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Abstract

Cardiovascular disease is caused by many things, especially atheroscle-
rotic plaque. The process involves cytokines as a complex inflammato-
ry response in the formation of atherosclerotic plaques. Interleukin 1-§
(IL-1B) is a potent pro-inflammatory cytokine. It is also affected by ox-
idative stress. Clitorea ternatea was a plant in Indonesia that could be
used as anti-inflammatory. The purpose of this study was to determine
potential ability of Clitorea ternatea flower extract to reduce pro-inflam-
matory cytokine (IL-1p) expression, to increase antioxidant activity (Ni-
tric Oxide), and to decrease tunica intima-media thickness in aortic histo-
pathology in vivo related with early stage of atherosclerosis. This study
was an experimental study and only posttest with control group design,
using male white Rattus norvegicus Wistarstrain which divided into 5
groups, namely 2 control groups (dyslipidemic rats and normal rats) and 3
treatment groups (dyslipidemic rats with Clitorea ternatea flower extract
500 mg/kg/day p.o., Dyslipidemic rats with atorvastatin 40 mg/day p.o,
Dyslipidemic rats with Clitorea ternatea flower extract 500 mg/kg/day
p.o. and atorvastatin 40 mg/day p.o.). Parameters observed were IL-1f,
nitric oxide, and aortic intima-media thickness. Data were analyzed using
One Way ANOVA with 95% of confidence interval. The administration of
500 mg/kg flower extract significantly decreased IL-1p, increased nitric
oxide, and decreased aortic intima-media tunica thickness. Conclusions:
Clitorea ternatea flower extract could reduce IL-1p levels, increase nitric
oxide and decrease tunica intima media thickness in aortic histopathology
(p<0.05), and Clitorea ternatea flower extract had similar potential with
atorvastatin as control agent (p>0.05).

Keywords: Clitorea ternatea; Interleukin-18; nitric oxide; Tunica inti-
ma-media thickness

Introduction

Heart and blood vessel disease is one of the contributors to
morbidity and mortality. Annually, it is estimated that 17
million peoples in general die from heart and blood ves-
sel disease, especially from heart attacks and strokes [1].
Cardiovascular disease could be caused by many things,
mainly due to the development of atherosclerotic plaques.
Atherosclerosis is a condition of accumulation of cells,
cholesterol and extracellular matrix that causes hardening
of the arterial walls [2]. This process involves cytokines as
a complex inflammatory response in the formation of ath-
erosclerotic plaques [3]. Interleukin 1B (IL-1p) is a strong
pro-inflammatory cytokine [4]. IL-1f has an effect on hu-
man smooth muscle cells, is able to induce the production
of autocrine platelet growth factor that stimulates smooth
muscle proliferation and is able to induce the expression of
other genes including endothelial cells and smooth muscle
cells [5]. Oxidative stress is also known to be involved in
the process of atherosclerosis [6]. Oxidative stress is caused
by the imbalance of homeostatic mechanisms, imbalance
between antioxidant power and activity of free radicals
such as Reactive Oxygen Species (ROS), nitrogen and
halogens [7]. Nitric oxide (NO) plays an important role in
fighting oxidative stress at the cellular level. In addition,
NO also plays a role in maintaining haemostasis in the form
of vasodilation, inhibition of platelet adhesion and platelet
aggregation, inhibition of smooth muscle cell proliferation
and is able to stimulate the expression of protective pro-
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teins. So that NO is considered as an agent to see the effect/
degree of inhibition of oxidative stress on tissues [8].

Nowadays, the prevention of cardiovascular disease in pri-
mary prevention is the initial basis for the initial manage-
ment of cardiovascular disease by utilizing and optimiza-
tion natural resources [9]. Telang flower (Clitorea ternatea)
apart from being an ornamental plant, this plant had long
been known as food coloring, medicinal plant, and various
in vitro studies had shown that telang flower (Clitorea ter-
natea) had pharmacological potential as an antioxidant and
anti-inflammatory [10]. This effect was caused by the active
compounds of telang flower (Cliforea ternatea) namely fla-
vonoids, saponins, terpenoids, and tannins. Telang flower
also had a strong category of antioxidant activity [11,12].

Materials and Methods
Ethic

This research had passed the ethical test by the Medical
Research Ethics Commission, Faculty of Veterinary Medi-
cine, Universitas Syiah Kuala with agreement file number
138/KEPH/X11/2021.

