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Abstract

Background: VCAM-1 expression increases under conditions of high
bioactive lipids such as dyslipidemia through the activity of oxidised
LDL and triggers the early process of atherosclerosis. Ascorbic acid and
Vitamin D are thought to have beneficial roles in aspects of suppressing
inflammation, preventing oxidative stress and lowering lipid profiles in
subjects at risk of cardiovascular disease.

Method: This research is pure experimental research. The research design
used was a posttest design with a control group (post-test only control
group design). The research will be conducted at the Animal Experimen-
tal Unit and Anatomy Laboratory, Faculty of Veterinary Medicine, Syiah
Kuala University. The samples of this study were 24 male Rattus novergi-
cus strain Wistar white rats obtained from the Bogor Agricultural Univer-
sity (IPB) which were divided into control group (N), Dyslipidemia group
(DL) given atherogenic feed, dyslipidemia group given atherogenic feed
and vitamin C (DLC) and dyslipidemia group given atherogenic feed and
Calcitriol (DLD). Mice will be given ascorbic acid at a dose of 500 mg/day
and calcitriol 0.25 mcg/day. Immunohistochemical (IHK) examination of
VCAM-1 expression was performed by Kiernan’s method with modifica-
tions, and immunohistochemical staining method performed is the ABC
method. Data on the distribution of VCAM-1 in the cardiac aortic tissue
of white rats were analysed descriptively and presented in the form of
histological images and analysed using the Kuskal-Wallis non-parametric
test and any differences in VCAM-1 expression in the observed sections
between treatment groups were analysed by the Mann-Whitney U test.

Results: This research had 24 samples consisting of 6 samples of control
group (N), 6 samples of dyslipidemia group (DL) given atherogenic feed,
6 samples of atherogenic feed and vitamin C (DLC), 6 samples of ath-
erogenic feed and Calcitriol (DLD). The results of this study showed that
there was a significant difference in VCAM-1 expression between the dys-
lipidemia group (DL) given atherogenic feed and samples of atherogenic
feed and vitamin C (DLC) (p=0.002). Likewise, the atherogenic feed and
Calcitriol (DLD) group which was compared with the dyslipidemia group
(DL) given atherogenic feed, was found to have a significant difference
(p=0.002). However, comparison of VCAM-1 expression between ath-
erogenic feed and vitamin C (DLC) and atherogenic feed and Calcitriol
(DLD) groups was found to have no significant difference (p=0.394).

Conclusion: The administration of vitamin C and calcitriol has a positive
effect and benefit in reducing VCAM-1 expression in vivo study a mouse
model of atherosclerosis.
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Introduction

Atherosclerosis occurs due to lipid accumulation in the ar-
terial wall and sclerosis due to increased lipid accumula-
tion, inflammation, oxidative stress/oxidation of lipids and
proteins [1-4]. Low shear stress or haemodynamic forces
will create injury to the arterial endothelium. Arterial en-
dothelial cells will dysfunction and respond by releasing
inflammatory mediators. Endothelial injury will also be ex-
acerbated by hyperlipidaemia which triggers Low Density
Lipoprotein (LDL) oxidation, this process will trigger free
radicals and chronic inflammation which will be accompa-
nied by the release of adhesion molecules and accumula-
tion of macrophages migrating to the endothelial layer to
form fat foam cells, atheroma and atherosclerotic plaque
[3.4].

Various adhesion molecules, including Vascular Cell Adhe-
sion Molecule-1 (VCAM-1), Intercellular Adhesion Mole-
cule-1 (ICAM-1), E-selectin, and P-selectin are expressed
on the endothelial surface, with recruitment of monocytes
and T cells along with other mediators and platelets. Vascu-
lar Cell Adhesion Molecule-1 or cluster of differential 106
(CD106) is a type 1 transmembrane protein expressed on
the endothelium. Once VCAM-1 is expressed on the sur-
face of endothelial cells, it will interact with integrin 154
present on the surface of circulating leukocytes, allowing
coiling, trapping and activation of leukocyte intracellular
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signalling. This leads to disruption of endothelial intercel-
lular links and actin remodelling, facilitating the transmi-
gration of monocytes into the arterial wall [4,5].

