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Inhibition of Rho‑kinase is involved in the therapeutic
effects of atorvastatin in heart ischemia/reperfusion
CHAO CHENG1*, XIAO‑BO LIU2*, SHAO‑JIE BI1, QING‑HUA LU1 and JUAN ZHANG1
1

Department of Cardiology, The Second Hospital, Cheeloo College of Medicine, Shandong University,
Jinan, Shandong 250033; 2Shandong Blood Center, Jinan, Shandong 250012, P.R. China
Received July 19, 2019; Accepted March 24, 2020
DOI:10.3892/etm.2020.9070

Abstract. The aim of the present study was to investigate
the effects of atorvastatin against heart ischemia/reperfusion
(I/R) injury and its potential underlying mechanism. Rats
were allocated into the following groups: Sham, I/R,
atorvastatin (10 mg/kg daily), fasudil (10 mg/kg daily) and
atorvastatin + fasudil in combination. Drugs were administered
for 2 weeks prior to I/R injury. I/R was established by ligating
the left anterior descending branch (LAD) for 30 min and
releasing the ligature for 180 min. The I/R group was found
to have increased myocardial infarct size, cardiomyocyte
apoptosis, levels of plasma interleukin (IL)‑6 and tumor
necrosis factor (TNF)‑ α, superoxide dismutase (SOD)
activity, malondialdehyde (MDA) levels and Rho‑kinase
activity compared with the other treatment groups (P<0.05).
Moreover, pretreatment with atorvastatin significantly
attenuated Rho‑kinase activity, myocardial infarct size,
cardiomyocyte apoptosis, levels of plasma IL‑6 and TNF‑α,
SOD activity and MDA levels, and upregulated nitric oxide
production. It was also indicated that the specific Rho‑kinase
inhibitor, fasudil, had the same effects as atorvastatin in I/R.
Therefore, the present results suggested atorvastatin may
lead to cardiovascular protection, which may be mediated by
Rho‑kinase inhibition in heart I/R injury.
Introduction
Ischemic heart disease is a leading cause of mortality worldwide (1). Furthermore, acute myocardial infarction (AMI)
is the most severe type of ischemic heart disease and has a
high mortality rate (2). Timely reperfusion remains critical for
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the treatment of AMI; however, reperfusion may exacerbate
metabolic dysfunction and structural damage to the myocardium, which is known as myocardial ischemia/reperfusion
(I/R) injury (3). Myocardial I/R is characterized by endothelial dysfunction, cellular calcium overload, oxidative stress,
inflammatory response and myocyte death, which all amplify
tissue injury (4). Therefore, alleviating I/R injury during
myocardial reperfusion represents a crucial clinical challenge.
The ubiquitously expressed Rho‑kinase, which is a
serine/threonine kinase, has been reported to serve an important role in a number of major cardiovascular diseases, such as
hypertension, heart failure, pulmonary hypertension, atherosclerosis, myocardial infarction and myocardial I/R (5‑11).
Previous studies have demonstrated that Rho‑kinase activation
is involved in the pathogenesis of I/R in vivo (12‑16). It has
also been shown that fasudil, a Rho‑kinase inhibitor, inhibits
the activation of Rho‑kinase during I/R and reduces infarct
size and myocyte apoptosis in rats (17,18). Moreover, there
has been increasing research into Rho‑kinase as a potential
therapeutic target in myocardial I/R.
Statins, which are competitive inhibitors of 3‑hydroxy‑3‑
methylglutaryl coenzyme A (HMG‑CoA) reductase, are used
for treatment of dyslipidemias and prevention of cardiovascular diseases (19), as they decrease cholesterol biosynthesis,
reduce low‑density lipoprotein (LDL) cholesterol and triglyceride levels, and increase levels of high‑density lipoprotein
cholesterol (20). Previous studies have also reported that
statins may exert cardiovascular protective effects and may
inhibit Rho‑kinase activity independent of LDL reduction,
which are referred to as pleiotropic effects (21‑25). However,
the effect of statins on Rho‑kinase activity in heart I/R injury
in vivo requires further investigation. Therefore, it was hypothesized that cardioprotection of statins may be associated with
inhibition of Rho‑kinase in myocardial I/R injury.
Materials and methods
Animals. Female Wistar rats (age, 130 days; weight, 250‑300 g)
were obtained from Shandong University and acclimatized
for 1 week prior to any experimentation. Rats were allowed
free access to water and standard chow diet. All animals were
housed under the following conditions: Standard lighting at
12:12 h light‑dark cycle, temperature, 22±0.5˚C and humidity,
60±10%. The present study was approved by the Ethics
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Table I. Serum levels of IL‑6, TNF‑α and NO.
Variables
IL‑6, pg/ml
TNF‑α, pg/ml
NO, µmol/l

