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ABSTRACT

Objective: The purpose of this study was to examine the protective effects of Myrtus communis L. (MC) extract on high fat-diet (HFD)
induced heart and aorta damage by evaluating oxidative stress and the endothelial nitric oxide system (eNOS).

Materials and Methods: Wistar albino male rats were divided into 3 groups (n=7) as control, HFD, and HFD+MC. Rats in HFD
and HFD+MC groups were HFD fed for 16 weeks and in the last 4 weeks saline or MC (100 mg/kg) was administered orally (5
days/week). Triglyceride, cholesterol, and high-density lipoprotein (HDL) were estimated in blood serum. Tissue oxidative stress and
inflammatory parameters were evaluated biochemically. Tissue morphologies, eNOS, inducible NOS (iNOS), and NADPH oxidase-2
(NOX-2)-immunopositive and apoptotic cells were evaluated histologically.

Results: Altered serum lipid profiles, degenerated heart, and aorta morphology, increased malondialdehyde, 8-hydroxy-2-
deoxyguanosine, tumor necrosis factor-alpha, monocyte chemoattractant protein-1 and myeloperoxidase levels, and iNOS, NOX-2
immunopositive and apoptotic cells, decreased NO levels, eNOS-immunopositive cells in both tissues were observed in HFD group.
All these parameters improved in the HFD+MC group.

Conclusion: This study revealed that HFD-induced obesity increased iNOS activation and oxidative stress in the cardiac and aortic

tissues of the rats. MC improved oxidant/antioxidant balance and prevented heart and aorta damage via eNOS involvement.
Keywords: High-fat diet, Obesity, Myrtus communis L. extract, Heart, Aorta

1. INTRODUCTION

Based on the World Health Organization (WHO) definition,
obesity is identified as excessive fat deposition that poses a
risk to health. Approximately 1.9 billion people globally are
overweight (Body mass index-MI>25 kg/m2) or obese (BMI=30
kg/m2). In many Western countries, one in every two people is
considered to be either overweight or obese [1, 2]. Studies have
shown that obesity can be caused by genetics, diet, environment,
living conditions, and other factors [3]. It has been observed
that cardiovascular diseases, atherosclerosis, Type 2 diabetes,
cancer, sleep disorder, osteoarthritis, and some other diseases
can develop as a result of obesity [4]. One of the main factors
leading to obesity is consuming foods with high fat [5].
Oxidative stress is defined as reactive oxygen species (ROS) that
cause lipid peroxidation and cellular damage in the organism
due to the deterioration of the balance between oxidant and
anti-oxidant systems in favor of oxidant systems [6]. It has been

shown that oxidative stress induced by obesity is shown as the
main mechanism responsible for obesity-related cardiovascular
risk [7].

Numerous studies have shown that a high-fat diet leads to an
increase in nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase-2 (NOX-2) and oxidative stress, which
provides the production of free oxygen radicals [8]. Excessive
amounts of ROS resulting from increased NOX-2 activation
in obesity lead to endothelial dysfunction and ultimately to
cardiovascular complications [9, 10]. It has been observed that
increased ROS species as a result of a high-fat diet (HFD) lead to
an increase in the synthesis of vascular constrictive factors while,
reducing the release of relaxant factors such as nitric oxide (NO),
which leads to endothelial dysfunction in the coronary arteries.
However, antioxidant treatment applied in obese animals
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prevented changes in NO metabolism and improved coronary
vascular response [10]. The development of hypertension
and atherosclerosis is the most common cardiovascular
complications that develop after endothelial dysfunction in
obese and diabetic individuals [11]. Increased oxidative stress
in the vessel wall stimulates the development of inflammation,
enhancing the expression of pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a), interleukin 6 (IL-6), and
chemoattractant molecules such as monocyte chemoattractant
protein-1 (MCP-1) [12, 13]. This results monocyte migration to
the endothelial region and monocytes become active secretory
macrophages. Endothelial dysfunction in obesity, a decrease
in endothelial nitric oxide synthase (eNOS) activity and NO
levels, also increase in inducible NOS (iNOS) activity, and
consequently in peroxynitrite formation are observed [14]. In
this case, vascular smooth muscle tissue deterioration occurs.

