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Introduction

1.1 Biochemistry is a term introduced to distinguish the body of know-
ledge from the term Organic Chemistry. The name organic chemistry was
originally introduced to the branch of chemistry dealing with “organic” or
“organized” systems (i.e. living organisms), as distinct from the non-
living, unorganized inorganic chemistry. Organic chemistry has grown
beyond the scope of chemicals occurring only in living systems. Today it
encompasses all compounds of carbon, including many obtained only in
the laboratory, through synthetic chemical reactions. It became necessary
to distinguish the chemicals of living systems from those obtained purely
synthetically, even if they resembled in many respects, the biochemicals.
The term physiological chemistry was actually introduced, but has since
peen superseded by the term biochemistry (bios means life). From a
branch of chemistry, biochemistry has developed into & full and compre-
hensive branch of science itself, with close relationship to biology, chemistry,'
medicine, microbiology etc.

Biochemistry deals with the study of chemical substances and pro-

cesses involved in any living system, as also in simulated systems with

biochemicals, even in the absence of living cells. Biochemical processes
are similar to chemical processes (reactions) but take place under mild
conditions obtainable in living organisms. All the physico-chemical prin-
ciples that influence chemical reactions also influence the bicchemical
reactions, more or less in a similar manner. Biochemical reactions in
living cells cause the formation of new chemicals and bring change in the
energy status in such cells. These in turn are responsible for the various
physiological phenomena in living cells and tissues. In fact, it can be said
that the very nature of life is the result of biochemical processes. All
biochemicals are active in low concenirations. Most biochemical pro-
cesses are reversible and consist of several steps of reactions. '

For example, the conversion of glucose to carbondioxide and water
can be done in the laboratory by the addition of strong acid. Lot of heat
energy is generated in the process. in a living cell or tissue glucose can

l

priinkiahiiv Loy o JTRTENNERGY U AT s s T s

Scanned by CamScanner



A

p) (1.1) BIOCHEMISTRY
be converted to carbondioxide and water by a series of biochemicy]
reactions, all taking place under mild conditions of pH, temperature etc_
vielding energy needed for living organisms. Such a process is calleq
;ng.r:buffsn.‘ and the distinct series of steps a pathway. In different
organisms the metabolic pathways differ to a minor extent or to a large
extent. For example the end product of glucose metabolism in son‘;e
organisms may be ethyl alcohol or in others acetic acid etc. Thus there
may be different metabolic pathways operating in different organisms o
sometimes in the same organism under different conditions. Small changes
in pH, temperature, redox potential, ions and their concentration, water
etc. can cause profound changes in the course and extent of biochemica]
reaction. Normal working of a living cell is thus dependent on a delicate
balance of biochemical processes taking place inside it at any given time,
Any disturbance in the normal biochemical processes will result in an
undesirable change in the function of a cell or tissue. It can be said that
“health™ is a state in which normal biochemical processes are taking place
in a living organism and that “disease” is a state in which some biochemi-
cal process in a living organism has been disturbed or are abnormal.
Disturbances may be because a metabolic pathway is slowed down or
runs too fast. or diverted through an alternate pathway leading to an
abnormal end product, which may result in an abnormal physiology
(pathology), or may altogether be blocked. These are all responsible for
“disease™ conditions. A \nowledge of both “normal” and *“abnormal”
biochemical processes is necessary for a better understanding of living
organisms. Biochemistry therefore deals with both health and disease

conditions.

1.2 Brief Survey of Organic Chemistry

In order to understand biochemistry clearly, a sound knowledge of
organic chemistry is necessary. For the purpose of this book, only a brief
survey of organic chemistry will be included here, that is relevant to the
topics dealt with in this book.

Carbon, with its four valencies, is considered as having a tetrahedron
structure, the four atoms attached to carbon, occupying the four corners
(apex) of the tetrahedron. This structure is the result of sp* hybridization
of the four valency electrons of carbon, because all four bonds are equal
in all respects and indistinguishable from each other. When all four
comers are occupied by other atoms it gives rise to a saturated carbon.
The bond angles are equal to 109.5°. The atomic distances (bond lengths)
are different for different bonds. In this concept, the bond formed is by
sharing the two electrons, one donated by carbon and the other by the
atom forming the bond. This is a covalent bond.

B e e R — - TR
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INTRODUCTION (1.2) . 3

With di- and tri-valent atoms like oxygen, sulphur, nitrogen, phospho-
rous (which are commonly encountered in biochemicals) and of course
carbon, there will also be double and triple bonds in many compounds.
Some of these atoms have non-bonding electrons (unshared pair of elec-
trons) in the outer shell, (oxygen, sulphur, nitrogen etc). Such electrons
often enter into co-ordinated covalent bonds, particularly with metals,
allowing metals to become part of biochemicals. Such elements also form
hydrogen bonds, sharing a hydrogen between two such atoms. This is of
great significance in biopolymers.

TABLE 1.1 Hydrocarbon Residues (R)

Open Chain Cyclic
Saturated (alkyl) : Cycloalkyl (saturated) :
CnH(2n+1) CnH(2n)
Straight chain Branched chain
CHz- methyl (CHgz)2-CH- isopropyl ~ CsHyo- cyclopentyl
CoHs- ethyl C,Hs-CH(CH3)- sec. butyl CgHio- cyclohexyl
CsHz- propyl (CH3)3-CH- tert. butyl C;H44- cycloheptyl
CsHg- butyl C,oHs-CH(CH3)-CH,- amyl
CisH3zqi- pentadecyl (CHj);-CH-CH,-CH,- isopentyl
C,gHa7- octadecyvl Aryl :
CgHs- phenyl
Aralkyl :

CgHs.CH>- benzyl
CgHs.CH,.CH,- phenethyl

Unsaturated : (alkenyl)
CH,=CH- vinyl: CH;=CH-CH,- allyl

When a carbon bond carries carbon-hydrogen residues (organic hydro-
carbon residues) they are simply designated as R group, which may be
alkyl (meaning an open-chain hydrocarbon residue) or aryl (meaning
aromatic hydrocarbon system) or arakyl or cycloalkyl. The smallest of
these groups is CH; or methyl. As the size of the ‘R’ group increases, the
‘R’ group becomes less and less polar until it becomes completely non-
polar. The more polar groups have a greater affinity for water (/ivdrophilic)
and the less polar groups have greater affinity for lipid type of systems
and repel water (lipophilic or hydrophobic). By varying the size of the
‘R” groups, the solubility of a compound in aqueous and lipid systems can
be controlled. Most biochemicals are characterized by these properties,
facilitating their transport and storage in the body.
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4 (1.2) BIOCHEMISTRY

As in organic compounds functional groups are guite common in
biochemicals. The more frequently found functional groups are: hydroxyl
(-OH), oxo (C=0 and -CHO). carboxyl (-COOH), amino (-NH,), thiol
(-SH). Less frequently groups like nitro (-NO,), cvano (-C=N) are found.
Other functional groups, particularly derivatives of the above (like -OCHs-.
-NCH,, -SCHj;, -CONH; ctc.) are ofien encountered in biochemicals. -

All these functional groups exhibit their usual properties. For example
the hydroxyl functions are easily esterified by both organic acids and
inorganic (mineral) acids like phosphoric and sulphuric acids. Similarly
acylated amino-groups are found in many biochemicals. Several organic
acids can be converted to their anhydrides in course of some processes.
Inorganic phosphoric acid anhydride (pyrophosphoric acid) and its organic
acid mixed anhydride are very active in many biochemical molecules.

TABLE 1.2 Functional Groups

Hydroxy Compounds
Alcohols : R-CH;0H (primary) Polyhydroxy compounds
R'-CHOH-R? (secondary)
R!-CHOH-CHOH-CHOH-CHOH-R?

Rz\ R'-CHOH-CHOH-CHOH-CH,;0H
R'—C-OH (tertiary)
x
RJ
Glycols : CH;OH R-CHOH Phenols
CH;OH CH;OH CGHE—OH fAI'—OH)
(Ar = aryl)

Oxo Compounds

Aldehydes : R-CHO Ketones : R'-CO-R?
CsHs—CHO Ar-CO-R!
Ar-CHO Ar—-CO-Ar
Carboxyl Compounds
Monocarboxylic Dicarboxylic Tricarboxylic
Fatty acids : R-COOH COOH COOH COOH
Aromatic acids - Ar-COOH | : |
CszHs-COOH COOH (CH3), CH-COOH

I
COOH (cin),,

COOH

. continued
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TABLE 12 Functional Groups jcontinued)

Amino Compounds

Opern cham Cychic (saturated)*® Cyvelic (unsaturated)?
R-NH: {(primany) CiHg=NH CiHi=NH
R'-NH-R? (secondary) CHa=-N-R' CsHyN
R'~{+—R: (tertiary) CeHyo—-NH
R3 CeHyo=N-R?

* These are heterocyclics
Sulphur Compounds
Thiols (mercaptans ) : R-SH: Sulphides : R'-S-R*, R'-S-S-R*
Esters

R'-CH,-O-CO-R? (primary alcohol & monocarboxvlic acid); R'-CHp~S-CO-R?

R\" (thio-ester)
/\_ CH-O-CO-RY (secondary alcohol & monocarboxylic acid)
R? CyHy~0O-S0O,-0OH
R'-CH,-0O-PO-(OH)> (phosphoric acid cster) (phenol sulphuric
CsHs—O-CO-R' (phenolic ester) acid ester)
Anhydrides
R'-CH-CO R'-CO-0O-CO-R? (mixed organic)
1 :O (intramolecular) ;
R?-CH-CO , R'-CO-0O-PO-(OH); (mixed organic-

phosphoric)

Compounds having amino-groups are basic. Similarly compounds
with carboxyl groups are acidic. Many biochemicals are responsible for
maintaining acidic or basic reaction in a medium (pH) by virtue of such
functionz! groups in their molecules. Similarly polarity is regulated by
the presence or absence of polar functional groups like -OH and -COOH
or by protonaticn of amino-groups to yield ions like NH;*. The hydroxy
compounds undergo dehydration to yield unsaturated molecules. This and
its reverse reaction (hydration of double bonds) are quite frequent In
blochemical reactions. Oxidation, dehydrogenation and hydrolysis reac-
tions are also well known among biochemical processes. Most such
reactions are like the ones encountered in organic chemistry, with similar
mechanisms of addition and substitution. Table 1.3 summarises some of
the typical reactions occuring in biochemical systems.
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/
FABLE 1.3 Reaction Types 7

lonization (Dissociation)
R'-COOH + H:0 - R'-COO" + Hy0* (carboxylic acid)

R'-NH; + H;0 — o R'™NHy' + OH™ (protonation)

R-O—p(}*-{OH): + H:O ——p R'-O—p(OH);v-O' + H;\O'
(phosphoryl comp.)

Dehydration and Hydration
R'-CH;-CHOH-R? -—» R'-CH=CH-R? + H,0
H.0
R'-CH=CH-R? — —>» R!'-CHOH-CH,-R?
Oxidation
R'-CH,;OH —-» R'-CHO (dchydrogenation)
R'-CHO ——» R'-COOH (oaygenation)
R'-CHOH-R? —» R'-CO-R? (dchydrogenation)
R'-CH=CH-R? —» R'-CHO + R*-CHO (oxidative cleavage)

Reduction
R'-CHO —» R'-CH,OH (hydrogenation)

R'-CO-R? ——» R'-CHOH-R? (hydrogenation)
Hydrolysis

H;0
+ R'-COOH + R?=OH (hydration)

R'-CO-0O-R? (ester)

Many organic compounds exhibit different types of isomerism : posi-
tion isomers, optical isomers, geometric isomers are all encountered among
biochemicals.

TABLE 1.4 Different Types of Isomers

Position lsomers

CH~O-CO-R! (lzu,—on
CHOMH CH-O-CO-R!
: f

CH,OH CH,OM

Glycerol-1-cster Glycerol-2-ester

: c'mmmn'{/
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INTRODUCTION (1.2)

TABLE 1.4 Different Types of Isomcers (continued)

Stercoisomers
Optical 1somers (enantiomers)

COOH COOH
HO—([}—-H H—(li‘,-OH
CHs CH,
I.-Lactic acid D-Lactic acid
COOH ?OOH COOH COOH
H- clz-NH,, HyN=C—H H—(::-NH, H,N- C::—H
HO-C-H H-C-OH H—(}:—OH HO-C-H
cHy s e "
(n (1) (1) (V)
D(+) Threonine I.(=)Threonine D-allo-Threonine  L-allo-Threonine

I & Hand U & 1V are enantiomer pairs However, T& L 1T & L T & TV
and [T & IV are diastercomers (not mirror images)

Geometriceal Isomers

= H.C CH. (O
H LOOH e, o «(OH)
C
I Il
C
c /
VAN N
H~  “CcooH HC,  CHOH)
Maleic acid (crs) cis-Diethy Istilboestrol
H\ P COOH H,C, /C‘H‘(OH) (4-Hydroxy phenyl)
, C
I I
/C N 7 c N
HOOC H (OHH C, CH,
Fumarie acud (rrans) rrans-Dicthyistilboestrol

These play o very important role in hiving systems, because they
distinguish the somers very sharply i processing. This imparts a high
degree of specificuy for the bhochemical reactions unlike in some organic
reactions  An oanteresting and imporant aspect s that a specific isomer

o T T T Y N U DA e 1 <7 AT T
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8 (1.2) BIOCHEMISTRY

alone is bio-synthesized in living systems, a situation that is very difficuly
to achieve in the laboratory,

Organic compounds with ring systems are very weli known, These
are the aromatic (benzenoid and polynuclear aromatics), alicylic (cyclo-
hexane and related fused systems e.g. steroids) and heterocyelic systems,
with oxygen and nitrogen hetero atoms more f{requently and sulphur
hetero atoms occasionally,  There are a wide variety of such systems
found in living organisms, Some of the systems are prominent among
proteins, carbohydrates and hormones, Numerous and varied heterocyclic
systems have been discovered among secondary metabolites of plants, lilke
alkaloids, fNlavonoids, saponins ete. and of micro-orgunisms of plants, like
antibiotics. Most of these are biosynthesized by appropriate cyclisation
reactions.

(IIAI{I 1.1 Hetrocyelic Systems

°©’ Q m> [‘r-m) // rz»

Furan  Tetrahydrofuran  Pyrrole Pyrrolidine — Thiophene
: 3 .
“N- MNH H B
AN Y )
N 4 N 1
70 1R13! 1)
Oxezole Isoxuzole Imidazole  Imidazolidine — Thinzole
A 4
A~ e T
st i TS TN
/
Pyridine Piperidine Indole
7 A 5 4
LN 2Ny ay
ii I .:‘_.” fll | 6 i! I .
/ 1N 71 J
THH, Y ”/’ ’ n 2
Putine Pendine Pyrimidine

1.3 Brief Survey of Physico-Chemical Vrinciples

Biochemical processes are very well regulated by achieving physico-che micil
conditions, within cells, tissues, Nluids, membranes ete, [efore attempting, 19

R ——— ——
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INTRODUCTION (1,3.1) 9

understand and apprecizte biochemistry, it will be worthwhile to consult
comprehensive bools on physical chemistry for a thorough understanding,
Here, only a very brief outline of some of these will be given, with a view to
drawing attention to them,

1.32.1 lopization

When an electron of an outer-shell (vzlency shell) of an atom is
transferred to another atom forming a compound, an electro-valent bond
results, In solution, the two atoms separate as electrically charged par-
ticles, one as a cotion, vith loss of electron and the other as anion with
gain of clectron.  This phenomenon called jonization or dissociation
operates in most biological systems also, Such compounds are known as
clectrolytes,  When dissociation is complete or 100% (i.e. every molecule
is dissociated), the compound is termed a strong electrolyte,  Most in-
organic salts, acids and bases of organic compounds dissociate only partially
and are called weak electrolyies,

NaCl ——5 Na' + I (strong electrolyte, 100% dissociation)
NHOH === NH;' + Ol (weal electrolyte, partial dissociation)
HyPOy == HPO, + I’

CHLCOON == CH,CO0 + |’

Water, whicli is the medium for these dissociation phenomenis, itself s
a weak clectrolyte, In | itre of pure water, which is approzimately equal
10 555 moles, only 1,0 7 107 moles of hydrogen jon and an equal
amount of hiydrozyl jon are found, The ion product of water is equal 1o
I 2 10" (e, the product of the jonic concentrations expressed in moles
per litre), ‘This dissociation is a reversihle rezction,

H,0 &=={'+ Ol
14 1,0 &= H;0°

Therefore it reaches cquilibrium, when the value is 1% 7 10 ' The
cquilibrium can be easily disturbed by incresse in cither of the jons, 1 or
O, When strang acid s dissolved in o water, it contributes hydrogen
jons, which force reversal of donization of water. Usually the H oassoci-
ates with water piving rise to hydroniam jon, 11,0 Sunilarly the bases
vhich caontribute O gons force reversal and dissociation of  water 15
sunpressed. Howeyer, weak electrolytes will dissociste 1o 8 limited extent
and the final reaction of the medium s dependent on the 1 or O
concentration, 11 the 1 concentration is expressed as negative logarithm,
then the term ph s applied. Pure water has a pll of 70 Weak acids will

i
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10 (1.3.1) BIOCHEMISTRY

contribute H™ reducing the pH.  The lower the pH. the stronger the acid,
Similarly the higher the pil the stronger the base.  Compounds which
dissolve in water, but do not contribute H™ or OH" ions. are termed
neutral. Most sugars, alcohols, aldehydes, Ketones are neutral compounds.
Acids are considered as proton donors or acceptors of a pair of clectrons.

1.3.2 Acids and Bases

Most organic acids are carboxylic acids. If they have only ‘R’ groups
(alkyl. aryl etc.) their dissociation is usually low and becomes less and
less as the *R" group size increases (i.e. becomes less polar).  Many
organic acids found in living systems, are substituted, i.e. have other
functional groups. If the functional groups are polar (like -OH) or
electron withdrawing (like C=0. -NO,, -CI etc.), the acids are usually
stronger. with a lower pKa value. Thus citric acid, tartaric acid, malic
acid. pyruvic acid are all stronger than acetic acid. Many biochemicals
carry inorganic polvbasic acids like phosphoric acid in their molecules.
For example glvcero-phosphoric acid is a strong acid compared to other
organic acids.

oreanic bases contain amino-groups and their substituted deri-
vaiives. ?\'Etrc: nous compounds. including heterocyclics. are basic. unless
compensated by the presence of acidic functions or electron-withdrawing
roups in their close vicinity within the molecule. Bases are proton
ccepiors or donors of electron pair.  Accordingly many organic bases
man '-,.n.a,.::‘: 11.:'11791)1 on acce ﬂmcr a proton {promn tion). In this man-

Since wazter 1s 2 wezk elecirolvie. its dissociation is infiuenced by
\

- P — - man A =% A awesell S ‘_ -~
other electroivies. weak and sirong. Actually water is participating in the
= o ELEEE N N L LSty 1 Th e biamArmeac g I )
ISSOCIZNION reaciion 01 e cieCiroivie. 1is pecomes ominent. when a
) e - L. - A m = - . | £ 1. % 3 " ~
£2i 07 weaN 2010 and 2 sSrong Dase {or sall of weak base ang sirong acid)
B . 4 - o T = ~le 4 m~s b~ fa i -} S : i+
s dissolhved mmowater. The salt dissociates fully thus : (e.e. sodiem acetate
. =
N AZTEOUS IRSGmMm )
s
1 N s s N a avTa
CH.COONz2 —— CH.CCO - Na
1y A - -
H-O = H - OH
SIS ~23c 3] 1S 3 WY 2crd 2rd hac 1 A .o i he
SINCT XTI X3 s a 2N 3Cd and nas a qissociauon constant, ine
. e o8 1 amd CH.COO | [ L I1¢s
o ons of H 2and LHA00 will immeds ..:._.\ compme o \ old undisse-
- . m e AT = e A
- -’-.-‘.‘:. LTI 2000

H « CH.CON)Y —> 11 7w
H CH.COO0 = CH.COOH

B —
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INTRODUCTION (1.3.4) I

This results in lowering of H' and CH,COO" jons in the system
leaving a slight excess of O or a basic pH (above 7.0). Actually water
has brought about a decomposition of sodium acetate to yield acetic acid
and sodium hydroxide to a small extent. Therefore hydrolysis has taken
place. In general, salts of this type (formed from weak and strong
partners) undergo hydrolysis ecasily, changing the pH of the medium,
depending on concentration of salt and undissociated weak partner (acid
or base) and the pH of the weak acid or weak base. To this system, if a
small amount of H' or OH™ are added in the form of another acid or base,
immediately the system tries to fix the H* or OH-, as the case may be. In
the process, the concentration of the original salt/acid or salt/base is not

changed as also the dissociation constant. The result is therefore practi-
cally no change in pH.

'1
|
!
|
|
|
1
|
I
|
l
|
|
!
I
1
|
i
I
r
|

-
} CH;.COO.Na —> CH;.COO~ + Na“ l
| | :
: CH;.COOH =— CH,;.COO~ +H" |
|
|

|
} H,O — OH- + H~ |
e e L SE R e N e M o Wk SO A N 1

I I

external source of OH™ or H-

Within narrow limits, change in pH is resisted by this system, which is
termed a buffer. Such buffer systems play a very important role in
biochemical processes. Besides the numerous simple organic acids and

bases found in cells and tissues, many proteins and peptides also act as
buffer svstems in the body.

Organic acids found in the body are tound both in undissociated form
as well as salts. More often. thev are accompanied by cations (like Na'.
K™ etc.). Thus they may be considered as salts of corresponding strong
bases. For this reason, in biochemistry, acids are always designated as
salts (e.g. acerate, citrate, malate, pyruvate etc. rather than as acetic acid.
citric acid. malic acid, pyruvic acid ete)). To a limited extent these also
form buffers in their own systems.

1.3.4 Oxidation Reduction

Many biochemical processes are described as oxidation-reduction reac-
tions. These reactions are essential to living systems, because ultimately
all energy is generated by oxidative process. Oxidation consists ot intro-
duction of oxygen in addition to whatever was already present (oxygenation).

Scanned by CamScanner



2 (1.3.4) BIOCHEMISTREY
R.CHO — R.COOH
R.CH;.CH;.COOH — B.CO.CH, COOH
P.CH;.CH,.COOH — 2.CHOH.CH, COOH

Oxidation alsa consists of remaval of hiydrogens (dehydrogenation)
ECH;.CH;.OH — BR.CH..CHO

L""‘"

H
2.CH; CH;.COOH —— B.CH=CH.CONH

Oridation zlso occurs when zn electran is withdrewn from zn ziom or
g
|73 7

NG —— ENG-

Fizvine adenme Smuclestide (FAD) - H, — FADH
NEAD -H, — MNADH - B

NADY - H: —> NADPH - i

Cyviochrome{F2" " ") —> (CviochromeAFe %

- - bow iS2ide™"1§ - F

YT e e ————————
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INTRODUCTION (1 3.4)

In the zbove examples zlso, the reducing agent
oxidised product azre not shown., The following
fuller description of oxidztion reduction process ;

alcohaol

CH:.CH;.OH = NAD"

dehydrogenase

In

A b nls | " - = <
A whole chzin 6f rezcit

el
Ll S
-

N
Feo:r e e
1T Ci~—Cid

Q
ii‘
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Proteins and Amino Acids

2.1 Introduction

The name protein is derived from the Greek word proteios, meaning
the first (and foremost). Proteins are a class of chemicals, which occupy
the foremost position among biological chemicals. 1t is also believed that
origin of life was made possible because of amino-acids, which are the
building blocks of all proteins.

Proteins have two major functions in all living cells or tissues or
organs : (1) structural and (2) dynamic. Structural proteins have rigid,
usually fibrous form and support the physical framework of living beings,
e.g. connective tissue, cell membrane, muscle fibre etc. Dynamic proteins
are responsible for all active life processes like biochemical reactions
(metabolism), control of body functions, protection of cells and tissues
against foreign organisms, transport of other chemicals, maintenance of
favourable physico-chemical conditions like osmotic pressure, viscosity
etc. Examples of proteins involved in these dynamic functions include
enzymes, hormones, antibodies, hemoproteins, serum proteins etc. Earli-
est studies on proteins were conducted on egg white, blood fibrin and silk
fibre. Based upon these studies, proteins were classified as (a) albumins,
which are soluble in water and salt solutions; e.g. egg white; (&) globu-
lins, which are sparingly soluble in water but soluble in salt solutions; e.g.
serum proteins; (c) prolamines, which are insoluble in water (found in
wheat, barley etc; (d) glutelins, which dissolve in acids or alkalis (wheat
and rice) (e) scleroproteins (also known as albuminoids), which are in-
soluble and are structural proteins (e.g. hair, nails). Protamins and
histones are two other classes, which are soluble in water but are not
coagulated.

Proteins have a high molecular weight. Most proteins are amorphous
solids, but a few have been crystallized. On breakdown (usually hydroly-
sis) they yield a mixture of amino-acids. A protein usually yields about a
dozen or less of amino-acids, which by repeating themselves in some
order, build up a protein molecule. Thus proteins are biological polymers

14
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PROTEINS AND AMINO ACIDS (2.2) |5

(hio-polymers) of high molecular weight formed from amino-acid units,
Proteins, chemically linked with units other than amino-acids arc called
conjugated (or complex) proteins,  Examples of conjugated proteins
glycoproteins (containing also sugar residues), lipoproteins (containing,
lipids) and nucleoproteins (containing nucleic acids). There are thousands
of proteins in living organisms, cach chemically different from another
depending on the source and function.  [For example albumin obtained
from epg differs from serum albumin. But all proteins are made up of not
more than two dozen amino-acids. A study of amino-acids is therefore
necessary to understand the chemistry and properties of proteins.

Table 2.1 Classification of Proteins

Class Characteristics Examples

Simple Proteins : Made up of only a-amino-acids

(a) Albumins Soluble in water & dilute cgp albumin
clectrolyte solutions serum albumin
(b) Globulins Sparingly soluble in water serum globulins

but soluble in dilute
electrolyte solutions

(c¢) Prolamines Insoluble in water; soluble seed proteins
in 70% aicohol
(d) Glutelins Soluble only in acidic or wheat gluten
alkaline media
(e) Scleroproteins Insoluble in aqueous media hair, nails
(Albuminoids) (structural proteins)
(f) Protamines Highly basic sperm proteins
(g) Histones Less basic than protamines thymus gland proteins
Complex or Conju- Contain also other compounds
gated Proteins and/or metals
(a) Glycoproteins Sugar residues are present blood group proteins
(b) Lipoproteins Lipids are present egg yolk
(c) Nucleoproteins Nucleic acids are present virus proteins
(d) Metalloproteins  Metal ions are present cytochromes, myoglobin

(e) Chromoproteins  Coloured organic compounds hemoglobin
are associated

2.2 Amino Acids

Chemistry and classification : All amino-acids contain at least one
amino group and at least one carboxyl group in the molecule. Both the

ik
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ami .
wh}“}‘: group and carboxyl group are attached to the same carbon atom, to
ich another organic residue is attached. The general structure is :

—~ NH,
R -CH
“NCOOH

As the amino group is attached to the carbon alpha to the carboxyl
group, T.hese. are also known as alpha-amino-acids. Organic acids may
have an amino group anywhere in the molecule and called amino acids
(e.g. Paraa_mmobenzoic acid, PABA can be called an amino acid or
gamma-amino butyric acid, GABA, can also be called an amino-acid).
But proteins are built up entirely from a-amino acids, without exception.

Different amino-acids differ from each other only in the nature of R
group (organic residue) in the above general structure. All the known a-
amino acids are shown in the table below, with additional information

about them.
TABLE 2.2 Alpha-Amino Acids

No. Name Structure Chemical Abbreviated
Name Name
1. Glycine IvH, = CH,— COOH 2-Amino-acetic acid Gly
- NH2
2. L-Alanine CHz—CH L-2-Aminc-propionic Ala
B CCOOH acid
CH NH
3. L-Valine 3Nchi-cn” © L-2-Amino-iso- val
CHsx < N COOH valeric acid
CHs _~NH ]
4. L-Leucine SeH - CH, - CH 2 L-2-Amino-4-methyl- Leu
CHs NcooH valeric acid
C Hs\ f‘“'lz
5. i-Isoleucine : ~CH -CH/ L-2-Amino-3-mcthyl- [leu
Cris ™ COOH valeric acid
NH e ‘
6. L-Serin¢c HO - CHZ—CH/ . [-2-Amino-3-hydroxy-  5S¢r
“SCOOH propionic acid
CA13 ~NH2 . =
7. L-Threonine SCH-CH 1-2-Amino-3-hydroxy-  Thr
' HO~ ~~COOH butyric acid
continued
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No. Name Structure Chemical Abbrerafed
Name Name
: —~NHz ) C
8. L-Cysteine HS -CH,-CH L-2-Amino-mercapto- ys
"N COOH  propionic acid
NH
S-CH,-cH] -
™ COOH
9. L-Cystine Cys-S-S-Cys
NH
S-CHy-cH]
™~ COOH
_~NH
10. L-Methionine COOH L-2-Amino-4-methyl- Met
thiobutyric acid
NH .
11. L-Aspartic ~ HOOC - CH, 7CH/ . L-2-Amino-succinic Asp
acid S COOH. acid
~NH;
HOOC - CH,=CH,~CH
12. L-Glutamic "N COOH L-2-Amino-glutaric Glu
acid acid
~NH,
H,N - CHp= CH, ~CH,= CHp=CH
13. L-Lysine “NCOOH L-2.6-Diamino-caproic  Lys
acid
NHZ / NHZ
~
C-NH-CH,-CH -CH,-CH
aNZ 2 72 7% N cooH
14. L-Argininc L-2-Amino-5-guanidino- Arg
' valeric acid
NH
15. L-Phenyl- CHz-CH/ ¢ L-2-Amino-3-phenyl- Phe
- -sl'minc’ “NCOOH  propionic acid
16, L-Tyrosine _-NH, L-2-Amino-3-(4-hydro- Tyr
T T Ho CH,- CH xyphenyl)-propionic acid
™~ COOH
His

N
</ n\ ~NHz  L-2-Amino-3-(S-imida-)
1'% L-Histidine CH.-CH’ 2 <2-Amino-3-(¢

NH zolyl)-propionic acid

-
-

“\COOH

...continued

—
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No. Name Structure Chemical Abbreviated
Name Name
18. L-Proline . L-Pyrrolidine-2-carb- Pro
nNH  COCH oxylic acid
19. L-Hydroxy NH L-Pyrrolidine-4- Hypro
proline HO {)\COOH zi'ic(ijrox}'-}carbox}'hc
20. L-Tryptophan L-2-Amino-3- Trp
han —~ NH 3'-indolyl)-propionic
? CH,-CH 2 (aci(; YF PP
O ﬂ S COOH
NH

Two of the zbove amino-acids also occur in their amide forms in many
proteins, where the extra carboxylic group is converted to carboxamide thus :

. _ NH,
21. L-Asparagine 4 N -CO-CH,-CH Asn
SCOOH
NH
- ~ ‘2
22.L-Glutamine H,N -CO-CH,-CH,-CH Gln
™ COO0H

In addition to the above, hydroxylysine has been obtained from
gelatin. From some marine animals and corals, di-iodotyrosine and even
dibromotyrosine have been obtained. From the above table a few facts
can be observed :

(1) Glycine is the simplest of a-amino-acids having no organic resi-
due (i.e. R = H). This is also the only u-amino-acid which is optically
inactive.

(2) All other amino-acids correspond to L-series, i.c they are
stereochiemically related to L-glyceraldehyde or L-lactic acid.

H 20 H\c4o HON .20 HO~ 20

H-é-OH HO-rll‘-H HO-(::-H HZM-(::—H

CH,, OH CH,OH CHy CHy
D-Glyceraldehyde L-Glyceraldehyde L.-Lactic acid L-Alanine

However, it must be remembered that the optical rotation actually

measured may be dextro or levo depending on other factors in the mol-
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ecule. For example L-alanine is dextro-rotatory whereas L-phenylalanine
is levo-rotatory.

(3) The first 14 amino-acids in the table (and their derivaiives 20 and
21) can be classified as aliphatic a-amino-acids. Phe and Tyr may be
classified as aromatic c-amino-acids. His, Pro and Trp may be described
as heterocyclic a-amino acids.

(4) The amino-acids Cys and Met can be described as sulphur con-
taining amino-acids.

(5) Ser, Thr and Tyr may be described as hydroxylated amino-acids.

(6) Most amino-acids are described as mono-amino-monocarboxylic
acids. Lysine is a diamino-monocarboxylic acid, making it more basic.
Arg, His and Trp also are more basic because of more basic groups in
their molecules. Asp and Glu are dicarboxylic monoamino-acids and are
more acidic. Asn and Gln are neutral because of conversion of the extra
carboxyl group to its neutral amide form.

(7) Proline is unique in that its ad-amino-group is part of a heterocyiic
ring.

(8) Cystine is a dimer of cysteine (note the spelling!). It is usually
formed by oxidation of cysteine molecules.

TABLE 2.3 Classification of Amino-Acids

Class Examples
Aliphatic Amino Acids (no ring system)

Mono-amino-monocarboxylic acids glycine, alanine, valine
(no other functional groups) leucine, isoleucine
Hydroxy-mono-amino-monocarboxylic acids serine, threonine
Sulphur containing amino-acids cysteine, (cystine)*
Mono-amino dicarboxylic acids (acidic) aspartic, glutamic
Basic amino-acids lysine, arginine
Amido amino-acids (ncutral) asparagine*, glutaminc®

Aromatic & Heterocyclic Amino Acids
Aromatic amino-acids phenylalanine, tyrosine

Heterocyclic amino-acids proline, hydroxyproline
histidine, tryptophan

*These are derived amino-acids
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2.3 Properties of Amino Acids

(1) Most a-amino acids are fairly to sparingly soluble in pure water,
undergoing feeble ionisation. In dilute acids or alkalis they dissolve with
greater ionisation :

+
NH - NH & _~NH,
777 L gyt B R-cH

R-CH
~coo- “\COOH S COOH

Amino acid dissociation

In neutral solutions a-amino-acids exist as amphoteric species, known
as witterion.

Zwitterion

As seen above, in basic medium the protonation of the NH; group is
suppressed and in acidic medium ionisation of the COOH group is sup-
pressed. If the pH is carefully adjusted, ionisation and protonation can
both be suppressed and neutral amino-acid will result. The solubility of
the unionised unprotonated amino-acid is least and it may get precipitated.
This is called iso-electric pH. As proteins are made up of a-amino-acid
units, they also behave similarly in this respect (i.e. protonation, ionisation
and precipitation at iso-electric pH).

(2) All a-amino acids form amide bonds, in which the a-amino group
of one reacts with the a-carboxyl group of another amino-acid.

JNH——CO\
R, — CH CH=R, or H,N-CH-CO'>NHf-CH - COOH
Qi NH C

/
COOH H,N R, R,
Peptide bond

This amide bond is responsible for building up of chains of amino-
acids which are present in proteins and peptides. The bond is known as
the pepride bond. Note that in the above new compound (called a
dipeptide) formed from two amino-acids, one amino and onc carboxyl
group are still available for further reactions, just as in a single amino-
acid. Peptide molecules are known as dipeptides, tripeptides, tetrapeptides,
polypeptides etc. depending on the number of amino-acids in them and
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the relative molecular weight.  High molecular weight polypeptides with
over 50 amino-acids are termed proteins.

(3) The free carboxyl groups of amino-acids and peptides behave like
any other carboxyl group in their chemical reactions. Thus esters of
amino-acids can be obtzined as also amides of amino compounds includ-
ing amino-acids. These reactions are uscful in the study of chemistry of
proteins and peptides. ’

(4) The free amino groups of amino-acids and peptides can be acylated
with other carboxylic acids. They can be substituted with alkyl or aryl
groups. The primary amino groups also react with nitrous acid, liberating
nitrogen quantitatively. These reactions form the basis for qualitative and
quantitative analysis of amino-acids, peptides and proteins.

(5) Functional groups present in the ‘R’ residues of amino-acids and
peptides (like -OH, -SH, -NH etc.) also yield characteristic reactions of
such groups.

(6) An iinportant reacticn of amino-acids is their reaction with ninky-
drin (triketo-hydrindene hydrate or indane trione hydrate). Most amino-acids
react with ninhydrin giving rise to a mixture of carbon dioxide, ammonia
and an aldehyde, all derived from the amino-acid. Ninhydrin itself is
reduced to hydrindantin.

O
OH —~NH2
+ R-CH —_—
OH S COOH
(0)
Ninhydrin Amino acid
0
OH + R—CHO + NH3 + CO,
0

Hydrindantin

The liberated ammonia reacts with more ninhydrin to yizld a coloured
compound. The colour ranges from light pink to deep violet for different
amino-acids. This reaction has been used both for qualitative detection of
the amino-acids, especially in paper chromotography and thin layer
chromatography and for quantitative estimation of amino-acids.

- )
0
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0 0
OH
+ NHy + OH —
@%H 3 @:"> <
0] 0

Ninhydrin Ammonia  Hydrindantin

OL+< IO

Coloured complex

2.4 Proteins and polypeptides

Polypeptides usually are made up of less than 50 amino-acids. The
smallest peptides are di-and tri-peptides. Glutathione is a tripeptide
occurring in living systems. Its chemistry is represented thus :

Hat N
3 N . -
__CH = CH, ~CH, {CONH]~ CH ~[CON] - CH, ~C0O
~00C I
CH, SH
Glutamic Cysteinyl Glycine
Glutathione

It can be named y-glutamyl-cysteinyl-glycine or in the short hand form
as y-glu-cys-gly. (Nore—It is the gamma carboxyl of glutamic acid that
has formed the peptide bond with cysteine instead of the usual a-carboxyl
group). The short hand form is useful for writing structures of poly-
peptides.

A pentapeptide called enkephalin occurring in a variety of tissues has
the structure :
Tyr-Gly-Gly-Phe-Met (Met-enkephalin)
In this molecule Tyr and Met are end amino-acids of the chain.
Conventionally the end amino-acid with the free amino-group is written at

the beginning of the chain. Occasionally, to make this fact clear, the
peptide may be written thus :

H,N-Tyr-Gly-Gly-Phe-Leu-COOH (Leu-enkephalin)
1 2 3 4 5
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which also numbers amino-acids in the chain in their correct sequence.

For example, it is easy to explain that “S-methionine is replaced by
5-leucine in Leu enkephalin™.

A long polypeptide chain is physically not rigid and will undergo
distortion or deformation in biological media. As some of the functions
of polypeptides and proteins are dependent on the shape of the molecule,
rigid shape may be essential. Such rigidity is achieved through hydrogen
bonding between -NH groups and -C=0 groups of peptide bonds. In long
chain peptides this is achieved by : (a) twisting the chain to form a helix
so that the hydrogen bond occurs between an amino acid and its fourth
successor or predecessor in the chain (called the a-helical structure) or
(b) having parallel chains or helices so that the hydrogen bonds are
formed between chains or helices (called the £ structure). In long fibrous
proteins (as in keratin of hair and fibroin of silk etc.) the 3 structure is a
pleated structure. The three types are shown below.

HYDROGEN
BONDING
elc.
Fig.2.1 a-Helix
nme I O R T R 8 2RO IR l‘-fi ‘(b"x '\‘u'-,‘.} ‘_\!‘J&‘ bt '-\;,, ‘“-,?" “.':3.‘_}-‘\
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Fig.2.3 [3-Pleated Structurc

Polypeptide chains and helices are also held together by other forces
like hydrophobic bonds, van der Waal’s forces, electrostatic bonds etc.
However, all these bonds and forces allow flexibility in changing the
shape of the molecule under the influence of pH, electrolytes etc. (see

Fig. 2.4).
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T)b s PROTEIN CHAIN
o) HoC—

-~
' CH,H,C {1 |—-C
—@_‘ No
c

e

CH,OH HOH,C
e
o 2
74 '\\‘c
0 N
NH,

Fig. 2.4 Various bonds in proteins

(a) Electrostatic interaction; (b) Hydrogen bonding; (c) Disulfide
linkage; (d) Nonpolar side chains; (e) van der Waals interactions

Some polypeptide molecules may have more than one chain. The two
chains are held together generally through sulphide bridges formed
between a cystein of one chain with the cystein of another chain. Insulin,
a polypeptide hormone is an excellent example of this arrangement, as
shown in the Fig 2.5 :

S S
(A chain) ! I
H;N-Gly-ile-val-glu-gin-cys-cys-thr-ser-ile-cys-ser-leu-tyr-gln-leu-glu-asn-tyr-cys-asn-COOH
1 2 3 45 6 |8 9101112 13 1415 16 17 18 19 21

S

l S-S

S
(B chain) |

H,N-Phe-val-asn-gin-his-leu-cys-gly-ser-his-leu-val-glu-ala-leu-tyr-leu-val-cys-gly-glu
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

I
arg-gly-phe-phe-tyr-thr-pro-lys-thr-COOH
22 23 24 25 26 27 28 29 30

Fig. 2.5 Human Insulin

& 0 T R H D
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2.4.1 Proteins exhibit following properties :

(1) A protein when heated in dry condition or bumnt in flame, pro-
duces a characteristic obnoxious smell, reminding burmning hair or skin.
The smell is caused by sulphides and mercaptans formed from sulphur
containing amino-acids.

(2) Presence of nitrogen in proteins and polypeptides can be detected
by the usual Lassaigne’s test for elements (sodium fusion test) and by
liberating nitrogen with nitrous acid. Proteins contain between 12 and 19

per cent of nitrogen in their molecules, 16% being assumed popularly as
an average.

(3) Most proteins on warming with strong alkalis liberate ammonia,
formed from the amino groups.

(4) Soluble proteins, like globulins, precipitate on warming (coagula-
tion). This destroys the biological properties of proteins (denaturation).

