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ABSTRACT

Background: Diabetes mellitus is a major health problem with long-term complications responsible for its
mortality and morbidity. Administration of C-peptide improves nervous and renal functions in diabetic
patients and animals. Glucagon like peptide-1 is secreted in response to meal. It is able to increase the
disposal of glucose under hyperglycemic conditions independent of its effect on insulin or glucagon. An
interesting analog is exendin-4.

Objective: Determination of the effects of C-peptide and glucagon-like peptide-1 analogue exendin-4 with
and without antioxidants on blood and plasma levels of glucose, insulin, glucagon, lipid profile and
malondialdehyde (MDA) in diabetic model of adult male albino rats.

Material and Methods: Seventy adult male albino rats of local strain weighed 150-180 g were used in this
study. They were divided into seven equal groups: Control group (C): Rats received saline i.p. daily for 4
weeks, Diabetes group (D1): After overnight fasting, rats received a single subcutaneous injection of alloxan
monohydrate with glucose by gastric intubation to avoid fatal hypoglycemia, Diabetes with C-peptide (D)
were given alloxan and C-peptide by intraperitoneal injection for 4 weeks, Diabetes with exendin-4 (Ds)
were given alloxan and glucagon-like peptide -1 (GLP-1) analog exendin-4 i.p. for 4 weeks, Diabetes with
C—peptide and exendin-4 (D4) were given combined intraperitoneal injection of C-peptide and exendin-4
with alloxan for 4 weeks, Diabetes with antioxidants (vitamins C & E) (Ds) received alloxan, vitamin C
and vitamin E by gastric intubation for 4 weeks, Diabetes with C—peptide, exendin-4 and antioxidants
(vitamins C & E) (Ds) received combined C-peptide, exendin-4 and vitamins C and E in by gastric
intubation with alloxan for 4 weeks. Blood samples were taken from all groups. Blood glucose, plasma
insulin, plasma glucagon, plasma lipid profile, and plasma level of malondialdehyde (MDA) with their
relationships to C—peptide and exendin-4 (D.) treatment with and without antioxidants (vitamins C & E)
supplementation were investigated.

Results: Treatment of diabetic rats by C-peptide and exendin-4 caused significant reduction in total
cholesterol, triglycerides, LDL, MDA and glucose with elevated insulin and HDL. Treatment of diabetic rats
by C-peptide and exendin-4 with antioxidants (vitamins C & E) showed reduction of glucose, cholesterol,
LDL and triglycerides with significantly elevated insulin in comparison to diabetic group.

Conclusion: Adding C—peptide to exendin-4 caused significant reduction in total triglycerides, cholesterol,
and more reduction of LDL than exendin-4 group. Vitamins C & E improved serum lipid profile and level of
MDA as an oxidative stress indicator.

Key words: Diabetes mellitus, alloxan, C—peptide, glucagon-like peptide-1 (GLP-1), exendin-4 and
antioxidants.
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INTRODUCTION

In addition to insulin and oral hypo-
glycemics, it is necessary to treat diabetes
mellitus with poly therapy including
drugs, diet, exercise and other new lines
of treatment which are required to cover
the variety of symptoms and to prevent
future complications (Pradhan et al.,
2007 and Vaxillaire et al., 2008).

Cotter et al. (2003) reported that
administration of C-peptide improves
nervous and renal functions in diabetic
patients and animals. These beneficial
physiological effects might occur by the
action of C-peptide on both Na'/K"
ATPase and NO synthase enzymes
(Wahren et al., 2012).

Glucagon like peptide-1 (GLP-1) is
usually secreted in response to meal
absorption (Punjabi et al., 2011).
Nishizawa et al. (2003) reported that
GLP-1 is able to increase the disposal of
glucose under hyperglycemic conditions
independent of its effect on insulin or
glucagon. The physiological dose of GLP-
1 might increase the net hepatic glucose
uptake (Pala et al., 2010). It also regulates
the B-cell proliferation and cytoprotection
(Buteau, 2008).

The oxidative damage has been
suggested to be one of the factors in the
development of both types of diabetes and
its disabling chronic complications
(Giacco et al., 2010). So, antioxidants
therapy could possibly help diabetic
patients and prevent diabetic complica-
tions (Ziegler et al., 2011).

The present work was a trial to detect
the effect of C-peptide and glucagon-like
peptide-1 analogue exendin-4 with and

without antioxidants in diabetic male
albino rat.

MATERIALS AND METHODS

This study was performed on seventy
adult male albino rats of local strain
weighing 150-180 g. Rats were housed in
isolated animal cages (every 4 rats in a
cage 80x40x40 cm). Rats had free access
to water and fed on rodent chow diet food
all over the period of the work (4 weeks).
The rats were kept at room temperature.
The rats were divided into seven equal
groups:

1. Control group (C): Rats received
saline i.p. daily for 4 weeks.

2. Diabetes group (D1): After overnight
fasting, rats received a single
subcutaneous injection of alloxan
monohydrate 120 mg/kg of the rat
body weight with glucose by gastric
intubation to avoid fatal hypoglycemia
(Maduka et al., 2003).

