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Atorvastatin Prevents Left Ventricular Remodeling in  
Spontaneously Hypertensive Rats
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Summary

Statins improve left ventricular (LV) remodeling in spontaneously hypertensive rats (SHRs). This study was de-
signed to investigate the effects of atorvastatin administered in the early stage on LV remodeling in SHRs, and to explore 
the underlying mechanisms.

Sixteen male 8-week-old SHRs were randomized to receive distilled water (SHR-DW) or atorvastatin (SHR-ATV) 
for 12 weeks. Age-matched male Wistar-Kyoto (WKY) rats gavaged with distilled water served as controls. LV remode-
ling was evaluated, myocardial CTGF expression levels were detected using Western blotting, and cardiomyocyte apop-
tosis was detected with the TUNEL method.

Compared with WKY and SHR-DW, atorvastatin treatment significantly decreased systolic blood pressure in 
SHRs; atorvastatin significantly inhibited LV remodeling, as indicated by the reduced LV weight/body weight ratio 
(SHR-ATV: 4.0 ± 0.4 versus SHR-DW: 4.7 ± 0.4 mg/g, P < 0.05), cardiomyocyte diameter (SHR-ATV: 16.2 ± 2.8 ver-
sus SHR-DW: 19.0 ± 1.0 μm, P < 0.05), and interstitial fibrosis (SHR-ATV: 3.3 ± 2.1 versus SHR-DW: 4.5 ± 1.8%, P < 
0.05). Compared with WKY, myocardial CTGF expression was significantly increased and cardiomyocyte apoptosis de-
creased in SHRs. Compared with the SHR-DW group, atorvastatin treatment significantly inhibited myocardial CTGF 
expression (SHR-ATV: 0.69 ± 0.21 versus SHR-DW: 1.12 ± 0.27, P < 0.05) and induced cardiomyocyte apoptosis in 
SHRs (SHR-ATV: 5.2 ± 0.6 versus SHR-DW: 1.9 ± 0.3%, P < 0.05).

The results indicate that early-stage administration of atorvastatin effectively prevented LV remodeling in SHRs, 
and that inhibition of myocardial CTGF expression and induction of cardiomyocyte apoptosis may be the underlying 
mechanisms.    (Int Heart J 2010; 51: 426-431)
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Hypertension that results in left ventricular (LV) hyper-
trophy and/or fibrosis can lead to cardiac dysfunc-
tion. Persistently increased peripheral resistance and 

high blood pressure induce a series of compensatory altera-
tions in myocardial structure, including hypertrophy, dilation, 
and fibrosis. Studies confirmed that, besides blood pressure 
level,1) many factors (eg, cardiomyocyte apoptosis, unbalanced 
secretion of cell factors2,3)) contributed to the development and 
evolution of LV remodeling in hypertensive models. Investiga-
tions into the role of cardiomyocyte apoptosis in the develop-
ment of LV hypertrophy in animal models produced discrepant 
results. Some research groups found that cardiomyocyte apop-
tosis increased in LV hypertrophy and inhibition of apoptosis 
could alleviate ventricular hypertrophy,4,5) whereas other re-
search teams found contrary results.6) Further studies to eluci-
date the relationship between cardiomyocyte apoptosis and hy-
pertensive LV hypertrophy are therefore required.

Connective tissue growth factor (CTGF), a newly defined 
cell factor which takes part in regulation of the secretion of ex-
tracellular matrix by fibroblasts, has important roles in the fi-
brosis of various organs, including the liver, kidney, and heart 

ventricles.7,8) Recent studies have indicated that inhibition of 
expression of CTGF protein may be a therapeutic target of 
myocardial fibrosis.9,10) Several studies confirmed the benefi-
cial effects of statins on inhibiting hypertension-induced LV 
remodeling. Simvastatin mitigates hypertension-induced myo-
cardial fibrosis through down-regulation of myocardial CTGF.11) 
In rats with pulmonary arterial hypertension, simvastatin pre-
vents and, to some extent, reverses vascular remodeling via 
down-regulation of CTGF gene expression.12) In cultured rat 
cardiac fibroblasts and human cardiac fibroblast cells, atorvas-
tatin dose-dependently inhibited transforming growth factor-β 
and angiotensin-II-induced CTGF expression and collagen 
synthesis.13) In vivo studies revealed that atorvastatin inhibited 
LV remodeling in spontaneously hypertensive rats (SHRs) 
through the induction of cardiomyocyte apoptosis; up-regula-
tion of myocardial P27 protein expression; down-regulation of 
PKD/MEF2D activation; and decreasing blood pressure, se-
rum uric acid concentration, and myocardial angiotensin II 
concentration.6,14-16) The effects of atorvastatin on myocardial 
CTGF expression in SHRs are not clear. SHRs develop high 
blood pressure and LV hypertrophy at an early age, and are a 
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commonly used model of essential hypertension in humans. 
Most studies have focused on SHRs aged 12-16 weeks to ob-
serve if certain drugs can reverse established LV remodeling; 
whether atorvastatin administered in the early stage can pre-
vent LV remodeling in SHRs has not been reported yet.