Herbal medicine including essential oils and flavonoids via
antioxidative and anti-inflammatory activity may have many
beneficial effects for many diseases associated with obesity,
including cardiovascular failures [7, 15]. Myrtus communis L.
subsp. communis (MC) is an aromatic plant commonly found
in the Mediterranean region and the Middle East [16]. It is
known to have anti-inflammatory, antihypertensive, antitussive,
antiallergic, antiemetic, and diuretic effects. It has beneficial
effects in experimental diabetes and hyperlipidemia [16, 17,
18]. Its ability to suppress inflammatory processes and scavenge
oxygen-free radicals suggests that it is suitable for improving
dysfunction in obesity [19]. Recent studies have shown that
MC extract has antioxidative and antiinflammatory effects on
experimental renovascular hypertension and obesity-induced
renal and bladder damage [17, 20].

Based on the studies, we purposed to study the possible protective
effects of MC on HFD-induced heart and aorta damage via
biochemical and histological analysis. Cholesterol, triglyceride,
and high-density lipoprotein (HDL) were measured in blood
serum. Oxidative parameters as malondialdehyde (MDA), NO,
8-hydroxy-2-deoxyguanosine (8-OhdG), and inflammatory
parameters as MCP-1, TNF-a, and myeloperoxidase (MPO)
levelsin heart and aorta tissues were measured using biochemical
techniques. Cardiac and aorta morphology, apoptotic cells,
eNOS, iNOS, and NOX-2-positive cells were evaluated using
histological and immunohistochemical methods.

2. MATERIALS and METHODS

Experimental animals

Wistar albino male rats (2-3 month-old) were kept individually in
alight — and temperature-controlled room on a 12-h/12-h light-
dark cycle and fed a standard pellet lab chow. All experimental
studies were allowed (23.2019.mar) by the Animal Care and Use
Committee of the Marmara University School of Medicine.

Plant materials and preparation of MC extract

The plant samples used in this study were collected from the city
of Manisa, (Turgutlu region). The samples were identified by a

botanist in Marmara University, Faculty of Pharmacy. Voucher
specimens were deposited in the Herbarium of Marmara
University, Faculty of Pharmacy (MARE: 13006). Briefly, leaves
of MC (100 g) were dried in the shade at room temperature. The
dried powdered leaves were extracted with 96% ethanol using
the Soxhlet device. After filtration, the extract was concentrated
to dryness using a rotary evaporator. The powder MC extract
obtained with a yield of 28.56% was kept in a dark glass bottle in
a refrigerator (4°C) until use [21].

Experimental groups

Rats were divided into 3 experimental groups (n=7, in each
group): 1) Control (C), 2) HFD, and 3) HFD+MC groups. A
standard diet was applied to the C group. Rats in HFD and the
HFD+MC groups were fed a high-fat diet for 16 weeks. MC
extract (100 mg/kg/day, dissolved in saline) was given orally by
gavage five days a week for the last month of the experiment
to the rats in the HFD+MC group [21]. The weight of rats was
measured weekly during the experiment. Rats were decapitated
under ether anesthesia and blood was obtained for evaluation
of lipid profiles. Heart and aorta samples were removed for
histological, immunohistochemical, and biochemical evaluation.

Measurement of triglyceride, cholesterol, and HDL levels in
blood serum

The serum concentration of triglyceride, cholesterol, and
HDL levels was determined using commercial enzyme-linked
immunosorbent assay (ELISA) kits (Biont Rat ELISA Kkit,
Shanghai, China). The results were given as mmol/L for total
cholesterol and ng/ml for triglyceride and HDL

Measurement of MDA, NO, 8-OHdG, MCP-1, TNF-« and
MPO levels in the heart and aortic tissues

