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Introduction

Vascular calcification is frequently associated with 
cardiovascular (CV) events and mortality1, 2). It has 
been shown that the high rates of CV events in patients 
with chronic kidney disease (CKD) cannot be com-
pletely explained by the excess of traditional risk fac-

tors, and these CKD patients have also been shown to 
possess a disproportionate burden of vascular calcifica-
tion with several unique clinical findings, such as iso-
lated systolic hypertension and orthostatic hypoten-
sion3). Therefore, the inhibition of vascular calcifica-
tion is essential for preventing CV events in these 
patients, and would lead to more stable hemodynam-
ics. In general, vascular calcification occurs at two ana-
tomical sites in the vessel wall, the arterial media and 
the intima. The medial calcification frequently seen in 
CKD patients on dialysis as inappropriate biomineral-
ization is observed as continuous linear deposits along 
the internal elastic lamina, in contrast to the intimal 
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Methods

Experimental Renal Failure Rats
Renal failure was induced by feeding rats a 

0.75% adenine-containing diet as described previ-
ously14). In brief, 12-week-old male Wistar rats (Nip-
pon Clea Inc., Tokyo, Japan) were pair-fed standard 
CE-2 chow (containing 1.2% calcium and 0.6% 
phosphorus; Nippon Clea Inc.) in the control group 
or CE-2 chow containing 0.75% adenine (Sigma) in 
the renal failure group for six weeks. The diet was then 
returned to normal chow, and the rats were fed the 
normal diet for an additional two weeks. The adenine-
fed rats were given oral pravastatin (1-10 mg/kg/day; 
Daiichi Sankyo Co., Ltd., Tokyo, Japan), olmesartan 
(1-10 mg/kg/day; Daiichi Sankyo Co., Ltd.) or both 
pravastatin (1 mg/kg/day) and olmesartan (1 mg/kg/
day), in their drinking water throughout the eight 
weeks of the experiments (n=10 in each group). In 
preliminary experiments, one rat each with and with-
out renal failure was sacrificed every two weeks, and 
the BP and biochemical parameters were measured. 
The food and water consumption were regularly 
checked every three days, and the total volume of drug 
administration was adjusted over the whole period. All 
procedures and animal care were performed in accor-
dance with the Guide for the Care and Use of Labora-
tory Animals of the University of Tokyo.

Measurement of the Blood Pressure and Biochemical 
Parameters

The blood pressure (BP) and heart rate were 
measured in conscious rats by tail-cuff plethysmogra-
phy (BP-98A, Softron Co, Tokyo, Japan) every two 
weeks. To measure the biochemical parameters, such 
as the renal function, lipid profile and mineral metab-
olism, blood samples were collected by cardiac punc-
ture under diethyl ether anesthesia. The serum levels 
of creatinine (Cre), calcium (Ca), inorganic phospho-
rus (P), total cholesterol (T-chol) and triglycerides 
(TG) were measured with an autoanalyzer (Hita-
chi-7180, Japan). In addition, urine was collected 
from each rat simultaneously to measure the excretion 
of urinary albumin as another parameter of renal dam-
age.

Assessment of Calcification in the Aortic Wall
The aortic calcification induced by renal failure 

was evaluated using several procedures. In addition, 
each whole aorta was stained with Alizarin red, which 
could detect mineralization in a preliminary experi-
ment. In addition, the aortic calcification was also 
evaluated by ultrasound examination (Agilent Co.

calcification seen as patchy scattered deposits occur-
ring only within atherosclerotic plaques4, 5).

Recent evidence has shown that vascular calcifi-
cation is attributable to an active cell-mediated process 
resembling osteogenesis in bone, rather than passive 
mineral precipitation6, 7), because the expression of 
bone-associated proteins, such as osteopontin, matrix 
Gla protein and the bone-specific transcription factor, 
Runx2/Cbfa-1, was found in the calcified medial 
area8). The mechanism responsible for the vascular cal-
cification has been thought to be due to the induction 
of osteoblastic phenotypic changes, which result from 
an imbalance in the serum calcium and phosphorus 
levels in vascular smooth muscle cells (VSMC)9). 
Although hyperphosphatemia, which is frequently 
seen in patients with severe CKD, has been shown to 
be associated with the development of vascular calcifi-
cation, the precise mechanisms underlying the devel-
opment of vascular calcification in CKD have not 
been fully elucidated.