Sham

I/R

I/R + A

I/R + F

I/R + A + F

97.5±31.36
76.2±32.55
7.83±1.91

375.1±140.39a
545.5±161.27a
4.56±1.25a

261.5±81.28a,b
322.1±59.68a,b
9.55±2.26b

241.5±62.61a,b
331.3±66.54a,b
9.17±1.96b

224.9±55.77a,b
300.875±71.42a,b
10.40±2.39b

N=12, each group. aP<0.05 vs. sham group. bP<0.05 vs. I/R group. I/R group. I/R, ischemia/reperfusion; I/R + A, I/R + atorvastatin; I/R + F,
I/R + fasudil; I/R + A + F, I/R + atorvastatin + fasudil; IL, interleukin; TNF, tumor necrosis factor; NO, nitric oxide.

Table II. SOD activity and MDA levels.
Variables
SOD, U/mg protein
MDA, µmol/mg protein

Sham

I/R

I/R + A

I/R + F

I/R + A + F

160.8±40.63
3.21±0.46

87.8±26.44a
8.99±1.82a

122.3±21.08a,b
4.74±0.67a,b

124.9±36.96a,b
4.89±0.51a,b

126.0±27.81a,b
4.49±0.64a,b

N=12, each group. aP<0.05 vs. sham group. bP<0.05 vs. I/R group. I/R, ischemia/reperfusion; I/R + A, I/R + atorvastatin; I/R + F, I/R + fasudil;
I/R + A + F, I/R + atorvastatin + fasudil; MDA, malondialdehyde; SOD, superoxide dismutase.

Committees of the Second Hospital of Shandong University,
and all procedures were performed in accordance with the
Institutional Animal Care and Use Committee and National
Institutes of Health Guidelines.
Randomized assignment and treatment groups. A total of
60 rats were randomly and equally allocated into 5 groups
(n=12/group): i) Sham group; ii) I/R group; iii) I/R + atorvastatin
group; iv) I/R + fasudil group; and v) I/R + atorvastatin +
fasudil group. The sham group was used as a control and
received a standard diet and water prior to the sham operation.
The I/R group was used as a control and received a standard
diet and water before I/R. The I/R + atorvastatin group was
orally administered atorvastatin (10 mg/kg body weight
daily) for 2 weeks prior to I/R. The I/R + fasudil group was
administered intravenously fasudil (10 mg/kg body weight
daily) for 2 weeks prior to I/R. The I/R + atorvastatin + fasudil
group was administered the same doses of atorvastatin and
fasudil prior to I/R.
In vivo heart I/R injury model. Rats were anesthetized with
sodium pentobarbital (50 mg/kg, intraperitoneally) and
subjected to 30 min left anterior descending coronary artery
(LAD) ligation using a 4‑0 silk suture, followed by a 180 min
reperfusion according to our previous published protocol (13).
The sham control animals were subjected to the entire surgical
procedure and silk suture was passed beneath the coronary
artery, but the LAD coronary artery was not ligated. At the end
of reperfusion, rats were exposed to overdoses of isoflurane for
~10 min and euthanatized by exsanguination.
Biochemical testing. Following reperfusion, arterial blood
samples were collected and placed in heparinized centrifuge
tubes, and were centrifuged at 1,500 x g for 20 min at 4˚C.
The supernatant was collected and stored at ‑80˚C. Serum
IL‑6 and TNF‑ α activities were measured using Rat IL‑6

