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ABSTRACT

Objective: The objective of this research was to determine the atheroprotective effect of Solanum betaceum ethanol extract toward carotid artery
intima-media thickness (cIMT) and the level of malondialdehyde (MDA) on rats exposed to cigarette smoke.

Methods: Thirty adult Rattus norvegicus strain Wistar were divided into five groups and exposed to cigarette smoke, 3 pc cigarette/day and
simultaneously administered with S. betaceum in Group K2, K3, and K4 (100 mg/kg b.w/day; 200 mg/kg b.w/day; and 400 mg/kg b.w/day),
respectively. The duration of treatment for all groups was 28 days. Blood was withdrawn from the cardiac to determine the MDA level. Histological
slide from carotid artery intima-media was collected to determine cIMT.

Results: S. betaceum ethanol extract administration could significantly prevent the development of atherosclerosis due to oxidative stress by
decreasing the level of MDA (p<0.05) and reducing the degree of cIMT changes (p<0.05).

Conclusion: The present study found that S. betaceum ethanol extract could prevent the development of atherosclerosis due to smoke exposure
through the reduction of the MDA level, i.e., the marker of oxidative stress, which is associated with the reduced of cIMT changes. However, further
studies on other bioactivity of S. betaceum as an antioxidant are warranted.
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INTRODUCTION

Cardiovascular disease (CVD) is the primary cause of death in both
developed and developing country. Coronary artery disease occurs
in as much 42% of males and 25% of females, with an even higher
percentage in people with other complications. It is estimated that until
2030, as much as 23.3 million people will die due to CVD [1,2]. One of
the main causes of this disease is oxidative stress, which is an imbalance
between oxidants and antioxidants inside the body [3]. Evidence shows
that oxidative stress plays a significant role in the pathogenesis and
development of CVD, among them being atherosclerosis [3,4].

Atherosclerosis is a systemic disease responsible for most incidences
of CVD s and stroke [5]. Atherosclerosis is a complex phenomenon that
is the main cause of coronary artery disease, which can be illustrated
an excess of fibro-fatty substance, or the accumulation of atheroma
plaques, is an inflammatory response toward arterial wall damage [6,7].
Exposure to cigarette smoke is one of the main risk factors toward the
early development of atherosclerosis and other CVD complications.
Several main components of cigarette smoke are nicotine, tar, and
carbon monoxide. These substances also have a negative influence on
the body, both for the respiratory and the cardiovascular system [8].
Cigarette smoke also contains some free radicals. These free radicals
can initiate the development of reactive oxygen species (ROS), which
are reactive molecules that are constantly formed by the enzymatic
reactions within the body [9,10]. When the level of ROS increases
past that of the body’s antioxidant defense system, oxidative stress
occurs [9,10]. Oxidative stress creates substances that can cause
cytotoxicity in the endothelial cells and smooth muscles of the blood

vessel, which includes several variations of aldehyde, one of which is
malondialdehyde (MDA) [11,12].

Oxidative stress is reported to have a significant role in the initiation
and development of atherosclerosis by stimulating the production
of inflammatory factors and cytokines [13]. Atherosclerosis is
characterized by the weakening of the vessel walls, inflammatory
response, the formation of foam cell plaques, and the formation
of blood clots. The oxidative stress process causes endothelial
dysfunction, and on the other hand, endothelial dysfunction increases
the state of constant oxidative stress, thus causing the development of
atherosclerosis [4].

This alteration of the endothelial function plays an important role in
the pathophysiology of atherosclerosis [14]. A published research on
the topic has managed to prove the presence of foam cells in the blood
vessels, from the tunica intima to the tunica media in the aorta of rats
that have been exposed to cigarette smoke for 20-30 days [15]. The early
phase of atherosclerosis is alteration response of medial cells that can be
assessed by carotid artery intima-media thickness (cIMT) measurement,
and later stages are the generation of carotid plaques [14]. Measurement
of the intima-media thickness (IMT) of the common carotid artery is an
early morphological marker for the occurrence of atherosclerosis [5].
IMT is an indicator of atherosclerosis risk factors and the treatment
given to reduce the influence of those risk factors [11,14,16].

