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ABSTRACT

INTRODUCTION: Type 2 diabetes mellitus (DM) contributes to cardiac failure through
oxidative stress and reduced expression of peroxisome proliferator-activated receptor-y
(PPAR-y). PPAR-y plays a protective role by enhancing metabolism and mitigating
oxidative stress. Quercetin has been shown to activate PPAR-y and reduce lipid
peroxidation. This study aims to evaluate the effects of combining quercetin with
glibenclamide on cardiac PPAR-y expression and lipid peroxidation in diabetic rats.
MATERIALS AND METHODS: This experimental study involved 25 paraffin-embedded
cardiac tissue samples from three-month-old Wistar rats, divided into five groups:
healthy control, diabetic control (placebo), diabetic with glibenclamide (5 mg/kg/day),
diabetic with quercetin (20 mg/kg/day), and diabetic with both glibenclamide and
quercetin. Treatments were administered orally for 4 weeks. Cardiac PPAR-y expression
assessed  via levels

was were

immunohistochemistry, and malondialdehyde
measured using the thiobarbituric acid reactive substances (TBARS) assay. RESULTS:
Both quercetin and glibenclamide monotherapies significantly increased cardiac
PPAR-y expression. However, the combination therapy further enhanced PPAR-y
expression compared to ecither treatment alone (p<0.05). Malondialdehyde levels
significantly decreased in all treated diabetic groups compared to the diabetic control,
with no significant difference between monotherapy and combination groups.
CONCLUSION: The combination of quercetin and glibenclamide enhances cardiac
PPAR-y expression more

effectively than monotherapy, while reducing lipid

peroxidation to a similar extent. This suggests potential synergistic benefits in

imim.v24103/2723 managing oxidative stress-related cardiac complications in type 2 DM.
INTRODUCTION

The global prevalence of diabetes mellitus (DM) among Diabetes mellitus causes multiple organ damage,
adults in 2021 reached 537 million.! This current dysfunction, and failure, such as eyes, kidneys, heart,

prevalence of DM may not reflect the actual phenomenon
the
nations.! The prevalence of DM is predicted to reach 783

in population due to data wvariation among
million in 2045, which may be caused by a higher
prevalence of obesity, higher popularity of high-calorie
food and beverages, and a higher prevalence of a
sedentary lifestyle.>* There are four types of DM, with
the vast majority of patients suffering from type 2 DM,

which reaches 95% of the total.!

IMJM Volume 24 No.3, July 2025

83

and blood vessel.> Type 2 diabetes mellitus is indicated by
hyperglycemia, peripheral resistance to insulin, and
damage on B pancreas cells.® Long-term hyperglycaemia in
is the main cause of diabetes

diabetes condition

complications.” Various complications occurring in

diabetes mellitus also may be caused by the dyslipidaemia
condition related to diabetic milieu. Diabetes mellitus
causes lipid metabolism disorders, which increase lipid

(MDA).

peroxidation and increase malondialdehyde



Increased MDA further increases the occurrence of
insulin resistance and oxidative stress.® The increasing
amount of glucose in the cell causes reactive oxygen
species (ROS) formation, which activates the polyol
pathway, advanced glycation end products (AGEs),
protein kinase C (PKC), and hexosamine pathway. The
increase in ROS is the result of imbalanced conditions
of production and scavenging performed by antioxidant
endogens, which directly or indirectly cause physiology
function disorders on cellular macromolecules, such
as DNA, protein, and lipids. Reactive oxygen species
also activate sensitive signal pathways toward stress.’
Moreover, excessive ROS production such as MDA
causes diabetes complication such as neuropathy and
Diabetes
can be done by decreasing ROS production. An example

cardiomyopathy.'0 complication prevention
of ROS production alleviation through a scavenging
mechanism performed by endogenous antioxidants is
the superoxide dismutase enzyme (SOD) which alters
the super-oxidant to be an unhazardous substance for

cells.!!

