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Abstract

Objective: Obesity ultimately results in a variety of metabolic changes, the most significant of which is
insulin resistance, which is a contributing factor to both type 2 diabetes and permanent insulin resistance? The
purpose of this study was to determine whether these two medications break down insulin resistance
concurrently and, if so, what modifications are made to the levels of the targeted proteins in the insulin
signaling pathway in type 2 diabetic adipose tissue in humans.

Materials and Methods: A clinical trial is described in this article. We used (sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDSPAGE) and western blot analyses to identify the presence of insulin
resistance-related proteins Insulin Receptor Substrate-1 (IRS-1), phosphatidylinositol 3 kinase (PI3K), and
Mammalian Target of Rapamycin (mTOR) in the adipose tissue of type 2 diabetic patients. We looked at six
individuals who were receiving simultaneous treatment with metformin and sitagliptin for three months, four
of whom returned after treatment.

Results: Increases in glucose disposal, decreases in serum glucose levels (P< 0.05), decreased insulin
resistance (P< 0.05), and changes in serum insulin levels were seen after concurrent therapy with metformin
and sitagliptin. Conversely, an increase in the proteins implicated in insulin resistance, including PI3K,
mTOR, and IRS-1, was noted in the adipose tissue of diabetic individuals (P< 0.05).

Conclusion: The insulin resistance-related proteins IRS-1, PI3K, and mTOR in type 2 diabetic adipose
tissue were markedly improved by concurrent metformin and sitagliptin treatment.
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Introduction

besity eventually results in a variety of
metabolic ~ changes, the  most
significant of which is insulin
resistance, which is an obstacle to both Non-
Insulin ~ Dependent  Diabetes  Mellitus
(NIDDM) and permanent insulin resistance.
By identifying the proteins that regulate this
system, pharmaceutical options may be able to
address the altered mechanism of the insulin
signaling pathway to intra-cells, particularly
adipose tissue cells, which occurs in insulin
resistance (1). Insulin activates its intracellular
domain by linking itself to its receptor (IR) in
the adipocyte membrane and modifying the
spatial arrangement within this receptor. IR
then triggers Insulin Receptor Substrate-1
(IRS-1) in the cytoplasm of these cells, which
in turn triggers Phosphatidylinositol 3 Kinase
(P13K), which in turn triggers protein kinase B
(Akt), which in turn triggers Mammalian
Target of Rapamycin (MTOR). Glucose
Transporter 4 (GLUT4) is brought to the
membrane surface of muscle cells and
adipocytes by the mTOR, which also increases
its activity (2). In this instance, these cells take
in more glucose and use it up. Patients with
NIDDM have disruptions in this route and the
way glucose enters these cells (3). The most
prevalent kind of NIDDM which accounts for
90-95% of cases typically starts with insulin
insensitivity, a disorder in which the body's
muscles, liver, and adipose tissue do not react
effectively to insulin (4). More than 40 years
ago, Glycated Hemoglobin (HbAlc) was first
discovered to be an "unusual” hemoglobin in
those with diabetes. The hemoglobin in your
red blood cells binds to glucose as it
accumulates in your blood. The average
plasma glucose during the preceding eight to
twelve weeks is reflected in the HbAlc.
Because of these characteristics, it is the
recommended test for determining glycemic
control in diabetics (5).
More than 40 years ago, HbAlc was first
discovered to be an "unusual” hemoglobin in
diabetic individuals. The hemoglobin in your

