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CHAPTER 5

Abstract

Objective This study was designed to investigate the effect of the angiotensin II receptor
blocker olmesartan alone, or in combination with standard treatment with a statin,
pravastatin, on atherosclerosis development in APOE*3Leiden transgenic mice.

Methods and Results Four groups of 15 mice received an atherogenic diet alone (plasma
cholesterol 17.4 £2.7 mM) or supplemented with either 0.008% (w/w) olmesartan (9.3
mg/kg/d) (plasma cholesterol 16.4 +3.9 mM), 0.03% (w/w) pravastatin (35 mg/kg/d)
(plasma cholesterol 14.6 2.6 mM), or the combination of both (plasma cholesterol 14.5
2.9 mM) for six months. Treatment with olmesartan or pravastatin reduced the
development of atherosclerosis as compared to the control group (-46% and -39%,
respectively). Pravastatin also reduced the severity of the lesions. As compared to
control the combination of both treatments almost fully prevented atherosclerosis (-
91%, p<0.001) and strongly reduced lesion number (-69%), lesion severity (-79%),
number of macrophages (-89%) and T lymphocytes (-86%) per cross-section.
Treatment with olmesartan alone and in combination with pravastatin inhibited the
adhesion of monocytes to the vessel wall (-22%; p<0.05 and -25%; p<0.01, respectively),
and reduced the relative quantity of macrophages in the lesions (-38%; p<0.05 and -
26%; N.S., respectively) as compared to control.

Conclusion Olmesartan reduced atherosclerosis development mainly by decreasing
monocyte adhesion and the relative amount of macrophages, whereas pravastatin
inhibited the progression of atherosclerosis to more advanced lesions, reflecting
different anti-atherosclerotic modes of action of the two drugs. Combination therapy
with olmesartan and pravastatin additively reduced atherosclerosis development,
resulting in less and less severe lesions.

80



OLMESARTAN AND PRAVASTATIN ADDITIVELY REDUCE ATHEROSCLEROSIS

Introduction

Atherosclerosis is a complex disease in which foam cell formation and vascular
remodeling, next to oxidation and inflammation, play an important rolel. Since
atherosclerosis is considered to be a multifactorial disease, there is broad consensus
that medical treatment should have different approaches. Cholesterol accumulation in
macrophages, which leads to foam cell formation, is a crucial stage in the development of
atherosclerotic lesions. Therefore, reduction of high plasma cholesterol appears to be
the first choice approach for medical treatment in preventing atherosclerosis
development. Reduction of plasma cholesterol levels by 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase inhibitors, or statins, is a widely used therapy in
primary and secondary prevention of cardiovascular disease2. Angiographic clinical
trials, like REGRESS3 and MAAS?#, clearly demonstrate that statins significantly reduce
progression of coronary atherosclerosis and decrease the occurrence of new
cardiovascular events in patients with coronary artery disease. Large clinical trials like
CARES, WOSCOPSS, LIPID7 have shown significant benefit from pravastatin in both
primary and secondary prevention of coronary events. There is growing evidence that
statins, independent of their cholesterol lowering capacities, have anti-inflammatory
activity as well8-10,

Angiotensin I, the major effector molecule in the Renin-Angiotensin-System
(RAS), is known to play a pivotal role in the regulation of blood pressure and electrolyte
homeostasis. Besides its vasoconstrictive effect by binding to the angiotensin II type I
receptors (AT1) on vascular smooth muscle cells (VSMCs), angiotensin II has
proinflammatory actions by stimulating the production of cytokines and of reactive
oxygen species. These can activate nuclear factor-kB (NF-kB) resulting in its
translocation into the nucleus where it regulates the transcription of genes encoding for
cytokines, chemokines and adhesion molecules, which are all involved in the
recruitment of monocytes/macrophages and leukocytes to sites of inflammation in the
vascular walllt12, [t is known that angiotensin II plays an important role in the
development of atherosclerosis!314. Strong links between hypercholesterolemia and the
production and expression of angiotensin Il and AT1 have been described?5.16. Clinical
intervention studies like SAVE'?” and SOLVD!® with angiotensin-converting enzyme
(ACE) inhibitors and ELITE!® with an angiotensin II receptor blocker (ARB), showed a
reduction in myocardial infarction and sudden cardiac death. In clinical studies it was
observed that olmesartan is a very potent anti-hypertensive drug with minimal adverse
effects20. Olmesartan also significantly reduced vascular microinflammation in patients
with essential hypertension?21.