3. Diabetes with C-peptide (D2): Rats
were given alloxan and C-peptide 50
nmol/kg/day ip. for 4  weeks
(Rebsomen et al., 2006).

4. Diabetes with exendin-4 (D3): Rats
were given alloxan and GLP-1 analog
exendin-4 1 nmol /kg/day i.p. for 4
weeks (Park et al., 2007).

5. Diabetes with C-peptide and
exendin-4 (D4): Rats were given
combined i.p. injection of C-peptide
and exendin-4 with alloxan.

6. Diabetes with antioxidants (vitamins
C & E) (Ds): Rats received alloxan,
vitamin C (200 mg/kg/day) and 14.4
IU/kg/day of vitamin E by gastric
intubation for 4 weeks (Paget &
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Barnes, 1964 and Gokkusu et al.,
2001).

7. Diabetes with C—peptide, exendin-4
and antioxidants (vitamins C & E)
(De): Rats received alloxan and
combined C-peptide, exendin-4, and
vitamins C and E by gastric intubation
with alloxan for 4 weeks.

Blood samples were taken from all
groups and sera were separated for the
determination of the fasting levels of:

1. Blood glucose level (mg/dl) by
enzymatic calorimetric determination
(Tietz, 1986).

2. Plasma level of insulin (?1 U / ml) by
radioimmunoassay (Burrin, 1994).

3. Plasma level of glucagon (pg/ ml) by
radioimmunoassay (RIA) (Saito et al.,
1979).

4. Plasma level of total cholesterol (mg/dl)
(Allain et al., 1974).

5. Plasma level of high density
lipoproteins (HDL-mg/dl) (Groove,
1979).

6. Plasma level of low density lipoproteins
(LDL-mg/dl) (Friedewald et al.,
1972).

7. Plasma level of triglycerides (mg/dl)
(Fossati and Prencipe, 1982).

8. Plasma level of malondialdehyde
(MDA- nmol/m) (Erdelmeier, 1997).

Statistical ~Analysis:  All  statistical
analyses were computed by SPSS version
14. The values obtained were revealed as
mean + S.D. Data were analyzed using
student's t-test and results were considered
significant at P < 0.05. Comparison
between groups was done using analysis
of variance  (1-way ANOVA) followed

by Post-HOC test to find inter-group
significance.

RESULTS

The blood glucose level (mg/dl) in
groups D2 (277.2+ 90.49), Ds (210.7%
90.98), D4 (331+ 73.27) and Ds (265.20+
16.63) was significantly higher than that
of the control group (C) (76.4+ 9.42),
while significantly lower than that of the
diabetic group D1 (384.30+ 34.31) except
diabetic with antioxidants vitamins C & E
(Ds) group (356.5+ 36.12), which was
insignificantly lower than D;.

The plasma insulin level (?1 U / ml) in
groups D (14.94+ 0.78), Ds (16.83%
1.82), D4 (14.97+ 1.09), Ds (11.23+ 0.72)
and Ds (15.42+ 0.99) was significantly
lower than that of C (30.18% 4.77), while
that of the D; (7.28+ 2.37) was
significantly lower than that of all other
groups.

The plasma glucagon level (pg/ ml)
groups D3 (74.57+ 3.84) and De (75.24%
7.56) was insignificantly lower than that
of the C (76.92+4.16), and significantly
higher than D1 (70.65+ 6.18). In the group
D, (66.77+ 2.370), it was significantly
lower than that of Di. Groups D4 (72.2+
3.19) and Ds (71.94+ 3.32) showed
insignificant differences compared to D;.

The plasma cholesterol level (mg/dl) in
groups D2 (115.7+ 10.83), Ds (114.6%
15.65), D4 (109+ 6.63), Ds (122.1+ 9.49)
and Ds (115.30+ 5.12) was significantly
higher than that of C (96.5+ 7.01), while
significantly lower than Dy (131.50+ 5.54)
which was significantly higher than that of
all other groups.

The plasma HDL level (mg/dl) in
groups D3 (37.1% 2.02), D4 (37.0% 3.95),
Ds (36.9+ 2.38) and Ds (37.20+ 1.55) was
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significantly lower than that of C (39.9+
2.38), while HDL level of D (33.60+
3.06) was significantly lower than that of
other groups except D (33.5+ 3.14) where
it showed insignificant difference when
compared to Ds.

The plasma LDL level (mg/dl) in all
groups was significantly higher than that
of C (37.95+ 9.99), while LDL level of D1
(74.36x 3.52) was significantly higher
than that of groups D; (60.61+ 8.78), D3
(65.64+ 9.83), D4 (61.25+ 8.53) and Ds
(66.12+ 4.77), while Ds (72.05+ 11.25)
showed insignificant difference when
compared to Ds.

The plasma triglyceride level (mg/dl)
in groups D2 (106.7+ 9.48), D4 (93+ 5.85),

Ds (100+ 7.16) and De (97.90+ 7.02) was
significantly higher than that of C (98.9+
9.53), while that of the D1 (119.30+ 10.41)
was significantly higher than that of other
groups except Ds (117.7+ 11.83) where it
showed insignificant difference when
compared to Ds.

