sequence of events m a substrate induced conformahona! ^lan^
remains to be established- Several possibibties stand £Fi5 10 21)

It IS still difhcult to decide exactly which residues constitute ibc catalytic
site e\*cn after Jenowmg the complete pnmary structure ofaa enryme.

ModIfl»s of enryme actirity

Like all mammlian proteins, enzymes arc degraded to ammo acids AI-

thpugh this mechanism r^uces enzyme conccntratioo and hence catalytic actirity

still they are slow, wasteful of carbon and energy and rather they arc like tur^?
out a light by smashing the hulb, then insertmg a new one when light is netdeo



ORDERED AND RANDOM BINDING OP SUBSTRATES 145

The catalytic activity of certam kqr enzymes tan be reversibly decreased or

increased by small molecules Small molecule modifiers which decrease catalytic

activity are termed negative modifiers and those which increase or stimulate

activity are called positive modifiers.

ORDERED AND RANDOM BINDING OF SUBSTRATES
Many enzymes catalyze a reaction beiivccn twvi or more substrates producing

one or more products But for some enzymes, all substrates must be present
‘Simultaneously for the reaction to take place For others, the enzyme first changes
one substrate and then catalyzes its reaction with a second substrate *!^e ^er
in' which an enzyme binds us substrates may be random or ordered (Fig 10 22)

Rondom

E-

A

A. EA-

P Q

_^PP0-.

Ordered

Hg lO ?2 Random and ordered addition of substrates A and B and disaooatian

ofpfoducti P and Cifrom an tnryrncE

Many reactions which need coowymes proceed by pong” mcchanlmu
(Since the cnzymcaltcrnatcsbetivccnrormsEandE' (FiglO 23)

E—Aw -EA- e'p

P B 0
. .V ..e'b -83

-

^»E

Pig I0'2J<kncrali2rd “Ping Pong ’ mecbtolsm fw enzymic cattlysit

ENZYMES AS GENERAL ACID OR BASE CATALYSTS
Reactions s\hosc rates Naiy- as r^ards to changes in or conccn-

tmtmn but arc independent of the concentrations of other adds or basa present

P. 10
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in-the solution are said to be spedjie end or spedjic bast ceiaijsis.

Reactions vTiose rates are responsive to aU adds or basex p*sent in solu-

tion are said to be gmeral add or general base eataljsis^ Mutarotation of glucose
b one reaction subject to general add-basc catalysis.

Role of Metal Ions
^fore than 25 per cent of the. eaxymca contain ti^tly-bound metal ions for

their activity. The functions of these metal ions may be studied by X-ray crys-

tallography, nudear magnetic resonance (NMR) and electron spin resonance
(ESR).

Metalloenzymes smd metal-activated enzymest A definite quantity

functional metal ion is present in metalloenzymes and that metal ion is also

retained throughout purification. Mctal-activated enzymes bind metals less

tightly but require added metals. The mechanism ofaction in both cases appean
to be similar.

Temary Enzyme—Metal—Sahstrate Complezess Four schemes (shown
bdow) arc possible for ternary (3-coniponcnt) complexes of the cat^ytic site

(Enz), a metal ion (M), and substrate (S) that exhibit 1:1;] stoidiiometry.

Enz—S—

M

Substrate-bridge complex

Enz—M—

S

Simple metal-bridge comply

M-Enz-S
Enryjne-hridge eomple*

Cyclic metal-bridge complex

The above all four schemes are possible for ujctal-activated cnzjanes. Metallo-

enrymes cannot form the Enz-S-M complex, because they retain the metal

throughout pixrxfication. Three stages can be stated;

(i) Most kinases form substrate-bridge complexes of the type Enz-nudeo-

tidc-M.
(ii) Phosphotransferases using pynivatc or phosjAocnolpynivate as substrate

can form metal-bridge complexes.
(iii) A given enzyme may form one type ofbridge complex with one substrate

and a different tjpe with the other.

Enzyme-Bridge Complexes (M-Enz-S^r The metals in enzyme-bridge

complexes perform structural roles maistaismg an active conformation (c.g.

^utaminc synthase) or form a metal-bridge to a substrate (e.g. pyruvate kinase)

The znctal ion in pyruvate Kinase also holds one substrate (ATP) to activate it.

Pyruvofe kinase?:

•Creettne
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Substnite-Bridge Complexes (En**S-M)s Th3s complex wlh ATP
involves the displacement of water from the coordination sphere of the metal
by ATP.

ATP‘'“+ M(H20;feW=t= ATP—MIHjO^

+

3H2O

ATP—M(H20)3 + Enz ^ Enz—ATP—MIHzOjj

-

Metal-Bridge Complexes (Enz^
| : Activation by metal ions for

many peptidases is a slow process which requires many hours. The slow reacdon
is probably conformational re-arrangement of the binary Enz-M complex to
an active conformation.

However, for metalloenzymes, the ternary metal-bridge complex is formed
by combination of the substrate (S) with the binary Enz-M complex.

Mri-S ‘Enz—M— S or EnzCT I

Role ofMetal Jons in Catalysis:

Metal ions may take part in each of the four mechanisms fay which enzymes
can accelerate the rates of chemical reactions:

(i) General acid-basc catalysis, (ii) CcvaJcnl catalysis, (iii) Approximation of
reactants, (iv) Induction of strain ui the enzyme or substrate.

Metal ions like protons can share an electron pair forming a sigma btajd.

They may also considered “super acids” and may form pi bontfi. UnDke*
protons, metab can serve as S-dimcnsional templates for orientation of basic

groups on the enzyme or substrate.

Metal ions can also accept electrons via sigma or pi bonds to activate electro-

philes or nucleophiles (general acid-base catalysis). They can also activate

nucleophiles or act as nucleophiles themselves by donating electrons.

The coordination sphere of a metal may bring together enzyme and suIm-

tratc or form chyatc-producing dcslortion in either the enzyme or substrate

(strain). A metk ion may also “mask” a nucleophile and thus prevent side-

reaction.
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FEEDBACK INHIBrnON

The changes in the concentration of substrates, coeozymes, actirators or in-
hibitors affect the catalytic cfBcienigr of an enzyme Feedback inhibition in-
hibits the activity of an enzyme early m the biosjnthetic pathway. In the bio-
synthetic reaction sequence leading from A to D catalyzed by caz\mes Enz,
through Enzj

Fv 10 24.

A high concentralionofD Will inhibit C4jn>ersion ofA to B. D is specifically

able to bind to and inhibit EnZ| D thus acts vs ^ negaUre allosteric effector or
feedback inAibitor of Enzi This fecdback^mhifaUioa on an early enzyme by an
end product of its oisn biosynthesis, achieves regulation of synthesis of D.

Frequently, the feedback 'inhibitor is the last small molecule before a
macroraolecule, e g ammo acid before proteins or nucleotides before ducleic adds.

Coctrol of enzyme synthesh : Induction

:

For a molecule to be metabolized or for an inducer to act, n first must enter

the cell In some cases, a specific transport sjslcm or permease is needed.

Permeases base many properties in common nnh enzymo and perform functions

like cytochromes m electron transport

Eschericbia coll grown on glucose will not ferment lactose due to the absence

of specific permease for a ^ galactoside (Lactose) and of ^^actosidase.
If lactose IS added to (he medium, both the permease and the ^galactosldases arc

induced and the culture will now fenDcnt lactose The inducer (Iaclo»e) is

a substrate for the induced proteins, (be permease and the ^-galactosldase.

Compounds structurally similar to the substrate may beinducerbutnotsubstrates.

These arc termed gratuitous inducers.

Enzymes whose concentration in a cell is independent of an added inducer

arc lenned constitutire en2)mes.

The structural genes which specify a group of catabohe enzymes comprise an
operon AU the eazyracs of that opetoa arc induced by a single inducer. This

process is known as coordinate induction

Control of enzy me synthesis : Repression and Dcrepresslon :

In bacteria the presence ofthe sy otbcsized particular amino acidm the culture

medium prcNcnts new synthesis of that ammo acid Ma repression. A scull

molecule such as histidine or Icucmc, acting as a corepressor, can ultimately block

the synthesis of the enzymes involved in its owu synthesis.

The genetic mformation coding for the biosynthesis of en^mes is again ex-

pressed after the remov al or exhaustion of an essential biosynthetic intermediate

from the medium This is termed as derepression



DIAGNOSTIC VALUE OF SEilUM ENZYMES

LOCATION OT ENZYMES IN THE CELL

H9

Suhcellular Fraction Enzyme systems present fot

Cytoplasm (i) Glycolysis

(u)^GlycogeDol)^is

(tii) Gtycogenesis

(iv) Syslhesis of fatty acid

Mitochondria (i) Electron transport chain

(ii) Qtric acid cycle

fiii) ^aidatiOQ

(iv) Urea cycle

(v) Oxidative phosphorylation

Microsomes CO Protein synthesis

(ii) Hydfoxylation

Lytosomes (0 Hydrolytic processes, e s cathepsm, gly

cosidascs, glucuronidases, phosphatases

Nuclei 0) Synthesis of NAD
(li) „ RNA
(ill) «, M HiStose

DIAGNOSTIC VALUE OF SERUM ENZYMES

Very small amounts of enzymes which arc involved to the reactions in

the tissues are present in blood under normal conditions The concentrations of

these eoQrmes are signihcaotly increased due to their more liberation by the

affected tissues to the blood stream under certain clinical conditions

Increase m the enzyme activities in cerebrospinal fluid is not reflected m the

blood Changes may occur in the cerebrospinal fluid enzymes in cortain diseases

ofthe central nervous system Lactate dehydrogenase activity in cctebfospmal

fluid IS increased frequently in mctungitis, cerebral thrombosis and hemorrhage

Glucose phosphate isoroctase concentration in the cerebrospinal fluid is also

elevated in malignant tumors of the brain and frequently in meningitis and cere-

bral thrombosis

The determination of the activity of the foIImviDg enzymes can give valuable

confirmatory or suggestive diagnostic evidence to the phyiiciaos.
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Sfrum Enzymes Gencerfnitioff facreosed hi Concntraiion deertastd bi

1 Lipase Acute paocreabtis, pancreatic

carctnona

Uver disease, vitsmm A
deficiency, diabetes

mellitns

2 Amylase High intestinal obstruction, acute

pancreatitis parotitis, diabetes

Lrver disease

3 Trypsin Acute disease cf the pancreas -

4 Cholinesterase Nephrotic syndrome Ijvcr disease, ^aJrutri

tion, aente infectious

diseases

5 Alkaline phosphatase Rickets Paget s disease hyperpara*

thyroidism obstivctive jaundice,

oietastatie caranoma osteoblasue

aarcoma.kidney dueases Alkaline

phosphatase Isozymts can distm*

giush liser lesions from bone

lesions in eases of metastatic

caranoma

f Acid phosphatase hfetastatic prostaiic camnoma -

7 SCOT Myocardial infarction Slightly

elevated ui scute Iner diseases

-

8 SOFT Acute liver diseases Slightly eleva

ted ID cardiac necrosis

-

9 Lactate dehydrogenase Myocardial infarction, acute hepa

titis renal labtlar necrosis In

c'-rtain solid tuniois and LD|
are increased

~

10 Isociltate

dehydrogenase Livir diseases

n Greatme
phosphokinasc

(CK. or CPK)

Muscular dystrophy, myocardial

rnfarctioB

12 Glucose-S-phospnate

dehydrogenase

Myocardial mTarction Congenital deficieaey

causes beraolytic asnnia



CoHcmtrathtt bteretued in Conefnlrathn deereoitn in

13 Ceruloplasmin Cirrhosis bacterial inrectjon, Wilson s disease
(Ferroxidase activity) pregTiancy fliepatolenticutar

\ degeneratien)

N /^MrAcsif Muscu/ar dy^tcopby diabele^

meltitus acute infective hepatitis,

leukemia, infectious diseases

hemolytic anemia etc

15 Oxytocinasc Normal pregnancy from fourth Inlrauterme fetal death

month Increasms level shows

good fetal prognosis

normal VAtl/ES OF SERUM EN23M»»

8(3—180 sotaowl units/dl

or

0 8—32 luyliter

2 48-5 58 M katfl

3 Lactic dehydrogenase 50—200 lU/liter

0 93-<? 9fi ft kat/l

1 50—3 34 ft kat/l

4 Acid phospharaw j—3 units (King Armstrong) 4 4e—n94ftkaVI

5 Alkaline phmphatasi} 5—13 units (Kmg Armstrong) 59—153 4 fi kat/l

fi SGOT 5—40 Umls/dl 40 1—320 I pKbI/I

or,

6—35 JVfltitT

7 SOFT 5—35 umts/dl 40 1—2807 nK-t/l

or,

3—2ft WflUer

8 AMohte 2—9 5 un»ls/dl

Of.

7 5—7 0 lU/liter
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COENZYME A (CoA)

Chennstr\ .

1 It IS composed of adenosine tnphospljate (ATP), pantothenic aad and
^-mercaptoethj lamine So it is the coeni^e form of pantothenic aad,
a Miamm

2 It IS a group transferring coeozyme

3 The reaction group is the suini>4iyl (—SH) group

4 The acyl group is accepted bj the sulfhjdiyl group to form acct)l

coeoQ^me A (CHjCoS CoA) The acyl coen^me derivatives are the high
energy compounds

Fonctions

1 Carrier of acyl groups, e g acetyl, succioyl, bcnroyl

2 Some of the pantothenic acid is bound to protein in the form of “acyl

earner protein” This can be regarded as coeniyme A m which the

adenine dinucleotide is replaced by protein “Acyl earner protein” chiefly

functions in the synthetic processes, c g of fatty acids and cholesterol

3 It IS required m the oxidative decarboxylation of pyruvic acid and
c. ketoglutanc acid, in the breakdown and sy nlhesis of fatty acids and in

ihe synthesis of cholesterol whidi is involved m bile acids, bilcsahs, steroid

hormones and vitamin O formation

4 It IS used for conjugation with ammo compounds to form N>acclyl

compounds and in the formation of tuppunc acid (Beoaoyl glvcme)

5 It IS involved in the formation of ketone bodies.

6 It IS used IQ the formation of acetyl choline t

7 It IS finally oxidiaed to COj, H|0 and ATP via citnc and cycle.

lACnC DEHYDROGENASES

It IS a glycolytic enzyme involved in the convenion of lactic and to pyruvic

and and vice versa by the help of the coeozyme NAD

__Loc‘c deh^re^6nzs«
_

PyiVrtCCsd

F»« lOUtS

It exists in fiv e different isozjme forms, c g LDHj, LDHs, LDH| LDH, and
LDH,

Source Found in heart muscle as v.-ell as m many other tissue^ It

IS liberated to the blood stream during myocardial injury

Concentration The normal level of serum LDH is 200—425 uaits/100 ml
or 90—200 I U /liter

Diagnostic importance *

I The rise of serum LDH is not so prompt as that ofSCOT aad the peak

vs not reached until the fourth or ^th day but the level may remain abnormally

high for 6 to 12 days
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2 In case of suspected myocardial mrarction, tlic absence of elevation of
serum LDH is more significant m ruling out tUe disease

3 In hepatms, there is an msigmficant nsc in LDH , but a great rise m LDH
IS seen m untreated pernicious unwnia

4 Analysis of an overnight eight-hour urine specimen for lactic dehy-
drogenase activity IS of great value m the diagnosis of serious diseases of kidney
and bladder Elevated findings are found particularly m carcinoma of these

organs

5 An occasional high value is found m non carcinomatous lesions o( the

kidney and bladder

TRANSAMINASES

The enzymes Mhtch are involved m (ninsammation reactions in the living

organisms aie said to be transaminases

Examples arc Glutamate oxaloacetjte transaminase
(GOT)

Glutamate aspartate transaminase
(GPT)

The transaminases aie widely distributed in nature

They also exist in 'sozyme forms

Source GOT is present m greatest amounts m heart muscle, skeletal

muscle, brain, liver, and kidney Traces of these enzymes normally escapes into

the blood stream

Concentration The normal level of SGOT is 5—40 unils/dl

or 6—25 I U /liter

„ „ „ „ SOFT IS 5—35 umts/di
or 3-26 1 U /liter

Diagnostic importance '

1 vviiencvenasmallporlionofUcaitrauscIc isactuall) injured by occlusion

of a branch of thecoronaryarieries anappreciable amount ofGOTescapes into the

blood stream and can be recognized b> a sharp rise in the serum concentration

2 In myocardial injury, a rise wv SGOT concentration may occur m a few

hours after onset of symptoms The peak kvcl js as high as J 60 units within 48

hours and returns to the normal level within 3 (o 5 days

3 In myocardial rnfarction, the riscm SOFT is not so high as that of SGOT
Rut m liver disease SGFT is greatly increased

4 Jn viral hcpafitisSGPT isalwayshighcrthanSGOT , but m cirrhosis and
hemolytic jaundice SGOT is higher than SOFT

CREATINE KINASE {CE or CPK)

This enzyme is miolved m the formation of phosphocreaUnc from creatine

and ATP (adenosine triphosphate) It is frequently referred lo as creatmc phos-

phokmase (CPK) It exists m isozyme forms

Source .

(i) It IS found m greatest amount m skeletal muscle
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(ii) It u present in appreaable amounts m cardiac muscle and in bram
(m) Small amounts are present m the lung, th\roid and adrenals

(i\) It lb apparently not present m Iner and kidnej and is not detectable in

erjihrocNie Hence, serum levels are not affected bj hemolysis

Concentration

The normal ]c\el in serum IS I2to 99 U/I for males 1 . „ ,

• ^ ^ .
^b> Rosalki method.

„ ,» ,» „ 10 to 66 U/l for females J

Diagnostic signihcance

1 There is a marked increase in senim creatine kinase levels, upto 50 times

normal in patients suffenng from the Duchenne rjiie of muscular dj-strophi

There is a small elesation in this enzyme acti\nt> m patients suffenng from certain

other forms of muscular djsirophy like lirab-girdle and mjotonic t)pes,

2 EnzjTne let eh are normal in muscular atrophy resulting from neurological

disorders or associated wth hi^perthiToidism

3 Increased lexels are also found m muscle trauma, m polymyositis, in MC
Ardle’s syndrome and after severe exercise

4 The activ ity of this cnzvme is increased within 12 hours after the onset

of an acute myocardial infarction The level returns to normal m 3 or 4 days.

5 Increased levels of it canalso occur m lodividuals with hypothyroidism,

in patients with diabetic ketoacidosis, after pulmonary infarction, in the presence

of convulsive disorders and m malignant hyperthermia

CARBONIC ANHYDRASE

This IS an enzyme which is assoaated with ibe hemoglobin in the red-
cells (never m the plasma) Ilhasbeen isolated m highly purified form and shown
to be a zinc protein complex

Sonree (i) Small amounts of carbonic anhydrase are found m muscle
tissue, m the pancrKis and m spermatozoa

(ii) Much larger quantities occur in the pancial cells of the stomach
Function

1 It specifically catalyzes the removal of COj from HjCOj The reaction

IS reversMe
CO,+H,0?±H,CO,

2. In the stomach it is involved m the secretion of hydrochloric acid

3 Siiici: It oiiufs in the tubules ofthe kidney it is also involved in hvdrogen
inn «ecreliou ^

MECHANISM OF FNZ\MF ACnON

1 Fisher in 1894 first proposed that enzyme is like key which fils into lock

2 In 1913, Michaelis and Mentonproposed that enzyme (E) combines with

the substrate (S) to form enzymc-subslrate complex (ES) This complex finally

gives rise to the reaction productfs) (P) and the cn^Tnes becomes free for further
reaction.
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EXCRCISE
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Fig 1026.

During the complex formation the substrate molecules are attached to the
specific groups on the enzyme molecules These specific groups are said to be
‘active groups’ and the regions on which these groups are located ate said to be
“active sites” The active groups are sulfhydryl (—SH) group of cysteine,

phenolic group of tyrosine (as m pepsin), alcoholic group of serme (as in trypsm
and chymotrypsm) and imidazole group of histidine

3 In 1963, Koshland proposed “induced fit mechanism” for mode of
enzyme action According to this, the substrate fits the active sites effectively by
inducing a configurational changem the enzyme Thus, the complexes are formed
by multiple bonding (covalent, hydrogen or electrostatic) The functional groups
of the active sites are arranged m a definite spatial configuration for which d or 1

isomer of a substance can act as a substrate for an enzyme
Excrcis«

1 Define Enzyme What is the mechanism of their action 7 Discuss ihe faclors which
influence enzyme action (RU 76A ,Mat 72 March ,Mtth 67S 74A .RU 72S)

2 How are enzymes classified 7 Describe the general properties of enzymes and mention
their mvchanism of action (M U /5S)

3 Describethemechani’mof enzyme aciion and mention the cote cfcuenzymeifrvquired

(Bn U 76A)

4 Most of ihe Vitamins are involved in Enzyme catalyzed reactions— Fllcicidaii. wuii ut

least two examples fPU 69

5 Discuss the factors that regulate enzyme rataiyzed reactions m the body

tPU 72S)

6 Short notes on

7

(a) Mechanism of enzyme action

(b) Specificity of enzyme action

(c) cimpelilivo inhibition of ensures

(d) Enzyme inhipitor

te) Isoenzymes

VO Coenzymes (Muz 75S

{g) Lactic dehydrogenase

(b) Coenzyme A
0) Allosteric enzymes

(}) Carbonic snhydrase

(k) Transaminases

(l) Creaiinc kmase

(m) Lysozyme

fn) Lysosome

(O) Apoenzyme hofoenzyme il tweniyme

Write in short the effects of the Tollming factors

Explain each efleci along with graph

(Bh U 7SS , R U 7U)
(Milh 62A)

(R U 66A. 70A Milh 73A)
(Oil II

(Bb'U 7US. J>U 7H)
RU M\ 70S Milh 6IS 68A)

(RU 69A)
(Bh U 76A PU 72A)

<PU 76A>
IPU 74A)
(MU 76A)
(PU 72S)

(BU 76A)

($U 77S1

IC.U 19S3>

»m lie artiMty «f ai enzyme

{C.V I9C21

(a) Temperature

(b) Concentration ofsubsiralr

(c) Compeiiuvc inhibitors

fl Fill up ihe gap* with corrycl word

Activation ofenzymes c^n be bfosighi about by — and — (C-U 1931)

9 F lumerate ft>enz>mr*ofnic«i»sic»od Wntr one reaction for eacl t fil em tuillintnic

char flctions (CU I93J;



CHAPTER 11

BIOLOGIC OXIDATION

Oxidati0Q 13 ch«mically defined as the removal of electrons and reduction is

the gam of elestreas

e“{it#ctfon)

ft** Z Fe+t*

Fi« It 1

Substrate molecules are oxidized by removal of hydrogen by dt-bydrogenases

The reduced dehydrogenases are then rcoxidized by a group of respiratory

catalysts known as cytochrome system The substrate is thus oxidiz^ by both
processes The reducing equivalents ultimately react with molecular oxygen in

the presence of cytochrome oxidase, the last member of the cytochrome system

Respiratory Chain The sequence of enzymes and earners responsible for

the transDort of reducing equivalents trom substrates to molecular oxygen
is~lcDown as respi r^f^^y

The respiratory chain is localized within the mitochondria Formation of
ATP in the mitochondria is the actiie area of research

Redox Feteatial In oxidation and reduction reactions, the free energy ex>

change is proportionate to the tendency of reactants to donate or accept electrons

This IS expresseo as an oxidation reduction or redox potential

Eozymes and coeoz)hm larolved In oxidation and reduction

in 1961 (he International Union of Biochemistry has designated all enzymes
concerned in oxidative processes as oxidoreductases These are classified into

5 groups

1 Oxidases

(a) Enzymes that catalyze the removal of hydrogen from a substrate but use
only oxygen as a hydrogen acceptor to form water as a reaction product (with the

exception of uncase and monoamine oxidase which form HjO*)

Pig lli Oxtdatiun of i mcubollle by oxidase

(b) They are conjugated proteins containing copper as prosthetic groups

156
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(0 Cytochrome oxidase

(a) Cytochrome oxidase is a hemoprotein widely distributed m plants and
animal tissues

(b) It IS the terminal component of respiratory chain found in mitochondria

(c) It IS poisoned b> cyanide and hydrogen sulfide

(d) More recent studies show that 2 cytochromes arc combined with the same
protein and the complex is known as cytochrome aa^

(e) Cytochrome aaj contains 2 molecules of heme A each having one
Fe atom 2 atoms of Cu are also present which are associated with the
cytochrome oxidase activity

(n) Pbenolase (tjTosinase, pol} phenol oxidase, catechol oxidase)

ta) It is a copper containing enayme
(b) It converts monophenol to O quinones

(ill) Laccase

(a) It IS widely distributed in plants and animals

(b) It converts P hydroquinones to P qmnoncs
(c) It also contains copper

(tv) Ascorbic oxidase

(a) It contains copper

(b) It IS found only in plants

(v) Utfease

(a) It also contains copper

(b) It catalyzes the oxidation of uric acid to allantoin

(vi) Monoamine oxidase

(a) It is found in the mitochondrn of several tissues

(b) It oxidizes epinephrine and lyramme

2 Aerobic dcliydrojenases

(a) They catalyze the removal of hydrogen from a substrate and use either

oxygen or artificial substances such as methylene blue as hydrogen acceptor

(b) fijOs is formed as a product

AH2V.

lR«e) \^
Atrobci

DehyarogfnossX

{0*)A-

Oz Jr\

Atrc^Tl Y
Pefi/d ogeno^k K

^^t10 ^0^

Tig n 3 Oxidn»>nofaraeiaboliel»)ran8erobcdeh>droBcna‘ie

(c) They are flavoprotein enzymes having FMN (flavin mononuc/eotidej or

FAD (Gavin ademne dmucleotidc) as prosthetic groups
^
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(d) Many of the flavoprotem en^Tnes contain a metal for which they

are know-n as metolhjlavoprotein enzymes

(t) D ammo acid dehTdrogeoase (D-amino aad oxidase)

{a> It IS an FAD-hnVed enzyme

(b) It IS found paTticuIarly in Iner and lofJney

(c) It catalyzes the oxidalne deamination of the unnatural (D-) forms of
ammo acids

00 L'amino acid dehydrogenase (L-ammo acid oxidase)

(a) It IS an FMN linked enzjmc

(b) It IS found m kidney

(c) It catalN7es the oxidatise deamination of naturalls occumng L amino
acids

(ui) Xanth ne dehydrogenise (Xaathloe oxidase)

(a) It occurs in milk and in hvcr

fb) In the Ii\er it conicrts panne bases to unc acid

(c) It contains FAD as the prosthetic group

(d) Itishiehl) sienificant in the Iner and kidneys of birds vvhich excrete unc
acid as the end product of punne metabolism and also of prolem and ammo tod
catabolism

(e) It IS a metalloflasoprotem containing nonheme iron and molybdenum

(f) It also oxidizes all aldehydes

(ii) Aldehide dehrdrogenase (aMehxde oxidase

)

(a) U IS an FAD linked enzyme
(b) It IS present m pig and other mammalian Iners

(c) It IS also a mctallofiavoprotem containing nonheme iron and molybdenum.

(d) It oxidizes aldehydes

(v) Glucose oxidase

(a) It IS an FAD linked enzyme

(b) It IS prepared from fungi

(t) It IS used tn estimating clucose

T Anaerobic dehidrogenases

(a) They catal>7e the remoial of hydroeen from a substrate but not able to

use oxyeen as hjdrocen acceptor

(b) Thev transfer hydrogen from one substrate to another bv oxidation

reduaion reaction not msoKmg a respiratory chain (shoven m Fic 114)

(c) They perform oxidation of a metabolite utilizing sexeral compioncnis of

a respiratory chain (shomi in Frj 11.5)
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AHz-
(Red)k:

Fig 1M Oxi<J«tioo ofa oifitabolUtf by aoa^toblc dehydrogenases not mvofying a

tespinxtory chain.

AHg-
(Redl

Fig 115 Oxidation of a metabolite by aerobic dehydrogenases by several components

of a respiratory chain

(t) Debydioseofls^ rfependent on Nlcotiaajnlde Coeozymes •

(b) They are htilced as coenzymes other to NAD (Njcotjoamide adenine
dtnucleottde) or to NADP (Nicotinamide adenine dmucleotide phosphate)

(b) The coenzymes are reduced by the particular substrate of the dehydro-

genase and reoxidizcd by a suitable electron acceptor and synthesized from the

vitamin niacm (nicotmic acid and niCo*>nam)de)

(c) NAD linked dehydrogenases catalyze oxidorcduction reactions in

glycolysis, the citric acid cycle and in the respiratory chain of mitochondria

(d) NADP-linked dehydrogenases are found m fatly acid and steroid

synthesis m the extramitochondria They arc also found m hexose monophos-
phate shunt

(e) Some nicotinamide coeiuyrae dependent dehydrogenases contain Z/nc,

particularly alcohol dehydrogenase from liver and gIyccraldehydc-3 phosphate

dehydrogenase from skeletal muscle The zinc ions do not take part in

the oxidation and reduction

(n) Dehydrogenases dependent on Ribonario Prosthetic Groups *

(a) Most of the riboflavin linked anaerobic dehydrogenases arc concerned

with electron transport m the respiratory chain

(b) Succinate dehydrogenase, acyl—CoA dehydrogenase and mitochondrial

glycerol-3-phosphate dehydrogenase transfer electrons directly from the substrate

to the respiratory chain

(c) In the dehydrogenation of reduced hpoate, an intermediate in the

oxidative decarboxylation of pyruvate- and a-Kctoglutarale, the flavoprotem

(FAD) due to the low redox potential acts as a earner of electrons from reduced

Iipoatc to NAD+. The electron transferring flavoprotem is an mtermediaty

carrier of electrons between acyl—CoA dehydrogenase and the respiratory chain
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(ill) The Cjrfochroises .

(a) The cytochromes excepting ^ochrome oxidase are anaerobic dehydto*
genascs They are involved as earners of electrons from flavoproteins to cyto-

chrome oxidase m the respiratory chain

(b) They are iron-containing hemoproteins m which iron becomes Fe'*^+ and
Fe++ dunng oxidation and reduction The cytochromes m the respiratory cham
are b, c, a and a,

(c) Cytochromes are also found to the endoplasmic reticulum (cytochromes

P-450 and bO, plant cells, bacteria and yeast

4 Hydroperoxidases

They utilize hydrogen peroxide as a substrate Two enzymes fall into this

category (i) Peroxidase, (ii) Catalase

(i) Peroxidase

:

(a) It is found in milk and leukocytes and the prosthetic group is protoheme

(b) Itbatalyzes the reduction of hydrogen peroxide by the help of ascorbic

acid, qumones and cytochrome C which act as electron acceptors The reaction

18 complex hut the overall reaction is as follows

Fig 116

Qi) Catalase

(a) It 1$ a hcffloprotem and found in blood and liver

(b) It uses one molecule of H,0, as a substrate electron donor and another
molecule as electron acceptor

Fig 117

(c) Its function is to destroy H|0, formed by the action of aerobic
dehydrogenases

5 Oxygenases :

They catalyze the incorporation of oxygen into a substrate molecule

(i) Dioxygeoases (Oxygentransferases, true oxygenases)

(a) They catalyze the incorporation of two atoms of oxygen (0|) into the

substrate

A+Oz AOa

fit It^
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(b) Enzymes containing iron as a prosthetic group e g homogeotisale dioxy*
genase, 3-hyaroxyxanthraaiIate dioxygenase and enzymes utilizing heme as a
prosthetic group such as L*ttyptophan dioxygenase (tryptophan pyrrolase) from
the liver.

(n) Mono-oxygenase (Mixed function oxidases. Hydroxylases) :

(a) “^ey catalyze the incorporation of only one atom of the oxygen molecule
into a substrate The other oxygen atom is reduc^ to water A cosubstrate is

necessary for this purpose.

A-H +02+eH2—^A-OH+HzO+B

Fis 119

(b) Many of the enzymes involved in steroid synthesis are mono-oxygenase
using NADPH as a cosubstrate They are found mainly in the endoplasmic reti-

culum (microsomes) of the liver and m mitochondria and the microsomes of the

adrenal glands

(c) They are also involved m the metabolism of many drugs by hydroxy-
lation They are found m the microsomes of the liver together with cytochrome
P-450 and cytochrome b. The drugs metabolized by this system are benzpyrene,

ammopyrine, aniline, morphine and benzphetamme But phenobarbitat induce

the formation of microsomal enzymes and of cytochrome P450

DRU0-H+02+2Fe*'+ 2H‘ -tfg'ggg” .. .DRUC-OH+HgO +2Fe’**
(P-45C (P 4301

Fia 11 to

(d) They arc concerned with the synthesis or degradation of many different

types of metabolites

SUPFROXIDE METABOLISM

h Recently, Fricdovich (1975) has suggested that the toxicity of oxygen is

due to ns conversion to stij^croxide Supcroxidc is formed when reduced flavins,

e g xanthine dehydrogenases are reoxidized by molecular oxygen m the respiratory

chain.

Enz Hz+Oz —^Enz H -bOg+H^

Hg II )1

2 Superoxide can reduce oxidized cytochrome 0

Oz + -Oz-i- Pe*’

ri« 11 12
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3 Superoxide can be removed by the specific enzyme superoxtde dismutase

in the presence of protons

Bg SI 13

Supcroxide dismutasc

(i) The cytosolic enzyme is composed of two sitmlac subumts, each one

conUins Cu++ and Zn**

(u) The nutocbondrial supetowde dtsmutase contains Mn+*

(in) This enzyme is present in all tissues

(iv) It decomposes superoxide as soon as it js formed and thus protects the

tissues against the harmful action of superoxide

(v) The enzyme is increased particularly in the lungs on the exposure of the

animals to an atmosphere of 100% oxygen

THE RESPIRATORY CHAIN

Tbe mitochondnon has been umtd the “Power house'* of the cell due to the

following reasons ;

1 Most of the useful energy derived from oxidation within the tissues

IS captured m the form of the high-energy intermediate, ATP
2 All the useful energy formed from the oxidation of fatty acids and amino

acids and virtually all the energy formed from the oxidation of carbohydrates are

available in the mitochondrion

3 For the production of this energy the w:iochondnoo contains the senes

of catalysts knowo as the respiratory chain which are concerned with the transport

of reducing equivalents (hydrogen and electrons) and with their final reaction with

oxygen to form ivater

4 Mitochondrion also contains the cnzime systems i e the enzymes of

oxidation and of tlic citnc acid cycle which are responsible for producing

the reducing equivalents in the first place

These relationships arc shown below .

I
Pyruvflfe—

aftyocffls cyde

^1tTQCn0^lDfl;0fj

••Cyiochrofnes—-Oj
j

4-

Fig IJ H RclattoiishipofclectfontransportmthcrcspJratoryehain
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ORGANIZATION OF THE RESPIRATORY CIIAIS IN MITOCHONDRIA

OrgBBiiadon of the Respiratory cbaio ta Mitochondria

1

The major components of the respiratory chain are arranged in order of
increasing redox potential shown below

AH2^^^-NA0N^-FPHj-N^2F,*Si -HjO

YCytocilfOiRasY

^NADH-^

K* H* 2H‘ 2H*+2s

Fib 1 1 15 Transport of redocing equivalents through the respiratory chain

2 Electron flow through the chain from the more electronegative
components 10 the more electropositive oxygen Thus the redox potential of a
component of the chain gives the information regarding the position m the chain

3 The mam respiratory chain m mitochondria starts from the NAD linked
dehydrogea systems on the one hand through flavoprotems and cytochromes to
molecular oxygen on the other The reducing equivalents are transported either
as or as covalent hjdrogen

4 All substrates are not linked through NAD specific dehydrogenases

,

some are linked directly to flavoprotein dehydrogenases because of theic more
positive redox potential and then linked to the cytochromes of the respirator;

chain

5 Recently, it has been established that an additional earner is present in

between flavoprotems and cytochrome b Cytochrome b has the lowest redox
potential among the cytochromes This additional earner is said to be ubiquinone
Of coenxyme Q(CoQ)

6 An additional component, nonberoe iron (NHI) is associated with the

flavoprotems and with cytochrome b

7 At the electronegative end of the chain, dehydrogenase enzymes catalyze

the transfer of electrons from the substrate to NAD of the chain Pyruvate and
«-Kctoglutarate have complex dehydrogenase systems involving Iipoate and FAD
before ttie passage of electrons to NAD L(4-) /B hydroxyacyl—COA, D(—)-

P bydroxybutyrate, glutamate malate and isocitrate dehydrogenases couple

directly with NAD of the respiratory chain

8 The reduced NAD is oxidized by a metalloflavoprotein enzyme NADH
dehydrogenase 'ITiis enzyme contains nonheme iron and the prosthetic group

FMN
9 Succinate, Glycerol 3 phosphate and acyl—CoA is linked directly to

the respiratory chain throu^ flavoprotein dehydrogenases The flavin moiety

of these dehydrogenases m FAD and these enzymes contain nonheme iron (NHI)
In the dehydrogenation of acyl—CoA, an additional flavoprotein, electron

transporting floroprotien (ETF), is essential for iransfemng of electrons to the

respiratory chain

10 The cytochromes are arranged in order of increasing redox potential

The terminal cytochrome 8| (cytochrome oxidase) is responsible for the Ana! com*
bmation of reducing equivients with molecular oxygen to form H|0 This
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ENTRGV CAPTURE IN THE RESPKATORV CHAIN

3 Pl'fsptac Mr°m^^^lSrra!o^ S'oTAnpof ATP per he.f nrol of O. (jO.) coSSSS?,
” ”^7 o ^ mol

^ 2 substrate IS oxidized « n
Jtnase, only 2 mol of ATP rue foimd. i^P^O rSo^*^''“‘^ ddjdro-
knonm as ondauie phosphor) lalion at the rcspiSory 4210^™”““
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3 There must be a redox polentul ofabout 02 voJis ora free energyehange
of about 9 K GU between components of the respiratory chain if that particular

site IS to support the coupled formation of I mol of ATP
Four sites fulfill these requirements in the respiratory chain—

(0 between NAD and flavoprolcin

(ii) „ flaioproteiQ and cytochrome b.

(ui) cytochrome b and cytochrome c.

(iv) „ cytochrome a and oxygen

4 When ADP is. deficient in the presence of excess substrate, 3 crossover

points can be identified. These crossover points coincide with 3 of the possible

sites on thermodyoamic grounds. TTic 3 sites of phosphorvlation have been
designated as sites f, II and UI respecticely So P . O ratio of sucemate is only 2
as site 1 IS bypassed by the flavoprotein-bnked succinate dehydrogenase

Socciftcte

/ i f 1
;
— *‘C/tb^ -̂*CytCt-~*Cyic~-*-Cyloy^Cy*Qg»0

F’lg t i. t6. Sites of pbosptiorytauoo in the respiratory chain.

Inhibitors :

Site /—Inhibited by barbiturates such «ts amobarbital, by the antibiotic

piencidin A, by the fish poison rotenone Some steroids and

mercurials also affect this site

sue //—Inhibited by Dmicrcaprol and dnlmycin A.

Sire ///— „ ..

Some redox potentials in maiomalian oxidation systems .

System ^'o

OKyeeafwater

Cytochrome a ; Fc++-*-/Fe++

Cytochrome c ; Fe+-^'^/Fc-»*

CoQ ; ox /red.

Cytochrome b , fe**-*/Fc**

Fiavoprotein ;
oK.;rcd.

Fumaratc/succinale ...

NAD+/NADH
Oxalo acetalc/Malatc

lapoatc ; ox./rcd.

40 b2

-t-0 29

40 22

40 JO

40 08

-012
4fr03

-0 32

-017
-029
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Free energy change

aG=—nF aBo coulomb joules

where,

n=nurabcr of electrons transferred

F==Faraday constant

aE o=DifrereDce m redox potential between two systems

AG=Free energy

This can be converted into calories by dividing by the factor 4 18

nFxAEo ,aG=— —calories

Oxidatnc phosphorjiation

The process by which ADP is phosphorylated by Pi to ATP in the respiratory

chain IS called oxidative phosphorylation

This process is limited to the mitochondria Various oxidations occur to

other parts of the cell and liberate heat in stead of energy

Various mechanisms have been proposed for this process Chance and
Williams have proposed the following ruecbaoism in which 1 and X are

intermediates ofunUiovvn nature Bisthe oxtdiaed form ofa carrierm the chain

AH| IS the reduced carrier which reduces B

Br-rAH^BM2w-.|-pA

X'^I4'Pi3=2:X^Pi+I

,4-ADP;?=tATP+X

Uncoupling agents

A large number of substances uncouple oxidative phosphorylation m the res-

piratory ^atD 1

1

they pieveiA the YonMAicm XT? Vot penmt oxidation to
proceed with the generation of heat One of the uncoupling agents is 2,

S-dinitrophenol (DNP)

DNP uncouples phosphorylation by the hydrolysis of X^-^I or X’-^Pi It

has been considered to increase the ATPase activity of mitochondria

X--I+DNftFiX-rDNP I

Other uncoupling agents are

(i) Methylene blue, (ii) Arsenite, (m) Dicouraarol (iv) Aureomjcin

(v) Gramicidin

Thyroxine is an uncoupling agent and causes swelling of the raitochondna

Inhibitors

1 Oiigomycm completely blocls oxidation and phosphorylation in intact

mitochondria
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2 Atractylosidc inhibits oxidative phosphoryldUon It inhibits the

traosporter ofADP into the mitochondrion and of ATP out of the mitochondrion
Coeozyme Q (Ubiquinone, CoQ)

1 It exists in mitochondria in the ‘oxidised qumonc form under aerobic
conditions and m the reduced quinol form under anaerobic conditions

? It has a structure very similar to vitamin K and vitamin C It is

also similar to plastoqiunone found in chioropiasts AH of these possess poly
isoprcnoid side chain

OM

CH=C CH^), H

OH
Reduced V Qu rtol form

Its 1119

3 It IS the additional earner present in the respmitoiy ciniii linking

the flavoprotem to cytochrome b

4 It IS a constituent of the mitochondrial lipids

5 In mitochondria, there is a large stoichiometric excess of CoQ compared
to other members of the respiratory chain

6 U IS possible that there is more than one poo! of CoQ and that some of it

IS not in the direct pathway of oxidation

Kolc of high energy phosphates

Low energy phosphates—“These are the cslcrphospliatcs i e AMP found in

the inlcrmedialcs of glycolysis

High energy phosphates—The value is higher than that oi ATP, eg ATP,

ADP, phosphocnolpyruvatc, creatme phosphate, arginmc phosphate

High energy compounds—Acetyl CoA, active melhioninc (b adeno-

sylnielhioniae) and UDPG (Uridmc diphosphate glucose)

Lipmann introduced the symbol indicating high energy phosph ilc bond
ATP contains 2 high energy phosphate groups and ADP contains one

TRANSPORT OF SUBSTANCES INTO AND OUT OF
MITOCHONDRIA

Oxidation of ExtramitoebondrisI NADH
NADH « produced coniimiously m the cytosol 3 phosphoglycmIdeh)de

dehydrogenase an enzyme in tlic Embdcn Meyerhof gljcolysis, but it cannot

pcnetraie Oie jmiodiondrnl jncjnbnne Still then it is oxidized by the respiratory
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chain in the mitochondna Tliis is possible by the transfer ofreducing cqiuvalcnis

through the mitochondrial membrane wa substrate pairs Imhed by suitable

deb>T3rcgenases. The substrate pairs arc lactate/p)Tm’ate, dihydroxyacetonc
phosphate/glycerol-3-phosphate, and malate/oxaloacctate. The specific dehydro-
genase IS essential to be present on both sides of the mitochondrial membrane
Lactate dehydrogenase is found only m the cytosol and glyceroI-3-phosphatc

dehydrogenase is NAD-linkcd in the cytosol, whereas the enzyme is a fiawprotcia
enzyme found in. the nulochondna The snechaiusm of transfer is shown in the

figure UiO. Since the mitochondrial enzyme is holed to the respiratory chain

\ia a fia\oprot:em rather than NAD, only 2 mol of ATP arc formed instead of

3 mol of ATP Rapid oxidation ofNADH occurs only when aspartate-e-lcto»

glutarate transaminase and malatc dehydrogenase together with glutamate, as-

partate and malatc are added to mitochondria The malate “shuttle" system is also

shown in figure 11,21. The complexity' of this sy-stem is due to the impermeability

of the mitochondrial membrane to oxaloacctaie

C'tTOSOU
11

MITOCHONDRIONmm m

Tig 11.20 Olyceropbotpliaie »huule for uacjfrr of reduang cquo^lests from the C7to«o)

into (be Dutoebondnon

CYTOSOL MITOCHONDRION

iW.'o'wltfTfiJrooercsel

NAOH+H^^Oiolocretate^ vOutomcla

—

|Mdc'^C•^y0^og•^'OS•^l

-Ciifomofev .Oxcfoocetoie^^NADH

.

THforsonMneB«l

<X-Kefogrutarcre' ''Asportote-^

trfonsorrmstl 1

—Asportoffi'' 'fl-Kelo ^ufofofe

I ig IJ 21 Miljie shuttle for tf.»n*fer«rirduciiig equvaloitifrom ihe cytoeo! into

ibc milnchoradrion



UtTOCHOiTORIAL TRAKSPORTER SYSTEUS

Eae*^-linlted ion transport in Mito^ondria - .

Actively respinng tiiitochondria maintain or accumulate cations such as

K+j Na+, Ca+'+, and Mg++. Loss ofions from the mitochondria is due to the un*
coiipling ^vjth dinitrophenol. Hic ion uptsi>e is not inhibited by oligomycin on
the fact that the energy need not be supplied by phosphorylation of ADP.

Mitocbondrial Transporter Systems

Oi^gen, water, CO„ jS-hydroxybutyrate, acetoacctatc and acetate are freely

permeaDlc to the inner mitochondrial membrane. Long chain fatty acids are

transported into the mitochondria by the help of carnitine system. There is a

special carrier for pyruvate also. Specific transporter or carrier systems are reqiured

for the transport of amino acids, dicarboxylate and tricarboxylatc anions across

the membrane. Monocarboxylate anions art more readily penetrated o\«ng to the

lesser degree of dissociation.

TKtlianspnnofdvandtricatboxylatc axiioas U clotely to that of

inorganic phosphate wWch penetrates readily as the HjPOj ton in exchange for

OH**. The uptake of malate by the dicarboxylate transporter requires inorganic

phosphate for exchange in the opposite direction. The uptake of citrate, isocitraie

or CiS-aconitate by the tricarboxylatc transporter requires malate in exchange.

«*kctoglutaratc transport also reqtures an exchange with malate.^ Thus, osmotic

balance is maintained by the use of exchange mechanisms. Citrate transport

across the mitochondrial membrane depends not only on malate transport but on

thetranaport of inorganic phosphate also. TTic adenine nucleotide transporter

allowed the exchange of ATP and ADP but not AMP. Na+ can be exchanged

forH+. ActiveuptakeofCa+''’ by mitochondria is facilitated by the membrane

potential rather than by exchange wth an ion of opposite charge. Pliosphaic

transporter is inhibited bv N*Ethylmale>nudc and Adenine nucleotide trans-

porter is inhibited by Atractyloside.

Inner
.

nttfoettondnoi

L J ———OH"
PJiosphofe fronsporfer

HgPC^
j.N '

' nr»J4
D’corhor)^ot« transportern Molole^’
Tnecfbcuytote transporter

1C *'3! g ketoylutorote trcnsportei
t^-ketoglulOfpte^~' *

1ADP^ aoemne nucleotide trenspe

Atrocl>to9de'''''^^
^ ^

1

ATP^'

Fig. 11.22. TranjpofttrsyitemfinthtnutochondnalraCTnbraif
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ANATOMY AND rUNCTIONS OF THE AnTOCHONDMAE
MEMBRANES

Anatomy
1 The outer membrane of mitochondria u permeable lo most metabobtes,

but the inner membrane is sdcctnel) pcnneable.

2 The inner membrane has a matrix and the inner membrane is throim
into folds or enstae.

3 The presence of monoamine oxidase and a fe\v other enz^'mes sudi as

ac>I CoA s>'nthetasc, phosphobpase A,, glycerophosphate acyltransferase,

monoacyl glycerophosphate acyltransferase is found m the outer membrane and
the outer membrane may be removed by the treatment with digitonm

4 Adenylate kinase is found in the intcnncmbrane <pacc.

5 Cardiobpin is concentrated in the mner membrare uherc most of the
lipid IS phospholipid

Functions

1 The phosphorylaiing subumts responsible for the production of ATP are

scattered over the surface ofthe innermembrane. These subumts consist ofseveral
proteins oollccuvcly known as an. Fj subumt wluch project mio the matrix. These
F, subimits also contain the ATP synthetase. These subunits are attached, pro-

bably by a stalk, to a membrane protnn subunit known as F, which extends
through the membrane

2 One ATP molecule is formed from ADP and Pi when every proton pair

passes through the F«—Fj complor Similar phomhorylatmg umls are found
inside the pUsma membrane of bacteria but ouuioc the moribrane of ehloro-

plastx^

Fig IT^ Structure of ihc nitodiondml membraoes
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3 Vesicles (submitodiondnal panicles) that are "mside-out” arc formed
on the inner nutochondnal mcnbranc and therefore, the phosphorylating units
are located on the outside of the meznbrane

4 The enzymes of the TCA cycle and ^-oxidation of fatty acids are found m
the matrix to associate mechanisms for transporting ions and fatty and other
organic acids as well as nucleotides across the inner membrane

5 Succinate dehydrogenase u found on the mner surface of the inner mito*
chondnal membrane and it transports reducing equivalents into the respiratory
chain at ubiqumone (CoQ)

6 ^ hydroxybutyrate dehydrogenase is also bound to the matrix side of the
inner nuto^ondnal membrane

The Chegilosmotic Theory

Mitchell explains that the primary event m o?adative phosphorylation is the

translocation of Protons (H+) to the extenor of a coupimg membrane dnven by
oxidation in the respiratory clam The membrane is impermeable to protons which
accumulate outside the membrane creating an eUclrochtnucal potential difference aensr

the membratu This electrochemical potential difference is utilized to imve a mtm-
irow /«ro/rdv4T7*^»tA<iasrwhichm ieprescnceofPj+ADPforms ATP (Fig II 24)

Fig 1 1 24 Pnociplei of ihe dianiostnotic theory of

oxidative phosphorylation Fj FoPnrtan lubtnutsrapontihlc

for pbosphorylatcoR

It IS suggested that the respiratory chain is folded into three oxidauouj'reduction

(o/r) loops in themesubrane, each loop functionally corresponds to site I, site II, and
site Ilf of the respiratory chain A smgle loop consists ofa hydrogen earner and an

electron earner shov-m m fig H 25 A configuration of the rwpiratory chain folded

into three functional o/r loops is shoivn m 1 J 26
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Hg. 11.2S. Ox!dation/r«ductiQn (O/r) loop (chemiosmotic theory)

Fig. 11 26. Configuration cf Ofr-lopp* In the rerptratory chain

(Chemlouaotic Theory)
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Each decfron pair transferred from NADH to oxygen causes six protons to

be translocated from the inside to the outside of the mitochondrial membrane.
NADH first donates one proton and two electrons, which, togcAcr with another
proton from the mtemal medium, reduce FMN to FMNH*. FMN is considered to

extend the fid) width of the jnesnbrane and enables it to rdease t\s'o protons to the

outeide of the membrane and then to return two dectrons to the instdc surface via

FeS proteins which is reduced. Each reduewi FeS complex donates one electron

to an ubiquinone (Q.) molecule which upon taking up a proton from inside the

membrane forms QH*. Q,Hj, being lipid-soluble and a small molecule, is free to

move to the outside of the membrane where it discharges a proton pair into the

cytosol and donates two dectrons to tivo molecules of the next carrier in the res-

piratory chain, cytochrome b. This electron carrier is thought to span the mito-
chondr^ membrane, enabling the dectrons tojoin another molecule of ubiquinone
together vdth t\%o more protons from the internal medium. The resulting QHj
shuttles to the outer surface where two protons are liberated and tsvo electrons

passed to two molecules of cytochrome C. Ihcsc electrons then pass through the

reminder of the cytochrome chain, traversing the membrane to cytochrome aaj

which lies on the inside of the membrane. At thb site, tv.'o electrons combine with

two H+ from the internal medium and an oxygen a*om to form water.

The phosphrylating subunits responriblc for the production ofATP are scattered

ovcrthesui^ceoftheinnermembrane. Thcseconusi ofseveral proteins collectivdy

known as an Fi subunit which project into the matrix and which contain the ATP
synthetase (Fig. 1 1 .24). These subunits are attached, possibly by a stalk, to a mem-
brane Protein subunit known as wWch orobably extends through the mem-
brane. For every Proton pair passing throt^h the Fe—F, complex, one ATP mole-

cule is formed from and Pi.

Mitchell suggested one model wUch is shown in fig. 1 1 .27 below.

fij. 11.27. Prtitoa traiutoonitiff ATP Sfnthew** (.Mttchfll)
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A proton pair attacks one oxygen of Pi to form HjO and an active fonn of P,

which immediately combines with ADP to form ATP Other studies Jiave suggested

that ATP synthesis is not the mam energy rcquinng step rather it is the release of

ATP from the active site Phis may involve conformational change in the Fi

Subumt

Thfe ion leakage would have to be balatuxd, by extrusion of ions against the

electric gradient to prevent sw cUing and Ivsis It was, therefore, postulafed that

the coupling membrane contains exchange diffusion sj'stcms for exchange of anions
against OH~ ions and of cations against H+ ions Such system would be necessary

for uptake of ionized metabolites through the membrane.

Tlie electrochemical Potential diff^cnce across the membrane VNOuld inhibit

further transport of redu>-mg equiv'alcnls through the o/r loops unless it was dis

charged by back translocation of protons across the membrane through the vecto-

rial ATP symthetase system Tl-ja depends on the availabibty of ADP and P,

Several points arise from the chemtosmotic theory that have experimental

support These arc as follovn

1 Mitochondria are generally impermeable to protons and other ions The
specific transport sj'steras cnaUe ions to penetrate the inner mitochondrial mem
brane

2 Uncouplcn like dmtirophcnol increase the penneabibty of mitochondria to

protons reducing the electrochemical potenua! for the generauon ofATP
3 Addiuon of acid to the external medium leads to the generation ofATP
4 The P/H’'’ (transported our) quotient of the ATP symthetase is J and the

H'*‘/0 quouents for succinate and jS bydroxybutyTatc oxidation are 4 and 6 res-

pectively, conforming with the expected P/0 ratios of 2 and 3 respectively These
ratios are compatible with the postulated cxistancc of 3 o/r loops m the respiratory

cham
5 Oxidative phosphorylation does not occur in soluble systems where there is

no possibility ofa vectonal ATP synthetase

Eserem

Discuss the oudatioo and redaction iit biological syslea Name some types

of enzymes lovolvcd tfl the process (PU €5h)

Disass the respiratory chsm (PU 72A)

Write short notes on

(a) Coenzytne Q (R-U 70A)

(b) Oxidative phosphorylation <BU 74A)

\e) Superoxide dismotase (Bh D 73S)

4 \Vh»t do you mean by biologic audmen and oxidative photphoryUtion* Describe m
detail how the oxidation of a substrate take place through the respiratory chain in mitochondria

mentioning theposi ble sites ofATP formation mthyeasens

Mention the names ofsome inhibitors ofre^ratcry chain (C.U 1983}



CHAPTER 12

THE CHEVnSTRY OF RESPIRATION

DeOoilioD :

Respiratiott is defined as the utitizadoa of 0» fronV inspired air by the body
and elimination of Co, produced by the metabolites In the ceJJs ia the expired air.

Composition of Atmospheric and Expired Air :

Atmospheric air

{Inspired air)

Expired air

Oxygen 20-96% 15%
y\
79%

Carbon dioxide 0 04%
... 79%Nitrogen

About i of the oxygen of the inspired ait has passed into the bJood and has

been replaced in the expired air by equal amount or Co,,

partial pressure of gases :

The atmospheric air contains nitrogen, oxygen, carbon dioxide and water

vapour. The pressure exerted by a mixture of gases is equal to the sum of their

partial pressures.

AP~Pil»os=I^,4 Pco,4-Po,.

The partial pressure of the gases (V) O, and Co* can be calculated

s$ follows

:

(76Q-PH,o)X%Y .

foo

niffusion of gases In the longs

:

1 The cases of the inspired air when come in contact with the alveolar

membrane of the lung, the exchange of gas takes place following the usual laws

of diffusion. Thus, the gas passes into the blood through the membrane.

2. The gas pressure in the blood is usually expressed as gas “tensions”.

Examples : The oxygen tension (Po,) is the p^ure of the dry gas with

which the dissolved oxygen in the blood is in equilibrium.

3. Oxygen tension in alveolar air ; 107 mm. Hg.

Oxygen tension in v'enous blood : 40 mm. Hg.

Hence, a pressure difference of 67 mm. Hg. drives oxygen from the alveoh

of the lung into the Wood.

Co, tension in alveolar air ; 36 rom. Hg.

Co, leasioa in venous blood : 46 mm. Hg,

175 '
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transport or OXVCEN

the
“suffla^tHodmeCo.fromtbe blood mio

bIood^a?d*^SnfaS:Sirp&i?|?'^““
"’™" "

4 After this exchange of gases, the blood becomes artenal
Oxygen tension of artenal blood 100 mm Hg
COi tension ot artenal blood 40 mm Hg
Nitrogen tension of artenal blood 570 mm Hg

These gases arc dissolved in the blood

„ .

^ tv hich can be dissolv cd (calculated

foltomng da^
** compared with the actual quantiUcs found in the blood by the

ml fdj

1

Co, N.

Calculated content in blood 296 IM
Actual quantities found in artenal blood

! 20 0 50 0 170

Actual quantities found m venous blood 14 0 56 0 170

THE TRANSPORT OF OXTGEN BY THE BLOOD
Function of hemoslobin

totheabihty of hemoglobin® tS OTSbmVl!?SrJd,l5',^,'t|,“

Hb+0,=Hbo,
(Hb=Reduced (deoxygenated) hemoglobin

, Hbo,-Oxyhemoglobin)

Dissociation of oxjbemoslobm

oxygiu S'ors7h'rnt;fovv^%^'5“^J^^^ -fin which the per cent saturaUon is plotted against the oxygen tenSd?
°®

repr^en^Uve“o7'theTo"r^^^^Jilyo“S^ Hg. .s considered as

100 lm^Hg.^Ta^“e^3 b.o’r&’fsh'^eTS? oTS ‘T”?
“

of hemoglobin with the further increase m oxygS tension
” saturation
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4. The satuiatioa of hemoglobin declines slowly with the fall in oxygen
® rapid evolution of oxygen takes place at the oxygen tension

of 50 mm. Hg. This is the “unloading tension” of hemoglobin.

5- lo the tissues, the oxygen tension is about 40 mm. Hg and the oxyhemo-
globin dissociates and oxygen is readily available to the cells.

j',.
the passage of blood through the tissues the oxygen content ofthe

blood falls from 20 to 15 vol%. This gives a considerable reserve of oxygenated
blood m the event of inadequate oxygenation at the lung.

Fjg. 12.1.* The dhsociatlon of hemoglobin.

Factors afTectlag the dissociation of oxyhemoglobin :

1. Temperatarc ;

(a) A rise in temperature decreases hemoglobin saturation.

(b) At 25®C, hemoglobin is 8R% saturated but at 37®C, it is only 56%
saturated. Therefore, hemoglobin gives up oxygen more readily while passing

from high to low oxygen tension (as from lungs to tissues) in warm-blooded
animals than In cold-blooded animals.

2. Electrolytes

:

At low oxygen tensions, oxyhemoglobin gives up oxygen more readily m the

presence of electrolytes.

3. Effect of COj

:

(a) The influence ofCO, on the shape of the dissociation curve is actually the

effect of carbonic acid formation with the lo^vcring of the of the environment.

(b) The Increase in acidity facilitates the dissociation of oxyhemoglobin,

(c) The ability of CO, to shift the slope of the oxyhemoglobin

dissociation curve to the right is known as the Bohr effect. This effect is often

described as causing a shift of the P-50 to the right. P-50 is the partial pressure

(mm. Hg.) at which hemoglobin is 50% saturated. 2, 3-biph05phoglycerate, a

compound formed during glycolysis in the red cells, also causes a significant shift

of the P-50 to the right.

Carboxyhcrooglobla

;

1. Hemoglobin combines with carbon monoxide more readily than with

oxygen (210 times as fast) to form cherty-ted carboxyhcmoglobin.
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2 This reduces fte amount of bemoglobm to cany oxygen

3 "When the carbon monoxide in the inspired air is 0 02% headache and

nausea occur

4 In case, the carbon monoxide concentration is onl> that of oxygen

m the air (about 0 1% carbon monoxide), unconsciousness occurs m 1 hour and

death m 4 hours

Omical signs of ratiatlon u hemogTohio satsratioa

1 A decrease m normal oxygenation of blood gives a charactenstic bluish

appearance to the sfan Thi* is said to be c>anosis It is charactenstic of

c)^ide poisoning where respiration is also impaired.

2 In severe anemia, the concentration of hemoglobin is too low and
cyanosis does not taVe place although the oxygen content of the blood is reduced

3 In Co poisoning the formation of cherry red carboxyhemoglobm often

produces a rudd> appearance in the lips

THE TRANSPORT OV CO, IN THE BLOOD

COj ts earned m the cells and la the plasma b> the blood It exists m three

forms The three mam fractions are

1 A small amount of carbonic aetd

2 The “carbammo bound CO, which ts transported m combination with
proteins (mamly hemoglobin)

3 That earned as bicarbonate in combmation with cations sodium or
potassium

The carbanuoo-bound CO, is imporlaol m the exchange of this gas because
of the high rate of reaction

Hfa— N.— COOH

The amount of CO, dissolved lo the blood is not large, but it is important
because any change in its concentration causes the following equilibrium to shift

C02+HjO^»—^H2Cp3»»=^H^+HCC^

The above reaction is catalyzed by the enzyme carbonic anhydrase

Effect of CO, on blood Pn

I CO, evolved fromthctissuesfomtscarbonicacid Most ofthe carbonic

acid formed is promptly converted to bicarbonate as shown in the equation below
(B+ represents principally Na+ or K+)

HaCOj' 'H*+HC0jJ-B*=*SHC03-»-hr
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2

At the Ps of blood (7 4), a ratio of 20 I must exist between the

bicarbonate and carbonic acid Tbrs ratio is calculated from the Henderson-

Hasselbalch equation Any change in H* activity is met by an adjustment in the

reaction Any alteration m the ratio disturbs the acid base balance ofthe blood

in the direction of acidemia or alkalemia

THE BUFFER SYSTEMS OF THE BLOOD

1 Venous blood carries more CO, than artenal blood Hence, the Pii of

venous blood is more acid than that of artenal blood by 0 01 0 03 units i e P«
7 40 and 7 43 respectively

2 The blood buffers consist of the plasma proteins, hemoglobin, oxyhemo

globm, bicarbonates and inorganic phosphates

3 When CO, enters the venous blood, the small decrease in P“ shifts the

ratio ofacid to salt in all the buffer pairs When the ratio is shifted to form more

of the acid cations become available to form -additional bicarbonate la

this respect, the plasma phosphates and bicarbonates play a minor role

4 The buffering action of the plasma proteins is important because

they release sufficient cations for the carriage of about 10% of the total CO,

5 The phosphates m the red cells carry 25% of the total CO,

6 The most important buffering role of hemoglobin and oxyhemoglobin

which carries d0% of the CO, of the whole blood

The hcmoglobta baR'ers

At the hmgs the formation of oxybemoglobm from reduced hemoglobin

releases hydrogen ions which react with bicarbonate to form carbonic acid The

low CO, tension in the lung shifts the equtlibnum towards the production of CO,

which is continually eliminated m the expired air

HCO H^COi- HjO+CO2

In the tissues the oxygen tension is reduced and hence oxyhemoglobin

dissoCTVtcs dclisenng 0, to the cells and reduced hemoglobin is formed CO,

produced by metabolism enters the blood where it is hydrated fo form 11,^0,

which ionizes to form H+ and HC07 Reduced hemoglobin acting as an anion

accepts the 10ns forming acid reduced hemoglobin (HHb) Very little change

in pJ* occurs because the newly arrived H-*" 10ns are buffered by formation of very

weak acid

When the blood returns to the lungs, theseH* ions are released as a result of

the formatfOD of a stronger acid (oxyhemoglobin) and the newly released ion
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IS promptly neutralced by HCOj This reaction is necessary for the liberation oj

CO, m the lungs

Fig 12.? The boffenng action of hemoglobin

The chlofHe shift

1 CO, reacts with water to form carbonic acid (HtCOO mainly tnside the

red cell by the enzyme carbonic anhydrase present in the red cells

2 The carbonic acid is then bufTcred by the intracellular buffers (phosphate

and hemoglobin) combining with potassium

3 Bicarbonate ion also returns to the plasma and exchanges with chloride

which shifts mto the cell when the tension of CO. increases in the blood

4 When the CO- tension is reduced, chloride leaves the cell and enters the

plasma

5 Under normal conditions the red cell is impermeable to sodium or

potassium But it is permeable to hydrogen, bicarbonate and chloride ions and

intracellular sources of cation (potassium) are indirectly available to the plasma

by chloride (amon) exchange This permits the carnage of additional CO, (as

sodium bicarbonate) by plasma

6 The CO, entering the blood from the tissues passes info the red

cells where it forms carbonic acid by carbonic aiihydrase Some of the carbonic

acid returns to the plasma The remainder reacts with hemoglobin buffers to form

bicarbonate which then returns to i the plasma in exchange of chloride The

chlonde is neutralized by potassium m the red cells

7 All of these reactions are reversible At the lung when the blood

becomes arterial, chlonde shifts baeV into the plasma, thus liberating intracellular
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potassium to buffer the oxyhemoglobm and ta the plasma, neutralizing the sodiutn

which IS liberated by the removal of CO* during respiration

ACID BASE BALANCE

Re«pitatory acidosi^This condition occurs when Ihc accumulatioti of HjCO.
IS caused in the blood under certain circumstances

Respiratorv alkalosis—This condition occurs when the rate of elimination of
COj IS excessive following the reduction of H.COj m the blood

Metabolic acidosis—This occurs in the deficit of bicarbonate without any
change m HjCOj

MetaboiiC aika}<fst»—Th{S happens «i the excess of bicarbonate

Causes of disturbances in acid base balance

A Metabolic acJdosh

1 It occurs in uncontrolled diabetes with ketosis

2 It occurs in some cases of vomiting when the fluids lost arc not acid

3 It also occurs m renal disease, poisoning by an acid salt excessive loss of
intcslm it fluids fas in diarrhea or coii(is) and excessive losses of electrolytes

^ Increased respiration is in importint sign of uncompensated icidosis

B Respiratory acidosis

1 This occurs in any disease which impaires respiration such as pneumonia,
congestive failure, asthma

2 It IS also found to occur in the depression ofthe respiratory center (as by
morphine poisoning)

3 A poorly functioning respirator also causes this condition
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C Metalolic alLfilosis

1 Causes

(a) By the ingestion of large quantifies of alLali in the treatment of pepl c

ul«r

(b) In the high mte:>txQaI ob:>truction (as m pylonc stenosis)

(c) After prolonged vomiting or after the excessive removal of gastnc

secretions containing hydro^lonc acid.

(d) In Cushing’s disease and during corticotropin or cortisone administration

2. Symptoms

(a) Tetany is caused due to the decrease m ionized serum calcium

(b) The respirations are slow and shallow

(c) The unne is alkane
(d) Elevated blood bicarbonate

(e) Deficiency of potassium

D Bespiratory alkalosis

1

This is brought about by h>perventil3tion

Z It mav occur m patients in hepatic coma

The role of (be kidney in acid base balance

1 The non volatile acids including lactic and p>TUVic aads, bydrochfooc
acid phosphonc acid and sulphnnc acid are produw b> metaboLc proeeiS«

About 50*150 mEq of the inorganic acids are eliminated by the kidneys in 24

hours These aci^ arc partially buffered wth cation, largmy sodium 4n the

distal tubules of the kidney some of th* cations are reabsorbed and ihePS ofthe
unne falls

2 Kidney can buffer acids and conserve fixed base m the production
of ammonia from ammo acids The ammonia is utilized to neutralize acids wh'n
formed m excess

3 In kidnc> disease tubular rcabsorption of sodium in exchange for

hydroecD is poor and excessive retention of phosphates and sulphates. As
a result acidosis occurs

HYPOXIA

Hypoxia means oxygen deficiency in any condition of insufficiency of tissue
oxidation processes There are four types of hypoxfa

1 Hypoxic hypoxia 2 Anemic hypoxia 3 S*acnant hypoxii.
4 Histotoxic hypoxia

1 Hypoxic hypoxia

This IS charactenzed by normal oxygen capacity but dimmishwi oxygen

tension m the arterial blood with the resolt of V'arying degree of hemoglobin un
saturation
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(a) High althnde—Hypoxia is caused by the diminished oxygen tension in the

atmospheric air and consequentlym the alveolar air and blood stream This leads

to respiratory alkalosis

(b) Rapid, shalloiv respiration—Shallow breathing is due to msulhcient
oxygenation of blood This happens m diseases

(c) Congenital lieart disease—In the congenital cardiac defect a portion of the
blood may flow directly from the right to the left side of the heart without passing

through the lungs As a result, the mixture of aerated and non aerated blood in

the systemic circulation causes hypoxic hypoxia.

2 Anemic hypoxia

This is characterized by a diminution m the oxygen capacity of arterial blood
due to the decrease in the amount of functioning hemoglobin

3 Stagnant hypoxia

This IS due to circulatory insufficiency, the rate of blood flow through

the tissues being retarded, with resulting increase m the percentage volume
of oxygen removed from the blood m its passage through the capillaries

4 Histotoxic hypoxia

In this condition the oxygen supply is normal in every respect but the degree

of oxygen utilization by the tissues is diminished because the tissue cells arc

poisoned in such a \say that they cannot use oxygen properly

I Eterelie

1 Discuss the transport of 0| and CX)j m the Wood

2 Explain the buffer systems of the Wood

3 Write short notes on

(a) Acid base balance ,

(W Diffusion of gases m the lungs

(Lucknow Uni 7IA)

(Bombay Uni 72A)

(RU 73A)

(MU 7*»S)



CHAPTER 13

MUSCLE TISSUE

Cbemisfry •

There are three types of muscle tissue in the body

1 Stnated (\oIuatary) or skeletal muscle

2 Non striated (Involuntary) or <mooth muscle

3 Cardiac muscle

Chemical composltlnn of ckeletat mnscle

Water 75%
Protein 20%
Inorganic material certain organic extractives and carbo

hydrate (glycogen and its denvalnes) 5%

MUSCLE STRUCTURE

1 Skeletal muscle is composed of fibnU surrounded by electrically excitable

membrane, the sarcolemma

2 The individual muscle fibre consists of a bundle of many myofibnla

arranged in parallel These are embedded by intramuscular fluid termed the

sarcoplasm

3 The fluid contains glycogen the high energy compounds ATP and phos

phocreatme and the enzymes of glycolysis

4 The functional unit of muscle is sarcomere It exists along the axis of a
fibnl at distances of 2,5 m m

5 Alternating dark and light bands (A bands and I bands) are present in the

myofibrils The central region of theA band (the H zone) is less dense than the

rest of the band The I band is bisected by a very dense and narrow Z line
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6. The cross sectioQ of myofibril under electron microscope show that myo-
fibrils is constructed of two types of loogitudioal filaments. One type confined to
the A band (the thick filament) contains mainly the protein myosin. These fila-

ments are about 16 nm in diameter. The other filament (the thin filament) lies in
the I band but extends also into theA band. The thin filaments are smaller than
those of myosin (about 6 nm in diameter).

7. The thin filaments contain the proteins actin, tropomyosin and
troponin. Each thin filament lies between 3 thick filaments.

8. When the muscle contracts, the length of the A bands remains the same
but the I bands disappear.

Thick fitamcnf iwjibmihh*

j

Thin fitomenf
|

Fig. 13.2j Arranicment of filaments in striated njuseJe,

THE PROTEINS IN MUSCLE

The muscle fibrils are composed of

;

(1) Proteins—20%.

(2) Water—75%.

(3) Inorganic materials, certain organic extractives and carbohydrates
(glycogen and its derivatives)—5%.

Muscle proteins are characterized by their elasticity.

Myosin :

1. Myosin is the richly abundant muscle protein and it is a globulin.

2. It is soluble in dilute salt solutions and insoluble in water.

3. Its molecular weight is 5,00,000 containing 2 major chains and 4
light chains.

4. The enzyme trypsin cleaves myosin into two components—meromyvsins
—of unequal size. Therefore, they are termed as light and hea'/y mcromyosins.

5. It has the 'adenosine triphosphatase (ATPase) activity.

6. Myosin binds actin forming actomyosln. Light rocromyosin does not

awnbioe with actin. Bvi heavy mcromyosh combines with actin.

7. Heavy meromjosin is a rod-shaped protein attached to the two globular
components of myosin. The rod portion can be split off of the globular region

by the action of papain and the resulting portions are termed as HNIM
(heavy merorayosin) S-2 (the rod) or HMM S-1 (the globular portion). Each
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HMM S-1 possesses aa active site for ATPase activity and a binding site

for aettn

8 The 4 light chains ofmyosm molecule are bound to the HMM S-1 frag-

ments The light chains function as modulators of ATPase activity _

9 Actomyosm is formed by 3 myosin molecules with 1 actm molecule

Fis 13 3 Eflzj-matic cl«avas* of myosin

HMM—Heavy iBcrorayosin

L^fM—Lithi merotayosia

Achn

1 Actm 1^ a globulm of molecular weight 60,000

2 It IS the major constituent of thin filaments m striated muscle

3 During the preparation of actm by extraction with solution oflow ionic

strength it is obtained as a molecular weight of 42,000 in a globular configuration

called G actm.

4 G actm polymerizes to the fibrous form F actm m the presence of Mg++
and ATP is hydrolyzed to ADP and Pi is released Hence. ATP must be added
to get depolymerization of F-actin to G actm

5 Actomyosm is formed by actm and myosm But ATP dissociates it mto
actm and myosm

Actm+Myosio?^:Actomyosm
ATP

Tropomyosin and Troponin .

1 Tropomyosm and troponin complex are proteins present m the thm
filaments of muscle

2 Calcium ion has the effect on the interaction of actm and myosm which

10 turn IS mediated by tropomyosin and iroponm
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Tropomyosm i$ a double stranded a helical rod of molecular weight
70,000 and present between the 2 strands of F-acbn

4 Troponin is a complex of 3 polypeptide chains—TPC, TPI, TPT
troponin complex is present m the thm actm Olamcnts at intervals

of 38 5 am
6 A troponin complex with tropomyosm molecule regulates the activity of

7 actin monomers

Fig 194 The represeiuatioa of the thm filajaent

MOLLECULAR EVENTS IN

MUSCLE CONTRACTION

1 In absence of calcium ions, the interaction of actm and mjosm is

inhibited by troponin and tropomyosm

2 Calcium ions are released from the sarcolemraa by the excitation of
a moior nerve to the muscle.

3 The released calcium binds to the TPC portion of the Itopotua complex
and are transmitted to tropomyosm and then to actm This allows actm to inter*

act with myosin giving rise to muscular contraction with the hydrolysis of ATP
which acts as an energy source This process continues until calcium ion

IS removed

Co* Tropersn - • > Trepemyev n- •MyOS n

Fig 13 5 Mbtcle coaltactjon

4

When the nerve impulse arnves at the junction between the nerve ending

and the muscle, the outer membrane ofa muscle Gbrc is depolarized This depo-
larization IS transmitted to the interior of the muscle fibre by the

sarcoplasmic reticulum Calcium ions arc remained m the sarcoplasmic reticulum

m the resting state of the muscle by the help of ATP This system lowers

thecooccntrationofcalciumionsmlhe sarcoplasm (cytoplasm) of resting muscle

cells but increases calcium ions within the sarcoplasmic reticulum forming calcium
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—bmdm?~protcm called calsequestnn Muscle contraction starts with the

release ofcalcium from the sarcoplasmic reticulum Ma the troponin tropomjosm
sj’stem mentioned abo\e

MUSCLE PHOSPHAGENS

1 ATP IS the immediate source of energy for muscular contraction But
the amount of itm muscle is very small It is ^ust enough to cause contraction for

A fraction of a second

2. In vertebrate muscle, the source of high-energy phosphate is phospho-
creatine which can transfer higher phosphate groups than ATP, and can donate
a high-energy phosphate group to ADP to reform ATP

PhoKphocrcaUne is the vertebrate phosphagen , whereas phosphoargmme is

the invertebrate phosphagen

1 In Xht resurm state, mammalian muscle contains 4-6 limes phosphocreatinc
than ATP The cn^me ctcatim A.inose (creatine phosphokinase, CPk) catalj’zcs

the hjdroljsis of creatine phosphate Iransfemng high-energy phosphate from
creatine phosphate to ADP (the Lohmann reaction) The reaction is reversib’e

and the resynthesis of creatine phosphate lakes place when ATP becomes availab»e

during the jecoverj period foUowing a penod of muscular contraction The
transfer of phosphate from ATP to creatine to form creatine phosphate is

catalyzed by the enzyme ATP-creatine transphospborylase (shoivn m the figure

4

ATP IS also available m the muscle from ADP by the enz>’me mvokioase
(adenylate kinase) which catalyzes the transfer of a high-energy phosphate from
ADP and AMP is also formed

MyoUnase
2 ADP. -AMP-f-ATP

5 lodoacelflle can block resjnthesis of ATP and phosphocrealine by
preventing glycolysis

6 ATP is also formed m the muscle from glycogen under anaerobic
conditions in which glycogen is converted to pyruvate or lactate by glycolysis.

The initial breakdown of glycogen takes place by the enzyme phosphorylase which
is activated by the calcium ions Lactate thus formed is reconverted to ghico^
m liver by Con c)cle and re-enters muscle

ATP IS also formed from the oxidation ofother fuels such as free fatty acids,

ketone bodies and glucose Muscle contraction generally lakes place under
aerobic conditions

7 Fat IS the ultimate source ofenergy for long periods of muscular exertion

as m the case of migratory birds, whose total carbohydrate stores are quit**

inadequate to act as the sole source ofenergy and whose fat stores become depleted

during migration The flight muscles of birds (red meat) are particularly

well developed for aerobic owdation of pyruvate, free fatty acids and ketone

bodies and these muscles are also havmg a well dev'cloped v’asculature to increase

oxygenation and a high content of enqrmes of the respiratory chain as well as of
cytochromes and myoglobin
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I
Heart muscle is also similar to the flight muscles of birds It can utilize

free fatty acids, ketone bodies and ewn lactate uhicb are oxidized under aerobic
conditions

FIs 13 6 Muscle cootractjon

INORGANIC CONSITTUENTS OF MUSCLE

1 The cations of muscle (potassium, sodium, magnesium and calcium) arc

the same as m extracellular fluids excepting potassium which predominates in

muscle

2 The anions are phosphate, chloride and small amounts of sulphates

3 A good amount of potassium is incorporated into the tissue during
deposition of glj'cogcn m the muscle and synthesis of protein Muscle wea)cn'*ss

is a sign of potassium deficiency

4 Muscle calcium and magnesium act as actnators or inhibitors of intra

muscular enzyme systems

CELL MOTIUTV AND THE CYTOSKELETON

Nontmisclc cells perform nicchanical wwfc, morphogenesis, clcavtge, endo-
cyiosis, cxocytosis and intnccllufar transport Thc^c cellular funcuons are earned
out b) an cxtcmi%e int*ncelluJir ncinioik of filamentous structures Constituting
the c^toskcleion All cukars'otic cells contnin three tvjxrs of fihmcntoiLs strvic

tiire
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inCR.OTUBVUlS

1 Actin filaments (7 9 5 nm m diameter)

2 Microtubules (25 ran m dinmeter^

3 Intermediate fihtrtents (10 12 nm ra dianeterj

Aedn Blaments

1 The G-actin protem of nonmuscle cells has a moleailar weiehi of about

43 000 and contains Is meth^lhisiidjl residues

2 Tins actm spontaneousK pol>'mcrucs in the presence of jnagncsiuat

and potassnun chloride to form the double helical F nrfin Jihr^rds like those in

miisdc

3 There are tu o types of actm in nonmuscic cells ^ actm and y actm
Both t>-pes can coexistm the same cellandcven oopolymeme in thesametilament

4 Actm forms rucrofJemrrts of 7 9 5 nm m the cellular cjloplasm The
bundles of filaments are promment just undcrljing the plasma membrane of

resting cells and are there rcferTCd to as sirrss firfr ThC'C stress fibers d^ppear
as cell moulit) increases

5 Actm microfilaments are associated \Mth other muscle like prolans m
nonmuscle cells a Actinm is present at the plasma roembranesites to \>hich rmcn>
filaTCnts are attached

6 M^dsui 1$ found m assoaauon u*ith actm microfilaments at the bases of

microvilli

7 Tropom^-osm promotes the formation of bundles of actm stress fibres

o Actmm promotes the attachment of actm rtucrofilaments to membranes
stilwtratmn and other cell orgarelles

Mscrottibnles

1 hCcrottibulcs are the integral component of the cellular cyimkelcton

The> consist of cj^toplasmic tubes 2o nm m diameter and of indcfiiute loigth

Thej are also necessary for the formation md function of the rmtshc tptrJU

2 Thc> perform a number of other cellular functions and are responsiVe
for the intracellular mo\*crnent of endoevtohe and cjcocvtouc \'es:cles

3 They form the major structural component of nlta endJti^Ua

4 Thc) are major proton component ofaxons and dendnlu, where thc> main
tarn the «^tructuTc and participate in the axaplzsmie flow of material along this

neuronal processes

5 They are the cjlinders of 13 longjtudinallj arranged protofilaments, each
consisting of dimers of a (ubulin and p fsiahr which tre clo cK related protein

riolfcula

6 Manv important alkaloids can present microtubule as«embl>

7 The movement of c)iromo«<unes durmg anaphase of mitosis IS dependent
upon mjcro*ubuIes

Intermediate filaments

1 The> are distinct from microfilaments and nucrotubulcs There are five

major classes of these filaments

2 Each filament consuls of distmct subumts biochemically and immunolo-
gically
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COX^LAGEN

1 Collagen is the major macromolcculc of connective tissues and it is the
most common protein in the animal ikingdom

2 In maimnalian tissues, there arefae duUnct typ's of collagen and they exist
-IS a family of molecules shanng many properties

3 The most important property of collagen molecules is their inple
helix, a coiled coil of three polypeptide subumu Each polypeptide subunit is

twisted into a left handed hehx of 3 residues per turn Tliree of these kfi handed
helices nre then wound to a right handed superhelix to fonn a stiff rodlikc mole-
cule I 4 nm m diameter and about 300 nm long These triple helical molecules
are associated into fibnls There is a gap between the end of one tnple helix and
the beginning of the next where there is the deposition of hydroxyapntite cry»tah
in bone formation

4 The collagen fibers range from 10 to lOO nm m diameter and are visible

by microscopy as banded structures m the extracellular matrix ofconnective tissues

5 Glycine is the only ammo acid to exist m the limited spxcc available down
the central core of the tnple helical molecule

6 In mammalian collagen, about 100 of the X positions ^re prolme and
JQO of the \ positions arc 4 hydroxyprohne Thc> also contain 3 h\ droxyprolme
m some X positions and 5 fydrox^lystne tn YPoutions

The synthesis of collagen

1 Collagen is an extracellular protein but u is synthesized as an mtracellulnr

precunor mweculc before becoming a moture collagen fibn)

2 Freprocollagen, a precursor of colbgcn, contains a leader or signal

sequence ofabout 100 ammo acids at its ammo terminus This prcprocollagcn
IS generated by ribosomes attached to the endoplasmic reticulum

3 When the signal sequence penetrates mto the vesicular space of theendo
plasmic reticulum, the leader sequence ts cleaned offand the imino-terrmnal end of
procollagcn continues to protrude mio tlic endoplasmic reticular space At this

site, pTol}l 4 hydroxylase and Ijsyl hydroxylase acts on prolin or l>’sme residues res

pectively in the i position of the (Gly—X-“Y)n Peptide A prolyl 3 hydro
xylase in the X position immediately preceding i 4 h>drox>prohne in the Y
position

4 The procolHgcn molecule contains at its aminoterminus a 20 OOO—MW
peptide and at its carboxy terminus x 30 35 thousand— peptide Neither

of these IS present in mature collagen

5 After formation of triple lelix, further hydroxylatton of pml>I and lys)l

residues cannot take place

6 After this intercellular processing, the glycosylated procollagcn molecule

reaches the outside of the cell by way of Uic Golgi complex Extraccllulir fro
collagen ^emnoprolease and procoUagen carboj^proteoje remove the ammo-tfrminxl

and carboxy terminal propeptides rcspcctncly The neuly formed colbgen

molecules have al«ut 1000 ammo acids and spontaneously assemble into coUagtn

fibrils that arc indistinguishable from the mature fibrils found tn tissues Tlicre

fibrils do not base Ac tensile strength of mature collagen fibrils until they arc

Cross linked by a senes of cccal'nl k^nds
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Inberited defects of collagen

Type VI Ehlers-Danlos Syndrome:

1 This IS an inherHcd deficiency of lysyl hydroicylasc

2 This disease is characterized by frequent abnormaltues of the eye, severe

scoliosis (abnormal vertebral column curvature) and hyperextensibibty of the

skin and joints

Type V EhlerS'Danlos Syndrome:

1 Tins IS due to the deficiency of lysyl oxidase actisity The absence of ihu

enzyme prevents normal cross linking of collagen Lysyl oxidase is n copper
requiring enzyme

2 There is severe arieriovascular and skeletal change

Type VH Ehlers-Danlos Syndrome:

1 This IS caused due to Uie non-serving of procollagen as a substrate for the

procolhgen ammoprotease

2 The pa«»‘nts have hip dislocations, increased skin elasticity, and short

stature

Exerdsr

1 Discuss the chemmry of muscle (M U 145)

2 Discuss the muscle cootraction (P U 12M
3 Describe the structure of muscle (RU 7IA)

4 Write short notes on
(a) Actomyosm (MU 73S)

(h) Tropomyosin (Bh U 72S)



CHAPTER H

VITAMINS

History

:

1. Lunin (1881) and Pakelharing (1905) showed in an experiment that the
cessation of growth and death of animals had been prevented on the addition of
small amounts of milk to their diet.

2. Eijkmann (1906) concluded that the dietary deficiency of a substance
which was present in rice polishings caused the disease beri*beri.

3. Hopkins (1906—1912) by experiments gave more importance of the
"growth-promoting” substance in milk. These experiments had been confirmed
by Osborne and Mendel and by McCollum and Davies (1913),

4. Hippocrates (Ca. 400 B.C.) recommended ox liver and honey for night-

blindness.

5. Indians in Quebec (1935) cured the outbreak of scurvey in cartier’s men
by the use of green leaves.

6. Cod liver oil was used in Manchester (Ca. 1770) for rickets.

7. In the Japanese navy (Ca. 1860) barley was used to prevent beri-berj,

8. The names accessory food factors, food hormones, vitomines (vital

amines) were derived from a group of substance responsible for these deficiencies.

They are now called vitamin (without the ”e*’),

Definition

:

TTie diet containing proteins, fats, carbohydrates and minerals arc not
sufficient to sustain life. Additional factors present in natural foods are also

required although in small quantities. Tnese “accessory food factors’* which are
or^nic in nature and necessary for the normal functioning of the tissues are
called vitamins.

Classificatfon :

'I. Fat-soluble vitamins—^Vitamins A, D, E and K.

2.

Water-soluble vitamins—Vitamin C and B-complex. (B^, B„ B,, niacin,
pantothenic acid, biotin, Jipoic acid, folic
acid, B|t, inositol)

Common properties of vHanUns :

A. Fat’Sohible vitamins

:

1. They arc soluble in fat.

2. Bile salts and fats are essential for their absorption.

3. They are generally stored in liver.

4. Normally they are not excreted in urine.

B. Water-sohtble vitamins :

1. They arc soluble in water,

2. They are easily absorbed.

3. They are not stored in the body (except B,t).

4. They have a tbrcshold for urinary excretion,

F. 13
193
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PAT-SOLUBLE YTTAIVtlNS

VITAMIN A

Chemistry :

1. Vitamin Aj aldehyde (retinal) is denved from p carotene by cleavage at

the midpoint of polyene chain connecting the p-ionone nogs

2

The bwsynthpsi^ of vitamin A is likely a dioxygenase reaction in which
molecular oxygen reacts with the two central carbon atoms of^-carotene followed

by the cleavage of the central double bond of jS-carotene to produce 2 moles

of vitamin Aj aldehyde (retinal) This aldehyde is then reduced by retwene
reductase depending on NADH to yield vitamin A alcohol (retinol) The reaction

IS shown below

^2 (2 r-'iotesor retinol)

Fig ! ) Vitamin A biosynthesis

3 The potency of vitamin A, (3-dehydroretmol) is 40% that of vitamin A,

and It differs from Aj structurally by the presence of an additional double bond

between carbon 3 and 4 of tbc ^lononc ring

4 Retinol exists^ as an ester with higher fatty acids, m the liver, kidney, lung

and fat depots

5 The plant pigments, carotenes or carotenoids, synthesized by all plants

except parasites and saproph>tes arc said to be provitamins A In the human

diet, vitamin A is denved from the preformed vitamin (retinol) and the provitamin
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carotenoids P carotene has the highest vitamin A activity and is the most
abundant in human diets

6 Carotenes are only active as a vitamin precursor when il is converted to
retinol This conversion takes place in the intestinal wall m rats, pigs, goats,
rabbits, sheep and chickens although Iner also participates but m man, u takes
place m the liver only

Retmol is transported to the blood as retinol bindingprotein (Tetinol attached
to Oi-globulin) Whereas, the carotenes are transported with the lipoproteins

AbsorpHon

1 The dietary intake of vitamin A in ibe form of vitamin A esters

are hydrolyzed in the lumen of the intestine by the enzyme lipase in presence of
bile salts and fats tocopherol prevents the oaidative destruction of the vitamm

2 Thevitammandthecarotenearetaken up by the intestinal mucosa where
the vitamin is estended and carotene is drst converted to retinal and then to retinol

by retinal dehydrogenase which is then eslenfied mostly with palmitic acid

3 These esters together with some unchanged retinal and carotenoids Inch

are not precursors of vitamin A are absorbed and enter the intestinal lymphatics
and eventually the circulation, m chylomicrons

4 In the blood, the vitamin esters arc attached to $ lipoproteins and
are then taken up by the liver (RupfTer cells) which contains almost all the body
store

5 The vitamm is then released as retinol binding protein for tise elsewhere,

eg in the retinal rods

6 Since retmol dehydrogenase is present m the liver serum retinal can be
converted to retinol

7 The impaired absorption ofdietary fat (e g obstructive jaundice, chronic

pancreatitis) leads to the impaired absorption of vitamm A in the absence
of pancreatic en^mes (impaired hydrolysis of vitamm A esters) and in celiac

disease or other conditions

P In subjects with liver damage, the capacity for storage and formation of
vitamm A is impaired and its concentration in the blood is also decreased

Storage •

1 95 percent ofvitamin A m the form of esters IS stored in the liver The
hepatic storage increases with age The quantity stored m the liver vpnes
in different species but the storage capacity m man is relatively large

2 A small amount ofitisalso present in other tissues, e,g laciating breast,

adrenals, lung, intestine

Sources

1 Plant sources—All pigmented (particularly yellow) vegetables and fruits

(e g sweet potatoes, caryols, pumpkins, papayas, tomatoes, apricots and peaches)
and the leafy green vegetables which supply provitamin A (carotene) m the diet

Cereals also contain carotene

2 Animal sources—Preformed vitamm A Oetinol) is supplied by foods of
animal ongm , they are liver, milk, butter, eggs, kidney, the fat of muscle meats

and fish liver oil which is very nch in the vitamiq
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Dailr rMjnircinents

Adults
Dunng pregnane} and lactation

Children
Infants

I I U =0 3 Jig of retmol
=0 6 /ig of 0-carolene

Normal concentration In blood .

5000 I U
6000—SOOO lU
2000—3000 1

U

1500 lU

24—60 I U /dl

or
0 84—2 10 fimoin

PhTsioIogical foDCtions

1 Vitamin A helps in maintaining the integntj of epithelnl tissue surfi

epithelial lajer of skm-, respirator} nucosa, oesophaeas and gemtouritiarv trac

2 It functions in the preservation of the structural inteenty and the nom
permeability of the cell membrane as well as that of the membranes ofsufccellul

particles such as l)so<omes and milochondna

3 It accelerates the normal foimauon of bones and teeth.

4 V aid and Morton gave more emphasis on the specific role of vilamm
m the phj’siologtc m'chantsm of vision The retina! pigment, rtodcpjm orvisu

purplepresentintherodcellsofihereti-^isacoojupted protemwith a mol-cul

v< eight of about 40000
When light strikes the retina, rhodopsin splits into lU protein componr

opsin and (he non protein carotenoid retmene (retinal) The retinal is tbi

converted to retmol b> reduction catal>7cd by the en^Tce fetinene ttdj'-ias

accompanied by the coear>me NAD Retmene reductase is very similar l

alcohol dehvdrogenase of liver

During the liberation of relmal from rhodopsm 2 coloured mtermedw
compounds are formed One is a red or orange-red compound, lierurhodops^

which « stable only at temperatures bdow —50’C Beginning at a temperatu

of about —20’C lumirhodopsio is converted to mexarkodoptm, which is al

orange-red in colour This compound hidroli-zes to retinal and opsin at tei

peratures below — 15'C and in the piescnce of water
Regeneration of rhodopsm takes place in the dark which is shown i

the figure below

•TVe*'* re'mens 4- Ops*r\

H2 Rhodol*«in—Miamjn A cjii*
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Deficieney symptoms

1 Xerophlhalnua—^Thickening and loss of transparency of the bulbar
conjunctiva with yellowish pigmcntalion The IteraliiiKalion of ocular tissue
progresses to blindness in the late result of titamin A deScieocy It is a major
cause of blindness in childhood which is more prevalent m Hong Kong, Manila
and Dacca etc

2 Follicular conjunctivitis

3 Keratomalacia—Soficning of the cornea, in advanced cases, \Mth ulcera-

tion and necrosis Defective vision due to ke^allnl^atlon of epithelium of
cornea

4 Impairment ofdark adaptation progressing to nti^hi blindiiLSs (nyctalopia)

5 Follicular hjperkeratosis of the skin

6 Keratinizing metaplasia of epithelium of nose, respiratory mucosa
oesophagus and genitourinary tract

7 Urolithiasis—Formation of urmaiy calculi

Hvpenitaminosis *

1 Acute symptoms arc developed on the ingestion of very large amounts
of vitamin A These include drowsiness, sluggishness, severe headache vomiting
and peeling of the skin about the mouth and elsewhere In infants and young
children, there may be a sudden nse of iDtracranial pressure

2 Continued intake of excessive amounts, especially in children, produces
roughening of the skin, irritability, coarsening and falling of the hair, anorexia,

loss of weight, headache, hyperesthesia, occasionally anemia, leukopenia

3 Serum level of vitamin A, Iipid and acid phosphatase are elevated

All these symptoms are vanished on withdrawal of vitamin A

Coeiujine activities

Vitamin A has no coenzyme activities

Determination of vitatom A
Colonractric determination utilizes the Carr Price reaction, m which a blue

colour IS obtained when a solution of antimony trichloride in chloroform is added

to the Mtarain-contaioing mixture This is used to determine the vitamin A
content of blood plasma

THE VITAMINS D

The vitamins D arc a group of compounds Alt arc sterols occurring chiefly

in animal organisms. Provitamins D possess the property ofcuring or preventing

rickets when subjected to long wave>ltraviolet light (about 265 nm)

Chemistry

1 The most important D viUrams arc D, (activated ergostcrol) or crgocalci-

ferol or viosterol and D, (activated 7-dchydrocholesterol, choJecalcjferol) on the

basis of nutrition.

2 Provitamin D* (ergostcrol) occurs in the plant kingdom ; whereas vitanrir

D, occurs in fish liver oil in nature

3 ThestructureofvitamioDjisIhesameasthatorDjCxcepttha! the

Cham on position 17 is that of cbolcstcrol
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4 Provitamin Dj are s>nthesized ID the body of man and other mamails.
This IS then activated in the skin bj sunlight or ultraviolet ra>'s and earned
to various organs in the body for utiluation or storage in the liver

^ The D vitamins are more stable than vitamin A and are not !os»

by ordinary cooking and preserving processes

Absorption and Storage

I The D vitam ins are readily absorbed in the small intestines.

2, Since the> arc fat soluble their absorption is enhanced b> factors'wSTch

favour fat absorption such as sufEcient qoanti^ of bile salts

3 After absorption, the vitamin u stored largely in the liver, fadae>'S

intestines, adrenals and bones

4 A small amount is excreted in the bile but is partly reabsorbed in

the inleslmc Not a smgle amount is climmated in the unne

Sources

In the active form vitaram D is not well distributed in nature

Rich sources—The liver and viscera of fish and the liver ofanimals which feed

on fsh

Good sources—E"g5 and butter

.Poor “ourccs— Milk The amount of the viiamm can be increased by

providing additional vitamin D in the cow’s diet.

Cheapest source—^The cheapest source is sunlight which forms Dj from 7-

dehydrocholestcFol m the skin

Daih requirements

Infants and children 400 I U
Adults 200 I

U

Women dunng pregnancy and lactation 400 I

U

I I U =0 025 pgra of cholecalciferol

Normal concentration in blood

In adults

In children

700—3100 lU/I
860-2100 lU/1
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Physiological fooctioiis

:

I. Vitamin D directly stimulates the mtesfmai absorption of ca'cium and
indirectly that of phosphate.

2 The major function of vitamin D is to stimulate transcription of
the mRNA for a calcium transport protein Thus, it is concerned with intestinal

absorption, renal excretion and bone metabolism of calcium Its uhtimate effect

IS very much related to the concurrent activity of parathormone and calcitonin

3 It increases the excretion of phosphate by kidney and decreases the con
centration of serum phosphate

4 It decreases the Pn in the lower inicstiful tract which aids in increasing
the absorption of calcium and phosphorus

5 It is necessary for the dc\elopmenl of bones and normal growth of the
body

6 It stimulates the calcification of bones m both adults and growing
children

7 It increases the citrate level of blood, bone, kidney and heart tissues and
also the excretion of citric acid

8 It stimulates the activity of phytase which caial>7es the hydrolysis of
phytic acid in the intestine

Dehaeocy symptoms

.

1 During the period of skeletal growth vitamin D deficiency results

m rickets (rachitis), with a characteristic defect m endochondral bone growth and
mineralization of the zone of provisional calcification of long bones and
corresponding areas of flat booes

2 In fully grown bones m adutts, there is a type of defective mineralization

of osteoid tissue termed '‘osteomalacia”

Causes of deficiency of TUamln D

1 Dietary insufficiency or insufficient exposure to sunlight

2 Gasiroinlestmal disorder

3 Chronic obstructive jaundice

4 Prolonged treatment with anticonvulsant drugs

HyperTltaralnosIs T>

Extremely large amounts (500 to 1000 times the normal requirements) cause

hypervitaminosis D

1 The early symptoms are anorexia thirst, constipation and polyuna,

followed later by nausea, vomiting and diarrhoea Hyperphosphaiemia also

occurs

2 Increased urinary excretion ofcalcium and phosphate may lead to urinary

lithiasis, and the hypercalcemia and bypcrphosphaleinia may lead to mefastafic

calcification The kidney, arteries, muscles and gastric mucosa are mainlv m-
>olv^ The development of renal failure leads to death

Coeniyme adltltlcs—No coenzyroe activities
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VITAMIN E (TOCOPHEROLS)
Chemistry

1 Vitamin E refers to a group of compounds known as tocopherols

2 Four tocopherols namely «, p‘, y- and have been isolated 5-
and y tocopherols have two methyl groups in the aromatic nucleus whereas®
tocopherol has three methyl groups in the aromatic nucleus and has onlv one
methyl group

3 Tocopherols are soluble in fat solvents and destroyed m an alkaline
medium The vitamin activity is destroyed by oxidation,

4 The tocopherols are largely methyl derivatives of the parent compound
focol and they arc yellow oily substances

5 Some tocopherols are derivatives of tocotncnol which contains three
double bonds m the aliphatic side chain and is therefore terpenoid m structure

OHj

CHi

°

Fig 14 4 a Tocopherol

Absorption and Storago

1 U IS absorbed in the intestinem the presence of bile salts

2 It IS stored in the liver (mitochondria , microsomes) and fatty tissues

3 It 1$ present m high concentration in the adrenals, the pituitary, the uterus

and the testes

Sources

Good sources—Eggs, meats, liver, fish chicken, oatmeal, com oil and cotton

seed oil

Daily requirements

Adults —25 30 mg

Normal concenlration Id blood

10 mg /I

Physiological fanciiORS

1 Vitamm E protects the polyunsaturated fatty acid from oxidation by

molecular oxygen m the formation of peroxides

2 Vitamin E and other antioxidant such as vitamin C are important in in-

hibiting damage to lung tissue from oxidants m the air

3 The tocopherols play a part in the stabiliration of cellular membranes

and play some part m electron transport together with appropnate protein

4 The tocopherols prevent the oxidation of vitamin A.
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\TrAMIN E (TOCOPHEROLS)
Ctieraistry

1 ‘Vitamin E rerers to a group ofcompounds known as tocopherols.

2 Four tocopherols namely / and fia%e been isolated ^
and y tocopherols lia\e two methyl groups m the aromatic nucleus whereas o
tocopherol has three methyl groups in the aromatic nucleus and has onW one
methyl group

3 Tocopherols are soluble in fat solvents and destroyed in an alkaline
medium The vitamin activity is destroyed by oxidation,

4 The tocopherols are largely methyl derivatives of the parent compound
toco! and they are yellow oily substances

5 Some tocopherols are derivatives of tocotnenol which contains three
double bonds in the aliphatic side chain and is therefore terpenoid in structure

0^3 9^3 ^CH3

Fts H 4 <t Tocopherol

AtKorptioQ and Storage

1 It IS absorbed m the intestine m the presence of bile salts

2, It IS stored m the liver (mitochondria , microsomes) and fatty tissues

3 It IS present m high concentration in the adrenals, the pituitary, the uterus

and the testes

Sources

Good sources—Eggs, meals, liver, fish chicken, oalmeal, com oil and cotton

seed oil

Baih requirements

Adults —25-30 mg

Normal coDceufratioa In blood

10 mg/L

Physiological fonc’ions

] Vitamin E protects the polyunsaturated fatty acid from oxidation by

molecular oxygen in the formation of peroxides

2 Vitamin E and other antioxidant such as vitamin C are important in in-

hibiting damage to lung tissue from oxidants m the air

3 The tocopherols play a part in the stabiliration of cellular membranea

and play some part m electron transport together with appropnate protein

4 The tocopherols prevent the oxidation of vitarmn A
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He M 6 \rtassin K,
•«-=2riiii£:r^ris).

O

O
Fic 14 7 |2-« f HI 1

Absorption sod Storage

salts mainlj in the jejunum b^ v^BVorlxmph2Uc^
* iufficjent amount ofb^e

i Absorptwn .s dmimubcd b) hrs= a„-ouDK of l.qu.d pwobura.
3 “ ‘“>OTup<ed ladine to benorAarf tn — a .

In-CT discasts obsti A: bde sscretion .!,4)
J2™J>k MdoAtr

d It IS piesent m blood strean to sissiScant atnoanA
5 Ltver stores appreciable ajnounts.

f AH tissues contain small amounts of sttatnra K

ficrai'e./a 'gf
"f •• - proilured b, Ae bacteital

Sources

Mtvmia Kj

tet acarres-Gree,. Ica^ scpeAbles. eg. alfalfa. sp,„aA. eabbane, kal- etc.Good jourcey—Cauliflower, ««'abcan,wiieaigma etc.
^ ”

Fair soyrc«—Carrots and potaiocss.

Poor jourccj—Milk, meat and fish.

Vitamin K. is produced b> most hactena present in jh-
IS not supplied in the diet

^ thw hum-n intestine if it

Datl; reqciremMrts

TTie axOTge diet contains adequate amounts of Tjtamn IT vsjTHhesizedbybactenain Aeinlestint So tbe sitamm ’^e
reported in healAy individuals eiccpt m dc» bom inf^ii "m

bas not been
nhen Ae moAer’s Att has a lo^-itamm K roniSu

°°

Physiological functions

1 Vitaniin K caalyzes Ae synAesis of prothromb:-, P. .i. itransenpuon from informauon earned on mesCT^^JA ^ ^
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2 It reduces the protbrombm time

3 It regulates the synthesis of plasma clotting factors (factors VII, IX
and X)

4 Vitamm is an essential component of the phosphorylation processes
involved m photosynthesis m green plants It is also involved in oxidative phos
phorylation m animal tissues

Deficicncv maoifestatioos

The deficiency of Vit K leads to a lowering of prothrombin level and
increased clotting time of blood This may lead to hemorrhagic conditions

Hypervitaounosis E
The parenteral administration of too large doses of vitamin K (e g 30 mg /

day for 3 days) to infants has been shown to produce hyperbitirubmemia m some
cases

Coeozyme actiritics—No coenzyme activities

WATER-SOLUBLE VlfAMlNS

ASCORBIC ACID (VITAMIN C)

lotroductioo

\ The isolation ol vitamin C was carried out by Zilva during 1917 1927

He obtained the highly potent substance and noted its reducing properties

2 In 1928, Szent Gyorgy isolated an acid with strong reducing properties

from cabbage, adrenal glands and oranges He called it Hexuronic acid

3 In 1932, Waugh and King isolated vitamin C m a crystalline form from

lemon juice

4 In 1933, vitamin C was named ascorbic acid owing to its antiscrorbutic

properties

Chemistry

1 Haworth and co workers in 1933 established the chemical structure of

ascorbic acid

2 The synthesis of viiaram C was reported in 1933 by Haworth and co

workers in England and Reichstem and co workers in Switzerland

3 The chemical structures ofL-ascorbicacid and L-dehydro ascorbic acid

are given below

0*C—

]

J•

ho-c-h
CHjOH

L“Osco't»c oeid

O^C—

I

A
0=CJ
H-C-

HO-C-H
CHzOH

L-dehydfoes-orbe ootj
loscofbonel

Fig H 8 Stroctute of ascorbic acid
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The structure of L»ascorbic acid shows that it is a dcnvative of hexose

called L-gulose

Properties

1 Ascorbic acid is a white crystalline water soluble substance with sour

taste

2 It IS chemically an enediol lactone which is oxidized to dchydroascorbic
acid (ascorbone) Both these forms are biologically actiie

3 D ascorbic acid does cot possess any antiscorbutic activities

4 The oxidation of ascorbic acid is catalyzed by copper and silver ions and
the oxidation is faster at higher temperatures, e g during cooking of foods

5 It is a powerful reducing agent which can reduce Fehling’s solution in the

cold

6 It can reduce 2, 6 dichlorophenolindophenol to the colourless leuco base

7 It IS easily destroyed by cooking

8 It IS stable below 6 8 at room temperature but readily oxidized in an
alkaline medium

Absarption and Storage

1 Ascorbic acid is readily absorbed from the small intestine, peritoneum
and subcutaneous tissues

2 It passes through the portal vem to the general circulatioD and to

all tissues '

3 It IS supplied to the fetus from the maternal circulation passing the
placenta! barrier readily The placenta is also able to concentrate this vitamin

4 It IS not stored in any particular organ and is distributed throughout the

body

5 Each organ or tissue has an optimal saturation level of ascorbic
acid Excessive intake of ascorbic acid do not increase the saturation level but the
excess is excreted in the urine

Sources

Richest source—Amla
Good sources—Citrus fruits, tomatoes, green peppers, raw cabbage, guava,

cauliflower adrenal cortex

Fair sources—Grapes, apple, banana, jackfruit, milk, liver, green leafy
vegetables particularly salad greens, fresh potatoes, freshly
killed meat, fiesh raw fish, papiya

Ascorbic acid is not synthesized in the body of the human beings Dietary
sources can only provide this vitamin The artificial food or sterilised milk
IS devoid of vitamin C

Daily requirement

Infants 35 mg
Children 40 mg
Adults 45 mg
Pregnant women 60 mg
Lactating women 80 rag
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Nonna] concentration In blood plasma

0

6—ISrag/IOOml of blood plasma

t ^
«^tirocytes I| times of that of plasma and m white blood cells and

platelets 20 40 times of that of plasma

Physiological faactlons

j u j
Since It IS very sensitive to reversible oxidation (ascorbic acid?*

dehydroascorbic acid) it is involved m the oxidation reduction reactions of the cell

2 It IS involved m the conversion of folic acid to folmic acid (atrovorum
factor)

3 It IS involved in the hydroxylation of steroids m the adrenal cortex

4 It IS required m the metabolism of tyrosine and phenylalanine and also
m tryptophan

5 It IS required for the absorption of iton and incorporation of plasma iron
in femtin

6 It is involved in the formation of norepmephrme

7 It IS essential for the normal regulation of the colloidal condition
of intercelfular substances including the hbrils and collagen of connective tissue,

osteoid tissue, dentine, the mtercellular ‘cement substance’ of the capillanes

8 It is concerned in the hydroxylation of prolme and hydroxyprolme is on
important constituent of collagen

9 ft has an inhibitory effect on the hyaluronidase'hyaluronic acid system

Deficiency manifestations

Severe ascorbic acid deficiency produces scurw The signs of this deficiency

are entirely confined to supporting tissues of mesenchymal origin (bone dentine

cartilage and connective tissue)

Scurvy is characterized by failure m the formation and maintenance of inter

cellular materials which causes typical symptoms such as

1 Internal hiemorrJiages

2 Loosening of the leetb

3 Poor healing of wounds

4 Swelling of long bones

5 Easy fracturability of bones

6 Swelling sponginess tenderness and bleeding of gums

7 Anemia

8 Susceptibility to infections

9 General weakness

Toxic efiects

Ascorbic acid in daily doses of 100 to 200 mg over long periods does

not produce any harmful elTccts in human beines

THE VITAMINS OF THE B COMPLEX

\ Thmmmc (vitamm B^*antibcnbcn substance, antineuntic vitamin, ancunne)
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2 Riboflavin (vitamin B* lactoflavjn)

3 Niacin (pellagra preventive factor, nicotinic aad)

4 Pyndoxine (vitamin rat antidermatitis factor)

5 Pantothenic acid_(fillrale factor, chick, antidermatitis factor)

6 Lipoic acid (thioctic acid prologen, acetate repla«ment factor)

7 Biotin (vitamin H, anti-egg white injury factor)

8 FoUc acid group (vitamm M, streptococcus lactis R (SLR) factor.

Vitamin Be, fermentation residue factor, ptcroyl glutamic aad, liver

lactobacillus casei faaor)

9 Inositol (mouse anti alopecia factor)

10 Vitamm B,s (cyanocobatamm, cobamide, antipemicious anemia factor,

extrinsic factor of castle)

THIAMINE (VITAMIN D,)

Infrodactioa

1 In 1885, TakaKi prevented the occurrence of beriberi in the Japanese navy

by altenng the diet

2 In 1897, Eijkmann produced polyneuiitis in fowls by feeding them a diet

consuiing of washed polished rice and showed that the birds recovered after the

administration of extracts of rice polishings

3 In 1926, Jansen and Donath isolated vitamin B^ in crystalline form from
rice polishings

4 In 1931, Wmdaus and co workers isolated vitamin in crystalline form
from yeast and established its emperical formula

5 In 1934, Williams and co workers and in 1933 and 1935 Peters and co
workers made improvements m the methods of isolation of vitamm Bi

Chemistry

1

Williams and co workers m 1936 established the chemical structure of
thiamine The chemical structure is given below

NH2 H
?

it.

:-ch?-ch20h

X-CHz-N

6-^ CH
HjC

6-otwno- 4 meii^S-hynroiYeihvi
pynfmfne ttozoia

Vettylenetnkaoe

Fig 14 9 Slmdure of ihianune

2 Thiamme contains a pyrimidine nng and thiazole nag
3 Lohmann and Schuster m 1937 isolated ihiamme pyrophosphate (co-

carboxylase) from yeast
j v
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Pfoperlies

1 Ttuaminc is readily soluble in water

2 It IS stable m acid medium

3 It )s destroyed when autoclaved at 120°C for 30 minutes

4 It IS destroyed even at room temperature m an alkaline medium

5 When it is dissolved m sodium bisulphite solution at P” 4 8 to 5 0 it is

cleaved into pyrimidine half and thia/ole half

6 It IS when oxidized with potas<ium ferncyanide in alkaline solution, a
IS converted into thiochrome whi^ has a strong fluorescence m ultraviolet light

Absorption and Storage

Free thiamme is readily absorbed from the small mtestme but not TPP
Excess thiamme administered is not stored m the tissues A part of the excess

thiamine is excreted in urine and some of it is destroyed

Sources

Rich sources—Rice polishings wheat germ and 3east

Good sources—Cereals pulses nuts oilseeds

Fair sources—Men fish eggs milk vegetables and fruits

Thiamme is practically present in all plants and animal tissues eommonlj used

as food The thiamme contained m these foods is destroyed with improper

cooking

Dally requlremeot •

It IS difficult to fix a single requirement of vitamin Bj The requirement is

increased when metabolism is elevated as in fever, hyperthyroidism, increased

muscular activity, pregnancy and hctation Fat and protein reduce while carbo-

hydrate increases the daily requirement of the vitamm Some of the thiamme is

synthesized by the bacteria in the mtestme Deficiencies of the vitamin occur not

only by poor dietary intake but also m persons sulTcnrtg from organic diseases

Infants 0 3—0 5 mg
Children 0 7— I 2 mg
Adult (males) 1 2—1 5 mg
„ (females) 1 0—1 I mg

P«©xant women I 3—1 5 mg
Laciatmg women I 3— t 5 mg
(Recommended daily dietary allowance (Revised 1974)]

Nnrma) concentration of vitamin B, In the Mood plasma

1 About 1 ftg/l(X) ml of blood plasma in the free form

Physiological role

1 Thiamme is essential for growth
2 It IS essential for maintaining the nerves m normal condition

Coenzymic activities

(a) Thiamine in the form of pyrophosphate (TPP), the active form of
the vitamm, is involved in oxidative decarboxylation ofeertam important inter-

mediates in carbohydrate metabolism, eg pyruvic acid and a-kctogluianc acid

It IS therefore referred to as "cocarboxyhsc".

(b) Succmyl CoA formed from o-ketogluiaric acid plays an important
role m the biosynthesis of (he porphyrin nng of hemoglobin and certain oxldasej
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(c) TPPahoactsasacoenzymeforlranskctolaseactivjtyin thehexose raono*
phosphate (HMP) shunt or the pentose phosphate cjcle This cj-cle supphes
NADPH required for fatty acid synthesis

^
Deficiency manifestation

] Its deficiency causes benben—^Wet beriberi and dry beriberi and neuro-

logical manifestations

2 The early clinical features in both forms of benben arc common The
first symipioms arc

(a) Anorexia and dyspepsia associated with heaviness and neakness of
the legs

(b) There is tenderness m the calf muscles with complaints of *pms and
needles’ on pressure and pam and numbness m the legs

(c) The knee jerks are usually sluggish

(d) The subjects feel weak and get easily exhausted while workioc

(e) If not treated, the subjects dcselop wet or dry benben

Wet benben

(a) Oedema is the important feature

(b) Palpitation and breathlessness arc present

ic] The pulse is Cast

(d) The heart becomes weak-

Dry benben

(a) The muscles become wasted and weak and difiicuU to walk.

(b) The <ubject needs stick to stand and walk and finally becomes bedridden

(c) The concentrations of pyruvic acids and lactic acids are increased

(d) The iransketolase activity of red cells is decreased

Toxic effects

If the vitamin IS taken m excessive amounts the excess vitamin, is promptly
excreted in the untie As a result there is no evidence of toxicity

RIBOFLAVIN OTTAMIN Bj)

Introduction

1 As early as 1879 the water soluble, yellow green, fluorescent pigment in

mtik whey was noted This substance was not isolated in pure form until 1932

2 It was first isolated from milk, hence the earlier name lactoflavin

3 It was shown to be a constituent of oxidative tissue-enzyme system and
an essential growth factor for laboratory animals

Chemistry

I Kuhn Karrer and co-workers (1934, 1935) accomplished the synthesis
of riboflavin



2. I, contams an .soal!oxaz,n= nucleus -fte chon,cal structure of .t.x given

t>clow.

OH OH OH

O^-C—C-C-CHjOH
' Hu H H

=0

6,7 dmeh* 9-0 nb toli^ wccin-

Fig H 10 Structufc of nboflavm

<nluHe heat stable and sensitive to light

4 Thellution of vitamin B, when exposed to ultm violet liglit emits

°T®O^Tx"da«on°wirXaroTet rays or visible light it undergoes irre-

versible
„hen the solution is exposed to bright light

‘ Lents such as stannous chloride and hydro sulphite convert

7 Reducing ^8 _j without any fluorescence

It into a P
«hcn exposed to ultra violet light is con-

v.r.A.nfo"in^KKV-.shycllo^^

hsLuSS^storedmLrb^
Themajorpartisexcretedmurineandasmallpart

is metabolized in the body

Normal concentration in blood plasma

2 5 to 4 0 pg/100 ml of blood plasma

Infants
Children
Adults (males!

(females)

Pregnant women
Lactatmg women

04_0 6 mg
0 8—1 2 mg
1 5—1 8 mg
1 1—1 4 mg
1 4—1 7 mg
1 6—1 9 mg

HMv distributed throughout the plant and animal kingdom.

Riboflavin is widely
fcimenting bacteria

Rich kidney, heart fish etc

Good sources—Milk, h ^ germinating wheat and barley

Fair sources—Ccreats.
rww, t

F 14
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Pfaj-siological fcDcijons

:

3. RiboS^Mn js i2'T>l*'ed ia thr remlatan rcncJjDns of *>cnt
coaaecttd v.ith carbobidraie sastaboljsru

2. Tbs &ts riboSaTjn prcssat in rsiisa is con^’cn6d by to a catrpoanfl
invohed in stimnlatioa of tbs opbc nerve.

Coaornuc ectiiides :

(a) It IS a constItucDl of some cazjmss called flai oproisins wtici sjs
ia>ohEd in inisnasdiary oeiabolisaj. Ths> plaj z roJs in lbs ejssLtia transport

53’stsn3 in anochondna.

(b) RibofiSMH aononnclsofids (FMN) is a ts*asiifusat of tbs wsrbnrj: yj^ow
cai^'me.cytodironeC reductase, and tbsL-aniiao aaddA^drerenase.

(c) FlaMB adenine cinuclsotide (FAD) is ibe prostbeticpronp of diapborase,
g]>*ans oudasE, xanthine oxidase, and the D-anmo add dehjdronenase.

(d) RibeSaMn, in the fom of FMX and FAD, is a coenniac in oxidaiicn-

rednciion reactions vlucb are mtknateb co^'cerred %v-nh a nn'-^ber of 'iital rasts-

bobc processes.

(t) It IS also lbs pro«=ihetic croup of acjJ-Co^ ddijdjoseaass sibicb is

involve in the oxidation of fattj aods

Defidency manirestaticros

;

1 Cbaractensnc lesions of the lips.

2. Fissures at &e ancles of ibe aoirtb (cheDosis)

? Dennaiitis of the face.

4 bfageata toacua.

5 Cettasa fcacuoaal and orsaeic <iisorde*s of the ej-es.

Toxic «ir«Ss : No loxic cTect.

’ MACIN' (NICOTINIC ACIB)

lotrodoctioB •

1 Durmg 1922-—1928 Goldbercer and co-i^orlexs treated the disease

pellagra in htreian bemes andn 1925, they s-bo^-ed that boHed yeast extract can
core pellagra. Hence Goldbergsr named mncia as the Pdlacra-Prcveatr>e (P-P)

factor

% In 1937, tbr« groups of -uoriejs mdepeirtieatls rtperted that Eicc<tih3c

sad was effective in cram" Pellacra in human bera^

Chemistry :

1 Niacin 15 pjTjciiae 3<ajboivlicaad. Iioccnrsintisvnes as niacmairlde

(njcotmaroidc). The diemical stroemres of both are pven btltn*.

Itwncnant^)

Hs- 1411 SPBCtere cfriaca
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2 It «s soluble m water

3 It IS stable to heat and no* destroyed by autoclaving at 120’C for

20 minutes in acid or alkaline medium

4 Nicotinamide when heated m 't strong alkaline or acid solution it

is converted into nicotinic acid

5 Nicotinamide exists m human and animal tissues as coenzyme 1 (DPN
DOW called NAD) and coenzyme II (TPN now called NADP)

Absorption and Storage

1 Nicotinic acid and nicotinamide arc absorbed from the mtcstme through
the portal vein into the general circulation

2 Excess nicotinic acid is not stored in the body

3 The majority ofthc excess nicotinic acid is excreted in urinem the form of
N methylnicotmamide 6-pyridone of N meihylnicotinamidc N methylnicolinic
acid and the glycine conjugates of these methyl derivatives Hethylation takes
place m the li\er Methionine is the principal source of these methyl groups

4 Niacm m the form of niacytm present in maize is not absorbed unless the

food IS prepared with alkali (tortilla)

Sources

Richest sources—Yeast nee polishings

Good sources—Meat liver and poultry

Fair sources—Milk eggs tomatoes Jwafv green vegetables

Poor sources—Most fruits and vegetables

The ammo acid tryptophan present in the dietary proteins is converted into

niacia in the body W mg of tryptophan produce 1 mg of nnem So
tryptophan present in the foodstuff also provides additional niactn

Dally requirements

Recommended daily dietary allowances (Revised 1974)

Infants

Children

Adult (males)

Adult (femafes)

Pregnant women
Lactatmg women

5—8 mg
9— 16 mg
16—20 mg
12—16 mg
14—18 mg
16—20 mg

Norma) concentration of niacin m the whole blood

0 5—0 8 mg /lOO ml of whole blood

Phjsiologicnl functions

1 Nicotinic acid iscssential for the normal functtoningofthe skin intestinal

tnet and the nervous system

2 Cocnzjmic ocinillcs

'n) Nicoumc acid principally occurs as nicotinamide or nncimmide This
nncuiamide is n component of two coenzymes NAD and NADP This rwJuced
form of NAD is diliydronicoiimmidc adenme dmuclcotide (NADH) and that of
NADP IS dihydrnnicotimmidc ndcninc dmuclcotide phosphate (NADPH)
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(b') These coenzjmcs play an important role m metabolism by acting

as hjdrogen and electron transfer agents by means of reversible oxidation and
reduction Hence the great importance ofniacm m human nutrition as well as in

the requirements ofmany other organisms including bactena and jeast is stated

The mechanism of transfer of hydrogen from a metabolite to oxidized TJAD
causing the oxidation of the metabolite and the foimation of reduced NAD
IS shown below

NflO*
(0> (1 icdl

Fig H 12 Formation of NADH

(c) NAD and NADP take part in many enzyme reactions involving

dehydrogenases Some of these include oxidation of alcohol to aldehyde; of
glucose to gluconic acid, of malic acid to oxaloacetic acid of lactic acid to pyruvre

acid, of glycerophosphate to pbosphoglyceraldehydetof glucose fr-pbosphate to

6-phosphogIuconate^or pyruvic acid to acetyl CoA and of a ketoglutarate

to succrnyl CoA etc

(d) The reduced NADP (NADPH) is also involved in enzyme reactionm fatty

acid s^thesis synthesis of cholesterol and of steroid hormones and aho in

the formation of tetrahydrofolate (H| folate)

Deficiency mamfestadons

The deficiency of niacm causes the disease pellagra The clinical features

of the disease include three D S—dermaliUM (lesion of skin of face, neck, knees,
breasts thick and scaly skin) darrhoea rfemen/ro (headache, depression, anxiety,
insomnia and forgetfulness)

Toxic Effects Jn large doses nicotinic acid causes burning sensation that
may ultimately alarm the patient

PYRTOOXINE (VITAMIN B^)

Introduction

1 In 1938, pyndoxine was isolated m a pure form by five different groups of
workers

2 In 1939, the vitamin was synthesized independently by two groups
of workers in Germany and USA respectively

Chemistry

I Smee pyndoxine occurs in nature it is a mixture of three compounds
(pyndoxine, pyndoxal zind pyndoxamme) The structure of these three are given

below The more active derivatives are pyndoxal and pyndoxamme phosphates
Pyndoxine is 3 hydroxy 4, S-dihydroxymcthyl 2 methyl pyndine, Pyndoxal
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cootains an aldehyde instead of hydroxyl methyl m No 4 and pyndoxarainc
contains a primary amine side chain m No 4 of pyridine nucleus These -three

compounds are interchangeable

CHO CM/IH2

fyiKkral Pyf CwDiTv n*

Fig Is Siructure of pyndoxme

2 Pyndoxine is readily soluble in water

3 When It ism alkaline solution, it iS slowly destroyed by exposure to light

4 It reacts with phenol reagent or 2 6 dichloroquinone chlonmide
producing coloured compounds

Absorption and Storage

It IS readily absorbed from the small intestine The excess amount if ingested

IS not stored in the body but is excreted in urine

Sources

Rich sources—Veast, rice polishings certain seeds such as wheat and corn

\ Good sources—Milk, meat, eggs, leafy >egetable$, liver

Fair sources—Fish, fruits, vegetables

Intestinal bacteria can also synthesize this vitamm

Daily requirements

Recommended daily dietary allowances (Revised 1974)

Infants 03 mg
Children 06— 1 2 mg
Adult (males) 1 6—2 0 mg
Adult (females) I 6—2 0 mg
Pregnant women 2 5 mg
Lactatmg women 2 5 ma

Physiological functions

I Pyridoxtne is essential for the growth of infants

Cocnzymic activities

(a) Pyndoxal phosphate, the active derivative of pyridoxme, functions as
codecarboxyhsc m the decarboxylation of tyrosine, arginmc glutamic acid and
certain other ammo acids

(b) The deaminases (dchydrascs) for serine- and threonine are also catalyzed

by pyridoxal phosphate acting as coenzyme

(c) I^ndoxal phosphate acts as cotransamnase in the transamination

reactions

(d) Pyndoxal phosphate acts as a coen^me for kymirenna^e m the synthesis

of niacin from tryptophan

i

{
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PANTOTiiCKIC ACID

(e) ^!uscle phosphorylase also contains pyridoxal phosphate as coenzyme

(0 Pyndoxal phosphate acts as coenzyme m the transuIfuraUonitoKXxon jn the

transfer of sulphur from methionine to scnne to form cysteine

(g) Pyndoxal phosphate is also mvohed m the process of absorption of
ammo acids from the intestine —

-

(h) Pyndoxal phosphate is also involved m the desulphuration of cysteine and
homocysteine

(0 Pyndoxal phosphate is required for the synthesis of a aminolevulinic acid
which IS an important intermediate in the sjnthesis of porphynn and heme
nuclei

Q) This pyndoxal phosphate especially applies to brain metabolism because
It IS necessaiy for the formation of serotonin, y ammobutync acid and the
catecholamines

(k) Pyndoxal phosphate has also important relationship to oxalate meta-
bolism Hyperoxaluria occurs in deficiency states

(l) Pjrtdoxal phospuate is involved in the synthesis of coenzyme A from
pantothenic acid

(m) Pyndoxal phosphate is concerned with immune response

Dcficteocy symptoms

Fortunately deficiency of vitamin 6« is rare because of its easy availability

tn most foodstuffs

1 Deficiency gives rise to irraiability and depression. In some subjects

there arc lymphopenia and peripheral neuropathy

2 Deficiency of this vitamin occurs m infants on inadequate milk formulas

The mayor symptoms are convulsions due to depletion of brain % amino butyric

acid content

3 The drugs isonicotinic acid hydrazide and hydrazaline act as Bg anta-
gonist causing deficiency symptoms including hypochromic anemia and peripheral

A In the deficiency states there are inborn errors of metabolism including

cysiathiomnuria, familial xanthurenic aciduria and some pyndoxol responsive
anemias

Toxic effects No toxic effects are yet reported

PANTOTHENIC AHD

Introduction

1 In 1938, Willianis and co workers isolated this vitamin in a pure form as

Its calcium salt

2 Tn 1940, its synthesis was accomplished b> several groups of workers
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Cbcmtsiry

I Pantothenic acid consists of fi alanine and panloic acid joined through a
peptide bond The chemical structure is given below

HQCH? CtCHja CHCQH) Co^ ^NH CH? CH^ CQOH

PofiJotcodt) jf-oianne

Fig 14 14 Structure of paatotbeaic acid

2 It IS highly soluble in water

3 It is stable to autoclaving at 120®C for 30 minutes m neutral solution but
is destroyed in acid or alt^aline medium

4 It IS not obtained m crystalline form but Us sodium, potassium or calcium
salts crystallise readily

5 Pantothenic acid exists m the tissues m the active form as coenzyhic A
which contains pantothenic acid, ^mercaptoethylamme adenine, nbose and
phosphoric acid

Absorption and Storage

Pantothenic acid and its salts are readily absorbed from the small intestine

through the portal vein into the general circulation

If ingested in excess of the requirements it is not stored in the body , but is

excreted m urme or metabohs^ by the tissues

Sosrees

Richest source—Jelly
Rich sources—Yeast, liver, rice polishings and wheat germ
Good sources—Milk, meat eggs and leafy vegetables

Fail sources-Fruits and other vegetables

Dally requirements

Infants

Children
Adults (males & females)

Pregnant & Lactatmg women

1—2 mg
4

—

5 mg
5

—

10 mg
10—15 mg

Physiological functions

1 Pantothenic acid is essential for the growth of inranls and children

2 Coenzymic activities

(a) Pantothenic acid as a constituent of coenzyme A is required for se\cral

fundamental reactions in metabolism

(b) Coenzyme A combines with acetate to form ‘ active acetate* (acetyl

coenzyme A) which is directly utilized by combination with oxaloacetic acid to

form citric acid which initiates the citnc acid cycle

(c) Acetic acid derived from carbohydrates, fats or many of the ammo acids

undergoes further metabolism through the ‘ common metabolic pathway

(d) In the form of active acetate, acetic acid also combines with choline to

form aceiylcholme or with the sulfonamide drugs which ate acctylatcd prior to

excretion
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(e) The decarboxylafed product of o ketoglutarate in the citric acid t^cle 15

a coenzyme A derivative called "active” succinate (succinyl CoA) Succiny-

CoA and glycine are involved m the first step leading to the biosynthesis of heme
So anemia occurs in the deficiency of this vitamin

(f) In hpid metabolism, coentymeA has got significant role In the first step

of oxidation of fatty acids the fatly acids are to be activated by coenzyme A
catalyzed by the enzyme thtokmase In each turn of the ^-oxidation cjcle, one
molecule of acetjl CoA is released This acetyl CoA directly enters the atne
acid cycle for degradation to carbon dioxide and water or hvo molecules ofaatjl-
CoA condense to form ketone bodies

(g) Coenzyme A m the fonn of acetyl CoA is also required for the synthesis

of cholesterol and thus of the steroid hormones

(h) A significant amount of the cellular pantothenic acid is protem bound
This form is contained in a compound known as acyl carrier protein, a coen^me
required m the biosynthesis of fatty acids

(i) Coenryme A is also involved m the metabolism of propionate and
of branch chain fatty acids

Oefia«!cy sj-mptoms *

Deficiency of this vitamin in man results m nausea, vomiting certain gastro-

intestinal disorders imtability, inadequate gronnh, anemia, fatty liver, failure in

gaming weights

Toxic effects No ill effects are still reported

THE FOLIC ACID GROUP

IfltrodactiOD

1 In 1934, Wills showed that tropical macrocylic anemia in human beings

was cured by a vitamin present in aulolysed yeast extract

2 In 1947, Pifiner et al isolated fohe acid m a crystalline form from Uvtr

Chemistry

I Folic acid (folacm, pieroylglutamic acid) is a compound made up ofthe
Pteridme nucleus, P aminobenzoic acid and glutanuc acid There are at least three

nutritionally important and chemically related compounds which oamr m
natural products Wong to the folic acid group These three compounds only

differ in the number of glutamic acid residues attached to the Pteridme ammo-
benzoic acid complex The chemical structure of fohe acid is given below
Folic acid is synonymous with vitamin Be

Pferoyl (Pleroc catfj Glu

Fi^ M !5 StroMnre of folic aod
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2 Folinjc ncid (leucovorm Fotmic acid—SF {«!ynthetjc factor}) ts the
reduced form of folic acid with a formyl group on position 5 (N* formyl
tetrahydrofolic acid)

3 Folic acid is soluble m water

4 It IS stable to heat at neutral P”
^

5 Its activity is not lost if it ts heated at 1 20'’C for 30 minutes at neutra) pn

6 Riboflavin accelerates the photo oxidation of folic acid

Absorption and transport

1 Absorption of folic acid takes place along the whole length of the mucosa
of the small intestine

2 Monoglutamates are produced from polyglutamates which is ingested

withm the intestinal mucosa and dihydrofolates are further reduced (o tetrahydro-
folates by /o/ic acid reductases

3 The tetrahydrofolates arc then converted to mcthyltetrahydrofolate which
enter the portal blood to be transported to the liver

4 The vitamin then appears in the systemic circulation to supply the tissue

5 The vitamm is transported to the plasma as mcthyltetrahydrofolate bound
to protein The folate level of plasma obtained from umbilical cord blood

IS about 3 times that of the maternal plasma

Excretion

1, 20y of ingested folate that remains unabsorbed is excreted m the faces

2 2—5 pg of folic acid is excreted in the unne daily This may be

increased after an oral dose of folate if the tissues are saturated

3 Some folate are also excreted in saliva, sweat and bile

Folic acid 10 tissues

1 Tissue folate is about 70 mg m the whole body

2 About one-lbird (5—15 pgig) is m the liver

3 Folate is incorporated into the erythrocytes during ervthropoiesis

Normal level of folic acid m serum

3—25 pg fl of serum tn healthy subjects

Sources ,

Richest sourws—Yeast, liver, kidney

Good sources—Meat, fish, green leafy vegetables

Fair sources—Milk, fruits

Intestinal bacteria also synthesize folic acid

Dally requirements

:

Recommended dietary daily aJIoivances (Revised 1974)

Infants 50 fB
Children 100-300 Mg.

Adult (males) 400 /'B

Adult (females) 400 PB
Pregnant women 800 Mg
I^ctatmg women 600 /'g
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THE FOLIC AOD CROUP

Pfajsiological foncOoBS

:

Coewytmc actiTities

:

1 FoLc and as a coenz>me is in^ohtd in the transfer and uulmtjon of the

single carMn (C-1) moietj

Before functioning as a C-1 earner, folic acid is first reduced to 7, S-dihj-dro-

fohe acid (H. folate) and then to the tetrah>dro compound (H, folate) catalj'zed

by folic cad reductase which use NADPH as hydrogen donor. The reactions

are gi\en below

fiiDPH+H'

V
.\AOP* .‘jr.CPH-f-H*

Fig. 14 IS

The “one carbon” moiety may be formyl (—CHO), formate (HKXX)"},
methyl (CH^) or hydroxymethyl (—CHjOH) These are metabolicaUy mter-

cbangeable

Folioic and (foiiiiylietniby4rofolate.f*^H4 folate) IS mvoUed m the form)

-

latjon of glotaaiiC and dunng the metabohe degradation of hi>udme ;
othawnse

il B mttabobcally men. But F*—H« folate is metabobcally acuve. Howeser,

f*can be converted to by formyl tetrahydrofoLc and isomerase as follows :

ATP AO^^+Pi

Fig 14 17

folate IS also converted to N^-methylictrahydrofolic acid by an
NAD-dependent reductase and this methyl group is then transferred to deory^-

denosyl -Bit (cobamide coenzytne) to form methyl -Bi* which is an im-
9ortaatdonncoCmethylgraugmthe(onn3i.>oa.«^mffthjQa.vsA Crem. brnnoevstems-

Tbs other sources of the one-carbon moiety are the raethvl groups of
methionine, choline (by way of betaine) and thymine. These methyl groups are

oxidized to —CHjOH poups and earned as such on H, folate The beta
carbon of senne contributes hydroxymethyl group to the formation of a single

carbon moiety

The single (formyl) carbon present on the tetrahjdrofobc acids is utilized in

the following ways

(i) As a source of carbons 2 and S m tbs punne nucleus

(ii) As a source of the formyl group on N-fonnyl methionine -tRNA which
initiates synthesis of peptide clmns on nbosomes m microotgasnsms

(ill) As a source of the formyl carbon m the formation of the beta carbon of
senne m conversion of glyeiiw to senne
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(iv) In the synthesis of methyl groups for metjiylalion of homocysteine to

form mcthiomne or methylaiion of uracit to form thymine and for the synthesis of
choline by the way of methyl groups from methionine.

FiS* 14.18 Sourc«3 ud atilizatioDc^ the one catbon moiety.

2. Since the folic acid coen^rmes take part in the synthesis of purines and
thymine (the methylated pyrimidine of DNA> they are fundamentally involved in

growth and reproduction of cells.

3. Folic acid coeozymes not only confined to the hematopoietic system but
also generalized throughout the body.

4. In the metabolism of histidine, there is a folicacid—dependent step at the

point where formiminoglulamic acid (Fi^u) is converted to glutamic acid.

Folic Acid Anfagon&ts

:

1. The competitive inhibitor aminapterln (4-amino folic add) is the most
potent foljc acid mhibilor.

2. Another antagonist js pmeihopierine (4-amino -JO-roelhyl folic acid).
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3 In animals ihe inlubitory effect orammoptena cannot be mrrsed by foac
acid but only b} folmic acid.

Importance

1 They ba\e got clinical appbcation in the treatmeat of malignant diswse
and confirmation of the action of folic aad in cell gros^lh.

2. Aminoptcnn has been used in the treatment of leabemia, particahrl} in
children. A remission is temporanly obserstd in some patients bni after a tine
the leulLtmic cells acquire the po»ei to overcome the efiots of the antagonist.

Deficiency symptoms

Fohe acid deficiency can result from low dietary intake, ia inteslmal

malabsorption syndromes and dnnng pregnancy A sinuiar de&ieacy can ckcst
as a result ofprolonged admimstration of anticonvulsant drugs (pheayloin sodica
and pnmidonc) Fohe and antagonists also cause deficiency offohe and.

Tbs deficiency givus rsse to a megaloblastic anemsa. The nucJci of the
neutrophil polymorphonuclear leukocyia contain note than the uoric^ number
of lobes Other defiaency manifestatioas indodc retardation of growth,
weakness, mfcTtility, inadequate lactation la females and matased output of
fonnimmo^aiaimc acid (FIGLU) m the unne after histidme loading.

Toxie effects

Renal lojury has been observed in animaU tecewmg large doses (50 mg.^g,
body wt.) of folic acid intrav'cnousty

>TrA.NnN B„

Introduction

1 In 1926 Mmol and Murphy discovered that livex can cure penudous
anemia

2. In 194S, Smith and Parker in Great Bntam and Ridkes el al in U.SJL
independently isolamd Vitaimu Bu

3 It IS identical wifti estrmsic factor present in liver which cures pemicjous

anemia. It was found effective m curmg penucions anemia when admnusiered

intramuscularly m small quanulies (5 to 10 ^g.)

Ch«n»stry

1 The structure of vilanufl B„ IS pveo below Tlie ceitial portion ofthe
molecule consists of 4 reduced and substituted pyrrole nngs surrounding a single

cobaltatora. TbccentralsinictureiSTefeired ioasa"CoiTm'*nngsy5tetii. Two
of the Pyrrole rings (nna 1 and AO are joined directly rather than through

a single meihyhdyne carbon. Below the cornn ring system there is a 5, 6- ...

dunethjlbeamnidarole riboside that is connected al one end to the central cobalt

atom and at the other end from the libosc moietv through phosphate and amino-
propanol to a side chain on nag A' of the telrepyrrofe nudens. Addrtion

of cyanide forms “Cy anocobalamm ’ winch is identical with the ongmalJy isolated

vitamin B,* and the removal of cyanide group results m the fonnaiioa of
the compound "Coba’amir". Cyanide group if ^bsutnted by hydroxy group



VITAMINS

cobalamm" by a methyl

to 5 per cent

, „ has molecular sve^h. of .355 and an empcr.eal formula C„

Mt^eom'solutton ofvuamm B.. »hen esposured to sunhght results m the

destruchon of the vitamm
„u,mm B., the B„ act.vdy ts

4 If ascorbu. acid .s ad^J cue,don vitamm B..

slowly destroyed due to the r B
for long perils and

5
C0stallme vtoroinB,,i^laW , ,„s5 oestruc

rn°rr^p.nh™ the vSamtn is heated a. Ft. 90 or above

Absorption : j r ileum Its absorption depends on the

1 Vitamin B., is “*’“?^/'”ronstituent of normal 8““'=.““ .“S of
presence of hydrochloric

aci^and^ronswuen^^^^^
by the parietal cells of

mirintic joctof «

“cI.liaTndtSfofThJs'tLacS'
The combination of B.. with intrinsic f
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VITAMIN B,

s™

receptor site is readily saturated whidi limits the
The latter

a smsie dose The mtrm™ fleS^^Ts XsS
to pass mto the tntestmal mucosal all IntnmV^fartoforo

®‘>
Bi, rotide against bacterial attach and m .he "t^'tiJff^^^Xnnam'r:

passite 4chan.'s^
“"“"'.“•on of the vitamin ts also absorbed by

Transport ^

cobalami?Tr%“'3roxSa,Vi;ifru„dr'^^^^^^^
transcamn tl Transcotrin I is a strong binder of robalamin^a^I^T™

^
is a ucaker binder of cobalamin I—10"' of B

^ .ranscomn 11
IS attached immediately after absorption anfis read'u’y ra7^edToiTSS m'

;vhe4 It ?bTinT?oTTrT!y\te™^” S2T “ issues
liver as 5* deoxyadcnosylcobalamin The totafamoun^n^r

** stored m the
of adults 1S2 5 ms of 4ichabou?l SiSr^sm th^hodicz

Excretion

1 B„ IS excreted mainly by the %vay of the bile and by this nafh,«.» -i.40 /<g pass mto the jejunum daily Byan mteroheoatic
IS reabsorbed m the ileum using the intrinsic factor mechamsm

*

2 ‘tmall amounts of the vitamin also enter the intestine fmm f*.
pancreatic and intestinal secretions gastnc,

3 The unabsorbed vitamin leaves the body in the fere^ tu
gether with that produced m the colon by bactenS ^vnfh
3 6 /ig daily

^ oacienal synthesis is about

4 Cobalamin unbound to protein is excreted in the unne tt...
to 0 25 fig /day

“""® ^*s amounts

Normal concentration in serum

160-1000 Pg /ml

Sources

VitammB.. IS present only m the foods ofammalongm Itisnot .foods of vegetable origin Bacterial synthesis of cobalaiun oiiiT ^colon but It IS not absorbed The only source ofcobalaTn iTT?
thesis by micro organisms in soil, watw and the aTmal ISestme

™ 'T”'

Richest sources—Liver and Kidney
Good sources—Meat, fish, eggs
Fair sources—Milk, cheese
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da,,, d.e,a^ .Ho^nce, (Rev.sed .974,^

Infants 1_2 ,ig

Children 3 0 ,ig

Adult (naales) 3 q ,,g

Adult (females) 4 q ^,g
Pregnant women 4 q ,,g

Lactating women

’'""Tv.umm B. along w.th fo,.c acd ,s ,e,u,red for .he development of red

i^uSlrth'e'appetnetfd general health of the enbjee.

1 I elst tro^ogtea, sy.np.oms of pern.c.ous anem a

4 Coeneymie aet.ritiB
.ovolved w.th tetrahydrofolate .n

M V.tam.n B,„ as the
i^a be transferred to

^’“‘|°^!ta';;.S.'lraUo.nvo,ved.n.heconve^^

reautred .n the dehydmser^.« "
(0 It IS as

’"'"(g® Tns Involved m the b.osyn.bes.s of prole,ns

DeBe.enej
S)n.ptonB

Deficicnc)
Symptoms

mav result from poor dietary inlaVc which

In man deficiency of vitamm
ans) and occasionally in the elderly

’"^Sl.Tom rdeflc^^ “f '“nresSUaSpnoTJ^^^^^^^^^^ fm™

I’i'ed mThllrStmcn.
of tubercolos,s

used in
the symptoms

In deficiency slates,
nruvmia (Pernicious anemia)

3 Severe
of the uncommon3 Severe d‘scas^t uncommon

cobalamm

Tnale FllKts
,„Eest.on of the v.tam.n

No .11 elfcets on eaecss.ve .ng
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BIOTIN
lotrodactioo

1 Boas (1927) observed that when raw ees white w,, „
sourre of protein m the diets of rats thev detJfnS*' ™tn
retarded groMh loss of hair and loss if misS ™trS!“‘AIMh

dnmibtis
were proven

^
by egg yolh ^e factor was'^lLTnS^^

In 1931, Gyorgy named this factor Vitamm H’

4 t Z‘ "m r'n
“ Knhn and Lederer

vitamin
“‘k -d named this

Cbenuslry

1 The chemical stmctnre of Biotm in the free state is given below
2 TTie carboxyl group of biotin combines.

^uupoi oioun combines
witn the terminal nitrogen of lysine residue ofenzyme protein forming biocyun (Lysine-biotm
conjugate)

3 It IS highly soluble in hot water
< It forms salts with alkali hydroxides
5 It IS stable to autoclaving at I2(rc for

30 minutes at neutral PH

o

^^g^^-{CH2)^-C00H

Absorption and Storage Fig H 20 Structure ofBioua.

Biotm 15 readily absorbed from the small intestine thmtioh 1 1. _a .

the general circulation
through the portal vein info

dm unnT 'o .he body bn. is mostly escre.cd m
Sources

Biolin IS widely distributed m natural foods Intesbml him..., i

biotin in large proportion bacteria also supply

Rich sources—Egg yolk liver, kidney
Good sources—Yeast milk, tomatoes
Fair sources—Fruits vegetables human milk.

Dally requirements

Sinw intestinal bacteria and diets sunnlv hintm j
the dcBciency of this vitamin in human beings^s rare

amounts

1&_I5 ug

20-40 pg.
“ 50—60 fig

Normal concentration In blood

12—24 fig/d] m adults

14—55 figfdL in infants
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Fusctions

Coeozymic activities

Biotin IS connected with the carboxylation reactions (CO, “fixation* ) The
biotin coenzyme—apoenzyme complex attaches CO, which is afterwards

transferred to other substmices The following reactions are accomplished by
tins mechamsm

1 Btotm acts as coenzyme along with acetyl CoA carboxylase to convert

acc^l CoA to malonyl CoA which is an important step for Ihtty acid synthesis

in extramitochondna) pathway

2 The conversion of pyruvate to oxaloacetate is also a biotin—dependent
caiboxylation reaction catalyzed by pyruvate carboxylase

3 Biotm acts as a coenzyme m the conversion of propiomc acid to succinic

acid

4 Biotm is involved in the fixation ofCO, for the formation of carbon 6 in

punne synthesis

5 Succioic aad dehydrogenase succinic acid decarboxylase, aspartic acid

deaminase, senne deaminase and threonine deaminase are iniSuenced by biotm

6 ^ methylcrotonyl CoA*carboxylase converts p rocthylcrolonyl CoA
to ^ mcAyl^utacronyl CoA m presence of biotm

Deficjency symptoms

Tbe deficiency of Biotm may result from the destruction of mlestinal bactcna
bysulfonamidedrugsorfromtheadequate intakeof raweggwbite which contains

tbe protein aHdm (interfere absorption of biotm) or from breast milk (containing

low biotm) 10 association with diarrhoea m case of infants

Tbe deficiency develops nausea, aneroxia, anemia, muscular pain dermatitis

of extremities

UPOIC ACID

Introdaction

Lipoic acid was first detected m lactic acid bacteria It bad replaced growth
slimulatmg effect of acetate Hence, it was designated as "acetate replacement

factor" Tbs vitamin wasalso required for the nutrition of the protozoon Tctra

hymena geleii for which it was termed as "protof'en

Chemistry

1 It IS a sulfur containing fatty acid (6 S-dithiooctanoic acid (thioctic aad)]

nic chemical stn.cture is given below

2H

OVCH;-O<-(CHzt,-C00H- -CH;-CH;-CH-(CH;i,-COCIH

SH SH S S
Upc*c ocid ( Reduced formt t poic ood I0»td red ferml
(6 6 cTthiooclonotcocidl

Fig 14 21

2 It is soluble in water

Stnicture of Iipolc sckl
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Sonrces

It IS uidely distnbuted in natural foods.

Daily requirements : Not yet established

Fnnctlons

:

Lipoic acid acts as a coenryme m U\e oxidatiw <!ecarbox\Iation of pyniw
aad and a*ketoglutanc aad

Dcfideocy symptoms

.

No deficiency symptoms ha\c so far been established for this vilaram

iNOsrroL

Introduction

:

1 Both phot and animal tissues contain inositol

2- For a good length of period the hexaphospbonc ester of mosifol (pbytic
acid) prewnt lo cereals has been know-u

3 Se\*en optically macUve and two optical!) active forms of wositol

are p-esent to nature of which only one maclive form has got nufntjonal value

4 In 1940, Woolley et al reported that inositol can prevent the development
of alopecia m mice.

Cbcmistiy •

1 Iflositol (meso-mositol or m>o-mos«fol)ts he.uh)drorycjeIobexane JTie

structure is given below

CH OH

TVj SWl uiwncA

2. Meso-inositol is biologically most effective

3 It is high!) soluble in water

4 It IS a crystalline compound and has a sw eet taste

5 It is stable to beatm neutral aad and alkaline medium

Absorption and Storage

:

Inositol IS absorbed readily from the small intestine through the portal vein

and passes to the tissues through the general circulation

Excess of the requirement of this vitamin is not stored m the body but
is excreted m the urme and feces or metaboliied.

Extstanee of ino^to)

:

I The greater part of mositol exists in botind form , although a small

amount exists tn the free state to muscle and other tissues
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2 It exists m the form of phospholipids lo animal tissues ,
whereas it exists

in the form of phospholipids, phytic acid and phytm m plant tissues

3 Bram and liver contain phospholipids coDtamiag inositol Mitochondria

and microsomes also contain large amount of inositol containing pbosphatides

4 Cereals oilseeds and nuts contain large amounts ofphytic acid and phytin

(calcium or magnesium salt of phytic aad) Phytic acid (inositol hexaphosphonc
acid) IS hydrolyzed by an enzyme phytase present in plants into inositol and phos
phone acid Unless phytic acid is hydrolyzed it is not absorbed from the

intestines Only a small percentage of the phytic acid present in the diet

IS hydrolyzed and absorbed due to the lowconcentration of phytase in the intestinal

juice

Sources

Yeast, meat fruits, milk, nut, vegetables and grams contain inositol

Dally requirements Not yet reported

Fnnclions

1 Along with choline, inositol exerts a lipotropic eHect

2 Lar^ concentration of inositol m heart muscle increases the rate of
contraction

3 Labelled mositol gives rise to labelled glucose in the body
4 It is oxidized to glucuronic acid in the liver by oxygena c
5 It stimulates the groivth of yeast and fungi

6 It occurs in brain tissues as phosphatidyl inositol (lipositol)

7 It causes an increase m nerve chronaxia in the rat

8 In animals it increases the peristalsis of the small intestines

Deficiency symptoms

Deficiency symptoms in mice include retarded growth, failure of lactation,

alopecia (loss of hair over the body) spectacled eye (a condition due to loss of hair

around the eye) and those in chicks include encephalomalacia

CHOUNF
Introduction

1 In 1934, Best and Huntsman discovered that choline deficiency produces
fatly liver m rats

2 Choline is very essential for life processes It is an important metabolite

although it cannot be classified as a vitamin Furthermore, the choline require

ment is more than most substances and the deficiency symptoms are suggestive of
vitamin deficiency diseases Hence, it is considered os vitamin

Chemistry

1 Choline is hydroxyethyl tnmcthylammomum hydroxide The chemical

structure is given below

CHz CHjOH

OH

Fi^ 14^9 Stnicture of choline



228 CHOUKB

2. It IS a. strong base and a colonrless cr>3tallme compouncL

3 It IS soluble m vs-ater

4 Dilute solutions of cbolme Oess than 4 per cent) are stable to heat

Absorption and Stwage

Cholmc m the free state present in food is evsily absorbed from the
small intestine through the portal vein into the general circuJatioa-

Excess ingestion of choline than the requirements is not stored in the tissues

Part of it IS con\'crted into phospholipids but a greater part is metabolised la the
Iner mfo tnmethylamine which is excreted m the nnne

Rich sources—Liter, egg yolk

Good sources—Rice polishing, meat, cereals

Fair sources—

M

iIIh fruits, vegetables

Reqmrements

CholiDereqmttmentsofbumanbcingsaienotyctestabhsh*d However, the

diets commonly consumed contain large amounts of cholme.

Normal letel of free cholioe la plasma to male adolls

About 4 4

Fooctioos

1 Acetylcholine is a chemical mediator of parasympath-tic and other types

of activity in the nervous system U is formed os follovvs

Aeefpc ocki + coA-

CoASM HjO
AcetytPask^seAcetytlTashnase^^

Ac«l>l CoA

AVP+PPj

A«t,i _Coa+ct«r™

CoASH

ns HJ4

Acetylcholinesterase is an cn^roe present in many tissnes whidi can

hydrolyre acetyldiolins to choline and acetic aad Red blood cells can ^thesire
acetylcholine.

Both cholineacetylasc and acetylcholinesterase are present in red cells.

Cbohne acetylase is aUo present in brain, skeletal muscle, spleen and placental

tissue WTien cholineacetylasc becomes inactive due to drus inhibition or lack of
substrate, the red cdls lose iheir selective pmneabUity and undergo hemolysis

Z Cholioe 15 a constituent ofphospholipids which are essential constituents

of all cells in the body
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Cbobne taVes part m transmethylation reactions in the formation of
methionine from homocystme

Oxidation
Choline »-fietaine

Betame+homocystine **Mclhioniae+dtmcthylgIyciae

4

It prevents accumulation of fat in the liver of many animals

5. It IS essential for growth of many animals

6. Its deficiency reduces egg formation m the hen

Deficiency symptoms

.

1

Deficiency of cholme causes fatty liver in rats

2. In the young growing rat there is hemorrhagic degeneration of the kidneys
and hemorrhage into the eye balls and other organs and ultimately leads to

cirrhosis

3 In chicks, its deficiency causes slipped tendon disease m which there is a
defect at the tibiotarsal joint of the bird *

Metabolism of choline

A Biosynthesis

1 Serine is decarboxylated to cthanolamme m presence of pyndoxal
phosphate

2 Etbanolamme i$ progressively methylated to choline by the incorporation

of onC'Carbon fragment into a methyl group of methionine

' Senoe— >-Ethaoolamice choline

B Catabolism

1 Cbolme is first oxidired to betaine aldehyde and then to betaine Cholme
acts as a methyl donor only after oxidation to betame

2 After loss of methyl group m the use of homocystme to methionine,

betame is converted to dimcthylglycmc Dimcihylglycine produces N hydroxy-

methyl sarcosme after oxidation

3 Sarcosme is then formed by transferring hydrorymctbyl to letrahydrofohc

acid

4 Sarcosme is then converted to glycine by oxidation

5 Glycine is converted to serine by the addition of a hydroxymethyl group

derived from fbrmylated tctrahydrofolic aud derivatives

^CHj
Cholnie—*SeM(necWehvUe— ^T'et^yl gfyeme-—*-HycIroty-

meffiyl sorcoj «;;»S0'V05 nc——— Serme

Hr-fotote Htf«iQte-.CH2W H^foWe H4(oto}e-«CH20H

rts I4 2S
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Sbort Dotes on .

RICKFTS

Caoses

Mtamm D defcienc> causes the disease nd.ets in childrcT.

Sjojptoms *

1 It IS charactensed b\ bone d'^fonnines.

2. The earliest bonj les on is often craniolabes—small round unOiSiSed areas
in the membranous bores of ibe sKuIl

3 \nothtT carK sign is ibe beadini;* at tbc costochondral juDcnons of tbe

nbs knovi-n as ‘Ricletj rosar>'

4 Later features are 'Boshing of th». frontal and pane^al bones and
closure of the anterior fortancllc and defomitits of the chest suids as undue
prominence of the stcTiLm knom as Pi«-oq ch*si

n Tbe boa*^ a'^e soft due to ibe non-d-*pos!t»on of calcj^'n salts and besce
they are easil) bent b\ tb* sieigbt of tbe body

6 In case, the nck€t> contn-c for n^o to three \cars there « senous boa:
defortwiies such as bou lets c*^fonnii»*sortbe sp’reand p*3vs, Th^iscatra-
S!on and widermg of tbe epipbjs > at tfc* groms; pojsts

7 Reral neket is caused b% defecine t-anrporl of phosphate b' th* nmal
tubules

Pretention

It can be prevented bv the adminUrat ot of Mtaaun D and a3.1aata.,

Vitamin D m ordicarv cannot cure tbe renal ncLeis and b*ace recsl m-kefs are

sorcetimes referred to as v itamn D res tart nwket>

OSTEOMA! Aa\

Causes

Vitamin D dcPciency caoses tbe disease osteomalacia la adults It

geceraJIy occurs in pregnant women oflou laeone cro-ps t ho consimK a diet

devoid of Miamin D and caloma ard those who obsene ‘purdha’, also It

IS pmv-alani in India, Pakistan China and middl'-east couaines.

SjmptonB

1 The chances in the blood and bone are similar to those m n-Lets.

2. Proeressne decalcificatton of bones and bonts become »ofL

3 Bone deformities occa*- in pehis less, nbs, sacrum and lotrer lumbar
vertebrae

4 Owing To tbe deformity ofibepehis normal d^nerv ofthe babv becomes
diScult

Prereitlon

This disease can be prevent'd bj tbe administration of vitamin D aud
calaum
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SCURW

Canses

Severe deficiency of ascorbic acid leads to the disease scurvy.

Symptoms

A Scurvy in adults

1 The first symptoms are weakness, ca^ fatigue and hstlessncss These
are followed quickly by pam in bones, joints and muscles of the extremities, short*
ness in breath

2 Hemorrhages m muscle occur particularly in calf, thigh and forearm
Hemonhages may occur in joints with swelling and pain

3 As the deficiency advances, the gums become swollen, blue red and
spongy The gums may be infected by bactena There is loss of teeth

B Infantile scurvy

1 The prescorbutic infants become anorexic and listless for a few days

2 With the beginning of the disease, the infant lies with legs drawn up on
the abdomen

3 The infant cnes when touched espeaally when its legs or arms are moved
or lifted

4 Extreme tender swellings may be felt at the end ofthe long bones

5 The sternum may sink slightly m«ard

6 Purpura occurs tn the skin

7 If treatment is delayed, dyspnea, cyanosis, convulsions and death may
occur

Prevention

1 The disease can be prevented by ibe admimstralioo of high dose of
ascorbic aad

2 Citrous fruits arc to be taken regularly

BERIBERI

Causes

The disease bcnberi is caused by the deficiency of thiamioc (vitamin Bj)

Types

There are three types of bcnberi—wci benben dry benben and rnfantitc

qeribcn

Symptoms

A \\et beriberi

1 The important feature ofwct benben IS edema

2 It is rapidly detcloped and not only the legs but also the face,

trunk, serous cavities are invol«d
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3 The calf muscles are slightly swollen and tender on pressure

4 Palpitation and breathlessness appear.

5 The diastolic blood pressure is low while the systolic is high

6 The pulse is fast

7 The heart becomes weak and death occurs as a result of heart failure

B Dry benbcri

1. The muscles are progressively wasted and weak and difficult to walk

2 The affected individual takes the help of sticks to stand and walk and ulti*

roately he becomes bedridden

3 The patient dies if untreated

4 There is cerebral disorder

C Infantile beriberi

1 Those infants will suffer from the deficiency of the vitamin whose mother's
breast milk contains low tbiamine

2 The infants face restlessness and sleeplessness

3 Anorexia, vomiting and breathlessness develop

4 Most of the symptoms are due to cardiac dilatation and failure

5 Sudden death occurs if not treated with thiamine immediately

PreveDtlon

The disease can be prevented by the administration of thiamine by intramus*

cular injection

PELLAGRA

Causes

1 The oeficieocy of niacin causes the disease pellagra

2 Tt occurs whenever com (maize) is the mam diet and the corn protein is

deficient in some of the essential ammo acids, notably tryptophan and lysine

Hence niacin is not formed in the body

3 It is also caused by acute or chronic infection

Characteristics

Pellagra is charactensed by three D’s—dermatitis, diarrhoea and

dementia

Symptoms

A Dermatitis

1 The bright red erythema resembling sunburn occurs over the exposed

parts of the body

2 The commonest sites arc the back of the fingers and hands, the forearms,

dorsum of the feet and ankles and the neck

3 At the onset, the skm becomes red and slightly swollen

4 Secondary infection is always present

5. The dermatitis is precipitated by exposure to sunlight
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B Dianboca

1 In most cases, nausea and vomiting are found

2 The dianboea ranges from a few to several loose stools a day with blood
and mucosa.

C Pemratia

1 Dementia more frequently occurs in chronic cases

2 Imtabihty, changes m disposition depression inability to concentrate
are found m milder mental distnrbances-

3 In mild cases, poor memory is common
4 In chronic cases, spasticity, atawa the involvement of the bladder and

rectal sphincters are seen

Preventioo

1 Niacinamidem doses of 1 5—25 mg three times a day are to be prescribed

2 Adequate quantities ofmeat eggs milk and vitamin B-coropIex are given

3 Any accompanying infection should be treated with ihe proper antibiotic

PEANICIOUS ANEMU

Cateses

The lack of 'intrinsic factor in the stomach resulting the fa lure of absorption
of vitamin Bjt causes the disease pernicious anemia

Symptoms

1 The RBC count is low 1 5 to 2 5 million per cubic millimetre

2 The average diameter of the cell js above normal

3 Excessive destruction of the abnormal circulating red cells causes the

increase in tbe serum bilirubin

4 The hemoglohm content is as low as 8 to 9 per cent

5 The nucleated red cells of (he bone marrow is highly increased

6 The cells of stage I are peculiar and are called megaloblasts

7 Tbe cells of the stomach responsible for and and enivme secretions arc

atrophied So the gastnc secretions aredevoid of and pepsin and intrinsic factor

an
8 The tongue is sored and inflammated

9 l^umbncss and tingling occur m fingers and toes

10 Signs of involvement of the spinal cord (vitamm B|, neuropathy) arc

observed

11 In advanced cases derayelaiiou of the white fibres of the spinal cord

occurs.

PrerenfJoo

It can be prevented by tbe admmistratioa of vitamin Bi«
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Dmily requlrcmcBts of yttamln*

F2t soluble X itaouns \S alec soluble \ tiacEuns
j

A D C K Bg

Aduhs 5000 ID 2001 U 23—30 mg 1—2 mg 1.2—1-5 mg 1.5-J Bmg

Women dunng
pregnancy &. lactation

cooo-8000 ru 400 I U I 3-!.5jrg 1 6—i.9mg

Infants 1500 I U 400 I U 0 3—0.5 mg Orf—0 6 mg

Childrm 2000—3000 1 U 400 I U 07—1.2 mg 0 8—1.2 mg

1 1 U »0 3 of

retinol

**0 6 fig ot

carotene.

1 I U e0025
pgofchole*

calaferol

WJtcr soluble >'iuiruu

HI Folic

aad

1

B..

1

C 1
BioUn

Adults 5—10 mg 400 fig SOfig 45 mg 30—COfxg

Women during

Pregnancy &
Ucution 16—20mg 25mg

1

10—ISnig SOO—~BOOfig 40//g t>0—00 mg SO—60fig

Infants 5—8mg 0 3irg 1—2 mg 50;rg 0 3 fig
1

3a mg 10-15fig

ChiUlrex 9—l6jng 0 6—1 2 mg 4—Sing too—300 fig

1

1

1—2 40 mg

1

1

1

20—IQ fig

\

I

t
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Excrds«

t Gfvc the cheiMstry, functtoos and defiaeocy nsaufestations of vitamm A
(M U 7SS)

2 Mention the sources of vitamin A Describe the function and effects of deficiency of
vitamin A What is the daily requirement ? (MU 73A)

3 Deso'ibe the role of vitamin A in Mir food requirements What arethe manifestations

of defiaent intaVe of this vitamm ? (P U 64A)

4 Describe briefly the chemical rtature, action m the body, dietary sources and nutrition'’!

importance of vitamm A fP U 65S)

5 What do you know about vitamm D 7 (Luck 69S)

6 Name the fat soluble vitamirui their occurrence daily adult requirements and their

importance to the body (Punjab 60A)

7 Give a brief account of the chemistry, sources daily requirement and deficiency states of

thiamine Describe the mechanism of its rction (P U 71A)

8 Describe briefly the chemical nature mode of action dietary sources and nutritional im*

portance of thtamme (R. U 67A)

9 Describe the chemistry, sources daily requirement and metabolic functions of

(a) thiamine, (b) niacin Mention the disease caused by their deficiency m diet

(R U 76A)

10 NamethevitamiMwithcocnzymeaciiviiies Givean account ofthe sources properties,

effects of deficiency and functions of pyndoxitie U 72A)

11 Discuss the rote of Riboflavin m the body (PUN d9A}

12 What IS riboflavin 7 Discuss its metabolic role in the bedy end the deficiency

symptoms (P U 72S)

13 What are vicacnms ? Describe the functions and properties of any two vitamins of D*

complex group (Muz 74A)

14 Mention the sources of visamm B,, and the effect of ns deficiency Describe the

metabolic functions of vitamm Bu (M U 74S)

15 Describe the sources, requirements functions and deficiency manircsUlioRs of vitamm C
(M U 73S P U 68A)

16 Name the vitamins with coenzyme activities Discuss the biological importance of

flavoprotems (P U 73A)

} 7 WfAV /.Vivr JJotcf xw

(i) Vitamm A
(n) Deficiency symptoms of vitamin D
(ill) Vitamm D
(iv) Rickets

(v) Vitamm K
tvi) Tocopherol

(vu) Thiamine

(viii) Thiamine deficiency

(u) Cocnrymic activity of thiamine

Cx) Functions of nboflavin

(xt) Nicotinic acid

(Muz 75A)

(M U 74A)

(R U 64<;)

(Muz 74A . Miih 67A)

(Puc 66A)

(M U 75A , Dh U 75A)

(R U 74A , M U 73A , Miih 7IA)

(M U 72A)

(Ch U 76A)

(Mith 65A)

fBh U 7JS P U 68S R U 69A)
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(wD Pyndowne

(xiii) Fobc scid

(xiv) Vjtaam C
(zv) Cyaoocobalamio

(zvi) Scurvy

(zvii) Qiolutf

(xviiD PetUgra

(x«) Benben

(zx) PcTOiciOus anemia

(xzO Osteomalaaa

(xni) Ascorbic and

(xxiii) ManifnUtion ofNiSCio dcfiacnc>

(R.U 75A)

tSf U 76A . Mith 67S , T U 7QA)

IP U 68S , R U , Mith 74A)

(P V 72A)

(Bh U 74A ; R U 70S)

(R V 74A)

(P U 74A)

I? V 72S)

(M U 76A)

(R U 74A)

(BIlU 72S)

(aU 1932)

18 Discuss the importance of ascorbic aad as an euenual food factor {C.U 1931}



CHAPTER 15

digestion and absorption from the

GASTROINTESnNAL TRACT

Unless the foodstuffs
ha°a'"TRe”dlHn°tegraffm'o^^ foods'tuffs'^into

-S“o1;T”«3r^uon"^pS^s notutally.

AdT*Dlages of digestion •
. j .u

f tu» nroteins. fals and polysaccharides is not the

I The composition of the body^cio^^a^j.^^^H the units of these

same as that of ptolems, ^/,„''^body and the blood The food protein

complex substances ate the same in

must be brolten do™
iy,acchaiides and fats are formed in the body,

can be formed Sum
. ^ ^as,I, are not used in the body as such

andL Se««d as“^tan^^^ But after disestion to bexoses. they are

ublized in the body
.mdesitable effects of the mttodueUon of the

forei'gn
pS°m.S'tbTMood'cSnverbng them mto ammo aetds which have no

distnbute^heateo^
.acreases. the variation m our diet and

our enjoyment

digestion in the mouth

^
sliRhtty aad (pH64—71) rather than alkaline,

1 SaUva thc% subroaxillary and sublingual olivary

VISCOUS fluid secreted wntains most of the glycoproteins (mucin)

glands The submaxillary

but the parotid con i

ygrip, the stimulus and

2 The amount SS [nStS te be 1000-1500 ml each day

natuieofthe tooo.
contain 0 4% organic and 0.2% inorpnic

3 A saliva of 0 o/*

u -forvanic substances ate glycoprotein (mucin) sahvary amylase

(pty^hnl smJ'^ ff

thiocyanic acid.
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5_ The inorpamc sutstanas are Q- Na-^ K+, Ca++, HCOTand
HPO4' Chlondeionisan iraportant activator ofamjiase Calcium ion helps
to stabilise the amvlase

Salirary digestion

1 The salivary amylase or ptyalm brings about the hydrolysis of starch and
glycogen to maltose at the optimum pH 6 8 Chloride ion activates the enzyme

2 The enzyme can act on the food for a short time(5to6 minutes) which is

of little Significance

3 Salivary amylase is readily inactivated at pH 4 0 or lesc So the digestive
action on food mthe^monthfi soon ceased in the acid environment ofthe stomach

4 In many smmals, sahvary amylase is entirely absent

Fonctions of saliva

1 Saliva moistens dry food and facilitates swallowing by the lubricating

action of the glycoprotein

2 The digestion of starch begins in the mouth

3 Saliva contains buffering substances e g bicarbonate, phosphate and
mucin

4 It keeps the mouth at a neutral Pn and thus protects the teeth from
decalctfication and also keeps the mouth and teeth clean

DIGESTION IN THE STOMACH

Gastric seaetioa

1 Nervous or refiex mechanisms cause the initiation of gastnc secretion

2 The continued gastnc secretion is regulated by the hormone gastnn
(gastnc secretion) The chemical stimulant is produced by the gastric glands and
absorbed into the blood, which carries back to the stomach where it stimulates

gastnc secretion

3 Histamme, the dccarboxylated product of the ammo acid histidine also

stimulates the secretion of gastnc juice

CoDstituehts of gastric joice

I Normal gastnc juice is a thin light wjlouxed fluid which is strongly acidic

2. Hydrochlonc acid secreted by the oxynlic cells (panetal cells) is 0 55 per

cent which is equivalent to P^ 0 9 The hi^ acidity is neutralised by the high

water content of saliva, the glycoprotein of saliva, the proteins of the food
functioning as weak acid and the mucus of the stomach

3 The gastnc juice contains 97—99% water and about 055% solids

of which about 0 4 per cent is organic

4 The orgamc substances are the enzyme pepsin, glycoprotein, traces of
lipase, renmn m infants

5 The morgamc substances are mainly a ,K+,Na+, traces ofCa++,Mg+*»
phosphate and sulfate

6 On ordinary diet, the amount of secretion is 2—3 litres daily by an adult

7 The intrinsic factor (HQ and mucoprotcins), present m the gastnc juice,

helps m the absorption of vitamin Bj* The mucopolysaccbandc present in the

lotnnsic factor contains fucose, bexosasune, bexoses and neuraminic aad
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Gastric digestioD :

An ordinary meal is evacuated from the stomach in about four hours The
time may be more if the food is not propcr/y masticated or if there is an excess

of fat or gastnc secretion is disturbed by emotion

A. Hydrochfon'c acid :

Hydrochfonc acid is formed by the parietal cells and the process is similar to
that of the ‘chlonde shift’.

Carbonic anhydrase catalyzes the formation of HtCO, from H.O and
COj as follows

Production of no hydrochloric acid leads to the condilioo achlorhydria

Functioas ot hydrochloric acid :

1 It raaintams the optimal P® (1 2—1.5) for digestion of proteins by pepsin.

2. It converts inactive pepsinogen into active pepsin.

3. It srimulates duodenum to liberate «cretm.

4 It helps the absorption of iron by converting ferric hydroxide of the food

into ferric form which is changed to the ferrous form by reduction.

5. It denatures food proteins maVang them more readily digestible

6 It has a germicidal effect on microorganisms and hence prevents the

growth of micro-organisms m the stomach

B. Pepsin ;

1. It issecreted in the inactive form pepsinogens which is activated to pepsin

by the action of HCl and a small amount of pepsin can cause the activation of the

remaining pepsinogen.

2. ’it converts natii'e protem mto proteoses and peptoon

3 It has a molecular weight of 32,700.

4. It contains large amount of aadic anaino acids

C. Renaln (Chymosin. Rennet) :

1. This enzyme occurs in the stomach of infants and] is absent from
the stomach of adults.

2. It causes the coagulation of milk and prevents the rapid passage of mflk
from the stomach.



240
PAN£3l£ATtC DIOmiON

3

It changes the casein of milk to paracasein in presence of calcium at
PH5 Paracasein is then acted on by pepsin

Ccsem
ffennn

Cq**
Coiemm porocosemofe + P^t des

Fig 15 7

D Upase

1 The gastric lipase has mild lypolytic action uhich is of no signihcance

2 It can act only at the Pn 5 to 7 Hence it is not so actiw at P^ IJ— 1 5

PANCREATIC DIGESTION

Pancreatic secretion

1 The secretion of pancreatic jui{» is controlled by both nervous and
hormonal means

2 Hydrochlonc acid, fats, proteins carbohydrates and partially digested

foodstuSs entering the duodenum and the upper jejunum stimulate the secretion

of hormone secretin and pancreozymin

Secretin stimulates the pancreas to produce tbm, uatery duid, high 10

bicarbonate but low 10 enzyme content Pancreozymin stimulates the pancreas

to produce a mscous fluid low in bicarbonate but high in en^rme content

Coastitnents of panaeaUc jaice

1 It IS a clear alkaline fluid with a pu about 8 0

2 It contains 1 8% of solids (including HCOT) of which06% is organic

substances

3 Tbe organic substances include proteins, the enzymes trypsmogen,

chymotrypsinogen, carboxypepudasc, lipase, amylase, maltasc, phospholipase,

nbonuclcase, deoxyribonuclease, cholcstcryl ester h>’drolase and eoUagenase

4 The morgamc_substanoes are Na*. Cl~ HCO^ with small amounts of

K+ Ca++ and HP07

5 The amount of juice secreted each day is 600—800 ml

Pancreatic digeatnion *

A Trypsin

1 It IS secreted 10 the inactive form trypsmogen which is converted

into trypsin by the enzyme enterobnase secreted by the duodenal mucosa.

2 It attacks the native protein, proteoses and peptones to produce poly*

peptides

3 It attacks peptide Imkages contamiog arginme or lysme residue

B Cbymotrypsia

.

1 It IS also secreted m the inactive form chymotrypsinogen which is

converted mto cbymotrypsia by the action of trypsin

2. It also attacks the native protein, proteoses and peptones to produce poly-

peptides

3

It attacks peptide Imkages containing tyrosme and pheoylalaiune residues
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C. Carboxjiieptldase :
’

,

1. It is a zinc containing enzyme.

2. Two carboxypeptidases (A and B) occur in the pancreatic juice.

3. They arc exopeptidase and hydrolyze only the tenmnal peptide linkage.

4. Carboxypeptidase A hydrolyses terminal peptide linkage ‘ containing
tyiosine, phenylalanine and tp^ptophan while carboxypeptidase B hydrolyses ter-

minal peptide linkages containing lysine and arginine.

D. Amylase

:

1. Pancreatic amylase is similar in action to salivary amylase.

2. It is an a-amylase and an endoamylase.

3. It hydrolyses starch and glycogen into maltose and a mixture of branched
of (I : 6) oligosaccharides into glucose,

4. In pancreatitis;, serum and urine amylase level is bcreased showing diag-

nostic importance.

E. Lipase

:

1. Pancreatic lipase is the most important in the digestion of fats. It

hydrolyses fats into diglyceride, monoglyceride glycerol and fatty acids.

2. It Is specific for the hydrolysis of primary ester linkages which occurs in

position 1 and 3 of triglycerol.

3. The hydrolysis of fat by lipase is increased when the fat is emulsified by
bile salts. This is due to the larger surface' exposed owing to the reduction

of surface tension to the action of lipase.

P. Amloopcptidase and Dipeplidase

:

The aminopeptidase attacks the terminal peptide bond at the free emtno end
of the chain.

G. Phospholipases

:

These enzymes hydrolyse phospholipids (lecithin and cepbalio).

H. Cholcsteryl ester hydrolase (Cholesterol esterase)

;

This enigme hydrolyses the esteriBcation of free cholesterol with fatty acids.

J. Collagenose

:

This enzyme hydrolyses collagen present in meat and fish.

J. Rlbonncleasfc (RNAase) and Deoxyrlboonclcasc (DNAase)

:

1. These enzymes are specific for the hydrolysis of RNA and DNA
respectively.

2. These are endonucleases. Doth the enzymes are capable of cleaving

internal pbosphodiester bonds to produce a 3-bydroxyl and a 5-phosphoryl or

a 5'-hydroxyl and a 3'-pbosphoryl terminus.

3. Some arc capable of hydrolyzing both strands of a double stranded

molecule whereas others can only cleave single strands of nucleic acids.

4. Some nucleases are cxonucleascs. These are capable of hydrolyzing

ft nucleotide when it is present at a terminus ofa molecule.

F. 16
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DIGESnON IN THE INIXSTINE

Intestinal secretion

:

Hydrochlonc acid, fats, proteins carbohydrates and partially digested food*
stuffs entering the duodenum and the upper jejunum stimulates the secretion of
enterocrinin which induces the flow of intestinal juice

CoDStituenfs of intestinal folce

1 It IS an alkaline fluid of pR about 7 8

2 The amount of the juice secreted each day by an adult is 2 to 3 litres

3 It contains about 1 5 per cat solids of which nearl> two*thirds is

inorganic and the remainder is organic substances

4 Half the inorganic part is NaHCOj and half NaQ
5 The organic substances are maitdy enrymes and protein The engines

include aminopeptidase and dipeptidase, lactase, tnaltase, sucrase, lipase, pbos*
phatases, nucleases, nucleotidases, nucleosidases, phospholipases, enterobnase

Intestinal digestion

.

1 Disaccharldases (lactase, maltase, racrase)

They hydrol)se the corresponding dissacchandes into monosacchand“s for

absorption

Lactase
Lactose Glucose+Galactose

Maltose
Maltose Glacose+GIncose

Sucrase
Sucrose ^GIucosc-f-Fructose

2 Phosphatases

They remove phosphate from artam organic phosphates such as heio-

phosphatc, glycerophosphate and the nucleotides dcnvrf from the food

3 Nucleases

They cause the hydrolysis of nucleic acids to mononucleotides

4 Nucleotidases

They hydrolyse nucleotides to nucleosides removing phosphate.

5 Nucleosidases

:

They hydrolyse the nucleosides into punne or pynmidine base and pentose

sugars (nbose or deoxynbose)

6 Phospholipases

They hydrolyse phospholipids into glycerol, fatty acids, phosphonc aad and
bases such as choline

7 Ejiterokmase

This is secreted by the duodenum It converts mactive trypsinogen to actiYC

tiypsm
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S Upase

This converts tnglycendcs and diglycendes
acids

IHE Btt.E

into monoglycendcs and fatty

1 Bile IS absolutely necessary for the digestion of fat

2 Liver plays an important role in digestion by producing bile The gall
bladder, attached to the hepatic duct stores a certain amount of bite produced by
the liver betv.ccn meals The composition of the bile in the gallbladder is

modified by addition ofmuem and other substances and by removal of water, bi
Kirbonatf and diJonde by reabsorptjon by the bladder mucosa During digesUoa
the gall bladder contracts by the stimulation of the hormone cfto/cc»iMWn//nvhtch
IS produced by the small intestine and letease bile rapidly to the small intestine by
the way of common bile duct The pancreatic secretions mix with the bile

Properties of gall bladder bite

1 Gall bladder bile may be golden yellow brownish >eIloiv or olive grcta
in colour depending on the proportions of the bile pigments

2 It IS a viscid fluid

3 It has a bitter taste and chanctenslic smell

4 The inorganic material is mainly Na*, K* Ca+-*, Q , HC07

Dally formation

About 300 to 1200 ml of bile formed daily in adult human beings

Composition of bde

The composition of hepatic bile differs from that of gall bladder bile which is

sbowQ in the following table

Composition of human hepatic and gall bladder bile

Constituents Hepatic tile in

per cent

C<7// bladder hde
tn per cent

Water 97 00 8592

Solids 2 52 1403

Bile acids 193 914

Mucin and pigments 053 298

Cholesterol 006 026

Fatty acids and fat 014 032

Inorganic salts 0S4 0 6S

Specific gravity 101 104

pa 71—7 3 69-77
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BOe adds

:

1 Bile acids are sj-nthesized in the lis-er from dioIesteroL The synlhesu of
cholic acid from cholesterol is gn'cn below

:

CbolesteroI-*-7-hj'droxy cholcstcroW3, 7-dih>droxy cholestaii£-*-3, 7, 12-

tnhjdfox)choIestane-»3, 7, 12-tnh)drox> cholestanovl CoA->chol>l-CoA-^ cholie

acid

2. The bile aads are denied from the parent and called cholamc end The
structure of chohc and and chobnic and are given below

Fie 15 S Structure cf cbotic aeiiJ FJe 15 4 Stroetore cf c!5oI««e acid.

O 7. 12 trJhj'dron cbolaaicacid)

3 The different bile acids are hydrotv densatives ofcholaoic and which are
giten below •

Cholic and . 3, 7. 12-trib>drox}*cfaolanjcand.

Deoticholic and . 3, 12-dihydrotj'chola3iic and
ChcTiodeon-cholic and . . 3, T-dibydrotj-chohnic and.

Lithocholic and . .. 3-Hj-droxj’cholanic and.

4 Many substances such as fat^ ands. phenols, higher alcohols, camphor,
naphthalene, combine with deox>xhoUc and m \anous molecular proporhons.
The resulliog compounds are cal’ed d-ohtc acids These cbolcjc ands are water
sohftfie. sc* ctniftimm rm» msoWWie iatty ands, cfndlesteroi lat-soluble
vitamins, drugs are rendered soluble and diff isible and thus capable of teag
absorbed.

BUe salts

1 Chohc and-^Gl)’Cine-*GI>'cocbolic acid

2. Cholic acid-‘-Taunoe-»-TaarodiolK and.

Sodium or potassium gl>cochobtc and sodxnm or potassium taurocholate are

the tno bile salts

3 In human bile, sodium or potassium elj’wholate predominates It ts

three times as much as sodium or potassiom taurocholate.

Functions

1 Bile salts act as emalsir>’mg agents and emul^^fj fats iccreasiog surface

area and fats miscible with water. This helps to hjdrolyse fats bj’ pancreatic

lipase
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partLs^Ued n..s«Iles .nd help m .h« .bsorphon .. .he m.eshnes

4 They shmulate mtestm^
'“'““fa,, liver They follow enterohepahe

5 They stupulate bile production m .he l.«r Ihj

circulation and cause salts

6 Cholesterol remains soluble in gal
. and the fat-

7 Ti=y““'™*??‘’K'b5^ffiing' coinpl=«s more soluble in water

soluble vitamins u ana »3

(hydrotropic action)

'“T "hl'ce 7mc salts gallstones are formed

fCerdin and Bihruhin are the h.le pigments formed from the hreah-

down of hemoglobm

2 They are eacreted m the h le

3 They have no physiological role

Hie cnterohcpatic
circulation

uoderaoes changes by the activity

chenodeoxychou As fecal bile aads are piw ..u.j. the mlesUnallumcn

“’rl* '.Sre, i^s Ssumed Uia.
“'‘f oneui of the en.eroiieparle

metabolism, t
passive %o®/ o^he bile acids secreted into

““'/""irrsmtd and i, eliminated in die feces

500 me of bile salts pet day aje
tpicenl that a small amount of bile

Theereroh=Pf--Kr.K^ “ '''' “

acids IS cycled tb^rou^

Email amount m the feces

"Btthelp.o.nwer.besu,fa..e«.™

”i'faUol"“"''“
O’ ®

2 Bile salts o™
aeojy^olic acid assists the absorption of many

3 Choleic acid formed by deojyen

important insoluble compounds
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4 Bilc salts are reabsorbed from the intestine and pass back to tae
U\-er where they stimulate further secretion of the bile (cholagogae action^

5 Bile IS an important source of alkali which helps to neutralize the aad
chiine from the stomach

6. Bile IS an important channel for the cxcretioo of some substances like bile
pigments, many drags, toxins, and sanous inorgamc substances such as copper,
zmc and mercoiy

7 Fat digestion is impaired m the absence of bile. The fat then coi'ets the
other food particles and preientsea^mes from attackmg them- These radigested
food particles ulUmatelj leads to putrefaction in the large intestine.

8 BJe salts keeps cholesterol in solution m gall bladder bile. In the
absence of bile salts, cholesterol becomes preeapitated This results in the forma-
tion of gall-stores

GALL-STONES

In the gall-bladder, cholesterol is solubilized by being held in micelles together
with conjugated bile salts and phospholipids. The solubility depend on the ratio

of diolesterol to bile salts plus phospholipids The secretion ofphospholipid into

the bile depends on the a\ ailability of bile salts. If bile salt content is decreased,

the phosphobpid content is also diminished and hence, the solubility of
cholesterol is deecased causing ciyslal’itatioa These cr>“sta!s grow to form
stones

Gall rtones are fonned doe to defects m the enterobepalie circulatjon and with
the diseases of the terminal lieum as well as in patients with orrhosis. In these

cases, there is reduction m the bile salt pool

Infection of bile causes tbe decootugation ofbile acids with a deaease in their

solubility Thu also results m tbe production of a phospholipase which converts
Jecilhm to lysoleathm This decreases tbe stability of the micelles holding
cholesterol in solution Infection can give nsc to calcium-bihrabinale stones

which were freqaent in Japan

Chenodeoxvcbolic aad decreases the rale of secretion of cholesterol into the

bile BJe then bccomea unsaturalcd with respect to cholesterol aad thus
the cholesterol stone can be redissolved Unrortunatel> bacterial action in the

intestine comerts chenodeoxy aads to Iitbocbolic aad which is verv hepatotoxic
m Rhesus monkeys produang proliferation of bile ducts.

Classification

Gall stones are mainly of three tvpes

1 Cholesterol stones

(a) These stones ma> be single or imJdpIc.
(b) The) may bew^teorydlowish.
(c) They may be miJbeny shaped

(d) The> are not radio-opaque.

2 Kgment stones

(a) Thttc stones are formed by bilc pigments, organic material and calaum-

(b) The) arc small muluple stones.

(c) Thc> are hard, dark green orblade.

(d) They are rarely radio-opaque.
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3 Mixed Gall stones

(a) These are composed of a mixture of cholesterol, bile pipments. Protein and
Calcium

(b) They are faceted dark brown stones with a hard shell and soft centre.
(c) They may be radio-opaque
{d} They are the commest forms ofgaD stones

RENAL CALCUU
This incidence is more in North India due to the hot climates prevalent for

more than sue months in the year and the large amounts of tea (nch m ox^ato)
consumed by them In addition, thedictconsumed by the peopleare rich m calcnim,
phosphates, and punnes The unne volume ofthese people is small and they excrete
more uric acid, calcium and phosphates

Conditioixs of Calculi formation

1 Low unne volume due to warm climates or low intake of water

2 Consumption of diets nch in calcium, phosphates, oxalates, and punnes

3 Conditions accelerating increased excretion ofunc acid, oxalic acid, calcium,
and phosphates in unne

4 Urine iidection and stagnation

Classification

Renal Calculi can be classified into the followmg four groups

1 Calculi due to calciunr oxalate and phosphates High concentration of

calcium oxalates and phosphates m urme forms stones which are hard, white, and
nulia*opaque

^2 Uratestones ThisuduetohypcruncMOiaandgout Thcscstonesareusually

smU and yeUowish brown m colour

3 Cystine stones These arc rare but only happens in cystmuna

4 Xanthmc stones These arc also rare but only happens in xanthinuria.

INTESTINAL PUTREFACTION AND FERMENTATION

1 The residue of the food after absorption w the small intestine passes into

the large intestine Water ts also absorbed there and the residue beromes solid

During this period, the activity of the bacteria takes place The bacteria produces
various gases, such as CO, methane, hydrogen nitrogen and H,S as well as acetic

acid, lactic acid and butyric acid by fermeotafion and putrefaction Lecifhm is

decomposed to cholme and neurine

2 > Intestinal bacteria cause the decarboxylation of many ammo acids into

their amines such as

Hislidine-*-Histamine,

Tyrosinc-*-Tyramine

Arginine ~*-Agmatine

Lysine -•Cadavenne

Many of these ammes are powerful vasopressor substances

3 After reduction, bilucrdin and bilirubin produces urobilinogen and
stcrcobilin and cholesterol to coprosterol, sulphur to H,S

4 By a senes of reactions, tryptophan forms indole and metbyhndole

(skatolc) which are responsible for the odour of the feces
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5 Ethyl and methyl mercaptan and are formed from cysteme by a senes
of transformations

6 Intestinal bacteria putrefy nitrogenous substances to form ammonia
s\hich IS absorbed into the portal circulation and is removed from the blood by the
liver under normal conditions In the liver diseases, the concentration of
ammonia in the peripheral blood rises to toxic levels Neomycin by its anti*
bacterial action reduces the quantity of ammonia transported from the large
mtestme to the blood

7 The lar^ intestine is the site for the reduction of biliverdm and bihrubm
to urobiimogen and stercobiUnogen, cholesterol to coprosterol, cystine to cysteine,

sulphur to HjS

Important of intestinal bacteria

1 In man, intestmal bacteria synthesize certam Mtamms, particularly

vitamm K and possibly certain members of the B-complex

2 In herbivora, the intestinal bacteria are essential for the digestion

of cellulose and make it available for absorption They also synthesize essential

ammo acids and vitamins

AUTOLYSIS

AAer death, the intracellula*' enzymes digest th'* tissues when kept under
slecile conditions This selMigesUon of tissues are called ewre/yr^

The group of intracellular proteases present m all mammalian tissues is called

eathpsin Cathepsms occur in the lysosomes There are four cathepsins which
are a^ogous to ^psm, trypsm, ammopcptidase and carboxypeptidbe.

Autolysis takes place in the tivmg anim^ under pathologic^ conditions, eg.
wasting m starvation and fevers Atrophy is a proc^ of autolysj m the living
animal

DIGESTION AND ABSORPTION FROM THE
GASTROtNTESnNAL TRACT

Digestlcn ard tbsorptioa of carbobvdrate

The c.^^bofc>dratc diet mainly consists of polysaccharides (starch and
ss\-i siKf aalk hcfijss) 7( ska <XTS!sess

indigestible cellulose, herricelluloses and pentosans etc

Digestion

Mojih Salivary amylase (pQralio) starts the digestion of cooked starch lo

the mouth But very liftle digestion takes place m the mouth since the food
remams m the moiitb a very short period of tune

Stomach Since the food ge*s m xed with the gaslnc juice the action

of amylase ceases due to high acidity Some of the sucrose present m the food
get hydrolysed by the action of HCl in the stomach.

