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Abstract

Diabetic nephropathy (DN) is one of the most serious complications of diabetes mellitus. Our study aims to
demonstrate the effectiveness of exenatide, glucagon like peptide-1 receptor agonist, on insulin release and renal
functions in type 2 diabetes mellitus (T2DM) rats enduring DN. T2DM was induced in male wistar-albino rats
by single streptozotocin injection (40 mg/kg, i.p.) followed by high fat diet for 10 weeks, while the treatment
group received exenatide injection (10 pg/kg/day, i.p.) one week after STZ injection along for 9 weeks. Animals
were monitored by periodic biochemical testing of fasting serum glucose (FSG), cystatin-C, creatinine and
urinary protein levels. At the end of the study (10 weeks) serum total nitrite/nitrate (NO,, adiponectin, C-peptide
and amylase activity were investigated. Renal total triglycerides; hydroxy proline (HP), and DNA fragmentation
were estimated, as well as renal enzymatic activity and mRNA expression level of glucose-6-phosphatase.
Exenatide showed significant reduction in FSG, serum creatinine, cystatin- C, and urinary protein levels in
diabetic rats. It favored increased serum NO,, serum adiponectin as well as C-peptide which reflects improving
in insulin sensitivity and release respectively. Further, exenatide diminished renal DNA fragmentation,
decreased renal triglyceride, HP contents, and glucose-6-phosphatase enzyme activity and expression levels in
diabetic rats. Our data donate further credence for the effectiveness of exenatide against diabetic renal
complications, through different aspects including reduction of renal DNA fragmentation and gluconeogenesis
in addition to the previously reported mechanisms.
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Introduction Adem, 2005). An estimated 9.1% of the

Uncontrolled diabetes mellitus (DM) leads to
serious complications particularly vascular related
complications which divided into microvascular
(e.g., nephropathy, neuropathy, and retinopathy)
and macrovascular (e.g., coronary artery disease,
peripheral artery disease, and stroke) (Fowler ,
2008). Diabetic nephropathy (DN) is one of the
most common complications of DM (Tuttle and
Anderson, 2003) and is the driving cause of end-
stage renal disease (ESRD) in developed countries.
About 20-30% of patients with type 1 DM
(T1DM) or type 2 DM (T2DM) develop evidence
of nephropathy (Shlipak, 2009). In many countries,
including the Middle East, the majority of diabetic
patients starting kidney replacement therapy were
have T2DM rather than T1DM (Obineche and

populations from the Middle Eastern/North African
region have T2DM (32.8 million) in 2011 and this
is projected to reach 60 million in 2030 (Badran
and Laher, 2012).

The pathogenesis of DN appears to be
multifactorial. Several genetic and environmental
factors are likely to contribute its development and
progression, while it is important to consider that
hyperglycemia as a primary initiator of DN.
Hyperglycemia acts on renal endothelial and
mesangial cells, podocytes and also tubular cells.
Glomerular podocytes are highly specialized cells;
their most prominent features are interdigitated foot
processes with filtration slits in between (avenstadt
et al., 2003).
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These are bridged by the slit diaphragm, which
plays a major role in establishing the selective
permeability of the glomerular filtration barrier.
Injury to podocytes leads to proteinuria, a hallmark
of most glomerular diseases.® In addition, oxidative
stress, inflammatory cytokines, advanced glycation
end products (AGEs), abnormal lipid metabolism
as well as renal accumulation of lipids have been
suggested to play an important role in the
pathogenesis of DN (Keane, 2000). An increase in
the albumin excretion rate eventually leads to
microalbuminuria which is the earliest index of
DN, a risk factor for the progression of overt
diabetic renal disease (Mogensen, 1997). However,
microalbuminuria may develop because of
hypertension or/and insulin resistance (Lin et al.,
2009), therefore, there is a demand to identify new
sensitive and specific markers for screening and
assessing incipient DN and monitoring responses to
therapy. Cystatin C is a small 13—kDa protein that
is produced at a constant rate by all nucleated cells,
due to its small size it is freely filtered by the
glomerulus, and is not secreted but is fully
reabsorbed by the renal tubules to be broken down
there. Cystatin C had found to be more sensitive
marker to actual changes in glomerular fiteration
rate (GFR) in the early stages of chronic kidney
disease than serum creatinine based GFR estimates
(Pucci et al., 2007). So throughout our study we try
to follow the progress of DN through measurement
of both serum cystatin C and proteinuria.
Glucagon-like peptide-1 (GLP-1) is an incretin
hormone secreted from the intestinal L-cells in
animals and human and is responsible for the
majority of nutrient stimulated insulin secretion
(Meier et al., 2002). However, treatment of
diabetics with human GLP-1 is ineffective because
of rapid dipeptidyl peptidase IV (DPPIV)-mediated
human GLP-1 degradation in the circulation.
Exenatide is the first incretin mimetic and agonist
of the GLP-1 receptor (GLP-1R) that has been
shown, in controlled randomized studies, to
significantly attenuate insulin resistance and
improve glycaemic control in patients with T2DM
(Nikolaidis et al., 2004). GLP-1R is a G protein-
coupled receptor linked to the activation of the
adenylate cyclase pathway (Thorens, 1992), GLP-
1R is expressed in a variety of tissues, including
pancreatic o and B cells, stomach, lungs, heart, and
kidneys (Bullock et al., 1996). Studies of exenatide
in patients with T2DM showed enhanced glucose-
stimulated insulin secretion, suppressed glucose-
dependent glucagon secretion, and delayed gastric
emptying, leading to reductions in both fasting and
postprandial blood glucose levels (Riddle et al.,
2006).