Plant collection and identification

Telang flower (Clitorea ternatea) used was a purple vari-
ety originating from Banda Aceh, Indonesia, in December
2021 at coordinates of 532°28.3” North 95°19°06.5” East
which had been identified at Faculty of Mathematics and
Science Nature, Department of Biology, Universitas Sy-
iah Kuala (USK) with letter number B/664/UN11.1.8.4/
TA.00.04/2020.

Extraction

The dried powdered of Clitorea ternatea flowers were mac-
erated using 95% ethanol for three days. Then the evap-
oration was carried out with a rotary vacuum evaporator
and the heating process was carried out at a temperature
of 45°C.

Preliminary phytochemical analysis

Phytochemical analysis was performed on the extracts,
namely total phenolic test, total flavonoid test, antiox-
idant capacity test using the DPPH method (2, 2-Diphe-
nyl-1-Pikrylhydrazil) and anthocyanin level test. Phyto-
chemical analysis was performed at Chemistry Education
Laboratory, Faculty of Teacher Training and Education,
Universitas Syiah Kuala.

Animals

This study used male Rattus norvegicus strain Wistar rats
(n=25), which were obtained from animal husbandry at
Faculty of Veterinary Medicine, Universitas Syiah Kuala,
aged 5 weeks and body weight of 70 grams-100 grams. All
rats were handled and examined for health, placed in each
cage at a controlled temperature (23 + 1°C), given with feed
of 10% body weight and available water ad libitum.

Diet-induced hyperlipidemia in rats

The method of Gani et al. (2013) was used to produce
diet-induced hyperlipidemia [13]. Atherogenic diet con-
tained vitamin D3, 0.2% cholic acid, 2% egg yolk, 5% goat
fat and 92.8% standard feed. The standard feed used in this
study was standard commercial feed, namely pellets (Hi-
Gro 552, Medan, Indonesia). The composition of Hi-Gro
consists of 16%-18% protein, 4% fat, 12% ash content, 8%
fiber, and 12% water content.

Study design

Rats aged 4 weeks underwent an adaptation process for 1
week, then the research process began. This research was
divided into 2 stages. The first stage was carried out for 8
weeks to induce atherosclerosis in animals [13]. A total 25
rats aged 5 weeks with a body weight of 70 g-100 g were
divided into 2 groups (for 8 weeks). The second stage start-
ed after 8 weeks, the rats were divided into 5 groups that
received treatment for 20 days, namely:

e Negative control group (NC): Normal rats that re-
ceived regular feed and 0.5% Carboxymethyl Cellu-
lose Sodium (Na CMC)

¢ Positive control group (PC): Dyslipidemic rats that
received atherogenic diet and 0.5% Na CMC [13].

e DLC group: Dyslipidemia rats that received athero-
genic diet, 0.5% Na CMC and ethanol extract of Cli-
torea ternatea flower with a dose of 500 mg/KgBW/
day p.o.

¢ DLA group: Dyslipidemic rats that received athero-
genic diet, 0.5% Na CMC and 40 mg/day atorvastatin
(as an establish agent) p.o. multiplied by conversion
factor For the given dose to rats, we converted the
dose of simvastatin based on the conversion table of
Laurence and Bacharach (1984) [14].

*  DLAC group: Dyslipidemic rats that received athero-
genic diet, 0.5% Na CMC, Clitorea ternatea flower
ethanol extract at a dose of 500 mg/KgBW/day and
atorvastatin at a dose of 40 mg/day multiplied by a
conversion factor p.o.

The number of animals used was 5 rats per group based on
the Federer formula. At the end of the study, blood was tak-
en from the ophthalmic vein in the orbital sinus for exam-
ination of High-Density Lipoprotein Cholesterol (HDL-C)
and Low-Density Lipoprotein Cholesterol (LDL-C). Eu-
thanasia was performed by injecting ketamine 15 mg/
kgBW-20 mg/kgBW intra peritoneal, and cervical disloca-
tion was performed. Then 3 cc of blood were taken from
the heart then placed in a venojec. Blood plasma samples
were centrifuged at 3000 rpm for 10 minutes, stored imme-
diately at —20°C. Plasma was used for the examination of
HDL-C, LDL-C, IL-1p and NO. The rest of the rat tissue
was cremated in an incinerator. The aorta was separated
and fixed in 10% neutral buffer formalin (NBF). The aorta
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was dehydrated with alcohol 70%, alcohol 80%, alcohol
90% alcohol, absolute alcohol I and absolute alcohol II.
Then proceed to the next step, namely clearing process with
xylol, paraffin infiltration process, and Hematoxylin Eosin
Staining process.

