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Abstract:

Type 2 diabetes mellitus (T2DM) is a chronic worldwide disease
characterized by significant consequences. T2DM is linked to
impaired insulin sensitivity and/or secretion, as well as disturbed
glucose and lipid balance. The principal effects of metformin, a first-
line treatment for T2DM, are to enhance insulin sensitivity and
glucose absorption while suppressing gluconeogenesis. GLP1
receptor agonists, such as dulaglutide, are prospective therapeutic
medicines for the management of diabetes mellitus (DM). Thus, the
purpose of the current research was to evaluate how GLP1 and
metformin affected rats' T2DM.

The study involved 35 healthy male rats, which were categorized
into 2 groups: the control group and the T2DM group, the latter being
induced by a high-fat diet (HFD) and streptozotocin (STZ). Three
groups of diabetic rats were randomly assigned: two treatment
groups received metformin and dulaglutide, while the control group
was untreated diabetic. Rat weight was assessed at the conclusion of
the experiment. Serum concentrations of insulin, blood glucose, lipid
profile, and hepatic and renal function were evaluated after an
overnight fast.

Serum blood glucose, insulin, body weight, lipid profile, and liver
and kidney function were all significantly elevated in diabetic rats.
Dulaglutide markedly decreased blood glucose levels, improved
liver and kidney functions, and outperformed metformin.
In conclusion, we investigated how dulaglutide and metformin treat
T2DM. We discovered that they all reduce the hyperglycemia and
dyslipidaemia linked to T2DM. In addition to reducing
hyperglycemia and dyslipidaemia, the current work offers a
plausible mechanism for the protective effects of GLP-1 on the
kidneys and liver in a rat model of diabetes.
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Introduction

DM ranks high among
metabolic non-communicable
diseases. There has been a sharp rise
in diabetes worldwide in recent
years. According to an estimate by
the International Diabetes
Federation (IDF), there will be 642
million diabetics by 2040, up from
415 million in 2015 (Peng et al.,
2018). Microvascular and
macrovascular problems associated
with the degree and duration of
hyperglycemia are hallmarks of
DM. Diabetic retinopathy, diabetic
neuropathy, and diabetic
nephropathy are examples of
microvascular problems (Wang et
al., 2020).

The conventional first-line
therapy for T2DM is metformin.
According to Ding et al. (2019), it
exhibits anti-inflammatory, cardio-
protective, and  anti-oncogenic

properties.  According to one
explanation, the effects of
metformin include lowering
intestinal  glucose  absorption,

hepatic gluconeogenesis, increasing
the activity of pancreatic beta cells
and improving insulin sensitivity.
Individuals with T2DM are
often managed with glucagon-like
peptide-1 (GLP-1) (Wajcberg and
Tavaria, 2009). It stimulates GLP-1
receptors, which have been found in
the kidney, gut, lung, and CNS,
among other extra-pancreatic organs
(Takashima et al, 2016).
Dulaglutide, a weekly GLP-1
receptor agonist (GLP-1RA) and
analogue is utilized for the treatment

of T2DM. By promoting glucose-
dependent insulin production and
preventing glucagon release, it
enhances glucose  metabolism.
Enhancing lipid profiles, obesity,
and hypertension reduces
cardiovascular risk factors
(Drucker, 2018).

As a long-acting human GLP-
1RA, dulaglutide (Trulicity) was
approved by the FDA in 2014 and is
used to treat T2DM in addition to
diet and exercise. Dulaglutide is
made up of two disulfide-linked
chains with a GLP-1-like sequence.
To enhance glycemic management,
dulaglutide is used in conjunction
with other medications, as well as
via diet and exercise. Every week, a
0.75-mg dosage of dulaglutide is
administered subcutaneously at any
time, regardless of when a meal is
scheduled (Fala, 2015).

The goal of this study is to
determine if  metformin  and
dulaglutide, a GLP-1 receptor
agonist, can help male rats with
STZ-induced T2DM  maintain
glucose homeostasis.

Material and Methods

A- Material:

1) Animals:

The current investigation involved
35 healthy male rats, each weighing
between 110-120 g, procured from
the Animal House at the Faculty of
Veterinary Medicine (FVM), Suez
Canal University (SCU). The
Ethical Committee approved the
animal  study  protocol  for
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Laboratory Animal Welfare of the
FVM, SCU.

Diet & Management of rats:

They were kept at the Animal House
of FVM, SCU. They were contained
in individual metal enclosures inside
a regulated atmosphere (20-24°C &
55-60% relative humidity) and
nutritional conditions. They were
maintained on a standard balanced
ratio, in accordance with (Tae-Yoal
et al.,, 1995, and Brichard et al.,
1996) for one week of
accommodation. The animals were
granted unrestricted access to water
and food. The rats were
subsequently categorized into two
groups based on food regimens. The
control group, including 5 rats,
received a conventional balanced
diet, while the remaining 30 rats
were administered an HFD formed
of 58% fat, 25% protein, and 17%
carbohydrates for an initial duration
of 7 weeks, consistent with (Reed et
al., 2000). The formulation and
manufacture of HFD closely
resemble the methodology outlined
by Srinivasan et al. (2005).