The plasma MDA level (nmol/m) in
groups D2 (12.7+ 1.83), D3 (12.5+ 0.85),
D4 (12.6% 1.35), Ds (12.9+ 1.45) and De
(12.90+ 1.52) was significantly higher
than that of C (6.5+ 0.85), while that of D
(19.40+ 1.51) was significantly higher
than that of all other groups.

Table (1): ANOVA changes of each parameter for different groups (Mean £ SD).

Groups

Control

© | ) | ©) | ©3

Parameters

ANOVA

(D4) (D5) (D6)

Glucose (mg/dl) 76.4+ | 384.30+ | 277.2+ | 210.7+
9.42 34.31 90.49 90.98

73.27 36.12 16.63

Insulin (?1U/ ml) | 30.18+ 7.28+ 14.94+ | 16.83%
4.77 2.37 0.78 1.82

1.09 0.72 0.99

Glucagon (pg/ 76.92+ | 70.65+ | 66.77+ | 7457+ | 722+ | 71.94+ | 7524+ | 12.93 | P<0.05.

ml) 4.16 6.18 2.37 3.84 3.19 3.32 7.56

Cholesterol 96.5+ | 13150+ | 115.7+ | 114.6+ | 109+ | 122.1+ | 115.30+ | 17.30 | P<0.05.

(mg/dl) 7.01 5.54 10.83 15.65 6.63 9.49 5.12

HDL (mg/dl) 39.9+ | 33.60+ | 335+ | 37.1+ | 37.0+ | 369+ | 37.20+ | 9598 | P<0.05.
2.38 3.06 3.14 2.02 3.95 2.38 1.55

LDL (mg/dl) 37.95+ | 74.36+ | 60.61+ | 65.64+ | 61.25+ | 72.05+ | 66.12+ | 5.10 P<0.05.
9.99 3.52 8.78 9.83 8.53 11.25 4.77

Triglycerides 98.9+ | 119.30+ | 106.7+ | 117.7+ 93+ 100+ | 97.90+ | 19.81 | P<0.05.

(mg/dl) 9.53 10.41 9.48 11.83 5.85 7.16 7.02

MDA (nmol/m) 6.5+ | 19.40+ | 12.7+ | 125+ | 12.6+ | 129+ | 12.90+ | 73.16 | P<0.05.

0.85 1.51 1.83 0.85

1.35 1.45 1.52

F P Value

331+ 356.5+ | 265.20+ | 30.87 P<0.05.

1497+ | 11.23+ | 1542+ | 13.58 P<0.05.
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DISCUSSION

The present study demonstrated the
protective effects of C-peptide with
exendin-4 and antioxidants against the
risks of diabetes and its complications in
male rats.

All groups injected by alloxan showed
significant higher level in the blood
glucose in comparison to control group
(C). These results were in agreement with
Green and his Co-workers (2004) who
mentioned that reactive oxygen species
produced by alloxan administration causes
breakdown of DNA strands, resulting in
p-cell damage.

The results of glucose with C-peptide
were in agreement with Nordquist et al.
(2007) who reported that C-peptide given
to diabetic rats resulted in reduced blood
glucose levels. This effect of C-peptide on
blood glucose has previously been
described by Sato et al. (2004) as they
referred this action to improved glucose
utilization, renal function and capillary
diffusion capacity in type | diabetic
patients. Meyer et al. (2008) reported that
C-peptide facilitates glucose clearance and
the release of a nitric oxide stimulus via
the GLUTL1 transporter. The results of
this work were compatible with those of
Chailurkit et al. (2007) who stated that C-
peptide could enhance the function of f-
cell to secrete insulin. Shafgat et al.
(2006), after studying the rat pancreas,
reported that C-peptide effects seem to
mimic some of insulin—stimulating effects
on glycogen synthesis and amino acid
uptake. Therefore, it might play a role in
insulin secretion through auto—feedback
mechanism  activating  the  insulin-
signaling pathway.

Insulin and/or C-peptide and glucagon
dominance over each other might be due
to feedback mechanism, i.e. when insulin
and/or C-peptide increase, glucagon
decreases and vice versa (Ciell 2008). The
results of this work were compatible with
those of XU et al. (2006) who reported
that insulin, and hence C-peptide,
suppresses glucagon release. The results
of this work were also compatible with
those of Sima et al. (2004) who reported
that C-peptide circulates at plasma
concentrations five times higher than that
of insulin. Therefore, by feedback
inhibition, C- peptide depresses the
plasma glucagon level.

The results of glucose, insulin and
glucagon with exendin-4 were in
agreement with DeFronzo et al. (2005)
who correlated that the chronic
administration of exendin-4 in diabetic
animals, with significant lowering of the
blood glucose, similarly to that observed
in diabetics with other lines of therapy.
Gonzalez and Gagliardino  (2009)
concluded that exogenous administration
of incretin which is GLP-1 receptor
agonist  enhances  insulin  hormone
secretion. The results of this work were
also compatible with those of Holst and
Orsokov (2004) who reported that
impaired  function of incretin as a
transmitter in the enteric axis contributes
to the inappropriate metabolism in
diabetic patients, and this effect might be
corrected when exendin-4 was adminis-
trated to the diabetics. Consequently,
exendin-4 might be practically effective in
prevention or even cure of diabetes
mellitus (Kim and Egan, 2008). Many
studies indicate that GLP-1 and its long-
acting agonist exendin-4 stimulate the
proliferation and differentiation of stem
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cells into pancreatic pB-cell (Buteau,
2008).

