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Abstract

Obesity causes structural and functional damage to various organs. Quercetin is a flavonoid and has potent antioxidant, anti-
apoptotic and anti-inflammatory effects in the body cells. This study aims to investigate the therapeutic effect of Quercetin on
the cardiac effect caused by obesity in rats with experimental obesity using biochemical and histological methods. In this study,
24 male Sprague Dawley rats were used. The rats were divided into three groups i.e., control, obese, and Quercetin-Obese. A
high-fat diet was administrated to the obese groups for 3 months, the other groups were fed with normal pellet forage. After
the formation of obesity, a 50 mg/kg dose of Quercetin was orally fed to the quercetin-obese and quercetin groups for 15 days.
At the end of study, all the animals were sacrificed by taking blood under anesthesia (sevoflurane), and their heart tissues were
taken. In the obtained serum samples, the levels of triglyceride (TG), cholesterol (CHOL), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and cardiac troponin-I (¢TnI) were measured by the auto-analyzer
device. The heart tissues were stained with Bax and Bcl-2 antibodies as immuno-histochemical. When the results of the analysis
were compared among the control and other groups, it was shown that obesity increased the levels of serum TG, CHOL, LDL-
C, and cTnl whereas quercetin administration had a decreasing effect on these parameters (P<0.05). It was determined that
the level of Serum HDL-C decreased in the obese group while quercetin administration increased the level of HDL-C (P<0.05).
The analysis of Bax and Bcl-2 immune reactive cells showed that the apoptotic cell density increased in the heart tissues of the
obese group while quercetin administration decreased the apoptotic cell density (P<0.05). This study shows that Quercetin
may have a therapeutic effect in avoiding cardiac injuries caused by obesity.
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Introduction

Obesity is defined as the excess of fat tissues or an
increase in body mass index, which is described as a
paradox that started in the 1980s and became an
epidemic worldwide. Obesity can cause various
complications such as heart failure, coronary heart
disease, type 2 diabetes mellitus, and hypertension in
humans [1,2]. One of the most significant risk factors of
obesity is heart failure and is one of the biggest life-
threatening health problems [3]. Previous studies
showed that obesity causes heart failure due to
myocardial damage, but the exact mechanism of
cardiac injury is not fully understood [4]. It has been
reported that the high levels of LDL-C and triglyceride
values and low levels of HDL-C play an essential role in
the formation of damage [5]. Troponin-I is a cardiac-
specific protein used as a specific marker in measuring
the extent of the injury [6]. To diagnose heart damage
or to determine whether the clinical signs are due to
researchers  have

cardiac recently

of

causes,
recommended high-sensitivity measurements

cardiac troponin-I in cardiac injury [7].

Quercetin is a flavonoid and has potent antioxidant,
anti-apoptotic and anti-inflammatory effects in the
body cells [8]. Quercetin is one of the most abundant
dietary flavonoids with extensive pharmacological and
antioxidant properties [9]. One of the pharmacological
properties of Quercetin is cardiac protection [10].
Among the essential cardiac protective properties are
anti-hypertensive and anti-atherogenic effects. In
addition, it prevents endothelial dysfunction and
protects the myocardium from ischemia [11]. It is
believed that its antioxidant property comes from its
ability to chelate Fe2+ and Cu2+ ions and its
scavenging feature of free radicals [12]. Besides,
previous studies have revealed the protective role of
inhibiting oxidative damage [13]. For this reason, this
study aimed to investigate the cardiac effects of

experimental obesity in rats and the role of Quercetin

in the prevention of obesity-mediated cardiac damage

by biochemical and histological methods.

Materials and Methods

Animal housing and procedure: This study used
24 adult male Sprague Dawley rats, 10-12 weeks old
(average weight of 200-250g), obtained from Atatiirk
University Medical Experimental Research and
Application Center. The study was approved by Atatiirk
University Experimental Animals Ethics Committee
(Decision No: 2022/52). The rats were kept in cages at
25 + 2 °C temperature, 60-65% humidity with 12-hour
light and 12-hour dark cycles, fed ad libitum. The cages
were cleaned daily and after one week of acclimation,
rats were randomly divided into four groups Control,

Obesity, Quercetin-Obesity, and Quercetin.