Small intcfttn^ The panc'satic amylase m the small inte^Mne converts

starch and glycogen into a mixture of maltose and isomaltose

Pancreatic amylase

Starch and glycogen Maltose+isomaUose

Then maltose and isomaltose along with sucrose lactose present in the diet

are digested by the diffcreat disacchandascs piescnt m the intestinal mucosa into

their correspond ng mono acchandes as stated below
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2 Boih the glucose and Na+ are tcteased into the cytosol, allowing
the ccin-r to return for more ‘cargo”

3 The Na'^ IS transported down Its concentration gradient and at the same
time causes the earner to transport glucose agaiQ»t i s concentration gradient

4 The free energy required for this aaiw transport is obtained from ih**

hydrolysis o'" ATP linked to a sodium pump which expels Na+ from the cell

Since polysacchandes and oligosaccharides are quickly hydrolysed the
nbsorpine m-chanism for glucose galactose and fructose are quckly saturated.
But the Hydrolysis of lactose proce^ at half the rate for sucrose This slower
rate of hydrolysis of lactoae shows that the digestion oflactose does not lead to
saTjration of the transport meclunisnj for glucose and galactose

Factors cootroIliRg aebrs transport of glucose

1 Active transport of sugar s depressed by agents (cyanide, malonate,
fiuoroacctaie) that inhibit respiration andjiy dinitrophcnol^wbich uncouples
oxidative phosphorylation

2 Phlorbmn which loleracts mth the membrane site at which the sugar
enters, inhibits intestinal absorption ofglucose and galactose.

3 Ouabain (cardiac glycoside), an inhibitor of the sodium pump, inhibits

actus transport ot glucose

4 The absorption ofglucose is interferrcd by vanous intoxications, prolonged
vadernumtion and sitatmo deScieacics cspccieJly of thiamine, pantothenic acid
and pyndoxme

5 Absorption may be decreased.in the presence of abnormalities (structural

or functional) of the mucous membrane, as tr inflammation (entenus), edema-and

celiac disease

6 The absorption is retarded in hypoibyToidism and acxrcicrated la hyper-

thyroidism

7 Dimiiushed absorption in adrenal cortical insufficiency is dependent npon
the decreased concentration of sodium in the body fluid.

Disacchanduna The intestine normally is virtually impenceablt to dis*

ttcebandes If it is absorbed, it is not metabolised. An increase m the

excretion of intact disacchaidcs arc found m some patients with dLsaeeharJase

deficienc'es The patients with mtestinal damage also excrete more disacchandes

This condition is said to be disacclunduna

Digestion and sbsorptioa of fats

Digestion

Stomach Lipase present m the stomach is unab’e to hydrolyze fats owmg
to the high acidity of the gastric contents Therefore, the major part of the

ingested fat is digested in the small lotesboe

Small ojicsiwe The ingested fat reaching the duodenum is mixed with the

bile and pancreatic juice which contains lipase The bile salts emulsify the fat

before the action of lipase The emulsification is also brought about by moao-
glycendes, phospholipid and lysolecilhm.

The secreted inaclue pancreatic hpase i« actu’aied by bile and The
surface area of the emulsified fat becomes incieased for,which the rate of reaction

of lipase !S mcreased

Pancreatic lipase hydrolyzes 1- and S^siUons of the triglycerides leaving a

mixture of 2 monoglycendcs 1,2 and 2, 3 diglycendes as wdJ as the soaps of the

free fatty acids
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Tfislycef'cle d giycerwte (T'cnofliyMrids

Ftg 156

The paacreatic jujce also contains phospholipase and choJesterol-csterase

wluch hydrolyze phospholipids and cstcnned cholesterol

Intestinal juice also contains a hpa»e whose action is not of much importance

as most of the fat is hydrolyzed by the pancreatic lipase

Absorption ;

Several theories have been proposed for the mechanism of absorption of fats

after Agesuon The important theories are A Lj polytic hypothesis B.

Partition theory. C. Moie recent theory.

A Lypolytic hypothesis

:

1 According to this theory, fat is completely hydrolyzed to fatty acids and

glycerol whicti arc absorbed.

2 The fatty acids combmiflg with bile salts form a miscible complex which u
absorbed into the mtestioal mucosa

3, The fatty acids are then separated from bile acids and converted into

tn^yoendes by combining with glyt^rol

4 The triglycerides are passed to the lacteals They then enter the

lymphatics and reach the systemic circulation via thoracic duct

Fig 15 7. The oM ceuccpl of fat »b«Ofptioo eofttaialaj of Jrpoljtie

thKity end pxitiiioQ theory.
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B Portitiop tbeorr

1 According to this tbeotj, 30 per cent of the trglycendes are hy-drolywJ

to fatly acids and g'vcerol r^hile 70 per cent remain unbjdrolj’zed.

2. The aahydroij’zcd tngljcendes arc emulsified by monoglycerides and

diglycendes in combmauon with bile salts to form a mrante pirticle known

as * micelles’ of size about 01 to Q S/t

3 The resulting mixture is absorbed mto the intestines, passed on to

the lacleals and then to the lymphatics The mixture then reach to the systemic

circulation \i2 thoracic duct
4 The free fatty acids are absorbed as bile sal» fatty acid complex into the

intestjial mucosa Ibe fattv aads are absorb'd info the portal b’ood to reach the

liver

C Recent theory

1 ThcrtmovaJ oftheesterEToupofS roonoacylglycerol requires isomenza*
tion to a pnmary ester linkage This is a slow p-occss As a result, moaoacvl-
glycercls are the inayoi end prodiicts of fal digtstion and less than ooc-fourth of
the ingested fat is completely broken down to glycerol and fatty acids

2 Within the intestinal wall, 2 monoat^lglycsrols are conicrtcd to tnawl*
glyce-ols and 1 monoacylglyceiols are further hydrolyzed to form free ^yeerol
and fatty sads.

Hx I5J pifsiuoa asd ahsorpuoa of fat
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3 The fatty acids are then activated by thwkinase in pre*ence of ATP and
coenzyme A for the resynthesis of tnacylgjycerols

4 The free glyceroJ in the mtestinal lumen is about 22 per cent of the total

amount of tnacylgiycerol ongmaHy present This passe's directly to the portal
vein

5 The glycerol within the intestinal wall is activated by glyceroklnase
in presence ofATP to form glvcwvil 3 phosphate for the synthesis of tnacylgiycerol
followed by the combination with acyl CbA present m the intestinal wall

6 All long chain fatty acids present m the intestinal wall are reincorporatcd
into tnacylglycerols which are transported to the lymphatic vessels of the
abdominal region (the so-called lacleals) for distribution to the rest of the body

7 The great majority of absorbed fat appears in the form of chylomicrons
which appear first at the lymphatic vessels of the abdominal region and later

m the systemic blood The chylomicrons contains tnacylgiycerol, free and
estenfied cholesterol, phospholipid and 05 per cent protein

All of the factors relating to digestion and absorption of tat arc jrcntioned
tn figure below .

Absorp^on of phospholipids : Phospholipids are split by phospholipases and
their acyl chains are incorporated into chylomicrons Chohne, the hydrophilic

component, may be transported directly to the liver via the hepatic portal vein

Atewrptioa of cholesterol It is absorbed mto the lymphatics and recovered

mainly as eholesteryl esters

Oiylnrla In this abnormality, the patient excretes mill.y unne because of
the presence of nn abnormal connection between the urmary tract and the

lymphatic drainage system of (he intestine, a so'callcd “chylous fistula’

.

Digestion and absorption of protein

Digestion The proteolytic earymes secreted m gastric juice, pancreatic

jmee and also present m the intestinal mucosa cause the hydrolysis of protein m
the gastromtestinal tract

Stomach * Pepsin, the endopcptidase, is present in gastric juice and hydro-

lyzes the peptide bonds in the interior of the protein molecule Pepsin hydrolyzes

^e dicta^ protein into a mixture of polypeptides

Pepsin
Dietary protein Polypeptides

Rennm has a strong clotting action on milk This is very important m the

digestion of milk proteins in infants The P» of the pastncjuicc becomes low in

achlorhydrn, achylia gastrica (both pepsin and HCJ absent) and i
»
pernicious

anemia Them dietary protein will not be digested m the stomach

Small intestine • The polypeptides formed m the stomach are digested in the

intestine by trypsin, chymotrypsm and carboxypeptidases 'ecrtlcd m pancreatic

juice and aminopeptidascs present in the inlestmal mucosa Trypsin hydrolyzes

peptide linkages containing argtnme or lysine and chymotrypsm hydrolyzes ^p-
lide linkages containing tyrosine or phenylalanine

Pa>P<pMes~'^ -̂- Peel ee$+Arruoooc>di

FfS 15 9

Carboxypepndase A hydrolyzes the end group of peptides containing

aromatic or aliphatic ammo acid and releases free ammo acids, Carboxypepndase
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B hjdrolyzes peptids ccalsmag aj^oiac aad Ijti!!; rtsidctts. Tbs
lancKa also cont^rrs tnpqztidasg. djpcpudase «cl, «b>di h%'drob-a tn-asd
d’^tidis

CarhQT\'iepn33c*
PfpUdtS - — >

Asanopepiidass
PfptidK — Acziao sods.

Dip^tadssc
Dipeptidcs fc-AcLao sods.

Tnpsptidsss
TnpsjJtjdts Asaino

Tbc final products of direstios of proinas sre saiao sods whjcJs zrs
absorbed.

Abssrpdoc

:

1. Hires diSercat aciiTe processes are larolvsd n the tessportofynso
acids. Oaeprocessmvoh’cs cystine and IfcebisiCEinnio sods, saciasrtbeanbo
acids prelmt and hi'droxvprolnis and the third the neutral (L—) aseiao ends.

2. D-aaico ands are absorbed fcv sinp'e diSasaoa. But the oeclrsl (L—

)

amno ands reotars a earner systea ja the absorptioa. Na* is also reccuad.
This is siailar to that of aetnu transport of ^ncoss. \*ha=ia ^ (pj-ndotal

phosphate) is also taTcbud a the process. The aaao acsd acoaetes «nh fits

earner and Na* m the cicrosiDe and thtcoaplextjaseJstothe inner ode of tiis

acalraae where it dissociates, rtleasreg the ammo and and Ka^ into tbe evtc^h
The earner retems back and functions rtpeetedly. Na”^ is then ectnrly

transported out of the cell

3 If one anuno and is fed tn excess, it retards the absciptjca of
another This is sunilar to thosecade with rasoect to reabsorptira ofannno adds
by the renal tabul^

4 Sosrtioes the whole protein is absorbed into the blood. A protec «
anlieemc and accounts for food allergies. Id the young csaccal, the perarabXly
of the mucosa, xn this respect, ts greater than that in the adult.

5 Food proteins are generally readily digested (90 to 97 pc' cent)

under nonnal conditions. »e-j IiUle escapes ir ih^ feces. The insoluble fibrous

prxtiein, leraim, ts col tydrobued ty es^mes of the hmnaa digestive tract-

Tfcese are altered by heating to coagulatioa and hydroh-Md by superheated Ceaui.

The biological valees of these p'otems are not aSseted ly such procedures.

Cooked egg albumin is digested oo^ readily than raw The autntios^ value of
cereal proteins a lowered by oierbeatmc or leasing

DKJESnON ASD ABSORPTION OF NTCLEOPROTEINS AND
NUCLEIC ACIDS

Digestion :

Sto’radi The nDdecp*oteins of many foods are deaved by the acidity of
the gastric ju ce into proteins (histones, protamines etc.) and Eode»c acids.
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HCI
Nucleoprotcms Nucleic acids-fftotcios

The proteins are hydrolyzed by proteases present m the digestive juices

to ammo acids m (he same way as the dietary proteins

Small intestine Nucleic acids arc hydrolyzed by three groups of enzymes

1 Nucleases 2 Nucleotidases 3 Nucleosidases

Nucleases are of two types 1 Ribooucleases 2 Deoxyribonucleases
RibonuJeases hydrolyze RNA and deoxyribonucleases bvdrolyze DN'^ The
end products are nucleotides

Nucleotidases hydrolyze nucleotides mto nucleosides and phosphoric acid

Nucleosidases hydrolyze nucleosides into purine or pyrimidine base and the

pentose sugars (nbose or deoxynbose)

All of the above mentioned reactions arc given below

NuecoprQie fiS‘«

Pwfff>eofPyrnv«Jofti5ose*^il^S£^'®2£-Nusijs,

Pvnlo5«stR bose Of0eo*y»l5o«)

Fi; {j D gestmo of &ucl«oprot(mi

AlKSorpHoa

1 The purine or pyrimidme base ard the pentoses are absorbed m the imall

intestine

2 Certain amounts of nucleosides and pentose phosphates may also be
absorbed Most of the tissues contain nucleosidases which hydrolyze nucleosides

absorbed from the intestines

GASTROINTESTINAL HORMONE

INTRODUCTION
1 Many hormones arc liberated more by the gasiromtcstuul tract than

any other single organ

2 The gastrointestinal hormones assist m di-'cstive processes of the foodslufiV

moving the digested products into the extraccltular space through the micsunal
mucosal cells, moving those products to dutant cells through the circulation and
expellmg waste products

BIOMEDICAL IMPORTANCE
1 I xcessivc production of several of the gasiroiniestmal liormones cause

disease syndrome The physicians caimot diagnose accurately unless they arc

aware of these s^mdromes

2 These hormones have also close link to ncuropepiides
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Acronyms Used in this GHapter

BLI Bombesmlilce immunorcactivity'

CCK Gholecystokinin.

GIF Gastric inhibitory polypeptide.

GRP Gastnn-rcleasmg peptide.

PP Pancreatic polypeptide

VIP Vasoactive mtestmal polypeptide

features of GASTROimESTiNAL HORMONES
A. Diversity of actions

1 The classic definition of hormone is satisfied by many of tne gastrointestinal

peptides Examples mclude gastrin, secretin, GIP, CCK, motilin, PP and entcro-

glncagon

2 Other gastromtestinal peptides have paramftf acbons or to act m a neuro-

crme fashion Examples include VIP, somatosutin, substance P, BLI, Enkcplulins,

and neurotensin Although these substances arc found in high concentration m
neurons, they are either not found in the circulation under normal conditions

oi have such short plasma half-livcs that they would not be effective

Table 15.1. Gastrointestinal bormoaea

+E«=Endocruic, N »»Keurocnne, P^Paraenne,
{ ) esSuj^gcsied but not

proved, +«ycs, —^No

M-c!ianism of

—— —
iction-*-

Hormones — Major Action

E
1

N P

Oastnn +
1

- Castnc acid and pepsin secretion

CCK
i
(+) (+) - Pancreatic amylase secretion.

Secretin + - - Pancreatic bicarbonate secretion

GIP
1

- Enhances glucose>mediated uuulm re«

lease, inhibits gastnc acid secretion

VIP - + (-) Smooth muscle relaxation, stimulates

pancreatic bicarbonate secretion

Motilm (+) - Initiates interdigestne intestinal moti«

hty

Somatostatin '

(+) Numerous inhibitory effects

PP (+) - (+) Inhibits pancreatic bicarbonate and
protein secretion

Fnkcphalins - + (+)
1

Opiatelilcc actions
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Substance P -
:

4- (+)

BLI
i

4- 1-^)

Neurotensin (-)

Enteroglucagon 7+) (+) (4

PhjsioJogJc action unccrtiin

Stimulates release of^'astnn and CCK

Physiologic actions unknown

Physiologic actions irnknoim

B. Location of Gastroietestiaal Peptide>prodaciBg cells,

1 Many of the gastroinlcslinai peptides arc found in the nerves in gastro

intestinal tissues and most of them arc also present in the central nervous system

2 Synthesis of the peptides by central nervous system tissue is diffioilt

to prose, but new techniques of molecular biology should establish whether penes

coding for these substances arc active

3 The function of these peptides m the central and peripheral nervous system
18 under investigation

4 TTic distribution of the gastrointestinal hormones is mentioned bclou*

Table 15,2 DlstributioB of gaetreintettina] hormone

EC »EnterochromafHn celt ayet to be named

Hormones Endocrine cell f , Localization Localized in Gut
Nerves

Gastrin I
G

1 Gastric antrum,
duodenum

(’)

CCK
1

I Duodenum,
jejunum

Ves

S Duodenum ^o
H[|H jgunum

K Small bowel No

VIP D, Pancreas Yes

Moiilin EC, Small bowel \o

FC, Enure gastrointts*

tmal tract

Yes

X Ueum (’)

Somatostatin
i

D Stomach, duodenum >es
pancreas

Enkephalins Stomach, duodenum,
gall bladder
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ELI
]

P Stomach, duodenum : 'cs

PP D.F pancreas No

Enicrogliicagon A pancreas No"

L Small Intestine

C. Precartors &nd Multiple Forms
1 Secrctm only ousts in a single fornv

2 The presence ofmulaplc forms ofgastrointestinal peptidesm gastromtestiaal
tissues and in the circulation impeded the definition of the number and nature of
these molecules

D. Overhip;E^ng structure and fusedou of GaatreistestiBal peptides

1 In accordance with the sequence and functional suiulanty many of these
hormones can be placed in one of two famflio These are tlv* gsstreifarrelj and
steritinfamilj

2 The gasmn family consists ofgastno and CCK.

3 The secrcun family includes sccrcun, ghicagon, GIF, VIP, and glicentm
(which has gtucagonlike tmfflunoreactivity but u a distmct pepude)

4 The neuroenne peptido netirotcasm, bombesinlike pepudo, substano P,

and somatostatm bear no structural sumlant) toanyothcr^tromtestinalpcp<iae,

They ha^ e s cry short plasma half Ii\es and may pla> no jiiyjiologic rolem platffa.

£. Mechaxdsm of Action

1 Pancreauc annar cells have got si* different clages of receptors. These

Pg 1511 MedsanmnoractMaoTKcreng^ieiaa oarmeKOTtHofrocipaaaTatseuzaarodh.
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are for (a) raiucarinic cholinergic agents, (b) The gastrin CCK family, (c)

Bombesin and related peptides, (d) The physalacmin-substance P family. (3)
Secretin and VIP. (f) Cholera toxin.

2. The peptide-receptor complexca activate two distinct intj-acellular me*
chanSsms, One involves the mobilization of intracellular calcium stores, and the
other involves the activathn ofadenylate cyclase and the generation ofcAMP.

3. The mechanisms do not cross over, i.c., gastrin does not change cAMP
levels, nor does secretin hffect the intracellular Ca++ level. These two systems

converge at some point.

4. The peptides causing Ca++ mobilization in the pancreatic acinar cells

also affect the metabolism of phosphatidyiinositol and enhance its conversion
to diacylglycerol and various inositol phosphates. These effects are associated

tvith depolarization of the acinar cell which may be involved in amylase secretion.

5. The mechanism of the actions of CAMP, and phospholipids on
amylase secretion is similar in many respects.

THE SECRETIN FAMILY
A. Secretiia >’

1. Secretin is constituted of27 aminb acid. /
‘

2. It is synthesized and released^ the S cells in the duodenum and proxi.

jejunum in response to duodenal acldihcanon. ;
^

3. It contains 4 arginine residues and one histidine and is basic.
^

4# Its structure is identical to that ofglucagon in 14 of27 amino adds.

5. It is structurally quite similar to that ofGIP and VIP.
'

6. Its entire structure is required for stimulation of bicacbonate and water
secretion from the pancreas.

7. It causes lipolysis.

8. It is adtidnistered to assess the pancrcatic'exocrine function.

B. Gastric Isihibitory Polypeptide (GIP)

1 . GIP consists of 43 amino acids and is released from the duodenal and
jejunal mucosa in response to gfucosc.

2. It stimulates insulin release.

3. It is the physiologic B cell stimulating hormone ofG.I.T.

4. Hypcrglycenda appears to be required for its action.

C. Vasoactive Intestinal Polypeptide (VIP)

1. VIP is a basic 28-amino acid peptide whose physiologic function has not
been defined.

2. It exists in the nerves of the submucosal plexus, the mycntcncyjlcxus, and
blood vessels

3.

‘ It causes gut motility, sphincter relaxation, and blood flow.

4. Highly concentrated VIP stimulates secretion by the pancreas and small

intestine.

5. Tumors that produce this peptide, VIPomas, cause a syndrome of watery
diarrhea, hypokalemia and achlorhydria.
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THE gastrin-CHOLECYSTOKININ FAMILY
A. Gastrin

1 Gastnn is produced by G cells of the antral gastric macosa and to a small

extentah the duodenal macoaa

2 It shous more hcterogeneit> m size than any other gistromtcstinal hor-

mone

3 Its each form Ins sulphated and nonsalphated form

4 The carhox^-ternunal H ammo acids of Gji, Gj, and Gj, are identical

G34 IS more abundant in the circulation than G,y, because its plasma half-hfe (15

minutes) is 5 10 7 times that of G^j

5 G,, IS the mam stimulus for gastric acid secretion which is under nega

tue feedback control, since acidification of the antral region of the stomach

decreases gistrin release

6 Gastnn also stimulates the secretion of pepsin and minnsic factor from

gastric mucosa

7 TJie carboxyl end of gastnn is responsible for biologic activity

a The carboxyl lermtnal pentapeptide has the full range of physiologic
action of Gi,

9

Pentagastnn is a synthetic pentapcptide and is used dinicanv.

10 Increased gastnn release is caused by \agal stimulation (eg, caused by
msulin-mduccd hypoglycemia), by aceiyl<holinc and by food intaVe particularly

protein or ammo acids, of tlie ammo acids glycine is the most potent

11 It stimulates secretin release and can delay delivery of gastric contents
into the duodenum by reducing the rate of gastric emptymg

12 0̂!linger Ellison syndrome is characterized by gastnn secreting tumors,
gaslnnamas, wluch catue exce^ive gastric acid production and intractable peptic
ulcer disease

13 Pentagastrm causes calcitonin release and is used as a provocative test

in the diagnosis of medullary thyroid cancer

B. Gholecystokinia (CCK)

1 Cholecystokmin is present in I cells in the mucosa of the duodenum and
proximal jejunum

2 It is constituted of 39 mino acids

3 It exists in at least 5 molecular forms of which CCK 8 is the most abun-
dant and potent form in the circulation

4 A 7-ammo acid C terminal fragment with a sulphated tyrosine is required

for maximal CCK activity (stimulation of pancreatic enzymie secretion and con-
traction of gall bladder)

5 It is released m response {p peptides, ammo a^ds, long chain fatty acids,

calcium, and acid

6 It effectively stimulates the release of both insuUn and glucagon from

pmcrcas

7 Its physiologic actions are to cause gall bladder contraction and to sti-

mulate pancreatic enzyme secretion

8 If performs many of the actions of gastnn and secretin on water, bicar-

bonate and acid changes
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9 It represents as one of the "Gut factors** influenemg insulin feleasc during
oral administration ofglucose

OTHER GASTROINTESTINAL PEPTIDES
A. Substance P

] Substance F is found in both the^t and die bmiii

2 Tins peptide contains 1 1 ammo acids

3 The 5 carboxy*terxninal ammo acids of this peptide arc rcqiured for us
action which causes stimulation ofsmooth muscle contraction in the intestine

B. Bombesm
1 BoTTibettn is found in frog skm, but a similar peptide, often called gastm-

uUasirtg pepitdi {GRP) has been isolated from endocrine cells in the gut, gut neurons

and brain

2 The ammo acids at positions 5 14 of bombesin are identical to those at

positions 18- 27 ofgastrm-releasmg peptide except at one residue

3 It stimulates gastric and pancrcitic secretion and increases mobility ofihc
gall bladder and intestine

4 It has 1 growih-promoimg autoenne action m small cell carcinoma of the

lung

C. MotUin

1 This peptide contains 22 ammo acids and is found m liie intestinal mucosa

2 It stimulates acid and pepsm secretion by gastric mucosa

3 It IS a stimulator of intestinal smooth muscle contraction

D. Somastatin

1 This peptide is formed in gastric I> cells

2 It inlubiis (by paraerme action) the release of gasinn, secretin, CGK,
motihn, and GIF

£. Glocagon

’i 71’tfa "A Ttiwht •/!. 'Aa 4», vui -a Awrirh/tr*

to the metabolic action of pancreatic glucagon

2 Other peptides with glucagon like immunoreactnity {GLI) ha\e liecn

isolated from the L cells of the ileum and colon

3 The major component of GLT is a la^e 100 ammo acid peptide called

glutnUn which contains the exact sequence of pancreauc glucagon

4 Gltcentin may mimic the actions ofglucagon

F Neurotensin (a 13 ammo acid peptide), Met* and Leu-enkephahm,

and serotonin are found m infsimal cells and may be actisc m these tissues

Some 40 peptides have been found in neural tissues It is highly expected

that more gastromtestmal peptide will be discovered

Essterocrialn *

1. It IS released from the duodenal mucosa

2. This polypeptide stimulates tl»c secretion of intestinal juice bv the small

intestine
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Enterogastrone

1 Fat in the diet influences the secretion of this polypeptide by the duodenal
mucosa

2 it inhibits gastuc secretion and gastric motihty

3 It inhibits the secretion of HCl and pcp«n

Hepatocrioin

1 This polj peptide is liberated from the duodenum

2 It siinuilates liver to secrete more bile

Exerck«

>low a'6 loodstufis digestci in the T ffy Uk)

Discuss the mechannm of absorption of the foodstuffs afier digestion fPU 62A , 64S)

Write short notes on

(a) HCl fomuion (PV 68A)

(b) Oastro-uxtestmal Hormooes (RV 70A)

(c) CCK-PZ (BU 74A)

id) tatrinsie factor (Bh U 72S)

(e) Pancreatic juice (RU 7M)



CHAPTER 16

METABOLISM OF CARBOHYDRATE

Fate of absorbed rarboh}drate

Carboh> drate after absorption mto the porta! blood passes to the systemic
arculation through the luer Certain hepatic mechanisms are insolse^ in the

withdrawal of carbohydrates from the blood The hepatic ireebanisms are

:

1 UpiaLe of hexoses like fructose and galactose for consrrs’on to g’nco<e

by the h\er cells

Z Consersion of glucose to gljTogcn for storage m the l»cr

3 Utilization o'* glucose for eperg\ production bv oudauon

4 Utilization of glucose for the synthesis of other compouuds such as fatty

acids and certain ammo acids

Others which oppose these abose mechamsms lead to the release of glucose

by the liser to the blood bv the following means

1 Formation of blood sugar from hexoses other than glncose by the hs'er.

Z Conversion of liver glycogen to blood clueose

3 Synthesis of blood glucose by the liver and kidney from nOB’carbobydrate

sources

The amount of glucose reaching the systenue circulation is the resultant cl

the opcraiions of these two groups of opposing proce»es After that the blood
glucose IS utilized by the exuahepatic ussues

Utilization of glucose

A Storage

1 In the absence of urgent physiological demands, excess glucose ruy he
deposited as glycogen in the hver, muscles and othei tissues (GIycogenes.s)

2 Since the amount of glucose stored m the hver is limited excess of this

upper limit isconverted to fatty aadsand stored as triglycerides m the fatdepots.

B Oxidation

1 Glucose is completely oxidized m all tissues to Co, and H,0 for physio-

logical demands for energy

Z Sometimes under special circumstances m muscle, there is only the partial

degradation of glucose (Glycolysis) forming bctic acid notably by liver

C Conrerslon to fat

Glucose IS converted to fatty aads when glycogen storare is exceeded The

conversion of glucose to fattv ands is irrtvmibJf but the iransfomanon of

glucose to glycerol is revcrsib'e

254
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D Cooversfon fo other carbohydrates aod other substances '

1 Mannose, glucosamine and galactosamme form parts of the mucopoly*
saccharides and glycoproteins

2 Glucuronic acid is involved in the mucopolysaccharides and m
‘detoxication’ reactions

3 Galactose is required as a component of the glycohpids and lactose

4 Ribose and deoxyribose are required for the synthesis of the nucleic acids

E Conversion to amino acids

Certain ammo acids are also formed from glucose These ammo acids arc
said to be “clucogenic”

Metabolism Metabolism consists of anabolism (synthesis) and catabolism
(break down)

INrrRMFDIARY MFTABOJISM OF CARBOHYDRATE
In the mammalian organism the metabolism of carbohydrate is subdivided

as follows

1 Gf) cogenesis The synthesis oJ glycogen from m the liver and
muscle

2 Gl)cogenohvs The breakdown of glycogen to glucose m the liver and
pvruvate and lactaie m the muscle

3 GI}col)Sis The breakdown of glucose and glycogen to pyruvate and
lactate under anaerobic conditions

4 Citric acid cycle Tlie oxidation of pyruvate to CO| and H,0 under
aerobic conditions

^ The hexQ^e monophosphafe shunt (direct oxidative pathway
, pentose

phosphate cycle ,
phosphogluconale oxidative pathway) The oxidation

of glucose by an alternative pathway to glycolysis and citric acid cycle

6 Oluconeagencsis Formation of glucose and glycogen from non-
carbohydrate sources Citnc acid cycle and glycolysis arc involved in

this process

Gf.YCOCENESIS
1 Glucose IS first phosphorylated to glucose-6 phosphate by the cng'me

hcxokinasc and glucokinasc m presence of the coenzyme ATP and the activator

Mg++ ATP IS converted to ADP Hexokmase has high afiinily for glucose

Glucokinasc is to remote glucose from the Wood following a meal

2 Glucose 6 phosphate is then converted to glucose 1 phosphate the

reaction is catalyzed bv the enzyme phosphoghicomuiasc with Mg'*’* and the

reaction is reversible Glucose-J, 6 diphosphate is formed as an intermediate

due to the phosphorylation of (he enzyme

3 Glucose-l-phosphate rearts wrth undine triphosphate (UTP) to form the

active nucleotide (ur/£/inerfip/ioxp/iaregfucore(CfDPG) The reaction is catalyzed

by the^ enzyme VDPG pyrophosphorylqte with the release of inorganic

pyrophosphate

4 The C, of the activated glucose of UDPG forms a glycosidic bond

with the C, of the terminal glucose residue of glycogen liberating UDP by

the enzyme glycogen synthetase (gJucosyl transferase)

5 By the successive 1.4 linkages by glucose units to the preexisting g’yeogen

chain, the branches of the glycogen ‘tree’ become elongated
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When the chain has been lengthened to behveen 6 and 1
1
glucose residues,

a second enzyme, the branching enzyme (amy!o-l, 4-*-l, 6 transglucosidasc) acts

on the glycogen This enzyme transfers a part of the -1, 4 chain (minimum length
of 6 glucose residues) to a ucigbbounng chain to form Q*\,6*hnhage ’which

establishes a branch point in the molecule

Storage of Carbohydrate In poatabaorptive normal adolt (70 bg j

Uver Clycogtn 1 0%bs 72 grami

Muscle gtycogm -10 7®4«2't5 grfts

Extra cellular glucose 0 1%» 10 gnu

Liver wight

Muscle riati

lllUOgini

35 Ig

ooooo^ooooobo
fimncfuno

unOfonctw cMiA M in on,
« I 4 Linhoqeof Cuco'eunts

C( t C (tOoqe

Brencfteil chon
(i 14 ondw-is LinJiooes)

Fig 10 I Action of branching enzyme

iriSu.iri

Glucose
*^N.

'

®i
P'^^sphow-

ATP AQP «Kvr Mur ToHMPsfijM

» =»-Giwco'e t

“O osphoie

vOPC
zynnov^vrr/Oiff

To Uron c ociO p>olhv>>ay«-

yi-'Ufitfne
'fripftespnoHs

(UTP)v r^OP
N^P, M

e a pho'pho'e glucose V.,
(uDPG) I

0SrirTulotion

0lnh tition

Glucose

;©
Cycl c AMP ^ C/fCOSen

|

|

Jdiphospfto-

I

JCiycogfftjkinose

Y primer f

•UDP'

(14 net 1 6 glucosyl druts^

1®
insul n

Gluiicylunls),

^ATP

Fig \€2 Pathway of giyoogenests lit ihelitvtr and ijMiScle

Glycogen

1 It IS a branched polysaccharide consisting of o-D*glucose units These

glucose umis are connected to one another by glucosidic linkages between the first

and fourth carbon atoms except at branch points

2 The molecular weight vanes from 1 nulhon to 5 million or more.

3. In case, some of the glucose chains terminate in the interior, a

larger molecule ts possible.
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Ghcogeo sjothctflse

3 In muscle (and possibly liver) il is present in two inter-convertible

forms—synthetase D (dependent) whose activity is dependent on the presence of
glucose ^phosphate and synthetase I (independent) whose Km value for UDPG
decreases in the presence of glucose 6 phosphate

2 Synthetase D is converted to synthetase I by sinthetase phosphatase

3 Synthetase I is phosphorylated to form synthetase D by synthetase kinase

(cAMP dependent protein kinase) which is active m the presence of 3 5 cyclic

adenylic acid (cAMP) ATP acts as phosphate donor

4 Glycogen synthetase is stimulated by insulin and glucose but inhibited by
cyclic AMP
Cjclic AMP

1

It is 3 5 adenylic acid (adenine nboic and phosphate) the 3rd and 5th

carbon atoms of nbose iire attached to phosphate group The structure is given

below

Fig 16 S Siniciure of cAMP

2 It is the intracellular intermediate compound through many hormones
act

3 Adenylate c^dase of cell membranes being activated by the hormones
epinephrine norepinephrine and glucagon forms cAMP from ATP

4 cAMP IS destroyed by phosphodiesterase The normally low level of it

IS maintained by the activity of phosphodiesterase In liscr insulin increases the

activity of cAMP

Cp fwphf re
iwr epinepw n*
^lucogon

Aden^ioie cyclase

dr^oclM*)

Adenytotecyclose

(ocilve)

ATP

-M9**

^PPi

|C»aeAMt^

r$ 164 lornuiKKi of cAMP

Foncllons

1 cAMP causes inhibition (— ) of glycogen synthetase

2 It stimulates (-f) phospborylase activity
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3 Glycogen synlhctasc I is phosphorylatcd to form sjnihcto^e D by cAMP-
dependenl protein kinase and glycogen synthetase I is formed from synthetase D
by synthetase phosphatase

Adenylate odase

1 It IS the enzyme occurring in cell membrane
2 It IS activated by epinephnne norepmephnne and glucagon and the acti

vated enzyme forms cAMP from ATP
3 Thyroid hormones may increase the synthesis of adenylate cyclase

Fig 16 S Control of glycofico syathetasc m mu»cL

Cyclic GMP
1 Cyclic GMP is 3 5 guanylic acid (guanine, nbose and phosphate), the

3rd and 5th carbon atoms of nbose arc attached to phosphate

2 Prohctifi causes the elevation ofcGMPwnjonse nwromarv gJani which
maybemediatedbyPGF.oandPGF,andalsoraisesthe level ofcGMP m the rat

uterus
3 PGEj at high concentration stimulates cGMP accumulation

4 PG endoperoxides also stimulate the production of cGMP in platelets

and recent evidence indicates that PGG, activates that soluble guanylatc cyclase

from platelets

Cyd c GMP

Tig 16 6 Fonnauon cf cyclic GMP.
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UDPG :

1 UDPG has been isolated froin aotmal tissues and from yeast

2 XJfidme djphosphate glucose is an intermediate product of glycogenesiS
foraied from glucose^l-phosphate by the enzyme UDPG pyrophosphorytase in
pres««^ of the coenzjine UtP

3 It IS essential for the synthesis of lactose in the mammary gland thus

.

Galaciose-l-(P)

Undyl transferase
UDPG-fgalactose -1*(P)—^ —^UDP-galactose+glucose 1»(P)

Lactose synthetase o
UDP-galactose-|-glucose »-Lactose-fUDP

4 It can be enzymatically oxidized to UDP-glucuronic acid by UDPO-
debjdrogenase and is required for the production of ascorbic acid (vitamin C) by
the uroQic acid pathway

Fig t6 6i Undine diphosphate glucose (UDPG)

GLyCOCENOI^SJS

1 Gbcogen breakdown in the li\cr and muscle is initiated by the enzyme
pho5phor)lase This enz>me is speciGc for the phosphorylyiic breaking of the

a-1, 4-Imkages of gI>cogcn to produce gIucose-l*phosphate The removal of
-l,4glucosyl residues continues until about 4 glucose residues remain on either

side of a -1, 6-brancb C)chc AMP stimulates phosphorylase activity

The debranching enzyme (amyIo»l, 6*glucosidasc) causes the hydrol>tic

splitting of -1, 6-hnkages

By the combined action of both these enzymes, glycogen is converted

to giucosc-l'phospbate

2 The action of phosphoglucomutase is reversible and gliicose-6 phosphate

is formed from glucose«l-phosphate

3 In liver and kidney (but not in muscle), there exists a specific enzyme,

elucose-b-phosphaiase, which removes phosphate from glurosc 6-phosphate,

enabling the free glucose to diffuse from the cell mio the extracellular

spaces including the blood The o%cn!l breakdown i* shovm on the next page
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(1,4 orSrleJtosyl un tslj,

~

Gtuco&e
from

ocbnrchng

p. H20

(to liver ooj liidneycNy)

Oucogon

i©
Cycl« AMP

P' ;©
{/yi03pftoy&sg|

Ctucoss-I • i^spSafe

r/g-*

Fig 16 7 Paihw-aj of gtjcogenolysis in the Lver.

Fhospborylase :

1. In /iw. phosphorylase exists to both active and inactive form. The
f5»y=^P“ospJ»0O;lase (phosphorylaseaorphosphoDhosphorylase) can be mac-

V
7^^Pl>ospborylaMphosphata« to ^phosphophsphiylast.-^MiwzUoriXikxs

place by the eaz^c phosphorylase b kinase or dephosphophosphorylase kinase in
presence of ATP.

-Phosphorylose o>.

CycEcAN'P**'^"'**

J®

•Oeohosc^wcAosc^wryase
(Irtocftve)

Fig 16 8 Inactmiioa and reactivation of liver phosphorylase

2. In muscle, phosphorylase »s present in two forms ; phosphorylase a
(active m the absence of 5'-AMP) and phosphorylase b (active only in the presence
of 5'-AMP).

Phosphorylase a is physiologically active. It is a tetramer containing 4 mol.
of p>Tidoxal phosphate It is hydroIylicaHy converted to phosphorylase b,

a dimer, by phosphorylase phosphatase. Phosphorylase b contains 2 mol.
of pyndoxal phosphate.

Phosphorylase
phosphatase

Phosphorylase a +4H,0 *-2 phosphorylase b-{-4Pi
(active) (inactive)

Phosphorylase b recondenses to phosphorylase a by phosphorylase b kinase
Conversion of phosphorylase b to phospboiylase a signifies the mechanism for
increasing glycogenolysis.

I Phosphorylase b
|

I
tanase

(

2 phosphorylase b+4ATP-
Mg++

phosphorylase a4-4ADP
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3 Inactwc muscle phosphopto^^

.s involved m cyclic AMP formation Ihroush

adenylate cyclase

MCI va odmylale cjclosa l—Aci™ odemlole csclose

©
/^7P

S CyO c AMP

i ©.

Vft iXCtlVd .

phoSp^Vtose b phosphorylasfi b
knose fcirvKA

Phosphorylos® b
fcipo&e phosphotflse

F,8 16 9 Conrol ot phosphoiylas' 1“

GLYCOLYSIS

A„oscle.hencon.ra.snnderanae^^^^^^^^^^^

S’n'ndTcS^Tsa/;^
fSace, I'sTsliort supply. NADH is rcox.dired by being coupled

?„"?h^'reduc«onTpyruvale to lactate

Sequence of reactions
M„„hor pathway are found m cytosol

All the
‘;^„'s?nvo"vrf in the glycolvsis of glucose to lactate

They catalyze the reactions i

, g phosphate by the enzyme

1
Glucose IS PSfeS!yme,n“be'uver.gteoHn«^ Th'

),evo*:inuse “"'^ “"/^ HSntlonal state This reaction is accompanied by ATP

glucokinasc is anteteo y ,caction

roJ:;
f ? -ft

"

ft„-c^a-’.Sl^cTh=fSfg°u"co\^ntl^^^

fSmgnS ^r.h thn
rttmetabolic path-

2 Glucose-6-phosphale 15 an '“^pj^pppEosphale shunt, glycogenesls.

TSieSS"' lfrS?S «n f™So“ 6 phosphate by p/iov/iotoore

isomcrase*
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3 Fnjctosc-6-phospfcate is phosphorjiated ^'ith ATP b> pho^ho-
fnjctokioaset o fonn fruciose-1, 6-dipho5phat£ This is also an irrcvcmiblc
reaction The en2yme is also stimnlaied by insulin

4 The enzyroe Aldolase splits fnjcto«e 1, 6-diphosphate into two triose-

phosphatK • gI)-C5era!deh)de-3-phosp^e and dih>droT> acetone phosphate

Both the tnosphosphates aic interconserted bj pJ osphotnosetsomerase.

Dih>droxy acetone phosphate is also formed from gljcerol which is phos-
phorylated to g?ycefol-3-phosphate then to dihj droxy acetone phosphate.

5 GIvceraldehjde-3-phosphaie is oxidized to 1, 3-diphosphogI} cerate by
glyceraMeh}de-'i-phosphaic dehydrogenase with the help of the coeazyme NAD
Encrg> is released in the course of 'he reaction

Fig r6 10 Eabdeo-Mexerhor pathway ot gJytolysis

6

3-phosphoglycerate is formed from 1, 3-diphosphoglycerate by phospho-
gljccrate ^asc with the production of ATP from ADP

Since two molecules of inosepbosphatcs are formed from one molecule of
glucose, 2 molecules ofATP are generate in this stage The reaction is reversible.
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7. 3-pbosphoglycerate is converted to S-pbospboglycerate by phospho-
glyccrate mutase.

8. 2-phosphogl3xerate is catalyzed by enolase to produce phospho-
enolpyravate ia presence of Mg++.

9. The high-energy phosphate ofphosphoenolpyruvate is transferred to ADP
by pyruvate kinase to form ATP.

10- Enolpyravate formed is converted spontaneously to the keto form of
pyruvate. This is an irreversible step.

II. If anaerobic conditions prevail, the rcoxidaiton of NADH through the
respiratory chain to oxygen is prevented. Pyruvate then is reduced to lactate by
tbe NADH. The reaction is catalyzed by factate dehydrogenase.

Glycolysis in erythrocytes even under aerobic condition forms lactate because
of the absence of enzymatic machinery for the aerobic oxidation of pyruvate.

'Total number of ATP formed by glycolysis ooder anaerobic conditions opto

pyruvic acid

:

From onemolecule of glucose, two molecules of g!yceraldehyde-3-phosphate

are formed. After that in the reactions of glycolysis each product is 2 molecules.

Reactions ATP formed

1. Glyceraldehyde-S-phosphate-**!, 3-diphosphoglyccrate ... 6

2. 1, 3-diphosphoglycefate-^3-phosphoglycerate .. ... 2
"3 Phosphoenolpyruvale-^Enol pyruvate ... .. 2 '

,
Total .. 10

ATP consumed In

'l. GIucose-vgIucosc-6-phosphatc ... / ... I

2. Fructose-6-pfaosphate-^Fuctosc-1, 6-diphosphate ... I .

‘ Net ATP Synthesized .. 8

But in anaerobic conditions, the total number of ATP will be only 2 upto

lactic acid.

Because the reduced NAD (NADH) in glycefaldehyde-S-phosphatc-

dehydrogenase is utilized in lactate dch>drogcnasc. So NADH is not oxidized in

mitochondria.

The total calories in this case is 2x 7600—15,200 calories.

Effect of hormones In glycolysis ;

1 Insulin stimulates hexokioase and glucoldoase which catalyze the conver-

sion of glucose to glucose-6-phosphate.

2 Insulin stimulates phosphofructokloasc which catalyzes the conversion

of froctose-6-ptii)sphale to fnictoM-I. S-diphosphate.

a Glucatof stimulates lifer giucose^pliospliatase which is mvolvrf in the

convwsionof elucose^phosphate to glucose and also fruetose-I, d^.phosph a-

SseTuTO^'in the Moveision of ftuetose-l. Miphosphate to fluetose-S-

phosplwtc. ^
' F. 18

^
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loMbifors

:

I lodoccetctc IS the inhibitor of glyceraldehj'de J^hosphate d^iy*
drogenasc xnvoh*ed in the cornTrsion of ^y«xIdeh5de-3-phospirale to 1» 3-

diphosphoglycerate.

2. Arsenate inhibits the synthesis of ATP by accomplishing mooaplmg of
oxidation and^phosphoxylation m the consrrsion of 1, 5-diphospho^ycK^ to 3-

phospho^>xerale.

3

Fluonde inhibits enolase mwh’cd in the conversion of2-phosphogJycerate
to phosphoenolpynnate

OXIDAnON QF pyruvate TO ACETiTrCo4.

1 Pyruvate is oxidabv^ decarboxylaJed to acetyl-Co\ f^acovc achate'*)

before catering the atnc aad cyele.

2. The reaction is catalj-zed by the multienzjine complex consisting of
several different enzvtaes. This complex is known as pynivale ddiydrogcoa«e
complex.

3 P>TUvate is decarboxylatcd m the presence of ihiarmue pyrophosphate

flPP) to a hydroxymethyl denvauvc vrhidi reacts with oxidized hpoate to form
S-acetyUipoate being catalyzed by the pjTvrate dehrdro^enase.

4 S*acety 1 Iipoate reacts with coeiuTa: A to form aceh I-CoA and redncsd

hpoate to presence of £fy£r9hp^ transaceO^ose

5 The reduced Iipoate is reoxiHced by FAD la presence of £}y£ro-
fiptij/ dehydrogenase.

6 Finally, the reduced FAD is oxidized by JiAD* The reduced NAD
(NADH-t-H*) enters the respiratory chans prodnemg 3 ATP.

7 The pyruvate dehydrogenase complex consists of abort 29 moL cf
pyrurate dehydrogenase and 8 mol of dibydrolipoyi dehydrogenase distributed

around 1 mol of transacctvlase.

A'anrw- •-Pj»wrC05iC»

Prvva*t
tf‘*y^vosfae TP?.l.paicct«d rao

To

HaO- NAOrt+H’-^ ^COz
3ATP Aoef/'CoA

--CoASH

Fix IE 1] Oxidxticm oT pynivic sad to awyd-CoA.

InKbitors : Arsenile inhibits pynivale dehydrogenase and dietary dehoeacy
of thiamme also allows pyruvate to accomulata.
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THE CITRIC ACID CYCLE
1

(KREBS OR TRICARBOXYLIC ACID CYCL
(IN MITOCHONDRIA)

(IN AEROBIC CONDITIONS)

This cycle consists of a senes of reactions m mitochondna which catabolyzcs

the oxidation of acetyl CoA to CO, and H,0 in aerobic condition The acetyl

CoA combines with d 4 carbon dicarboxylic acid, oxaJoacciate to form 6-carbon
tricarboxylic acid, citrate In the coarse of the reactions 2 molecules of CO, are

lost and oxaloacetate is regenerated Oxaloacetate plays an important catalytic

role

Reactions of the atnc acid cycle

1 Acetyl CoA first combines with oxaloacetate to form citrate being

catalyzed by citrate svnthetase

2 Citrate is converted to isocilrate by the enzyme acanitase (aconitate

hydratasc) which contains Fe'*-+ This conversion takes place m two steps

—

dehydration to cis aconitate and rehydraiion to jsocitrate The reaction is in

hibited by fluoroacetate

Pyfweh cartnfybs^

,<Cofref)

Teif«p>*olsry

mff- 3«TP

Ta ^espipohy)'

•WDHj- HgO

CoA SH

C frofe

.s-moniQis

fasi

Proponofe—*Si«e nafe

CoA

NAD^

7*/ncse\

SucctfV-CcA

-ATP
To respirolory

C02'*-^V,/7? COCK} 3ATP
« KefOff/ofcr^^

deh/droffenase cattyfv

CoA SH

ptg 16 12 Citnc acid cycle m mitochoedm starting from pyruVic aad
* According to the Committee or Editors of Bochcioicairouinals Reconnsesdattom 0975)

the standi biochemical cooventtoo the codinK-ats h e g citraie denotea rolxtore of free

citric acid and the loniied form In which the cation* ate tkiI sfe^ified
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3. Isocilrate undergoes dehydro^nation in the presence of isocitrate dehj'

drogerase to form oxaiosucdnate.

4. The decarbox>lat3on of oxalossccmate produces c-heioglutarate by the

csialjtic action of isodtrate dehydrogenase in presence of

5. a-ketoglutarate undergoes oxidati\-e decarboxylation in the similar

mannerasthatoccurredinpyniv'ate. The reaction is at^yzed by c*ketogIntarate

dehydrogenase complex which requires cocnz>'mes TPP, Upoate, NAD^, FAD*
and CoA forming sucrinyl-CoA.

6. Succinyl-CoA is then conx-crted to succinate by the en^me sucdnare

thlokinase (sucdnyl-CoA synthetase). The reaction requires GDP orTDP which

is converted to GTP or ITP by the presence of inorganic phosphate.

7. Snccinateis further metabolized undergoing ddiydrogenation ptalyzed
by succinate dehj-drogenase. The reaction requires FAD. Fumarate is formed

as a result of water.

8. Fumarate under the influence of furaarase is converted to malate the

addition of the reaction.

9. hfalate is converted to oxaloacetate by malate dehydrogerjue which

requires NAD*.

Foergedcs of the dtrlc add cycle

:

Reaction

Isodtraie-^Oxalosucdnate
«-ketogluiarate-*SuccuiyhCoA
SuccinyhCoA-^Succinate
Succinate-vFumaratc
MaJate-^Oxaioacctate

A'o. ofATPfowted

3
3
1

2
3

Total ... 12

Total nomber ofATP in the complete oxidation of one moledole of glucose :

One molecule of glucose forms 2 molecules ofp>iuvic add by £l>'Colysis.

Number of ATP formed in glj-colysis ... ... ... S

„ „ „ „ in the oxidation

of pyruvate to acetyhCoA ... 3x2=6
„ „ „ „ in the citric acid cj'cle ... 12x2=24

Total ... 3S

Number of molecules of CO, and HjO formed in the oxidation of pjTUvic

add ;

P>Tuvate-^acetyl-CoA ...
^

... ... 1 molecule of CO,
OxalosucJcina»e-^a-kctogIutamte . ... ... 1 „ •. «
o-keioglutarate-^SucdnyhCoA ... I „ «

Total ... . 3 molecules of (X),

The oxidation of reduced NAD & FAD by resplratorv' chain produces 5H,0
Udlired in TCA cjxle ., ... ... ... 3H,0

Net ... 2H,0



gxuconeoqenesk

(obibUors

1 Fhoroacetate inhibits the enzyme aconitase and prevents the conversion
of citrate to isocitrate

2 Arseniie inhibits a-ketoglutarate dehydrogenase and causes a ketoglutarate
to accumulate

3 Mahnate or oxaloacetate inhibits sucemate dehydrogenase competitive^
resulting m succinate accumulation

Significance of the citric acid cycle

1 The ma;or significance ofthe ctlric acid cycle is that it acts as the common
metabolic pathway for the oxidation of carbohydrate, lipids and proteins ^cause
glucose fatty acids and many amino acids are metabolized to acetyl CoA which
IS finally oS;idized m the citnc acid i^cle

2 The reducing equivalents in the forms of hydrogen or of electrons

arc formed by the activity of specific dehydrogenases during the oxidation
of acetyl CoA in the cycle These reducing equivalents then enter the respiratory

chain, where large amounts of high*cnergy phosphate are generated by the
oxidative p&ospfioryfalion

3 The enzymes of the citric acid cycle are located in the mitochondrial
matrix either free or attached to the inner Surface of the inner mitochondria’
membrane which facilitates the transfer of reducing equivalents to the adjacent

enzymes of the respiratory chiin which is also Situated m the inner mitochondrial
membrane

4 The citnc scid cycle is amphibolic (dua]) m nature which is the source for
anabolic processes such as fatty acid and ammo acid synthesis and
gluconeogenesis

GLUCONEOGENESIS or NEOGLVCOGENESIS

1 The formation of glucose from non-carbohydrate substances such as
lactic acid, ammo acids and glycerol is called glucon<>ogenesis or neoglucogenesis

2 When the carbohydrate is msufiicient m the diet gluconeogenesis meets
the needs of the body for glucose

3 A continued supply of glucose is necessary as a source of energy
and glucose is the only fuel which supplies energy to skeletal muscle under
anaerobic conditions

4 There is always a certain basal requirement for glucose even when fat is

supplied to the caloric requirement of the organism

5 In mammals, the liver and the kidney are the principal organs responsible

for gluconeogenesis Gluconeogenesis is esstnlially a reversal of glycolysis

Therefore, the glycolytic activity of iiver and kidney is low when there is active
gluconeogenesis

Metabolic pathways io gluconeogenesis

1 The metabolic pathways in connec'ion with gluconeogenesis are the
modifications of the Embden Meyerhof pathways and the citnc acid cycle

2 They are concerned with the conversion of glucogenic ammo acids,

lactate, glycerol propionate (m ruminants) to glucose or glycogen

3 The energy barriers obstruct a simple resersal of glycolysis (i) between
pyruvate and pbosphocnolpyruvate, (ii) between fruciose-1, 6-diphospbate and
fructose 6*pha$phale, (m) between glucose 6-phosphale and glucose, (iv)
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between glucose-1 phosphate and gljxogen. These bamers arc ovcrccnie by tlie

folIow^ng reactions

(i) The enzjTne pyrurate cardoxytase present m nutochondna coas-erts

p>Tuvate to oxaloacetatem presence of ATP, biotm and CO^ A second
cnqrme pkosphoeKotpyruraic caboxykinase present m the extrainilo-

chondnal part or the cell cons'crts oxaloacetate to phosphoeoolpyroate
in presence of GTT I actaie with tht help of these two enQiats and
lactate dehydrogenase is comerted to pho^phoenolpyTtnate.

In Mitochondna

Pyrvtate carboxy lose

PyruMile—ATP-*- CO| -Oxaloacctale-*-ADP—Pi

Biotm

Fts. If IS

In the extramitochond'ial part of the cell

GTP O)?

Fif 16 H

But oxaloacetate does not diffuse readdy from mitoebondru- Alternative

means are applied to com ert oxaloacetate to malate « hich is readily diffused from

mitochondria Malate is then conserted to oxaloacetatem the extramitochondnal

portion of the cell

(u) The consersion of fructose-1 6-diphosphate to fnjctose-6-phosphate

catalyzed by another enzyme fructose 1 6-diphosphaiase This enzyme

IS present in Iner, kidrey and striated muscle but absent from adipose

tissue, heart muscle and smooth muscle

(ill) Glucosc-6-phosphatc is comerted to glucose by glucose-6*phosphat2se

which is present m mtestice. liver and kidnev but a^nt from muscle ard

adipose tissue

(iv) The conversion of glucos* I phosphate *o glycoc-n is through lIDfG
and glycogen synthetase

Glucogenic amino acids after transamination or deamination form cilh*r

pvTuvic acid or raembere of the atnc aad tycle Therefore, the glucogenic

ammo acids and lactate can be converted to glucose o glycogen Propionate vt

ruminants enters the mam glucogenic pathwav via the atnc acid cycle being

converted to succmyl CoA

Conversion of propionate to soccioyl-CoA

I Propionate is first activated by thiobnase with ATP and CoA to form

propionyl CoA
2. Propionyl CoA undergoes CO, fixation reaction to form D-melhyl

malonvl CoA catalyzed by propionyl-CoA carboxylase and biotm is requred as

a coenzyme.
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3 D methylmaionyl-CoA is converted to L-metbyImafonyI*CoA by
methylmaJonyl-CoA raccraase

4 L*metbyltDalonyl-CoA is isomerised to succinyl-CoA by mcthylmalonyl-
CoA isomerase which requires vitamin B,t as a coenzyme

CoASH

Pfop.oi'icacid^'‘'?t"gg
Oiiyt CoA

ATP AVPyPP. ATP ADP+Pi

Afgf/)//mofQn/f-Ca9

•L'flWfftyffWiOl/l'CcAInffermed ale of cifricock^- -SooDOyl^oA-'

Fjg If 15 Propjonic acid lo $iicciny!-CoA

Cometslon of gljceroi

I Gtycerot is first converted to gtyccrof 3 phosphate by gfyeeroiinase vilh
ATP m liver and kidney

2. Ghcerol-3*phospliate is oxidized to dihydroxyaceione phosphate by
gljccrol-3'^osphatc dehydrogenase m presence of NAD* Djhydroxyacetone
phosphate is then converted to giou)se

Conversfoo of lactate to glucose :

1 Lactic acid js the major end product in muscle m anaerobic glycolysis

Muscie tissue is incapable ofresynthesizing glucose from lactate This conversion
takes place entirely in the hvcr

2 Muscle lactate is transported to the liver by the blood In the liver, it is

toiivcrled to glucose and glycogen by the enzymes concerned in gluconeogenesis

3 Liver glycogen is converted to glucose which is earned back to muscle by
blood

This conversion of muscle lactate to glucose in hvcr and its re-entry

hto muscle >5 called "Cor! cycle'

Fie L3ctieacid(Con)eyefe*adCIucate-4Usineerctc.
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Ceorersicm of anuao aads to glucose :

1. The glucogenic amino acids aie conserted to the intermediates of atric
acid cycle either by transamination or deamination which is giii-cn m the
figure below

2 These mtcrmediates arc converted to malate and finall) conv^ed to
gliicose by the enzymes involved m gluoineogeaesis

Fi« 16 17 Conversion of ammo 8Ctdj to ibe mtcnDediaies of ciinc #dd cycle by

transaminatioA or deaminaiioa.

ConrersIoD of fatty adds to glacose

Fatty acids are iinctabolized to acetyl CoA by ^-oxidation Acetyl CoA
entersthecitncacidncleandtheo converted to malate Malate is diffused from
the mitochondria to^the eiitramitochondnal portion of the cell where it is finally

converted to glucose by the enzymes involved lo gluconeogenests

Acetyl-CbA is not permeable to pass from the mitochondru to the cytosol

through the mitochondrial membrane But citrate is permeable through mito-

chondrial membrane to pass to the cytosol where it is splitted to acetyl CoA and
oxaloacetate

THE HEXOSE MONOPHOSPHATE SHUNT (HMP SHUNl^

OR PENTOSE PHOSPHATE PATmV'AY

1 This IS an alternate aerobic pathway for the oxidation of glucose m the

liver, lactating mammary gland and adipose tissue m addition to the

Embden-Meyerhof pathway for glycolysis
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^^ATP
Clucose-€-phospMas^ J&Uaatnostf

Giueaa 6 P^''''^^ADP

Pi». —»frucrose-6 P * '-s. ^ATP
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I

NADHtH*-^

3 pho^phogiyecnc odd Cj/c^oJ 3 P

I
ADP’N*,.

2 phoiphodycenc ocid ATP-*'
i t

Ctycerd

‘f/ctfo/iinasg

i^GDP-*-C02

Ypr^tfihoenc/pyri^cts
Mfbctyhmase

N-GTP

Pno'pno^pyfuvQte

i—AOP
iP/fwe»kino e

I^ATP
PyTovote* —

^NADHfH*
MMft
oefydv^tnast

'^NAO*

C02-.

Pyrwvofa-^
>4TP
Pynfiiofecertio

*Aty>+Pi

NAOH+Hx 0»dooc«tQt*.

NAOt-

——Naiol*

•Acfcf/ CoA

ct-Ketoilutofuf*

CoA

f*

l>1frDCM0N0Rl4|

Fig I61S Majof pathway of s'uc^neoS'oestt in the liver Entry point* of

glucogenic ammo acid* are shown by arrows
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2 Tbe enTymes of this pathway are present m the CTtramitochondnal
portion of the cel! This pathway is active m liv'er, adipose tissue, adrenal cortex,
^yroid, erj’throcj'tes, testis and lactating mammary ^nd.

3 In this pathway, 3 molecules of elucose-6^hospbatc yield 3 molecules of
CO, and 3 molecules of 5 carbon reiadues {pentose sugars) The latter are con*
\ertedultiinately to 2 molecules ofgIucose-6-phosphate and one mole^e of ^y-
ccraldchjdc-3 phosphate

4 NADP instead ofNAD is used as a hydrogen acceptorm this pathway.

Metabolic reactions

Tbe reaction tal.es place in two phases *

Q/ Clucose*6-phosphate by dehydrogenation and decaihoxylaPon gives

ns© tQ ribu3ose-5*phosphale,

(h) l?ibulos*-5-pbosphate is converted bach to glucose-6-phosphate by trans-

ketolate and transafdolase

1 Glucose*6-pbosphate t> dehydrogenated to 6-pbosphoglQconate via

6 phosphogluconolactone b> glucost-6-phosphate dehydrogenase m presence of
NADP and the cofactors Mg-'”*', Mn++ or Ca-^ 6*pbospho^uconol3ctonc u
acted by gluconolactone hydrolase in presence of Mg'*'^, Mn-*^ or Qi'*'*. Gene-
Lcally, the deficiency of ^ucose*6-phosphate dehjwogenase m erythrocytes is

associated with a tendency to hemolysis by pnmaqmne and sulfonamide

2. 6*phosphogluconate is oxidized by 6*phDsphogloconate dehydrogenase

m the presence of the coenzyme NADP and cofactors Mg'*-*, Mn"*'* of Ca*"* to

3'keto 6-phosphogIuconate which is decarboxylated to form ribulose-5-

phosphate

3 Ribulosc-S-phosphate is acted oo by ribulose-^phosphate epinurasc

which changes the configuration about carbon 3 forming xylulose S-phospbate

and also by the enzyme nbose-5 phosphaie ketoisomerase which converts

nbulose>5 piiosphate to nbose-S-phosphsle

4 Transketolase with the help ofTPP and Mg"*^ transfers carbons 1 and 2

of xylulose 5-phosphate to the nbose-5-phosphate fonnmg sedohcptulosc-^

phosphate and glyceraIdehyde-3 phosphate

5 rrflRSflWofare allows the transfer of a 3-carboa moiety from

scdoheptuIose-7-phosphate to the gJyceraldebyde-S-phosphate to form

fruclose-6-phosphate and crythrose'4-phosphate

6 Transketolase with the help of TPP and transfers carbon I and 2

from xylulose-5-phosphate to erylhrose-4-phosphate producing fnictose-S-

phosphate and gljceraldch>de-3 phosphate

The overall reaction of the bexosc monophosphate shunt is mentioned below.

-3C0*+6NA0PH+6H%-GIyc««aeh>tfe 3 P
+26ljcose-6-P

SGIuccse 6 P-f 6NADP-
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The overall metabolism is given below. ^

O-uccreloclorie

hyOnkrsa

* t. ®r Co X ^ / or Co**
NADP* NAOPH+H* H^O

Phoschoa{jccno'a\
(Seftjcrvgenai

'

Ctocose‘&-P

G{oeoseH5-pho$phofc i*|^$^j|^^^^^-»jB-<iho$phog - ' phosphOQtuconofa

I

NADP"^

^9V Mn*’
Mr Co**

|Njadph+k*
RibuloM 5;tio&{*iQ'e*<--^3-Ke<o-6-;^^osprios'uconote

I CO2

IPibuiiise Sphosptiofsepimercse

X)rh>)os« S-f)hospf)o?e

Sedonepruio«d*7-pl

'Cl/cerolde^fde 3

R^osclctos R^o$fr-t,S*

phote taphospluta

SedohepfuioM-?- Prwpr»c*e-

A p^osphott

Ffuctcpse 6-;Mjpho'»

Xyiutos* 5 p^o1p^or««
Tronskewose. TPP

Mfl**

' ' * FfuciOM 6 p*«$p^ote

•3-pftosphaf«

Kg 16.19. -Th* hcw»e mooopbo?phatc shuot

or

Pentose phosphate pathway.

Metabolic sI^joIBcaoce of tbe HMP sboat

:

\. W'K!A?OTE8rt4v&
Embden-Meyerhof pathway. This product is utilized for the synthesis of fatty

acid and pufine bases etc.

2. The reduced NADP (NADPH) formed in this pathway is used in the

synthesis of fatty acids, cholesterol or steroids end in the synthesis ofamino acids

via glutamate dehydrogenase outside the mitochondria. The reduced NADP is

also required in uronic acid pathway for the synthesis of astxirbic acid and
xyluIose*5-phoSphatc. Ascorbic acid is not synthesized in man and other primates

including ^ineapig. Tbe system which utilizes reduced NADP stimulates an
active degradation 'of glucose via this shunt pathway. The reduced NADP
functions in the operation of tbe shunt pathway in red blood cells and it

hasm direct correlation between the glucose^S-phosphate dehydrogenase and
the fragility of red cells (susceptibility to hemolysis) when the cells are subjected

to certain drugs such os primaquine and sulfonamide.

3. The pentose sugarsproduced in this pathway are utilized for the synihesl?

of nucleic aads and nucleotides.
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Skeletal muscle is incapable of qnthesizmg nbose This is probably
accomplished by a reversal of the shunt pathteay utilizing fniclo5e*6-P, glycer-

aldeh>dc-3 P and the enzimes translctolase and Iransaldolase.

4 The products fructose-6-P and gl>ceraldehyde-3-P are utilized in

Embden-Mejerhof pathway for glycolysis

5 This pathway in ihecrythrocytcs provides reduced NADP (NADPH+H+)
for the reduction of oxidized ^utat^one (G—S—S—G) to the reduced gluta-

thione by the enzyme glutathione reductase Tlie reduced glutathione then

remoses HjO, from the crythrocy'tes by glutathione peroxidase. This rcacuon
IS important because accumulation of HjO, may decrease the life span of ery-

throcytes by increasing the rate of oxidation of hemoglobin to methemoglobin

THE URONIC ACID PATHWAY

1 This"pathway is the alternative oxidatise pathway for glucose Glucose
constrted lo glucuiomc acid, ascotbic acid and pentoses

2 In man and other primates as well as in guineapigs, ascorbic acid cannot
be syntbesired and gulontc acid is ultunately converted to L-xylulose

Metabolic cea'ctioos

1 Glucose-6-phosphateiscon'erted to gIucose-1 -phosphate by pbospho-
* glucomuiase The product then reacts with DTP to form UDPG by the help of
the enzyme UDPG pyrophosphorylase

2 UDPG IS oxidized to undine diphosphoglucuronic acid by UDPG dehy-

drogenase in presen'*e of NAD* UDP glucuronic acid is the ’‘active” form of

glucuronic acid for reactions mvoKing incorporation of glucuronic acid into

chondroitin sulfate

Glucose 6 phosphaie
PhOSChec^ comu 054

ODfC f^ropfics

uiucose I —
t^CStlhO•“ / \

UTP FPi

2UADVJ

L-yyluloss-^ ^ 3 Keto-L guienicood-

^NaOF=W+H*

* aBLOCK c« PtriTOSURlA

ICOO
^;

:* .

<^1 L g-jlcnc

lacH+H* rwo* I NflCP* fja

j^H^O

Und ne d chospho-

5kjcurcn c cod

UhjO
I^UDP

•0 flUCuronic cesd

N4DPH+H*

yyittol

S-NAOK+H*

CUenoHrfene

''Qz

Jr°
0 tylulose

U-ATP

{^Al

Block PR KUTEs

i
ANO GLRMtAPlCS

2 Ke'o-L cutonc'cncrie

^-AOP
0 l^iulose 5 phcsphole— L-Asccrb>coctd

F>g 1620 Uronie acid pa hwa>
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3 Glucuronic acid is reduced to L-gufonic acid in the presence of reduced
NADP L-gulonic acid is the precursor of ascorbic acid

4 In man and other primates as well as m gumeapigs L-guIonic acid
IS oxidized to 3 kcto L-gulonic acid which is then decarboxylated to I^xylulose
L-xylulose is converted to D*xylulosc m presence of reduced NADP D xylulose
being converted to D xyluIose‘5*phosphate by ATP is further metabolized in the
HMP shunt

5 In the rare hereditary disease called '^essentialpentosuria" large quantities
ofL-xyluIoseappearintheunaeduetotheabsenceofthcenzynie which can cause
reduction of L-xylulose to xylitol

METABOLISM OF FRUCTOSE

1 Hexohnase can phosphorylate fructose to form fructose 6 phosphate
but the affinity of the enzyme for fructose is very small compared with its affinity

for gludose Hence, this is not the major pathway for fructose utilization

2 Fruclokinase present in liver converts fructose to fructose-l-phospbate

by ATP This takes place m kidney and intestine also The activity of this

enzyme ts not affected byfasting or by insulin That is why fructose disappears

from the blood of diabetic patients at a normal 1 ate This is the major pathway

for the phosphorylation of fructose The Km for fructose of the cozvme in liver

15 very lov/» indicating a very high affinity of the enzyme for its substrate

3 Aldolase B splits fructose I phosphate into glyceraldehyde and
dihydfoxyacetone phosphate Tbe absence of this enzyme leads to a //ered/wrv

fructose intolerance Glyce-aldchyde again enters the glycolysis Trlokmasc

?
resent in human liver converts gfvceraldehyde to glyceraldehyde-3 phosphate

his IS the major pathway for the further metabolism of glyceraldehyde

4 There is the additional possibility that fmctosc.l-phosphate may be

phosphorylatcd to fructose-1, 6-dipbospliate by the catalyzing effect of 1*

phosphofructokmase which has been found in muscle and m liver

5 fructojur^aisaveryrareconditjonmwhich fructoseis found n theurme
This IS a congenital defect—essential fructosuna—due to a defect in its

metabolism This condition is harmless and is due to a deficiency of fruclokinase

The overall metabolism is given below

tMINQR PATHWAY 1

fif Metobo} un of fnicli 5C
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METABOLISM OF GALACTOSE

Galactose is a\ailable by the hydrolysis of lactose of Milk

Metabolic reactions

1 Galactose IS phosphorylated by galactokmasem presence of ATP to form
galactose-l-pbosphate

2 Galactose-l-phosphatc reacts with UDPG to form UDP galactose and
glucose-I-phosphate by gafacfose-1 phosphate urtdyl transferase UDP galactose

may be converted to UDP glucose by undine diphosphate gafactose epimerase
UDP glucose can form glycogen

3 UDP galactose condenses with glucose to form lactose in tbe mammary
gland by lactose synthetase

Galactose is required in the body not only in the formation of milk but also

as a constituent of glycoltpids. mucoproteios Galactokmase shows increased
activity upon the fe^mg of galactose

Galactosemia, an inherited metabolic disease occurs owing to the inability toj

metaboliae dietary galactose for which galactose accumulates in the blood and
passes to the unne There is also high accumulation of galactose*! phosphate

in the red blood cells of tbe galactosemia indisidual, which shows no deficit

of galactokmase it is suggested that an mbented lack of galactose*!*

phosphate undyl transferase m the liver and red blood cells is responsible

for g^actosemia Still in gafactosemic individual there is the formation ofUDP
galactose from UDP glucose by epimenration In case it is untreated it may
lead to cataracts, mental retardation and death The condition may be treated

bv eliminating milk from the diet

The overall metabolism is schemed below

&citrlo»«
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GLYCOGEN STORAGE DISEASES

The term "gtycogen storage disease is a genetic one m wiijch abnormal
quantities of glycogen are deposited in the liver kidney, heart and muscle TTiis

IS due to the enzyme deficiency Seven mam types have been recognited

Type 1 gbcogeno^is (Von Gierke s Disease)

1 The disease IS due 10 the deficiency of glucose fi-pbospbatase for which
glycogen cannot be broken down to liberate glucose and glucose-6 phosphate
promotes glycogen synthesis

2 Children with this disease tend to develop hypoglycemia

3 They use fat mostly as an energy source and this leads to lipemia,

acidemia and ketosis

4 There is fatty infiltration of the liver

5 The hypoglycemia inhibits insulin secretion which in turn also inhibits

protein synthesis and growth is ceased

6 Hypoglycemia stimulates eptncphrinepfoduclion which causes the break-

down of muscle glycogen forming lactate This lactate competes with urate for

excretion by the kidney So blood urate level is increased

Tffc II glycogenosis (Pompe s Disease) -

1 The disease is due (o the deficiency of a lysosomal enzyme acid maltase

2 There is Excessive amounts of glycogen m all tissues

3 The heart is enlarged and there is extreme muscle weakness

4 Death occurs usually before the ninth month of life

Type in ghcogenosis (Limit Dextrioosis)

1 In this condition, there is an accumulation of limit dextrin m liver and

muscles This substance is produced by the action of phosphorylase on glytogen

2 Debrancher enzyme system is deficient m this disease

3 Patients with this disease arc known to survive well into adult life

Type rv glycogenosis (Amylopcctiuosls)

1 This disease is due to the deficiency of the branching enzyme m the liver

2 Amylopecims arc formed in the liver, heirt kidney and muscle

3 The disease is fata! and survisal being four years

Typ® T glycogenosis (MC Ardle’s Disease)

1 In this disease there is t defect of muscle phosphorylase

2 Cramps occurs in muscle after moderate exercise and recovery is attained

during rest

3 The exercised muscles can mctaboliTe fructose

Type VI filycogcno'Is

1 There is always a deficiency of Jtver phosphorylase

Z Liver glycogen concentration ts usually increased
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Type Vn glycogenosis

1 This disease is dae to the defiaeocy of phosphofructolanase

2, There is marked accumulation of glocose-d-phosphate and fructosc-8-

phosphate and a marked diminution of fructosc-l, 6-diphosphatc

LACTOSUHIA

Lactosuna occurs in women during the period of lactation Small to

moderate amounts of lactose may be found in the urine of most of the pregnant

women, the amount increases as pregnancy advances It appears more frequently

m the afternoon

MALTOSUftIA

This IS a rare condition of no known clinical significance

rRUCTosimiA

Fructose mav appear in the urine under the following circumstances

1 Thepatientswithhepaticinsulliciency excrete fnictoseinunnewhcn large

quantities of fructose are ingested

2 Essential fructosuna is a rare congenital disorder m which there is the

deficiency of fructokmase and characterized by inability to utilize fructose

completely Insulin has no influence upon this condition

There are two varieties of this condition In one the metabolism of other

carbohydrates is undisturbed and there are no clinical symptoms In another
form the nse in blood fructose is accompanied by a sharp dr^ in the

blood glucose concentration with severe symptoms of hypogivcemia This is due
to the deficiency ofaldolase B mtheliver resulting m accumulation of rructose^l*

phosphate which blocks important pathways of fructose utilization

T

PENTOSURIA

Pentose may appear in the urine under the following circumstances

1 After the ingestion of lar^c quantities of fruits there is alimentary
pentosuria occurring m normal individuals It has no clinical significance except
the wrong idea for gljcosuna

2 Essential pentosuria is due to ‘ inborn errors of metabolism ’ This
occurs owing to the lack of the enzyme which causes the reduction of L-xyluIose
to xylitol m tfie liver As a result L xylulose is excreted in urine It occurs
practically m males ofJewish subjects The utilization of other carbohydrates is

unimpaired

ENDOOIINE (HORMONAL) INFLUENCES ON CARBOm DRATE
METABOUSM

Thesupply ofglucose to the blood bylhe liver and its utilization in the tissues

IS regulated and integrated with cue another and also by the metabolism of

proteins and lipids Endocrine organs play a very important role in the

metabolism of carbobydiate Which is discussed below
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A Titsalla

1 Causes glucose transport across cell membrane by increasing ibe
permeability of the cells

2 Increases glycogen formation in liver and muscle by stimulating hexo
kinase and glycogen synthetase

3 Accelerates the conversion of glucose to fat

4 Stimulates protein synthesis

5 Inhibits fcetogcnesis

6 Inhibits gluconeogenesis

7 Increases glycolysis by stimulating hexokinase and phosphofructokmase
in hver and muscle

8 Throws effect on muscle ion balance

9 Causes milidl phosphorylation (hexokinase reaction^ of glucose for
further oxidation

The sulfonylureas—e g tolbutamide—are the stimulators of insulin release
Insulin is destroyed by insuhnasc which separates the A and B chain of

It Peptiifases also play a part in the destruction of insulin

B Adrenocortical hormones

The adreoalectomized animal exhibits the following changes in carbohydrate
metabolism

1 Decrease in Iiicf glycogen

2 less marked decrease in muscle glycogen

3 Hypoglycemia

4 Decreased intesctnal absorption of glucose

The changes are prevented by glucocorticoids The glucocorticoid hormones
release gluconeogenic precursors such as ammo acids from muscle The
hormones also release FFA from adipose tissue resulting m inhibition of hepatic

glycolysis The increase to FFA m the liver results in an increase of acetyl CoA
which activates pyruvate carboxylase and so stimulates gluconeogenesis

C Anterior pitmtary factors

Growth hormone produces the following changes in carbohydrate metabolism

1 Hyperglycemia and aggravation of diabetes in depancreatized animals

2 Inhibition of insulin action with decreased utilization of carbohydrate and
lowering of the rapiratory quotient

3 Diminution of the breakdown of muscle protein

4 Increasem the mobilization offatm the form of FFA from adipose tissue

Uith the increase in lipase activity The ircreasc in FFA and its use as the source

ofenergy, results in the excessive productioo of ketone bodies

5 ACTH enhances the release of free fatty acids from adipose tissue and

inhibits glucose utilization It causes the increase in blood sugar level by

stimulating the secretion of adrenal cortex hormones

D Epinephrine

I Causes an increase in blood sugar and in blood lactate doe to the

acceleration of. glycogcnolysis m the liver and muscles

F.19
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2 Diminishes the uptake of glucose by tissue cells thus mtcrfenng Rith its

utilization

1

Oiuses diminution in the amount of insulin released from the pancreas.

E ThiTcnd hormone •

1 Thvroxine accelerates hepatic ^ycogeflo!>’sis ivith consequent nse m
blood sugar This is due to increased sensivity to cpmephnne

2 Thvroxine also increases the rate of absorption of hexoses from the

intestine and accelerates gluconcogisncsis

3 It has diabetogenic action

F Glucagon •

1 Promotes ghcogenolisis in liier stimulating phosphorylase via cyclic

^MP
2 Causes breakdown of gWcogen to lactic acid in muscle The lactic aad

IS again Lonserted to glucose by Concvcie’*

3 Stimulates gtuconeogenesis in liver

G Sex hormones

Estrogens stimulate increased insulin secreiion and thus reduce blood sugar

level Te<tosterone also decreases blood sugar level

REGULATION OF BLOOD GLUCOSE CONCFNTRATION

In the resting postabsorptise state (osernight fast) the true glucose present
m the venous blood is 60 100 mg/IOO ml and the value is higher i e S0*120
100 ml mclud ng nonsugar reducing substances After the ingestion of a carbo
hydrate meal it may nse to 120*130 me/100 ml The normal blood glucose level

of she^p is 40 rag/100 ml and of cattle 60 mc/lOO ml These loivcr values are
due to the fact that ruminants ferment virtually all dietary carbohvdnte to lower
fattv acids vshich replace glucos* as the mam meiabol c fuel The condition m
which the blood sucarisrusedabovethcnorroal rangeiscalled hypergljctmia and
\v hen it goes below the normallcvel it is called /lypog/vcemiu Tlie concentration
of glucose m the blood depends on two general factors (i) the rate of iti

entrance into the blood (ii) the rate of its removal from the blood stream

Sources of fcfood glucose

A From carbohidrates of the diet

1 Mo«t carbohydrates m the diet after digestion form glucose galaciose or
fructose which are absorb'd into the portal vein

2 In the liver, galactose and fructose are converted to glucose

B From various glocogefilc compounds *

1 In the skeletal muscle glucose is oxidized to lactic acid which is

transported by blood to the luer and ktdne) where glucose iv reformed and under*
goes oxidation m the tissues via the circulation This process is known as

the ‘ Con cycle or lactic acid cycle*

2 In the adipose tissue, the synthesis of tnacylglyccrol takes place

from glycerol which is derived initially from blood glucose Acvlglyccrols of
adipose tissue continually undergo hydrolysis to form free glycerol which diffuse*
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out ofthe tissue into the blood. Thisisconvcrtcd back to glucose in the liver and
kidney by gluconeogenesis. Hence, a continuous cycle exists in which glucose is
transported to adipose tissue from the Uw and kidney and glycerol is returned to
be fynthesixed into glucose by the liver and kidney.

3. During ^rvation, the amino add, alanine, is transported from muscle
to liver with an effect of a net transfer of amino nitrogen from muscle to liver and
of free energy from liver to muscle. The energy required for the synthesis
ofglucose from pyruvate m the liver is rfenved from fatty acid oxidation.

C. From Iher glycogen by gjycogenolysls :

Glucose is formed in the liver from glycogen by phosphorylase and
dcbranching enrymo and also by glucose-S-phosphatase by the effect of the
hormone epinephrine and glucagon.

dlucc^wjjnesn-

•DeccAii on os clycogen
- iftiivet.iTuscletjfxS

other lis$yes

•CofiverSiof fo fof end
siaroge tn h* tiepott

•Syr'sesisci tactose,
• (jiyeotr

-

•0»ycoiy$ s by red celts

»£»Cfeiwnm fhcortfte
' mbighb'oodokjcose »

level

Fif. W.J3. Entrance end removal of blood Rloco«.

SegnUHon of the Mood glaeose ; ‘ ‘
'

The stable blood glucose level is maintained by the role of liver, skeletal

muscle, kidney, muscular exercise and hormones.

Role of liver : i

1. Uver is the pivot of carbohydrate metabolism of the whole body. flTie

presence of glucose-6*pho8phatase .m the liver converts glocosc^phosphaie

to glucose which diffuses into the blood stream to form the constant and the only

source of glucose of blood unless and until glucose is available from the intestine

from carbohydrate diet.

2, Muscle glycogen cannot be convxrted to glucose due to the lack of the

enzyme riucose-6-pbosphatasc. Therefore, glycogen is converted to lactic acid

wbwh by “Cori cycle or lactic acid cycle** is converted to glucose in the liver end

the glu<m<e Is dlifused to the blood stream.



292 USTABOUSU or CASSOHYDKATX

3 The liver cells, like other cells, require the oxidation oforganic substances

to maintain their own vital functioning- In the absence of fuel, jocose, ^ycogea
IS diminished and the oxidation of fat occurs formmg kelo aads. Some of the

keto acids are utilize for ceUular energy But tf the concentration of keto aads
IS mcreased, the keto aads diffuse into the blood stream and accnmnlate

produemg ketosis

4 When the ^jxogen reservoir dimmisbes, the ammo aads of the body

protems are utilized by the bver for gloconeogenesis.

Role of skeletal mosde

1

Extrahepatic tissues are relatively impenneable to ^ucose and therefore,

insnlm is requited lor the uptake of^cose to these cells

Z Increased blood jocose promotes glitogenesis and oxidation of jocose
m muscles Muscle glycogen does not serve directly as a source ofjocose donag
hypoglycemia. But glucose is supplied lo the blood from muscle glycogen

by “Qin cjTle or lactic aad cycle”

Bole of kidney :

1 There is considerable evidence that the Jodney is able to form
glucose from a number ofcarbohjdratc intermediates and also from ammo aads.

Z It possesses some capaaty for gluconeogenesis, althou^ the capaaty is

mmor as compared to that ofthe liver

3 When the blood glucose level exceeds the renal threshold Jc%‘d

ISOmg/lOOznl) renal tubmes are incapable ofreabsorbing all the filtered sugar

in glomerolt and the excess glucose is excreted m unoe This results in the

decrease of blood glucose concentrauoo

Role of mnscclar exercise :

Muscular exercise promo’es the entij of glucose into mosde cells and

the glucose is ufflized by the muscle Thus, it lowers blood glucose level

Bole of hormones

A. Josalio

:

1 It IS produced by the ^-cells oftbeislets of Langerhansm the pancreas and
IS liberal^ mto the blood by the direct response to hypT^joemia. Insulin is

cdsiMsi by rnnuto cads, /Vee ^<tWy cads, Letcojt bodies, %luoagaa. xecreCm eod. tol-

butamide Epinephrine and norepinephrine block the release of msuhn.

2 It increases the rate of uptake of glucose to tissues.

3 It promotes glycogenesis by stimulating hexokinase and glycofn
synthetase and oxidation of ^ucose by stimulatmg phosphofructokmase

4 It decreases hepatic gl>’cogenol)’sis and gluconeogenesis.

5 It stimulates Iipogencsis and protem sj’nlhcsis.

6 It inhibits ketogenesis-

B Antoior pitmtary bormooes :

1 The antenof pituitary ^nd secretes hormones that elevate the blood
sugar level by antagomzmg the action of insulm They are growth hormone,
ACTH and other ‘diabetogenic* pnnaples.
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2. Growth hormone secretion is stimulated by hypoglycemia It decreases
glucose uptake in certain tissues, e g muscle

3 Growth hormone mobilizes free fatty acids from adipose tissue which
tjiemsclves inhibit glucose utilization

4 It produces byper^ycemia which stimulates secretion of insulin causing
jB-cells exhausted.

5. ACTH enhances the release of free fatty acids from adipose tissue and
inhibits glucose utilization It also increases blood glucose level by stimulating

the secretion of adrenal cortex hormones

C. Adrenal cortex hormones

:

1 Glucocorticoids (H-oxj steroids) are important m carbohydrate meta-
bolism. They lead to gluconcogenesis by the increased protein catabolism m the

tissues, increased hepatic uptake of ammo acids and increased activity of trans-

aminases in the liver.

Fi^ 16.24 Factors coRtroUing blood glucose concentration

2. Glucocorticoids inhibit the utilization of glucose m extrahepatic tissues

They are antagonists to insulin

3. Glucocorticoids also increase the formation of glucose m the liver by

stimulating glucose-^phosphatasc and fructose-l, 6-diphosphatase,

D. EplBepbrlne :

1. Epmcphrme, secreted by the adrenal medulla, stimulates glycogen break-

down in muscle by increasing phosphotylase activity
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Z Iq muscle, glycogen is converted to lactic and instead of-glucose due to

the lack of ^ucose-6-phosphatase. This lactic acid is converted to glucose- in

the liver by “Cori cycle” and diffuses into the blood.

3. It diminishes the release of insulin from pancreas.

£. Glucagon

:

1. Glucagon is produced by the alpha cells ofthe islets of Langerhans of the

pancreas^ being stimulated by hypoglycemia It causes glycogenolysis by
activatmg phosphorylase in the h\er.

2. It stimubtes gIucose>6-phosphatase in the liver to form glucose from

glucose-6-phospkate.

3 It enhances gluconeogenesis irom amino acids and lactate-

F. ThyToId bonaone*:

1 . Tbyroune has diabetogenic action.

2. It increases the rate of absorption of hexoses and accelerates

gluconeogenesis.

3. It stimulates hepatic glycogenolysis Viiih ihe consequent nse in blood
sugar. This is due to increased seosiUviiy to epinephrine.

G. Sex hormones

:

Estrogens cause increased liberation of insulin and thus decrease blood sugar

level. Testosterones also decrease blood sugar level.

THE RENAL THRESHOLD FOR GLUCOSE

Glucose 1$ continually filtered by the glomeruli when the blood sugar rises to

a high level But it is completely returned to the bloc^ by the ren^ tubular re-

absorption Thercabsorption is influenced by phospborybuoa by enaymes. The
capacity of the renal tubules to reabsotb glucose is limited ubich is at the rate of
about 350 mg/minute If the filtrate contains more glucose than can be
reabsorbed, the excess passes into Ihe unne to produce g!)cosuria.

Glycosuria occurs in the indmduaL when the venous blood sugar eiiceels

160-1S0 mg/100 ml Thislcvclof the venous blood sugar is said to be the reflu/

threshold for glucose.

The maxim?! rate of reabsorption ofglucose by the tubule f7>nG—the tubul^
maximum for glucose) is constant Hence, a is a more accurate mcasaremMit
than the renal threshold which vanes with the change ofglomerular filtration rate.

DUBETES MELLITUS

Diabetes mellitus means the hypcrgljceraia due to lack of insulin. This also

takes place due to the over production ofotherhormones, e g glucagon, hormones
of the anterior pituitary, adrenal and thyroid which are antagonists to insulin or
due to increased production of insulinase which inactivates insulin.

GasslficatioQ :

1. Primary, Idiopathic or essential diahef^ :

Pnmary diabetes is classified into the following subgroups depending on the

degree of seventy of the disease.
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(a) Potential diabetic (prediabetic) The individual with normal glucose

tolerance test but with a family histo^ of the disease

(b) Latent diabetic (suspected diabetic) The individual with a normal
glucose tolerance test but he had a diabetic type of glucose tolerance curve after

cortisone administration, pregnancy or severe infection

(c) Asymptomatic diabetic (chemical diabetic) The individual with a
diabetic glucose tolerance curve but without signs of dialxites

(d) Clinical diabetic (overt diabetic) (i) Juvenile—onset type, (ii) Adult or
maturity onset type

Jovenile-^onset type

.

(i) This condition develops during the first 40 years of life m normal oc less

than normal body weight *•

(ii) The symptoms become severe and insulin treatment if delayed, keto-
acidosis and diabetic coma develop

(ill) Insulin secretion is very low

(iv) The ^-cells of pancreas are exhausted and the cells become atro

phied resulting in diabetes melUtus

Adult or Maturity—onset type

(i) This condition appears after 40 years of age who are obese

(it) This IS a mild type of diabetes which can be controlled by diet and oral

hypoglycemic drugs

(til) Insulin level are lower than normal because the ^-cells secrete less

amount of insulin

2 Secondary diabetes

:

Damage fa pancreas In chronic pancreatitis and pancreatic carcinoma, the

pancreatic destruction results m the absolute insulin deficiency

Presence of insuUn antagonists Excess growth hormone secretion

(acromegaly) or excess glucocorticoid secretion (Cushing s syndrome) act as anta-

gomsts to insulin

MubiUon oftnsuUn secretion The secretion of msulm by /t-cells is inhibited

by the excess secretion ofepinephrine and thyroxine resulting m the breakdown of

liver glycogen

A diabetes like condition can be produced in experimental animals by
injecting alloxan which is a pyrimidine derivative containing 4 0x0 groups

Alloxan destroys the B-cells of pancreas for which insulin production is inhibited

But the a-cells remain unafTcctcd and the glucagon production remains intact

Dehydroascofbic acid if injected in large doses also destroys f-ceWs of pancreas

and produces alloxan type diabetes

Crowth hormone if repeatedly injected into experimental animals the ^-cells

of the pancreas are stimulated to secrete insulin The cells become hyper-

trophied and insuln secretion finally stops resulting in permanent diabetes

mellitus m the animals
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Diabetic coma

1

In case of diabetes, if the insulin is not taken and the diet is not
controlled, diabetes becomes se\ere leadinc to diabetic cotna.

2. In diabetic coma, there is ketonemia and ketonuna,

3 The patient becomes semi-conscious or fully nncocscious snth
dehydration

4 The patient should be treated with soluble insulin (50 umts) immedialdy
follooicd by normal saline containing 10 per cent glucose mtrasenously

5 The treatment should be controlled by frequent estimation of glucose m
blood and urme e\ery 30 minutes to make sure that blood ^ucose does not fall

below normal lei el

Treatn^t of diabetes mdlilos

1 Administration of oral antidiabelic drugs like diabenese which are

not polypeptides in moderate diabetes and insulin in set'ere diabetes

2. High protein and low carbohydrate and fat diet are adnsaole High
protem meal senes as a prolonged source of carbohydrate without rapid hyper-
glycemic effect and it has protective effect on Iner

Changes u carbohydrate, fat and protein metabolism in diabetes mellitos.

Carbohydrate metabolism

1 Diminished entry and oxidation of glucose in muscle and other tissues.

2 Decreased gly'cogen formatioo m liver and muscle.

3 Decreased synthesis of fat and increased breakdown of glycogen m Intr

Fat metabolism

1 Fats are mobilized from adipose tissue and fatty acids are oxidized

producing large amounts of acetyl CoA Due to lack of carbohydrate
metabolism, acetyl CoA is not oxidiz^ via TCA cycle. Hence, two molecules

of acetyl CoA condense to form ketone bodies

2 The ketone bodiesm large amounts lo blood produces ketosis w hich leads

to coma. in. severe diabetes, meltitus..

4 Administeation of insulin corrects tbe condition

Protein metabolism

J Since the energy is not available by oxidation of carbohydrate and fat,

the breakdown of tissue protein occurs leading to negative energy balance. Ihe
synthesis of tissue protem from dietary proteins requires msulm. Doe to lack of

msuhn, tissue protein is not formed from dietary protem- The concentration of

ammo acids in blood and liver increases The ammo acids are deammated m Iiier

and glucose u produced from ketoaads by gluconeogenesis. The urea excreted

more m urme The body will be in negative nitrogen balance.

2 Administration of msulm corrarfs the condition Insulin promotes

oxidation of glucose tn meet the energy needs and also the synthesis of

tissue protem from dietary protein Insulin also suppresses gluconeogenesis.
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Comparision behreen Hypoglycemic coma and Diabetic coma

Hypoglycemic coma ^labettc coma

Cause

Onset

No food, overdose of insulm

Sudden and in good health

symptoms

consaousness, headache, seeing

double images

Normal food intake and no

insulin.

The patient suffers from ill-

health for sei'cral days

Dehydration, abdominal pain

and vomiting

Signs

Unne

Blood

pulse, nonnalor

raised blood pressure, norma!

breathing

Ketone bodies absent, glucose

absent

Hvooglycemm, norninl blood

“Kbonate Sugar level comes

down to 30 mg/100 ml

Dry skm weak pulse, low

blood pressure, air hunger

Ketone bodies and glucose

present

Hyperglycemia, reduced blood

bicarbonate Sugar level

reaches to 550 mg/ 100 ml

glycosuria

Tbe condtuon m wh.oh nbnormal quantmes of glucose are escreted m unne

IS called glycosuria
delected by

Normal unne '”“
3, ihr^hold value (160-180 mg/lOO ml), the

Benedict’s test Beyond rcabsorpt.on is escreled in unne

tubules “'m’',
‘^Ste "mI threshold value Glycosuria occurs in Wo

Some m^‘"'>““A'’irnomal b“od glucose level and (B) In hyperglycemia

conditions

Glycosuria in
individuals excrete glucose m unne afl'r

1 Alimentary glywmia ^ catbobydrate-rich meal in spite of their

the intake of large “mounts^ suga
threshold value for glucme

noniml blood sugar^^d^^T^^^^^ fora short penod

but their W”” ® „iycosuna occurs
Hence, a

f Glycosuria occurs dunng periods of wcessive

2.
Emo'mnal Slyt^m'”

n, intense fear, anger and sCTcre

"'"r duT?o“mcSStrs?ire"cpine^^
nus condition is termed

“?moUonal or psychic’
,„notItgn students sitlingfor the final

Emotional ^yOTunahM*^^ ^ditotes for rampctimc examinations

'““Glyruna cLlls in the use of ether and chloroform as anaesthetic, due to

hypersKtetlon of epinephnne
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3 Glycosnria m pregnancy and lactalion Glycosuria occurs in normalpregnant women, particularly m the later mouths due to temporary rcduchon^i^mum tubular reabwrpUon capacity of ^ucose and partly due to decreasedglucose tolerance caused by temporary hypertrophy of the pituitary gland

i,„„uf
also excreted m urine during late m pregnancy and lactaUon whichshould not be mistaken for glucose

4 Renal glyrosnria (Hereditary glycomria) Some mdividuals have low
renal threshold value for glucose which may be below 150 mg/100 ml This
condition is harmless and is known as “diabetes mnocens ’ or ‘ benicn
glycosuria. These individuals have an impaired tubular rcabsorpUon for clucosi.
and It IS a hereditary defect *

The following are the standards for the diagnosis of true renal glycosuna
(i) Nonrial blood sugar level in fasting

(ii) Glucose IS present in every sample of unne either m fasting state or after
a meal

(in) Carbohydrate utilization is normal

(iv) No disturbance of fat metabolism Ketosis may develop when the patient
fasts than when he overeats

(v) Moderate doses of insulin have little or no effect upon the glycosuna
Pracucal danger in making the diagnosis of renal glycosuna lies m the

coiffusion of this condition with mild diabetes meUilus No metabolic dis
turbance occurs m subjects with renal glycosuna as long as the carbohydrate
intake is adequate to compensate for the amount lost in the unne

Artificially, a severe renal glycosuna can be produced by poisoning the kidney
•with phlorrhigtn wh ch prevents reabsorption of glucose from the tubules As a
result, there is a continuous loss of glucose and the blood sugar level becomes ab-
normally low This hypogljcemia causes the secreuon of epmephnne and
glucagon which accelerate liver glycogcnolysis Due to the exhaustion of liyer

^ycogen glucose is formed from the tissue protein to mamtain the blood sugar
level The fasting unne on analysis has been found that the ratio glucose
excreted/N excreted {the C{N or~DjN ratio) is constant

B Glycosuna in hyperglycemia

Glycosuna occurs due to mcreased blood glucose level in diabetes mellitus

The blood glucose level m this condition become very high and glucose is excreted

in unne

GLUCOSE TOLERANCE TEST (GTI)

Glucose tolerance test (GTT) give* the assessment of the degree ofseventy of
diabetes mellitus This can be performed in the following manner

1 The individual is kept fasting for at least 12 hours after the last meal

2 Samples of venous blood and unne are collected in the fasting state to

find out the initial blood and unne glucose level

3 Immediately after this, 50 gramsorglucoseisadministeredtothatsubject

Samples of blood and unne are collected at an interval of30 minutes for a period

^2^ to 3 hours The results of blood glucose analysis are plotted as a

graph against time

^°^^e features ofGTT curve m normal persons are as follows

1 Fasting blood sugar is between 80 to 120 mg/100 ml
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2 Blood glucose [level reaches Its peak to about 130 mg/100 in 1 hour

3 The blood glucose level returns to the fasting Ie\el at the end of
2 2^ hour» after glucose meal

4 The unne does not contain any glucose

Prediabetic persons

The mam features of GTT curve m persons who are developing diabetes
(Prediabetic) are as follows

1 Fasting blood sugar level IS between 105 and 110 mg/lOOml

2. The peak level is attained in 1 hour and the value ranges from 1 50 to 1 60
mg/lOOTnl

3 The blood glucose level returns to the normal level only after 3 hours

4 Urine does not contain glucose

Mild diabetes

The main features of the GTT curve of mild diabetics are as follows

i Fasting blood sugar is between 115 and 125 mg/100 ml

2. The speak level is attained tn 1 hour and ranges from 190 to 200
mgjl&i ml

3 Urme con ains 1 to 2 per cent glucose

The main features of GTT curve of severe diabetics are os follows

1 Fasting blood glucose level is about 150 to 160 mg/100 ml

2. The peak level is attained m I hour and ranges from 320 to ^50 mg/lOO
ml The peak level is maintained for I to 2 hours

3 The blood sugar returns to the fasting level after 4 hours

4 Urine contains large amounts of glucose (more than 2 per cent)

when collected at 1 hour, hour and 2 hours intervals

A—NoRBJd Rib^xrt B-iPrediabftc* C—MUd diabeiw D-Sewre
Rj. 16^5 OhJCoseloIetancttestomxfOTTcatvc)
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CONVERSION OF CARBOHYDRATES INTO FAT

1 Glucose and the mteriaediates such as pyruvate and acetyI>CoA are

converted to fat m the body by anabolic processes

2. The rate of conN ersion is high m relation to the diet contammg high jiro-

portiOQ ofcarbohydrate It is depressed m restnctcd calonc intake, on a high^fat

diet or m the deficienq' of insulin as in diabetes mellitus. ' Increased free fatty

aads inhibits lipogenesu

3 Hexose monophosphate shunt (HhfP shunt) is closely associated with the

hpogenesis because tins shunt supplies rrauced NADP (NADPH)for the synthesu
of fat

4 At present, it is recognized that acetyl CoA carboxylase step is the rate-

limitmg reaction in the pathvi ay ofhpogenesis Long cham acyl-CoA molecules
produi^ from hpolysis inhibit ace^l>0>A carboxylase and thus inhibits the

synthesis of new fatty acids

5 Microsomes catalyze the esterification of acyl CoA with glycerol 3*

phosphate to form tnacylgljcerols and phosphohpids.

6 Acyl-CoA also inhibits the transport of citrate from mitochondria mto
the cytosol and thus changes the availab^ty of citrate for hpogenesis.

7 /nnifm stimulates hpogenesis by soeral mechanisms ;

0) It mcreases the transport of glucose mto the cell and thus increases

I the availabdity of pyruvate and glycerol 3*pbosphate.

fii) It can convert the macuve pyruvate deh>drogenase mto the actnr
form

(iiO It depresses cyclic AMP (cAhfP) aid thus inhibits hpolysis and
thereby reduces the concentration of long chain acyhCoA, which
IS an mhibitor of Iipogeoesis

8 Oxidation of fatty acids, due to lack of msuhn or increased levels of free

fatty acids, causes the increased hpolysis of tnacjlglycerols and thus mcreases the

concentrations of acetyl CoA and NADH m mitocbondna inhibiting pyruvate

dehydrogenase As a result, the formation of acetyl CoA from carbohydrate via

pyruvate is blocked.

Vat pa&way oT coovcreion of cafbobyirate into fat is &own bdow r

Fig’ re 26 Pathway ofconvtiaonofcarbohydrates into fat.
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HEXOEINASE

I The molecular weight of the eoTyme hexohnasc is 96 600

2. This enzyme exists m plant and animal tissues

3 Liver contains tivo hexolcmase enzymes—glocobnase is probably
formed in the non parenchymal cells and hcxokinase is formedm the parenchy-
mal cells

4 Glucose enters the metabolic stream through phosphorylation as glucose-

6~phosphate by the catalytic action of glucobnase in the hcxokinase reaction

Insulin regulates the activity of gfucokinase and glucose phosphorylation Liver
hexokinase appears to be unaffected by insuhm

5 Hexokinase has a high affinity for glucose

6 This enzyme catalyzes the phosphorylation of glucose fructose, mannose
and glucosamines etc

A, T. P,

It IS adenosine triphosphate or high ener^ phosphate bond

Discovery Lohraann isolated ATP from muscle The phosphate groups
are consecutively removed from ATP to ADP and AMP Lobmann reaction is

mentioned below

ATP+H,0——»>ADP4-Phosphatc

Creatine phosphate-}-ADP?*ATP+CreatiDe

This IS the first energy production reaction which occurs in muscle
contraction Creatine phosphate serves as a reservoir of active phosphate groups
to mamtaiQ the concentratloo of ATP
Function

1 It acts as a basic unit of biological energy

2 It acts as a phosphate transfer reaction

3 It helps photosynthesis

4 It IS involved m the activation of fatty aads and amino acids

5 It causes phosphorylation of glucose, galactose and fructose

6 It acts as a coenzyme in (he energy metahohsm.

Effects of shock Shock causes the rapid decrease ofhigh energy phosphates

m the shocked tissue Severe shock causes collapse and anoxia. Electnc shock
and cyamde poisoning decrease bram glycogen, phospbocrealme and ATP

Formation It is formed by the catabolism of food stuff where the reduced

equivalents are oxidized m the respiratory chain

GLYCOGEN

Chemistry

1 It IS a polysaccharide consisted of many glucose units by 1, 4 and 1. C

linkages

Z It forms a colloidal solution

3 Its structure is just like a tree having numerous branches Each
branching is at an intervm of 12 IS ^ucose units

4 Its molecular weight is ver^ high of the order of several milltons.
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Ttssne glycogen •

Glycogen js the chtef carbohydrate of tissues just as glucose of blood

and other body fluids The followings aie the contents ofglycogen in the "tissues

Liver—5% (average) , 10-15 per cent on carbohydrate diet

Skeletal muscle—05%.
Skin and brain—0 1 % or less

Liver glycogen is reversiblv convertible to blood glucose and maintain the

bloodsuearlevelinlheimpairmentofinteslinalabsorption of carbohydrate The

energyisliberatcdwhenglycogenisbrokendown completclytoCOjand HjO The

formation of fat from carbohydrate is from the breakdown products of glycogen

or glucose

Glycogen, is formed from glucose by glycogenesis and glycogen is broken

down to gluco«e in the liver by glycogen olysis

Factors afTecting tissue glycogen

1 Dietary state The ^yeogen content of tissues is markedly altered by

changes m the dietary condition

2 Fxcrase Heavy eserase greatly accelerates the utUizatioo of carbo-

hydrateinlhetissuesandultimatelv leads to drastic reduction of muscle and liver

glycogen

3 InstiUn It is required for both the omdatton of glucose and its

conversion to glycogen It also accelerates the activity of hesokmase and

glycogen synthetase responsible for glycogen formation

4 Epinephrine and glueagon Both these hormones cause glycogenolysis

by stimulating phosphorylase and produce glucose m the liver and lactic aad in

the muscle

Glycogen storage disease Already discussed (Page 273)

ACErYL-Co\

Acetyl CoA can be regarded as a focal point in metabolism It is a common
high energy substance produced by the oxidation of fatty acids, ammo acids and
pyruvate from carbohydrate It is utilized m many ways and referred to as the

Puildmg stone of fatty aad synthesis

^ Formation Acetyl CoA is formed from coenzyme A (CoA) The
components of CoA arc adenme-phosphonbose-phosphate-phospbafe-pantcthenic
acid mercapto-ethanolamine The ‘SH is the functional group, combmmg with

acyl substances having the carboxyl group (R COOH) to form thioesters (R CO
S CoA) In respect of this linkage the factor is designated as CoA SH This

Jinkace is a high energy bond and is formed at the expense of ATP

Utilization It IS utilized in cells in smnous ways

J In the complete oxidation of glucose by the TCA cycle

2 In the fatty acid synthesis

3 In the acetylation of cholioe (in nerve) and of aromatic amines
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4 In the formation of acetoacetyl-CoA in ketone body formation

5 In the synthesis of cholesterol steroid hormones, bile acids etc

Rg l€27 Formation and utilization of acetyt-CoA

CO-CARBOXYLASE

Thiamine pyrophosphate (TPP) is said to be the co-carboitylasc This is the

coeozyme formed from tiu&miM It is a group transfemog coenzyme

FODdiOQ

1 TPP as coenryme is involved m the conversion of pyruvate to acetyl CoA
along svith pyruvate dehydrogenase complex Pyruvate is decarboxylateo in the

presence ofTPP to a hydroxyelhyl denvative of the thiazole nng of enzyme bound
chiarame diphosphate which reactr'with oxidized hpoate to form S-acetyl hpoate

2 Similar reaction occurs m the comcrsion of a hetoglutarate to sucanyl-

CoA where TPP acts as ooenzynie

3 TPP also acts as coenzyme in the conversion of pentose phosphates to

sedohepto!usc-7 phosphate and glycerai-<Iehyde-3 phosphate catalyzed by trans-

ketolase in Che HMP shunt

Etrmves

1 I>faw a flow diagram showing the Tcactioos <*f Krcb s cycle D»cu*s its impo*taJice

(M U 76A)

2. iWhat IS Krebs cycle ? tVhyisilsocUIed ** sV^atistbealtetaafeBam'oftfwi cycle?

Justify the name State very bnefly the steps of th*Kreb‘s cycle (R U7SA)
3 V/hat do you mean by inteitnediary metabolism 7 Explain why glacose-fr-pbosphtte

IS regarded as the key intermediate metabolic product of carbohydrate n**3bol»iB

(P U 75S)

4 DscJssthevanousstepsorTCAcycIeandpeiatoalwlrreenergy waerand CO« are

Wasted ? HowmanymolectfesofATPareprodDccd la theejel*

(P U 7IS Mur 7SS)

5 Describe schematically the otric acid cycle

(Mith C6S 71S . R U 70S . P U €8S)



V— rrw CAfeLLSH-riiUrg3(H

6. J>sscrfbs tb- pssJoss pf^Twtj oT txibdb-oims rgaio^fiea zsi tbs

s^gsiSczass of iL Cb.U 15X)

7 GTV-6a*scc«saofibscm-*adeTd**saes?lta*irrxs ea3sia tnmsccsTaa.V£c

Tsalrvty 04-s- 74\ , ^£s±.W
8- Dtsccss tiss cndtMQ cf jiasotr o tbs moss ep» ^ SS8£- «f r^-rrtz aai

wnhpsmcalsrrsfsrsacsto ei“£5nsr*acQofcasr£ynA bcois. (Ki2i.<2S)

9

Dcscrib* the pstbyzy of cosveoaa cf caboiby&'gta zsts Ss. 0£ib-

10 Disgribs briefly fV- fcoi3y iIb v~<i e^isr^frm f^nryisS-

{Sb.U

11 Paegss tbs fcrazsKO ofghieose frera axtgiAoiirirzts grbsiaxsa-

(P U 7JA..B_U TSS.Eb-U 7JS)

12. Dtssibe tbs tw»f~vT->gT cftascs oa ceAsSzyi^zis ostzicEsa. (P U 7£4)

13 V?izl IStb-MECzl Wood agar l-rel^ •»>»»«« rri*»T^rv»g T»«fy»-^«_£

(P D eSK . ta=fc-

Pessriirtbfr?scitggsaoffegi!gioaoftl«>ds::S£rlJTsL (3G±-7£.^ , P U. 13.^

b,SEStb*«dacDgs2£2rstbttarrb6fo^aoP2ibala£isl crsas. I>sscr^ #

forth-esteattaaofttrmryrstisttoaofittfarr^ssaa. pcrra. (ILU 2^
Discbss tbs gjasme toljra:t:« tsst. (£LU 73A)

IKnte smss cs

CElU *<S,Ms2.'-.W

(MU 7^K,

(M.U 74S.3LU 71S, >Da.

(Mss. 75S , Mhb. 623.755)

(Bb. U 74S , R, U 70.\, Xthb. 6S 6^^)

(Mhb. 71\, Bb. U 76S , P U €SS)

(Mjtb. 62A, 6SS , P U 73)

CR-U 6SS . Tart. 6*A)

CMrJi. 75.\, P U. 6S.4)

(*)A.TP CP U 75S.M.U 73A,R.U 71A.73A,\C-b.71A.7SA)

(xi) eacny pbosibsts boad, CMI.b- 62A. 6«)

US)UDPG OLU TSS. P U 73)

(x^ Hexofaaass (R.U 73S)

Odv) CoczrbosTlsse (Vich. GS)

(xv) CtoOTcrsioo of ^jmsldshTde-T-pboobsis to 1, 3>di?lios?bc*g3y=sn. sai

(ILU 72^

(xit) Froaosnna. (Bb. U 71

M

(xro) Gajactosama. (\LU 72S)

(xvui) Glycogsa storage disease Ot.U 63 , Max. 70.\)

(ill) Diibetes crlljtns (P U , R. O 66S)

(0 Systbes.s of Uetoss

(li) Glyeofa
(u) l^eogbcossasis

pv) Gljcossassis

<') Gl^rossoolysis

(vj) Besedefs trsL

(ni) GsSDse xolersaoe (sst.

(vui) Qyoassna.

px) Rgal gljcosanx.
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8 Wri^inshort the procas of iteogtucogenms Nfcntion the tpecific erzyuin necessary for

the above process (G.U. 19SI)

9 Describe with diagrnm Utc metabolic pathways of glycogencsis and glyrogenol^sis in roitscle

indicating the hormonat influences on (hem

Destribe >ow will you perform and intcipreie an oral glucose tolerance tai (L V 1933)

|0 Describe with diagram how acetyl CoA is formed from pyruvate and long chained fatt/ aads

Enumerate the fate ofacctyl*CoA m the body

^Vh4t will happen to acetyl CoA if there » n lack ofinsulin in thf* bod) (C.U 1983}

F.20



CHAPTER 17

METABOLISM OF LIPIDS

The Iipida of metabolic significance include Inacylglyccrol (tn^yccndes,
neutral fat), phospholipids, steroids together with long chain fatty acids (free fatty

acids), glycerol and ketone bodies

Advantages of iipids over carbohydrate or protein

1 The caloric value of lipid is over twice as great (9 3 Kcal/g) and
It IS associated with less water in storage

2 Tnacylglycecol is the most concentrated form m which potential energy
can be stored

3 Fatty acids on oxidation provide more metabolic nater than other meta*
bolic fuels This is helpful to mammals accompanying dry environments

4 Less amount of Iipid m the diet can supply adequate amount of certain

polyunsaturated fatty acids (the essential fatty acids) and it is essential also for fat

soluble vitamins Lipid is also necessary for their efficient absorption from the

gastromtestinal tract

OXIDATION OF TWACYLGLYCEROL

1 Tnacylglycerol is first hydrolyzed to fatty ncids and glycerol mostly in

adipose tissue

2. The free fatly acids are released into the plasma nhere they combine with

serum albumin

3 Long chain fatty acids are oxidized in liver, heart, kidney, muscle, lung

testis, brain and adipose tissue

4 Glycerol is utilized by liver, kidney, intestine and lactatmg mammary
gland where the activating enzyme gl^cerokmase is present abundantly

Oxidation ol fatty aads

Fatty acids are oxidized by p-, o and cKixidation Quantitatively,

oxidation is the most important pathway The term ^-oxidation means the

oxidation takes place in the^^rbon ofthe fatty acid with the removal of2 carbon
atoms at a time from the carboxyl end of the molecule

The fatty acids containing even number and odd number of carbon atoms as

well as the unsaturated fatty acids are oxidized by ^-oxidation

^xidatJOD of fatty acids

1 Several enzymes collectively knowm as "fatty add oxidase" are found m
the mitochondrial matrix adjacent to the respiratory chain (which is found in the

inner membrane)

2 Long chain fatty acids arc first activated to “active fatty acid ’ or acyl-

CoA in the cytosol by the enzyme thiokmasc m the presence of ATP, coenzyme A
and Mg++ But activation of lovier fatty aads occurs within the raitochondna

Thiokinascs arc found both inside and outside the mitochondna.

306
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3. Long chain acyl-CoA docs not penetrate mitochondna without the

presence of camitme The eni^e comitme’palmityl acyl fransferase

with the mitochondria membranes allows long chain acyl groups to penetrate the

mitochondna The mechanism is shown below •

Fig t7 1 Role of cunitinv tn the metabolism of Inng chain fatty acids

Another enzyme, carnuinc-accfyt acyt transferase, present in mitochondria,

catalyzes the transfer of short chain a^l groups between CoA and camitme

Acetyl CoA+Camttme-« **Acetyl carnitine+CoA

CatQitinc*acetyi

a^l transferase

4 Acyl CoA is then converted to a, p unsaturated acyhCoA by the enzyme

acyhCoA dehydrogenase in presence of the coenzyme llavoprotcin which contains

FAD as prosthetic groups The reduced coenzyme is rcoxicJizcd by the respiratory

chain

5 Water is added to saturate the double bond and form ^hydroxy acyl-

CoA, catalyzed by the enzyme enoyl CoA hydrolase (crolonzsi)

6 The p-hjdroxy acyl CoA uudergocs dehydrogenation on the ^-carbon

forming ^*keto acyl CoA The reaction is catalyzed hy P hydroxy acyUCoA

dehydrogenase in presence of NAD The reduced coenzyme (NADH) is

rcoxidizcd by the respiratory chain

7 Finally, P-keto acyl-CoA is split at the ^position by thiolase (p-

kctothiolase) with the addition of one molecule of CoA The products of this

reaction are acetyl CoA (Ct'UDits)andao acyl-CoA containing 2 carbon less than

the ongmal acyl CoA molecule which undergoes farther oxidation by Oxidation

In this way, a long chain fatty acid is degraded completely to acetyl*CoA which la

completely oxidized to COj and wafer via the citnc acid cycle within

the mitochondna.

Fatty acids tilth an odd number of carbon atoms ore oxidized by the pathway



Vnsatvrated fatty aads are also oxidized following Oxidation Tlie

reactions are given on the next page

a- and <tf-oxidation of fatty adds :

a-cxidatwn takes place by the removal of one carbon at a time from

the carboxyl end of the molecule. It does not require CoA intermediates

and does not lead to the generation of bigh*«tergy phosphates.

*o-oxjdation takes place by hydroxylase enzymes involving cytochrome P-450

in microsomes. The— CHj group is converted to a— CH,OH group which is ulti-

mately oxidized to— COOH group forming a dicarboiO'lic aad-
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Ctnoleyl CoA

P OXipgDOfif
•3Acefyt Co<*

— -w — -CIS denoyl-CoA

hscmerasfi

A^’-trons— drtooyl-CoA
d.B-Unsoturated ocyUCoA

fi OXItaTtONk
-.ZAcetyf CoA

^-05— enoy» CoA

i/ryOfttAK^

Ot-1 B hydrotyoCYi CoA

h
Lf+I P hydroxyocyt CoA

A OXiOi;tOn|

4 AettA-CoA

y

Pis. 173 Sequmceofc<iicuotisuitbeaKl<i3tioacfumatar9tedfattyacids,cg Imofeicacid

Energetics of fatty acid oxidatioti

:

Palmitic acid (16 carbons) undergoes 7 times /5-oxjdation and produces
8 molecules of acetyl CoA Each time, jSk}xidation produces 5 ATP

Total number of ATP formed throu^ Oxidation (7x5) =* 35
Total number of ATP formed on oxidation of

acetyJ-CoA through atric aad lyclc (gx 12) = 96

Total =131

2 ATP utilized for initial activation of fatly

acid —2

Net total yield =129 ATP.

129x7 6=980 Kcal/mol

The caloric value of palmitic aad is 2340 Kcal/mol

980x100
The process captures as hjgh-enctgy phosphate as —41%

2340

BIOSYNTHESIS OF LIPIDS

The process of synthesis of tnacylgfyccto! (neutral fat) and fatty aads from

acetyl CoA in adipose tissue and to a lesser extent in other tissues is said to be

Upcgeneift. '

1
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Syrfteis of fitfr aais

FomHy, It was cosads^d that fatty ic:d syathssa was tbs mrrsaJ o^its

oxidation, l^ow, it is dear that ths r^odiandnslsystca for fatt) smthnss

IS re^ionsible only fo* doneatioa ofcnstag faoy aceds ofmodsraie lecji.

The synthesis ofjslaitate from acetd-CoA ts cosp’etc only bv the tishlyacSiTe

extrarjtodiotdnaJsvsten. Three diHSarnt systess are inenGoced bdow

A- hCtodionSnal system *

I Mitochoadna catalyzes the mcoiporaijoa of arrtsl-CoA nto long

fatty acids tmd-r cr.£erobic conditions.

Z The en^’mes arc aosUy the sam- as those involved in ^ndshon
excepting B, p-jnscturcted ecjl-CoA reduc*asc which conv’erts c, ^-ensatsnated

sq-I-CoA to a saturated compound, reqmnng VADPH.
^

3 PjTidDzal phosphate {B*—PO*) cs a coenzynae is required fo^ the enzvot

condmismg acst}l*CoA with acjl-CoA • thus, ts xiot m syslhetjc

jslhway

4 Since this sj’stem takes place under anaerobic condhioa the jiyseolODC

dgni5cance of this pathway *s uncertain.

B. Microsontd svstea for chain doogabon

1 This is the mam pathway for the doncatioa of oistag fatrv aod

Ejolecoks.

Z AcyW^A compounds are convened to hicber fatty aods by means of

malonjI-CoA along with NADPH Th- acyl groups mdede the saturated«enes

from Cx,—Cji as wdl as some unsaturaled Ci, fatly acids.

3 Fasting pTiunts chain eJoncatioa.

C. Eatramitodioadnal system for De 'NOVO svetbess

1 This sv’stcm is found in ih* soloble fraction ofmany such as Iher,

kidney, hag. bram, mamnary gtxnd and adipo^ tissue. ATP, NADPH, CX),

and are required in this sjulem. Tbccadp*odnctislh*freep3l2utate.

Z CO* IS reqnired in ih- icUal carboxjlahon of acerti-OiA to

iaalon3l-CoA by ccetj^CoA ecrboxjis^ in presence of ATP and trota.

If biotm IS bound to the protein a>iQmx>f egg whix, aci*3hCoA carboij-use is

mhibited-

3 Th* mnltienzyme complex contains tw o tvpes of—SH groups, “cgntiaT*

and “penpheraT Acetjl-CoA reacts with the penpheml—SH groi^ and

msJonyl-CoA reacts with th- central —SH group

4 The acct)I group attacks lh» methji'ne group of th“ maJonjI resida* to

liberate COj and form aortoa«t>-I ca^me atiawbed to th* central —SH group.

5 Acetoaceiyl enz>Tne is then reduced, ddijxirated and reduced agara to
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form the saturated acyl enzyme compound NADPH acts as the hy^gen domn

in both the reductions with the mediation ofFMN m the reaction

6 In mammalian systems, free palmitate is liberated from the enzyme
complex by hydrolysis The multi*cnzymc functions efficiently and is free from
jntenereace

The overall reaction for the synthesis of palmitate from acetyl CoA and
'^malonyl-CoA is as follows

Acetyl-CoA-f? malonyl-CoA-f-M NADPH+I4H+—Palmitate-f7COff6HtO
+8CoASH-i-14NADP+

COz—
I

t/romHC03>>J

Acetyf-CoA''

— Acelyl CoA"

J^ADP+Pi

Molonyl CoA
MshnyUronsferose

s—|enz|-

SH
{RenpftefBf)

Acyl eniymC'

CoA SH.

Acetyl

COz*'4

yienrytT'e

® Xefoocylcfiiyrrie
p/n/Affase

A Ketoocyl enzyme

/S HyOfWyo yienzytne

^/filvfase

c(.A*Unsatufote<] o^l enzyme

^^-^WOPH+H^-Y FMNi-J,

y'-V—NADP*—
ySHurry Acyl enzyme

frensferas*

FWmifyf-S eriZ)me
*

Acyle^zyrna > ^ .

HsO- 'iPolwifyf S-
enzytne <fcocytos*

KS Pdmitote

Fig 17 4 EmranMtodKmdnal symfiwi? of patmiwie

Recentl), it is suggested that butyryl-CoA is (he primer molccufc in

mammalian liver and mammary gland In ruminants, propiouyl CoA acts as

a primer to form long chain fatty acl^s with odd number of carbon atoms
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A.cetylCoA IS fonned from carbohjdrate \iathe oxidation of pyruvate

within the mitochondria. But acctyl CoA does not diffuse readily into the extra-

mitochondrial compartment Citrate is diffused Citrate is splilted by ATP-
ciitate lyase (citrate cleavage enzyme) and then acetyl-CoA is invohed m fatty

acid synthesis in the cxtramitochondnal compartment. IVnisate undergoes

oxidative decarboxylation within the mitochondria to form acetyl CoA which

combines with oxaloacetate to form citrate Malate is transported to the mito-

chondria to form oxaloacetate Oxaloacetate also is converted into malate in the

cxtramitochondnal compartmenL The fact is given below

Fig 17.5 TheprovuioBofntfateandNADPHforlipogcoesisfrora carbohydrate.

BIOSYNTHESIS OF ACYLGLYCEROLS (Glyccndes)

1 Fatty aevds are activ’ated to acyl-CoA by the enzyme thiokincse using

ATP and CoA
2 Two molecules of acyl CoA combine with glycerol 3 phosphate to form

1, 2-diacylKbcerol phosphate hy glycerol y-phosphate acyl transferase

Jn intestinal mucosa, a monoaty/glycexol pathway exists b> which mono-

acylgb'cerol t'i converted to 1. 2-diacyl^ycerol bymonoacylslycerDl ot^l jren^erose

3 Another molecule of acy] CoA is Ktenfied with the diat^Jgljcerol to

form a triacyldyccrol by diacylglycerol acyl transferase

The overall reaction is given below
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Thiokinase
Fatty acid-fATP-fCoA hAcyl—CoA (Fatty acid CoA)

GJyccrokinasc
Glycerol-f-ATP Gtycetol 3 phosphate+ADP

2 Acyl CoA-^glycerol 3 phosphate 2'diacylgljccrol
GI)cerophosphatc phosphate
acyJ transferase

Phosphatase

1, 2 diacylglycerol phosphate “*-1 2 diacyJglycerol+

phosphoric acid

Dtacylg{3rcerol acyl

transferase

1, 2 dtacylglycerol+acyl CoA >-Triacy}glycerol (Tngljcende)

BIOSYNTHESIS OF PHOSPHOLIPIDS
1 Formation of pliosphatidic acid

By the reaction betv.een 1,2-diacyIglycerol and ATP in the presence of
a ktmse enzyme phosphatidic acid is formed

Kinase

1, 2 dncylglycerol+ATP vl 2 diacylglycerol phosphate
(phosphalidic acid)+ADP

2 Formation of phosphatidyl choline (Leeilbm)

Choline is activated by two stages first by ATP and then by CTP to convert
it to CDP choline which reicts with I 2 diacylglycerol to form phosphatidyl
choline

Cholme+ATP cholme monophosphate

Choline monophosphate+CTP CDP-cholme-l-PPi

(Active choline)

CDP cholme+l, 2-diacylgIyceroI phosphatidyl cholme+CMP

3 Formation of phosphatidyl elhanolamloe fCephallo)

Elhanolamine IS actived to actnc ethanofamine in two stages It first reacts

with ATP and then to CTP to form CDP ctbanolaminc which reacts with 1 2

diacylglycerol to form cephalin

Ethanolamme-f-ATP Ethanolammc monophosphate-f-ADP

Ethanolamme monophosphate+CTP CDP-ethanoJamme-fPPi
(Active elhanolamine)

CDP ethanolammc+l. 2 diac)lg1ycerol phosphatidyl ethanolamme
+CMP

The enzyme phosphoet! anotamine acylghctrol transferase responsible for the

formation of phosphatidyl ethanolamme is not present m liter

4 Formation of phosphatld}) senne

This can be formed dircctlv from phosphaiidjl ethanolamme b> sermc

Phosphatidyl cthanolamine+scnoe phosphatidyl serine
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5. rfco^UiiMjl faoiUot

:

TfanjfcVais

CDP-dlacylS^iccto\+tno«lot —phwphalidj) >nosito)4'CMP«

6. FormttEoQ cf •phIcgamjrtllQ :

rartf^i'CoA-fSyW '

X chy.'<« X '
C0P-<far« (?.•? Ac,i*CoA CoA

7.

FonsitSoo of ttjctro) cibtr f>b(np!»)Ij>1^« tad pUsculos^ >

< A

' hobc-l

CVP COP-cKff<»
V tCOP #-ovic?-«^)

]•&.>,iS Aff»4cy*^»-

(<>14,2 Ar|4c^f»'a

tPwi-c'oqr'i

— |'AV7;CBrtf S*

trcBChC^

A^CoA

Cf^ccj'cfr:*^.
tl^tf ffVKTKfC^*

8.

FomiOoa of etrdJoITpIa

:

C&rdioltpin. s phospholipid is present io mitochoodn's. It {s /bmed fron

phosphatidyl glycerol.

tortupn

Fig. 17J.
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Dtlpfdxtloa and tonioTer of pbospboUplds

Although phosphohpids arc actively degraded, each portion of the molecule

turns over at a different rate The presence of cn^roe allows partial degradation

followed by resynthesis

Phospholipase At catalyzes the hydrolysis of the ester bond in position 2 of

glycerophosphohpids to form lysophospholipids which in turn may be reacylated

by acyl CoA in the presence of an acyltransferase Phospholipase Ai attacks the

ester bond m position I of phosphohpids Phospholipase CeXtsclss the ester

bond in position 3 releasing 1, 2-djacyl^ycerol and a phosphoryl base Phospoh

pose i> is a plant enzyme which hydrolyzes the nitrogenous base from phos*

-phohpid

H 1
Ra—C- -0—C~H

CHa -0- P-|-0—-^N

I
Pw phMpcgeC)

Fir 17^

Physiological fosctloos of phospholipids

1 Certain enzymes appear to require tightly bound phosphohpids for their

action

2 These are involved m blood coagulation

3 These help Itptd absorption m intestine

4 These facilitate lipid transport betneen tissues

5 These assist in ion transport and secretion of hormones by cells

6 These help the oxidation of fatty acids

Synthesis of mono-HRsaforated fatty nelds

Liver is the mam organ responsible for the interconversion with the saturated

fatty acids An enzyme system catalyzes the conversion of stcaryl CoA to

oIeon>i'CoA Oxygen, NADPH or NADH is necessary for the reaction. The



316 &IErABOLISM OF UFIDS

sequence of reaction is gi\en below It is speciHc for introdncmg a double
bondm the a* position of saturated fatty acids, eg palmitic and steanc acid.

Stearyl CoA+Enzyme Steaiy’ Enz.+CoA

I
H>QroTy»a$e

|

Stearyl Enz.-fO|+NADPH-»- H>droxystcaryl Enz.-i-HtO+

NADP+

rH>dfatase

)

Hydro vstearyl Enz. Oley! Enz.4-HtO

Oleyl En2.+CoA >*OIejl CoA+Enz.

Fis 17 10 M crosomat desatarase s>'Steffl

Synthesis olpolynnsatarated fatty acids *

Lmoleic and Imolenic acid must be supplied in the diet to perform the synthe-

sis ofthe other members of the </>-6 and «i»-3 senes of polyunsaturated fatty acids.

Linoleatemay be converted to arachidooate. The pathway is first by dehj'dro-

genation of the CoA ester through y hnoleate foUovved by the addition of a 2-

carbonuaitto give ocosatnenoate ^omo y hnoleate) The latter forms arachi-

donate by a further dehidrogenation which is shown below

In tbt-fastmg state and m the absence of uisuJm, the desatnration and cham
elongation system is greatly dimimshed.

CHjlCHal^-CH^CHCHjCHssCHlCKjly CO-S-CoA

umceit CoA

Oa+NAOPH+hT-—J

2H20-f-NADP*=-^

A cresome/cfesefufasff sys'SfTf

iMoIonyl CoA NAOPH)

CHiCH2lpH=CHCH2CH=CHCH2CH=CH-(CH2)aCO-S-CcA
y I noe/-CoA

AtjovsofiafcAoinetoyaficns/s.'e'n

A®** Cosotfwnoyl-CoA

02+NADPW-H*-^
j A'tcnesocnc/ STfurcse D-rfen

2H20+NADP*-—

^

^>^3(CH^)4(CH=CHCHz)4(CH^^CO-S-CoA

Amclvdonyt'CoA

Fig 17 i I Convmioa of linoleaie to aiachidoaste

PROSTAGLANDINS

Prostaglandins are a group of naturally occurrmg substances synthesized

pnmanly in the prostrate They had been first isolated from extracts of human
seminal fluid and of the vesicular gland of sheep They are widely distniiuicd m
mammalian tissues, e g , lung kidney, thyroid, spleen, brain ins, endometnum,
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gastromtest,na. m««sa Erof^'’proS^alirnlT.hl

adrenal glands nnd of ncrvB ca

Circulation i-*^ r fattv acids with mcthylene-intcrrupt

Arnchdonrencid and some rehtrfQaJ^Jly compounds known

bonds synthesize a group oi pu

prostaglandins

"'riros.ag.andmshave a common slrnc,use based onproslano.c ncd which

™‘Tn=cmbo°ncha.ns“arc bonded a. the m.ddlc of the cham by a 5 mem-

4
"”! B and E have an 0x0 groupmg at pos.t.on 9, whereas F has a hydro-

xvl firoup in this position ia .»ntt 1 i whereas B has a dou*

5 Ahasa ^^Eand F do nothavc a double bondm

ble bond between posim ^ jj

the nng hut possess a hydro y
g „„„ double bond between positions

6 Alt acliveprosm^andins to c
y Jo°s„ond being between posilions 5

i^d^'and somTprSagtan^ve three double bonds, the additional bond

toing between positions n and 1$
trans conliguration, whereas

wtrtl.e^°c"arlto°'r'^^^^^^^^
hydroxyl groups, their positions give

rise to the possibility of a or
^ occur in most cells, can be conver-

ttoS^KondaJy E^tagtadins that have been identUied in natural

materials
l,ns reauiics the consumphoa of 2 molecules

1

1

The synthesis f S^yj^dElathione The synthKis is catalyzed by the

of o, and 2 molecules o. rcduwa E
^ inhibits its synthesis

prostaglandin
synthetase

^ isolated from male rcprodeaive tract.

12 Fourteen
ptosmglaudins have been

^ POEn POP,.. PGF^
- OH PGA? "9 OH POB. 19 OHPGB.

19 OH PGAi,
» the number of double fcoafi srd

These ate
19 OH PGA,, 19 u” 'a“i--'

^°'''S;'™mber « subscript indicates the number of double tei and tin

GreekWter the isomeric form 1

17 12 pro»tanoic
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5.B,n,l4-Ei5cs5fetfcenoa*«

<Arcs^l^^o^^ote)

CM OH PGS,
OH *

cooH

CM OH pGPj,

^Jg 17 IS Thc5i^pnin3ryproiUgl4nJ!mand Uwtr biosynthetic ungm
(PC, PrusUsIandiiu)

rUOCtiODS

I. Proslaglandins exhibit hormonc-likc activity. They arc the most aolcct
bioIogicaUj active substance. As little as Img/nil. causes cdutractioa of sSl
muscle ID animal.

2. They inciease cAMP iu plaleleK thyroid, corpus luleum, fetal bone.
adenohypophysis and lung : but louercAMP in adipose tissue.

3. Although they arc synthesired from the “essential fatty acids“ they do
not relieve symptoms ofessential fatly acid dcBciency. because they arc too ramdly
metabolized. ^ ^

4. They promote the sccrcUon ofepinephrine and cause signiScant increase
in the actinty of phosphophosphoiylase in liter. They produce a direct inhibitory
effect on glycogen synthetase in liver.

''
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5 They inhibit the fbrmation ofcAMP which is necessary for the activation

of hormone sensitive lipase and thus decrease hpoijsis adipose tissue Free
fatty acids stimulate more prostaglandin secretion which ultimately inhibit
lypoJysis

6 They canse vasodilatation, decreased peripheral resistance, decreased
blood pressure, enhanced capillary penneabihty

7 They inhibit gastnc secretion,, increase intestinal motility and cause loose
motion

8 They are involvedm spermatogenesis, sperm maturat on and transport.

9 They are involved in the regulation of hypothalamic releasing metor
release

10 Infusion of PGE* into the renal artery of dogs causes an increase m
unnary volume and excretion of Na^K+.Q**
Cliolcal importance *

1 Prostaglandins exert stimulatory effect on contractions of the human
uterus PQEi, PGE* PGFio are given intravenously to induce labor PGE*
and PGFja are also effectn-e orally to induce labor

2 They are also used as contraceptives to prevent conception

3 PGAi infused intravenously acts as a vasodilator and lowers the blood
pressuie

4 PGEi by inhalation produces improvement m asthmatic patients and
becomes an inhibitor of gastric acidity wh«j administered intravenously

5 PGAj, PGEi, PGEa and PGEie act as vasoconstrictor on the blood

vessels of the nasal mucosa and PGEt is an effective nasal decongestant

6 Amniotic iluid dunng labor contains high coocentratioo of PGFio which
causes myoraetnal contractions PGFja is present m maternal venous Wood
immediately before uterine contractions m norma) spontaneous labor The
placenta is the major source of prostaglandins found m the amniotic fiuid and
maternal circulations

7 They are used to control inSammation

Slie^ffects •
, . ,

1. PGE, causes uterine smooth muscle to contract when induction of labor

IS desired and also causes gastrointestinal smooth muscle to contract which leads

to cramping and diarrhoea

2 PGE, irritates the mucosa lining of the throat causing pain and
coughing
Metabotism

Prostaglandins are quickly metabolized by the enzyme 26-hydroxyprosta>

elandin dehydrogenase which is present in roost mammalian tissues This enzyme
is blocked by the introduction ofa methyl group at the C,, position Then only

the half life of a prostaglandin is prolonged

Inhibitors •

Aspmn, mdomelhacin, phenaozme, tranylcypromine

MOBIUZATION OF FAT FROM ADIPOSE TISSUE AND
ITSRfETABOLlSM

Adipose tissue was previously considered an inert storage depot for fat

But according to recent investigations, this tissue is not static It performs impor-

tant functions in the metabolism of lipids This tissue is under nervous control

and conditions which cause s>Tnp3thctic discharge result m the Hberation of

unestetified fatty aads and thus a loss of fat. Mobilization of fat is inhibited

fay denervation Differeol types ofadipose tissue (eg white and brown) exhibit

(UfTcreoces m rnetabolism
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Both the glycolytic sequence of reactions and the pi.ntos>shunl pathway are

opcroliNc in adipose tissue Trwcylglyccro! is svnthcsucd from acvl CoA and
glj’cerol *3 phosphate m adipose tissue Since the activUv of gl}ccrokinase ts low

in adipose tissue, glycerol cannot be utilized to any great extent m the esierifi*

cation of acyl CoA to form tnacylglyccrol For the provision of glycerol 3-

phosphate, adipose tissue is dependent on a supply of gluttisc

Triacylgljcerol is hydrolyzed by a Aor/riof/e-sens/Z/ic //pasc to form free fiilv

acids and glycerol But the tissue cannot utilize glycerol readily Therefore,

glycerol diffuses out into the plasma and it is utiliz^ by liver and kidney when,
active glycerokmasc is present The free fatty acids can be resynthesized in

adipose tissue to acyl CoA by thokmaseand re-csienfied with glycerol 3 phosphate
to form tnacylglyccrol Thus, there is acontinued cyric of hpolysis and rc-estcri

hcation within the adipose tissue When the rate of re*estenficatioii is not sufhaent
to cope with the rate of hpolysis, free fatty acids accumulates and diffuses into

the plasma Thus, the level ot free fatty acid (FFA) raises m the plasma
in starvation or in diabetes mellitus, the availability of glucose in adipose

tissue IS reduced and less glycerol 3 phosphate is formed As a result, the rate

of hpolysis exceeds the rate of esterification with the accumulation of free fatly

acids which arc released into the plasma
in adipose tissue glucose is oxidized to COj via citric acid cycle, oxidized in

the HMP shuol and converted to long chain fatty acids and can form acylglyccrol

via glycerohS phosphate When glucose utiluatioo is reduced, the greater

portion of the glucose is utilized to form glycerol 3>pbosphateaDdaqylg!ycerol

FiS 17 11 Metabtflum and mobitmiioa of f9i is adipose tissue



MOBlUZATION 43P FAT FROM AWPOSfi TJSSUE AND ITS METABOLISM 321

loQueacc of hormones on adipose (issue

A Insulin

:

1

It inhibits the release of free fatty acids from adipose tissue, enhances
lipogcnesis and the synthesis of acyfglyccrol and increasesthe oxidation of glucose
to CO* via HMP shunt

2. It inhibits the activity of hormone-sensitive hpase and reduces the release

of free fatty acids as well as glycerol

3 Insulin, nicotmic acid and prostaglandin Ei inhibit the synthesis of
cAMP depressing adenylate cyclase or stimulating phosphodiesterase I^osta-
glaadms ^ in loiv concentration causes the release of catecholamines resuUing
m the increase in free fatty acid mobilization

6 ACTH> MSH, TSH, growth hormone, vasoprcssia, epinephrine, uorepioe*
phrioe and glucagon .

1 These hormones accelerate the release of free fatty acids from adipose
tissue by increasing the rate of hpolysts of the tnacylgiycerol stores

2 Many of these activate the hormooe sensitive hpase and increase glucose
utilization

3 Glucocorticoids and thyroid hormones do not mcrease lipolysis but
the presence of these hormones in the lipolytic processes ts essential Thyroid
hormone inhibits phosphodiesterase activity The lipolytic effect of growth
hormone in presence of glucocorticoids is slow

4 These hormones stimulate adenylate cyclase for the formation of cAMP
from ATP and this cAMP stimulates the protein kinase which converts inactive

hormone sensitive tnacylglycerol lipase into the active hpase In addition to the

hormone sensitive tnacylglycerol lipase, the adipose tissue contains diacylgly*

cerot and moooacylglycerol lipases which are more active than the hormone-
sensitive tnacylglycerol hpase and catalyze the rate limiting step in hpolysis.

Lipolysis is controlled by the amount of cAMP present m the tissue

cAMP is degraded to 5' AMP by tbe enzyme eydic 2 , 5 -nueteoilde phosphodi^

esterase This enzyme is inhibited by methyl xanthines such as caffeine and
theophyllme Therefore, drinking of coffee or tbe administration of cafTetnd

causes the high elevation of plasma free fatty acids is humans. tf*

EeAtp^rlf1e

NorepinePurine

ACTH
TSH
G'ucogon

I
Onoci ve)l'orTrcf« l«w

tnecv*^ceroi I'pcss-

r (TV Pnjfan
enWP-SU ^se

" —}PhwpI>ode*tcres^

tCoffuntl © |0

Otocytgiyceftii+FFA

OKXf*3ffxnyt'Bax^

»ilcfooc)V;fycefO+FRl

S'oroxyfsftcerot tpcsel

GlyCerol+fTA

F 21

Fi* 17 15 laflaeoce of honoow oo «diS>OM tiuuc 1 toljvi*
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The simpathetic nervous system, through liberation of norepinephnne, plays

a cenl^ role in the mobilization of free fatty acids by exerting atonic inflocnce.

KolcofbroiTD adipose tissnc *

1 The tissue IS present in small amounts in newborn antmal and in

human infants around the neck Thisis\ery aeUw in newborn animals. It

contains high content of mitochondria, cytochromes and a WTD-dcveloped
blood supply

2 Us oxygen Kinsumpiion is \ery high with the conversion of jocose and
fatly aads to CO*

3 Lipoiysis is acliv e , but rc-cstenfication takes place with gljxerol because

of the presence of significant amounts ofgJyceroki/tase m this tissue. Norept-

nc/j/irmc bberated from sympathetic nerve endings incrcaseslipoljsismthis tissue

4 Oxidation products much heal and hlUe free energy is tappedm ATP
5 Free glycerol from lipolysis is converted to glycerol 3 phosphate by

glyceroUoase and is oxidized directly m the tissue.

METABOLISM OF THE PLASMA LIPOPROTEINS
Five groups of lipoproteins present m plasma exhibit the important role in

the transport and metabolism of lipids These are the following

1

Chylomicrons Denved from intestinal absorption of tnacylglycerol

2. Very low density lipoproteins (VLDL or pre-j? lipoproteins) Mainly
denv^from theUverfor the export of tnacyl^ycerol and also fonn^from
dietary hpids

3 Low density lipoproteins (LDL or ^ lipoproteins) These represent a
final stage in the catabohsm ofVLDL and chylomicrons

4 High density hpoprot^ins (HDL or a Lpoproteins) * These are Invol-

ved m VLDL chvlnmicrons and cholesterol metabolism

5 Free fatty acids These are not classified with the other plasma hpo-

protems as their structure is difiereoL These consist of long chain fatty acids

attached to serum albumin

Apobpoprotcios (Apoproteins) :

The lipoproteins contain one or more proteins or polypeptides known as

apoprotein The apoproteins in the bpoprotems are present as follows

HDL A I and A H. C I, C-II and C-III, arginine nch apoprotein

LDL Apoprotein B
VLDL Apoprotein B C-I, C-II, C-HI, argmine nch apoprotein
Chylomicrons Apoprotein B, C-I, C II, C-III

Some lipoproteins are also glycoproteins

Electrophoretic separation of bpoprotem and fbelr normal concentration in (mmiB
plasma

1 a lapoproleias These occupy the « globoUn region after electropho-

resis These contain 45% protems, 8% tnacylglycerol, 20% cholesterol, 27%
phospholipids

Normal concentration 300 rag%
2 J3 Lipoproteins Theseoccupythej5globulinregioDaftcrclectrophoresis

They contain 46% cholesterol, 23% phospholipids, 10% tnacylglycerol Their

concentration, increases in atherosclerosis and coronary thrombosis.

Normal concentration 300 mg%
3 fte-jS lipoproteins These occupy the region in b-tween a and ^lipo-

pror-ios These contain low protein, but cmntain 50% tnacylglycerol, fair amo-
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unt of cholesterol and phosplioltpiUs Their concciitralton is also increased m
allicroscfcrosis and coronary thrombosis etc

Normal concentration 150 mg%
rormalioo of diylomicroas and VLl)L

1 Uoth chylom crons and VLDL are found in chyle formed by the
lymphatic system draining the intestine VLDL is the vehicle of transport of
Iriacylglyccrol from the liver to thccxiraliepatto tissues

2 Apoprotein B which is essential for their formation is syntlicsucd by
ribosomes in the rough endoplasmic reticulum and is incorporated into lipopro
terns in the smooth endoplasmic reticulum which is the mam site of synthesis
of tnacylglyccrol, phospholipids and cholesterol Carbohydrate is added
to the lipoproteins found in the Golgi apparatus

3 Both arc released from the intestine or hepatic cell by reverse

pinocytosis

4 Chylomicrons pass into (he spaces between Uic intestinal cells making
their way into the lactcaK draining the intestine VLDL arc secreted by hepatic
parenchymal cells into the space of Dissc and then lolo the hepatic sinusoids

Catabolism of chylomicrons anil VLDL

K Kolc of lipoprotein lipase (clearing factor lipase)

1 Uisprosent m the walls of blood capillaries and also found in the
extracts of heart, lung, spleen, lactaltng mammary gland

2 Its coocentratioa in the normal blood is less It is released from the
tissues into the circulation following injection of heparm

3 Phospholipids and apoprotein C*U are required as cofaciors for its

activity

4 It hydrolyzes tnacylglyccrol to monoacylglyccrol through diacylglyccrol

The monoacylglyccrol is finally hydrolyzed by monoacylglyccrol hydrolase

B Role of the liver

Chylomicron remnants (about half the diameter of parent chylomicrons) arc
taken by the liver in vivo and by the perfused liver, in which the cholesleryl esters

ate byirolyicd and the tss'ac.ylgtywot CaVVy aoids ate roeVaboUied

Metabolism of LDL
1 It IS formed from VLDL and chylomicrons

2 It IS removed from the circulation by the hwr The half time of
disappearance of apoprotein B in LDL from the circulation is about 21 days

3 Fibroblasts and lymphocytes may degrade LDL in (cxtrahepatic tissues

Metabolism of HOL
1 It IS synthesized and secreted from liver and intestine

2 Nascent HDL from intestine docs not contain apoprotein C but only

ipoprotcm A Nascent HDL formed by the liver contains apoprotein and free

cholesterol These hpoprotcins are similar to the particles found m the plasma of
patients with a deficiency of the plasma enzyme lecithin Cholesterol acyl

transftrasc (LCAT) and m the plasma of patients with obstructise jaundice

3 The li\cr and the mlcstinc arc the final sites of degradation of HDL
apoproteins
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Plasma lipoprotein abnormalities

:

1 In cases of abnormal hyperlipemia, the concentration of serum VLDL is

increased and the concentration of serum HDL may be decreased, increased or
norma!

2 In cases of hyperlipemia with marked hypercholesterolemia, serum LDL
is increased.

3 Serum LDL has been found to be increased in diabetes mellitus, hypo-
thyroidism, obstructive jaundice, the nephrotic syndrome and in glycogen storage

diseases

4 The concentration of serum LDLaod of total serum cholesterol is signi-

ficantly increased m afherosclerosts

5 Studies of serum lipoproteins are still of limited clinical value in myo-
cardial infarction, cerebral thrombosis etc

6 X>DL and also VLDL are possible risk factors in studies related to

meteased susceptibility to ischemtc heart disease

Role of liver id lipid metabolism :

1 The liver has active enzyme systems for synthesizing triacylglycerols,

phospholipids, choleslerol, plasma lipoproteins and for converting fatly acids to

ketone bodies.

2 The fatly acids used in the synthesis of liver tnacylglycerol are derived

from two sources (a) from acetyl CoA derived from carbohydrate, (b) uptake

of free fatty acids from the circulation

3 U is the sue for the synthesis of bile acids from cholesterol

4 It IS the major site for the oxidation of fatty acids

5 Feeding of diets high in carbohydrate containing sucrose or fructose, high

levels of circulating free fatty acids, ingestion of ethanol and the presence of high

level of insulin enhance the synthesis of tnacylglycerol and the secretion of VLDL
by the liver

6 It has the enzyme systems for lengthening and shortening of fatty acids

and for saturating and desaturatiog fatty acids

7 This organ is chiefly concerned lo removal of phospholipids, cholesterol

and lipoproteins from the plasma

% Heji'aVK' \ivt v*aUabilUy of caibofiydiaVem tht

diet This increases glucose incorporation into the liver and hence glycoIysUand

fatty acid synthesis The fatty acids arc earned to the adipose tissue as triacyl

glycerol m VLDL
Starvation diminishes glucokinase and leads to diminished fatty acid synthesis

m the liver The hypoglycemia stimulates growth hormone production which id

turn stimulates Iipolysis The free fatty acids so liberated from adipose tissue can

influence carbohydrate metabolism la the liver where they are broken down with

the formation of acetyl CoA The lipolytic effect of growth liOrmone is also

necessary for its protein anabolic action

Fatty liver aad Lipotropic factors

Lipid (mainly as tnacylglycerol) can accumulate in the hver for the following

reasons causing fatty liver
. ^

1 The increased levels of plasma free fatty acids resulting from mobilization

of fat from adipose tissue
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2. The hydrolysis of lipoprotein or chylomicron triacylglyccrol by Jipo*

protein lipase in e^trabepatic tissues

3 Increasing amounts of free fatty aads are taken up by the liver

and estenfied

4 The production of plasma lipoprotein does not keep pace with the influx

of free fatty acids allowing triacylglyccrol to accumulate

5 During starvation and the feeding of high fat diets, the quantity of
triacylglyccrol present m the liver is significantly increased

6 Uncontrolled diabetes melbtus and toxaemia of pregnancy cause fatty

appearance and enlargement of the liver

7 The metabolic block in the synthesis of lipoproteins from hpid and
apoprotein

8 The deficiency of Itpoiropic factor causes triacylglyccrol to accumulate
even though only a normal rate of fatly acid synthesis and uptake of free fatty

acids take place

9 Carbon tetrachloride, chloroform, phosphorus, lead, arsenic and
ethionmc (a amino y-clhylmercaptobutync acid) cause fatty liver These sub
stances inhibit hepatic protein synthesis Orotic acid blocks apo B synthesis

10 Alcoholism also leads to fat accumulation m the liver, hyperlipidemia

and ultimately cirrhosis

11 Protein deficiency, essential fatty acid and vitamin deficiencies (eg
vitamin E. pyndoxine, pantothenic acid) cause fatty liver The deficiency of
essential fatty acids depresses the synthesis of phospholipids and therefore

cholesterol is involved m esterification causing fatty livers

Lipotropic factor

Tlie substances that prevent the accumulation of fat m the liver are known
as lipotropic factor The phenomenon is said to be hpotropism

Choline, methionine and betaine and /7 propiothetm act as lipotropic agents

m curing fatty liven due to chohne deficiency Diets poor in protein (containing

methionine) or lecithin (containingVholine) tend to favour the production of fatty

liver Choline is synthesired using labile methy) groups donated by methionine

m the process of Iransmethylatiou Vitamin Bj, and folic acid which are

important in hematopoiesis are also able to produce lipotropic eflect Vitamin
Bljistsoncemedin <Ae djosyncftcsisofihbiib mediyfgrDapsamf ibAcacirfra trarw

mclhylation reactions Inositol exerts a Iimit^ lipotropic effect in fat free

diets Casein and certain other proteins possess lipotropic activity

KETOSIS
The fatty acids undergo excessive oxidation m the luer under certain

metabolic conditions producing largequantitiesof keto acids—acctoaceticacid and

p hydroxybutync acid, which pass into the blood by diffusion Acctoacetic acid

then undergoes spontaneous decarboxylation to produce acetone These three

substances—acetpacctate, p hydfoxybutyrate and acetone—are collectivefv known
as the- ketone bodies taceione bomes or K«on^

Normally,lhebloodofmammal5conlamskctoncbodiesnqj.excccdmg I mg/
100 mL The concentration is little higher than this iiwhmhTsmr Datiy

excreliM of ketone bodies of normal person ts less than 1 mg Higher than

normal quantities in the blood or urine constitute ketonemla (hyperkctonemia) or

ketonurfa respectively The condition m which there is a high concentration of
ketone bodies m tissues and blood is ~<»iieo~kr/o/i5

'
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Acetoacetic acid and ^ tydroxybuQTic acid are moderately strong acids and

are br^ered m blood or tissues Then excretion in large quantities admits some

lossofbofrercation(mspiteofainmomaprodoction bythekidney) ^hididepV^
the alkali reserse causing ketoacidosis

The process of formation of ketone bodies is termed ketozenesis and

the process of breikdovsn of ketone bodies takmg place ra penphetm tissues is

called ketoiysis

fcetogenesls io the Itrer

Ketosis generally ocean in se%ere diabetes melhtns, prolonged ^stamation,

glycogen^torage diseases, Toxemia^fpregcancy^-inlectiin bepatic disease and

con^Pftd fei cr Ex^nmentally.lt occurs m the oral admmistrauDn of lilly

amds, lugh fat diet, low carbohydrate diet, pancreatectomy, administration -of

growth hormone or ACTH Under these conditions, there is diminished carbo-

hydrate utilization and mcreased fat mobilaation

In ruminants, the rumen converts bu^c acid formed from fermeatation to

P-hydroxybntyrate which enters the blood stream The ruminant lactatmg

mammary gland also prodoces ketone bodies But these ketone bod es do
not cause ketosis m these species

Ketone bodies are formed m the bver but utilized m the extrahepatic tissue.

Enzymes responsible for ketone body fonnation are associated mainly ra the

cho^ia

Acetyl-CoA (Cj units) formed in ^-oxidation of fatty ends is the b^c unit

for the formation of ketotse bodies Two molecules of acetyl-CoA conoci^o
formacetoacetjl CoA by a reversal of thiolase reaction Two pathways hart beta

proposed for the formation of acetoacetate from aeetoacetyl CoA
1« First pathway (bfrnot pathway)

The fint pathway is by simple deacylaiion catalyzed by the enrvae

ccefoacety/ CoA d-ocytoe wmcb'is shown Ixdow .

CoASH

&«,I.C0A+A«M to co-tv COA

,CoA SH
A«toe«v.CcA

A-frid/wtxArt3^tfeft,^rcoenote
Aceioocr >c etid * »

(CHjCOO^COOH) \

Aceten«

(CH3COCH3 )

A ^yd^C*ltuVC OOd
(a^-CH0H-ctv^X)0H)

Flfr. 17 IB MmorpallnrayofkctogsDeiisiollTcr

2, The second pathway (The major roote) *

It ravohes the condensation of acetoacetyl-CoA with another molecule of
acetyl-CoA to form ^hydroxy-^meibyl glutaryl CoA by HMG-CoA sjathrttse.

HMG-CoAis splitted into gcctoacetic and and accty1-CoA^HAf£r-CoA lyase
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preseitm mitochondria Fromacetoacetic acid, acetone and ^-hydroxybiityrate
arelformed which are shown below :

AcMyf CoA+ AMtyl CkjA

—

MSH
(CHj-CO-CH2-CO~S-CoA1

Acetoacetyf CoA

HMC'CoA synthetosa

OH

CHj-CO'^CoA
’ (Acetyl-€oA}

CoA SH

CH3-C-CH2*-CO-S-CoA

ifb-COOH
/f*hydroxy<^ methyt glutoryi-CoA

<HMC~CoAr

ftXS‘Cf)A fyOM]

CHj-CO-^Hj-COOH CHj-CO*S-CoA
Acitooeetc cod Aeetyl>CoA

032

AMtoTOlicood

NAOH+fi» ^V^'ICHj-OCH-CH-COCH)
NAO* fi h><*»)rbwfyTecctd

Fla 17 r7 Major pathway for 1ceiDaene$is io liver

MetftboIIssi of ketone bodies or otUlzafion of bctooe bodies fn tbe extrabepaflc

tlssnes
*

Acctoacetic acid and hydroxybutyricaeidsarc earned from liver to extra*

Hi^st/ceefsiwmsealyk/dirffj’Ji/r^frwuian’hfnalfKi sracxfdfi^
ductioD after conversion to acetyl CoA The enzyme responsible for the activa-

tion of flcetoacctate to^acctoaretyTCoA is absent from liver for whjcJi Jivcr"cah-

not utjfize ih«e acids l'v»o leattioiiiHakc place m exlrahepatic tissues for the

activation of acetoacetate to acetoace^l CoA
In the first reaction, sucemyl CoA reacts with acctoacetic acid m presence of

the enzyme acetoacetate succinyl CoA transferase fThiophorase^ to form aceto-

acetyl CoA and succinate

In the second reaction, acetoacetate is activated by ATP in presence of CoA
catalyzed by acetoacetic thiokxnase to form acetoacetyt CoA

Altcmatiwly, /S hydroxybulyric acid is activated directly (hhUnasc xa

extrahepatic tissues to form acetoacetic acid which is then conterfed to

acetoacetyl CoA by any of these above two reactions

The acetoacetyl CoA formed by these reactions is split to acetyl CoA b>

M/p/ajc and oxidizw in the Citric acid ^cle Tbereactionsarcgiven m Fij 1618
Acetoacetate and ^ hydroxyhutyrate are readily oxidized by extrahepatic

tissues but ayetone isoxidizcd with difficulty and its rateof u miT-^tmTi nlTrtAcry .

slow Sevefal pathways have been proposed for the utilintioo of acetone
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inverted to acetoaatalc by reversal of decarboiylatioti.

^ A^onfis^con'verted to propanediol which can form 1 carbon (formate) unit

and 2 carbon (acetate) unit.

First reaction

AcetQflCflfic acid'K. ^Succ'^y'-CoA

* ^Acefoocefote sucan/f-CoA

^ UronsfefOst or Tf«opf»nls9

Acetoo<:«V-CoA-^ ^^S«cc»mc ocid

Secofid.reoction jic9f^efal9

a=«ooe®eoc«)+nTP4-Con-SH—

AtterrO^iv^W

^•+ydroxy{)utyn5 acid-

h^roi/tiotyrofi

NAtf" NAOH+H^

j!cafoaceKJf9

te..<««l.= ae.n+4TP+CoaSH—

I

Ac«tooc«,l-CoA—

CoftSH

FJ*. \1 18 Conversion of acetosceute to aceto3r«iy)*CoA and further o^dation.

Most of the evidence suggests that Jtetoaemia is due to jocrcased production

ofJtetoncbodjcsby theJiverratherthaatoadefiosencyju tbw> utilt^anon oyextt^^

hepatic tissues. In modente Vetonemia. the loss of Ketone bodies through the

Fig 1719 Formation.utn'ualioBaodeMredtaiorkctoM bodies. (Tbe mala paihwayh
indicated bjr tb« heaTief arrow*)
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anne is only a few per cent of ihe total ketoaebody production and utilization The
formation, utilization and excretion of ketone bodies are mentioned m fig 16 19

Affects of ketosis

! Both acetoacctate and j5*hydroxybutyrite are moderately strong acids
They neutralize bicarbonates rcbUlting depletion of alkali of ihebooyand produce
gietabobc-acidosts In case of severe ketosis death may ensure from acidosis—

"T. rhe excretion of ketone body in the urine involves the loss of Ka’
m particular leading to total electrolyte and NaLdcllciency

~

3 The severe dnbetic patient excretes large quantities of both ketone bodits
and glucose in -the unne with a large quantity of water djeyelQpingjXlehydtalion

In diabetic acidosis, there is severe alleralioirTtPcaiion—anion balance jit

the plasma
Preveotion of ketosis

.

I. Tn case of diabetic ketosis ^r^jydrate, diet, intramuscular injection of
insulin and antiketogenic substance (aortic add) which may provide oxaloicetate

bytrahsammation should 'be”azJmmisierea^
~

2 In case of {Kolonged starvation ketosis, carbohydrate diet and anti*

ketogenic substance (aspartic acid) which may provide oraloacctate by transamina-
tion should be given

3 Theclectrolytcsandthefiuidsoflhebodymustbcreslored by intravenous

injection of isotonic solution of sodiUm sails such as NaCI, MallCOs or
sodium lactate Potassium salts arc desired to be added
Test for ketone bodies In the urioe

Botbera's tc<t

1 5 ml of the unne is saturated with solid ammonium sulphate by shaking
it vigorously

2 2 drops of freshly prepared 5 per cent solution of sodium nitroprusside

and I ml of ammonium hydroxide are added
3 Allowed to stand for a while

A permanganate colour which appears just above the layer of the undissoivcd
ammonium sulphate indicates the presence of ketone bodies

Tn normal individuals, the ketone bodies arc excreted less m quantities m the

urine This negligible amount does not respond to rotherVs test Hence, the

ketone bodies m the normal unne arc not detectw| hy_thK test
'

CHOLESTEROL METABOIISM
Occurrence

;

Human body contains large quantities ofcholesterol which arc found in brain

and nervous tissues Other tissues such as liver, kidney, spleen and skm also

contain fairly good amounts of cholesterol The total amount of cholesterol is

about 140 grams m the body of man weighing 70 kg The greater part of
the cholesterol ofthe body is synthesized (about 1 gram per day) whereas about 0 3

gram per day are provided by the average diet It is not sj-nthesizcd in plants

Dietary cholesterol is obtained only from animal sources like meat, Incr, bnin and
egg yolk (a particularly rich source)

Chemistry

:

1. Cholesterol is a white, waxy, solid found associated with fats but

chemically difierent from them

^
2 It has a parent nucleus which is said to be cyclopentanopcr*

bydrophenanthrene nucleus

^3 It has a hydroxyl group at C^an unsaturated bond at C}—Ct twomeihyl
groups at Qt and Ci« and S carbon paraffin side-chain attached to Cn

4 It IS an alcohol

5^ It occurs free and combined wnb fatty acids by ester linkage at the

hydroxyl group
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6. Cholesterol in ester form is often referred to as “bound" cholesterol

esters. These are normall) nch m liaoleic acid.

7 Steroids closely related to cholesterol include 7-dehjdrochoIesterolnhich

occurs m skin and can be converted by ultraviolet radiation to vitamin

dihydrocholesterol, bile acids, hormones of the adrenal cortex and of the

sex glands

Fjg >7 20 Stniciurc of choiesierof

Structural relauan of cbolesterol to vitamm D and bile acid<

\ ^

s
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AbsolptiOB

:

1 A great part of the ingested <dioIesteroI is absorbed Plant sterols arc not
absorbed

2 On a high cholesterol diet* man absorbs a maximum of only 15 mg of
cholesterol per kg body weight per day

3 The cholesterol absorbed regulates the endogenous production of
cholesterol which is about 14 mg per kg body weight per day

4 Bile IS essential for its absorption

5 Pancreatic juicc plays an important role because cholesterol esterase

present in it hydrolyres the esters of cholesterol present m the diet After absorp-
tion It IS again cstenfied in the cell and then released for transport via the
lymphatic to the thoracic duct

Normal coocentration of cholesterol lo blood

140-250 mg per 100 ml of blood It increases with ages and also during
pregnancy

Physiological Importance of cholesterol In the body

1 It IX the essential constituent of cells

2 Tt aids in the permeability of the cells

3 It controls the red cells from being easily hemotyred

4 k Ametions as the defensive action

5 It transports fat to liver m the form of cholesterol ester for oxidation

6 It assists the formation of bile acids and bile salts, 7 dehydrocholesteroi
and vitamin Ds, corticosteroid hormones androgens (male sex hormones)
estrogens cod progesterone (female sex hormones)

7 It helps the granulation of cell division

H It nets as an antagonist to pbosphohptd

Factors affecting cholesterol level In blond

1 D/etarj fat Fats (butter fat, hydrogenated fat) containing higher

saturated fatly acids cause mcrcaved scrum cholesterol But fats (com oil, sun
flower seed oil, safflower seed oil, fish oil cotton seed oil) rich m polyunsaturated

fatty acids cause marked reduction m serum cholesterol level

2 Dietary cholesterol It tends to increase the scrum cholesterol level

3 Dietary carbohydrates Consumption of excessive amounts of sucrose

causes an increase in serum cholesterol level^

4 Heredllx Persons who arc prone to become obese have a high level

The level becomes slightly higher in persons belonging to blood group A and AB
5 Caloric intake fniaVeof excess calorics causes a significant increase in

phsmi cholesterol level

6 Proteins Increase in protein intake does not change the plasma

cholesterol level but low protein intake causes reduction m plasma cholesterol

level

7 1 Kamln R complex Nicotinic acids in large amounts causes lowering

of plasma cholesterol level whereas pyrtdoxine deficiency causes increased blood

cholesterol level
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Mircrds \{2cn5$ cm salts do not bnng aboot any chaags. Tot
cs3’"v?rs on of acetate to cbo^trol ts depressed iron salts and i-'crtased

by nascaaese salt.

9 P^yrcclexeras- PbjsjcaJeitrcise brags aboDialonrmgialbesrTnn
cioistrxtl Irk el-

10 Fibre Increasing lbs fibre content of the diet, causes the excret on cf
dioltsterol and bde ards in the feces and brags about a sieaiSant redactioa m
sernn cholesterol level on a high fal-high cho^erol diet.

Excretion of ebolesterol

J Half of the cholesterol cLnmated from the body i» excreted i" the feces

alter conversion to bile salts

2 Ojp’osiaaol li the pnncpal sterol in the feces uhich u forned rro":

cholesterol in the loi^tr intestine b. the bacienal Cora.

3 A large portion of the biliao exertuon of bile falls Lndergoes enie^-

hepaiic circuIaticQ The bi'e salts not reab»orbed or tbeirdensatiw sra excreted

in the feces

TnsMpsrt of dsoleatrol
‘

1 Cholesterol in the diet after absorption from the in’eslrre isinroTwra^^»3

into chjlo*a5crons and VLDL beinc acconpanied by other hpids

2. The greater pan of cholesterol is found in the estenDed form. It is

traasported as hpop'ote n in the pbsna The highc>t proportion js<ound in the

LDL.
3 Some pbsnu cheleterj'l riaj be forn-d m HDL as a resuU of the

txaiisestenfication reaction in plasma bv lecithin Cholesterol acjltraniferase

(LCAT)
4 Patients vith parerchina* Iiser disease show a decrease of Iroihra •

CboWierol ac%l transferase activity ..nd abnomaliiits in the serum lip-ds and
lipoproteins.

Biosycthesis of chole^terul

Liver IS the principal organ for its synthesis. Other tissues such as adrenal
cortex, intestine, shm, ovary kidney, testis also can synthesize cholesterol. Tbe
mJerosomal and cj-roso/ fraction of tbe cell is responsible for cholesterol synlbests.

It IS interesting to nctc that the brain of ibe nr*born can synthesize cho^ererol
while the adult brain cannot synthesize cholesteroL

Acetjl-CoA formed from fatty acid oxidation or oxidation of carbohydrate
act as direct precursor of cholcsteroL Synthesis of cholesterol ufces place
10 several stages. The first is the synthesis ofmevalonate TTie next major stage

IS the fonmtion of isop-enoid units from mevalonate by loss of c6^ Th*
isoprcnoid units are regarded as the building blocls of the steroid skeleton Sn
of these units ctindense to form squaicne which gives nse to th* parent
steroid lanosterol Choleslerolisform-dfronlanosterolwithlhelossorj
groups.

The pathway through HMG Co\ is more significant than the pathway
through ^hjdroxy 2-tntth>l glotarylCoA S-enrvme co*«plcx. Cholesterol
synthesis is exiramitochondnaJ There arc two HMG-^A pools One n
mitochecdna IS concerned With ketogenesis The other extrarutocfcoadnal pool
» mvolvtd in the synthesis of isoprcnoid onus and tdjo'esterol The pathway cay
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not involve fonnation of maloayl CoA because avidm does not inhibit the
production of mevalonafe from acetyl-CoA

HMG CoA IS comerted to mevalonatc m a 2 stage reduction by NADPH
catalyzed by HMG-CoA reductase

Mevalonatc is pbospborylatcd by ATP to form several active phosphorylated
intermediates By decarboxylation isopcntcnylpyrophosphate is formed This
after condensation forms famesyl pyrophosphate Two molecules of famesyl
pyrophosphate condense and follow reduction with NADPH to Ibrm squalene.

Squalene is converted to lanosterol by ring closures Before closures the
methyl group of Cj is hydroxylated This involves molecular oxygen and
the reaction is catalyzed by a microsomal hydroxylase system

Tlie formation of cholesterol from lanosterol involves changes to the steroid

nucleus and side chain

The intermediates from squalene to cholesterol may be attached to a special

carrier protein known ns the sgiialene and sterol earnerprotein This protcir binds
sterols and other insoluble lipids Cholesterol may affect the activity of HMG-
CoA reductase as cholesterol-sterol earner protein

The activity ol HMG CoA reductase is decreased during fasting The
activity vs not reduced in diabetes mclhtus But the activity of HMG-CoA
reductase is inhibited by cholesterol feeding

Administration of insulin or thyroid hormone increases the activity ofHMG-
CoA reductase , whereas the administration of glucagon and glucocorticoids

reduces the activity of the enzyme

More recent experiments have shown that cholesterol synthesis is inhibited

by cAMP, indicating that one or more Reactions m the synthetic pathway may be
controlled by a cAMP-dependent protein kinase Plasma cholesterol in humans
IS made lower by reducing the amount of cholesterol m the diet An increase of
100 mg iQ dietary cholesterol causes a rise of 5 mg cholesterol per 100 m!
of serum

CoA- - ' *&c«toqcctyl CoA

CoASH
Ac«t>* CcA-l-Acefoocfilyt CoA rretIVsVcryt

CoAS» imO-CoA) CoA

2NADPH1-EH*
|g

Cixicsted feciiifig

2Na0P*
-3ATP

SCHj

COz ^3A0P

iscponlenyl pyrcpl«Spho'»

(tecprenoid unii)

€ Isoprrtwd w«rs Jorresyl

jpy'cphovplxjf*

H/druyiOSO
1 ^ -

iOz (C30H50)

Fig 17 72 Biosyndteus ot cholostero!
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HjTsrcholalerolem^ has been obssned la uccoatrolifid df*K-*«* ^
Sf Elo^onrph«.s.

S.'IS AS: ^
^looseddt^ krels ofLDL zod \XDL oca?S iSbkod^ASo-A3bj severe atherosclerosis Factors pla\ a pan m
blood pressnie, obesity. lack ofexerciL. * Rise^pSsaaSSfam^S*^°i‘^* i5?lo lUCTcased \T-DL secreticn b> th* lisrr cano^-
cholesterol output into the orcnlation- Factors^dioT^b^^^SS^ r
fatty acids mdode emoUonal stre^mSSS. f!;:^

® ^
drmtag zzd pzrtzbzE offew Iz^ mzzis ratti Ito n>

choiS2S’S^A)™.zisS=d“fW^
tit Inzr and other buus o inch mat eahiiK th-ir

-*’ “«^hz:d by
ReccnOy, it hza been fmmd tSt iSAlS fjL
SKZttion of VLDL by iS' 1°!^, “““tS?
Cholestoro! level u also deerSId on the mmmmn tntafeXA^ rT
AB'ect of dregs

.

choAe^AXle aadf “““ ''“=1 “'"hen of

mhtbLfh^S'tlAWife?' *’' ^ ^
4 The hj'pocholesterolem.c drags mclnde oteohme and and estrogens

Teats for cholesterol

An equal sSimK ofAnc.'Sf^o'^ddrf^o

ID 2 m! of chloroform inado traXbe 10 diS^^r
'’'“’“’'ttjl is dissolied

eonc. H,SO. are added “{rirtvell A “> 2 drops
changes through blue to greeu.

colour doelops which qujckh

essential FATH acids (EFA)

Evans and Durr obsmed itsat n*r
diet exhibited a reduced growth rale and a

W on a punfied nonlipid

symptom was cured by the Thede5ae£^
^e to EFA were sca)/sto, oAl?,s SfXXfanS^^''’-
Q “aSss?:r
and contains 20 cS»*Atra^^'uXeKaid'?X”^'°“ ^*'donic
hate 2. 3 and 4 donbkCds
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Their structures are given below

CHs(CHj), CH=CH CHj CH=CH(CH,), COOH
LmoVic acid (18 2)

CH, CH, CHc=CH CHjCH=CH CH,GH=CH(CH,)7 COOH
LinoI«iic acid (18 * 3)

CHs (CH,)*(CH=CH COOH
Arachidomc acid (20 * 4)

Fig 17 ?3 structure or Essential fatty acids

Cbeioical properties

J The essential fatty acids of vegetable oils have low melting point and low
iodine number

2 These essential fatty acids become saturated on hydrogenation and the

oils are converted to solid fats

Sources :

1 Unoleic acid occurs in high concentrations in various edible vegetable

oils e g corn, cotton seed, peanut, safflov^er

2 Arachidomc acid occurs m animal fats although in small amounts

Syuthesh *

Lenoleic acid cannot be synthesized by animals and therefore must be
supplied preformed m the diet Arachidomc acid can be formed from Imoleie

acid la the animal body

The pathway is first by dehydrogenation of the CoA ester through y-

Imoleaate followed by the addition ofa 2 carbon unit (as acety}*CoA lo the mito*
chondrial system for chain elongation or as malonyl CoA in the microsomal
system, which is the more active system) to give eicosalnenoate (homo y-

Iinolenaie) which further forms aracfaidonatc by dehydrogenation TTierefore.

the nutritional requirement oforacbidonate is compensated by the Imoleate m the

diet The synthesis is given below

2 HjO

+

mop'-j 'I'"”

Cj-V. (m-vlMiOOSernol
CoA.NfiEFH) Tjchotfieicn^iensysiem

E<050tf«enoyl CoA
(HcmaY Uncenyl CoAl

0^+NADPH+H*-jM<^P5j„,a,

Fig 17^4 Synlbe&n vf essential fatly acids
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Thesr stnictures are given below

;

CHs(CH3). - CH=CH.CH..CH=.CH(CH,VCOOH

Ltnoleic acid (18 : 2)

CH,.CH,CH=CH.CH,CH=CH.CH,CH-CH(CH,VCOOH
Linolenic acid (18 : 3).

CH,.(Clf,).(CH=CH.CH,l.(CH,),.COOH

Aiachidonic acid (20 : 4).

pg. n.?S Structure of Essential fatty ards.

Chemical properties

:

1. The essential fatty acids of %egetable oils ha\e low melting point and low

iodine number.

2. These essential fatty acids become saturated on hydrogenation and the

oils are converted to solid fats.

Sources :

1. Linoleic acid occurs in high concentrations in various edible vegetable

oils e.g. com, cotton seed, peanut, safflower.

2. Arachidonic acid occurs in animal fats although in small amounts.

Syutbesls

:

Lenoleic acid cannot be synthesized by animals and therefore must be
supplied .preformed in the diet. Arachidonic acid can be form^ from linoleic
acid in the animal body.

The pathway is first by dehydrogeoalton of the CoA ester through y-
Imolenate followed by the addition of a 2 carbon unit (as acetyl-CoA in the raito*
choadrial system for chain elongation or as xnalonyl-C^A in the aurosomal
system, which is the more active system) to give cicosatrienoate (homo y-
Imolenate) which further forms arachidonatc by dehydrogenation. Therefore
the nutritional requirement ofaraebidooate is compensated by the Imoleate in the
diet. The synthesis is given below :

*

Lmelfyl-CoA

O2+Na0PHfHU„
j
V'C^OSwrol

2 HjO+NnOPtM system

, _ . . Cj'^lMicfoSOmol
(Molonjf Con.MntJFH) Nchomdongofton system

^6.1 ,14
f

( Hemo y- Linoicnyl • CoA I

2 H^O+NAOPt*-' srsiem

Arochido«»yl.CoA

Fig. 17 74. Synthesis uf essential fatly adds.
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Fonctioas

:

1 . essential fatly acids found in the structural Hpids ofthe cell are concerned

with the structural integrity of the mitochondrial membrane.

2. These occur in high concentration in the reproductive organs.

3. These effect the prolongation of clotting time and increase the fibrinolytic

activity,

4 These arc csterified and emulsified with cholesterol and thus retard

atherosclerosis.

5. These are incorporated into lipoproteins for transport to the liver

for further oxidation

6. These are present in phospholipids mainly in the position 2.

7. The fatty livers due to deficiency ofthe essential fatty acids are cured only

by the reintroduction of these substances into the diet.

8. The deficiency of these essential fatty acids causes skin lesion and impair*

ment of lipid transfer.

9. The deficiency of these substances in the diet ofbabies also causes eczema.

PHOSPHORYLATION

1. All cells of the body, especially muscle cells, contain ATP which is

composed of adenine*ribose*phosphonc acid -phosphoric acid-phosphoric acid.

2. ATP IS the one of the intermediate phosphate donors of the body. It

furnishes the phosphate for the phosphorylation of glucose to produce g!uco$e-6*

phosphate and AtP is converted to ADP
3. The liberation of phosphate from ATP is an energy-producing reaction.

But the energy is utilized for chemical transfers, not as heat. Since,

phosphorylation is going on continuously m the cell and the quantity of ATP is

small, that ATP is refoimed from ADP and inorganic phosphate.

4 In the cell, a number of organic phosphates are known as high*

energy phosphate donors that serve for the reformation of ATP. Among these

are 1, 3-diphosphogIyceric acid, phosphopyruvic acid and these are reformed

during the breakdown of glycogen to lactic acid.

5 In muscle, another organic phosphate is pbosphocreatme*(phospbogeas).
This compound is ihe emergency store of phosphorylation energy which serves to

regenerate ATP during muscle contraction During glycogenolysis or glycolysis

Vnere isaccumu’iaXion oT ATP, creatine is again >)ufit up to creatine pltosphale.

LIPIDOSIS, XANTHOMATOSIS

According to Fredrickson,* lipidosis means the abnormal concentrations of
lipoproteins in blood or of specific lipids 'q tissues.

The specific lipids are the sphmgolipids (Tay-Sachs disease, Gaucher’s disease,

Fabry's disease, metachromatic leukodystrophy, Niemann-Pick disease) or other
hpids (Refsum's disease. Wolman’s disease etc.). These disorders are discussed
in the chapter on inborn error in metabolism.

Each of these disorders involves the nervous system. These are hereditary
enzyme deficiency disorders.

Xani/ionwiosis means hpid accumulation in tissues in association with large

••foam cells” The lipid is mostly cholesterol. Xanthomata develop in hyper*
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lipoprotememias, diabetes raellitus, biharv cirrhosis, hypolliyroidtsm, glycogen
storage disease etc

Cxerrbt

t Give aq account of tIicnii.t2boI(sttT offiU with porticuUr reference (o ^•otidatioe

' (Milh 64A)

2 Wb \l IS Iipogencbis Describe the cytoplasmic system of fatly acid synthesis

(Bh U 75A;

3 Descnbi. the oxidation u! fatty acids in the body (P U 68A , Milh 60A)

4 How are fatty acids synthesized and tlcgtadcd in the body ? (R U 74A)

5 Dcscribcthc fateoflipids in oar body VVhat are essential fatty acids (P If 66$)

6 Describe the complete oxidation of oleic acid m the body State bow many molecules

of ATP are formed during the process (P U 72A)

[Ans. Describe like unaaturated fatty acid oxidation (Uooleic acid) ]

7 Describe briefly thecbemijiry of cholcsierol and its physiological importance What

IS the normal Wood cholesterol level ’ (Mur 75S , R If 64A , Pun 70A)

S Desaibe the occurrence, properties tests and physiological importance of cholesterol

andshow its <truciuralrelationtovitaminDorbileacids (Mith 61A)

9

Describe metabolism of cholesterol with reference to aiheroselerosis Discuss the role

of lipoprotein in it (P U 76A)

10 Name the ketone bodies Describe brieflv ihe formaiion and metabolism of Ketone

bod «$ Describe Ihe test usually done in dinical laboratory to detect the presence of

ketone bodies m urine (Mith 7|A, 73A)

11 What are ketone booies 7 Describe how ketosis i$ produced m the body

(Bh U 74S-> Mith 71A.75S , P U 64®)

12 What IS ketosis How are the ketone bodies produced in the body 7 How

does body tiy to combat ketosis 7 (Mui 75S)

13 Short notes

(i) Essential fatty acids

(ii) Cholesterol

(ill) Lipoprotein

Civ) Phospholipids

(v) Phosphorylation

(vj) Kelotis

(vii) Ketone bodies

(vm) Ketogenesis

(ix) Rothera s test

(x) LipoUopic factors

(xi) Unsaturated fatty acids

rsiith 75S . Bh U 76S . P U 74A>

(M U 735 74S
, R. U 68A 70A)

(IL U CIA, Mnh 65S)

(M U 73A , P U 68A 76A)

(Bl) U 75S>

(M U 7'S 74S
, R U 70A

,
Mith 635)

m V 76A . P tf 7IA)

(Mith 64A)

(P U 68S)

(P U 71S , M U 73A)

(Mua. 7SA)

F.22



CHAPTER J8

REGULATION OF CARBOHYDRATE AND
UPID METABOLISM

Regulation of carbohydrate metabolism at the cellular and enzymatic
level

1 Th" changes in the meiabohsm fully depend on the changes m the availa

bihiy of substrates The concentration of glucose, fatty acids and ammo acids

in blood influences their rate and pattern of metabolism in many tissues

2 Alterations in the concenimtions of glucose, fatt> aads and ammo aads
in the blood owing to th* changes in the dietary availability may alter the rate of

secretion of hormones that influence the pattern of metabolism in metabolic path

ways

3 Three types of mechanisms are responsible for regulating the activity of

emzymes concerned in carbohydrate metabolism

(i) Changes in the rate of enzyme synthesis

(u) Conversion of an inactive to an active enzyme

(ml Allosteric effects

Rcfulation of Glycolysis, Gloconeogeoesis and Hezose Monophosphate
Shunt

1

Glucohnase catal\*zes the convenion of glucose to glucose-S phosphate

In the same catranutochondnal repon glucose 6 phosphatase is also found which
catalyses the same interconvexsion in the reverse direction on the supply ofsufficient

carbohydrate, glucokinase activity is increased whereas glucosc-6-phosphaiase

activity IS decreased In starvation glucokinase activity falls as compared to

glucose 6 phosphat^<e activity

2 Under the availabibly of glucose the enzymes utihzing glucose are all

activated but the enzymes produemg glucose by gluconeogcnesis are all depressed

The secretion of \nsidin controls the actmty of the enzymes responsible for gly

taibjvs. zv w-clLas.^Uimncn^jifsjs.

3 Both dehydrogenases of the HMP shunt are adaptive enzymes since thar

activity IS tccreased in the well fed animal as svcll as when msulm is given, to a

diabetic animal Their activity is low m diabetes or fastmg Similar behaviour

has been found in Malic enzyme and ATP-citratc lyase This indicates

that these two enzymes are involved in lipogenesis rather than gluconeogcnesis

4 The activity of pyruvate dchydro«renasc is decreased since it is regulated by
phosphorylation involving an ATP speafle kinase and its actmty is increased

by dephosphorylation by a phosphatase Thus, pyruvate dehydrogenase is inhi

bited during fatty acid oxidation Its activity is increased aflcr administration

of insulin and decreased in starvation

5 The allosteric control of the a-“tivily of an enzyme is abo available lO

carbohydrate metabohsm In gluconeogcnesis, the synthesis of oxaloacetatc

from pyruvate by the enzyme pyrmate cashoxtlase requires the presence of cct^l

CoA as an allostenc activator Thd activation of pjTuvate carboxylase and the

i

33ft
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inhibiuon of pynivatc dehydrogenase by icetyl CoA formed from the oxidation
of fatty acids helps to expUm the spanng action of fatty acid oxidation On tl c
oxidation of pyruvate and the stmnilation of gluconeogencsis in the liver (figure
18 1) The mam role of fatty acid oxidation in promotmg gluconeogencsis is to
supoly ATP required in the pynivatc carboxylase and phosphoenolpynivate
carboxylonasc reactions

6» Glucagon accelerates gluconcogcneiu in the hver probably by increasing
cAMP concentrations that stimulate the substrate concentration through the
phosphoenolpynivate carboxykinase reaction and inhibit pyruvate Lnasc Gluca
gon also stimulates triphosphatase in order to promote glycerol metabolism

7 Fbospbofructolonasey the occupier of key position in reguJatingjglycoIy
SIS, is inhibited by citrate and ATP and is activated by AMP The glycolysis is

increased with the increase in the concentration AMP and with the decrease m
the concentration ofATP during anoxia The inhibition of phosphofructokinase
by citrate and ATP is the another explanation of the spanng action of fatty acid
oxidation on glucose oxidation The consequence of the inhibition of phospho-
fructokinasc is an accumulation of glucose 6 phosphate which, in turn, inhibits

further uptake of glucose by allostenc inhibition of iicxokinase

RegoIatiQa of Glycogen Metaboliami

1 Glycogen metabohsm regulation is elTected by the balance m activation

between the enzymes of glycogen synthesis and those of glycogen breakdown as

well as the hormonal control

2 Cyclic AMP dependent protein kmase activates phosphorylasc b kinase

and inactivates glycogw synUictase Thus, mlubition of glycogenolysis promotes
glycogenesis and inhibition of glyct^enesis enhances glycogenolysis

3 Glycogen metabolism in the liver is controlled by the concentration ofphos

phorylasc a Tlus enzyme not only controls the rale-hmiting step m glycogenoly

sis but also inlubits to activity of synthetase, phosphatase and thereby controls

glycogen synthesis

4 Inactivation of phospharylascis caused by glucose md activation is caused

by 5 -AMP
5 It has been suggested that catecholamines, including cpinepbnne, stimu

late glycogenolysis fay an addition mechanism not mvolvmg cAMP These

mechanisms probably mvohe direct stimulation of phosphorylasc kmase by

Ca** Cyclic AMP independent glycogenolysis is also caused by vasopressin

oxytoan and angiotensis 1

1

6 Phosphorylasc is immediately activated followed by the activation of

glycogen synthetase on the adinmistraiion of insubn The presence of glucose is

essential on the effects of insulm

Regulmtioti of the Citric Arid Cycles

I The activity of the enzymes of atnc acid cycle is immediately dependent

on the supply of oxidized dehydrogenase cofactors (eg NAD) which, in turn,

IS dependent on the availability of ADP and ulumately on the rate of utilizauon

ofATP
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2 Control ofthe citric aad cycle o<xurs at the pvTirv’ate dchjtlrogcnasc step

Control may be experienced b>’ allosteric inhibition of atrate ijnth^ by ATT
or long chain fatt)’ ac>l*Co\

3 Oxaloacetate inhibits sucemate ddijtlrogcnasc and the ^^'ailabIhty of
oxaloacetatc, as controlled by malatc dchydrog^sc, depends on the ratio* of

the concentrations ofNADH and KAD*.
4 The increase in the ratio of the concentration of ATP and ADP is can*

sidcred to raise the ratio of the concentration of GTP and GDP at the suednaw
thiokinasc step, thereby increasing the concentration of sutxinyl-CoA.
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llEGULATION OF LIFIO METABOLISM

Regolatson of Fatty Add Synthesist

(IJpogenesis)

:

1. Lipogenesis is concerned wih the conversion of glucose and intcnnediaie

such as pyruvate, lactate and acetyl-CoA to fat.

2. The rate oflipogenesis is high in case ofa diet containing a high proportion

of. carbohydrate. The rate is decreased on a high*fat diet or in the deficiency of

ir^ulin as in diabetes melUtus. All these conditions are -related to increased cor.

centration of plasma free fatty acids. There is an inverse relationship between

hepatic lipogenesis and the scrum free fatty acids concentration lipogenesis is

greatly ir^luted over the high range of free fatty acids. Lipogenesis is depressed

by the fat diet in the liver and carbohydrate is converted a little to fat when the

fat diet is-more than 10%.

3. Lipogenesis is higher when sucrose is fed instead of glucose. It is also

blocked in fasting due to the lack of NADPH generation from the HMP shunt

pathway.

4. AcctyhCoA carboxylase in competitively inhibited with the activator

citrate by the long chain acyhCoA molecules. Therefore, if acyl-CoA is accu-

mulated, it will automatically reduce the synthesis of new fatty acids.

5. AcyhCoA may also inhibit the mitochondria transport of citrate into the

cytosol. Free fatty acids also arc inversely related to the proportion of active to

inactive pyruvate^ dehydrogenase, Acyl-CoA may also inhibit pyruvate dehy-

drogenase by inhibiting the XTP-ADP exchange transporter of the inner mito-

chondrial membrane. As a result, the supply of acetyl-CoA from carbohydrate

is blocked.

6. Insolin increases the transport of glucose into the cell making increased

availability of pyruvate for fatty add synthesis and glyccrol-3*pho$phale for

esterification of the fatty acids. It also com-erts the inactive pyruvate dehydro-

genase and acetyl-CoA carboxylase to the active form. It also depresses the

level of intracellular cAMP, inhibits lipolysb and thereby reduces the concen-

tration of long chain acyl-CoA which is an inhibitor of lipogenesis.

TriocylgJyccnjl

Acetvt-CoA

Ketcnewjdles

Fig. 18 J.ReguUtion of keiaecD«u<.
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Regulation of Ketogenesi5

1 In adipose tissue* \'er> high concentrations of plasma free fatty aads
(FFA) are a\’2ilab!e as a result oflipolysis of tnac)lgl^’ccrol In fed as vtdl asm
fasting conditions 30% or more of the free £ait> aads pass to the lis*cr ARer
they are acirvaled to acyl CoA they arc other estenfied mainly to tnacydglycerol

and phospholipid or they undergo ^-oxidauon to form acetyl Ca4 Th** acetyl

CoA IS either oxidired m the otne aad cycle or used to form letonc bodies

(Fig 18 2)

2 The 0101*1031100 ivKch acts as an antiketogenic factor depienos on the

asailability of precursors in the lircr to supply su^cicot glycerol 3 phosphate

In the Iner antiketogenic effects of glycerol and dihydro'cyacetone are not cor

related wth the lexels of glycerol 3 pho^ate

3 Phosphaudate phosphohyiirolase appears to increase m actinty m bstrs la

which extra tnacylglyccrol synthesis takes place Insulin increases the acuity of
ghccrol phcBphate acyltrans^'crase which catalyses the fir«t 'tep in csienbc^uon

4 Gartutme acylcransferase I actutty in the imtochondnal membrai^
regulates the entry of long chain ac\l groups into the mitochondria before ^
oxidation takes place In the fed state, fatty acid oxidauon is depressed due to us

lowered aaisity, but in fasting fatty acid oxidation increases owing to its m
creased activity This enzyme is inhibited m the fed state by the incrcicd lc\icl of
inalonyl CoA the uiitjal uitermediaie in fatty and biosynthesis Tbotfwe,
m the fed state, the active hpogcnesis ,.nd high malontl CoA inhibit camirme
a iltransfemse I

o Low level of free fatty aaus entenng the liver cell are ne-ilv all estenfied

to macylglyeerols and transported out ofthe liver m \TJDL Tbeconcentratioo ef
free fatty acids increases vmh the onset of«urvauon and acetyl CoA carboxy43«c

u inhibited and malonv! CoA decreases. Therefote, the mhibition of caruoae
acyl transferase I is released with the permission ofriO'< acyl CoA to be ojadrted

The ratio of the concentrations of insulin and glucagon remfo’ces the^c events in

starvabon causing increased lipolysis in adipose tissue and mhibiDon of pyruvate

kinase and acetyl CoA carboTylasc m the Jner

6 More free f^ity aad is converted to ketone bodies and less is ondacd to

COt na TCA cvclc vMth the increased concentration of «cnnn free latty aads
The total free energy asATP asaresult ofthe oxidauon offree fatty aadsrcmajis
constant on the fact that the partibono*’acetyl CoA between the kctogcnic path
way and th^pathway ofoxidauon to CO. is regulatedm such a particular manner
On comp’iesc oxifiation in iiie atnc acid cyde. One md oT pdmitate vidds
mol of ATP, whereas this one mol of pahmtatc produces only 33 mol o*" ATP
when acetoacetate is the end product Therefore ketogenesis is regarded as a
mechanism in which the liver ran oxidize large quantities of fatty aads without
increasing its total energy expenditure

7 Reduced level of oxaloacetatc wnihin the mitochondria can cause impair
ment of the TCA cycle to metabolize aceivl CoA Rrebs has suggested that a
fall m the concentrabon of oxaloacetate owing to an enhanced gluconcogdcsii
may be the cause of the «cvere forms ofketosis found in diabetes and the ketosH
of cattle It has been assumed that atrate synthase is inhibited ciihcr by long
chain acyl CoA or by increased level of ATP It has also been shown that

pyruvate carboxybse whidi converts pymvatc to oxaloacetatc is activated by
acetyl CoA Therefore, sufiiaent amounts of acetyd CoA signifies the presence
of significant amounts of oxaloacetatc to initiate the condensing rcacbon of
TCA cycle
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Ffg (8^ Regulation of lopg chom fatty lod coUdaucn in itie liver

SUMMARY*
1 Free fatty aads (FgA) are the znam substrates for jxtone body formation

in the liver Therefore, all lacton, metabolic or endocrine, influence ketogenesis
releasing free fatty acids from adipose tissue

2 Free fatty acids aAcr entering the liver are established by the balance bct«

ween their csicnflcation and oxidation This balance is governed by carnmne
acyliransfcrase 1, whose activity is raised indirectly by the concentration of free

fatty acids and the hormonal state of the liver

3 The regulation of more ketone bodies formation and less CO| formation
with the increased oxidation of fatt) acid a pcdbntied m such a tnaimcr tliat

the total ATP production remains constant Ketone bodies without being oxidized
significantly by the liver diffuse into the circulation and hence oxidized by extra-

hepatic tissues to other fuels
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PHOTI.'IN MLTAnoLISM

nVNAMIC SrATK OF PROTEIN

Plillfliwl fonllmialli unilf'{i/d!'5radaiio™an'a “”'1 '"IraaUnlar

I'Udf « or It,., livcr ami ml® .ma&Ta"" Ihan halfcriha
Un d..\v , tt,o rati- IS sinsii-r i„ musc-a and m

tit n.Uos'tVl^tidlhJi'm'r''
" tmtl =cl,se brcaldo™

0lh:i'’s
' Hcaompaaicd by syatbaais ia

•< Amilwdv pioti-in (l-plobulins) induced by imrauni/n.nn n
sVlMumal tsi,-jld,«sii and sjiiilicsis Tlic half life is about Issfieeis

' T{i.' l>f|v\fcn ihc fjies of svnlh«K anH .*
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“ ™'"’S

MFTABOUC POOL

\ Ibf Wivlmo of emjofMOUS and exogenous materials constitutes a
ts*sri\\\u 01 ' iiis'lnl'oli,' pool of ihe compound.

onsuturcs a

> 1 his po.ol Is .NMili-ihiilM hy subslanra derived from catabolism of orolcin
r X t\{ toso,-^ hMh,' Mlnud dioa .If Ihe excessive nniounis of thyroid hormonS andU s'Wi.-oxl.sl Pilr.-mwilk-nl hsSimones and substances absorbed teS me

P.s-sIMh ahsIvMIsm is sUmuIated by proivih horrnonr insSn nnS
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dimily connected (otjie carbohydrate pool

^MVKMtniARY MCTABOUSM

VLCnV'ii'i'' b
Jo mean intermediary metabolism It

nvi,v'cx 4 '^hich are conce?nc™uith
ii|' ‘iiNi oA'ftVirtp «loun and m their functional operation,

Tiic bsiiimi.,* ,,i>ltt?<l>'i^N'^‘^‘5»1o«n0fprolopIasmarcconcerned with protein

ijiqtaVSi:, ^ wkU of lipids, carbohydrates and inorpanic meills

a.c lirVov , .

