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[ntroduction to Biochenmstry (Chapter 1)
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1.1. BIOCHEMIST

ld// , (t,‘.' ru
x. “Introduction

Biochemistry mvolves the study of the chemstry of life. The term B:oct;]emxstry
was mlrodu;‘ed by Carl Neuberg in 1903 [t is a hybrid branch of ¢ t_mustl.'ym
which specialises in the chemical processes and chgm;cal traqurrpam:;lslex
living organisms. It ties between biology and chemistry Fhat St.udles' C(') dph t
chemical reactions and chemical structures. giving rise to life. It 1s believed tha
life forms of today’s world are descended from the same common ancestor, SO
they naturally have similar biochemistries

Biochemistry can be simply defined as. “chemistry of the living cell”. It deals
with chemical basis of life in plants and amimals. It relies on basic laws.of
chemistry. biology. and physics to explain various processes of living cells like
growth, metabolism, reproduction, response towards stimuli. etc.

In general. biochemistry deals with body substances, e.g.. amino acids, proteins,
carbohydrates. fats, enzymes, hormones, DNA. RNA. etc. It describes their
origin, formation, functions, deficiency symptoms, etc. It tnes to explain life in
terms of biochemical reactions. In short. it describes all the biochemical reactions
at the molecular level in a living cell or living being. Other complex areas of
biochemistry include the genetic code (DNA and RNA). protein synthesis, cell
membrane transport, and signal transduction.

Pharmaceutical biochemistry is biochemistry related to pharmaceuticals, drug

compounds, chemical entities having therapeutic value, etc.. which directly
influences human health and disease.

1.1.2. Proteins

Proteins are high molecular organic compounds that consist of the long polypeptide
chain of amino acid monomer. The amino acid monomers are joined together by
the peptide bonds between the carboxyl and amino groups. Protein mainly
consists of wwenty different kinds of amino acid molecules that combine in
different combinations or number to form different polypeptide chains.

The sequence of genes defines the amino acids sequence in 4 protein molecule,
L.e., a specific gene encodes to a specific protein. An animal body functions with
the help of thousands of difterent proteins.

Chemically a protein molecule consists of nitro

gen, carbon, hydrogen, oxygen,
sulphur, and phosphorus. However, h

alogens and metals may also be found in
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of a protein differs with the source, but the

position may be as follov:s:
)

o} i
___l(l NHCGHC NHCH COOH
H:NTH <| In 1

R

some proteins. The compqsition
approximate estimation of its com
1) Carbon (50-55%),

2) Hydrogen (6-7.5%).

3) Nitrogen (15-17%), | 18
4) Oxygen (21 -24%).

5) Sulphur (0.2-2.2%), and

6) Phosphorous (0.1-1%).

Iln peptides. n = 2= l(!()]

l In proteins, n = lﬂnl

Protein molecules form colloidal solution and difference in solubility between the
two classes is related to a difference in molecular shape.

1.1.2.1. Chemistry ) '
Most of the proteins fold up to form a unique three-dimensional structure and the

shape into which a protein naturally folds is its native con.formation. .Most of thg
proteins fold up independently according to the chemical properties of their
amino acids, while others fold up into their native states with the help of
molecular chaperones.

Structure of a protein molecule can be explained as:

1) Primary Structure: The sequence of amino
acids in each protein is unique. By studying
the primary structure of proteins, this
sequence can be determined. In 1953,
Frederick Sanger determined the complete
sequence of amino acids of insulin protein.

The primary structure of proteins indicates
the sequence of different amino acids. The
primary structures formed during the
translation (the process of protein
biosynthesis) are held together by covalent
peptide bonds. Depending on the nature of
free group on each terminal of the
polypeptide chain, each extremity is referred
as the carboxyl terminus (C-terminus) and
the amino terminus (N-terminus). The
numbering of residues always starts at the N-
terminal end (NH, group) from where the
amino group is involved in a peptide bond.

Figure 1.1: a-Helix

The primary structure of protein depends on the gene corresponding to the
protein. The first step is the transcription in which mRNA is synthesised by a
particular sequence of nucleotides. This mRNA is further read by the
ribosome in a process known as translation. The sequence of amino acids is

specific for a protein, which defines the function and structure of that
particular protein.

Introduction to Biochemistry (Chapter 1)

2)

3)

15

Various methods like Edman degradation or tandem mass spectrometry
are commonly used to determine the amino acid sequence in a protein. Posit-
translational modifications (like phosphorylation., glycosylation, and
disulphide formation) are also included under the primary structure and
cannot be read from the gene.

Secondary Structure: The C-atoms of protein molecule exhibit differen
geometric arrangements due to the presence of hydrogen bond between the
amino groups and the carbonyl oxygen of peptide bonds. This arrangement
of the molecule is studied under the secondary structure of protein molecule.
Following two types of arrangements are included in secondary structure:

i) a-Helical Structure: In the a-helix (figure 1.1) structure, the
polypeptide chain folds around the long axis in such a way that the
~c==ogroup of each amino acid binds to the ~~—u group of the fourth
residue by a hydrogen bond, throughout the chain. These hy drogen bonds
are present parallel to the long axis with the side chains protruding
outward in a manner that each turn of a-helix comprises 3.6 amino acid
residues. Each amino acid residue is present at a distance of 0.15nm from

one another along the axis. An example of a-helical protein structure is
hair protein, i.e., keratin.

Figure 1.2: B-Pleated Structure
1)) B-Pleated Structure: |he B-pleated structure of polypeptide have
extended polypeptide chains (figure 1.2) and hydrogen bond present
between polypeptide strands run antiparallel to each other.

Due to the presence of hydrogen bonds between two polypeptide chains.
they appear as sheet-like and are termed as PB-pleated sheet
conformations (figure 1.3).
HyN————————COOH
l Primary structure

H:NNVHXWm‘(mW\( 0OOH
Secondan structure

R R R l

Figure 1.3: B-Pleated Sheet Conformation Figure 1.4: Tertiary Structure

R R R

Tertiary Structure: This structure represents the folding of a protein that
also controls the basic functioning of the protein. The stabilisation of tertiary

e
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. : t commonly the
teractions (mos
i i by non-local in : rogen bonds,
e lsfacm:;’fifoph{)bic core) like salt bridges, hydrog
rmati of a . . ions.
fi(') u];;i?c;]e bonds, and post-nanslatlonal modificatio
is .

i ain; stabilised

i i ional folding of the chain; s
e B three_gil;]:r?tm;ﬁts of the sequence. The long
folded into a compact form due to the

Tertiary structu
by the bonding between the
polypeptide chair}s are tightly
following interactions:

i) Hydrogen bondir'lg,

ii) Disulphide bonding, .
iii) Electrostatic/ionic pondmg, and
iv) Hydrophobic bonding.

: Thi forms when
uaternary Structure: This stru_cture .
- go or mge polypeptide chains interact with each a B
other and form a large assembly or complex of
proteins.

Often, proteins consist of multiple polypeptide chains z.md alga m(:sstlrzz1 ;efc;lr;-z(i
to as protein subunits in this context. Thes? protein subuni 1 ye e
different (as in a heterodimer) or same (as.m a h9mod1mer) polyp pt .
chains. Thus, the quaternary structure is the interaction and firranger?en
these proteins with each other to form a larger aggregate protein complex.

The proteins with two or more polypeptides link.ed with non-covalent
interactions are quaternary proteins, e.g., haemoglobin (0.,8,) .

1.1.2.2. Classification of Proteins
Proteins are classified into the following classes (ﬁgure 1.5) based on the
composition, structure, shape, and solubility of amino acids:

| Proteins |
Y v
Simple | |: C:°_“J"._—_|gmd Derived
* l — Glycoproteins
LGlobular va.cinq |_ Fibrous Proteins ] | Mucoproteins

— Nucleoproteins

[ Primary | | Secondary |

- Lipoproteins

E—— Collagros Phosph teiiie Coagulated Proteoses
Globulins Elastins [~ *hosphoprol e.m Proteins —_—
Keratins — Chromoproteins Proteans

Gluteli "
. “TS — Metalloproteins ) POlyPepUdL*

Prolseuines Metaproteins Peptides

Histones

Globins

Protamines

Figure 1.5: Classification of Proteins

; 17
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1) Simple Proteins: These proteins only consist of amino acids and are further
classified into:

1) Globular Proteins: These proteins are spherical or oval-shaped, soluble
in water or in other solvents. and are digestible. For example,

| Proteins Properties

Examples
Albumins

— -

Serum albumin,
ovalbumin (egg), and
lactalbumin (milk)

! Soluble in water forming dilute

i salt solutions. but coagulates on

‘r ) | heating,
Globulins

Soluble in neutral and dilute salt = Serum globulins  and

solutions. 1 \'i[ellinelgggL
Glutelins Soluble in dilute acids and alkalis, Glutelin (wheat) and
‘ |_and mostly found in plants oryzemn (rice) |
| Prolamines | Soluble in 709 alcohol. Gliadin  (wheat) and
_ | | Zein (mar/.e_) B
| Histones Strongly basic proteins, soluble in Thymus histones and
| water and dilute acids. but histones of codfish
insoluble in dilute ammonium | sperm
| hydroxide. |
Globins | Resemble histones. but are not Thymus histones and
| basic in nature. and  not | histones of codfish
| | precipitated by NH,OH | sperm
Strongly basic, resemble histones.

Protamines emble

| but smaller in size, and soluble in
L | NHOH

Sperm proteins

ii) Fibrous Proteins: These proteins (fibre-like in shape) are water-
insoluble and cannot be dj gested. For example,
Examples |
s el — - 0|
‘ Collagens } Connective tissue proteins but do nat have tryptophan. On

‘ | boiling with water or dilute acids. yield gelatin which is
‘ |

soluble and digestible.
| Elastin -

| Protein of elastic tissues such as tendons and arteries.

]E’IE\_‘CJIILD g:&)skgl_gtal Structures like hair, nails, and

__ Properties

LKerating‘ ho}nz-_ i

2) Conjugated Proteins: These proteins are made up of amino acids and non-
protein moiety (prosthetic or conjugating group). For example,
Proteins o perties |

oteins ___ Properties 1 Examples
Nucleoproteins | Prosthetic group is a nucleic acid | Nucleohistones and |
| (either DNA or RNa). = | nucleoprotamines

Glycoproteins Fhe prosthetic  group 3

| carbobydrate. It the concentratien

of carbohydrate 1s more than 49
i of protein then protein is known |

Mucin (saliva) and |

ovomucoid (egg white)

_— -—

|
Lipoproteins | Prosthetic gro—up irsli;;id.*r 0 Serum lipdproteinT :u;jﬂ
S R ———— | membrane lipoproteins |
Phosphoproteins Prosthetic  group s phosphoric | Casein (milk) and vitelline |

| leggyol) |
Haemoglobins and
S, B ___; eytochromes |
| Proteins contain metal ions such | Curﬁ'l;plusmmi (Cuy and |
—— | asFe.Co.Zn.CuMp.ete. | carbonic anhydrase (Zn) _ |

- acid. )
Chromoproteins | Prosthetic group 1s  coloured
substances,

P P
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: and conjugated
. derived from 51mple g furth
These proteins are n. These proteins are further

Derived Proteins: tion or degradatio

proteins by their denatura
fiiVideq mt:: Derived Proteins: These Prot;}:r e
) I)rrl flll:; }fydrolysed products of proteins.

o

s are denatured or coagulated
ple,

Examples

Properties teins and coagulated
Proteins d proteins produced by Cooked Ferogelv e
Coagulated Den;tl;!‘ewﬂh agents like heat, albumin (eg
treatin
: is, etc. i inogen
;(-:ldgs‘ a;l;zh;r:)ducts of protein Fibrin formed from fibrinog
Proteans st S

i 2 dilute
hydrolysis by enzymes,
azids. alkalis, etc., which are
insoluble in water.

f

Second stage produF:ts o

MeppieRe protein hydrolysis obtained by

treatment with slightly stronger
acids and alkalis.

i i the degraded (due to
ii ived Proteins: These proteins are '
" gleecz?:aizyogsr(:f peptide bonds) products of pro(;ems 'org the ;;:’)(I)f;sls;;:/f
i teins undergoin S.
lytic products of  pro - .
tl:')(,)(li'r::x)z;mple, proteoses, peptones, polypeptides, and peptides

Acid and alkali metaproteins

s & 0Py9)
le of Proteins C O() o _ N
fl’ritzu?s areR(:le of the most important compounds found in living organisms as

they perform the following physiological roles:

3)

4)

5)

i lecules that act as enzymes
i Enzymes: Proteins are the macromo . . ne
g)l;g::‘:t:lsy:f) a::czly play an important role in the regulatlcf)n of all tl'sxe \?,;ﬁlcohglir\:,
i enzyme:

. There are about 2,000 different types of : '
Strl?:i‘:;szsnd each protein catalyses a different and spem-ﬁc chemical rea(;t;(::;
e.g., digestion of food, hydrolysis of ATP, biosynthesis of cell compo s

X

(DNA, RNA), etc. . |
roteins as Hormones: There are some proteins that function as hormolr_les.

e.g., somatotropin (growth hormone) and insulin (regulates the metabolism
X

of glucose).

Proteins Associated with Hereditary Characters: Chromatin .materiz;i
formed by nucleoprotein condenses to form cllqumosome.s during ce
division that carries the hereditary characters (genetic information).

Proteins and Interferons: Interferons are major therapeutic agents usedl dlo
treat viral diseases (like hepatitis, encephalitis, cancer, anq common C(zi )n
These are regulatory glycoproteins with low molgcula.r wglghF prodl.lce 1d
response to viral infection, endotoxins, antigenic stimuli, rickettsia, an
protozoan parasites.

Proteins and Protection: Immunoglobulin (or protective prgtems)
constitutes antibodies, which combine together to ei'ther. r.xeutrallse 0:
antagonise the effect of antigens (foreign proteins). During injury, the tv:)(t_
blood proteins, i.e., thrombin and ﬁbﬁpogen, help in the prevention
blood loss by the mechanism of blood clotting.

19
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6) Proteins and Biochemical Individuality: Proteir_ls show their different
specific characters in all the living species and organisms. Some examples of
biochemical individuality are: ) '

1) Specific proteins (antigens) are present on the surface of cells in all
living beings. These surface proteins help in cell recognition and also are
the basis of antigen-antibody reactions.

ii) During blood transfusion, blood cannot be transfused from an individual
of one species to another or from one organism to the other.

iii) Cell and organ from one animal cannot be transplanted successfully into
the body of another animal.

7) Transport: Few proteins bind a
through blood. For example,

i) The free fatty acid molecules are bound to the serum albumin and get
transported between adipose tissue and other body cells.

ii) Blood plasma consists of lipoproteins that transport lipids between the
liver, adipose tissues, and intestine.

iii) Oxygen is transported from lun
via haemoglobin in vertebra
invertebrates.

iv) In muscles, oxygen is stored in the myoglobin.

v) Permeases, known as transport proteins,
molecules via cell membrane.

vi) Organic food in plants is trans
phloem.

nd transport specific types of molecules

gs to other tissue cells (oxygen carrier)
tes and via haemocyanin in certain

help in the transport of

ported with the help of protein through the

8) Toxins: Several proteins are extremely poisonous to vertebrates, e.g., snake
venom, ricin (the protein of castor bean), gossypin (the toxic protein of
cottonseed), proteins of pathogenic bacteria (diphtheria toxin), etc.

9/’ Contraction: Proteins like actin and myosin are responsible for the
contractility of all living tissues and skeletal muscles.

10) Movement: Cells containing locomotory organs, like cili
made up of microfilaments which consist of tubulin protein

11) Receptor Proteins: These proteins
receive stimulus from the environment

12) Protein as Structural Material
i) Hair, nail, scales, feathers, fur, wool, hoof, horns, etc.
keratin sulphate (the derivative of keratin protein).
ii) Protein is an integral part of all membranes and membrane-bound cell

organelles, e.g., plasma membrane, nuclear membrane, ER,
mitochondria, lysosome, etc.

iii) Connective tissue and bone consist of coll
up of fibrous proteins.

iv) Cartilage and bone matrix are formed b
respectively.

a and flagella are

are present on the cell surface and

» are made up of

agen and elastin fibres made
y ossein, chondrin and proteins,

13) Cell Secretions: Cell secretions such as 1

nucus (glycoproteins) help in
protection and provide a slippery texture.

MRS
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iders and silkworms i,
G (cin is secreted by spld_er PR
o whi h is used in the weaving o
hich s
| tensile strength. ‘ )
the form of reserve food, viz., egg
n haseolin in pea, and glutelin in
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»cial Secretions: ' ;
" Lshl::tform of a thick solution W

because they have an exceptiond o
f ;
15) Storage Proteins: Proteins ar¢ store D
ins m ,
i in several seeds (zel
albumin or 1n s€
rice).

ETCT 1 are
i i llular activities of a ce
ins: hysiological and ce los of @ cell
. Reglllatgl;)y Pmtteeil:s .G?;)t:)tginyis ore of the regulatory protemns by e
regulated by protein.

e nucleus in the cell. Similar to
hormonal signals are transmitted 0 th leus 1 ﬂ,- iy o
i S Al“i enzymes. proteins also control DNA replicaton, prote

hormones and 7. S. p p

initiati in termination, clc.
synthesis, chain initiation, chain terrunat

Ll{i//POIypepﬁdes and}\Am:llllgré?eﬁ::i STherc are 20 amino acids
i B ildi S OI . : -
’*\-/Hﬁ'no acids afz ti]:; t:g‘t]cdnr ngt)llcii 920 umino acids are lmkefl toget.l:'ell ljt:;roreg::
Comfnomy fc(i) mf1 rmini’, peptide chains and proteins. The chgns con :Leur thg{1 % é()
phCPm;Z Ztl;ilin;) :cids are called péptidef. while those containing grea 2
than .
amino acids are called proteins.

i ids s lled 4
An amino acid chain with more than 25 (10-50) amino a;:::: 1;f cg 10n£
i insuli tc. A protein consis .
tide. e.g., insulin, hormones. e [ 0 i cus
gggg::)’tide chaign or several polypeptide subunits, e.g., mterferon. clotting
factors, antibodies, enzymes, etc.

1.1.3.1. Chemistry . ) . e
The word Amino Acid itself is made of two words amino + ac.ld. $hls me:ns ¢
chemical structure of amino acids contains two important functional groups:

1 d
1) Amune group ( —NH, group), an
2) Acid group or carboxylic acid group (—COOH group).

Any organic molecule with at least one carboxyl group (o‘rgamc ac1§) andi(']l:
least one amino group (organic base) i+ called an amino acid. The amino acﬂ :
are of a-form, i.e.. the amine group (-NH;) 1s attached to the C atom next to the
carboxyl group (—COOH).

Each amino acid has four different
groups attached to a-carbon. These
four groups are:

1) Amino group (-NH,),

2) Carboxyl group (—COOH).

3) Hydrogen atom (—H), and

4) Side chair: (R).

~a—Carboxylic Acid
Group

Side Chain:
‘R' charactenises
tie Amine Acid

L
-~

Figure 1.6: Structure of an Amino Acid

~&— Amine Group

The side chains that distinguish one amino acid from another are attached to the
a-carbon, so the structures are ofien written as shown in figure 1.6, where R
stands for one of the 20 side chains. There are about 300 amino acids ocgurrln:—’
in nature of which only 20 of them occur in proteins. All 20 amino acids in pure¢
form are white, crystalline, and high-melting solids.
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Peptide Bond d ¢ C} ¢ ofP#

The a-amino group of amino acid is att .ched with (x-c‘drboj‘(‘fl group of another
amino acid to form a peptide bond in bet'veen two amine acids, with the '.‘5"710\/31
of a water molecule. For example, the fi rmation of a peptide bond by serine and
threonine (shown hejaw)-

CH,
OH f

N |
L"l', I(: »_qILt..\H
.
H;N CH |»( O + H:N CH —-
—  In
H,

QO
I
(€

O

O

C -0 + 1O

Ser-Thr
A peptide bond is a covalent bond. It is an amide (—=CONH—
bond is a link between two amino acids.

molecule. It shows double bond charac
undergoes resonance as shown in the foll

) bond. A peptide

t links amino acids together in a protein

er and restricts rotation. Peptide bond
Wing structure:
5 H .
1,,4(, ’L ,,,”/ , .ll

~ - A

il \h/ ;(//’ -~ \C4N+\

v | Z

= 0~ I =

Peptide Bond Rese iange Structures
In resonance structures, the ox
—NH; group holds a partial positive charge.
charges form a dipole. These Opposite
hydrogen bonds. Moreover, these hy«
protein structure. Due to resonance i
trans, both configurations are possible but unly the ans is preferred.

1.1.3,27 Classification of Amino Avcids ( ofy
?mipefacids can be classified as follows il
On the Basis of the Carbon Chain: On the
present, amino acids are of three typis:
1) Aliphatic Amino Acids: These «re further classified into:
a) Neutral (Monuamino-Mmm(‘arboxylic Acids):
glycine, alanine, serine, thre nine,

~

C

N

ygen aton: holds a partial negative charge and the

These partial negative and positive
ends (charges) tend to link to form
froren bonds are very crucial in stabilising
nieractions. it is a rigid and planar cis and

basis of the carbon chain

For example,
valine, leucine, and isoleucine,
b) Acidi¢ !Monoan1in0-[)icarhox3Iic

Acids): For example, aspartic
acid, asparagine, glutamic acidl, and

glutamine.

¢) Basic: For example, argininz, lysine, and hydroxylysine.

d) Sulphur Containing Amino Acids:
(dicysteine), and methionine.
i) Aromatic Amino Acids: For example,
thyroxine.

For example, cysteine, cystine

phenylalanine, tyrosine, and

RS
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lic Amino Acids: For example, proline. hydroxyprolinc,
iii) Heterocyc .
istidine. .
tryptophan, and histi u Requireme“t: On the basis of nutritiona]
n;

s (table 1.1):

amino acids are also termed ag
indispensable amino acids. They are not synthesised in the body and are
in

()l)‘allle(l O es E:xa les ()[ Sucll al[li"() aCIdS are Val ne
mp - ]. |

fmm dletary SOUrces

lSOlCuClne tryptophan, methlonlne, 1euCIIIe, phellylalallllle, thleonan

and lysine.

2) On the Basis of Nutritio!
: requirement, amino acids are of two type
i) Essential Amino Acids: These

dicated as semi-essential
hesised in the body.
ffects like retarded

Exceptionally, histidine and arginine are 1n
amino acids as a little amount of them are synt
Deficiency of these amino acids may give adverse €
growth, weak immunity, early ageing, etc.

ii) Non-Essential Amino Acids: These amino ?Cids are also termel:d as
dispensable amino acids, and are synthes1sed_m the body. Examp es of
these amino acids are glycine, serine, threonine, glutamate, glutamine,
aspartate, asparagine, cysteine, and proline.

Table 1.1: Essential and Non-Essential Amino Acids

Essential Non-Essential

Valine Glycine

Isoleucine Tyrosine

Tryptophan Proline |
Methionine Cysteine J
Arginine Aspartic acid [
Leucine Alanine l
Phenylalanine Serine J
Threonine Hydroxyproline J
Lysine Cystine ]
Histidine Glutamic acid |

3) On the Basis of Polarity: On the basis of polarity, amino acids are of four
types:

i) Non-Polar Amino Acids: These amino acids (e.g., alanine, valine.
leucine, isoleucine, phenylalanine, glycine, tryptophan, methionine, and
proline) are neutral molecules having an equal number of amino and
carboxyl groups. The nature of these amino acids is hydrophobic and the
‘R’ side chain does not have any charges.

CH—CH—co0™ > HC—CH — oo™ BN HC— CH,=CH—C00"
NH; e ?l"'H? HE NH;
Alanine Valine Leucine
'?ZC—C"E_H
@—ch"i:;—coo HZC\T/C\COO‘ CIHz_CHz—(iH —coo-
N S—CH,;  NH;

Phenyl alanine Proline Methionine
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CH, CH>—CH—C00~
CH, I LH;
SCH—CH—(00 - H—— HC——c00™ N
cny’ l . \':H’ |
NH; o H
Isoleucine Glycine Tryptophan

ii) Polar Amino Acids with No Charge: These amino acids do not bear
any charge on the side chain ‘R’, (e.g., serine, threonine,

cyste.ine, glutamine, and asparagine). They are involved in
bonding of protein structure.

tyrosine,
hydrogen

—CH— _ H, H,
CH—CH—COO0H H;C—TH:.—_CH_COO NH:—ICI—C'—C'—E{—COO‘
OH  NHy
OH NHi 0 NHY
Sars
SEE Threonine Glutamine

H _ H, H
H,C—C—C00 NH,—C—C —C—co0~ H
I 2 _
SH NH? | . OH C —=C—Co0

NH; .\

Cysteine NH;

Asparqine Tyrosine

1ii) Po!ar Amino Acids with Positive Charge:
lysine, arginine, and histidine) carry more n
thus, are basic in nature. The
bears a positive charge.

These amino acids (e.g.,
Farry | umber of amino groups,
R’ side chain of these amino acids

H, H H
HZT—C —C'—c"—&—coo"
+ +
N NH
Hs Lysine R
H, gy
|='——C —(IS—COO'
NH N *
\/ NH3
Histidine
H, H, H, g
HI‘IJ—C —C —C ™ —C—cCo00-
(|3=NH; NH}
NH,
Arginine

iv) Polar.Amino Acids with Negative Charge:
aspartic acid and glutamic acid) are acidic in
more number of carboxyl groups. The ‘R’ g

These amino acids (e.g.,
nature because they carry
roup of these amino acids
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. s dg also termed
o acids are
These amin

bears a negative charge

, _amino acids.
dicarboxylic mono-am H- _m " m — OO
" ..,||M&.\|M_|\:.:r coo—¢ |
COO—C _ ~NH*
NIEN

d (ylutamic acid
Aspariic act

1.1.3.3. Role of Amino Acids |
Amino acids are important bromiolecules w
1) They are the building blocks of proteins ¢ amino acids. During long-ten
2) Energy is produced from the metabohism ef am e e
) ,.m.:::m after the consumption of stored carbohvdrate and fats. ai
used for energy production. v . .
3) Few amino acids are also used as neurotransmitters, precursor for tl
, ; , : : N, : ANV Importan:
biosvnthesis of neurotransmitiers,  hormoncs, and as omar I 1
biochemical compounds

1.1.4. Qualitative Tests

FFor the identfication of proteins following tests are performed
1) Ninhydrin Test: like amino acds and NI

hich perform the following functions

peptides, proteins also give blue to violet | ,_.:
colour with ninhy dnn solution _ I
2) Biuret Test: Biuret 1s a compound formed N . |
. e -
by heating 2 moles of urea at 180 N > _
(shown aside) | =0
== ]
When biuret is treated with dilute copper | ._,:
sulphate i alkaline miedium,  a purple N Farci
colour ix obtained. This iy the basis of - Mol of Lies

bruret test widely used for the idenuficauon
of proteins and pepudes.

Biuret test 18 carmed for the compounds containing two or more CO-NH
groups, 1.¢., peptide bonds All proteins and peptides possessing at least 1w

pepuide hinkages, 1e . npepudes (with 3 amuno acids) give positive biure
test. The principle of biuret test i+ conveniently used 10 detect the presence
proteins m biological fhads. The mechanism of biuret test is not clear
known. 1t 1s believed that the colour develops due 10 the formauon of

copper coordimated complex, as shown below

The presence of magnesium and

ammonium ons interferes 1 the bhuret s
This can be overcome by using

exvess alkal

[ntroduction to Biochemistry (Chapter 1)

3) Xanthoproteic Test: This test is given by proteins and vnv:anm which 7-”«
phenylalanine or tyrosine or tryptophan (aromatic amino acids) in e
molecules. On treatment with concentrated nitric acid, these amino acids
undergo nitration in the aromatic ring. These nitro cca_x.cq:_f (particularly
nitrophenols) are yellow in colour. This is the same reaction w hich occurs
when skin comes in contact with concentrated nitric acid in the laboratories

4) Millon’s Test: When proteins or peptides are treated with Millon’s _‘»..wmn.z_ (a
solution of mercuric and mercurous nitrate in nitric acid), a white precipitate s
formed. When this 15 heated, a red coloured precipitate is formed. This test is
given only by proteins contaiming 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 Test: Sodium nitroprusside reagent gives a red
colour with peptides and proteins which yield cysteine or cystine on

hydrolysis. As many proteins contain cysteine or cystine, the test is given by
most proteins.

6) Sakaguchi Reaction: This test is a specific reaction for the presence of
arginine in- protemns. Protein hydrolysates will give red colour with «-
naphthol-sodium hypochlorite reagent if arginine is present. The reaction is
due to the presence of guanidine group.

7) Hopkins-Cole Reaction: This test is carried out by adding glacial acetic acid

followed by concentrated sulphuric acid o a solution of protein. A violet
colour is produced if tryptophan is present in the protein. The reaction is due
to the glyoxalic acid formed on acid hydrolysis of tryptophan. «l N (e Py
Oy SO B (11 Lc /
LL5.  Assessment of Protein Quality
The quality of a protein 15 evaluated by companng with the reference protein

(usually an egg protein). Assessment of protein quality can be carried out by the
following miethods:

1) Chemical score or amino acid score.,
2) Net Protein Utilisation (NPU ),

3) Protein Efficiency Rauo (PER), and
4) Biological Value (BV)

L1.5.1. Chemical Score or Amino Acid Score

It is the concentration of each essential amino acid in the test protein, which s
compared with the reference protein. It s calculated as follows

Numberofl mgof one amino acid per gmof test protein
Amino acid score = - e it i, o L « 10
/:::K:;_:x:_5»!:5;::::?.;.x.;.s.:nx,r._::.ﬁr

This method of chemical assessment does not consider the digesubility of daetary
Proteins, o, the overall protein quality 15 assessed by using biological metiyonds
based on growth or Nitrogen (N) retention
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: ilisation (NPU) . L
Net Protein Utilisa cient and biological value divided by 10g

n can be expressed by biological meagyy,.

1.1.5.2. .

It is the product of digestibility coefﬁ.

Both absorption and retention of protet

of NPU. It is calculated as:

Nitrogen retained by the body %100
Nitrogenintake

The protein requirement depends on the NPU of dietary. protein as lower the
NPU, higher the protein requirement and vice versa. In India, the NPU of protei,
varies between 50 and 60).

1.1.5.3. Protein Efficiency Ratio (PER)
The nutritive value or the overall quality of a dietary protein can be determined i,
laboratory animals (like rats). The weight gained by young animals per gram
protein consumed is measured and used for determining the Protein Efficienc,
Ratio (PER) as follows: .
PER = Gainin body weight (in gm)
Protein ingested (in gm)

NPU =

1.1.54.  Biological Value (BV)
Thg biological value of a protein is defined as nitrogen percentage retained by
animals out of the nitrogen absorbed from the diet eaten. Thus, BV is the
percentage of absorbed nitrogen retained by the body and is calcul

Biological Value (BV) = Nitrogen retained
Nitrogen absorbed

Thl.s test 'also evaluates the digestibility of protein, but not the nitrogen that lose-
duiln_g digestion. Table 1.2 enlists the chemical score, BV, NPU, PER and
deficient amino acids of some important food proteins: ‘ ’
Table 1.2: Nutritive Values of Proteins of Some FoodstufYs

ated as:

x 100

Protein Source [ Protein Type [BV | Chemical Score [NPU|PER | Limiting (Deficient) Amino |
. | | | ( i
A T N R . Acid
Animal Protein Egg J%' 100 9 [ 38 Nl —
. ‘ [ |« ;
dilk | 90 | 65 [ 85 |28 S-containing amino acids.

Meat I74‘ 70 76 | 32 |S-containing amino acids.
3.5 |Tryptophan
1.7 |Lysine, Threonine ]
B(:Ilg-'ll gram ll ? ﬂ%\'gn:‘; ’Lh{?f’""le‘,¥ e

- S-containing amino acids.
5%15‘1::‘: — 2 ——4->3 | 1.7 |S-conwining amino acids.

45 | 1.7 |Lysine, Threonine )

S-containing amino acids.
_L 2.1 ‘S-comaining amino acids.

Pulses

Oil Seeds

Soya bean

S-cnnlaimﬁﬁlﬂm ;;\I;I;Ii‘r\ing
1.1.6. Deficiency Diseases
Pl‘OI.el'ﬂS are nitrogenous com
partcipate in the growth and i
L eggs, soybeans, pulses, etc.. are the maj

wing two well-known disorders:
ults i ' ers:
r This disorder 1s characteri -
therefore is also named edematoy
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which mostly occurs in the geographical areas experiencing famine.. It is a
type of malnutrition occurring due to the deficiency of dietary protein. The
affected individuals have abnormally thin or weak body parts, but have
swollen ankles, feet. and belly due to fluid retention in them.

Cause: Kwashiorkor occurs due to deficiency of dietary protein. Each cell in
a human body contains protein. It is an essential part of the diet as it helps in
repairing worn out cells and making new cells; thus a healthy human body
continually renews cells. Protein is very essential for growth during
childhood and pregnancy. Protein deficiency halts the growth and normal
functions of the body and gradually leads to kwashiorkor.

Symptoms: Kwashiorkor results in the following symptoms:

i) The natural colour of skin and hair changes to a rust colour,

ii) The texture of skin and hair also changes,

iii) Muscle mass is lost,

iv) Growth or weight gain is prevented,

v) Ankles, feet, and belly swell,

vi) Immune system is damaged, which further causes more severe
infections, and

vii) Other complications like irritability, flaky rash, and shock may also
occur.

Diagnosis: The physician immediately examines for the presence of an
enlarged liver (hepatomegaly) if kwashiorkor is suspected in an individual.
Then blood and urine tests are conducted to measure the blood levels of
protein and sugar. Other blood and urine tests may also be performed to
measure signs of malnutrition and protein deficiency. These tests detect
muscle breakdown and evaluate kidney function, overall health, and growth.

The diagnostic tests of kwashiorkor are:
i) Arterial blood gas,

ii) Blood urea nitrogen (bun),

iii) Blood levels of creatinine,

iv) Blood levels of potassium,

v) Urinalysis, and

vi) Complete Blood Count (CBC).

Treatment: Kwashiorkor can be treated by increasing the protein and
calories in diet; this is more effective if early treatment is started. Firstly,
carbohydrates, sugars, and fats are given to increase calories. After
obtaining energy from these foods, protein diet is started. Foods should be
introduced and calories should be slowly increased as the individual was
deprived of proper nutrition for a long period, and need to adjust to the
increased intake.

2) Marasmus: This disorder occurs in any individual having severe
malnutrition; however, children mostly suffer from marasmus. It occurs in

developing countries. It can be life-threatening but can be treated.
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sarcity of f o
. deficiency resulting due to poverty and scarcity of food i
Cause: 2:5%2 ef1 o penerally oceurs in children :c.~ receiving Protein
i marasmus. 2t 2 ; R fficicnt amounts
_H_:.nmcw‘w%o:%__.m_nﬁ and other essential nutrients in sufficient unts.
calories, cé S

mc-dﬂvnc-—-v. ﬁu::p._ en \—:@O:X_ e(:: marasmus, Fx_vm__ﬂ—_ﬁn. —_uﬁ _:__3:.,

symptoms:
i) Underweight,

ii) Lose muscle mass u:a.m._gz
iii) Dry skin and brittle hair,

iv) Chronic diarrhoea,

v) Respiratory infections,

vi) Intellectual disability, and
vii) Stunted growth.

Diagnosis: The initial stages of marasmus are often &mmsomoﬂ by a w:.viaa
examination by the doctor. Measurement of the height and Ew_mr.ﬁ of childrep
helps in determining whether or not they are affected. For a child suffering
from marasmus, these measurements are found to be much below than the
measurements of a healthy child of a particular age. Lack of motion in g
malnourished child also helps in diagnosing marasmus. The affected children
lack energy or will power to do any task. Marasmus cannot be diagnosed by
blood tests, because many affected children also suffer from other infections
which can affect the results of blood tests.

aneous fat (the fat layer beneath the skin)

Treatment: Giving the affected children dried skim milk powder mixed with
boiled water is the initial treatment of marasmus. Later, a vegetable oil (e.g.,
sesame), casein (milk protein), and sugar can also be added in the above
mixture. The added oil increases energy content and density of the mixture.
Once the children start improving, they are provided with a more balanced
diet to fulfil their nutritional demand. Children suffering from dehydration
due to diarrhoea should be treated with rehydration by giving fluids orally.

The cE.E.Rm having marasmus are commonly affected by other infections,
thus antibiotics or other medications should also be included in the treatment.

Treatment of infections and other health issues (if present) provide the best
chance of recovery.

1.2.1.  Short Answer Type Questions
1) Write a note on role of proteins.

2) Whatis biological value?

3) Whatis polypeptide bond?

4) Give the classification of amino acids with structure

5) What are proteins? Classify them, .

1.2.2. Long Answer Type Questions
1) Write a detail note on chemistry of proteins.

2) Write a note on deficiency diseases of proteins

3) Give qualitative tests of proteins. .
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CHAPTER
2

Carbohydrates

CARBOHYDRATES

2.1.

2.1.1. Introduction

Carbohydrates are organic compounds with general formula O...ENOV_.. They are
composed of carbon, hydrogen, and oxygen having the ratio of oxygen and
hydrogen atom 2:1. Carbohydrates are regarded as hydrates of carbon, but
structurally they show resemblance with polyhydroxy aldehydes and ketones.