Studies have also reported that exenatide treatment
led to reductions in HbAlc and weight loss in both
short- and long-term studies (Klonoff et al., 2008),
as well as improving B-cell proliferation and islet
neogenesis, hypertension, insulin  sensitivity,
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vasodilatation, and renal diuresis in animal studies
(Gedulin et al., 2005).

In the present study, the high fat diet-streptozotocin
(HFD- STZ) induced DN rat model is used to
investigate additional potential protective effects of
synthetic GLP-1 mimetic, Exenatide (Byetta®),
against nephrotic complications of T2DM.

2. Materials and methods

2.1. Drug and chemicals

STZ was purchased from Sigma-Aldrich Chemical
Company, St. Louis, MO, USA. The feeding
ingredients, such as cholesterol and sheep fat, were
obtained from commercial sources. Exenatide
(Byetta® 10 pg prefilled pen) was from Amylin
Pharmaceuticals, Inc.,, San Diego, CA. Other
chemicals and organic solvents were of analytical
grade.

2.2. Animals

This study was performed in strict accordance with
the guidelines of the Research Ethical Committee
on Animal Care and Use of the Faculty of
Pharmacy, Cairo University, Cairo, Egypt. Two
months-old adult male Wistar albino rats weighing
180-200 g were kept for an initial adaptation period
for one week before any experimental
manipulation, having free access to water and
pelleted standard rat chow diet ad libitum. They
were kept on 12h light/dark cycle, in a temperature
maintained at (25 + 3°C).

2.3. Experimental design

2.3.1 Induction and assessment of diabetes

For induction of T2DM, , rats were received single
i.p. injection of STZ (40 mg/kg b.w) dissolved in
0.09 M citrate buffer (pH 4.7) (Sahin et al., 2007)
followed by feeding HFD (Table 1) for 10 weeks
(Yokoyama et al., 2010 and Arya et al., 2011). In
our study only rats only with random blood glucose
concentrations >200 mg/dl (>11.1 mmol/l) at 7
days after STZ injection were considered as
diabetic. The respective normal control group
received single i.p. injection of vehicle 0.09 M
citrate buffer in a dose volume of 1 ml/kg and kept
on commercially available normal pellet diet till the
end of the experiment.

Table (1) Composition of high fat diet (HFD).

Ingredients Diet (gm)
powdered normal pellet diet 3659
sheep fat 310¢g
Casein 250 g
Cholesterol 10 g
vitamin and mineral mix 60 g
DL-methionine 0.39
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2.3.2 Animal treatment

Adult male Wistar albino rats were randomly
assigned to the following groups: (1) normal
control (NC) group (n=10); (2) diabetic group
(DM); selected on the aforementioned bases
(n=40); the second group was randomly divided
into two subgroups, (2a) diabetic control rats
(n=20) were left without any treatment until the
end of the experimental period, and (2b) diabetic
rats (DM+E) (n=20) were injected i.p. with
exenatide 10 pg/Kg b.w./day (Washington et al.,
2010) along for 9 weeks.

