
Abstract. – OBJECTIVE: To study the protec-
tive effects of valsartan (Val) and benazepril,
(Ben) combined with atorvastatin (Ato), on car-
diorenal syndrome (CRS) in rats.

MATERIALS AND METHODS: After establish-
ing cardiorenal syndrome model, the rats were
randomly divided into control, Ato, Ben+Ato and
Val+Ato groups, which were treated with corre-
sponding drugs. Before and 4 weeks after treat-
ment, the serum creatinine (Scr), blood urea ni-
trogen (BUN), type-B natriuretic peptide (BNP),
aldosterone (ALD), angiotensin (Ang) II, C-reac-
tive protein (CRP), blood lipid and urine protein
were determined. The left ventricular systolic
pressure (LVSP), left ventricular diastolic pres-
sure (LVDP), left ventricular end-diastolic pres-
sure (LVEDP) as well as maximum rising and
falling rates of left ventricular pressure (±dp/dt-
max) were detected. The heart weight index was
also determined.

RESULTS: 6, 3, 1 and 2 rats control, Ato,
Ben+Ato and Val+Ato groups died, respectively.
Compared with control group, the serum Cr,
BUN, BNP, ALD, CRP and urinary protein levels
in treatment groups significantly decreased, and
the blood lipid level, LVDP, LVEDP and heart
weight index significantly decreased, with in-
creased LVSP. No statistically significant differ-
ence was observed among treatment groups.

CONCLUSIONS: Valsartan and benazepril,
combined with atorvastatin, can have significant
protective effects on cardiorenal functions of
rats with CRS, with no significant difference be-
tween these two drugs.

Key Words:
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Introduction

Patients with cardiorenal syndrome (CRS) ex-
perience poor prognosis. Clinical focus on CRS
has increased recently. The possible pathogenesis
of CRS may be haemodynamic changes, en-

European Review for Medical and Pharmacological Sciences

Protective effects of valsartan and
benazepril combined with atorvastatin
on cardiorenal syndrome in rats

S.-Y. TANG, D.-F. PENG, Y.-J. HU, J. CHEN

Department of Cardiology, Affiliated Puai Hospital, Tongji Medical College, Wuhan,
Hubei Province, China

Corresponding Author: Dingfeng Peng, MD; e-mail: dingfengpeng@126.com 759

dothelial dysfunction, inflammation and renin-
angiotensin-aldosterone system (RAAS) and/or
sympathetic system activation. Changes in any of
the aforementioned risk factors will result in a
cascade reaction of the other factors, thus, lead-
ing to a vicious cycle and causing damage to car-
diorenal structure and functions1. During an inter-
national consensus conference of Acute Dialysis
Quality Initiative, CRS was divided into five
types. Type II CRS refers to a chronic kidney dis-
ease caused by a chronic heart dysfunction,
whereas type IV CRS refers to a cardiac dysfunc-
tion caused by a chronic kidney disease2. Howev-
er, the exact mechanism that causes and main-
tains cardiorenal interaction remains unclear. By
considering chronic CRS pathogenesis, our re-
search team has established a rat model for CRS,
which is induced by 3/4 kidney resection com-
bined with subcutaneous ISO injection. In this
model, inflammation and RAAS activation can
promote the occurrence and development of car-
diorenal failure3. The process of determining the
targeted therapy under the pathophysiological
mechanism is important. Angiotensin-converting
enzyme inhibitor (ACEI) and adrenergic receptor
binder (ARB) are RAAS inhibitors, whereas
statins have anti-inflammatory aside from lipid-
lowering effects. At present, comparisons be-
tween ACEI and ARB effects, when combined
with statins for treating CRS, remain inadequate.
The difference in protective effects of benazepril
and valsartan combined with atorvastatin towards
the cardiorenal functions of rats with CRS were
researched in the present study.

Materials and Methods

Animals
One hundred male SD rats, approximately

180±20 g, were provided by the Experimental
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Animal Center, Tongji Medical College,
Huazhong University of Science. This study was
carried out in strict accordance with the recom-
mendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health. The animal use protocol has been re-
viewed and approved by the Institutional Animal
Care and Use Committee (IACUC) of Affiliated
Puai Hospital, Tongji Medical College.

