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Objective To evaluate the potential protective effect of irbesartan on atherosclerotic progression using rosuvastatin as a positive control.
Methods Twenty local domestic rabbits were randomly divided into four groups, five rabbits per each group. The first group (1), rabbits were
receiving normal diet; the second group (Il), rabbits were receiving 2% cholesterol diet; the third group (Ill), rabbits were receiving
rosuvastatin and 2% cholesterol diet and; the fourth group (IV), rabbit were receiving irbesartan and 2% cholesterol diet. Serum level of
cholesterol, triglycerides, LDL, VLDL and HDL were determined after 12 weeks of the study. Serum level of high sensitive C-reactive protein,
ICAMT and VCAM1 were measured after 12 weeks of the study. Total antioxidant activity was also determined. Aortic tissue sent for
histopathological examination of atherosclerosis lesion.

Results Data of this study have showed that atherogenic diet caused an increase in serum level of TC, LDL, VLDL and TG and a decrease in
serum level of HDL. Treatment of rabbits with irbesartan caused substantial decrease in serum lipid profile compared with untreated rabbit
receiving atherogenic diet. No significant difference was seen between irbesartan- and rosuvastatin-treated rabbits in all lipid parameters
measured with the exception that the HDL level in rosuvastatin-treated rabbits was significantly higher than that of irbesartan-treated
rabbits. Rabbit treated with irbesartan showed a significant decrease in the serum level of high sensitive C-reactive protein, ICAM1, VCAM1
and aortic total antioxidant capacity when compared with untreated group. No significant difference was seen between irbesartan- and
rosuvastatin-treated rabbits in all these inflammatory parameters measured. Histopathological examination showed that irbesartan
decreased atherogenic lesion significantly when compared with untreated rabbits.

Conclusion Irbesartan has a potential protective effect against atherosclerosis via decreasing lipid oxidation and inflammatory mediators.

In terms of lipid lowering and anti-inflammatory effects, irbesartan has similar pattern of effectiveness to rosuvastatin.
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Introduction

Atherosclerosis is a chronic inflammatory and immune disease
that affects medium- and large-size arteries and begins with
thickening in the wall of artery due to accumulation of mono-
cytes, macrophages, T-lymphocytes, endothelial cells, smooth
muscle cell and formation of fatty streak that form fibrous cap-
sule with macrophage at the site of injury.’

Many risk factors are involved in atherosclerosis including
fatty diet, obesity, diabetes hypercholesterolemia, hyperten-
sion, smoking. Some risk factors that related to establish the
disease such as elevation of blood level of lipid and binding of
oxidized lipid (LDL, VLDL) to the endothelium cell.?

The mechanistic way for formation of atherosclerosis
lesion involves binding of monocyte and T-cell to the endothe-
lium cell then migrate to the space of sub endothelium. Fur-
thermore, monocyte oxidized and engulf LDL to form foam
cell. That is important stage to generate proinflammatory
cytokines and chemokines that recruit SMC and increase
density of extracellular matrix ultimately to form atheroscle-
rosis lesion. Moreover, this process stimulates inflammatory
cell and platelet adherence that promote pro-atherogenic
growth factor.’

Inflammation is a crucial process responsible for pro-
gression of the disease. In acute phase of inflammation, liver
releases an inflammatory protein, CRP and elevates both cho-
lesterol and LDL which promote inflammatory mediator
interleukin and monocyte chemoattractant protein 1. This
can stimulate expression of scavenger receptors responsible
for accumulation of lipid and form fatty streak and foam cell.”
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Rosuvastatin, is a statin that was used in treatment of hyper-
lipidemia, improves atherosclerosis by decrease pro-inflamma-
tory cytokines and chemokines.® On other hand, irbesartan, is an
angiotensin receptor blocker used in treatment of hypertension,
may improve atherosclerosis via alleviating the inflammatory
response.’ The expression of [ICAM1 in the vascular endothelium
and its role in the early phase of atherosclerosis first includes
inflammatory cell recruitment from circulation to the site of
inflammation. Additionally, ICAM1 induces accumulation and
adhesion of inflammatory cell on the surface of vascular endothe-
lium.” Another mediator, VCAM, promotes adhesion of inflam-
matory cell on vascular endothelium and facilitate movement of
leukocyte along the surface of endothelium, and this adhesion
promotes proliferation of vascular smooth muscles, so it is
involved in atherosclerosis pathogenicity.*

The aim of this study is to further investigate potential
athero-protective effect of irbesartan using rosuvastatin as a
positive control.