It is well known that 3-hydroxy-3-methylgluta-
ryl-coenzyme A (HMG CoA) reductase inhibitors 
(statins) and angiotensin Ⅱ type 1 receptor blockers 
(ARBs) have potent anti-atherogenic effects via not 
only lipid-lowering and/or blood pressure (BP)-lower-
ing effects, but also their unique properties that are 
independent of these effects10, 11). In addition, the syn-
ergistic beneficial effects of combination therapy with 
both types of drugs on BP control have been 
reported12). We also previously reported that several 
statins protected against the calcification of cultured 
VSMCs by inhibiting apoptosis as an initial step of 
nucleation13). However, thus far, the effects of statins 
and ARBs on vascular calcification have not been fully 
evaluated in in vivo and clinical studies.

Aim

Further pathophysiological understanding is nec-
essary to design effective therapeutic strategies against 
the vascular calcification in CKD; therefore, it is of 
interest to identify new preventive therapies that can 
abrogate vascular calcification. In this study, we exam-
ined whether a statin or ARB could prevent aortic cal-
cification in a rat model of severe renal failure. In 
addition, we hypothesized that the additive inhibitory 
effects of combination therapy might be more effec-
tive than the effects of either single therapy on the 
renal failure-induced aortic calcification.
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medium. The effect of each drug on the Ca deposition 
in the cells was determined by the o-cresolphthalein 
complexone method and by von Kossa staining to 
visualize the mineralization. In addition, to examine 
the synergistic effects of combined treatment with 
both drugs on the Ca deposition and the apoptosis-
related cascade, the expression of Gas6, Axl and phos-
phorylated Akt (p-Akt), as a downstream signal of this 
pathway, was examined on day 6 by a Western blot-
ting/SDS-PAGE analysis using each specific primary 
antibodies. The experiments were performed with at 
least three different cell populations.

Statistical Analysis
All results are presented as the means±standard 

error (SE). The differences between the groups were 
analyzed using an ANOVA, followed by Bonferroni’s 
test. A stepwise (forward) multiple regression analysis 
was performed to clarify the relationships among the 
aortic calcification, treatments and other measure-
ments. A value of p＜0.05 was considered to be signif-
icant.

Results

Aortic Calcification in Renal Failure Rats
After the induction of severe renal failure, calcifi-

cation in the aorta was markedly observable by the 
naked eye at eight weeks (Fig.1A). Ultrasound exami-
nations showed high echoic signals in the aortic wall 
of the renal failure rats, suggesting the presence of 
massive calcification. In addition, Alizarin red staining 
showed significant calcification in the whole aorta 
(Fig.1B). Histological assessment using von-Kossa 
staining demonstrated that the renal failure rats had 
extensive linear calcification, which was localized in 
the aortic media (Fig.1C). Neointimal plaque forma-
tion was not found even in the renal failure group 
(data not shown), thus suggesting that the renal failure 
rats showed a typical Mönckeberg’s sclerosis pattern.

Beneficial Effects of Statin and/or ARB Treatment 
on the Laboratory Parameters

Continuation of the adenine diet for six weeks 
induced severe renal failure with hyperphosphatemia 
and massive albuminuria (Fig.2). In addition, the 
adenine-fed rats also showed a significant increase in 
the BP and serum T-chol. Olmesartan significantly 
ameliorated the increase in serum Cre in a dose-
dependent manner, suggesting that it had renoprotec-
tive effects. The beneficial effect of pravastatin was 
very slight. Similar to the improvement of the serum 
Cre, the albuminuria was also inhibited by drug inter-

Ltd). As a next step, two different methods were car-
ried out to compare the degree of aortic calcification 
between the groups.