2.3.3. Blood and tissue sampling

At the end of the 4" 6" 8" week from STZ
injection, animals were fasted for 8 hours, then
fasted blood samples were collected from retro-
orbital plexus of rats under light ether anesthesia
using capillary tubes into eppendorf tubes, then
centrifuged (600 xg, 4°C, 15 minutes) to separate
the clear sera, they were analyzed for fasting serum
glucose (FSG) and creatinine levels using comm.-
ercially available Randox reagent kit (Antrim, UK);
also serum cystatin-C was determined using enzy-
me-linked immunosorbent assay (ELISA) kit
(RayBio tech Co., USA). At the end of the exper-
imental period, animals were sacrificed by decap-
itation, blood samples were collected in tubes, cen-
trifuged (600 xg, 4°C, 15 minutes) for serum sep-
aration, aliquoted for biochemical investigation of
FSG, creatinine, cystatin-C, adiponectin, C-peptide,
total nitrite/nitrate (NO,) and amylase content/
activity.

For each animal, the kidneys were immediately
dissected after sacrificing. They were rinsed with
normal saline, dried with filter-paper, and then
weighed. The left kidney was homogenized in ice-
cold saline (20% wi/v), aliquots of the homogenate
were kept at -70°C for subsequent determination of
total triglycerides (TGs) and total collagen content;
another aliquot of homogenate was mixed with an
equal volume of ice-cold 10% sucrose solution then
centrifuged at 1000 xg for 15 minutes at 4°C, the
obtained post-nuclear supernatant was used for
determination of glucose-6-phosphatase (G6Pase)
enzyme activity. The right kidney was divided
transverse into two parts for estimation of G6Pase
MRNA gene expression by real time polymerase
chain reaction (PCR) and percentage of DNA
fragmentation.

2.3.4. Urine sampling

Periodic assessment of urinary protein (Upro) was
carried out throughout the study (after the 4™, 6™,
8" and 10" week from STZ injection). Six animals
from each group were housed individually in
metabolic cages for 24-hr urine collection and
allowed free access to water only. These samples
were centrifuged at 600 xg for 15 minutes at room
temperature; the supernatant samples were stored at
-20°C.
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2.4 Biochemical analysis

2.4.1 FSG, serum creatinine, amylase, cystatin-
C, adiponectin, C-peptide and Upro.

Serum glucose was determined by glucose oxidase
method (Barham and Trinder, 1972). Serum
creatinine was determined according to Bartels et
al., (1972). Serum amylase activity was performed
kinetically using ELITech kit (France) (Lorentz et
al., 1999). Total Upro was estimated according to
Orsonneau et al., (1989) method using a
commercial kit (LINEAR chemicals, Spain). Serum
cystatin-C, adiponectin were performed using a
commercially available ELISA kit (ChemiCon
international Co., USA), while, serum C-peptide
was analyzed by RayBio tech kit (USA).

2.4.2 Serum NO, level

Nitrite and nitrate are the primary oxidation
products of nitric oxide (NO) subsequent to
reaction with oxygen and, therefore, the NO
concentration in serum was used as an indirect
measure of NO synthesis. NO, contents were
estimated according to Miranda et al. (2001).
Serum  samples  were  deproteinized by
methanol/diethylether ~ (3:1,  Vv/v) (sample:
methanol/diethylether, 1:9, v/v).( Ghasemi et al.,
2007). Quantitation of nitrate and nitrite was based
on the Griess reaction, in which a chromophore
with a strong absorbance at 550 nm is formed by
reaction of nitrite with a mixture of N-(1-Naphthyl)
ethylenediamine dihydrochloride and
sulfanilamide. Any nitrate was reduced to nitrite by
vanadium trichloride. NO, concentration was
calculated by using standard sodium nitrite. Results
were expressed as micromoles per liter.

2.4.3 Renal TGs content

20% of kidney homogenate in ice cold saline was
mixed with a (2:1) mixture of chloroform and
methanol for lipid extraction so that the purified
lipid extract can be obtained by isolating the
chloroformic layer as described by Bligh and Dyer
(Bligh and Dyer, 1959). The chloroformic phase
was further analyzed for TGs content according to
McGowan et al. (1983).

2.4.4 Total renal collagen content

The renal collagen content was determined by
analysis of hydroxy proline (Hp) content according
to Reddy and Enwemeka, (1996) method which
was based on the alkaline hydrolysis of renal
homogenate; followed by oxidation of the free Hp
with chloramine-T with subsequent addition of
Ehrlich's reagent, the chromophore formed was
measured colorimetrically at 550 nm.