Obesity induction: The rats were fed a high-fat diet
(35 kcal% as fat) for the experimental model of obesity
for 120 days as reported in previous studies [14].
Control group animals were fed with a normal ad
libitum diet (10% kcal as fat). Bodyweight gain was
measured at the beginning of study and weekly
reviewed for obesity assessment, along with food
consumption. Rats that reached 8-20% weight gain
according to the initial weight determined as the
obesity criterion were accepted as obese. At the end of

study, non-obese rats were excluded from the study.

Quercetin treatment: In the period following the
onset of obesity (120 days later), quercetin and
quercetin-obese groups were administered orally at 50
mg/kg suspended Quercetin in 1 ml corn oil for 15 days.
The obese group was given 1 ml of corn oil orally for 15
days. At the end of the study, cardiac blood samples
were taken from all groups of rats under deep
anesthesia with sevoflurane (3%) and then were
sacrificed and their heart tissues were removed for

histological examination.

Biochemical analysis: To obtain sera samples, the

blood samples of rats were centrifuged at 1700 g for 8
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min. The serum samples were stored in the freezer at —
80 °C before they were serum enzyme analyses. The
serum samples were measured for the levels of
triglyceride (TG), cholesterol (CHOL), high-density
(HDL-C),

lipoprotein cholesterol (LDL-C), and cardiac troponin-

lipoprotein  cholesterol low-density
I (cTnl) by using the auto-analyzer (Beckman Coulter;

DXI 800 USA).

Histologic analysis: Obtained heart tissues were
fixed in 10% neutral formaldehyde for 72 hours and
then washed with tap water and overnighted. The
tissues were passed from the ascending alcohol series
and cleaned with xylene. The tissues were then
embedded in paraffin blocks and 5 um thick tissue cuts
were stained with Crossman modified Mallory’s Triple
staining. The tissue sections were examined in a

trinocular light microscope (Nikon Eclipse 501, Japan).

After

deparaffinized and dehydrating, the sections were left

Immunohistochemical staining:
in 3% hydrogen peroxide phosphate buffer solution
(PBS) at pH 7.4 for 20 minutes. Sections passed
through PBS were left in sodium citrate buffer (pH 6.0)
in a 600 W microwave oven to reveal antigenic
receptors.
Solution A (Invitrogen-Histostatin Plus Bulk Kit) for 8

Sections were incubated in Blocking

min. Then Bax (1/50 dilution, Abcam) and Bcl-2 (1/50
Abcam) primary (Abcam,
Ab183855) (1:500) were treated in sections for 1 hour

dilution, antibodies
at 37 Ce in the humidity chamber. After the sections
were left for 30 min in biotin secondary antibody,

Blocking Solution C (streptavidin peroxidase) was

added and they were gone for another 30 min. Then
diaminobenzidine (DAB) chromogen solution was
added and hematoxylin staining was applied for
contrast staining. Immunohistochemical examinations
were performed under a light microscope (Nikon
Eclipse 50i, Japan) and then photographs were taken.
Semiquantitative analyses for all groups investigated
the Bax and Bcl-2 immunoreactivity degree at the
cellular level. To estimate the immune reactive cell
count, staining intensity was measured using the
stereological optical fractionator method, as described

in detail in our previous studies [15,16].

Statistical analysis: The statistical significance
among groups was analyzed by one-way ANOVA
(Duncan post hoc test). The results were considered
statistically significant when p < o0.05. Data are

expressed as mean + Standard deviation (SD).

Results

Biochemical results: Serum TG, CHOL, LDL-C, and
c¢Tnl levels were increased in the obesity group
compared with the Control group (p<0.05), On the
other hand, these parameters were decreased in the
Obesity-Quercetin group compared with the Obesity
group (p<0.05). While it was determined that the
serum HDL-C level decreased in the obese group,
quercetin administration significantly increased the
HDL-C level (P<0.05).

Histologic analysis: Two specialists in histology
blindly evaluated the possible cardiac damages. The

lesions have been assessed as shown below. In the case

Table 1. Serum triglyceride (TG) cholesterol (CHOL), high-density lipoprotein (HDL-C), low-density lipoprotein (LDL-C), and

Cardiac Troponin-I (¢TnI) levels for all groups.

