EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 4313-4321, 2019

Valsartan inhibits RhoA‑ROCK2‑MYL pathway
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Abstract. The present study aimed to investigate variations in
the Ras homolog gene family, member A (RhoA)‑Rho‑associated
protein kinase 2 (ROCK2)‑myosin light chain (MYL) pathway
in a rat model of alcoholic cardiomyopathy (ACM) and the
role of angiotensin‑converting enzyme inhibitor drugs. Rat
models of ACM were established via alcoholic gavage +
free access to alcohol. The structural and functional changes
of the heart were analyzed by hematoxylin‑eosin staining,
Masson's trichrome staining, immunohistochemistry staining,
western blotting and fluorescence quantitative polymerase
chain reaction. A total of 16 weeks later, a decreased ejection fraction and left ventricular fractional shortening in
the alcohol group compared with the control group were
demonstrated resulting in an increased left ventricular end
diastolic diameter. These adverse effects were ameliorated
following treatment with valsartan. In addition, the alcohol
group revealed a disorganized arrangement of myocardial
filaments, which was improved upon treatment with valsartan.
RhoA and ROCK2 protein expression significantly increased
in myocardial cells in the alcohol compared with the control
group. Following drug intervention with valsartan, expression
of RhoA and ROCK2 proteins were inhibited in the alcohol
group. Furthermore, significantly elevated RhoA and ROCK2
and decreased MYL protein and mRNA expression in the
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alcohol group was demonstrated compared with the control
group. Administration of valsartan reversed the expression
profile of RhoA, ROCK and MYL in ACM. Expression of
RhoA and ROCK were elevated with downregulation of MYL
resulting in heart failure. However, the angiotensin receptor
antagonist diminished the expression of RhoA and ROCK and
enhanced the expression of MYL. The results of the present
study suggest a curative effect of valsartan in ACM.
Introduction
Long‑term alcohol consumption frequently leads to
development and progression of non‑ischemic dilated cardiomyopathy (NIDCM), also known as alcoholic cardiomyopathy
(ACM) (1). Alcohol exerts diverse toxic effects on the heart
contributing to heart failure, conduction block, atrial fibrillation, myocardial remodeling and cardiac anomalies associated
with metabolism and function. In NIDCM patients, who never
stop their alcohol intake, the 4‑year mortality rate was as high
as 50% (2,3). However, the mechanism of action of alcohol in
NIDCM has not been elucidated.
Alterations in the metabolism of fatty acid ethyl esters cause
decreased β‑oxidation of fatty acids and contribute to metabolic disturbances in myocardial cells (4‑6). Previous studies
suggest alcohol intake as a cause of increased plasma homocysteine, which is associated with oxidative stress, mitochondrial
dysfunction and inflammation, all of which induce myocardial
fibrosis and cardiac remodeling (7‑9). Tenascin, a major protein
of the extracellular matrix is divided into 6 subtypes, produced
by fibroblasts, along with collagen mediates the process of
fibrosis (10). Peroxisome proliferator‑activated receptor α
(PPARα) is a key enzyme involved in the regulation of fatty
acid oxidation (11,12). Retinoid x receptor α (RXRα) PPARα
and RXRα are the major nuclear transcription factors involved
in the energy metabolism of fatty acid in myocardial cells and
in remodeling the myocardium (13). Angiotensin II via activation of angiotensin II type I receptor increases superoxide
anion generated by NADPH, while suppressing angiotensin II
ameliorates oxidative stress and fibrosis (14). Almost all cases
of ACM are associated with cardiac remodeling induced by
myocardial fibrosis and oxidative stress (14). Nevertheless, the
mechanisms of ACM remain unclear.
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Several hypotheses have been postulated regarding the
pathogenesis of ACM, including the toxic effects of alcohol
on the heart and enhanced oxidative stress (15). However,
only limited studies have focused on the effect of Ras
homolog gene family, member A (RhoA), Rho‑associated
protein kinase 2 (ROCK2) and myosin light chain (MYL) in
the pathogenesis of ACM. A previous study has indicated that
ethanol could disrupt the junction between intestinal epithelial cells through activation of the RhoA‑ROCK pathway (16).
The RhoA‑ROCK pathway alters the smooth muscle cell
cytoskeleton and causes remodeling of the respiratory tract in
infant mice (17). In nucleus pulposus cells, renin activates the
RhoA‑ROCK pathway, thereby inducing the remodeling of
the cytoskeleton (18). The RhoA/Rho‑kinase pathway serves
an important role in various fundamental cellular functions,
including production of excessive reactive oxygen species,
leading to the development of cardiovascular diseases (19).
Rho‑kinase also upregulates NAD(P)H oxidases (Nox1,
Nox4, gp91phox and p22phox), and augments AngII‑induced
ROS production (20,21). The role of RhoA‑ROCK in the
pathogenesis of ACM is still not clearly elucidated. The
present study aims to interpret altered expression of the
RhoA‑ROCK pathway, MYL and its downstream targets in
the pathogenesis, and treatment of ACM. In addition, the
therapeutic effects of valsartan on ACM were analyzed.
Future research aimed at elucidating the pathogenesis of
ACM may contribute to significant breakthroughs that might
prove beneficial for the diagnosis and treatment of ACM.
Materials and methods
Instruments and reagents. Refrigerators and deep freezers
(4˚C, ‑20˚C and ‑80˚C) (Haier, Qingdao, China); light microscopes (Olympus Corporation, Tokyo, Japan); color Doppler
ultrasound diagnostic system (GE Healthcare, Chicago, IL,
USA); pathological image analysis system (Motic Images
Advanced 3.0; Motic Asia, Hong Kong, China); gel‑image
analyzer (Bio‑Rad Laboratories, Inc., Hercules, CA, USA);
electronic scale (Shanghai Scale, Shanghai, China); liquid
nitrogen biological container (Chengdu Jinfeng Liquid Nitrogen
Container Co., Ltd., Chengdu, China); Langendorff perfusion
system (Etiological Lab of Harbin Medical University, Harbin,
China); microplate reader (Tekon Scientific Corp., Taipei
city, Taiwan); electrophoresis system and electronic transfer
(Beijing Liuyi Biotechnology Co., Ltd., Beijing, China); centrifuge (Kaidi Machinery Co., Ltd., Jiangsu, China); quantitative
PCR system (Shanghai Zhiyan, China); thermostatic water
(Shanghai Medical Analytic Instrument Factory, Shanghai,
China) were used in the present study.
In addition the following reagents were purchased:
Valsartan capsules (7 tablets, 80 mg/tablet; Novartis
International AG, Basel, Switzerland); 98% ethanol (500 ml),
10% chloral hydrate, heparin, Ca 2+ ‑free Tyrode solution,
Ca 2+ ‑contained Tyrode solution and PBS solution (8.0 g of
NaCl, 0.2 g of KCl, 1.26 g of Na 2HPO 4•12H 2O, and 0.2 g
of KH2PO4 adjust the pH to 7.2 with 1 mol/l HCl or 1 mol/l
NaOH to 1,000 ml, PBS was provided by the Etiological Lab
of Harbin Medical University), collagenase II and albumin
(Zhongtian World, Harbin, China); radioimmunoprecipitation assay lysis buffer, Benzonase, TEMED, bicinchoninic