At the end of the experiment, heart and aortic tissue samples
were collected and the levels of MDA, 8-OHdG, TNF-a, MCP-
1, and MPO were measured using the ELISA method. The
tissues were removed after decapitation, kept at — 20 °C, and
were brought to a temperature in the range of 2-8 ° C before
analyzing. A small amount of tissue samples was placed in a
tube, phosphate-buffered saline (PBS) (pH 7.4) was added to
10% homogenate, and the samples were centrifuged at 3000
rpm for about 20 minutes with the help of a homogenizer. Then,
the supernatants were collected and the commercial ELISA kit
procedures (Bioassay Technology Laboratory, Shanghai, China)
were applied. The absorbances were measured with the help of
an ELISA Reader at 450 nm and the absorbance-concentration
graph was drawn. NO levels were evaluated by measuring
levels of accumulated total nitrate in the tissue samples using
a commercial total nitric oxide assay kit (ENZO Life Sciences,
Lausen, Switzerland). A standard curve was generated ranging
from 0 to 100 uM using nitrate as standard and the total nitrate
concentration was measured as uM for each sample via the
calibration curve.
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Light microscopic preparation and histopathological
scoring

Tissue samples from the heart and aorta were removed and
fixed in a 10% formalin solution. Thereafter, tissue samples
were dehydrated with increasing alcohol series, cleared using
xylene, and embedded in paraffin at room temperature. Paraffin
sections (4 um-thick) of the heart and aorta were stained with
hematoxylin and eosin (H&E). Five similar areas in each section
were evaluated in the experimental groups. H&E stained heart
sections were scored semiquantitatively by a scale ranging from
0 to 3 (0, none; 1, mild; 2, moderate; and 3, severe) for each
criterion including inflammatory cell infiltration and disruption
of cardiomyocytes [22]. The aorta tissue damage was scored
semiquantitatively from 0 to 4 according to the disorganization
of the medial layer elastic network (0, none; 1, mild, only
external elastic lamina disrupted; 2, moderate, external elastic
lamina and outer medial layers degraded; 3, high, external
elastic lamina and medial elastic layers breakage; 4, severe, all
elastic layers breakage, and aortic rupture) [23]. The maximum
score was 6 for heart sections and 4 for aortic sections.

eNOS, iNOS, and NOX-2 immunohistochemistry

Antigen retrieval was applied by microwaving the slides in
citrate buffer (20 min) to the deparaffinized sections. Slides were
cooled at room temperature (20 min). Endogenous peroxidase
activity was blocked with 3% H,O, (10 min), and then slides were
washed in PBS. Blocking reagent (Histostain plus kit-Thermo
Scientific Massachusetts, USA) was added to each slide and
incubated (20 min) at room temperature in a humid chamber.
Tissue sections were incubated overnight at 4 °C with primary
rabbit polyclonal eNOS (1:300), iNOS (1:50), and NOX-2
(1:200) antibodies. The sections were washed in PBS three times
(5 min) and then incubated in secondary biotinylated goat anti-
rabbit antibodies (Novus, Abingdon, UK) at room temperature
(30 min). After washing with PBS, streptavidin peroxidase-
labeled reagent (Histostain-plus kit, Thermo Fisher Scientific,
Massachusetts, USA) was applied (30 min) at room temperature
in a humid chamber. Sections were incubated with 3, 3-
diaminobenzidine tetrahydrochloride dihydrate (DAB) (ScyTek
Laboratories Inc., Logan, UT, USA), and then slides were
counterstained with Mayer’s hematoxylin. After the dehydration
procedure, they were covered with entellan. In each section, 5
similar areas were photographed at 40x objective of the light
microscope. Staining intensity was evaluated by the Image ]
software (version 1.52a, Wayne Rasband, National Institutes of
Health, USA). Immunohistochemical staining confirmation was
performed using a negative control staining that was processed
without primary antibodies.