We observed the effects of atorvastatin on LV remode-
ling, cardiomyocyte apoptosis, and myocardial CTGF protein 
expression in 8-week-old SHRs to ascertain if atorvastatin ad-
ministered in the early stage could prevent LV remodeling, and 
to understand the underlying mechanisms.

Methods

The investigation conformed with the Guide for the Care 
and Use of Laboratory Animals published by the US National 
Institutes of Health (NIH publication number 85-23, revised 
1985). Experimental procedures were approved by the Com-
mittee of Animal Care and Use of Zhengzhou University 
(Zhengzhou, China). 

Experiments were carried out on 8-week old male SHRs 
(clean grade, provided by the Laboratory Animal Center, 
Zhengzhou University) and age-matched male Wistar-Kyoto  
(WKY) rats. All rats were housed under similar conditions on 
a 12-hour light/dark cycle with the temperature maintained at 
21 ± 1°C and humidity at 55 ± 5%. The rats had free access to 
an ordinary diet and water.

Atorvastatin was provided by Pfizer Incorporated (New 
York, NY).  Rabbit polyclonal antibody to CTGF was obtained 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA), and 
goat anti-rabbit IgG from Amersham Pharmacia Biotech (Upp-
sala, Sweden). Horseradish peroxidase (HRP)-conjugated anti-
body to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
was purchased from Kangchen Biotech (Shanghai, China). 
The terminal deoxynucleotidyl transferase dUTP nick end la-
beling (TUNEL) kit was purchased from Roche Diagnostics 
Limited (Basel, Switzerland). The diaminobenzidine (DAB) 
kit was from Boster Biological Technology Company Limited 
(Wuhan, China).
Protocol:  SHRs were randomly divided into two groups of 8: 
spontaneously hypertensive rat-atorvastatin (SHR-ATV) and 
spontaneously hypertensive rat-distilled water (SHR-DW). For 
the former, the rats were gavaged with atorvastatin (50 mg/
kg·d) dissolved with 1 mL of distilled water; for the latter, the 
rats were gavaged with 1 mL of distilled water every day. Age-
matched male WKY rats were gavaged with 1 mL of distilled 
water and used as the control. 

The treatment was continued for 12 weeks, during which 
systolic blood pressure (SBP) was measured biweekly in the 
conscious, lightly restrained rats by tail-cuff plethysmography 
using a Doppler ultrasonic flowmeter (Abest Electronic Equip-
ment Co., Ltd, Dalian, China) to detect the pulse. SBP was 
measured an average of 3-5 times for each rat at each measure-
ment. Body weight was recorded every week throughout the 
study period.

Twelve weeks after the treatment, peripheral arterial 
blood (5-6mL) was collected from the aorta. This was used to 
detect the concentration of lipids in serum, including total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein-cho-
lesterol (LDL-C), and high-density lipoprotein-cholesterol 
(HDL-C). Rats were killed by intra-aortic administration of 

10% potassium chloride. The left ventricles were isolated, 
washed with saline, sipped up, and weighed. Some left ventri-
cle specimens were fixed in 10% neutral buffered paraformal-
dehyde for histological analysis, while the remaining speci-
mens were snap-frozen in liquid nitrogen for Western blotting.
Histological analysis:  Some 2-mm-thick transverse sections 
from the mid-ventricular level were fixed with 10% neutral 
buffered paraformaldehyde overnight. They were then proc-
essed in paraffin using standard techniques for further histo-
logical analysis and determination of apoptosis. Several 5-µm-
thick sections were prepared from each specimen, and stained 
with hematoxylin and eosin (H&E) for assessment of individu-
al cardiomyocytes as previously described.17,18) One hundred 
myocardial cells from each rat were selected randomly in a 
blinded fashion, and the shortest diameters of transversely cut 
fibers were measured at the level of the nucleus with the aid of 
an image analyzer. The mean diameter of the 100 cells was 
calculated.

