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Abstract

Background: Vascular and renal complications are com-
mon associations to diabetes mellites despite current therapies.
Glucagon like peptide 1 may present a recent solution to these
complications and provide a better control.

Aimof Sudy: Thisinvestigation aimed to study the effects
of glucagon like peptide 1 receptor agonist on induced type
2 diabetes mellitus and the possible underlying mechanisms.

Methods: Fifty male albino rats classified into five groups,
10 rats each: Non diabetic, diabetic non treated, diabetic
metformin-treated, exendin-4 treated diabetic and combined
metformin & exendine-4 treated diabetic groups. After 7
weeks, systolic blood pressure, renal blood flow and renal
resistance were measured. Urine volume per minute, urine
creatinine, creatinine clearance, fasting blood glucose, glyc-
osylated hemoglobin (HbA1c %), serum insulin, serum glu-
cagon, blood urea nitrogen, total anti-oxidant capacity, serum
malondialdehyde (MDA) and serum tumor necrosis factor
alpha (TNFa) were assessed.

Results: The diabetic metformin, exendine-4-and combined
metformin & exendine-4-treated groups revealed significant
improvement in glycemic state, oxidative stress, inflammatory
state, hemodynamic parameters and renal functions compared
to the corresponding values of diabetic non-treated group.
Exendin-treated group significantly decreased the previously
mentioned parameters plus glucagon level compared to diabetic
non-treated and diabetic metformin-treated groups. Combined
metformin & exendine-4-treated group showed improvement
of al previously mentioned parameters more than each treat-
ment alone.

Conclusion: Exendine-4 treatment improved diabetic
parameters and associated hemodynamic and renal complica
tions more effective than that of the specific agents as met-
formin. Combined metformin treatment with exendine-4
showed significant improvement than that of using each of
them alone.
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Introduction

DIABETES méllitusis one of the common meta-
bolic disorders which presented by chronic eleva-
tion of glucose in the blood [1] . Diabetic patients
fall in two etiopathogenic categories; type 1 dia-

betes mellitus (dlightly rare type) resulted from
absolute deficiency of insulin secretion, type 2

diabetes mellitus (most common type) resulted
from insulin resistance with inadequate secretion

of insulin as a compensatory response [2].

Hyperglycemia has a central role in the patho-
genesis of macro-and micro-vascular complication
as it induces endoplasmic reticulum stress with
mitochondrial dysfunction. Consequently this ac-
tivates the production and accumulation of Reactive
Oxygen Species (ROS) which promotes cellular
dysfunction and injury. Permanent oxidative mod-
ifications occurs as ROS can directly destroy the
lipids, proteins or DNA component and interfering
with intracellular signaling pathways [3].

Kidney disease attributed to diabetesis a magjor
but under-recognized contributor to the global
burden of disease. Chronic Kidney Disease (CKD)
developsin approximately 40% of diabetic patients
and attributed to 94% number of deaths. CKD
caused by associated metabolic changes that lead
to glomerular hypertrophy, glomerulo sclerosis,
and tubulointerstitial inflammation and fibrosis
despite current therapies [4].

Metformin is one of the most commonly pre-
scribed drug for the treatment of type 2 diabetes
mellitus due to its efficacy and safety [5]. Itisan
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insulin-sensitizing biguanide, asitsinhibition on
hepatic gluconeogenesis and insulin sensitizing
action help in diabetes mellitus management [6] .

Glucagon Like Peptide 1 (GLP-1) receptor
agonist, as exenatide, stimulates insulin secretion
and inhibits glucagon secretion and hepatic glucose
production in a glucose-dependent manner. In
addition, it also delays gastric emptying and sup-
presses appetite through the central pathways.
Although it may provide the benefit of reducing
Body Weight (BW) and it also offers better sugar
control in diabetic cases [7].

The aim of thiswork was to study the effects
of glucagon like peptide 1 receptor agonist (ex-
enatide) on glycemic state, renal functions and
some hemodynamic parameters in diabetic male
albino rats and the possible mechanisms underlying
this effect.