2) Drugs and chemicals:

a-STZ

Sigma-Aldrich (United States). It is
provided as a powder with a purity
exceeding 99% and is to be
dissolved in freshly produced
sodium citrate buffer at pH 4.5.

b- Metformin

Metformin hydrochloride, a
biguanide derivative, is supplied in
500 mg tablets by Cidophage, a CID
firm for the pharmaceutical and

chemical sectors. The solubility in
water is unrestricted. Distilled water
was used to dissolve it prior to
usage.

c- Dulaglutide (GLP-1 Receptor
Agonist)

Eli Lilly, USA produces trulicity.

Each pre-filled injection pen
contains 1.5 milligrams  of
dulaglutide in a 0.5 milliliter

solution. It was administered s/c on
a weekly basis in rats.

3) Experimental Design:

The experiment lasted 4 weeks from
the initiation of medication delivery.
Rats were randomly allocated into
four groups as follows:

Control Group (Five Rats):
Functioned as a -ve control group
and was administered a standard
balanced diet during the 12-week
trial duration.

Diabetic Group (10 Rats):
Administered an HFD for 7 weeks,
followed by an injection of STZ at a
dosage of 25 mg/kg body weight via
i/p, serving as the +ve control
diabetic group throughout the
experimental duration of 4 weeks.
The Metformin Group (10 rats)
was administered an HFD for 7
weeks, followed by an injection of
STZ (25 mg/kg body weight,
intraperitoneally).  Subsequently,
they were treated with Metformin
(Metformin HCI 500 mg/kg body
weight) for 4 weeks (Rachel et al.,
2012).

The GLP1 Agonist Group (10
rats) was administered an HFD for 7
weeks, followed by an injection of
STZ at a dosage of 25 mg/kg body
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weight via i/p. Subsequently, they
were given Trulicity at a dosage of
15 mg/kg body weight
subcutaneously once weekly for 4
weeks (Tuttle KR et al., 2017).
*Induction of DM

Following seven weeks of an HFD,
30 HFD-fed rats were administered
an i/p injection of a low dose of STZ
at 25 mg/kg body weight
(Srinivasan et al., 2005; Latt et al.,
2013). Glucometer readings were
taken one week after STZ injection
using an Accu-Chek Meter from
Roche Diagnostics GmbH in
Germany. Rats with fasting blood
glucose levels above 11.1 mmol/l or
200 mg/dl were chosen for further
studies.

*Drug Administration

Metformin was solubilized in
distilled H2O: for daily oral delivery
via gavage to fasted mice (Lauro et
al., 2012).

Trulicity was injected s/c once
weekly (Tuttle et al., 2017).

* Body weight in different groups is
measured weekly

4) Sampling:

Blood samples were obtained from
all groups following 4 weeks of
nighttime fasting via ocular vein
puncture in rats, utilizing micro-
hematocrit tubes. Serum was
subsequently  isolated  through
centrifugation at 3000 rpm for 15
minutes. The serum samples that had
been purified were quickly tested for
lipid and glucose profiles and then
kept at -20°C until they could be
used for additional biochemical
evaluations.

5) Statistical analysis:

The analysis of statistics was
conducted using SPSS software,
version 16. All data will be
presented as mean + standard error.
A one-way analysis of variance
(ANOVA) will be employed to
compare groups of rats. Statistical
results were deemed significant
when the p-values were less than
0.05.

Il - Biochemical parameters
estimation:

1- Determination of FBG:
Ultraviolet  assay, enzymatic
reference  technique utilizing
hexokinase.  Hexokinase (HK)

facilitates the phosphorylation of
glucose to glucose 6-phosphate
utilizing ATP, as per the method
described by Tietz, 2006.

2- Determination of Fasting Blood
Insulin (FINS):

The ALPCO Rat Insulin ELISA Kits
(Catalog Number 80-INSRT-EO1,
E10) are used for insulin estimation
(Finlay and Dillard, 2007)
3-Determination of Serum Lipid
Profile:

A- Total cholesterol (TC):

The concentration of TC in the
serum was measured using the
procedure outlined in (NCEP,
1988).

B- Triacylglycerol (TAG):

We used Stein's (1987) approach to
find the concentration of serum
TAG.

C- High-density
cholesterol (HDL-c):

lipoprotein-
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Using a method developed by Finley
et al. (1978), the colourimetric kit
was able to measure the serum HDL-
C content.

D- Calculation of serum low-
density lipoprotein-cholesterol
(LDL-c):

Based on the concentrations of total
cholesterol, HDL-c, and TAG, the
LDL-c concentration in serum was

determined using the method
described by Friedewald et al.
(1972).