The purpose of this study was to investigate whether the angiotensin II receptor
blocker (ARB) olmesartan has additional or synergistic anti-atherosclerotic effects,
when it is used together with the HMG-CoA reductase inhibitor pravastatin in
APOE*3Leiden transgenic mice. APOE*3Leiden mice are a well-established model for
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hyperlipidemia and atherosclerosis®2223. The mice have a human-like lipoprotein profile
in which, upon feeding a cholesterol-containing diet, elevated plasma cholesterol and
triglyceride levels are mainly confined to the VLDL/LDL-sized lipoprotein fraction. In
contrast to other mouse models for hyperlipidemia, i.e. LDL receptor deficient?* and
ApoE deficient mice?5, APOE*3Leiden mice have relatively mildly increased plasma
cholesterol levels, and respond well to statin treatment by reduction of both the apoB-
containing lipoproteins and atherosclerosis. In this mouse model the human
atherosclerotic situation can be mimicked both with regard to the development of
atherosclerosis as well as to the response on therapy?2226-28,

Methods

Mice

Female heterozygous APOE*3Leiden transgenic mice (16 to 18 weeks of age),
characterized by ELISA for human apoE?23, were used. Animal experiments were
approved by the Institutional Animal Care and Use Committee of The Netherlands
Organization for Applied Scientific Research (TNO). Animals were bred by TNO.

Diets

During a 3 week run-in period, all animals received a semi-synthetic high fat cholesterol
diet (HFC) containing 40.5% sucrose, 15% cacao butter and 0.5% (w/w) cholesterol.
After randomization into 4 groups on the basis of age, body weight, plasma cholesterol
and triglyceride levels, the mice received HFC diet alone (control group) or
supplemented with either 0.008% (w/w) olmesartan (9.3 mg/kg/d), with 0.03% (w/w)
pravastatin (35 mg/kg/d), or 0.008% (w/w) olmesartan plus 0.03% (w/w) pravastatin.
The mice receiving olmesartan in the diet showed a small reduction in food intake,
probably causing the slight decrease in plasma cholesterol levels. After 18 weeks of
treatment, both diets containing olmesartan were adjusted to 0.005% (w/w) (5.8
mg/kg/d) to reduce the hypotensive effect and increase the food intake. The pravastatin
concentration was raised to 0.04% (w/w) (47 mg/kg/d) to obtain equal cholesterol
exposures (i.e. plasma cholesterol levels x total time in weeks) between the control and
olmesartan groups and between the pravastatin and combination groups. Since the
olmesartan group had a significant lower total cholesterol exposure after 24 weeks of
treatment, this group was sacrificed 2 weeks later. Olmesartan and pravastatin were
provided by Sankyo Company, Ltd. The animals received food and water ad libitum.
Body weight and food intake were monitored during the study.

Lipid and lipoprotein analysis and plasma SAA
After a 4-hour fasting period from 9 a.m. to 1 p.m., EDTA plasma was collected (Sarstedt,
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Niimbrecht, Germany). Total plasma cholesterol (Roche Diagnostics, No-1489437) and
triglyceride (Roche Diagnostics, No-1488872) levels were measured. Lipoprotein
profiles were obtained by FPLC23. Serum amyloid A was determined by ELISA
(Biosource International, Nivelles, Belgium)?.28,

Systolic blood pressure

To evaluate the effect of olmesartan, the systolic blood pressure was measured in all
groups after 4, 13 and 20 weeks of treatment using the Blood Pressure System for Rats
and Mice (RTBP1001, Harvard Apparatus, Holliston, MA, USA). The mice were trained
every day, seven days before measurement. For each mouse the blood pressure was
measured three times during one session?’.

Histological assessment of atherosclerosis

After the six-months treatment period, the mice were sacrificed after anesthetizing and
blood collection?3. Formalin fixed and paraffin embedded sections of the entire aortic
root area were haematoxylin-phloxine-saffron stained for atherosclerosis
measurement??. For determination of severity of atherosclerosis, the lesions were
classified into 5 categories?27.28: I early fatty streak, II) regular fatty streak, III) mild
plaque, IV) moderate plaque, V) severe plaque. Per mouse the percentages of all lesions
found in the respective categories were calculated. The total lesion area was calculated
per cross-section.