First, as a histological assessment, the aorta was 
perfusion-fixed in situ with 10% buffered formalin at 
a constant, non-pulsatile pressure of 100 mmHg. The 
aortas were embedded in paraffin and sequentially cut 
into cross-sections with 5-μm thickness from the 
ascending aorta to the aortic arch. To detect calcifica-
tion in the aortic wall, each cross-section was evalu-
ated by von Kossa staining. To compare the extent of 
calcification in each group, the areas of calcified 
lesions and the aortic media between the internal and 
external elastic laminae were measured using a com-
puterized histological analysis system (Scion Image 
Software), and then the ratio of the calcified area to 
the area of the aortic media was calculated. The data 
were collected from each of six sub-serial cross-sections 
at 100-μm intervals, and the average was taken as the 
value of each animal (n=5 in each group). This histo-
logical analysis was performed in a manner where the 
investigators were blinded to the treatment groups of 
the animals.

Second, to quantitate the mineral deposition in 
the aorta, the content of calcium (Ca) and phosphorus 
(P) in the carbonized aorta was measured using the 
o-cresolphthalein complexone method (C-Test, 
WAKO, Tokyo, Japan) after the determination of the 
weight of the dried aorta (n=5 in each group).

Determination of Apoptosis
The level of apoptosis in the aortic wall was 

detected by a terminal deoxynucleotidyl transferase-
mediated dUTP nick end-labeling (TUNEL) assay 
with ApopTag Plus obtained from Chemicon Interna-
tional, Ltd. (Hampshire, UK), according to the manu-
facturer’s instructions. To evaluate the Pi-induced 
apoptosis in the VSMC, cytoplasmic histone-associ-
ated DNA fragments were evaluated with a cell-death 
detection ELISA kit (Roche, Manheim, Germany) as 
a quantitative index of apoptosis.

VSMC Calcification in Vitro
To examine the mechanism(s) underlying the 

vascular calcification in an in vitro model, VSMCs 
were cultured with a statin and/or ARB. Calcification 
was induced in human aortic smooth muscle cells by 
treatment with a high dose (2.6 μmol/L) of inorganic 
phosphate (Pi; a mixed solution of Na2HPO4 and 
NaH2PO4, pH was adjusted to 7.4) for six days, as 
described previously10). The cells were simultaneously 
treated with pravastatin (50 μM) or olmesartan (100 
μM) in the presence of 2.6 μmol/L Pi in the culture 
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of pravastatin. Intriguingly, a partial decline in the ele-
vated T-chol level was unexpectedly observed even in 
rats administered the high dose (10 mg/kg/day) of 
olmesartan. The elevated BP was dose-dependently 
attenuated not only by olmesartan, but also by pravas-
tatin. Notably, combined administration of the lowest 
doses (1 mg/kg/day) of pravastatin and olmesartan led 
to significant improvement of the renal function 
(especially albuminuria) and hypertension, and the 

vention. Especially compared to the pravastatin group, 
a significant improvement of albuminuria was found 
in the olmesartan group, which was similar to its pre-
ventive effects on the elevation in the serum Cre and 
the BP. Pravastatin and olmesartan ameliorated hyper-
phosphatemia by 17% and 35%, respectively. The 
highest dose of pravastatin (50 mg/kg/day) signifi-
cantly improved the hypercholesterolemia, although 
no lipid-lowering effect was found at the lower doses 

Fig.1. Extensive aortic calcification in rats with renal failure induced by ade-
nine feeding.