acid kit, 10% SDS, 30% Acr‑Bis (29:1), Tris, SDS buffer,
enhanced chemiluminescence reagent substrate (cat.
no. no32106; Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA ), skimmed milk powder (Beyotime
Institute of Biotechnology, Haimen, China); polyvinylidene
difluoride (PVDF) membrane (EMD Millipore, Billerica,
MA, USA); mouse anti‑RhoA polyclonal antibody (1:1,000;
cat. no. ab54835; Abcam, Cambridge, MA, USA), mouse
anti‑MYL1 polyclonal antibody (1:1,000; cat. no. PA5‑29635
Invitrogen; Thermo Fisher Scientific, Inc.), goat anti‑ROCK
polyclonal antibody (1:1,0 0 0; sc‑1851; Santa Cr uz
Biotechnology, Inc., Dallas, TX, USA); β‑actin (1:5,000; cat.
no. ab8227; Abcam) horseradish peroxidase (HRP)‑labeled
mouse anti‑immunoglobulin (Ig)G antibody (1:5,000; cat.
no. sc‑2005; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), HRP‑labeled goat anti‑IgG antibody (1:5,000; cat.
ab6721; Abcam); citrate sodium buffer, PBST, 30% H2O2, and
hematoxylin (provided by Etiological Lab of Harbin Medical
University); RNA extraction kit Trizol (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA); Accupower
RocketScript RT PreMix (Bioneer Corporation, Daejeon,
Korea); Real MasterMix (SYBR Green, Tiangen, China);
primer synthesis for qPCR (Bioneer Corporation).
Subjects. A total 120, 8‑10 weeks (280‑300 g) healthy
male Wistar rats were purchased from the Changchun Yisi
Experimental Animal Co., Ltd., (Changchun, China). Animals
were maintained in a controlled environment (12‑h light/dark
cycle; temperature, 27±2˚C; humidity, 35±5%). The animals
were fed a standard pellet diet and water was freely available.
Animals were maintained at the Experimental Animal Center
of the First Affiliated Hospital of Harbin Medical University.
This study was approved by the First Affiliated Hospital of
Harbin Medical University.
Establishing a rat model of ACM. A total of 120 male Wistar
rats were randomly divided into three groups, n=40 namely,
the control group, the alcohol group and the alcohol + valsartan
group (treatment group). ACM was induced in rats through
alcoholic gavage and free access to alcohol. During the first
week, rats received 60% ethanol (6 ml/kg/day) through gavage
and had free access to 10% ethanol all day long. In the second
week, they received 12 ml/kg/day ethanol and had free access
to 10% ethanol. Through the third week, rats were continued
to receive 60% ethanol at a dose of 12 ml/kg/day but had free
access to 20% ethanol. From the 4th to 16th week, rats were
received a gavage of 60% ethanol at a dose of 15 ml/kg/day,
which was carried out twice per day, along with free access
to 20% ethanol. For rats in the treatment group, valsartan at
a dose of 8 mg/kg/day was additionally administered. Rats in
the control group were fed with regular water and food. The
experimental design is presented in Fig. 1.
Doppler echocardiography. Rats were anesthetized by intraperitoneal (IP) injection of 10% chloral hydrate (300 mg/kg).
Cardiac color ultrasonic scanner (GE Healthcare) and a probe
(10 MHz) was used to examine the variations in the structure
and function by professional sonographers. The following
were examined, namely, the left ventricular end diastolic
diameter (LVDD), ejection fraction (EF) of the left ventricle,
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left ventricular fractional shortening (FS) and the early/atrial
ratio in three consecutive cardiac cycles. The results were
averaged.