The important gene related to glucose and lipid

metabolism is  peroxisome proliferator-activated

receptor-y (PPAR-y). This gene is primarily expressed in

adipose cells, the liver, and muscles. In glucose
metabolism, PPAR-y increases the activity of insulin
receptor substrate (IRS-1) and glucose transporter

(GLUT)-4, and thus, insulin sensitivity improves.!2
PPAR-y increases lipid metabolism through inducing
lipoprotein lipase, decreasing leptin, and increasing

adipose cell differentiation.!3

Nowadays, the administration of oral hypoglycemic
agents is less effective in reducing oxidative stress
in a diabetic patient. Therefore, giving antioxidants such
as flavonoids plays an important role in DM therapy
to protect cells from damage induced by free radicals.
Quercetin is one of the flavonoid antioxidants. This
compound is found in some plants, such as garlic,
onion, green cabbage, apple, green tea leaf, and
red grape. Quercetin and other antioxidants have the
potential to prevent oxidative stress and thus prevent

complications.!41>
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Quercetin can increase the activity of antioxidant enzymes
such as SOD, glutathione peroxidase, and catalase because
they can increase the expression of nuclear factor
erythroid 2-related factor 2 (Ntf2) and have a protection
effect on the cardiac muscle and from damage caused by
oxidative stress.!%17 Hypoglycemic effect of quercetin can
be done through increasing phosphorylation of tyrosine
kinase, and thus, insulin activity increases.!® Quercetin
affects PPAR-y expression. Activated PPAR-y will bind
to Liver X receptors (LXRs) and prevent lipogenic
activity. Liver X receptors is a gene that triggers lipid
metabolism, including decreased lipid peroxidation and
MDA production, and the expression of lipogenic gene
through the gene transcription of sterol regulatory
(SREBP)-1c.1920 PPAR-y

increases insulin sensitivity and glucose removal by cells.

clement binding protein

Quercetin increases PPAR-y expression, thus increasing
by

This mechanism decreases the blood sugar level of a

insulin  sensitivity and glucose removal cells.
diabetic patient.2.22 Quercetin reduces malondialdehyde
in various tissues such as the cardiac, kidneys, and liver.23
Sulphonylureas such as glibenclamide and glimepiride
have been studied to increase the hormone adiponectin.
It is suspected that this effect is because sulphonylureas
directly or indirectly affect the PPAR-y expression
pathway.2* Glibenclamide also reduces oxidative stress
by reducing malondialdehyde and increasing reduced
glutathione (GSH) in various tissues.2> Quercetin is often
compared with diabetes mellitus drugs of choice, such
as glibenclamide and metformin, in terms of its effect
on reducing oxidative stress and improving condition
in diabetes mellitus. According to previous research,
quercetin can be combined with standard medicine for
DM therapy and is thought to have better effects.26
There has

and glibenclamide on the expression of PPAR-y and

been no research combining quercetin
malondialdehyde, including in cardiac tissue.

It of the

combination of quercetin and glibenclamide for DM

is important to investigate the effects
treatment by reducing oxidative stress and increasing the
expression of PPAR-y. It is necessary to investigate
whether combining quercetin with glibenclamide has

a synergistic or antagonistic effect. This research aims
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to investigate the effect of quercetin and glibenclamide
PPAR-y and MDA

diabetic rats. The result of this research gives a crucial

combination on in cardiac
contribution to an elaborate comprehensive understanding
of the usage of antioxidants in the treatment of diabetes

mellitus.

MATERIALS AND METHODS
Research Design

This study used the post-test only with a control design. It
was conducted at the Integrated Research Laboratory,

Universitas Islam Indonesia, from May to August 2020.

Population and Sample

The protocol of this study was approved by the
Ethical Comittee of Medical and Health Research
Faculty of Medicine Universitas Islam Indonesia, number
04/KaKom.Et/70/KE/XI1/2015. This research used
paraffin blocks of cardiac tissue of three-month-old

male Wistar rats weighing 150-250 grams.