red blood cells binds to glucose as it
accumulates in your blood. The average
plasma glucose during the preceding eight to
twelve weeks is reflected in the HbAlc.
Because of these characteristics, it is the test of
choice for determining glycemic control in
diabetics (5). The treatment of type 2 diabetic
patients can be aided by a single medication,
metformin, plus lifestyle modifications, weight
control, physical activity and exercise, and
training, according to the American Diabetes
Association's  therapeutic approaches (6).
Patients with NIDDM are frequently treated
with  two medications: sitagliptin  and
metformin. The primary way that the
biguanide metformin affects liver cells is by
lowering gluconeogenesis, or the manufacture
of glucose. Metformin: A) makes cells more
sensitive to insulin; B) makes insulin receptors
appear on the cell membrane surface; C)
makes these receptors more expressed; D)
makes insulin bind to its receptors, which
lowers insulin resistance in people with
NIDDM; and E) causes cells to uptake glucose
via GLUT4. A novel medication called
sitagliptin inhibits the Dipeptidyl Peptidase 4
(DPP4) enzyme. This enzyme, which is
located in the pancreatic Langerhans islets,
breaks down two substances known as
Glucagon-like  peptide-1  (GLP-1) and
Glucose-dependent  Insulin-tropic  Peptides
(GIP). GLP-1 and GIP boost insulin synthesis
and secretion. When sitagliptin inhibits the
DPP4 enzyme, more insulin is produced and
secreted, and the breakdown of GLP-1 and
GIP molecules takes longer (6).

There are few and infrequent human
research on the insulin signaling system and
the mechanism underlying these medications'
effects in adipose tissue. Thus, the current
study aims to demonstrate how two
medications, sitagliptin and metformin, affect
insulin resistance in human adipose tissue. It
also uses laboratory techniques to identify
issues with the insulin signaling pathway in
adipose tissue in order to enhance it. In order

176 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 17, NUMBER 3, AUTUMN 2025

(CC BY 4.0)


http://dx.doi.org/10.18502/ijdo.v17i3.19266
https://ijdo.ssu.ac.ir/article-1-966-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2025-08-01 ]

[ DOI: 10.18502/ijdo.v17i3.19266 |

Open Access

R. Didehdar et al.

to gain a better understanding of the
mechanism underlying insulin resistance, this
study uses human adipose tissue sampling to
investigate the simultaneous effects of
sitagliptin and metformin on elements of the
insulin signaling pathway.

Materials and methods

6 individuals with type 2 diabetes, 3 men
and 3 women, up to the age of forty, were
treated for three months with sitagliptin and
metformin concurrently; 4 of them-2 men and
2 women-returned following therapy. These
patients, known as "New Cases,” have not
taken any medicine and were just identified
based on a blood glucose test. Patients with
diabetes who are on insulin, tablets, or other
treatments have been removed. Since this
research is analytical in nature, the sample size
calculation procedure was conducted in
accordance with earlier (11).

Patients were given sitagliptin  and
metformin pills at the same time. 500 mg of
metformin hydrochloride, HEXAL Brand, is
manufactured in Germany (HEXAL AG) and
is taken twice a day, in the morning after
breakfast and in the evening after supper.
Sitagliptin: JANUVIA brand, 50 mg, twice
daily, after breakfast in the morning and after
supper in the evening, produced in England
under license to Merck.

Blood sample collection and processing

Prior to therapy, 10 ml of blood was drawn
in a tube devoid of anticoagulant. Samples of
blood were drawn and allowed to coagulate for
30 minutes. The clotted blood was centrifuged
at 2000 x g for 10 minutes at 4°C to extract
the serum.

Serum Biochemical Assessments

An auto-analyzer (Biosystems Model BA
400, Biosystems glucose kit) was used to
measure the subjects' serum glucose levels.
The Biosystems Model BA 400 auto-analyzer
was used to assess the subjects' serum TG, TC,
c-LDL, and c-HDL.

The ELISA technique and an insulin kit
(MONOBIND, Inc.) were used to measure the
participants' serum insulin levels. With a
TOSOH G8 HPLC Analyzer (Tosoh
Bioscience, Inc.), participants' blood HbAlc
was determined. The HOMA-IR (resistance
formula, insulin resistance) (7) was then used
to calculate the participants’ HbAlc. Patients
were deemed insulin resistant and kept in this
trial if their IR was more than 1.8-2. The
serum that was separated was kept at -80°C.

Adipose tissue biopsy procedure

In short, participants (8) had a piece of
subcutaneous adipose tissue removed by a
surgeon colleague of this work. The
participants were first given local anesthesia in
order to remove adipose tissue samples from
the subcutaneous region of the abdomen.
Then, using a knife and surgical scissors, the
surgeon sliced into the anesthetized abdomen
region of each subject to remove the
subcutaneous adipose tissue. Participants'
adipose tissue samples were put into a 50 mm
Falcon tube with a transfer media (9% saline,
PBS phosphate buffered saline).