Material and M ethods

Animals;

This study was conducted during the period
from 23/7/2018 to 23/9/2018 in the |aboratories of
the Faculty of Medicine at Kafr Al-Sheikh Univer-
sity on 50 male abino rats of local strain weighting
200-250g. Rats were housed (5 rats per cage) at
room temperature, with a 12-hr light-dark cycle
(light on at 8:00a.m. and off at 8:00p.m.). They
were allowed free access to food and water all over
the period of the work. This experiment was ap-
proved by the Research Ethics Committee at Fac-
ulty of Medicine Menoufia University.

Animals were classified into five groups each
contains 10 rats:

I- Non-Diabetic (ND); rats with fasting blood
glucose level lessthan 1 10mg/dl and using asingle
intraperitoneal injection of 0.2ml of 10mmol/I
citrate buffer (STZ vehicle).

I1- Typell diabetic non-treated (DN); diabetes
type 2 was induced by single intraperitoneal injec-
tion of 45mg/kg (1.0ml/kg) of streptozotocin (Sig-
ma chemical company, Saint Louis, USA) [g]. Three
days after rats with fasting blood glucose >_160
mg/dl were considered diabetic and included in
the study.

[11- Type Il diabetic metformin-treated (D-met);
diabetic animals, as previously described, were
given metformin (CID-company, Egypt) in adose
of 150mg/kg body weight orally (6 days/week) by
oral gavage [9].

V- Type Il diabetic exendin-4 treated (D-exe);
diabetic animals, as previously described, were
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injected by exendin-4 (Bachem, Bubendorf, Swit-
zerland) intraperitonealy at 10 mp/kaabody weight
daily [10].

V- Combined Type Il diabetic metformin &
exendine-4 treated (D-met + exe); diabetic animals,
as previously described, received both metformin
oraly and intraperitoneal injection of exendin-4.

At the end of experimental period (7 weeks),
systolic blood pressure was measured, urine sam-
ples were collected using metabolic cages for
measuring urine volume per minute (ml/min), urine
creatinine concentration (mg/ml). The next day
after one night fasting rats were then anaesthetized
and abdominal wall was opened for exposure of
renal artery and renal blood flow & renal resistance
were measured. Fasting blood samples were taken
from abdominal aorta for measuring fasting blood
glucose (mg/dl), glycosylated hemoglobin (HbA1c
%), serum insulin (uu/ml), serum glucagon, serum
creatinine (mg/dl), blood urea nitrogen (mg/dl),
total anti-oxidant capacity (mmol/L), serum
malondial dehyde (MDA (nmol/L) and serum tumor
necrosis factor alpha (TNF (x) (pg/ml). Then creat-
inine clearance (ml/min) and HOMA-IR index
were calculated.

Measurement of arterial blood pressure: Systo-
lic blood pressure (mmHg) was monitored by a
rat-tail sphygmomanometer and a pneumatic pulse
transducer. The pneumeatic cuff over the rat's tail
inflated over 200mmHg to occlude the pulse and
allowed to deflate slowly until the pul se pressures
were observed on the pulse channel of the recorder.
A two channel recorder was used to obtain awritten
record of both blood flow and cuff pressure [g].

Measurement of Renal Blood Flow (RBF) and
Renal vascular Resistance (RVR):

All rats were anesthetized using thiopental
sodium (50mg/kg) (1.P.) [9]. All rats had surgical
exposure of the left and right renal pedicles through
midlineincision [10] . After setting the mode of
pulsed blood flow meter (Doppler), we used ultra-
sonic gel on the probe top and turned the volume
control to the maximum. The probe pressed softly
to the measured area at an angle of 45-50°. After
hearing the optimal sounds, we wait for 5 second
without moving the probe then press the freeze
key to freeze the waveform [11].