The consumption of vegetable-based food is also linked to a low risk
of CVD and hypertension. These last decades, several researches have
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focused on secondary metabolic substances of plants, for example,
flavonoid, as a substance that may help prevent CVD s [17,18]. Tamarillo
(Solanum betaceum), which is also known in Indonesian as Terong
belanda is a plant originating from the Solanaceae family. A majority of
our citizens are not familiar with Tamarillo, often preferring eggplants
as their daily vegetable of choice. Prior researches have shown that
S. betaceum has a neuroprotective effect. The phytochemical component
reported to be present in S. betaceum includes flavonoid, tannin, and
terpenoid [19].

This research was done to analyze the atheroprotective effects
of S. betaceum ethanol extract, measured through observed
histopathological changes of the cIMT and oxidative stress parameters
measured through the presence of MDA, as a possible early preventative
measure against CVD due to cigarette smoke exposure.

METHODS

Experimental design

The present study was carried out in accordance with the guidelines
of Ethical Clearance provided by the Animal Care and Use Committee,
Veterinary Faculty of Airlangga University with certificate number
742-KE. This experimental study used Rattus norvegicus strain
Wistar (3 months old, £180 g) in a healthy condition. The animals
were divided into five groups and acclimatized to the laboratory
conditions and maintained under 12 h light and dark cycles at
room temperature. The animals received a standard diet and water
ad libitum: K Negative control group, K;: Positive control group
(smoke exposure), K,: Treatment Group 1 (smoke exposure and ethanol
extract of S. betaceum 100 mg/BW) [20], K,: Treatment Group 2 (smoke
exposure and ethanol extract of S. betaceum 200 mg/kgBW) [20],
and K,: Treatment Group 3 (smoke exposure and ethanol extract of
S. betaceum 400 mg/kgBW) [20].

The measurement of carotid artery IMT (cIMT)

Carotid artery tissue that has been isolated is fixated with
formalin 10%. It is then made into a histologic slide and treated
with Hematoxylin Eosin (H&E) coloring. Observation is done
with an Olympus microscope, with x100. The IMT is evaluated
by measuring the tunica intima and media from the innermost
endothelial boundary to the outermost tunica media using the
cellSens software.

The measurement of malondialdehyde levels (MDA)
MDA level is obtained from the serum of R. norvegicus rats, Wistar
strain, and is calculated with the thiobarbituric acid reactive substance
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method, and observed with a spectrophotometer at a wavelength of
529 nm, measured in nmol/ml [21]. Level of MDA was obtained from
Zeptometrix, Buffalo, New York, USA, with Cat No.0801192.

The preparation of S. betaceum ethanol extract

S. betaceum was purchased from farmland in Wonosobo, Central
Java, Indonesia, and identified from Indonesian Institute of Science.
S. betaceum was dried by fresh dryer. Dry powder was extracted
by maceration using ethanol solvent for 3 x 24 h 3 times at room
temperature. The ethanol extract of S. betaceum was added to the
treatment diet in the form of a suspension using 1% CMC with a dose of
2 ml/200 g b.w. S. betaceum extract was simultaneously administered
to the treatment group before exposure to cigarette smoke during the
experiment.

Cigarette smoke exposure

Exposure of cigarette smoke in experimental animals was given to
groups K1, K2, K3, and K4 by 3 pc cigarettes per day for 28 days, at
6.00 p.m. The exposure system consisted of a glass box with two holes;
several holes to insert cigarette smoke and other holes to remove
cigarette smoke. A 50 cc syringe is pulled out to suck the cigarette
placed on the iron pipe, so the cigarette smoke entered the syringe. The
process of pumping 50 cc syringe is done repeatedly until the cigarette
burned out. Locally available brand of cigarette, manufactured in
Surabaya, East Java, Indonesia, was used in this study.