2.4.5 G6Pase activity

The method of Harper was adopted for measuring
G6Pase activity (Harper, 1965). It was based on
that G6Pase catalyzes the conversion of glucose-6-
phosphate to glucose and inorganic phosphate, so
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activity of the enzyme was assayed by incubating
kidney homogenate with glucose-6-phosphate then
stopping the reaction by trichloroacetic acid
followed by measuring of inorganic phosphate by
the method of Lowry and Lopez (1948). The
G6Pase activity was expressed as pmoles inorganic
phosphate/ mg protein / 10 minutes.

2.4.6 DNA fragmentation

This method based on that extensively fragmented
double-stranded DNA can be separated from chro-
mosomic DNA upon centrifugal sedimentation.
The protocol included the lysis of cells and the rel-
ease of nuclear DNA, a centrifugation step with the
generation of two fractions (corresponding to intact
and fragmented DNA, respectively), precipitation
of DNA, hydrolysis and colorimetrical quantitation
upon staining with diphenylamine, which binded to
deoxyribose (Boraschi and Maurizi, 1998).

2.4.7 RNA extraction and
analysis for G6Pase

Total RNA extraction from the right kidney was
done using TRIzol (Thermo scientific, USA) acc-
ording to the manufacturer’s instructions. The
purity and concentration were determined spectro-
photometrically at optical density of 260 and 280
nm before use. The optical density ratio at 260/280
nm ranged from 1.7 to 2.0. The isolated total RNA
was reverse-transcribed into complementary DNA
(cDNA) using the High Capacity cDNA Reverse
Transcription Kit (Thermo scientific, USA) acco-
rding to the manufacturer’s instructions and all
products were stored at - 20°C. The expression of
target genes was analyzed by qPCR using the
SYBR Green PCR Master MIX (Thermo scientific,
USA) with the ABI PRISM 7000 sequence
detection system (Thermo scientific, USA) and
relative quantification software (Thermo scientific,
USA). The sequences of the primers used are listed
in Table2. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as the house- eeping
gene. The thermal cycle protocol consisting of
initial denaturation at 95°C for 10 min followed by
40 cycles with 15 s denaturation at 95°C and 30 s
annealing/extension at 60°C. As a relative
quantitation, fold changes were calculated
following the 22T method (Livak and
Schmittgen, 2001). For each sample, the Ct value
of target gene mRNA was normalized to the
GAPDH endogenous control as ACt (ACt =Ct tzget
gene - Ct cappn). The fold change of the target gene
MRNA in the experimental sample relative to
control sample was determined by 2T, where
AACT = ACt Experimental ~ ACt control-

real-time PCR

Table (2) oligonucleotide primers sequence of
G6Pasel gene and the housekeeping gene.

12

Gene bank | Forward primer | Reverse primer
Gene accession
name number
G6Pase | [GenBank | 5'GACTCACGCG | 5'CATCATGGTGT
1 P43428] | GAACCTTTAT3' | GACCTCTGTAG3'
GAPDHS | [GenBank: | 5’AACAGCAACT | 5TGGGTGCA
M17701] CCCACTCTTC3' | GCGAACTTTAT3'
i glucose-6-phosphatase; §:  glyceraldehyde-3-phosphate
dehydrogenase.

2.5 Statistical analysis

All data were reported as means * SE. Differences
between groups were examined for statistical
significance using one-way analysis of variance
(ANOVA), followed by Tukey multiple comp-
arison test. A P value <0.05 denoted the presence
of a statistically significant difference. All stat-
istical analysis was done using Graph Pad Prism,
version 5.01 (Graph Pad Software, La Jolla, CA,
USA).

3. Results

3.1 Serum glucose, cystatin- C, creatinine and
urinary protein

The changes of biochemical parameters at different
time intervals in various groups are shown in Fig.
).