Several other 5-μm-thick sections were prepared from 
each specimen. Masson’s trichrome stain was used to assess 
the area of fibrotic infiltration in the wall of the left ventricle.19) 
Green areas showing fibrosis were carefully traced and meas-
ured. Papillary muscles and tissue around the vessels were ex-
cluded from the measurement of fibrosis. The percentage of fi-
brotic area in the whole wall of the slices of the left ventricle 
was obtained by dividing the sum of the fibrotic area of all sec-
tions by that of the area of total tissue. For every specimen, the 
degree of fibrosis was quantified independently by two pathol-
ogists in a blinded fashion.

Cardiomyocyte apoptosis was assessed by the TUNEL 
assay as described.20,21) In brief, nuclear DNA strand breaks 
were end-labeled with digoxigenin-conjugated dideoxy-UTP 
by terminal transferase and visualized immunohistochemically 
with digoxigenin antibody conjugated to alkaline phosphatase. 
The assay was standardized using adjacent tissue sections 
treated with DNase I to induce DNA fragmentation as a positive 
control of apoptosis. Cardiomyocytes with a brown-stained nu-
cleus were identified as positive. The percentage of TUNEL-
positive cardiomyocytes was calculated in each rat in a trans-
verse left-ventricle tissue section under a microscope 
(Olympus, Japan) with an ocular grid. A mean of 20 fields for 
each rat were studied.
Measurement of expression of CTGF protein:  Western blotting 
was performed to analyze the level of expression of CTGF 
protein in the myocardium. Myocardium tissue was homoge-
nized in lysis buffer. Protein (60 μg) was separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). The protein was then transferred from the gel to poly-
vinylidene fluoride (PVDF) membranes, which were incubated 
with anti-CTGF primary antibody (1:300) for 1 hour at room 
temperature and then at 4°C overnight. After washing with 
TBST buffer, the membranes were incubated with HRP-conju-
gated goat-anti-rabbit IgG (1:5000) and the signals detected by 
chemiluminescence. GAPDH was used as an endogenous con-
trol to ensure equal loading of the protein.
Statistical analysis:  Data are presented as the mean ± SD and 
were statistically analyzed by one-way ANOVA with post hoc 
comparisons using the LSD test. A P < 0.05 was considered 
significant.
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Results

Baseline characteristics:  At baseline, there were no significant 
differences in body weight among the 3 experimental groups. 
WKY rats had a lower baseline mean heart rate of 359 ± 8 
beats per minute (bpm) compared with that of the SHRs (SHR-
DW and SHR-ATV: 425 ± 14 bpm and 428 ± 12 bpm, respec-
tively, both P < 0.05). Significant differences in SBP between 
the SHR-ATV group and SHR-DW group were not observed 
(Table I).
Serum lipid levels and blood pressure:  After 12-weeks of treat-
ment, the mean serum TC, TG, and LDL-C levels were signifi-
cantly lower in the SHR-ATV group compared with the WKY 

and SHR-DW groups, providing direct evidence for the effec-
tive delivery of atorvastatin. There was no significant differ-
ence in the level of HDL-C in serum among the 3 experimental 
groups (Table II). 

During the 12 week experimental period, SBP was in the 
normal range in WKY rats and increased along with age in the 
SHR-DW group. In the SHR-ATV group, SBP was signifi-
cantly lower than that in the SHR-DW group, though higher 
than that of the WKY group (Figure 1).
Effects of atorvastatin on LV remodeling:  We evaluated LV re-
modeling by measuring the ratio of LV weight to body weight, 
myocardiocyte diameter, and fibrotic infiltration (Table III and 
Figure 2). Similar body weight was observed in all groups be-
fore and after the experiment. At the end of the experiment, the 
ratio of LV weight to body weight was significantly higher in 
both SHR groups (SHR-DW and SHR-ATV: 4.7 ± 0.4 mg/g 
and 4.0 ± 0.4 mg/g, respectively) compared with WKY (3.7 ± 
0.2 mg/g, both P < 0.05), indicating LV hypertrophy in SHRs. 
Atorvastatin treatment markedly inhibited LV hypertrophy as 
indicated by a significantly decreased ratio of LV weight to 
body weight (SHR-ATV versus SHR-DW, P < 0.05).