Terminal transferase-mediated dUTP-biotin Nick end
Labeling Method

The apoptotic cells were evaluated by terminal transferase-
mediated dUTP-biotin Nick end Labeling (TUNEL) according
to the manufacturer’s manual (ApopTag Plus, In Situ Apoptosis
Detection Kit, S7101, Millipore, Massachusetts, USA). The

procedure was as follows: every fifth paraffine section (a total of
five sections from each animal) was incubated with proteinase
K (5 min), washed with distilled water, and incubated with
3% H,0,in PBS (5 min). The sections were then washed with
PBS, put in the equilibrium buffer (30 min), and incubated in
recombinant terminal transferase TdT enzyme at 37 °C (1 h).
The sections were agitated in washing buffer (15 s), washed in
PBS, put into anti-digoxigenin conjugate (30 min), and then
washed with PBS. DAB was applied (5 min) and washed with
distilled water, stained with Mayer’s hematoxylin. After the
dehydration procedure, they were covered with entellan (Merck,
Darmstadt, Germany). In each section, five similar areas were
evaluated at the 40x objective of the light microscope.

All light microscopic sections were observed and photographed
with the digital camera (Olympus C-5060, Tokyo, Japan) of a
photomicroscope (Olympus BX51, Tokyo, Japan).

Statistical Analysis

Data were analyzed using one-way analysis of variance
(ANOVA). Differences between groups were determined with
Tukey’s multiple comparisons test, and the data were expressed
as mean * standard error of the mean (SEM). The significance of
differences was taken at the level of p < 0.05. Calculations were
performed using the Instant statistical analysis package (Prism
9.0 GraphPad Software, San Diego, CA, USA).

3. RESULTS

Body weight

The body weight of rats was not significantly different in the
first week of the experiments among the experimental groups
(268.40 +£3.71 g in the C group, 275.8 + 4.58 g in the HFD group,
and 260.6 + 3.58 g in the HFD+MC group). At the end of 16
weeks, the rats in the HED group showed the greatest increase in
body weight. The body weight of rats in the HFD group (409.3
+ 4.8 g; p<0.001) was significantly increased compared to the C
group (280.23 + 4.20 g) and decreased in the HFD+MC group
(337.3 £2.34 g: p<0.001) compared to the HFD group at the end
of the experiment. The body weight of rats was not significantly
different on the 16" week in the C and HFD+MC groups.

Triglyceride, cholesterol and HDL values

Serum triglyceride level was significantly increased in the HFD
group (p<0.001) compared to the C and HFD+MC groups,
while there was a significant decrease in the HFD+MC group
(p<0.01) compared to the HFD group. Also, cholesterol level was
significantly increased in the HFD group (p<0.001) compared
to the C and HFD+MC groups, while there was a significant
decrease in the HFD+MC group (p<0.01). However, HDL level
was significantly decreased in the HFD group compared to the
C and HFD+MC groups (p< 0.001) and this value significantly
increased in the HFD+MC group (p<0.05) compared to the
HED group (Figure 1).
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Figure 1. Triglyseride, cholesterol and HDL values in the experimental
groups. Serum triglyseride (A), cholesterol (B), HDL (C) levels are seen
in the experimental groups. ***: p<0.001 compared to C group, +: p<0.05
++: p<0.01 compared to HFD group.

MDA, 8-OHdG, TNF-a, MCP-1, NO, and MPO levels in the
heart and aorta tissues

Cardiac MDA (p<0.05), 8-OHdG (p <0.05), TNF-a (p<0.05),
MCP-1 (p<0.05), and MPO (p<0.01) levels were higher and NO
(p<0.05) level was lower in the HFD group than the C group.
However, MDA (p<0.05), 8-OHdG (p<0.05) TNF-a (p<0.05),
MCP-1 (p<0.05) and MPO (p <0.01) levels were lower and
NO level (p<0.05) was higher in the HFD+MC group when
compared to the HFD group in the heart homogenates.

Aortic MDA (p<0.01), 8-OHdG (p<0.01) TNF-a (p<0.01),
MCP-1 (p<0.01) and MPO (p<0.01) levels elevated and NO
(p<0.01) level reduced in the HFD group compared to the C
group. However, MDA (p <0.01), 8-OHdG (p<0.01), TNF-a
(p<0.01), MCP-1 (p<0.01), and MPO (p <0.01) levels elevated
and NO level (p<0.05) reduced in the HFD+MC group
compared to the HFD group in the aorta homogenates (Table I).

