EFFECTS OF TRAINING PROGRAM ON C-PEPTIDE
AS INSULIN PRODUCTIVE MARKER IN OBESE
AND NON OBESE MALE ALBINO RATS

Thesis

Submitted in Partial Fulfillment for Master Degree In
Medical Physiology

By

Mohamed Ramadan Rbd Elaziz El Nady
M.B.B.Ch.

Under Supervision of

Prof. Dr. HUSSEIN MOHAMED EL SAYED
Professor of Medical Physiology Faculty of Medicine Al-Azhar University

Prof. Dr. GAMAL HUSSEIN SHAWER

Assistant Professor of Medical Physiology Faculty of Medicine Al-Azhar University

Dr. SAAD MOHAMAD ALI KANDIL
Lecturer Medical Physiology Faculty of Medicine Al-Azhar University

Faculty of Medicine
Al-Azhar University
2013



ANAS Al ) Jo a2l gl ) il il
dpacal) sludagall O 81 83 (B Cyal puad¥) dalily
nas yall g

s...\.mhj\ P dadde :\j\.w)

@bl ygyellangt Glanss smaas

dglall L ol gaal) B piealall Ao ja Ao Jguaall dih g3

o mgall smtas oygamn [l
et} 06— ) Ly st gl S5
A Y daala
ol gqan maal Jlag [l
alal) A1S - dgadal) Lia of gal) a0 Lisa i
A Y daala
Jimid QL mdal mga [a

calal) 440 - ddal) L oY ganal) (yu y2a

alal) 418
AV daala
2013



sl a3l alll gl
SGLG5alz WV GT gl ¥ 263 LG
fall fylell 24l

(32) 55l



ACKNOWLEDGEMENT

First and foremost, thanks to ALLAH; to whom | relate any success in

achieving any work in my life.

Words are inadequate to express my respectful thanks and profound
gratitude to Prof.Dr. HUSSEIN MOHAMED EL SAYED, professor of
physiology, faculty of Medicine, Al-Azhar University, for giving me the
honor and great advantage of working under his supervision, valuable

and continuing education to me extend for beyond the limit of this thesis.

My sincere thanks and utmost appreciation are humbly presented to
Prof.Dr. GAMAL HUSSEIN SHAWER, assistant professor of
physiology, faculty of medicine (Cairo), Al-Azhar University, for his
meticulous supervision, professional experience and tremendous

assistance. | really appreciate his patience and support.

| would like also to express my deepest gratitude and special thanks to
DR. SAAD MOHAMAD ALI KANDIL, lecturer of physiology, and faculty
of medicine, Al-Azhar University, Who enriched this work with his

knowledge and offered me much of his time, effort and help.

Last but not least, | would like to thank my parents, family, my wife and

my daughter (Salma) who did a lot during this work.



LIST OF CONTENTS

Title Page
LISt OF TADIES ...ttt
I ES] 0 0 U] =TT U
List of abbreviations ...,
INTRODUCTION......ttiiiiteeeteeteereeeveeseeeesseseessasse s eesssaennnns

AIM OF THE WORK ..ottt
REVIEW OF LITERATURE.........ceevineecec e

MATERIALS AND METHODS.........ccooiiiiiiiiiieecseecseieens
RESULTS. ...ttt sttt
DISCUSSION.....cuiiiiiitinteeneteree st sen e e
SUMMARY AND CONCLUSION........c.ciiiiiiiiiiiie,
REFERENCES......co ettt

ARABIC SUMMARY ...ttt

36

57

81

89

94



Obesity according to BMI

Examples of rat high fat diet and standard chow diet Components

Anthropometric measurements in all studied groups before the
exercise program

lipid profile in all studied groups before the exercise program

C-peptide, insulin and glucose levels in all studied groups before
exercise

Anthropometric measurements in all studied groups after the
exercise program:

Lipid profile in all studied groups after the exercise program

C-peptide, insulin and glucose levels in all studied groups after
exercise program

Comparison between values of anthropometric measurements
before and after exercise program

Comparison between values of triglycerides and cholesterol
measurements before and after exercise program

Comparison between values of LDL and HDL measurements
before and after the exercise program