Vh'
liNsucs, such as muscular cbniraciion ilie

,, oV-'l'ie 1-: .vxi >hf s«ieloo»orl of snrious glands iSTsSemoe

r.pt^(l.^ X na.ntv. ss\s . energy and speafic
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2 Ketone bodies and free fatty acids spare the'ojudatjo^fglucose in muscle
by impainng its entry into the cell* its phosphorylation of gIucose*6'phosphate,
the phosphofructolunase reaction, and the oxidative dccarbcs^lation of pymvate
Free fatty acids and ketone bodies oxidation increases the concentration of intra
cellular citrate which inhibits phospbofructokinasc Olson has justified that
under carbohydrate shortage available fuels arc oxidized in the foHovang order
of preference (i) ketone bodies (and other short chain iatty acids, c g acetate),

{») free fatty acids, (in) glucose (shoivn in Fig Iff 4 ^

3 Under certain conditions, fat mobilization can be reduced by the ad
ministration of noncarbohydrate catongcnic substrates If glucose oxidation

15 spared by free fatty acids and ketone bodies, more glucose will be available

causing a reduction in output of free fatty acids from adipose tissue and the free

fatty acid level of plasma will fall The combination of the eflccts of free fatty

acids m sparing glucose utiliza tion m muscle and heart and the cHlcct ofthe spared
glucose in inhibiting free fatty acid mobilization in adipose tissue has been called

the “glucose-fatty acid cycle’

Starvation

1 Under fasting condition, glucose concentration becomes less, glycogen

IS drawn upon to maintain the blood glucose level Blood insulin level decreases

and glucagon level increases Since the glucose utilization m the adipose tissues

docreases and the inhibitory effect of insulm on lipolysis becomes less, fat is mobi
hzed as free fatty acids and glycerol Tlic free fatty acids arc estenfied m the

liver and the remainder are oxidized In the liver and bdney, glycerol joins the

car^hydratc pool after being converted to glycerol 3 P The endogenous gIuco«c

production cannot keep pace with its utilization and oxidation Therefore, the

liver glycogen stores become depleted and blood glucose tends to fall Tl en fat

IS tnobiitzTO at the increased rate but m several hours the plasma free fatty xckIs

and the blood glucose stalnlize at the fasting level Hence increased fitly acid

oxidation takes place resulting in the formation ofketone bodies

2 The adipose tissues provide carbohydrate m the form of glycerol together

with that proviQcd by gtiuoruogeruns from protem

3 In prolonged starvation m humans, glucoTuogenest: from protein Is

diminished owing to the diminished release of ammo acids, particularly aUmne,
from muscle The brain then utilizes ketone bodies in place of glucose

requirements since a large amount is estenfied even during fasting When the

carbohydrate supplies are sufficient, most of the influx is estenfied and ultimately

rctransported from ilie lives as VLDL to be utilized by other tissues In the case

of increased influx of free fatty acids, kctogcncsis is available which allows tlie

liver to retransport much of the influx office fatly acids m a form which is readily

utilized by extrahcpatic tissues under all nulntional conditions

5 The carbohydrate cycle mvohcs the release of glvcerol from adipose

tissue and its convcnion to glucose in the liver The lipid cycle involves the release

of free h.!ty acids by adipose tissue, its transport to and cstenfication m tl c liver

and retransport of VLDL back to adipose tissue These two interrelated ejeJes.

arc involved during the disturbances m carbohydrate or hpid tnctabohsm where

they interact in adipose tissue •>nd in the liver

ExcreUe

1 DifOtis in detail die regulation of eaibohydrate metaboliim In the body

2 How IS the meubolum of I p d reguUtcd in llw body?

3 DiiCuM ibe economics of carbohydrate and 1 pid reeubol im in the whole body
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THE ECONO\GCS OF CARBOKTDFATE AND LIPID

METABOUSM IN THE WHOLE BODY

1 Glucose IS cocs-erted to fat under optimal nutntiona] intalte Except

glycerol, fat (as fatty acid! cannot pioduee glucose due to the irrevcrnbility of

the on^tirt dccarboxjlation of pynn’ate to acet)i-CoA. Ccrtam tissues »it

more depcndoit on the contmued supply of glucose than others A ii^unrum

supply of glucose IS necessary m extrahcpanc tissues to the integnt>

ofTGA c>cle Ghiawc is the mam source ofgIyccrol-3-phosphatcm tissues desxBd

ofgiycerokmasc I^rgc quantiues ofglucose are also rctjuircti for fetaJ nutntion

and the rjuthesis of mili. Certain mcdianisms are also inwlved to safeguard

essential supphes of glucose during shortage by alloi^'ing other substrates to spare

Its crodation

f J8 i Metabolic taimelatioRship between adipoae tume, tb< liver asid «tr*bep*t>ct»«w3



STARVATION

2 Ketone bodies and free fatty acids spare the oxidation ofglucose in muscle
by impairing its entry into the cell, its phosphoiylaUon of glucose-d-phosphatc,
the phosphofructobnase reaction, and the oxidative dccarboitylation of pyruvate
Free fatty acids and Jcetone bodies oxidation increases the conccntrauon of intra
cellular citrate which inhibits phosphofructobnase Olson has justified that
under carbohydrate shortage available fuels arc oxidized in the following order
of preference (i^ ketone bodies (and other short chain fatty acids, c g acetate),
(ii) free fatty acids, (lu) glucose (showTi m Fig Jff4 ^

3 Under certain conditions, fat mobilization can be reduced by the ad*
ministration of noncarbohydrate calongcmc substrates If glucose oxidation
is spared by free fatty acids and ketone bodies, more glucose will be available
causmg a reduction in output of free fatty acids from adipose tissue and the free

fatty acid level of plasma ivill fall 'Hie combination of the effects of free fatty

acidsm sparing glucose utilizationm muscle and heart and the effect ofthe spared
glucose in inhibiting free fatty acid mobilization in adipose tissue has been called

the “glucose fatty acid cycle’

StarvRtiots

1

Under fasting condition, glucose concentration becomes less, glycogen

IS drawn upon to maintain the blood glucose level Blood msuhn level decreases

and glucagon level increases Since the glucose utilization in the adipose tissues

docfcases and the inhibitor) effect of insulin on iipolysis becomes less, fat is mobi
Uzed as free fatty acids and glycerol The free fatty acids arc estenfied m the

liver and the remainder are oxidized In the liver and kidney, glycerol joins the

carbohydrate pool after bemg converted to glycerol 3 P The endogenous glucose

f

iroduction cannot keep pace with its utilization and oxidation Therefore, the

ivcr glycogen stores become depleted and blood ghicose tends to fall Tlien fat

ts mobilized at the increased rate but m several hours the plasma free fatly ncids

and the blood glucose scabihze at the fasting level Hence, mcrcasrd fatty acid

oxidation takes place resulting in the formation of krtonc bodies

2

The adipose tissues provide carbohydrate in the form of glycerol together

with that provided by gluecruogerusis from protein

3

In prolonged starvation in humans, gltuoruogfnenj from protein Is

dimimshed owing to the dummshed release of ammo acids, particularlv aUnine,
from moscic The bram then utilizes ketone bodies m place of glucose

^ ^rteSs3Sy arjids jaxr undrr xwisr mndu.uuw .TOnhilirjd oo mrsv sSrrf.»dJU.‘Ke

requirements since a large amount a estenfied even during fasting >VItcn the

carbohydrate supplies arc sufllcicnt, most of the influx is estenfied and ultimately

rctransported from tlie lives as VLDL to be utilized by other tissues In the case

of increased influx of free fatly acids, keiogenesis is available which alloivs the

liver to retransport much of the influx office fatty acids in a form ivhich is readily

utilized by extraicpatic tissues under all nutritional conditions

5 The carbohydrate cycle mvolvTs the relea«e of glycerol from adipose

tissue and its conversion to gluco«em the liver Tlic hpid cycle involves the release

of free fi.tty acids by adipose tissue, its transport to and esterification in die hver

and rttransport of VLDL back to adipose tissue These two interrelated cycles^

arc involved dunng the disturbances m carbohydrate or lipid meialiolism where

they interact in adipose tissue '•nd in the liver

£x«rcl*e

1 Ihsnm in detail Ihe rtguUuon of carbcJiydrate meiabolinn tn the body

2 u the meubotum of lipid reguUled m the body?

3 Djjcun the ecjooimes of carbohydrate »rd lipid tneubolum In the vhole body
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PROTEIN MCTABOLISM

D\7VAMIC STATE OF PROTEIN
1 All body proteins fplasma proteins hemoglobin and intnccUnlar

proteins) continually undergo degradation and svnthcsis More than half of the
protein of the liver and intestinal mucosa are broken do«n and rcsynthesired in

ten days the rate is slower in niusc’c and erythrocyies

2 Active resynthesis occurs even m starvation and active breakdown
ID nitrogen equilibrium

3 Degradation of protein in one (issue is accompanied by synthesis in

others

4 Antibody protein (v globulins) induced by immunieation also undergo
continual breakdown and synthesis Tbc halflifc is about ivvo uccks

5 The balance beiween the rates of svuthcsis and degradation of its

constituents ismamtaincdm adult organism Bui in a grow me orgaoi«m the rate

of synthesis of its constituents exceeds the rate of breakdovn -and the ra'e

of catabolism js greater than the rate of anabolism id wasting diseases and
starvation

METABOUC POOL
1 The mixture of endogenous and exogenous malenals constitutes a

reservoir or "metabolic pool” of the compound

2 This pool IS contributed by substances derived from catabolism of protein

ID the tissues by the suraulauon of the excessive amounts of thyroid hormones and
11 oxygenated adrenocortical hormones and substances absorbed from the

mtestine Protein anabolism is stimulated by growth hormone, msulm and
testosterone

3 The metabolism of protein IS integrated with that ofcarbohydrate and fat

through pyruvate, acetate, oxaloacslate and a ketoglutarale etc and the members
of one pool are taetaboUcally equilibrated with other pools, e g alanine is

deamioated to pyruvic acid and heace the carbon skeleton of this ammo acid is

involvedm the pyruvate pool which »s directlv connected to the carbohydrate pool

INTERMEDIAR-y METABOLISM

Metabolism is generally interpreted to mean intermediary metabolism It

includes all chcmital processes within cells and tissues which are concerned with

their building up and breaking down and in them functional operation

Thebuildmgupandbrea'kiDgdownorprotoplasraare concerned with protein

metabolism Vanou's substances of lipids, carbohydrates and inorganic metals

are also involved

The functional operation of tissues, such as muscular contmction, the

propagation of nerve impulses, the secretory work of various glands, the selective

absorption of intestine and the excretory processes of the kidnev and other organs
requite a number of chemical reactions to provide necessary energy and specific

chemical substances

346
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Metabolism does not only mean the diemislry of tissue formation and break-
down but also the chemistry of the processes in tissues necessary for the formation
of various spemfic compounds required for the operation and regulation of the
metabolic raachme

INTERMEDURV METABOLISM OF PROTEINS

1 The amino acids abstracted from the Itrer arc not utilized for repair or
special synthesis but are broken down and the ammonia formed thus is converted
into urea which is excreted

2 The ammo acids abstracted from the tissues arc used for the repair of the
tissues The unwanted ammo acids are either used up by the tissue, or converted
into urea in the liver

3 Ammo acids provide the nitrogen for the synthesis of many nitrogenous

compounds of the body including bile acids, creatine, purine, pyrimidines,

epmepbrme, ^yroxine, ammo sugars, enzymes and the bases of the phospholipids

4 Fates of ammo acids result in (i) Catabolism in the liver,

(ii) Formation of tissue protein (m) Formation of other nitrogenous substances

5 The essential and excess metabolism of proteins are usually differentiated

by the term “endogenous" and “exogenous” metabolism Endogenous

metabolism is involved in the formation of tissue and the <^er nitropenous suS
tan^ and also the normal breakdown of tissue pn^cins Exogenous metabolism

IS tKg~mefat>oli3Tn'ol an proteins m-er and above the essential Tcquire-

TWfptt—

6 In normal health, the nitrogen ingested equals to that excreted m unne,

feces and sweats

7 Fates of sulphur cootainmg ammo aads result in (i) Catabolism in

the liver producing sulphuric acid which ts excreted (it) Synthesis of tissue

protein including that of hair (tii) Syotl^sis of other substances including

taurine, glutathione, msalm, ethereal sulphate, suipbated mucopolysaccharide and
lipids ^
^In general it can be summarized as follows

Food-—

Tissue grate n——

OlNr subsfences-

FiS. 19 I lotcrmedixrr metabolna of proteins

CATABOUSM OF AMINO ACID bflTROGEN
SYNTHESIS OF UREA

In mammalian tissues, the alpha ammo groups of ammo acids dented from

the diet or from tissue protein breakdown are ultimately excreted m urine as urea

Several enzymes arc involved m the biosynthesis of urea which involves four

processes

1 Transamination

2 Oxidative deamination
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3 Ammonia formation and transport

4 Reactions of the urea cycle

In human and other ureotelic orfianisms, vrca is the end product of ammo
acid nitrogen metabolism But in uncotclic organisms (e g reptiles and birds),

uric acid is the end product and in ammonotclic organisms (eg bony fsh),
ammonia is the end product of ammo acid nitrogen metabolism

1 Transammation

(0 Transamination involves mterconversion of a pair of a ammo acids and a
pair of a-keto acids and is catalyzed by transaminases or aminotransferases

(ti) Pyndoxal phosphate (B.—PO*) is the coenryme essential for the trans-

aminase activity

(ill) Alanine pyruvate transaminase (alanine transaminase) and glutamate o

ketoglutarate transaminase (glutamate transaminase) present m most mammalian
tissues, cataly/e the transfer of ammo groups from most ammo acids to

form alanine (from pyruvate) or glutamate (from a keto gliitarate) shown below

}
ALANINE TRANSAMINASE

|

Pyruvoi«-*>„^ ,,^-onvnoocid

Kefo OCid

r^UTamre trawsam nase]

a Kefogivftcfote'--*.,,^,— om no oad

CWomde-'-^^R Ke^eoeid

Fig 192 Alanine and glutamate Iransammases

(iv) Transamination is a reversible process This reversibihtv allows >

transaminases to function in ammo acid catabolism and biosynthesis [

(v) Each transaminase is specific for the specified pair ofamino acid and keto

acid as one pair of substrates

(vi) Most ammo acids are substrates for transamination except lysmc,

threonine, prolmc and h>droxyproIinc Not only S amino acid, g-ammo group
of ornithine undergo transamination

2 Oxidative deamination

(i) Oxidative conversion ofmany dmino acids to their corresponding eketo
acids occurs m mammalian liver and kidney tissues

(it) Both L and D aminoacidoYidbre activities occur ID mammalianliver and
kidney tissue and are also widely distributed in other animals and micro-
organisms

(ill) The ammo acid oxidasesareoM/a-oYirfiroi/tf^aiopro/einji e thereduced
FMN or FAD is reoxidized directly by molecular oxygen formmg HtOt without
the help of cytochromes or other electron earners shown below The toxic

product (HjOO IS then split to 0, and H*0 by catalase which occurs widely
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in tissues, especially liver If catalasejs absent, the_«»keto acid is decarboxylated

by HjOj forming a carboxylic acid with one carb^iraRmHcss,-_______

Aminopcxi oxidoseR-CH-COOH

«-omino ocid Fiovift Rovm

>
HiOi Qi

Cofafas^ t

H2O

Fig 19 3 Oxidative deamination catalyxcd by L ammo apid oxidase

In the ammo acid oxidase reactions m the above figure, the ammo acid

IS first dehydrogenated by theflavoproiem of (he oxidase forming an o*immo acid

which spontaneously decomposes to the corresponding a*keto acids by the addttroir’

of water.

(iv) Mammalian L'ammo actd oxidase, an FMN'flavoprotem is restricted

to kidney-apdiuuxXtssue and Its activity IS quite slow Mammalian D*amino acid

oxidase, an FAD*f\avoprotein, occurs m the liver and kidney tissue of most
mammals

3 Ammooia formation and transport *

(0 The ammo groups of most ammo acids ore ultimately transferred to c-

ketoglutarate by transamination Release of this nitrogen as ammonia is catalyzed

by Z^g/ufomare dehydrogenase which is widely distributed m mammalian tissues

Certain hormones also influence glutamate dehydrogenase activity

(ii) Glutamate dehydrogenase uses NAD+ or NADP+ as cosubstrate Th^
reaction is reversible

Nm* NAOH+H*

L CUjKfrofi
(/ 0 " t<<fo9luforof»

Fig 19 4 L'Olutsraaie dehjntrogenatinn reaction

(in) Intestinal bacteria produce ammonia from dietary protein as wcllas from
the urea presenTlrmuldrsecrctcd into the gastromtesUnsL tract. This ammonia
IS absorbed from the inlesline into the portal venous blood Under normal
conditions, the liver promptly removw the ammonia from the portal blood
hfmuie quantities of ammonia are (oxic to the central nervous system
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syniptoms of ammonia intoxication include siumne of stv^wTi Mnmn..
° P«»liar flapping tiemor-anilm $nm cases coma anddratli TEkIsymptoms occur when brain ammonia Je%els are increased

cata4S“hv
“ *'' ‘"'raMlIuIar ammo acid, glutaminecatalyzed by renal glufammase Ammonia production bv the V-idnpv »« KioMi!

increased in metabolic acidosis and depressed mTkalos.s
^

Gutomine

HjO NH,

V ^ (Wulomcocd

The
is excreted as ammonium salts during metabolic acidosis but

20%^/Kn ..
Ammonia » present only in traces m blood (10-

chondnaT
glutamine^is catalyzed by g/uiamute s}7irhefa{e, a mito-

glutamineisa^m^^^V” tissues in highest concentration Synthesis of

fs^evSlI and Pi Thereaclion

because t»rta*n
and glutammase are employed as antitumor agentswcausc ^am tumors require glutamine and asparagine

formation for removal of ammonia is glutamine

tissue can k 7^1*^j important pathway is urea formation Bramussue can form urea but this does not play a si^ificanl role in ammonia temoval

Ciutcmot# +-ATP AOP+ Pi

Quiorrott HjO

Fig 196 Fonnation anil transport of ammonia

UREA CYCLE
4 Reactions of the urea cjcle

chate fdcr™^'r?ni'’4TO!’v''
" by lb' condcnmlmn ofonc mol of phos

SwL™ f by the enzyme corinnmi/ ptoeptoe

mdud nfhnm. J,
""'“‘tbondna of all ureotelic organisms

falhraX^he 33 Hi’
to magnesium ion (Mg+t) N acetyl glStamalc

brm3?nh3m p’j 1"'“'"^
,

Probably, the presence ofN acel?l Slutamate
brings about a mark̂ change in the structui^f caiUarnbvl thosoKalesv-nthetairgi^xposes certam^g^ydi^ groups_and.agects-lhe3^ity^or ilS enzj^
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In bacteria, glutamine in place of ammonia serves as a substrate for
carbamoyl phosphate synthesis.

(ii) Carbamoyl moiety is transferred to ornithine to form citrulline being
catalyzed by omithine transcarbamoyhK of liver mitochondria.

(iii) Arginosuccinic acid is fonned by the combination of citrulline and
aspartic add in presence-of argino succlmc acid synthetase and AT^.

(iv) Arginosuccinic acid is cleaved to arginine and fumatic acid by argino-
siiccinase which is present in mammalian liver and kidney. The fumaratc formed
is converted to oxaloacetate via the fumarase and malate dehydrogenase reactions
and then transaminated to regenerate aspartate.

(v) The hydrolytic cleavage of ar^nine is catalyzed by arginase which
is present in the Kvers of all ureotelic organisms forming ornithine and urea.

'

Smaller quantities of arginase also occur In renal.tissue, brain, mammary
gland, testicular tissue and skin. Orinithine and lysine are the competitive
mhifaitors of arginine.

• * .

The cycle for the overall reactions is given below :

The biosynthesis of urea occurs mainly to the liter. 1 moJ. of urea Is

synthesized from 1 mol. of ammonia, 1 mol. of carbon dioxide, 3 mols. ofATP (2

of which arc converted to ADP and P» and 1 to AMP+PPi), 5 enzymes catalyzing

the reactions and 6 amino acids involved in the reaction.

One amino acid, N^acetyl-gimflmate-sertes as an enzyme activaty. The
remaining 5 amino acids aspartate, arginine, ornithine, ciirulune and argiao*

succinic acid—all function as carriers of atoms which ultimately bwme urea.

Aspartate and arginine occur in protein while omithioine, citrulline, ar*

giaosuccinate do not.
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Urea formation is partlj a cycUcat process Ornithine used in reaction (2) k
regenerated in reaction (5)

An 3Ctn*e man consuming about 300 g of carboh>drates. lOOg offat,100g

of protein dailj excrete about 16 5 g of mlroeen dail> 95 percent is ehninated

by the kidnejs and 5 per cent in the stool The major pathw-ay of nitrogen excre-

tion m human is as urea which is synthesired m the liier

Blood leiel Normal concentration of uream the blood is 20 to 40 mg'

100 ml

Excretion The daily output of urea through unne is 20 to 30 grams A
less quantity is excreted m the sweat. The quantity of urea etcreicd is propor-

tional to the total protein metabolism The excretion of urea is decreased

m certain Iixer diseases In severe acidosis the output of urea is decreased la

nephritis when the ability of the Kidnej’s to excrete urea issexcrely impaired, the

concentration of urea m the blood is increased (uremia)

TEST OF UREA IN URINE

Specihe urease test

Principle Ureaissplitintoammoniaand CO.byiheenryTneureasejiresent

m plants at the optimum temperature and Ammonium carbonate formed as

a result of ammonia and carbon dioxide shows the alkali characteristic by the

indicator

Method

1

2

3

4
yellow

5 A pinch of soyabean powder added to each and the test tubes are rotated

between the palms or tbe temoerature is raised to 60*C, the optimum temperature

for the enryme urease

6 Tbe development ofpink colourm the test tube coniamme unne indicates

the presence of urea

2 ml ofunne in one test tube and 2 ml ofwater in another test tube

A drop of phenol red is added to each of the test tubes

2 per cent Na,CO| added drop by drop till the deep pink colour develops

1 or 2 drops of acetic acid added to each lest tube till the colour is just

METABOLIC DISORDERS fS THE UREA CkCLE

Afl disorders of urea synthesis cause ammonia intoxication CTimcal

symiptoms m urea cycle disorders are vomiting in mfanev, avoidance of high

protem foods, irritability, lethargy and mental retardation Significant improve-

ment has been observed on a low protem diet and much of the brain damage is

prevented The dail^ food intake should be given in frequent small feedings (o

avoid sudden increases in blood ammonia levels Uses of antibiotics to decrease

the absorption of ammonia formed by bactenal decomposition m the intestme

Hyperimmonenila type II

1 Patients suffer from a deficiency of omiihine trauscarbaraoylase

2. The clinical finding is an elevation of glutamine in the blood,

cerebrospinal fluid and unne

3 There is enhanced synthesis ofglutamine by the glutamme synthetase re-

action for which tissue level of ammonia is increased
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Citnillioeniia

1. Complete absence of argmosuednate synthetase activity produces this

condition,

2 Large quantities of citruUme are excreted in the unne and plasma and
CSF citruHine ic^els are elevated

Arglnosuccintc acfdarla

1 Argmosuceme aciduria is loused doe to the absence of argmosuccinase

activity This enzyme is also absent from brain, liver, kidney and erythrocytes of

patients with this disease

2 The disease is characterized by the increased level of argmosucamc acid

in blood, CSF, and urine

3 It IS frequently associated with the occurrence of tufted hair

Hyperarginlaemia

1 Low erythrocyte level of arginase causes this disease

2 The urinary ammo acid pattern resembles that of lysme cystmuna

3 A low protein diet results in the lowering of plasma ammonia level

BIOSYNTHESIS OF AMINO AODS
NHTRrnONALLV ESSENTIAL AND NONESSFNTIAL AMINO ACIDS

Plants and bacteria can form all 22 arrmo acids from amphibolic inter-

mediates Gut humans and other animaL cannot synthesize some of these

Thercfbre, these are supplied by the diet and are termed nutritionally essential

ammo neids The remainders are synthesized in the body Therefore, these are

termed nutritionally nonessential ammo acids

According to the nutritional scientists, the nutritionally essential ammo
acids arc termed "essential” or "indispensable’ ammo acids and the nutri-

tionally nonessential ammo acids arc termed "noncssential” or "dispensable”
nrairo acids

Nutritionally nonessential ammo acids are more important to the cell than the

nutritionally essential ones

The essential ammo acids are methionine, tryptophan valme, leucine,

jsoleucme, phenylalanine threonine lysine,

Essential amino acids

An "essential ’ or‘‘mdispensaWe21animqjtid_is defineiljis one \ihich cannot
be synthesized by the organism from substnneo ordmarily present mthejlieLat
a rate commensurate mth certa in physiofogical _requirernenU

Certain of these essential ammo acids are replaced by the corresponding a-
keto acids or a hydroxy acids Ten ammo acids are required for the
optimal growth of animal* found m the experiments on white rats But tn case of
humans, eight essential ammo acids are required for the optimil growth ofihe
young and fo. the maiptenancc of nitrogen equilibrium m the adult These
eight essential ammo acids are methionine, tryptophan, \aline, phenylalanine,
leucine, isoleucme, threonine and lysme Two ammo acids, aremine and
histidine, which are required for r.mmak. .nrg-**nuifit>nnaily. sentT?^^al ’^fur

humans tflRause they may be synthesized m tissues at rates in^equaie to support
growth of children

~ —

F.2S
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Certain nonessential ammo acids in the diet sene as the sparing action

of certain essential ammo acids, e g tyrosine spares phenylalanine and cystmc

spares methionine In phenyl Mmiinr who are unable to convert

phenylalanine intn fyrnsinf
,

the latter becomes an essential amino acid

If a single essential amino acid is omitted from the group and fed separately

several hours later, -the nutritional cffecliycness of the entire poup is unpaired

The omission of an essential ammo acid from the diet results m the negative

nitrogen balance or decrease of growth

Natrltionally nonessential amino adds formed from amphibolic Intennedlates *

Alanine Alanine is formed from pyruvate b> transamination in presence

of the coenzyme pyndoxal phosphate (B, Po^) in all forms of life

Glutamic aexd In all forms of life, glutamic acid is formed from a

ketoglutarate by glutamate dehydrogenase

Bacteria contain only an NAD'^’-dcpcndent dehydrogenase whereas yeast

and fungi contain tno glutamate dehydrogenases specific for NAD* and for

NADP+

fl-Kef05 gfOfOte U Gkitomota

.Hao

N46PH4H' NW*

Fis >98 Synthesis of slmam c and

It is also to be noted that NAD+ functions in glutamate catabolism and

NADP'*' m glutamate biosynthesis in ammals

In many bacteria glutamate is formed by glutamate synthetase which is given

below

<t Ketag uloi'ote

Glutarune

L Giutomote

- L Cluto

NAOPH+H*

Fig 19 9 Formation of slutomare

Aspartic aetd Aspartic acid is formed by transamination of oxaloacctate

Glutamine In plants animals and bacteria, glutamme is synthesized from
glutamate by glutamine synthetase NHJ ammates glutamate requiring ATP
and Mg'''+ which is shown below

U Glylomote L Clolon n«

ATP ADP+Pi

Fig 19 10 SjrQtiesis of ghitamioe
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Asparagine Asparagine is synthesized from aspartate by asparagine syn-
thetase ATP and Mg++ arc also required in this reaction ATP is hydrolyzed
to AMP+PPi R NHJ ammates aspartate which is shown below

UAtpatlols LAtpoi^n*

- ....S^Asporopme synthetase p,

ATP AMP+PPi

Fig 19 1 1 Symtimt of Rspang ne

Serine In mammalian tissues senne is synthesized from 3 phos
phoglyccrate, an intermednte of glycolysis, by two pathways One pathway uses

phosphorylated inlermedntes and the otter use nonphosphorylated intermediates

Majority of the senne is synthesized by the pathway via phosphorylated

intermediates Plants and micro organisms follow this pathway

Synthesis via phosphorylated Intermediates

3 phosphoglycerate is oxidized to phosphohydroxypyiuvate which by trans

ammation is converted to phosphosenne Finally phosphoserme is converted to

serine by phosphatase

Synthesis via nonphosphorylated intermediates

3 phosphoglycerate is dephosphorylated to glyeerate by a pbosphatasfc

Glycertte is oxidized to hydroxypyruvate which is finally transamioated to form
senne The reactions are shown below

Fig 19 12 Synthesis of nonphosphorytaicd intermediates

G!)cine Glycine is synthesized from senne as well as choline which are

given below ,

ifie I

H4 fdo'e A*e1t)yler>e

Hetokjte

Fig Synlbesb of flycJne
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Choine

Cixtrse

Beta ne oldehyde

NAO*"*^Betaneadehyde

Butane

IfOnOTethylo'on

Omethyl gtyc ne

Formeldehyde

Scrcosne

Fo'iTOldehyde-^^ArtawiTe aridoss

P»g 19 U, SyBt&ois fma c&etse

*‘^’‘** formed from other ontrlllonalljr noneaseoni]

proIme^caUboK'^*
synthesized from glutamate bj reversal of reactions for

M BlSttMW
of hydroiq-prolme. Ita

w*/S***^^
°^°”*^°**°* amino adds formed from nDtrlllonally essential amlao

Mctbonin^u fir^^***°*-a* j
formed from methionine (essential ammo and)

to cystemein

Homocystemc-rScnne *-C>slathionme »-Homosenne+Cjslcnne

tyrosmeTs^MMi^S phenylalanine (an essential ammo acid) to

wygenaseoresent^tJa complex, a mixed function

ofi^ecul^ oxvlln
t"^oninaIian liwr but absent from other tissues One atom

the other atom^fe^
''’fOfP°'’^ted into the para position of phenylalanine and

rcdu^mfoowe?, (*hown m the figure below) The

hydrobiopterme *f
ultimately by NADPH, is immediately provided as tetra

not reversible
^ Pt^idinc resembling that in fohe acid The reaction is

Tyros _,^NA0OH+H*

Phenyio'an ne --''''’y^Tefrtfiydrobopfef

Oz

n-^'^^^NAOP*
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Kutrjtjooally esseahal amuo adds

Nutntionallv essential animo acids are syQtli««7f^ hv harf^m Hid thn

tviithcsisToes not talfe place- in mammalian !K<>nes : lienee thft synthesis is

not discussed liere

CATABQiaSM OF AMINO AqpS
List ofammo acids converted to carbohydrate and fat or bothi

GLYCOGEN
( GLYCOGENIC
L-AMINO ACIDS]

FAT
I KETOGENIC
L-AMINO ACIDS]

BOTH GLYCOGEN AND FAT
( GLYCOGENIC • AND

KETOOENIC ’

L-AMJNO ACroS)

1 ALANINE 1 LEUCINE 1 ISOLEUCINB
2 ARGININE 2 LYSINE
3 ASPARTATE .^O^PHENYLALANINE
4 CYSTINE 4 TYROSINE
5 GLUTAMATE 5 TRYPTOPHAN
6 GLYCINE
O/hlSTIDINE
8 hydroxyproline
9 PROUNE
10 METHIONINE
11 SERINE.
12 THREONINE
13 VAUNfi

L>aimno acids are catabolized to amphibolic intermediates

Amino adds formiog oxoloacetatc

Asparagine and aspartate arc converted to oxaloacetate by the successive

actions of asparaginase and a transaminase (shown below")

. Asperegirase . . nvnsar’rme ^ .

HjO ftHj Pyrwote A'on ne

Fig t9 If Conversion of asparagine to oxaloacetalc

Amino acids forming a ketoglntarate

Giurum/neard gfutowafe are catabolized like that ofasparagine and aspartate

but with the formation of o kctoglularate ($ho\sn below)

Ciulofi'ne
tAufam rtes» Transar’ nose _

Pyn^e A-of'rvc

KtlogKl'Qra e

r<t t9 17 (ionversian of uialJtmat, to a kelogluluntf
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ProUne is oxidized to a form of dehydroprolme whicti, on addition of water,

forms glutamate y-semiaMehyde This is then oxidized to glutamate and trans

ammated to a-ketoglutarate (sho«n below)

- . Probrtedeh/dnoenox , _ . Nonenrflw: .

Proiine ^ ^ FydoeS -— ^Glutoi

/'Z \ cortwylicoc'd / sem>c

NAD* NAOHtH* hJO nADvtj/' -^A/femofe
jsemofefe^e

a«Ketogiutoroie^

AtoSfte Fyuvof®

Fic 19 18 CoDversion of prolme to a ketogtutarate

Argwme and hsudine are both converted to a-ketoglutarate Argtmnc
IS converted to ornithine by argioase with the removal of urea Ornithine

by transamination forms glutamate y-scmialdehyde which is oxidized to glutamate

and transammated to a-ketoglutarate (shown below)

H/O ur«

_ Tron$cmnose7^
^ KciogKitorqie

•Giutowote y scmioWchyda

ff K«io8iutorof6'^

GKitoTiofe

NAO*-

NAOHfH-

TfonSO'ronose *,7=^ Cl

jn«t Pyruvote

^K/‘OtT>Of9
\stmtcf0eiyift

(fefy&0ffef>cs9

F-18 J9 19 Coaverwon of ariininc to a-keloglutaraie

Histidme on deainiaalion produces urocanic acid which is cons'crted to 4*

imidazolone 5 propionate by urocanase This product on addition of uatcr and
interna! oxidation reduction forms glutamate which is transammated to a-kelo-
fiiutatate (shown below)

Hi, fid ne " —Ur«oniCocid-

R K«fogiutarc!e-.2^£2;^2,

4 frridaiolooe 5-

propioncfe

Alonifle PyruvpV*

•Gluio»**ote'*

l5t \}iT>aW formivina

imdOK^oMt
efCCKOCt9
hydrolase

•Formimnogli/temle

FoTTTWTino' Hjfoiote (fIglU)
FUtoioie

Fig 19 20 Conversion of histidine to a ketoglutarate
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Atnioo acids formiog pyruvate

Glycine is converted to serine by sennc hydroxymethjltransferase Serme
then forms pyruvate by serme dehydratase shown below).

Gfycmfl'
hvdratvmethy! trcnshros6

Melh/ene

H4fofQfe

H4foiote

Senna

Pyruvof#

Fig 19 21 Conveision of glycioe to pyruvate

Alanine forms pyruvate by transamthmoa

Afanine- PyruvQta

a Ketoglutorata Giufamofe

Figt 19 22 Conversion of aianme to pyruvate

Serine is converted to pyruvate by serme dehidratase, a pyridoxal phosphate
protein Addition and loss of water as well as loss of ammonia are involved in

this reaction. The reaction is shown below

HzO !^ ‘

CHj

dOOH COOH
>

COOH
Serins

j
Serme <tef>yarafasa

|

NHj ’COOH
Pyruvic

celd

fig 1923 Conversion of serme to pyruvate

This conversion of serme to pyruvate is prominent m the liver tissue of rats

and gumeapigs became serme dehydratase is nch m this tissue of these animals

But in humans and many other vertebrates, serme is degraded to glycme by

serme hydroxymethyUransferasc The further catabolism follows the glycmc

cleavage system

Cjr/i/ie IS converted to cysteine by an NADH-dependeot cystine reductases*

follow's

;

Cvsfme rtdbc^cse ^ . .

Cyst

n

« ^ Cyvietn#

N60H+H* NAO*

rig 1924.

Cysteine is converted to pyruvate by (J) tiansammalion and Joss of H,S
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(2) By oxidatioa of the sulfhydryl gfo«P forming cysteine sulfimc acid, Iran**

ammation and by desulfiaation (^ov.q below)

"x:
ead-s.

TrcrsomfyosY

Afrino ood^^'y Cysl^ne^fmcocid

niiolpynryic ocfd A^Kefoocid

+ 2hXi

furm^K P-SJfry<pyfvv(COC>d

^PyflMsccccid**^

Fig l9 25 Comersion of to pyruvate

Tlirccnuie aldolase cleaves threonine to aceialdehyde and gl)cine GJvcine

IS catabolized to pyruvate as discussed before Both p>TUvatc and acelaldeh)de

then form acel)l-CoA (shov-Ti below)

Th»e^nir»e

IrAwwe e/sbbie

H.O-J^FAO

AMfC CC"J

CoA&t-sJ^-A'P
4. r‘Jfe sftatntsQf*j*

*"

-Acetyl CoA*

PyTUvCtt

J<ie‘’i^rog«nat

Fig 19^6 Conversion of Ihfcocmc to acel>l-CoA

ffjdrojr^pro/we IS converted to pyruvate and gljoxylate The conversion ts

indicated below

-0? Pyrrcli*e 3 h>TJrow 5 ctxbe*yr»cec»d

""xjsicHerjjyrr/C

> hydresy gKitofiTCH-

} semiaid«t>yda

HjO-vt^NAD*

'-NAOH+H*

a. Ktio y hydfwygJotaro'e-^^SS^VEryftro y hydrwy-
Ano/dbksA, / \ tfotoimc oil'd

Anvnoocid Ketoood

GJyoxyiiCOCid

Fig '9 27 Cunmsion of bydnutyprolme to pyruvate



AMlNO-AQDS FORMING ACETVL-C^A 361

AMINO-AUDS FORMING ACETYL-CoA
Ammo acids forming pynivate are comeriible to acetyl-CoA In addition

to this, 5 ammo acids form acetyl CoA directly without first forming pyruvate

Phenylalanine

Phenylalanine (an essential amino acid) is converted to tyrosine by

«

phenylalanine hydroxylase , tetrahydroptendine, NADPH and O. are required

The reaction is^not reversible
' ’•

Fig 19 ?8

The catabolism of phenylalanine and tyrosine may be discussed under the

following heads

:

1 Formation of fumarat^jind-acetoacetate

2 Formation of melanin

3 Conversion to epioeplinne

4 Conversioir~~to thyrOTine

Major pathv*ay '

1 . Formation of famarate and acctoacetate

(a) Tyrosine is transara nated to P^hydroxyphenylpyruvaie by ryTosme-a.

ketogluiaraie transaminase, an enzyme of mammalian liNtr tissue

Phenytolonifta

e>on fv ty0to*yfa$9

Tjrosine

jiyreyin* « he'cyH/foro'e ffcrsem/rast

P hydrec#»<fw<pyryv<Jl«

jp hy^rxityphenyfpyrwCfS ny^ro»ylCS9

Hoff«9e«Vf5 c oc*d

jwomjptfnftjcre cuiicse

Wfl'^riflceioccetoie

j/Sowds#

Funxif yiace 10ocel0 *e

Wy^cfose

Acetate Acetyl CoA

Fig 1939 ronnJlKMi of rui94r3te asd aceloscetete

(b) P h>droxyphenylpyru\'atc hydroxylase, a copper metalloprotein with

properties similar to those of tyrosinase, converts P-hydroxyphcn>lpyru\’ate to

homogentisic acid Ascorbic acid acts as a cofactor m this reaction
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(c) By the ox^dati^e reaction catalyzed by homogenthate oxidase, an iron

metalloprotein of mammalian liver, malolacetoacetate is formed by the rupture

of the benzene nng of bomogentisatc. The reaction is inhibited by a chelating

agent that binds iron.

(d) Maleylacetoacetatc is con\etted to fumarylacetoacetate by maleylaceio-

acetate cis-trans isomerose, present to mammaljan bver.

(e) Fumarylacetoacetate on hjdrolysis by fumarylacetoacetate hydrolase forms

fumarate and acetoacetate, Acetoacetate can be comerted to acetjl-CoA and
acetate by ^kelotbiolase

2. Formation of melanio :

(a) Melanin, the black pigment present m the skin, hair and retina of the eje,

IS formed from phcn>IalaniQe and tyrosine in the speaalised cells fmelanoblasts)

present in the skin. The pathivav of melanm formation is given txiow.

- ’
' Tyrosine is oxidized to dihjdroxyphenylalanine (DOPA) cafal)’zcd by

tyreSinase ut^presence of ascorbic acid as cofactor.

(c) DOPA'is converted into dopaquinone which is further converted lnto5:6
dihydroxyindoJ^.^-catboxyUc acid This is oxidized to dihydroxjindole whkh
polymerises spontaneously to melanin

'
t

'
' ,* fftnytolenme

Pn«nylo'i»vi^e . ^/^Cg^'rV. .̂£-«D»hydrwypftefiytoion‘fi»

* 't V.-f ^ IDOfM
• >..

I

Mllonin * O'hyd'^ indcl* S&d'hy^fptyindal^*- -Decoaioye
2-corbc*yit:eciS

FiS 19 SO FonDXtioQ of DielaQjo

3. Conrenlon to Epioepbrioe '

(a) Phenylalanine is converted into tyrosine which is further converted into

3 : 4^dihydroxyphenylalaninc (DOPA) by tyrosine hydroxylase with fetra*

hydropteridme as cofactor.

(b) DOPA is decarboxylated to dopamine by a decarboxylase which is present

in many tissues includiog^adrenal medulla with pyridoxal phosphate as cofactor.

(c) The hydroxylation of dopamine is carried out hy dopamine B-hydroxylase

to form norcpmephMe m the presence ofascorbic acid and molecular ox) gen.

(d) The methylation from methionine convertsnorepinepihriac to epinephrine.

The sequence of reactions are given below.

TtnSriefiyitvrylae

phenyWOfuria
(DOM)

rig 1931. Fbnnatioo of cpinephrroe
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4 Coaversioo to thyroxiae

The synthesis of thyroxine takes place m the thyroid gland

(a) Phenylalanine is converted to tyrosine which on lodinatioo forms mono-
lodolyrosme This on lodination forms diiodotyrosine

(b) Coupling of 2 mols of diiodotyrosme yields thyroxine

(c) Coupling on 1 mol of monoiodotyrosme and 1 mol of diiodotyrosme
produces triiodothyronine

The steps are shown belou

Pfianyfotoame

I

flfV/ttfib/C/? ns hydroxyiots

Tyros oe

|od noiion

Moftcodoiyros ne Mot

I

od notion

0 odoiyros ne

jZrnol&CQuplng

Thyro*int+ Alonne
{35^5 lelfOodottyTonnel

Di odotyros ne

Tn odotnyfonine

Pig J9 32 Fohnation of thyroxine

Minor pathrray

1 Formation of tyramme
2 Formation of tyrosmiHi sulphate

1 Formation of tytamine Tyramme is produced by the bacterial dwom-
position involving decarboxylation of tyrosine by decarboxylase prwOTT in

bacteria

. Dscarbotykjis _
TyrOjOO .— —Tyrom ne

Fjl J9S3 Formation of tyrnnine

2 Formation of tyrosine o-solpbale This is present in fibrinogen Two
peptides are liberated during the conversion of Jibrinogcn into tibrin One of the

peptides contain tyrosme*o-sulpbatc

Jfypfo^>ig_

Tlie carbon atoms of the side chain and of the aromatic nnf of tryptophan

may be completely degraded to amphibolic intermediates Tins proems via

kynurcninc anthranilate paths^ay This pathway Is important for degradation

of tryptophan as well as niacin formation from tryptophan

The catabolism of tryptophan may be discussed under the following

pathways

J Kynurcninc-anthninilate pathway
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2 Serotonin pathway

3 Minor p^ithways

! Kjnureiune-aatbraailate pathway

(a) Tryptophan oxygenase (Tryptophan p\rrolase) cleaves the indole nng of

tryptophan with the incorporation of 2 atoms of molecular oxygen forming N-

formylkynuremne The oxygenase en^mie ts an iron porphjrm mclalloprolein

which IS present in ihe liver of mammals, amphib ans birds and io«ects Four

forms of hepatic tryptophan pyrrolase have been described the active holo-

enzyme, the apoenzyme, third formts combined with hematm and the fourth form

requires prokmged incubation The chief inducing agents of tryptophan

pyrrolase is adrenal corticostero ds induction is blocked by puromycin Try*

ptophan stabilizes the enzyme toward proteolytic degradation

(b) Kynuremneformylase of mammalian lu'e* catalyze, the hydrolytic removal

of the formyl group of N formyl fcynurerme producing kynurenlnc

(c) K>nurenineondeaminai4onproduces2 ammo 3 hydroxybenzoyl pyruvate

which loses water and then undergoes spontaneous ring closure forming kyrurcnlc

acid This is not formed in the roam pathway of tryptophan breakdown

(d) Kynureamc is hydroxylated by kynuremne hydroxylase with molecular

oxygen in presence of NADPH to ihydroxy'kynurenme

(e) 3 bydroxyanthranihc acid is formed from 3 hydroxy kynurenm by the

enzyme kynjrenuiase which requites vltomm D, (pyndoxal phosphate) as

rognTynie- In the deficiency of vita^j li," kymircmnc derivatives reach the

extrabepatic tissues where they are converted to xanthurenic acid This is found

in the unoe of human, monkeys and rats when there is dietary deficiency of

vitarom Excess tryptophan feeding can induce cxctclion of xanthuremc acid

if vitamin B# deficiency exists The kidney can produce xanthuremc acid

de’-ivativcs from kynuremne

In the deficiency of vilamm B« the synthesis of pyndinc nucleotides (NAD

and NADP) in the tissues is impaired owing to the nooconversion of tryptophan

to nitgUniCjacid 60 mg of tryptophan produce I mg of nicotinic acid

(f) 3 hydroxyanthranilic aad is then converted to 2-acroIcyl 3 aimnofumanc

acid by the specific oxidase 2 acrol^I 3 aminofumanc acid is dehydrated

to quinolinic acid which on decarboxylation produces nicotimc acid

(g) RiboJIavm is also necessary for Ihe formation of 3 hydroxy kmurenme

In riboflavin deficiency, antbranilic acid and 5 hydroxyanthramhc acid are

excreted In fcbri(e state, man often excretes 3 hydroxykynuronme

(h) 2 acroleyi 3 aminofumanc acid is decarboxylated to form 2 ammo-

mucomc acid 6-semia!dchyde which on deamination and oxidation produces

oxalocrotomc acid This on reduction forms a ketoadipic acid which ultimately

forms acctoacetyl CoA
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The sequence of reactions is stated be^
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2 Acrdcyt 3 omincfumofic oed

I^HjO CO

S f»y^foxycfttrimv/or»

5 ft/droiycn rvofxK
oe d

OxiiftO'ifiC OC d _? flfmfiofnueoncQ-^ia 6
I MmiaiijeMc
Nco2 ^
1

NH!
O'

,
Oioioe/otonic ood « iie)cioJp« >

NAWPIH+H* NaO(P)'
'

In (be deOciec^ of ttboflaWfl :

Kynutemne— — >>ActbraoiIic acid- —-•5-hydroxy—
antbraoilic acid

Fig 19 H Kynurcoinc—*nthranilate pathway

2 Serotonin
^

patbvta y

Try^phan on hydrox>lation in the liver forms 5-bydroxytryptophan VJhich

on decarboxylation produces 5-h>droxytryptamme ( serotonin ), a nf

the central nervous system and also a va^constnetor .sproropm

irM>Tgterctr~^K 'fll^o' occurs in intestinal mucosa where ii promotes peristalsis

Sirowhmls broken down by oxidative deamination to 5-hydroxymdoIeacetic acid

\shicH IS excreted in the urme

The sequence of reaction is given below

Trypfophon

]^fT/fO€yk}‘io.f

5 hydifixyiryptocnon

jilftWrAar/Orort

S -nydroi^^ryptoime
tSerofonnI

nf e90m.net on

^-nydroiylnd^eocetic ood

Fif 19 35 SerotonJfl pathway for tryTnophaa cauboIiJJB
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Serotonin on acetylation and methylalioo produces N-acetyl-S-mcthoxytryp*

tamine (the hormone melatonin)

3 Minor pathways

Minor pathways include .

(i) Formation of kynuremcacid

(ii) rormaliou of tryptamine

(ill) Formation of indoleacetic aad

(i) Formation of kymrenic acid Mentioned m the Icynurenic anlhramlatc

pathway (Fig last)

(n) Formation of tryptamine Small quantities of tryptophan are comertcd
into tr^tamine by tryptophan decarboxylase present m bictenajn large intestine

Decarboxylase
Tryptophan ^Tryptamine

Fi* 19 36 FotmaiiMi of toptxmine

(in) Formation of indolcacettc acid • Oxidatoe deamination converts trypto*

phan to tndolepyruvic acid which m turn, is oxidued to indoleacehc acid In*

doleacetic acid is further converted to indole, Tlcatole and tndoxyl by mtestmal

bacteria The reacitoas are shown Mow

Tcyptoreion

jor/Mf re tfecminof on

inCclepirrvvic ocid

|o» c57//<w

indoleocetic octd

I

^iXoiole Indcile Indotrl

Fig 19 37 Convcnion of iryprophaa (minor pathways)

AMINO ACIDS FORMING SUCCINYL-CoA
Metbiomne

(a) Methionine is first activated bv ATP forming S adtfnosyJmethiomne
("actne methionine'’)

(b) After removal of the methyl group, the active methionine is con'cried

into S-adenosylhomocysteinc This is hydrolyzed to produce homocysteine and
adcnosme

(c) Homocysteine then condenses with a molecule of senne forming cysta*

thiomnc which produces homoscnne and cysteine on hydrolytic clea\’age.

(d) Homoserme is then cooycrted to « ketobutyric acid by the enzyme homo*
serme deaminase

(c) The oxidatiie decarboxylation converts a-ketobutyrate to propionyl CoA,
(f) Prooionyl CoA is converted to D-melhyl malonyl-CoA by propionyl*

CoA carboxylase m presence of ATP and biotin as coenzyme
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(g) Methylmalonyl'CoA raccmase converts D*methyl malooyl-CoA to L*

methylmalonyl-CoA whichm turn, is converted into suocinyl-CoA by the specific

isomerase with Bi, as coenzyme

The reactions arc given below :

Msttuonme

I^ATP
[^AMP+PPi

S'Acenosyimeihionine

Acceptor

r^CHj-occeptof

S ACenosytnorrocystemft

j^HjO

No<nocy$teine

L^Senne

l^HjO
CyStotruoniAtt

r^Cysieifie

Komoserma

J^NHj
ft-t<*IObwVlC OCHS

CoaSH-sL-NAO'
CO2-f^NA0H+H*
ProptOrtyl-CoA

ATPTnI^COz+HzO
eclim prff„Qr^. q,/j

AOPf
O'MeWylcnolOnyl CcA

\Mefhyltraitn/f-Oy1
yocemne

L*Memjl molonyl-CoA

p iMeyyttTiokjfvt-CoA

Sueonyl'CoA

Fis I9J8 Catabolism of mtlhlonlne

Leoclne ;

(a) Leucine is transammated to produce a*kctoisocaproic- acid which on

decarboxylation yields isovaleryl-CoA. This on dehydrogenation produces

methylcrotonyl-CoA.

(b) Carboxylation converts ^«meihylcrotonyl-CoA into ^•mcthylglutaconyl-

CoA which in turn, is converted to p-hydroxy-^-methylglularyl-CoA on

hydration- This product is cleaved into acetoacetale plus acetyhCoA.
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The reactions arc given below

teuc ne

KeTOOC^ A^(\ooc«l4

Co\SH
A KelDBOCOprtMCOCid

A
A£«tyl C&A »VAfOQe«<Qt«

^H20 c

» A Metfty<^|QConyt’

Fig }939 CfitAboIism cf leuctce

Valtae

(a) Valine on transamination produces a-keto*isovalenc acid nhich on de-

carboxylation yields isobutyryl-CoA This on dehjdrogcnation produces meihyl-

acrylyl-CoA

(b) Methylacrylyl-CoA is hydrated to produce /? hydroxyisobutyryl-CoA

which on. hydrolysis gives j3-h>droxyisob«tyric acid This is converted into

methylmalonic aad semiatdehyde

(c) Thesemiftldehydeisoxiditedtoyield methylmalonic acid which on acyla-

tion yields meihylmalonyl-CoA This ultimately produces $uccmyl-CoA as

shown in leuane catabolism

The reactions arc given below

nerotKid ATiiroocid

Mathyitrciwvcoctd-
aem okJetivde

I
C<^SH H^O

CoASH
» Welo»w»oie»coc4j' " »liebutyryl CoA

CCl2 ''..f'Hl

IJ'elhylocryV'CoA

l^zO
a rtjCeoxyreobuljTVl-CcA

CoA SH H>0

Methylmctfonic oc«J- Melhylmdooyl-CoA

—

Succiny! CoA

Fig 19 ^0 Catibolt^m of valme

Isolencinc

(a) Isoleucmc on transammation produces a-keto ^-meihylvalenc aad which

on decarboxylation yields a methylbulyryl-CoA This on dehydrogenation

produces tiglyl CoA
(b) Tiglyl-CoA IS hydrated to produce a methyl-j3-hydrox>but>ryl-CoA

which on dehydrogenation fonns «-inethylacetoacetyl-CoA Thiolytic cleavage

forms acetyl CoA plus propionyl-CbA Propionyl CoA is converted to succinyl*

CoA as mentioned in leueme catabolism
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Reactions are given below •

fsoleuc ne—
CoASH

Ketoocids

K«e-/J methyivoienc-

X ocd
Afwno ocids

f2H]

a. Methyiocefooceiji CoA'*

CoASH

COa^

S Mefhyibutyryl^oA

Acelyt CoA'
(Kefogentcl

'K Metltyl ]8 ^y(lrQ(y•

- twfyryl-CoA
—^—TjQIwI

Prop o^yl CoA
(Glycaoemc)

Succnji CoA

Fig 19 41 Cauboltsm of Isoleucine

CataboUsra of Histidine

The catabolism of hisDdme proceeds under the following pathway

1 Urocanic aad pathway

Histamine pathway '

^^y^lm\daxok pyruvic aad pathway
*

4 Mmor pathways

1 Urocanic acid pathway

This IS the major pathway of histidioe cataboiisra

(a) ffisadme IS first converted info urocamc aad by (he removal ofone mol
of ammonia by the enzyme histidase '

>

(b) The enzyme urocanaie with pyndoxal phosphaie {B,*Po<) as coen^mc
converts urocanic acid to inud3Zolone-3 propionic acid whichmturn jsconverted

into fl formiramoglutamic aad (BGLU) by hydrolase

(c) q»Formtminn ptuffimtcacid isthcn converted mto glutamic acid resulting

in the (ronsfer o f Cj ^bon atom to tarahydrofohe acid

In human bem^^nd animal>._dcfic>eiicv of foliv^aad or vitamm causes

an exccssiNeeifereKon nfTrni.Li. A small amounT’oTTmidazoIc^ propionic acid

may be oxidized to hydantin-3-PropJomc acid which is excreted m the unne

The reactions are stated below

Hydaif n
'X~r>fCC»orac
•a rtrirf

wa3t»

Urcer<aod
>f9

nrade'Oov 3 pfDpcre oc»d
|

A FaftutTun^iitarn<coCt<i(FiCH/}

NH,-^
C'gtOTCOOd'f ’Cl

Fi8 >9 4/ Urocanic »ctd pailiway

F 24
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2

Histamine Pathway

Histidine i^ecarboxylated by histidine decarboxylase to form histamine

This i^ormed at a significant rate in letaUaad r^nerat'mg.. iiver_^ wdl

Histamine is detoxiBed as its methyl or acetyl derivatives or to oxidize to

imidazole acetate sxhach are excreted m unne The reactions are given below

Hstdne
(fscofboxyiose

H Siam pe ^jf^fn^^fa^ffuncnon

NeihyitBSfOTif^-^^^^jp-i Me%imd02ole-4oce*tcccM

vin^dczcie eceteocid

Tig 19 43 Histamine pathway

3 Imidazole Pyrene acid pathway

Histidine by traosammation i$ converted into imidazole pyruvic acid which is

further oxidized to imidazole acetic acid as noted below

Hisitdioe

Imidazole pyruvic aad

Imidazole acetic acid

4 Minor pathways

(a) Histidine is converted into camosme and amsenne by minor pathways.

These cdinpoundJ MSTound m mu^e i^Amosine is a pepUde nf h«tidtr» aad
fcalamne whereas amsenne is a peptideTS^HliilBylfllsUdioe and <&»alaflme

(b) Ergoibionine tbe_betaiae of 2 mercaptohistidine. is present _in high_con*

centratiJli iii tiuiush eiytHFocy U iS'dUo fOUna in livir-and braS

GLUTATOTONE
Formation

Glutathione is a tnpeptide of glycine cysteine and glutamic acid. Its

synthesis is as follow's

Outem coeiU 4* Cysle n«

Iatp

Qutarn)} cysfetne

l+dycfie-l-ATP

©uTwnyf cyste nyl>gtycin«

(ciutcUBorel

Pig 19 44 Syntbesis of glntathione

Foncfions

1 It acts as a coenzyrae for tlw en^roe glyoxalase which converts methyl
glyoxal to lactic acid.

i
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2 It acts as a coeozyme for formaldehyde dchjdrogenase which converis
formaldehyde to formic acid

3 It acts as coenzyme for maleyl acetoacetatc isomerase

4 It IS involved as a coenzyme in the y glutamylacyl transferase for ammo
acid transport in some cells

5 As a coenzyme it participates in the formation of prostaglandin PGEj
from arachidonic acid

6 It takes part as a coenzymc in the prevention of pcroAidalion of poly
imsaturated fatty acids in tissues

CREATINE AND CREATININE
Chemistry

'' *'

Creatinine is the anhydride of creatine and a product of endogenous mcta
holism Both creatine and creatinine are readily inlcrconvertcd m solution
Acid favours the formation of creatinine The structures are given below

.NHz COOH

CHi

<Xi

CHz

CHj
Cieoi n n«

fig 19 45 Structure ot creatine and crcatmine

Occurrence

Creatine is widely distributed in animal tissues It is present in muscle,, brain

and blqpd as phosphocreatme and also in the free state skeletal muscle contains

about 0 5 per cent creatme and heart muscle about half that amount 98 per cent

ofthctotalcreatinc mihebody IS in the I

• -

the muscle by thc-irrescrsible and none
pho^ohaic Traces of creatine are ai^ normally present m urine 'Cfcatiriine

formation IS aprelimmaiy step required for the excretion of most ofthe creatine

Biosynthesis of creatine and creatinine

1 Three ammo acids—G|ycme, argmme, and methionine are directly

2 The first reaction is that of tninsamidination from arginine to glycme to

form guanidoacetic acid (Olycocyamine) Tins reaction lakes place m the kidney

but not in the hver or m heart muscle Recently, evidence has shown that

ncphrectomized rats can still synthesize creatine The interpretation is that there

IS the existence of an cxtrarcnal site or sites oftransamidmation in this animat

3 The synthesis of creatme is completed m the hver by the meihylation ol

gljcocyaminc * Active mcihionmc is the methyl donor Other methyl donors-

betame or ebohne after oxidation to bctaioc—serve indirectly by producing

methionine through the methylalion of homocysteine The methylalion ofglyco

cyamme is not reversible Creatme or creatmme can not meibyble homocysteine

to methionine Ir^ the methyblton of creatme, ATP and oxygen are required

nuscles Crejlmine is lormcd largely in
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The enzymatic mechaziums for the jnethylation ofglycoQ-amine lo^’olves fiijt

the formation of acti\e methionine {S-adenos>lmethiomne) which requires ATP,

Mg.+' and glutathione as ^ell as a methionine acnratmg enzyme. The medi>la*

tion of glj-cocyamme b> actiw methionine is catalyzed by gvaridoaeetate methyl-

/erase found in the Inw of mammals. Glutathione or other reducmg snlatances

are required for the optimal activity of the enzyme. There is no evidence for the

requirement of metal ions or other cofaclors

It has also been found that Panereeu_^<^ synthesize glyrocyamine. There-

fore, Pancreas may j^ay an tmpm-mnt mle in the synthesis 01 Creatine^nthm die

body of mammals

Dietary creatine or high blood creatme has_jio effect on the rate of syn^esa

of creatme m the luer The rate of creatine biosynthesis is de^ndegLgP-^idoey
transamidinase activity Hvi»nn\Toidism is associate vvitn reoucea uoary
transamidinase activity. The effect ofhyperthyroidism on kidney transamidinase

IS mediated by the increased levels of blood creatine.

4 Creatinine is the anhydnde of creatine and is formed by the non-

en^matic means in muscle.

The overall reaclion is given bdow :

Fig 19-46 Biosjnthesu of creatine and creaiuum

Absorption

It IS completely reabsorbed in the renal tubules at lower concentrations.

jS'ormal level of veatine and creatmlne in the blood.

'oshot; z^^^Tle-mg/ioo^iT
Creatjnme 0 7— 1 5 mg/100 ml.

Dailj excretion in otine. '

Creatine .

'

Prepubertal children
, . 42 ms/lg.

During pregnancy and occasionally in normal non-
pregnant -nomen .. . . 0—100 mg

Normal males on a balanced diet ... Nil

Normal subject mainlained on a very low carbohydrate
intake and danng fastmg period (doe to cscessive
catabolism of muscle tissue) . . Upto 100 mg.
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Creatii^
: 1 to 2 grams.

Normal adult males
0 8 to 18 grams.

„ females

Crcadnine coefficient •

«„mher of milligrams of creatinine

This term IS ofbody weightS hours.

^"“m^”=ffiae.itis^mdexofd.= amountof acuve oiuscle tissue

m

:Lw2
““

Ciuiical importaace
:

is not proportional to the sim of the

1. The amount of a mal with well-developed muscles

s„hiect hut to his musa^rdevclOEmsH
n

Ordinary muscular

SiSS —eTwth IS npprommamly the

exertion does not aff^hu o^y o v

^“”V“exSi:—
SfgSmSdfdVp^«. ““Ecnital muscub

MTsecondary muscle atrophy)
observed in hyperthyroidism, durmg

3 Excessive has been observed after fracturra (to

to iSa^p^^SlIy durmg the period of bealmg of

fracture
, u^e.,Aatmiina in castrates by mcreasmg the storage

4. Testosterone diM^es of methyltestosterone cawB

butnotjtegi*^“J^^oreaSe 4d creaunine due to increased synthesis

fXlSdtllnce (I e. exc^sivc excreuon) i, present in m.td cases of

•hove menuoned disorders
maionty of pauents with hy^r-

3 Creaune tole™“CCo^m uTproiidurcW much vatues

aiyroidismandiuOT^i^^^^y, ^ hypothyroidism in children

in the diagnosis oi uji^

— .rxrp nfinV :
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3 Phenylalatune can be converted into tyrosine and tyrosme is the precursor

of epinephrine, thyroxine and the pigment melanin

4 Glycine, arginine and methionine all participate in the synthesis of

creatine

5 Glutamine, formed from glutamate, is the chief soura: of ammonia foi

mationin the Sidney Ammonia helpsm the neutralization ofacid to be excreted.

6 Glycmeactsasacouplmgagcnttoconvertbenzoiuand salicylic actd> into

hippuric acid and salicyluric acid respectively which are readily excreted bv

the kidney

7 Histidine can be dccarboxylated to produce histamine

8 Tryptophan can be conyerled into nicotime acid in presence of vitamin

B4 and B] and into serotonin which on acetylation and methylation produces the

hormone melatonin

9 Glutamate, aspartate and the ammonia formed from ammo acids bv

deamination are utilized for punne and pynmidlne synthesis

10 Glutamate and aspartate are involved in transamination reaction

to form keto acids which are converted into glucose by gluconeogenesiv

11 Alantneon deatmnalionformspynivicacid which isan important inter

mediate compound m the metabolism ofglucose The fate ofaJamne is the same

as that of glucose Hence, alanine can be regarded as a glucose former

12 In case, the diet contains more proteins than 1$ required to replace the

catabolized protein, the excess ofammo acids is used for energy production The

presence of an oxidative deatnmatiQg enzyme system ID the liver (and kidnev) can

convert ammo acids into keto acids hbroting ammonia in the free state The

ammonia is used for the synthesis of ammonia.

13 Some of tlie ammo aads arc metabolized to glucose derivatives while

others form acetoacetate

NITROGEN BALANCE

Nitrogen balance is defined as the quantitative diflcrence between the nitrogen

intake and the nitrogen output, both expressed in gms N/day Intake means the

nitrogen of the food and output means the excretion of nitrogen as unne, feces

milk, sweat, vomiting, menstrua! fluid and loss of hair

Positive mfrogen balance exists when intake exceeds outpuL This conditiofl

occurs whenever new tissue is synthesized such as during growth xfthe young and

in pregnancy

In negative nitrogen balance, the output exceeds the intake This condition

occurs in inadequate intake of protein (fasting, diseases of the gastro-ictes-

tinal tract), m accelerated catabolism of Ossue protein (fevers, infections, wasting

diseases and trauma) and in the absence of “essential ’ ammo acid from the diet

It is concluded from the above discussion that nitrogeD-eomlibniKn fintaieg
output) IS maintained only in the adult organisms and only in the absence of the

abnormal conditions — — —
An “adequate diet’^ontams all requirements for minerals and vit^ms the

protein of the diet is oriugh **biological value” and is admmisterro at

a sufficiently high level, other caloric needs are met satisfactorily bylthe

Carbohydrate and fat of the diet A minimum amount of dietary carbohydrate

(5 grams/IOO calories) is required for the maintenance of nitrogen cqui-

libnum independently of the adequa^ of the energy provision from fat and
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protem This Is referred to as the
*
*pfOtein sparing action ’ of carbohydrate

Under these circumstances, the nitrogen output equals the intake An increase
or decrease m the intake is followed by a corresponding adjustment in the output,
so that nitrogen equilibrium is established at a new level There is no marked
tendency for storage of surplus nitrogen

PROTEINURIA ^
The ^omerular membrane permits only a very small amount of the normal

plasma proteins^The^omerular£ltrate normally contains 10 to 25 rog protein
This IS afmost^completejy reabsorbedJby^lubufare^thelial

it IS ditncultlo detect albumin In ^e urihe normally

In nephrotic-^mdrome, urinary albumin Globulin ratios are very hich
In chronic glomenjlpnephntis, the ratTo is lower In acute ncphntis, the ralTo is

low Low valuerare ipund m amyloid disease of the kidneys

Certain foreign proteins entering the plasma gre ehminalcdjiy the kidney

,

whereas normal plasma protein is retained in the blood Thus, hemoplobin-when
free m the plasma, egg albumin and other foreign proteinyl rntrodured intone
blood stream, appear m the urine

Two major mechanisms operate to produce abnormal proteinuria

1 Humoral proteinuria Plasma contains abnormal proteins of small
molecular size which pass readily through normal glomeruli

2 Renal proteinuria Thegloinerular membranes are so injured that they
become more permeable to the normal plasma proteins or tubular epithelial cell

damage results in inadequate reabsorption of proteins from the glomerular
filtrate

Abnormal protemuna occurs when the quantities of proteins reaching the

tubules exceed their reabsorptive capaaty

The pathogenesis of protemuna may be summarized as follows

1 In the majority of instances, glomerular abnormalities—structural or
functional, primary or secondary—play a fundamental role

2 In many cases, associated tubular involvement is the primary factor

3 A few cases are due to abnormal proteins in the plasma

4 The urinary proteins originate in the lower urinary tract

Protemuna is classified into three classes

I Trimsltory proteinuria It never ladicales permanent renal disease It

may occur in fever, after lotease physical exertion an^ after miaor emotional

stimuli
~~2

^ContloaQOs protclnarla : This is always pathological and is indicative of

pyelonephritis

3

Orthostatic protelanrla ; Tbis as caused by erect posture la lumbar

lordosis haiMrcommon-iD-adoIcscbocer'' __

MEnnONlNE

Methiontne is an essential and a sulphur containing ammo acid

Structure CHi S CHi CH| CH COOH

KH,
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Concentration m bhod 0 85 mg/IOO ml

Daily requirements Infants 85 mg /kg body weigbt

Adult male 1 5 mg /kg „ „

Adult female 4 7 mg /kg , „

Physiological fooctions

:

! Methiomne, as the sole source of sulphur contaming ammo acids,

IS capable of maintaining nitrogen equilibrium

2 Active methionine is the main methyl donor of the body

3 Choline can be formed from ethanolamine if enough methionine is

available in the body

4 Methionine, after donating methyl group, is converted into homocysteine

from which cysteine is formed

5 It donates methyl group for the synthesis of creatine from guanidoacetic

aad

6 It IS involved in the detoxification of mcoumc acid for the formation of

the excretory product tngonellioe

7 Methyl group is donated by methionine for the formation of epmephnoe
from norepinephnne

8 It acts as a lipotropic factor

ACIDIC AMtNO ACIDS

The acidic ammo acids arc 1 Aspartic acid (o-ammo succinic and)

2 Glutamic aad (a ammo glutanc acid)

Stractnre

;

HOOC-CH,-CH-COOH HOOC-CH,-CH,-CH-COOff
1 1

NH, NH,
(Aspartic aad) (Glutamic aad)

Biological importance *

1 These ammo aads are nonesseatial and readily synthesired m the body

2 These are metabohcally the most reactive of the ammo acids

3 These are the active agents lo the processes ordeammation and ammatiofr
through the partiapation m iransamioatioo reactions

4 Glutamic aad (as acetyl glutamale)partinpatesm the convTfSioo ofGO*
to “active CO,” and ‘active CO,’ to carbamoyl phosphate which m-combiaa
tion with omithme forms citrulline

5 Aspartic aad patUapatcs m the conversion of citrulline to arginine

6 Decarboxylation ofasparticaad leads to the formation of^alanine which
is a constituent of pantothenic aad.

7 Both the amino acids are glucogeruc only

8 Asparagme formed from aspartic aad plays an important role in

the metabolism of plants

9 Glutamic aad is a component of glutathione and folic and
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Management of edema :

Di^b is KsenUaUy an increase in nnne output suffiarat to ntodneea sigmfiranl negatii-e balance of ss-ater and negabs-c balance of sraternegaus e bailee ofsodimn In most edema, ifiiomeralar filtaborS not^““ ^ estabbshed bv sodmm intake. 11= leater
not be bmted Nonnal or esen higher than normal incestion of water mat

Sd1Shmie”SSnx'"“'- ”

,
dinretic^Elhacjmc acid and fiirosemide-havc reeenUv^ .

Eaif^'C ^qdmhibjlsjlre ;^b^rebnn ofsodmm m
an^distal sem^ls burosemide prb?j^ a prompt excretion of wwF
o^^uma^o

' "JCOIO” is moderate It inhibits reabsorption

AhnisOTRANSFERASES rTRANSAMIXAftFi;;
Ammotr^ferases milalyre the transfer of ammo group from an ammo acidto a keto acid

, a new ammo and keto acid are formed in tins process
Clmically tM most imiwrtant ammotransferases are Glutamic oialacetictransaminase (GOT), no^esignated asparate ammotransferase and

pvruvic transaminase (Gf-n. now designated alanine aminotransferase®Senzymes aremdelj distributed in tissues andarenormallypresent also inibe bS
serum m concentrations upto 19 U/l

je*s>,ii.«jsoin me oioon

AmmolMsferase activity ETnircased in certain diseases involving tissues

o^'itMeT°^S^,^;;S* '-39 -aunts

..H
mureased m indamm.aio,y

MajegBiaMic^igiOTiT oi tnc iucr~ The extent of nso depends on the se\’entv of
the diseare The ^ghest values hare been obtained in acute hepabc neSismLome valuK (<2» UTOm obtained m uncompbeated portal curbosis. bdiaiy

(15^1^ m mlfSSul)
Obstrucuon as well as^ hepatic 0.^511005

Serum GOT activity is increased in acute heart fadiTrc the values are niiiilli
below 100U/I,butoccasionaUyashigh asl503U/I Sbght oTmoderate increasesmay occur after intracardiac operaUons In acute myciSrdial infarctiom TOTa^mlj IS siguiScantly increased but no increase m GPT The tomuiitimr^GOT IS diagnostical^ important for the followmg cueumstaniS^^^

I Diffmotiabon between acute myocardial infarction and corouarv in-
snfficiency No increase occurs in coronary insufBciency

w^uusu,

2. Diagnoas ofnrate myocardi^ infarction when the ECG changes are not
definitive or are difficult to inlerprele because of previous infarction

3 Diagnosis of extension of the ongmal infarction or of recumne acute
infarction *

Serum GOT may increase m muscular dystrophies, myosilis and gangrene
An increase may occur in pauents with acute pancrealiUs. leukemia and lozenua
of pregnancy No mcrease m serum GOT occurs m muscular diseases ofnervous
orlgm Increases occur in patients with acufehemolytic anemia and in normal
person after prolonged severerezercise Fijlhromycm can cause an increase m
serum GOT

Isoenz)Tnes • GOT exists in two isomenc forms which can be demonstrated
by electrophoresis One is densTd from cytoplasm and the other from raito-
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Dietary ftotems

fig 19 48 . General Pathways ot ftotem and ammo acid metabolism

Carbohydrate

Pyruvate

Fattyacids

Acetyl—CoA

Ketogenic

amino acids

\^AcAcetoacetate
Oxaloacciatc"--s^

Krebs Cycle
j

Co2

^•Ketogiutarafe

'

Purines
Pyrimidines
Epinephnne

, Thyroxine

) Bases of

Phospholipids.

Creatine
Porphyrins.

Protein enzymes
Pretem hormones
Tissue Proteins

Fig. 19.49 : Metabolic interreiadonsof Proteins wth other food stuffs
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chondna. If the isoenzyme from nttochoadria appears in serum, cell death
occurs This indicates n se^Tre lesion and aiTects the prognosis

1 V»’hat do you mtan by Intermediary metaboliun Give an aceoimt cf Intenacdory

metabolisre of proteiot (R U, 70A)

2 Viliii ts Utei 7 Describe tu foroiMion and tJtmuonm InuniQ body
(Bh 1/ 74A ; R U 70A)

3 Explain the chemical reaction! tnvoKxd m fonnation of Urta <R. U 73S}

4 What ts Urea ? Describe the synthesis of urea m the body (Mul75S ,P U €SA)

5 LtsitbeescrctoryproducUornttrotcntBeltbolism Moseateibcyfotmedsolhcbody 7

(R U 65A. 6SS)

6 What are the sources and main functions of ammo acids la our body Describe the

process involved m the OreakdoMU of imnso aads (Mith S7A)

7 Name the essential amino acids and desenbe the specific metabolic role of any

two cf them (Rift 6SS, 70A)

8 Describe the fate of amioo aads in (be body (Mith 74A ; P U 72S}

9 Describe the metabolic fate of pbetiylalaaioe tad tyrosine hi the body

(Mith. 65A 5 7JA)

10 Name one ammo acid whicn takes part IQ synthesis of many bonnonesD the body

BiieflyoutlifletbestepsofsyDifaesisoraayoQeoriheseboRBones (P U 72A)

11 Write notes on .

(a) Essential ammo *ads (P U. 75S ; Moz. 75A ; Bh U 74A)

(b) Aodic ammo aods (P. U. 70A>

(c) Methionme (R. Uv 64S, 70S)

(d) Tryptophan (Muz. 74A , Pun. 69A)

(e) Amiflo transferase (Mith. 75A)

(0 Edema (R- U 72A)

(s) Nitrogen balance (Muz 74A)

(hi Nitiogeo eouilibnom (M. U 7)5)
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CHAPTFR 20

OVERVIEW OF INTERMEDIARY METABOLISM

INTRODUCmON
1 The dietary constituents after digestion and absorption follows inter-

mediary metabolism

2 TTie metabolic patliways fall into tliree categories

(i) Anabolic Pathways involving the synthesis of compoxmds constitute the
body’s structure and ma^mcry Protem svnthests is ore of them. The free energy
required for these pathways arc available from catabolic pathways

(ii) Catabolic PaViwt^s invoKc owdauve processes and release free energy
(usually in the form of high-energv phosphate) or reducing equivalents e g

,

biologic oxidation

(ill) An^hiboUc Pal^ioays are the links between the analiolic and catabolic
pathways, e g ,

TCA cvjcle

BIOMEDICAL IMPORTANCE

1 The concept of m»*tabalism m the normal animals provides a sound
understanding ofmany diseases

2 The vanations and adaptation m meiabolism due to penods of starva

tton, exercise, pregnancy, and lactation are tneluded in normal metabolism

3 Abnormal metabolism results from nutritional dcfioency, enryine de»
fiaency, and excessive secretion of hormones

4 The example of a disease caused by abnormal metabolism is diabetes

tnelhnis

THE BASIC METABOLIC PATHWAYS

\ The basic pattern ofmetabolism m the tissues is set by the diet

2 Humans require to process the absorbed products of digestion of dietary

carbohydrate, lipid, and protein These are mainly glucose, tnacylglycerol, and
ammo acids respectively

3 In ruminants, cellulose m the diet is digested by symbiouc micro-orga

msma to lower fatty acjds (acetic, propiomc. butvnc) which are uiiUied as major

substrates m the tissue metabolism of dicse animals.

Fij 201 71trecm«jorcaKt:or]e(ors>eUbo}iepathtra)xC>tebol(C{»sth*<a)TiyleA(efr«e

«n«^fy 1.1 the form ofreducing eqtitralentt (2H) or hishtncrxy phas^ce(<^ P) ta power
the anftboltc pathways Atnpiuliolic pathways actai tinki betwees (he other two catefonet

of pathways.

3R1
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Carbohydrate metabobsm
1 Pynivate and lactate arc formed in the mammalian cells as a result of the

o'odauon ofglucose b% gl>cohsts

2 Gli coh-sis occurs m the c\ toplasm of cells m absence ofnx^-gen producing
lactate onlj

3 Under aerobic condition pyruvate u metabolized to acetyl—Co\ ishich

enters the citnc acid c^cle for complete oxidation to CO* and H»0
4 Glucose also takes part m other metabolic processes as follows

(i) It IS converted to glj cogen as a storage pamcularh m liver and skeletal

muscle.

(ii) The HhlP shunt or the pentose phospbatt, pathway's arising from inter-

mediates of gl) colj'sis IS a so tree of red cing equivalents (2H) for bio?)’n£bcsjs

of fatty acids, cholcsua^ol etc., and it is n source >f nbose vrhicn is important for

nucleic add formation

^lu) Tnosc phosphate of gUcolvsis is a source of glycerol of iat

(i\^ Pyruvate and the intermediates of citric aad cycle form ammo acids

and acetyl —CoA is the bmlding block for long-chtm p*tt\ rxtds and cholesterol,

the nrecursor of all steroid hormones in ihc liodv

C at

Pi^ 20^ Schematic repnseaution ofcvb^ydrate meabolam thovm^ the major end prodjcU*

lapid metabobsm
1 The long-cham fatty aads arc synihcnzcd from acetyl—Ca.\ derived

from carbohydrate or from dietary lipid

2 In the tissues, fair\ aads arc oxidized to acenl-OiA or estenSed to

arylghcercl to form fat which is the mam caionc reserve of the bodv

I
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3

Acetyl CoA formed by ^ oxidation has the followm" significant roles in
the body

(i) It liberates COj and HjO and also yields high energy Therefore, during
the oxidation offatty acids by ^ oxidation for their complete oxidation more energy
IS formed

(ii) It IS a source of cholesterol biosynthesis

(ill) In the liver, it forms ketone bodies wfudi are alternative wnter-soluble
tissue fuels These fuels become important sources of energy under certain condi
tions (e g starvation)

Fig 20J5 SchematJC rtprocntatwi oflipd meubolum iho'vt'yg the jni;« end produeb

Amino add metabolism

1 Ammo acids arc required for protein synthesis

2 The essential anuno acids must be supplied m the diet since these are

not synthesized by the tissues

3 Diet can supply the non-csscniial ammo acids which are also formed from
the mlerracdtates of citric acid cycle b/ transarrunatton

4 Dxcess ammo nitrogen as a result of dammatien of ammo acids is removed
as vTta and the carbon sWeiom that remam after transamination give the fol

lowing products

(i) Carbondioxidc and VNratcr via the cimc acid cycle

(ii) Glucose (by gluconcogencsis)

(ill) Ketone bodies

5 The ammo acids are also the precursors of many other important com
pounds, e g ,

punnes, pynrmdmes, and hormones such os epmepHnne and thyro-

xine



3&4 THEux:ation ofmctabouc pathways

Pig 20.4. Sdieta^uc repfeimtatioa of*mg>omd incttbolica»hoiv»wg theta^jor ead preAtfa.

the location of metabolic pathways
The mecaoolie pathM-ays can be amdJed at many levels of organization.

These levels are dmded into mo major groups:

1. At the hsstu end organ Uoel—the natore of the substrates entering and meta-

bolites lea\*ing tissues and organs n de&ed, and their orerall fate is discussed.

2. At the rjhuihlar /rrrf—each cell organelle (e.g., the mitochondrion) or

compartment (e.g., the cytosol) carries out sp^ific blodicmical roles sho'ring

metabolic pathway's.

lotermedi&ry Metabolism at the Tlssne asid Organ Levd

\. Anuno acsds formed frcoo the digestion of dietary protwn and gluc«e

formed from the digestion of carbohj'drate foUotv the common path ofabsorption
via the kepctit portal tiruu Both these metabolites and other-soluble products of

digestion are initially directed to the Hver (Fig. 20.5).

2. The liter primarily regulates the blood concentration of particularly

glucose and amino acjds.

3. The hver tahes up excess glucose and converts it to glycogen (|(7«iP*^)
or to fat {bpogsneris). Dining mea^ it causes to supply glucose in the

blood or in company with the converts non-carbdhydratc metabolites

such as lactate, gljxerol, and amino adds to glucose (gUisoruogriejis),

4. Sufficient concentration cf blood glucose is maintained by certain tissues

in which it is fuel, c.g., brain and erythrocytes.

5. The liver also sjntAerirrj t&r rv^ plasma prolms (e.g., albunan) and

amnaies erase acids with the formation of area which is transported ria the blood

to the Vidney and excreted.

6. Sleletal rvtscle laes glucose as a -fuel forming lactate and car^n diarid&

It stores glycogen for its use in muscular contracticai and syntheuzes musdt

protein from plasma amino acids. During dietary shortage of protein, it can supply

plasma amino acids &om its stores of protein.
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7. Lipids being digested form monoacylglyceroh and fatty acids These are
recombiaed in intestinal cells with p^in and secreted into the lymphatic
system and then into the circulation as a lipopratein known as el^lomcnn.

8. Chylomicron triacylglyccrol is not taken up by the liver and it is nwta-
bolizcd by cxCrahcpatic tissues having Ae enzyme li/opnlein lipast which hj^Iro-
lyzcs Ac triacylglyccrol releasing fatty acids that are incorporated into tissue
lipids or oxidized as fuel.

^
9. The long-chain fatly acid |s synAesizcd (tipogenesis) from carbohydrate

Tnainly in adipose tissue and the liter.

10. Adipose tusue triacylglyccrol is hydrolyzed (Upolysis) to fatty acids which arc

released in Ae drculation.

11. Free fatty acids arc taken up by most tissues (but notbrain or eryArocytcs)

and esterified to acylglyccrols or oxidued to carbondioxide.

12. The User performs tivo additional important functions:

(i) Surplus triacylglyccrol from boA lipogcncsis and free fatty acids^ is

secreted into the circulation as very low density lipoprotein (FLDL). This tria-

cylglyccrol faces Ae fate similar to that ofAylomicrons.

(ii) Partial oxidation of free fatty acids IcaA to ketone body formation

(ietagenesii). These ketone bodies arc tramported to extrahepaiic lisrues where

Acy become the major fuel source.

n*. 203. Tru-Jtwri and Uie of nuior wbohydr»te *rd fcnuoo *ad »nd

bolrtM. Utile free glucaw in imacte h wptdly phii»phoryUt?d iiptw eitry.

25[BCHEM]
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Fig 20^ Tmuport ud Cate of major lipid >u1st7ata sad

FFAwFree&trraods, LFL^L^aoproaen lipajc MC—Majoiqrl jtyeeJol, TC=Tn»07^ gljJioL

\XDL=VerT low densjtr Upoprotm.

Izttermediajy Mctaboham mt tlae Sabcdldar Level

1 MiUxhmdna^ acts as the foais and crossroad of carbohj'dratc, bjad, *od

ammo aad metabolism. Farticulaii), » is the bouse of mzyines of atnc a^
cycle, of the respiratory chain and ATP svTithase, of jB-oxidaoon of falty

and of ketone b^v pr^uetton It is also the collectmg diambcr for the carl^
skeletons of ammo aads after transamination and for utilizing these skeletons na*

the s)‘nthe3is ofnonessential ammo acids.

2 Inthef7tewI,Rlycol''sis HhfP shunt or the pentose phosphate pathvrav and

fatty acid synthesis all take place Substances such as lactate and pjTusate that

are formed in cvtosol must enter the natocAoiufrieft and fonn osaloacctate before

con\'enion to glucose m the process oiglaetmtugauns

3 Tlie membranes of the endoplafmu rtbealsm contain the enzyme sjilen*

for acylgl) cerol sytiihcsis and the nbfjsomcs are responsible for protem syntlwstf-

4 The transport ofmetabolitcsorvaiymg me, charge, and fohiL^Jtydirou^

the membranes separating organelles invohes complex mechamsnu.
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flf 20 7 IntnecItuUr looUion »n4 intq^tiOR of nujor ncttbcdte padiwyi b »

llrer parendiymal cell

AA—-^mcubolmn oTone or more es*e*)(ul snutio aodr

AA t »<metabo]mn ofcne ct raore ocnmcnttal ammo actdi



CHAPTE3121

INTERRELATIONSHIP IN THE METABOLISM OF PROTEIN,

FAT AND CARBOHYDRATE

Glucose IS converted into glycerol through tnosephosphate and acetyl COA
through pyruvate Acetyl COA helps the fonnation of fatty acids with malonyl-

COA Glycerol and fatty acids combine to form triacylglycerol (neutral

fat) The keto acids in TCA cycle are converted into ammo acids by
transamination

Fat is oxidized to form acetyl COA which enters citnc acid cycle Malate
of the citnc acid cycle is permeable to pass through the milochondna^membrane
mto the cytosol where it is converted ultimately to glucose by gluconeogencsis

Glycerol is also converted mto glucose Fatty acids with odd number ofcarbon
atoms also enter citnc acid cycle being converted to propionate

Protein is hydrolyzed to ammo acids Certain ammo acids are ketogenic

forming aceloacetate which is further converted mto acetyl-COA Acetyl COA
enters the citnc acid cycle which is converted into glucose via gluconeogenesis

Some acetyl'COA can also be utilized for the formation of fat Some ammo
acids are glucogemc These are converted into pyruvate which can be converted

into fat and glucose via acetyl COA and oxaloacetate formation respectively

The ammo acids—aspartic acid, alanine and glutamic acid—by transamination are

converted into oxaloacetate, pyruvate and e«ketoglutarate respectively These

products can be converted into glucose and fat

This interrelationship is represented by a schematic manner shown below .

Cystine

;
- -

1
GLUCOSE

|
::=^0l>ci)9!n

|
FAT|t^

\ Triosephc3phote:^=sClyeerol^'^ Mcicr^Cofl

11 V
' PhOSptwonnlnvfuvnfw—

fl^tyl CoAt;=:flcetOQeetcl»

;CJ»aioocetate Cifrote

/ \
MoiQte Os Acontote

TCA CYCLE
II

Fumonjfe tsocitrote

0«oipsucanale

« Ketogiotorofe

__ fw

lOtitnfwc o^ .

“ ne .. MlydfOKyprat ne

Fig 21 1 laterrcIatioDsh}pinthflaetabobsinofpro'em,f3tandcarbuhydr3te



CHAPTEa 22

METABOUSM OF PUHINE AND PYRIMIDINE NUCLEOTIDES

Sources of (be varioos atoms of (he puriue base

:

1. Glycine is utilized to form the carbon positions 4 and 5 and Its a-nitrogcn

forms the nitrogen in position 7.

2. The amino nitrogen of aspartic acid provides the nitrogen at position 1.

3. TheN atoms at positions 3 and 9 are derived from the amide nitrogen

of glutamine.

4. The carbon atom at position 6 is derived from CO,
5. The carbons in positions 2 and 8 are supplied from a one carbon (C—I)

compound given by the tetrahydrofolate carrier.

This is represented below

;

fUtprotOfiCOz

I .

Aspofiote—— . .ft

h’^formyl-—
— .

I«trahy<Irofc*Qt«

Am46 cWoTTon*

tetrehyflfoteiots

Fig 22.t. Sources of oitrogen and carbon atonu of ib« purine ring.

Biosynthesis of purine nucleotides CPE NOVO] :

1. Ribose-S'phosphate is converted into l*pyrophosphoribosyl»5-phos-

phate (PP ribose P) by PP ribose P synthetase with ATP and Mg++^.

2. PP ribose P then reacts with glutamine by the entyme phosphoribosyl

pyrophosphate glutamyl amidotransferase to form 5-phosphoribosyIamine by the-

displacement of pyrophosphate and the formation of glutamate.

3. S-phosphoribosylamine reacts vnih glycine to produce glycinamide

ribosylphosphate by glycinamide klnasynthetase m presence of ATP.

4. The N, of glycinamide ribosylphosphate Is formylated by the enzyme
glycinamide ribosylphosphate formyltransferaxe to transfer the <3, moiety.

5. Amidation from glutamine occurs at the C, of the formytglydnamide

ribosylphosphate by formylglyclnamlde elhotylphosphate synthetase requiring

ATP The amide N becomes position 3 in the purine.

389
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6.

Imidazole ring is closed by airunoimidazole ribosylphosphatc synthetase

requiring ATP.

ATP AMP

5p »pl
FPribosePsirthesase

Outomine GlutonxitsV̂ —^5 phosphonbesytomm*

Gioftamate OutcriMte

N. ATP^
Forriij<9lyCwrucJif>ei“—-j^f’omv^yono-'*

r»bosyl-&*P irude f»bCpSjV5-P

Jatp
Mg**"
rtr>g do&re

Anur«im<dc20le
nb«yt-6 P ^

Naop+Pi

Cl/anorridafitiosy*-S:^ .

HiO"

HjO

V
-IMPfinq a

Foots

A&porate

\
-»;^Alrtft0i'T»-dO20l« soccinyl

cQrt>ota(T«Jenbos^5-P
H2U i

FornyfoiQte - I

» - 'Amoo»<Tiidore<e ctrbosmd*
ribosyl-5-P

F}g. 22.2. Tha pathway of do novo purine biosynthesis.

7. Respiratory CO* is utilized requiring biotin to form amioDimidazoIe

carbozylate ribosyl phosphate.

8. .Addition of At^artate forms aminoimldazole succinyl carboxamide

ribosylphosphatc which is converted into cminoimidazole carboxamide ribosyl*

phosphate by adenylosuccinase.

9. Transformylase converts the above product into nucleoside pbosphaU

and then the ring is closed.

Catabolism of parines

;

Uric acid is the chieLend-prodcct-of-purine-catabolism in man and the higher

spes. 'OitA^~rratu»tab' sfegraife nnc actd ro aifantoro by means of fire cszjwA

uncase, which is lacking In primates.

Almost all tissues contain enzymes capable of brealdng nucleoprotein down

to nucleoside which can be oxidized to uric acid. Uric acid is always excreted

even on a purine free diet or in starvation. Urinary uric acid is both endo^oos

and exogenous in origin.

Organisms that form uric acid as the major nitrogenous waste product

arc said to be VricoleUc. Birds, amphibios and reptiles do not possess uncase

activity. These animals excrete uric imid and gtmnine as the end-products

of purine metabolism and mtrogen (protein) metabolism. In man and most of

the mammals, urea is the main product ofnitrogen metabolism Hence, they arc

urcotelic.



rORMATTOtt OP UMO ACID 391

,^JnanimaIsothertl)anmamina!s,uricisfiirtherdegradedtourca and ^lyoxUic

Uncase * AUantoinase Allantoicase
Unc acid Allantoin———Allantoic acid- ^Urea4-

Glyoxylate

Fonnation of uric acid ;

}‘. (^afflinopurine) is deaminated by-adtnylate deaminase to form
inosmic add. Adenylate deaminase is quite abundant in skeletal ipuscle.

Adenosine can also be dcaminated to form inosine.

2.
_

Both inosmic add and inosine give rise to free hypoxanthine, which may
be reutilked for nucleic add synthesis but is most frequently oxidized to Xanthine
by the enzyme xanthine oxidase, present in greatest amount in liver, small
intestine and kidney.

3. Xanthine oxidase further oxidizes xanthine to uric add (2, 6,

trioxypurlne).

4. Free guanine (2'amtno-6-oxypurine) is dcaminated to form xanthine
directly by theenzymeguanase.whichisveryactiveinroosttissues. Theliberatcd
xanthine is then converted to uric add by xanthine oxidase.

The pathway for the formation of uric acid is as follows :

NHj

Purtranxieosde

Pi

Punne nucleoside

Coor

Pi Ribosel-P

— —•Xonthtfi#

Xmifune orxtrsej

Fig .22J. Fonnatkia of uric Bdd.

^0.

Ufi^ iCkJ

Come uric acid may be produced from nucleic add by the bacterial flora of
/Af Jbidst/sai iisst, wbm it is sbsorbed sod dirtetij' escTsted. This pstbjvay is a
minor contributor to the urinary uric acid of persons on a normal diet.

From recent studies it appears that sodium urate is freely filtered by the

mqmnifliian glomerulus. It is reabsorbed and secreted in the proximal tubule and
the loop of Henie and partially reabsorbed in the distal convoluted tubules. The
net excretion of total uric acid in normal men is 400-600 mg. in 24 hours.

Aspirin in bi^ doses competitively inhibits urateexcretion as weU asrreabso^Uon.
AHopurino l competitively inhibits Xanthine oxidase for which uric add cannot

bcTormcd.

Uric add is mainly excreted in urine, to a lesser extent in digestive fluid, and
in amali omounts In sweat and saliva. A portion of the uric add is destroyed by
bacterial action in the intestine. This intestinal uricolysis gives rise to urea and
ammonia, which are absorbed and excreted by the kidneys. Under conditions of

oormal production and removal, the body contains a “readily misable uric"add

pool.”
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Thenormaluncacidcontentof6cnimis2 5to7 0mg/100ml for adult males

and 1.5 to 6 0 mg /100 ml for premenopausal females One third of it islooscb

bound to plasma proteins—mostly albumin—but some is bound to an oj— e,

globulins Supeisaturation of unc acid causes the disease gout which is mum
more common m males Only about 5 per cent of gouty patients are females and

most of them are menopausal

Normal adults excrete less than 450 mg. unc acid daily on a low containing

nucleoprotein diet Tius indicates that unc acid is formed from the catabolism

of endogenous nucleic acids and nucleotides A high protein and calonc intals

causes mcreased unc acid The output ofunc acid may rise to 1 gram daily on a

hi^ purme diet (meat, liver, kidney, sweetbreads) some uncosuric agents such

as sahcylales, anchophen and cannanude increase unnary elmunation of uric

acid by iniubiting its reabsorption m the renal tubules by blockmg the enzymatic

transport mechanism. ACTH and adrenocortical oxystcroids also increase the

Hyperuricemia is due to overproduction, decreased destruction and

decreased renal excretion

Increased values are observedm all forms of nephntis with nitrogen retention

Valuesaslughas lOmg/lOOml arc frequently observed Serum unc acid is also

increased in^lampsia. In chronic leutemia. blood uric acid level is increased

Unc acid leveTm blood may also shoot up in sickle cell anemia, thalassemia

hemolytic anemia and macroglobulmemia

GOUT
Sodium urate crv<tfll< are prcapitated out of solution and deposited m soft

ussueJTpaRicuiariy "m or about jomts These utste-deposits-are-referrctUo-as-

to£hl Acute inflammatory reactions called acuie^ouiy^t/intis is caused by the

accumulation of sodium urate crystals m thoTissues .-'Th^eposition of sodium
urate tophi can cause chronic gouty arthritis Vihich results in joint destruction

Primary gout is an art^jjts charactenzed by a derangement of purhie

metabolism, occurring mostly in males, with the elevation of serum unc acid con-

centration The hyperuncemia of primary gOiil is flUe to'excfessiTc prOdUClilm of

purmes and to renal retention of unc acid Excessive punne synthesis has been
found to be due to defiaency of hypoxanthme—^guanine phosphoribosyl
transferase

Decreased excretion of uiic acid is due to a defect m the tubular

secretory mechanism or the production ofa metabolic inhibitor ofthis mechanism
The renal circulatory disturbances also cause defective excretion of unc acid

Hyperuricemia is a factor associated with an increased tendency to myocardial

infarction

In acute attacks of gout, serum unc acid concentration is as high as

lOmg and occasionally 15 mg /lOO ml The mcreased concentration of urate in

the body fluids is the direct cause of the local tissue deposits m chrome
gout Urates precipitate from the tissue fluids because of their low solubility at

the usual of the tissues and are depo>ited particularly in tlm kidneys,

skin, subcutaneous Dssues, cartilage, tendons, ligaments and synovial membranes.
Acting as foreign bodies, these d^msits incite an inflammatory reaction

The “urate pooVV i e the amount of urate capable of mixing promptly with

intravenously mjected urate, is mcreased m subjects with gout * Secondary gout”

IS applied to a condition with similar clmical signs with various disorders accom-

panied occasionally by elevation of serum uric acids The secondary gout is

accompanied by an mcreased rate of metabolfc turnover of nucleic aads



Treatzneat of Goat

:

1. rest and cnfchidn e; ibr the acute attack.

2. Low purine diet.
^

3. Saloylates and/or small doses of colchicine for the interCTiticakperiod.

4. Recently, the drag allopurmol been discovered. Tius is an cfTcctive
-drug which can reduce the synthesis of uritTacid.

In early staw of the disease, the patient should avoid foods of high purine
content (Meat, fish, beans, peas, sweet breads, liver and kidney) but he should
take diets of low punae content (Fruits, milk, cheese, eggs, sugar, sweets, vege-
tables).

Sources of various atoms of pyrimldloes.

NH.

HCOj

Fig. 22.4. Sources of nitrogen and carbon atoms of pytimidiao ring.

BIOSYNTHESIS OF PYRIMIDINES

:

1. The synthesis of pyrimidine ring starts with the formation of carbamoyl
phosphate from glutamine, ATP and CO, being catalyzed by carbamoyl phosplufte

synihetasc, present in the cytosol of the cell.

. Z Carbamoyl phosphate then reacts with aspartate by aspartate transearba^

moylase to form carbamoyl aspartate which, with the loss of water, is converted
into dihydroorotic acid (DHOA) by the enzyme dihydroorotose.

' 3. Dihydroorotic acid on dehydrogenation by dih^droorolcte dehydrogenase

utilizing NAD as cocozyme is converted Into orotic acid (OA) which is, by
the action of orotate phosphonbosyl transferase, converted into orolidine mono-
phosphate (OMPl. This on subsequent decarboxylation by orotidylie acid dc-

carboxyiase forms uridme monophosphate (UMP).

4. By further phosphorylation UMP is converted into UDP and then

to UTP.

5. UTP is converted into CTP in the reaction catalyzed by CTP synthetase

utiliriog ATP and glutamine.

6. The enzyme Jiibonuclevtide reductase converts UDP into deoxyuridme
diphosphate (dUDP) which is converted into dUMP. This is, by the action of
thymidylaie synthetase with N*, N"-mcthylcne H* folate, converted into thymidine

monophosphate (TM PI-

CATABOLISM OF PYRIMIDINES :

J. Liver is the main site for the catabolism of pyrimidines.

2. CO*»srclcasedfromlbcpyrimidinenucIeusrcprestnt5ng amajor pathway
for the catabolism of uracil, cj^osinc, and thymine.

3. The ma|or end products ofcytosine, uracil and thymine are ^alanine and
^aminoisobutync acid respectively.



394 MBTAQOLISM OF PURINB AND PYRIMIDINE NUCLEOTIDES

Tbe oYcraH leactJon is given below

:

C02+Giufomofe+ ATP

Vortximo^K
phosctnieX
syfittietase]

COfbOfPOyl phosphate + Asporisie-

Oro/affi
pfvuMibosy/

. tronsfarose

Z' \ (OA) ,

PPi PP-nbose-P NAW+H*
\Urotid^iCOCid
\decarboxyia%e

Aspartate
troftscorbamovtase ^ .- -s^-" * Corbamoyl osportofa

Pc
^ ^ u ^^Vf^'oorafose
Otttydroorofale

defiytlrooenose ^ ^ ^—^ - — 'DihYdrOOrottC ccid

/ ^ (OHOA)
NAD*

I'MP

i

UOP-

1

UTP

ATP«, ^--Clutomifie

^rp synt/iefase

?

Ribonudectidareduaosa
*dUOl^ ( Deoxy urtdme djphosphofe

)

dUMP
j^N®,N“^-Me^ne Hjfolot®

irfymay/are s/tifbcfase

f^Hafdct®
TMP

Fig 22.S.'n« biosynthetic pathway for pyrimidme nudeotides*

4. Thymine is the precursor of ^•amlnolsobutyrie acid In humans and
animals, ^-amlnoisobutyrie acid ts excreted more in leukemia. This is due
increased destruction of cells and their DNA.

5. The ^-aminoisobutyric acid k converted into methylmalonic semialdehyde
and then to propionate which turns to succinate.

The overall reactions for degradation is noted below : ,
•

Fis.^22.6. Catabolism of pyrunidmes.

.9

5
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Exercise

1. Discuss the catabohsm of Punoes and pyronidines.

2. Write notes on

:

(a) Unc acid

(b) Gout.

(R.U 68A)

(P V 64A; 73S)

(M U. 72A ; R. U. 69S)



CHAPTER 23

RECOMBINANT DNA TECHNOLOGY

INTRODOCnON
1 Recombinant DNA lecbnologv u better referred to as gemiv tfiiaumng

2 Much has been learned about the diseases from the study of afiected

pioteins, but this medianism cannot be applied where the specific genetic dcfcci

IS unlcnown This nes\ tccbnolojjy overcoming these limitations ivtU approach

directly to the DNA molecule for mformauon

3 This chapter presents the basic concepts of recombinant DNA tcchnoli^i,

Its application to clinical medicine, and a glossarv

BIOMEDICAL IMPORTANCE
1 It IS helpful to give dear idea regarding the molecular basis of a number

of divjases (e g , famihal hypercholesterolemia, sidde cell disease, thalassemia,

rvstic fibrosis, Huntington’s chorea)

2 Using this technology, a large quantity ofhuman prolans can be produced
for therapy

3 By its aid proteins for vaccines (e g ,
hejsatiUs B) and for diagnosuc tests

(c.g , AIDS test) can be obtained.

4 This technology is utilized to diagnose existing diseases and predict the

risk of dtsvelopmg a given disease

5 Gene therapy for sickle cell disease, the thalasseimas, adenosine deaminase

deficiency, and other diseases may be devised

CONCEPTS USED IN RECOMBINANT'DNA TECHNOLOGY^
Isolation and manipulation of DNA is the object of recombinant DNA

research This requires several teduuques and reagents

Restnctioa Enzymes
1 Some mdonucUa:ts that cut DNA at specific DNA sequences vriihm the

molecule are a key tool in recombinant DNA research These enzymes were
originally said to be restriction enzymes More than 200 defensive enzymes pro-

tect the host bacterial DNA from foreign orgamsms (primarily mfecuve phaga)
They arc only present in cells that abo have a companion enzyme that methylata

the host DNA giving it an unsuitable substrate for digestion by the rcstncuon

enzyme

2 The restriction enzymes are named vide the bacterium from which they

are isolated (e g , Eco RI from Esdienchia Coh, Bam HI from Baallus amvlo-

hqucfacieiis)

3 Each enzy^ recognizes and cleaves a specific double-stranded DVA
sequence These DNA cuts result m blmt mds or overlapping {jtufy ) eads (Bam
HI) (figure below), depending on the tnechamsm ustrf by the enzyme Sticky

ends are particularlv useful in constructing hybrid or chimcnc DNA molecula

4 111 case, the nucleotides arc distnbuted randomly m a given DNA mole-

cule, one can easilv calculate how frequently a given enzyme amid cut a length

ofDNA
5 For each position in the DNA molecule there are 4 possibibiies (A, C,

G or T) , therefore, a restriction enzyme that recognizes a 4-bp sequence will cut,

on average, once every (4*), who-eas another enzyme that rccogmza a 6-bp

sequences will cut once every (4*)

6 When DNA is digested with a given enzyme, the ends ofall the

will have the same DNA sequence The fragments produced can be isolated by

rJcctrophoresis

396
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- [-GGATCC-
BomHI.

-G
4-

6ATCC-]
- -CCTAGG- “ -CCTAG G-

- GTTAAC-
HPol

“ GTT
4.

AAC-

-CAATTG - — - -CAA TTG -

Fig 231 Rnulti of reiUiCtion tidoiudea** d]g7>tioo

Preparadon of chimeric DNA molecalea

1 Sticky ends of a vector may reconnect with themselves witli no g<in of
DNA These ends of fragments con also anneal so that tsndem heterogeneo is

inserts form These end sites may not be available or in a convenient position

2 To overcome the above problems, an enzyme that generates blunt ends
is used and new ends arc added Using the enzyme terminal transferase

3 If poly d(G) IS added ta the 3' ends of the vector and poly d(C) is added
to the 3* ends of tne foreira ONA, the two molecules can only anneal to each
other and thus overcome w above problem This procedure called hompelyrruf

foiling also generates an Sma I restriction site

4 Sometimes, synthetic oligonucleotide linkers with a convenient restriction

enzyme sequence are ligated to the bltmt*endcd DNA This technique has die

advantage ofjoining together any paurs of ends The disadvantages are that there

IS no control over the orientation of insertion or the number of molecilcs annealed

together

Cloning

1 A dene is a large population of ideniicn) molecules bacteria, or cells that

arise from a common ancestor

? Cfomng zNovts ^br the prorfucfion cf a nain6er of nfenneaf DXii
molecules which can then be used- for other purposes

3 This technique is based on the fact that hybrid DNA molecules can be
constructed in cloning vectars, typically bacterial plasmids, phages, or coimids

which then continue to replicate m host cell under their own control system

Thus, the chimeric DNA is amplified

4 Bactcrnl ptaimidt are small, circular duplex DNA molecules whme natural

function IS to confer antibiotic reiistance to the host cel!

5 Plasmids have several propcsties that make them useful as doling vec-

tors They exist is single or multiple copies sriihm the bacterium and replicate

independent!) from the bacteria! DNA
G Plasmids are smaller than the host chromosome and are therefore easilv

separated from the latter, and the desired DNA ts readily removed by cutting the

plasmid with the enzyme specific for the restriction site into vrhich ilie original i

piece ofDNA was irwcricd
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7. Phages usually have linear DNA moleoJes into which foreien DNA canbe inserted at sc\rral restncuon enzyme sites

1
” collected after the phage proceeds through the

Ijnic cycle and produces mature, tnfecuve phage parudes
“8

10 Ccjmids are plasmidj that ramain the DNA sequences, stucalled mnfet,
required for packagmg Lambda DNA mto the phage parucle

1 1 insemon of DNA mto a funcuonal region of the vector will interfere with
the action of this region,

12 The common plasnud vector pfl/( 322 has both Utraycla, (tet) and cm-
ptalhn (amp) nststaaee genes ^ '

Libraries and library constmedon
1. Restncuon enaymes and vanons elomng vectors in combmation allow

the entire genome tn be packagrf utto a sector. The coUecoon of these dtHirent
recombinant clones is called a library

2 A gcccrrat Itbrcr, u fonned by the total DNA of a cell Ime oi tissue

3 A cD2Mliirerji IS the population ofmRNAs in a tissue

4 Genome libranes are prep^ by the partial digestion of total DNA
ivith a restriction enzyme that cuts DNA frequently.

i.
10* recombinant fragments of large size

has a 99 percent probability ofbeing complete.
® * tc

6. cDNA hbranes are prepared ly isolating all the mRNAs in a tissue and

Sipta^rdfeT^Ve*"” BNA, using the reverse nans-

Tlie protem eo^ by the gene mtrodneed by ieeombma.-tt DNA technology
1, aetuaUy synthes^ m a vMor u linnwn a, an epreuem tvtfcr. Such s^l,mnow used to detect specdle ^NA m^es m hbranc and to produce proteui!
by geuetie eaguMenug toques. These vectors are speaaurraustnicted tocontam very active inducible promoters / w i uv,tcu

Probes

1 Profe M geuerally pieces of DNA or RNA labeUed with a pW-eau-
taming nucleotide ^

2 The probe must know a complementary sequence to be effective

sequence m the codmg region ofa gene.
* H /

4. cDNA probes are used w detect DNA fragments un southern blot ttausfeis
and to detect and quantitate RNA on Northern blot transfers

Blotting and Hybridization Techniques

1 Observanonofasp^eDNAorRNAIragnientmmauy“eontammat.iig-
molecules requires a number of tecbmques which are coUectlvely termed MX
transfer

‘

2 Soumtuncs. if a specific base Is altered and a restncuon site B changed,
these p-ocedures can detecta pomt mutation,

^

3 llic Northern ^d Western blot transler techniques arc used to size and
quantitate specific RNA and protem molecules iwpectivcly
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4. Colony or plaque hybridization is the method by which specific clones
arc identified and purified. Bacteria are grown on colonics on an agar plate and
overlaid with a nitrocellulose filter paper.

5. Perfect matches hybridize readily and withstand high temperatures in the
hybridization and washing reactions These complexrs also form in the presence of
low salt concentrations. '

6. Less than perfect matches do not tolerate these stringent conditions.

7. Gene families can be detected by varying the stringency of the hybridi-

zation and washing steps

DNA ISeqttendng

1 . The segments ofspecificDNA molecules can l)c analyzed for their nucleotide
sequence. This method depends upon having a large mimbcr of identical DNA
molecules.

2. This requirement can be satisfied by cloning the fragment of interest

by dte above techniques.

3. Enzymatic method uses specific deoxynucleotide analogs tliat terminate

DNA strand synthesis at specific nucleotides as the strand is synthesized on purified

template nucleic acid.

SOME PRACnCAL APPLICATIONS ON RECOMBINANT DNA TECH-
NOLOGY

Geae Mapping
1. Specific genes to distinct chromosomes are localized by this technique

*and thus to define a map of the human genome. This is already producing useful

information in the definition ofhuman disease.

2. Somatic cell hybridization and in situ hybridization are two techniques

used to accomplish this.

3. In situ hjifidtzation, the simpler and more direct procedure, a radtoaettive

probe is added to a metaphasc spread of chromosontics on a glass slide. The exact

area of hybridiration is lociUzcd by layering photographic emulsion over the

slide and after exposure lining up the grains with some histologic identification

of the chromosome. Some of the human genes arc localized by this trclinique.

4. Genes tlut code for proteins with simihir functions c.^n be located on
separate chromosomes. '

5. Genes that form part of a family can alio be on separate chromosomes

(Growth hormone and prolactin).

6. The genes involved in many hereditary disorders known to be due to

specific protein deficiencies, inchiQtng X chromosome-linked conditions, are

really located at specific sites.
*

Protrin Production

1 . This technology lias two prominent merits:

(i) It can supply large amounts of materials that could not be obtained

by conventional purification methods.

(ii) It can provide human material (e.g., insulin, growth hormone).

2. AUhough the primary aim is to supply products, generally proteins, for

treatment (Insulin) and diagn«is (AIDS test) ofhuman and other animal diseases

and for disease prevention (hcpatiiis B vacane), there arc otlier real and poten-

tial comnwreial applications, especially in agriculture.
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RECOMBINANT DNA TECHNOLOGY IN MOLECULAR ANALYSIS
OF DISEASE

Normal gene variadons

1. Poljmorphism occur once in every ^0 nucleotides, 'or about 10^ times
per genome.

2. There deletions and insertion* ofDNA as well .ts single base subititudons.

3. In healdiy people, these alterations occur in noncoding regions of DNA
or at sites that cattse no chanre in function of the encoded protein.

4. The polymorphism of DNA sintcmre can be associated with certain

diseases.

Geae variatiotis causing Disease

1. Most genetic diseases were due to point mutations that resulted in an
impaired protein.

2. p-globin gene is located in a dttsier on chromosome 11. Defective pro*

duction of^-globin results in a variety ofdiseases and is due to many difTcrent lesions

in and arotmd the ^-globin gene.

Fm&t Mutations

1. Siekk c<lt dlifose is caused by mutation of a single base out of the 3x10*
in the genome.

2. The altered codon specifies a different amino acid (valine rather than

glutamic acid) and this catises a structural abnormality of the ^'globin molecule,

^•thalassenda is the r^ult of these mutations.

Deletions^ Insertions, and Rearrangements ofDNA
1. Pieces ofDNA can move from one place to another within a genome on the

study of bacteria, viruses, yeasts, and fruit files.

2. Disease is caused by the deletion ofa critical piece ofDNA, the rearrange-

ment ofDNA witlun a gene, or the insertion of a piece of DN.A within a coding

or regulatory r^ion can all cause changes in gene expression.

3. Deletions in the alpha-globin cluster, located on chromosome 16, cause

alpha thalassemia.

4. Deletions or inserlioos of DNA larger than 30 bp cm often be detected

by the southern blotting procedure.

Pedigree Analysis

1. Incubation of DNA from normal (AA), heterozygous (AS), and-bomo-

zygoixs (SS) individuals results in three different patterns on southern blot transfer.

2. Pedigree analysis has been applied to a number of genetic dbeascs and is

most useful in those earned by deletions and insertinns or the rarer instances in

wluch a restriction endonuclease cleavage site is affetecd.

Prenatal Diagnosis

1. Prenatal diagnosis is possible in esse the Genetic lesion is understood and

a specific probe is availablc-

2. A fetus with the restriction pattern AA docs not have sickle cell disease,

nor is it a carrier.

3. Afctm with the SS pattern will develop the disease.

4. Probes are now available for this tv'pe of analysis of m'tny genetic diseases.
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RestrscUon Fragment length Fotyznox^lusia (RFLP)
1 Inherited diflercnccs in the pattern of restriction is known as RF-LP
2 This results ^rom single base ciianges (eg, sickle cell disease) or from

deletions or insertions of DNA into a ristnrtton fragment (c e , tlic thalassemia;
and arc protnng to be a useful diagnostic measure

3 RFLPs ma% disnipt the function of tli* gene oi have no biologic
signi'icance

4 RFLPs are inncrited and thev segregate tn n incndelian fasmon

These can be used to establish linkage groups, w uch m turn, by the process
vtckroTUfsome walking iviJl define the disease locus

6 In chromosome ivalking, a fragment rcpres«tting one end of a long piece
ofDNA IS used to isolate another that overlaps but extends the first.

7 20 p c of the defined RFL^s arc on the X chromosotre

8 X linked disorders such as Duchenne type muscular dystrophy will be
defined using RFLPs

9 Tne defect that causes polycystic kidney disease is linked to me aloha
globm locus on chromosome 16

Gene Tbtrepy
1 Bone marrow precurso*' cells arc being investigated because tney p'c-

itunably will resettle m the marrov/ and replicate there The introduced gene
would ^gin to direct the expression of its protein product and this would correct

the deficiency in the host ccU

2 Some percentage of genes injected into a fertilized mouse mnim vnil be
ircojporated into the genome and found m both somatic and germ cellr These

ffliimaif are useful for analysis of tissue -specific effect on gene eiqiresiiQn

3 The tningcnic approach lus recently been ii<d to cOTect a genetic de-

fiaency m mice

4 Fertilized ova obiamed from mice with genetic hypogonadism were

inject with DNA comammg the coding sequence fer the gonadotropm— relea-

sing hormone (GnRH) precursor protein This gene was expressed and r^ulatcd

normally m the hypothalamus of a certain rumoer of the resultant mice, and
these animals were n all respects normal Then offspring also showed no evidence

ofGnRH deficiency

GLOSSARY

cDNAt A single stranded DNA molecule which i« complementary to an mRNA
molecule and is svntliesized from it by the action of reverse transcriptase

Chixnenc moleculej A molccu’e (e g DNA, RNA Protein) coiitauung se-

quences dented from two different species

Clone i A large number of cells or molecules which a-c identical with a single

pircn»al cell or molecule

Exont The sequence of a gene that is represented as mRNA.
Endonncle&set An enzyme wlucn cleaves internal bonds m DNA or RNA.

Coftinldi A plasmid inio which the DNA sequences from Uartcnopliage lambda
tha t are necessary for the packaging ofDNA have been inserted

Esostnciraaei An enzyme which cleaves nucleotide' from either the 3 or 5 ends

ofDNA or RNA
Hybridizationt The speafic rcissociaiion of comp'ementary strands of nucleic

acids (DNA with DNA, DNA with RNA, or RNA with RNA)

Jftaert All adJuionsl length ofbase pairs m DNA.
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library: A collecuon of cloned fragments that represents the entire genonse.

Limancs mav be cither genomicDVA or cD\A.
ligation: The enzyme-catalj’zcd joining m phosphodiestcr linkage of two

stretches of DVA or RNA into one- The respccu\c enzymes are DNA and
RNA ligases

Flasxmd: A small, eitradiromosal, orcular molco'le of DW tftat r^hcates
independently of the hwt D\A

Probe: A molecule used to detect the presence of a speafic fiagment ofDXA or

RNA m Common probes,arc <J>\A molecules

Recombinant DNA* Hie alhn-ed DNA that results from the msertioo of a

sequence ofdcosynacl'^tidcs not prmously present into an existing molecul;

ofDNA bv cnz>Tmtic or b) chenucal means

Reatriedon enzyme: An cndodeoxynuclease tha* causes ekavage of boh
strands ofDN’A at highly specific sites dictated b, the base sequence

Reverse transcription: RNA -directed synthesis ifDNA catalyzed \yi reverse

transcriptase

Signal: The end product obsened when a spedbe sequence of DNA or RNA
is detected b% autoradiographt or some other roethocL

Sticky^ended DNA: Complementary single strands of DNA that pmtrode
oppo«ite ends ofa DNA duplex.

Tandem: It is desenbed as the mulople copies of the same sequence (e.g', DSA)
that lie adjacent to one another

Transcriptiont DNA—directed sjmihesis ofRNA.
Transgenic: It describes the rntroducoon of neiv DNA into germ edb br m

injection into the nucleus of the ovum.

Translation: Sjnthesis ofprotein usmg mRNA as template.

Vector: A plasmid o- bacteriophage into uhicb foreign DNA can be intr^^

duced for the purpeses of cloning

Northern blot: A method fer translcmng RNA from an agarose gel to a muo-
orllulcec filter on which the RNA cm be detected bv z suiUbI-- probe

Sontbem blot: A method fot transfcmi^ DNA from an agarwse vcl to a racro-

crilalose filter on irhich the DNA can be detected bv a suitabL probe.

Y/estem blot: A method for transTcmng pr^,tein to a rutrocellulose filter on

vAa6i "die proxeiii can be detected b) a sniable probe ^e.g , an anjfoc^*'
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METABOUSM OF NUCLEIC ACIDS

THE NATURE OF DNA :

1 DNA IS a very long polymer ofpnnnc and pynmidjoe mononucleotide

monomers bound one to the othw by phosphodiester bridges

2. It exists as a double-stranded molecule in nature The strands are held

together by Vander Waals forces and the punoe and pynmidme bases ofthe two

strands are he’d together by hydrogen bonding

3 The two strands extend in opposite directions, i e each is antiparallel

4 Each purme or pynmidme base m one strand is related to pynmidioe or

pnnne base of the other strand

I c , Adenine (A) is paired with Thymine (T) and

Guanine (G) is paired with Cytosine (Q
5 Genetic information is contained to the sequence of mononucleotide of

the DNA molecule For each gene in the DNA molecule, there is a “sense”

strand and its complementary “aobsense** strand

6 Watson and Cnck double stranded model ofDNA strongly suggests the

replication of DNA molecule m a scmiconservaiivc manner When each strand

of the double stranded DNA molecule separates during replication, each can then

serve as a template on which a new complementary strand can be synthesized

7 Each of the 2 newly formed double stranded DNA molecule contains one

strand (but complementary) from the patent double stranded DNA molecule

These two newly formed double stranded DNA molecule can then be sorted

between 2 daughter cells Each daughter cell will contain DNA molecules with

information identic^ to that which the parent possessed.

The double stranded structure of DNA and the template function of each old

strand on which a new complementary strand synthesized and also the semicon-

servativc and conservative replication arc giwn below

403
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C»<3 Ot(J

Hs 241 Thedouble-jtranded structure ofDNA

• » ' V
Semicmsenctu^

Coreervcfre

Fig 24^ The distributions of rarental DNA a
com»™„vc
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DNA MirTABOUSM

BNA SjDtbesi^ and RepHcatioa :

I, The first deoxynboaucleotidi is attached at the 3'-hydroxyl end of a short

hnk ofRNA containing about 10 nucleotides m length 3'-hydrowI group of tbe

RNA initiator is attached to the alpha phosphate of deoxynucleotide Inphosphate

with- the splitting off of pyrophosphate The 3 -hydroxyl group of the receoJly

attached deoxynbooucleotide monophosphate is free to attack Uie next entenng

deoxynbonudeotide tnphosphate again at its alpha phosphate moiety with

the splitting off of pyrophosphate The selection Qf_proper dei^ynbonucleohde

depends upon proper pamng with the~ofber st^d (template) ofDNA molecule

2 The polymenzation of deoxynbonucleotides takes place by such a process

in a discontinuous pltascs of about 100 nucleotides in length These fragments

ofDNA attached to an RNA initiator component were discovered by Okazaki and

are therefore referred to as okczaki pieces (shown in the figure 24 5)

FIs<>24JiTb0ldtMtSon ofof DHA s^tbsh opooB prlmet of RNA.
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3 la mammals, nben many okazali pieces are generated, tbe replication

complex begins to remo\e the RNA primers and the gaps left by their removal are

filled up by the proper base paired deoxynacleolide The enzymes DNA Upases

seal the fragments of newly synthesized DNA
4 The replication ofboth the strands ofDNA molecule cannot grow in the

same direction The single enzyme rcplicatts one strandm a continuous manner
in the 5' to 3' direction and u replicates the other strand discontmuously by
“turning Its back’* after the polymenzattoa of lS}-250 nucleotides a^tn m the 5'

to 3' direction This process is shown in the figure below

5 On the different chomosomes of mammalian «lls there are multiple

origin of DNA replication that occur in clusters of upto 100 of these replication

units

xg/ Replication occurs m both directions up and down the chromosomes and
on both strands simultaneous!) This replication process generates “replication

bubbles”
'

~7 Proteins perform speafic Aioctjoos of promoting the unwinding of the

DNA molecules during replication

s'

FIs 24 4 The sjothesu of DKA on an &KA pmser
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8. DKA polymerase in mammalian cells arc responsible for chromosome
leplicatioo!

‘

Id recent years, a class of enzymes capable of synthesizing a single-

stranded and then a double-stranded DNA molecule from a single-stranded RNA
template has been discovered in many animal virus particles. This polymerase
I^A^^pgndenf DNA polyrngrasg or "reverse transcriptase" synthesizes a double-

stranded DNA molecule containing the information originally present in the RNA
genome of the amatal vims.

Temtfote ttfond

s'

RNA Newly
primer synthesized

DNA strond

Okaroki piece

-tOObo-

be

Fig, 24.S. The discoatinuous polymerization of deoxyribonuclcotioss in

formation of olutzaU pieces.

OouPie-sfranded ONA gene
' franseribed from RNA genome

. HK

An4 genome 4

1
toRNAofirrrrip

,

trtrss^ip'tosef )
'

' RNA 'gen^ of RNA wn/s

•X
5

yWn

RNAfrimer
m virus

•5'lAlo

Fig.*24.6. Tlie generation of sdoobltf-struded DNA molecule from tn RNA
template by the action of rerene transcriptase.

Degradation ofDNA

;

DNA damage may be classified into 4 types :

1. Single base alteration. 2. Two base alteration. 3. Chain br«ks.
4. Cross-linkage.

1. Single base alteratiom The one base damage includes the hydration of
the cytosine residue by ultraWoIel irradiatton.

2. Th-o base aheratlon : The two base damage includes Thymioc—thymine
dimer formation via a cyclobutaoe moiety.

3. Chain breaks i Chain breaks may be created by irradiation such as X-
ray exposure

4. Cross’tinkage : Cross-liakageagcutswhicblinkbasesofopposiieslrands

also induce 2 base alterations. Cross-links can also occur between the DNA
mole^e and histones.
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RNA metabolism

RNA Sjuthesis

:

The strand which \s transcribed mlo an RNA molecule is referred to as the

sefise strand of the DNX The other DNA strand is referred to as the aniisenst

strand of that gene A stranded DNA molecule contains many genes

The sense strand for ewh gene is not iicce>s^rdy be the same strand o*"the DMA
double helix DNA-dfnpnHonf PfJA pAKn^crase is responsible for the poljmen*

zation of nbonucleoiides into a sequence complementary to the sense strand of

the gene to be transcribed

1 RNA synthesis is first involved lO the binding of holo RNA pol)*

merase molecule to the template of DNA af fhe promoter <ite. RNA mole^e
formation is initiated at 5' end and then follows with the release of factor "hm
theelongationoftheRNAmoleculecontinucs tfom the S' to its3' end antipamlld

to its template

2 Synthesis of RfM molecule is ternnooted by a signal which is recognized

by a termination protein, the Rho(/*) faetdf

3 After termination of the sjmtheais ofRNA molecble, the core enzitne is

separated from the DNA template . The cofo enzyme then recognizes a promote'

site at which the s>nthesis of new RNA raol^^lc begms with the help of another

o factor

4 hfore than one RNA polymerase molecule may tianscribe the s^me sense

strand of a gene

5 Mammalian cells haie some DNA-dependent RNA polymeras^ Ea^
of the«e IS responsible for the transcription of different sets of genes TpSJS^
biotic nfnmnin inhiHirn thr bindmr of oroLaryoUC DNA-^'^^endfTlT PiNA—
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Jflhifcifore of DNA and RNA synthesis

Many antibiotics and nucleotide analogs inhibit the synthesis of DNA
and RNA

Inhibitor Inhibition

Actmomycm D
Mitomycin (reduced)

Anthramycin
Rifampicm (Refampm)
5 hydroxyundine

RNA and DNA chain elongation

DNA replication

DNA and RNA synthesis

RNA initiation

RNA and DNA synthesis

Catabolism of RNA •

1

, Ribonucleases specifically hydrolyze ribonucleic acids

Endonucleases cleave intc*mal phosphodiester bonds to produce a

3'-bydroxyI and a 5‘phosphoryl or a 5 •hydroxy] and a 3 -phosphoryl terminus

3 Exonucleases are capable of hydrolyzing a nucleotide only when it

IS present at a terminus of a molecule

BIOLOGICAL IMPORTANCE OF NUCLEIC ACIDS :

1 Nucleic acids are able to reproduce their own hind or to store, express and
transmit genetic information

2 They undergo mutation

3 In cell division, the nucleic acid chain is duplicated preserving m each
daughter cell the mformation contained to the parent cell So the double helix

unravels and each of the tuo origioal strands then serves as a template for

the synthesis of another complementary chain

4 DNA produces a messenger RNA which helps m placing arrmo acids in

the code for protein synthesis

5 RNA functions primarily m the cytoplasm of the cell as a template

111 connection with the synthesis ofprotein* as well as m the ribosomes The for-

mation of RNA template is directed by nue'ear DNA
6 Ribosomal RNA and tRNA arc also involved in protein synthesis

7 RNA can be synthes^ed by RNA polymerase which is dependent on the

presence of DNA acting os a template

$ Adenylic 3cid is ccsibinaUno wiih /hio sudecales dpbospi-cric sad js

the biochemical unit of energy exchange in all cells It is called ATP
9 Biological oxidation reduction mvo’vcs the transport of hydrogen atoms

or electrons through organized systems of substances called hydrogen acceptors

or e'ectron transport agents These hydrogen atxeptors ate nucleotides such as

as NAD, FAD etc

10 According to the “painng rule ’in DNA, adenine can combine only v.-.lh

thymme and gusnine only with cytosine The rewly synthesized strand will be
exactly constituted in its nucleotide sequences as was the original complementary
strand of the parent strand The result is the synthesis of two pairs of »trands





CHAPTER 25

PROTEIN SYNTHESIS AND THE GENETIC CODE

In the nucleotide sequence of the mRNA molecule, code words exist for each
aminoacid Thisisreferredtoasthegenewc coie The adapter molecules which
translate the code words into the ammo acid sequence of a protein are the
transfer RNA {tRNA) molecules The cell possesses the machinery necessary to

translateinfonnatioo from the nucleotide sequenceofan mRNA into the sequence
of ammo acids of the corresponding speafic protein This process is said to he
translation

The Ribosome is the cellular component on which the various functional

entities interact to assemble the protein molecule Many of the ribosomes
aggregate to translate a single mRNA molecule and form polyribosomes The
rough endoplasmic reticulum is the factory of polyribosomes

Twenty diflerent amino acids are required for the srathesis of proteins and
there must be at least 20 genetic code There are only 4 different nucleotides in

mRNA and each code word must consist of more than a single nucleotide Code
words consisting of 2 nucleotides each can provide for only 16 (4 X 4) specific code
words

Mattbaei and Nirenberg mitially observed that each code word, termed
a codon, consists of a sequence of 3 nucleotides, i e it is a triplet code These 64
triplet codes m mRNA wah4nucIeotidesafe to provide for 20ammo acids Three
codons do not code for specificammo acids and these have been tervaed nonsense
codon Only a single ammo acid is indicated for any speafic codon , the genetic

code is unambiguous

The recomilion of specific • codons m the mRNA by the tRNA adapter
molecules is d^ndenbupon their anticodon region and the base-painng rules

Dunng the process of protein synthesis, the reading of the genetic code does not
mvolve any overlap of codons Once the reading is started at a specific codon
there is no punctuation between codons

The processes of protein synthesis ;

1 The process of recognition and attachment Ccharging) 25 earned out m 2
steps by one enzyme for each of the 20 ammo acids. These en^mes are termed
aminoac}l‘iRNA synthetases They form an activated mtermediate of ammo-
acyl-AMP-enzyme complex which reco^ires a specific IRNA to which it attaches

the ammoacyl moiety The ammo amd remains attached to the specific tRNA
m an 'ester linkage

Activation of amino adds

:

trKXKyltPf
synffi^ses

EnrtEftzyfneJ

•-tm aOentne riboss P-
omoo ociU

C£nz—AMP—AAI*- '

Aetyafod emnaopg _

|Anwoocyl-AwP wymeco^^r}

Fif 25 r Actlntkm of tmiao add
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Formation of mniSoacrl-tRNA

:

Enz-AMP—AA
Cficfi/cted omino oadi

Arimoacy^-tRriAsyr^^e^^

tjRfiA-ormeoodcoTtpte*)

Fis 252. FotnaiJon of the sausoaoHRNA.

Z'Cso

<rrp-^«

tatirtifiQ CMcn
JW/AtoI
rtiS^iA

=3lAV

1

n*. 253. loitiaijonof

aad 3' poly (A)
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2. Imtiafion

:

(0 The 5' termini of most mRNA molecules are “capped” This methyl-

guanosyftnphosphate cap necessary for the binding of many mRNA molecules

to the 40S nbosomal subunits , the first codon AUG is intended from

the capped 5 temunus The ISS nbosoma! subunits binds to a region of

the mRNA that precedes the first translated codon The binding of the mRNA
to the 40S nbosomal subunit requires the presence of a protein factor, initiation

factor 3 {IF 3)

(ii) The aniinoacyl tRNA interacts with GTP and initiation factor 2 (IF 2)

to form a complex This complex in presence of initiation facto*" 1 (IF 1) attaches

the anticodon of tRNA to the first codon of mRNA to form a complex

This again attaches the 60S nbosomal subumts with the release of IF 1, IF*2 IF 3

and the hydrolysis of GTP to GDP*fPi The initiation factors are recycled

(ill) TTie complete nbosorae contains 2 sites—the peptioyl (P site) site

contains the peptidyl tRNA attached to the codon on the mRNA and the A site

contains the ammoacyl tRNA attached to its respective codon on the mRNA
3 Elongation

:

(t) In the complete SOS ribosome formed during the process of initiation the

A site IS free The binding of the proper aminoa^l tRNA in the A site requires

proper codon recognition Elongation factor I forms a complex with GTP and

the entering ammoacyl tRNA This complex then allows the ammoacyl tRNA
to enter the A site with the release of EF 1, GDP and phosphate EF 1 and GDP
thep recycle

(ii) The alpha ammo group of the new ammoacyl tRNA m the A site has got

an attack on the estenfied carboxyl group of the peptidyl tRNA occupying the P

site The reaction is catalyzed by peptidyl transferase ofthefiCS nbosomal sub-

units forming a growmg peptide chain to the tRNA m the A site

newly formed peptidyl tRNA at the A site is translocated into the vacated P site

by the elongation factor 2 (EF 2) and GTP The A site becomes free for onodier

cycle of ammoacyl tRNA codon recognition and elongation GTP is hydrolyzed

to GOP and Pi and also EF 2 is released

4 Termioation

:

After multiple cycles of elongation the nonsense or terminating codon

ofmRNAappcarsmthe Asilc Releasing factors are capable ofrecognizingthat

a termination signal resides in the A site The releasing factor hydrolyres

the bond between the peptide and the tRNA occupying the P sil^ On hydrolysis

and release, the SOS nbosome dusociates into its 40S and 60S subunits which are

then recycled. The releasing factors are proteins.
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lolubitors of protein synthesis :

1 The antibiotic, puromycm has structural simJanty with that of tyTosmyl-
tRNA IS incorporated via the A site on the ribosome into the carboxyl terminal

position of a peptide but causes the premature release of the polypeptide

It, therefore, effectively inhibits protein ^nthesis

2 Diphthena toxin catalyzes the ADP nbosylation of EF*2 in mammalian

Cells This modification inactivates EF-2 and thereby inhibits mammalian protein

synthesis
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Fif. 25 5 Tile tennmztioo proccu of proteto »7iHbetU

RegaUtioi of Cttwr Expresrioo :

A single nbosonte ts capable of translaimg about 400 codons in 10

seconds mto a protem with a molecular wci^t of 40,000

REGULATION OF GENE EXPRESSION

Mammalian cells possess only about 1000 times more genetic infonnauon than
does the bacterium C Coh hfuch of this additional gcneuc information is probably
involved in the regulation ofGene expression

There arc only two types of gene regulation Posihee repilaitm and ruieltet

regttlaiion. \^en the expression of genetic information u qiuxntiiatively tncr^oed

by the presence of a specific regulatory clementr regulation is said to be pcnlir*,

whereas when the expression of genetic information u dmuruhed by the presence

of a speafic regulate^ element, regulation is said to be ntgeurt The element or

molecule mediating the ncgau%e regulation is said to be a negative regulator, that

mcdiatmg positive regulation u a positive regulator A inhlt rtgaUte has the effect

ofacting as a/or»ftrf Thus, an efiector thatinhibiti thefuncuon ofa negative regu
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later will appear to bring about a posidve regulation. In manyjregulated sjttcau

tlxat appear to be induced, they are depressed at the molecular level.

SignoJ
Tffne

|Typ B

2Recovery-

S>9f^l

I’VjwC

Xig- 25 6. EKagnibicatic repreeaUtJoni cf tLe nspCBUcs

of tbe i»te of aq»osioa ota geo« lo jptaSc reyalitory »»g*aU
n>oi Mi M bonncaif.

In biologic organisns, there arc three tjpes temporal responses to a regulatory

aigaal. These three responses are shown in the fig. 23 6 above as rate ofgene expres-

sion in tezapnral response to an indtuing signaL

A Typt A respwt a chatactcriied by an increased rate of gene e:^resuoo t^
is dependent upon the continued presence oftlw inducing signaL IVhcn the inducing

signal is removed, the rate ofgene expression diminished to its basal lc%'el, but toe

rate repeatedly increases in response to the reappearance of the specific signal. This

type of response is commonly obserx'cd in many mgher organisms after exposures to

i^ucos such as steroid hormones.

A TypeB response exhibics an increased rale ofgene expression that is traimenj

even in the continued presence of the regulatory signaL After the r^u^tory sigstoi

has tcmiinated and the cell has been allowed to recover, aseccid tiaasientrepou^

to a subsequent regulatory signal may be observed. This type of

commonly occur during development ofan organism when only the nansreot aJ^>ca-

rance of a spedfic gene product is reqtured althot^ the signal penists.
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The TyPi C respovse exhibits au increased rate of gene expicssion that p-rsista

indefinitely even after the termination of the signal The signal acts as a trigger m
ihu pattern Once the gene expression is mittated m the cell, it cannot be terramated
even in the daughter cells, it is, therefore, an irrcsersiblc and inherited alteration

The gene or cistron is the unit of genehc infonnation It is the smallest seg-

mentofthe DNAmoIeculecontammgabout dOObasepairs The genetic message

IS earned m the sequence ofbases along the DNA strand These are arranged m
orderly manner along the length of the DNA molecule in the chromosomes

Wien a pair carries genes with the same characteristics say tallness then

the individual is said to be homozygous with respect to that character When one

of the pair tallness and the other gene shortness, the individual is heterozygous
THE LAC OPERON
lac operon is nothing but structural gene+opetator gene

Operoior

( 2qene Yqcn® Ageoe

Loc opefon

Fig Th* poiition#! fela lonshipof the itmcturaltnd regubtery

gen*i of the Uc operon

A lactose analog ivhich IS capable of inducing the lac operon while not itself
serving as a substrate for

fi galactosidasc is called a gratuitous inducer

The expression of some genes is constitutne i e they are expressed at a
reasonably high rate m the absence of any specific regulatory signal

The regulator gene controls the activity of the operator gene The regulator
gene induces the synthesis of protein macromolcculcs (probably RNA prolcml
called repressors

The opecon becomes active because the repressor system is itself inactivated
The phenomenon is said to be Dercpr''ssion

The operaler locus is a region of double stranded D\ \ of 27 base p^irs Innc

with a 2-fold rotational s^-mmetr} im region tint is 2 1 basepiinlong Tlic mim

mum cffccUNC size ofm opcriior for He rcprcssoi binding i$ 17 Inse p» rs Tin

binding occurs mostly m tlic rrajor grmt wthout inicrruptme the base pairid,

double helical nature of Uic operator DNA The binding of the mducto_r to th

repressor molecule involves die amino acid residues in positions 74 and /.> Die

operator locus hes between the Promoter siU, it which the DNA-ilepciidtnt JIN \

polv^ncrasc attaclics to commence transcription, ind the loginning of tlic 7 g'nr

\Micn attached to the operator locus, the repressor moicciile pmems fiir i^nii«

cription of Uie opcritor locus and of the distal structural genes, 7, \ ,
\ lims

the repressor molecule m a negatire regulator and in its presence tlic exprciMo i < i

the Z, Y, and A genes is presented Nonnally 20-40 repressor nioiccufcs an

present and one or two operator loci per cell arc ilso found to be prreent

Tlte translatibn of the pol>cistronic mRNA can occur even lickirc the irmv

cription IS completed T^c depression ofthe lacoperon allows ihe cel! lo»\omeM/e

the enzymes necessary to caiabolize Ucio«c a* m cnergs source On!\ f’^

RNA polymerase to altacli '»t the promoter sue, there rnusl lx* ihc prrsencr

catabolitc gene activstion protem (C.\P) l<* which cAMP is iincJictl Tlir
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bacterium accumulates cAAiP only when it is starved for a source of carbon
In the presence of glucose or gl>ccrol in concentrations 'ufficicnt for growth,
the bacteria will lack sufficient cAMP to b nd to CAP Therefore, m the presence

of glucxise on glycerol, cAMP-saturaied CAP is lacking, so that tlie DV X^lcpen
dent RNA polymerase cannot begin tlic transcription of the lac operon In the

presence oi the GAP-cAMP complex or the prorrotcr sue, transenptum Uien

takes place. Therefore, the CAP*cAhfP regulator is acting as a posthre rreuf^hr

When the x gene xs xnutaifd so that its product, the lac repressor, is not capable

of binding to operator DNA, the organism svill exibit eonstttjUce eipnsst»n of the

lac operon An organism t>ifh an i gene miifation fnat prcvTnts the binding of
an inducer to the rcpres'or will rcmaui repressed c\tn m the presence of the

inducer piolecule, bemiuse the xnduccr cannot bind to the repressor on the opervtor

locus in order to depress the operon

IWINOU^I

Promo’ar Opwofor

i=^di===
RN^ -

,

potymefosel

Repressor •»_
subunrt®*

Repressor
(tetromer)

ImiH INDUCE^

RriA polyn'«'Os«strvi>cnb(r9 (i«nH

Vb'’

f Inactive

I

repressor

|

^ Getoefo- ftrmease Axtytee
f 1 —— porfein proven

Fig 25 8 The Mechanism oT repression and dcrepresnon

of the lactose operon

Bacteriapbase Lazndu (A)

\Vhen a lamda infects a sensitiv c E Coli, it injects its 45,000 base-pair, double-

stranded, iuiear DNA molecule into the cell (Fig 25 9) Depending upon the nutri-

tional state of the cell, the lamda DNA wdl cither integrate into the host genoine

(Lysogenic Pathway) and remain dormant until activated, or it wiU commence

repbeattng until it has made about 100 copies of complete, Protein-Packaged viru

atwhichpointitcffectslj’si3ofjtshost(LyticPathway) Thenewly generated virus

articles can then infect ether sensitive host
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When integrated into the host genome in its donnant state, lamda will remain
in such a state until activated by exposure of its l>*sogcnIc bacterial host to DNA

—

damagingagents. In response to such a nojdous stimulus, the dormant bacteriophage
becomes “induced” and begins to transcribe and subsequently translate those genes
of its own genome which are necessary for its excision from the host chromosome,
its DNA replication, and its protein cost and lysis enzymes. This event acts like a
trigger or type G responses.

Fig. 25.*). Inrecuon of tlie bacieiium £ Coli by ihe Umda
vtfin

The switching e\*ent in lamda is centered around an eighty base pair region

in its doubJe*stranded DNA molecule referred to as the “right operator” (OR)
Jig. 23.10A. The right operator is flanked on its left side by the structural gene for the

lamda upressor and on Its riglit side by the structural gene for another regulatory

protein <^cd cro. \Vlien lamda is in Its prophage state, the repmm gene is the only

Iamd.a gene that is expressed. When the bacimophage is undergoing lytic growUi,

the repressor gene is not expressed, but the cio gene, as svcil as many other genes in

lamda, is expressed. That h, when the reprer/or^eiu if o^, theerormtisof, and when
the cro grv i; en, the ttprtimgene is off. Thesetwogenes regulate cadi other’s expression.
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The operator r^oa can be subdivided into three discrete sites, jcach ccanso
of 17 bas“ pans of saailar bat not identical DN \ Sequence (Elg 25 lOB} Each
of these 3 subrtg'ons, (OKI, OR2, and OR3) can bind either repressor o* ero

protems in the major groo\ e of the DNA double hdix. The DNA region between

lb* cso and repressor genes also contains tvn> promoter sequences that direct the

binding ofRN \ pol>Tncrase in a specified onentanoa where it comiaences trans

cribing the adjacent genes. One p’omoter directs RN\ ptdymeiasc fo begin tians

enpuoa in the n/Afecord dtr^ritaei and, thu^ to transcribe cro and odier di^al genes,

while the other prtenoter directs the transcnptjoa ofthe«/rtrrrgencin the leftxcrd

£jrt 5^ (Hg 25 lOB)

G»f>“ for rcoresscf

cro t*for^o*er

TACCTCTGG^SS
, 1 , j

. I I . I I

A t G G A G A C C 6

A T A
« J

I

C A C T A T

2 to cotntar (OK) u thews ta i^cresaag

d*’a2 13 iha tents of dnwts^

The product of the repressor gene, the 235 aminoaad rtpresssr preUts^ exuo
as a2*domatn tsolecotem which thec!!»*5{«Ta«feb*TSir jhndj tjp^fTcicri>Adandthe
eartexytenexesi /rcraki iSe cft’visJisn cT One reptessor protan with another to

form adimer A dirntr ofrep-rssormolecules binds to pfersitrD^A muchmore nghtlf
than does the monomencfo'in (Fig ^ llAtoC.)

The prod jct of the cro gene, the 6&-3ismo aad Cro Prettat, has a sxn^ domain
but also bmds the operator DVA more tightly as a dimer (Fig ^ 1 ID)
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In a lysogenic bacterium i e.> a bacterium containing a laznda prophage, the
lamda repressor dimer binds prcfcrentiaUy to ORl but in so doing by a cooperative
interaction, enhances the bindii^ of another repressor dimer to 0112 (Fig. 25.12).

The affinity of repressor for 0R3 is the least of the three operator subregions. The
binding of repressor to ORI has two major effects. The occupation of ORl by
repressor bioe^ ike binding ofRHA polyvmase Uy ike rightward Promoter and thereby

prevents the expression of the cro gene. Secondly, repressor dimer boimd to ORl
enhances the binding of repressor dimer to OR2. The binding of repressor to OR2
has the important effect ofenhancing the binding ofRMA pelymerase to the leftwardpromoter

that overlaps OR2 and thereby enliances the transcription and subsequent expres-

sion of the repressor gene. Thus, the lamda repressor is both a negaiice regulaior by
preventing transcription of the cro gene, and a positive regulator, by enhancing the
transcription of its own gene, the represser gene. This dual effect of repressor is

responsible for the stable state of the donnani lamda bacteriop^ge.

Repressor prorno'er er© pfonvter

Tig 23 12. ConfiKuniucn of muh f* shown at four

its^ ofUmdali lifetyek
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^Vhen a DNA damaging signal, sudi as ultra voilet light, stnlces the lysogenic

host bacterium, fragments of signsd-strandcd DNA are generated that activate

a spcafic ProUase coded by a bacterial gene andTeferred to as rrc A The activated

rec A Protease hydrolyzes the portion of the repressor protein that connects the

ammo-terminal and carboxy-termmal domains of that molecule Such cleavage of

the repressor domains causes the reprtitor duners l» dtssMoie, v?hich in turn causes a
dissoaatton of the reprtssor moltaPesfrom OfQ. and eventuallyIhmiORl The effects of
removal of rep-Tssor from ORl and OR2 arc speculate RNA polymerase im-
mediately has access to the nght Asard promoter and begins transcnbmg the ctogtnt,

and the enhancement effect of the repressor at OR2 on lelhvard transcription is lost

The cro protem translated from ihenculy iranscnbed cro gene also binds to the
operator region as dimers, but its order of preference is the opposite of that of re-

pressor That is, cn binds mast ttghtl^ to OR3, but there is no cooperaitv c effect ofcro
at OR3 on the binding of Cro to OR2 At increasingly higher concentrations of
Cro, the protem will bind to OR2 and cientuall) to ORl

The occupancy of OR3 by Cro immediately nir off the transcnptjon from
the leftward promoter and hence, P’fcents any further expression ef the repressor gene

Therefore, the switch is coronlcteiy effected The Cro gene -S now tseprer-d and the
repressor gene is fully turned off When Cro repressor concentration becomes very
high, It will eventually occupy ORl and m so domg turn down the expression of
its own gene, a process that is necessary to effect the ftnal staga of the lytic cvclc

Gene AmpUficatioa Daring Development

During early development of metazoans, there u an abrupt mcrease m the
need for specific genetic molecules such as nbosomal RNAs and messenger RNA
molecules for proteins that make up sudi organs as the eggshell One way to mcrease
the rate at which such molecules can be formed is to increase the number of genes
available for transcription of these specific molecules Among the repetitive DNA
sequences are thousands of copies of nbosomal RNA genes and tRNA genes These
genes preexist repetitively m the genomic material of the gametes and, thus, are
trananitted m high copy number from generation to generation In some spcafic
organisms such as the fruit fly (Drosophila), there occurs durmg oogenesis an am-
plification ofa few pre-existuig genes, sudi as these for the chonon (eg^ell) protons,
S36 and S38 Subs^ucntly, these ampbfied genes, presumably generated by a process

of repeated imtiations dunng DNA synthesis provide multiple sites for gene trans-

cnption

Unomplified
s36 $33

S2—^3"

S3S s38
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In recent years, it has been possible to promote the amplification of specific

genetic regions m cultured mammalian cdls In some cases, a seveial thousand fold

increase in the copy number of specific genes can Lc achieved over a penod of time
involving increasing doses of selective drugs In fact, it has been demonstrated in

patients receiving methotrexate for treatment of cancer that malignant cells can
devdop drag remtanee by increasing the number cfgenes for dihydrofolate reductase,

the target ofmethotrexate

Immasoglobnbn Gene Kearrangemeat.

I The CJoding segments responsible for the generation o'" spccifi- protein

molecules are frequently not contmguout m the mammalian genome Jmmuno-

f
lobului molecules consist of two types of po’ypeptidc chains, light (L' and
eavy (H) ciams The L and H chains arc each divided into \ terminal vanable

(V) and carboxyterrainal constant (C) regions The V regions are responsible for

tlic rccogmtion of antigens (foreign molecules) and the constant regions for

effector Actions that detenmne how the antibody molecule will dispense with

the antigen

2

There are three unlinked fanuhes of genes responsible for ixiununoglo

bulin molecule structure Two faimlies arc responsible for the light chains (A ard
K chains) and one family for heavy chains

3

Each hgkl ckatn s encoded by three distinct segments, the variable (VL\
the joining (JL), and the constant (CL) elements The mammaban haploid
genome contains over 500 VL segments, five or six JL segments, and 10 or 20 CL
segments

4

A VL segment is brought from a distant site on the same chromosome to a
position closer to the region of the genome containing the JL and CL segments
during the difieiremianon of a lymphoid B cell This DJnA reorrangemmt then
allows the VL JL, and CL segments to be transaibcd as a smgle mRNA Pre
curso*’ and subsequently procened to generate the mKNA for a specific antibody
light chain The immun ty system can generate a diverse library of antigen
specific immunoglobulin molecules by rcarrang<“ment of the various VL, JL, and
CL segments m the genome The DNA rearrangement is referred to as PJ jming
of the light chain

5

Tlir keovj> rhatn is encoded by four gene segments the VH, the D (Diver
sity^j the JH, and the CH DNA segments The vaiiablc t«;gion of the heavy
chain is generated by joining the VH with a D and aJH segment The resulting ,

VH D JH DNA region is in turn linked to a CH gene These CH genes (Qi, CS,

G/3 Cyl, Cy2b, Cy2a Co, and C«) deicmunc the immunoglobulm cl«s or
subclass—IgKf igC, IgA,«ctc—o'" the immunoglobulin molecule

GAB cell that secretes antibody to a tpeetjv antigen will secrete antibodies
«)f dificrcnt classes having the same antigen specificity but dificrcnt biologic roles

during the dilTerenuation Tlic ^dilTetcnt classes of inuminoglobulins contain

the same light chains and VH regions but dificrent CH regions Thus, a single

B cell and its derivatives can undergo class switching” which is the result of

second type of D/^A re^'ran^menl occumng during differentiation of the immu
nity system The V-—J joining for light chain expression and the V DJjoining for

heavy chain expression pneedt tk$ ttass swiUhinr DXA rtirrangtmtni

V-J joining

I In the undifferentiated cell (eg germ line cell), the KJ gene (J*) is

closely linked to the gene, but the gene segment for the k variable region

(Vj) IS quite distant on the same chromosome
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2 Both-thcVj^J^andthesinuIarVAJAgcjjerearrangeinentssccnj toi3\-o!ve

two short consen^ sequences that exist in the direction 3 tstl^Vugvt and 5 is

theJ se^^‘, closed to the pwmt ofrecombination.
3 There arc o stnbng fcattnw of these conscrv’cd sequences. First, the

conserved srfioiCM tf ihi JL art tar'rsr evr^^t^-tris tf tif cer^rrti se^sKUS
tn iht ITl Second, the length of the nonconscrvtd sequence sepamtmg
the hepiamers and the nonomers is highlv conserved.

4 The variable r^on of the heavy diain tn%*olves three DNA. segments,
VH, D andJH which must bejoincdm a process involving two D\A rearrange-
ments since^ three segments arc sepamtei

Class Switdxing

1 Since difTcrcauation proceeds and unmunoglobulm production switches
from IgM to IgA the V D J r^oo of the patent B cell must be rearranged vnth
Co gene to permit the transenpuon ofan mRNAjneoirsor for an e chmn con
taming the same antigen-speaSc vanaWe region.

2 The temporal order of the class switching u unidirectional vnthm the
ph>nical order from left to nght. 'Rearrangcaien* of the CH genes seems to mvolv-e
deletion of those CH genes 5 to the CH gene joined to the V DJ rcgioa.

Thc swivch sites are different for different class switches but invohc conserved
sequences occurring m the appropriate regions of the genes to ^ tearraeged-

Trassenpdoa Costral

1 Glucocorticoids regulate gene express oa. Once they enter the mamca
Itan cell, ihe> bmd to a steroid speahe receptor molecule that undergoes a con
fonsauonal ^ange in the c>*toplasnt and enters the nudeus. The eluemticmd
receptor eomplat in the nudeus bmds to a speaSe receptor recognition site on
DNA, a few hundred base pairs 5' upstreani from the trartsenpuon start ate, for

steroid responsive genes The receptor recogniuon site oa DNA mfiuences the
effiacncy of utilization of the promoter by RXA pojjmcrasc and therebv in-

fluences the expression o*" the siero*d responsive gene.

I When an orgaiusm or its cultured cells are exposed to metal lom such as

zinc or radmium, thCTC u an accelerated rale of transcnption of the metsllo-

thionem gene and a euhsequent increase in the mctalloJuonem protein to bind

the potcntiaU> toxic heavy metal Another structural gene, such as that fo-

thjTnidine kmase, can be ligated to this * rvtslloihimas provaier rrgan
' and the

synthetic ccmstruct introducra to cultured cells, a small number of wh-ch will

mtcgraic the DNA into its own genome. ^Vhen those cells are cq>osed to hcaw
metals, 'the metallothioacin promoter region effects an mducuoa of thymidine

Junasc

3

There are many more primary transcripts m the nucleus than are repre-

vmted « messenger RNA molecules in the cytoplasm There nnis* oast regi-la-

lory decisions as to which transenpts wnH ulutnaiely be espressed and whidi will

be discarded There u no information available regarrliog the mechanisri of

this proCTSs

Excrene

I tVhai 1$ codon * Eyssenbe tbc bKnynthests of proteaa

2. tvme soles on Codon.

(Mrth 75A)

(M U 72A)
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WATER AND MINERAL METABOLISM

DistnbatioD of fluids in the body *

1 Water makes up 50 to 70 per cent ofthe weight ofthe adult human body
and vanes inversely as the fat content

2 This mentioned amount of water is distributed throughout the body as
the major component of the intracellular and extracellular fluids

3 The intracellular fluids amount to about 50 percent of the body weight
m a lean individual and much less m an obese person

4 The extracellular fluids represent about 20 per cent of the body weight

5 Of the extracellular fluids interstitial fluid amounts to some 15 per cent
and hlood plasma about 5 per cent of the body weight

6 Relatively small volumes are represented by specialized fluids such
as cerebrospinal fluid, ocular fluid, lymph, and synovial fluids etc

fig 25 i Daletbtatoa of Huds

Extracellular fluid •

I All body cells exist in an ensironmentof fluidcolicctiscly designated

fxlracellular fluid This includes the blood plasma, interstitial fluid and lymph

425
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2 7 per cent protein is present in pUsma, slightJ> less in hepatic lymph and
0 1 per cent protein in subcutaneous interstitial fluid

3 They are solutions mainly ofNad and NaHCOj with small amounts of
Ca, Mg K, H, phosphate, sulphate and organic acid ions, some nonclectroJyles
(glucose, urea, lipids etc) and with p® values ranging from 7 35 to 7 45
under normal conditions

4 The total concentration of the ionic constituents is about 3I0mmoI per
liter of plasma

5 Muchof theintracellnlarmagncsium is notmtheionicformbutis bound
to protein and other smaller organic molecules

6 Several components of the extracellular fluid are important in preserving
osmotic, anion-cation balance and hydrogen ion regulation

7 The cations (K*, Ca++ Mg*+ and H+) although present in
comparabvciy verv low concentrations exert profound influences on physiolo-
gical processes

8 The intcrst-tial fluid contains a higher total concentration of diffusible
anion ard a loner concentration of cation than does the plasma

lotraccllalar flold

1 Less amounts (5 10 m mol /liter) ofsodium are presentm the intracellnlar

fluid which also contains Iitil* but extremely biologically important calcium,

2 The chief catioas of this fluid are potassium (about 160 m mol /liter) in

muscle and magnes urn (about 26 m mol /liter) m muscle

3 The intracellular fluids contain muvh more phosphate and sulphate ions
as well os protein than the cxtraceUular Quid. Chlondeionis pnctically absent
from this fluid except in the case of erythrocytes and cells of the judney tubules,

stomach and intestines Both Na and K ions are able to ctoss tte membrane more
freely under certain physiological and padio'ogtcal conditions.

4 Much of the magnes um is present as undissocialed compounds of protein

and organic phosphate and therefore is not in ionic form

Exchanges between fluid oompartmeats

Many of the substances entered into the bodv and produced by the cells, are
distributed to other tissuw or excreted Th- exchange systems are outlm^ as

follows

1 Alreolar air Blood plasma This system provides for entrance oxygen

into and loss of CO, and water from the body

2. Plasma Erythrocytes This system provides for ready exchange of
oxygen CO# water and certain anions (particularly Cl and HCO,”) m both

directions Cations arc cxchaneed very slowly

3 Plasma Interstial fluid These two media are separated by the

capillary walls which are permeable to water morgamc ions and small organic

molecules (glucose ammo acids urea *tc) but not to large organic molecules such

as proteins

4 Interstitial flcid Intrac^Ilolar flaid These two compartments are

separated by the cell membranes across which gases in solution water and small

unchanged molecules can diffuse The small molecules e g glucose is not

subjected to simple diffusion but is earned across cell membrane by actue
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transport processes The permeability of electrolytes follows biological pump
mechanisms Thesemembranesarealsorelatively jmpermeableto large molecules
such as proteins except n special situations namely the liver

WATER ^fETABOLISM

Distribution of water in the iMidy *

Water is the large constituent of the body TTie average body water is 60 to

70percentofthelot5 body weight Females contain a little less amount ofwater
than ma’es Body water is distributed as follows

1 Intracellular fluid (the fluid wlhtn the cells) contains 50 per cent of the

total body weight

2 Extracellularfluid (all of the fluid outside the cell) contains 20 per cent of

the total body weight This 20 per cent can be further divided into the following

compartments

(i) Plasma (the extracellular fluid of the blood)—4 5 per cent

(li) Interstitial and lymph fluids—8 per cent

(ill) Dense connective tissue cartilage and bone—6 per cent

(iv) Transcellular fluid (found in shlivary glands, pancreas liver, thyroid

gland, gonads, skin, mucous membranes of the respiratory and gaitro

intestinal tracts and the kidneys as well as the fluids m spaces within the

eye, CSF etc >—1 5 per cent body weight

Factors mnuenciog the distribution of body vrater

The distribution of water is continuously changing Osmotic forces are the

principal factors for controUmg the amount of fluid m the various compartments
ofthebody These are maintamed by the solutes in the body water The soutes

are divided into three categories

1 Organic compounds of small molecular size (glucose urea, and ammo
acids etc ) Since these substances diffuse freely across the cell membrane, they

are not important m the distribution of water But if they are present m large

amounts, they can help m rctainmg water

2 Organic substances of large molecular si7e (proteins) These substances

can throw effect m the transfer of fluids from one compartment to the other

3 The inorganic electrolytes These inorganic electrolytes are the roost

important both in the distribution and in the retention of body water

Intake and loss of body water .

A Water intake i Water is supplied to the body by the following processes •

1 Water taken orally

2 Along with food

3 Oxidation of food stuffs—Fats, proteins and carbohydrates yicla

water after combustion Fats produce 107 ml/100 gm
, proteins

41 ml /lOO gm and carbohydrates 56 ml /lOO gm

B Water losses • Water is lost from the body by 4 routes

1 Evaporation from skin and lungs

2 Kidneys as unne

3 The intestines, in the feces

4 Perspiration



428 WAITR METASOLISsr

C Additional nater losses in disease I Water loss is more in dianhea
and \omiting and these losses can be fata! in infants

2 la kidney disease renal 'B’atcr loss is more

3 In fever insensible losses may use much higher than nonnaL

4 Patients in high environinenta! temperatures also sustain cxlrem*Jy high
extrarenal water losses

^ater balance An equilibrium persists between the intake and output of
water in the body In addiuon to other faaors certain hormones such us ADH,
VTisopressm oxytocin and aldosterone influence the regulatory mechanism of body
water The balance sheet of water is gn-cn below

Balance sheet of wafer [per day]

17 ater intake

j

JVater /ass

Drmla 1350 ml Lungs 500 ml
Solid food 900 ml Skin 700 mk
Oxidation of food 450 ml Urine 1400 ml

Feces 100 ml

2700 ml 2700 ml

There is a continuous excretion of water m the fom of digestive juices from
the body into the alimentary canal and that wiiier is reabsorb^ along with the

water of food and drink The amount of this internal secretion is 7 to 10 liters

per day All of this amount is reabso bed except about 100 ml which is excreted

m feces The secretion of saliva experences the fact when \vc liave a sore

throat

Fhj-siological functions of water

I Specific heat More heat is required to raise the temperature of 1 gram
of water through l^C than almost any other solid or liquid This clearly explains

that heat produced as a result of chemical reactions in the cell can cause

the mrnimum nse in body temperature

2. Latent heat of eraparatiort Water has Ihe highest latent heat of
evaporation than any other Lquid. A certain amount of water can cause maxi
mum coobng by evaporation so that the body tempTature docs not nse

t Salient poi er Water can form true solutions ns weH as colloidal

solutions Even the water insoluble substances are made water soluble by
the hydrotropic action Therefore it is the most suitable solvent for cellular

components water thus brings various substances in contact for chemical reaciions

to proceed

4 Dielectric constant Oppositely charged particles can coexist m water
Therefore it is a good ionizing med um This mcreases the chemical reactions.

5 Catal} tic action A large number ofchemical reactions m the body arc
accelcratedbywatcrduetoitsiomzingpovver All chemical reactions m the body
proceed m presence of water only
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Lubricating action • Water acts as a lubricant in the body to prevent

fnction in joints, pleura, conjunctiva and peritoneum

Kegolation of passage of wafer :

1 V If the capillary pressure is increased, more water will flow into the tissues

2 A fall in blood pressure helps the passage ofwater from the tissues to the

blood

3 If the plasma proteins are decreased, water will flow into the tissues

4 Dilution of blood by excessive ingestion of water can lower the osmotic
pressure of the plasma proteins and thus may increase capillary pressure

DEHYDRATION
DeSnltioa

:

When the losses of water exceeds the intake, the body's water content

IS reduced That is, the body is in negative water balance and the condition is

^own as dehydration

Casses

:

1 Primary dehydration . (a) Simple deprivation of water from desert

travel, extreme weakness and mental patients refusing to drink causes dehydration

It occurs more quickly in fever or m the high temperature of the environment

(b) Excessive water loss due to vomiting, prolonged diarrhea, excretion of

large quantities of unne or sveat

In water depletion the concentration of extracellular fluid increases Water
18 drawn from the cells and both extracellular and intracellular compartments
shnnk Extreme thirst results, the individual complains of hot and dry body,

dry tongue

2 Secondary dehydration : The concentration of electrolytes of the

body fluids is mimtamed constant through the elimination or retention of
water The reduction or increase m fbe total electrolytes, which affects chiefly

the basic radicals Ha (extracellular) and K (intracellular) and the acid

radicals HCOj and Cl, is accompanied by a corresponding increase or decrease

m the volume of body water This causes intracellular edema There is slowing

of circulation and impairment ofunnal function The individual becomes weaker

3 Dehydration due to in]ectaoa of hypertonic solndon : When a highly

concentrated sugar or salt solution is inject^ into the body, the osmotic pressure

ot'dibou’wiiVmcrease rhis rcsuilS in loc ifbworiniia’ ifom tile rtssues’inrtrtrtc

blood until equilibrium sets lo ConsequcnlJy, the blood volume increases This

increased blood volume soon returns to normal by the loss of excess material

through excretion This causes a net lossofbodywater producing dehydration

Effects of dcbydratioo

:

1 Loss of weight due to the reduction in tissue water

2 Disturbances in acid-base balance ^

,

3 Rise in the nonprotcin nitrogen of blood

4 Rise in the plasma protein concentration and of^hloride

5 Rise m body temperature doe to reduction in circ^aTiog fluid

6 Increased pulse rate and reduced cardiac output

7 Dryness, wrinkling and looseness of skm

8 Exhaustion and collapse.
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Correction of deb}dratioo :

1 Ordmanly sodium chloride solution may be given parenterally to repair

the losses

2 In the case of the removal of a fluid high la sodium and
bicarbonate during fluid and electrolyte losses originating from the mtestinal tract

(as in prolonged diarrhea, pancreatic or biliary fistulas etc), a mixture of
two-thirds isotonic saline solution and one third sodium lactate solution (M/6)
should be administered mtratenously

3 But dehydration is a problem in diabetes mellitos, addi^n's disease,

uremia, extensive bums and shock. This type of dehydration can not be
correct^ by the application of above two processes

Waff^r mtoxicatioD .

This condition is caused by the excess of skater letenliou m the body
and can occur due lo renal failure, hvpersecmtion ofADH and excessue adminis-

tration of fluids parenterally Symptoms of water intoxication are headache,

nausea and muscular ueakness

MINERAL METABOLISM

The mineral elements present in the animal body are supplied by the diet In

poor diets consumed by a large majority m India and other developing countries,

there occurs commonly the deficiencies of calcium and iroo Jo^e deficiency

occurs m people liv mg in certain hilly tracts u India and m some other countries,

where the soil and water are deficient in iodine In trop caJ coontnes, addition of
sodium chloride in the diet is of great importance, beause of the loss of NaQ in

sweat. The ddiciencies of other minerals do not occur normally m average diets

The mineral elements can be classified as prmetpaJ elements {macnrmtnents)
and Uacc elements

Pnncipal mineral elements (Macronatricots) i

Seven essential elements Calaum, Magnesium. Sodiom, Potassium,

Phosphorus, Sulphur and Chlonnc

1

Sodium, potassium and chlonne arc involved mamly m the mamtenance
ofacid base balance and osmotic control ofwater metabolism.

2. Calcium, phosphorus and magnesium as constituents of bones and teeth.

3 Phosphorus as constituent of body cells of soft tissues such as muscles,

liver eto.

4 Sulphur m cysteine and methiooine, thiamine, btoUn, lipoic acid and
CoA
Trace elements .

These elements are present in living tissues m small amounts They arc
subdivided mto three groups—Essential, possibly essential and nonessential

1 Essential trace elements (micronutnents) Iron, lodmc, copper, zme,
manganese, cobalt, molybdenum, «clcnium, chnsmium and flaonne

2 Possibly essential trace elements Nickel, tin, vanadium and silicon

3 Nonessential trace elements Aluminium, boron, germanium, cadmium,
arsenic, lead and mercury

Physiological importance :

(i) Iodine is required for thyroxine formation.
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(li) Iron and copper are required for hcmoglotm formation

(ui) ZiQc IS a constituent of carbonic anhydrase and msulir

Ov) Cobalt IS a constituent of vitamm Bi,

The ratio of one element to the other m the tis‘-ues is of phj^toJogical

importance e g , normal ossification demands a proper ratio of calcium to
phosphorus

CALaUM
Physiological functions

1 Calaum along with phosphorus is essential for the formation and deve-

lopment of bones and teeth

2 Ionized calcum is required m blood coagulation process

3 It reflates the excitability of nerve fibres and nerve centres

4 It IS essential for nerve impulses and muscular contraction

5 It regulates the permeability of membranes

6 It IS essential for mamtaming the. integrity of in'raccllular matenal

7 Cdlcmmm the normal ratio withpotassium maintains the normal activity

of muscles

8 It IS required for the activation of several enzymes such as sucemate
dehydrogenase, ATPase and certain proteolytic enzymes

Sources •

Richest sources—Milk and cheese

Good sources->£gg yolk nuts, figs, beans cabbage, caubfiowers, tursip

greens and asparagus

Daily reqmremeats

:

Adult males and females 800 mg
Women during pregnancy and lactation 1 2 grams.

Infants under 1 year 360*540 mg
Oildren 1-18 years 0 8 12 grams

Absorption

:

Calcium IS taken in diet as calcium phosphate, carbonate, tartarate and
oxalate Calcium is actively absorbed in the upper small intestine The active

transport process is rcgulat^ by 1, 25-dibydroxjchoIecaIcifcrol a metabolite of
vitamm D which is produced m the kidney m response to low plasma Ca++ con-
centrations The absorption of it is influenced by the following factors

J Vitamin D promotes absorption of calcium.

2 Acidic fav ours calcium absorption , because calcium salts, particularly

phosphates and carbonates arc quite soluble in acid solutions and are relatively

insoluble in alkaline solutions. Hence alkali decreases its absorption

3 Orgamc acids, lactose and basic ammo acids m the diet favour calcium

absorption

4 Higher levels of proteins in the diet help to increase the absorption

of calcium

5 Calcium Phosphorus ratio of 1 I (2 1 or 1 2) is the most

convenient for the absorption of both
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6 High conccntniboa of m^gaesiDm ih’the diet decreases absorption.

7 Phytic acjS Onositol hexapbosphatc), tvhich occurs in cereal grams, forms

insoluble salts (pbytm) mlh calcium and magnesium resulting m the unpaired

absorption of calcium

8 Fattv acids int<*rfcre wih caJaum absorption because of the formation of

insoluble calaum salts of fatty acids i^hicb are excreted m the feces.

9 Presence of excess fibres in the diet interferes with the absorption

of calaum

10 Oxalic and in the diet forms insoloble calaum oxalate svhich is excreted

m the feces decreasing calaum absorption

1 1 The percentage of calcium absorption decreases as its intaLe increases.

12. Parathyroid hormone increases the mtestma! absorption of calcium.

13 After the age of 55 to 60 years, there is gradual dimmntion of intestinal

transport of calaum

14 Adrrnalclucocorticosteroids dimmish mleslmal transport of calaum.

DistnbTition of calcium *

Serum
CS F
Muscle
Nerve

9-1 1 mg./I00 mL
4 5-5 mg/lOO ml

70 mg./100 gm.
15 m5./100 gcu

Blood catams

:

There i$ virtually no calaum in erythro^tes. The calaum content of plasma
(usually determine m serum) is 9 to II og./I00 ml. Dunng infancy and vtcy

childhood, the averaee \ilues approach the upper limit of this range and fall with

advanang age Calaum exists in the plasma m three fractions lonimd or
diffusible calaum. protno bound (oodinusible) and complexed (atiate and
phosphate) In the usual detennmation of calaum. all these fractions are

measured together

About 2 me. of the total calaum occurs in ionized form, about 5 mg. occurs

m nonionizcd form and about 2 mg. in the complex f^orm.

Factors inffuenai^ blood cniaum level

:

\ Parnilgrroid hormonf—^In the fasting state ft-c. no absorption from the
intestine) the normal plasma calaum concentration is mamtamrf piunanly
Its rate of excretion and its mobilization from the bones through the action of the
parathyroid hormone.

2. Viiamin D—It enhances absorption of calanm from the mtestme and thus
maintains the normal plasma calaum concentration.

3 Plasma proteins—Half of the blood calaum (nondiffosible fraction) is

bound to plasma protein (chiefly albumin) and thus any decrease in these proteins

will be accompam“d by a decrease in the total calaum Ie\ eL

4 Plasma phosphate—A leciprocal relalioaship exists between the cornsa
tration of calaum and phosphate ions m plasma. The marked mcrease m serum
phosphate causes a fall in serum calaum concentration.

5 Calcitonin—An mcrease m the ionized calaum I“\cls m the plasma is the

stimulusfortheproductionofcalatoninnhichthencaasesa depositionof calanm
m bone
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Excretion *

Calcium IS excreted m the unne, bile, and digestive secreiions Much of that
IS excreted m the feces which has escaped absorption Under optimal conditions,

75 per cent of dietary calcium is absorbed The remainder is the fecal calcium
which IS unabsorbed

In man, about 10 grams of calcium are filtered in 24 hours by the renal

glomeruh Only about 200 mg appear in the urine which is m the lomc state as

well as ID the complexes with citrate and other otgaiuc anions

70 90 per cent ofthe calcium eliminated from the body is excreted in the feces

A very small amount is excreted into the intestine after absoiption

The daily loss of calcium in sweat is about 15 mg Vigorous physical exerase
increases the loss of calcium by the way of sweat

Disease state

A Effects of Parathyroid

1 la hyperparathyroidism, the following changes occur

(0 Hypercalcemia (serum calaum 12 22 mg /lOO ml

)

(u) Decrease m serum phosphate

(ill) Diminished renal tubuiar reabsorption of phosphate

(iv) Increased phosphatase activity

(v) Raised urinary calcium and phosphorus from bone decalcification and
denydration

I

(vi) The extra calcium and phosphorus is lost from soft tissues and bones by
increased booedestroymg activity

2 In fiypoparathyroidwn, the foilowmg changes occur

(i) The concentration of serum calaum may drop below 7 mg /lOO ml

(u) Increased serum phosphate and decreased urinary excretion of calcium

and phosphorus

(ui) Normal or occasionally raised serum phosphatase activity

(iv) Normal and base equilibrium

(v) Probably increased bone density

B Tetany

nfforasd cf servm csmss T3u5 may
be due to

(i) An increasem the p® of blood

(u) Poor absorption of calaum from the intestme

(ill) Decreased dietary intake of calcium

(iv) Increased renal excretion of calcium as in nephritis

(v) Parathyroid deficiency

(vi) Increased retention of phosphorus as in renal tubular disease

Symptoms (i) Muscles lose tone and become plabby

(ii) Affects the face, hands and fccL

C Rickets

This disease is charactenred by faulty calafication of bones in children

showing serum phosphate values 1 to 2 mg /lOO ml This may be due to

(i) Vitamin D defiaency

F 28
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(li) A deficiency of calcium and phosphorus m the diet or a combination of

both

(m) Poor absorption of calcium from the intestine

(iv) Parathyroid deficiency

fv) Increased sern-n a,\kabne phosphatase actwrty

D Osteoporosis

The disease occurs m adults due to the following causes

CO Decalafication of bones as a result ofcalcium deficiency m the diet

(u) Hypoparatbjroidism

(in) Low vitamin D content of the body

Symptoms (i) Fractures of the bnttle bones occur cicn after minor

accident

(n) Pam due to fractures of vertebrae which nia> radiate round

the irunL, to the buttocks or down the legs

E Renal Rickets

Renal Rickets are more accurately designated familial hypophospkateimc
nefcets which is an inhenled disease Affect^ males show hypophosphatemia
and severe nckets Hypophosphatemic nckets is caused by the following

reasons

(0 Defective transport of phosphate by the mtestine and by the renal tubules.

(n) Lowered serum phosphorus and hyperphosphaiuna.

(til) Reduced mtestmal absorption ofcalcium and phosphorus

Vitamii O m ordinary doses does not relieve the disease Hence it is some
times referred to as \ttamin D resistant rickets

PHOSPHORUS
Pi]}sioIogical functions

1 It IS essential for the formation and development of bones and teeth along
with calaum.

2. It IS required for the formation of phi >phoIipids nucleic acids, and
phosphoprotems

3 It IS involved in the formation of organic phosphates such as

hexose phosphate tnose phosphate and creatine phosphate etc.

4 It IS requued for the formation of energy rich compounds such as ATP
5 It forms coenzjTncs such as NADP, ADP, AMP B*—POjCtc
6 It functions in the bufiering Qstem m cells

7 It is required in the absorption of glucose by phosphorylation-

Sources Milk cheese cggjolk, meat fish and nuts etc.

Dail> requirements

Infants 240400 mg-

Children 800-1200 mg
Adults 800 mg_
Women during pregnancy and lactation 1.2 gni>

\
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DistntmtiOQ

:

Serum (inorganic phosphorus) of
(a) Children

(b)

Muscle

Nerve

Bones and teeth

Absorption :

4-7 mg /100 ml

3-4 5 mg /lOO ml

1 70-250 mg /lOO gm
360 mg /lOO gm

22,000 mg /lOO gm

1 Moderate amounts of fat or acid favour absorption of phosphorus
2 High calcium diet and phytic acid (present m cereals) decrease

phosphorus absorption

3 The absorption is enhanced when the calcium and phosphorus ratio i«

1 •
1 (2 1 or 1 2)

Blood pbosphoros

:

The normal inorganic phosphate of plasma is 3 to 4 5 mg/100 ml m adults
and IS 4 S to 6 5 mg /lOO ml m children It is somewhat higher in suinmer than
in Winter It decreases during increased carbohydrate metabolism due to
increased utilization for phosphorylation

Phosphorus occurs in the blood in the following forms

1 Inorganic phosphorus 2 5 mg/JOOml
2 Organic phosphorus 14-29 mg /lOO ml
3 Phospholipids 8*18 mg/100 ml

Excretion

:

Inorganic phosphorus is encreted m the urine and fece> The source
of urinary inorganic phosphorus is mainly that of plasma On a balanced diet,

unnc phosphate constitutes about 60 per cent of the total excretion The rest is

excreted in the feces The "renal threshold for phosphate excretion is

about 2 mg /lOO ml of plasma The reabsorption of phosphorus is inhibited 6y
the parathyroid hormone

Disease state

:

1 In rickets, serum phosphate level is as low as 1-2 mg /lOO ml

2 There is a temporary decrease in scrum phosphate during absorption of
carbohydrate and some fats

3 A lower concentration of organic phosphorus but a higher concentration

of inorganic phosphorus in the serum has been estimated m diabetes mellitus

4 Phosphate retention causes the acidosis m severe renal disease The
resultant is the increase in serum phosphorus level

5 Scrum phosphorus levels arc increased m hypoparathyroidism

6 Blood phospboniS" levels are decreased in hyperparathyroidism and in

celiac disease

7 In renal rickets there is low blood phosphorus level with an increased

alkatme phosphatase actmty

8 The deficiency ofvitamin D « the cause of the low serum phosphorus and

the defects m the calcification of bones
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MAGNESIUM
Physiological functiocs ;

1 70 jH*r cent of the total magnesium content (21 g) of the body is

combined with calcium and phosphorus m the complex salts of bone. Tae
remainder is in the soft tissues and body fluids It is the principal cation of

the soft tissue

2. Magnesium ions act as activators for many of the phosphate group

transfer enrymes

3 It IS found in certain enzymes, such as co^rboxylase

4 It functions as a cofaclor for oxidative phosphorylation

Sources It is present in milk, eggs, cabbage, cauliflowers and fruits etc

Distribution .

Whole blood
C S F
Muscle

Daily requirement

:

2-4 mg./l00 ml
3 mg /lOO mh

21 mg./I00 gm

Infants 100-150 mg
Children 150-200 mg
Adults 200-300 mg

Blood inagnes.am

:

The normal lesel of magnesium m blood is 1-3 mg /lOO ml
Absorption

«

1 A greater part (40 to 50 pec cent) of the daily ingested magnesium (200 to

3C0 mg ) IS not absorbed

2. Very high intake of fat, phosphate, calcium and alkalis dimmish its

absorption

3 Parathyroid hormone increases its absorption
ExcreticD

Two-third of the total excreted magnesium is excreted in the feces and
the remammg one-third into the urine

Disease state :

1 Magnesium deficiency causes depression, muscular weakness, and liability

to con/ulsions The serum magnesium lesel is below 1 mg /lOO ml

2 Itsdeficiency has also been obseri’ed m chronic alcohobcs with the low
serum magnesium and muscular weakness

3 In cases of kwashiorkor, the serum magnesium level is low causing

weakness

4 Low xalues for scrum magnesium have been reported m uremia, normal
and abnormal pregnancy, rickets, growth hormone treatment, hyper-calcemia and
the recovery phase of diabetic coma.

SODIUM
Fnysiological functions

.

1 It IS the major componenLof the cations of the extra-cellular fluid and
exists n the body in association with the amoas chJonde, bicarbonate, phosphate
and lactate
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2 It IS largely associated with chloride and bicarbonatem regulation of acid-

base equilibrium

3 It mamtaias the osmotic pressure of the body fluid and thus protects the

body against excessive fluid loss

4 Sodium ion plays an important rote m the absorption of glucose
and galactose as well as ammo acids from the small intestine

5 It maintains the normal water balance and distribution

6 Sodium ion is involved m initiating and maintaining the heart beat

7 It maintains the normal reuromu<^cu(ar function

8 It functions in the permeability of the cells

Sources • The man source of sodium is the sodium chlonde used in cooking
and seasoning

Rich sources : Bread, cheese, wheat genn, whole grains and oysters etc

Good sonrees : Carrots, cauliflowers, eggs, milk, nuts, spinach and turnips

etc

Distribution ; About one third of the tola! sodium content of the body is

present in the mo'ganic portion of the skeleton Most of the sodium is found m
the extracellular fluid

Plasma 330 mg/lOO ml

Cells S5 rag (100 gm
Muscle 60-160 mg/lOO gn
Nerve 312 rag/100 gm

Daily reqnirement

:

For adults the daily requirement is 5 to 15 gms In temperate region, the

sod'um chloride intake is less but m tropical countnes, the intake is more
A person suffering from hypertension should not take more than I gm of sodium

Absorption i Normally, sodium is practically completely absorbed from the
gastrointestinal txaft. Less than 2 per cent of ingested sodium is eliminated m the

frees In subjects with diarrhea, large amounts arc lost in the feces

Blood sodium . The normal level of sodium is 310-340 mg /lOO ml In man,
erythrocytes contain IiMle or no sodium Aldosterone increases plasma sodium
level

Excretion : The daily losses of sodium are as follows

Unne 5- 35 mg
Stool 10-125 mg
Skin (not sweating) 25- 25 rag

Total 40-185 mg

About95 percent ofthesodiumleavingthc body is excreted in theunne since

sodium IS readily absorbed in the intestine Therefore, feces contain very liltle

except m diarrhea There is the vanable loss of sodium by rvay of
the sHcat Heavy exercise, environmental h«it and high fever can cause ext«sive

losses of sweat which leads to more sodium losses Loss of sodium by excessive

sweating causes heat cramps vsith the intense and painful contractions of skeletal

muscle of men working ^rd in hot humid climates
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Disease «(ate

:

I Adrenocortical steroids regulate the metabolism of sodium- In tie in«

sufficiency of adrenocortical steroids, the scrum sodium le\d is decreased vviih an
increase m sodium excretion

2. In chrome renal disease r^ben acidosis exists, sodium depletion ocents
due to poor tubular rcabsorption of sodium as well as to the loss of sodium m the

buffermg of aads

3 In case, a person is not adapted to a high ensironmental temperature,
large amount of sodium is lost in the sweat due to extreme sweating de^ixlopmg
muscular cramps ofthe extremities and abdomen, headaches, nausea and diarrhea,

4 In hjponatremia, the senna sodium lei cl IS below nonnaL This causes
severe dehvdmtion, reduced blood pressure, decreased blood volume and
circulatory failure The following clinical conditions wU develop :

(i) Prolonged vomiting and diarrhea resulting in excessiveioss of digestive

juices nch m sodium ion.

(i«) Chronic renal disease mihaadosis due to poor rcabsorption of sodium
in the tubules

Cm) Adrenocortical dcficiencv leadmg to Addison's disease.

Civ) Loss of weight due to loss of vw.ter also

5 In hjpcroatremia, the serum sodium level is higher than oormat This
occurs m (I) hyperactivity of adrenal cortex as to Cushing's sjudrome (u)
Prolonged treatment of cortisone and ACTH as well as sex bonaones The
sjTnptoms of hypematreraia are

(i) Increased retention of water lo the body

fu) Increase in blood volume

(ill) Increase in blood pressure

6 In certain stages ofpregnancy, the steroid hormones cause the retention of
sodium as well as water which results m gain m weight

POTASSIUM

Phj'siologjca] fonctiOBS :

1 Potassium is largely present in the intraccll jJar fluid and it is also present
m small amounts m the extracellular fluid because it influences cardiac muscle
activity

2. Itplaysanimportantrolemthercgulationof aad-base balancem the cell.

3 It TnaiT>tain\ osmotic pressure

4 It falcons in water retention

5 It is essential for protein biosjuthesis bj nbosomes

6 The ^jcoljtic enzyme pyruvate kinase requires for maximal aamty.
Sources : The hi^ content of potassium is found m chicken, b«f liver,

bananas, the juices of oranges, pmeapples, yams, winter squash and potatoes ctc-

Distribotion

:

Plasma
Cells

Muscles
Nerves

20 mgJlOO mL
440 mg/100 gm.

250-400 mg./i00 gm.
530 ag./I00 gm.
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Dail> requirement
: ^ U js go widely dis*

iss«2saiS3S£-?^?»'=

V ®l and^lso fay the activity of ^'fS-olrhVP^vIlem a^does not occur even

Kf|=£=aHSr-"=^^^^^^^^

Ts^rS^^BSS=t^-
sSfroisra^ The heart signs include symptoms

M resp^atcry muse,as aad Paced

"'triTcorccctcd by adm.n,s.ra.,c,n of dcoavcorPcoatcronc

»hic?hc'p?Jh' °'''’°““'“'L ,0 myecardram and lidnc^

r Prolonged “"^.nM'S.scs wdh malnutnt,on prolonged

Poulmm S^rSnalV^ and .n metabol.c all.aloa,s

negame nitrogen
catubiUng hypokalemia arc

The clinical ''^4 ,o„,,,^ with the loss of digestise jnices

l'\

orpou^inm-rrce fluid rc replace digestive

rr/rara“(0.^ syndrome, nbicb .use,

<'"'
°'J"S escrction of potassium m unae

(w, Prolonged use ordiurclics

'(V) Heart failnrc treatment svith digitalis
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(vi) DiabeUv coma treatment wth tosul a

(\^^) In familial penodic paral>MS , a tare disease, potassmm is wilbdrawa
from extrsceUular fluid and icVuncA m tbe cellk

The sYmpioms of hipokalcma are muscolar «*ealaiess imtabnity, paralj'sis,

tachj-cardia and dilatation of the heart wUi gallop rh>ihm and changes in
the electrocardiogram (ECG)

CHLORINE

Phj-siological fooctions

1 As a component of sodium cUonde, dilonde ion is essentiaJ m aad tese

equihbnum

2. As chloride son, it is also essential m ftaler balance and osmotic pressnre
regulation

3 It IS also important in the prodLction of hjdrochlonc acid m the gastnc
JUIO“

4 Chlonde ion ts important as an actii'ator of amylase.

Sources It IS mainly available as sodium chlonde

Distribution

Plasma 365 iDg,/JOO ml
Cthi 190 mg./I00 gin

CS F 440 iDg./100 ml
Muscle 40 nig./l00 gm.
Ner>e 171 iog./100 go

Daily reqturemcct

The requirements of NaO depend on tbechinate ard occupation and on the

sal^ content of the diet. Foods of animal origin contain more NaQ than those of
srgetable ongm. The daily requirement in trop cal countnes are giicn Wow

Adults 10-20 gms.

Chddren 5-10 gms

Women dunng pregnancy and lactation 10-15 gms.