Materials and Methods

About 20 local domestic rabbits (weigh 1.5-2 kg) were
randomly classified into four groups. The first group (I),
rabbits were receiving normal diet; the second group (II), rab-
bits were receiving 2% cholesterol diet; the third group (III),
rabbits were receiving rosuvastatin (2.5 mg/kg/day) and 2%
cholesterol diet and; the fourth group (IV), rabbit were
receiving irbesartan (10 mg/kg/day) and 2% cholesterol diet.
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Distill water was used as vehicle for both rosuvastatin and
Irbesartan. Drug treatments were given orally using gastric
gavage.””'” Animals were kept in controlled temperature and
humidity as well as 12-h light/dark cycle in the animal house/
Faculty of Medicine/University of Kufa. Serum level of choles-
terol, triglycerides, LDL, VLDL and HDL were determined
after 12 weeks of the study. At the end of the study, animals
were anesthetized with droperidol (5 mg/kg) and ketamine
(50 mg/kg) before scarification. Serum level of high sensitive
C-reactive protein (hs-CRP), ICAM1 and VCAM1 were meas-
ured after 12 weeks of the study. Total antioxidant activity was
also determined at the end of the study. Aortic tissues were
sent for histopathological examination of atherosclerosis
lesion.

Blood Sampling

At 12 weeks after study, 3 ml blood was obtained from the cen-
tral ear artery of each overnight starved rabbit. Blood samples
were left until clotted then centrifuged for 12 min at 6000 rpm
to obtain serum. Total lipid profile (TC, HDL, LDL, VLDL,
TG) was measured. At the end of study, rabbits were anesthe-
tized, and 5 ml of blood was directly obtained from the heart to
examine the serum level of hs-CRP, ICAM1 and VCAMI1.

Tissue Preparation for Measurement of Total
Antioxidant Capacity

Aortic tissue from each rabbit was taken and frozen down at
—80°C. Samples were then homogenized using sonicate after
washing with phosphate buffer saline. Triton X was then
added to each sample, then sonicated in ice box and centri-
fuged for 30 min at 6000 rpm. Supernatant was obtained and
analyzed for total antioxidant capacity.'!

Statistical Analyses

All data are either representative or mean + SEM. Statistical
comparisons were by one-way ANOVA followed by Bonferroni’s
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test for multiple comparisons using Prism (GraphPad 7 Software
Inc., San Diego, CA, USA). Statistical significance was consid-
ered for P < 0.05.

Results
Effect on Lipid Profile

At the end of the study, serum cholesterol, triglyceride, LDL,
VLDL levels were significantly increased, while serum HDL
level was significantly decreased in cholesterol diet group
when compared with normal diet control group (Fig. 1). How-
ever, serum cholesterol, HDL, TG, LDL, VLDL were signifi-
cantly decreased in hyperlipidemic rabbits treated with either
irbesartan or rosuvastatin when compared with cholesterol
diet group (Fig. 1). Rabbits treated with irbesartan showed no
significant differences when compared with those treated with
rosuvastatin for serum total cholesterol, triglyceride, LDL and
VLDL levels with the exception that HDL levels in rosuvasta-
tin-treated rabbits were significantly higher than those treated
with Irbesartan (Fig. 1).