Histopathological findings

Normal heart morphology with regular cardiac muscle cells
was seen in the C group. Myocardial fiber disorganization
and degeneration of myofibrils in cardiomyocytes were seen
in the HFD group. All these histopathological parameters
were ameliorated in the HFD+MC group. The cardiac
histopathological score was significantly increased in the
HFD group (p<0.001) compared to the C group. However,
the histopathological score decreased in the HFD+MC group
(p<0.01) compared to the HFD group (Figure 2A-D). In the
aorta sections regular intima, media, and adventitia layers
were observed in the C group, thickened media layer with
disorganized elastin lamella was observed in the HFD group.
These structural changes were ameliorated in the HFD+MC
group. The histopathological score in the aorta was significantly
increased in the HFD group (p<0.01) compared to the C group.
On the other hand, the histopathological score decreased in the
HFD+MC group (p<0.01) compared to the HFD group (Figure
2A1-D1).

Table I. MDA, NO, 8-OHdG, TNF-a, MCP-1 levels, and MPO activity results in the homogenization of the heart and aorta homogenates

MDA 8-OHdG (ng/mg NO TNF-a (pg/mg MCP-1 MPO
(ng/mg protein) DNA) (1M) protein) (pg/ml) (Ulg)
HEART
C 98.48+2.72 12.7240.65 42.45+6.89 331.6+20.66 378.3+36.10 0.458+0.04
HED 122.05+1.26* 14.7242.26* 38.64+10.82* 425.74+11.40* 480.8+18.48* 0.556+0.03**
HFD+MC 110.42+3.32* 10.27£0.65 * 40.36+3.22* 406.60+8.95* 422.66+22.10* 0.461+0.06*"
AORTA
C 116.67+3.80 11.38£1.35 46.52£3.06 212.10+33.36 292.70+30.30 0.412+0.07
HFD 138.16+4.64** 12.08+1.01** 38.70+£16.07* 353+11.55** 440.80+7.45%* 0.458+0.04**
HFD+MC 122.82+£2.38 ** 8.929+0.86" 40.73£5.26*" 254.3+47.34* 358.20+53.96** 0.435+0.02**

* p<0.05, *: p<0.01 compared to C group, +: p<0.05 ++: p<0.01 compared to HFD group. MDA: Malondialdehyde, NO: Nitric oxid, 8-OHdG: 8-Hydroxy-2-
deoxyguanosine, TNF-a: Tumor necrosis factor-alpha, MCP-1: Monocyte chemoattractant protein-1, MPO: Myeloperoxidase, C: control, HFD: High fat-diet, HFD+MC:

High fat-diet+ Myrtus communis L.
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Figure 2. Representative photomicrographs of H&E-stained cardiac
(A-C) and aortic (AI1-C1) tissues, cardiac (D) and aortic (D1) damage
scores in the experimental groups. Normal cardiac morphology with
cardiomyocytes are seen in the C (A) group. Degenerated cardiomyocytes
with irregular arrangement of myofibrils (arrow) are seen in the HFD
group (B). Regular cardiomyocytes (*) and decreased degenerated
cardiomyocytes are seen in the HFD+MC group (C). Normal morphology
of aortic wall with tunica intima, tunica media, and tunica adventitia
are seen in the C (A1), HFD+MC (C1) groups. Irregular arrangement of
elastin lamella and accumulation of eosinophilic material (*) in media
region are seen in the HFD group (B1). **: p<0.01, ***: p<0.001 compared
to the C group; ++: p<0.01 compared to the HFD group. Scale bar: 50 um.