room temperature. Slides were mounted with dibutyl phthalate
xylene and observed under a light microscope (Carl Zeiss AG,
Oberkochen, Germany).

Collection of specimen. The animals were euthanized under
sodium pentobarbital anesthesia. After sacrifice the rat hearts
were isolated and rinsed with pre‑cooled normal saline. Tissue
specimens were collected from the transverse section of the
left ventricular myocardium. Briefly, tissues were cut from
the apex of the heart and isolated from the free wall of the
left ventricle parallel to its longitude axis on ice. Specimens
were fixed in 4% formaldehyde for 4 h at 4˚C, were paraffin
embedded, serial sectioned and stained with hematoxylin
for 5‑10 min at room temperature. Remaining tissues were
preserved at ‑80˚C until further use.

Sample extraction. In a water bath set at 39˚C, the Langendorff
channel was rinsed twice with deionized water and filled
with calcium‑free tyrode solution. Digestive solution was
prepared using 8 mg albumin, 0.5 mg collagenase and 50 ml
calcium‑free Tyrode solution. Hank's Balanced Salt Solution
stored at ‑20˚C was thawed for later use.

Masson's trichrome staining. Sequentially, specimens were
dewaxed, washed with running water and treated with a
mordant for 30 min. Specimens were then stained with
hematoxylin for 20 min at room temperature, washed with
running water, treated with acidic alcohol for 10 to 15 sec,
washed again with running water, treated with ammonia for
10 to 15 sec and the reaction was terminated by washing with
running water. Thereafter, specimens were stained in Masson
solution for 1 min at room temperature, washed in acetic acid
and observed under a light microscope.