Effect on Inflammatory Markers

Data of this study have showed that serum hs-CRP, ICAM and
VCAM levels were significantly increased in cholesterol diet
group when compared with normal control group (Fig. 2a—c).
Treatment of rabbits with either irbesartan or rosuvastatin
significantly decreased serum hs-CRP, ICAM and VCAM
levels in hyperlipidemic rabbits when compared with
untreated cholesterol diet group (Fig. 2a—c). Rabbits treated
with irbesartan showed no significant differences when com-
pared with those treated with rosuvastatin for serum hs-CRP,
ICAM and VCAM.

Effect on Aortic Antioxidant Capacity

After a 12-week challenge, aortic antioxidant capacity level
was significantly decreased in cholesterol diet group (II) when
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Fig. 1 Serum lipid profile (mg/dl). All
data are presented as mean = SEM.
**P <0.01, ***P < 0.001.
18

JContemp Med ci | Vol. 5, No. 2, March—April 2019: 117-121



M.L Majeed et al.
*% *k b
80 —— 200-
K -}-:-
= 60 ; = 150
E 2 E
(=] o
z = 2
'S (8]
= > 50+
0-
c d
157 — 1.5
Kk 231
1 2
= *k ek Q
E 104 S 1.0+
o 1] .
[=2] aa"ama" o
£ e ©
S o -
(‘i 5 . ": —l— § 0.5+
< 'g
i)
c
< 0.0-

compared with normal diet group (I) (Fig. 2d). However,
treatments of rabbits with either irbesartan (group III) or
rosuvastatin (group IV) significantly increased antioxidant
capacity level when compared with untreated cholesterol diet
group (Fig. 2d).

Effect on Aortic Intima Media Thickness

After a 12-week challenge, aortic intimal media thickness was
significantly elevated (P < 0.05) in cholesterol diet group when
compared with normal diet group (Table 1 and Figs. 3 and 4).
However, treatments of rabbits with either irbesartan (group
III) or rosuvastatin (group IV) significantly decreased aortic
intimal media thickness (P < 0.05) when compared with
untreated cholesterol diet group II (Table 1 and Figs. 5 and 6).

Discussion

Atherosclerosis is a major cause of ischemic heart disease that lead
to myocardial infarction, angina and heart failure. Cholesterol
and saturated fatty acid are the main contributing factor in exac-
erbation of atherosclerosis by building up of cholesterol in the wall
of artery leading to narrowing down artery walls and this stricture
limits oxygen supply to the site of organ especially heart.">"

Table 1. Aorticintimal thickness (AIMT) changes in pm

Study groups AIMT (pm)
Normal diet group 8733+ 12
Cholesterol diet group 32583+ 12
Irbesartan group 2125+12°7
Rosuvastatin group 19166 +£12°

‘P < 0.05 is considered to be significant when compared with group .
P < 0.05 is considered to be significant when compared with group 1.
All data are presented as mean =+ SEM.
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Fig. 2 Levels of ICAM, VCAM,

& & & & hs-CRP and aortic antioxidant
N > & ® i
® «° & & capacity. All data are presented
& N as mean + SEM. P < 0.05,
& < P < 0,01, **P < 0.001.

Fig. 3 Photomicrograph of histomorphometric section of aortic
arch of rabbit (group 1) normal control group that show intact
endothelium with normal intimal thickness. The section stained
with hematoxylin and eosin (10x). I: intima of the aorta, M:
media of aorta, A: adventitia of aorta, L: lumen of aorta.

Fig.4 Photomicrograph of histomorphometric section in aortic
arch of rabbits on hypercholeterolemic diet group (11) for 12

weeks (induced untreated) show diffuse intimal thickening and
incompletely coalesced extracellular lipid underneath a layers of
macrophages and smooth muscle cells. The section stained with
hematoxylin and eosin (10x). I: intima of the aorta, M: media of
the aorta, A: adventitia of the aorta and L: the lumen of the aorta.
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Fig. 5 Photomicrograph of histomorphometric section in aortic
arch of rabbit treated with irbesartan (l11). The section was
stained with hematoxylin and eosin (10x). I: intima of the aorta,
M: media of the aorta, A: adventitia of the aorta and L: the lumen
of the aorta.