Photomicrographs of H&E-stained sections of LV wall 
confirmed LV hypertrophy in SHRs by revealing an increase 
in cardiomyocyte diameter (SHR-DW and SHR-ATV: 19.0 ± 

Table II.  Effects of Atorvastatin on Serum Lipid Levels in Experimental 
Groups

Group
n TC 

(mmol/L)
TG 

(mmol/L)
LDL-C

(mmol/L)
HDL-C

(mmol/L)

WKY
SHR-DW
SHR-ATV

8
8
8

2.92 ± 0.26
2.76 ± 0.27
1.73 ± 0.18ab

1.36 ± 0.09
1.22 ± 0.12
0.67 ± 0.09ab

1.78 ± 0.18
1.69 ± 0.17
0.83 ± 0.07ab

1.00 ± 0.09
0.87 ± 0.08
0.89 ± 0.09

TC indicates Total cholesterol; TG, triglycerides; LDL-C, low-density li-
poprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; WKY, 
Wistar-Kyoto rats; SHR-DW, spontaneously hypertensive rat-distilled wa-
ter; and SHR-ATV, spontaneously hypertensive rat-atorvastatin. Values are 
mean ± SD. aCompared with WKY of the same age, P < 0.05; bCompared 
with SHR-DW of the same age, P < 0.05.

Table III.  Effects of Atorvastatin on Left Ventricular Remodeling

Group n
LV weight 

(mg)
LV weight / 
BW (mg/g)

Cardiomyo-
cyte diameter 

(μm)

Fibrosis infil-
tration (%)

WKY
SHR-DW
SHR-ATV

8
8
8

1112 ± 93
1389 ± 100a

1257 ± 113ab

3.7 ± 0.2
4.7 ± 0.4a

4.0 ± 0.4ab

14.4 ± 2.1
19.0 ± 1.0a

16.2 ± 2.8ab

2.9 ± 1.9
4.5 ± 1.8a

3.3 ± 2.1ab

WKY indicates Wistar-Kyoto rats; SHR-DW, spontaneously hypertensive 
rat-distilled water; SHR-ATV, spontaneously hypertensive rat-atorvastatin; 
and BW, body weight. Values are mean ± SD. aCompared with WKY of 
the same age, P < 0.05; bCompared with SHR-DW of the same age, P < 
0.05.

Table I.  Baseline Characteristics of Experimental Groups

Group n Body weight (g) Heart rate (bpm) SBP (mmHg)

WKY
SHR-DW
SHR-ATV

8
8
8

166 ± 12
160 ± 10
157 ± 10

359 ± 8
425 ± 14a

428 ± 12a

125 ± 12
168 ± 12a

170 ± 12a

WKY indicates Wistar-Kyoto rats; SHR-ATV, spontaneously hypertensive 
rat-atorvastatin; SHR-DW, spontaneously hypertensive rat-distilled water; 
and SBP, systolic blood pressure. Values are mean ± SD. aCompared with 
WKY, P < 0.05.

Figure 1.  Systolic blood pressure in WKY and SHR rats. WKY indicates 
Wistar-Kyoto rats; SHR-DW, spontaneously hypertensive rat-distilled wa-
ter; and SHR-ATV, spontaneously hypertensive rat-atorvastatin. Values are 
mean ± SD. aCompared with WKY of the same age, P < 0.05; bCompared 
with SHR-DW of the same age, P < 0.05.

Figure 2.  Left ventricular remodeling parameters in WKY and SHR rats. 
WKY indicates Wistar-Kyoto rats; SHR-DW, spontaneously hypertensive 
rat-distilled water; SHR-ATV, spontaneously hypertensive rat-atorvastatin; 
and BW, body weight. Values are mean ± SD. aCompared with WKY of 
the same age, P < 0.05; bCompared with SHR-DW of the same age, P < 
0.05.
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1.0 μm, 16.2 ± 2.8 μm, respectively) compared with WKY 
(14.4 ± 2.1 μm, both P < 0.05). The increase in cardiomyocyte 
diameter in the SHR-ATV group was significantly inhibited 
compared with the SHR-DW group (P < 0.05), which con-
firmed the effects of atorvastatin on preventing LV hypertrophy 
at the microscopic level.