Levels of LDL-C and HDL-C

After termination of the study, blood sample were collected
in vacutainer tubes with EDTA. Then, the levels of HDL-C
and LDL-C were examined by employing a chemistry ana-
lyzer (mindray). The result was determined in mg/dl.

Levels of nitric oxide and interleukin 1-p

Measurement of the amount of Nitric oxide and Interleukin
1B in blood plasma were conducted using ELISA Kit rat
Nitric oxide (Elabsciece E-BC-K035-M) and ELISA Kit
rat Interleukin 1B (Elabsciece E-EL-R0012). Competitive
ELISA begun with an antigen coating. A total of 100 pL
Standard and sample were taken and inserted into the well.
Samples (except empty wells) were incubated at 37°C for 1
hour. Then 90 pL of substrate was added into each well and
incubated for 30 minutes at 37°C. The results on the micro-
plate reader were read at a wavelength of 450 nm.

The thickness of tunica intima media

Tunica intima media thickness was measured by observ-
ing the aortic preparation. The aortic preparations were first
scanned with a microscope (Meiji, MT5000, New York)
with 200x magnification, then viewed and measured using
ImageJ software. The thickness of tunica intima media in
each sample was measured in five zones, in the same angle
and the average of the five zones was calculated.

Table 1: Effect of different treatment on weight gain and food intake

Statistical analysis

Homogeneity test of the data was carried out by Levene’s
test. If the variation between groups was homogeneous
(p>0.05), then proceed with One-Way Analysis of Variance
(ANOVA) test analysis (c<=0.05), if there was a significant
difference, then proceed with post hoc test (<=0.05). This
statistical test was conducted using Statistical Product and
Service Solutions software (SPSS) 22 (IBM Cooperation,
New York, NY).

Results
Phytochemical analysis

Qualitatively, based on phytochemical tests, ethanol extract
of Clitoria ternatea flower used in this study was positive
contained terpenoids, flavonoids, phenolics and tannins.
While the negative results were alkaloids, steroids and sa-
ponins. Quantitatively, total phenolic test result was 7,841
+ 72.16 mg equivalent of Gallic Acid/gram extract, total
flavonoid test result was 40.44 + 0.56 (mg cathecin equiv-
alent/gram extract), and antioxidant capacity using the
DPPH (2, 2-Diphenyl-1-Pikrylhydrazil) method showed
that the half maximal inhibitory concentration (IC,)) value
of Clitorea ternatea flower extract was very good (5.37),
close to Ascorbic Acid as standard (6.21). Meanwhile, the
results of anthocyanin level test using pH difference meth-
od showed that anthocyanin content (ml/L) was 521.005
ml/L.

Basic characteristics

In this study, there was no significant difference in food in-
take and weight gain among the different groups observed
(Table 1).

Groups (Mean = SD)
Characteristics
NC PC DLA DLC DLAC
N 5 5 5 5 5
. 74.8 +
Early Body weight (gram) 75.2+3.96 86.2 +9.83 74.6 +13.75 12.93 94.8 +4.65
Final Body weight (gram) 198 +7.74 198.2 £ 16.6 194.4 +48.8 202 + 8.6 205.2 +24
Increasing of Body weight (gram) 122 4+9.83 112 £ 19.06 119+ 389 121+£9.24 110£20.9
Food Intake in First Month (gram) 10.2+1.09 12+1.58 12+1.73 11.2+1.09 12.2+0.44
Food Intake in Second Month (gram) 16.6 £ 1.51 16.4+0.54 17.2+0.83 16.2+0.83 15.6 £ 1.51
Food Intake in Third Month (gram) 18.8 £ 0.44 17.6 £1.94 17.8 +£2.58 18.6 £0.54 19.2+1.64
Note. NC, Negative control group; PC, Positive control group; DLA, Dyslipidemia-+atorvastatin group; DLC, Dyslipidemia+Clitorea ternatea
group; DLAC, Dyslipidemia+Atorvastatint+Clitorea ternatea group.
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Levels of LDL-C and HDL-C

There was a significant increase in serum levels of LDL-C
in the PC compared with the NC. There was a significant

Table 2: Effect of Clitorea ternatea on level of LDL-C dan HDL-C

decrease in serum levels of HDL-C in the PC compared
with the NC. All the treatment groups produced a signifi-
cant decrease in serum level of LDL-C and increase in se-
rum level of HDL-C (Table 2).