Extraction of myocardial cells. Rats represented as subjects
were IP injected with 2 ml of heparin. Rats were anesthetized
20 min later by IP injection of 2 ml chloral hydrate (10%).
Thoracic surgery was conducted on the rats to isolate the
heart. The heart was isolated by excising the aorta at the
distal end. The heart was immediately transferred into a
calcium‑containing Tyrode solution in a culture dish, where
the surrounding pulmonary tissues and vessels were dissected
rapidly. The aorta has three branches at the upper end and is
located beneath the two white thymus glands. At the bifurcation, the aorta was dissected to expose its outlet into which
the 12# needle of the 20 ml injector containing calcium‑free
Tyrode solution was inserted, followed by ligation with a
suture for fixation. The injector was slowly pushed and the
needle connected with the heart was inserted in the T‑Cock.
Thereafter, perfusion with calcium‑free Tyrode solution was
carried out. When the level of the solution decreased beneath
the neck of the tube, digestive solution was placed in the
Langendorff device. The above procedures were repeated and
the digestive solution was collected in a beaker. Digestion
was carried out for 30 min with continuous supplementation
of digestive solution. After digestion, the white and widened
heart tissue was placed in a culture dish supplemented with
KB solution. Following excising the atrium and auriculars,
the remaining tissue was dissected and cut into pieces, placed
in a centrifuge tube supplemented with the KB solution, and
beaten with a pipette. A drop of myocardial cell suspension
was dripped onto a glass slide and observed under a light
microscope (Carl Zeiss AG) for the estimation of survival rate.
Samples were immediately centrifuged 2,000 x g for 10 min at
4˚C and stored at ‑80˚C until further use.

Immunohistochemistry (IHC). Paraffin sections were dewaxed,
incubated with 3% H 2O2 for 5 to 10 min at 25˚C to block
endogenous peroxidase activity, rinsed with distilled water and
treated twice with PBS (5 min each). Sections (4‑6 µm‑thick)
were then blocked at at room temperature in 5 to 10% normal
goat serum diluted in PBS for 10 min and incubated overnight
with primary antibodies at 37˚C for 1 to 2 h or 4˚C overnight.
Sections were washed thrice in PBS (5 min each), incubated
with biotin‑labeled secondary antibodies at 37˚C for 10 to
30 min, washed thrice in PBS (5 min each), incubated with
HRP‑ or alkaline phosphatase‑labeled streptavidin for 10 to
30 min at 37˚C and washed thrice with PBS (5 min each). After
washing, slides were incubated with 3,3'‑diaminobenzidine
tetrahydrochloride (Sigma‑Aldrich; Merck KGaA, Darmstadt,
Germany) for 2 h at room temperature and immediately
washed under tap water following color development. Slides
were then counter stained with hematoxylin for 10 min at

Estimation of protein concentration in samples. Cell lysis was
carried out on ice using PMSF (100:1). Cell lysates were mixed
well by beating and vibration. After 1 min of vibration, lysates
were placed for 5 min, centrifuged at 1,000 x g for 10 min at
4˚C and the supernatants were collected for protein quantification. In a 96‑well plate, samples were diluted in deionized
water to a volume of 20 µl. A total of 200 µl of solution A
and B (50:1) was added to each well and incubated for 30 min.
Samples were mixed with the loading buffer (1:4) and denatured for 10 min. A microplate reader was used to determine
the concentration of protein in the samples.
RNA extraction and reverse transcription‑quantitative
polymerase chain reaction (RT‑qPCR). RNA from myocardial
tissue was extracted using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) as previously described. cDNA synthesis
was performed using an RT kit (cat. no. FSQ‑101; Toyobo
Life Science, Osaka, Japan), according to the manufacturer's

Hematoxylin & eosin (H&E) staining. Sections were dewaxed
twice in xylene (10 min each). Sections were rehydrated
sequentially in descending series of alcohol for 5 min each in
anhydrous, 90, 80 and 70% alcohol. Sections were then treated
with phosphate buffered saline, 0.1% Tween‑20 (PBST) for
2 min. Specimens were stained by immersing in hematoxylin
for 5‑10 min at room temperature, treated with 1% acid alcohol
for 3 sec, washed with running water for 10 min, washed with
distilled water for 1 or 2 min, staining with 0.5% eosin for
1‑3 min and washed with distilled water for 2 sec. Specimens
were then dehydrated twice in 95% ethanol for 2 min each and
cleared by treating twice with xylene for 5 min each. Sections
were then mounted with neutral balsam and observed under a
light microscope. As anticipated, the nuclei were stained red,
while the cytoplasm was stained pink.
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Figure 1. The diagram of experimental design. ACM, alcoholic cardiomyopathy.

