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Abstract
Angiotensin II receptor blockade has been shown to inhibit atherosclerosis in several different animal
models. We sought to determine if this effect was the result of blood pressure reduction per se or a
result of the anti-inflammatory effects of receptor blockade. ApoE-deficient mice were fed a high
fat diet and treated with either an angiotensin II receptor antagonist, candesartan (0.5 mg/kg/day,
SC) or a calcium channel blocker, amlodipine (7.5 mg/kg/day, mixed with food). Atherosclerotic
lesion area, aortic inflammatory gene expression as well as aortic H2O2 and superoxide production
were assayed. We found that candesartan but not amlodipine treatment dramatically attenuated the
development of atherosclerosis despite a similar reduction in blood pressure. Similarly, candesartan
treatment inhibited aortic expression of inflammatory genes and production of reactive oxygen
species, effects not seen with amlodipine. These data demonstrate that angiotensin II receptor
blockade inhibits atherosclerosis by reducing vascular oxidative stress and inflammatory gene
production independent of blood pressure reduction.
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Introduction
Both humoral and mechanical factors appear to be involved in the pathogenesis of
atherosclerosis. The renin-angiotensin system has been implicated as a major contributing
factor to the progression of atherosclerosis in apoE-deficient mice.1-13 Smooth muscle cells
exposed to angiotensin II also demonstrate an increase in MAP kinase activation, upregulation
of NAD(P)H oxidase components, and increased expression of inflammatory markers such as
MCP-1, VCAM-1, and M-CSF.6,14,15 Hypertension and the biomechanical effects can lead
to endothelial dysfunction,16 increased MMP and inflammatory gene expression,17-19 and
accelerated atherosclerosis.2 The magnitude of the relative contributions of humoral and
mechanical factors to atherosclerosis remain unclear.

The renin angiotensin system had been implicated in the pathogenesis of atherosclerosis based
on both clinical and experimental studies.1,3,4,20-24 Thus, it has been proposed that inhibition

Correspondence: W. Robert Taylor, M.D., Ph.D., Division of Cardiology, Emory University Hospital, Woodruff Memorial Research
Building-Suite 319, 1639 Pierce Drive, Atlanta, GA 30322, 404-727-8921 (phone), 404-727-3330 (fax), wtaylor@emory.edu (email).
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Atherosclerosis. Author manuscript; available in PMC 2008 November 1.

Published in final edited form as:
Atherosclerosis. 2007 November ; 195(1): 39–47.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of the renin angiotensin system may have anti-atherosclerotic effects independent of blood
pressure reduction. This hypothesis remains controversial as there are data available that both
support and refute this concept.25-29 Therefore, we attempted to compare the relative effects
of blood pressure reduction with an angiotensin II type-I receptor (AT1) blocker and a calcium
channel blocker on atherosclerosis, inflammatory gene expression, and reactive oxygen species
(ROS) generation in apoE-deficient mice while controlling for an equivalent degree of blood
pressure reduction.

Materials and Methods
Animals, Drugs, and Diets

Male apolipoprotein E-deficient mice on a C57BL/6 background were purchased from The
Jackson Laboratory (Bar Harbor, ME) and housed individually in ventilated micro-isolator
units on a 12 hour light/dark schedule. The mice were given free access to water and food. The
animals were housed and cared for according to the guidelines proposed by the National
Institutes of Health for the care and use of experimental animals. All experiments in the present
study were conducted on mice beginning at 6 and 8 weeks of age.

Candesartan was a kind gift from Astra-Zeneca. Dosages of candesartan and amlodipine used
were determined by preliminary studies such that systolic blood pressure was reduced by
approximately 30 mmHg. Candesartan was delivered via subcutaneous mini-osmotic pumps
(Alzet, model 1002) implanted in a dorsal subcutaneous pocket after the mice were
anaesthetized with 375 mg/kg 2,2,2-tribromoethanol (Avertin, Sigma Chemical Co.). The
soluble and bio-available form of candesartan (CV-11974) was used for all experiments, which
was dissolved in 0.9% NaCl and 50 mM Na2CO3. Amlodipine was mixed with the powdered
high fat diet using a food blender (Fisher Scientific). The final dose of amlodipine administered
to the mice was 7.5 mg/kg/day.