Carbohydrates are the primary source of energy as cells utilise omlwo:%&dﬁ
directly for cellular respiration in the presence of oxygen. At the end of reaction,
carbon dioxide, water, and energy is obtained (in the form of ATP), as shown

below:

CeH 206 + 60, — 6CO, + 6H,0O + Energy

Carbohydrates contain the following functional groups:
1) Alcoholic hydroxyl groups (—OH),

2) Aldehyde group (——CHO), and

3) Ketone group ( N =Q.

\ﬁ
2.1.2. Chemistry ‘ 4 .
Chemistry of carbohydrate molecules can be studied on the basis of following
points:

1) Open-Chain Forms: It includes: . o
i) Asymmetric Carbons: All monosaccharides show optical mo:SJ.. due to

the presence of an asymmetric carbon (carbon bonded to four a_mwo.nna

atoms or groups of atoms). The nomenclature of monosaccharides
involves designating them as L or D by comparing the glyceraldehyde

structure.
O O

/ /

Cc—H C—H

_ _
HO—C—H H—C—OH

CH,OH CH,OH

L-Glyceraldehyde D-Glyceraldehyde

A D-sugar matches the configuration of D-glyceraldehyde around 9«.
asymmetric carbon, farthest from the aldehyde or ketone group;
similarly, an L-sugar matches the configuration of L-glyceraldehyde.
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similar reactions occur between a ketone and an alcoho ; oure 2‘1)
formed. Cyclic hemiketals are formed by ketoses. like fructose hgt f q).
i) The occurrence of cyclic forms of sugar is frequent than that of open-

chain sugar structures.
ii) The ring structures of sugars can
furanose) or a 6-membered ring (called pyranose) (figure 2.1).
iii) Anomeric carbons are new asymmetric carbons (e.g., C-1 in glucose)
created by cyclisation during formation of hemiacetal and hemiketal:
a) If the —OH group on anomeric carbon lies below the plane of the
ring, the sugar is a (figure 2.1).
b) If the —OH group on anomeric carbon
ring, the sugar is f.
iv) By the process of mutarotation, o and f sugars in solution slowly
change into an equilibrated mixture of both.

¢ carbon atopy,

ach other. They rotar,

conft
(o the same exieny

or IMages of ¢

¢ directions
Jtiomers may be:
arised light 1o the righy

ed light to the lefy
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21 Cyclic Haemiacetals ur in linear or cyclic forms. The

have either a 5-membered ring (called

lies above the plane of the

! "HO 1 H,OH 1 CHO
2 HCOH 2 C=0 2 HCOH
3 HOCH 3 OH—C—H 3 HCOH
4 HCOH 4 H—C—OH 4 HCOH
5  HCOH 5 H—C—OH 5 CH,>OH
6 CHOH CH,OH

D-Glucose D-Fructose D-Ribose

OH H

HO OH

a-D-Glucopyranose a-D-F
" -D-Fructofuranose
Figure 2.1: Representati B-D-R bof uranos
identify Carbons in‘:: I osaccharide Molecules, The Numberi ¢
e Open-chain and Cyelic Struct ring System to

(*arbohydrates (Chaptet
1 Glycosidic [inkages: [ . , ‘ -
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iv) Polysaccharides: It includes (table 2.

ﬁ’olvsaccharides | Importance

react to ,vvhl‘l-‘,..hq;‘ri. '
[ [ w~1th another sugar
disacchanides (table 2.1 Inca

astde 1s a trisacchar Je, ar

the gl
Table 2.1: Phy siologically Important Disaccharides
Disaccharides Components Sources
La . c
Maltos<e icose + glu
Sucrose 6, e + fru Cane and pee
1 1 A . o MAINE ) left
Nomenclature: Con nally, glycosidic linkages are nasned from el
1-1.2 glycosidic hnkage

to right. e.g., sucrose has ar

ived lwensidic linkage, 1s

A free anomeric carbon atom. not involved i 4 2 veosidic linkage, |

present in a reducing sugar The free aldehyde or ketone group reduce
.0t

the Fehling's solution (an alkaline copper reage

Unlike the linkages present in simple carbohydrates. the oxygen bridge
is berween the anomenc

present between glucose and fructose in sucrose
carbons: thus, sucrose is not a reducing sugar
CH-OH
‘———1‘
/\lni i —1(/ :;'4
””‘\L—" - f—j('m:n

OH

OH
Sucrose (a-D-glucopyranosy |-3-D-Fructof uranosice
2.2):

a) Starch: Chemically, it occurs as a mixiure of amylose and
amylopectin. It is the storage form of glucose in fruits and vegetables.
b) Glycogen: It occurs as a highly branched form of amylopectin. It is
the chief storage form of carbohydrates in liver and muscles of
animals.

Cellulose: It forms cell wall of the plant cells. It does not undergo
hydrolysis or digestion in the presence of human enzymes. but is an
important source of dietary bulk fibre.

Table 2.2: Ptﬂsio!qgignllgjmgqrtaut Polysaccharides Composed of Glucose

c)

Linkages |

Component of dietary starch.

Amylose ‘[ «-1.4 linear J’

Amylopectin [ «-14linear+ a- | Component of dietary starch. ‘
1.6 branching™ ‘

Cellulose B-1.4 linear ‘ Non-digestable component of plants.

Glycogen a-14 linear +a- | Major storage form of carbohydrate in animals.

| 1,6 branching®

*In amylopectin, branching points oceur every 25-30 glucose residues. In glycogen, they

occur every 8-10 residues.
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] (arbohydrates (Chapter 2)
:<m in Carbohydrates . e ‘cal isomerism, a
lsom('nsm‘ﬂ-! Uf ommonly found isomerism is OpHce R nd A1 FeT BORAS e a3 ,
In carbohiydrates. 7 molecule contains one OF more chiral carbon atop, ' ald hvd ‘ sugars hecaiise they have the same configuration as D-
usually encountered when 2 molec ber of optical jsomers in carbohydrates, j glyceraldehyde on the penulumate carhon stom  There i necessarily no
With the existence of 8 Jarge num o e nomenclature of configuration L};)I’I’[C)Qpﬂﬂdcn;l hetween the D- and L-designation and optical rotation. Some of
3 N y ¢ ¢ upou the D-sugars have (+)-rotations hile others have .
necessary (o have a reference €Ol g o il cithee. e Yool S
- wes a chiral carbon atom
The si <accharide  that  posses! . M : ) )
“nuehﬁmpl?de1 mon‘o‘ sed to relate the configuration of sugars. Since the ,' v D-L system is used to describe the configuration while the d. | designation
Lo e b: atom. it can exist in IWo optically active form indicates the sign of optical rotation or which way a sugar rotates the plane of
} : ~arbo! _ it can XIS ) ) 3
compound has ooe .chlral carbon ¢ polarised llg‘ht This must be determined experimentally by a polarimeter. The D
(roprernted below): (CHO CHO and ]_‘ configurations are determined by the bottom chiral carbon and the
e pEn » enantiomer of the D-sugar 1s always a L-sugar
H WOH ! : +HOj CHO
L ] Le=d
CH-OH CH,OH H—d— o511 ol .
d HO—+—H H—d—OH
D+ )-Glyceraldehyde L-(-)-Glyceraldehyde H—
o : : H=1—0H H —— O}
It is apparent that these two forms are related to each other by a mirror image 1. T OH
relationship, and they have the same physical properties. But they differ in the H—ﬂ—;-un Ho=14= 1
direction in which they rotate the plane polarised light. The isomer that rotates ClGii o
d the symbol D-(+) as a prefix to
D-Glucose L-Glucose

light in the clockwise direction has been assigne
indicate that it is a dextrorotatory compound.
D-fructose is a structural isomer of the other three hexose It is a ketose rathe
) . . o ae €S. 1L 1S ketose ratner
describes the sign of rotation and the !etter D lndlC'ateS the than an aldose. The three aldoses are stercoisomers. since no one of the three is
dehyde. In this representation, the an enantiomer of either of the other two (they are diastereotsomers). If two
optical isomers are not enantiomers, they are related as diastereoisomers

The symbol (+)
ing from top to bottom) or the

absolute configuration shown for glyceral

highest numbered chiral carbon atom (count
penuitimate carbon atom has the hydroxy group on the right when the aldehyde
groqp'ls written at the top of thc formula. Such sugars are said to belong to the D- There is also no simple relationship between the D-L system and R-S system.
lﬁ_affr:gd ‘l‘h;.:h enagt;j)me{s having the hydroxy group to the left side belong to the The R-S system is used to specify the configuration of each chiral carbon atom in
b y. The D-L system of the nomenplature was proPosed by Rosanoff in a molecule but the D-L system is used to specify the configuration of a particular
. This system specifies the configuration of only the highest numbered chiral gars, the D-L system is
simpler.

carbon atom.
2.1.3. Role =~

;I;h;; i,l-lijm wcrz;lnd:]u; be Itllamed on the basis of the absolute configuration of D-
ot gzlvc il dzx;;)rota“t?; f(iuf:n;hnzfo::?{)fn;;?; aslzglell;sd gno‘:fﬁ:d::}i:;? ’I)‘}%ological si.gniﬁcax}ce of carbohydrates is discussed as follows:
b S L e T o e
il ;y They are involved in the breakdown of fatty acids and preventing ketosis.
4) The glycocalyx present on the ¢

given below:
proteins. The glycocalyx is invo

enantiomer that might contain many chiral carbons. For su

ell surface is composed of carbohydrates and
lved in biological recognition processes of

HO CHO CHO
By~ H_"_ OH L0 immunoglobulin and MHCs.
HO——H HO——H HO——H ey are major dietary fibre (cellulose) and are used as the flavouring and
sweetening agents.
H_—m - T — . . .
. HO T H H OH 6) Derivatives of cellulose (such as cellulose nitrates) are used in explosives,
A= T,-0H H"‘]"—OH T B lacquers, celluloid, and collodion. Cellulose acetate is used in
I 1 1=OH ) .
photographic film and packing materials.
CH,OH CH,OH i .
CH,OH 7) Carbohydrate molecules function as a key component in various central
D-(+)-Mannoee D{+)-Galactose Do) Fructose ’ ,_}r/netabolic ;!)alhways and thus regulate metabolic processes in thf body.aN .
Q Cg}(b? hy ke apt (a0 Cons o ¢ [LM mory 04
ComPoundl (far’ 0mino 0 0sds)

N
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( qdht as glycogen in hver and mug|,
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| as stored forms of energy
‘ fpnlyxacch ‘
1o (NAG). along with s¢y

Thus. carbohydrates pro

hi
§)~They also serve
’Q) The bactenal cell w
Muramic Acid tN.-\M
other amno acids link
protection to bacterial cells.
10y Ffiey are important components >
o ccrc.hms‘ldcxmlycolipids)and ganghosides. » I
11) They form the chief components of sulpholipids which are present
chloroplasts and in chromatophores of photosy IlthllL" bacteria.
12) Pentose sugars (ribose and deoxyribose) form an important component

nucleic acids.

12) Heparin (an example of the glye
functions as a physiological anticoagulant.

14) Hvaluronic acid (a carbohydrate derivative) is an important component o
the vitreous body (a clear gel present in the space between the lens and the
retina of the eyébalh of the eye. the umbilical cord, and as a lubricant i,
synovial fluid of the joints.

15) Trehalose (a disaccharide) is the chief component of the haemolymph of
insects, where it serves as the chief source of energy. It is also present ip
veasts and other fungi.

B ntosans (a carbohydrate composed of pentoses) are present in plant gums
and mucilage.

all is made up © :
A). N-Acetyl Glucosamil
ed by peptide linkage.

of brain cells as neuraminic acy

osaminoglycan family of carbohydratc.

17) Many glucosides (carbohydrate derivative from plants) are important drugs,
) p p g
such as glucoside of digitalis is used in the treatment of heart diseases.
/}Kf/lfactose (a disaccharide sugar formed of galactose and glucose) is found in
. milk.

19) Pectin '{a structural heteropolysaccharide) forms the primary cell walls of
terrestrial plants. It is also used in the manufacturing of jellies and to
preserve food material.

| 20) Slallc acid (an accty]' dcrjvalive of neuraminic acid, sugar acid) is present as
a chief component in tissues especially in the mucins and blood group
substances. Sialic acid with glycolyl group substituted in neuraminic acid in

the place of acety! group is found in salivary mucin and erythrocytes.
21) ;Pl:'oteoglywns (highly glycosylated protein molecules) are important for
sorption by fibroblasts, as receptors and carriers of macromolecules, cell

glow[ll ngUl&lOls. dnd a]SO "]ﬂuence [he IOtCI'l] Sy“t 1S a d ]]]lldllucledl
e %
. p hes S an

22) Inulin ( homo-polysaccharide) is used for
23) Chondroitin sulphates A and
cartilage, tendons, and bopes j
sulphates are sulphated glyc i
alternating sugars.

) Agar-agar

clinical purposes in clearance tests.

) is used in the : :
A Ge et . preparation ol
and is utilised in laboratories as culture media.

@ @g%‘fg sl foot puders oo

arides murein, N-A( ’

des Tnsacchanides Tetrasacchandes

Figure 2.2: Classificalion oY Carmomyarates on the Basis of Complexity

The above mentioned classes of carbohydrates are discussed below

i) Sugars: These are sweet, crystalline, and water-soluble carbohydrates of
known molecular weights. Sugars are further sub-divided into
a) Monosaccharides: These are unit carbohydrates with polvhydroxy

ol aldehydes or ketones. These sugars are simplest and non-
e W7y hydrolysable.»
T > c\~ - Ce¢H -0, - H-0 — = 5 No reaction
( é -
A7 O Glucose or Fructose
o C Depending on the type of carbonyl group and the number of carbon
; atoms in a molecule, monosaccharides are classified into:
' Aldoses (with aldehyde group)
1 * Type of carbonyl group < PRSP
y ) Ketoses (with ketone group)
o AV O ® Number of carbon atoms, e.g., trioses. [etroses. pPentoses,
T hexoses, heptoses, etc,.
A 'Y N\ “-
) b) Oligosaccharides: These are simple sugars with 2-10 units of
) monosaccharide. Oligosaccharides are further classified into:
A A % . 3 .
\\‘ /\ ¢ Disaccharides: These are sugars which hydrolyse into 2
o v\ a0 molecules of the same or different monosaccharides. For
) w\q\\j;‘m example, sucrose hydrolysed into a molecule of each glucose
{ ~ -
[ \”"3 \ ((aldohexose) and fructose (ketohexose) ™
I (\,\ .. i'ﬁs’accliarides: These sugars are hydrolysed into 3 molecules
( ‘l of monosaccharides. For example, raffinose (C,sH;;06) is

hydrolysed into galactose, glucose, and fructose.

Tetrasaccharides: These sugars are hydrolysed into 4 molecules
of monosaccharides. For example, stachyose (Cy;Hi:0sp) is
. . S—— .
hydrolysed into 2 a-D-galactose units, T @-D-glucose unit, and 1
~ j p-D-fructose unit,
; .
\\\D,_/

\\.‘ \—
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Figure 2.2: Classification of arbohydrates on the Basis of Complexity

tl'hc above mentioned classes of carbohydrates are discussed below:
i) Sugars: These are sweet, crystalline, and water-soluble carbohydrates of
known molecular weights. Sugars are further sub-divided into:
ﬂ_)l Monosaccharides: These arc unit carbohydrates with polyhydroxy
3./ aldehydes or ketones. These sugars are simplest and non-
J"}). hydrolysable.
\ = ~ -
A CeHy-0,
Glucose or Fructose

Depending on the type of carbonyl group and the number of carbon
atoms in a molecule, monosaccharides are classified into:

Aldoses (with aldehyde group)

H,O —“—r No reaction

® Type of carbonyl group <

e Number of carbon atoms, e.g., trioses, (elroses, penloses.
hexoses, heptoses, etc,.

¥ - . - ‘ o

| _b) Oligosaccharides: These are simple sugars with 2-10 units of
)\ monosaccharide. Oligosaccharides are further classified into:

Ketoses (with ketone group)

5

e Disaccharides: These are sugars which hydrolyse into
molecules of the same or different monosaccharides. For

- \
>y ~
A" A example, sucrose hydrolysed into a molecule of cach glucose
\'3')) | [(aldohexose) ind fructose (ketohexose).™

f}\ e Trisaccharides: These sugars are hydrolysed into 3 molecules
of monosaccharides. For example, raffinose (CisH201e) is

hydrolysed into galactose, glucose, and fructose.

\( o Tetrasaccharides: These sugars are hydrolysed into 4 molecules
of monosaccharides. For example, stachyose (C 5sHs:0:1) is
I Stachyose,

hydrolysed into 2 a-D-galactose units, 1 -D-glucose unit, and |
B hydrolysed 1nto
\\/ : ? p-D-fructose unit, —
] b

{ \l‘u\lﬂ ‘ \\ .
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: | ] < charides: These are tasteless, amorphoy, carbohvdrates (Chapter 2) = ®, \\/ ﬁ 1 > 17
A . Non-Sugars of Polysat " form o colloidal suspension j, . " ~ 7 '

- ii) Non-Sugar: e solids which M ipaiL 2 = 10wy,

: > S s @ aire ¢ o [T . )
w ater-insoludle T 10 T8 of high polymers, e.g.. their ”‘”lu.,]r 2.1.5. Qualitative Tests /
- e s v i

i Therr Pm,p‘imc'\_‘.l, -m“]\‘_‘) Dispite Deing tasteless. they form Common tests which are carried out tor 1dentification pi carbohydrates are given

| weight ""r_":.a:j%?);cef.%#\\'hen hydrolysed and when treated with "'lu‘l“ helow. J-gm s, B 5 Yol fed

| monosacchande n'.  nolysaccharide made up of glucose uig B ]" 1) Aehling’s Solution Testé In this tes. | Zmi cach of the Fehling 5 solution A

‘1 acids. Cellu!os? “ 4 t’ 'hc Jonts to puild their structural skeleton 1 and B are added 1o few drops of the 1 sotution and hotled for g leve minutes

1 linkages and is utilised by the pi o o | A yellowssh-red colour appears tha u afirnus the prc:cine of 4 reducing sugar.J)

‘1 Basis of Reactivity: On the basis of reactivity, carhohydraeg A i) Fehling's Solution A: This reagent is propared hissolving 34.65gM

i 2) On t.l;_e i T:m : ’ ling” copper sulphate in distilled wates | making the ~olume up to S00m|

1 classified ? . . 5 @ "

‘ ;h l;educing Sugars: These sacchanides reduce the Fehling’s and Tolley, ii) Fehling’s Solution B: This rea cnt s preparcd by dissolving 125gm

{ reagents. ) potassium hydroxide and 173 1 Rochelle salt (potassium  sodium

i ii) Non-Reducing Sugars: Thesc saccharides do not reduce the Fchlmg‘\ tartrale) m/l,/\llllcd water and ma.ing the volame up to 500ml

‘l and Tollen’s reagents. 2)/Mf)lisch Tesl\r\il members of carbenhydrates give a positive result for this
Table 2.3: Differences between 2 Reducing and Non-Re!i_lLCiEﬁ.EE{‘.“L,,, test. In l'hlS l'es;l, l;l,dmg:; of Mci.ch s reagent (5% of 1-naphthol in

e Reducing Sugars __Non-Reducing Sugars | alcohol) is mixed with 1-2ml of re:' solution. About lml of concentrated

ositive resul ‘ sulphuric acid is added along the \-cmncmthc

st“m results _AGive negative results to:
: 1) ang” 3 .v".f_—__ . . -

i) Tollens’ test . i) Tollens” test junction of the two liquids due to the reaction between a-naphthol and
Ag" (antimonial complex) = Ag v furfural and/or due to the denvative: formed by dehydration of sugars with

|
1
i Silver miror . s N\ 1o .
Clear solution i | concentrated sulphuric acid. R k! TS F 1 H30uT _sa
| r 2 "

i) Benedict's test A
Cu*(citrate complex) = Cu0 ii) Benedict's test | 3) Osazone Formation: A sugar on heating with phenylhydrazine -
Clear bluc solution Yellow-r2d : hydrochloride. sodium acetate. and acetic acid forms yellow crystals of o~
(precipit te) . ‘
in)  Fehling's test ) iii) Fehling’s test | osazone.
Cu™ (tanmaie complex) = Cu0 - ‘ 4) Resorcinol Test for Ketoses (Selivinoff's Test): A crystal of resorcinol is
Clearfilue soluton Ye“(?.wf:r“{) i added to the solution and heated viith an equal volume of concentrated
i Sh;w mutarotation Wv‘li"‘r‘fji“ 2) Do not show mutarotation. ‘ ?y(i‘rtocfhl(l)]ric aCi(,i' lT,}:ﬁ, E)in{(d COl(i\.u r is produced in case of ketoses (e.g.
3 FU“CUODa}I{u"iB present are: 3) Functional units present are: ASHOSE: HOMEY, O oty Ser TRt
[ . & H ‘ 5) Test for Pentqses: A solution of the material is heated with an equal volume
—C—C=0  a-Hvdronaldehyde \(‘/ Acetil of hydrochloric acid containing a little phloroglucinol. A red colour is
J}H - (_’/ \OR . ‘ formed in case of pentoses.
| ‘ | 6) Furfural Test: A carbobydrate sump v is heated in 2 (est tube with a drop of
—C—( cellydroxvketone | syrupy phosphoric acid to convert t o furfural. A disk of filter paper
g | (')H (Il ! ! & R moistened with a drop of 10% solutic of aniline in 10% acetic acid is placed
‘ . ] \(‘/ over the mouth of the test tube. The Fotton of the test tube is heated for 30-
| u\c / o/ ' ' \OR Ketal ‘ 60 seconds. A _pink or red stain appeacs on the reagent paper.
C/ Non L/L\( " ! - 3 7)/Benedict's est: [n this test, 1-2ml of Benedict's reagent is added to 5 drops
Hemiacel HermifCensl | ‘l of the test sclu on, boiled to.l 5 minuies in a water h‘:l[h. and then cooled. A
4)  For example, _@0\5 T yellm_v or broypnish-red precipitate 2 pears that confirms the presence of a
and Lactose. ’ ‘”e‘T 4) For example, Sucrose. ) reducing snga?enedlct’s-reagem is prepared by dissolving 173gm sodium
3) On the Basis of Func‘t-i;;;].;}: “_’.‘ “"—“—f-»~--——~—_—J citrate and 100gm sodium carbonate in ahout 500ml water. The solution is
present, carbohydrates are c]assme(()julps..()n the basis of functional groups h;ated to dissolve lhe‘salts and filtered (if required). 17.3gm copper su'lphate. is
i) Aldoses: These are al ehydes i ,j;lt,o' . dl.ss$)lve(l separatcly: in 100ml water and :}ddctd to the above solution with
Ry S Widh a reactive aldehydic (CHO) group, e.g, 8‘)}ﬂ'mg and volume is made up to 1000ml with water. 142 8 (ce,o 4 ST 4
i) Ketoses: These are ketones wiyi . }y” Tollen’s Test: In this test, 2-3ml of an aqueous solution of carba\yd%atz_i? 18
fruckie. s 1'a reactive ketonic (C=0) group, e.g., taken in a test tube and treated with 2-3m! of Tollen’s reagent, followed by

boiling in a water bath for 10 minutcs. A shining silver mirror indicates the

2m
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o Tollen's reagent 1s prepared hy ady,

Then, ;lddlllg NH,OH solution (h”l\ .
a solution of Tollen's reagen

carbohvdrat
Y, solution. 1
od to pive

presence of redoang _
NaOH solution 1 -\):f\i( l
L NNRIAY
fl the precipriare 1t . s
o [ Inly starch gIVes this test. which few drops of fosdl
| N ) ) 1 o > ¢ 2 .
V) dodine 'Iesl.\;‘_’n. [ml of test olution. A deep blue colour (vlm?‘Ldr\ due
o e m‘\ \r‘w"h in the solunion which forms a complex with jodipe.
¢ ¢ 0 slan '
the presence oy S
! ® drate Metabolis
2.1.6. Diseases Related to Carbohy st
.1, tabolism of carbohydrates (such as galactose. fructose. and gluc,.,
C 5 ¢ i \ 4 e
l{"n(h" l’:‘t :z\mm” pathways are involved. Disorders affecting these pathw,,
ifferemt enzVmaud i AR : ‘ : wa,
;\mduc(' mild. severe. or even life-threatening symptoms. The resulting clip;(
features are hypoglvcaemia, liver enlargement. and muscle pain. With the help o
dietary interventions, most of these disorders can be controlled and even treate|

2.1.6.1.  Diabetes Mellitus (DM) o
According to the WHO. diabetes mellitus is defined as “a metabolic disorder (

multiple etiology characterised by chronic hyperglycaemia with disturbances
carbohvdrate. fat and protein metabolism, resulting from defects in insuli,
secretion. isulin action. or both™.

On the basis of chinical stages and the etiological types. DM can be classified
follows:
11 According to the Clinical Stages: Based on the clinical stages, DM can be
classified as:
1) Insulin Requiring for Survival: This corresponds to the former clinical
class of insulin-dependent DM.

it) [nsulm Requiring for Control: This class is characterised by the
requirement of insulin for metabolic control rather than for survival.

1) hjon-lnsulin Requiring: This includes those individuals in whom
diabetes can be controlled satisfactorily using non-pharmacological
methods or drugs, without the use of insulin.

The latter two types correspond to the former class of non-insulin
dependent DM.

2) Accordmg to Etiology: Based on the etiology, DM can be classified as:

1) Type l‘ DM: This type is characterised by destruction of B-cells (insulin-
prodpcmg cells) and thus insulin is required for survival. This type was
previously referred to as insulin-dependent diabetes (though the term is
obsolete now ) and can be further classified as: ‘

a) Type 1 Immune-Mediated DM: In this
fieslrucu'on of B-cells occurs. Other te
msulm dependent diabetes or Juvenil
begin during childhood).

b) Type 1 Idiopathic DM: This fo
and the B-cell destruction is due

type, autoimmune
rms for this type of DM are
e-onset diabetes (since it may

Tm 1S not related to autoimmunity
to unknown causes,

(arbohydrates (Chapter )) 39

iy Type 2 DM: Ths type 15 characterised by disorders of insulin action and
insulin secretion. Patients have relative msulin deficiency (in contrast to
absolute insulin deficiency i type | diabetes)

[tis also known as adult onset diabetes and was earlier referred 1o as
non-insulin dependent diabetes (though the term 15 obsolete now )

iii) Other Types: This includes those 1n which the underlymg defect or
disease process can he identified n a relatively
fibrocalculous pancreatopathy

specific manner, e.g..

Causes
Etiological factors for DM include
1) Genetic Factors: DM may be caused by abnormalities in genes present on
different chromosomes and include:
i) Genetic defects of B-cell function.
ii) Mutation in mitochondrial DNA and
i) Genetic defects in insulin action

2) Environmental Factors: These include:

i) Obesity associated with modern living standards,

ii) Steady urban migration. and

iii) Lifestyle changes (including consumption of alcohol).

3) Factors within the Individual: These include:

i) Production of auto-antibodies that destruct B-cells,

ii) Deficiency in insulin synthesis and secretion,

iii) Insulin resistance (because the cells do not respond to the insulin
produced),

iv) Presence of diseases that may extensively damage the pancreas causing
pancreatitis,  trauma, infection, pancreatic  carcinoma,  and
pancreatectomy, thus, resulting in DM,

v) Excessive secretion of hermones (e.g., growth hormone, cortisol,
glucagon, epinephrine) that antagonise insulin action,

vi) Impairment of insulin secretion resulting from the excessive
consumption of drugs, and

vii) Infections caused by viruses that cause B-cell destruction.

Symptoms

The signs and symptoms of diabetes vary widely depending upon the increase in

blood sugar level. The characteristic clinical manifestations of DM include:

1) Onset of Disease: Type 1 DM usually begins during childhood and
progresses rapidly. This is termed juvenile diabetes. If it begins in adults,.u
progresses relatively slowly and is termed as Late Autoimmune Diabetes in
Adults (LADA).

2) Appearance of Symptoms: In patients with type 1 DM, symptoms appear in
the initial stages and are more severe than type 2 DM. Patients with type 2
DM may experience the symptoms at a later stage and may not show any
symptoms during the initial stages.
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1 Ketoacidosis
of the preakdow
avarlable insulin). ;

i) Presence of glucose 10 ur'w ‘s‘

i) Polvdypsia unereased ”«H;’\. .“

v Pni:\ una poerease i the rn.rq)

v) Polyphaga (extreme huyg}:: .

vi) Unexplained loss of weight.

vit) Fatgue and headache.

viin) Irmitability, ‘

) Blurred vision, and

x) Freguent infecuons, Wi

1 of musc!

ency ol unn.umm.

h the retarded healing of cuts and wounds.

the following tests: ' |
n mptoms  of diabetes, including

diagnose diabetes.

Diagnosis of DM ¢

1) Clinical Examinati
polydipsia. polyphagia. and po

2 ] : These tests include: ‘ |

| ‘l:a b:’rr?nt:r}'r';e:st? Urine is tested to detect the presence of glucose
(glycosuria) and ketones (ketonuria).

ii) Single Blood Sugar Estimation: Fasting plasma glucose value (126
mg/dl) indicates the presence of diabetes.

Tolerance Test (Oral GTT): The values considered
described in table 2.4:

an be made. based 0 :
tion: The classical sy
lyuria help to

iii) Oral Glucose
abnormal. detecting diabetes has been

Table 2.4: Criteria for Diagnosis of Diabetes by Oral GTT as per WHO

Patient Status Plasma Glucose Value’ Diagnosis
1) Fasting value | Below 1 10mg/dl (< 6.lmmol/L) | Normal fasting value
2) Fasung value | 110-126mg/dl (6.1-7.0mmol/L) | Impaired “Fasting
[ Glucose (IFG) ‘
2) Fasting value ' 126mg/dl (7 Ommol/L) or more | Diabetes mellitus |
4) Two-hour after 75gm | 140-200mg/dl (7.8- | Impaired Glucose "
| oral glucose Joad 11.1mmol/L) Tolerance (IGT) ** [

5) Two-hour after 75gm \' 200mg/dl - (11.1mmol/L) or | Diabetes mellitus l
oral glucose load | more ‘

6) Random value | 200mg/dl  (11.ImmolL) or | Diabetes mellitus
1 | more in a symptomatic patient J

Note: * Plasma glucose values are 15% higher than whole blood glucose value.
* Person with [FG and IGT is at increased risk for development of Type 2 DM later.

3) Other Tests: These include:

i) Glycosylated Haemoglobin (HbA1c): This test detects the three-month
average plasma glut;osg concentration. An increase in the fraction of
glycated haemoglobin indicates an increase in the average amount of
plasma glucose over the past 3 months.
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ii) Extended GTT: Oral GTT is extended for 3-4 hours for detection of

symptoms of hyperglycaemia

iii) Intravenous GTT: It 15 used in place of oral GTT in patients with
intestinal malabsorption.

iv) Cortisone-Primed GTT: It is a useful aid for individuals who have a
probability of diabetes.

v) Insulin Assay: It measures insulin level in plasma by radioimmunoassay

and ELISA techniques
vi) C-Peptide Assay: C-peptide is a marker of insulin production.

Treatment
1) Non-Pharmacological Approach: This includes dietary treatment. along

with proper physical exercise:
i) Diet: Dietary treatment should be aimed at:
a) Controlling weight,
b) Restriction of cholesterol consumption,
¢) Avoiding excessive salt intake,
d) Use of artificial sweeteners in moderation and restricting nutritive
sweeteners (sorbitol and fructose), and
e) Planning of meals such that they are evenly distributed throughout
the day, maintaining the consistency of food timing and energy
intake, especially in patients taking insulin.

ii) Physical Activity: Regular physical activity and exercise are
recommended as it promotes weight reduction and improves insulin
sensitivity, thus, lowering blood glucose levels.

2) Pharmacological Approach: This includes:
i) Insulin: Drugs used for insulin therapy can be categorised as:
a) Drugs Improving the Availability of Insulin: The drugs included
in this group are:
¢ Exogenous Insulin: Insulin is administered exogenously in the
form of insulin-zinc suspension (Lente insulin), isophane,
protamine zinc insulin, and insulin analogues, delivered through
insulin syringes, pen devices, inhalations or pumps (that can
either be inhaled or implanted).
¢ Sulphonylureas: These include tolbutamide, chlorpropamide,
glimepinde, etc.
e Meglitinide/Phenylalanine
repaglinide and nateglinide.
b) Drugs Overcoming Insulin Resistance: The drugs included in this
group are:
e Biguanides: These include administration of metformin.
¢ Thiazolidinediones: These include rosiglitazone and pioglitazone.

e a-Glucosidase Inhibitors: These include acarbose and miglitol.

Analogues:  These include
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a-Glucosidase Inhibitors: These include acarbose and miglitol.

logues: These include repaglinide
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rosiglitazone and pioglitazone.

c)

2.1.6.2. Galactosaemia . . ) -~
Galactosaemia (galactosemia) is a genetic disorder resulting when the ability to

metabolise galactose sugar is hampered. The literal meaning of term
oalactosaemia is excess of galactose In blood.

Cause . '
The absence or non-functionality

Uridvlyltransferase (GALT) enzyme leads to galactosaemia. This enzyme
:‘rese.m.in liver is responsible for the breakdown of galactose (a sugar by-product
of lactose found in breast milk, cow’s milk, and other dairy foods) into glucose.
When this conversion does not occur, galactose and its by-products (galactose-1-
phosphate) accumulate in the tissues and blood, and also affect other body parts.

of Galactose-1-Phosphate

Symptoms
Galactosaemia produces the following symptoms within several days or weeks
after birth:

1) Appetite loss,

2) Jaundice (yellowing of skin and other body parts),

3) Enlargement of liver,

4) Liver damage,

5) Abdominal swelling due to fluid accumulation,

6) Abnormal bleeding,

7) Loss in weight, and

8) Increased risk of infection.

Diagnosis

Galactosaemia is diagnosed with the help of tests performed during a regular
screening of the new-borns. A blood test is performed by withdrawing blood
from the heel of the baby to detect the high levels of galactose and low levels of
enzyme activity.

A urine test and genetic testing can also diagnose galactosaemia.

Treatment

The most common treatment for galactosaemia is consumption of a low-
galactose diet. Thus, intake of milk and other foods containing lactose or
galactose should be avoided. There is no cure for galactosaemia. nor is there any
medication which could replace GALT enzymes. ,
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Only a low-galactose diet can prevent or reduce the risk of some complicat;
(but not all of them). In some cases, children may suffer from s eccr;lltldtll'(m‘
learning disabilities, and reproductive issues even  after lulkri)n e fly;
precautions. However, speech problems and delays can be im rove(tjg brcq’umd
speech therapy, along with the treatment plan, p y taking

2.1.6.;&. Fructose Disorder ( Hereditary Fructose Intolerance)
Hercdltar'y Frqclose Intolerance (HFI) is a condition in which the abilit of th
affected individual to digest fructose is hampered. Fructose is present iryl frui y
sucrose (table sugar), and infant preparations containing sucrose » e

Cause

HFI results due to the deficienc
. . y of fructose-1- )
present in the liver. e-1-phosphate aldolase enzyme,

Symptoms

HFI produces symptoms after fmctose ingestion, thus they appear later than those
of galact'oserma. Eallure to gain desired weight, vomiting, hypoglycaemia, liver
dysfunction, and kidney defects are some symptoms of HFI. ‘

Liver and kidney gets damaged if foods containing fructose are ingested
freque.ntly. Secondaw complications like hepatomegaly (enlargement of Tiver)
?md c{rrhosw (chronic liver disease) may also occ;r due to liver damace I%
ingestion of fructose is continued, seizures and coma may occur ang .lh
1nd1v1.dual ultimately dies due to liver and kidney failure. Since the s ‘m tomz
expel‘{enced due to fructose ingestion are severe, most of the i;:iivfduale
suffering from hereditary fructose intolerance start disliking fruits, juice d
other fructose-containing foods. e

Treatment

The treatment of HFI involves a strictly controlled diet of the patient. All
fru<.:tose.~, sucrose-, and sorbitol-containing foods are strictly eliminated Afrom
their dal.ly diet. Diet control eliminates the symptoms, which however relapses on
consurmpg fructose, sucrose, or sorbitol. If the liver disease has reached a life-
threatening stage, liver transplantation is recommended for treating HFL.

2.1.64.  Glycogen Storage Diseases (GSD)
A constant glucose supply to the brain, RBCs, and adrenal medulla (the inner
portion o'f adrenal gland) is essential for the proper metabolic functioning of the
b;)dy. This supply begins in the small intestine, where transport proteins facilitate
EIUCOSC 'uptakc? into the cells lining the gut. This glucose then enters the liver via
ood .CIrculatlon, and is stored in the form of glycogen. This glycogen breaks
down into glucose, which is released into the blood in times of starvation, fasting,
gr when body. suddenly demands energy. Muscle tissues also store glycogen, which
egrades during exercises. Degradation of glycogen to glucose is facilitated by
Some enzymes, which if gets blocked results in accumulation of glycogen in the
liver or muscles; thus resulting in Glycogen Storage Diseases (GSD).