Biochemical assay of different blood parameters:

Blood Glucose: Estimation of Fasting Blood
Glucose (FBG) using fasting blood glucose kits
(Sigma-Aldrish, USA) [12].
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Glycated Hemoglobin (HbAL c%): Estimation
of glycated hemoglobin as percentage of total
hemoglobin (HbA1c) using HbA1c kits [13].

Seruminsulin: Estimation of serum insulin
using serum insulin kits [14] .

Homeostasis Model Assessment Index (HOMA-
IR): Insulin resistance was detected by using fasting
blood glucose and serum insulin calculating HOMA
-IR index asfollow [15]:

Fasting serum insulin (pu/ml) X fasting blood glucose mg/dl

405

Serum glucagon: Determination of Serum glu-
cagon using Quantikine® ELISA kits China [16].

Blood urea nitrogen (BUN): Determination of
BUN using kits for estimation of BUN [17].

Serum creatinine: Determination of serum cre-
atinine using Kits for estimation of fasting serum
creatinine [18] .

Total anti-oxidant capacity (TAC): Estimation
of total antioxidant capacity using serum TAC
ELISA kits [19].

Serum malondialdehyde (MDA): Assay of
malondialdehyde (MDA) using serum MDA ELISA
kits [20] .

Serum tumor necrosis factor alpha (TNFa):
Estimation of serum tumor necrosis factor alpha
(TNFa) using serum TNFa ELISA kits [21].

Satistical analysis:

The data were shown as the mean * standard
deviation. Data from the study were analyzed using
by one-way Analysis of Variance (ANOVA) fol-
lowed by Tukey's test to assess the significance.
The p<0.05 were considered as statistically signif-
icant. Using SPSS for windows (Version 23.0).

Results

Glycemic state parameters (fasting serum glu-
cose, glycated hemoglobin levels and HOMA-IR),
renal functions tests (serum creatinine and BUN)
oxidative stress and inflammatory marker param-
eters (MDA and TNFa) in DN, D-met., D-exe. &
D-met. + exe. groups showed significant elevation
compared to corresponding values of ND group.
D-met., D-exe. & D-met. + exe. groups showed
significant reduction compared to corresponding
value of DN group. D-exe. & D-met. + exe. groups
showed significant reduction compared to corre-
sponding values of D-met group. D-met. + exe.
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group showed significant reduction compared to
corresponding values of D-exe. group (Table 1).

Fasting serum insulin level in DN, D-met., D-
exe. & D-met. + exe. groups showed significant
reduction compared to corresponding value of ND
group. D-exe. & D-met. + exe. groups showed
significant elevation compared to corresponding
value of DN and D-met groups. D-met. + exe.
showed significant elevation compared to corre-
sponding value of D-exe. group (Table 1).

Serum glucagon level in DN, D-met., D-exe.
& D-met. + exe groups showed significant eleva
tion when compared to corresponding value of ND
group. D-exe. & D-met. + exe. groups showed
significant reduction compared to corresponding
value of DN and D-met groups. D-met. + exe.
group showed insignificant reduction compared to
corresponding value of D-exe group (Table 1).

Creatinine clearance and TAC in DN, D-met,
D-exe. & D-met. + exe. groups showed significant
reduction compared to corresponding val ues of
ND group. D-met., D-exe. & D-met. + exe. groups
showed significant elevation compared to corre-
sponding values of DN group. D-exe. & D-met. +
exe. groups showed significant elevation compared
to corresponding values of D-met group. D-met.
+ exe. group showed significant elevation compared
to corresponding values of D-exe group (Table 1).

Hemodynamic parameters:

Systolic blood pressure and renal resistancein
DN, D-met., D-exe. & D-met. + exe. groups showed
significant elevation when compared to correspond-
ing values of ND group. D-met., D-exe. & D-met.
+ exe. groups showed significant reduction com-
pared to corresponding values of DN group. D-
exe. & D-met. + exe. groups showed significant
reduction compared to corresponding values of D-
met group. D-met. + exe. group showed significant
reduction compared to corresponding values of D-
exe. group (Table 2) and Figs. (1,2).

