BIOCHEMICAL STUDIES ON CARBOHYDRATE
METABOLISM IN NORMAL AND
EXPERIMENTALLY DIABETIC RATS

THESIS

Submitted to
The Faculty of Science
Ain Shams University

In Partial Fulfilment of the Degree
L i} of
w0 MASTER OF SCIENCE

By
AZZAk AHMED ATEF MAHMOUD

Demonstrator
In the Dopartment of Biochemistry

Ain Shams University

1985

Central Library - Ain Shams University



BIOCHEMICAL STUDIES ON CARBOHYDRATE

METABOLISM IN NORMAL AND
EXPERIMENTALLY DIABETIC RATS

THESIS

Submitted to
The Faculty of Science

Ain Shams University

In Partial Fulfilment of the Degree
of

MASTER OF SCIENCE

BY

AZZA AHMED ATEF MAHMOUD

Demonstrator
In the Department of Biochemistry
Ain Shams University

SUPERVISORS

*rof,Dr. ABD EL-MONEM EL-GAUHARI Prof,Dr.ABD EL-HALIM ABD EL HADI MOUSTAFA
Head of Biochemistry Department Prof.,Of Biochemistry
Facuilty of Science Faculty of Science
Ain Shams University Aln Shams University

Prof., Dr. FAWZIA MOHAMED REFAI
Prof., of Biochemistry
Faculty of Science
Ain Shams University

1985

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



PSS, PO, 10D, oAy
T w.mnmmmﬁﬁmnmmnﬁﬁmnmmﬁmﬁmﬁmmmmmmﬂmﬁm‘ i

f | 15

4|l A%
€|z il
e 13>
allz B
al y3
ail. A | %
L { A
<l
dl
{':
1 ’ o RiD _

&l : 3
Q
Al ]
€4 “
€
&
L {

B H R

gitdihihii i
o~ -
.1‘ ‘

- -0

p - -

™

i -

Ll

C\ E.:
-—

SRRl T tE ol s tietabe i
MR TR TR AN

a1

T R B T TR fRT T H ik

TS G BTG T I T

I I Sl U GO T T T LTI
NN

FAAASAASAANA

g

LI
s T
- T
S~ "/ -

\—’7 / - e -
7

N

e

Central Library - Ain Shams University



ACKNOWLEDGEMENT

I wish to express my gratitude and thanks to

"

rofessor Dr. ABD EL-MONEM EL-GAUHARI: Head 0f Bio-
chermistry Department, Faculty of Science, Aln Shams
Tniversity, for suggesting the problem, providing
lahorztory facilities of the department, and my

deen thanks to prefessor Dr, ABD EL-HALIW ABD EL-HADI
OTSTATA Professor Of Riochemistry, Faculty Of
Science, Ain Shams University for his assistance
trustful help and sincere guidance which he offered

throughout this thesis,

Tinally I am also deeply gratful to Prefessor Lr,

Fawzig M, PEFAI Professor 0f Bicchemistry Ailn Shams
Tniversity for her tutorial guidance and active super-

vision,.

Central Library - Ain Shams University



CONTENTS

PAPT I

TUEORETICAL SECTION
a. Cremical And Bicchemical Studies.vivveee e

B, Peview 0f Literature ..t et eneeninsoniasenes

WMATEDIAL AND METEODS.
A, Andimal And Diet it i i e i i e e s
B, Themicol ANEIYSIS 4wt roetcnasnstosaiscnsennns
1. Determination of serum glucose ... e vas
2. Deterrination of serum ascorbic.acid.........
3, Tetermination of serum cholesterol ..........
4, Deftermination of serum pyruvic acid .........
5., Tetermination of serum lactic acid ... 0.
&, Tetermination of serum lactate dehyvdrogenase
enzime aCTtIvItY L e e
7. Zetermination of liver glucose —-6-phosphatase
=B o370 v T=S - o i I s R
=, ietertination of liver phosphorvlase enzime
= o e U U
¢, Deterrminaticn of liver phosphorlucorutase
enzime aCtivity L. e e e e