LDL-c (mg/dl)= Total cholesterol
— ([triglycerides + 5] — HDL-c)
4-Determination of kidney
function tests:

The kinetic colorimetric assay for
serum creatinine determination is
based on the Jaffé et al.,, 1886
method, whereas the Kkinetic test
with  urease and  glutamate
dehydrogenase is used to assess urea
level according to Rock et al.,
(1987).

5- Determination of Liver function
tests:

Based on the method outlined by

Breuer (1996), the enzymatic
determination of alanine
aminotransferase (ALT) and

aspartate aminotransferase (AST)
was carried out using reagent Kits
acquired from Spectrum
Diagnostics.

Results

The body weight of diabetic
rats was significantly higher than
that of normal control rats
(P<0.0001), as demonstrated in
Table (1). Metformin dulaglutide-

treated groups lost significantly
more weight than diabetic rats.

Table (2) shows that when

compared to normal rats, diabetic
rats exhibited significantly higher
levels of FBG and FINS (P < 0.05).
Additionally, as compared to normal
rats, animals in the Metformin and
GLP-1 agonist groups exhibited
substantial increases (P<0.05) in
FBG and FINS levels, while both
groups outperformed diabetic rats in
terms of FBG and FINS levels.
In comparison to normal rats,
diabetic rats exhibited a significant
decrease (P < 0.05) in HDL-c levels
and a significant increase (P < 0.05)
in TC, TAG, and LDL-c levels
(Table 3). In contrast, the groups
treated with GLPlagonist or
Metformin exhibited a significant
increase (P<0.05) in HDL-c levels
and a significant decrease (P < 0.05)
in TC, TAG, and LDL-c
concentrations when compared to
diabetic rats.

Serum creatinine and serum
urea levels in diabetic rats were
significantly higher (P < 0.05) than
in normal rats, as seen in Table (4).
In contrast, animals treated with
GLP-1 and metformin exhibited
significant (P < 0.05) reductions in
serum urea and creatinine levels
when compared to diabetic rats.

As shown in Table (5), the
ALT and AST activities of diabetic
rats were noticeably greater
(P<0.05) than those of normal rats.
The ALT and AST activities of all
treatment groups were significantly
higher (P < 0.05) than those of
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normal rats. In contrast, the ALT and (Group 2) were significantly
AST activities of diabetic rats reduced (P < 0.05).
Table (1): Changes in Body weight in different groups.
Groups Control | Diabetic | Metformin | GLP-1 P value
Parameters Agonist
Body 250 d 4 0.0000005
Weight 20 ~13602+90 | 260°+75 | 245°+48
(gm)

M + SE is used to express the data. The P <0.05 indicates that the means with
varying superscripts are significantly distinct.

Table (2): Changes in serum FBG and FINS levels in different groups.

Groups Control | Diabetic | Metformin | GLP-1 P value
Parameters Agonist

FBG 80.86%+ | 386.22 2 |120.57 ® +|117.39° + | 0.0000008
(mg/dI) 8.51 +4545 | 24.35 17.66

FINS (IU /954 9|3512 2|27.01 ® +|23.47¢ +|0.0000006
ml) +0.69 +3.56 3.49 3.68

M + SE is used to express the data. The P <0.05 indicates that the means with
varying superscripts are significantly distinct.

Table (3): Levels of serum TC, TAG, HDL-c and LDL-c in different groups.

p Groups Control Diabetic Metformin GLPfl P value
arameters Agonist
Total
Cholesterol | 56.50%+0.85 | 148.00%+2.30 | 123.13b+1.62 | 105.11%+ 1.03 | 0.0000004
(mg/dl)
Tr'(g’rLgclfer;des 136.69+4.4 | 236.43+3.9 | 139.45°+33 | 135.3¢+2 0.0000001
5233 @ = ; . A
HDL-c (mg/idl) | 157 2520+83 | 426°+28 50.7b+8.3 0.0000003
5417 9 = . \ .
LDL-c (mg/dl) | o 89.912+161 | 52.16°+1.6 |509¢+1.9 0.0000001

M + SE is used to express the data. The P <0.05 indicates that the means with
varying superscripts are significantly distinct.

Table (4): Serum Urea and Creatinine levels in different groups.

Groups Control Diabetic Metformin | GLP-1 P value
Parameters Agonist
gg%'l;"”e 0.710+0.17 1.6%+0.63 0.816+03 | 0.73%+011 | 00000001
Urea (mg/dl) 51,069+ 14.08 | 70.33%+11.8 57.43%+6.48 | 55+ 9.8 0.0000003

M = SE is used to express the data. The P < 0.05 indicates that the means with
varying superscripts are significantly distinct.
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Table (5): Serum AST and ALT activities in different groups.
Groups | Control | Diabetic | Metformin | GLP-1 P value

Parameters Agonist

ALT (IU/] 69.679 +|106.57 #|89.75 ® +|86.89" + | 0.0000003
L) 1.05 +2.95 0.62 0.48

AST (IU|90509 +|163.43 #|134.50 ® +|131.00° + | 0.0000002
/L) 2.53 +2.19 1.20 1.08

M = SE is used to express the data. The P < 0.05 indicates that the means with
varying superscripts are significantly distinct.