An indirect mechanism for the
inhibition of glucagon secretion by
exendin-4 is  through release  of
endogenous somatostatin which acts on
pancreatic a-cells to inhibit glucagon
secretion (De Heer et al., 2005). Nauk
and Meier (2005) reported that the
inhibition of glucagon secretion is glucose
dependent, i.e. when glucose is not high,
enough glucagon is not reduced. Dupre
(2005) reported that GLP-1 infusion in
diabetic patients without any residual [-
cell secretory capacity has glucose-
lowering activity due to strong inhibition
of glucagon secretion with very high
glucose and very low insulin.

The glucose level was significantly
higher in Ds than C-peptide D, and
exendin-4 Ds. The insulin hormone level
of the rats treated by C-peptide with
exendin-4 was nearly equal to the rats
treated by C-peptide D». It seemed from
this work that C-peptide suppresses the
effect of exendin-4 on glucose and insulin
hormone level when used simultaneously.

The glucagon hormone level in D4 was
significantly lower than that of exendin-4
(D3) group and higher than that of C-
peptide (D2) group. It seemed that they
both slightly interfere with each other
regarding glucagon hormone level in
comparison to diabetic group. However,
they depress the glucagon hormone level
in comparison to control group which
were compatible with Ciell (2008).

Alloxan-induced  diabetes  mellitus
elevated levels of cholesterol,
triglycerides and LDL, while it depressed
level of HDL.This was compatible with
that of Irshaid et al. (2012) who revealed

that diabetes mellitus lead to elevated
plasma levels of cholesterol, triglycerides
and LDL, while depressing level of HDL.

The results of lipid profile with C-
peptide were in agreement with Hills and
Brunskill (2009) as they demonstrated the
presence of physiological protective role
of C-peptide when administered to
individuals with type | diabetes mellitus.
It seemed that C-peptide bind in
nanomolar concentrations to a cell surface
receptor which is most likely to be G-
protein coupled. Binding of C-peptide
initiates multiple cellular effects, evoking
a rise in intracellular calcium, stimulation
of the Na/*K'™-ATPase and increased
endothelial nitric oxide synthase (eNOS)
transcription. These observations raise the
possibility that C-peptide may serve as a
potential therapeutic agent for the
treatment or prevention of long-term
complications associated with diabetes
mellitus including dyslipidemia.  This
effect is due to up-regulation of
endothelial NOs gene transcription by C-
peptide which appeared to be dependent
on the upstream phosphorylation and
activation of extracellular signal-regulated
mitogen activated protein kinase.

The reduction in the plasma total
cholesterol, LDL and triglycerides levels
and elevation of the HDL by chronic
administration of exendin-4 in diabetics
was previously reported by Viswanathan
et al. (2007). According to study of Khoo
et al. (2009), chronic administration of
exendin—4 caused significant reduction in
triglycerides and free fatty acids levels
and it caused a significant change in total
cholesterol. They also reported that
exendin-4 possibly produce its lipid
lowering effect through reduced produc-
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tion of intestinal triglycerides rich particle
after fat rich meal and/or augmentation of
lipid mobilization and oxidation.

One of the most effective mechanisms
for the lipid lowering effect of exendin-4
in diabetics is through increased insulin
secretion. The increased insulin
suppresses lipolysis with decrease in
triglycerides (Meier et al., 2006). In
addition,  depressed  glucagon  may
contribute to the significant reduction of
free fatty acids (Franklin et al., 2005).
Meier et al. (2006) observed that
glucagon concentration during infusion of
exendin-4 closely seems as a mirror for
the free fatty acids.

Using C-peptide alone was nearly
equal to using C-peptide and exendin-4
regarding decreasing LDL level. As LDL
was insignificantly lower in C-peptide
group than exendin-4 with C-peptide
group, the action of C-peptide
predominated regarding plasma LDL
level. The use of both exendin-4 with C-
peptide was significantly better regarding
lowering of cholesterol and triglycerides
than using either exendin-4 or C-peptide
alone. The results of this work were
compatible with those of Wu et al. (2012)
who reported that exendin-4 and C-
peptide stimulate insulin secretion and
significantly reduce glucose level.

Armstrong et al. (2006) stated that the
reduced lipid peroxidation and improved
antioxidant status may be one mechanism
by which treatment with vitamins C & E
contributes to the prevention of diabetic
complications. Abdel-sattar (2004) stated
that diabetic rats receiving antioxidants
(vitamins C, E and zinc) encountered a
significant reduction of blood glucose,

cholesterol and  triglycerides  with
significant elevation of HDL-C.

