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Abstract

Background: Aliskiren is a direct renin inhibitor. It counteracts renin-angiotensin system and is used to treat hypertension.
This study aims to evaluate the effect of aliskiren on the progression of atherosclerosis in domestic rabbits.

Methods: Twenty-one local domestic rabbits were divided into three groups each group had special dietary regimen for 8
weeks: Group I (normal control), Group II (atherogenic control) and Group III (2% Cholesterol + aliskiren 40mg/kg/day
orally). Blood samples were collected at the end of experiment (8 weeks) for measurement of serum lipid profile, plasma high
sensitive C-reactive protein (hs-CRP), plasma malondialdehyde (MDA) and plasma reduced glutathione (GSH).
Immunohistochemical analysis including vascular cell adhesion molecule-1 (VCAM-1); monocyte chemoattractant protein-1
(MCP-1); tumor necrotic factor - a (TNF-a); and interleukin - 17 (IL-17). Histopathologic assessment of aortic atherosclerotic
changes were also performed.

Results: Compared to normal control group, there is a significant increase in the level of lipid profile, hs-CRP (134.1+1.2ug/L),
and malondialdehyde (0.561+0.136umol/L) in the atherogenic diet group, while GSH was significantly reduced
(0.58+0.024mmol/L) at (p < 0.05). Immunohistochemical analysis showed that expression of aortic VCAM-1; MCP-1; TNF-q;
and interleukin-17 were significantly increased in atherogenic control group compared to normal control group (p<0.001). In

addition, animals on atherogenic diet have significant atherosclerotic lesion compared to normal control group. Aliskiren
group appears to have no significant effect on lipid profile compared to atherogenic control group, but it has statistically
significant reduction in hs-CRP (73.1£3.88ug/L) and MDA (0.261+0.15umol/L) at (p < 0.05). Aliskiren treatment failed to
significantly increase the level of plasma reduced glutathione. In addition, aliskiren treatment significantly reduced the
expression of VCAM-1; MCP-1; TNF-q; and IL-17 (p<0.05). Histopathological examination of aortic arch showed that

aliskiren significantly reduced atherosclerotic lesion (p<0.005).

Conclusion: We can conclude that aliskiren is helpful in reducing lipid peroxidation, systemic inflammation and aortic
expression of inflammatory markers used in this study and hence reduces the progression of atherosclerotic plague.
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Introduction
It is well established that atherosclerosis is a disease of large
and medium-sized arteries that is characterized by endothelial
dysfunction, vascular inflammation, and the build up of lipids,
cholesterol, calcium, and cellular debris within the intima
of the vessel wall [1]. Gerard et al., in 2001 proved that the
atherosclerotic plaque composition, (rather than stenosis
severity), is the most important determinant for the thrombus-
mediated acute coronary syndromes [2], that is initiated
by endothelial dysfunction and followed subsequently by
inflammatory cells infiltration of the vascular wall [3]. Immune
cells dominate early in atherosclerotic lesions, their effectors
molecules accelerate progression of the lesions, and activation
of inflammation can elicit acute coronary syndromes [4].
Hypercholesterolemia causes infiltration and retention of LDL
in the arterial intima [5], these retained LDL become modified

(aggregated and oxidized ) and initiate an inflammatory response
in the arterial wall by inducing endothelial cell dysfunction and
smooth muscle proliferation, in addition this modified LDL
up-regulates the expression of leukocyte adhesion molecules
(vascular cell adhesion molecule-1 and E/P-selectin), as well
as other chemokines, such as macrophage colony stimulating
factor (M-CSF) and monocyte chemoattractant protein-1
(MCP-1) in the endothelial cell [5,6]. This causes the monocytes
to prematurely enter the subendothelium, differentiate into
macrophages, up-regulate the expression of scavenger receptors
(SRs), and ingest the retained and modified LDL to become
cholesterol-laden foam cells [7,8]. Smooth muscle cells (SMCs)
migrate into the intima and promote formation of a collagenous
fibrous cap, probably representing a scar-like response to wall
off the lesion, as the lesion progresses, macrophages die and
eventually give rise to areas of necrosis filled with extracellular
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debris, cholesterol crystals, proteases, and procoagulant /
thrombotic material [7].