VCAM-1 expression increases in conditions of high bio-
active lipids such as dyslipidemia through the activity of
oxidised LDL and triggers the initial process of atheroscle-
rosis. There are several research reports that prove the asso-
ciation of VCAM-1 with the occurrence of atherosclerosis.
Aortic VCAM-1 expression is associated with the severity
of atherosclerosis and cardiovascular risk factors [6]. In re-
lation to the incidence of myocardial infarction, VCAM-1
expression was found to be 73% higher compared to pa-
tients with stable CAD. VCAM-1 density was also signifi-
cantly higher and positively correlated with the degree of
vascular inflammation in patients with myocardial infarc-
tion [7].

Ascorbic acid is thought to have beneficial roles in the as-
pects of suppressing inflammation, preventing oxidative
stress and lowering lipid profiles in subjects with cardio-
vascular disease risk. /n vitro or theoretically ascorbic acid
is reported to inhibit atherogenesis in blood vessel wall
cells by inhibiting LDL oxidation and further taking up
ox-LDL [8-10]. Besides ascorbic acid, another antioxidant
that is also able to suppress inflammation in atherogenesis
and dyslipidemia is calcitriol or vitamin D. This vitamin
is reported in vitro to have the potential to reduce the ex-
pression of pro-inflammatory cytokines TNFa, IL-6, IL-1,
and IL-8. The suppression of these cytokines leads to a
decrease in inflammatory C Reactive Protein (CRP) asso-
ciated with atherosclerosis. Calcitriol deficiency has also
been reported to be associated with dyslipidaemia, where
there is an inverse correlation between calcitriol and LDL
cholesterol and triglyceride levels, and a positive correla-
tion with HDL cholesterol levels [11-12]. However, many
clinical trial studies examining the effectiveness of these
2 vitamins have failed to prove their effectiveness. This
study aimed to determine the effects of ascorbic acid and
calcitriol on endothelial dysfunction due to oxidative stress
by reducing the expression of VCAM-1 in the aorta in a rat
model of atherosclerosis.

Methods

This research is a pure experimental research. The research
design used was a posttest design with a control group
(posttest only control group design). The research will be
conducted at the Animal Experimental Unit and Anatomy
Laboratory, Faculty of Veterinary Medicine, Syiah Kuala
University. The samples of this study were 24 male Rat-
tus novergicus strain Wistar white rats obtained from the
Bogor Agricultural University (IPB) aged 4 weeks, healthy
with a body weight of 50 grams-100 grams, which were
divided into control group (N), dyslipidemia group (DL)
given atherogenic feed, dyslipidemia group given athero-
genic feed and vitamin C (DLC) and dyslipidemia group
given atherogenic feed and Calcitriol (DLD). Mice will be
given ascorbic acid at a dose of 500 mg/day and calcitriol
0.25 mcg/day. Immunohistochemical (IHK) examination
of VCAM-1 expression was performed by Kiernan’s meth-

od with modifications, and immunohistochemical staining
method performed is the ABC method. Data on the distri-
bution of VCAM-1 in the cardiac aortic tissue of white rats
were analysed descriptively and presented in the form of
histological images and analysed using the Kuskal-Wallis
non-parametric test and any differences in VCAM-1 ex-
pression in the observed sections between treatment groups
were analysed by the Mann-Whitney U test (Figures 1-4).
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Figure 1: Staining distribution of VCAM-1 expression in cardiac aortic
tissue of male Wistar strain white rats (Rattus novergicus) in healthy group
(K-) and atherosclerosis group (A). Observation of preparations using a
microscope with 400x magnification and image analysis using ImageJ
1.53c software
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Figure 2: Staining distribution of VCAM-1 expression in cardiac aortic
tissue of male Wistar strain white rats (Rattus novergicus) in atheroscle-
rosis group (A) and atherosclerosis group with ascorbic acid intervention
(B). Observation of preparations using a microscope with 400x magnifi-
cation and image analysis using ImageJ 1.53¢ software
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Figure 3: Staining distribution of VCAM-1 expression in cardiac aortic
tissue of male Wistar strain white rats (Rattus novergicus) in atheroscle-
rosis group (A) and atherosclerosis group with calcitriol intervention (C).
Observation of preparations using a microscope with 400x magnification
and image analysis using ImageJ 1.53c software
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Figure 4: Staining distribution of VCAM-1 expression in cardiac aortic
tissue of male Wistar strain white rats (Rattus novergicus) in atheroscle-
rosis group with ascorbic acid intervention (B) and atherosclerosis group
with calcitriol intervention (C). Observation of preparations using a mi-
croscope with 400x magnification and image analysis using ImageJ 1.53¢