At each time point, FSG in the DM group was
significantly higher than that in the NC group
(P<0.05). In the DM group, serum cystatin C and
Upro began to rise from the 4™ week of STZ inje-
ction and reached a maximum at 10" week; there
were statistically significant differences between
DM and NC groups (P<0.05) Compared to the con-
trol group, the level of serum creatinine began to
increase significantly at 6™ week after STZ
injection (P<0.05) showed a gradually increasing
trend until completing the study. Our results sho-
wed that exenatide administration for 3 and 5
weeks significantly decreased FSG compared with
NC group, whereas it was almost normalized at 7
and 9 weeks of administration. The effect of exe-
natide administration on serum creatinine and
cystatin C appeared after 5 weeks of administration
where exenatide nearly normalized both of them,
the effect which proceeded along the period of the
study (P<0.05). Regarding Upro; exenatide also
exerted a significant improving effect (P<0.05)
along the period of the study Fig. (1).

3.2 Serum adiponectin, amylase, C-peptide and
total NO,

As shown in Fig. (2), DM rats exhibited a marked
reduction in serum adiponectin, an insulin sensi-
tizer, by 23% from normal control value (P<0.05),
an effect that was abolished by exenatide in DM+E
group after 9 weeks of treatment (P<0.05). At the
end of the experiment no significant change in
serum amylase activity was noticed either in DM or
DMH+E rats with respect to the normal control rats.
DM rats exhibited significant reduction in serum C-
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peptide level reaching 35% of the normal value
(P<0.05). Whereas, administration of exenatide for
9 weeks significantly increased serum C-peptide
level 2.6 times the corresponding diabetic control
(P<0.05) with no significant difference compared
to the normal value. Regarding serum NO, diabetes
caused 30% reduction in serum NO, from normal
values (P<0.05), an effect which was significantly
ameliorated by exenatide administration in DM+E
group as indicated by 24% increase in serum NOy
level comparing to the diabetic rats.

3.3 Renal glucose-6- phosphatase (G6Pase)
Figure (3) illustrates the boosting effect of the
current T2DM model on G6Pase activity (1.7
folds) and expression (6 folds) in the renal tissues
after 10 weeks of induction(P<0.05). This effect on
the enzyme activity was significantly hindered in
DM+E group (P<0.05), whereas, the mRNA
expression of the enzyme was significantly reduced
after 9 weeks of exenatide treatment (P<0.05) but
without reaching the normal expression level
(P<0.05).

3.4 Renal DNA fragmentation

A dramatic increase in percentage of renal DNA
fragmentation was revealed in the DM group (6.5
folds) compared with the NC one (P<0.05),
however, exenatide treatment showed significant
improvement in renal DNA fragmentation (P<0.05)
which still significant from normal values (P<0.05)

[Figure (3), (4)].

3.5 Renal TGs content

The data presented in Fig. (3) depicted the marked
elevation of renal TGs content in DM group
reaching 3.5 folds the NC values (P<0.05). On the
other hand, DM+E group exhibited significant
reduction in the elevated renal TGs content
amounting to 44 % of the DM group (P<0.05),
however, such reduction by exenatide was not
enough to normalize renal TGs content (P<0.05).

3.6 Renal Hp content

Our results demonstrated the intensified Hp
production, an indicator of fibrosis, in renal tissues
of DM group, 10 weeks after STZ injection,
(P<0.05). Exenatide injection in DM+E group
overrides Hp production approaching the normal
control values (P<0.05) [Figure (3)].

4. Discussion

DN is a serious microvascular complication that
affects a significant proportion of patients suffering
from both T1IDM and T2DM, accounting for over
40% of ESRD cases (De Zeeuw et al., 2006). In the
present study we evaluated the role of GLP-1R
activation using the GLP-1R agonist, exenatide, in
ameliorating the progression of DN in a model of
T2DM in rats. T2DM was induced in rats by
feeding HFD and low dose STZ injection, a model
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which is characterized by obesity, hyperglycemia
and insulin resistance followed by pB-cell
dysfunction, a state that closely resembles the
metabolic abnormalities occur in patients with
T2DM (Luo et al., 1998). Our model showed frank
hyperglycemia associated with impaired GFR and
renal excretory functions as well as changes in
some renal biochemical parameters.

The hyperglycemia observed in our study could be
explained through Randle or glucose—fatty acid
(FA) cycle (Randle et al., 1963); as the preferential
use of increased FAs for oxidation blunts the
insulin-mediated reduction of hepatic glucose
output and reduces the glucose uptake or utilization
in skeletal muscle (Belfiore and lannello, 1998).
Our results revealed relative insulin deficiency
documented by low serum C-peptide levels at the
end of the study, as a reflection of pancreatic
secretion; this finding comes in parallel with Hao et
al., (2013), results. Elevated free FA together with
glucotoxicity, induced by prolonged hyperglyce-
mia, were previously reported to negatively impact
B-cell functions and altering B-cell mass (Chang-
Chen et al., 2008).

