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Abstract

Background: Angiotensin II is a powerful growth stimulant that can lead to smooth muscle hyperplasia in
vascular wall. Objectives: The present study was aimed to find out the anti-atherosclerotic effects of
angiotensin II receptor blocker losartan. Methodology: This experimental animal study was carried out in the
Laboratory of the Department of Pharmacology & Therapeutics at Banghabandhu Sheik Mujib Medical
University (BSMMU) Dhaka from July 2008 to June 2009. Healthy Long-Evans Norwegian male rats aged
between 3-4 months with an weight of 180 to 200 gm were randomly selected and were divided into 3 groups
designated as group A, B and C. Group A was fed on standard rat diet; group B was fed soybean oil and group
C was fed a 2% cholesterol enriched diet which was the suspension of cholesterol powder in soybean oil. After
8 weeks 10 rats of each group were sacrificed and remaining 20 rats of group C were continued to the part II
of the experiment and divided into two groups known as group I which was cholesterol fed control group and
group II which were losartan treated group. After 8 weeks all the rats of two groups were sacrificed. Blood
from each rat was collected to measure the lipid profile and malondialdehyde (MDA) level within erythrocyte.
The aorta was separated and intima-media ratio was measured by using Image-pro plus software. Results:
Losartan induces a significant reduction in serum lipids (p<0.001) and in atherosclerotic lesion size (p<0.001).
It also significantly reduces the oxidative stress by reduction of malondialdehyde (MDA) level (p<0.001).
Conclusions: In a atherosclerosis rat model, losartan reduces the oxidative stress and the neointimal
inflammation and this could due to direct inhibition of angiotensin II in the arterial wall. [J Shaheed
Suhrawardy Med Coll, 2013;5(2):99-102]
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Introduction macrophage lipid peroxidation and can lead to cell-mediated

Atherosclerosis related disease is the leading cause of death
and disability in the world'. Hypercholesterolemia and
angiotensin II involve in atherogenesis®>. Angiotensin Il is a
powerful growth stimulant that can causes smooth muscle
hyperplasia in the vascular wall*®. Angiotensin II is the
main effectors of rennin-angiotensin system and mediates
the most of the biological effects of this system’'°.
Angiotensin II and the AT1 receptor play a role in
atherogenic process by endothelial dysfunction, superoxide
anion generation, inflammatory cytokines formation and
impaired fibrinolysis®'®. Angiotensin II also stimulates

oxidation of LDL and the formation of atherogenic oxidized
LDL". by inhibition of lipid peroxidation of LDL cholesterol
and improvement of endothelial function by angiotensin II
receptor blocker, losartan, may have an important role
contributing to attenuation of atherogenic process independent
of lowering of blood pressure'*"”.

Experimental evidence suggests that losartan not only block
the effects of angiotensin II on AT1 receptor through both
ACE-dependent and ACE-independent (chymase-mediated)
pathway, but also stimulates the anti-atherosclerotic AT2
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receptor'®. So, losartan appears to be a better alternative to
ACE-inhibitors for treating atherosclerosis and dyslipidemia
in hypertensive patients'®. Therefore, the present study was
aimed to find out the anti-atherosclerotic effects of
angiotensin II receptor blocker losartan.