Excessive consumption of NaCl causes edema tn prolem defici^nci and
increases blood pressure in hypertension patients

Blood Cl The normal lescl of Cl m scrum is 96-105 mmol /liter

In man, erythrocjt^s contain smaller amounts of CL The distribution of Cl'
bew>een plasma and crytbroc>tes is related to that of HCO, The Cl content of
whole blood is relatncly high m anemia and relatiicly Ion tn polycjthemia- The
serum Cl raav fall during actiir gastnc secretion of HCI

Absorption Nonnallj Q is practjcall} compleiclj absorbed from the

gastromtestinal tract

Excretion Q is chiefly dtmmated m the unne It is also excreted in

the sweat It is lost more dunng «cessi\e sweatin'’ m hot climates nnder hard
work. Its concentration in sweat is decreased by aldosterone

Disease state

I Chlonde dehcit also occurs when losscs> of sodium are ex«ssi\e m
(hanhea, sweating and certain endoenne disturbances
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, There -s a loss of ehloride m the loss of gasme jmee by som.tmg

“ rCcCt"rdev.op .n«.s rhsease or a.er .he

admUSnofACrHoreo-hsorre
SULFUR

r<<np> ortlVltV
buuur IS yi'-jvsi.

mcthionme
„„„rtant m protein stmeture and m enzymic activity

2 The cysteine IS important m pr

3 Methionine IS aaeaSmlthionme. is the pretniisor in the

* form of methioniflCs
^ _ , w^Moh are involved in inter-,

...,;^mnine is the “S>;Uirnmr” P™
•activated- form of compounds tvhieh are involved in

synthesis of large nuinbm mechanism

mediary metabolism
coenzyme A and lipoic acid which are utilized

4 Sulfur IS a S^l hpoate respectively

SSJ^Sat?'Sdmi?mXate'fin^^^^

and melanin

-KoSidri^r tsi

sulFur

soirnr In blood •
„r sulfur m the serum is as follows

The no-mal coacenttaUon of su
0 5-1 1 mg /lOO ml

Inorganic sulfur 0 j.i o mg/100 ml

Ethereal sulfate 1 7,3 5 mg /lOO ml

neutral sulfur

:3esr:s«ssi“3HS
action of *

to sulfate

*^“sXms“'=«^'"‘‘''miV^'ruSual^Va°™'S'a“dB?S^^^
diminished m

iramedby SsSss^^Ussue protein breakdown, such ns high fever

rdtSS^n-embolism.

ntcMse state : « increased in the presence of renal

®
1 The serum ralfatc Mn o^ju^ction end leukem.^^

functiou^^®^'™,™;; mimneed glomerulonephritis cause Uie dev.

lopment of acidosis
mdiean concentration (mdosyl potassium

sulfate) may occur m uremia
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TRACE ELE^^ENTS
Esseolial Trace Elements

IRON
The total iron content of the normal adult is about 4 to 5 gms About 60 to

70 per cent of the total iron js present in hemoglobin , about 51 per cent
js in storage as femtm , 3 per cent as myoglobin and only about 0 1 per
cent IS earned in the plasma in combination with the ^ globulin transport protein
transfemn The hemoprotein and ilavoprotcin enzymes together mii.e up less

than 1 0 per cent of the total iron Large amounts arc present as hemosiderin

Physiological functions

:

I Iron functions mainly m the transport of oxygen to the tissues

(hemoglobin)

2. It IS also mvohed m the processes of cellular respiration

3 It IS an essential components of hemoglobin, myoglobm, cytochromes
and the respiratory enzyme systems (cytochrome otidase, catalase and
peroxidase)

4 The nonhemc iron IS completely protein^bound whichexistsintheformof
storage and transport.

5 The nooheme iron is also utilized in the structure of xanthine dehy-
drogenase and succinate dehydrogenase and also in the iron sulfur proteins of the
respiratory chain

Sources

:

Rich sources : Liver, heart, kidney, solcen

Good sources : Egg yolk, fish, nuts, hgs, dates, beans, spinach, molasses,
apples, bananas etc

Poor sources : Milk, ivheat flour, polished ncc and potatoes etc. Human
milk contains 0 3 to 0 6 f«g iron/ml

Dally requirement : About 10 per cent of the ingested iron is only absorbed.

Infants 10-15 me.
Children (1 to 3 years of age) 15 mg.
„ (4 to 10 years of age) 10 mg.

Older children and adults (Males)

(11 to 18 years of age) IS mg
(after 19 ycais of age) 10 mg

Tcmalcs
ll-50yearsofagcanddunngpregnancyorlactation IS mg
After 51 years of-age 10 mg.

In adult Momen, the average loss of blood dunug a menstrual penod which
is a monthly loss of 16-32 mg of iron or an additional aierage loss of 0 5-1 0 mg.
per day This amount is easily oblamed from the drt

In excessive menstrual blood loss and in chronic iron-deficiency anemia, a
supplement of 100 mg of iron per day is sufScirat to respond. So dunng growth,
preenaixcy and lactation, iron demand is more

In healthy adult male or in healthy women after menopause, the dietary
requirement is ne^igible unless any deficiency or loss of iron occurs

The iron deficiency occurs as a result of malabsorption from the gastroin-
testinal tract A defect in hemoglobin synthesis m anemia is commonly found m
copper deficiency
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Iron in the blood : The normal concentration of iron m blood is T^'-IVS

racg/lOO ml

Distribution :

Fig 2S 2 Approximate distnbutioa of iron m the body

Absorption

:

Under normal conditions, very little dietary iron is absorbed (less than 10 per
cent), the amount excreted m the unoe are minimal Infants and children absorb
a higher percentage of iron from foods than adults Iron deficiency m infants is

due to a dietary deficiency Iron-deficient children absorb tvvjce as much as
normal children

Most of the iron m food occurs in the ferric (Fe'*''*’*) state either as Fe{OH)j
or as feme organic compounds These compounds are broken down into free

feme ions or loosely bound organic iron The gastric hydrochloric acid and the
organic acids of the foods are both important for this purpose Reducing
substances m foods, such as cysteine and ascorbic acid convert feme ion into the
ferrous (Fe++) state In this form it is more soluble and therefore readily
absorbed Iron absorption is enhanced by proteins of low molecular weight
^gestivc products (peptides, ammo acids) forming iron chelate Heme enters the
mucosal cells without being released from the porphynn ring In humims, dogs
and rats, heme is broken down m the mucosa and iron appears m
the plasma transfemn

Factors clTecting iron absorption :

1 Absorption of iron occurs mainly m the stomach and the duodenum
Impaired absorption takes place m patients who have total removal of stomach or
a removal of the considerable amount of the intestine

2 A diet high m phosphate canses decreased absorption due to the
formation of insoluble feme phosphate (FePO«) Very low phosphate favours
increased absorption of iron

3 Phytic aad (present m cereals) and oxalates interfere absorption

4 Vitamin C increases absorption

5 Gastric acidity increases absorption by converting Fc(OH)3 to Fe++-*-,

Achlorhydria and administration of alkmi decrease absorption

6 Proteins of low molecular weight favour absorption

7 Copper deficiency also causes decrease m absorption

8 Alcohol ingestion favours iron absorption

A
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Mechanism of absorption

:

Previous!}, “Mucosal Block” theory w-as considered to be the controlling

iron absolution The iroa»binding protein, apoferntin, in the mucosal cells, svas

the controlling factor Ferrous ion being oxidized to feme ton combines w\di
apofemtio to form iron contaming protein.

Femtin It was believed that the absorption depended on the formation of
femtifl When apoferntin was saturated with iron, no further uptrike of iron
could take place

More recently, endeoces show that fcmiin is involved in themajor regulation

of iron absorption Iron taken into the mucosal cell is bound to soccilic earners
which regulate its passage across the cell to the blood- IntesdnaJ fcrrtin, thei^
fore, acts as a storage compound rather than the tonlrolling ofabsorption

Transport in the plasma :

AU the iron released from the mucosal cell enters th» portal blood lo

the ferrous state In the p'ssma, ferrous is oxidized to feme state by
ceruloplasmm (a copper binding plasma protem) exerts a catalytic actis’iQ' Oterum
fcTTOxid«ise) in plasma Human serum also contains a >el!ow cuproprotein
(ferroxidase II) which catalyzes the oxidation of ferrons ions.. Feme loms then
incorporat'd into a specific iron binding protwn, transferrin or siderophilif, which
isa glycoprotciaofraolecularweight76000containmg53percent carbohydrate,

Transfemn can omd 2 atoms of ferret ions per molecule of protein to form a red

feme ptotem complex- Iron release from the mucosa! cell is faciLtat^ a low
degree of traosfe'na saturation bj iron

Under normal arcumstances, almost all of the iron bound to transfema is

taken up readily by bone-marrow Only the reticulocytes can utilize tiie feme
ion bound to transfema, although reticulocytes and the mahire eiythrocyles can
take up unbound feme ton The iron \«iUi tnjisfcmn makes a complex which is

not ^trable by the kidney The total tton binding capacity m both seres is about
300-360 /ig/dl

Tosses of iron inlq the unne occur in proteinuria. In nephrosis, iron

(1 5 mgfiiy) with protem may be excreted in the unne In hepatic disease, both
the bound iron and the total iron binding capaaty of the plasma is low

Fig 26.3 Iron abscrpiKm and transpoT nadiamsaj



SIDEROSIS 44S

Excretion

:

The body stores of iron are conserved very efficiently Only minute amounts
being excreted in the urine, feces and sweate Relatively large amounts are lost

in the menstrual flow The bulk of the iron of tne feces is unabsorbed food iron

In the tropics, iron loss is often much greater During pregnancy, iron is lost to

the fetus Iron is also lost from the dan by means of sweat, har loss and nail

clippings

The daily excretion of iron is as follows

Adult male 0 5 15 mg m tne urine

„ women during menstniation double the above m the urme

Adult (Both Male & Female) 0 5-1 0 mg in the sweat

„ „ » 0 0 75 mg in the feces

Abconnal iron metabolism .

Ferntm and hemosiderin, the storage forms of iron, act as an internal iron

reserve to protect against sudden losses of iron by bleeding Ferntm is present

not only in the mte'tme but also in hver (about 700 mg ), spleen and bonemarrow
If more iron is administered parenterally exceeding the capacity of the body
to store as ferntm, it accumulates m the liver as hemosiderin, a form of colloidal

iron oxide in association with protein The icon content of bemosiderm is 35 per
cent by weight

Iron metabolism is disturbed mamly by the following causes

1 Decreased formation of hemoglobin
2 Decrease in circulating hemoglobin
3 Abnormalities m the serum iron concentration

4^ Abnormal deposition of iron<ODtainmg pigment in the tissues

The disorders of iron metabolism are • 1 Siderosis, 2 Nutritional
siderosis, 3 Hemochromatosis

1 Siderosis : When excessive amounts ol iron are released in or introduced

into the body beyond the capacity for its utilization the excess is deposited m the
various tissues, mamly m the liver This may occur due to repeated blood
transfusion, excessive breakdown of erythrocytes in hemolytic types of anemia and
inadequate synthesis of hemoglobin as m pernicious anemia

2 NatritioosI siderosis : This disorder is found anong Bantus in South
Africa Bantus cook their food m large iron pots and consume iron rich food
The sirserptfffii of rroa appe^ to be htg}i kadiag to the developmerrt of
nutritional siderosis Livers of the Bantus contain large amounts of iron

3 Hemochromatosis : Hemochromatosis is a rare disease in which large

amounts of iron are deposited m the tissues, especially the liver, pancreas, spleen

and skin producing various disorders Accumulation of iron in the livci,

pancreas and skin produces hepatic cirrhosis, bronze diabetes and bronze-state

pigmentation respectively

Iron dcGdency anemia :

Iron defiaency anemia is widely prevalent among children, adolescent girls

and nursing mothere The hemoglobin content of the blood is 5 to 9g /lOO ml

Women of child bearing age The clinical symptoms are breathlessness on
exertion, gidoincss and pallor of the skin In severe cases, tliere may be edema of

the ankjes

Weaned infants andyoung children * The hemoglobin Ics el is5 to9g /lOO ml

blood The children are dull, and inactive and show pallor of the skin

The appetite is poor and growth and development arc retarded
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Absorption-
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Fig 26 4 Sdiematic representation of iron metabolism in man
RBC * Red blood cells RE system = Rebculoendotbelia! system



iJiSLHAl. METABOLISM 447

Treotment Anemic women should take ferrous sulphate tablets For a
child of below 12 months a mixture of ferrous ammonium citrate sweetened with

gljcenne and for children of I to 5 years ferrous ammonium cit'atc mixture
should be given m curing

COPPER
Pfaj’siological fuactions

.

1 It has important role in hemoglobin synthesis

2 It IS required for melanin fonnalion phospholipid synthesis, and collagen
synthesis

3 It has rote m bone formation and m maintenance in the integrity

of mjelm sheath

4 It is a constituent of several enzymes, such as tyrosinase, cytochrome
oxidase, ascorbic acid oxidase uncase, ferroxidase 1 (ceruloplasmin) and
ferroxidase 11

5 It is a constituent of superoxide dismutase, amine oxidase and dopamine
hydroxylase

6 Three copper containing proteins namely ccrebrocuprem, erythrocuprein
and hepatocuprein are present in brain, RBC and liver respectively

Sources

:

Richest sources Liver, kidney, other meats, shellfish, nuts and dried
legumes

Poor sources Milk and its products

Cow’s milk 0015 to 0 18 mg/L
Human milk I Oi mg /L (at the beginning of lactation)

„ „ 0 15 mg /L (at the end of lactation)

Distribution The adult human body contains 100-150 mg of copper

Muscles 64 mg of the total

Bones 23 mg „ , „

Liver 18 mg „ „ ,

The concentration of copper m the fetal liver is 5 10 times higher than that m
liver of an adult

Daily rcquircmeDts *

Adults 2 5 mg
Infants and children 0 05 mg /kg body weight

A nutntional deficiency of copper has neier been demonstrated m man, al

though it has been suspected in case of nephrosis

Blood copper The normal concenlralioo of copper m serum is 90/^p/I00
ml Both the red blood cells and serum contain copper 80 per cent of
the red blood cell copper is present as superoxide dismutase (erythrocuprem) The
copper m plasma occurs in firmly bound and loosely bound forms The firmly

bound copper consists ofceruloplasmin The loosely bound copper is knonm as
* direct reacting ‘ copper and is loosely bound »o scrum albumin The plasma
copper levels increase m pregnancy because of Ihcir estrogen content Oral con-
traceptives have n similar elT^

Absorption Absorption of copper occurs m the human duodenum 30 per

cent of the normal daily diet of copper is absorbed m the duodenum
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Cerolopla^iD :

J Jt IS a copper binding pJasma protein

2 Its molecular weight is about 151,000

3 It contains about 8 atoms of copper per mole

4 Normal plasma contains 30 rag of this protein per dl

5 It functions as a ferroxidase cxizymc during iron transport

Supcroxide dismutasc <

1 It IS an enzyme which catalytically scavenges the toxic free radical

superoxide ion (Oj) formed daring aerobic metabolism

2 Its molecular weight is about 32,000 and consists of two identical

subunits

3 It contains one Cu"'’* and one Zo++ per subunit

4 Recent studies have shown that the copper proteins crythrocuprein,

hcpatocuprem and cerebrocuprem present in RBC, hver and brain respectively are

identical with this enzyme

IODINE

Physiological functions

lodme IS required for the formation of thyroxine and tniodothyronmc
hormones of the thyroid gland These thyroid hormones are involved in

cellular oxidation, groivth, reproduction and the activity of the central and auto

nomic nervous systems Triiodothyronine is more active than thyroxine in many
respects

Sources

:

JficA sources are sea water, rranne vegetation, sea foods, and vegetables as

well as fruits grown on the seaboard Plants (and animal tissues) grown at high

altitudes are deficient in iodine because of its low concentration in the water In

such regions, iodide is commonly added to the dnnkmg water or table salt

10 concentration of I 5009-1 200000

Daily requirements '

Adults 100-150 /xg

In adolescence and in pregnancy 200 ^g
Distribution :

The body normally contains about 10 to 20 mg of lodme 70 to 80 per cent

of Ibis IS present in the thyroid gland Muscles contain large amount of iodine

The concentration of lodme m the salivary glands, ovaries, pituitary gland, hair

and bile is greater than that in muscle
AH the iodine m saliva is inorganic, but most tissues contain less amount of

iodine in the inorganic form and most of the iodine is present in the organic form

Blood lodme

.

Practically all of the iodine in the blood is in the plasma The normal
concentration of lodme in the plasma or senun is 4 to 10 figllOO ml

0 08 to 0 60 /ig/100 ml is in the inorganic form and 4 to 8 /xg/100 ml ism
the organic form The organic foira is bound to protein and precipitated

by protein precipitating agents 90 per cent of the organic form consists of
thyroxine and the remainder is tri and diiodothyromne About 0 05 per cent of

Ae thyroxine is in the free state EryUirot^les contain no organic iodine

F 29
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Absorptioa

:

Iodine and iodides arc absorbed most readdy from the small intestine

Organic iodine compounds (diiodotyrosine and thyroxine) are partly absorb^

as such and a part is broken down m the stomach and intestines with the

formation of iodides Absorption also takes place from other mucous

membranes and the skin

Storage

;

90 per cent of the iodine of the thyroid gland is in organic combination and

stored m the folbcular colloid as “ihyroglobulm”, a gl>coprotein of molecular

weight 650,000 containing th>Toxjne, duodotyrosme and smaller amounts of

tniodothyronme

On demand, these substances arc mobilized and thyroxine as well as

triiodothyronine are passeo into the systemic circulation They undergo metabolic

degradation in the Ji^er

Excretion

:

I Inorganic iodine is mostly excreted by the bdoeys, liver, skin, lungs and
intestine and m milk

2. About 10 per cent of circulating organic iodine is excreted in feces This

IS entirely unabsorbed food lodme

3 40 to 80 pec cent is usually excreted m the urtne , of which 20 to 70 pg.
daily m adults and 20 to 35 pg. in children. The nnnaiy ehmioatios is largest

when the utake is lowest

4 Unne iodine is increased by exercise and other metabolic facton

Iodine deficiency in human beings *

1 tn adults, the thyroid gland is eolar^ producing the disease goitre If
treatment is started very early, the thyroid twmes normal If treatoent is

delayed, the enlargement of the gland persists

2 In children, severe iodine deficieni^ results m the extreme retardation of
growth which is blown as cretinism

Prerention of goitre , Goitre can be prevented by the regular use of iodide
salt or iodide added to the drinking water in the concentration of 1 * 5000
to 1 200,000

Goitrogenic sdbstnaees in loods :

Foods, such as cabbage, cauliflower and radish contain substances 1 to
5. vmyl 2 thio oxazohdone which react with the iodine present in the fo^ and
make il unavailable to the body These substances are known as ‘ Goitrogeiuc”
substances

FLUORINE
Physiological functions

:

1 Fluonde, in trace quantities, is essential for the development of teeth and
bones

2 It IS, in combination with vitamin D, required for the treatment of
osteoporosis

3 Sodium^fiuonde is a powerful inhibitor of the glycolytic enzyme cnolase.

4 Ruoroacetate acts as a powerful inhibitor of aconitase activity,
responsible for the conversion of citrate lo ins acomtate, of the citnc acid cycle
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5 Fluonde ions inhibit the metabolism of oral bacterial enzymes and
dimmish the local production of acids ^hich are important m the production of
dental canes

6 Fluorine forms a protective layer of acid resistant fluoroapatite with
hydroxyapatite crystals of the enamel

Sources :

For humans, dnnking water is the mam source of fluonde

Daily requirement

:

Fluonde is present in small amounts in normal bones and teeth Dnnking
water containmg I to 2 ppm meet up the requirement of the body and prevent

dental canes without producing any ill effect

Distribntion •

It occurs in many tissue^, notably the bones, teeth and kidneys The
amounts of fluonde m the soft tissues are very low and do not increase with age
It remains mostly in the extracellular water

AbsorptioQ :

Soluble fluondes are rapidly absorbed from the small intestine

Excretion

.

It IS excreted m the unne, m the sweat, and by the intestinal mucosa Most
of the fluonde that escapes retention by the bones and teeth is excreted rapidly into

the unne

Abnormahtles •

1 Intake of excessive amounts of fluonde (3 to 5 parts per million) m child*

hood causes ''dental fluorosis" (mottled enamel) The enamel of the teethlosesits

lustre and becomes rough Chalky white patches with yellow or brows staining

are found over the surface of the teeth The enamel becomes weak and m severe

cases there occurs a profound loss of enamel with 'pitting' which gives the both
surface a corroded appearance

2 Highly excessive intake of fluonne (over 10 parts per million) results in

increased density and hypercalaflcation of the bone of spine, pelvis and limbs In
addition, the ligaments of the spine become calcified and the collagen in the bone
IS also calcifled Neurological disturbances are common Such individuals are

crippled and cannot exhibit simple daily tasks, such as bending squatting etc , as

the joints become stiff

3 Dnnking water containing less than 0 5 ppm fluonne causes dental canes

in children

PreTcotion of fluorosis :

Fluorosis can be prevented by removing fluondes from the water by treat-

ment with activated carbon or by some other suitable absorbents

ZINC
Pbydological functions *

1 Zinc IS an essential constituent of many enzymes, such as carbonic

anhydrase, alkaline phosphatase, pancreatic carboxy peptidases, and cytosolic

superoxide dismntase

2 The retina contains a zinc metatloeozyme, reiinene reductase which is

required for the formation of rctinenc

3 It maintains normal concentration of vitamin A m plasma.
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It IS required for the mobilization of vitamin A from the liver

It IS required for the preparation of insulin and increases the duration of

insulin action when given by injection Zinc is used m the ^-cells of the pancreas

to store and release insulin as required,

6 It IS concerned with the healing of wounds.

7 It IS essential for the normal growth and reproduction of animals

Sotaces

:

Rich sources Oysters and herrings.

Good sources Meat» eggs, liver, and milk

Fair sources Cereals, pulses, nuts, oilseeds, vegetables and fruits

Pistribution .

It IS widely di<tributed in the tissues of the bod> The whole body

(70 kg weight) contains 14 to 2 3 gms zmc. 20 per cent of the total is

present in skin A certain amount is also prerent in the bones and teeth High

concentration of zinc are present in spermatozoa, prostate and epididymis The
bignest concentration occurs in the choroid of the eye

Blood zinc *

1 Zinc IS present in higher concentralion in erythrocytes than m plasma

2 Normal plasma contains about 20 per cent of the zinc present m whole
Blood

3 The concentration of zmc of human blood, plasma and erythrocytes are

0 8mg,012mg and I44mg/100mt respectively

4 About 3 per cent ofzinc ion is contained m leukocytes In certain types
of chrome leukemia, there is a marked fall in the zinc content of peripheral
leukocytes

5 Most of zinc in erythrocyte is present in carbonic anhydrase

6 The plasma concentration of zmc of human falls to 10 per cent of the
normal level dunng later part of pregnancy and among those taking oral
contraceptives / ^

Pall} requirement

:

Breast fed newborn Baby 07 5 mg.
Infants 3-5 mg
Children 10 mg
Adolescents 13 mg.

Adults 15 ihg.

Pregnancy 30 mg
Lactation 25 mg

Absorption

:

1 Zmc present m animal foods are well absorbed m the small mtestmC:
especially from the duodenum.

2 Zmc present in cereals, pulses, nuts and oilseeds are poorly absorbed due
to the presence of phytic aad which interferes m its absorption

Excretion .

1 Zmc given orally or by injection is mostly excreted m the feces
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2 Endogenous zmc is secreted into the small intestine m the pancreatic
juice

3 90 per cent of zinc intake by healthy adult human is lost in the
fecM, about 5 per cent is excreted in the unne and 5 per cent retained in the body

4 Excessive sweating in the hot climate causes excessive loss of the metal

DeSden^ of zinc

:

1 Zinc deficiency in man results m dwarfism and hypogonadism (retarded
genital development)

2 There is loss of taste acuity

3 There is also poor growth. Joss of appetite and hypogeusia in young
malnourished children with subnormal hair zmc levels

4 The deficiency of zinc causes hcpalosplenomegaly, delayed closure of the
epiphyses of the long bones and anemia

COBALT
Physiological functions

:

1 Cobalt IS an essential component of vitamin B,„ which is necessary for
normal red blood cell formation

2 Certain enzymes, such as roetbyJmalonyl-CoA mutase, methyltetrabydro-
folate oxidoreductase, homocysteine methyltransferase, and ribonucleotide rwuc-
tase require vitamin Bi, for activity

Soarees

;

It IS highly available m food

Distnbatioa

:

It IS present mall tissues m small amounts Tbe total body content of cobalt

IS about 1 1 mg The highest concentration occurs in liver, kidneys and bones
Most of the cobalt is present m vitamin B„
Daily icqoirement

:

Its requirement for man is very less If is, if required, required as vitamin

Bis Ashttleas 1 to2 j(g ofBis.rontaimog 004S to0 09pg cobalt, is sufficient

to mamtam normal bone marrow fundion m pernicious anemia

Absorption

:

Cobalt is rcadfly absorbed from the small intestine (70 to 80 per cent) Only
minute amounts are present in the tissues, cobaft administered oraffy as a sofubfe

salt IS poorly absorbs and therefore largely eliminated m tbe feces

Excretion :

About 65 per cent of the amount ingested is excreted in the unne, the

remainder in the feces Injected isotopic cobalt is eliminated rapidly and almost

completely by the kidneys into the unne

Cobalt in ruminant cutntlon :

Nutntional anemia m cattle and sheep living in cobalt poor soil areas can be

treated successfully with cobalt Microorgamsms in the rumens of these animals

use cohalt to synthesize vitamin

Cobalt toildty

:

Cobalt administered m large amounts to man or animals becomes toxic It

develops a condmon known as polyQdhciAia (increased number of crythroqdcs

m blood)
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MANGANESE

Phjrsiological functions :

1 Manganese is essential for nonnal bone structure, reproduction, and the

normal functioning of the central nervous system

2 Manganese ions activate glycosyltransfenise which is concerned with the

synthesis of the mucopolysaccharides of cartilage and also associated with

the synthesis of glycoproteins (e g prothrombin)

3 Pyruvate carboxylase and superoxtde dismutase contain tightly bound
manganese

4 Argmase is activated by manganese ions

5 It activates isocitrate dehydrogenase and phosphotransferases

6 Manganese ions act as cofactor along with glucose-6-pfaosphate

dehydtogenase

7 Manganese ions inhibit hpid peroxidation reactions

Sources

Rich sources Nuts and whole grams

Good sources Vegetables and fnwls

Poor sources ‘ hfeats, poultry, seafoods, and fish

DtstnbabOD

.

The body of a normal adult (70 kg weight) contains 12*20 mg manganese
It 18 present in all tissues of the body The kidney and the liver are the

main storage organs for manganese Mitochondria are the principal intracellular

sites of manganese uptake

Daily requirement i

In humans, deficiency of manganese is not known The average dietary

intake of 2 5-7 0 mg is quite sufficient

Manganese in blood :

Normal blood contains 4--20 ^g/lOO ml In human serum, manganese is

found to a specific ^ globulin

Absorption

:

Manganese is readily absorbed m the small intestine Only 3 to 4 per cent of
manganese present in the diet is absorbed

Excretion

:

95 to 96 per cent dietary manganese is excreted m the feces Only traces of
manganese is excreted m the unot

Manganese defiacncy in anunab ;

1 In manganese deficiency, the animals give birth to young ones which
develop ataxia In more severe defiacncy, stenUty results In poultry, egg
production and hatchability are decreased even m mild deficiency of the metal

2 The livers oi manganese-deficient rats conlam large amount of fat This
fat accumulation is prevented by manganese or chlorine

3 Liver argmase activity and blood phosphatase activity aie reduced
m manganese defiacncy

4 Bone deformities also occur m all animalsm its defiacncy
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Manganese toxidty :

Miners who inhale large amount ormanganese sufier from chronic manganese
toxicity There is the development of hepatolenticular degeneration resembling
Parkinson’s disease

MOLYBDENUM
Physiological hnctions ;

1 Molybdenum is an essential component of xanthine oxidase, aldehyde
oxidase, and sulfite oxidase,

2 It IS also present m nitrate reductase iil plants, and nitrogenase, wluch
functions in nitrogen fixation by microorganisms

3 Traces of molybdenum are required for the maintenance of normal levels
of xanthme oxidase in animal tissues

Sources :

Good sources Liver, kidney, puls, cereals, and some green leafy vegetables
Poor sources Other vegetables and fruits

Distnbution

:

Smal l amounts of molybdenum are present m all tissues Liver and kidney
contain larger amounts than other tissues

Daily reqnircments :

Adequate amounts of molybdenum arc piesent m average diets Therefore,

exact requirement is unknown

Absorption and excretion

:

About SO to 70 percent oftheintakeisreadily absorbed in the small intcslme

Half of the absorbed molybdenum is excreted in urme

Toxicity

:

1 Molybdenum nch diet consumption causes severe diarrhea and ill health

in cattle

2 Rats, on high molybdenum diet, lose body weight with marked anorexia

SELENIUM
Phydological functions

:

I. Selenium is essential for normal growth, fertility and for the prevention

of a wide variety of diseases in arumals, although not known as essential for

humans

2 Glutathione peroxidase, a selenoprotein, catalyzes the peroxidation of
glutathione This enzyme is the protective agent against accumulation of H,0|
and organic peroxides within cells

3 It is involved m immune mechanisms, ubiquinone synthesis, and mito*
chondnal ATP biosynthesis

4 Selenoprotein also functions in the reductive deamination of glycine

Sources :

Selenium is largely available in different foodstuffs The vanatioa depends
on the difTerences in soil selenium content

Distribution

:

It IS widely distnbuted m the animal body and highest concentration is

present in renal cortex, pancreas, pituitary, and liver
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Dsuly reqmremeBt

;

Since average diet contains adequate amoants of selenium ihtf requirement

of rt IS not knowiL

Se1»uam deQaenc} :

1 Selenium deficiency produces necrosis of the h%er of rats

2- Clives and Iambs suITer from muscular d>stroptiy in scleimim deScimcy

3 Chicks, ou seletuum-deficvent diet, fad to grow and deselop a disused
condition known as exudative dathesis

Rdatiooship of ^elciuom to vitaimn E i

Both selcnmm and \itarmo E are essential for curing certain diseases in ex*
penmental animals \Vhea animals arc given adequate amounts of «lanun E,
selenium deficjcnc) causes the following signs and symptoms.

1 Retardation o’" growth and muscular wasting m rats

2. RetardaUOa of growth and fertflily m duels

These symptoms may be cured by the administratjon of both selenium and
Mtanun E because of their close metabolic relationship

ToBcity ;

I Chrome selenium poisoning develops ‘ alkali disease” The symptoms

of alkali disease are dullness, lack of vitality, roughness of coat, loss of hair from

the body and tail, stiSoess and lameness, cirrhosis of liver and anemia.

2. Acute sel'mium poisoning produces in an.mals salivation, grating of teeth,

paralysis and blindness Death results due to rtsp ratory failure.

CHROMIUM
Physiological fandions

:

I Chromium potentiates the acuoo of msulin in accelerating utQuation of

glucose in ammal and humans.

2. It is effccuve in improving glucose tolerance m some patients suffering

from diabetes meUitus

3 It maintains the normal cholesterol level in blood of rats

4 It regulates the incorporation of certain ammo acids in heart muscle m
rets.

Sources :

It is highly availahle in dietary foods

Distribution :

The chromium content of adult human body is estimated to be6fflg. Itis

widely distribut^ in tissues,

Chronunia in blood

Normal blood contains about0 009 to 0 OSS parts per million

Requircramts

Since average diet meets np the Tcqoaemcnt the exact nectaity is unknown

Absorpbon and excretion

:

It IS readily absorbed m the small intestine It is mobilized from the tissues

m response to glucose administrehotL

Chrocuam is mainly excretedmunne, a small amount is lostiubHeand feces.
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Deficiency

:

Its deficiency is charactenzed by impaired giowth, disturbances in glucose,
Jjpid and protein metabolism.

Toxicity

:

E:icessive amounts of chromium prodm^s groivth depression, liver and
kidney damage in some experimental animats

Cxrrrise

{ . Civs an account of the distribulion of (luids ic the human body. Describe how water
metabolism is regulated (R. U. 70A ; LueJ . 69S).

2 State the distribution of the water m the body. Mention how extracellular fluid differs

from mtnicellular fluid in composition Describe the mechanism of exchange of Quids

in the body. (P. U. 75S)

3. Desenbe the electrolyte composition of intracellular and extracellular compartments

of body Describe the importance of potassiuin ions and give the mechanism of
its regulation (P. U 76A)

4 Describe the metabolism of calcium in the body (P. U. 6SS, 7JA)

S. Descnbethesources,requircmcntsand physiological functions of calcium (Mith.7JA)

6 What part does calcium play in bodily functions 7 How is the level of calcium m the

blood regulated 7 (R. u. 71S)

7. Mention the sources of iron m the diet. Desenbe the mechanism of Iron ab<

sorption from O 1 T Mention how iron is transported and stored in our bodv

.

(M.U 75A)

8 Statebricflythesourcesorironinourdiet Mentionthefunctionsofiton inthe body
Discuss the metabolism of iron (R. U. 71S)

9 Writethcmetaboltsmofiionmthcbody. Dcscribclbc physiological functions of iron.

Give the sources and daily requirements of iron (M. U 72A)

10. Discuss how iron is absorbed from the lutesimcanO IS utilized in the bedy. (P. tf. 72A)

Jl. Discuss the metabolism of sodium in the body. (R. I/. 72S)

J2- State how copper is metabolized in the body. (Milh. 76A)

JJ. D.'JWWJS S.be mejahcdiATO £«f Jivlphiu- jw J.bf body. U
14. Write notes on ;

(a) Composition of extracellular fluid

(b) Functions of fluorine in the body.

(c) Water intoxication

(d) Functions of Manganese in the body.

(R. U. €€A)
(Mtifj. 72S)

(Bh. U. 75A)
(Milh. 77S)
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INBORN ERRORS OF METABOLISM

iDborn errors of metabolism are a group of metabolic ‘diseases’ which can be
formed as a result of the lack of a siogle tti2yme in a single metabolic pathway.
These disorders are hereditary and tend to occur only in closely-related
family groups.

Sir Archibald Garrod (1902) first identified only a small number of such
metabolic disorders. A large number of such conditions which can be termed
inborn errors have been recognired with the increase in knowledge of metabolic
pathways and the improvement of more sensitive and searching methods of bio-
chemical investigation.

HEREDITARY ANE.\nAS

Sickle cell anemia and tha laaaemia. See page 117 (in hemoglobin chapter).
Wilson’s disease. See page 448.

CARBOHYDRATE METABOLLSM

Galactosemia. See page 286.

Glycogen storage diseases (Glycogenoses). See page 287.

Peatosm'ia. See page 288.

Froctosurla. See page 288.

Essential pentosuria. See page 28S.

Hereditary fructose intolerance. See page 285.

Hurler’s syndrome (MucopKiIjTaccharidosis 1).

This is a hereditary disorder in which acid mucopolysaccharides are
excessively deposited in tissues. This disorder is due to a defect in catabolism
rather than to excessive synthesis. The most important symptoms of this
disorder are the followings :

1. Skeletal deformities and severe mental retardation.

2. Deafness of a conductive type and comeal opacity.

3. The voice is harsh and behaviour is ape-like.’

4. Dermatan sulfate and heparan sulfate are present in urine and tissues.

5. Dilatation of the vcnticles.

6. Cardiovascular findings are promlcent.

Hunter's syndrome (Mucopolysacdiaridosb H).

This is also a hereditary disorder in which acid mucopolysaccharides are
excessively deposited in tissiles. This disorder is also due to a defect in catabolism
rathep than to excessive synthesis. The most important symptoms are the
followings :

1. Severe skeletal deformities and moderate mental deterioration.

2. Deafness occurs early but there is no comeal opacity.

458
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3 Dermatan sulfate and hepann sulfate are preseni in urme and tissues

4 Dwarfing and abnormal facies are present

5 Cardiovascular changes, obstruction and restriction of chest movement

6 Death frequently occurs from cardiac troubles at an early age

LIPID METABOLISM
Gancher*s disease

:

In this disease, the cerebroside content of the reticuloendothelial cells (e g
spleen) is very high In the cerebroside molecule, the kerasin is characterized by
^ucose replacing galactose The concentrations of cerebrosides are much higher
m meduliated than in nonraeduUated nerve fibers The symptoms of this

disease are mentioned below The disease is caused by the deficiency of glucosyl
seremide hydrolase or glucocerebrosidase

1 The spleen is significantly increased and there are signs of leukopema and
thromboi^openia

2 The liver is enlarged and the marrow cavity is widened

3 Eyes show a yellow brown wedge shaped elevation-

4 In early infantile form, the disease starts early and death occurs before

attaining the age of 2 years Neurological symptoms are usually present

Niemann Pick disease

,

In this disease excessive amounts of sphingomyelin are deposited m spleen,

brain and liver This results in the deficiency of sphtngom)eUnase The
her^itary disease is found in infancy and death occurs within the first two years

of life The clinical findings are

1 Enlarged liver and spleen

2 Mental retardation and fatal in axtiy life

3 Anemia and leukocytosis

4 The nervous system is affected

i A cherry red spot may be seen over the retina

6 Cholesterol deposits m the tissues are increased

Tay- Sach's disease :

This disease is charactenzed by the increased accumulation of Oangliostdes

(GM|) m bram and spleen The defect is caused by the deficiency of the enzyme
Hexosamlmdase A in tissues The charactenstic clinical symptoms are

1 Mental retardation, blindness and muscular weakness

2 AcheTTyredspotappearsinthcmuscularregionorthe eye withmthefirst

years of life

3 At about two years of dge, the arcumfcrcncc of the head becomes 50 per
cent greater than normal

4 There is repeated respiratory tract infections ofthe patient and the patient

expires at the third and fourth years

Fabry’s disease :

In this disease large amounts of ceramide trihexoside arc accumulated m the

kidney The deficiency of the enzyme ceramide tnhexosidase causes this disease

TTic clinical findings are
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1 Skin rash and ladnc> failure.

2. Male patients generally die due to progressuc renal failure in the focrth

or fifth decade of life

3 Cardiac enlargement and edema of the cxiremmes

4 Some patients suffer from cxccssisc pain m the joinis-

5 Comeal opacities and tnscular dilatation arc freqnenL

Refsom's disease

This disease occurs due to the accumulation oflargeamounts ofph)tanjc and

(3, 7, II, IS-tetramethil hexadecanoic and) The de^inency of ^e efl2}me
phytanic aad oxidase causes the disease The clinical sjTnptoms arc the

fofiovnng

1 The early symptoms are signs of chronic pol>Teurop3th\ with distal

muscular atropht

2. Se%ere pain in the knees.

3 The deep tendon reflexes are ucai or absent.

4 Ni^t blindness and narrowing ofthe Msnal fi-’ds

5 Deafness and anosmia.

6 Csidiac insoUemeot mav leadto tach>cafdia.

7 The cerebrospinal flii.d ptotem u alsvajt increased while the cell count
ts normal

Krahbe's disease *

This disease results in ihe deficteo^ otgalc^iocerebrostdase v>bith catalyzes

the bj'drolysis of galaciocerebroside to form ceram de and galactose
Galactocerebroside ts the important component of mjelm

The clinical marurestation of this disorder i> se\-ere mental retardation u
infants There is nearly total absence of mielm in the central nervous svsten
which IS replaced by gliosis and ‘globoid bodies appear m the vhite matter
Diagnosis of the pati-mts depends on the detenninauon of the calaaocercbros’d.i5e
acnvir^ m leukocylw.

PROTEIN METABOLISM

Albinism

1 This condition appears m the total absence of tjTOsmase mside the
roelanoQtes in the skin

2- The black pigment melanin is not forrnsd m the skin, eyes and hair

3 Tms inherited condition occurs to a greater or less extent in all tspes of
organism.

4 The diagnostic adMce is for the prevention of exposure to sunlight and
protectiOD of the eyes bj wxanng dark passes.

Tyrosinosis

I This sindrome is due to the absence eith-r of hepauc P k}-droxyphen}[’
pyrurate hydroxylase or of tyrosine transanunase activities.

2. The patient excretes large quanUties tjTOsms m the unne

3 Diet nch in tyrosine causes the excretion of other P hydroxvphenylaCTds
incleding 3, 4-dihydrox>phenylaIantne (dopa> and P b\droxypbaiyl lactic and.
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Tjrosjneniia •

A NeomtaJ tyrosinemia

1 Neonatal tyrosjnemia occurs jn the new corn

2 Tyrosine, P-hydroxyphenylpyruvjc acid P hydroxyphenyl lactic acid and
P hydroxyphenyl acetic aad appear in the urine

3 A transient deficiency ofP hydroxyphenylpyruvic acid oxidase causes this
condition and the condition lasts for a fen weeks

4 Administration of ascorbic aad and reduction of protein intake bnngs
about the normal condition

B Hered tary tyrosinemia

1 This disorder is similar to neonatal tyrosinemia but the amount of P
hydroxyphenyl lactic acid m the unnc is greater

2 This disorder is not controlled by the administration of ascorbic acid

3 It is due to the inherited defiaency of P k}drox}pheti}l pyruxic aad
oxidase

4 Liver failure and death can occur SIX months after birth and themfanthas
a characteristic odour x

5 Other patients develop the clinical findings including hepatosplenomegaly,
a nodular cirrhosis of the liver, ‘ttbnormalitics of tyrosine and methionine
metabolism, multiple d-fects m renal tubular reabsorption, tickets, hyperpbos-
phaturia, protemuna and ammo aaduna

6 Diet containing low 10 tyrosine and phenyblamne improves renal function
and also retards degenerative liver changes

Pheoylketoabria

1 This inherited disorder appears in the absence of phenylalanine

hydroxylase which is responsible for the conversion of phenylalanine to tyrosine

As a resul', alternative calabolites of pbenylaJaome are produced . these include

phcnylpyruvic acid deamination product of phenylalanine
, phenyl lactic acid,

the reduction product of phenylpyruvic acid
, and phen>I acetic acid, the

decarboxylation and oxidation product of phenylpyruvic acid Much of the

phenylacctylglutamine which is excreted in the unne

2 Mental retardation develops among infants and children

3 Patients with phwylkelwiutia tewi to have a dtfwataey oC sttotonm

This may be connected wth the defect of myelm synthesis

4 The accumulation of phenylalanine also impairs melanin synthesis and
children with this defect lend to have fair skm and fair hair

5 Excess of phenylalanine in the blood leads to excretion of the ammo acid

into ihc intestine Here it competes with the tr>ptophan for absorption and
tryptophan is subjected to the action of intestinal bactena

6 Early diagnosis (shortly after birth) and extreme restnction of
phenylalanine intake is clTective m preventing this disorder

Alkaptonuria *

1 This condition is characterized by the excretion of homogentisic acid

(dihydroxyphcnyl acetic acid) in the unnc owing to the lack of homogentisic acid

oxidase

2 This abnormal condition IS often found n infincy Over 600 cases haic

been report^ TTie inadcncc of alkaptonuria is 2-5 per million live births
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3 The most clmical manifestation is the dark unne doe to the oxidation of

homogentisic acid m air

4 In this disorder, several grams of homogentisic aad are excreted daily

5 This condition is present at birth and persists throughout hfc

6 lo !ater hfc, accumulation of dark pigment in cartilages and tendons gives

nse to the condition known as ochronosis, which is accompanied by arthritic

changes

^fonsofTMebon

P^eryoynMe eed

•s^hydrogenate

FTiefV*«te P-lVJrC*if- PH^fWy
diad ockI rl«nyiocer« f^em^retic

I
octd odd

l^&utorune

vv/j
fti*ftOcefyigK«tomine

Firrory oe*»xe«tcte

FutTcrofe + Aceiooce*cM

Fig 271.0v«TiU tepmentatioo of tytosmcAis a^binisn, lyresaTOia, pbeayl keloouni
end alkartosufia

Maple syrup urine disease *

1 This syndrome is characterized by the absence of the enzymes required
for the oxidative decarboxjlation of the keto acids denved from the branched
cham ammo acids—valine, leueme and isoleucme As a result, these keio acids
are accumulated m the blood and excreted in unne The unnary excretion
of these keto acids produce an odour like that of maple syrup or of burnt sugar

2 This familial disorder is recognized by central nervous ^tem mani-
festations of convulsions and attads of flaccidiiy and apnea.

3 The patients may be well treated with ammo acid mixtures low m
the above tbm ammo acids

4 The infant is difficult to feed and may vomit. The patient suffers from a
significant degree of lethargy

5 Death may occur by the end of the first year of life without IrratmenL

Hartmrp’s disease

:

1 It IS a hereditary dise^ characterized by a pellagra like skin rash and

mental detenorauon in the abnonnai metabolism of tryptophan

2 The urmeof the patients contain significantly increased amounts of

mdole acetic acid as well as tryptophan

3 The uinary excretion comes to norma) after administration of broad-
spectrum antibiotics.
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GljcuKiria *

] This conditjon is associated with the excess unnary excretion of gJycine
with a tendency to form oxalate renal stones in spite of the normal amount
of excretion of oxalate in the unne

2 The plasma content of glycine is normal in glycinunc patients while the

unnary excretion of glycine ranges from 600-1000 mg/d

3 It IS supposed that glyanuna is due to a defect m renal tubular transport

of glycine and the decreased reahsorption of glycine by the renal tubule permits
the ammo acid to pass into the unne in hi^ concentration

Cystumria

:

1 It IS an inherited metabolic disease in which lysine, arginine, omithine
and cystine are excreted lo the unne in large amounts

2 Cystmuna is due to renal transport defect

3 Cystmuna IS a misnomer, so that ^tine-lysmuna maybe preferred as the
descnpCive term for this disease

4 Cystine is an insoluble ammo aad which may precipitate m the kidney
tubulestoformcystinecalculimcysiinuncpatients Thisis a major complication
of this disease

Homocystmotia

1 In this abnormal condition homocystme (300 mg /d ) together with S
adenosylmethiomne m some cases is excreted in the urine and plasma methiomne
levels are elevated

2 The clinical findings of this disease are the occurrence of thrombosis,

osteoporosis, dislocated lenses m tbe eyes and frequently mental retardation

3 This condition appears due to the lack of C)stathionine synthetase m the

liver due to which both homocystme and methionine ire accumulated in blood
and unne

4 A low mcihionmc and a high cystine diet cfiTectivcIy prevent this condition

if treated earlier

Histidmerma

1 It IS an inhcnled disorder of histidme metabolism m which the amounts
ofbistidmeiothebloodandunneareincreased Thereisalso increased excretion

of imidazole pyruvic acid

2 The metabolic block of histidme is due to the insufficient activity of liver

hisudase which impairs (he conversion of histidme to urocanic acid

3 Development of speech in this condition is retarded Mental develop-
ment IS also retarded

4 Histidme excretion is also increased dunng normal pregnancy but not in

tbe toxaemia of pregnancy This increase is not due to metabolic defect

5 These bistidinemic patients are treated well with a diet containing protein
hydrolysate free from histidme instead of intact protein

Hypervalmemia *

1 In this abnormal condition, the mfanls sulTcr from stunted growth,
muscle wasting and vomiting

2 The valmc content of blood and unne is very high

3 Adietcontainmgprotemhydrolysatelowmvalineprevcnts this condition

effectively
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NUCLEIC ACID METABOLISM
Lescb-Nyhan syndrome

1 This condition is characimzed b> ihe compl-te defiaKicy of phos-

phoTibosyl transferase, which causes hjpoxanthins or guanine lo fonn a nucl-otide

with PRPP (5 phosphonbosyl I j^iophosphais) These punnes art thus

asuilable for the formation of unc and
2 This disorder is X linked m its inh-ntance.

3 This appears in childhood as a ses-ne neurological sj-ndroint, whidi is

sometimes accompanied b\ gout The unnajyunc aad amount is fisx lo six tunes

the rortnal

4 HypolhjTOidism, hypo- and b>perparath>Toidism arc accompanied by
hip-Tuncenua

5 Hypertension is accompanied by increased plasma unc aad Sudi
patients show an increased tendency to mvocardial infarcnon, which is also a
cause of h'perunccmia.

6 It can be pre\enied or dirrm-shcd bt the administration of dlopvnnol,

ananalogueof hypoxanthme Allopunnol inhibits xanthine oxidase due to wh-di
line aad^ cannot be formed

Hcreditarv xanthintma ‘

1 In this rare genetic disorder, there is the dehaency of xanthine oxidase

whiA leads to the diminished leicl of blood unc and (1 mg.100 ml or less)

2. The unnaiy excreuon contains large amounts of* xanthine with lesser

amounts of bipoxanthme

3

Unnaiy calcoli composed of xanthine may be produced

Orotic aaduna

.

I This IS an inhented disorder which causes theexcessn-e prodoctios of
orotic aad This occurs by the defiaency of oroiatephospboribosyl transferase.

2. The urmary excreuon consists of large amounts of pynmidine nucleotide
precursor

3 The mine becomes cloudy on cooling with the deposition of needk-
sbaped trystals of orouc aad

4 Childicn affected by this condition dex^lop a severe megaloblastic anem.a
with physical and m'ntal retardation

5 Administration of undine improies this condition significantly

B rili ro es on

1 AUaptoszna
Z HKaylteicnana.

3 rumano-Pirk dfttate.

A Han*er s sjudrome
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6 Froctesnm.

7
8 GscdyT*s disease.
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13 Lccdt-Njlian syndrosse

14 CTyciauna.
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CHAPTER 28

DETOXIFICATION

‘Detoxification’ occurring in the body converts toxic substances introduced
into or formed m the body into less toxic or non toxic substances which are easily

excreted out by the excretory routes

The substances introduced into the body are the drugs used for treatment of
diseases and the chemicals used for diagnostic purposes The toxic substances are

formed in the body by the bacterial aePon in the Jargemtsstmee g indole, skatole,

phenol, histamine etc The other toxic substance bilinibm is formed in the body
by the breakdown of hemoglobin

Liver IS the pnncipal organ for the detoxification processes to take place

The detoxification processes, can be grouped as follows

1 Oxidation, 2 Reduction, 3 Hydrolysis, 4 Conjugation

1 Oxidation

:

Alcohols, aldehydes, arames and amine denvativcs, hydrocarbons and sulphur
compounds arc detoxified by the process of oxidation

Alcohols : Alcohols are oxidized to the corresponding acids via aldehydes

Methyl alcohol *-Fonnic acid

Ethyl alcohol Acetic acid

Benzyl alcohol Benzoic acid

Aldehydes * Aldehydes are oxidized to the corresponding acids

Benzaldehyde ^Benzoic aad

Chloral -Tnchloracetic acid

Amines and amine deriTatives Aliphatic amines arc oxidized to the

corresponding acids

Aliphatic amine Aliphatic acid+Urca

Aromatic amines are oxidized to P-pheools

Anihne P-amino phenol

Acetanilide acetylamioophcDoI

Hjdrocatbons : Aromatic hydrocarbons are oxidized to phenols

Benzene Phenols

Sulphnr compounds : Sulphur compounds are oxidized to sulphuric aad
Organic sulphur—SuJphunc acid

2 Reduction

;

Less commonly reduction takes place in man Nitro or aldehyde groups are

reduced

Chloral .
-»TncMofetfaylalcohol

P nitro benzaldehyde ? ammo benzaldehyde

Picnc aad- , ^Picramic acid

F.30
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3 Hjdrol)sis

:

The therapeutic activity of some therapeutic agents becomes less in the body

due to their hydiolysis Some examples arc mentioned below

Atropme Tropic acid+Tropine

Digitalis Aglyconcs+Sugars

Aspirin — Salicylic acid+Acetic acid

Procaine P>amioobcnzoic acid-f-Diethylammoethanol

4 Conjugation

:

It IS the process in which the chemical to be detoxified combires w iih another

chemical formed or supplied by the body Eight types of chemical substances are

used bj the body for conjugation reactions These are glucuronic acid,

sulphunc acid, glycine, glutamine, qrsicme, acetic aad, active methyl groups and
thiosulphate

Glucuronic aad . This important conjugating agent is formed m the body
from glucose It produces the toUovving products by conjugation

Phenol -fGlucuronic acid Phenyl gjucuronidc

Bilirubm+Glucuronic acid——Bilirubin diglucuromde

Benzoic acid+Glucuronicacid Benzoyl glucuromde

Sttlphortc acid : U detoxifies phenol, mdoxyl etc.

Phenol -l-Sulphufic acid Phenol sulphate

Indoxyl+Sulphuric acid Indoxyl sulphate

Glycine . The ammo group of glycine reacts with the carboxyl group of die

compound to be detoxified

Benzoic acid+Giycme Hippunc acid

Niu3tinic acid+Glycme— - -» NicoUnunc and

Chohe acid+Glyeine Glycochohc acid

Glutamine .

Phenylacctic acid+Glutaininc Phenylacetyl glutamic and
Dogs use glycine for detoxifying phcoylicetic and

Cysteine

.

Bromobenzeoe+Cystcinc P Bromophenyl mercapturic and

Acetic acid •

Sulphanilamide+Acctic acid Acetyl sulphanilamide

Actne methyl groups

;

PyTidme+Active meUiioome N methyl pyndme

Nicotinic acid+Active metluonme N methyl nicotinic acid

Thiosulphate . Inorganic cyanides are detoxified by thiosulphates converting

the highly toxic cyanides into less toxic thiocyanate

Cyamde+Sodium thiosulphate Thioi^anate-hSodium sulphate



CHAPTER 29

IMMUNOCHEiMISTRY

The lymphocyte is the pnmary cell for immune system The T lymphocytes
T cells) are thymus deriv^ These are lesponstble for cellular immunity (i e
Jelayed skin reactivity, antitumor immunity, cellular defense against fungi) The
B lymphocytes (B cells) are derived from bone marrow in mammals These are

responsible for humoral immunity which is expressed by the production of specific

nrculating plasma proteins termed antibodies or immunoglobulins B
lymphocytes are mainly discussed in this chapter

STRUCTURE OF IMMUNOGLOBULINS
1. The basic unit of all immunoglobulin molecules consists of 4 polypeptide

chains linked by disulfide bonds shown in the figure below
2 There are two identical heavy (H) chains (MW 53,000-75,000) and two

identical hght (L) chains (MW 23 000)

SacrttcrylgA

IgM

(CJ

Fig 29 1. Polypeptide chains axe represented by thick lines , disulfide txMds

Imkiogs different polypeptide chams arc represented by thia lina

467

f



468
IMMtnOGXX}BUU?n

3 Immunoglobulms composed of more than one basic monomeric unit are

termed polymers

Important examples are IgA dimers (2 units), IgA Inmers (3 units) and IgM
pentamers (5 units)

4 The polypeptide chains are not straight sequences of ammo acids but are

folded 3*djmensioc3lly nith disulphide bonds to form areas called domains

5 The part of the antibody molecule which combines with antigens is

formed by a few ammo acids in the F region of H and L chains

6 Papain cleaves IgG in the presence of cysteine into 3 fragments

2 Fab fragments (MW 52.000) and an FC fragment (MW 4S,000) The Fab
fragments bear the entire antibody combining site for the antigen

7 There are two major types of L chains in man, the Kappa (<)and

lambda (A) chains About 70 per cent of the human immunogtobulm molecules

cany K light chains and 30 per cent carry A light chains In IgG, the H chain is

termed a gamma (v) chain . in IgA, an alpha (a) chain , in IgM, a mu (ji) chain ,

m IgD, a delta (a) chain , and m IgE, an epsilon (c) chain

8 Ciirbohydrate residues arc attached to the polypeptide chains 2 carbo

hydrate units per molecule of IgG and 3 per molecule of IgM The carbo-

hydrate residues include D mannose, D galactose L fnictose D acetylneurammic
acid and glucosamine

9 Each chain u divided into speahe domains or regions that have structural

and functional significance The half of the hght chmn (L) toward thecarboxy
tenmnus is termed as the regten (CL), while the ammo tennmaJ half is the

vanttilt ugtm (VL) of the light emtn Aoout one quarter of the heaxy [H) ehaat

at the amino tenmnus is termed as vanibie region (VH), and the other three

quanen of the heaw chain ire referred to as the constant regions ((2H*, CH*.
CH*) ofthatH chain

10 The portion of the immuroglobuhn molecule which btndt Utt specific

cmigoi IS formed by the anunoterminal portions (vanable regions) of both the

H TJid L chains, i c the VH and VL damams The domains of the Proicm chains

do not simply exist as linear sequences ofammo aads but fonn globular regions

with secondary and tertiary «trucrurc

Classification of immunoslobolias

On the basis of electrophoretic, immunologic and ultracenlnfugal studies,

the iinmuDoglobulins have been divided into 5 groups

1 IgG:

(a) This is the major aatibody-containing fraction which comprises 80
per Cent of the gamma globulins

(b) It IS a Single basic immunoglobulin unit with y heavy chains
(c) Its molecular weight is 150,000*160 000 and it contains 24 per cent

carbohydrates
(d) It has the slowest electrophoretic mobility and is distnbuted m the extra-

cellular fluid and IS capable of crossuig the placenta

2 IgA:

(a) It has a molecular weight of about 180,000400,000 and its S rate

IS 6 6-13

(b) Ithas a higher content of carbohydrate (5 10 per cent)

(c) Itispresentinhighconcentraltonsmtheblood.iD saliva and tears andia
the secretions of gastrointestinal tract
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(d) It IS a single basic immunoglobulin unit with heavy o chains Secretoiy
IgA IS made up of 2 basic units connected by a J chain

(e) A 60,000 MW molecule call^ transport piece {t piece) is attached to the
Fc po^OQ. This IS necessary for the transport of IgA molecules mto the lumens
of exocrine glands Secretory IgA plays an important role m host defense
mechanisms against viral and bacterial infectuns IgA does not cross the
placenta

3

TgM:

(al It contams 576 ammo acids and has a mass of 950,000 daltons
(b) It is the first antibody to be formed m a new bom animal or human
(c) JgM (with IgD) IS the major imraunoglobulm expressed on the surface of

B Cells

(d) Its carbohydrate content IS 10-12 per cent It is dissociated mto subunits

designated IgMs Each monomer is composed of two L chaiSs and two

H chams (p) with 2 combimng sites, so that the intact molecule has 10 combimng
sites

(e) IgM does not cross the placenta

(f) The basic units of it are connected by disulfide bond badges and a small

polypeptide J chain.

4 IgD : No antibody activity is associated with IgD

5 IgE:

(a) It is present in the serum m very low concentrations as a single basic unit

with heavy E chains

(b) Its molecular weight is about 190,000(85) Half of pauents with allergic

diseases have increased serum IgE levels

(c) The specific micraclion between antigen and IgE bound to the surfaa of

mast cells results m the release of mfiammatory mast cell products such as

serotonin and histanune

ELECTROPHORETIC DETERMINATION OF IMMUNOGLOBULINS

In 1937, Tisehus performed the separation of proteins m electrical

Owing to therelatne complexity ofhis method, zone electrophoresis has replaced

electrophoresis m a free solution

2^ne electrophoresis

:

(i) Serum or other biologic fluid samples are placed on the cellulose acetate

and separated by electrophoresis for 90 mmutes using alkaline buffer solutions.

(ii) The strips are then stained and scanned

(m) This procedure separates normal scrum proteins into 5 major electro-

phoretic bands (albumin, a^-globulm, oj-globulin, ^-globulm, and y-globulm)

(iv) This electrophoresis IS \rry useful for the diagnosis ofhuman paraprotein

disorders such as mutiple myeloma and bypogammaglobulmemia In bypo-

gammaglobulmeima, the decrease in scrum y-globulm is easily detected.

Fij 29.23 Electrcpboicsn of ssmirie in electrolyte btjra n peifonned
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Rg 29^ Separated pro’eai bands are seen sfler beag staiasd-

Fig. 29^c Graphical rcprcscmation of alKirain. c,*g*obalia,

and y-globuliTS

Immonoelectnipboresis (lEP) •

(0 It consists of both electrophoretic ^paralion and immune preapitatioa of
proteins.

(ii) A glass slide coi-ered with buffered molten agar (p” SJl) u required
to perform the test

CuO An antigen (serum) ivell and an antibody trough are cut in the agar after

the agai is coolod

(tv) Tbs serum sample is placed in the nell and the s-anous proteins are then
separate to an electrical field

(v) Antiserum is nest placed m the trough and allor.ed to diffuse for 18>24
hours m the direction of the separated protein^

(vi) When the >'anous protein fraaiops meet the migrating antibodj,
precipitia lines are formed These lines are siaired or photographed to male a
permanent record

(vu) The absence of imraunoclobulin classes or the oresence of abnormal
immunoglobulin molecules are detected bv this process evm in very lotv concsn*
ira’ions that arc not apparent by zone electrophoresis.

QUANTITATnT: DETERMINATION OF rSLMUNOGLOBUHNS
p) Theradial diffusion leclm^ue is utilized for the quantitative dctcnnicalion

of immunoglobulins

(li) W ells are cut m an agar ptalc impreenated with a specific antiserum
directed against a single human immunoglobulm cla&w

(iii) Acircularpreapilmnngwillfonnafterlhehurianserumprotcins placed

in the well diffuse through the agar

(iv) The diameter of the precipitin rmg is proportionate to the conccntraticn

of serum immunoglobulin

(v) The level is detenmned by comparmg the diameter of the unknown serum
to that of a standard containing Imowm levels of unmunoglobulms.

(vi) This test does not diffcrMtiate between normal and abnormal immuro-
globulm molecules as does the immunotlecitophoresis procedure.

(vii) The normal concentrations of the 3 major immunoglobulm classg> are

as follows

.

IgG : 71()-1530 rag,^di (92-207 lU/ml)

IgA : 6CM90 mg/dl (54-268 lU/ml)

IgM : 40-210 mg/dl (69-2S7 lU^ml)
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(f)

Fig 29 3

(a) Sem!*kilid agar poured mto glass sbdc ard ant gen well and antiserum

(rough cut out of agar

(b) Antigen well tilled with hunan feeram

( c) Serun separated by electrophoresis

(d) Aotisenini troagh filled with astiserLm to whole human serun

( e ) Serum and actisenim diffuse into agar

( f ) Precipitin lines form for individual serum proteins

ANTIGENS
Defioitlon : Substances \vhicb can give an immune lesponse when intTodUc6J

into an animal are called immunogens or antigens

Although most antigens arc macromolecular proteins, polysaccharides,

sytithetic polypeptides and other synthetic polymers may also be immunogenic.
Although the characteristics of antigens are complex, certain conditions must be
satisfied in order that a molecule be immunogenic, as follows

.
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1 The molecules that are foreign to the host are immunogenic

2 Molecules smaller than MW 10 000 are only weakly immunogenic
Macromolecularprotemswithmoiccularweightsgreaterthan lOO.OOOare the most

potent immunogens

3 Immunogenicity increases with stnictural complexity Aromatic ammo

acids are more immunogenic than nonaromatic ammo acids

4 The ability to respond to a particular antigen vanes with the genetic

constitution of the animal

antigenic determinants

The initiation of immunoglobulin production requires binding of the antigen

to the lymphocyte surface Thecombmmgsitesonthesurfaceof the lymphocytes

arc anlibody-like molecules called antigen receptors

The portions of antigenic molecules which are involved m actual binding with

antibody combimng sites are termed antigenic determinants

Fig 294

(b) I^tridish IS filled with semi-soliil agar solution contammg antibody to antigen S

(b) Antigen S u allowed to diffuse radially rrom the cooler well for 24-4S hours

(c) Antigen S meets corresponding antibody to S in the agar, precipiUn results

After reaction a sharp border is formed

(d) By serial dilution of a known standard quantity of antigen S-S/!, S/2 S'A.SfS

—Tings of progressively decreasing size are formed The amount of antig^q

S m unknown specimens can be calculated and compared with standard
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Haptens : (i) Karl Landstemer prepSiTed haptens by covalently coupling
diazonmm derivatives of aromatic amines to Jysinc tyrosine, and histidine residues
of immunogenic proteins These proteiiK are called earners

(ii) These are small, chemically defined substances which, althbugh not
immunogemc, react with antibodies

(ill) The protein hapten conjugates form anlibapten antibody The
conjugated haptens thus behave as the complete antigenic determinant of the
fflo'ecules

Fig 29^1 Hapicn prottm conjugate The conjugated dimtiophcml (DNP) hapten

introduces new antigeittc deterninanta The protein has severat i»ti%-e or

integral antigenic determinants denrted by thickened areas

Siic of antigeidc determinants

1 Antigenic determinants and antibody combining sites are similar to

a “lock and key arrangement The binding affinity between the antigen

and antibody site is directly proportionate to the closeness of fit

2 The antigenic determinant size was performed using single sugar (glucose)

polysaccharides (dextran) These singlc-clmm polysaccharides with few branch
points were used to produce antibodies

3 The hexasaccharidc was the best inhibitor of the dextran antideztran

precipitant reaction

IMMUNOPOTENCY

The ability of the region of the antigen molecule to act as an antigenic deter-

minant and to induce the formation of specific antibodies is called (mmunopotency

liie following factors influence immnnopotcncy

1 Exposure to the aqueous environment is important m immunopotency
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CHAPTER 30

HORMONES

Geoeral diaracteristics of hormooes •

thcr funlllL
™ “ '"“ "8“ " U>cv PlUmately^riom

2 They ore secreled raro the blood pnor to u.e
3 Structurally, they are not ahrays proteins
The action of a hormone at a target orsan ui regulated by 5 factors
(a) Rate of synthesis and secretion oi the siorwf hr*rm« r

gland.
stored hormone from the endocrine

(b) Specified transport systems m the plasma
(c) Conversion to a more active form
(d) Honuouc specihc receptors m targe, cell cytosol or membranes
(c) Ultimate degradation of the hormone, usually by rhe liver or bdneys

Mechanism of action of hormones ;

hasc'^"pr"a^s'cd^“"‘°° “ ”>' S'e general sites

1 Indaction of enzyme synthesis at the noclear lexel

:

protein m ^P-diehighaffirnty receptor

sv.th‘;he’?ueS7ehmmS,u''
't' -“^-s of the cell where reacts

(ill) The combination formed thus inflti^nr^ thn ......ai. •.

(mRNA) n hich may act as a template diiectine the
tnesseugcr RNA

endoplasmic reticulum of specihe protein^^lie
“ •i’= i^doplasmie

(iv) Thyroid hormones act sinularis to iuctm.. pwa j
but do so by directly binding to specific Je«pto™?em^m jh’’'

synthesis
Receptors m the cytosol are le» effectisc m rSSatran

^ranjahn
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R-Specific gluooconieotd receptor

. . r ™rtTne synthesis at the rlbosomal level :

2 Stimulation of e.^
on^nslalion of mformation carried by the mRNA on

^bS=^?o‘fbe%“c.ion of eneyme protein

3 Direct ^”°^™tly'^uiied it is probable that the initiating

bonSnSSM-O"
4 Hormonal action

,n the transport of a variety of

0) Many 1''’™';,"“ inelnding carbohydrates, ammo aads, rations,

substances across “ormones specir,rally bind to cell membranes

and nucleotides m t
,„4 cntecholamines actuate dilferent membrane

enzyme s^Smfbyrr^trndmg
to specific receptors on the cell membrane rather

in the
^aivroidhormoncdeereasetheirrespective receptors

(111)
Increased insuh * esceeds the hormone levels required for

Wii^Xg "rSpon'se^^^^^
"

Sonet,onnl receptors .ran

5

Hormonal action as it relat
important role m the action of

i
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CAtCJUXI IN HORMONT ACTION

(n) Glucagon may cause large increases of cAMP in the liver but com'
paramely small increases m muscle But epinephrine produces a greater increase

of cAMP in muscle than m Iner. Insulin can decrease hepatic cAMP.

(m) The hormones probably act at specific receptor sites in the different cell

membranes which m turn activate the adenylate cjclase. Re<xptors for different

hormones m a cell membrane activate a relatively common adenvlate cjclasc

(iv) cAMP activation of phosphoiy^sc is the result of a spcafic activation

of the engine phosphorylase kinase which results ultimately m the conversion of

inactive dephosphophosphorylase to active phosphorylase

(v) Id adipose tissue, cAMP may activate hpolysis by a similar stimulation of
protein kinase which causes increased lipase activity.

(vi) The hydrolysis of cAMP results m the liberation of 1 6 KCal/moL more
energy than the hydrolysis of a hi^ energy bond from ATP.

(vu) The kinases not only phosphorybiceniymcs but they also phosphoiyhte

other proteins (c g nucleoproteins) Thus, cAMP may affect regulatory systems

at the chromatin level of transcnpiion and possibly at the nbosomal protein level

of tiansbtioa

(vm) cAMP IS now recognized as important as ATP or AMP in controUmg
enzymic reactions

calaom in hormone action and secrerion :

The action of most protein hormones is inhibited in the absence of
even though ability to incteasc'or decrease cAMP. Thus, calcium may
re terminal signal for hormonal action than cAMP. ^
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2 Ionised calcium of the cjtosol IS the important signal The source of this
calcium may be the extracellular fluid or it may arise from mobilization of intra-
cellular, tissue bound calcmm, whereas cAMP pnmanly mobilizes tissue bound
cmcmm

^ ^crebon of almost all hormones stored m granules requires calcium
bnmulators often increase uptake ofcalcium whether or not they increase cAMP
Furthermore, cAMP can partially mitiate or modulate the action of primarv
stimulators by mobilizing intracellular bound calcium

Assay of Hormones

:

A Biologic Assays

:

1 Biologic assays measure the levels of functional activity of hormones

2 These assays are not usually specific due to lack of sensitivity

B Chemical Assays

:

1 niese assays measure the absolute quantity of a given hormone

2 Hiese are not generally applicable m case of protein hormones

C Radiodisplacement Chemical Assays .

1 These assays are largely used now a days for protein and nonprotem
hormones

2 The binding protein is a specific antibody, membrane receptor or serum
transport protein The unlabelfed hormone, present as standard or unknown,
displaces the labelled hormone and results in the increase in radjoactmty m the
unbound fraction These include electrophoresis and preferential salt

precipitation

3 These assays are more sensitive than most bioassays because the concen-
trations of less than I ng/ml can be detected by these assays

CHEMISTRY AND FUNCTIONS OF THE HORMONES

The Pituitary gland*

1 The human pituitary is located m the brain just behind the optic chiasm
as an extension from the floor of the hypothalamus and is about 10 mm in

diameter

2 The average weight of human pituitary is 0 5-0 6 g in males and 0 ^0.7 g
m females

3 It consists of two parts—(a) the adenohypophysis or antcrio' lobe ,

(b) the neurohypophysis or posterior lobe

Role of Hypothalamus :

1 The legulatory factors secreted by the hypothalamus control the secretion

of hormones by thcjpuuitary gfand The regulatory factors are considered to be

hormones

2 In addition to the secretion of regulatory hormones, neurophystal

hormones are actually synthesized m the hypothalamus and migrate as granules

down the nerve fibres and accumulate at the nerve endings from which they arc

secreted
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ADENOHYPOPHYSIS OR THE ANICRIOR PmjlTARY GLAND

1 The anlcrior lobe is the largest and most important portion of the
pituitary

2 la man, this lobe is about 70 per cent of the total weight of the gland

3 This gland releases a number of hormones which are divided into

two groups—(a) Tropic hormones Thyrotropic hormone (TSH). adrenocortico-
tropic hormone (ACTH), Luteinizing hormone (LH). Follicle siimuhling
hormone (FSH) , (b) Grow’th hormone (GH, somatolrophin, prolactin and
lipolrophms)

ThjTofropic Hormone , Th}TQid Stimulatiog Hormone (TSH)

Chemistry

;

1 It IS a gljcoprotem of molecular weight about 30,000

2 It consists of two polypeptide chains termed TSH-a and TSH-^

3 It IS very rich m sulphur containing ammo acids consisting of II

disulphide residues and contains fucose, mannose, galactose, glucosamine and
galactosammc

Functions .

1 It binds to specific membrane receptors and activates thyroidal adenylate

cyclase causing an increased cellular cAMP
2 It increases the rates of the removal of inorganic iodide from blood by

thyroid and incorporation of iodide m the thyroid hormone

3 It increases the release of thyroxine Irom the thyroid gland to circulation

4 It js used clinically to differentiate primary hypothyroidism (myxedema)
,:om secondary hypothyroidism (Pituitary msulHciciicy)

Control of release :

The hypothalamus secretes thyTotropic releasing hormone (TRH) a regulatory

factor Itisatripcptidecontammgpyroglutamic acid. hisiidmc, and prolmamide
This factor is abundant m the pineal gland and frog skm Inhibitors of protein

synthesis have no elTect on the synthesis ofIbis factor from tiichvpothalamus which
indicates that the process IS nonribosomal Its action is calcium dependent This

factor specifically acts on the thyrotropin secreting cells TRH also stimulates

prolacting secretion

ACTH (Adrenocorticotropic Hormooc)

:

Cbem^trj •

1 It IS a straight chain polypeptide of molccuhr weight 45,00 contnmng
39 amino acids

2 Only the first 23 arrutio acids are required for activity These 23 ammo
acids m the peptide chain is the same in id! species . whereas the remaicmg
biologically inactive 16 ammo acid chain varies according to the animal source

FooctioDs

:

1 It stimulates the synthesis of corticosteroids by the adrenal gland and also

cnhancK their release from that gland

2 It increases the total protein synthesis

3 It causes the synthesis of steroid hormone from cholesterol

4 It has a mild stimulating clTcct in dispersing melanin granules on the skin
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5 The administration of ACTH causes (a) the increased excretion ot
nitrogen, potassium and phosphorus, (b) retention of sodium chloride and
secondary retention of w ater, (c) Elevation of fasting blood sugar, (d) increase in

circulating free fatty acids, (e) increased excretion of uric acid, (0 decline in

circulating eosinophils and lyinphoqttes

6 Since it activates adenylate cyclase and increases intracellular levels of
cAMP, It can increase lypolysis m adipose tissue and stimulate insulin secretion

from the pancreas

7 Puromycin, the blocking agent of protein synthesis, inhibits the eflcct of
ACTH on the adrenal gland

Control of ACTH Secretion

1 It is controlled by corticotropin releasing hormone (CRH) of (lie

hypothalamus

2 Activation of the hypothalamic centers takes place via neurotransmitters
m the certral nervous system (eg acetylcholine and serotonin) Therefore,
stresse*^ such as cold, insulin hypoglycemia epmephrme, estrogens, psychic stimuli

cause an increased production of ACTH leading to increased adrenal cortical

activity High levels ofACTH inhibits the further synthesis of ACTH

Luteinizing Hormone (LH)

Functions

.

1 lo the female, it stimuhtes hnal maturation of the graahan follicle, ovuU*
tion, and the development of tlie co'poralutea The secretion of estrogen and
progestone is also stimulated

2 In ibe male, it stimulafei» testosterone production by the testis wliich

maintains spermatogenesis and causes the development of accessory sex organs
such as the vas deferens, prostate, and seminal vesicles

3 It increases cAMP Both cAMP and LH arc blocked by puromycin

Follicle Stimulating Hormone (FSH)

Functions :

1 In the female, it stimulates the growth and maturation of graafian follicles

and prepares them for ovulation and for the action of LH and enhances the release

of estrogens This hormone is very active during menstrual cycle

2 In the male, it stimulates seminal tubule and testicular growth and also

the early stages of spermatogenesis

3 The secretion of this hormone is inhibited by the administration of

testosterone, progesterone and high concentration of f%H

Growth Hormone (GII, Somatotrophln)

Chemistry :

1. It is a single polypeptide with a molecular weight of about 21,500

2 The human growth hormone consists of 191 ammo acids

3 The activity of the hormone resides only m a portion of the molecule

4 Pirtn! hydrolysis of (he hormone docs not stop its activity

5 The growth hormone prcpantions from monkey and human are active

m both humans and rats
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Fanctiott$

:

1 Xt increases total growth and causes pcanUsm m children Its deficiency

in eWdrea causes dnarfism

2 It stimulates production of Somatomtduis {Sulfation factors) froni

liver and kidnej Somatomedins is simlar Id serun insulin like actirit)

3 It stimulates protein sjuthcsis causing an increased in nitrogen and

phosphorus retention. Blood ammo aads and urea are dccreared Growth

hormone increases 5)11^16515 of DNA and RNA in all tissues. It stimulates

eivthropoicsis

4 It accelerattt the mobilization of fal from the adipose tissues and the free

fatty aads in the blood. It enhances oxidation of fats in livw and muscle.

Increasai hetogenesis occurs m the deficienc) of msuhn

5 In muscle, it functions against the action of insulm causing the decrease

m the utilization of glucose and stimulates the secretion of glucagon resulting m
the increase m the blood glucose level In bvrr, it inhibits hexokmase reaction

and thus opposes the action of lasnlio.

6 It increases intestinal absorption of calaum as well as Its excretion. As
it stimulates the growth of the long bones at the epiphyses as w ell as the growth of
soft tissues, retention of other minerals such as potassium, phosphorus, sodran,
magnesium and chloride occurs It causes the formation of sulphate estere for

incorporation into cartilage b> increasing somatomedin from the liver

Control of seaetton of gnmth hormone

:

1 The control of growth hormone is exerted by a speafic grovth lormone
releasing factor (OHRF) also termed growth hormone releasing honDcme (GRH)
which IS extiactM from the bvpothalamus

2. Growth hormone release mhibiUng hormones (GH RIH, GIH) or
Somatostatm release mbibiting hormone (SFUF) is 3 negative modulator of
growth hormone

3 Secretion of growth hottcone is mfluenced by exercise, hypoglycemia,
starvation, exatement and exposure to cold.

Prolactm (PL)

Chemistry :

1 It is a protem with a molecular weight of about 23,000

2. It is produced by the pituitary aadophil cdls

FcQctJOQs

:

I It activates the corpus luteum and sUmulatcs progesterone production by
the developed corpus luteiun.

2. Itaisostimulatesenlargemcntorcropglandand fonnauonof “cropmnt”
10 pigeons

3 It mcrcases during pregnancy and stimulates mammary development and
growth hormone—like metabohe ch^ges.

4 It is inhibited by a hvpolhalamjc factor, prolactm tnJubitingfactor

NEUROHYPOPHYSIS (THE POSTERIOR LOBE OF THE PITUITARY)
OXYTOCIN
Chemistry

:

1 It is a cychc polypepude containing 8 ammo aads.

Z Its molecular weidt js about 1000
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Its structure is quite similar to that of vasopressin The differences are
jsoleucme of oxytocin is replaced by phenylalanine of vasopressin and leucine of
oxytocin is replaced by lysme of vasopressin

Functions

.

1 It causes contraction of the smooth muscles m the mammary gland
resulting m milk excretion Its level is increased by suckling

2 It IS increased dunng labor It causes utenoe contraction and 1 '= used in

obstetrics when induction of utcnne contraction is required

3 It stimulates the contraction of gall bladder, mtcstmes and urinary
bladder

VASOPRESSIN
Oiemisfry

1 It IS a cyclic polypeptide containing 8 ammo acids

2 Its structure is quite similar to that of oxytocin except isoleucme which is

replaced by phenylalanine and leucine which is replaced by lysme

Functions •

1 It has a marked effect on the kidney tubules accelerating the rate of water

reabsorption from the distal tubules and thus produces a marked antidiurctic

efiect Hence, it is termed as antidmretic hormone (ADH)

2 It IS an effective inhibitor of the gonadotrophins, particularly LH
3 ADH formation is prevented by the tumor m the hypothalamus or lopry

to hypothalamus Diabetes insipiefns occurs m the absence of ADH which is

characterized by the large \olume of excretion of urine—upto 30 L of unne
per day Alcohol also inhibits ADH secretion

4 ADH secretion is increased by emotional and physical stress, elecfncal

stimulation, acetylcholine, nicotine and morphine These stimulations are
assoCTatedwithanincreaseinRNAsynthesismtheneuron mdicatingan increased

protein synthetic activity

THE MIDDLE LOBE OF THE PITUITARY

lutermedm or mclaoocyte*stimuIatlng hormvae (MSH)

Chemi'stTy

1 There are tvso peptides (a MSH and P-MSH) ^ MSH is 50 times more
than a*MSH

2 a-MSH IS smaller containing only 13 ammo acids Both have structural

similarity with that of ACTH
3 a MSH IS identical to the first 13 ammo acids of ACTH
4 Ammo acids 1 1-1 7 offi-MSH are common to both a MSH and ACTH
5 a MSH has some corticotropic activity but not of 0 MSH

Functions •

1 This hormone increases the deposition of melanin by the melanocytes

of the human skm
2 In addison’s disease when the production of the corticosteroids is in-

adequate, melanoc>te stimulating hormone (MSH) is secreted causing the

increased synthesis ofmelanin accompanied by brown pigmentation

F 31
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Both cortisone and hidrocortisone, epmephnce and norcpmcphnne

inhibit the action of MSH

Abnomalitics of Pituitarj function

A HYPERPITUITARISM
Gigaatism

1 U occurs from the hyperactivity of the gland during childhood or

adolescence

2 The long bones increase m length so that the individual attains an

unusual height

3 The grovith of the legs and hands aic itlauvcly greater than the trunk.

4 The individuals arc mentally subnormal

Acromegalj

1 This condition occurs m adults aAer the epiphyses have closed and growth

has ceased

2 The individual exhibits eobrgcd nose, growth and cnlargciuent of

the hands and fee* and thickening of the skin

3 Sexual function is increased Raised BMR, hypergl>-ceniia and
gi>xosuna result.

Excess production of ACTH produces Cushings disease

B mTOPIXUITARISM
Dwarfism

1 It occurs as a result of h>poactmty of the gland in chJdhood

2 Cessation of growth and sexual retardation.

Frolichs syndrome

1 This occu-s in pituitary destruction m childhood.

2 The children become stunted and quite stupid

3 There are deposits of fats all over the body

4 Obesity and diabetes mstpidus occur

5 Disturbances in sleep mechanism and body temperature occur These
children spend most of their tune asleep

6 The obesity is due to mcreased apctiie and reduced energy output
Sunmond's dseasc (Panhj-popitmtansni)

I li occurs due to the deficiency of the function of the h>poph>'sis in the
adult.

2. BMR IS r-doced, subnormal body lempcialure and the heart rate is low

3

Carbohjdrate metabolism is entirely disturbed and the individual
develops severe and sometimes fatal hypoglycemic coma

Myxedena is due to lack of thyrotropin.

THE ADRENALS
TRF ADRENAL MEDl LLA

Epmephnne and norepinephnoe

Chemistry

1 These hormones are structurally related to a group oforganic compounds
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known as catechols The aromatic nucleus of these hormones is that of catechol

(1, 2-dihydroxybeDzene) but the ammo group is attached to an aliphatic side
chain Hence, the term catecholamme

2 80 per cent of the catecholamme activity is attributed to epmephnne
Naturally occumng epmephnne is the L isbmcr The unnatural D form is only
one-fifteenth as active

3 Epmephnne differs from norepmephnne only in that epmephnne is

methjlated on the primary ammo group of the aliphatic side chain shown m the

figure below

OH H

i-NHCHs

OH
Epif«phnne

OH H

OH
Noreppinephftne

303.
Finctions

:

I Epmephnne gives a rapid physiologic response to emergencies such as

cold, fati^e, shock etc In tlus sense, it mobilizes the term “fight or fiight”

mecbaoism

2. These hormones are efiecuve on parenteral administration They are
destroyed by oxidation when given orally

3 They increase blood pressure

4 Epmephnne increases cAMP by activabng adenylate cyclase cAMP
stimulafes phosphorylase which causes the breakdown of glycogen m the hver
resulting the mcreas^ blood sugar Norepmephnne is one-fifth potent m this

respect

5 Epmephnne causes increased breakdown of muscle gl>cogen to lactic acid

thereby increasing blood lactate

6 Epmephnne acts oa adipose tissue and releases free fatty acids into the

circulation,

7 Epmephnne also increases BMR
8 Epmephnne is an effective stimulant of heart action It increases

the imtabihty and the rate and strength of contraction of cardiac muscle
and increases cardiac output It causes vasodilatation of the artenoles or

the skeletal muscles and vasocoostnction of the artenoles of the skin

and mucous membranes Norepmephnne has less effect on cardiac output

9 Epmephnne causes relaxation of the smooth muscles of the stomach,

intestine, bronchioles and urinary bladder This hormone is valuable in the

treatment of asthmatic attacks

THE ADRENAL CORTEX
Steroid hormones

Cbemtstry

;

1 All steroid hormones have a parent rmg i.e cyclopentanoperhydro-

phenanthrene rmg
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2 Most naturally occumng steroids contain alcohol side chains and are

referred to as sterols

3 About 50 steroids have been isolated from the adrenal gland, but only a

few possess physiologic activity The most important ones are cortisone, hydro-

cortisone (cortisol, 17 hjdroxj corticosterone) aldosterone and the two androgens

androstcnedione and dchydro piandfostcrone Cortisol is the major free

circulating adrenocortical hormone m human plasma.

4 A and B nngs of the nucleus are joined in a trans or Os conflguratiOD

Estrogens do not show such isomensm since iheir A nng is aroma ic

5 In natural steroids, both the chains attached at C17 and various

substitutions at Cn are m the P-conftguration

Functions

A The glucocorticoids

1 These hormones increase glucose, fatty acids and ammo acids in the blood

2 In the penpheral tissues (Muscle and adipose tissues) they cause

depressed uptake ofglucose dimmish^ glycolysis depressed protein synthesis and
increased protem degradation

3 In adipose tissue they increase lypolysis and m muscle they cause

depletion of protem stores

4 They increase alanine—a ketoglutaratc and tvrosme transammascsasuell
as tryptophan pyrrolase

5 They increase ibe key enzymes m the regulation of gluconeogenesis

(Pyruvate carboxylase, pbospboenolpyruvate carboxykmase, fructose-I, 6-

^phosphatase and glucose 6'phosphata$e)

6 In the liver, they act on the fixation ofCO* at the level of pyi uvate carbo-
xylase which IS the key enzyme m gloconeogcn*sis

7 Tliey are mactise on heart, brain and red cells

8 They hast anti inflammatoiy eflects and also immunosuppressive eflects

9 They have effects on bone, exocnne seciction, cyclic AMP and stress

B The Miueralocorticoids r

1 They increase the absorption of sodium and chlonde by the renal tubules
and decrease their absorption by the swea< glands, salirary glands, and the

gastrointestmal tract

2 They cause, on administtation increased extracellular fluid volume,
mcrcased circulating blood volume and urmaxy output

3 Aldosterone also increases the renal clearance of magnesium

C Sex Hormones (C 19 Corticosteroids)

.

1 The adrenocorticosteroids cause retention ofnitrogen (a protein anabolic
effect), phosphorus, potassium, sodium, and chlonde If they are present in

excessive amounts, they lead to masculinizattoa in the female

2 Estrogens and progesterones are produced in small amounts
Abnormalities of adrenocortical funebon .

Inhumans,degeneraUonoftheadrcnalconexdueto tuberculous process
or m diabetes and hypothyroidism causes AddisorCs disease which shows the

following signs

) Decreased 17 hydrox>corticoid and aldosterone excretion
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2 Excessive loss of sodium chlonde m the urine

3 Elevated levels of potassium la the serum

4 Low blood pressure and low body temperature

5 Muscular weakness, gastrointestinal disturbances, hypoglycemia, and a
progressive brownish pigmentation

B Adrenocortical hyperfunction is caused by malignant tumors of the
cortex This hyperfunction of the cortex causes Cushing's disease which exhibits
the following signs

1 Hyperglycemia and glycosuria (Diabetogenic effect)

2 Retention of sodium and water followed by edema, increased blood
volume and hypertension

3 Negative nitrogen balance (Protein anti anabolic effect and gluco-

neogenesis)

4 Potassium depletion and hypokalemic alkalosis

THE ORGANS PRODUCING SEX HORMONES

The testes and ovaries not only provide spermatozoa or ova but also manu-
facture steroid hormones which control secondary sex charactenstics, the

reproductive cycle, and the growth and development of the accessory reproductive

organs

MALE HORMONES
Testosterone

Chemistry

1 This IS formed from cholesterol through pregnenolone, progesterone, and
hydfoxyprogesterone

2 The active hormone is dihydrotestoslerone

Testosterone Ohydrotestosferem

Fj* 30 4 Straclu"e of Teslosteroiw and Dihydrotestoslerone

Functioiis

:

1 Testosterone promotes the growth and function of the epididymis, vas

deferens, prostate, seminal vesicles, and penis

2 Itenhanccsandmaintamsthemotilityand fertilizing power of the sperms

3 It stimulates the secretion of sebaceous glands

4 It IS largely responsible for the emotional malc-up of the male

5 It depresses the estrogenic over activity m women with symptoms of
dysmenorrhoea, painful breasts and slops lactation and menstruation
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6 It promotes protein synthesis in the body

7 It mcreases the activity of glycolytic cn^rmes and decreases the activity

of glutamic dehydrogenase and argmase synthetase

8 It increases the rate of ^thesis of fatty acids

FEMALE HORMONES
The ovary secretes two hormones I Estrogens formed by the follicular

tissue 2 Progesterone formed by the corpus luteum

Estrogens

Chemistry

1

The estrogens are C 18 steroids and differ from androgens in lacking the

methyl group at Qo The nng A is aromatic

2. The androgens testosterone, and androstencdione are precursors for the

synthesis of the estrogens m testis ovaries, adrenals and placenta The chemical

structure of estrogen is given below

Functions

1 Estrogens are responsible for the growth of the uterus vagina, pelvis

breasts, pubic and axillary hair

2 They mfloence the menstrual cycle and are essential for breast
development

3 On administration, they promote mitotic actmly in the uterine muse'e
and endometnum

4 The vagmal epithelium is sensitive to the actibu of estrogen.

5 They influence the secretion of the gonadotrophic hormones m the
anterior pituitary

6 They increase the plasma levels of thyroxine and cortisol binding
globulins

7 They cause rapid increase m RNA synthesis m uterine tissue

8 They prevent hpid accumulation m liver when administered to an.mjik
having diets deficient in hpotropic factors i e methionine and cholme

9 They cause decrease m cholesterol level and other hpids m plasma. This
IS why the mcidence of atherosclerosis is low in women as compared to -men

10 They regulate normal bone metabohstn. Women after menopause
develop osteoporosis

Progesterone •

This hormone is formed in the cotpus luteum of the ovary It is also formed
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m the placenta dunng the latter part of pregnaney It is seereted 1 or 2

days before ovulation takes place

Chenustry *

1 It IS synthesized from cholesterol

2 It IS also formed m the adrenal cortex as a precursor of both 019 and

021 corticosteroids The chemical structure is given below

Fig 306

Functions :

1 Progesterone causes the development of the endometrium preparing it

for the implantation of fertihred ovum for conei^tion

2 It suppresses oestrus, ovulation and the production of luteinirmg

hormone When pregnmey occurs, the ovulation and menstruation are sus-

pended by the action of this hormone

3 It stimulates the mammary glands
, , ,

4 It increases BMR during the luteal phase of normal menstrual cycle

5 In the normal menstrual cycle, the anti-ovulatoiy effect of progesterone

,s the basts for the use of certain syntbetie progestms as oral contraceptive agents

the thyroid

The thyroid gland weighs about 25-30 g and eonsisu of closely packed sacs

(folhdes) flL with proteinaceous colloid The gland s«retes the hormones

‘Coxineandtr. lodothyronine OfatotalofSOmg of lodme in the body, about

10-15 mg are in thyroid

Thyroxine and TruodothjTOCine

°’T‘7odmat.on of tyrosines m thyroglobulin occurs first in pos.^n 3 of the

aromatic nucleus and then at position 5 forming mono-.odotyrosine and

diiodoty^ine^^^jcly^^l^l^
ofdi.odotyrosine (I. Tyr ) then occurs within

the thyTOglobnlm molecule to form tetra.odothyronme fThyroxine)
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occJs a. Tyo also

0 2 2.5 fis/lOO ml
8-18 ns/lOO ml

Protein Boond lodioe (FBI) in blood :

The term PBI m blood represeats iodine present m them,a i
FBI snlues for normal adults is d 8 uc/im ml

The

reliable measure of thyroxine content of plasma Tb. i 5 “ h

hyperthyroidism are given below
P®' “ »«» and

Myxoedema (Hypothyroidism)

Grave’s disease (Hyperthyroidism)

Fonctioos }

1 In hypothyroid animals, the tissues show a low rata nfconsumption, the patient has a slow pulse lowered v. I
cholesterol levels are increased, 1,polys,s and fatty acid l,be4,o„?“?’
In hyperthyroid states, the reverse occurs

^ decreased.

2 Thyroxine causes increased intestinal glucose absornima r,
glycogenolysis in liter and musele It promotes neoglucogen^s

3 It aateatas RNA, ammo aad transport and protein synthesis4 In hypothyroidism, there is marled mcrease ,n serum ,

tnglycende and phospholipid contents in blood are also ineilsM Tuthyroidism the scrum cholesterol level is decreased
”

5 I" high concentration of thyroid hormones, rale,urn,
bone,lossesofpotassiumandmtrogen in unne. increased calciuma”d pi cm the ^nne Phosphorus

6 High concentration of thyroid hormone causes uncouple a
phosphorylation and mcrease swelling in the mitochondria. Surt icr,„°

7'
in the producuon of heat mther than storage of energy as ATP
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7. Tb> roxme is essential for the corversion of ^ carotene to vitamin A
Abnormalities of tbyroid fnncfion :

Hypothyroidism causes Cretinism m children and Myxoedema in adults

Cretimsm

:

1 Growth in children js retards)

2 The child is menially defective He has coarse scanty hair and a thick

yellowish scaly skm

3 Cretinism occurs in areas where goitre is prevalent

Myxoedema :

1 Puffincss of the face and hands in adults

2 Retention of water and NaCI in the body

3 BMR IS low

4 Body temperature and pulse rate are subnormal

5 Body weight is increased due to deposition of fat and retention of water.

6 Mental faculties are retarded

7 Hypochlorhydna or achlorhydria is present

8 Blood cholesterol and hpid levels are increased

Hashimcto's disease
,

1

Thyroglobulm escapes from the cells of the gland and excites the
production of antibodies which produce reactions with thyroid.

2. Fibrosis of the thyroid tissue develops leading to complete Joss of thyroid
function

Severe hyperthyroidism leads to toxic goiter This occurs mostly m women
Toxic goiter

:

1 The patient complains of nervousness, restlessness, tiredness, undue
sweating breathless on exertion, tachycardia and palpitations

2 The subject cannot tolerate warm climate but can tolerate severe cold
climate

THE PARATHYROIDS
The parathyroid gland consists of 4 small glands closely associated with the

thyroid In humans, the parathyroids are reddish or yellowish brown egg shaped
bodies TTie total weight of4 glands IS005 0 3 g

Parathormone :

Chemistry

.

1 It IS a polypeptide consisting of 84 ammo acids

2 Its molecular weight is 95,00

3 This hormone from difierent species differ only slightly

4 It IS initially synthesized in the chief cells as a preprohormone

5 The secreted hormone is degraded rapidly , it has a half life of about 18

minutes

Functions

1 The parathormone stimulates the membrane bound adenjbic cyclase

causing increased synthesis of cAMP
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2 It raoblizes calcium and phosphorus from bones.

3 It increases serum calcium and loners the serum phosphorus

4 It increases unnary excretion of phosphate but decreases excretion of
calaum

5 It delates «erum alkaline phosphatase activity

6 It increases the absorption of calcium and phosphorus from the intestine

7 It ac'^-ates vitamin D in renal tissue by increasing the rate of cons exsion

of 25-h)droxycholecalciferQl to 1, 25-dibjdro3QchoIecaIciferol

8 It increases bone resorption by releasing calcium as well as collagenas^
Ij'sosomal enzymes, and hydroxyproline

9 Id the kidney, it affects renal tubular reabsorphon of calaum and
phosphorus

10 It may stimulate protein synthesis in the osteoclasts ivhich effect resorp-

tion of bone

Control of release of paratbonnooe :

1

The concentrations of parathormoce are decreased abruptly by adminis-

tration of calcium ion and nse when circulating ionized calaum is lowoud by the

adnunistration of the chelating agent.

2. Calaum loss assoaated nitb uremia results in an mertase m circulating

parathormone

3 Vitamin A admimstiatioo decreases parathormone by increasing calaum
uptake into the parathyroid gland

Calatoofn (Thyrocalatomn)

:

Chemistry :

1 Calcitonm is a polypeptide consisting of 32 amino aads

2 Its molecular weight is 3600

3 There are large vanations in the ammo aad composition among different

speaes

4 It IS required for biologic activity

5 The half life of ihe secreted calatoam is about 4-12 minutes

Functions :

1 It IS calaum lowcnng honnone onginalcd from theC cells ofthe thyroid

gland.

2 It IS directly effective on bone It idhibits bone resorption and moblliza

lion of calcium and phosphorus from bone

3 In ihe kidney, it mcreases calaum excretion and inhibits synthesis of I,

25-dihydroxjchoIeca3£^erol without affecting cAMP levels

4 It deaeascs the excretion of unnary bydroxyproline by inhibiting the

resorption of the organic phase of bore

Abnormalities of parathvroid fanchoo ;

HypoparsthyroicI sm

:

1 The symptoms of hypoparathyroidism are muscular weakness, tetany and

irntability
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2 In case, hypothyroidism begins early in childhood, there may be stunting
of growth, defective tooth development, and mental retardation

3 Serum calaum is low, serum phosphate is increased, unnary calcium is

low, serum magnesium and hydroi^rofme levels are decieased

4 Calcium, parathyroid hormone, and vitamin D precursors are used m the
treatment of hypoparathyroidism

Hyperparathyroidism :

1 Hyperparathyroidismoccursduetoatumorofthe gland Thesymptoras
of hyperparathyroidism are hypercalcemia, decalcification of bones rausing pain
and deformities, renal stones

2 Serum phosphorus is low, serum alkaline phosphatase activity is

increased, and excretion of calcium m unoe is highly increased

3 Removal of tumor bnngs about Prompt relief and injection ofcalatonin
helps to reduce serum calcium level

THE PANCREAS

Two hormones are secreted by this gland—insulin by beta cells of the islet of
langerhans and glucagon by the alpha cells Delta cells store and secrete

somatostatin

msuuN
In 1926, Abel isolated crystalline insulin from pancreas and the ammo aad

sequent was established by Sanger lo 19S3

Chemistry

1 Insulin is a protem hormone accreted from the ^•cells of the islet

of langerhans

2 Traces of zinc are required for the crystallization of losulm

3 It consists of 51 ammo acids and contains two polypeptide chains (A and
B) linked together by two disulphide bridges [one m 7 7 and another m 20-19 of
A & B chains respectively] A ‘bird intradisulpbide bndge between 6 and II

ammo acids of A chain also occurs

4 It has a molecular weight of 5734

5 Alkali or reducing agents can inactivate insulmbybrcakmg the disulphide

bonds

6 Proteolytic enzymes digest the insulm protein and inactivates insulin

Hence, it can not be given orally

The structure of insulin is given below

AChom

GtyCrt~
cvJtrn[Cys ^Aspofticecid

BCycin

Phenyl-j—

?
S

_fevs_

Pig 51 8 Structure of bumsn insulin
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Insolja secrctioa :

About 50 units of insulin are required per day The human pancreas stores

about 250 units

Factors stimulating iosolin secretion :

1 Increased blood glucose fevel causes an increase in insulin secretion and
dccTMsed blood glucose level depresses insulin secretion

2 The hyperglycemia produced by glucagon enhances insulin production*

3 Since the grovilh hormone and glucocorticoids cause hypergljtetma they

also stimulate insulin secretion.

4 Sugars which are readily metabolized—eg mannose and fructose—can

stimulate insulin release But non metabolized sugars such as galactose, L->

arabmose and jcylose do not stimulate

5 Many agents such as ammo acids, fatty acids and some gastro'intestioaj

products can stimulate insulin release only m presence of glucose

6 Insulin secretion is enhanced by cAMP, ACTH and thyrotropin

7 Ammo acids particularly leuane and argmine can stimulate the pancreas

to produce insubn m both vivo and vitro Proteins like casem also increases

secretion of insulin

S Central nervous system indirecily influences the release of insulin. Vagal
stimulation causes an increase m insulin secretion

9 Sulfonylureas, the hypoglycemic agent, may act on insulin secretion by a
diflerent mechamsm than that of glucose

Factors inhibiting insulta secretion :

1 Epmephrine is ihe highly effectiie inhibitor of insulin secretion

2 Starvation reduces msulm secreuoo

3 Magnesium also inhibits msulm secretion

4 Va^tomy reduces msulm secretion.

Metabolism of msalm *

1 Insulm IS degraded in Uver and kidney by the enzyme glutaihone msulm
iranshydrogenase which bnngs about reductive cleavage of the S-S bonds ibai

connect A and B chains of the msulm molecule Reduced glutathione acts

as a coenzyme

2. The A and B chains are further degraded by proteolysis But when
insulin is bound to antibody, it is much les> sensitive to enzymic degradation.

Fonctions

:

1 Insulm IS firmly bound to the highly specific receptor site present m
the cell membrane The receptor may probably be a glycoprotein. The biologic
activiUes of insulins are proportionate to th«r binding affimties Insulin, thns,
may carry out most of its function without entering the celL The number
of receptors decimes where insulin levels are high.

2 Insulin exhibits transport at the membrane site, RNA synthesis at
the nuclear site, translation at the nbosorae for protein synthesis, and an influence
on tissue levels of cAMP It is activem skeletal and heart muscle, adipose tissue,

liver, the lens of the eye, and leukocytes It is inactive m renal tissue red blood
cells, and the gastrointestinal tract The most metabolic function is center^ in

the muscle, adipose tissue, and liver
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3 It facilitates the transport ofglucose and related monosaccharides, amino
acids, potassium ion, nucleosides, inorganic phosphate, and calcium ion m muscle

and adipose tissue

4 In muscle or adipose tissue, insulin increases the entry ofglucose and thus

leads to increase ^ycogen deposition stimulation of HMP shunt resulting in

increa^ production of NADPH, increased glycolysis, increased oxidation

(increase m oxygen uptake and COf production), and increased fatty acid

synthesis

5 In adipose tissue, it increases hpid synthesis by means of fatty acid

synthesis and glycerophosphate for tnaQ^Iglycerol synthesis

6 Insulin increases intracellular concentration of nonmetabolized sugars

such as galactose, L-arabinose, and xylose The hormone lacilitates the entry of

those sugars having the same configuration at carbons 1, 2 and 3 as D glucose

Since fructose having a ketone group at position 2 is not transported by insulm

Intracellular transport of glucose is enhanced by anoxia indicating that glucose

transport requires energy

7 It also increases the uptake of nonmetabolizable ammo acids such as

alpha aminoisobutyrate It maintains muscle protein by decreasing protein

degradation

8 In adipose tissue, it quickly depresses the liberation of fatty acids caused

by epinephrine or glucagon

9 Insulin directly increases protein synthesis as the hormone promotes the

menmoration of labelled intracellular ammo aads into protein. At the nbosomal

leCel it increases the capacity of this organelle to translate information

ftom" messenger RNA to the protein synthesizing machinery

10 In the liver, it stimulates glycolysis by increasing the synthesis of gluco

kmase phosphofructokmase, and pyruvate kinase It ^so depress^ the enzymes

SnSolliog ^uconeogenesis such as pyruvate carboxylase, pbosphoenolpyruvate

carboxykinase, fructose-l, 6-diphosphatase, and glucose 6-phosphatase Enzymes

which are unimportant m the control of gluconeogenesis as well as glycolysis are

not affected by msulm

Abnormal metaboli'm m diabetic states .

1 tn diabetes hyperglycemia occurs due to the impaired transport and up

tike of glucose into muscle and adipose tissue Transport and uptake of ammo

are also depressed causing the raised level of ammo acids into the

wJSi narticularly; alanme, which supply fuel for gluconeogenesis m the liver

iSTaimno acid breakdown dunng gluconeogenesis increases the production

of urea nitrogen
j j , .u j . i

2 Lipid and fatly acid synthesis is decreased due to the decrc^e in acetyl-

A NADPH and glycerophosphate m all tissues Stored lipids arc hy-

SbhVdratc phosphoiylanoti m imiscle and hvtr developing hyperglycemia

3 Fatty acids m high coacenliation reachmg the liver inhibit fatty ai^

svnthesis by a feedback inhibition at the acetyl CoA carboaylase step Incr^
synthesis oy a

octivatcs pyruvate carborylase, stimulating gluco-
ncetyl CoA from fatv acius am f svdetons to glucose

u stiLiatt^^^^^^^^^ by 'b' bUno ncid cjele and
orfJbolysis (at phospho-

fructokin^) Thus, the fatly aads inhibit the atnc acid cycle at the level
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of citrate synthetase and pyruvate and Bocitratc dehydrogenases The acetyl*

CoA, which cannot enter the citnc acid Qcle or cannot be used for fatty

acids synthesis, is utilized m the synthesis of cholesterol or ketones or both The
nse m ketone concentration in body fluids and tissues lea^ to acidosis

4 Glycogen synthesis is diminished due to decreased glycogen ^nthetase
actmW, increa^ phosphyrasc activity and mcrea^ ADP . ATP ratio The
pho^noiylase activity is stimulated by epinephnne or glucagon

5 The msulm deflciency causes hormonal imbalance and favours the action

of corticosteroids, growth hormone and glucagon which enhance gluconeogenesis,
hpolysis, and decreased intracellular metabolism of glucose. The excess glucose
m the unne requires water to be excreted out causing dehydration

6 In the degradation in insulin, both liver and kidney are required There-
fore, in renal or hepatic disease, insulin requirement is decreased This is

observed in some diabetics uith associated kidney or hver disease

—— RrcWjty below normol—-» fttarkedly impoired

lncr9osed gtuconeoo»ness

Fig 3<J 9 Abnonnal metabofiSD in de dunng uncontrolled diabetes.

Antibodies
*

1 The repeated injection of insulm produces low levels of an antibody to

insulin in all subjects after 2 or 3 months of treatment

9 The anti^dies can p-odocc lesions in the islet cells and severe diabetes

3 Antibcdy-boimd insulin is only slowly degraded , thus much of the in»

saUn IS actually wasted
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Experimental Diabetes

:

1 Experimental diabetes can be produced by total pancreatectomy or by a
single injection of alloxan, a substance related to the pyrimidines or with strepto
zocin, an N*mtroso derivative of glucosamine

2 Diabetes can also be produced by injection of diazoxide, a sulfonamidt,
derivative which inhibits insulin secretion

3 The injection of large amounts of antibodies to insulin is also considered
to produce experimental diabetes

4 Phlorbmn diabetes can be produced by the injection of the drug
phlorbian This is actually a renal diabetes m which glycosuria is only produced
by the failure oj the reabsorption of glooose by the renal tubules

GLUCAGON
Chemistry •

1 Glucagon is a polypeptide with a molecula*- weight of 3485.

2 It consists of 29 anuno acids having 1 5 different ammo acids
The ammo acids are arranged in a straight chain

3 It contains no cystine, proline or isoJeucine but contains sufBcient
amounts of methionine and tryptophan

4 It can be crystallized in the absence of zme or other metals

5 A proglucagon precursor of about 9000 dalfons is also identified

6 It originates primarily m the alpha cells of the pancreas although a
considerable amount comes from extrahepatic alpha-cells in the stomach and other
portions of the gastrointestinal tract

7 A glucagon like immunoreactive factor (GLI) is also identified tn gastric

and duodenal mucosa but less active than pancreatic glucagon

Factors iaQaenciog secretions of gloragon :

1 Low blood glucose increases secretion of pancreatic glucagon

2 Most ammo acids, particularly arginine, cause a rap d secretion of
glucagon from the pancreas

3 Fatty acids inhibit glucagon release

4 Exercise stimulates the secretion of glucagon

5 During mixed meals, both insulm and glucagon are secreted, but (he

carbohydrate meal causes insulin release High protein meal favours glucagon

secretion

6 In stress, insulm secretion is inhibited but glucagon secretion is

stimulated

Functions :

1 Glucagon is sensitive to the adenylate cyclase receptor sites in the

liver and increases cAMP level cAMP activates the enzyme protein kinase

which further activates phosphorylasc Pfaosphorylase causes glycogenolysis

making available of glucose in bloM cAMP suppresses glycogen synthetase

Thus, glucagon increases glycogen breakdown and inhibits synthesis of glycogen

2 Glucagon can also activate various phosphoenzymes by activatingprotem
kinase and inhibit dephosphoenzymes Thus, glucagon can directly stimulate

gluconeogcnesis by activation of pyruvate carboxylase and fructose-l, 6-dip hos-

phatase.
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3 It also inhibits glucose oxidation by inhibiting pyruvate kinase and

pyruvate dch>drogenase

4 flevated glucagon concentration also increases ketogenesis

5 It increases potassium release from the User

6 In adipose tissue as well as liver, it increases the breakdown of hpids to

fatty acids and glycerol

7 Crystalline glucagon polypeptide is used for the treatment of h)'po*

gl>«tmc persons Glucagon is also used as a diagnostic test for glycogen stora^

disease

PINEAL BODY
Melatonin

:

Melatonin is formed from serotonin

Functions

1 It is aniagomst to melanocyte stimulating hormone and lightens skin

colour

2 Pinealectomy in fernale rats stimulates estrus and causes ovanan
hypertrophy

KIDNEY

Kidney sec-etes a hormone called er^ihrcpotetin

&ythropoietm

Chemistry

1 It IS a glycoprotein with a molecular weight of about 46,000

2 It contains 30 per cent carbohydrate denvative

Fonctioa

It IS essential for the formation of red blood cells

Hormones of gastrointestinal tract *

Described m digestion and absorption chapter

Excrose

1 Discuss the lofittence of Citfeccnt bonxMoes cn cvbofa^dr&te mslabotism

(R- U 72A , M U 73A)

2 Give an account ot the chemistry secietioD and fimctiocs of Irsulm

(Pdbj Universily 68A , P U 70A)

3 Discuss the chemistry and Aiocttons of antenci piliutary hennones (M U £9S)

4 Wnte «hQrt rotes op

(a) ACTH (p V 71A)

(b) CCPK2 (B U 74A)

(c) Progesterone <ILU 73A)

(d) Ttvroxine (M L ?4S)

(e) Epmepnnoe (Bb fJ 73S)



CHAPTER 31

THE ENERGY REQinREMENTS OF THE BODY

Atwater of U S A , during the penods 1892 1902, established clearly thd
relations between food consumed, heat output O, consumed and CO| output by
conducting expenments with human subjects using an improved type of human
respiration calorimeter The other scientists H Armsby, F Benedict, and E F
Du Bois did extensive study on energy metabolism

The energy of the body is derived from the oxidation of the food A small
part of the daily energy output results in the breakdown of the animal s own
tissues The potential energy of Ibe food provides the kmetic energy of the body
which is mainly in the form o** heat and work The potential energy of the food
is the heat given out when the food is compl-tely burnt to CO, water and
nitrogen Tbis is greater than the energy which the animal derives from the food
because of tne considerable potential energy contained m urea and other

nitrogenous compounds being excreted out

The unit of energy contained in foods is expressed as a unit of heat, the

(alone

Calorie A calorie is defined as the amount of heat required to raise

the temperature of 1 g of water by TC
8!ii/oca/orie (C) It is 1000 tunes the energy for the small calone

[Since the calone is very small the kilo calone (C) is used m nutntion]

The mleruational unit of energy is the joule (10’ ergs)

1 kilo calone*4 2 lalo joules (Kj)

Measurement of euergy value of foods

The foodstuff* (carbohydrates fats and proteins) on combustion by oxygen
produces heat This amount of heat can be measured m a bomb cahrmeter

Carbohydrate and fat are completely oxidized in the body to CO, and water
like that'of bomb calorimeter But proteins are not completely burned because,

urea, the end pr^uct of protein metabolism still contains some energy which is

not available fo the body TTterefore the ec-vgj’ value of proteta m the

body (4 1 KCal/g ) is less than that obtainedm thebomb calorimeter The energy

'^lue of foods in the body is customary to express in round figures The table

below shows the energy value of foodstuff

Kilocalories per gram

In bomb calorimeter In the bod}

Carbohydrate 41 4

Fal 94 9

Protein 56 4

F 32
497
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THE ENERGY REQUIREMENT OF AlAN

The energy requirement ofman can bedclennincd cither directly by mcasunog

his output in a ^onmeter or indirectly by measuring his oxygen consumption-

A Direct method :

1 This IS the most accurate method, but is time-consunuag, laborious, and

demanding very expensive apparatus

2 The subject is placed in an insulated chamber His heat production b
measured directly by recording the total amount of heat transferred to a ViCighed

quantity of Vinter circulating through the calonmeter

3 The oxygen intake, theCO* output, and the nitrogen excretionm the urme

and feces are abo measured dunog the whole pnod of observation

B Indirect method .

1 This method consists of measuring gas exchange and determming the res-

piratory quotient

2 This method is simple and applicable to field studies and cbnical analysis

Respiratory Quotients (RQ) of foodstuffs It is the ratio of the volume of

CO* eliminated to the volume of oxygen utilixed in oxidation

- D rk Volume of CO* eliimuated
' ^ "

^VolumeW (>, used

\ CftTbob}diates The complete oxidation of glucose is as follows *

C«Hi,04 +6 Ot-*-6 COtH 6 H,0

R.Q*6 CO,
bins

2, Fats The oxidation of tnstcann is as follows

2 Cs,H*„0,+I63 Or^ll4 CO,+110 H,0

Fats have a lower R Q valuebecausc the oxygen content of dieir molecule
in relation to carbon content is scry low

3 Proteins . Smee the chemical structure of proteins is variable their oxi-
dation cannot be so readily expressed TheR-Q ofprofeins by mdirect method
has been calculated to be about 08

4 Mixed diets The R. Q of nuxed diets is about 0.S5 The R- Q
is lowered if the carbohydrate metabolism is impaired

Total heat production

To obtain the heat production the grams of each foodstuff oxidized are
mult phed by the calonc value of tha. food The sum of these calonc values is
equal to the total heat production of the diet Therefore,

Carbohydrate 2107 g.x4 KCal=842.8 KCal.
Fat 84 4 g X 9 KCal=759 6 KCal
Protein 80 0 g x4 KCal =^320 0 KCaL
Total heat production =1922.4 KCal
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BASAL METABOLISM
Definition *

The total heat produced or the energy spent by the body under conditions to

perform minimum possible work is known as basal metabolism The lowest level

ofenergy production consonant with life is the basalmetabolic rate (BAfR)

Conditions for measnrement of BMR *

1 Post absorptive state The patient should not take anything by mouth
for the past 12 hours

2 Complete mental and physical relaxation

3 Patient should be awake

4 Recumbent position during the test

5 Environmental temperature should be between 20®—25*C

Factors influencing BMR :

1 Surface area The BMR is directly related to the surface area of the
subject Larger the surface area greater would ^ the BMR

2 Age The BMR is inversely proportional to age Children have larger

BMR than adults

3 Sex Males have higher BMR than females The BMR of female*
dechnes more rapidly between the ages of 5 and 17 than that of males

4 Climate The BMR is lower in warm clunates

5 Racial \anaiions The BMR of oriental women living m the USA >s 10
per cent below the standard BMR of American women of the same age

6 Habit Persons accustomed to heavy exercise or bard physical work
have a higher BMR than those mvolved in sedentary work

7 State of Hutntion The BMR is decreased m starvation and under-
nourishment

8 Pregnancy The BMR is not changed during pregnancy The higher

values ofBMR in late pregnancy is due to the BMR of the foetus

9 Disease The BMR is increasedm infectious and febnle diseases The
mcrease is usually proportional to the nsc of the temperature The BMR is also

increased in increased activity of cells and therefore, it increases in leukemia,

cardiac failure, hypertension, polycythemia, dyspnea, and some types of anemia

10 Effects of Hormones The BMR is increased m hyperthyroidism and
decreased m hypothyroidism In adrenal insuffiaency (Addison’s disease), the

BMR IS subnormal

11 Drugs Cafleme and benzidnoe increase the BMR
12 Emotion The BMR is increased m emotional stress

13 Diet The BMR of strict vegetarians is 1 1 % loN^er than that of meat
eaters

Measurement of BMR :

1 TheBMR can easily be measured athcr by the apparatus of Benedict and
Roth (closed circuit device) or by Douglas bag method (open arcuit device)

Bencdict-Roth’s apparatus is abundenlly used in hospitals and laboratories

2 This method provides suffiaent accuracy only by measuring the oxygen

consumption of the patient for two 6-mmute penod under basal conditions The
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avcrageoftwosuchreadingsismultipljedby lOto obtain the hourly consumption

of oxygen and then multiplied b> 4 825 KCa!, the heat produced by one liter of

oxygen This gives the total heat produced m KCal/oour

3

This above value is divided by the surface area of the subject to get the

BMR in CjhT /sq ro

The simple classical formula of Du Bois is applied which is as follows

A=H»
where, A=Surface area m cm*

H=Height 10 cm
W=Wei^t m Kg

The above value obtained is m sq cm This should be divided by 10.000

to get Ac surface area m sq meter

A BMR between —IS and +20% is considered normal The BMR
may exceed +50 to +75% in hyperthyroidism In hypoAyroidism, Ac BMR
maybe —30to —W% The normal BMR is 39 5 C/m*/hr TheBMR increases

as much as 600—803% over basal dunng exercise

Significance of BMR *

1 The determination ofBMR is the principal guide for diagnosis and treat-

ment of Ayroid disorders

2. TheBMR — 10%oftbenonnaldevelopsmoderatc bypcrA>TOidism In

seiere hypoAyroidism, the BMR may be decreased to 40 to 50 per-

cent below normal

3 It aids to know At BMR to bave an idea of Ae toAl amount of food or
calone required to mamtam body weight or calone

4 The BMR is below normal in starvation, under outnUoo, bypoAalamie
disorders, Addison’s disease, and Lpoid nephrosis

5 The BMR is above normal in fever, diabetes insipidus, leukemia
and polycythemia

SPECinC DYNAMIC ACnON (SDA)

Definition

:

It IS defined as Ae extra heat production over and above Ac calone
value of a gven amount of food when, used by Ae body

Example An amount of protem wbich contains 100 KCal (25 g) when
metabolized in Ae body, Ae beat production is not 100 KCal but 130 This
extra 30 KCal isAc product ofAe SDA of protein SimJarly, inAe bbdy, a 100
KCal portion of fat produces 113 KCal, and a lOOROil portion of carbohydrate
produces 105 KChl This extra heat is due to Ac activity of tissues metaboUzmg
Aese foodstuffs

When Aese above foods are taken in a mixed Act, Ae SDA is notAe total of
Ae SDA of each foodsAff when fed separately Accordmg to Forbes, when Ae
glucose and protem are combmed, Ae SDA is 12 5% less than Ae sum of Aeir
individual effects The SDA is 22% less when lard, ^ucose and protein are
combmed, Ae SDA is 35% less m case of glucose—^lard combination, and 54%
less m case ofprotein—lard mixAre Aan Ae sum of Aeic individual SDA

ThehigbSDAofprotemcanbered^xeddcpenAngon Ae quantities ofoAer
foodsAffs m Ae diet It has been foundm Forbes’s data that fat (lard) has much
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influence on SDA than does any other nutrient, i e fat decreases the SDA more
than any other nutrient

When different ammo acids are fed alanine, glycine and pherjylalamnc are
found to produce high SDA According to Krebs the high SDA is due to two
mam factors

1 The energy required for deamination of amino acids which is again
derived by the oxidation of other metabolites

2 The energy required for the synthesis of urea which is obtained by
the oxidation of other metabolites present in tissue^

There is evidence also that the increment is greater during the process of lipo-

genesis from glucose than during its oxidation to CO. and HjO
The SDA ofcarbohydrate is to represent the energy liberatedm excess of that

required for the conversion of glucose to glycogen

The SDA of fat is due to the increased concentration of fatm the tissue fluids

and to Its more rapid oxidation
The glands of internal secretion have no direct influence upon the SDA

of protein Thyroidectomy in animals reduces the SDA of cabohydrate and fat

A diet very rich m protein is unfavourable to heavy muscular work The
SDA of protein is an important factor m the regulation of body temperature
With fat and carbohydrate the extra heat is accelerated m the performance
ofwork When new tissue is (brmed, protein does not exert its usual SDA

CALORIC REQUIREMENTS
The food requirements of a man depend upon his basal metabolism SDA,

the work to be done and the climatic conditions Extra calorie is also required

for a starved man to build up his tissues, a pregnant woman for the foetus and a
child for his growth

A man of 70 kg weight and 180 cm height with a surface area of 1 8 square

meter, aged 30 and a BMR of 40 will have a basal metabolism of 1,800 calones

per day The allowance for S D A will be 200 calories Extra calones are

required to be added to this on the basis of the work done by the individual

Total daily energy requirements of dilTercnt categories of work done by mdi

viduals are mentioned below

Recommended Daily Caloric Requircmcots

Male Female

Adults*
Sedentary (Tailors, Shoemakers) 2400 2000
Moderate activity (Farmers Soldiers) 3000 2400
Heavy work (Navies Lumbermen Stonemasons) 4500 3000
Light work (Carpenters, Painters) 2500 2000
Pregnancy (Latter half) 2400
Lactation 3000

Children 16—20 yrs 3800 2400
13—15 yrs 3200 2600
10—12 yrs 2500 2500
7—9 yrs 2000 2000
4—6 yrs J600 1600
1—3 yrs 1200 1200

under 1 year 110/Kg llO/Kg

'Men 70 Kg , Women 56 kg
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Very heavy v,oik (Lumbermen) entails the expenditure of 8,000 caloncs.

In long btc3 cle r2«rs, JOOOO caloncs are rtqmrcd in 24 hours Cnhnes
expended per hour at lanous occupations arc gnen below

Table: Approximate increments in caloric reqmremeBts (aboie basal) per boor

for different occnpatious.

Occupation or AcumI) Increased requjement
Cal Jhojr

Sittmg quietlj 35
Standmg quietly 40
Rcadmg loudly 40
Tailor 70
Tjpmg 75
House Work 110
Painter 145
Carpenter ISO
Walking (Moderate) 23h
Sawing Wood 380
Walking fast 550
Walking up stairs 1000

Ibis abo>e is aceordiss to the recomaseDdstions of the Food ssd Sutnoon Board
of tin Natiofisl Research CouieiL

One's food intake vanes from day to da> depending on his own habiL
Sunday is made a high calone da> Sunday s consumption is 3S% abc\e the
average for the six da)s

Women hate a basal metabolic rate 7% 10% lower than that of men, and
aresmallerm size so that tbeiT 31 eragecalonc requirements are less Inawen"
to-dohome,^eadultsareno*eoc3gedmm3nua] labour and may require less food
than adolescents.

TheaseragesupplemcntfotmuscularworkisbOO calones. Thenenousand
endocrine ‘ make-up or habits of an mdividual ma> alter his requirements No
certam ctideoce is >et known that mental work exiubiis any si^ificant mcrease
in metabolism

Exerose

1 Define B M R. and describe a method for oeisunng it. Di«cius its significance

(R. U 67 ,
-0\ , Luck. Ttt^)

2. What n B M R 1 Discuss the factors affecting the B M R. (MU TtA)

3 Wbat ape the menuxL of deteitumns energy icquireiocai of iron *» (Luck. 6SA)

4 Write short notes on

(a) B M R. (P U 7XK 75A, 76.\ . M U 72A , Miih 71A R. U 7fiA)

Q (R U 72.M
(c) S D A (P U 71A 74S , Ludr 76S)

(d) DaQy caJonc requirements (Ladt 72A , Pliiy 73S)



CHAPTER S2

PRINCIPLES OF NirramoN

A correct diet must provide for the mamtenaoce of the body as well as energy
requirements, for ^owth and reproduction The essential elements lost by the
body by excretion must be replaced The more important factors are

:

1 Energy value

2 Quality and quantity of pnmary foods, minerals and vitamins

3 Vanation m the diet

4 Digestibility

5 Cooking

6 Psychological factors

7 Cost

1. ENERGY VALUE
The average caloric requirement of the adult male is 3000 daily

The figures of the daily caloric requirement ofYork in 1900 arc given below

:

Work house 3,702 Caloncs

Prison (Class B) 3,035 „
Prison (hard hbour) 4,159 „

2. QUALITY AND QUANTITY OFTHE CONSTITUENTS OFFOOD

(a) Primary foods (Prolei'o, fat and carbohydrate)

1 Protein, fat and carbohydrate arc consumed in the ratio of 1 ’1 . 4 in this

country

2 3 OOOcalonesarcprovided by lOOgramsofproteins, lOOgranis of fat and
400 grams of carbohydrate-

3 Althoughthel I 4ratioisprcvaleDtinthiscountry still wide variations

of caibobydrate and fat may without harm

4 It IS advisable that 10%-15% of the total calories should be obtained

from protein, 20%-35% from fat and 50%.66% from carbohydrate

Proteins

;

Although the expected amount of protein is 100 g per day, less amount can
also maintain health and nitrogen equilibnum Even I g p^ kg. body weight

maybcample Largcramountsareneccssary forgrowth, pregnancyand lactation

Increased amounts may be required m wasting diseases The protein require-

ments vary with the net protein utilization (NPU) of the dietary proteins If the

NPU IS low, the requirements arc high and if the NPU fs high, the require-

ments are low

Thereqmrcmentofproteminthcdictisnot only quantitative .the qualitative

aspert IS also important smee the metabolism of protein is connected with that of
its constituent ammo acids Certain ammo acids are called 'essentiar because

they must be obtained prefomed and cannot be synthesized by the animaJ

organism The remainder, the so-called noihr^scntia!, arc also required by the

503



504 FATS

^ A ^
protein of the tissues, but they can be synthc-

by ammation Histidine m the diet is also necessary
to m^ncai^owth dunng childhood. Such amino acids are said to be

SSriadP'
nutritive value of a protem depends on its content of essentJ

I f- f
^ ^ source of nitrogen, will not supportoJiers arc sufficient Hence, proteins arc of tw o types—first c/^or

proteincansupportlifc
Proteins of animal ongm (mat milkand e^s) arc almost completely utilized iftaken alone , whereas. 10%to40yof

^ potatoes) may remain unabsorbed and excretedmthefi^ Theabsorplionofvegctableprotemsisimproscd iftaken with other

faan? ^ associated with fat but very little carboh>drate

requirement Tor protein k mflueuetdmarkedly by the level in the diet of fat and carbohjdrate These latter foodstuffs

^'{f ^
Protein sparing effect Fat pnmaril>, function* as a fuel (9 CaL/g)

(4Cal/g.). but IS required for tli ^lisof certain catalytic compounds of metabolic c>cles (e g. oxaloacctate in the TCA
cycle) and provides the carbon skeletons for the sy^ffiesis of^ non^tnU^

^rcies fcssenu^ amino acids mav be broken down to suooly the matenals forthe synthesis of nonesseatia ammo acids For th^ klf.^* ffl

‘"-gj
£"dt‘er‘gre''FS;biologic r-ulue since they contnin nB of the csscntinl aminoVcids Good onSw

pr?Sg':ii%'So“^?vre“‘‘ Poof^d^ir’^S

forto”
methionine as a methyl donor cystine as a source of cw

metabolism snch as

Sffrjs'

™

Fats •

Fat has high fuel value Itincreasesthepalatabibtvoffoods rt i, i,
capacity to be stored as energy m the body FatTovSes aFesenSil
snchaslmoleic,lmoIenicandaracbidonicacids FatsaiUJw,^,??*^ "u

:s^urlb‘TuS^ftrfS^d“““'-"'‘”«^
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The consumption offat usuaH> is over 80 g p-'r day [t may increase upto
1 50 g with an increase of family ii come

As a source energy there is Iililc diflerencc faetween animal and vegetable
fat' Animal fats have a better biologic value because they contain vitamins A
and D in particular Animal fats an* most used when the mcideifce of sunlnht
IS low

Fats

Fats provide fat soluble viumins and the essential fatty acid linalnc and
which IS texjuired for the synthesis of arachidonic acid from which prostaglandins
are synthesizedm the body The major symptoms ofessential fatty acid deficiency
are ascaly dermatitis, hair loss, ana poor wound healing Linolcic acid is wdely
distributed m the lipid portion of both plant and animal foods, vegetable seed oils

arc especially nch sources

In societies where fat is the principal food for energy intake, the population
tends to develop coronary heart disease, obesity and cance of the bou*el and
breast

Blood cholesterol level can be reduced significantly by changing the diet

contaimng less saturated fatty acids or cholesterol The serum cholesterol level

w the major factor for the development of atherosclerosis

Carbohydrates

Carbohydrateis Ihecheapest soofc- food It can be readily digested ab*
sorbcdandutilizcdforproducingcncrty It isthc most cfTicien source of energy
for vital processes It can furnish 60 80% of the total caloric intake m
the scarcity of proteins and /als It is bulky and liable to undergo fermentation
producing acid (c g lactic acid) if digestion is delayed Hence it is not wise
entirely to rcpface fat by carbohydrate

In gluconcogcnesis carbohydrate can be supplied from most ammo acids as
well as from the glycerol moiety of tats A minimum of 5 g of carbohydrate per
J€OKC3}oftota}d/etfsffcc£‘SS3ry!£>pirvyc/}tfJted^>e^opmeM£>fX^ic‘s.<s 5i,vC5r.wf

carbohydrate should be included in the diet to have complete oxidation of
fat The amount is near about 400 g per day

The chief carbohydrates arc s‘arcb and sugars (from milk, fruits and
vegetables as well as sucrose) Glycogen is only consumed in living tissues such
as oysters Carbohydrates arc almost entirely deny ed from vegetable sources.

Cellulose stimulates peristalsis Some cereals e g oatmeal contain much pfiytin

as to interfere with the absorption of calcium

Galactose is synthesized in the body and lactose is also synthesized from
galactose in the body Hence no need of giving lactose to lactatmg women
Pentoses ere absorbed and excreted unchanged except ribosc or deoxynbose

Sugar IS valuable for muscular work in minimizing fatimie

Sucrose (common table sugar) in one of the major etiologic factors in dental

canes This sugar is not the cause of diabetes, heart disease, or obesity
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Wthin this century, decrease in fiber consumption in industrialired countries

has been accompanied by a high incidence of divcrticulosis, colon cancer, cardio-

%rascular disease, and diabetes. Large amounts of diciorj' fiber decrease boutl
transit time, alter the composition of intestinal bacteria, reduce cntcrohepatic

circulation of cholesterol, delay intestinal sugar absorption, and reduce the absorp-

tion of certain minerals.

(b) Minerals

:

Some minerals are alu’a)’8 required since small amounts ofinorganic salts are

slsv'ays excreted. Fruits, segetab'es and cereals are the chief sources of the

mineral elements in the diet. .Milk products supply the majonty of the cal-ium

and phosphorus in the diet.

Calcmm :

K Increased amounts of calcium are required- by children, pregnant and
lactating uomen.

2. Children whose normal intake is low, can absorb a higher perccnlacc of
calcium ingested than those with a hign intake.

3. InmanyeastemcountrieswherelittJemilkistaVentheasrrage consump-
tion by adults is about 400 rag. daily but this lo%v Intake docs not show any signs

of calcium deficiency.

4. The average inLtke should be about SOO mg. per day.

5. The best sources are cheese and milk. Other sources are eggs, green

vegetables, oranges, nuts, buttermilk, beans and carrots. Meat, fish and fruits

are poor sourc« of calaum.

Hard water ts a source of calcium.

Pbospboms

:

1 This is taken as organic and inorganic form.

2. Children should intake I g. p. per day, adults U g. and a ‘pregnant
or lactating woman 1.9 g.

3. The best sourres ofphosphorus are animal foods such as meat, fish, milk,
cheese and eggs. Cons'derable proportioas of the total phosphorus are provided
by the vegetable foods such as beans, rye, oatmeal and lentils. Cereals provides
phosphorus in the form of phytic acid which iataferes with the absorption
of calcium. Hence, animal sources of phosphorus arc better.

Iran :

J. It is an impoilant constituent of the-diet and its deficiency leads to
anemia.

2. The more TOncentration ofiron is from bread, meat and potatoes. Good
sources are liver, kidney, egg yolk, green peas, cabbage, carrots and cereals.

3. Only less than 10% ofiron is absorbed. In iron-deficient subjects about
20% may be absorbed.

_
4.

^
Milk is very poor in iron. The infant is bom with a store of iron which

maintains for six laooiks. After this period, iron is given ^oog with food.
Human mUk contains 1 -2 mg. iron per litw, cow’s milk less.
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Children upto 12 years require 15 to 20 mg daily. Adult requires 40 mg
daily and the daily requirements during pregnancy and lactation are 50 mg
Iodine :

1 The daily requirement of lodme is 0 05 mg and Iodine is obtained from
water, vegetables and fish

2 In certain localities where the soil and water lack this element,
simple goitre results due to dietary deficiency

3 Fish, cod liver oil and vegetables can supplement lodme-deficient diet

Magnesium :

1 The average daily consumption of about 0 2 g is sufficient

2 Good sources are meat, green vegetables and bread

Copper

:

1 The daily adult requirement is 2 mg
2 Good sources are liver, oysters, cocoa, nuts etc

3 Human and cow’s milk only contain about 0 6 mg per liter

Sodium Cbfonde

:

1 Ordinarily 20 g of the salt is consumed per day

2 The intake of the salt is only required if abnormal quantities are lost in

sweat dunng severe muscular exerase at high temperature

3 Heat stroke is prevented by ingestion of salt solutions instead of water

Vitamins •

1 The chemistry and physiologic functions arc alread> discussed m vitamin

chapter 13 Normal persons get suffiaent vitamins m their diets and hence,

supplementation with vitamin is not required Only in disease state m which

digestion and absorption arc impaired, the supplementation with vitamin is

most essential

2 Many of the vitamins are destroyed by cooking and storage Hence,

fresh fruits and vegetables should be taken daily

3 Cereals when refined loose B vitamins Therefore,foodisimpro\edbythe

addition of vitamins

4 The daily requirements of the vitamins are also discussed in chapter 13

5 Deficiency symptoms of water-soluble vitamin consist of dermatitis,

anemia, digestive difiicultjcs, and neurologic disorders

6 Most of the water-soluble vitaimos act as coenzymes m mctabolum of
substrates

7 Vitamin Bi* is ^ihcsized by jnicrooiganisms It is present only in meat
and dairy foods Therefore, strict v^ctanans may be at nsk for \atanun Bj,

dcfiaency

8 The fat soluble vitamins arc mainly present in fatty meats, liver, dairy fats,

egg-^Tslks, vegetable seed oil and leafy green vegetables

0 Fat-soluble hypervitaminosis produces symptom of to«city

10 Deficiencies of fat-soluble vitamins occur primarily m young cluldren

who lack adequate body stores Deficiencies are rare m adults unless there t$

malabsorption, biliary obstruction, or other conditions that afTcct fct metabolism
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Water :

Although A'ater is not a food. It IS ordtntiriiN ccnsyncd tn the ditt Htnot,

il 15 one of ibe coinpon*nts o^foocL Tb* wafer reqmreioenls and functions are

discussed in chapter 10

VARldTIOV IS TTfF DIET

1

Th*Te IS a n<l. of tmssini* some essential element or ^•ltanla la a

varied diet

2. Eskimos live mainh on fish and neat l>ul thepoor orientals chiefs IIS'?

cn nec vMth small amounts of fish.

4 DIGESTTBTLm' OF THE FOOD

1 The food is of no os* if it is not di'^ested «n the nlinentary canal

2 Digestibility IS more concern'd tilth absorbability

3 UTien fats and starch are largely used, vegetable and animal proteins are

not absorbed.

4 Absorption t$ norc enhanced tilth a nixed diet than the substance talas
ainpe

5 COOKING
1 In cooling food is considerably djanged. Harmful organisms 4it

destroyed-

2 Cooljngbrcaksdomith“connecriiefibresofmea’and makes meat easi«
to masticate and helps digestion. Overcootaag shnnts the coamilated proteo
and decreases the digestibilitj

3 Cookme increases the nater content and digestiblliQ of vec*tablei

Cellulose framework is loosened and starch from starch grains is IfbemtKl.

4 Fais are little chanced in cookioc- Cookmg enhancesihefiatonroffli-
food.

5 When vegetables are cooled, vitamins Bj and C are destroy ed.

6

PSVCHOLOGICAI. FACTORS

1 Appetite IS reduced by worry and anxiety and digestion i> also Bp'sel due
to imperfect mastication and wrrtion of digestive juices.

/ 2. Consumption of food is increased wbile taken m pleasant surroundings

and good company with diffeicnt ixems

7. COST
1 Dietary food is much influenced by family income.

2 When the income is good, coosomption is high with all the pro*'m
twe foods A poor income pooT»protective foods

3 The lowest income groups havmg the low protectire foods sufre- from
rickets and nutritional anemra. Thelower groups are J-ss resrstam to mfeaions
diseases such as whooping-cou^, mcades, diphtheria and tubercnlosii
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BIOLOGIC VALUE OF PROTEINS

The biologic value ofa protein is an expression ofa number of the nutntional
characteristics of the substance Among these arc

1 The digestibility

2 The availability of the digested products

3 The presence and amounts of th«* vanous essential ammo •’cids

1 The digestibility of proteins It is expressed as the percentage of
the food nitrogen which has been absorbed

Absorbed N~Food N—(fecal N—metiboJlc N)

Proteins of animal ongin have the highest dieestibility (95 to 100 per cent)
V ith the wastage m digestion only 5% or less Tlie less the digestibility, the less

the biologic value

2 The availability of the digested products The greater the proportion of
ammo acids in the dietary protein which can serve for the construction of tissue

protein the greater will be ib potential nuiritnc value A smaller proportion of
the ammo acids will then be discarded

3 Tiic presence and amounts of (he various essential amino acids

An essential ammo acid r defined as one that cannot be synthesized by the

animal orianism at a speed commensurate with the demands for normal growth
and which must therefore be supplied in the diet There are eight essential

ammo acids for man These are melbionme threonine tryptophao, vahne,
leucine isoleucme phenyhlanme and lysine

Zein vs almost completely free from tryptophan and lysme Growth is

continued ifzein is given as diet alon" with tryptophan and lysine

Gelatin is also lacking tryptophan Casein lacks methionine Normal growth
Will continue if these ammo acids arc given along with these diets

A biologically good protein is one which contains all the essential ammo acids

m proportions not far different from those needed by the body A much smaller

intake ofsuch a protein is rcquiicd Coproduce mtro''cn equilibrium than that ofa
protein which Ins a limited amount of on or more of the cssentnl ammo acids

The most suitable proteins for growth as those of animal origin and
espeaally those which nature has provided for the nourishment of the

growme animals namely

Lactalbumm (of miIK>, ovalbumin (ofhen sege) ovovitellin (of hen segg)

These support growth when given at a level ofabout 9 or JOper cent la the

diet

Proteins In the order of biologic value

Proteins of meit gliitenm (wheat) casein (milk) glutelm (maize) gJycinin

(soyabean)

These support growth when given in a hicher concentration

The followmc vepctablc proteins arc incapable of supporting growth but are

suitable for mamiemnce
Gliadm (wheat) legumm (Pea) legumclin (soyabean) hordem (barley)

The followmc meompfete proteins are unsuitable for cither growih or
maintenance

Zem, gelatin
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BALANCED DIET
DefirntJoa

:

A balanced diet is one v, hich contains all the food constiloents in proper pro-

portions to meet the energy and nutritional requirements ofthe individual

The proportions of protein, fat and carboh>drate should approximaH^ be

1 1 4 respeciively The balanced diet for an adult male of 70 kg. requinng
’000 calories per day should contain the following •

Protein 70 gins

Fats 50 gms.

Carbohjdrate ^ 440 gms

Calcium 0 8 gms

Phosphorus 1 4 gms

Iron 40 mg.

Vitamm A 7,300 lU
Vitarmn Bj 1 8 mg
Vitamm C 200 mg

BM,A.NCED mjTS FOR ADOLESCENT BOVS A.ND GIRLS*

D ettfy ifticlet

i

BOYS GIRIS

1

iJ.15 years
j1

16-18 j-ears 13-18 yean

Vegeta

(gm?

Non vegs-

tanan

(Sci)

Veg-ta

feni)

Nort-veg»»

Utnan

(ga)

[

\egcta

tm
(gm)

Noft-vt*--

tan.Ji

(gml

Ccreab 450 430 450 4‘0 350 3<0

Pulses •fO 70 SO 70 <0

Green leafy vegetables tC® 100 100 100 1*0 1*0

Other vegetables 7S 75 75 75 75 75

Roots and tnheis 75 75 too 100 75 75

Fmits 10 30 10 •0 30

MiU: 500 200 400 1^ 400 1<0

Fats and oik 35 40 45 S) 35 40

Meat and fish — €0 — T) — 80

Egg — 30 — 30 — 30

Sugar and jagg-ry 30 30 40 40 30 30

Ground ruts SJ 50 —

•Adapted from the Report of dis Numtioo Expert G'Oup ICMR fl96S)
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BALANCED DIETS FOR CHILDREN*

PRE-SCHOOL CHILDREN SCHOOL CHILDREN

1
1-3 jears A-6

:
years

'

1
7*9 years

[
10-12 years

Vegc- Non* Vege* Non- Vege- Non- Vege- Nofl-

tarian vege- tanan sege- tanan vege- tarian vege-

tanan tanan tanan tariaa

(gm) tgm) (gm) (gm) (gm) (gm) (gm) (gm)

Cereals . 1<0 150 200 200 250 250 320 320

Pulses 50 4C1 60 50 70 60 70 60

Green leafy

wgetahlcs 50 501 75 75 75 IS 100 100

Other vegetables)
1 50 SO 50 50 75 75

Roots and tubersj

Fruits 50 ^0 50 50 60 60 60 60

Milk 500 200 400 200 500 200 400 200

Fats and cits 20 20 25 25 30 30 35 35

) - —

•

Sugar and jiggery 30 30 40 40 50 SO 50 50

•Adapted from the Report of the Nutrition Export Group, ICMR (1963)

BALANCED DIETS FOR ADULT \VOM3N*

I
Sedentary work Moderate wtk

]
Heavy viork Additioia)

allow miS during

Dietary articles Vege- Non* Vege* Non- Vege- ' Non* Preg- Lacta*

tanan vege* tanan vege- tanan vege* nancy tion

tanan tanan nrivn

(m) (pn) (gro) (gm) (gm) (gm) (gm) (gm)

Cereals 500 300 350 350 475 475 SO 100

Pulses 60 45 70 55 70 55 — 10

Green leafy

vegetables 125 125 125 125 125 125 25 25

Other vegetables 75 75 75 75 100 100 — —
Roots and tubers so 50 75 75 100 100 — —

30 30 30 30 30 30 — —
Milk .. 200 100 200 100 200 100 125 125

Fats and oils 35 30 40 35 50 45 — 15

Meat and jish .
— 30 — 30 — 50 —
_ 30 40 — 30 — —

Sugar and pggery 30 :jo 30 30 40 40 !0 20

Ground nuts .. — — — —

•Adapted from the Report of lit Nulntioa Expert Group, ICMR. (1963)
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BALANCCD DICTS FOR ADULT MAN*

Dietary aiticics

Sudeniary work
j

Moderate work
|

Heavy work

Vi.gi.n I

i
run

1

fem)

j

N >n vege

Ucion

(sm)

1 Vegeta*

nan
fem)

Non vege-

tarian

fem)

Vegeta-
j

rum i

(era)

j

bfcn veg«-

tattaa

(era)

Cereals 400 400 475 475 650 o50

Pulses 70 55 80 65 SO 65

Green leafy vegeiaolcs too too J2S 125 12S 125

Oilier vegetables 75 75 75 75 100 100

RoiHs autl tubers 75 75 100 100 100 100

Fruits 30 30 30 30 30 30

Milk 300 100 300 100 300 100

Fats and oils 40 35 45 40 50 45

Meat and hsh — 30 — 50 — 60

Ess 30 — 30 — 30

SuiU and jaggery 30 30 40 40 55 55

Ground nuts "" ” “ 50 50

'Adapted from the Report of the Nutrition lipert OrooP, ICMR 0968)

NUTRITIVE VALUE OF FOODS
Milk :

1 Milk IS nearest to a perfect and complete food

2 It contains not only protein, fat and carhoh>dratc but also mmeraJs and
viUmiQS

3 The chief proteins are casemocen and laclalbuniin Casemogen is a
phosphoprotein Casemogen is associated v/jih calcium as calciumcasemogenatc
Small amounts of other proteins aic also present

4 Milk, fat IS in the form ofa very fine emulsion. It contains all saturated
fatty acids as \s ell as unsaturated fatly acids

5 The carbohydrate of milL ts lactose wluch is Jess sweet than sucrose.

6 It IS rich m calcium, potassium, sodium, chlorme and phosphorus The
iron content is very low which is insufficient for baby

7 It is rich in vitamin A and vitamin Bj and good m \itamin Bx and
nicotinic acid but poor in C and D

8 Milk kept on unslenhscd becomes sour due to formation of lactic acid
from lactose by bacteria present m milk and this lactic acid is sufBaent to
precipitate (curdle) the casemogen

9. When millc comes in contact with reonin or proteolytic enzymes, it

becomes clotted
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10 The proteins of milk neutralise gastric HCl to allow clotting

1 1 The percentage composition of milk of different species is given below

Species Protein Fat Carbohydrate Ash

Woman 10 29 67 02

Cow 30 36 48 07

Buffalo 50 70 24 06

Goat 43 48 47 08

Since iron is less in the milk it is added to the milk

12

ConAnred nn/k IS prepared by the removal of natcr by evaporation in

vacuo Vitamms A and B are preserved Drted milk is prepared by passing a
Jilm of milk over hot rollers or spraying milk into hot air to evaporate water

Eggs •

1 The hen’s egg contains about 30% yolk, 59% white and II % shell The
chemical composition of duck s egg is similar to that of hen s egg

2 The iv/»/e contains proteins and salts The greater part of the protein is

o\albumln The other proteins are conalbumut, o\oghbuIin and ovomuioid (a

glycoprotein) The pale yellow colour is due to riboflavin The white contains

lOT^prolem.O l%fat and I 4% carbohydrate

3 The yolk contains 51% water, 15% protein 33% fat of which 4%
cholesterol, and 1% mineral The proteins arc vifei/m (a phosphoprotein) and
livetm (a globulin) The minerals are calcium iron and phosphate The yolk is

nchmvitammsA,Bi,B,aQdDbulnotC The other B group vitammsand E are

also present

Meat

:

1 Meat contains about 22% protein and B group vitamins but

does not contain vitamins A, C or D
2 Nearly all the carbohydrates disappear during hanging and lactic acid as

nell as acid"phosphates are formed These acids convert collagen to gelatin when
the meat is cooked In boiling there is the loss of salts, gelatin and extractives

During roasting this loss « reduced

3 The flavour ofmeal is doe to the organic substances extracted from xneat

by boiling water

Hsh;
1 Fish IS free from carbohydrate just like meat The fat content ranges

from a tiace to 5% It is a fair source ol B group vitamins Fatly fish contains

some vitamins A and D
2 LargcrishisnchinphosphorusbutdeDcicnlmcalcium Small fish eaten

with bones are good sources of calcium

F 33
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It contains 22% protein 1 4% fat. 75% water The dried fish may
contain about 5% carbohydrate because of (he use of flour

VEGETABLE fOODS

A Cereals

:

1 The crude cereals (wheat, nee, barley, rye, maize, oats) contain 11%
protein, 70% carbohydrate, 0 5 to 8% fat, ll%\satcr and 2% minerals Oatmeal
IS the richest m protein and fat, ncc is the poorest

2 The mam proteins of ctrcals arc glutelms and gliadins Small amounts
of albumins and globulins are generally present

3 The fats contain considc-ablc amounts of olein to make them liquid at

ordinary temperatures

4 The carbohydrate is almost completely starch in the form of grams
covered by a thin membrane of cellulose Small amounts of sugar are also ofte i

present m cereals

5 The abundant mineral elements are calcium and phosphate The
phosphate is partly in the form of phytic acid (inositol hecaphosphate) whch
intecfers the absorption of talcmm Some cereaU (wheat and rye) confan
the enzyme phylase which hydroly/cs phytic acid and reduces the anticalcifyiag

effbet

6 There is a great loss of vitamins B and E, and mineral elements, especially

Ca, P and Fe m the roller milled white flour Carotene and nboflaNin are lost^
chemical blenching

B Pulses

:

] The dried pulses (Peas, beans, lentils etc), contaia Krge amoonts of
protein The mam protem is a globulin called /egumui The dn^ pulses contaia
20—25% protein, 11% uitei, lcs> than 2^ fat

2 The soyabean contains hich protein high fat and low carbohvdrate
Soyabean oil is used for frying *hsh nnO chip>

3 The dried pulses arc the good sources of many B group vitamins
and minerals but deficient m vitamins A, D, and C.

C Nuts :

1 Nuts contain high protein and fat but low carbohydrate The protein
content is slightly lower than that of dried pulses

2 They can be used for the prcparUion ofmilk substances which can be fed
to infants over 6 months of age and to young children of some areas where milk
IS not available in sufficient amounts

D Boots and Tabers :

1 Themostimporlanttubcrusedinthiscountryisthepotato, sweet potato
These arc the chief sources of starch These can sub>Utute sugar and cereals and
are the valuable sources of iron and vitamin C New potatoes contain about 2S
mg vit C per 100 g but on storage 5 mg vit C per 100 g is reduced

2 The common roo's (carrots, beetroots turnips) are almost free from
starch Their caloric value is completely due to sugars (sucrose, fructo''e

and glucose) Carrots, the nchest in sugars, are the sources of carotene Roots

contain valuab'e salts but negligible protein and fat Arrowroot contains traces

of protein and salts
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Green Leafy Vegelables :

1 Green leafy vegetables arc rich m Carotenes

a They arc good sources of calcinni, ribonavm, folic acid and vitamin C

3 They are the cheapest among the protective foods

4 Yellow pumpkin is a fair source of carotene

andstarch"&«m?nSfS'usXl«sth?n^ Many fruits contain

pentoses^and pc

3

Cooking destroys vitamin C and makes fruits more digestible by sotten-

T W fmits, notably .he »ana» contains starch as well as mgar It has

high^promin co^n.^^^^^

IS low (2%)

G Tea, Coffee, Cocoa

1 The black tea S‘c
“,t it has negligible caloric value It has a

'*‘'^^1° luTadmre^mcUe^^^^^ ^llrong tea disturbs gastric digestion dueto tannic

acid a„p. ofTeaarabica The odour IS due to an oil,

2 Coffee is the U Sltle calotio value It contains

caffeol formed when the beans are ro^t^ ltn^

caffeine and tannic aeid It can noi oe t

aad sugar . f (.agao tree after fermentation

3 The seeds are as beverage is of little importance

md roasting They JlLdn with milk and sugar Chocohle consists of

ft becomes nourishing "I'M mk^
Surch and flavouring are frequently added

crouud cocoa nibs mixca wiui

^ ALCOHOL
rsiiia. ftPT calorics per cram Hence, it has been

1 Alcohol has an
restricted due to its pbarmacolofiK-al action,

admitted as food ,.XmTbeers, wiaes. apm'^ o'

It IS consumed m *= p^^j„at of malt and contain 4-8% alcohol. It

has Lafl'Sount of ““'^Sn of fni.t jaiccs (usually grapes).

The aion^rc?nmm‘te
of o.gamc acids (tattari ,

’ ofmany fermented products Whisky

4 Spirits are the distillation Vhey arc practically free from

is a distilled >’«'
,s 30 50%

sugar The „„,o„cdw..heanesugarandflavonredw.th essences

5 L.quo.samalcoh^«'«‘'Jf„toI is 35-55%
The sugar content is ju/o

Principles m planulag a ^ „j„l,hatthed mustcontain vanous

,soaro«rrf:stsei;is'y«^^^^^
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tective foods m the correct proportioas The constitueats of balanced diet differ

according to age, sex, phj’sii^ activity, economic status and the ph)sioIogKaI

condition

A- Ihergy yielding foods :

1 This groop contains high carbohjdrates and also pure fats and carbo-

hydrates They are dmded into ti^o groups * (a) cereals, roots and tubers and

(b) pure carbohydrates and fats

2 Cereals provide proteins, certain minerals and vitamins in addition

to energy in the diets of the low income groups

3 Roots and tubers provide some amounts of proteins, mineraU and

vhamms
4 Pure carboh)drates and fats provide only energ)

H Body bonding foods :

Tbesecontamhigh protein andaredixidcd into ti\ogroups : (a) MilbjCgg,

meat and fish, (b) Pulses, oilseeds and outs

C Frofectire foods

:

The protective foods are nch m proteins, vilamms and minerals. Theseaie
classified into two groups

(a) Foods nch in vilamms, minerals and proteins of high biologic value c g.

Milk, eggs, fish and Ihcr

(b) Foods nch in certam vitamms and minerals only eg. Green leafy

vegetables and some fruits

Balanced diets at hi$h cost Large amounts of costly foods such as
(mlk,eggs,iseat,fishandfruitsandmoderatequanutje$ofccr»ls, pulses, notsand
fats

SJaneed diets at moderate cost • Moderate amonnts of milL, eggs, meal,
fish, fruits, fits and large amounts of cereals, puJsc>, nuts and green leafy
vegetables.

Balanced diets at low cost Small amounts ofmilk, eggs, meat, fish, fa^ and

large amounts of cereals, pulses, nuts and green leafy vegetables

Food Toxiss and Additives

1 AgoodnmiilKrorpotaiUjH>harmMrompom.d! promt tn foods.

s,™'’
fotnoM suhstajiccs such as the iKusotonnstom shellfish or inushr^, goitrogeus -from plants of the cabhaot faudlvbean compound* that intciTcrc with collagen fomauon,

Jaimiy,

coutLSol^” snadvestsstt

3 “mpomids arc added to foods ui order to prpsersT them or to addcolour, flavour or tcrnirc Some of the addinsTS maj be harmful
4 Constrapuon of flesh aud tmprocessed food are advued m order to imm

niiie mtake ofnatural toTins and addimes
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Frimlty zratritional diseases

1 STARVATION AND ANOREXIA NERVOSA
STARVATION

(a) Hormone prodnction:

(i) There is impaired secretion ofPituitary Gonadotrophins and Testosterone
as well as 17-oxosteroid concentration in plasma falls

(n) Plasma Insulin level is reduced because the stimulating substances Glu-
cose and ammo acids are not absorbed dunng fasting

(ill) The secretion of Pituitary growth hormone tends to be increased and
this favours fat mobilisation

(iv) In prolonged starvation, the conccntraiion of 3, 5, 3'-tniodo thvronmc
falls wmch is responsible for the reduced metabolism

(b) Clinical Featnres

:

(i) The patients are thin having loss of weight

(u) The hair is dry and lustreless

(ill) The eyes are dull and sunken

(iv) The skin is thin, dry, and inelastic

(v) Dirty brown splotches of pigmentation may appear over the face and
tnmk

(vi) Polyuria at night u a frequent troublesome symptom

(vii) Oedema first starts m the face when lying down and the ankle oedema
u foimd when the patient gets up and walks about

(vni) The blood pressure is low, the diastolic presstire m'lv lie miposubl to

estimate, while the systolic pressure may be as low as 70 mm Hg In sc\erc cases

the pulse rate is often below 40/min

(c) Psychological disturbances:

(i) The mind is never fixed for long «n single subject except the deisn f »r

food Existence ofmental restlessness

(ii) The patient becomes self-centred and mdiffereni to the troubles nf olllc^^

(ill) The patient is womed and sensitive to noise and other pettv imtitions
which may make him quarrelsome

(iv) In the last stages of starvation, the personality miN rnmpleidv disin-

tegrate A mother may even steal from hw child

(d) Infections I

(i) Starvation patients often suffer from infections—malaria, cholera,

typhus, Pneumonia, Gastroenteritis

(ii) CancTvm ont, an infective gangrene of the mouth eroding the lip and
cheels, is a drcadiul catastrophe which occasionatlyoccurs m famines both among
children and adults

(in) The atrophied mtestmal glands and the paper-thm walls of the digestive

tract arc unable to digest and absorb properly c%cn a bland diet

(iv) In almost all famines, there is outbreak of diarrhoea without bacterio-

logical organisms
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(e) Treatment

(i) Most famine ^ciims, crv<ing to alimentary d>’sfimction, cannot coarjme

lai^e quantities of food. The patient^s desire for food is immense and no guide

to his ^gestjve capacities Food imaLe should necessarily be limited.

(ii) The choice of food is Mtal "Many starving p*op!e in the pnson cams o'"

World War II died from diarrhoea and collapsed after they bad bem given b*_Uy

beef, baked beans which thev could not rcadJ) digest O^y bland foods can be

tolerated by the thin walled intestines lacking essenual digestive enzymes.

(m) Frequent small feeds of skimmed milk, 100 ml or so at a time—zs often

as die patient is wiling and able to take them—is a good way to avert death from
starvation. This requires constant personal attenaon and ntirsmg care-

(iv) \ variety of mild flavouring esscrces may be useful to sumulate the

appetite Sbghtly sour foods are imially acceptable.

(v) Starving patients may tolerate moderate amounts of fat o*- edible oils,

«hich pro idc a larger enogv intake There may be a temoorary increase in

oedema >-nih rcfeeding, *o tb • intake of salt should be restricted

{vT) A may com* in severe starvation when the patient refuses all food.

The outlook is then serv gravx ’Sasogastnc or parenteral feedmg provides the

onlv hope.

(f) Prognosis

^i) Most people with primary undemamuon recover rapidly, once ihev
have a free access to food Appetite mav be suSoent OverSOOOKcal/dayiaa} be
consumed withaweekly gam uv A-eightofl Sto2tg

(ii) ta some patients, even after careful nursmg and a good d et, *ow blood
jressLTe and diarrhoea mav oenisi. If, after one or two w^ks, thev show little

improvement, this suggests strongly that irrevcnible chansies in the m^TScardium
or small intestme have developed and tha* the prognosis xs poor After any severe
famine there arc some who mav Unger on in this condition for many months if

supported by good medics' and nu-sing skilJ, death rather than recerTTV js the
usual end

A^OREXIA NERVOSA
This is a psychiatric disease arising from a refusal to eat which often leads

VO -MTitst; tjraatvarKri, ?ai,veits are vosico^ irnddle class arji x^ven above atcrage
mtelligence The disease affects mamlv the adolescent girls and y oung women, but
cases are seen in older women and also m mci The pancats enme from homes
where plenty offood is available and often some ofthe famfly are obese

(a) Cbmcal Features

(t) The weight mav be reduced to 3o Kg or less Patients often deny all

normal sense of fatigue

(li) The pulse IS slow, the blood pressure, penphcral blood flow, an/t skm
tenyeratures are all low

(ui) There is usv.aUv no anoiua, there may b- fine downy hair Ameaorrhoea
IS a charactenstic feature but secondaxv scrtial diaractcnstics ate present.

(n^ Urinary oxrctioa ofgonadotrophins and oestrogms is

(\) Menstruation starts at puberty when weight rises alxru 47 kg. and stops

when it falls below 47 kg Tfa* plasma p-*taasnna may be abnarmally low

(vi) Anoreua is common m patients with an annety state, a deoresssrve

illness
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{b) Treatment

primary aim is to get the patient to cat Severe cases sbouJd be
treatca by a psychiatrist and under close supervision in hospital until a satis-
factory weight has been achieved

(ii) Chlorpromazme in dees upto 150 to 200 m? three times daily makes the
patient more amenable, counteracts vomiting and is claimed to increase aopctite

(ill) Disturbed relationships within the family need attention Regular
interview with relatives conducted by a psychiatric social worferr over mony
months should reduce guilt, misunderstanding and intolerance

(c) Prognosis

(i) Restoration of v-eight and memtruatton may occur within several
months in favourable cases

(ii) 50 per cent may make a partial recovery contmumg to res net their
diet and rcmaimng abnormally thin There is a mortality of about 5 per cent
from suicide

2. OBESITY
Is is the condition m which an excess of fat has accumulated In most cases

It can be detected by visual inspection

(a) dimcal features!

(i) Some of the patients appear to be in good health and leading normal
lives, wy are likely to have a reduced exercise t derance with shortness of breath
on exertion and to be unduly fatigued hy continuing physical activity This is due
to the burden of the increased weight that they carry ahvays and to reduced capa
cityof the cmeulatory and icspirarorysystemsthatworkundcrhandicapsimposed
by masses of internal fat and fatty infiltration of muscle

(ii) They are also at increased risk when under anaesthesia
, surgical opera-

tions arc more difficult and post operative complications arc more likely

(in). In obesity grade III, the everyday activities of the patients are seriously

restricted by their enormous mass and they arc likely to be suffering from Diabetes,

hypertension, gall bladder diseases, fatty liver, gout, osteoarthritis, Hernias etc

Life expectation is low Tocy have serious ps>chologiC3l disirubanccs

(b) Treatment

(i) If a patient eats a diet providing 500—1000 K cal less than which is

needed for the activities of daily life, then and only then the excess reserves of

energym adipoj* tissue be drawn upon and there will be loss ofweight at the rate

ofO 5—1 kg each week

(ii) Any curtailment of food intake is liaWc to reduce intake of essential

nutrients All reducing regimes should include ample fruit and vigcubics and

preferabh whole meal bread These should supply smplc vitamins and minerals

They also supply dietary fibre and thr may help to make the inevitably small

meals more satisfying It also prevents constipation and there is no need jo take

supplements of minerals and vitamins To prevent depictisn a protein supplement

should be given

(ui) Patients should appreciate that there are no slimming foods although

advis^ in magazmes and daily newspapers and by radio and television All foods

are fattening if taken m excess Foods legitimately advern^ as aidmg in a sum

ming diet arc modified forms of comcntional foods and bc%cragc$ usually with

a lower energy density

(iv) Even ifthe exercise contributes only a little to a negative energy balance.
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It benefits by promoting pbjsical fimeas. Ererose prercits atrophy ofcracle.

Insnffiaent tise of the muscle of the trunk and limns of the respiratory s)’
stea

and the myocardium increases the nsk of paoeats to cmhop3Mic» tespaatory

circulatory disorders

(\) Obese patients may be advised to stalk, to dunb stain, to nttm and
to gardenings. *11167 are positii e and enjoyable.

(vi) Amphetamine and its denvatsves hs%e been much used as ‘sUmra-ng

agents’ They are psychomotor stimulants also have an anorectic action.

They may also cause insomnia, irntabibty, heart rate, raised blood

pressure and severe psychoac rcacuon. Senous -withdrawal syn^toms may ocri.r

on discontiniimg the drus So amphetamine should not be prescribed.

Dieihylpropioo. phjwn^yra-yin^ anrt {cnfluramuic are the dni^ which have

some chesiucal rescnmlance to amphetamine. They arc also jfsycbomotor drugs

and they may be prescribed for cases refractory obesity for pesods of upto six

V eda Mur dus period thar appeutc siqjpressing effect usually wears oSL Patients

with a history of depression or other psyd^logical disturbance should not be
treated by these drugs

Thyrozme stimulates metabolism and lb* this reason it has had an esoen'

sive trial in the treatment of obesity In euthyroid people thyrtnaac produces no
increase in metabolism unless gnen m doses which cause tremor, diasrhoea,

palpitauon and tachycardia. H»ce, the administration of thyrosme to obese

euthyroid patients u not only usdess but potentially dangerous

Methyl eclhilosc is mdigesulilc and adds bulk to the diet It has little effect

in promoting weight loss Kowes*er, tt u quite harmlos.

Sedatives and trangmlbsen cah play no pan in the treatment of obesity

bat they may be useful for som* obese patients who roffer Crom an ansety state.

Diuretics are potentialiy dangerous and are ofno valueu promoting wei^t
loss unless the patient has oedema

(vu) Diets ptwiding only 500 Kcal da3y or a period of total starvaocBi am
justifiable in some patients who are not responding well to loss vigcowis restne-

tioos. In selected patients with no orthopai^c or cardiovascular conqihcabon.
It 15 posdble to increase physical acnvities. Patients have been kept for upto six

weeks on diets providing only 400 Kcal, whilst fhey walk 10 daily Negative

energy balances of upio 3000 Kcal/dajr ami weight losses of upto 3 a week
followed. If dietary intake is below 1000 Kcal/^y, mulnvitaimn and imncral
supplements may be necessary Excessive losses of potassium and sutrogen may
occur and unnary output of ^ese should be checked regularly

(viu) Surgical treatment ta reduce food mtake may be coasideitd in patients

m whom nodical treatment has failed and whose life has been ui-ade -m-sfrahLy

by severe obesity Various forms ofjgunoileostomy which by creating a Tiypa«
of foe small intestiar, lead to malabsomtion have been earned oat.The c^icration

as unphysiologicaL Complicatiaiis with features of the malabsorptian syndrome
and foe blmd loop syndrome frequently arise.

Gastroplasty is an operation in wfauh the itomach u reduced to a small
Ttservior, about GC mL m capacity, m the fundus which drams throi^h a narrow
channel, about 12 nun, in diameter, along the greater curvature Tnm die
duodenum. *11315 is much more safe

Surgical removal of large masses ©flat from the abdomen, thighs or arms is

contramdicatcd. There may be appearance of irregular ugly Itmqjs of fat at th-

opcration sites.

MARASMUS
Marasmus is due to a contmued restriction ofboth dietary cneigy and protem

as welkas other nutrients The marasmic form of the syndrome occurs in infants
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under one year and more frequently in towns During the nmetceth centurym the
industrial towns m Europe and North America marasmus, resulung from the
poor diets and numerous infections, took a mil of infant lives like many Asian,
African and South American towns today It is due to rapid raccession of preg-
nancies and early and abrupt weanmg followed by dirty and unsound artificial
feeding ofthe infants with very dilute milk products given in inadequate amounts
to avoid expense Thus the diet is low in both etc and protnns Po )r houses
due to lack of equipments make the preparation of clean food almost impossible
Repeated mfections develop especially of the gastrointestinal tract They are de-
prived of mother’s breast milk

GUttical Features

:

(i) Diarrhoea is frequent Many mfants arc hungry, but some arc anorexic

(ii) The child is wizened and shrunken and there is little or no subcuta-
neous fat

(ill) There is often dehydration The weight is much below the standard for
age

(iv) The temperature may be subnormal

(v) If the disease is of long duration, the length of the child is also below
the standard, but less so than the weight

(vi) There u usually watery diarrhoea with acid stools

(vw) The abdomen may be shrunken or distended sviih gas

jviij) Peristalsis may be easily visible because of the thinness of the abdominal

(k) The muscles arc weak and atrophic and this together with the lack of
subcutaneous fat makes the limbs appear as skin and bone

(x) The skm and mucous membranes may be dry and atrophic.

(xi) Psychological disturbances, resulung from a lack of mother’s love and
care, can depress the appetite

KWASmORKOR
Kwashiorkor is due to a quantitative and qualitative defii.iency of protein,

but m which energy intake may be adequate It is mainly a disease of rural areas

occurring in the second year of life This disease occurs when the child is weaned
mto the tradiUonal family diet, this may be low in protein because of poverty, in-

sufficient land and poor agncultural practice There is no supplement of milk.

The disease is frequently precipitated by outbreaks of febrile illnesses such as

malaria, measles or gastroenteritis It arises as a result of poverty and ignorance

I^ny mothers have received no satisfactory instruction m infant feedmg although

there is money to bay food In Africa, th* disease is commoa^r

(a) Clinical FeatarMi

(i) There are oedema, anorexia, diarrhoea and a gea-raliscd unhappiness

orapathy An infection often prccapitatcs at the onset for which the child u brought

to the doctor

^u) Failure ofgrowth is an early sign Oedema is more marked m the lower

limbs

(ill) The charact«Tstic drrmalens consuls of areas of both hypo- and byper-

pigmentauon. The skill first becomes thickened as if vanuihcd. This then peels

and appears like “flaky paint’’ leaving cracks or denided areas of shallow ul-

cerauon la moderate cases, the dermatosis resembles crazy pavmg, when severe,

the desquamated part looks as ifthere has been a burn The lawer limbs, buttocks
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and po-mcum^ uraiUj mast alfetcd Irjt al«rj cia <>=c-a' mcr n-csrore nimnand deep cracfa in stinfoldj
“ " osurc pjmtt

(iv) The hair u sai-j* saH aaJ ibii rSiH ^ l .u

“"P »>> Aff-W pitch-' ormay red or grey m colour r wr sai^s v?aica

(VI \ojala' ttoaitutu chalOils aal itnj.J. ajop iic arc caaiaiMlvseen, as in ulceraucmaruund th-anus
^

gcacSu>> ‘ - -

loav£“4lM-“tfaU oTcra:^'"
“= >>. „„

(tan) Soatc dcare- ofaacmia a always prestat aad miv ba sovere
(la) \o3th> IS a chsractvraiic fcatarc aad th- child ao-i-s-. — itmhappy Ncarolojical fcatarci are aaa.i.l h u so-i- Sli«?“a, r^^vhave tremors rescmblin^» parkinsoautn.

^ rnxrferf

aadl'lh'JX'^^ro.^iddr™^

nJ2n?f^X'Sibro'Sri?„ry‘^a^^ -

(b) Biochemical and metabolic disorders
(i) A high body u-aier caateat, bss of th^ fat stores and in., «r ..-i.

S?SctdT“"
“““

diaJaLS,““ds~TpTorc’aS aT“">'acids may be higher than normal
coaceatrauoas of animoaads la the olasma nse anr^ .1

"ithpro cm, the

ammoaaduria ^ may be an cnerfiw

The plasma alb-umm le\-cl is low oinns to a failure nr^rtr^^ u »In se%'-rc as«, it is usuaUy bclou 20 andSm-tiines beJoJ 10 ^Pi*"often raised if mfectioas ar* present but other imniunr>Tl-S>®i
^ Plasma IgG is

normal Plasma transfemn is lo-.*cicd. csoecialk «
mso^lobulins are uruall/

b-ircr gmdc to progno™ dnn plaSS'iZSf’ >« ^

-cholo^^rorcidboboc

Tfe blood urea « urually lo^^ and ma> fall to 6 m-x/IOO ml -n,, ureduced protem intake radier than a louer^ rat., ^ 7^“ mdicares a
crcaunior;; oho rcdoccd roaccuog'J^^S^^i'iSj'’™^ coubohim. Unoorj

(ui) Thcreisfattyb\crandlheexcei>orfatmtk»i.»i— . t

tnglycende and cholesterol air Imv due to a dLreS^* 2?l^ Imobdiso lipid m Jk form oflipop-otoS.
»’>'''> «f "ho litercdh to

PIrwtH le V m ..(nr) Blood glucose is ijiiaUy nonmL Hypoglycemia m,icompheated matter to be kept m mvrh
}cemia may occur and is a

(v) Plasma potassmm level i- below normal doe tomagnenum level is aho low djc to mcicaied lossei m the simL*
(vi) Plasma [H-] may be either rated or lowered ie,d». e-et

duo tt poor eirculanon aad consequent Usrje faypoiSAltSf^t.^
mOrd™4potass.u^eplenonandafadmeofdvt^s1^“J^^^^^

m roml body vmotr or ™di die leyol ofplasma
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of the oedema still remains in part a myster/ The oedema may shift from one
part of the body to another Clinical dehydration and shock may be found in a
child, associated with gross oedema in parts of the body

(viii) Malnourished children are likely to have infections and may have
complications requiring drug treatment Some anubiotics and antimalanas act by
interfering with nutrition more in the micro organism than m the human host,
and they need to be used with care m Protein Energy Malnatrition (PEM) The*
antibiotics streptomycin, chloramphenicol and the tetracyclines inhibit p'otem
synthesis by interfering ivith the action of messenger or transfer RNA The anti-
malarial trimethoprim is folate antagonist

Some diucs are carried in fhe CHculation bound to plasma piateins Kwa-
shldrkor plasma with a low alb-j.min content has a red iccd binding capacity v/ith

the drugs Higher concentrations of the free form of the drug mcreasc the risk
of toxic effects Many drags are detoxicated m the liver by the microsomal en-
zyme oxidising system and its function may be impaired in PEM Therefore, all

drugs should be used with caation

(c) Changes in the organs and systems of the body*

(i) The atrophy of the cells of the pancreas and intestinal mucosa cannot
produce digestive enzymes m normal amounts Duodenal contents contam reduced
amounts of amylase, trypsin, and hpasc The activity of lactase, sucrase, and
maltase arc greatly reduced m the atrophic mucosa which is also associated with
impaired absorption of nutrients

(u) The fat first accumulates m small droplets within liver cells, situated

at the periphery of the lobules The driml-ts increase m size and extend from the
periphery to the centre of the lobules In severe cases, all the liver cells mav be
filled with big fat ^oolets, pushing aside the cell nucleus and reducing the cyto-

plasm to a narrow nm Yet the liver function is wll mamtamed and severe liver

failure is unwual Plasma btlirubm is normal, prothrombin concentrations are

often reducca, but remrn to normal on treatment with vitamin K In case, the

plasma concentrations of alanine ammo transferase and isocitratc dehydrogenase

are found raised, suggest the presc’^ce of damage from a bacterial or viral in-

fection With proper treatment the hpid accumulated m the liver cells is all cleared

with return to a normal structure

(ill) Plasma concentration ofgrowth hormone may be raised as Uic pituitary

responds effectively to the stimulus of protein depletion Plasma concentrations

ofcortisol and other adrcnocorticosteroidsare normal or raised Plasma thyroxine

is often low, but free T4 is usually normal or raised

(iv) Atrophy of the heart leads to a reduced cardiac output and a poor
circulation In many severe cases the extremities arc cold and cyanosed ancTthe
pulse small or impalpable The eletrocardiogram (EGG) shows low-voltage

changes in the QRS complex and the T-wavc mav be depressed or inverted Some
of the chang‘d are rapidly reversed by potassium therapy

(v) There is no specific structural or fun<-tional abnormality of the kidneys

The glomerular filtration rate may be low, but this is probably due to dehydratipn

or reduced cardiac output The conceniratine power of the ludneys u often poor,

but this may be due to the depression of tubular function by electrolyte defiacn-

cies They arc all reversible by treatment

(vi) The immune responses of the body arc produced by cells aruing in

the thymus, lymph n'xles and spleen, the lymphorctitrilar organs TTiese are very

immature at birth and develop rapidly in the first two years oflife In twashiOrleor,

the thymus, tonsils, spleen, and other lymphoid tissuesareatrophied Thes* changes

arc accompanied b> a delated or absent tuberculin response and oth*^ jbn
bypcrscnsitmty reactions, reduced complement nctivitv m the serum, especially

the C3 component, reduced numbers ofthymus-dependent lymphocytes (T cells)
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m the blood, reduced lymphocytes transfonaaDoa in response tophytohacomoglu-
timn The bactericidal action of neutrophil leucocytes is also unpaired These
signs of reduced cell mediated immunity arc m contrast to a xisually unimpaired
humoral immtmity, the response to injected antigens is often normal and plasma
IgG may be higher than normal

The depression of cell mediated immunity is mamly due to protein deficiency

Once the immunological system has reached maturity it is much less susceptible

to malnutrition

(d) Treatment

(i) Children who are seriously ill require treatment m hospital as their

recovery depends on high standards of clinical still and nursmg care, with sonv
laboratory suppoit ^Vhen the acute phase of th* illness is over, they need several

weeks of special feeding and some mrfica! rapervison before recovery is aimplete

(ii) Most children admitted to hospital have had repeated attadu of diar>

rboca and often ofvomiting and as a result are dehydrated Som- of these respond
to oral rehydration therapy but if the response is not prompt or the dehydration

is severe, intravenous fluid should be given at once

(ill) A small infusion of plasma is beneficial svhen there ts severe pcnpheml
circulatory failure and of whole blood or red cells when thcr» is severe anemia
Under these conditions the myocardium may be damaged by hypoxia and these

may be acute heart failure, mfuston should be low and a fast diuretic ({hisemide)

given at the start

(iv) Many patients have malana, pneuraoma, dysenteiy and other infectioiis

and infections do not cause fever m the mataourished ^t is better to give a short
course of precatne benaylpeniciUm and ampicillm If ampicillm is not available,

chloramp^nicol and tetracycline may also oc given

(v) Hypothermia is often present and needs urgent treatment- It «, there
fore, wise to let their mothers sleep -with them m hospital

(vi) The child should be given a dilute milk feed with added sugar from
the first or second day Thus the strength can be increased and a vegetable oil

added to give extra energy

Infantswho are seriously ill will improve when given 1 gm protein per
body weight daily Good recovery can be obtamed with 2 gms and recoveryis not
accelerate by giving more than 3 5 gms

(vin) A high energy diet is required and this can only be made by including

lai^e amoimts of fat Some infants can tolerate at first the amoimt of fat m whole
cow s nulL Feeds therefore be made up (rom skimmed milk powder

(ix) As soon as children are able to take normal food and infection or other

complications are controlled, they should be ducharged to a centre where tbcir

nutritional rehabilation can be supervised

(e)- Prognosis

(i) A child may suffer for a short penod from one of the forms of PEM
and make a complete recovery If giowth u retarded slightly, the child may
reach the normal size for its age quickly, provided the dietary supply is satis

factory If growth is retarded for a long period the child may be stunted and
develop mto a small size but healthy adult

(ii) If the disease is so severe as to demand treatment m hospital the prog-

nosis IS uncertain and often bad

(ui) Children who survive severe PEM m early childhood perform less wsU
m intelligence tests than controls A poor performan^«n be due to their growing

up m an unfavourable psychological environment rather than to a short period

ofmalnutnon m early life
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(iv) It IS proper to request govemmcni that failure to provide adequate
jiutritional services for mothers and young children may well lead to a school
population with a dinumshed capacity for learning On the other hand, a mother
whose child has suffered a period ofsevere malnutrition and made a good recovery
may be reassured that subsequent mental development is not likely to be impaued
seriously, if at all

GOITRE

The term “Goitre” is used to denote enlargement of the thyroid gland of
whatever kind Simple Goitre is said to he present when the gland vs visible and
palpable, but the sul^ectlias no symptoms cither of hypothyroidism or hyperthy
roidism Such goitn-s do not luually affect health, but sometmes they may be
complicated with serious consequences Environmental factois determine the preva
Icnce of most simple goitres—especially dietary factors, of which iodine deficiency

is the major one

(a) CUnical symptomai
The classification of goitre is recommended as

Grade Oa Thyroid not palpable or ifpalpable not larger than normal

Grade Ob Thyroid distmcdy palpable but usually not visible with the head
m a normal or raised position, considered to be definitely larger
than normal

Grade I Thyroid easily palpable and vuibic with the head m either a normal
or a raised position

Grade II Thyroid easily visible with the head in a normal position

Grade III Goitre visible at a distance

Grade IV Monstrous Goitres

(b) CUnical effects and complications:

In the majority of cases of simple goitre there are not climcal manifestations

dye to hypofunction or hypcrfimction of the thyroid gland Simple colloid goitre

may require* surgical treatment because of pressure effects on the adjacent struc-

tures The following complications occur rarely AXi hypothyroidism, (it) hyper
thyroidism, (iii) cretinism, (iv) deaf mutism Such complications arc more
likely encountered in regions where endemic goitre is prevalent

(c) Treatment:

(i) A simple goitre m a non-endcmic area rarely requires treatment It

happens so that m time it gets smaller without causing any harm If this does not

Occur and the goitre becomes disfigurmg, lodme therapy is seldom effective,

thyroxine 0 2 to 0 3 mg/day may be given Thu mhibits production ofTSH by the

pituitary gland and so reduces the size oftbc thyroid gland If there is no response

to thyroxine and the goitre continues to be disfiguring, thyroidectomy snould

be considered, and this is indicated if ilw size of the goitre leads to obstruction

ofthe trachea

(li) CretimsmnJayancctuptDSpcrcentofthepopulatJon m places where
endemic goitre u severe There arc two types endemic critmism In nenma at-

fartirm there is mental deficiency, deaf mutism, spasticity and ataxia but features

of hypothyroidism arc rare In myxotiemaims crtlinism thTc is dwarfism, signs of

myxoedeina and no goitre Ncrvoiu cretinism can be prevented by gtvmg a single

injection ofiodised poppy-seed oil to the worom ofchildbrcanng age but it must

be given brforc pregnancy starts It thus appears that iodine is required for the

early development of the nervous system before tb- feul thyroid appears m the

thiro month of gestation In myxoedematous cretins the nervous tvitcm develops
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normally in the ciiucal eaTl> months but the thyroid gland foils to adapt adc

quatcly by hypertrophy to severe iodine deficiency The thyroid glands are small

and uptake of radioiodmc very low Conseqjcntli , such creuns have low plasma

Tj and T* wth clinical signs of hypothyroidism, including dwarfism Both types

of cretinism are seen m endemic areas but the proportion of the t\ *0 vanes from

region to region

(d) Preveatiou

(i) lodisalion of table salt greatly reduce the prcvilance of goitre m man)
countries The iodised salt must comam 76 Vg of lodmclg salt and daily consump-

tion of sal IS between 2 and 6 g Lower Ics'cls o^iodisation arc used in most oth«
countries and arc effectiic. Potassium iodide is used for thciodisauonof the crude

moist salt exmsumed m many countnes

(ii) Where goitre is endemic daily intakes of dietary lodme are likely to be

less than 50 fig This should be mercasrf to the normal range offrom 100 to 309

fig The amount of lodmc added to the salt should be related to the usual con
sumption of salt in the community so that indiv'dual lodme mtalres fall vnthin

this range Iodine given for medical purposes may cause allergic skm rashes and
induce hyperthyroidism, but the risk: of these ad ersc effects from iodised salt

IS minimal

(ill) Iodised ctf injections pronde an alternative means of pres’cntioa m parts

ofthe world where the tise of iodised salt is impossible and where endemic goitre

is most severe and accompanied by cretmism. Goitres are not merely a cosmetic
pToblcmjbutimpair the vitality ofmany oftbc people by causing hypjihyroidism,

Lid cretinism retards the intellectual development of chiJdrc'' A smgl© injection

has be«v found to correct the deficiency for a penod oftwo to three years Iodised

oil has novv been used successfully m many countnes

(iv) loiisation of the icaUr supply m a remote village, where distribution of
lodis^ salt and injection of lodisM oil are smpracucal, r^uce the prevalance of
goitre lodinators consisting of canmsters containing iodine crystals are connected

to mam water pipes and a fraction of the water diverted throueh them.

XEROPHTHALMIA

Xerophthalmia (Greek xeros, dry, opbthalmos, eye) is a condition caused by
vitamm A d*ficiency In its milk form it is confined to the conjuntuva which is

very common m many countries There is danger of corneal ulccrauon when it

spreads to the cornea and a pcnnanenl defect in vision In severe cases there is

softerung of the cornea, keratsmalaaa, which, jf not immediately treated, soon

leads to permanent blindness Keratomalacia xs associated in young children

vnth protem-energy malnutrition

Xerophthalmia arises when the diet contains practically no whole milk and
butter and very limited amounts of fresh vcgctaolcs and fruit and so lac^ both
retmol and carotenes Xerophthalmia and LOTtomalac a both occur m the first

vear of life amongst artificially fed infants but are rare amongst the breast fed.

Children in poorly nounshed communitiesarc bom to mothers who have had small

mtakes of vitamm A and consequently their liver stores are small at binh

(a) Qlmieal Features

(i) The bulbar conjunctiva is dry, thickened, wrinkled and pigmented, due to

a failure to shed the epithahal celts, and consequent keratimsation Tbepigmenta
tion gives the conjunctiva a peculiar ‘smoky* appearance. The pigment is diffuse

and espeaally marked m t^ interpalpebral fissure Dryness, thickening and
pigmentation, iJiaractenstic of the condition, are also caused by long penods of

exposure to glare, dust and infections Tins is common m older children and adults

m the tropics
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(ii) When dryness spreads to the cornea, this takes on a dull, hazy, lack-
lustre appearance This is due to the keratmtsation which is the results ofV*tamm
A deficiency on all epithahal surface The<»fnea often becomes insensitive to touch
with a wisp of cotton wool Corneal ulceration may occur from many causes
and be imrelated to Vitamin A deficiency The characteristic feature is a loss of
substance (erosion) ofa part or die whole ofthe corneal thickness Unless ther^ is

secondary infection, there are no signs of inflammation The lesion only heals
by scarring Comeal xerosis may progress suddenly and rapidly to keratomalacia

(in) Softenmg and dissolution of the cornea follow and arc known as col-
liquative necrosis This presents a grave emergency When the process involves
only part of the cornea, there is ulceration but the inflammatory reaction is mild
If the process is not stopped by treatment, perforation of the cornrea leads to

prolapse of the ins, extrusion of the lens and infection of the whole eyeball The
chances of saving any useful vision are slight Healing results in scarring of the
whole eye and frequently in total blindness The retinol content 'of the plasma
IS below 200 fig/I, the lower limit of the range

(iv) Night blindness is an early symptom of Vitamin A deficiency and is

often present without any signs of xcrophthaimn

(v) The prolonged Vitamin A deficiency m school children or >oung adults

may show lesions appearing as spots, either whjic or yellow, scattered along the

sides of the blood vessels The spots may fuse and the lesions are most numeroji
on the periphery ofthe fundus and never appear on the macula

(vi) Corneal scars are white, opaque patches on the cornea and the result

ofhealing ofan older ulcer Vision may be seriously affected, depending on the size

of the scars There are other causes of corneal scars but Vitamin A deficiency is

the most effective

(b) Treatmentt

(i) Vitamin A m a disc of 30 m? of retinol (100,000 I U ) should be ad-
ministered daily for three days immediately the diagnosis is made or strongly

suspected It is recommended that half the dose should be giv»n orally in the form
of halibut oil and half intramuscularly as watcr-misciblc retinol palmmte An oil

solution should not be injected as the retmol is then absorbed very slowly from
the injection site

(ii) Cod liver shotdd not be instilled directly into the c>e Dunng convales-

cence 9 mg of retinol m the form ofa fish liver oil orally is adcqiuite It is also

most essential that the diet is satisfactory m regard to other nutnents

(in) Secondary bacterial infection should be treated by the use ofantibiotics

which arc ofgreat value Local treatment ofthe eyewill only be required provided

the diagnosis is present

(c) Prevent!on 1

(i) Most cases occur m urban poor and rural peasants m imdcr doctored

areas, and keratomalacia develops without the children being seen by a doctor

Therefore to prevent this, doctors, nurses and inid\n\cs, and other paramedical

staffs assoaaud with maternal and child health clinics should be trained.

(n) Pregnant women should be >advi3ed to eat dark supplements rich m
Vitamin A in prophylactic doses This h^lps to build up stores of retinol m the

fetal liver and should be continued during lactaUon Mothers should be advised

to mclude m the weaning foods dark green leafy vcgcublcs or yellow imd orange

fnuts,which are locally available, cheap and known to be good sources of^rotene

(in') In blindness from keratomalacia single large prophylactic doses of

retmol in oily solution arc recommended This n given as a wpsulc to be taken

by mouth The dose is safe and adverse eflects are rare Alt prophylactic pro-
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grammes should be evaluated by periodic fidd simvcys of the prcvalance of xero-
phthalmia

(tvl Nutritional disorders of the arc only one of several causes of blind-

ness There are more than ten milbon blind people m the world. Most of them
arc blind before the age of 5 Tradioma, a virus infection, is the most important

e>e disease in the iiorld It is common m children and, if untreated, often causes

progressive loss of iision and blindness Small pox often afiect the e>es and is

responsible for -Ith of the hlmdness in India Onchoocrcosis is caused by a filanal

ivorm which is transferred from man to man by flies It causes nodules in the
skm and thence microfilaria mvade the eye whidi leads to blmdness The di-

sease commonly aflects people who live besides rii'er In some villages, all theadult
population are blmd Vencral diseases, congemtal syphilis and gonococcal oph-
thalmia neonatorum arc important causes of blmdnessm parts of the world where
the maternity services are inadequate or totally lacking Accidents in the home
and at work are common causes of blindness Many yoimg children lose their

s^ht in this way Diabetes, cataract and glucoma arc mqxirtant causes of blmd-
ness in elderly people

Vitamin A deficiency is thus one of the important causes of blmdness and
the most easily preventable

RICKETS AND OSTEOMALACIA

Rickets is a disease of children m which the bones are softened and deformed.
It arises as a result of deficiency of Vitazmn D and a failure to absorb calaum
from the small mtestme Osteomalacia, which means softemng of bone, arises

when there is Vitamin D deficiency m adults The lesultant cucium deficiency

leads to demineralisation of the b^es The severe forms of both diseases vvim
gross d&fQrmiues of the skeleton are now rare but cases may be seen occasionally

10 hospitals m most coimcries. Only a few foods are good sources ofVitamin D and
about 90 per cent of the vitamin in our bodies comes from j&otosyntbesis m
the skin

(a) Risk factors'

(i) In northern latitucLcs during long winters with only a few hours ofday-
light greatly reduce exposure to ultraviolet radiation- Vltanua D defiaency is

dicn a nsk for all children and adolescents, as they have greater need for the
vitamm than adults, and abo for all elderly people and othen with duabilities

restnetmg outdoor activity

(ii) Puppies developed rickets when white bread m their diet was replaced
by unrefined oatmeal Asian commumtics whose staple food is chapattu made
from high extraction wheat flour appear to be at increased nsk ofboth ndiarts

and osteomalacia

(ui) Strict Hindus and other who cat no animal food provide an increased

proportion of cases of osteomalacia seen in Britain. This con^Iete exdusion of
Vitamm D from the diet does not normally lead to hekett or osteomrfacia but
increases the risk.

(iv) When an infant is fed exchistvely on milk from a Vitamin D defiaent
mother for more than three months, die nA of infantile rictets rises.

(v) Heavy pigmentation reduces syntbesu of Vi^min D m the skin. This
cao only be a mmor risk factor smee m Bntam rickets is much less common m
the darker West Indian than m the lighter Anan Commiiruces

(b) Secondary osteomalacia and rickets:

(i) Osteomalacia may arise in patients with die malabsoxption syndrome
after many months This is due to unpaired calaum absorption.
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{uj Osteomalacia and othef bone disorders arise in patients with chronic

rcnalfailure Impaired formation ofi;25 (OH)jDm thelcidney may be responsible

(ill) Osteomalacia is sometimes found m patffents with cirrhosis of the liver
due to failure to form 25 (OH) D

(iv) Five different genetic defects that lead to rickets are knowi All arc
uncommon

C3

(c) Clmical Features

Rickets:

(i) The child is restless, fretful and pale, with flabby and toneless muscles
which allow the limbs to assume unnatural postures (acrobatic rickets)

(ii) Excessive sweating on the head is common
(ill) The abdomen is distended as a result of th^^veak abdommal muscles,

the atony of the intestinal musculature and the intestinal fermentation that may
arise from excessive carbohydrate in the diet

(iv) Gastromtestuisl upsets tvtch diarrhoea are pommon
(v) The infant or child is prone to respiratory infections

(vi) Development is delayed so that the teeth often erupt late and there is

failure to sit up, stand, crawl and walk at the norma] ages

(vii) Theip J5 extension and widening of the epiphyses at the growing points,

where cartilage meets bone The earliest bony lesions are usually enlargement of
the epiphyses at the lower end of the radius and at tlie costochondral junctions

of the ribs or ^rickety rosary', an early and important diagnostic feature Later
features are 'bossing' of the frontal and parietal bones and delayed closure of the
anterior fontanelle

(viii) There may be deformities of the chest such as undue prommenoe of

the sternum (Pigeon chest] and a transverse depression, passing toward from
the costal cartilages towards the axillae which deepens wi^ inspiration In un-
usually severe cases, respiratory functions can be seriously impaired by the com-
bination ofrespiratory infection and a rachitic chest

(jx) Ifrickets contmues mto the second and third year of life, these signs may
persist or be magmfied Deformities such as kyphosis of the spine develop as a
result of the new gravitational and muscular strums, caused by sittuig up and
crawlmg At the same time there may be enlargement of the lower ends ofthe

femur, tibia and fibula When the rachitic child begins to walk, dcformm« of

the shafts of the leg bones develop, so that 'knock knees* or ‘bow legs’ are added to

the clinical picture Anterolateral bowing of the tibiae at the junction of the

middle and lower third is frequently noted in young children with ncicls

(x) The spmal kyphosis is often replaced by lordosis Pelvic deformities

may follow and lead years later to serious difficulties at child birth

(xi) 'When ionised calcium m the plasma is reduced, infantile tetany may
result, with spasm of the hands and feet and of the vocal cords The latter causes

a high pitched, distressing cry and great difficulty m breathing

(d) Diagnosis:

A flabby baby towards the end ofits first year, unable to puU itself up, fretful

and easily imtatcd, with too few^tceth showing and liable to profuse sweats, should

always be suspected by havmg rickets Early evidence of nclats may be over-

looked in a child ill svith bronchopneumOTWa or diarrhoea, cspeaally m the first

year of life If there i; any doubt, a radiograph ofthe wrist may show characteristic

changes at the epiphyses, the outline of the jomt is blurred and hary, and the

epiphyseal line bwmes broadened Later, in older children, as a result of decat

cUication of the roetaphysu and the effects ofmovements and stresmi the classical

341BCHEM1
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mctaphysis and the effects ofmovements and stresses the classical concave ‘saucer’

deformity is clearly shown radiographically The opinion ofan experienced radio-

logist may be needed to distinguish the picture from that ofscurvy The diagnosis

IS supported by a raised plasma alkaline phosphatase and confirmed if plasma

25 (OH) D IS low

It IS sometimes necessary to distinguish rickets from other rare disorder*

involvmg the bonei, such as congenital syphilis, achondroplasia and osteogenesis

imperfecta ^diographs of the bone are helpful in differentiating these disorders

Osteomalacia

(a) CUsical Features

:

(t) Deformities of the spin*, pelvis and legs are now rarely seen

(ii) The commm features arc psin and m iscular weakness Pam ranges from
a dull ache to severe pain The affected sites are the ribs, sactum, lower lumber
vertebrae, pelvis and legs

(ill) Bone tenderness on pressure is common
(iv) Muscular weakness is oflen present and the patient may find difficulty

in climbing stairs or getting out nfa chair

(v) Spontaneous fractures may occur

(vi) Tetany may b- manifested by carpopedal spasm and facial twitchmg

(b) IKagnosis*

The early 5>’mptoms may resemble those present in osteoporosis and rheumatic
disorders The Measurement of plasma 25 (OH) D should clear the ^agnosis
T^ distinction between osteomalacia and Osteroporosu is given below

Osteomalacu O«eoporo«u

Clialc*) ImUium
Skeletal pun A mijor coonUnt usually per Enuodir and usually assocuted

aistnt with a fracture

Muscle weakness Usually present and producmg

disability and a cbaractenslic

gait when severe

Absent

Fftclores Itelatively uncommon, healng The usual presenting feature heals

delayed normally

Skeletal deformity

BadiogtapUe featnres t

Cotnmoa, especially kyphosis Only occurs where there u a £rac

hire

Loss of density of bones Widespread Irregular and often most marked
u theipme

Loss of bone detail Charactenstic. Not a feature

XiOoser’s Zones Diagnosbe. Abient

IGitoIogical ehaogies Excess osteosd tissue with bone Bone reduced in quantity but fully

Blo^ailcnt dmagea
presentm normal qjaiuty mineralised

Plasma Ca and P Often low Normal
Plasma alkaline phosphatase ORcQ high Normal
Urmary caiumn
Aespaaae to treatmeati

Often low Normal or high.