eNOS, iNOS, and NOX-2 immunohistochemistry results

Brown-colored eNOS, iNOS, and NOX-2 immunopositive cells were
observed in the heart and aortic tissues (Figures 3 and 4). eNOS -
immunoreactivity (ir) was decreased in the heart and aorta tissues
of the HFD group (p<0.05) compared to the C group. There was an
increase in the eNOS-ir in the HFD+MC group (p<0.05) compared
to the HFD group in both heart and aortic tissues (Figure 3A-3D,
4A-4D). However, iNOS-ir was increased in both tissues of the
HFD group (p<0.01) compared to the C group. This value of heart
and aortic tissues decreased in the HFD+MC group (p<0.05) when
compared to the HFD group (Figure 3A1-D1,4A1-D1). Additionally,
NOX-2-ir of heart and aortic tissues increased in the HFD group
(p<0.01) when compared to the C group. There was a decrease in the
NOX-2-ir in the HED+MC group (p<0.05) compared to the HFD
group in both tissues (Figure 3A2-D2, 4A2-D2).

iNOS-ir percentage (%)
NOX-2ir percentage (%)

ENOS-ir percentage (%)

HED  HFDIVMC

© HFD HFDIMC 3

D2

=]
.
o
§
H
E
£
=]
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Figure 3. Representative photomicrographs of eNOS (A-C), iNOS (A1-C1) and
NOX-2 (A2-C2) immunostained cardiac tissue; percentage (%) of eNOS-ir (D),
iNOS-ir (D1) and NOX-2-ir (D2) in the experimental groups. Arrow: eNOS,
iNOS and NOX-2 immunopositive cells in control (A, Al, A2), HFD (B, Bl,
B2) and HFD+MC (C, CI and C2) groups. *: p<0.05, **: p<0.01 compared to C
group; +: p<0.05 compared to the HED group. Scale bar: 50 ym.
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Figure 4. Representative photomicrographs of eNOS (A-C), iNOS (A1-C1) and
NOX-2 (A2-C2) immunostained aortic tissue; percentage (%) of eNOS-ir (D),
iNOS-ir (D1) and NOX-2-ir (D2) in the experimental groups. Arrow: eNOS,
iNOS and NOX-2 immunopositive cells in control (A, A1, A2), HFD (B, B1, B2)
and HFD+MC (C, C1 and C2) groups. *: p<0.05, **: p<0.01 compared to the C
group; +: p<0.05 compared to the HFD group. Scale bar: 50 yum.
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TUNEL method results

TUNEL-positive cells were seen as dark brown in color in the
cardiac and aortic tissues of the experimental groups (Figure 5).
However, the number of TUNEL-positive cells and apoptotic
index were higher in both the cardiac and aortic tissues of
the HFD group (p<0.01) when compared to the C group.
Additionally, there was a decrease in the number of TUNEL-
positive cells and apoptotic index in both the heart and aorta
tissues of the HFD+MC group (p<0.05) when compared to the
HED group (Figure 5).

Apoptotic index (%)
Apoptotic index (%)

D1

Figure 5. Representative photomicrographs of TUNEL stained cardiac (A-
C) and aortic (A1-C1) tissues and cardiac (D) and aortic (D1) apoptotic
index in the experimental groups. Arrow: TUNEL positive cells in HFD (B,
B1) and HFD+MC (C, C1) groups. **: p<0.01 compared to the C group, +:
Pp<0.05 ++: p<0.01 compared to the HFD group. Scale bar: 20 um.

4. DISCUSSION

In the present study, the ameliorating effects of MC treatment
on HFD-induced heart and aorta damage were evaluated by
biochemical, histological, and immunohistochemical methods.
This study demonstrated that HFD-induced obesity increased
triglyceride, and cholesterol levels and decreased HDL levels
in blood serum. Oxidative stress and inflammatory parameters
including MDA and 8-OHdG levels and TNF-a, MCP-1, and

MPO levels increased and NO levels decreased in the HFD group.
Parallel with biochemical parameters, degenerated cardiac and
aorta morphology, increased apoptotic, iNOS, and NOX-2
immunopositive cells, and decreased eNOS immunopositive
cells were present in the HFD group. All these biochemical,
histological, and immunohistochemical parameters improved
in MC treated HFD group.