protocol. qPCR was conducted using the LightCycler® qPCR
apparatus (Roche Molecular Systems, Inc.). The following
thermocycling conditions were used: 40 cycles of 95˚C for
15 sec and 60˚C for 60 sec with Fast Start SYBR Green
master mix (Roche Molecular Systems, Inc.). mRNA expression results were analyzed using the 2‑ΔΔCq method (22). The
following primer sequences were used: RhoA forward, 5'‑CTC
TCT TATCCAGACACCGATGT‑3' and reverse, 5'‑TGTGCT
CGTCATTCCGAAGG‑3'; ROCK forward, 5'‑GTTCGTCAT
AAGGCATCACAGA‑3' and reverse, 5'‑TGTTGGCAAAGG
CCATAATATCT‑3'; MYL forward, 5'‑CCCGAAG GGCTT
TCACAAT CT‑3' and reverse, 5'‑CCCACTC TTCCAA AC
AGCAG‑3'.
Western blotting. The composition of the lower gel included,
10 ml water (H2O), 3.3 ml 30% Arc‑Bis (29:1), 3.8 ml 1 M Tris
(pH=8.8), 0.1 ml 10% SDS, 0.1 ml 10% ammonium persulfate
and 0.004 ml tetramethylethylenediamine (TEMED). The
composition of the upper gel included, 3.4 ml H2O, 0.85 ml 30%
Arc‑Bis (29:1), 0.625 ml 1 M Tris (pH=6.8), 0.05 ml 10% SDS,
0.05 ml 10% ammonium persulfate and 0.005 ml TEMED.
In the plate, the lower gel and upper gel were sequentially
added without air bubbles with the immediate insertion of the
comb in the upper gel. After coagulation, electrophoresis buffer
was added into the electrophoresis apparatus and the comb
was removed. After loading the proteins (25 µg) and marker,
electrophoresis was carried out at 80 V for 40 min and later at
120 V until the proteins and marker reached the bottom of the
plate. For blotting, the following were placed in a sequential
order in the electrophoretic unit: Sponge pad, filter paper, gel,
PVDF membrane, filter paper and sponge pad from the negative
electrode to the positive electrode without air bubbles. In the
transfer apparatus, transfer buffer was added and the transfer
was carried out at a constant current of 200 mA for 3 h at 4˚C.
Membranes were blocked in 5% skimmed milk on a shaker
for 2 h at room temperature. Membranes were then incubated
with RhoA anti‑mouse polyclonal antibodies (1:200), MYL
anti‑mouse polyclonal antibody (1:500), ROCK anti‑goat
polyclonal antibody (1:200) and β‑actin (1:500) overnight at
4˚C, washed thrice with TBST (5 min each), incubated with
the corresponding HRP‑conjugated secondary antibodies (cat.
nos. ab7061, ab7125 and ab97085; all Abcam) for 1 h at room

temperature, and washed thrice with TBST. After exposure in
the dark with enhanced chemiluminescence reagent (Beyotime
Institute of Biotechnology; cat. no. P0018M), membranes were
scanned in the gel imaging system (cat. no. 4466613; E‑Gel™
Imager System with E‑Gel™ Adaptor and Bio‑Rad: Universal
Hood II ) and densitometry was performed using Image Lab
software (version 2.0.1; Bio‑Rad Laboratories, Inc.).
Statistical analysis. All statistical analyses were performed
using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA).
Results were expressed as the mean ± standard deviation.
Experiments were repeated for at least 3 times. The independent sample t‑test was used for comparison between two
groups. One‑way analysis of variance followed by Tukey's
post‑hoc test was applied for comparison among groups;
P<0.05 were considered to indicate a statistically significant
difference.
Results
Verification of non‑ischemic dilated cardiomyopathy model.
In the alcohol group, ST‑segment elevation (>1/2 R waves)
in left ventricular coronary arteries following left coronary
artery ligation demonstrated a single‑peak curve, which is a
sign of successful rat non‑ischemic dilated cardiomyopathy
(Fig. 2A). Ultrasound detection demonstrated that the thickness of the left ventricular myocardium in the Control group
was uniform, with good activity and no abnormal beats. In the
alcohol group, the activity of the left ventricular myocardium
was weakened (Fig. 2B). HE staining results demonstrated that
the myocardial cells in the alcohol group exhibited compensatory hypertrophy, no inflammatory cell infiltration; it also
exhibited fibrosis, disordered arrangement of fibers, clear
border between infarct and non‑infarct border, a small amount
of inflammatory cell infiltration can be seen (Fig. 2C). The
success of model formation rate was >80%.
Enhanced LVDD with reduced EF and FS is demonstrated
in rat models of ACM‑amelioration of cardiac functions
by valsartan. LVDD was increased with a decreased EF and
FS in rat models of ACM (alcohol group) compared with the
control group. The corresponding levels in the treatment group
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Table I. LVDD, EF and FS in every group.
Groups