In each segment used for lesion qualification, the number of monocytes adhering
to the endothelium was counted. Mouse monocytes were immunostained with
AlA31240 (1:3000, Accurate Chemical and Scientific, New York, USA). Macrophage area
was measured after immunostaining with anti mouse CD68 (1:100, Serotec Ltd, UK). The
number of T lymphocytes was counted after immunostaining with mouse anti human
CD3 (Serotec Ltd, UK), cross reacting with mouse CD3, a marker for all T cell subtypes.
Collagen content of the plaque was quantified morphmetrically after Sirius Red staining.
Mouse smooth muscle cells were immunostained with mouse anti-human alpha actin
(1:800, DAKO, Denmark), which cross reacts with mouse alpha actin. smooth muscle
cells were counted in the superficial part of the lesions (e.g. the cap) in the type III, IV
and V lesions. Proliferating smooth muscle cells in the cap were immunostained with
anti PCNA (1:180, Calbiochem, Merck, Germany). All analyses were performed by the
same operator, who was blinded for experimental group allocation.

Statistical analysis

Significance of differences was calculated by using the non-parametric Mann-Whitney U
test. Each group was compared to control and the combination group was additionally
compared to the pravastatin group. Differences in lesion area were corrected for
differences in blood pressure, using analysis of variance and analysis of covariance. To
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ensure normality, lesion area was transformed using a square-root transformation,
which was used as dependent variable. The treatment group was used as the
independent variable and difference in blood pressure was the covariate. P<0.05 was
considered significant. All data are presented as mean # SD.

Results

Plasma lipids and blood pressure

As presented in table 1 the control group had a cholesterol exposure of 420 + 34
mM*weeks, which was equal to the olmesartan group. Cholesterol exposure was
decreased by 18% (p<0.001) in the pravastatin group and by 17% (p<0.001) in the
combination group, as compared to the control group. Average plasma cholesterol levels
were 17.5 * 2.7 mmol/L for the control group. Although at any time point the
olmesartan group did not differ from the control group, the average overall cholesterol
level was slightly decreased (p<0.05). In the pravastatin and the combination group a
17% (p<0.001) reduction of the plasma cholesterol level was observed. The average
plasma triglyceride level for the control group was 1.47 * 0.47 mmol/L. Olmesartan
lowered plasma triglyceride levels by 13% (p=0.001) and pravastatin by 37%
(p<0.001). In the combination group triglyceride levels were decreased by 39%
(p<0.001). Average systolic blood pressure, measured after 4 and 13 weeks of
treatment, the blood pressures were 101 + 6 mmHg for the control group, 83 + 6 mmHg
for olmesartan group (-18%, p<0.001), 104 + 7 mmHg for the pravastatin group and 89
+ 4 mmHg for the combination group (-11%, p<0.001). After diet adjustment (at t=18
weeks), the blood pressures were measured again after 20 weeks of treatment (shown
in table 1). Olmesartan alone or in combination with pravastatin decreased systolic
blood pressure by 14% as compared to control and pravastatin treatment.

Total Average Average Systolic blooc
cholesterol plasma plasma pressure
exposure cholester ol triglyceride (mmHg)
(mM *weeks) (mmol /L.) (mmol /L.)
C ontrol 420+ 34 17.5 2.7 1.47 £0.47 104+ 4
Olmesartan 415+ 74 16.4 + 3.9* 1.27 + 0.48* 90 + 2*#
Pravastatin 346 + 48*% 14.6 + 2.6* 0.93 £ 0.42* 105+ 4
Olmesartan + Pravastatin 348 + 49*t 14.5 £ 2.9* 0.89 + 0.45* 89 + 3*#

Table 1 The effect of olmesartan, pravastatin and the combination of both on plasma lipids and
systolic blood pressure after twenty weeks of treatment. (*p<0.05 compared to control; tp<0.05
compared to olmesartan; #p<0.05 compared to pravastatin)
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Atherosclerosis evaluation: Lesion number, lesion area and lesion severity

Representative photomicrographs of atherosclerotic lesions found in the different
groups are shown in figure 1. The number of lesions per cross-section in the control
group was 59 * 1.1 (figure 2A). A significant decrease of 31% was found in the
olmesartan group (P<0.005) and of 34% in the pravastatin group (P<0.001).
Combination treatment reduced lesion number by 69% (P<0.001), which was also
significantly different from the olmesartan group (-56%; P=0.001) and pravastatin
group (-54%; P<0.001). The total lesion area per section for the individual groups is
shown in figure 2B. For the control group the total lesion area was 164.4 + 68.8
um2*1000. Olmesartan significantly reduced lesion area by 46% (P<0.05) and