The Western-type or saturated fat enriched diet (total caloric content 0.15% cholesterol, 42%
fat) used in all experiments was purchased from Teklad, Inc. (TD 88137) in either pellet or
powder form. The components per kilogram as listed by the manufacturer are as follows: 195
g high protein casein, 3 g DL-methionine, 341.46 g sucrose, 150 g corn starch, 210 g anhydrous
milkfat, 1.5 g cholesterol, 50 g cellulose, 35 g mineral mix (AIN-76), 4 g calcium carbonate,
10 g vitamin mix, and 0.04 g ethoxyquin.

Systolic blood pressure was measured before the start of treatment, once a month thereafter,
and just prior to sacrifice using a computerized, non-invasive, tail-cuff method (BP2000,
Visitech). One set of 10 measurements was acquired for all animals and the mean blood
pressure was calculated. All animals were acclimated to the machine before taking
measurements to ensure accuracy.

Morphological Evaluation
For the morphological endpoint we divided 50 apoE-deficient mice into five weight-matched
groups. The first three groups were treated for 4 months as follows: 1) standard chow diet
(Purina, Certified Rodent Diet), 2) pelleted high fat diet, and 3) pelleted high fat diet with
Candesartan treatment (0.5 mg/kg/day SC). The remaining 20 mice were split into two groups
and treated for 6 months as follows: 4) pelleted high fat diet, 5) pelleted high fat diet with
candesartan treatment (0.5 mg/kg/day SC) for the last two months only. In a similar experiment
we divided 30 apoE-deficient mice into three groups as follows: 1) standard chow diet, 2)
pulverized high fat diet fed through individual feeder/mesh cylinders (Allentown Caging
Equipment Co., Allentown, NJ), and 3) pulverized high fat diet blended with amlodipine (7.5
mg/kg/day) using individual feeders.
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Animals were euthanized by CO2 inhalation at each designated time point. The animals were
then perfused with 0.9% saline by cardiac puncture, followed by pressure fixation at 100 mm
Hg with a 4% phosphate buffered formalin solution. Atherosclerotic plaque area in the
descending aortas was measured as previously described.2 Briefly, the aorta was opened
longitudinally from the origin of the descending thoracic aorta to the renal arteries. Digital
images were acquired and the extent of atherosclerosis was expressed as the percentage of the
lumen surface area covered with atherosclerotic plaque.

Gene Expression
Using the same experimental groups described above, mice were treated for two weeks, with
blood pressures assessed at 0, 7 and 14 days. The mice were euthanized by CO2 and their aortas
were quickly harvested, snap frozen in liquid nitrogen, homogenized in Buffer RLT (Qiagen)
and the homogenates were passed through a QiaShredder spin column to ensure complete
homogenization of the samples. RNA was extracted and purified using the Qiagen Rneasy
Mini protocol for animal tissue. All gene expression was quantified using real-time PCR
(Roche light-cycler). The primers used for real-time PCR experiments were obtained from
Sigma/Genosys and are as follows: MCP1-upsream primer: 5′-
ACTCTCACTGAAGCCAGCTC -3′; MCP-1 downstream primer: 5′-
CAGAGAGGGAAAAATGGATC -3′; PAI-1 upstream, 5′-
ACAGCCAACAAGAGCCAATC-3′, downstream primer, 5′-
GACACGCCATAGGGAGAGAA--3′; 18S rRNA PCR upstream primer, 5′-
GAACGTCTGCCCTATCAACT -3′; downstream primer, 5′-
CCAAGATCCAACTACGAGCT -3′. Superscript II, Platinum Taq polymerase, RnaseOut,
and all other PCR components were purchased from Invitrogen/Life Technologies. cDNA was
purified using the QIAquick PCR Purification kit (Qiagen), with an additional ethanol washing
step added. Standards for each gene were created using conventional PCR and tested for purity
by gel electrophoresis. All gene expression was normalized to 18s mRNA levels and all samples
were run in triplicate and averaged.