Discussion
The prevalence of T2DM, a
prevalent medical illness, exceeds

415 million individuals globally
(Wang et al, 2020). Genetic,
environmental, and lifestyle

variables all play a role in the
development of insulin resistance
and B-cell dysfunction, which in turn
promote hyperglycemia and
dyslipidemia (Trinh et al., 2021).
Our  mouse  successfully
demonstrated hyperinsulinemia,
elevated blood glucose
concentration, lipometabolic
abnormalities, and increased
ALT/AST levels after seven weeks
of an HFD, followed by a single
administration of STZ.
Dyslipidemia, characterized by
elevated serum TAG and LDL and
lower HDL levels, is linked to the
protracted hyperglycemia observed
in diabetic rats. Additional research
by (Veneti and Tziomalos, 2020)
confirmed these findings. Chronic
consumption of HFD contributes to
IR development, followed by
compensatory hyperinsulinemia
(Kraegen et al., 1986). Due to their
high secretary activity, B-cells are
continuously subjected to two types

of stress: glucolipotoxicity and
oxidative stress. (DeFronzo, 2004).
This leads to the demise of B-cells, a
common feature of T2DM marked
by elevated insulin and glucose
levels (Rhodes, 2005).
Dyslipidemia, characterized by
elevated serum TG, TC, and LDL
and decreased HDL levels in the
blood, is a consequence of the
protracted hyperglycemia observed
in diabetic rats. These results were
confirmed by additional research
conducted by (Veneti and
Tziomalos, 2020). The insulin-
inhibited hormone-sensitive lipase is
the main factor responsible for the
excessively high levels of serum
lipids in DM, perhaps because it
enhances the release of free fatty
acids from the peripheral fat
reserves. This could result from
either an increase in the absorption
of TGs or a decrease in their
peripheral uptake (Magalhaes et al.,
2019).

Biochemical  markers  of
diabetic nephropathy, including
elevated blood urea and creatinine
levels, were seen in the diabetic rats
in this investigation, as compared to
the healthy control group. Like the
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current study, Abdel Aziz et al.
(2014) found that the rise in
creatinine and urea levels in the
blood after STZ treatment is one of
the most significant and sensitive
markers of renal damage. Another
explanation was discovered by

Mousa et al. (2016), who
hypothesized that the Kidneys'
morphological and/or functional

alterations might be the cause of the
elevated blood urea and creatinine
levels in STZ diabetic rats.
Metformin is the ADA-
recommended first-line treatment
for diabetes; however, on its own,
the majority of patients do not
achieve their target blood glucose
level (Prasad and lIsaacs, 2015).
Nowadays, adverse drug responses

are taken into account when
prescribing  diabetic drugs to
individual patients (Inzucchi et al.,

2012).

In the current study, the
diabetic rats were given metformin,
which resulted in a considerable
reduction in body weight, blood
glucose levels, and insulin levels.
This was in comparison to the
diabetic control group. A lower
blood glucose level is linked to a
better lipid profile, which includes
lower levels of serum cholesterol,
TAG, and LDL, as well as higher
levels of HDL. In accordance with
the findings of Derosa et al. (2020),
the findings confirm the findings.

Metformin  also  reduces
lipogenesis in adipocytes, muscles,
and the liver and increases glucose
consumption and GLP-1 synthesis.

Metformin affected hyperglycemia
and hypertension (HTN), two
important counter-regulators that
modify DN in rats by substantially
reducing blood insulin, glucose,
TAG, TC, LDL, creatinine, and urea
(Figueiredo et al., 2020). In order to
get plasma lipids back to normal,
metformin was also administered to
increase plasma GLP-1 levels.
Compared to the diabetic
control group, rats given metformin
for their diabetes exhibited markedly
reduced creatinine and urea levels.
Research conducted by Mostafa et
al. (2021) lends credence to our
findings. The researchers observed
that diabetic mice given low doses of
metformin had improved renal
function, lower levels of blood urea
and creatinine, and less renal fibrosis
linked to diabetic nephropathy.

Results showed that diabetic
rats treated with dulaglutide had
significantly lower levels of insulin,
blood glucose, and body weight
compared to the diabetic control
group. Additionally, the rats' lipid
profiles improved, showing lower
blood triglycerides and LDL and
higher blood HDL levels.