Grouping and Modeling
The rats were kept in the laboratory according

to the preparative method of the cardiorenal
model2. After one week, the rats were anes-
thetised with 10% chloral hydrate (0.3 mL/100 g,
intraperitoneal injection), and 1/2 tissue of the
lower pole of the left kidney was removed. One
week later, the right kidney was totally excised.
After one week of conventional breeding, ISO
(100 mg/kg, twice at an interval of 24 h; Sigma-
Aldrich Corporation, Saint Louis, MO, USA)
was injected subcutaneously. The diet, fur colour,
activity, cyanosis and oedema of the rats were
observed. After four weeks of normal drinking
and diet, the surviving rats were kept in separate
metabolic cages, and then, 24 h urine was col-
lected. Coomassie brilliant blue G-250 dye
(Bradford method; Wuhan Jiyinmei Biotechnolo-
gy Co. Ltd., Wuhan, China) was applied to deter-
mine urinary protein content and calculate 24 h
urinary protein excretion. Subsequently, a serum
of rat ocular venous blood was prepared for de-
termining serum creatinine (Scr), blood urea ni-
trogen (BUN), type-B natriuretic peptide (BNP),
aldosterone (ALD), angiotensin (Ang) II, C-reac-
tive protein (CRP) level and blood lipid level
(ELISA method; Wuhan Jiyinmei Biotechnology
Co. Ltd., Wuhan, China). The rats identified with
cardiorenal syndrome were randomly divided in-
to the control, atorvastatin (Ato), benazepril com-
bined with atorvastatin (Ben+Ato) and valsartan
combined with atorvastatin (Val+Ato) groups,
with 15 rats in each group.

Drug Intervention
The treatment groups were given with atorvas-

tatin (10 mg/kg·d; Pfizer Inc., New York, NY,
USA), benazepril (10 mg/kg·d; Novartis Inc.,
Basel, Switzerland) combined with atorvastatin
(10 mg/kg·d; Pfizer Inc., New York, NY, USA),
and valsartan (80 mg/kg·d; Novartis Inc., Basel,
Switzerland) and atorvastatin (10 mg/kg·d; Pfizer
Inc., New York, NY, USA), respectively. The
control group was given with normal saline.

Treatment was administered daily. After four
weeks, the previously mentioned serum markers
and 24 h urinary protein were retested.

Determining Left Ventricular Function
and Haemodynamic Parameters

Twenty-four hours after blood sampling, left
ventricular cannulation was performed through
the left common carotid artery for detecting left
ventricular functions. The operation method was
as follows. An incision was made along the neck
midline, and then, the right carotid artery was ex-
posed to perform blunt dissection. The left ven-
tricular catheter, prefilled with 10% heparinised
saline, was retrograde catheterized into the left
ventricle through the right common carotid
artery. The other end of the catheter was connect-
ed to the pressure transducer and provided input
into the BL-420F biofunctional experiment sys-
tem (Chengdu Taimeng Technology Co., Ltd.,
Chengdu, China) for haemodynamic tests, i.e.,
left ventricular systolic pressure (LVSP), left
ventricular diastolic pressure (LVDP), left ven-
tricular end-diastolic pressure (LVEDP) and
falling rates of left ventricular pressure (±dp/dt-
max).

Determining Heart Weight Index
After the aforementioned cardiac functions

were detected, the heart was removed and rinsed
with saline. The excess water was absorbed. The
left ventricle was removed and weighed (LVW).
The heart weight index was calculated based on
body weight (BW), and LVW/BW was used to
judge the degree of left ventricular remodeling.

Picric Acid-Sirius Red Staining
The left ventricular tissue was treated with 4%

neutral formalin (10 times the amount of the tis-
sue) for fixation. The tissue was then embedded
in paraffin and cut into 4 µm thick slices. After
picric acid-sirius red staining, the same vision
field of slices was observed under microscope
(100 ×). The volume fraction of myocardial col-
lagen fiber was calculated using Image-Pro Plus
6.0 software.

Statistical Analysis
Data were expressed as mean ± standard devi-

ation (x ± s). Inter-group average data were
analysed using χ2 test and ANOVA. All calcula-
tions were performed using SPSS 17.0 statistical
software (IBM Corporation, New York, NY,
USA), with p < 0.05 significant difference.
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Figure 1. Serum TC, TG, LDL before and after treatment. A, Serum TC TG LDL before treatment. B, Serum TC TG LDL af-
ter treatment. Note: Compared with control group, ∆p > 0.05; Compared with control group, #p < 0.01; compared with Ato
group, �p > 0.05.