(A) Representative photographs of aortas from control (left) and renal failure (right) 
rats just after sacrifice. Massive calcification (arrow) was found in the aorta of the 
renal failure rats. Ultrasound examinations demonstrated high echoic signals in the 
aortic wall of adenine (AD)-fed rats, suggesting the presence of massive calcification. 
(B) The mineral deposition in whole aorta of control rat or renal failure rat was visu-
alized by Alizarin red staining. (C) The histopathological assessment of calcification 
using von Kossa staining showed extensive linear calcification in the aortic media, so-
called Mönckeberg’s sclerosis.
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of the ratio of the calcified area showed synergistic 
inhibition by the combined administration (Fig.3B). 
The quantitative assessment of aortic mineralization 
showed that the Ca content in the dried aorta was 
markedly increased (18.7±2.2 μg/mg, p＜0.001) by 
the adenine diet compared with the control rats (0.1±
0.1 μg/mg) (Fig.4A), and the aortic P content was 
also similarly increased (Fig.4B). Each drug dose-
dependently reduced the aortic Ca content, and the 
maximal reduction was 94% in the highest-dose 
pravastatin group and 77% in the high-dose olmesar-
tan group, compared with untreated renal failure rats. 

beneficial effects of combination therapy were greater 
than those of either single therapy.

Synergistic Protection by Combination Therapy
The quantitative measurement of the aortic cal-

cification was performed using two distinct methods, 
von Kossa staining and determination of the aortic 
Ca/P content. Pravastatin and olmesartan significantly 
inhibited aortic calcification in a dose-dependent 
manner, and the combination of the lowest doses of 
both drugs inhibited the calcification more effectively 
than either drug alone (Fig.3A). A statistical analysis 

Fig.2. The renoprotective, lipid-lowering and BP-lowering effects of the statin and/or ARB in renal failure 
rats.

Serum parameters, such as the creatinine (Cre; mg/dL), calcium (Ca; mg/dL), inorganic phosphorus (P; mg/dL), cal-
cium-phosphorus product (CaXP; mg2/dL2) and total-cholesterol (T-chol; mg/dL) level, as well as the systolic blood 
pressure (sBP; mmHg), were measured at the end of the experiments (eight weeks). The urinary albumin excretion rela-
tive to the urinary creatinine excretion (U-Alb/Cre; mg/mg) was also measured at the same time. Pravastatin (PR; 1, 
10, 50 mg/kg/day) and olmesartan (OL; 1, 10 mg/kg/day) each dose-dependently showed potent renoprotective 
effects, including inhibition of albuminuria, and combined administration (PR1＋OL1) demonstrated additive benefi-
cial effects even when both were administered at the lowest doses. Each value indicates the mean±SE.
＊: p＜0.05 vs control rats without renal failure and drug administration. �: p＜0.05 vs adenine-induced renal failure 
rats without drug administration. #: p＜0.05 vs adenine-induced renal failure rats treated with pravastatin (1 mg/kg/
day).
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additively reduced the elevated Ca/P content in the 
aorta, and this decrease was markedly higher than that 
induced by treatment with pravastatin alone. To dis-
sect the renoprotective, BP-lowering and lipid-lower-
ing effects of the statin and ARB, a stepwise multiple 
regression analysis was performed. The statistical 
results showed that the use of pravastatin and olmesar-
tan was independently related to the aortic Ca content 
(β=−0.605 and −0.398, respectively, p＜0.01), but 

The reduction of the aortic P content by drug inter-
vention was comparable to the reduction of the Ca 
content. These changes in the aortic Ca and P content 
were consistent with the histological changes detected 
by von Kossa staining. Notably, partial inhibition of 
the aortic calcification by pravastatin was found even 
at the lowest dose, with no change in the serum Cre, 
T-chol, P or BP. In addition, combined administration 
of low-dose olmesartan with low-dose pravastatin 

Fig.3. The inhibitory effects of the statin or ARB and their synergistic benefit on renal fail-
ure-induced calcification in the aorta.

Two quantitatively distinct assessments of the aortic calcification were carried out. A. The ratio of 
the calcified area to the aortic media in each section from the ascending aorta to the aortic arch was 
calculated (n=5 each group). Pravastatin (PR; 1, 10 mg/kg/day) and olmesartan (OL; 1, 10 mg/kg/
day) each dose-dependently inhibited the aortic calcification. Significant synergistic inhibition by 
combined administration (PR1＋OL1) was found even at the lowest doses.