Previous animal and human studies have shown that HFD
significantly increased body weight and oxidative stress has an
important role in obesity and weight loss [7, 13]. For this reason,
there are many studies on antioxidant treatments. It has been
reported that MC extract has antiobesity effects [15, 24]. The
present study showed that MC treatment reduces the body
weight in HFD-induced obese rats. Also, previous studies have
demonstrated significant alterations in lipid profiles such as an
increase in serum triglyceride and cholesterol and a decrease in
HDL levels in obese animals [7, 17]. MC treatment ameliorate
biochemical alterations significantly and prevented dyslipidemia
in HFD-induced obese rats [17]. Parallel to these findings, our
study revealed an increase in triglyceride and cholesterol levels
and a decrease in HDL levels in the blood serum, and MC
treatment reversed these alterations.

Obesity is known to trigger cardiovascular diseases with
the increased production of ROS [7, 8, 12]. In recent studies
on obesity and the cardiovascular system, it revealed that
cardiovascular dysfunction is often in regions where obesity is
common [1]. Previous studies have reported that oxidative stress
plays a key role in cardiovascular diseases [1, 7, 14]. One of the
main factors of obesity formation is the consumption of foods
with high-fat content. HFD increases oxidative stress formation
due to the production of superoxide anions [25]. Obesity causes
deterioration of the morphology in the heart via the inflammatory
cell infiltration, diffuse fibrosis and collagen deposition, also
leading to disruption of the structure of the endothelial cells in
the vessels, resulting in endothelial dysfunction [26].

In recent years the use of plant derived antioxidants have been
increased in research studies for the treatment and prevention
of many diseases including cardiovascular diseases [27, 28].
Previous studies have shown that MC have, antiobesity,
antioxidative, antiinflammatory, antiapoptotic effects against
oxidative stress in various animal models. As a result of the
researches, the effects of the aerial parts, leaves, fruits and
essential oil of MC are revealed [15, 16]. Semi-myrtucommulone
and myrtucommulone-A are the compounds of MC and their
antiatherogenic effects are reported [29, 30]. However, there are
few studies on the effect of MC treatment on obesity or body
weight, heart and aorta studies are limited in the literature.

NO has an essential role in the continuation of cardiovascular
homeostasis via protective effects against vascular injury,
inflammation and thrombosis [13]. NO inhibits the adhesion of
leukocytes to the endothelium, keeps vascular smooth muscle
cells in a nonproliferative position, and limits the platelet
aggregation [31, 32]. Common cardiovascular risk factors, such
as hipertension and obesity impair the protective function of the
endothelium [33]. Previous studies have shown that HFD induced
obesity decreases eNOS activity and increases both NO levels and
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iNOS activity by the excessive ROS production [13, 34]. In our
study, we revealed a decrease in eNOS-ir cells and NO levels,
and an increase in iNOS-ir cells in both heart and aorta in HFD
induced obese rats. MC treatment ameliorated these NO levels,
eNOS-ir and iNOS-ir in both heart and aorta tissues.

HFD increases the production of ROS and induces the
pathological changes in tissues [35]. MDA is the key indicator
of lipid peroxidation and it was reported that MDA levels
increased in the HFD induced obesity [15, 17, 21]. Previous
studies revealed that antioxidant agents decreased MDA levels
in HFD induced obesity [18, 36, 37]. Similar to these studies,
we observed increased MDA levels in HFD group and MC
treatment ameliorated the alterations in both heart and aorta.
Previous studies have shown that the main source of ROS
is NOX-2, because activated NOX-2 transports electrons
to oxygen causes the formation of superoxide anions [37].
Inhibition of this enzyme may play a role in protecting organs
against oxidative damage [38]. Nutrition with a high-fat diet
leads to the activation of NOX-2, which leads to the production
of superoxide anions, and consequently to the increase of
oxidative stress. NOX-2 is a major source of endothelial reactive
oxygen species and expressed in the vessel in endothelial
cells, adventitic fibroblasts and a smaller amount of smooth
muscle cells. Excess oxygen radicals produced by NOX-2 cause
endothelial dysfunction and cause vascular complications [39].
In our study we observed that HFD increased the number of
NOX-2 immunopositive cells and MC treatment decreased the
number of NOX-2 immunopositive cells.