Tfable 2.5 enlists the types of GSDs, along with the defective enzymes,
affected organs, and some characteristic features:
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Table 2.5: Glycogen

— |
Name

Type
1 {von

|disease (type 1
| glycogenosis) {
|

|
‘ I

I 'Pompe’s
|disease
l |

B

i

Storage Diseas

Gierke's|Glucose
phosphatase

glucosidase (acid|
maltase) 1'
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|
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s — Biochcmical Lesi
Features

—— idney, Glycogen
" 6—‘L|\:c‘r. klAd‘n?'l
and intestine |
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1 (Binchcmi.\lr_\ and Clinc

ons and Characteristic

|~ Characteristic Features
Organ(s) |
an"’l"ed ‘l ) accumulates  ip
hepatocyles and rcnnl.w“\
enlarged liver and Kidney,
fasting h)'poglycnmm;.‘
lactic ilCil-(lcmld.‘
l\)‘ptl'lipidc}r}ia. ketosis, and
gouty arthritis. il
Glycogcn accumulates  in

|lysosomes in almo_st all the
‘lissues. the heart is mostly
involved, enlarged liver un‘d
heart, the nervous system is
also  affected. and death

occurs at an early age due 10;

| heart failure.

; i Branched-chain  glycogen|

Lo e dnsease]Amqu a_1.6'\lr;:l‘1,secrie and|accumulates, liver enlarged,

) (timit e ;glUEOSldﬁi heart . clinical manifestations arcj

; dexm?Osxs. (Rehiog Jeucocytes  |similar but mildq compared|

i giorbe S) enzyme} (o von Gierke’s disease. |

| — i i lycogen

'S 4-6/Most tissues |A rare disease, gly .

v gins::srzon ) tcr;zlilrln(sxf);:alse cirrhosis of lhe_ liver, l.and‘
(amylopectinos |(branching impa1_1mcm in iver,

is) enzyme) function. I

,

v McArdle’s Muscle glycogen|Skeletal Muscle glycog;ln gioreg v?r_\l

diseas V|phosphorylase  |muscle high, not available during|

eﬂ(gg; prosphory exercise, the subject cannot

Erm perform strenuous exercise,

suffer from muscle cramps.

blood lactate and pyruvate

’t do not increase after
{ exercise, and muscles may|
l get damaged due o
inadequate energy supply.

VI  |Her’sdisease |Liver glycogen|Liver Liver  enlarged, l}vcr

phosphorylase glycogen  cannot  form
glucose  (pyruvate  and
lactate can be precursors for|
| glucose), mil.d}
' hypoglycaemia and ketosis|
| seen, and not a very serious|
disease. |

VII |Tarui’s disease |Phosphofructoki |Skeletal Muscle cramps due 10

nase muscle and|exercise, blood lactate not

erythrocytes |elevated, and haemolysis

occurs.

Carbohydrates (Chapter 2) 45
GSD may affect liver, muscles, or both. depending on the enzyme affected. In
case of GSP type I (von Gicerke disease), the last step in release of glucose from
liver 19 _dlsturhcd. thereby causing hypoglycaemia. This can be treated by
maintaining @ continuous  glucose supply to the digestive tract (e.g., by
continl{ous drip feedings) in infants and children (in their early age). With the
increasing age of children, the symptoms also improve. Glucose is supplied in
sufficient amounts by repeated feedings of carbohydrates and slow-release
glucose (uncooked corn starch) before the time for bed. ’

Liver transplantation can also cure GSD, but is performed in patients who fail to

respond to the usual treatment or who develop liver cancer. If GSD has affected
the muscles, strenuous exercises should be avoided.

If the earlier steps in glycogen breakdown in the liver are affected, GSD types III,
IV, VI, and IX occurs which lead to milder versions of GSD type L.

2.1.6.5.  Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency
Glucose-6-phosphate dehydrogenase deficiency is an X-linked genetic disorder.
therefore mostly occurs in males. This condition affects RBCs, wh?ch carry oxyger;
from the lungs to other body tissues. In this disease, deficiency of an enzyme called
glucose-6-phosphate dehydrogenase causes breakdown of premature RBCs. This
condition of the destruction of RBCs is known as haemolysis.

Causes
Th? !)a_cterial or viral infections or infections of certain drugs (such as some
antibiotics and medications used to treat malaria

cs and mex _ ) induce haemolytic anaemia
very easily in individuals with GGPD deficiency.

!)eﬁg'enc.y of glucose-6-phosphate dehydrogenase may also cause mild to severe
jaundice in new-borns. Generally, the signs and symptoms of G6PD deficiency
are not observed and the individual remains unaware of such conditions.

Deficiency of G6PD is a hereditary condition which is passed from one or both
parents to their child. It is an X-linked disorder, i.e.,
responsible for the deficiency of G6PD is present on the X chromosome (one of
the tyvo sex chromosomes). Women have two X chromosomes, thus mainly
functions as a carrier of the disease. While men have only one X’chromosome
therefore, haemolytic anaemia mostly occurs in men. ,

Symptoms
Haemolytic anaemia is the |
haemolytic an
rate. The signs
skin and white

the defective gene

. nost common complication of G6PD deficiency. In
aemia, the breakdown rate of RBCs is faster than their production
anq symptoms of this condition are paleness, Jaundice (yellowing of
s of the eyes), dark urine, fatigue, breathlessness, and tachycardia.
Diagnosis

g]ezﬁmency of GGPD can be diagnosed by a simple blood test to check G6PD
ret'yme levels. While complete blood count, serum haemoglobin, and a
tculocyte count tests are some other diagnostic tests used
number of RBCs in the body.
haemolytic anaemia.

to measure the
Thus, the doctor can diagnose the presence of
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2.1.6.6. Congenital Disorders 95&:3: os(y(ljkll)thO:“ previously known ¢
S:mntg?ﬁr:iegl ;lg'm(:’z;ctz;ﬁ syndrome) are diseases affecting braip
and other organs.

Cause

In CDG. the primary biochemical defects occur in the N-glycosylation pathway
n .

which takes place in the cytoplasm, endoplasmic reticulum, fmd u;) :feellfilfé
organelles  involved in  protein a.m} lipid syntl;esxg g
pthphomannomutase-Z (a mannose-processing enzyme) resu t:l m'ﬁed T
{the most common form). Other enzymatic defects have been identified,

biochemical bases of some CDG sub-types are still to be determined.

Symptoms
In infants, CDG type Ia develops low. muscle tone,
development, and abnormalities in the brain.

Children with CDG type Ia have inverted nipples and um_lsual 'distribution of .fal
(mainly in suprapubic and buttock region). Hypoglyf:aenua, seizures, Strol.(e—hke
episod;,s. damaged retina, impaired heart contractility, vomiting, liver disease,
diarthoea, and a bleeding tendency are some other symptoms.

severe delay in their

Treatment N
Any effective treatment is not available for CDG; however, CDG type

(occurring due to deficiency of phosphomannose isomerase enzyme) can be
treated by oral administration of mannose.

2.2.1. Short Answer Type Questions

1) Write a note on role of carbohydrates.

2) Give properties of carbohydrates.

3) Enlist qualitative tests for carbohydrates with details of any two.

2.2.2. Long Answer Type Questions

1) Write a detail not on chemistry of carbohydrates and classify them.
2) Write a note on diseases related to carbohydrate metabolism.

/3.1.1. Introduction
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The word lipid is derived fr
present in all plants and animg| cells. The
or oily organic compounds and are
hydrophobic in nature, i.e.. insolup|e
(chloroform, benzene, ether, etc. ).

m the Greek word lipos meaning fat: universall

y are naturally occurring waxy, greas
known as oils and fats Lipids are
in water but soluble in non-polar solvents

They are present in cell membrane and

5 also found as storage molecules. Thev are
a source of high energ ’

y value, therefore are important constituent of the diet.

3.1.2. Chemistry

Ifi;.)ids do npt hav§ a single common structure. The most commonly occurrin
lipids are triglycerides and phospholipids. Triglycerides are fats and oils with -
glycerol backbone bonded to three fatty acids.

Simple Lipids
S.il'nple lipids comprise of a single type of lipid molecule.
lipids are fatty acids. Another major class is
repeating isoprene, i.e., 2-methyl-1,3-butadie
made up of two isoprene molecules.

A A

A class of simple
terpenes (molecules formed from
ne units). A terpene molecule is

Isoprene

Terpene
| Designation | No. of‘Te;pene Units | No. of Carbons
Monoterpene 1 10 I
[Sesquiterpene | 15 |15 |
‘» Diterpene 2 B 20
| Triterpene L3 30 ]

Examples of terpenes are the diterpene retinol (vitamin A) and B-carotene (a
tetraterpene that acts as a precursor of retinol).

Retinol
(Vitamin A)
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Squalene is a 30-carbon triterpene. which results from tail-to-tail linkage of two
sesquiterpene molecules. It acts as @ cholesterol precursor.
A N A N A X
Squalene
e derivative (cholesterol synthesis involves

Cholesterol is a 27-carbon terpen
removal of 3 carbons from the origin
other reactions). Cholesterol molecule is essen
structure in animals, and also acts as a precursor

al squalene, among a considerable number of
tially required for proper membrane
for synthesis of bile acid.

Cholestreol
HO

Various steroid hormones, including the
progestin) and the glucocorticoids and mineral

of cholesterol. 0 0
H

sex steroids (androgens, oestrogens, and
locorticoids dre also derivatives

Androgen

Progestin
(Testosterone)

(Progesterone)

Estrogen

(0)
0 (Estradiol)
HO

OH OH

MI”’OH

Mineralocorticoid
(Aldosterone)
0

Glucocorticoid
(Cortisol)
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Cholesterol also acts as a precursor for vitamin D (the secosteroid) and 1o, 25-

dihydroxy vitamin D (its hormone derivative).
Foi

la, 25-Dihydroxy-
Vitamin D;

Cholecalciferol

: (Vitamin D4)
N

HO HO

Another class of simple lipid is prostaglandins, which act as signalling
molecules. These are derived from 20-carbon polyunsaturated fatty acids,
arachidonic acid being the most commonly used one; however, @ 20:5 fatty
acids can also be used. Structures of some arachidonic acid derivative
prostaglandins, PGE,, PGF,, and PGI, are given below:

0

0
I i
G C

7z ~ e
o OH HO, K\/\/ -
al PGE; S~ PGF-
N - S ¥
HO' = Ho g
OH gH
PGL,
(Prostacyclin)
\‘ /
N :
HO' H
OH
Complex Lipids

g(():lnezl:]x lipids are produced 'by covalent bond formation between one lipid
i e to another. ”I.'hese lipids have various structural and functional roles
e energy storage, barrier formation, and lipid transport.

bAen t“:!examp;e of a'complex lipid is cholesteryl ester, formed by an ester link
i en a fatty acid and cholesterol. Cholesteryl esters are hydrophobic, and
for cholesterol storage and transport. , e
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Waxes are a type of b

An example of a wax
(9-cis-octadecenoyl stearoate)

Triacylglycerols ) .
Triacylglycerols (previously named as triglycerides) are complex lipids. They

act as energy storage molecules (mainly in adipose tissue), and are also present ?n
lipoproteins. Due to their non-polar nature, triacylglycerols are not present in
membranes. They consist of 3 fatty acid molecules attached to glycerol via ester
links. A triacylglycerol molecule either comprises of different fatty acids, or 3

identical fatty acids.

Glycerol 0
CH,—CH—CH, Il
Triacylglyeerol 07
OH OH OH yigly
CHZ—?H—CHZ
Z
Glycerophospholipids

Glycerophospholipids form the major component of biological membranes. They
are made up of a glycerol backbone attached to fatty acids via ester lini(ages-
However, the thlrd'posnion is a phosphate ester (and not a fatty acyl ester). This
increases the polarity of glycerophospholipid molecules, because ghe hOS‘ hate
group becomes charged under physiological conditions, ’ Pree

Lipids (Chapter 3) )

In animal membranes, an unsaturated fatty acyl chain is attached at the 2"
position. The example shown is 1-stearoyl, 2-oleoyl phosphatidic acid.

()e
O=P—0®©
Position 2
Position 3 0 Position |
Sa (‘H:—(liH——CHZ
|
(0] (O

Fatty acyl chain at
position 2 usually

unsaturated ~a =

Phosphatidic acid

Phosphatidic acid despite of not being a major component of membrane, acts as
a precursor for some glycerophospholipids. Examples of some common

membrane glyceroptiospholipids are shown below:
] 0 CH;

o)
i ® =5
0=P—0—CHy—CH,— N, o=¢ O—CH~—CH:—T—CH3
(I) (I) CH;
CHo=CH—CH, CHa~CH~CH,
0 Os
|
o
y Phosphaudylcholine

Phosphatidylscrine
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HO

o]
|
C ! A
~<. O b
“~a ,
CH,=CH—CH, .
A;\\\ (|) (l)\‘«
Phosphatidy] el §
inositol (N 0
[¢]
Z

Phospholipases enzyme can hydrolyse the ester bonds in a molecule. The
cleavage positions of each phospholipase type are shown in the above figure.
Phospholipase A, removes the 2-position acyl chain (releasing the arachidonic
acid which then converts into prostaglandins or other compounds). Phospholipase
C removes the phosphate (and attached compounds), which leaves
diacylglycerol. The polarity of diacylglycerol

is much less than that of the parent )
glycerophospholipid, and its production can

alter the membrane structure. Diacylglycerol

can also activate the protein kinase C Inositol

enzymes, which alter the cellular behaviour 14,5-triphosphate (1)~ ©
by phosphorylating the cellular enzymes. @
Apart  from releasing diacylglycerol,

0=p—0©

phospholipase C enzyme also releases ol ¢
inositol phosphates, which then alter the (|) ) o=||>—09
cellular functions. The most studied inositol 0=p—0 |
phosphate is inositol trisphosphate, which ! oGS

acts to release calcium ions stored in the
endoplasmic reticulum.
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Ether Glycerophospholipids
Ether glycerophospholipids (or plasmalogens) are another membrane component
closely related to glycerophospholipids. In these compounds, the 1-position chain
is formed from a long chain alcohol (and not a fatty acid). As a result, an ether
linkage to the glycerol backbone is formed. Fther glycerophospholipids can have
a variety of head groups (choline is shown in the example below). They are
relatively minor membrane components, and occur less commonly than the
glycerophospholipids.

o® CH,

_| , e
O—fl’—f)—CH:—CH:—T—CH;
? CH,
CHZ"?”'C[‘H:

o O
|
C\\O

=

Ether Phosphatidylcholine
(1-octadecyl, 2-oleoyl Phosphatidylcholine)

Sphingolipids

Sphingolipids are another minor but important class of membrane lipids. They
are not based on glycerol, but are derivatives of sphingosine (an 18-carbon
amino alcohol containing a trans double bond). Sphingolipids are found in
plasma membranes (of neurons mainly).

@ NH; Sphingosine
HO\/K,/\/\/\/\/\/\/\/
OH |

Ceramide, the simplest sphingolipid is formed from sphingosine by an amide
linkage to a fatty acid.

‘/\/\/\/\/\/\/\/\

A Ceramide
h (0)
HOWW
OH

Sphillgomyelins (ceramide derivatives) are more important and occur more
commonly than ceramide. These are phosphate esters of ceramide. Alike other
phospholipids, an additional group is found to be attached to its phosphate. The
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other groups present are
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CH\

|
”‘C'gl‘ —Chy Sphingomyelin

| A
c|) HN 0

Co— ﬁ—ow
0 OH

vatives) are attached to a carbohydrate via ether ling

i ramide deri . .
Cerebrosides (ceramid cerebrosides contai

iti ingosi Most
to the 1-position alcohol of the sphingosine back‘bone.. .
either B-D-glucose or B-D-galactose (a cerebroside w.nh B-D-galactose 1s Sho“{n
below). They do not have phosphate, and are non-ionic compounds. However, iy
some variants, ionisable groups are attached to the carbohydrate group of the

cerebroside. OH OH
Cerebroside

HO o w Yo

3.1.3. Role

Lipids perform several biological functions, such as:

1) Storage: They are storage compounds and in the animal body, they reserve
energy in the form of triglycerides in adipocytes.

2) Energy Source: As energy source, they provide 9kcal of energy per gram.
The per unit weight of fats supply two times more energy as compared to per
unit weight of proteins or carbohydrates.

3) Cell Membranes: They are important components of the cell membrane.
Phosphoglycerides, sphingolipids, and steroids are structural components of
cell membranes.

4) Membrane Permeability: They regulate membrane permeability.

5) Vitamins: T'hey serve as a source for fat-soluble vitamins (A, D, E, and K).
Therefore, lipids are essential for the effective absorption of fat-soluble
vitamins from the intestine.

6) Electrical Insulation: They act as electrical insulators to the nerve fibres,
where the myelin sheath contains lipids.
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7) Enzyme Systems: They are components of various enzyme systems.

8) Cellular Metabolic Regulators: Some lipids like prostaglandins and steroid
hormones act as cellular metabolic regulators.

9) Signalling: Being small and insoluble in water, they act as signalling
molecules.

10) Thermal Insulation: Fat deposited in the subcutaneous layer provides
insulation and protection from cold.

11) Fluidity and Flexibility: Polyunsaturated phospholipids are important
constituents of phospholipids. They provide fluidity and flexibility to the cell
membranes.

12) Transport: Lipoproteins transport cholesterol and triglycerides from their
origin to sites of use or uptake (e.g., the liver, muscle, and fat tissue).
Lipoproteins that are complexes of lipids and proteins occur in blood as
plasma lipoprotein.

13) Essential Fatty Acids: They also supply the essential fatty acids which are not
synthesised in the human body but are required for normal growth. Essential
fatty acids (like linoleic and linolenic acids) are the precursors of many
different types of eicosanoids including prostaglandins and thromboxanes.
These play important role in pain, fever, inflammation, and blood clotting.

14) Cholesterol: It is found in cell membranes, blood, and bile of many
organisms. It maintains the fluidity of membranes by interacting with lipid
complexes. It is the precursor of bile acids, Vitamin D, and steroids.

15) Steroid Hormones: They are the critical intercellular messengers.
In the table 3.1, a summary of various types of lipids and their biological role is

given:
Table 3.1: Lipids and their Biological Roles

Types of Lipids Biological Roles
Fatty acids Principal building blocks of complex lipids.
Waxes Esters of fatty acids (heat sensitive) and also act as moisture barrier.

Membrane precursors and stores energy (of fats and oils).
Membrane components.
Form brain lipids and membrane components.

Triacylglycerols
Glycerophospholipids
Sphingolipids

Steroids Cholesterol, bile salts, and steroid hormones perform various functions.
Terpenes Turpentine has many roles. .~

Phospholipids Form membrane components.

Eicosanoids Signalling molecules (prostaglandin).

Sphingomyelins Form membrane components (important in myelin sheaths).
Glycospingolipids Cell recognition (ABO blood group antigen).

Steroids (sterols) Form membrane components and hormones.

Lipid vitamins Vitamin A, E, and K are important.

Carotenoids Photosynthetic accessory pigments.

| Chlorophyll Major light harvesting pigment.

| Plastoquinone/ubiquinone | Lipid soluble electron carriers.
Essential oils Menthol, limonene, terpenene, myrcene, saninene, etc., play major roles.
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Figure 3.1: Classification of Lipids

Simple Lipids: These are esters of fatty acids containing various alcohols
d carry no other substance. . _
?)ﬂ Fint-syand Oils: These are esters of fatty acids containing glycerol. Oils

are also fats but are present in the liquid state.
ii) Waxes: These are esters of fatty acids containing high molecular weight
monohydric alcohols.

—

2) Compound Lipids: These are esters of fatty acids, containing an alcohol, a
fatty acid, and other groups. )

i) Phospholipids: These lipids consist of fatty acids, an alcqh(?l, and a
phosphoric acid residue. They frequently have nitro.gt_en-contmmng basgs
and other substituents, e.g., in glycerophosphohp1d§ the' alcohol is
glycerol and in sphingophospholipids the alcohol is sphingosine.

ii) Glycolipids (Glycosphingolipids): These lipids consist of a fatty acid,
sphingosine, and carbohydrate.

3) Derived Lipids: These are hydrolysed derivatives of simple or compound

lipids. Examples of this class of lipids are fatty acids, glycerol, steroids,
terpenes, carotenoids, fatty aldehydes, etc.

3.1.5. Qualitative Tests

The following qualitative tests are performed for identification of lipids:
1) Grease Spot Test: A small amount of oil is put on a paper. A greasy spot
penetrating the paper is formed as lipids unlike water do not wet paper.

2) Test for Free Fatty Acids: A few drops of phenolphthalein solution are
taken in a test tube and added with 1-2 drops of very dilute alkali solution to
develop a pink colour. This solution is shaken with a few drops of oil. The

pink colour disappears due to neutralisation of the alkali by the free fatty
acids present in the oil.
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3) Emulsification: When oil or Iic
becomes finely divided to form
which is permanent

juid fat is dispersed in water and shaken, it
an emulsion; this process is emulsification
and complete in the presence of emulsifying agents (e.g.,
bile salts, proteins, soaps, mono- and diglycerides). Emulsification aids in the

processes of fat digestion in intestines. Emulsifying agents lower the liquid
surface tension,

In a clean and dry test tube, 2m| water is added, and in another test tube, 2m]
dilute bile salt solution is added. Each test tube is added with 2 drops of
mustard oil and vigorously shaken for a minute. On leaving the tubes
undisturbed for 2 minutes, the oil in the first tube breaks down in small
pieces and floats on the water surface; while the oil in the second tube

suspends in the bile salt liquid in the form of minute droplets (i.e., permanent
emulsification).

4) Saponification Test: Hydrolysis of esters by alkali yields the parent alcohol
and salt. The salt yielded by long chain fatty acids is soap; this process is

saponification. Since oils and fats contain long chain fatty acids, they are the
starting materials for soap preparation.

Iml of oil is thoroughly mixed with an equal amount of alcoholic KOH
solution in a test tube. The mixture is kept during the course of warming and
shaken gently with small amount of distilled water. Some oil drops appear

indicating incomplete saponification: while no oil drops indicate complete
saponification.

5) Tests for Unsaturation of Fatty Acids: Unsaturated fatty acids (e.g., oleic

acid) react with halogens (e.g., bromine and iodine) as shown below due to
the presence of double bonds.

CH}(CH2)7CH=CH(CH7_)7COOH +Br, — CH3(CH2)7CHBP—C}[Br (CH,);COOH

The amount of bromine or iodine taken up indicates the amount of

unsaturation of a particular acid. Approximate idea of unsaturation in
different oils and fats can be obtained as follows:

i) 4 clean and dry test tubes are taken and to each Sml of CCly is added.

ii) To the first tube, a drop of shark liver oil is added; to the second tube, a
drop of coconut il is added.

iii) To the third tube, a drop of vegetable ghee is added (vegetable ghee is
prepared by hydrogenation of vegetable oil. Hydrogenation involves
saturating unsaturated fatty acid by hydrogen).

iv) The fourth tube is left untouched. Thereafter, unsaturation test of the
added oil is performed by adding drop wise bromine water to each tube
and shaking,

V) The number of drops required to obtain a permanent yellowish red colour

in each tube is recorded, and the relative unsaturation in the three
samples used is deduced.
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Acids from Soap: A few ml of 20% H2S04 is taken

c;dding 5ml of soap solution. The soap hydrolyse

acids separates out.

6) Isolation of Free Fatty
in a test tube, followed by
due to which a distinct layer of fatty

RCOONa + H,0 — RCOOH + NaOH

mes hot, so it is cooled: the surface layer is skimmed off
comes hot, s0 1018

. ; /e H,SO4. Then it is dissolveq
several times with water to remove 2 [  di
?:dw:taesrhz,?d\z;fiken with alkaline phenolphthalein solution. A pink coloyy

appears due to the presence of free fatty acids.

The solution be

mall amount of soap solution is taken in a tegy
Jution. A white precipitate appears due to
d: this is the calcium soap.

Calcium Soap Formation: A s
tube and added with CaCl, so '
insoluble calcium salt of the fatty acl

Lead Soap Formation: A small amount of soap solut.io'n is taken in a test
tube and added with lead acetate solution. A white precipitate appears due to

the insoluble lead salt of fatty acids: this is the lead soap.

7) Tests for Glycerol: These tests are as follows: ‘
i) Acrolein Test: Pure glycerol is taken in a dry test tube and added with 3

few crystals of potassium hydrogen sulphate. The mixture is gently
warmed, followed by strong heating. Acrolein is formed (due to the
removal of water from glycerol by potassium hydrogen sulphate) with a
highly pungent odour.

ii) Dichromate Test: 3 or 4ml of glycerol solution is taken in a test tube,
and thoroughly mixed with a few drops of 5% potassium dichromate
solution and 5ml of concentrated HNOs. The brown colour changes to
blue. Glycerol undergoes oxidation in the presence of chromic ions,
which during this process reduce to chromous ions producing the blue
colour. Substances containing primary and secondary alcohol groups
respond positively to this test. Reducing sugars also show positive results
to this test, thus it should be assured that they are not present before
confirming glycerol.

3.1.6. Diseases Related to Lipid Metabolism

Lipids (or fats) are important source of energy for the body. The fat stored within
the body are constantly broken down and re-assembled to balance the energy
requirement of the body with the consumed food. This whole process is catalysed
by specific enzymes. But any abnormality in these enzymes leads to the
formation of specific fatty substances that normally have been degraded by the
enzymes. If these fatty substances accumulate within the body for the prolonged
duration, the body organs may get harmed.

Lipidosis are the disorders which result due to lipid accumulation. Some enzyme
abnormalities prevent the conversion of body fats into energy; this is termed
fatty acid oxidation disorders.
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In lipid metabolism disorders, the body lacks sufficient enzymes for lipid break
down, or the enzymes fail to convert fat into energy due to improper functioning.
This leads to accumulation of lipids within the body in abnormal amount, which
leads to gradual damage of the cells and tissues in the brain, peripheral nervous
system, lnvgr. spleen, and bone marrow. Some of the lipid metabolism disorders
are very serious, and can even lead to death.

3.1.6.1. Ketoacidosis

Ketone bodies are produced when the body burns fat for energy. If insulin
secretion is decreased in the body, ketone bodies will begin to build-up in the
bloodstream and will result in a life-threatening condition known as
ketoacidosis.

Types
Along with general ketoacidosis, there are some specific types like:
1) Alcoholic ketoacidosis, caused by excessive alcohol consumption.

2) Diabetic ketoacidosis (Dka), occurring due to type 1diabetes.

3) Starvation ketoacidosis, commonly seen in pregnant women, in their third
trimester, and experiencing excessive vomiting.

These situations raise the acid level in the system and sometimes reduce the
insulin production in the body. It results in the breakdown of fat cells to generate
ketones.

Causes

1) Alcoholic Ketoacidosis: It occurs due to more intake of alcohol for a
prolonged time. Excessive alcohol consumption causes malnourishment
(fewer nutrients available in the body to function properly). Excessive
drinking may also result in vomiting, thus, not eating enough nutrients, and
excessive vomiting for a long period results in starvation, which further
reduces insulin production in the body. A malnourished alcoholic person may
develop alcoholic ketoacidosis.

2) Diabetic Ketoacidosis
i) Other infections and diseased conditions (like pneumonia and urinary
tract infections) release higher concentration of certain hormones like
adrenaline or cortisol. These hormones counteract insulin and thus
trigger an episode of diabetic ketoacidosis,

ii) Due to missed insulin treatments or inadequate insulin therapy, the
insulin level of body decreases accidentally, causing diabetic
ketoacidosis,

i) Trauma (either physical or emotional),
iv) Cardiac arrest,
V) Alcohol or drug abuse (like cocaine), and

vi) Medications like corticosteroids and some diuretics.
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alcoholic ketoacidosis are:
é

Symptoms )
1) Alcoholic Ketoacidosis: S
i) Pain in the abdomen,
ii) Confusion and agitation,
iii) Reduced alertness Of coma,
iv) Fatigue,
v) Slowed movement,
vi) Irregular, deep, and fast bre
vii) Loss of appetite.
viii) Nausea and vomiting, and
ix) Dehydration-like symptoms, e.g.
and thirst.

ymptoms of

athing (Kussmaul's sign),

dizziness (vertigo), lightheadedness,

2) Disbetic Ketoacidosis: Ketones build-up in blood and e, catising it

following symptoms: .
i) Abdominal pain (common in c

ii) Confusion,

iii) Less perspiration,

iv) Deep and rapid breathing (a later symptom),
v) Dry and cooler skin,

vi) Elevated thirst and urination,

vii) Fatigue,

viii) Increased blood glucose level,

ix) Nausea and vomiting,

x) Ketones detected in the urine,

xi) Weight loss, and

xii) Sweet, fruity odour in breath (like nail polish remover).

hildren),

Diagnosis
1) Alecoholic Ketoacidosis: It may be diagnosed by the following tests:
i) Amylase and Lipase Tests: These tests monitor the functioning of

pancreas and diagnose pancreatitis.

ii) Arterial Blood Gas Tests: These tests measure levels of blood’s oxygen
and acid/base balance.

iii) Anion Gap Calculation: This measures sodium and potassium levels.

iv) Blood Alcohol Tests: These tests measure concentration of alcohol
dissolved in the blood.

v) Blood Chemistry Panel: This involves comprehensive study of body
metabolism and functioning.

vi) Blood Glucose Tests: These tests measure concentration of glucose in
blood.

vii) Blood Urea Nitrogen and Creatinine Tests: These ‘tests determine
kidney functioning.
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viii) Serpm Lactate Tests: These tests determine lactate levels in the blood.
Lactic acidosis causes high lactate levels. This is a condition where body
cells and tissues are not receiving enough oxygen.

ix) Urine Tests: These tests detect the presence of ketones.

2) Diabetic Ketogcidosis: Laboratory tests like blood and urine tests are
performed to diagnose diabetic ketoacidosis. Home use kits for tests for
ketones are also available.

Treatment

1) Alcoholic Ketoacidosis: Signs like heart rate, blood pressure, and breathing
are monitored. Intravenous fluids are administered. Vitamins and following
nutrients are given immediately to treat malnutrition:
i) Thiamine, ii) Potassium,
iii) Phosphorus, and iv) Magnesium.

2) Diabetic Ketoacidosis: Treatment of ketoacidosis focuses on the following:
i) Resuscitation of fluids,
ii) Acidosis and ketosis reversal,
iii) Lowering plasma glucose concentration to normal,
iv) Electrolyte replenishment along with the volume losses, and
v) Identifying the causes.

Following medications are prescribed by the physician for management of
diabetic ketoacidosis:

i) Rapid-acting insulin (e.g., insulin aspartate),

ii) Short-acting insulin (e.g., regular insulin),

iii) Electrolyte supplements (e.g., potassium chloride), and

iv) Alkalinising agents (e.g., sodium bicarbonate).

3.1.6.2. Hypercholesterolemia :
Hypercholesterolemia is a condition of high cholesterol levels in the blood.
Chol'esterol, a wax-like, fatty substance is produced in the body as well as
ob!:alned from animal-derived foods (e.g., egg yolks, meat, poultry, fish, and
dairy products). Cholesterol is an essential constituent of cell membranes, certain
hormones, and also participates in fat digestion. But cholesterol in large amounts
leads to disorders of the heart.

Causes
1) Heredity: Cholesterol can be inherited in large amounts as the genes may
affect the LDL (bad) cholesterol metabolism.

2) Foods High in Saturated Fats and Cholesterol: Saturated fats in large
amount increases the levels of LDL (bad) cholesterol.

3) Other Diseases: Diabetic patients may suffer from this disorder.

4) Lifestyle Changes: Reduced physical activity increases the levels of fat and
cholesterol.
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Symptoms

1) Angina resulting duc m.hc
2) Xanthomas (deposits of fat on
3) Xanthelasmas (deposits of cho
4) Corneal arcus (deposits of cholesterol

jsorder.
art d‘?t(:r:\w puttocks. knees, and tendons),
clbows,

lesterol around the eyelids), and
around the corneas).

it is a blood test which
Lipoprotein profile is a est 1s pet
total cholesterol, LDL, HDL, and triglycerides in

is perfonned to determine the leve|g of
the blood.

Treatment

The cholesterol level in plasma can be.re

1) Consumption of PUFA: Consunung
the diet lowers the plasma cholesterol lel
cholesterol. Cotton seed oil. soya bean or
elc.. are some examples of PUFA-rich oils;
PUFA-deficient.

2) Dietary Cholesterol: Animal-derived foods (and not plant-denYed) are the
sources of cholesterol. Cholesterol obtained from such sources-rmldly affects
the plasma cholesterol level. However, it is suggested to avoid cholestero]-
rich diet.

3) Plant Sterols: Some plant sterols and their stanols (e.g.j sitostanol fasters )
lower the plasma cholesterol levels by inhibiting intestinal absorption of
dietary cholesterol.

4) Dietary Fibre: Vegetable fibres reduce plasma cholesterol levels by
reducing its absorption through intestines.

5) Avoiding High Carbohydrate Diet: Hypercholesterolemia can be
controlled by avoiding carbohydrate-rich foods (especially sucrose).

6) Impact of Lifestyles: Hypercholesterolemia is often observed in people with
smoking, abdominal obesity, lack of exercise, stress, high blood pressure,
consumption of soft water, etc. Thus, plasma cholesterol level can be
controlled by making some adequate lifestyle changes.

duced by the following ways:

Polyunsaturated Fatty Acids (PUFA) i,
vel as it facilitates the transport (f
1, sunflower oil, corn oil, fish oils.
while ghee and coconut oi] gy,

7) Therapeutic Agents: Cholesterol synthesis can be decreased by using drugs
which inhibit HMG CoA reductase (e.g., lovastatin). Statins currently in use
are atorvastatin, simvastatin, and pravastatin. Some drugs like
cholestyramine and colestipol bind with bile acids and thus reduce the
intestinal reabsorption of cholesterol. It converts more cholesterol to bile acids
and allows its excretion through faeces. Clofibrate decreases the plasma
cholesterol and triacylglycerols levels by increasing lipoprotein lipase activity.

3.1.6.3. Atherosclerosis

Formation of plaque inside the arteries (blood vessels carrying oxygen-rich blood
to the heart and other body parts) is referred to as a state of atherosclerosis. With
time, the plaque hardens and narrows the arteries. As the arteries are narrowed:

the flow of oxygen-rich blood to heart as well as to other areas of the body i
reduced or stopped.
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Atherosclerosis may lead 1o further complications like heart attack, stroke, or
even death. s o
Causes

Atherosclerosis is a slow, progressive condition and is alw ays present in the body
up 't() some level. The exact mechanism of atherosclerosis is not known but it is
believed that it starts with damage or injury to the inner laver of an artery. These
damages can be caused by: ’ ’
1) High blood pressure,
2) High cholesterol level,
3) High t'nglycerides. atype of fat (lipid) in the blood.
4) Smoking and other sources of tobacco.

5) Insulin resistance, obesity, or diabetes. and

6) Inﬂammat}on from diseases, such as arthritis, lupus, and infections or
inflammation of unknown cause.

Symptoms

Mild atherosclerosis is gsually asymptomatic. Moderate to severe atherosclerosis

have symptoms depending on the arteries that are affected. Some of the common

symptoms are:

1) Pain or pressure feeling in the chest (angina),
-the arteries in the heart.

2) Numbness or weakness in arms or legs, temporary loss of vision in one eye,
drooping muscles of face or difficulty in speaking or slurred speech in case
atherosclerosis affects the arteries supplying the brain.

3) High blood pressure sometimes even results in kidney failure, in case
atherosclerosis affects the arteries supplying the kidneys.

in case atherosclerosis affects

Diagnosis

In physical examination, the physician diagnoses the signs of narrowed, enlarged,

or hardened arteries:

1) Belovuf the narrowed area of the artery, either the pulse is absent or a weak
pulse is generated.

2) The blood pressure in the affected limb is low, and

3) On hearing through stethoscope, whooshing sounds (bruits) are heard over
the affected arteries.

After a physical examination, the physician may suggest one or more of the

following diagnostic tests:

1) Blood Tesrt)s: The increased cholesterol and blood sugar level which may
Increase the risk of atherosclerosis is detected by blood tests.

2) Doppler Ultrasound: A special ultrasound device Doppler ultrasound is
used to measure the blood pressure at various points of arm or leg. This
measurement helps in detecting the degree of any blockage and the speed of
arterial blood flow.

3) Ankle-Brachial Index: This test determines whether or not the arteries in

legs and feet are affected. A comparison between the ankle blood pressure
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, presence of peripher)

cure is made,
f atherosclerosis.

and the arm blood pres he two i
index. If the difference ' "y be the result O
lar disease is suspected which may . ine throug
vascu seas :CG): The electrical signals travelling .mug_ ! the
* Electrocnrdiogran; r(l};CG 'Il also indicates the history of :; ‘]ff‘.i"'lli‘(llfl“‘k.‘ f
heart are recorded by s 0% the individual appear during P?ySlCdl activity,
mj glgn‘s am'i( :j)x:;p t?va]k on a treadmill or ride a stationary bike whij,
he/she 1s askeé
rforming the ECG. .
perio Test: This test (also termed as exercise stress test), 1ev;alsh the hear
Slr;ss . during any physical activity. In this test, the heart rhythm, bloog
g:cs::;ana;d breathing rate of the individual are recorded while he/she walg
on a treadmill or ride a stationary bike.
6) Cardiac Catheterisation and Angiogln*ael:; i
narrowing and blockage of coronary ;
thin tube) filled with a liquid dye 1 fed through an artery (mostly of a leg) to

reach the arteries in the heart. When the arteries become stained with th.e dye,
they can be seen on X-ray, which reveals any narrow Or blockage in the

coronary arteries.

7) Other Imaging Tests: Other
Computerised Tomography (CT) scan,
(MRA) are performed to determine any
arteries, any kind of swelling, and deposition of calcium o

This test is used to detect the
In this test, a catheter (a long

imaging techniques like ultrasound,
or Magnetic Resonance Angiography
hardened and narrowed large
n artery walls.