Methodology

This experimental animal study was carried out in the
Laboratory of the Department of Pharmacology &
Therapeutics at Banghabandhu Sheik Mujib Medical
University (BSMMU), Dhaka from 1st July 2008 to 30th
June 2009 for a period of 1(one) year. Healthy Long-Evans
Norwegian male rats aged between 3-4 months and
weighing between 180-200 gm were randomly selected
and were divided into 3 groups designated as group A, B
and C. Group A were fed on standard rat diet for 8 weeks
which was taken as control; group B (vehicle fed) were fed
soybean oil at a dose of 1 ml once daily for 8 weeks and
group C (2% cholesterol fed) were fed a 2% cholesterol
enriched diet which was prepared by the suspension of
cholesterol powder in soybean oil at a dose of 100 mg/ml
of 2ml once daily for 8 weeks. After 8 weeks 10 rats of
each group were sacrificed and remaining 20 rats of group
C were continued to the part II of the experiment and
divided into two groups known as group I and group II.
Group-I was fed 0.5 ml of 0.1% cholesterol-enriched diet
once daily to maintain atherosclerotic state designated as
the cholesterol fed control group and Group-II were treated
with 0.5 ml of 10 mg/ml Losartan at a dose of 25
mg/Kg/day along with 0.5 ml of 0.1% cholesterol enriched
diet designated as the Losartan treated group. After 8
weeks all the rats of two groups were sacrificed under
anesthesia with chloroform. Blood from each rat was
collected from carotid artery and then preparation of serum
for estimation of lipid profile by enzymatic method and
separation of erythrocyte and preparation of erythrocyte
hemolysate for estimation erythrocyte malondialdehyde
(MDA)®. The aorta was separated from the surrounding
viscera, inner thoracic wall and abdominal wall and was
dissected out to preserve for histopathological
examination”’. Morphological study of the aorta was done
under microscope after preparation and staining of the
aortic tissue slide”. Intima-media ratio was measured by
using Image-pro plus software®'. All the quantitative data
obtained from the experiments have been expressed as
meantstandard deviation (mean+SD). One-way analysis of
variance (ANOVA) followed by Bonferroni test was used
for comparisons between groups. Statistical significance
was accepted at the level of 5% (p<0.05). Statistical
analysis was performed using SPSS software version 16
for windows.

Results

Part-I of the experiment was carried out to determine the
effect of 8 weeks feeding of 2.0% cholesterol diet on the
lipid profile (Table 1), oxidative stress in erythrocyte (Table
2) & morphology of aortic tissue (Table 3) of rat.

Table 1: Effect of 2.0% cholesterol feeding for 8 weeks
on lipid profile of rats

Groups (n=30)

Variable
Group A Group B Group C

(n=10) (n=10) (n=10) Pvalue
Cholesterol 77.66+1.09 7890+ 121 186.42+3.13"  <0.001"
Triglycerides 6531+£098 6523+1.13 130.70+226"  <0.001"
HDL 4538+0.73 4513090 3432+1.06"  <0.001"
LDL 19.06+1.54 20.73+135 12596+423"  <0.001"
LDL-HDL ratio 0414£003  045+003 3.48+0.16" <0.001"

* LDL= Low Density lipoprotein; HDL= High Density lipoprotein, all values are in mg/dl

Part-II of the experiment was carried out to determine the
effects of 8 weeks feeding of 2.0% cholesterol diet
followed by another 8 weeks feeding of 0.1% cholesterol
diet with losartan treatment on the lipid profile (Table 4),
oxidative stress in erythrocyte (Table 5) & morphology of
aortic tissue (Table 6) of rat.

Table 2: Effect of 2.0% cholesterol feeding for 8 weeks
on malondialdehyde (MDA) levels in erythrocyte of rats

Groups Erythrocyte MDA p value
Mean+SD

Group A (n=10) 7.26 £0.25

Group B (n=10) 7.41 £0.35 <0.001"

Group C (n=10) 1335+ 025"

* F value= 1400.89; MDA= malondialdehyde

In experiment-I there was marked increase in serum
cholesterol, triglycerides & LDL-cholesterol level, LDL-
HDL ratio and malondialdehyde (MDA) level in
erythrocyte (RBC) & intima-media ratio of aorta in the
2.0% cholesterol fed group (C) as compared to control
group A and soybean oil fed group B and the rise was
statistically significant (p<<0.001).

Table 3: Effect of 2.0 % cholesterol feeding for 8 weeks
on morphology of aortic tissue of rats

Groups (n=30)

Variable
Group A Group B Group C
(n=10) (n=10) (n=10) F value P value
intima-media
ratio of aorta  0.52+0.01 0.54+0.01 2.15+0.04" 11874.45 <0.001"

Table 4: Effect of Losartan treatment on serum lipid
profile of 2.0% cholesterol fed rats