In a glucose-dependent way,
GLP-1RA increased insulin
secretion. GLP-1RA help with
weight loss primarily by lowering
body fat, improving glucose
regulation, and decreasing the
occurrence of hypoglycemia (Wang
et al., 2019). When comparing the
two drugs, our research showed that
dulaglutide increased serum HDL
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levels more effectively than for  GLP-1's renal  effects.
metformin. Dulaglutide Additionally, our findings
significantly reduced TGs in demonstrated that, in comparison to

diabetic rats as compared to animals
treated with Metformin.

One reversible risk factor for
renal damage, especially in T2DM,
is dyslipidaemia, which is caused by
persistent hyperglycemia.
According to Kawanami et al.
(2016), it causes lipid buildup in the
kidneys, which exacerbates
nephropathic aetiology. Elevated
TGs and LDL-C levels were
indicative  of aberrant lipid
metabolism in diabetic rats. This
might be the result of either a
decrease in TG peripheral uptake or
an increase in TG absorption
(Magalhaes et al., 2019). In the
meantime, treated diabetic rats with
GLP-1 showed a significant
improvement in this dyslipidaemia.
Hepatic lipoprotein secretion and
intestinal chylomicron synthesis are
both directly lowered by GLP-1
(Drucker, 2016).

The action of GLP-1 RAs to
reduce high blood glucose levels is
multifaceted. Beyond the glucose-
lowering effect of GLP-1 RAs, there
are a plethora of additional routes
that contribute to the preservation of
renal functioning (Lyseng, 2019).

According to the current
study's findings, diabetic rats given
dulaglutide had lower blood levels
of urea and creatinine than the
diabetic control group. Leon et al.
(2020) also found similar results,
finding that glomerular filtration
preservation was the primary basis

the diabetic rats, dulaglutide
administration markedly reduced
AST and ALT levels. The group that
received GLP-1 treatment had
notable improvements in renal and
hepatic indices and functioning.

Metformin  and GLP-1 can
significantly decrease
insulin/glucose levels and
effectively  treat  lipometabolic

problems and liver dysfunction.

Conclusion:

Both Metformin and GLP-1
therapy ameliorate hyperglycemia
and dyslipidemia associated with
T2DM. The best result is given with
GLP-1 rather than Metformin,
besides its protective effect on
hepato-renal tissues.

References:

Abdel Aziz Mt, Wassef Ma,
Ahmed Hh, Rashed L, Mahfouz S,
Aly Mi, Hussein Re, Abdel Aziz M
(2014): The role of bone marrow
derived-mesenchymal stem cells in
attenuation of kidney functions in
rats with diabetic nephropathy.
Diabetology Metab Synd, 6: 34-44.
Ahmed, D.; Sharma, M.;
Mukerjee, A.; Ramteke, P.W. and
Kumar, V. (2013): Improved
glycemic control, pancreas
protective and hepatoprotective
effect by traditional poly-herbal
formulation ‘‘Qurs Tabasheer’” in
streptozotocin induced diabetic rats.



412

Ashraf B. Said et al.

BMC Complement Altern. Med.,

13:10-25.

Ali, M.AM., Heeba, G.H., EIl-
Sheikh, AAK, (2017):
Modulation of heme oxygenase-1
expression and activity affects
streptozotocin-induced diabetic
nephropathy in rats. Fund. Clin.
Pharmacol. 31, 546-557.
https://doi.org/10.1111/fcp.12296.
Bluestone Ja, Herold K,
Eisenbarth G (2010): Genetics,
pathogenesis and clinical
interventions in type 1 diabetes.
Nature, 464: 1293-1300.

Breuer J. (1996) Report on the
symposium drug effects in clinical
chemistry methods.Eur J Clin Chem
Clin Biochem 1996;34:385-6.
Brichard, S. M.; Henquin, J. C;
Buchet, D.J.; Ozcelikay, A.T. and
Becker, D. J. (1996):"Oral selenite
improve glucose hemostasis and
partly reverses abnormal expression
of liver glycolysis and
gluconeogenic enzymes in diabetes
rats”. Diabtologia 39:3-11.
Cesaretti MI, Ginoza M, Ribeiro
Ab, Kohlmann Oj (2010):
Systemic hemodynamic and left
ventricular function of
diabeticinduced hypertensive rats.
Arg Bras Endocrinol Metabol,
54(9): 842-851.

Derosa G, Gaudio G, D’Angelo A,
Maffioli P. (2020): Efficacy of
Berberis aristata Compared with
Metformin in Improving Glycemic
Control and Insulin Resistance in
Patients with Type 2 Diabetes
Mellitus. J Food Nutr Res 2020; 8:
212-215.

Ding Y, Xu M, Lu Q, Wei P, Tan
J, Liu R. (2019): Combination of
honey with metformin enhances
glucose metabolism and ameliorates
hepatic and nephritic dysfunction in
STZ-induced diabetic mice. Food
Funct 2019; 10: 7576-7587.
Drucker DJ. (2018): Mechanisms
of Action and  Therapeutic
Application  of  Glucagon-like
Peptide-1. Cell Metab 2018; 27:
740-756.