The renin-angiotensin aldosterone system (RAS) has
emerged as one of the essential links in the pathophysiology
of vascular disease. Angiotensin Il (Ang Il), the main peptide of
RAS, produces chemokines, cytokines, and adhesion molecules,
which contribute to the migration of inflammatory cells into
the tissue injury [9]. Aliskiren is an orally active non-peptide
direct renin inhibitor (DRI). It binds to the active site of renin
and inactivates it [10]. Aliskiren is rapidly absorbed orally
with maximal concentrations reached after 1-3 hours. It is
circulated unchanged in plasma and excreted mainly via the
biliary route. Aliskiren has a long half-life and is therefore
suitable for once-daily dosing [11]. Previous studies showed
the benefits of aliskiren on improving the blood pressure and
reduces the incidence of atherosclerosis [12,13], still more
studies are required to clarify the major clinical endpoints of
aliskiren. Present study was undertaken to evaluate the effect
of aliskiren on the progression of atherosclerosis.

Materials and methods

Animals

A total of 21 local domestic rabbits, weighing (1.1-1.5) kg,
were used in this study. All experiments were conducted
in the Department of Pharmacology, College of Medicine,
Qadaysia University and approved by the University’s Animal
Ethics Committee, according to the guidelines for the Care
and Use of Laboratory Animals in scientific research. The
animals were placed in an animal house, in a group caging
system, at controlled temperature (25+2°C) and ambient
humidity. Lights were maintained on a 12-h light/dark cycle.
The animals had free access to water ad libitum.

Drugs

Aliskiren was used in a dose of 40 mg/ kg orally. A 300 mg
tablets (Novartis, Batch No. S0102) was dissolved in distilled
water, and given to the rabbit according to the body weight
once daily by stomach tube [12].

Animal model of atherosclerosis

Induction of atherosclerosis was carried out by feeding the
rabbit an atherogenic diet (2% cholesterol (BDH Chemicals
Ltd Poole England, prod 43011) enriched rabbit chow)[14,15]
made by addition of cholesterol powder to chow pellets for
8 weeks.

Experimental Protocol

After 2 weeks of acclimatization period, the animals
randomized into 3 groups (of 7 rabbits each): Normal diet
control group (NC, group I), high-cholesterol diet group
which served as atherogenic control (AC, Group Il), and
high-cholesterol diet with aliskiren group (AT, Group )
The NC group was fed normal rabbit chow, whereas the
high cholesterol diet groups were fed a 2% high-cholesterol

(atherogenic) diet. The duration of treatment was 8 weeks.
At the end of the experiment, food was withheld for 16
hours and animals were anesthetized by ketamine (HIKMA
pharmaceuticals B.N 3310) at 66 mg/kg and xylazine (alfasan
B.N 1004111-07) at 6 mg/kg intramuscularly [16]. The chest
was opened by thoracotomy, blood sample was collected
directly from the heart and aorta was separated before
following investigations were performed:

1. Serum Lipid profiles including total serum cholesterol
(TQ), triglycerides (TG), low density lipoprotein-cholesterol
(LDL-Q), and high density lipoprotein cholesterol (HDL-C).

2. Immunohistochemistry for assessment of vascular cell
adhesion molecule-1 (VCAM), tumor necrotic factor - a
(TNF-a); and interleukin - 17 (IL-17), and monocyte
chemoattractant protein-1 (MCP1).

3. Oxidation parameters including malondialdehyde (MDA)
as a marker of lipid peroxidation and reduced glutathione
(GSH) as an antioxidant marker.

4. Systemic inflammatory marker, plasma high sensitive
C-reactive protein (hs-CRP)

5. Histopathological examination of the aorta for assessment
of atherosclerosis.

All specimens were immediately fixed in 10% formaldehyde
solution for subsequent processing.

Biochemical Procedures

Serum lipid profiles were determined by enzymatic methods
using an automatic analyzer (Abbott, Alcyon 300, USA).
Plasma GSH level was determined using methods of Beutler
[17]. Plasma MDA level was determined using competitive
inhibition enzyme immunoassay technique (cusabio; Catalog
No. CSB-E13712Rb). Determination of hs-CRP was done by
using rabbit high-sensitive C-reactive protein (CRP) ELIZA
kit supplied by (Kamiya Biomedical Company; Cat. No. KT-
097). The measurement was carried out according to the
manufacturer’s instructions.