Comparison between values of insulin and glucose measurements
before and after the exercise program

Comparison between values of C-peptide measurements before
and after the exercise program:

comparison between groups as regard difference value in
anthropometric measurements before and after program

comparison between groups as regard difference value in lipid
profile before and after program

comparison between groups as regard difference value in C-
peptide, insulin and glucose profile before and after program




LIST OF FIGURES

Diagram of proinsulin, illustrating the dipeptide insulin
portion and the linking peptide portion (C—peptide)

Insulin and C—peptide synthesis (PC: proconvertase, CPE:
Carboxypeptidase)

Schematic representation of cellular effects of C-peptide
(Wahren et al., 2004).

Anthropometric measurements in all studied groups before
the exercise program

lipid profile in all studied groups before the exercise
program

C-peptide, insulin and glucose levels in all studied groups
before exercise

Anthropometric measurements in all studied groups after
the exercise program

Lipid profile in all studied groups after the exercise
program

C-peptide, insulin and glucose levels in all studied groups
after exercise program

Comparison between values of anthropometric
measurements before and after exercise program

Comparison between values of triglycerides and cholesterol
measurements before and after exercise program

Comparison between values of LDL and HDL
measurements before and after the exercise program

Comparison between values of C-peptide measurements
before and after the exercise program

comparison between groups as regard difference value in
BMI before and after program

comparison between groups as regard difference value in
lipid profile before and after program

comparison between groups as regard difference value in
C-peptide, insulin and glucose profile before and after
program




LIST OF ABBREVIATIONS

Temi Body mass index

‘ ECM Extracellular matrix
GLUT4 Glucose transporter type 4
GLUTs Glucose transporters
HDL High density lipoprotein

| HSC Hepatic stellate cells
LDL Light desity lipoprotein

‘ NAFL Non alcoholic fatty liver

| NASH Non alcoholic steatohepatitis
NEFA Nonesterified fatty acid
PC2 Proconvertases
ROS Reactive oxygen species
STD Standered deviation
TG Triglyceride
TMB Tetramethylbenzidine
TNF-alpha Tumor necrotic factor —alpha
HSC Hepato cellular carcinoma
EDTA Ethylenediaminetetraacetic acid



http://en.wikipedia.org/wiki/Ethylenediaminetetraacetic_acid

=

INTRODUCTION AND
AIM OF THE WORK



L1 Introduction and Aim of the work

INTRODUCTION

Obesity represents a global epidemic and is a leading cause of illness
and death worldwide (Kopelman, 2000).

Obesity is associated with countless co-morbidity such as diabetes
mellitus, dyslipidemias, cardiovascular diseases and some kinds of cancer,

representing hence a huge health problem (Allison, 2000).

Changes in the world food economy have contributed to shifting
dietary patterns, for example: increased consumption of energy-dense diets
high in fat, particularly saturated fat, and low in unrefined carbohydrates.
These patterns are combined with a decline in energy expenditure that is

associated with a sedentary life style eg: motorized transport (Kimm, 2002).

Regular physical exercise offers protection against the development
and progress of countless chronic diseases (such as coronary heart diseases,
hypertension, obesity and diabetes type two being hence a relevant

component of a healthy life style (Revinter, 2000).

C-peptide is a protein that is produced in the body along with insulin.
First preproinsulin is secreted with an A-chain, C-peptide, a B-chain, and a
signal sequence. The signal sequence is cut off, leaving proinsulin. Then the
C-peptide is cut off, leaving the A-chain and B-chain to form insulin
(Steiner, 1967).

C —Peptide serve as an important linker between the A- and the B-
chains of insulin and facilitates the efficient assembly, folding, and

processing of insulin in the endoplasmic reticulum (Hills, 2008).
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AIM OF THE WORK

The objective of this study is to determine the effects of muscular
exercise training program on c—peptide as insulin productive marker in

obese and non obese male albino rats.
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L) Review of literature

C-PEPTIDE

Proinsulin C-peptide was first described in 1967 in connection with
the discovery of the insulin biosynthesis. It serves as an important linker
between the A- and the B- chains of insulin and facilitates the efficient
assembly, folding, and processing of insulin in the endoplasmic reticulum
(Steiner, 2004).