Control Olmesartan

Figure 1 Representative
photomicrographs of
atherosclerotic lesions found
in the different groups
(haematoxylin-phloxine-

saffron staining). The control
example shows a severe
lesion (type V). For both the
olmesartan and pravastatin
group mild and moderate
lesions (type II, III and IV)
are presented. The example
for the combination group
shows a small fatty streak

(type D).

pravastatin by 39% (P<0.05). The combination therapy further inhibited the
development of atherosclerosis by 91% which was highly significant compared to the
control (P<0.001), the olmesartan (-83%; P=0.001) and pravastatin (-85%; P<0.001)
group. For each animal the lesion severity was analyzed and the percentages of lesions
belonging to the respective lesion categories were calculated. Figure 2C shows the
percentages of type 0-III lesions (no lesions, fatty streaks and mild plaques) and type IV-
V lesions (moderate and severe plaques). About 70% of lesions in the control group
were type IV or type V lesions, which was 47% (N.S.) in the olmesartan group, 38%
(P<0.01) in the pravastatin, and only 15% (P<0.001) in the combination group. This
finding indicates that treatment with olmesartan, alone or in combination with
pravastatin, interferes with the progression of lesion development, resulting in less
advanced lesions.
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Figure 2 Effect of olmesartan, pravastatin and
the combination of both on atherosclerosis. The
number of lesions (A) and lesion area per cross-
section (B). Severity of the atherosclerotic lesions
(C) as determined by the percentages of lesions
classified as mild (absence of lesions + type I-III
lesions) and severe (type IV-V lesions). P<0.05
compared to control; 1P<0.05 compared to
olmesartan; #P<0.05 compared to pravastatin.

also whether
had

properties beyond

We
olmesartan

analyzed
anti-atherosclerotic
its blood pressure
lowering qualities. We calculated, using a
univariate analysis of variance (with blood
pressure as covariate), that the differences
in lesion area remained significant after
statistical correction for differences in
blood pressure (P<0.01). This shows that
olmesartan had an additional beneficial
effect independent of its blood pressure
lowering effect. The nature of these effects
was explored in more detail below.
Systemic inflammation: plasma serum
amyloid A
The liver-derived plasma inflammation
marker serum amyloid A (SAA), which
reflects the overall systemic inflammatory
state, was measured at the beginning of the
study and at sacrifice (figure 3). Levels at
sacrifice were 32.2 * 19.2 pug/mL in the
control group, which was significantly
higher (P=0.01) when compared to the
levels at the start of the treatment (11.6 +
3.5 pg/mL). As compared to control, SAA
was reduced by 68% (p<0.001) in the
olmesartan group, by 72% (p<0.001) in
and by 64%
(P<0.001) in the combination group. The

the pravastatin group,

pravastatin group showed a significant 22% reduction (p<0.05) in SAA levels as

compared to the levels at the beginning of the study. These data emphasize the anti-

inflammatory properties of both drugs.

Inflammatory cells: Monocyte adhesion and macrophage and T lymphocyte abundance

As inflammation is an important process in atherogenesis, the presence of pro-

inflammatory cells was measured. In the same four sections of the aortic root used for

measurement of lesion number, size and severity, the monocytes adhering to the

activated endothelium were counted. In the control group on average 18.1 * 3.2

adhering monocytes per cross-section were present (figure 4A). A significant reduction
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of 22% (p<0.05) was observed in the
olmesartan  group, whereas  the
pravastatin group had an equal number
of adhering monocytes as compared to
the control group. The combination
group showed a similar reduction as the

Plasma SAA (ug/mlL)
occ88888

olmesartan group, which was

Startof Con Olme Prava Olme+
treatiment Prava

significantly different from the control
group (-25%; P<0.01) and the pravastatin
Figure 3 Effect of olmesartan, pravastatin and  group (-27%; P<0.01). A resembling

the combination of both on plasma levels of pattern was seen for the relative amount
serum amyloid A (SAA). *P<0.05 compared to

control; #P<0.05 compared to start of treatment. of macrophages in the total lesion area

(figure 4B), in which a 38% (P<0.05)
decrease was observed in the olmesartan group. No reduction was observed in the
pravastatin group and there was a 26% (N.S.) decrease in the combination group. The
total number of macrophages in the lesions showed a pattern comparable to the lesion
area (compare figure 4C with figure 2B). In the control group on average 209 * 67
macrophages were present per cross-section. Significant decreases of 46% (P<0.05) and
of 51% (102 + 113, P<0.01) were found in the olmesartan group and pravastatin group,
respectively. An 89% (P<0.001) reduction was observed in the combination group,
which was significantly lower than the olmesartan (P<0.01) and pravastatin group
(p<0.001).