Exenatide treatment significantly normalized blood
glucose levels within 7 weeks of treatment; this
finding goes in line with the recorded data by Fan
et al., (2008). The glucose-lowering effect of
exenatide was associated with significant increase
in serum C-peptide level; this result is consistent
with previously published literature (Bunck et al.,
2011). Based on these previous and our present
findings, we suggested that exenatide glucore-
gulatory action takes place through the stimulation
of pancreatic p-cell secretion (Fehmann and
Habener, 1992), B-cell regeneration and consequent
augmented B-cell function (Fehmann and Habener,
1992). GLP-1 stimulates glucose-dependent insulin
secretion via activation of its specific G protein-
coupled receptor GLP-1R on islet B-cells (Drucker,
2006). Engagement of the GLP-1R stimulates
cAMP formation and activation of downstream
pathways coupled to protein kinase A (PKA)
(Holz, 2004), GLP-1R activation is also coupled to
increased intracellular calcium, inhibition of
voltage-dependent K* channels and activation of
phosphateidylinositol-3-kinase (PI3K) (Drucker,
2006). In Addition, binding of exenatide to GLP-
IR on islet a-cells lowers the blood glucose via
inhibition of glucagon secretion (Li et al., 2005).
Another mechanism explained by Sancho et al.,
(2005) showed that the normoglycemic effect of
exenatide may be due to the normalization of
insulin signaling pathway and glucose transport
through increasing the expression of insulin
receptor substrate-1 and glucose transporter-4 as a
result of GLP-1R activation in adipocytes.

Our observations showed elevated renal G6Pase
MRNA expression and activity in DM group,
which might be related to the state of insulin
deficiency resulting in reduction of insulin-
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suppressed renal glucose release as discussed by
Gerich, (2010). Exenatide treatment significantly
reduced renal G6Pase expression and activity,
which may be due to restoration of insulin
secretion as revealed by the observed normalized
C-peptide level. On the other hand it was proposed
that exendin-4 treatment inhibits G6Pase expr-
ession in hepatocytes of young adult normal non-
diabetic mice through PKB/AKkt activation followed
by Forkhead Box protein O1 (FOXO1) deactivat-
ion, (Fan et al., 2008) since FOXO1 positively
regulates G6Pase transcription (Zhang et al., 2006).
This suggestion could add to the glucose lowering
effect of exenatide. To our knowledge, this is the
first observation of the effect of exenatide on renal
gluconeogenic enzyme.

Impaired GFR and renal excretory functions were
mirrored in our study by significantly elevated
serum creatinine as well as proteinuria in DM
group, these findings were in consistent with the
study of Luo et al., (2006). As a result of the
insensitivity of serum creatinine to small or
moderate decrease in GFR "creatinine blind GFR
area”, we investigated the most sensitive serum
cystatin C level which showed prompt elevation in
diabetic rats indicating early renal injury. The
present study was the first to address this result in
STZ-HFD- induced DN model. Elevated blood
cystatin C with the profound increment in Upro
excretion suggest greater permeability of the
glomerular basement membrane network caused by
increased level of protein glycosylation as a result
of hyperglycemia (Yokozawa et al., 2001). There
was also a growing body of evidence that AGEs
and their receptor RAGE interaction elicits oxi-
dative stress, inflammatory reactions and thro-
mbosis, thereby being involved in vascular aging
and damage in DM (Yamagishi, 2011) where
AGEs induce apoptotic cell death and expression of
both vascular endothelial growth factor and mon-
ocyte chemoattractant protein-1 in mesangial cells
(Yamagishi et al., 2007), as well, it stimulates
insulin-like growth factor-1, -1l, platelet derived
growth factor and transforming growth factor-f
(TGF-B) in mesangial cells, which in turn mediate
production of type IV collagen, laminin and fibro-
nectin (Yamagishi et al., 2007 and Fukami, et al.,
2004). AGEs induce TGF-B overexpression in both
podocytes and proximal tubular cells (Yamagishi et
al., 2007). Non-enzymatic glycations of type IV
collagen and laminin reduce their ability to interact
with negatively charged proteoglycans, increasing
vascular permeability to albumin. Furthermore,
impair the degradation of matrix proteins by matrix
metaloproteinases, contributing to basement
membrane thickening and mesangial expansion,
hallmarks of DN (YYamagishi et al., 2007).