Results

General Characteristics and Survival Rate
After four weeks, the rats in the control group

ate less and their body weights increased slowly
compared with those in the treatment groups.
The rats acted slowly; the mouth and nose ex-
hibited cyanosis; their respiration had an evi-
dent wheeze; their paws had oedema; their daily
activity was reduced and their grab response be-
came poor. Six rats in the control group, three
rats in the Ato group, one rat in the Ben+Ato
group and two rats in the Val+Ato group died.
Due to small sample size, the treatment groups
were combined, and the mortality rate of com-
bined group had significant difference with con-
trol group (p < 0.05).

Comparison of Blood Lipid Levels
The comparison of serum total cholesterol

(TC), triglyceride (TG) and low-density lipopro-
tein (LDL) between the control group and the
treatment groups exhibited no statistically signif-
icant difference (p > 0.05) before the treatment
(Figure 1A). Four weeks after the treatment,
serum TC, TG and LDL levels in the treatment
groups were significantly lower (p < 0.05) com-
pared with those in the control group. Mean-

while, the aforementioned lipid levels exhibited
no statistically significant difference (p > 0.05)
between the Ato, Ben+Ato and Val+Ato groups
(Figure 1B).

Comparison of Cardiorenal
Function Parameters

Serum Cr, BUN, BNP, ALD, Ang II, CRP and
24 h urine protein in the control group exhibited
no statistically significant difference with those in
the treatment groups (Table I). Four weeks after
the treatment, serum Cr, BUN, BNP, ALD, CRP
and 24 h urine protein levels were significantly
lower in the treatment groups than in the control
group. Compared with Ato group, the efficacies in
Ben+Ato and Val+Ato group were more obvious,
with no significant difference between the later
two groups. Moreover, the serum Ang II level in
Ben+Ato group was significantly decreased com-
pared with Val+Ato group (Table II).

Four weeks after the treatment, the left ven-
tricular functions and haemodynamic parameters
of each group were evaluated. In control group,
the LVSP decreased, and the LVDP and LVEDP
significantly increased. The maximum diastolic
velocity (-dp/dtmax) decreased. The treat groups
had improved heart function, with significant dif-
ference with control group. Compared with Ato
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group, the efficacies in Ben+Ato and Val+Ato
groups were more significant, but there was no
significant difference between Ben+Ato and
Val+Ato groups (Table III).

Comparison of Body Weight,
Left Ventricular Weight and
Left Ventricular Weight Index

Four weeks after the treatment, the rats in the
control group were significantly lighter, whereas
their left ventricular weight increased. The left
ventricular weight index (LVW/BW) in control
group was 2.81±0.15, and that in Ato group was
2.48±0.32, which was significantly decreased (p

< 0.01). The left ventricular weight indexes in
Ben+Ato and Val+Ato groups were 1.50±0.32
and 1.59±0.26, respectively, which were signifi-
cantly lower than control group and Ato group,
respectively (p < 0.001). The difference between
the Val+Ato and Ben+Ato groups was not statis-
tically significant (p > 0.05) (Table IV).

Picric Acid-Sirius Red Staining Results
In picric acid-sirius red staining, the collagen

fiber presented red and myocardial cells present-
ed yellow. One left ventricle cross-section with
complete form and uniform staining was selected
from each section. The section was divided into 4
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Scr BUN BNP ALD Ang II CRP Urine-protein
Group (µmol/l) (mmol/l) (pg/ml) (pg/ml) (pg/ml) (µg/l) (mg/24h)

Control 77.5 ± 8.7 10.2 ± 1.5 56.5 ± 4.6 137.6 ± 16.1 816.3 ± 57.2 568.5 ± 42.1 70.5 ± 12.7
Ato 75.8 ± 8.5∆ 10.0 ± 1.6∆ 56.1 ± 4.3∆ 135.3 ± 16.5∆ 823.2 ± 76.1∆ 580.5 ± 43.2∆ 72.6 ± 12.5∆

Ben+Ato 75.3 ± 8.9∆ 10.4 ± 1.6∆ 56.0 ± 4.8∆ 136.3 ± 15.5∆ 827.8 ± 73.4∆ 576.5 ± 45.2∆ 72.0 ± 13.5∆

Val+Ato 77.8 ± 9.3∆ 10.3 ± 1.8∆* 57.0 ± 5.3∆ 134.6 ± 13.8∆ 835.3 ± 68.9∆ 565.3 ± 45.6∆ 72.0 ± 15.3∆

Table I. Concentrations of Scr, BUN, BNP, ALD, Ang II, CRP and urine protein.

Note: Compared with Control group, ∆p > 0.05.