Figure 3
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to perform mechanistic experiments in vitro using 
human aortic smooth muscle cells to assess the inhibi-
tory effects of pravastatin and olmestatin.

As shown in Fig.6, each drug significantly inhib-
ited the Pi-induced apoptosis and the subsequent Ca 
deposition in human VSMCs, and this inhibition was 
additively augmented by the combined treatment. In 
the assessment of the anti-apoptotic signals, single 
treatment with each drug significantly restored the 
downregulated expression of Gas6, Axl and p-Akt by 
Pi stimulation. The partial restoration of Axl and 
p-Akt, but not Gas6, was similar to the degree of inhi-
bition of apoptosis and the subsequent calcification. 
The statistical analysis showed an additive benefit of 
combined treatment, which was more effective than 
either single treatment.

Discussion

The present study showed that treatment with a 
statin and an ARB prevented renal failure-induced 
aortic calcification, and the combined administration 

the serum Cre, T-chol, systolic BP and urinary albu-
min/Cre were not.

Inhibition of Apoptosis in the Aortic Wall
The extent of apoptosis in the aortic wall was 

evaluated by TUNEL staining (Fig.5). Massive apop-
tosis was found in the renal failure rats, and the local-
ization of the fluorescent signal was consistent with 
the calcified area. Low-dose pravastatin significantly 
inhibited the cell apoptosis similar to its effects on cal-
cification. Notably, the combined treatment with 
pravastatin and olmesartan at the lowest dose com-
pletely inhibited the apoptosis.

Additive Inhibitory Effects of Combination 
Treatment on VSMC Calcification in Vitro

We have previously shown that the Gas6/Axl-
mediated survival pathway plays an essential role in 
VSMC calcification via Pi-induced apoptosis10). To 
further understand the precise mechanism by which 
both drugs inhibited the aortic calcification induced 
by renal failure-based hyperphosphatemia, we decided 

Fig.4. The quantitative comparison of the inhibitory effects of the statin and/or ARB on renal failure-induced calcifi-
cation in the aorta.

To quantitatively measure the inhibitory effects of pravastatin (PR) and/or olmesartan (OL) on renal failure-induced aortic calci-
fication at eight weeks, the content of calcium (A) and phosphorus (B) in the dried aorta was measured. Pravastatin and olmesar-
tan each dose-dependently and significantly inhibited the aortic Ca and P contents. The combination of pravastatin and olmes-
artan demonstrated synergistic inhibitory effects on the deposition of both Ca and P in the aorta.
Data are shown as the means±SE.
＊: p＜0.01 vs adenine-induced renal failure rats without drug administration.
#: p＜0.05, �: p＜0.01. N.D.: not detected.
＊: p＜0.05 vs adenine (AD)-induced renal failure rats without drug administration. �: p＜0.05 vs adenine-induced renal failure 
rats treated with pravastatin (1 mg/kg/day).
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linear calcification in the media of the aortic wall, 
resembling the typical Mönckeberg’s pattern fre-
quently seen in CKD patients.

Inhibitory Effects of the Statin
With respect to the clinical efficacy of statins for 

CV calcification, several retrospective studies have 
demonstrated inhibitory effects on calcific changes in 
the aortic valve18, 19) and coronary arteries20, 21). How-
ever, a recent prospective study did not show signifi-
cant inhibitory effects22). Therefore, it is currently 
unclear whether statins directly affect the genesis of 
vascular calcification in the clinical setting, including 
in patients with CKD. In this study, renal failure-
induced aortic calcification was significantly inhibited 
by pravastatin in a dose-dependent manner. Pravas-
tatin administration showed strong renal protection 
and a dose-dependent reduction in the blood pressure 
and serum cholesterol level, suggesting that the blood 
pressure reduction might be a consequence of the 
improvement of renal function by pravastatin.