Drucker, D.J., (2016): The
cardiovascular biology of glucagon-
like peptide-1. Cell Metabol. 24,
15-30.
https://doi.org/10.1016/j.cmet.2016.
06.0009.

Fala L. (2015): Trulicity
(Dulaglutide): a new GLP-1 receptor
agonist once-weekly subcutaneous
injection approved for the treatment
of patients with type 2 diabetes. Am
Health Drug Benefits 2015;8(Spec
Feature):131-4.

Figueiredo 1D, Lima TFO, Inacio
MD, Costa MC, Assis RP,
Brunetti IL, et al. (2020):
Lycopene improves the metformin
effects on glycemic control and
decreases biomarkers of
glycoxidative stress in diabetic rats.
Diabetes Metab Syndr Obes 2020;
13: 3117-3135.

Finlay, JW.A, Dillard,
R.F.(2007):" Appropriate
Calibration Curve Fitting in Ligand
Binding Assays”. AAPS J.; 9(2):
E260-E267. Finlay, J.W.A., Dillard,
R.F.(2007):" Appropriate
Calibration Curve Fitting in Ligand



https://doi.org/10.1111/fcp.12296
https://doi.org/10.1016/j.cmet.2016.06.009
https://doi.org/10.1016/j.cmet.2016.06.009

SCVMJ, XXIX (2) 2024 413
Binding Assays”. AAPS J.; 9(2): Association for the Study of
E260-E267. Diabetes (EASD). Diabetologia

Finley PR, Schifman RB, Williams
RJ, Lichti DA (1978): Cholesterol
in high-density lipoprotein: use of
Mg2+/dextran sulfate in its enzymic
measurement. Clin Chem 24: 931-
933.

Friedewald WT, Levy RI,
Fredrickson DS (1972): Estimation
of the concentration of low-density
lipoprotein cholesterol in plasma,
without use of the preparative
ultracentrifuge. Clin Chem 18: 499-
502.

Gabr, M. M.; Zakaria, M.M.;
Refaie, A. F.; Khater, S M,
Ashamallah, S.A.; Ismail, A.M.;
El-Halawani, S. M. and Ghoneim,
M. A. (2015): Differentiation of
Human Bone Marrow-Derived
Mesenchymal Stem Cells into
Insulin-Producing Cells: Evidence
for Further Maturation In Vivo. Bio.
Med. Research International, Article
ID 575837, 10 pages.

Ikebukuro K, Adachi Y, Yamada
Y, Fujimoto S, Seino Y, Oyaizu H
(2002): Treatment of streptozotocin-
induced diabetes mellitus by
transplantation of islet cells plus
bone marrow cells via portal vein in
rats. Transplantation, 73(4): 512-
518.

Inzucchi SE, Bergenstal RM, Buse
JB, Diamant M, Ferrannini E,
Nauck M, et al. (2012):
Management of hyperglycaemia in
type 2 diabetes: a patient-centered
approach. Position statement of the
American  Diabetes  Association
(ADA) and the  European

2012;55:1577-96.

Jaffé, M., Ueber, D., Niederschlag,
W. (1886):  "Pikrinsdure in
normalem Harn erzeugt und Uber
eine neue Reaktion des Kreatinins".
Z. Physiol. Chem. 10:391-400.
Kaur M, Sachdeva S, Bedi O,

Kaur T, Kumar P (2015):
Combined effect of hydrogen
sulphide donor and losartan in

experimental diabetic nephropathy
in rats. J Diabetes Metab Dis, 14: 63.

Kawanami, D., Matoba, K,
Utsunomiya, K., (2016):
Dyslipidemia in diabetic
nephropathy. Renal Replacement
Therapy 2, p. 16.

https://doi.org/10.1186/s41100-016-
0028-0.

Latt, S. Mansor, Eileen, R.
Gonzalez, Mark, A Cole, Damian,
J. Tyler, Jessica, H. Beeson,
Kieran, C., Carolyn, A. Carr and
Lisa, C. Heather (2013):"Cardiac
metabolism in a new rat model of
type 2 diabetes using high-fat diet
with low dose streptozotocin”
Cardiovascular Diabetology,
12:136.

Lauro F. V., Francisco D. C.,
Maria L. R., Elodia G. C. and
Eduardo A. L. (2012):
"Glibenclamide - pregnenolone
derivative has greater hypoglycemic
effects and bio distribution than
glibenclamide-OH in alloxan-rats".
Biomedical papers of the Medical
Faculty of the University Palacky.
Olomouc, Czechoslovakia Repub.
156(2):122-127.



https://doi.org/10.1186/s41100-016-0028-0
https://doi.org/10.1186/s41100-016-0028-0

414

Ashraf B. Said et al.

Leon-Jimenez D, Usategui RM,
Obregbn FM, Aragén LM,
Carmona MD, Garrido TG, et al.
(2020):  Dulaglutide  preserves
kidney function and maintains
metabolic control at a 36-month
follow-up. Authorea Preprints 2020;
https://www.authorea.com/users/31
3156/ articles/443750.

