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Effect of rosuvastatin on atrial structural remodeling
in rabbits with myocardial infarction
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Abstract. The present study aimed to investigate the effect
of rosuvastatin on atrial structural remodeling in rabbits
with myocardial infarction (MI). The rabbits were randomly
divided into 4 groups: The sham operation group (S; n=8), the
MI group (MI; n=7), the group with low-dose rosuvastatin [R,;
2.5 mg/(kg/d), n=7] and the group with high-dose rosuvastatin
[R,, 5 mg/(kg/d), n=8]. A rabbit MI model was established
via ligation of the anterior descending coronary artery. After
8 weeks of intervention, the left atrial diameter (LAD), atrial
collagen content, expression level of type I collagen and left
ventricular ejection fraction (LVEF) were measured. LAD
in the MI group was significantly larger than the S, R, and
R, groups after 8 weeks. The left atrial collagen content of the
MI group was also significantly greater than those observed
in the other 3 groups. The expression of type I collagen in
the MI group was significantly increased compared to the
other 3 groups. However, LVEF of the MI group was lower
compared to the other 3 groups. There were no significant
differences between the R, and R, groups in the above indexes.
In conclusion, rosuvastatin can improve post-MI atrial struc-
tural remodeling.

Introduction

In addition to their role in controlling lipid levels, the pleio-
tropic effects of statins, including the anti-arrhythmia effects
and prevention of cardiac remodeling, have attracted signifi-
cant attention (1,2). A large number of studies have focused
on left ventricular remodeling following myocardial infarction
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(MI) and the treatment effect of statins (3-6). In addition to
ventricular arrhythmia, atrial arrhythmia and in particular,
atrial fibrillation (AF), represent a common occurrence
following MI (7) and studies have shown that statins can exert
preventive and therapeutic effects on atrial arrhythmias (8).
With the goal to reveal the mechanisms underlying the
preventive and therapeutic effects of statins on post-MI atrial
arrhythmia, the changes were investigated in post-MI atrial
structural remodeling mediated by rosuvastatin in the present
study.

Materials and methods

Drugs and reagents. The main drugs and reagents used in
the study included rosuvastatin (H20060406; AstraZeneca,
London, UK), the hydroxyproline assay kit and Masson
staining kit (Njjcbio, Nanjing, China), an anti-type I collagen
antibody (Abcam, Cambridge, UK) and the Bradford Protein
Assay kit (Blkwbio, Beijing, China).

Animals and grouping. Healthy New Zealand white rabbits
of either gender, weighing 2.2+0.3 kg, were purchased from
the Experimental Animal Center of Shandong University of
Traditional Chinese Medicine (Shandong, China). The animal
research protocol complied with ‘The Guide for the Care
of Use of Laboratory Animals' published by the National
Institutes of Health (publication no. 85-23, revised 1996) and
was approved by the Animal Care Committee of Medical
College of Shandong University. The 30 surviving rabbits were
randomly divided into the sham operation control group (S;
n=8), the MI group (MI; n=7), the low-dose rosuvastatin group
[R; 2.5 mg/(kg/d), n=7] and the high-dose rosuvastatin group
[R;; 5 mg/(kg/d), n=8]. The S group received thoracotomy only.
Ligation of the left anterior descending coronary artery was
performed to induce MI. The rabbits in the R, and R, groups
received intragastric administration of rosuvastatin following
MI for 8 weeks, while the rabbits in the S and MI groups did
not receive any drug intervention.