In concomitant with Kodera et al., (2011) exenatide
treatment in the present study significantly ame-
liorated serum creatinine and proteinuria, as well as
serum cystatin C decreasing the severity of DN.
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This could be mainly through improvement in the
glycemic control, in addition, serum C-peptide was
reported to improve renal function and reduce
urinary albumin excretion in T1DM patients
(Fernqvist-Forbes et al., 2001), second assumption
is that exenatide could block the AGE signaling in
mesangial cells through GLP-1R activation which
inhibit AGE-induced vascular cell adhesion
molecule-1 mRNA levels in mesangial cells
(Ishibashi et al., 2010).

In our observation the DM rats showed elevated
renal TGs. This came in agreement with several
studies which have shown that lipid accumulation
was observed in the kidneys of diabetic
experimental animals (Proctor et al., 2006) and
humans (Lee and Kruth, 2003). Increased renal
accumulation of lipids in diabetic rats may be
mediated through hyperglycemia induced renal
expression of sterol regulatory element-binding
protein-1 which causes an increase in FA synthesis
and accumulation of neutral fat in renal cells (Jiang
et al., 2005). Exenatide treatment, in our study,
significantly ameliorated lipid deposits in the kidn-
ey of diabetic rats; this finding was in agreement
with Park et al., (2007). This may be related to
GLP-1R activation which results in enhanced pero-
xisome proliferator—activated receptor-o. expression
in the Kidney leading to decreased renal lipid
accumulation, as peroxisome proliferator—activated
receptor-a. is responsible for inducing mito-
chondrial and peroxisomal FA B-oxidation (Park et
al., 2007).

Our DN model showed significantly hypoa-dipone-
ctinemia which consented with (Hotta et al., 2001).
Hypoadiponectinemia may be due to down
regulation of adiponectin receptors, AdipoR1 and
AdipoR2, which mediate the antidiabetic metabolic
actions of adiponectin, as well as reduction in

adiponectin expression as shown in insulin-
resistant rodent models (Hu et al., 1996).
Decreased adipocyte PI3K activity, a major

intermediate of insulin signaling activity, in T2DM
patients may contribute to the decreased serum
adiponectin levels, where Bogan and Lodish,
(1999) have shown that PI3K, is essentially
required for the secretion of adiponectin by
adipocytes. Exenatide administration to diabetic
rats resulted in significant increase in serum
adiponectin level, this result was in line with Li et
al., (2008), who reported that exenatide exerted its
action through turning on the PKA-, PI3K-depe-
ndent pathways. The present DN model showed a
dramatic increase in the percentage of renal DNA
fragmentation; an additional apoptotic renal injury
to the previously reported measures. It was report-
ed that hyperglycemia, induced by glucose loading,
led to DNA fragmentation in the DNA of proximal
tubular cells (Ishii et al., 1966) due to induction of
oxidative stress (Allen et al., 2003). Exenatide
showed anti-apoptotic effect as revealed by sig-
nificant reduction in renal DNA fragmentation; this
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might involve releasing of cCAMP with subsequent
activation of PI3K and its downstream PKB/Akt
and PKA signal transduction pathways (Li et al.,
2013). Also the reduction of apoptosis factor;
caspase 3 and apoptosis promoting genes accom-
panied by the regulation of the expression of anti-
apoptotic proteins e.g. Bcl-2 as proposed by Li et
al., (2013) could be involved. The possible anti-
apoptotic effect mediated by exenatide in this
model was first demonstrated.

A significant increase in the levels of renal Hp
content, a marker for collagen deposition, was
observed in DM rats; this increase reflects the
severity of the kidney lesions and fibrosis in these
rats. Previous studies demonstrated that hyper-
glycemia-induced multiple cell metabolic disorder
signals, including activation of PKC, whereas,
abnormal activation of PKC contributes to incr-
eased microvascular matrix protein (collagen and
fibronectin) accumulation, (Kanwar et al., 2008) as
well as increasing macrophages infil-tration to the
kidney that causes stimulation of mesangial cells to
produce fibronectin (Pawluczyk and Harris, 1997)
also directly increases in the secretion of TGF-B
(Leonarduzzi et al., 1997( which play a central role
in the enhancement of glomerular extracellular
matrix production in DN (Ziyadeh et al., 2000).
Exenatide treatment effectively diminished the
kidney collagen accumulation as reflected by
normalized kidney Hp level, suggesting its anti-
fibrotic efficacy in diabetic condition. This result is
consistent with previously published literature
(Gou et al., 20104), which proposed that this effect
is due to exenatide anti-inflammatory properties
through reduction in renal TGF-B1 content and
inhibition of nuclear factor kappa-B activity.