There was no significant statistical
difference between use of C-peptide with
exendin-4 only and with antioxidants
(vitamins C & E) regarding HDL in this
work. Using C-peptide with exendin-4
significantly reduced plasma cholesterol,
LDL and triglycerides levels than with
antioxidants Ds group. Parildar et al.
(2008)  reported that  antioxidants
(vitamins C & E) effect on lipid profile of
rats increase as long as the study period.
Sethi et al. (2012) also reported that
alloxan causes liberation of oxygen
radicals such as 02, H202 and MDA,
with reduction in the antioxidant status.

The results of MDA with C-peptide
were compatible with Hills and Brunskill
(2009) who have demonstrated an up-
regulation of endothelial nitric oxide
synthase (NOs) gene transcription by C-
peptide. This effect appeared to be

dependent on the upstream
phosphorylation and  activation  of
extracellular  signal-regulated  mitogen

activated protein kinase.

The results of MDA with exendin-4
were compatible with those of Cai et al.
(2012) who reported that exendin-4
significantly inhibits the elevation in
MDA level induced by high glucose as
well as it suppresses the decrease in SOD
level. Also, Briyal et al. (2012) reported
that exendin-4 protects the CNS from
damage due to cerebral ischemia by
reducing oxidative stress.

The results of using MDA with
antioxidants were in accordance with
Armstrong et al. (2006) who stated that
reduced lipid peroxidation revealed by
reduced MDA and improved antioxidant
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status may be one mechanism by which
dietary treatment in the form of vitamins
C, E contributes to the reduction of MDA
level and prevention of diabetic
complications. EL-Seady and EL-Deeb
(2012) concluded that vitamins C & E
treatment may potentiate insulin action on
lipid peroxidation in diabetic dogs and so
lower serum MDA. The results of this
work were also compatible with those of
Naziroglu and Butterworth (2005) as
they reported that vitamins C & E could
help lowering the markers indicative of
oxidative stress and lipid peroxidation in
diabetic subjects and animals.

There was no significant statistical
difference between the five different lines
of therapy regarding MDA level in this
work. Hence, there was no apparent
interaction  between  C-peptide and
exendin-4 with and without antioxidants
(vitamins C & E) regarding action on
MDA plasma level.

REFERENCES

1. Abdel-Sattar, M.H. (2004): Effect of some
antioxidants on diabetes mellitus in albino rats.
MD thesis, Physiology Dep., Fac. of Med., AL-
Azhar University, Cairo, 57-69.

2. Allain, C., Poon, L., Chan, C., Richmond, W.
and Fupc, C. (1974): Enzymatic determination
of total serum cholesterol. Clin. Chem., 20:470-
475.

3. Armstrong, A.M., Chestnutt, J.E., Gormley,
M.J. and Young, I.S. (2006): The effect of
dietary treatment on lipid peroxidation and
antioxidant status in newly diagnosed
noninsulin dependent diabetes. Free Radical
Biology and Medicine (USA), 21(5):719-726.

4. Briyal, S., Gulati, K. and Gulati, A. (2012):
Repeated administration of exendin-4 reduces
focal cerebral ischemia-induced infarction in
rats. Brain Research, 1427:23-34.

5. Burrin, D. (1994): Immunotechnical technique
in principles and technique of practical
biochemistry. Pbl. Wilson K. and Walker J.
eds, 4th edition; chap. 2 pp:65-109.

6. Buteau, J. (2008): GLP-1 receptor signaling:
effects on pancreatic B-cell proliferation and
survival signalization. Diabete Metab., 34 (2):
S73-S77.

7.Cai, Y., Hu, X.,Yi, B., Zhang, T. and Wen, Z.
(2012): Glucagon-like peptide-1 receptor
agonist protects against hyperglycemia-induced
cardiocytes injury by inhibiting high mobility
group box 1 expression. Biol. Rep., 39(12):
10705-711.

8. Chailurkit, L.O., Jongjaroenprasert, W.,
Chanprasertyothin, S. and Ongphiphad-
hanakul, B. (2007): Insulin and C-peptide
levels, pancreatic beta cell function and insulin
resistance across glucose tolerance status in
Thais. J. Clin. Lab. Anal., 21(2):85-90.

9. Ciell, M. (2008): Massachusetts osteopathic
medical society's annual meeting, June 13, in
Boston, Massachusetts, USA.

10. Cotter, M.A., Ekberg, K., Wahren, J. and
Cameron, N.E. (2003): Effects of proinsulin
C-peptide in experimental diabetic neuropathy:
vascular actions and modulation by nitric oxide
syntheses inhibition. Diabetes, 52:1812-1817.

11. DeFronzo, R., Ratner, R., Han, J, Kim D.,
Fineman, M. and Baron, A. (2005): Effects of
exenatide (exendin-4) on glycemic control and
weight over 30 weeks in metformin-treated
patients with type-2 diabetes. Diabetes Care,
28(5):1092-1100.

12. De Heer, J., Hoy, M.K. and Holstb, J.J.
(2005): GLP-1, but not GIP, inhibits glucagon
secretion via somatostatin in the perfused rat
pancreas. Program and abstracts of the
European association for the study of diabetes,
41st Annual Meeting: September, pp:12-15.

13. Dupre, J. (2005): Glycaemic effects of
incretins in type-1 diabetes mellitus: A concise
review with the emphasis on studies in humans.
Regul. Pept., :128149-157.