ROS Production in Aortic Ring Segments
H2O2 production was measured using an Amplex Red assay kit purchased from Molecular
Probes, Inc using the manufacturer’s instructions except that Krebs-Ringers-Phosphate-
Glucose (KRPG) buffer (145 mM NaCl, 5.7 mM NaH2PO4, 4.9 mM KCl, 0.5 mM CaCl2, 1.2
mM MgSO4, 5.5 mM anhydrous glucose) was used. ApoE-deficient mice were treated for six
weeks with chow diet, high fat diet, high fat diet + candesartan (0.5 mg/kg/day), or high fat
diet + amlodipine (7.5 mg/kg/day) as described above. The mouse aortas were carefully
harvested and the adventitia removed under a dissecting microscope. The proximal halves of
the aortas were then cut into 4 equal 5 mm segments and incubated two per tube in the reaction
mixture for 15 hours in the dark at 37°C. Care was taken to insure minimal manipulation of
the rings to maintain endothelial integrity. The supernatant was then read in a microplate reader
(Cytofluor series 4000, PerSeptive Biosystems). The fluorescent values were normalized to
the dry weights of the ring segments. Similarly, superoxide production by isolated aortic rings
was measured using the lucigenin assay as previously described.30

Statistical Analysis
All data are presented as mean ± SEM. Statistical Significance was determined by ANOVA.
The Duncan New Multiple Range Test was used to determine the significance of individual
time points.
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Results
Effect of angiotensin II receptor antagonism on atherosclerotic lesion development in apoE-
deficient mice fed a high fat diet for 4 months

ApoE-deficient mice treated with candesartan infused via osmotic pumps at a dose of 0.5 mg/
kg/day and fed a high fat diet for 4 months demonstrated a significant reduction in systolic
blood pressure from 100.1 ± 2.1 to 72.9 ± 1.6 mmHg (p<0.0001, Figure 1A). Treatment with
candesartan completely blocked the effect of the high fat diet on atherosclerotic lesion area in
the descending thoraco-abdominal aorta. Mice that were fed a high fat diet for 4 months had
an atherosclerotic lesion area of 18.6 ± 2.4%. Conversely, those fed a high fat diet for four
months and simultaneously treated with candesartan had only 3.8 ± 0.5% of their descending
aortas covered with lesions (p<0.001, Figure 1B and 1C). The mean lesion area in the
candesartan-treated animals was not statistically different from the lesion area in the mice
maintained on the standard chow diet (3.8 ± 0.5% vs. 3.5 ± 1.0%) indicating a complete
inhibition of the atherogenic effect of the high fat diet.

Effect of calcium channel blockade on atherosclerosis in apoE-deficient mice
In order to determine the effects of blood pressure reduction per se vs. the specific effects of
blocking the angiotensin II receptor, we also treated apoE-deficient mice that were fed a high
fat diet with the calcium channel blocker amlodipine (7.5 mg/kg/day). The dose of amlodipine
was selected so as to produce a reduction in blood pressure that similar to that seen in the
candesartan-treated group. ApoE-deficient mice treated with amlodipine and fed a high fat diet
for 4 months demonstrated a significant reduction in systolic blood pressure from 99.5 ± 1.3
to 70.4 ± 3.7 mmHg (p<0.001, Figure 2A). Note that this reduction was similar in magnitude
to the one seen in the candesartan-treated mice.

Despite the commensurate hypotensive effects of amlodipine, there was no significant effect
on atherosclerotic lesion area (24.2 ± 2.7% vs. 20.6 ± 2.4%, p = 0.354). This finding suggests
that while mechanical factors may play a role in atherosclerosis, the effect of candesartan
treatment on atherosclerotic lesion area may be more related to the direct effects of angiotensin
II receptor antagonism as opposed to blood pressure reduction alone.

Effects of angiotensin II receptor antagonism on pre-existing lesions in apoE-deficient mice
To determine the effects of candesartan treatment on previously-formed lesions in apoE-
deficient mice, we performed additional studies in animals with established atherosclerosis.
Two groups of animals were used. Both were fed a high fat diet for 6 months, but one was
treated with candesartan (0.5 mg/kg/day) during the last two months. The systolic blood
pressures of these mice were reduced to the same extent as we observed in the animals treated
with candesartan for 4 months (figures 1 and 3).

We found that mice fed a high fat diet for 6 months had an average atherosclerotic lesion area
of 52.4 ± 4.5%. In contrast, the mice that were fed a high fat diet for 6 months with candesartan
treatment beginning after month four had an atherosclerotic lesion area of only 22.3 ± 4.0%,
(p < 0.0002). This was not significantly different from the mice that were fed a high fat diet
for four months only, (18.6 ± 2.43%, p = 0.448). Although treatment with candesartan did not
induce atherosclerotic lesion regression, the progression of atherosclerosis appears to have
been essentially halted once treatment began.