Groups
Profile Lipid
NC PC DLA DLC DLAC
N 5 5 5 5 5

LDL-C After Intervention (mg/dl) 16.2+1.92" 64.4 +2.60" 19.8 +0.83" 22.8+4.07 17.2 +1.48"

HDL-C After Intervention (mg/dl) 36.6+1.51" 26.8+0.83" 35.2+0.83" 33+3.5 36+1.3"
Note. NC, Negative control group; PC, Positive control group; DLA, Dyslipidemia-+atorvastatin group; DLC, Dyslipidemia+Clitorea ternatea

group; DLAC, Dyslipidemia+Atorvastatin+Clitorea ternatea group; “compared with positive control (p<0,05), ™ compared with negative control
(p<0,05).

Interleukin 1-f levels

Clitorea ternatea flower extract DLC group was similar to
atorvastatin (DLA) group in reducing IL1-f levels. This was
indicated by a statistically significant decrease in IL1-f3 lev-
els compared to positive control (p=0.000). The decrease of
IL1-B levels in DLA compared to PC was higher (p=0.000)
than the decrease of IL1-f levels in DLC (p=0.000) com-
pared to PC. However, the post hoc test results showed that
the difference was not significant (p=0.806). The group that
was given both (DLAC) was also able to lower IL1-f levels
compared with PC (p=0.000). However, DLAC group did

crease of NO levels in DLA compared with PC was higher
(p=0.000) than the increase of NO levels in Clitorea ter-
natea flower extract compared with PC (p=0.005). Howev-
er, the results of the post hoc test showed that the difference
was not significant (p=0.332). The group that was given
both (DLAC) was also able to increase NO levels com-
pared with PC (p=0.011). However, DLAC group did not
show any significant difference compared to those given
Clitorea ternatea flower extract alone or atorvastatin alone
(Table 4).

Table 4: Results of Nitric Oxide Level

not show any significant difference compared to those who
were given Clitorea ternatea flower extract alone or ator- Groups N NO (pmol/L) .
vastatin alone (Table 3). Rata-rata = SD r
Table 3: Effect of Clitorea ternatea on level of IL1-B NC 5 30.02 + 3.78"
IL 1-B (pg/mL) PC 5 2178+ 1.72"
Groups N pt
Mean = SD . p<0.05
ean DLA 5 38.26 £2.57 (0.000)
NC 5 85.44 £ 827" DLC 5 32.38+£5.06
PC 5 116.75 + 13.14" DLAC 5 31.59 +5.74°
. p<0.05
DLA 5 72.39+1.36 (0.000) Note. NC, Negative control group; PC, Positive control group; DLA,
B Dyslipidemia-+atorvastatin group; DLC, Dyslipidemia+Clitorea ter-
DLC 3 80.94+0.95 natea group; DLAC, Dyslipidemia+Atorvastatin+Clitorea ternatea
DLAC 5 68.14 + 5.08° group; “compared with positive control (p<0,05), ** compared with

Note. NC, Negative control group; PC, Positive control group; DLA,
Dyslipidemia+atorvastatin group; DLC, Dyslipidemia+Clitorea ter-
natea group; DLAC, Dyslipidemia+Atorvastatint+Cliforea ternatea
group; “compared with positive control (p<0,05), ™ compared with

negative control (p<0,05); * One Way ANOVA test.

Nitric oxide levels

The flower extract group of Clitorea ternatea (DLC) had
similar result with DLA group in increasing NO level. This
was indicated by a statistically significant increase in NO
levels compared to positive controls (p=0.005). The in-

negative control (»p<0,05); * One Way ANOVA test.

The thickness of tunica intima and tunica media aorta

Based on quantitative data that was analyzed from histo-
pathological images, it was shown that the flower extract
group of Clitorea ternatea and atorvastatin (DLAC) had
smaller intima and media tunica layer sizes than the Cli-
torea ternatea flower extract group, the atorvastatin group
and the normal group. Meanwhile the positive control
group had a thicker layer than the other groups (Table 5).
One Way ANOVA statistical analysis between the treat-
ment groups showed a significant difference (Figure 1).
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Table 5: The thickness of the layers of the tunica intima and tunica media of the aorta

Tunica Intima Media thickness
(nm) .
Groups N P’
Mean £ SD
NC 5 49.4 £8.29"
PC 5 93.2+£15.40™
DLA 5 61.0 £2.00 p<0.05 (0.000)
DLC 5 66.20 £ 6.40"
DLAC 5 59.2 +£2.58"
Note. NC, Negative control group; PC, Positive control group; DLA, Dyslipidemia+atorvastatin group; DLC, Dyslipidemia+Clitorea ternatea
group; DLAC, Dyslipidemia+Atorvastatin+Clitorea ternatea group; “compared with positive control (p<0,05), ** compared with negative control
(p<0,05); *One Way ANOVA test.