Variable Group I (n=10) Group II (n=10) P value
Cholesterol 123.93+1.53 102.62 +2.00" <0.001"
Triglycerides 112.28 +2.56 102.62 +3.05" <0.001"
HDL 37.14+1.06 4136+ 1.06" <0.001"
LDL 64.43 +2.26 40.73 +2.03" <0.001"
LDL-HDL ratio 1.73 £0.10 0.98 +0.05" <0.001"

* LDL= Low Density lipoprotein; HDL= High Density lipoprotein
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In experiment-II there were marked decrease in serum
cholesterol, triglycerides, LDL-cholesterol, LDL-HDL ratio,
malondialdehyde (MDA) level in erythrocyte (RBC) &
intima-media ratio of aorta in losartan treated group-II as
compared to cholesterol fed control group-I and the change
were statistically highly significant (P<0.001).

Table 5: Effect of Losartan treatment on
malondialdehyde (MDA) levels in erythrocyte of 2.0%
cholesterol fed rats

Group II Mean = SD P value
Group | 12.77+£ 0.20

Group 11 10.07= 0.18 <0.001

* Student t test was performed to see the association
Histopathological Examination: Histopathological

Examination of thoracic aorta specimen of 2.0 % cholesterol
fed rats under microscope showing narrowing of the lumen
of aorta due to gross atherosclerotic plaque in sub
endothelial region. There were foam cells, inflammatory
cells and fat leaden smooth muscle cells found in sub
endothelial region. Middle layer (Media) of the aorta was
thin (Figur-1). After losartan treatment there were no foam
cells, inflammatory cells and fat leaden smooth muscle cells
in sub endothelial region of aorta. Increased thickness of the
middle layers of the aorta. The intima and media region are
resembling near normal (Figur-2).

Table 6: Effect of Losartan treatment on morphology of
aortic tissue of 2.0% cholesterol fed rats

Group Mean + SD P value
Group [ 2.29+£0.02
Group II 179+ 0.03 <0.001

* Student t test was performed to see the association

Discussion

The present study showed that losartan decreases serum
cholesterol, triglyceride, LDL-c and increases HDL-c level,
which resembles to the findings of few other studies®?.
Hypolipidaemic benefit of losartan in this study might be due to
its ability to decrease plasma lipoprotein and fibrinogen level®.

Figure 1: Photomicrograph showing histological cross-section of thoracic
aorta specimen of rat fed a 2.0% cholesterol-enriched diet for 8 weeks.
Magnification (X10)

The present study was also revealed that losartan exerted
antioxidant effect by decreasing malondialdehyde (MDA)
levels in erythrocyte which is similar to the findings to
other studies?™® and these effects might be due to its
blocking effect on the angiotensin II mediated oxidative
stress through its action on angiotensin type 1 receptor
which is involved in producing superoxide anion,
endothelial dysfunction and lipid peroxidation.

The morphological study of aortic tissue was revealed the
anti-atherosclerotic effect of losartan. This might be due to
its decreasing effect on vascular smooth muscle cell
migration, proliferation and extracellular matrix production,
decrease the release of plasminogen activator inhibitor-1
from vascular smooth muscle cells, reduce the expression
of monocyte chemoattractant protein-1 in vascular smooth
muscle cells; decrease the expression of adhesion proteins,
such as intercellular adhesion molecule-1, integrins and
osteopontin in vascular cells” and decrease the production
of inflammatory chemokines and cytokines that enhance
the migration of inflammatory cells™.

Figure 2: Photomicrograph showing histological cross-section of thoracic
aorta specimen of rat fed 2.0% cholesterol diet for 8 weeks then treated
with Losartan for another 8 weeks. Magnification (X10)

In this study the histopathological examination of aorta
revealed that there were decrease foam cells, inflammatory
cells and fat leaden smooth muscle cell in sub-endothelial
region and increase the thickness of middle layer of aorta
which might be due to its decreasing effect on vascular
smooth muscle cell migration, proliferation and
extracellular matrix production®, decrease production of
inflammatory cytokines and chemokines that enhance the
migration of inflammatory cells®.

Conclusion

In conclusion the anti-atherosclerotic effects of losartan in
cholesterol fed rat are due to a direct inhibition of
angiotensin II actions in the arterial wall, including
inhibition of LDL lipid peroxidation.
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