Comparison of the effects of candesartan and amlodipine on inflammatory and fibrogenic
gene expression

Although both the candesartan and amlodipine were effective in lowering blood pressure to
the same degree, the two drugs had markedly differing effects on inflammatory gene expression
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in aortic tissue. In order to examine the relative effects of these two anti-hypertensive agents
on inflammatory and fibrogenic gene expression, we treated apoE-deficient mice for two weeks
under the following conditions: normal chow diet, high fat diet, high fat diet + candesartan,
and high fat diet + amlodipine. We found that candesartan potently down-regulated
plasminogen activator inhibitor-1 (PAI-1), a gene known for its robust response to angiotensin
II stimulation in vascular smooth muscle cells. Figure 4 illustrates that when apoE-deficient
mice were fed the high fat diet and treated with candesartan, aortic expression of PAI-1 is
reduced by approximately 60% compared to animals on high fat diet alone. Conversely,
amlodipine had no significant effect on basal PAI-1 expression.

Another gene of interest involved in vascular disease that we focused on is monocyte
chemoattractant protein-1 (MCP-1). Known to be important in the pathogenesis of
atherosclerosis,31,32 MCP-1 mRNA expression was found to be elevated approximately 3
fold in mice maintained on a high fat diet compared to those on normal chow (see Figure 4).
Aortic tissue from animals on a high fat diet and treated with candesartan for two weeks
demonstrated an approximate 40% reduction in MCP-1 expression. Amlodipine, however, had
no significant effect on MCP-1 mRNA expression.

Effect of candesartan and amlodipine on aortic ROS production
It has been well established that experimental atherosclerosis is due in part to the production
of reactive oxygen species. In order to explore possible differential effects of candesartan and
amlodipine on vascular production of reactive oxygen species, we measured H2O2 production
using the amplex red assay. ApoE-deficient mice were divided into four groups containing 6-8
mice as follows: 1) low fat chow diet, 2) high fat diet, 3) high fat diet + candesartan (0.5 mg/
kg/day), and 4) high fat diet + amlodipine (7.5 mg/kg/day). The mice were treated with the
aforementioned regimen for six weeks before their aortas were harvested and processed. These
studies showed that the high fat diet significantly increased H2O2 production. Treatment with
Candesartan partially normalized this increase whereas amlodipine had no significant effect
on the diet-mediated increase in H2O2 production (Figure 5). Similarly, superoxide production
was increased in the animals fed a high fat diet and the administration of candesartan
significantly reduced superoxide production in animals fed either the low fat or high fat diet
(figure 5).

Discussion
The data presented here demonstrate that the anti-atherosclerotic effects of AT1 receptor
antagonism are not a result of the concomitant reduction in blood pressure. We have shown
that atherosclerosis of the descending thoracoabdominal aorta can be completely inhibited in
apoE-deficient mice fed a high fat diet by infusing candesartan, a potent angiotensin II receptor
type-1 blocker. Conversely, when apoE-deficient mice were treated with the calcium channel
blocker amlodipine, we found that there was no significant reduction in atherosclerotic lesion
formation. This occurred despite a commensurate reduction in systolic blood pressure.
Importantly, we also found that treatment with the angiotensin II receptor blocker dramatically
decreased aortic expression of prototypical pro-inflammatory and fibrogenic genes and
vascular production of ROS. This effect was not seen in the animals treated with the calcium
channel blocker. Taken together, these findings demonstrate that the anti-atherosclerotic, anti-
inflammatory effects of the angiotensin receptor blocker, candesartan, are largely due to effects
independent of blood pressure reduction.

We and others2,4 have shown that infusing apoE-deficient mice on a high cholesterol diet with
angiotensin II had an extremely potent pro-atherogenic effect. Conversely, raising blood
pressure to the same degree with norepinephrine had only a minimal effect on atherosclerotic
lesion formation.2 In the current study, using two different pharmacological approaches to
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lowering blood pressure, we have shown in an analogous fashion, that AT1 receptor
antagonism results in an anti-atherosclerotic effect independent of blood pressure reduction.
Clearly, atherosclerosis is a multifactorial disease that cannot be solely linked to one receptor.
In our particular setting, however, it appears that endogenous angiotensin II may be more
important than mechanical factors in stimulating the progression of atherosclerosis in apoE-
deficient mice.