Establishment of the rabbit MI model. The rabbits were
anesthetized with 3% sodium pentobarbital (40 mg/kg) by intra-
peritoneal injection and were fixed on a small animal surgery
table. Following a routine preoperative electrocardiogram
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(ECQ), a longitudinal incision was made along the left sternal
border, using the 3rd and 4th intercostal spaces as a midpoint,
to fully expose the heart. Subsequent to opening the pericar-
dium, the heart was lifted to expose the anterior descending left
coronary artery. At the midpoint, ligation was conducted using
a 6-0 suture. The operators directly observed that the anterior
and apical left ventricular myocardium gradually turned to a
dull and even pale color, which was accompanied with a weak-
ened pulse. ECG showed a gradual ST segment elevation in [
and aVL, indicating the formation of MI. Fully intraoperative
hemostasis was achieved, followed by a layer-by-layer sternal
closure subsequent to the ligation. For the S group, a suture
was placed under the left anterior descending coronary artery
without ligation. To prevent postoperative wound infection, all
the rabbits were injected with penicillin at 100,000 U/d for
3 consecutive days.

Detection of the left ventricular ejection fraction (LVEF) and
left atrial diameter (LAD). Cardiac ultrasound was performed
8 weeks postoperatively using an ultrasound probe (5-12 MHz).
The left ventricular end-systolic diameter, end-diastolic diam-
eter, LVEF and LAD were measured. Real-time video recorded
during the measuring was documented for future analysis. The
final data represented the average of 3 parallel measurements.

Specimen collection. Subsequent to measuring their weights
8 weeks postoperatively, the rabbits were anesthetized
by intraperitoneal injection of 3% sodium pentobarbital
(40 mg/kg), followed by thoracotomy. The heart was quickly
harvested and rinsed with saline. The large blood vessels, right
atrium, left ventricle and right ventricle were removed. The
left atrium was separated and divided into two portions; one
portion was stored at -80°C for the measurement of collagen
and type I collagen protein levels and another portion was
fixed with 4% paraformaldehyde, embedded in paraffin
and sectioned for hematoxylin and eosin (HE) and Masson
staining.

Measurement of muscle hydroxyproline and collagen content.
The content of myocardial hydroxyproline was measured to
derive the content of myocardial collagen. First, 30-50 mg of
left atrial tissue was homogenized and processed according to
the manufacturer's instructions provided with the hydroxypro-
line assay kit. Subsequently, the supernatant in each tube was
collected and the optical density (OD) value at 550 nm was
measured with a spectrophotometer. The content of collagen
(mg/l) was calculated according to the following formula:
Collagen content = [(OD value of the sample tube - OD value
of the blank tube) / (OD value of the standard tube - OD value
of the blank tube)] x 7.46 x dilution factor.

Detection of type I collagen expression in left atrial myocar-
dial tissue by western blot analysis. The tissue stored at
-80°C, as mentioned in ‘Specimen collection,” was weighed
and dissolved in lysate buffer. The proteins were extracted,
quantified, separated by SDS-PAGE electrophoresis and
electrotransferred following denaturation. The nitrocellulose
(NC) membrane bearing the transferred proteins was incu-
bated with the blocking solution at room temperature for 1 h.
Subsequently, the NC membrane was placed in a hybridization

bag, agitated in the primary antibody solution at room temper-
ature for 30 min and incubated in a 4°C refrigerator overnight.
Subsequent to washing the polyvinylidene fluoride (PVDF)
membrane with Tris-Buffered saline and Tween-20 (TBST)
3 times, with 10 min for each wash, the secondary antibody
was added, followed by an incubation at room temperature for
60 min. Subsequent to washing with TBST 3 times for 10 min
each, the PVDF membrane was developed using chromogenic
substrate solution in a darkroom and the image was captured
to measure the gray value for data analysis. The GAPDH level
served as the internal control.