Fig. 6 Photomicrograph of histomorphometric section of aortic
arch (group 1V) treated with rosuvastatin that show layers of
macrophage and smooth muscle cell, diffused intima thickening
that incompletely coalesced. The section was stained with hema-
toxylin and eosin (10x). I: intima of the aorta, M: media of aorta,
A: adventitia of aorta, L: lumen of aorta.

Data from this study have showed that a direct relation-
ship between diet enriched with cholesterol and serum lipids
profile (total cholesterol, TG, LDL, HDL, VLDL) is existed.
Elevation of serum lipid profile has been noted in these
groups after 12 weeks of cholesterol addition to diets and
level of HDL decreased significantly, similar to the result by
Oguntoye.”” Furthermore, a strong relationship between
using of irbesartan treatment and decreasing of total choles-
terol, TG, LDL, VLDL with little effect on HDL-C, where
similar results have been found by Zhao et al."” and Del Fior-
entino et al.® This could be ascribed to direct effect of perox-
isome proliferation activated receptor alpha, this receptor
regulates gene expression that is responsible for fatty acid
oxidation.'®

The renin-angiotensin-aldosterone system has been
demonstrated to play not only an important role in cardiovascular
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homeostasis by influencing vascular tone and fluid-electrolyte
balance, but has also been involved in the atherothrombotic pro-
cess, cardiac remodeling and apoptosis.””

Angiotensin II, aldosterone, as well as endothelin-1 can
modulate basal superoxide production by activation of reduced
nicotinamide adenine dinucleotide phosphate (NADPH) oxi-
dase and expression of its subunits.”® NADPH oxidase is the
main source of reactive oxygen species (ROS) in the vascular
wall, and is expressed in many cells including endothelial cells,
vaso-active smooth muscle cells (VSMCs), fibroblasts and
monocytes/macrophages.'”*’ ROS act as signaling elements, but
also in part by impairing endothelium-dependent vascular
relaxation by reducing the bioavailability of nitric oxide
(NO).*** Vascular contractile responses are accordingly
enhanced, and this can be associated with structural changes in
the wall of small arteries and increased peripheral vascular
resistance.” Increased ROS production induced by angiotensin
II is involved in the mechanisms leading to vascular remode-
ling, through VSMC proliferation and hypertrophy and col-
lagen deposition.” ROS promote vascular inflammation and
exert effects on the development and progression of
atherosclerosis.”

Irbesartan was able to decrease hs-CRP, ICAM and
VCAM. This is consistent with a study achieved by Liu et al.,
this decrease may be due to blockage of angiotensin II AT1
receptor resulting in inhibition of activation of NADPH oxi-
dase which has a role in activation of nuclear factor kappa B.
This transcription factor binds to promote region in the target
gene leading to stimulation of transcription of pro-inflamma-
tory cytokines mediators.*

Additionally, irbesartan has antioxidant activity may be
due to blockage of AT1 receptor that inhibits activation of
NADPH oxidase with a consequent inhibition of superoxide
anion production, so decreases oxidative stress.”’

In this study, irbesartan decreased aortic intimal media
may be due to reducing the area of macrophages to total
plaque. This decreases smooth muscle cell infiltration and
reduce macrophage infiltration.”

Finally, data from this study have showed that rosuvas-
tatin was better than Irbesartan treated group in modulation
of the parameters involved in atherosclerosis including lipid
profile (TC, TG, LDL, VLDL and HDL), adhesion molecules
and hs-CRP. Furthermore, rosuvastatin decreased aortic
intimal media thickness by diminishing smooth muscle cell
infiltration, connective tissue, macrophage accumulation and
plaque disruption and by elevating collagen deposition in
aorta.”

To conclude, irbesartan was able to retard progression of
atherosclerosis in hypercholesterolemic male rabbits.
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