Histological examination of the aorta

For histological evaluation of atherosclerosis, the specimens
were processed in usual manner, and embedded in paraffin
and cut into 5 um thick sections. The tissue sections were
stained with hematoxylin and eosin. The assessment of
atherosclerotic changes was performed according to the
American Heart Association classification of atherosclerosis;
Type | and Type Il lesions (early lesions), Type Il lesions
(intermediate lesions or preatheroma), Type IV lesions
(atheroma), Type V lesions (fibro-atheroma or advance lesion)
and Type VI (complicated lesion) [18].

Immunohistochemistry

Immunohistochemistry was performed with polyclonal goat
antibodies, raised against rabbit VCAM-1, TNF-a, MCP-1 and
IL-17. Staining procedure was carried out according to the
manufacturer’s instructions (Santa Cruz Biotechnology, Inc).
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Figure 1. Showing different scores for the
immunohistochemical stain intensity: A (negative stain),
B (weak stain intensity), C (moderate stain intensity),
D (strong stain intensity), E (very strong stain intensity).
* - Aliskiren treated group was associated with a median
stain intensity of moderate for VCAM-1 (C) and weak for
\_ MCP-1, IL-17 and TNF-alpha (B).

Table 1. Change in serum lipid profile in the normal
control (NC), atherogenic control (AC) and aliskiren
treated (AT) groups, expressed as mean + SEM.

Groups
Parameters NC AC AT
TC (mg/dl) 46.3+0.99 1255+83.06" 1092.1£69.68
TG(mg/dl) 60+3.47 431+84.28’ 365.9+6146
HDL-C (mg/dl) 15.7+1.46 2244217 23343
LDL-C (mg/dl) 18.6+1.46 11454+90.63 1018+61.38
VLDL-C (mg/dl)  12+0.69 86.8+7.77" 53.2+12.29

*p < 0.05, AC compare to NC group.

The stain intensity was scored to O: Indicated no staining,
1:Weak, 2: Moderate, 3: Strong, 4: Very strong stain intensity
[19] (Figure 1).

Statistical analysis

Statistical analysis was performed using Statistical Product
and Service Solutions (SPSS) version 14.0 and Microsoft Excel
(Office2007, Microsoft). Data were expressed as mean = SEM.
Paired t-test was used to compare the mean values within
each group at different time. Analysis of Variance (ANOVA)
was used for the multiple comparison among all groups. The

Table 2. Change in mean plasma levels of hs-CRP, MDA and
GSH in the normal control (NC), atherogenic control (AC) and
aliskiren treated groups (AT), expressed as mean + SEM.

Groups
parameters NC AC AT
Plasma GSH (mmol/L)  1.114+0.0338  0.58+0.024" 0.618+0.0262
Plasma MDA (umol/L)  0.129+0.66 0.561+0.136"  0.261+0.15™
Plasma hs-CRP (ug/L)  33.3+0.78 134.1+1.2° 73.1+3.88"

*p < 0.05, AC compare to NC group.
**p <0.05, AT group compared to AC group.

histopathological grading was assessed by Mann-Whitney test.
In all tests, P< 0.05 was considered to be statistically significant.

Results

Effect of high cholesterol diet

Compared to NC group, rabbits fed on cholesterol-enriched
diet showed significant changes in serum TC (1255+83.06 mg/
dl (group Il or AC) vs. 46.3+£0.99 mg/dl (group 1)), TG (431+84.28
mg/dl (group Il) vs. 60+3.47 (group |)) and LDL-C (1145+90.63
mg/dl (group II) vs. 18.6+1.46 (group 1)) compare to the NC
group at p < 0.05, see Table 1.

Also, there was an increased oxidative stress and
inflammatory markers in that group as presented with
marked reduction in GSH (0.58+0.024 mmol/L (group
) vs. 1.114+0.0338 mmol/L (group 1)), associated with
marker elevation in MDA (0.561+0.0136 umol/L (group II) vs.
0.129+0.66 umol/L (group 1)) and plasma hs-CRP (134.1+1.2
ug/L (group Il) vs. 33.3+0.78 ug/L (group I)) in the AC compared
to the NC at p < 0.05, Table 2.