Scr BUN BNP ALD Ang II CRP Urine-protein
Group (µmol/l) (mmol/l) (pg/ml) (pg/ml) (pg/ml) (µg/l) (mg/24h)

Control 89.8 ± 9.5 12.2 ± 2.5 89.5 ± 6.9 230.5 ± 30.5 1023.2 ± 86.4 702.8 ± 63.2 102.5 ± 16.3

Ato 75.6 ± 9.3** 10.0 ± 2.3 71.6 ± 9.6*** 180.3 ± 50.8* 1005.8 ± 108.3 546.3 ± 40.9*** 80.6 ± 15.6**

Ben+Ato 63.8 ± 8.6***,# 7.2 ± 2.9***,# 48.9 ± 10.2***,### 145.8 ± 42.3*** 838.3 ± 205.2*,# 450.9 ± 38.5***,### 64.6 ± 13.4***,#

Val+Ato 60.6 ± 9.8***,##,∆ 7.6 ± 2.0***,#,∆ 46.5 ± 6.5***,###,∆ 140.7 ± 45.2***,#,∆ 1106 ± 102.9 460.9 ± 36.5***,###,∆, 62.1 ± 10.3***,##,∆

Table II. Concentrations of Scr, BUN, BNP, ALD, Ang II, CRP and urine protein 4 weeks after the treatemnt.

Note: Compared with control group, *p < 0.05, ***p < 0.001; compared with Ato group, #p < 0.05, ##p < 0.01, ###p < 0.001;
compared with Ben+Ato group, ∆p > 0.05.

LVSP LVDP LVEDP dp/dtmax -dp/dtmax
Group (mmHg) (mm Hg) (mm Hg) (mmHg/s) (mm Hg/s)

Control 96.5 ± 10.2 4.2 ± 1.9 8.6 ± 2.2 4358 ± 732 -3500 ± 870
Ato 110.6 ± 13.6* 2.3 ± 1.8* 5.6 ± 2.0* 5500 ± 965* -4500 ± 968*
Ben+Ato 128.8 ± 12.3***,### 1.2 ± 1.6*** 2.3 ± 2.2***,### 6500 ± 865***,# -5320 ± 785***,#

Val+Ato 130 ± 18.9***,###,∆ 1.3 ± 1.2***,∆ 2.8 ± 1.6***,###,∆ 6598 ± 436***,###,∆ -5600 ± 830***,##,∆

Table III. Comparison of left ventricular function and hemodynamic parameters among four groups.

Note: Compared with control group, *p < 0.05, ***p < 0.001; compared with Ato group, #p < 0.05, ##p < 0.01, ###p < 0.001;
compared with Ben+Ato group, ∆p > 0.05.



quadrants, and 4 vision fields (2 epicardial vision
fields and 2 endocardial vision fields) were ran-
domly selected from each quadrant. The ratio of
collagen fiber area to total vision field area was
calculated. The sections were observed after
staining. In the control group, cardiac hypertro-
phy was significant; myocardial cells thickened
with an uneven arrangement and myocardial fi-
brosis was more pronounced. By contrast, im-
provement was significant in the treatment
groups. The volume fraction of myocardial colla-
gen fiber in control group was 29.3±2.7%, and
that in Ato, Ben+Ato and Val+Ato groups was
19.8±3.4%, 10.8±2.1% and 11.6±1.9%, respec-
tively, which was significantly lower than control
group (p < 0.001). Compared with Ato group, the
myocardial fibrosis in Ben+Ato and Val+Ato
groups were also significantly mitigated (p <
0.001), with no significant difference between
them (p > 0.05) (Figure 2).

Discussion

At present, no special treatment for actively
correcting heart and renal failure among CRS pa-
tients is available. The protective effects of ARB
and ACEI against renal damage are clearly evi-
dent, The guidelines of several chronic heart fail-

ure treatments recommend ACEI as the basis for
treating chronic heart failure. In recent years,
however, the CHARM test results, has improved
the position of ARB drugs for treating heart fail-
ure. The evidence for candesartan and valsartan
in reducing mortality and morbidity rates is
clear4,5. The JIKEI HEART trial considered that
the Asian population can benefit more from val-
sartan-based treatment programs6. However, nei-
ther ACEI nor ARB can completely inhibit
(RAS) activation individually. Aside from RAS
activation, CRS progress also involves inflamma-
tion and oxidative stress. Therefore, the addition
of a full blocking RAS system, endothelial func-
tion improvement and oxidative stress and vascu-
lar inflammatory reaction reduction are necessary
for further improving prognosis. If the RAS sys-
tem is blocked, the endothelial function is im-
proved and oxidative stress and vascular inflam-
mation are reduced, then the prognosis can be
improved. In addition to lipid regulation effects,
statins have pleiotropic effects such as anti-in-
flammatory, antioxidant, vascular endothelial
function protection and neurohumoral factor reg-
ulation. In vitro studies and retrospective analy-
ses indicate that according to basic therapy, the
use of statins can reduce or delay the onset and
progression of chronic heart failure7; however,
the results of several prospective clinical studies
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Group LVW (g) BW (kg) LVW/BW (g/kg)