Vitsmua D Dramatjc. Noae
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(d) Treatment:

(i) A daily oral dose of 25—125 jig (1000—5000 I U ) of Vitamin D cures
ridcets and osteomalacia This should be reduced to 10 the prophylacuc
dose, when plasma alkaline phosphatase has returned to normal and radiographs
show that healing is established.

(ii) Children can be given halibut hvcr oil m a very small dose (I ml ) since
It contains 30 to 40 times the concentration of Vitamin D of cod liver oil For
severe cases, synthetic calciferol is useful

(ill) When an infant or young child may be seen once by an emergency
medical service and perhaps not again for months, a single massive dose ofVitamin
D (150,000 I U) (three strong calciferol tablets) can be given by mouth with
reasonable safety and curative effects. The smgle dose can be given by injection

but this has no proved advantage over the oral route A daily small dose is re

commended to avoid danger ofoverdosage

(iv) If there is evidence ofmalabsorption in osteomalacia, the dose of Vitamin
D should be upto I 25 mg (30,000 fJJ) daily and it may have to be given in*

tramuscularly at weekly or monthly intervals If the disease is secondary to

kidney or liver disease large doses and either 1,25 (OH)jD or25 (OH) Dare indi-

cated

(v) An adequate intake of calcium is essential The best source is milk and
atleastSOOml should be drunk daily When this is not practical andm severe cases,

calcium lactate, taken by mouth, should be prescribed

(vi) An egg and butter daily is reqtured to increase the dietary mtake of
Vitamin D

(%u) Mothers of young children require tactftil education m feeding and
general care, as do elderly patients

(vin) Unnecessary clothing should be removed and these should be every
opportunity to go out to enjoy the sunshine

(E) Prognosis

Rickets is not a fata] disease but the untreated rachitic child is a weakling
with an increased risk of infections notably Broncho Pneumoma The skeletal

changes visually tend to heal spontaneously as the child gets older The bony
deformities, if mild, usually right themselves as growth proceeds, but m severe

cases pigeon chest, contracted peU is, fcdock knees or bow legs may persist Wth
early and sufficient treatment these changes arc entirely avoided

In osteomalacia, Vitamin D quickly relieves the pain and muscular weakness
but it tak'^ many weeks or months to restore the bones to their normal strength

(F) Prevention s

(i) All people can be protected from rickets by a supplement of 10 fig of
Vitamin D daily The dose is effective and safe Supplements are necessary m
all coimtries with long dark svinien for all children up to 5 jears ofage, and for

their mothers during pregruncy and lactation AH (duldrcn on anticonvulsive

drugs should continue to receive a supplement In some commaniiies there is

now evidence that large numbers of the elderly require ex'ra Vitamin D to pro-

tect them against osteomalacia

(n) Rickets occurs predommantly in famihcs which arc poor and wh-rc
the mother lacks education An intensive programme of health education is

needed to ensure that the supplements are taken regularly, this should also

provide advice on diet, clothing and general hygiene

(ill) Children m cotmtnes with abundant sunlight should not rwaully
need a Vitamm D supplement ^Vhc^e nckets ts present, teaching of motbercraft,
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emphasising that j-oung children must not be excessively protected from tlv^

sun, IS necessary, protem-energ> malnutntion ts sometimes associated vnth rickets

and routine dietary supplement ma) be needed.

{iv) In tropical countnes, fish liver a Is arc more easily ootamed Thev
contain useful amounts of Vitamin V Sometimes it may be advantageous to

give children a single massive dose (I—2 m<» ) of Vitanun D This is stored in

the livci, liberated slowly and protects a child for several months

(v) Smoke abatement, slum clearances, and provision of opcn-air play

grounds vverc mainly responsible for the marked fall m the prcvalancc -of rickets

m the early part of the present centurv TTie great improvement m these matters

have to be maintained and extended where necessary These arc public health

measures of major importance

BERIBERI AND THE IVERNICKE—KORSAKOFF SYNDROME

BERIBERI

Benben is a nutritional disorder formerlv vridesprcadm the ncc-catmg people

of th* East ‘Ben’ means weak The mam features of beriberi arc due to

acncy of thiamin Three forms of the disease occur

(1) Wet benben, charactensed by oedema often associated v«th high-output

cardiac failure

(2) Dry benben, a polyneuropathv

(3) The infantile form.

Raw fermented fish which contains thiammase and fermented tea leaves

both reduce the availability of the small amount of thiaimne m the diet.

o
(a) CliBical Features.

(i) At first there is anorexia and ill-^defined malais>, associated with he3vi>

ness and weakness of the legs This may cause some difficulty m walkmg

(u) There may be a little oedema of the legs or face and the patient may
complain of precordial pain and palpitation

(ill) The pulse is usually full and moderately increasedm rate

(iv) There may be tenderness of the calf muscles on presrjre and complains

of ‘pins and needles’ and numbness lo the legs

(v) The tendonjerksare usually slu^isb, but occasionally sbghtly cra^erate.

(v) Anaesthesia of the skir, espeaally over the tibiae, are common
Such conditions may persist for months or even years with only mmor aliw-

ations m the symptoms Patients can work to earn their living with low cffiaency
At any time this chrome malady may develop into severe forms

Wet beriberi

(i) Oedema is the meet prominent feature and may develop rapidly m
the legs as well as m the fac*, m the trunk and also m the serous cavoues

(li) Palpitauons are marked and these may be breathlessnes

(ill) Anorexia and dy’spepsia are commonlv present

(iv) There may be pains m the legs after walking

(v) The calf muscles arc frcquottly totsc, slightly swollen and tender on
pressure

(vi) The neck veins become distended and show visible pulsauons

(\ii) The apex beat of the heart is displaced outwards
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(u) The oedema of wet bcnbcn has to be distinguished from that associated

with hepatic and renal disease and heart failure The warm extremities m cardiac

benben and the absence of protein m the unne are useful diagnostic points

Fanune oedema should seldom be a diagnostic difficulty ifa proper dietary history

IS taken

(in) Cardiovascular beiibcn has to be distinguished from other causes of

high output cardiac failure, notably hyperthyroidism and severe anemia

(iv) In all doubtful caacs of \\et benberi the therapeutic response to thianun

usually settles the diagnosis

(v) The diagnosis of dry benberi is mainly based on the dietary history

In endemic areas the disease may be confused with neuritic leprosy, but this is

characterised by palpable, cord like superficial nerves and areas ofskin anaesthesia

These two diseases not infrequently occur together and when they da, dry benberi,

if nuld, may be overlooked

(vi) The diagnosis of infantile benberi may be difficult Neither oedema
not paralysis is an carl> sign and sudden death may occur before either u present

A history ofsudden death of a previous child benveen the ages of2 and 5 months
is suggestive Infantile benberi may be confused with PEM and the two may
occur togcthei

(c) Treatment

Wet benben
(i) Treatment must be started as soon as the diagnosis is nude because

of the sudden fatal heart failure

(u) Complete rest is essential and thiamin should be given at once ictra*

muscmarly 2S mg twice daily for three days Thereafter an oral dose of 10 mg
two Of three tunes a day should be contmued until convalescence is established

^ (ill) Thiamm treatment to a pauent with cardiovascular benben is the most
efiective in medical science \^^ltlun a few hours the breathing is easier, the puls^
rate slower, the extremities cooler and a rapid diuresis begins to dispose of the
oedema Within a few days the size of the heart is restored to normal Muscular
pain and tenderness are also dramatically improved.

(iv) Duimg convalescence and rehabilitation, a good mixed diet With Jess

rice IS needed Another cereal should be substituted for part of the nee m the
diet Pulses have a well-deserved reputation for curing and preventing benben

Dry beiiben

(i) Patients arc generally undemounshed and, if they take sufficient of a
good mixed diet to enable them to gam weight, slow improvement may be ex-
pected

(ii) If the dietary mtake is adequate, there is no need to continue with sup-
plementary thiamm

(ill) Infections and imercurreot disease should be treated and appropriate
physiotherapy given

Infantile benben
(\) The mother’s milk is the simplest way of treatment The mother should

receive 10 mg thmmin twice daily— severe cases this should be by injection

(u) The mfant should be given thiamm in doses of upto 10 to 20 mg intra-
muscularly once a day for three days Tliw should be followed by 5 to 10 ^orally
twice a day

(ill) In severe heart failure or convulsions and coma the tmtial dose may
be increased to 25 to 50 mg given mtravenously very slowly.
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(d) Prevention J

(i) Beri^ri can be prevented by the nse of nndcnnilled, home pounded
or parboiled rice or by increased use ofpul^ and other foods containing thiamin.
Mwicinal preparations of thiamin arc also available and cheap.

(ii) Changed milling practices arc probably the most important and in many
areas rice is not so highly polished as to remove all the bran.

(in) Changed milling practice ofriceisthcmostimportantwithoutremovmg
all the bran.

(iv) Improvement in social and economic conditions and the consumption
of a bettei diet with more thiamin*containing foods are essential.

(v) The establishment of matetnal and child Health Centres has led to
many pregnant and lactating women getting good advice on diet as wjl as vitamin
supplements; infants may also receive them or extracts of rice bran.

Thiantin deficiency in those whose staple diet Is not rice

Thiamin deficiency in countries where rice is not the staple food arises in
the great majority of cases in persons whose diet has been greatly restricted usually
as a result ifchronic alcoholism. It also arises, but rarely, secondary to carcinoma
of the stomach and other conditions associate with prolonged partial starvation.

Hence thcic is always a lack ofodicr essential nutrients.

(a) Alcoholic Neuropathy^

Alcoholics who have restricted their food intake for many weeks often develap
a disorder of peripheral nerves sometimes indistlng^shable from dry beribOT.
The a^Mnistratlon of thiamin leads to no dramatic improvement, but if the
patient takes a good diet and gives up alcohol completely a slow diimnution of
the symptoms may be expected. The nerves of the lower limbs are affected more
severely than those in the upper limbs. There Is dysfunction of both sensory and
motor fibres. The effects on sensory nerves may be paraesthesiac (pins and needles)
or sometimes severe nerves pains, as in the burning feet syndrome; there may be
loss of sensa tion, either numbness of the CTtremities or loss of position sense. Signs
of motor nerve involvement are foot drop, muscle wasting and impaired Imee
and ankle jerks.

Other causes of polyneuropathy areas follovvs:

(i) Dcfiricncy diseases—Pellagra, subacute combined degeneration, burning
feet syni-oinc and pyridoxinc deficiency.

(ii) Metabolic diseases—Diabetes MclUtus, Uremia, Porphyria etc.

(iii) Chemical poisoning—Heavy metals (lead, Arsenic, mercury) and
some drugs.

(iv) Infective—Diphtheria, l^eprosy etc.

**
(v) In association with carcinoma.

(vi) Rare genetic types—'Refsum’s dbeasc.

(b) Ocddental beriberi heart diseases

Cardiac failure with generalised oedema, p^monaiy congestion and dysp-
noea sometimes develops in chronic alcoholics. Damage to the myocardium may
be due to direction action ofethanol or thiamin defidcncy.

Less frequently there is a sudden circulatory collapse vnth lactic acidosis.

It is wise to give all alcoholics with evidence of heart failure tufiicient thiamin
to replenish their tissues; in most cases no benefit is likely but it will do no harm
and m few may be life-saving.



WERNICK&KORSAKOFF SYNDROME
Wermcke m 1881 described a neurological disorder in three patients two

of them alcoholics and the third a seamstress who had persistent vomiting’after
ingestion of sulphuric acid It is characterised by weakness of c>e muscles so that
the paucnt cannot look upv^ards or sideways and a state of disonentauon and
apathy Sometimes there is jerky, rhjnhmical mo%cmcnts of the e>cs (m-stagmus)
and if the paucnt can stand he is unsteady (auxia) It i%-as found that mam of
the cases recovered dramatically after large doses

Korsakoffm 1887 described a psychosis, also occurring in alcohohcs, charac
tensed by a severe defect in memory and Icarnmg Confabulauon is a characlensuc
featur^ though not alwa^-s present The pauent can remember past events v«th
venfi^lc accurac> He cannot remember what he did earlier in the same dav but
tends to provide a superficially convincing talc rather than say he has forcoiten

Wernic^s disease and Korsakoff’s ps>chosis are manifestations of thiamin
deficiency After <arrying out 82 postmortem cases it had been found out that there
vv-ere ^mctncal lesions m various pans of the bram stem, diencephilon and
cwcbellum, the ar^ commonly affected b-mg the mamillary bodies, the nuclei
ofthe thalamus and the periaqueductal grey mancr In the most advanced lesions
there w^ virtuaUy complete ussue necrosis, the less severe lesions were charac-
tensed by destruction of myclm wuh less damage to neurones Small haemor-
rhages are charactenstic bu^ot always present.

histologiwl fe^es were seen m cases of Wernicke’s disease and of
KonakofTs psyAosis Most ofthe patientswho recovered from th • acute confusional
state subsequently developed som- memory defect

Trwtrocnt with thiamin is effective in th-se cases when given promotlv
Large doses arc also needed ^ ^ '

Diagnosu is confitmed by tlie RBC transketolasc test Altliough the svn.
dromes occur m alcoholics, u may arise secondary to any disorder which senmilv
impairs nutr tion

(£) Comment*
Thia:^ defiacncy can thus lead to an encephalopathy or a cardiomvonathv

or a pcnpheml neuropathy Two or tardy all three diseases can occur tm7th/rm a paucnt but it is surpnsing how often the) do not We can not vet ernl^nwhy the bram U m one person, the hearvin another and the penph^l
nervm m a tlurd. Alwholism is widespread and body stores ofthiaminm alcohSS
arc likely to be small, but thiamm defiaency shoidd be registered There are^Hmany unsolved problems in the rdauon between ethanol, thiamm and h™,!.
damage “ uidin

PELLAGRA
Pellagra is a nutnuonal disease endemic amone txior neatTnt.

chtily m 1< to called doew. ,fdj Sec K^rmauus JS'rh^ and dc^na But dianhoca and mental changes are notalwmn™?
mild and early cases and the mental symptom is i^Uv denr««/^
dementta cluneal features are lo? of ne^ghtX

^

^thematous dermatitis chatacteruttcally affecting parts ofS shiTSi,^^'
--“!5l&ia"’aVd’“glSSr‘a.S

(a) Glmieal Features*

Sldn

of.heL'SX“i^«75.*irei;St!SnTn^‘“"'’“™-
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(ii) Exposure to trauma or mechanical irritation of the skiQ, especially
over bony prominences, may also detonune the site of the lesion.

(ill) The sbn m the affected areas is at first red and slightly s\kolIcn , u itches
and burns

(iv) In acute cases the skin lesions may process to vcsiculation, cracking,
exudation and crusting with ulceration and sometimes secondary infection, butm chronic cases the dermatitis occurs as a roughening and thiclccrung of the skin
mth dryness, scaling and brown pigmentation

Digestive system:

(i) There is usual digestive upset, and diarrhoea is not always present

(u) There may be nausea, a burning sensation m the epigastrium, and
sometimes constipation m chronic cases

(ill) The digestive symptoms may be aggravated by the presence of intestinal

parasites

(iv) The mouth is sore and often shows angular^omatitis and cheilosis

(v) The tongue characteristically has a 'raw beeP appearance—red, swollen
and painful, though usually without loss of papillae

(vi) Secondary infection of the mouth uith Vincent's orgamsms is common
(vii) A non-infective inflammation followed by mucosal atrophy may in-

volve the gastromtrstinal tract and account for the diarrhoea which ts charac-

tensttcaliy profuse and ivatery, sametimes with blood and mucus m the stools

'viiil The rectum and anus are frequently affected and chrome gastritis with

reduction or absence of acid secretion is a common finding

(ix) Vaginitis and amenorrhoea may occur

Nervous Systems

(i) In mild cases ihe symptoms insist of weakness, tremor, anxiety, de-

pression and irritability , in severe acute cases delirium is common and dementia
occurs in the chronic Form

(ti) In chrome cases there may be deercued sensation in the feet to touch

and loss of vibration and position sense The loss iflfposition sense may give rise

to ataxia

(tii) i^pasifcity /-cJElaTcs gjve exidaufe nf jujvaJmc-

mcot of the pyramidal tracts Then features arc those of subacute combined
degeneration of the cord and may be due to associated Vitamin Bn deficiency

(b) Diagaosis:

(i) The skin lesions are of diagnostic importance since they are only found

—in pellagra, whereas the gastrointestinal and mental features may be present in

many other A variety of erythemas and exfoliative skin lesions may
mimic pellagra The two charactensuc features of cutaneous pellagra are its

symmetrical distribution, determined by the clothes of the patient and exposure

to sunlight, and the therapeutic response to mcouruc acid.

(ij) A nutniional glossitis identical with the tongue changes seen m pellagra

may occur wthout the other signs of the disease in people who have been all the

times indoors, out of sunlight.

(ill) Pdlagra is a disease affecting p>or people on bad diets Hence it a
often accompanied by signs of protem energy malnutrition by anaemia and by

drfacncics of thiamin and other vitamins These together with chronic infectioru

may comphc.alc the clinical picture ^
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(c) Laboratory Fmdmgss
The fasting plasma tryptophan range* from I to 4 8 mg/I in pcUagriis

and from 6 5 yo 8 8 mg/I in healthy adults Plasma tryptophan may prove to be

a convenient test for confirming a diagnoses of pellagra

{d) Prognosis:

Mental symptoms, especially dementi^, arc the most senous feature and
may be permanent Occasionally a filminatuig form develops, wi th fner and severe

prostration which can be fatal In the past many deaths were due to secondary

infections (notably tuberculosis and dysenttfry) or to cmaaation ductogcncml
dietary faijuie, intensified by the diarrhoea

(e) Treatment:

(i) Nicounicacidornicotinamidcarethestandardtreatmcntfor quicb relief

of symptoms I'Pcotinamide is to be prcfciTed because it docs not cause the un-

pleasant fiushmg and burning sensations that often result from taku^ nicotinic

add 'Ybese arc transitory and banriless, but snay a^arm die paticm The
1$ rapidly absorbed from the stomach, despite sc%erc digestive disorders There is

no need to give mtravenous or intramtiscdar injections Tiv immediate response

to mcounatmdc is usually dramatic, withm 1^4 houit the er>ihcma diimmshcs, the

tongue becomes paler and less painful and the diarrhoea ceases Often there is

stnking imp"a\cment m the pauent*s behaviour and mental attitude. But mcoti'

namide alone is usually insufficient to restore health due to other associated do
fiaencies, notably ofprotein and other components ofVitamin B complex. There-

fore, B complex shoiJd ht given as a routine and if there arc signs of peripheral

neuropathy or subacute combined d^cncration ofthe cord larger doses oftniamxn

or Vitamin Bn are indicated

(ii) To restore th» patient to normal weight, the diet should provide ample
energy and good quality protein, as is present ‘n miUr, eggs, meat or fish. In severely

ill patients it is necessary to climb the dietetic Udder cauuously The food should

be low in bulk to avoid further diarrhoea The diet may be poorly tol*rated

becaiise cf the mental state of the patient and the sore mouth which may make
eatmg difficult ^cobol should be forbidden

(ill) Rest in bed and sedation are neesat^ry for severely ill pelUgnns, es-

pecially those voth marked mental symptom: H the dermautts is associated with

much crusting or secondary infection, gentle washing with a bland solution 15

indicated.

(F) Prevention
(I) Enrichment of maize meal with vitamins u technically simple and

inexpensive but is ifficult to implement for subsutcnce farmers who grow their

own maize It is wise to avoid dependence on a single cereal crop, suA as maize.

(II) Animal husbandry should be encouraged m all areas where pellagra

IS endemic so that the production ofmi^ and nulk products, and meat ts mereased
Encouraging the planting of opaque 2 maize may help It contains about three

times as much tryptophan and twice as much lysine as conventional maize

SCCRW
. Scurvy is a nutritional disease which results from prolonged subsistence on

diets practically devoid of fresh fniit and vegc^^bles of ascorbic aad causes
a disturbance m the structure of connective turue, leading to swollen, bleeding
gums, and hacnvrrhages mto the skin and elsewhere

(a) Clittfcal Features

:

(1) The gams arc swollen, paruciilarlym the region of the pajallae between
the teeth, sometimes produemg the appearance of ‘scurvy buds’ These may be
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BO extensive that they project be>ond the bitm§ surface of the teeth and almost
completely conceal them The spongy gmns are Imd in colour and blwd on
the slightest touch There is always some infection

(u) The first sign of cutaneous Ueeding is often to be found on the lower
thighs, just above the Imees These haemorrhages are perifollicular*—tiny points
of bleeding around the orifice of a hair follicle The condition in scurvy can be
distinguished by its appearance from the follicular keratosis sometimes associated
with Vitamin A deficiency In the latter condition there is usually a homyplug of
keratin projecting from the orifice of the hair follicle In scurvy there is a heaping
up ofkeratin like material on the surface around the mouth cf the follicle, throu^
which a deformed 'cockscrew’ hair characteristically projects Perifollicular

haemorrhages may appear on the buttocks, abdomen, legs and arms Afncan
patients of ten present with pain in a leg due to haemorrhage into mtermuscular
septa in the thigh or calf

(in) Anaemia is present in most patients In'patients the bone marrow may
be normi^lastic or megaloblastic and associated deficiency of iron or folate is

often responsible, but there may be other unidentified factors Destruction of
erythrocytes in muscle haematomata may lead to bihrubmaemia and mddjaundice

(iv) Osteoporosis may occur in scurvy, since ascorbic acid is necessary for

the synthesis of collagen in all parts of the b^y, including the bones

(v) Haemorrhages into any of the mtemal organs may occur and a patient

die suddenly and without warning, apparently from cardiac failure

(vj) There is scurvy m mfants Until the teeth ha\e ermpted/ scorbutic

infants da not develop gingivitis When this occurs the gums have the classical

appearance of ‘scurvy buds’ The first sign of bleeding is usually a large sub*

penosteakhaemorrhage immediately overlying one of (he long bones—frequently

the femur—producing the charactoristic ‘frog legs’ position This gives nse to

intense pam, especially on movement The infant may cry continuously and
agonisingly, and scream even louder when lifted

(b) Diagnosis i

(i) The inflamed nm of the gums is bright red in colour, m contrast to

the cyanotic appearance in scurvy, and there is usually nruch lesss spelling In
Vincent’s angina the gums are acutely inflamed, ulcerated and painful, but the

bnght red appearance of the lesions is distinctive Poisoning wi& heavy metals,

particularly lead and mercury, produces a gii^vitis in which the gum margm is

stamed blu“, but there is usually little s^ve^lng and the appearance is easily dis-

tinguished from scurvy Phenytom, a drug used in epilepsy, may cause marked
•welling the gums, but they preserve their normal colour and do not bleed

(ii) Scurvy in infants and children may sometimes b** mistaken for rheumatic

fever or osteomyelitis, because oflh* pain caused by a subperiosteal haemorrhage

The refusal of the child to use one leg may cause the disease to be mistaken for

poliomyelitis

(ill) Blood ascorbic acid can easily be determmed If the concentration of
ascorbic acid in blood is low, it is a sure case ofscurvy

(c) Treatment!

(i) Adequate amounts of synthetic ascorbic acid should be given at once
because of the danger of sudden death Ihc vitamin is very soluble and quickly

absorbed from the digcsenc tract It can be given mtravenousl>
, but a large part

of It IS imnutdiately lost in the urme It is the aim to saturate the body with

ascorbic acid TIic fully saturated body contains about 5 grams of the vitamin

Therefore, a dose of250 mg by mouth four tunes daily should achieve this vnthm
a week, dwpite some loss m tne urme
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(ii) Scurvj arises among people for remmed from siqipbcs of synthetic

ascorbic aad (e g , among prisoners of var), m such conditions \’ahiable thera-

peutic effects are obtamea b> the use of natural sotirccs of the \atamin such as

fresh fruit and NTgetables

.
(«0 In case of anaemic patient ferrous sulphate and folate tablets should

be gnm b> mouth

(iv) ^Viih adequate anddhuncdiatc treatment no patient dies of scurvj
,
but

if It is delayed he ma) die

(d) Prevention*

(i) Scurvy generally occurs at the tuo extremes of age The preveaum
ofscurvy in infants has been accomplished by the better education ofmothers and
helped by tbe dutribution ol cheap, concentratcdrfvange juice ofstandard ascorbic

acid content For old people Imng alone, the provision of proper meals is the
best means ofpro enting souw This «hotild be the responsibility of their family

If there are no relations, responsibility falls on the social services In cases where an
old person is unuiUmg to eat foods containing the vitamin, he should be given
ascorbic acid tablets

(u) In cases ofpersons who travel m barren lands or mahe long sea vnyagcs,
they ^ould be gnen ascorbic acid tablets to cany along with them.

(uv) In times of drought and famine,when fresh vegetables arc not available,

ascorbic aad can be obtained by the genmnauon of pulses or eexe^ 30 grams
of dried pulse on germination yield 9 to 15 sng ascorbic aad wbjcb is su&ient
to prevent scurvy

OTHER NUTRITIONAL DISORDERS OF THE NERVOUS SYSTEM
K, Borolng feet tsymdrome*

(i) The earliest symptom is aching, burning or throbbing in the feet. This
becomes more mtense and is followed by sharp, stabbing, shooting pains, whi^
may spread up as far as tbe knee like an electric shoo:, causing cxcruciatine
agony They come on m paroxysms and are usually worse at nighc.

(ii) Most patients get some reliefby walking about, and sufferers may spend
the night limping up and down outside their quarters

(lu) Some pauents manage to gel relief by wrapping tbcir feet m cold wet
clotb or sitting with tbeix feet in a pail of cold water Contmuous pain and loss

of sleep produce a thin, exhausted, imtable patient

(iv) The tendon jerks may be normal but may be exaggerated.

(v) Tbe syndrome has been associated with the prolonged ccaisumpUon oFa
diet dcfiaenjirffi protem and the B group of vitamins

(vi) Patients who suffer from it may also develop tbe orc^nital syndrome or
nutritional amblyopia, but rarely bcriben

(vii) The syndrome can be seen sometimes m chronic alcoholics and patients
with diabetic and other ncuropathiesj aad rarely in other disorders.

B Sfunal ataada*

(i) Patients Imng on unl^anced diets for long penods develop neuro-
logical signs which mdicate that the pnnapal lesion is m the dorsal columns ofthe
spinal cord mvolvmg particularly prepnocepuve sensation Th^ gau is vnateady
and the patient is jmable to stand upnght without swaying when the eyes are
closed Vibration sense m the legs is ojiiin lost.

(ii) In tropical ataxic neuropathy, Vitamm plays only a secondary
n>le In the fully devdoped syndrome there xs sensory spinal ataxia, retrobulbar
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neuropathy or optic atrophy and sometimes bilat^l nerves deafness Signs
indicating mild mvohcmenl of the lateral or pyrarodal tracts may 1^ found
Epidemiologically the condition is found m people who regularly consume large
amounts of cassava Cassava contains a cyanogenic glycosidfe, Linamann, which
can be broken down to yield free hydrogen cyanide by enzymes m the plant
tissue if It IS crushed or left standing in water ^

(ill) The cyanide is detoxified by sulphur containing ammo acids, which
convert It to thiocyanate, andbyhydroxocoMamin which forms cyanccobalamin
Patients wth tropical ataxic neuropathy hate increased plasma concentration
and urmaiy excretKxa of thiocyanate with increased Vitamm Bj, and reduced
cystine in the plasma The condition can be preventedm part by cooking methods
which wash out the glycoside or boil off the HNC

C Cerebellar cortical degeneration

This condition m which the characteristic clinical feature is ataxia of the
legs anses from degenerative changes limited to the anterior supenor part of
the vermis of the cerebellum It is associated with alcoholism and poor nutrition

but the response to vitamm thereby and nutritional rehabilitation is less consistent

than m the Wernicke Korsakoff syndrome

D Vitamin nenropathy

(i) Early symptoms are tingling, coldness and numbness m the extremities

due to peripheral neuropathy

(ii) Motor weakness and ataxia appear later and become increasmgly severe
as the cord is involved

(ill) The physical si^ depaid on the relatnc mvolvement of the peripheral
nerves and the dorsal and lateral columns of the cord

(ivl In severe cases ataxia is the outstanding feature with loss of reflexes

especially in the lower limbs Sometimes the pyramidal tracts are involved and
spasticity, increased reflexes and an extensor plantar response are present

(v) If the bram is affected there may be an organic psychosis and this may
be the first evidence of Vitamin Bj, deficiency

£ Spastic paraplegia

(i) If kesari dhal eaten in excessive amounts and for a long period it gives
rise tolathyrism

(ii) The onset of lathyrism is sudden and is often preceded by exertion or
exposure to cold A patient may go to bed well and wake up paralysed, or he
may fall down at the plough Sometimes backache and stiffness of the legs precede
the onset of the paralysis by a few days The condition is a spastic paral>sis of
the lower limbs, due presumably to precisely localised lesion of the Josser pans
ofthe pyramidal tracts The motor nerves to the muscles ofthe tnmk, upper limbs
and sphincters arc spared The sensory nervous system is not m%olvcd In mild
cases there is only stiffness and weakness ofthe legs and exaggerated knee and ankle
jerks In more severe cases, the patients svaDc with bent knees on tiptoe The legs

arc often cross^ a ‘scissors gait’ develops and walking is only possible with the

aid of slides In severe cases paraplegia in flexion follows and w’alking becomes
impossible The patient can only move about by puslung Iiimselfalong, supporting

his b^y on his bands, buttocks and heels The paraplegia is typically spastic with

greatly increased ankle and knee jerks and with clonus The final stage of the

disease is completely incapacitating and the sufferers may move to the cities

where they arc easily recognised amongst the beggars

(m) Epidemic lathyrism is mahil) a duease of famine When the price of

wheat nses, many of the poor increase ifaeir consxunpiion of the pulse *ind cases of
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lathyrism arise Prevention requires change in agricultural and economic policies

The toxm can be exttacted ftcm Icesari dhal by heatmg itm four volumes ofwater

for an hour

(iv) There is no specific treatment All patients need a good diet

LESS NXmirnONAL DISORDERS
Disorders of the skm
A EoUicolar hyperkeratosis

(i) The follicles become blocied with plugs of fccratm dented from their

epidi'liallining tvhich has undergone squamous metaplasia Thj is due toViiamm
A deficiency Halibut li\cr oil red palm oil or other oils rich in Vitamin A or

carotene may produce a strikmg clinical improvement, vegetables oils arc also

likely to be rich in essential fatty acids and Vitamin E, and the condition has

responded to Vitamin E therapy Other factors may contnbutc to its det clopment,

sudi as exposure to sunlight and lack of cleanliness

(ii) Slight follicular keratosis may be (bond m. people who arc adequately

noun^edm respect ofVitamin A Thus the condition is not a specific or constant

feature ofVitamm A deficiency

(ill) The typical distribution is over the backs ofthe upper arms and the fronts

of the mighs, but it may extend over the buttcxks and indeed over the whole

trunk. Only the feet, hands, and face may be spared. Some degree of xeroderma

IS commonly associated Thehomy plugs that project from the folbcular onficcs can

often be pulled out with a fine pair offorceps, they give the sim a charactenstitf

feeling of roughness Because of its appearance, the condition has been called

‘toad skm’ or phrynodeima

(iv) FoUiculosu IS sometimes mutaken for follicular hyperkeratosis The
follicles are raised above the surface, but no homy plug projects from the folbcular

orifices

B Xeroderma
It means dryness ofthe skin Thcskmleclsdryandoftenrough Onuncovenng

the legs, a <joud of fine branny dandruff is often seen. Xeroderma is commonly
but not constantly associated with folbcular keratosis and ‘exadeed skin’

C Grazy-pavsng sida

In this condition the appearance indicates a layer of lacquer painted on
the surface, which on drying has broken up into individual islands of varying

sirfe There is often some desquamation from the borders ofeach island, while the
mtcrvenmg gaps may become fissured The commonest site for ihj'; lesion is the
skins, and it seems probably that exposure to dirt and alternate beata^ moisture
is often tesponrfble

D Paebyderma (elephaat skm)

(i) The affected sbn areas are thick, rough and thrown into folds like the
of an eley^ant

(ii) It starts as a roughness of the sVin on the bade of the hands and feets,

and the skm of the whole body may be affected The charges are most marked at
the bad: of the elbows and front of theknees

(ill) Fissures may occur round the heels The condition is seen most often m
boys and m the dry sfeason

E pigmentary changes and colonr

Nutritional failure can affect the colour of the skin in Aany difierent ways
In pellagra there is typically an erydiema with subsequent desquamation and
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pigmentation ‘Htc areas ofskin especially invoKed are those exposed to sunlight
or affected by friction In anaemia the sbn may be imduly pale. The hands of
underfed children are often cyanosed, evenm warm weather, while in cold, damp
climates they may be affected by chilblains

F Tropical Ulcer

(i) They arc chronic ulcers, affecting chiefly the lower limbs, occurring
m hot, damp climates among people whose tisrocs arc vitiated by malnutrition

(ii) They are often caused by mmor injt4nes m people living m poor hygienic
surroundings, infested by diseases such as dys^tcry and malaria

(ill) They are not attnbutable to lade of smgle nutnent, but their presence
m any community or labour force is an indication that the diet and hygiemc
conditions are unsatisfactory

G Angular stomatitis

(i) This is an affection of the skin at the angles of the mouth, characterised

by heaping up of greyish white sodden epithelium into ndges, giving the appear-
ance of fissures radiating outvi’ards from the mouth

(ii) 'Secondary infection and staining by food may gne the leston a ycllowrsh

colour It may extend across the mucocutaneous boun&ry and produce whitish

patches on the mucus membrane linmg the checks

fill) If often responds rapidly to large doses of riboflavin and sometimes to

pyndoxzne

(iv) It occurs in association with iron deficiency anaemia and other diseases

K. Cheilosia

(i) This IS a zone of red, denuded epithelmm at the line of closure of the

lips

(ii) It is frequently seen m pcUagims and is often associated with angular

Stomatitis

(ill) It only appears duruig periods of drought and lack ol fresh foods, but

It IS unlikely that lack of any one specific vitamin or nutrient is the sole cause

The condition overlaps with chapped lips, seen in healthy people who have bwn
exposed to cold winils or excessive sxuuigbt

/ Oroffoti^ syttdtvtne

(j) There is angular stomatitis, but m addition there are changes in the

epitbdium of the mouth, tongue and lips, and other mucocutaneous junctions

are affected

(ii) The earliest sign is oedema and milky opacity of the buccal mucosa
which goes onto patchy or diffuse desquamation of the lips, tongue and some-
times soft palate These areas are red and sciuitive Secondary infection wth
superficial ulceration may occur

(ill) Soggy, whitish patches at the outer angles of the eyes, wtihin the ears,

at the vulva or prepuce ofthe penis, and around the anus are often present Along
with these changes there is often corneal vasculansation and a scaly, greasy eczema
at the angles of the nose, on the lips, chin and behind the ears

(iv) A dry, intensely Itching, erythematous dermatitis, with a well-defined

e^c, may appear on th^ gcmtalia—the scrotum or mens pubu, mtr the perineum

and down the inner sides of the thighs TTiere is often secondary infection

(v) In health the hair is sleek and glossy, often with a natural iravcorcurl

In nulnounihed or undernourished people the hau frequently becomes dull
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and lixstreless, Jt it not easily bruslied and tends to stand tip strai^t (slarmg

hair) Attbesametunethecolotirofthebairjnaychai^c Infairpeople it may turn

to a dirty brmsTi vhile m blade haired people there may oe loss of pigment,

with a change of colour ranging from brown, lusty red to almost tvhite This

occurs m k\\ashiorkor

(vi) Dietary factors such as deficiency of pantothenic acid or biotm can

change the colour of the hair of bladk rats to grey, but the white or grey hair of

fauman middle age has no nuuitional significance Nor is baldness a manifestation

of nutritional failure

(vii) In chronic iron, deficiency anaenua the fingernails ma) be spoon shaped

(KoUon^chia)

(viii) In other forms of malnutrition the nails may be bnttle or*ihickaied or

lined on the surface, cither trans\^ci5el> or longitudmallj , but these changes may
also be seen m well nounshed people

(iv) Scierc protein deficiency may result in transicrse ivhitc bands m the

nails, occurring symmetrically on both hands

Disorder of the eye

A Night blindness

(i) Night blmdness is a frequent complaint m underdcxclcped commumties
who Mve no lughi lights and where the diet is grossly ladpng m rctmo! and
p-orotene Children who stray from home after dark may get lost, or fall down
a well or injure t^msclies m other ways

(u) Many factors besides retmol deficiency ma^ contribute to complamU of
night blindness These indude fatigue, emotional disturbances asscciated with
acute danger and also chronic anxiety states

(ill) There are organic causes such as retmiris pigmentosa

(iv) Night blmdness arismg from Vltamm A defiacncy always respond to

smtable vitamin therapy and ft is unwise to make the diagnosis bemre adequate
therapeutic trials have been earned out

B Bitot s spot

(i) Greyish or glistenmg white plaques ftrnned of desquamated thickened
conjunctival epithelium, usually triangular jn shape and firmly adherent to the
underlying conjunctiva

Sometuses the spots are covwed with matenal Tesembbng dned foam
whidi can be scraped away but forms again. It consists of epithelial debro, fatty
globules and often masses of xerosis bacilli He spots are generally bilateral,
on the temporal sides ofjhc cornea, and m coloured races are often surrounded
by dense brown pigmehfStion

(ui) Pigmentation of the conjunctiva is frequently associated with xeroph
thalmia Pigment may be deposited round the cornea (Pigmented rmg), m the
lower eyelid (pigmented gutter), and over the sclera equatonally in the area
commonly occupied by Bitot s spots Various formi of irritation appear to play a
major role in its causation

C Gomeal vascularxsatiott

(i) The essential lesion in this condition u an invasion of the normally
avascular cornea by capillary blood vessels These >essels cannot be seen ivith
the naked eye, nor with an mdinary hand lens

(ii) Small greyish white opacities may also be seen on the surface of the
cornea.
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(i j) TTie patient often complains of a burning sensatior m the eyes, misty
\ision, lachrymation and photophobia—the latter symptom may make slit lamp
examination difficult

(iv) There is often injection of the conjunctiva with diluted blood vessel
which are easily visible on simple inspection

(\ ) The presence ofan injected conjunctiva should not allow the assumption
that a vascular cornea is also present

(vi) Corneal vascularisation may be associated with the orogenital syndrome,
with keratomalacia and with aribollavmosis

(vu) Nutritional amblyopia is a major nutnlional disorder of the eyes

Disorders of the mouth

A Nutritional glossitis

(i) Deficiencies of nicotinic acid, riboflavin, Vitamin Bjj folic acid and
iron may all ^ive rise to glossitis

(ii) It 13 a feature of pellagra, sprue and the various types of nutritional
anaemias

(ill) The torque seems to be particularly susceptible to metabolic disorder of
all kinds

(iv) If the deficiency is partial and ejutuds over months or years, chronic
atrophic glossitis is more often seen

(v) In acute glossitis the tongue is swollen, sonvctimes to such an extent

that It is continually piesscd against the lower jaw and well marked dental

unpreisions are visible

(vi) The papillae are usually very prominent

(vii) The colour of the tongue is characteristically red, but m some cases it

may }»ve a purplish blue

(viii) The mucous membrane sometimes desquamates in pitches leaving

areas if red raw surface

(ix) Deep irregular fissurmg is common and shallow ulcers may occur,

especially on the sides or tip

(x) The tor^c may be extremely panful, so much so that fear ofpam may
prevent the patient from eating

(xi) In chronic atrophic glossitis the tongu- is small, with an atrophic mucous
membrane and small or absent papillae so that its surface appears smooth, moist

and aVaitirmally clean Fuve Slssvffmg may be presenv It \s vaually not painful

B Parotid gland enlatgemest

(i) The condition may be confused with mumps Histological examination

of the swollen gland shows hypertrophy of the acim In the f^l state, fibrosis

dwelops with cystic dilatation of the ducts—a parotid cirrhcsu

(ii) The parotic glands arc sometimes enlarged temporarily durmg the

refeeamg of people who have been severely undernourished

DIET AND OTHER DISEASES

INBORN ERRORS OF METABOUSM
Fhenylhetoniiria (PKO)

PKU occurs due to a defect in the metabolism ofammo acid phenylalanine

ITic affected children show normal physical development but impairrf mental

development to a varying degree The untreated children become mentally

defectu'c adults

35fBC»EMl
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1. The Biochemical and genetic defects

(i) PKU had been named by the finding of a hefonc, phcnylpyruvjc acid,

m the unne The primary defect is m the phenylalanine hydroxylaiing system

which con\crts the ammo acid into tyrosine

(») This system ^shen cannot convert all of the phcnylalanme denved
from the protein m a mother's milk, the level m the blood nscs and this causes

the impaired development of the nervous system Sonae of the excess phenyl-

alanine IS deaminated to phenylpyruvi^ acid whtdi is excreted in the urine

(in) Hydroxylation is effected by phenylalanine hydroxylase (PH) and a
coenzyme 5, 6, 7, 8 tetrahydrobiopterm (BH,) The coenzyme is oxidized to

BH, from which it is reformed by another enzyme, dihydrobiopterm reduc-

tase (DHPR) Hydroxylation may impaired by genetic defects in nroductiwi

of PH ofDHPR and of an enzyme responsible for the formation of BH,

(iv) The genes responsible for the control of the hydroxylation are not
closely linked and may be on different chromosomes The defects are transmitted

by autosomal recessive inheritance Unaffected heterozygous individuals act

as earners

2, dasstcal phenylketoaoria

(i) ^Vhcn the baby is at the age of8 to 10 months, the parents may become
amacfus because their diild is slow m learning to sit and handle thmgs and a
generally unresponsne

(li) About 25 p c of the affected children develop eczema

(ill) The retarded development becomes obvious and there may be
of severe birth damage, such as myodonic epilepsy and xnarlxd hyp^ctivity

(iv) Most affected children grow up to become physically sound but are
mentally defective

3 Variant forms

Besides classical PKU, other forms of hypeiphenylalanemia are known and
at least nine types have be^ recorded

4 Dietary Management
(i) Clinical symptoms do not arise in caM the affected infant is pat on a

low pheti.Yl*datuive diet soon after birth and kept on it for a lon^period

(u) A severe emotional strain is imposed on a young child on an entirely

artificial diet

(ill) As soon as the diagnosis is made, breast feeding should be stopped and
the infant bottle fed with a low phenylalarune milk substitute

(iv) Greater difiiculty arises when the baby has to be weaned A mother
then has to prepare a low phenylalanine diet for her child from five lists offoods
'ITierefore, she needs continuing help from a dietitian Ihe lists arc

(a) Basic foods containing negbgiblc phenylalanine which can be used
freely (these include sugar, sweets, jams, solid vegetable oils and
coolwg oils)

(b) Fnuts and vegetables which can be taken freely since they provide
negligible phenylalanine and proiem in a normal helping

(c) A basic list of59 mg phenylalanine exchaj^es of foods

(d) Manufacturer's foods of n^Ugiblc pbenylalaiune content.

(e) Exchanges of foods containmg 50 mg of phenylalanine (by caN
culation taking one gram of protein as 50 mg phcnylalanme)
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GALACTOSEMIA
This hereditary defect due to reduced activity of glucose-1 •phosphate undyl

transferase impairs the metabolism of ^lactose ra smg its concentration m the
blood loxic signs appear soon after birth when an infant begins to take milk
and are due to accumulation of galactose-l-phosphate \/ithm the cells This
defect IS less common than phenylketonuria

1 Chnical Features

(i) The disorder is found m infants in its severe form within two or three
weeks after birth with the mamfcslation of vomiting difficulty in feedmg, loss

of weight and the onset ofjaundice
(ii) The spleen may be palpable and the liver greatly enlarged and vei^y

firm and ascites may be present

(ill) Sugar (galactose) and protein are found in urine

(iv) Ifnot treated properly, cataractsmay develop which may lead to blindness

(v) Mental and physical retardation arc likely to occur

(vi) Witliout immediate dietetic treatment ofsuch severe cases death rapidlv

Occurs

(vii) Lack of galactokinase also causes rarer form of this disorder in which
mental development is normal and the liver is not damaged but severe cataracts

leading to blindness occur early in childhood

2 Diagnosis

The raised blood galactose and the reduced glucose I phosphate uridyl

transferase activity in erythrocytes confirm the disorder

S Treatment

(i) 3reast feedmg should be stopped immediately and the infant should
be given a milk powder m which lactose has been replaced by dextrin, dextrose

and maltose

(u) Milk milk products and food preparations containing these should be
excluded firdm the diet It is necessary to continue these restrictions throughoutlifc

(ill) The intake ofgalactosides, present in small quantities m most foods, and
widely used in the food industry as a filler or flavouring agent, should be reduced

(iv) Lactose is used in the pharmaccuucal indistry in the form ilation of
many drug products Such preparations can normally be taken with safety but
when a patient requires large doses forp long time it mav be wise to use an alter-

native drug

REFSUM^S DISEASE
This is due to a defect in the enzyme systems responsible for the metabolism

of phytanic acid (3, 7, I, 15 tetramethy! hexadccanoic acid) which accumulates
in the plasma and tissues Phytanic acid is derived from phyiol, a product of the

hydrolysis ofchlorophyl

} OifUcal Features

(i) The mam features are peripheral neuropathy, cerebellar ataxia, nerve
deafness and retinitis pigmentosa

(ii) Symptoms usually fint appear in childhood and progress slowly, patients

become severely disabled between the age of20 to 30 years

2 Treatment
(i) Great improvement is possible by removmg phytatuc aad by plasma

exchange and by a d*ct low in chlorophyll
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(u) Th«c should be restriction of many fruits and vegetables, butler and

ruminant fat

MAPLE-SYRUP URINE DISEASE

A defect in the oxidative deamination cf the branchcd-cham amino acids,

leucine, isolcucme and valine, leads to accumulation of their oxoacids m the

blood and these are excreted tn the urmc imparting an odour of maple $>rup

I Oinical Features*

(i) Soon after birth the infant has difficulty m feeding, loss of reflexes,

convulsions and coma follow and m sciere cases death uithm a month

(li) Long surviver are mentally defective tmless fed with a formula diet

low m leueme, isolcucme and valine

(ill) A fc^'^ children has been reared suixcssfuJly and when ihcv a'^e older

require a low protein diet based on gelatin, gluten fire flour, batter, sugar and
fnuts.

FRUCTOSE INTOLERANCE
The lack of the enzyme aldolase which converts fructosc-I-phosphatc to di-

hydroryacctone [^osj^te and glyccralddiydc cause this disorder \Vnen fructose

IS ingested, fructose-I-phosphate accumulates in the hver This mteferes vnth

release ofglucose from the liver and leads to severe hypoglycemia

1 GUmeal Features

(i) Their may be \*omiang and hypoglycemic fits

(ii) A senes ofepisodes may lead tojaundice and enlargement ofthe liver

(ii) The teeth of the patient do not shosv canes

2 Treatmeot

Sucrose and fnut should be excluded from the diet

VON GIERKE’S DISEASE (GLYCOGEN STORAGE DISEASE, TYPE 1)

Hus is due to a defect in the low activity of glucose-fi-phosphatase for ivhich
glycogen is not mobilised and large amounts accumulate id the liter Most patients
survive into adult life m th« rare disorder

1 ginical Features

(i) Growth IS •etarded and their is marled enlargement of the liver so
that the abdomen is protruded.

(ii) Hypoglycemia and ketoacidosis may occur m the new bom and attacks
may conunue throughout life, often brouj^t on by an infection or temporary
starvation.

(ill) Mental development is retarded only if episodes of hypoglycemia
have b«n frequcni and severe.

(iv) As the child grows up attacks of bypoglyccmia become fess severe

2 Treatment
(iv) A diet high in protein accelerates glyconeogcnesis from ammo aads

andlo helps to mamtam blood sugar

(li) In severe cases, frequent feeds every 3 to 4 hours may be required

(ui) A moderate amount of carbohydrate is necessary, but this should be m
the form of glucose or starch
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{ iv) Both sucrose and lactose should be avoided, because fructose and galactose
are readily converted to glycogen m the liver

HYFERUFIDEMIA
Hyperlipidemia may arise from an increased concentration ofeithercliolcstcrol

or trjglycendes and frequently both are raised

There is slo^v rise of cholesterol with age startmg at 20 years but ceasing at
about 60 years when it may be followed by a slight fall The rise is less steep in
women until the menopause when it may increase abruptly After 60 years there is

little or no difference between the sexes

A high fasting plasma triglyceride is often associated with a high plasma
cholesterol, but is not by itselfa risk factor for CHD

Dietary cliolesterol has little effect on plasma cholesterol over the range of
intake since increasing intake inhibits endogenous production Very high intakes,

only obtainable by eating two or more eggs daily, raise plasma concentration
and this can be lowered by eliminating the diets

—

eggs, meat etc Dietary choles-

terol is much less important than dietary fat in determining plasma cholesterol

People who subsists on diets high in starchy foods, like rice or maize, do not
have high plasma triglycerides unless they arc obese Sucrose in large amounts
may have a greater effect than starch in raising plasma tnglyccn^ Plasma
cholesterol usually falls with increasing carbohydrate in the diet

Alcohol favours hepatic lipogenesis and this stimulates the synthesis ofVLDL
as well as leading to a fatty liver

Familial hyperchoUsterolaenda

This disorder consists of an increase m lew density lipoproteins (LDL), the
mam carrier of cholesterol in the blood, and is due to genetic failure ofEDL recep-
tors

1. Qistical Features

(i) There 15 a greatly increased risk of coronary heart disease A heart attack
due to myocardial infarction before the age of 30 is not uncommon and 50 p c
ofpatients present evidence of CHD before they are 50 years old Thus it greatly

reduces life expectancy

(u) Xanthomata, swellings or small tumours containing cholesterol and
sometimes triglycendcs, commonly occur Common sites arc tendons, especially

the Achilles tendon and tendons on the back of the hands and sfcm, and around
the eye where they arc known as Xmthdasmata

(ill) Corneal arcus occurs early and when seen m someone under 40 years is

probably due to the disorder

2 Mauagesaent
(i) The coronary heart disease (CHD) niay be pre\ ented by lowering plasma

LDL chQlest'*rol level throughout life and beginning m early childhood This
needs lifelong dietary restriction and the use ofdrugs

(ii) Smee clinical symptoms rarely ansc before the patient is an adult, carlj

diagnosU depends on the examination of the blood Whenever the diagnosis is

made m a new adult patient, a biochemical exammation of the blood sl^uld be
made on as many of the near relatives as possible, especially the children All
affected members of the famijv should then be advised to begin lifelong dietary
restrictions to reduce plasma cholesterol and often prolonged periods on a drug

(lit) The diet should be low in saturated fats and cholesterol, but polyunsatu-

rated fats from aegctable oils and m other foods arc permitted
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(iv) Two drugs lower phsma dtolestcrol efiectivcly Chltslyram-m is an anion

exchange resin that absorbs bile salts and increases their excretion in the #jeoli

Although this leads to increased syntliesis of cliolcsterol, plasnia cholesterol falls

Gastrointestinal side effect may be severe /ntolt ttc cad in pharmacological doses

^3__6 g/day) inhibits lipolysts and mobilisation of free fatty acids from adipose

insue and also reduces plasma VLDL Both drugs have been shown to be very

srfc in the short term Nicotinic acid has vasodilator effects which cause hot fl jsh

mgs in some individuals but tlicsc arc not serious Reduction ofplasma cholesterol

for long penods increases the risk ofatone formation in the bile and the incidence

of gall bladder disease A tliird drug, clofibrate, that lowers plasma cholesterol

isnolongcrprescnbcdsinccitscontinucdusehasbccn associated with an increased

number of deaths from a variety ofcauses

DISEASES OF THE CARDIOVASCULAR SYSTEM
ATHEROSCLEROSIS

It IS the most important of the degenerative diseases of arteries It consists of

accumulation in the mtimal lining of a variable combination of lipids, complex
carbohydrates, blood and blood products, fibrous tissue and calcium deposits

There arc associated changes m the media of the arteries Anenolcs arc relatively

unaffected

Tlvc three major clinical forms arise from narrowimg of the coronary arteries,

the cerebral arteries and the femoral artery and its branches, but other artemes
can be affected, sucli as the renal or mesenteric

Coronary atherosclerosis is almost invariably associated uitb aortic atheros

clerosis

Types of lesion

It IS customary to separate the lesions of atherosclerosis into fatty streaks,

plaques and complicated lesions

Falty streaks are short, thm, slightly raised yellow lines running longitudinally

along the internal surface of arteries and consist of an intracellular accumulation
oflipids within the mttma

Plaques arc the lesions of atherosclerosis TJicy arc raised, focal, circuniscribcd
l«ions upio I cm m diamtcr, consisting of various amounis of fibrous tissue and
lipid The hpid accumulates mostly in extracellular amorphous masses, plaques m
which this process is prominent arc called soft or atheromatous plaques In others,
fibrous tissue is prominent and lipid is widely scattered or localised to the deeper
portions of the lesionj'thcse arc called hard or fibrous plaques

‘iShfiT. *p:'3<x.vA% may O.vt Vcs-iw* ‘the vrAvMi-eoTTi mvy
be lost so that the surface ulcerates and the fatly contents may be exposed to the
blood stream (ii] Fibrin is commonly deposited and thrombosis occurs on the
plaque surface (iii) Free blood can be found m plaque (iv) Calcification may
occur

Development with ageing

A few small lesions ace seen in most adolescents and th-y increase in number
and size throughout life It docs not usually lead to clinical disease until middle age

Thrombogenesia

An ancrial thrombus almost alsvays forms at the site of an atheromatous
plaque, these are present m most of us from an early age Small thrombi form
frequently m the circulation These microihrombi arc then attached to the arterial
wall where they arc rapidly h-sed A failure of the fibrolytic mcchamim could
in this way allow a thrombus to grow Hence one of the primary faults responsible



for atherosclerosis might lie m an increased tendency to thrombosis or m an effi-
cient fibnnolytic nteclianism.

CORONARY HEART DISEASE (CHD)
Coronary heart disease (CHD) or ischaemic heart disease (IHD) are sy«

nonymaus terms for a group of syndromes ansmg from failure of the coronary
artics to supply sufficient blood to the myocardium These syndromes are m most
case associated s\ith atherosclerosis of the coronary arteries They include myo-
cardial izifarction, angma p^oris and sadden death widtout infarction

Myocardial infarction

(i) This 13 necrosis or destruction of part of the heart muscle due to failure
of the blood supply (ischaemia)

(ii) It may lead to sudden death or heal leaving a scar

(ill) Patients \Mth healed lesions may be severely disabled or may be able to
return to their normal life ivitb Imlc or no restriction of their physical activities,

but they carry an increased risk of a second infarct

(iv) The infarction is usually due to a thromhjs fosmmg m an atherosclerotic
coronary artery and blocking the lumen

(v) Sometimes tlicre is no thrombus and the infarct arises becuase the lumen
of a coronary artery has been so narrowed by atherosclerosis that the blood flow
IS insufficient to supply the oicygen needed to maintain the cardiac muscle

(vi) Occasional cases of myocardial infarction arc seen in which neither
thrombosis nor sigmficant narrowing ofthe lumen can be recognised

Angina^eetona (Fain in the chest)

(i) In this condition exercise or excitement causes severe chest pam
(ii) Patients may live for many yean and remain free of further disability,

so long as they keep withm the Iimiu of their exercise tolerance

(ui) The patients carry an increased risk ofsudden death or myocardial infarc-

tion, especially if they undertake any untisual exertion

(iv) Emotional stress may also bring on angina

Sudden death

(i) A proportion ofsudden death results from angina pectons or myocardial
infarction

(n) The death is presumed to be due to CHD
(ill) The most death is unexpected but autopsy shows evidence of old myo-

cardial infarction or extensive atheroma ofthe coronary arteries

1 ninlfftl Features

(i) The prominent symptom is a severe, pressing or constricting pain,

poorly localised deep in the centre of the chest and radiaimg down the Irft or

Doth arms

(ii) In angina pcctons this pam comes on with exertion or excitement, it

forces the patient to stop and when he docs so that pam passes offin a few minutes

(m) Patients vsuh angina can su/Tcr several attacks ofpam in a day and they

can go on like this for long penods oftime

(iv) In myocardial infarction the pain often comes on attest, it is very severe,

lasts for hours and is only relieved by strong opiates like morphine It ii accom-
panjcd by general symptoms such as wicakness, collapse, cardiac arrhyffimiai

and circulatory shock
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(v) Sonic patients have a mild xavoordial infarction vfjthout notsdr^ pain

(dteit coronary)

.

(vi) There arc also several other causes ofpaia in and around the chest which

can CHD, such as Pericarditis, Pulmonary embolism. Oesophageal and

respiratory diseasc-

(vii) The E-C-G. often changes tcn^wrarily during an attack of angina , it is

tisiially berweca attacks. But soon after the onset ofmyocardial isfarcaoa

the EGG may undergo a permanent change and show the infarct pattern.

(viii) Patients with angina or who hare had a myocardial infarct are liable W
dcv"dop cardiac failure or arrhythmias.

2/ Rtslc factors

A. Sex and age:

(i) Mm are more prone to CHD than sromm and incidence rises with age

inbothseims.

(ii) Grtatly increased incidence are found in vfomm after the menopause and

by the age of 70 there is no differmee betwetn the secs-

(iii) The secretion of the ovarian hormones daring the reprodnetive life of
womm aids in rda&ve imntttnity against the rise in cholesterol levd.

(iv) The coacentratioa ofplasma tatal cholesterol is lower in women s^ed 20
to 45 years gwn of the same age groap bat HDL cholesterol is higher.

(v) If both oiaries of women are removed before the age of 35, the plasma
total cholesterol will increase with the increase in CHD.

B. TaxoUy history:

(!} Some families are more suscQttible to CHD than others.

(ii) Family clustering ofany disease may be due other to inherited smeoa-
bility or fesaily sharing of eaviroaaeatal experience, o-g., an atberogcaie diet,

hfore than 50 per cent ofplasma cholesterol is genedcaiUy determined.

(iii) In famTlw susceptible to CHD there xs ofren a hi^ tnridsice of eriwr
disea» whidj havx multiple acaology, c.g., hypeneasiaa, diabetes znellitus,

gout and hyperlipidemia.

C. B^taTtotir patterns personality traits

People with behavioar pattern A above an increased and pre-
valence ofCHD. Such people show an «gve rime-orgmc?,a peaocca-

padon with vocational deadllnm and enhanced aggressiveiess and c^mipeddve
drive, "nds bdtavioar pattern is probably canststndooaL

D. Hyperixpldemxa

A padeai with a v«y lu^ plasma cholesterol is at lu^ risk of devdoping
the disease at an early age but for the majority with values hot greatly raised the
increased risk is small.

E. Hypertension

The incidence of CHD in men ^ed 45 to 65 years widi blood pressures
exceeding 1 60/95 was more than fire rimes that in nermotensire men (blood pres-
sure 140^0 or less). Elevadoas in both disstoJic and systolic pressures correlate
poritivriy with CHD, the diasmlic pressure perhaps being more important in
younger people.
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(0 (iesity IS associated with an increased risk ofdeath from heart disease

(.0 A moderately increased plasma cholesterol or mild hypertemion or

Trade I obesity (plumpness), each by itself, carries only a small risk «f CITO, a

SimWtimof any two of them increases it much more, and m a patient with all

Sr“e Srprognosn is very uncertain unless they are reduced by appropriate

treatment

°
*^^is'ar^^*«ant risk factor both in its climcally rMogmsrf and latent
Th« IS an p solelv to blo^ lipid disturbances Diabetics are

^:r™arirro-“ Crlem^^^^ l-o- of the small blood

vessels

“ XeT:T::t— hetweenthese^

not all hyperuricaemia represents pre gout

T Plectrocardiograpliic abnormalities

W Persons^anabnormalECGorwith ECO change, or left venmeular

himrrtronhv have an increased risk ofdeveloping CHD

(T.) If the changes are present when the patient is at rest, they may represent

'”'M™bnormaht.es whtch appear on exercise usualli indicate relatively

advanced ischaemia

J Cigarette smoWng
j ^ . and CHD, particularly myocardial mfarc-

non. KShlo™fteqUly m heavy cigarelte smokers than m those who

do ^ relattonshtp between CHD and the amount ofsmoking

(
11

)
incre

nicotine or some other constituent of tobacco

(,„) The However, tt nny be due to the vasoeonstnetor

reu»*f^“cm[S. "rmhala..on of «rbon monoxide, or to some undesirable

'""'(.v)
^ a mamfeslalion of a susceptible peisonalily

r' “(0 A high intake of saturated fatty aetds may ra«e plasma cholesterol and

"'^rAfow -V mod.fyplate,etfunct,on

and so P'°™“^ abovrr'^mrements leads to obesity and htgh intake

'c^rlSetoW tn Se acuology'^feotuna^artety isease

(vl Excessnemtake of alcohol should be avoided



L lAck of exercise

(i) Physical activity protects against CHD Bus conductors have a lovkcr

incidcn.ee th^ bus drivers, and postmen vdio deliver letters liavc a lower mcidencc
th^n telephonists and post office clerks

(ii) Active recreations ate also important In middle aged Harvard alumni

the incidence ofheart attacks was lower in those who have been physically active

M Emotional stress and tension

(i) The modern prosperous communities suffer from more stress and strain

than ffieir less wealthy predecessors Increased nsk of myocardial infarction could

be due to acute or chronic adrenergic overdrive caused by stress Possible mediating

factors include plasma noradrenaline and FFA.

(ii) The stress of racing driving raise plasma tnglycendcs and FFA but not

plasma cholesterol The same reaction probably occur?m some urban drivers

N Drinlung water

The harder the drinking water the lower the death rate finm cardiovascular

disease Calcium and magnesium in hard waters miy have a protective action

and there arc several trace elements in hard water that may be beneficial

Soft waters, being more aadic, arc more likely to dissolve potentially toxic

trace elements like lead and cadmium from pipes or rocks

Since there is no concrete evndcncc to be based on its will be premature to

advise modification of vvater supplies in the hope of p eventing cardiovascular
diseases

O CoSt and alcohol

(i) Myocardial infarcuon is associated with high consumption of coffee
has not y^t been confirmed

(ii) Mod—ate alcohol cotisumpuon is not a nsk factor, and in patients
With disorden directly attnbu able to alcohol the nc dcnce of CHD u no higher
than normal

3 Prevention and management

(ik Bmoking must be stopped.

(ii) The diet should be moderate so as to prev ent bemg overwei^^ht.

(ui) Physical exercise should be taken as much as possible without causmg
undue breathlessness or fatigue

CEKEBROVASCUI4AR DISEASE
Cerebrovascular disease is second only to heart disease as a cause of pre-

mature deaths Atheroclerosis is common to both conditions, the overwhelming
nsk factor is a high blood pressure Cerebrovascular disease has little assoaation
with hypercholcaterolaemia, but much more with obesity than does CHD

HYPERTENSION
Hypertension is an important cause of several major diseases and it is

amenable to treatment Hence measurement of blood pressure is a part of all
routine cluucal exammations ofadults

The pathological changes accompanied by hypertension arc a thickening
of the arterioles with hyaline matcnal and, later, hypertrophy ofthe myocardium
of the left vcntncle Ifuntreated, moderatchypcrtensioneventually leads to cardiac
failure, with ddatation of the left ventncle and congesnon of the pulmonary or
systemic veins It also causes ischaemic dianges in the kidney, nephrosclerosis
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The pressure if vcrj' high is said to be maltgrmi Aj.'pertennon. Ihc heart,
Kidneys, retinal and other arteries arc qtuddy affected and it shmvs immediate rii
of a dangerous vascular accident. Therrfore, vigorous treatment is most essential.

80 per cent of cases suffer from tsitnlial kyperiension. Trtatracnt has to be
symptor^tic. In the remaining cases the hypertension is usually secondary to
renal disease, e.g. glomerulonephritis or pyelonephritis, and less commonly,
to an endocrine^ disorder, e.g. Cushing’s syn^ome, acromegaly, pregnancy also
shows hypertension.

1; Criteria for diagnosis t

(i) In healthy young adults the systolic blood pressure is about 120 mm
Hg and the diastolic pressure about 80-

(ii) There is usually a gradual rise ofblood pressure as age advances and at
65 years the mean figure is about 160/90.

(iii) The rise with age is very variable. In some people it is more rapid and
reaches a higher level than the above figure. It is difficult to state at what point
the IcNcl ceases to be normal and hypertension begins.

(ivl The diastolic picssure is a mote reliable guide to the presence or absence
ofhypertension than the systolic pressure.

(v) A diagnosis cf hypertension is usually made in a patient under 25
years of age when the diastolic pressure is 90 or above, but in a patient aged 70
years or more not unless it is over 100. Unless diastoH; pressure is abovi* 105,

nypcrtension maybe said to b; mild or moderate and when it exceeds 120 to be
severe.

A. Heredity:

(i) Hypertension frequently affects several roemben ofa family and there

Is a high correlation between the blood pressures of identical twins.

(H) Individual susceptible to hypertension is related to decreased activity

of (Isa+, K+) ATPase, the enxyme that through the sodium pump maintains

intracellular concentrations of Na+ and K+. The activity of the enzyme is ge*

netically detemuned.

B. Obesity;

(i) Hypertension commonly accompanies obesity though it may occur in

tHn people.

(ii) Obese patients with hypertension, ifreduce their weight to normal value,

their blood pressure frequently return to normal wiAout any other treatment.

This indicates that in susceptible individuals obesity is a direct cause of hyper-

tension.

C. H^b salt intahe:

High salt intake in same countries causes hypertension; but in some other

cwlHtrics high salt intake shovvs no effect. It is, therefore, assumed that there is ^
threshold for salt intake, as yet undefined, above which hypertension commonly

arises in susceptible individuals and that susceptibility is genetically determirud.

D. Other possible risk factors*

(i) Stress, either mental or physical, raises the blood pressure munedbtcly

but this is only temporarily.

(ii) Environmental stresses may contribute to hypertension and of the

theory that individuals with a poor capacity for relaxation are more prove to

hypertension indicate that stress is not a major risk factor.

(ill) Inactivity may be a risk factor but is only a minor one.
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2 Treatment:

A Drogs:

(i) HN^potensnc agents Io^^er blood pressure by diffcmg actions on the

cardiovascular s>'stem llie} relics-c the sjinptoins in most patients and tbeir

wdespread \ise is mainly responsible for DiUmg death rates from hypertension.

However, all hare ad\cr«c effects and it is soTactimcs difficult to find a drug which

IS effective m a do'^ that a patient can tolerate

(u) Diuretics are given along with hypotensneagentsand act by increasing

sodium output m the unne Tbe> also increase potassium output, and their long-

term use tends to cause potas'ium depletion unless a supplement is given.

B Diet:

(i) If a patient is overweight, dietary restncuon. lowers the blood pressure

Thj IS the onl> treatment for patients with mOd hypcrtensioii. W’hea wa^t and
blood pressurehave both returned to normal, ifwci^t is kept down, blood pressure

IS unlid') to nse again.

(li) In the manifestations of hypertension, there is a strong psychological

component Many patients need mudi nippon to enable them to diwge old habits

and eat a sensible diet and lead a sensible life Dally periods of relaxation and
regular hobdays are good for hipertensives

(lu) Moderatereducuon ofsodiummtakcuofbcnefit to patients Thisrcgime
involves no hardship and can b* prescribed for all patientsm addition to any chugs
thatare needed.

3 PreveatJon*

(i) The dietary restncuon is the reduced intake of salt

(ii) It IS advnsed widely not to use table salt and to use a mmirnum salt m
home cookmg It is more imponant for the public to Imovir that prepared meats
contain about 20 times as mvih salt as is presemt m the ongmal fresb meat Chips
and crisp potatoes are very nch sources afsalts Salted and cnnnrf fish are fine Iw
an occasion but ifeaten frequently may increase salt miakc greatly Many snack
foods are nch m salt.

(ui) As a preservative salt is added to manufactured foods. But it 1^-

such as to be mefiecUve Manufacturers are not unresponsTc to medical opinion
and hav e greatly reduced the previously high salt content of infant foeds when it

was shown that this was a cause ofhvperosmclar debydraticn, a serious disorder
m infants \ significant amount of salt is added to bread, butter cheese. It
IS to be locked upon as medicinal products that low salt bread, butter and cheese
are obtamed easily If there is a popular demand for low salt feeds of all sorts
manufacturers will produce and advertise them.

’

(iv) Legislauon to restrict the addition of salt to foods wiU be difficult to
enforre A more practical approach will be to provide mo»c money and support
for appropriate health education

HEARTFAILURE
In severe CHD the heart fails because itsmuscle is weakened, in hypertenaon

It fafls because the muscle is workmg against an increased load In mild d«rces of
heart failure the only mamfestaUon u an inability to increase the canhac outputm
response to strenuous excrUotu In moderate grades there is venous congestion
Acute and severe cardiac failure causes pulmonary oedema and cardiogeuciod:

1 Treatment.

(i) Complete rest

(u) The administration ofdniretics.
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(ill) A diet lo^\ in sodiurn, and also m energy' if the patient is obe^
(iv) In special circumstances a digitalis preparation

Heart failure is usually precipitated by a respiratory infection, arrhythmia
or some other complication If these arc diagnos^ and effectively treated, the
patient may well get over the episode and te able to lead a normal life

2

Dietary management:
(i) Since there is oedema developed sodium intale should be r-^duced

Because oedema is always associated wnh sodium retention

(it) Sufficient fluid must be allowed to mitigate thirst and to make the
patients comfortable

(ill) Owing to the congestion ofthe digestive oigans, each feed must be small
in quantity and easily digestible In the initial treatment, flmd or semifluid food

is advisable for patients who are seriously ill

(iv) Patients who are seriously ill after a severe myocardial infarction, it

IS important to prevent Icelosis arising and for this purpose they should be given
ample glucose or other carbohydrate

DUBETES MELUTUS
Diabetes melbtus is a syndrome due to different diseases characterized by

a raised glucose concentration m the blood, due to diminished effectiveness of
insulm The disorder is chronic and also affects tic metabolism of fat and pro

tern It has an increased risk of atherosclerotic diseases and of certain obstetrical

difficulties

It IS the commonest endocrine disorder TJiere arc n\o major types—Type I

insulin dependent diabetes which was formerly known as juvenile onset dial^tcs

oecurringD^rween 10 and 12 years of age l)^2non insulm diabetes cccumng
in middle age or later

Genetic and dietary factors, infections and possibly stress may increase the

risk of developing diabetes

Primary diabetes:

1 Genetic factors : Many separate genetic mechamsms increase the risk

of diabetcsand its variotis inanifesutions, and these differ m type 1 and type 2
diabetes

2 Obesity: Although most typs2 dtabet/csareobese, only a!zun<7r/tycfobese

patients develop diabetes In simple obesity there is insulm resistance, particularly

m muscle, and liyperinsulincmia There is imMired insulin uptalce by receptors

in target tissues In genera), the more carbcJiydraie tolerance is impaired in obese

diabetics, the more dcRcient the insiJin secretory response to various stimuli Obese
people in general arc less physically active than those whose weight is normal It

is possible that physical exercise may reduce Uic risk of diabetes m susceptible

individual:

3 Dietary restrictions s Restrictions on the food supply of a community,
affect diabetes Rationing i* be^eflcial to individuals susceptible to diabetes

4 Sugar intake : A high intake ofsugar is definitely associated with a high
prevalence of obesity Sucrose has a specific diabetogenic effect, though the very
nigh mtake may contribute to the high prevalence of diabetes

5 Dietary fibre: The high fibre content ofthe diet causes the reduced preva-

lence of diabetes Most diets now recommended for diabetics are high in fibre

6 Infections : Diabetes is frequently dmgnosed by findmg ghicosc m the

urine wiihanacutestaphylococcal or oihcrmfecaon Infcctiomcauscanon specific

outpouring of catabolic nonnones which antagonise insulin aciion and this may
trigger the onset of the disorder More evidences dio\s th?t type I diabetes especi-
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all) in >ouDger patients m caused bj virtis infections Tbe \mu ma^ tnggerna

antounmune reaction in tbe pancreatic islets and this impairs insulin secretion

and nluniatcl) destro^’s the beta celk

7 Stress : Stress causes a sudden increasem scrction of catabolic honnmes
ishich may precipitate the disorder It probably does not cau«e diabetes in pct^le

>sho \sould ne%tr have dcNeloped it The impaired secretion by pancreatic ulet cells

may cause the disorder Many environmental factors may lead to such impairment

Gencuc factors appear as the mam determinant of susceptibility to such cnvircn-

iQcntal factors, those leading to overvvei^t and obesity being the most in^wrtant

in type 2 diabetes and viral infections in type I

Secondary d^betesi

A mmor cases ofdiabetes occur as a result ofpancreatitis, haemochrtanatosis,

caicmoma of the pancreas and pancreatectomy

Diabetes may al<o accompany endocrine disorders uhid increase concentra-

uons ofcatabolic hormones or modify the regulation of insulin receptors

CSUNICAI, FEATURES*
Type 1 diabetes t This usually appearsm early age (between 10 to 12 years of

age)m patients ofnormal oricss than normal weight Synqitoms arc usually severe

and develop rapidly Severe Ketoacidosis occurs and is often fatal without insulm

treatment Since insulin u required for their survival an altcmauvr name for this

patient is tnsultn dependnt

Type 2 diabetes * This usually appears in middle age or later in patients wdio

are often obese and their hypergl^cesma is controlled by dietar) means alcsie

or by an oml h^poglycenuc drug The patient are less prme to develcp Ketosis.

Therefore, type 2 in less severe disease the type 1

SYMPTOMS
(a) Some patients complain of some or all of the classical syruptoms which are

thirst, polyuna, noctuna, ttredness, loss of weight, leducea visual activity,

white marks on clothing, polydipsia.

(b) Many patients arc first foimd to have glycosunam the course of some routine
examination, for insurance, for cznplovmeDt purposes Thej may have had
few or no symptoms

(c) Ketoacidosis may occur m diabeUcs m acute mrection. Epigastnc pam and
vomiting may be the mam coirplamts These are usually type J diabetes.

(d) patients may complain one of the symptoms like failmg vision, parasthesia
in the limbs or pam in the legs, impotence, infection of t^ slm, lungs or
xmiULry tract

Physical signs There is dehydration, loose dry skm, dry fiiricd tongue with
cradted lips The pulse is rapid and the blood pressure is low Breathing may be
deep and rapid The sweet small of acetone may be noticeable m the breath.
There may be coma

Early signs of diabetic neuropatliy are dqiression of the anile jerks and
unpaired vibration sensem the legs TbepresaSc^ ofneuropathy may be indicated
by proteinuria

DIAGNOSIS
Urine testmg : (a) Glycosuna (b) Ketonuna.
Random blo^ sbgar : Tbe glucose tolerance test.

MANAGEMENT:
Diabetic patients no longer die m K^oacadosis m any number as they c®cc

did. The increased dcatb rate of treated diabetic patients is due to coronary heart
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disease Many of those whose dtiration of bfe has been extended are chronic
vahds 'They may live for many years with cerebral, coronary, or peripheral
vascular disease, or with renal disease w serious visual impairment

TREATMENTS
1 Diet alone

2 Diet and oral hypoglycemic drugs

3 Diet and insulin

About 40 per cent of new cases of diabetes can be controlled adequately
by diet alone, about 30 per cent require insulm and another 30 per cent need
an oral hypoglycemic drug Insulin is needed for juvenile diabetes older patients
do not require insulm except when control of their diabetes is disturbed by an
illness, infection or operation

1 Diet*

(a) In all diabetics the amount and tunc of food intate, especiallv the carbo-
hydrate, should be controlled to prevent the fluctuations of blood glucose
b^end the narmal range

(b) Intake ofrefined sugars should be low because their consumptions is followed
by absorption and a high peak of blood glucose

(c) Patients should avoid fasung or feastmg, iheir intake from day to day should
be mamtamed with adjustments for exercise and appetite, they should not
nyss a meal or over*indulge

(d) Type 1 patients rcqture insulin and their food, particularly carbohydrate,

should be adjusted to match the time ofaction of their insulm This depends
on the type of insulm being used and whether the patient is having a single

injection or more than one each day The balance between insulm and meals
has to be adjusted from time to time They usually want to take moderate and
sometimes strenuous exercise They therefore require a generous amount of
dietary energy

(c) Type 2 patients are usually obese Being middle aged or elderly they may
not take mu^ exercise For these rcasoni the daily energy intake should be
restricted to about 1000 K cal The flying career of Airline Pilots depends on
avoiding insulm or drugs

(f) The nature of carbohydrate is important Sucrose should be eliminated or

greatly reduced Starchy foods n<h in dietary fibre and beneficial for diabetics

There arc two essential points about a diabetic diet First, energy intake

sfiouTd be adjusted to maintain ideaf body weight Seconrffy, aff patients

takmg instilin diould follow a regular pattern of meals, matched to the

mjected insulm

(i) Carbohydrate:

(a) A mmimum of 100 grams is needed to prevent ketonurii

(b) Foods rich in sucrose and other sugars should be kept to a mmimum
(c) 60 grams of fructose should be taken a day obese diabetics should not use

fructose and sorbitol as they have the same energy value as other

sugars
,
Although fructosemaynot raise blood glucose as much as sucrose

or glucose, it may raise plasma tnghcendes more

(ii) Protein:

Ammo auds stimulate insulm secretion m both normal subjects and m those

with t)!* 2 diabetes A smaller nse m blood glucose also occurs when carbohydrate

is consumed along with protem A minimum amount about 50 grams of
should be specified m all diabetic diets unless the patient is



560

(ill) Fats

As diabetic patients ba%e an increased nsk of death from coronary heart

disease and as this may be related to the amcmnt ofsaturated fat m the iet, the

total amcmnt of fat should be restricted even in those vsho are not obese

2 Tj'pes of diet;

There are two types of diet

(a) Measured diet : The amount offood to be eaten at each time of the

day IS specified

(b) Uameasnred diet: The patient is supplied with a list of foods grouped
three categories—foods with a hi^ concentrated m carbohydrate contcntwhich
arc to be a\oided altogether, foods with a relati%-cly stable tmconcentraied cor-

bohydrate content which are to be eaten in moderation only, and non-carb>
hydrate foods which may be eaten as desired

Alcohol t Patients may take alcohol if they need to ha%c energy \ahic and
carbohydrate content Beer may contain 10 to 30 grams ofcarbohydrate per half
litre and this pimides 150 to 400 Kcal depending on tbe strength of the beer

Sweetening agents : Saccharin and aspaitame may be used but have no
energy value.

Drags : A good number ofcompoundsrcducchyperglycemia mpaLentswho
would require in^in The sulphonylurea compounds, tolbutamide, chlorpropa-
mide, glibenclamide, glipizide, ghquidene, tnetfomun ha>e a place m the mana-
gement of 30 per cent of diabetic patients It is dangerous to aiten^t to control

juvenile—onset diabetes with these compounds

Insulin * Most diabetics now manage with tivo injections daily, one before
brealdast and one before the menmg meal, each containing soluble and depot
msulm

(a) Soluble insnlut : Thu is a clear solution whereas depot moiltnit are
cloudy It begins to lower the blood glucose m 30 minutes, the effect is rna-r^mat

in 4 to 6 hours and ends after 6 to 10 hours Soluble msulm is essential m the
following circumstances

(i) For new cases with severe dehydration or Krtoacidosu

(ii) For emergencies assoaated with ketosis, such as acute mfccuon, gastroenten-
tu or some surgical operations

(ill) For the trcatnwnt of nearly all young patients

(b) Depotinsalins .-Depot msulm do not lower Wood sugar before 5 to 6
hours, the effect is taiximal at 8 to 14 hours and ends only after 20 to 30 hours.

Choice of therapeutics

:

(a) All young patients who develop diabetes before the age of 40 ytsca require
treatment ivith msulm The majonty arc best controlled by a combination
of short-actmg and mteimediate-actii^ (depot) msulm mjected twnce daily,
before breakfasrand before the cseung

(b) Most patients dcvrlopmg the disease over the age of40y ears can be controlled
by diet alone Obese patients should be treated by dietary rcstnction and
weight reduction, buv others may do well on diets^y therapy alone Insulin
and the suljAonyhireas increase the appetite, and thus may increase weight
and mtensify disability

(c) Those over the age of 40 who arc not controlled by dietary measures alone

usually respond well to sulphonyjtircas Ifadequate control is not achieved by
one dnig, a combination ofsuljmroiyhirea and biguanidc may be tned. If this

fails, in^m is needed



(d) Elderly patients who require insulin often do well with a small dose (20 units)
ofa depot insulin alone But thosewhorequire more than 40 imits a day, should
be given soluble insulin in additnm

Clinical features of Ketoacidosis :

The most common catise of Ketoacidosis is neglect of treatment due to care-
lessness, misunderstanding or illnesj

There IS intense thirst and polyuna Constipation, muscle cramps and altered
visions are common Sometimes, th»e is abdominal pain wth or without vomiting
Weakness and drowsmess are commonly present

The signs include dry tongue, soft eyeballs due to dehydration, hyperventila-
tion indicated by rapid, deep, sighing respirations and a rapid, weak pulse, with Imv
blood pr«siue and acetone may be smelt in the breath Sometimes there is abdo.
mmal rigidity and tenderness Ultimately, coma appears

Laboratory tests show heavy glycosuria and keionuria, blood gluros* usually
between (360 and 720 mg/lOO ml), and low plasma bicarbonate and blood pH
Treatment:

This condition should be treated with the utmost urgency m hospital Intra-

venous therapy is required although the patient is able tosss-allow EirtraccJluIar

fluid IS repletcd first with sodium chloride infusions It is better to give low dose

msulm starting with 6 to 9 umis per hour ard halving the dose when the blood
glucose has returned to normal In the majority of cases potassium therapy should
be started from the outset Intracellular fluid is replaced once the blood glucose has
fallen below 250 mg/100 ml by infusing glucose solution Intensive medical care
ts needed and the blood glucose, pH, electrolytes and ketones have to be monitored,

hourly at first

Vascular disorders*

Atherosclerosis occurs commonly and extensively m diabetics Diabetics

are more prone to myocardial infarction and gangrene of the toes and feet at an
earlier age than other people

The peripheral pulses m the legs arc often diminished, ischaemic changes m
the feet are frequently apparent Defective circulation in UieJcgs results in the

dangerous complication of gangrene Diabetic gangrene usually starts m one foot

Toxic absorption from necrotic tissue and secondary infection may kill the pa-

tient ludess the limb is amputated Amputation ofa toe, a foot or even a whole leg

IS sometimes necessary to save life

Cataract:

Cataract is more prevalentm old people having diabetes Rarely a specific type

of opacity of the lens occurs m diabetic children whose disease has not bcCT

a^quatcly controlled

Infections:

Poor control of diabetes has lowered resistance to infection The following

forms are especially important

(a) Carbuncle : The development of a carbuncle may unmask diabetes and

may even precipitate ketosis and coma cleanliness is very imponant m the

prevention of skin infection m diabetes Once infection has occurred a swtablc

antibiotic is needed

(b) Urinary tract infections s The presence of glucose in the uriOe provides

a favourable medium for the growm ofbacteria Intractable infections of the

unnary tract frequently occur and for this reason cathetensatjon should be

avoided Once infection has been started treatment consists of cc nirolling the

glycosuria and the adnumstration of suitable antibiotics

IfilRCHFMl



tnber^osis ! Jta coimtrira where this is prevalent all new dia-betic patients shotdd have a chest radiograph
(d) Vulvitis : Candida albicam is nearly always present m diabetic women Inthe majorit), the treatment is abolition ofglycosuria whiA brmgsrapid relief -

PROBLEMS IN MANAGEMENT:
1 Children:

(a) Diabetes is not common m childhood, but when it occurs it is relatively severeand almys requires treatnvenl with insulin The problem ofmatdung the dme
of insulin to the food intake raises practical difficulties

*

growing, their energy requirements arc large and^ *hcm It IS important to make sure that the
child does not become tw fat because too much insulin can lead to excessiveappetite and hence to obesity It is bett^ to encourage them to take respon-

pools^
should be trained to swim under siqx^sed

(c) Children are not eiipecled to lead a steady life and their aetiviues ilucttiate
uneapretedly Es^sive activity may result in hypoglycemia, and Ictharey inhyp^lycemia Hyperglycemia may be cause/ by' infectious dtscasT Acombination ofoncofthcdmotinsuluis and soluble insulin before brealtfaSand a second dose of soluble insulin before supper

»-«**«*

2 Pregnancy:

(a) Pregnancy in a diabetic woman carries cctlara risks In the later slaces themay dtvelop an eitcessive accumulation of atnniotic limd, in addiuon’S;
fetus IS sometimm unmusjly large leadmg to difficulty m labour There uataan increased risk of her baby having a netiral tithe defect or othef^e? mdevelopment A planned pregnancy reduces the risk

“
(b) A pregnant diabetic patient requires close supervision by a team coniisttniof physiaan, obstettieian, anesthoiut, nurse and dietitian After the dtagnomof pregnancy, the patient should be seen at first fortnightly and iatre?t

rs T?' r t'S Inctosn^a ieurs an?^i
toger pn^

Therefore, blood glucose eslimatiOn should be done by

(c) Now a days many pregnancies nre allowed to go on to full teim vnth imnrovedglycemic control and caesarian section is less used
pra'ea

3 Diabetes and snidery:

Any ^leal opetatiun causa a mcubolic stress which die diabetic is las ableto meet The position IS worse if thae is tissue wastmg with much breakdSm of
fata^ protem 1 1 IS to be kept in that there is the need topro^e^d^are

PROGNOSIS!
The prognois of diabeta has improved steadily smee the mtroduetion ofmsiilm It IS difficult to esumate the prognosu of an individual patient beStire

so ^ny variable factors have to be comidered The incidence ofdScomplia^
of diabetes is m^y rdatrf to the duration of the disease but probably aim mthe precision with which it has been controlled

^ ^

PREVENl^ON:
Diabeta is a dtrare of the iTOperous and m wealthy coimtna It is one

of the major health problems Snffiaent eiereise and avoidence of ercess diet



have repeatedly been stated Diabetes, lilse obesity and atherosclerosis, is likely
to occur m persons who eat too much and exercise too little

GOUT AND HTPERURICAEMIA
Gout IS a tiiaracteristic arthritis which affects single joints, often the big toe

giving pains that last only a few days but are liable to recur Middleaged men
arctJuefly affected It is caused by the deposition of urate crystals m the joint
The increased concentration of urate m the plasma causes hypenincaenua

Hyperuricaemia may be asymptomatic Such individuals carry a greatly
mcrcascd chance of the clinical complications, gouty arthritis or unc acid stones

m the urinary tract Those who have recurrent gout and hyperuricaemia over a
long time are liable to develop tophi, accumulations ofurate in tendons or cartilage

CLINICAL FEATURES

(a) The patient has suddenly stabbing pamm one joint The big toe is easily

stubbed or injured by an ill fitting shoe The wrists, ankles and knees arc much
less common si*es. The spine is practically immune

(b) The joint is swollen and exquisitely tender, pam is aggravated by the

least movement

(c) The overlying skm is tense, red and shiny with distended veins and may
later snow cedema

(d) Fever, malaise, loss of appetite, gastrointestinal upset and scanty highly

coloured urine are common

(e) The patient may be very irritable

(f) Blood E S R rate is raised

(g) As the inflammatton subsides the skm over the joint becomes scaly and
Itches The joints recovers completely

(h) If the hypcnincaeraia is high and not regulated, attacks tend to occur

with increasing frequency and to last longer Eventually a stage may be reached

where there is chronic persistent though generally Jess pamful arthritis of several

joints

GompUcatioas

People svjth hyperuricaemia have a greatly increased liability to form unc

and stone in the urinary tract These can present with renal colic and arc one

cause of the chronic renal disease that is an important late complication in gout

In gout the kidn-ys may receive decreased amounts of glutamine because more
has been diverted into punne synthesis

Dcgcncratisc renal disease occurs in patients with chronic gout, and hyper-

tension Itself appears to reduce uric acid clearance Raised plasma urates have

also been found m patients with cerebral vascular disease

DIAGNOSIS

(a) When the big toe is affected, clinical diagnosis ts confirmed by a raised

plasma urate

(b) There is another type of arthntis caused by deposition of crystals of

calcium pyrophosphate m joints, sometimes called pseudogoul

(c) Large jomts arc usually involved, especially the knees, which show calci-

fication of articular cartilage It does not respond to colchicine and the plasma

urate is normal
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treatment

1 Dmg
(a) There are drugs which relieve the acute arthnus, but do not afieci

plasma urate concentrations. The oldest effective remedy for acute gout is colchi*

one. It acts by inlubiung the polynvcrpb response to urate crystals and thus breaks

the viaous cyde 'The dose is 1 mg two hourly until rcli“f is obtained or diarrhoea

supervenes Ifthe response with colchicificistoo slow ordiarrhoea tootroublcsom'*,

It may be replaced ^ a short course of phenylbutazone or of conicotrophm or

one of the a^enocorticcstcroids During the acute attack the patient gets little

rest from pam which is always worse at night. H* should be in bed and thejomt

made as comfortable as possible by supporting it on pillo^s*s and protecting it

from pressure and knoeb

(i>) The second group of drug is Probenecid uhich impairs the reabsorption

ofuric acid by the renal tubules and so increases unc acid excretion in th* unne
by 30 to 50 per cent. As its administration is continued, plasma urate falls and
later the frequency ofarthntis decreases and tophi regress

(c) \Vhen there is gross overproduction of unc aad, the oeivcr drug c/la-

pttnnol is the best for treatment It inhibits xanOoKe oxidase so that unc acid pro*

duttion IS reduced and the paoent excretes instead xanthmc and hypoxanthine

which are more soluble Atlopimnol has no direct effect on gouty arthntis and
prophylactic doses of colchicme 0 5 mg three tunes a day should be given for

the first two or three months Other adverse effects ate unusual with these dn^

2. Diet

(a) If the patient is overweight, he should be advised to bring hxs weight

down hy'A gentle dietary regimen

(b) Fasting should be avoided Heavy, nch meals high in punnes or fat

are likely to raise the plasma urate and may be followed by an acute attack.

(c) Execessive alcohol preapitates gout Ihe patient should be advised not

to drink alcohol at all

(d) It IS always better to avoid foods nch in punne, e g , liver, kidneys, sweet-
breads, fish and meat extracts

(e) The patient should be advised to dnnk water before going to bed Cofiee
and tea although contam methyl xanthines sudi as caffeine can be drunk because
caffeme is not converted into unc acid m the body

(f) Lastly, it is wise to check fasting plasma lipids and treat hyperlipemia if

present and to give some advise to gouty patients on diets which may rc^ce the
risk ofcoronary heart disease

DISEASES OF THE KIDNEYS AND URINARY TRACT

Principles of dietetics in renal disorders

(a) The mgrjor task of the kidneys »s the elimination of surplus nutnents
from the body IVLen renal fiinction is greatly reduced, homeostasis may be
maintained by rcducmgoralconsumption ofwater, sodium, potassium and magne-
sium. Urea production is reduced by rainimmng the intake ofprotem

(b) In other renal disorders the capacity of the kidney to excrete sodium is

impaired. This can be treated b> reducing dietary intake ofsodium.

(c) The nephrouc syndronw damages the glomerular capiUana and result

m massive loss of albnmin and other proteins from the plasma into the unne
Increased dietary intake ofprotein allows increased hepatic synthesis ofalbumin
which compensates the unnary loss
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Diseases involved in the renal tubnles can result in eccesswe urinary

losses of water, sodium, potassium, phosphate and other substances These losses

can easily be replaced by increasing the oral intalce

1

Acute
*

*

.nflammation of the glomeruli with congestion

ReuaM»S|l£ns.arm^^^^^^^^

men the patient continue«
should be re^ricmd^n^^^

“o^SSv^'andthfblood pressure falls Protem is restricted only when the

blood urea is raised

2

Nephrotic ayndroine
proteinuria, hypoalbummacmia and peri-

This M charact««d W he
capillarw ate damaged faulting

pheral oedema pLeins from the body into the urine This syn-

k"rotVS;1rfe!nmffeirihL,amylo.d^^^

^"“uldnotbeaddedat^^^^^^^

EggT^°t“use?fr?ely but cheese should be reserved for special occaston.

3

Acute rfenal failure

This IS a catastrophic event The causes arc

w lLs of blood from any cause mcludmg complications of pregnancy,

trauma or gastrointestinal bleeding

(cj L«s oJflSom
acute intestinal obstruction

(d)
Scnousinfecuonscspcaally septicaemia

(c) Acute haemolytic disorders

nZmmtalm should l-educ^

4

CSironic renal
j |l,p general renal failure from any cause. As

Uremia is a
chlngci occur which are more responsible

a result, many ^"JPj^^n^^evation of blood urea. These changes include

W-o- "

clectrolyie ba»ancc
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Chziical features

(a) The failing kidney is unable to oompensaic for large fiuctuautas ui salt

mta^ and for other increased metabobc demands.

(b) Uncompensated losses of water and sodium result m dehydration and
salt depletion, with a fall m plasma %otume, arterial blood pressure, renal blood

flow and glonerular flltration rate

(c) Renal function is lost and mild renal failure progresses to soere uremia.

(d) Tiredness, breathlessness on cxcriicm may arise from anemia, A tendency

to bleed due to abnormal platelet flmctioo

(e) Anorexia, nausea and s-omjtii^ may result from the accumulanon of

urea, rrcatmirw or an unknovm uremic lojoii. When GFR falls bdow 5 ml/mm
the kidneys may be unable to excrete tr^ normal quantities ofsodium and water

Many patients at dus stage develop hypertension, oedema and Teatures ofwater

mtoncatian

(!) The execution of hydrogen ions is impaired, the plasma bicarbonate

concentration falls and an observer may notice compensatory hypervdtilatiaa

ofwhich the patient is often luuware.

(g) In the final stages death can result from hypcrtcasion, uremic coma,

pulmonary oedema, gastrointestinal haemorrhage, hyperlalemia or severe in-

fection.

Treatment

(a) In mild cases, active steps should be taken to control hypertension, to

correct salt and water imbalance and to treat aeu\*e unnary tract infection. Hmds
ynrf electrolytes should be given uitrav*enously A high protein diet is usually

indicated in nephrotic patients vs*ith excessive losses ofprotein in the unne. Sodium
TCtnction may be necessary m some patienU, but others may need extra salt to

compensate for unnary losses Sodium UTcarbonate may be needed for treatment of

aadosis

(b) Vitarmn D can be used for the treatment and prevention of metabolic

bone Increase m plasma calaam may damage the ladiiey and accelerate

loss ofrenal function.

(c) As renal failure progresses and the patient develops symptoms of uremia,

more alcove measures are necessary to compensate for the loss of renal funcuon.

Patients may be treated by dietetic measorfs alone, by regular h^odialysa c-

by renal transplantation.

Stones in the unnary tract

Stones may form in the bladder (vesica! calculi) or the kidney (renal calculi)

9d per cent of stones are made up ofcalcium salts About 3 per cent arq,one aad
salts anda^ut 1 per cent are cystine Most stones are a mixture ofcalcium omlate,

calcium phoqihate and magncsnimammonium phosphate, but about one third arc

pure calcium oxalate Stones form more readily mfected unne m which bactena

^ve converted urea into ammonia so making ^e unne more afralmc

Vesical calculus

Blood stones usually occur either m boys, m young men or in old men (m
whom It IS generally associated with prostauc obstruction or other cause ofunn^
stagnation)

Renal calculus

Renal colic, the severe pain caused by the passage ofstones down die unnary

tracL It stops When the stone is passed naturally or removed by a surgeon. M«t



stones remain in the kidney and they produce flo symptoms (silent stones). They
may grow these sometimes to a very large size. Infection may lead to pyelone-
phrosis, the commonest cause ofchronic renal failure.

Prevention

(a) Fluid inlake'. A good flow of urine washes out particles of gravel. So water
should be drunk before going to bed as urine flow is lowest at night. All patients
who have suffered from stones should drink sufficient water to produce 2.5 litres

ofurine daily.

(b) Diet". The patient should drink only moderate amotmta of milk and
tea and eat only moderate amounts of milk products, meatand fish. Vegetables
and fruits may oe of benefit "by increasing fibre intake.

(c) Drugs: Bendrofluazidc reduces urinary calcium by about 30 per cent.

Pyridoxine may be given to patients who form oxalate stones in the hope of di-

verting glycine metabolism towards serine and away from oxalate. Penicillamine

given by mouth is useful in cystinuria, as it combines with cystine which is then
excreted in a more soluble form.

DISEASE OF THE GASTROINTESTINAL TRACT
Diseases of the mouth

Lesions primarily nutritional in origin are angular stomatitis, cancrum oris,

nutritional parotitis and nutritional glossitis Glossitis is often a presenting feature

in pellegTa, the sprue syndrome, pernicious anemia- and iron deficiency anemia
oflong standing.

1. Th« tongue

(a) The tongue may be dry m mouth breathen and coated with whiu’sh

yellow fur in those persons who smoke excessively.

(b) A clean red tongue which is inflamed and painful (acute glossitb) suggests

an acute primary deficiency of some members otthc Vitamin B coinplcJC.

(c) A clean pale and smooth tongue (chronic atrophic glossitis) suggests

pernicious anemia or a long-standing iron-d^dcncy anemia.

(d) A local ulcer may be due to an ill-fitting denture or malignant disease,

h;ea ssaeVj a. dAy-vy^^ix us uih*aejiJjw.v.

2. The teeth, gams and month

(a) A bad taste in the mouth may be due to pyorrhoea.

(b) Inflammatory and hemorrhagic iesiom in the mouth and gums can
result fVom many causes, e.g., infections, hemolytic streptococci, drug reactions

and blood diseases (acute lei^mia, aplastic anemia).

(c) Any inflammatory condition ofthe mouth may contribute to a nutritional

disorder.

IVeatment: If lesions are causing pain on chewing or swallowing, a fluid

or semiliquid diet must be given until die condition b brought under control.

Diaeases of the oesophagus

(a) Difficulty in swallowing (dysohagta) is the main feature and may lead to
"

choWng and even inhalation of fc^ causing pneumonia or death. Dj^phagia
results from a functional defect with failure ofonward movement ofthe pcrfstaluc

waves; alternatively the wave may be adequate but a block caused by spasm,

inflammation or malignant disease prevents the food from getting through the

affected area.
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allow food to enter die stomach and prevent regurgitation of stomach contents

into the oesophagus If this neuromtu^ar mechaiusm is disturbed, dysphagia or

heartburn may ensue

(c) Dysph^ia may be produced by an neurological disorder which damages

the motor pathway between the cerebral oortesc and peripheral muscle Common
causes arc a stroke and achalasia

Dyspepsia

(a) It means indigestion or difficulty indigestion Any gastromtestmal symp-
tom associated with the takir^ of food is caU«i dyspepsia, e.g , nausea, heartburn,

epigastnc pam, discomfort or distension

(b) D>'spepsia may be a symptom ofany orgamc disorder of the alimentary

canal It may also be caused by disease or disorder of structure outside the all

mentary tract, e g , the gall bladder, pancreas etc

(c) It may be a symptom of a general disease, c g , chronic nephntis and
cardiac failure

Dyspepsia and add secredon

(a) When dyspepsia occurs with achlorhydna, it is probably due to chrome
gastritis, cancer of the stomach or disease of the gall Madder or to emotional

states

(b) H>’perchloTh>dna may be found m people who have never suffered

from dyspepsia It is frequently found m parents wiih duodenal ulcer

(c) HydrochloricaddmaybepartiallyresponsibJeforthcpainand dyspepsia

of the acute stage ofpeptic ulcer

bbsag«SB«nt of dyspepsia

(a) Dyspepsia in young people may be due to ovenirorkuag or ovcnvorrying

or eating his ^neals when excessively tir^ or has been smoking excessively or lakmg
loo muim alcohol The patient should be advised to give up Jus such habits His
symptoms will clear up rapidly

(b) Dyspepsia occurring in middle age for the first time accompanied by
weight loss should be carefully mvestigated without dela>

(c) Patients with functional dyspepsia need dietary ad\7cc Patient may
find that certain foods bnng on their symproms whereas other can be taken with
impurity Hence bland diets have been presenbed

Pepde ulcer

The term peptic ulcer is used because it appean to develop from a loss of
ability of the mucosa to vnthstand the digestive action of pepsin and HCl A
balance exists between aad pepsin secrebem and mucosal resistance In patients
with gastnc ulcer the secretion ofaad is often withm normal limits, but patienB
with duodenal ulcer nearly always have a high output ofaad The great impor-
tan«» of gastnc hypersecretion is supported by the mtractable peptic ulcenmon
of the Zollu^cr Ellison syndrome la which gastnn produced by a tumour of the
non ? islet cells ofthe pancreas stimulates excessive gastnc scijeuon by day and
by mght. Mucm is a protective agent It adheres to the stomal wall as a thin but
resistant coatmg It is secreted m response to local, nervous and hormonal ui
fluenca

Caffeme, ethanol, aspinn, and nicotine promote picptic ulcers Peptic ulcers
occur more frequently m persons with blood group ‘ 0‘* tTwn m those m other
groups, and possibly with ffiosc with HLA-B5 antigens
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1 Clinical features and diagnosis

(a) The commonest symptom is pain or discomfort m the upper central
abdomen It is usually described as burning or gnawmg in character The pain
comes and goes and is related to meab

(b) In duodenal ulcer it usually nccura when the stomach is empty and is

relieved by meals The pain of gasinc ulcer often comes shortly after eating

(c) Other symptoms are loss of weight, heartburn or vomiting In some
patients an ulcer causes no symptoms until a complication such as haemorrhage
occurs

(d) An ulcer bleeds slowly and there is mchena {black stools) and anemia
With a larger haemorrhage there « usually haematemesis, the blood tvhich is

vomited is Ranged to a dark brown colour

(e) The spasm of the pyloric canal can give fisc to a characteristic fcelmg
of sickness and distension this prevents some patients from taking food whidi
would relieve their symptoms

(f) Acid output is usually above the normal range m patients with duodenal
ulcer, and low or absent m patients with carcinoma of the stomach.

2 Medical treatments

Principles of treatment

(i) Rest, both physical and psychological

(ii) A bland diet, given m small amounts at frequent intervals

(.a) Drugs—^inucids ant. secretory inhibitors

(iv) Giving up smoking

Drags 1

(a) Cimetidine and allied drugs by blocking the H* receptors m the gastnc

mucosa reduce aad secretion This relieves symptoms and may promote healing

The drug is given throughout the day for one to three months These drugs have

no adverse effects Some physicians keep patients on the dpigs for longer m die

hope of preventing recurrence

(b) Insoluble antacid powders (alurninimium hydroxide, magnesium oxide

or tnsilicate) usually bring immediate relief of pain

Caving up smokings The early deaths arc not due to surgery or disease of

the stomach but mainly to diseases known to be associated with smokmg (carcinoma

of the lung, chronic bronchitis and coronary heart disease)

Diet:

(a) Patients should avoid large meals by taking small amounts at a time

for a number oftimes This will reduce the risk ofexposing the gastric and duodenal

mucosa to excessive amounts of acid

(b) When a patient has severe symptoms wqh pylorospasm or has had hae-

morrhage he should be given milk, eggs and fruit jiuce as the mam mgrcdicnts„y

(c) It is important to take Vitamin C since some patients have low reserves ,

as a result ofprevious self imposed dietary restrictions

Re*ti

(a) When a patient curtails his business and social activities, symptoms

are often relieved

(b) Both physical and mental rest promote healing ofan ulcer

(c) Because of anxiety and emotional difTiculfres, they often need simple
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psychological support and hence they are admitted to hospital. Odierwiscnot
required to be admitted to hospital.

Complications of medical treatment

(a) Scurvy may result from the intake of milk diets for a long period by
adults. An of soluble alkalis can lead to alkalosis with tetany. A condition

knosTi as the milk alkali syndrome may occur in patients who have taken large

amounts of milk (more than I litre daily) and soluble alkali over long periods.

^Veakness, anorexia and lethargy are the <^ractcristic features and there may be

psychological disirubanca

(b) H>’percalcacmia may give rise to calcification in the kidneys and else-

where.

Gastritis

(a) Ingestion of alcohol, drugs or other chemical irritants may be responsible

for gastritis.

(b) The commonest drug causing gastritis is aspirin, often taken for head-
aches and menstrual pain.

(c) Atrophic gastritis may be due to an autoimmune reaction and this is res-

ponsible for the failure to secrete intrinsic factor and HC3 in pemicxous anaemia,

it is also present in pauetfls with severe iron deficiency anaemia.

(d) It may also be present in metabolic disorders, e.g., Urenda, Carcinoma
ofthe stomach.

(e) Clinical features are mild anorexia, vague discomfort, nausea and
heartburn to scN'cre and repeated vomiting accompanied by diarTboea if there is

associated enteritis. Sometimes the riinical picture may stim slate acute peptic

ulcer and massive gastric haemorrhage may occur. Nausea, abdominal fullness,

heartburn and pain occurring before brealcfast and improving as the day goes on.

Actste gastritis'

(a) The s^auptocos are nausea, pain and vomitiog and commonly follovr an
of alcohol, aspirin or other drugs.

(b) Treatment coeshts of stoppiog alcohol or the drug, sometimes washii^

out the stomach and giving alkalis.

(c) Water and electrolyte losses can be replaced by an oral rchydratioti

fluid. With impnnxment of the condition the patient is given small feeds of milk
gadually returns to a normal diet withm 1 or 2 days.

JUtarAen of the iatestine

The small intestine is the main site of absorption of nutrients. Normally
absorption of all nutrients b^ns in the jejunum and is complete in the

except that of water and electrelytes wUch is completed in the colon.

Hienhoea leads to depletion of water and electrolytes and may be due to

. disordert of the small or large intestine. The malaisorption sjnimne arises when
there is failure of digestion and absorptian due to disorders of the small intestine.

Failure to absorb fat is the main feature leadiiig to steatorrhea. Disorders of the
colon ^ds to am^patioTt.

Acute ^arrhoeal diseases

These diseases are caused by infections of the small and large interne by
pathogenic viruses, bacteria or protoxoa. The terra covers illnesses sudi as acute

gastffienteritis, bacterial food poisoning, traveller’s diarrhoea, infantile diar-

rhoto and weanling (£arrhoea,asv.rellastbespecificinfections,badllaryd}’sestery

•Bd*chclera.
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The losses of water and electrolytes m the diarrhoea lead to dehydration
ofthe body If the diarrhoea is severe, death from dehydration may occur withm
one or two days, especially m young children, m the very old and in the
undemourished

The serious dehydration can be prevented by giving an ora! dehydration
solution (ORS) early in the disease solutions used consist maml> ofcommon
salt, sodium bicarbonate and glucose or other source of carbohydrate Tb^ are
cheap and can be administer^ safelv by any mother in a primitive home

1 Clinical features

(a) The diarrhoea is usually accompanied by abdominal discomfort and nausea
and often by vomiting

(b) Fever, ifpresent, IS seldom high

(c) When there is severe dehvdration, there is circulatory collapse with a marked
fall m blood pressure This may be fatal or lead to death later from acute
renal failure

(d) Infections not only interfere with intestinal absorption but the cholera toxm
causes active secretion of chloride by the intestinal nmeosa Then with the
chloride, sodium and water flow out from the tissues mto the Iuhict of the

gut In severe cholera as much as 1 litre offluid may be lost m an hour By
this way death from cholera may arise within a few hours of the onset of the
disease

(«) Vomiting also increases the fliud loss and the accompanying loss of aad
leads to an alkalosis which is a cause of drov/smess

(f) Sweatmg may lead to a loss of a litre or more during th* course of a hot day
in the tropics by an adult, even when at rest Fever also leads to sweating

(g) An attack ofdiarrhoea reduces food mtake Repeated attacks in a yoiuig child

cause protein energy malnutrition In this way infections arc res^nsible for

retsuded gnnvth and development ofyoimg children m poor communities and
also for a large part of the deaths from malnutrition

2 Treatment

(a) WHO has recommended an oral rdiydration solution which comprises of
the followings

Sodium chloride (tabic salt) 3 5 g "I

Sodium bicarbonate (baking soda) 2 5 g Dissolve in

or trisodnun citrate, dihydrate 2 9 g -I litre of

Potassium chloride 1 5 g potable water

Glucose 20g J

The solution was first developed m Bangladesh for the treatment of cholera and
weanimg diarrhoea It is there firmly established

(b) Absorption of oral fluids is fully dependent on a good blood supply to the

alimentary canal Circulatory collapse, detected by a fall m blocd pressure,

indicates a need to replace fluid intravenously Thu u also necessary ivhcn

>omiting IS scicrc

(c) In young children a lower concentration ofNaCl may be desirable to avoid

any nsk ofhypernatremia

(d) Intestinal loss of potassium should be replaced and sodium bicarbonate

(NaHCO,) may be needed to corrpet acidosis caused by starvation, rarely

rrtl^Gl may be required to correct alkalosis arising from v-omitmg

(e) Most ph^-sicians do not prescribe any antibiotic drug for an attack of acuie

iarrhoca Tlicy select die appropriate drug aficr microbiological diagnosis
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IVIalabsorption Syndrome

Lack of digesm-e secretions and injury to ike epithelial surface of the small

intestine impair absorption ofnutrients The clinical features ofundemutnticn and
malnutrition for a long time known as the malabsorption syndrome

1 CUuiicfll features

(a) Loss of \scight and oedema in cases of long standing

(b) Chronic diarrhoea vnih abdominal discomfcert and distension

(c) SieaU)nfu>ta mcreased fat m the feces, is frequently present, its scs’cnty

depends on the amount of fat in the diet

(d) There is usually diarrhoea wnih a bulk^ stool that has an ofFcnsnc smell

and floats on water

(e) Anemia is ustialh present due to unpaired absorption ofiron and folic aad

(Q Nutritional glossitis, angular stomatitis and pcnpherul neuropathy arise from
the deficiency of the B group \itamins

(g) Prolonged failtucofcalcnim absorption may lead to evidence of osicomalaaa
and to tetany

(h) Haemorrhages may occur due to Vitamm K deficiency

Tropical Spme
Sprue is the name given to a tropical disease m which the presenting features

are sore mouth, fatty diarrhoea and associated secondary mamfestations of un«
demutntion and malnutrnion

Although there is ddfectiv'e absorption of fat, the absorption ofwater, eJe^
trolytes, glucose, vitamms and minerals is also impaired There defects are asso*

ciated with atrophy of the jejunal villi

Sprue 15 a serious disease and may p-ovc fatal without proper medical and
dietary care Full recovery is possible with preper treatment and if they lenve the
tropics

Infestiiial obstrnction

(a) Hic cause of intestinal obstruction is mechanical or due to pai^iu of the
intestmal muscle (paralytic ileus)

(b) The common causes ofniechanical obstruction arc external hernias, volvulus,

tumours of the colon, adhesions due to previous inflammatory disease or
operation

(c) Paralytic ileus is usually a consequence of pentonitis, resul mg from any
cause, e g a gastnc or mtestma) perforation or an abdominal cpcration.

1 Features

(a) The chief features arc vomiting, complete constipation and cobdkv pam
which may be absent or sbght in paralytic ileus

(b) A senous loss of vrater and electrolytes results from the vomiting and from
the stagnation of intestmal secretions in the dilated paralysed loops,

(c) The loss of fluid from the circulation from the latter source may be several
Ltres in 24 hours and this may lead to prerenal uremia

(d) The loss ofpotassium causes apathy, mental confusion and muscular weakness.

2 Treatment

(a) SmCe mtcstinal obstruction is always senous it should be treated only in a
hospital where surgical and biochemical help arc available
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(b) Immediate operatiop is required for the relief of mechanical obstruction,
while It IS strongly contraindicated m paralytic ileus

(c) In paralytic ileus the distension of the paraly^d gut must be treated by conti
nuous suction through a tube passed into the stomach or jejunum, and con-
tinued until the bowel recovers from its paralysed state

(d) In both types of obstruction tne loss of fluid and electrolytes must be made
good by appropriate infusions and intravenous feeding is often needed

CONSTIPATION
Constipation is delay is passage of the feces The presence of food m the

stomach is a stimtdus to a gastrocolic reflex which causes movements of the colon
and these may lead to feces entermg the rectum The reflex usually occurs after the
first meal ofthe day In some people the presence ofliquid in the stomach initiates

the reflex and a drinfe on nsmg may be sufficient to stimulate defecation Some
healthy people do not defecate every day and a few do so once or twice a week
They ^ould not be considered constipat«^, and constipation should only be diag-
nosed when delay in defecation causes discomfort and indigestion

The two common causes of constipation arc a small fecal bulk and persistent
neglect of the call to defecate Many diseases are associated with constipation

The bulk of the feces is mamly water and the amount of water depends on
the amount of dietary fibre present and the capacity of the fibre to bind water
Low fibre diets cause constipation

Ifthe call to defecate is persistcrtly neglected, the reflex mechanism becomes
less sensitive and constipation results Going to the toilet should become a habit
early in life

Gastrointestinal diseases give rise to constipation and the irritable bowel
^dfome Carcinoma of the colon and rectum sometimes present as constipation

Constipation is common in psychiatric disorders which cause depression Any
neurological disease causing lesions in the himbar cord may affect the reflex centres

responsible for defecation and lead to constipation

Pregnant women and old people nre often constipated The pressure of the
gravid uterus on the colon may delay movements ofthe contents In old people the
sensitivity of the neuromuscular reflexes m the colon may be impaired or they may
become less aware of the presence of feces m the rectum

When constipation occurs due to low intake of dietary fibres, there is often

pam in the left side of the abdomen along the line of descending colon and the

feces may be passed as hard pellets Passige of feces relieves the pam When the

call to defecate is repeatedly ignored, a mass of inspissated fecal matter may
accumulate m the descending colon The fluid contents of the colon they may
lain dowm the side of the mass and cause a watery diarrhoea

Treatment

(a) The intake of dietary fibre should be increased liy the consumption of fruit

and vegetables The fibre has got water holding capacity The fruits and
vegetables arc oranges, apples, carrots and cabbages

(b) A young child should be advised to go to the toilet at a regular time each day
An adult should not neglect to go to the toilet due to laziness, hurry or a lai
of stutable accommodation Once the teflex has been lost, it cannot be re-

gained to move the bowels at the same time each day

(c) Many laxatives ate available Their continued use may lead to excessive losses

' of potassnim, sodium and water m the feces and IS not recommended Two
mildlaxatives that arcrccommcndcdfarshort periods are lactulose and smna
Lactulose is a sugar which i* not absorbed «i the small mmunc but poises to

the colon where it is partially broken dovm by bacteria It reduces the al«orp-
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tion of water from the colon and increases the bulk of the feces Senna is a

glycoside which is broken do\%-n m the small mtcstme toemodm, this is absor-

bed into the blood stream and stimulates the muscles of the colon for 6 to 12

hours after administration of the senna

DISEASES OF THE LIVER, BILIARY TRACT AND PANCREAS
Many disorders and diseases damage liver function Moderate damage causes

jaundice Scriova damage is caused by many inf-ciions and toxic chemicals Pct-

sistcnt infection causes liver failure Dietary therapy is an important part of the

treatment of liver failure and of its serious complications

Liver damage
1 Hepadds
(a) The liver becomes tender and enlai^ed following contmued excessive intake

ofalcohol The patient may becomejaundiced

(b) If alcohol intake is continued, acute liver failure may arise with deep jaun-

dice and several cerebral symptoms

(c) The patients may complam of general malai»e, anorexia and a variety of
digestive disturbances and become progressivcW undemcFUiished

(d) Dunng the course ofchrome hepatitis there is slovv progressive fibrosis leading

to major disturbances of liver structure and function

2 Cirrhosis of the liver

(a) It IS now referred to anviiiiTuse chronic disease of the liver

(b) Venous congestion leads to enlargement ofthe spleen which is detected by pal-

pation It leads to varicosities which may bleed

(c) Oesophageal bleedmg is a common and senous consequence ofcirrhosis of the
hver

(d) Damage to liver cells leads tojaundicc that may be severe The clinical features

arc disordered sleep rhythm, restlessness or tbovoincss, unpaired mtelJecttial

function with confusion and, in severe causes,stupor and coma Tlic onsetmay
be sudden Sometimes these features are the first mamfestations ofIner failure

to appear and then they may be mistaken for a psychiatric disorder The condi
tion IS due to unidentified toxic substances reaching ihe brain in the systemic
circulation These may arise from duturbanccs of intermediary metabobsm or
to substances absorbed from the gut tfiat the damaged hcpatocvtes arc unable
to detoxify

Jan&dice

(a) This is caused by the increase m the bdinibm m the blood. The and
sclera of theeyesappearycllowandtheurnicisusuallydarkyellow or brown
It is not detectable until the plasma bilmibm rises above 8 ingfl

(b) There are three types ofjaimdice jaundice is due to damage to
hepatocytes by tone or infections agents interfering wrih the uptake and
conjugation of bilirubin by the cells or to blocking of the bde canaliculi
(cholestatic jaundice)

Prehepaitc (hemolytic) jaundice is due to increased bdirubm frem excessive
destruction ofR.B C It may anse from ccngcmtal defects causing the erythrocytes
to be unduly fragile (spherccytosiS, sickle cell anemia, thalassemia or from seme
drugs, incompatible blood transfusions)

Posthepatic jaundice is due to an obstruction ofbile flow between the In cr and
duodenum Common causes are impacted gall stonesand cancer ofthebcad ofthe
pancreas The ^css of bilirubin in the plasma is then in the conjugated form,
whereas m prchcpatic jaundice it u unconjugated
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(c) Jatmdice is sometimes accompanied itdimg {pniruus) and this may be
severe The cause is retention of bile salts m the blood and it may be relieved
by cholestyramine This is an amon exchange resm which binds bile salts is

the gut and so mtemipts the cnterohepatic circulation and increases fecal ex-
cretion of bile salts

Agent damaging the bile salts

1 Dietary deficiency

Low protein intake causes the fattv changes in the live'- in kwashiorkor and
there is evidence ofreduced capacity to secrete ^ lipoproteins but not ofcholine defi-

c encym man Cholmc deficiency is not at all responsible for live” damage m man
Fatty changes in the liver are common whenever there is a high proportion

of fat ir the metabolic mixture, c g in uncontrolled diabetes, in starvation, in

some cases of obesity

2

Infective agents

Hepalihs A ctrus is excreted m the stools and spread by the fecal era! route
Children or adolescents are affected by this infection uhere hygienic condition is

low The initial symptems are loss of appetite, nausea and malaise and usually
mild fever Jaundice appears after 4 to 7 days and the liver isenlargedand tender
The symptoms usually last from 2 to 6 weeks but complete recovery may take many
montns

Very rarely there is fulminant hepatitis with symptoms of acute liver failure

and the death usually occurs within 10 days

Som“ healthy people, who have no climcal history of the attack of the disease,

excrete the* virus in their feces Such cainers may cause epidemic Some of the

cases of cirrhosis in Vrhich no cause can be found may be due to long continuing

exposure of the liver to the virus

HepaMts B vim produces a disease known as homologous serum jaundice
because it arises after transfusion of blood It can also be spread by ih* use ofone
needle to give injections to a senes of patients wnhout cffectne sienlisaiion The
VITUS is never spread by the fecal oral route and the infection arises from close per-
sonal contact, as between sexual partners They cause similar 1)^11 of illness as that

in Hepatitis A Virus A carrier can be detected by the presence of the antigen of
Ac virus (HBcAg) m the scrum

Tellowfever inwhas aspecific affinity forh^tocytes It is much more virulent

More Aan 20 percent ofpatients died ofacute liver failure Yellow fever is now very
rare, as the mosquito responsible for its trannmssion, is a domestic species and
easily controlled

3

Other infective agents

In three diseases the liver is especially involved In Weil’s disease leptospira

invade all organs and tissues but markedly Ac liver and jaundice is the common
feature

Amoebiasts is primarily a disease of the large intestine but protozoa may
migrate up the portal vein and cause amoebic hepatitis and liver abscesses

In schistosomiasis wiA infection of the large inicstme by Schutoxoma manjcm,
ova frequently more up Ac portal vein and cause multiplegranulomata in AcJivcr,
these become fibrosed and are a common cause of cirrhosis of tJic liver

4

Toxic agents

(a) Alcohol, other undetected toxic chemicals and infective agents may act
synergistically to produce progressive liver damage
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(b) Foods may be conuiamatcd b) moulds that produce toxm. Afiatosdss are

Imovro to cause liver disease

(c) Many drugs can damage tic Iner in susceptible mdmduals and produce

a cluuca! and biochemi^ picture similar to acute t iral hepatitis. Exangilcs

are paracetamol, a mudi used analgesic, sometimes ised m the treatment

of dqiressiom Chclesiatic jaundice maj follrw the use of irethyltestce crone

and \-cry rarely oral crntraceptnes

(d) ^N'orlcrs m the chemical industry may be caposed to many chem-cals that

damage tic liver and producejaundice Examples are bjiirocarbcss, caibcn

tetrachloride, arsenic, tnmtrotolucjic etc

(e) Excess stores cf ircn, copper, gala-tosc and glycogen may accumuls'e in

the liv ex and in tim* lead to cirrhosis These ccnditicsis are usualls due to hoe-
ditary defects Hcreditarv defects in the irar^pcn and ccnjr^tir-n cf bilmi-

bm may lead to jaundice People suffcimg from Gilbert'sdisease have nosvm-
ptoms but juandicc, anorexia, nausea and abdominal pam may arise during
a pened of stress, such as an infection, fasting or strenuous esercisc.

Dietetic roanagemeat and treatment

1 Acute hepatitis

(a) There is no antixiral agent for use against tlv^ hepatitis vmis but memaida-
zole IS very effixti\c m amoebic hcpauiis Pauents wih viral hepaum do uell

wth rest

(b) Ko specific dietary treatment is needed bat as pauenis ladt appetite and suSer
Jhan nausea, meals should be well-cooied and attractively «encd Several

small meals may be better tolerated than three large cnes

(c) Fat miahe «houId be restricted Carbohydrateandproterndjctshouldbetahesu
Vfamtn< acid minerals should be gnea through fiiuts and vegetables

2 Hepatic failare

(a) Hemonhages as a result oflack ofclotting factors yvmhfsiied by th* Iner lead

to shoch and renal failure. Profound hypoglvcemia and potassium dcplmoo
occur

(b) Intrat-dous infusion of hypertonic glucose and eJectxoIvtes is reqtured >nih
repeated monitoring of blood level

(c) Sedatives may be needed forddmum bat are po'entiallv dangerous due to the

state of the liver

(d) Despite all treatment majority of the patients die

3 Chronic hepatitis

This « common in alcohobes and occasionally follows viral hepatitis. When
It IS due to alcohobes, m(»t paueris do veil when alcohol mtate is-stcppcd.

Somc chronic alcoholics are maln&unshed because they eat irregularly

sddom take proper meal They need to <hangc dietary habits and require profe-
ssional advice

4 Cirrhosis

(a) Many patients with curhcvis are seriously roaliyaunshed, espeoalh those
vho are alcoholic and require xaxmtional ruiatnbtatian vih a hi^ energy,
hi^ protein diet. This may be dilncult to achieve on acorjnt cfpocr appetite
and admmion to ho^ital ts necessary

(b) The fat-soluble vitamins are pomdy absoibed because cfthe poca- abscrptiaa of
fa t ovung to the absence of failc s^tx Therefore, suppleznents mav be needed.
A monthly mtiamuscular injecQoa cf Vitamin K {10 mg), of \’itamin A
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(30 mg ) and of Vitamin D (25 mg ) provides for maintenance As bleeding
IS common and often severe, Vitamm iw should be given at cnce and continued

(c) Osteomalacia is a well known cmnplication of chronic liver disease and also
reserves ofVitamin A in the liver is low Vitamm A and D 'hould be given m
proper doses and should not be given more which may cau^e toxic effect

5 Ascites

(a^ Fluid accumulates in the peritoneal cavity because of increased capillarj
pressure in tht portal vessels and decreased oncotic pressure oivmg to a failure

of the liver to synthesize pjasma albumin Sodnm is retained in the fluid

(b) The ascitic fluid often amounts to 10 litres and contains proteinm concentra*
tions of 10 to 20 g/I

(c) It depletes plasma proteins and carries a risk of introducng infection

(d) Treatment consists of a diet rich in protem and low m scdium, and also

diuretics to increase urinary output ofsedmm and fluid With all ofthem there

isa dangerofeIectroly*eimbalance Oserdosagcmaylcad to sodium deficiency

and also to potassium depletion

(e) The patient should avoid salt rtdi foods

6 Portal hypertension

Bleeding from oesophageal and gastric varices is common and often serious

and a cause of death The an«utnia is treated with non and repeated blood trans-

fusion arc often necessary Pressure m the veins can be rclie\'ed by a surgical

operation but such operations are dang^ous and increase the risk of death from
liver failure

7 Bfliary cirrhosis

Stagnacicn of bile m the canaticuli cf the liver may lead to hepatitis and
subsequently to cirrhosis This may be a consequence cf tinrelic%ed obstruction of
the bile duct and then secondary b4Cterial infection is often an additional factor

This disease occurs most commonly in middle aged svoman

Prompt surgical treatment prevents any damage to the liver from progressing

jaundice fluctuates in intensity as does pniritis which is often serious and then may
be relieved by cholestyramine

Diseases of the gall bladder and bile dnets

Tile tiinction ofthe ga^f bizdder anrf 6ifc ducts ts to concentrate, store astd

deliver bile into the duodenum at suitable times to assist digestion, hormonal
and nervous factors play a part in this process The stimulus for this activity is

(he entry offood into the small intestine, this causes the mucosa of the duodenum
and jejunum to secrete a hormone, cholecystofcinm, which is carried m the blood

to the gall bladder and causes it to contract Fats and foods rich m fats are especi-

ally cfTeciive for this purpose Vagal stimulzticn causes contraction of the gall-

bladder and relaxation of the sj^incter, while stimulation of the sympathetic

nerves produces the reverse cflccts

Gall-stones (Cholelithiasis)

The bile is concentrated m the gall bladder and when it is supersamrated

gall-stones arc likely to form Supersaturaticn arises when there Is an msufliciency

of solubilising agents such as bile acids and lecithin to keep cholesterol and bile

pigments in solution The most common gall stones arc composed cf cholesterol,

bile pigment and various calcium salts including calcium paltrutatc In the centre

IS a protein ludus This suggests an inlcctive cngin. The stones are usually

multiple and their surfaces arc faceted Pi^neni stones are more prevalent

37(BCHEMJ
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m the eastern w orld and may be due to ircreascd hcinoI>’sis arising frenn the sickle

cell trait and thalassemia

Gall stones are more common m women than m men Advanang age,

repeated pregnancies and sedentarj life and the its- of oral contraceptnes arc am
tnbutmg factors

The formation of cholcstcrcl gall stones depends on the concentration m the

bile of cholesterol relatn e to that ofthe conjtigatcd bile aads and leathm High
cholesterol concentration may arise from either excess ofcholesterol or lack ofbile

aads Excess cholesterol may be due to increased activity ofHMG CoA reductase

Deficiency of bile aad may be due to deficiency of the enzyme that controls

their formation (cholesterol 7q hydratylasc)

The symptoms due to gall stones arc remmed surgically often a stone causes

no symptoms and then there is no strong case for its remma!

Some gall stones can be di5«ohed m the gal! bladder b) administration of

the bile acid, chcnodeox^cholicacid In a large trial complete dissolution occurred

in 13 5 per cent of cases after tuoyeais imh some adi'crsc eficcts-diarrhoea and a
slight rue ofplasma cholesterol So it is only for treatment ofelderly, frail or who
are losing ueight befo-e operauon.

Acute dolecystitis

It IS rarely due to infection ofthe gall bladder but almost alu’ajs occurs in

assoaation uith obstruction to the cystic duct or neck of the gall bladder, upon
which infection is usually superimposed In most cases gall stones are the

cause of obstruction.

I Treatment

(a) CSho^ehthiasis tsnrh accompanying cholecystius is the choice of the surgeon
to postpone operation ufitd the acute infecucn has subsided.

(b) The patient should be m bed and given suitable analgesics and antibioucs

(c) Heat should be applied to the gall bladder region and ample fiuids gn^n
mtravenoiuly if the patient is vcmitmg

(d) So long as the gall bladder is acutely inflamed, it is advisable to keep the otgao
at rest as far as possible

(e) For acute cases an entirely flxud diet ofat least 2 to 3 litres daily, gntnm small
feeds at hour!) or two»hourly mterva^ is advisable for a f-w days

(f) ^Vhen the omdition is improved withm two or three days, clear soups,
fruit jellies, and cereals may be added and the diet is rapidl) built up to

(g) After recovery if there are gall stones or non functioning gall bladder, chole-
c^'Stectomy should be advis^

Chrome cholecystitis

If it is decided not to remove the gall bladder or if for any reason opera
tion IS suspended dietetic treatment sh^d be given

(a) Foods which aggravate the syn^toms should be avoided

(b) The cooked meats rich m fat and fried foods be giv en

(c) Milk, butter and cream cheese is pemutted and may promote drainage of the
gall bladder

(d) Eggs may be permitted in modexation if they do not cause symptoms
(e) The diet should be bland and contain adequate prottm.
(f) Care should be taken to avoidlaigcmcalsand lodigcstiblearticlcsoffood and

anqilc. quantities of fluids should be taken m the mnrnmg and between meals



Diseases of the pancreas

Acute pancreatitis

This IS a serious disorder which may lead to hemorrhagic necrosis oftlie pan-
creas, peritonitis and death Ii usually occurs in middle-aged and elderly persons
The main symptom is the sudden onset ofagonising pain m the epigastrium which
may radiate to the back Itmayfollowaheavymcaloranexcessofalcohol Natisea
and vomiting are frequently present Moderate fever occurs and jaundice may
develop In addition there are signs of peritonitis and profound shock

1

Treatment

(a) Medical management consists of the relief of pam and the control of shock

(b) Continuous gastrointestinal suction is essential to reduce \onuting and dis-

tension

(c) It also removes acid gastric juice, a stimulus to pancreatic secretion

(d) Production of gastric jiuce is inhibited by cimctidine and ranitidine

(e) Antibiotics should be administered to prevent secondary infection

THE ANEMIAS

There are three main causes of anem»a

1 Loss of blood from the circulation, i e external or internal hemorrhage.

2 Hemolysis, i e increased destruction ofR B C
3 R^uced production of erythrocytes and hemoglobin dyshaemopoicsis

For the production of R B C many nutrients are needed The most im-
portant are iron, folic acid, and Vitamin B,j, but others are protein, pyndoxme,
Vit C, copper and Vit B Tlie anemia occurs m a healthy person as a result of

poor diet The diet often contains insufficient ofene or more of the essential nutri-

ents to meet increased needs caused by chronic hemorrhage, infection and genetic

defects nffecting the R B C Dnorden of the alimentary tract often leads to im-
paired absorption of the essential nutnents and so to anerrua So the extra needs

arc to be met by increased nutrients

1 Clinical features of anemia

(a) Symptoms of anemia arise when the transpiort of oxygen by the blood is

insufficient to meet the needs of the body The need for oxygen is related to

physical activity A person leading a sedentary life may have a moderate

degree of anemia but enitrcly free ofsymptoms

(b) The seventy of the clinical features does not depend on the degree ofanemia
but depends on the rapidity of its development

(c) Common symptoms ire general fatigue and lassitude, breathlessness on exer-

tion, giddiness, dimness of vision, headache, insomnia, pallor of the skm,

palpitation, anorexia and dy^epsia, tingling and ‘pins and needles’ in the

fingers and toes

(d) Angina p-ctons (due to myocardial hypoxia) is sometimes present

(e) Physical signs include palor ofmucous membranes and fingernails, tachycardia,

functional systolic murmurs, evidence ofcardiac dilatation andw severe cases,

oedema of the ankles and crepitations at the ba^es of the lungs

(f) There arc signs of nutritional deficiency, particularly angular stomatitis,

koilonychia and glossitis

(g) Atrophy of the papillae and mucous membranes gives the tongue a smaotb

glared appearance The atroj^y begins at the ^ges and later affects the

whole tongue As a result the tongue appears moist ard exceptionally clean
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2 Piet

(a) Tfac most \aluable (lietar> sources arc meats and Incr, they shotJd pcrfcrably

be eaten once a da>

(b) Eggs also ha\e a high iron content but this is poorjj absorbed because of

phospholipid inhibitors in the ) oik.

(c) Less cxpensnc sources of iron are beans, esp^ciall^ so^’abeans and nuts

(d) Fresh fruits ard xegctables arc cfgreater value because of their ascorbic aad
content ^^hlch facilitates iron absorption

(c) Milk IS a poor source of dictaiy non

3 Genetics defects ofILB C
There arc hereditary defects ofRBC that make them more susceptible to

hemol>«is and persons \ ho carry these genes arc liable to become anemic
Hetcrozv'gotcs are at incre'‘«ed risk of becoming seserely anemic

(i) Tbalassexma (Greek Thalassamcans <ea'

(a It is defin d by a defect m the synthesis of part of the polvpeptide chain of
h**mogl3bm A vhich is partially compensated by persisting synthesis of feta!

hemoglobin (Hb F)

(h) There are also abnormalmes of th“ red cell membrane

(c) HotnoiNgotes ha\e thalassemia tnajer, a se\ere hemolytic anemia and laiely

nirvne into adult lif*

(d) Heterozygotes may or may not have a mild anemia, thalassemia minor

(ii) Sickle cell trait

(a) This IS due to an abnormal hemoglobin, hemoglobin S, differing only in
havmg a single molectile of v'aline instead of one of glutamic acid in one
of the polypepude chains

(b) The configimtion of the molecules ofHb-S distort the R.B C mtoadiaractc
nstic sickle shape Sich corpuscI'*s arc abnormally scnsiln-c to htpona

(c) Persons wth the sickle cell trail are at risk ofheniolytic crisis vhen filing and
cabm pressure is reduced

(d) Heterozygotes haie the sickle cell trait and arc only occasionally anemic.

(e) Homozygotes haic a seiere anemia, sickle cell disease

(m) Spherocytosis

(a) This is the commonest congenital defect ofR B C
(b) The abnormality lies m the cell membranes iihiti are more than normally

permeable to sodium ions

(c) The cells assume the shape ofspheres iihith are more easily trapped m the
microcirculation of the spleen iiherc hemolysis takes place

(d) In most cases the increased loss ofcells by hemolynis ts slight and can be made
good by mcrcased production in the bone mairoii

(e) ^Vhen anemia del clops removal ofthesjjeen reduces bemolys.s and cures the
anemia but does not change the delect

(iv) Glucose-fi-phosphate dehydrogenase defiaeney

Persons ivith the delect arc liable to deielop anemia ivhen treated with
oxidant drugs, these include antimalanals sulphonamides, antipyretics and
analgesics



Anaemia in tropical countries
~

The demands for iron may he greatlyincreased by the ioss ofhemoglobm in the
feces and urine resulting from hemorrhage due to parasitic diseases such as hook-
worm In addition significant amounts ofiron may be lost in the sweat dunng m\is
cular work in hot climates The protozoal, helminthic infections, and bacterial
infections which are common m the irt^ics may be responsible for anemia The
nutritional nvegaloblastic anemias of tropical climates arc always associated with
diets poor m ammal protein and fresh vegetables, and hence low m Vitamin B,j
and especially folate

1 Malaria

(a^ An attack of malarial fever due to plasmodium falciparum is always accom-
panied by hemolysis and in a severe or prolonged attack severe anemia may
ensure

(fa) After the parasites have been removed from the blood, hemolysis may conti-

nue, due to a complement mediated immune response, '’nd there may also

be a mild depression of erythropoicsis

(c) Malarial infection, if associated with pregnrncy and malnutrition the
anemia may present as megaloblastic anemia due to folate deficiency, but is

more usually hypochromic and microcytic because of iron deficiency

(d) Since the blood destruction is intravascular, most of the iron liberated from
the destroyed red cells is retained in the body and can be used again for

synthesis cfhemoglobin

(el A vicious circle develops in communities suflermg from chronic malaria sick-

ness, wealoiess and anenua, economic mefficiency, poverty, maJnutntion,
bad housing and social conditions, reinfection

2 Hookworm Infection

(a) Infection with hooki^orm is a common caise of anemia where there is ‘wet’

cultivation of the land

(b) Hemorrhages occur at the sue of the attachment of the worms to the intesti-

nal mucous membrane These are certainly m pan responsible for the anemia

(c) A patient with a heavy infection, namely about 1000 worms can sustain

a heavy loss of blood and anemia may quickly de\clc>p

(d) Heavy hookworm infection usually occurs m populations whose dietary intake

of iron is unsatuftetory

(c) The hypochromic anemia is m part due to a r>oor diet and m part to tlie

worms This combination causes much ill hcalih, it miy reduce greatly the
ivorking capacity of all and in these directly responsible for the poverty of
many families in the tropics

(£) Heavy infections may cause severe anemia with hemoplobm levels below

4 g/100 ml In such seriously ill patients, before administcrng a vermifuge,
blood transfusion should be given and the general condition of the patient
improved by bed rest, diet and medical iron

Other causes of aaemia

(a) A mild or moderate anemia may develop due to clironic infection, particularly

iffew IS present

(b) Many drugs can cause anemia by impairing red cell formation, by causing
'
hemolysis or by loading to bleedmg Small repeated hemorrhages m the

stomach due to aspirm is a common example

(c) In chronic renal disease anemia ts common but the bone narrow remains
'

cellular until renal damage is marked Deficiency of erythropoietin is a

possible cause
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(d) If megaloblastic anemia occurs this is probably due to primary malnutntion
and is found m chronic alcoholics \irith cirrhosis

(e) Malignant disease causes anemia They include impaired appetite malabsorp-

tion or blood loss from the alimentaiy tract, mmtiplc deposit in the boM
marrow and increased hemolvsis

(f) Abnormal utilization of iron by the marrow maj cause anemia Some cases

respond to pyridoxmc therapy

DISEASES OF THE NERVOUS. RESPIRATORY
SYSTEMS AND OFTHE SKIN

Epilepsy

Epileps) IS a common disorder liable to periodic attacks associated wth a dis-

turbance of consciousness and commonly manifest as fits In a small mmonty
of cases a local lesion m the brain or a generalised metabolic disturbance is res-

ponsible In the great majority of patients the cause is unknown and they are said

to ha\e idiopathic epilepsy

Antiepileptic drugs are very effective in preventing the seizures A period of
starvation was effective to reduce their frequency Such benefitsmay be due to a
depression of the bram by the accompanying ketoacidosis Ketogcnic diets are

given when the fits are-not controlled by drugs

Childhood myoclonic epilepsy arc resistant to drugs and assoaated with
brain damage and patients have many attacks throughout the dfl> Gnming
(duld should not be Mtoacidotic A diet low m carbob)drate and high m fat may
help to control the fits

Antiepileptic drugs cause changes m Iner metabolism vhich may mo'case
requirements of Vitamin D and folic acid Patients takmg doses over the years
should be checked regularly for signs of anemia and nc^ts or osteomalacia

Patients with epilepsy should take normal well balanced meals at regular
mtervals Epileptic dildren should not be alloived to take very large meals as these
may predispose them to fits

Fsyc^iiatnc disorders

Deficiencies of thiamin niacm and Vitamin Bj, may each be associated with
psychological disorders The psychological symptoms are occasionally so marked
and other symptoms and signs ofthe defiaency so slight that the correct diagnosis
IS missed and the patient is treated as ifhe is a neurotic or has a psychotic disorder

Some of the patients have requirements for a vitamin in access of the re-
commended intake Psychiatric disordersmay lead to abnormal feeding behaviour
and so to anorexia nervosa and obesity

CHRONIC RHEUMATIC DISEASES
The mam members ofthis groupsare rheumatoid arthntis, osteoarthrosis, and

non articular rheumatism The rheumatic g;roup of diseases is second only to
bronchitis m men and first m women

I Rhenenatoid arthritis

(a) It occurs m^ple ofall ages The peak inadence is at the age of40 It occurs
lo women at least dircc times as ra men.

(b) It is mamly a disease often^ieratc climates which are associated with cold and
damp

(c) The prmcipal tissue affected is the synovial membrane ofjoints which be-
comes inflamed and thickened
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(d) Muscular stiffness dcvel<« first and is followed later by jaia and swelling
of many joints, starting frequently with the small joints of the hands and
feet.

(c) During the active stage ofAc disease Ae patient suffers from general malaise
and fatigue; fever is sometimes persent and the appetite is poor.

(f) There is loss ofweight and some degree of anemia.

Treatment

(a) Anemia and loss of weight by diet should be corrected.

(1^ Toods rich in protein, iron and ascorbic acid should be tried first; additional
vitamins and minerals should be prescribed.

2. Osteoarthrosis

(a) Osteoarthrosis is characterised by degeneration of Ac articular carAage
aitd the formation of bony outgrowAs at the edges of Ac joints. A genera-
lised form of Ae disease occurs normally in middle-aged women in whom
the small joints ofAc fingers, the carpometacarpal joint of Ac thumb and
Ac intcrfacctal joints ofAc spine are particularly affected.

(b) When one joint is particularly affected, Acre is frequently a history of an
injury to that joint some years before.

(c) Following fractures of Ae long bones gives rise to osteoarthrosis in adjacent

joints.

(d) Symptoms are prove to develop in the weight-bearing joints or those joints

subjected to excessive strain at work.

(e) Obesity imposes to 'osteoarthrosis of Ae weight-bearing joints in the lower
halfof the body.

(f) The joints involved are Aose of the spine, the hips, knees, elbows, and the

terminal joints of the fingen.

(g) The symptoms are gradual in onset. Pam is at first intermittent and of Ae
aching character, appearing after Ac joint has been used, and relieved by
rest.

(h) As Ac disease progresses, movement in the affected joints become incseasing-

ly limited, at first by muscularmasm and later by Ac loss ofjoint cartilage and
tne formation of osteophytes. General hcalA is usually excellent.

Treatmest

(a) Rest, graduated physical exercises and physioAerapy.

(b) Analgesic should be advised according to the patient*s needs.

(c) Prevention and correction of obesity is needed.

3. Noa-articclarllhetuiikdans

(a) This is characterised by p^ and stiffness, often of sudden onset, affecting

mainly the neck, shoulders, back and ghiteal regions.

{b) Exposure to cold and damp, excessive or unaccustomed muscular activity,

injury to muscles and tendons and poor posture may eaA be held responsible.

(c) Muscular pain and stiffness arise from strain or Injury to ligamentous or
articular structures.

(d) Most cases of brachial neuralgia; lumbago and sciatica may result from
degenerative changes in Ae intervertebral discs.

(e) In Ae acute stage Ae patient may be severely incapacitated by pain and
stiffness.
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(f) In the more chronic stage pain is felt moiSt often after rest and unprmc vnih

moderate activit>

(g) Muscular spasm may be martcd and mos'cmcnt limited

Treatment

(a) Rest in bed is essential, tt^ether uith beat to the affected part and analgesics

m ample amounts

(b) At a later stage phpiotherapy (beat, massage and graduated eserosc) is

essential

(c) Id cases with lesions of the mtcnenebral disc causmg pressure, operation

should be considered

(d) Diet has no rale in curamc treatment but »f the pauent is obese, leducuan in

weigl t IS the reliefofsjmptoirs

RESPIRATORY SYSTEM
The mam causes of disease in the respirators s^ttem are (i) infection, (li)

inhaled imtanis* (in) allergy, (iv) \-ascuiar accidents, (v) malignant disease

(i) Infection : Infection may be caused b) a sorus as m the case efinfluenza,

and virus pneumonia, or b) bacteria, as m bronchnis, brondic^tteumoma,
lobar pnemnoma and tuberculosis

(u) Irritants s Exposure to tobacco smoke, industrial pollution or other m-
haled irritants o%er many )ears leads to chrome bronchitis ^Mien severe and
prolonged and compbeated by heart failure, this may lead to sesTre undersu*
tntionaoda state ofcachexia This is probabl) dLctoanoresia caused by chronic
hypoxemia

(ill) Allergy : Allergy pla>s an important role in broncbial asthma Besides
inhaled dust or pollen, ingested foods such as eggs, rotlk, wheat, etc. can be res*
ponsible for asthma The detection of a food allergen and its tn^usioo fiom the
diet may be an impmart factor in the treatment of asthma

(iv) Vascular accidents tThevascularaccidentmihe lungisembolism&cm
a thrombosis formed iisuall> «i the vens of the loiter Lmb orpeliis. If the dis-
lodges It traseb through the light side of the heart and obstructs one of the,
pulmonary arteries It occurs cspeaally melderb peopIccoTifia«i to bed,c g after
an operation

(v) IV&lignant disease s Mabgnant disease of the bronchial tree and lungs
has greatly mcreased m recei t years Tobacco ^oke and pollution ofthe atroos-
pberc with smoke and ittmss are ofgreat imponanoe. There is little eiidcncc that
nutnuonal factors play any part ir the causation of bronchial caronazna
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CHAPTER 33

TOXICANTS IN FOODS
Toxic compounds are naturally occurring in some plants and animal foods

or foods may he contaminated by toxicants durmg storage 'Hiese toxicants

cause sesere illness m man and m some caics lead to death cveit. The toxicants

are TMinlydivid^ into three classes* (A) Naturally occurring toxicants. (B) Toxi-

cants from pathogenic microorganisms (C) Contarmnation of food with toxic

chemicals and pestiadcs

Naturally occurring toxicants.

lathyrism:

1 This IS a crippling disease accompanied by paralysis of the leg muscles
occutnng mostly in adults \%ho consume large quantities of the seeds ofL>sativus
or other lathyrus speaes for a long period.

2 The ^sease is found to occur m Bihar, Uttarpradesh and Madhyapradesh
as well as spam, Algeria, France, and Italy.

Symptoms:
1 First of all weakness tn the lower limbs with spasticity of leg muscles.

Asa result, the movement of the ankle and knee joints are restricted and painful

2 Flexion of the knee is prominent in the second stage and there is invenion
of fool with a tendency to \valk on toes

3 In the third stage, the above symptoms become more prominent and the
indnidual can walk only with the help of sticks.

4 In the fourth stage, the knee becomes completely flexed and walkmg
becomes quite impossible The thigh and leg mu»cle5 become atrophy.

Aekee fruit peisoniugr
1 The ackee fruit is cultivated lo Nigeria This fruit is coosuxned after

boiling for IS to 20 minutes
2 The poisonous propiertics of the fruit are due to unusual amino aad^

hypoglycin A, hypoglycin B Both hypoglycin A and B have strong hypoglyceamc
action resulting m coma and death.

3 The signs and symptoms of this fruit polsonmg in young children are found
that the children sometimes vomit and they show drowsmess, convulsions or
coma These symptoms are due to severe hypoglycemia. They are treated by
intravenous glucose for recovery.

1 Many food stuHs contam organic compounds which have goitrogenic pro-
perties

2 The active goitrogenic principle present in brassicae fenuly in I, S-vinyl-

2-thio*oxazoIidone which is present in cobbage and turnip

3 Certain oilseeds namely rapesred, mustard etc contain thioglycosidcs
ivhich act as goitrogens

4 The red skm of groundnut contains phenolic glycosides which possesses

goitrogenic properties

Pressure Amines:
I A number of ammes namely histamine, tyramme, serotonin and nor-

cpinephrme found m some foods have profound physiological activity. Most of
them are inactivated by mono-amino oxidase in the intestinal tract. The poisoning
effect of pressure ammes due to consumption ofaged cheese has been reported m
patients receivmg mono-amind oxidase inhibitmg drugs

586
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2 In Africa, the serotonin intake from plantains as a staple food may reach
100 to 200 mg per day The endomyocardial fibrosis may occur as a result of
large amount of serotonm

3 The pressure amine foods are mainly plantams (green and ripe), juices
of Pmeapple ahd tomato, Bananas, lemons etc

Argemone seed oil poisoning:

1

During the harvest of r^pesecd, argemone seeds are mixed up with rape-
seed which grow as ivecds The rapeseed oil obtained from a nuxture ofrapeseed
and argemone seed causes epidemic dropsy in man

Z The toxic substance m argemone seed is sanpiunannc

B To:dcants from microorganisms.
1 The harmful imcroorganisms contaminate the raw foods such as meat,

fish, milk etc puxhased from the market
2 These microorganisms are destroyed during cooking or processmg but

some of the microorganisms survive due to insufficient heat
3 Pathogenic fungus infect foodgrains and oilseeds when stored m humid

atmosphere causing serious illness

The patliogcmc microorganisms responsible for contaminating foods are
SalmoxTella* This group frequently causes food poisomng developing the

symptoms like vomiting, diarrhea, rise in body temperature Infection is trans-

mitted mamly to the processed arumal foods

Staphylococci. The contaminated food is poisoned owing to the presence
of exotoxin produced by this organism Precooked animal foom cause poisomng
developing the symptoms such as vomiting, diarrhea, and abdominal pain

Streptococci i This group is the agent for sore throat producing the symptoms
like vomiting, diarrhea, and abdominal pain

Shigellat Bacillary dysentery is caused by this group Loose motions with
mucus and blood and abdominal pain are the mam symptoms Flies are the
carriers for the bacteria from infected material to food when cooked foods are

kept exposed The consumption of raw milk to which unclean water is added
also causes the disease

Fungal contamination *

Fungi e g Aspergillus flavus, Penjcillium isJandicum, Fusanums, Clavoceps

purpurea (ergot) produce a good number of toxic compounds (mycotoxins)

Aspergillus flavus: Ihis fungus has been found to be grown in cotton
seed, cereals, moist groundnut, and soyabean It produces a toxic substance

named as aflatoxms which can develop cancer and cirrohosis of the liver m ex-

perimental animals The aflatoxin poisoning has recently been occurred ui

Rajasthan and Gujrat owing to consumption of maize highly contaminated with

AsfttrgtllusJlavus

Feoicillinm islandicnmi The yellow discolouration m nee has been
reported in Japan by the contamination of nee by Pemcilbum islandicum dunng
storage and develops toxic symptoirs m man

Clavoceps purpurea (Ergot): This parasitic fungus mfects foodgrains sucli

as JVC and pear millet dunng cultivation The disease 'Ergohm' occurs as a

result of the consumption of the contanunaicd gram The symptoms of this

disease arc nausea, vomiting, diarrhea, giddiness, severe burning sensation m
the extremities, painful cramps in limbs, gangrene m the fingers and toes, depres-

sion, wcsJoiess, and convulsions The fungus produces th'* toxic alkaloids causing

the disease
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Fasariom and cladosporittm: The nuUct is infected by this fungus when
Idi unharvested in the heJd during winter The to.tJc compound formrf by this,

fungus causes local Inflaramalory response, acute gastro^entenus, nause,’aiid

voimtmg withui 1 to 3 days after the consumption of the infected gram Tbe
progressive pathological ch^ges in the bone marrow due to the toxin leads to

leukopenia^ agranulocytosis, and anemia There is also petechial hemorrhages

followed by the development ofnecrotic ulcers ofthe skin In less advanced cases,

the recovery of the disease takes place, in case, the patient is put on a good diet

with proper treatment

Parasitic infectioar

The coniammated foods transmit some parasitic diseases c g amoebiasis,

ascariasis, and hookworm when ravv vegetables grown on sewage are consumed.

Coatamination of foods with toxic chemicals, pesticides and insec-
ticides.

Lead, mercury, arsenic, antimonj, ETDT, and BHC etc can conta-
minate foods due to the following reasons

1 The toxic chemicals such as banum carbonate, arsenic oxides, lead
arsenate etc used as rat poison are acodentall) mixed with food

2 Accidental contamination of food with pesticides and insecticides

3 Some toxic chemicals or minerals arc also present in certain manne foods

4 The presence of large amounts ofcertain food additives

Toxic mctaUi The toxic clement lead causes toxic symptoms after con-
tanunation with food The pathological changesm the kidne>-s, liver, and artenes
are brought about by lead The common signs of lead poisoning are nausea,
abdominal pain, anemia, muscular paralysu, and brain damage The toxic
efiectsofmrayl mercury are neurological IN'hcn the brain « affected, the subject
becomes blind, deaf, and paralysis of the various muscles make him enpple
Cadmium, arsenic, antimony, cobalt etc are toxjc in small dose*

Pesbeides: The organic pesticides are I? D T , B H C , and malathion etc.
and these arc the toxic compounds The presence of large amounts of pesticides
causes toxic effects

— Additives: In U S A and other western countries, the additiv’cs such as
diethyl stjlbcstcrol and antibiotics are added to animal and poultry feeds These
are present in the meat of animals fed on feeds contaimng these chemicals Stil-

besierol can cause leukemia and cancer even m small doses Antibiotics car
cause drug resistance and hardening ofartenes

Table 33 I. Toxic effects of«omc metals and chemicals

Metals and Foods Tome effect
Chemicals

Arsenic Fnuis sprayed by lead arsemc Chills, Cramps, Paralj^is

Banum, Foods contaminated by rat Muscular twitching and con-
poison vulsions

Cadmium Fruit juices, soft drinks Excessive salivation, bver and
kidney damage, prostate can-
cer
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Cobalt

Lead

Mcrciiry

Tm

Zmc

Copper

Pesticides

Diethyl stilbe-

•tcrol

Antibiotics

Water, beer

Some processed foods

Mercury fungicide treated seed
gams

Casined foods

Foods stored in galvaiused iron

ware

Acid foods in contact with tar

mshed copper ware

All t^'pes offood

Cardiac failure

Paralysis, bram damage

Paraij'sts, bram damage

Colic, vomiting

Dizziness, vomitmg

Vomiting, diarrhea, abdomi'
nal pain

Damage to liver, kidney,

bram, and nerves leading to

death

Presentm meat ofstilbcstcrol fed Carcmogcncsis
animals and birds

Meat from animaU fed antibio Drug resistance, hardening of

tics arteries, heart disease

Exerts*

} Describe bow foods are toxies ted ?



CHAPTER 3t

BLOOD, LYMPH AND CEREBROSPINAL FLUID
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6LOOD, LYMPH AND CEREBROSPINAL F

Table 1 : Compooents of blood

[ CelMat ftacnon (Volume 45 «nt)
000,000 per cu mm

1 Red blood corpuscles (RBQ

2 While blood corpuscles (WBC)
2.50,000 per cu mm

3 Platelets

[I Plasma fraction (Volume • 55pcrccn)

^ ri"°raoWm 3 Fibrinopen 4 Enzymes, lip.ds etc

B Diffusible constilucnls

' Glucose aminoacids, creatine etc

2 Anabolic constimen
MB+»,C1- HCO^ HPOj etc

3 Electrolytes
uric acid etc

4 Catabolic products Urc ,

Chemistry ——

—

Table 2 Coostitueots present m Normal Blood

Values per 100 ml or dl

Uemoglobm

Men
Women

Plasma Proteins

Total protein

Albumin

Globulin

Fibrinogen

Nutrients

Glucose (true) Fasting

Glucose (Folm)

Fasting

Free ammo acid

Lipids
*

Total lip ds

Cholesterol (total)

Cholesterol esters

Phospholipid

Free fatty acids

5-8 8

3 5-5 5 g

15—30g
02—0 « 8

80—120 mg
3—5 5 mg

1 86—2 48 mmol/L

2 17—2 79 mmol/L.

60—80 g /L

0 54—0 847 mmol/L

15—30 g/L

5

8—6 8 Miaol/L

3 3—5 5 mmol/L.

4 4—6 6 mmol/L

2 1—3 9 mmoI/L

570—820 mg
150—280 mg
50—66% of total cholesterol

145—200 mg
150-500 mg

3 9—7 3 mmol/L

1 87—2 58 mmol/L
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Consliluents Valuesper \Q0ml or d] SI unlit

Minerals in serum :

Calcium 9

—

n mg
4 5—i A mEq/L

Chlonde 350—375 mg

Bicarbonate (HCOj)

100-106 mEq/L.
55—^70 mg.

Iron 65—175 /ig.

Iodine, total 3—6 5
Iodine protem bound
Magnesium 1—^3 mg.

Phosphorus, inorganic

1 5—2-5 mEq/L.
3—4 5 rag (adult)

Potassium

4—7 mg (children)

14—^20 mg.

Sodium
2.5—50 mEq/L.
310-340 mg

Copper
136—145 mEq/L.
100—200 Mg

Vitamins :

Vitamin A 24—60 pg

Ascorbic acid (fastmg)

24-60 I U
0 4—1 5 m*'

Folic acid, free 0 6—2,0 /ig.

Vitamin B,j 100—SOO i»b£.

W aste prodncts :

Urea 20—40 m*'

Unc acid 3—

1

5 mg.
Bilirubm 0 2—0 7 mg. (Indirect)

Creatinine

0 1—0 4 mg (Direct)

0 7—1.5 mg
Enzymes

.

Serum amylase 80—ISO somogyl umts

Lactic dehydrogenase

os—3.2 lU/L.
90—200 lU^L.

Acid phosphatase 1—5 Umts (KJL)
Alkalme phosphatase 5—13 Umts OLA.)
Lipase . 0 2—1 5 OTits

Z25—2 65 mrao!/L.

100-106 mmol/L.

11 6-31 3

0,24—0.51

0J2-063
0 75-125

/imol/L,

pmcI/L.

/imoI/L.

mmol/L,

1—1.5 mmoI/L.

2.5-50 mmol/L.

136-145 mmoI/L.

16—31 ^moI/L.

0 84—2.1 pmoI/L.

23-S5 /unoI'L.

018-0.29 mmoI/L.

3 42—11 97 /imol L,

171—5 84 pmol/L.
60-130 /imol/L.

2.48—5.58 likzt/L.

1.50-334 fikat/L.

4 48—1734 likztJL,

59—153 4 ^Lat/L.

0 93—696 /tkat/L.
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Constituents Values per 100 mj or dl Sf units

Transaminases

SCOT S—40 units 40 I--320 8 nkat/L

SGPT
6—25 lU/L
5—35 units 40 -280 7 nkat/L.

I actic acid

3—26 lU/L
0 44— 1 8 mmoi/L 0 44-128 pmol/L

Nonprotem nitrogen

4—16 mg
!5—35 mg 10 7--25 mmoI/L

Pyruvic acid 0 7—2 me 79 8—228 /tmol/L

PROPERTIES OF BLOOD

Specific gravity The specific gravity of normal blood ustnlly lies between
1 05 and 1 06 The specifc gravity of plasma lies between 1 024 and 1 038 and
roughly proportional to the protein content

Viscosity The viscosity ofblood is important in the sense that it determines
the blood pressure Human blood is 5 times as thick as water The high
Mscos tyisductothecclls plasmahasaverymuch lo^\erviscosity The viscosity

ofblood IS affected by the change in the numbers or sire of red cells or white cells

Abnormal values are found in leukemias severe hemorrhage and pernicious
anemia

nicod IS slightly alkaline and its pJt lies between 7 3 and 7 5 In the

resting individuals the arterial blood is very slightly more alkaline (about 0 02)
than venous blood Tins ddTerence is increased by muscular exercise due to the

more foriration of lactic acid Under normal conditions the P^ of blood of an
individuilisniaintaincdinlhercgionof7 4 ThcpJ'ofan individuilis below 73
IS considered m a condition of irr/cfonsand over Ps 7 5 is under the condition of
alkohsis

Osmotic pressure Tvormally the osmotic pressure ofblood is constant which
isequaltoO 945%NacI The osmotic pressi re ofblood is slightly reduced on the

ingestion of large amounts of water and increased on strenuous exercise

Clotting of blood Blood is clotted or conrulated within 5 or 10 minutes
after shedding if it is left undisturbed DilTcrcnt factors are involved in

blood clotting which is discussed elaborately m physiology

Composition Sugar and urea arc fairly equally distributed between plasma
and corpuscles but others arc almost entirely confined to one or the other c g Na
and Ca m the plasma and K. m corpuscles Bromide iodide indican enzymes
anti enzymes hormones vitamins and various antibodies are circulating in blood
Plasma contains 8% to 9% solids composed largely of proteins The constituents

of plasma arc as follows

Proteins Toy,

Lipids M 07%
Inorganic substances 075%
Other organic substances 015%
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In Btnnal laiivjduals, the plasma proteins >ary from 6 0% to 8J%. Ite
proteins are as follows

Serum albumin 4 5% ofplasma.

Serum glabulm 22% , »,

Hbrmogen 03% .. ,

Other proteins such as glicoproteins, lipoproteins, eazjTnes and hoimooes
are present la small amounts

PLAS^U PROTEINS
Cbemittr;

:

1 The human plasma proteins arc a inxtnre of simple proteins,

jlyceprotems, lipapratems and other conjugated proteins

2 These proteins art separated by salt precipitation, electrophoresis and

mmunoelectrophoresis

3 The three major plasma proteins (albumin, globulin and fibrinog-n) ere

separated by tie use of s’arying concentrations of sodium or ammonium sulfates

Ti^e fractitm are separate further 1^ dectrophoresis. These are as follows

Albumin

Globulm

«i—GItbulin
«]—Glabulifl

y—GUbuUn
nbnntgen

52—65% of total plasma protein.

29 5-54%
2-5-5 %
7

-

13%

8—

14%
12-22%

6 5%
A/G rabo 1*2 :

1

The electrophoretic representation ofnormal human plasma is shown below r

Aseening Descentfng

pe*‘em

Fig. »4 1 H-ctrepSor-su «r nomsl fcmm pT-isnu.

4

The characteristics of mdiMdnal plasma proteins are as follows :

I Alhmnin ;

0) About half of the total plasma proteins is albuimn.

(ii) It consists of 610 anuno acidsarnm^ in a single peptide diaia.
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6h) It has a moJecuIar weight of about 69,000 and is synthesized in the liver

(iv) It IS preapjtated by fuU-saturation with ammonium sulphate

(v) The normal concentration of serum albumin is 4 5 gm/IOO ml by
precipitation method y

(vi) It exerts 80 per cent of the colloid osmotic pressure of plasma

(vn) It plays an important role in the exchange of water between tissue fluid

and blood .

(vm) Its concentration decreases m sescfc protein deficiency, liver diseases

and nephritis leadmg to the development of edema

II Globvlins

:

0) Globulins are separated by half-saturation with ammonium sulphate

(ii) The molecular weight ranges from ^0,000 to 13,00,000

(ill) The normal concentration of scrum globulin is 2 5 gra/IOO ml by preci-

pitation method

(iv) Globulins are separated into ai', and y- globulin fractions •"

and globulins are synthesized m liver but y-g!obulins are formed m the cells ef
reticulo-endothelial system

(v) The nature of different globulin fractions are discussed below •

Cl Globulins * This fraction is of several complex proteins containing carbo-

hydrates and lipids These are orosomucoid, a,-glycoprotein ond oj lipoproteins

Its normal concentration in serum is 042 gm/lOO ml

c, GJobulms This fraction also includes complex proteins such as a| glyco-

protein plasminogen, prothrombin, haptoglobulin, ceruloplasmin and o»-macro-

globulm The normal concentration of it m serum is 0 67 gm/IOO ml

/! GhbaUm ' This fraction consists of hptd containing three different ^
lipoproteins It also contains siderophilin Its normal concentration m serum
IS 0 91 gm/100 ml

y Globulins These are immunoglobulins having antibody activity They
are classified as JgG, IgA and IgM on the basis of tbeir cleelxophorelic mobility

Mucoprofeins and glycoproteins : In addition to globulins they contain

carbohydrates such as gnlactose, mannose, fructose and bexosamine They are

found m oi and a, globulin fractions Those which contain more than 4%hex-
osammc are designated as mucoproteins and those which contain less than

4% hexosamme arc glycoproteins Some glycoproteins have specific binding

function for thyroxine and cortisol

UpoproteinS' ; Two lipoproteins (a and fi)
are found in the o- and fi globulin

fractions Human serum lipoproteins are separated into different fractions

Fraction A contains the j? lipoproteins with densities less than 1 063 , fraction B
contains the arlipoprotems with densiticsof 1 063— 1 107 , and fraction C contains

the a -lipoproteins with densities of 1 107—I 220 The lipoproteins are large

molecules having molecular weights of 1,300 000 They arc the major earners of

the lipids of the plasma

Mtttlloprofelns : The tw® important metalloprotems arc^transferrm (con-

taining iron) and ceruloplasmin (containing copper) Transferrin transports iron

and ceruloplasmin transports copper into different tissues Transferrin is found
in the p globulin fraction while cerulophsmiu m a, globulin fraction Metallo-
protem concentration is reduced m pernicious anemia, chronic infections or liver

diseases and its concentration is increased in iron deficiency or pregnancy.
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HI. Fibrinogen

:

(i) Its molecular >scight is between 350,000 and 450,000

(ii) It IS the precursor of fibnn (the substance of the blood clot)

(ui) Like globulin, it is precipitated by half saturation uilh ammonmn
sulphate.

(iv) It normally constitutes 4—6%oflhetotal protcmsoftheplasma.

(>) It is formed m the liver and its concentration in blood falls rapidl)

m the excessj\e destruction of liver ti:.sue

(vi) It IS a large asymmetneal molecule tvhtch is highly elongated having

an axial ratio of about 20 1

Fnetioos :

1 Nofritire : Ajbumin is largelv involved in the nutntivc functions of the

plasma proteins owing to its high concentration It is effective as a source ct

protein m bjpoprotememic patients

2, Water distribution : The colloid osmotic pressure of plasma proteins

plavs an important role in the distribution ofwater between the blood and the

tissues Plasma albumin is responsible for this function due to its low molecular

weight and quantitative dominance over^olher proteins In kidn-y diseases

where protein loss from the bod) is more, large amount of water moves to

the tissues producing edema.

3 Baffering actions : The scrum proteins can comb ne with acids orbises
to maintain thepn of blood They act as aads and combine with cations (mainly

sodium) at the normal of the blood

4 Transport The plasma proteins transport hpids and the fat-soluble
vatamiBs (egA, DiE) BHirubin is associated with albumin and also with
fractions of the a globulins. Thus bilirubin is transported alona mtb them bi-
metal combining globulins (Sideropbilm) is responsibly for the transpiortof iron
in the plasma Thyroxine is transported m assoaation with an c globulin
(thyroxine binding protein, TBP) and cortisol bv a mucopf^tem (transcortin)
Many drugs and d>TS arc transpored m the plasma in combination with al
bumm Half of the calcium of plasma is bound to protem for transport.
Hemoglobin liberated in inlravascularlj is earned to the reficulo^dothehal
sj-stemby complexingwilh the hepatoglobras

Viscosity : Berause ofthe presence of protein in plasma, it is a v iscous

.
vjscocity of blood provides resistance to flow of blood in the blood

vessels to maintain blocd pressure at nonraj level

^ ^ Coagulation • Plasma contains prothrombin, fibnnoz^n and oihcr
factors involved in coagulation of blood.
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7 ImmnnUy : y-globulms ate present m plasma and these y globulins
protect body agamst bacterial lufecUons

Enzymes ; Plasma contains several cn^mes of diagnostic importances in
some diseases

Leukocytes .

1 They contain proteins, nucleoprotems, fats, lecithin, cholesterol, purines
enzymes and inorganic salts

2 They are highly supplied with proteases

Blo*d platelets j

1 They are unnucicated and so contain no DNA, but RNA is present

2 They contain glycogen, ADP, ATP, and the enq-mes of glycolysis.

3 Large amounts ofcatecholamines, 5 hydroxytryptamine (serotoom), and
histamine are present m them

4 Phospholipids are also presem m ibe form of a lipoproteins which acti-

vates prothrombin m blood coagulation

5 They also contain a contractile protein (tbromboslhenm) which is in

volvedm the process of clot retraction

BLOOD GROUPS

Human blood is classified into 4 main groups and several sub groups
Agglutinogens are neutral nitrogenous mucopoly-sacchandes with molecular
weights ranging from 200,000 to 300000 Thefourmafn groupsare A, B,AB
and O The minor groups are M, N, P and Rh

The plasma contains antibodies called agglutinin The distnbution of
agglutinogens m ^BC and agglutinins m plasma in the four groups are noted

Blood group Agglutinogen
in RBC

Agglutinin

in plasma
Description ofthe group

A A
B B o(anti—A) Ba

AD A and B Nil AB
0 Nil

(anti-A+ant> B)

To determine the blood group ofan individual, an isoionic saline suspension

of RBC is mixed with a test serum containing agglutinin a or agglutinin B on a
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slide When no agglutination occurs Ibe cells separate and ev«nlj distrihuicd

When agglutination occurs the cells clump together The results are interpreted

as follows ;

I Blood of group A is agglutinated by plasma of group B containing e-

agglutmin.

2. Blood of group B is aeglutmated by plasma of group A containing

agglutinin

3 Blood of group AD is agelutinated b> the plasma of blood group A and

B containing agclutmios ^ and a respectiiTly

4 Blood of irtoup O is not agclutinated bj the plasma ofgroup A, B orAB
Therefore, persons ofgroup O are called urn'cr^I donors An>boaj can receive

their blood

Rh blood groDps

:

It IS an antigen of the Rhesus monle> and is present lo the blood of of

white people and raa> be transmitted from father to child. The commonest Rb
antigen is D and its antibody is anti D If the mother is Rh negatiST, she dest-

lops antibodies to it and these antibodies pass through the placenta to the fetus and

cause set ere destruction of red blood ceUs in tbe new bom child.

HEMOLTSIS

Red blood cells (RBQaredestrojed byhemoljsis. HemoJys s can tale place

m the following ways

:

1 Osmotfcally

:

(0 The RBC njembrane is permeable to water, IMien theblood is placed

in a b}’potonic solution, red cells swell oniog to water passine m If the solutioa

is more hypotonic, the red cells swell up more and hemoglobin comes out of the

red cell due to the rupture of its membrane

(ii) If the cells are placed in a h>peilonic solulion. ivater passes out of the

cell and the ceUs shrink due lo tcducison in \olume The process is called

crenation

2 Br hemotoxins :

(il SnaVe lenom and certain other bactena can produce hemoijsts in

M\o The hemolytic effect is due to the presence of the ena>'me phospholipase A
which hydrol>’zes phospholipids and thus disrupts the cell membrane.

(ill TheWR (Wassermann reaction) for syphilis emplois a hemol>tic SI'S-

tern, produced by the injection of forcicn red cells into an animal such as a rabbit

3 Bi certain drugs Quinine, mtntes and chlorates cause heraolj^is.

4 Bi Itpid sohenif Alcohol chloroform, ether, bile sails and. saponin
cause hemol)sis due to their sobent action on the lipid of the plasma membrane

5 8} mechanical means Crirding, vigorous slimng or shaking causes
destruction of crvthrocytes

6 Other hemoUtic agents Heat, pw changes, ulliaviolet liehl etc can
cause hemolysis



BLOOD CLOTTING

Stop of bleeding is said to be fumstasts There are four phases of hemostasis
(i^ The first phase js the constriction of the injured vessel to reduce blood Row,
(u) The second phase consists offormation ofa loose platelet plug or ssrhite thrombus
at the Site of injury Collagen is exposed at the site of mjury and acts as a binding
site for platelets (ni) The third phase is the formation of red thrombus (blood
clot) (iv) The fourth phase is the partial or complete dissolu tion of the clot

Clots are of three types The white thrombus is composed of platelets and
fibnn and is poor m erythrocytes It is formed at the site of injury, particularly
m areas of rapid blood flow (arteries) The second type of thrombus is deposited
in small vessels (capillancs) The third type is the red thrombus and consists

of red cells and fibnn
Initiation of clot formation to tissue mjury is earned out by extrinsic pathwqy

and the imtiation of the pure red thrombus m an area of restneted blood flow
without tissue injury is carried out by intrinsic pathway The intrinsic and the
extrinsic pathway merge mto a final commonpat}^_y—\ht activation ofProthrom
bm to thrombin and thrombin catalyzed fibnnogen to fibnn clot

The blood clotting factors are mentioned below

Factor Name

I Fibnnogen
n Prothrombin
IV Calcium
V Labile factor, proaccelenn, accelerator (AC) globulin

VII Proconvertin, serum protWmbm convenion accelerator (SPGA),
cothroml^plastin, autoprothrombin ]

Vni Antihemophilic factor, antihemophilic globulm (AHG)
IX Plasma thromboplastin component (PTC) (chnstmas factor)

X Stuart Power factor

XI Plasma thromboplastin antecedent (PTA)
XII Hageman factor

XIII Lala-Lorand factor (LLF)

^oawrsloa to Ftbrta by Thromhea,

1 Fibnnogen is a soluble plasma glycoprotem whose length is 46 nm Its

molecular wci^t is 340,000 and it consists of 6 polypeptide chains synthesized

in liver The 6 chains are two Ao chams, two chains, and two y cham making
the structure Ao| Bp* y* All three genes (Ao, and y) arc geneticallylinked

2 The ends of the fxber*shap^ fibnnogen molecule are highfy negatively

thargsi Ihesc negatively charged termini of the fibnnogen molecules contribute

to tis water solubulity and abo repulse the termini of other fibnnogen molecule,

for which aggregation is prevented

3 TTic molecular weight of Thramhxn is 34,000 and it consists of two poly-

peptide chams and hydrolyzes four peptide bonds m fiibnnogcn Rcmo%*al of

A and B portions of the fibnnogen molecule releases the negatncl> charged,

Jibrmoptptides and generates theJibrin msnarm The long insoluble fibrin monomers
form, the insoluble fihnn polymer </<;/—which traps red cells, platelets, and other

cconponents to form the red thrombus or the white thrombus (platelet plug)

The imti^ fibnn clot is weak and held together only by fibnn monomers

599
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4 Tltrombm alsoccQ\eitslactorXIII toactj^-efcoo* VTTT rvTrr 1 v ,

1! a frcroljteraaajf This trans-1 ilammast
vxn Person! vnlh an mhenled defiaern of facte , SH?
dency dt^ to iinstablc fibnn dob = bkedn-g ta

72 0^ 'S’;?^™<S14^tp^o,Sd?™a'“s.tea
pbospbobpid, Ca-t+, eic*or Va, and iaclor Xa Tbi-

rfet^nn-c& prottatebra. ’Tbe platdc^S^t^
which binds to specific tecep'ors m the platelet^2aibLie.^F^cS?vas a receptor for &ctor Xa which m tiL v'”

^
senne protease acd clea^-es the cat2j\TicalIi M *
porboa ofprothrombin is released.

^ P'Ob.ronibin and the iisao

,

thrombm. is subcequcatls ^pros ting a means of hmiung the aetisauon of^x^-iar tote^„-

riff M.? I^P»a=»*«r«?-ev=aUimofthehadi_5 officii Xa Ca-r*
*3d proihroalKii to ib- plax^st pUtaa osiabrtee.

*

[GU say-carbotyffIirtaisic aod.]

Actsrstion of factor JTa,

1 Acbvabonofiactor Xa tabes placcat the cmpbi.n»«,T w.«aw j.
tnasic eit^c pathways join to form Ibe/sj “

2 Fac^ X IS a zymogen having molecular wcishi of ofprotease and contains Gla readuo
* oi •M,t)OT of a same

3 Fhe Gla residues of factor V ar.* n-mr n i- .

bteibg of focrorX to the aadic pboT*„b^rS$iate5 Sr^SS"
The ertnnsic pathwray for generating ractor Xa.

2 SSS^.'s^^™J^“^-t=btsnemjnr,
glyiMiteeia sjmthcsnnnl W ^ dSswTh?focte Xa. It IS a ajmogen and ha, high endogenons ^ "
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3- The tissue factor necessary to accderate the attach of factor VII or Vila
oa factor X is abundant in placenta, lung, and brain.

4. There is only 0*01 mg of factor X per ml of plasma. This requires the
amplification provided bv the clotting system, conversion of factor X to Xa is an
aytocafalytic proce:^ ana therefore an cmpUJicatlw ^siem.

The Intrinsic Pathway for Generating Factor Xa.
1 The intrinsic pathway for the generation ofXa starts with the exposure of

prckalUkreiny high molecular-tveight kttunagctt, factor XU, znd factor XI to an acti-

vating surface

Fig 34 3. heUtid nhip benv««n thehttioitttexttaiie and fzsa) eonunce pat2n«ay» of

blood etetdog.

HMK

Fig.St 4. The intnnsie path-way for artivating factor X to Xa.

• HMK u high motecular wright Kutjnogea.
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4 The conmarin drugs inhibit the vitamin K-dependent carboxylaDoa of
Glu to Gla residues at the ammo-terminal regions of factors II, VII, IX, and X
These factors, s^Tithesized in the liver, are dependent upon the Gla residues for

maturation and do normal function m the intrinsic, extrinsic, and final common
pathsvays The coumarm drugs inhibit reduction of the qumon* derivatives of
vitamm K to the active hydroqumonc forms Therefore, the admmistrat on of
vitamin K bypasses the coumarm mduced block and allows maturation of the

Gta-dependent clotting factors in the liver to occur

Fibrinolysis*

1 Plasmin is a senne protease capable of digesting both fibrinogen and
fibnn as well as factor V, VIII, complement, and Vartous polypeptide hormones

2 Plasmin normally exists in plasma m the inactive form plastmnogm

Upon formation of fibnn, plasminogen activator cleaves plasminogen to gene
rate plasmin When plasmm digests fibnn, the plasminogen activator no longer

temams active and proteolysis stops providing a well regulated fibrinolytic process

3 Urokinase, the proteolytic cnayme of urine, is also a senne protease and
can cleave plasminogen at two sites activating the protease activity of plasmin

4 Plasminogen normally coprccipitates with fibrin and is incorporated

into fibrin deposits When it is activated, it digests the fibnn m clots to soluble

fragments dissolving the dot Cross linked fibnn clots arc less sensitive to dissclu

tion by plasmm
5 The plasminogen activators increase in cancers and shock In cirrhosis

of the liver, the antiplasmm activities are also impaired Some bacterial products

can activate plasminogen without deavage ana arc responsible for the difiusc

hemorrhage sometimes observed in patients with disseminated bactenal infcc

tioss

dotiiDg Tests!

1 Prothrombin timet This is a test of the extrinsic pathway and the

final common patyway of dotting It is performed by adding a tissue factor to

the unknown plasma and determining the time necessary for the formation of
visible dot 'Ae tissue factor along with factor VII activates factor X to Xa
m the prtsen c of factor Va, Ca+‘‘', and platelet phospholipids The complex
converts protrombm to thrombin which in tum catafyacs the formation ofiTonn
from fibrinogen The deficiency of factor 11, V, VII, or X or a severe deficiency

offibrinogen prolongs the prothrombm time

2 The clotting time This is determined by introducing freshly drawn
V hole blood into small glass tubes Care must be taken that no tissue factor is

introduced from the site of venipuncture The blood is gently agitated at regular
intervals to determine the time required for coagulation The intnmic pathway
IS actn-ated by exposure of whole blo^ to the glass surface of the tube The
clotting time is dependent upon all clotting factors except factors VII and XIII
This test IS not sensitive to mild deficicnaes of factors VIII,.IX or XI

3 The activated partial thromboplkatin timet This uin'oK'Cs the addi«

tion of acid phospholipids and kaohn to plasma to make certain that platelets

arc not rate-lumtmg and that factors XI and JUI are fuHy activated. The normal
respond time is 35-45 seconds

*

11105.15 more uUfiil than the clottmg tunc deter*

smnatioiL
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^thrombpplastin generation tests This test activates the intnmic

/TO form a protlirombmase or **n!nTma-thHTmhnnTii^fir” The P’Othrom

Tdoes not ibcil'eloithe hbrinogeii but it is capable ofactivating prothrombin

,''lhroinbin which m turn forms fibnn clot from fibrmogen Factor VII ts not

^msohed in this test This test m\oi\es mixing the patient’s plasma aucr aOsorpUMi
(contamuiyKcCprs I, V. VIII, XI. jcitv vdth tn^pauent’s semm tcontaimng
(actors V1L.^X4 xTxi. XII) normal pbtelets and Ca*^^ If no clot'fbfms
and the additTon of normal seriun or normat^plasma corrects the defec t, ttiere

IS sure of ttig~nm>5mg faL'tonirfaetOfS "It ptasma aione and smirn a'lone both

correct the d êct, factor A.i or Xll must beTn|S5ing from both the patient s scrum
and plasma'll! only normal scrum oorrccts the defect factor IX or X must be
defective m the patient’s serum If only normal plasma corrects the defect, factor

V or VIII must be defective m the patient's plasma Antisera specific to the

vanous factors are also available for determining which specific component of

the dotting system is missing or defective

OTMPH
1 The term * I>7nph" denotes a fluid not onlj present in the lymphatic

vessels but also the fluid uhich bathes the celts, the tissue or interstitial fluid

2 ft resembles plasma mits content of substances which can permeate the
capillary wall but there are some diflerences in eIectfoI>lc concentrations

3 About 2 litres of lymph are drained into the blood stream per day
Lymph flow is very slow

4 The protein content of lymph >ar«es widely The fluid from the leg

contains 2 3 % protein , whereas that from the intestines contain 4-6% and that
from the liver 6-8%

5 The lactcah absorb the majority of fat from the mtesime

6 The ratio between albumin and globulins m lymph is the same as m
plasma

7 The protein present ir entire plasma in an adult human is about 210
gramr About one-third of this leals out into the lymph through the interstt-

tidf fluid and is returned to the blood at the thoracic duct This process goes on
continuously If the tboracrc lympb is drained olf, the concentrafion of plasma-
proteins falls and the blood v olume decreases

CEREBROSPINAL FLUID

Oiemlstry • t—

1 The arebrospinal fluid is formed by the ultiafiltration of the plasma by
the choroid plexuses of the beam

2 The normal fluid is water clear with a specific gravity of 1 003--1 008
andpB7 4

3 Normally, the protein content is low about 20—45 mg IIW ml Wlh
an albumin-globuIin ratio of 3 1

4 It contains only a small number ^ess than 5) of Ijmphocytes per
cu mm

5 The total volume of C S F in an adult human is abou^ 130 ml and thtf

IS renewed about 6 to 8 iim“s a day
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6 The sugar in C S F is somewhat Icas than m blood 50-85 mg/100 m\m the fasting adult

7 The chloride concentration is normally 700—T^Oms/lOOmi of the fluid
(expressed as NaCl)

8 The concentration of calcium in normal human CSF is 2 434-005
mEq/L that of magnesium 2 40M;0 M mEq/L The ratio of calcium to mag-
nesium IS I 01 iO 06

*

raoctioos

1 The CSF acts as a buffer

2 It acts as a reservoir to regulate the contents of the cranium If the
quantity of blood supply to bram increases the C S F drains awa>

3 It serves to a limited extent aS a medium for nutrient, exchange m the
nervous system even though the brain derives its nutrients mainly from blood

Clinical slgnlflcancc :

1 In the inflammatory lesions of the central nervous system the protein
content of the fluid is increased as hich as 125 rog to over Ig /!00 m! cf the

fluid

2 In uremia pneumonia and typhoid fever the protein content is raised m
the fluid In neurosyphtlis, encephalitis abscess and tumor of the brain, the
concentration of protein m CSF is elevated above normal of 20 300mfi/
100 ml

3 In the various forms of suppurative meningitis the total protein con-

tent of C S F IS high (125 to 300 mg per 100 ml) consisting of globulin, albu-

min, small amounts of fibrinogen and many other proteins High values arc

also found in tuberculous meningitis (200 to 2000 mg) and in acute luetic

meaingitis (180—540 mg) In some cases of early meningitis the fluid protein

may be norma!

4 Tn leukemic and carcinomatous infiltration of the meningitis, the sugar

content can be very low and the protein level is high

5 The protein content of CSF is increased in myxedema Values as

high as 100—200 mg 100 ml arc observed

6 The sugar content of C S F is raised in encephalitis, central nervous
system syphilis, abscesses and tumors ft is decreased in purufent mearngtcrs

7 In most forms of meningitis the chloride is decreased, the reduction

IS most marked in tuberculous meningitis The chloride content is unchanged in

syphilis, encephalitis, poliomj'chtis nnd other diseases of the central nervous

system

8 Increased level of calcium is observed jn all cases of memngiiis and
^idemic encephalitis

9

Aminotransferases lactate dehydrogenase and glucose phosphate

isomerasealso occur m C S F Isomerase activity is increased m malignant brain

tumors Elevations also occur in meningitis and cerebral thrombosis Lactate

dehydrogenase and aspartate aminotransferase are also increased m cerebral

vascular accidents In convulsive disorders increased levels of ercatifte kinase,

aspartate aminotransferase "and lactate dehydrogenase are found m C S F
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Fxwme

1 Discuss the cbcmistn composiitai) and fancuons nf blood (Pm. 61S)

2 Descnbe the chemistn and functxnw of plasms orotcms (Miih 64A ,P U 62S)

3 VS file short notes on

(a) B ood groups

(b) Hcmo!>5«s

(c) Lymph
td) C S F

4 Discuss the medaonn of blood clottmg

(R.U
(M U 73S)

fBha*.U 74M
(P U 6SA)

CHAPTER S5

EXCRETION

The kidneys*

A large number ofwaste products arc produced tn the body as a result of
metabobe activities The mam vraste products arc carbon dioxide, water, and
mtre^enous compounds The retention of these products produces a harmful
effect on the normal health Therefore, the removal of these products from the
body ts a must Carbon dioxide is texmned mainly through longs and w*atcr as

well as mtrogcaous cozi^>oimds are removed throogb tirogcoital system. The
kidnej'S are the most important con^cent ofthis

The hiduej’s are two in number, usually bean shaped, and exist behmd the
peritoneum on either side ofthe vertebral column extendingfrom the 12th thoracic
to the Srd lumbar tertebra Each kidney weigjis about 120-170 grams and is

about 1 1-1 3 ems long, the left beir^ larger than the nght one
Eachtidne> isfoundioconsistoftwoinampart$by<ection 'Ihe outerpart B

called cortex and the inner out IS medulla. The cortex consistsofa large number
of glomeruli and convoluted tubules The medulla is compo^d of renal tubules
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projecting into a cavity towards the inner region ofthe kidney caiicd the pelvis,
the region where the renal artery and vdn enters and leave* the Hdneyrespeo
lively.

Nephron: It is a functional basic unit of kidney. Ead: kidney is provide with
about one million nephrons. Each nephron contains the glomermus and the
tubule. The glomerulus is a network of ailarent and efferent capillaries. EUich
glomerulus is surrounded by a doubk^vralled epithelial sac known as 'Boivmm’s
Capsule which leads to the tub>ile which is dis^ded into three parts—proximal con-
voluted tubule, loop of Henle, and the distal convoluted tubule.

FiS 32 1 D(afram of nephron

•Ihc proximal convoluted tubule (PCT) is about.45 mm. long and 50 trmu
in diameter This lies in the cortex along with glomerulus. Its luman is conti-

nuous wth that of the Bowman’s Capsule. It consists of cells with scalloped out-

line and brush border. The brush border is formed by numerous microvilli which
increases the surface enormously for absorption.

The loop of Henle consists of three parts—the descending limb, a thin s^-
ment, and an ascending limb. The proxinuil convoluted tubule opens into the

,ciesecndfr^ Hmh wAfefr is c^t{i!<icd into the thin segment front »Aenr the ascot’

•ding limb arises. The whole loop of Henle is lined by a single layer of flattened

'^ifoelial cells.

The ascending limb of the loop of Henle continues into the distal convoluted

tubule (DGT) which finally opens into a wllecting tubule or duct which carries

the urirve to the renal pelvis from where it is carried to the bladder by the ureter.

The distal convoluted ^tubule commences near the pole of the glomerulus and
cstablishhs a dose proximity to the afferent arteriole of its parent glomerulus.

DCTT contains cuboidal epithelium.

Nephrons are mainly of two types—cortical and juxtamcdullary. The loop

'of Henle of the juxtameduHary is long and dips deep into the substances of the,

medulla. But the loop of Henle of cortical is short and onljf a very anally part

of it dips into the medullary tissue and the g^ter part remains embedded in the

cortical substances. Moreover, ihc glomensU of the juxtamcdullary lie very close

to the medulla while those of cortical lie close to the surface ofthe kidney. The
juxtam^ullary nephrons constitute 20 per cent ofnephrons, while the cortical
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nephromconstituteSOperccnt ofthe total nephrons. These nrt) types ofnephrons
haw the same common function.

Blood supply of the kidneys s The short renal artery arising from the

abdominal aorta supplies the blood to the Iddncy'. The renal artery after entering

the kidney diwdes into a number ofarterioles— ajatrd aiemles which further

branch into capillaries and enter into each glomerulus- These capillaries then
join^to form another arteriole—the efferni erienole which opens into another set' of

capillaries called peritubular capillaries surrounding the prtodmal tubule, the
loop of Hcnle, and th^ distal tubule. Uldraately, the capillary set opens into a
venule which joins with other venules to form the renal vdn. The tena! vmn
then opens into the inferior vena Gas’s.

Blood How through the nephron: The blood flows through both the
kidneys of an adult v’cighiiig 70Jcg. at the rate ofabout 1200inl./mt. Theportiaa
of the total cardiac output (about 560 ml./mu) which passes through the Iddncys

is called the renal freelion. This is about 5^/1200 ml. per minute, i.e. about 21
percent.

There are nw sets of capillaries—the glomerulus and the peritubular. These
two capillaries arc separated from each other b}* the cficreut arteriole whidi
contributes sulBcicnt resistance to blood flenv. The glomerular capillary bed
provides a high pressure about 70 mm. Hg., w-hile the peritubular bed provides a
imv pressure about 13mm.Hg. The pressures in the artery and vein are 109mm.
Hg. and 8 mm. Hg. respcctivd)*. The high pressure in the glomerulus exerts

the filtering of fluids continually' into the Bmstnan’s Capsule. The low pressure'

in the peritubular capillaries system, on the other hand, functions in the same
ss'ay as the usual tenous ends of the tissue capillaries srith the fluid bmng absorbed
continually into the capillaries.