TG CHOL HDL-C LDL-C cTnl
Control 69.24+16.322  61.80+17.392 45.33+9.282 20.1743.642 6.28+1.752
Obesity 83.86+17.44>  77.75+15.38P 55.82+12.58P 27.44+6.85P 12.38+1.86P
Quercetin-Obesity 72.54+15.532  70.33+13.322 48.10+13.82 21.75+7.422 7.72+£2.622

The letters indicated the statistical differences in the column, P-value was accepted as 0.05. Data were analyzed with ANOVA (Duncan) test.
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Figure 1. [llustration of anti-Bax, anti-Bcl-2, and Crossman Modified Triple staining in the heart tissues for all

groups, My: myocardium, Cy: transverse area of cardiomyocyte, arrowhead: anti-Bax and anti-Bcl-2 immune

reactive cells, open arrows: PNML cells

of the study of cardiomyopathy, inflammation and
fibrosis have been assessed. In the examination of the
myocardium and subendocardial fibrosis. On the other
hand, these changes were considerably decreased in

Quercetin- Obesity group (Figure 1).

Stereological Immunohistochemical analysis:
In the stereological analysis of anti-Bax and anti-Bcl-2
immune reactive cells, Bax immune reactive cell
density was increased in the Obesity group while
decreased in the Quercetin-Obesity group (p<0.05).
Besides, Bcl-2 cell density was reduced in the Obesity
group compared with the Control group. However, it
increased in the Quercetin-Obesity group (p<o0.05).
The anti-Bax and anti-Bcl-2 immune reactive cell

densities and comparisons are seen in Table 2.

Table 2. Stereological evaluation of anti-Bax and anti-Bcl-2 positive

cells densities in the serially obtained heart tissue sections per 1000

ums2 area.
Groups Bax Bcl-2
Control 1,24+0,332  3,80+0,792
Obesity 3,86+0,04>  1,75+0,38P
Quercetin-Obesity 2,54+0,53¢  2,33+0,56°¢

The letters indicated the statistical differences in the column, P-value was
accepted as 0.05. Data were analyzed with ANOVA (Duncan) test.

Discussion

Quercetin is a flavonoid and its effects are currently
being investigated in the prevention of many tissue or
organ damages [17]. On the other hand, its anti-obese
and anti-apoptotic effects have been shown in previous

studies [18-21]. In the present study, a metabolic
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obesity rat model was created, and Quercetin was
administered at a dose of 50mg/kg which is in line with

previous studies [22].

The high-fat diet used in the present study was
sufficient intensity and duration to induce obesity in
rats. Also, previous research suggested that rats fed
with a high-fat diet for eight weeks caused obesity and
impaired hypertension, inflammation, dyslipidemia,
endothelial dysfunction, and cardiac fibrosis in the
heart [23,24]. These changes were closely similar to the
human metabolic syndrome. In the present study,
Serum TG, CHOL, LDL-C, and Trop-I levels were
increased and serum HDL-C level was decreased in the
obesity group. But Quercetin treatment reduced TG,
CHOL, LDL-C, and cTnl levels and increased the serum
HDL-C level in the obese rats.

In histopathologic evaluation, eosinophilic changes,
inflammatory cell infiltration, and fibrosis were
observed in the obesity group heart tissues. A previous
study reported the interstitial collagen deposition in
the left ventricle of the obesity group [25]. However,
other studies reported that did not find a histological
increase in cardiac collagen in a rat model of diet-
[26] Possible

mechanisms of collagen deposition are related to

induced obesity in rabbits [27].
inflammation and cell infiltration. Additionally, it has
been reported that the higher collagen deposition is
related to abnormalities in insulin metabolism [25].
Quercetin has an anti-inflammatory effect that
inhibited inflammation-mediated collagen deposition

and cardiac damage in obesity [28].

Increased apoptotic activity was determined in the
heart tissue in the case of obesity. Bax and Bcl-2
proteins are apoptosis-related proteins that determine
cell death. It has been reported that obesity-induced
apoptosis is shaped by lipid accumulation in the
endoplasmic reticulum in the cell [29]. In this study,
the levels of the proapoptotic member of the Bcl-2

family and the anti-apoptotic member of Bax were

investigated by immunohistochemical analysis. The
results showed that while the Bax level increased in the
obesity group, it decreased in the quercetin-obesity
group. It was determined that the Bcl-2 level decreased
in the obesity group and raised in the quercetin-obesity
group. Similar to us, previous studies reported the
cardioprotective effects of Quercetin in high-fat diet-

induced obesity [28,30, 31].

In conclusion, the present data provide scientific
evidence that Quercetin may provide protection against
cardiac damage and may reduce lipid accumulation
and inflammation in the heart tissue. Quercetin
contained multiple bioactive compounds which might

act synergistically to produce protective effects.
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