software
Experimental animal care

The welfare of experimental animals is one of the priorities
during the research period. Animal welfare is the condition
in which experimental animals, which are kept specifically
for experimental purposes, have appropriate physiological
and psychological conditions to support their quality of
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life. Supervision of the implementation of animal welfare
in this study involves a veterinarian who will evaluate the
condition of the experimental animals twice a week. Cages
were made with an area of 200 cm? with a height of 20 cm
with husk bedding. The cage was cleaned with 25% etha-
nol solution once a week. The chaff was replaced approx-
imately twice a week. Drinking water is available without
restriction and can be given in a bottle with a pipe fitted
with a round bullet valve located at the end of the pipe. To
prevent the growth of germs, drinking water can be acidi-
fied or chlorised.

Atherogenic diet

The diet was implemented by feeding a diet consisting of
Vitamin D3, 0.2% cholic acid, 2% egg yolk, 5% goat fat,
and 92.8% standard feed. The feed was prepared by mix-
ing 1000 grams of corn rice, 100 grams of goat fat, and 50
grams of egg yolk. Goat fat was preheated to melt, egg yolk
was obtained from boiled eggs. The goat fat and egg yolk
were then mixed into 1000 grams of maize rice. Feed is
given at 10% of body weight per day.

Clinical protocol and participant

The study began with the preparation stage of the experi-
mental animals. The preparation phase aims to acclimatise
the rats to the new environment for 2 weeks. During this
phase, all rats were fed a normal diet. A normal diet is a
diet with the usual composition of animal feed (without the
addition of ingredients that can increase cholesterol levels).
At the beginning of week 3, 6 rats were kept on the normal
diet while 18 rats were randomly selected for the DL rat
model. The amount of rat feed consumed will be calculated
daily by weighing the remaining feed in the rat cage. How
to calculate feed intake is the feed that was given yesterday
minus the remaining feed. Body weight measurements are
taken every week to determine the weight gain of each rat.
LDL examination was carried out in the 9" week after giv-
ing atherogenic feed for 8 weeks. In a previous study on the
duration of atherogenic feeding on the lipid profile of male
Wistar strain white rats, it was found that atherogenic feed-
ing for 8 weeks in rats could significantly increase blood
cholesterol levels and induce the formation of foam cells.

In this phase, the experimental animals were treated with
ascorbic acid at a dose of 9 mg/day and Calcitriol 0.009
mcg/day via oral sonde. While the control group received
regular feed diet. The treatment of ascorbic acid and cal-
citriol was carried out for 30 days. In the final stage, eutha-
nasia was performed by injecting ketamine 15 mg/kg-20
mg/kg per intra peritoneal and performed with cervical dis-
location. Anaesthesia and surgery were performed by ex-
perienced researchers and laboratory staff. The heart aorta
of the experimental animals was taken and cut and fixed in
10% neutral buffered formalin solution for 48 hours. Af-
ter fixation, the samples were transferred into 70% alcohol
solution as a stopping point.

Statistical analysis

Data on the distribution of VCAM-1 in white rat heart aor-
ta tissue were analysed descriptively and presented in the

form of histology images. IS data on VCAM-1 expression
were analysed using the Kuskal-Wallis non-parametric test
and any differences in VCAM-1 expression in the observed
sections between treatment groups were analysed using the
Mann-Whitney U test (Figure 5).
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Figure 5: Comparison of VCAM-1 expression in aortic tissue of white rat
heart in healthy group, atherosclerosis group (DL), atherosclerosis group

with calcitriol (DLD) and ascorbic acid (DLC) intervention
Result

This research is pure experimental research. The research
design used was a posttest design with a control group
(posttest only control group design). The purpose is to ef-
fects of ascorbic acid and calcitriol administration in reduc-
ing VCAM-1 expression in the aorta in a rat model of ath-
erosclerosis. This research was carried out in August until
November 2022.