Statistical analysis

The statistical analysis was performed by one-way ANOVA and Kruskal-
Wallis test. The statistical significance between groups was assessed by
the least significant difference (LSD) and Mann-Whitney U-test with
p<0.05. Data analysis was used by SPSS ver.23.

RESULTS AND DISCUSSION

The average result of cIMT measurement in control and experimental
animals are summarized in Table 1 and Fig. 1a. A significant increase
(p<0.05) in cIMT was observed in Group K1 (rats exposed to cigarette
smoke) when compared to Group KO (control group rats). S. betaceum-
administered rats (Group K2, K3, and K4) showed a significant decrease
in their cIMT (p<0.05) compared to Group K1 rats, which shows the
atheroprotective effect of the substance against cigarette smoke exposure.

The level of MDA was observed by TBARC method from the serum. The
level of MDA in the different groups is shown in Table 2 and Fig. 1b.
A significant increase (p<0.05) in MDA levels was observed in Group K1
(rats exposed to cigarette smoke) when compared to rats belonging to

Table 1: Mean, standard deviation, and ANOVA test of carotid artery intima-media thickness of rats control and treatment groups eme

Variable Group* SI ANOVA
KO K1 K2 K3 K4
cIMT 32.76+5.06° 46.77+5.41%4 38.18+5.17°¢ 40.09+2.432d 41.05+10.58¢ um 0.024*

*Significantly with p<0.05, #*Mean+SD, **<“Different superscript means significant between groups. cIMT: Carotid artery intima-media thickness, SD: Standard deviation,

SI: System International of unit
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Fig. 1: (a) Average degree of cIMT among experimental groups, (b) level of malondialdehyde among experimental groups. KO = negative
control group, K1 = positive control group, K2 = treatment Group 1, K3 = treatment Group 2, K4 = treatment Group 3
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Table 2: Mean, median, minimum, maximum, and Kruskal-Wallis test of malondialdehyde of rats control and treatment groups

Variable Categori Group SI Kruskal-Wallis
KO K1 K2 K3 K4
MDA Mean 1.832 5.86" 2.46° 3.41P¢ 3.55¢ nmol/ml 0.002*
Median 1.80 6.86 2.33 2.96 2.33
Minimum 1.52 2.78 2.09 1.98 1.98
Maximum 2.21 8.06 3.13 5.31 6.45

*Significantly with p<0.05, **<Different superscript means significant between groups. MDA: Malondialdehyde, SI: System International of unit

Fig. 2: Histochemistry of carotid artery intima-media thickness

Group KO. Rats belonging to S. betaceum - administered groups (i.e., K2,
K3, and K4), exhibited a decrease in their MDA levels when compared
to Group K1. This shows the antioxidant effect of S. betaceum against
cigarette smoke exposure.

The histochemistry of the carotid artery sample was used to evaluate
cIMT. The IMT of the common carotid artery is an early morphological
marker for the occurrence of atherosclerosis. The research shows that
exposure to cigarette smoke alters the cIMT significantly (Fig. 2b)
when compared to the normal group (Fig. 2a). The administration
of S. betaceum ethanol extract could prevent smoke derived cIMT
alteration (Fig. 2c), which is significantly compared with positive
control group (Fig. 2b) not significantly different when compared to the
normal group (Fig. 2a).

The present study disclosed that administration of S. betaceum
ethanol extract on rats exposed to cigarette smoke could prevent the
development of atherosclerosis by reducing the level of MDA and degree
of cIMT changes in the samples. Phytochemistry screening analysis
in previous studies [19] found that the ethanol extract of S. betaceum
contains flavonoid, tannin, gallic tannin, and terpenoid which suggested
has an important role as atheroprotective in the present study.