Effects of aliskiren treatment

Compared to atherogenic control, treating hyperlipidemic
rabbits with aliskiren resulted in significantly lower levels
of plasma hs-CRP (73.1+3.88 ug/L (group lll) vs. 134.1£1.2
ug/L (group Il)) and MDA (0.261+0.15 umol/L (group IlI) vs.
0.561+0.136 umol/L (group Il) in the AT group compared to
the AC group, P<0.01). However aliskiren treatment did not
significantly alter serum lipids and GSH levels, (Table 1 and
Table 2).

Immunohistochemistry

The result ofimmunohistochemical analysis for rabbit’s aortic
arch of VCAM-1, MCP-1, IL-17 and TNF-alpha were significantly
different between all the 3 study groups. The median intensity
of these markers was highest in AC group (very strong for
all markers) and lowest in NC group (normal for all markers).
Aliskiren treated group was associated with a median stain
intensity of moderate for VCAM-1 and weak for MCP-1, IL-17
and TNF-alpha that is significantly lower than the atherogenic
control, Table 3.

Histopathological findings
The atherosclerotic lesions of aortic arch were graded as
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Table 3. The difference in median tissue (VCAM-1, MCP-1, TNF
alpha and IL-17) immunostain intensity between the 3 study
groups.

Markers Groups
NC AC AT
VCAM-1 Negative ~— +++ ++~
1L-17 Negative ~ +++’ +-
MCP-1 Negative ~ +++’ +7
TNF-a Negative ~ +++ +7

+: Weak; ++: Moderate; +++: Very Strong
*p < 0.05, as compare to NC group.
**p < 0.05, as compare to AC group.

Figure 2. A cross section of aortic arch from
hypercholesterolemic rabbit represented atherosclerosis
progression (x40). A: normal arterial appearance as shown
for the normal diet control group (group I),

B: initial atherosclerotic lesion characterized by lipid laden
macrophage (foam cells), commonly seen in aliskiren
treated group (group III), C: intermediate atherosclerotic
lesion characterized by extracellular lipid pool. D: Advance
atherosclerotic lesion characterized by core of extracellular
lipid and E: complicated atherosclerotic lesion characterized
by hemorrhagic thrombus. Both D&E were seen in the

\__ atherogenic group (group II). J

normal, initial, intermediate, advance and complicated
lesions (Figure 2). The median histopathological grade of

atherosclerotic changes was significantly different between
all the 3 study groups. The median was highest in atherogenic
control (advance) and lowest in the normal diet control (no
abnormality). Aliskiren treated group was associated with a
median aortic change (initial) that is significantly lower than
the atherogenic control, see Figure 2.

Discussion

Previous studies showed that process of atherosclerosis
development in human is very similar to that of rabbits and
it is highly affected by cholesterol-rich diet [20]. The current
study showed that feeding the rabbits with cholesterol rich
diet for 8 weeks significantly improve their serum lipid profile
(TC, TG, LDL-C and VLDL-C). However, HDL-C did not show
a significant increase. Similar findings in serum lipids were
obtained by using Licofelone and Simvistatin [21,22]. On
the other hand, aliskiren trial showed no significant effect
on serum lipids (TC, TG, LDL, VLDL and HDL), although it
has been previously proven to be effective in preventing
atherosclerotic plague [12,23].

There are increasing evidence suggesting that enhanced
oxidative stress plays a significant role in the development
of cardiovascular complications [24,25]. Accordingly lipid
peroxidation was measured in this study as a sesnsetive tool to
assess lipid status. As MDA, an end product of polyunsaturated
fatty acid oxygenation is reliable and commonly used biomarker
for assessing lipid peroxidation [26], the measurement of
MDA gives indirect evidence of LDL oxidation. The present
study showed that hypercholesterolemia is associated with
anincrease in the plasma level of lipid peroxidation product,
suggesting an increase in the level of oxygen free radicals. A
similar finding were reported by other study [27].