14. EL-Seady, Y. and EL-Deeb, W. (2012):
Effect of vitamin C and vitamin E
administration on lipoproteins and lipid
peroxidation markers in natural diabetic dogs.
International research journal of biochemistry
and bioinformatics, 2(3):69-74.

15. Erdelmeier, 1. (1997): Reactions of N-Methyl-
2-phenlindole with malondialdehyde and 4-
Hydroxyalkenals. Mechanistic aspects of the
colorimetric assay of lipid peroxidation,
Chemical Research in Toxicology, 11
(10):1184-1194.



EFFECTS OF C -PEPTIDE AND GLUCAGON-LIKE PEPTIDE-1 ON ... 187

16. Fossati, P. and Prencipe, L. (1982):
Triglycerides determination after enzymatic
hydrolysis. Clin. Chem., 28:2077-2080.

17. Franklin, J., Gromada, A., Gjinovci, S.,
Theander, C. and Wollheim, B. (2005): Beta-
cell secretory products activate alpha- cell
ATP-dependent potassium channels to inhibit
glucagon release. Diabetes, 54:1808-1815.

18. Friedewald, W.T., Levy, R.l. and
Fredrickson, D. S. (1972): Estimation of the
concentration of low-density lipoprotein
cholesterol in plasma, without use of the
preparative ultracentrifuge. Clinical Chemistry,
18(6):499-502.

19. Giacco, F., Brownlee, M. and Schmidt, A.M.
(2010): Oxidative stress and diabetic
complications from the diabetes research
center. American Heart Association, Inc.
pp:10461-1602.

20. Gokkusu, C., Palanduz, S., Ademoglu, E.
and Tamer, S. (2001): Oxidant and antioxidant
systems in NIDDM patients: influence of
vitamin E supplementation. Endocr. Res.,
27(3):377-386.

21. Gonzalez, C. and Gagliardino, J.J. (2009):
Enteroinsular axis: physiology and pathology
metabolic and pleiotropic effects of incretins.
Physiological Mini-Reviews, 4:37-47.

22. Green, K., Brand, M.D. and Murphy, M.P.
(2004): Prevention of mitochondrial oxidative
damage as a therapeutic strategy in diabetes.
Diabetes, 53:5110-118.

23. Groove, T. (1979): The effect of reagent ph on
the determination of high density lipoprotein
cholesterol by precipitation with sodium
phosphotungstate-magnesium. Clin.Chem.,
25:560-564.

24. Hills, C.E. and Brunskill, N.J. (2009): C-
Peptide and its intracellular signaling. Rev.
Diabet. Stud., 6(3):138-47.

25. Holst, J.J. and Orsokov, C. (2004): The
incretin approach for diabetes treatment:
modulating islet hormone release by GLP-1
agonism. Diabetes, 53:5197- S204.

26. Irshaid, F.1., Mansia, K., Bani-Khaleda A.
and Aburjiab, T. (2012): Hepatoprotective,
cardioprotective and nephroprotective actions
of essential oil extract of Artemisia Siberia in
alloxan induced diabetic rats. Iranian Journal of
Pharmaceutical Research, 11(4):1227-1234.

27. Khoo, J., Rayner, C.H.K., Jones, K.L. and
Horowitz M. (2009): Incretin—based therapies:
new treatments for type-2 diabetes in the new

millennium. Therapeutic and Clinical Risk
Management, 5:683-698.

28. Kim, W. and Egan J.M. (2008): The role of
incretin in glucose homeostasis and diabetes
treatment. Pharmacol. Rev., 60(4):470- 512.

29. Maduka, H., Obi, F. and Mamza Y. (2003):
Effect of chloroquine on blood glucose and
cholesterol levels in alloxan- induced diabetic
rabbits. J. of Boil. Sciences, 3(10):875-881.

30. Meier, J. J., Kemmeries, G., Holst, J. J. and
Nauck, M. A. (2006): Erythromycin
antagonizes the deceleration of gastric
emptying by glucagon like peptide-1 and
unmasks its insulinotropic effect in heathy
subjects. Diabetes, 54(7):2212-2218.

31. Meyer, J.A., Froelich, J.M., Reid, G.E.,
Karunarathne, W.K. and Spence, D.M.
(2008): Metal-activated C-peptide facilitates
glucose clearance and the release of a nitric
oxide stimulus via the GLUTL1 transporter.
Diabetologia, 51:175-182.

32. Nauk, M.A. and Meier, J.J. (2005):
Glucagon like peptide-1 and its derevatives in
the treatment of diabetes. Regul. Pept.,
128:135148.

33. Naziroglu, M. and Butterworth, P. (2005):
Protective effects of moderate exercise with
dietary vitamin C and E on blood antioxidative
defense mechanism in rats with streptozotocin-
induced diabetes. Can. J. Appl. Physiol.,
30(2):172-85.

34. Nishizawa, M., Moore, C.M., Shiota, M.,
Gustavson, M.S., Snead, L.W., Neal, W.D.
and Cherrington, D.A. (2003): Effect of
intraportal glucagon like peptide-1 on glucose
metabolism in conscious dogs. Am. J. Physiol.
Endocrinol. Metab., 284:E1027-E1036.