(5) Soluble proteins are precipitated by strong mineral or organic
acids like trichloro-acetic acid, phosphomolybdic acid, phosphotungstic
acid and also picric acid. These also cause denaturation.

(6) Strong electrolyte concentrations (salts like magnesium sulphate,
ammonium sulphate etc.) precipitate proteins, but do not cause denatur-
ation. Removal of the electrolyte by dialysis, restores the protein properties.
Sufficient concentration of ethyl alcohol also produces similar effects on
proteins.

(7) Proteins are least soluble at their iso-electric point (i.e. pH at
which ionisation is least). On ionisation in buffered systems, they can be
subjected to migration under influence of electrical field. The process is
known as electrophoresis. Migration is dependent on molecular size,
nature of net charge (positive or negative) and amount of charge. The
direction of migration (towards cathode or anode) and the rate of migra-
tion are characteristic of a protein. The electrophoretic behaviour of
proteins has been utilised in identification and separation of proteins from
each other. :

(8) The molecular weight and shape of a protein molecule are such
that these can be considered as colloidal or sub-colloidal particles. With
the help of an ultra centrifuge, these particles can be made to “settle
down” from solutions.  The rate of sedimentation of a protein in an

ultracentrifuge is useful for computing the approximate molecular weight
of a protein molecule.

(9) Because of their high molecular weight, many of them are anti-
genic (i.e. they induce the body to produce antibodies) when injected. A

ca
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reaction between an antigen and its antibody can produce occasionally
anaphylactic shock or hypersensitivity or allergy.

TABLE 2.4 Properties of Some Proteins

Protein/Polypeptide Approx.Mol Wit Iso-electric Point
Insulin 6000 4.3-53
Egg Albumin 45000 4.6
Serum Albumin 69000 4.7
" Hemoglobin 66000 6.7

2.4.2 Colour tests for proteins

(1) Proteins give blue to violet colour with ninhydrin, like amino-
acids, and peptides.

(2) All proteins and peptides give reddish to violet colour with a drop
of dilute copper sulphate solution added to a warm alkaline solution of the
protein or peptide. The reaction is characteristic of peptide bonds. As the
test was first discovered with biuret (H,N-CO-NH-CO-NH,), it is known
as biuret test.

(3) Xanthoproteic test is given by proteins and peptides which have
phenylalanine or tyrosine or tryptophan (aromatic amino-acids) in their
molecules. On treatment with concentrated nitric acid, these amino-acids
undergo nitration in the aromatic ring. These nitro compounds (particu-
larly nitro-phenols) are yellow in colour. This is the same reaction which
occurs when our skin comes in contact with concentrated nitric acid in the
lab.

(4) Millon’s test : When proteins or peptides are treated with Millon’s
reagent (a solution of mercuric and mercurous nitrates in nitric acid) a
white precipitate is formed. When this is heated, a red colour or precipi-
tate is formed. This test is given only by proteins containing tyrosine in
their .molecules, forming red mercury complexes with the nitrophenol
formed. The test is also given by other phenolic compounds and is
therefore not specific to proteins.

(5) Sodium nitroprusside reagent gives a red colour with peptides
and proteins which yield cysteine or cystine on hydrolysis. As many
proteins contain these, the test is answered by most proteins.

(6) Sakaguchi reaction is specific for the presence of arginine in
proteins. = Protein hydrolysates will give red colour with o-naphthol-
sodium hypochlorite reagent if arginine is present. The reaction is due to
the guanidine group.
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(7} Hopkins-Cole reaction is carried out by adding glacial acetic acid
followsd by concentrated sulphuric acid to a solution of protein. A violet
colour 1s produced 1f tryptophan is present in the protein. The reaction is
due to the glvoxalic acid formed on acid hydrolysis of typtophan.

2.4.3 Structure of Proteins

Primary Structure : The exact sequence of amino-acids in each chain
single protein molecule is termed the primary structure. This is
similar w0 the structural formula of organic compounds. The full structure

)
'y
]

given earlier represent primary structures. The determination of the
primary structure of protein involves the following stages :

) Purification to a hemogeneous substance (free from closely
d proteins). This may be achieved by : (a) precipitation with salt or
ol or at isoelectric point etc.: (b} ion-exchange chromatography;
¢) gel filtration: (&) electrophoresis: (e) ultracentrifuge etc. Care should
tzken t0 avoid denarmuration. More than one method may be needed.

1

ICOT

)

o~

o
i

(2) Hydrolysis to vield all the amino-acids without destruction. This
may be achieved by acid, alkaline and enzymic hydrolysis. Tryptophan
will not be found in acid hvdrolysed proteins, due to destruction. Hence
mere than one method may be reguired.

(3) Separation, isolation and identification of the amino-acids. The
mixture of amino-acids can be separated by paper chromatography or
TLC (if necessary by two dimensional technique) and detected by spray-
ing with ninhydrin reagent. The mixture of amino-acids (hydrolysate) can
also be treated with reagents which react with the amino-acids to yield
characteristic derivatives. Dinitro-fluoro-benzene (DNFB) is one such re-
agent which reacts with the free amino-groups to yield coloured dinitrophenyl
derivatives (DNP). Similarly phenyl-isothiocyanate on reaction yields
phenylthiocarbamyl (PTC) derivative which on acid treatment gives a
phenyithiohydantoin (PTH) derivative. Such derivatives can be separated
chromatographically on paper or thin-layer and identified by their charac-
teristic Rf values and colours.

(4) Quantitative estimation of the amino-acids will be necessary to
determine their relative proportions. For example beef insulin has a total
of 51 amino-acids made up of only one mole each of ileu, thr, pro, lys
and arg, two moles of his, three moles each of ala, ser, asn, gln and phe,

four moles each of gly, glu and tyr, five moles of val, and six moles each
of cys and leu.

(5) Sequence of amino-acids starting from the amino-acid (N-termi-
nal amino-acid) to the carboxyl end of the chain (C-terminal amino-acid).

SRS
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This is usually achieved by step by step cleavage of the peptide chain by
enzymes like amino-polypeptidase, which starts cleavage from N-terminal
aminc-acid or by carboxy-polypeptidase, which starts cleavage from the
C-terminal amino-acid. The sequence can also be determined by the
Edman’s PTH method using phenylisothiocyanate. The degradation can

be repeated step by step, as each time only the N-terminal amino-acid is
cleaved. These methods are also known as end group analysis.

(6) Determining the number of chains in the molecule : This is
easily determined by finding out the number of N-terminal amino-acids
(and/or C-terminal amino-acids). Each such amino-acid represents one
chain, because each chain must begin with a free amino group and end
with a free carboxyl group. For example, insulin has two N-terminal and
two C-terminal amino-acids, hence has two chains.

(7) Determining the nature and position of bridges holding the
chains together. Usually sulphide bridges are found between the cystein

units of different chains. During sequence determination and end group
analysis, these positions are revealed.

Secondary Structure : The secoridary structure refers to the weak
bonds and forces that hold together the peptide chain. The hydrogen
bond is the most important of these. Within a single molecule of a
protein, the exact positions of hydrogen bonds are determined to reveal
the secondary structure. The o-helix form or the PB-structure are the
usually occurring secondary structures. This is still dealing with bonds
and forces that are holding together the primary structure, but not the
spatial distribution of the protein or peptide molecule.

Tertiary structure : The protein molecule which may have an a-helix
or a B-structure, twists itself at different parts within the molecule, to form
a layered or three dimensional mass. The tertiary structure can be deter-
mined by X-ray studies, somewhat similar to crystallography. The distances
between different atoms are mapped and the molecule reconstructed using
the co-ordinates and distances to determine the tertiary structure. The
tertiary structure is easily altered sometimes even under mild conditions
(like simple acid medium, or warming or chemical reagents etc.). Dena-
turation disturbs the tertiary structure irreversibly.

Quaternary Structure : Most porteins are not single molecules but an
arrangement of more than one molecule held rigidly together in associa-
tion. They behave as though it is a single molecule in some physico-chemical
experiments. They may be considered as loosely held oligomers. The
number of molecules forming such an associated structure and the forces
holding them together are described in the quaternary structure. A metal
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ion or an organic complex structure may hold the protein molecules,
Hemoglobin is made up of four sub-units. The enzyme phosphorylase is
active only when it has the four unit quaternary structure, the individual
monomeric form being inactive. In this enzyme all four sub-units are
identical (homogeneous) but in some others like in hemoglobin, the ter-
tiary and secondary structures of the subunits may be dissimilar to a small
extent (heterogeneous).

2.5 Role of Proteins in Diet

As explained earlier proteins have a variety of functions in the body
and the body has a variety of proteins to carry out these functions. All
the proteins found in the body are produced in the body (synthesized) by
a complex mechanism using amino-acid units (protein biosynthesis). In
this process the DNA, RNA and ribosomes are involved in addition to
certain enzymes and the amino acids themselves. The body has also a
mechanism of synthesizing amino-acids from other molecules like acids,
ammonia, sugars and other amino-acids. Of the twenty amino-acids that
are found in body proteins, eight cannot be synthesized in the body. They
usually have an ‘R’ group that the body is unable. to synthesize. Hence
we are dependent on our dietary source for these amino-acids. Without
these, many proteins in the body cannot be produced by the body, thus
affecting many functions. These amino-acids are therefore termed “essen-
tial or indispensable amino-acids”. These are — Isoleucine, Leucine,
Lysine, Methionine, Phenylalanine, Threonine, Tryptophan and Valine
(remember as ILL, MP, TTYV in alphabetical ascending order).

Arginine and histidine have been given the semi-essential status, as
they are needed during growth years. Later the body is able to synthesize
these. Methionine is recycled in the body, hence becomes partially
essential.

Proteins, when ingested as foods, are broken down to amino-acids
with the help of enzymes, both in the stomach and intestines, although at
different pH. Only aminoacids are absorbed and circulated in the body.
From this pool, amino-acids are utilized for the biosynthesis of proteins.
Therefore the food proteins must contain all the indispensable amino-acids
in sufficient amounts needed by the body. The usefulness of a protein is
measured by the extent it is capable of supplying the essential amino-acid
and is expressed as bioloigcal value (BV) or net protein utilization (NPU).
It is not practical to estimate the essential amino-acid content of nutri-

tional proteins. Hence, the nitrogen content of such proteins is determined.
After controlled experiments, the amount of nitrogen that is estimated
from the body after administering the protein is also determined. The
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difference gives nitrogen retained in the body. The end product of protein
metabolism is urea, which is exclusively eliminated through the kidney.
Estimating urea nitrogen in the urine gives the amount of nitrogen not
retained in the body or which has undergone metabolism. NPU is
calculated thus :

N retained (N intake — N excreted)
NPU= ——x 100 or x 100

N intake N intake

The biological value (BV) is a corrected value taking into account nitro-
gen content of food not absorbed. This is determined by estimating the
nitrogen in the faeces during the period of the experiment. BV is calcu-
lated thus :

N retained (N intake — N in faeces) — N in urine
BV= ———x 100 or
N absorbed (N intake — N in faeces)

Both the values are difficult to determine, because of experimental
limitations and tediousness of determjnations. Moreover, these are not
absolute but are useful as only approximate relative values to compare
different dietary proteins. These methods assume that all essential amino-
acids are retained in the body and do not contribute to the urinary
nitrogen. The NPU values of some proteins are listed below (from WHO
technical report) :

TABLE 2.5
Protein Source NPU (in children)
Human milk 95
Whole hen egg 87
Cow’s milk 81
Polished rice 63
Ground nut 57
Soya been flour _ 34
Whole wheat 49
Maize 36

As explained above the body retains substantial amount of nitrogen
from the proteins (and other nitrogen containing compounds) of foods
ingested. The difference between nitrogen intake and nitrogen excretion
(i.e. nitrogen retention) gives not only the value of the food, but also a
good idea of the condition of the body efficiency in nitrogen turn-over or

e S R T Y




F

32 (2.5) BIOCHEMISTRY

protein metabolism. As proteins are also part of the structural tissues, it ig
obvious that the nitrogen retention is high in growing children and rela-
tively low in elderly persons. In the vouth and active adults the nitrogen
excretion is carefully regulated. depending on the amount of intake. This
phenomenon is known as “nitrogen balance™ or “nitrogen equilibrium®.
In the normal course of life in the growth period, nitrogen balance is
“positive”, i.e. nitrogen retention in the body is high. During adulthood it
is marginally fluctuating between positive and negative. In elderly per-
sons it may be on the negative side, i.e. more nitrogen is excreted than the
intake. The additional nitrogen is from the degradation of structural
tissues and cells. Negative nitrogen balance may also be seen in persons
who are on diet or fasting or starving (malnutrition) but also in overeating
(obesity). and in certain disease conditions, which have caused impaired
protein metabolism. Positive nitrogen balance is also seen in pregnant
females. Thus determining nitrogen retention in the body can give valu-
able information on the condition of the body.

2.6 Protein and Amino-Acid Deficiency Diseases :

These are caused by :
(+) AMalnutrition : lack of required amount of proteins and essential

4

amino-acids in the diet.

(b) AMalabsorption : lack of ability to digest and/or absorb the protein
and amino-acid nutrients from ingested food.

(c) [nability 1o ingest food through oral route (e.g. due to Injury to
the buccal cavity of the oesophagus).

(d) Surgical removal of organs involved in digestion, absorption,
metabolism etc. (stomach, intestine, liver, pancreas, etc.).

(e) Metabolic disorders, due to genetic or other reasons body is unable
to metabolise some amino-acids.

Kwashiorkor is a dietary protein deficiency disease seen in Asian

children, who live mostly on starchy foods like corn, plantain, tapioca etc.
Hypoproteinemia and anorexia nervosa are conditions related to malnu-
trition. They are treated by administering proteins of predigested proteins
of high biological value. Malabsorption states are treated with pre-
digested proteins containing all the needed amino-acids. If oral administration
is not possible, then parenteral route may be employed using sterilised
preparations. Liver diseases like cirrhosis, also cause severe deficiency
of amino-acids. Total parenteral nutrition (TPN) may be needed to treat
the patient. TPN products are formulated according to individual patient’s
needs and include amino-acid mixtures besides minerals, glucose, vita-
mins and fats.
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Protein intolerance (e.g. cow’s milk intolerance). gluten sensitivity
(gluten is wheat protein) also known as coeliac disease require specially
formulated protein digests (protein hydrolysates) for treatment.

Phenylketonuria is a metabolic disorder, in which the body is unable
to convert phenylalanine to tyrosine. This results in accumulation and
excretion of phenylpyruvic acid, a keto-acid. Both these situations are
undesirable. Tyrosine, needed for the bio-synthesis of several proteins
and hormones, is not available in adequate amounts. The condition is
treated with special amino-acid mixture preparation to provide just
adequate amounts of both phenylalanine and tyrosine.

Many products containing proteins of high biological value are avail-
able in the market, as food supplements and for. malnutrition. Protein
hydrolysates are also available for persons suffering from malabsorption
states. Sterile preparations containing protein hydrolysates (Protein hy-
drolysate injection USP is the only official product of this type) are
formulated from pure amino-acids for parenteral administration. These
are not commercially available. These have to be made in a hospital
pharmacy. Some marketed protein supplement products also contain
other nutrients like carbohydrates, minerals, fats and vitamins.

There are a number of proteins and polypeptides which are used for
purposes other than nutrition. Enzymes and hormones are some such,
which will be discussed at appropriate places. Gelatin is a derived
protein, obtained by partial hydrolysis of collagen (structural protein found
in skin, connective tissue, bones etc.). It is official in the Indian Pharmacopozia
(IP) and is used as a pharmaceutical aid (for making empty capsules, as
suspending agent and binding and coating agent for tablets). It is ob-
tained as colourless or yellow flakes or as coarse powder. It has very
little nutritional value. Absorbable gelatin sponge or foam was earlier
available for use as local hemostatic during surgery.

2.7 Blood Protein Products in L.P.

Human normal serum albumin (Human albumin) is obtained 2s a
clear liquid, the colour ranging from amber to deep orange-brown depend-
ing on protein content. It is prepared from pooled blood or plasma or
serum, by removing most of the other proteins and organic compor. its of
blood by addition of alcohol or salts and adjusting pH to precipitate these.
The final pharmacopoeial product contains between 5 and 25% v v of
protein. It is intended for use as blood volume supporter by intravenous
injection.

Human plasma is a product obtained from pooled unclotted human
blood from heaithy donors, by removing the blood cells by sedimentation

Scanned by CamScanner



1 (2.7) BIOCHEMISTRY

or centrifugation. It contains 4,5% w/v of protein. 1t is used as a plasmg
volume restorer.

Dried human plasma is obtained by freeze drying human plasma
preparations as explained above. 1t is a pale to deep cream coloured
powder. It should be reconstituted with water for injection to yield a
solution containing 4.5% w/v of protein.

Human plasma protein fraction is also used as blood volume
supporter and is administered by intravenous infusion. 1t is a transparent,
colourless or slightly brownish liquid. It is obtained from pooled human
bloed or plasma or serum and contains both normal globulins and albu-
mins but no fibrinogen and antibodies (immunoglobulins). A combination
of solvents, ionic strength, pH and temperature are employed to climinate

unwanted proteins.  The final product contains about 5.2% w/v of
proteins.

Human normal immunoglobulin (also known as immunc human
serum globulin or Human gamma globulin) is an important passive immunising
agent, useful in prevention of measles in children, rubella in pregnant
women and infective hepatitis in general. It is prepared from pooled
human blood or plasma or serum from individuals who have high content
of the required antibodies in their blood. The gamma globulins are
precipitated selectively using a combination of alcohol strength, ionic
strength, and pH. The separated gamma globulins are dissolved in aque-
ous vehicle and may contain added preservative or stabilising agent. The
final product is a transparent, colourless or slightly brownish liquid con-
taining between 10 to 18% w/v of protein. Dried human normal
immunoglobulin (dried human gamma globulin) is a white or slightly
yellowish powder obtained by freeze-drying the human normal immuno-
globulin preparation, as explained above. It is reconstituted with water
for injection, before administration.

Dried human anti-hemophilic fraction is another protein product
made by fractionation of human serum, suitably to enrich it with the
specific anti-hemophilic fraction. It still contains about 80% fibrinogen,
but should have at least 0.1 unit of anti-hemolytic fraction (clotting factor
VIII) in 1 mg of the product. It is obtained by freeze drying the
fractionated protein solution. It is stored in sealed ampules under an
atmosphere of nitrogen (no oxygen should be present).

Since the advent of biotechnological techniques (like recombinant
DNA cloning, gene splicing etc.), several proteins and polypeptides are
being produced by such metiiods, instead of from animals, plants or
microorganisms. These are relatively very pure, single chemical sub-
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stances (as compared to the mixture of isolated proteing from tissues) with
low antigenic propertics, Morcover, they can be produced in large amounts,
Today insulin, interferon, growth hormone, crythropoietin, hepatitts 3
vaccine and tissue plasmonigen activator are alrcady being produced by
biotechnological processes and marketed. More products are expected in

future. Drug industry is likely to be heavily biotechnology oriented in
future.

SN
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Enzymes

3.1 Introduction

Enzymes are a class of proteins, that are extensively distributed in all
living systems. They exhibit all the characteristic properties of proteins.
Their function in the body is to bring about chemical changes in bio-
chemical molecules, under the conditions prevailing in the body. They
are also called biocatalysts, as their activity is similar to chemical cata-
lysts. In the chemical reaction they catalyse, they are not destroyed or
rendered useless. They are regenerated to enable re-use of the enzyme.
Hence they are needed in small quantities. Since all biochemical reac-
tions (also known as biotransformations) take place only with the help of
enzymes, they are essential to all life processes. They are produced in
specialised cells and released when needed. Some enzymes are produced
in special organs, released, transported to distant organs, stored in such
organs and secreted through ducts to the site of action. Many digestive
enzymes are of this type.

The term enzyme was introduced by Kuhne in 1878 and means “in
yeast”, as yeast was found to be rich in enzymes. However, the activities
of some of the enzymes (earlier known as ferments) had been recognised.
Diastase of malt, emulsin of bitter almonds, pepsin of stomach juice,
trypsin of the pancreatic juice and invertase of yeast were the earliest of
enzymes described, although not obtained in pure form. The substance
which is biotransformed by an enzyme is known as substrate. An extra-
ordinary fact was that the enzymes were active not only inside living cells
(in vivo), but also in cell-free laboratory experiments (in vitro, meaning in
glass ware) on the same substrate. The discovery has helped greatly in
advancing knowledge of enzymes.

3.2 Nomenclature and Classification

Early researchers named the enzymes on the basis of source or the

type of reaction catalysed or the substrate acted upon by the enzyme.
Table 3.1 lists a few of the enzymes.

36
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TABLE 3.1 Some Enzymes

Name Basis of Name Biotransformation Catalysed
Pepsin occurs in stomach peptide bonds cleaved
Papain occurs in papava peptide bonds cleaved
Pancrecatin occurs in pancreatic juice  digestion of foods
Amylase substrate amylum (starch)  starch degraded
Lipase substrate : lipids hydrolysis of fats and oils
Urcase substrate : urea urca degraded

Phosphorylase

Dehydrogenase

Peroxidase

Invertase

causes phosphoryl-
ation of substrate
causes dehydrogen-
ation of substrate
breaks down peroxi-
de substrate

causes inversion of
optical activity

(¢.g) Sugars phosphorylated
(c.g) Alcohol dehydrogenated

(c.g) hydrogen peroxide decom-
posed

(c.g) sucrose hvdrolysed to
mixture of glucose and fructose

While many of the classical names of enzymes are retained today, the

! new names of most enzymes are based on the recommendation of Interna-

tional Union of Biochemistry (IUB). According to this the full name
consists of the (a) substrate; (b) cofactor if any; and (c) reaction type (bio-
transformation), in that order. The name ends in the suffix-ase. The TUB
has also recommended-a numbering system. The enzyme alcohol dehy-
drogenase is correctly designated according to IUB as alcohol : NAD
oxido-reductase. Often the names are simplified to include only the
substrate and type of reaction.

TABLE 3.2 [UB Classification of Enzymes

Dechvdrogenase. oxidases. reductases, per-oxidases. cata-
lase. oxygenases and hydroxylases

1. Oxido-reductases :

(¢S]

Kinases. phosphomutases. transaldolase. acyl-. glucosyl.
phosphoryl-. methyl-. transferases etc.

Transferases :

Esterases. glvcosidases. peptidases. amidases. phos-
phatases. deaminases. lipases. ribonucleases etc.

3. Hydrolases :

4. Lyases : Decarboxylases. aldolases. hydratases, lyases, synthases.
dehydratases etc.
[somerases : Racemases. epimerases. mutases. isomerases etc.
6. Ligases : Syvnthetases. carboxvlases etc.

The TUB has divided all enzymes into six major classes according to
the biotransformation involved. Each of these classes are sub-divided into
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sub-classes, to group the substrate types. The sub-classes contain the list
of specific enzymes acting upon the specitic substrate. The major classes
and some of the sub-classes are shown in Table 3.2 above.
.3 Properties

All enzymes are high molecular weight proteins, soluble in aqueous
media 1 the body. Many enzymes have been obtained in pure crystalline
form.  They are precipitated by strong electrolyte concentrations (salts),
organic solvents like ethanol and at their iso-electric point.  They behave
ltke other proteins when subjected to electrophoresis, ultracentrifugation,
on-exchange chromatography etc.  They are irreversibly denatured by
heat (usually above 56°C). strong acids (protein precipitants) and heavy
metal 1ons like lead, mercuric ete. (protein poisons). Many of them
exhibit their full activity in their simple protein forms. Some are not
active in the form in which they are stored and secreted. They require the
help of another enzyme to release the active protein enzyme by removing
a protective unit. Such inactive enzymes are called pro-enzymes or
oymogens : e.g trvpsinogen and chymotrypsinogen which are converted to
the active trypsin and chymotryvpsin respectively.

Some enzymes require the presence of other non-peptide organic or
metal ion co-factors for their full activity. The protein enzyme part in
such cases is known as apoenzyme. The co-factors like co-enzymes or
metzl ions are usually present only during the actual reaction.

Some apoenzymes have non-peptide organic prosthetic groups, which
are always attached to the apoenzyme and necessary for the activity. The
prosthetic groups can be removed or restored under certain conditions.
The apoenzyme together with the co-factors and/or prosthetic groups, are
then termed holoenzyme with full activity. With proper conditions, such a
complete system can function in vitro also. Certain small parts of the
large enzyme molecule are designated as sites. Some are active sites
involved in the particular enzyme action, allowing the substrate to be
attached to that site. Some sites accommodate co-factors and other
molecules which are required for activation. Enzymes can be antigenic
like other proteins. Hence parenteral administration of enzymes should be
avoided.

3.4.1 Enzvme Reactions

(1) Enzymic reactions are specific, either acting on a single substrate
or on z group of closely related subsirates and bring about usually a
single step specific biotransformation.  Urease is a single substrate en-
zyme. Pepsin is a multi-substrate enzyme, i.c. many peptides and proteins
can be its substrates.  But it breaks the peptide bonds between tyrosine
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(contributing the amino-group to the peptide bond) and other amino-acids,
formed in the interior of protein molecules,

(2) Enzymic reactions are reversible. Like reversible chemical reac-
tions, the physico-chemical conditions of the medium (concentrations, pH,
solubility, ionisation, complexation ete.) decide whether an enzymic reac-
tion proceeds in the forward or reverse direction. Enzymic reactions can
therefore be controlled by a variety of conditions,

(3) Enzymes (E) form a complex with the substrate (binding to the
active site). The complex usually changes in shape or charge cte. forcing
the substrate (S) to change its chemistry. Now a new complex of enzyme
and products has resulted. This then undergoes dissociation, releasing, the
products and the enzyme which quickly rearranges to the original active
form of the enzyme. This sequence of steps in the enzymic reactions can
be represented thus :

E+S== ES = (EP) == E+P

In some cases, there may be two successive reactions taking place
quite fast, appearing like a single reaction. For example glutamate sub-
strate is bound to the enzyme and converted to Aeto-glutarate and ammonia.
If in the medium oxalo-acerate is also present, it binds on to the enzyme
and accepts ammonia to form aspartate. This second reaction is simply a
reverse of the first reaction, excepting that a second a-keto-acid has taken
the place of the product of the first reaction. The net result of this
reaction would appear as though the amino-group of glutamate has been
transferred to yield aspartate from oxalo-acetate. The enzyme is called
glutamate-oxalo-acetate-transaminase (GOT) or aspartate transaminase

(AST).

CH -CH_-CH-COO~ CH,-CH,-CO-C00~ CH_-CO-CO00~
R ' — + NH_ 4 12
CO00~ NHJ Coo- ) CoO0-
Glutamate a-Ketoglutaric Acid Oxalacetate
~ — 7
"ODC-CH,-(IJH-COO"
HH,'
Aspartate

Chart 3.1

Similarly formation of alanine from pyruvate and glutamate is catalysed
by the enzyme glutamate-pyruvate-transaminase (GPT). which is also
known as alanine transaminase (ALT),  Estimation of serum levels of
GOT (SGOT) and GPT (SGPT) are common clinical investigations used
to diagnose liver and heart conditions,
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(4) An enzyme alters the rate of a reaction. It does not effect the
energy status of a reaction, i.e. the amount of energy released or utilised
in a chemical reaction remains same whether an enzyme catalyses the
reaction or is achieved by some other means. Since all enzymic react-
ions are reversible the reaction velocities can be indicated as below :

K, ks
K, '

If we assume that the product formed is entirely removed, then k4 can
be ignored as only k; will be operative. Now the formation of ES is
entirely dependent on concentrations of E and S. It has been shown that
if the availability of the substrate is large, then k, doubles when enzyme
concentration is doubled. On the other hand, in cells the enzyme concen-
tration is low and constant. In such cases the rate of reaction is dependent
on the substrate concentration. As S increases the velocity rapidly in-
creases, until all the available enzyme has entered the reaction. As the ES
complex formation increases, the k; starts rising thus reducing the k;.
Finally k, becomes equal to k, and an equilibrium is reached. As the
substrate cocentration is increased beyond saturation levels, no further
changes in velocity will be observed and a maxiumum velocity Vi, is
reached. The phenomenon is indicated in the accompanying diagram :

Vmaxf-—=——————————— V max
J

N<

Km
[s] —
Figure 3.1 Enzyme Kinetics

Initially first orders kinetics (F) will be observed, followed by a mixed
order kinetics (M) and finally by zero order kinetics (Z). When the
velocity of reaction is equal to half of V, (designated as V/2), the
concentration of substrate corresponds to what is known as K, or Michaelis-

m
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Menten constant. This has been derived both algebraically and graphi-
cally (as shown in the diagrarn). K, is a constant for a given enzyme-substrate
pair. This helps in deciding which is the true substrate (or enzyme), as
enzymes act upon multiple substrates. In general, K, corresponds to the
substrate concentration obtainable in living cells. A high K, value
indicates low affinity between E and S, whereas a low K, value indicates

a high affinity between the E and S.

(5) It has been shown that the enzyme lowers the activation energy of
the reacting system. This enables a biotransformation to take place with
ease at the mild conditions existing in living systems.

(6) In order that the enzyme reaction takes place efficiently there are
several factors (or conditions) which should be at optimum levels. These
are : (a) Temperature : In general, body temperature of 37°C is optimum.
But the reaction rate increases upto about 45-50°C, then slowly and
finally but abruptly, the reaction comes to a stand still usually at 55°C or
near about. Actually the enzyme is denatured. (b) Hydrogen ion concen-
tration or pH : Enzymes are most active at narrow pH ranges characteristic
of the enzymes. For example pepsin is active at pH 1.5 to 3.0 whereas
trypsin is active at pH 7.0 to 10.0. However, optimum pH for pepsin is
close to 2.0 and for trypsin it is 8.0. Some enzymes may be irreversibly
denatured at pH far removed from their optimal pH values. The pH of a
system is well regulated in the body by biological buffer systems, which
include ions like bicarbonate, phosphate, acetate as also proteins and
peptides.

(7) Some enzymes are activated by the presence of some co-enzymes.
Most co-enzymes are derived from vitamins and will be discussed in more
detail in that chapter, e.g NAD is a co-enzyme that is associated with a
number of dehydrogenases. Some enzymes also need the presence of
metal ions for their activity, e.g. copper for cytochrome oxidases and
superoxide dismutase; zinc for RNA polymerase; manganese for pyruvate

decarboxylase etc.

3.4.2 Enzyme Inhibitors

An important aspect of enzyme reactions is inhibitors of enzyme
activity. Specific substrates are accommodated on specific sites on an
enzyme molecule. The stereochemistry (3-dimensional distribution of
atoms and bonds) and physical chemistry (ionisation, lipid solubility etc.)
of a site is designed to accommodate only the normal substrate. How-
ever, other very closely related chemicals having similar stereochemical
and physicochemical properties fit into the site. This prevents the avail-
ability of the enzyme for the usual reaction. Hence the enzyme is

R M';‘!‘dn':im
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inhikited and the abnormal substrate is the inhibitor. 1If an inhibitor
molecule competes for the binding site of the enzyme and blocks it from
the true normal substrate molecule, it is called a competitive inhibitor. By
increasing normal substrate availability the process can be reversed and
the enzyme becomes available, due to successful competition from the
normal substrate molecules with their inhibitor molecules. For example
malonate can be competitive substrate for the succinate dehydrogenase
enzyme. A number of chemotherapeutic drugs can be described as
competitive inhibitors of some important enzyme. For example sulphonamides
compete and inhibit the enzyme dihydropteroate synthetase. A few other
enzyme inhibitors used as drugs are : methotrexate binds dikydrofolate
reductase; alpha-methyl DOPA inhibits L-DOPA-decarboxylase; alloupurinol
inhibits xanthine oxidase; isocarboxazide inhibits mono-amino-oxidase (MAQ)
etc.

There are also non-competitive inhibitors. These chemicals do not
bind the active site of enzyme but are bound to other functional sites on
the enzyme molecule. This leads to a more firm attachment and alters the
spatial arrangement of the enzyme molecule, making it unsuitable for
enzymic activity. In the normal body conditions, such inhibitors produce
irreversible inhibition. However. through dialysis the inhibitor can be
removed and the active enzyme regenerated. Fluorouracil used as an
anticancer drug. is an irreversible inhibitor of thymidylate synthetase. A
number of enzyme inhibitors have been developed as drugs by imitating
the chemistrv of normal substrates, which are formea in the body as key
or essential metabolites. For example methotrexate and trimethoprim are
anti-metabolite type inhibitors used as drugs.

3.5 Application of Enzymes

Enzvmes find several applications depending on their specific activity.
For these applications, enzymes need not be purified to the extent of
crvsizlline nature. A reasonably pure or high activity preparation is
usuzlly adequate. Papain. a proteolytic enzyme is obtained by simply air
and sun drying of the juice of unripe papaya fruit. Diastase (or alpha-
amylase) is obtained from filtrate of culture medium of Aspergillus oryzae
fungus and panially purified by removing all non-peptide and some pep-
tide impurities.  However, it will still be a mixture of partially purified
amylases. Such enzyme preparations are kept in dry condition. In recent
years enzymes are being prepared by newer biotechnological methods
(e.g. ussue plasminogen activator by recombinant DNA technology). Such
preparations are usually pure and less antigenic.  Their activity is esti-
mated in terms of wnits of micromoles (p mol) representing the quantity of
the substrate converted to product in one minute. The standard unit is
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usually equal to the enzyme of one p mol/minute activity. The IUB has
proposed that enzyme activity should be expressed as mol/second conver-
sion of the specific substrate. The relative activity of different enzymes
are better expressed as turnover number (or catalytic constant). This is
equal to the number of units of activity per-mol of enzyme i.e. umol/min/
mol of enzyme. The turn over number is dependent on number of active
sites on an enzyme molecule and the rate at which the enzyme is regener-
ated (recycled) for further activity. In case of alpha amylase 1P, the
activity is expressed as number of grams of starch completely digested in
1 hour by 1 gram of the sample. Other types of units are also expressed
for certain enzymes (e.g. turbidity units for Ayaluronidase).

TABLE 3.3 Applications of Enzymes

Enzyme

Source

Application

Action

Alpha-amylase (1.P.) Fungal (Aspergillus

Hyaluronidase (I.P.)

Pancreatin (I.P.)

Papin (1.P.)
Pepsin (1.P.)
Trypsin
Chymotrypsin
Alteplasc

Streptokinase

Penicillinase
(Beta lactamase)

oryzae) Bacterial
(Bacillus subtilis)

Testes & serum of
mammals

Mammalina
pancreas

Unripe papaya
fruit juice

Gastric mucosa of
hog or cattle

Ox pancreas

Mammalian
pancrcas

Recombinant DNA
technology
Cultural filtrates of
Streptococcus
haemolyticus

Culture filtrates of
bacilli (B. subtilis,
B. cercus ete.)

Digestive enzyme

Spreading factor

Digestive enzvme

Proteolytic
enzyme
Proteolyvtic
enzyme

Proteolytic
enzyme
In cataract
surgery

In myvocardial
infarctions

Thromboembolic
disorders and
myocardial
infarction
Penicillin
inhibitor in
diagnosis & tests

Starch converted to
dextrin and maltose

(800 n/g)

Depolymerise
muco-polysaccha-
ride (300 p/mg)

Proteolytic, amyvlo-
Ivtic and lipolytic
activities

Endopeptidase
Endopeptidase
Endopeptidase
Proteolytic

Tissue plasminogen

activator

Plasminogen acti-
vator

Hydrolysis of beta
lactam antibiotics
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Important applications of enzyme preparations is medicine are as:
(1) Therapeutic agents and/or aids in surgery.
(2) Some are used in diagnostic tests.

(3) Some find application in quality control laboratories.

(4) A major use of enzyme preparation is in industry for differen
transformations.

Examples of all these are listed in the Table 3.3. In addition to thes
direct applications of enzymes or their preparations, knowledge of the rol
of enzymes in certain cells or tissues or in very specific biotransformation
1s exploited in (5) Clinical diagnosis by quantitative estimations of somu

enzymes and in (6) Research in biochemical pharmacology, which ca
lead to rational design of new drug molecules.

L“m__ —
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Carbohydrates

4.1 Introduction

“Carbohydrate” means hydrated carbon, which indicates the relative
proportion of carbon, hydrogen and oxygen atoms in a carbohydrate. For
example glucose has a molecular formula C¢H ;O i.e. Ci(H-O),. It also
indicates that these are the only three elements in this group of natural
compounds. However, like the complex (conjugated) proteins, some
carbohydrates also may have amino-groups. Carbohydrates also have two
major functions in living organisms : (1) they provide energy needed for
life processes and (2) some are part of structural units of cells and tissues,
especially in plants and many lower animals.

Energy is released from carbohydrates by metabolism, consisting of a
series of biotransformations. Structural carbohydrates are usually fibrous
like cellulose or hard layers like chitin of insects. Well known simple
carbohydrates are glucose, fructose, (both occur in fruits), /actose (occurs
in milk), and swucrose (cane sugar). Starch (rice, potato, maize, wheat
etc.) is a high molecular weight carbohydrate. As the simple sugars are all
sweet, they are also popularly known as sugars. Plant foods are rich in
starch and related carbohydrates, which yield energy after metabolism.

4.2 Classification

Simple carbohydrates have the proportion C,(H,O), and are known as
monosaccharides. Two molecules of these can condense with elimination
of a molecule of water, yielding a disaccharide, e.g. sucrose with the
formula C;3H,,0,, (i.e. C4H |50, + C¢H 2Oy — H50). This process can
repeat yielding oligosaccharides (generally upto 6 units of mono-sac-
charides). These three classes are water soluble and possess sweet taste.
Higher polymers are known as polysaccharides, which are less soluble in
water and become completely insoluble in water as the molecular weight
increases. Hydrolysis of polysaccharides yiclds oligosaccharides, disac-
charides and monosaccharides.

Monosaccharides are further classified based on the number of carbon
atoms in the molecule : penroses and hexoses (widely distributed), trioses,
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tetroses and heptoses (less common). All these are characterised by the
presence of one hvdroxyl group (-OH) for each carbon atom, one gf
them having been oxidised to an aldehyde or ketone group. On the basig
of this, @ monosaccharide is defined as a polyhydric aldehyde or polyhydrie
kerone with the proportion of one H,O for each carbon atom. The twq
simplest sugars that fit the definition are shown below :

CIZH20H ! CIEHO

CIIO 2 (;.‘HOH

CH20H 3CHZOH
Dihydroxyacetone Glyceraldehyde

Both these are trioses, which are found in tissues where metabolism i
actively going on. Following are other examples of monosaccharides :

|C!:HO ' utl:Ho :(I:Ho (IZHO (I',‘HEOH
2?HOH acI:HOH 2(|2HOH H-C-0H co
3CHOH 3CHOH 3CHOH HO-C-H HO-C-H
4CI:H20H 4%HOH 4c::HOH H—(%-OH H-c:t-OH
5CH,0H 5 ?HOH H-([)-OH H—CI:-OH
6 CH,OH CH,OH CH,OH
Erythrose Ribose Allose Glucose Fructose
(tetrose) (pentose) (hexose) (hexose) (hexose)

Since there are only two functional groups in the monosaccharides,
they are also designated on the basis of these : those containing a ketone
group are called ketoses and those containing aldehyde groups are called
aldoses. These terms are combined with the system based on number of
carbons thus : aldotetrose (e.g. erythrose), aldopentose (e.g. ribose), ketohexose
(e.g. fructose) etc. The pentoses and hexoses exist as cyclic structure to a
greater extent than the open chain structures shown above. For example :

JOH
! HC CH_OH

, i R e 6 CH,OH OH
2 H-C-OH H/5—OH c< 0

| | H H 2
3 HO-C-H 0 = ! HO-C-H AV

| | - CH
5 H-C}[ HO OH H-C-0H | s (AL
T H OH H_é,,——l OH H
. [ i
6 CH,OH CH,OH

Glucose Glucose Fructose Fructose
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The cyclic structures give rise to (1) a six membered ring with oxygen
hetero-atom called a pyran ring; or (2) a five membered ring with oxygen
hetero-atom called a furan ring. The ring is formed bacause of intra-
molecular condensation of the oxo group (-CHO or -C=0) with the
alcoholic group. This is called a hemiacetal or hemi-ketal structure, with
a new hydroxyl group on the carbon with the oxo group. The pyran
containing sugars are called pyranoses (e.g. glucopyranose) and the furan
sugars are called furanoses (e.g. fructofuranose). Note that these cannot
be called aldoses and ketoses any longer, having lost these groups in
hemi-acetal formation. It has been experimentally shown that the open
chain and ring structures exist in equilibrium.

' CHO CH,OH
H=C-OH 0

HO-C-H =—=
I HO OH
H-C-OH
I OH
H=C~ oH
CH,OH

Open Chain Cyclic
D (+) Glucose

As explained earlier, each carbon in a carbohydrate carries an oxygen.
However, in nature there are a few derived carbohydrates, which also
participate in biochemical processes . If one or two carbons do not carry
oxygen, such sugar molecules are called desoxy sugars (also deoxy) e.g.
desoxyribose, a widely distributed desoxy monosaccharide :

CH,OH CH,OH CH20OH
0
/ O 0
OH
o o HO { OH
OH OH OH !
R
Ribose 2-Deoxyribose 2-Glucosamine (R = NH,)

2-N-Acetylglucosamine (R = NH.CO.CH,;)

Hydroxyl functions are also replaced by amino-groups in some mono-
saccharides yielding amino-sugars (amino-monosaccharides), e.g. glucosamine.
Chitin, the hard shell of insects is a polymer of AN-acetyl-glucosamine.
Another derived monosaccharide contains a carboxyl group instead of the
primary alcohol in the molecule, i.e. it contains more oXygen proportion-
ately, e.g. glucuronic acid (found in hyaluronic acid) and galacturonic
acid (found in pectins) :
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RN OO
AN HO Jem— 0
Sl ) o y
H\[N ( { ﬂ._,-_/m-i
O O
CEleomie Al Cnlacturonic Acid

S

Loovaebobividiatos e classiticd ns mono-, oligo-, and poly saccharides,
depending on number of repenting, units in the molecule, the unit
B oo monos sacehinrkde,

NMuanosaccharides are known as trioses or tetroses or pentoses or
hononey, depending, on the number of carbon atoms in their molecules.