Hypercholesterolemia could increase the levels of
reactive oxygen species (ROS) through stimulation of
polymorphonuclear leukocytes (PMNLs) and activation of
endothelial cells [28]. Plasma levels of platelet activating
factor (PAF) are elevated in hypercholesterolemia [29], PAF
is known to stimulate granulocytes to release cytokines
such as TNF-a [30] which stimulates nicotinamide adenine
dinucleotide phosphate oxidase (NADPH-oxidase) in the
endothelial cells to generate ROS [31] and INF-y [32] which
activate granulocytes to generate ROS [33]. In addition
hypercholesterolemia increases synthesis of arachidonic acid
and prostaglandins [34]. ROS generation is increased during
synthesis of prostaglandins [35].

Aliskiren has favourable effect on GSH but the plasma level of
GSH remains not significantly higher than that of AC group. Best
to our knowledge, there were no currently available reports on
the effect of aliskiren on GSH in hypercholesterolemic rabbit.
However, Toshio et al., in 2008 demonstrated that aliskiren
significantly improve oxidation status in hypercholesterolimic
rabbit [12]. The result of this study revealed that aliskiren
significantly reduced lipid peroxidation as evident by significant
reduction in plasma MDA this finding was in disagree with
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Hong Lu et al., in 2008, who reported that aliskiren don't
have any effect on macrophage lipoxygenase expression
and serum MDA [13].

The inflammatory process in the atherosclerotic artery may
lead to increased blood levels of inflammatory cytokines and
other acute-phase reactants [13]. In our study we demonstrated
an elevation in plasma hs-CRP in cholesterol fed rabbit the
same finding was observed by other studies [36,37]. CRP
has been thought to be solely synthesized in the liver after
stimulation by cytokines, such as IL-6 and TNF-a [38]. Previous
studies have found that dietary high cholesterol intake
can increase the productions of atherogenic inflammatory
cytokines such as IL-6 and TNFa [39,40]. In addition Daqing
etal., in 2007 reveal that hypercholesterolemia may induce
CRP secretions in adipocytes through reducing the expression
of peroxisome proliferator-activated receptor (PPAR)-y [37].

Our immunohistochemical analysis showed that VCAM-1,
MCP-1, TNF-alpha and IL-17 expression is upregulated under
hypercholesterolemic conditions, similar finding were observed
by other studies [41-44]. Aliskiren favourably affecting plasma
hs-CRP, furthermore our immunohistochemical analysis
show that aliskiren significantly reduced the expression of
all vascular inflammatory parameters that use in this study.

The anti-inflammatory effect of aliskiren has been supported
by many researches, Jun etal, in 2009 demonstrated that renin
inhibition by aliskiren significantly reduced the expression of
VCAM-1 and ICAM ininjured arteries, also he found that the
expression of NF-,B, was attenuated by aliskiren [45]. In addition,
Alessandra et al., showed that aliskiren down-regulates
TNF-a-stimulated TF expression in HUVECs. Also she was found
that renin inhibition by aliskiren abrogates TNF-a-mediated
stimulation of the coagulation pathway in HUVECs [46].

Although there are no current data about the effect of
aliskiren on IL-17, but we suggest that the mechanism by
which aliskiren attenuate inflammatory markers involve
inhibition of angiotensin Il which regulates the expression
of adhesion molecules, cytokines, chemokines, and growth
factor secretion within the arterial wall [47].

The current study revealed that rabbits fed on atherogenic
diet produced marked hypercholesterolemia and advanced
atherosclerotic lesion. These finding was in agreement with
other researches [49-50]. The severe hypercholesterolemia,
enhanced oxidative stress, and inflammation are the possible
contributors for the development and progression of
atherosclerosis. These finding was in agreement with other
researches [12,23,51]. This favourable effect of aliskiren may
be mediated through inhibition of angiotensin Il which is
considered as the main pro-atherosclerotic mediator [47].

To our knowledge, this is the first study that focuses
on illustrating the effects of aliskiren on atherosclerosis
progression through studying various markers of oxidative
stress/ antioxidant (as manifested by lipid peroxidation; MDA
and GSH); anti-inflammatory markers (hs-CRP, TNF-a and
IL-17); immunohistochemical markers (VCAM-1 & MCP-1) and

histopathological examination of atherosclerotic changes.

Conclusions

From the above data we can conclude that aliskiren is helpful
in reducing lipid peroxidation, systemic inflammation and
aortic expression of inflammatory markers used in this study
and hence reduces the progression of atherosclerotic plague
changes.
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