Isolation of human adipocytes from
adipose tissue

Each participant's adipose tissue samples
were treated in order to isolate fatty
adipocytes. All of the following procedures
were carried out in a sterile environment under
the laminar hood. In order to accomplish this,
we used extremely sharp sterile scissors to cut
the adipose tissue sample in the plate into
pieces that were 1-2 cubic centimeters in size
until a papescent texture was achieved. Next,
we placed a filter inside a sterile laboratory
buffer and set the funnel on a Falcon tube; a
tissue sample to get rid of the fat and red blood
cell counts, we put the sliced fat in the filtered
funnel and then put it in the saline or PBS
buffer at room temperature.

After that, this specimen was weighed. A 50-
milliliter Falcon tube was filled with the
chopped tissue sample from the previous
stage, and three milliliters of collagenase
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solution (1 gram of collagenase powder in one
milliliter of solution, Gibco, Lot No. 1870848)
were added for every gram of tissue in order to
separate the adipocytes. To discover a mixture
with a watery consistency, we put the tube in a
shaker set to 37°C and 100 rpm for 90
minutes.

We monitored the level of digestion by
slowly rotating the tubes every fifteen minutes.
Cell culture medium was used to filter the
resultant mixture under a laminar hood in
order to separate the adipocyte cells from the
cell leftovers.

After treatment processes

Patients with diabetes returned to the Center
of Research-Therapy Diabetes of Yazd after
three months. Subcutaneous adipose tissue and
blood samples were obtained from patients
both before and after treatment. As in the pre-
treatment phase, all procedures were carried
out on the patients' adipose tissue samples at
this point, and the intended tests were
conducted on their serum. Likewise, we
conducted all procedures and testing for the
control group.

Western blot analysis

By using SDSPAGE and Western blot
techniques, the proteins IRS-1, PI3K, and
mTOR in the cellular extract of the
participants' adipose tissue were separated.
After hours at room temperature, a 5%
skimmed milk solution was used to block the
nitrocellulose membranes. Then, using Santa
Cruz Biotechnologies mice monoclonal

antibodies for each target protein, membranes
were treated with primary antibodies for an
entire night at 4°C. After cleaning the
membranes, we added chemiluminescence
substrate to them in Gel Doc (G: BOX,
Syngene), connected them to a computer, and
used Gene Snap Image Acquisition software
(Syngene) to image the protein bands.

Statistical analysis

Using non-parametric (Wilcoxon) tests in
SPSS version 17.0 and Graph Pad Prism 7.04
software,  respectively, we  evaluated
statistically significant rates among the
targeted categories. IMAGE J 1.50e software
was used to examine protein bands.

Ethical considerations

ID Code for Ethics: This paper, IR.SSU.
MEDICINE.REC.1396.54, was published on
July 18, 2017, by the Shahid Sadoughi
University of Medical Sciences, Yazd, Ethics
Committee. As of 2018-08-26, 1397/06/04, the
IRCT registration number is IRCT201710
18036870N2, and it was last updated on 2019-
02-06, 1397/11/17. Each participant completed
a questionnaire and gave their informed
consent.

Results

Clinical specifications of the participants
The participants mean age was 44 (£10.1)

years old. In Table 1, we provided clinical

criteria.

Table 1.Clinical characteristics of diabetic patients before and after combined sitagliptin—

metformin treatment

Characteristic

Before Treatment

Diabetic patients
After Treatment

(n=6) (N=4) P-value
BMI (Kg/m?) 33(x3) 33(4) 0.249
Serum glucose (mg/dl) 219 (+39) 150 (£29) 0.028
Serum insulin (pU/ml) 10.9 (x2.2) 6.3 (£1.5) 0.463
HOMA-IR 5.2 (x0.7) 2.4 (x0.7) 0.046
Serum triglyceride (mg/dl) 264 (+27) 205 (+17) 0.173
Serum cholesterol (mg/dl) 228 (+23) 216 (+05) 0.046
LDL-cholesterol (mg/dl) 134 (£04) 102 (+17) 0.075
HDL-cholesterol (mg/dl) 42 (+4) 45 (4) 0.345
HbAlc (%) 7.9 (£0.7) 5.4 (£0.5) 0.043
Values are mean + SEM, *P< 0.05, after treatment vs before treatment in diabetic participant
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When metformin and sitagliptin were taken
together, type 2 diabetic patients' fasting serum
glucose levels dropped after treatment
compared to before (P< 0.028), as did their
insulin levels (P< 0.043) and HOMA-IR levels
(P< 0.046). Additionally, their HbAlc levels
(P< 0.043) and total cholesterol levels (P<
0.046) decreased after treatment compared to
before treatment.