The number of samples was calculated based on the

formula Federer:27

(n-1) (t-1) 215

n= the number of subjects in each group.
t= number of groups

(n-1) (5-1) 215= (n-1)X4215
(n-1)=215/4=n>375+1

n=475~5

Thus, the number of rats per group was five rats in
each group. This study used 25 rats randomly divided into
5 groups, each of which consisted of 5 rats (see Table I).
Diabetic conditions were induced using intra-peritoneally
streptozotocin (Sigma®) dosage 60 mg/kg, dissolved in
citrate buffer with pH 4.5, and nicotinamide (Sigma®)
dosage 120 mg/kg, dissolved in citrate buffer with
pH 4.5. One week after the induction, the rat’s fasting
blood sugar was examined using spectrophotometry.
Rats with fasting blood sugar of more than 126 mg/ dL
were considered diabetic rats and were involved in

the study. Treatment was given orally for 4 weeks.28:29
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Table I: The group description

Groups Description

K1
K2
K3
K4

Group of healthy rats without treatment

Group of diabetic rats given placebo/day

Group of diabetic rats given glibenclamide 5 mg/kg/day?’
Group of diabetic rats given quercetin 20 mg/kg/day

Group of diabetic rats given quercetin 20 mg/kg/day and

K5 glibenclamide 5 mg/kg/day

Histological analysis

After treatment, the rats were anesthetized using ketamine
1 mg/kg intramuscular and underwent euthanasia. A
surgical incision was performed at the thoracal area and
cardiac tissue was taken and then fixed in formalin 10%
for 3x 24 h. The tissue specimen was then dehydrated
with a serial alcohol solution, and then the tissue
was embedded in a paraffin block. The paraffin block
was sectioned off 5 mm thick and then processed in
3% hydrogen peroxide for 20 minutes at 24-25°C.
The
buffer with a pH of 6.0 in boiling water. The slides were

slides were then treated with 0.01 M citrate
then incubated with primary antibody anti-PPAR-Y
(Sigma®, catalog No. SAB4502262) and then left
overnight at room temperature. After that, the slides
were washed in PBS (phosphate-buffered saline) and
treated with streptavidin complex and chromogen
(diaminobenzidine). After the slides were counterstained
with hematoxylin, the slides were ready to be measured
for the expression level of PPAR-y. Cells that positively
expressed PPAR-y showed brown nuclei while cells with
negative expression showed blue nuclei. The PPAR-y
expression level was measured as percentage of positive
cells divided by all cells. PPAR-y percentage was
examined from 5 fields of view on each slide.® The
calculations were performed independently by two
individuals using a blinded method, and the results were

subsequently averaged.

MDA analysis

The cardiac wall was dissected and then rinsed with cold
saline. The tissue was then weighed and pushed between
filter papers. The tissue was homogenized in a cold
solution made from PBS and potassium phosphate 50
mM at pH 7.4. The homogenate was then centrifugated at
3,000 tpm at 4°C for 20 minutes, and then the
supernatant was taken to analysis. A 200 pl of 20% TCA



(trichloroacetic acid) and 400ul 0.67% thiobarbituric acid
were added into 400pL supernatant. The mixture was
then mixed with a vortex, heated for 50 minutes, and
cooled at room temperature. The absorbance of the
sample was measured at 532 nm, as a result was expressed

in nmol/g.30

Statistics

We ran statistical analyses using IBM SPSS Statistics
version 20.0 (SPSS Inc., Chicago, IL, USA). The normality

of the data was tested with Shapiro-Wilk. Normally
+

distributed data were presented as mean standard
deviation. The differences in PPAR-y expression levels
were analyzed using one-way ANOVA and post hoc LSD.
The differences in MDA levels were analyzed using

one-way ANOVA and post hoc LSD.

RESULTS

The weight and fasting blood glucose in this study
were eligible, so all rats were given complete treatment.
The MDA levels and PPAR-y expression level data
were normally distributed and had same vatriance, so
the data was tested using One-Way ANOVA. Figure 1
shows the cardiac muscles that express PPAR-y in the
nucleus of each group. Figure 2 shows the comparison of

PPAR-y expression percentage each group.