-

Monosacehavides exist both in an open chain and closed ring
stinctires, In the open ¢hain form, they arc known as aldoses or
Notoses (aldopentose, ketohexose cte.) based on the presence of
aldehyvde o Keto proup in their molecules.

L0 The closed ving torms are called pyranoses or furanoses, depending
on the six or five membered heterocycele in the molecule.

' Ay

Dertved sugars are designated as desoxy sugars or amino-sugars
or uronic acids based on the chemical change.

<3 Stercochemistry
The carbohydrates exhibit a variety of sterco-chemical variations. Only
imple monosaccharides will be considered here to explain this phenom-

L/

snon.  The simplest aldotriose has one asymmetric centre (chiral centre)
M M

CHO CHO CHO : CHO
1 ! 1 |

H—C=0H HO-C-H B H+*-C-<OH HO»(C=H
! | d | |

H-C-H H-C -H CH,OH CH, OH
OH OH
D L D L

Aldo-triose (Glyceraldehyde)

znd therefore can exist in two optically isomeric forms (mirror images)
wnown as enantiomers, cach of them known as enantiomorph or epimer.
~= represented on the paper, the penultimate carbon (next to the CH,OH
or the last carbon in the chain) is taken as reference. On this carbon, if the
sydrozyl group (or other substituent) is written projecting to the right, the
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enantiomorph is referred as D and the opposite as 1. The measured
(actual) molar optical rotation for these enantiomorphs happen to be
dextro and levo rotatory respectively. However, for other monosacchar-
ides these may not correspond. For example glucose is dextro-rotatory
(hence also known as dextrose). But its enantiomers mannose (2-epimer)
and galactose (4-cpimer) are also dextrorotatory. All these belong to the
D-series. But D-fructose is levorotatory (hence known as /levulose) as also
D-ribose which is levorotatory. To avoid confusion and still provide
information about the series as also the actual rotation, the correct designa-
tions for the above examples will be as follows : D(+)Glyceraldehyde;
1.(-)Glycerose; D(+)Glucose; D(+)Mannose; D(+)Galactose; D(—)Fructose;
D(—-)Ribose respectively. A series is derived by keeping the last and
penultimate carbons constant and adding the carbons of the chain between
the aldehyde or kete group and the penultimate carbon. These cnantio-
morphs are not epimers, becausc at all centres there is inversion, as
depicted by the mirror images. Other stereo-isomers of D(+)Glucose are
not exact mirror images and hence known as diasterecomers. Mannose
and galactose are diastereomers of glucose.

M

CHO CHO

H-%-OH HO-é—H
HO-?-H H-¢~0H

H—(I,‘-OH HO-C-H

H-?-OH HO-%—H
CH,0H CH,OH
D(+)Glucose L(—)Glucosec

Note that in glucose (which always means D(+)Glucose or dextrose),
there are four chiral centres, the carbon atoms 2, 3, 4 and S in its open
chain form. In the ring structure carbon 1 also is chiral. This gives rise
to two new isomers called anomers and are designated as o and B

CH,OH CH, OH
0 O, OH
OH T OH
HO OH HO
OH OH
a-D-Glucopyranose B-D-Glucopyranose
(+112°) (4199
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depending on the position occupied by the new 1-OH group with refer-
ence to the rest of the molecule. If a sample of a-D-glucose is dissolved,
in water, slowly the measured dextrorotation decreases until it reaches the '
value of +53° and remains steady (equilibrium). The solution contains a
mixture of the a and B forms. This type of change is known as mutarotation,

In di-saccharides, oligosaccharides and polysaccharides the bonds

between mono-saccharide units may be o or B, thus leading to two series
of carbohydrates.

4.4 Tests and Properties

(1) Monosaccharides and disaccharides are usually crystalline, sweet
tasting, hygroscopic, highly water soluble solids.

(2) When heated dry or with strong sulphuric acid, they undergo
charring with dehydration, with a characteristic burning sugar smell
(caramelisation).

(3) Carbohydrates yield characteristic reactions of hydroxyl functions
like esterification, etherfication, oxidation, dehydration, substitution with
halogens etc.

(4) Monosaccharides also exhibit reactions of aldehydes and ketones.
They reduce Fehling's reagent or Benedict’s reagent, the alkaline cupric
ion (blue colour) present in these reagents being precipitated as reddish
brown cuprous oxide. Some disaccharides also reduce these reagents,
Sucrose does not reduce these reagents.

(5) Reducing sugars also react with Tollen’s reagent (silver ammonia
ion solution) leaving a fine silver mirror on the glass wall of the tube.

(6) Bromine water is decolourised by aldoses but not ketoses. Oxida-
tion of monosaccharides results in formation of different products, depending
on the type of oxidising agent used. Bromine water oxidises selectively
the aldehivde group to carboxyl group, giving rise to the general class of
compounds czlled aldonic acids.

CHO COOH lCHO (;TOOH
- Br, + ! : HNO

CHoH), =279, (CHOH), (CHOH), — "> (CHOH),
é':pH CH,OH CH_OH COOH
Glucose Gluconic Acid Glucose Glucaric Acid

(Saccharic Acid)

(7) Concenmated nitric acid oxidises both the aldehyde and primary
Icohol groups to the dicarboxylic acids known by the general name

Y R SRS 1
qigaric acias.
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(8) All the above oxidation products can also be obtained by enzyme
oxidation. In nature another oxidation product known by the general
name wuronic acids are also found. The uronic acids are often found as
conjugating groups in biotransformations. The uronic acids retain the
reducing aldehyde group, the carboxyl group being formed by oxidation
of the primary alcohol function (last carbon). Glucuronic acid, galactu-

ronic acid and mannuronic acid are examples for such oxidised
monosaccharides.

QHO (':HO
(?HOH)‘: > (CIIHOH)‘s

CHszH COOH
Glucose Glucurgnic Acid

(9) The aldehyde or keto groups of monosaccharides can also be
reduced to the corresponding alcohols (primary or secondary respec-
tively), yielding polyhydric alcohols.

CHO

' HZ/NE (;.:HZOH

CHOM), = . (CHOH),

CHEOH CHon i
Glucose Glucitol (Sorbitol) ‘

Similarly mannitol, erythritol and ribitol are known. Note that ketose
on reduction gives secondary alcohol, which is a new chiral centre.
Accordingly ketoses on reduction yield a mixture of polyhydric alcohols
(usually epimers).

ETH;JH CH_COH CH_ CH
3 4 1 <
cO \aBH H-C-OH HO-C-H
4 + 1
._.._.__—_.._.._‘3 . i .f\ nno -
(CHOH), (CHOH), (CHOH),
CH,OH CH_OH CH_OH
Fructose Sorbditoi Mannitol
(10) All reducing sugars (i.e. having an oxo funciion) react with phe-
nyl hydrazine forming a phenylhydrazone. This is similar ¢ any other
aldehyvde or ketone. However, the s;g:r phenylhvdrazone reacts wild
more phenylhydrazine to yield 2 compound known as asazone. Glucese
and f‘l.-.. ose are identical in respect * carbon atoms 3. 4. 5 and 6
__ P ; . PR I —
{superimpo :c.blf‘ They differ only in the chemistry of carbon atoms :
and 2. In the osazone formation, only these two carbons arg mvolved,
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SThy
=NNHCH
CHO i }:” € ?H=NNHCH
= e CHNHNH TNl
(oo, G OHOM, 2 (Choyy
| OH
CH.OH " CH.OH
Glucose Glucose-phenylhydrazone Glucosazon
;
B ?HZ?IHNH CH oA
€0 o, STV caNHng,  C=NN CH 5
CH,OH CH,OH CHZOH
Fructose Fructose-phenylhydrazone chlosﬂmne

forming exactly identical products. Hence glucose and fructose yield i,
same osazone. Most osazones are yellow crystalline substances, .
crvstal nature, the melting point and the rate at which they arg fofmeh
under similar experimental conditions, are characteristic of 5 b

] ey o paﬂiCu]ar
sugar. Thus the osazone (est 1S useful in identifying sugars.

(11) Aldohexoses and aldopentoses are dehydrated and ¢yliseq 10 yielg
hydroxymethy! furfural and furfural respectively, by treatment wit Strong
acid and heat : ;

[0
0 Ve 1 £
om@wzcm \\ /) CHO
Hb.dmxymelh_v]-furfural Furtural

These aldehydes react with a-naphthol (as alse with ather phenols,
aromatic amines elc.) to give coloured products. Molisch test employs
sulphuric acid and a-naphthol, to obtain & violet colour from a monosa-
charide (aldohexose usually).

4.5 Glycosides and Disaccharides

Cyclic monosaccharides are considered as hemi-acetals resulting by
the interaction of an oxo group (i.e. -CHO or -C=0 ) with an alcoho,
within the molecule (intra-molecular). The full acetal, where two alcohdl
functions react with one oxo-group, is not possible within the molecul:.
It also implies that one more molecule with an alcohol group can rea
with the cyclic mono-saccharide. The open chain structure should thee-
retically react with two molecules of say methanol, to give an acetal. Bu
D(+)glucose reacts with only one mole equivalent of methanol and gives:
mono-methyl glucoside.  This reaction actually proves that there is ¢
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block in the molecule caused by an intramolecular hemi-acetal or cyclic
hemi-acetal.  Therefore the external alcohol reacts with the anomeric
hydroxyl group. As this hydroxyl may be a or B, the methyl glucoside
formed may be o or 3 or a mixture as the case may be.

CH, OH CH,OH
0] 0]
OH CH!OH—B" OH
HCI I
HO OH HO OCH,
OH OH
«-D(+)-Glucopyranose u-D(+)-1-Methyl-glucoside
CH, OH CH,OH
0+ OH 0. OCHy
HCl
‘HO HO
OH OH
3-D(+)-Glucose B-D(+)-1-Methyl-glucoside

The anomeric hydroxyl group is partially reacting as an oxo-group.
Further in solution the reducing group (-CHO or -C=0) is available for
reactions. Hence the anomeric carbon is also often called the potential
aldehyde (or keto) group. The anomeric hydroxyl function can react with
any other hvdroxyvl compound (including phenols) giving rise to acetals.
These are known as glycosides. Such glycosides derived from a reducing
sugar and an alcohol or a phenol (with a wide variety of carbon skeleton
1 sidues) are extensively distributed in nature. (e.g. flavonoid glvcosides.
steroidal glveosides, anthraquinone glvcosides. cvanogenetic glycosides.
amino-glvcosides etc).

An interesting situation is when one molecule of a reducing sugar acts
as the hemi-acetal sugar and another molecule of the same or another
sugar acts as the source of the alcohol function to form glycosvl-glyvco-
side. Anvone of the available alcohol groups of the second molecule may
participate in this glycosidic linkage.

Maltose (a-form) is formed by interaction between the anomeric
a-OH function of one glucose molecule and the 4-hvdroxyl group of the
second glucose molecule. The anomeric hydroxyl group of the second
glucose is free to further react as a reducing group or to form further
glvcosidic linkage. The resulting compound (maltose) is termed a disac-
charide because it has two sugars. The linkage here is 4:1a meaning : the
fourth carbon carrving the aicohol -OH has reacted with the first carbon
carrving the anomeric hydroxyl. which is having the a-configuration.

T RTT
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'

5

Maltose does not occur free in npature, but is obtained in the p-form,
although in solution it may mutarotate to give a mixture of the a and i
forms.  In maltose there s sull a reducing group available.  But in
trehalose as shown above, the linkage is la @ 1o thus fining the potential
aldehyvde group in a glveosidic linkage.  Trehalose is a non-reducing
sugar.  Thus all disaccharides resulting through 111 linkages are non-
reducing.  Suerose s another such example.  Some more important
disaccharides are shown below

The disaccharides and monosaccharides can be tested for their proper-
ties. They are identified by the osazone test,  Mixtures are separated by
paper or thin-layer chromatography and detected with reagents like Tollen’s
or phenylhydrazine ete,

4.0 Polysaccharides

Oligo-saccharides and polysaccharides are formed by continuing the
glycosidic condensation between mono-saccharides and disnecharides, A
long chain o repeating units of B-glucose el linked, will produce o linear
fibrous polvimer like cellulose with molecular weights greater than 100000
Cellulose, on enzyvinie hydrolysis vields the disaccharide cellobiose, Simi-
Frly Lo Tinked ceglueose units give rise o palymers found in starches,

Simple starehe potato) malecules mny have aomalecular weight of as
fow s 1000, whepeas some others may have moleculir weights upto
AOO000 Gamvlopectin of vice starch). Amvloses which aecampany amylo-
pectin, have molecular weights of about 330000 Vet none of the starehes
hive a0 Tinear Abie stoacture, This bs bhecause i staches besides 10
Pinkawes there are also o inkages on some glucose anits. This gives iise
o branching of the chaine Profise branching keeps the molecule compact
A less Tinear Starches oceur ine plants, T animids o polysaceharide
called ghvoocen Is present, s stacture resembles amylopectin very
Closely s However, the maolecular weight of glyveogen s considerably
higher, Gipproaching A000000) Starches and glycogen an hydrolysis
yiekb attose and glucose Palysaccharides obtained by polyimerisation of
pentoses are bnown an pemtorans and those ol hexoses as levosans,

Hl)tll- HOCH HOCH thll. HOCH

CPAADADAN

Collulose Cparnnl stiuciimne)

FEasingle sugar Hle sylose b involved, the polysacchaiide is known
an VI Sty g, galactin, mannan ete, are Known

[ WETTaT T e H i

Scanned by CamScanner



S
56 (4.6) BIOCHEMISTRY

Polvsaccharides derived from reducing sugars, do not themselves show
reducing properties. They are insoluble in water, but absorb water and
swell. depending on temperature and duration of contact. Starches give a
Gaep blue colour with todine solutions (due to amylose). Partially hydrolysed

200K, HOCH, HOCHq

Lo Lo

0
s
CH HOCH,
L

O\ f’.‘ l_O
‘....C_I'I f L - \—"‘J\_‘LOA__‘L ‘R

Schematic Representation Partial Structure

wvlopectin (Glyeogen)

HOCH HOCH 5 HOCH

.l_.

g S\ 0\ Q
Q—J‘t —o -—\ -0 ._i\l_]\L 0.

A lose Partial Stracture

starcher are Xnown as daverie, They give a reddish colour with 1odine
soluttons \‘w:‘.c\ sometimes known as envifiradaxiring). Cellulose, amy-
fose, amvfopavtin, phvogen are polysaccharides dertved from only one
monesancharide um Lo glucose, Other polvsaccharides obtained by co-
poll mensation of (o \.u!v: puil nh‘lu"-\.luh.‘.ll\lu or thetr derivatives are
also Known, e Hyvaluronie actd, hepatin, pecting ete,

.

—-

Both cellulose and starch are abundant n nature, They have a number
of priman alechol groups fn their molecules, which can be converted t©
thew estery by achdy Vielding produets like cellulose acetate, cellulose
acerate-phthalate ete Thed can also b onddised o carboxyl proups,
which may e frther estentfiad or comvertad to salts, Carboxy cellulose,
cardony methy ! cellulose are such examples,  The secondary alcoholic
fuections i these molacules can also be parth oxtdised vielding products
ble onveellalose, oxystarch ete, All these have spectal applications

\
5‘-...‘-..'.'.'..’\\'\

toubin i & small molecntar weight oligo-saccharide (mole mass 3200),
toocuny wdahia dulbs artichokes and tap roots of some other plants, as
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a storage carbohydrate, like starch in most foods. It consists of a single
chain of about 30 fructo-pyranose units, linked B-2—1. At the ends of
the chain D-glucose is linked 1-2. Thus there are no reducing groups
available.  Because of small size of the molecule, inulin is soluble in
water. Besides its nutritional value, it has an important application. It is
used to estimate glomerular filtration rate (GFR) in diagnosis of Kidney
function, as it gives reliable and reproducible results.

Complex polysaccharides are polysaccharides which are associated
with non-carbohydrate biological molecules.  Glyeolipids and glycopro-
teins belong to these.  Glycolipids will be explained in the chapter on
lipids. Glycoproteins are found on the surface of many bacterial mem-
branes and erythrocytes. Because of the presence of proteins, these show
antigenic properties (induce tormation of antibodies). When they come in
contact with their specific antibodies the cells aggregate together (called
apglutination). The antibodies are also known as agglutinins. Besides the
bacterial glycoproteins and their agglutinins, the human erythroceyte glyco-
proteins (blood group antigens) and their agglutinins in the serum of other
individuals, are very important,  They help in classifying blood groups
(for genetic relationship purposes) and also in ensuring safe blood trans-
tusion.

4.7 Carbohydrates and Nutrition

Paolysaccharides may be hvdrolysed using acids, higher temperature,
pressure ete. The products tormed are usually lower molecular weight
polvsaccharides, oligosaccharides, disaccharides and monosaccharides. Due
to the drastic conditions of reaction some destruction also takes place.
The vield of monosaccharides (e.g. glucose) may be low,  To achieve
better vields and purer product, enzyvmic hvdrolvsis is preferred.  Both
amviose and amyvlopectin of starch are hyvdrolvsed by amvilase. The
human pancreas produces q-armivlase. Therefore only starches and glveo-
gen, which have a-linked glucose units are hvdrolysed.  The end product
of this 18 maltose. Maltose is further hvdrolyvsed to glucose units by the
enzyvme maliase (a-glucosidase). The c-amyvlase cannot hvdrolyse cellu-
lose and other polysaccharides having B-linkages.  Hence cellulose 1s not
digested by human beings,  Malt (germinating barley) is rich in a-
amylase. Some fungi, like Aspergilins orvzae are also rich in q-amylase
and are pood source of the enzyme on a commercial scale.  Many soil
bacteria and ccerinonnvetey are able to degrade cellulase by producing
cellidave enzymes. This is a natural process of bio-degradation of large
quantities of cellulose, which accumulates trom plant materials.

As tood matenals human beings can make use of starches, sucrose,
lactose, glucose and fructose. Most vegetarian toods derived from grains.
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tubers and pulses, are rich in starches. The monosaccharide lactose (from
milk) is first hydrolysed by the enzyme lactase (B-galactosidase) to a
mixture of galactose and glucose, when absorption takes place. Thjs
enzyme is in high proportion in infants and children, whose main nutrition
is milk. In later years the enzyme content diminishes and lactose diges.
tion may not be complete. Sucrose is digested to a mixture of glucose
and fructose by sucrase (sucrose a-glucosidase) and absorbed. If the
human digestive system is deficient in these enzymes or o-amylase,
nutritional deficiency can occur. In many patients, digestive process can
be facilitated by administering fungal or malt amylase. In acute nutri.
tional deficiency, intravenous administration of glucose (dextrose) is given
in the form of glucose-saline. Excessive consumption of leguminous
seeds (pulses and beans), causes flatulence or gas formation in the large
intestine. The pulses and beans contain an oligo-saccharide called raffi-
nose, which cannot be degraded by our body enzymes. Raffinose is thus
not absorbed and reaches the large intestine, where bacteria degrade it and
produce gases causing flatulence and discomfort.

Most of the energy needed for the activities of life comes from the
breakdown of carbohydrate foods. Our daily intake must therefore be rich
in digestive carbohydrates. An optimum amount is about 60% of the food
consumed. However, in India the average diet is richer in carbohydrates,
usually approaching 90%, and deficient in proteins, minerals, vitamins
and fats. Carbohydrate deficiency may be observed only in starvation
conditions.

In many children conditions known as lactose intolerance and galac-
tose intolerance, also known as galactosemia may be found. As these
are due to enzyme deficiencies, the best way to treat these conditions is to
administer to the patient, diets free of lactose and galactose. Occasionally
fructose intolerance may also be found in infants, due to genetic reasons.
Such infants should not receive fructose. sorbitol and sucrose. Glycogen
storage disease is a carbohydrate metabolite disorder. [t causes accumu-
lation of glycogen in body tissues, but is not degraded to release glucose.
This is also due to lack of the degrading enzymes. Some types of the
disease may respond to special diets.

4.8 Glucose Estimation

I. In Blood Samples : In our blood there is a narrow range of glucose
(90 to 120 mg/100 ml at normal periods. I[n diabetic conditions, starva-
tion etc. these values change. Hence an accurate estimation of glucose in

the blood (actually in serum) is a useful diagnostic test. It is therefore
estimated by following steps :
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(a) first blood is clotted to obtain serum.

(b) Proteins of serum are scparated by acid coagulation (usually
trichloroacteic acid).

(c) The clear aqueous filtrate is then treated with a reagent which
produces a colour reaction.

(d) The colour is then estimated by colourimetry or spectrophotometry.

The step (c) is the critical one. There are many reagents and reactions
used by different laboratories and scientists. The more well known are :
(1) Folin-Wu, which uses alkaline cupric ion reduction, forming
red cuprous oxide; this is dissolved in phosphomolybdic acid
to give a blue colour.

(2) Nelson-Somogyi method uses iodine to react with the cuprous
ion formed as above and the excess iodine is titrated with
thiosulphate.

(3) Hagedorn-Jensen method uses ferricyanide as the oxidising
agent instead of cupric reagents.

[I. In Urine Samples : Here Benedict's reagent is taken in a china
dish, which is kept at boiling temperature. From the burette a diluted
urine sample is added. The discharge of blue colour of the cupric reagent
with the formation of white precipitate of copper thiocyanate indicates the
end point of titration.

[11. In Pharmaceutical Products : In dextrose injection and glucose-
saline preparations, the Indian Pharmacopoeia recommends a simple method
of direct measurement of optical rotation of the sample. The concentra-
tion is calculated directly from the mentioned value of optical rotation
using a standard factor.

4.9 Pharmacopaial Products

Although a number of carbohydrates are included in pharmacopceias,
only some are used as biochemicals, i.e. for nutritional or replacement
therapy. By virtue of strong hydrophilic properties, some of the official
carbohydrates are used as pharmaceutical aids. Only a brief account of
these will be given here,

Dextrose (1.r.) @ Both anhydrous glucose (mole mass 180.16) and the
monohydrate (mole mas 198.17) are official. It is a white crystalline or
granular powder obtained usually by hydrolysis of starch. It should be
frec from dextrins and oligosaccharides. Its purity is controlled by optical
rotation, which should be between +52.5° and +53°. It is a nutrient, used
directly orally or it may be used to prepare injectable products of different
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strenaths, usually S, 10, 25 and 500 w/v.  Pharmacopecia also includeg
dextrose saline solutions for intravenous infusion purposes.

Malt extract (1) is another carbohydrate nutrient included in
Pharmacopecia. 1t is obtained by digesting malted cereals like barley
wheat or sorghum.  The germinating cereals produce amylase, whicl{
hydrolyses starch, causing accumulation of maltose.  The soluble soligg
nclude dextring besides maltose, which is the major constituent of may
extract. Negligible amount of proteins may be present. It has an agree.
able taste, making it useful as a masking agent for bitter drugs and for
cod-liver or shark liver oils. 1t is used for these purposes.

Lactose (1.P.) is a disaccharide, used as a pharmaceutical aid, as a dry
diluent for potent drugs. in making tablets or capsules. Sucrose (L.p.) is
also a disaccharide, used as pharmaceutical aid, as a sweetening agent in
svrups, elixirs, lozenges etc. Starch (1.p.) is a polysaccharide, obtained
from different plant sources (potato. wheat, rice etc.), used as a pharma-
ceuticals aid. as filler. binder and disintegrant in tablet formulation. 1t is
also useful as a dusting powder during manufacture. Microcrystalline
Cellulose (1.P.) is used for suspending and diluting purposes, in pharma-
ceutical formulations. Pectin (1.p.) is a polyvgalacturonic acid, used as a
suspending agent. but also as a protectant in gastric ulcers. Polysaccha-
ride pums like those of Acacia, Tragacanth and Guar (all LP.) gums are
extensively used as suspending and binding agents.

Heparin sodium (1.P.) is & preparation obtained from animal tissues,
particularly lungs and intestinal mucosa of oxen, pigs or sheep. It is the
natural anti-coagulant of our body. It is a polysaccharide formed from the
disaccharide unit called mucoitin (N-acetyl-glucosamine and glucuronic
acid. which resemble hvaluronic acid). partly esterified by sulphuric acid,
On account of the acidic group present, it is easy to prepare the sodium
salt rendering it soluble in water. It should be free from proteins (to
prevent allergic reactions) and has a potency of 110 to 130 units in | mg.
It 1s used as an anti-coagulant.

Dextran (1.p.) is another official polysaccharide obtained from
fermenting sucrose with Leuconostoc mesenteroides. 1L is a polysucrose.
It s made available in two grades : (1) average molecular weight of
40000, and (2) average molecular weight of 100000. Both are dissolved
in 3% dextrose or normal saline (0.9% w'v of sodium chloride) and
should be free of proteins. It is used as plasma substitute by intravenous
infuston. in severe loss of blood due to hemorrhage.

Sorbitol (Lr.) is the polyhydric alcohol obtained by the reduction of
glucose or fructose. Also known as glucitol. this is used as a pharmaceu-
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CARBOHYDRATES (4.9) &
tical aid, as a sweetening agent and tablet excipient. It is a crystalline or
granular powder,

Mannitol (1.r.) is also obtained b"y reduction of fructose or mannose,
and is a polyhydric alcohol like sorbitol. It is also a crystalline or
granular powder. It finds application as a diuretic (increasing urine
output) by increasing osmolality of glomerular filtrate. It is also used as a
diagnostic agent in renal function test. (See chapter on excretion).

T ———
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Lipids

S.1 Introduction

Lipids arc a large group of naturally occurring compounds, characterised
only by their water repellant property : hence called hydrophobic. Their
solubility in organic solvents is variable. Some are soluble in polar
organic solvents like alcohol and others in non-polar solvents like hexane,
benzene etc.  Although many proteins and polysaccharides are also not
soluble in water, they do not repel water. They are casily wetted by
watier, may absorb and swell with water. Hence they are hydrophilic,
Unlike the proteins or carbohydrates, the lipids have no specific functional
group or linkage characterising all of them, although a majority belong to
the group of oils and fats. The lipids are widely distributed in nature and
are produced on large scale, mainly from plant sources for various purposes.
In cold parts of the world, animal and fish oils are produced for the same
purpose as vegetabie oils in tropical and temperate regions. Lipids, like
carbohydrates, provide energy for work and life processes. They also
form part of some structures in the cell membranes, walls of tissues and
organs. They are stored in animal tissues and plant materials (especially
seeds) as food sources. The lipids also provide a non-aqueous medium in
the body, which helps in regulation of transport of many chemicals, due
to their partition between lipid and aqueous layers. Thus lipids play an
important role in living organisms. As most of the lipids are bio-synthesized
in our body, low fat consumption does not lead to deficiency. As energy
source, the lipids are secondary to carbohydrates. Lipids also occur in
conjugation with proteins and are termed flipo-proteirs.

5.2 Classification and Chemistry

They may be classified into (a) Simple lipids (b) Phospholipids; and
(c) Complex lipids.  Simple lipids can be further sub-divided into
(1) Glycerides, (2) Waxes; (3) Sterols; and (4) Ethers

3.2.1 Simple Lipids

S.2.1.1 Glycerides : The glycerides are esters of mono-carboxylic
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acids and the trihydric alcohol glycerol (also known as glycerin). Their
general structure is represented thus

?ll:-O-CO-R
‘ICH-O-CO-R
Cllz-O-CO-R

Glyeerides (genceral structure)

Here R represents the carboxylic acid portion or no substitution (i.c.
R = H). If only one carboxylic acid reacts with glycerol, then we obtain
mono-glyceride (mono-ester).  Similarly di-glycerides and tri-glycerides
arc oblained by progressive esterification.,  Most oils and fats are tri-
glycerides. Hence the structure can be re-written thus :

('IHZ-O-CO-FI'
?H-O-CO-H2
CHz-O-CO-RJ

Glycerol Esters

Although the simplest carboxylic open chain compounds like acetic
acid and propionic acid are well known, these are not found in oils and
fats. However, most of the higher homologues of this series with C,4 to
C,4 are found in oils and fats. As most of the higher acids were first
obtained from fats, the series is known as fatty acids. Most of the
naturally occurring fatty acids are straight chain acids. Both the saturated
and unsaturated acids are well known. All the acids have even number of
carbon atoms. A few exceptions are known, with odd number of carbon
atoms and also branched chain acids. There anz also some unusual cyclic
acids and acids with a substituent group. The more well known acids are
indicated in the Table 5.1.

The unsaturated fatty acids linoleic and linolenic acids are considered
as essenrial, because our body is not able to synthesize adequate amounts
of these. At least one must be present in the diet, to enable the body to
synthesize the others from it.

A few uncommon but interesting acids are indicated below :

(CH2)1,-COOH" CH3 (CHQ)S-CHOH‘CH_‘; CH= CH-(CHz)T- COOH

Chaulmoogric Acid Ricinoleic Acid
(from oil of chaulmoogra) (from castor oil)

5
fe.
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" (5.2.1.5) BIOCHEMISTRY

(4) The fats and waxes do not have sharp melting points, but only
melting ranges. On cooling, oils solidify (congeal), forming fine granulay
or thin flake like structures, The sterols have sharp melting points and are
obtained in fine crystalline forms.

(5) On heating, the lipids do not boil, but decompose, with charring,

(6) As the lipids are esters or free alcohols, they are neutral (not
acidic or basic). The oils and waxes can be hydrolysed by strong alkaline
solutions.

(IZHI-O-CO-R‘
lCH-O-CO-H? + 3INaOH >

CH,-0-CO-R?
Triglyceride Alkali
CH,-OH
CH OH + R'COONa + RCOONa + R'COONa
(ZH2 OH
Glycerol Sodium salts of fatty acids (Soaps)

Glycerol and the sodium soaps are water soluble. Hence a clear
solution will be obtained. With waxes, it depends on the higher alcohol,
which is generally not soluble in water. However, if some alcohol has
been used in the reaction, it also may dissolve. In this reaction soap is
formed. Hence the reaction: is known as saponification.

This reaction is the basis for quantitative characterisation of an oil (or
fat) or wax. The number of milligrams of potassium hydroxide (KOH)
required to newtralise (i.e. form salts) the fatty acids liberated on com-
plete hydrolysis of one gram of an oil, fat or wax is known as saponification
value. 1t may also be known as sap value or sap equivalent or saponifi-
cation number. Because each oil or fat contains different fatty acids as
triglycerides, the sap value of different oils will be slightly different.
However, this is constant within a narrow range for a given oil and
provides a good quantitative characteristic for that oil. This reaction is
not given by sterols, ethers and alcohols found in lipids. Therefore after
saponification, they may be extracted with ether, dried and weighed to

determine unsaponifiable matter of the oil. The soaps do not dissolve in
ether and are not extracted.

(7) Many oils and fats (but rarely waxes) contain unsaturated fatty
acids like oleic, linoleic, linolenic acids. Therefore such oils will slowly
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decolourise bromine or iodine, when kept in contact, in an organic sol-
vent. This is because they add to the double bond in the acid causing
saturation. This reaction can be represented thus :

I I
I i
.0-CO- (CH) CH=CH (CH) CH —>-0-CO- (CH,) - CH - CH - (CH), CH,
n

Part of Glyceride lodi_nc addition to double bond

This reaction also forms the basis for another important quantitative
characterisation method for oils and fats. The number of grams of iodine
absorbed by 100 grams of the oil or fat is designated as iodine value (or
iodine number). In actual experiment other reagents like iodine monochloride
or iodine monobromide or pyridine bromide etc. may be employed in
place of iodine itself. These reagents are more reliable and give quantita-
tive reactions. However, the calculation must be made to give the iodine
value. Oils with high unsaturation, like olive oil and linseed oil have high
iodine value, whereas palm oils with more of saturated acids have low
iodine value. The iodine value is also a characteristic of a given oil and
forms a good criterion for the evaluation of an oil or fat.

(8) The unsaturation in oil molecules renders them susceptible to
oxidation. Atmospheric oxidation causes degradation of the unsaturated
acids, resulting in the formation of acids and aldehydes of shorter chain
with characteristic disagreeable odour. This is called rancidity. Moisture
and light hasten this process. Many vegetable oils contain rocopherols
(vitamin E), which are naturally occurring oil soluble anti-oxidants, pre-
venting rancidity. Animal fats (like butter fat) become rancid quickly due
to liberation of butyric acid.

(9) Sterols, which are part of lipids can be tested by the following
reactions:

(a) Liebermann-Burchard reaction : A sterol sample in chloroform
solution is treated with a few drops of cold acetic anhydride
followed by a drop of concentrated sulphuric acid. A green
colour in the chloroform layer will be szen it cholesterol (and
some related sterols) is present.

(b) Salkowski reaction is carried out without addition of acetic annydride.
Green colour will be seen both in choloform and acid layers.

(¢) Rosenheim reaction is carried out also with a chloroform solution
of a sterol. But trichloroacetic acid is added. Pink to red colour
is produced by ergosterol (and a few other sterols).
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68 (5.2.2) BIOCHEMISTRY

5.2.2 Phospholipids

As the name indicates these contain phosphorous in their molecule j,
the form of phosphoric acid esters of the hydroxyl groups. Like glycer.
ides, they may also be called phosphatides. As phosphoric acid jg
polybasic, the phosphatide is still a strong acid (like monosodium dihydrogen,
phosphate). Hence the name phosphatidic acid is also often employeq,
There are two major subgroups of phosphatides based on the hydroxy]
part of the molecule : (1) Glyceryl phosphatides; and (2) Sphingosyj
phosphatides.

5.2.2.1 Glyceryl phosphatides (also known as phosphoglycerides) contain
glycerol, phosphoric acid, fatty acids and a basic hydroxy compound,
which reacts with the phosphatidic acid to give another ester. Their
general structures are indicated below :

CH.-0-CO-R'

I 2

CH-0-CO-R?

1 OH

CH:'O'E<0R‘-‘
0

Phospholipids
R' and R? are usually palmitic or oleic acids.

Lecithins have choline as the basic alcohol at R?, i.e. R* = -CH,CH,-
N*(CH;);. Choline is HO-CH,CH,-N*(CH;);.0H". As the first carbon in
glycerol is involved in phosphatide link, lecithins are also a-lecithins.
They may also be called phosphatidyl cholines. They may also be
considered as derivatives of a-glycerophosphoric acid. Lecithins occur
extensively in brain tissue, liver, egg yolk, soya bean, wheat germ, yeast
etc.

Cephalins yield the basic alcohol, ethanolamine (2-amino-ethanol,
HO-CH,CH,-NH,) at R® or the a-amino-acid serine at R’. These occur
extensively in cell membranes together with lecithins and other phospholipids.

Plasmalogens are also phosphoglycerides containing glycerol, fatty
acid, phosphoric acid and ethanolamine or serine (as in cephalins). But at
?Hz -0-CH=CH-(CH,) CH,

CH-0-R?
' /OH
CH,-0-P-0-CH,- CH-NH?
A 2 ]
0 coo~
Serine Plasmalogen
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carbon 1 of glycerol, instead of an ester there is an ether linkage with a
long chain unsaturated alcohol.
The plasmalogens are abundant in nerve and heart tissues.

DiphOSphatid_vl glycerol (or cardiolipin), which occurs in mitochon-
dria and many bacterial membranes, differs from the phosphoglycerides in
lacking a fatty acid and basic alcohols.

CHZ-O-CO-R‘ ,0
| .
CH-0-CO-R2 CH,-0 (F;};OH
| " : CHOH
CH,-0-P-0 ] ,
S “ CH.-0-P-OH
OH 2"V
a 0
Phosphatidy! Inositol Cardiolipin

Phosphatidyl inositol is another phosphoglyceride which lacks an
amino-alcohol, but has the hexahydric inositol in its place.

The above two phospholipids do not have nitrogen in their molecules.

-

5.2.2.2 Sphingolipids are characterised by the prcscﬁce of amino-
group in the glyceryl part of the molecule.
CH, OH
|2
CHNH
| 2
[IIH OH
R
R = -CH=CH-(CH,),,-CH, in Sphingosine
R = -(CH,),,-CH, in Dihydrosphingosine
The ‘R’ group here is a saturated or unsaturated long chain alkyl

group with 15 carbon atoms. The amine of the sphingosine is converted
into an amide with a fatty acid, giving ceramide. Thus:

(|3H20H
(lIH NH COR?
(13H OH
R
Ceramide (R* may be palmityl or oleiyvl)
This ceramide has still a primary and a secondary alcohol function.

The primary alcohol is linked to choline through phosphoric acid in
sphingomyelins, found as the major sphingolipid in mammalian tissues.
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5.2.3 Complex lipids

In brain and nerve tissues, the ceramide mentioned earlier is foung in
glycoside linkage with sugars. involving the primary zlcoholic Zroup of
the ceramide and usually the anomeric hydroxy! function of cyclic monos,,
charides like glucose, galactose but also oligo saccharides, 2Mino-sugzre
etc. These are called cerebrosides. The cerebrosides are g{vcohf;;ds
(glycosphingolipids) and are complex lipids.

As the lipids are hydrophobic and have to exist side by side wi,
hydrophilic compounds like proteins and sugars, they ars held together
through physical (solubility, parnicle size) as well as weak forces to the
proteins, particularly in blood and most tissues. The association with
protein is particularly high with phospholipids and sphingolipids. Choles-
terol esters are also extensively associated with membrane proteins ang
plasma proteins. Such complex lipids are known as lipoproteins. Egg
yolk, brain tissue, myelin sheath of nerves, photoreceptive structures of
the retina {rods and cones), mitochondria etc. are rich in lipoproteins.

5.3 Role of Lipids

(1) Lipids, particularly the glycerides, are exceptionally high energy
sources, if they can be fully degraded. Unfortunately this is not achieved.
A considerable amount of carbohydrate is alsc necessary for efficient
oxidation of fats. However, body tries to conserve fats and stores them in
almost any tissue. Excessive fatty diet tends to produce hyperlipidemia
leading to obesity (over weight). Only vigorous exercise can mobilise
better utilisation of fats. Food must also contain adequate amounts of the
highly unsaturated fatty acids linoleic and linolenic acids.

The human body is unable to introduce double bonds into the long
alkyl chain, far away from the carboxyl group. Foods with high content of
saturated fatty acids are not encouraged, because they cause heavy burden
on the liver metabolic activity. The vegetable oils are susceptible to
oxidation leading to rancidity. To prevent this and prolong keeping
capacity of cooking oils, they are partially hydrogenated to reduce unsaturation.
3ut this Jeads to increased workload to the body. The hydrogenated oils
are not suitable to persons suffering from any type of liver or cardiovas-
cular disorders.

(2) Complex lipids like glycolipids, lipoproteins and sphingolipids are
importan! parts of living cell membranes, nerve cells and fibres, The lipid

POLAR HEAD

HYDROPHOBIC TAILS

Fig 5.1
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molecules are characterised by 2 polar (hydrophilic) group on one end of
the long molecule and the long non-polar hvdrocarbon chain (hydrophobic).

Groups of lipid molecules can arrange paralle] 1o ezch other. to form 2
membrane with hydrophilic groups on one side and 2 hydrophobic (or
lipophilic) surface on the other side. Circular amrangement can enclose 2
small lipophilic volume trapping lipophilic substances inside.
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34 Prarmacopzisl Prodecs

A mErmber of IDids zre officiz] i the Pharmacopesia.  Most of thes

fod zpplicarion 25 2ids i pharmacsmica] formulations and manufacture

Arachix of (LP) or sormd=s o s used s oily vehicle for oil solupl

N

Juzs. Castor ofl (LP.) & wseful 25 2 plastiCizer (somening agent), by
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obtzined by the hydrolysis of suitable oils cop-

2mme memiy oleic esizrs yCer 1
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and pelmiic zcids mzv be present. It is @ pele vellow liquid. It is used a5
S T I r et : st Uinl noh - i

zn emulsifier zlongz with other such agents, in pharmaceutical formula-

ixture of stezric and pzlmitic zcids. It Is a

erzzure. It Is used 2s an edjunct 1o emulsification,

Ethvl oleate (12.) is z syntheticzlly prepared ethyl ester of oleic acid.
This is obtzined in 2 much purer form than the nztural products. Hence jt
r oily injections (steroidzl hormones and sonie

Ceto-stearyl alenhol (1LP.) is obtzined by the reduction of stearic acid,
but consists of z mixture of stearyl zlcohol ( Cj;H;.-CH,0H ) and cetyl
zleonio] (or pelmityl zleohol, Cy(Hs-CH;0H ). It is also a solid at room
temnperature. It is used as z base for ointments, usually along with other
similar zzents,

Glyceryl mono-stearate (LP.), zlso popularly known as monostearin
or GMS, is 2l z mixture of glycerylmonostearate and glyceryl monopalmitate,
It mzy zlso contzin small zmounts of di- and tri glycerides. This is
tecause of the method of preparation, usually by partial hydrolysis of
triglycerides, If obtained by controlled esterification of glycerol by stearic
zid, the proportion of the di- and tri glycerides will be low, It is a waxy
mass, uved as an emulsifying agent in ointments (for external use only).