and TNF‑α ELISA kits (Bio‑Swamp, Inc.; cat. no. RA20607;
cat. no. RA20035, respectively), according to the manufacturer's protocols. Total nitric oxide (NO) production was
determined by measuring the concentration of nitrate and
nitrite, a stable metabolite of NO, by the modified Griess reaction method; the procedure involved the use of the Total NO
kit (Beyotime Institute of Biotechnology), according to the
manufacturer's protocols. Each sample supernatant (100 µl)
was reacted with Nitrate Reductase for 30 min and Griess
reagent for 10 min at room temperature in the dark. Nitrite
levels were determined by measuring absorbance at 540 nm
using an OPTImax multiplate reader. The levels of nitrite were
normalized to standard values.
Determination of myocardial infarct size. At the end of
reperfusion, the coronary artery was re‑occluded and Evans
blue dye solution (3 ml, 2% wt/vol) was injected into the left
ventricle to determine between ischemic [area at risk (AAR),
unstained] and non‑ischemic myocardium (area not at risk,
stained blue). The hearts were subsequently harvested, rinsed
in normal saline and the atria, right ventricle and great vessels
were removed. The heart was excised and cut into transverse
slices (thickness, 1 mm). The AAR was separated from the area
not at risk and subsequently incubated with nitro‑blue tetrazolium (NBT, 1% wt/vol, 15 min at 37˚C) to distinguish between
ischemic (stained blue) and infarcted tissue (unstained). Then,
the AAR and infarct size were calculated after weighing the
respective tissue samples, and infarct size was expressed as the
percentage of the AAR.
Evaluation of apoptosis in heart tissue sections. TUNEL was
used to evaluate apoptotic activity following I/R injury. Heart
sections were fixed in 4% paraformaldehyde for 24 h at room
temperature and embedded in paraffin. Each section (thickness, 6 µm) was deparaffinized with xylene and rehydrated
with serial changes ethanol (100, 95, 90, 80, 70, 60 and 50%).
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TUNEL staining was performed using an in situ Cell Death
Detection kit (Roche Diagnostics) according to the manufacturer's protocol. The TdT reaction was carried out for 1 h
at 37˚C in a humidified chamber, and then DAB chromogen
(OriGene Technologies, Inc; cat. no. ZLI‑9019) was applied.
Hematoxylin was used as a counterstain. The results were
viewed using a confocal FV 1000 SPD Laser Scanning
microscope (Olympus Corporation; magnification, x400).
TUNEL‑positive cells were determined by randomly selecting
10 fields of view and were expressed as a percentage of normal
nuclei.
Determination of superoxide dismutase (SOD) and malondial‑
dehyde (MDA). A total of 20 mg myocardial tissue was minced
and homogenized in ice‑cold RIPA buffer (Sigma‑Aldrich;
Merck KGaA). Homogenates were subject to centrifugation
at 13,000 x g for 15 min at 4˚C to obtain the supernatant
as sample tissue for total protein preparation. The protein
concentration was determined by bicinchoninic acid (BCA)
assay kit (Beyotime Institute of Biotechnology). Myocardial
tissue SOD activity and MDA content were assayed, according
to the manufacturer's protocols (Jiancheng Biotech Ltd.; cat.
no. A001‑3‑2; cat. no. A003‑1‑2). The results of SOD and MDA
assays were expressed as units per mg of protein.
Western blot analysis for measurement of Rho‑kinase activity
and cleaved Caspase‑3. Rho‑kinase activity was assessed by
examining the phosphorylation state of myosin phosphatase
targeting subunit 1 (MYPT‑1), a well‑established Rho‑kinase
specific substrate (26). Western blotting was performed on
heart tissue obtained from the AAR. Tissue proteins were
extracted using the Membrane and Cytosol Protein Extraction
kit (Beyotime Institute of Biotechnology; cat. no. P0033) and
protein concentration was determined using the BCA assay
kit (Beyotime Institute of Biotechnology) according to the
manufacturer's instructions. After protein quantification,
equal amounts of protein (50 µg) were separated on 10%
Tris‑glycine SDS gel by electrophoresis and subsequently
transferred to PVDF membranes. After blocking with 5%
BSA (Beyotime Institute of Biotechnology) in Tris‑buffer for
1 h at room temperature, membranes were incubated overnight at 4˚C with the primary antibodies: β ‑actin (1:1,000;
Santa Cruz Biotechnology, Inc.; cat. no. sc‑69879), rabbit
polyclonal MYPT‑1 antibody (1:500; Bioworld Technology,
Inc.; cat. no. BS8367), rabbit polyclonal phosphorylated
(p)‑MYPT‑1 antibody (1:500; Bioworld Technology, Inc.;
cat. no. BS64148) and rabbit monoclonal cleaved caspase‑3
antibody (1:1,000; Cell Signaling Technology, Inc.;
cat. no. 9664). Then, membranes were incubated at room
temperature for 2 h with horseradish peroxidase‑conjugated
goat anti‑rabbit secondary antibody (1:10,000; Santa Cruz
Biotechnology, Inc.; cat. no. sc‑2004). Immunoreactive bands
were visualized with the SuperSignal West Pico enhanced
chemoluminescence kit (Piece; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Band intensities were quantified using a densitometer analysis system
Quantity One 4.6.6 (Bio‑Rad Laboratories, Inc.).
Statistical analysis. Data are presented as the mean ± standard
deviation. Statistical analysis of the results was carried out