Figure 1. Representative photomicrograph of cardiac muscles each group. Cardiac muscle
cells” nuclei that express PPAR-y were stained brown (red arrow) while cardiac muscle cells’
nuclei that did not express PPAR-y were stained blue (green arrow). K1 (A): healthy rats,
K2 (B): diabetic rats, K3 (C): diabetic rats given glibenclamide 5 mg/kg/day, K4 (D):
diabetic rats given quercetin 20 mg/kg/day (D), and K5 (E): diabetic rats given quercetin 20
mg/kg/day and glibenclamide 5 mg/kg/day, 400X magnification.
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Figure 2: Comparison of PPAR-y expression percentage among groups. The X-axis
represents the groups, and the Y-axis represents the percentage of PPAR-y in heart muscle.
K5 expresses the highest PPAR-y, and K2 expresses the lowest PPAR-y. K3 and K4
express PPAR-y higher than K1. Tp < 0.05 compared with K2, *p<0.05 compared with K1,
# p<0.05 compared with K3, 1# p<0.05 compared with K4, ANOVA followed with LSD
analyses. K1: healthy rats, K2: diabetic rats, K3: diabetic rats given glibenclamide 5 mg/kg/
day, K4: diabetic rats given quercetin 20 mg/kg/day, and K5: diabetic rats given quercetin
20 mg/kg/day and glibenclamide 5 mg/kg/day.
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Figure 3: Comparison of MDA level among groups. The X-axis represents the groups, and
the Y-axis represents the MDA level (nmol/ml). Tp < 0.05 compared with K2, ANOVA
followed with LSD analyses. K1: healthy rats, K2: diabetic rats, K3: diabetic rats given
glibenclamide 5 mg/kg/day, K4: diabetic rats given quercetin 20 mg/kg/day, and K5:
diabetic rats given quercetin 20 mg/kg/day and glibenclamide 5 mg/kg/day.

Based on Figure 2, group K5 expresses the highest
PPAR-y, and group K2 expresses the lowest PPAR-y.
Group K3 and K4 express PPAR-y higher than K1.

Figure 3 shows a comparison of MDA levels among
groups, where group K2 shows the highest MDA level
and groups K3, K4, and K5 show higher MDA levels than
K1. Post hoc test reveals significant difference between
K2 and all other groups.

DISCUSSION

From the results, the untreated diabetic group showed
the highest cardiac tissue MDA level, representing a
high status of oxidative stress. This result is concomitant
with other research that reported elevated cardiac
myocytes’ MDA levels.3132 Previous tresearch reported
that mellitus  induces

diabetes lipid metabolism

dysfunction, and increases lipid peroxidation and

malondialdehyde.?? Oxidative stress plays a substantial role
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in the organ-targeted complications of diabetes. The
imbalance of redox status may be caused by the robust
production of free radicals and reduction of the
antioxidant system, which is detrimental to the cells and
may lead to cellular dysfunction and further cellular
injury.335

From this perspective, oxidative stress, chronic
inflammatory reaction, defects in glucolipid metabolism,
and reactive oxygen species (ROS) generation are
considered as the potential pathophysiological condition
underlying diabetic cardiomyopathy.3® Therefore, the
administration of antioxidants, which bring back the
(ROS)

accumulation and scavenging, can be a promising

balance between reactive oxygen species

candidate for cardiac myopathy treatment.3’

Our current research also reported that the administration
of glibenclamide reduces cardiac muscle cells MDA
level. This result is consistent with a previous study,
which reported that sulfonylurea, such as glibenclamide,
were shown to have antioxidant effects and reduce
MDA levels.?8 Conversely, a previous study reported that
glibenclamide produced no significant effects on TBARS
and antioxidant enzymes except GPx in diabetic rats.?
Another study reported that despite glibenclamide
reducing oxidative stress biomatkers in diabetic patients,
the level of antioxidant properties is still less than

metformin.2>

We reported that administering quercetin reduces cardiac

muscle cells MDA level. In previous studies, quercetin

was able to reduce oxidative stress, including
reducing MDA levels.'” We previously also reported
that quercetin improves cardiac cell damage and

attenuates diabetes-induced cardiac muscle cell fibrosis
via promoting the nuclear translocation of Nrf2 in cardiac
cells of diabetic rats.0:41

In this study, the combination of quercetin and
glibenclamide showed no difference in reduced MDA
levels capability as with each administration. However,
the authors have not found any research that measures
the effect of quercetin and glibenclamide combinations

on the MDA level. A previous study showed that
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combining quercetin and gliclazide (another sulphonylurea
agent) reduces oxidative stress by increasing superoxide
dismutase enzymes and GSH better than without
a combination, but no difference in MDA levels.
Both probably do not have agonistic or antagonistic

properties on MDA levels.*?