Lu Q, Yin Xx, Wang Jy, Gao Yy,
Pan Ym (2007): Effects of Ginkgo
biloba on prevention of development
of experimental diabetic
nephropathy in rats. Acta Pharmacol
Sin, 28: 818-828.
Lyseng-Williamson KA. (2019):
Glucagon-like peptide-1 receptor
analogues in type 2 diabetes: their
use and differential features. Clin
Drug Investig 2019; 39: 805-8109.
Magalhaes, D.A., Kume, W.T.,
Correia, F.S., Queiroz, T.S,,
Allebrandt Neto, E.W., Santos,
M.P.D., Kawashita, N.H., Franca,
S.A., (2019): High-fat diet and
streptozotocin in the induction of
type 2 diabetes mellitus: a new
proposal. An. Acad. Bras. Cienc. 91,
e20180314
https://doi.org/10.1590/0001
3765201920180314.

Mostafa DK, Khedr MM, Barakat
MK, Abdellatif AA, Elsharkawy
AM. (2021): Autophagy blockade
mechanistically links proton pump
inhibitors to worsened diabetic
nephropathy and aborts the
renoprotection of
metformin/enalapril. Life Sci 2021,
265: 118818.

Mousa F, Abdel Aziz Kk, Abdel
Gawad H, Mahmoud Ss, Elgamel

Ms (2016): Bone marrow-derived
mesenchymal stem cells infusion
ameliorates hyperglycemia,
dyslipidemia, liver and kidney
functions in diabetic rats. Int J Sci
Res (IJSR), 5(2): 1624-1631.
Mousa F, Abdel Aziz Kk, Abdel
Gawad H, Mahmoud Ss, Elgamel
Ms (2016): Bone marrow-derived
mesenchymal stem cells infusion
ameliorates hyperglycemia,
dyslipidemia, liver and kidney
functions in diabetic rats. Int J Sci
Res (IJSR), 5(2): 1624-1631.

Peng By, Dubey Nk, Mishra Vk,
Tsai Fc, Dubey R, Deng Wp, Wei
Hj (2018): Addressing stem cell
therapeutic approaches in
pathobiology of diabetes and its
complications. J Diabetes Res,
2018: 7806435.

Prasad-Reddy L, Isaacs D. (2015):
A clinical review of GLP- 1 receptor
agonists: efficacy and safety in
diabetes and beyond. Drugs Context
2015;4:212283.

Rachel, D., Wilson, M.D. (2012):"
Fructose-fed streptozotocin-injected
rat: an alternative model for type 2
diabetes” Shahidul Islam
Pharmaclogical Reports 64, 129.139
ISSN 1734-1140.

Reed, M.J., Meszaros, K., Entes,
L.J., Claypool, M.D., Pinkett,
J.G., Gadbois, T.M., et al. (2000):"
A new rat model of type 2 diabetes:
the fat-fed, streptozotocin-treated
rat." Metabolism; 49: 1390-4.
Report of the National Cholesterol
Education Program Expert Panel
on Detection, Evaluation, and
Treatment of High Blood


https://doi.org/10.1590/0001%203765201920180314
https://doi.org/10.1590/0001%203765201920180314

SCVMJ, XXIX (2) 2024

415

Cholesterol in Adults (1988): The
Expert Panel. Arch Intern Med 148:
36-69 (1988).

Rock, R.C., Walker, W.G,,
Jennings, C.D. (1987):" Nitrogen
metabolites and renal function. In:
Tietz NW, ed. Fundamentals of
Clinical Chemistry.  3rd  ed.
Philadelphia: WB Saunders, 669—
704,

Shaker Og, Nassar Yh, Ashour Ss,
Hammam Oa (2015): Effect of
mesenchymal stem cells on diabetic
nephropathy  in  experimental
animals. Med J Cairo Univ, 83(1):
1113-1122.

Srinivasan, K., Viswanad, B,
Asrat, L., Kaul, C.L., Ramarao, P.
(2005): "Combination of high-fat

diet-fed and low-dose
streptozotocin-treated rat: A model
for type 2  diabetes and

pharmacological screening".
Pharmacol. Res., 52, 313-320.
Stein  EA  (1987): Lipids,
lipoproteins and apolipoproteins. In:
Tietz NW (ed.) Fundementals of
clinical chemistry. WB Saunders,
Philadelphia, USA.