12, Determipation of 1Iver glvccoern ... vevenveans

11, Teterrination of muscle ZlVCOEeN o vvvevn s

Central Library - Ain Shams University

98]
]



PART V¥

-------------

e 5 R T

DART VI

FR 0 S 20 N O T L I S T R S

PART VII

APARIC SUMNMARY,

Central Library - Ain Shams University

93

- 145

w
~1
S

176



PART I

THEORETICAL SECTION

A- CHEMICAL AND BIOCHEMICAL STUDY
B« REVIEW OF LITERATURE

Central Library - Ain Shams University



A, CHEMICAL AND BIOCHEMICAL STUDIES

Ascorbic acid

Vitamin C or ascorbic acid was first isclated 1n
pure crystalline form from lemon juice by the Amerlcan
Biochemists King & Waugh in 1932, It is one of the
simplest vitamins in structure, being a lacione of a

sugar acid (Lehninger, 1975).

?

Ascorbic acid.

A general method of preparing ascorbic acld
involves the condensation between polyhydroxy aldehyae
e.g, L-threose (n:2j and ethyl pglyoxylate’ in the
présence of sodium cyanide. The intermediate 3-0X0~
derivative {not isolatedj is then hydrolyzed with aciu-

o AAame Y
Finar )¢915;-

Central Library - Ain Shams University



Ethyl COZEt CO.Et Co
! [ 2 !
glyoxvlate CHO CHCH HO-C
* Y R |
CHO 220N . co " 5 Ho-C o
| ! |
(CHOH) CHOH H=C
| n t 1
CHZOH ECHOH)n—l HO—C!—H
polyhydroxy aldehyde CHZOH CHZOH

Ascorbic acid

Yost species of animals can synthesize ascorbic
acid except pguinea pig and man, They synthesize the
vitamin from D-glucose wvia the glucuronic acid pathway

Yig, (1). (Harper,g} %}.197ﬂ.

H - C -0H H - C -0-P
["——— Phosphogluco- |
H - C -0H mutase HE - C -0H UDP glucose
| ] pyrophosphory lase
0 - C -H 0 <& > HO- C =H O——— >
] | Urr  rPi
Y - C -0H H -? -0H
|
H - C | H=-C
| I
CHQ-O—P CH20H
Clucose —~G-phosphate Gluccse —-1-phosphate
I - C -0-LDLP
[ onant on e on®t
. H, O  2NAD 2NALH+2H
F - C -0H 2
l
HC - C -E 0 \
- g -0OH UDP glucose
H - C dehydrogenase
[
N :
C“20H

U'ridine diphcsphogluccse
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C
1]
0 —OH H-C - OH H- C - 0 -UDP
N I 1 [
O — CH H-C - OH HE -C -0H
! | ]
g - C— E  NADP  NADPH HO-C - H UDP  H0 HO-C -H O
| +H | !
H - g ~ (O R\“~*’// » H-C - OH O é—:§=-¢5;— H -? -0H
H0 - C - H H-é-——————J B -?-—*———-
i | ’
CcxE, 0 (ol): C -0H
< 0 I
L-gulonic acid D-glucuronic acid 0
Uridine diphosphoglucuronic
acid.
i co co Co

] I——] I“l
HOo- C-H L—gulono~ CcO . HO-C
t/ | oxidase | U

v o¥lsny -c-2 g —————>HO-C - H 0 Spentaneus o yo-C 0

2
Y - :ﬁ—ﬂj H-é——u—J H-é——J

I !

HO -ﬁ -5 HO-? -H HO-C-H
| .
CHQQ{ CHZOH CﬂzOh
lL-rulonclactone 2 Keto-L—eulonolactone Ascorbic acid.