FtmctioQS of Iddscy:

1 . Kidney eliminates excess ofcertain nutrients such as sugarand amino acids

when their concentration Increases in the blood.

2. It remos’Cs certain non-volatile waste products such as urea, uric acid, crea-

tuune, and sulphates etc, from the body.
3. It eliminates certain foreign or toxic substances such as iodides, pigmente,’

drugs, and bacteria etc. from the blood.

4. It regulates hydrogen ion concentration ofthe blood by renon’ing cccess

ofnon-voCatffe aat& antf bases.

5- It maintains the osmotic pressxirc ofthe blood by regulating the excretion

of smter and inorganic salts and thus preserves the constant volume of the cir-

culating blood.

6.

"lt regulates the arterial blood pressure by causing the secretion of the

hormone renin.
.

7. It maintains the erythrocyte production bj’ excreting the secretion of the

hormone erythropoietin.

XJrine fotmation:

The regulatory actirities of Iddncj’s fonn urine as a by product. Urine for-

mation involves three main steps—the glomeruJer filtration, the tubular resi-
sorption, and tiie tubular secretion.

1. Glomerular filtration (Ultrafiltntlon) : Glomerulus fillers out subs-

tances of low moleailar svdght front tlm blood wth the rcieftion ofsubstances of
high molecular tveight, especially the proteins. Therefore, proteins are retained
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m the glomeruli and are not normally found m unnc If protein is detected m
the-finne, it indicates the kidney damage or other disease wmeh effect the glome-
rular Jnembrane.. In normal adult, two miUion nephrons filter one litre of blood
each minute to give about 1200 ml of glomenilar Wtratc (primary unne) at
Bowman’s Capsule Therefore, the glomerular filtration rate (GFR) m adult is

about 120 ml per minute

The hydrostatic pressure of the blood in the glomcndar cspiUanes (PgJ is

the mam force for driving the fluid (water and solute) out of the glomerulus The
pressure is opposed by ttvo forces

—

(i) the hydrostatic pressure of the Bowman’s Capsule fluid (P^c)* (u) the
osmotic pressure of the plasma proteins (P„) Therefore, Ihs ^Ktivs filtration

pntsare (Pef) is calculated by the followng relation

Pef=Pg-(P„+P*c^

Pcf=74-(30+20)imn Hg

Pef=25min Hg

Thus, by substituting the normal values of the vanous forces, it has been found

that the calculated effecuve (net) filtration pressure (Pef) is 25 mm Hg
A W1 in blood pressure may reduce the Pef which results m less amount of

urine When the aortic systolic prcssxirc is reduced to 70 mm Hg , the hydrostatic

pressure of the blood m glomerular capillaries is reduced to 50 mm Hg This
r^uoes the Pef to Zero [50—(50)] and thus filtration will be ceased. Under such

circumstances, urine will not be formed (?nuna) until the blood pressure is main-
tained

2. Tnbtilar reabsorptzon' The rate of formation of the primary unne
is 120 ml /nunute, while the rate of unne passing to the bladder under the same
condition is 1 2 ml /minutes Therefore, it indicates that about 99 per cent ofthe
glomerular filtrate is reabsorbed dunngits passage through the different segments
of the renal tubule Althoi gh, the glomerular filtrate contains nearly the same,
concentration ofglucose as m plasma, the unne contains nil or very little glucose.
Hence, glucose is also practically completely reabsorbed in the tubules when the
blood sugar IcstI is normal The capacity of rcabsorption depends on the renal
threshold of that substance

The rcabsorption of different solids takes place at different sites m the renal
tubules Ammo acids, glucose, and small amounts ofprotein that pass throu^ the
glomcruhjs are reabsorbed in tho fint part of the protimal^tubulc. Sodium,
chlondc, and bicarbonate are reabsorbed uniformly along the entire length ofthe
proximal tubule and also in the distal tubule Potassium, is reabsorbm m the
proximal and secreted in the distal tubule

Thcglomtrularfdintc produces about 170 lures in a day, whereas the tubules
reabsorb about 16C 5 litres ofwater, 170 giws of glucose, 100 gms ofNaQ, 360
gms of NaHCO., and small amounts ofphosphate, sulphate, amino acids, urea,
imcacidctc and excrcie about 60 gms ofNaCi, urea and other waste products in

about 1 5 litres of ynne Most of these solids are rgabsorbed by acu%T transport

mechamsm.whilesomc (c g urea) are reabsorbed b> passire transport mechamsm

F 39
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fn diseases, the reabsorption mechanisni is altered dev-cloping gljcosuna,

phosphatuna, and ammo aciduna

3

^Tubular secretion • Although, most of the substances are reabsorbed by
the tufiular cells, some substances are actixely transported or actively c-xeytea

into the tubular lumen The secreted substance by the tubular epithelium m man
arc crcatinme and potassium The tubular epithelium also remo\'CS a number of

foreign substances that arc introduced uito the body for therapeutic or diagnosuc

purposes These foreign substances arc penicillm, P-ammo-saJicylic acid, pheno-

sulphonphthalem (PSP), P ammohippunc acid, and diodrast The hydrogen
ions and ammoma formed in the distal tubular cells are also actively excreted

into tubular lumen and thus pass to unne

Hormonal regulation* The function of kidney is regulated by three tm»
portant hormones These hormones are aldosterone (.from adrenal cortex), para-

thonnone (from parathyTOid), and \asopressin drom hypophyseal posterior lobe)

AtdosUrone restnets the excretion ofNa+ and stimulate the excretion of K'*'

ParathermoTU stimulates excretion of phosphate V^asopremn, the antidiureuc hor-

mone, is held responsible mainly for the rcabsorption 6f svatcr In the absence

ofthishoimonc, alargc amount of very dilute unne is excreted

Composition of urine

A ^'olume *

1 A normal aduU ewetes daily from lOOQ ml to 1^00 ml of unne Tbt
average js 1500 ml containing 60 g ofisohds

2 The quantity depends on the wafer intake external temperature the diet
and the individual s mental and physical condition

3 A high protein diet merews excretion because the urea formed as a
result of catabolism of protein has a diuretic action

4 The diuretic action of tea coffee and cocoa is due to caffeine

5 The decreased volume of unne in hot ueafher is due to an increased

loss of water by perspiration

6 Ker\ousness or excitcTncnt causes increased urinary volume

7 Increased urine volume are obsened in diabetes insipidos, diabetes

mellitus and certain types of kidney diseases and decreased \olunic are found m
acute nephritis fciens diseases of the heart diarrhea and somiting

B Specific Cravitv •

1 The specific grasitv of imne in 24 hours bes between 1001 and 1030
and vanes accordinc to concentration of solutes in the urine The fieures in

ibe second and third decimal places multllpl”’d by ’ 66 (Longs coefficient) give

loucblv the total solids in the unne m p /L ^ gms ofsohds are the averaee
normal for tbe day

2 The specific gravitv of the unne v^nei with the food water intake and
the activity of the mdisadual
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5 In chronic interstitial nephritis, the specific gravity is lowered

4 The specific gravity is iiitrcascd in the cxulIioq ofi abnormal substances
such as albumin or glucose (e g diabetes mcllitus)

C. Colour

.

1 Normal urine is pale yellow or amber The,colour is roughly propor-
tional to the specific gravity Very dilute urine is colourless

2 Tcrochrome, composed “^if a polypeptide and urotjilin, is the thief pig
ment of urine. Traces of loproporphynn, urobihnogcn and uroerythnn am also
found in urine

3 Reddish urine is due to the ingestion of naturally coloured foods (c g
beetroot, blackberries) In fever, the urine may be dark yellow or brownish
because of concentration In liver disease, the urine may be green brown, or
deep yellow due to bile pigments Blood or hemoglobin develops smoky to red
colour The urine is dark brown due to mcthcmoglobin and liomogcntisic
acid Methylene blue gives the urine a green appearance

4 The urine is transparent A turbidity is dcveloptd m alkaline urine by
precipitation of calcium phosphate hirongly acid urine is pmk due to the
precipitation of unc acid salts

D Odour .

1 Fresh urine is normally aromatic

2 The odour is modified by the ingestion of certain foods or drugs
This is noticed after calm, asparagus . the odour is due to methyl mercaptan

3 The ammoniacal smell ol urine is due to the action of bacteria uti

urea

4 In ketosis, the odour of excreted acetone is detected

E pH !

1 The mixed sample ofnormal urine in 24 hours has a pWG Individual

samples vary from 4 7 to b 0

2 The urine is acid m high protein intake because excess phosphate and

sulfate arc formed in the catabolism of protein Aciditv is also increased in

acidosis and in fever

3 The urine becomes alkaline on standing due to the conversion of Area

to ammonia and loss of CO, (o air It may be alkaline in alkalosis such as

after excessive vomiting and after meals due to H*- secretion in the stomach

(the •‘alkaline tide')

4 The acidity of urine is increased after strenuous muscular exercise

(elimination of lactic acid) by ingestion ofammonium salts of strong acids An
alkaline urine may be pr^uced be ingestion of sufficicm NvHC O, Ammonium
carbonate docs not produce an alkaline urine because ammonia is rapidiv

converted into urea *

Normal constituents of unne

A Urea : Nitrogenous constlloents ;

I Urea IS the mam end product of tilabolism of protem in mifnfml<

J)s excreijon is directly proportional to the protein ml ike It consists of hO-90%

of the total urinary ruirogcn
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2. 7n fe^er, diabetes, or excess adrenocortical aai>ity, urea excretion is

increased due to increased protein catabolism.

3. Decreased urea excretion ts due to decreased urea production In the

last stages of fatal liver disease.

4. In acidosis, there is decreased urea excretion

B. Ammonia : «

1. Ammonia is formed by the kidney from glafamine or amino acids in

acidosis.

Z There is a high ammoma output in the urine in uncontrolled diabetes

mellitus JO which renal function is unimpaired.

C. Creatinine and creattne :

1 Creatine is excreted by children and pregnant uomen and much smaller

amounts in men. The excretion m men is 6% of the total excretion of
creatmioe.

Z Crealmme IS formed from creatine. It is excreted in relatively constant

amounts regardless of diet.

3. The creatinine coefficient is the ratio belneen the amount of creatinine

excreted in 24 hours and the body ueieht to kg. It is usnally 20-'26 mg/kg
/day ta normal men and (4-22 m^kg/day to normal women.

4. Creatinine excretion is decreased in many pathologic conditions..

5. Crtadot excretion is also found in pathologic stales such starvation

hyperthyroidism, impaired carbohydrate metabolism and infections

6. Creatine excretion is dcaeased w hypothyroidism

D. Uric add :

1. It is the end product of the oxidation of purines in the body. It- is

not only formed from dietary nucleoprofcin but also from the breakdotvn of

cellular nucleoproteia in the body.

Z It IS slightly soluble in water and precipitates readily from acid urine

on standing.

3. Uric acid excrelion'is increased in leukemia, severe liver disease and
various stages of gout

4. The concentrated urine cn cooling forms a bnck'red deposit which is

mainly acid urate

5. Pure uric acid is colourless. Deposits of uric acid and urates arc
coloured by absorbed urinary pigments, particularly the red uroerythrin.

6 The speciBcily ofthe analysis for uric acid is Increased by Irealracai

with uncase, the enzyme {from hog Kidney) which converts unc acid to
allantoin.

E. Amiao acids : 9

1. About 150—200 mg of amino acid nitrogen are excreted in the unne
of adults m 24 hours.

2. The infant at birth excretes about 3 mg amino acid nitrogen per pound
of body weight and uplo the age of 6 months the value reaches to I mg/pouod
which IS maioiained throughout childhood. Premature infants excrete W times
ammo acid oitrogea than that of fuU'lerm infant
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3 The low excretion of ammo acid nitrogen js due to its high renal
threshold value

4 Increased amounts of ammo acids are excreted in liver disease and in
ceuln tyjJes of poisoning

5 In CyStmuna 4 amino acids—argimne, cystine, lysine and ornithine are
eitcreted in urine

F Allantoid :

1 It IS the partial oxidative product of uric acid Small quantities of
allantom are excreted m human urine

2 In other subprimate mammals, altantoin the principal end prodiict of
purine metabolism which is excreted

G Sulphates t

The urine sulphur is derived from sulphur containing aidino acids such as
methionine and cystine and therefore, its output vanes with protein intake

The urine sulphur exists m 3 forms

I luorgaDlc (sulfate) sulfur t

1 This IS the completely oxidized sulfur precipitated from Urine

2 It is proportionate tu the ingested protein with a ratio of 5 1 between
urine nitrogen and inorganic sulfate

It Ethereal sulfur (conjugated sulfates) t

1 It is about 10% of the total excreted sulfur This includes the organic

cumbinatioa of sulfur excreted m the urmc

2 It consists of the sulphuric esters of certain phenols

3 It forms no precipitate on addition of acidihed OaC)| Some of the

phenols are derived from putrefactioa of protein m the large miestme

4 Clinically, the ethereal sulfate is that of indoxyl mdican which is

formed from bacterial decomposition of tryptophan lo the large intestine;

5 Nomt*ally, 5 20 mg of indican are excreted and the amount increases

in constipation In cholera, typhus gangrene of lung sufEcient mdican is

excreted Indoxyl liberated from mdican is oxidized to mdigo blue on exposure

toaw

III Neutral sulfur

:

1 These are unoxidizcd sulfur aod contained m cystme, taurme, Ihiocy*

anate or sulhdes

2 They do not vary with the diet

3 They are mainly the products ofcmlogenous metabolism

Other organic compounds .

H Chlorides . « These are excreted as NaCI and output vanes with intake

1 Fhospl^les

1 The urmc phosphates consist of sodium and potassium phosphate as

well as calcium and magnesium phosphate

2 The greater part of the excreted phosphates is derived from ingested

food v.bich contains ^ganic phosphates, c g nuclcoprotcm, phosphoprotemand
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phosphates alsodEmcd^ftonl’cenu^r breWolvn”"''’''"'^
absorbed Some

as calsium oS'crjItah* '* (’O “SWay) and found

bles containing high°oja°It
“ '"dcstion of fruits and vcgcta-

diseie
of aealatcare cscrctsd in urine in inherited metabolic

aeidtnd’?a'r.'iroSE;?“odl“5“r„r^^^^^^^
K. Minerals :

*

and aiagSmm^r°“pre°sL‘t’'m?brunne'^'' Potassium, calcuSn-

ira“BKleJ°lf'^lf^r°"''“

by^"h7L»LTadrfa“a^c“^^^^^^^^^

m .hi orStov absorbed and their presence
states, particularly those involsmg bone meteboS Pa^fto'oS'O
L. Liiz>mcs ,

amyIase,^?pTn,°/rypfraSa hpL'*''
'° including pancreatic

2
Thepancreaticamylaseexcretionisinereasedin

pancreatic diseaseHormones and Yitaminst •
ui«.ise^L Hormones and Yitamms ;

I CerldiQ hormones (sex hormones! and v,f,
ur*«« ^ ° vitamms (eg B, and C) arc found

*1 Tl.- ....2 The vitaimio needs arc assessed hv ct.. i i

doses The pregnancy test is also perform^ fafe a«er test

Abnormal constituents of th^ iinnA .
^ hormonesAbnormal constituents of ifae urine :

do^i'lX)
“7!' “"°°'"“""^“°™arrnaiirato'5P'5'"“ “f albumin and

bemoglobin mucus, Ptolcosc, Bcncc Jonc^ p“S'? serum globS^!
I Physiologic proteinuria • In .h

^

present in urine sshicb occurs after sc” ere
‘>130 0 5% protein »

0 B ,1^
orptesnancy. thc.c k proSria

“ ° “ P"“““
“ Pflthologic proteinuria • PmfAm

In nephrotic syndrome, a markrf prell™™ P'™eruIonephn.is
Jiie proteinuria increases
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With the increasing seventy of the renal lesion Proteinuria also results in

poisoning of the renal tubules by heavy metals like mercury, arsenic or bismulth,

3 Hemoglobin is also present as a result of hematuria due to hemorrhage
from tlic kidneys or unnary tract, clotting may occurdueto sufficient fibrinogen
on passing of much blood

4 ^Mucus IS the term for an unidentihed protein precipitated by acetic acid

m the cold It is a mucin The mucus ts incrotsed in infection of the bladder.

5 Proteose may be found which is of little clinical siguificance

6 Bence Jones proteins found in the urine are the peculiar proteins which
arc light chain fracmenis of globulins Most commonly they occur m multiple

myeloma and rarely in leukemia They are precipitated when the urine warmed
to S0>60 C and redissolved almost completely at IGO’C and precipited again
on cooling

U Glucose . ^
I Nwmal individwK excrete not more than 19 mg (of sugar per day which is

difficult to detecrEy simple test It is said to be g/ycosur/a when more than this

quantity is found m urine

\ 2 ThcrearedifTereot causes of glycosuiia. Transieol glycosuria is observed

after emotional stress such as exciting athletic contest 15% of cases of glycosuria

are not due to diabetes glycosuria suggesting diabetes must be confirmed by blood

glucose studies to eliminate the probability ofrenal glycosuria

3 The presence of glucose must be tested by Benedict’s test But to case of

pregnant women andlactating mother, the Osazone test must be performed for

urine glucose to eliminate the lactose present in urine

C Other sugars :

1 Fructosuria Fructosuria ts due to the disturbance in fructose metaboli*

sm but not other carbohydrates

2 Galactosuria and lactosurta These may occur occasionally in infents

pregnant women andlactating mother Glactosuna may occur m inherited dis*

eases due to the noncooversion of galactose to glucose

3 Pentosuria This may occur traosienlly after intake of food containing

large quantities of pentoses, such as grapes, cherries and plums It may take

place in inherited diseases in which pentoses arc not metabolized

To detect these other sugais in urine it is wise to perform osazonetest

D Ketune bodies

1 Only 3—15 mg of ketone bodies are excreted in urine normally in

24 hours

2 Increased amount of ketone bodies arc excreted in urine in starvation,

diabetes mcllitus pregnancy ether anesthesia and some types of alkalosis

3 Excess fat metabolism mav induce a ketoouria m m iny animals,

4 Increased amount of ammonia is excreted in acidosis accompanying

ketosis

L Bilirubin and Bile salts :

I Bilirubin is found in the unne m cases of* obstructive or hepatic

^'^^'’ji'^Bihrubinuna is accompanied by the excretion of bile salts
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3 Bite salts may be excreted in unos without bde pigment m certain stage;

tn liver disease

4 In excessive h-taolysis traces of bilmibin Without bile salts are txcreled

m unne

F Blood

1

In the lesion of the kidney or urinary tract blood is excreted in the

urine in addition to its presence in nephnus

2. Free hemoglobin is also found in unne after quick hemol> sis, c-g in

black water feier (acomplicahon of malaria) or after severe burns

G UrobilmogcD

1 In excessive hefnoI>sis. eg hemolytic jaundice or pernicious anemia,

part of ibe bile pigment formed by breakdown of hemoglobin is excreted la

unne as urobilmogcn

2 Urobihn in formed from colour’ess urobilmo^fn w'l-n the* unne is

exposed lo air This givxa the Unne an onince colour

3 In liver disease or temporanly in constipstjon, h'-ge amounts of
urobihn are found m urine

H PorphjTitts

I Copropbynns excreted in unne normal/ are 60—iSO j^g/Jay

^ Coproporphynos are excreted nore m certain liver dtseates

^ The increased amount of coproporphyrms n th* unne is a characteristic

oftheunne of patients sunenng from porphyna

MECHANISM OF ACno\ OF DIURETICS

1 Diuretics, the drugs, cnbacce losses of water ard salt via the unne
through mieifercDcc wnh normal reabsorplivc m“cbanisms

2 Ostrolic diuretics are nonreab^orbable substances which increase tubular

osmolality The osraouc substarces which limit ibe amount ofwater Osmotic
diuresis i; responsible for the senoLs dehydration which accompanies diabetic

ketoacidosis

3 Diamox is the inhibitor o'" catbouiv aohydrtse It blocks both HCO7
reabsorpuon la tbe proximal tubule and regeneration m the distal tubule.

4 Thiazide diuretics furosemide.ethacrynic acid and irercnnals all inhibit

chloride reabsorption in the ascendmghmb

RENAL FUNCTION TESTTS

O'arancc is measured *0 assess quaoutamcJy in* rate of exCTeUon 01 a
given substance bv the kidney This is a volume of blood or plasma which
contains the amount of the «ubvtaiicc which is excreted m tbe urine in one
minute ^

A Tnohn clearance

1 Inulm is a polysarchande which is filtered at the glomerulus but not

secreted or reabaoibed bv ihc tubule Thcserorc U is a measure of glomrular
filtration rale Manmtot can also be used Ibr the same perposc

2 These clearances Sary with the body size The clearance is calculated

cn the basts of mk/l 73 m’
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To measure miHin clearance il is wise lo maintain a constant plasma
level of the test substance during the period of urme collections The clearance
IS measured according to the following fonnula :

Where, Cm=* Clearance ofinutin (ml/mm)

Us=Unnaryinulin (mg/IOO ml

)

V=VoIumc of unn«.(ml/min

)

P=Pldsnia inulin (mg/IOO ml )

B Endogenous crcatmlfle clearance :

1 Creatinine is filtered at the glomerulus but not secreted or reabsorbed
by the tubule Its clearance is measured to get* the GFR

2 This method is convenient for the estimation of the OFK because it

does not require the tntrpenous administration of a test substance

3. Normal values lor creatimne clearance are 95— 105 ml/rain

cT Tbe pheoolsulphonephthaleia (PSP) Test t

1 The dye is almost completely climiitated withm 2 houn

2 If less than 25 per cent of the dye is not excreted in 15 minutes, it is an
indication ofimpairment ofrenal function

D* (^tber functional tester

1 Dilution test (water excretion test)

2 Urine concentration test (spcafic gravity test)

3 Vasopressin (ADH) test

4 Urme acidification test

5 Blood NPN, urea and creatinine

6 Urea clearance test

f. DiiSitioa Xes<t

(a) After cmpi>'mg die bladder of the individual after overnight fast, he is

advised to dnnk 1200 ml waterm 30 minutes

(b) During four hours nfter drinking, the urine is collected at hourly intervals

(c) In normal individuals in cold climates, 1200 ml of unne arc excreted

m four hours

(d) This test is not applicable lo warm climates vince the greater part of the

ingested water is lost in perspiration dunng summer

(c) case of impaired renal function, the amount of water eliminated in

four hours will be less than 1200 ml depending on die degree of impairment and

specific gravity of uir’e is often I 010 or higher m conditions ofoligum

2, Urine concentration test (specific gravity test) i

(a) Tlic bladder is empued on the day of the test at 7 a m and the unne is

discarded
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(b) The urine is coUectwl at 8 aon and the speafic gravity « tncasurctL

If the $p gr IS 1 022, the test jnay be rejected

If the sp gr vs belov* 1 022, another unnc specnnen should be collected

at 9 a m and the sp gr is detcrmm^
(d) In ca«e, the urine does not have a sp gr of 1 022, it is sure that the renal

conceQjrating povv-er is impaired either due to tubular defects or decreased *ecre

lion of ADH (diabetes insipidus) If the unnc ^•olumc « large and the sp gr «
below I 022, the ADH test must be earned out

3. Vasopressin (ADH) test •

(a) The indnadua] IS not allowed any food or water after 6 pjs onthem^t
before the test Vasopressin (5 units) is injected intramuscularly at 7 p m. in the

night

(b) The unnc is collected at 7 a.ni and 8 a.m- and the sp gr u determined.
If the sp gr IS 1 022, it is qiute confident that the individual suffers from
insipidus and ADH injection is eficctmg in controlling it

Unae acidification test r

(a) This test should not be done on individuals who have aadosis or poor
Intr function

(b) Iso dietary or other restnctions arc involved in carry-mg out this test.

The bladder is emptied at 8 a.m ‘ntereaTter, hourly speconens of unnc a*e
collected until 6pm At 10 ajs , ammonium ^onde in a dose of 0 1 gram/kg
body weight is given A portion of eadi specimen is transferred to simpered

bottles and <ent immediately to the bboratory for detominatioa

(e) In normal individuals, all unne specunens collected after 2 hours from

the time of administration of ammonium chlonde should have a between

4 6 and 5 0 but in patients with renal tubular acidosis, the P^ does not fill below
53

5. Blood ttozwprotexn xdtrogeni

(a) In acute nephnus, the NPN values arc increased and range from a
slight increase (NPN—i5 mg , urea N—25 mg , creatinine—2 tag per 100 ml ) to

very high values (NPN—200 mg , urea N—160 mg , creabnine—^25 mg per
Wnil')

(b) NPN increase and retenuon arc due to impaired renal funcuon and
ctccssivc protein catabolism

CONGENITAL TUBULAR FUNCTTON DEFECTS

1 Diabctec uunpvdu
(a) This disease u developed due to the non production ofADH The indi

vidu^ passes large volume of unnc (5-20 litres in 24 hours) The individual
has to dnhk large amount ofwater to make up the loss

^
(b) The reabsorption of water m the distal tubules docs not take place in

the abseicc ofADH
2. Vitamin D resutant rickets

(a) The mbubr reabsorption of phosphate docs not take plac* under this

condition
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(b) Excessive loss of phosphate »n urine leads to the development of a type
of rickets which does nof respond to usual doses ofviUmm D ^
3. Renal glycosuriat

* In this condition, the tubular reabsorpnon of glucose IS affected Although
the blood sugar is withm normal level but plucose is excreted m urme due to
defective reabsorption by the tubules

4« Idiopathic hypercaldnnnas

Calcium IS not reabsorbed by the renal tubules in this condition Hence, large
amounts of calcium arc excreted in the unne Renal calculi may be developed
owing to the presence of large amounts of calcium m unne

5. Salt losing nephritis I

(a) Large amounts of sodium and chlondc ions are excreted m unne in this
condition due to the defect in the tubular rcabsorption of these ions resulting
in severe dehydration, hyponatremia and hypochloremia.

(b) Blood urea is increased due to the reduced glomerular filtration rate

(c) This condition docs not respond to aldosterone administration but
I esponos to parenteral administration of sodium chloride solution

6 Renal tubular addosis :

(a) In this condition, the urine becomes alkaline or neutral due to the defect

m the s^odium and hydrogen ion exchange mechanism in the distal tubules There
IS loss of sodium in the unne

(b) The acidosis is accompanied by excessive mobihzation and urinary

excretion of calcium and potassium

(c) These abnormalities lead to clinical manifestation of dehydration, hypo*
kalcmia, defectit'c minerahsation of bones and nephrocaJcinosis

7 Fancons Syndrome t

(a) A number of defects in tububr rcabsorption exist m this condition The
defects are renal ammo acid in renal glycosuna, hyperphosphatuna, metabolic
aaduna, with increased urmary excretion of Na, Ca and K

(b) In some individuals, cystonosis prevails due to the abnormality ofcysune
metaboUsm in whicli cystine cr>stals are deposited in macrophages m the liver,

ludney, spleen, bone marrow, lymph nodes and cornea

0. Bartnup Syndrome (Hard Syndrome) t

(a) In tilts condition, a number of ammo acids are not reabsorbed owing to

the defect in tubular rcabsorption mechanism

(b) Disturbances in tryptophan metabolism is suggested by the presence of

increased amounts of tryptophan, mdican and mdole acetic acid in unne

(c) The clinical symptoms are of luaan deficiencj—a pclL-igra like skin

lesions and mental deficiency

9. Nephrogenic dlahetet insipidus (svater-loslog nephritis) i

This condition i$ due to congenital defect m water rcabsorprion m the distal

tubules and may therefore resemble true diabetes msipidus
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UREMU

The renal failure develops the clinical condition uremia This condition

occurs both m chronic renal failure and acute failure The concentration ofurta

and other NPN constituents in plasma are increased depending on the seventy of

this condition

In chronic renal disease, excretion of acid (hydrogen ton) and also of phos

phate ion is impaired This results in the siead> development of acidosis in

uremia

In acute renal (ailure, the unne output is very low (300 ml or less m 24

hours) This leads to a sipadv incrcisc in urea and NPN constituents and clectro-

lytrs (K'*’ and Na"*") m plasm'v There rapid devMopment of aadosis too

The important findings of sevcVe chronic uremia or acute uremia are

1 High concentration of urea and other NPN constituents

2 Higlt scrum pomsmin concentration

3 %Vater retention leading to generalised edema

4 AcidosLS

Uremic coma occurs in senous cases

1. Urea and NPN • The concentration of urea and other NPN constituent*

of Wood are verv rmich increased Ii e 10 tttnev the normal level' tn were renal

failure

2. Pota«siux» t The potassium ton tea el may bt»l»ghil> increased in chrome
uremia But in acute uremia, the concentration in scrum is v-ery much increased
iMiassium IS released from the cells due to the breakdown of cellular protesns
This released potassium passes inta the blood and interstitial fluid 4Vh«n the
concentration of potassium ion increases to 8 m Eq/liirc, it cxcru a cardiotoauc
cfle« resulting m the dilation of the heart and when potassium ion concentration
.caches to 12 to 15 m Eq/liire, the heart is likely to be stopped This happens m
revere uremia

^
3. Water retentloo and edema: If the uremic patient druiks water and

consumes other fluids, the water is retamed in the body If salt is not consumed,
water rctenuon increases in both the intracellular and extracellular compartments
causing edema in both the compartments Ifsaltu consumed along with waterand
food, water is retained in the extracellular fluid resulting m extracellular edema

4. Addosis: The metabolicprocesscs in the body produce daily 50 to 100 m
mol of more metabobe acid than alkali This extra metabobc acid is excreted
mainly through the kidneys Acidosis develops rapidly m acute uremia The
patient faces ‘Coma’ due to severe acidosis

THE ARTIHCIAL KIDNEY

Dunng recent years, the artificial kidney has been developed to such an
extent that several thousand patients wnth pcrmaneni renal insufficiency or even
total kidney removal are being maintained in health for years

The artificial kidney passes blood through very minute channels bounded
by tljin membranes There is a dialyziog fluid on the other side of the membrane
into which unw’anted substances present in the blood pass by diffusion The blood
is pumped continuallv between two thin sheets of cellophane, the dialyzing fluid

IS on the outside of the sheets The cellophane is porous enough to allow all consii*

tuents of the plasma except the plasma proteins to diffiisc freely m both direc-

tions—from plasma mio the dialyzing fluid and from the dialvzing fluid into the

plasma
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Fig 35.2. Qifikal&ed Philological discortwaces ofmil fonetx».
RFF a Reaal Fbsna FhTtr.OFR ^CIoDienifarSItTatioenta.

ADH « Aadfioredc Hormone
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The ratp of flow ofWood through the artificial kidney is snrral hundred mL
per minute. Heparin is infused into the blood as it enters the kidney to pre\*cni

dotting of Wood. To pres*ent Weeding as a rfsuU of heparin, an anti-heparin

substance, such as protamine, is infused into the blood as it is returned to the

patient

The dialyxisg fluid: Sodium, potassium and chloride concentrations in

the ^alyzing fluid and in normal plasma arc identical; but in uremic plasma,

the potassium and chloride concentradons arc considerably grwtcr. These tuo

ions diffuse through the dialyaing membrane so rapidly that their concentrauom

fall to eqtial those in the dialyzing fluid uithin three to four hours, exposure to the

dialyzing fluid. On the other hand, there is no phosphate, urea, urate or creati*

nine in the dial>*zmg fluid. VNiicn the uremic patient is dial>Ted, these substances

arc lost in large qu.*intities into the dialyzing fluid, thereby remowng major pro-

portions of them from the pbsma Thus, the constituents of the dialyrin^ fluid

arc such that those substances in excess in the extracellular fltnd in uremia can

be removed at rapid rates, while the essential electrolytes remain quite normal.

XJtSiity of mrtificaal kidney: The artificial kidney's can clear 100 to 200 ml.

ofblood urea per minute v.hicb signifies that it can function about twice as rapidly

as two normal kidneys together whose urea clearance is only 70 ml. per minute.

However, the artificial kidney can be used for not more than 12 hours once in

three to fbtir da%*s because of danger from excess heparin and infection to the

subiect

HORMONES OF THE KIDNEY

1. Not only the kidney performs excretory funclioos but it acts as an
endocrine organ. It hbcrates many hormones which affect other organs SQd
tissues and some hormones which locally act within the kidney itself It also
destroys several hormones which are liberated from other endocrine organs.

2. The juxtaglomerular cells of the renal cortex produce the proteolytic
enzyme rfnnm and secrete U mto the blood. Rennin acts on oj-globulm which is

normally present in blood plasma although it is produced in the liver. Rennin
splits off a polypeptide fragment called angiotensin I which is a decapeptide
containing Ifi ammo acids. Another enzyme of the lung acts on angiotensin I

to split off 2 ammo acida and thus form the octapeptide angiotensin if.

Angiotensin increases the force of the heartbeat and constricts the arterioles.

It raisesWood pressure and causes contraction ol smooth muscle. It Is destroyed
by the enzyme angiotcnsinases present in oornial kidneys,^ plasma and other
tissues. Re^nt "studies suggest that rnunh angiotensin system is important
m the mamtenance of normal blood pressure.

3 Prostaglandins are the Wher hormones of the kidney. They cause
relaxation of smooth muscles. Tnev cause vasodilatation and a decrease in
blood pressure. They also increase renal blood flow. Kmmosen which is
produced by the kidney has an antihypertenstve effect.

4 The two hormones erythropoietin and crythrogenin have an effect on
bone marrow to stimulate production of red cells. Kidney plays an important
role m the relcaseof erythropoietin and thus m control of red cell production.
Hypoxia stimulates produclon of erythropoietin.

URINARY DLPOSItS

The commonest deposits are phosphates, oxalates .ind urates are frequently

seen in normal urine.
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Phosphates :

1 They are usually found in alkaline urines Thecoirfmonest ts ammonlurd
magnesium phosphate which forms a characteristic crystal

2 A less coramoQ form is caicium hydrogen phosphate which forms long
prisms

3 Amorphous calcium and magnesium phosphates may be deposited from
alkaline urines

The deposition of phosphates is due to a change m after the unne has
been passed

Calcium oxalate : This is found in acid urine bul may be found in alkaline

urine The crystals arc of two types—octahedra, dumb bells Calcium oxalat^
IS insoluble in acetic acid

Urates :

1 They are usually found m acid urines

2 Unc acid separates into dilfcrcnf forms including prisms, barrels,

hexagons and needles which are always pigmented

3 Urates are redissolvcd on warming the urine

4 The cause of deposition of urates is the cooling of urmc after it has
been passed.

FLCES
Amount t

1 The quantity of feces vanes from day to day and with the diet

2 Vegetable food increases the bulk of feces but meal diet which is largely

absorbed diminishes the bulk

3 An adult taking a mixed diet passes from 60 to 2S0 g of moist feces

conlaming 25-45 g of solids per day

4 The young children release high bulk

ComposKian

:

1 Normal adult feces have a water content of 65 80%
2 One third of the dry matter of feces is represented by bacteria The

rest are the remainmgs of intestinal secretions, substances excreted by the large

intestine (c g Ca, Te) and small amounts of food residues Tlic food residues

are cellulose, fruit skms and seeds

3. The only substances m fcccs arc fat, nitrogen and mineral elements

Dry fcccs contain the following .

Nitrogen 5-10%
Fat 10-20%
Ash 10-20%

Colour :

' I. The normal colour of feces is brown which is due to stcrcobitin
(urobilin)

2 Milk, cereals and chlorophyll-free vegetables give lighter, and meat,
coffee, cocoa, black berries etc darker stools.
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3 Grenuh dc- to erccKiw «ffiSii35pt«?n of gr-ta reg-tablss

4 Thr cobar of th; fees of c'Trt> bon m&ats is dark or fcUciab-giesa

dnc to biHvsTdsi and porphynn

5 The stools of yoaag infarts on 2 milk diet is jeDow dee to HHni''aj

becaase of Dtr*drr*'opTmt ofintestaal bactenal Eorz.

6 The preseanof blood n tbs stool £ivestli»fsces a red cobar Excesrre

bmolysi* inll giie adark-bro^n fees

7 Iren or bisTTSth gsses a blad. stooL

Oioar

:

1 Th* ntrmal odour is doe to mdok ard sialob.

2 'fercaptansand H^S nav prodoee odoir

3 A meal drt prodcces a rro'e inl*"te odour than a vej^abb one and
aiaOkdj-t least of all

pa

1 Feces are normallj sG^lb alka! n* pS 7-0

—

1 5

2. Thri Eia> be slight!) asd with a Iirg*- p-oportioa cf caxboiydrais
orfaL

Ftf

I Th» total fat of feasts di>iw-dr»to two (a) Spht fat (fan) acids), (b)

Unspbt fat (n^irraS fats phcsphotpids, sterols pigasaisX

2. The amount cf far ts isd-p-ndect ofthe diet. Tb* spirt fat dcaai&es
m ameurtt on low fat dins

* 3 In diseases, fea! fat is mc'eased wheo digestion cr absorpaoa o'" fat u
ia}»,icd

Nitros-B •

1 Fecal nitjo’*^ IS >0^ fitiJ* afeceed b ih- araosTiof p-ote:a insested
if th- p'oiein IS well nusticat-d and wm ass,mil2,ad

2 Aaadalton a nixed dm osnsU. cicrct's about Ig- of fecal a.tn>fta
dav

3 In diseases, fecal nit'OF'U u mneasad In failur- ofdig-stion or
absorpticn of p-ol'^n.

Slits

1 ?foi*t f-cts cfnta,a about 2 3*, of sal's. Mevs; abundant are ca’emn
and phosphate.

2. Snail anoupts cf ir^pnesifn. ron «0(iun. potamun. c*'bndea=d
rjTp^aj-are a!'opr*seat in Th“ pnjpcr on of csJaLn is bibber on a
r’lll- d »t and that of r-a'nesun on a c**at dm.

/

SWEAT
I Si^eat IS a nore dljfe Poid and isaleays h'po onic, *

2. Tb- ps is about 4.5 Bal if the s\ia is wa*hn3 and dnsd si»est
secret is shpilly alkaline (p« 7Xh^^ 4),



3 It contains most of the diffusible constituVt!R*oTpiasTna The most
ibundant constituent is NaCf

4 The lactic acid content is more than normally found in blood

Exercise

1 Discuss the norma! comtituents of onne (B U 76A>

2 Discuss the abnormal constituents of unne (R. U 71S)

3 Exphin fully the compositioQ of tirmc (P ^

4 Write notes on

(a) Hormones of the kidney (Pun U 67A)

lb) Renal function test (Mith U T2A)

(c) Feces (Bhag U 74S)'

F.4Q
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LIVER FUNCnoy TESTS

Vanous nnportaat metabolic firndJonsarC earned oat b} Inrer Tlicseiaciade

the following

1 Dest^aiogofredblood editand fossatioaandeteretioa oTbtle pigmeata.

2 Secretion of btle-

3 S)'n^esi5 efplasma proteins, fibrinogen and prothrosibin.

4 Detoxif^mg fimctions

o Carbohydrate metabolism.

6 Fat metabolism
7 Protein metabolism.

8 Storage ofgljTogen, ntamms and iron

9 Removal or cictetion ofdrugs, hormones and other substances.

The tmdermentioDcd tests are required to be done for assessing the fuacuaca
ofLver

L Testa for Inle pigment mrCab^ism in jamsdice.
(i) Serum bvUrubm esmaaoon and Van den Eerj^ reaction.

(u) Biochemical tests forjaoodtcr
(mi Ictenclndea.
(st) Unoe bHirubia.
(v) Unne and fecal stercobiimogea and urobOinogen.
(vi) Coagemtal hyperblSnihipexiaa.

2. Tests for carhohydtnte metoboliam.
(i) Galactose ti^erance test.

(u) Fructose tolerance test

3 Tests far plasma protein coneeatrstion*
(i) Plas^ albosiin, globuba and fibrinoges coocentrazitEi.

(u) Flocculation tests

(ui) Ammo aods m blood and urine

4< Tests far lipid metabohxm,
(iV Senim total, &ee and.ester cholcsteibL

(u) Fecal iat.

5. Tests for—detoxifyis^ fonetiens—excretioB offoreign snbstSBces.
Hippunc acid sj's&esis.

6. Tests far ezccetian offoreign substances.

Rr^^^m<^l1pt^t^atl>1n tCSt.

7. Tests for blood ooagulatioB.
Frodirombm mac doomnation.

8. Tests for serum exxxymes derived from liver.

ADaCife phosphatase, transasu.'tascs, uoatrate ddmir^ciases, pseado-
choline estexase and 5-midcotidase.

9 Tests far cosver»on of aslzaaBia to nrem.
Blood Sr'iT'trtn^a t^Mri inma tinp

10. Peterminsfion ofglutamine in cerehrDsptnal

€25
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BILE PIGMENT METABOUSM IN I^EALTH AND IN JAUNDICE

When the red blood celb have lived out ihcir hfe span (averaging 120 days)
thcir cell membranes rupture and the released hemoglobin is plwgocytiz^ by
the reticuloendothelial cells throughout the body The hemoglobin is first split

to heme and globm, and the heme ring is op^ed to give a straight cham of four
pyrrole nuclei from which bile pigments fonoed The first pigment formed is

hltcerdm which is rapidly reduced to free it/imim This free bilirubin inune*
dutely combines very strongly vnth the plasma albumm and is transport«i
throughout the blood and interstitial fluids Even when bound with the plasma
protem, this bilirubm is still called *'free bthiuhm'* 80 per cent of the free bihrubm
then conjugates m the liver with glucuronic acid to form bttinibm glucunmde,

10 per cent conjugates with sulphate to form bthruhn tulphaie and the rest lO per
cent conju^tes with a multiple of other substances This conjugated biUrubm
IS excreted by an active transport process into tlm bile canahculi A small portion
ofthe conjugated bilirubin formed fay the hcpatic-cells returns to he plasma cither

directly or indirectly by absorption Therefore, a small portion of the conjugated
bihrubm is always available m the extracellular fluid

Bilirubm is then converted by bacterial action into mesobtUrubin which is

reduced to rusobtUmbtfiogen in the intestine This compound is further reduced
to xkreohtUnoffn^tlnbtlttuigm) which is highly soluble Some of the urobilioogcn

11 reabsorbed through the intestinal mucosa into the blood Most of this is re»

CDcteted by the liver back into the gut, but about 5 per cent of it is excreted bv
die ktdneys mto the tmne After eiqiosure to air m the unne, the urobilmogen
becomes oxidised to tenhltti. The stercobilmogen ut the fece^becumes oxidised

to isttre^ilin This eiqilanation is represented by the /igore 36 I

Ti; y I Bilirubin fomaiion imd excretion
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JAUNDICE
“jRundce” means a yellowish tint to the body tissues, ineJudmg yeIlownes<

ofthe skm and also ofthe deep tissues The usual cause ofjaundice is the increased

bilirubin content m the extracellular fluids, cither free or conjugated bilirubin

The normal plasma concentration of bilirubin (both free and conjugated forms)
averages 0 5 mg per 100 ml of plasma But m certam abnormal conditions this

can rise to as high as 40 mg per 100 ml The skin becomes yellow ^vhcn the con-

centration rises to about three times the normal

CaoMS*
1 Increased destruction of red blood cells with rapid release of bilirubtn

into the blood

2 Excessive production of bitinibm bc>-ond the capacity of normal liver

to excrete it

3 Dj’sfunction of liver cells resulting in failure to consert bilirubin into

bihrubm glucuromde form in the hver and excrete it m the bile

4 Obstruction of the bile ducts to make usual flow of the bile to the duode-
num

OaisificatioB*

RoUeston and McNee classifiedjaundi« as follows

1

Hemolyticjaundice 2 Obstructive Jaundice 3 Hepatic Jaundice
Rich classifiedjaundice ai follows

1 Retention jaundice (overproduction of unconjugated bibrubm)
2 Regurgitation jaundice (due to necrosis of hver cells and obstruction of

bile ducts)

A Hemolytic jaoodice*

1 The excretory function of the liver is not at all impaired

2 The red blood cells are hcmolyzcd rapidly by hemolytic anemias by the
action of some drugs, by malarial or viral infections, and by incompatible blood
transfusion The hepatic cells simply cannot excrete the bihrubm as rapidly as
It IS formed Therefore, the plasma concentration of free bihrubm rises mark^y

3 The rate of formation of urobilmogen in the intestine is greatly increase
and much ol^ms IS absoroed mto VneVttK^ ani\axcr exerCt^ m fee unne 'The
colour of the feces becomes dark brown

B Obstructive Jaundice*

1 'Ibis happens due to the obstruction in the bile duct preventmg the flow

of bile into the intestine The obstruction is caused by the blockmg of the bile

passage by gallstone, by enlarged glands due to tumour of the head of the pan-
creas, and by stricture or narrowing of the bile duct as a result of surgery.

2 The rate of-bilirubin formation IS normal, but the bihrubm cannot pass

from the blood into the intestine The free bihrubm then enters the bver cells and
become conjugated m the usual way

3 The conjugated bilirubm is then returned to the blood probably by rupture

of the congeted bile canaliculi and direct emptying of the bile into the lymph
leaving the hver

4 The excess bilirubin is excreted in the urine producing a deep yellow or

brownish colour The stools become clay coloured and bulky contammg excessive

emoiint of fat The serum ilkalinc phosphatase concentration is usually hi^
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C Hepatic jaandice (Toxic and infective jaundice) i

Hepatic jaundice is caused by mfecticm, toxins and liver poisons Infection
withvirus IS the most common cause The infective organisms cause damage to the
liver parenchymal cells

2 Tlie conjugation of bilirubm in the liver is thereby affected Hence, both
free and conjugated bilirubm concentration is mcreased m the serum

3 The urine becomes highly coloured due to the presence of conjugated
bilirubm and urobilinogen

(i) Van den Berg reaction to diSerentiate between hemolytic; and oba-
tmetive jaundice diagnostically t

If a freshly prepared diazotiscd sutphanilic acid reagent is added to serum,
clmjugated bilirubin gives a reddish violet colour within a minute knovm as the
^’direct Ven den B*rg reaction

The free bilirubm (unconjugalcd bihnibm) of the scrum docs not develop
any colour withm one minute but the colour is formed if alcohol is added to the
mixture Alcohol precipitates the protem and makes free the free bihrubw firom

Its protein complex so that it can then combine with the Ven den Berg reagent
This result is called the "tfidtud

' Ven den Berg reaction

Thercibre, m hemolyt/c jaundice an mdtrect Ven den Berg re-iction occurs
(increased free bilirubm^ and m obstructive jaimdice a direct Ven den Berg reac-
tion takes pUoc (increase conjugated bilirubm)

If a (amt pink colour is formed aher one mmute and deepenmg of the colour
results m 2 or 3 mmutes m some cases, that indicates clearly that both coiuugatcd
and free bilirubm are present in the serum This reaction is uid to be
reaction

In the total obstruction of bile flow, no bihrubin can reach the intcstmcs

to be converted into urobilinogen by bacteria Therefore, urobilmogen is not
reabsorbed into the blood and is not excreted by the kidneys mto the urine So
in total obstructive jaundice, tests for urobilinogen in the tinnc are completely

negative The stool becomes clay coloured for lack ofuUrnbiUn, but not free

bilirubin Therefore, in severe obstructiveJaundice, large quantibes ofconjugated

bilirubm appear m the unne This can be known by shaking the urine and
observing the foam, which becomes intense yellow In colour

(ii) BiodMmical teats for jsundlcei The biochemical tests are the following

1 Serum bilirubm concentration and nature ofVen den Berg reaction

2 Scrum alkaline phosph^e acuvity and SGPT activity

3 Unne test for urobilinogen and bdirobm

4 Thymol flocculation test and colloidal gold test

5 Feces colour
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The biochexiucal findings m three types ofjaundice are given m table 3^ 2

Serial

ho
Tests Hemolytic Obsinictive Hepatic

1 Scrum bijirubm

1

1

2 to 3 mg/lOO ml
(frtebilmibm) '

Upto 50 mg/100 ml

(conjugated bilt

nibm)

Upto 20 ng /lOO ml

(both types of b li-

rubm )

2
^

Ven den berg rcacUoo Indirect
,

Direct
1

Biphssic

3 Test for bi le pigments
1

iQunae
j

1

Urobilinogen (Sch

lesmger s test post

Uve)

Conjugated biluu

bio (Fouchet s test

and Cremltn s test

positive)

Urobilinogen and

Conjugated biliru

bin

4 Feet* cotour 1 Dark brown Clay colour
1

Vanes

5 SCPT activity 5 to 30 uniu
(normal)

35 to 100 uzuts

(Katied slightly)

too to 300 umts

' (Raised markedly)

6

1

Serum ajkaltae phos

phitase acuvity

3 to 12 umu
and upto 25 in

chUdren (aormal)

SO to 100KA units

(Raised markedly)

15 to 30 K A. umts

(Raued slightly)

i

7 SensaS*n\Kleou<lase

activity

Negauve Raised toarkedly
,
Raued »l ghtly

8 Thymol flocculauoa

test

Negauve Nqratjve Positive

9 CoUoidalgotd test Hegauve Negative Positive

TazuSS^ Biodiemical chaogn is jauadice

Ictexic \xi&«xi Tne iclenc mdex Aiow’s liie degree oT jaundice by
measuring the intensity of ydJow colour of the serum Serum is diluted with
normal sahne tmtil it matches the colour of I m 10,000 solution of potassium di-

chromate "nie dilution iactor is termed Idem Index

The Icteric Index in normal person is 4 to 6 umts In latent jaundice, it is

3iol4units In dinical jaundice, it is higher than 15 units Carotene present in
serum interferes its determination

(iv) Urine bilimhin* The urobilint^en in urme can be detected by
Schlesijiger’s test The concentration of urobibnogen is more m hemolytic and
hepatic jaundice Fouchet’s and Ginelm*s test are both positive in obstructive
jaundice These tests indicate the pi'escnce of conjugated biluubm m unne m.
obstructivejaimdice

(v) Bile pigments in feces: The quantity of stercobilmogen depends on
the quantity of bilimbm entering mto the mtestme Stercobilmogen wintent of
feces of patients with stone obstruction is nearer the nonnal level (10 to 150 mgf
day m adults) while it is low or absent (0 tt> 5 mg/day) m those with malignant
obstruction
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(vi) CSoQgexuta hyperbilirubinemias

(a) Gilbert’s syndrome: In this condiuon, there is defective intracellular
transport of bilirubin In some cases, there is defective hepatic conversion of
bilirubin to bilirubin diglucuroftide Therefore, the serum free bilinibin/Con-
centration is hi^ ranging from 4 to 6 ng/lOO ml, sometimes it may rise to 12 mg,
The serum shoivs indirect Ven den Berg reaction

(b) Lucey-DriscoU syndrome: This condition appears m new bom m&mts
The serum bilirubm concentration is very high (upto 60 mg/100 ml) This syn-
drome occurs due to the presence ofa substance (probably steroid) which inhibits

the conversion of bilirubm mto bilirubm diglucuronidc in the liver nus inhibitor
disappears one month after the birth of the inlants having this syndrome

(c) Dubin-Johnsoa syndrome* In this condition, there is defective

excretion of conjugated bilirubm by liver cells mto bile Conjugated bilirubm
IS foundm urine Alkalme phosphatase level ofserum is normal

(d) Griglez^Najjar syndrome: This syndrome appears in new bom
iniants The serum bilirubm level rises to 20 mg/100 ml or more withm a few
days after birth This condition is a famtiiil incidence Bilirubm is not converted
to bilirubm diglucuronidc due to the deficiency of the enzyme glucuronyl trans

ferase in tbe liver The bile doeanot contam conjugated bilirubin The serum
bilirubm level comes down to normal level m those mfants who survive

2. Tots for carbohydrate metabolism:

(i) Galactose tolerance test* This test is done m the mormng after over-

night fast Fasting blood sample is taken The individual is then given to ingest

a galactose solution contaming 40 grams ofgalactose m 300 ml of water Blood
18 drawn at half an hour interval for 2 hours Galactose content of the blood

samples are then determmed after removing the glucose by fcnnenting with
yeast

The normal blood galactose level is 0 to 160 mg/IOO ml In infective and
toxic hepatitis, values may go upto 500 mg/lOO ml of blood In Drrhosis of

the liver, values upto 500 mg/lOO ml of blood are also fenmd dependmg on the

seventy of the disease

(ii) Fructose tolerance test: This test is also performed m the morning
after overnight fast The individual is admmistcrcd 50 grams offructose dissolved

m 300 ml ofwater Fasting blood sample is taken Blood is also taken at half an
hour mtcrvals for 2 hours after thictosc mgestion The total blood sugar (glucose

-ffructose) is estimated

In normal subjects, the highest blood sugar level does not exceed the fastmg

level by more than 30 mg/100 ml Blood sugar levels upto 150 mg/100 ml are

found m patients with infective hepatitis This test is less sensitive than the galactose

tolerance test

3«Tests for plasma protein concentration:

Albumm, fibrinogen, and some of the a and ^ globulms are synthesized

m the hver In advanced lis'cr diseases, the albumm content it decreased and
globulm content increased Edema may develop when the plasma albumm level

falls below 2 5 per cent The globulin content may mcreasc upto 5 per cent m
some cases Fibrinogen values m nornial persons range from 0 2 to I 03 per cent

and It mav Cdl to 0 I g in severe hver disorder such as acute hepatic necrosis

(i) Electrophoretic separatioo of pZaama proteinst The percentage

of di/Tercnt proteins determined by paper tiectrophorcsis m normal subjects are

as follows
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Albumin 55*2% I aj^IobuKn 8*7%
Globulin 44-8%

|
^^lobulia 13*4%

Albinnm/GIobulinratio 1*23%
|

y-GIobuSn . 1I'0%
ct-GIobulin 5*3%

j
nfarinogen 6*5%

l^e foUcmong results are obrainrf to li\*er diseases;

Chronic mrecti\'e hepatitis . . y-GIobulin iaaeasetL
Cirrhosis ofthe lis'cr > . . Albumin contest decreased.
Xcertwis of the liver . . Fibrinogen content decreased.

(ii) FloecpTatfoa tests.

(a) Thymol tnrlndity test : The degree of turbidity is measured against

standards containing 10,20,30,40 ...... lOOmgper lOOjnl of protdawhea
serum is mixed wth a buficred solution of thymM. A furbiditj* equal to that

ofthe 10 mg protein standard Is taheo as 1 unit by McLagan.
In normal subjects, the thjnnol tmits range finm 0 to 4 units. In infeeth'e

hepatitis, the values raagc'frotn^ to 20 units. In obstructivejaimdice, only 8per
cent give pcsithe result. The thjmol flocculation test uill be posiiive in all cases in

which the turlndit)* is pasidve.

(b) Serum colloidal gold test: The results obtained in this Kst tn subjects
suffering from liver diseases are similar to those obtained with thymol turbidity

test.

(c) 2Toe sulphate test: This test is posidve in all cases ofinfeedve hepadtii
and cirrhosis. In normal persons, serum y^lobulin content is 2 to 8 tmitj but
the values rise &osa 15 to 80 units in infecthe hepadds and drrimsis.

4. Tests for detwdfying iuactxotuit /
Hjp^urieacid synthesis test: The liver detoxicates bottoic acid by

react^ it with gheine to form luppuric add which is excreted in nrioc. The
liver is able to svetnesise suffidest gl}'ctne to conjugate with bemoic add to form
hipptiric add.

*pte test diould begin at least 3 hours after a light brcailast. The patient
eropdes the bladder and drinlcs sodium benroate in abwt 200 ml of watff.
Urine is collected for a period of 4 hours from the lime of ingestion of
benzene. The amount hippuric add oureted b detennined.

In normal persons, 60 pw cent ofthcbenzoicadd taken should be excreted as
hippuric add. The excreted shovdd be 4*5 grams. Smalla quandties are CTrr^fd
in acute cr chronic liver damag^
5. Test for excretion of foreign substances

Bromsnlphthalein (BSP) test: When bromsulphtbalein dye b injected,
it circulates in the blood in combiiatian with albviinia. Koimal sal^ects after
injcxmon of 5 mg. BSP per kg bodyV'e^i retain less than 10 per cent of the
dye in 30 tninutes,and 7 per cent in 45kpnmtes. At 60 minutes,no dyebretained.
Thb b the most sensitive and depcndaible liver function test. It b particularfy
useful for evaluating suspidous or sli^tl)' positive results obtained by
tests in the absence ofbyperbilimbinCTia.

Ifthe liver functian b impaired, the dye b exacted slowly gnrl npto 50 per
cent of the djv will be retained in the body at the end of45 minutes after injeo-
rion. The testb most useful in the diagnosb ofliver cell damage without
jaundice, in chrmiic hepatitb and in dirhosb ofthe liv^.

6.

Tests for blood copulation.
Prothrombin time tests I^othsumbin (Factor H) and factors VH, IX and

X involved in the cc^gulatioa ofblood arc synthesized in ths Dver in the presence

ofdtaminK. Defidendcs of these can occur for two reasons: 0) in the presence
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of parenchymal cell damage, synthesis is impaired despite adequate supplies of
vitamin K (u) In the absence of bile as m cholestasis and obstructive jatmdice,
the vitarrun K is not absorbed from the intestines and their synthesis js affected

Shortening of prothrombin time after parental vitamin K therapy suggests
cholestasis, while lack ofresponse to vitamin K indicates hver damage

7 Tests for serum enzymes: Certam enzymes are released from liver mto
the blood due to the damage to hver cells TTie levels of SCOT, SGPT, LDH
and isocitrate dehydrogenase are increased Tlie levels of these enzymes are
mcrcascd m viral hepatitis and reach their maximum soon after the onset of
jaundice, and then decrease slowly Very high levels occur in toxic hepatic
necrosis Levels in cirrhosis may be moderately raised but only if the process
IS active Choline esterase levels are decreased m hver cell dysfunction

8 Test for the conversion of ammonia to nrea: The normal range of
blood ammonia js 40 to 75 /ig ammonia nitrogen per 100 ml of blood In
cirrhosis of the hver, blood ammonia may be increased to over 250 jtg^lOO ml
Higi values arc found in hepatic coma

9 Glataraine content of cerebrospinal fluid: The normal range of
glutamine m cerebrospinal fluid is from 6 to 14 mg per 100 ml In cirrhosis

of the hver, higher values ranging from 16 to 31 rng/lOO mlhave been reported
In hepatic coma, stiU higher values ranging from 30 to 54 mg/IOO ml have been
reported

MISCELLANEOUS METABOLIC FUNCTIONS OF THE
UVER

1 Storage of vitamins: The liver has a particular propensity for storing

vitamins Vitamin A is stored m the liver to the greatest cctent but large quan-
tities ofvitamm D and vitamm Bj, are normally stored as well • Sufficient amount
of vrtamm A can be stored to prevent vitamm. A deficiency for one to two years,

sufficient vitarmn D and vitamin B|, can be stored to prevent thcir defiaency

for one to four months *

2 Storage of iron: Iron is stored m (he hver in the form offimtin When
the iron in the circulating body fluids reaches a low level, the fcmtin releases

the iron Therefore, the apofemtm ferrilm system of the liver acts as a blood

iron buffer and also as an iron storage medium
3 Removal or excretion of drugs, hormones and other substances:

The liver excretes into the bile many different drugs including sulfonamides,

penicillm, ampicilhn and trythrom)'cin In the same manner, different hormones

are either chemically altered or excreted including thyroxine and esscniiany

all of the steroid hormones such as estrogens, cortisol, aldosterone and so forth

Finally, one of the major routes for excreting calcium from the blood is into the

bile and then into the fcccs

Excrctsv

1 WnteshortODtesoahver fuDrtsoo tot (MU 682)



CHAPTERS?

MEKfBRANES

Membranes arc viscous solutions v^Kich exist around all Imng cells The>
form closed compartments around the protoplasm of the cell and separate one
cell from another They act as barriers with sclectise permeabilities to matcnals
and thus maintain the difference bctvicen inside and outside Thesclcctist per-
meabilities are regulated by gates and pumps as well as by speafic rccepton Jbr

enzymes, substrata, and hormones
Membranes are mostly composed of lipids and proteins but also contain

carbohydrates Membranes anchorc protein molecules where they carry out
specific function of the organelle, the cell, and the organism

UPIDS

The lipid composition of membranes are phospholipids, glycohpids, and
sterols— cholesterol in mammalian membranes

Fheapbolipidj.

1 The commonest one is phosphoglycerides which consist of gl>cerol, two
fatty acids, and a phosphorylated alcohol The fatty acids contam e\cn nunjbir
carl^n atoms and they are unbranched and can be saturated or unsaturated.

2 The other phospholipids are the sbkm^omjnUns which contain sphingosine
rather than glycerol A fatty acid is attawed to the ammo group of sphinxine.
The primary alcoholic group of sphingosme is estenfied to phosphory^choline

Glycolspiils.

1 The glycohpids are the ccrebrosides and ganghosidcs which are also
derived from sphingosine,

2 A ccrebroside contains a single glucose or galactose, but a ganghoside
contains a branched chain of seven glucose or galactose

Sterols.

1 CSiolesterol, the most common sterol in membranes, exists in the plasma
membranes of mammahan ceils but also found in rmtochondna, golgi complex
and nuclear membranes in less quantity

2 It IS more abundant in the outside of the plasma membrane
3 The major lipids m membranes arc amphipathic ivhich, contains both

h^’drophobic and h^^philic regions If the hydrophobic region w sepamted
from Ae rest of the molecule, it will be insoluble in water but soluble in oU 'Hie
reverse happens m case ofhydrophilic region Detergents are amphipathic mole-
cules which hav e much biocheimcal unportance

PROTEINS

1 The phospholipid of the membrane arc the solvent for the membrane
proteins The functional groups attached to the alpha carbon of twenty ammo
aads involved in the primary stnicturc of protein arc strongly hydrophobic in

6, weakly hydrophobic m a few, and hydophilic in the remainder

2 Tlic alpha helical structure ofprotem minimizes the hydrophilic character

of the peptide bonds Protems are, therefore, amphipathic, different proteins

peribntt diffeitnt functions m membranes
3 The outside location of the carbohydrates attached to membrane protons

provides an. uuide outside asymmetry

€34
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latcgral and Feriphcral Memlirafie Proteins

1 . The membrane proteina are mwtly integral components of the membrane
The integral proteins are usually globular in shape and are araphipathic. They
contiun two hydrophilic ends separated by a hydrophobic region.

^

2. The integral proteins are ^ymmetrii^y distributed across the-mem-
imic bilaycr. If they are dissolved in detergent and the dctei^nt is then slowly
itmoved, the phospholipids and the integral proteins svijl assemble.

•3. Peripheral proteins do not interact directly with the phospholipids in the
bilayer but are weakly bound to the hydrophilic regions of specific integral pro-
teins.

4. TV immunoglobulin molecules on the plasma membranes oflymphocytes
are integral membrane proteins and are released by the shedding of small frag-
ments of the membrane.

5. Many hormnt uctpior moUades are integral proteins and the specific poly-
peptide hormones which bind to-the receptor molc^es are considered peripheral
preteins.

MEMBRANE ASSEMBLY

1. The cia'fznts responsible for the synthesis of phospholipids reside on the
cytoplasmic aspects of the vesicles of cndoplasnuc reticulum. The lipid vesicles

migrate to the golgi apparatus which 5n twn fuses with the plasma membrane.
Bod\ the golgi complex and the cndoplasnuc reticulum vesicles exhibit transverse

asymmetries of both lipid and protein and these asymmetries arc maintain^
during fusion with the plasma membrane. The inside of the vesicle after fusion

becomes the outside or the plasma membrane and the cytoplasmic side of the

vesides remains the cytoplasmic ride of the membrane.
2. The integration of proteins into membrane can be exfilained by two

hypothesis—The signal hypothesis supports that the protein is inserted into th(j

membrane simidtancously with the translation of its mRNA on polyribosomes.

As toe leader sequence oi the protein emerges from the ribosome, it is recognized

by a signal recognition particle (SRP) that blocks furtlicr translation after about

70 amino ad^ have been polymerized—40 buried in the large ribosomal complex

and 30 exposed. The SRP contains 6 proteins and has associated with it a 7sRNA.
3. Int^ral membrane proteins do not completely cross the membrane and

arc prevented by a hydrophilic C-tcrminal anchor region. Secreted proteins

completely traverse the Tatxnbrane \n\ay«r and are dwch^ed into the lumen of

the cndoplasnuc reticulum. Carbohydrate moieties are already attached before

they reach the interior of that vcsidc. The secretary proteins are also found in

the lumen ofthe golgi apparatus.

4. TTic mem^ane trigger hypothesis minimizes the role of catalysis in membrane
awembly. Tlus hypothesis docs not require specific ribosome membrane inter-

action but this does not mean that protdn synthesis on membranes cannot occur.

5. Both the signal and trigger mechanisms exist even in the same cell. Some
i%embrane proteins and secreted proteins are synthesized on membrane-bound

polysomes, while-others are formed on free cytoplasmic polysomes.

INTERCELLULAR CONTACTAND COMMUNICATION
CcUi have developed specialized regions on their membranes for intcrcdlular

communication. Gapjunctions mediate and regulate the passage of iomand small

molecules through a narrow hydropkxlie pore connecting the^cytoplasms ofadjacent
cells. These pores arc composed of.subunits called “ednnexons". Connexons
couist of6 protein subunits that span4he membrane and connect with the analo-
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gous structures on the adjacent cells In response to specific chetnical stimuli,

the tubumts rearrange themselves relaifvc to one another to provide a tangential

central opening about 2 nm m diameter and through this central opening, ions

and small molecules can pass from dne cytoplasm to another in a regulated

manner

Signal tranamission.

1 Neurotransmitters, hormones, and immunoglobulins bind to specific

receptors (integral proteins^ exposed to the outside of cellular membranes and
transmit information through these membranes to the cytoplasm

2 The ^-adrenergic receptor, which binds catecholammcs stereospccifically,

IS assyjnmetncally located on the outer aspect of plasma membranes of target

celts such as the erythrocytes The bindmg of the catecholamine on the outside

stimulates the catalytic activity of adenylate cyclase which is asymmetncally
located on the inside of the membrane Adenylate cyclase generates cAMP from
ATP Thus, the information on the outside of the second messenger cAMP

3 The catecholaitime when binds to the beta receptor, the latterby confor-

mational change activates phosphohptd mtthyUtansJnase 1 (an integral enzyme^
^ This enzyme generates phosphotidyl-N monomeihylcthanolajtune from pKos-
photidyledianolamine The phosphotidyl N monomethylcthanolamme flip flops

toward the outside of the membrane and is further methylated to phosphatidyl-
N-dimcthylethanolanune and subsequently to phosphatidylchobne by the mtc
gral enzyme phasphoUptd rulhyUraniftrase II, located toward the outside of the
membrane The increased local concentration of phosphatidylcholine enhances
the local membrane fluidity The increased fluidity exposes more pre-existing beta
receptor molecules to the outside membrane surface

4. Phospholipid znethylation serves as an initial common pathway for the
transmission of many receptor mediated biologic signals through membranes
In some systems, the mcreased fluidity due to phospholipid methylation allows

the rapid mflux of calcium which can bmd to ealmoduUn and activate specific

enzymes including phospholipases The phosphobpascs from phsp^lidylekohne
can m turn generate free fatty acids including arachidomc acid which is an
immediate precursor ofprostaglandins The prostaglandins arc mvolved m signal

transmission m several transmembranes, hormonally responsive systems

Endocytosis

1 Endocytosis is a transport process which allows cells to mtemahze extra-

cellular raatenal and forms cndocytotic vesicles during that process Endocytotic

vesicles are formed when s^ments of the plasma membrane mvaginate enclosing

a volume of extracellular fluid and pmch off as the fusion of plasma membranes
jfal f the neck of the vesicle on the original site of mvagination Subsequent

fusion of the endocytotic vesicle with other jnembninc structures performs the

transport of its contents to other odhilar compartments or even back to the cell

extenor
2 Endocytosis arc of two types—Phagocytosis and Pmocytosis Phago^tosis

occurs only in specialized phagocytic cells present m blood Pinoeytons leads

to the all cellular uptake of fluid and flmd contents The adsorptive pmiytosis

IS a receptor mediated, selective process pnmanly responsible for the uptake of

macromolecules for which there is a fimte number of bmding sites on the plasma

membrane These high affimty receptors permit pmocytosis to concentrate ligands

from Ae medium and to minimize the uptake offluid or soluble unbound macro-

molecules
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3 Several hormones, the other maCTomolectJcs, are subject to adsorptive
pinocytosis and Form Ttceptosomes, vesicles which avoid lysosomes and deliver their
contents to the Golgi system

4 Adsorptive pinocytosis of extracellular glycoproteins requires to glycopro-
teins that carry specific carbokydraU recogmtton signals These recognition signals
are bound by membrane receptor molecules which play a role anSogous to that
of the LDL receptor Acid hydrolases taken up by adsorptive pinocytosis m
fibroblasts are recognized by their mannose-6 phosphate moieties The znannose-
6-phosphatc moiety also plays an important role m the intracellular segregation

of the acid hydrolases to the l^osomes of the cells m which they are synthesized
5 The other type of pinocytosis is a Jluid phase pxnoeylosis whidi is a non-

selective fluid phase process in which the uptake of a solute is simply proportionate
to its concentration in the surrounding medium This type of pinocytosis formi
small vesicles and it is an extraordinarily active process utilizing up to 50 per cent
of the plasma membrane per hour in some cells The components of the mem-
brane must be recycled to maintain cellular integruy

DISORDERS OF MEMBRANES
Multiple ficlerosis: It is a somewhat confusing neurologic disorder m

which nervous tissue is demyelmaicd by an untown process The dcmycluu-
zation removes the neuronal insulation and profoundly decreases the velocity

ofnerve impulse transmission

Peeadolsypoparxcbyroidiamt It ts an inherited disorder which signifies

defective signaling across the plasma membranes of several t)^ of target cells

in that affected cell, the parathormone signal is normally mediated by activation

of adcnyl?te cyclase There is a defective coupling protem m the membrane that

prevents transmission of the extracellular hormone signal to the adenylate cyclase

1 cell diseases It is a recessive disorder due to inability of the patient's

fibroblasts to attach the mannose-6-phosphatc signal to the acid hydrolases synthe-

sized in various cell types The acid hj'rfrolascs do not segregate normally to the

pnmary lysomes but are secreted into the extracellular space leavmg the intra-

cellular lysomes deficient in these important hydrolases Thus, the lysosomes

accumulate excessive debris and thereby generate intracellular cytoplasmic

inclusions (1) These abnormal secreted hydrolases arc not subject to adsorptive

pinocytosis by the patient’s or even by normal fibroblasts, since they lack the

necessary mannose-6-phosphatc recognition signal

9 ^ch chain is divided into specific domains or regions that have structuial

and functional significance The half of the light chain (L) toward the carboxy

terminus is termed as the constant region (CL), while the ammo terminal half is the

variable region (VL) of the light chain About one quarter of the heavy (H) chain at

the ammo terminus is termed as variable region (VH), and the other three quarters

of the hc3%7 chain arc refirrred to as the ainstant regions (CH', CH‘, CH*) of

that H (^am
10 The portion of the immunoglobulin molecule which binds the specific antf

gen IS formed by the aminotcrminal portions (variable regions) of both the H and
L chains i e the VN and VL domains The domains of the protein chains do
not simply exist as linear sequences of amino acids but form globular regions

with secondary and tertiary structure

ExrrcUr

} Diicuss in drtsib (he membrane
2 Wnte ibort nolei on

(a) Membrane astembly ^
(b) Ditorderi of membranes
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GWCOPROTEINS, PROTEOGLTCAKS; AND
,

GLYCOSAMENOGLYCAK5

These three types oftnoleculcs have the common structure, tyntbesis, degn«
dation, and even faction

Glycoprot^su difTcr from other proteins with the oligocacdhande chains

covalently attached to their polypeptide backbones
Proteoglycans are also proteins to which obgosacchande chains are cova*

lently attached to the polyp^tide back bone, but the obgosacchandes chemi-

cally difTcr from those of glycoproteins The obgosacchandcs consist ofrepeating
units of (i) glucosamine or galactosamme, (u) a uromc aad (eze^t for aeratan

sulphate) and (m) covalently attached sulp^te groups (except for hyaluronic

aad)
Glycosamlnoglycsuis are obgosacchande structures that have beenremmTd

from the protein backbone of their proteoglycan precursor

AU these three classes of molecules are mostly present in the cetractUidar spac$

but arc synthesized intracellularly

Glycoprotein Protem—obgosacchande

Proteoglycan Protein—obgosacchande (uromc aad/or SO4)
—Protem

Glycosaminc^lycan Obgosacchande (uromeaad/or SO«)

GLYCOPROTEINS

1 Their molecular weight ranges from 15,000 to over 1 hulbon containing 15

or fcHcr sugar umis per clu^
2 Their carbohydrate contents range from 1 to 85 per cent by wa^ts
3 They arc present in plants, bactena, fiingj, viruses, and animals The

most rocmbraue proteins and secreted proteins are glycoprotons

4 They act as structural molecules m cell walls, collagen, clastin, tBbnns,

and bone matnx, aslubncantsand protective agentsm mucins, muoous secretions.

5 They arc utilized as transport molecides for vitamins, lipids, minerals

and trace elements, as unmimologic molecules for umnunoglobins, histooompa-

tjbibty antigens, complement, and interiavn, as hormones m chonomc gona-

dotropm, thyrotropin (TSH), as enzymes m proteases, nucleases, glycondascs,

hydrolases, and dotting factors, as rco^nition sites m ccU*ceIl, viius^cll, hac-

teniim-cell, and hormone receptors

Oligosacchandes of Glycpproteina*

1 The obgosacdiande chains contain mne dificrent sugar residues Glucoae

(GIc) is found oolyrm collagen, but galactose (Gal) and mannose (Man) are more
common and widely £stnbute^ The bexoses are N-acetylgalactocanaine

(Gal NAC) and N acetylglucosamine (GIc NAG) Fucose (Fuc) us a common
constituent Two pentoses-arahmose (Ara) and X^osc (sm) arc found and
the luntharc the si^cacids(Sial) ofwhich N-acctylncuraminicaod (Nana) is ao

example The fucose and nana residues are more distal in the chain, frequently

at terminal sites.

638 >
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2 The oligosaccharide chains arc attached to the polypeptide backbone
at one of five ammo aci^ residues—asparagine (Asn), senne (^), threonine
(Thr), hydroxylysine (Hyl), or hydroprolme (Hyp) Two types ofchemical bonds
that provide the attachment sues are (a) O^lycosidic links and (b) N*gIycosidic
links

(a) O-glycosidic links:

(i) The O glycosidic links occur through the free alcoholic groups of Ser
or Thr residues of the polypeptide m a tnpcptidc sequence of Asn-y Ser (Thr),
where Y is an ammo acid other than aspartic acid

(ii) Gal NAG IS the most common sugar residue attached directly to the
Ser or Thr residue Six different types of oheosaccharide arc attached to this

Gal NAC-Ser (Thr) linkage
(ill) The initiation and extension of different types of oligosaccharide chains

of glycoproteins occur by the stepwise donation of sugar residues from pynmidmc
Or punne nucleotide sugars

(iv) Oligosaccharides may be linked to proteins vja O glycosidic bonds to

Hyl or Hyp which are ammo acid residues found m collagens and some fibrous
proteins of plants

(b) N'glycosidicliakagei

(i) The Ndinked oligosaccharide consists of a core region with the structure
Man 1, 4«Glc NAC-^ 1, 4-GIc NAG Asn This core region arc of two types

—

The high mannose (simple) type and ihe^complcx type A single protein can con-
tain oligosaccharide chains of both high mannose and complex type

(ii) Although all high mannose oligosacchandes arc synthesized from
nucleotide sugars, there exists an important lipid-tmked precursor oligosaccharide

that IS transferred en bloc from a hpid earner to the Asn of the protein

(ill) The complex N-lmked oligosacchandes also contain the p man-di-N-
acctylchitobiose core structure but consist also ofa vanable number ofouter chains

containing Sial, Gal, and Fuc residues Imked to the core

(iv) Complex N linked oligosacchande structures are found only m higher
animals, whereas the high mannose type arc common m primitive orgamsms

The synthesis of Complex Carbohydrates of Glycoproteins:

(i) The nucleotide of sialic acid, CMP-Sial, is formed from CTP by sialyl-

transferases located m the Golgi complex and in the nucleoplasm

(«) In animal cells, the sugars arc linked to the nucleotides by the alpha-

linkage with th** exception of the beta-linkage of L-fucose to GDP The alpha-

brumes are converted to the beta bridges and vice-vena during the transfer of
the sugar moiety to the oligosacchande

(in) A number of specific glycosyl transferase enzymes catalyze the tramfer

of the sugar moieties to generate the complex glycoproteins These enzymes re-

quire Mn++
(iv) A Golgi localized enzyme, UDP GlcNAC transferase 1, can then denote

a GIc NAG to a linear or branched alpha-Man moiety to form Glc NAG-^-l,
2-Man Imkagcs A second transferase, UDP Glc NAG transferase 1 1 , will denote

itsGlcNAC moiety only to a branched structure by the transferase 1 enzyme.

Fucosyltransfcrases can then act on the products of Glc NAG transferase

1 or transferase II The galactosyltansfcrase enzymes arc also located on the

Golgi complex and attach a galactosyl residue usually to the end of a chain The
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jrabcscrd rcadacs arc Iniled to GlcXAC trr bea-!, -^natsst* caceasoealh-
bv bet2-l ,

64*sirgcs.

(vi) Post cIEcrtSit saWtrarsTaase carraes arc foard js tbs GcSgi axsdkx
aod nsc CMP-sialic acd as dosts- far the salatfaa of protcia-Eaird c^<iac-
chandes-

(vu) Ttr dcctsa'aca ptwe** syaeaatga: the csrzpJci t\pe c£li^cdiandcs cf

clYcgyo*ac5 ocean creharfch in tJe Go!^ crrrrpW. Eacb finfage is cairsfd

Cfat bv a <p«i5c s^\ ctgvi-traigferasc; thus, ibeic vreirs to be a **c^ EriaSC,

one ghxcsyJnansfa^'e*’ rmtPctic arraai^aieat.

BLOOD GROUP ANHCEXS
la I?V», Zg^dgrafT desenbsd t3ic.-t50 Today, ti^-caic arse

Oaa tiyern blood gny_o Frs*ems cxs-cssirrc locce 160 drsdart astzjffit.

These ctvthiocvtc astigeas sre Crird to sjcctSt iacabrai« p-oosas- by O^^r-
condic bonds in w^jch GalXAC u the most pfmirvO sagsr ressdac. The spca5z
oIi5eK2Ccbar>des csasx in three fatas (i) as ^K-cosphingSrpsds a?vi g<cnv«r; >r<-^

ca the vanaces ©T crvthrocr'cs and oib^ cchs, (n) as oligesaccbar'tSes^ c£l
asd imar, and la^ as oLsosactharxics attaciied to madns seertsed la gastro-

jntcstaial, gesit-cnaan, and resjsratcrv tracts.

Four indeperdcst gca- swftjrjs are relatsd to the ©Tthese o&o-
saedhande asager.s.

G’Sinr Loss ASd/s

H .. H.Jt.
Seeseto- .. Sc,se.
ABO . A,B,0
Leim .

The H Locos: This codes far 3 facordtraraferase that a*tashcs a fbsose
icsidaeia a!nha-l, S-^Sniage to 3 Gal resdae, itselfattached ia beta-!, •f-Esb^e
w aa ob^tsarchandc 2-G*l-^R js a pcccii

-
.'scg far the faecnatssa ef

both the A aad B ohgnsacchande aat:j:e:a. The h aD-Je ofthe H locos codes far
an inacm-c fctortltisrgfafcsc. Tbestfire, isdrriduals with the Hh ycuo*vpc
cannot this nccessr* p-cenrstg ef the A and B ant^ens. Hence hh
genotTpe pcj^ons will be npe O

The secretor locoss This ecsotrtis the appestanEe t£ dsn H.-«nc25£c Fac-
trandera-ie m <ocae «ecr«crr oT:ans, saeix as tl« esoertae glands, but sot is the
«vtbrocvtes. AcgO 'tSnglv, indrvtdnah vs’th the Hh or HH geaoTpC an

allele sdH generate the A and B antigea pTCfTser lo the ceoeriae that
fo*Ta saliva The indivnhials t<ho zrr SeSe o" See and pcajcss aaH ahele tr53 be
<ecrclo*^ of the A or B antigens {or boA> ^Vhea the A- ce B-eocaSc trantSrast
are presest. Indivdaals t<ho arc sesc genotvy sdD sot secrete A cr B antigens;
bat if thev possess aa H aSeJe and A cr B alleJc, thesr yythroeves will

the A, B O' boil antigens

The ABO loc&s: This codes for two «ncci5c transfeasss act to tranfe-
*pecifc Gal noienes to the Fd>s-1, 2-Gal^R petan-««' oEgosacciar^ic farggd
b> the acUtn of the H nUde-coded fousdtianifarase. Pei sons posesi:^ an
\ aH'lr inH attach a GalXAC tno;*t\‘ to the jrnesr^or genea*cv3 bv the H aB'-le

trandcrase andan indrr’dnalpossesslnsaBaBelewSl transfer a Gal to the
same prccasq*- IndiYid-als pcssessmg bo*b .A and B aUc^ will generate both

A and B aDdes (OO haauivgutes) will cot attach other GalXAC or Gal to th^
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rodgrt;lT.“:r-\.oA *"*"‘;“R’'ol.Sos=Sre
nfflttechme the Fuc moiety to the appropriate Gal p R oligosaccnande

S^ble of exprlsmg the A or the B antigen determinant and thui is con-

redto be of the O type blood group

The Lewis Ixicus! The lewis dependent fiicosyltransfe^e is not spocific

^ e . ™i ro the Oal-1 3 0 group When no H allele is present (hh),

ofSTe lew s*^u
°
4 Lro^lfransWis referred to as the Le« antigen

p^uct of the lewis a l, f
,hc A or B transferases are

ch cannot have A or B 8 ^ ^ ^ Le allele tiicosyltransfcrases have
present When bo* *= «

'roduct is referoed to as the Le»

'Ir nTe Si'anbgen may alsi^sist withom A antigenicity or B antigenicity

ipn The Le» antigen m y inactive lewis transfergsc, and

SS”

=

l-on wtthlele genotype

PROTEOGLYCANS

Each polysaccharide of
n

ts m which D 8>““'t“'n“'' “t ^ (qic UA), L idnromc acid

UA)'^'/STo^^Xrdes cottfm sulphate groups wilh the OKception of

'SehnSge of the polysaccharides to their polypeptide chain i. one of three

”
(.1 An O-glycostdte bond between Xyl and Ser, a bond that is unique to

"'(.^j^O-glycostdic bond between GalNAC and Scr (Thr), present to

'‘'Mtt'-gJycosylan.ine bond between GIC NAG and the amide nitrogen

Asn
,, , mvnlucs the nucleotidyl sugan acting as

The elongation P™^’^ ^ by the substrate specifities of the specific

mors The reactions^ p^
mc^y^

linkage" relatiomliip holds

rs^cTfimty^'theS^actions is dc^dent upon tlic nucleotide sugar donor,

le acceptor oligosaccharide
tcnnmation results from (i) capping elfccls

The polysacAaride chain ^ sulfation, particularlj at tlic

r isolation by Ihe
progression of the particular polysaccharide

•positions of the ^h^ie catalysis occurs After formatiou

way from the site m the
”'Xro,cal modifications take place

f the polysacchandc ehain^,
f ,(,p polysaccliaridc cliains lead to

Inherited defects m p.*i«
he group of diseasK known “ “ covalently attached to the proteins of

%even 'VP” P?')f ahSiStmg urome acid and hesosamme
irotroglycans

J?1 contain snlyLted sugars These seven ty^
esiducs. Except hyatomc acia

monomer composition, iheir glycondic

mS‘Sr'a?d difiSo^^an^ loca.io^ of their sulphate substituent.

Functions of '"Shdar macroraoleculcs,

,pla,ia?.4”& romponents. ami uitraccllitlar nuacromolecules
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2. Bccatwe of their polyanioruc nature the binding of this is generalJy electro-

static.

3. These with IdUA bind proteins wth greater afnniiics than those con-

taining GlcUA as that coly uroriic add constituent.

4. The Knding bctvirccn these and other octractUuhir macromolecules cen-

txibuies to the structural organization of conneettve tisrjc matrix.

A. lateracticns srith extracellular macromolecnles.

(i) All ^yco5armnc^l)*cans except those that lack sulphate groups cr car-

boxyl groups bind to collagen ekctiostatically at neutral Titter binding

bpromotw by the presence ofIdUA and the proteoglycans interact rooic stron^y

than glycosaminoglycans.

(ti) The chondroitin sulphate and kcrataa suIjAatc chains of proieogljxaas

aggt^atc with hyaluronic aad.

B- Tn f» i-*r»
*
nTi« vrith plaXBxa proteiiis-

(i) Dermatan sulphate binds plasma lipoproteins and spears to be the major

^ycDsaimnogl)^^ synthesized by arterial smooth muscle cells. THs dermatan

sulphate may play an important role in the dcselopmcnt oratherosclcrosix

(it) Heparin w-ith its high ncgatit-c charge density (due to the IdUA and
sulphate residues) interacts strongly sviih severa plasma components. It interacts

vrith antithrombin III. Hqiartn sulphate is also capable of accelerating the
action of antitlOTffibin HI. but b mu^ less potent heparin. Heparin can
bind to lipoprotein lipase present in capillary walls and cause a release oftMt tri^f-
ceride|d^Tadmg eo^me into the areuladon. Hepatic L'pase also binds hepvm
but with loH-eraffiai^’.

C. Cell snrlace snolrcoles. 1_

(i) Heparin associates with blood platelets, arterial endothelial cells, and
lis’cr afli. Chondroitin sulphate, deiniatan sulphate, aad bqjaiaa salpham
bind to independent sites on sur&ce ofceUs such as fibroblasts. At those sites, the
^ycosaminoglycans aad protciogl)^^^ arc taken up by fibroblasts aad degraded.

(ii) Seine protcog}j*can5 serve as receptors and carries for inacromol«ules.
These proteoglycans are invoh-cd in the regulation of cell growth.

D. Istnicellttlar coacromolecalex.

(i) Proteogl)'xans and their glycosanuao^xan components have cSccts

on protein synthesb and intranuclear functions. Glycosatmnoglycans 'are found
in significant quantities in nuclei fiom difiesent cell ^Tcs.

(u) The acid h^'drolases in lysosomes may be naturally complexed with
gl^xosanunt^jxans to pitm'de a protected and inaedv-c form. Chondroida
sulphates, dermatan sulp^tcs, andTicpzrin can aficct the acridities of various

lysosomal add hydrolase in ncgari^T or podrivc wa^x.
(ui) hlany storage or secretory’ gramules such as the chromaffin granules in

adrenal medulla, the prolactin secretory granules in the pituitary gland, and
die basophilic granules in'mast oclb coataio sulphatcd g^yrosaminogljxans. The
^•cosamino^can-peptide complexes that occur in these granule play* a rdf
in fdease orbiogemc amines.

ExeretM

1. Write about glycofffctdns.

2. What do you biow about proisoglyeaia?

3. Dueuss blood gtog? astifens.
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CHAPTER 3$

BIOCHEMICAL ANALYSIS OF NERVE TISSUE

iQtrodaction

Two jnam systems namely the nervous system and the endocrine system regulate
and control the functions of the bcdy The endocrine system mainly regulates the
mctabobc functions of the body which are comparativety sluggish The nervous
system controls the rapid activities of the body namely muscular contractions, rts
piration, and the rates of secretion ofsome endoenne glands such as adrenal mcdula
and ncurohypophysis

The nervous system includes brain, spmal cord, cranial and pcnpheral nerves,
ganglia and plexuses This system has the capacity to transmit rapidly a number
ofmfonnalions at a time from one part ofthe body to another Although the detailed
informations regarding the functions of nervous system are not yet Imown, still

some of the biochemical informations as regards to the transmission of the nervois
system have been discussed below

Structural and fancdonal uoitsi

Nenous system compnses about 2 5 per cent of the total body svcight This
consists of three sub-systems namely central, peripheral, and autonomic nervous
system The central nervous system includes the brain and the spimd cord The
pcnpheral includes vanous crania’ and penpheral nerves The autonomic nervous
systOT is divided into sympathetic and parasympathetic systems The nervous tissue

oonsuts ofa group of highly specialised cells Imown as neuronrs

Lijl Disgnmmaucrepmcntautmofiheiwuttore Tht «Uc<ro^ fmctCReo^w dettHi c{ thae

fooad m the nerve cell under the hgtu itructure*

mkzuecope S91
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Strnetnre of a neuroae:

Each neurone consists of a joembaljcaU^ actne bodj kzun^’n as the nerve

proper,
sojna —, or penkarj'on, and a long filamentous structure ansing fiom it known

as ujc nerve fibre or axon, while the part ofthe cell body fiem which axon anses u
tai>^ to be axon hiUodL

I Perikaryon*

(a) Its diameter vanes from 5/t to l25/i

(b) It has a cell membrane, c3noplasm, a large vesicular nucleus contammg a
smgle prominent nudeolus, numerous rod lie or sphffical xnitochondna, and a golgi

apparatus.

(c) It also contains certain other organdies vrbich are not present in a usual

ceJl of the body These organdies mdude de:idnUs, pres^iiaf>*ic lemnsls, rcr-c/tr—Kit*,

tastl grtemles, and rjurofnhtllae etc-

Desxtrites.

(a) TTie cdl membrane is prtyecied in the form of a mimber of filamentous

structures koown as dendnres,

(b) They may vary from almost none to one metre m length (penpheraj sensory

nerve fibre)

(c) Each dendfon contajos ntssi granules, nutochoodna, and n-^urofibriDae.

(d) Each dendrOD on leaving the cdls goes on branching repeatedly

hrroysaptic terminals}

(a) These are small knob like structures which exist on the surfaces of th* der

dntes and perikaryons.

^ (b) They are the ends of the nerve fibrils that ongmate in other neurones next
to on which they come to ezm.

Sex-^atimatio*

(a) It »s a large granule often seen adjacent to the njdcolus.

(b) This IS found to be present only lo females and the sex can be determined

by Its presence or absence Hence it »s termed as sex-chromatin.

mail grasoles’

(a) The cytoplasm cf a penkarjon shows the presence of basophilic masses
known as nissl granules or bodies on the study of sp«aal staining teiiniques.

(b) These granules under electron microscope appear to be composed ofmany
thm, menbranc bounded caviues or ctstemae arranged m a paralld fashion.

(c) Thar sizes and number vary with the physiological conditions of the cell

e g , l^guc, the action of certain poisom. The granular disintegrate into a fine

dust which ultimate!) disappears on the section of the axon.

Fa 392. Eketroo rocroscc^u; structure oT nasi greaulss.
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(d) These granules are aunilar to die (less numerous) rough surfaced man-
branes found m the cytoplasm of most cells which collectively make-up the endo-
phsmiQ reticulum

(e) Themm ste particles consist chiefly of nbose nucleo protems (RNP) which
stain with basic dyes

Ketxrofibrillae

:

These are aggregation of thin, thread like structures of variable length and
60—lOOA in diameter forromg a loose network of fibrils m the cytoplasm

2 Axon*

fa) The aicon or nerve fibre arises from the axon hillock of the penkaryon
whicn 13 nch in neurofibnllae but has -no mss! granules

(b) It consists of a central core of semifluid axoplasm which flows from the
cell body to the axon and not m the revene direction

(c) Axoplasm also contains mitochondria, nissl granules, neurofibnllae mnaing
parallel to the long axis ofthe axcn Axoplasm is bounded by a cell jnembiine known
as axolemma which is continuous with the cell membrane of parent cell body

(d) The axon is further surrounded by a sheath known as myelm sheath or
mcdull^y sheath which is not present in a'l the fibres The fibres having mydm
sheath are known as myelinated or roeduUated nerve fibres and other which have
no myehn sheath are known as non myelinated or non meduUated nerve fibres.

The myelinated nerve fibres are also said to be white nerve fibres on account of the
presence of lipids in the myelin sheath- The non myelinated nerve fibres appear
grey for which they are known as grey nerve fibres All the post ganglionic fibrts

of the autonomic nervous system are non ro^uliated, whde all the pre*ganglionic
hbres are meduUated

(e) A thin layer of fine reticular fibres surrounding the myelm sheath forms
the endoneunum or sheath of Henle

(f) The axolemma at the terminal end of the axon is also thrown into similar
projections—dcndfifes which come in contact cither with the dendntes of the per-
xaryon of next neuron forramg synapses or receptor or effector (e g , myoncurunal
junction)

5 Myelm sheath and MyeUnogeneslst

(a) A speaalizcd set of Schwann cells arranged in a linear manner all around
the axolemma forms myelm sheath by a process kno%s*n as myclmogcncsis In this

process, the schwann cells grow round the axon and envelop it completely along its

entire length so that ccU membrane of the Schwann ceU can be divided into two
parts—one surrounding the axon i c , inner part and other outer part which are

connected to one another by the double mesaxon

(b) The Schwann cells start to route and go on routing for several times As a
result, many closely packed, hcUically arranged layers of double membrame are

Wrapped around the axon as shown m figure,59 3 This set ofmembranes is known
as myelm sheath

(c) Bach membrane is composed of two layers of bpid substances sandwiched

between layers ofprotein and they form the myelm sheath of the nerve fibre

(d) The thickness of the myehn sheath is ascertained by the number ofmem-
brane layers wrapped round the axon.

(c) The phospholipid sphmgomyelin is an excellent insulator that prevents

almost all flow of ions outside the nerve fibre
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(f) A small uninsulated area at thejimction beti^ecB each suaxssrvc

Schis'ann cells along the axon remains sphere ions can flow mtb ease between the

extracellular fluid and the axon. The area is said to be the nade ofRcaaxer

(g) The higher pcimeabiliti at the nodes of Ranvicr causes the impulses tn be
conducted from node to node by the zn^elmated nen. c fibre rather than contiauously
aloi^ the entire fibreas happenm the unmyelinated ner\ c fibre. Thts process is

as iellAhny coniufxtin. and is helpful in the tuglwr \eIoaty of nerve transmisaon m
myelinated fibres than that m unmyelinated fibres

(h) The nerv c fibres in the central nervous system arc my dinaled by a different

types of ceils loimvn as ohgodendnglta and by a different process-

(i) The Sch^^ann cells although surround the axon of unmydmated nerve

fibres, they do not spm a my eJin sheath around them

(j) Neurones indifferent parts efthe body differ markedly fixim one anotherm
the size and shape of the cell body

,
length, size and number ofdendrites, the length

and size of the axon
,
the numbw of presynapuc terminals v. hich may range from

hundred to several thousands.

Hgure 39 4 Stnxctsre of a crdiaated sene fibre.

Structore ofa typical nerves

A ner% c consists of groups of nerve fibres Bundles of nerve fibres arc enclosed

in a connective Ubuc sheath known as pmnesnum. A number of such bundles are

bounded together by another sheath of ctmnectjve tissue known as the tptr.isns^

to form a nerve
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Fi? 39 5 Gross section of a small nerve tnink ccnutnin^ myelmated (Urg^
few and compruinif most of area) and unmyelinated (Many
more, small and lying between large ones) £bres

CShexnical composition of the nerve tissnet

Nerve tissue u composed of—
Water 80 per cent

Sohds 20 percent

The solids are xnamly composed of proteins, hpids, small amounts of organic
extracts and inoiganic salts. Proteins arS about 88 to 40 per cent of the total solids

They include different globulins, nucleoproteins, and a characteristic albummcud
callw ncurokcratin. The bpid contents are 50 to 54 per cent of the total solids The
important lipids are phospholipids, cholesterol, cerebrosidcs, aminoliptds, and
suphur containing lipids The principal inorganic salts are poiassmxn phosphate and

..chloride, with snmiler amounts of sodium and other alkaline elements Potassium is

highl)' significant in the nerve impulse

The water content of brain IS bct?e more than that of spinal cord In brain too

the grey matter which represents a concentration of nerve cell bodies contains more
water than the whole matter where the nerve fibres are mamly found A fraction of
the brain proteins remains combined with copper forming ceruhplasmtn An increased
deposition ofcopper is found m the bram tissue in IVtlron s dtstast White matter and
the peripheral nerves contam a little more cerebrosidcs, free cholesterol, and sphin>
gomychn than the bram grey matter The considerable mcrcasc m the concentration

ofiphingomyelin is found in Nwnann Ftck dtstast

MetaboUsm of the nerve tissnes

Smec the respiratory quotient (R Q.) ofthe metabobe nerve is near about 1 this

indicates that the nerve tissues utilize carbohydrates almost exclusively for the

energy purposes l>actic acid and pyruvic acid are formed under anaerobic condi-

tions m the nerve tissue as a result of carbohydrate metabolism and these acids

disappear very slowly in the presence of oxygen. Hence, the metabolum of carbo-
hycUatesm the nerve tissue appear to be similar to that ofmuscles A minute supply
of blood glucose is specially important to the nervous siitcm because of the 1»
glycogen storage m the nerve tissue Thismay be the vital cause for the prominence
of nervous symptoms such as mental coiffuston, dizziness, dcimum etc in hypo-
glycemia.
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As regards to protein metabolism, glutajmc acid is the only ammo acid xaeta

bobzed by bram tissue This acid serves as a precursor of y ammobutync aad
(GABA), one ofthe chemical transmitters, and as a major acceptor ofammonia pro-

duced either by bram itself or delivered to brain when the artcnal blood ammonia

IS mcreas^ and thus protects thebram tissueagainst its toxic effects Different workers

ha\c also demonstrated the synthesis and exchange of hpids in nerve tissue

Nerve impulse!

Nerve impulse may be defined as an electro-chemical change which is trans

mitted by nerve fibres It must not be confused with the stimulus which is the external

force (c.g , chmiicd, physical, biological) which sets up the impulse The cliemica’

changes m the nerve fibres are concerned with the recovery processes which follow

the acuvity The electric^ change in the most certain indicator ofthe development

and propagation of the nerve impulse and represents the essential process involved

m the transmission of the impulse along the nerve fibre as discussed in the folloirmg

pages

Electrical or Membrane potendal

The difference m the potentials (charges) on the two vdea of the membrane is

said to be membrane or electrical potentials This can be explamed m the following

manner Suppose, the extra and mtra-ccBular fluid as electrolyte solution con
tiumng approximately 1 55 meq /litre ofanions and the same concentration ofcations

then usually an excess number of amons accumulates unmediatdy mside the cril

membrane sepaiatmg the tivo fluids along its inner surface and an equal number of
cations outsioe the membrane on its outer sur&ce This results m the development
(^membrane potential or electrical potentiaJ

Membrane potential u of two types—resting membrane potenUa) and actios

potentiaL Resting membrane potent^ is the potential whiw exists during the

resting state of membrane Action potential exists during the active state ofmembr*
brane

Electrical potential exists across the membranes of essentially all of the

body

Resting membrane potential!

The resting membrane potentialmay be defined as the net differentm the charge
between inside and outside membrane requiring little or no expenditure of energy
In a neurone, this is about—85inv so lomg as this neurone is in a resting stage and is

mamtamed almost constant It is believed to arise (1) from the unequal distribution

of ionic substances on the two sides of the membrane due to sodium and potassium
pumps. (2) Due to senu permeability of the membranes

In the resting condition, the concentration of Na"*" is about 142 mcq/litre outside

the cell and 10 meq/htre inside the cell, while that of K+ (main diffusible cation)

IS 5 meq/litre outside the cell and 140 meq/htre inside the cell due to sodium and
potassium pump respectively There is also a very high concentrauon of non-diffu
able anions, 150 meq/htre inside the ceU in contract to a very low concentration of
only 5 meq/htre outside the cell Simultaneously, K+ are easily diffusible through
the membrane, while Na+ and non-diffuable anions diffuse very poorly due to
selective peiroeabihty ofthe membrane Tberrfbrc, K+ diffuses from inside to outside
ofthe membrane removing poative( -f) charge from the inner adc of the membrane
while building up positive f+) chargeonoutersurface of the membrane This results
m overall excess of negativity on the inner adc as compared to the positivitiy on the
outerside This comes out to bem between — 75 and —95 miUwolts with an average
of -85 milhvolts This means that the mtenor of the axon (or nerve cell body) is

about 85 mvm^uve with respect to the extenor m the resting stag© of the nerve.
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As Ais potential is dependent on diffusion of K+, it is also called as difusiort eltctrical
poUrdicd. There can be another type of dccirical potential due to active transport of
ions.

NERVE FIBER

FI;. 39 6^Catsblubment> of a nsmbnoe potential oP *•85

mr ia tbe aonaal retin; aerve £bre snd development of

concentrotson tLOercnceof^<a•,K'^and A* (the aon-tUHusable

protea ioDi) betweea the two lula ot the membrane.

•The dashed arrewa represents diOtnIoo and the solid arrows

represent aedve transport (Pump*)

Calctxiatioa of Cfae membrane potential t The resting: tnembrane potential

can be calculated by ft'emst egualien. When a concentration difference of ions across

a membrane causes diffusion of ions through the membrane creating a monbrane
potential, the magnitude of potential u determined by the difTerence in tea*

dency of the ions to diHuse in one direction verms in the other direction. This is

deteimined by the following formula;

E(«v)=^x23.og„m
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where, Efniv)=sManbranepotentiaIinmilli\oIts

R=Gas cottstant=8 3 joules/*
T=Ab-oIutc tcmpcrature=273*

n =VaIency of the difimible ions

F=Faraday=96,500 Coulombs
Ct=Goncentrahon ofdiffusible ions mside the ceD
Co=ConcentraUon of diffusible ions outside the cell.

At a tempeiature of38-C (body tanpeniture), this equauon results u.

E(niv)=°lx<”3+38) x23lo, rCi,
*

»JX96,500

^ “[CoJ
M K+ lOM are the num diffusible ton* «*n/i tk
about 30 times as that outside th- cell so the “
concentration difference ofK+ lonswiUbe

** ^“tncal potennaT created by this

F_615, [301
c, p log,

a

pJ» -90 mv (apprtmnatdy)

This shows that the calculated valu- for the it* a <r
nonnaUy slighUy more then the actinl nensiri tSiJ? o"r

(-90mv, n,
potenunl (-85 mv) This is due to oouHSemMn »anbrasie
prot^amonswhichnkohaseashghttendeuCTlo diffme ilil

non-diffusible
of the Mil respecnsely Obviously, either oftbLeenSf“1?“i'"°''‘“'^“'="‘»'M shghdy below thnr onlculirted?or

Acdoa potential

So long the membrane of the nerve fihr^ , .

the membtane potenual remains about —83 ““plotcly undisturbed,
membrane potential But when this maubrane ><

^ resUng
elMtncal, chemical, mcchamcal) which can (c-g

,

of this membrane to Na+ then a s-queuM ofran.rt^^^
merely the pcnneabihty

potential talcs place. This lasts a iMutc fiaamS JuembtaM
Jhately by return of the membra^ZenS inme-
mpid changes m the electrical potent™ said to bTihf® ^ of
discussed below

l~.cuiiai is saw to be the action potontiaTwhich is

positive state inside the nerve 8bm IScall^tho^SffiS^'"' ‘“'=-
potential and this process u said to be the J/pobmaltm
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Fig ftSequoXul evc&ts dunog tbe action poteauai

AnThe normal rating potential

SaDcvelopoieat ofa revenalpotenual dunog deporaluauon

CaRe^tablubmcnt of ibe normal rating potenual dunng rtpolaruauoB

As the poiittve potential uunie the aetve reaches a peak tvhtcli u known as the peak
potential or spike potential, the process of depolarisation stops and the membrane
again becomes almost completely impcnncablc to Na+ and relatively more per-

mcabIctoK+ so that the K'^ leaves the hbrclastcr than the Na+enters the fibre Hence,
-the reversal potential inside the fibre disappears and the normal restmg membrsme
potential returns to the site ofstimulation and the fibre once more becomes responsive

to further stimulation This process of restoration of the restmg membrane potential

from the reversal potential is said to be the repolansation of the membrane

Mechanism of action potentiali

The exact mechanism responsible for action potential is not yet known How-
ever, one of the thcones to explain it is as follows

It IS postulated that under normal circumstances the sodium "ehameW' in the
membrane arc lined with Ca++ repelling the Na+ and other cations. Hence, Ca++
resists the passage of Na+ through these sodium channels Further, when the mem-
brane IS stimulated, these Ca++ arc dislodged from their binding sites and some Na"*-

begin to move mwards The inwards movement of the in rushing Na+ theoretically

dulodgc more and more Ca++ from their ending site for which more Na+ rush in-

ward, and the process is contmued tiU no Ca*'*' reroam to resist the passage ofrfa^
through Na+ channels The diffusion of the Nat- made themembrane causes rrrmo/
pottnhal with the development of oositivity mside the membrane and negativity

outside. This positivity inside the membrane reaching the peak of spike potential

opposes further inflow of the positively charged Na+ allowing the Ca++ to begin
rebinduig with the bmdmg sites along the Na^ channel and the highly concentrated

K"*- begin raovmg outwards throu^ the so-called potassium “cAOTwir”—-probably
separate from the sodium channels. As the Ca++ bmd, Na-*- conductance decrease
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whicb allows still more Ga++ to bind and thus another vidous c>'de sets in whith

operates in the opposite direction and continues until the membrane becomes almost

totally impermeable to Na+ once again and acquires the similar resting membrane
potential.

Propagstioa ofaction potential:

The electrical stimulation of a nerve fibre initiates at the point of stimulation

action potavdal which in'tum exdtes the adjacent portion of the membrane resul-

t?ng in the propagation ofnerve impulse.

{tg. 89.8 ProgsgAtoa gfsedan pateadal tn Iradi dinctkns

alODS * coodactive fibre,

serve fibre.

B^Seme nerve fibre hu been escited in its mid pertlas.

G andDaT>epolanBt>oa ofsacconve pceticn oftbeoaecme fibre membrane.

The above mentioned figure (Fig. 35-8) diows that when a nerve fibreh stimulated

atany point, a sort ofcurrent Sows inwards through this point and outwards through
a part of resting membrane ahead of this thus coinpletiDg a circuit. In some tm-.

known way, the current flowing through resting membranenow increases the mem>
brane’s permealnUty to sodium whidt bmne^tdy ahovi's Na*^ to diffuse inward
through the manbr^e and thus the action potential is developed in this area also by
the same mechanism as discussed earlier. The newly activated area causes local

circuits ofcurrent flow still further along the membrane causing progressively more
and more depolarisation. Thus, the depolarisation process propagates in both dirre-
tioas fiom the point of stimulation along the entire length of die nerve fibre. Tto
transmission of the depolarisation process along a nerve or muscle fibre is called as

the nerve or muscle impulse.

Within few moments the depolarisation is followed by repolarisation which also
prop^ates in the same direction in that d^>olazisatioo had prcvioiuly propagated
as shown figure below;
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Ilg. Sd 0 Propagation of rcpotaruation in both directions

along a conductive Rbre.

Trmssmissloa of serve Impnlse from one nenrone to otherr

The successive neurones are separted from one another by a narrow slit called
as fputptie cle/l; wWle the junction Mtwcen one neurone and the next is termed as
a tjrnapje. Synapse consists of a presynaptic tominal and a part of perikaryon which
arc s^arated try a synaptic clc« havti^ an average width ofabout 200A.

Flff S9,i0’

The presynaptic tertninal xontains mitochondria and synaptic vesicles The
synaptic vesicles contain chemical transmitter which may be excitatory and then

the presynaptic terminal is termed as cxcitory presynaptic terminal and the parent

neurone as cxdtoiy neurone or inhibitory to the next neurone and then the presynap-

tic terminal is called as inhibitory presynaptic terminal and the parent neurone as

inhibitory neurone. T^e action potential reaching the presynaptic terminal causei

these vesicles to release transmitter substance in the synaptic cleft. The transmitter

immediately increases the permeability of sub-synapne somal tnembrame cither to

the Na+ when it is exdtatory in nature or to K+ when it is inhibitory in nature.

When the petmeahility ofNa+ increases, Na+ enters the interior of^e penkaryon of

the next neurone. Thus, it brings about a sequence of changes resulting in the action

potential called as excitatory post synaptic potential (EPSP) and thus this neurone
gets exdted.

But ifthe permeability increases toK* due to release of inhibitory transmitter, K+
moves out rapidly through the membrane because of excess of K+ inside the cell

leaving a greater degree of negativity inside the neurone. This state i» known as

hyperpolarisatton and the potential^ developed as Inhibitory Posisynaptic Potential
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(IPSP) because this results in the inhitnaon of the next neurone or the effector cell

It IS also called as the chemical transmission of nerve impulses due to the mvolvc-

raent ofchemical transmitters m the above process

Nature of the chemical transmitters.

Loewi in 1921 first discovered the process of chemical transmission. He applied

the fluid from a perfosed heart to a second heart and showed that when thevagus

nerve supplymg to the first heartw as stmulated. the fluid from this heart also caused

the t>'pical va^ effects ofdepression ofthe second heart Similarly, the stimulation

of sympathetic nerve supply to the first heart also caused the stimulation of seasnd

heart Loevfi called the substance so liberated by vagus stimulation as Sragusstoff*

and that liberated by sympathetic stimulation as “acceleransstofT* Later on these

substances had been shon,vn to be acetylchohne and noradrenaline respectively

A substance to act as a transmitter must satisfy the foUowng needs

1 Nerve stimulation must release the substance fthe transmitter) fiom the
nerve tcnmnals

2 Drugs which antagonise the action of that substance at die posl-s>'napric

membrane should also blodc the effects of the nerve stimulation transmitted by that

very substance

I
' 3 Sabstances (drugs) which block the synthesis or storage of this substance
should block the effects of nerve stimjlatton transmitted by tlm substance.

4 There must be mcehamsm for the destruction or removal of the proposed
transmitter, e g , the enz)Tne acetyl cholmesterase is needed for the destruction of
acetylcholine, so this eaz)Tne must be present m the neurones whose transmitter

IS acetyl choline

5 It must be synthesized and stored withm the neurones

6 Theactionoftheyubstanceontbeinervated organ ifadded&XTO outside must
be the same as the effects on stimulation ofthe nerves which release that substance.

7 Drugs which affect the destruction or removal of transnuttcr must also

influence the response to nerve stimulation in an appropriate way
The transmitters which satisfy the above needs are acetjicholme, epmephnne,

norepinepnnne The possible transmitters arey anunobut>Tjcacid(GABA), serotonin,

glutamic and, gl> cine ard dopamme

Cholinergic and Adrenergic nerve fibres:

Dale expressed that the nerve fibres which form and release acetylchohne as
transmitter arc termed as cholinergic fibres, while those which form and release
noradrenaline arc termed as adrenergic fibres Cholmergic nerv e fibres are as follows

1 All the pre-gangliomc fibres ofbotb parasympathebc as well as sympathetic
systans

2 All the post ganglionic fibres of the par3*s>Tnpathctic systems

3 Certain post ganglionic fibres of the sympatheuc s>’stcm e.g
, nerve fibres

to the siveat glands

\ 4 The motor nerve fibres to skdetal muscles.

5 Some of the neurones of the central nervous system

6 Efferent fibres supplymg to adrenal medulla

The adrenergic fibres are as follows

1 Most ofthe post ganglionic fibres ofthe sympathetic system

2 Some of the neurones of the central n»vou$ s>’smm '
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Transmission ofan impulse from tbe nerve to a skeletal muscle
Figurc39.11Ashowsajunction betwcenamotor nerve fibre andaskeletaJ musde

fibre wWch is s:ud to be neuroTTmcular juacticn. A motor neurone together the
group ofmuscle fibres wWch it innervates is called a mchr unit.

As the myelinated nerve fibre approaches to a skeletal muscle fibre, it loses its

medullary sheath and branches at itt terminal end into terminal ramifications. At
the tips of these terminal ramifications of the nerve fibre are still other structure

called as sole/tet wWch make an extensive contact with a specialbed part of the
muscle fibre membrane to form the actual neuromuscular junction. The part of
muscle fibre membrane lying in contact with a sole foot is called as motor end plate

(Fig. IP.llBj.Itisthrosvnintoscveralfoldswhichincrcasethesurfacearca at which
the synaptic transmitter can act.

The large aggregates ofthe enzyme cholinesterase ttfhich is capable of destroying

the synaptic transmitter (aceiyicho^tnc) ciust awund the nm of the motor end p^tc.
TTie sole foot is separated from the symaptic gutter (motor end plate) by a gap known
as synaptic cleft which remains filled with a gelatinous "ground substance” through
which the extracellular fluid difluses. The sole foot contains a number of small

vesicles which store the synaptic transmitter synthesised probably by mitochondria

wWch also supply the energy for synthetis

Fig. A. TTie nevromii*»l*rjfatictwft.

B. Invagination ofa aole foot into the membrane

of the mutcle fibre.
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As a result of the discussion of the structural details ofneuromuscular junction,

the sequence of events that occur at the neuromuscular junction dutu^ the trans-

mission of a nerve impulse from motor nerve fibre to a skeletal muscle fibre can be
discussed as foUoivs

1 Arrival ofan impulse at motor ner\e terminal

2 Rupture of synaptic vesicles containmg acetylcholine by these cakium ion

(Ca++) through the manbrane of the sole foot and thus release ofacetylcholinemto

the synaptic deft and its attachment to the end plate receptor (cholinergic recep-

tors) Acetylcholine release is inhibited by magnesium ion (M3++)

3 Movements ofCa++ (hypothetical) from the extracellular fluid into mem-
brane of the sole foot

4 Propagation of the so produced end plate potential when it reaches a certam
cntical magnitude (thresholi)

5 Increase in permeability of musde membrane to Na+ allowing rapid influx

ofNa+ into the muscle fibre and thus producuon of a potential called the local end-

plate potential which is entirely analogous to the excitatory post synaptic potential

6 Removal of acetylcholmt from its receptor site within about tvso milli-

seconds partly by diffusion back into sole fool and partly by destruction by choUn-

cstcrasc The sequence of these events is represented in the figure belovv

CHOLINERGIC

NAP

F!; S9 12 DtSfnmisaix’ rrprestsuuea

of the proctsKf inrelved ta i^-ntheu,

rcleue Anddi»po*alof«nrtyleholinest

cholmerpc nerve temunal and reciter

lUc. Acb=»AcetylclioIine chAi&choIioc

aceti'lase A^e^Acetyldsdinestcrace,

CO\=Coenxyme A E Energy-^Sites

er active traiuport f*AP=Vavc acoai

poceattal

When the nerve fibre is stimulated at a rate greater than ISO tunes per second
continuously for many mmutes, the quantity of acctylcholme released with each
^pulse dixnmishes, so that impulses even fail to pass mto the muscle fibre. This is

referred to as thefatigue of the neuromuscularjtmction and is analogous to fatigue of
a synapse How ev cr, under normal conditions, fatigue of the neuromuscularjunction
does never occur since it is rate that more than IM impulses per second reach even
the mtst active neuromuscularjunction
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HISTORV AND ADVANCEMENT OF GUNICAL
BIOCHEMISTllY

From the tune of Hippocratea (C 460—C 375 B C ) the crude cssammation
of body flxuds including urme had been done TTiomas WUlu, in the second half
of the 1 7th century wrote a dissertation on unne and did the sweet taste to

differentiate between the two types of diabetes

Boerhaate of Leyden (1688 1738), who had much influence on xncdiane,

taught quite confidently that medical phenomena could be mterpreted 5n terms of
chemistry Physicians had long been interested m urinary calcuU Richard
Bright in 1836 showed the relauon of albuminous unne with Kidney disease

He did this by heating unne in a spoon and showed that cloudiness developed
just before boiling

In nmeteenth century, Henry Bence Jones whose name is assoaated with
“protein*' and J W L Thudichum became lecturer in chemical pathology at

St Thomas’ Hospital, London Alfred Garrod, just over 100 yean ago, first did

quantitative analytical methods applied to blood and at about this time, a number
of well known qualitative tests for urine had been done By the end of the nine-

teenth century much of modern tmne testing had already been done

At the commencement of the 20th century “Clinical Chemistry” really

to develop into the disciplme which we Imow .rtoday QiaanQtaUve tests

were earned out in regard to sugar and urea of unne and a senes of qualttatzve

tats for acetone, aUmirun, bile, and sugar were performed

Different techiuqua now began to appear, mainly in the Umted States,

for quantitative aumations applied to blood In 1912, Fohn and Denis described

the phosphotungstic add reagent for uncaad,m 1913, Bang daenbed his micrO'
method for blo^ sugar, and Van den Ber^ used Ehrlich's diazo^reagent for the

determination of hUirubuv In 1915, Maclean and Van Slyke published their

lodometnc method for chlonde In the same year, the L>ebermann>Burchard
reaction was applied to the determination of cholesterol in blood. The newly
taieodtic^ ^ai/cal ^ i/iK/Sui to tko treasaseat of iiiabetos

stimulated urme and blood sugar atunations as well as diose of electrolyta

The range of quantitative tats performed m the chmeal chemistry laboratory
increased remarkably dunng the years between the two world wars The B
M K was also estimated as well as urea concentration tats, the phenol red
excretion tat, the fractional tat meal, and the tat for occult blood Pancreatic

disease was studied by means of unnary diastase, fecal iat, and muscle fibra in

the fec« In relation to neurological disease, cerebrospinal fluid was feirly well

mvatigated In 1930, there appeared Harruon's Chemical Methods m Clinical

Mediane and Stewart and Dunlop’s chmcal chemistry m Practical Medicme
A year later, the two voluma of Peters and Van Slyke were published, Thae three

publications undoubtedly formed the foundatiozi for the numerous mst books on
the subject in circulation today

In the late thirua m the Umted Stata and m the early fortia m the Umted
Kingdom, various typa of photodectnc colonmetera had apjieared raultmg
in the speeding up of routme dinical chemical work with accuracy Another
great progress, m the middle and late fortia, there was the appeai^ce of the

42[BCHEM)
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flarw photometer ishich enabled the estim^ion of sodium and potassium m the

body fluids to be done quite quickly and very accurately This had helped the

dmicsans to treat the diseases such as diabetic coma

In 1938, Callou published the use of the Zimmennan reaction to determine
17—Ketosteroids This svas the first of the steroid determinations applied for

routme purposes Satisfactory methods had been developed for the estimation

of catecholammcs and their metabolites, particularly in urme The more recent

development of radioimmunologicat assa) and protem bmding tcchiuqOes has

Jed to the estimation of the hormones themsches, both m blood and other bio-

Ic^cal fluids

Bodansky as wdl as King and Armstrong, m the early thirties, !ntro4uced

their techniques for phosphatase estimation Specific inhibition techmques then

led to the estimation of prostadc acid phosphatase which played a great part m
the dia^osis and control of therapy of prostatic caremoma The estimation of
aminotransferases, lactate dehyiirogmase and a number of other mtraceUuIar
enzynes had been done. Isoenzyme determmatjon had also been performed.

Techmques also became a\ailablc for the esbrnadon of trace elements by absorp-

tion spectrophotometer which gave accurate results for routine purposes

Grabar and his assoaates m I9o3 made a firm basu on Immunodectrophoresis
which gave detailed study on Para Protemcmias Individual scrum proteins

could be mvesdgated also by other immunological techmques, including radio-

immunoassay

Tswett m 1906 described absorption chromatography, Adams and Holmes
m 1936 ion exchange chromatography, Manm and Symge m 194) partition

chromatography, Consden, Gordon and Martm m 1944 paper chromatograrfiy,

Mottier, James and Martm m 1952 gas hqvud chromatogmphy AU thw
techmques are m current use by clinical chesmsts and have greatly increased the
range of substances which canbe invest^ated to relation to disease.

In the fifties and sixties, the improvement in the control of respiratory

disorders, open heart surgery, and renal dialysis had been made by the use of
the Astnip techmque Her^tary metabolic disorders had been detected by
microbiological methods

Smpe clinical chemistry had achieved the status of a recognized disaplme
m its own right national soaeties devoted to the subject were formed m various

countries First fonred in the Netheriands in 1947 and was soon followed by these

in the Umted States ofAmenca and m the United Kingdom. Soactics ofclmical
chamstsy have now grown up all over the world "ITie first journal, Cltmeal

Chemstiy, was published in 1955 by the United States This was soon followed
by Clinica Chenaca Acta, and now numerous journals have been published m many
partj ofthe world InaddiQon therearcagoodnumbcrofexcellcntbooksdealing
with details ofanalyucal methodology

Since the national soaeties had been formed it was realized that problems
related to climcal chemistry should be considered at an mtemational levd. This
has led to the formation of the chmcal dicmical section of thevintcmational
Umon of Pure and Applied Chemistry (lUPAG) and the International Federa-
tion of Cluneal Chemistry (IFGC) TTicsc organizations have a number ofjomt
comzmttees Mudi of the account flic history of clmical biochemistry givenm this chapter was oirginally produced lor the jomt commisnon on Educaticoi
ofthese two bodies
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This ducipUnc i5, of course, advanong^rapidly High resolution analysis is

progressing speedily This includes pressure chromatography and techniques such
as mass spectroscopy and electron spin resonance Sophisticated techniques of
this land will enable the clinical chemist to estimate rclati\ely large numben of

metabolites in rdati\dy a all amounts of blood, tissue fluid hssuc culture, and
biopsy samplra Such development must certainly lead to greater understanding

of^ease processes as well as to more accurate thagnosiic procedures and thera-

peutic control The normal range of these estiniatiom should also be known for

detecting diseases It is now becoming almost mandatory to abolish the old-

foshioned concept of ‘'normal range** and replace it by "reference values"

“NORMAL RANGE”
The so-called normal ranges were at first detennmed onspccimcnsobtamcd

from healthy medical students or laboratory staff Factors such as bedrest could
eflect certain important biochemical values

Whatever method is used to determme ranges, it soon becomes obvious
that these values are dependent -on a whole \anety of factors including method of
collection and handling of the sample for analysis, time of collection, searoztal

changes, laboratory analytical method employed, laboratory accuracy, patient’s

age, sex, ethnic group, social class, diet, physiological factors such as pregnancy
or environment, and so on There is abo the cHcct of therapeutic agents on the
analytical method employed as well as on the actual blood levels of certam consti-

tuents. Manv of these variables can be standardized, and then it is possible to
obtain so-called reference populations These must be defined m terms of the
other factors, such as sex, age, ethnic group, social class, etc. It should be pointed
out here that in this regard biochemical values resemble many other physical
signs obtanied at the bedside or by ancillary methods ofmv estigauon

It may also be mentioned that there is the cficct of disease itself on biochemical
values, which in themselves are not diagnostic of that disease For example, m
aenal disease, m addition to an mcrcase of blood urea there is frequently an in-
crease m blood urate There u a rough clinical correlation The clinician learns
to associate certain blood urate levels with appropriate mcreascs m blood urea
If the level of the former is too high m relation to the latter, then the possibility

of Gout is considered The latter disease can also be assoaated with an indcase
m the blood urea as well as of blood urate and a sunilar reasoning process must be
employed

Under the above discusaon, it mdicatcs that, m relauon to diagnosis, bio-
chemical values are merely additional, and frequently very important, physical
signs. Biochemical findmgs, as with most physic^ signs, have significance only in
relation to the history of the patient’s illness and the physician’s ladings, at the
bedside as well as from ancillary methods of investigation

hlaxunum difficulty arises to obtam normal reference values m the elderly
because of the presence of frequent diseases in them Therefore, it is difficult to

,
define the "nonnal” state The meaningful values arc just begun to obtain jn
pediatncs possibly because of difiicultics of sample collection and emotional
obstacles

It will be essential to standardize analytical methodolcgy to obtam meaningful
“reference mtervals” m all groups ofpatients Necessity will come into force to set

up reliable referen^^ methods, by which oth^ methods can be standardized
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Tlia is particularly the case in rtlition to enzyme determination. It is also vital to
rq)ort laboratory findings in terms of standard units. For this purpose it has
alrady been decided to ^opt SI Units.

SIUNITS

The conference GenereledcsPoidsetMesures, in 1960,confirmed the Systeme
International d’ Unites (SI), originally adopted in 1954. This system' is now
based on dght base units related to eight basic of quantity.

ThekatalhasbeenincludedinthefoUowing table 38.1. It should be pointed
out that a number of authorities believe that the concqjt catalytic amount is not
really viable and its unit would really be derived rathff than base. One could
introduce the concept catalytic activity per liter (derived coherent unit) which
would give a figure which would be the same as if the Katal were eiiq)loycd.

The mole and the katal have already been defined. In order to define the
Kdvin, it is necessary to state that 273.16 K represents the temperature interval
between the absolute zero and the triple point of vrater. Temperature is more
Commonly expressed in terms ofcdsius tempOTture, which is the thermodynanue
temperature minus 273.16 K, since the edrius temperature at the triple poiht
water is 0.01 degree celdus (0.01*C). The former term "centrigradc” should
no long® be used. The steam point Celsius temperature is 100*C above the cdshis
trq)le point of water. Other umts can be derived from the base units.

Table 40.1 * Base Units ofSt systeas

Kind of Quanti^ SI Bast Unit Sjntholfor Utdi

Length .. meter m
Mass .. kfiom^ram is.

Time .. second •s

Electric current .. ampere A
Thermodynanue teizq>eratare .. kelvin K
Luminous intensity .. candela cd.

Amoimt ofsubstance .. mole moL
Katalytic amormt . . Katal

kat.

Derived Gobereat Units x

These are thcimiBconstnincd eidtuhrdy bom base imia In (hi ease.'
gory, ana (Umt length X rent or tmit vdocity (nnit length divided
by unit erne) can also be mdndrf ITse coherent unit of volume if the cubic
tneter. For the psgsose of clmt^ biochesmstry, the liter has been retained
as the umt and redefined as exactly cmo*thousandth jiart ofa cuKc meter.
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Dcxircd Noncoiierent Unitat

These arc the tuuts constructed from base units and numerical lactors, for

eacarople, mUUgram per dcahter In other words, the numerical fectors are
multiples or submultiples, which can be denoted by prefixes as shown m table 38 2

TftbU4Q;2 Prefixes denotlsig decimal factora.

Factor Ifams Sjwhol

10“ tcra T
10* giga G
10* mega M
10* kilo K
10* hecto h
10' deca da

io-» dea d
10-* cent! c

10-* milli m
10-* micro

V-

10-' nano n
10-“ ptco P
10““ femto f

I0““ . atto a

Certain derived coherent units are used ui clinical biochemistry The unit

offeree IS Ae newton (N) and IN s»l Kg’ m/s* The unit ofeaergy is theJoule (J)
and Nm 4 2 Kj corresponds to 1 Kcal (Kilocalorie), and the latter uiut,

which IS the medical caJonc, Vnll be placed out The unit of power is the Watt
(W) and 1W=*1 J/S The electneal umts are the volt (V), the farad (F) and the

ohm(fl) IV=»1 W/A, IF*=I A/S/V, If3=IV/A

Conoentrauon can be expressed la two types of umt Mass concentration

IS the mass component divided by the volume ofthe mixture (tg /I, g/1, mg/l etc)

Substance concentration is the amoxuit of substance of the component Winded
by the volume ofthe mixture (mol/l, mmol/1 etc.) The latter form of esqiression

5 pref^ublc if the mofecufar weight of the substance is known ft can be
used for formula units

Substance concentration has not been expressed m SI units m a number of
diapter of this book since expressions of concentrauon in common climrat usage
have been employed (mg/100 ml, mEq/liter etc ) To convert these values into

substanceconccntrationinSI units {mmol/l,/tmol/l etc.), it is necessary to multiply
by certain factors, some of which are shown m table 38 3 below

The multiplication factor is easily derived from the former ways of expressing

mass concentratipn, smee it equals > vrhere n is the numerical value in a

stated volume V (measured in Uterr) and MW is the molecular weight of the

substance concerned When concentration has been expressed as mEq/1, it is

merely necessary to divide by the valency ofthe component being detenmn^



662 SBTO&y AND ADVANCEKEKT OF C2JN1CAJ. BlOOffilOSTRV

Certain standard abbreviations ate also recommended as abovm below

:

^Vhole blood

Arterial blood

Venous blood

Day

Fasting measurement

Fcco

Night

Plasma

Serum

Spina! fluid

Urine

B
aB.

vB.

d(PrderabIy24hr.)

fpt

F
n
P
S

Sp.

u

Table 40.;.3 blnItxpUcatioc factors for conversiott to sobstsace

concentration in Plasma.

Sshsieiet Currnt eoneentra'^

timapesjwt
Suistanct MeldpUceiign

coitcenhet^n JaslorJar mssmicn
hsvirtaxt
cffsiestralien

Asdnoaeti^N mg/100 xnL mmol/1 0.714

A'iunhftT\ti^yyi ,

.

. .
pg/lOQ ml. fi mol/1 0.567

Ascorbic add .

.

.. zng/lOOmL pmol/l 56.8

Bilinibin> .

.

mg/100mL fi znol/1 17.1

Caldum ion ^/lOOjnl. m mol/1 0.250

mEq.H mmoI/1 0.5

Cholesterol .

.

n^IOO moL mmol/1 0.02^

Copper . . ftgIlOO ml. H moI/1 0.157

. . xng/100 jnL p mol/1 88.4

Glucose . mg/lOOmL m mol/1 0.0555 ^

Iron . /^lOOmL /t mol/I 0.179

Lead . pg/100 mL pmol/I O.tHSS

Kfagnedum . mg/IOO mL mmoI/1 0.411

m£q/I. mmoI/1 0.5

Phosphate (Inorganic P) . mg/lOOxtd. mxnoI/1 0.323

Protein-bound iodine . ftgllOOjoL m mol/l 78.8

Sodium ion . m£q/l mmdl/1 1.0

Urate . mg/IOO mL mmol/I 0.0595

Urea . .
* mg/IOO mL m mol/l 0.166
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IN PIASUA

Sj/sUm Component Kind of Quantity Numhencal value Vmt

Serum Calaum Substance Concentra' 25 m mol/l

(Total} tratron

A laboratory report ot.a measurement should ideally always indicate

(1) the system

(2) the coihponent

(3) thekjnd ofquanuty

(4) the numerical value

(5) theuiui

It u also doubtful whether actually the words "substance concentration"

will be mcludcd m the average laboratory report

Refereseea

Caraway,W T The Saenufic Development of Clinical Chemistry to 1948,

Qiit/ Chesn. 19 373, 1973

Henry, R. J Clinical Chemistry Principles and Techniques, Ed 2 Nevf

Work, Harper and Row, 1973

Robinson, R Qmical Chemistry and Automation, London, Chas Gnffin

and Co Ltd 1971

Tieu, N W (ed.) Fundamentals of Clinical Chemistry, Philadelphia,

W B Saunders Co, 1970

IDPAC 8c IPCG Information Bulleim Quanuuts and Umis u» Clinical

Chemistry, 1972

Young, D S ,
Thomas, D W Fncdroan, and Pesuncr, L C
Bibliography Drug Interferences with Clinical laboratory

Tets, Clin Chem. 18 1041, 1972



CHAPTER *\

CANCER, ONCOGENES AND’GROWTH FACTORS

imuoDucnoN
1 Oncer cells have the followmg characteristic proptcrtics

a They have djrrumsbed control ofgrowth
b They uwade local ussoes

c They spread to other parts of the body

2 The niain object IS to expUm in biochsntical terms the uncontrolled grow th

ofcareer cells and t^ir capacity to invade and metastasize

3 The genes controlling growth and mtcractionj with other normal cells

are apparently abnormal in structure or regulation m cancer cells

4 Information regardmg the control of cell growth (both normal and Patho-

logic) IS limited and knowledge of specific gena mvolved in growth regtilation

IS even very scanty Little is also Icnotwn as yet about the biochcnucal basis of

metastasis

5 Some types of cancer (e g , certain leukemias) can be regarded as examples

of abnormal differentiatian But little is blown about the molecular basis of

differentiation Many workers in this area think that further research on oncogenes

and growth factors will provide mfomiation on the nature of the distnibed control

of growth, of ^ffcrcntiatjon, and of cell—cell interaction exhibited b) cancer

cells

BIOMEDICAL IMPORTANCE
1 The second most common cause of death is cancer after cardiot'asctilar

disease

2 Humans of all ages are victu&s to cancer and a wide vanetv of organs

are affected by this disease

3 Cancer increases wnth age, so that as people live longer, mot(^ will de%*elop

the disease

Bsoe^iexnical Laboratory tests

'^fany cancers are assoaated with the abnormal production of enzymes,
proteins, and hormones which can be measured in plasma or serum. These mole*
culcs are known as tvmor markerr hiczsuiemcnt of some tumor markers is helpful

m managmg some types of cancer The tumor markers are applied in diagnwis
and management of cancer TTiree Jnajer conclusions are derived from the study
oftumor markers

1 No single marker is useful for all types of cancer or for all patients with
a given type ofcan<*r

2 Markers are most often delected m advanced stages ofcancer rather than
early stages

3 The most successful use of markeia is to monitor the responses to therapy
and the detection of early recurrence

Table 41 1. GUmcaBy oaefol tumor marker*.

^^3rkc^ Associated Cancer

Carcinocmbryonic antigen (CEA)
Alpha fctoproiem (AFP)
Human chononic gonadotropin (KCG)
Calcitonin (CT)
Prostatic acid phosphatase (PAP)

Colon, Lung, Breast, Pancreas
Liver, Germ Cell

Tropoblast, Germ Cell
Thyroid (medullary caremoma)
Prostate
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CAUSES 'OF CANCER
The followings arc the groups causing cancer.

1. Radiant energy.

2. Chemical compounds.

3. Vinwes.

1. Radiant energy

(a) Ultraviolet rayt, X-ray*j, and y*rayi damage DNA in several ways.

(b) Ultraviolet radiation may cause pyrimidine dimers to form.

(c) Apuriruc or apyrimidinic sites may form by elimination of corresponding
bases. Smgle-<ind double—strand breaks or cross-linking of strands may occur.

(d) The banc mechamsm of carcinogenicity with radiant energy is to cause
damage to DNA.

(e) Free radieaU arc formed in tissues by X-rays and y-rays. The resultant
.OH, superoxide, and o;hcr radicals can interact with DNA and other macro-
molecules, leading to molecular damage and thereby probably contri^ting to
carcinogenic effects ofratUant energy.

2. Chemical Compouxids

(a) It has been estimated that environmental factors, principally chemicals,

can catise upto 80 per cent ofhuman cancers.

(b) Exposure to such con^iounds can occur because of a penon's occupation

(e.g., beni»e, asbestos); diet (c.g,, aflatozin B| which is produced by the mold
Aspu^ius davus and sometimes found sts a contanunant of peanuts and othtf

foodstufli); Life stjU (e.g., dS:arette smoking); or in other ways (e.g., -etttam

therapeutic drags can be cardnogetUe).

(c) The carcinogenic substances may botli organic and inorganic mole-

cules. The following table shows some dicmical compounds which may cause

cancer.

Table 41.2. Some Chemical Cardisogeas

Class

Polycyclic aromatic hydrocarbons. ,

Aromatic amines.

Nitrosandnes.

Various dn^s.

Naturally occurring compounds
Inorganic compounds.

Compoiuid

Benzo £a) Pj^e.
2—Acetylaminofluorene,
N-methyM-anunoazob^ene (MAB).
Dimethylnitrosaminc, diethylnitrosa-

mine.
Alkylating agehts (e.g., Cyclophospha-
mid;), diethylstilh^terol

Dactinomycm, aflatoxin By
Arsenic, asbestos, berylliiun, cadmium,
chromium.

The followings ar«;.thc structures of three important carctnogcnic compounds.
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crwiocobenzene

Tig 41 1 Scructumoftlireeu!B?omftc3q»en~«at»llyu*edeii«nicalciraaog«u

(a) ^ orgajuc carcmogens such as niliogcn mustard and B-propioIactone
interact directly with taiKct molecules (direct carcmogens), but oIiiot require
prior metabolism to become carcinogemc (Proeemi-j^eei) The process by which
one or more cnayme^talyaed rcacuons convert procatcmogcns to acnve carcmo-
gens IS caUed atwctzm Any mlermediate compound formed is erosieide
esrrajeu. and the hiul compound that reacts wiih cellular components (e-eDNA) u the elbnate comniga ^ \ b »

Procarcmogen— Prommate carcmogen A—> Proximate carcmocen B —e
Ulumate carcinogen ^

(b) The ultimate carcmogen h highly reactive and is uraaUy lUdnihlt
(i^eeule dofia®; m electron) This readdy altacbs nucleophilii (elecmm-
ndi) group in DN\ RNA, and protein ^

Me&»«xjrgesases and Traasferues
(a) Mono oxygenases and tiansfetaaes cause the metabolism of Procar-

cinogens and otner xenobiotics

(b) The bem^^taming mmo^mygeiiases of the cytochrome P-450 tvoe
located m the endoplasmic reuculum are mainly responsible for the metabdhe
ecuvauon ofprocarcinogens

^
(c) The montMixreenases catalyze the bydroiylauon of various procarci-

'““8 molecular oxygen as the source ofoiWenandNADPH as a reducing source. ®

R-H-O, -FNADPH 0H+H,0 -f-N ADP^
(d) At lc«t 6 OT many mo-c such mono-oxygcaascs arc present m the endo-

plzsnuc reticulum ol human user

(e) The speeiSe mono oxygenase re^ible for the metabohsm ofpolycycbear^ne hyiWrbom W named ^toti^ P.448 or aromanc hy&Sbo-^
-c oiled,ta, I

(f) ^P'ftZrcectoxrc/soicJicIic^hns.&ehydroxylatedxenobioncsare
^njogated with vartoui moietim (e g , Ghieuronate. snllate, acetate, glutathioori
These reaenons usuaUy demxify die reacuvity of the eompouni mvolved a?d
TuaVff them readj for excretion, mainlym the unne

(g) In some eases, txnjugabonaetuaUy increases the biologic activity or
chemical reacuviiy cf a molecule. The enzyxnes catalyzmg the above eonjLa-
oon reaenons arc usuaUy cytosoUc m locanon, alihon^ some are aho prtSnl
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m the endoplasmic reuculura The vanom glutathione transferases use eluta
thione transferases use glutathione itselfas the donor ^

Factora affecting e&xymes metabolixing senoblotlca

The following factors affect the acuviiies of the enzymes metabolizing xeno-
biotics ^

(i) The acuvnies of these enzymes may differ substantially among species
(n) Sigmficant differences arc found in enzyme acuvities among individuals

luany ofvhich arc due to genetic factrors '

(ill) The activitiM of the some of the enzymes vary accordmg to age and sex
(iv) Intake of phenobarbital, PCBS. or cerum hydrocarbons can also m

crease the activities of many enzymes by a mocess known as meme mdmbm
Hydrocarbon inhalation from cigarette smobng during pregnancy induces the
acuviiy of cytochrome P-448 m the placenta altering the amounts of certain
metabolites of hydrocarbons to which the fetus u exposed

(v) The metabolites of certain drugs can inhibit the acuvities orxcnobioiic-
metabolmng enzymes

Mutagens

(a) Moat of the chemical carcinogens arc mutagens

(b) The use of bacteria is mutagemeuy tests creates a problem that they
do not contain the spectrum of mono-oxygemses found m higher animals

InltiftOon and promotion

(a) The stage of carcinogenesis on the skin of experimental mice caused
by tlM application of benzo [a] pyrene is called muiation and this stage is rapid
and irreversible ft is supposed to involve an irreversible modification ofOwA
resulting in one or moie mutations Benzota) pyrene ts th is called an imuatmg
agent

(b) The second stage ofcarcmogcnesis, resulting from the application of croton
oil, IS called promotion and croton oil is therefore a promoter Promoters can
cause initiation

(c) Most carcinogens can act as both imtiatmj, and promotmg agents

(d) A good number of compounds including phenobarbital and saccharin can
act as promoters in different organs

(e) The active agent of croton oil is a mixture of phorbol esters The most
active phorbol est-r js 12—0—tetradecanoyJpborbol— 13-acetate (TPA) which
has numerous effects

(f) Protem Kinase G can act as a receptor for TPA The enzyme bemg
stimulated by mtcraction with TPA may result in the phosphor)lauon ofa number
of membrane proteins resulting m the effects on transport and other functions

Role ofDMA
DNA IS the premier target molecule m carcmogcrtesis which is being estab-

lished by the following facts

(i) Cancer cells beget cancer cells, j c , the required changes responsible

for cancer arc transmitted from mother to daughter cells This js consistent with

the behaviour ofDNA
(ii) DNA IS damaged by both irradiation and chemical caremogens which

arc capable of causing mutations in DNA
(ill) Many tumor cells exhibit abnormal chromosomes
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(iv) Transfection experiments show titat purified DNA (oncogeocs) front

cancer cells can transform normal cells into cancer cells Epigeneuc factors may
also pla> a role m carcinogenesis

3. ONCOGENIC VIRUSES

(i) Oncogenic viruses ^ntain either DNA or RNA as their genome

(ii) Poljvmavinis and SV 40 vtrases have played an important role in the

development of current ideas about viral oncogenesis Both of them arc smaU
and their arcular genomes code for only about 5—6 proteins Under certam

circumstances, appropriate cells being infected wth these viruses can result m
malignant transformation Specific viral pretems arc involved too

(ill) In case of SV 40, these proteins (often called antigens) arc known as T
and t, and m case of polyomavirus, they arc known as T, mid-T, and t (T refers

the fint Of these proteins detected m a tumor)

(iv) The T antiggns are to bind tightly to DVA and cause alterauons in

gene expression These proteins show cooperauve effects, suggesting that alteration

of more than one reaction or process is required for transformation

(v) Transformation of certain animal cells are caused by some types of
adenovirus

(vi) Epstem Barr vuus is associated with Burkitt’s Lymphoma and naso*
pharymgeal carcinoma in humans

(vu) Herpes Simplex virus u associated with cancer ofthe cervtx, and hepantis
B virus IS also assoaated with some cases of liver career m humans

transformation
The cultured cells undergo m'lhgnant transf''nnauon when they are infected

Vfuh certain oncogemc viruses These changes affect cell shape, motility, growth,
and a number of biochemical processes They reflect the conversion from ^e
normal to the malignant state Acquuiuon by cells of the changes collectively

known as transfurmauon does not mean that such cells will display the
biologic properties as tumor cells m vivo, cells must yield tumors when injected
into 3 suitable host animal

ONCOGENES
Oncogenes arc genes capable of causing cancer These were fint recogmsed

asnaiique genes of tumor—causing viruses ihat are responsible for the process
oftransformation (viral oncogenes}

Oacogenes of Rons Sarcoma Virus

(i) The genome of this retrovirus contains four genes named gag, pol,
env, and sre

(ii) The gag gene codes for group spcafic antigens of the virus, pol for the
reverse transcriptase that characterizes retroviruses, and env for certam glyco-
proteins ofthe viral envelope Aprotein tyrositte hnase was shown to be the product
of tre (i e , the sarcoma-causmg gene) that « responsible for transformation

(ill) Certain gljcoljtu enzymes become target proteins for the sre protein-
tyrosine kinase This shows that transformed cells often show increases rates of
glycolysis The product of sre may also catalyze phosphorylation of phosphati
dylmositol to phosphatidylmositol mono- and biph<»pl^te

(vi) When phosphatidylmositol 4, 5— biphosphate is hydrolyzed by the
action of phespholipase C, -2 second messengers are released inositol tnphos
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phate and diacylglycerol The first compound mediates release of Ca++ frotr
mtraccUuIar sites ofstorage (eg, the endoplasmic reticulum)

(v) Diacylglyccrol stimulates the activity of the plasma membrane bound
protein kinase C \shich m turn pHosphorylase a number of proteins, some ol

which may be components >3firon pumps

(vi) Mild alkalimzationoftheccUbroughtabout by activation ofan Na+/H+
antiport system can play a role m stimulating mitosis

(vu) The product of sre may, therefore, affect a large number of cellular

processes by its ability to pliosphorylate various target proteins and enzymes
and by stimulating the patJiway of synthesis of the polyphosphoinositides

Oncogenes of other Recrovimses

(i) About 20 oncogenes of other retroviruses have been identified Almost
half of the products arc protein kinases, mostly of the tyrosine type

(n) Some of these encode protein kinases, the remainder encode \arious
other proteins with mterestmg biologic activities

(m) The product of the ras oncogene of murine sarcoma viruses binds GTP,
has GTPase activity, and is related to the proteins thu regulate the activity

of the important plasma membrane enzyme, adenylate cyclase

Mechanism by which protooncogenes become Oncogenes

A Promoter mserdon
(i) When the particular laruses infect cells, a DNA copy (cDNA) of their

RNA genome is synthesized by reverse iranscnptase, and the cDNA is integrated

into the host genome The mtegraied doublc'Stranded cDNA is called a Prmrus

(ii) Following infection of chicken B lymphocytes by certain avian leukemia
nruses, their proMnises become integrated near the myc gene The myc gene is

activated by an upstream, adjacent vital long terminal repeat acting as a pro
moter, resulting in transcription of both the corresponding myc mRNA and
translation of its product in such cells

B. Eohancerlaserdont

(i) In certain cases, the proviros is inserted downstream from the myc-
gene or upstream from it but oriented m the reverse direction, the myc gene never

becomes activitated Sucfi activation cannot be chic to promoter insertion

(ii) Enhancer sequences present in the long terminal repeat sequences

of the retroviruses

(m) The above two mechanisms -promoter and enhancer insertion

-

commonly operate in viral oncogenesis

C. Chromosomal Translocations

(i) Many tumor cells show chromosomal abnormalities Translocation

IS a tvpc of chromosomal change seen in cancer cells

(ii) A piece of one chromosome being split off join to another chromosome

and if the second chronjosome donates material to the first, the translocation is

said to be reciprocal

(ill) A number of tumor cclb show characterislic tramlocalions One impor-

tant translocation is the Philadelphia chromosome occumng in chronic granulo-

cytic leukemia

(iv) BurktU's Lymphoma is a fast growing cancer of human B Lymphocytes

(v) Synthesis of greatly increased amounts of the DNA— binding protein
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coded- for b> the in>c gene acts to “dn\e” or “force** the cell towards becoamg
malignant bv an effect on the regulation ofmitosis

D. Gene AmpUficatxon

(i) One method is shown m respect of gene amplification m tumo-s by
administration of the anticancer drug metbetrexate, an inhibitor of the enzyi:^

dSaj-drofolate reductas* Tumor tells can become resistant to the action of this

drug

(u) Cenam cellular oncogenes can abo be amplified and are thus activated,

(in) Increased amounts of the products of cotam oncogenes produced, by
gene amplification ma^ plat a role m the progression of tumor cells to a more
malignant state

£. Sixigle>point zxiittation

(i) TTie product of munne retrovmises^ a proiem of if\V 21D00 is related

to the G proteins that modulate the actiwiy of adenylate cjclasc and dius play

a kev rolem cellular responses to many hormones and drugs

(n) The lower actintv of GTPasc can result in chronic stimulation of the

acti\ot> of adenylate c>clase which normall> u diminished when GDP u fanned

from GTP The resulting stimulation of the activity of adenvlate cyclase can
result m a num^ of effects on cellular metabolism exerted bj the increased

amount of cAhiP affecting the activities of s-anous cAMP*dcpendent protem
kinases

Ceaeral eotmuents on AcOv'Stion of Oncogenes
(i) Increased amounts of the product of an oncogene may be raSuent

to pu^ a cell tois*ards becommg mabgnant.

(u) The presence of a structuralf) abnormal ke) regulatory proiem in a
cell may also be sufficient to tip the scales toward cancer

(ui) Oncogenes ha\e been isolated from only about 15 per cent ofhuman
tumors

(iv) Recent work has shown that actii*ation of C-ras in ratmammary canccrs-»
mdu^ by mtrosomethylurca ivas apparently due to a specific G—-*AtTansitiKt
type of mutation, demonstrating that oncogenes Arc probably involved m che-
mical carcinogenesis

(v) Further research is essentia! to examine the posnblc mvolvemcat of
oncogen« m tnc phenomena of initiation, promoLoa, tumor progression, and
metastasis

Mechardsms of Action of Oncogenes

(I) They may act on key intracellular patbwavs involved in grmrtb control
uncouplmg them from the need for an cxc^cnous sumilusr

(li) The products of oncogenes may also imitate tb» action ofa polypeptide
growth factor

(ill) The products may also imitate an occupied receptor for a growth factw

POLYPEPTIDE GROWTH PACTORS
(i) The growth factors effect many different types of cells, c.g , from

the blood, ncncus system, mesenchymal tissues, and epithelial tissues
*

(ii) 'Hicy exert a mitogeruc response on their target

(tii) Platclet*dcn\*cd growth factor (PDGF) released from the alpha gra-
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nyles of pbtelcts plays a role m normal ivound }ie->lm? Various g-owth factors

play kc> roles m regulatmc: differentiation of stem cells to form \'anous types

of mature hcmatopcictic cells Growth inhibitory factors also exist Thus, chronic
exposure to increased amounts ofa growth inhibitory factor can alter the balance
of cellular grow th

ENDOCKINE, PARACRINE, AND AITTOCRINE ACTIONS OF GROWTH
FACTORS

Gro'vth factors may act m the fullowmg wass

(j) Their effects may be endoerne, lilcc hormones, they may be synthesized

elseirberc in the body and pass m the circulation to their tirget cells

(n) TTicy may be synthesized jn certain cells and secreted from them to

affect neighbouring cells The cdls that synthesize the growth factor arc not
themselves affected because they lack suitable receptors TTiis mode of action is

called paramnt

^
(m) Some growth factors can affect the cells that s\nthesize them This

third mode ofaction is called nuiomn*

BIOCHEMICAL MECHANISMS OF ACTION OF GROWTH FACTORS

(0 The growth factors like hormones must transmit a message across the

plasma membrane to the mtenor of the cells The message ultimately afFi^its one
or more processes involved m mitosis

(u) Most growth facton ha\e high afhmty proiem receptors on the plasma
membrane of target celb The genes for the receptors for epidermal growth factor

(EOF) and insulin have been cloned

(m) A number of receptors have been found to exhibit protein tvrosme
kinase acuvities The kinase activity located m the cytoplasmic do'fttains causes
autophosphorylation of the receptor protein and also phosphorylatcs other target
proteins The rcceptor-lig-and complexes are subject^ to cndocytosis in coated
vwicles

(iv) Phospholipase G is stimulated following exposure of cells to PDGF
resulting in hydrolysis of phosphatidylinosito! 4, S-biphosphatc to form inositol

tnphosphatc and diacyJglycerol These tvro second messengers cat? effect inira

cdlulat cele^se of Ca++ and stioulatioa of the acuvicy of protein. Innate Gtes
pcctivdy, thus affecting a larger number ofcellujal' reactions

(v) TJic hydrolysis of diacylglycerol of phospholipase A|, liberating ara-

chidonic aad, can also result in the production of prostaghndins and leukotncnes
which themselves may exert many biologic activiucs

(vi) Eiqiosure af cells to PDGF can cause rapid activation of certain cellular

proto-oncogenes

(vit) Gene activation is involved m the action of most growth factors

PROCESSION OF TUMORS
(i) A cell once becomes a tumor cdl, tendency for malignancy « increased

This IS sigmSed by increasing rates ofgroi^, and increasing tendency to invade

and metastasize

(ii) Cells havmg Taster rates of growth will have a selective advantage

(ill) The biochemical affairs of highly malignant cells may be very different

from that of normal cells Some changes are secondary to rapid growth rates

and others are due to chromosomal instability
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(iv) The fast-arowing cells tend to increase the nnabohe processes invoh^t
in gros^ (e.g , D\A and RNA synthesis), cut donn onnstabohe fimenoas fe n
catabolism of pyrimidines), and dispense snth ihe differenmicd fiinctioas sh^e,’
by then normal ancestors In fact, they are mosdy concentrated upon Krm.thThey aUo show bioAemical changes that reflect altered gene regulanon, suti as tS-
synthesis of certain fetal proteins

^

METASTASIS

M-trstas,s is a complex process to analj-ee m humans. It is the soread ofcancer cells tom a pnmary site of ongm to other tissues where ,secondary minors, it is the major problem presented by the diwise^sS^ ^
knowledge regardmg this is tpnte reeled

^ ^ Biochemical

surfa^"ffn“£idl5:|Z?‘ciSs'^
companions of the biochemuny of the

At present, metastasis has been smdied by comiderable researeb worV™ jlopi^ nnmble animal model si-stems studies are bemg
identify the possible roles of certam proteases (e g type i e
certam gljcnprotcins and glycosphui^ipids of dj ladtoirfa^ °rmetastasn For mstanee, it iiay*^be Jos*Ie thar^~T^ S,'

P™??f
ehains of cell glycoprotems may be eflentiye in

nligomcchande

The biochemical mcchanums involved m nietastasii to occur

theranonal development ofmore cBecnveanueancnrlhcrapiS^^'*'
^
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MULTIPLE-CHOICEQUES & ANSnana chapter

-

ia BIOPHYSICS

Write the conect snsyttT number of the followings :

1 The pH of gastnc juice of infants

(a) 2 0

(b) 40
(c) 4 5

(d) 50

% The pH of water is 70 at the temperature in ccnugrade

(a) 22.

(b) 30

(c) 37

(d) 40

3 The pH of blood ts 7 4 when the ratio between [NaHCo,j and

[HjCojJ

«

<a) 10 I

(b) 20 I

(c) 25 1

(d) 30 1

4 The difference m pH between arterial and venous blood is rarely

more than

(a) 0 02

(b) 003

tc) 0 04

(d) 006

5 The pH of buffer is determined by pH = PKa + Log HSlil which

IS also known as the equation of [acid)

(a) Henderson-Joules

(b) Henderson-Smith

(c) Henderson-Hams.

(d) Henderson-Hasselbalch

6 The chief buffering system in the blood

(a) KjHPO.andKHiPO,

(b) B Protein and H. Protein

(c) NaHCoj and HjCoj

(d) B Hemoglobin and H. Herao^obln

1
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7 Dunngsevere muv:ular«erciseuhen die blocxflacticaad conlcni

nses over 100 mg. per 100 ml the of blood

(a) Sbghily inneases.

(b) Highly increases.

(c) Slighllj decreases.

(d) Nlarkedly decreases.

8 In case of non homogeneous solution, diffusion is expressed as

DA^Hbj
dP dj

(a) Picks Law

(b) Peterson's Law

(c) Faraday s Law

(d) Dicks Law

9 The average pH of unne is

(a) 5 6

(b) 60
(c) bA

(d) 6 8

to The osmotic pressure of a solution increases with the nse m
(a) Temperature

(b> Cold.

(c) Humidity

(d) Rancidity

1 1 The osmouc pressure of a solution relating to solute molecules de-
pends on the

(a) Sae

lb) Shape

(c) Number

(d) Volume.

12. If a cell is immersedm a concentrated solution, it follows the pheno-
menon

(a) Turgor

(b) Plasmolysis

(c) Hemolysis.

(d) Paralysis

13 Osmosis IS opposite to

(a) Effusion.

(b) Afhision

|c) Confusion.

(d) Diffusion.

Answfir.

7) d.

8) a.

9) b

10) a.

11) c.

12) b

13) d.
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15

16.

17

18

19

20

The intracellular fluid of red cells and the red cell membrane m
0 92% Natl solution maintains a relation

(a) Hypertonic

(b) Hypotonic

(c) Isotonic.

(d) None of the above

The PurgatiN’C action of Epsora(MgS04)salt follows

(a) Osmosis

(b) Diffusion

(c) Adsorption

(d) Absorption

Hemolysis is caused by the dilution of RBC by

(a) Diffusion

(b) Osmosis

(c) Effusion

(d) Imbibation

The surface tension of a solution m decreased by

(a) Calcium sulphate.

(b) Banum sulphate

(c) Magnesium phosphate

(d) Potassium permanganate

The surface tension of a solution is lowered by

(a) Ammonia

(b) Sodium hydroxide

(c) Potassium bydroxtda.

(d) Aluminium hydroxide

The surface tension of a solution is mcreased by

(a) Bile salts

(b) Bile acids

(c) Concentrated sulphuric acid

(d) Acetic acid.

Lipids and proteins which are both effectivem lowering surface ten

Sion are found concentrated m the cell wall following the principle

of

(a) Johnson John

(b) Gibbs Thomson

tc) Peterson Pollen

(d) None of the above
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21 Adsoq?tion decreases With the nse m
^

(a) Cold

(b) Humidit>

(c) Dryness.

(d) Temperature

22. The process of adsorption is appbed in the punfication of

(a) Enzymes

(b) Honnones.

(c) Vitamins.

(d) Coenzjmes

23 The following is the hjdrotropic substance

(a) Hydrochloric acid.

(b) Nitnc acid.

(c) Hippunc acid.

(d) Salicylic acid.

24 Bile salts make emulsification with fat for the action of

(a) Amylase

(b) Lipase.

(c) PepsiiL

Id) Trypsin,

25 The viscosity of a liquid increases due to the presence of

(a) Suspended particles.

(b) Soluble particles

(c) Small sized particles.

(d) None of the above.

26. The size of each colloidal particle in zun

(a) 4 to 40

(b) 6to€0

(c) 8 to 80

(d) 10 to 100

27 The serum colloidal protein particles may be precipitated 1^ ih

addition of large amount of

(a) Calcium sulphate.

(b) Ammonium sulphate

(c) Banum sulphate

(d) Magnesium sulphate.



MULTIPLE CHOICE QUES & ANS 5

28 Some of the calcium phosphate ot blood is held in colloidal suspension

by the protective action of

(a> Lipids.

(b) Carbohydrate

(c) Proteins.

(d) Minerals

29 Water is not expelled by squeezing m
(a) Imbibition

(b) Precipitation

(c) Combination

(d) Dilution

30 In simple diffusion^ = PA (Co -Ci) can be expressed by the
' dt

modification of

(a) RongentsLaw

(b) Fabry s Law

(c) Pollinger s Law

(d) Pick’s Law

31 Fatty acids can be transported into and out of mitochondna through

'

(a) Active transport I

(b) Facilitated transfer
I

(c) Non' facilitated transfer

(d) None of the above

32 The absorption of intact protein from the gut in the foetal and newborn

animals takes place by '

(a) Pinocytosis

(b) Passive diffusion

(c) Simple diffusion t

(d) Active transport

33 Thyroid function is determined by the use of the isotopes

(a)

(b) K«
(c) Ca«

(d)

34 Pernicious anemia is diagnosed hy the radio-active substance

(a) CL^
(b)

(c) Co"®

(d) Few

Answeri

28) c

29) a

30) d

31) b

32) a

33) d
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Atw^en

35 The protein bio^ntheas has been studied by using

(a) S'*

(b) Ca«

(c) Na^*

(d) Au'*

Fill up the blanks of the followings :

I Solution ofmwed indicators ha^mg a number ofcolour

changes ov er a unde range of are caUed

indicators

2. The loganthm of the reciprocal of hjtlrogen ion con-

centrauon is said to be

3 Temperature can not alter the pH of a solution of

—

4 The mixture of ueak acids and their salts o! strong

bases are said to be

5 The spreading of solute molecules throughout the

water molecules is called

6 Diffusion takes place against

7 The irost selects e artificial membrane is

8 Soaps ha> c osmotic pressure

9 If a cell IS kept m a h> potonic solution, the cell is

called

10 The force with which the surface molecules are held

^

together is called

I I Surface tension is in>oUed tn the process of

!Z The process bj which watefinsoluble substances are

made water soluble b\ hydrotropic substances is

callttl

13 The resistance expenenced b\ one layer of a hguid in

miwing o\ er another is called

14 Thv spanngl) soluble cholesieroland the calcium salt

of bilirubm is kept in colloidal solution b) the pro!e->

Clive colloids

1 5 The osmotic pressure of serum protem is about

lb The process of separation of crystalloids from colloids

b\ diffusion throueb a membrane osmouc force is

called

n Diah SIS Ls applied m medicine in the .

18 An emulsoid ma\ be changed into a suspensoid by

19 The cell membrane consists ofsmall water filled pores

of radms about nm.

I

1
35) a

1) UnnersaL

2) pH

3) 0 1 N Ha
4) Bulferi

5) Diffusion

6) Grawtt

7) CujFeiCS\

8) Lower

9) Turgid

10) Surface tension.

11) Digestion.

12) Hydrotropy

13) Viscoa^

14) Bile Salts.

15) 30 mm. Hg.

16) Dialysis.

17) Artificial Kidney

18) Dehydration

19) 0 4
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20

23

24

25

26.

The aioms having the same alomic number but differ

ent atomic w eights are said to be

Absorption of fat is studied by using

The life span of RBC has been determined b> tagging
to RBC

The absorption, mobilization and transport of iron

have been st udied by the use of

Plasma volume is measured by using

labelled serum albumin

The formation of antibody m the reticuf«>endothcIial

system has been studied by

IS the end product of Au'* after cmiting

P and Y* rays

Answers

20) Isotopes.

21) oleic acid

22) Cr'‘

23) Fe«

24) 113.

25) P32

26) Hg'«

Indicate “True ’ or “False" of the followings s

1 The pH range of solutions is 0 to 14 only

2 Thebulleractsalmostasifjus absorbing the added free hjdro-

gen or hjdroxj lions

3 The buffering system of lymph cerebrospinal fluid etc aresimi

lar 10 that of blood

4 In cases of gas, diffusion is slow

5 'Absorption from gastrointestinal tract does not follow the princi-

ples of osmosis.

6 Adsorption is a surface phenomenon

7 Heat is not given off m all adsoipuon

8 Adsorption decreases with the rise in temperature

9 Surface adsorption helps to combine enzvmes with substrates to

give reaction product

10 Phospholipids are hydrotropic substances

1 1 The unit of Viscosity is the Poise"

12. Brownian movement IS quite regular

13 In the body equihbnum may be established ow mg to the removal

of excreted ions in other reactions.

14 Emulsofds are easily precipitated by salts.

1 5 Formaldehyde can remove water from the gel

16 The mitochondrial membrane is permeable to citrate

17 The transport of most ions occur more slowly than the non ele-

ctrolytes.

18 Active transport is involved in the absorption of lactose from the

small intestine ^

19 Mineral metabolism IS studied by S*

20 The half life of 1'” is 8 04 days.

1) True

2) True

3) True

4) False

5) False

6) True

7) False

8> True

9) True

10) False

11) True

12) False

13) False

J4) False

15) True

16) True

17) True

18) False

19) False

20) True
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M«(ch the followings .

Solution

(a) SaLx-a

(b) Milk.

(c) Tears

(d) Pancreatic Juice

(e) Gastric Juice (adult)

(f) N/lOO NaOH

ptf Ansy^er

(1)71 (a) ( 11)

(It) 68 (b) - (1)

(m) 120 (C) (IV)

(IV) 7-2 (ll) - (V)

(V) 80 (e) - (VI)

(VI) 14 (0 - (iii)
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dnannDoa chapter

-

i

DnnDDDDD CARBOHYDRATES

Write the correct answer number of (he following : Answers

1 Theheptose kciosc sugarformedasaresuUofchemicalreactionin
HMP shunt

(a) Glucoheptose

(b) Galactoheptose

(c) Sedoheplulose

(d) Mannoheptose

I) c

2. The general formula for polysaccharide

(a) (C;H,aO,)Ti

(b) (QH„a)7}
(c) (c;H.,05)n

(d) (QH.oOjTi

2) a

3 The number of isomers of glucose,

fa) 4

(b) 8

(c) 12

(d) 16 '

1

3) d

4 The epimers of glucose

(a) Fructose

(b) Galactose

(c) Ribose

(d) Deoxynbose

4) b

i

5 Human heart muscle contains

(a) D — Arabmose

(b) D — Ribose

(c) D — Lyxose

(d) D - Xylose

1

5) c

6 The intermediate m hexose monophosphate shunt

(a) D — Ribulose

(b) D — Arabmose

(c) D — Xylose

(d) D — Lyxose

6) a.
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7 Honty contains the hydrolytic Product of

(a) Lactose

(b) Maltose.

Ic) InuUn.

(d) Starch

8 On boiling Benedict s soluuon is not reduced by

(a) Sucrose

(b) Lactose

(c) Maltose

(d) Fnictose.

9 GJiCosides are found la many

(a) Vitamins

(b) Drugs.

lc> Minerals

(d) Nucleoproteins

10 Eryihfomjcm contains

(a) Diethyl amino sugars

(.b) TnmeihjJ ammo sugars

(c) Diethylammo sugars

(d) Tnethyl ammo sugars

11 Galactose on oxidation with concentrated HNO3 , produces

(a) Gluconic acid

(b) Saccharic acid.

(c) Saccbarolactone

(d) MuciC acid.

12, The distmguishing test betw een monosaccharides and disacchandes.

(a) Btal s test

(b) Seliv, anoffs test,

(c) Barfoed s test

(d) Hydrol)3is test

13 Barfoed s solution is not reduced by

(a) Glucose

(b) Mannose

(c) Sucrose

(d) Ribose

14 Cellulose is made up of the molecules of

(a) a Glucose

Answers

7) c

8) a.

9) b

10) a

11) d.

12) c

13) c

14) b
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(b) p Glucose

(c) Both of the above

(d) None of the above

15 Iodine solution produces no colour with
'

<a) Cellulose

(b) Starch

(c) Dextnn

(d) Glycogen

16 OlycogenstnJciureincludesabranchinbctwecn a glucoseumts

(a) 4-10
(b) 6-12
(c) 8-14
(d) 12 - 18

17 Amylose contains glucose umts

(a) 100- 200

(b) 200 - 300

(C) 300 - 400

(d) 500- 600

18 Each branch of amylopectm ts at an interval of glucose units

(a) 14 - 20

(b) 24-30
(c) 34-40
td) 44-50

19 N acetylncurammic acid IS an example of

(a) Siahc acid

(b) Mucic acid

(c) Glucuronic acid.

(d) Hippunc acid.

20 The molecular weight of hyaluronic acid in millions ranges from

(a) 1-2
(b) 1-4
(c) 1-6
(d) 1-8

21 In place of glucuronic acid cbondroitm sulphate B contains

(a) Gluconic acid.
”

(b) Gulonic acid
[

Answeri

15) a

16) d

17) c

18) b

19) a

20) b

21) c
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(c) Iduromc acid.
I

(d) Sulphonic acid. '

i

21 Hepario has a molecular «ei^t of about
|

(a) 14 000

(b) 15 000

(c) 16 000

(d) 17000

23 Blood group substances cousjsi of

(a) Lactose.

(b) Maltose.

(cl Fucose.

(d) Mucose. I

24 Ihecomponent of cartilage and emnsats

(a) Kcratosulphate

(b) Chondfoitin sulphate

(c) Cadmium sulphate

(d) Aotimony sulphate

25 Benedictstestts(esslikelytogi\eweaLl> pos:U\eresu!cswithcoth

centrated unae due to the action of

(a) Urea.

(b) Uhcacid.

(c) Ammonium salts.

(d) Phosphates.

26. Sabvasy amylase is actuated by

(al Na-^

(bl K-»-

(cl HC0*3

(d) CL

27 Actne transport of sugar IS depressed by the agent

(a) Oxaloacctate.

(b) Fumarate.

(c) Malonate.

(d> Sucaiiate.

28. The absorption of glucose is mterferred by the deficiency of

(a) Vitamin A ~

(b) Thtamme.

22) d.

23) c.

24) a.

25) b.

26) d.

27) c.

28) b.
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(c) Mignesium sulphate

(d) Ferrous sulphate.

29 Glucose absorption may be decreased m
(a) Oedema.

(b) Nephntis.

(c) Rickets.

(d) Osicomehus

30 Glycogen synthetase activity is depressed by

(a) Glucose

(b) Insulin

(c) Cyclic AMP
(d) Fructokinase

31 Glucose IS removed from the blood following a meal by

(a) Hexokinase

(b) Glucokinase

(c) Both of the above

(d) None of the above

32. The branching enzjme acts on the glycogen when the glycogen

chain has been lengthened to between glucose units

(a) 1 and 6

(b) 2 and 7

(c) 3 and 9

(d) 6 and 1

1

33. Cyclic AMP is formed from ATP by the cmQrme adenylate cyclase

which is activated by the hormone.

(a) Insulin

(b) Epinephrine.

(c) Testosterone

(d) Progesterone

34 The synthesis of adenylate cyclase »s increased by

(a) Thyroid hormones

(b) Growth hormones

(c) ACTH
(d) FSH

35 UDPG is essential for the synthesis of

(a) Lactose

Ansven

29) a

30) c

31) b

32) d

33) b

34) a

35) a
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(W Maltose.

(cl Sucrose.

(d) Starch.

36 Phospho^lasea inmusrla isa tciiameraniainins^inoLcf

(at ATP
• hi NAD^
tc) P>Tjdoxal phosphate

tcl OsA

37 Inactive muscle phosphor^bse b isacti'^oted b> active proteinfa

nass w hich IS being suraulawd by

(at ^TP
(b) NAD*
(c> CjxIjcGMP

(d» C>clicAMP

3H Hexofcmase has a hvgh afGmtj for glocose than

(at Ructcfanase.

(bl Galactokinase

(c) Gltcokinase

(di All of (h- above

39 Frociose- 1 f>— diphosphjtt is convened to Froctose—6— jbos

phate b> the enaj Fruci«*ve- 1 6— disphosphatase which is sti-

rrulalcd bv

<at Glucacoo.

(b) Insulin.

(c) ACTH
(dt o( \Sve a\y(?v«.

40 DihytJroxyacetone pbospha.e and Glyoaaldebj'ds—^3—phos-

phate are interconverted bv

(al Tnose isotnerase

(b) Phosphoiriose isonerase

( cl Diphosphomosc cwneiase.

(d) Dih^iroxyaceionephospficrylase.-

41 In the U\ er Gljxcraldehyife—3—pho^hate is converted to

(a) GKcoL

(b) Formaldehjde

»c» Formic atid

idi GlvceroL

An.rwers

36) c.

3^ d.

c.

39» a

40) b

41) d
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41 Phosphoglycerate kmase responsible for the conversion of 13-
dipbosphogjycerate to 3— phosphoglycerate is inhibited by

(a) Arsenate

(b) Fumarate

(c) Citrate,

td) Cyanate.

43, The reduced lipoatc is rccaidi2ed by

(a) NAD+
(b) NADP+
(c) FAD+
(d) FMN

44 The approximate number of mols. of Pyruvate dehydrogenase m
Pyruvate dehydrogenase complex

(a) 19

(b) 29

(c) 39

(d) 49

45 Pyruvate is accumulated by the dietary deficiency of vitamin

la) B*

(b) Folic acid

(c)

(d) Thiamine.

46 Citrate IS converted to isocitraie by aconiiase which contains
|

(a) Ca++
I

(b) Fe+ +

(c) Zn+'b

(d) Mg+ +

47 The reaction succinyl-CoA to succinate requires

(a) CDP
(b) ADP
(c) GDP
(d) NADP+

48 The earner of the citric acid cycle

(a) Succinate

ft?) Fumarate

(c) Malate

(d) Oxaioacetate

F.44

IS
/

Ant}tvrs.

42) a

43) c

44)

. b

45) d.

46) b

47) c

48) d
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49 GIucose-6-pho^iiaiase IS absent from

(a) Adipose tissue

(b) Intestine

(c) Kidney
'

(d) Heart
'

50 6-Phosphogluconate is converted to S-kcto-S-phospbogluconale m
presence of coenzyme

(a) FAD+
(b) NAD+
(c) NADP+
(d) ATP

5 1 UDPG tsondized to UDP glucuronic acid by UDP dehjtirogenasc

m presence of

(a) FAD+
(b) NAD+
(c) NADP+
(d) ADP

S2. Fnictoiinaseis present tn

(a) Intestine

(b) Adipose tissue

(c) Heart

(d) Brain.

53 Fructose 1 phosjAate is ^bttcd intoglyceraldehyde and dDiydro-
xyacelone phosphate by the enzyme

(a) Enolase

(b) Aldolase A
Id Aldola%A&B
(d) AldolaseB

54 Galactose is phosphoiylated by galactokinase to form

(a) Galactose 6-phosphate

(b) Galactose 1 Sdiphosphate

(c) Galactose 1 phosphate

(d) All of the above

55 In galactosemic individual UDP Galactose is formed by epimcna
Don from

(a) Glucose

(b) UDP Glucose

(c) CDP Glucose

(d) ITP Glucose

Anrygn.

49) 3

50) c

51) b

51) a

53) d

54) c

55) b
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Fill up the blanks of the followings :

1 2 6 monosacdiande units are produced on
hydrolysis of

2 Mucopolysaccharides are .

3 Cts tmns isomensm occurs in compounds wnh
bonds

4 V/hen equal amounts of dextrorotatory and
Icvorotatory isomers are present in a mixture the

mixture is said to be

5 In the body cpimenation takes pbcc by the

enxyme

6 Sugars forming fiN’e membered nngsare called

Answers

1) Oligosacchandes

2) Hetcropolysacchandes

3) Double

4) Racemic

5) Epimerase

6) Furanoses

7 A method for synthesis of monosaccharides was
first proposed by

8 Galactose is not _
.

_ bj yeast

9 The compounds formed by the condensauon
reaction between a sugar and the hydroxylgroup
of a aglycone which may or may not be another
sugar are called

10 The inhibitor of the Na+ - K+ — ATPasc of

cell membranes is

11 Sugars containing an ammo group are called

7) Kiliani

8) Fermented

9) Glycosides

10) Quabam

11) Ammosugars

12 3-amino D nbose is contained m
13 Glucose when healed with cone HI isconverted

into

14 Galactose on reduction jnelds

15 Fructose on reduction produces and

12) Carbomycin

13) lodohcxane

14) Dulcilol

15) Mannitol & Sorbitol

16 Glucose on treatment with strong mineralacids

produces - —
17 Galactose forms a different osazonc owing to

in the structure

18 Maltose can exist in or forms

19 Sucrose solution is rotatory but after

hydrolysis with dil HCI it shows rotation

20 Sucrose is used to be referred to as

21 The glycogen content of is more than

that of

22. The molecular weight of glycogen ranges from
to

16 Levuhnic acid

17 Carbon 4

18 a or P

19) Dextro Laevo

20) Invert sugar

21) Liver Muscle

22 ) 10 '
, 10 *
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23 Starch is formed by chain

24 Each turn of the helix of amylose contains

units

25 The molecular weight of amylopectjn is about

26 The amylopectm chains have at least

branches

27 Dextnns are formed by the partial hydrolysis of

by an enzyme

28 Achrodextnn gives no colour with_
29 Tniiltn i<g

3Q MuCQSuhstances have functions

31 The hyaluronidase present in hyalufonic acid

increases the rate of

3Z The nchest source of the hyaluronidase in ma-

mmals IS the

33 Chondroitin sulphates may regulate the flow

and ol rouil the cells

34 Hepannisusedin

35 The strong of solution can

polymenze small quantities of glucose when
vigorously boiled

36 In the stomach some of the sucrose present in

the food are hydrolysed by the action of

37 The acuon of ceasesdue to high

in the stomach

38 The pancreatic amylase converts starch and
glycogen into a mixture of

39 Cellulose isnotdigcstcdinhuinanG J T due to

the absence of

40 and are absorbed at a

faster rate than fructose

41 The free energy required for the active trans-

port IS obtained from the hydrolysisd
linked to a sodium pump which expels

from the cell

42 Thehydrolysisof lacioseproceedsaihalflhe

rate for

43 • The patient with damage excrete

more disacchandes

44 Carbohydrate after absorption into the portal

blood passes to the circulation

through the «

Answers..

23) Alpha-glucosidic

24) Six glucose

25) 5,00 000

26) 80

27) Starch, Salivary

amylase

28) Iodine

29) Fructosan

301 Protecirve

31) Diffusion

32) Testis

33) Concentration,

Cations

34) Medicioe,

aobcoagulanL

35) Alkali, Fehbng^

36) Ha

37) Amylase, acidity

38) Maltose, Isomaltose

39) Cellulase.

40) Galactose, Glucose

41) ATP. Na+

42) Sucrose

43) Intestinal

44) Systemic; Liven
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45 There is synthcs« of glucose by the and
- - - from non-caibohydrale sources,

46 Glucose is converted to when
storage is exceeded

47 The process of synthesis of glycogen from
in the liver and muscle is called

4fi The processof breakdown of togfu

cose in thelnerand pyruvate and lactate in the

muscle IS said to be -

49 The process of breakdown of glucose and
to pyruvate and lactate is called

50 The method of formation of glucose and glyco-

gen from sources is said to be

51 Glucose 1 phosphate reacts with UTP to form

______ catalyzed by the enzyme

52. Glucose IS converted to Glucose-b-phosphate

by the enzyme glucokinase being stimulated by
with the help of the coenzyme

53 In muscle glycogen synthetase exists in two

fonns and

54 Glycogen synthetase is stimubted by
and

55 Cyclic AMP is destrojed by

56 In liver increases the activity of cy
clic AMP

57 The debranching enzyme causes the hydrolytic

splitting of linkages of

58. Glucose-b-Phosphate is converted to glucose m
the bverbythe enzyme with the

release of

59 In liier, phospho/ylase exists in both

and form

60 Inmuscle, phosphorylaseispresentmtwoforms

61 Conversion of phosphotylase b to

signifies the mechanism for increasing

62 A muscle when contracts underartacr<*ic con

dmon and become the pnnci

pal end product

63 Pyruvate and Lactate disappear if the muscle

contracts under

64 When is in short supply, is

reoxidized by being coupled to the reduction of

pyruvate to lactate

An.^grs

45) Liver, Kidney

46) Fatty acids. Glycogen

47) Glucose, Glycogenesis

48) Glycogen, Glycogeno-
lysts

49) Glycogen Glycolysis

50) Non-carboh)drate,

Gluconcogenesis

51) UDPG, UDPG Pyro-

phosphorylase

52) Insulin ATP

53) Synthetase D,
Synthetase 1

54) Insulin, Glucoses

55) Phosphodiesterase

56) Insuline

57) 1 6 » Glycogen

58) GIuco8e-6*phospha

tase Phosphate

59) Active, Inacuve

60) Phosphorylase a,

Riosphorylase b

61) Phosphorylase a,

Glycogenolysis

62) Pyruvate Lactate

63) Aerobic condition

64) Oxygen NADH
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Answers

65 The enzj'rae splits fructose— 1, 6^i 65) Aldolaa; Tnose.

phosphate mto tvix) phosphates

66 2 pbosphoglycerate is catalyzed by — to 66) Enohse, Mg^*^
prodace pho^hoenolpynivaie in presence of

67 PyruNutfi is reduced U) lactate by^ re

presence of

68 Gljceraldehyde 3-phosphate dchjtlrogenase

responsible for the comersion of to

1 ^iphosphoglycerate IS inhibited by

69 inhibits enobse inwhed in ihe con

rersion of 2 phospht^ljueraie to i

70 The reduced NAD enters the chare

producing ATP
71 P)ru\atedehjdfogerase isinhibitedby

7Z The pjwate deh>ilrogen3Se complex consists

of about moh of pyruvate dehj'droge*

nase

73 Krebs cycle consists of a senes of reactions re

mitochondria which catabolyzes the oxidahoo

ol to and H,0 re aerobic condi

non

74 a Ketoglutarate dehydrogenase is inhibited by

and ransffc to accumulate.

75 Gluconeogenesisisa reversal of

76 Propionyl-CoA undergoes fixation

to (ormD methylmalonyl .CoA with the be^
of the coenzyme

77 The conrersion of muscle to glucose

in liver and its re'cntiy into muscle ts called

67) Lactate dehydrogenase

Reduced NAD
6S) Glyceraldehydc-S-phos

phate, lodoacetate.

69) Hnonde; Pbo^oesio-

Ipyruvate,

70) Respiratory, 3

71) Arsemte

72) 29

73) AcelylCoA CO,

74) Arsemte,
a Ketoglmaiaie.

75) Glycdysis.

76) CO,, Biotre

77) Lactate, Con cycle.

78 Transketolase takes the help of the coenzyme
and the cofactor

79 The deficiency of in ciylhiocytes is

associated with a tendency U) by
pnmaqutne.

80 Ascorbic acid cannolbe synthesized in

81 TheKm for fmctokinase re is veiy

82. Galactosemia is an metabolic

83 GlycogenosisTjpeloccursduetothedeficien
cy of for which cannot be
brrdieadQW’n

78) TPP,Mg++'

79) Glucose-frphosphate

dehydrogenase
Haemolysis

80) Man

81) Liven Low

82) Inben^d, Disease

83) GliKOse-6-pho^hatase,

Glycogen

84 Type VII gljxrogenosis is a disease due to the

deficiency of -

84) Phosphofructokinase
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65 Laciosuria occurs m women dunng the pcnod
of and appears more frequently in the

Answers

85) Lactation,

Afternoon
86

Insulin is destroyed by and also by 86) Insubnase, Peptidase
‘

87 Thyroxine accelerates hepatic with

the nse m blood

88 Glucagon sumulates gluconepgenesis m
89 TTie renal tubular reabsorpiion capacity is at

the rate of mg/

90 The \enous blood sugar level when exceeds

160*180 mg% IS called for glucose

91 Glucocorticoids are the to insulin

92 In juvenile diabetes the of pancreas
are exhausted

93 Normal unne contains ofglucose which

cannot be detected by test

94 Gljcosuna results in the use of ether due to

hypersecretion of

95 In renal glycosuna carbohydrate uulizaoon

IS

96 GTT gives the assessment of (hedegtec of seve

nty of

97 HMP shunt is closely associated with

due to the supply of r^uced

98 In mild diabetes the blood sugar returns to the

fasting level after hours

99 and are present in the unne

of a person suffering from diabetic coma

100 In diabetes mellitus occurs due to

increased blood level

87) Glycogenolysis,

Sugar

88) Liver

89) 350, minute

90) Renal threshold

91) Antagonists

92) ^-cells

93) Traces Benedict's

94) Epmephnne

95) Normal

96) Diabetes Melhtus

97) Lipogenesis, NADP

98) 4

99) Ketone bodies.

Glucose

100) Glycosuria glucose

Indicate “True” or “Falie” of the following s Answers

1. Cis-trans isomensm occurs in compounds with double bonds

Z When the OH group around the carbon atom adjacent to the ter

nunal primary alcohol carbon is on the right the sugar is a mem
ber of L-series.

3 The separation of optically active isomers from a racemic mixture

15 called resolution

4 Isomers formed as a result of interchange of the —OH and—

H

on carbon atoms 2, 3 and 4 of glucose are known as epimers

5 Ribosc and Deoxynbose are important constituents of many
coeniymes

1) True.

2) False

3) True

4) True

5) True
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b The 3Ch cone ma' be —COOH conlaimng sabsiances

7 The amino sucars are formed b> the replacement of h}droJ>l

grojp attached to carbon aiomSoflhesugarbj an aimno group.

8- Mannosamine is an important constitueitfof mucoprotem-

9 Glucose on reducimn jields manmfoL

10 Gluconic acid on heating produces lactones.

i I The osazonc is formed b> phcnjlhjdrazne onis

12. In maltose molecule there rs onep—1, 2^ocosidiclmVage.

13. Sucrose IS also Said to be “m\cn sacar”

14 Each glj coeen molecule contains ^000 to 10000 glucose molecule,

la Starchisafnictosan.

16. In aroslopeclm eachbranch isat anirttrtal of24*30 glucose units.

17 Inuln produces colour With iodine.

18. Hjaluronic acid does not occur tn the stin.

19 Chondroitm sulphates ha' e a marked capacirt to bold water

20 Galactose and fucose are also presentm blood group substances.

21 Disacchandes ate absorbed and usied in the bod>

22. Fructose IS acij'eb transported.

23 The absorption of glucose is retarded in h> poih)Toidisai.

24 Dsacchanduna results in the absence of disacebandase.

2 5 Glucuronic acid is not in'obed tn detoxication reactions.

26. CjcUc AMP depresses phospho’^Iaseacu'in

27 TbvfOid hormones ina> decrease the svntbesis of aden>laie
cyclase.

28 PGE. at low concentration stimulates cGMP accumulauon.

29 Con'ersionofphosphoolasebto pbosphoijliseasignifiesihe

mechanism for increasing glvcogcnol>sis.

30 Musde phosphoolase is affected bv glucagon.

31 Glucose-6-phosphate xs not an imponant compound in the meta-
bolic pathwas

32. Aldolase requires a cO'*ni)me for iisactnits

33 GljcoMis m en ihrootes e'en under aerobic condition fonns
betate

34 Insulm stimulates pbosphofruciokmase.

35 S— aceOlbpoatereactsttitbcocnzsraeAinpresenceofdih)'-
drolipovl transact) lase-

36 Fluonde inhibits pyruiate deh'drogenase

37 Citrate si nthetase forms atiatem the pfescnce of the coenzYme
CoA

38. Undtf anaerobic condiuons. one molecule of fucose produces

Arr>»yrf

6) False.

7) False.

S) True.

9) False.

10) True.

ID False

H) False.

13) True.

M) True.

15) False-

16) True.

17) False.

IS) False.

19) False.

20) True.

21) False

22) FeOsc

23) True.

24) True.

25) False.

26) False.

27) False.

2S) False.

29) True.

30) False.

31) False.

32) Fal>e

33) True-

34) True.

35) True.

36) False.

37) False-

3S) False.
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39 One molecule of acetyl CoA inTCA cycle for complete oxidation
forms 12 ATP

40 Succinate dehydrogenase takes thehetpof the coen^meNAD'*"

41 Pyruvate is converted to oxaloacelate by pynivate decarboxylase

42. The citnc acid cycle is amphibolic in nature.

43 The cniyraes of (he TCA cycle arc located at the cytosol

44 Oxaloacelate inhibits succinate dehydrogenase

45 In mammals, the liver and the muscles are the principal organs

for glucoocogenesis

46 The glycolytic activity is low when there ts active gluconeogene-

sis.

47 Dihydroxy acetone phosphate is also converted to glucose in the

liver

4& AcetyPCoA is permeable to pass through the miiochondnal

membrane

49 The glucogenic amino acids are converted to the intermediates

ofTCA cycle.

50 CO2 formed m HMP shunt ts utilized for (he synthestsof fatty acids

and punne bases etc

51 The reduced NADP produced in HMP shunt is required for

ketone bodies formation

52 In essential pentosuria large quantities of L-xylulose appear m
the urine

23

..,AnDV£rs-

39) True

40) False

41) False

42) True

43) False

44) True

45) False

46) True

47) True

48) False

49) True

50) True

51) False

52) True



(I)

Fructoklna'ic.

(«)

occuri

due

to

the

deficiency

of

branching

en/yinc

In

ilic

liver,

(ii)

ilcxoklnii'ic

(b)

urc

liie

Mlmulnlors

of

insulin

release.

(ill)

Oninciosc.

(c)

occurs

due

to

the

deficiency

of

lysosomal

cn/yific.

(iv)

Gninctoscmla,

(d)

occurs

due

to

the

lack

of

galJciDsO'l*nhosphntc

uridyl

irnnsfc-
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I

(xvi)

In

hypoglycemic

csMnft

(p)

nccelcrntcs

glycogenolysis

In

the

livcrnnd

muscles.

(xvl)

(xvli)

liullabcilc

cornu.

(i))

In

modcrnic

diabetes

mclHtus.

(xsil)

(xvlil)

Umodomd

glycosuria.

(t)

sllnuiliitcsgluconcogcncsU.

(xvlli)

(xlx)

In

rennl

glycosuiU.

(s)

occurslnworrlcd

flililcicsnndiandltlaicsforcomiKliilvo

(xlx)

cxaminailons.
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Write the correct answer number ot the followings :

I Fats ate solids at

(a) ICPc

(b) 20=c.

(c) 30“c

(d) 40“c.

Z Esters of fatty acids with higher alcohols other than glycerol are side

lobe-

(a) Waxes.

(b) Fats.

(c) Both of the above.

(d) None of the above.

3 The combination of an anunoalcobol.& tty acid and sialic acid form

(a) Pbosphobpids.

ib) Sulpbolipids.

(c) Glycolipids.

(d) Amioohpids.

4 Hydrolysis of fat by alkali u called

(a) Saponificatton number

(b) Saponification.

(c) Both of the above.

(d) None of the above.

5 The number of millilitres of0 1 N KOH required to neutralize the

insoluble &tty acids from 5 grams of is called

(a) Acid number

(b) Acetyl number

(c) Halogenation.

(d) Polenskft nmnb«

6 The rate of fatty acid oxidation zs increased by

(a) Phospholipids.

(b) Glycohpids.

(c) Ammobpids.

(d) All of the above

Answers

1) b.

2) a.

3) c.

4) b.

5) d.

6) a.
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7 Cardjolipin found in mitochondna Is formed from

(a) Lipositpl

(b) Phosphaiidyl cihanolamme

(c) Phosphatidyl glycerol

(d) Noneofiheabo\c

8 Lecithin contains a nitrogenous base named as

(a) Ethanolamine.

(b) Choline.

(c) Inositol

(d) All of the above

9 Lecithins contain an unsaturated fatQr acid at position

(a) a-

(b) a- and ^
(c) fh

(d) None of the above

10 Lecithins ore soluble m ordinary fat solvents except

(a) Benxene.

lb) Ethyl alcohol

(c) Methyl alcohol

(d) Acetone.

1 1 When lecithins exposed to air become

(a) Black.

(b) Brown

(c) Red

(d) Yellow

12 Lecithins combine with protein to form

(a) Phosphoprotein.

{b) Mucoprotein

(c) Lipoprotein

(d) Glycoprotein

13 Phosphatidyl inositol IS found in

(a) Cabbages

(b) Soyabeans

(c) Cauliflowers.

(d) Apples
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14. Instead of ester link plasmalogens possess an elber link in position

(a) a-.

(b) P-.

(0 7 -.

(d) None of the above.

15. The alky! radical in plasmalogen is an alcohol

(a) Saturated.

(b) Unsaturated.

(c) Both of the above.

(d) None of the above.

16. The concentrations of sphingomyelins are increased in

(a) Gaucher's disease.

(b) Fabry’s disease.

(c) Fabrile disease.

(d) Niernann-Ptek disease.

17. Sphingomyelins contain a complex amino alcohol named as

(a) Serine.

(b) Lycotecithin.

(c) Sphingoiine.

(d) Glycol

18. The types of sphingomyelins are

fa) 2.

(b) 3.

(c) 4.

Id) 5.

19. Glycohpids contain an atnino alcohol

(a) Sphingosine.

(b) Iso-sphingosine.

<c) Both of the above.

(d) None of the above.

20. Cerebrosides may also be classiHed as

(a) Sphingobpids.

(b) SulphoUpids.

(c) Aminolipids.

(d) Glycolipids.

Art-wers

14) a.

/

15) b.

16) d.

17) c*

18) b.

19) c.

20) a.



MULTIPLE-CHOICE QUES &ANS

21 Kerasin contains

(a) Netvonic acid.
^

(b) Hydfoxynervonic acid

(c) Ccrcbronic acid.

(d) Lignocenc acid

22. Oxynervon contains

(a) Ncrvonjc acid. '

(b) Hydroxynervonic acid

(c) Lignocenc acid

(d) Hydroiqrlignoceric acid

23 Gaucher’a disease is eharactensed specially by the increase in

(a) Lignoceric ecidi^

(b) Netvonic acid
'

(c) Cerebronic acid.

(d) Hydrosynervonic acid

24 Gangliosides are the glycolipids occurring in

<a) Liver

(b) Braia

(c) Kidney

(d) Muscle

25 Some gangliosides abo contain

(a) SpKingosme

(b) Dihydrosphmgosine.

(c) Both of the above

(d) None of the above.