To examine the possible effects of AT1 receptor blockade on established atherosclerotic
lesions, we studied the effects of candesartan on the progression of atherosclerotic disease
extent in animals that had been maintained on a high fat diet for 4 months. These mice were
then treated with candesartan for two months while continuing on a high fat diet regimen.
Although the AT1 antagonist did not cause regression of pre-existing lesions, atherosclerotic
development was completely halted when compared to the four month high fat diet controls.
This suggests that although no notable regression occurred during this time, the angiotensin II
receptor blocker was able to blunt further lesion formation during a period of accelerated lesion
development.

The potential pro-atherosclerotic effects of angiotensin II have been well described.1-4,14,
33-35 Angiotensin II is capable of upregulating a myriad of growth factors, cytokines,
chemokines, and other pro-inflammatory gene products. Central to this process is the
production of reactive oxygen species.35,36 Thus, there are significant mechanistic data
supporting a functional role for endogenous angiotensin II in the pathogenesis of
atherosclerosis.

The contribution of blood pressure reduction to the anti-atherosclerotic effects of interfering
with the renin-angiotensin system (RAS) remains controversial. Several groups have
demonstrated that inhibition of the RAS can reduce atherosclerosis in a range of animal models
including apoE-deficient mice,7,37-39 Watanabe rabbits,21,24,40 and monkeys8,41 despite
having variable effects on blood pressure. Several of these studies utilized lower doses of ACE
inhibitors that did not cause a reduction in blood pressure in an attempt to define the blood
pressure-independent effects of ACE inhibition.24,37,39,41 While one of these studies showed
equivalent anti-atherosclerotic effects of the low dose ACE inhibitor,39 others showed that the
magnitude of the reduction in atherosclerosis seen with low dose ACE inhibitors was less than
that seen when doses sufficient to lower blood pressure were used.24,37,41 These
inconsistencies leave in doubt the precise contribution of blood pressure reduction to the anti-
atherosclerotic effects of interfering with the RAS. However, the data presented here lend
support to the concept that the blood pressure-independent effects of angiotensin II may have
a dominant role in preventing atherosclerosis.

Although the effect of amlodpine and other calcium channel blockers on atherosclerosis has
not been studied as vigorously as drugs that affect the RAS in animal models, the data in general
do not suggest the drug has a dramatic effect on the development of atherosclerosis.42-44 An
exception to this is an apparent strain-dependent effect in rabbits.45,46 Amlodipine specifically
has been shown to reduce calcification of atherosclerotic plaques, but did not reduce arterial
cholesterol content in APOE*3 Leiden mice fed a high fat diet.47 Amlodipine has, however
been shown to have some antioxidant48,49 and anti-proliferative properties49 and reduced
serum LDL oxidation in rabbits on a high cholesterol diet.50 While there may be less
convincing evidence for a significant anti-atherosclerotic effect of this class of drugs, we
elected to use amlodipine in these studies as there is considerable debate over the relative
efficacy of these 2 classes of drugs in inhibiting atherosclerosis.

We found that the angiotensin receptor antagonist and not the calcium channel antagonist
inhibited expression of prototypical pro-atherosclerotic genes. It should be noted that we
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assayed expression of these genes at a very early time point in an effort to determine the
consequences of drug treatment prior to the development of overt atherosclerotic lesions. This
was done to try to distinguish changes that promoted atherosclerosis as opposed to changes in
expression that were a consequences of the disease.

We selected PAI-1 and MCP-1 because of their known involvement in atherosclerosis. PAI-1
has been implicated in stroke, myocardial infarction, and restenosis. Data from genetic models
show that PAI-1-deficiency protects against atherosclerosis in the mouse carotid artery,
suggesting a possible role in accelerating lesion formation. PAI-1 mRNA is elevated in human
atheromatous plaques51 and its expression has been shown to be increased in macrophages,
smooth muscle, and endothelial cells in response to angiotensin II.5253 Elevated PAI-1 levels
in rat carotid arteries following balloon-injury has been shown to correlate with increased
smooth muscle cell proliferation as well. Similarly, it has been shown that MCP-1 is a potent
chemoattractant for inflammatory cells and that arterial MCP-1 expression is upregulated in
the setting of atherosclerosis and hypertension.18 Genetic models of animals deficient in the
receptor for MCP-1 demonstrate decreased atherosclerosis.31,32 Thus, the differential effects
of candesartan and amlodipine on inflammatory and fibrogenic gene expression are consistent
with the morphological findings demonstrating a more favorable effect with the AT1 receptor
antagonist.