Glyeerol (1) itself is used as a solvent and humectant (retaining
water), in mzny formulations,
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Beeswsx (LP.) is the wax obtained by purifving the wax of the

,oneycombd and is usually yellow. It can be bleached to yield white

ticial in the 1P, It consists mainly of myricyl

vl alcohol. besides higher farty acids (e.g. cerotic

used as pharmaceutical aids, as stiffening agents in
and as polishing agents in tablet manufacture.
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Wool fat (LP.). also known as lanolin or wool wax, is obtained by
pecover*lﬂg- the waxy material adhering to the raw wool of the sheep. This
.« = bveproduct. When partially purified. it contains about 25 to 30%
waler e -*-ulsmed in it. This 1s called hvdrous woal fat. On ni-ehins:. 1t

ates into two layers of water at the bottom and wax on top. If water
is driven off. anhydrous lanolin can be recovered. Chemically it consists
of 2 mixture of cholesterol and lanosterol in free form and esterified by
higher fatty acids. It is a soft oily mass (like soft paraffin) and ﬁnd‘s
extensive use in emulsification and formulation of ointment bases.
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genetic Information (or cade). which is trunsmined

s E
¢ subs2quent generatons.

1

) Nucleic acids regulate the synthesis of all proteins.
The nucleotides are part of high energy bonded compounds in the

body (e.g. ATP) wh .h store and release energy needed for critical
biotransformations.

L¥Y]

(L

¢ of the nucleotides and their denivatives are pant of some

coenzyme molecules (e.g. NAD. FAD, Coenzyme A).

$) Some nucleotides or their derivatives are known to be physiological

mediators and'or regulators in some metabolic processes. (e.g.

cAMP. cGMP, ADP)

{6) They may 2lso be needed for activation (or priming) of some
biochemical intermediates (e.g. UDP. GDP, CDP etc).

nucleotides also supply the units for the biosynthesis of

polynucleotides (1 ¢ nucleic acids)

nucleic acuds and therr umits (nucleotides) are essential

ARthough the
for all Wife processes. fortunately they are all biosynthesized from other

4
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acids (like amino-acids are units of
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“” phosphoric acid and a nucleoside. In Uts tum a nucleasice is mode wp
of ¢ dase and @ peniose. Ther are two pentoses which are found in
nucle ﬂsides 1 (@) ridosel and (b) deonyribose. These pentoses are involved
in a direct linkage of carbon-1 of the pentose and a ring nitrogen of the

hase ( mewhat similar to a glycosidic linkage

ere are two types of heterocyelic bases found in nucleoside

t;ﬂ Purine type: and (b) P\"‘”'m ne IR The punn- bases Commml\
found are guanine and adenive and 10 a lesser extent ivpavanthine and
wanthine. The pytimidine bases commonly encountered in the nucleosides
are wracil. cvesine and ¢hymine. Cytosine and nibose are mostly present
in ribonucleic acids. Thymine and deoxyribose are present likewise only
in deoxyribonucleic acids. The other bases are found both in RNA and
DNA. The structure and names of the more common bases, nucleosides
and nucleotides are shown below :

6.3.1 Purine bases
NH,
<

)Ri
hU=S 2ONT?

l;;;:: 3 | 4 \>\

N I" -Na
, |
l M
Adenine Guanine
(G-Amino-purine) (2-Amino-o-ono-purine)

The N¥ is involved n linkage with C-1 of pentose.

Note that guanine
can exist in & tautomerie form (lactam-lactim),

6.3.2 Pyrimdine bases

0 t'\H NH, Q
. I

HN A W '1“ ‘ | Rh\ L\"CH\

L\\ MO L \“'KN‘ | 0 k\-‘ |
1 \
u H N
Uracil Cytosine Thyvimne
(2. 4-Dihvdrony-p rimidine) (2Ono-damino-pyrimidine) (S-Methyluracil)

The N' of pyrimidines is involved in linkage with C-1 of pentose.
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(6.3.3) nlocrnlzms-uw
6.3.3 Nucleosides

|
N7 N HN'/l
I A
N N 07 ™
HO"‘CHE HO~-CH,
LY 0\ /0\
4 '
$\—{2' ) i
OH OH S
Adenosine Thymidine
(Adenine Riboside) (Thymine Deoxyriboside)

Similarly, Guanosine, uridine and cytidine are obtainable with e
corresponding base and ribose. Deoxyadenosine, deoxyguanosine, deoxyuridine
arc the corresponding deoxyribosides.

6.3.4 Nucleotides : When one of the hydroxyl functions of the pep-
tose in nucleosides is esterified with phosphoric acid, a mono-nucleotide
is obtained. Because of the polybasic phosphoric acid, these mono-
nucleotides are also acidic and have trivial names. Structures of some of
the more common nucleotides are as follows :

NH,

NH, é,”jl\)\\\u
N NN N N/J

0- < \ ) HO-CH,
HO—P"O'—CHz
l 0
HO
0 OH
|
'IOH OH HO-FIJ—OH
. L.

Adecnosine-5'-monophosphate (AMP)  Adenosine-3'-mono-phosphate
(5'-Adenylic Acid) (3'-Adenylic Acid)

Similarly other structures for the following may be written : Guanosine-
2'-phosphate, Guanosine-3'-phosphate,  Guanosine-5'-phosphate,
Guanosine-5'-diphosphate (GDP), GTP, UDP, UTP, CMP, CDP, CTP,

TMP. TDP, TTP etc for the ribosides. With 2'-deoxy-ribose also one can
write other nucleotides similarly.
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0—CHz o
0 / X
/ﬁ

\0 OH

Cyclic AMP

NH,
N

N/I S o on - on

o
kN 4 co:ToEopo-
I

° 0 o0 0
OH OH

Adenosine-5'-triphosphate
(ATP)

6.3.5 Nucleic acids :

717

NII

u/ I'J
OII OH

CH,-0- P-O P 0~
II I
7 0
OH OH

Adenosine-5'-diphosphate

OH OH
Uridine-5'-mono-phosphate
(UMP)

As seen carlier, nucleosides may be phosphory-

lated at positions 3' or 5' or both in ribose and deoxyribose and also at 2'

- Qi

‘KJ

O OH
HO- p-
B, B, By B, (1._)
I g
CH2 o
\ 313 13 3 X’
P )
NN NN I
5| 51, 5. 51 HO_]L-O
|
0

Shorthand form for
Parti_al Structure of
Nucleic ‘Acids

RNA Chain

- Qmn

CHXJ Euse,

DNA Chain

s SIS
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N ribose,  This provides an appartunity for one mcleotide 1o CON ey,
with another  nucleotide vin the phosphitte (tstinlly), giving i tﬂlllu_'l.-,..
otde. Continuing el condensation Teads 10w polymer knowy 1)
noclelo acid. The general stroctore of these s indicated on ahove, '

Tewould appesr it he pentose and phosphate provide the hielk o
for the mneleic acids, The bises may be any of the ones mentoned ey,
(with the 1t}(|‘|’]|liil|'.raj. Foneh chiln may he very [ong and strand 1ile, '”i].'i
15 the primary straetire of nuclele acids, I the cells two strands of e
DNA (probably also RNA)Y twist around each other 1o form i double heeliy
(stmilir 1o a-helical stracture of some proteing), However, the pCing of
e twists and the close neighbours of bises we very specific and Mk e
the DNA structure very unique, The double helix i stubilised by Ty,
gen bonds between the two neighbouring bises, one from: eicl st
Adenine in one strand s always foand s i neighbour to thymine of 1))
other strand,

Similarly eytosine and guanine are always paired, This I wstlly
simplified as ¢ A=T and C=G indieating that there are two hydroge
bonds stabilising the A=T pair and three hydrogen bonds stabilisng )y,
C=Gopair, Phis type of structure s considered ns secondary stracture of
nucleic acid, analogous to proteins,  Single stranded DNA and RNA
structures are also known. In addition to linear helices, circular doube
stranded and super helical (coiled coils) DNA are also known,

6.4 Blosynthesis of Nucleie Aclds

(1) Ribose is biosynthesized from glucose by the pentose phosphate
pathway,  Deoxyribose is formed from ribose by reduction, after it
incorporation into the nucleotide, The ribose-5"-phosphate is converted 1o
the active form 5-phospho-ribose-pyrophosphate (PRPP) by A'TP,

(2) Pyrimidine bases of the nucleotides are obtained by a scries of
transformations, involving CO,, NHy and aspartic acid to yield orotic
acid. Condensing orotic acid with 5-phospho-ribose-[-pyrophosphate (PRPP),
yields the uridine-5'-mono-phosphate (UMP), This is the key step, as UMP
is easily converted to UTP through the mediation of ATP. Amination of
UTP results in CTP.  UMP is also converted to deoxy-UMP by the
mediation of cyanocobalamin (vitamin By,), which is then converted to
TMP involving tetrahydrofolate (THF).

(3) Purine bases are obtained in a complex manner, by building up
the heterocylic base on the PRPP molecule. Glutamine, glycine, aspartic
acid, together with CO; and formate, contribute to the skeleton of the
purine base. ATP and folic acid are needed for some of the steps. The key
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plirine formed s nogine: 5 monophosphate (IMP), With the involvemen
of aspartate and GTP, adenosine-S-monophosphate §s obtalned from (MP,
The IMI* cinilso be converted 1o xanthine-5phosphate by medintion of
MAD' and by mmdnatlon 1o guanosine:5'=phosphate (GMIY), Both AMP
and GMI so Tormed can be reduced 1o the corresponding deoxy-AMI and
deoxy-GMIP, involving vitamin 135,

(A) The polymerisation of the mononucleotides, in the form of riphos-
phites (e ATP LIRS CTRGTIY ele) i catalysed by the enzymes
RNA-polymerase and DNA-polymerase, This process tkes plice only
ingide the nucleas of the cell,  Further it requires the presence of DNA
primer (alrendy formed), Tt has been shown that the exact sequence of
RNA s dependent on the DNA primer present. The information of
sequence (code) ds present in the DNA primer, Similarly a new molecule
of DNA 15 formed only when the DNA primer g present along, with the
DNA polymeriase and o supply of needed mononucleotides, A very
important fict discovered in this process was that the newly formed DNA
molecule is a replica of the DNA primer,

Overview of Nucleie Acid Biosynthesis

(A1)
y Ribose -

1. Glucose y PRPP

2. CO,, NHsy, Aspartic acid —— Orotic acid + PRPP —— UMP

(ATP) (nmination)
3, UMP ——m ™ UTP ——— CTP
(B12)
(THI)
deoxy-UMP ————— TMP

4. Glulﬂminc,’glycin& aspartic, formate, CO, + PRPP —— IMP

Asp -+ GTP
IMP — ATP

N

J ) (amination) B,
. ' " /
N anthine-5'-phosphate > GMP

» deoxy-GMP
NAD'

! B2
AMP ——> deoxy-AMP




30 (64) BIOCHEMIsTRy

6. ATP
UiFr
GTP |
cTp |

RNA polymerase

5 Ribonucleic acids

d-ATP
d-UTP
d-GTP

TTP '

This brief account of the nucleic acids is like the tip of the iceberg
Enormous amount of knowledge about the nucleic acids has accumulateq
in recent vears. This has led to a better understanding of many diseases,
which are called hereditary or congenital or genetic defects etc. Some of
the defects can be cormrected today by newer techniques which ténd tq
repair the gene or the nucleic acid. Another important outcome of this
vast knowledge is the development of biotechnology. With these tech-
niques it is possible to produce any desired protein in the laboratory in
adequate quantities, so that they are available for therapeutic applications,
Yet another application of the knowledge of biosynthesis of nucleic acids,
is the possibility of developing drugs which can interfere at specific stages
of the biosynthesis of abnormal nucleic acids (as in cancer).

~1
.

DNA polymerase

—» Desoxyribouncleic acids

ETam
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Vitamins and Coenzymes

7.1 Introduction

The term vitamines was coined by Funk in 1912 to a group of
substances present in foods which cured diseases like beri beri, pellagra,
scurvy, rickets etc. He believed they were all basic amino-compounds.
Later it was found such substances may be neutral and some are also
acids. Hence the term is now changed to vitamin, dropping the terminal
te’. Other diseases called xerophthalmia and night blindness were cured
by factors which were found in milk fat and other oils. This was called
‘fat soluble A factor’, to distinguish from the water soluble B factors
occurring in the other foods. Thus subsequently discovered factors were
designated by alphabet C, D, E, K etc.

A vitamin is defined as an essential nutritional factor needed in small
quantities for the normal physiological and biochemical activities o] the
body. Diet with adequate proteins, caroohydrates and fats are unakie to
satisfy normal growth without these factors. Vitamins are not synthesized
in our body. We are entirely dependent for these factors, on external
dictary sources.

The capacity to biosynthesize such essential molecules is different in
different species of living organisms. Hence a vitamin for humans may
not necessarily be a vitamin for other organisms. For example many
micro-organisms can synthesize some of the human vitamins. These are
therefore not vitamins for them. On the other hand some other essential
factors may be vitamins for them, e.g. PABA is needed by some bacteria,
but humans cannot utilise this as a vitamin,

7.2 Classification

The carly classification based on solubility is satisfactory and is
accepted even today. These are: (a) Fat soluble and (b) Water soluble
vitamins.  Another possible method of classification of vitamins is based
upon their chemical nature : (a) acidic (b) basic and () neutral vitamins.
It is convenient to follow the first classification.

81
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(7.2) BIOCHEMISTRy

The fat soluble vitamins are A, D. E and K vitamins.

The water soluble vitamins are B complex group and C vitamins.

7.3 Chemistry and Role of Vitamins
7.3.1 Fat Soluble Vitamins

7.3.1.1 Vitamin A : Chemically it is known as averophthol or reting)
It occurs only in animals as the active form, particularly in fish oils anq
milk fat. In plants like carrots, tomatoes etc. the colouring matter car.
tene (a tetraterpendid) occurs, which can be converted to vitamin A
Hence carotene is a precursor of vitamin A or provitamin A. Carotenes
have been investigated well. It has been shown that S-carotene yields two
equivalents of vitamin A per mole. Therefore the chemistry of vitamin A
is closely related to half the molecule of beta-carotenc. The structures of
vitamin A group of closely related molecules are shown below :

CH, CH, CH,
| 7 9 I 13 CHon
6 2\ RN
: ~CH,
3™CH
3 3

All-trans-Retinol
(A, alcohol; Axcrophthol)

Vitamin A;
(alI-frans-S.(:-Dchydro-rctinnl)

.—\Il-trmzs-Rctinnic Acid
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NS AND COENZYMES (7.3.1.1) 83

\F]T.‘\h!

CHO

1 1-cis-Retinal

CHs CH, CHy
CHs
CH,

All-trans-Retinol Esters

Vitamin A, occurs in marine f-lS-h whereas A, oclzcurs in fresh water
fish. Vitamin A possesses appro.\:lmalcly 40% activity of vitamin A,.
All trans-retinal and retinoic acid possess activity equal to retinol. How-
ever, 9-cis, 11-cis, 13-cis, 11,13-di-cis and .9,13-(1:'-013 isomers are also
known but are less active than the all trans-isomer. Vitamin A is stored
in the liver as its palmitate ester. TF} facilitate i.ts transport, it is rendered
more polar as its phosphntf:. Yltamln A group is sgsccplib]e to oxidation
by oxygen. Therefore anti-oxidants are added to vitamin A preparations.
The sources of vitamin A are shown in Table 7.1, at end of this chapter.

(1) The most important function of vitamin A is in vision mechanism,
as it is present on the retina. A protein called opsin is also involved in

the process.

Rhodopsin
Lighl
(Dork) — Nerve impulse
Opsin Opsin

all =trans—retinal

n-c:is-RcU

Fig. 7.1 Rhodopsin Cycle

Besides this, vitamin A has been shown to be important for : (2) synthesis
of some glycoproteins and mucopolysaccharides; (3) regulating growth

Scanned by CamScanner



== TR 3O -.'_‘H_’_k_‘j:-
=t Gifeeenamar, (47 mohiisaton of Tom T O e © S fen,
Do S anzees o=ls Tom piectom and CEGET 20

A it o i & ety s Tund o T35 niog

Fpm-emeR 0] S ey of dl~roe-amano.. T 3 Suirenen
e s X S aumaner deowesy SI mnd TS mmoegranTs o ﬁ:a-::‘r.a‘.
minls  Tequemoty i ummr X S SImmumR TuUnc T OImdErmiurs: T

TuanT. BT m RIS MRS I RS @ pesthe (L NI 3]

. o —_ .
TR, STuns T T ICQWIETIN, . OO JTOMTREIES K= =3 IR
IS DUCSST W UREmT L W JRSETE T T “"" TIESCOES, % 30T ':-*_m

SIS I wimmr 4 Efoens T T ETIOChEmEE T pime
Nimimess =0 © CIMET SOT us T OIRTRrS2cESNSS D ITEME s
VRS I S DAZiEng T I DR SIONSSuS M2 I VEETE S {mown

=,

Summums I IPe EIMIIDSE & I S

Tam fEmaiis snarveamerr o et BRD SHEST. TEDSSE SETioes

— — .
O SSET IXT =S

S . S S, | - M- S - S o eI e T

3L L Moo PROOmacinmiE OIS TWI INTREIEENS O T..-...-..... A e

— ————pr——ra > =T Pa— = rre—m ¥ -~ ——rrILe T v - -

IR L OnTEnnEEr SNl T OUEEMD S 3N SIMCIITTHEET ST I
By - . i s

" =l ma . S - T - . - .

WEZEnT = Ear D ST OIWE DS W I JINESIT D WIEN X ome

Foic=t Or SpmmEesE sTRe. ©OS BSD JPNALSED SIIIEnCEHIR Sonp

i L2 PEE LSS v g - % I
=m= Tumr T emDT == Dl

212 Wimmm D - Cremcslyr TS Smowmn 2= 23 Pk
D sty ® TeprseiEer W DD T omssh sEme chEmncEl. e

TP TR IITRY, v mveas

DS SET STOIGETD. OnD STITTNOTRSNTL WIS

IT MTEMID _. I e EnrEnrs . Smsl amomns of
37 1 - - P — —_—

T VIEMT = N S5ODSIDE 1T e

THUITET S TECDMSED M UE SIMaOTIOD cHiler

Zaleg
o vimmm _ will I ams ==t oSS

= am-sonnc VIEMIL. L LETID O o 318

—wdada N

2

. o N T

Scanned by CamScanner



~OENTY

NS ANDP LUESRE RS = e

N

T . S . - S
SIS0 AR CO0AE aldsasd s
oy ey T o = e mEyre oo = ne-
sl a2y L 1. Sl S0dRis

— e, jemye

it sl el
- R
o8RG O €

Scanned by CamScanner



M Y. A < 5~ - Rl W . S
TEROENNG. S 2CIETD) F nl L onsA 2007 WIZTEES TACR.

F A
o
R =T =

y2d
pu . z i - - —— = P -
. Y g ' ey e ﬁ,., .
20 el o T2 TEDNES.  IiE 223 SUDes 41 .A‘J_-.t-a 0 27% Sl
e =iV
. - 1. & -
Y e il
e HET P 2 TN T2
T: T T “ Teme=ty T N ST "')' N
A 2D T, TRt ) e .2......1--4 31 2T e
=i
s T e ant """""L"'" I :";’:"-': G O 4 v
1y
i CH e » :
ot o g F L T S .T_“'." 2o o Tore=T. » I;,_, P49 i I TUXNL AP .“'_r-
- - 4

-
Y

: : -
gy g e g - - o s pemte - » - -
e 3TN O L Lt ..'.’.'1". Ly d BV 900 AL =AU

Yt aul L AI-I.J“ a7E
2067 T2UZET T e CACHZTE. 1T ME 0T e) mE U2 COmSiGerer 4
somrees (i Send tormmones| 72ier 102D 25 VIEmImS. Zact milliprmg
1 =2ecfiern’ comams 2Zpproxmrazh VP00 pnns of ymamin (Eutisache
22t
Tee gzin rzguremem of vizmm D x 2omn 200 mans for heait,
s Defrienny © 722, 2xosp. I mamowstet TRIGTT 2nt hoss go;
sxpoef I spniem. Viemp D tefceun mE TAUSE TIORZE TDow g

-i

fnr eps motnimrEn IvprsRicEEmiE. DD POPIOSPREEEMIE. SUT Donec
P P (USiedmAmcE Znt teAet condions. D remin D przpatations
Aciency  cOndILDDS 20

=T
iyl \

- - L P
zre wet m zl 1 zZoove o2

= 2 ~ o - = e Y Ao &
nrpopatainyT ST Trressive zgmimnsrEaon OF viamic D Eads 1

"!

fivpersacasm 2nuc comdnnns. ConcEnrEiss SO0t o viiamin
znr % = phcal o ndan "’L::""..;...-";:! IEE :".:}'I‘S"-‘"'.'E’..i‘.’. o8 znZ mile

pls 2= Ti-nu'r?;*:' 10 TomAm mmmum secommendsl quantites of bon
vizmms 4 znt D.

E::\t)

- - o~ -— .#F . q. 1- - - e - .'o" .v' -‘r’-.
7343 'tfnamm € - Thos Is fisp £nown 28 w-Iooopazrol. I oCours In

vegeEDE Dits. pariciiETy Wil pETT oil. sunfiower 01 2nd Conon seed

pii. T 250 ooours 1D MOST CETEALS ant £PF n'\ll.. IS strucure 15 shown

-

DRIOV

,_,\/\/\/‘ /\7/\\/\/\.\/‘\/-’
F‘ 1 _,":: E i E
- "/"\T-///.\—“»/ -:,.1 :,_: :.*1
e | & 3 3 3

dlz-Tocophero!

Vitamin £ is 2 powerhul ami-oxicant which is soludle in oils. It is
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which 1 goeurs. 1S not destroved o cou’r;ina. The ra.,,mu mixture (dJ)
of the various possible opticel 1somers is generzlly emploved. Its role in
human biochemistry is not fully undersiood. in experimental animals,
mduced deficiency causes protein deficiency, neurological disorders.
sterility and musculer dystrophy. However its benefit in humans with
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tenrh K- f laroe intest are i nl T
'“II 10 2DS0rd A~ ITOM i2rge IIEslnes are ine onlyv reasons for vitamin

deficiency. In infants. where the intestinal florz are not vet established

s

(therefore poor avzilability of K.). there is considerable danger of defi-
ciency. Vitamin K deficiency causes increased coagulation time (i

: Y & of i
delaved coagulation) with the risk of hemorrhage and bleeding. Th
risk is also great in prolonged therapy with broad spactrum antibiotics.
which destrov most of the intestinal flora.
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Svnthetic anzlogs of vitamin K have been found to possess equal
activity. These are used in place of natural vitamin K, for correctiye
therapy.

0]

I
? ?CCCHJ 0’{7"0’-‘0
| CHs [_:H.‘, ) (I? CH3
0 0COCH, o_ﬁ_O”o

0

2-Methyl-naphthaguinone ~ Acetomenaphthone  Menadiol Sodium
(Menadione) Phosphate

Menadione and acetomenaphthone are fat soluble, like the natura|
vitamins, and are dependent on fat absorption. Menadiol-sodium phos.
phate is highly soluble in water. It can be absorbed from the intestine
even when fat absorption is not satisfactory. Moreover, it can be made
into aqueous injections for parenteral administration. Menadione and
acetomenaphthone are official in Indian Pharmacopeeia.

7.3.2 Water Soluble Vitamins
Vitamins B group

7.3.2.1 Vitamin B, : This is also known as thiamine or aneurine. This
was first obtained from rice polishings. It is basic, forms salts, soluble in
water and insoluble in oils. Its structure is shown below :

MNH,
N !+
)
)\O ) { “CI7, HCI
H.C N
¥ CHy CH,CH, OH
Thiamine chloride hydrochloride

It is sensitive to light and heat, partially destroyed by cooking. It is
fairly distributed in plants. Cereals, nuts, beans, peas and yeast are rich
sources of vitamin B,. Other satisfactory food sources are : green veg-
etables, fruits, milk. fish, eggs and meats. Its requirement is about | to
1.5 mg per day for an adult. The ingestion of high carbohydrate diet may
enhance the daily requirement of thiamine. Thiamine deficiency is cauded
by improper diet. leading to a disease called beri-beri or peripheral
neuritis. Bradycardia, muscle weakness and paralysis may also be
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noticed with thiamine deficiency. Severe conditions like cardiac failure
and demyelination of the nerve fibres may also appear in severe defi-
ciency. For the treatment of thiamine deficiency, both single vitamin
prepa.rations and multivitamin preparations are zvajlable. Supplementary
foods also contain added thiamine. The vitzmin is not stored in the body

Excess consumption does not cause any severe toxicity, but the excess
will be excreted from the body in urire.

.

The most important function of thiamine in the body, is its participe-
tion in metabolic transformations. In the body thiamine is converted to its
pyro-phosphale (TPP), which is the co-enzyme of u-ketg-acid decarbaxy-
Jases, particularly of pyruvate and u-keto-glutarate, both important steps
in intermediary metabolism. It is also involved as a conenzyme of
transketolases and phosphoketolases.  Deficiency of thiamine leads to
blockade of these metabolic paths and the substrates accumulate, causing

the various symptoms.

23.2.2 Vitamin B, : This is also known as riboflavine or lactoflavine.
This was first obtained from milk, iater from egg yolk. rice polishings etc.
It is coloured yellow (hence the name flavine). It is sparingly soluble in
water, almost neutral and stable to heat treatment (not destroyed during
cooking). Its structure is as follows :

(l:Hz-CHOH - CHOH -CHOH - CH, OR

\J
H,C N /r.Yo

= NH
H,C N

0

R = H = Riboflavine

0
]

R==P=0H = Phosphoritofiavine
Il
0

Riboflavine and Riboflavine phosphate

It is found in some green vegetables, yeast and many animal products
jike milk, cheese, yeast, egg yolk, liver and kidney. Its dailv requirement
for healthy adults is about 1.5 mg. It is well absorbed from foods, but not
stored in the body. Excess intake will result in excretion through kidney,
urine being coloured vellow. Riboflavine deficiency causes ariboflavinosis.
charucicriscd by dermatitis, alopecia, cheilosis, glossitis, stomatitis, par-
ricularly of the nose and ano-genital regions. Burning eyes, photophobia
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A NIRY
and cornenl vasculaelsntion are also noticeable, These conditions Wntiily
oceur along with other vitamin deficiency disenses like pellaprnand o).,
dermatitis stntes, as the same food sources contimin those vitamine, o,
Deficieney olen oceurs in chronie alcoholics, Deficlency i tremgo hy
administering ribollavine sodium phosphate along with othe vitam i,
Hence "I complex preparations are ollen marketed,

Riboflavine b converted inthe body to-ribollavine5"phosphnte o
FMP - (Flavine-mono-phosphate) also known as flavine mononieloogi g,
FMN it further converted (o flavinesadentne-dinucteotide (FAD), 1y,
these are co-enzymes involved with many delydrogenanes, reductives
oxtdasen (e sueeinie delvdrogenase, nitrate reductase, xanthine oy,
derve) essentinl Tor a number ol oxidation=reduction biotranstormationy,
and cellular respivation, which yield energy. The flavine co-enzymes aye
strongly bound 1o thelr apoenzymes, Such protelng are called flavopr.
teiny (e D=amino acid oxidase enzyme),

7.0.2.0 Niotinle weld @ Both micotinie acid wd nicotinamicde helong (o
the i3 group although no number is given (o these, They e alio known
an PP (Pellavra preventive factor), The stietires of these compounds
are |

. 'ﬁ\/“-“‘)” [ S GO NI,
Nicotinie Acid Nicotinamide
(Niacin) (Nncinamide)

Niacin s acidic wherens nicotinamide is neutral, The acid is soluble
in water and the amide is freely soluble, Dilute alkaline media dissolve
niacin very easily. There is no appreciable Toss of niacin during cooking,
Nicm and miacimamide oceur in many foods © green vepetables, potatoes,
veast, fish, meat et A small quantity may also be formed in the body
;hmnp,h degradation of the essential amino-acid typtophan,  The human
darly requirement is recommended to be about 15 10 20 mp of niacin,

Deficiency may be rare, but may be caused in conditions which cause
deficiency of other "B' vitamins, Le. imbalanced diet, starvation, malnutri-
tion etc. Niacin is well absorbed from foods and well distnbuted i the
body.  Excess take will result inexcretion in urine. In deficiency
conditions, 1t 15 admimistered orally along with other vitamins of the B
aroup.

Niacin s essential for many oxidation reduction biotransformations in
the body like the flavine co-enzymes. Niacin and niacinamide are part of
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i

cosenzymes and are assochated with a number of dehydrogennses and
reductases (e, alchol delydrogenase, lactie dhydrogenase, (i
peductase ete) There e two cosenzymes detived from the nincinamide |
(1) wleotimamide-adenine-dinucleotide (NAD'). Ihis was varlior Known
Wy coenzyme | oand DIPN (Diphosphopyridinemelootide),  “These pames
are not used any longer,  (2) Nh'r:Hnumhlr_'-rrd«'uhn'-r/fmn'lr'ufh/f'-phm-
phate (NADPY),  Thin wa cnllilm known aw comzyme 11 or TN
(‘}'Nphn.mhum'r!rfhu'-mu'/uumlt'), Thense nimes are nlso redundant, “IMeis
aructures are shown below

L CONN, i
| | ’
O g
“N o1 on <) J( )H
CHy O = P Q= P'= 0 =CH, mmmmepy =~ "-'m)
0~ ‘ | |
0 0 o,
o1 ol
O OR
VOl

Ratl In NADY s wp) In NADP "
Ol

NAD" und NADP

NAD' may be remembered as nit:ntinmniclc-lilm.-u--plmsph;uu.l,hm,
plmh'-rilmm--mIvllilu'. Both NAD" and NADP" are capuble of accepting
hydrogen (o pive ”."‘ ““‘:'“"'P.t"'l and t'_t'tiuv.vcl forms written as NADH and
NADPHL Inoa few biotranstormations like reduction of plutathione,
nitrate and cytochrome €, both the NADP and I'AD COCnZymes are
involved successively. The following example illustrates this |

Malate + NAD' > Oxalocetate + NADIH + |1
NADILH 4+ FAD » NAD' 1+ FADIL,
FAD 4+ Cytochrome, (Fe' ') —— FAD + Cvtochrome.(Fe'")

Thus many oXidation-reduction reactions, especially in the respiratory
chain, are dependent on the adequate supply of the vitamins, As men-
tioned earlier, deficiency of niacin vitamin causes pellagra with symptoms
like skin lesions, hyperpigmentation, hyperkeratinisntion (together called
dermatitis).  For treatment nicotinamide is preferred, because nicotinic
acid also produces vasodilatation,
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7,3,2.4 Vitamin By, : This is also known as pyridoxine, Three close
H o Gy
related structures are equated as vitamins B, y

CH,OH CHO CHZNH2
HO«
HyG” N HyG7 N HyC” N
Pyridoxine Pyridoxal (R =H)  Pyridoxamine (R = NH,)

It is basic, forms salts like hydrochloride and soluble in water. It e
not appreciably destroyed in cooking. It is widely distributed in foods
like vegetables, fruits, cereals, eggs, fish, liver, meat etc. The daily
requirement is about 2 mg for healthy adults. [t is also well absorbeg
from foods. Deficiency of pyridoxine is rare in human. It may occyr in
conditions which may lead to deficiency of other B group vitaming
Pyridoxine deficiency may be induced by drugs as in iso-niazid therapy
and some other drugs. The deficiency causes peripheral neuritis, mety.
bolic disorders and dermatoses different from those due to deficiency of
other B group vitamins. In such conditions pyridoxine hydrochlorig,
alone or along with other B group vitamins, is administered.  Excessivye
administration of pyridoxine causes severe neuropathies,

Pyridoxine participates in intermediary metabolism as a coenzyme, iy
the form of phosphate of pyridoxal or pyridoxamine (R = -PO;H, iy
structure given above), together with numerous enzymes. Uis most active
in:

(1) amino-acid metabolism in transmination reactions (interconversion

of amino-acids), including glutamate-oxalacetate-transmination (GOT),

glutamate-pyruvate-transmination (GPT);

(2) amino-acid decarboxylation reactions like tryptophan, tyrosine, histidine
decarboxylations:

(3) energy release from amino-acids:

(4) in the biosynthesis of heme; and

(5) comversion of ghycogen 1o glicose-1-phosphate through ghveogen
phosphorylase and many other biotransformations,

7.3.2.5 Pantothenic acid : This is extremely wide spread in nature, in
all living organisms.  Hence it must be considered as a very essential
factor in life. AU the same time, because of 1S extensive availability, no
deficiency of the vitamin occurs in human beings,  Only iy eXCUSSIVe
antihiotic therapy this may be needed 1015 absorbed well from food
sources and does not cause any toxic symptoms. Yeast, legumes. cereils,
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fruits, eggs. milk etc. are rich sources. In rare cases of pantothenic acig
deficiency, no well defined symptoms are known. But the conditions may
resemble those of deficiency of other B group vitamins. No daily require-
ment 1S recommended. but about 5 mg per day is easily available from
normal foods.

pantothenic acid is acidic, soluble in water and forms salts, For
convenience calcium pantothenate is employed as a source of pantothenic
acid. Its structure is as follows :

CH,

I

HOH,C = C = CHOH = CO NH = CH, ~CH,~ COOH
|
CH,

Pantothenic Acid

The amide of the vitamin and its reduction product panthenol are also
active. pantothenic acid is converted in the body to coenzyme A (ucylation
coenzyme), by linking lg 2'-phospho-adenosine diphosphate (R in the
structure below) at the primary alcohol -and to B-alanyl-cysteamine at the
carboxyl group. The relevant part of the coenzyme A molecule is shown

below :

CH,
|

®_0_CH2-([:-CHOH = CONH ~CH, = CH, =CO~NH - CH, ~ CH, -
CH,

Coenzyme A
(R = 2'-phospho-adenosine-diphosphate)

In the thiol form it is usually written as CoA-SH. the thiol group links
(o acyl groups thus :

[Co-8| -co-R M"'SI"COﬁR
L_Y___/

\-H.Y__J
coenzyme  acyl coenzyme  acyl
Co-5-CO-R

Acyl thioester of coenzyme A

[ this manner coenzyme A is the only acyl group translerring factor
i the body. More than 'H'} enzymes active as acyl group transferases,
wilise coenzyme A as co-factor.Fauy sieid, carbohydrate and protein
mcluhuli:ﬂn!s, 1|‘i~c;i':h”-‘-.‘r”“' acid members ete, aie all biotransported witly
participation ol coenzynic A Note that pantothenic acid s only 4

the :
pirt ol the Large molecule of coenzyme A,

sl
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7.32.0 Biotin ¢ This is a factor which is extensively distributeq i
normal foods  Groundnut, egg volk, liver, yeast are excellent Sourceg fun
Uis vitamin, Rt deficiency oceurs very rarely, as in prolonged :mlibimicr
terapy. Biotin structure is shown below

0

|
HN/'\'H

/

4

57 “CH, CH, CH,"COOH
Biotin

It is acidic. slightly soluble in water, insoluble in oils and organic
solvents. It normally occurs in conjugation with proteins, to which it s
stonghy bound. In very rare cases of its deficiency, symptoms |ike
dermatitis. slopecia, muscular pain etc. may be noticed.  No daily
requirement for human beings has been recommended, since it is ad-
equztely zvaileble from naturel foods. Its major function in the body is as
3 coenzvme in carboxylation reections (ie. CO, added to certain mol-
ecules 1o convert them to carboxvlic acids). Pyruvate carboxylase and
acenl-Lad-carboxyiase ere two enzymes with which biotin coenzyme is
definnely assoctated.

7.3.2.7 Folic acid - It is zlso known as preroyl-glutamic acid (PGA).
fr s well distrmibuted in nature. Lezfy green vegetables (from which its
mame is derived) like spinach, nuts, vezst and animal foods like liver and

kidmey contzin considerzble zmounts of readily absorbable folic acid. In
the lawpe imiestines bzcieriz biosynthesize closely related pteroyl-poly-
ghutarmic acids, from which PGA 1s formed by deconjugation prior 1o
absorption. Under normel conditions therefore folic acid deficiency does
pet ocour. However, folic zcid deficiency 15 well known due 10
() madeguane dieary imzke (b) malnutrition (¢) malabsonpion (d) greater
demsand dunng pregnacy and hemolytic znemia and (c) excessive adminis-
tration of drugs which are folate amagonists,  From food it 1 well
abnered eveepr i petients swifering from malabsorption. It is stored in
fver wptos zheast 10 mg 11 is usually recycled and only small amounts are
exerened i wrme I daily requirement 1 recommended as about 400
micrograms for zn zdult. Folic atd is destroyed during cooking and also
dereriorates on cxposure 0zl Deficiency of folic acid causes megalo-
blastic anemiaz  Folic acid administration in this condition must be
carefully balanced with comcurtent admmistration of vitamin By,
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\:lf,r'\h’
¢ structure of folic acid is as shown below -

The 3 e ey

-
- |}
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bs o
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\
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1
1
]
1

omino - pleridine PABA glutomic ocid
Folic Acid (Pteroyl Glutamic Acid: PGA)

s acidic, insoluble in water, but soluble both in alkaline and acidic

odia. IS sensitive to hc.at. ultrawact light and atmospheric oxygen.
?hc complex molecule cgn51§ts .of amino-pteridine linked to para-amino-
benzoic acid (PABA), which is linked to 5Iutamic acid. PGA is converizd
in the body to 5. 6, 7, 8-.rcrra-h_vdrofoh.c acid (THF or FHy,), through
. ia] formation of 7, 8-dihydrofolic acid (FH,). These reactions zre
e y enzymes as shown below :

Iti

catalysed b
Sfolate reductase

Folic acid » Dihydrofolic acid ( FH, )

dihydrofolate reductase

Dihydrofolic acid > Tetrahydrofolic acid (FH,)

In both cases NADPH is involved. The FH, or THF is ths actual
coenzyme for effecting 1-C transfers (_onc carbon units) from formic acid.
The biosynthesis of purines and p}'n‘midines. which are part of DNAL
requires the THF coenzyme. Forr‘nauon of sering, glycine, choline ang
methionine is also regulated by THF.  These mayv indirectly influe
porphyrin biosynthesis. h‘iegal.oblaslic anemia is the result of lack of the
proper DNA in folic acid deficiency.

- -
T a
R -

Many drugs have been developed which interfere with the formation
of THF from folic acid. These inhibit either of the enzymes mdicara

above. Such folate antagonists are used as anti-cancer drugs (2.8. merhomrera
and aminopterin), duretics (triameerens) etc.

fa.

7328 Vitamin By @ This is also Known as ovarocodalomin or
cobamin.  The name By also includes closely related compounds ke
hydroxocobalamin,  This is the only vitamin contaming 2 metal a m.
cobalt, i its molecule.  Moreover, 1t 18 a lame molecule, with the
molecular formula Co HggCoN OGP and mole mass 13335 The structure
given alongside reveals the complentty of the maolecule 1t s a red
coloured crystalline substance, soluble i water, msoluble i otls and

organic solvents. 1t is not affected by heat, but s affected by light.
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ound only in animal foods like meats, fish, liver, kidney,

¢ggs and mulk. It is not f .d in plants. Some micro-organisms ar,
capadble of producing this vitamin. Daily requirement of cobamin is abgy,
2 10 3 micrograms for an aduli. Cobamin is stored in liver and recycleg,

cobamin for almost six years. Panly

A well stocked liver may supply

mz2y bz excreted in urine rapidly afier administration.  Deficiency occurs
o persons. who are exclusively on vegetarian diet (l.e. w Hhuut even milk
and ez products). Absomption of By, from intestines requires an intrinsic
faczor. Individuais may suffer from mal ?—330'? O OL Ry, Mme

e < s alzo afiect ahsorption of Rn
Sargxcz! removal of parts of castroiniestinal wact (&.5. geasireclygmy) alsn

. In 2ll such casss sdmimsication of cabagiin
becomss 2 :‘.e.::s::.i‘.'. FS.’ pharmaceutical wmpoa--s viiamin B, 10 b

tzinad by fermentzrtion method fTom some baciena o sreplomyeos sped fxs.
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in doses regulated by conditions of the deficiency symptoms. Hydroxocotzmin
(which has -OH group in place of -CN group of cyanocobzlzmin) also
occurs in liver. In the body other related products like methylcobalamin
2nd adenosylcoabalamin also occur. These two appear to act 2s coen-
~mes in the biosynthesis of DNA. Just like folic acid, cobzmin is also
ﬁ;\'ol\'cd in 1-C transfer reactions particularly in conversion of homocysteine
1o methionine and nethyl-malonyl-coenzyme A to succinyl-coenzyme A.
Cobanin is also needed to regenerate tetrehydrofolic acid from N5-methyl-
THF.

233 Vitamin ' 1his is also known as ascorbic acid.

It has the
chemical sten ture a8 shown below -
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ascorbic acid & highly beneficial. Excess of ascorbic acid is excreteg ;.

It 3= two major functions in the body : (1) diosynthesis of collage,,
[zr marerizl; and (2) maintaining a suitable redox poteng;,;

d. Faulgy or inefficient formation of collaps-

capillary fragility). organic matrix iy

nd impropsr maintenance of connectjy-

ersibly ced to ascorbic acid. A suitable mixture of
these two. mamizins the needed redox potential In a tissue to allow the
zction of other substances to go on smoothly. Some of the examples are -

- -
e T te]

Reduction of ferric i0 ferrous state in the stomach before absomtion:
zidimz conversion of folate to tetrzhydrofolaie: preventing oxidation of

Sl b a2

vitzmins A. E and some of B group; as anti-exidant in the adrenal glang,

ey I

-
-l

For pharmzceutical purposes, ascordic acid 1S manutacired o lajwe

- s et ———
.

guantities from glucoss.  Ascordic acid is estimated by uwsing stanard

solution of iodine or 2 standard solution of 2,6-dichloruphe ol mdophe-

=

s aa

7.3.4 Minor Vitamins
12 possible necessity of some other food factors have been veported.

such “witamins~ are : inositol and choline grouped under the B

o

—tdllsw 2wl
eroun znd vitamin P. which also is water soluble. Vitamin P 15 2 name
civen to closely related bio-flavonoids, particularly rutin and hesperidin

occurring in citrus fruits. Tneir role is implicated in capillary resistance
znd permeability. However, their essentizl role has not been established
Inositol 15 1mpliczted in glucose metabolism as essential. However, it is
widzly distributed and deficiency symptoms have not been demonstrated.
Choline is precursor of acetylcholine, which is an important neurotrans-
mitter. Choline donztes methyl groups in some 1-C transfer reactions.
However, its deficiency has not been demonstrated.