Especially in CKD patients, recent reports have 
shown cardioprotective effects23) (an improvement in 
flow-mediated vasodilation) and renoprotective 

of both drugs synergistically exerted beneficial effects. 
The possible mechanisms by which combination ther-
apy can abolish aortic calcification more effectively 
than each single therapy may include not only reno-
protective and antihypertensive effects, but also direct 
effects of the drugs on the vasculature. Thus far, the 
clinical effects of statins on calcification of CV system 
are still controversial, and there are no clinical or basic 
reports showing the effects of ARBs on vascular calci-
fication. This study explored the efficacy regarding the 
preventive potential of using a combination of a statin 
and an ARB against vascular calcification.

The CV-associated mortality in CKD patients on 
dialysis has been shown to be 10 to 30 times higher 
than that in the general population15). In particular, 
extensive calcification in the arterial media is strongly 
associated with the increased CV event rates in CKD 
patients16, 17). In the present study, adenine-fed rats 
exhibited severe renal failure with massive albuminuria 
and subsequent hypertension and hypercholesterol-
emia. A histopathological assessment of the kidneys 
showed progressive proximal tubular dilation and 
atrophic glomeruli (data not shown), similar to a pre-
vious report14). The renal failure rats showed extensive 

Fig.5. The induction of apoptosis in the aortic wall of renal failure rats and the inhibitory effects of combina-
tion therapy.

The induction of apoptosis in the aortic wall was assessed by TUNEL staining. (A and B) Apoptosis was strongly 
induced by renal failure, and the apoptotic findings (right panel) were localized to the calcified area, as detected by von 
Kossa staining (left panel). (C) The administration of pravastatin at the lowest dose (PR1) showed significant inhibi-
tion of not only calcification, but also apoptosis. (D) Treatment with the combination of pravastatin (PR1) and olmes-
artan (OL1) even at the lowest doses showed complete inhibition of the apoptosis and subsequent calcification.
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Fig.6. The synergistic inhibitory effects of the statin and ARB on the phosphate-induced VSMC apoptosis and subsequent calcifi-
cation.

Human VSMCs were treated with or without high-dose (2.6 μM) inorganic phosphate (Pi) for six days. Pi stimulation significantly increased 
the apoptosis and the subsequent Ca deposition, as shown. To assess the Gas6/Axl/Akt-mediated cell survival pathway, cell lysates extracted 
after six days were evaluated by a SDS-PAGE/Western blot analysis and representative results are shown. To compare each group, the expres-
sion level was presented as the relative value to the control without Pi treatment. The statistical analysis was performed on the results of three 
independent experiments. Pravastatin (50 μM) and olmesartan (100 μM) each partially inhibited the Pi-induced apoptosis and Ca deposition 
(upper panel), and restored the expression of Gas6, Axl and phosphorylated Akt (p-Akt) (lower panel). Combined treatment demonstrated 
not only additive inhibitory effects on apoptosis and the subsequent Ca deposition, but also additive restoration of this survival pathway.
＊: p＜0.05 vs. Pi stimulation without drug treatment. #: p＜0.05 vs. Pi stimulation plus combined treatment.

Figure 6
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protection independent of the effects on the BP. 
Therefore, our data suggest that ARBs, or at least olm-
esartan, may be beneficial for the prevention of aortic 
calcification in CKD.