In the control group on average 2.1 + 0.4 T-lymphocytes were present per cross-
section (figure 4D). This number was lowered by 62% (P<0.05) in the olmesartan
group, by 76% (P<0.01) in the pravastatin group, and by 86% (P<0.001) in the
combination group. Taken figures 4A to 4C together, our data indicate that treatment
with olmesartan decreases activation of the endothelium and results in less foam cell
rich plaques as compared with pravastatin treatment.

Lesion composition: Collagen and smooth muscle cell content

To obtain an indication of plaque stability, the collagen content of the lesions and
smooth muscle cell area in the cap of the lesions were measured. The average collagen
content was 30.8 + 10.9% in the control group. A 30% increase (39.8 + 14.0%; N.S.) was
seen in the olmesartan group, 40% (43.3 * 10.7%; P<0.01) in the pravastatin group and
48% (45.6 £ 22.2%; N.S.) in the combination group. Smooth muscle cell area in the cap
was measured and expressed as percentage of the lesion area, in those lesions that
contained fibrous caps (type III, IV en V) (figure 4E). It was found that 1.7 + 1.2% of the
lesion area was smooth muscle cell area in the control group. A 2.6-fold (P<0.01)
increase was measured in the olmesartan group. Pravastatin treatment resulted in a 3.1-
fold increase (P<0.001) and a 5-fold (P<0.01) increase was observed in the combination
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group. To obtain an indication about the state of differentiation of these smooth muscle
cells the sections were stained for alpha-SMactin, as a marker of the differentiated,
contractile phenotype and for PCNA as marker of proliferation. In all groups hardly any
proliferation of smooth muscle cells was found in the cap area (data not shown). This
suggests that the smooth muscle cells in the cap area are differentiated contractile
smooth muscle cells, which hardly proliferate. The enhanced smooth muscle cell area
per lesion area suggests an increased stability of the plaques.
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Discussion

The present study was designed to evaluate and characterize the nature of the effect of
the ARB olmesartan alone or in combination with statin treatment, the latter of which
can be considered as standard therapy for patients suffering from cardiovascular
disease, on the development of atherosclerosis. To create a human-like condition
APOE*3Leiden transgenic mice were used, since these mice respond to statins with
cholesterol-lowering just as humans?2226-28 and develop atherosclerotic lesions akin to
their human counterparts with respect to morphological, histological and
immunohistochemical characteristics?3. In this study treatment with olmesartan
resulted in an 11 to 18% reduction in blood pressure, resembling the human response (-
10 to -17%) to ARB treatment30. Pravastatin reduced plasma cholesterol levels by 17%,
which is also comparable to the about 20% decrease achieved in clinical trials31.

Mono treatment with olmesartan inhibited atherosclerosis development, beyond
and independent of the reduction achieved by its antihypertensive action alone. This
finding is in line with previous studies in monkeys32 and in apoE deficient mice33, in
which olmesartan reduced atherosclerosis but did not affect blood pressure. We
investigated whether olmesartan exerts this additional anti-atherosclerotic effect via an
anti-inflammatory activity by measuring plasma levels of the liver-derived inflammation
marker SAA. SAA is a risk factor for cardiovascular disease, which reflects the overall
inflammatory state34. Treatment with olmesartan reduced SAA levels to initial levels of
healthy control animals (i.e. before the atherogenic diet was started). The decrease was
observed even under conditions of increased plasma cholesterol levels, which are
known to increase SAA levels®2829 In addition, histological analysis of the lesions
showed anti-inflammatory features of olmesartan as characterized by reductions in the
number of pro-inflammatory adhering monocytes, macrophages, and T-cells per cross-
section and by a decrease in total macrophage area in the lesions. Since lesion formation
starts by monocyte adherence to the activated endothelium, the above data indicate that
olmesartan has an inhibiting effect on the early phase of lesion formation. The reduction
in the ‘soft’ macrophage area, known to be prone to plaque rupture, together with the
increased smooth muscle cell area of the contractile phenotype covering the lesions,
suggests that olmesartan has plaque stabilizing effects.