Fig. (1) Glucuronic acid pathway.
Dure sscortic acid is a white crystalline s0lid freely

soluble in water. The mplecular formulaz was shown to be

C anc m.p. 122°%C. (Finar, 1975).

esls
titapin C is readily oxidized to the dehydroform,
Both forms are phyvsiologically active and both are fcund
in the body fluids, The enediol group of ascorbic acid
(fror whkich rercval of hydrogen occurs to produce the

dehvdroform) may be involved in the physiclegic function

of thig vitamin, It is conceviable that this chemical
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erouping functions in a hydrogen transfer system; a role

0f the vitamin in such a system. (Harper, et _3.1977}

(@]

=0

c=20 I
O - éh——_w C =20 l
Ho-g o</"2H > Cl=oD
I — R
HO - é - B HO- C - H
éHQOH éHQOH
Ascorbic acid dehydroascorbic acid

Studieg with L-ascorbic labeled in the various
positiors with isotopic carbon 14 have shown that the
vitamin is extensively oxidized to respiratory CO, in rat-.
Corresnondinegly, ascorbic acid disappears slowly in man;
it has z half-life of about 1B days in man compared to

a ralf life of about 4 davs in the guinea pig.

L-zscerbic acid —1—14C ig converted to labeled
uripnarv. oxalate in man )guinea pig and rats, In man
conversion of ascorbic acid to oxalate may account for
he rajor part of the endogenous urinary oxalate,

Jarper, et al.1977,

~ke biochemical function cf asccerbic aecid 1s

ctill met kpnown., Probably the most clearly established

1

fureticnal role of the vitamin is in maintaining the
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normal intracellular material of cartilage, dentine,
and bone, There are also a number of reports cof a
possible function of ascorbic acid in oxidation - reduc-
ticn systems, coupled with glutathione, cytochrome C,
pyridine nuclesntides or flavin nuclectids. The

vitamin has been reported to be inveolved in the
cxidation of tyrosine and in the metabolism of

adrena’l steroids and of various drugs, (Harper, et al

-t
1877,
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Barbituric acid

2arbituric acid (malonylurea) was originally

w

prepared by condensing urea with malconic acid in the

presence of phosphoryl chloride .(Finar/lQ?Sl

~NE HOD,.C
/ 2 2~
oc + /CH
\\\NH H0,.C
2 2
uresa maloniec acid Barbituric acid

C L . e
Barbituric acid is a solid substance, m.p. 233 C

and is not very soluble in water, It is scluble in dis-
tilled water, heated to 75°C the sclution then cocled

tc 40 — 45°C and immediately used. (Martinz,K1955).

Rarkituric acid is the parent compound of the
harhiturate series. The majority of the clinically
tseful barbiturates are obtained by making appropriate
substituticns at position (5) in the molecule e.g, pheno-

harhitone is ethvlphenylbarbituric acid.

1

3
0 N 4

E
Phenobarbitone
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If thiourea instead of urea is combined with malonic

acic, the resulting thiobarbituric acid is the parent

comnound of ultra short acting intravencus anaesthetics

such zs thiopentene,.

///,NH2 HOZC \\\\‘ POCT I
2
. - s N R
Ry HO_C
2 2 H
Thiouresa . malonic acid

thiobarbituric acid

An increase in the potency and a decrease in the
duration of action can be produced by increasing the
ienetk of the alkyvl groups on C5, by the substitution
of alicyvclic, branched, or unsaturated side chains for

21kv]l groupns on C5 and by the attachment of an alkyl group

to one of the nitrogen atoms of the ureide.

For many vears, the therapeuticzlly useful barbiturates
have beer classified according to their duration of action
<hig being based on animal experiments, They were divided

un intc ultra short, short, medium and long acting barbi-

Turates,

I, Lonz zeting (8 to 12 hours or longer).

Rzrhitene ————— 5,5 diethylbarbituric acid,
0
Cottg
o~
* 7
N
- N n
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