Benefits of Combination Therapy
We explored the effects of combined administra-

tion of a statin and an ARB in our renal failure model. 
A significant decline in the BP and potent renal pro-
tection, with improvement of hyperphosphatemia, 
were observed in both the lowest-dose olmesartan 
group and the combination group. Although the low-
est dose of pravastatin showed no significant effect on 
the laboratory parameters and BP, the combined use 
of olmesartan with pravastatin even at the lowest doses 
showed more effective inhibitory effects on aortic cal-
cification not only in the histological assessment, but 
also in the quantitative assessment of the aortic Ca 
and P content, suggesting the increased benefit from 
the combined use from an early phase. Our results 
showing an additive improvement of the renal func-
tion and BP by the combination treatment are sup-
ported by some clinical and experimental reports39, 40). 
One report revealed an additive benefit of the combi-
nation via an improvement of the endothelial function 
(as assessed by flow-mediated dilation) and a reduc-
tion of inflammatory markers (as assessed by the 
plasma monocyte chemoattractant protein-1 and 
malondialdehyde levels) in hypertensive, hypercholes-
terolemic patients39). In addition, it has also been 
reported that combined treatment was superior to sin-
gle treatment for inhibiting neointimal formation in 
rats with insulin resistance41). These findings strongly 
support our results showing the usefulness of combi-
nation therapy. It is well known that both statins and 
ARBs exert multiple effects, including organ protec-
tion, via their anti-oxidative and other pleiotropic 
actions42-44). Therefore, additional benefits of the com-
bination therapy might contribute to the marked pre-
vention of aortic calcification, together with stable 
hemodynamics, and provide a new therapeutic strat-
egy for the management of aortic calcification in 
CKD.

Synergistic Protection from Apoptosis-based SMC 
Calcification by Combination Therapy

Hyperphosphatemia has been shown to be asso-
ciated with vascular calcification in severe CKD45). In 
fact, pravastatin and olmesartan partially improved the 
hyperphosphatemia in the renal failure rats, presum-
ably via renal protection. We have previously reported 
that Pi-induced VSMC apoptosis played an essential 
role in vascular calcification10). In our animal experi-

effects24-26), and also the efficacy of statin administra-
tion27). These findings strongly support our current 
findings. Notably, significant inhibition of aortic cal-
cification was found in the pravastatin-treated rats, 
even at the lowest dose (1 mg/kg/day), which did not 
affect the renal function, lipid parameters or BP, sug-
gesting that statins can attenuate aortic calcification 
through their direct vasoprotective effects. In addition, 
pravastatin at the middle dose (10 mg/kg/day) reduced 
the aortic Ca content more effectively than olmesartan 
(1 mg/kg/day), although the decline in the BP and the 
renal protection induced by pravastatin at that dose 
were smaller than those induced by olmesartan. This 
result implies that the inhibitory effects of pravastatin 
on aortic calcification are associated with its pleiotro-
pic effects.

It has been shown that hypertension and hyper-
cholesterolemia, accompanied by renal failure, aug-
ment the levels of several inflammatory cytokines, and 
statins exert an anti-inflammatory response associated 
with direct vasoprotection28-30). Based on these find-
ings, the beneficial inhibitory effects of statins on the 
aortic calcification in cases of renal failure may, at least 
in part, result from their unique pleiotropic effects, 
including direct renoprotective and vasoprotective 
actions.

Inhibitory Effects of the ARB
We demonstrated dose-dependent effects of olm-

esartan on the inhibition of aortic calcification. In this 
study, the effects of the ARB beyond BP-lowering 
were not clear from the present data, because a signifi-
cant reduction in the BP by olmesartan was observed 
even at the lowest dose (1 mg/kg/day). The severe 
renal dysfunction and subsequent hypertension were 
significantly improved by olmesartan; however, hyper-
cholesterolemia was not. It is possible that the inhibi-
tory effects of olmesartan on aortic calcification are in 
part attributable to its direct BP-lowering and reno-
protective effects, which are independent of its effects 
on cholesterol. Strong renoprotection by ARBs, but 
not other antihypertensive drugs, via a reduction in 
proteinuria is well known, in addition to direct BP-
lowering effects31, 32). In addition, several reports have 
shown that ARBs improve the arterial stiffness, as 
assessed by the pulse wave velocity33, 34). Especially in 
CKD patients, superior preventive effects for olmesar-
tan on nocturnal hypertension and proteinuria have 
been suggested compared to other ARBs35, 36). Further-
more, the detailed medical prescription37) or com-
bined used of olmesartan with other medications38) 
was also recently suggested. The underlying benefits of 
ARB treatment may also be attributable to direct vaso-
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