Photomicrographs of Masson’s trichrome-stained sec-
tions in the LV wall are shown in Figure 3. Quantitative analy-
sis (Figure 2 and Table III) revealed a significantly higher ex-
tent of interstitial fibrosis in the LV wall in the SHR-DW and 
SHR-ATV groups (SHR-DW and SHR-ATV: 4.5 ± 1.8%, 3.3 
± 2.1%, respectively) compared with WKY rats (2.9 ± 1.9%, 
both P < 0.05). Compared with the SHR-DW group, atorva-
statin administration significantly alleviated fibrotic deposits in 
the LV wall (SHR-ATV versus SHR-DW, P < 0.05).
Effects of atorvastatin on cardiomyocyte apoptosis:  Cardiomy-
ocytes with brown-stained nuclei were defined as TUNEL-
positive (Figure 4). Cardiomyocyte apoptosis was evaluated by 
the ratio of TUNEL-positive cells to the total number of cells 
(Figure 4B). The apoptosis rate of cardiomyocytes was signifi-
cantly lower in the SHR-DW group than that in the WKY 
group (1.9 ± 0.3% versus 4.7 ± 0.7% P < 0.05). Atorvastatin 
treatment induced cardiomyocyte apoptosis to a level similar 

to that in WKY rats, which was significantly higher than that 
in the SHR-DW group (5.2 ± 0.6% versus 1.9 ± 0.3%, P < 
0.05).
Effects of atorvastatin on the level of expression of CTGF pro-
tein in the myocardium:  Myocardial CTGF protein expression 
level was significantly up-regulated in the SHR-DW group 
compared with the WKY group (1.12 ± 0.27 versus 0.37 ± 
0.11, P < 0.05) (Figure 5). Atorvastatin administration mark-
edly inhibited myocardial CTGF protein expression in SHRs 
(SHR-ATV versus SHR-DW: 0.69 ± 0.21 versus 1.12 ± 0.27, 
P < 0.05).

Discussion

Rearrangement of the original structure of the myocar-
dium, accompanied with alterations of the shape of the left 
ventricle, and interstitial fibrosis, are characteristics of LV re-
modeling. The effects of statins on LV remodeling and the un-
derlying mechanisms have attracted much attention in recent 
years. SHRs, a commonly used model of primary hypertension 
that shows high blood pressure from 6 weeks of age, develop 
LV hypertrophy accompanied with interstitial fibrosis from 10 
weeks of age. In the present study, we administered atorvasta-
tin to 8 week-old SHRs, when blood pressure is increased and 
LV remodeling has not been established. The randomized pla-
cebo-controlled study showed that administration of atorvasta-
tin to SHRs, early and before establishment of LV remodeling, 
prevented development of cardiac hypertrophy and interstitial 
fibrosis. Prevention of cardiac hypertrophy was demonstrated 
at the organ and cell levels. The beneficial effects of atorvasta-
tin were associated with a reduced level of expression of myo-

Figure 3.  Fibrotic infiltration in the myocardium with Masson’s tri-
chrome staining. Original magnification: × 400. Areas stained green repre-
sent fibrotic infiltration. Quantitative analysis is shown in Table III and 
Figure 2.

Figure 4.  Cardiomyocyte apoptosis detected by the TUNEL method. A: 
Representative images of the 3 experimental groups. Cardiomyocytes with 
brown-stained nuclei were defined as “apoptotic” (black arrow). B: Statis-
tical analysis of cardiomyocyte apoptosis. WKY indicates Wistar-Kyoto 
rats; SHR-DW, spontaneously hypertensive rat- distilled water; and SHR-
ATV, spontaneously hypertensive rat-atorvastatin. Values are mean ± SD. 
aCompared with WKY of the same age, P < 0.05; bCompared with SHR-
DW of the same age, P < 0.05.

A

B
Figure 5.  Level of expression of CTGF protein in the myocardium de-
tected by Western blotting. A. Representative images of Western blotting. 
GAPDH was used as an endogenous control. B. Statistical analysis of the 
expression of CTGF protein in the myocardium. WKY indicates Wistar-
Kyoto rats; SHR-DW, spontaneously hypertensive rat-distilled water; and 
SHR-ATV, spontaneously hypertensive rat-atorvastatin. Values are mean ± 
SD.  aCompared with WKY of the same age, P < 0.05; bCompared with 
SHR-DW of the same age, P < 0.05.

A

B
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cardial CTGF protein, more TUNEL-positive cells, and re-
duced SBP. These findings indicate the potential utility of 
atorvastatin in preventing evolving cardiac hypertrophy and fi-
brosis infiltration in hypertension. 