C—peptide was for long considered to be without biological activity of
its own (Al-Rasheed, 2006).The great variability of its molecular
structure among species and the lack of experimental results supported
the general assumptions that it did not have any inherited physiological
activity and had no significance beyond being a spacer in the biosynthesis
of insulin (Torn, 2003).

But the knowledge that insulin biosynthesis provides the release of
equimolar amounts of both insulin and C—peptide into the blood stream
has stimulated several authors to look for any significant biological

activity related to C—peptide (Marques et al., 2004).

Indeed, C—peptide is considered a reliable marker of residual beta—
cell function in patients with type 1 diabetes during the long-lasting
process of immune destruction of beta—cells, and it may assist in
differentiating type 1 from type 2 diabetes (Chailurkit et al., 2007).

In the last number of years, numerous studies in both humans and
animals have demonstrated that C—peptide, although not influencing
blood sugar control, might play a role in preventing and potentially

reversing some of the chronic complications of type 1 diabetes
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(Walenciak et al., 2007).

Thus, much more than a byproduct of insulin biosynthesis, C—peptide
may also be an active peptide with relevant physiological effects different

from and complementary to those of insulin (Marques et al., 2004).

C—peptide was found to have no effect in healthy subjects or animals
which suggests the saturation of mechanisms of C—peptide action in
healthy subjects (Tsimaratos, 2004; Forst et al., 2000).

What is C peptide?

C-peptide, is a cleavage product of insulin synthesis that is co-
secreted with insulin by pancreatic B-cells following glucose stimulation.
Equimolar amounts of C-peptide and insulin are stored in secretory
granules of the pancreatic beta cells and both are eventually released to
the portal circulation. Both are released simultaneously from the pancreas
when the compound called proinsulin is split into two pieces. Insulin is
responsible for regulating the body's glucose levels. Glucose, the body's
main source of energy, is a sugar that comes from foods. After a meal,
our bodies break down the foods we eat into glucose and other nutrients,
which are then absorbed into the bloodstream from the gastrointestinal
tract. Glucose levels in the blood rise after a meal and trigger the pancreas

to make insulin and release it into the blood (Steiner et al., 1969).

When insulin is released, so is C-peptide. Insulin works like a key
that opens the doors to cells and allows the glucose in. Without insulin,
glucose can't get into the cells and it stays in the bloodstream. The most
common cause of abnormal fluctuations in blood glucose is diabetes. C-

peptide, on the other hand, has no effect on blood sugar. It is, however,
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useful as a marker of insulin production, since the pancreas typically
releases C-peptide and insulin in about equal amounts. In general, high C-
peptide levels are associated with increased insulin production, while low
C-peptide levels indicate decreased insulin production (Steiner et al.,
1969).

Recombinant insulin, used in the treatment of diabetes, lacks C-
peptide and preclinical and clinical studies suggest that lack of C-peptide
may exacerbate diabetes-associated complications. In accordance with
this, several studies suggest that C-peptide has beneficial effects in a

number of diabetes-associated complications (Rubenstein et al., 1976).

C-peptide has been shown to prevent diabetic neuropathy by
improving endoneural blood flow, preventing neuronal apoptosis and by

preventing axonal swelling (Kobayashi et al., 2005).

In the vascular system, C-peptide has been shown to prevent vascular
dysfunction in diabetic rats, and to possess anti-proliferative effects on
vascular smooth muscle cells, which may prevent atherosclerosis.
However, C-peptide depositions have been found in arteriosclerotic
lesions of patients with hyperinsulinemic diabetes and C-peptide has been
shown to induce pro-inflammatory mediators, such as nuclear factor
kappa B, inducible nitric oxide synthase, and cyclooxygenase-2,
indicating that C-peptide treatment could be associated with side-effects
that may accelerate the development of diabetes-associated complications
(Fiorettil, 1997).

This clinical observation suggests that there may be other factors that
causally contribute to the development of diabetes complications. During

insulin biosynthesis, the hormone is synthesized as a single polypeptide,
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