Pathogenesis of atherosclerosis (based on oxidative stress study)
due to smoke exposure

The previous study has indicated that active and passive cigarette
smoking is associated with dysfunction of endothelial cell [22]. Cigarette
smoke contains some free radicals that these can initiate the generation
of ROS, which are reactive molecules that are constantly formed by
the enzymatic reactions within the body [9,10]. ROS compounds
are produced by several oxidase enzymes, including nicotinamide
adenine dinucleotide phosphate oxidase, xanthine oxidase, uncoupled
endothelial nitric oxide synthase (eNOS), cyclooxygenase (COX), glucose
oxidation, lipoxygenase, and mitochondrial electron transport [23].
A variety of ROS and reactive nitrogen species (RNS) has been found
to be involved in the disease pathology mechanism including radical
superoxides (07;), radical hydroxyl (OH), singlet oxygen ('0,),
hydrogen peroxide (H,0,), radical hypochlorite (CLO), heme ferryl
species protein, alkoxyl lipid (RO), and radical peroxyl (ROO), radical
peroxyl nitrite (ONOO), nitrite oxide (NO), and radical nitrogen dioxide
(NOO) [4,24-26].

This imbalance between oxidants and antioxidants inside the human
body has the potential to cause damage through a process known as

oxidative stress. It is a cellular, organic, or organism-wide metabolic
condition that is characterized by an oxidative excess. The means
through which ROS disturbs cellular function cannot be wholly
explained as of yet; however, one of the most important mechanisms
is the occurrence of lipid peroxidation, which causes cell death [24,27].
One of the products of lipid membrane degradation is MDA, which is
produced by the process of lipid peroxidation. This marker has often
been identified in patients with atherosclerosis, certain types of
cancers, neurodegenerative diseases, and lung illnesses, especially
those due to inflammation [24].

Some existing evidence points to the fact that oxidative stress plays a
significant role in the pathogenesis and development of CVDs, which
includes atherosclerosis [4]. Atherosclerosis is an inflammation of the
blood vessel due to the accumulation of atheromatous plaques within
the walls of the artery causes the dysfunction of the vessel wall’s
endothelial cells [18]. Oxidative stress causes endothelial dysfunction
and endothelial dysfunction causes constant oxidative stress. This forms
a vicious cycle that eventually leads to the formation of atherosclerosis.
Oxidative stress is related to a lack of tetrahydrobiopterin and
a decrease in eNOS activity, which may lead to endothelial dysfunction
in atherosclerotic patients by causing an increase in the oxidative stress
process within the body [4].

Inpatients with high cardiovascularrisklevel, the decrease in endothelial
NO bioavailability can cause the following conditions: (a) Reduced
eNOS expression; (b) a disruption of cellular signals which causes
an eNOS substrate or cofactor deficiency and the reduction of eNOs
activation; (c) decrease in the endothelial cell’s capacity to synthesize
and/or release NO; and (d) decrease of NO synthesis by ROS. All these
abnormalities may lead to endothelial dysfunction, which is commonly
seen as an initial step of the pathogenesis of atherosclerosis [4].

The early phase of atherosclerosis that can be assessed by carotid IMT
(cIMT) measurement and later stages are mostly generation of carotid
plaques. Increasing of cIMT is typically seen in a common carotid artery
due to its flow dynamics, whereas plaques are particularly seen in the
internal carotid artery or carotid bulbs. As found in the present studies,
cIMT elevation is most often related vascular disorder due to smoke
exposure [14,28].

Flavonoid; its role as an atheroprotective substance
The process of atherosclerosis has long been seen as a systemic chronic
inflammatory disease; mainly causing morbidity and mortality through
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its consequent cardiovascular illnesses [17]. A high-intake of flavonoids
from fruits and vegetables has a known correlation with a lower risk of
cardiovascular illnesses. The mechanism to explain the related process
is still unclear, but current evidence clearly shows that flavonoid can
help reduce cardiovascular risk-factors [18].