It has been confirmed that apoptosis is a ubiquitous phe-
nomenon in the physiology and pathophysiology of the cardio-
vascular system.22,23) Hamet, et al24) were the first to report ap-
optosis in all the main target organs of hypertension; they 
found that the apoptosis rate was correlated with the severity 
of ventricular hypertrophy. Further studies found that cardio-
myocyte apoptosis presented dynamic alterations in the course 
of LV remodeling,25,26) but the exact part it plays in ventricular 
hypertrophy is incompletely understood. Some researchers re-
ported that a reduction in cardiomyocyte apoptosis has an im-
portant role in the development of ventricular remodeling in 
SHRs, and that induction of apoptosis alleviates ventricular 
hypertrophy.26,27) In the present study, we chose 8-week-old 
SHRs (when LV hypertrophy has not yet developed) to evalu-
ate if atorvastatin can prevent hypertension-induced LV remod-
eling. The apoptosis rate in myocardiocytes in the SHR-DW 
group was reduced, whereas 12-week treatment with atorvas-
tatin induced myocardiocyte apoptosis accompanied by allevi-
ated LV remodeling. This indicated that in SHRs aged 8-20 
weeks, reduced apoptosis in myocardiocytes was involved in 
the development of LV remodeling, and that the effects of ator-
vastatin on apoptosis may be applicable only to SHRs of this 
age. Studies on myocardiocyte apoptosis and the effects of 
atorvastatin on this parameter in SHRs older than 20 weeks 
should be carried out.

CTGF (or fragments thereof) has been postulated to be 
involved in conditions in which there is an overgrowth of con-
nective tissue cells (eg, systemic sclerosis, cancer, fibrotic con-
ditions, atherosclerosis) as well as in wound healing. The syn-
thesis and secretion of CTGF are selectively induced by 
TGF-β. It has been shown that the synthesis and action of 
CTGF are essential for TGF-β to stimulate fibroblast growth. 
Studies showed that angiotensin II increased CTGF protein ex-
pression in adventitia fibroblasts via the AT1 receptor,28) and 
that the effects of an angiotensin II receptor antagonist on alle-
viating myocardial fibrosis were related to inhibiting CTGF 
expression,29) which is up-regulated in hypertensive rats. Many 
studies have confirmed that statins have beneficial effects on 
LV remodeling in SHRs. In cultured vascular smooth muscle 
cells, atorvastatin and simvastatin inhibited angiotensin II-in-
duced CTGF production.12) In a renovascular hypertensive rat 
model, simvastatin inhibited myocardial CTGF expression and 
fibrosis infiltration.11) The effects of atorvastatin on myocardial 
CTGF expression in SHRs have rarely been reported. In the 
present study, treatment with atorvastatin for 12 weeks in 
SHRs significantly reduced myocardial CTGF expression, and 
was accompanied by markedly alleviated fibrosis infiltration. 
This indicated that inhibiting myocardial CTGF expression to 
inhibit myocardial fibrosis may be one of the mechanisms of 
the beneficial effects of atorvastatin on LV remodeling in 
SHRs.

Hypertension induced by increased mechanical tension is 
one of the important factors causing LV hypertrophy, and low-
ering of blood pressure could effectively inhibit LV remode-
ling. Several research groups recently reported the effects of 
statins on blood pressure,30,31) and the results indicated that stat-
ins showed blood pressure-lowering effects (though the exact 

magnitude of this action needs to be clarified). In the present 
study, atorvastatin administration significantly reduced SBP in 
SHRs, and was accompanied by improved LV hypertrophy 
and myocardial fibrosis infiltration. The results indicated that 
the blood pressure-lowering effects of atorvastatin may be as-
sociated with its beneficial effects on LV remodeling. Melio-
rating vascular endothelial function and reduced levels of cir-
culating endothelin-1 and angiotensin II receptors have been 
proposed to be involved in the effects of statins on modulating 
blood pressure.30)

Study limitations:  Cardiomyocyte apoptosis and the level of 
myocardial CTGF expression, and the effects of atorvastatin 
on these parameters, should be observed dynamically. The 
beneficial effects of atorvastatin on myocardial fibrosis related 
to augmenting collagen degradation or decreasing collagen 
synthesis need further investigation.
Conclusion:  It has been confirmed that atorvastatin can im-
prove or partly reverse LV remodeling in SHRs. The results of 
the present study indicate that atorvastatin administered at an 
early stage can prevent LV hypertrophy and myocardial fibro-
sis. Induction of cardiomyocyte apoptosis, inhibition of CTGF 
expression in the myocardium, and reduction in SBP may be 
the underlying mechanisms of this phenomenon.
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