Treatment

The clinical management for atherosclerotic p
current lifestyle of the patient like dietary modifications (such that the quantity of
cholesterol and fat is decreased) and exercise. They improve the health of blood
vessels and the heart. Administration of drugs to prevent the worsening of
atherosclerosis may be needed. Such drugs include:

1) Statins and fibric acid derivatives (cholesterol-lowering drugs),

2) Antiplatelet drugs and anticoagulants (aspirin, to prevent clotting of blood

and hence, clogging of the arteries),

3) Beta blockers or calcium channel blockers (to reduce blood pressure),
4) Diuretics (to lower the blood pressure), and

5) Angiotensin Converting Enzyme (ACE) inhibitors (to prevent narrowing
of the arteries).

atients involves changing the

Surgery may be required in case of severe symptoms or in case of endangered
3

skin or muscle tissue. The possible surgeries include:

1) Bypass Surgery: Th1§ is performed by using a vessel from a different site in
the body or a synthetic tube to divert blood around the blocked or narrowed
artery.

2) Thrombolytic Therapy: This involves .in'ectio i

g n of d
artery to dissolve the blood clot. ! ® g ke et
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3) Angioplasty: This is performed by using a catheter and a balloon for
expansion of the artery, and sometimes involves insertion of a stent to avoid
closure of the arteries.

4) Endarterectomy: This procedure involves surgical removal of fatty deposits
from the artery.

5) Athe'rectom)f: This procedure involves elimination of plaque from the
arteries by using a catheter having a sharp blade at one end.

3.1.6.4. Fatty Liver

Fatty liver of hepatic steatosis defines excessive fat accumulation in the liver
which accounts for more than 5-10% of liver’s weight. Fatty liver condition can
be controlled by making certain changes in lifestyle. Fatty liver even shows no
symptoms in most of the cases, and it also does not damage the liver until it

reaches the advanced stage.

Causes
Alcoholism and heavy drinking are the most common causes of fatty liver.

However, some other causes are:

1) Obesity,

2) Hyperlipidemia (increased fat levels in the blood),

3) Diabetes,

4) Genetic inheritance,

5) Rapid weight loss, and

6) Side effects of aspirin, steroids, tamoxifen, and tetracycline.

Symptoms
Fatty liver may cause fatigue or vague abdominal discomfort. When fat
accumulates in large amount, it may result in liver inflammation, which
produces the following symptoms: ’
1) Loss of appetite,

3) Abdominal pain,

5) Fatigue, and

2) Weight loss,
4) Weakness,
6) Confusion.

}Efli;ll?rtetreated, fatty liver advances to liver cirrhosis and may even result in liver

Diagnosis
1) Physical Examination: Inflamed li i i
1 iy iver can be diagnosed by abdominal

2) l'ilood Tests: Presence of large amount of some enzymes indicates fatty

liver.

EVleitvl‘asound: In this test, a picture of the liver is obtained by using sound
ok ;esé An MRI or CT-scan can also be performed to obtain additional liver

4) Bi . ;
) Biopsy: The affected area is anaesthetised and a needle is passed through the

ski p R
s al:njto dtake out a small piece of liver, which is then microscopically
ned to detect fat deposits, inflammation, and'damaged liver cells.
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1) Avoiding
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ption of dietary chc

(o consum Diagnosis , , . -
2) Reducing const The most common method to determine obesity is the calculation of BML. It is an
acids, un\iighl I indication of body fat determined by comparing the weight and height of an
3 p welght. ; ¢ e C "Olle( s
3 Losne ealthy cating habits can b, individual.

sity or unhealth (ain food.

Fatty liver due_ l‘l) eZE:C\iI*‘é and by avoiding certain foo An adult’s BMI can be determined using a BMI calculator. For adults, a BMI
increasing physica ‘ o fatty foods and foods high,

i atty foods 4 of: ) ‘ )
- controlled by aVOt‘i‘(j)‘:gof fresh fruits, Vegetablgs, an 1) 18.5t024.9 is considered normal weight,
Fatty Ined b\./ also increasing the con.sumpl ced with lean animal proteins | 2) 25.0t029.9 is cons?dered overweight,
sugar. and by The red meats should be repla 3) 30.0to 39.9 is considered obese, and
\\»hoic gralg-\ﬁsh 4) 40.0 and higher is considered extremely obese.
chicken an .

. The BMI values for 2 year old children are:

3.1.6.5.  Obesity 1) BMI value between 5 and the 85" percentiles indicates normal weight,
Obesity is a condition of abno 2) BMI value between 85" and 95" percentiles indicates overweight, and
deposition. 3) BMI value between 95" and more percentile indicates obesity.

rmal increase in body weight due to €XCessive

show 20% and 25% of increase in t}}elr'bod)’ W‘Cllgln‘ , ‘
Qe metl 4o, WeHIEH i f fat in adipose tissues. Obesity 18 ’the rehl'ly " Apart from BMI, body fat can also be measured using other methods, e.g.. by
respectively due to accumul auon Of lories in diet, and lack of physical activiy calculating waist circumference, determining waist-to-hip circumference ratios,
over-eating, i.c.. excessive intake o Cfz1l to deposits and 1gm body weight increas; measuring skinfold thickness (in which the thickness of a pinch of skin and fat is
On consuming every 7 calories, 1gm fat dep measured), and by ultrasound.

gggz I\b:ll::ss Il::eix((]fMI))is the clinical represel?tatlon 0f20beSlt)' and is CalCUI‘nr'Treatme it
by dividing weight (in kilograms) with height (in meters®). Obesity can be controlled by:
i ight (k 1) Reducing the consumption of fat- and sugar-rich foods,
,.  Weight (kg)
BMI (kg/m”)= [Height (m)*] 2) Increasing the consumption of fruits, vegetables, legumes, whole grains, and
nuts, and

Obesity is categorised into three grades: , ‘ 3) In.creasing regular physical exercise (60 minutes/day for children and 150
1) Grade I obesity or overweight — BMI 25-30kg/m". minutes/week for adults).

2) Grade I or clinical obesity — BMI > 30kg/m’.

Causes

An imbalance of energy between the consumed and used caloties is the mi3.2,1, Short Answer Type Questions
cause of obesity. In general, increased consumption of energy-dense and fat-ric]) Give the classification of lipids.
foods and reduced physical activity results in obesity. 2 Write a short note on the role of lipids in human body.

3)  Write a brief note on chemistry of lipids.
Symptoms

Increased value of BMI increases the risk of the following: 3.2.2, Lon

1) Cardiovascular disorders (heart disease and stroke),

2) Diabetes,

3) Musculoskeletal disorders (osteoarthri

4) Cancers of endometrium, breast,
and colon.

_ g Answer Type Questions
1) Give the Qualitative tests of lipids.

‘Z) Tite note on diseases related to lipid metabolism,
tis, a degenerative joint disorder), a1

ovary, prostate, liver, gallbladder, kid"



%m‘-Soluble Vitamins: Vitamin B complex and vitamin C are wat

“linical Patholo,
purt-1 (Biochemsry and Clit OB By,
D. Pharm. F¢

o8 vitamins (Chapter ) &5
T Fat-Soluble Vitamins | Water-Soluble Vitamins a
CHAWER ‘/'Ro h (\C\ {\ i Vitamin A * : Vitamin C (Ascorbic ,;\7"!; 7.
4 {’ng(‘ i E’f :\’n;unm D | Vitamin B.Complex _
= [ o theofPhiHolh) Vitamin E . B, (Thiamine) |
/’_\—_—-\/—\( ‘T[ U‘[\O““) ’ Vitamin K B, (Riboflavin) —

K;q\)(”\ By (Niacin) _ -
| B; (Pantothenic acd) - 1
i Bs (ﬁr%ﬂ)xme) o
B; (Biotin) —

tIOd i | 89 Folacin (Folate or F(R;C;&’ |
" ired i Y ) n c 1
411 o uc-fn“:) anic compound, required in small amounts by , — | Bu(Cobdlamin .
A vitamin is agnlzessgnﬂ T‘E:om the term vitamine, from the Latin words ,;,
: s /r/’_——PasTTﬁ\', ]
orsamsm n 1l o nd amie T —¢ was dropped from vitamine. Ihe gy, 4.1.3. Chemistry
which means Iif .

o - — ought that . . o ) . .
Vifamin is obtained from vital amines” as It Was originally thoUght that th The chemical structures of many vitamins have been established along with their

i i i ». Vit i D . . . . . . -
substances were all amines, although not all vitamins are amines aming aly ‘solati i l have been t long wit
i solation and synthesis. V
natural substances found in plants an 3 S tamins can be classified into t .

d animals and are known to be esseny,
putrients for human beings. Human body

vitamins (A, D, E, and K) and water-soluble vitamins (B and C).
uses these substances to stay healy,

and to carry many vital functions. 413.1. Vitamin A (Retinol) C of g Nost

1 diet Mally o3, Vitamin A, many of its analogues, and carotenoimhemically synthesised
Vitamins are essential to keep the body hga]thy, and a van.ed (11; 0 )Ixtg“t from simple precursors .whlch are readily available. Vitamin A and carotenoids
2l the vitamins required. They do not provide ener;y’(gaﬂ/es),ec‘l:ﬁ Uthe oan also undergo oxidation because of the presence of conjugated double bonds
_regulate the energy-producing processes. With e éxception of vitamin 3 and f in their structure.

the remaining vitamins cannot be synthesised by the human body a st
obtained from the diet.

. . . .
The 13 essential vitamins of the body (each having a s;Laal._mlng_play)'_help] P\ F /% u
“controlling metabolic processes like cell growth and repair, reproduction a

digestion, etc.
g SRS,

Vitamin A (Retinol)

Like fats, carbohydrates, proteins, minerals, salt, and water, vitamins are als Chemically, vitamin A is a sub-group of retinoids (compounds with four

essential for the nourishment of the body. f an individuisoprenoid units joined head-to-tail and containing five conjugated double

.lacks sufficient amount of vitamins, diseases of nutritional deficiency wibonds). The term vitamin A is used to describe such retinoids which possess

= retino_l’s biological activity. The term provitamin A carotenoids is used to

— describe such carotenoids which possess vitamin A’s biological activity. The
, . . structure (1) in figure 4.1 shows the numbering of all trans-retinol.

4.1.2. Classification . _ NS R 2 5 S B -

According to their property to be dissolved in fat or water, vitamins mg A 7 Y (R 9

classified as: ‘
_p/lfat-Somble Vitamins: Vitamin A, D, E, and K are fat-soluble vitamir
These are hydrophobic in nature and are stored in the liver. These are
excreted out of the body; therefore, excessive intake can produce a toX
effect and also result in a condition known as hypervitaminosis.

soluble vitamins. These are compounds of carbon, hydrogen, oxygen, ¥

nitrogen. These are not stored in the body, therefore, are required daily
small quantities.
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Figure 4.1: Formulas and Numbering Systems for Retinoids and Carotenoids. 1) trans-
Retinol; 2) trans Retinal: 3) trans Retinoic acid: 4) 3-Dehydroretinol (vitamin A,); 3)
11-cis Retinal; 6) 4-Oxoretinoic acid; 7, Retiny| palmitate: 8) Retinyl phosphate; 9)
Retinoyl p-glucuronide; 10) Retinotaurine: 11) Trimethylmethoxyphenyl analogue of
ethyl retinoate; 12) Tetrahydro, Tetramethylnaphthylisopropenylhenzoic acid: 13) all-
trans p-Carotene; 14) a-Carotene

The retinoids (2) to (14) (figure 4.1 arc found in nature and are biologically
significant. The biological activity reunowds (11} and (12) (synthetic
compounds) is very high. The nomenclature of carotenoids is based on j-
carotene or on [3,B-carotene. In figure 4.1. ihe structures (1) and (14) show the
formulas for B-carotene and a-carotene

(o]

A=
&/e

Retinol possesses 16 and f-carotene possesses geometric isomers which have
been already synthesised. The all-;rans and 3 of the four mono-cis i1somers of
vitamin A (9-cis, 11-cis, and 13-cis forms) perform specific functions in nature.
Vitamin A and carotenoids are soluble in most of the organic solvents, but are
insoluble in water. When vitamin A and carotenoids are dissolved in dilute solution
in the presence of light and oxvgen: and at hi 2h temperatures they undergo various
chemical reactions like oxidation, isomerisation, polymensation, etc.

These compounds also undergo rapid destruction on getting adsorbed as a thin
film in the presence of light and oxygen.

Stability of vitamin A can also be maintained by storing it in frozen liver tissue in
the dark at a temperature below —20°C. and in frozen serum at -70°C in sealed
vials under ideal conditions. Carotenoids present in stored frozen serum or tissues
undergo destruction rapidly than vitamin A, but at ~70°C in the dark under argon
atmosphere they are stable.

Separation of vitamin A and car
by UV-visible absorption spe
chemical methods age

otenoids is done by HPLC and detection is done
ctrophotometry. However, other physical and
also available for their detection.

Vitamin A shows a characteristic UV absorption spectrum with Ay, of 325nm
and a molecular extinction coefficient of 33.000cmM! (E®)en of 1850) in
hexane, Carotenoids also show a characteristic absorption spectrum, e.g., B-
carotene has a Ay, of 450nm in hexane with a molecular extinction coefficient of
136,900cm™™' (E",., of 2550).
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vnamm[af A p i their Si6€ chain & epresy,
ble bond and & MEH: its
greuctructures of vitarmin D and!

a group of close], el

b

viamin D ((‘hnlccnlcifcrol) "
H N
Y
HO HO
Ergocalciferol (V jtamin D7) Cholecalciferol (Vitamin D)
25
OH
.
| HO
25-hydroxyvitamin D; (Calcidiol)
25
OH

OH

A

1,25-hydroxyvitamin D, (Calcitriol)
Figure 4.2: Structures of the Major Metabolites of Vitamin D

Chemi I .
emically, all the forms of vitamin D are secosteroids. Ergocalciferol (Vi

D,) is formed from ergosterol and is present in plants, while cholecalaf{'

| (vitamin D) is found in animal )
f referred to as provitm::;ns_ s. Both are sources for vitamin D activity "~

HO

Vitamins (Chapter 4

puring

intermediate
the skin (dermis and epidermis)

cholesterol

7.dehydrocholesterol 1s formed as an
converted to cholecalciferol in
in the skin is

biosynthesis,

which when exposed to sunhight gets
Synthesis of vitamin D

pmmmrmul to the exposure to sunlight

4.1.3.3.

The nutrition
of g-tocopherol.
four tocopherols and four tocotrienol
gamma- (y-), and delta- (5).

(B

jsoprenoid

Vitamin E (Tocopherol)

al content of vitamin E is defined in terms of the chemical activity
The molecules that contribute a-tocopherol’s activity are
s. identified by the prefixes alpha- (a-), beta-
These are derivatives of tocol. All are

substituted 6-hydroxy-chromanes. The double ring structure in the

compound is a ‘chromane’ ring

100%

Biological activity
= )
) &)

Alpha-tocopherol
Vitamin E

A
b
¢
=

1.491U(USP) CH,

* 8 CH;

0.75

Img =

0.15!

CH,

?
&Tocopherol (8-methyltocol) ™
CH, J

Figure 4.3: Chemistry and Biological Activity
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4.1.34. Vitamin K (Ph-""OqumO.ne) is a fat-soluble vitamin .

ok was discovered by DAM. in 1939. Tt s a fal Yiammn ang ;
Vitamin K was disce o abstance controlling blood coagulation in the livey

SR . thrombi : S g
essential to form prothro { blood clotting which is the Summg;

i . . . enon 0 ion
It has been proved that the phenom _ N ; Matio
of action between prothrombin. thromboplastin. and calcium-producing thromp;,

is related to vitamin K. If any of these factors are deficient. an ‘abnorma_li[y in
blood clotting occurs. It is notable that human bloqd can lack prothrombin
still po\sess&u normal or slight subnom?al glomng time. Howe\./er. Severe
deficiencies of prothrombin extend the clotting time, and h.aemorrhaglc diathesj,
in jaundice is also associated with lowered blood prothrombin.

CH, ClH;

Vitamin K (Phylloquinone)

Chemically.  vitamin K  family comprises  of 2-methyl 1. 4
naphthoquinone (3) derivatives which have poly-isoprenoid side chains. Vitamin
K is a complex unsaturated hydrocarbon found in two forms, i.e.. vitamin K;
(Phylloquinone) and vitamin K, (Menaquinone). Phylloquinone contains phytyl
side chain, whereas menaquinone contains polyisoprenoid side chain. The three
synthetic forms of vitamin K (vitamin K3, Ky, and Ks) are used in many areas.

qu example, vitamin K is used in the pet food industry and vitamin Ks is used
to inhibit fungal growth.

4.1.3.5. Vitamin B, ( Thiamine)
Thiamine, the first water-soluble B vitamin, is

; identified as ssential nutrient:
Its chemical structure co ed as an essential n

nsists of a substituted pyrimidine ring and a thiazole
B, includes several compounds
-occurring vitamin B, consists !
derivatives (thiamine hydrochloridt
(benfotiamine or fursultiamine) ar¢

possessing - thiamine-like effects, Naturally
thiamine phosphates. Water-soluble thiamine
or nitrate) and lipophilic thiamine analogues
used pharmaceutically.

Vitamins (Chapter 4) N
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Vitamin B (Thiamine)

Thiamine is absorbed in the jejunum after being released into the intestinal lumen
during digestion. This vitamin undergoes absorption by a saturable and rate-
limiting active transport mechanism. Minor passive diffusion occurs at higher
luminal concentrations. The absorption of physiological doses is nearly 100%
while is of 25% pharmacological doses. Lipophilic thiamine analogues are
absorbed in amounts corresponding to intakes as they cross the cell membranes
more easily. Thiamine present in free form gets converted to active Thiamine
Diphosphate (TDP) in intestinal mucosa. This conversion process consumes
ATP. About 40% of the total body content of thiamine (-30mg) is found in the
musculature. Since its storage is limited and its half-life is short, it is required
from external sources daily. It is excreted via renal route either in form of
sulphate ester salt of thiamine or as unidentified metabolites.

A thiamine-dependent key enzyme, transketolase, is used to assess thiamine
status. During the pentose phosphate cycle, the reversible transfer of a C-2
fragment is catalysed by this enzyme. This transfer results in the conversion of
various aldoses into ketoses and vice versa.

NH,

CH;
CH—N"
N ( \
/k ’ (CH,),0H
H;C N

Thiamine (Vitamin B,)
The end-product of glycolysis and breakdown product of glucogenic amino acids
is pyruvate which converts into acetyl by the thiamine-dependent pyruvate
dehydrogenase enzyme. After this conversion, it can enter the citrate cycle as
acetyl-CoA. During the citrate cycle, succinyl-CoA is formed which requires o-
ketoglutarate dehydrogenase enzyme, which also depends on a thiamine cofactor.

Thiamine is involved in reactions leading either to decarboxylation of o-keto
acids, formation of o-hydroxy ketones, or transfer of an o-keto R-group. During
an intermediate stage, a negatively charged C atom is formed whose charge is
stabilised by TDP, thus making it available for further reactions at the enzyme
complex.

4.1.3.6. Vitamin B, (Riboflavin)

The structure of riboflavin is a tricyclic nitrogenous ring system having a 5
carbon side chain in which the last hydroxy group can be esterified with
phosphoric acid. Riboflavin is a short name suggested to vitamin B, by TUPAC
as the old names “ovoflavin” and “lactoflavin” are not be used.



and Clinical Py,

“hemistry ‘]nw\
| (Biochen Y) Iy
p. Pharm part Ly
76
L‘H:()”
HO H
Ho——H
Ho——H OH <Im
CH; y—Pp—0—P—0—C(l,
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CH,
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H;C ) 7
P NH
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Flavin Adenine Dinucleotide (FAD)

Vitamin B, is a component of the flavin coenzymes, F{-\D (Flavin Adeniy,
Dinucleotide) and FMN (Flavin Monor'lucleotlde?. It is composed of
isoalloxazine ring system (5,7-dimethyl xsoa]lo.xgzmc', a heterocyc!lc 3 1y
structure) linked to ribitol by a nitrogen atom. Ribitol is an open chain form o
sugar ribose with the aldehyde group (—CHO) _reduced to alf:ohf)l (CH,0R), The
ability of the ring system of riboflavin to exist as a semi-quinone allows ¢,
flavin coenzymes to accept electrons either singly or in pairs.

The free riboflavin, FMN, and FAD present in blood are either bound to albumj,
or to Riboflavin-Binding Proteins (RFBPs). The storage capacity of riboflaviy
depends on the amount of apoprotein available. Maximal reserves last for 26
weeks, much less in case of protein deficiency. Vitamin B, is excreted either s
riboflavin or as metabolites like 7-o-hydroxy riboflavin into the renal tubules
through active secretion. Its concentration in urine can be used as an indicator of
B, status, e.g., riboflavin deficiency is indicated if its concentration in urine is
<40ug riboflavin/g creatinine indicates. FMN and FAD are synthesised in liver,
kidneys, and heart under hormonal contro] (e.g., T5) with the help of ATP.

éhlerilau Vi_taff‘il_l Bs (N_ia_cin)

Niacin is ti,],enxi?afnlg ;Zra b‘:));.:ll(::l e‘?-carl?()xylic acid. It mainly exists as an amide.
act as a precursor of riccrir o LaMide and nicotinic acid, either of which ca"
of two coenzyme molecules, e, CNO‘?:Eyme-s. N}acin_is required for t.he synth_esn'
and NADP (Nicotinamide A (Nicotinamide Adenine Dinucleotide)

Adenin 1 . he
molecules can only be d: ; e Dmucleotlde Phos hate). Both ¢
of the low ) e dlfferem'atcd by 3

er ribose ring ip NADP. the Phosphate attached to the 2°-positiot

-

4.1.3.8.
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(9]
\ NH,
Ry "OH
P
= N
N
Niacin (Nicotinarmide)
Niacin (Nicotinic acid) Vitamin B,
Vitamin B,
(0] O
X NH X NH,
I CPZ Bz
CH CH
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0~
OH OH OH OH
NH, NH
| ‘ |
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I
0O

Nicotinamide Adenine
Dinucleoude 2'-Phosphate (NADP)

Nicotinamide Adenine
Dinucleotide (NAD)

Vitamin Bs (Pantothenic Acid)

Pantothenic acid is formed from B-alanine and pantoic acid joined by a peptide
bond. The active form of the cofactor is produced by the formation of a peptide
bond with cysteine, followed by decarboxylation of the cysteine residue, and then
by conjugation to the remainder of the coenzyme.

-

Pantoic
acid

Pantothenic Acid
(Vitamin By) ﬁ HO—CH
O0=cC
O — { ......... '
NH o
. I I
\_ P-alanine H,C— CH,—C—0H
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o free sulfhydryl group. 7y
r iated CoA) has & ' o .
Coenzyme A (u;uall) 8b?mlﬂmc carbon compounds. .The C ;)':I[]g)y'::t A (Al
sulfhydril'l gml:jp is ?Sﬁgﬁg;lﬂmm ATP ( Adenosine griphosphate). the vitay,;,

acyl) is derived mela )

pantothenic acid, and ﬁ-mﬂl‘ﬂp‘o‘ﬂhy lamine.

4.1.3.9. Vitamin B¢ (Pyridoxine)

. e ridoxal, pyridoxamine 4, |
% e s. viz., pyridoxine, pY (
Vitamin By exists in three forms, viZ.. P

. . osphate (PLP). All these forms cong;,
ﬂ;ﬂr m§$§:wﬁ$ os‘;rat:s. gggfox:,‘ogzy_ppyﬁdoxing ~isl a l-?j!;}'d;oxy%,g
Zih 'S)r’onwmcthvl-Z-melhyl pyridine. Pyridoxal contains dnfa rid)cl) e group
—CHO) at the 4 position of pyridine ring in the S““C‘":f " :r{ e The
hosphate form of pyridoxal is pyridoxal thSPhate and 1 tth‘ 2 e ff)l:m,
gvridoxamine contains a primary amide side chain (—CH;NH,) at the 47 positio,
of the pyridine ring. The most important catalytic .feature of the coe]nzyme i the
elcctmphilic nitrogen of the pyridine ring (vthh acts lZ;Shém electron Sl_nk,
drawing electrons away from the amino acid, and stabilising a carbanjo,

intermediate). HO 0
CH, e
HO HO
N OH I X OH
l e ® .
CH; ril CH; T
H H
Pyridoxine Pyridoxal
HN

NeH, ONen

o
HO
f\tr\ OH HOIS/\ 5= ﬂ_ Oe
e | |
® [0}
CH N 7
2 ' CHj N 2
H [
. . H
Pyridoxamine Pyridoxal phosphate

The. three forms of vitamin Bs namely pyridoxal, pyridoxamine, and
pyridoxine, show equal potency in support of animal growth. The most utilised
coenzyme form of vitamin By is pyridoxal-5-phosphate which follows different
dietary forms due to its inter-convertible nature. Pyridoxal phosphokinase is the
only enzyme that can act on all the three non-phosphorylated forms and can be
activated in the animal tissues by zinc ions as depicted in figure 4.4.

The phosphatase enzymes dephospho i

> ph es d rylate both pyridoxal phosphate and
pyndomne'phospha.ute. Pyridoxine oxidase converts pyridoxine anIch itsprespective
phosphate into pyridoxal derivatives which further bond with the riboflavin 5'-
phosphate as a prosthetic group such as B3, §3, etc.

vitamins (Chapter d

Kina Py rade

Pvridoxm¢ —meo— — -

e Phosphate

Pyridoxine
idase

Pyridoxine

osidas l
[
Kina 4

Pyridoxal Pyridoxal Phosphate
Phosphat: 4 St
Aldchyd ’ ' Pyridosir

oxrdas

' X Pynidoxaminc Ph phate
4-Pyrnidoxic Acid p

Kinasc || Phosphata

Pyridoxamine

Figure 4.4: Interconversions of Vitamin Bg
In most of the systems, the coenzyme activity is shown by pyridoxal phosphate
and pyridoxamine phosphate. Almost all the vitamin B¢-dependant enzymes
require pyridoxal phosphate for reconstituting an active holoenzyme, whereas
aminotransferases have the ability of either using pyridoxal phosphate or
pyridoxamine phosphate. All enzymes (except glycogen phosphorylase) are
required in the metabolism of amino acid (B3). These enzymes show two types
of reactions:
1) Transaminations (Lo form ¢-oxo-acids from o-amino acids), and
2) Decarboxylations (to form primary amines).
In bacteria, the vitamin Bg-dependent enzymes carry out racemisation of D-
amino acids to L-amino acids.

Initially, these enzymes react to form Schift base between the ¢-amino group and
the 4’-aldehyde group of pyridoxal phosphate. Further, the reaction proceeds 1n a
manner such that the bond on a-carbon present in the amino acid is broken down
before the complex gets hydrolysed.

4.1.3.10. Vitamin B, (Vitamin H, Coenzyme R, and Biotin)
It consists of two fused S5-membered heterocyclic rings namely ureido
(tetrahydroimidizalone) ring and a tetrahydrothiophene ring. A valeric acid
substituent is attached to one of the
carbon atoms of the tetrahydrothiophene 0
ring. Biotin acts as a coenzyme for )J\
carboxylase enzymes. Biocytin is the
. S - . : HN NH
active form of biotin that is ‘a lysine-
biotin conjugate’. It is formed by H H
combining the carboxyl group of biotin
with the terminal nitrogen of lysine S
residue of enzyme protein. Biotin has two )
forms, @- biotin (obtaincd from egg yolk)
and fi- biotin (obtained from liver).

" H,CH,CH,CH,COOH

Biotin
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(Folic ,»lg_:,_. three separate parts called Pterig;
{
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. ' - dine ring structure linke
The folic acid molecule jutamic acid. A pteridine NNg ed
g

i i oie acid. Folic acid i g _
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Folic Acid HO
Cobalamin

. . hvdrogens in dihydrofolate (DHR)
Wmmumﬂ m.ﬂ:on_mw%e_%ahw%_mm,: a:miws?_ao (THF) The ratio between the IF/IF-receptor acts as the limiting factor for the absorptive
capacity of vitamin B,,. There is no absorption of vitamin B, if the IF (Intrinsic
Factor) is scanty or too little, whereas the excess of IF occupies the IF-receptors
leading to the inability of IF-cobalamine complex to bind with the receptors. A
single dose of 10pg is sufficient for maximum absorption of active cobalamine,

° The active form of vitamin B, in the mitochondria is adenosylcobalamine,
benzoic 0 while in cytoplasm it is methylcobalamin. Breakdown of propionate in
acid mitochondria leads to the conversion of methylmalonyl-CoA into succinyl-CoA,

which allows the entry of C-3 body of propionate in the citrate cycle. In
mitochondria, the amino group is exchanged with H” ion which converts o-
leucine into B-leucine.

4.1.3.13. Vitamin C (Ascorbic Acid)

In the year 1932, Haworth determined the exact structure of vitamin C (ascorbic
acid). When compared to other vitamins, the structure of vitamin C is
comparatively simple, it is. aldone-1,4-lactone of L-galacturonic acid as shown in

.. figure 4.5.
4.1.3.12. Vitamin B,, (Cyanocobalamin)

Cobalamine was not discovered until 1948
Chemically, cobalamine is 2 corrin ring
holding a cobalt atom in th
The cyanide attached to th
is replaced by water or 3
amide gives vitamin B 12 lik

; its structure became known in 1955 Ascorbic acid is a hexose (6 carbon) derivative. It exists in two forms, ie., L-
’ system consisting of pyrrole ring* ascorbic acid and D-ascorbic acid. L-ascorbic acid is active, whereas v-
€Ir centre, to which variable ligands (R) are attached.  ascorbic acid is inactive. The acidic property of vitamin C is due to the enolic
€ cobalt in the structure is a piece of the isolation and hydroxyl groups. It is a strong reducing agent. L-ascorbic acid .Eannmonm
hydroxyl group in cells. The presence of cobalt and oxidation to form dehydroascorbic acid and this Rmnmms is reversible. Both
¢ compounds such as cobamides or cobalamines:  2scorbic acid and dehydroascorbic acid are biologically active.
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H _ﬂ o:nnhv‘k_mmsnznv\ disorders, and role of vitamins can be summarised in table 4.1:

9
—C Y . )
] | 0 — 0 Hat [ 0 - o - Table 4.1: Role of Vitamins )
H-C In_ OH,C _ OH ~Vitamins , Synonyms Sources Deficiency Metabolic Role
- — _ | Disorders -
OH OH d . ~ vVitamin C | Ascorbic acid Citrus fruits Scurvy Involved in |
(0]

Ol Ascorbate hydroxy of
o )

*HO OH al , proline, and acts as

Ascorbyl free rad

. ic acid ) )
Ascorbic acid Ung\&.dmmno_“.w“: (Monodehydroascorbic aejq, e —+ — 1 an antigxidamt b
(Reduced form) AOx_n__mna 0! ) Thiamine | B, | Meats, mainly Beriberi, Component of
- Acid Monodehydroascorbate | pork,  salmon,  Korsakoff's coenzymes
Figure 4.5: Structures of L-Ascorbic >81,=_8 (DHA) , legumes, nuts, | syndrome, and including pyruvate
e (MDHA) and Dehydro <~ |and grains optic dehydrogenase, a-
C-2 to C-3 region are delocalised, which gives th 7 neuropathy ”nnaﬁ_ﬂa ;
. r C- 5 [ ehydrogenase, an
gn.n_ongbv U—dmn:n _AMMM_n The B%&OMQ—_ ﬁ—dwonﬁ m Q.,_o _._v\.Q—.OXv; MnOC_u of Olw |\|\L}\ . transketolase
acidic :u.::.n L the e K mmh 13. Hence, ascorbic acid exists as a Bo:o<m_ms Riboflavin B, |Milk, cheese, |Cheilosis and Component of |
carbon dissociates i_n._ﬂ a _om.mnm_ pH. As the ascorbate donate electropg to green leafy angular enzyme cofactors in
anion (L-ascorbate) at phys1o ; a

. | vegetables, and | Stomatitis, and | many redox

Monodehydroascorbate (M vegetables, ! 3
: onverted into MO . H \(’ o v
ety off subsirisy (0.8 © the oxidation has proceeded, it results Y ey dermatits feacuons

. : Jats 0l the * pantothenic Bs | Whole-grain Hypertension | Component of |
dation. In case, 3 g ype pol

ﬂnﬂ_g_. by OMC Dehydroascorbate (DHA). Both MDHA and UI> can , Acid | cereals, Coenzyme A and |
production o y \he enzymatic action in plants s well as animals. legumes, eggs, phosphopantetheine; |
reduced to ascorbate by the enzy meat, and a prosthetic group |
) . , . . yogurt - ___ | for many enzymes |

On the other hand, DHA undergoes irreversible %m&awso: .s:r a S.am Numbe; ~ pyridoxine Pyridoxamine, | Meat, fish, | Depression, | Involved in |
of products ranging from oxalate to L-threonate. Vitamin C _m.wﬁm—u_n n QQ forn pyridoxal, By poultry, organ | confusion, and | haemoglobin |
. i i dily. This property of vitamin C is used alo meats, soy | convulsions synthesis: numerous |
but in a soluble state oxidises readily p ng \ products, muis, s ——

with the fact that chemical synthesis of ascorbate is relatively easy, due to which .

R it s . and lentils involving mori.
it is used as an antioxidant in food preparation to protect against browning, P —
Biotin B, Yeast, liver and | Biotin | Coenzyme for |
kidney. Egg | deficiency carboxylase
4. Rol o ’ " ;
A.H. . ole — yolk, soybeans, | | enzymes ;
There are several roles of vitamins: nuts, and | | ﬂ
ey act as hormones (e.g., vitamin D). . cereals | | |
.\_v\m\v\\$> y o o (eg. . . e Folic Acid Folate, folinic Broccoli, | Anaemia, ﬂ Involved in the |
They act as antioxidants (e.g., vitamin E and C). acid, folacin, | Brussels, | glossitis, |enzymatic  transfer |
X&o% are mediators of cell &m.:»E:m, n@WEEOE of the cell, and tissue growth vitamin By sprouts, liver, ” mental of I carbon units
. " . v spinach, | symptoms, |
and differentiation (e.g., vitamin A). ASpaigUg, peas, land neugi]
4)~They are precursors of enzyme cofactor or coenzymes that act as catalysts chickpeas, and | tube defects
and substrates in metabolism (e.g., B complex vitamins). Biotin is part of Cyanocobalami = _ﬂoz: :S_ “v = - p
. . . . o 0 amin 12 eat, salmon, €rnicious | equire or
enzymes involved in BEC:W wm:% moi?. OOQSN.% IS Jm_b to carry chemica hydroxycobalamin, | cod, milk, | anaemia  and | methylmalonyl-CoA
groups between enzymes, e.g., folic acid carries various forms of carbon methylcobalamin | cheese. and | methylmalonic | mutase aiid
Q\wqo%. methyl, formyl and methylene in the cell. eggs | acidemia methionine  synthase
[ ey regul i — : reactions
) yreg wm.w metabolism. Niacin Niacinamide, By | Yeast, meat, fish, | Pellagra Component of NAD _
A They help in the production of ATP from metabolism of fats, and _ | milk, eggs, green and NADP required
{ carbohydrates. vegetables, for oxidation-
d . i cereal, and beans reduction reactions |
_ \ﬁ-o% promote growth and reproduction, Vitamin A | Retinol, retinal, |Cheese, eggs, | Night Required for
[ . . . . & retinoic acid and yogurt blindness, formation
N %: M:MEM_M_EE organism requires vitamins for normal growth and development s damage to the | thodopsin;
8 w . . #5; . . . . ] B - 1
_ réquires certain vitamins and minerals in its develo ping stage. If one cornea, and Gl | hormone-like

or more of these nutrients are de
disease.

w:&RmE.ESQ TQEQ Smais
tracts and reproduction
’

ficient, the child may suffer from a deficienc)
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S Wy oML Ml Vitamins  Deficiency Coenzymes Reactions Catalysed
7 -((’e( /:g/ ‘ : Symptoms | o formation —
nzym € J Co. [Beni-beri. Thiamine Pyrophosphate  Cleavage ot formabon
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xample, the acetyl group thyl groups carri (Riboflavin) |impaired growth | (FMN): Flavin Adenine - inclof 2 )
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I sbenﬂﬁcial 10 consider them as & special class of substrates or S?COnd Substrs,  [pantothenic | Neurological Co-enzyme A Transfer of acyl groups
mns 10 various enzymes. For example, coenzyme NADH is used by g |acig  |problems
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o ermatitis
Lipoic acid None | Lipoamide Oxidation reduction
|
For example. the pentose phosphate demonstrated _ »
pathway regenerates NADPH, and Bioti None Biotin carboxyl-carrier- | Carboxylation.
. adenosyltransferase 18}3 demonstrated in | protein Transcarboxylation
methionine Byl ) o absence of avidin;
generates S-adenosylmethionine. This Active site  Substrac with avidin,
continuous regeneration denotes the ¢ | dermatitis >
intensive use of even a small amount of Folic acid Eq | Anaemia Tetrahydrotolic acid Transfer of one-carbon units
coenzyme. For example, each day a Vitamin B;, | Pernicious Co-enzyme B> Rearrangements [
h bod o . : Coenzyme anaemia | :
poverts s ahm seeight Ascorbic acid | Scurvy - [ Hydroxylation

into ATP energy.
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Figure 4.6: Coenzyme with Enzyme

, =

\ jw enzyme, i.e., the holoenzyme, is made up of a protein and a1
~protein part. Protein part is the apoenzyme and non-protein part is the coenz)

Holoenzyme = Apoenzyme + Coenzyme

(Protein part) (Non-protein part)

Coenzyme can be defined
molecular weight
regarded as co-substrates or sec

gardec second_su
enzyme 1s comparable to that of subsugiezsums P

5 as the organic, non-protein, dia.lyzaéb’lelji“d h
Substance, related with the functions of the enzyme. The*

ks ,
ecause their affinity V{".h

2)

-Vitamin Coenzymes: Not all co-enzymes are vitamin derivatives.