LVDD (mm)

EF (%)

FS (%)

LVSD (mm)

E/A ratio

Control (n=15)
Alcohol (n=15)
Alcohol + valsartan (n=15)

5.23±0.69
7.76±0.65a
6.39±0.73a,b

73.45±8.35
43.12±5.34a
54.34±5.38a,b

47.46±4.36
30.56±2.45a
35.74±3.65a,b

2.89±0.65
5.78±0.46
4.15±0.39

1.98±0.32
0.94±0.25
1.63±0.21

P<0.05 vs. the control group; bP<0.05 vs. the alcohol + valsartan group. LVDD, left ventricular end diastolic diameter; EF, ejection fraction;
FS, fractional shortening; LVSD, left ventricular end systolic diameter; E/A ratio, early /atrial ratio.
a

Figure 2. Verification of acute myocardial infarction model. (A) Electrocardiogram of the alcohol group and control group. (B) Ultrasound detection in the
control group and the alcohol group. (C) Hematoxylin and eosin staining of in myocardial cells in the rat model of three groups (control group, alcohol group
and alcohol + valsartan group) (original magnification, x200).

were between the control group and the alcohol group. The
detected differences were statistically significant. The results
of the present study suggest enlargement of the left ventricle
with decreased EF and myocardial contractility associated
with alcohol intake (Table I), which were ameliorated by the
use of valsartan that led to improved cardiac function.
Disorganized arrangement and increased fibrosis of myocar‑
dial filaments in rat model of ACM‑rectification by valsartan.
In the alcohol group, HE staining revealed a disorganized
arrangement and rupture of myocardial filaments, an enlarged
intercellular space with edema and massive inflammatory infiltration indicated that cells were signaled to undergo apoptosis
(Fig. 3A) compared with the control group, which displayed
ordered arrangement of myocardial filaments, evenly distributed cytoplasm without rupture, enlargement of intercellular
space, effusion edema or inflammatory infiltration. In the
treatment group, cells were in a closely packed arrangement
with reduced infiltration of inflammatory cells compared
with the alcohol group. Masson's trichrome staining revealed
increased fibrosis of myocardial cells in the alcohol group

compared with the control group with no fibrosis (Fig. 3B).
The degree of fibrosis in the treatment group was between the
control and alcohol groups. The results of the present study
indicate alleviation of enhanced fibrosis of myocardial cells in
ACM by valsartan.
Elevated RhoA and ROCK in myocardial tissues of rat models
of ACM‑reversal by valsartan. In the myocardial tissue,
IHC results demonstrated elevated expression of RhoA and
ROCK in the alcohol group compared with the control group
(Fig. 4A and 4B). The myocardial expression of RhoA and
ROCK was decreased in the treatment group compared with
in the alcohol group.
Augmented protein and mRNA expressions of RhoA and
ROCK and decreased MYL in myocardial cells‑amelioration
by valsartan. In the myocardial tissue, the expression of
RhoA and ROCK were significantly elevated and MYL was
significantly decreased in the alcohol group compared with the
control group (P<0.05; Fig. 5A‑D). The myocardial expression
of RhoA and ROCK were significantly downregulated along
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Figure 3. Representative images of myocardial filaments disorganized arrangement and increased fibrosis in a rat model of alcoholic cardiomyopathy‑rectification by valsartan. (A) Hematoxylin and eosin staining of myocardial filaments arrangement in a rat model of the three groups (control group, alcohol group
and alcohol + valsartan group) (original magnification, x200). (B) Masson's trichrome staining of myocardial cells fibrosis in a rat model of the three groups
(control group, alcohol group and alcohol + valsartan group) (original magnification, x200).