26 Most of the gangliosides contain siahc acid upto the molecule

number

(a) 1

(b) 2

(c) 3

(d) 4

The percentage of tnacylglycetol of lipoproteins

(a) 30

(b) 35

(c) 40

(d) 45

27
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28 Cholesterol and cholesieiyl estersm per cent presentm lipoproteins

(a) 15

(b) 20

10 25

(d) 28

29 Lipoproteinprc^l in cell membrane IS by nature

(a) HydrophoUc.

(b) HjdrophiUic.

ic) Both of the above.

(d) None of the above.

30 The densitj of lipoproteins increases as die protein content

(a) Rises.

(b) Decreases.

(c) Highly decreases

(d) Slightly and promptly decreases.

31 Lipoproteins inay be identified more accorately by means of

(a) Electrophoresis.

(b) Centnfugauon

(c) Immuno-electrophoreas.

(d) Ultra centnhigation

32. Very low denaty lipoproteins are also known as

(a) ^L^wprotems.

(b) Re P-lipoptoteins.

(c) a-bpoproteins

(d) None of the above

33 The protein moiety of lipoprotetn is known as

(a) Apoprotem

(b) Pre-protem

(c) Post protein.

(d) Pseudoprotem

34 Apoprotein consntutes chylomicrons m per cent.

(a) 0^
(b) 0 6

(c) 08
(d) 10

28) a.

29} b

30) a-

31) e

32) b

33) a

34) d.

*1



MULTIPLE^OICEQUES &ANS 31

35 The P hpoprotcin fraction increases m severe

(a) Diabetes \fellitus

(b) Uremia

(c) Nephntis.

(d) Muscular dystrophy

36 Sulphobpids have been isolated from

(a) Heart

(b) Liver

(c) Brain

(d) Intestine

37 indicates a double bond between carbon atoms of the fatty acids

(a) 8 and 9

(b) 9 and 10

(c) 9 and 1

1

(d) 9 and 12

38. The number of carbon atoms m decanoic acid present m butter

(a) 6

(b) 8

(c) 10

(d) 12

39 Lignocenc acid present in peanut oil contains carbon atoms

(a) 18

(b) 20

<c) 22

(d) 24

40 Arachidonic acid contains the number of double bonds

(a) 2

(b) 3

(c) 4

(d) 5

41 The prostaglandins are synthesized from

(a) Arachidonic acid

(b) OIcic acid

(c) Lmoleic acid

(d) Linolenic acid

42 Chautaioognc acid was used many years ago m the treatment o!

(a) Bronchitis

_Answer.v

35)- a

36) c

37) b

38) c

39) d

40) c

41) a

42) b

F 45
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(b) Leprosy

(c) Nephritis

(d) Oedema.

43 The lodme number of essential fatty acids of vegetable oils

(a) High

(b) Very high

(c) Very low

(d) Low

44 The essential fatty acids retard

(a) Atherosclerosis.

(b) Diabetes Metlitus

(c) Nepbntis

(d) Oedema.

45 The shape of arachidomc acid

(a) L.

(b) M
(c) U
(d) V

46 Waxes contain higher alcohols named as

(a) Methyl

(b) Eih>!

(c) PhytyL

(d) Cetyl

47 The example of cardiac glycosides

(a) Digitoiun

(b> Stropantivm

(c> Lycopyll

^d> Digitalis

48 The reduction product of cholesterol by bacteria in the intestine

curs in feces

(a) Ergosterol

(b) DemosteroL

(c) CoprosteroL

(d) Lanosterol

49 Lieberman Burchard reactionm perfonned to detect

(a) Cholesterol

43) d.

44) a.

45) c.

46) d

47) b

48) c

49) a
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lb) Glycerol

(c) Fatty acid

(d) Vitamin D

50 Lipase present in the stomach cannot hydrolyze fats owing to

(a) Alkalinity 50) c

(b) Acidity

(c) High acidity

(d) Neutrality

51 Before the action of hpase (he fat is emulsiHed by

(a) Lipoproteins o 51) b

(b) Phospholipids.

(c) Ergosterols.

(d) Digitonin

52 The free glycerol of the total amount of tnacylglycerol in the intes

tinal lumen is present in per cent about

(a) 16 52) d

lb) 18

(c) 20

(d) 22

53 The great majonty of absorbed fat appears in the form of

(a) HDL
(b) Chylomicrons 53) b

lc) VLDU
(d) LDL.

54 More metabolic water is available on oxidation of

(a) Fatty acids 54) a

lb) Glycerol

(c) Both of the above

(d) None of the above

55 Fatty acids are oxidized by

(a) a- 55) d

(b) P-
(C) (j>-

ld) All of the above

56 The fatty acids containing even number and odd number of carbon

atoms as well as the unsaturated fatty acids are oxidized by
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(a) a- oxidation '

(b) P- oxidation
I

(c) Ci>- oxidation
i

(d) All of the above

57 Long chain fatty acids are first activated to acyI-Q)A in the

(a) Cytosol

(b) Mitochondna

(c) Microsoraes

{d> Lysosomes

58 Activation of lower fatty acids occur « itlun the

(a) Cytosol

(b) Mitochondria. ^

(c) Ribosomes

(d) Microsome

59 Long chain acyl-CoA penetrates mitochondna in the presence of

(a) Palmitate

(b) Camitme

(c) Sorbitol

(d) DNP

60 Acyl-CoA dehydrogenase converts Acyl^joA to a. pHinsa*

turaled acyl-CoA in presence of the coenzyme

(a) NAD+
(b) NADP^-

(c) ATP
(d) FAD+

61 For the activation of long chain fatty acids the en^me thickinase

requires the cofactor

(a) Mg++
(b) Ca++
(c) Mn++
<d) K+

62 ci>- OTidaCon takes place by the liydroxylase m microsotncs tn-

volnng

(a) Cytochrome b

(b) Cytochrome c

(c) Cytochrome P—450
(d) Cytochrome a^

Ansy^ri

56) b

57) a

58) b

59) b

60) d

61) a

62) c
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63 Carboxylatjon of acctyl-CoA lo malonyl CoA takes piace m
presence of

(a) FAD+
(b) Biotm

(c) NAD+
(d) NADP+

64 Ma]onyJ*CoA wjlh ihe centra)

(a) — SH group

(b; — NH, group

(c) — COOH group

(d) —CHjOH group

65 Fatly acid synthesis takes place m presence of the coeniyme

(a) NAD+
(b) Reduced NAD
(c) NADP-^

(d) Reduced NADP /

66 Fatty acids are activated to acyl CoA by the enzyme thiokmase

using

(a) NAD+
(b) NADP+
(c) CoA

(d) FAD+
67 PhospholipaseA i

attacks the ester bond of phospholipidsm position

(a) 1

(b) 2

(c) 3

(d) Alt of the above

68 Phospholipase C release. I,2-<liacylgIyccroIandaphosphoryl

base attacking the ester bond m position

{a) 1

(b) 2

(c) 3

(d) 4

69 Phospholipids help the oxidaiion of

(a) Glycerol

(b) Fatty acids

(c) Glycerophosphates

(d) None of the above

63) b

64) a

65) d

66) c

67) a

68) c

69) b
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70 The desaturatjon and chain elongation system of polyunsaiuraied

faity acids are greatly diminished in ihe absence of

(a) Insulin

(b) Glucagon

(c) Epinephrine

(dl Thyroxine

71 Prostaglandins areliberated in ihecirculalumby the sumulationof

la» Antenor pituitary glands

tbi Posterior pituitary gland

(c) Adrenal gland

(dl Thyroid gland

72 Prostaglandins hai e a common structure based on prosianoic acid

ivhich contains carbon atoms

lal 12

(bi 16

(Cl 18

(dl 20

73 Thecarbonchdinsof prosianoic acid are bonded at the middle of the

chain b> a

(a) 5 membered nng

(bl 6-membered nng

(c) 8 membered nng

(d) None of the abos e

74 Allactiveprosiaglandinshaieat least one double bond between po-
sitions

(a) 7 and 8

(bl 9 and 10

(c) 1 1 and 12

(dl n and 14

75 The synthesis of prostaglandins IS inhibited by

(a) Aspmn
|

(b) Arsenite

(cl Fluoride

(d> Cyanide

76 The synthesis of prosiaglMdins requires the consumption of two
molecules of oxygen and two molecules of reduced

(a) NAD
(b) NADP

Answers

70) a

71) c

72) d

73) a

74) d

7o) a

76) c
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(c) Glutathione

(d) Liopoaie

7 Prostaglandins low er C) clic AMP in

(a) Thjtoid

(b) Adipose tissue

(c) Platelets

(d) Lung

78 The inhibitory activity of prostaglandins m hver is effective on

(a) Glycogen sjTilhetase

(b) Hexokinasc

(c) Phosphorylase

(d) Glucosc-6-phosphatase

79 In adipose tissue prostaglandins decrease.

(a) Lipogenesis

(b) Ketogencsis.

(c) Upolysis

<d) Ketolysis

80 Prostaglandins increase intestinal moulity and cause

(a) Constipation

(b) Loose motion

(c) Diarrhoea

(d) Dysentery

81 The enzyme responsible for the metabolism of Prosiaglands is b

eked by the introduction of a methyl group at the

(a) C, position

(b) C„ position

Ic) Ci3 position

W) Ci5 position

82. In adipose tissue less glycerol 3 phosphate is fonned in

(a) Diabetes MelUtus

(b) Nephntis

(c) Coronary thrombosis

(d) Heart failure

83 LDL contains the apoprotein

(a) C~I
(b) C-II

Answers

77) b

78) a

78) a

80) b

81) d

82) a

83) d
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(c) c - in

(di B

84 The normal conceniraiion of p-lipop»otcms in mg 3jer cent in

plasma

(a) 100

(b) 200

(c) 300

(d) 400

85 The concentration of tnac>lgI>t:eroI in Pre-p -lipoproteins m
percent

(M 40

(b) 4:)

(c) 50

(d) 55

86 Chylomicrons and VLDL both are released firom the mtesune or

hepatic cell by reverse

(a) Pmocytosis.

(b) Difiusion

(c) Osmosis

(d) Passive diffuaon

87 HDL IS s}'nthesized and secreted from

(a) Pancreas

(b) Liver

(c) Kidnej

id) Muscle

88 Serum LDL has been found to be increased in

(a) Obstructive jaundice

(b) Hepatic jaundice

(c) Hemolytic jaundice,

id) SeptiMcnia.

89 The eniyme systems for lengthening and ^ortenmg, for saturating

and desaiurating of hitty acids occur in

ia) Intestme.

(b) Muscle

(c) Kidney

(d) Li\er

Anw-’erj

84) c

85) c.

86 ) 8.

87) b

8S) a.

89) d.
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90 The lowered glucokmase leading todimimshed faly acid synthesis

the liver is caused by the effect of

(a) Feeding

(b) Overfeeding

(t) Starvation

(d) Diarrhoea

9 1 The increased levels of plasma free fatty acids resulting from mobilizi

lion of fat from

(a) Muscle

(b) Adipose ussuc

(c) Kidney

(d) Intestine

92 Fatty appearance and enlargement of the liver arc caused by

(a) Pregnancj

(b) Nephritis

(c) Abortion

(d) Toxaemia of pregnancy

93 Tnacylglycerol is accumubted even in normal rate of fatty acid

synthesis by the deficiency of

(a) Lipotropic factor

(b) Vitamin A
(c) Calcium

(d) Viumin C

94 The lipotropic activity is possessed by

(a) Casein

(b) Cellulose

<c) Phospholipids

(d) Glycolipids

95 Fatty liver is caused by

(a) CH3CI

(b) CCL4
(c) MgS04
(d) CH3COOH

96 Fatty liver results in the deficiency of

(a) Stearic acid

(b) Caproic acid

(c) Vitamin A
(d) Pantothenic acid

in

90) c

91) b

92) d

93) a

94) a

95) b

96) d



40 BlOCHE>.aSTRY

97 Thenonnalconcemrauonofketonebodiesining. percenimblocJC .Ansy^rj

not exceeding.

(al IJ3 57} a.

(b)

(c) 2 0

(d) 25

98 Ketosis eenerallj occurs in

(a) Nephntis. 9S) c.

(b) Oedema.

tc) Infectne hepatic disease

tdt Coronary thrombosis,

99 Ketone bodies are utilized in

(a) Mitcxihondria. 99) b

(bl Extrahepaiic tissues

{c» Nuclei

(d) Chromosomes.

100 The excretion ot V-eione bod) lnthcunnemtobeslhedc^clenc^
of

(a) Na+ 100) a

(b) Fe++
(c> Ca-b-*-

(d| Ma+*

101 The total amount of cholesterol in grams in the bod) of man «et
ghmg 70 kg IS about

(a) 200 101) d.

Ic) 160

(d) 140

102. The blood cholesterol le\el xs increased in the deficienc) of

(a) Vitamin D 102) c
(b) \itammBj

(c) P)-ndoxine.

<d) JimkuoL

Fill op the blanks of the lollowlsgs Answers

1 The Upids are a group of compounds 1 Heterogeneous.

2. The bpids produce metabolites through in 2 Oxidauon
the tissues.
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3 Glyccndcs cholesterol and cholcsteryl esters arc .

lipids because they arc—
4 Fats arc esters of _VMth-

_ with

.

5 The spreading elfect ol lat is to lotser

t- r of KOH required to ncutra

6 The number ol —

-

hie Igm of fat is called

7 The number of of lodme absorbed by

gms of fat in called iodine number

« The number of

":rin;^e”en is sard to be acetyl

number

9 Waxes are esters of —

10 In the human bod> the commonest -axes are esters

^
-f across the

1 1 Phospholipids act as earners ot

membranes
. ^ or

12 Lecithin can exist

,3 —
14 Chohne is the most .mpo^".

15 Phosphatidyl inositol ate more

phospholipids

16 Plasmalogens possess an

instead of ester linh

_ are m much higher coucentrution m medu

Hated nerve fibers

18 In chylomicrons the predominant hprd rs .

n HDL the predominant hpid is

19 Ini

20 Ammohpids are -

21 The end methyl carbon

carbon

22 In the structure of linoleic

atoms are at— “

23 Linolemc and arachidonic acids

_and-

ollatty acids IS known as the

acid the unsaturated
carbon

are formed from-

Neutral, Un
charged

Fatty acids.

Glycerol

Surface tension

Milligrams

Saponification

number

Grams 100

Acetic acid,

acctylaied

9 Fatt> acids higher

alcohols

0 Cholesterol

1
Inorganic ions

12 a, P

13 Transmission

Synapses

14 Lipotropic

15 Acidic

16 Ether

17 Cerebrosides

18 Tnacylglycerol

19 Phospholipid

I

20 Phosphatidyl

1 ethanolamme,

Senne

21 o>-

22

23 Linoleic acids
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24 ThepoK unsaiuratedfatts acidsv.hicharenoi^nth- I

esized m the bodj but are taken from natural sources i

are called

25 The essential fatt> acids of\cgeiableoilsha\elovk

and

26, The example of saponms is

27 Cholesterol in ester form is often referred toas

chol^terol esters which are normall) nchm
28. IS esseoual for cholesterol absorption

29 Blood cholesterol level increases with and
also during

30 Cholesterol controls the red cells from being

eaalj

31 Cholesterol acts as an antagonist to

32. Plasma cholesterol level is not changed b) the high

intake of -

33 m laige amounts causes lowenog of plasma

dmlesterok

34 The conversion of acetate to cholesterol is depressed

by salts and mcreasedby salt.

3a Physical exercise the serum diolesterol lev eh

36 Thepnncipalor’anforcholesterolsynihesisis

37 The HMG CoA- reductase acuvit) is cot in

diabetes melliius.

38. Theactiviij ofHMG—COA reduciaseis bj
cholesterol feedum.

39 HMG—COA reducase activity is increased bj the

administration of the hormone or

40 Cholesterol synthesis is by cychcAMP
41 Atherosc’erosis is characterised by the deposition of

and in the connective tissue of the

artenal walls.

42. The severe atherosclerosis is accompanied by the
prolonged elevated lev els of and in the
blood-

43 Polyunsaturated fatty acids can serum choles
terol l-veL

44 Drugs like and can cause the increa
sed fecal excretion of cl»5lesterol and bile acids.

45 The total carbon numbers m linolemc acid and ara

chidomc acids are and respectiv ely

Ae-nvfrr

24 Essential fatty

acids.

25 Meltmg points

iodine number

26 Digitonin

27 Bound Lino-

leic acid.

28 Bile.

29 Ages Pregnancy

30 Hemolysed.

31 Pho^hobpids.

32- Protein-

33 Mcotmicactd.

34 Iron Manganese

35 Lowers.

36 Liver

37 Reduced

38 Inhibited.

39 Insuhn TlqTOxin.

40 Inhibited.

41 Cholestsrylessei;

other lipids.

42. LDL. \'1DL.

43 Decrease.

44 Choloiin

Neomyem.

45 18,20
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» »..*«» »•—
>" j<

48 Ketonemra is due to increased prodiKUon of

by the —
49 Acetoacetate reacts with » torin acctoacety

CoAbythcctKyme_

50 The enzyme res^^blc
J- MhiS

acctalc to is absent irom .

are utilized m cxtrahepatic tissues

5i The condition in which there

of ketone bodies in ossuesand-

53 The substances that prevent the aecumulation of fat

in the arc ^own as

'' “pSiSTamalsT^to produce lipcuopic

effect

55 Inoitol exerts a limited —__ effect m

.
free diet

,
. . croups do-

5, XSflousesthemetabofmb^-^^^-^-^
of lipoproteins from homonc pro-

58 The hypoglycemia stimulates ^

duction which stimulates

.

^ - and chylomicrons

59 LDL IS formed from. an

60 HDL IS synthesized and
secreted from

Tadleate-Tzue o,"F.l.e of the Wlowlng.

I

46 Acetyl-CoA

I

Thiolase

47 Extrahepatjc

Slow

48 Ketone bodies

Uver

49 Succinyl*CoA,

ThtophoraM

50 Acetoacety!

CoA Liver

51 Acetyl-CoA

HMG-CoA
Lyase

, 52 Blood Ketosis

1

53 Laver Lipo-

uopic factor

54 B,i folic acid

55 Lipotropic fat

56 Methyl Methio-

nine

57 Upid Apoprotein

58 Growth Upo-

lysis.

59 VLDl-

60 Liver Intestine

1 Some lipoproteins are also glycopro

2
TheapoproteinsprescnrinchylomieronsareB

C—11 C““lll

3
alipopmteinsoccupyU.ePElobolmTegionaf.er ^

electrophoresis
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4 Free fatty acids are classiGed with the other plasma

lipoproteins

5 Apoprotem B is synthesized by nbosonies ifl the rough

endoplasmic reticulum

6 Dpolysis IS controlled by the amount of cAMP pre-

sent in the tissue

7 Nicotinic acid and Prostaglandin E, stimulate the syn-

thesis ofcAMP

8 Insulin inhibits the release of free btty acids fromadi-

pose tissue and enhances Iipogenests

9 Glucocorticoids and Thyroid hormones increase lipo-

lysis

10 Administration of caffeine causes no change in pla

sma free fatty acids m humans

1 1 When glucose utilization in adipose tissue is reduced

the minimum portion of it is utdoed to form acylgly

cerol

12. Tnacylglycerol is h> drolyzed by a hormone sensi

tive lipase to form free fatty acids and glycerol

13 Prostaglandins are used to control inflammation

14 Prostaglandins are also used as contraceptives to

prevent conception

15 PGE] does not imtate the mucosa lining of the throaL

16. The direct inhibitory effect is produced on glycogen
synthetase in liier by prostaglandins.

17 Since the prostaglandins are synthesized from essen

tial fatty acids they relieve sj’mptomsof essential fatty

acid deficiency

18 Founcai iTOstaglandms have been isolaied from male
reproductive tract

19 Phospholipase Aj catalyzes the hydrolysis of the ester

bond in posiuon 2 of glycerophospholipids to form
sphingosme

20 Phospholipids do not facilitate lipid transport bet
wen tissues

21 Cardiolipm in formed from phosphatidyl glycerol

22. Choline is directly acUvaied to form phosphatidyl
choline

23 Buiyiyl CoA is the primer molecule in mammalian
liver and mammary gland

24 In mammalian systems free palmitate as liberated
from the enzyme complex b> hydrolysis

Annvers.

4 False.

5 True

6 True.

7 False

8 True

9 False

10 False

11 False

12 True

13 True

14 True

15 False

16 True

17 False

18 True

19 False

20 False

21 True

22 False

23 True

24 True
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25 If bioUn IS bound to the protein avidm o^ egg white,

acetyl CoA carboxylase is inhibited.

26. Fatty acid oxidation captures high-«neigy phosphate
as 48 per cent

27 Unsaturaied fatty acids are not oxidized by /J-oxida.

tion

28 The reducedNAD is required for the axtveision of

p-hydroxyacyl • CoA to (^Keto acyl - CoA
29 Fatly acids with odd number of carbon atoms are not

oxidized by p-^xidaoon

30 * Fatly acid oxidase” are found in the mitochondrial
matnx adjacent to the respiratory chain

31 Thiokinases are found both inside and outside the

mitochondna

32 The boids occur m animal kingdom only

33 Fat serves as an efficient source ofenergywhen stored

in liver only

34 The phosphatides of blood platelets are involved in

the production of thromboplastin activity m the early

stages of blood clotting

35 Upids produce metabolites through oxidation in tis*

sues

36 Oils are liquids at 30°C

37 Phospholipids are estcre of fatty acid and nitrogen

containing base

38 Fats act, as vasaUtot for the gaw o( body heat

39 The number of milligrams of KOH required to neu

tralire the free fatty acids of one gram of fat is called

acid number

40 Peroxides are fromed at the double bounds of unsa

turated fatty acids by oxidation when exposed to air

4 1 Waxes resemble the fat and are usually solid

42 Phospholipids act as prosthetic group to all enzymes

43 Phosphatidic is important in the tyinthesis of prosta

glandms

44 Lecithins constitute valuable agents for the emulisifi

cation of fats and oils.

45 Lecithins form complexes with many different subs

tances especially with other hpids proteins, carbohy^

drates

46 Choline is not the lipotropic agent

An.m'trr.r

'25
1

True

26 False

27 False

28 False

29 False

30 True

31 True

32 False

33 False

34 True.

35 True

36 False

37 False

38 Fake

39 True

40 True

41 True

42 False

43 False

44 True

45 True

46 False
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47 Phosphatidyl inositol contains no base but has inosi

tol m Its place

48 Plasmaloeens give a negativ e reaction when tested for

aldehydes with schilfs reagent

49 Cerebrosides are chief constituents of skeletal muscle

50 Gangliosides contain ceramide and glucose onlv

51 Lipoproteins may be identified more accurately by

means of Immunoelectrophoresis.

52. The structural integntv ofcellsurface and subcellular

particles are maintained by hpoprotems.

53 Steanc acid contains 16 carbon atoms

54 Palmitoletc acid is a saturated fatty acid

55 Essential fatty acids effect the prolongation of clot

ling time and increase fibnnolyiic activity

56 The lipids of gonads also contain a high concentration
of polyTjnsaturaied fatty acids

57 Cholesterol occurs m animal fatsaswell as m plant

fats.

58 Ergosterol IS the precursor of vitamin D



1

Glycerol

(a)

allows

long

chain

acyl

groups

to

penetrate

the

mitochondria

2.

Long

chain

fatty

acids.

(b)

formedfromthe

p-oxidationoffattyacidswithoddnumberofcar'

bon

atoms

are

converted

to

Succinyl

CoA

3

Camitme-Palmitylacyl

(c)

are

oxidized

m

liver

heart,

kidney,

tesDs,

brain

and

adipose

tissue
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hydroxy

prostaglandin

(q)

performs

important

functions

In

the

metabolism

of

lipids

and

it

is

dehydrogenase

under

nervous

control

Ifi

Adipose

tissue

(r)

doesnot

contain

apoptoiemC

but

only

apoprotein

A
and

it
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for-
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DDDODDa CHAPTER - 4
aaaanaaaoo proteins

Write the cofrect number of the followings ; Amwen

I Out of200 different amino acids found in nature the number ofammo
acids present m protein

(a) 20 1) a

(b) 25

(c) 30

(d) 35

2. Enzyme catalyzed hydrolysis of proteins produces ammo acids of the

form

(a) D- 2) c

(b) DL-
(c) L-
(d) All of the above

3 The isonizable groups of ammo acids arc at least

(a) I 3) b

(b) 2

(c) 3

(d) 4

4 The carboxyl groups of ammo acids exist almost entirely as. the con

jogated base at

(a) 66 4) d

(b) 6 8

(c) 7 2

(d) 74

5 The of Arginine is

(a) 10 5 5) c

(b) 10 6

(c) 10 8

(d) 110

6 The neutral ammo acid is

(a) Leucine 6) a

(b) Lysme

{c) Prolme

(d) Histidine

49
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7 The amino acid containing hydrtwyl group

(a) Alanine

(b) Isoleucme

(c) Arginine

(d) Threonine

8 The sulphur containing ammo acid

(a) DOPA
(b) Homosermc

{c) Methionine

(d) Valine

9 The basic amino acid

(a) GIjrme.

(b) Histidine

(c) Prolme

(d) Senne

10 AU ammo acids are opucaily actne except

{&\ Gljcine

(b) Senne

(c) Threonine

fd) Trjptophan

1 1 The ammo acid which synthesixes many hormones

(a) Valine

(b) Phenylalanine

(c) Alanine

(d) Histidme

12. Ammo acids are msoluble in

(a1 Acetic acid

(b) Chloroform

(c) Ethanol

(d) Benzene

13 The meltmg point of aminoacjdisabo\e

(a) I00°C

lb> ISO^C

lO 200X
(d) 220°C

7) d.

8) c.

9) b

10) a.

11) b

12) d.

13) c
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14 From iwo ammo acids pepttde bond formation involvesremova
one moh o!

(a) Water

(b) Ammonia

(c) Carbondioxide

(dl Carboxylic acid

15 Poijmers of more than 100 ammo acids are termed

(a) Proteins

(b) Polypeptides.

(c) Both ol the above

(d) None of the above

16 Insulin degradation or disulfied bond formation is effected by

(a) Pyruvate dehydrogenase

(b) Xylitol reductase

fc) Glutathione reductase

(d) Xanthine oxidase

17 The example of globulins

(a) Leucosin

(b) Tuberin

|c) Oryzenm

(d) Legunehn

18 The example of scleroprotcms

(a) Glutenin

(b) Chadin

(c) Salmine

(d) Elastin

19 The example of phosphoprotein

(a) Mucin

(b) Ovovitellin

(c) Ovomucoid

(d) Tendomucoid

20 The example of metalloprotem

(a) Siderophilm

fb) Osseomucoid

(c) EJasfin

(d) All of the above

51

Answers.

' 14) a

15) a

16) c

17) b

'

IS) cf

19) b

20) a
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21 The example of chromoprotcin

(a) Salmine

(b) Catalase

(c) Zein.

(d) Gliadia

22 Protein structures are confirmed by weak bonds the example of

which IS

(a) Hydrophobic

(b) Disulphide

(c) Peptide

(d) All of the above

23 Proteases produce polypeptides from proteins by

(a) Oxidiiing.

(b) Reducing

(c) Hydrolyzing

(d) None of the above

24 Proteins react with biuret reagentwhich issuggestn e of 2 or more

(a) Hydrogen bonds

(b) Peptide bonds

(c) Disulphide bonds

(d) Hydrophobic bonds.

25 Insulin is oxidized to separate the protein molecule into its consu
tuent polypeptide chains without affecting the other part of the
molecule by the use of

(a) Performic acid

(b) Oxalic acid

(c) Citnc acid.

(d) Mahc acid

26 The disulphide bond IS not broken under the usual conditions of

(a) Filtration.

(b) Reduction.

(c) Oxidation

(d) Denaturation

27 Each hydrogen bond is quite

(a) Strong

(b) Weak

(c) Both of the above

(c) None of the above

Answers

21) b

22) a.

23) c.

24) b

25) a.

26) d.

27) b
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28 A coiled structure in which peptide bands are folded m a reguhc
manner by

(a) Globular proteins

lb) Fibrous proteins

(c) Both of the above

Id) None of the above

29 In many proteins, the hydrogen bonding produces a regular coded
arrangement called

(a) p—helix

(b) a—helix

(c) Both of the above

(d) None of the above

30 Many globular proteins are stable m solution although they lack in

(a) Hydrogen bonds

(b) Salt bonds.

<c) Non polar bonds

(d) Disulphide bonds

31 Each turn of a-helix contains the number of ammo acids

(a) 2 8

lb) 3 2

(c) 3 4

(d) 3 6

32 The distance travelled per turn of a-4iclix in nm is

(a) 0 34

(b) 044

(c) 0 54

(d) 0 64

33 The space covered by each ammo acid residue of a-helix innmis

la) 009
(b) 012
(c) 0 15

(d) 0 18

34 a-hehx is disrupted by certain amino acid like

(a) Proline
'

(b) Arginine

(c) Histidine

(d) Lysine

^Answer,

r

28) a

29) b

30) d

31) d

32) c

33) c.

34) a.
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a-heUx is stabjlizied by

(a) Hydrogen bonds

(b) Disulphide bonds

(c) Salt bonds.

(d) Non polar bonds

3o) a.

Glutamic dehydrogenase is a

la) Monomer

(b) Tetramer

(c) Dimer

(d) None ol the above

36) b

Aldolase molecule is a

(a) Dimer

(b) Tnmer

(.c) Both of the above

(d) None of the abo' e

37J b

Foetal haemoglobin contains

la) Tno a and two *f chains.

(b) Two a and two ^ chains

(c) Both of the above

(d) None of the above.

38) a.

When haemoglobin takes up oxygen there is a change jn the stru

cture due to the moving closer togcihcr of

la) p chains.

(h) a chains.

(c) 7 chains

(d) a and 7 chains.

39) a.

The hydrogen bonds between peptide linkages are interfered by

(a) Guanidine

(b) Uric acid

ic) Salicylic acid

Id) Oxalic acid.

40) a.

The hydrogen bonds in the secondary and tertiary structure of pro
teins are directly attacked by

(a) Salts.

(b) Alkalis.

(c) Detergents,

(d) All of the above

41) b
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42 The digesiabjlily of certain denatured proteins by proicolyiic en
zymes is

(a) Decreased

(b) Increased

(c) NorniaJ

(d) None of the above

43 The antigenic or antibody functions of proteins by denaturation are
frequently

(a) Not changed 43) b

(b) Changed

(c) Both of the above

(d) None of the aboi e

44 in case of severe d^natuTSUon of protesn there is

(a) Reversible denaturation 44) c

(b) Moderate reversible denaturation

(c) Irreversible denaturation

(d) None of the above

45 Bovine nbonuclease of single polypeptide chain of 124 ammo acid

residues with small molecular weight contains the number of disul

phide bonds.

(a) 2 45) c

(b) 3

(c) 4

(d) 6

46 When eggalbumin is heated fill it is coagulated the secondary and

tertiary structures of the proteins are completely lost resulting in a

mixture of randomly arranged *

(a) Dipeptide chains

(b) Tnpeptide chains.

(c) Polypeptide chains

(d) All of the above

47 In glycoproteins the carbohydrate is in the form of disacchande

units the number of units are

{a) 50-100
(b) 200 - 300

(c) 400 - 500

(d) 600 - 700

42) b

47) d



56 BIOCHEMISTOY

48 The disaccharide units of glvcoprotcins are attached to the peptide

chain, one per

(a) 3 4 ammo acid residues.

(b) 4 4 ammo acid residues.

(c) 5 4 ammo acid residues.

(d) 6 4 ammo acid residues.

49 The milk protein in the stomach of the infants is digested

(al Pepsin

(b) Trj'psm

(c) Ghj-motripsin

(d) Rennin

50 Achilla gastrica is said to be uhen absence of

(a) Pepsin only

(bl Both pepsin and HCL

(0 HQ only

(d) Alloftheabo^e

51 The of gastnc juice become low in

(a) Hemolj'tic anemia

(b) Pertuctous anemia.

(c) Both of the above

(d) None of the above.

52. In the small inteslme trypsin hjdrolj-zcs peptide linkages containing

(a) Arginme

(b) Histidine.

(c) Sennc

(d) Aspi^rtate

53 Chymotiypsm in the small intestine hydrolyzes peptide linkage con
tammg

(a) Phenylalanine

(b) Alanme.

(c) Methionine

(d) Vahne

54 Carboxypeptidase B in the small intestine hydrolyzes peptides con
tammg

(a) Leucine

(b) Isoleucme.

(c) Arginine

(d) Cysteine

Anrufrx

48) d.

49) d.

50) b

51) b

52) a.

53) a

54) c.
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^5 The transport of amino acids is regulated by active processes of di

fferent numbers ~
(a) 1

(b) 2

(c) 3

(d) 4

56 The third active process for ammo acids transport involves

(a) Basic ammo acids

(b) Neutrai ammo acids,

(c) Acidic ammo acids.

(d) Sulphur containing ammo acids.

57 The neutral ammo acids for absorption need

(a) TT>P

(b) B* PO.

(c) NAD+
(d) NADP"^

58 If one ammo acid is fed in excess, the absorption of another is

(a) Slightly accelerated

(b) Moderately accelerated

(c) Highly accelerated

(d) Retarded

59 Under normal conditions, food proteins are generally readily diges

ted upto (he per cent,

(a) 67 to 73

(b) 74 to 81

(c) 82 to 89

(d) 90 to 97

60 By overhealmg the nutritional value of cereal proteins is

(a) Increased

(b) Lowered

(c) Unchanged

(d) None of the above

61 More chan half of (he protein of (he liver and mtestinal mucosa ar&

broken down and resynthesized m
(a) 10 days.

(b) 12 days

(c) 15 days

(d) 18 days

Alwwert

55) c

56) b

57) b

58) d

59) d

60) b

61) a
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62 The half life of antibody protein is about

(,a) 4 weeks

(b) 3 weeks

(c) 2 weeks

(d) I week.

63 Protein anabolism IS stimulated by

(a) ACTH
(b) Testosterone

(c) Glucagon »

\d) Epinephrine

64 The metabolism of protein is integrated with that of carbohydrate

and fat through

(a) Oxaloacetate

(b) Citrate

ic) Isocitrate

(d) Malate.

65 The building up and breaking dovm of protoplasm arc concerned
with the metabolism of

(a) Carbohydrate

(b) Fat

(c) Protein

(d) Minerals

66 Theammoacidsabstractedfromihehverarenot utilized for repair

or special synthesis but are broken down to

(a) Keto acids

(bl Sulphur dioxide

(c) Water

(d) Ammonia.

67 The unwanted ammo acids abstracted from the tissues are either

used up by the tissue or in the bvcr converted into

(a) Ammonia

(b) Urea

(c) Ammomum salts.

(d) Uric acid

68 Ammo acids provide the nitrogen for the synthesis of

(a) The bases of the phospholipids

(b) Uric acid

(c) Glycohpids.

(d) Chondroiim sulphates.

Afisyea

62) c

63) b

64) a.

65) c

66) d

67) b

68) a.
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69 The metabolism of all proteins ingested over and above the essen
tial requirements is called

(a) Endogenous metabolism

(b) Exogenous metabolism

(c) Both of the above

(d) None of the above

70 Sulphur containing ammo acids after catabolism produces a subs

tance which is excreted

(a) S02

(b) HNO>
(c) H,S04

(d) HjPO,

71 Ethereal sulphate is synthesized from the ammo acid

(a) Neutral

(b) Acidic

(c) Basic

(d) Sulphur containing

7Z Keratin the protein of hair is synthesized from the ammo acid

(a) Glycine

(b) Serine

(c) Prohne

(d) Methionine

73 In human and other ureolelic organisms the end prrtluci ofammo
acid nitrogen metabolism is

(a) Bite acids

(b) Ketone bodies

(c) Urea

(d) Banum sulphate

74 The end product of ammo acid nitrogen metabolism m uricotelic

organisms (eg reptiles and birds) is

(a) Bilirubin

(b) Urea

(c) Unc acid

(d) Biliverdin

75 The transaminase activity needs the coeniyme

(a) ATP *

lb) B, Po,

(c) FAD+
(d) NAD+

Ansyytrg,

69) b

70) c

Vl) d

72) d

73) c

74) c

75) b
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76 Transamination IS a

(a) Irreversible process.

(b) Rev ersible process

(c) Both of the above

(d) None of the above.

77 Most amino acids are substrates for transamination except

(a) Alanme

(b) Threonine

(c) Senne.

(d) Vahne

78 Oxidative conversion of many ammo acids to their corre^ondmg
a-keto acids occurs m mammalian

(a) Liver and kmdey

(b) Adipose tissue

(c) Pancreas.

(d) Intestue

79 Tbe a-'kfito acidtsdecarboiylaiedbyHjOjfonningacatborybc
acid with one carbon atomless in absence of tbe eoxyine

(a) Catalase

(b) Decaiboxylase.

(c) Deaminase

(d) Phosphatase

80 The acfiviQrofmammalianL-aimnoaad oxidase, anFMN fiavo-

protem, is quite
I

(a) blow

Rapid

(c) Both of the above.

(d) None of the above

8 1 From dietary protein asweU as from tbe urea present in fluids secre
led mto the gastrointestinal tract intestinal baciena produce

(a) Carbondioxide

(b) Ammonia.

(c) Ammmo sulphate

(d) Creatine

8i The symptom of ammonia mtoxication includes

(a) Blumng of vision

(b) Constipation

(c) Mental confusion

(d) Diarrhoea

i4nnwrr.

76) b.

77) b.

781^

79) a.

80) a.

81) b.

82) a.
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are

. (at Sightly dimiaskci

(b) Highly dimmishcd.
‘

(c) Incre-iaeil.

(d| Allot the abow.

84. Antmonia production by the hilney BdepreaseJ in

(a) Acidosis-

(h) AlValosiv

(c) Boih of the above.

(d) None of the above.

85. Ammonia h excreted as aramor.tum saltsdoinj ncuboUc acidosis

but the majority is excreted as

(a) Pho^hates.

(b) Creatine.
^

(c) Uric acid.

(d) Urea.

86. Sj-nthesis of gluumine is accompanW by the b^viroNsis c!

(a) ATP.

(b) ADP,

(c) TPP.

• (d) Creatine phosphate.

87. la brain, the major mechanism for removal of ammonia ts the for

mation of

(aj Glutamate.

(b) Aspartate.

(c) Asparagine,

(d) Glutamine.

88.

(:aibamoyl phosphate synthetase stniclure is matVedly chanced i

the presence of '

(a) N-Acetyl glutamate.

lb) N-Acety\ Aspartate,

(c) Neuraminic acid,

fd) Oxalate.

the'aJfetratl'''
carbamoyl phosp

fa) Ammonium salts.

fb) Ammonia,

(c) Glutamine.

(d) Aspartate.

\s^\ c.

Uu N.

S5) d.

86) a.

87) d
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76 Transamination is a

(a) Irreversible process.

(b) Kc\ ersible process

(c) Both ol the above

(dy None of the above.

77 Most amino acids are substrates for transarrunation except

(a) Alanine.

(b) Threonine

(c\ Senne

(d) Valine

78 Oxidative con\ersion of many amino acids their corre^onding
ecids ocomsmmammihan

(a) Liver and kindey

(b) Adipose tissue

(c) Pancreas

(d) Intestine

79 The a-teto acidisdecaiboxylaiedbyHjOjfonmngacarboiylic
acid with one carbon atomless in ahsc^ of the enzyme

(a) Catalase

(b) Decarboxylase.

(c) Deaminase

(d) Phosphatase

80 The activity ofmammalian L-aminoaad oxidase, mraiNflavo-
pTotem, IS quite

l

Val blow

(b) Rapid.

(cl of ciie above

(d) None of the above

81 From dietaryprotemasvveUasfromthcurcapresenimfluidssecre'
ted mto the gastromtesnaal tract intestinal bacteria produce

(a) Caibondioxide

(b) Ammoma.

(c) Ammino sulphate

(d) Creatine

82. The symptom of ammonia intoxication includes

(a) Blumng of viaon.

(b) Constipation

(c) Mental confusion

(d) Diarrhoea

76) b

77) b.

78]_^

79) a.

80) a.

81) b

82) a.
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83 Ammonia intoxication symptoms occurwhen brain ammonia levels
are

s
- (a) Slightly diminished

(b) Highly diminished t

(c) Increased

(d/ AI! vf the above

84 Ammonia productipn by the kidney is depressed in

(a) Acidosis

(b) Alkalosis.

(c) Both of the above

(.d) None of the above

85 Ammonia is excreted as ammonium salts during metabohe acidosis

but the majority is excreted as

(a) Phosphates,

(b) Creatine
^

(c) Unc acid

(d) Urea

86 Synthesis of glutamine is accompanied by the hydrolysis of

ia) ATP
(b) ADP
(c) TPP

t (d) Creatine phosphate

87 In bram the major mechanism for removal of ammonia is the for-

mation of

(a) Glutamate

(bj Aspartate

(c) Asparagine

(d) Glutamine

88 Carbamoyl phosphate synthetase structure is markedly changed in

the presence of

(a) N Acetyl glutamate

(b) N Acetyl Aspartate

tc) Neuraminic acid

(d) Oxalate

89 In bactena the synthesis of carbamoyl phosphate takes place from
the substrate.

(a) Ammomum salts.

(b) Ammonia,

(c) Glutamine
i

(d) Aspartate
i

i Answer.

83) c

84) b

85) d

86) a

87) d.

88) a

89) c
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90 The compeiime mhjbiior of arginine B ^

(a) CitruIIine

(b) Malatc ‘

(c) Lysme-

(d) Serme

91 The biosynihesis of urea occuis mainly m the Iss’cr

(a) Cytosol

(b) Mitochondna,

(c) Microsotnes.

(d) Nuclei

92. One not of urea ts synthesized at the expense of the mols. of ATP

(a) Z
(b) 3

(0)
* >

(d) 5

93 Urea biosynthesis occurs main]} in theli>er tnvohing the number
of ammo acids

(a> 3

(b) 4

(c) 5

W) 6

94 The normal daily output of urea Ihrougb unne in grams

(a) 10 to 20

(b) 15 to 25

(c) 20 to 30

(d) 25 to 35

95 In severe acidosis the output of urea ts

(a) Decreased

(b) Slightly increased.

(c) Htghty increased

(d) Moderately increased

96 Uremia occurs m
(a) Cirrhosis of the In er

(b) Nephntis.

(c) Diabetes MeUitus.

(d) Coronary thrombosis.

: Ansvers

90) c-

91) b

92) b

93) d.

94) c.

95) a.

96) b
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97. Clinical symptom in urea cycle disorder is

(a) Mental retardation.

(b) Drowsiness,

(c) Diarrhoea.

(d) Oedema.

98. The sparing action of mclhioninc is

(a) Tyrosine. a.

(b) Cystine,

(c) Arginine.

(d) Tryptophan.

99. NH4
'^ aminates glutanute to form glutamine requiring ATP and

(a) Mg'*".

(b) Ca

(c) Na**".

(d) K+.

100. Glutathione is a

(a) Dipeptide.

(b) TripqJtide.

(c) Polypeptide.

(d) None of the above.

Answers

97) a.

98) b.

99) a.

100) b.

Fill up the blanks of the followings :

1 . The amino acids which can not be synthesized by the

organism from substances ordinarily present in the

diet according to physiological requirements arc ca-

lled

2. Two amino acids and which are

required for animals, are for humans.

X The omission of an essential amino acid from the diet

results in the

/Answers

1. Essential amino
acids.

2. Arginine; Histi-

dine; Nutritionally

semi-essential.

3. Negative nitrogen

balance.

4. Alanine is formed from pyruvate by in presence

of the coenzyme
4. Transamination;

B6-PO,.

5. Glutamate is synthesized in animals by in

presence of the coenzyme .

5. Glutamate dehy-
drogenase; Redu-
ced NADP.

the help of coenzyme and .

7. Glycine is synthesized from aswell as _

6. Asparagine syn-

thetase; ATP.

7. Serine; Choline

F:47
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8 Cysteine IS formed from 8

9 Phenylalanine is covered to tyrosine by with ifie 9

incorporation of one atom of oxygen the para position of

phenylalanme and the other atom is reduced forming

water, the reducing power supplied by is

immediately provided as tctrahydrobioptenne.

10

11

12.

The only keto^wuc ammo acid ,

Argmme is converted to by arginase with the

removal of

Hisodme on deamination produces which is

convwted to 4-imidazolone-5 {roptonaie by

10

11

12

13 Senne forms by nch in liver of rats. 13

14 Cystine is converted to cysteine by an___ depen 14

dent—

15 Threonine aldolase cleaves threomne to and 15

16 Hydroxyprolme IS converted to and
1

16

17 P hydroxyphenylpyruvate hydroxylase converts P-

hydroxyphenyl pyruvate to with cofactor —
•

.

18 Homogentisate oxidase, an mctaUoprotein of

mammalian liver forms inaleylacetoacetate, the tea

ction IS inhibited by a agent that binds iron

19 the black pigment present in the skin, hair

and retina of the eye is formed from phenylalanine in

the present m the skin

20 DOPA IS converted to dopamine by a with

as cofacter

18

19

20

21 The hydroxylation of dopamine forms norepmephnn 21
in the presence of and molecular

22 Epmephnne IS formed from nor^inejrfmne by 22
from

23 Two peptides are liberated during the conversion of

fibrinogen into One the peptides contains

23

24 Tryptophan oxygenase enzyme isan porphynn
metalloprotein which is present m the of ma
mmals.

124

Answers

Methionine

Phenylalanme
hydroxylase com
plex, deduced
NADP

Leucine

Ornithine, Urea

Urocamc acid{

—

Urocanase

I^ruvate, Senne
dehydratase

NADH, Cysun^
reductase _
Acetaldehyde,

Glycine

Pyruvate, Glyoxa
late

Homogentisic
acid, Ascorbic
acid

Iron, Chelating

Melanm, Melano-
blasts

Decarboxylase,

B^-PO,

Ascorbic acid.

Oxygen

Methylation, Me-
thionine

Fibrm, Tyrosine

-o-sulphate.

Iron, Liver
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25 The chief inducing agent of tryptophan oxy-
genase IS bIocJ;ed by

26 Kynurenine is hydroxylated with molecular m
presence of .

In the deficiency of vitamin Icynurcmne
denvativcs reach the extrahepatic tissues where they

are converted to

28 In the deficiency of vitamin the synthesis of

and in the Usmes is impaired oiting to the non-

convcreion of tryptophan to niacin

29 mg of tryptophan produce mg of

niacm

30 The vitamins and are required for the'

formation of macm from tryptophan in the body

31 5 hydroxytrypiophan on produces a
vasoconstrictor and is stored m platelets

32. Serotonin on acetylation and produces the ho-

rmoie——

—

33 Methionine is firet activated by forming S-

adenosylmethioninewhich isalsolermedas

34 L-meihyIma!onyl-CoA is converted w by

meihylmalony-CoA isomerase with as

coenzyme

35 Leucine on catabolism yields and

36 Both valine and isolcucbc on catabolism produce

3? lmidazolone~3— propionic acid is convened into—

38 In human beings and animals deficiency of or

causes an excessive excretion of FIGLU

39 FIGLU IS converted into resultingm the trans-

fer of C, carbon atom to

40 Histidine is converted into and by

minor pathways

41 Carnosme IS a peptide of and

42 Ergothionine is present in high concentration in hu
man

43 acts as a coenzyme m the formation of prosta

glandin. PGEj from

25 Adrenal cortico-

steroids, Puromy
cm

26 Oxygen, Reduced
NADP

27 Bj. Xanthurenic

I
acid

28 NAD+,NADP+

29 60. 1

30

31 Decarboxylation,

Serotonin

32 Metbylation, Me-
laiomn

33 ATP, Active me-
thionine

34 Succmyl-CoA;

35 Acetoacetate,

Acetyl-CoA

36 Succinyl CoA

37 HGLU, Hydro-
lase

38 FoJic acid, Vjta

min B ,2

39 Glutamate, Tera

hydrofohe acid

40 Carnosme. Ams
enne

41 Histidine, ^ala
nine

42. Erythrocytes

43 Glutathione. Ara
chidonic acid
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Ans\^ers

44 Skeletal muscle contains about per cent creaDne 44 0 5, Half

and heart muscle about thatamount

45 Creatinine IS formed largelym the bylheirre- 45 Muscle Creatine

\ersibleand nonenzymic removal of water from phosphate.

46 The synthesis of creatine IS completed in the liver by 46 Glycocyamine,

the meth> lation of in which methionine Aciiv e

IS the methyl donor

47 Inthemeihylationofcreatme and are 47 ATP, Oxygen
required

48 The activation of methionine occurs requinng ATP, 48 Gluia

and as well as methionine activating thione

enzyme

49 In the methylation of glycocyamin. guanidoaceiate 49 Liven Gluta

methyl ferase found m the ofmammals requires ihione

for its optimal acuvity

50 Therateofcreatmebiosynthesisisdependenlon kid 50 Transamidmase
ney aciiv ity

51 Creatinine IS the of creatine and is formed by 51 Anhydnde,
the means m muscle Nonen^maiic

52.* Creatinine IS reabsorbed in the at 52 Renal tubules,

concentrations Lower

53 The number of milligrams of creatinine (plus creaofic) 53 Creatinine coeffi*

mtrogen excreted per kg bodywi m 24 hours is called aenu

54 Thecreatimnecofficieniisan oftheamount 54 Index,Acuve
muscle tissue in the body

55 Positive nitrogen balance exists when exceeds 55 Intake, Output

56 All body proteins continually undergo and 56 Degradauon, Syn
thesis

57 Ammoacidshaveatleasttwoionizablegroujjs 57 —CooH
and

58 The pH atwhich the amino acid hasno netcharge and 58 Isoelcctnc pH
hence does not move in an elcctnc field is called

59 The ion at the isoelectric point which carries + and — 59 Zwittenon
charges intemally neutralized is called

60 Owing to the opposite rcactronsdcpending on the aci- 60 Ampholytes
dity or alkaliruty of the solution the ammo acids are

called

61 Albumins are also widely distnbuted in plants espe- 61 Seeds, Fruits,

aally in the and

62. Sckroproteins are similar to and
1
62. Albumins Globu-

lins
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63 Degradation of protein in one tissue is accompanied
by in others

64 Antibody protein induced by immunization also un
dergo continual and

65 The metabolic pool is contributed by substances den
\ed from catabolism of proteinm the tissues by stimu
lations of the excessive amounts of hormones
and hormones

Answers

63 Synthesis

64 Breakdown Syn
thesis

65 Thyroid

n*oxygenaled

adreno-cortical

66

The protein contains nitrogen percent. 66 6 25

Indicate “True” or “False” of the followings :

I The free amino acids after hydrolysis of peptides are separated

and identified by chromatography or by electrophoresis

2. Taunne is an amino acid but not a constituent of protein There-

fore It. is not present in the classification of ammo acids

3 Ninhydnn IS a powerful oxidizing agent

4 The neutral ammo acids absorti ultraviolet light

5 D amino acids are also present m proteins

6 Subsljtuijon of a single ammo acid for another m a sequence of

100 Of more amino acids may abolish biologic activjiy with se-

rious consequences

7 All hormones are proteins

8 The proteins arc involved m blood clotting

9 The proteins act as the defence against infections by means of

protein antibodies

10 Proteins may be defined as the high molecular weight mixed po-

lymersof a-amvno acids jomediogcihervnthpeptidelmkage

1 1 The denatured protein is highly increasedm solubility at its iso

electric point

12 The native proteins are said to be occumng in plants only

13 The native proteins possess no sedimentation rate

1 4 Denaturation is used to know the enzyme catalyzed reaction of an

extract at the loss of the enzyme activity when boiled or acidified

1 5 Denatured ribonuclease when freed from urea and p-mercap-

toethanol by dialysis slowly regains enzymic activity

16 In severe malnutntion blood albumin level is unchanged

17 Albumin has no role m fatty acid transport

18 The cause of hypoalbummemia is impaired synthesis

19 Pathological proteinuria may occur as a result of increased glo-

merular permeabibty

I Answers

I True

2 True

3 True

4 False

5 False

6 True

7 False

8 True

9 True

10 True

11 False

12 False

13 False

14 True

IS True

16 False

17 False

18 True

19 True
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20 Glycoproteins are secreted bj the sublingual glands of sopie ani-

mals.

21 The glycine content of many albomins is high

22 Some glycoproteins ha\e many identical dissacchande amts at

tached to the polypeptide chain.

23 Visual purple of the retina a chromoprotein in which the pros

theuc group is a carotenoid pigment

24 Chromoproteins of certain animal fibres in which the prosthetic

group IS melatonin

25 Scleroproteins are readily attacked and dissohed by alkali

26 Scleroproteins can not form the supporting structures of animals.

27 Nitropnisside test is positive for the ammo acid cysteine

28 Millon s test is negauve for the ammo acid tiyosine.

29 Argmine is an aromatic amino acid

30 Trvptophan IS a basic amino acid

II The intestinal mucosa also contains Inpeptidase dipepiidase etc

32 The polypeptides formed in the stomach are digested there by

trypsin

33 If one amino acid is fed in excess it favours the absorption of an

other

34 D ammo acids are absorbed bv simple diffusion

35 The ammo acid associates with the earner and in the mic-

roviUe

36 Sometimes the whole protein is absorbed into the blood

37 The insoluble fibrous protein is also hydrolysed by enzymes of

the human digestive tract

38 Endogenous metabolism is involved in the formation of tissue

and the other nitrogenous substances and also the normal break
down of tissue proteins

39 Aromatic ammo acids form glutathione

40 In ammonotelic oigamsms, uncacid is the end product ofammo
acid nitrogen metabolism

41 5-ammo group of ornithine undergo transamination

42. Both Lr and D aminoacsdoxidaseacUvitiesoccurm mamma
lian brain also

43 The reduced FMN or FAD is reoxidtzed directly by molecular

oxygen forming H 0 without the help of electron earners.

44 If catalase is present the a-lreto acid is decarboxylated by
H2O forming a carboxylic acid with one carbon atom less

-Answers

20 False

21 Flase

22. True

23 True

24 False

2o False

26 False

27 True

28 False

29 False

30 False

31 True

32. False

33 False

34 True

35 True

36 True

37 False

38 True

39 False

40 False

41 True

4X False

43 False

44 False
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45 Certain hormones also depress glutamate dehydrogenase act^
VI ty

46 Ammonia is produced m the kidn^ from glutamine catalyzed by
renal glutaminase

47 Glutamate dehydrogenase uses reduced NAD or NADP ascosu
bstrate

48 The normal blood concentration ofammonia IS 10-20 mg/100
ml

49 Formation of glutamine is catalyzed by glutamine oxidase a mi
tochondnal enzyme

50 Asparaginase and glutaminase are employed as antitumor agents

51 The amino acids ornithine and citnilline occur m protein

52 Small quantities of arginase also occur in brain mammary gland

testicular tissue and skin

53 High erythrocyte level of argmase causes hyperarginmemia.

54 Creatine can not be synthesized m the pancreas of mammals

55 Dietary creatine or high blood creatine has noeffect on (he rate of

synthesis of creaime m the liver

56 Hypothyroidism is associated with reduced kidney transamidi

nase activity

57 Excessive creatinuna has been observed m hyperthyroidism du

nng pregnancy and the menstrua! period

58 Normal values of creatinine coefficient range from 30 to 36 mg
creatinine for men

59 Less creatinuna may occur m starvation

60 Glutamate aspartate and ammonia are utilized for purme and

45 False

46 True

47 False

48 False

49 False

50 True

51 False

52 True

S3 False

54 False

55 |True

56 False

57 True

58 False

59 False

60 True
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]

Edem'i

(i)
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dcaminiiionnndnmmation

1

ilirouth
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reactions

2

Cardiac

edema

(b)

Produces

t

prompt

excretion

of

water

sodium

and

chloride

2

70 BIOCHEMKTRy

13

Scrum

albumin

level

is

(m)

is

Involved

In

tiiodctox((ic\tlon

of

nicotinic

ncid

for

the

formation

decreased

of

the

excretory

product

trlgoncHinc

14

Pathological

proteinuria

(n)

In

sudden

hacmodilutlon

15

Plant

urease

(o)

urinary

nibumtn

Olobulln

ratios

are

tow

16

Ammonia

Intoxication

(p)

a

stimulant

of

the

central

nervous

system

and

also

promotes

perl
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ODD CHAPTER -5DDD NUCLEIC ACIDS

Write the correct answer number of the followings

1 The best role of punne and pyrimidme nucleotides is to serve as the

monomenc precursors of

(a) RNA
(b) DNA
(c) Both of the above

(d) None of the abo%e

2 The Punne nucleotides act as the components of

(a) FAD+
(b) NAD+
(c) NADP+
(d) Allof iheaboNc

3 The pynmidine nucleotides act as the high energy intermediates

Cal UDPG
(b) ATP
(c) ADP
(d) AMP

4 The chemical name of thymine

(a) 2 — oxy — 4 — atmnopynmiduie

(b) 2 4 — dioxy — 5 — methylpynmidine

(c) 2 4 — dioxypynmidme

(d) None of the above

5 The chemical name 2—amino—6—oxypunne ts said to be

(a) Adenine

(b) Xanthine

(c) Guanine

(d) Hypoxanthine

6 The lactam form is the predominant tautomer of

(a) Uracil

\ (b) Cytosine

(c) Adenme

(d) Xanthine

Answea

1)

c

2) d

31 a

4) b

5) c.

6) a

72
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7 N’ — meihyjguanme has been found more recently jn the nucleic

acids of the cells of

(a) Bacteria

(b) Yeast

(c) Plant

(dl Mammals

8 Hypoxanthine and nbose constitute

(a) Adenosine

(b) Inosine

(c) Guanosine

(d) Cytidme

9 Thymine and deoxynbose form

(a) Dcoxycytidine

(b) Deoxyadenosine

(c) Deoxythymidme

(d) Deoxyundme

10 The most abundant intracellular free nucleotide

(a) ATP
(bl FAD+
(c) NAD+
(d) NADP+

1 1 The concentration ofATP m living mammalian cells m mM is near.

la) 0^
(b) 0 4

fc} 06
(d) 10

12 The intracellular cAMP concentrations m nM are near

(a) 3 0

lb) 20

(c) 10

(d) 0 5

13 The epimerization of galactose to ^ucose and vice versa takes

place by

(a) UTP
(b) CTP
(c) GTP
(d) ATP

1) d

8) b

9) c

|10) a

11) d

12) c

13) a
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1 A The biosynthesis of phosphogljccndes in ammal tissue requires

(a) ATP
(b) CTP
(c) GTP
(d) TPP

15 The chemical name 4 hydroxypyrazole pyrimidine is used for

(a) Thioguanme

(b\ Mercaptopuntvc

(c) Azathiopnne

(d) Allopunnol

Answers

14) b

15) d

16 Transforming factor is used for the name of

(a) RNA
lb) DNA
(c) tRNA

(d) None of the above

17 Guanosine nucleotide is held by the cytosine nucleoude by the nu

mber of hydrogen bonds

(a) I

(b) 2

(0 3

(d) 4

18 Within the single turn of DKA the number of base pair ewsis

fa) 4

(b) 6

(c) 8

(d) 10

19 Each turn of DNA structure has a pitch in nm of

(a) 14

(b) 2 4

(c) 3 4

(d) 4 4

20 The double stranded DNA molecule loses its viscosity upon

(a) Denaturation

(b) Filtration

(c) Sedimentation

(d) Concentration

16) b

17) c.

18) d

19) c

20) a
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21 DNA molecule contains the number of nucleotides

(a) 800 to >1000

(b) 1000 to 6000

(c) 1200 to 8000

(d) 1600 to 9000

22 DNA IS denatured by

(a) Heat

(b) Acid

(c) Alkali

(d) All of the above

23 Chromatin contains the number of repeating units in nm
(a) 10

(b) 15

(c) 20

(d) 25

24 InRNA structure, its guanine content does not necessarily equal

US cytosine content and its adenine content does not necessarily

equal Its uracil content since it IS a
,

(a) Double- stranded molecule.

(b) Single-stranded molecule

(c) Stable molecule

(d) Unstable molecule

}

25 Each RNA molecule contains the number of nucleotides

(a) 40 to 4000

W to 5WW
(c) 60 to 6000

(d) 70 to 7000

26 Messenger RNA has a molecular weight of

(a) 15000 to 30000

(b) 20000 to 35000

(c) 25000 to 40000

(d) 30000 to 50000

27 Of the total cellular RNA molecules the Pc of transferRNA mole-

cules amount to

(a) 5 to 10

(b) 8 to 16

(c) 10 to 20

(d) 15 to 30

Answers

21) d

22) d

23) a

14) b

25) c

26) d

27) c
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28- Each transfer RNA molecule contains the number of nucleotides

(a) 70

tb) 75

(c) 80

(d) 85

29 In e\er} cell the number of iRNA molecules are at least

(a) 10

(b) 15

(c) 20

(d) 25

30 AUtRNA molecules ha%c a common CCA sequence at the

(a) 3" termim

(b) 5 termini-

(c) Z 5 termini

(d) Anoflheabo\e

31 lDneari}antRNAraolecules.thcretsa loop contammg the nucleo-

tides of

(a) Undine.

(b) Thymidine

(c) Ribothymine and Pseudoundine

(d) Cj’tidine

32. In tRNA molecules, there is anotherloop contammg the mmorbase

(a) UraciL

(b) DibydrouiaciL

(c) Cytosine

(d) Dibydrocytosme

33 TTie PC of the ribosomal RNA of the RNA mthin the cell

(a) 60

fb) 70

(c) 80

(d) 90

34 The mammalian nbosome contains the number of major nucleo-
protein subumts

(a) 2

(b) 3

(c) 4

(d) 5

28) b

29) c.

30) a.

30) a.

31) c.

32) b

33) c.
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35 Gene isa segment of theDNA moleculecontaining base pairs about

(a) 300

(b) 400

(c) 500

(d) 600

36 The fragments of DNA attached to an RNA initiator component
were discovered by

(a) Watson and Cnck

(b) Okazaki

(c) Peterson

(d) Nelson

37 Synthesis ofRNA molecule is terminated by a signal which is recog
nizcd by

(a) p(Rho) factor

(b) factor

(c) a- factor

(d) None of the above

38 The promoter site at which the synthesis of new RNA molecule

begins with the help of another factor

la) <y

lb) Y

(0 p
(d)a

39 ThcbindmgofProkaryoticDNA — dependentRNA polymeraseio

promoter sites ofgenes is inhibited by the antibiotic

(a) Septran

(b) Streptomycin

(c) Aureomyem

(d) Rifampin

40 The Natoms at posifions3and 9ofPurine baseare denved from the

amide nitrogen of

(a) Glutamate

(b) Glutamine

(c) Asparagine

(d) Asparate

41 The carbon atoms at positions 4 and Sand the N atom at position 7

of punne base are supplied from

(a) Valine

Aaswer^

35) d

36) b

37) a

38) a

39) d

40) b

41) c
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(b) Alanine

(c) Glycine

(d) Senne

41 5 phosphonbosylamine reacts with glycine to produce gl>cina*

mide nbosylphosphaie byglycinamidekmt»vntheiaseinpresence

of

(a) ATP
(b) GTP
(c) UTP
(d) CTP

43 The carbon atoms at position 4 5 and 6 and the N atom at position 3
of pynmidine base arc denied from.

(a) Glutamic acid

(b) Aspartic acid

(c) Gljcine

(d) Serme

44 The end product of punne catabolism m other mammals except

man

(a) Lnc acid

(b) Allantoin

(c) Ammonia

(d) Creatinine

45 The net excretion of total unc acid in normal men in mg in 24 hours

(a) 100 - 300

(b) 200 - 400

Tm- 5CW

(d) 400 - 600

46 A portion of uric acid m concerted to urea and ammoiua by intes

tinal

(a) Urogenoljsis

(b) Ureoljsis

(c) Uncoljsis

(d) Ureotolysis.

FiD op the blanks of the followings :

Answers

41) a.

43) b

44) b

45) d

46) c.

1 Xanihme is oxidized to unc and by

Answers

1 Xanthine oxidase
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2. Xanihme oxidase is inhihitcdby for which unc
acid cannot be formed

3 The chief end product ofpunne catabolism m man

4 Unnaiy Uric acid is both- and mongin

5 Birds and reptiles do not possess activity

6 and also increase the unnary excre-

tion of unc acid by inhibiting renal tubular reabsorp-

bon

7 Blood unc acid level also in hemolytic amenia
and thalassemia

8 Sodium urate cryslalsaredeposiied in soft tissues and
these urate deposits are referred to as

9 The s>nthesis of pjTunidm starts with the formation

of caibamoyl phosphate from and

COj being catalyzed by carbamoyl phosphate synthe^

tase present m the cytosol of the cell

10 Dihydroorotic acid on dehydrogenation by dihydroo*

rotate dehydrogenase utiliang as coenzyme
is comert^ into

11 Themainsiteforthecatabolismof pynmidmes

12, The major end products of cytosine uracil and thy

nine are and respectively

1 3 For each gene in the DMA molecule there is a

strand and its complimentary strand

14 The strand which is transcribed mtoan RNA molecule

IS referred to as the of the DNA

15 RNA and DNA chain elongation is inhibited by

16 DNA and RNA synthesis is nhibited by

17 Tea contains the punne base containing substituent

18 Cocoa contains the punne base containing substitu

ent

19 The base thymme of DNA is replaced by the base

20 CyclicAMP is destroyed in tissuesbyitsconversion to

by the enzyme

21 S adenosylmethiomne serves as a form of

methionine

2 AUopunnol

3 Unc acid

4 Endogenous Exo-
genous

5 Uncase

6 ACTH Adreno-
cortical oxysteroi

ds

7 Increases.

8 Tophi

9 Glutamine ATP

I 10 NAD+ Orotic
' acid

11 User

12 ^ alanine ^
aminoisobutync
acid

13 Sense Antisense

14 Sense strand

15 Actmomycm D
16 Anthramycm

17 Theophylline

18 Theobromine

19 Uracil RNA

20 AMP cAMP
phosphodies-

terase

21

F 48
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22 cAMP IS form^ from by ihc enzyme

23 cGMPiscataboIizedby toproduce

24 cGMP acts antagonistically to

25 Undine diphosphoglucuronic acid servesas the

glucuronide for the formation of in the liver

26 CTP acts as the precursor for the polymer zaiion of

into

27 Ceramide and CDP— cholmc are responsible for the

formation of and othersubstituted

28 and are used in the chemotheraphy
of cancer and \ira! infections

29 Azathiopnne is useful m organ

30 Both and are used clinically to inhibit

the catabolism of intracellular cAMP

31 DNA IS referred as

32. Two strands of double helical molecule are

33 DNA molecules are long and its length is times

greater than its breadth

34 Chromatin consists of a long double stranded

molecules

35 The messenger RNA is the most in size and
stability

36 The heterogeneous nuclear RNA (HnRNA) molecu

les are processed to generate the molecules

which then enter the cytoplasm to serve as templates

for synthesis.

37 One tRNA corresponds to each of the amino
acids required for synthesis.

38 The loop at the end of a base paired stem
of tRNA recognizes the codon of the template

39 Ribosomes are particles and reticular granu
les of m diameter

40 The 60S subunits contain a 5S rRNA. a rRNA
and a rRNA

41 The 40S subunit contains rRNAandabout
polypeptide chains

• or.

Answers

22 ATP, Adenylate

cyclase

23 Phosphodiester

ase, 5' mono-
phosphate

24 cAMP

25 Active. Bilirubin

glucuronide

26 CMP, Nucleic

acids.

27 Sphingomyelin,

Sphingosine.

28 Cytarabine,

Vidarabme

29 Transplantation

30 Ammophyllme,

Thcophyllme

31 Transforming

factor

32 Anti parallel

33 250

34 DNA

35 Heterogeneous

36 mRNA, Protein

37 20 Protein

38 Anticodon
mRNA

39 Nucleoprotein,

100 - 150^
40 58S. 28S

41 18S 30

42 Gene Cistron42. The unit ofgenetic infonnationislhe.
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43 RNA can be sjTithesized by >hhich is dependent

on the presence of acting as a template

44 DNA produces a which helps in placing

m the code for protein synthesis

45 The formation of RNA template is directed by

46 NucJeoprotems are conjugated proteins containing

and a basic protein like or

Anawers

43 RNA polymer

ase, DNA

44 mRNA.Ammo
acids

45 Nuclear DNA
46 Nucleic acids

Prolamine,

Histones



DOOD CHAPTER -6
PROTEIN SYNTHESIS AND GENETIC CODE

FiO op tbe blanks of the followings :

1 In the nucleotide sequence of the mRNA raolccuk,

code w.ords exist for each amino acid. This is referred

to as the

2. The adapter molecules translating the code words in-

to theammo acid sequence are the molecules.

3 The process by which the cell translate information

by the machmery from tbe nucleotide sequence of an

rnRNA mto the sequence of amino acids of the corr-

esponding specific is said to be

4 The rough endoplasmic reticulum is the factory of

5

Code words consttog of 2 nucleotides each can pro-

vide tor only specific code words

6. Each code word termed a consists of a sequ-

ence of nucleotides

7 64mpletcodesinmRNA with4nucleotjdesareiopro'

Mde for ammo acids and three codons do not

code for specihe amino acids and these ha\ e been ter-

med

8 Only a single amino acid is mdteated for any specific

codon the genetic code IS

9 Once the reading is started at a specific codon there is

no betw een codons.

10 Ammo acids are activated by tbe enzyme
m presence of the coenzyme

1 1 The binding of the mRNA to the 40S nbosomal sub-

unit requires the presence of

12. The initiation factor is a factor

13 Theammoacyl tRNA mteracts with and
to form a complex.

14 The complex formed by anticodon of tRNA and IF I

attaches the 60 S nbosomal subunits with the release

of

1 5 The complete ribosome contains two sites site

and site on the mRNA

Ansy^ers

1 Genetic code

2 TransferRNA
(.tRNA)

3 P*rotein, Transla-

. uon

4 Polynbosomes.

5 16

6 Codon, 3

7 20, Nonsense
codon

8 Unambiguous.

9 Punctuation.

10 Ammoaeyl-lRNA
^mthetasc, ATP.

11 IF-3

12. Protein.

13 GTP, IF-2.

14 IF-I. IF-2, IF-3

15 P.A

82
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16. During the process of initiation the complete
ribosome is formed.

17. forms acomplex with and the enter-
' ing aminoacj’l — tRNA,

18. The alpha amino group of the new aminoacyl-TRNA in

the A site combines with the carboxyl group of the

pepUdyl— tRNA occupying Utc P site in presence of

of the ribosomal subunits.

19. The newly formed peptidyl-tRNA at theA site is trans-

located into the vacated P site by and

20. After multiple cycles of elongation the

codon of mRNA appears in the site.

21. The releasing factor hydrolyzes the bond between the

peptide and the occupying the site.

22. On hydrolysisand release theSOSribosomedissociares

into its and .subunits which are then re-

cycled.

23. The releasing factors are

24. The antibiotic has structural similarity

with that of lyrosinyl — tRNA ts incorporated via the

A site on the ribosome.

25. Since EF'2 Is inactiva fed by and there-

by inhibits mammalian protein synthesis.

26. A single ribosome is capable of translating about

codons in seconds into a protein with a mole-

cular Iveight of 40,000.

27. There are only two types of gene regulation

regulation and regulation.

28. A double negative has the effect ofacting as a

29. The gene is the smallest segment of the mole-

cule containing about base pairs.

30. When a pair carries genes with the same characteri-

stics, say tallness, then the individual is said to be

31. When one o! the pair tallness and the othergene short-

ness, the individual is - - —

32. Lac operon is nothing but and

33. The regulator gene induces the synthesis of protein

macromolecules called . _ _ . _ ..

34. The operon becomes active because the repressor

system is itself inactivated. The phenomenon is said

to be

Answers

16. SOS.

17. EF-1: GTP.

18. PeptidyL transfe-

rase; 6(IS.

19. EF-2; GTP.

20. Nonsense; A.

21. tRNA; P.

22. 40S; 60S.

23. Proteins.

24. Puromycin.

25. Diptheria toxin.

26. 400; 10

27. Positive; Negative

28. Positive.

29. DNA; 600.

30. Homozygous.

31. Heterozygous.

32. Structural gene;

operator gene,

33. Repressors.

34. Derepression,
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AnxwfirK

35 The operator locus is a region of double-stranded

DNA of base pairs loi^ with a 2 fold rotational

sjmmetrj m a region that is base paire long

36 The operator locus lies between the at

which the DNA-dependent RNA polymerase attaches

to commence transcription and the beginning of the

gene

37 Normally repressormoleculesarepresentand 37 20—40
one or t\so operator loci per cell are also present

38 The binding of the inductor to the repressor molecule 38 74 7o
involves the amino acid residues in portions

and

3o 27 21

36 Promoter site

Z.



DDDDDDD CHAPTER - 7
HEMOGLOBIN

Write the correct answer number of the followings

1 Hemoglobm contains the number of gram atoms ofiron per molem
the ferrous state —
(a) 1

(b) 2

(c) 3

(d) 4

2 The molecular weight of hemoglobm

(a) 44 450

(b) S4 450

(c) 64450

(d) 74 450

3 The porphyrins are cyclic compounds formed through methylene

bridges by the linkages of pyrrole nn^ number

(a) 4

(b) 3

(c) 2

(d) I

4 The porphyrins are found in nature m which the various side chains

are substituted for the hydrogen atoms number

(a) 2

(b) 4

(c) 6

(d) 8

5 A porphyrin with a completely symmetncal arrangement of the sub

stituents IS classified as a porphyrin of

(a) Type I

(b) Typen
(c) Type in

(d) AH of the aboVe

6 The more abundance found in nature is

(a) Type I series.

(b) Type II senes

(c) Type HI senes.

(d) None of the above

Answer

1) d

2) c

3) a

4) d

5) a

6) c

85
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7 In the biosMithesis of porphjTins the ^tiv’auon ofglycine needs

the coenzi me

(a) NAD +

(b) B6 -PO4

(c) FAD+
(d) ATP

8 The anemia has been obsen ed in the deDcicncy of vitamin

ta) Bioim

(b) InoatoL

(c) Niacin

(d) Pantothenic acid.

9 The dipynjl compounds are of two tj-pes

(a) A and B

(b) B and C
(c) A and C
(d) BandD

10 A type in porphjTin results with the condensabon of the

components

(a) Two of the (A)

(b) One (A) and one (B)

(c) Two of the (B)

(d) One (A) and one (C)

1 1 The enzyme coproporpbynnogen oxidase is able to act on copro-

poiphynnogen

(a) Type I

(b) T>T>e IL

(c) Type in

(d) AUofiheabo'e

12. In mammalian Lrer the reaction of conversion of corpcoporphjn-

nogen to protoporphjnn requires

(a) Molecular oxygen

(b) Water

(c) ATP
(d) B6 -PO4

13 Heme is synthesized by the incorporation of ferrous ion (Fc**"**)

mto protoporphyrin m being catalyzed by the enzyme

(a) Ferroxidase

(b) Ferroreductase

AnjHifTT

7) b

8) d.

9) a.

10) b.

11) c.

12) a.

13) c.
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(c) Ferrochelatase.

(d) None of the above.

14. The globin of the hemoglobin is a protein composed of closely pa-

cked polypeptide chains of

(a) 6 parallel layers

(b) 4 parallel layers. 14) b.

(c) 3 parallel layers.

(d) 2 parallel layers.

15. Two a-chains of globm have identical amino acid composition of

(a) III. 15) d.

(b) 121.

(cl 131.

(d) Ml.

16 The total number of ammo acid in globin

(a) 544. 161 d. .

(b) 554.

(c) 564.

(d) 574.

17. Hemoglobin takes up the number of molecules of oxygen

(a) 1.

(b) 2.

(c) 4.

(d) 6.

18. Carboxyhcmoglobin is formed by

(a) CO. 18) a.

(b) C02.

(c) HCO3.

(d) HCN.

19. One mol. of hemoglobin contains histidine residues

(a) 5. J9) d.

(b) 15.

(c) 25.

(d) 35

20. Methemoglobin is formed asaresultof the oxidation of hemoglobin
by oxidizing agent

(a) Oxygen of air. 20) c.

(b) Hydrogen peroxide.
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Anrweri

(c) Potassium Femcyamde

(d) Potassium permanganate

2 1 Meihemoglobin can be reduced to hemoglobin by

(a) Removal of hydrogen

(b) Vitamin C
(c) Glutathione

(d) Creatinine

22 The colour of cyanomethemoglobin

(a) Yellow

(b) Pink

(c) Brown

(d) Bright red

23 The iron of heme is coordinated in P-chains at posmons

(a) 43 and 72

(b) 53 and 82

(c) 63 and 92

(dl 73 and 102

24 Myoglobin contains the number of gram atom of iron per mole

(a) 1

(b) 2

(c) 3

(d) 4

23 Catalases contain the number of gram atoms of uon per mole

(a) I

(b) 2

(c) 3

(d) 4

21) b

22) d

23) c

24) a.

25) d

Fill op the blanks of the followings :

1 Myoglobins are the pigments occumng
m the cells of vertebrates and invertebrates.

2. The molecular weight of catalases isabout

3 Tryptophan pyrrolase catalyzes the oxidation of
to

4 The fundamental role of cytochromes is m

Ansv^ers

1 Respiratory,

Muscle

2 225000

3 Tryptophan,
Formyl Kynure-

nine

4 Cellular

respiration.
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5 C> tocbrome C has a molecular weight of about

and contains iron

6 The peptide chain of human heart cytochrome C con
lams ammo acids

7 Cytochrome oxidases can carry three general types of

reactions e:,g oxygen transfer

8 Hemoglobin A has a molecular weight of

and contains pairs of peptide chains

9 The a-chains of hemoglobin A contains

and p-chain contains ammo acids.

10 Fetal hemoglobin comprises percent of the

total hemoglobin m the new bom

1 1 Fetal hemoglobin lakes up more readily at

oxygen tension and releases more readily than

adult hemoglobin (A)

12 Hemoglobin F IS gradually replaced by
dunng the first 6 months of extrautenne life

13 Fetal hemoglobin is more resistant to denaturation

by and is more susceptible to conversion to

meihemoglobm by

14 Some of the abnormal hemoglobins are easily dlffe^

entiated by their electrophoretic mobilities and have

given nse to the concept of

15 Acidic amino acid is replaced by a or

amino acid for the formation of abnormal hemoglobin
from normal hemoglobin

16 The abnormality of ftemogfobm C is found m the

P-chain at position the ammo acid glutamic acid

is replaced by

17 Hemoglobin C is characienzed by the mild

with a tendency to

18 In hemoglobin S anemia develops and the

becomes long and boat shaped

1 9 The abnormalitym hemoglobin S occursm
chain glutamicacid at position 6 is replaced by

20 If HbF IS present m large amounts m the blood of

adults ngets rapidly producing

21 The abnormality of hemoglobin M is found m the

a-chain the histidine residues in and
positions are replaced by

Answers

5 13000

0 43 per cent

6 104

7 Mixed function

oxidation Elect

ron transfer

8 64 456 Two

9 141 146

10 50IO90

11 Oj C02

12 Hemoglobin A

13 Alkali Nitrites

14 Molecular disease

15 Basic Neutral

* 16 6 Lysine

I

17 Anemia

I

Infarction

18 Sickle cell RBC

19 p Valine

20 Hemolysed
Thalassemia

major

21 58 87 Tyrosine
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Answers _

22. Methemoglobin is not reduced lo by 22 Hemoglobin,

agents Reducing

23 Tiypsm splits the peptides m hemc^Iobin at points 23 Lysine, Aigmme
where only and occur

24 Methemoglobin is an hemoglobin 24 Oxidized, Oxygen

IS m the firm combination

25 When the concentration of methemoglobin reaches 25 3 grams. Cyanosis

per 100 ml of blood. usually de\ clops.

26 Methemoglobin IS present in normal about 26 Erythrocytes, 04
per cent of the total hemoglobin.

27 hemoglobin combines with to form 27 Reduced, H^S
sulfhemoglobin.

28 Sulfhemoglobinisalsoobser\edinsubjectsttiihniar 28 Constipation,

ked in the presence of producing Nitnte

bacteria in the intestine

29 Carboxyhemoglobm IS formed by the combination of 29 CO, Iron

with the m the hemoglobin molecule

30 Carboxyhemoglobm is produced by the excessive 30 Gas. Exhaust gases
exposure to aruficial lUummaiing and to

automobile m closed or poorly ventilated

rooms

31 The condition by uhich the excretion of both copro* 31 Porphyna.

porphynnand uroporphynn mcreases is said to be

32. Erythropoietic porphyna has got tendency to 32 Hemolysis; Erytb-

and defectn e ropoiesis.

33 In ery-thropoiCtic proioporphyna. there is increased 33 Protoporphynn.

and in the circulating erytbro- UropOTphynn,

cytes. plasma and the feces

34 Acute intermittent porphyna is due to a marked 34 ALA synthase

mcrease of hepatic

35 Increased serum PBI and hepercbolcstemia occur in 35 Intermittent

acute porphyna

36 In porphyna varicgaia there is increased hepatic 36 ALA synthase.

37 Hereditary coproporphyna causes increased unnary 37 Porphobihnogen,
output of and dunng ALA
acute attacks

38 Acquired porphyna IS caused by severe 38 Liver; Toxins
diseases and ingestion of certain _

39 In acquired porphyna, there is increased excretion of 39 Uroporphynru
m unne

40 Porphyna cutanea tarda shows frequent nse m 40 Iron
sgnim —
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Indicate “True” or “False” of the followings •

1 Chlorophyll is magnesium containing poiphynn and the photo-

synthetic pigment of plants

2 Chlorophyll and heme of hemoglobin are synthesized in living

cells by different pathways

3 The condensation of active succinate and glycine is catalyzed

by the enzyme Amlcv synthetase

4 Two mob of Amlev condense to form porphobilinogen catalyzed

by the enzyme Amlev dchydrase

5 Tnpyrrylmethaneisformcdbythecondcnsationof2niolsof por

phobilmogen

6. In low oxygen tension oxyhemoglobin takes up more oxygen

7 Hisodine contained in hemoglobin exerts its buffering action

through ns basic imidazole nng for which hemoglobin plays an

important role in regulating the acid base balance of blood

8 Methemoglobin can carry oxygen in blood

9 Sulphemoglobin formed by the administration of certain drugs

continues toremain in the bloodandcan becon verted iniohcmo-
globin

10 Reduced hemoglobin m the absorption spectra shows one single

broad band in the green region

1 1 Oxyhemoglobin in the absorption spectra shows three bands

12. The biosynthesisof hemoglobin takes place in the Q<ell5of

pancreas

13 Iron m the ferrous state is incorporated into protoporphynn to

form heme

14 The iron of heme is coordinated to 2 imidazole nitrogen of histi-

dine at positions 36 and 85

13 The function of erylhrocruonns is dissimilar to hemoglobin

16 Catalases are zinc poiph.vnn entwines

17 In plants, the activities of catalases are significant

18 The cytochromes are iron porphynns and act as electron transfer

agent m oxidation — reduction reactions.

19 The reduced form of cytochrome C is autooxidizable

20 Cytochrome q3 is found in kidney

21 Methemoglobin also functions as oxygen earner

2X Porpbynas are of two types — congenital and acquired.

23 Erythropoietic porphyria causes highly increased excretion of

uroporphyrin I and to a lesser extent, coproporphyrm I in both

unne and feces

24 Erythropoietic coproporphyria shows large amounts of copra-

porphysm H in die eryihnocytes

25 Acute intermittent porphyria causes periodic attacks Of abdomi

nal pam which is associated with fever and leukocytosis

1 Answers

I True

2 False

3 True

4 True

5 False

6. False

7 True

6 False

9 False

10 True

11 False

12 False.

13 True

14 False

15 False

16 False

17 False

18 True

19 False

20 False

21 False

21 True

23 True

24 "a!se

25 True
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(A)

m
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bone
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yields

mal

liver
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11

Normal

serum

bilirubin

(K)

is

formed

after

removal

of

iron

and

cleavage

of

the

porphyrin

level

ring

of

heme

12
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feces
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a

green

(L)
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0-

4mg

per

day

tinge
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L

stercobilmogen

(M)

when

the
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the

bih

pigment

m

Wood

is

more

and

diffuses

into

the

tissues

producing

a

yellow

pigmentation

14

LSiercobihn

(N)

is

caused

by

the

milder

defect

in

the

bilinibmi

conjugated

system
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Type

I

gen

increased

m

feces.

24

Unconjugated

hyperbiliru

(X)

results

from

liver

dysIuncUon

caused

by

chloroform.

CCL

4

hepati

bmemia

tis

virus

and

cirrhosis.



CHAPTER -8DOnDD ENZYMES AND COENZYMES

Write the correct answer number of the followings

I The example of extracellular enzymes

(a) Glucose-6-phosphalase

(b) Hexokinase

(c) Glucokinase

(d) Pancreatic amylase

2. Enzymes are usually named by adding the suffix ase to the mam
part of the name of fhe suhsTrate on which they act except

(a) Erepsin

(b) Maltase

(c) Lactase

(d) Sucrase

3 Some enzymes are named by their functions onl> e.g.

(a) Ptyahn.

(b) Pepsin.

(c) Reductases

(d) Trypsm

4 Some enzymes acting on the substrates are freely described by the

adjectives eg

(a) Lactate dehydrogenase

(b) Lipolytic

tc) Cytochrome oxidase

(d) Phosphatase

5 The enzyme which uses oxygen as hydrogen accepter e g
(a) Tyrosinase

(b) Succinate dehydrogenase

(c) Aconitase.

(d) Carboxylase

6 The enzyme which uses HjO, as substrate e g
(a) Catalase

(b) Malate dehydrogenase

(c) Ascorbic oxidase

(d) Phosphoiylase

Answer

1) d

2) a.

3)

c.

4) b

5) a

6) a.

94
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7. The enzyme which acts on single hydrogen donor with incorporation

of oxygen c.g.

(a) Succinate thiokinase. '

(b) Glycogen synthetase.

(c) Tryptophan oxygenase.

(d) Uricase.

8. The enzyme which acts on paired donors with incorpora fion of ox-

ygen into one donor e.g.

(a) Pyruvatckinase.

(b) Enolase.

(c) Steroid hydroxylase.

(d) Glycerokinasc.

9. The example of transglycosidase

(a) Hexokinasc.

(b) Phosphoiylase.

(c) OPT.

(d) Ammo acid transacetylase.

10. Enzyme acting on peptide bonds e.g.

(a) Hexokinase.

(b) Chymoirypsin

(c) GOT,

(d) Glucose-6-phosphatase.

11. The peroxidase has the coenzyme

(a) FAD+.
(b) NAD+.
(c) NADP^.
(d) None of the above.

12. Enzyme exergomc reaction means the system undergoes a loss of.

free energy e.g.

(a) Synthetase.

(b) Phosphatase

(c) Hexokinase.
^

(d) Urease. -

13. The optimum temperature of piant urease in centigrade

(a) 40

(b) 37.

(c) 45.

(d) 60.

Answerx

7) c.

8) c.

9) b

10) b

11) d.

12) d

13) d.

F.49
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14 Themaximumacii%iiyolthemostoltheen2ymesisatlheopt3mum _

pH

(a) Betueen2and3 14) c.

(b) Between 4 and 5

(c) Between 5 and 9

(d) Between 7 and IX

15 Oxidases are generally inhibited by

(a) Cyanides 15) a.

(b) Fluorides

(c) Salts ol mercury

(d) Salts of siher

16 The group transferring coenzyme

(a) COA 16) 'SL

(b) NAD+
(c) NADP+
(d) FAD+

17 -Thecoen^mecontainmganafomaticheteronngiDihestructupe

(a) Biotin 17) b

lb) TPP
(c) Sugar phosphate

(d) Coenzyme Q

18 The example of hydrogen transfemng coenzyme

la) B» - PO4 18) b
(b) NADP+
(c) TPP
(d) ATP

Fill up the blanks of the followings .

1 Enzymes v/hich are used in thecells which make them
are said to be enzymes.

2. An extracellular enzyme which is secreted ready for

action IS called a secretion

3 Tiypsinogen isactixaiedby^ togivcacuve
trypsm.

4 Prothrombin is aciirated bv to gi\e actne
thrombin.

5 A dipeptide can be attacked enzy mes

Answers

1 Intracellular

2 Zymase

3 Enterohnase.

4 Thrwnbophstm.

5 Three
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^ aSYiSL^.

6 Enzymescataljvmghjdrolysjsofesier pq)Udebythe 6 Hydrolases
addition of water are called

7 Enzymes catalyzing the linking together of luocom 7 ATP Ligases

pounds couple to the breaking of a pyrophosphate
bond in or a similar compound are called

8 Enzymes that catalyze removal ofgroups from substra

tes w ithoui addition or removal of water are called

8 Lyases

9 The imidazole ring and the alcoholic group of serine

are responsible for the union between substrate and
enzyme These groups are termed and the

region of the protein surface at which they are located

IS termed

10 Many enzy mes are proteins

1 1 Enzymes, the organic catalysts differ from inorganic

catalysis in their extraordinary

12 Many substrates form with enzymes

n Oxidoreductases function m biosynthetic processes m
mammalian system tend to use as reductant

but those function in degradative processes tend to

use

.

as oxidant

14 In liver ahnnf _ _ <»nyymf» ivriint

extramitochondrially

1 "t The enzyme of mitochondria is specifically

activated by

l(i Tr psmof pancreatic juice is a mixture of

and

1 7 Most active enzyme preparations are made by various

processes of involving to remove m
organic impurities

18 The insoluble substrates must be made soluble by the

help of substances whenever required for

g<K)d mixing with -

19 The substrate concentration that produces
velocity IS called . or

20 At the temperature 0®C most enzymes are practi

cally

21 Pepsin works only in medium and is inacti-

vated by making the medium

22 At low pH values E willbe andl<»eiis

charge

9 Active groups

Acuve centre

10 Conjugated

11 Specificity

12 J bonds

13 Reduced NADP
NAD+

14 90% NADP
specific

15 NAD- specific

ADP
16 Trypsin Chymo-

trypsin A Chymo-
trypsin B

17 Punfication

Dialysis

18 Hydrotropic

Enzymes

19 Half maximal
Michaelis cons

lant Km value

20 Inactive

21 Acid Alkaline

22 Ptotenated

Negative
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23 The lossofenz>meacti\itN b\ oxidationma} beregaj-

ned b> or

24 High energy radiation forms which causes

of the enz\me resulting loss in enz>me acti-

\it>

2o Some enzymes » hich are actuators are called

26 The best preser\ati\ e for enzj me solution is

27 Enzymes are destro\ed b>

28 The enzjTnes depending for their acti>it> on the pre-

sence of free — SH croups can be inactnated b\

which reacts with the free — SH groups.

29 Sulphanilamide competes

30 Enzjmes which show allostenc inhibition ha\e two

sites namelj and

31 Inhibition of enz\mes ma> also be re\ersed bj remo-

\al of the inhibitor b) the treatment with

3Z It IS belie\ed that the mucus membrane contains suh

table for which the altmentaty canal is not dig

esied b> its own secretions

33 The non protein orgamc moleculesand the prosthe-

tic groups of enz> mes are called

34 The chief function of CoA. is to cany groups.

35 The coenz\me TPP is also called which car

nes group

36 The chief function of tetrah\drofoliC3cidas a earner

of and It is used m the s> nthesis of

and

37 In dchitlrogenation reactions and
coenzvmes function as hvdrogen acceptors.

38 Ljsosomes can be regarded as a type of

39 L> sosomes are responsible for post mortem

40 LysQrjTTie has a molecular weightofabout and

consists of a single polj-peptide chain of am^
no acid residues ha\rng no or cofac-

tors

4 1 Lysoqme has a central site w ith subu-
nits.

42. The enzjmes that occur in a numberof different forms
and differ each other chemicalh electrophoreticall)

and immunologically are called

43 Lactate dehjdrogenasc exists tn iso2\ mic
forms

AruHrrs

23 C>*s!ein,

Glutathione

24 Peroxides Oxida-

tion

2:* Kinases

26 Toluene

27 ForTnaIdeh>de.

28 Meicanc chlonde

29 P ammobenzoic
acid.

30 Isostenc *ife

AllOSi K M

31 H2S

32. Ann-enrymes.

33 Cocnzxmes.

34 Ac\L

3"' Co-oarbox>lase

Actue aldehxde

36 Formate Punnes,
P\Ttmjdmcs

37 NAD+ NADP+

35 Ground substance,

39 Autolj'sis.

40 15000 129 Coen-
^•mes Metal ion

41 Catal>'tic 6

42. lsoenz>Tnes.

43 Fi\e
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Indicate “True” or “False" of the follotrlngs :

1 Lvsosomes can be regarded as a t>pe of Ground substance

2 ThLenzymesj-siemspresentinlysosomesarefor oxidauon-re»
duction processes

I Lyso/yme destroys the cell wall of nany airborne gram positive

bacteria tn (ears and nasal mucus

4 Isozymes are present m the serum and tissues ofmammals birds

ms’^cts. plants and unicellular organisms

The isozymic forms of lactate dehydrogenase are trimers

6 Splitting and reconstitution of lactate dehydrogenase I5 produ

ces new isozymes

7 LD5 is usually predominant m the tumors

8 The kinetic or collision theory states that ihe molecules to react

must collide and must possess sufficient energy to overcome the

energy barrier for reaction

9 If some molecules ha\e insufficient energy to react increased

temperature uhich increases their kinetic energy will decrease

the rate of the reaction

10 Hydrophobic groups and charged groups both are not involved

in substrate binding

1 1 In the absence of substrate the catalytic and the subsirate^bin

ding groups are several bond distances removed from one ano

ther

12. The catalytic activity of certain key enzymes can be irreversibly

decreased or increased by small molecules

13 Many enzymes catalyze a reaction between two or more subs

trates producing one product

14 Reactions whose rales vary asregards to changes in H"*" or HjO

concentration but are independent on the concentration of other

acids or bases present m the solution are said to be specific acid

or specific base catalysis

1 5 More than 25 per cent of the enzymes contam ughUy bound
metal 10ns for their activity

16 Most kinases form substrate -bndge complexes of the type

Enz nu cleotide — M
17 The metdl ion in pyruvate kmase also holds one substrate (ATP)

to activate it

18 Enzymes whose concentration in acell is dependent of an added

inducer are termed constitutive enzymes

19 Permeases have many properties in common with enzymes and
perform functions like cytochromes m electron transport

99

1 True

2 False

3 True

4 True

5 False

6 False

7 True

8 True

^ 9 False
I

I

I

10 False

11 True

12 False

13 False

14 True

15 True

16 True

17 True

18 False

19 True
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Answerx

20 Protein synthesis takes place in the nuclei 20 False

21 IncreasemtheenzymeactivitiesinCS F isreflectedmtheblood 21 False

22 Lactate dehydrogenase activity m C S F is increased m menmgi- 22 True
tis

23 The serum acid phosphatase concentration is m metastatic pros 23 True
tatic carcinoma

24 Serum amylase concentrauon IS decreased in liver disease 24 True

25 Creatine phosphokinase level inserum is increased in muscular 25 True
dystrophy
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25.

Scrum

trypsin

level

is

(Y)

In

liver

clhcascs.

(nerensed

,

f

26.

lit

microsomes

(Z)

In

hydrogen

Ion

scercllon.



DODODDOOnO CHAPTER-9
BIOLOGIC OXIDATION

Write the correct answer number of the followings :

Answers

1 Oxidases are conjugated proteins having the prosthetic group

(a) Magnesium

(b) Manganese

(e) Copper

(d) Iron

1) c

2 Cytochrome oxidase is

(a) a>

(b) aaj

(c) a

(d) None

2) b

3 ^Cytochrome oxidase is poisoned by

(a) Cyanide

(b) Sulphide

(c) Sulphite

(d) Sulphate

4 Phenolase is an enzyme containing

(a) Cobalt

(b) Iron

(c) Zine

(d) Copper

5 Monoamine oxidase oxidizes

(a) Epinephrine

(b) Norepmephnne

(c) Glucagon

(d) Glutathione

6 Aerobic dehydrogenases tave the prosthetic group

(a) ATP
(b) NAD+
(c) FAD+
(d) NADF*-

3) a

4) d

5) a

6) c

1Q3
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J Uncase cataij'zes the oxtdation of uric acid to

(a) Carbon dioxide

(bl Ammonia.

(c) Gljoxal

(d) AUantoin

? Xanthine dehydrogenase converts purine bases to

(a) Unc acid.

(b) Hypoxanthine

(c) Xanthine

(d) Urea.

3 Alcohol dehydrogenase from liver contains

(a) Copper

(b> Zinc

(c) Sodium

(d) Potassium

10 NADP linked dehydrogenases in the extramitocbondna are found

to synthesize

(a) Urea

(b) Steroid

(c) Ascorbic acid.

(d) Niacm

1 1 The endoplasmic reticulum cytochrome

(a) b

(b) c

a,

(d) P-450

12 Mono-oxygenases are found in the

(a) Mitochondria

(b) Microsomes

(c) Nuclei

(d) Cytosol

13 The mitochondrial superoxidc diomutase contains

(a) Mg++
(b) Zn++
(c) Mn++
(d) CO^

Answers.

7) d

8) a.

9) b

10) b

11) d

12) b

13) c
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14 When substrates are oxidized through an NAD linked deh>droge
nase the P 0 ratio is

(a) 1

(b) 2

(c)

(dl 4

15 The antibiotic piencidtn A inhibits the siteofthe respiratory chain

(al I

(b) II

(c? Ill

(d) All of the above

16 The uncoupling agent of oxidative phosphorylation

(a) Antimycin A
(b) Dicoumaro!

(c) Barbiturates

(d) Penicillin

17 The oxidation and phosphorylation In intact mitochondria is com
pleteJy blocked by

(al Streptomycin

(b) Gentamycin

(c) Pufomyem

(d) Ohgomycin

18 The high energy compound is

(a) UDPG
(b) ATP
(c) ADP
(d) Arginine phosphate

14) c

16) b

17) d

18) 1

Fill up the blanks of the followings

1 Mitochondria are generally impermeable to and

other

2 UncoupJers like DNP increase ihe permeability of

mitochondria to reducing theelectrochemh

cal potential for the generation of

3 The P/H'b (transported out) quotient of the ATP
IS

4 The electrochemical potential difference is utilized

to drive a membrane-located which m the

presence of forms ATP

Answers

1 Protons ions

2 Protons ATP

3 Synthetase Hi

4 ATP synthetase

ADP + Pi
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5 The respirator) chain is folded into oxidation/ 5

reduction loops m the membrane

6 Asingleloopconsistsofa camerandan 6

earner

7 The phosphorylating subunits consist of se\eral pro- 7

terns collectirel) known as an subunit uhich

projects into the matnx contaimng the

8 Fore\er) proton pair passing through the co- 8
mplex. one molecule is formed fram ADP +
Pi

9

A proton pair attacks one ox) gen of Pi to form 9

10 Actnely respiring mitochondria accumulate 10

1 1 Coenz)Tne 0 has a structure rerv simibar to \itamin 1

1

and \itamin

12. Coenzjme Q is the constituent of lipids 12

13

Thjroxine is an uncoupling agent and causes 13

of the mitochondria

14 Theprocessby which ADPisphosphotyhiedb) Pilo

in the respirator) chain is called

15 Various oxidations occur in other parts of the cell ex

cept mitochondria and liberate instead of

14

13

16

Sue ED ofrespiratorychamisinhibitedbj and 16

17

There must be a redox potential ofabout > oils

between components of the respiratory diain il that

particular site is to support the coupled formation of 1

mole of

17

18 The toxicity of oxygen is due to itscomcrsion to

19 Superoxide is formed when flaxins are reoxi-

dized by molecular in the respiratory chain

20 Superoxide can be remoed by the specific enzyme
m the presence of

2 1 The sequence ofenzymes and carriers responsible for

the transport of reducing cquualents from substrate

to molecular oxygen is known as

18

19

20

21

22. In oxidation and reduction reactions, the free energy

exchange is proportionate to the tendency of react

ants to donate or accept electrons iscalled

22.

4fijwyrr

Three

Hydrogen, Ele-

ctron.

Fi ATP^iheiase

Fo - H, ATP

H,0

Cations.

K, E

Mitochondrial.

Swelling

ATP; Oxidatne
phosphorylation.

Heat, Energy

Dimercaprol
Antimycm A

0 2 ATP

Superoxide

Reduced Oxygen.

Superoxide dismu-
triy. protons.

Respiratory cham

Redox potential.



CHAPTER - 10

naDDDDD INBORN ERRORS OF METABOLISM

Fill up the blanks of the followings

Answers

1 Inborn errors of meiabolism are a group of metabolic

which can be formed as a result of the lack

of a single in a single metabolic pathway

2 The hereditary disorder in which acid mucopolysac-
charides are excessnely deposited in tissues is called

in which there is corneal opacity

3 Gaucher s disease is caused by the deficiency of

4 In Gaucher's disease, the spleen is significantly

and there are signs of leukopenia and -

5 The deficiency of sphingomyelinase causes

which occurs in

6 In Niemann Pick disease the liver and spleen are

1 Diseases Enzyme

2 Hurler’s syn

drome

3 Glucocerebrosi

dase

4 Increased Throm
bocylopenia

5 Niemann Pick

disease Infancy

6 Enlarged

7 Tay sachsdiseasecaused by the deficiency ofthe enz

yme in tissues is characterized by the lnc^

eased accumulation of m brain and spleen

8 In Tay sach s disease, there is repeated respiratory

tract of the patient and the patient expires at

the third and fourth

9 The deficiency of the enzyme ceramide tnhexosidase

causes in which large amounts of are

accumulated in the kidney

10 The deficiency of phytanic acid oxidase causes

tn which large amounts are accumulated

11 In Refsums disease there is night blindness and na

rrowing of the fields

12. Krabbesdiseaseresultsmlbedeficjencyofiheenzyme

which catalyzes the hydrolysis of

to form ceramide and galactose

13

Galactocerebroside is the important component of

7 Hexosaminidase

A Cangliosides.

S Infections Years

9 Fabry s disease

Ceramide tnhe

xoside

10 Refsum s disease

Phytanic acid

11 Visual

12 Galaciocerebrosi

dase Galactocer

ebroside

13 Myehn

14

Albinism appears in the total absence of inside

the in the skin

14 Tyrosinase Mela
nocytes

15

Tyrosimosjs is due to the absence either of hepatic

or of activities

15 P hydroxyphenyl

pyruvate hydro-

xylase Tyrosine

transaminase

107
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16. Henjditan iNrosinemia >s caused b> ibe dcficienc)

of and ihts disorder is not controlled bj the

admmistranon of

17 Neonatal UTOsmemn occurs m the and ihe

unne coni tins „ P—hj'drowphe-

n\ llaciic acid and P'hjalrtKj-phenj lacctic acid.

IS. Hcreditar> i>Tosincmia is similar to neonatal tjTOSimia,

except the large amount of is prc.<i«nl in the

unne

19 Phcn>lkctonuru IS caused b> the absence of the cnzj-mc

forwhich phen> lp>-ru\ ic acid, phenj llacuc acid,

phcnjlacetic acid arc formed, the bter is conxened to

which IS excreted in the unne.

20 Patients with phenxlkeionuna tend to haw a dcfici-

enc> of

21 AlVaptonunaoch’iracienredbx the excretion ot

in the urme o\v mu to the hek of

22. In alkaptonuria thcunncis duetothcoxidat*

lion of m air

2\ In liter life the .iccumulaiion of dirk picmeni in ca

nil ices and tendons gix-es nse to the condition known
as xxhich is accompanied bx changes

2-4 Maple sxTup unne disease is charactenzed bx the .il>

scncc of the enrx nies required for ihe of the

acids derixcd from the bnnehed chain ammo
acid - valmc, leucine and isoteucmc

2S The unnarj cxctcuon of the kctoacididcnx-eil from
branched chain ammo acids produces an odour like

that of or

26. The infant suffering from maple s>rup urine disease

IS difTiculi to and may

27 Hnrtnup's disease is chanctenred bx a like

skin r.ish and mental dcicnoranon in the abnormal
metabolism of -

28. The urine of the p.iiitiits suffering from hinniip s di

seasecxmiam hmhlx mt-rcistd amounts of as

xxxll as

29 Glji.munaisassixiaicdxxiihihccxi.essunn.arx excrc*

lion of with a tendenex to form— anal
stones.

10 The clinical findings iretheod.urienccoftli'

mmbosis. osteoporosis, dislivucil lensesm the exes
.ind frcquciulx mental at.ardiiion

16 P hx'djtvxj'pte' -

nxlpxTux icaciJox'

iJasc, Ascorbic

.icid.

17 Nexx Kim Txn>
sine, Phj-draxj*

phenxlpxTuxic

acid

IS r hisirosjThc-

nxllactic acid.

1*^ Phenxhhnine
Indaxxxlase. Ph-

enxl acctxlclut i*

mine

20 Scrolonm.

21 Homogentisic

acid. Homocen-
tisic acid oxid-ase

22 Dark. Homouen*
tisicacid

2.1 Ochronosis

Arthritic

2-1 Oxuhiixc decarb-

oxxlaiion Keto,

25 Maple sxTup

Burnt sucir

26 Peed. Vomit

27 Pellagra

Tryptophan.

j2S Indole acetic aad,

I

Trxpiophm

29 Gljcme Oxa*

late

\) HonuKJxstmiini

-wiro.x <
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Answers.

109

31

32.

33

34

35

36

37

38

39

40

41

42

43

44

In homocystinuna alow and a high
diet effectively prevent this condition if treated car
her

The metabolic block of histidine is due to the insuffi-

cient activity of liver which impairs the conver
Sion of histidine to

Histidine excretion is also increased dunng normal
but not in of pregnancy

In hypcrvalinemia the infants suffer from

growth wasting and vomiting

Lesch Nyhan syndrome is chractertted by the com
pJete deficiency of which causes hypoxanihine

or guanine to form a nucleotide with

Lesch — Nyhan syndrome appears in childhood as a

severe neurological syndrome which is sometimes ac-

companied by Such patients show an increased

tendency to

In hereditary xanthinuria, there is the deficiency of

Theurmaryexcretioncontamslargeamounts

of with lesser amounts of

Orotic aciduria causes the excessive production of

due to the deficiency of The urinary

excretion consists of large amounts of nucleo-

tide precursor

In orotic aciduria the urme of the patient becomes
cloudyoncoolmgwiththedepositjonofneedle-shaped

crystals of children affected by this condition

develop a severe anemia with physical and

mental

Homocystinuna appears due to (he lack of in

(he liver due to which both and are ac-

cumulated in blood and urme

Cystine is an ammo acid which may precipitate

in the kidney tubules to form in cystinunc

pauents

Cystinuria is a misnomer so that may be pre-

ferred as the descnptive term for this disease

The plasma content of glycine is normal in glycinuric

patients while the urinary excretion of glycine ranges

from /d

Maple syrup urine disease is recognized by centra!

nervous system manifestations of and attacks

of flaccidity and ^

31

32

33

34

35

36

37

38

39

'40

41

1

42

1
43

1
44

Methionine

Cystme

Histidase Uro-

canic acid

Pregnancy Tox
aemia

Stunted Muscle

Phosphonbosyl
transfers PRPP

Gout Myocardial

infarction

Xanthine oxidase

Xanthine Hypo
xanthine

Orotic acid Oro-

tate phosphonbo-

^1 transferase Py
nmidine

Oroticacid Mega
loblastic

Hetardation

Cystathionine syn-

thetase Homocy
Stine Methionine

Isoluble Cystme
Calculi

Cystme Lysinu

na

600 - 1000 mg

Convulsions

Apnea



a CHAPTER - 11

WATER AND RflNERAL METABOLISM

Write the correct answer nombcr of the followings ;

1 Of the total bod) weight the average bod) water m per cent

(a) 55 to 65

(b) 50to60

(c) 60 to 70

(d) 70 to 80

2. Intracellular Bind contains the percmof the total bod) weight

(a) 45

(b) 50

(c) 55

(d) 60

3. The percent of^dasma in the extraceflDlarnmd

(a) 3^

(b) 3 8

(c) 4J.

(dl 4i

4 TiaDScellolar Quid in per cent t^exiraceUalarflmd

(a) 14

(b)

(c) 1 6

(d) 18

5 Organic compounds of small molecular sme

(a) Urea.

(b) Unc acid.

(c) Creatinine.

(d) Phosphates.

6 Organic substances of lar^ molecular ssre

(a) Starch.

(bj Inulm.

(c) Lipids.

(d) Proteins.

Answers

U c.

2) b.

3) d.

4) b.

5) a.

6) d.

110
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7 100 grams of fat on combustion produces water in ml

(a) 107

(b) 105

(c) 102

(d) 98

8 100 grams of proteins on combustion yields water m ml

(a) 35

(b) 38

(0 41

(d) 44

9 The daily intake and output of water through different sources mml
(a) 2500

(b) 2700

(c) 2800

(d) 3000

10 The amount of internal secretion per day in liters

(a) 4 to 7

(b) 5 to 8

(c) 6 to 9

(d) 7 to 10

1 1 The amount of water excreted per day in feces in ml

(a) 90

(b) 95

(c) 100

(cff ivyi

12 The regulatory mechanism of body water is influenced by the hor

mone

(a) Oxyiocm

(b) ACTH
(c) FSH

(d) Epinephrine

13 All chemical reactions m the body proceed m presence of
|

(a) Organic salts. ‘

(b) Inorganic salts

(c) Water

(d) Alkali

Answers

7) a.

8) c

9) b

10) d

II) c

12) a
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14 The sjTQptom of w^ter intoxjcatKsn

(a) Muscular lAeakness.

(b) Anemia.

(c) Paralj-sis.

(d) Fe\er

15 Dehjdratjonmaj be onJinanlj corrected b> pareBieralingesDonof

the solution of

(a) Zncl

(b) Mgcl.

(c) Caclj

(d) Nad

16. A mutnre ol iw o-ihirds isotomc salme solution and one-iSurd lac*

tate solution should be admimstered uitrax enousl> in case of

(a) Constipation.

(b) Prolonged diarrhea.

(c) Malana.

(d) Jaundice.

17 Dehydration ts a problem as regards to

(al Vomiting.

(b) Typhoid

(c) Uremia

(d) Hot clunates.

18. The pnncipal mineral elements are also said to be

(a) Macronutnents.

(b) Micronutnents.

(c) Semi micronutnents.

(d) Noneof iheaboie.

19 The trace elements are subdmdedmto

(a) Two groups.

(b) Three groups.

(c) Four groups.

(d) None of the abo\ e.

20 The essential trace elements tndude

la) Lead.

(b) Nickel

(c) Boron.

(d) CobalL

14) a.

lb) i

16) b

17) c.

18) a.

19) b

20) d.
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21 The number of principal mineral elemenls

(a) Five

(b) Six

(c) Seven

(d) Eight

22, Zinc IS a constituent of

(a) Carbonic anhjdrase

(b) Malate dehydrogenase

(c) Aldolase

(d) Amylase

23 Hemoglobin formation needs both

(a) Iron and zinc

(b) Iron and calcium

(c) Iron and copper

(d) Iron and magnesium

24 Cobalt IS a constituent of

(a) Folic acid

(b) Vitamin B„

(c) Niacin

(d) Biotm

25 Calcium is required for the activation of the en^me

(a) Isocitrate dehydrogenase

(b) Fumarase

(c) Succinate thiokmase

(d) ATPase

26 The absorption of calcium is increased by the dietary higher levels

of

(a) Fats.

(b) Proteins.

(c) Cereals.

(d) Vitamm A

27 Calcium absorption is interfered by

(a) Fatty acids

(b) Ammo acids

(c) Vitamm D
(d) Vitamin B,j

Answers

21) c

22) a

23) c

24) b

25) d

26) b

27) a.
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28 CalciuTi m the complex form is about

(a) 8 mg%
(b) 6 mg%
(c) 4 mg%
(d) 2 mg%

29 The percentage of calcjumm milligramm nonioruzed form is aboai

<a) 3

(b) 4

(c) 5

(d) 6

30 In man the number of grams of calcium filtered m 24 hours b> the

renal glomerub is about

(a) e

(b) 10

(c) IZ

(d) 14

31 The percentage of calcium excreted in the feces

(a) 40 to 60

(b) 50 to 70

(c) 60 to 80

(d) 70 to 90

3i The dailj loss of calcium m mg m S'^cat is about

(a) 12

(b) 13

(c) 14

(d) 15

33 The concentration of serum calcium maj dropbelo» 7mg.M00mI
m
(a) HjperparaihjTOidism

(b) HjpoparaihjTOidism.

(cl Tetany

(d) Rickets.

34 Serum phosphate concentration is 1 to 2 mg/100 roL m
(a) Rickets.

(b) Tetany

(c) Osteoporosis.

(d) HyperthjTOidism.

Ansi^ers

28) d.

29) c.

301 b

3!) d

321 d

33) b

34) a.
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Fill up the blanks of the followings .

1 There is virtually no calcium m
2 Calcium exists in the plasma in

forms

.. An^i^frs..

1 Erihrocytes.

2 Diffusible Nondi

ffusible Complexed

3 The active transport process of calcium is regulated

by a metibolite of \itamm which is

produced in the kidney m response to low plasma
conctniration

4 Ionized calcium is required m blood - process

5 Under optimal conditions the percentage of calcium
absorbed ls

6 Decreased ionized fraction of serum calcium causes

3 I 25 dihydroxy

cholecalciferol D
Ca+ +

4 Coagulation

5 75

6 Tetany

7

8.

9

10

11

12

13

14

15

16

17

18

19

20

which occurs in cereal grams forms insoluble

salts with calcium and magnesium resulting

in the impaired absorption of calcium

An increase in the calcium levels in the

plasma is the stimulus for the production of

which then causes a deposition of calcium m bone

Succinatedehydrogenase requires foriisacti

vation

In nckets. serum alkaline phosphatase activity is

Renal nckets are more accurately designated

which IS an inherited disease

Vitamin D in ordinary doses does not relieve renal n
ckets. Hence it is sometimes referred to as

Phosphorus is essential for the formation and develop-

ment of bones and along with

Phosphorus is required in the absorption of glucose

by

High calcium diet and phyticacid .phosphorus

absorption

The normal inorganic phosphate of plasma is

per 100 ml in adults.

The reabsorption of phosphorusismhibited by

Magnesium is the principal of the soft tissue

Co-carboxylase is provided with

Parathyro d hormone the absorption of mag
nesium ®

7 Phytic acid Phy
tin

8 Ionized Calcito-

nin

9 Calcium

10 Increased

1 1 Familial hypopho
sphatemic nckets

12 Vitamin D resis

tant rickets

13 Teeth Calcium

14 Phosphorylation

15 Decrease

16 3 to 4 5

17 Parathyroid hor

mone

18 Cation

19 Magnesium

20 Increases.
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21

2Z

23

24

23

In case of Kwashiorkor, ihe serum magnesium leyel is I

causing
I

In uremia the serum magnesium le\ el is

Sodium IS largel> associated % ith and

m regulation of acid-base equihbnum.
i

In the absorption of glucose and galactose ion

plays an important role

Inman erythrocj tes contain or so-

dium

21

22.

23

24

25

26

27

2&

increases plasma sodium le\el

Loss of sodium by excessive sweating causes

with the mtense and painful contractions of of

men v. orkmg hard in hot humid climates.

The metabolism ofsodium isregulatedby

26

27

28

29 Hypernatremia occurs ui prolonged treatment of

and as well as hormones
29

30

31

32

33

34

35

In certain stages of pregnancy the steroid hormones
cause the retention of as well as which
results tn gam in weight

Pyruvate kinase requires formaximaJactmtj

Protein biosynthesis b> nbosomes requires

decreases serum potassium leveL

In man, contain large amounts of potassium

30

31

32,

33

34

The serum potassium lev el during increased
j

carbohydrate utilization following administration of|

33

administration of which helps the excretion

of

37 Prolonged hjpokalemia causes injury to and 37

38 Hypokalemia is exhibited in heart failure treatment
with

39 Chloride ion is important as an actuatorof

40 Excessive consumotion of causes m
protein deficiency

41 Sodium concentration m sw eat is decreased by

42. Hypochloremic alkalosis may developin dis-

ease or after the adrmnisirationof or

Ans>vfrs

Low- 3\eakness.

Low,

Chlonde Bicarbo-

nate

Sodium.

Little No

Aldosterone

Heat cramps* Sk
eletal muscle

Adrenocortical st

eroids.

Cortisone ACTH
Sex.

Sodium Water

K+
Potassium.

Aldosterone

Ery ihrocytes.

Decreases Insulm,

Dwxywrwieoste-

rone Potassium.

Myocardium Ki-

dneys.

Digitalis.

Amylase

NaCl Edwna.

Aldosterone

Cushings ACTH,
cortisone.
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43

44

45

Sulfur IS present pnmanly in the cell protein in the form 43
of and

A small amount of sulfide if absorbed into the blood 44
stream is rapidly oxidized to

Answers

Cysteine Methio-
nine.

Sulfate

An increase in the blood mdican concentration may
occur in

45 Uremia

46 Marked sulfate retention in adcanced glomerulone*

phntis causes the development of

47 The nonheme iron is completely which exists

in the form of and

48 Iron .ibsorpiion is enhanced bj proteins of .. .

digesiwe products forming

49 Most of the iron in food occurs m the state

50 Phyuc acid and oxalates with iron absorption

46 Acidosis.

47 Protein bound.

Storage. Trans
port

48 Low molecular wei
ghi. Iron chelate

49 Ferric

50 Interfere

Indicate “T rue*’ or “ False" of the followings :

1 The lou! iron content of the normal adult isaboui 4 to *> grams

2 About 60 (0 70 per cent of the total iron is present in hemoglobin.

3 About I 0 per ceni of the total iron is carried m the plasma in co
m6mation with p globulin transport protein iransfemn

4 Iron IS not mvohed in the cellular respiration

5 The richest sources of iron jr* egg \o!k fish figs and apples

6 A defect m hemoglobin svnthtMS in anemiaivcommoiilv found in

copper deficiency

7 In humans, heme is brokt n <hm n in ihe mucosa and iron appears

m the plasma transferrin

8 Vitamin D and alkali increase iron absoiption

9 Apolerruin in the mucosal cells, is the controlling factor for iron

absorption

10 Transferrin or siderophilin is a sptcilic iron bindinii protein

1 1 Onl> the reticuliKsles can utilize the feme ion bound to trans

ferrin alihough rciicuKH-ytesandmiturecrsthrocsiescan take

up unbound ferric ion

12 In hepaiic diseases both the bound iron iiHltheu>i il iron bimJinu

cap icit> of the plasma is hich

13 Ferritin IS not present in the intestine ind also ui liver

14 Iron deficiency anemia isnolprevaleniamonuchiMrcn md.ido-

lescent uirls

^ n S}v(rs

1 True

2 True

3 False

4 False

5 False

6 True

n True

8 False

9 False

10 True

11 True

12 False

n False

14 False
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15 Copperisrequiredformelanmformat!on.phospbolipids}-nthesis

and collagen sjTJthesis.

16. 80 pa- cent of ihe red blood cell copper is present as snpexoxide

disnuQse (erjthrocDprein).

17 The daih biliary excretion ol coppa isO.5 to U mg.

18. Wilson's disease is not a rare hereditary diisorda of copper met-

abolism.

19 The absorption of copper from the intestme is rery lo».

20 Excessiie deposition of coppa in the liser causes hepatic cirr-

hosis.

21 The excess of tissue copper can be reinosedbj administering the

coppa chelating-agent penicilbratnc:

22. Ceruloplasmin is a copper binding plasma protein.

23. Truodothyronins is less actire than ihyTOxine in many respects:.

24 The bod\ normalh contains about 10 to 20 prams of iodine.

25. All the iodine m sah^ is otgamc.

26;. Mu^le contain las amount of iodine.

27 Erjthrticyie contain no mofsanic iodme.

2b Most tissues contain less amount ofiodine in the inorganic fonn

and most of the iodine is present m the orgaruc fonn.

29 90 per cent of the Kxline of the thyroid gbnd is in organic combi-

nation

30. The unnaiy elmunauon of iodine is largest »-hea the intaVe is high.

3l LnnarN iodine is increased by exacise and otha metabolic bc-
lon

32. In children sex ere iodine deficiency results in the extreme retar^

dsiV.©?. vfi grwhsb •i.hijcb. is ViMyKT, as

Ruonne in combination with xiramin Cb required for the treat-

ment of osteoporosis

34 Sodiumfiuonde is a pov.^uI mhiHur of pho^hoglycenae lona^

35 Fl'jonde ions inhibit the meiabolism of oral bactaial enzx-mes
and dimmish the local production of acids uhich cause the pro-
duction of dental canes.

36. The retina contains a zinc meialloenzxTOe. rctinene reductase
which IS required for the formation of retinene.

37 Zinc is not concerned with the healing of wounds.

38. High concentration ofzinc arc present inspermaioioa. prostate,
and epididymis.

39. The low est concentration of copper occurs in the choroid of the
eye.

15. True.

16. Tree.

17. Tnie-

18. Fafeeu

19. False.

2). Tree.

21. True.

22. True.

23- False.

24. False.

25. False.

26. Fabe.

27. Fabe.

2S. True.

29. True.

30. Fabe.

31. True.

32. True.

33. Fake,

34. Fabe.

35 True.

36. True.

37. False

3S. True.

39. False-
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40

41

41

4 "^

44

45

46

47

48

49

50

51

52

Zmc present in cereals is highly absorbed owing to the presence
of ph>nc acid

The deficiency of7mc causes hepaiosplenomegaly delayed clo-

sure of the epiphyses of the long bones and anemia

MethyUcirahydrofolatc oxidoreduciase and homocysteine methyl

transferase require vitamin B |2 for activity

Cobalt m large doses develops a condition known as polycyih

cmia

Manganese ions inhibit lipid peroxidation reactions

The heart and the bram are the main storage organs for manga
nese

Manganese toxicity develops hepatolenticular degeneration re-

sembling Parkmson'sdisease

Liver and kidney contain less amount of molybdenum than other

tissues.

Selenium is essential for normal growth and fertility of human
beings

Glutathione peroxidase, a selenoprotein catalyzes the peroxi

dation of glutathione

Selenium is involved m immune mechanism and ubiquinone

synthesis

Chromium potentiates the action of insulin m accelerating uti

hzation of glucose in humans

Chromium deficiency is charactenzed by impaired growth di

sturbances m glucose, lipid and protein metabolism

I AnsMen
I

I

40 False

41 True

42 True

44 True

44 True

45 False

46 True

47 False

48 False

49 True

50 True

51 True

52 True



1

Calcium

IS

required

for

(A)

Prolonj,ed

vomiting

and

diarrhea

resulting

in

excessive

loss

of

the

activation

of

digestive

juices

nch

in

sodium

ion

2
The

daily

requirement

of

(B)

Overactmty

of

adrenal

cortex

(Cushings

syndrome)

which

causes

calcium

for

adults

increased

excretion

of

potassium

in

urine
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14

Hypernatremia

occurs

m

(N)

Prolonged

treatment

of

cortisone

and

ACTH

as

well

as

sex

honnones

15

Hyponatremia

causes

(0)

1—3

mg/100

ml

16

Potassium

is

distributed

in

(P)

Increased

retention

of

water

m

the

body
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normallevel
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10

ug/100

ml



CHAPTER - 12
DIGESTION AND ABSORPTION FROM THE
GASTROINTESTINAL TRACT

Write the correct ans^rer number of the fo*[Io\iings :

I The amount of saina secreted each da> in ml

<a) 600 - 800

(b) 700 - 900

{cs 800 - 1003

(d) 1000 - 1:00

2. The submaxillar^ secretion contains most of the

(al GlN'Coproteins.

(bl Ghrolipids

(c) Both ofthe abo%e

(d) None of the abo% c.

1 A saliN-a contains inorganic matenal in per cent

(a) 0 1

(b( 0 2

(c) OJ
(d) 0 4

4 The amvlase is help>cd to be stabilised bj

(a) Ca+ +

(b) Mg+ +

(c)

tdl K+

5 Sali\ary amjlasc is readilj inactivated at

(a) 6 0

(bl 5 0

Ic) 4 0

(d) None of the abo\ c.

6. The continued gasmc secretion is regulated by the hormone

(a) Glucagon

(b) Gasinn.

(c) Epinephrine.

(d) ‘aCTH

122
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7 The gasercc juice is stimulated to be secreted by

la) Protamine

(b) Histamine

(c) Prolamine

(d) Albumin

8 Hydrochloric acid secreted by the oxyntic cells contains the

(a) O';

(b) 0 6

(c) 0 8

(d) 0 9

9 The percentage of organic materials in gastric juice is about

(a) 0 1

(b) 02
(c) 0 4

(d) 0 8

10 On ordinary diet the daily amount of secretion of gastric juice by

an adult in titers

ta) 1-2
(b) 2-3
(c) 3-4
(d) 4-5

1 1 The intrinsic factor (HCL and mucoproieins) present m the gasinc

juice helps in the absorption of

(a) Vitamin B2

(b) Biotin

(c) Folic acid

(d) Vitamin

12. Hydrochloric acid stimulates duodenum to liberate

(a) Secretin

(b) Pepsin

(c) Trypsin

(d) Enterocrmin

13 Pepsin contains large amount of ammo acids

(a) Neutral

(b) Basic.

(c) Acidic

(d) Sulfur containing

Answers

7 b

8 d

9 c

10 b

n d

12 a

13 c
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14. Pepsin has a molecular u*dghi of

(a) 31.600.

(b) 32.700.

(c) 33300.

(d) 34.400.

15. Rennin changes the casein of milk lo paracasein in presence of

(a) Mg++-
(b) Mn++.
(c) Ca++.
(d) Ba++,

16. Lipase can act only at the

(a) 3 to 4.5.

(b) 3.5 to 3-0.

(c) 4 to 6.

(d» 5 to 7.

1 7. Pancreatic juice contains per centage of solids

(a» 1.6.

<b) 1.8.

(c) 2.0.

(d) Z2.

18. The amount of pancreatic juice secreted each da)- in ml

(at 300 to 500.

tb) 400 to 600.

Cc) 500 to W.
(d) eOOtoSOO.

19. Tr)i?sinatiacks peptide linkagesconiaining the amino acid residue

(ai Arginine

(b) GI)-cirtc.

(b) Tryptophan.

(c) Glycine.

(d) Senne.

20. Chj-motr) psin attacks peptide linkages containir^ the amino acid
readue

(a) Leucine.

(b) Valine.

(c) Phenjialanine.

(d) Aspartic acid.

<4r.rw!»rT

14. b.

15. c

16. d.

17. b.

18. d.

19. a.

20. c.
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21 Carboxypeptidase contains

(a) Zinc

(b) Copper

(c) Manganese

(d) Magnesium

2Z Carboxypeptidase B hydrolyses (erminal peptide linkages con-

taining

(a) Glycme and valine 22 d

(b) Senne and tryptophan

(c) Leucine and isoleucine

(d) Lysine and arginine

23 Coltagenase hydrolyses collagen present in

(a) Eggs 23 c

(b) Soyabeans

(c) Meat

(d) Milk

24 RNAase and DNAase are capable of cleaving internal

(a) Phosphodiester bonds. 24 a

(b) Diester bonds.

(c) Esterbonds

(d) None

25 Theamountofintestinaljuicesccreiedcachday by an adultm litres

/a) 1 to 2 25 b

(b) 2 to 3

(c) 3 to 4

(d) 4 to 5

26 The percentage of solids m infcsIinaJ juice is about

(a) 0 5 26 c

(b) 10

(c) 15

(d) 2 0

27 The inorganic substances present m the solids of intestinal juice is

nearly

(a) One fourth

<b) One third

(c) Half

(d) Two third

21 a



126 BIOCHQOSTRY

28 BHe IS produced b) the

(a) Li\cr.

(b) Gall-bladder.

(c) Pancreas

(d) Intestine.

29. Bile formed dailj m adult human bemgs in mL of about

(a) 200 to 800

(b) 300 to 1200

(c) 700 to 1500

(d) 800 to 1800

30 The of hepatic bile

(a) 69-77
(b) 71-71
'lc\ 74-78.
(d) 76-8.1

31 Bile acids are s>'nthe$ized from diolesterol m the

la) Duodenum

(b) Intestine

(c) Gal) bladder

<dl Li\er

32. Bile acids are dem^d from the parent acid called

(a) Taurocholic acid

(b) Prostanoic acid

(c) Cholanic acid.

(d) Cholic acid.

33 In human bile, sodium ghcocholate is greater than sodium tauro-

cholate b>

(a) Two times.

(b) Three times
I

(c) Four times

(d) Five times

34 Bil salts aciirate

(a) Pancreatic hpase.

(b) Cholesterol esterase.

(c) Both.

(d) None.

Answers

a.

29. b.

30 b

31. d

32. c.

33. b

34. c.
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35 Tn obs(ructi\-e Jaundice, bile sahs in the blood are

(a) Decreased

(b) Highly decreased

(c) Increas,ed

(d) Greatly increased

36 The amount of bile salts in mg per da> are not absorbed and is e!i-

mmated in the feces

(a) 500

(b) 700

(c) 900

(d) 1200

37 Bile IS an important source of

(a) Acid

(b» 'Alkali

(c) Salt

(d) None of the above

38 Argmme is decarboxylaied b) the intestinal bacteria into

(a) Agmaune

(b) Arginamme

(c) Arginatine

(d) Argminemine

39 By a senes of reactions in the large intestine tryptophan forms

(a| Indole

(b) !^i€ibyh>’rd<^

(c) Both of the above

(d) None of the above

40 In the large intestine cysteine by a series of transformations forms

(a) Ethyl mercaptan

(b) Methyl mercaptan

(c) H,S

(d) All of the above

41 The quantity of ammonia transported from the large intestine to the

blood IS reduced by the antibacterial action of

(a) Streptomycin,

(b) Neomycin.

(c) Penicillin

(d) Chloramphenicol

35 d

36 a.

41) b

F 51
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42. The reduction of bih\-erdm to urobAmogcn tP.hes placem the

(a) Duodenum.

(b) Small mtestme

(c) Large intestine

(d) All of the aboi-e.

43. Cathepsins occur m the

(a) Mitodiondna

(b) Cjiosol.

(c) Nuclei

(d) L^-sosomes

41) c.

43) d.

44 ^terocnmn-fiit^castd iron the

(a) Duodenal mucosa

fb) Pancreas

(c) Large intestine.

(d) Small iDtcsttne

44) a.

45 The secretion ofemerogastfone by the diJodenal mucosa is influen-

ced b) the dietary

(a) Carbobvdrate

(b) Fat

(c) Protem

(d) 4Gncrals

45) b.

FUlxip the blanks of the followings :

1 Hcpaiocnmn liberated from the duodenum stimulates

to secrete more

2. Enterogastnn inhibits the secretion of_
and

3. Enterocnmn stimulates the secretjon of .

4 CCKPZxsa containing .amiTOaads

5 CCK PZ represents as one of the influ-

encing release durmgoial arimioistxation of

glucose

6. CCK PZ IS the important stimulator for the

enzyme secretion and contrtctioa.

7 CCK PZ performs man\ of the actions of amd
on water bicarbonate and acid changes.

8, Gastrm stimulates the secretion of HCl, and
from gastric muojsa

9 Gastrm contains ammo acids andm Gastrm 11

Qrrosinc is sulphated in positKin

Ansy^ers

1) Liven Bile.

2) HCL Pepsin

3) Intestmal juice

4) Polypeptide; 33

5) Gut factors,

Insulm

6) Pancreatic,

GaU-bladder

7) Gasmn, Sccretm.

8) Pepsin,

Intrinsic factor

9) 17. 12.
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10 Secretin is present in and mucosa

11 Secretin contains ammo acids 14 of which are

identical to those found in

1 2 Secretin stimulates secretion in the stomach
and inhibits secretion as well as intestinal

activity

13 Secretin is administered to assess the pancreatic

function

14 After death the intracellular cniymes digest the tissu

cs when kept under condition this self dt

gestion of tissues are called

15 The group of intracellular proteases present in all

mammalian tissues is called

16 Atropy is a process of in the living animal

17 Inman intestinal bacteria ^nthesize certain vitamins.

particularly and possibly certain members

of the

18 In herbivora, the intestinal bacteria also synthesize

and

19 Intestinal bactena putrefy nitrogenous substances to

form which is absorbed into the portal

20 Intestinal bacteria cause the decarboxylation of lysme

into

2 1 After red uction cholesterol is converted to

22 Lecithin is decomposed to and

23 Urate stones are formed due to and

24 Renal calculi formation isdue to urine, -_and

25

Mixed gall stones arc composed of—
protein and calcium

26, Gal! stones are formed due lodefectsm the

circulation and with the diseasesof the terminal ileum

as well as m patients with

2 / Choleic acid formed by assists the absor

ption of many important compounds.

28 Bile salts stimulate intestinal —
29 Many substances such as fatty acids phenols, naphtha

lene etc combine with deoxycholic acid to form

30 During digestion the gall bladder contracts by the

stimulation of the hormone which is produced

by the

129

10) Duodenal Jejunal

11) 27 Glucagon

12) Pepsin Gastric

acid Motor

13) Exocrine

14) Sterile Auiolysis

15) Cathepsin

16) Autolysis

17) Vitamin K
B complex

16) Essential ammo
acids Vitamins

19) Ammonia
Circulation

20) Cadaverme

21) CoprosteroJ

22) Choline Neurme

23) Hyperuricemia
Gout

24) Infection

Stagnation

25) Cholesterol

Bile Pigments,

26) Enterohepatic

Cirrhosis

27) Deoxycholic acid

msoJubJe

28) Peristalsis

29) Choieic acid.

30) Cholecystokinin

Small intestine
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31 The composition of the bile in the gall bladder is mo-

dified by the addition of and other substan-

ces and by removal of water, . and chlonde by

reabsorption bj the bladder mucosa-

32. Enterokinase converts inactive to active

33 Fats proteins and carbohydrates entering the duode-

num and upper jejunum stimulate the secreuon of

which induces the flow of. — _ .

34 Pancreatic lipase is specific for the hydrolysis of prh

mary linkages which occurs in position

of tngljcerol

35 Pancreatic amylase is an and an _ - - .

36 Carboxypeptidase are and hydiolyie only

the terminal hnkage

37 Carboxypeptidase is a containing enzyme

38. Pancreozymin stimulates the pancreas to produce a
viscous fluid low in but high m
contenL

39 The secretion o! pancreatic juice is controlled by both
and means

40 Paracasein is acted on by

41 Pepsin converts native proteins mto and

42. Hydrochlonc acid stimulates duodenum to liberate

43. Carbonic anhjdrase catalyzes the formation of H,Cos
from and

44 Saliva facilitates swallowing b> the lubncating action

of the

45 or mechanisms cause the initi-

ation of gastric secretion

46 Salivary amylase is activated ion.

47 Production of no hydrochloric acid leads to the con-
dition

Renmn causes the of nulk

Artsy^ers

31) Mucin,
Bicarbonate.

32) Trypsinogen,

Trypsin

33) Enterocnnm,
Intestinal juice

34) Ester. 1 and 3

35) o-amylase,

Endoamylase

36) Exopeptidase.
Peptide

37) Zinc.

38) Bicarbonate.

Enzyme.

39) Nervous.

Hormonal

40) Pepsin.

41) Proteoses

Peptones

42) Secretin,

43) H2O.CO2 ,

44) Glycoprotein.

45) Nervous, Reflex.

46) Chlonde

47) Achlorhydna.

48 48) Coagulation
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F/II up fhc blanks of fbe foIIOTrfngs ;

1 Deicfxjfjcation converts substances introdu

ced or formed tn the body mto substances

whjch are easily excreted out by the excretory routes

2 The substances introduced into the body are the

used for treatment of diseases and the used

for diagnostic purposes

3 The toxic substances arc formed m the body by the

action m the large mtestine

4 The other toxic substance is formed in the

body by the of hemoglobin

5 The detoxification processes take place in the—^—

.

6 Alcohols and aldehydes are detoxified bj the process

of

7 Chloral is oxidized to

8 Anilme is oxidized to

9 Acetanilide is oxidized to

10 Benzene is oxidized to

11 Chloral on reduf-tion produces

12 Picric acid on reduction yields

13 Atropine onhydrolysis forms and

14 Aspirin is hydrolyzed to and

1 5 Procaine on hydrolysis yields and

16 The process by which the chemical to be detoxified

combines wiih another chemical formed by the body
IS called - ^

1’7 Bilirubin diglucuronide is formed by the combination

of and

18 Indoxvl sulphate is the product from the combination

of and

Is» and form hippunc aad

Ansisers

1) Toxic Non toxic

2) Drugs Chemicals

3) Bacterial

41 Biitrubm

Breakdown

5) Liver

6) Oxidation

7) Trichloracetic

acid

8l Pammophenol

9) Pacetylammo
phenol

JO) Phenol

11) Tnchlorethylal

cohol

12) Pjcramic acid

13) Tropic acid

Tropme

14) Salicylic acid

Acetic acid

15) P ammobenzoic
acid Dieihylami

no-eihanol

16) t^onjugation

17) Bilirubin Glucu
ronic acid

18) Indoxyl Sulphu
nc acid

19) Benzoic acid

Glycine

131
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20 Nicotuiunc acid is formed from and

2 1 Bromobenzene and cj-sieine form

22. N inelb>l pyndine IS formed from and

23

Cyanide and sodium thiosulphate form and

24 The lymphocyte is the pnmaiy cell for

system.

25 The T lymphocytes are denvwJ.

26 The Blj’mphoc>tes are responsible for

immunity v.hich isexpressed by the production of spe-

cific circulating plasma protons termed

27 The basic unit of all immunoglobulin molecule con-

sists of - chains linked by bonds.

28 Immunoglobulms composed of more than one basic

unit are termed — — .

29 IgM are and are

30 The polypeptide chains are folder 3-djmensionally

with bonds to form areas failed _

31 The part of the antibody molecule which combmes
with antigens is fonned by a few ammo acids in the

F region of and chains

32 There are two major types of L chains ra man, the

and chains.

33 AboutTOpercenlofthehumanimraunoglobuljnmole-
cu les cany ligh t cha i tis and30 percen t carry

light chaiiB.

34 In IgG, the H chain is tenned a chain, and in

IgE. an chain.

35 The half of the light (L) chain toward the carboxy ter

minus is termed as the whOe the ammo
tenninal half is the of the light chain

36 The portion of the immunoglobulin molecule which
bmdsthe is formed bythe portions
of both the H and L chains.

37 The domains of the protein chains form globular ^eg^
ons with and structure

38 IgG comprises per cent of thegamma globulins
and contains 2-4 per cent

Answers

20) Nicotinic acid.

Glycine

21) PBromophenyl
mercaptunc acid.

22) Pyndine. Active

methionine

23) Thiocyanate,

Sodium sulphate

24) Immune

25) Thymus.

26) Humoral.
Antibodies

27) Four polypeptide.

Disulfide

28) Monomenc;
Polymers.

29) Pentamers,

Tnmers.

30) Disulfide,

Domains.

31) H. L.

32) Kap^, Lamda

33) Kappa, Lamda

34) Gamma, Epsilon

35) Constant region.

Variable region

36) Specific antigen.

ArrunoterminaL

37) Secondary;
Tertiary

38) 80. Carbohydrates



MULTIPLE CHOICE QUES & ANS 133

39 IgA has per cent carbohydrate and does not
’ cross the ^

40 IgM contains ammo acids and has a mass of
daltons,

41 IgM IS the major immunoglobulin expressed on the

surface of cells and its carbohydrate content

IS per cent

42 IgE IS present in the serum in very concentra

tions as a single basic unit with E chains

43 No antibody activity is associated with . .

44 Half of the patients with allergic diseases have increa

sed serum levels

45 Immunoelectrophoresis consists of both —
separation and immune precipitation of. —

46 The normal concentration of IgM /dl

47 The normal concentration of IgG /fii

48 Substances which can give an immune response when
introduced into an animal are called

49 The combimng sites on the surface of the lympho^tes
are antibody lAe molecules called

50 The portions of antigenic molecules which are invol

ved m actual binding with antibody combining sites

are termed

51 The ability of the region of the antigen molecule toact

as an antigenic determinant and to induce the forma

tion of specific antibodies is called

Answers

39) 5 to 10 Placenta

40) 576 950000

41) B 10 to 12

42) Low Heavy

43) IgD

44) IgE

45) Electrophoretic

Proteins

46) 40 to 210 mg

47) 710 to 1530 mg

48) Antigens

49) Antigen receptors

50) Anugenic deiermi

nants.

51) Immunopotency



o CHAPTER - 14

ODDDDDDDDD BLOOD, LYMPH AND CEREBROSPINAL FLUID

Write the correct ansrier number of the follonings :

1 Under opumal conditions one gram of hemoglobin can carry oxy-

gen in ml

(a) 10

(b) 1 14

(c) 124

(d) IV.

2 Cellular fraction of blood m \olume per cent

(a) 40

(b) 45

(c) 50

(d) 55

3 Plama fraction of blood in volume per cent

(a) 40

(b) 45

to 50
,

Id) 55

4 The diffusible constituent of plasma

(a) Urea

(b) Vitamins,

(c) Hormones.

(d) AlIoftheaboNC

5 Thecatabolic products of diffusible constituents of plasma

(a) Unc acid.

(b) Creatinine

(c) Both of the above

(d) None of the above

6 The normal concentration of fibnnogen of blood per 100 ml

(a) 0 2 — 06 grains

(b) 04 — 0 8 grams.

(c) 0 6—10 grams.

(d) 08—12 grams

1) d.

2) b

3) d.

4) d.

5) c.

6) a.

134
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7 The normal lev el of free faiiy acids in blood per 100 ml

ja» no -400 mg
Ibl 125 — 450 mg
let 140 - 480 mg
(dl IH) — 5()0 mg

8 The normal blood total lipids concentration in mg per !(X) ml

lal 500 - 750

ibi 550 - 800

Id 570 - 820

Idi 600 - 850

/Irniif n

7l d

8) t

0 The normal concentration of PBl of bUxid per HK) ml

tat 2-6 Hg

ibl 4-8 MB

1C) 6 -10 Mg

Id) 8 - 12 Mg

10

The normal level of bilirubin in scrum in mg per 100 ml

lat 0 1-04
ibl n:-09
Id 0 5-12
idl 04 - I

•*

9) b

101 a

11 The normal concentration of serum lactate dehvdrogenaseperL

Idl 50 -100 I U
(bi 60 - 120 I U

(d 80 - 150 I U
Idl 90 - 200 1 U

'

12 The normal level of NPN of blood in mg per cent

lat 10 - 2^

lb) 15 — 5->

(c) 2(»-40

id) 25 - 4^ n

ID d

12) b

II Thenormalconcenirationofpyravicacrd in blood m mg per cent

(a) 0 7 - 2 f)

(b) 0 8 - 2 2

(c) 1 0 - 2 '

(d) 15-30

13) a

14 Human blood is thicker than water b> the number of times

ta) 2 14) d
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(b) 3.

(cl A

(d) 5

1 5 The normal osmotic pressure of blood is equal to

(a) 0915% NaCl

(bl 0 925%NaCl

(Cl 0 945% NaCl

(d) 0 955% NaO

16 The substance almost entirely confined in corpuscles is

(a) Sodium

(bl Calcium

(cl Potassium

(d) Magnesium.

17 The substances circulating m blood

(a) Enzymes

(b) Vitamins.

(c) Hormones.

(d) AIL

18 Pfasma contains solids m per cent

(a) 7 to 8

(b) 8 to 9

(c) 9 to 10

Id) lOtolZ

19 The human plasma proteins arc a mixture of

(a) Sunple proteins.

(b) Glycoproteins.

Ic) Lipoproteins.

(d| All of the above

20 The plasma proteins are separated bv

(al Salt precipitation.

(b) Electrophoresis

(cl Immunoelectrophoresis

(d) All of the above

2 1 The numbers ofammo acids arranged in a single peptide chain con-
stituting albumin are

(a) 580

AnsHC/s

15) c.

16) c.

17) d.

18) b.

19) d.

20) d.

31) c
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(b) 600

(c) 610

(d) 620

22, The normal conceniration of serum albumin in gram per cent by
precipitation method

(a) 4 5

(b| SO

(cl 5 2

(d) 5 4

23 The serum albumin tonccntraiion decreases m
(al Severe protein deOcientj

(bl Liver diseases.

(cl Nephritis.

(dl All of the above

24 The normal concentration of serum globulin in grams per KX) ml
b> precipitation method

(aJ 20

(b) 2 5

(cl 2 9

(d) 3 2

j

25 p globulins contain '

(a) Siderophihn
|

(b) Ceruloplasmin
,

(c) Both of the above
!

(d) None of the above

26 Serum p globulins mormal concentration m gram per cent

(a) 0 82

(b) 0 85

(c) 091

(dl 0 95

27 The substances which contain more than 4% hexosamine are desi

gnated as

(a) Gljcoproieins

(bl Mucoproteins

(c) Both of the above

(d) None of the abov e.

j

Answers

22) a

23) d

24) b

25) a

26) c

27) b
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28. Thenomialconcentrationofverum ai globulins m gram per cenl

(al OJl
(b) 03>

(c) OAS

(dl 0 41

29 Metalloprotein concentration is reduced in

(al Pemiaous anemia.

(b» Chronic infections

(c) Lj\cr diseases

(dl All of the aho\e

30. Fibnnogen IS precipitated b\ half sanmDon wih

(al Ammonium sulphate

(bi Maenesium sulphate

(Cl Banum sulphate

(d) Calcium sulphate

31 Leukocstes contain

(al Proteins.

(bi Nucleoproteins

ici Fats.

idl All of the aboNC

32. Blood pbieleis contain large amounts of

(at Catecholamines.

(b» Serotonin.

(cl Histamine

(di All of the aboie

33. The minor blood croups are

• at M
«b) N

(Cl Rh

(dl AllofiheaKne

34 The commonest Rh antigen is

(a) A.

(bi B

AnsKcn

2S) d.

2^1 d.

30) a.

3h d.

J'*! d.

\3l d.

34l c
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35 Hemolysis ot blood is caused by

(a) Ouintne ''

(b) Eiher^

(c) Both of the above

td) None of the above

36 Thrombin consists of the numbers of polypeptide chains

(a) 1

(b) 2

(c) 3

(d) 4

37 The total volume of C S F tn an adult human is about

(a) 130 ml

(b) 140 ml

(c) 150 ml

(dl 160 ml

38 In the fasting adult, the sugar in eSJ" m mg per lOOm/

(a) 40 • 60

(b) 50*85
(c) 80-110

((0 90-130

Jlnsvers

35) c

36) b

37) a

38) b

Pill up the blanks of the followings : Afuwers

1 The sugar content of C S F is decreased m purulent Meningitis.

X The reduction in chloride of C S F is most marked in

3. Increased level of calcium of CS F is observed in all

cases of and

4 Isomerase activity of C S F is increased in malignant

brain

5 Theproteincontentof C S F isincreasedin.

6 The term denotes a fluid not only present in

the lymphatic vessels but also the fluid which bathes

the cells

7 The ratio between albumin and globulins m lymph
is the same as m

8 The C S F is formed by the ultiafiUration of the

by the choroid plexuses of the

2 Tuberculous me-

ningitis

3 Meningms Epi
demic encephabtis

4 Tumors

5 Myxedema

6 Lymph

7 Plasma

8 Plasma Brain
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9 Plasmm normally exists in in the inactive

form^

10 Urokinase, the enzyme of unne, is also a

serme

1 1 Antithrombin 111 has a major activity and

has some activity

12. The common deficiency of factor produces a

disease known as hemophilia A

13 Von Willebrand s disease is caused by the defect in

and a deficiency of fector clotting

activity

14 Factor VII IS the GLA-contammg synthe*

sized m the

15 Thrombin converts factor XIII to which is a

16 Prothrombin is a single clam with a molecu
lar weight of —

17 The initial fibrin clot is and held together

only by fibrin

18. Fibrinogen is a soluble plasma whose len

gthis

19 The white thrombus is composed of and
and IS poor in — —

20 Stop of bleeding is said to be

21 The hemolytic effect is due to the presence of the en
zyme which hydrolyzes

22 Persons of group O are called donors

23 Blood plateletscontama protein which ism
vofved m the process of cfot

24 Blood plateletsare andcontain no

25 Fibrinogen is highly elongated having an axial ratio of

about

26 Some glycoproteins have specificbinding function for

and

27 Metalloprotcm concentration is increased m
deficiency or

Indicate "True” or ’’False” of the followings

Answers

9 Plasma Plasmi-

nogen

10 Proteolytic

Protease

1 1 Antithrombin En-

dogenous

12 VIII

13 Platelet adher
ence VIII

14 Glycoprotein

Liver

15 Xllla Transglu-

taminase

16 Glycoprotein

72000

17 Weak Monomers.

18 Glycoprotein

46nm

19 Platelets, Fibrin

Erythrocytes

20 Hemostasis

21 Phospholipase A
Kiosphohpids

22 Universal

23 Contractile

Retraction

24 Unnucleaied
DNA

2o 201

26 Thj roxme Corti-

sol

27 Iron Pregnancy

Ans^en

I The viscosity of blood provides resistance to flow of blood in the
blood vessels to maintain blood pressure at normal level

1 True
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2 Albumm exens 60 per cent otthe colloid osmotic pressure of pl-
asma

i' ’
i

3 glol?ulins arc formed in the Iivci

4 a- and ^globulins arc synthesized Ml the Jodney

5 f- globulins are immunoglobulins having antibody activity'
’

6 cti- globulins areofseveralcomplexproleinsconiammgcarbo-
hydrates and lipids.

*

7 Thenormalconcentrationof 02- globulinsmserumis042Rm/
100 ml

8 About one third of the total plasma proteins IS albumm
'

9 Plasma contains 15% to 16% solids compoised largely of proteins.

10 The pH of blood of an individual is below 7 3 is considered m a
condition of alkalosis

1 1 Blood IS clotted within 2 or3 minutesafiershedding if it ts left un
disturoed

12, The viscosity of blood is affected by the change in the numbers
of red cells or white cells

13 Blood transports metabolites from one tissbe to another

1 4 * Plasma is about 2 83 hires m an adult weighing 70 kg ‘

15 Enzymes and lipids are the diffusible constituent of plasma

16 Thenormal concentration ofsenim total iodine is 3—65 mg/100
ml ‘

17 Na'b, K4*, Ca+, are the non diffusible constituents of plasma

18 The specific gravity of plasma lies between I 05 and 1 06

19 Plasma has a very much higher viscosity

20 The osmotic pressure of blood is increased on strenuous exe^

ci$e

21 In normal individuals, the plasma proteins vary from 6 0% lo 8 5%

22. Albumin has a molecular weight of about 69,000 and is,synihe-

sized in the liver

23 Albumm plays an important role in the exchange of water between

tissue fluid and blood.

24 The molecular weight of globulin ranges from 9000 lo 130000

25 Bilirubm is associated with y globulins ->

26 Thyroxine is transported m association with p-globulins

27 Many drugs and dyes are transported in the plasma in combination

with globulins

28 Albumm is largely involved in the nuinlivc functions of the plasma

proteins owing to its high concentration

29 Halfof the calcium of plasma isbound to protein for transport

30 In kidney disease large amount of water moves to the tissues

141
Answers

2 False

3 False

4 False

5 True'

6 True

7 False

8 False

9 'False

10 False

11 False

12f
True

13 True

14 True

15 False

16 False
t

17 False

18 False

19 False

20 ^True

21 True

22 True

23 True

124 False

25 False

26 False

27 False

28 True

29 True

30 True
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EXCRETION

Write the correct answer number of the followings

1 The weight of each kidnej in grams is about

(a) 90-130

(b) 100 - 140

(c) 110-150

(d) . 120 - 170

2. The length of each kidney m cms is about

(a) 10 - 12

(b) 11 - 13

(c) 13 - 13

(d) 15-17

3 Unne formation msolves the mam steps

(a) The glomerular filtration

(b) The tubular reabsorption.

(c) The tubular secretion.

(d) Allof theaboe

4 The daily normal total amount of urine oHitams the number of grams
ofsohds

(a) 35

(b) 40

(c) 60

(d) 80

5 The unnary excretion increases by the following substance hanng
a diuretic action

(a) Urea

(b) Cellulose.

(c) Ammonium salts.

(d) Glycerol

6 The diuretic action of tea. coffee and cocoa is due to

(a) Theophilline

(b) Caffeine

(c) Bromophjlhne
I

(d) None of the abo\ e. I

\Ansy\en

1) d.

2) b

3) d.

4) c

5) a.

6) b

142
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7 Increased urine volume are observed in

(a) Diabetes insipidus

(b) Diabetes

(c) Both of the above

(d) None of the above.

8 Decreased unne volume are found m
(a) Acute nephritis.

(b) Fevers.

(c) Diseases of the heart

(d) All of the above

9 The function of kidney is regulated bj the hormone

(a) Aldosterone

(b) Parathormone

(c) Vasopressin

(dj All of the above

10 The chief pigment of unne

(a) Coproporphynn

(b) Tcrochrome

(c) Urobilinogen

(d) Uroerythna

11 In liver disease the colour of unne may be

(a) Green

(b) Brown

(c) Deep yellow

All of the above

12. The colour of unne is dark brown due to

(a) Methemoglobin

(b) Homogeniisjc acid

(c) Both of the above

(d) None of the above

13 A turbidity is developed in alkaline urine by precipitation of

(a) Calcium phosphate

(b) Magnesium sulphate

(c) Both of the above

(d) None of the above

14 Strongly acid urine is pmk due to the precipitation of

F.52

7) c

8) d

9) d

10) b

II) d

12\ c

13) a
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(a) ChJonde salts.

(b) Ammonium ®lts.

(c) Unc acid salts.

(d) None of the above.

15 The unne is acid in high protein intake because of the formation of

excess

(a) Phosphates

(b) Sulphates

(c) Both of the above

(d) None of the above.

16. Urea excretion is mcreased in

(a) Fever

(b) Diabetes

(c) Excess adrenocortical activiiy

(d) All of the above

17 Ammonia is formed by the kidney bom
(a) Glutamate

(b) Glutamine

(c) Aspartate.

(d) Aneunne

18 There is high ammonia output m the unne in

(a) Uncontrolled diabetes melbtus.

(b) Cirrhosis of the hver

(,c\ Ucenua.

(d) Nephritis.

19 Creatine excretion is also found in

(a) Starvation

(b) HyperihjTOidism.

(c) Infections.

(d) All of the abov’e

20 Unc acid excretion is mcreased in

(a) Leukemia.

(b) Severe hver disease

(c) Vanous stages of gout

(dl All of the above

14) c.

15) c.

16) d.

17) b

18) a.

19) d.

20) d.
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21 Deposits of unc acid and urates are coloured by absorbed urinary
pigments, particularly the red

(a) Uroerythnru

(b) Uracil

(c) Urocateil

(d) Urostrepsia

22. The number of mg of ammo acid nitrogen excreted in the unne of

adults daily is about

(a) 125 - 180

(b) 150 - 200

(c) 160 ~ 240

(d) 180 - 280
'

23 Premature infants excrete more amino acid nitrogen than that of

full term infant by the number of times

(a) 6 I

(b) 8

(c) 10

(d) 12

24 Increased amounts of ammo acids are excreted m
(a) Liver disease

(b) Certain types o! poisoning

(c) Both of the above

id) None of the above

25 The ammo acids excreted in urine in cystiouna

(a) Arginine

(b) Cystine

(c) Lysme

(d) All of the above

26 Out of the total excreted sulphur the percentage of ethereal sulfate

IS about

(a) 8

(b) 10

(c) 12

(d) 14

27 The number of mg of mdican excreted normally

(a) 5-20

Answers

21) a

22) b

23) c

24) c

25) d

26) b

27) a
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(b) 8-23
(c) 10-30
(d) 13-40

28 Neutral sulfur IS coniamed in

(a) Cj Stine

(b) Taunne

(c) Thiocyanate

(d) All of the above

29 The greater part of the excreted phosphates is derived from inges

ted food

(a) Nucleoprotein.

(b) Phosphoprolein

(c) PhosphoUpids

(d) All of the above

30 Phosphate excretion is increased in

(a) Osteomalacia

(b) Wasting diseases of the nervous system

• (c) Renal tubular rickets.

(d) All of the above

31 Decrease in phosphate excretion is observed in

(a) Hypoparath)Toidism

(b) Infectious diseases

(c) Both of the above

(d) None of the above

32. The normal amount of oxalate m unne in mg per day

(a) 20

(b) 25

(c) 30

(d) 35

33

34

The excretion of oxalate is increased by ingesuon of

(a) Fruits.

(b) Vegetables

(c) Both of the above

(d) None above

/ Jum

Answers

27) a.

i 28) d

29) d

30) d

31) c

32) a.

33) c.

(a)

the aciiv ityof

34) b



MULTIPLE-CHOICEQUES & AMS 147

(b) Adrenal cortex I Answers

(c) Thyroid
j

(d) None of the above

35 The number ofmg of protein present tn nonnal urine cannot be de-
tected by the ordinary simple tests ~
(a) 30 - 200 35, a
(b) 50 - 250

(c) 80 - 3S0

(d) 100 - 400

36 Proteinuna also results in poisoning of the renal tubules by heavy
metals

(a) Mercury 36) d

(b) Arsenic.

(cj Bismuth

(d) All of the above
j

Fill up the blanks of the folloH'lags : Answers

1 Mucus IS a and is increased in of the 1 Mucin, Infection

bladder

2. Bence jones proteins found in the unneare light chain 2 Globulins Multi-

fragmenis of and most commonly occur in pie myeloma, Le-

are rarely in ukemia

3 Normal individuals excrete not more than 3 19 mg
sugar per day

4 In case of pregnant women and lactating mother, the 4 Osazone test,

J
must be perfooned for urine glucose to Lactose

eliminate the present m unne

5 Increased amount of ammonia is excreted in. 5 Acidosis Ketosis.

accompanying

6 BiUrubmuna is accompanied by (he excretion of 6 Bile salts

7 Bile salts may be excreted in unne without in 7 Bile pigment,

certain stages in disease Liver

8 Inexcessivehcmolysis,partofthebilcpigmentformed 8 Hemoglobin,

by breakdown of is excreied in unne as Urobibnogen

9 Urobilm IS formed from colourless when the 9 Urobilinogen, air

urme is exposed to

10 Coproporphynns are excreted more in certain 10 Liver

diseases
j

11 Diuretics, enhance losscsofwaterand salt via
1
11 The drugs. Reab-

the unne through interference with normal
j

sorptive

mechanisms
'
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(b) 8-23
(c) 10-30
(d) 15-40

28 Neutral sulfur is contained m
(a) C} Stine.

(b) Taunne.

(c) Thiocyanate

(d) Alloftheabo\e

29 The greater part of the excreted phosphates is derived from inges

ted food

(a) Nucleoprotein.

(b) Phosphoproiein

(c) Pbosphohpids.

(d) All of the above

30 Phosphate excretion is increased m
(a) Osteomalacia.

(b) Wasting diseases of tfae nervous Qstetn.

.(c) Renal tubular nekets.

(d) All of the above

3 1 Decrease in phosphate excretion is observ ed in

(a) HjpoparathjToidism.

(b) Infectious diseases.

(c) Both of the abov e

(d) None of the above
j

32. The norma! amount of oxalate in unne in mg per da>

(a) 20

(b) 23

(c) 30
I

(d) 35

33. The excretion of oxalate is increased by ingesnon of

(a) Fruits.

(b) Vegetables

(c) Both of the above

(d) None of the above.

34 Sodium and potassium excretion arc controlled by the activit) of

(a) Adrenal medulla.

'^Answen

27J a.

i

28) d.

I

I

29) d.

30) d.

31) a

32) a.

33) c.

34) b.
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(b) Adrenal cortex

(c) Th>roid

(d) None of the above

,5 Th..umb=rofmg
otprotemprescn.mnormalurmccanno.bede-

tectcd by the ordinary simple tests -

(a) 30-200 1

(b) 50 - 250

(c) 80 - 350

(d) 100-400

36 Prolemuna also resam .n po.son.ng o. .be .nal .ubalea by heavy

metals

(a) Mercury

(b) Arsenic

(c) Bismuth

(d) All of the above

Fill up the blanks o! the lolIowioRS
:

j

j nfthe 1 Mucin Infection

, Mucus .sa
.and.s,ncreased.n

ot.be

bladder
chain 2 Globulins Mull.

’ s.:r"
“

are rarely ui ^

3 Normal individuals excre.e no. more .ban

sugar per day
incmliuE moUier, .be 4 Osazone lest

4 incaseofpmgnan^"^^^^ Uc.ose

— nrcsent in unnc
eliminate the ^

j 5 Acidosis Ketosis

5 increased amoun. of ammonia is excre.ed m

accompanying
. 6 Bile salts

6
B.brub.nuna.saccompan,edby.heexcre..onot__

. . m 7 Bile pigment.

7 Bile salts may be excreted in unne wit ou

certain stages in
.«-„tfnrmed 8 Hemoglobin

8
Inexeess.vehemolys.s,par^of.h=b.lep.8^^^ Urobibnogen

by breakdown of.
when the 9 Urobilinogen ai

in
eliminate the ^

j 5 Acidosis Ketosis.

5 increased amoun. of ammonia is excre.ed m

accompanying
. 6 Bile salts

6
B...rub.nuna.saccompamedby.heexcre.,onof__

. . m 7 Bile pigment.

7 Bile salts may be excreted in unne wit ou

certain stages in
..n-„tfnrmed 8 Hemoglobin

8
Inexeess.vehemolys.s,par^ot.h=b.l=p.8^^^ Urob.bnogen

by breakdown of
when the 9 Urobilinogen an

9 Urobilin IS formed from colourless

urine is exposed to — jq Liver

10
Ccproporphyrinsareexeretedmoremcerum

-

diseases „j,.»ifvia 11 The drugs Reab-

11 r..M«.nnc ,
enhance ItKses of 'MtCT an sorptive

" teTnn=SS;5STn.=rferencew.tf.oormal

mechanisms
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12 Pehydratioi^ Ke^

ttacidosis.

13 HCO3-,
Proximal.

14 Chlonde; Asc«n-

dmg.

15 ExcretioEuKidney

16 ADH,5to20

17 Dehj-draOon,

Hi-ponatremia

H>’pocbIoremia.

18 Calcium Pota-

ssium.

19 Tryptophan Indb

can Indole acetic

acid

20 Niacin.

Indicate *‘Tnie'' or ''False'* of the followings t

1 In urcmi^ the concenirauon of urea and otherNPN constituents

m plasma are increased

2, Acidosis develops due to the impairment of acid and phosphate
excretion m acute uremia.

3 Not only the kidney performs excretory functions but it acts an
endocrine organ.

4 Kidney also destroys several hormones which are hberated from
other organs.

5 The juxtaglomerular cells of therenalcortex produce the proteo-
lytic enzyme rennin.

6 Rennui acts on ai globulin which is normally present in plasma.

7 Renmn splits off a polypeptide fragment called anpolensm I

which IS a decapeptide containing 16 anuno acids

8 Angiotensin decreases the force ofthe heart beat and relaxes the

artenols.

9 Renmn angiotensin system is important m the maintenance of

normal blood pressure

AnsHers

1 True

2. True

3 True

4 True

5 True

6 False

7 False

8 False

9 True

12. Osmotic diuresis is responsible for the sefwus

which accompanies diabetic

13 Diamox blocks i)oth reabsorption m the

tubule.

14 Furosemide and mercunals inhibit reabsorp-

tion in the hmb

15 Clearance ismeasured to assessquanutaU'clv the rate

of of a given substance by the

16 Diabetes insipidus is developed due to the non-produ-

ction of and the individual passes

hires of unne m 24 hours.

17 Insaltlosingnephntis there tssevere_ .

and

18 Renal tubular acidosis is accompanied by excesase

mobilization and urinary excretion of and

19 In hartnup syndrome the disturbances m tryptophan

metabolism ts suggested by the presence of increased

amounts of— and m unne

20 The clinical symptoms of hartnup syndrome are of
deficiency
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10 Prostaglandins arc theother hormonesofthe kidney and increase
renal blood flow

1 1 Kmmogen which is produced by the kidney has an aniihyperten
sue effect

12 Erythropoietin and erythrogoninhavean effect on bone marrow
to stimulate production of red cells.

13 Hypoxia stimulates production of erythropoietin

14 Amorphous calcium and magnesium phosphates may be deposited

from acid unnes

}
c Calcium oxalate ts found in alkmc unne but may be found m acid

unne
16. Urates are usually found m alkaline urines

17 Meat diet increases the bulk of fecc^

18 One third of the dry matter of feces is represented by intestinal

scCTCUons

19 Greenish colour of feces is due to excessive consumption of green

vegetables

20 Iron or Bismuth gives a green stool

21 Feces are normally slightly acidic

22. In diseases, fecal fat is increased when digestion orabsorpuon of

fat IS impaired

23 An adult on a mixed diet usually excretesabout 3 g of fecal nitro

gen per day

24 Moist feces contain about 6—7% of salts

25 The pH of sweat is about 4 5. but if the skin is washed and dned

sweat IS slightly alkaline

26 The lactic acid content of sweat is more than normally found in

blood

27 The tubular epithelium also removes a number of foreign subs-

tances

28 Mercaptans and HjS may produce odour of feces

149

A/7.ny,.rs

10 True

U True

12 True

13 True

14 False

15 False

16 False

17 False

18 False

19 True

20 False

21 False

2Z True

23 False

24 False

25 True

26 True

27 True

28 True



QOODDnDOO CHAPTER - 16

HODDDDnOOD THE ENERGY REQUIREMENTS AND THE
PRINCn’LES OFNUTRmON.

Write the correct answer nnmber of the foUowings :

Ansyven

1. The R.Q. of mixed diets is about

(a) 0.7Z

(b) 0.75.

(c) 0.80.

(d) 0.85

I) i

2. The BMR is influenced by the factor

(a) Sex.

(b) Climate.

(c) Habit

(d) All of the above.

2) d.

3. The BMR is subnormal in
'

(a) Addison's disease.

(b) Hyperthyroid'tsm.

(c) Hypothyroidism.

(d) AU of the above.

3) a.

4. The BMR is below nonnal in
'

(a) Starvation.

(b) Lipoid nephrosis.

(c) Both of the above.

(d) None of the above.

4) c.

5. The BMR is above normal in

(a) Diabetes insipidus.

(b) Leukemia.

(c) Poljcythemia.

(d)
. All of the above.

5) d.

6. When lard, glucose and protrin are combined, the percentage of
SDA is less than the sum of their individual 5DA by

(a) 20.

(b) 22.

(c) 24.

(d) 25

6) b.

150
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7. When protein and lard are combined, Uw pcrcenlage ofSDA is less

than the sum of their individual SDA by

(a) 45.

(b) 50.

(c) 54.

(d) 58.

The SDA is decreased more by

(a) Carbohydrate.

(b) Fat.

(c) Protein.

(d) Mixture of all.

9.

When different amino acids are fed, high SDA is found to be pro-

duced by

(a) Glycine.

(b) Alanine.

(c) Phenylalanine.

(d) All of the above.

10. The glands of internal secretion have nx> direct influence upon the

SDA of

(a) Protein.

(b) Fat.

(c) Carbohydrate.

(d) All of the above.

11. Thyroidectomy in animals reduces the SDA of

(a) Carbohydrate.

(b) Fat.

(c) Both of the above.

(d) None of the above,

IZ It is unfavourable to heavy muscular work by a diet nch in

(a) Carbohydrate.

(b) Protein.

(c) Fat.

(d) All of the above.

13. The extra heal is accelerated in the performance of work with

(a) Carbohydrate.

(b) Fat.

(c) Both of the above.

(d) None of the above.

Answers.

7) c.

8) b.

9) d.

10) a.

11) c.

12) b.

13) c.



152 BIOCHEMISTRy

14 When new tissue is formed the usual SDA is not exerted by

(a) Carbohydrate
i

(b) Fat

(c) Vitamins

(d) Protein

15 A man of 70 kg. weight and 180 cnu height s^nth a surface area of 1 8

square meter aged 30 and a B MR. of40 will have a basal metaboli

sm of

(a) 1750 calones

(b) 1800 calones

(c) 1875 calones

(d) 1925 calones

16. Lumberman entails the expenditure of

(a) 8000 calones

(b) 9000 calones.

(c) 10000 calones

(d) 12000 calones.

17 In long bicycle races in 24 hours, there is the expenditure of

(a) 8000 calones

(b) 9000 calones

(e) 10000 calories

(d) l^XX) calones

18 Above the average (or the six days the percentage of Sunday scon
sumption is

(a) 24

(b) 28

(c) 32.

(d) 36

19 Women have that of men ly

(a) 7%-
(b) 8%-
(c) 10% -
(d) 12%

-

20 The a-

(a)

AnT>v€rs

14) d.

15) b

16) a.

17) c

18) d.

19) a.

20) b
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21 The daily average calonc requirement of the adult male

(a) 2000

(b) 2200

(c) 2500

(d) 3000

22. Ifihe NPU (Net Protein Utilization^ islow, iherequiremenisforpro-

teins are

(a) Low

(b) High

(c) Moderate

(d) None of the above

23 The relatively essential ammo acid

(a) Glycine.

(b) Serine

(c) Alanine

(d) Histidine.

24 Vegetable proteins are almost associated with a large amount of

(a) Minerals

(b) Vitamins

(c) Carbohydrate

(d) Fat

25 Animal proteins are associated with fat but very little carbohydrate

except

(3) Milk

(b) Peas.

(c) Beans

(d) Potatoes

26 The foodstuffs having the "protein ^laruig" effect

(a) Carbohydtarc

(b) Fat

(c) Both of the above

(d) None of the above

27 Protein has a more catalytic function in the form of

(a) Hormones.

(b) En^mes
(c) Antigens

(d) Antmogens

_ AHnv/»r,T

hi) d

22) b

23) d

24)0

25) a

2b} c

27) b
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28 Proteins differ m “biologic ^aluc * depending on their contents of

(a) Non-essential amino acids

(b) Semi-essuiual ammo acids.

(c) Essential amino acids.

(d) Alloftheabo\e

29 Good quality proteins include

(a) Soyabeans.

(b) Peanuts

(c) Potatoes.

(d) All of the above

30 High quality proteins mclude

(a) Eggs

(b) Dairy products

(c) Kidney

(d) Ail of the above

31 Proteins are also important sources of

(a) Nitrogen.

(b) Sulphur

(c) Phosphorus.

(d) All of the above

32. The pTotcctn e substances in a diet are

(a) First class proteins.

(b) Mineral elements.

(c) Vitamins.

(d) All of the above

33 The bulk of the food is reduced by

(a) Carbohydrate

(b) FaL

\
j

(c) Protein.

^ (d) Minerals

34 The daily consumption of fat m grams is usually over

(a) 50

(b) 60

(c) 80

(d) 90

35 Amma] fats hav e a better biologic value because they contain the
vitamins

28) c.

29) d.

30) d.

31) d.

32) d.

33) b.

34) c.
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(a) A
(b) D
(c) Both of the above

(d) B„

36 The major sjTnptoms of essential fatty acid deficiency are

(a) A scaly dermatitis.

(b) Hair loss.

(c) Poor wound healing

(d) All of the above

35) c

36) d

37 In societies where fat is the principal food for energy intake the po-

pulation tends to develop

(a) Coronary heart disease

(b) Obesity

(c) Cancer of the bowel

(d) All of the above

37) d.

38 Carbohydrate is the cheapest source of ^ood and for producing en

ergyu can be readily

(a) Digested

(b) Absoibed

fc) Utilized

(d) All of the above

33) d

Fill np the blanks of tbe followings x

I Blood cholesterol level can be reduced significantly by

changing the diet coniaming less fatty acids or

Z Carbohydrate can furnish of the total calo-

ric intake in tbe scarcity of and

3, In glucojieogenesis, caibobydratc can be supplied

from most as well as from moiety

offals.

4 Carbohydrate is bulky and liable to undergo
producing if digestion is delayed

5 A minimum of ofcarbohydrate per 100 K
cal of total diet is necessaiy to prevent tbe development of

Answers

1 Saturated

Cholesterol

2 60% - 80%’ Pro-

teins Fats.

3 Ammo acids

Glycerol

4 Fermentation

Lactic acid.

5 5 grams Ketosis

6. Some cereals contain much - as to interfere

with the absorption of

7 Cellulose stimulates

6 Phytm Calcium

7 Penstalsjs.
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8. Pentoses are absorbed and ctcreted except

or

9

Sucro^isoneofthemajo^etioJogicfaciortin

and It IS not the cause of or

10 Largeamountsofdietarj fiber decrease bo« el

tune and alter the composition of - bactena.

11 Milk products supplj ihenujont> oftbe and

m the diet

12. The best sources ofcalcium are and

13. Human milV amiains iron per

14 Milk IS nearest to a and food.

15 The chief proteins of milk are and

16. Milk kept on unstenhsed becomes sour due to forma*

tion of «hich IS sufOaent to precipitate the

17 Vitamin Bq IS sj-nihesized bv and is present

oq1> in and

18. Thecxiraheatproductionovetandabo\ethecalonc
value of a gi\en amount of food uben used b> the

bod> IS said to be

19 The total beat produced or the cnergj' spent b\ the

bod\ under cooditiom to perform minimum possible

w ork IS knonm as

20 The ratio of the volumed CO2 to the solume

ofoxy^ utilized cn oxidanon is

21 Zemisalmostcompletel) freefrom and

22. Gelatm is also ladang and casern lada

23 Themcompleteprotemsare and

24 The most suitable protems for growth are
,

25

Proteins of animal ongm has c the digesti-

bilitj withihewastagemdigestioncmlj or

4e5xyrr

8 Unchanged Rh
bosc Deonn-
bose.

9 Dental caites;

Diabetes; 116311

disease- Obesitv

10 Transit, Intes-

tinaL

11 Calcium Ptos-

phorus

12. Cheese Milk.

13 IZmg-LJia

14 Perfect, Com-
plete.

15 Casemogen Lact

albunun.

16 Lactic acid.

Caseinogea

17 Microofgamsms;
Meat, E^io
ducts.

18 Specific dj-namic

action.

19 Basal metabolism.

20 Respuatorj Quo-
tients.

21 Tryptophan.

Lrane.

22. Tij-pic^han Me-
thiomn^

23 Zein Gelatin

24) Lactalbumin

Oi-albumin

Ovovitelhn.

23) Highest Less
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A balanced diet ts one which contains all the food con

«,m=n.s .n proper -to
requirements of the individual

Milk fat contains all fatty acids aswellas

fatty acids.

The white portion of egg contains and

The egg-yolk contains proteins, cholesterol,

and mineral

I The proteins of egg-yolk are — and

Meat contains about
protein and

.

vitamins

! During hanging nearly all the cartahydrates of meat

are converted to
"

Large fish is rich in- _ but deficient in _

_ protein, _

_ and—
The crude cereals contain

carbohydrate

The mam proteins of cereals are .

The abundant mineral elements in cerealsare

and

/157

Answers. r

26) ProporUons,

Nutritional

27) Saturated,

Unsaturated

28) Proteins, Salts

29) 15%, 4%, 1%

30) Vitelhn Livertm

31) 22%; B group

32) Lactic acid.

Acid phosphates

33) Phosphorus,

Calcium

34) 11%. 70%

35) Glutelms,

Gliadins

36) Calcium,

Phosphate

17. The dried pulses contain

fat

,
protein, less than

—

protein and fat but carbo-
Nuts contain

hydrate .

The most important tuber used m th« counuy ts the

and —

-

The tubers are the valuable sources
of and

The common roots ate almost free from -

^ .arelhcsourcesof.
Carrots the richest inCarrots thencnesim^

Roots contain valuable salts but negligible- and

_and-

_and-

t4 Arrowroot contains traces of—
45 Yellow pumpkin IS a fait source of-

46 The energy value of fruits IS due to—

47 Many fruits contain
®tid

48 Banana contains as well as

49 Tea has a _ and effect

50 Strong tea disturbs digestion due to.

37) 20%-25% 2%

38) High, Low

39) Potato,

Sweat potato

40) Iron, Vitamin C

41) Starch

42) Sugars Carotene

43) Protein, Fat

44) Protein Salts

45) Carotene

46) Sugars Starch

47) pentoses, Pectons

48) Starch, Sugar

49) Stimulant,

Diuretic

50) Gastric,

Tannic acid
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Answers.

51 Coffee contains and

52. Chocolate consists of ground mixed with

51) Caffeine*

Tanmc acid.

52) Cocoa nibs;

Sugar

Indicate “Trne” or “False”

1 Tea has negligible calonc \-aluc.

2 Cereals provide proteins, certain minerals and vitamins m add^
tion to energy in the diets of the low-income groups.

3. Pure carbohydrates and fats provide energy only

4 The protectiv e foods are nch in proteins, vitamins and minerals.

5 Foods nch in vitamins, minerals and proteins of high biologic

value e.g. milk, eggs, meat, fish,

6. Tartanc acid, atnc acid and malic acid are present m cereals.

7 Green leafy v egetables are lack m cakium and vitamin C
8. Nuts contain hi^ fat and carbol^drate but low piotems.

9 The mam protem of pubes is a globuhn called legumin.

10 , Thefatsofcereabcontamconsiderableamountsofolemtomake
them liquid at ordinary temperature

11 All cereab contam the enzyme pl^-tase which by drolyres phytic

acid.

12 Carotene and nboQavm of cereab are lost by heating.

12 Small Gsh eaten with bones arc good source of calaum.

14 Thedned fbh may contam about 20% carbobydate.

15 The flavour of meat b due to the orgamc substances extracted
from It by boiling water

16 The nunerab m egg-y oik are sodium, potassium and carbonate.

17 The egg-yolk is very nch m vitammC
18 The other proteins of egg-« hite are conalbumin, ov oglobuhn and

ovomucoid.

19 The proteins of rmik neutralize gasinc HCl to allow clotting

20 Mflkisnchmvitaimn Bi C,aDdD
21 The iron content of milV is very high which is quite sufficient.

22 Proteins of meat, glucnm (wheal), and glycmin (soyabean) su-

pport growth when giv en m a higher concentration.

23 The vegetable proteins legiiminO*a) and hordem (barley) are
only suitable for maintenance

24 Zein and gelatm are neither suitable forgrowth nor mamtenance.

1 Answen

1 True

2 True

3 True

4 True

5 True

6 False

7 False

8. False

9 True

10 True

11 False.

12 False.

12 True.

14 False

15 True

16 False

17 False.

18. True

19 True.

20 Fabe

21 False

22 True.

23 True.

24 True.
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25 The proportions of protein, fat and carbohydrate should appro-
ximately be 1 12 3 8

26 Vitamin B,j is fairly available m cereals and vegetables

27 Human and cow s milk contain copper only about0 6 mg per liter

28 The more concentration ofiron IS from bread meat and potatoes

29 A diet lacking in fat causes a feehngof hunger shortly aftera meal

30 The biologic N-alue ofprotein dependson the content of essential
ammo acids

31 Hard water IS a source of calcium

32. In prolonged starvation the concentration of triiodothyronine

falls which IS responsible for the reduced metabolism

33 Starvation patients often suffer from infections — malaria

cholera pneumonia and gastroenteniis

34 In nervous Cretinism there IS mental deficiency deaf mutism
spasticity and ataxia

35 In myxoedematous cretinism there is dwarfism

36 Where goitre is endemic daily intake of dietary iodine are likely

to be less than 100 jig

37 Xerophthalmia means dry eye is a condition caused by vuamin A
deficiency

38 Xerophthalmia arises when (he diet contains whole milk and

butter

39 Osteomalacia is sometimes foundm patients with cirrhosis of the

liver due to failure to form 25(OH) D
40 In osteoporosis there is muscle weakness

41 In osteomalacia the plasma alkaline phosphatase is normal

42 All people can be protected from nckets by a supplement of 10 pg
of vitamin D daily

43 In wet benbcn anorexia and dyspepsia are not present

44 In tne treatment of infantile benbcn the mother should receive

10 mg thiamin twice daily in severe cases

45 Wamicke s disease and Korsakoffs psychosis are manifestations

of thiamin deficiency

46 In pellagra the tongue characteristically has a raw beef appear

ance

47 Pellagra is often accompanied by signs of protein energy mal-

nutrition

48. Tropical ulcers are often caused by rmnor mjunes in people living

in poor hygienic condition infested by dysentery and malana

ABS)verx

!
25 False

26 False

27 True

28 True

29 True

30 True

31 True

32 True

33 True

34 True

35 True

36 False

37 True

38 False

39 True

40 False

41 False

42 True

43 False

44 True

45 True

46 True

47 True

48 True
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49 Cheilosis u charactenzed by a zone of red. denuded epithelium

at the line of closure of the lips,

50 Angular stomatitis occurs in association with iron deficiency,

anemia and other diseases.

51 In comeal \-asculansaiion small greyish-i^hite opaciues may
also be seen on the surface of the cornea.

52. Nutntionai glossitis is a featureof pellagra, ^rue and the v-anous

t>pes of nutritional anemias.

53 In chronic atrophic glossitis the tongue is small with an atrophic

mucous membrane

54 In Von Gierke s disease growth is retarded and marked enlarge-

ment of the h\er

55 Emotional stress may bnng an angina.

49 True

50 True

51 True

52. True

53. True

54 True

55 True
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aaDDoaaana vitamins

Write the correct answer number of the followings t

1 Relmai is reduced to retinol by rctinene reductase in prcseni
the cocnzyme

(a) NAD+
(b) NADP+
(c) NADH+H+
(d) NADPH + H+

2. Retinol exists as an ester with higher fatty acids m the

la) Luer

(b) Kidney

(c) Lung

(d) AU of the above

3. Retmol is transported to the blood as retinol attached to

(a) ai Globulin

(b) a2 Globulin

(c) p Globulin

(d) y-Globulin

4 Carotenes are transported with the

(a) Proteins

(b) Lipids.

(c) Lipoproteins.

(d) Minerals.

5 The dietary vitamin A which is m the form of Vitamin A esters

hydrolyzed in the lumen of the intestine by the enzyme

(a) Amylase

(b) Lipase

(c) Peptidase

(d) Nuclease

6 In the blood the vitamin esters are attached to

(a) ai Lipoproteins

Cj) 02 Lipoproteins

(c) |J- Lipoproteins.

(d) Y- Lipoproteins

Answers

of

1) c

2) d

3) a

4) c

5) b

6) c

161
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7 The percentage of vitamin A in the form of esters is stored in the

liver •

(a) 80

(b) 85

(c) 90

(d) 95

8 The preformed vitamin A is supplied by foods such as

(a) Butter

(b) Eggs

(c) Fish liver oiL

(d) All of the above

9 One I U is equal to the number of micrograms of ji-carotcne

(a) 0 3

(b) 04

(c) 0 6

(d) 0 8

10 The non protein pan of rhodopsin is

(a) Retinal

(bV Retinol

(c) Carotene

(d) Repsin

1 1 Lunurhodop«m is stable only at a temperature below

(a) -35°C
(b) -40°c.

(c) —45°c

(d) -50°c.

12 Metarhodopsin is hydroly/ed to retinal and opsin at a temperature
below

(a) -8'^c

(b) -10*c
(c) -15^c

(d) -20'*c.

13 The normal concentration of vitamin A in blood in 1 U /dL

(a) 20 - 55

(b) 24-60
(c) 30 • 65

(d) 35 -10

Answers

7) d.

8) d.

9) c

10) a

11) d.

12) c.

13) b
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14 Continued intake of excessive amounts of vitamin A especially in

children produces

(a) Imtabiiitj

(b) Anorexia

(c) Headache

(d) All of the above

15 Vitamm Dj isalso said to be

(a) Activated ergosterol

jb) Ergocalciferol

(c) ViosteroJ

(d) AH of the above

16 The poor sources of vitamin D

(a) Eggs

(hi Butter

(c) Milk

(d) Liver
|

17 The normal concentration ol vitamin D in blood in 1 13 /l
'

(af 600 ~ 2500

(b) 700 - 3100

(c) 800 - 4100

(d) 850 - 4700

18 The activity of cocopherols is destroyed by

() Oxidation

(b) Reduction

tc) Conjugation

(d) All of the above

19 Some tocopherols are

(a) Terpenoid in structure

(b) Dionol in structure

() Isoprenoid in structure

(d) Farnesyl in structure

20 The methyl groups in the aromatic nucleus of a-iocopherol axe

(a) 2

(bl 3

(c) 4

(d) 5

14) d

b) d

16) c

17) b

18) a

19) a

20> b
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2 1 Vitamin E is stored in

(a) Mitochondria,

lb) Microsoraes.

(c) Both of the above

(d) None of the abov e.

21) c.

21 Vitamin E protects the polyunsaturated fatty acids from oxidation

by molecular oxygen m the formation of

la) Superoxide

(b) Peroxide.

(c) Tnoxide

(d) All of the above

22) b

23 The tocopherols prevent the oxidation of

ta) Viiamm A

(b) Vitamin D
)c) Vitamin K
(dl Vitamin C

24 Vitamin E protects enrymes from destruction in

ia) Muscles.

(b) Nerves

ic) Gonads

idi All of the above

2^ Vitamin K2 was ongmally isolated from

lai Sovabean

(bl 0>sters.

(cl Putpd fish meal

tdl Alfalfa.

26 The poor sources of vitamin K|jnr

lal Milk

(b) Meat

(cl Fish

(dl All of the above

27 Vitamin K regulates the ^nihesis of blood clotiimj factors

(al VIl

(b| IX

(c) X
(d) All of the above

23) a.

24) d.

2o) c.

26) d

27) d.
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2H Ascorbic acid can reduce

(a) 2 6 — dichlorophtnolmdophcno!

(bi 2 4 — dmitroben/ene

l c) 2b— dioxyp\ruijne

<di 2 libromohen^ene

29 Sieniistd milk is desoid of

iai \ ii iniin A
<!> s i( (oiin 0
ic> *^11 imin C
(d) \inminBj

"^0 Vu onin C is rcyuircd in the melabolisn) <>/

< ti PhenjI il iiime

tbt Trjpi phm
ic) Both of the ibove

Uh None of (he ahoit

^1 The symptoms of scurw ire

lai Poor healinc ot v.<uinds

ih> Looseni ii. of the teeth

(Cl Anemtt

ld) All of the ihose

”^2 Thiamine is also Slid to be

(a) Aniibenberi substance

(b) Antineurrfic vitamin

let Ancunne

(d) All of the above

Lipoic icid IS also termed as

la) Thioctit acid

lb) Proioten

ic) Acetate rephccmeni factor

<d) All of the ah i

34 Folic acid is also termed as

(a) SLR factor

(b) Pteroyl glutamic acid

(c) Liver laciobaciUus casei factor

Id) All of the above

‘\'y Thiamme is oxidized to thiocbrome ui alkaline solution b\

165

Annvf^rs

28) a

29) c

TO) c

Tl) d

32) d

33) d

34) d
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(a) Potassium permanganate.

(b) Potassium fernc>’anide

(c) Potassium dichromate

(d) Potassium chlorate

36 The requirement of vitaimn Bj is increased when metabolism is

elevated as in

la) Feser

(b) HjperthjToidism

(c) Increased muscular acti\it>

(d> Alloflheabose

37 RiboflaMn in alkaline solution when exposed to ultra violet light is

conserted into luiruflavin which m ultra violet light has a

(a) Greenish jellow fluorescence

(b) Bluish yellow fluorescence

(c) Reddish jellow fluorescence

(d) Light sellow fluorescence

38 The normal concentration of nboflavm m plaisma m ug/IOO ml
(a) 15 to 3 5

(b) 2 5 to 4 0

(c) 35to55
(d) 45to7o

39 Riboflavin is involved m the regulatory functions ofsome hormones
connected with the metabolism of

(a) Caiboh)drate

(b) Fat

)c> Protein

(d) Minerals

40 FMN is a constituent of the

(a) Warburg >elIow en^mc
(b) Cytochrome C reductase

(c) L ammo acid dehydrogenase

(d) All of the above

4 1 The t'ajonty of the excess nicolmic acid ts excreted m the unne in

the form of

(a) N methyl nicotinamide

(b) 6-pyndone of N-methylmcolinamide

(c) N methyl mcounic acid

(d) All of the above

Ansy.ers

35} b

36) d.

37) a.

38) b

39) a.

40) d.

4!) d.
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42 Niacin is present in (he maize in the form of

(a) Niatm

(b) Niacytm

(c) Nicotm

(d) Njcyn

43 The normal concentration of niacin in blood in mg /lOO ml

(a> 03to05
fb) 04 to 06
(c) OStoOS
(d) 0 6 to 0*9

44 Nicotinic acid is essential for the normal functioning of

(al Skin

(b) Intestinal tract

(c) Nervous system

(d) All of the above

45 Pyndoxme is a mixture of

(a) Pyndoxine

(bl Pyndoxal

(c) Pyndoxamine

(d) All of the above

46 Pyndoxine produces a coloured compound with

(a) 2 bdichloroquinonechlorimide

(b) 2 6 dichloroquinone

(c) 2 4 mtroquinone

(d) All of the above

47 Pjndoxal phosphate is involved in the desulphuration of

(a) Cysteme

lb) Homocysteine

(c) Both of the above

(d) None of the above

48 In some subjects pyndoxine deficiency causes

(a) Lymphopenia

(b) Peripheral ncacopathy

(c) Both of the above

(d) None of the above

Answers

42) b

43) c

44) d

45) d

46) a

47) c

48) c
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49 In the deficienc\ states of viiamm there are inborn errors of Ansv-ers

metabolism including

(a) Cssiathionmuria 49) d.

(b) Familial xanthurenic actduna.

(Cl Some pyndoxal responsive anemias

(di All of the above

‘*0 PantoiheniL icid exists in the tissues as

(al (J-mercaploethylamine

ibi CoenzvmeA

icl PantoiL acid.

Idi P-aianmc

">1 PantotheniL u. id deficiency causes

lai N uisea

(bl Irntibiluv

(c‘ Antmi i

(d) All of the ihove

^2. Folacin is mad«. ip of

(al Pieridine nut^leus

(bl P aminubenzoic acid.

(cl Glutamu acid

(dl All of the above

>3 Fain, acid coenz)in(.s take part in the^nthesis of

(al Purines

ibi Th\mine

(ti n iih )f the above

id S Hv if (hi. ibove

S(b b

•vll d

52) d.

53) c.

Fin up the blanks of the followings

1 The folic acid inhibitors arc and

2 Aminoptenne has been used in the treatment of

particularly in childr'^n

3 Folic acid deficiency causes increased output of

m the unne after histidine Kvading

4 Folic acid is converted to tetrahydrofolate catalyzed

bv w hich use

lie acidasacoenzvmeismvolved in the transfer and
ilization of the sincle moiety

Ansy^en

1) Aminoptenne
Amethoptenne

2) Leukemia.

3) Farmiminogluta

mic acid (FIGLU)

41 Folic acid redu-

ctase Reduced
NADP

5) Carbon
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6

7

8

9

10

11

12

13

M

15

16

17

18

19

20

21

22

23

24

25

The single (formyO carbon presem in the tctrahydro-
folic acids IS utilized as a source of carbons
and m the purine nucleus.

Folic acid IS transported to the plasma as
bound to

The normal level of folic acid in serum is per
I of serum in healthy subjects.