" There are some other organic substances which have no relation with
vitamins but function as co-enzymes. They may be considered as non-
vitamin co-enzymes, e.g., ATP, CDP, UDP, etc. The important non-vitamin
co-enzymes along with their functions are given in table 4.3:

Table 4.3: Co-Enzymes not Related to B-Complex Vitamins

Coenzymes | Abbreviations Biochemical Functions' |
Adenosine ATP Donates phosphate, adenosine and Adenosine
Triphosphate B Monophosphate (AMP) moieties.

Cytidine Diphosphate CDP Required in phospholipid synthesis as a carrier of
choline and ethanolamine. :
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I Carrier of monosaccharides (glucose, galacto
a
| required for glycogen s nthesis
‘ Donates methyl group in biosynthetic reaction

upr

Undine Diphosphate
S-Adenosy Imethionine SAM
(active methomne)
Phosphoadenosine
Phosphosulphate

(avhive sulphate)

| Donates  sulphate  for  the  synthesis

PAPS !
| mucopolysaccharides.

| -

4.1.5.2. Role
e » . 2. . . 3 [
Vitamins play a vital role in various metab .
coenzymes. Thus, the importance of vitamins as COENZymes 18 similar to the,
biochemical function. The various vitamins are: o ' v
1) Ascorbic Acid: Also known as vitamin C, ascorbic acid is Tamly found ;
citrus fruits and i}.nmny mammals, but it is absent in primates and guiniea pig.
se ascorbic acid directly from glucose.

abolic processes and are also used

Plants and animals can synthesi
Occurrence: In 1932, Waugh and King first obtained ascorbic acid from ;
fresh lemon juice. A healthy human body requires about 1mg/100ml of bloo
plasma of ascorbic acid. It is found in the cortex part of the adrenal gland an¢
takes part in the synthesis of steroid hormones.

Biochemical Functions: It acts as a strong reducing agent and oxidises in th
presence of ascorbic acid oxidase (an enzyme obtained from certain plants) t
yield dehydroxyascorbic acid. Tt provides resistance against many disease;
and also helps-in-the hydroxylation of some aromatic complexes. —
2)~Thiamine: It is also known as thio-vitamine or vitamin B, It is the sulphur.
~ containing vitamin of B complex that is water-soluble in nature. It was first]:
named as aneurin because it produces detrimental neurological effects due to it
deficiency in the diet. Many cellular processes involve the phosphate derivative:
of thiamine. TPP (Thiamine Pyro Phosphate) is the best characterised thiamine
form that acts as a coenzyme in sugars and amino acids catabolism. TPP is alsc
needed in the first step of alcoholic fermentation by the yeast.

Occurrence: It occurs as a coenzyme cocarboxylase or thiamine
pyrophosphate in yeast and animal tissues. -

Biochemical Functions: TPP (Thiamine Pyro  Phosphate) shows
participation in transketolase, a-keto acid dehydrogenases, phosphoketolase.

and pyruvic decarboxylase as a coenzyme. In certain bacteria, the enzyme i
concerned with pentoses metabolism.

3) Riboflavin: It is also known as vitamin B
i ' 2 or E101 food colour, It j
micronutrient that can be absorbed easily and plays a crucial role i:llfha
maintenance of normal metabolic processes. Riboflavin is €

It is found jp the form of twi

(Flavin Mono Nucleotide) ang FMN (Flavip o flavin coenzymes, viz., FAD

Adenine Dinucleotjde).

vitamins (€ “hapter 4)

4)

5)
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Biochemical Functions: Due to its ability 10 undergo oxidation-reduction
reactions, riboflavin functions as a coenzyme. The yellow colour of
riboflavin disappears when it undergoes reduction since reduced flavin is
colourless. But the yellow colour reappears when the reduced flavin is
cxposcd to air, resulting in oxidation. The overall oxidation-reduction
reaction consists of two hydrogen atoms in order to form a colourless
reduced flavin, as shown below:

R P H
l | l
N N N
~ N
3 7 NH 2H: CH, NH
CH; N (/ . -
| | |
(0] H 0

Oxidized flavin (Yellow) Reduced flavin (Colourless)

R = Remainder of FMN or FAD molecule

Nicotinamide: It is also known as nicotinic acid amide or niacinamide. It
is the amide of vitamin B; or niacin or nicotinic acid. Nicotinamide is a part
of the vitamin B group that is water-soluble in nature. Niacin or nicotinic
acid is converted to nicotinamide in vivo. Both of these have identical
vitamin functions but differ in toxic and pharmacologic effects.

Occurrence: The coenzyme is found in the form of vitamins, nicotinamide
nucleotide coenzymes- NAD" (Nicotinamide Adenine Dinucleotide) and
NADP* (Nicotinamide Adenine Dinucleotide Phosphate). Meat products are
excellent source of vitamin Bs.

Biochemical Functions: Nicotinamide nucleotides act as coenzyme for
dehydrogenases which catalyse various oxidation-reduction reaction.s.' Thf:se
coenzymes are described as co-substrates as their stoichiometric participation
in dehydrogenase catalysed reaction can be easily demonstrated. For
example, assume a reaction in which one mole of ethanol is reversibly
oxidised by one mole of NAD’, to form one mole each of NADH,
acetaldehyde and H*. This entire reaction is catalysed by an enzyme widely
distributed in nature (i.e., Alcohol Dehydrogenase, ADH).

CH,CH,0H + NAD" S22 CH;CHO + NADH + H'

Vitamin B¢ Group: It is a part of vitamin B complex- an.d is' watgr-so]ub]e in
nature. Pyridoxal Phosphate (PLP), an active form of this vx.tamm among all
the other forms, is a cofactor which involves in metabolism reactions gf
amino acids, viz., deamination, transamination, and decarboxylation. PLP is
also essential for the reactions which involve the glucose release from

glycogen, in the presence of enzymes.
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Occurrence: The phosphate p
naturally found as coenzyme of vitaming——-=—"=

Biochemical Functions: The essential m
(racemisation, transamination, and dec :
pyridoxal phosphate, thus, proving it to be a versatile coenzyme.

Transamination

COOH COOH
(lZH3 COOH CH, COOH
|
CH, CH, CH, CH,
H—C—NH, + (=0 c=0 + H—C—NH,
| | Transaminase * | '
COOH . COOH COOH COOH
Glutamic acid Oxalacetic acid a-Ketoglutaric acid Aspartic acid
(Donor amino acid) (Acceptor keto acic) (Product keto acid) (Podict amino acid]
Decarboxylation
CO,H COH
l 2
P e
Gl i
CH, utamic decarboxylase (I:HZ + CO,
H—C—NH, H—(I:—NH2
CO,H H
L-Glutamic acid y-Amino butyric acid
Racemisation
CO,H CO,H
HN—C—H H—-Cl‘—NH2
' Glutamic acid racemase l
ICHZ ~ 5 lCHz
CH, CH,
[
CO,H CO,H
D-Glutamic acid

L-Glutamic acid

6) Lipoic Acid: It is derived from the octanoic acid and itself is an organosulf
ulfur

compound. The structure of LA contains 2 sulphur ato, 5
to each other by a disulphide bond and are feSponsjl;?: Z)lrnz; Zl: .attached
molecules of LA exist in the form of two enantiomers, j.e,, S.(.).L ; tion. T{w
(SLA) and R-(+)-Lipoic Acid (RLA). They also exist .in h tl_pmc Acid
racemic mixture, i.e., R/S-Lipoic Acid (R/S-LA). Out-of these ¢ form of a
the one existing in nature, i.e., R-(+)-enantiomer is an esSent]_a]enantlomers,
four complexes of mitochondrial enzymes. cofactor for

k\ ¢
T

rm. Part-1 (Biochemistry and Clinical Pathology) BT, "

yridoxamine derivatives and pyridoxal

etabolism reactions of amino
arboxylation) are catalysed 1,

| i

yitamios

7

8)

4)
(chnplcr 39

(Oceurrence: Liver and yeast are rich sources of lipoic acid.
iochemical Functions LA is a cofactor of the complexes of multi-enzymes,

ngUtaﬁc dehydrogena:qe and pyruvic dehydrogenase. The lipoyl
containing enzymes present in these complexes catalyse the production and
[ranSfef of acyl groups. Also during this process, it undergoes reduction and

then re-oxidation.

piotin: It is 2 B-complex vitamin, also known as vitamin By and is water-
soluble. It has a tetrahydroimidizalone (ureido) ring which is fused with a
tetrahydl'Othiophene ring. On one of the carbon atoms of the
[etrahydl‘Othiophene ring, a valeric acid substituent is attached. The biotin
functions as a coenzyme in fatty acid and leucine metabolism and also plays

arole in gluconeogenesis.
Excellent sources of biotin in nature are liver and yeast. Biotin
bined forms mainly where it is bound to the protein via e-N-

o-ket

Occurrence:
is found in com
Jysine moiety.

Biochemical Functions: Biotin, bound specifically to an enzyme protein, is
associated with carboxylation reactions. Biotin-dependent carboxylases

catalyse the entire reaction, occurring in two different steps as shown below:

/C—SCOA
RCH,C—SCoA RCH
N\
(elolon

ATP + HOCO,™ ADP + Pi

2+
M Protein-Biotin €027 Transcarboxylase

Protein-Biotin —/——
Carboxylase o 0
L | I
Step | /C_C_O
RCH,COCOO" RCH

N
C00;~

_J

Step II

s folacin or vitamin By Other forms of water-

Folic Acid: It is also known a
naturally occurring), and pteroyl-L-

soluble vitamin By is folate (ie.,

glutamate.
d. After the conversion of

Folic acid is not a biologically active compoun
folic acid into dihydrofolic acid in the liver, tetrahydrofolate and other

derivatives are obtained.

Occurrence: Folic acid and its derivatives, tri- and hepta-glutamyl peptides,
are widely spread in nature.

and its reduced form acts as

a vitamin, ‘
(DHF) occurs 1n

Biochemical Functions: Folic acid is :
drofolic acid

the coenzyme. Reduction of folic acid to dihy
the presence of enzyme L-folate reductase.

o
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COOH
CH,
H
NS 2N e 0 CH,
YT I
Hy— — NH—=CH—coon
)——( Hy—NH
N ™ N
o Dihydrofolic acid (DHF)
9) ’ Vitamin By It is also known as cobalamin and is a water-soluble Vitamin
7 plays a vital role in the proper functioning of the brain and nervous System'
/

T

It is one of the eight types vitamin B and is essential for blood formation. | is'
involved in each and every cell metabolism in the human body.

It also affects the synthesis and regulation of DNA, the synthesis of faty
acids and production of energy. It can be industrially produced via bacteriy
fermentation synthesis because of its complex and large structure.

Occurrence: Vitamin By, is only found in animals and micro-organisms as
part of coenzyme B ,.

Biochemical Function: A specific B,, coenzyme synthetase helps in the
synthesis of coenzyme from vitamin B,

SH SH

Vitamin B, Co'*-N.s.

ik . . - 5
NADH + H X Fp X [;ro—lelg Vitamin By, Co deoxyadenosine + 3P,
NAD' FpH, Protein Vitamin By, Co'* ATP
" = Flavi i 5 y
Fp = Flavoprotein Co-enzyme vitamin B
synthetase

10)’Pantothenic Acid: It is also known as a B-vitamin, Vitamin Bs, or
=/ pantothenate, and is water-soluble. It is an essential nutrient for many of the

animals. Pantothenic acid is required for the synthesis of acetyl CoA, and in
the synthesis and metabolism of carbohydrates, fats and proteins,

It has the ability to stimulate yeast growth. It.is also used to synthesise
coenzyme-A (CoA) and synthesise and metabolise carbohydrates, fats, and
proteins.

Occurrence: Pantothenic acid occurs naturally, as a component of coenzyme
A and Acyl-Carrier Protein (ACP).

Biochemical Functions: Coenzyme A is synthesised .with the Kelp of
pantothenic acid. Pantothenic acid as a Coenzym_e A is alsg utilised in
acetylation and acylation reactions which mvolves' mltranSducthn of signal
and activation and deactivation of enzymes, respectively.

-
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2 i . with insolup]
intestiﬂe; this hinders the Intestinal 3 Sy

sodium and potassium. Few minery]g
plood circulation, while some are transported with th
protei ns-Pi (€.8., transferrin for iron).

bres or ph

. . yt
bsorption of dietary minera]g
are found in fy

ates in the
» except for

speciﬁ 5 bindiﬂg p.roteins are required to
y ferritin protein is needed). Minerals are eliminated from the body by renal
dl or

i ute. This hampers the - i :
hepatobiliary route. Pers the absorption of minerals, ‘
of the consumed minerals are eliminated through faeces, a0 therelore s

Store minerals (e.g., for storing iron

various specific carrier proteins are needed for
example, the mucosal binding factor jg required
intracellular carriér n}olecule is required for abg
these carrier proteins is an important facor for m
in the body.

the absorption of minerals; for
for absorption of zinc, and an
orption of iron. Formation of
aintaining the level of minerals

4.2.2. Mineral Deficiency or Excess in Body

In table 4.4, total content of essential minerals in a normal adult body is given.
Deficient as well as excessive conditions of these minerals can be dangerous. The
circulating levels of a mineral show net result of it absorption, utilisation,
storage, and excretion; therefore loss of control over these processes (besides
inappropriate dietary intake) leads to mineral imbalances. For example,
deficiency of iron occurs due to the following reasons:

1) Low consumption of iron in the diet,

2) Decreases in intestinal absorption,

3) Extreme loss due to bleeding.

Table 4.4: Total Body Content (in Moles) of Some
Minerals in Adult Male of 70 kg Body Weight

| Sodium 42 | Iron 0.07
Potassium 3.0 | Zinc 0.004 |
Chloride 0.0014 | Copper 0.002
Magnesium 0.0012. | Manganese 0.0002 |
Calcium 34 | lodine 0.0005
Phosphorous 23

Deficiency of minerals may lead to the specific medicgl disor.der as they are
involved in various body functions, for example, microcytic hypochromic
anaemia occurs due to iron deficiency. Excess concemration'of thgse nynerul.s in

body gives toxic effects, e.g., hemochromatosis (fqnchonal lmpz:’x!—mem ;):
liver and pancreas) occurs due to high concentration of iron; Wilsotl ls?erif: .
“ondition of hepatic-lenticular degeneration) occurs .due to high concentrati
COpper; Molybdenosis occurs due to high concentration of molybdenum.
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4.2.3. Classification of Minerals

The following two categories of minerals essential within the body:

1) Macro-Minerals or Essential Minerals: The daily requirement of thes
minerals is more than 100mg per day.

2) Micro-Minerals or Trace Minerals: The daily requirement of these mincral

is less than 100mg per day.

4.2.3.1. Essential Minerals
A sufficient intake of all the essential elements is vastly d
biochemical processes basically seven minerals are require
electrolytes or are required in cell structure and many ot
daily diet, it has been scen that the dietary bulk “mineral €
200mg/day) are arranged alphabetically in the following manner:
1) Sodium: It is the chief cation of the extra-cellular compartment. Around
50mmol/kg body weight of sodium is found in the body of 8 healthy adul
man: of this amount around 50% is present in bones, 40% m.extracellular
fluids, and 10% in soft tissues. Sodium concentration in plasma 18 abou; 135.
145mmol/litre, in extracellular fluids it is high, and in intracellular fluid the
concentration is low, i.e., only about 35mmol/L.

esired. To support the
d. which either act ag
her functions. In our
jements” (RDA >

Daily Requirement and Dietary Sources R
Around 5-10 gram of sodium is present in a normal Indian diet 1n the form of

wble salt (sodium chloride), meat, fish, eggs, milk, cheese. cauliflower,
spinach, legumes, and nuts. In a tropical country ll‘ke India, the. daily
requirement of sodium is around 5-6 grams. Excessive consumption of

sodium causes hypertension.

Biochemical Functions
Sodium performs many functions in th
maintaining of osmotic pressure and

transport, as mentioned below: _ ' .
i) Neuromuscular Excitability: Sodium together with potassium cations
increase the neuromuscular excitability which is counterbalanced by

divalent cations (calcium and magnesium).

¢ body like nervous tissue irritability,
pH of body fluids, and membrane

iiy Regulation of Fluid: Sodium cations are the major cations of
extracellular fluid, therefore they are actively involved in maintaining the
osmotic pressure. They also retain water in ECF.

iii) Acid-Base Balance: Sodium is the element of bicarbonate buffer system
in the form of sodium bicarbonate salt. In renal tubules, sodium-

potassium exchange takes place to acidify urine.

iv) Membrane Transport: Active absorption of various substances across
the plasma membrane occurs through sodium co-transport.

"

2

i’ (Chapter )
yi
tion
AbsorP? -
0 godium 13 dhs?rh«':d through a sodium ;
ATPase (or Na '/K -adenosine (riphosphatiump G
i Active gbsorptmn of Na' requires ener ”
metabolism of glucose and amino acids
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nvolves Na'/K*.
8y which is obtainegd by the

C""ical Manifestations

Hypernatraemia: This condition s |es
and occurs due to the presence of high.
Jue to hyperac(ivity of adrenal cortex (
the contlm'mus administration of con‘ico
by excessive a.dministration of saline
sodium is retained in the body and‘
(specially of the face).

; S common than hyponatraemia
amount of sodium. It can oceyr
Cush'mg's syndrome) or due 1o
steroids. It may also be caused
In hypematraemia, water and

patient suffers from puffiness

3 raemia: This is

i Hyp'o.ni:’l gm 2 Tbhl\ IS caused due to gastroenteritis with d
vf’mmna, Severe bums, obstructions in small intest laJThoea.
disease, and by using mercurial diuretiCS/ Sk, RS

potassium: It is the major intracellular catj

poe e T cation, and
Daily Requirement and Dietary Sources
A healthy adult human requires around 2.4 assi ' '
requires around l.3gram of potassium. T O ptsm, vl & i

is generally found in

|t is widely present in vegetables.

Biochemical Functions

i) Some functions of potassium are similar to sodium

ii) During v}/atgr retention or loss, serum potassium concentration does not
change significantly.

iii) Insulin stimulates the cellular uptake of potassium.

iv) It maintains acid-base balance. A mutual relationship exists between the
potqsglum and hydrogen ions. Potassium ions are disposed from cells for
retaining elefctro neutrality during acidosis occurs. Therefore, potassium
regulates acid-base balance.

v) It help's in proper functioning of cardiac muscles and muscular system. If
potassium is present in excess or low amount in the body, it may lead to
life-threatening significances.

vi) It regulates enzymatic actions, e.g., pyruvate kinase needs K" as a
cofactor.

vii) It helps in neurotransmission.

viii) If glomerular filtrate is low; the kidney cannot excrete the potassium
Joad from the body. Acidosis intensifies this condition.

ix) An excess amount of potassium is seen in Addison’s disease and in
adrenalectomy.

x) Damaged cells release potassium ions.



V

94 D. Pharm. Part-I (Biochemistry and Clinical Pathology) BTy, e 4)
v . 95
! . ochloraemia (or decreaseq *hlorj
\ Absorption : : i) HYP s < chloride concentratin) o
‘ Itis e:gil absorbed in the body. It diffuses against the concentration gradic, ) a) Severe vomiling or loss of ey ;1n(1“n[m.mnmwu"“d“° to:
py 18 lhy intracellular to the extracellular fluid. Potassium ons picarbonate occurs, ' 80" compensatory rige in
om the i ? - ison's diseqce
transported into the cells by sodium pumps for every two potassium ions thy p) In Ad'(;iql:«;?rs zh:'dsc' ‘mineralocorticoid depletion occurs wiy; |
3 . s S1 alrs reabsorption f chlori Which 1p
ons are pumped out. turns 4D80Iplion of chioride fir(, .
are pumped in. three sodium i pump . Prolqngcd £astric suction, anq M renal tubules,
Clinical ManifeslaﬁOInS ) d) Respiratory acidosis ang metabolic alkalosis.
i) Hyperkalaemia: It occurs due to: ) : cum: It is the four ]
? a)  The kidneys become unable to excrete a potassiuh l(;ad ‘;’:e:f(l}:;:j:?w» agn?:lll:":nd calcium catl?nnmsos\:v?]t')lunqam cation in the body after sodium
N i ve assi jum, S; whi intrs X = ‘ ,
b) In Addison's disease and adrenalectomy, high Il um omtssabun ‘Jant cation after Pohsxiume II?1 lgtrdcellqlar Space it is the secon
are observed, and mos assium. uman, it acts as an activy
-~ 300 enzymes. A he; ' ator for
¢) Potassium ions are released from damaged cells. aroundsium‘ around 70% of v :ilcl}}:y. ar_dull contains  around 25 gram of
ii) Hypokalaemia: It occurs due to: , magnemuscie (soft tissues) and bolgy Oft]lzqdfn the skeleton, around 30% in
a) Gastrointestinal losses, diarrhoea, vomiting, and surgical fistula, hvi:z;cellma ¢ Fluid (ECF), Magnesium los,lan? only 1% in blood ang
b) Renal diseases (increased aldosterone production), _Ex rchange easily with each other, by noIl) ' ho e and ECF can
¢) Administration of diuretics and corticosteroids, and -mteacellular spaces. ’ with the magnesium present in
d) During alkalosis, potassium ions moves from the extracellular flujg intr: il 1623k ‘
tothe-intracellular Huid. Appr(()ixgga;;; is. pr(;teTilfb 0; mLﬂineslum is found in serum: of which
-23% oun i i . . 4 ’
. . ) L. I sery aroun > D - Like calcium ions, the biologically acti
| 3) Chloride: It is the chief anion in the body. Generally, the norma m jum remains as ionis gically active
magnesium sed (unbound) part of serum magnesium. The

chloride levels undergo parallel alterations with sodium levels. Around
125mmole/litre chloride is found in the Cerebrospinal Fluid (CSF) which s
more than in any other body fluid; approximately 80 gram of chloride iong
are present in an average adult.

Daily Requirement and Dietary Sources ] )
An average adult requires around 5-10 gram of chloride daily. The chief
sources are table salt (NaCl) and foods like meat, fish, cheese, cereals, eggs,
etc. Thus, consumption of sodium and potassium occurs parallelly.

Biochemical Functions ' _
Chloride ions regulate osmotic pressure of extracellular fluids along with

sodium cations. They help in the synthesis of hydrochloric acid in the
stomach and also maintains blood pH.

Absorption

Chloride ions are absorbed by passive diffusion in proximal ileum (part of
small intestine); while in distal ileum and in renal tubules, absorption of
chloride ions occurs in exchange for bicarbonate ions.

Serum chloride levels changes along with sodium concentration; however, it
does not occur in metabolic alkalosis.

Clinical Manifestations
i) Hyperchloraemia (or increased chloride concentration) occurs due to:
a) Loss of excess fluid (dehydration),
b) Adrenocortical hyperactivity of adrenal steroids which causes
increased reabsorption from renal tubules,
c) Diarrhoea which results in loss of bicarbonate and retention of
chloride ions, and
d) Respiratory alkalosis, metabolic acidosis, and renal tubular acidosis.

concentration of mtracellplar magnesium ions (about 10mmol/L) is much
higher than the magnesium present in ECF; most of the in[ralcellular
concentration of magnesium ions is found jp cellular organelles. The
concentration of magnesium ions in RBC js about 20mmollL.. )

Daily Requirement and Dietary Sources

Around 350mg/day of magnesium is needed for a healthy adult man; and about
300mg and 150-250mg of magnesium per day are required for adLH women
and children_,_ respectively. Around 450mg/day magnesium is required to
maintain positive magnesium balance during pregnancy and lactation.

Chief food sources of magnesium are nuts, cereals, beans, fish, almonds (rich
source), and leafy green vegetables (high chlorophyll content).

Biochemical Functions

i) Enmzyme Activator: Magnesium activates many enzymes, especially
those in which the substrate is a complex of ATP and magnesium
complex (ATP-Mg2+). The enzymes requiring magnesium are involved
in various metabolic reactions like trans-cellular ion transport, muscle
contraction, and oxidative phosphorylation. Examples of some enzymes
having magnesium ions are hexokinase, phosphofructokinase, pyruvate
kinase, thiokinase, squalene synthase, glutamine synthetase, adenylate

cyclase, etc.

ii) Neuromuscular Excitability: It is decreased by high concentration of
magnesium ions; while low concentration of magnesium ions increases

nerve excitability.

iii) Glucose Tolerance: It is improved in the presence of magnesium ions as
insulin-dependent glucose uptake is increased.
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V) Others: Magnesium 18 needed for DNA replication. 'Imlk‘(rlpllun_ ang |

translation. It also binds 10 nucleoside phosphate and nucleic .‘,";N,k o
DNA helix 15 stabilised by binding of histoncs and magnesium to
open phosphate groups. For photosynthesis 1 green plants. chloroph,

(a magnesium porphyrin complex alike to haeme) is absoluic),

necessan

Absorption

Magnesium 1s absorbed manly in the cmall bowel through ijCIﬁC carn.,
mechanism. Factors increasing  the absorption of magncsmm” YOS ‘ar
Vitamin D, PTH. high-protein intake. and ncomycin therapy: where,

consumption of calcium and high protein, fatty acids, Phylates. g
phosphates decreases its absorption.

Clinical Manifestations ;
Hypomagnesacmia is a condition of low level of serum magnesium whig;

contributes to a poor prognosis for the patient. especially when magnesiur,
dl. Causes of hypomagnesacmia .

jon concentration is below 1.7mg/ =
diabetes, prolonged alcoholism,  liver cirrhosis, hyperparathyroidism,
aldosteronism, protein calorie malnuurition, and drug therapy. It may lead 1
many health problems, e.g., neuromuscular hypel‘imwbll“}’» tremors
increased vascular resistance, coronary vasospasm, and hypertension.

m is known g

reased level of serum magnesiu :
f renal failure.

A condition of Inc
in conditions 0

hypermagnesaemia which generally occurs
s and teeth; and in blood, half of the

Calcium: It is a chief constituent of bone:
calcium is found in ionised form and rest in unionised form. A part of the

unionised calcium bounds to citrate and some bounds to protein. Calcium is
consumed in the diet in the form of calcium phosphate or carbonate.

Ca-to-P Ratio: The product of Ca x P should be 50mg/dl in children and

40mg/dl in adults. In rickets, it is less than 30mg/dL.

Daily Requirement and Dietary Sources
d for a healthy adult man; and about

Around 0.5gm/day of calcium is require
1.5¢gm and 1.0gm of calcium per day is required for pregnant women and

children, respectively.

The chief sources of calcium are milk, egg
(wheat and rice) also contain a small amount of calcium.

s, fish, and vegetables. Cereals

Biochemical Functions
i) Bone Calcification: It is required for the calcification of bones and teeth.

ii) Blood Coagulation: It plays a significant role in the coagulation of
blood as it helps in the conversion of the prothrombin to thrombin and in

the synthesis of thromboplastin.

o (CDopter )

v‘lf'i
) jon of Enzymes: It acts 4 . 9
i Act S il CIS a5 an activator for w—

succinic dehydrogenase, ATPase, and . Kny enzymes (e.g

(
Yome proteolyic enzym
- HLymnes)

lipase,

o Conlmction of Muscle: Calcium ions he| in tt
nculmhcmg.thc hegative charge of mvm;npwnh : muscle contraction by
actin. Calcium “ions activate the /mymm IL\Tm”h':r combines with
hydmlyﬂﬁ ths Adenmme Triphosphate (ATP Fsbie €nzyme which
muscle contraction. ATP). thus provides enerpy for

V) Excitability of Neuromuscular: | j required for nerves ex
vES €XCitation

. Hormone Action: It acts

a5 an Iintracel e
different hormones. lular secondary messenger of

p ne Release: It faci];
yii) Hormo e: It facilitates the release of certain
insulin, PTH. and calcitonin. Ormones such as

Membrane Permeability: [t incregges

; ses the pe; ility
memb.rane. and thus Fhe effect is counlerba]ancefi E“i;b”") O'f Pl
of sodium and potassium capillary permeability SRS

viil)

Absorption .
Calcium is absorbed in the first and second part
: - . s of i

electric and cc.mcentrzfuon‘ gradients. Mechanims invgrziienym z;ga;nsl
abs,?rpuon are Slmp]e diffusion @d active transport involving ene:'n : Zlum
P pun.lp,h Calcium absorpu_on Increases in presence Uof vﬁxﬁ?n [Ih)e
aral'hyfo'd ormone (PTH), acidity, and amino acids (lysine and areini .
Calcium absorpuor.l d_ecreases in the presence of phytic agl'gme)‘
hexaPhOSPhate of inositol (in cereals), oxalates (in leafyy veweleibl ‘0 f
malabsorption syndrome, and foods having high-phosphate i

Clinical Manifestations

Most of the calcium deficiencies resemble vitamin D deficiencies (lik

rickets, OSLEOPOTOSIS, and hyper excitability). Recent studies show thae[

inadequate consum?tlon of calcium results in hypertension.

i) Hypercalcaemia: Symptoms of hypercalcaemia are nausea, lethargic
(tiredness) conditions, loss of appetite, and tendency to fracture bon::s
Hypercalcaemia may occur in the following conditions: .
a) Hyperparathyroidism,

b) Multiple myeloma,

c) Metastatic carcinoma of bone,

d) Milk-alkali syndrome,

e¢) Treatment with drugs such as diuretics, and
f) Hypervitaminosis D.

ii) Hypocalcaemia: It may occur in the following conditions:
a) Tetany calcium levels fall below 7mg/dl,
b) Hypoparathyroidism thyroidism,
¢) Fanconi’s syndrome (disorder of tubular reabsorption),
d) Acute pancreatitis,
e) Vitamin D deficiency, and
f) Chronic renal failure.
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" muscles:
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d for a healthy adult may
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£ phosphﬂlc per

day is required by p,

N
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Daily Require

Around 500mg

400-
bout 1gm anfi
?vomen and children, respe

Cang,

i ts’ eg S, 1c.
i rces Of ph0>phate ar h SLy , g etc
hlef sourc N € C eese ln]lk nu

Biochemical Fun:ﬁ;::es and Teeth: After calcium, phosphoroys i\
i) Formation 0

d teeth.
j ituent of bones an . '

major co.nstl High Energy Phosphate: It is required for the Producy,
i) l’rot_luctmﬂrOf phisphates like Adenosine Triphosphate (ATP), Cyidy

’(;frih;;z})lr:}?;f zCTP), Guanosine Triphosphate (GTP), etc.
iii) F :mation of Nucleic Acid: The backbone of DNA and RNA is fom
11 0 .

of phosphate diester linkages. . o
iv) Activation of Enzymes: Phosphorylation helps in the activation of sy
i )

enzymes. | |
v) Production of Biochemical Compounds: Phosphate is also required fg

the formation of various biochemical compounds like phospholipid;
phosphoproteins, lipoproteins, and nucleotides.

Absorption . o
Phosphorous absorption mostly occurs in the jejunum. Its absorption i
stimulated by PTH (parathormone) and vitamin D5,

Clinical Manifestations

1) Hyperphosphatemia is caused by:
a) Increased absorption of phosphate,
b) Increased cell lysis due to chemot

secondaries,

¢) Decreased excretion of phosphorus,
d) Renal impaitment,
) Massive blood transfusions, and

) f) Drugs(eg, chlorothiazide, nifedipine, and furosemide).
i) H)ypophosphatemia is caused by:
5 :

Decreased absorpti
Tption of ;
b) Inu.ace"ular Shif[’ phosphates

©) Increased yg f phosphat
sphate,

) Hereditary b

ypopho: :

%) Iéypercalcaemja Sphatemia,
hronic alcopgy;

8) Drugs (eg. g

herapy for cancer or due to bor

nary excretiop o

s antacidg, d; .
» diuretics, ang salicylate intoxication)-

yjtamins (Ch

4232

- minerals which act as cofactors
Sl(:anlities are the trace elements. Following
clcments( o e )
N Cobalt: It is significant for the biosynthesis of vitamin B,

2)

3)

apter 4) 99

Trace Minerals

for the enzymes and are needed in trace
are the examples of some trace
RDA<200mg/day):

family of
coenzymes. The total body content of cobalt is around I.Img. It is mainly
absorbed from the small intestine. Around 0.26mg of cobalt is eliminated per
day through ur.ine. The main sources of cobalt are figs, cabbage, lettuce,
spinach, and animal products like liver and Kidney.
Functions
j) Itisa constituent of vitamin B, (around 4% of cob.

required for the production of haemoglobin.

iiy It causes polycythaemia by either increasing or preventing the

destruction of erythropoietin hormone (secreted by the kidneys). It may
cause the development of macrocytic anaemia.

alt present). It is also

Copper: It is an important component of many redox enzymes (including
cytochrome-c-oxidase). In tpe body, copper exists in two forms, i.c.. cuprous
and cupric; but mainly Cu™" (cupric) form is found in the body and these
forms changes between each other from Cu'* to Cu**. Copper helps in
oxidation-reduction and in scavenging of free radicals, as it has the capacity
to accept and donates the electrons.

The chief sources of copper are organ meats, shellfish, nuts, seeds, wheat
bran cereals and whole grain products. Cupric oxide. copper gluconate,

copper sulphate, and copper amino acid chelates are the examples of copper
supplements.

Copper toxicity has many consequences like nausea, vomiting, headache,
dizziness, hypertension, hepatic cirrhosis, tremors, mental deterioration,
Kayser-Fleischer rings, haemolytic anaemia, renal dysfunction (Fanconi-like
syndrome), and even death of an individual.

Fluorine: It helps in the formation of tooth enamel (highly mineralised part
of the tooth that protects it from degradation), containing fluoroapatite.
Around 10-20mg of fluorine is found in the blood in its ionised form. Main
sources of fluorine are drinking water, tea, salmon and sardine. About 1-2
Ppm of fluorine is required per day. As fluorine is absorbed through water, it
is expressed as ppm.

It is absorbed in small intestine, and half of the ingested fluoride is
eliminated through urine and remaining is deposited in bones. With ageing,
this fluoride is collected in the bone.

Functions

) Tooth Development and Dental Health: Fluorine is essential for teeth
development. It prevents dental caries. In large amounts, it causes
fluorosis or mottling of the enamel. In this condition, enamel is stratified

and has dull white patches. Brown stains and pits are also observed on
the tooth.
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11} Bone Development: Fluonne enhances calcium and phosphate reteyy,,
h
thus promates bone development and prevents old age osteop,,,,
: (. cal.: .. Sig
Excessive intake causes osteoblastic activity, calcium de(‘SHl()n‘
density of bones. Fluonide ions act as an inhibitor of enolase "Cr),“y‘

mhitnting glycolysis).

$) lodine: It is a non-metallic trace element and helps in the synthesis 1
{tritadothyronine) and T. (thyroxine) thyroid hormones. !

The iodine content in foods depends on the iodine content of the soil |
which it was grown: for example, seafood is rich in iodine because they Can
concentrate the iodine from seawater. Some seaweced (e.g., U”;](lr,(r‘
pinnatifida or wakame) are also very rich in iodine. Addition of iodise \alf
and food addiaives (calcium 1odate and potassium iodate) to processed foods
increases the iodine content.

The free iodine and 1norganic iodate are firstly converted into iodide which jg
simply absorbed in gastrointestinal tract. It can also be absorbed fm,ﬁ

mucous membrane, lungs, and skin.

Functions
lIodine is essential for the synthesis of thyroid hormones, je

triiodothyronine (T3;) and tetraiodothyronine (T,). Thyroid hormones are
iodinated derivatives of the amino acid thyronine. In thyroid gland, iodine js
taken up through active transport and is then oxidised to active iodine which
is used to iodinate tyrosine to form iodotyrosine. The iodotyrosine combines

to form T3 and T,.

lodine deficiency or hypothyroidism causes stillbirths, abortions,

congenital heart anomalies. endemic cretinism, mental retardation, and
neurological defects. Treatment of iodine deficiency before pregnancy

prevents disorders in children.

Hyperthyroidism leads to the following complications:

1) An enlarged and hyperactive thyroid is caused by exophthalmos.

u) Thyroid-stimulating immunoglobulin synthesis is increased due to
Grave’s disease. It further activates the TSH (Thyroid Stimulating
Hormone) and LATS (Long- Acting Thyroid Stimulating) factors.

111) Hashimoto's disease may occur due to destruction of thyroid tissues, over
production of anti-thyroid antibodies, due to overproduction of TSH, and

hyperthyroidism.

5) Irom: It is significant for many proteins and enzymes (particularly
haemoglobin). Around 3-5gm iron is found in a healthy adult human body:
out of which around 75% is present in blood in the form of haemoglobin, 5%

is in myoglobin, and 15% in ferritin. Around 20mg of iron is required per
day for a healthy adult man; and about 40mg and 20-30mg of iron per day is

Fequired by pregnant women and children, respectively.

i

6) Man,

(Chapter
chin sources of irqp are Jeyuf- )
L 00gm) cereals (5m I( Wl Vegetable 5 101
(1 100g - smg/ JOgm)) liver (Smg/| : 1._fnr|u/!r,¢’,,”
also fmm]_idgg;ry Amount of Iron in f 'Td 00gm, Meat ,—;] _) Pulseg
i st ( d oo <Mg/100),
ion utensils. Less than 0.1mg oo o0 Present i . "CTease by o BT
I Ntin per 10Gm] of mill 7XIng in
. 21 Mk
body, iron 15 storeq
mmn'ﬂa] mucosal cells, liver gp;:er:hc f(]lr}:] of ferritin which i« ¢
in ’ s an one ma 5 found ;
TTOW. Partja) "

ferritin gives haemosiderin which hy.
i in tissues, e.g., liver, spleen, and

mia is commonly caused dye to deﬁmency of
1ron.

child loses his/her learning ability and in adults workin

are golden browp granules. HaemOSIderosis IS cau
qransfusion in an individual. S

children.