Control 0.68 ± 0.06 0.26 ± 0.04 2.81 ± 0.15
Ato 0.61 ± 0.03 0.30 ± 0.03 2.48 ± 0.32**
Ben+Ato 0.50 ± 0.04 0.34 ± 0.03 1.50 ± 0.33***,##

Val+Ato 0.49 ± 0.05 0.33 ± 0.02 1.59 ± 0.26***,##,∆

Table IV. Comparison of LVW/BW among four groups.

Note: Compared with control group, **p < 0.01, ***p < 0.001; Compared with Ato group, ###p < 0.001; compared with
Ben+Ato group, ∆p > 0.05.

Figure 2. Picric acid-sirius red staining of cardiac muscular tissue in the left ventricle (magnification, ×100). A, Control
group. B, Ato group; C Ben+Ato group; D Val+Ato group.
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do not support this view8. Meanwhile, an increas-
ing number of evidence show that patients with
renal dysfunction can also benefit significantly
from the early stage of statin therapy9,10.

Clinical observations of statins and
ACEI/ARB combination among patients with
heart failure considered that such treatment can
further improve ventricular remodeling and fur-
ther decline inflammatory factors, such as CRP.
Moreover, the combination of statins and losartan
medicines has synergistic protective effects to-
wards the vessels11,12, thus, probably leading to
better results. However, large-scale clinical ob-
servations and comparative studies are still lack-
ing. The objective of the present study is to ex-
plore the differences in the protective effects of
ACEI and ARB towards rats with CRS when
these drugs are combined with statins.

During the present research, the CRS model
was induced by 3/4 nephrectomy and subcuta-
neous ISO injection. The BNP, ALD, Ang II and
CRP of the rats with CRS increased significantly,
and the mechanism depended on the fact that acti-
vating the angiotensin system led to increased Ang
II release. This process resulted in the vasocon-
striction and contraction of renal efferent arteries,
increase in cardiac remodeling and release of al-
dosterone. Consequently, sodium retention and
myocardial fibrosis promotion were enhanced,
thus leading to cardiorenal dysfunction. Picric
acid-sirius red staining exhibited myocardial hy-
pertrophy, myocardial fibrosis and necrosis as well
as CRS progression. Myocardial remodeling will
gradually increase, thus resulting in a broken com-
pensation period for heart functions3.

Proteinuria is a powerful independent risk fac-
tor of cardiovascular diseases. Once massive pro-
teinuria appears, the process of atherosclerosis
will be accelerated, endothelial dysfunction will
appear and risks of end-organ damage will in-
crease, thus leading to serious cardiovascular
events and death13. ACEI and ARB exhibit pro-
nounced vasodilation towards glomerular efferent
arterioles. These drugs can increase renal blood
flow as well as reduce renal vascular resistance
and glomerular capillary pressure. However,
these drugs do not affect or only slightly reduce
glomerular filtration rate, improve and prevent
renal function deterioration as well as reduce uri-
nary protein. BNP is a recently discovered
polypeptide with diagnostic value for heart fail-
ure. One study14 showed that the plasma BNP
level of heart failure patients with renal impair-
ment is positively correlated with the degree of

heart disease, and can help in determining prog-
nosis. In the present study, serum Cr and BUN of
the Ato, Ben+Ato and Val+Ato groups decreased
after the treatment compared with those in the
control group. Left ventricular function im-
proved; left ventricular weight index decreased
and myocardial fibrosis improved, thus indicat-
ing that heart and kidney functions improved. Si-
multaneously, BNP and 24 h urinary protein de-
creased significantly. This indicated that, com-
pared with control and Ato groups, Ben+Ato and
Val+Ato groups were able to improve prognosis
during cardiorenal protection, with no significant
difference between them.