The central structure of vitamin B,i is referred to as a

nng system

Vitamin contains cobalt per cent

Vitamin B,i activity is slowly destroyed by the reducing

action of

The absorption of \ itamin B,j depends on the presence

of -.and a constituent of normal gastric juice

called the intrinsic factor (IB a secret^ b>

the parietal cells of the gasinc mucosa

Cobafamm is bound to intrinsic factor m the pron< r

tion of mol of cobalamm to mol of IF

Intrinsic factor is found m the and

of the stomach

Vitamin B„ also binds to the proteins of gasine juice

and

The intrinsic factor possesses two receptor sites one
fnr and other for ideal intestinal — . ,

Intrinsic factor protects against bacterial

attack

Transcorrm I is a — binder of cobalamm and

transcornn 11 is a binder of cobalamm

The total amount of cobalamm m tiie bodies of adults

IS of which about is in the Jner

The normal concentration of vitamin in serum is

per ml

Vitamin B,j is present only m the foods of

ongm

Vitamin B,i along with is required for the

development of red blood cells beyond stage

Vitamin B
,

2

as the coenzyme is imolied with-

m the synthesis of labile croups

Vitamin B ,2 is also a coenzyme for the which

converts methyl roalonyl-CoA into

The carboxyl group of biotin combines with the ler

minal nitrogen of residue o! enzyme protein

forming

Ansars .

6 ) 2 8

7) Mcthyltctrahy

drofoiate Protein

8) 1 to 25 Jig

9) Cornn

10) 4 lo

111 Ascorbic acid

I2i Hjdrochloric

acid Mucopoly'
saccharide

fh 2 I

141 Cardia Fundus

15) C )e Saliva

16) Vit imm B,

Microvilli

17) Vitamin B i

peptide

18) Strong Weaker

19) 2 5 mg ) 5 mg

20) 160 to 1000 pg

21) Animal

22) Folic acid

Vfegaloblast

231 Teinhvdrofolate
Met)i%)

24) Miitase

Succinyl CoA

25 f Lvsme Btocycin

-S
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Answers

26 The con\ersion of pyru%'ate looxaloacetate IS also a 26) Biotin, Pj-nivate

dependent carboxylation reaction catalyzed carbox) lase.

by

27 Biotin IS involved m the fixation of for the 27) CO^, 6

formation of carbon m punne ^nthesis.

28 ThedeDciency ofbiotmmayresultfromtheadequate 28) Egg white, Avidia

mtake of raw which containsthe protein

29 Inositol exists m the form of phospholipids, 29) Phytic acid.

and m plant tissues Phytm

30 I^rge amounts of inositol contammg phospbatides 30) Mitocbondna
are present m and Microsomes

31 Along with mositol exerts a effect 31) Choline,

Lipotropic

32. Inositol is oxidized to inthehverby 32) Glucuiomc acid,

Oxygenase

33 ChoUne takes part m -reactions in the forma 33) Transmethylation,

tionof from homocystine Methionine.

34 ChoUne acts as a donor onlyafieroxidation to 34) Methyl Betame.

35 ChoUne is first oxidized to andtfaento—_ 35) Betainealdebyde,

Betame

36 Osteomalaciacanbepreventedbytbeadmmistration 36) Vitamin D,
of__-. and Calcium.

37 In pernicious anemia the tongue IS and— 37) Sored
Inflammated.

38 Theantagomstsof\itarmnB,are anH 38) Isonicotmic acid

bydrazide
Hydralazine.

Indicate ''True" or “False” of the followings ; Ansi^ers

1 Renal ncket IS caused by defective transport of phosphate by the 1) True
renal tubules.

2 The symptom of osteomalacia is the progressive calcification of 2) F^Ise

bones and bones become bard

3 In infantile scurvy purpura occurs in the stemuia 3) False

4 Palpitation and breathlessness appearm the wet benben 4) True

5 PeUagra is not caused by chrome infectioa 5) False

6 In permcious anemia the RBC count is very high. 6) False

7 The best sources of vitarmn K are cauliflower and soyabeaa 7) False

8 Vitamin K IS mvohed in oxidative phosphorylation mnmmal 8) True
tissues.
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9 The daily requirement of vitamm C by adult is 80 mg
10 Vjtamin C is involv«l m the hydroxylation ofsteroids in the adre-

nal cortex

1 1 Vitamin C is required for the formation of growth hormone

12. The deficiency of vitamin C causes susceptibility to infection

13 The daily requirement of thiamine by pregnant women is 0 5 to

0 8 mg

14 In dry beriberi the muscles become wasted and weak

15 No toxici^ resultsm the intake of excessive amounts of thiamine

1 6 Vitamin as destroyed when kept in cold.

17 The best sources of nboflavm are cereals and germinating wheat

18 Niacin is chemically pyridine 3-carboxylic acid

19 Nicotinamide when heated in a strong alkaline or acid solution.

It is converted into mcounic acid

20 The best sources of niacin are fruits and vegetables.

21 The daily requirement of niacm by children is 5 to 8 mg

22. The reduced NADP is also required in enzyme reactionm the for

mation of tetrahydrofofate

23 In large doses nicotinic acid causes burning sensation

24 Pyndoxamme contains a pnmary amine side chain m no 4 of

pyndme nucleus

25 Pyndoxal phosphate acts as a cotransaminase m the transamina

tion reactions

26 Liver phosphorylase also contains pyndoxal phosphate as

coenzyme

27 Pyndoxal phosphate is concerned with immune response

28 The fair source of pantothenic acid is jelly

29 The daily requirement of pantothenic acid by infants is 5 to 10 mg

30 Pantothenic acid is a constituent of cocnzyme A

3 1 Coenzyme A is involved in the metabolism of propionate and of

branch chain fatty acids

32 Riboflavin diminishes the photc^oxidation of folic acid.

33 Dihydrofolatc is reduced to letrahydrofolate by folic acid

reductase

34 2 to 5 mg of folic acid is excreted in the urine daily

35 Folic acid is incorporated into the erythrocytes during erythro-

poiesis.

36 Pregnant women require 800 mg of foUc acid daily

Answe/y

9) False

10) True

11) False

12) True

13) False

14) True

15) True

16) False

17) False

I 18) True

19) True

20) False

21) False

22) True

,53) True

24) True

25) True

26) False

27) True

28) False

29) False

30) True

31) True

32) False

33) True

34) False

35) True

36) False
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37 Rhodopsm is a conjugated protein with a molecular weight of

about 40000

38 Retmene reductase is very similar to alcohol dehydrogenase of

li\cr

39 Hyper\ntaminosts A causes drowsiness, severe headache, slugg-

ishness and peeling of the skin about the mouth

40 Vitamin D is stored largel) in heart and pancreas

41 Eggs and butters are the poor sources of vitamin D
42. Adults daily require 800 LU of vitamin D
43 The major function of Mtamin D is to stimulate transcription of

the mRNA for a calcium transport protein.

44 The effect of vitamin D is not much related to the activi^ of

parathormone and calcitonin.

45 In fully growing bones in adults, there is a tj’pe of defective

mineralization of osteoid tissue termed “Osteomalacia"

46 The symptoms of hj-pervitarainosisD arc thirst, consupation and
polyuna.

47 Vitamin E prevents the hepatic necrosis produced b) the lack of
sulphur contaimng ammo acids tn dietary proteins

48 The tocopherols play a part in the cellular oxidation

49 The normal concentration of vitatmn E m blood is 20 mg/L

50 The tocopherols are largel) methyl denvaiives of the parent

compound tocoL

51 Vitamin E refers to a group of compounds known as tocopherols.

52. Vitamin E is mvolved in heme svmthesis.

53 Vitarmn C is stable below pH 6 8 at room temperature and readfly

oxidized in an alkaline medium.

54 Human body can not synthesize vitaminC

37) True.

38) True

39) True

40) False

41) False

42) False

43) True

44) False

45) True

46) True

47) True

48) False

49) False

50) True

51) True

52) True

53) True

54) True
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CHAPTER I

CAKBOHyDRATES

'
Alcoholic alpha naphlhol fonm furfural andfurtol denvativra,

u^^^rlmt^ethvirurfurd, by Uie concentrated sulphuric acid acting on the

forms k reddish-violet coloured ring at the junction of

'moUsA’s reagent! A 5 per cent solution of alpha naphthol in alcohol

Ariel 9 of molisch’s rcaecnt to 2 ml. of sugar solution in a
Procedure! Add 2 drops of

^Ck>nc. HjSOd by the side of the test tube

test tube. Mixf eel ^e test tube slowly. The formation of reddish-

^“rlifat *e jun™“n of tivo liquid, indicates the presence of carhohydnite.

violet ruig at
^

j
, j of organic compounds may give a red

Discussion! ofthe sulphuric acid. In case

Instead of a violet t jopeated on a more dilute solution of the

of doubt the experiment should be rejKaicu o

substance to be tested.

2. IODINE TES^ red-coloured subs-

Principle t The adsorption complex ofstarch or dextrin,

tanee is not fd^tc impound,
or glycogen with .... ^ sml with distilled water.

Iodine reagent!
• solution to 2-3 ml. of dilute

Procednrel Add
1 ^ blue, ted and brown colour develop

starch or dextrin or “ J, respectively. In case of starch, the blue

in ease of starch, dextrui; ^d glycc««je^^tf ^
“rS^SIn ^Sd^^fn anTglyco^^ r^pcedvdy do not reappear on

cooling as in the case of starch.

3. REDUCrriON.TESTS.
ketone group, have the abfllty to reduce

solSftSurmetSl” ions.W properties are mentioned below:

A, FEHLING’S TEST:
aldehvde or ketone groups reduce

principle!

^“Sng's reagent! Prepare freshly by mixing equal volumes of two stock

solutions A and B.
CO CH O oer 100 ml. ofwater.

ir“nB:2rgrofK"6‘^^
‘“::So1;5Jofs,.ar3-^
WnSh^ed cupro^Se precipitate indicates the presence of reduemg sugars.

"• “^'Sdramswithfree^.^^^^^^

’“KS"-

“

Ike conccnnation of die sugar.
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Benedict’s qualitative solntxan* Dissohe vvith heat 173 gms. of sodium

atrate and 100 gms of aiih)dious sodium carbonate m 600 ml of water in a

beaker Into this ivnth constant stimng, nm slowly a solution ofcopper sulphate

{CuSO SHjO) containing 17 3 gms disschTd in about 100 ml. of water Cool

and tracer to a litre flask and make to the mark with water

Procedure. Add 8 drops of sugar solution to 5 ml of the benedict’s qttah-

tative reagent m a test tube. Boil vigorously for 2 minutes or place in a vraxex

bath for 3 mmutes Allow to cool qiontancously (do not cool it by immersion m
cold water) A red, yellow or green precipitate de\ elops depending on the con-

ccntratioa ofsugar present.

Colour Approximate amount of

reduemg sugar

No change ofblue colour

Blue changes to green ppt.

Bluc changes to y elloiv ppt
Blue changes to oras^e-ted ppt-

Blue changes to Brick red ppt

Absence ofReducing sugar
0 1—0 5 gm% ofreducing sugar
0 5—1*0 gm% „ „ »
1 —2-0 gm% „ „ »
over 2 0 gm% „ „ n

a BISMUTH REDUCTION TEST (NYIANDER)
Principle: Carbohydrates with free aldehyde or ketone groups reduce to

cause the black precipitation of metafile bismuth

Procedure* Add 8 drops of Nylandcr’s reagent to 5 mL of sugar solution

in a test tube and heat for 5 mmutes in a boding water bath A bl^ coloured

preapitate develops on standing for a few minutes.

D COLE’S TEST
Frindldet Carbdiydrates wiih free alcSdiyde or ketone groups reduce

copper sulphate to cuprous oxide on bofiing forming a yellov^ preapitate.

Proc^nxe: Add a large quantity of anhydrous sodium carbonate to 5 zok

of 0 1% sugar solution and add 3 drops of glycerol and 3 drops of 5% CuSO^
solution. A yellovosh preapitate develops on boiling

E REDUCTION OF METHYLENE BLUE
principle' Carbohydrates containing free aldehyde or ketone groups can re-

duce methylene blue to Icuco-mcthyicne blue wnih the discharge ofthe blue colour

Procedure* Add one drop of 1% methylene blue, a few drops of 5% NaOH
to 2 ml of water and bofi takmg care that the blue colour does not disappear

Now add a few drops of 0 2% sugar solution and boil again- The colour is now
discharged Shake and note the remadation of leuco-mcthyiene blue by oxygen

of air to the coloured dye again.

Discussion ofreduction tests

(j)
Ammonium salts interfere with fehling’s test. If present ir excess, the solu-

tion should be made alkalme with IvajCO, and boJed in cader to decompose the

ammomum salts Prolonged contact with hot strong alkali may destruct the sugar

present The solution under examination by fehlmg’s test must be made neutra-

lized or alkalme before the commencement the test.

IfthesugarisprcOTved by Chlorofenn, a positive rcacuoa may be obtained

m the absence of sugar even. This statement is based on the fact t^t hot alkali

produces reduemg subtances from flic sugar present. Unc acid and ceatmine

interfere this test

(li) Benedict’s test responds to even a very small quantities ofsugar (0 1%)
yidding a very good preapitate

Chloroform does not interfere with flus test and even unc aad or creatuune

do not mterfere to such an extent as m the case offehlmg’s test.
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This Its! may produce a white precipitate if eom.derahle amounts of phos-

phates arc present •
t/tAi « better than fehlmg's test

M M?s m'u°mitable for deteetmg a s^^^

ru^aad^r*r^o“" Stake, coo. and dilute to 500 ml and filter olfthe

unpunucs .^i„unn to 5 ml of barfoed’s soIuUon

Heafto°taJl.g'to
3“ econT °A rM precipitate appears indicaling the presence

“^"r:«:"%histest.ared.tant^^^^^^^

non is brought f
'>''"

““‘n^Ss aUo are hydrolysed giving a positive test

' ®pS^efHyto™a!t? acting on pentoses yields substance, which

linkwithorcmolto fo^ greta cnm^'^^^^
of Cone HCl and

Bial’a reag'ntl Dissolve 3wjng^^^^
solution

add 5 drop, of 10 per ce
with 0 5 ml of the sugar solufion

'roe d^elopmem of |5um colour mdicates die presence of

Heat to boiling me ut; v r

6 TAUBER’S BENZIDINE TKT TOR PEOTOSK

furfuraldehyde which
gives a red

^ 1^^ oesoremol m 33 ml ofconccn.

SeliwanofTs reagent.

trated hydrochloric acid and dU
(0 5 ml )

to 5 ml ofsehwanoff s

Procedure; Add a few drops ofwg^
30 seconds Formation of red colour

reagSTmlmst rube ^H»t m bo^g,^e M , „

glucose IS present, it is less

give a similar colour ,
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8 HYDROLYSIS TEST FOR. SUCROSE
Prinaple* Sucrose oa Ii)drolysis b> HQ is com-crted into glucose and

fructose- Tlifi presence of these tss^o monosaccharides arc detected by tests men-
tioned abo\e-

Procedure* Add t%%o drops of dfl HCl and one drop ofth^Ttiol bluctoSml-

ofsucrose solution, Ihe devdopmeni of pink colour mdicates the soluooa aodic.

Dnnde it into t\so equal parts BoJ one jwrtiDn for about one minute and then

cool It under the tap Neutralize both portions b} adding 2% Ka^CX), drop by
drop Formation of blue colour indicates the neutrahzatioa. The sucrose m the

boiled portioa has been hydrol^’zed to form glucose and fructose whidi can be

detected b) Benedict’s test and ScltwanofPs test. But the unbofled sucrose does not

reduce benedict’s solution.

9 hfETHYl-AhfINE TEST FOR LACTOSE
Procedore* Add one mL of 0*2 per cent solution of methylaimnc hydro-

chloride in w'ater, followed b) 0 2 mL of 10 per cent sodium hydroxide, to about

5 mL of mgar solution. \Gx by imemon, co\er the tube wth a g^an bulb and
heat at 56*C for 30 minutes Remo\-c from the baih and stand at room tesapera
tore. The solution vail show a red colour before the end of the heating if much
lactose is present Colour mcreascs on standing

Discussion: The only sugars which give a red colour are the disacchanda,
lactose and maltose:.

Glucose, fructose, galactcse, xylose and sucrose m large amounts girc a
yellow colour v> hich u easily distugiushed

10 OSAZONETEST
Prineipl*' A solution of reducing sugar vihen heated vmh phenylbydf**

zme, characteristic y*ellosr cryscallme compounds calM osazone are fenned.
Simple sugars like glucose, fructose and mannose produce the same osazone be-
cause ofthe similannes m their molecular structures.

Procedures Add 10 drops of glacial accnc acid to 5 mL of sugar mlutioa
in a test tube Then add a knife pomt of pbenylhydrazine hydrochlonde and
double the smoimt of sodium acetate crystals Mix and vrarm a little to see that

the soUds arc dissolved Filter the solution in another test tube and keep the
filtrate in a boiUng water bath for 20 mmutes Allow the tube to cool slowly m the

water bath without cooing it hurriedly under the tap to have better crystals and
examine the ci-ysials under the microscope.

Discussion* Formation of osazone crystals of diSaeat sugars depoids on
die time schemed below

Osazoncs Minimum rimi» of Appearance of Crystals

formatiott of oystals

Glucosazone 5 Tnir.itii^ Broomstick like

Fnictosazone 2 mmutes Broomstid: like

Galactosazonc 7 minutes Rhombic like

Lactosazone 10-12 Powdeipuff like

Maltosazone 10-15 minutes Sunflower Eke.



REVIEW OF TtlE TEm OF CARBOHYDRATES 9

Sucrose does not produce osazone crystals But it produces osazonc crystals
when the solution u kept m the boilmg water bath for 30 minutes because of the
hydrolysis of sucrose to glucose and fructose

1 1 PRECIPITATION REACTION FOR POLYSACCHARIDES
Principle t Generally, the bigger molecules are more easily precipitated by

salts The starch is precipitated when its Solution is half saturated with ammo-
mum sulphate Glyoigen u completely precipitated only when its solution is fully

saturatedwithammomumsulphate, whereas dextrin is not completely precipitated
even on full saturation

Frocednre! Add 5 ml of saturated solution ofammonium sulphate to 5 ml of
starch solution to make the solution half saturated with ammonium sulphate
Mix well by inverting the test tube several times and allow it to stand for 5 minutes
Floccuicnf preapitaie of starch will be formed Filter Perform iodine test with

the residue as well as wit^ the filtrate Blue colouration with the residue indicates

the presence of starch and no blue colouration with the filtrate indicates the com-
plete precipitation ofstarch

Now take 5 ml of glycogen or dextnn solution in a test tube and saturate

It fully vnth solid anunonuim sulphate Wait for 5 minutes and filter Perform

lodmc test wi^ the filtrate' In case of dextrm solution, the filtrate showmg red

colour indicates that dextrin is not completely precipitated even on fill! saturation

Butm case ofglycogen solution, the filtrate tvUl develop no brown colouration indi-

catmg the complete precipitation ofglycogen by full saturation

REVIEW OF THE TESTS OF CARBOHYDRATES
A chart showing dilTerent tests is given below for the facility of students to

put + and “ signs for positive and native reactions respectively on the basis of

their practical observations
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DETECTION OF CARBOHYDRATE OF AN UNKNOWN
SOLUTION

Unknown Solution

I
Molisch’s test

Positive

(Carbohydrate)

Iodine test

N^atjvc
(Non-Carbohydrate)

Blue Colour
^tarch)
Confirraed by

Red
(Dextrin)

Confirm^ by
half saturation full saturation

test test

I

Brown
(Glycogen)
Confirmed by
full saturation

test

No change of Colour
(Absence of Polysaccharides)

Reduction test

(Benedict’s or

Fehb'ng’s test)

Positive

[Reducing sugars (Monosaccharides,
Lactose and Maltose)]

1.

Negative
(Sucrose)

Confirmwi by
hydrolysis test.

Positive

(Monosaccharides)

Positive

(Pentoses)

N^ative
(Other Monosaccha-
rides i e. hexoses)

Negative
(Lactose and Maltose)

Methylamine test.

Positive Negative
(Lactose) (Maltose)
Confirmed by Confirmed by
Osazone test Osazone test.

SeliwanofTs test.

I

Pwitivc
(Fructose)

Cor^rmed by
Osazone test.

Negative
(Gluct^e and Galactose)

Confirmed by
Osazone test.
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1

to knawcr

1 Diinm the pnnaple of Moli^cK t tat Sute vrfiy tome of the tubstances other than Garbo-
hydrata give positive Molisch’i test

2 Name the tats for reduction reaction suid the sugars for reduction reaction

3 ^Vhlch tat IS suitable for detecting reducing nigan and why’

4 ^Vhy doa Iodine solution develop blue colour with starch solution ?

5 How will you distinguish fructose from sucrose and other monosacchanda’

6 HowwiUyouperformhydrolyststotfortuerose?

7 What IS the basis for osazone formation? Name the characteristic oaazone crystals for

different tugan

9 IVhy do glucose, fructose and man/iose (broi similar osazone crystals?

9 IVhy sucrose does not [orm osazone cr^sult and why doa it form eryitah oniongboilmg*

10 Why da-reduciog sugars form red precipitate by Benedicts qualitative solution and why

lometima form yellow or green preapitate?

11 What is the composition of Benedicts quabtative solution?

12 Why does SeliwanofTs tat produce red colour?

13 How will you detect pentoia from other monoaacchanda and how will you perform the

tot?

14 Repromt rystematically to detect carbohydrate of an unknown solution



CHAPTER 2

FAT

1 SOLUBILITY
The glycerides of lov. er fatt> acids arc soluble in water All glycerides

are soluble m ether, cloroform and benzene Ttey arc slightly soluble m\coId

methyl alcohol, ethyl alcohol and acetone but highly soluble m hot methyl and
ethyl alcohol, acetone.

Procedope: Arrange five dry test tubes m a rack- Add 2 ml ofwater, ether,

chloroform, benzene, and ethyl ^cobol lo each test tube followed by om drop
of mustard oil Shake and observe. In water, oil is broken mto <Tnal1 droplets

and float at the surface mdicatmg that oilu insolublem water Butm other solvTnts,

oil disappears

2 EMULSIFICATION
Pris^ple* Oil or liquid becomes finely divided and is dispersed m water

when shaken with vii*ater to form emulsification. Emulsification is permanent
and complete m the presence of emulsifying agents The important emulsifying
agents are bile salts, proteins, soaps, mono- and diglyxendes Emulsification is im-
portant m the processes of fat diction m the intestine Emulsifymg-agents lower
surface tension of the liquid

Frocedoret Take 2 dean and dry test tubes In one tube, put 2 mL water
andm the other 2 ml dilute bile salt solution. Now to each add 2 drops ofmustard
(A and shake vigorously for about one minute. Allow the tubes to stand for 2
znmutes suid note that m water, oil is broken in small pieces and floated on the
surface, whereas m bUe salt solution, the oil can be seen in minute droplets sus-
pended m the liquid (e g , permanent emulsification)

3 SAPONIFICATION
Frindple: Oil or liquid fat when boded with an altalt u hydrolyzed and

\
the llberat^ fatty aads &rm salt with alkali (soap) This process u to be
saponification. *Ihe sfpooificauon number isJthe number of milhgrains of KOH
required to saponify one gram of fat.

Proeedore. Take 4 mL of 2% Sodium Carbonate Solution m a test tube
and add 2 drops of mustard o3 Shake Mgorously and boiL A clean soapy solu-

tion 13 fiirmed Cool and divide it mto three parts for further study on the pro-
perties ofsoap

(t) In one test tube, add a few drops of Cone. HCl and observe that the
fatty acid separates out and floats up This is due to the by drolyzis ofsoap by the
aad

(«) In another test tube, dissolve suffioent amount of finely powdered NaCL
White precipitates of soap separate out and float on the surface This process is

called ‘salting out’ of soap

(«i) In the third test tube, add a few drops ofCads solution. A precipitate of
insoluble calcium soap is obtained

4 GREASE-SPOT TEST
Proeedore: Put a drop of oil over a piece of ordinary writing p^ier (not

filter paper) The translucent spot indicates the presence of fat.

5 UNSATURATTON TEST-

Principle: All neutral fats contain glycerides of some unsaturated fatty

aads These unsaturated fetty aads become saturated by taking up iodine. If
the fat coqtams more uosaturated fatty aads, it will take up more iodine
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Frocedorei Add 10 drops of HtAU's taditK riagmt (alcoholic solution of
lodmc containing some mercuric chloride) to 10 ml chloroform The chloroform
shows pink colour due to the presence of free iodine Divide this solution eoually
into 4 test tubes

{») To one test tube, add mustard oil drop by drop shakmg the tube vigo-
rously for about 30 seconds after addition of each drop until the pink colour is

discharged and count the number of drops The pink colour is discharged owmg
to the takmg up of iodine by the unsaturated fatty acids of the oil

(ii) Repeat the above txperantnt vnth the Ttmaming three test tubes taking
fats (coconut oil, dalda and grpund nut oil) Now compare their unsaturation
It should be remembered that more the number oj drops required to dtsekar^e the pir^
colour, the less is the unsaturalton

Iodine value: It is the number of grams of iodine taken up by 100 graTn«
of fat

CHOLESTEROL

1. SALKOWSKI’S TEST (H,S04 TEST)

Procedure: Dusolvc a little cholesterol m 2 ml chloroform in a dry test

tube Add an equal volume of Gone HjS04 Shake gently, The upper layer

of chloroform turns red and the stilphunc acid layer shows a yellow coloui with
a green fluorescence

2 LIEDERMANN-BURGHARD REACTION (ACETICANHYDRIDE H,S04
TEST)
PHodplet Addmon of HjS04 to cholesterol m the presence ot acetic anhy-

dride gives a green (eg, red-absorbing) chromphorc

Prncedoret Dissolve a few oyst^s of cholesterol m 2 ml of chlorofona

in a diy test tube Now add 10 drops of accuc anhydride and 1 to 3 diops of

Cone. H.SO4 Mix VkcU A red rose colour is formed which quickly changes

through blue to green

3 FORMALDEHYDE-H^O* TEST
Procedure: Add 2 ml of fonnalddiyde—H1SO4 solution (I part of 40%

formaldehyde to 50 parts of the acid) to 2 rnl of chloroform solution in a dry test

tube The cheny colour is developed in the chloroform Pour off the chloroform

mto another test tube and add 2 to 3 drop? of acetic anfiydiide The blue colour

develops

This test IS said to be moic delicate than Salkowski’s test

Qaestlons to answer

1 Why u Me salt important for emuJsificauon’

2 What 15 the importance ofemal-jficauwi m the digestion offat’

3 What 11 lapoiufication value and what w the significance of high saponification

4 Why does the pmk colour of chloroform disappear on addtuon ofoil’

5 What is todme value offat and what w lO significance’

6 Which test is important in the detection of cholesterol and how to perform the

7 Name the test for delecting fat and discuss lU procedure



CHAPTER 3

PROTEINS

A. COLOUR REACTIONS OF PROTEINS
Proteins respond to some colour reactions due to the presence o*‘oae or more

radicals or groups of the complex protein molecule. All protems do not cordam
the same ammo acids and hence they do not respond to aU colour reacthms giving

positive findmgs The material under examination should, therefore, be subtected

to several test before concludmg its nature.

1

BIURET TEST
Principle: This test is positive for all compounds containing more than

one peptide linkage (-GO NH ) c g , Proteins and their h^Tirolytic products
(metaproteins, proteosea, peptones, polypeptides except dipeptidcs and ammo
aads) This test u also po itivc for subs^ces whi^ contam tw*o carbamyl
(•GONH,) groups joined directly or through a single atom of mtrogen or carbon
and similar substances which contam -CSNH,, -C(NH)NH, or -CHjNH| groups
also respond to this biuret test. Hence nonproteins e g , oxamide PCONI^'T

and biuret CONH,

NH

give positive with this icst^

1_conhJ

L CONHjJ

Frocedoret To 2 ml of Protem soluoon add 1 znl of40%'N&OH solution
and 1 or 2 drops of 1% CuSOf solution A violet colour indicates the presence
of Peptide linkage of the mole^e

Note: Care must be taken that not more than 2 drops of dilute copper Sul*
phate (1%) be added, otherwise blue colour will develop instead of violet colour

2

NLNHYDRIN TEST (THE TRiKCTOHYDRINDENEmDRATE TEST)
Frinaple: This test is positive lor aU ammo aads containmg &ee amino

and carboxjlic groups Hence, it is positive for proteins, p^toncs, peptides. It
is also positive with other primary amines mcludmg ammonia. The triketi^iy*

dnndcne hydrate forms a complex with the ammo or cajboxjdic group of the
ammo aads or other prunary ammo developmg a blue colour on heatmg

Prvcednrei To J anJ of Prolem sedubon add 2 drops of fi'cshly prepared
0 2% of ninhydnn solution and heat. A blue colour develops indicatu^ the

presence of proteins, peptides or ammo aads

3

MILLOVS TEST (Test for tvTOsme)

Principle: The neutral protem soluuon reacts with acidified mercuric
chloride to form a yellow precipitate of Mercury'—Protem complex. This complex
forms a mtnte complex with sodium and nitnte solution on warmmg, developmg a
red colour This test is given by phenob or phenohe substance such as Sahcyiicaod

Procedure: Add 1 ml of Protein solution aadified with HjS04 to 1 mL of
aad mercunc sulphate solution (10% I^SO| in 10% H^O|) Boil gently &r
about one mmutc A yellow precipitate forms Cool under the tap and add a
drop of 1% of NaNOj (Sodium mtnte) solution On gentle wannmg it turns

red. This indicates the presence of hydroxy phenyl group Tyrosine is the only
ammo aad which responds positively to this test.

Note: Excess of dilonde mterfercs by formmg unionised HgClj If u be so,

more HgSO^ must be added.

14
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^ REACTION (For tyrosine, phenylalanine and try-

Prindple: Proteoses and peptones do not form precipitate with HNO,,
but their solutions become yellow and then orange when made alkaline

The white precipitate of protein after the addition of HNO, is due to the
fonnation of metaprotems insoluble m HNO, The nitro-compounds. from the
protein molecule containing btnzmt nng develop a yellow colour These nitro
compounds in alkaline medium lonuc freely and produce deep yellow or orange
colour

Procedure: To 2 ml of protein solution add carefully 1 ml of Cone HNO,
A white precipitate forms Boil and the colour changes to yellow Cool the test

lube and add 2 ml of 20% NaOH (or ammonia) to make it alkaline The colour
dianges to orange indicating the presence of aromatic amino aci^

Note: Phenylalanine docs not rcsprfnd to this test as it is ordinarily per-
formed This test IS not a satisfactory one for use m urinary examination because
of tlie colour of the end reaction

5 HOPKINS—COLE—ADAM—KICVVICZ REACTION (Test for trypto-
phan)

Prindplei Tryptophan forms a condensation product with the aldehyde
m presence of Cone HjSO, dc% eloping a purple rmg

Proceduiret To about I ml of the protein solution add one drop of very
dilute (I 500) solution of commercial formalm (40% formalin) and one drop
of mercuric sulphate solution (10% HgSO, m 10% HjSO,) Mix and incline

the tube to add carefully at least 1 ml Cone HjSO, by the side of the tube A
purple ring at the junction of the two liquids indicates the presence of ijyptophan

6 GLYOXALIG ACID REACTION FOR TRYPTOPHAN (HOPKINS
COLE)

Principle: Tryptophan forms condensMion product with glyoxahc acid in

presence of pure Cone HjSO, dcvciopmg a purple ring

Procedure; About 2 ml of Protein solution » mixed thoroughly with 2 ml
of gljTJxalic acid reagent Add this mixture to another test tube containing 4 ml
ofpure Cone H,SO< m such a way that the two liquids do not mix Rotate gently

A purple nng develops at the junction of the two liquids

Note: This test does not respond m presence of strong oxidizing agents

like nitrates and chlorates Sulphuric acid must be highly pure, othenme, the

impurities may act as oxidizing agents

7 SAKAGUCHI REACTION (Test for Arguune)

Principles Argmuic in presence of alcoholic <* naphUiol forms a complex

with sodium hypochlorite developing a bright red colour

Procedure: To about 3 ml of protein solution add 1 ml of 5% NaOH,
2 drops of pure alcoholic alpha naphthol and one drop of 10% sodium hypo-

chlorite Mix well The development of bnght red colour mdicates the presence

of arginine

Note* This is an extremely sensitive twt and may be used as a general test

for protein, because all known proteins contain sufficient arginine

8 SULPHUR REACTION (For Cysfeme, Cystmc and methionine)

Principle* Sulphur of the sulphur-containmg ammo acids reacts with the

sodium hydroxide forming sodium sulphide A black or brown precipitate oflead

sulphide is formed as a result of the reaction between sodium sulphide and lead

acetate This lead sulphide is msoluble m dilute HCl
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Frocedore* Boil 1 xoL of Protem solution (concentrated solution of egg

•white) with 1 ml of40% NaOH for 1 znmute Add a drop oflead acetate soluhon

A black or bitnvn precipitate is formed which is msoluble m dilute HC3

9 MOLISCHSTEST
Some proteins (gljcoprotems) comam carbohydrate Hence this test is

done for detecting the caibohjdrate present m gI>xoprotem The method of this

test IS already discussed m carbohydmte chapter

B COAGULATION REACTION
Frindples Coagulation of Protein u caused by the dtnaturation of Proton

Structure by heat or acids

1 HEAT COAGULATION
Procedure: Take protein solution of about two third of the test tube and

heat the upper portion of the solution. An opalescent appears which becomes
deep on the addition of a few drops of2% acetic acid This mdicates the presence

oidbiamn

2 COAGULATION WITH CONC HNO,
Procedure* Take 2mL of Cone. HNOj in a test tube and add the protein

solution by the side of the test lube A white nag appears at the junction of the
two Liquids

a PRECIPITATION REACTION
Principle t (i) Proteins are precipitated by salts of the heavy metals (c-g

HgClj.AgNO, CuSO*. etc.)

(») These may be preapitated by cerum aods aomc of which arc called atVa.

loidal reagents (Picnc aad, pho«photimgstic aad, tannic aad and metaphos-
phonc acid ttc.)

(wi) These may also be precipitated by concentrated solunons of ammonium
sulphate, sodium, sulphate and sodium chlonde. These salts preapitite proteins

by ‘saltmg out’
!
methods

(ir) The proteins arc preapitated by dehydratmg agents such as altxhols and
acetone. These agents convert them mto suspcnsoids which flocculate upon the
addition of a feW drops ofsalt solution Alcohol also causes dcnaturatiDa ofproteins
Alcohob bring pfotcin solution into isoclectnc pomt at which it is precipitated

1. Preapitation by salts of heavy metals.

(a) Procedure* To 2 ml of dilute protein solution (solution of egg white) add
a few drops of dilute solution (1%) of 2hnc Sulphate drop by ibop A white
prcapitate is formed indicating the presence ofProtem '

(i) Procedure* To 2 ml of dilute protem solution (solution of^g white) add
a few drops of 0 5 per cent feme chlonde solution drop by drop ^ opalescent
appears whidi disappears on addition of excess of feme chlonde solution.

2 Precipitation by alkaloidal reagent.

(a) Procedure Add 1 ml of Esbaeb’s reagent (Solution of Pncnc aad and
atnc aad) to 1 mL of protem solution A yellow preapitate is formed
the presence of protem

(4) Procedure Tp 2 ml of protem solotioa add a drop or two of2% solution of
saiicylsulphonic aad (a solution of salicyhc aad m sulphunc aad) The formation
of white precipitate indicates the presence of proteiq.



CASFIV

3 Pr«€ipitatioii by Neutral salts.

(o) Full Saturation:

Procedure: Take 5 ml ofProtem solution in a test tube and add solid ammonium
sulphate until it becomes saturated A gelatinous precipitate forms which indicates
the presence of Albumtn

{b) Half Saturation:

Procedure: Prepare a satuiated 5o}i:tM>a of ajjwiomum sulphate in a
test tube Add 3 ml of saturated solution to 3 ml of protem solution Shake
vigorously A gelatinous precipitate Ibtmcd indicates the presence of globultn

4 Precipitation by alcobol

(o) Procedure: To 1 ml ofprotem solution (concentrated egg white solution)

add 2 to 3 ml of alcohol A white opalescent formed indicates the presence of
proleta Filter after 10 minutes Trv to dmolie the residue by water The ppt
does not dissolve

{b) Procednrei Take 1 ml of protein solution in a test tube and 2 to 3
ml ofalcohol in another test tube Keep both the tubes iti the freezing mixture for

lOimnutes and then mix the contents ofthe two tubes A white opalescent appears
Filter at once Trj to dissolve the residue on the filter paper and observe that

the precipitate redwsolves

CASEIN
Preeipieatjon at itoelectnc point: Add a dmp of bromocresol green

indicator to 3 ml of casern solution A blue colour develops Now add 2% acetic

acid drop by drop until the colour cliangcs to green at pH 4 7 A flocculent pre*

cipitate of casern is formed Boil, cool and then add dil NaOH to it The pre*

cipitate dissolves again

TEST FOR PHOSPHORUS IN CASEIN
Neumann's tests Take dry casein m a dry test tube Add 2 drops of Cone

HNO, and 10 drops of Cone HjSO, to it Heat the contents strongly over a
flame m a fume cuplioard wnth constant stirring to avoid spurting The organic

material chars and nitrous fumes are evolved Now allow the cupboard to coolm
tack and add about 2 mi ofdistdied witer and 2 ml ofconcentrated ammonia

solution Mix, Now add 2 ml of ammonium molybdate solution and weurm The
development of lemon yellow precipitate of 'immomum phosphomolybdate

indicates the presence of phosphorus

QiiMdona to answer

^
Why biuret test is done’ ^Vhy viotet colour i produced m that test^

i Vthai M the name of the lest for deiecUngammo acid and how to pej-form the test’

3 Ifammo acid is detected, what other tests should be done for that’

d If protein IS detected what ocher tests should be done for it’

5 Why does protein coagulate’ By which lest you can have coaguUuon of Protein’

€ Discuss the principle for precipitatum ofProtein

7 Name the reagents for preapuaiuig protein from a rolution

8 Which test should be performed for detecting albumin andglobulm and how to perform?

9 What IS the principle ofsulphur test for sulpdiur containing ammo acids’

10 Name and perform the test for detecting aromaac ammo ftads.

11 Name and •pezform the test for the detrition orPhosphon* w casein

F 55
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CHEMISTRY OF MILK

Specific Gravity: (i) fhe specihc graviiv of milk is deterrmned by lacto-

meter (hydrometer)

(li) The sp gr of whole milk is usually around 1 30

(iii) The sp gr increases with tlic removal of fat from milk and decreases i\ith

the addition of i\atcr to it

Reaction:

(») A fresh milk is practically neutral m reaction

(:i) It becomes acidic on kcepmg milk at room temperature owing to die

production of lactic acid by bactenal fermentation

COMPOSITION OF MILK
1 It is a complete food as it contains almost all Uic elements (or growth and

maintenance But it is not quite suitable for adults as it upooi mironand contains

h^h proteins and fat

2 The composition ofmdk vanes with the speaes of the animals ITie com
position of human and cow’s milk are mentioned beloiv

3 It’s dietary value is also progressed by the presence of inorganic salts

and Vitamins A, C, D, and B complex

Constituents in gram/ 100 ml Human milk C oiv’s milk

Protein I 4 35
Fat 3 j 40
Carbohydrate 70 48
Mineral 02 07

4 The principal protein is

lactalbumin and lactglobulin

casein (a phosphoprotem) It also contains

5 The fat contents present

cholesterol and lecithin

in fine droplets m emulsion form a neutral fat.

6 The minerals arc calcium, pniassium, pliosphatcs m large amounts,
sodium , magi^ium and chloride in fair amounts, Imi iron in poor amounts

EXPERIMENTS ON CHIEF CONSTITUENTS OF MILK
1 10 mb ofmilk is diluted by 10 ml of distilled water Then add 2% acetic

aad drop by drop till a heavy precipitate of casern is formed Allow it to stand
for 5 imnutcs and filter Residue and filtrate

2 A small portion of the residue IS allowed to dissolve in 4 ml of2%NajCOj,
and with this solution perform (o) Biuret test, (i) Ninh) dnn test and (c) colour
test for ammo acids to justify that the residue contains protm

3 Take a portion of the residue and perform Neumann’s test for combined
phosphorus

4 A portion of the dned residue is shaken up vigorously with ether m a
test tube for about 1 to 2 imnutcs and allow it to stand for a while Decant the
supernatant ether layer in a dry basm and allow it to evaporate spontaneously
at room temperature Rub a piece of ordinary wriimg paper on the portion left

m the bnsm \ translucent grease spot on the paper indicates die presense of/ht

18
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5 To 10 ml of the filtrate add a drop of chlorphenol red indicator Then
add 2% NajCO, solution or 2% acetic acid to bring the pH 5 4 showing the
change of red to yellow colour Boil the solution A coagulum appears owing to

the coagulation of albumin and gtobuhn Filter and keep the filtrate for the following

experiments

6 With the portion of this filtrate perform mohsch’s test to know the presence
of carbofyidraU and other tests for the detection of the nature of su£ar present

7 Perform silver nitrate test for detecting cklortde with a portion of the
filtrate

8 To the remamtng portion of the filtrate add a few drops of NH|OH to

make it alkalme and boU A slight gelatinous precipitate of calcium and magne*
Slum phosphates are produced Filter and dissolve the residue on the filter paper by
pourmg over it 5 ml of hot 2% acetic acid (a) To a portion of this solution add
a clear solution of Potassium oxalate A turbidity of Calcium oxalate appears, (b)

To the remaining solution add 2 ml of ammonium molybdate solution Mix and
heat Lemon yellow precipitate of phosphomolybdate mdicates the presence of

phosphate

Schematic representation of the experiment for finding out the

coBstitnents of milh

Milk
(

I

diluted +2% acetic acid

Pfccipiiaie

Filter

Residue Fill

Protem Combined phosphorus Fat

Albumin &
Globulin

Carbohydrate
and its sugar

Cblonde I
i'*ntyn «.

1 bod

Precipitate

1 Filter

Residue

I
Dissolve by hot

I 2% acetic acid

1

Solution

Filtrate

Calcium Phosphate



CHAPTERS

CHEMISTRY OF ^VHEAT FLOUR

CXDMPOSITION
1 Wheal flour contains about 75% starcli, 8 to 10% protein and about

1% fet

2 The rcmammg coasutuents arc water, cellulose, morgamc salts and
some vitamins

3 Starch is insoluble in cold water On boding, cellulose layer (the covering

of starch granules) breaks and starch granules go into solution

4 The proteins are gliadms (soluble' in 70—80% ethanol) and glutchn

(soluble in alkab) On treatment with water these proteins form a sticky mass
called gluUn, the viscidity of which is due to ghadin Rice and maize arc poor

m Gliadin for which dough is not formed when muted with water

0 White flour ui poorer m protein, fat, cellulose and vntaimns

DETECTION Oh THE CONSTITUENTS OF WHEAT FLOUR
1 Mix some wheat flour with a httle water to make i stiff dough and allow

U to stand for 10 minutes

2 Wrap a small amount of dough m a piece of cloth and knead it well m a
small amount of water kept in a basm. Commue kneading until the washmgs are

no longer turbid.

3 The yellowish sticky mass, known as gluten, remains in the muslin which
IS kept for pedbnmng e^p«iment (A) and the washings for caperiment (B)

Experixnent (A)

Dissolve a portion of the stidcy mass m 5 ml of 5^^ NaOH by just heating

over a flame.i After for a few minutes, decant the iupematant
Cool and perform the following tests

(») Biuret test for protein

(«*) Ninhydrm test for ammo aads

(ui) Millon’s test for tyrosine

(tp) Xanthoproteic reaction for tyrosme, phenylalanine and tryptophan.

(p) Hopkms Cole Adam Kicwicz reaction for tryptophan

Eaperimdt (B)

1 Examine a drop of the washing under a nucroscopc for starch granules.
Sketch the diagram

2 To a small portion of the washing add a drop of dilute iodine solution
The development of violet colour indicates the presence of ar^hptction of starch
granules

3 Boil a portion of the washing and cool it ihorou^y under the tap Add
a drop of dflutc lodme solution to it A deep blue colour formed mdicates the
presence of asn^lost of starch granules

Grease Spot test for fat

The fat of flour is extracted by shakmg a pmch of it wnth 3 to 4 ml of ether

m a test tube for 2 to 3 mmutes Allow the test tube to stand for a while and decant
the supernatant into a clean and dry porcelain basin. Keep the b3<!in exposed
to evaporate the ether Then rub a piece of ordinary wntmg paper on the area

where fot layer left. A iranducent gr»se spot i- visible if fat is present
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enzymes

I Enzymes arc proteins having catalytic properties

1 enz'^mes Irer^M

;ZS;?s5ri™r5- E2/" ”' “•

5
ThcUc»vay«lo«b>ho,lmg=nd,l..>b.com=.n>cuve. low.en.pera.^^^

6 Thc> arc rpeefle (of a partrcular ruhrrra.c for a chemrcal react,oa to br.ng

about

digestive enzymes

STUDY OF SALIVARY AMYLASE

1 Sal,vary amylase or ptyahn « the dtgetuve enayme of saUva wb,ch ,t

““T starch .nto maltose Dcxtnn, a,c also formed

"“VTsTorils bmt1t“tatpt"mum pH^68 and optmrnm temperature 37-C

Collection of diluted SaUva

1 Clean your
"‘'fn''2Y'^KaCl solutron ,n your mouth and move tt

2 Take about 20 ml of 0 ^ ^
about m the mouth with the help m ,o b

fluid m a clean hard glass test tube

3 Shake the contents of the tube "8°™”''
^

4 Filter to remote ant epithelial cells etc present

Eiperlment
^ 3 , maiking pened

TS^lTNrT-Srddttedsaliva + boil and cool -4 3 ml ofl%s,areh

.est,ube^>o
2-3Tddu,.^tal.ta d-Sdropsofdil HC. 4- 0 ml of,,.

st-irch souti
^ 5 ml of 1% starch solution

Test tube No 3 —5 ml o
full of water at about 37=0

Place all the three test tu es i

^ interval of one minute and

Take a drop of fluid from test
^ colour The successive

test It with a drop of dilute iQdui^t Y 6 Remove this test tube from the

colours blue, purple, red and n^^Iour a

bath ^ of test tube No 1 and 2 at an mterv-il

Now take a drop of fluid horn ^ colour will be seen This indicates

of one mmute and test
dieested m these two test lubes This explams,

that salivary amylase has not at all d.g«
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the feet that in test tube No 1 the acttvi^ of the enz>iu: is kat b) boihng and
in test tube No 2 the optnaom pH of the solution is not maintained.

Peribna Benedict’s test in lest tube No. 3 TIus will give posiuvc because

of the Crmatioa of maltose from starch hydrolysis bj the ea&ymc-. Tlse enzyme
has woried best owing to the optimum pH and temperature ma.ntained.

STUDY OF PEPSIN Di GASTRICJUICE

1 Pepsin is secreted m the form of Pepsinogen by the peptic glands of dm
gastnc mucosa.

2- Pepsmt^cn is activaCed to pepsin by HC3.

3 It IS inactivated m albaline medium and is destroyed by boih:^

4 To accomplish the eaqienment, canmne-fibrin is as a rjlistrate fix

pf|wn- C3imine“fibnn u a blood 6bnn stained with carmine.

Experiment
Arrai^ 3 numbered test tubes m a rack and put the followup contents

intt> them

Test tube No 1 —1 inL pepsin — boil and cool t- 1 ml of 0 4% HQ — 2
flakes of carmine-Sbnn.

Test tube No- 2.—I ml- pepnn 1 mL water -f 2 smaD flakes ofcanning-
fihnn.

Test tube Vo, 3— I xaL pepnn stdutioa + I nL of 04% HQ 2 small
flakes of carmjae-fihna.

Keep the three tubes m a wnter bath at about 37*C and observe the ter tube

after 5, 10 a^ 15 minutes. It win be seen that the d-gestaon has taken pliee in

test tute Na 3 but cot m No. 1 and 2 Ibe digestion has been indicated by the

red cdoar developed as a result of the UberatiCD of canning from the digested



C HAPTrR ^

VITARnNS

DetecUon of
“-^Uvcr oil”! 0 5 ml of chloroform

(S A^rm. oTcorrpl reo,co. (mrurarcd ammrony .rrchWo n

M A .rrn^cm'ircolour « developed md.caung .he presence of vpamm

A and its precursor (carotene)

This test 15 vcr> sensitive

PrmmoUon. Carrpr.ee reage... .. l...l.>y 1—“

“'"t)™ of«%tcrorloe ac.d .s added .o 8 ...1 of ...dk .o prec.p..a.e

pro.e.n‘. m.v ..ell
^ bod.ng .ube. add .o .. 1 ml of ghc.al

(,i) Take 5 ml of w the use of stopper

1f-r.o"S.SeU ofp«
'O Add loTof n brnalol and shake vgoroudy for 2 m.nu.es by .he use

=T-e?‘terofV»S ^o^TeiSi
by ufcl v.ole. hgW

o'f—
_

DeteeUon of Nieodnlc and „ a, 60"C and pH 6 5 .s .ncuha.ed,

Prindple. 'Vl'e"X‘”;Xe araldehyde «h.ch couples .v.tf. P ammo-

&re m Sfol“.o'’nt g.ve a yeuow produc.

fume
Reagent! soared by addmg chdied 10% KCN to ehdled

Kvar
”

. cyanogen hromtae soln.ton .s h.ghly potsonous

add to .. 2 ml ofcyanogen
brora.de so

^ ^

the tube at about 60 C m a
^ avo.dtng st.ong hgh

(.0 Then cool <he ‘Ube '' „„pbenone m edtanol and mu. weU

(„.) Add 1 ml of 10 /„ r
table yeUow colour develops

(»)" ^r;LTtorqual..aUve methods can be used wtd. knoun

,tand°ardr.o
~fSe quantsue, ofUtese vstamms

23



CHAPTER B

URINE

PHYSICAL CHARACTERISTICS
Freqaenq? of Urination

(i) It IS generally dependent upon the amount of fluid in the bladder

(u) The frequency is increased m the inflammation of the urinary tract, in

the affections of the spinal Cord and in weakening of the sphincter

Preservation of the Urine sample

(i) Toluene is a \erv satisfactory presers-atne for tirmc

(u) Formaldehyde (2 drops per 50 ml ofunne) or a bit ofCamphor or thymol

are also satisfacton preservatises

Volume:

(i) Normally, the \*olume of urine excreted bv an adult individual ranges

from 1200 to 1800 ml per day

(ii) The volume is mfluenced by the diet and by the temperature which

causes Ac loss of svater through perspiration. Hard physical cxertase dinumshes

outnut of unne

(m^ Polyuria causes the increased output of unne, but oliguna causes dimi

nishtd excretion

(tv) Certain pathological conditions such as diabetes znelbtta, diabetes issi

pidus, contracted kidney, and amyloid degeneration of the kid^ etc. cause

increased s olume of unne

(v) A decreased i olume is also observed in acute nephntis, ferm, diarriica,

vomiting, and diseases of the heart and lungs

Colour

(i) Normal human unne is yellow m colour Tim colour is due to the pig-

ment urochrome which is a compound of urobilin and urobilinogen.

(ii) The unne may be deeper yellow when it gets concentrated as m the
case of low-output of unne

(uj) The unne colour may be very tlark brown or black or may assume the
colour of the drugs or their d^udation products on the admimstration ofvanous
drugs or antisepucs

(iv) The Unne colour may be gteemsh yellow due to the excretion oflaigc
amounts of bile pigments m the unne and may be reddish due to the presence
ofblood

(v) In chyluna, the unne appears milki and m alkaptonuria, the mine
becomes dark on standing

Specific Gravity:

(1) The specific gravity of urme ofnormal mdinduals i-anes betw eea 1 006
and 1 02a

(u) Following copious water—»or bw dnnking the specific gravity may
go down to 1 002 but m case of excessive pcr^iration, it may go upto 1 (HO

(m) The specific gravity depends on the amount of solutes present m unne
When large amounts of gluco<e or albumm xs passed in unne, the speofic gravity

rues

(iv) The determinauon of specific gravity is done by Unrj^jUr This uistru

ment is calibrated at a specific temperature
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App«finmc«!

(i) Nornnl urine is perfectly dear and transparent ^vllcn freshly voided
(u) On st^dmg for a variable tune, the appearance becomes torbid due to

the formalion of the Crystals of phosphates or urates or oxalates and also for the
formation of nucleoprotcjns or mucoid and epithelial cells

(m) TTic phosphates are deposited m alkaline urine (or sometimes in slightly
acid urme) Calcium oxalate is deposited in all urmes Uric acid and Urates are
deposited when the urine cools and rcdissolved on warmmg Phosphates dissolve
m dilute acetic acid

(iv) The turbidity also appeanm the presence of \V B G , R B C or bacteria
A coloured deposit is also obsersed in the presence ofR B C

Odour i

(i) Frcsli normal urine has an aromatic odour

(ii) On standing for a long tunc, it undergoes hicternl decomposition
produemg a very unpleasant anunoniacal odour

(ui) Under normal conditions, the urine possesses a peculiar odour due to the
ingestion ofcertain drugs or vegetables

CHEMICAL CHARACTERISTICS

A. Reaction:

(i) Freshly voided normal human urine has a pH 6 (acidic to lumus)

(u) On standing for a long time, it may be alkaline due to (he formation of

ammonia from bacterial decomposition

(ui) Ingestion of acid fruiu (Oranges, lemons etc ) causes ihe formation of

aljtalme urine because the ash ofsuch fruits is alkaline Bread, Cereils, meats etc

produce an acid urine

B. Urme Contains normal or abnormal constituents which arc detected by

chemical tests The normal constituents can be divided into nitrogenous and
non-nitrogenous constituents Urine also contains some pigments derived from

blood pigments Several enzymics arc also present m normal urine c g amylase and
trypsm In certam abnormal conditions, some of the normal constituents of urine

aie excreted ui abnormal amounts

The Chief nitrogenous constituents of normal urine*

1. (a) Specific Urease lest for Urea*

Principle: Soyabean powder contains the enz/me l/rfaie This l/rease under

optimum pH and temperature decomposes Urei into ammonu and Garbon-

dioxide which together form ammonium carbonate (the alkaline substance)

which changes the slightly acid ^c^ctlon (Yellow colour) to alkaline reaction

(Pink colour)

Proeednre: Take 2 ml unne in one test tube and 2 ml water m another

Add a drop of phenol red indicator to each Then add 2% NajCOs drop by drop

till the pmk colour develops (just alkaline) Now add 2% acetic acid to each

drop by drop till the pmk colour just disappears (just acidic)

Add a pmch of Soyabean powder to each and rotate the tubes between the

palms or warm both the tubes to about 60"C

The pmk colour appears m Ihe tube contammg urme but not m the other

tube containing water

Precautioai Over heatmg should be avoided Othersvue the enzyme will

be destroyed 60*C temperature is mamtaincd by touch only which is likely to be
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pleasant Uns 60’C tmipctatmc is ihc opiuinini ipmi>enturc foi ureast for its

maximum activii>

Discnsuon* This test is said to be the specific test for urea because the cn^>^ne

urease shows its specificity for the substrate urea

The optimum pH (just acidic) and temperature {60’C) must be maintained

for the highest actmty of tlie enzyme urease Urea is formed m the liver from

ammonia and carbon dioxide Ammomi is the product m the deammation of

ammo acids Therefore, urea excretion in orme is dependent on the amount
of Protein ingested

(b) Biuret test

Principle* Lrca when healed decomposes with the liberation of ammonia
and the formation of biuret Tlie biuret is dissolved in water and dcielops a violet

colour formmg a complex with the alkalme Copper sulphate solution

Procedure Place a small amount of urea Crystals m a dry test tube and
heat It m a low flame Urea melts with the hbcraiion of ammonia On Further

heatmg it solidifies (In case of urine the urine is heated to solidify) Cool the tube

Add 3 ml ofwater and shake

Add to It ! ml of dll NaOH and I or 2 drops of 1% C USO| solution The
pink colour develops indicating the presence of urea

Precautions More drops of GUSO^ should not be added, otherwise CUSO*
will form CU(OH)| vnih NaOH forming a blue colour This is sometimes mis*

taken for a positive biuret test

2.

(a) Morexide test (for uric acid):

Prindplei Unc acid u oxidized to dtalunc aud and alloxan which con>
dense to form afloxaacin This reacts with ammonium hydroxide to form the

purplish red compound, ammmum ptapurate or mvnxtde

Procedure* Take S ml of the urine and saturate it fully with solid ammo*
mum chloride Add a few drops of strong ammonium hjxlroxidc A gelatmous
precipitate ofammonium urate is formed Allow the excess ofanunonmri chloride

to settle and filter off the supernatant

Take the residue on the filter paper m a porcelm dish Add 2 drop^ of concen
trated HNOj and heat to dryness A reddish jelJoiv residue remains Cool and
add a few drops of very dilute ammonium hydroxide The dcxelopraent of Pur
plish red colour u due to the formation ofmurexide

(b) Benedict’s test for uric acid and urates

Principle: Unc acid is soluble ui alkali The blue colour is developed due
to the reduction of phosphotungstic aad by unc acid

Procedures To2ml ofunne add a few drops ofBenedict’s unc aad reagent
and a pmch ofanhydrous soldium Carbonate Mix A deep blue colour mdicates
the presence of unc aad

Discussion: Unc aad is formed from adehme and guanine of nucleic aads
Ordinarily it occurs in urine as urates Alkalis dissolve unc aad in the Ibrra of
urates It is insoluble m svatcr In gout, the kidney loses the power ofehnunating
Unc aad properly and it is collected m the blood m high concentration This is

accompamed by the deposition of unc aad in the jomt Unc aad is greatly

excreted m urzae m leukemia

3. Jaffa’s test (for Creatiaine):

Principle: CreaUnme, the anhydndc of Creatme, forms Creatmme Picratc

m alkalme medium developing a deep reddish orange colour



Proccditm lo4ml of jaluraced solution of Piciic acirf acid 2 ml of 10%NaOH Dmdc tt cqu'iHy into uso test tubes

Add 3 ml of urine to one test tube and 3 ml of waier to the other

The test tube containmg urine produces a deep reddish orange colour due to
the formation of crcatmine picratc But this does not happen in other test tube
contammg \'fatcT

Disensaioot Creatme occurs m small amounts m the urme ofnormal adults
It IS found m larger amounts m the unne of children and pregnant women till

It IS taken to be the normal constituent

It IS increased m fasting and after high water ingestion Increased amounts
arc found in malnutrition, disintegration of niusciihr tissue and in Caremoma
of the liver

A decrease of crcatmine excretion is found m anemia. Paralysis, leukemia, etc

Under normal conditio'ns about I to 1 0 grams of Creitmme are e^ccreted

by an adult man per daj

4. Test for ammonium salts

Prlnciplei The Pink colour m the unne developed by the phenolphthalein
shows the unne m the alkaline medium The ammonia evolved due to the decom-
position ofammonium salts makes the phenolphthalein layer over the glass tube
pink

Procedure: To 2 ml ofunne add a drop ofphenolphthalein and 2% NagCoj
drop by drop till pink colour is produced

Boil the fauiUy alkaline fluid and keep a glass lube previousl)^ dipped in

phenolphthalem over the mouth of the test tube This turns pmk

Precautio&i Do not touch the mouth of the test tube by the glass tube
previously dipped m phenolphthalem

Oiscussloni The average excretion of ammonia is about 0 7 grams per day

The kidneys manufacture ammonia in proportion to the amount of acid

radicals excreted in unne In alkaline urme, ammonium salts are absent

Imperfect protem metabolism increases the output of ammonia m urme

The CSiief Noo NiCrogenoos constituents of normal urine

1. Chlorides 1

Principle i A white precipitate of AgCl is formed when icidified unne
reacts with AgNO* solution

Procednrej Acidify 2 ml of unne with 2 drops of Cone HNOj and add
to It 2 ml ofAgNO, A white preapitatc ofsilver chloride indicates the presence

of chlorides

2. Sulphates 1

Principle I Urme being acidified with HCl forms a white precipitate of

banum sulphate by the reaction with barium chloride solution

Procedure! Add a few drops of Cone HCl and I ml of barium chloride

solution to about 3 ml of unne A white precipitate of banum sulphate mdicates

the presence ofsulphates

Note: The presence ofHCl prevents precipitate ofphosphates

3. Phosphates I

Principle! Phosphates of calcium and magnesium are precipitated by
ammonium hyi’oxidc on boiling and these phosphates are dissolved m hot dilute

acetic acid This forms yellow precipitate of ammonium phosphomolybdatc
reacting with ammonium molybdate
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Procedure Add a little aiiunomum hydroxide to a test tube containing

urine three fourtli of the test tube and then boil A white flaky precipitate of

phosphates of caJcium and magnesium u formed

Filter this precipitate and wash the roidue on the filter paper with water

Dissolve the residue in about 3 ml ofhot dilute acetic acid by pounng the aad
on the filter paper Collect the solution m a clean test tube and divide it mto two

parts Retain one part for detecting Calaum

To the other part add a drop of Cone HNO* and a few drops of ammomtim
molylbdatc solution Boil A lemon yellow precipitate indicates the presence of

phosphates

4. Caldom*
Principle* Calcium (brms a white precipitate ofcalcium oxalate on addition

of Potassium oxalate to the solution for calcium detection

Procedure* To one part of the just above experiment add about I ml of

Potassium oxalate solution A white precipitate of Calcium oxalate is formed
immediately

5. Ethereal Sulphates* ^

Princaplet Ethereal sulphates on treatment with baryta mixture forms
soluble salts with barium On h>droI/sis with strong acid and wth excess baryta

It forms a white precipitate of banum sulphate

Procedure To 10ml ofurmeadd lOml ofbaryta mixture, [Saturated solu-

tion of Ba(NO|)j and rBa(OH),l Phosphates and inorganic sulphates are preci-

pitated Filter repeatedly to have a dear filtrate

To the filtrate add 5 ml of Cone Hcl and bod m a dish for about 5 minutes
Allow to stand for a feiv minutes, A famt white precipitate indicates the p-escnce
oTelhereal sulphates

Discussion of Non nltrogenoos constituents ofonne*

(i) Sodium and pou»sium in the foim of Na,0 and K^O are found to the

extent of5 grams and 3 grams respectively in 24 hours urmc

(ii) 0 I to 0 2 gram of calcium is excreted in urmc per day Its excretion
increases in hyperparathyroidism The excretion of magnesium is also low svhich
approaches to 0 Oo to 0 2 gram per day

(m) Very small quantity of iroifis found m urmc

(ivf AifOCfC iP gnsnrr <tfdthndc (m the fsrta cfNetCl) u excrennf cfaiJy

The amount of chloride excreted depends upon the mtake offood and the quan-
tity of Its loss through sweat

(v) Phosphates arc present in urine as salts ofsodium, Potassium, ammonium,
Calcium and magnesium These are crystallized out m alkaline urine

(vi) Sulphates found in urine are derived from the oxidation of sulphur

contauung substances It is available in urmc m three forms—(a) neutral sul-

phur (b) Sulphates of sodium and potassium (c) ethereal sulphates

(vu) Ethereal sulphates in urmc are the Conjugated phenols, phenol sul-

phuric aad and mdoxysulphuric aad etc The total output of it various forms

0 04 to 0 1 gram per 24 hours These ethereal sulphates result from phenols pro-

duced durmg putrefaction of protem material m the mtestine Phenol passes to

the liver where part of it is conjugated to form phenol potassium sulphate and
appears m urme m this form This mdoxysulphuric aad (mdican) imder normal
condition is excreted from 10 to 20 mg pet day Variation also results m depen-

dmg upon the protem diet PathologiwUyr the mdicans are excreted hi^ly m
mercased putrefaction and stagnation of mtestma! contents Bacterial decora-
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jwition of body protein as m gangrene and putrid pus formation etc result m
the increased excretion ofindican

(vm) Normal human urme also contains fluorides, nitrates, silicates and
hydrogen peroxide Nitrates are available from water and food vegetable diet
provide more quantities of nitrates than meat diet

(ix) The pigments iirochromc, urobilm and iiroerythrm are also found m
urine Urochromc is the principal pigment of the normal urme and the Pale
yellow colour of die noriml urine depend on the colour of it Urobilm is the
oxidative product of urobilinogen In fresh urine urobilmogen is present Urobi-
linogen 15 excreted m less amount m normal urme But its concentration m urme
increases in the diseases of liver and bile passages, in fever, m malaria and m
R B C destruction

The total reducing substances equivalent to about 0 Oj to 0 lo per cent of
glucose arc present in normal human urine Fermentable sugars arc about 0 01
per cent Most of the sugar of normal urine is not glucose but includes Pentose,
lactose and altered carbohydrates formed tlirough the action of bacferia in the
intestinal tract

Glucose 13 excreted ordmanly in traces only Lactose is found in Uie urine
of pregnant women and lactatmg mother m large quantities Detectable amounts
of Pentose sugar and fructose are found in pentosuria and fructosuria respectively

Odierwisc reduemg sugars are not normally found m sufTicicnt amounts to respond
to the ordinary tests

ABNORhUL GONSl JTUEN PS OF URINt
Substances which arc not present m easily detectable amounts in Urme of

normal healthy individuals but are present ut urme under certam diseased condi-

tions are said to be “AinortMl” or **Pathohg>tal ' constituents of urme

Bcfoie detecting the abnormal constituents of unne, note tlie physical charac-

teristics (Colour, Volume, odour, appearance, specific gravity ana sediment) and
chemical reaction wiUt litmus papei

The abnormal constituents for routine purposes are reducing sugars, acetone

bodies, proteins, blood pigments, bde salts, bile pigments and Pus

1. Reducing sugars'

To detect reducing sugars in urine, Benedict’s test and FchUng's test are

done To be sure of the p-’cscnce of glucose, lictose, pentose, fructose and glucose

,
<Tssz<!fM; fest iri£> be perfbr/pjed

\ Benedict's test is preferred than FeWmg’s test on the fact that the strong

alkalinity of Fchlmg's solution destioys traces ofsugar
,
whereas Benedict’s solution

'•with Its weak alkalinity responds to a little amount of sugar present m urme

Hence it is more sensitive than Fehling’s test

Presence of streptomyem and certain preservatives such as chloroform and

formaldehyde give Benedict’s test positive

BeneddeVs test:

Principles Copper sulphate of Benedict’s qualitative solution is reduced

by reducing substances on boiling to form the coloured precipitate of cuprous

oxide The light green, green, yellow and brick red precipitates of cuprous oxide

depend on the concentration of reduemg substances present in urme

Benedict’s qualitative reagent: Copper sulphate -f sodium carbonate

4- sodium citrate

Procedaret To about 5 Till of Benedict’s qualitative reagent add 0 5 ml

(S drops) of urme and boil for 2 minutes htJding the test tube firmly with a test
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tube holder V light green, green, yellow and brick red prcapitate indicates the

presence of reducing substances in nnnc

The various coloured preapitatc depends on the concentration of reducing

sugars m urine sshich gi\es a rough estimate of the concentration p^en below

Light green precipitate 0 ! to 0 5% ofreducing sugars.

Green precipitate 0 5 to ! 0% „ „ „
Yellow precipitate 1 to 2 % „ , „
Brick red precipitate above 2 % „ „ „
Note The variation m coloured precipitate relating to the concentration

of reducing sugar is found m urine onl> , whereas this variation does not occur

in pure sugar solution in iv ater This difference ma> possibly be due to the presence

of creatinine and other constituents of unne

Precaution (i) Bod the urine for atleast 2 ratutu

(ii) During boUmg, the concents ofthe test tube get a tendency to spurt out.

Hence it is \vise to keep the test tube shaking after holding it in the inclined pcm
tion near die flame which does not cause o\erboiling it

Discussion

(i) Noiiual urine also coniams a trace of glucose and glucuronatcs, but
their amount is too small to cause reduction in Benedict s test

(u) Benedict s test u not neccssaril> indicative to glucose m unne only but
It too indicates the presence of other reducing sugars such as lactose (m case of
pregnant women and lactatmg mothers) fructose (m fruciosuna), galactose fin

galactosuna), Pentose (in Pentosuria), hconogcnnsic acid (m alkapteaurw),
glucuronates and muem If muan is suspected, Benedict s test is reputed after

removing muem with Kaolin The different reducing sugars (glucose, lactcee,

galactose, fructose) may be identified b> estabbshing the performance ofSelivtanofTs
test osazone test and fermentation test etc

(ill) In diabetes ineUitus and in renal glycosuna glucose is found in urine
Ihis gi'cs a benedict s te<i posiJi%r

2 Acetone bodies

(a) Rothera’s test

Principles \ccioaccUc acid forms a complex wuh sodium nitroprusside

m alkalme solution deaelopmg a permanganate colour

Procedure Saturate a ml of unne with solid ammonium sulphate by
shaking it vigoronslx Then add 2 drops offreddy prepared 5**© solution of sodium
nitroprusside and 1 ml ofammonium hj droxide Allow it to stand in the reck for a
while A permanganate Colour deselops just above the la>cr of the undissolvcd
ammonium sulphate ciystals mdicating the presence of acetone bodies

(b) Gerhardt test for acctoaceCic acid

Acetoacetic acid gives a red colour with feme chloride

Procedure \dd ferric chlondc solution drop b> drop to about o ml
urme till no more precipitate offeme phosphate is formed Filter

To the filtrate add some more ferric chlondc The development of red
colour indicates the p esence of acetoacetic acid

To the filtrate add some more ferne chlondc The dev clopmnet of red colour

indicates the presence of acetoacetic aad
Frecantioa A laigc number of substances such as asptrm, antipyno, sab

cylates etc may develop similar red colour If the urme u boiled, acetoacetic

acid js converted mto acetone, but the other substances remain imdianged Now
if the unne giv es negative test it indicates the presence of acetoacetic acid
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Discussion:

(i) In diabcto mcllitus and in prolongrd Marvatioii, fat is calaboincd to nro-
ducc acetoacettc acd, acetone and p-hydreaybutyric acid which are tosether
termed as acetone or ketone bodies These acetone bodies are accumulated in blood
and excreted in unne. This condition is called Ketosis. The excretion of Ketone
bodies in unnc is called Ketonuria.

(ii) Ketosis also occurs m the acetonemic vomiting of childhood, and fre-
quently in pregnancy, feven, ether and cliloroform anesthesia, malnutrition,
prolonged feeding of a carboh>dratc poor diet high in meat and fat.

(iii) Total Ketone bodies are found in normal urine to the extent of about 20
mg in 24 hours. Pathologically, values from 0 02 to 6 grams or more per day
have been observed.

(iv) ;5-hydroxybui>Tic acid as such docs not give Rothera’s or GerJiardt’s

test positive unless com cried to acctoaccuc acid and then to acetone by oxidation

i3. Albaraia.

'{a; Solphosalicylic acid test:

Principle: Albumin, the protein is denatured by iulphosahcylic acid causing
a coagulation.

Procedure: Add a few drops of sulphosaltcyhc acid to 2 ml of clear urine

(filter ifnot clear). A tubrbidity indicates the presence of albumin

This tc.st is used for routine ovstirk

(b) Heat Coagulation teat:

Principle: The urine coniaming albumm is coagulated after being heated

Procedure: Fill 3/4ih of the test tube by clear urine (If the urine is turbid;

filter It before performing the test) Heat the upper one*ihird of the icst tube by a

"mall flame. A turbidity is found on the heated portion of the mine

.\dd a drop of 33'’o acetic .ncid lo the urme Phosphate is dissoKcd liut not

the protein albiunin

(c) Helleris Nitric acid ring test:

Principle: Nitric acid causes the precipitation of Protein

Procedure: To 3 ml of nitric acid in a narrow tufie adtf J mf orurme 6y

means of a pipette in such a uay that the two liquids do not mix

The presence ofa svhite ring at the junction of two fluids, indicates the pre-

sence of albumin.

Discussion: .

{) A trace of protein which U leM tlinn 250 mg in 24 hour, urtue found

in normal urine. This amount is so slight that it escapes detection by any of the

simple tests.

(ii) Some proteins (albumin and globiilui) are found in the unnc under

pathological conditions known as albuminuria.

,
(Hi) In kidney disturbance and -h blood pressure, albumin

ts found in urine significantly.
j

, ,
(")

baths

,
.W

nitiltiplt

’ exercise or cold

Inc in cases of
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4 Blood pigments (Bcnzxdme test).

Prmcxple Hcmoglobm of blood decomposes hydrogen peroxide catalju-

cally and liberates oxygen This oxygen oxidizes beimdine to a blue or Green
Compounds- This colour changes to brown vnthin a fewminutes on e:^>osure to air

Procedorei Take a pmch of solid bcnztdme in a test tube and 2 ndL of
glacial acetic acid till the benzidme dissoKcs Add 2 ml of hydrogen peroxide

(HjOj) to It Dmde it into two fwrtions

To one portion add unne drop by drop with shaking The appearance of

deep blue colour indicates the presence of blood pigments This qmAly changes

to brown within a feiv mmutes

To the other part add water drop b> drop No blue colour appears. This
part IS treated as Control

Discnsslon*

(i) Blood occurs m urine under hematuna and hcmoglobinuna. Hcma
tuna consists of hemoglobin and unruptured corpuscles Hematuna is brou^t
about by blood passing into the unne because of some lesion of the kidnc) or of

the unnary tract Hcmoglobmuna results from hemolysis This occurs m malana,
typhoid, hemolytic jaundice, \cllow fever and in transfusion with uicomnatible

blood

(u) The presence ofhi^ concentration of ascorbic acid id unne is cxidocd
more readily than benzidme by oxygen liberated from h>drogcn peroxide The
benzidme reaettSh then becomes negative although suffioent blood u present

unne
' (m)- The benzidme test u a very sensitive test

5 Hay’s test for bile Salts*

Prinaple Bile salts reduce the surface tension present in the unne for

which sulphur poivdcr sinks,

Frocedorej Fill half of a test tube mth unne and another test tube with
water Spnnkle gently some sulphur ptnsder on the surface of two hquids.

The sulphur powder spoutancously sinks m the test tube containing unne
which mdicates the presence of bile salts But m the other test tube containing

ivatcr, no sulphur powder sinks

Bde duct obstruction b> inBammation or gall stones in gall bladder leads to

the obstruction of bde mto the genera! cxrculation The subcutaneous tissues are

deeply stamed resulting m the yellow complexion whidi is the characteristic of

jaundice In such cases, bde salts and bdepigments arc detected m unne

6 BQepigments

A. PonebePs test

Principle: Bdirubm u preapitatcd by banum chlonde* This bdirubm is

acidized to green biUverdm by foudict s reagent (Feme Chloride m cnchloro-

acctic aadl

Procedure Aadily 10 ml of unne with a few drops of ddute acetic aad
andaddSml of 10% BaCHjmlutioa Ifthcieirnot much precipitate, add 2 drops

of saturated solution of m^^esium sulplate. hCx and allow to stand for a few
minutes

Filter and unfold the filter paper Add one drop of foudict’s reagent to the

prccqutatc The development of greei colouration mdicates the presence of

bde pigments
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B. Gmelin’s test

Procedure: To 5 ml of concentrated mtnc acid in a test tube add an equal
volume of urine carefull; as if the two fluids do not mix The various coloured
rings (green, blue, violet, red and reddish ycllou) will be formed at the pomt
of contact of the two liquids

G. Test for urobilinogen:

Add 0 5 ml of Ehrhclfs reagent [Prepared by dissolving 2 grams of P-
dimeihyl amino benzaldehyde m 100 ml of20% HCl] to 5 ml of urine

Discussion*

(i) A urine containing bile may be yellowish green to brown m colour and
when shaken foams readily

(it) Bilirubin formed from hemoglobin is conjugated with glucuronic acid
in the liver and then excreted

Indlcan

Principle: Indoxyl is oxidized to form indigo blue developing a blue colour
which IS soluble in chloroform

Procedure: Take 5 ml of urme and 5 ml of Cone HCI in a test tube
Add one drop ofPotassium chJorateandSml ofchloroform, to it Mix thoroughly
Allow the chloroform to settle down The development of blue colour indicates

the presence of mdican If no blue colour is developed, add another drop of
Potassium chlorate and mix IfstiU no blue colour develops, it indicates the absence
of mdican

Disevsstont

(0 Tryptophan undergoes bacterial decomposition m the intestine formmg
indoxyl

(«*) Indican is the potassium salt of the indoxyl sulphuric acid and hence

It u an ethereal sulphate

{tit) Sometimes m case of large abscess, mdican may be formed due to putre

faction

PUS
Microscopic sntfentiScatibn oC Fas* Tbe urme :s centriiugecf and the

sediment is put on the slide under microscope In acid urine, the pus corpuscles

appear as round, colourless cells, refractive, granular and nucleated Sometimes

they exhibit ameboid movements if the slide containing the sediment be ivanned

slightly In alkaline urine, the pus corpuscles occur as swollen, often degenerated

transparent and non granular

Gnaiac test* The urme is aadihcd with acetic acid and filtered To the

sediment on the filter paper add a few drops of Uncturc guaiac followed by a few

drops of HjO, Blue colour indicates the presence of Pus or blood or both

Biol 5 ml of urine m another test tube for 30 seconds and repeat the test as

above The development of blue colour mdicates the presence of blood Pus does

not respond to this test after boding the urine

Discussion:

(») Pus IS present in urme under various inflammatory condition Such a

condition is termed Pjiurta Albumin always accompanies the pus

(li) Pus IS also present in the unne m catarrh of the urinary bladder and in

inflammation of the urethra or pelvis of kidney

P 56
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(tu) Rupturing of an abscess in some part of the unnc^nit'd tract causes

a high concentration of pus in the unne

/Ulow to stand for 3-5 mmutes for the dc\ clopmcnt of colour

No red colour Urobilinogen absent

Faint pink Urobilinogen present m siiiill

amounts

Disunctly red colour Increased amount of urobilinogen

present

QUESTIONS TO A^•S^VER

t Uliat IS ihe volume, colour, specific (ruviCy, odour and uppeuronce of nomitl unne’

Ho\» to pTtservT unne*

2 What are the chief niirognious and non mnosenous constitueim of nccnisl unne*

S Name ihe speafic test for detecting Uream unne WTiat is ihe principle ofthe t«l and how

10 perform it*

4 Name u»e test for delecting Unc acid m unne Discuss the principle and peTformance of

the test

5 \V*h> rcdcolouriideN-elopcdmJaffesiestforctcaunme* Disciw creatine and creaumne

6 ^^l’hal do >-ou mean b\ pho^atuna* How to dilTemiiiMc phosphate and albumin

b> tests*

7 Wliere is ammoiua manufSetured m the bod>* How to deleci ammonium salt in the

unne*

8 NSTiai do >'0U mow by ethereal sulphates* What is the pioced ire for detecting it*

9 Cm thediseuBion ofthenon nioogenouscoiistituentsofunne

10 Name the abnormal cooautuent of unne \N'hat do )'c>u mean by 'abnormal cociiti

tuentsofunne*

1 1 Enumerate the tests for detecuog abnormal roiutituenu of unne Dtsans the pnnriplc

of those tots.

12 Give the dncuaions of the abnormal coiistiiucnu of unne



CHAPTER 9

IDENTIFICATIONOFAN UNKNOWNSUBSTANCE OF PHYSIOLOGICAL
IMPORTANCE

The unknovm physiological substance may be given m the solid state or m
solution to detect If the substance is solid (powder), it is to be dissolved either of
the following ways

Cold water
Hot water
Alcohol (95%)
2 % Na,CO, or 5% N^OH
2% acetic acid or N/10 Hd
Substances which are soluble in. dilute alkali are uric acid, Protein (casein)

globulin etc

Substances which are soluble m dilute acids are Calcium oxalate and atirnh

metaproteins

After dissolving the substance, proceed like the substance m the solution
form in the following manner

(i) Reaction to litmus paper* Protein m acidic medium or free HGl
will be acidic in reaction If alkaline, it mayjsetinc acid, casein alkalimctaprotem
If neutral, it may be carbohydrates, urea, acetone etc

(«) Appearance! The solution of protein, polysaccharide or fat emulsion
IS opdesoeat

(ill) Colour} Rcddisn broivn Blood

yellow or Greenish yellow Bile

Light yellow Dextrin or unne or Peptone

(ta) SmeUt Peculiar smell unne or bile

Aromatic odour Acetone bodies

Characteristic odour Peptone etc

First perform test for protem, then carbohydrate, fat and the citrogenous

and non*nitrogcnous constituents of unne

Tests fbr proteia

Perform biuret test If it u positive, Perform ninhydrin test, coagulation

test, Precipitation test and tests for different ammo acids

Tests for Carbohydrate

If biuret test is negative, perform Molisch’s test If molisch’s test if posiuvc

Perform other tests for individual carbohydrates given in carbohydrate chapter

Tests for fat

If Molisch’s test is negative, perform Grease spot test- If this test is positive,

perform other tests for fat mentioned in fat chapter

Tests for nitrogenous and non nitrogenous constituents of urine

If GrcasC'Spot test is n^ative, perform tests for nitrogenous and non-nitro-

genous constituents or urine mentioned in urine chapter

While reporting m the aniwer smptr, tf suppose protein tr deiecied, one must

mention all other tests alt^gh negative for a correct and complete answer for having the

truunmum credit

35
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quantitative



CHAPTER to

IKSTRHCnONS FOR dUANTITATIVE ESTIMATION
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density or Extinction of a coloured si^ution is proportional to the concentration
of the Coloured substance

The optical density (O D ) is defined as the logarithm of the ratio of the
incident to transmitted light (the light emerging out of the solution)

Therefore O D Log madent bght

transmitted light

— Log [WTiere incident light is taken as 100% and T is

T thepercent of light transmitted (transmittance)]

= Log 100 - Log T
= 2 -LogT

When the transmittance of a solution is 50

Then, O D = 2 — Log oO

«2 1 699

-03

Since, O D IS directly proportional to the concentration

Concentration of unknown _ O D ofunknown
Concentration of standard O D of standard

Concentration of x Concentration ofstandard

Most instrument show calibraiion both in opucal dcn$it> (Eimnciion) and
percent transmission scale If the readings are t^en in percent transmission, it

IS to be comerted into opucal density according»to the formula O T =2—LogT
Selection of filters In almost all cases, the correct u-ave length u the v.a\c

length of light vihich is most strongly absorbed b> the coloured soluuon. The colour
of the filter is complementary to the colour of the soIuuon i e , for blue soIuUon
red filler, for red solution green filter and for yelJour or brown solution a blue
filter A filter u designated in terms of the wa\cJength ofpeak transmittance, thus
a filter called ' No 540 or No 54 has its peak transmittance at a wa\e loimh
of 540

Importance of Blanks* The perparalion of blank is essential in colon
metne analy-sis because of the fact that some colour comes from the reagents
etc , m addiUon to the colour produced by the substance for estimaUon Therefore,
a blank is prepared using all reagents except the substance to be estimated The
opucal density (O D ) s-alue of the blank a subtracted from the O D s-alues
of the unknoivn and the standard Hence, the remaining \-aIucs are the true O D
values of the unknovm and the standard

Many types of photoelectric colorimeters wnth different designs arc made
available in the market. Howc\cr, these photoclectnc colorimeters are basicaUs
of two types—single cell tjpc and double cell type

(0 Single «U type In this type, the bght transmitted through a soluUon
placed between the light source and the cdl « measured directly by the current
output ofthe cellm relauon to that obtained \nth blank and standard solutions

(ti) Doable cell type* This type is concerned with the use of uto photo
cells in the same light source and balanced against each other by means of a null
point instrument likeagali-anometer ThcsoluUon tobeestimatcdisplaccdbetwccn
one cell and the light source. The extent to which the two cells are thrown oat of
balance as regard to each other is a measure ofthe light transmitted by the solution.
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Operation of the instrumentt

It is better to use the Jmiruciion manual of the instrument The chief steps
nrc as foUosvs

(») The appropiiatc filter is advised to be inserted in the proper place

(ii) One cuv’ctte or tube with distilled water is to be put at the place provided
for it in die machine and the umrtunent is to be switched on It is to be left for
warm up for about 4 to 5 minutes The gahanometcr is then to be switched on Tlie
needle of the galvanometer is to be adjusted and brought it to position 100%
transmusion (zero optical density)

(ill) Another cuvettes or tubes are to be filled with the blank, standard and
test solutions and are put these m place of ivater The optical densities of these arc
to be read

(ir) Then the instrument is to be switched off ind disconnected from the
mains after taking all readings

(r) Tlic cuvettes or the tubes arc to be thoroughly cleaned with running
water first and then rinsed ivith distilled water botl^ msidc and outside of the
cuvettes or tubes The optical parts of the cubettes or tubes should never be
touched vnih fingers to avoid finger marks on these Very dean and tranparent

cuvettes or tubes arc to be required

Calculation t

Concentration of the substance of the unknosvn Per 100 ml

O D ofunknown— O D ofblank ^ Concentration ofthe substance per
“

() U of standard 6 D of blank
^ 1150 ml of the standard solution

COLLECTION AND PRESERVATION OP URINE SAMPLES

Single specimens of urine are used for most qualitative tests and ivard exam-
inations But for quantitative analysis of unne, a 24 hour sample of urine helps

in accurate diagnosis and interpretation For ihu purpose it is most convenient

to collect the specimen from one morning to the next The individual is instruc

ted to empty the bladder immediately preceding the initiation of collection to

avoid bladder catheterization Samples collected for prompt chemical examina-

tion only need not be sterile or preserved

Urine on kcepuig undergoes changes by bacterial action Bacteria chiefly

converts urea into ammonium carbonate Such unne is unsuitable for the deter-

mmation of urea, ammonia, p", total nitrogen Microorganisms both bacteria

and yeast may act on glucose If the urmc becomes alkalme, phosphates may
be precipitated On standing Unc aad and urates are deposited because they are

less^soluble m cool unne Other changes are the oxidation of urobilinogen to

urobilin and the rapid oxidation of ascorbic acid

It is advised to collect the urmc m a clean, well washed contamer Still little

change takes place in a twenty four hour specimen by the tune it is received m the

laboratory Ifunne is to be kept unchanged, preservatives arc required to be added

The preservatives tdiloroform, toluene, light petroleum, thymol and formalui

may be used but they have disadvantages too Toluene and light petroleum form

a thin layer on the surface and this tends to contaminate pipettes This can be

overcome by running off the lower layer of unne They do not stop the growth

of bacteria already introduced during the collection of urmc Chlorofom is satis-

factory in this respect But it may interfere with the detection ofglucose as it reduces

Fehlmg’s solution Chloroform can be boded offas it mixes with any deposit 5 ml
of 10% thymol is found satisfactory as preservatives for many substances as Sodium,
Potassium, chloride, bicarbonate, Caicnun, phosphorus, urea, ammonia, ammo
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acids, crcatmirie, creatine, proteins, reducing substanca Acetone bodies and

axa>Iase etc , 3 to 4 drops offomaln to 100 ml ofiinne can be used- If it is more
added, it may give positive results for the test for glucose. 10 percent aceiu end

can be added to preserve unne for determination of ascorbic acid. In addmoi
to the use of preservatives, the unne must be kept cooL

Before carrying out estimations, any deposit must be well mixed with the

unne , belbrc samplmg, the total volume of the 24-hour unne must be measured
before quantitative analysis This volume is as a basis for calculating output

per unit of time

Precautions to avoid hemolysis of blood

Hemol>5u makes the serum unsuitable for some determinations 'niercfore,

it 1$ better to obtam serum &ee from hcmolj’sis The following precautions should

be taken to avoid hemolysis

(i) The synngc and needle must be drj

(li) When taking blood, a minimum amount of constriction is applied to the

arm The blood should flow slowly and steadil) mto the synngc The blood should

be expelled slowly mto the tube after removing the needle.

(tu) Tubes mto which blood u kq>t should be clean and dry

(iff) Any anticoagulant should be mixed with the blood by gentle rotatmo.
Excessive amount of anucoagulant should not be used as excessive amount
cause I>*su of the blood

fe) In case ofserum preparation, the blood is allowed to clot and then centri-

fuged or the serum u drained offwhen the blood u firmly clotted



CHAPTER 11

URINE

ESTIMATION OF CREATININE IN URINE
(Folin s method)

Principle t Crcatimnc de\'tlopa an orange red colour when treated with
p!cnc acid m the presence of strong alkali This colour u due to the formation
ofcreatinine picrate The colour so produced depends on the amount of crcatmuic
present

Reagentf;

1 Greatirine standard solationr Oissolve 0 1 gram creatinine (01611
gram of creatmme Zinc Chloride) m 100 ml of 0 1 N HQ Keep in a cool place
in a well stoppered bottle 1 ml of the solution contains 1 mg of creatuime

2 Saturated solution of Ptcnc acid (about ! %)
3 Sodium hydrtmdc solution (10%)

4 Hydrochloric aad solution (0 IN)

Froeednrer

In three 50 ml volumetric flask, the foUoivmg contents are taken

Unne

Blank (B) Unkaown (U)

0 5 ml

Standard -(S)

Distilled water 05m! — —
Standard solution of

creatinine 0 5 ml

10% NaOH 1 ml I ml 1 ml

Saturated Picric aad
solution 10 ml 10 ml 10 ml

Make up the volume by distilled water

Mix and allow them toltand for 10 minutes for the development of colour

Bring up the volume in each flask to the mark- Mw well and make photoelectric

colonmetnc reading using green filter at 520

Calculation

Let U, S, and B the optical densities of the unknown, standard and Blank

respectivdy

Creatinine in unknown _ U—B
Creatinine in staxidard (0 5nig) S-'B

or, creatmme m 0 5 ml Urmc = ~~ xO 5 mg

0 5 ml urme was taken for estimation and 0 5 ml

Standard creatinine taken which contains 0 5 mg creatuuna

Grcatmmein 100 ml Unne <= ^^5x0 5Xg^

-g^XlOOn^
45
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Z>isciissioat

1 Creatinine in urine appears from creatine of the skeletal muscle.

2 Normal adults excrete crcatminc from I to 1 8 grams daily Under certam
conditions it may be hi^er But the value is constant from day to day for a given
normal individual being mfluenced by the diet which contains significant amounts
of creatinme c g , heavy meat diet

3 Nitrogen metabolism m the body docs not influence creatinine excretion.

4 Obese mdividuals excrete more creatinine than m persons with less bod> fat

5 Greatmme coefficient is deflned as the number of milligram of creatinine

excreted daily per kg body iveight TTie normal range is 19 to 30

6 Exercise can cause the increase m creatinme excretion due to the release

from muscle stores

7 Increased creatinme excretion occurs m wasting diseases, prolonged
starvation, fever, etc due to the brcak*down of muscle

8 Greatmme excretion is also increased m the diseases of the muscle such as

progressive muscular dystrophy (myopathy), amyotonia congenita etc

ESTIMATION OF INORGANIC PHOSPHATE IN URINE
(Fiske and Subbarow)

Principle: nie morgamc phsophate of urme reacts with molybdic acid

to form phosphomolybdic acid, which is reduced to a blue coloured compound
(molybdenum blue, which is a mixture of lowet oxides ofmolybdenum) by 1,2,4-

ammo naphthol sulphuric aad. The intensely of blue colour depends on the
amount of inorganic phosphate in unne

Reagents:

1) Sulphuric acid (ION)

2) Molybdic acid eolation: Dissolve 2 5 grams of ammomum molybdate
inabout20ml ofwaterma 100ml voIumetncflasLAddSOmLoflON Sujphunc
acid to It Make up the volume upto 100 ml with distilled water

3) 1,2,4—aminonapbthol salpbonic acid (ANSA): Take 195 ml of 15

per cent sodium bisulphite solutionin a glass stoppered cylmder Add 0 5 gram
of 1,2,4- ammo naphthol sulphomc aad and 5 ml of 20 percent sodium sulphite

Stopper and shake until the powder is dissolved If solution is not complete, add
more sodium sulphite (1 ml at a time with shaking ) Transfer the solution to a
brown glass bottle and store in the cold This solution can be used for four weeks

4) Standard inorganic phosphate solntion (Stock) Dissolve 439 grams
of Potassium orthophosphate w 100 ml water (100 mg%)

Working standard: Prepare as if 5 ml contains 0 4 mg of phosphate

Frocedare:

In three 100 ml volumetric flask, the followup contents arc taken

Urine
Blank (B) Unknown (U)

1 ml
Standard (S)

Blank 70 ml water

+70 ml distilled water

Standard solution — _ 5 ml -r 65

Molybdic acid solution 10 ml 10 ml
ml water

lOmI

1,2,4-Ammo naphthol

sulphomc acid 4 ml 4 ml 4 ml
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Make up the volume by diiUllcd water Mix ^vcIi by by inversion Mow to
stand for 5 xnmutes Take readings w the pljotoclectric colorimeter using red
filler at 660

Calculation* <

Let U be the O D of the unknown, S the O D of the standard and B the
O D of the blank

Phosphate in unknown _ U—

B

Phosphac in stand'vrd (0 4 mg) S—

B

Inorganic phosphate in iOO ml Unne — s-^x0 4mgS~B

Discussion t

1 Tlie inorganic phosphate (expressed ^s P) of urine is mainij of acid

sodium phosphate (NaHjPO,) and basic sodium phosphate (Na^PO^) besides

other salts of phosphoric acid

2 The phosphate content of nomia) urine vanes «nth diet and lies between
1 to 3 grams m 24 hours The greater part of the phosphate excretion arises from
ingested food

3 The phospliate excretion is increased in fei ers

4 Its exe»c.tion is decreased in low phosphorus intake, in vitamin D defi

ciencies resulting tn rickets and osteomalacia and in hypoparathyroidism

5 In hyperparath^Toidism its excretion is increased

6 Phosphatunas always represent decreased aciditv and not increased

phosphate content of the unne

ESTIMATION OF UREA IN URINE
(Doremus)

PnjQCiplei Urea in the urine is decomposed when treated with an alkaline

solution of hypobfomite The nitrogen thus formed u a measure of the quantity

of urea present

CO (NH,), 4- 3 NaBrO -f* 2 NaOH =« N, + Na,CO, -r 3 NaBr -r 3 H,0
One molecule of urea (60 g) produces one molecule of nitrogen (28g)

Jieageof

Sodium bypobronute solution (frosbiy prepared) 2 o ml of bromine is

added to 25 ml of 40% of NaOH Use fume cupboard for handling bromine

Procedure

1 Close the stop cock of the Daremus Urcometer hill the closed limb wth a

freshly prepared alkaline hypobromitc solution bearing no air bubbles at the top

Remove the air bubbles by tilting the Urcometw

2 Add urine into the open side tube upto the zero mark by the help of a glass

tubing

3 Open the stop cock a little at a time and allow I ml ofunne to run slowly

into the hypobromite solution taking about 10 to 15 minutes tune In case, the

unne is allowed to flow too rapidly, theCO, produced is not completely absorbed by
NaOH present in the hypobromite solution which will lead the result too high

4 When the evolution of gases has stopped and the hypobromite solution

becomes clear, the reading on the closed lunb should be taken

5 Add another 1 ml of the urine slcwly into the open side tube and take the

reading again as bclorc The mean ofthese two readings gives the result
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Calcnlation:

The Dorcmuj apparatru is graduated to give direct readiags in grams oftnea
contained in the volume of urine reacted, "nic gas collected in the apparatus is

nitrogen which is liberated the amount of urea marked on the apparatus.

Diseassioa:

1. Urea is the end product of Protein metabolixm and hence its excretion
depends on the amount of Protein ingested. Ihe average daily excretion of urea
by normal adults is usually about 30 grams. On a low protein diet, it may be as

low as 3 grams per day.

2. In increased tissue catabolura, as in fevers, the excretion ofurea is increa-
sed

3. Urea excretion may be dumnished is pronounced kidney and liver dis-
orders due to decreased formation and decreased power of elimination.

4 In marked acidosb, its excretion may be decreased due to the uuliration
ofammonia to trap hydrogen ion

ESTIMATION OF PROTEIN (ALBUMIN) IN URINE.
(Aufrccht’s method)

Principles: The protein of urine b completely precipitated with the help

of an alkaloid reagent. The precipitate b centrifuged down in a tube ^Auiiecht’s

tube) which b graduated to indicate the amount of protein present in 100 ml
of the mine

Reagents:

Esbacli*s reagent: Prepare 1% solution of citric acid and saturate it with

puric add. It is a saturated solution of Picric add containing 1% dtric add.

Procedure:

1, Filter the urine using a dry filter pap^ until the filtrate b dear.'

2. Fill up the Aufrecht’s tube to the mark ‘XT with the dear filtered urine.

3 Add Esbach’s rea^nt to the mark *R’.
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4 Stopper and invert the tube a few times to mix the contents thoroughly,
but do not shake A turbidjty appear due to the precipitation of protein

5 Stand for 5 minutes and then centrifuge for 10 mmutes
At the end of it take the leadings of the horizontal level of the
precipitated protein

6 Centrifuge again for 5 minutes and read

7 If the two readings arc not the same, recentnfuge till the
last two readings of the protein is constant

0!scasfloni

1 Detectable amount of Protein is not found m norma!
urine

2 The presence of protem in urine (Proteinuria) is abnor-
mal The types of protein in pathological urine are plasma
albumin, globulin and fibrinogen, hemoglobin and methemo
globm, and sometimes Bence Jones proteins and Proteoses, or
proteins from Pus and mucus discharged from urinary tract

infection

•pa
'0*2

'005

3 In Kidney diseases (Nephntis and nephrosis), large 11

amount of protein is excreted In many other conditions where ^
Kidney is secondarily involved, there is moderate to heavy loss Fig tt 2
ofprotein in unne In such conditions, the loss of protein is Aufircht j tube

essential to assess by measuring the quantity of it m unne

ESTIMATION OF REDUCtNC SUGAR IN URINE
(Benedict’s method)

Frindplest CUSO4 of die quantitative Benedict’s reagent is reduced to

Cu,0 by the reducing sugar present in urme when boiled The cuprous oxide

then reacts with Potassium thiocyanate (KCNS) to form white precipitate of
cuprous thiocyanate Potassium ferrocyamde of quanutativc Benedict’s reagent

helps to prevent the precipitation of cuprous oxide for which the red coloured

cuprous oxide docs not appear as precipitate The alkali Na^Coj has the advantage
over NaoH that it does not cause destruction of small amounts of sugar

The same principle doer apply on the estimatiod of fructose, lactose and
maltose too

Reagents:

1 Sodium Carbonate (anhydrous or CrysuUine salt)

2 Benedict’s quantitative reagent: Take weight of 200 g of sodium
citrate, 75 g of anhydrous sodium carbonate (or 200 g of crystalline salt), and
125 g of Potassium niiocyariStc Dissolve them one by one m sufficient hot

distilled water upto a total volume of about 800 ml Filter and cool to room
temperature Now accurately weight 18 g of crystalline copper sulphate (GUSO4,

5HjO) and dissolve it separately in about 100 ml of distilled water Pour the

Copper sulphate solution into the other solution slowly and with constant stirrmg

Add 5 ml of 5% Potassium ferrocyamde solution and make up the volume to a

litre with distilled water If the solution w not clear, filter

Procednre*

Qjialitative Benedict’s test should be performed for the sugar of the unne
to assess the concentration of sugar m urine The following dilution of urme
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should be made for the different coloured precipitate b> qualitative Benedict’s
test

Green precipitate- 3 tunes dilution

Yellow , 6 , ,,

Brick red 10

Measure accurately 10 ml of quantitatnc Benedict s reagent mto a porcelain
Basin Add 2 grams of anhydrous sodium Carbonate (or 5 grams of crjstallmc
salt) and a pindi of Pumice stone

Fill a 10 ml microburette with the urine (or its dilution if necessary) Now
heat the porcelam Basm on a low Bame. When the solution of the procelam basin
begins to boil add unne from the burette rapidly first but contmuously unul
white precipitates begm to appear At this stage add unne drop by drop at an
interval of about 10 seconds until ihc last trace of blue colour is discharged

Allow the titration raucture to cool If the mixture still shows bluish tinge
boil the contents agam and add a few drops ofunne until the trace of blue colour
disappears Take the readings in the buretie Bq>cat ii again twice- AIJ the
readings should \ erv nearer

Precaution

1 The boiling should never be mtcmiptcd

2 If the mixture m the Porceiam basin becomes too ooncentrated during
boilmg some quantity of hot distilled vvater should be added to replace the los-s

by evaporation

3 Reading m the burette must be taken careful])

Calculation

10 mb quantitative Benedict s reagent is reduced by 0 02 g glucose, 0 0212 g
fructose 0 027 g lactose 0 03 g maltose

10 ml quantitative Benedicts reagent = ml of urine

Y’ ml of urine contam 0 02 gm of glucose

lOti ml of unne contain
^ ^99 gm

Discussion

1 The normal urme contains a verv small amount of glucose which can
not be detected by ordmary routine test

2 The presence of sufficient amount ofreduemg sugar m urine under patho-
logical condition is said to be gl) cosuria (GJucosuria) Besides glucose, unne mav
contam lactose (m pregnant and lactaimg mothers), Galactose, Pentose.

3 Persistent glucosurxa is the common indication of diabetes mellitus The
\ olrnne of urine m this disease excreted per day is usuallj large

4 The estimation ofsugarm urme aids us to assess the severity of the disorder

as well as to follow its course under treatment

ESTIMATION OF CHLORIDE IN URINE
(IN’hitehom method)

Principle A measured v olumc ofunne is treated with a known volume ofa

standard silver nitrate solution containing concentrated mine aad As a result,

the chlonde of the urine is preapitatcd as silver chlondc The unreacted silver

nitrate is estimated by titrating it against a standard Potassium thiocyanate solufion
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J Vi-rrtt -\liim Yields red colour with potassium thio-

iismg ferric alum as
of sd«r nitrate

cjanate svliicll disappears p Uliocsanate forming silver ihiocyanatc

Silver nitrite combines sviih po K^o
presence of evcesi of nitric

Silver chloride can f '^'J^ediip for thcprcciiiitation ofchb

;Stid?ra"e orthramoun. of chloride in urine

"TTcid Oliver nitrate reage«^=9 06. 8-- iller^r’^e

aJsed in water and •>- -id I ml of diis silver nitrate

.olouoni A2% solution of KCNS

:rM“a"S^&eso,m^^^
3 rerric alum (finely powdered^

Procedure-
a oorcclam basin and add 10 ml of acid

1 Take exactly 5 ml urine m a
,,elp of a glass stirrer ^d

silver nitrate reagent to it Wt?
precipitate of silver chloride to aggregate

Luoiv « to stand for 5

'""“'".fj ^aerej feme alum (or 6 ml of5% soluUon

2 Add about 0 3 gm
le, the precipitate settle down

of ferric alum) Stir slow y g
^

from a microburette

3 Titrate the supernatant liq ®
. disturbmg the precipitate and

4 Stir carefully f'^fa'STu obmined which remains for at least 30

continue titration until a reo

Kconds after careful stirring
„oi,orelte and repeat the experiment thnee

= ^“’‘'rAll't" rtXr-d be very nearer for alietter result to

avoiding error «
be obtained

’’"TCng titration the -xUirc m *e por«,am

vigoroudy
Vigorous^gtmgUndt^o b e^^__ P ^„rual high

also take up some r».

titration value
‘ pl_i-K.CNS=AgC3>S-r»^ci

,
IftheperlanentredcolonronhewMe^^^^^^^^^^^^

*S5e:’a f “'‘^e‘rieT“"^Thereiore, mixture m me p calculating the result,

SS for 5 mmu.es -^,*Vg:r?orXmcreased volume of stiver mtra.e used

particular attention must be g.

"“'trr of aetd silver nttraterea^.^

volume
g unused=2A

ml -B ml

p,eJ"^cAs.2 ml ofand AgNO. reagent]

F 57



50 XJKSZ

Volume of Ag\Oj us?d up b\ chlondes present m 5 mL of urme
=(I0-B) ml

m.! j inn !
(10—B) XO OOo X 100

Chloride m 100 ml unne = i —^

=5 (10—B)^0 1 gms NaCI

[I ml of acid AgIsOa reagent = OOOd gm. of NaQ]

Dail> excretion of clilondc=(10—B) xO 1 xl500 gms NaCL

The a\'erage dail> excretion is assumed to be 1500 ml

Discussion*

1 Chlonde IS the chiefamon of unne. The amount of chlonde excreted

per da> by normal adult on a normal diet N^ancs from 10 to 15 gms. (expressed

as NaC3}

2 In fastmg, the chlonde excretion fall* rapidlj and on Vi^tcr mgestion.

It IS mcreased.

3 In Pneumonia and certam other acute infectious diseases, the excretion

of chlonde is significantly diminished

4 The decreased excretion of dtlonde has been found m nephntis associated

with edema.

5 Chlonde excretion increases m adrenal comcal honnone dcficienc> as in

Addison’s disease/

ESTIMATION OF TOTAL TTTRATABLE ACmiTY IN tJRINE

(Folm method)

prindple: The titratable aadit> of unne is expressed m terms of the ml. of
standard alkali necessary to bnng the unne from its original pH to Phenol
phthalem cnH^mrpH 8 5 or 9 the use of the phenolphthalem indicator

In normal urme, the “acid ’.titrated consists entirely ofHjPOj The reaction

IS as follows*

HjPOj -J- OH- = HPO; - + H,0

The unne is titrated with standard 0 1 N NaOH usmg Phenolphthalem as

an mdicator Potassium oxalate is added to prcapitate calcium as cmanm phos-
phate on neutralization

Reagents*

(1) 0 1 N NaOH solution.

(2) 1% Phenolphthalem soludoa.

(3) Potassum oxalate.

Procedure*

1 Take 25 ml ofunne m a comcal flash. _
2 Add to It 5 gms of finely Powdered Potassium oxalate and 0 5 ml of

phenolphthalem solution.

3 Shake v^orously and titrate immediately with 0 1 N NaOH solution fiom

a burette dll a permanent pink colour appears.

4 Take burette reading and take sudi reat&igs thnee. Take the mean, of

the drrcc readings for calariatroa
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Calculation:

25 i

wJjcre, a =inl of 0 1 N NiOH solution used

b =sVolumc of urme excreted in 24 hours

j»=Total acidity of the 24-)iours urine ipecunea

The result is expressed as ml of0 I N NaOH

Discussion:

1 The total acid C'ccrcted per day under nornnl condition by normal adults
varies from 200 to 500 ml of 0 1 N NaOH

2 The urme is acidic on meat diet and on vegetable diet it is less acidic or
alkalme

3 During active gastric digestion Uic urme may temporarily be acidic

4 In renal diseases, the urme becomes acidic due to the mcapability of ncu*
tralizmg acids

3 In fastmg, the mraublc acidity may rise to 800 m a few days Values
upto 1500 may be found m seveic diabetic acidosis

6 The acidity of the urine may mcrcasc by the administration of mineral
acids, while it is dunmuhed on tlie administration of sodium bicarbonate

7 The acidity of the urme is decreased, if the urine is allowed to stand for
sometimes, due to the formation of ammonia from urea by bacterial decom-
position

ESTIMATION OF TOTAL NITROGEN IN URINE
(Kjeldahl method)

Principle: The various nitrogenous constituents of urme arc converted
into ammonium sulphate by digestion (boiling) with concentrated sulphuric acid
Traces of copper sulphate is added to catalyse the oxidation and potassium sul-

phate IS used to raise the boding point of sulphuric icid The ammonium sul-

phate thus formed is heated with a strong sidution of sodium hydroxide and the
liberated ammonia is distilled into a measured volump of standard acid At last,

this partly neutralized acid solution is titrated with standard alkali solution The
amount of acid neutralized by ammonia is a measure of the nitrogen content
of urine

Regents:

1 Sodium hydroxide (40%)

2 Methyl red (0 2%)
3 Saturated solution of copper luiphate

4 Potassium sulphate

5 NaOH (0 IN)

6 H,SO, (D 1 N)
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Procedure:

]. Digestios:

(a) Put 1 ml. urine in a 300 ml. Kjcldahl flask and also 2 ml. cone. HjSO,,
2 drops of saturated solution of copper sulphate. 1 gin. of potassium sulphate.

(b) Heat the flask in a fume cupboard over a small flame of microbumer.
Tlie fume should just touch the bottom of the flask. Use a fume absorber (fig.

1 1.3). Continue the gentle boiling until the solution turns bluish green.

(c) Disconnect the flask and swirl the contents gently to dislodge and black

particles which may be sticking to the walls of the flask. Connect again and heat
as before for another 5 minutes.

Fig. 114. The arrangement for the digestion of nitrogenous compound.

2. Distillation:

(a) Allow the flask to cool till it b just warra. Add 20 ml. water and a few
pieces of broken porcelain and shake immediately to prevent separation of potas-
sium hydrt^en sidphate.

(b) Take 20 ml. ofstandardO.lN. 10 ml. water and 3 drops of methyl
red in a 250 ml. Corneal flask. Assemble the apparatus according to the diagram
(fig. li.4). Take care that Ac delr.'cry tube of the condenser just dips below the

sm.'ace of the acid. Start runliung water through the condenser.

(c) Take dovm the Kjcldahl flask and gently nm 10 ml. of 40% sodium
hydreedde down its side so that it sinks to the bottom of the flask.

(d) Clamp the flask into position and connect it to the condenser through

the still-head.

(c) Fix the bimicr in such a position that the top of the flame just touches

the bottom of the flask. Start heating the flask till boiling commences. Continue

boiling formiother 10 minutes. At the end of the dbtillatiou lower the conical

flask^ the tip of the condenser b out ofsolution. Then remove the b\irner.

(f) Disconnect the condenser from the flask. "Wash dp%\*n the inside of the

condenser and outside of the delivery tube with a jet of dbtUled \s*atcr receiving

the washing into the conical flasks.
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{«) Titrate the contents of the conica! flask against the standard 0 IN NaOH
solution provided Also titrate 20 nil 0 IN H,SO, with 0 IN NaoH and the
two solutions should closely imtch

Fig {{ 4 Th« nitfog«n dulillation tec up

Galculstdon*

Since I Utxc of N/l acid

/ 1 ml of N/10 acid

The acid used for neutralua- «
tion of the ammonia in the

above experiment

Hence the total nitrogen in =
I ml Urine

The daily excretion of total =
nitrogen in urine

I litre of N/I Nitrogen

000J4g nitrogen

The total acid originally taken m the conical

cal flask—unneutralized acid that

remains m the conical hask at the end
of distillation

(20 ml acid—the volume of NaOH used
for the back titration)

rml N/10 acid

(rxOOOJ4g]

{rx0 0014xl500)g

Discussion:

1 The daily excretion of total nitrogen in urine by a normal adult on a
mixed diet vanes from 12 to 18 gnu On a low protein dier, the urinary nitrogen

may fall to 5 gms per day and on a high protem diet, it may rise to 22 to 25 gms

2 The chief mtrogenous constituents of normal urine are urea, uric acid,

creatinine, ammonium salts, ammo acids etc

3 In a normal adult, the total nitrogen ofthe urine and of the faeces are often

almost exactly equal to the total nitrogen ofthe diet Such a condition is said to be
"Nitrogen equilibrium" The feces usually contain very little nitrogen

4 Persons when excrete more nitrogen than what he ingests u said to be
"negative nitrogen balance" But ifmtate ofnitrogen exceeds mtrogCTi excretion,

It is said to be ' Positive nitrogen balance"
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ESTIMATION OF AMYLASE (DIASTASE) IN URIN*E
(Wohlgemwth’s method)

Principle* DifTcreni amounts of unne arc meubated wjih a fixed amojai
of0 1% starch solution for 30 minv.tcs The ruuiatira amount ofunne necesary
for convening 2 ml of starch solution into crythrodextrm at 37*G in 30 Tamotc*
15 an irdcz of the quantit) ofcnrpne in the unne.

Reagents*

1 Stock Starch solution (2% 5n 10% NaCa): Male 2 gms. of starch
intoapastc'N'ithafcsvtnl ofdistilled i^-atcrandpoarmtoitabouteOinL Qfbo2jsg
water Add 10 gms of sodium chloride and dissohe. Cool, trander 100 laL
Volumetric fiask and make up to the marL This keeps fisr a ^ew w^ks

2. 0 1 per cent starch solation for use: Dilute the slock solution 20
times With distilled ts'ater Prepare each da>

3 N/50 iodine solation approximately. Prepare b% dSuong a
amount of N/10 lodme ! in 5

Procedure*

1 All pipettes for this espemnent should be li^tlv plugged on the top with a
little cotton wool to prevent contamination with saliva.

2 Oflutc tie unae 1 la 10

3 Take 10 clear and dry test tubes and number them £-om 1 to 10 Arrsi^
the tubes in serial order in a racL

4 Measure dilTerent amounts of undiluted or djuted unne according to the
ub!e given below into ten test tubes br 1 ml graduated pipette.

5 Add required amousts of dmUJed •uster as mdicifed xa the t-tWe v> make
the total \'oluniem each test tube to I zsL See that the first five t«t tubes contain
diluted unne and the other five undiluted unne.

6 Place all test tubes m a water bath at 3“*C and after 2 mmutes add 2 Sil
of 0 1% soluble starch solution to each and shake gentJ) to miy Note the t*iae
nad lc3\*e the test tubes in the batb for exactly 30 mmutes.

7 Remove them from the bath and put them m a tumbler of ice cold water
for 2 mmutes to stop the reaction. Arrange the test tubes egam m the rack.

8 Add 2 drops of dilute lodm^ solution to each of the r«t tabes, sad
note the colour If the colour fades away on shaking, add a drop o- two of the
iodine solution to the test lubes Too much lodme should be avoided

9 The test tubes which show blue or ouiple ct^our snll starch or
amylodextnn. But the tube which does not show blue or purple colour but show
reddjh colour contains erythtodcxtnn. The amount ofUnne in tube is to be
recorded.

Test tabe ntcaben 1 2 3 4 a 6 7 8 9 10

MLordilinsdusaefl W) 0.5 06 07 OB 03

ML ofnadilutsd onne 01 04--04 04 04

Ml ofdistillsd water 03m 03 02 El 03 04
^
04 06 04

Cslculated dia-rtatiea mdet 40 333 236 25 224 20 10 67 5 4
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CalCiliation;

Noting down the minimum antofunt of urme necessary for the digestion of
2 ml of 0 1 per cent starch solution, calcuhte what volume of the starch will be
digested to eiytlirodextrin by 1 ml of urine under the specified condition of tem-
perature and tunc

TT,u,dg!
bmallest VoTume ofurme noted to digest the starch to

erythrodextnn

As for example, if tube No 7 sliows red colour, the smallest volume of urme
requued u 0 2 ml imdiluted urme Tlicreforc, diasntic mdex is

d
30

o— c= 10 units
02

Discussion:

1 The enzymes pepsm, trypsui, amylase and hpasc have been identified
m urme

2 Normally, very small amjiase actmty is present m urine But its con.
centration mcreases highly m acute pancreaiitu and Parotitis

3 Amylase is normally secreted by salivary glands and Pancreas It digests
starch into miltose Uirough amylodextrm , erythrodextrjn and adirodcxtrm

4 The activity of amylase in urme is usually expressed as “diastatic mdex”
which u defined as the number of millilitre of 0 1% starch digested into erythro.
dextrin by 1 ml of urme in 30 minutes at ZVC

5 The diastatic index of a normal urme ranges between 5 to 30 units Con-
centrated urine may show higlier diastatic mdex

estimation of vitamin ‘cr (ascorbic ACID) IN URINE
(Harris and Ray, 1935)

Principles L nscorbic acid is a strong reducing agent and it reduces the

dye 2 6 dichlorophenolmdophenol mto the colourless leucobase This dye is red
m acid solu tion and becomes colourless when fully titrated with viianun C Ascorbic

acid in urine is detennuied by titrating it directly into a known amount ofdje to

the colourless end point

Reageots:

(1) Glacial acetic aad

(2) 2:6 dScbloroplienolIndoplieDol solution: Weight out accurately

40 mg of the dye and dissolve it in water Make the volume to 100 ml with

water 0 5 ml of this solution is equivalent to 0 1 ng ofascorbic acid It should

be stored at 4‘’G Its keeping qualities arc poor Hence, it u to be prepared at fre

quent intervals (at least weekly)

Procedures

Take 0 5 ml of 2 6 dichlorophenolmdophenol solution m a test tube and

add 1 ml of glacial acetic acid to it

Collect youi urme and immediately fill a 10 ml microburette with it Titrate

the d>c with the unne shaking well the test tube durmg the titration till the red
colour IS just discharged Take the burette reading Repeat it thnee Take the

mean of die three readmgs for calculation
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Precaption*

AscO’-bic aad is a labile substance and is quicH) oxidized to dtiiydroascorbic

aad by atmosphenc oxygen- 'Tberefore, it u wse to estimate ascorbic acid of

unne sample wiihia a few minutes after passing it.

Sometimes acetic aad is added immediately m the propemon of 1 pan to

9 parts of unne Such aadified unne Leeps well for hours-

Ifa 24-hour sample ofunne is collected voth aceticaad as preservative, bydro-
gen sulphide (HjS) must be passed through the unne sample pnor esuznaticn with
a \iew to reduce an\ dehydroascorbic aod present for its conversion to ascorbx
aad.

Calcnlation*

Suppose, burette reading u *X’ mL
*X* mb ofunne contains 0 I mg ascorbic aad.

The daily excretion ofascorbic aad in unne.

01x1500
X

[The a\*cragc daily excretion ofunne is assumed to be 1500 raL}

Note: Besides ascorbic aad, the unne contains other substances which
decolourise the dyx. Althou^, the result obtained for ascorbic aad is not very
accurate it is still suffiacntly accurate for clinical purposes.

Discussion*

1 Food u the source of \*itamm C is the bod\ \'itamm C is diitnht.*ed

in blood, tissue fluids and in all <ecretions and excretians of the body including

unne. The excretion of vitamin C in unne depends upon the level m blood.

2 The daily unnary output ofascorbicaod is about halfits intake. XorznaSy,

the dally excretion of it in unne rax^^ Iroza 6 to 18 mg
3 Unnary ascorbic aad is mutii reduced and may e\cn disappear m the

defiaency of vitamin C. The ^•alucs may increase in unne when ^e intahe «
hi^



CHAPTER 12

FOOD AND FUNCTION TEST

HYDROLYSIS OF STARCH BY SALIVA

(Rcbcrt’s achtx>matic point method)

Principle: A given amount of Saliva contammg amylisc is added to a
measured amount of starch solution at 40*C and pH 6 8 TTie digested samples
arc removed and treated with dilute iodine at intervals until no further colouration

1$ produced The tune taken to reach this achromatic point is determined NaCl
acts as an activator for amylase

Reagents:

(1) Starch (1%)

(2) Naa(0 5%)

{3) BofiTer soladoa (pH 6 8): Treat 50 ml of 0 2 N acid potassium phos*

phatc wth 21 ml of 0 2 N NaOH and dilute to 200 ml with distilled water

(4) Dilute lodme (0 OIN)

Procedure:

1 Measure 5 ml of 1% starch into a dean test tube

2 Add 2 ml of buffer solution (pH 6 8) and 2 ml of 0 3% NaCl to it

3 The tube is placed in a water bath at 40’C to warm it and m the same
tvater bath, diluted saliva (1 in 20) is also kept in a test tube

4 A series of test tubes are prepared each containing 2 ml of distilled water
and 2 drops of diluted iodine (0 OIN)

5 Add 2 ml of saliva to the warm starch solution Mix well and note tunc
Transfer at intervals one to hvo drops ofdigested mixture to one ofthe iodine tubes

by a glass tube taking care that no iodine is transferred back to the digested mix
turc The sample is shaken and note the colour which is blue at first

6 Note the time at which no colour is produced when a drop ofthe digested

mixture IS added to an iodine tube This is said to be “Chromic period” which u
an inverse measure of the activity of the enzyme

Note: Accurate results can be obtamed if the saliva is so diluted as to give

chromic period ofabout 10 to 15 minutesand the digest is taken every 30 seconds

towards the end of the penod and compared with the blank iodine tube to serve

as control

Discussion:

Salivary amylase acts upon boiled strartdi yielding maltose at the optunum
temperature and pH The activity of this enzyme is uicreased in presence of an
activator (Chloride) Its activity is decreasedm absence of the suitable conditions

ESTIMATION OF REDUCING SUGAR INMTLK
(Benedict’s method)

Principle* Lactose, the reducing sugar of milk, can be obtained by prccipi

tatuig the protein of the mdk by copper sulphate and sodium hydroxide solution

It may be estimated by using Ben^ict’s quantitative solution just like reducing
sugar u: tmne

57
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Reagents:

1 Zinc sulphate solution (10%)
2 Sodium hydroxide (IN

)

3 Benedict’s quantitative reagent

4 Sodium carbonate (anhydrous)

5 Pumice stone

Procedure

t

Pipette 10 ml milk mto a 100 ml Volumctnc flask and add to it 2 ml of

10% ZnS04 solution and I ml of IN NaOH solution Mix well Make up the

volume upto 100 ml by adding distilled water Allow to stand for I to 2 minutes
and then put it in boiling water bath for a few mmutes till the casern is preci*

piiated '^en filter Pour the filtrate into a burette

Titrate just like reduemg sugar in urmc using benedict’s quantitatt>e reagent

As such take three burette readings and take the mean for calculation

In the case of Cow’s milk, it is wise to take 20 ml of milk wiUi 4 8 ml of
ZnSO, and 2 4 ml ofNaOH

Calculation!

10 ml of Benedict’s quantitative solution is reduced by 0 027 gms of redu-

cu^ sugar of milk.

Suppose, the mean burette readmg u OC* ml

Hence, 10 ml of Benedict’s quantitative soluuonB*X’ ml filtrate

'X’ jnl of milk contain (0 027 X 10) gms of reducing sugar (10 being the

dilution factor]

100 ml of milk contain
^ X 10X 100

of reducing sugar

27
100 ml of milk contain gms ofreducing sugar

ESTIMATION OF FAT CONTENT OF MILK
(Babcock’s Centrifugal method)

Principle! Concentrated sulphuric acid when added to the
TTiillc chairs organic matter and breaks emulsion of fat The centn-

^ugaDon of-cbe acid Cccsted nuik m a special tabc (Babcock tube,

fig 12 1) brmgs the fat in the narrow calibrated part of the tube

from wluch fat content is directly red

Reagents.

1 Concentrated sulphuric acid (Sp gr ! 83— 1 84)

2 A^'id alcohol mixture Mix equal volumes of Cone HQ
and amyl alcohol

Procedure:

1 Introduce milk mto the Babcock tube upto 5 ml mark
by means of a narrow pipette

2 Add cone HjSO^ to fill the body of the tube, 1 ml at a

Mix well by rotation after each addition. Cool, and then add
fiirther acid to fill the body once again

3 Fill the neck of the tube to the Zero mark with an acid

alcohol mixture

r.g 12

1

Babcock tube.
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4 Centrifuge the tube for 2 to 3 minutes and read the Percentapc of fat from
the caJibratea part of the neck If the top of fat column is not at Zero, it may be
brought there by addition of hot water md tlien recentrdugc

5 In case, fat content u over 5 percent, the mdk should be diluted with an
volume ofwater and then procc^ as above multiplying the observed reading

Discassiont

Cow’s nulk and human milk contain 4 per cent fat Presence of less- than
3 5 per cent fat m cow’s milk indicates either dilution of milk or removal of fat
from It

GASTRIC ANALYSIS

Collection of Gastric jtdee for fractional test meal*

1 The subject is advised not to cat or dnnfc anythmg during -the 12 hours
precrcding the test

2 Ryle’s tube lubricated with a little parafTin is passed to the stomach through
oral or nasal passage upto the double mark on the tube Saliva should not be
swallowed afterward!

3 Tlie resting juice is removed with a 50 m! syringe The volume is noted
and the contents arc kept for further examination This is called ‘Zero sample'

4 The person is given a pint of Oat meal to dnnk. The time is noted About
10 ml of the stomich contents arc removed every 15 minutes for 2i hours mto
different test tubes marked from f to fO At the end of this pciriod, the stomal
u emptied completely and the v^tune of the residual contents are measured
The tube is then withdrawn gently

Examioatiois of the specimea:

1 Colour i Greenish colour indicates bde pigments

Red dish or brownish colour mcucates blood

Confirm blood by benzidme test

2 Add a drop or two of dilute lodmc solution to a drop of the contents from
each tube on a white porcelain tile Blue colour indicates the presence of starch

Starch test becomes negative when all the oat meal has passed out into duodenum

Acid titrations

Both free and total acids are detennmed m each speamen

Free acid* Pipette I ml of the filtered gastric content mto a small beaker

Add about 2 3 ml of distilled water and then a drop of Topfer’s mdicator Ii

Will turn Pink in the presence of fiee HCI Titrate it with N/lOO NaOH until

pink colour disappears and the colour ultimately becomes yellowish orange

(pH 4 0) At this pH all free HCI is titrated Take the burette reading The
volume ofthe alkah required for titration represents the free HCI present in 1 ml

gastric content Calculate the free HC! as N(I0 acid present m 100 ml of gastric

juice

Total acid: Now add a drop ofpIi»iolphthaleirt to the above content and

continue titration with the alkali imtil a definite red tinge reappears (pH 0 5)

Take the second reading of the burette The difference between this reading and

the imtial readmg represent the total acid present in 1 ml of the gastric contents

Hic difference between the total acid and free HGl is due to the combined

aad (HGl neutralised by weak bases) and organic acid
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Calculate the total acid present in 100 ml of gastnc juice

In tlus is ay find out the free HCl and total acid for each specimen Drais the

results of the gastnc analj-sis on a graph paper

Abnormal acidity:

1 HypereliIorh>dria; If the ftee HQ is abo\e the normal range is termed
h>‘perchlorh) dria This is commonl) seen ui cases of duodenal ulcer

2 H>'poch]orb>dHa: If the free HCl docs not exceed 20 ml N/IO HCl m
any specimen is termed hypochlorhydria

3 Acblorbydria: It is a condition m tshich fire HCl is absent fiom all

specimens

Reagents:

1 N/lOOi\aOH

2 Topfer’s indicator: DissoKe 0 3 gms of Topfer’s indicator (dimethyl

ammoazobenzene) m 100 ml of 05 % alcohol

3 Phenolphthalem mdicator (1% solunon m cthanolj

4 Dilute lodme solution (N/50)

A graphical representation of normal acidity:

In normal mdividuals there is fotmd a small amount of free HCl m the resting

contents This is usually betucen 0 and 30 ml of N/10 aad per 100 ml
Concentration abote 50 ml N/IO acid probably indicate bj'peraadjty nsc

acid is also cicpressed m terms of unit (I unit per litre— 1 ml N/iO acid per 100

ml juice)

After taking Oat meal, aadity falls unmediatel> and starts rising in a quarte

of an hour In about
1 J hour, acidity reache its maxunum At this tune, the^
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free HU in nonml individuals is usually below 50 ml N/10 acid per 100 ml
juicc The total acidit, of the juicc is about 10 ml higher than the free HCI at all
times

In nonnil cases, the total acidity of tlie gasinc contents is mainly due to the
presence of free HGl and partly due to the presence of combined HGl and some
organic acids sudi as lactic acid and butyric acid Organic acids and combined
acid arc usually about 10 ml of N/10 acid per 100 ml Higher amount of these
orginic acids arc found in cases of pyloric obstruction and gastric carcinoma

Discussioa

1 Gastric juice is collected after stimulating gastric secretion by giving oat
gruel or b> administration of histamine etc

2 The clicmical examination of gastric contents gives us a valuable mfor
ination regardmg the secretory and motor functions of stomach The important
secretory products of stomach arc hydrochloric acid and the enzyme pei^m

3 HypcrtiiJorhydrjn is assoa^cd uid> duodena} or gasinc tdeer

4 H>*pochlorhydna is associated with pernicious anemia or gastric carcinoma

5 Sometimes no hydrochloric acid is »ccrctcd m cases of gastric carcinoma
and pernicious anemia even after histamine injection (ach>ha gastnea)

Liver function tests.

Van den Bergb Reaction*

This consists of tuo parts—the direct (Qualitative) and the Indirect (Qjian

titative) reaction

Reagents:

The diazo reagent is prepared freshly before use by adding 0 8 ml of solution

B to 10 ml of solution A
Solution A: Dissolve 1 gm ofsulphanihc acid m 15 ml of Cone HCI and

make upto 1 litre with water

Solution B; Dissolve 0 5 gm ofsodiiim nitrite m water and make upto 100

ml Prepare freshly at frequent intervals

The Direct Reaction.

procedure: Pipette 0 3 ml ofserum m a test tube and add 0 3 ml of diazo
reagent h5ix and observe the colour change

Results:

Direct immediate Positive Pmk or Permanganate colour develops at

thejunction of two Buids, within onf mnule

Direct delayed Positive Pmk or Permanganate colour develops at the
junccton of two fluids, between 1 and 10
ramutes

Indirect Positive The above colour does not develop in 10

minutes but the colour develops after addi
tion of I ml alcohol

Negative No colour develops even after the addition of
alcohol

The mdirect reaction is done for the estunation serum biliubm

Thymol Turbidity Test.

Principle! When serum mixes with thymol buffer, the degree of turbidity is

measured colorunetiically
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Reagent

:

Thymol buffer! Add 1 38 gms ofbarbttoac, 1 03 gms ofsodium barbitone
and 3 gms of thymol to 500 ml of distilled water Heat the mixture, shake well
and cool £horoughl> It will be turbid Add a small amount ofpowdered thymol
crystals, shake, and allow to stand overnight at a temperature of20 to 25®C1
well and filter Store at about 20‘’G.

Powdered thymol crystals, shake, and allow to stand overnight at a tern

perature of20 to 25®G. Shake well and filler Store at about 20*C

Procedure Pipette 0 1 jnl ofscrum into a dry test tube and add 6 ml of
thymol buffer Allow to stand for J hour Compare with the set of Protein stan
dards containing 10, 20, 30, 40 100 mg per 100 ml

Result*

A turbidity equivalent to 10 mg per 100 ml protein ==1 tmi*

» » , » 20 mg „ , ,. „ =2 umts

i> » 1 , „ 100 mg ,, „ „ „ —10 umts

The result is better obtained f-om a graph prepared by the Protem standards
For photoelectric colorimetric reading use red filter at 680 m//i

Discussion

1 The normal range bv this test is 0-4 units In infective hepatitis, the

thymol turbidit> is usually highest soon after the onset of the jaundice.

2 The development of turbidity w due to liver disease y globulin u re*

ponsible for the turbidicv nse 0 globuhn also takes part m the degree of turbidity
Normal serum albumin inhibits the effect of the y globulins

Flocculation test

This ma) be either qualitative or quantitative and involves one or more-
of the globulin fractions

Procedure Place I ml of 0 9% NaCl solution into eight small tubes

Add 1 ml of serum to the first, mix, transfer 1 ml to the second tube, uuy aad
proceed similarly along the row of eight tubes so that a senes of dilution of serum

fromi, i, ^13 obtained

To each tube add 0 25 ml of 10% Na,CX>y solution and 0 3 ml ofa solution

made by mixing equal volumes of0 5 per cent mercuric chloride and 0 02o per cent
fifcftsBT ia ti’stcr

Results Normal serum only precipitates from tube 4 onwards \ precipitate

in tube 3 or before that constitutes a positive reaction

Discussion* The test is positive m Curhosis of liver and is not specific for

liver dinlunction

PROTHROMBIN TIME

(Quick, 1939)

Principle Prothrombm tunc is the time required for clottmg to take place

in citratcd plasma to which optimum amourts of thromboplastin and calaum has

been added

Reagents

1 Sodium Citrate solution (3 8 per cent)

2 Thromboplastin (Commercial preparation available in the mark^
Add 0 5 gms of the dned powder fa 5 ml of 0 85% Salme contauimg 0 3%
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Phenol ind incubate for 15 mts at 37“G Centrifuge & remove the supernatant
Prepare serial dilutions I m 2, I m 4, 1 in 8 with the saline

3 Gakium chloride (0 025 M) Solution Dissolve about 3 gms of the anhy
drous salt in water and make upto a litre Standardize

Procedaret Collect Venous blood m a sdiconizcd syringe and add 9 volumes
of blood to one of citrate m a plastic container Mix by im ertmg several tunes and
centrifuge for 10 mmutes

Add 0 1 ml of plasma to 0 I ml of thromboplastm prepared by the method
mentioned above Warm the mixture for 15 30 seconds in a water bath to 37®C
4.dd 0 I ml of the 0 025M GaCl, solution, also warm to 37"C using a graduated
pipette and start stop watch

Note the tune required for Coagulation

Precaution* Glass contamers should be avoided smee contact activtation

of Factor VII shortens the prothrombin tune

Calculation! Prothrombm tune is expressed in seconds A dilution 1 m 2

has in activity of50% and of 1 m 4 of25%

Discu^sioni

1 The normal prothrombm time is 10 seconds

2 Prothrombm is formed by the liver cells and vitamin K being required

When bile salts are not present m the iniesiuie, the absorption of vitamin K is

impaired So m jaundice and liver cell disease, the prothrombin tune is prolonged

3 In obstructive jaundice, the prothrombm time » more I^ adequate

vitamin K is given parenterally, the prothrombm tunc remms to normal rapidly

in uncomplicated obstructive jaundice but m liver disease, the response is less

4 Determination of Prothrombm time is also used to decide whether there

is a danger ofbleeding at operation m biliary tract disease In normal persons, the

prothrombin activity is within the range of 70 to 100 per cent Below this level

(at 60%), bicedmg may occur



CHAPTER 13

BLOOD

ESTIMATION OF SERUM ALKALINE PHOSPHATASE
AND

ESTIMATION OF SERUM INORGANIC PHOSPHATES

(Method of King, Abu! Fadl, and Walker, 1951)

Principle: The enzyme phosphatases catalyse the splitting of phosphate

group from certain monophosphonc esters The enzyme activity is measured

by the inorganic phosphate liberated in a given tune at a particular temperature.

King and Armstrong have defined 1 unit (K A Unit) as the activity of'the

enzyme which will liberate 1 mg of phenol or equivalent amount of phosphate

(1/3 mg )
from phenyl phosphate substrate in 15 minutes at 37*C

The inorganic phosphate liberated is estimated by reacting it with raolybdic

acid to form phosphomolybdatc which on reduction by reduemg agent such as

12 4 aminonaphthol sulphonic acid fonnj a blue coloured soluble compound

(molybdenum blue) The blue colour thus produced is proportional to the amount

of morganic phosphate present

Reagents*

1

Sodium Carbonate bicarbonate buiTer (O.I N., p^lO): DissoKt

0 636 gm of anhydrous sodium carbonate and 0 336 gm of sodium bicarbonate

m distilled water and make upto 100 ml with dutiUed water Store m a refit

gerator

2 •Substrate disodium phenyl phosphate (0 01 M.) : Dissolve 0 218 gni.

of disodium phenyl phosphate m distdlcd water and make upto 100 ml Bring »t

quickly to bod, cool and add about 2 ml chloroform and store m a refrigerator

3 Trichloracetic acid, 20% (W/V)

4

Molybdic acid Dissolve 5 gms of ammonium molybdate m 100 ml
of 5N H,SO, (Add 14 ml Cone H,SO, slowly to 86 ml H,0 to prepare 5N
H,SO«)

» y **

5 Aminonaphthol sulphonic add solution (0.25 per cent): Add
0 25 gm of 1 2 4 aminonaphthol sulphonic aad to 97 5 ml of 15% sodium
bisulphite and 2 5 ml of the 20% sodium sulphite Stopper and shake until dis

solved Ifthe solid remams undissolvcd, add sodium sulphite solution, 0 5 ml at a

tune shakmg well after each addition until complete solution is made Store m die

cold in a brown bottle Renew every month

6 Stock phosphate standard (I mg. per ml)t Dissolve 0439 gm-
Pure potassium dihydrogcn phosphate (KH^PO*) m water and make to 100 ml

7 Phosphate standard for use (0 004 mg per ml) Dilute 0 4 ml of stock

to 100 ml 5 ml of standard contains 0 02 mg phosphate

Procedure!

Buffer -f Substrate
'Testfl) Control (C) Blank (B) ^

(J ml +3 ml
) (3 ml +3 ml ) {3 ml +3 nJ

)

Put all the test tubes m a waic^ath at 37*C for about 5 inmutes to attam the

Temp Then add 0 3 ml scrum to 'T mix for 30 seconds and place it into the bath

After exactly 15 minutes stop the rcacUon of the enzyme by adding 1 2 ml t”

chloracctic acid which will cause the precipitation of all proteins

64
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Now add 0 3 ml scrum to *C' and uamediately' add to it 1 2 ml trichloracetic
aad Mlx^^cU

After a few minutes, filter both ‘T* and *C to have a clear filtrate

Add 0 3 ml water to ‘B* and add 1 2 ml trichloracetic acid to it and mix

Test (T) Gontro)(C) Blank (B) Standard (S)

Filtrate 5 ml 5 ml 5 ml

Standard solution 5 ml

Molybdic acid 0 8 ml 08 ml 0 8 m! 08ml

Ammonaphthol Sulpho-

nic aad 02ml 02ml 02 ml 02ml

Mix well and keep these four tubes w the dark for 10 minutes to develop
colour Read the optical densities in a photoelectric colorimeter using red filter

at 680 jn^

Calcolatioa

Sertxm alkaline phospbatase per 100 ml Serum

(

T—B amount of inorganic

S ^ phosphate m standard
^

100

ml of"serum used
X 3 K A Units

[3 IS the factor Because 1 mg ofphosphate is liberated by 3 K A
Units of the enzyme]

« |I^x 0 02x^x3)ka Units

^ |Z^£x30J K a Units

Serum inorganic phosphate per 100 ml Serum

_ /C—B amount of inorganic ^
10 \

\ s ^ phosphate m standard ml of scrum used/
^

/G-B
\ S

/G-B X iOj mg

Note 5 ml filtrate contains 0 2 ml Senun and 1 1 il standard contams 0 02
mg of inorganic phosphate

Discussion

1 Scrum contains acid and alkaline phosphatases depending upon whether
they are active m acid (pw^) or alkalme (p**jo) medium respectively Alkahne
phosphatase is found m a number of organs such as small intestine, bones, liver

and kidneys

2 nie normal range for serum alkaline phosphatase by the Kmg Armstrong
method is from 3 to 13 imits per 100 ml (23 92 I U /litre) With higher values

for children durmg periods of most active growth, usually upto 20 units, Qcca>

sioiu^y between 20 and 30 m infants

F 58 ^
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3 In hypophosphatasia, serum aDmlme phosphatase value is low even 3 units
per 100 ml

4 There is an increase m alkaline phosphatase m rickets, osteomalacia
and obstructive jaundice but a marked mcrcase m rickets m children

5 A moderate mcreasc m alkaline phosphatase has been found m the tin
paired absorption of\^tamm D and ofCHcium

6 The normal serum moi^anic phosphate ranges from 2 5 to 5 mg /lOO ml
m adults and 4 to 6 mg /lOO ml in childrm

7 Serum morganic phosphate level is low in rickets. Osteomalacia and in
hyperparathyroidiOT

8 An mcreasc m serum morganic phosphate is found m hypoparathyroidism
and m renal failure

ESTIMATION OF BLOOD SUGAR
Besides blood glucose other reducingsubstances such as glutathione, ergathionc

and glucuronic acid and its compounds are present m red cells These non glucose

reduemg sujistanccs are equivalent to 30 mg glucose per 100 ml
Several workers found that if the blood is put mto an isotonic solution of

sodium sulphate m which the cells are not hemolysed diffusible substances pass

mto solution and the cell envelopes which contain much of the non glucose r^u
emg substances are taken doivn with the precipitate

Asatoor and King used isotonic sodium sulphate-copper sulphate with the

addition of sodium tungstate to have the product copper tungstate which gives

results near to the true glucose

The high degree of accuracy in results very close to the true glucose has

been obtamed by the use of glucose oxidase which oxidizes glucose to gluconic

aad without affecting any other sugar

Various methods have been adopted for the estimation of blood sugar The
titnmetnc method gives abo better results The original Folm ^VU method still

appears to be widely used This technique gi'^ residts nearer to the true glucose

content When the blood sugar is abnormally low, it is better to use a more specific

tcchmque Accordingly, a glucose oxidase method is preferred Some of the

titnmetnc methods are well suited but they are not so sensitive as the colonmctnc
Preservation of blood* Blood is to be collected m a tube contammg 6 mg of
Potassium oxalate as anticoagulant and 2 mg of NaF as antiglycolytic agent

per m! of blood Mix throughly

Glncose Oxidase method (Method of Marks, 1939)

Principle Glucose u oxidized by glucose oxidase to gluconic acid

Glucose +H,0+0, * Glucomc acid 4-H2O,

The hydrogen peroxide formed is broken down to water and oxygen by a

peroxidase m prmence of an oxygen acceptor which is converted to a coloured

compound which is read colonmclncaUv

Reagents

1 NaCl Solution (0 9 per cent)

2 ZnSO* Solution (5 per cent)

3 NaOH Solution (0 3 N)

4 O Tolidme solution (1 per cent ui absolute ethanol)

5 *‘Ferm Cozyme *, a stable liquid preparation of glucose oxidaae eonlumng
750 umts per ml from Hughes and Hughes Ltd London
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6 A^tate buffer (0 15M. pW#): Add approximately 3 volumes of 0 I5M
acetic acid to 7 volumes of 0 15M Sodium acetate (17 7™ sodium acetate oer
lure) Adjust to pH,

°

7 Peroxidase' 20 mg Per 100 ml ofacetate buffer This is refrigerated for
months

8 Glucose osddase reagents Add 0 5 ml of Fermcozyme to about 80 ml
of acetate buffer Then add 3 ml of the peroxidase solution Mix and add 1 ml
of tlie O-Tohdme Make to 100 ml mth buffer Keep in the refrigerator m a
dirk bottle

9 Standard glucose solution: Prepare a solution containing 100 mg
glucose per 100 ml saturated benzoic acid and dilute with the acid to obtam
solution contammg 2 5, 5, 7 5 and 10 mg per 100 ml These arc equivalent
to 50, 100, 150, 200 mg glucose per 100 ml

Procedures Add 0 4 ml of 5% Zinc sulphate solution, 0 4 ml of 0 3N
NaOH, 1 1 ml of 0 9% NaCl and 0 1 ml blood to a test tul^ For low values
use 1 ml of sahne and 0 2 ml blood and for high values use 0 05 ml blood and
1 5 ml saime

Mlx well, centrifuge and transfer 1 ml of the supernatant to a test tube
Measure I ml water as blanks and I ml ofstandard glucose solution equivalent
to 200 mg glucose per 100 ml

Add 3 ml glucose oxidase reagent to each at } minutes intervals, mix gently
for not more than ten seconds, and read the colour developed exactly 10 minutes
later at 625 mu or using an orange filtci

Notes:

1 Colour development reaches a maximum m about 10 minutes and then
declines slowly Therefore, reading should be taken immediately after 10 minutes

2 This teclmique is the same for cerebrospinal fluid glucose estimation

Calcnlatiou *

Blood «.„co,c por .00 n.g
)

Method of Folm and WU
Principles The protein free blood filtrate is heitcd with alkaline copper

sulphate solution, using a special tube to prevent rcoxidation The cuprous oxide

thus formed is treated ivith a phospJioniolybdic acid solution, a blue colour formed

IS read in a photoelectric colorimeter and compared wjth the standard

Reagents:

1 Sodium tungstate solution (10%)

2 Sulphuric acid (2/3N)

3 Alkaline Copper sulphate Dissolve 40 grams of anhydrous Na,Go,

m 400 ml of water in a litre Add 7 5 grams of tartaric acid and dissolve

Add 4 5 grams of crystalline copper sulphate, dissolve and dilute the solution

to 1000 ml

4 Fhosphomolyhdic acid- Race 35 grams ofmolybdic acid and 5 grams of

sodium tungstate in a 500 ml beaker Add 200 ml of 10% NaOH and about

200 ml ofwater Bod for about 30 minutes (VWiune should be reduced to about

350 ml )
CIool and add 125 ml of 85% phosphoric acid Make upto 500 ml

with distilled water
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Fig 13 1 Folm WU Sugar lube

estimation of blood urea

(Urease Nesslerization method)

. -1 The enzvme urease present mSo>abcan splits urea into ammo-
Pnnciples «rayi

combine to form ammonium carbonate at an opti-

ma and
produces a compound after reactmg with Nesslcr s reagent

developing yello"

Reagents*

;
ui:orsom^.u.pfci....o.«.lo=- Dissolve 3 gnu of Na.SO., lOH.O

m distilled water and make upto 1 00 ml

3 Sodium tungstate solution (10 per cent)

4
1 cm of Gum ghatti, loosely tied m

5 Gum
^""hours m ^Iitrc ofSiiUed water Pr«ervc the solution

sT.i'^Ve^
arp^ttSs^Discaid Use ressdue sn the snusl.n

6 Kessler’s reagent*

(a) Koch (1924)
solution of 30 grams of potassium iodide

A Dissolve 22
solution is complete, add 30 grams of mercury Shake

„ 20 ml of water „ eeld v^ter from time to time, until the super-

well, keeping cool W Decaut the supernatant and t»t

natant has
i,. presence of lodme If starch gives no colour, add

Ddu.eu. 200ml and mra

R Sodium hydroxide solution (10 per cent)

Mix 200 ml ofA with 975 ml of B Allow any precipitate to settle and use

the clear superrtatant
„f a. 700 ml ofBand 150ml ofwater

(b)

^
’

Potassium todrde in about 100 ml ofdisced water

Add 20o"of“eCne iodide, when dusolved dtiu.e to about a litre F.lter

and make to 2 litres

R Sodium hydroxide solution (10 per cent)
B SodiM ny

solotton standard- Dissolve 2 2 grams

7. StotJ ””,“mTs”le?w^er a^d .Lice upto 1 hire

ofthe pure dry salt

_ suluhate for use- Dlilutc 5 ml of the stock stan-

dard"“Mml“^°w"ri mftofUtts IS equivalent to005 mg urea
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Procednre*

of blood to 3 2 la! of isotonic sodium sulphate sotuticcj Tba
l^ast l:.

-a.ba«
0 3 of I N H^O, ^£„ W

Test (I^ Standard (S} RI^.tiV (B)

2 mL Stipema
natast.

3niL

2 mL Standard 7 mL t^-aar

3 mLWater (ammonia free)

or Gum ghatti

Nesslcr’s reagent 1 nsL
j j

Take Reading usu^ blue filter at -iSO m,*.

Calcnlation 2 ml supernatant is equivalent to 0 1 mL blood.

Mg ofurtaj^cr 100 mL ofM/vs/t —Reading ofunknown
.^

. 103
Reading ofstandard 6^

—Reading ofunknoHn
Reading ofstandaid'^*^

For accurate results, a curve should be dr'»vr^ -i.g-.

lOndaid sdnoin. From tim unfaora caa be dKeraiJcd.
Discitsaoa*

1 The normal range of uream a ftn ordinan djnisfW., on.,m
100 mL of blood. Tie nrea content la ntSuSS^W ^
the diet and tends to be loiom m people on low protem iem^

^^-ca m

£Xtdlwf“ - rarm In some cases ofse,^

3 Blood nrra lerel nsmm ^ditions m wiiieh otermarv fiaaino,

^ mspaire^ti a m ^erdi^ „ pre-renal eondmons sod. asmm, shocLefc, and in post renal eoaditrons sod. as obstmcoon m nriSenlarged prostrate gland, stnetore of urethra doe to stone m oierer eem^
^ ’

ESTIMATION OF SERITM URIC ACID
(hlcthod ofCarawav)

Principle Unc aod m blood redjccs phosnbottingsnc aad in n-cseacc
of Sodium Carbonate to blue coloured reduced phosphomigstate. Tin colour
has been frnmd to be p'opomonal to the amoun* ofunc ^r-,A p-escat.

Reagents*
1 Tnngsticaeid ^dd 23 mL of 10% sodium tungstate, 2o mL of 2/3 N

HjSO* and a drop ofpho^htne and vith mnemg to 4O0 mL ofdmilled
Keep in a brown bottle and store in refrigerator Discard when cloudy

2. PhosphotungstJe amd (Stock ) solntioa Dissolve 50 grams efsodmm
mngstatc in abont 400 mL of -rater Add 40 mL of Sa'j phisphnnc acid and
rcflinc gently for 2 home. Cod. tiansScr to 500 mL fla.V and .n.h- us the maii
With ivatcr Ke^ this in a brenvn botde.

Dilate solution for nse* Dilute 10 mL of the stock soluiian to 103 mL
with water and store in a brown botde. This keeps wdl for months.

3 Sodium Carbonate sohitiaa (10 pa cent) Keep in a well stoppered
polythene botde.
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4

Uric acid standard solution (Stock): 10 mg per 100 ml Dissolve
60 mg of liUuum Garbon-itc m 15 to 20 jnl of water m a test tube Heat the
soluuon to about 60*0 and pour on to 100mg of uric acid taken in a small beaker
Stir until dissolved, heat further if necessary When dissolved, transfer mth
washing to a 100 ml flask Add 2 ml of 40% formalin and then slowly with
shaking, add 1 ml of 50% (W/V) accuc acid Make to the mark with water
and mix Keep m a ivell stoppered brown bottle away from light This keeps at
least for a) ear

Uric acid standard for use: Dilute 1 ml ofthcstockto200jnl with water
Store m a brown bottle Renew every week This contains 0 005 mg Uric acid
per ml

Procedure: Add 9 ml of dilute tungstic acid to 1 ml of serum ux a centri-

fuge tube and mix well by inversion Centrifuge for 5 to 10 minutes

Test (T) Standard (S) Blank (B)

5 ml ofSuper-
natant

5 ml standard 5 mi djstiUM
water

Sodium Carbonate
solution ( ml 1 ml 1 ml

Dilute Phosphotungstjc
acid 1 ml 1 ml 1 ml

Mix and place them in a water bath at 25*0 for 30 minutes Take readmgs
in a photoclectnc colorimeter using a red filter at 700 mp

Calculation! 5 ml of the supernatant is equivalent to 0 5 ml ofserum

Mg of uric acid per 100 ml of scrum
^Reading of unknown poK ylOO
Reading of slandard 0 5

.Reading of unknown
Reading of standard

Discussion:

1 Uric acid is formed endogenously from nucleoprotem metabolism and
exogenously from the metabolism ofpunnes taken m the food The normal range

of uric acid ui serum is 2 to 6^ mg. per 100 ml

2 The most important condition m which uric acid level is raised in blood

IS gout, a disease of the joints Urates are deposited as crystals m the solid form

m and around the joints causing swelling and pam The increase in this disease

IS from 6 5 to 12 mg per 100 ml serum In impaired renal function m which
blood urea level is raised, the uric acid level ranges from 4 to 20 mg per 100 ml
ofSerum In gout only, no blood urea level wdl rise

3 Increases m serum unc aad arc also found m leukemia, toxemia of

Pregnancy, lobar Pneumonia, and large abscesses In these conditions, there is

excessive breakdown of cells resulting m increased metabolism of nucleoprotems

which are oxidized to unc acid in the body

4 In rheumatic conditions m wluch uric acid is normal, Cortisone tends

to produce an increase in serum unc acid

5 Low values are found m Wilson’s disease and other cases of the Fancom
Syndrome

6 Unc acid estimations give little information to the Qimcian except in

cases of gout



72 BU)OD

ESTIMATION OF SERUM (PLASMA) PROTEINS

(Biuret method)

Priitciple: This method ts based on the scnsitj%c biuret reaction given
by all proteins includmg pclj-peplides Tic purple colour p*t>duced by reacting
protein -with dilute copper sulphate m allcalme medium is proportional to the
amount oFProtem present

Reagents

1 Sodlozn sulphate solutioa (23 68 per cent}* Dissolve 23 68 grams of
anhydrous NajS04 m K) mb water and make upto 1 00 mb

2 Stock hiuret reagent* Dissolve 22 5 grams of Rochelle salt (Potassium
sodium tartarate} in about 200 ml of0 2N NaOH and add 7 o grams of Copper
sulphate stimng contmuously until solution u complete. Add 2 5 grams of Potas-

sium iodide and make upto 500 mb with 0 2N Sodium hydroode

3 Btaret solntion for nies Dilute 50 ml of stock buirct reagent to 2o0
ml with 0 2 N NaOH containing 5 grains of Potasnum iodide per litre.

4 Statidard solution of Protein Prepare it from bovine albumm which
will contain 0 5 gram protem per 100 ml Measure accurately 2 mb portions

mto tubes and store at —20°C until required Take out one tube when required

Thaw It and then add 3 ml of buirct reagent directly

ProCfedttre*

1 For albumin estimation, precipitate the globulm with sodium sulphate

solution and remove it by filtraoon

To 6 mb of 23 63 per cent solution ofsodium sulphate add 0 4 ml of serum
(plasma), cork and gently mix by invenion several tunes Final sodium sulphate

conccatrauou becomes 22 2% At this stage, white turbidity is seen due to pre-

cipitation of globulm Keep the test tube at 37®C in a water bath for at least 15

mmutes (longer time is preferable) to allcnv ibnaaiion of larger aggregate of
globulm precipitates FDtcr through whacman filter paper No I to get a clear

filtrate which contains albumin

2 For total protein estimation, dilute the serum (plasma) vnth sodium

chloride solution

Take 0 2 mb serum mto 3 mb of0 9 per cent NaCI solution, cork and mix
gently by inversion several tunes

3 DSutc 0 2 mb of the standard with 3 ml ofSalmc solution.

Total Protein (T) AUmmin (A) Standard (S) Blank (B)

2 mb dilute total 2 mb Albumm 2 mb diluted 2 ml water

protem filtrate standard

^Vorkmg bmret 2ml 2nil 2mb 2mb
rc^nt
Mtt and put all the tubes m a water bath at 37*0 for 10 mmutes Talx

readings m the photoelectric colonroeter using a ttreen filter at 540 m/i

Cb3eolation*

Grams of total protem in 100 ml of serum (plasma)

Reading of total protem — Reading o_f Btok ^ Grams of total protein

Reading of Standard — Reading of Blank m 100 mb of Sfandaid
protein.
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Grams ofaibtimin m 100 m[ =^^adipg ofAlbumm -Reading ofBlank
Reading of standard —Reading of Blank
X Gram of total protein m 100 ml
standard protein

Grams of Globulin m 100 ml 3erum=[Grams of total protein per 100 ml
—grains of albumin per 100 ml ]

A G riti^
— albumin Per 100 ml
Grams of Globulin Per 100 ml

Discussion*

1 The chief proteins of scrum (plasma) arc albumin and globulin Fibn-
nogen is also an additional fraction of the protein of plasma (about 300 mg/100
ml) The total protein in normal serum (plasma) vanes from 6 to 8 grms per 100
ml

Albumin 3 5 to 5 I grams per iOO ml

Globulin 1 8 to 3 I gr^mi per 100 ml

Normally, the ratio of albtmun to globulin lies between 2 1 to 1 2 1

2 taver cells synthesiae albumin A low serum albumm may be due to

heavy loss of albumin in the urine, malabsorption of protein from the alimentary
canal or decreased formation m the hver owing to liver diseases

3 A decrease in total proteins is always due to a low albumm level ac*

comparued by no increase m globulin Therefore, there is a fall m albumm-
globulm ratios

4 An increase m total proteins may occur m dehydration Both albumm
and globulin arc increased due to hemoconcentration and the albumm—globulm
ratio remains unaltered

3 A reduction in total protein occurs m edema m which more albumm is

excreted m urine The total protem is reduced with low albumin \ alues in severe

hemorrhage, shock, extensive burns, negative nitrogen balance due to increased

protem breakdown, acute infectious diseases, untreated diabetes mellitus

hyperthyroidism

6 In severe liver disease, although albumin is found to be low with a low
total protein, it u more common for the globulin to be increased so that the total

protein is normal or increased

7 An increase in globulins may be observed in many chrome mfections,

rheumatoid arthritis, tuberculosis, Kala azar, etc

ESTIMATION OF SERUM CALCIUM

(Method of Clark and ColUp, 1925).

Principle: Scrum Calcium is precipitated as Calcium oxalate on the addi-

tion of ammonium oxalate Calcium oxalate, on treatment ivith Sulphuric acid,

liberates equivalent amount of free cwalic acid which is then titrated against a

standard Potassium permanganate solution m presence of HjSO* The oxalic

acid is oxidized to CO* and HjO

2KMn04 + 3H,SO, + 5(cSoH),->-K,SO, + 2MnSO, + 10 CO, +8H,0

Reagents:

1 Ammonium oxalate solution (4 Per cent)

2 Ammonia solution (2 per cent, V/V) Ddutc 2 ml of ammonia to 100

ml with water
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3 Stock 0 1 N. Potassiam permanganate solution Dissolve 0 31S2
grains ofKmNOi in 100 ml distilled water Store m a brown bottle at 4"C

N/lOO KmNO* solution Dilute the stock before use

4 Stock N/10 oxalic acid Dissolve 0 6304 grams of dry oxalic aad in

100 ml of distilled water

N/lOO oxabc acid Dilute the stock ten times before use

5 Sulphuric acid (IN)

Procedure Take 2 ml of serum, 2 ml of distilled water, and I tnt. of
ammonium oxalate solution m a centrifuge tube Mix with the help of a thin

glass rod Allow the tube to stand for at least 30 mmutes Centrifuge the tube
for 10 mmutes A small amount of Calcium oxalate can be found deposited at

the bottom of the tube Pour away the clear supernatant b> inverting the tube
and stand it on a pad of filter paper m the inverted position for 5 mmutes for the

liquid to dram completely

Then wipe the mouth of the tube and run m 5 ml of ammonia solution by
the side of the tube Stir the prcapitate using the same rod Centrifuge again.

Pour off the supernatant and repeat die draining on the filter paper

Add 2 ml of 1 N Mix the same glass rod. Put the tubem water
to 70® — 75®G m a beakCT to have free oxahe acid completely and titrate the

contents with N/lOO KMnO^ keepmg the tube in the water ^th A faint Pink
develops at the end pomt which pwuts for about a mmute Use a microburette
Jot the titrauon.

For standard, take 1 ml of N/IOO oxalic acid and 2 ml of IN HtSO^ and
titrate with Khln04 solution keepmg the tube m the water bath at 70*C— 7o*G.

Calculation

1

ml of N/IOO oxalic acid ** I roL of N/lOO Calaum.

=*20X 2 mg Calcium.

If X ml of Permanganate is required to titrate the oxahe arrr^ liberated

from Calcium, and ‘Y’ ml for 1 ml of N/IOO oxabc aad.

Calcium present in 2 ml Scrum = ^ X 0
2j

mg

Calcium present m 100 ml Scrum = X 0 2 x mg

= (^
X lojmg

Discussion*

1 Blood calcium exists m three forms—ionized (diffusible), Prolan bound,

and complexed with citrate (non-difliisiblc) Total calaum is required for bone

and teeth formation but lomc calaum is important for neuro-muscular unta

bdity, blood clotuig and tissue permeability

2 Normal scrum calcium ranges from 9 to 11 mg per 100 mL (4 5 to 5 5

m Eq/L) In children, the normal value tends to be towards the upper limit of

the range

3 Serum calaum level is influenced by the level of its absorption finm the

intcstme, by alterations in, the amount Parathyroid hormone, and changes

in scrum inorgamc phosphate and serum proteins
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4 Lower values arc found m hypoparathyroidism, rickets, osteomalacia,
steatorrheas and renal failure

5 Higher values are observed in hyperparathyroidism, hypervitammosis
D, and m myeloma (raised plasrta protem level)

ESTIMATION OF SERUM CHOLESTEROL
(Sackett's method)

Principle: Cholesterol of scrum w extracted by ether alcohol mixture
TJie extract is evaporated and cholesterol is dissolved m chloroform Cholesterol

then reacts with acetic anhydride and sulphuric acid developing a green colour

(Libermann—Burchard reaction) which is proportional to the amount of choles

tcrol present

Reagents*

1 Alcoliol (Rectified spirit)

2 Ether

3 Cliloroform

4. Stock Standard eolation of Cholesterol* Dissolve 50 mg of Pure
cholesterol in chloroform and make upto 25 ml with chloroform Standard

cholesterol for use(5 m! = 0 4 rag ofcholesterol) Dilute 1 ml ofthc stock standard

to 25 ml widi chloroform

5 Ethanol—ether muxture Mot 3 volumes ofethanol and 1 volume ofether

6 Acetic anhydride sulphuric acid mixture Mix 20 ml of acetic anhydride

with 1 ml of concentrated sulphuric acid Make freshly just before use

Procedure* Take 10 ml of ethanol ether nuxture in a centnfuge tube
and add 0 2 ml scrum to it Cork the tube tightly and shake vigorously Allow

the tube to lie horizontally so tjiat the precipitate is fairly distributed evenly along

the tube Stand for 30 minutes and then centnfuge for a few minutes to get a
firm deposit Decant the supernatant completely mto a suitable test tube Eva-
porate to dryness in a water bath

Dissolve the residue m 5 ml of chloroform Into another tube take 5 ml of

the standard cholesterol Add 2 ml of acetic anhydride sulphuric acid mixture

to each of the tubes Mix and stand m the dark at 25"C for 15 minutes In the

blank, take 7 ml chloroform

Take reading using a red filter at 680 M/a

Galcalationi

Mg of cholesterol per 100 ml scrum = Rcadmg of unknown
^ q 4x ~

Reading of standard 0 2

Readmg of unknoivn
^ gpp

Readmg of standard

Discussion*

1 Cholesterol, a derived bpid, is an important constituent of blood It

exists m free and esterified form in blood

2 The normal range of cholesterol in adults is from 150 to 240 mg per 100

ml The value rises with age more m men than in women In middle age, the

value IS raised The value does not alter after meals In pregnancy, the value rises

by 20 to 25 per cent of the normal value

3 Hypercholesterolemia is found most characteristically m nephrosis,

diabetes mellitus, obstructive jaundice, myxoedema, and m Xanthomatosis

Values upto 400 and 500 mg Per 100 ml are commoiily found m diabetes mcUi*
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tus when treatment is madequ*itc In in>'xocdema, \alues upto 500 to 700 mg
per 100 ml are seen which gives a x'aluable help m diagnosis ThjToxme admi
mstration causes a marked fall in serum cholesterol

4 The effect of hy'perthyToidism is to reduce the serum cholesterol as low
as 80 to 100 mg per 100 ml Sometimes in hemolytic jaundice, the value falh

below 100 mg per 100 ml m some cases Similar firdings may be seen in mal-
absorption syndrome, m severe wastmg, in acute infections

ESTIMATION OF SERUM BILIRUBIN

(Lathe andRuthven, 1938)

(•Method of Malloy and Evolyn modified}

Principle: Serum is diluted with water and methanol added m an amount
msufRcient to precipitate the proteins, >et sulHaent to permit all the bihnibm to

react with the diazo-reagent developing colour This colour u proportional to

the amount of bilirubin present

Reagents

1 Absolute methanol

2 H>drochIonc aad (I a per cent, V/V with water)

3 Diazo-reagent* Prepare freshly before use by addmg 0 3 ml of solution

B to 10 ml of solution A

Solation At Dissolve 1 gram of sulphanilic acid in 15 ml of 0 2 N HCl
and make upto 100 ml with water

Solotiott Bi Dissolve 0 5 gm of sodium nitrite m water and make upto 100
ml Prepare freshly at frequent mtervals

4 Standard solution of Bihburm Prepaid a solunon contaiamg 10 rag per
100 ml chloroform It may be necessary to reflux the mixture gently to dissolve

the bilirubuL

Procednrei Add 0 2 ml serum into 5 4 ml of water in a test tube and
mix. Pipette 2 8 ml of this mto a second test tube for use as the blank.

To the test add 0 7 ml of diazo-rcagent and to the blank 0 7 ml of Sulphan-
ibc aad solution Mix, stand for 5 minutes and read using green filter at m/i

Tlva gifts

To obtain the total btltrubtn add 3 5 ml of methanol to each tube and read

agam after standmg 5 minutes

For standard add 0 2 ml of bihnibm standard lo 3 o ml methanol Then
add 0 7 ml of diazo-reagent and after mixmg 2 6 ml of water and read gainst

a water blank after 5 minutes at 540 jiyi

Note* For values above Id mg per 100 ml , 0 1 ml of serum and d.d ml
of water can be used

CalcnlafioB

Mg conjugated bUmibrnpcr lOOmI '“X '

conjugated bilirubin has a lower extraction in water, so the factor 105 has to

be inserted

Total bihnibm =
(

Reading of unknown
Reading of standard

x20j mg

The difference of the two gives the indirect bilu-ubm
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Discussion:

1 The sciuin bilirubin of most nonml pprsons appears to be m the range
of 0 2 — 0 6 mg per 100 ml s'^rum

2 Senun bilirubin iletermmalion ]^tves a measure of die intensity of the
taundice Highci values arc found m obstructive jaundice than ui hemolytic
laundicc In obsti active laundice when the obstruction is complete, the serum
may reacJi about 20 mg per 100 ml Values between 20 and 30 mq Per 100 ml
miv sometimes be reached m acute infective and tovic hepatitis

3 In pernicioos nncinia, the serum bihrubm rarely exceeds 3 mg per cent
In the chromic iicmoh tic memias, increase* arc also small and reaches upfo 10

rog Per 100 ml

4 In sub-clmical jaundice, scrum bilinibin incrciscs between I and 3 mg
per 100 ml vvjiich is of diagnostic value

5 In obstructive jaundice, if the obstruction is due to some malignant
growth, the serum bihrubm rises to a high level and remains almost constant at

that level

6 Determination of serum bihrubm is useful m jaundice of the newly born
High values upto 30 to 40 mg Per 100 ml may be reached especially m babies

who have developed Rh antibodies

ESTIMATION OF CREATININE IN BLOOD

Prioriple Same as for cieatintne m urine

Reagents*

Worlung staodardi 1 ml of the stock solution (mentioned in urme crea*

tminc) to 500 ml (1 ml 0 002 mg crcatmmel, other reagents are the same as

in creatinine in urine

Procedure*

UnknowR (U) Standard (S) Blank(B)

1 ml Folm-WU
filtrate

5 ml Standard 5 ml water

Picric arid 2 ml 2 ml 2m»

NaOH 0 5 ml 0 5 mi 0 5 ml

Allow to stand for lo minutes and lake readings m a photoelectric colon-

meter usmg green filter at 540 in/t

holm WU filtrate is prepared by taking Iml of oxalated blood, 7 ml water,

1 m! sodium tungstate (10%), and 1 ml of 2/3 N HjSO*

Calculation:

. tnn j Reading of Unknown vfiniv^®®Mg of Creatmme present m 100 ral = Reading of standaFd

_ Reading of unknown ^ 2
Reading ofstandard

Discussion:

1 Creatmme is the least vanable nitrogenous constituent of the blood The

normal range vanes from 1 to 2 mg per 100 ml serum ( 90 to 1 75 nt mol/L)
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2 Values from 2 to 4 mg per 100 ml arc noted m early nephritis, and in

chronic hemorrhagic nephritis with uremia, values from 4 to 35 mg Per 103 ml
serum are seen

3 Creatinine is more readily excreted by the kidneys than urea or unc acid

and an mcrease of creatmine to 4 or 5 mg or over per 100 ml is the evidence
of marked impairment of kidney function Sudi high creatinine values in chronic

hemorrhagic nephritis mdicate an unfaTOuriblc prognosis

Qaestions to answer

1 D scuss the prirciplc for photo^lermc colonmeter

2 Why u photoelecirie colonmeter termed as ab*orpttomctcr and horf willyou Heel fSlcers’

3 State the operation of photoelectric colonmeter, the importance of blanic, and name th«

types ofphotoclcctnc colonmeter

4 . 'hat precautions will you take to avoid hemolysin of blood

5 Name the method and state the principle and procedure ofestimation of creatinine in unne

6 State the condiUoiu m which creatinine cccrclion is increased

7 Discuss the pnnciple for the estimation of phosphate in unne and the conditions in whieli

phosphate excretion is increased.

8 Name the method and state the pnnciple ofcstimitioa ofurrs in unne

9 State the compost uon ofDenedictt quantitative solution and why is pumice stone added in

the procedjre of the esiimauon of reducing sugar in unne* Discuss the prinoalc of Benedict i

method for estimation ofreduewg sugar in unne

10 WhatprecauUonsshouldbetakeninthecstimauonofchlcndeinunne* Name themethod
and state the pnnaple for the chlonde estimation in unne

1 1 Discuss the precautions to be taken m the esbmation of Vitamm C in urue

12 State the procedure for the gastric analys s What do you mean bv hyoercMorhydn*

hypoclilorhydna and achlorhydria*

13 Discuss the liver funcuon (esu

14 Name the method for the estimation oftruc glucose tn blood What » the normal level of

fasting true gluc«e 1 1 blood* Under what condition blood glucose is increased and decreased*
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Kidney function test

Kidney funcuons in the elimination of waste products and toxic substances
from the body It regulates water balance and maintains normal crystalloid and
colloid osmotic equilibrium between plasma and tissues It also maintains normal
acid base equilibrium of the bod)

The following tests are required to be done to assess the kidney function
under diseased conditions

1 Concentratioa testi This a based on the determination of the concen
triting power of the kidney

The patient is given high protein content meal v,ith 200 ml of fluids at 6
P M in the previous day No food or drink is allowed till the test is completed
Empty the bladder at the bed time Discard this urine and any other sample passed
in the night Collect the urme sample at 8 a m and 10 a m separately Deter-
imne the specific gravity of each sample

In case, the kidneys are normal , at least one specimen shows a sp gr, above
1022 often reaching 1032 In hypofunction, the sp gr is nearer lOIO

2 Dilution test (Water test)* In presence of edema this test should not
be done

The bladder is emptied early in the mornmg and urme discarded and break-
fast not allowed The patient is advised to dnnk 1200 ml of water m 20 to 30
2ninutes(at8a m ) 'nieJiourlyurincsamplesarecollectedfromSa m tol2noon
Measure the sp gr of each sample

In normal persons, the water elimination is 1200 ml in 4 homs The sp

gr of at least one sample is 1002 to 1003 Water elimination « significantly de
creased and thesp gr falls below 1010 m unpaired state ofkidney Renal or extra

renal (edema or cardiac fadure) may be the cause of the decreased output If

the concentrating power is normal, the cause roust be extra renal

3 Urea clearance test* This test is a sensitive index of renal function m
children as well as in adults Under normal conditions urea excretion is constant

and the blood cleared of urea per minute serves as a measure of the kidney func

tion

In the normal adult, the urea excretion is directly proportional to the level

of urea m blood when 2 ml or more is excreted per minute This is called maxi

mum clearance (Cm) If the urme output is less than 2 ml per minute, it is clear

that reabsorption of urea by the tubules is increased When the urea excretion is

diminished and varies with the square root of output of urme per minute, it is

called standard clearance (Cs)

Procedure: A light breakfast without tea or coffee is given on the day of test

Drug therapy is stopped a day before The patient is advised to empty his bladder

Note the time Allow him to drink 500 ml of water to have free flow of urme
Collect blood for urea estimation at about 50 minutes At 60 mmutes collect

all the unne Measure the volume Ask him to dunk about 500 ml ofwater more

to dnnk At 120 minutes collect separately all the unne and measure the volume

Estimate the blood urea nitrogen (urea) and urme urea nitrogen (urea) of the

two urine samples
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whereas, U * mg. of urine urea nitrogen Per 100 ml.

V s= urine volume per xoinute in ml.

B sp Mg. of blood urea nitrogeai per 100 ml.

"ITic clearance may be expressed in ml- but generally it is expreaed in pet-

centage of the normal clearance. TTie values for average normal Cm is 75 ml.

(100%) and for Cs is 54 ml. (100%).

„ . rr- UxV^lOO i-asuv
Percent of Cin -=—=— —s

—

0/0 0

. Perc^tofO.

If the surface area of the patient varies tvideJy from the normal (1.73 $q m.),

then the true ‘V is obtained by multiplying the observed ‘V* by 1.73/A. Where
A is the surface area in sq. m. This correction is necessary particulaxly in case of

children.

Discussion: The clearance test is ofgreat help in following the progress of
advanced cases The elimination or deposition of edema fluid does not affect the

test, so it is done in such cases.

Xormal clearance in unimpaired kidney function is 75% or above (in

Indians 40—70%). If all extra renal causes arc excluded, a clearance of 10% or

less indicates severe ladne>' damage.

The urea clearance test serv*e3 as an indicator of glomerular function. If

the clearance value falls, it is the indication that the glomeruli is destro>'ed. The
concentration tests are very sensitive to slight degree of renal damage but they

fail to show differences between moderate and severe renal impairment. If the

concentration test is normal, further studies are not necessary. Urea clearance

test assures ivhethcr the decreased excreting power is serious or not Excretorj*

power and clinical condition follow the clearance tei but not the specific gravity.



CHAPTER 15

Electropboresis, Chromatography and p"

Paper electrophoresis of serum protem

Introduction: Electrophoresis is a mctliod by which electncally chared
particles of a mixture of substances arc separated under an electric field 7 he
positively charged particles migrate towards cathode, and the negatively charged
particles towards anode The rate ofmigration depends on tlie number ofchirge^
each particle carries Asaresultof diflcrcntratesofmigration, amixtureof proteins
(such as plasma) can be separated into a number of fractions having similar
mobility

Tisehus (1937) first performed electrophoresis m a fiuid electrolyte In
this method, the differently charged partidcs moved inside the buffer Hus
method was called "moving boundary electrophoresis ’ Few workers only used

this method because of the costly and complicated apparatus

Consden, Gordon, and Martin (1946) introduced filter paper to hold the

electrolyte in the electrophoretic technique Filter paper was the first anticon

vection medium to be widely used I.atcr on, other media such as cellulose acetate,

agar gel, starch gel, starch block and acrylamide gel have been used in place of

paper with better results

Prindple* A «maU amount of serum is applied on a whatmann filter paper

No I strip previously soaked m buffer solution, the two ends of the strip drip

m two compartments of an electrophoresis tank containing the buffer solution

A direct current is applied to the ends of the paper for a desired period Durmg
this tune different fractions of the protein mixture separate mto bands dependmg
upon the amount of charge, the shape and size of the protein particles After that

electric current is disconnected, paper is removed from the tank, dned and stamed

with a protein stain to demonstrate different protein bands ITie fastest band

is albumm, behmd it are «i-globulm, a, globulin, ^ globulin and y globulin

(shown m fig 15 2) The stamed fractions arc eluted m suitable solvent and the

eluted colour is measured m a colorimeter

Two types of electrophoretic tanks are available

1 Vertical and 2 Horizontal

1 In the vertical t^v^ie,. there are five ccnquartments The electrodes are

present in two outermost compartments, which is connected to adjoining com
partments tiy wicks By this arrangement the p” change occurmg m the electrode

Fig 15 1 A Vertical etcctn^orehc task

compartment is prevented from affecting the adjoinmg compartments m which the

\ ends of the paper dip In the middle, there is a central compartment The
^arrangement is shown in fig 15 1 AH compartments exceptmg the central one are

filled by huffer

F 5y 81
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In the homontal t>-pc, paper lies in horizontal position suppctfted b)

strings The paper ends dip m t\TO compartments on the nro sides of the taat.

Tliese compartments are connected means of uicLs to adjoining compart-

ments containing electrodes Buffer is Lept in all corapartm«its to equal Icv-ds.

Procedure. Pour suffkaent buffer into the four ecropareneats upto the

same level, Iea\*ing the central compartment cmpt> Cut tvhatmana No 1 paper

into strips of 3o cm long and 5 cnx, vnde. hlarV the centre of the stnp "tdi a

penal and mark the pomt ofappheauon ofsample by another line 2 5 cm- m length

pai^el to and 5 cm. from the mid line (for the sTrocal tank) or 7 5 cm- ais’a)

from the mid Ime for the horizontal tank. Nos* apply the paper m such a \ray

that the two ends of the paper dips m the two buffer compartments adjoining the

electrode compartments Replace the lid of the tank. In about 2 hours time the

whole paper is soaked with the buffer Now appH lOpl of the serum (or plasma)

by a micropipettc on the Imc marked for sample appUcatioa. Replace the paper

m its place and co\er the tank \t a time, several such strips can be set up for

different samples Now connect one decide with the cathode and the other

with anode of a direct current with constant I'oltagc. The electrode nearer the

site of applicauon is connected to the cathode. Swich on the current and allov,

the decrrophoresis to nm for 16 to 18 hours A \oltage gradient ofS 2 vols per

cm length of the paper, or a current of 1 5 to 2 0 milh amps for each 5 cm wide

strip IS suitable At the end of the desired length of tune, first disconnect the

instrument from the mams, remorT the stnp from the tank, and dr\ it at 100 C
to llO'G for 30 minutes

Staming Pour suffiaent stain m a Urge size glass or cnamd trav and put

the dried paper strips m it for at least 6ho^ (cvenught staining u alwavs pre-

ferable) After remos'ing from staining trav, wash for 6 minutes each tune m
tivo changes ofwash soluQon, then tn the fixaui^ solution for a further 6 minutes.

Dn the paper in air or m an <i%*en at 100*

—

After staining 5 bands (fig 15 2) corresponding to albumin, a^-, o* .

and y-^obuhas are noticed It ts possible to guess frem the clectrophorttt^ram

if some protem fraction is absent, present m decreased or mcrea^ amount,

or some extra band such as mvdoma protein is prr*€nt

Howei’cr, the rclntne amount of different Cuctioas can be accuratdv cs

tunated bj scannmg the paper under photoelectric scanner or different bands

arc cut and duiedin 6 aL ofO 01 N NaOH for 30 minutes These dutededoured
solutions are read m a photodectnc colonmeter at 540 m#!

n ny ! i h 1 1
0u5w Sj-gtOufr' eij-gtetUBn

r>g 1S.2 SrrttTn prutein «tcorcohwrtogr»m

Reagents*

1 Buffer (p“ 8 6, ionic strength 0 083 M) Dmohx 3 12 grams of di

eih>lbarbituTate m water and make upto I litre.

2 l>ye soludooi Add 23 mL of 95 per cent ethanol to 0 1 gram ofbnm
phenol blue and 50 grams oFZaSO^ Mix wdl, add 5 per cent atxtic aad (yfV),

mix to dissohx and make upto a litre widi Further 5 per cent acetic aad

3 \Vash solution Acetic aad (5 per ctmt, V/V)

4 Fiction solution Acetic aad (a per rent) containing 0 3 per cent rf

sodium acetate fCHjOOONa, 3HjO)
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TABLE

ElKtrophoreUc pattern changes tn some condttiom

• nicIIB. mUlCe-CN. *•

Disease Albumin Cl globulin oj globulin p globulin y globulin

Normal 3 5 to 5 > 0 1 to 0 4 0 4 to OB 0 J to 10 0 7 to 15

(gm/lOOmll

Infinci —
Pregnanes Low

high

high

high

high high —
\.cutc m
fection

— high htgli

Chronic
mfccuon lo"'

Cirrhosis

high

high

high

-
high

high

Nephrouc
s>ndromc

Myeloma
tosis

high verc high

—
low

high

Hypogam
ma globin — Very low

“'"separate hand occassionalty seen m . and f pus.t.ons

paper CHROhUTOGRAPHY OF AAIINO ACID MIXTURE
paper l-Bra

M,emistrv it is most often necessary to

Introdocuon In „ „i„ch ore aery similar and are difficult to

mparate component of
’ ^''Xds Chromatography and electrophoresis

separate by
"*='i’modern methods utilised for such purpose

are two powerful modern m
. , , nrst appreciated the possibilities of

Iswett (1906) the ‘Chromatography Consden Gordon and

Sromatt^phy m whch separations were done

mSily by partition
„rcomponents of a mutturc by a chromatographic

Prsncple TTic
“'f “uSi process Small d.lfer^es m partitionmg of

system depends »" -nultwle par^-o
f„,d, The greater such diff

each component o
j.

crcnces. the greater is the ea P
^ettute of compounds is put on a

A small drop of
r'“““Xo*7A smtable solvent (mmture of trvo solvents)

ffiifsar moer and allowcatoar) nou
, * xRg substances m the

Huoled - flow along the "f- sXn't''anrirrS fonvard along ffie

S'“'p?p°crTo a"— whteb ap,mars thrSt
bcnvem’die f'« atog’’*^aper, the paper n removed dried and

has nm for a suitable
locate the vanous compounds

subjected to suitable tests to I

d,sBnce traveUed by the component

Rf value IS If value deptmds on the nature of the

to the distance covered '’1'

‘r^“™ce5encc of other substances

solvent paper IS cut into 35x15 cm sheet A pend

,.„e fs'd°?rw^“"
0^3“”™ '‘>6' "f '’“P"

^



84 UONBV FU^C^ON TEH"

marked at equal spacing leaving 2 5 cm from the hvo edges On the middle
point, a mixture of four ammo acids is applied with the help of a fine capillary
It IS dried m ith the help of hot air blown by a hair dryer ^^in, another small
quantity of the mixture is spotted at the same place and dned This process is

repeated 2 to 3 times more On the other points, the individual ammo acid of
the mixture arc similarly applied The positions of these ammo acids are maiied
with a pencil

— 35aj>-

Fjg IS 3 Serum pfoteux electrophorctogram

The solvent for de% eloping the chromatogram is a mixture of n butanol

acetic acid water (12 3 5) respectively This mutture is freshly prepared

If a chromatographic tank is not a\'ai]able, specimen jar (about 40 x 15 cm )

with fitting lid can very well serve the purpose In such a jai, put about 100 to

150 ml of the solvent mixture and replace the hd so that the hd IS air tight Incase

of doubts, apply vascluie to the hd to axoid leakage In an hour, the mside atm(»
phere wU be saturated ivith the solvent vapour Now fold the paper m which
sample has been applied in the shape of a cylinder and ue the opposing ends

of the paper with staples or thread Open the itd and place this folded paper m
upright position m the jar, the pencil line lower most and about a centimeter

above the solvent (fig 15 4) Replace the lid The paper should stand absolutely

vertically Leave the chromatogram to develop for 10 to 15 hours or earlier if

the solvent has ascended quite near the upper margm of the paper

Take out the paper at the desired tune, cut the stitches and let it dry com
pletely m the air

After the paper has dried thoroughly, the location reagent (0 2 per cent

nmhydrin in acetone) is sprayed umlbrmly on the paper with the help of an all

glass sprayer The paper is then allowed to dry first m the air and then in a hot

air oven at lOo^G for 3 mmutes Purple coloured ammo acid spots are seen on
the chromatogram

Identify the ammo acids m the mixture with the help of spots produced by
known ammo acids The values oT idie ammo acids can \»b ca’icedated as

Fig 13 4 Tlic chrtJmatograpliicjWcantaiiuBg the solvent and the papo
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Reagents:

1 N butanol (CSiromatograpIuc grade)

2 Glacial acetic acid

3 Solvent mixture of butanol, aceuc acid, and dmdled water in the nro-
poruon of (12 3 5)

4 Nmhydrin 0 2 per cent soIuUon of nmhydrm in acetone It ij prepared
just beiore use ^

THIN LAYER CHROMATOGRAPHY(TLC)
Introductloni In recent years, thin layer chromatography has been deve-

loped This technique consists of a thin layer of absorbents (silica gel, alumina,
Kiselguhr or cellulose) on a glass plate or plastic sheet Since absorbent is used.
It IS also termed as absorption chromatography This technique also provides
superior results than that of paper chromatography The spots are more compact
With better resolution and the run is comparatively ofshorter duration Therefore,
quicker run is possible

Preparation of platest Chromatographic plates (20x20 cm) of 200p
thickness arc prepared by usmg a suspension of 30 grams of silica gel G in 63 ml
of 0 1 M NajCOj solution by shaking vigorously for 90 seconds Only these

E
lates are used which appear to be uru/bnn m both transmuted and reflected

ght These plates are activated at 1 1 0*C for 30 minutes immediately prior to use

Procedure Samples (5—lOOpL) arc applied as a spot of less than 5 mm
diameter on the lower right comer of the plates under a su“cam of warm air

Plates are first developed m a standard Brinkmann developing diambei pre-
viously saturated with the vapour of the solvent mixture with chloroform
methanol acetic aad water (250 74 19 3, V/V) When the solvent front

migrates about 15 cm
,
plates are dried m au for 15 minutes and develop in uc

second dimension (90* rotation clodcwue) with chloroform methanol 7 M
ammonium hydroxide (230 90 15 , V/V) The solvent front is again allowed

to move about 15 cm
Developed plates are then dried ui air for 5 minutes and exposed to iodine

vapour in a sealed chamber for 30 to 60 seconds The pale yellow areas are quickly

outlmed using a dental probe and the plates are exposed to air until the iodine

has evaporated from the spots When a permanent record of developed plates

IS desired, plates are sprayed lightly with 10 N HjSO* and then heated at 110*C
frr 15 minutes

The silica gel m each spot is scraped with the aid of a sharp edged poly

ethylene blade on paper The weighing papers arc then transfenw to a 12 ml
conical centrifuge tube and eluted by different solvents for estunation by photo-

electric colorimeter

Discussion: The constituents of the mixture of ammo acids, and the con

sUtuents of neutral lipids and phospholipids are separated and estimated m a short

tune

DETERMINATION OF P**

The clectrometnc method is the most accurate method foi the determination

of P» of a solution This method measures the electromotive force set up due to

the existence of H+ and OH“ in the solution The instrument which measures

m this manner is known as P** meter

The other method is the colonmctnc mcdiod which is also fairly accurate

and can be used m the absence of a P** meter The basis of it u that certam orga

me dyes (indicators) change colour with change m P” Each mdicator m its lom

sed state gives one colour and m unionised state gives another colour
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Each indicator has its useful range of P** within which it can indicate change
in P« by change ofin colour and beyond which there is no furtlier changem colour

It IS possible to prepare an indicator whose p” range coven almost the entire
p” scale Such an indicator is known as 'Universal mdicator’ The univenal
mdicator enables us to determine the approxunate p“ ofa solution and thus helps
us to choose an appropriate mdicator and buffers for subsequent more exact
determmation of p" of the solution

Principle: When equal volumes of the unknown solution and a senes of
standard buffer solutions swth closelj varying p” values are treated ivith a suitable

indicator, the colour of the unknown solution will be found to match iwth one
of the standard buffer solution The p'* of the unknown is, therefore, the same as

the p” of the buffer with ^vhlch its colour matches

Permanent standard made from glass discs of the appropriate colour and
shade for each mdicator may also be used m place of the standard buffer and
indicator Helhge’s comparator wth its pennanent standard discs made of col

oured glass u a very convenient instrument for this purpose
pH determination of a colourless solution: First detenmne the appro

ximate p“ of the solution with the help of a universal mdicator and colour chart
Take a small piece of universal mdicator paper and just dip its one end in the
given solution After about 30 seconds compare the colour of the paper with the

standard colour chart piovided and know the approximate p® If imivcrsal m
dicatoi solution is to be used m place of paper, put a drop of it m about 2 ml of
the solution and compare the colour of the solution with that of the colour chart
After havmg known the approxunate p® of the solution, choose from the set of
mdicaton an indicator which more closely coven the p” range of the solution

under exammation Then add a drop of this indicator to approximately 2 ml of
the solution, and match the shade of the colour produced against the senes of
coloured standard buffers The standard colour sofuuons are prepared by adding
one drop ofthe same mdicator to 2 ml ofeach ofthe buffer solutions (chosen m the

p“ range ofthe unknown) The p” ofthe unknown solution u that p” of the buffer

with wiuch the colour matches In case, the colour of the unkno\vn is intermediate

between tsvo colours produced by two consecutive buffers, the p” of the unknown
lies between the nvo known standards The accuracy of this method can be m
creased by employing set of buffer solutions with closely differing p” values

determmation of coloured solution (or Urine): Place a test ube
containmg plam urme or coloured solutionm front of the coloured buffer standards

View the two test tubes together and then match this against the unne or coloured

solution contammg the same mdicator m front of which a test tube containing

water is to be placed The use ofa comparator makes the matching easier, other-

wrise, a double rmved test tube rack is also convenient

Reagents

1 Set of mdicaton

2 Standard buffer solutions

Electrometric method ofp” determination*

The switch of the mstruraent is put on and after a few minutes svhen the

instrument is warm enough, the pointer is adjusted to Omv or 7 0 p“ position

by set Zf^o control A standard buffer solution is taken m a clean glass or polythene

beaker Electrodes are lowered so that they are immersed m the soluuon to a

depth of about one mch The temperature of the buffer solution is measured by a

thennometer and the instrument is agam adjusted by tmperotwe compensate control

to this value The pomter is again set at 7 0 p” by means of set control The Selector

switch IS now turned to proper range i e , 0—

1

or 7—14 Pointer vwU now move to
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shw tlie p*| of Uie bxifTer »nd by the help set buffer control, the pointer «me cxict p v-xluc of the buffer Notv tfic p” meter is standardized and is
for dctcnnimtion ^f p” of any given solution

set to

reidy

To measure the p” of a given solution, the seUetor is brought back to ^ero
position ^nd the electrodes arc cleaned by distilled xx'iter 'The given solution
ts ttken in 1 clean beaker and the electrodes arc immersed m it Seleclor switch
is now put on expected p" range and the rending of the pointer on the p" scale
18 noted This vnhie m tht p’‘ of the guen solution

Qualitative tests of some substances

Aldehyde

I. SUveP mirror testi fo I ml ofi^NOj add 4 drops ofNaOH and then
ammonn drop by drop until the precipitate dissolves Then add I ml of ace-
taldehyde and shake briskly Bright iniiror, due to the reduction of AgNOs
develops On the side of this test tube

2 Reduction of Febling’s solution* To 3 ml of acetaldehyde solution

add an equal wliime of Fchhng’j solution Heat, brick red ppt of CujO is

formed due to the reduction of alkaline copper sulphate

(I onn ildehydc go« both of these tests positive)

Acetone

1 Iodoform test! To 1 ml of acetone add about a g-ams of Na^CO, Add
5 ml ofiodine solution (10%) The iodine solution should be added till no further

decolouration occurs Crystals of iodine separates out even m cold

2 Rothera’s test* Mentioned in acetone detection in abnormal urine

Formic acid

1 Stiver mirror test Same as in aldehyde

2 To 3 ml of formic acid solution add little mercuric chloride soluuon

and warm white precipitate is formed On boiling the precipatite turns grey

Acetic acid

1 Add a few drops of 1% FeCI, to dilute acetic acid solution Light red

colour develops

2 To 1 ml glacial acetic acid add 4 drops of cone HjSO^ and 1 ml of

absolute aochol Boil carefully Observe the fruity, fragrant odour of the exter

ethyl acetate

Glycerol

1 Mix together 1 ml of CuSO, and 5 drops of glycerol Add 5 drops of

NaOH A clear blue solution is obtained Boil the solution, no reduction occurs,

because glycerol is soluble in the mixture

2 Heat 2 drops of glycerol with a pindi of sodium hydrogen sulphate

\crolem is formed Note its characteristic pungent odour

3 To 5 ml of Borax solution (0 5%) add 4 drops of phenolphthalein in

dicator A bright pink colour is produced Add 2% glycerol solution drop by
drop until the pmk colour just disappears Bod the solution, the pink colour re

appears

Cholesterol

! Salkowski's test f Sec both tests in lipid chapter 2 in

2 Leibermann—Burchard rcactum \ cholesterol detection
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Urea

1 Specific urease test f Sec both tests in detection of urea

2 Buiret test \ of nonnal unne

Uric aad
1 Murexidetest f Sec both test m detection of unc
2 Benedict’s unc acid test X acid ofnormal unne.

3 SiKer reduction test hfoisten a stnp of filter paper tnth AgVO, solution

and add to it a drop ofdilute unc aad solution in 2% NajCOj A blade o”>'eIlowish

brown stain of reduced silver is immediatdj formed.

4 ToSml of unc aad solution inNaOH orKOH add 0 5 ml ofNylandcr's

reagent and heat to boiling No reduction tales place.

Ethyl alcohol

1 To 1 mL of absolute alcohol add 0 5 gram of anh>drous Na,CO, and

0 ml of iodine solut4on (10%) Warm in a water bath at 70’-—60®C until it is

decolourised Iodoform separates out as a yellow prcapitatc on coolmg
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