It is absorbed througl{ guts and transported in combination with B-globulin
(called transmanganin). It is stored in the liver. Some amount of it is
eliminated through urine, and the remaining through bile or faeces.

Manganese is required for the following metabolic processes:

i) Role in Animal Reproduction: Deficiency of manganese causes

sterility in animals and disturbance in citric acid cycle.

ii) Proteoglycan Synthesis: It promotes synthesis and deposition of
- proteoglycans in many tissues, including bones due to
- glycosyltransferase activity.

i) Porphyrin Synthesis: It is a constituent of some porphyrins of
~ erythrocytes.

“%Bone Growth: It is also required for bone growth and cholesterol

* Syntheses.

s like arginase,
cts as Cofactor: It acts as a cofactor for enzyme
Jeucine aminopeptidase. Enzymes

lt'ra.te dehydrogenase, anc kinases, decarboxylases, and

1anganese tox-lc t, causes ence hallt]s aﬂd n adults
p ’
g 1

Otency, psychosis and extrapyramidal s
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Selenium: It v necessany for pero sl (
1Smg selemum 18 found in the total body. It protects the cell from

destruction Its chief sources arc liver, kidney, seafoods, meats, and grains
Around 0. 2mg of selenium per day is required for healthy adult and around

(.02-0 1mg per day for children.

(antioxidant proteins). Around <.

Functions ' _ . 4
i It is found in selenoproteins, €. glutathione peroxidase, thioredoxin

reductase. deiodinase, muscle selenoproteins, etc.
i) It is an integral part of glutathione peroxidase, the following are the
tuncuons of 1t:
It guards vital cell components, for example, it protects cell
membrane from hydrogen peroxide and other peroxides.
b) It increases the action of superoxide dismutase which protects the

cells against superoxide (O™) and other free radicals.

a)

i1) Selenium releases vitamin E in the following three methods:
4) Normal pancreatic function, and digestion and absorption of lipids
including vitamin E,
b) Component of glutathione peroxidase, and
<1 Helps in retention of vitamin E in the blood.
1v) It reduces the risk of certain cancers.
v) It helps in purine metabolism (thioredoxin reductase)
133) :

It helps in sperm motility ‘
wotility and muscle ism i :
.sclcrmprulcin.s. metabolism in the o

Toxicity of seleni i

) eni ' an living i

s s ulngazzcttgs in hpman living in selenium-rich soil. In human:

sty ol e cardiomyopathy. In cattle, alkali disease, 11VeT
L ystrophy are caused due to excess sele

Sulphur: 1t 4015 nium.

ab an enzyme cofacto

. rand also is an escent; 3
jonine (essentia) g Iso is an essential component 0!

mino acids). Proteins contain about 1

cysteine and meth

V
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crapret V)
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Vi
by weight Sulphates are not used in the form of inorganic sulphate

<“:£*‘::Na' K' and Mg™". yet it s present in food
:lminf’ acids mn(.nnmg sulphur are nnportant constituents of body proteins
disulphide linkages keep polypeptide units together, e.g., insulin and

o jobulin. In cartilages and bone, sulphur is present in the form of
roitin sulphates Keratin protein present in hair and nail 1s also a
:u)phuf‘riCh protein Muny enzymes and peptides contain —SH groups at the
sctive site, e.g-. glutathione Other m{npﬂunds contamning -SH group are
lipoic and CoA. Sulphates also take part in

(hiﬂmi"e' biotin. acid,
demxiﬁca“(’" mechanisms like the production of indoxyl sulphate

it

[t is pervasive In nature and is essential for many other enzymes
ptidase. liver alcohol dehydrogenase. and carbonic anhydrase) to
complete their metabolic processes. Around 2 3gm zinc is found in the body.
of which 80-110mg/dl is present in the plasma. High concentrations of zinc
are found in choroid of eyes. prostate. kidneys, liver. and muscles The chief
sources of zinc are meat, liver, seafood, eggs, vegetables. and whole grams
(less available due to phytates). Around Smg of zinc 1s required per day for a

Zinc:

l (l )
(carboxype

pregnant woman.

Absorption of zinc directly depends on the metallothionein (protein) Jevel in
intestinal mucosal cells: this protein also acts as a camer for zinc. Its
absorption is inhibited by copper. phosphate, phytate, and calcium. It is
eliminated through faeces and some amount in urine and sweat.

Functions

i) There are around 300 zinc-containing enzymes, e.g. lactate
dehydrogenase, ~ carbonic anhydrase, alkaline phosphatase and
carboxypeptidase.

i) Itis also found in cytosolic superoxide dismutase which contains copper
also.

iii) It helps in the production of DNA and proteins.

42.4. Role of Minerals in Life Process

Differm/tmiuerals, their sources, and functions are given in table 4.5:
o Table 4.5: Role of Minerals in Life Process {
el Sources | Functions

Calcium Milk. cheese, yogurt, sardines, and Structural in bones and teeth, and |

L | canned fish with bones. | signal ransduction. |
“Phosphorus | Red meat, dairy foods, fish, poultry. | Stucturai in boncs and tecth DNA
‘ bread, rice, and oats. | signal transduction. and enzyme
— | regulanon.

| Sodium Found in almost all foods Fluid and clectrolyte balance, and

o nerve conduction.

Chloride ’ -

i um | Spinach and Swiss chard. bran cercals | Nerve and muscle  function,
and wheat germ, brown rice. dried _cofacu_ar .for many ~ enzymes,
beans, peas, lentls (black, navy. including for DNA synthesis.
chickpeas. nuts). and seeds (almonds,
cashews, pumpkin, sunflower, and flax

——— seeds). —
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I
Copper

| juice, orang®

/‘o.da k
‘ . sweet PO o
Potassium | Banm:as.;::(f{;do‘ prune ui .
| greens. juice, milk.
avy. P
Jenti

p. Pharim™ part-

meats sucl ;
cstrap MO asses.
blacks cereals, and green

Nuts and shellfish.

chicken, liver, garlic, and vegetables
grown in selenium-rich soil.

1 (Binchcmi

e nerve
7 ance, nerve condugy;,,

oiry and Clinical Pathology) g Iy
i |

Fluid bal

and plood pressure regulation

component in ““{i]duc

Structural .
antioxidant metabolism,

;mportant for rotein function.
Oxygen transport and - sign

Uansduction.

Enzyme cofactor.

’/\ -
Blood cell formation and release of
iron for haemoglobin function.

/”’/ Biosynthesis of thyroid hormones,
Component of vitamin B, aming

Jodine Fish and shellfish. =5l
: tables, I
Gl Fish, nuis grce0 feafy veE acid metabolism, and fatty acid
ceredl metabolism.
__,_,_’4/‘17 Cofactor for enzymes, growth and
i . milk, cheese, dried beans like :
e :i‘:hg:l;t 1Trl:avy pinto and soybeans, development, and immune
lentils.' pumpkin seeds and sunflower function.
seeds, liver, meat, poultry, fish, and
seafood. I
Fluoride Seafood, tea, and elatin. Fluoride helps prevent tooth decay.
Boron Green vegetables, fruits, and nuts. Function in glucose metabolism
- and estrogen function.
Selenium | Fish, shellfish, red meat, grains, eggs, | Synthesis of antioxidant enzymes;
immune function, cardiovascular

support, bone and joint function,

and brain development.

I

4.2.5. Water

Water is a simple natural subs
Chemically, it is an inorganic compound and its mo.
present throughout the human body, forming approximately
mass of average adult humans. Water constitutes most of the volume o

tance which is present abundantly on earth.

lecular formula is H;0. It is
55-60% of the body
f cells and

body fluids; thus, the tissues formed by such cells.

On an average 60% (range 45-70%) of total body weight consists of water. Wa

ter

gz:zgne;u ??:ggcg;% of muscle and' organ weight but only 20-30% of adipos¢
s s s e thi \l:'iag;r content in a muscular body is much more than in *
women have a higher perngcemage of lean body mass, men in comparison
years old mom b ntage of water in their total body weight For

ave 60-65% water whereas women of the same ¢

(

example, 40

h?ve 50-5?%. A very lean adult male has 70
of water is present according to their ¢
decreases in older individuals due to redu::)

%.of water, while in obese man 3"
tal body weight. Total water conte”
ed muscle mass,

“papter 4)
’u””m (Chap .
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able 4.6 cnlists the propertics and benefits of water-
18 o Table 4.6: Properties of Water
— Description )
propertics. ‘L = Syl
‘/' ;g TR rr \1>xam[)l(« of Benefit to the Body
5!1‘;[_"” | other polar compounds, which ;hd-,:‘}lmkwj\ of molecules can
po ‘ causes them to dissociate 0 SR Call theesky permitting
| a variety of chemical reac 3
allowins . : reactions and
o l transpy :U‘”MT‘; mtances o be
| gpecific | Hydrogen bonds  absorb  hea e
s Speci rb  heat  Body ————
;}eit when they break. and release heat c)rms'r' r:rtmpc‘d“* hays. relatively
‘ whe'n they  form. thereby ’
——— | minimising temperature changes
L t of | Many hydrogen bonds m ' be | Evap ]
i Hﬂf g ust he | Evaporation of water in perspira
Vaporiﬂ"o" broken for water to evaporate. cools the body e e
, [ Hydrogen bonds hold molecules  Waterworks as 2 lubricant ¢
pesion old molecules = Waterworks as - ?
c of water together Cu\hﬂi(l’):orf:*pn?ad ’Ubﬂcsm e
tect against damage
from friction or trauma. )
42.5.1. Body Water Compartments and Composition
b . . .
Total body water can roadly be classified into the intracellular and extracellular

water. Water found inside the cell membrane is called the intracellular water
while that outside the cell membrane is called the extracellular water eg‘
water in the plasma (intravascular water), water around the cells (inlel:sli;ia-i
fluid), the humour of eye, cerebrospinal fluid, and water preserﬁ in
gastrointestinal and urinary tracts. Extracellular water provides the medium for
metabolic exchanges, while intracellular water provides the medium for chemical
reactions of cellular metabolism. Table 4.7 shows the compartment volumes in
litres. for each of the major body water pools. In this table, 42 litres of water is
required for maintaining the optimal fluid balance in the body of a 70kg adult.
But to maintain fluid balance, the body requires other elements along w ith water.

Many s_mall molecules and electrolytes (e.g., sodium, chloride. potassium, and
magnesium jons) are required for maintaining the body fluid balance. Therefore, it
is essential to consume electrolytes in food and beverages 0 maintain the fluid
balance_of the body. Water is easily diffusible through the cells. therefore the body
water distribution in various compartments depends on the chemical activity and
concentration of ions and small molecules (e.g., glucose and albumin).

ii;lut);rflcular compartment has high solute concex}tration, the osmotic pressure aqd
$ capacity to attract water will also be high. For example, if sodium is
ar;s:m in different concentrations in two neighbouring compartments of the body,
fequirre V:;lll be attracted towards the compartment of t}xgh concentration. The force
Pk to oppose 0smosis (movement) of water in a solution across a semi-
that Cialta)l: membrane is the osmotic pressure. .Il can also be defined as the force
the meg ges t.he movement of water fr(_)m dilute to concentrgted solutions. If
the membrane is permeable to the solute, it does not exert osmotic pressure across
h T mbrane. Osmotic pressure depends on _the following factors:

otal number of solute particles in solution, and

Permeability of the membrane through which the solute passes.
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The body conastantly mamniuns thod balance dv aipeamg ~oed ke
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2) Elimination of Was

D. Pharm. Part-] (Biochemistry and Clinical Pathology) BTE( p,
te from the Body: The body eliminates waste throygj,
nd defecation: therefore adequate water intake |,

weat glands. kidneys. liver, ap

ns of the body (5
ut waste from the body.

of degradation through enzymes,
the medium of which is water. Ives many minerals, fibres, ang
nutrients. It also provides medium for absorptiop of the breakdown products
of digestion. Fibres are dissolved in water easily. thus the bowel health i<

impnc;ved by making well-formed. soft stool which passes smoothly.
4) Prevents Dehydration: B excessively during vigorous
exercise, sweat in the high heat. fever, and in illness causing vomiting or
ring from these conditions,

diarrhoea (loss of excess fluid). If anyone is suffe. : .
it is necessary to restore the body’s natural hydration level by increasing the
fluid intake. The physician may also recommend intake of more fluid to

manage many other health conditions (like heal bladder infections and

urinary tract infections).

perspiration. urination. a
essential. Excretory Orgd
intestines) utilise water t@ flush o

3) Aids in Digestion: Digestion is the process
Water disso

ody loses fluids

5) Temperature Moderator: Within the body various enzymatically catalysed
chemical reactions occur. These enzymes show optimum activity on a
specific range of temperature. Water helps in keeping the range of
temperature in the human body moderate for these enzymes to act properly.
This helps with the process of metabolism in the human beings. Water
maintains the range of temperature in the human body for the proper working
of these enzymes that help the process of metabolism.

a.3. EXERCISE

4.3.1. Short Answer Type Questions

1) Write the classification of vitamins.
2) Give anote on role of vitamins.
3) Whatare coenzymes? Give any tWo examples.

4) What are trace elements?
5) Give a note on role of water in life processes.

4.3.2. Long Answer Type Questions
1) Give classification and role of coenzymes.

2) Writea brief classification of minerals.

3) Write a detail note on chemistry of vitamins.

Introduction
850s, a French scientist Louis Paste i
) -Ouls Fasteur said that fe o
mmrﬂcohol by thP: ye.ast 1s catalysed by feme;itls [2‘;‘: fLr]Tenw“on of suger
""j(hesis called vitalism, according to which the fermene[r this, he proposed
fro ‘the structure gf living yeast cells. This postulate of .S'CE}{mo[ e "
l,,%"és. Later on, in the year 1897. Eduard Buchner fou‘”(;a ;]Sm P for
14 ferment sugar solution into alcohol and he proved tﬂattf:r;ﬁv::t:rizmam
n was

could f

faﬁﬁ' ed by the chemicals which continued to function when remov
ted ! - ed fi
;,Fredel'ld‘ W. Kiihne named such chemical molecules enzyme;“?htzz

cells. i :
o disapproval of the idea of vitalism, the development of biochemistry

- dis.
i

or the first time in 1926, James Sumner isolated and crystallised enzyme

» and provided a breakthrough in early enzyme studies. He found that
s of urease are formed exclusively of protein, thus he postulated that
ically all enzymes are proteins. Due to the lack of other examples, this

'3 . .
yery remained controversial for years.

',pl'

e

idely accepted, when John Northrop and

e 1930, this hypothesis was W
psin, and other digestive enzymes and also

Moses k unitz crystallised pepsin, try
hemically found them in proteins.
0™ century, huge advances have been made in the

t, an outline of the working of the enzyme was
ucidation of several enzymes

{,, the last decades of the 2
ﬁglﬁl'of biochemistry; as a resu
drawn, and isolation, purification, and structure el

s that catalyse (i.., increase the raf of) the chemical reactions arc

as enzymes.

es (except RNAs) that

Properties R
i rotein molecu
d etfective f protein coenzymes 0f

éymes are highly specific an :
«‘ge almost all biochemical reactions. Somgtxmes non-| ‘
1S are also required for the catalytic functions of enzymes-

efed below:

t the group of catalytic RNAs.

'Properties of enzymes are bri
Il enzymes are proteins, eXCeP
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7) The molecular weight of enzy

D. Pharm. Part 1 (Brochemistry and Clinteal l‘-"‘l"ln, -

me ranges from 12,000 to T milhon (|
I

like other protein molecules.

3) The catalytic activity of enzymes 18 mainly due to the primary, seeq -

tertiary. and quaternary structures of protein and their specific confory,,.

- - R ed in case of denatur, :
The catalytic activity of enzyme IS destroyed 1 ca denaturayy, |
dissoctation into sub-umits.

4) Mot of the enzymes require only amino acid residue to show their ¢

whereas In some enzymes cofactor or coenzyme is nt‘*-’(_it‘d: while som, tm
both metal 1on and ;‘oenzyme are negfled fgr enl)’ﬂ;':lllc activity. Cofy;,
are inorganic 1ons (such as Fe*. Mg~ Mn". or n™), Whergas coenzy iy,
are vitamin derived metallo-organic  of complex organic molecy,
temporanly acting as specific functional group carrier. Prosthetic groupy ;..
the metal ions or coenzymes which bound covalently, evenly, and tightl; |,
the enzyme protein.

<) Holoenzymes are the catalytically active enzyme, made up of coenzyme -
metal jons (non-protein part) and apoenzyme or apoprotein (protein par)

6) Enzyme activity can be regulated by some processes such i
phosphorylation. glycosylation, etc. These processes alter the structure of 4
protein found in the enzyme.

7) Enzymes are required in very minute quantity. They are not consumed in the
overall enzymatic reaction, rather are obtained as whole after completion of

reaction. Enzymes do not alter the equilibrium constant (K) of a reaction bui
only increase the rate of reaction.

5.1.3. Nomenclature and IUB Classification
In early days. enzymes were named by adding the suffix “-ase” to substrate or t0
a word or phrase defining the activity, e.g., DNA polymerase enzyme catalyses

polymensation of nucleotides to form DNA: urease enzyme catalyses urcd
hydrolysis, etc.

Soite nzymes were qamed by their discoverer on the basis of their function.
eg., pepsin a digestive enzyme, derived from Greek word pepsis means
digestion, lysozyme responsible for cell wall lysis of bacteria.

Some enzyme names were derived from their source, e.g, f s )
) . » € S S h

pancreatic tissue after rubbing it with glycerine, hence ’ngnicinalfqlepnl)}? che(rjeei\i

word tryein means to wear down. s

As the time passed, several new enzymes were discovered; 45 4 l .
» 4s a result, son

enzymes got multiple names or two different enzymes wer
€ named wj ame
name. with the sam¢

To overcome such uncertainties, enzymes were classified ang p, )

of the type of reaction they catalyse after the internationg] agree“r?ed on the basts

all enzymes got formal E.C. (Enzyme Commission) number er]n‘d Asa re;ull.
some have

their trivial names.
i }
S

-
CT———
(hapter 5)
azymes
2l
ording 10 TUB (International Union of Biocher:
cC six major classe - 1ochemistry). en/y e, |
Gﬂifl into six 4)0 d5%¢ each with syb-cl ' JHIES
= F=Cle £ 150
J fjon catalysed (table 5.1 1 Pased on 1}
e {a
Table 5.1: International Classification of Eng
= . yImes
(lasses | I'vpes of Reaction ( atalysed ’
(mdnfcduclil““ | Transfer of electrons thydride 1oms or 1 4
,[;d;4f91t156< Group tranfer react
Hydrolases. | Hydrolysis reaction (transfer of functions
L‘:a/’c‘/ Addition of groups 1o double hond o
J removal of g oups
/;fn;f:‘““ |_Transfer of groups within molecules to v o
l;‘q;cs Formation of C-C_C-5, C.0) ind C-N hond __‘ —
g coupled to ATP cleavage o )
//'7> o ’

Each enzyme is given a systematic name and a specific four-pa-
four-pe
qumber. For example,

Oxidoreductase .\ Dehydrogenase
geili1.1.1.- Alcohol dehydrogenase (Aleohol: NAD™ oxidoreductase
ge2.7.1.1.- Hexokinase (ATP: D-hexose 6-phosphotransferase . «nd

R@6,3.1.2.- Glutamine synthetase (L-glutamate ammonia ligase

Nomenclature Committee of the International Union of Biochemistry and
Molecular Biology collects and maintains the data about enzymes.

Table 5.2: Sub-Classes of Enzymes

Sub- Enzyme Names

Classes
EC1 Oxidoreductases
EC1.1 Acting on the CH—OH group of donors.
EC1.2 Actine on the aldehyde or oxo group of donors.
EC13 Actine on the CH—CH group of donors.
EC14 Acting on the CH—NH, group of donors. __——————
EC15 Acting on the CH—NH group of donors. ________—————
EC 1.6 Acting on NADH or NADPH.
EC17 Acting on other nitrogenous compounds as JonOE. ____—————

EC138 Acting on a sulphur group of donors.
-EL Acting on a haeme grou of donors.

E\CIL Acting on diphenols and related substances 48 donors.

% Acting on peroxide as acceptor. ‘
EC 112 1 / on as donor

= 112 | Actingon hydrogen as donor. - » . — =1
EC 113 Acting on single  donors with incorporation  of molecular OXYE

(oxygenases). — :
Acting on paired donors, with incorporation or re
oxygen.
Acting on su

duction of molecular

&
EC1.14

Cavom

as acceptor.

sroxide radicals
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s, 1. 4. Concept of E nZymatic Action 7
i _ Charles Adolphe Wurt; 00 .
— i for enzyme action in the reaction The “' } ‘“ - ! MNme—whqme

he theory of enr.

and mathematical derivation for the Kine
mechamsm ¢

h’d reaction also arises after his concept

body. some reactions such as muscle contract
vy aCllon. ¢

FC2IX lmn\hmn wlphur-contaiming groups. s homan DO~ - od &o
3 Transfermng selenum-contaiming groups agoal trapsmission. etc.. essentially require enzymatic catal o 9. Meyve
"FC3 " Hvdrolases - e of reactions. Enzymatic catalysis increases the rae of . /515 e the
(EC s.l_w‘f\?ﬁifm?]a hnnd\._ ] of an enzyme. Enzyme-catalysed reaction occurs within the active Mgl o
jj;*_}.’: —_‘, 'EL'\':(M“;T‘_\_ ofa pocket on enzyme). The substrate molecules hind al the act site : :
l’(_i:_‘ AJ.E an ether bonds. T scted upon by the enzymec. - el
CEC34 0 Acung on pephide bonds (peptidases). ]
EC3s _Acting on carbon-nitropen bonds, other than pe ptide bonds. Active Sites
EC e Acunp on acid anhydndes The substrate binding place of an enzyme at which catalvsis ocour < kmoan
EC AT | Acting on carbon-carbon honds. e active site (figure 5.1). This site is 4 cleft or big pocl\el-\l;;p.edv sm;;
EC38 Acting on halide bonds. surl'oﬂlded by amino acid. Surface of an enzZyme contains residues and other
L ECA9 | Acung on phosphorus-nitrogen bonds. side chains responsible for specificity of the substrate with respect 1o ch "
TEC 300 | Actine on sulphur-nitrogen bonds. 7 «eric hindrance, and hydrophobicity. Catalytic residues often ac1 as acertors or
EC 311 Acting on carbon-phosphorus bonds. - donors of protons, or even act as cofactor binders. [nhibition of enzt mes 1 also
EC 3.12 Acung on sulphur-sulphur bonds. camed out at the active site. The catalvuc as well as the binding sies are
EC 3.13 Acting on carbon-sulphur bonds. contained by the active site of an enzyme. The chemical properties. as well as,
EC 4 Lvases the structure of the active site allow substrate binding and recognition
EC 4.1 | Carbon-carbon lyases. ) )
_EC42 Carbon-oxygen Ivases.
FEC43 Carbou-nitrogen 1y ases. o
EC 44 | Carbon-sulphur Jyases. ]
EC 4.5 Carbon-halide Jyases
LC 4.6 Phosphorus-oxy gen lyases.
EC 4.99 Other lyases. j L —
kLS Isomerases
L( s I Racemases and epimerdases. |
E( | cis-1rans-1somerases. ==
E( ‘ 3 Intramolecular 1comerases. “‘1 Figure 5.1: Active Site

_kECEA4

Intramolecular transferases (mutases |

[r(.‘S
[h(-W

Intramolecular lyases.
<99 | Onher isomerases.

Ti ok S
O Catalyse a reaction, an enzyme will bind to one ot miore reactant molecules.

Wh a5 iis substrates. In some reactions, a single su
muh'Plf products. In others, two substrates may come
' molecule, Two reactants might also enter & reaction, SWap

»and leave the reaction as two separate products.

bstrate is broken down
together fo create one
pieces or change

A



Once substrates have entered the active site, they turn into products by r"”‘)w
these major strategies:
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1) In reactions with multiple substrates, the enzyme may hold the suby;,

o 4 e
the correct position and orientation for formation of a new bond. h

2) An enzyme may bend the substrate or strain its bonds, bringing it ¢,
the transition state and thus reducing the amount of energy needed o
that state (the activation energy).

Cr Iy
rcllgh

3) Enzymes may provide a chemical micro-environment that makes it eagje, f
a reaction to proceed. This can involve making an acidic or basic “pOCkc{‘t
that favours a reaction, donating or receiving electrons (often, through Mety
ions bound in the active site), or even forming a temporary covalent bong
with the substrate. All of these interactions depend on specific aming aci
side chains found in the active site.

The enzyme’s mechanism of action can be explained in the following two steps:
1) Enzyme-substrate complex formation, and
2) Activation energy lowering.

Substrate

Enzyme Substrate-enzyme

complex

Product
Figure 5.2: Enzyme-Substrate-Complex Cycle

P

5.1.4.1. Enzyme-Substrate Complex Formation

An enzyme-substrate complex is formed when a substrate is acted upon by an
enzyme (figure 5.2). This lowers the activation energy of the substrate.
Subsequently, decomposition of substrate takes place, undergoing various
chemical changes, leading to regeneration of enzyme.

For example, in the presence of enzyme (En), substrate molecules (X and Y)
slowly unite together and form a larger molecule (XY). This reaction occurs in
the following steps:

En + X —» EnX
EnX + Y — EnXY
EnXY —» En + XY

However, the overall reaction may be represented as:

En
X + Y — XY

Thus, the enzymes act as biochemical middlemen.

W(Cmplcr 5)
tion of an enzyme-subsy,
F"m:odelst te Comp|ey can
M"Wk and Key Model: Emil pig,
1) ock and key mode] in the ,x%‘\ i
gring the formation of 4 o AcCording | Propo
de enzyme allows the sybg, Zyme-g, Strate this mq el ( sed the

; ate to gy, 1gure 33

3 C 5 > N€ active - g

jock), thus having the iy, of b fitin (ug; like g o 1€ Site of
enzyme and substrate) whicp, o 't the ¢, IS intg

Cco 1
mphmem Ponengg (e
r. h
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€ CXplamed b

€r (3 (iCrm .

¥ the f()“(w,mg
(‘_hemi\[)

; m
Active site ary to each othe

Qﬂ(\ S
O &

\
>‘

Prodict

Enzyme  Substrate E"Zy”‘e"Ubﬂtrarc

complex Enzyme

Figure 5.3, Lock and Key Mode|

) Indllcefl Fit Mgdel: D. Koshland Proposed the indyceq fi ;
Accq@lng to Fh1s model (ﬁgure 54), the active site of it mode} in 1966,
not rigid. During the reaction whey, substrate and ep; mn ebn_lyme e
shape of the enzyme molecule s made to change in)' , e I’nd mgether,_ the
appropriate for the substrate enzyme interaction, Hch a way that it iy

The shape of the enzyme molecules <o . )

B olcoule, niict iy hell:S[ so changed can put strain op the

X 0 break the subs
promote the reaction to form the product. Site) EuEl, herofire

m Enzyme changes shape Products
Substrate  Slightly as substrate binds
g Active site \ ('

Products leaving
active site of enzyme

Enzyme/substrate
complex

Enzyme/products

live site of enzyme complex

; Figure 5.4: Induced Fit Model
T Number . '
S exist in the form of a colloid due to their large-sized protein molecules.
ge in substrate molecules per minute is known as the turn ove5r
which is 30 for lysozyme, 50 for tlavo protein, 10,000 for sucrose,
L for catalase, and 36 million for carbonic anhydrase.
: ive si ion’s
factors on which this number depends are active site numbers, reactiol
S, and end product’s separation.

4
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. _sle-Substrate Mechanism: Thie Othe 1

5.1.4.2. Lowering of Activation Energy

. ® s Wo t
i : NCludeg Ypes
i / barrier (o I pich Kinetic study is condycreg p, "¢ Udes binding o
it e ot fhe ek o G IVEe pt())[e:l? T}lu'esnf)ramg)'t:)ramer i al l[‘]10\'15 single substrate mechanigy, \‘: he)“" le, tri, eph Uale g,
i el feaction s 0eR DBt =5 1;Eanzyme helps i‘naI]noum % nity with which the enzyme an(} \ut:‘“l  the Y aimg ¢ 1S0Miergge
i i iation SIEAEY. . OWerip ‘ l Srate by 10 Meagype
energy needed is equivalent to activa . : e, d s o iy
gy m A during complex formation with substrate. Furthe, mo S
it el oduct is formed ' tiple-Substrate Mechanisp,. N
i is roduct 1s . . { This inep 1. |
ST s s el W= S 2 For example. dihydrofolae reductgy I llllldUdn Multiple Substray, bi
4 ) ; ; Strate ;
herein. the study shows the order of IU“B Multiple Substrate 1y, nding
ES—P+E w oducts Substrate him]ing and cchanisy,
P = Product of P

also the release
For example (figure 5.5), the chemical compound A (reacta.nl) must
converted to compound C (product). But due to the energy .barner..A is oy
converted spontaneously to compound C. By making ce_l‘taln provisions {,,
activation energy, compound A energy level must be mcreasgd. After. the
availability of this energy, the reactant is transformed to a hypothetical transi;,

ase is an enzyme (with an ¢y

leases I‘mllu:Plc products bcpause of the cleavage of on, i
rcopomkpnde products. Kinetic can be interpre e
(W mes. For example, substrates g

Products, which h; C Structure of
determined by the structure of (he g during cataly

ption) thy binds to

NZymes. Also, the o sis, can
iti i hich can eihe . action and the role played 1y 1. *- e changes (har o
stale B. The transition state formed is the activated state, which c.mI -L"h.” juring the .redc o Ldpp)t d by the paricaly nee rmdl;e(w
breakdown to form product C or can revert back to the reactant state. resulting j, (he mechanism ¢ ined from (¢ enzyme struciure s in
the recovery of energy E.

515.1.  Michaelis-Menten Pjot
- vme kinetics and K., value (i.e.. Michaelis.
ffect of substrate concentration on the v|

4
r Ve = Miximum Velocity

Mal |-~ =mmem

) i
Wil A
>

Figure 5.5 also clearly depicts that the energy of aclivalior} (E) in the presence of
an enzyme is lowered from E to Ec. Therefore, with the lower enerp,
requirements, A (reactant) can be converted to C (p.roducl). For e.xamplle, the
activation energy for the decomposition of H;O, is AISkcallmol. but in the
presence of enzyme catalase, it is only 6.4kcal/mol (just 1/3 of the required
energy in the absence of enzyme).

Menten €quation) depends on the

ocity of enzyme (figure 5.6).

V

e

C

2 A
AL Z_;}f_
Substrate Concentration
Energy
level

Figure 5.6: Effect of Substrate Concentration on Enzyme Velocity

The enzyme (E) and the substrate (S) react with one another to form an unstable
enzyme substrate complex (ES) and produce the final product (P).

Kl 3
E+S = ES — f+p

7

Chgtincal byl Where, K, K, and K; are the velocity constants for the respective reactions as
Figure 5.5: Energy of Activation of a Metastable Compound in the Presence or given above.
Absence of an Enzyme

K, Iepresents the Michaelis-Menten constant (also known as Briggs and
Haldane’s constant) and is given by the formula:
B -X. 1K,

Kl

5.1.5. Enzyme Kinetics ‘
The study of enzyme catalysed reactions is known as enzyme kinetics. The ralu)
of reaction and the effects of variation in the investigated reaction conditions ar¢
measured in enzyme kinetics. Other molecules (like enzyme's gubsua¢e§ ) are
manipulated by protein molecules. Substrate acting as target molecules bind 1
the active site of enzymes and get converted into products through several stages:

ion of ES (Enzyme-
hhﬁo’vc reaction, it can be assumed that the concentration 0
known as the enzymatic mechanism.

o C: nalysed only
SM) Temains constant at steady state. So the reaction can be analy
ains constz
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int. where the amount O

at the start po! .
p ion, 1.6.,

Thus, on reversing the react
turns to be negligible.

Biochemistry and Clinical lelh()]()g

f product formed remains almost negl;
E + P — ES, the amount of reac y

Y By Up Enl)'mes (Chaplel' 5) .
gib, Kn= lej - [SI=1S]
dntg d]x(; K = [S]

On applying the law of mass action:
9@ =K, ([E1-[ESD- K,[ES] ~K,[ES]
dt
K, [E] (S1-K, [ES] [S]- K [ES]- K; [ES] = 0 (at steady state)

K, [E][S] = [ES] (K: [S]+ K, +Ks)
_ K[E]S)
TK,IS1+K, +K;
On dividing the denominator and numerator of R.H.S with K;:

(EILS)
Ky %y
IS+

(ES)=

The initial rate (V) of formation of product:
V =K; [ES]

And when the enzyme is saturated with substrate, maximum rate is:
Voa = K3 [E]

Therefore, V = K}{}ggﬁ@
[SI+K,,

A%
\Y =ﬁ (Michaelis-Menten equation)
Where,
V = Measured velocity
Ve = Maximum velocity
[S] = Substrate concentration
K = Michaelis Menten constant

On assuming that the measured velocity V = Vinsy

- (1)

T Then the equation (1) may

be substituted as follows:
1y - VS

2 max — Km +[S]

K, +[S)=2YnaS]

Kn + [S]=2[S]

. jchaeliS'Mem.e“ constant (Ky,) is the concentration of the substrate wh
Thuss tion velocity is equal to one half of the maximal velocity (V b

0 :
the ;:ne catalysed reaction.
z

max) for the

Cond“sio"s . L
0 Characterlstlcs of K,: Michaelis constant (denoted as K,) is the main

Chamcteristic of an enzyme and its specific substrate reflects the enzyme's
affinity for that particular substrate. Mathematically, K, is equal to
concentration of the substrate at which the velocity of reaction is equal to
palf of Vmaxr 1-€-, Y2V max. K is affected by the substrate concentration and not
by the enzyme concentration (figure 5.7).

Vs e = = = m o m e m e
— Enzyme |
i: : Enzyme 2
§ Vmax e fm =
2 2 |/t |
g /i |
k=] [ ]
) [
h 1
o | 1
' |
' 1
1Y /28 T o Y 0 I B
T T [Substrate)
Km, sz‘\
Small K., for enzyme Large K, of enzyme

2 reflects a low
affinity of enzyme
for the substrate

1 reflects a high
affinity of enzyme
for the substrate

Figure 5.7: Effect of Substrate Concertration on Reaction Velocities for Two
Enzymes: Enzyme 1 with a Small Ky, and Enzyme 2 with a Large Kp,

Different characteristics of Ky, are as follows:

i) Small K,: An enzyme’s high affinity for the substrate is reflected by
the low value of K, (numerically). This is because a low substrate
concentration is required to saturate half of the enzyme that is basically
to reach half of the velocity, i.€., 1/2Vmax.

ii) Large Ky: An enzyme’s low affinity for the substrate is reflected by the
high value of K, (numerically). This is because a high substrate
concentration is required to saturate half of the enzyme.

2) Relationship of Velocity to Enzyme Concentration: There is a direct
correlation between the reaction rate and the enzyme concentration. The
rate of reaction at all substrate concentrations increases with the increase
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2 s o b i
le, the initial rate go2y
) : snzyme. For exampic, of r N
in the concentration of cnz)l ity (Vo) becOMES half of (e kt.lk[l““ i Eﬂ
V.) and the maximum velocity {Fma ) h .= Orig; ~=75_.[8]
(Vo) .o the concentration of enzyme, to half of j o 7 it
velocity on reducing the M, K 1 [S]
concentration. o l - —=2-X B—] —V (]
3) Order of Reaction: When the substrate concentration 1s mu.ch lesg they v Vi max
) ie.. [S] >>> Ka the reaction v ! the K 1 1
Michaelis-Menten constant, 1.6, ion of substrat lociyy | | g B
approximately proportional to the concentration © ate and i gy 7 Vo 81 Vow
follow the first order reaction with reference to substrate. When [} . __ 1 L
the reaction velocity remains constant, and equals the maximum Vel The above equation is similar to y = ax + b. Therefore, a plot of the
. . . Ci
mains independent . y . 1 .
(Vmsy).  Thus, the- reaction rate re q é) i of Sbstry, rocal of the velocity ](-w versus the reciprocal of the substrate
concentration, and is said to follow zero order reacion with respecy |, " recip v)

concentration of the substrate (figure 5.8).