7.3.5 Multivitamin preparations
A very lzrge number of multi-vitzmin preparations are marketed. There
zre severzl imponant aspects to be considered in connection with multi-

vitzmin products. These are discussed below :

(1) Solubility : All liquid preparations have to be made by very
specizl technigues because the fat soluble vitamins cannot be simulta-
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seously present with water-soluble vitamins. One technique is to emul-
sifv the oil part containing the fat soluble vitamins in the aqueous medium

contzining B group vitamins. Another method is to chemically convert
e vitamins into water soluble derivatives.

Q) Incompatibility : As already noted some B vitamins are bases
and some other are acids. These may neutralize each other in prepara-
sons. At pH above 7.0 (alkaline) the basic vitamins may be precipitated.
Hence a buffering medium may be needed. Similarly, reducing and
oxidising properties of the vitamins may affect each other.

Thus liquid orals and injections suffer from technical problems of
sreparation. In addition they also suffer from deterioration of some of the
vitamins.

(3) Overages : 1o keep the potency for the life time of preduct,
psuzlly higher amnuits ot viteinins are actually added than declared on
the label. This exutss (overage) is expected to compensate for the loss
that may occur. However it adds o the cost of the preparation. The
water soluble viramns ave exicgeted if present in excess of regiirement.
But the fat soluble vitanins ae stored in the body and cause toxicity,
pzriicularly vitamins A and 1) ¥xcass of vitarnins may also be due to
%ntal-:e of vitamin tich foods while undergoing multivitamin therapy.

(4) Stabitity © Multi vifanin pepaiations usually require addition of
ctzbilizing agents  They ae also w be piotected from light and moisture
(if dry products hike t4blsts or <apsules). Amber coloured centainers are
to be preferred  Jablets and capsules in air-tight containers and with
zdded desiccant (ke ~ilica gel i clnth bags) keep well. These do not
keep well in strips, which are gf nerally not air and moisture tight.

(5) Requitkmient  1The deficioncy of one vitamin cannot be cured by
other vitamins. [hus i certan auenrias only one or two vitamins may be
needed. Administering multt vitaming is not only a waste and expensive,
but may also canse unde ~irahle side reactions in some patients,
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polymer. It breaks the peptide bonds involving aromatic aMing.n..

(like phe and tyr) and also leucine. If these acids are present at lhc~auds
of the peptide chains, free amino-acids will be formed. Norma”and-,
proteins arc cleaved to oligo-peptides. The partially digested acigic .Iht
passcs on to the intestines. e

(B) Some of the free amino-acids, peptides and the acidic piy Stimy
late the duodenal lumen cells, to liberate cholecystokinin (or /J(J)!crcr;;),mm).
This peptide, in its turn stimulates the secretion of pancreatic Cn?.vmc;
into the small intestine.  Another later part of the small intestine Cl;ithc.
lium also has cells which secrete secretin, when the pH s aroung s
caused by the partially neutralised acidic chyme. The polypeptide stip,,.
lates the sccretion of pancreatic juices with high bicarbonate, to enable
neutralisation of the acid and render the medium neutral or slighily
alkaline. The pancreatic peptidases are @ trypsinogen, chymotrypsinogey,
proclastase, pro-carboxy-polypeptidases A and B. All these are inactive
at time of sceretion.  The trypsinogen is activated by an intestinal enzym,
enteropeptidase, which removes a hexapeptide from the N-terminal end of
trypsinogen moleculee to form trypsin. This is a critical step.  All other
pancreatic peptidases are activated by trypsin.  The active enzyme formed
are : chymotrypsin, clastase and carboxypolypeptidase A and B,

(1) Trypsin is an endopeptidase like pepsin, but cleaves the peptide

bonds formed between the -COOH of arginine or lysine (both
basic amino-acids) and any other amino-acid.

(2) Chymotrypsin also is an endopeptidase, acting on peptide bonds
invoiving the -COOH of tyrosine or tryptophin wr phenylanine or
leucine or methionine. In this respect it is almost like pepsin, but
acting in a neutral medium in the intestines.

(3) Elastase is another endopeptidase which cleaves the peptide bonds
formed by the -COOH of alanine, glycine or serine

(4) The carbaxypolipepridases A and B require the zinc ions for their
activity. They cleave the peptide bonds at the carboxyl end of 2
protein chain (hence called exopepridases) formed between the
amino-group of the terminal amino-acid and -COOH of any other
amino-acid.  However the terminal amino-acids are preferably
valine, leucine, isolencine, alanine, arginine or lysine. In practice,

he smaller peptides formed by the action of other peptide enzymss

-

Y

[

u

-

¢
2

gegraded step DY step from the carboxyl end bv removing e
end amino-acid, which liberates the -COOH of the next aminc-
id, for the next step.  The paner

B

b

1

L S TEANC enzymes cause the liberation
number of et amino-acids ang al; ; -1 )
s L SHNeaads and oligo-peptides with 2 to 3
ETIM-2018 IT8IC08s.

2
oy,
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DIGESTION AND ABSORPTION (8.3) 105

The small intestine wall epithelial cells secrete a number of minor
peptidascs, most of which are amino-polypeptidase and dipeptidases. The
amino-poly-peptidase cleaves a peptide chain from the -NH, terminal
amino-acid, without specificity. The di-and tri-peptides are cleaved by the
dipeptidases.

(C) Absorption of free aminoacids from the small intestines is accom-
plished with ease. There are more than half a dozen different transport
mechanisms, depending on the type of amino-acids (e.g neutral, acidic,
basic, branched, aromatic etc). Some of these are Na' mediated. Others
may attach to the cpithelial ¢ells and pass through. A few di- and tri-
peptides are cleaved on the surface of the intestinal lumen and are thus
transported to the other side of the lumen. Undigested proteins are not
pormally absorbed, ¢xcept i new born babies. However, a process called
pinocylosis may operae matginally to transport some proteins.

8.3 Lipids

Human diet consists ot a high proportion of fats. A small quantity of
lipids (less than [0% of total fats) other than fats are also ingested. All
these materials are water vepellant and insoluble in water. The body has
developed a unique process ot digestion and absorption of fats. Enzymes
like pancreatic [lipuase, hydiolyse the fats partially to fatty acids and
glycerol monoesters (maone acyl glycerols).

CH»-0.CO 1’ <M, 0H

l pAse ‘

CHO-CO-R? + LHOCOKE + R-COOH + R3.COOH
| | .

CH,0-CO)-R* CH,OH

Triglyceride (fav)

Generally the liberated tauy acuds are of lower chain length, whereas
the longer chani fatty acid vemains attached to glycerol. The mono-acy]
glycerol i5 now move hydvophilic: (because of the two hydroxyl group.s)
than the triglyveeride.  However, the free fatty acid molecules and the
mono-acylglycerol form a micelle which is emulsified by bile acids present
in the lumen. Transportation of micelles into the cells across the intesti-
nal wall now takes place easily. Inside the cells the mono-acvlglvcerol is
e-esterified by some of the free fatty acids, to triglveerides. These are
then usually transported to sites in the body for storing. Some of the
mono-acvlglycerol is converted to phosphatides and later 10 phospho-
lipids. by esterification with phosphoric acid.
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8.4 Carbohydrates

The food carbohydrates that can be digested and absorbed are - starch
(made up of amylopectin and amylose), sucrose, lactose, glucose and
fructose. Amylopectin (and glycogen found in animal tissues) is highly
branched having both « 1:4 linkages (linear) and «-1:6 linkages (branched),
Amylose has mainly a-1:4 linkages (lincar). Both these are digesteq
partially by a-amylase of the saliva, giving rise to oligo-saccharides. The
reaction is insignificant as contact time is too low, the enzyme being
inactivated in the acidic gastric medium. Carbohydrate digestion lakez
place mainly in the intestines.

(1) For efficient digestion of amylopectin, glycogen and amylose,
hydration is necessary. Hence starch foods are digested well when cooked.
The pancreatic a-amylase is an endosaccharidase (like endopeptidases),
which attacks the o-1:4 linkages. From amylose a small amount of
glucose (from the end of the chain) and large amount of the disaccharide
maltose are formed. Because of branching, amylopectin and giycogen are
broken down to a small amount of glucose (from end of chain), consider-
able amount of maltose (from the linear part of the molecule), a-limit
dextrin (an oligo-saccharide from the branched part of the molecule) and
some maltotriose (a trisaccharide closest to the branched part of the
molecule). «a-Amylase is the abundant enzyme of the pancreatic juice.
Amylose is also degraded to glucose by intestinal enzyme glucoamylase.

w-amylase
Amylose ——— > Glucose + Maltose

a-amyvlase
Amylopectin ———— > Glucose + Maltose + Maltotriose +
a-Limit dextrin + isomaltose (1:6)

glucoamylase
Amylose > Glucose
(a-1:4-glucosidase)

Further degradation of the carbohydrates takes place in the intestines
with the help of locally secreted enzymes. These are also called surface
enzymes. secreted by the epithelial cells of the small intestine. The
following changes are more pronounced.

isomaltase
«-Limit dextrin & Isomaltose — Glucose
(a-1.:6-glucosidase)
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DIGESTION AND ABSORPTION (8.4) 107

maltase
Maltose and Maltotriose » Clucose
(a-1:4-glucosidase)

Thus starches and glycogen are completely degraded to glucose, which
is then absorbed without further degradation.

(2) Lactose is degraded to glucose and galactose by the enzyme
lactase (or f-galactosidase) found in small intestines. In infants and
children, who consume milk and milk products this enzyme is essential
for digestion.  In most adults this enzyme may not be prominent.

lactase
Lactose —— > Glucose + Galactose

(3) Sucrose is another disaccharide which is consumed in consider-

able amounts and is digested by the enzyme sucrase or sucrose-o-glucosidase
10 vield one mole each of glucose and fructose.

sSucrase
Sucrose —— > Glucose + Fructose

All other complex carbohydrates (i.e di-, oligo- and poly-saccharides)
are not digestible and are climinated from the small intestines to large
intestines.  They include trisaccharides like raffinose, disaccharides like
trehalose and polysaccharides like cellulose. In the large intestines these
may be degraded by bacteria, producing acids and gases (fermentation).

The absorption of the three monosaccharides (end products of digested
carbohydrates) occurs both by passive diffusion (fructose) and by active
ransport with participation of Na" (glucose and galactose).
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Metabolism

9.1 Introduction

The term metabolism is derived from a Greek word meaning change,
In biochemistry the term is applicd o any chemical change that (akes
place ina living, system (i.e. under the conditions ol life) and with (e
participation of constituents of living matter (e enzymes, coenzymes
ete).  Note that it excludes non-living systems  Bug it also includes
chemical changes to a foreign chemical (c.p. synthetic deap) inside ¢
living system, Such changes are called biotransformeations, Ina living
system  the biotransformations are usually in successive stages (called o
path or pathway) and a whole chain of reactions can be recognised, /n
virro, changes are almost always limited to a single step Therefore even
if we can conduct a biotransformation in a non-living (ecetl-fice) system
with the help of an enzyme, it is not a metabolism,

Mectabolism includes (1) degradation of normal biochemiculs (¢.g,
foods), occasionally called catabolism: (2) synthesis of biochemjeals (e.g,
hormones, proteins, glycogen, phospholipids, nucleic acids, lipoproteins
ete), also called anabolism; and (3) transler of encrgy o1 hioencrgelics,
The aim of catabolism is to breakdown complex molecules of nature 10
simple units, (e.g. glucose from starch or glycogen) which can be used to
build up other complex molecules,  Similarly the purpose of anabolism is
to build up complex molecules from the simple units available (¢.g.
proteins from amino-acids). Bio-energetics include such reactions which
yield energy or store liberated energy. All these biotransformations arc
between the finished complex molecules (e.g. stored foods and structural
parts) and the simple molecules that are excreted (e.g. carbondioxide, urea
etc).  The term intermediary metabolism is often used to denote these
various steps. The intermediary metabolism of carbohydrates, proteins and
lipids are exclusive only to a limited extent.  Several pathways of meta-
bolism of these three major biochemicals become common and mingle
considerably. Such arcas may be known as integrated metabolism. This
aspect is important because the living systems show a flexibility of
conversion of one to the other as and when needed. ’

108
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In order to understand the complex: metabolic pathways it s ndvantae
peous to study them separately and then try to appreciate the integration,
The process of digestion of foods in the gastrointestinal tract i+ not part of
the intermediary metabolism, The aim ol digestion b simply 1o hreuk-
down i food molecule intoits simple units ke amino-acids or monosaceharides
(o enable the living system to absorh these moleenles,  Thereafier begine
e intermediary metabolism,  Digestion and absorption have been denlt
with in the previous chapter,

9.2 Protein Metabolism
This consists of (1) amino-acid metabolism and (2) protein biosynthesis,

0.2.1 Amino-ncid metabolism

The amino-acid is represented by the general structure

R~ CH
S CooN

Amino Acid

There are two Tunctional groups, the amino- and the carboxyl, Most of
the biotransfotmations ol amino-acids involve cither or both of these
groups. In a few amino-aciads which have additional functional groups
(e, ~OH, «NIT,  COOTL S SCH @ 8525-, cte,), biochemical reactions
iare kll()WlI invulvmg these Eroups il].‘"a(l.

9.2.1.1 Deawmination ceactions ;0 Deamination of an amino-acid
releases ammuonia and o deaminated acid, I the reaction involves intro-
duction of oxygen into the demuinated acid, then it is known as oxidative
deamination :

COOH COOH
i |
CH *NH,, (|3=0
| E
CH, +HO+NADY === CH, +NADH + H * +NH
I ) |2 3
CH, (el
COOH COOH
Glutamic Acid a-Keto-glutaric Acid

2 = gluamic dehydrogenase enzyme

Oxidative deamination reactions are catalysed by both dehydrogenases
(as above) and by amino-oxidases, but by slightly different mechanisms.
Again the coenzyme involved may be either the pyridine nucleotide
(NAD") or the flavine nucleotide (FAD).
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110 (9.2.1.1) BIOCHEMIS']'RY

In certain reactions oxygen is not introduced. These are non-oxidatijy,
deamination reactions : e.g.

coo- _ CHi = c00~

CH-NH,* —==~00C-CH + NH,*
I
COOH

Aspartiaie Fumarate

E = aspartase enzyme

In both the 2bove reactions ammonia is formed. which may be elimj.
I n the form of urea or mayv be recycled to vield a different amino-acid.
{This iz the reverse reaction of the oxidative deamination, the keto-zcig
being a different ong). The keto-acid or the unszturated acid formed in
: jon is further integrated with other meiabolic pathways.

£
(R0
l\.‘
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-
fe
o
m
9

9.2.1.2 Trznszmination reactions : In the

- - 1. - - -

: — - o e : N
cess if 2 keto-zcid 1s readilv zvailzble, the ammonia tormed may undargo
: 2 } %

n
)
Q
-t
o
.
w
5
5
=]
=2
s |
Q)
-4
?

ymadiztz incorporziion into the second keto-acid to vield a new aminc-
acid
0~ Co0~ co0 = Yolo s
co0 Co0 co0 CO0
' i ! 1
CENAE, C=0 Cc=0 CH-NH
= " - . 1 3
i £ i !
e — = —_— s -2 c=
i, . C 3
i peiglr y 2 ’ 2
—— - -
A, Co0 CH, Cco0
-
o0~ Co0~
Clmemze (mzliacsmzs a-Kewo-plutzraie Aspznzate
T = rronsaminass

- e - = - r
o a2 wufe U 3 == =
o - G = rE R " - -
. LI Sogene o e o g ne— e e s N o e e e S —
e (U1 ) 300nd 30 SETIEn, f2AE 20l OVEIT, DITIENY SN0nET TansammaEnin
- oS ' —--o,—--—-
TZEAlE I Wl SaUw
’:)"- Oy -
- - Ll
L -‘}-— -, - - -
- - - - - LU ~
. X - - -
- P — -
- —_— —— 5z - -
- z - - b 5 - C==1= -
" e - - -1
- -
- et P -
- - Ll - . @
< ? 12 CH
< Te
-
- - -
- ——
- s
- -
P | " -‘S"‘t . - -
o e — = by S e [ P
fonizia=i=ss s liatie- g S S 2=t Alznms

Scanned by CamScanner _



METABOLISM (9.2.1.3) 11

The enzyme glutamic-pyruvic-transaminase (GPT) is involved. All
the transamination reactions need the coenzyme pyridoxal pyro-phosphate.
The coenzyme accepts the amino group and is converted to pyridoxamine
pyro-phosphate, which in turn donates the amino-group to an u-keto-acid.
The transamination reactions arc very uscful for biosynthesizing u-amino
acids from either ammonia or other amino-acids and an u-keto-zcid. The
u-keto-acids are available from carbohydrate and fatty acid metabolism.

9.2.1.3 Decarboxylation : The removal of a carboxyl group of
a-zmino-acids can be achieved by amino-acid decarboxylases.

NHy (B

R-CH —= - R-CH,-lH, +CO
‘ 2
~>coo- &

Decarboxylation
The carbondioxide may be transported as gas and eliminated or may
be converted to biocarbonate by another enzyme carbonic-anhydrase, and

enter circulation. The amines formed thus are usually specific and impor-
2nt metzbolites in the body. Some examples are shown below :

N o p :J—;\‘
{ D erd™ @, () .
N CHz"CH —_— N \CH -CH_=-1#& ":'COZ
'h - Y 1..' 2 2 H 1.2
A ‘Co0~ H
Histidine Histamine

E = Histidine decarboxylase
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. (9.2.1.3) BIOCIIEMISTRY
/NHZ .
CHz-CH © CHz' CHz'NHz
Ncoo — + o
N : |
’ H
Tryptophan fopemne

E = Tryptophan decarboxylase

(Tryptamine is biotransformed to 5-hydroxytryptamine, 5-HT, or sep.
fonin).

€00~ CHy=NH,
CH=NH,* CH
| L —— | ) + CO,
CH, CH,
;e
CH, COOH
Co0 ™
Glutamate y-Amino-butyric Acid (GABA)

I5 = Glutamic decarboxylase

All these amines have important physiological roles in the body and
arc known as biogenic amines. The decarboxylation reactions also require
pyridoxal pyrophosphate coenzyme,

9.2.1.4 Other reactions involving a-amino-acids are known and are
cqually important. Some of these are @ Formation of porphyrin involving
glycine; conjugation of unusual carboxylic acids (like benzoic acid, aro-
matic and heterocylic acids ) with glycine, omithine, glutamine and cysteine
in varfous detoxication processes, cle,

9.2.2 Protein Biosynthesls

It s an dmportant part of amino-acid metabolism (anabolism). In the
process, the peptide bond is pgenerated, linking two a-amino-acids yielding,
i dipeptide, The dipeptide in its turm can be further converted to oligo-

peptides and finally to proteins. However, this simple scheme does not

work in reality. Protein biosynthesis is o very complicated affair involy-
ing the DNA, different types of RNA, tibosomes, ATP and several enzymes,
besides the amino-ncids, This is beeause, the exact sequence of amino-
acidn inoa chain and the cross linking of chains requires w carcfully
controlled system, penerally known ns the pencetic code.  ‘The process
therefore is not simply an amino-acid metabolic process, but integrates
with the nucleie ncids in o complex manner,
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9.3 Lipid Metabolism
Lipid metabolism consists of (1) fatty acid degradation; (2) fat biosyn-
thesis; and (3) other lipids metabolism.

9.3.1 Fat Degradation

9.3.1.1 Beta oxidation of saturated fatty acids : The fatty acids have
long chain of hydrocarbon residue with a carbc?xyl group at one end. Due
to lack of functional groups in the long chain bictransformatjon is not
common in this part of the molecule. On the other hand the beta (B)
carbon from the carboxyl group is activated and oxidised, giving rise to
ﬁ-kcl()-ﬁltty acid. This is then broken (cleaved) between the « and B
carbons, with the formation of acetic acid and a long chain fatty acid with
2 carbon atoms less. The process requires the involvement of coenzyme .
A, ATP, FAD and NAD besides the respective enzymes. Five distinct
steps have been identified in this scheme as shown :

i oo thiokinase
R.CH,CH,CH;CH;.CO.5.CoA + AMP + Pyrophosphate
";'y | dehydrogenase
- (2) R.CH,CH,CH,CH;.CO.5.CoA + FAD ;
7

B«
R.CH,CH,.CH=CH.CO.S.CoA + FAD.H,

enoyl hydrase
(3) R.CHzCI-IZ.CI-I=CI-I.CO.S.C0A + H,0 g

p
R.CHZCHZ.CHOH.CHZCO.S.COA
(B-hydroxyacyl coenzyme A)

' B-hydroxyacyl dehydrogenase

(4) R.Cl'i;Cl'lz.Cl-lOI'l.CHQ.CO.S.COA + NAD* -
4

R.CH,CH,.CO.CH,C0O.S.CoA + NADH + H*

B-ketoacyl thiolase

5) R.CH,CH,.CO.CH,CO.S.CoA + CoA.SH -
R.CH,CH,.CO.S.CoA + CH;C0.S.CoA
(Product fatty acid 2) (acetyl CoA)

This scheme is repeated now with the product fatty acid 2, which at
the end of the above sct of reactions, yields another acetyl coenzyme A
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molecule and a third product fatty acid. The cycle can continue unij) th
entire long hydrocarbon chain is converted to acetic acid (2 C units), 'rhc
activation of the fatty acid in the first reaction requires the energy ric|:
ATP. But it is not needed for the second cycle or subsequent cycles as
the product fatty acid is already an activated thiol ester of the coenzyme
A. Some of these reactions require the presence of magnesium or manga.
nese ions. All the reactions take place inside a mitochondrion. The
hydrolysis of the thioester provides high energy.

6.3.1.2 Unsaturated fatty acids : As was shown above in reaction 3
a double bond can be hydrated prior to oxidation and cleavage. Unsalur:
ated fatty acids, having double bonds far from the carboxyl group, do
undergo this type of reaction to a limited extent. Prior to oxidation to the
keto acid, the hydroxy acid undergoes isomerisation. Unsaturated fatty
acids also undergo B-oxidation scheme until the double bond is encoun-
tered. However, the body conserves the unsaturated fatty acids, as they
are needed for specific biotransformations.

9.3.1.3 Other Pathways of Degradation

(1) A minor pathway is c-oxidation. In this case the hydroxyl group
is directly introduced on the a-carbon atom, which is then cxidised to the
a-keto-acid and finally a mole of carbondioxide and a new acid with |
carbon atom less, are formed.

R.CH,CH,.COOH —> R.CH,.CHOH.COOH —
R.CH,.CO.COOH —> R.CH,.COOH + CO,

(2) Another minor pathway of fatty acid degradation is the w-oxida-
tion (omega). In this, the last carbon atom farthest from the carboxyl
group (i.e. the -CHj) is oxidised to the primary alcohol and then to the
carboxyl, yielding a long chain dicarboxylic acid. This is then degraded
by the B-oxidation scheme from both ends, hastening the oxidation pro-

cess.
OH COOH

| |

CHa-(CH,),-COOH —> CHy-(CH,);"COOH — (CH,),-COOH

9.3.2 Fat Biosynthesis

All acylation processes in the body proceed with involvement of
coenzyme A. As thiol esters, the acyl groups become activated and are
transferable. Thus a mono-acylglycerol absorbed after digestion and
undergoing circulation can be acylated with any of the numerous acvl
coenzyme A molecules present in mitochondria. This is the simplest and
most common pathway of fat biosynthesis at the site of storage of fats.
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However, the other major pathway of synthesis involves the reverse of the

.oxidation scheme. Two acetyl coenzyme A molecules interact to give a
4C acid. This may further react with another acetyl conzyme A to give a
6C acid or with another 4C acyl coenzyme A to give an 8C acid. Thus
many alternatives are available for this type of synthesis. It should be
noted that all fatty acids resulting from this scheme will have even no. of
carbon atoms only. This also explains why all naturally occurring fatty
acids have even no. of carbon atoms.

To a very limited extent unsaturated fatty acids are formed by direct
unsaturation of specific carbon atoms in the long chain of a saturated fatty
acid. For example formation of oleic acid from stearic acid takes place
with the help of desaturase enzyme, NADPH, cytochrome bs and a
reductase in presence of oxygen.

9.3.3 Metabolism of Other Lipids

Cholesterol metabolism : Cholesterol is an important lipid found in
the body as part of cell membranes. It is also the precursor of bile acids
and steroidal hormones. Both the cholesterol biosynthesis and its regula-
tion in the body are quite important. An impaired cholesterol metabolism
can lead to fatal diseases of the heart and circulatory systems. A brief
understanding of these processes is essential.

Cholesterol in the body comes from two major sources : (1) absorption
from food sources; and (2) biosynthesis from acetate units, from fatty acid
and carbohydrate metabolic pathways. In either case the circu'latory
system transports it 10 various tissues, particularly to liver, where it
undergoes degradation or elimination. Its biosynthesis is a very compli-
cated phenomenon, invoiving a number of steps, enzymes, cofaciors elc.
The following outline of cholestercl biosynthesis indicates important steps
only {in a simplificd manner) :

M
Acetyl-coenzyme A {CoA) —— Aceto-acetyl CoA —— Mevalonate
(2C) (4C) (6C, branchad)
M 4!

Farnesyl-PP & Isopentyl-PP +—— Mevalonats pvrophosphate {PP)

(15C) (5C)

|

] M M
Squalene —> Lanosterol —— Cholesterol

(30C) (30C) (27C)

M : Multiples Steps
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rheretore it s called anaerobic degradation or ghvolises, .\lllmugh many
\\l\{\“‘t\ have contr ibuted to the discov ey of this pmh\\ av, its Php\ll‘lﬂ\‘ |

pontt ay (e Emiden-Meverhof sehieme. A better understanding of the
chuulyiy can be had by mtmdcnng 1t different ways.

I the body. prior o glyeolysis, ghycogen has to be converted (de-
wadad) to glucose. This process is known as ghwogerolvsis. Glycogen
s a structure stmtlar to - amylopecting - However, in glyeogenolysis,
Aheugen is transtormed to glycogen with one glucose unit less, the end
Jucase unit bamg converted to glucose-1-phosphate by the enzyme gl
s piosphonviase and inorganic phosphate. In glycogen. only the end
.\\“3 has the [-hyvdroxyl group tree (anomeric h\dm\\ll all others

.,g:;g m | — < chain linkages. The enzyme being specific, only the end

—

emiz is liberated trom the chain, but lmme.dlatc.l} exposes another glucose
.nd unit for further phosphorviation.  Glucose-1-phosphate is then con-

DS
vertad to glucos -6- p"lomh*te by the enzyme phospho-gluco-mutase. In
s muscle. glucose-6-phosphate enters the t*l\col\m pathway. In the

iver (from liver glycogen). it may be dephosphorylated by phosphatase
emnme to inorganic phosphate and ~“luc0>:. The f-ee glucose is available
sor circulation. The glycogenolysis can be schematically represented thus

(Glucose). — (Glucose), ; = Glucose-1-phosphate
cluveogn givcogen priosprnoryiase
glveolysis - liver

puruvate «——— Glucose-6-phosphate ——  Glucose ~ 1.Phosphate
There are three major stages in glycolysis (1) activation or priming
and (3) oxidation :0 end products. In the

all the reactions are reversible. like al|

snz. e czizlysed re ctions. But the equilibrium constants are such that
1 ' T 1 'y
i

most the arrow most of the time.
hexokinase*
(1) Glucose ~ ATP ————— Glucose-6-phosphaie ~ ADP
) Mg~ :
j 1somerase®

fructokinase® +
Fructose-1:6-diphosphate ~ ADP «—— Fructose-6-phosphate
Mgl ATP

In this process glucose has been activated to glucose-6-phosphate by
2 high energs phosphate bond of ATP. The doubly activated

using 2
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fructose 1:6 diphosphate formed in the first stage, is ready 1o underg,

cleavage.
aldolase”

(2) Fructose-1:6-diphosphate ——— Dihydroxy-acetone phosphate
+ Glyceraldehyde phosphate
isomerase®

v

Glycerldehyde phosphate

In this stage, the doubly activated fructose-diphosphate is cleaveqg
(split) in the middle yielding two trioses, each carrying an active phos.
phate. The aldolase catalysed reaction is freely reversible, thus facilitating
re-svnthesis of hexoses from trioses. The further degradation from thjs
stage is possible only through glyceraldehyde phosphate.  Thus di.
hydroxyacetone phosphate has to be converted to glycerldehyde phosphate
zs znd when it is degraded.

dehydrogenase”

(3) Glycerzldehyde phosphate » 1:3-Diphosphoglycerate
+NADH + §°

kinase®
ADP, Mg~ "
mutase® v

2-Phosphoglycerate «———— 3-phosphoglycerate + ATP

l endlase. My~

v kinase® denydrogenase®
Prorspho-enol-pyruvas ———— Pynivae » Laciate + NAD"
LDZ, Mg NADH, ¥

*For the sdve of simplicity, full names of the enzymes have not been
gven.

Toere are very imponzm zupects 10 4y stzge. Oxidation znd reduc-
sion reations ae fust seen @ thiy suge of glveolvsis, The two ATP
moleruies wilived w0 tae Dt sage nzve poen segenerzied znd zre rezdy
for receciing. Toe WAL zhwo is 1o J
prspiate v xrprard ko te v molevdle generating 2 high
sneryy vond. Pyruvas produsd o iy vage 1oz ey intermedize,
Waich can e eyt wnn wningwd mezilive (zlzn
il reversy s s sl sariier) znd it mestyliven,

Toe gy o ¥ eryleintd low with srucure gressing on the
ivicamn chersindl Gz ¥ s 0wy 2 e ey,
wrnticrtt 3o Bl md tan odudons vy e indicsied,
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CH 2 OH LTP LDP
] 0 -\- Mg + 4 i
-
hexokinase
Glucose

CH, 0-PO,H,
[/0 CH,-0-PO3H,

~J p
|
Fuctose-1:6-diphosphate

CH, 0P, H,
0

\‘_2
Glucose-5

-phosphate r\\
\ch,0p0,1,

hosphofructokinase | Q) CH, 04

e 7
”; * '\\ \ ‘ 3
-LDP ATF
Fuctose£siphosphate

CHZQ-PO, H, CH,0-PO,H, CHO
i I I N !
= =0 + #H-C-0i
fl,-O aldose C{ c;: s
HO- CH ‘_"‘D__ g it CH,0-PO,H,
| = inydrory celone Glycerzidehyde.
H.?—OH phosphzte \\\\\—_% %-Dh‘:wi".a{.e
H-C=-0H ,

{
: - 20
Cdz O-P O, H 2
Fructose-1.6-C iphosphzle
(open chzin formul2z)

Chart 9.1

0
" /4
W2DT KWauAH" _ C-0-FPO.H
W CHO \ ¥ 05H,
-~
| - il oS TaY
CHOH = e T
1 pozphoglycerzidenyde o, o o0
cH,0-PC,H,  gehydrogenzse i 32
z . 1-2-Diphosphoglycerate
Slyoerzioeny oz T
£14 3
3.9,*,9;9“'412 | /
phosphoglycerzte we et
rinzse !
LT
A7
¥
/7 7°
Fe0 ohosphoglycero- ¢ .o
T muUtETE {
— 4
T o - -, C.- OH
€ C0F JaTy g *° 1 .
O CH_-0 SC:‘.-TZ

2Py e e
/ { "

R R T A

Wope

Leough 2 complex mechanism 10V

Prravzie
- -
- /:}
(,:’J WEeDH e LT LR :to
I _-' - :
C:0 — = MO-C-H
: lacte cetytonpenzen !
c'oJ = e
- ik |
Chen 92 Lisilacae

olving malate. (see later).
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In the above scheme there are four types of enzymes involved -

(a) kinases, which transfer a high energy phosphate from ATp
substrate sugar, | 3

(b) mutases, which transfer a phosphate from one position to anothe
position within the molecule, without involving energy. Both th,
kinases and mutases need megnesium ions;

(c) isomerase, which convert aldoses to ketoses and vice-versa; ang

(d) dehydrogenases, which bring about oxidation reduction reactions |

In yeasts and some other organisms the glycolytic path is identicy
upto the formation of pyruvate, which then undergoes the following
changes : v

pyruvic decarboxylase
Pyruvate > Acetaldehyde + CO,
thiamine pyrophosphate, Mg™

- alcohol dehydrogenase
Acetaldehyde > Ethanol + NAD"

NADH, H*

Also in yeasts the starting material is usually sucrose, which is con-
verted to a mixture of glucose and fructose by means of the enzyme
invertase (sucrase). The corresponding phosphates are formed which
enter the glycolytic path.

In muscles, during exercise and some other conditions, lactic acid is
formed by anaerobic oxidation of glucose. The pyruvate is hydrogenated.
by the enzyme lactic dehydrogenase.

H,
CH3COCOO_——‘—) CH3CH(JHCOO-

When muscle is exhausted of its stored glycogen by this anaerobic
glycolysis, the muscle becomes fatigued and cannot do anymore work.
As soon as sufficient oxygen becomes available. the reverse glycosis takes
place, lactic acid disappearing rapidly. On restoring muscle glycogen, the
muscle is reactivated.

9.4.2 Other Pathways of Degradation

Although glycolysis is the major pathway of obtaining energy from
glucose by forming ATP and other high energy bonded compounds, there
are several other pathways in living organisms for degrading hexoses.

9.4.2.1 Galactose which is obtained from lactose digestion, is con-
verted to galactose-]-phosphate and then to glucose-1-phosphate by an

LT _

Scanned by CamScanner



\ETABOLISM (9:4.2.2 -

ppimcmsc enzyme. The glucose-1-phosphate can then be utilised for
piosynthesis of glycogen or converted to glucose-6-phosphate, to enter the

glyCOI)'tic pathway.

Galactosemia : This is a rare inborn metabolic disorder, caused due to
the absence of enzymes thz‘ft are rcquircd. to metabolise galactose. In early
childhood and infancy, !mlk is the major food, which contains lactose.
Lactose on hydrolysis yields giucose and galactose. Galactose is phos-
phor}rlmed by a k:‘nas_e to galactosc- I-phosphate. The galactose- 1-phosphate
i transferred 0 uridmc-d|pllospllo-g]tlcos_c. to form UDP-galactose. Only
through this intermediate galactose is epimerised to glucose-1-phosphate,
to be fully utilised as an energy source. In infants, who lack the ability to
transfer galactose-1-phosphate to UDP-glucose, this is very serious and
fatal, if not recognised early. A lactose and galactose free diet may help
prolong life. If the galactosemia is due to inability to phosphorylate
oalactose (1.€. lack of galactokinase), the disease is not serious and can be
zonlrolled. This generally leads to cataract formation. In later years
body develops alternative pathway to form UDP-galactose directly from

aalactose. Therefore proper care taken in early years helps a patient to
:urvive and live with galactose diets in later life. -

9.4.2.2 Fructose is abundant in foods, ranging from 30 to 60% of
carbohydrates consumed. Fructose is absorbed passively from the intes-
tines, once it is liberated from its sources (e.g. sucrose). Free fructose
carried to the liver, undergoes phosphorylation by Aexokinase and ATP, to
yield fructose—é-phosph.ate, Just like glucose. This then enters glycolytic
pathway at the appropriate stage. However, it also undergoes phosphory-
lation to fructose-1-phosphate by a special kinase. Fructose-1-phosphate
so formed does not get isomerised to fmctose-ﬁ-phosphate or further
phosphorylated to fructose—l:6-diphosph.ate. Thus it does not enter glyco-
lysis 1n the usual manner. Thc l.wer also has another enzyme,
ﬁuctose—! -phosphate aldolase, which directly cleaves this to trioses. gly-
ceraldehyde and dihydroxyacetone-1-phosphate. Thus fructose can be
directly utilised. In some persons the specific kinase may be deficient,
causing an accumulation of fructose in the blood (fructosemia), which
may further lead to fructosuria.  Another closely related disease is
fructose intolerance. This is an inbomn error, characterised by inability to
metabolise fructose, due to lack of the enzyme fructose-1-phosphate a}do-
lase. Persons who are unable to metabolise this sugar, will show symptoms
like h}rpoglyccmia, caused due to depletion of inorganic phosphate in
forming the fructose-1-phosphate.  Fructosemia and fructosuria (fructose
in urine) may also be noticed.  Such persons should be provided a
fructose-free diet, also free of sucrose and sorbitol.
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0.4,2,3 1t will be noted that ordinary food materials are not ()ye mai
sources of pentoses like ribose and deoxyribose, Both these pentoses 4 )
X ; - : - " are
found in all the nueleie acids, ATP, coenzyme A, NAD, FAD ee, 1,
body has mechanism of converting gluicose to ribose by a route knowy nt'
X §
pentose phosphate: pathway or hexose monophosphate shunt, - The Patl
way I8 characterised by the conversion of glucose (o ribose=5'-phosphage
in one sequence of reactions,  Briefly these are shown in Chart 9,3,
(lucose .---J'f"-'-"-ﬁ'!’-a-{"--—p- Glucose 0 = phosphale

oADMY
dehydrogenase |/

FHAORM MY

|
l‘_ll:tll‘(i_‘ll.r,

0"
tL(! llf=()
| |
e =0 n! a0 HC =0
| ) |
HO-=C=1l v et HO=C -1
| factonase I ()
M= C=0N G0N
| |
M= ¢ = ON " ll"
|
CHL0P0 M, CHLOPO 4,
6:Phoapho-gluconate 0’ hospho-glucono:
NADR Y - laglone
(fehydrofenase
HADPI 4
LI
CH, 0N CHo
B sopl ; |
| tihosephosphate HeC =0l
| a‘-'_lt].'llum.';: |
Woeson o~ MC 0N
| |
M C=0H GOl
|

CILOPO N,
Ribulosa:H:phosphale Ribose . b:phosphate
Chart 9.3

In another pathway, the ribulose-5-phosphate formed is converted by
series of biotransformations ¢ither to (i) fructose-6-phosphate, which then
enters the glycolytic pathway or to (b) glucose-6-phosphate which then re-
enters the pentose phosphate pathway. In cither case hexose monophosphate
s regenerated,  Hence the scheme 1s known as hexose monophosphate
shunt,  Note that one CO, is produced for cach cycle of the pentose
phosphate pathway, but 2 NADPI are produced at the same time, I the

cycle is continued for six times, the net result will be ;

1,0

6 Glucose-6-phosphate + 12 NADP" )
5 Glucose-6-phosphate + 6CO, + 12NADPH + 121" 4 | PO,
p) A4
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Thus one molecule of glucose is completely oxidised to carbon di-

ide A large amount of reduced form of NADP is made available,
() !

0,43 Biosynthesis of Carbohydrates

Carhohydrates are the major source of energy in the body., Even so all
he c()llﬁllllll:(l and absorbed monosaccharides are not at once degraded to
jeld energy and end products, A I‘C!l.‘ilflllll)lc amount of glucose is
Srenlnting in the blood and ulscl) present i most tissues and cells for
inte needs,  As soon as this normal concentration is exceeded, the
plicose is converted to plycogen and .slurcd, .Gycogcn 5 Wund i
n'nlh‘C'L‘f‘ and liver .|n i H.,-cntcr cxlcn.l than in other tissues and organs. The
pl‘t‘ft‘l»""-" ol formation nl. plycogen is known as g/_;fcn;;uuc.ﬁ.v. This is the
roverse of plycogenolysis,

immed

9.4.3.1 Glycogenesis ¢ The formation of glycogen from circulating
glucose or plucose-6-phosphate obtained by reverse glycolysis, involves
severnl Steps ns aguinst the simple glycogenolysis,  This is summarized

helow

AP AOP - phospho « ghicomutase
L — S YOI . - " P ——— ———
(lUc0s0 o= Glucoso « 6 = phosphato 2 (-‘.!ucrmn-l-phospham
haxohinaso
(Glucoso) l’;’-}’;:"”""’-
hanching - /
i — (fn|l|t:t}flll)m|~‘,- s JOP - Glucoso
plycogen synthase
pyrophosphate

*upp TP
DP 4 ATE —J phosphato ~—)
<

ADP 4 UTP
Chart 9.4 (Glycogenesis)

The unique features of this pathway are : (a) lJridyl-S'-triphusph;nc
(UTP) is involved in carrying, ll.w‘l-'.hlh‘nﬁy. (b) Glucose gets attached only
as the end unit of already C.‘\'ISllllljf_ ilC!l}’{HCd (primed) plucose polymer
(plucan). () (,‘{1-¢rr1,;.:;-:: synthase is spccu!.uf and ;?rnduccs only a lincar 1:4
linked oligosaccharide by repeated addition of end glucose units: and
() Branching of ”}if‘ amylase 3“'“0“_“'0 to amylopectin structure (1:6
linkage) 18 accomplished by a branching enzyme to the final glycogen
structurc.