35. Nordquist, L., Moe, E. and Sj?quist, M.
(2007): The C-peptide fragment reduces
glomerular hyperfiltration in streptozotocin—
induced diabetic rats. Diabetes/Metabolism
Research and Reviews, 23(5):400-405.

36. Paget, G. and Barnes, J. (1964): Evaluation
of drug activities: Toxicity tests. Pharma-
cometrics, Laurance, D.R. and Bachorach, A.L.
Pbl. Academ. Press. London and New York.
Ed. 4pp:135.

37. Pala, L., Ciani, S. and Dicembrini, I. (2010):
Relationship  between GLP-1 levels and
dipeptidyl peptidase-4 activity in different
glucose  tolerance  conditions.  Diabetic
Medicine, 27(6):691-695.



188

MOHAMMAD MOHAMMAD EL-SHAWWA et al.

38. Parildar, H., Dogru-Abbasoglu, S.,
Mehmetcik, G., Ozdemirler, G., Kogak-
Toker, N. and Uysal, M. (2008): Lipid
peroxidation potential and antioxidants in the
heart tissue of beta-alanine or taurine-treated
old rats. J. Nutr. Sci. Vitaminol. (Tokyo),
54(1):61-5.

39. Park, C.W., Kim, H.W., Ko, S.H., Lim, J.H.,
Ryu, G.R., Chung, H.W., Han, S.W., Shin,
S.J., Bang, B.K., Breyer, M.D. and Chang,
Y.S. (2007): Long term treatment of glucagon
like peptide-1 analog exendin-4 ameliorates
diabetic nephropathy through improving
metabolic anomalies in db/db mice. J. Am. Soc.
Nephrol., 18:1227-1238.

40. Pradhan, A.D., Rifai, N., Buring, J.E. and
Ridker, P.M. (2007): Hemoglobin Alc
predicts diabetes but not cardiovascular disease
in nondiabetic women. Am. J. Med., 120:720-
727.

41. Punjabi, M., Arnold, M., Geary, N,
Langhans, W. and Pacheco-Lopez, G.
(2011): Peripheral glucagon like peptide-1
(GLP-1) and satiation. Physiol. Behav.,
105(1):71-6.

42. Rebsomen, L, Pitel, S., Boubred, F., Buffat,
C., Feuerstein, J.M., Raccah, D., Vague, P.
and Tsimaratos, M. (2006): C-peptide
replacement improves weight gain and renal
function in diabetic rats. Diabetes Metab., 32
(3):223-228.

43. Saito, K., Yaginuma, N. and Takahashi, T.
(1979): Differential volumetry of A, B, and D
cells in the pancreatic islets of diabetic and
nondiabetic subjects. Tohoku J. Exp. Med.,
192:273-283.

44, Sato, Y., Oshida, Y., Han, YQ., Morishita,
Y., Li, L., Ekberg, K., J?rnvall, H. and
Wahren J. (2004): C-peptide fragments
stimulate glucose utilization in diabetic rats.
Cell Mol. Life Sci., 61:727-732.

45. Sethi, J., Gupta, A., Sood, S., Dahiya, K.,
Singh, G. and Gupta, R. (2012): Antioxidant
effects of Aloe Vera in experimentally induced
diabetes mellitus. Asian J. Phar. Biol. Res.,
2(2):147-149.

46. Shafgat, J., Melles, E., Sigmundsson, K.,
Johansson, BL., Ekberg, K., Alvelius, G.,

Henriksson, M., Johansson, J., Wahren, J.
and J?rnvall, H. (2006): Proinsulin C—peptide

elicits disaggregation of insulin resulting in
enhanced physiological insulin effects. Cell
Mol. Life Sci., 63(15):1805-1811.

47. Sima, A.A., Kamiya, H. and Li, Z.G. (2004):
Insulin, C—peptide, hyperglycemia and central
nervous system complications in diabetes.
European J. Pharm., 490:187-197.

48. Tietz, (1986): Textbook of Clinical Chemistry.
Pbl. W.B. Saunders. Co., London, Philadelphia,
p:796.

49. Vaxillaire, M., Veslot, J., Dina, C., Proenca,
C., Cauchi, S., Charpentier, G., Tichet, J.,
Fumeron, F., Marre, M., Meyre, D., Balkau,
B. and Froguel, P. (2008): Impact of common
type 2 diabetes risk polymorphisms in the
desire prospective study. Diabetes, 57:244-254.

50. Viswanathan, P., Chaudhui, A., Bhatia, R.,
Fida, A., Pand, M. and Dandona, P. (2007):
Exantide therapy in obese patients with type 2
diabetes mellitus treated with insulin. Endocr.
Pract., 13(5):444-450.

51. Wahren, J., Kallas, A. and Sima, A.A.
(2012): The clinical potential of C-peptide
replacement in type 1 diabetes. Diabetes,
61:761-72.

52. Wu. L., Olverling, A., Huang, Z., Jansson,
L., Chao, H., Gao, X. and Sj?holm, ?.
(2012): GLP-1, exendin-4 and C-peptide
regulate pancreatic islet microcirculation,
insulin secretion and glucose tolerance in rats.
Clin. Sci. (Lond), 122(8):375-84.