with upregulation of MYL in the treatment group compared
with the alcohol group (P<0.05). In the myocardial tissue,
fluorescence quantitative PCR results indicated elevated
mRNA expressions of RhoA and ROCK in the alcohol group
compared with the control group (P<0.05; Fig. 5E and F). The
mRNA expressions of RhoA and ROCK were decreased in
the treatment group compared with the alcohol group (P<0.05;
Fig. 5E and 5F). The mRNA expression of MYL was decreased
in the alcohol group compared with the control group. The
mRNA expression of MYL was increased in the treatment
group compared with the alcohol group (P<0.05; Fig. 5G).
Discussion
Alcohol abuse is injurious to health. Long‑term or intermittent addiction to alcohol is accountable for gastrointestinal
diseases, alcoholic liver diseases, myopathy and encephalopathy. The associated cardiovascular diseases demonstrate
symptoms similar to dilated cardiomyopathy and are referred
to as ACM (23,24). Patients at the end‑stage of ACM suffer
from decreased cardiac function leading to heart failure
or arrhythmia. Without any effective measures, including
abstinence, nearly half of the patients would die in a period
of 4 years (25,26). However, the pathogenesis and treatment
methods of ACM remain unclear. In the present study, the role
of the variations in the RhoA‑ROCK2‑MYL pathway were
investigated in the pathogenesis of ACM and the beneficial
effects of angiotensin‑converting enzyme inhibitor I drugs.
Ras, the first‑identified low‑molecular weight G protein (27)
belongs to a family of proteins which is divided into three
subgroups, namely, RhoA, RhoB and RhoC. RhoA is a major
member involved in multiple intracellular signal transduction
pathways (28‑30). ROCK is a member of the Ser/Thr protein

kinase family. It is the key and characteristic downstream
signaling molecule of RhoA (31‑33) consisting of ROCK1
and ROCK2 (34,35). ROCK1 is mainly expressed in the lung,
liver, kidney, spleen and testicles, while ROCK2 is expressed
in the heart and brain (36,37). MYL is a major downstream
protein of ROCK and together with the myosin heavy chain
constitutes myosin (29,38). MYL is a key substance in tubulin
with major regulatory effects on the contraction of myocardial
cells. Previous studies (39‑41) have demonstrated that chronic
alcohol intake activates the renin‑angiotensin system and
through Angiotensin II (AngII) facilitates cardiac remodeling.
Blocking the angiotensin type l (AT1) receptor ameliorates
cardiac remodeling.
A massive intake of alcohol activates RAS and facilitates
binding of AngII to AT1 (42). This activates the downstream
RhoA resulting in the induction of the expression of ROCK.
Sequentially, ROCK inhibits its downstream protein MYL,
therefore decreasing its expression. MYL is critical for the
contraction of myocardial cells (43). Reduced expression of
MYL is associated with decreased contraction of myocardial
cells and as time lapses, patients become more susceptible to
heart failure.
Through alcohol gavage and free access to alcohol, rat
models of ACM were established. The method surmounted the
limitations of having only free access to alcohol, individual
differences in models and long time needed for model establishment. Pathological manifestations in the alcohol group
included disorganized arrangement and rupture of myocardial
filaments, an enlarged intercellular space with edema, and
massive inflammatory infiltration which indicated that cells
were signaled to undergo apoptosis the alcohol group. The
treatment group demonstrated an ordered arrangement of
myocardial filaments, evenly distributed cytoplasm without
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Figure 4. Elevated RhoA and ROCK in myocardial tissues of rat models of ACM‑reversal by valsartan. Immunohistochemical staining of myocardial tissues of
rat models for RhoA (A) and ROCK (B) expression. ACM group myocardial tissues were scored as high RhoA and ROCK expression of ACM and reversal by
valsartan (original magnification, x200). ACM, alcoholic cardiomyopathy; ROCK, Rho‑associated protein kinase; RhoA, Ras homolog gene family, member A.