Glycogen storage disense -‘[11is is an Iinhc;-ilc(l. t.lis;cau;c and is characterised
by accumulation of glycogen in body tissues. Fhe glycogen metabolism,
|mrtiClI|=ll'|)' its breakdown, 18 il”CCllf(l. hccnu‘sc of lack of one or more
enzymes needed for the process. ?cvcml discases (c.p. Von Gierke's
disease, Pompe’s disease, Cori’s disense cltc.) have been recognised ag
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related glycogen storage diseases. The liver, muscle and heart are affecy
Some of these can be controlled by special diets, but most are i“CUra;?'
3

and may result in early death due to cardiomegaly and related conditigp

9.4.3.2 In the muscle, glycogen is degraded to lactic acid. Durip
vigorous activity muscle glycogen is depleted by the glycogenolysis aﬂg
glycolysis processes, with accumulation of lactic acid. Part of the lactic
acid is converted to glycogen by a reverse glycolysis. However, for.-
ation of phospho-enol-pyruvate from pyruvate follows a complex roye as

shown : -

- t co
NAD* NaDH,H* COO™ NADPH,H' NADP 2 i
- L L . ST HO-CH
SElaieie lactic | LS carboxylase CHZ
dehydrogenase CH [
yarog 3 COON
pyruvaole
malate
dehydrogenase N
Co0~
00~ co5 coP o1P | NADH K+
C-0-POgH, = I
] phospho-enol- CH,
CI":z pyruvcle carboxykingse |
COOH
shespho - encl-pyruvate oxalacetale
Chart 9.5

Phospho-enol-pyruvate thus formed is converted to 2-phosphoglvcer-
at2 and backwards in the glycolytic scheme to glucose-6-phosphate.

9.4.3.3 Biosyntheis of carbohydrates also takes place from products of
protein or fat metabolism. Such a process of conversion on non-carbohy-
drate metabolites to carbohydrates is known as gluconeogenesis. (a) From
amino-acid metabolism, pyruvate. oxalacetate and propionate are formed.
Both pyruvate and propionate are converied to oxalacetate which enters
the re-:-erse glycolyiic path via phospho-enol-pyruvate. Amino-acids. which
ar2 metzbolised 10 pyruvate or oxalacetate or propionate can all be con-
veried 10 glucose as indicated. These are called glucegenic amino acids.
nlv leucine and lysine are not glucogenic. (b) Fatty acid oxidation
.ief:‘;s acetzte. This two carbon metabolite cannot be directly converted to
:0_1'.::036. In rare cases branched chain fanty acids or odd number carbon
farty acids mzy yield propionate. Cholesterol oxidation to bile acids also
yields propionzie. Thus prqpionate can be converted to oxalacetate before
it is used in gluconcogenesis. Any fatty acid metabolite which can enter

Scanned by CamScanner



\ETABOLISM (9-5) 125

the ri-carboxylic acid cycle (TCA or Krebs cycle) can eventually be led
coneogenesis. (c) On the other hand glycerol which is formed in fat
hydrol)’5i5 is readily conve:rtiblc to glycerol-3-phosphate and to dihydroxy
qcetone phosphate, which is a major product of hexose diphosphate cleav-
q0¢ in the glycolytic path\l:ray. Thus glycerol contributes to gluconeogenesis,
b;' reversing the glycolysis.

to gl

9.5 Tricarboxylic Acid Cycle (TCA)

This was proposed by Hans Krebs in 1937, whose contribution in this
ared is monumental. In his honour this is also popularly known as Krebs
oycle. Several steps in the cycle are characterized by acids with three
carboxyl groups, which justifies the name TCA. It is also known as citric
acid cycle, the major tricarboxylic acid in the cycle being citric acid.

®

___(_.D..-y-‘ Pyruvulel --—-—*-l Acetyl Co ﬁ1

I Fal oxidulionl

H, O
—
Oxoloacelale Cilrale :
: HEO
NAD
|5 Molole Cis- Aconitale
H,0
2
H20 /
T C A Cycle
Fumaraole Iso -cilrate

/-N-'-D+

FAD
Co- ASH

Oxolosuccinale

Pi
GOP
Succinyl Co A

co, _ CoASH (
X

{ NAGT Keioqhilarate
o) ®

[ Glutamic ocid‘

Chart 9.6 (TCA Cycle)

O

[t is the major pathway of degradation of the products of protein,
carbohydrate and fat metabolism, particularly to obtain energy and fully

.d';c‘ these to end products. to be eliminated from the body. The
oxidt
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scheme can be compared to a mill which receives materials for orindi
but itself is not ground. Following scheme is a simplified version Ofl?}%
TCA. highlighting the members of the cycle and changes that take Place
The point of entry into the cycle by the products of carbohydrate, fy ane[i
protein metabolism is indicated. '

In the scheme shown above, entry point (1) represents pyruvate from
carbohydrate metabolism (i.e. glycolysis). Pyruvate may be converteg
tomalate, which then enters the TCA cycle. Pyruvate may also .
converted to acetate by decarboxylation. The acetate is then incorporateq
into TCA cvcle via citrate. The entry point (2) is more important to fatty
acid metabolism, in which acetate accumulates. Entry point (3) represents
products of protein metabolism, particularly aspartate as oxalacetate ang
glutamate as a-ketoglutarate. Branched chain amino-acids and odd num.
ber carbon fatty acids accumulate propionate, which enter TCA cycle vig
succinyl coenzyme A at point (4). There are many other possibilities for
the metabolites to enter the TCA cycle.

Note that acetate, once it enters into the TCA cycle is fully oxidised to
2CO,, vielding energy which is stored in the form of GTP and in the
reduced forms of NADH and FADH,. Coenzyme A is utilized in the
TCA cycle for the transport of acyl groups. The TCA cycle takes place
inside the mitochondrion, which is also the site of oxidation of fatty acids,
The TCA cycle is the mzjor scheme integrating the carbohydrate, fat and

protein metabolism.

9.6 Bioenergetics

Every life activity, like physical (motion) or physiological (e.g. sen-
sory, transport across membranes, nerve conduction, excretion etc.) or
biochemcial (e.g. biotransformations) or hormonal, etc. requires energy.
In the body energy is carefully regulated. The three stages of its regula-
tion are : (a) production; (b) storage or conservation; and (cj efficient
utilisation.

All energy in the body is produced by oxidative processes. The final
oxidising zgent is elementary (atmospheric) oxygen, entering the cells
through respiration.  The food sources like glucose and fauty acids are
converted to simpler molecules by metabolic pathways, wh‘ich do not
involve elementary oxygen. Finally the path must lead (0 a stage where
elementary oxygen is utilised. The entire mechanism is highly intricate
involving many steps and alternative pathways,

In the first stage (i) Pyruvate is pro.dur?'cd by glycolysis, in case of
carbohydrates, providing only a small gain in energy. (jj) Acetyl coen-

zyme A (or simply acetate) is formed from fatty acid metabolism, again
y e
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providi“g the system with little or no gain in energy. (iii) Keto-acids (e.g.

pyruvate, oxalacetate, ketoglutarate etc.) and propionate are formed from
a;“ino-acid metabolism, again with little gain in energy.

In the second stage these products are fed into the TCA cycle, which
produces considerable amount of energy. Pyruvate may enter the TCA by
different paths. The net result is that each glucose can be fully oxidised
10 CO, by entering the TCA cycle successively several times, yielding its
full complement of energy. This is the major energy producing mecha-
nism. Similarly, a fatty acid molecule, converted to acetate is theoretically
fully oxidised in the TCA cycle. In practice, the acetate is partly diverted
for the biosynthesis of sterols, fatty acids, ketone bodies etc. Approxi-
mately slightly less than half of the acetate from fats, yiclds energy
through the TCA cycle. Similarly, protein degradation products yield
¢mall amount of energy through the TCA cycle, as it involves only a few
amino-acids and to a small degrec. Part of the energy produced in the
TCA cycle is stored in the form of high energy compounds.

In the third stage, part of the energy utilised in the TCA cycle for the
reactions, is regenerated through a series of reactions, which finally v+ilise
elementary OXYygen (respiratory oxygen). A simplified form of this is
given below :

FED.H, FAD

- P AL
NAD® N FIaN . H, -‘\\/— Coenzyme Q N\{/’ Fe ‘5‘.%2 G,

. | Cyinchromes
HADH H”}\" FMN J,/ "~ ~-»Coenzyme O “-."’ S Fr.-""/

Chart 9.7 (Electron Transfer Seheme/Sequence)

The above scheme taking place in a mitochondrion, involves electron
transfer throughout. Cytochromes, which contain iron, act as the donor to
oxygen. [t may be remembered that NADH and FADH, are formed
during TCA cycle and other metabolic pathways. They are oxidised by
iransferring their electrons as shown in the scheme above.

Energy is usually expressed as calories or Kilocarlories (kcal) per gram
or per mol. If completely oxidised to yield maximum energy, the relative
values for the foods arc : carbohydrates and proteins 3 t0 4 Keal/em
whereas for fats it is about 9 Keal/gm. Weight for weight fats yield negrb"
three times the energy obtainable from carbohydrates.  In practice, the
body uses a maximum of about 45% of fats for energy production and has
a tendency to storc them as much as possible. Even in case of carbohy-
drates a maximum of about 85% undergoes oxidation to produce energy.
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Every compound ¢an be considered as having free energy (like potep.
tial energy of matter by virtue of physical status and position).  During 3
chemical reaction a chemical is changed into one or more chemieals, e::ch
of which have a free energy. I the total free energy of theyproducts s
less than the free energy of starting compound, then excess energy s
liberated and becomes available. Such reactions are termed (:wrgmu‘c.. If
on the other hand energy is consumed to bring about a chemical change,
the reaction is termed endergonic. In reversible reactions, the tendency js
to favour the exergonic direction of the reaction. However, in cnzy-'mc
catalvsed biochemical reactions, compounds with higher free energy are
formed with ease, when energy is available, as in oXidation processes of
TCA cycle or glycolysis or fatty acid oxidation etc.

Adenosine-5'-triphosphate (ATP) is the most common energy rich
compound in the body. On hydrolysis of ATP to ADP, by any method,
about 8000 cal/mol of energy is liberated. .

NH,,
N7 X
l\ | \> OH (IJH ('lJH H0
I
oy N CHz-O-ﬁ-O—ﬁ-O'ﬁ'O_ —~
0 o 0 O
OH OH
ATP
NH
NZ NN
, L l N\> (l)H CI)H ?H
N . DA -
N CH,-0-P-0-P-0=  + 1O7P-0
N
OH OH
ADP Inorganic Phosphate (Pi)
Similarly :

H,0
ADP —— AMP+ H;PO; + 6500 cal/mol

H,0
AMP ——— Adenosine + H3PO4 + 2200 cal/mol
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W0
cyclic AMP ———= Adenosine + HyPO, + 11900 cal/mol

On account of this behaviour, the pyrophosphate bonds are termed
pigh energy hm.ld.\‘. l-‘onnn'linu .ot“ high energy bonds (or energy rich
compounds) during :pcluhohc activity is a n‘wlhnd of storing excess en-
ey, The energy r‘u:h cmppounds tound in the body and the energy
|il;c'rx\lt‘d on hydrolysis are given below (Table 9,1) ;

Table 9.1 Energy Rich Compounds

m Rich Compd. Product Energy Release
(kcal/mol)

J——
ATP ADP 73
ADP AMP 65
c-AMP Adcenosine 11.9
Acetyl phosphate Acctate 103
1:3-Diphospho-glycerate 3-Phosphoglycerate 10.1
Creatine phosphate Creatine 103
Phospho-enol-pyruvate Pyruvate s
Acetyl coenzyme A Acctate 79

(thiol ester)
Note that in glycolysis the energy rich compounds diphosphoglycerate

and ph05pho-cnol~—pyruvatc, transfer the excess energy to ADP —» ATP
while undergoing further transformation.

It has been estimated that full oxidation of one mole of glucose by
glycolysis followed by several cycles of TCA scheme, produces energy
equivalent to 38 ATP molecules. Similar calculation shows that a mol-
ccule of palmitic acid (C,¢) completely oxidised by way of TCA cycle
would theoretically produce energy equivalent to about 108 ATP mol-
ecules. In practice, less than 50 ATP molecules may be formed.

9.7 Regulation of Metabolic Processes

The body has a precise and efficient control over the numerous meta-
bolic steps taking place. There are several regulatory events.

(1) Site dependent regulation is achieved by locating the enzymes and
cofactors at a particular site. The substrate has to be transported to the
site for transformation. This is particularly evident between mitochondria
and cytoplasm outside it, the membrane acting as a barrier.

(2) All enzymic reactions obey laws of chemical kinetics. Thus the
rate and ‘direction of the reversible enzymic reactions are automatically
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regulated by the accumulation of products. If there are severy ste

involved in a pathway, a product of a later stage specifically inhibits th
release of the enzyme of first stage. This is called feed back Comro;
Stimulation of a pathway or induction is often effected by initia| activa.
tion or priming. The primer is usually a small amount of the Produc;
itself.

(3) In addition to the above obvious mechanisms, the metabolic
activities are well regulated by hormones. .Some hormones are exclusiye
and specific whereas some others have more than one regulatory effects
These are discussed briefly below. '

9.7.1 Lipotropin from anterior pituitary has been shown to mobilis
fats from adipose tissue and to promote oxidation of fatty acids. Thyrojg
hormones, thyroxine (T;) and tri-iodothyronine (T3) are known to increase
basal metabolic rate (BMR) by promoting oxygen consumption ang
catabolism of carbohydrates, proteins and lipids. They facilitate increaseq
absorption of glucose from intestines leading to increased blood glucose
levels. However this is countered by increased utilisation of glucose.
Thyroid hormones promote protein anabolism, i.e. formation of proteing
(tissue proteins in particular) from amino-acids. In lipid metabolism they
facilitate better utilisation of fats and cholesterol, thus reducing fat anq
cholesterol accumulation and deposition.

9.7.2 Insulin, the pancreatic hormone from f-cells of islets of Langer-
hans, is liberated in response to increased blood glucose levels, encountereq
after absorption of glucose from intestines. In carbohydrate metabolism,
its primary function is to promote glycogenesis (i.e. formation of glyco-
gen from circulating glucose). Both liver and muscle glycogen formation
is promoted. Insulin alters the permeability in the muscle cells, facilitat-
ing transport of glucose to inside the cell.  This action also promotes
transport of amino-acids into the cell, which in its turn leads to protein
synthesis. The fat cells are also similarly affected, whereby mono-acyl-
glycerol and fatty acids tend to be transported into the cells, which z'lrc
then converted to triacylglycerols (fats). Fatty acid synthesis is also
triggcrc-d by insulin. In the muscle it triggers glycolysis and TCA cycle,
to provide adequate cnergy for the above important anabolic activities.

For therapeutic purposes large amounts of insulin are prepared. The
Indian Pharmacopoeia includes as many as seven different preparations of
insulin. These are briefly described here :

Insulin injection (1.P.) is a soluble form and is generally prepared from
pancreas of oxen, pigs or sheep.  Porcine insulin is closest to human
insulin in its chemistry. It has at 30 B alanine whereas the human insulin
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has at 30 B threonine (see Fig 2.5). Thus pig insulin causes least
reactions (hypersensitivity) when administered to patients. All other insulins
differ also in two amino-acids in A chain. In recent years, human insulin
has become available, by modification of pig insulin through removal of
30 B alanine and introducing threonine in its place by chemical manipula-
tion. Alternatively human insulin is also being produced by biotechnological
methods (recombinant DNA technology). Proinsulin is also produced by
such methods and insulin gener'ated in the body of the patient. Insulin
injection 1S supplied in potencies of 20, 40 and 80 units per ml. It
contains a very low amount of zinc, less than 40 pgm per 100 units of
insulin. Globin zinc insulin (1.P.) is also a soluble form, but contains the

cotein globin and added zinc chloride, not less that 0.25 mg of zinc ion
per 100 units of insulin. All other products of insulin are suspensions.

Insulin zinc suspension (L.P.) is an amorphous form of insulin, sus-
pended with very fine particles. This is intended for prompt action, by
quick releasc of insulin. Another suspension of the same material differs
only in having larger size of crystalline insulin, instead of amorphous
paniclcs. This releases insulin slowly over a longer period of time, hence
used for extended activity.

Isophane insulin (1.P.) and Protamine zinc insulin (1.P.) are both'sus-
pensions containing added protamine protein (obtained from some fish).
No zinc is added to the isophane insulin, whereas the other preparation

contains added zinc chloride. All the insulin preparations have different
advantages and are used to suit individual patients.

9.7.2.1 Diabetes : The disease is known as diabetes mellitus, indicat-
ing a sweet urine, rcFognised quitt:- long time age. Today it is known that
sugar appears in urine (glycgsurm.) after the disease is well advanced.
prior to this situation, there is a high and persistent level of glucose in
blood, called hyperglycemia. Thus it is possible to diagnose diabetes
much early by blood glucose estimation. As indicated earlier, the blood
sugar levels is the result of a number of controlling mechanisms. Any
one of them can go wrong, leading to this disease. Normally the blood
glucose is either utilised by energy liberation through glycolysis or is
stored by glycogenesis. These processes require the mediation by the
hormone insulin and the enzyme hexokinase. Many factors may lead to
poor control of glucose metabolism. However, ins:iin defective diabetes
(Type 1) can be controlled by administration of insulin to the patient on a
regular basis throughout life.  Another form of diabetes (Type II) is
usually the result of over-eating and high carbohydrate diet, and occurs in
elderly persons with a tendency to become obese. In such individuals diet
control and symptomatic treatment with oral anti-diabetic drugs may be
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adequate In both types a patient is prone to infections, slow healing of
wounds. polyurin, tiredness cte.  In type I, the urine and even exhaled
breath may contain Actone bodies, which result from incomplete and
abnormal breakdown of fats. In urine they appear as Keto-acids (keto-
acidosis). Detection of Ketone bodies in breath by its sweetish smell or in
urine by chemical tests, is an carly indication of severe hyperglycemia,

9.7.3 Glucagon, another pancreatic hormone (from a-cells of islets of
Langerhans), is more or less opposce to the actions of insulin. It activates
the phosphorylase system of liver, which triggers glycogenolysis (break-
down of glycogen) to glucose. This enters circulation, causing increased
levels of blood glucose (Mvperghcemia). Glucagon also stimulates gluconco-
genesis in the liver (i, formation of glucose from non-carbohydrate
metabolites) by increasing the availability of glucose precursors in the
liver. In the fat cells, glucagon promotes fat catabolism, leading to
formation of fatty acids and glycerol.

9.7.4 Adrenaline or epinephrine is an important hormone with many
functions. This hormone promotes glvcogenolysis in the liver, just like
glucose-6-phosphate formed from glycogen.  Glucose so formed enters
the blood and is transported to tissues for local oxidation. In skeletal
muscle also adrenaline causes liberation of glucose-1-phosphate from muscle
glycogen. Due to lack of phosphatase, the glucosephosphate is allowed
to undergo glycolysis in the muscles, providing ready energy. Epineph-
rine also is known to stimulate lipolysis in adipose tissue.

9.7.5 Corticosteroids (adrenal cortical hormones) are active in glu-
cose metabolism. Particularly cortisol (hydrocortisone), cortisone and
corticosterone are prominent among these. The effects of these hormones
on the carbohydrate metabolism are termed gluco-corticoid. These and
some other corticosteroids also possess mineralo-corticoid activity (which
will be discussed clsewhere). Glucocorticoid activities are somewhat
opposite to the effects of insulin on the carbohydrate metabolism. Cori-
sol promotes gluconeogenesis in the liver, leading to increased levels of
blood glucose. This also promotes deposition of liver glycogen. In the
muscle cells this action is not seen. In fact muscle glycogen is poy
formed due 10 non-availability of glucose (and amino-acids). Membrane
ransport is affected. In this respect it 15 anti-anabolic. In the muscle.
protein catzbolism (breakdown) is promoted by corticosteroids. However
m the liver, protein anabolism actually takes place. '

There are several other hormones and hormone-like substances and
other biochemicals that in some minor way regulate the metabolism o

; f the
major food chemicals. ¥
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Excretion and Drug Metabolism

0.1 [ntroduction

The human body has a very cfﬁFienF mechanism of eliminating
unwﬂ""—‘d materials from lljc body. Prlmarll)'r these are end products of
metabolism, formed from foods. after producing energy from them. As
c.\'plﬂi'wd in an ecarlier chapter, many of the metabolites are usually
retained in the body and rcc‘_\'clcd. However, energy production necessar-
ily vields end products..whlch are of no more use to the body. Carbon
dfoxid& water., ammonia, urea etc. belong to this category. Carbon
dioxide is oxidation end product whercas water is formed by reduction of
oxygen. These are processed .by Spt?Clﬁ.C paths apd excreted. Ammonia is
the major end product of am.mo-amd (i.e. protein) metabolism. Respira-
ory elimination of carbon dioxide is also of great importance. Lot of
excess water escapes from the body not only through the kidney but also
in exhaled gases and perspiration.  Undigested food materials are elimi-
nated as excreta (facces) along with some end products, which may be
secreted into the intestines. In this chapter only the urinary excretion of

area and related materials will be discussed.

Human beings consume a number of non-food materials for various
reasons. The most important of these are the “drugs’ or more accurately
therapeutic agents. The bedy has developed general processes which help
in the elimination of such substances through the Kidneys. This may be
ermed drug metabolism or drug biotransformation or detoxication. A
brief review of this important biochemical activity in the body will also
be presented in this chapter. No student of pharmacy can ignore the
importance of this aspect of human biochemistry.

10.2.1 Urea Cycle

Protein metabolism leads to nitrogen containing end products. Small
amounts of amino-acids are excreted in conjugation with other substances.
But the major end product of amino-acid metapolism is ammonia. Am-
monia is a toxic material and should not accumulate in body (ammonemis).

133
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As zng when zmmonia is formed it is converted in the body into harmless
urea and excreted through the kidney. Ammonia is combined with carbon,
dionide, the other mazjor end product of carbohydrate and fat metaboljs,y,
(through the tricarborylic acid cycle). The result is urea. Hans Krety
was also the discoverer of the process of urea formation, which also is ?,
cyelic process, Henee the process is known as wurea cycle or Kreps.
Henseleit cycle or ornithing cycle. The cycle is fully described today wit,
mazry detzils, The following is a simplified version of the urea cycle,

,‘.--——'-\._.
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*
ARGIITE

ASPLPTATE ..
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Char 10,1 Urea Cyele

‘tie details of these reactions are 4s follerus
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Chart 10,3

The following important points may be noted ¢

(1) One mole of ammonia and one mole of carbondioxide combine
wnll the amino-group of aspartate to form urea, Hence aspartate is
asential for the urea formation.

() Two moles of ATP are needed to supply energy for the successful
formation of trea,
fPumarate miany enter the TCA for further metabolism, while ormnithine

()
ie recycled 1o Torm more and more urea,

() Aspartate necded for recyeling comes from amination of oxalacetate
(GO ) by glutmmate, This s also nitrogen from an amino-acid,

While tren i o excretory product, without any value 1o the body, it
fifds appilication nsa divetic As it is the end product of metabolism, it
s ity not metabolised when consumed, It i directly excreted
rough the kadney e high concentration in the glomerular filtrate
Inetenses the asmolnlity. To overcome this, body adds more water to the
e, diluting to n constderable extent, Thus more Ouid s excreted from ,
the Body, with incrensed urine output (diveesis). Uren acts an a water |
s e (1) Hinds application ws o dinretic, For this purpose it s
obtalied synthetically, 1e may be remembered that urea wis the first
ttithetic organic compound prepared by Wohler,
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10,2,2 Other nitrogen excretory products | A smal| amount of 4,
acid may also be formed from amino-acid metabolism, Uyic aci i‘:k
purine, whose skeleton is formed from glutamine, glycine, aspurate L‘.n A
bon dioxide and formate, Thus uric acid is also a product of umin(;-ncirt]
metabolism. Uric acid is also formed, from purine metabolism (hucleje
acid) in the liver. As uric acid is insoluble, it is not very well ¢

: : . XCreteq
and may accumulate in the body, causing discomfiture.

Gout : It was pointed out in purine biosynthesis that IMP is the key
intermediate normally leading to formation of both adenylic and guanyjc
acids and then to nucleic acids. However, part of IMP also is diverted o
the synthesis of hypoxanthine to xanthine and finally to uric acid. This js
a minor pathway and only small quantitics of uric acid are formed, |y
certain persons, due to genetic defect or in rare cases due to secondary
causes (some drugs or in some other diseases or even consumption of
foods rich in purines etc.), the pathway may become prominent and uric
acid may appear in higher concentrations in blood (hyperuricaemia),
urine and related organs. Both uric acid and urates are sparingly sobluble
and get crystallised. These crystals may be found in some polymorpho-
nuclear cells (due to phagocytosis) and in the synovial fluid of joints
(toes, limb joints). The latter condition causes acute pain to the patient.
Uric acid and urates may also appear as urinary calculi (kidney stones).

The xanthine oxidase responsible for conversion of xanthine to uric
acid can be inhibited by certain drugs like allopurinol, thus reducing urate
formation. There are also drugs which promote excretion of uric acid,
called uricosuric agents (e.g. probenecid or sulfinpyrazone). These are
useful in long term treatment. For acute attacks of gout only symptomatic
treatment may be useful.

10.2.3 An indirect way of elimination of protein nitrogen is via creati-
nine. All the creatinine formed in the body is excreted in the urine.
Creatinine is formed when creatine phosphate (or phosphocreatine) is
utilised in the muscle for release of energy during activity. The phospho-
creatine in its tum is formed from glycine, arginine and methionine.
However, the nitrogen of creatinine is from arginine and glycine. The
muscle mass and its capacity for activity is often related to creatinine
content of urine. The guanidino group is transferred to glycine to provide
gumidinc-ace,tatc: by argining. which itself is converted to arnithine.
Methionine p.row'dcs mrfthylatlon of‘g}lanidino-acclatc forming creatine.
Part of creatine is cyclised to creatinine. [t may be first activated to

phosphocreatine before cyclisation. The creatinine formation is summarised
below.
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pxCRl
r\IJH2
CaNH," N
[ . |2 f;JHz
Wt TH $uwn?+ &
| g 2
e + CHp —*= NH - i
CH? CH CH Bk
&00- | 2 | 2 Cl.‘H2
CHQ . COoo ?H "NHS«'
CH~=NH. _
- CO0’
coo
lycine Arginine Guonidino =acelale Ornithine
Methionine
0 NH,
I ADP ATP 5 +
-0~ C=NH
NH—=P—0 i =N,
H2;= Ci (.!)H /COO — A\-—/ T}I“CHa
N CHz CH,
' |
CHy coo-
phosphocreatine Creatine
NH
HN=C =0
\
N—CH, =<
|
CH,
Creatinine

Chart 10.4

10.3 Drug Metabolism

The changes that are brought about in the body on drug molecules and
others ‘foreign’ to the body are numerous and have been known for a
long time. In most cases the “toxicity’ (or activity) of a drug molecule is
reduced after the biotransformation. Hence the process was known as
detoxication or detoxification. However, several biotransformations result
in more active molecules and sometimes with therapeutically more desir-
able properties. There are also a number of prodrugs, which are themselves
inactive, but are rendered active in the body, through normal biotransform-
ation processes. Any chemical which is not normally found in the human
body (i.e foreign) or is not a nutritional substance, is termed a xenobioric.
Most drugs like antibiotics, alkaloids etc. are xenobotics. Substances like
hormones, vitamins, enzymes etc. even if employed as therapeutic agents,
are not xenobiotics. The human body makes every effort to biotransform
drugs and xenobiotics and eliminate them from the body.

S— ]
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The various biotransformations can be considered as taking place in
two stages : (1) Introducing into or releasing a functional group in a
xenobiotic or drug. This may be also called functionalisation; and
(2) Conjugation with specific body metabolites to render elimination
feasible. In actual fact, often the two stages may be rapid and occur in
quick succession. In some cases the first stage may be redundant, as there
may be already enough functional groups present in the drug. In others,
simple physical processes (like osmotic pressure, diffusion, pH etc.) may
be adequate to eliminate a xenobiotic and no biotransformation may be
needed. The functionalisation step is very broad and numerous types are
known. The number of types of conjugation are few and are very well
recognised. A brief overview of these steps are given below.

10.3.1 Functionalisation

There are three major types of either introducing a new functional

group or releasing a functional group already present, but blocked by a

J chemical method.  These are (a) Oxidation; (b) Reduction; and (c¢) Hy-
drolysis,

. (a) Oxidation : By far this type is the most widely used biotransform-

i ation for xenobiotics.  This may consist of introdc zing oxygen into the

| molecule or removal of hydrogens or removal ruluung groups or g
combination of these.  Some well known examples are given below 10
reveal some of these type reactions,

Hydroxylation © Many aromatic and heterocyclic compounds are

con-
verted 1o their hydroxy derivatives, thus rendering them more polar (solubility
in water increased). ’
L e, CO = NH -H* (O'—
co
co-tn’/ /r(J Co ~nn/
1O
I"henobarbitone (A=Hydroxy)-phenobiarbitone

(vpmotic & Anticomvulsant)

/

N fJH-‘."CH”('.'II‘ M= C =
O & |( ) i
N/ AP NI,
D MO~ '
Amphetamine l-I-II,\dm\,\I-nunplu-lumnu-

(CNS Sttmudann)
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@N cl " o
!
)

I
CH,CH,CH, N(CH, ), CH, CH,CH,N(CH,],
Chlorpromazine (7-Hydroxy)-chlorpromazine

(Tranquillizer)

CHy CH, OH COOH

S0, NHCONHC4Hq 502 NHCONHC4 Hg ) SOzf-lHCOf‘IHC4H9
Tolbutamide Hydroxyl Derivative Carboxy! Derivative
(Anti-diabetic) (side chain)

Oxidative dealkylation and oxidative deamination are common among
drugs containing amino-groups, as illustrated by a few examples.

J Chlorpromazi

{,~CH,=CH,~-N -hlorpromazine
oh2 ‘ ’ \CH (Tranquillizer)
l h

S@
[:[N : Cl
|
CHy = CHy=CHy =NH - CHy + HeeHo

Desmethyl-chlorpromazine Formaldehyde

F,C~CHCIBr v FL,C~COOH + HBr + HCI

IHalothane Trilluoro-acetic
(dAnaesthetic) Acid
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(b) Reduction : Although this is less common, scveral examples of
reduction of drugs to less active and more polar metabolites arc known

Aldehydes :

Cly C=CH (OH), ——=Cl;C~CHO t CizC~=CH,OH

Chloral Hydrate Chloral T'richloro-¢thanol
(Hypnotic)
Ketones:
CHy CH,
CG}‘{r ’1!‘ \
N(CH,), PR 1(CH3 ),
\[—c H,, CeHs \——czns
OH

Mcthadonc Mcthadol
(Analgesic)

Nitro Groups:

N N
HyC J/\_\\ ‘ CHB//‘/\}\HHZ

n” NO, = 1
CH, CH, OH CH,CH,OH
Mctronidazole
(Anti-protozoal)
Azo Groups:
N NH-SOZ@%HN@OH
‘ Sulphasalazine
\ (Anti-bacterial)
NH, ' NH,
+
COOH
N '
S0, NH —@ OH
Sulphapyridine S-Aminosalicy lie Acig
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(c) Hydrolysis :

14

Drugs and xcnobiotics having, ester, amide, and

other linkages, usually undergo hydrolysis liberating a functional group,

which can then be biotransformed to facilitate climination.

amples are given below,

Fsters:

Cro co- CH3 OH
~COOH S COOH

Aspirin Salicylic Acid

(Analgesic)

Qii3

0~ ~C00" C, Hy
c:H3

Clofibrate
(Anti-cholesterolemic)

©

COOCH, CH, N(C,H,),
procaine (Local anacsthetic)

ides:
A NHCOCH, N (CoHs),

Lignocain€ (Local anaesthetic)

Q

CO-NH - CH, CHa N (CaHs)

Procainamide (Anti-arrhythmic)

Some ex-

+ CH3C00H

Acetic Acid

NH,

COOH
PABA

NH,

Xylidine

NH,

COOH
PABA
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Ethers: Tky
NH CO CH,
NH co CH
3
-_—Ol—
O-C,H,
25 OH
Phenacetin (Analgesic) Paracetamo|
CH;0 HO CH :
Cii ON —_— ¢ C N
CH30 N)\NHz CH,0 N’krrH
)
- OCHy OCH, 2
Trimethoprim Desmethyl Derivative

(Anti-bacterial)

10.3.2 Conjugation :

Conjugation is the step in attaching a transferable moiety to0 a fune.
tional group of a drug or xenobiotic. These are usually easily available in
the tissues that are metabolically active (e.g. liver, Kidney. brain. intestines
ctc). The functional groups most often involved are the hydroxy! groups,
amino-groups and carboxyl groups. which are easily formed during
functionalisation reactions. The conjugating groups are : (&) GiucuroniE
acid; (b) sulphuric acid; (¢) amino-acids: (d) glutathione: (e) acetic acid;
() methyl radicals etc. Some well known examples for these ;.on;uganon
reactions are given below.

10.3.2.1 Glucuronides : Glucuronic acid is formed from glucose on
oxidation of the primary alcohol group of glucose (C-0) :

CHO
CH, OH CCOH H=C-0H
Q !
/ e, HO=C=H
OH \ —>  (OH \, = 1
HON—/OH HONL_/o4 H-C-0OH
| !
OH OH H-C-0OX
éOOr
Glucose Glucuronmic Acid

This is a unigue metabolite in the body, with three difterent functional

groups : the hydroxyl. the carboxyl, and the potential aldehydic l
is highly polar and casily enters into reactions with a variety of functiona

tr\vn\ “

Scanned by CamScanner



-\

gXCRETION AND DRUG METABOLISM (16,32 1) 143

groups. providing highly soluble conjugates, which are excreted rhmq;i:
grine. These conjugates are known as glucuronide;. The g}umrmii&’:{m
involves the formation of unidine-diphospho-glucurone 2014 (LDPA)
from glucose-1-phosphate and the transfer of the ylucurons! group 19 the

drug or xenobiotic, mediated by a transferase enzyme  Glucuronidation of

shenolic. alcoholic, enolic, carboxylic and N-hydroaslic groups are ve
well documented. Both aromatic and aliphatic amines, zmides z0d thiol
zre also conjugated by glucuronic acid.  Glucuronide conpuganon = 2
sormal pathway for several normal constituents of the body 2ls0 (eg
steroidal hormones, bilirubin etc).

1

(.

e

phenolic Groups:

— ©
(] 1
@it 0-CeH; 0,
aracetamol Glucuronide of
(Analgesic) Paracetamol

Ghomrmami s .
PO N Cc‘-—.-.-‘

o %
el
B Y

Dicthyl-stilboestrol
St D _
R=GHO,

Alcohelic Groups:

- . w M
ClyC-CH,OH — CiyCH,-0-R
-
. i Rl ~r e
Trichloro-cthanol (Sedanve) wiramonaie Conipepne

- s

)
LI N ¥ ]
ASREN AT -‘-T\\-\\ \‘\\“" O aly
4 S AT

UMY
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Carboxyl groups:

i,

CH30
Naproxen
(Anti-inflammatory Analgesic)

Amino and Amido Groups:

(10322 BIO(’III?MISTPY

g

CH -COOH @@ CH-co.O_R
©@© N

Glucuronide Conjugate

L9 - — 00 |

' CHy" CHy*NH - CHy

Desipramine
(Anti-depressant)

CHp=0-C0-NH,

|
CyHypm € -CHy e

CHZ'O'CO - NH,

Meprobamate
(Anxiolytic)

Thiol Groups:

SH

A

NON
—_—
C}HTU\OH

Propyl-thio-uracil
(Anti-thyroid)

10.3.2.2 Sulphate conjugation :

CaHz

CHZ CH,"CH, N
\p

Glucuronide Conjugate

CHz'0"CO-NH -

CaH?_ (I: . CH3

CH, 0+ CO -NH,

Glucuronide Conjugate

S-R

A
NN
O\OH

Glucuronide Conjugate

Sulphuric acid is formed by oxida-

tion of the amino-acids cysteine and methionine by different routes to
inorganic sulphate. However, both organic sulphate and inorganic sulphate
are activated by enzyme and ATP which is then transformed to substrate
drugs or xenobiotics. Phenols are the main functional groups undergoing
sulphate conjugation. Even then it may be a minor path, glucuronidation

being the major route.
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ENCREDTES
CHOH ~CHp = NH=C (CHy)y CHOH = CH,~NH - C (CHy)y
—
CH, OH 5 CH, OH
I
OH 0- ﬁ =0
0
Salbutamol Sulphate Conjugate
(Bronchodilator)
NH CO CHy NHCOCH; NHCOCH,
o — '
i
OH 0:C4Hq 0, 0“3"0
0
Paracetamol Glucuronide Sulphate
(major product) (minor product)

10.3.2.3 Amino-acid conjugates : The amino-acid glycine and glu-
ramine are often directly involved in conjugation of_ carboxylic acid groups
in drugs. Cysteine 1s indircct-ly in'lroduced. for (.:On_]llgfllion, Other amino-
acids may also enter into conjugation reactions in a minor way.

COOH CO-NH-CH,-C00~
OH OH
Salicylic Acid Salicyluric Acid

(Glycine Conjugate)

CH,-CO-NH-CO" NH, CH,"C00~
: Phenylacetate

Phenylacetylurea )
(Anti-convulsant) CH,:CO'NH-CH,-C00

Phenylacetylglycine

CHy'CO'NH - CH - €00~
CHZ- CHZ-CO'NHZ

Glutamine Conjugate
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H-CO- CHy NH-CO-CH,

l
OH O
PL—E_::'F:rnO! \{ \.n_.. -ml. "‘LC'h

Derivative

Glutzthione conjugaticn also lfeads to simple hvdrohis i case of
orzznic nitrates, like nitroglycerin and isosorbide dini

CH.-0- l'-'Oz ('::—:2‘0' ?;GE (:;- -0_3.3_
] o | l

CH-0-NO, GSH ?:—:-o—‘.s2 C-0-N0,

! (| M - -
C’-'E-O-:102 vtz v SG C.-: -C=
Nitroglveerine Glutzthione Adduct  1.2-Dinitrogiycerine

(Arsi-angina Drug)

10.3.2.5 Acetylation : This is 2 fairly common route of conjugation,
zricularly for amino-groups of drugs. Other relaied groups like 2mides,
hvdrazines, hydrazides also uncergo 2 acetvlation reactions. Most
g_laho amides. sulphones containing amino-groups are frequently acetyh-
4 [sonicotinic acid hydrazide {INH) is zcetylzted extensively.

zead

[~ “t‘l

L]

aied
ol NH-CO-CHy
O ()
CH oH
coos COOH
Pzra-amino-salicylic Acid N-Acetyl-PAS

(PAS : Anti-tubercular)

it /Ti-co-cus
g = ©

Sulphonamides N‘-Acetyl-sulphonamides

(Anti-bacterials)
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Dapsone
(Anti-Leprotic)

|
N S0 |
|

Acedapsone

CO-NH-NH, CO'HH'NH'CO'CHS

O — O

N N

Isoniazid : INH Acetyl-INH
(Anti-tubercular)

Although acetylation generally renders the drug less toxic (detoxica- l
tion), the acetyl derivatives are usually less soluble than the parent drugs
Acetyl coenzyme A is the main acetylating agent in all these reactions.

10.3.2.6 Methylation : Methylation is a normal process in the body,
whereby important compounds in the body are formed like acetylcholine
and adrenaline. Also inactivation of adrenaline, nor-adrenaline, dopamine
(all called catecholamines) takes place routinely by O-methylation of the
phenolic hydroxyl groups. A-methylation and S-methylation also take
place in the body to yield products like adrenaline, trigonelline etc.
Methylation is not a major conjugating (detoxication) process in the body.
Following examples are illustrative of the type reaction. Methionine is
usually the immedlate donor of methyl groups.

i

HO CH,-C-COOH MeO » CHz-CI:-COOH
- [

HO HO

Alpha-methy] DOPA (3.0-Mc1hyn-a-mcthyl-DOPA
H -CH - CHy
CHOH -CH - CH, CHO '
l B NH "'CHj
HH,
Nor-ephedrine Ephedrinc

4
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COOH coo~
N N3
|
CH3
Nicotinic Acid Trigonelline
SH S-CH

N A
NOH NON

C4Hy OH CyH, \/I\on

Propylthio-uracil S-Methy| Derivative

10.3.3 Conclusion : It should be noted that the same drug or xenobiotic

may be metabolised by several different pathways. The choice of the
pathways depends on many factors like species differences, genetic differ-
ences. age, food habits etc. It should be also noted that rarely a single
step is used. More often several steps are involved in conjugation before
elimination from the body. Further there are numerous instances of conju-
oation leading to more active (toxic ?) compounds. In fact several
prodrugs have been prepared which ensure release of bio-active molecules
in the body after undergoing biotransformations.

I
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Minerals and Water

11.1 Introduction

The human body is rich in fluid and minerals. The role of organic
compounds like proteins, carbohydrates, fats, nucleic acids, vitamins, hor.
mones and enzymes, has been outlined earlier. All these compounds
contain carbon, hydrogen and oxygen in abundance and nitrogen, sulphur
and phosphorous to a considerable extent. Moreover, these are generally
inter-convertible, i.e. the body can synthesize one from the other via the
intricate and interwoven metabolic pathways. On the other hand minerals
are inorganic and are not inter-convertible. Hence the human body is
dependent on dietary mineral sources. Not all the elements of the peri-
odic table are needed for normal living processes. Only a few are needed
for some important processes, some in quantities that are considered large
enough to be called macro-minerals and others needed in very small
quantities and designated as micro-minerals. (Note : These terms should
not be confused with macro and micro nutrients, which include other
nutritional substances, also mentioned earlier).

Macrominerals include calcium (1.4% w/w of human body), phospho-
rous (0.8%), potassium (0.27%), sodium (0.26%), chloride (0.25%), sulphur
(0.2%), and magnesium (0.1%). The microminerals include iron, zinc,
cobalt, copper, iodine, manganese, molybdenum, selenium and chromium.
Water plays a very important role in the body in transport of these
minerals besides providing conditions suitable for biochemical reactions.
j The water content of the body is fairly well regulated. Electrolytes and
[ water are also discussed in detail in books on Inorganic Pharmaceutical
! Chemistry. (e.g. by the same author and same publisher). Readers are
advised to go through the relevant chapters there for more useful and
related information.