At high concentrations of substrate ([S]1>> Ky, the

velocity of the reaction is zero order - i.e., it is . .
constant and independent of substrate concentration. K/ Vimax and whose y intercept is 1/V ..

concentration [é] gives a straight line (figure 5.9). Here the slope is

O —— I |
B 5
= r
3 —
2 L
E] Ve [ 1
£/ o
g T ! 4l N
-4 ' l
i
! |
0 ) N S N O O O G OO |
| 1 1
0 T [Substrate] _K_ ﬁ
Km Figure 5.9: Lineweaver-Burk Double Reciprocal Plot
i;:lowlcqncenfu;ﬁm of substrate ([S] << K, It is much easier to calculate the Kg value from the intercept on x-axis
18 poptions et L 5 | i ot is useful in understanding the
Sl e o mtitns, y

Figure 5.8: Effect of Substrate Concentration on Reaction Velocity for an

Enzyme-Catalysed Reaction Enzyme Reactions with Two or More Substrates

The above discussed equations are based on the presumption of a single
substrate-enzyme reaction. In fact, a majority of the enzyme-catalysed

| f "]t.l Substrat_e
| 5. I .5. 2. ] JAne weaver -Blll k Double ReClpl Ocal I lOt ( Slgluflcance Of ‘ eactions lnvolve two Or more

iVIic'fIl‘aeIiS-Mel?ten equation has the following significances: enzymes, despite the complex mathemat_ical' expressions, the fundamental
: e Ouggtenine the value of K, is the major significance of Michaelis-Menten principles conform to Michaelis-Menten kinetics.
2 Grapinn A Strong enzyme-substeae affinity is indicated by the low K, valuc
p epresentation of Lineweaver Burk double reciprocal plot can also

be prepared using this uation. F i
effect of inhibitors on th:q;eacti()[.l. vt M plos S8 o M s B

5.1.6. Factors Affecting Enzyme Activity
Following are the factors affecting enzyme activity:
Effect of Enzyme Concentration: The enzyme catalysed reaction rate and
concentration are directly proportional to each other. Also, this enzyme
ubstrate saturati ' : roperty is used for determining the serum enzymes which is used for disease
By ks e 0t ver Eiagneosis. A linear straight line graph<is obtained by plotting the enzyme

ptotically. By taking the reciprocals :
c representatiz,)n is ot%tai:e;emproca velocity versus enzyme concentration (figure 5.10).

For the determination of K, value, the s
accurate since Vi, is approached asym
of the equation (1), a straight line graphi

p—— — 11’; ]
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phosphatases.  creatine phosphokinase,  lactate  dehydrogenase, Wigllipencic hiepalius, snd fiver cihosis -
ransamimnases ) Alkaline ‘Phospha(ase (ALP): Level of ALP increases (normal 3-13 KA
) units/dl) in patients with certain liver and bone disorders. It moch
ats 3 ar 3 P « sifas ’ & ‘2 = e - - g . o o -
Estimation of the acuvines of non-plasma specitic enzymes is significan f. specific enzyme for bone carcinoma. hyperparathyroidism, obstructive
the diagnosis and prognosis of several discases. jaundice. and rickets diagnosis ’ -
The balance between the synthesis and release of an enzyme into plusmy K Y-Gjuf il 1; speptiitase (GGT): It is a tignostic macker partic
Wmov e - S sed for t stec i 5l
during cell turnover reflects normal enzyme concentration in serum. The ubt( t | ul(;‘}(mn jf_ld retive bepe gt
) ) . ; ; - R obstructive jaundice : ective he S
increased enzyme concentration shows cellular damage. increased rate of ccll e jenndics ant infechehepalts,
wrnover, enhance enzyme synthesis. cell proliferation, etc. 8) A.(‘ld Phosphatase (ACP): Tartarate labile ACP serves as a marker for the
- diagnosis of prostate gland cancer in which ACP level rises above the
Te & P o . P ¥y
: are several serum enzymes which are important in clinical diagnos: normal. Therefore, ACP is used as a good tumour marker.
because they are excellent markers to detect cellul ; ‘
cellular damage.
Some enzymes us ;
) used for the diagnosti S &
S diagnostic purposes are summarised in table 5.4
1abk : Important Enzymes in the Di i i
3 3 agnosis of Diseases 1
: Serum Enzymes (Elevated) o o Dleases 5.2.1. Short Answer Type Questions
Amrylase el iseases (Most Important) 1) What a -
o are enzymes’
! Serum Ghtamate Pyruvate Transaminace 1SGPT) Liv pancreatius 2) Give the properties of enzymes.
Serum Giutamate Oxaloacetate Transam; Liver diseases (hepatitis) 3) Write a note le of enzyme
Alkaline pomop. saminase (SGOT) | Heart attacke o ; te on role of enzymes.
hosphatase attacks (myocardial infarcuor 4) What is loc ‘.
Acd - Rickets . i tis lock and key hypothesis’
' phosphata. |_Rickets, obstructive jaundice - 5) Define following termis:
lerm“f‘mm)dmgenu (LDH) Cancer of prostate gland 1) Activation energy 1) Active sites 111 Tum over number
| Aldomgl bosphokinase (CPK) Heart attacks, liver diseases ’
a S'Nucleotida ::)'ocurdial infarction (early marker! 5-2.2. Long Answer T\'pt‘ QllCStiOﬂS
{ { o ase uscular dyst / 1 ; i ‘ e :
x t i L¥Glutamy] Transpepridase (G Hepauiis R 7: Write a brief note on mechanisim of enzymatic action.
—Tampeptidase (GGT) o Py ;) Give a detail note on Michaelis-Menten equation.
4 : —one | ADOONSIM o 7} Detail about factors affecting enzyme actvity.
' ) =
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CHAPTER

THERAPEUTICS

6.1.

6.1.1. Introduction
The term therapeutics has been derived from the Greek word ”"'""l""lfilm\

which means ‘inclined to serve’, thus therapeutics involves treatmen and care
patient for both preventing and combating disease, and relieving pain or injy ry.

In general, therapeutics is defined as act of helping and caring of paticni,
preventing disease, and solving their problems in a complete manner. Thcrcm,\-,
factors like exercise, diet, and psychology are important for preventing g
treating diseases.

The specific methods which are used to treat specific symptoms include use f
drugs to relieve pain or to treat infections, surgery to remove diseased tissucs o
transplantation in case of poorly functioning or non-functioning organs with fully
operating ones, and counselling or psychotherapy to reduce emotional distres.
The efficacy of treatment depends on the selected method and confidence in the
physician.

The word pathelogy has been derived from two Greek words, i.c., pathos
meaning experience or suffering, and logia meaning study of; thus a branch of
medical science which diagnose disease on the basis of the laboratory analysis of
body fluids (blood and urine) and tissues, by using the tools of chemistry, clinicil
microbiology, haematology, and molecular pathology is known as pathology.

6.1.2. Pathology of Blood

Blood is a connective tissue that plays a vital role in carrying out various lif¢
processes, and protects the body against diseases. Blood js a unique component
for every individual as it differs in composition, number of cells of each type a!
its functions, from one individual to another. Haematology is the branch ©
medical science concerned with the study of blood, blood-forming tissues. and
blood disorders.

Compeosition and Functions of Blood
Around 8% of total body weight is blood (adult female, 4-5 litres and adult m;xlf‘-
5-6 litres). Blood is a connective tissue, having a liquid matrix with cells and ¢
fragments. Two major components of blood are:

1) Blood plasma, a clear extracellular fluid, and

2) Formed elements, composed of blood cells and platelets.

” erupcu‘ics (Chapter 6)
1

yarious components and functions of blood

are listed ip table 6.1
~ Tablee6.1: (;{)plp(»llontx of Blood
Components

= Blood Cells

i) Erythrocytes \
(Red Blood Cells)

and their Functiong
- | Functions

Tl’umpnn OXygen,
"~ ii) Leukocytes Protect againg infection,
(White Blood Cells)

iii) Platelets

(Thrombocytes) Takes part in blood clotting

i) Water Major part of blood,
: Maintains blood pressure, and
Takes part in regulation of body fluid level ind
‘ electrolytes.
Maintains intravascular osmotic pressure
Takes part in Immunity and inflammation.
Participates in blood coagulation.
| Various blood clotting factors are presentin it

ii) Plasma Proteins
a) Albumin
b) Globulin
c¢) Fibrinogen
iii) Various Clotting | Participate in blood coagulation (convert loose
Factors ,‘ blood clot in stabilised form).
iv) Nutrients
a) Glucose
b) Amino Acids
c) Lipids
d) Vitamins
e) Electrolytes

Source of energy.

Cell growth and repair.

Source of energy in absence of glucose.

Participates in various biochemical actions
| Allows various biochemical actions.

6.1.2.1. Formed Elements of Blood - d elements of blood
There are major three types and several sub-types of formed element:

(figure 6.1):
1) Red blood cells (Erythrocytes)

2) White blood cells (Leukocytes)

i)  Granular leucocytes or granulocytes
a) Neutrophils,
b) Eosinophils, and
¢) Basophils.

ii) Agranulocytes
a) Lymphocytes, and
b) Monocytes.

3) Platelets (Thrombocytes) | -
d. along with their charactc

f bloo
Table 6.2 enlists the formed elements ©
and functions:

La

—
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Blood Plasma anq Plag g
6,1.2-‘% forms the liquid or seryy, N Sma pmteins o :

. art of bl
P in an average human) congjiyyye hlondm]d Around 550, o\
o ll';laeﬂ‘ye]lowhln CC}’)‘Our), i Plasma hr:\‘li;]:a' i“'“bl()od'xli(;::"(: S
) : g S S i 4 has o ! 1d .
er substa 2 27 5 . me
Eosinophil Pf,otcins. and ot NCes In trace amoun. ¢ Water, gq, bloog plilum
S

‘ nents of Plasma

0 plasma proteins c_ontains the following.
i) Albumin: 'It is formed in Jjver and is (he
[t maintains  osmotic preggyre ‘b\ e
compartments. &

most -
Platelet o abundan Plasmy protein

retainin i
g fluid iy vascular

Lyml)hm vte » Monbéyie
Figu#¢ 6.1: Formed Elements of Blood
Table 6.2: Formed Elements of Blood with their Characteristics and Functigp,

i) Globulin: It is a primary immunologig.l agent

and g

Cell Types No. (Wm") | % of Description Diameter Functions~ 7 & (all;}:f)iogu](i:ita)‘,h??d ¥ (gamma) globyipg. Gam()r]n(ahmlC ypes, e,
WBCs — | gL g S, Which help in the Maintenance of o« globulins are
1) RBCs 5%10° Biconcave disc-like, no|6.5- Transports nu!ricr}(ﬁ blood vessels. osmotic pressure in
(male); nucleus, have|8.5um  |enzymes, hormgpe, | . o e )
4.5%10° haemoglobin  which and respil-alo{;! i) Fll""'_mge“- 1[‘ 1S }he key component of blood clotting and sofiq:
(female) gives red colour. gases (0, and (0| a liquid to fibrin fibres which control bleeding & and solidifies from
2) WBCs . S =
5 Coralonie \ 2) Blood clotting factors, e.g., prothrombiy,
a) Neutrophils |3.500- 60-70% |Nucleus is 2-4 lobed|10-12um |Phagocytise . o -
7,000 and is connected with a microbes and other, 3) Other substances, e.g., hormones, carbon dioxide, electrolytes, vitamins -
thin filament; substances. ‘ o
cytoplasmic thgmnules B 612.3. Role of Blood Cells in Health and Diseases
are stained with neutral g i inal o S
(light pink o ‘readich Any}'gtzsu'luctlon.fto thf: hzfemamloglml svstem results in circulatory disorder and
ouele) e, its clinical manifestations appear in the hematologic as well as in other tissues.
b) Basophils Nucleus is 2-3 lobed|10-12pum |Releases heparn The symptoms of l_la'emalol()glcal disorders are oedema. thrombosis. congestion,
! and _ S-shaped; which prevents blood haemorrhage, bruising, lymphedema, shock, embolism, etc. Examples of
| 50-100 0.5-1% |cytoplasmic  granules clotting, and| common haematological (or blood) disorders are given in tabl 6.3:
J i : ; otting ‘ g n table 6.3:
i are stained with basic histamine which
' (blue-purple) dye. Plgmotes Table 6.3: Disorders of Blood
b S inflammation. B of | Diccrdersor | i [ Dicorders of Clott 1
| c) Eosinophils 2-3 lobed nucleus is|11-14um [Participates in Erythrs cvt(;s T:::girie? ‘\ D'l‘:‘l:g?:;"r |  Diftrdess of Gloffing |
connected with thin immunity, reduces = e —— | P— . |
, 150-400  (2-4% |filament; cytoplasmic inflammation. D Anaemia 1) Leucocytosis | Thrombocytopenia | 1) Vitamin K deficiency
“ gr;mules are stained 2) Polycythaemia | 2) Leucopoenia 2)  Disseminated
with acidic (orange- ; Intravascular
red) dye. ‘ Coagulation (DIC)
ii) Agranulocytes 3)  Leukaemia ‘ | 3)  Haemophilia
a) Lymphocyt [3500-7000 |60-70% |Rounded nucleus;|6-14pm  [Produces antibodics 4)  Von-Willebrand \
es C}"Oplasm forms a thin and participates in disease - ‘
b) M nng around nucleus. immune system. = LS I R B b —
onocytes Rounded kidney-{12-20pm [Pha ic cell in
) gocytic ce S . ’ ;

200-800  |3-8% |shaped (or horse-shoe the blood; leaves thc; 0mg O(f these disorders are described below: . or haemoglobin results due to any
shaped) nucleus; blood and modifies| memia: In anaemia, deficiency of RBCs Ol. 1¢l€'l‘ ol breakdown of RBCs,
largest blood cells. to macrophages: dfnile reasons involving excess blood loss, 1|1crea§e( furlinﬂ iy

which Phﬂg"C)’“Sﬁ‘ defected RBCs production in bone marrow, low maturing
i ad cells| ; 4ot ects
an:grOb;ts};e‘:e iddghris Cs formation, and nutritional defects. o
s i available for oxygen transpo
within tissues. In | 2 - lecs haemoglobin available Ry Cs
3) Platelets 250,000- Granular cell2-4pm _ |Releases hlomi ! Anaemia, there 15 less hdel.]‘( ?Ondi[i()llv the production rate of new RBCs

400,000 fragments, surrounded clotting factors and, m lu{lgs to the tissues. In thl.s.t. e hacmolysis ratc.

by plasma membrane. forms platelet factor) Ormed in bone marrow is less than

__‘
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Symptoms of A“ﬂf““ ) HyPQPlaSt'c,a“d Aplastic Anaemia: T
i) Extreme fatiguc, assocnated with bone marrow dis ia: These condyt; 131 :
{i) Weakness. Jecreased  marrow function ("]*C. Hypoplastic a 10ns of anaemia a |
oy pale skin. . i and aplastic anaemia occ < @are
:il)) Chest pain fast peartbeat; OF brcmhlessness. destruction of bone marrow. iplastic  anaemia (,l occurs duz to
st pain, 14> ; . . 4 occur
v) Headache, dizziness: or light headedness: 3 aemo!ytlc Anaemia: At times s due to
vi) Cold hands and feet, circulation because the cells a s cells are damaged
vii) Brittle nails. ) ANy genetic abnormality Cﬂu‘grc< abnormal or lhc:\ I or refll<1\~cd from
viii) Tongue inﬂammauoq or SQFC“CSS_» ) ] increased friability of cell ses abnormal hucmof,r; L hyperactive
ix) Cravings for non-nutritive items (ice, dirt, of starch), and capacity and lifespan of R ‘mcmhrgnc by reduci obin formation a Ld
«) Poor appetite in infants and children. ¢l anaemia and thalas BCs. Diseases und lljcmé' ()ngcn—cun-\.‘n
semia er this catec = ying
u . . ’ ;,()r are si e
_Based on the cause. anaemia may be (.)f the fq]lowmg types: 2 poly paemia: Unusually clevated y are sickle
i) Iron pgﬁcnency Anaemia (Mlcr9cytlc Anaemia): Througho plood iscosity, declines the rate ed erythrocytes count in
. - d , . .
yvorld it is the most common anaemia type. Per day consumption ut clotting, ischermia, and infarcti of Hlowe aid THciEases i the blood, increases
in males should be 1-2mg and for females it should b Of irgy i) primary Pol o1 Polycythaemia c: ) e risk of intravascula
supplementation i needed during menstruation or durin e 3mg. [y condition k ycythaemia: It is a c can be any of the two t "‘Nmur
growth of foetus. Children need more iron compared t(;é pée}l;nancy for RBCs l;nC nown as polycythaemia v:nbf:?uence of the p'nh”;e\:'
growth. Iron deficiency anaemia occur adults for f, reases more tha na vera. In this conditi athological
. s due to 1 fast hich n 7-8 mill 3 condition
Insufficiency of iron hinde . ack of j which red cells are A ions/mm’. It i number of
rs the producti Iro continuously f - At 1s a genetic di
the iron deficiency anaemic patignt sho‘,;)srl Sof,nhaemogl_obin. chc: present. There is also excess :hrl]yhto.rmed even if mzm:'ez‘]'cl[llL disorder in
and breathlessness. ymptoms like tirednea; iiy Secondary Polycytha S Synthests of WBCs and Pl'atc;: t\ are already
i . - emia: [ . ets.
i) M . . : :ltoc 5
) D:fggloblastlc Anaemia (Vitamin By, and Folic Aci COndlthn's_ curs as a consequence of the f
charlcli“‘fy of cobalamin and/or folate produces i €id Deliciencyy a) Physiological Polycythaemi ¢ following
acterised as too large immature R < sea level t : mia: [t occurs if )
Normally, the d ge erythrocytes (megaloblasts) i BCs o high altitude. Parti urs if a person mi .
- ' aughter cells formed asts) in the bl on movin . - Partial press S migrates fr
i a 00 to Ales ssure o oen [ om
3:::,'9" are smaller than the parent cellt izzl;ustagtﬁ of erythropoietic cﬁi (decreasedg comr:rih altitudes from sea 1er\v:[\}gcn (PO:) decreases
is no time fi , se the division is rapi 1 C ration of oxyg e hai, canses hypoxi
vitamins, DNA and(;{rN(:ll enlargement. While in defil:-" is rapid and :ryt}llr.opowtm hormone which‘.‘cen in body). Hypoxia zt_h_\Plo,\m
the . synthesis rate deficiency of key esulting in . . W increases ypoxia stimulates
largf ?rgrsn ftnaturatmn_ So, circulating r:gcll';as%s which in turn hind(:fc b) Path 1g physiological polycythemia s red blood cell formation
¥ ature, and ood ce ologic. i * ’
could be normal or else(zlr:le:iuehnucleated (MCV >94ﬂ;lsT§r0}:v uniEeY result Ofglo:g] Polycythaemia: It is caused by ch
span fbétween ed; the cells becom 4f1). The haemoglobi 3) L standing lung diseases aused by chronic hypoxia as :
results in anaemg 50 days), and reduced fOrmCatfi]:g]le with decreased lif: lr(;l(;((;)/cyto?sis: In this disorder e ases or cardiac failure. as: &
L n with early bre: i mm~. L . number of circ '
Lack of . y reakdown 20k 5 eukocytosis irculating WBCs i o
olate in blo ukocytosi sis can also b <y s increases ab
od : 1S ma e physi ; ove
a) Insufficient diet j may occur due to: i) Newborn i y also occur under the foll phy ological or pathological
in anorexia, alec: in infants (with no p ii) Musc 1m infants (up to lyr) e R .
. , and in prope : 3 . ular .. S/
b) Coeliac disease tPl'e.gnan(;y (when m(l;)rerffmxeq diet), in alcoholics fu) Pregnanc exercise,
c) galabso'plion of forloplcal sprue, or anti bt 5 trquUr el %) ExpOSureyt’
: al i IC .
iii) P yiotoxic and anicomvulaa o)™ onvulsant drugs ¢ V) Mental strovs, low temperature
i) Pernicious sant d . vi) ss, :
. Anaemj rugs showing i 1) Parturition, :
deficienc Pmia; It j ing interaction with folic acid Vii) Emotj tion, and
to the 1 Y anaemia in whj 15 the comm ? 4 motional stre
ac : i ones L ss.
m k of Intrinsic g, ¢h absorptio est form of vitamin B: ) Leuco .
ore prevalent in f, ¢ Factor (IF n of vitamin B» i ; of Poenia: In this di
It is an autoi €males thap j ) produced b 12 is hampered blood. Physi is disorder, number of WBCs
Fac oimmune ... 20 N me y the stom: cing, It leuc - Physiological L s decreases below 4 3
actor (IF) and s e diseage, ; males around mach lining .. 1€Opoenia m: gical leukopenia 1s infrequent i o 4000auTI
stomach payieg Le., auto-antib after an age of 45 yeir D Infectio ay occur due to: quent in nature. Pathological
al cells, odies damage the 1™ W) Irradi; n by non-pyogenic bacteria -
iii) Dpy iation by gamma rays a, e.g., typhoid fever,
iv) 8s and chemicals ¢ L
Replacement of b:lb containing benzene, and
ne : ;
marrow with neoplastic states.

)



132

5)

6)
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¢ condition clmrnclerifull by _,mu_lfi‘P“““‘hn. .
. wolled manner. .“wh(.‘ cancerous Wi
ununf . thus. interfering with the P"‘Nluqi()“(
m“m)m ‘lcl.\:). This in wrp reduces the “Xym-,‘l
"l’"::i[‘u;‘v\ patient bc'cnmcs in.cl'clilh:i"g‘)' promn I
al Ming is seen N these individuals, M, N
‘ mph nodes, liver, and spleen, iy,

pread ol WBCs). ,

Leukaemia: It is a cancerod

abnormal WBCs in an
accumulate in the red bone
blood cells (RBCs, WBCs,
carrying capacity of blood,
infection: also abnormal blood <! "
the times, leukaciia :Iﬂ.k.‘Cl\' _lllt‘ l)‘ ,
increasing their size (resulting from the

1y

ie.. fatigue ntolerance 10 cold, and pale skj, are
L. d ’ . ale CXCCLeive ‘
Wt loss, fever, night sweats, exc essive hlt‘mhm.
seen in patients of leukaemia.

Anacmic symptoms, |
common in leukacmia. Weigl
and recurrent infections may also be

Two types of leukaemia may occur: . '
i)  Acute leukaemia (symptoms develop ruplfily). fmd e
ii) Chronic leukaemia (symptoms d2velop after many years).

Adults may suffer from any of the two types, but children are generyll,
affected by the acute type.

Causes of leukaemia are not known, however, certain risk fl‘lcl()l‘s. e,
exposure to radiation or chemotherapy for other cancers, genclics ( genetie
disorders such as Down's syndromz), environmental factors (smoking
benzene), and microbes like the Human T cell Leukaemia-lymphoma Virys.|
(HTLV-1) and the Epstein-Barr vir:s have been implicated in the causatio
of leukaemia.

Leukaemia can be treated by chemotherapy, radiation, stem ccll

transplantation, interferon, antibodic , and blood transfusion.

Thrombocytopenia: It is characterised by blood platelet count below
150x10%/1 (1, 50,000/mm”*). Capillary bleeding occurs when the count falls
below 30x10%/1 (30,000/mm®) due to fall in platelet production rate or due to
increased rate of destruction.

Thrombocytopenia may result due to:
1) Decreased production of platelets, and
i) Increased destruction of platelets.

Vitamin K Deficiency: Vitamin K is required for synthesis of clotting
factors 11, VIL. IX, and X, in liver; therefore deficiency of vitamin K causcs
bleeding disorder in infants and in acults.

i) Deficiency in New-Borns: In infants, vitamin K deficiency is caused
when vitamin K stored from mother is utilised and intestinal bacteria ar¢
not yet synthesising it. Duc (o this, spontancous haemorrhage from
umbilical cord and intestinal mucosa occurs in new born babies.

ii) Deficiency in Adults: In adults, vitamin K deficiency occurs when bil¢
salts are not av'allable for its absorption. It may be in case of live’
diseases, cirrhosis, hepatitis or prolonged obstruction of bile duct.

\ 4

jlics (Chapter ©)
e R -
Wmutu n ravascular ( 0ar Wating MIe 173
8) Jotting mechaml?m hecomes iy, e i pena Dt In thig condiy;
¢ e 10 the following reasons seneral arcay Ol bl o e
) ssue ¢ Circul
arge mu?lhu” ol tissue factors el el \ion
amount of traumatised or (yip,, T nto 1k blood 1, the |
3 . = ML 7 e arpe
I septicacing Bt
i) In thh.”ll epticaciniit shock, ¢ tting mech mism
eir Loxins, : ¢ IS Induce
and the emiation.of duceq by bacteri,
iii) Prcmdwr;l pl aten of placenta neeur, When ampiog
e : ic .
ma[(,rn<l| 0():‘;. Ic ﬂllldLnlL‘I\llllhr
) Actlfe pancreatitis ¢ CCUrs w hen dis eqiye ENZymes are el )
v Malignant tumours with metastye feleased into hog
In pIC, a nun;]hcr ull m}all clots ¢ formed (hat plug |
G 7 QGO ] a larpe nre .
pcrIPher“l bloo '\l«(,s.su s. Sometimes bleeding startg \vhcnbclululnur LB f
N e S = g lac S ara
removed py ~\Vlu.sprc.xvd clotting (some Procoagulants L ctors are
haemosLasts of the remaining blood) € S remain to allow
hilia: It s an inherited e
g) Haemop ¢d blecding disorder i which absence or Jow

jevels of clotting factors cause |

fproper blood clottinge Tl
e N PAQy P ' e
individuals blecd easily. and the blocd ¢|of is formed after ong 1.

suffer frorp spontancous or internal bleeding and also experience painful
swollen joints due (o bleeding joinis This condition is rare but serious which
can even lead o serious complications

affected
a long time, They

Haemophilia is an inherited genetic disorder which cannot be cured, but
treated so that the symptoms can be jowered and future health complications
can be prevented. Acquired haemophilia occurs after birth: however it is a
very rare condition, affecting indiv Juals whose immune system develops
antibodies attacking VIIT or [X clotting fictors,

Haemophilia is of the following threc types:
i) Haemophilia A (or Classic Haemophilia): Most common form
resulting due to deficiency of clo.ting factor VIIL

ii) Haemophilia B (or Christmas Disease): Results due to deficiency of
clotting factor IX.

iii) Haemophilia C (or Rosenthal's Haemophilia): Mild I'Qm\ resulting
. due to deficiency of clotting factor XI. The affected individuals do not
experience spontaneous bleediny. Haemorrhage may occur following
- trauma or surgery.

6.13. Pathological Blood Tests
ong with detection and diagnosis of di-ease. th
Ollowing advantages:
ITeatment of disease,
MOnitoring progression of discase,
tevention of disease (e.g., a PAP
of some common cancers in women).

e blood pathology tests offer the

smear or mammogranm decreases the risk
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. ini olest 8
4) Determination of diseases in future (€.g-, examl:,:zgr;hand erol levely the
risk of inherited conditions like familial breast c(d ; ré( e
5) Supporting research into new treatments. and salety reatmenyg ang

procedures.

A patient is sent for blood and pathology tests for:_ g .
1) Screening of Disease: It helps in early detection of a disease or detectjq, of

genetic or inherited disorder in an individual.

2) Determination of Potential Health Risks.: Bloc?d and patho]ogy-teslb he]
in detection of possible health risks like d1ab§tes, heart. disease, o
rheumatoid arthritis. Physician determines heallh.rlsk b'y looking gy healy
history of an individual which includes age, weight, lifestyle, ang ﬂlmj]}

history of disease.

3) Detection of Causing Agents: Blood and pathology tesfs help in idenrif‘)mﬂ
the cause which helps in determining the treatment plan for the disease. :

4) Determination of Prognosis: Blood and pathology tests determine ,
prognosis of a disease and health outcomes. For example, if someone i,
suffering from cancer, the diagnostic tests are performed to identify o,
complications and stages of cancer.

5) Preparation before Surgery: Blood tests help to determine the type of
blood before surgery or transfusion.

6) Monitoring Illness and Medications: Blood tests are performed to monior
whether an illness is getting better or worse or is stable. These diagnostic
tests also assess the medication levels in blood and the effects of some
medications on the organs.

Example of some common blood and pathology tests:

1) Complete Blood Count (CBC): It is a common test used for diagnosing a
wide range of diseases, disorders, and infections. CBC provides information
about the numbers and development of blood cells in body. For example,
abnormalities in RBCs, WBCs, and platelets may cause anaemia, infection,
and some blood cancer, e.g., leukaemia.

2) Liver Function Tests (LFT): It is mainly performed for measuring
enzymes, proteins, and substances produced or secreted by liver. Any
alteration in these secretions shows that liver is suffering from a disease or
infection. These tests also help in early diagnosis and treatment of discase

3) Detection of Iron Level: It determines whether a person have too little of
too much iron, which is required {or normal functioning of the body. Low
level of iron in body causes anaemia which results in fatigue and lw.'k.”t
energy; and high level of iron in body causes hemochromatosis which
increases the risk of serious conditions like liver disease, heart failure:
arthritis, or diabetes,

4) Thyroid Stimulating Hormone (TSH) Quantification: This test monitors
the thyroid disorders like hypothyroidism (insufficient thyroid hormone):

1pcuriCS (Chapter 6)

erd

. erthyroidism (exFess thyroid hormone) “ 11
C(',ndilions' TSH stimulates thyroig ol » S0me cangerg
- ormones which are used in varjqy, bod

$ . Y functione 1y - "thesis o thyr
pody weight, temperature, and Mainte ns like ; yroid
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many diseases, €. liver or Kigney .

. mples are taken tq detecy
Urinalysis is also performed to diagnose urin
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= dlgb{:tcs and Pregnancy
ary tract Infectiong N

¢.14. Erythrocytes _ Abnorma)

significance 4

Normal mature ery Titooy tes are disc-shaped, biconcave ¢
aucleuSSADY. variations in size, Shap?' or colour of erythrocytes can pe ;
under microscope using Wright or simijay Ronmnc)wsky-l)'pe ‘gwin M,
god morphOIQSY of normal erythrocytes may vary ip \,ari‘ouQn.d/.\ppeurunce
diseased conditions. S disorders or

In erythrocytes, f(.)uowmg types of variations are observed:

]) Variation in size,

7) Variation in shape,

3) Alteration in colour,

4) Inclusions in the erythrocyte. and

5) Alterations in the erythrocyte distribution on o peripheral blood smear,

6.1.4.1. Variations in Size

A normal erythrocyte has an average diameter of 7.2um (ranges between 6.8-
7.5um). The maximum size limit is considered to be 6.2-8.2um and this normal
size is termed as mormocytic. A common term used for an increased variation in
cell size is known as anisocytosis. It is a non-specific term which does not
indicates types of variation, i.e., erythrocytes may be either larger than normal
(macrocytic) or smaller than normal (microcytic) (figure 6.2).

Size of macrocytic erythrocytes exceeds the 8.2ium diameter limit, while size of
microcytic erythrocytes remains less than the average, i.e., 6.2um diameter.

Macrocytosis occurs due to defect in either nuclear maluration‘ or sumu].aled
erythropoiesis. A nuclear maturation defect resulting due to deficiency of elth::r
vitamin B, or folate is known as true macrocytes. These cells are f,?"nefl du-le:
disrupted regular mitotic division in the bone marrow. In lhl; ldetdccl(,) [;1 :r type
dPPear as mature and enlarged erythrocytes in the circulat B oulation which
' Mmacrocytosis occurs due to inereased erythrop eells, In this disorder
INCreases the synthesis of haemoglobin 1n deVEIO_P"Zﬁmon These cells appear
Prematyre reticulocytes are released into the blood circulation.

d ic on a periphery.
* macrocytic, basophilic, and slightly hypochromic on & peripl ' B
ecreases due to 1ron deficiency,

In : aemoglobin d cue s leading to
! Microcytosis, synthesis of haemog abnormality. Disorders leqdmind

"Mpaired globulin synthesis, and mitochondrial iron  deficiency anaemia,
Mierocytosis are malabsorption syndrome, !

aemoglObinopathies (case of variant haemoglobin).
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Figure 6.2: variations in Erythrocyte Size

‘ariation in Shape
f\.tle’:;lzi)oiki‘l/:cl_;is@f‘is is used lol()ienote mature cr_vthmcyles that have the shape -
than the normal round, biconcave appearance on a stained blood smear, OF Variagigy,
Poikilocytes are found in many shapes (figure 6.3) but some specific Kindg
poikilocytes are acanthocytes, blister cells, burr cells, crenalc@ e
echinocytes, elliptocytes, keratocytes, ovalocytes, pyknocytes, schistocyte
cells, speculated erythrocytes, spherocytes, slomatocyles.. largel cells, 'and teardropg.
1) Acanthocytes: They have multiple thorny, spike-like projections . hich

are irregularly distributed around the cellular x.ncm.branc and may vary in sie
(figure 6.3 B). Acanthocytes are formed mainly in two differen disorder,
i.e., abetalipoproteinaemia (rare hereditary disorder), and spur ccl] anaemiy
Acanthocytes can also be observed in liver cirrhosis with associated
haemolytic anaemia, following heparin  administration.  in
haemangioma, in neonatal hepatitis, and in postsplenectomy.

S of
l}'lhmcwc\

S, \id.jg

hepatic

2) Blister Cells: They have one or more vacuoles which look like a blisier on
the skin and have a thinned area at the periphery of the cell membia:
(figure 6.3 C). The vacuoles may rupture and when it occurs, distorted cell,
(keratocytes) and cell fragments (schistocytes) are formed. These cel
appear in case of severe burns (due to damage to the membrane), pulmonaiy
emboli in sickle cell anaemia and microangiopathic haemolytic anacmia

3) Burr Cells/Echinocytes: Thev have one or more spiny projections of
cellular membrane (figure 6.3 D). They are elongated or torm irregular
shapes like quarter-moon. These cells appear in a variety of anaemia, blecd-
ing gastric ulcers, gastric carcinoma, peptic ulcers, renal insufficiency,
pyruvate kinase deficiency, and uraemia.

4) Poikilocytes: They are abnormal shaped (figure 6.3 E). They result from ¢
production of abnormal cells by the bone marrow or from damage to norm’
cells: They appear in primary or secondary myelofibrosis, congenitdl and
acquired stcrytl1ropoej[ic anaemia, hereditary pyropuikiloC)"’“i“‘ il
haemoglobin H disease.

3) #::mgzyzssﬁg(’mni&d Erythrocytes): Thgy have short, scalloped. ",r st{)r”\f: :
(figu lf: 613 P n,;h Wa ich are regularly distributed around the cell mem o

case of pP.)ysic.al loe:sL (};’(r'(i)fs::]?m ve7y I number and appearance. A :1p ﬂ"“‘j
to crenation but thi; cc”ul'tr‘c; Olpu§cular Siter, Ay diseased SHR L
. A distortion occurs due to osmotic imbalance:

atics (Chapter 6)
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E“lpt gar, o Sausape.liL
6) wer and more elongated than meoaloc Sage-like shape- -
sal0cytes (figure 61 (‘)‘ ‘ W dppes
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Figure 6.3: Variations in Erythrocyte Shy ve.
C:i]s (Discocytes): B) Acanthocytes; () Blisllcr ([‘\1:]:(;;:“[;1:".??"'?‘[0;;':
Poikilocytes; ) Crenated RBCs (Echinocytes): () Elliptocytes; H)
Helmet cells (Schizocytes); 1) Leptocytes: 1) Oval Mucrﬁéylee
(Megalocytes):  K) - Schistocytes (Schizocytes); L) Sickle (ells
(Drepanocytes); M) Spherocytes; N) Stomatocytes; ()) Target Cells
(Codocytes); P) Teardrops (Dacryocytes).

Iron

7) Leptocytes: These are thin or flattened RBCs, having a central rounded
area of pigmented material and a middle clear zone without any pigment, and
an outer pigmented rim at the periphery of the cell (figure 6.3 I). Leptocytes
occur mostly in sideropenic anaemia (an iron deficiency anaemia) occurs due

y p y ,
the disturbance in synthesis of haemoglobin. They can also be found in
hypochromic anaemia, homozygous and heterozygous forms of C, D, and E
hemoglobinopathy.

8) Oval Macrocytes: They arc formed when there is disturbance in the
synthesis of DNA due to vitamin By or folic acid deficiency (figure 6.3 J).

9) Schistocytes: These are fragments of red blood cells (ﬁgu.re 6j3 l;) arzlq[’il:e
formed either by fragmentation of abnormal cells -hke‘lg dt.r;eEl ledo);
pyropoikilocytosis, or due to mechanical, toxin- or hc;nt—;}l}('llftcd m:,chugnicﬂl
Previously normal cells. They are seen in microangiopathic “;‘ Ay

haemolytic anacmia, collectively known as schistocytic haemolytic: ‘f
T “e]| 1a (figure

10) Sickle Cells (Drepanocytes): They are fo‘rme'd in sukllvcl L;llli (‘)l:a(f::r']‘; (de%ed)

6.3 L). It is an autosomal recessive genetic ;“;;rg(:g{)m l;;elnc which causes

; : : of B- : :

0 a single nucleotide (GAG to .GTG) <ition 6. This leads to formation

substitution of glutamic acid by valine at p.mlél?:lbs)

of new haemoglobin known as Haemoglobin heri .[ in shape rather than
. ly spherica S ¢ "

1) Spherocytes: These arc spherical orél ?a(rﬁ)i,:ufe 6.3 M). These cells loose

biconcave disc shape (as normal RBC3)
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i jvalent loss of cytosol due to inheriteq |, .
: . Htary stomatocylosis (over-hydrated variant) due to (h, o
oceur in hercdlta"'y s‘ne the presence of spheroctyes in bloog fil, >:‘
swelling. To exaq:e ‘he patt of the film where the cells are juy |
gecgzss?:ryn:;ne]:]anz::lls may lack central pallor near the il of
ccaus s _
Sometimes overlapping of cells giv
12) Stomatocytes: These cells have a central palllor or~ston}a on j
blood film (figure 6.3 N). These gglls are rarely seenln‘l the bloog fil;
healthy person. Various abnormalities of x‘ncmb-ra'ne .ead to smnunng_\lu\.iS
(due to the expansion of the inner leaflet ot.the lipid bilayer ()-| RBCy, l«ivc}
diseases, hereditary spherocytosis, and autoimmune haemolytic anaemiy ).
lead 1o stomatocytes formation.