Tae-Yoal, H.A.; Choe, W.K. and
Rhee, S.J. (1995):"The effect of
vitamin E on the antioxidant defense
mechanism in STZ-induced diabetic
rats”. J. Japans Society of nutrition
and food Sciences. 48(6):451-457.
Takashima, S., Fujita, H,,
Fujishima, H., Shimizu, T., Sato,
T., Morii, T., Tsukiyama, K.,
Narita, T., Takahashi, T.,
Drucker, D.J., Seino, Y., Yamada,
Y., (2016): Stromal cell derived
factor-1 is upregulated by dipeptidyl

peptidase-4 inhibition and has
protective roles in progressive
diabetic nephropathy. Kidney Int.
90, 783-796.
https://doi.org/10.1016/j.kint.2016.0
6.012.

Tietz, N.W. (2006):" ed. Clinical
Guide to Laboratory Tests, 4th ed".
Philade- Iphia: WB Saunders Co
2006; 444-451.

Trinh MD, Plihalova A, Gojda J,
Westlake K, Spicka J, Lattova Z,
et al. (2021): Obstructive sleep
apnoea increases lipolysis and
deteriorates glucose homeostasis in
patients with type 2 diabetes mellitus.
Sci Rep 2021; 11: 3567-3575.

Tuttle KR, McKinney TD,
Davidson JA, Anglin G, Harper
KD, Botros FT. (2017): Effects of
once-weekly dulaglutide on kidney
function in patients with type 2
diabetes in phase Il and I clinical
trials. Diabetes Obes Metab 2017,
19: 436-441.

Veneti S, Tziomalos K. (2020): Is
there a role for glucagon-like
peptide-1 receptor agonists in the
management of diabetic
nephropathy? World J Diabetes
2020; 11: 370-373.

Wajcberg, E., Tavaria, A., (2009):
Exenatide: clinical aspects of the first
incretin-mimetic for the treatment of
type 2 diabetes mellitus. Expet Opin.
Pharmacother. 10, 135-142.
https://doi.org/10.1517/1465656080
2611832.

Wang B, Liu L, Qiao D, Xue Y,
Liu X, Zhang D, et al. (2020): The
association between frequency of
away-from home meals and type 2



https://doi.org/10.1016/j.kint.2016.06.012
https://doi.org/10.1016/j.kint.2016.06.012
https://doi.org/10.1517/14656560802611832
https://doi.org/10.1517/14656560802611832

416

Ashraf B. Said et al.

diabetes mellitus in rural Chinese
adults: the Henan Rural Cohort Study.
Eur J Nutr 2020; 59: 3815-3825.

Wang J, Li HQ, Xu XH, Kong XC,
Sun R, Jing T, et al. (2019): The
effects of once-weekly dulaglutide
and insulin glargine on glucose
fluctuation  in  poorly  oral-

type 2 diabetes mellitus. BioMed
Res Int 2019; 2019: 2682657.
Yamamoto Y, Kato I, Doi T, et al.

(2001): Development and
prevention of advanced diabetic
nephropathy in RAGE

overexpressing mice. J Clin Invest.
2001;108:261-268.

antidiabetic controlled patients with

7 )a-“ M\ ) ) )
LA Ml 5 1-CsalS sladly dgadd) afad) Allad g 4y gaa Aailpas Al )2

C

Sl J gl ( pas Llaal) 013 jad) zMad (3 S due )
(UL B gt jag g ¢ ) edle ) ) ¢ L Lyl

OJ\)SJM&QM%J‘B):\L&QEQL@:AMQAJA‘{ALG@f@m\t}ﬂ\t}eé‘)ﬂ\ gla yiiay
2O )/ 5 Ol il dpmpda e Al pe sl 5 S slall

Clgmi¥) Apilisn 5 5 oS slall aliaial Gy 5 oS slall (55 add
iy s Sl ol Ze 8 saels e Jalse 1 salSolall andll anudl Cllgsia el
Gae ua | Osalslall 4ndll anull Cleie 5 (e siiaall HUT apd ) A0 A jall Caags

: Ol s Sl
gl (e oSl el Alal) st S g ¢ elaaal) ol adl )83 e 35 2e e Al jall Cuad
STZ idauil o @L\S\
U2 Alias de sene (ile gane 3 ) Al sdie JS5 (5 Sl el Aliaddl (13 )l sl o3
Aol Aled s A slal gall o (e siiaall aladiuly Lagadle 5 (Ghie gana s z3le (s s Sl
& Ol il 5 35S slall Jiae il g el 138 5 cJalll ) sha aluall axy ) oadl (35 o o
5 simsa s cpall (B Sl (5 gina g camnll ()5 (85 _mS B3l (5 Sl el bad) 13 jall < el
oS Ll Al IS5 ey siiall e 8 siia 2 slad gall IS, KU Cailda g SR 5 cpall A G sadl)
On oSl ola e -0 5l slall 4l i) i glal 3 sisa ) sitall (o IS il Caliainl o
& O (5 ghua g aall & Sl (o Sia g camadl ()5 Qg A glad ga ()l an g 285 BN g 3
Al)

£
Tasad (b -0 a8 slally i) gl Al g JSI A0 5l Al Aliae 401 A Al ) i
(g Sl liadd) (13 )