11.2 Macrominerals

11.2.1 Sodium : Sodium ion is widely distributed in the body. It
exists as sodium ion, paired usually by chloride ion in most extracellular

150

Scanned by CamScanner



\INERALS AND WATER (11.2.4) -

fuids. but also by bicarbonate or phosphate anions in some parts of the
body. Its main functions are to maintain : electrolyte concentration,
regulate osmotic pressure, membrane potential and acid-base regulation
(pH). AN adult ‘nccds r:ibout 2 10 5 g per day. Usual dietary intake
provides several times this amount. Hence most of excess of sodium and
chloride is excreted through urine and/or perspiration. Sodium deficiency
is very rare. It may occur due to loss of body fluids as in accidents or
diarrhoea and when drugs which promote sodium excretion are fre-
quently used.

11.2.2 Potassium : Potassium ion in the body, is largely found inside
the cells (intracellular). This ion is also paired with chloride or bicarbon-
ate or phosphate. Its functions are similar to sodium in maintaining
acid-base and membrane potential.  Potassium ions are also needed in
some enzyme catalysed rezctions (e.g. pyruvic kinase). Potassium defi-
ciency occurs rarely, as most diets contain adequate potassium salts.
Moreover. potassium ion is extensively recycled in the body and only
little is excreted. However, when drugs are used, excretion of potassium
may occur leading to hypokalemia. The condition can be corrected by
administering electrolyte fluids containing potassium. On the other hand
potassium sparing drugs and sodium excreting drugs can cause hyperkalemia.
Sodium competes with potassium and hydrogen ions and can easily dis-
wrb the balance, leading to alkalosis and hypokalemia or acidosis and
hyperkalemia, as the case may be.

11.2.3 Chloride is never found to be deficient either in the body or in
diets. It is always associated with sodium or potassium. Its functions are
closely related to these two cations. It is also the ion accompanying
hydrogen ion in the stomach.

11.2.4 Calcium : Calcium is an essential and most abundant macromineral
in the body. It is the major constituent of bone. but is found in micro
levels in blood and other body tissues. It has thus two important roles.
(1) structural, providing strength to the bone: and (2) dynamic, needed for
both physiological and biochemical processes. It is essential in the blood
coagulation mechanism. mediating the binding (activiating) of prothrom-
bin 1 and other factors to the phospholipid membranes. Muscle contraction
and neuro-muscular irritability are regulated by calcium ions, which main-
tain suitable potential. The calcium level of blood is regulated within a
narrow range of 2.25 to 2.6 mmol/litre. Any increase beyond the maxi-
mum is termed hypercalcemia and below the minimum is called
hypocalcemia. Both these conditions may lead to severe consequences.
Hence maintenance of calcium levels in the blood is necessary.
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Calcium level in plasma is affected by (I) absorption from fooq
sources: and (2) transport of calcium to and from bone. Absorption of
food calcium is dependent on availability. About 500 mg/day is cong; 0.
ered as adequate for an adult. For growing children this is not adequate
and is in the range of 800 mg to | g per day. This amount is also
recommended for pregnant and lactating women. There is also evidenge
indicating the higher requirement of about 1 g per day in elderly persops
and post-menopausal women. Milk is rich source of calcium. Absorption
of calcium from foods is affected adversely by some plant acids (e.g.
phytic acid). Its absorption is increased by calcitriol (1,25-dihydroxy.
cholecalciferol), a hormonal form of vitamin D. Plasma calcium i
regulated by hormones and other electrolytes like magnesium and phos.
phate. Nearly a half of plasma calcium is bound to plasma protein ang
the rest is available for physiological activity in the form of inorganic

cation. o Ciopes
b,ow plasivd (u “—I
i i) 5
Caleifeciol promoles T
| Foods ] l b ™
pramotes l 3
(P[#)
!Frcmclls
4
Ca in GIT Zbserpiicn Minerelisation
~ A
Uncbscroed Playma Co '7 I_B{’Ml .
\ T _/'I
- Rescrption <= AL gy
um in leces '
pidney '/7
uc:ll:cn Iohibils Lc-h.nvn"')" telRyses
[FTHI 1

Chart 11.1 Calcium Regulat,

=}

Increased calcium ion level in plasma, after absorption trom intestings,
will be brought under control by (a) excretion through the kidney: and
(b) deposition in bones. Proteins promote excretion of calcium (along
with phosphate). Hence persons used to high protein (animal) diet may
need high calcium intake, to compensate higher excretion in urine, Parg.
thyroid hormone (PTH) also indirectly causes overall calcium excretion as
a result of phosphate excretion followed by increased plasma calcium
levels. Calcitonin is responsible for the reduction of plasma levels of
calcium due to inhibition of calcium resorption from bones (i.e. release of
Ca** by dissolution of hydroxyapatite of the bone). On the other hand
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pararharmon (PTH) induces production of calcitriol in the kidneys, which
in its turn promotes absorption of Ca'" from the GIT, resulting in higher
plasma levels. PTH also promotes bone resorption (opposite effect to that
of calcitonin), again contributing to plasma Ca** levels. The activities of
calcitonin and PTH themselves are triggered by high or low plasma Ca™"
levels respectively. Thus it is a closely self regulated system. Above
chart summarises plasma Ca™" regulation.

The deficiency of vitamin D indirectly results in poor mineralisation
(calciﬁcalif)") of bones causing osteomalacia in adults and rickets in
children. This is partially due to poor absorption of Ca** from GIT,
causing hypocalcemia.  This condition may also be caused by poor
absorption from GIT due to dietary defects. Accordingly both vitamin D
and adequate amounts of calcium should be supplied. In elderly persons,
excretion of Ca'™ through kidney increases, causing bone resorption,
which in its turie results in osteoporosity. Increased intake of calcium
and calcitonin way help reduce rate of resorption (decalcification), but
recalcification is not very significant.  Calcium preparations available for
these purposes inclnde @ clacium chloride, calcium phosphates, calcium
oluconate, calcium lactate, calcium levulinate (all these are official in 1.p.).
E[-‘or more details consult Inurganic Pharmaceutical Chemistry by same
author).

11.2.5 Phosphate * Phosphorous is always found as phosphates in all
living organismns Henee foods from natural sources (animals or vege-
tables) always ¢onfain adequate amounts of phosphate. Nutritional deficiency
of phosphates 1« imknown  However, plasma levels of phosphate may
deviate from npimal vanges, due to failure of regulatory mechanisms.
High calein livels o plasing tend to reduce phosphate levels. PTH, as
already mentioned, promaies nrinary excretion of inorganic phosphate.
Bone resorption teiilty v plasina phosphate levels.  Inorganic phosphate
is converted sy the body 1o organic phosphates. Innumerable examples of
bio-organic phusphates are known, which are involved in biochemical
pathways.

11.2.6 Magnesivm : This cation is on the borderline of macro and
micro-minerals, being about 15 mmol/l in intracellular fluids and about
| mmol/l in plasma. Magnesium is well distributed in foods. Its deficiency
is therefore rare.  However, hypomagnesemia is a condition, which can
be casily corrected by administering magnesium enriched electrolyvte fluids.
Magnesium is involved in neuromuscular transmission and many enzyme
activities like phosphatases, Kinases, enolase, pyruvic carboxylase etc.
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11.3 Micro Minerals

11.3.1 Iron : The metal iron is unigue in the human biochemistry zng
phvsiology. It is relatively less toxic. though it is 2 heavy metal. It sy
jonise in water to form two series of ions, ferrous (Fe ") and ferric (Fe
with one electron difference. The inter-conversion of these two ions tales
place eesily at physiological conditons of the body, providing a very
uszful redox system. Thus in oxidation reduction processes the Fe";’Fe"‘-
svstem could penicipate effecting electron transfer.  An indication of this
was made while discussing bio-energetics. Its major participation is in the
oxygen znd carbondioxide transportation by hemoglobin of the erythro.
cytes. Hemoglobin and myoglobin are two imporiant porphyrin-iron-protein
complexes involved in this. Iron is also 2 component of cytochromes and
a2 few other enzymes. [t amounts to about 4 g, less than 0.01% of 2
normal zdult person. Most of this (about 68%)) is part of tissue ferritin,
Another protein, transferrin and enzymes together account to less than
0.8% of the total body iron.

Unlike in the case of calcium, the body does not carefully regulate
iron levels either in the plasma or in tissues. In fact, the body has a large
capacity to retain iron. It is excreted to a very small extent through the
kidnev. A daily requirement of 10-15 mg for a2 normal adult may be
zdequate. In pregnancy the requirement is much higher. However, its
zbsorption from foods is somewhat regulated, being low if body is already
lozded with iron and moderate if there is iron deficiency in the body. The
protein apoferritin is involved in this regulation. Foods like meat, dried
lezumes, fruits and milk contzin absorbable forms of iron. In many foods
iron is bound strongly to some organic acids. such that ionic form of iron
cznnot be relezsed in the stomach to enable absorption. The gastric acid
reduces Fe™"" forms to Fe™™ which is generally absorbed from duodenum
and near intestine. In more zlkaline pH iron hydroxides may be precipi-
tated reducing absorption.

Fortunately low absorption does not matter much. if the body is
alrezdy storing adequate amount of iron. Iron is recycled in the body
very efficiently. When hemoglobin is degraded after the normal life of an
erythrocyie. the protein and porphyrins find their way to elimination.
Protein iy degraded to amino-acids, entering into the usual channels of
amino-zcid metabolism.  The porphyrin is converted to biliverdin and
then 10 hilirubin. which may be excreted.  But the iron is almost entirely
recycled. with the help of transferrin to the liver. In the liver, ferritin is
formed. If iron content is high. ferritin associates with particles of iron
protein complexes. forming hemosiderin. One atom of ferrous iron forms
four co-ordinated linkages with four nitrogen atoms of tetrapyrrole ring of

protoporphyrin, forming the pigment heme,
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The central ferrous atom has still capacity for two more co-ordinzted
nonds. One of these is utilised by the globin polypeptide to bind 10 iron
trough a histidine nitrogen.  The sixth bond is utilised by oxygen for
~zchement and transportation.  This bond may also be blocked competi-
ively by other groups like methyl, cyano etc. imeversibly thus reducing
2 oxygen carrying capacity of hemeglobin.

1

=

£

)
@ and : Proximal and

Distal Histidiness of Globin, in
Oxyhemoglotin

Fig.11.]1 Oxyhemoglobin

Iron deficiency leads to specifically microcytic hypochromic anemia,
ie. small size erythrocytes containing lesser amounts of hemoglobin.
This condition is easily corrected by administering oral iron preparations,
if absorption is not impaired. A large number of products with well
zhsorbable forms of iron, are available in the market. These include [P
products like ferrous sulphate, ferrous fumarate, ferrous gluconate, ferric
zmmonium citrate for oral administration, and iron dextran injection for
parenteral use. A number of other iron salts like carbonate, phosphate,
indide, chloride, lactate, tartrate etc. are also often marketed. (For more
details consult Inorganic Pharmaceutical Chemistry by the same author.)

11.3.2 Zinc : The presence of zinc in the body and some of its
functions have been well established. However, its content in the body is
difficult to estimate, but is probably less than 0.005%. Further it is
distributed throughout the body, with no regulated levels in serum or
other tissues. It is also not regularly excreted through the kidney. It is
viidely distributed in foods, particularly meat, cereals and milk. Absorp-
tion of zinc from the GIT is poor, although deficiency is rare. In rare
cases of zine deficiency (e.g. in general malnutrition), growth and sexual
development in children may be affected, as also lack of taste perception.
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Most of the body zinc seems to be recycled. It is relatively non-toyic and
can accumulate in the body without causing any pathological condition,
On an average, an adult absorbs about 10 to 15 mg daily from foods,

Zinc is part of the active form of insulin molecule. It is also pap of
several enzymes including carbonic anhydrase, alcohol dehydrogens,
alkaline phosphatases, RNA and DNA polymerases etc.  Zinc iops 3130'
promote wound healing. Several zinc compounds are used as astringep,
for topical application and for adding to mineral supplements, The [,
includes zinc chloride and zinc sulphate for this purpose.

11.3.3 Copper : This is a trace metal and its content in the body o i
level in eny tissue is difficult to determine. Its requirement may be abgy
I mg/day for 2 normal adult. Normally foods (particularly if cooked
copper or bronze or brass vessels) contain more than adequate amount of
copper. Its deficiency is rare, except in general malnutrition cases, cay;.
ing symptoms like anemia, bone dimineralisation etc.  On the othe
hand copper may accumulate in the body and cause Wilson’s diseas,
characterised by liver and brain disorders. Copper removal by dialysi;
and/or chelation is indicated in such conditions. Copper is part of som:
enzymes like ferroxidase (responsible for conversion of Fe™™ to Fe~
zfter zbsorption. to enzble binding to transferrin), eytachrome C oxidasz
dopamine fi-hydroxylase, superoxide dismutase €1¢

Hepato—lenticular Degeneration : This is zlso known as Wilson's
disease. This is generelly considered a rare disease, because it is caused
by zccumulation f copper in several tissues and organs in the body,
including brain, kidneys, liver etc. This is probably 2n inbom disease znd
mzy lzzd to mental 1mpaxrment [t affects the liver leading to jaundice,
cirrhosis etc. If recognised early, it may be controllled by avoidinz
copper-rich diet.

11.3.4 Other micro-minerals : In the body extremely low quantitiz
of 2 rr-';' other metals are detected.  Some of these are undoubtedly
centizl. But nutritionzl deficiencies of these minerals are not known.

Maznganese is part of some enzymes. e.g. pyruvic carboxylase. Itis

involved in faty acid synthesis and ATP sy n!hc51s

l't\

Selenium is known to b ocizted with glulathione peroxiduse.
Yolybdenum is 2z component of xanthine oxidase,

Chromium is known 1o be associated with glucose tolerance factor

(GTF)
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Cobalt is part of the vitamin cyanocobalamin (and hydroxocobalamin),
However, none of these ions are considered as essential nutrients. Prob-
zply these are absorbed directly in the form in which they are active and
rcc\.cled in the body. For example cobalt salts cannot promote formation
of cyanocobalamm which itself has to be present in the food as an
essential nutrient.

11.3.5 lodide : The only mineral anion which belongs to the micro
mineral category Is iodide. It occurs as trace element in the body.
Almost all the body iodine is found as part of the thyroid hormone
molecules, thyroxine (T4) and tri-iodo-thyronine (Ts). lodide from food is
very well absorbed and transported rapidly to the thyroid gland. The
inorganic iodide is converted to organic iodinated di-iodo-tyrosine, medi-
ated by thyroid stimulating hormone (TSH). The role of iodine in the
body is essentially the role of thyroid hormones. Thus the basal meta-
bolic rate (BMR), growth and development of the body is influenced by
iodide. lodide is also recycled and partly excreted. Marine foods are good
sources of iodides. Even salt prepared from sea usually contains adequate
iodide. However, people living far removed from the sources of sea food
and salt (as in rmountains), are likely to experience iodide deficiency.

Prominent among the symptoms of iodide deficiency is goitre, an
enlargement of the thyroid gland. Goitre may be wide spread in areas,
where sub-soil drinking water is deficient in iodides and the population is
unable to obtain marine salt and food. This may assume the proportion of
an epidemy (endemic goitre) and may need large scale health measure. In
India it is estimated that over 60 million people may be affected by goitre.
To avoid such severt situations, it is now a general practice to add a very
small amount of iodide (about 1 in 25000), to common table salt (iodised
salt). This effectively controls goitre in endemic areas and prevents
iodide deficiency. All forms of inorganic iodine (iodine itself, iodides or
iodates) may be used for this purpose. The L.P. includes iodine, potassium
iodide and sodium 10dide in its monographs.

11.3.6 Fluoride : Fluoride is a trace material in our body. It has not
been definitely established that it is essential. It is generally obtained
from food and water in adequate amounts. In some regions, drinking
water is totally devoid of fluoride. In such places, people suffer from
dental caries. This may assume alarming proportions, similar to endemic
goitre due to iodine deficiency. In such areas, fluoridation of municipal
;.'ater supply is generally undertaken as a health measure (compare
iodination of common salt). The role of fluoride in human nutrition and
metabolism has not been demonstrated. Dental caries is caused by corro-
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sion of teeth dentine by acids, produced by micro-organisms growing i
the crevices and cavities of teeth. Fluoride seems to be incorporated iny
dentine material, making it hard and resistant to acid.  This type of
mineralisation may also occur in bones, making them hard and i Increasing
their density. This is believed to be beneficial in osteoporosis.

About | mg of fluoride per day is considered to be adequate and 2 py
may be upper limit,  About | part per million (ppm) in drinking waer
amounts to | mg per day, if about | litre of water is consumed. Tea is 3
very rich source of fluoride. When fluoride ingestion exceeds the accept.
able limits, it may cause mottling of teeth, muscular weakness, gastric
disturbances, convulsions and even cardiac failure. For prevention of
dental caries, tooth pastes and dentifrices with added fluoride are ad-
equate, which provide fluoride in very small quantities locally, For
internal use sodium fluoride (1.r.) and sodium monofluoro-phosphate may
be employed.

11.4 Water

Water is the largest chemical constituent of the body, amounting to
about 75% of the body weight. Within a range of 2%, the body is able to
maintain this amount under normal conditons in a healthy adult. Water
content is necessary to be regulated because most body chemicals are
maintained at regular and acceptable levels. This is called homeostasis,
This is possible only by free transport of such chemicals between cells
and tissues, facilitated by water. Water has some unique properties,
which makes it a very suitable medium of life processes. These are :

(i) Itis a polar solvent dissolving a number of chemicals.

(if) It has a high dielectric constant, facilitating ionisation and maintenance
of potential across membranes.

(iif) It has high specific heat and thermal conductivity, both of which
help in quick dissemination of heat energy within the body, maintaining
a constant body temperature.

(iv) It has a high heat of vaporization and moderate vapour pressure at
ambient temperatures. This helps in preventing loss of fluid at
body temperature due to evaporation.

(v) It is a weak electrolyte and provides suitable pH for the body
reactions, with the help of small quantitics of dissolved chemicals
(regulation of acid base equilibrium).

(vi) It participates in and is a product of many biochemical reactions.

(vi) Its small molecular weight, high surface tension and moderate
viscosity are well suited for its transport and retention in tissues.
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Water is supplied to the body through foods and direct ingestion. Part
of the orally ingested water is eliminated in facces. Rest of it is absorbed.
Body excretes large amount of water in the form of urine, about 1.5 litre
per day for an average adult, which carries waste products from metabo-
lism, like urea, creatinine, sodium, chloride, bilirubin etc.  Some amount
of water escapes from the body in the form of vapour through the exhaled
air.  This quantity is dependent on vapour pressure of water at body
temperature and vapour content in the atmosphere. In warm climate and
after exertion, water also escapes as sweat, which also carries salts and
other chemicals.

Other forms of escaping water are milk secretion, tear secretion, spittle
etc. all of which are of minor significance. Large quantities of water from
the body may be lost in conditions like vomiting, diarrhoca, hemorrhage,
excessive urination etc.  The human body is sensitive to losses of water.
Small losses cause thirst (due to increased electrolyte concentration fol-
lowed by increased intracellular osmotic pressure). This stimulation prompts
us to consume water and set right the water balance. In large losses as in
vomiting, diarrhoea, hemorrhage, excessive urination, water alone will not
satisfy the body, because besides water large losses of electrolytes have
also occurred. Hence consumption of mineralised waters (electrolyte
solutions or rehydration salt solutions) is to be preferred. (see also Inor-
ganic Pharmaceutical Chemistry, by the same author).

Within the body the electrolyte and water equilibrium is regulated by
physico-chemical processes like osmotic pressure, membrane potential,
pH, solubility, interwoven with that of electrolyte regulation within and
outside the cells. However, the elimination of water (and electrolytes)
from the body, mainly in urine is regulated by the action of hormones.
Two major hormonal controls of water in urine, arc well known.

(1) The posterior pituitary secretes a hormone called Anti-Diuretic
Hormone (ADH) or Vasopressin or Argipressin or Beta-hypophamine.
This hormone directly influences the amount of water secreted as urine,
causing water retention. In its absence or deficiency, there is excess of
dilute urine climinated by the kidney. These conditions may be called
polyuria, diabetes insipidus etc. While considerable amount of water is
eliminated the proportionate amount of salts, urea etc. are not found in the
urine. Hence the name diabetes insipidus. In the normal body ADH
regulates retention of water in the body.

=

(2) Corticosteroid hormones, particularly aidosterone (and to lesser
extent deoxycorticosterone and others) cause re-absorption of sodium from
the filtered primary urine (at glomerulus) at the distant tubules, before
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(s )

elimination. At the same time. potassium excretion is increased (i.e 1ts

is decreased). There is also inhibition of water re-absorption
at the distant twbules, increasing total urine output, which has low sodium,
but high potassium. The conditon may also be caused by inhibition of
ADH by these hormones. The corticosteroid secretion is regulated by the
anterior pituitary hormone ACTH. Thus ACTH indirectly interferes in
the regulation of water, sodium and potassium excretion.

11.4.1 Pharmaceutical Products

Vasopressin (1.P.) is the anti-diuretic hormone (ADH) of the posterior
pituitary gland. It is obtained by collecting the posterior pituitary glands
of cattie or sheep (from slaughter houses) and extraction and purification.
It may also be produced by synthesis, as it is oligopeptide with only nine
amino-acids. Although it has mild vasopressor activity, it is used only as
an anti-diuretic. in treating diabetes insipidus. As it may be accompanied
by oxytocin, a closely related posterior pituitary hormone, particularly if
obtained from collected glands of slaughtered animals, the: Pharmacopeeia
restricts the oxytocic activity of vasopressin preparations.

Deoxvcortone acetate (I.P.), also known as desoxycorticosterone ac-
etate or DOCA, is the acetate ester of the corticosteroid hormone of the
adrenal cortex. It is now obtained by partial synthetic methods, along
with other steroidal hormones. Its main application is fur regulating salt
excretion and retention in the body. Although aldosterone is the more
potent naturally occurring hormone of the cortex, it is more difficult to
obtain. Hence DOCA and other synthetic analogs are used in place of
aldosterone.

Many other factors like adrenaline, histamine, drug consumption etc,
also influence water equilibrium in the body, besides pathology of kidney
itself.
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Pathology of Blood and Urine

12.1 Introduction

As pointed out from time to time in earlier chapters, the body has
mechanisms of homeostasis (steady state) for a number of vital compo-
nents. In normal healthy adults, the concentration of many such substances,
lies within a narrow range in most body fluids. The blood is a fluid tissue
and is circulating in the body. This confers on it the role of a transport
vehicle. Therefore the blood has also to maintain specific levels of most
constituents, to ensure availability of these to tissues and organs whenever
needed or to carry excess or unwanted chemicals. Thus a careful analysis
of blood constituents gives useful information on the state of the body.
Whenever a disease condition exists (pathological condition), some com-
ponent of the blood is affected, which is directly related to the tissue or
organ which may have been behaving abnormally. For example, the
normal level of cholesterol in serum is within a range of 120-220 mg/
100 ml. An increase in cholesterol level indicates a pathologic condition
calied hypercholesterolemia, which may lead to atherosclerosis. Blood
is a fluid and is easy to withdraw from the body of 2 patient in small
quantities. It can be measured easily and quantitative estimations with it
carried out rapidly.

Similarly, urine is a normal excretory product which is also a liquid.
It can be collected easily, measured and analysed quantitativelv, Normal
urine contains only excretory or waste products. Any constituent other
than these, would indicate some pathologic condition in the body. For
example, glucose is not a normal constituent of urine. If in the urine of 2
person glucose is detected, one can suspect seversi possiole causes, all of
which are pathelogic. Hence abnormal constiiuents of urine or abnormal
concentrations of normal constituents are found oniv in pathelogic urine.

Thercfore an examination of blood and/or urine can be very useful in
diagnosis of disease status of a patient. Although good comelation has
been established between presence and/or concentration of many constitu-
ents of blood and several of urine, few of these tests or estimations are

161
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adequate to diagnose number of common diseases. The fq
tions are restricted to a few selected pathological examj
and urine.

12.2 Pathology of Blood

The blood can be examined in several ways : (a) physical (
cal): (b) physiological; (c) microscopical; (d) biochemical:
and (f) immunological (serological).

(e) mICrobiologicy).

(a) The quantity of blood, rate of flow of blood, viscosity (theolgo
. . 14
specific gravity etc. are all useful parameters to evaluate patholosi,
50k ' 4|
conditions. sit

(b) Clotting time, bleedmg time, hemoglobin content, cell volume
cell count etc. are physiological parameters and rhejr dc“‘mlinali(m
furnisiies valuable information on the pathology of the associateq
diseases.

(c) Microscopic examination may reveal abgormal hlood cofj stiuctures
(morphology), sizes, presence of batteria amt vithes tiyeigy bodies,
some of which are associated with speo1tic diseases (2.g. sickle
cell anemia). For cell counts, microscepie e xarmmationn also becomes
necessary.

(d) The blood cells are carried in the fluid known as plasing  |If blood
or plasma is coagulated, a clear liquid kucwin an wcvmmn 1< obtained,
Most of the dissolved components are tsnd in the senun, meluding
enzymes, electrolytes, hormones, vitansins  toods diugs, metabolic
intermediates and end products etc. Muost goannitative estimations
on blood are usually with serum, In whuh vanoos biochernicals
are within narrow ranges Iin normal persons and deviate hoth
quantitatively and qualitatively in pathalog s al situanens

(e) For confirmation of infectious diseases, nitc cobiolog al exayination
may be resorted to by culturing the blond 1 siitable madia

(f) As an improvement over the microbiologic «xanuumation nfectious
diseases (including sometimes of past sitectious) can be well
_established by using serologic testing of hlood wanaple s

Many of the above tests are beyond the scope ot this bouk

In a normal adult of about 70 Kg body weight, about 5.6 litres of
blood will be present. The plasma accounts for 55% v/v of the blood, the
cells settling down to about 45% v/v. Most of the blood cells are pro- |
duced by the bone marrow and directly dumped into circulating blood.
However, the cells are all of one type called multi-potent uncommitted
stem cells, because any one of them can be developed into any type of

i
el
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blood cell. In the finished form there are three types of blood cells :
(1) the erythrocytes (RBC); (2) the leucocytes; and (3) the platelets.

12.2.1 Red Blood Cells (RBC)

The blood cells are distinguished on the basis of size, shape of nucleus
if present, gianules or cytoplasm and staining characters. The erythro-
cytes are biconcave disks or sacs without nuclei. They are about 7.5 pm
in diameter and 2 pmiu thickness.  They enclose hemoglobin, the red
pigment made up of iron-porphyrin complex heme and a protein called
globulin.  Becanse of the ved colour of hemoglobin these cells are called
erythroeytes (o red hlood cells, RBC).

Each ted blood cell contains about 29 picograms (10-"2gm) of hemo-
globin. Mormal adult blood has 5.4 X 10° (i.e. 5.4 million) RBC in each pl
(miciolitre) of blood (e 54 x 107 in each ml or 5.4 x 10" in each liter)
in males and 4.8 x 10" pe il of female blood. This is about 3 x 10"
cells in the total blood  contaming about 900 g of hemoglobin, which is
about 1o g per 1001 Lheretore normal values for erythrocytes can be
deduced by conar pec gl size, shape, hemoglobin content, hematocrit and
mean &1l velung

A lower content of hemoglobin indicates anemia. In anemic condi-
tiolt, the blood tansports less amoant of oxygen from the lungs and to the
tissugs, which in oo mpans oxidation processes responsible for energy
production Lack of hemoglobin also reduces capacity of blood to carry
carbondinx e 1o be clpnmated, esulting in accumulation of CO, (and
biocarbeiate) I tinsues  This nay result i respiratory acidosis. Ane-
mia inay be caused by (a) deticiency of vitamin By, and/or folic acid.
‘This ¢ondition I8 recopinsed by enlarged size of the RBC with low
hemuoglobin Hewe porphiyon synthesis is affected. (b) Deficiency of iron,
in which the cells atre small (microcytic) and contain less amount of iron,
with Jow overall hemoglobin content,  (¢) Faulty hemoglobin, in which
glubulin protep ditters chemically slightly (usually due to genetic mis-
take), leadiig to hemoglobin & This is less soluble than the usual
hemoglobin 1w low oxygen blood.  This causes the RBC containing
hemoglobin ‘4 te carve and form a sickle shaped cell (hence sickle cell
aneinia). These cells are deformed and do not freely flow, particularly in
capillaries, causing blocks aud anoxia in tissues. The sickle shaped cells
can be recognised under microscopic examination. These cells also un-
dergo rupture leading to haemolysis. Another related disease is
betathalassemia, which is also due to faulty hemoglobin formation. In
this case, the formation and maturing of RBC is affected and immature
RBC (nucleated and pigmented with hemoglobin) may be recognised.
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If the blood sample contains a general reduction in the count of RBC,
leucocytes and platelets, it indicates a serious condition of bone marrow
degeneration. The condition is called aplastic anemia. Anemias are
therefore a major pathologic condition of the blood, the different types
caused by different deficiences and aberrations. All the types can be
diacnosed by (a) count of cells; (b) size and shape of cells; and
(c)uhemoglobin content. Polycythemia is a disease associated with bone
marrow hyperactivity or proliferation. This results in high blood cell
count, particularly of erythrocytes. Although the exact causes are not
known, low oxygen availability (as in high altitudes), burns, drug induced
and hormonal imbalances are some of the reasons.

The condition of erythrocytes can be quickly judged by the rate of
settling down in blood samples treated with an anti-coagulant. The test is
known as erythrocyte sedimentation rate (ESR). It ranges between 0 to 9
mm/hr in blood of normal men and maybe upto 20 mm/hr in normal
women. In some infectious conditions and inflammatory disrases it may
cive an early indication of pathology. However, it i5 a non specific test
and needs to be followed up by other more definitive tests.

The blood coagulation is an important process to prevent loss of blood
from injured blood vessels. It is usually prompt in normal individuals.
Formerly. whole blood clotting time was determined, as a nieasure of an
individual’s capacity to coagulate blood promptly. There are a number of
improved tests to diagnose the defects in coagulation me&chanism.  The
more popular ones are : activated partial thromboplastin time (APTT) and
prothrombin time (PTT). These tests are useful not only in determining
the state of coagulation mechanism in a patient’s blood, but also are
useful in following up of patients, under treatment with anti-coagulants.

12.2.1.1 Blood Products : Transfusion of blood is very common ip
hospitals. During severc hemorrhage and in certain surgical procedures,
blood may be lost to such an extent that immediate transfusion of human
blood may become essential to save the life of the patient.  For this
purpose, blood banks have been established, where blood is collected,
stored, processed, matched with recipient’s blood and supplied. There are
many aspects of blood transfusion, which are beyond the scope of this
book. Here only mention will be made of two biood products included in
the pharmacopoeia. A brief review of blood protein products, derive
from plasma or serum (without the cells) has already been given in the

r

Chapter on Proteins.

Whole Human Blood (L) is a blood replenisher. [ js mainly
Intended to supply hemoglobin, so that respiratory oxygen is carried to
Ussucs and cells.  Therefore it is expected to contain not Jess than

M__
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9.7% w/v of hemoglobin. On keeping, it usually separates into lower
layer of red blood cells and upper yellow layer of plasma. This should
not be pink, which is an indication of hemolysis. A grey layer of
leucocytes and platelets will also be found between the two layers. On
the surface there is usually a thin layer of emulsified lipids. On gentle
shaking, the cells are redistributed in the whole blood. To prevent
coagulation of blood, anti-coagulant (usually citrate) is added. The blood
is to be stored between 1 and 6°C. All precautions are taken to maintain
sterility and prevent infection or other adverse conditions caused due to
the blood donor’s history of health and disease.

Concentrated Human Red Blood Corpuscles (1.P.) is the packed red
blood cells, separated from the plasma of the whole human blood. This is
to reduce the fluid, protein and added electrolytes (as anti-coagulants),
from being administered to patiénts, when only hemoglobin is needed.
The RBC may be obtained by simply decanting the supernatant plasma
after sedimentation is complete or by centrifugation. In either case,
sufficient plasma should be left over, to keep cells covered, moist and in
good condition. For this purpose the whole blood used should not be

older than three weeks. The product contains not less than 15.5% w/v of
hemoglobin.

12.2.2 White Blond Cells (WBC or Leucocytes)

White blood cells or leucocytes is a name given to all large cells,
usually nucleated, which do not have any pigment (i.e. not coloured).
All are involved in body defence mechanisms. Three major types are
recognisable : (1) Lymphocytes. (2) Monocytes; and (3) Polymorpho-
nuclear cells. The lymphocytes and monocytes have a clear cytoplasm
without any recognisable granules. They are also therefore known as
agranulocytes. The polymorphonuclear cells are known as granulocytes,

because of granular cytoplasm which can be recognised by staining tech-
niques.

12.2.2.1 Lymphocytes : Some of the bone marrow uncommitted cells
arc developed into large nucleated agranulocytes called lymphocytes and
are directly released into the lymphatic system. But many lymphocytes
are also developed in lymph nodes. thymus gland and spleen, although the
immature cells originate in the bone marrow. From the lymph a number
of lymphocytes enter blood stream via the thoracic duct. There are about
2750 (range 1500 to 4000) of these per pl of blood (about 20 to 40% of
WBC). Although morphologically (i.e. microscopically) indistinguishable,
there are two types of lymphocytes, the B and T lymphocytes. These
differ in their functions in the immune system.
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12.2.2.2 Monocytes : These cells are formed in the bone marrow and
transported through blood to various tissues to form tissue macrophage
cells. The different tissues transform the cells suitably and retain them in
these tissues. (e.g. Kupffer cells in the liver, osteoclasts, alveolar
macrophages etc.) to form the tissue macrophage system (also sometimes
called reticulo endothelial system). Only a small number of circulating
monocytes are found in blood, about 300 to 600 (average 540) per pl.
These are the largest nucleated cells in the blood with an ivrepulay shape
and kidney shaped nucleus.
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Fig. 12,1 Blood Cells

12.2.2.3 Polymorphonuclear cells © A large proportion of the stem
cells of the bone marrow evolve into three closely related and resembling
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nucleated cells,  The nuclei in these cells differ in segmentation. The
cytoplasm also differ in extent of granulation. However, these are distin-
guished microscopically by their differential staining. [f the granules are
readily stained by acid dyes like cosin (a phthalein dye), the cells are
called eosinophils, which have segmented (lobed) large nuclei znd equal
amount of cytoplasm granules. Some cell granules are stained by basic
dyes (para rosaniline: dyes) and are designated basophils, which have large
nucleus and strall awone of cytoplasmic granules. Most of the leuco-
cytes have granulew that are stained by neutral dyes and are called
neutrophils.  These have palyscgmented (13 to 5 lobes) small nucleii and
large amount wt < yroplasny. Since all the three differ in the shape of
nucleus, together they are alwo s alled polymorpho-nuclear cells.

These e the micophage cells, providing defense to the body by
engulfing bactena viral colls and other toreign bodies, which may gain
access 1o the blood  Avthe site of @i mjury with infection, large numbers
of these el appear and after death of the cells in the process of
Proteiion. are reduced o poncells Al of them put together (Total
Count) may bo abouwr 4000 o 11000 (average 9000) per ml of blood.
Whe i 4enuted by ittercatial stagnng techniques (DC), over 60% are
shown 1 be nentophale 1 3% cogimophils and less than 0.5% basophils,
Aamnony Al The nucleaed coll Lymphocyes amount to about 30% and
HONOCY T o 7 & nahe Blood  These pelative counts are carried out by
blobd stoear and dittercntal wagung fechngnes, and by using hemocytometer.

] h{» |u|||'|u1:'|'|||_'w lnnu- a sharnt lltt “’"glf I|t€ iS about 6 hrs) and are
].'II'.”IU‘ ed In |n|_::: nmnbery (over a 10() l.”i“l.()ll d da}]

In pathological conditions the total aiid differential counts are altered
and the valuey may indicate speaatie disease conditions.  If the total count
ot granulpavies v vary much below the normal count, a disease called
agrannlogytosts bnoticed This gesalts in low resistance to infections.
Thiy s alyo a bone manon disegye, [ may also result from use of some
divugs or duc 160 mencuc camses On the other hand, there may be a
+ phenomendl wsrease e wtal number of leucocytes in the blood. If
the number 1 shehtly haghaninfection may be the reason. But too high
a count s wrmed leahemta, This may be because of too many and too
carly influx ot [tacocyies from the bone marrow into the blood. This
condition can be rccognised by the presence of a large number of imma-
ture leucocytes, characterised by unsegmented large nucleii, with little
granular cytoplasm and large size.  Leukemias may also be caused by
non-removal of mature cells (low turm over) from the blood stream.
Besides genetic reasons, exposure 1o toxic chemicals, drug toxicity, radia-
tion ete. also contribute to leukemias.  1f a high count of cosinophils
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above 10% as against normal 1-4% is observed (eosinophilia), there is a
strong indication of body reaction to certain parasitic infections.

12.2.3 Platelets or Thrombocytes

These are also formed from the uncommitted stem cells of bone
marrow. Initially large nucleated cells called megakaryocytes are devel-
oped, from which cytoplasm fragments into small units, which become
enclosed in a cell membrane, giving rise to platelets. The megakaryocyte
is about 40 pm in diameter, whereas platelets are 2 to 4 pm. The
platelets also have a short life (half-life of about 4 days). There are on an
average 300000 platelets in one ml (range 150000 to 400000) or 300 x
10%1 of blood. The platelets are involved in the coagulation mechanism,
In normal blood, the platelets may adhere to each other forming small
clusters, but are easily separated and continue to flow smoothly along
with blood. When a blood vessel is injured (cuts, bruises etc)), the voughy
surface breaks the platelet cell membrane releasing a substance which
promotes aggregation of platelets and adhesion to the vollagen of the
vessel wall. This forms thus a barrier, which further seals and constricts
the opening, facilitating not only blocking blood fien escaping fiom the
injured vessel but also sealing and healing of the miptured vessel. “They
also trigger the coagulation mechanism by reacting with coagulating pro.
teins. Occasionally a higher quantity of platelets may he tound i cine nlating
blood, leading to frequent small clots. If such clots occur in laige msels;
these will be flushed and in due course dissolved by fifirirsaityin

On the other hand when such clots occur in ¢apillaties of heart
muscle, a condition called myocardial infarction will he preipitated.
The clot blocks the capillary and cuts off nutrition and txygen supply o
the heart muscle. A weak heart cannot cope up and death resilrs Ty
reduce the risk of such clots the platelet count must be: kept within noyma]
limits. Small doses of aspirin have proved beneficial 1 some patients, hy
reducing platelet count and aggregation. On the othe1 hand rhere pay be
low platelet count, called thrombocytopenia. This may be due to low
production of thrombocytes as in aplastic anemia or in mi¢galoblastic
leukemia (diversion of platelet forming megaloblasts) or due to bone
marrow diseases. Platelet deficiency may also be caused due to excessive
destruction of platelets due to various causes. In either case there will be
frequent hemorrhage and can be noticed as purpura (reddening of tissues).

12.2.4 Blood Serum

As explained earlier blood serum is an excellent representative body
fluid, whose qualitative and quantitative analysis for some specific con-
Stituents, reveals the pathologic state of the body. The more important
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and common estimations are briefly discussed below (without practical
details).

12.2.4.1 Glucose : Glucose concentration in the blood varies widely
during the day, depending on food consumption and physical activit\;_
immediately after absorption of glucose from digested food, the blood
glucose may be very high (200 mg%). This condition remains for only a
brief period, most excess glucose getting deposited as glycogen.  The
normal resting value of glucose is about 70 to 90 mg%. Persistent higher
values above 90 mg% are described as hyperglycemia. The blood can
manage to retain upto about 180 mg% in circulation as a normal level for
some individuals. This is a diabetic condition. When the sugar (i.e.
glucose) content exveeds this value, glucose which is filtered in the
glomerulus is uot teabsorhed from the distant tubules, because it has
crossed the threshold value  Appearance of reducing sugars (i.e generally
glucose) in urine iv called giyeosuria or diabetes mellitus.  Since
hyperglycemia exists long belore a patient’s urine begins to show pres-
ence of glucose, ity wstimation o blovd (1.¢ serum) can help detect
diabetic tendency at quite an early stage (see chapter 4.8).

Glucose estimation nidy be canied oyt early in the moming on an
empty stomach (fsting l-vel) which geveals the lower values, establishing
hyperglycemia if present  “.ometinge hyperglyceniia may be due to faulty
hormonal control (by wsuhipy i which peripheval utilization of glucose
and/or storage of excvess plncose as plyepgen are affected.  Another test
called glicose tederom « st (Ui 1) i¢ helptul in 1evealing these possibili-
ties. In this tast, the bBlood glucase 15 estinated over a two hour period
immediately attér adninistering o challenge dose of glucose orally. A
return to nogmal level withiwe 7 hys mdicates no pathologic condition,
whereas in diabrtic midividuaty, the level remaing much higher than even
the initial normal levels for Sueh andividuals.

12.2.4.2 Urea  Unen s the end product of protein metabolism. Urea
formed in varions o1gans (notably in liver) is transported by the blood and
when passing theough the Kidney, much of this is filtered and eliminated
by urine. However a small but constant amount of urea is found in
circulating blood, ranging between 8 to 25 mg/litre. The blood carries
many other nitrogenous chemicals. Hence estimation of nitrogen in serum
filtrates (free from serum proteins) may include all the others and does
not provide a useful parameter. Specific methods of estimating only urea
nitrogen in blood samples are available (usually making use of enzymatic
degradation of urea) and are known as blood urea nitrogen (BUN) deter-
mination. Arn excess of BUN may indicate a syndrome known as uremia.
High BUN may be caused due to impaired kidney. In uremia other toxic
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substances also accumulate in the blood causing severe symptoms. Hence
removal of urea by using an artificial kidney (dialysing machine) may be
necessary.