13) Target Cells: They are formed as a result of excess of membryye
comparison to the volume of the cytoplasm. These cells are thinner thay,
normal cells and have an increased staining area which appears j, i
middle of the area of central pallor (figure 6.3 O). On dcmomlruling througy,
the scanning electron microscope, they appear bell-shaped. Dcpcnding on liu-
cause of the abnormality and the mechanism of formation, target ¢l May
be microcytic, normocytic. or macrocytic. :

Ie
1

LN
()u(h”‘

lhk‘ r &
e false impression of spherocyiq;, Iy

“ill('(]
N o

14) Teardrop or Pear-Shaped Cells (Dacrocytes): They are formed inc
bone marrow fibrosis or severe dyserythropoiesis and also i some
haemolytic anaemia (figure 6.3 P). They are also  characteristic of
megaloblastic anaemia, thalassemia major. and myelofibrosis.

ase of

6.1.4.3.  Alteration in Colour

Red blood cells have iron-containing, oxygen-transporting metalloprotein known

as haemoglobin, which provides a characteristic red colour. Haemoglobin can be

in  two forms, i.ec., oxyhemoglobin (when it s oxygenated) and
deoxyhaemoglobin (when it is deoxygenated). Following alterations are observed
in the colour of RBCs during any disease or disorder:

1) Hypochromia: It shows a reduced staining of RBCs due to an increase i»
central pallor which occupies more than the normal, approximately one third
of the red blood cell diameter than the normal. Severe hypochromia can be
observed due to reduction in the Mean Cell Haemoglobin Concentration
(MCHQ). In general most of the conditions causing microcytosis may ab
cause hypochromia (except in case of o, or B thalassemia in which the blov!
(t};xz;ho:wsc;nt[cr'(zcyt(')sis wit{mul a'ppreciable .hypochromia). However in L;m:’
ol ppbcr ‘:'C‘“‘C)' hypochromia is associated with macrocytosis. [t h
cell and on the conccnlrc;tio;lnmtl‘]i — depens on (he e ot car
also be observed in cells hay; oanoplahin, lherelore hypochrom }

€lls having cell membrane thinner than normal. whet

or not they have a norma] vol > o
ume and haemo i ation. Such <€
are known as leptocytes. HESSS AT

el

,I-]“_‘ﬂ
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erchromia: Thi.\_ term is uge
(han pormal or to In(llCthC.th hyy
ceen in spherocytes and irregulayy, conty
MCHC which mchulcs that hyperchormi
cells and 'also INCrease  in (e intrzwcllulur
pyperchromia may nl“,) be seen in Macrocye
h;wmog]obm concentration and these celjq have
pormal, Of lack central palor.
Anigochromasia: It imlicutcs an-increased v
staining  Of Imcmpglohmlsatiun of the RBCs, Brgeticgl
staining is seen lr(.)m h):p”ch"“mik‘ o nornmchm‘michfu)(/l.
indicates 2 changing sitation, .8, developmen (;fl
responses O the treatment, and dcvclopmcm orregression of

d for cells h

atare more
perchromie e 101¢

1l conditioy,
acted celpg
l 1 2

L 1INvolyeg change m the
hncmnglnhm

S withoyy

; ANy Iincregge
ave outer me =

mbrane thickey than

anability i the degree of
aspectrum  of

anisochromayy

tron deficiency.

anaemiy
pimorphism: It shows the presence of types of RBCs. This (or
mostly used when one population of RB( i hypochromic |ni‘cr(>cwi:lmlll\
ki ’ yuc cells:

and other population is of normochromic cells, |
normOCyti_C or nmcroc_vlic,r Thﬁ‘)"_"“"}’ in their size, haemoglobin content. o
shape which can be seen in differential diagnosis, Dimorphism in RB('
seen in case of iron deficiency anaemia (following administration of iron or
blood transfusion), sideroblastic anaemia, the heterozygous state  for
hereditary sideroblastic anacmia, macrocytic - anaemia '[;Osl-lr;m\‘I'usiun,
double deficiency of iron and cither vitamin B,, or folic acid, unmasking of
iron deficiency following treatment of megaloblastic anaemia, and due (o
delayed transfusion reactions. Dimorphic cells can rarely occur in
thalassemia (involving an abnormality of a constitutional chromosomal). and
chimaerism post-stem cell transplantation when either the donor or the host
has microcytosis with a genetic basis.

ater - which  becomes

Polychromasia/Polychromatophilia/Polychromatic Cells: These are RBCs
showing pinkish-blue colour on staining due to uptake of both ‘C‘nsin ,“,"d
basic dyes by the haemoglobin and by the residual RNA‘l respectively. The
reticulocyte cells take up vital dye to form a visible reticulum due to the
presence of ribosomal RNA. A correlation can be seen between ret;'01|l(>c) rc\‘
and polychromatic cells. Both these cells are in.lmulure RBf S, Im\\l:j
released from the bone marrow. The immature rchculgcylcs are re m?:‘
from the bone marrow when there is a transient or persistent haemopoietic
Stress, and when erythropoietin levels are high.
I size is less than the mature
haemoglobin. Thcyl show
: - scanning electron
i"egukir, migileped, SIfce: A4 wSuulmnitism:slac:(fcytc&b The late
miCl’Oscope and are known a5 pOchtl,llrm: of haematologically normal
Teliculocytes, exclusively found in the l'ooer than mature erythrocytes.
subjects, are cup-shaped and only slightly larg

Immature reticulocytes are less dense anq thelf
erythrocytes due to reduced concentration O

n of early reticulocytes, anc
when there 0!

. ortio
The 10ta) number of reticulocytes, the prop
xic stimulu

- macrocytes Increase
the  number of polychromatic md,c'ch]mudc or other hypo
phys"'(’logical responses such as increasing

prathod
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6.1.4.4.
These are elements, present in RBCs. Each type of inclusion has specifi
appearance. composition, and related physiology. Presence of these inclusions i,
RBCs indicates a disease or disorder. Following are the examples of commgoy
types of inclusion bodies:

1)

3)

;) 10 ).
neniisary and Clinical Patholgp.,
D. Pharm. Part-1 (Broche EY) By,

as a normal response (0 anacmia (when there are no factor by,
erythropoiesis).

Jbsent in pure red cc.ll :\plusiu and in qp, i
anaemia: and their concentration is low in the ;.un_xcm!a Vol L'hEOl'II‘C Fllﬂcil\g U”k
often in renal failure when the ef)'th“’polel,m |l?sp(>.nstll§ nadequy,
Absence of polychromasia in sickle cell .mmemm.(:j (:: ‘1u‘ h'.u;n.,.,]}“
anaemia patients is significant bcgause it may indicate compli
parvovirus B19-induced red cell aplasia.

Polychromatic erythrocytes arc

illim,

Number of polychromatic erythrocytes increases 1n pnmary- myclot‘ibrmi“
and in metastatic carcinoma of the bone marrow. In thes'c discases, iy of
polychromatic cells is not increased always but morphological 'dbm)rmulily i

seen. i.e.. the cells become deeply basophilic in colour than normal celjs.

Inclusions in Erythrocytes

Howell-Jolly Bodies: These are round, solid-staining, dark-blue to purple
inclusions, having size of 1-2um. They are not seen in normal erythrocyte,
and their presence is associated with haemolytic anaemia, pernicious
anaemia, particularly postsplenectomy, physiological atrophy of the spleen.

If present, only one or two bodies are found within mature RBCs that lack
a nucleus; they may be seen in immature, nucleated RBCs also. Howell-
Jolly bodies are developed due to the accelerated or abnormal erythropoiesis,
because the spleen cannot remove these remnants from the cell.

Pappenheimer Bodies (Siderotioc Granules): These bodies are observed as
purple dots in Wright-stained smears and can be rarely seen in peripheral
blood smear. Siderotioc granules are dark-staining particles of iron
(represents ferric ions, Fe'*) present in erythrocyte that can be scen on
staining with a special Prussian blue iron stain. Pappenheimer bodies and
siderotic granules are almost identical structures. Pappenheimer are clinically
associated with iron-loading anaemia, hyposplenism, and haemolytic

anaemia. These bodies are found in mitochondria, ribosome, and iron
particles.

Heinz Body: These inclusion bodies are 0.2-2.0pym in size and can b
observed on staining with crystal violet or brilliant cresyl blue. They indicat®
precipitated and denatured haemoglobin. They are clinically associated wilh
congenital haemolytic anaemia, G6PD deficiency, and haemolytic anaem

caused by some drugs (like phenacetin, phenylhydrazine, primaquine) "
drug therapies (like haemoglobinopathies).

apter 6)
ics ((‘hdplu
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abot Rings: These are loop-shaped. ring-g ape i

:iruct“ res. They are present in cytoplasm of R%Ctl lg}:g-“g bi]gm e
They attain rc(.[-purplc q)lxnlr under the Wright
microtubules, involved in mitosis. They
pel.nicious anaemia. and Cabot Rings N

i ads on a string,
Sgam. They are remnangs of
are associated with lead Poisoning
Iyelodysplastic Syndrome. v

6.1.4.5. Alteratioqs in Erythrocyte Distribution

Two types of alteral’mnf. Le.. agglutination and rouleauy formation, are
observed in erythrocytic distribution that may be observed on  stained peripheral
smear. Agglutination is the clumping of erythrocytes. and in Rouleaux
formation, erythrocytes are arranged in groups that resemble stacks of coins.
Rouleaux formation occurs mostly in the thick portions of normal blood smears.
The rouleaux are pathological if they are present in thin areas of the blood smear
where the erythrocytes just touch each other or barely overlap. True agglutination
or clumping occurs as a result of antigen-antibodies reaction on the erythrocyte.
Thus, rouleaux formation shows presence of cryoglobulins

6.1.5. | Pathology of Urine

Urine is a sterile liquid, by-product of the body. formed by the kidneys by a
process known as urination. It is excreted through the urethra by a process
known as micturition. Analysis of urine is performed to diagnose various
pathological conditions. Urine analysis is based on cither physical or chen}lgal
characteristics of urine which help in assessment of processes occurring within

the body.

95% water and 5% of other

Urine is . solution. having more than
$ an aqueous solution. g ations:

constituents mentioned below, with their decreasing concentr

1) Urea (9.3gm/11),

2) Chloride 1.87gmylt).

3) Sodium 1.17gm/1v),

4 Potassium 0.750gm/1t).

3) Creatinine 0.670gm/It), and .

6) Other dissolved ions, inorganic and orgamic ¢
and metabolites).

ompounds ( proteins. hormones,

A
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. - joxid
In the liver, ammonia and carbon dic

urea, which is non-toxic to mumm‘a
ammonia is urea which is nlon-t0>;llc 0
nature. Urine is sterile until it I‘C'aC es .
urethra have facultative anaerobic, grat

i idity or transparency, odoyr

; - are its colour, turbi . ol
sical features of urine are 1 6 ik be .
(P’ll;.;dilv or alkalinity), and density. Many of thc;e lf::;l.llc identifigp,
; . V ing is perfor :

physically while for some laboratory testing 1S p e denend o
1) Colour: Normally yellow-amber in colour, but co ay depend on req,,

diet and the concentration of urine. Concentration of urine reduces dy. o
drinking of more water and it causes lighte_r colour ofhurme,‘ whereas dark
coloured urine indicates dehydration. Red urine shows the presence of Rp.

in urine due to kidney damage and disease.

2) Odour: Its smell indicates various patholf)gical conditions; for examp,,
urine of diabetic patients has sweet or fruity smell due to the presence of
ketones (organic molecules of a particular stru(.:ture) or glucose. COl.nmom)v'
fresh urine has a mild odour while aged urine smells stronger just |ik,

ammonia.

3) pH: The pH of normal urine ranges between 4.6-8. (average:‘ 6.0), which
depends on the diet of an individual. For example, hlgh protein diets make
urine acidic while vegetarian diets result in alkaline urine.

4) Density: It is the ratio of the weight of a volume of a substance compared
with the weight of the same volume of distilled water; and is also known as
specific gravity. The density of normal urine ranges between 0.001-0.035,

5) Turbidity: The turbidity of the urine sample is evaluated from person to
person and is reported as clear, slightly cloudy, cloudy, opaque, or flocculent.
Generally, fresh urine is either clear or very slightly cloudy. Excess turbidity
is observed in the presence of suspended particles in the urine that can be
determined through the examination of microscopic urine sediment.
Turbidity of the urine generally increases due to urinary tract infections or
obstructions.

Any abnormalities in these physical characteristics of urine indicate the presence
of a disease or metabolic imbalances. These problems may be a consequence of
serious diseases like diabetes mellitus, damaged glomerulus, UTIs, etc.

6.1.5.1.
Diseases
Urine has the following constituents, whose abnormality indizates a pathological
condition:
1) Proteins: Presence of abnormal concentration of albumin and globulin in the
urine is known as proteinuria (albuminuria), which may be of two types:
i) Physiologic Protei_nuria: Less than 0.5% protein is observed in urin¢
due to severe exercise, after a high protein meal, and during pregnancy-

Abnormal Constituents of Urine and their Significance in

tics (Chapter 6)

Pathologic Proteinuria: Amqyp, of 143

i) g](,meruk’mephritis and nephrotic syndro
due 10 poisoning of renal tubules py he
or bismuth).

proteing INcregg
me. Proteinyriy
avy metals (like ,

€S in cag of
may algq occur
ICI'CUF}’. Zlf\CnlL
Glucose: Presence of glucose in urine js known as
ge to diabetes m(cjlhl;::* and endocripa disorders such g hyperpi
. % S y". P : k e e
erthy.roxdlbmi) u;.‘né; syndrome, ang Phei)ChromOCy[Uﬂ;‘p [Tllfl e
Jycosuria may be observed rarely due 1o emotional stresg (lik‘.' el
athletic contest). L

glycosuria Which oceygg

Other Sugars: Presence of fructose sugar in urine due 1o disturbed f,
metabolism 15 k.anH as fructosuria. Similarly, gallactosuria anq | {Uclo§c
occur rarely 1n |nfa'nls.. pregnant  women, and actosurj
Consumption of f.ood rich in pentose sugars (like grape
causes pentosuria. The condition of pentosyria als
diseases in which pentoses are not metabolised.

. a
Inlactating mother.

S, cherries and plumg)
0 occurs in inherited

4) Ketone Bodies: Unc_ler ponnal conditions, less than Img of ketone bodies are
excreted through urine in 24 hours. Excretion of ketone bodies increases in
many conditions like starvation, diabetes mellitus. pregnancy, *eiher
anaesthesia, and in certain types of alkalosis. o

5) Bilirubin and Bile Salts: In case of obstructive or hepatic jaundice, bilirubin
is excreted in urine. A condition in which bile salts are excreted in urine is
known as bilirubinuria. In certain stages of liver disease. bile salts are
excreted without bile pigments in urine. Traces of bilirubin without bile salts
are excreted in urine during excessive haemolysis.

Bilirubin is absent in urine of an adult healthy person. It is a waste product,
produced by the liver from the haemoglobin of RBCs that are broken down
and removed from circulation. It is utilised in the synthesis of bile (a fluid
involved in food:digestion). In some liver diseases like biliary obstruction or
hepatitis, excess amount of bilirubin is formed which is eliminated through
urine. Presence of bilirubin in urine indicates liver disease (like development
of jaundice).

6) Blood: Blood is excreted in urine due to lesions of kidney. urinary tract
infection, and in case of nephritis. Free haemoglobin molecules may also b&;
detected after quick haemolysis, e.g., black water fever (a consequence ©
malaria) and severe burns.

Presence of following blood cells indicates a palholpgxcal cond]g)cn. i

i) RBCs: Some RBCs can be found in urine sediment {03 he?nFi)C"tl fest
power field, HPF) even in normal conditions. A pgs‘ut/eeercl unde‘r ihe
for haemoglobin and increased number of RB 5'n;3 However, this
microscope indicates presence of blood Fells in the fu(r)lm For example
test cannot diagnose where the blood is coming Irom.

; ‘i ding
presence of RBCs in urine due to haemorrhoids or vagl[n dlrl?:::tbrc;
cannot be differentiated from a bleed 1

n the urinary trac
urine should be collected adequately-

o _____d]
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D. Pharm. Part-1 (Biochemistry and Clinc ) |,

Ques 3 b) Name any co-enzyme and explain its role in metabolic process.
Ans: Co-enzyme and their Role in Metabolic Process
Refer Chapter-a, Page No. 86

athe)

Ques 4) Write
.'T-C.A,(}d:mumm:

Ans: T.C.A. Cyde
Citric acid cycle is alwo called as Krebs cyele or Tricarbox T

L vlic Acid (v
Gyorgyi-Krebs cycle. It is named after Albert Szent-Gyorgyi and Hans Krq

: = ; 4 hs )
the compaonents and reactions of the citric acid cycle. It is an acrobic Process, ang
occurs in mitochondrial matrix. S

First time, Hans Krebs had piven the reactions of citric acid cycle, which occyre

?'Mll lct(\*l CoA enters into mitochondria. Citric acid cycle is an amphibol; K

mtermediates are utilised in many anabolic pathways. The significant reaction. L

are shown in the figure 1: o

n Pon-ﬁon of Citrate: Reaction of acetyl-CoA with oxaloacetic aci
{or cutric acid), whereas coenzyme A (CoA. SH) is regencrated.

Acetyl< oA
0

dand H.0) .

It
CHy=— C=—=8.CoA Condensation

H,0
CoA-SH
Citrate CH,=—COO
synthase |

O=(C=—000
HO=—( — (00

Dehydrogenaton CH—C00 !‘u;—( 00 )

Dehydration
Onsloaceute Citrete
] Aconitase H:0
000 <

CHy=—COU

C=—CO0
L0000

X8}
Aconitase
Mydrat

CH,—Cou
H=—C—C00
HO—( — 11 lsourate
|

0O
Isocitrate

a-Ketoglutarate
dehydrogenase o, — 00
complex b

SH | 2 "0A-
GDP L O, CO0
lA[;l'l ‘“ SCol a-Ketoglutrate
+

) | )
Sabsirate-level
phasphorylation

Figure 1: Reactions of the Citric Acid Cycle

Isom risation of Citrate to Isocitrate .
2) ) zis-acoﬂ'“ic acid is produced by the dehydration of citric t_tcld-
;i) Isocitric acid is formed by the hydration of cis-aconitic acid.

Formation of a-Ketoglutrate: Oxalosuccinic acid is produced when is
0l
NAD.

Onidative

o
Succinyl-CoA decarbaxylation

3)

idi ’ ion of oxalosuccinic acid-
. acid is produced by decarboxylation o
o-Ketoglutaric al

o
ocitric acid

: 151
: of o - $r
# 5 jon of ao-ketog taric ac ' .
& Quccimic acid and coenzyme A are formed by hydrolysis of succinyl

to Suecinyl CoA: Succinyl-CoA is formed by oxidative

F ormation son of Succinate: , tion 15 utilised in the conversion of Guanine-
! CoA. Entigy hich © el dﬂ:(;’-' G%’;lm one molecule of GTP generates

Diphosphate to Guamne i

one equivalent molecule of ATP.

dmemmmﬂFmHgmfom\edbysminic
: ith PAD.
scid reaction with : gy
'.r‘udMllﬂe: Malic acid is formed through reaction of famaric acid with H;O.
n

Malat : drogenation of malic acid occors in the last step,
. «"um o: :ﬁfgmf:amm acid which further reacts wil.!a ac‘etyl CoA in
ey ™ .cna)’: citrc aud cycle [Except succimic debydrogenase, all other oxidative enzymes
o M‘m ;m; cycle are sitaated i the mitochondrial matrix. $ncnmc ’ck:h?rdrogmse (an
:ﬂc‘:acm complex. bound to the inner membrane of mitochondria) is the selected
marker for inner membranes during mitochondrial fractionations].

Q-‘»wnﬂfnﬁﬂmd‘mﬂb‘!

Ans: Importance and Functions of Carbohydrates
Refer Chapter-2, Page No. 33

@ga Explain the following terms: (2x8=16)

Ans: Co-Factor _

Most of the enzymes require only ameino scd residue w show thear effect, whereas in some
enzymes cofactor or coenzyme is needed. while sometimes both metal jon and coenzyme are
needed for enzymatic activity. Cofactors are inorganic ions such as Fe™, Mg™*. Mn™, or Zn™".

Ques 5 a ii) Marker enzymes

Ans: Marker Enzymes
These are one of the cell biomarkers used to chamcterise a celi type. They are also used in the

isolation of the target cellular component. For example, succinate deliydrogenase is a marker
enzyme for mitochondrion whereas the :cid phosphatase for lysozome.

Ques 5 a iii) Competitive inhibition

Ans: Competitive Inhibition
A competitive inhibitor is structurally much closer to anv enzyme's results i

e ! 3 normal substrate. |
competition between the inhibitor and the substrate, o bind w0 ;:.- xuvc“:m. At m:e um‘: lrh:
uym;;nyeﬂ:rhmdmhmbum:nmlemhmmth%m&mlz. bmnottobo;hof
'hlnits . _:\n.':pl_e.iz sntdme dehydrogenase. enzvme's substrate is succmate and malonate is

Ques 5 a iv) Proenzyme
Ans: Proenzyme

ZY'!‘OSCI{ OF proenzyme ts an inactive
which blocks the active site of

precumsor due to the presence of a supplementary polypeptide
of origin from auto-digestion.

the enzyme by masking, Zymogen mainly protects the tissue
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Ques 5 1
) Give an account of Pharmaceuticn)

Ques 6 a) Enlist different qualitatis

de
tails of any two gy e tests carried ont on proteins ang
Ve th,
I

. tiv =
e IR‘.‘ carried out on Pl‘oldns. RC'(." («Ild'“Ll 1.} Age N
. £e No 04

Q“a 6 b o =
) Dlxus var ‘“us pr "tEin‘de'klenC' d'seﬂm i" br ief le%—lﬁ)

Ans: in- i y
Protein Deficiency Diseases: Refer Chapter-1. Page No. 26
Ques 7 a) Write short n
! ! s otes on the following:
i) Saponification value =
Ans: Saponification Value
It is the number of milligrams of KOH required to saponify

Ques 7 a) ii) Iodine number

Igm of fat or o)

Ans: Todine Number

It is the number of grams of iodine absorbed i

particular oil or fat. red by 100gm offat or ol Tis vaue a
Ques 7 a) iii) Ketosis

Ans: Ketosis
A metabolic state characterised by raised levels of ketone bodies in the body tissues, v}

typically pathological in conditions such as diabetes, or may be the consequence of u dici ¢

verv low in carbohydrates.

Ques 7 a) iv) Atherosclerosis

Ans: Atherosclerosis: Refer Chapter-3, Page No. 62

Ques 7 b) What are minerals and what functions do they perform in the biological s

Ans: Minerals and their Functions in the Biological System
Refer Chapter-4, Page No. 103

\stem!
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w‘lﬂ OF TECHNICAL EDUCATION UTTAR PRADESH
pHARM. - FIRST YEAR EXAMINATION, 201

BIOCHEMISTRY AND CLINIC ATHOL()GY

Max. Marks: 80

.Hlmm
WHAWAIMAD
2) Students are advised to specially h ’
both versions. Hmcnhmdlﬂmhﬂ-ﬂmd.my question, the
MMWmmthhfmvm,
erdmwmmnuﬁmhumm.
mmmdmr.sphhmwmﬁmum

Wmc@d—'ﬁ.
M&wmdmp‘wrm

Q—I)Dhtmlhm—l
A-:MCM*L'MMMWHM
Refer Chapter-6. Page No. 143

sz-)mwcmm

Ams: Proteins: Refer Chapter- |, Page No. 13

Classification of Protein: Refer Chapter-1. Page No. 16

Ques 2 b) Give any four quafitative tests of proteins.

Ans: Qualitative Tests of Proteins: Reter Chapter-|. Page No 23

Ques 3 a) What are enzymes? Discuss about the factors affecting emzymatic action. (8+8=16)

(6+10=16)

Ans: Enzymes: Refer Chapter-S, Page No. 109

Factors Affecting Enzymatic Action: Refer Chapter-S, Page Vo
Ques 3 b) Explain the therapeutic importance of enzymes.
Ans: Therapeutic Importance of Enzymes: Reter Chapter-5. Page No 123
Ques 4 a) Discuss the role of any two minerals in the body.

Ans: Role of any Two Minerals in the Body: Refer Chapter—. Page No. 92,93
Ques 4 b) Write a note on the role of co-enzymes in the body.

Ans: Role of Co-enzymes in the Body: Refer Chapter—, Page No. 86

Ques S a) Define and classify carbohydrates.

Ans: Carbohydrates: Refer Chapter-2, Page No. 29

Classification of Carbohydrates: Refer Chapter-2, Page No. 3%

Ques 5 b) Give any four qualitative tests of carbohydrates.

Ans: Qualitative Tests of Carbohydrates: Refer Chapter-2, Page No. 37

Or
Ques 5 a) Discuss about the diseases caused due to proteins deficiency.

Ans: Diseases Caunsed due to Proteins Deficiency: Refer Chapter-1, Page No. 26
Ques § b) Briefly discuss fat-soluble vitamins.
Ans: Fat-Soluble Vitamins: Refer Chapter-4, Page No. 69-73

121

(8+8=16)

(8+3=16)

(8+8=16)
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s role in heal, and dines.,
; et Chapter-6 Page No 1%

* (neutrophily)
El Antibady Formation- | ils) enguir forewgn particies and bactery o

" ) produce i angd Taerum plobulin
Formation: a, wilammation sie Iymphocytes transtorm,

dape
i

Lo fibreg
2a Define and classify lipids.

Ans: Lipids: Refer Chapter 3. Page No. 47

Classification of Lipids: Refer Chapter-3, Page No._ 56

Ques 2b) Give any four qualitative tests of lipids.

Ans: Qualitative Tests of Lipids: Refer Chapter-3, Page No 56

Ques 3) What are vitamins? Describe the importance of water soluble vitamins in our healt,

Ans: Vitamins: Refer Chapier—4, Page No. 6%

Importance of Water Soluble Vitamins in Health: Refer Chapter—, Page No 748

Ques 4 2) Write short note on diseases related 1o carbohydrate metabolism. s

Ans: Diseuses Related (0 Carbohvdrate Metabolism: Reter Chapter-2, Page No

Ques 4 b) Describe the importance of minerals in life processes.

Ans: Importance of Minerals in Life Processes: Refer Chapter—, Page No 103

Ques £ a) What are amino acids? Discuss their importance in our life.

Ans: Amino Acids: Refer Chapter-1. Page No. 20

Importance: Refer Chapter- | Page No. 24

Ques 5 b) Explain the therapeutic of enzymes.

: Refer Chapter-5, Page No 123
Ans: Therapeutic of Enzymes ¢ =

esSn)Discuﬂdnwwimcnuduﬂm. ‘
> | Constituents of Urine: jtelcr Chapier-6, Page No 142 5
Ans: Norma |
Discuss the diseases related (o lipid metabolism.
) Di

s 1, Page No 5%
st 5 Related to Lipid Metsbolism: Refer Chapter-3. Pag
. ses €
Ans: Disea

le

Owes 1 a7 What are Paly
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peptides” Give their hological importance.

Page No 0

wdents shoold answer the

\ae Pubvpeptider: Refer (hapter

Refer Chapeer pwl':ﬁ(‘ N
Rasingicad tampertance. Ko |
wes | B Defioe carboliydraces” Give the classification of carbabydrates.

& |

»

Amee Carbelivdrntes: Refor Chapter 2, Puge No

( lawifientinn of srbobydrates: Refer Chapeer | Page No 35

s Mentinn he sbuormal constitoents of arine” Explan their sigmficance in discases.
" - N ” (IxB=16)

Ame: Abmorwal ¢ sastituents of Urine: Refor Chagter 6 Page No. 143

Significance i Dneases. 110 Chapter-4 Page No. 140

w:llﬁumﬁmﬂhm/ ’(.inmmtnh—wy‘

Am Platetrtr amd | ymphocy tes
Refer Chapeey & P Ne 12%

WEMM' Refer Chapeer-o. Page No. 12%
“,.Dlwm“"(di!uw
Ams: Amino Acid: Refer Chapier- | Page No. 20
Classification: koio Chapter- | Page No., 21

12x8=16)

vitamins and Coensymes in our body.
Ams: Relde of Vitamin,: Refer Chapter-4 Page No. 82

hlrd(‘l:u.t—; Refes Chupier-4, Page No 86
Uues 4 ) Highlight the ruie ol
Ans: Raje of Mineraks: Refe; ¢
Kole of Waker: Refer Chuspeer

(2x8= 16)

m-ﬂmh&m
Dapter-4 P\gr\\\ m
4, Page No. 107
%Su\\\.ml‘n G
Yimes (.hnum-dur?hw
tical importance.

(2x8=16)
l 2
\‘thkﬂﬂ Chapeer-S, Puge No 123
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Ques 5 b) Enlist differenq . o Il
K Qualitative tests for liquids. !
ns: Differe,
nt Qualitatiy,
e £
. Tests for Liquids: Refer Chapter-3, Page N, 56
ues 6 a) ) ‘
iscuss normal and abnormal metabolism f i
— ST ol proteins. (2x8=1¢
- th-e nll)::blollMetabolkm of Proteiny
1sm of proteins f; ing
Tmnsamina(io:. (11-:"’)5 tnlh\\\mk processes are involved:
one . “.) azln:lz:mmauon reaction is defined as transfer of
ecul no! 1 . .
oo vormtindi l::" lm the presence of enzymes of fmmlyn(:m “-M iroup fr
e o dOUbre ves lexv.h.mge of an amine on gy acid with ﬂniummum y
‘ i replo N A 4K
e Placement reaction. The basic reaction of lr‘me\l:xn( Lroup
‘ . ANSaming;,,.
COOH COOH (|‘00H COOH "
H—C—NH, =
NH, + (I~_() —— (|‘=() O H—C—nNp
R, R, R, R
Amino acid, Keto acid, )

Keto acid, Amino acid,

2) Deamination: Removal of amino A
ammonia thus produced participat
amino acid is catabolised into ke
oxidative.

group from amino acid as NH; is cal
€S In urea synthesis and the ren
to acid. Deamination is of two

) lled deamjy,
haining carbop
types- oxidatiye

ation. he
keleton of
and pgp,

i?xrl:am'mauon and deamingu'on are (Wo separate processes, oceurring simult.

actions, the gluta-mate is the central molecule. Hence, collectively these
termed as‘tmnsdeammatlon. indicating reaction of (ransamination and bde
glutamate is the key molecule.

ancously |y both
WO reaction are

amination Wwhere

3) Decarboxylgtion: Amino acids are decarboxylated by dry distillation or by he;
such~ as barium oxide. There are some specific enzymes, catalyse the de
specific amino acids. ’

ating with by,
carboxylation of

R—CH—COOH —2» R—CH,—NI, = CO,
NH,

Decarboxylation of amino acids has biological significance. Decarboxylation of histidine 10
histamine has great physiological importance. Decarboxylation of histidine gives histamine
which is a direct causative agent in allergy, shock, and similar states

N N
) o (Vs
CH,—CH—COOH ———» CH,—CH.—NH
| N
I

N

| NH,
H H

Histidine Histamine

Abnormal Metabolism of Proteins

Abnormal metabolism of proteins results (o:

1) Phenylketonuria (PKU): Phenylketonuria is a congenit
metabolism, related with the inability to convert phenyl
genetic disorder and is inherited in an autosomal recessive manner.
PKU is about 1 in 20,000 new-borns.

al or inborn error of phenylalani¢

alanine o tyrosine. The PKU 18
The rate of incidence of

the new-born excretes
(yrosine {hrough
' ylkcmnunu\
acelalc:

anine is accumulated in tissues and blood. Thus,

. el ersion 10

excess of phenylalanine in urine. In PKU. the phenylalan;:e conv:zm in phen
< . >Omes ¢

normal pathway does not occur but some minor pathway bec ite, pheny!

figure 1) and various toxic phenylalanine metabolites (like phcn)('jlp)’fu\’i
(t:g:lly]lactate and phenylacetyl glutamine) are accumulated in the body-
p

In PKU, phenylal

3)

U Mg o o aaninl

157
id phenylpymvme in urine.
ceto acid.
. sated keto d
(U hu.mwnf elev e
» 38 rermed pKU i -
. _kctoghumrae
The dised :
Ir ||‘l~n|l-vx.\|4u|| i
Phenylpy ruvate
Reduction
o e s Pheny |acotate
rPher lacctate
Gluraming
H-0
henyld otyylutaming ‘ .
Phenylac Jternative Pathwaiys of Phenylalan
e o enylketonurics

jsm in Ph ene 18
e by a defecuve PAH gene. The PAH g

i .atabolism of
the enzyme required for the catabolism

. S l
on and is caused .
; o sal, etc.),

high-protein dict (CEES: meal

hydroxylase.
cess of

Cause ) .
PKU is an nherited conditi
responsible for phcnyl_nlamm‘ singe?
r;enylulaninc Thus. if someo Ksthuiq )
phenylalanine gets accumulated to dang

p

Symptoms | disability,

i) Mental re‘;ardlmiorr; o':'[imellectuu

ii elayed development, ) )

1 g:ll\::lb\iguml, en?miona.l. and social problems.

iv) Psychiatric disorders.

v) Neurological problems U

vi) Hyperactivity.

vii) Poor bone strength,

viii) Skin rashes (eczema), )

ix) A musty odour in the child’s breath, ski
the body. ‘

x) Fair skin and blue eyes because phenylalanin
providing hair and skin colour), and

xi) Abnormally small head (microcephaly).

Albinism: Albinism is a group of conditions, in which error occurs in tyrosine metabolism

and thus defective melanin synthesis occurs. Such individuals have little or no colour

(pigment) in the skin, hair. and eyes.

i)
hat may include seizures,

1 or urine, caused by oo much phenylalanine in

e cannot transform into melanin, (a pigment

Cause
Albinism occurs when production or distribution of melanin is disturbed. One of several gene defects
causes albinism. Melanin is a natural substance imparting colour to hair, skin, and iris of the eye.

Symptoms
i) Any nbs}mclion in melanin production causes hypo-pigmentation or no pigmentation
b (hmr, skin, and eyes colours become white).
i) Alblno§ or individual with light skin colour are sensitive to sunlight and chances of skin

cancer is more in such individuals,
i) Lack of melanin pigment in eyes ¢ ia (i i

S causes photopl

oL y photophobia (intolerance to light) and
Alkaptonuria (Black Urine Dise
production of enzyme, Homo-G
degradation of a toxic substance
of homogentisic acid in the body.

age): A{kaptonuria is a rare genetic disorder involving less
t?nusnc-Dnoxygen_n..se (HGD). This enzyme is utilised in the
called homogentisic acid. Lack of HGD causes accumulation

In alkaptonuria, bones and cartilage bec
homogentisic acid, This leads to ostec
Alkaptonuria turns urine coloured d
Cause

A mutation on

alkaptonuria. The enzyme hom 1
entisate-
Thus, the homogentisate i ]

or:;s‘ Fliscoloured and brittle due to accumulated
arthriis, mainly in the spi joi

; spine and large joints
ark brown or black upon air exposure. £ Jom

genes coding for enzyme homogentisate-
. 2-dioxygenase (H
accumulates in blood and body tissu

l?—diuxygcnusc (HGD) gene results i
GD) catalyses oxidation of homogentisate
es and is excreted largely via urine. »
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ad
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e
Tyrosne

n the liver by the eny

L tyros -
absemce of FAH the . me metabolinm and i absence cayy, | )

Nymptoss

LN *
i) D-mc.-d\/om.‘m‘,
¥ Poor weight gain,

vit) Pamful lesions on the skin,

» children, &
\ : Ymptons of tyrosinemig depend on the type of tyrosinen,

1) Cabbage like o,
V) Faugue,

Vi) Fatlure  thyyy
Vi) Red eyes and bight seps
%) Intellectual disaty),
x11) Convulsions

x1v) Seizures, and

&-sn&u—&wmduﬂwm
A-:mn-dC-Mm Refer Chapter-2, Page No. 17
&.1&““““«@%-&%&& (2xB=16)
Ans: Biological Value of Amino acids and Proteins: Refer Chapter- 1, Page No 26
‘Ques 7 b) What are Erythrocytes? Give their significance in human bod,

Ans: Ervthrocytes

Erythrocytes are discouc-shaped cells constituting 99% of the blood and camying fa
molecales. Haemoglobin is a red coloured protein containing iron. In humans, $x10% en thrw
constitute 45.0% of blood volume. Each cell is surrounded by a colourless envelop
semi-hiquid maienial having 65% water and 35% solids of which 33% consututes
bound 10 2% stromal meshwork of protein, phospholipids, cholesterol. cholesierol o

neutral fat
Significance in Human Body

1) Oxygen Transporter: RBCs participate in oxygen ransportation

2) Release of ATP and Vessel Dilation: Constricted vessels apply shear suess on REC

them to release ATP. The released ATP relaxes and dilates the vessel walls

erythroc which dilate vessel S-nitrosothiols 1 1€
r 3 deoxygenation of haemoglobin, os 1 1
3) & of yies On . providing more blood axygen-deficicnt st

i 1
(bacteria) break hacmoglobun. it re
and membrane causing its death. There

4) Immunity: When
rupture the bactenal
to the body.
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