Figure 1: A. Positive control group, B. Negative control group, C. Dyslipidemia group + atorvastatin, D. Dyslipidemia group + Clitorea ternatea
flower ethanol extract, E. Dyslipidemia group + Clitorea ternatea flower ethanol extract + Atorvastatin

Discussion

The prevention of cardiovascular disease in primary pre-
vention is the initial basis for the initial management of
cardiovascular disease by utilizing and optimization natural
resources [9]. This study was the first in vivo study on male
white rats Rattus norvegicus Wistarstrain in atherosclerosis
model which assessed the anti-inflammatory and antioxi-
dant activity of ethanol extract of purple variant Clitorea
ternatea flower.

Based on phytochemical tests carried out in this study, it
was known that flower extract of Clitorea ternatea con-
tained several types of active compounds, namely Tannins,
Terpenoids, Flavonoids, and Phenolics. Based on DPPH as-
say, it was found that Clitorea ternatea flower extract used
in this study contained antioxidants. A compound was said
to have a very strong antioxidant activity if the IC_ value
was less than 50 g/ml, strong for IC, was 50 g/ml-100 g/
ml, while moderate for IC,, value was 151 ug/ml-200 ng/
ml [15]. The results of antioxidant activity test showed that
IC,, value of telang flower extract was 5.37 g/mL and IC_,
value of Vitamin C was 6.31. This indicated that Clito-

rea ternatea flower extract from Banda Aceh (Indonesia)
which used in this study had a very strong antioxidant ac-
tivity, nearly similar with Vitamin C as a control.

In this study, it was shown that Clitorea ternatea flower
extract decreased IL-1f levels in dyslipidemic rats with
p<0.05. Post hoc analysis showed that there was no statis-
tically significant difference in the concentration of IL1-
reduction between the administration of Cliforea ternatea
flower extract and atorvastatin as standard agent. And from
this study, it was shown that NO levels were increased
upon administration of Clitorea ternatea flower extract in
the group of dyslipidemic rats (p<0.05), and no statistical
differences compared to the dyslipidemic group treated
with atorvastatin (p>0.05). This means that flower extract
of Clitorea ternatea (DLC) had similar potential benefit
with atorvastatin group (DLA) to reduce inflammatory
and against oxidative stress. Administration of combina-
tion both of them (DLAC) also showed the same effect, but
there were no statistical differences compared with Clito-
rea ternatea alone or atorvastatin alone (p>0.05).

These results in line with in vitro studies, which showed
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that anthocyanins in Clitorea ternatea flower had the abil-
ity to fight oxidized lipids. Active compounds of Clitorea
ternatea were kaempferol 3-neohesperidoside (462.63
mg/100 g), caffeoylmalic acid (137.59 mg/100 g), and
kaempferol 3-(2G-rhamnosylrutinoside) (129.28 mg/100
g) [16]. Flower extract of Clitorea ternatea also contained
antocyanin which significantly reduced inflammatory
markers in rat paw edema compared to positive controls.
At the gene level, flower extract of Clitorea ternatea may
had a protective effect against inflammation through the
suppressor gene PI3Ks [17]. A previous study had similar
result. The results showed that aqueous extract of Clitorea
ternatea blue petals flower contained bioactive compounds
such as anthocyanins that had anti-inflammatory effect,
could reduce oxidative stress, could reduce plasma leptin,
free fatty acids, low density lipoprotein cholesterol levels
and liver malondialdehyde content in C57BL/6J male rats
fed with high fat and high fructose diet [18]. In addition,
the seeds and roots of Clitorea ternatea had been shown in
vivo to have antihyperlipidemic activity and the ability to
repair the body’s natural antioxidants compared to atorvas-
tatin [19].

The advantage of in vivo research was the ability to observe
tissues [20]. In this study, it was shown that flower extract
of Clitorea ternatea decreased the thickness of the tunica
intima media compared to positive control (p<0.05).

However, the drawback of this study was that it did not dif-
ferentiate between the doses of the administration Clitorea
ternatea extract in the treatment group.

Conclusion

The administration of ethanol extract of Clitorea ternatea
purple variant flower for 20 days was able to reduce the ex-
pression of pro-inflammatory cytokines (IL-1p), to increase
antioxidant activity (NO) and to reduce the thickness of the
tunica intima and tunica media of aorta. These effects had
similarity with atorvastatin as a control agent.
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