Effect of simultaneous metformin and
sitagliptin treatment on IRS-1, PI3K, m-
TOR contents (protein levels)

Following  simultaneous therapy  with
sitagliptin and metformin, the contents of IRS-
1 increased statistically significantly (P<
0.035) in comparison to pretreatment, the
levels of PI3K increased statistically
significantly (P< 0.043) in comparison to prior
therapy and the contents of mTOR increased
statistically significantly (P< 0.042) in
comparison to prior therapy.

Discussion

Due to the rise in adipose tissue signaling
insulin pathway proteins, IRS-1, PI3K, and
mTOR, the concurrent use of metformin and
sitagliptin  treatment was found to be
significantly helpful in lowering insulin
resistance. This result is consistent with prior
research (9). The use of metformin or
thiazolidinedione alone has not been shown to
significantly improve the activation of these
signaling components in the literature, and the
highest level of insulin stimulation has been
used in (9,10). A prior study found that in
NIDDM, thiazolidinedione and metformin
treatment together might dramatically boost
maximum and submaximal IR, atypical
protein kinase C (aPKC), IRS-1/PI3K, and
PKBp insulin signaling (11). Compared to
reports of earlier trials assessing the single use
of either medicine, the observed improvement
was more significant. Another trial found that
both monotherapy with either sitagliptin or
metformin and beginning treatment with a
combination of both medications resulted in
significant sustained glucose improvements;

type 2 diabetes individuals tolerated the
therapies well over a 104-week period (12).
Telmisartan and sitagliptin monotherapy or
dual treatment produced the best results,
activating PPAR-a in the liver with extended
incretin (13).

It was found that thiazolidinedione and
metformin treatment together enhanced aPKC
activation in diabetic muscles to the level of
enzyme-specific activity in healthy individuals
does not prove that aPKC's insulin actions are
entirely typical. According to the results,
thiazolidinedione-metformin treatment did not
raise muscle aPKC, and the lower total
activated aPKC may restrict glucose transport
in NIDDM' intact muscles (2,14).
Thiazolidinedione-metformin treatment could
significantly ~ restore  IRS-1/PI3K  and
PKBp/Akt2 activation, and it did not result in
lingering abnormalities in glucose disposal
after treatment, since PKBB/Akt2 and IRS-1
levels did not decrease in diabetics
(9,10,15,16). Following sitagliptin-metformin
treatment, alterations in diabetic adipose
tissues most likely reflect primary alterations
in the liver and muscle tissues. Insulin
signaling in adipose tissues is positively
impacted by both medications. The present
investigation reports improvements in insulin
resistance, which is generally indicated by
prevalent repairs in all assessed signaling
proteins.

Conclusion

Lastly, we must ascertain whether the blood
insulin level is corrected during sitagliptin-
metformin treatment since extremely high
insulin levels can raise hepatic lipids (17),
which may aid in the development of
atherosclerosis in NIDDM. In our study, HDL
cholesterol was not restored, but serum levels
of total cholesterol, glucose, triacylglycerol,
and LDL cholesterol dropped. Overall, long-
term trials of sitagliptin-metformin treatment
must assess changes in key metabolic and
clinical factors. Additionally, after short-term
combination sitagliptin-metformin treatment,
diabetic adipose tissues showed notable
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improvements in metabolic variables and
insulin signaling pathways, indicating the
effectiveness of treatment, particularly in the
early stages of NIDDM. Furthermore, the
study's findings might have been impacted by
variables like nutrition, exercise, and past drug
use. To avoid having an influence on the
findings of future study, it is advised that these
issues be investigated in subsequent studies.
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