Figure 5. Effect of valsartan on protein expression level of RhoA, ROCK-2 and MYL in myocardial cells‑amelioration by valsartan. (A) Western blots results
of RhoA, ROCK-2 and MYL expression in myocardial cells. The experiment was repeated 3 times with similar results. The figure presents a representative
analysis. Quantification of the western blots (B) RhoA, (C) ROCK-2 (D) and MYL. Columns are means +/‑ standard error of the mean, (n=3). *P<0.05,
alcohol group compared with the control group. #P<0.05, alcohol + valsartan group compared with the alcohol group. Reverse transcription‑quantitative
polymerase chain reaction analysis of the (E) RhoA, (F) ROCK-2 and (G) MYL mRNA transcription profiles of myocardial cells in the alcohol group and
alcohol + vasartan group (n=3). Expression levels were normalized to GAPDH levels. *P<0.05, alcohol + valsartan group compared with the alcohol group.
ROCK, Rho‑associated protein kinase; RhoA, Ras homolog gene family, member A; MYL, myosin light chain.

any rupture and absence of enlarged intercellular space, effusion edema or inflammatory infiltration. Results of Masson's
trichrome staining demonstrated significantly enhanced
fibrosis of myocardial cells in the alcohol group compared
with the control group. Myocardial fibrosis was not observed
in the treatment group suggesting that valsartan alleviated myocardial fibrosis leading to amelioration of cardiac
remodeling in ACM. Echocardiography revealed decreased
EF and increased LVEDD in the treatment group, suggesting

a decline in systolic function. The treatment group demonstrated decreased LVEDD and increased EF compared with
the alcohol group, with a concomitant increase in the contractility of myocardial cells. These results suggest that long‑term
massive intake of alcohol initiates myocardial injury, fibrosis
and systolic dysfunction, leading to decreased cardiac function, or heart failure. Valsartan improves cardiac function by
preventing the progression of ACM into heart failure, thereby
benefiting majority of the patients.
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IHC was employed to detect the expressions of RhoA
and ROCK in the myocardial cells (44), while western blotting was used to detect the expressions of RhoA, ROCK
and MYL. Results demonstrated that in comparison with
the control group, western blot analysis detected elevated
expression of RhoA and ROCK and decreased expression of
MYL in the alcohol group compared with the control group.
Decreased RhoA and ROCK, and elevated MYL expression
was detected in the treatment group compared with the
alcohol group. PCR analysis revealed increased RhoA and
ROCK and downregulated MYL mRNA expressions in the
alcohol group compared with the control group. Notably,
decreased RhoA and ROCK and elevated MYL mRNA
expression was seen in the treatment group compared with
in the alcohol group, which was consistent with the results
of western blotting. These findings suggest the activation of
the RhoA‑ROCK2‑MYL pathway at the protein or mRNA
level by alcohol and its metabolites causing a reduction in
myocardial contractility. Treatment with valsartan inhibited
AT1 and suppressed the expression of RhoA and ROCK
to increase the expression of MYL, thereby enhancing
the contractility of myocardial cells. Valsartan improves
cardiac function and exerts a therapeutic and prophylactic
effect in ACM. Early administration of angiotensin receptor
antagonists ameliorates cardiac function and the prognosis of
ACM, therefore indicating its critical protective effect in the
development and progression of ACM. A rat model of ACM
revealed increased LVEDD, decreased EF and systolic function, and cell rupture associated with increased fibrosis (45).
Administration of valsartan ameliorated myocardial fibrosis
and prevented the progression of ACM. Alcoholic stimulation activates the RhoA‑ROCK2‑MYL pathway to curb the
systolic function of myocardial cells (46), while valsartan
inhibits this pathway to enhance myocardial contractility and
improves cardiac function.
Although alcohol gavage + free access to alcohol can
shorten the time required to simulate and establish the
development of ACM more effectively, success rate remains
quite low due to incompetence in gavaging, excessively high
concentrations of alcohol, and treatment with industrial
alcohol instead of the wine made from grain. In addition, due
to the lack of RhoA and ROCK inhibitors, the involvement
of the RhoA‑ROCK2‑MYL pathway was not confirmed. The
results of the present study are inconsistent with other research
results that ROCK2 leads to the activation of myosin light
chain by phosphorylation (47). It was speculated that MYL
phosphorylation is determined by the balance between the
activities of Rho‑kinase and myosin phosphatase. Also, apart
from ROCK2, an additional pathway(s) may be required for
sustained MYL phosphorylation.
Experimental design determining the drug concentration
was simple and further evaluation on dose‑effect association
was not performed. Because of the lack of abstinence group or
abstinence + valsartan group, the prophylactic effect of valsartan
could only be proved in ACM. Therefore, further studies are
necessary for validation of the therapeutic effects of valsartan.
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