Expression of VCAM-1 in control and atherogenic feed
groups (DL)

Table 1 shows that the VCAM-1 expression in the group of
healthy rats has a significant difference with the group giv-
en atherogenic feed (LD) with a p value of 0.002. In addi-
tion, the value of VCAM-1 expression in the group of rats
that experienced atherosclerosis increased, where in the LD
group the VCAM expression was 2.57 + 0.29, while the
healthy rat group was 0.43 + 0.15.

Table 1: Expression of VCAM-1 in control and atherogenic feed groups
(DL)

VCAM-1 N DL P value
Exprgssmn activity (distribu- 0431015 | 2574029 0.002
tion percentage), %

Expression of VCAM-1 in atherogenic feed groups (DL)
and atherogenic feed and ascorbic acid (DLC)

Table 2 shows that the VCAM-1 expression in the group
of atherogenic feed groups (DL) has a significant differ-
ence with the group given atherogenic feed and ascorbic
acid (DLC) with a p value of 0.002. In addition, the value
of VCAM expression in the group of rats that experienced
atherosclerosis with vitamin C administration decreased,
where in the DLC group the vcam expression was 1.53 +
0.30, while the DL group was 2.57 + 0.29.

Table 2: Expression of VCAM-1 in atherogenic feed groups (DL) and
Atherogenic feed and ascorbic acid (DLC)

VCAM-1 DL DLC P value
Expre.ssmn activity (distribu- 2574029 | 1534030 | 0.002
tion percentage), %
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Expression of VCAM-1 in atherogenic feed groups (DL)
and atherogenic feed and calcitriol (DLD)

Table 3 shows that the VCAM-1 expression in the group
of atherogenic feed groups (DL) has a significant differ-
ence with the group given Atherogenic feed and calcitriol
(DLD) with a p value of 0.002. In addition, the value of
VCAM expression in the group of rats that experienced
atherosclerosis with calcitriol administration decreased,
where in the DLD group the vcam expression was 1.20 +
0.55, while the DL group was 2.57 + 0.29.

Table 3: Expression of VCAM-1 in atherogenic feed groups (DL) and
atherogenic feed and calcitriol (DLD)

VCAM-1 DL DLD P value
Expre‘ssmn activity (distribu- 2572029 | 1.20+055 0001
tion percentage), %

Expression of VCAM-1 in Atherogenic feed and ascor-
bic acid (DLC) and atherogenic feed and calcitriol
(DLD)

Table 4 shows that the expression of VCAM-1 in the group
fed with atherogenic feed and ascorbic acid (DLC) did not
have a significant difference with the group fed with ath-
erogenic feed and calcitriol (DLD) with a p value of 0.394.

Table 4: Expression of VCAM-1 in Atherogenic feed and ascorbic acid

(DLC) and atherogenic feed and calcitriol (DLD)
VCAM-1 DLC DLD P value
Exprgssmn activity (distribu- 1202055 | 1.53%030 0394
tion percentage), %

Discussion

This research aims to effects of ascorbic acid and calcitri-
ol administration in reducing VCAM-1 expression in the
aorta in a rat model of atherosclerosis. The samples of this
study were 24 male Rattus novergicus strain Wistar white
rats obtained from the Bogor Agricultural University (IPB)
aged 4 weeks, healthy with a body weight of 50 grams-100
grams, which were divided into control group (N), dyslip-
idemia group (DL) given atherogenic feed, dyslipidemia
group given atherogenic feed and vitamin C (DLC) and
dyslipidemia group given atherogenic feed and calcitriol
(DLD).