Although clinical research results on the use of
statins for treating patients with heart failure dif-
fered, a recent meta-analysis involving 10 clini-
cal trials showed that statins can significantly im-
prove ejection fraction and decrease rehospitali-
sation rate15. Similarities are found between ath-
erosclerosis and glomerular sclerosis; thus, the
beneficial effects of statins on cardiovascular dis-
eases can also be applied to the kidneys. A num-
ber of random studies showed that long-term
statin therapy can significantly improve renal
function16,17. In the present experiment, the lipid
levels of the treatment group significantly de-
creased, thus, indicating that atorvastatin has a
protective effect towards cardiorenal function by
lowering lipid levels. Moreover, the decline in
serum CRP level in the treatment groups showed
that statins has other effects aside from lipid reg-
ulation, such as increasing NO synthase and in-
hibiting endothelial cells, macrophages adhesion
molecules, inflammatory cytokines, growth fac-
tors, etc18-20. Regarding the current controversy
on statin therapy for heart failure patients, a num-
ber of experts believe that the therapeutic effect
of statins is positive towards patients with elevat-
ed CRP levels21. Our results indicated that statin
therapeutic effect was positive towards CRS pa-
tients with elevated CRP.

In the present study, serum Ang II level in the
Ben+Ato group significantly decreased com-
pared with that in the control group, whereas
serum Ang II levels were minimally elevated in
the Val+Ato group, with a statistically significant
difference between the two groups. This result
indicates that the protection mechanisms of the
two treatments are different towards CRS. Pe-
ripheral serum Ang II level in the valsartan group
increased, thus, indicating that valsartan primari-
ly acted on the local organ to block RAAS. Local
RAS has an important function in the structural
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remodeling of the heart and kidneys. ARB drugs
can effectively lower blood pressure by blocking
the RAS system, and can effectively reverse tis-
sue remodeling by blocking the local RAS, thus,
particularly inhibiting excessively produced local
Ang II. Therefore, compared with other antihy-
pertensive drugs, ARB has unique protective ef-
fects that go beyond decompression towards im-
portant target organs such as the heart and the
kidneys. ARBs and statins can reduce myocardial
apoptosis, which is relevant in inhibiting cardiac
remodeling12. Fluvastatin can reduce the protein
expression of AT1-R mRNA and AT1-R of cocul-
tured vascular smooth muscle cells22, thus
demonstrating that statins can act through the in-
terference of the AT1-R expression. The combi-
nation of statins and ARB can further improve
ventricular remodeling and further induce in-
flammatory factors such as CRP. In CRS, blood
circulation and RAS in regional myocardial and
renal tissues are activated. Ang II has an impor-
tant function in these processes. Statins can de-
crease AT1-R expression, whereas ARB can fur-
ther block AT1-R, thus preventing myocardial fi-
brosis, Ang II promotion, vascular and ventricu-
lar remodeling as well as aldosterone synthesis
and secretion reduction.

Serum Ang II levels in the Ben+Ato group sig-
nificantly decreased, thus, indicating that ACEI
inhibited the angiotensin-converting enzyme and
reduced Ang II formation; thereby reducing Ang
II activities, such as vascular contraction effects
as well as the release of aldosterone, endothelin
and other vasoactive substances. Consequently,
cardiac and vascular hypertrophies are prevented
and reversed, and heart weight and wall thickness
are reduced. These effects are beneficial to heart
failure and to reconstruction relief and preven-
tion. ACEI can also increase bradykinin concen-
tration as well as nitric oxide and prostacyclin
generation through relevant mechanisms. Conse-
quently, blood vessels are relaxed, and anti-
platelet aggregation as well as cardiovascular cell
hypertrophy and hyperplasia are exhibited. ACEI
also has antioxidant and free-radical scavenging
effects, which are associated with the use of
statins. These effects can be beneficial to vascu-
lar protection23 and cardiorenal protection en-
hancement. Although the cardiorenal protection
mechanisms of ACEI and ARB are different
when they are combined with statins, the present
study shows that no significant difference is
found between the two drugs in CRS treatment
when these drugs are combined with statins.

Conclusions

The combination of ACEI/ARB with statins
can provide stronger cardiorenal protection. The
mechanisms probably result from the synergies
of statins with ACEI or ARB, which can enhance
the inhibitory effect against RAS, with lipid-low-
ering and pleiotropic effects. During cardiorenal
protection, the CRS process can also be delayed.
Therefore, patients in the early stage of heart fail-
ure or impaired renal function should be treated
immediately with statins to suppress the onset of
CRS development more effectively.
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