Besides blood pressure and inflammation, elevated plasma triglyceride levels are
an independent risk factor for cardiovascular disease35. In this study it was observed
that olmesartan slightly but significantly decreased plasma triglyceride levels. A similar
effect combined with an improved insulin sensitivity was observed in olmesartan-
treated, fructose-fed rats3¢. Another angiotensin II receptor blocker, telmisartan, was
recently shown to reduce triglyceride levels and to improve insulin sensitivity in insulin
resistant rats and humans3’. These effects were attributed to its peroxisome
proliferator-activated receptor-y (PPAR-y) modulating abilities. PPAR-a and PPAR-y are
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expressed in the cells of the cardiovascular system and have been shown to participate
in the regulation of cell growth and migration, and oxidative stress and inflammation38.
For olmesartan no PPAR-y activating capacity has been detected3® until now and it
needs to be investigated whether the effect on triglyceride levels and the anti-
inflammatory effects of olmesartan are due to modulation of PPAR-a activity.

Mono treatment with pravastatin inhibited the progression of atherosclerosis
resulting in less severe and less advanced lesions. This can not solely be attributed to the
reduction in plasma lipid levels by pravastatin treatment, but also to its anti-
inflammatory properties. These were exhibited in the liver as was visible by reduced
plasma SAA levels to even lower concentrations than at the start of the study and
histologically in the vessel wall by a reduced number of macrophages and T-cells. SAA,
macrophages and T cells are considered to participate in pro-atherogenic processes of
early lesion evolution and promote lesion development*04l, The reductions in these
parameters were all comparable to the decreases achieved by olmesartan mono therapy.
Pravastatin did not affect the number of adhering monocytes and the macrophage
containing area in the plaques. However, it may stabilize the lesions by increasing the
amount of differentiated contractile alpha-SMactin positive smooth muscle cells in the
fibrotic cap like olmesartan does.

When olmesartan was combined with pravastatin the anti-atherosclerotic and anti-
inflammatory activities of both drugs appeared to be additive, resulting in a significant
reduction of 85% when compared to the pravastatin mono treatment. Combination
treatment lowered the number of adhering monocytes and T-cells like olmesartan mono
therapy, but further reduced the lesion severity and the number of macrophages. No
further reduction by combination treatment was found for plasma SAA, which already
was decreased by olmesartan or pravastatin alone to levels found at the start of
treatment. In agreement with the present data combination treatment with
candesartan/rosuvastatint?, or valsartan/fluvastatin®3 reduced atherosclerosis to a
greater extent than treatment with each drug alone in ApoE~/- mice. However, treatment
with telmisartan plus atorvastatin did not show any additional effects on atherosclerotic
progression and stability in this mouse model*4. Our data in APOE*3Leiden transgenic
mice are in line with a recent report on the effect of combination treatment in rabbits#>
and extend the latter observation of reduced atherosclerosis development by providing
a more mechanistic explanations for the additive effect of both drugs.

In conclusion, the current data show that olmesartan interferes with the initiation
of lesion formation, whereas pravastatin inhibits lesion progression, and both drugs
have vascular and hepatic anti-inflammatory properties. The clinical study EUTOPIA2!
also points to anti-inflammatory activity of olmesartan in humans by reducing the
plasma levels of C-reactive protein, interleukin-6 and tumor necrosis factor-a in patients
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with essential hypertension and microinflammation. Co-treatment with pravastatin
resulted in further reductions of these levels, whereas pravastatin alone did not affect
these inflammatory factors. SAA levels were not measured in the latter study.

The effect of combination treatment of olmesartan with pravastatin on
cardiovascular endpoints in humans has not yet been studied. However, combination
therapy of atorvastatin with an ACE inhibitor was shown to be more effective in
reducing cardiovascular events than statin treatment alone in a post-hoc analysis of the
patients of the GREASE*6 study*’. Similar synergistic effects of atorvastatin and anti-
hypertensive treatment with the calcium channel blocker amlodipine and ACE inhibitor
perindopril were recently reported in the ASCOT study*8. The present study and the
results of the mentioned clinical trails provide evidence that combination treatment of
olmesartan and pravastatin may be more effective in the prevention of atherosclerosis
than treatment with statins alone.
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