Figure 1. Changes of myocardial infarct size of different groups in rat hearts.
(A) Representative images of Evans blue‑stained cross‑sections of rat hearts.
(B) Representative images of nitro‑blue tetrazolium‑stained cross‑sections
of rat hearts. Scale bar, 1 cm. (C) Histograms of infarct size/AAR.
*
P<0.05 vs. sham group. #P<0.05 vs. I/R group. I/R, ischemia/reperfusion;
I/R+A, I/R + atorvastatin; I/R+F, I/R + fasudil; I/R + A + F, I/R + atorvastatin + fasudil; AAR, area at risk.

via one‑way ANOVA followed by the Tukey's post‑hoc test.
P<0.05 was considered to indicate a statistically significant
difference. Statistical analyses were performed using SPSS
19.0 (SPSS, Inc.).
Results
Atorvastatin and fasudil reduce myocardial infarct size in
heart I/R. It was identified that the average infarct size of
the heart was 57.68±3.95% in the I/R group. Furthermore,
administration of atorvastatin or fasudil caused a significant
reduction in infarct size; the infarct size of the heart was
37.87±5.19 and 36.21±5.01% in the I/R + atorvastatin group
and I/R + fasudil group, respectively. Moreover, it was
found that there were no significant differences between
the I/R + atorvastatin group, I/R + fasudil group and
I/R + atorvastatin + fasudil group (Fig. 1). Therefore, the
present results suggested that atorvastatin and fasudil reduced
myocardial infarct size in rat heart I/R injury.
Atorvastatin and fasudil reduce cell apoptosis of the heart
in I/R. Following examination of microscopy images, it
was indicated that apoptotic cell nuclei were stained dark
brown, while healthy myocardial cell nuclei were stained
blue. The apoptotic rate was 2.04±1.34% in the sham group,
while the number of TUNEL‑positive cells was significantly increased in I/R group (36.83±6.39%). In addition,
it was demonstrated that the apoptotic rates were significantly reduced in the I/R + atorvastatin, I/R + fasudil and
I/R + atorvastatin + fasudil groups (P<0.05 vs. I/R group);
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Figure 2. Representative photomicrographs of ventricular tissue stained for TUNEL to assess apoptosis. (magnification, x400). (A) Sham group. (B) I/R group.
(C) I/R + Atorvastatin group (D) I/R + Fasudil group. (E) I/R + Atorvastatin + Fasudil group. (F) Changes of TUNEL positive cells in different groups. In the
I/R group, a large number of TUNEL‑positive cells were observed. After administration of atorvastatin or fasudil, the TUNEL‑positive cells were significantly
reduced. *P<0.05 vs. sham group. #P<0.05 vs. I/R group. I/R group. I/R, ischemia/reperfusion; I/R + A, I/R + atorvastatin; I/R+F, I/R + fasudil; I/R + A + F,
I/R + atorvastatin + fasudil.

Figure 3. Atorvastatin and fasudil reduces cell apoptosis of the heart in I/R.
Western blot analysis of cleaved caspase‑3 in different groups. *P<0.05 vs.
sham group. #P<0.05 vs. I/R group. I/R group. I/R, ischemia/reperfusion;
I/R+A, I/R + atorvastatin; I/R + F, I/R + fasudil; I/R + A + F, I/R + atorvastatin + fasudil.

however, there were no significant differences among these
three groups (Fig. 2).
Activation of caspase‑3 is a hallmark of apoptotic cell death,
and caspase‑3 cleavage is indicative of its activation (27). The
western blotting results identified that I/R caused a significant increase in the protein expression of cleaved capsase‑3.
Moreover, it was found that capsase‑3 activity was attenuated
in the I/R + atorvastatin, I/R + fasudil and I/R + atorvastatin
+ fasudil groups (Fig. 3). Thus, the results suggested that