12.2.4.3 Cholesterol : The plasma has a normal range of 120 1o 20g
mg/100 ml of total cholesterol, of which 60 to 70% is found as choles.
terol esters of fatty acids. There is facile interconversion of free cholestero)
and its esters. Both these are sparingly soluble and are transported by the
low density lipids (LDL). An increase in cholesterol in the blood (plasmg
or serum is generally used in estimations) indicates either excess forna.
tion or poor exchange from blood to tissues or poor breakdown in he
liver to bile acids. In any case such hypercholesterolemia can lead 1
deposition of cholesterol on the walls of the blood vessels, resulting iy
hardening of the vessels (atherosclerosis). Gall stones, rich in choles.
terol, may also be formed. Hence cholesterol (free and total) estimation
is a routine test applied to plasma of individuals teo better diagnusis (see
chapter 9.3.3).

12.2.4.4 Alkaline phosphatase : This is an ansyme which 1o widely
distributed in the body and has a narrow range, 1.3 to 3% wints per liter of
blood (serum) in normal adults. Its estimation s alyo coutingly carpicd
out. A high alkaline phosphatase level in serum indicares mupaned gall
bladder functioning. There may be obstruction in the bile: ducrs (¢ holestasis),
A moderate increase may be also found in liver cell dawraze e nsteomalacia
(bone resorption) and some types of cancer. In the thud wimesier of
pregnancy also a higher level of alkaline phosphatase 1 scrum becomes
evident.

12.2.4.5 Transaminases : The transaminases are ensyme~ required for
the biosynthesis of amino-acids from corresponding ket acads The sg-
rum transaminases are found in narrow ranges and i« very specific.
Their estimation has diagnostic value. Two serum naosaminases are
commonly estimated : (1) alanine transaminuse (ALL1, ghaaniic-pyruvic
transaminase or SGPT) and (2) aspartate transaminase (AST, glutamic-
oxalacetic transaminase or SGOT). Their range is between 5 and 30
international units/liter.  High levels of SGPT or SGOT are noticed in
hepatocellular damage and  moderately high levels in cirrhosis and
cholestasis. In cardiac and circulatory impairement and hypoxia also, a
raised SGPT or SGOT level may become noticeable.  SGOT levels are
increased in cardiac infarction.  Thercfore their estimation, separately,
contributes to confirmation of the diagnosed pathological situation.

12.2.4.6 Amylase and/or lipase © Both these enzymes are in circula-
tion and can be detected and estimated in blood (serum). A value
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exceeding 120 units for amylase (also known as diastase) or 24 units for
lipase per litre of serum indicates pancreatitis. It may also become
noticeable in kidney failure.

12.2.4.7 Calcium : Importance of calcium in the body has already
been discussed. Its level in blood is carefully regulated within a narrow
range of 8.5 10 10.5 mg/100 ml or 4.3 to 5.3 meq/litre. Diseases associ-
ated with bone mincralization and resorption, with blood coagulation,
muscle sensitivity ete are all dependent on calcium content. Hence its
estimation in blood provides valuable diagnostic information. Calcium
estimation is carried ont routinely.  Calcium in serum is estimated by
direct precipitation of walcun as calcium oxalate, by addition of ammo-
aium or sodiuim oxalate to diluted aud measured quantity of serum.
Calcium oxalate i ~epavated by ¢entrifugation, washed free of adhering
fuids, then dissolved in salphor acid to liberate oxalic acid quantita-
tively. This is then titrated with standard potassium permanganate solution.
There are also other merhods available utilising sodium edetate (EDTA)
as titrant (complexoinen y)

12.2.4.8 Bilitubin  the yud blood cells have a life of about 12 days.
When they degenerate by vaptiee, hemoglobin is released in the tissues.
Hemoglobin is broken down bt gt protein part and heme part.  The
heme is further degraded 1o Whevate biliverding a linear porphyrin mol-
ecule (instead of the oy he one present wy heme), or bilirubin and iron.
The iron is recycled mothe body  Bur the coloured bilirubin adheres to
serum albumin and cnters creculation Iy the liver, most of the bilirubin is
quickly conjugatest to guve bilivubig glucaronide.  This conjugate is nor-
mally secreted inte the mrestne alope with the: bile. From there it passes
to large intesting, where bactsual tlora corvert this conjugate to several
reduced forms called seercobilin o wrobilinogen etc. Most of these are
excreted in fasces A small amonnyy may be absorbed and after circulation
may appear in urine 1o blood setam there is therefore albumin-bound free
bilirubin and alse ¢« onjugatedt bilivabin from hepatic circulation. In nor-
mal adults about g/ 100 0l may be found.

Methods have been devetoped to estimate both free and conjugated or
total bilirubin in the serum. A fairly constant amount may also be found
in urine. However, serum bilirubin estimation provides useful diagnostic
information.  1f the liver clearance of bilirubin (i.e. conjugation and
secretion into the intestine) is affected, the bilirubin content of blood rises.
Free bilirubin increase suggests liver damage (hepatitis).  Increase in
conjugated bilirubin indicates normal liver function. but inability to
secrete through the bile.  This may be due to obstruction in bile ducts.
As the conjugated bilirubin accumulates in the liver, it enters circulation
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(regurgiration) again. A higher concentration of conjugated bilirubin in
t:[;w'. is a strong indication of obstruction. When total bilirubin in blogg
aches a concentration bevond § 100 ml. tissues stari extracting the
2llow pigment (which is more lipi d solubL than in blood serum) and eey
coloured »2llow. 2 condition known as jaundice. For the same reason of
pooT so;umu:}' in blood. compared to lipid-rich tissues. bilirubin remova]
takes quite some days, even after controlling bilirubin concentration i
plood ody’s natural adjustment. Thus the yellow jaun-
iice condition remains for sometime.
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(Note : Related estimations are : bilirubin and urobilinogen in fresh

123 Patho[og)' of Urine
2 major excretory product of the body. cairving most of the
(and unwanted) material formed from different activities ip
the '::-o:f}'. Ii is put together in the kidney aficr a series of processes. The
blocd passing through the kidney is filtered in the glomeinlus, the rate of
filtration depending on blood pressure and ¢iticiency of the glomerulys,
Glomerular filtration rate (GFR) is a useful test o dercrmine the effj.
ciency of the Kkidney. The filtrate goes through = long ik, before
entering a collecting duct, which empties the final trine wao the urinary
bladder. The tubule has two functions : one of re abaubinig ~l1hslanre's
which are needed by the body (threshold substances) becance the glo-
merular filtrate contains many soluble substances. The ~ecoud function is
to further add to the tubular fluid by secretion of other wpnwanted sub-
stances. The final urine is therefore the result of glomeruiar filiration,
tubular re-absorption and tubular secretion. These proces.es are aftected
not only by the kidney cells and membranes, but alse by hormones and

the constituents of the glomerular filtrate.
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12.3.1 Physical examination of urine

A normal person excretes about 1.0 I of urine a day ¢ hanges in this
volume may be noticed if a person consumes large amount of fluid or
does not drink enough fluid, or consumes beverages that promote diuresis
(e.g. tea) etc. Normal urine does not contain any insoluble substances,
therefore is clear and does not yield sediment on keeping. However, a
microscopic examination should be carried out if a sample of urine
appears to be cloudy or turbid. A sample of urine can be subjected to
centrifugation and the sediment examined. Presence of bacterial cells
indicates kidney infection. Blood cells, particularly RBC, are rarely seen
but can be suspected if urine is tending towards red colour, as a result of
hemolysis. These conditions indicate damaged tubules or collecting ducts
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or bladder or urethra etc.  Similarly presence of leucoytes may be
explained.  The sediment may also contain very fine crystals, which may
he due to crystallising uric acid or calcium oxalate etc. all of which may
indicate impaired metabolism.

12.3.2 Physico-chemical Examination of Urine

The specific gravity of normal urine is in the range of 1.015 to 1.020.
However. this measurement is not of sufficient diagnostic value in several
nathological conditions. It is therefore recommended to measure the
asmolalin: of urine, which is @ better measure of urine concentration.
Normal urine may have values between 300 and 500 mosm/litre of urine.
A higher osmolality wdicates high concentration due to high re-absorption
of water (anti-diuretie hornone influenced !) and/or poor re-absorption of
slectrolytes. In diabetes tnsipidus, vime output is high, but urine osmolal-
ity can be lower than 100 mosm/t O the other hand ADH (or vasopressin)
in..duced concantration may reach 1400 mosm/l. Osmolality can be deter-
minad by freazing point detennmation method.

The pH of wipe hav a wide vange, bt s usually slightly acidic at
about 3.5. Nowmally hydiogen o i excreted along with phosphate and
creatinine or ammomt4  Au albaline pH is indicative of pathological
conditions. It suggests metabolic 4cidosis (i.e. retention of hydrogen ion
in the body) and hypokalemis ¢t However, further investigations are
necessary.

12_3_3 Chewaeal ¥ wamiuation nf ”ri"ﬂ

12.3.3.1 Vrea  As oyplained imdiee this end product of protein
metabolism is fimpdd o Blood 2bo o Tha RUN (blood urea nitrogen) is
actually @ measae of bdwey eticiesey. A6 172 blood urea is found in
the glomerular filbrate bt reainopbon a0 takes place in the tubules.
As a result only shont hall of vhe fiitered urea is excreted. Excretion is
dependent on diet, bemge as low av about 2 g in protein-poor diet and as
high as 13 g in high proten diet “Therefore urea estimation of urine does
not give clear indication of Kiduey function. The BUN detenmination is
preferred. This has already been discussed.

12.3.3.2 Creatinine * Cr=atinine is the cyclic derivative of creatine.
As explained in another chapter, muscle activity consumes the crergy
stored in the form of creatine phosphate, releasing creatine. Although a
small amount of creatine is present in urine, most of it is converted to
creatinine. This is not only excreted completely through the kidnev but is
practically not re-absorbed and not secreted in the tubules. Moreover in
normal conditions, creatinine excretion is fairly constant, being about 150
mg in 100 ml, generally not influenced by diet, metabolic rate or urine
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output.  This creatinine clearance by the kidney over 24 hr period s 4
good diagnostic tool for measuring kidney function and is also used {q
calculate GFR. Better correlations are obtained by determining ratio of
BUN to urine creatinine concentration. Normal creatinine clearance js
about 120 ml/min in males and 96 ml/min in females. The BUN/
creatinine ratio is approximately 10. The Kidney function in all its aspects
and high protein diets in kidney impaired persons, are clearly indicated by
these tests.

Note : Clearance is defined as “concentration of the substance in urine
multiplied by flow of urine per minute divided by plasma level of the
substance”™. This can be expressed thus :

Clearance of compound D = D, X V,./ Dy

where D, is concentration of D in urine, V. is volume of urine flow in |
minute and D, is concentration of D in plasma. If the compound being
studied is a drug, then the drug clearance by the Kidney can be determined
by this method. This is quite useful in pharmacokinetic studies.

12.3.3.3 Glucose : Glucose is essential for the body av it provides
energy. It is not a waste substance. But it gets tiltered in the glowerulus
like many other soluble substances of the blood. However, 1t is almost
completely re-absorbed from the urinary tubules and no glneose normally
appears in the excreted urine. As explained earlier, if the plasma concen-
tration of glucose exceeds 180 mg%, for sufficiently long period of time
(due to poor peripheral utilization or inability to stor: axcess glucose,
hyperglycemia results. A high concentration in blood adversely affects
renal reabsorption. Thus glucose (commonly called sugar) starts appear-
ing in the urine.

The detection of glucose in urine (glycosuria) is a «lear indication of
a severe pathological condition. Sugar being food, urine containing it can
promote bacterial growth in case of kidney or bladder infections. Al-
though its appearance in urine occurs after advanced hyperglycemia, its
detection and estimation is very useful. Qualitatively it is detected by a
reducing agent, like Fehling’s solution. Other reducing agents also may
bz emploved. Its estimation in urine is carried out by using urine as a
titrant zgainst Benedict’s reagent. It can also be estimated by colourimetric
methods. as in case of blood glucose estimation. Only small amounts of
blood are available for estimations, necessitating micro-chemical methods
like colourimetric procedures, whereas large amounts of urine are easily
collected and are availzble for simpler inexpensive titrimetric methods,
There is no standard value for glucose in urine, as it is an abnormal
onstituent and is dependent on the severity of disease in the patient. The
greater its amount in the urine the more severe the disease. |
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CHAPTER 2 : Proteins and Amino Acids

1. Enumerate functions of proteins in living organisms.

(38 )

Classify proteins, indicating the property on which the classifica-
tion is based. Give suitable examples.

3. Classify alpha-amino-acids on the basis of ‘R’ groups with ex-
amples.

4, What is zwitterion? What is its importance in protein chemistry?

5. With structures, write the reaction between an a-amino-acid and
ninhydrin. What is the insportance of this reaction?

6. Write the stinctuie of (a) glutathione in full, indicating the pep-
tide bonds and (h) a pentapeptule (hint: enkephalin) in shorthand
notation indicatiug the amino. and carboxyl- end amino-acids.

7. Which propetties  of  proteins  are  useful for separation and
isolation of putitied proteins? Explain suitably.

8. What is denaturation? How does it occur and what are its effects
on proteins?

9. Describe briefly colows tests for proteins and polypeptides.

10. Driefly explain the dittereat steps needed for the determination of
primary structure ot protems.

11. What is the significance of the four structures (primary, second-
ary, tertiary and quaternary) to the biological activities of proteins?

12. Which are the essennal amino-acids and why are they essential?

13. Explain the terms biological value and net protein utilization.
How are they calculared?

14, What is understood by nitrogen balance and its significance in
human life?

15. Briefly describe the well-known diseases associated with defi-
ciency of aminp-acids and proteins.

16. Enumerate different types of protein products available in the
market and their applications.

17. Describe briefly pharmacopoeial blood protein products and their
applications.

I8. Which protein products, produced by biotechnological methods,
are becoming available for medicinal uses?

175
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CHAPTER 3 : Enzymes ’
1. Define and explain the concept of enzymes. How is the term
biocatalyst for an enzyme justified?
2. Where do the following enzymes occur and what are their maip
activities in living systems?
(a) amylase (b) pepsin (c) lipase (d) invertase (e) phosphorylase
() trypsin. -

3. Enumerate the major classes of enzymes as per IUB, with suitable
examples.

4. Explain the following terms : (a) zymogen (b) apoenzyme (c) co-
enzyme (d) prosthetic group (e) holoenzyme (f) active site.
5. Briefly explain the mechanism of an enzymic reaction.

6. How is the rate of an enzymic reaction affected by : a) concentra-
tion of enzyme and (b) concentration of substrate?

7. What is K,, and what is its importance? '-

8. How are enzyme reactions atfected by @ (a) temperature (b) pH
and (c) product concentration ?

9. Explain the concept of enzyme inhibition and its importance in
medicine and drug development. Give suitable examples.

10. How is the activity of an enzyme quantitatively expressed?

11. Enumerate some enzyme preparations used in medicine and phar-
macy, giving their sources and specific applications.

12. List the official (1.P.) enzyme preparations, their sources, uses and
activity wherever known.

CHAPTER 4 : Carbohydrates

1. Classify carbohydrates : (a) on the basis of functional groups, (b)
on the basis of structural types and (c) on the basis of molecular
size. Give exampies for each class.

(3]

Give examples of dervied sugars and show their relationship to
normal sugars.

3. Oxidation of glucose can yield three carboxylic acid compounds
without loss of carbon. Write their structures, name them and
indicate their importance.

4. Explain the o and B-linkages in sugars with suitable examples and
structures. What is the importance of these types of linkages?
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5. Explain why some sugars are reducing and some are not.

6. Describe briefly the following tests , including the chemical basis
involved :

(a) Molisch’s test (d) Fehiing’s test (c) Tollen’s test (d) Osazone
test

7. Explain briefly the chemistry of and differences between : starch
and cellulose.

3. Which are the enzymes involved in the breakdown of starch in
the body to yield glucose? Indicate their specific function.

9. Why do the following abnormal conditions occur and how can

they be treated? (a) galactosemia (b) lactose intolerance (c) fruc-
tose intolerance (d) glycogen storage disease.

10. Write briefly on different methods of glucose estimation, for
various purposes.
CHAPTER 35 : Lipids
1. What are the functions (role) of lipids in the body?
2. Classify lipids, giving examples for each class.
3. Which are considered as essential fatty acids and why?
4

. How do the waxes differ from fats? What is the difference
between oils and fats?

:J"I

Define saponification equivalent and explain its usefulness.

6. What is iodine number? Which different reagents may be em-

ployed for determining this value? What is the significance of
this estimation?

7. Explain the term rancidity. Why does it occur and how can it be
reduced?

8. Describe two tests for sterols.

9. Classify phospholipids, give suitable examples and the role of
different phospholipids in the body.

10. What are lipoproteins and glycolipids? Explain with e;{amplcs,
how they participate in cell membranes and micelles.

CHAPTER 6 : Nucleic Acids
1. What are the functions of nucleic acids in the body?

2. Explain the terms : nucleoside, nucleotide, nucleic acid and their
relationship.
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180 BIOCHEMISTRY

', Which are the four important enzymatic type reactions mon\ ed
in glycolysis and what do they achieve?

8. Briefly indicate conditions that may lead to diabetes mellitus ty pe
I. What are its symptoms? How is it generally treated?

9. What is the pathwayv of galactose utilisation in the body? What js
galactosemia and what are its symptoms?

10. How is ribose formed in the body?

11. What is understood by gluconeogenesis and what is its impor-
tance?

12. Outline briefly the major steps in the tricarboxylic acid cycle,

13. At what stages of the TCA the carbohydrate, fat and protein
metabolic pathways get integrated (or enter)?

14. Explain briefly what is understood by high energy bond. Men-
tion a few energy rich compounds available in the body and how
they release energy on hydrolysis.

15. What are the general principles of regulation of metabolic. uctivi-
ties in the body?

16. Explain briefly the role of the following in regulating metabolism:
(@) insulin (b) glyvcogen (c) thyroxine (d) adrenaline (€) cortivuste-
roids.

CHAPTER 10 : Excretion and Drug Metabolism

Outline briefly the urea cycle and show how the two end poducts
of metabolism of proteins, carbohydrates and fats are incorporated
into the urea molecule.

2. How is uric acid formed in the body?

3. How does uric acid get accumulated in the body? What disease
symptoms does it cause? How is this condition treated?

4. Outline briefly importance of functionalisation reactions in the
metabolism of xenobiotics.

th

Which are the prominent conjugating agents employed by the
body to metabolise drugs and xenobiotics? Explain their role
with suitable examples.

6. How is glutathione (GSH) involved in ‘detoxication’ of some
drugs?

Show how a drug may be metabolised in a variety of ways (e.2.
paracetamol).
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QEVISION QUESTIONS )

CHAPTER 11 : Minerals and Water

1. Explain the role of calcium in the body. How is its level in
serum regulated?

|39 ]

What are the symptoms (or diseases) caused by deficiency of (a)
calcium and (b) magnesium?

3. Discuss the absorption, transport, storage and biochemical role of
iron in the body-.

4. How do the following minerals participate in human biochemis-
try? (a) Zinc (b) Copper (c) Manganese (d) Molybdenum (e)
Chromium.

What are the symptoms/diseases of deficiency of (a) zinc (b)
copper?

tn

6. Explain the role of iodide in the body.

7. Describe briefly regulation of water content in the human body
and its importance.

8. What is diabetes insipidus and why is it caused? How can it be
controlled?” How does it ditter from diabetes mellitus ?

CHAPTER 12 : Pathology of Blood and Urine

1. What are the svmptoms/discase~ associated with abnormal eryvth-
rocyvtes (and their count)? Wy are thev caused? Which diagnostic
methods are used to detect the se conditions?

P
:

How are the tollowing conditigns recognised? (a) agranulocytosis
(1) leukemia () sosmephila

(>
.

What 15 the nonuial count and role of thrombocytes in the body?
How s then count affected and what symptoms’diseases may it
produce?

4. Outline briefly estimation of glucose in (a) blood and (b) urine.

N

What is the diagnostic importance of estimation of serum (a)
cholesterol (b) alkaline phosphatase (c) transaminases (d) cal-
cium?

6. How is biiirubin tformed and excreted? What is the diagnostic
utility of estimation of serum bilirubin?

-1

Which qualitative and quantitative tests are commonly performed
in urine analysis? What is the significance of each of these tests?

8. What is understood by “clearance™ How can clearance of a drug
be determined? What is the importance of such a determination?
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MEDICAL TERMS INDEX

absorption 8.1

acacia gum 4.9

acidosis 11.2.2

ACTH 114

active transport 8.1
agranulocytes 12.2.2
agranulocytosis 12.2.2
alkalosis 11.2.2

alopecia 7.3.2.2

alveolar macrophage 12.2.2.2
ammonemia 10.2.1

anemia 12.2.1; 7.3.1.1
anorexia nervosa 2.6

anoxia 12.24.35

anti-diuretic hormone 114
anti-rachitic 7.3.1.2
anti-scorbutic 7
aplastic anemia
APTT 1221
ariboflavinosis 7.3.2.2
astringent 11.3.2
atherosclerosis 9.3.3; 12.243

- -
.
122.1

basophils 12.2.2.3
ber beri 7.3.2.1
betathalassemia 12.2.1
biological value 2.5
bleeding 7.3.1.4
blood clotting factors 7.3.1.4
bone pain 7.3.1.2
bone resorption 7.3.1.2
bow legs 73.1.2
bradycardia 7.3.2.1
burning eyes 7.3.2.2
BV 25

calcification 7.3.1.2; 11.2.4
calcitonin 11.2.4

capillary fragility 7.3.3
capillary permeability 7.3.3
capillary resistance 7.3.3
cardiac failure 7.3.2.1; 11.3.6
cardiomegaly 9.4.3.1
cataract T.3.3;9.4.2.1

differentiation 7.3.1.]
digestion ‘8.1

endemic goitre 11.3.5

eosinophilia 12223

eosinophils 12,223

erythrocyte sedimentation rate 122
erythrocytes 12.2.1

ESR 12.2.1

flatulence 4.7

flu 7.3.3

fructose intolerance 4.7:9.4.2.2
fructosemia 9.4.2.2

fructosuria 9.4.2.2

galactose intolerance 4.7
galactosemia 4.7; 9.4.2.1
gastrectomy 7.3.2.8

glossitis 7.3.2.2

glycogen storage discase 4.7:9.4.3.]
glycosuria 9.7.2.1; 12.2.4.1; 12.3.33
goitre 11.3.5

gout 10.2.2

growth 7.3.1.1

haemolytic anemia 7.3.1.3

hemoglobin 12.2.1

hemolysis 12.3.1

hemorrhage 7.3.1.4; 11.4

hepatitis 12.2.4.8

hepatocellular damage 12.2.4.5

hepato-lenticular degeneration 11.3.3

homeostasis 11.4

hypercalcaemia 7.3.1.2; 11.2.4

hypercholesterolemia 12.2.4.3

hyperglycemia  9.7.2.1; 12.2.4.1;
12.3.3.3

hyperkalemia 11.2.2

hyperkeratinisation 7.3.1.1; 7.3.2.3

hyperlipidemia 5.3; 9.3.3

hyperpigmentation 7.3.2.3

hyperuricaemia 10.2.2

—a‘l!'ﬂ'm

Scanned by CamJSAcanner



INDEX

hypervitaminosis A 7.3.1.1
hypocalcacmia 7.3.1.2
hypochromic anemia 11.3.1
hypoglycemia  9.4.2.2
hypokalemia 11.2.2: 12.3.2
hypomagnesemia 11.2.6
“hypoparathyroidism 7.3.1.2
hypophosphatemia 7.3.1.2
hypoproteinemia 2.6
hypoxia 12.2.4.5

intermittent claucidation 7.3.1.3
ischaemic heart disecase 9.3.3

39

jaundice 11.3.3: 12.2.4.8

keto-acidosis 9.7.2.1

Kwashiorkor 2.6

lactose intolerance 4.7
leucocytes
leukemia 12.2.2.3
long legs 7.3.1.2
Ivmphocytes 122211

-

malabsorption 2.6: 7.3.1.4
of Bix 7.3.2.7
of PGA 7328
malnutrition 2.6: 7.3.2.7
megakaryoevies

megaloblasts 12.2.3
metabolic acidosis 12.3.2
microcvtic anemia 11.3.1
monocytes 122272
mottling of teeth 11.3.6
muscle weakness 7.3.2.1
muscular dystrophy 7.3.1.3
muscular pain 7.3.2.6
muscular weakness 11.3.6
myocardial infarction T.3.3:

net protein utilization 2.5

neurological disorders 7.3.1.3
neuropathies 7.3.2.4

-

ncurotransmitter 7.3.4
night blindness 7.3.1.1
nitrogen balance 2.5
NPU values T.2.5

obesity 53:9.3.3

osteoclasts 12.2.2.

ostcomalacia 7.3.1.2: 11.2.4: 12.2.4.4
osteoporosis 7.3.3: 11.2.4: 11.3.6
over weight 5.3

pancreatitis 12.2.4.6

paralyvsis 7.3.2.1

parathyroid hormon 7.3.1.2; 11.2.4
passive diffusion 8.1

pathology of urine 12.3

pellagra 7.3.2.3

pellagra preventive factor 7.3.2.3
peripheral neuritis 7.3.2.1
pernicious anemia 7.3.2.8
phenylketonuria 2.6
photophobia 7.3.2.2

pinocytosis 8.1

platelets 12,23

polyeythemia 12.2.1
polymorphonuclear cells 12.2.2.3
polyuria 9.7.2.1: 11.4

Pompe’s disease 9.4.3.1

PPF 7.3.23

protein deficiency 7.3.1.3
prothrombin biosynthesis 7.3.1.4
prothrombin time 12.2.2

PTT 1221

purpura 12,23

respiratory acidosis 12.2.]
rickets 7.3.1.2: 11.2.4
rough skin 7.3.1.1

scurvy 7.3.3

sickle cell anemia 7.3.1.3: 12.2.1
skin lesions 7.3.2.3

soft bones 7.3.1.2

spreading factor T.3.3

stem cells 122

MNIVANIL
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taste perception 11.3.2
thrombocytes 12.2.3
thrombocytopenia 12.2.3
thromboembolic disorder T.3.3
tissue macrophage 12.2.2.2
tissue plasminogen activator T.3.3
total count 12223

BIOCHEMISTRY

uremia 12.2.4.2
uricosuric agents 10.2.2
urinary calculi 10.2.2

vasodilatation 7.3.2.3
vomiting 11.4
von Gierke’s discase 9.4.3.]

Wilson's disease 11.3.3

GENERAL INDEX

absorption of
amino-acids 8.2
carbohydrates 8.4
fructose 8.4
galactose 8.4
glucose 8.4
lipids 8.3
mono-acylglycerols 8.3
proteins 8.2
acacia 4.9
acetylcholine 8.2
acetyl-glucosamine 4.2
ACTH 114
acetylation 10.3.2.5
adenine 6.3.1
adenosine 6.3.3
adenosine phosphates 6.3.4
adenosyl-cobamin 7.3.2.8
ADH 114;123.2
ADP 6.3.4
aerobic oxidation 9.6
agar 4.9
albumins 2.1
aldaric acids 4.4
aldohexose 4.2
aldonic acids 4.4
aldopentose 4.2
aldoses 4.2
aldosterone 11.4
aldotriose 4.3
alkaline phosphatase 12.2.4.4
allopurinol 10.2.2
alphacalcidol 7.3.1.2
alpha- and beta forms 4.7
alpha-glucosidase 4.7

alpha-limitdextrin 8.4
alpha-oxidation 9.3.1.3
ALT 34.1; 12245
alteplase T.3.3
amino-acids 2.2
abbreviations T.2.2
aliphatic T.2.3
aromatic T.2.3
classification T.2.3
diamino T.2.3
dicarboxylic T.2.3
essential 2.5
heterocyclic T.2.3
hydroxylated T.2.3
indispensable 2.5
monoamino T.2.3
monocarboxylic T.2.3
names T.2.2
structures T.2.2
sulphur containing T.2.3
amino-oxidases 9.2.2.1
aminc-polypetidase 8.2; 2.4.3
amino-sugars 4.2
AMP 6.34
amylase T.3.1; 8.4; 12.2.4.6
amylopectin 4.6
amylose 4.6
anabolism 9.1
anaerobic degradation 9.4.1
aneurine 7.3.2.1
anomers 4.3
antifolates 7.3.2.7
anti-hemophilic fraction 2.7
anti-metabolite 3.4.2
anti-oxidant 5.2.1.5: 7.3.1.3

S ]
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INDEX

apoenzyme 3.3
apofcrrilin 11.3.1
arachis oil 5.4
ascorbic acid 7.3.3
Aspergillus oryzae 3.5
AST C.3.1; 12.2.4.5
ATP 634
axcrophthol 7.3.1.1

beeswax 5.4 .
Benedict's reagent 4.4
beta-oxidation 9.3.1.1
bile acids 8.3
bilirubin 12.2.4.8
biliverdin 12.2.4.8
biocatalyst 3.1
bioenergetics 9.6
bioflavonoids 7.3.4
wogenic amines 9.2.1.3
biopolymers 2.1
biosynthesis of
carbohydrates 9.4.3
cholesteral 9.3.3
fats 9.3.2
nucleic acids 6.4
proteins 9.2.2
biotin 7.3.2.6
biotransformation 3.1; 9.1
biuret 2.4.2
blood proteins 2.7
blood urea nitrogen 12.2.4.2
buffers 1.3.3
BUN 12242

calcifediol 7.3.1.2

calciferol 7.3.1.2

calcitriol 7.3.1.2: 11.2.4

calcium 11.2.4

calcium in serum 12.2.4.7

carbohydrates 4.
classification 4.2
cyclic 4.2
functions 4.1
glycosides 4.5
nutrition 4.7
open-chain 4.2
properties 4.4

185

stercochemistry 4.3

tests 4 4
carboxypolypeptidase 2.4.3: 8.2
castor oil 5.4
catabolism 9.1
cellulase 4.7
cellulose 4.2: 4.9: 8.4
cellulose derivatives 4.6

-y

cerebrosides 3.2.2.2
cetostearyl alcohol 5.4
chaulmoogric acid 5.2.1.]
chitin 4.2
chloride 11.2.3
cholecalciferol 7.3.1.2
cholecystokinin 8.2
cholesterol 5.2.1.3;: 7.3.1.2: 12.2.4.3
cholesterol 9.3.3
biosynthesis 9.3.3
deposition 9.3.3
metabolism 9.3.3
storage 9.3.3
transport 9.3.3
choline 5.2.2.1:7.3.4
chiomatogiaphy 2.4.3
chromium 11.3.4
chyine 8.2
chymotrypsin T.3.3: 8.2
chymotrypsinogen 8.2
citral 7.3.1.1 '
citric acid cycle 9.5
clearance 12.3.3.2
clofibrate 9.3.3
cobalt 11.3.4
cobamin 7.3.2.8
coenzyme A 93.1.]
co-ecnzymes 3.3

coenzyme A 7325
Co-enzyme | 7323
co-enzyme [ 7323

FAD 73.22
FH4 7327

—
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186 BIOCHEMISTRY

NAD 7.3.23 dextrins 4.6

NADH 7.3.23 dextrose 4.3; 4.9

NADP 73.23 diastase 3.1

NADPH 7.3.23 diastercomers 4.3

Pyridoxine PP 7.3.2.4 dibromotyrosine 2.2

THF 73.2.7 dichlorophenol-indophenol 7.3.3

TPN 7323 diglycerides 5.2.1.1

PP 7.32.1 digestion of
collagen biosynthesis 7.3.3 amylopectin 8.4
competitive inhibitors 3.4.2 amylose 8.4
concentrated RBC 12.2.1.1 carbohvdrates 8.4
conjugation 10.3.2 glycogen 8.4

acetylation 10.3.2.5 lipids 8.3

amino-acid 10.3.2.3 proteins §.2

glucuronide 10.3.2.1 dihydroergocalciferol 7.3.1.2

glutathione 10.3.2.4 dihydrofolate reductase 3.4.2

methylation 10.3.2.6 dihydropteroate synthetase 3.4.2

sulphate 10.3.2.2 dihydrotachysterol 7.3.1.2
copper 11.3.3 dihvdroxyacetone 4.2
corticosteroids 11.4 diiodotvrosine 2.2
creatine 12.3.3.2 dinitrofluorobenzene 2.4.3
creatinine 10.2.3: 12.3.3.2 dinucleotide 6.3.5
creatinine clearance 12.3.3.2 dipeptidases 8.2
cyanocobalamin 7.3.2.8 dipeptide 2.3
cyclic AMP 634 diphosphatidy] glvcerol 5.2.2.]
cytidine 6.3.3 disaccharides 4.5
cytosine 6.3.2 discase 1.1

dissociation 1.3.]

deamination 9.2.1.1 DNA 635
decarboxylases 7.3.2.1 DNA-polymerase 6.4
decarboxylation 9.2.1.3 DNA-primer 6.4
dehydroascorbic acid 7.3.3 DNFB 2.4.3
7-dehydro-cholesterol 7.3.1.2 drug clearance 12.3.3.2
dehydrogenases T.3.1:7.3.2.2: 94.1 drug metabolism 10.3
denaturation 2.4.1 D- and L- series 4.3
deoxyadenosinc 6.3.3
deoxvcortone acetate 11.4.1 Edman’s method 2.4.3
deoxyguanosine 6.3.3 clastase 8.2
deoxyribonucleic acids 6.3.5 clectrophoresis 2.4.1
deoxyuridine 6.3.3 EEmbden-Meverhof scheme 9.4 1
derived sugars 4.2 emulsin 3.1
desaturase 9.3.2 enantiomer 4.3
desoxyribose 4.2: 6.3 enantiomorph 4.3
desoxyriboside 6.3 end group analysis 2.4.3

endergonic 9.6
endopeptidase T.3.1; 8.2
endosaccharidase 8.4

desoxysugars 4.2
detoxication 10.3
dextran 4.9

- :
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energy rich compounds 9.6; T.9.1
enkephalins 2.4
enteropeptidase 8.2
enzymes T.3.1
activation energy 3.4.1
applications 3.5; T.3.3
classification T.3.2
co-factors 3.3
inhibitors 3.4.2
kinetics F.3.1
nomenclature 3.2
properties 3.3
reactions 3.4.1
substrate affinity 3.4.1
epimer 4.3
ergocalciferol 7.3.1.2
ergosterol 5.2.1.3; 7.3.1.2
erythrodextrins 4.6
erythrose 4.2
ethanolamine 5.2.2.1
ethers 5.2.14
ethyl oleate 5.4
excretion 10.1
ammonia 10.2
carbon dioxide 10.2
urea 10.2
water 11.4
exergonic 9.6
exopeptidases 8.2

FAD 7.3.2.2
fats 5.1
faity acids T.5.1
essential 5.2.1.1
saturated T.5.1
unsaturated T.5.1
Fehling's test 4.4
ferment 3.1
ferritin 11.3.1
flavine mononucleotide 7.3.2.2
flavine monophosphate 7.3.2.2
flavine-adenine-dinucleotide 73.22
flavoproteins 7.3.2.2
fluoridation 11.3.6
fluoride 11.3.6
fluorouracil 3.4.2
FMN 7.3.22

187

FMP 7.3.2.2

folate antagonists 7.3.2.7
folic acid 7.3.2.7
fructosazone 4.4
fructose 4.2;9.4.2.2
functional groups T.1.2
functionalisation 10.3.1
furanoses 4.2

furfural test 4.4

galactan 4.6
galactokinase 9.4.2.1
galactosidase 8.4
galacturonic acid 4.4
gastrin 8.2
GDP 6.3.4
gelatin 2.6
GFR 123
globulins 2.1
glomerular filtration rate 12.3
glucan 4.6
glucaric acid 4.4
glucoamylase 8.4
gluconeogenesis 9.4.3.3
glucosamine 4.2
glucosazone 4.4
glucose 4.2
glucose estimation 4.8
Benedict’s method 4.8
by optical rotation 4.8
Folin-Wu method 4.8
Hagedorn-Jensen method 4.8
in blood 4.8
in products 4.8
in urine 4.8
Nclson-Somog}'i method 4.8
glucose in blood 12.2.4.1
glucose in urine 12.3.33
glucose tolerance test 12241
glucoside 4.3
glucuronic acid 4 4

glutathione 2.4; 10,32 4
gluteling 2.
glyceraldehy de 2.2: 42
glycerides 521
glycerol 5.4

p—

Scanned by CamScanner




188

glycerol monoethers 5.2.1.4
glycerophosphoric acid 5.2.2.1
glyceryl monostearate 5.4
glycervlphosphatides 5.2.2.1
glvcogen 4.6

glycogenesis 9.4.3.1
glvcogenolysis 9.4.1
glvcolipids 4.6:5.2.3
glycolysis 9.4.1
glycoproteins 2.1: 4.6
glycosides 4.5
glvcosphingolipids 5.2.3
GMP 6.3.4

GOTICIT 3 2492 )2
GPT 34.1: 7.3.24:9.2.1.2
GTP 6.3.4

GTT 12.24.1

guanine 6.3.1

guanosine 6.3.3

guanosine phosphates 6.3.4
guar gum 4.9

HDL 9.3.3
health 1.1
hehix 2.4: F.2.1
heme F.11.1
heme biosynthesis 7.3.2.4
hemoglobin in RBC 12.2.1
hemoglobin § 12.2.1
hemosiderin 11.3.1
heparin 4.6
heparin sodium 4.9
heptoses 4.2
hespenidine 7.3.4
heterocyclic systems T.1.5
hexosans 4.6
hexose monophosphate shunt 9.4.2.3
hexoses 4.2
high cnergy bonds 9.6
histaminc 8.2
histones 2.1
holoenzsme 3.3
hormones 9.7
adrenaline 9.7.4
corticosteronds 9.7.5
glucagon 9.7 3
insulin 9.7.2
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lipotropin 9.7.1

thyroxine 9.7.1

tri-iodo-thyronine 9.7.|
Hopkins-Cole 2.4.2
human albumin 2.7
human gamma globulins 2.7
human plasma 2.7
hyaluronidase T.3.3
hvdrocarbon residues T.1,]
hydrogen bonds 2.4
hydrolases T.3.2
hydrolysis 10.3.1
hydrophilic 1.2; 5.1
hydrophobic 1.2: 5.1
hydrophobic bond 2.4
hydroxocobalamin 7.3.2.8
hydroxylation 10.3.]
hydroxylysine 2.2
hypoxanthine 6.3.1

immunoglobulins 2.7

IMP 6.4

inosine monophosphate 6.4
inositol 7.3.4

insulin F.2.5

insulin products 9.7.2
intercellular material 7.3.3
inulin 4.6

invertase 1.3.1

jodide 11.3.5

1odine monobromide 5.2.1.5
iodine monochloride 5.2.1.5
iodine number 5.2.1.5
iodine value 5.2.1.5
ionization 1.3.1

iron 11.3.1

isomaltase K4

1somaltose ¥.4

isomerases 1.3.2: 9.4,
isomerism. types of 1.1,
iso-clectric point 2.3

ketohexose 4.2

ketone bodies 9.7.2.1 ,
hetoses 4.2

Kinases 9.1

Km 3.1
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Krebs cycle 9.5 mcnaquin(')nu 7314
Krebs-Henselcit cycle 10.2.1 mercapturic acid 103.2.4
metabolism
’ lactase 4.7; 8.4

amino-acids 9.2.]

lactic acid 2.23 )5 carbohydrates 9.4
/i . ats 9.
::E:ggcm';l-];? :-.9 ;:llcl)oic 9.4.2.1
}ggglsllr;rof;-‘qﬁ.ll} ﬁ:)ur:l)(:;l_?li 19.7
:cE:)llth]:s3 I§.2.2. I :::Efr;dt:ﬁ?ar;) I‘). 1
levulose 4.3 lipids 9.3

Licbermann-Burchard test 5.2.1.5
ligases T.3.2
lipase T.3.1; 8.3; 12.2.4.6
lipids 5.1
chemistry 5.3
classification 5.2
complex 5.2.3
glycerides 5.2.1.1
phospholipids 5.2.2
propertics 5.2.1.5
rolc of 5.3
simple 5.2.1
solubility 5.1
tests 5.2.1.5
lipophilic 1.2; 5.1; 9.3.3
lipoproteins 2.1; 5.2.3
lipoproteins 9.3.3
high density 9.3.3
low density 9.3.3

of drugs 10.3
protcins 9.2
rcgulation of 9.7
methotrexate 3.4.2
methyl glucoside 4.5
mcthylation 10.3.2.6
methylcobamin 7.3.2.8
micelles 5.3; 8.3
" Michaclis-Menten constant 3.4, 1
microminerals 11.3
Millon’s test 2.4.2
minerals 11,1
minor vitamins 7.3.4
mitochondria 9.3.1.1
Molisch's test 4.4
molybdenum 11.3.4
monoglycerides 5.2.1.1
monosaccharides 4.2
mono-acylelycerols §.3
very low density 9.3.3 mono-amino-oxidase 3.4.2
lyases T.3.2 multivitamin preparations 7.3.5
L- and D- series 4.3

mutarotation 4.3
L-DOPA decarboxylase 3.4.2 mutases 9.4

_ myricyl alcohol 5.2.1.2
macromincerals 11.2
magnesium 11.2.6 niacin 7.3.2.3
malt extract 4.9 macinamide 7.3.2.3
maltase 4.7: 8.4 nicotinamide 7.3.2.3
m.lllosc. 4.5: 8.4 nicotinic acid 7.3.23
maltotriose 8.4 ninhydrin 2.3

J manganese 11.3.4 nitrate reductase 7.3.2.2
mnnnz'm 4.6 nucleic acids 6.1
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mannitol .l.l. .U brosynthesis 6.4
mannuronic acid 4.4 chemistin 6.3
MAO 3.4 s

functions 6.2
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