Renal blood flow in DN, D-met., D-exe. & D-
met. + exe. groups showed significant reduction
when compared to corresponding value of ND
group. D-met., D-exe. & D-met. + exe. groups
showed significant elevation compared to corre-
sponding value of DN group. D-exe. & D-met. +
exe. groups showed significant elevation compared
to corresponding value of D-met group. D-met. +
exe. group showed significant elevation compared
to corresponding value of D-exe. group (Table 2)
and Fig. (2).
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Fig. (1): A sample record of systolic blood pressurein (A) Non-diabetic group, (B) Diabetic non treated group, (C) Diabetic
metformin treated group, (D) Diabetic exendine-4 treated group and (E) Diabetic mrtformin + exendine-4 treated group.

Fig. (2): A samplerecord of rena blood flow velocity and renal resistance in (A) Non-diabetic group, (B) Diabetic non treated
group, (C) Diabetic metformin treated group, (D) Diabetic exendine-4 treated group and (E) Diabetic mrtformin +
exendine-4 treated group.
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Table (1): Glycemic state parameters (fasting blood glucose, glycated hemoglobin, fasting serum insulin, HOMA-IR), fasting
serum glucagon, renal functions parameters (blood urea nitrogen, serum creatinine, creatinine clearance), oxidative
stress parameters (total anti-oxidant capacity, serum malonadehyde) and inflammatory marker (tumour necrosis
factor a) in non-diabetic (ND), diabetic non treated (DN), diabetic metformin treated (D-met.), diabetic exendine-4
treated (D-exe.) and diabetic metformin + exendine-4 treated (D-met. + exe.) groups.

ND DN D-met. D-exe. D-met. + exe.
Fasting blood glucose (mg/dl) 80.49+0.08  229.2+0.25*  122.2+0.25*#  100.4+0.04*#@ 90.38+0.046* #@$%
HBA1C% 2.24+0.014  8.39+0.019* 4.23+0.01 *# 3.9+0.004*#@ 3.2+0.005* #@%
Fasting serum insulin ( g/oal) 14.42+0.03  7.69+0.04* 7.88+0.03* 11.28+0.032*#@ 12.31+0.034*#@$
HOMA-IR 2.86+0.004  4.35+0.02* 3.12+0.013*#  3.03+0.008*#@ 2.96+0.009* #@$
Fasting serum glucagon (ng/ml)  241.62+0.03  780.46+0.04*  778.23+0.03* 257.93+0.032*#@  255.47+0.034* #@$
BUN (mg/dl) 25.09+0.19  70.6+0.37* 42.59+0.38*#  38.5+0.004*#@ 35.49+0.005* #@$%
Serum creatinine (mg/dl) 0.65+0.005  2.165+0.015* 1.23+0.012*#  1.01+0.004*#@ 0.84+0.005*#@$
Creatinine clearance (ml/min) 1.2+0.005 0.58+0.005* 1.02+0.006*#  1.1+0.04*#@ 1.15+0.05 *#@%
TAC (mmol/L) 2.64+0.003  0.84+0.005* 2.03+0.004*#  2.23+0.005*#@ 2.37+0.007* #@%$
MDA ( gnoiL) 2.84+0.006  9.28+0.009* 6.43+0.008*#  4.54+0.004*#@ 3.04+0.007*#@$
TNF-a (Pg/ml) 20.76+£0.003 57.8+0.03* 39.36+0.005*# 30.25+0.004*#@  21.83+0.005*#@$

Number of ratsin each group was 10.
p-value <0.05 is significant.
*: Significant when compared to non-diabetic.

: Significant when compared to diabetic non-treated.
@ : Significant when compared to diabetic-metformin treated.
$ : Significant when compared to diabetic exendine-4 treated.

Table (2): Systolic blood pressure, renal blood flow velocity and renal resistance in non-diabetic (ND), diabetic non treated
(DN), diabetic metformin treated (D-met.), diabetic exendine-4 treated (D-exe.) and diabetic metformin + exendine-

4 treated (D-met. + exe.) groups.