Figure 4. Changes in serum levels of (A) IL‑6, (B) TNF‑ α and (C) NO in
different groups. *P<0.05 vs. sham group. #P<0.05 vs. I/R group. I/R group.
I/R, ischemia/reperfusion; I/R+A, I/R + atorvastatin; I/R+F, I/R + fasudil;
I/R + A + F, I/R + atorvastatin + fasudil; NO, nitric oxide; TNF, tumor
necrosis factor; IL, interleukin.
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Figure 5. Changes in levels of (A) SOD and (B) MDA in different groups.
*
P<0.05 vs. sham group. #P<0.05 vs. I/R group. I/R group. I/R, ischemia/reperfusion; I/R + A, I/R + atorvastatin; I/R+F, I/R + fasudil; I/R + A + F, I/R +
atorvastatin + fasudil; SOD, superoxide dismutase; MDA, malondialdehyde.

atorvastatin and fasudil reduced cell apoptosis in rat heart I/R
injury.
Expression levels of plasma IL‑6, TNF‑ α and NO in the
different groups. Compared with the sham group, the
serum concentrations of IL‑6 and TNF‑ α were significantly
elevated in the I/R group (P<0.05). Furthermore, these
increases in IL‑6 and TNF‑ α levels were significantly
suppressed in the I/R + atorvastatin, I/R + fasudil and
I/R + atorvastatin + fasudil groups (P<0.05 vs. I/R group);
however, there were no significant differences among these
three groups (Fig. 4A and B; Table I). It was also found that
NO production in the I/R group was significantly decreased
compared with the sham group (P<0.05). Moreover, when
treated with atorvastatin, fasudil or their combination,
NO production increased compared with the I/R group
(P<0.05), but there were no significant differences among
these three groups (Fig. 4C; Table I).
SOD activity and MDA levels in the different groups. It was
indicated that MDA level was increased following I/R injury,
while SOD decreased significantly (P<0.05 vs. sham group). In
addition, when treated with atorvastatin, fasudil or their combination, the level of MDA was significantly suppressed, while
SOD activity significantly increased (P<0.05 vs. I/R group;
Fig. 5A and B; Table II). Therefore, the results suggested that
atorvastatin and fasudil antagonized oxidative stress induced
by I/R injury.
Rho‑kinase activity in the different groups. Rho‑kinase
activity was assessed by examining the phosphorylation of
MYPT‑1 using western blot analysis and it was found that
the phosphorylation of MYPT‑1 was significantly increased
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Figure 6. Western blot analysis of MYPT‑1 phosphorylation in rat hearts
of different groups. p‑MYPT‑1/MYPT‑1 increased during the I/R groups,
demonstrating Rho‑kinase activity increased in the I/R. After administration of atorvastatin or fasudil, the expression of p‑MYPT‑1 was significantly
attenuated. *P<0.05 vs. sham group. #P<0.05 vs. I/R group. I/R group. I/R,
ischemia/reperfusion; I/R+A, I/R + atorvastatin; I/R+F, I/R + fasudil; I/R
+ A + F, I/R + atorvastatin + fasudil; p, phosphorylated; MYPT‑1, myosin
phosphatase targeting subunit 1.