The present DN model showed decreased serum
NO, as compared to normal rats, this result agree
with Arya et al., (2001). It was reported also that
renal eNOS production has been decreased in
prolonged DM (Prabhakar et al., 2007). Several
mechanisms contribute to the loss of NO
homeostasis, including hyperglycemia, insulin
resistance, and free FA production (Modlinger et
al., 2004). In our study, prolonged treatment with
exenatide augmented NO production, this result
agreed with that of Sélley et al., (2014). Such effect
may be due to GLP-1-mediated enhanced eNOS
phosphorylation/NO  production,  which s
dependent on the activation of the PI3K-PKB
pathway (Erdogdu et al., 2010).

In our study there was no pancreatitis observed in
DM+E group, the result which is coherent to
Taylor et al., (2011).
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6. Conclusion

In conclusion, our study revealed the strength of
exenatide in preventing diabetic nephropathy and
its broad improving effect through several aspects,
demonstrating the inhibition of renal DNA
fragmentation and gluconeogenesis.
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Figure (1) changes in biochemical parameters at different time intervals along the study: Mean changes in (A) fasting serum
glucose level (FSG) (B) serum cystatin C, (C) serum creatinine and (D) urinary protein (Upro) in (HFD-STZ)-induced diabetic rats
treated with exenatide. Exenatide was administered i.p. daily in a dose of 10 pg/Kg b.w after one week from STZ injection along for 9
weeks. Data are expressed as mean = S.E. ™: significant difference from normal control at P <0.05. *: significant difference from diabetic
rats at P <0.05 (one-way ANOVA followed by Tukey Multiple Comparison Test).

NC: normal control; DM: diabetic rats; DM+E: diabetic rats treated with exenatide.
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Figure (2) changes in serum parameters at the end of the study: Mean changes in serum (A) adiponectin, (B) amylase, (C) C-peptide
and (D) total nitrite/nitrate (NOy) levels in (HFD-STZ)-induced diabetic rats treated with exenatide. Exenatide was administered i.p. daily in
a dose of 10 pg/Kg b.w after one week from STZ injection along for 9 weeks. Data are expressed as mean + S.E. ™ ™: significant difference
from normal control at P <0.05. **: significant difference from diabetic rats at P <0.05 (one-way ANOVA followed by Tukey Multiple
Comparison Test). NC: normal control; DM: diabetic rats; DM+E: diabetic rats treated with exenatide.
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Figure (3) changes in renal parameters at the end of the study: Mean changes in renal: (A) G-6 phosphatase (G6Pase) activity, (B) G-6
phosphatase mMRNA expression, (C) DNA fragmentation, (D) triglycerides (TGs) and (E) hydroxy proline (Hp) contents in (HFD-STZ)—
induced diabetic rats treated with exenatide. Exenatide was administered i.p. daily in a dose of 10 pg/Kg b.w after one week from STZ
injection along for 9 weeks. Data are expressed as mean + S.E. ", ***: significant difference from normal control at P <0.05. **: significant
difference from diabetic rats at P <0.05 (one-way ANOVA followed by Tukey Multiple Comparison Test).

NC: normal control; DM: diabetic rats; DM+E: diabetic rats treated with exenatide, Pi; inorganic phosphate.
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Figure (4): Renal DNA fragmentation on agarose gel electrophoresis: Lane M: represents DNA marker with 100bp, Lane 1, 2 and 3:
DNA isolated from kidney homogenate of normal rats, Lane 4, 5 and 6: DNA isolated from kidney homogenate of diabetic rats (induced by
HFD-STZ) and Lane 7, 8 and 9: DNA isolated from kidney homogenate of exenatide treated rats; exenatide was administered i.p. daily in a
dose of 10 pg/Kg b.w after one week from STZ injection along for 9 weeks.
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