In addition to the differential gene expression seen between mice treated with the two drugs
in question, we sought to determine if differences in oxidative stress existed in aortas of mice
treated with either drug. We found that mice treated with amlodipine did not normalize the
diet-induced increase in ROS production whereas treatment with candesartan returned blunted
the production of ROS. This correlates with our finding showing differential lesion formation
and inflammatory gene expression between the two drugs. Furthermore, the fact that high fat
diet alone increased production of ROS compared to low fat controls is consistent with the
concept that ROS may play a critical role in the progression of atherosclerosis.

Altered oxidative stress likely has additional effects on the arterial wall that are not limited to
proinflammatory and fibrogenic genes. A decrease in the production of ROS could also directly
alter smooth muscle cell proliferation and migration.54,55 In addition, other redox-sensitive
genes, known to be involved in atherogenesis such as LOX-156 may be down-regulated in the
setting of angiotensin receptor blockade.

In summary, we have shown that anti-inflammatory and anti-atherosclerotic effects of the
AT1 receptor antagonist candesartan occur independently of its blood pressure lowering
effects. Animals treated with amlodipine demonstrated an equal reduction in systolic blood
pressure but there was no significant reduction in atherosclerotic lesion extent, inflammatory
gene expression, or production of ROS. Candesartan did not induce regression of established
atherosclerotic lesions, but was able to halt further progression. The results presented here
further underline the potent role of angiotensin II in atherosclerosis and demonstrate the lesser
mechanistic importance of blood pressure reduction per se as opposed to the anti-inflammatory
effects of AT1 receptor antagonism.
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Figure 1.
Inhibition of atherosclerosis by treatment with candesartan. Male apoE-deficient mice were
fed either a standard chow diet (Low Fat) or a high fat diet for 4 months. Some animals were
treated with candesartan for the entire 4 month experimental period. Panel A shows blood
pressure measurements obtained using the tail cuff technique. Panel B contains representative
en face preparations of the descending aortas from animals from each of the 3 experimental
groups. Note the marked inhibition of atherosclerosis in the animals fed the high fat diet and
treated with candesartan. Panel C summarizes the mean atherosclerotic lesion area for all 3
experimental groups. Eight -12 animals were included in each experimental group. * = P <0.01
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Figure 2.
Lack of Inhibition of atherosclerosis by treatment with amlodipine. Male apoE-deficient mice
were fed a high fat diet for 4 months. Some animals were treated with amlodipine for the entire
4 month experimental period. Panel A shows blood pressure measurements obtained using the
tail cuff technique. Note that the blood pressure reduction was similar to that seen with
candesartan treatment. Panel B contains representative en face preparations of the descending
aortas from animals from both of the experimental groups. Note the lack of effect of amlodipine
on atherosclerotic lesion area. Mean data are resented in panel C. Eight -12 animals were
included in each experimental group. * = p <0.01
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Figure 3.
Angiotensin II receptor blockade halts atherosclerotic disease progression in animals with
established atherosclerosis. Male apoE-deficient mice were fed a high fat diet for 6 months.
Some animals were treated with candesartan for the months 5 and 6. Panel A shows blood
pressure measurements obtained using the tail cuff technique. Panel B contains representative
en face preparation from both treatment groups. Note that treatment with candesartan resulted
in a halt in the progression of atherosclerosis. Mean data are presented in panel C. Eight - 10
animals were included in each experimental group. * = p <0.01
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Figure 4.
Candesartan but not amlodipine inhibited inflammatory gene expression in apoE-deficient
mice fed a high fat diet. Male apoE-deficient mice were fed either a standard chow diet (Low
Fat) or a high fat diet. Some animals were treated with amlodipine or candesartan. MCP-1 and
PAI-1 mRNA expression were measured using quantitative real time PCR. Shown are mean
relative expression levels from 10 animals per treatment group. * = p<0.01 vs. normal chow
(low fat) control group. # = p <0.05 vs. normal chow (low fat) control group.
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Figure 5.
Inhibition of production of ROS by candesartan. Panel A: Candesartan but not amlodipine
inhibits diet induced increases in aortic H2O2 production. Treatment groups were the same as
used in figure 4. H2O2 was measured using the amplex red assay. * = p<0.01 vs. normal chow
(low fat) control group. Panel B: Candesartan also inhibited the diet-induced increase in
superoxide production. * = p<0.01 vs. normal chow (low fat) control group.
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