The flavonoid, included within the phenolic compound group, is
often found in plant tissues and can act as an antioxidant. Flavonoid’s
antioxidant activity stems from its ability to donate hydrogen atoms
or from its ability to chelate metal. Multiple research has shown
that flavonoid has anti-allergic, anti-inflammatory, antimicrobial,
anticancer, antidiarrhea, and antiviral properties [3,24,29,30]. Several
studies have proven that a high intake of flavonoid is positively
linked with a significant reduction of coronary heart disease risk. The
vascular endothelial cells play a significant role in safeguarding the
health of the heart by producing nitric oxide, a substance that relaxes
arteries (causes vasodilatation). The production of endothelial nitric
oxide can inhibit platelet adhesion and aggregation, which is one of
the preliminary factors in the formation of a blood clot. A variety of
clinical studies have researched the potential of high flavonoid intake
in reducing a multitude of platelet aggregation sizes; these trials have
reported different results. Food-based flavonoids were reported to
potentially be involved in cardiovascular-disease prevention, mainly by
reducing oxidative stress and improving NO bioavailability. Flavonoid
is to modulate genes that are related to metabolism, stress-defense,
enzyme metabolism, detoxification, and protein transporters [18].

A majority of flavonoids work as an effective free-radical scavenger.
However, this effect may not always be beneficial because flavonoids
turn into radical flavonoids after they complete their scavenging
functions. However, some radical flavonoids with high-stability will
not easily react and will instead act as an antioxidant. The position
and total number of hydroxyl chains, its configuration, substitution,
and other factors in the flavonoid chemical structure contribute to its
ability to chelate metallic ion, which in turns helps them scavenge and
inhibit free radicals [3,21,23]. The hydroxyl chain configuration in the
B-ring significantly muffles (scavenges) and chelates metallic ion from
ROS and RNS due to their function as hydrogen and electron donor to
hydroxyl, peroxyl, and radical peroxynitrite chains, which produces
relatively stable radical flavonoids or radical aroxyl (F1-0-)[24,29].

Aside from that, flavonoid also has an antioxidant effect that can
improve the length of a cell’s life, as well as induce apoptosis and inhibit
cell proliferation, which is why it can also act as an anticarcinogenic
factor. In line with this information, it is reported that flavonoids such
as epigallocatechin-gallate and resveratrol can inhibit transcription
factors such as NFkB and AP-1 through an interaction between upstream
signaling pathways (IKK phosphorylation, MAPK phosphorylation, and
P13K/Akt phosphorylation) and/or by reducing proinflammatory
mediators (tumor necrosis factor-a, interleukin, and prostaglandin E2)
and the activity of pro-inflammatory enzymes (COX 2, iNOS) [31].

The modulation of cell-signal pathways by flavonoids can help prevent
cardiovascular diseases through the following means: (a) reduced
inflammation, (b) reduction of the expression of vascular-cell adhesion
molecules, (c) increased endothelial nitric oxide synthase (eNOS) activity
and (d) reduced platelet aggregation. Nitric oxide is required to maintain
vasodilatation. Nitric oxide disorders are often related to a heightened
risk of CVDs; (d) reduced platelet aggregation: Thrombocyte aggregation
is one of the first steps in the formation of blood clots. These clots may
block the coronary arteries or the brain and cause either a myocardial
infarction or a stroke. Dealing with platelet aggregation is an important
strategy in the primary and secondary prevention of CVD s [18].

Based on the evidence from the current results, our study suggested
that the health-promoting capabilities effects of S. betaceum in these
animal model of rats exposed by cigarette smoke could be attributed
to the atheroprotective effects. As preventive from atherosclerosis,
we suggest that S. betaceum can direct intercept free radical before
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any significant oxidation can occur which was indicated by decreasing
level of MDA. As an antioxidant, S. betaceum can retard or slow the
oxidative processes leading to decrease MDA, i.e., end product of lipid
peroxidation. Thus, reduce the incidence and prevent atherosclerosis
through a inhibit in carotid artery IMT changes induced by cigarette
smoke exposure.

CONCLUSION

The present study findings showed that exposure to cigarette smoke
could increase the level of MDA, i.e., marker of oxidative stress and
degree of carotid artery IMT (cIMT) changes in the experimental animal.
Ethanol extract of S. betaceum administration exhibited a powerful
antioxidant potential toward lowering the level of MDA and thus reduce
the development of atherosclerosis which shown by decreasing the
degree of cIMT changes induced by cigarette smoke exposure. However,
further studies on other bioactivity of S. betaceum are warranted.
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