ND DN D-met. D-exe. D-met. + exe.
SBP (mmHg) 91.7+£0.07 120.5+0.004* 100.9+0.35*#  97.5x0.07*#@ 92.5+0.07*#@%$
Renal blood flow velocity (cm/sec) 5.63+£0.07 4.64+0.004* 5.15+0.006*# 5.21+0.007*#@  5.47+0.005*#@$
Renal resistance (PRU) 0.76+0.005 1.68+0.008 * 1.1+0.006*# 1.01+0.007*#@  0.90+0.0478#@%$

Number of ratsin each group was 10.
p-value <0.05 is significant.
*: Significant when compared to non-diabetic.

Discussion

In the present investigation, diabetic rat model
was successfully established by STZ injection as
evidenced by the significant elevation of blood
glucose and glycated hemoglobin and this was
associated with significant decrease in serum insulin
level and significant increase in serum glucagon
level and insulin resistance. Destruction of pancre-
atic 3 -cells can be caused by the injected STZ, due
to its accumulation in pancreatic p-cellsvia uptake
by Glucose transporter (GLUT2) inducing multiple
DNA strand breaks and increased the 3 -cells oxi-
dative stress [22] . Increased insulin resistance in
the present investigation can be explained by the
significant elevation of serum TNF-a of diabetic
non-treated group [23].

The inappropriate increased alpha-cell function
reflects the loss of tonic inhibition normally exerted
by high local concentrations of insulin on alpha-
cells, possibly as aresult of beta-cell failure and
alpha-cell insulin resistance [24].

Concerning hemodynamic parametersin the
present investigation, systolic blood pressure level

# : Significant when compared to diabetic non-treated.
@ : Significant when compared to diabetic-metformin treated.
$ : Significant when compared to diabetic exendine-4 treated.

and renal resistance were significantly higher in
diabetic non-treated group, while renal blood flow
was significantly lower. The deteriorated hemody-
namic parameters can be explained by the associ-
ated hyperglycemia, insulin deficiency and oxida-
tive stress detected in the previously mentioned
group. Insulin has arole in vasodil atation by en-
hancing endothelial nitric oxide production through
activation of the phosphatidylinositol 3-kinase
pathway. While insulin resistance was associated
with impairment in this pathway and the mitogen-
activated protein kinase leading to enhancement
of vasoconstrictions [25]. Renal impairment detected
from the elevated BUN and serum creatinine levels
in diabetic group was in agreement with several
other studies [26-28] which can be explained by
increased renal artery resistance, oxidative stress
and elevated inflammatory marker presented in
this investigation.

Treatment of diabetic rats with metformin re-
vealed significant improvement in glycemic state,
oxidative stress, inflammatory state, hemodynamic
parameters and renal functions. Metformin sup-
pressed the basal glucose productionin liver cells
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by inhibiting gluconeogenesis and by increasing
glucose uptake and storage in skeletal muscle [29].

The ability of metformin to ameliorate oxidative
stress-induced damage associated with streptozo-
tocin-induced diabetes resulted from its antihyper-
glycemic effect, insulin action improvement and
enhancement of the cellular response to insulin
[30].

It modulates the concentration of C-reactive
protein in type 2 diabetes, reduces levels of pro-
inflammatory cytokines and reduces activation of
the transcription factor nuclear factor kappa B by
activated cytokines with improvement in glucose
tolerance independently of glycemic control [31].

Metformin can inhibit the fibrosis of tubulo-
interstitial and epithelial mesenchymal transition
invitro and in vivo models by stimulation of AMPK
and inhibition of the collagen deposition and down-
regulation of transforming growth factor- 3 1 in
renal fibroblasts [32].

Metformin has a potent protective action on
vascular cells as it modifies the vascular function
and reduces the incidence of diabetes-associated
vascular complications by the improvement of
glycemic control, decreased the insulin resistance,
normalized the lipid profile, and inhibition of the
oxidative stress [33].