On PPAR-y expression level percentage measurement of
cardiac muscle cells, the lowest percentage of PPAR-yis
found in a group of diabetic rats given a placebo (K2),
and the highest percentage of PPAR-yis found in a
group of diabetic rats given quercetin 20 mg/kg/day (K4)
and glibenclamide dose 5 mg/kg/day combination. In
the diabetic rats group given a glibenclamide dose of
5 mg/kg/day, the PPAR-p percentage was significantly
increased. Gene PPAR-y bound to its ligands will
translocate from the cytoplasm to the nucleus and
become active. Those transcription factors have a role
in adipose cell differentiation and can trigger gene
expression, which involves fat metabolism. Previous
research showed that diabetes mellitus agents are ligands
for PPAR-y and can increase expression and activity of
PPAR-y, thus being profitable for patients of type 2 DM
because PPAR-y will improve fatty acid storage in adipose
tissues, thus improving muscle sensitivity toward insulin.*?
This condition is in line with the previous research that
sulphonylureas, such as glimepiride and glibenclamide,
can increase the transcription activity of PPAR-y because
they become the ligands.** Another research also reports
that sulphonylureas are an agonist for PPAR-y and
increase the transcriptional activity of PPARy.#5

In the group of diabetic rats given quercetin
20 mg/kg/day, the PPAR-y percentage significantly
increased. This finding aligns with the previous

research that quercetin can increase PPAR-y gene
expression because quercetin is a ligand for the PPAR-y
receptor. Therefore, quercetin can activate PPAR-.
Liu et al. reported that quercetin improved cardiac
damage induced by ischemia and reperfusion injury by
activating PPARy and probably inhibiting the NF-»B
(Nuclear factor kappa B) pathway.*¢ Another study
showed that quercetin can increase the activity of
Nrf2, which can form a complex heterodimer and

DNA along with PPAR-y. Therefore, quercetin can



indirectly activate PPAR-y.19 Previous research reported

that quercetin influences signal transduction and
intensifies the utilization of glucose by intervening in the
transportation of glucose and insulin-receptor signaling,
This function is similar to the effect of a PPAR-y

agonist.47

In the group of diabetic rats given a combination of
quercetin 20 mg/kg/day and glibenclamide 5 mg/kg/day,
PPAR-y percentage in the nucleus of cardiac muscle
cells significantly increased higher than both single
administrations of quercetin and glibenclamide. The
authors have not found any research that measures
the effect of quercetin and glibenclamide combinations
on PPAR-y expression. However, a previous study
reported that a combination of quercetin and pioglitazone
(thiazolidinedione, also known as PPAR-Y agonist) had
shown beneficial in inhibiting aortic tissue contraction
modulated by angiotensin-II in type-2 diabetic animals
induced by fructose and streptozotocin.®® Previous
research also showed that giving a combination of two
agonists of PPAR-y, such as fenofibrate combined
with pioglitazone, tends to give effects to three types
of PPAR-0,y,8.4 The limitation of this study is that no

dose variation was used.

CONCLUSION

Combining quercetin 20 mg/kg/day and glibenclamide
5 mg/kg/day increases cardiac muscle PPAR-y expression
better than no combination. The combination also
decreases cardiac tissue MDA levels compared to no
combination. From the conclusion, combining quercetin
and glibenclamide can be considered as DM therapy
to prevent cardiac damage. Further research involving
a longer duration and dose variation of treatment is
establish  the

combination

needed to effect of quercetin and

glibenclamide therapy in

preventing

myocardial complications from DM.
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