Obesity increases ROS production and causes increased
expression of proinflammatory cytokines such as TNF-q,
MCP-1, and IL-6. Therefore, obesity is considered a chronic
inflammatory disease [40]. In our study, HFD induced obesity
increased inflammation-related markers via increasing ROS
and detoriating anti-oxidant defense. TNF-a and MCP-1
levels increased in both heart and aorta tissues in HFD group,
and it revealed that HFD induced damages were associated
with inflammation. MC treatment ameliorated the levels of
inflammatory markers including TNF-a and MCP-1, in both
heart and aorta tissues.

Oxidative stress also affects the regulation of proliferation and
apoptosis in the tissue. Thus, HFD induced oxidative stress
causes an increase in apoptotic cell numbers in the heart and
aorta. As it is well known, the alterations of apoptosis have
been involved in pathology of the many diseases such as
cardiovascular diseases [41]. In the present study, TUNEL
positive cells counted and apoptotic index were used to evaluate
apoptotic cells. The number of apoptotic cardiomyosites and
endothelial and smooth muscle cells in aorta were the highest
in the HED. Increased apoptosis may be a consequence of HFD
induced oxidative stress. MC treatment decreased apoptotic
cells in both hearth and aorta via the strong antioxidative and
antiinflammatory effects.

The increased ROS formation induced by a HFD may result
in oxidation of both lipids and nucleic acids as well. Extensive
oxidative damage interferes with replication and transcription,
resulting in genetic instability and an increased mutations.

Evaluation of the severity of oxidative damage to DNA
commonly involves determination of the content of 8-OHdG
which is an oxidized form of guanine [42]. 8-OHdG, is a
marker of DNA damage which is formed by ROS in damaged
tissue. Previous studies have shown that HFD induced obesity
increases 8-OHdG in many tissues [43]. Moreover, it has been
shown that HFD increased the number of apoptotic cells in the
heart and aorta [44, 45]. In HFD induced obese rats, MC has
been shown to increase anti-oxidant activity, reduce apoptosis
and ameliorated the histopathological alterations [17, 18]. A
previous study suggested that polyphenolic compounds have
an important protective effect against cardiovascular diseases
(46). LC-MS/MS analysis of MC ethanol extract in another
previous study showed that the extract contained polyphenolic
compounds such as myricetin hexoside, myricetin rhamnoside,
ellagic acid, quercetin rhamnoside, myricetin, trihydroxy
cinnamic acid derivative, cafeic acid derivative and sinapinic
acid derivative [20]. In a previous study, it was found that MC
extract had high total phenol content (368,68 mg/g extract as
gallic acid equivalent) and total flavonoid (111,35 mg/g extract
as catechine equivalent) with signifcant in vitro antioxidant
activity [21]. Therefore, polyphenolic compunds in extract
could be responsible for the curative effect of MC extract on
HED induced heart and aorta damage.

Parallel to these findings, an increase in 8-OHdG level and
apoptotic activity in the heart and aorta tissues in the HFD
group has been observed in our study. However, MC treatment
reduced apoptotic activity and 8-OHdG level in both the heart
and aorta tissues. MC extract amelioriated HFD-induced heart
and aorta damage via inhibition of apoptotic activity. In this
study it has been shown that MC extract might have antioxidant
and antiapoptotic function in the heart and aorta tissue.

Conclusion

In conclusion, the present study revealed that HFD-induced
obesity caused alteration in lipid profiles, histopathologic damage
in the heart and aorta tissues by increased oxidative stress,
NOX-2-ir and iNOS-ir, reduced NO activity. MC treatment has
potent antioxidant, anti-inflammatory and antiapoptotic effects,
it might ameliorate HFD induced cardiovascular damage via
inhibiting the oxidative stress and regulating NO metabolism.
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