The findings show that the administration of vitamin C and
calcitriol can decrease VCAM-1 expression in the aorta.
There are several research reports on the role of ascorbic
acid in lipid metabolism and atherogenesis. It has been re-
ported to aid in the reduction of triglyceride cholesterol,
per-oxidised lipids and increase HDL cholesterol. Ascorbic
acid inhibits the oxidation of LDL proteins, thereby reduc-
ing atherosclerosis, but the results of cardiovascular field
research related to the therapeutic actions with this vitamin
C are not fully understood. Randomised controlled trials
and observational cohort studies have investigated this vi-
tamin with varying results, attributing some improvements
in lipid profiles, improvements in arterial stiffness and en-
dothelial function [13]. In a metaanalysis report on ascor-
bic acid supplementation, it was reported to improve en-
dothelial function and appeared to be dependent on health

status. The benefits of ascorbic acid were found to be stron-
ger in those with cardio-metabolic disorders and ascorbic
acid doses greater than 500 mg/day were associated with
beneficial effects on endothelial function [14].

The antioxidant effect of ascorbic acid on inhibiting ath-
erogenesis in vascular wall cells is thought to be through
reducing cellular production and release of Reactive Oxy-
gen Species (ROS), inhibiting endothelial activation (i.e.,
expression of adhesion molecules and monocyte chemo-
attractants), and increasing the biological activity of endo-
thelial-derived nitric oxide. Regarding adhesion molecules
triggered by oxidative stress, a significant association be-
tween increased SOD levels, decreased VCAM-1 levels in
imminent abortion after ascorbic acid administration was
reported. In another research report related to atherosclero-
sis conditions, administration of ascorbic acid and vitamin E
in smokers with hyperaemic conditions showed a decrease
in atherosclerosis-related adhesion molecules. Short-term
administration of ascorbic acid (2 g/day) and E (800 IU/
day) decreased serum levels of IL-1b, IL-6, sVCAM-1 and
ICAM-1, and improved forearm vasodilatory response to
reactive hyperaemia in healthy people and young smokers
[8,15]. The inflammatory response seen in atherosclerosis
may be inhibited by ascorbic acid by preventing leucocyte
aggregation and adhesion to endothelium, induced by cig-
arette smoke in vitro. Ascorbic acid also has the potential
to prevent lipid peroxidation, the formation of atheroscle-
rosis, by inhibiting LDL oxidation and subsequently taking
up ox-LDL [8-10].

Calcitriol is recognised as an essential micronutrient for
calcium and phosphorus metabolism, which are important
for muscle and bone tissue. However, calcitriol may also
influence the pathophysiology of cardiovascular disease
through several mechanisms. There are several supporting
research reports including calcitriol can reduce lipid pro-
file, suppress endothelial adhesion, increase nitric oxide
and prevent free radicals, suppress proinflammatory cyto-
kines, reduce oxidative stress production and reduce angio-
tensin production [8,9].

There are reports of 25(OH)D level being shown to be one
of the significant determinants of CAD. In subjects with-
out significant lesions in the coronary arteries, 25(OH)D
levels were significantly higher compared to patients with
1-3 vessel coronary atherosclerosis (p<0.05). Significant-
ly higher 25(OH)D levels were recorded in patients diag-
nosed with stable CAD compared to patients hospitalised
for acute coronary syndrome (p<0.01) [16,17].

Calcitriol can reduce the expression of TNFa, IL-6, IL-
1, and IL-8 in isolated blood monocytes. Suppression of
IL-6 leads to a decrease in inflammatory C Reactive Pro-
tein (CRP). The serum concentration of CRP is associated
with atherosclerosis and serves as a predictor of cardio-
vascular events [18-21]. Calcitriol deficiency was shown
to accelerate the progression of coronary artery disease
in experimental animals by increasing nuclear factor-«B
(NF-«B) activation, indirectly supporting the anti-inflam-
matory role of calcitriol. Macrophage-derived foam cells
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characterise the development of early atherosclerosis.
Calcitriol was shown to reduce cholesterol accumulation
in macrophages and LDL uptake in atheroma. In addition,
it modulates thrombomodulin and tissue factor expression
in monocytes, affecting platelet aggregation and thrombo-
genic activity. Moreover, calcitriol 1,25(OH),D reduces
the expression of matrix metalloproteinase (MMP)-2 and
MMP-9 in cell culture, thus possibly preventing plaque de-
stabilisation, luminal rupture, and thrombosis [17].

Conclusion

The administration of vitamin C and calcitriol has a posi-
tive effect and benefit in reducing VCAM-1 expression in
vivo study a mouse model of atherosclerosis.
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