during I/R protocol (P<0.05 vs. the sham group). Furthermore,
atorvastatin, fasudil or their combination therapy resulted in
significant reduction in p‑MYPT‑1/MYPT‑1 ratio (P<0.05
vs. I/R group; Fig. 6). Collectively, the results indicated that
atorvastatin, similar to fasudil, inhibited Rho‑kinase activity
in heart I/R injury.
Discussion
In the present study, the effect of atorvastatin and fasudil was
examined in heart I/R injury in the rat models. The major
findings of the present in vivo study were as follows: i) Both
fasudil and atorvastatin significantly attenuated myocardial
I/R injury in rat models, including myocardial infarct size,
cardiomyocyte apoptosis, oxidative stress and inflammatory response; and ii) Rho‑kinase inhibition was involved
in the cardiovascular protective effects of atorvastatin in
myocardial I/R.
Statins have been used to prevent coronary artery disease
and stroke by lowering serum LDL cholesterol and inhibiting
hepatic cholesterol biosynthesis (19). Previous studies have
shown that statins have antiproliferative, antithrombotic,
anti‑inflammatory and anti‑atherogenic effects, as well as
their LDL cholesterol‑lowering effects (24,28‑30). Moreover,
it has been revealed that atorvastatin provides cardioprotective effects against heart I/R injury via reducing myocardial
infarct size and cardiomyocyte apoptosis (31‑33). The average
plasma half‑life of atorvastatin is ~14 h, but the actual half‑life
of inhibition of HMG‑COA reductase is 20‑30 h due to the
influence of its active metabolites (34). In the present study,
the drugs were administered 2 weeks prior to surgery and
atorvastatin was selected as the statin test agent. The present
results indicated that pretreatment with atorvastatin attenuated
myocardial infarction and myocardial apoptosis. Furthermore,
it was found that atorvastatin resulted in a 44.8% reduction in
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apoptotic cardiomyocytes and a 34.3% reduction in myocardial
infarct size, thus suggesting the cardiac protection provided by
atorvastatin against heart I/R injury.
Oxidative stress, endothelial dysfunction and inflammation are among the most common mechanisms of heart
I/R injury (35,36). It has been shown that statins increase
endothelial NO production, which is impaired by I/R (33).
Furthermore, previous studies have reported that low‑dose
atorvastatin increases anti‑inflammatory activity and increases
NO concentration against I/R injury in isolated hearts of
rats (37). The present results indicated that I/R increased levels
of IL‑6, TNF‑α and MDA, while it decreased SOD and NO
production. It was also observed that preventively administered
atorvastatin attenuated the levels of IL‑6, TNF‑α and MDA,
and upregulated SOD activity and NO production. Therefore,
these results indicate that atorvastatin may attenuate I/R heart
injury, which may be mediated by reducing oxidative and
inflammatory responses, and activating the NO pathway.
The Rho‑kinase pathway, which serves an important role
in a number of cardiovascular diseases, has been shown to
be involved in heart I/R injury (5). In vitro studies reported that
increased Rho‑kinase activity downregulates NO production
and that Rho‑kinase inhibitors increase NO production (38,39).
It has also been revealed that atorvastatin prevents pulmonary
vascular remodeling by inhibiting RhoA/Rho‑kinase (40).
Moreover, atorvastatin may upregulate NO levels via
Rho‑kinase signaling (41). Similar to our previous studies
showing that the activation of Rho‑kinase can be significantly
upregulated by heart I/R injury (13,42), the present results
suggested that myocardial I/R caused a significant increase
in Rho‑kinase activity. Furthermore, Rho‑kinase activity was
assessed by examining the phosphorylation of MYPT‑1 in the
present study. It was found that I/R heart injury resulted in a
4.5‑fold increase in p‑MYPT1 expression, thus indicating the
activation of Rho‑kinase following I/R injury. As fasudil is
a specific and potent antagonist for Rho‑kinase, it was identified that Rho‑kinase activity was significantly decreased
when treated with fasudil prior to I/R. The present study also
examined whether Rho‑kinase inhibition was involved in the
cardiac protection of atorvastatin. A significant decrease in
Rho‑kinase activity was observed as a result of administration
of atorvastatin and the combination of fasudil + atorvastatin.
Therefore, it was speculated that inhibition of Rho‑kinase may
be involved in the cardioprotective effect of atorvastatin in
heart I/R injury.
However, there are several limitations that require
mentioning for the present study. Firstly, hemodynamic
parameters were not determined and thus will be considered
in future studies. In addition, it was found that atorvastatin
lowered plasma cytokine levels and inflammation, but the
results lack inflammatory infiltrate in myocardial tissues.
Moreover, the underlying mechanism of Rho‑kinase inhibition
via atorvastatin in I/R injury remains to be fully elucidated.
Future studies are required to assess whether atorvastatin
inhibits Rho‑kinase activity in a dose‑ and time‑dependent
manner. Furthermore, the present study only assessed the
effect of atorvastatin on Rho‑kinase inhibition by evaluating
MYPT‑1 phosphorylation, and therefore additional effectors
of Rho‑kinase are to be considered in future experiments. The
aim of this study was also to identify the possible protective

effects of atorvastatin, as continuous oral administration
of atorvastatin could be beneficial for patients with acute
myocardial infarction/percutaneous coronary intervention.
Therefore, clinical trials registration will be considered in
future research.
In conclusion, the present results indicated that atorvastatin
may have a cardiovascular protective effect against I/R‑induced
injury, including inhibition of Rho‑kinase activity. Thus, these
findings may provide a novel approach for the process of statin
administration and may provide new therapeutic strategies for
myocardial I/R injury.
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