53. Xu, E., Kumar. M., Zhang, Y., Ju, W.,
Obata, T., Zhang, N., Liu, S., Wendt, A.,
Deng, S., Ebina, Y., Wheeler, M.B., Braun,
M. and Wang, Q. (2006): Intra-islet insulin
suppresses glucagon release via GABA-
GABAA receptor system. Cell Metab.,
3(1):47- 58.

54. Ziegler, D., Low, P.A., Litchy, W.J.,
Boulton, A.J., Vinik, A.l.,, Freeman, R.,
Samigullin, R., Tritschler, H., Munzel, U.,
Maus, J., Schitte, K. and Dyck, P.J. (2011):
Efficacy and safety of antioxidant treatment
with o-lipoic acid over 4 years in diabetic
polyneuropathy: the Nathan 1 trial. Institute for
Clinical Diabetology, German Diabetes Center,
Germany, 34(9):2054-60.



EFFECTS OF C -PEPTIDE AND GLUCAGON-LIKE PEPTIDE-1 ON ... 189

a0’y G AREAES) W@ﬁlﬂﬁebémk

__Iv. _A\—

gt ik YRR GEHERR) MG

Chugy daal Glgea - Gldie dala - ada JlaS e - (gl dasa dasa
J9bE daal Jlas - dgana gadt daal

B (2l — 0) A s — ) L slpgenl) oLl

by . ujﬁs\,&u.c‘y\gs uummgju\ sl (faye day ruand) 4818
Vo adidl . uuy;\\,@sux\ wf&_s‘;m,:\ ,Lg_q\}‘;ss\ wu,,u»g i @A\
db S sSslall 5aly) e paliill e $y0dll ajaly aladall Amg amy Liada 0 salSlall 40
-] lie amys . oealSlall o eyl e oyl e Aliiie anll S dayd Cagyls
salSlall s 1- annll J Lege Nilaas Jykalie

Leadjiar (salSslall 4 1- iy adion oo Jlie il5 il o2a Caas 1diagl) ¢ ciagd)
ceSall papal gl Bilaad) e & 5z liselid (s g pania

Ll sl Gand dalae AL (e B3 Bl (ppmnn Candl) 138 8 a0ail) 1 Gaagl) (3 kg 5a
il tidaylall de ganal) tiysluie cile gana dap ) Ol apd 23 285 claia) A=Y 00 Gy
il ; ,m\acw‘cuuuuuy/@s&xuuﬂ\ Jals giall Gyl oo Lale Yolae
aall 8 Sl i goliil 3eSslall we LSV L auall (yh5 0 48/ 1120 alall s Lis

il pall Curedll

Gub e M ) (easa [ &S [ Jsagili 00 GLuSll cndli sagiug cully (Sl A gana
tosalSlall i V- agidly Sl Ao gana canlad € 30l Liagy sl o Laxll Jala (yaal)
O ps [ &S Jsasili ) depms oealSslall and V= anull hldlé- cpaiss) 5 LSl el
—adind) 5 2t (Sl Ao sens ¢ pabd £ 3adl Lugy sl oLl Jaly giaall Gyl
Clalcas a8l de gana E-aa33K) g 2 —ud) (LSSl Cudli 1 sl Selal) 4 &
Oalisd (e sy [ &S [ Adsasang Av e a5 [ 4S [ 3200 7 Gaelisdy LSl sl sy



190 MOHAMMAD MOHAMMAD EL-SHAWWA et al.

CsalSlal) i V- 2ty s ) (Sl Ao gana canlil £ 3ol Liagy il olaa 34
A 5z it - (paiiS) 5 afan dly Gl il 5y Clalias e

cand) 8 5Slall (ggiune s AN juleall Guld a5 (aalad £) Al 5y Ales g
& AL Alle (psaall ol &SI g sl I LU 8 0 sal&lall (LDl ol sy
P 2 lall s osllll a.u_g}'\l} all & DA eanll caall & A3BST diaddia G eaall caall

b oalEsl 8 £- i) ae i ol (Sl el Alead) oyl Aallas s 1l
ASESH Alle (52l (s5iann 313 LS Ll ma) A iy AN (paally IS il S
e Gl o el il Laiy (6,0l e pane gn Alially Lilimn] A0 gy (ol pusiyly
1 Lleadl ol £ ool 28, L oSl e sanas T3jlho (5alSslally Sl Cllsine
Ja it sy 35S slal) R i ) 500V lalins £- 000505 M oudl iling (oS0
I Jy Gal sy g L) aa 2l (gl o lally SN (g saalls AEESY Acadiia saalls

LSl Ao sene pe 43)lally Lilias)
&b oaling] 3 £-aiS) we iy el Sl ooy Aladdl Gl dallee a1 i)

a3 LS 0= (3a3S) Ao sana ae A3l Lilian) A1 Ly AN ¢gaally KU Jg sind I
SV 5856 amlall gl (Ll (gie Loadls ccysaall (ssine (a2 5 7z linlig