Results of this study revealed that administration
of exendine-4 (GLP-1) led to improvement in
glycemic state, oxidative stress, inflammatory state,
hemodynamic parameters and renal functions and
lowered blood glucagon level.

Glp-1 improves the hyperglycemiain type 2
diabetic patients as they increase postprandial
insulin secretion, inhibit glucagon secretion, slow
gastric emptying and induce satiety. Glp-1 lowers
glucagon concentration (fasting and postprandial)
(34].

GL P-1 decreases oxidative stress in diabetes
mellitus as treatment of GLP-1 or its receptor
agonist shows significant reductions in oxidative
stress markers (superoxide dismutase, glutathione
reductase, catalase, glutathione peroxidase, glu-
tathione levels, lipid peroxidation, and non-
enzymatic glycosylated proteins) induced by var-
ious stress factors. The mechanism of its antioxi-
dative action was found to be via a receptor-
mediated activation of cAMP, PI3K, and PKC
pathways, which consequently increases the anti-
oxidant capacity [35].

Glucagon Like Peptide 1 Agonist in Diabetes

GLP-1 receptor iswidely expressed in the
vascul ature; its stimulation causes vasorel axation
in the isolated rat aorta and femoral artery and
increases blood flow in the forearm or the brachial
artery in humans. The GLP-1 receptor is aso
expressed in the renal artery [36]. Which explains
the improvement in hemodynamic parametersin
the result of this study and in that of Okerson and
his colleagues [37] . They correlated the reduction
in systolic systolic blood pressure of diabetic
hypertensive patients with administration of fixed-
dose of exenatide.

Renal function improvement in this study was
in agreement with El-Gohary and Said [38] reported
that pretreatment of rats with GLP-1 produced
asignificant reduction in the serum levels of BUN
and creatinine in diabetics. The mechanism of this
improvement was based onthe amelioration of the
oxidative stress and the reduction of the inflamma-
tory markers which are major precipitating factors
for renal function impairment. The reno-protective
effect of GLP-1 receptor agonist medications
against nephropathy has been proven in animal
and human studies [39].

In the present study combined treatment of
streptozotocin induced diabetic rats by both exen-
dine-4 & metformin resulted in significant improve-
ment in glycemic state, oxidative stress, inflamma-
tory state, hemodynamic parameters and renal
functions when compared to non-treated group or
treated group with each single drug. The improve-
ment in al previously investigated parameters can
be explained on the basis of combination of hy-
poglycemic, antioxidant and anti-inflammatory
effects of both drugs in addition to the glucagon
lowering effect of exendine-4.

The results of the present study were in accord-
ance to the result of Reid, [40] who reported that,
additional complementary actions between met-
formin and a DPP-4 inhibitor or a GLP-1RA. Also,
these results coincide with [41] who stated that the
newer incretin based therapies are appropriate for
use in combination with more traditional agents
(eg, metformin, TZDs, insulin) to reduce glyco-
sylated hemoglobin without increasing the risk of
hypoglycemia. In addition, because these newer
agents act on different pathways, the beneficial
actions on glycemia and weight are likely additive
when used in combination.

Conclusion:

From the results of the present investigation it
can be concluded that: Exendine-4 treatment im-
proves the glycemic state as it decreases fasting
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serum glucose, glycosylated hemoglobin and de-
creases insulin resistance and improves the rena
functions in diabetic rats. Combined metformin
treatment with exendine-4 resulted in significant
improvement of the glycemic state, renal functions
and some hemodynamic parameters in diabetic
rats. Thisimprovement was better than that of
using each of them alone and this may indicate
that exendine-4 had a complementary effect to
metformin treatment in type |1 diabetes mellitus.
So, exendine-4 is a promising adjuvant therapy for
type Il diabetes mellitus and is considered alamp
in the dark tunnel of diabetes mellitus.
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