Statistical analysis. The SPSS version 17.0 (SPSS, Inc.,
Chicago, IL, USA) statistical package was applied for statistical
analysis. All the data are expressed as mean =+ standard devia-
tion. Comparisons among multiple groups were performed
using an analysis of variance and pairwise comparisons were
carried out using the least significant difference method.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Atrial myocytes histomorphological changes of the rabbits in
each group. HE staining showed that the atrial myocytes in the
S group were arranged regularly and that infiltration of a small
amount of inflammatory cells had occurred, although neither
myocardial necrosis and hypertrophy nor stromal hyperplasia
was observed. In the MI group, the number of atrial myocytes
was decreased, their arrangement was irregular, the nuclei
were of different sizes, with a few dissolved or ruptured, and
there was an accumulation of interstitial collagen. Compared to
the MI group, the R, and R, groups exhibited reduced myocar-
dial necrosis and reduced infiltration of inflammatory cells,
with a significant improvement in compensatory hypertrophy,
stromal hyperplasia and collagen accumulation in myocardial
cells, as shown in Fig. 1. Masson staining showed normal
cardiac tissue stained in red and collagen fiber stained in blue.
The expression of collagen fiber in the left atrial tissue of MI
rabbits significantly increased, with fibrosis and interstitial
collagen accumulation in certain cardiomyocytes, as shown
in Fig. 2.

Comparison of LAD, LVEF and cardiomyocyte collagen
content in the rabbits. The LAD and the left atrial collagen
content in the MI group were significantly greater than those
observed in the S group (P<0.01), while the LVEF value in
the MI group was significantly lower than that in the S group
(P<0.01). The LAD and the left atrial collagen content in the
R, and R, groups were significantly lower than those in the
MI group (P<0.01), while the LVEF values in these groups
were significantly higher than that in the MI group (P<0.01).
Compared to the R, group, all the indicators in the R, group
were significantly lower, although the differences were not
statistically significant, as shown in Table I.

Expression of left atrial type I collagen. The expression of
left atrial type I collagen in the MI group was significantly
higher than that observed in the S group (P<0.01) and the
expression of left atrial type I collagen in the R, and R, groups
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Figure 1. Hematoxylin and eosin staining of left atrial tissues in the sham operation (S), myocardial infarction (MI), low-dose rosuvastatin (R,) and high-dose
rosuvastatin (R,) groups (magnification, x400).

Figure 2. Masson staining of left atrial tissues in the sham operation (S), myocardial infarction (MI), low-dose rosuvastatin (R,) and high-dose rosuvas-
tatin (R;) groups (magnification, x400).
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Table I. Effect of rosuvastatin on left atrial diameter (LAD), left ventricular ejection fraction (LVEF) and collagen content in the

rabbits with myocardial infarction (MI).

Indexes S group MI group R, group R, group
Quality of the heart, g 4.01+0.56 8.12+1.11 0.71+0.10 21.32+3.46
LAD, mm 6.98+0.62* 11.22+1.51° 0.36+0.11* 29.79+5.50*
LVEF, % 5.01+0.37° 9.85+1.60° 0.64+0.10° 25.15+3.59°
Collagen, mg/1 4.86+0.41° 9.28+0.99° 0.62+0.09° 24.59+3.58°

“P<0.05, MI group vs. S group; "P<0.05, R, and R, groups vs. MI group. Data are presented as mean + standard deviation. S, sham operation;

R,, low-dose rosuvastatin; R,, high-dose rosuvastatin.

MI S R; R,
collagen | SRR = o S
GAPDH S = o f—

Figure 3. Expression of left atrial type I collagen in the myocardial infarc-
tion (MI), low-dose rosuvastatin (R,), high-dose rosuvastatin (R;) and sham
operation (S) groups. Western blot analysis of left atrial type I collagen of the
groups. GAPDH was used as a control. Collagen I, left atrial type I collagen.

was significantly lower compared to the MI group (P<0.05).
However, the difference between the R, and R, groups was not
statistically significant (P>0.05), as shown in Fig. 3.

Discussion

Atrial structural remodeling involves changes in cells and the
extracellular matrix and is most prominently manifested by
atrial interstitial fibrosis (6). Interstitial fibrosis mainly occurs
in the extracellular matrix and collagen is the most important
component of the myocardial extracellular matrix, which is
dominated by type I collagen in the heart. The present study
revealed the following results: i) The atrial myocytes of rabbits
in the MI group showed hypertrophy and hyperplasia, irregular
arrangement, karorrhexis and karyolysis, as well as deforma-
tion and necrosis; ii) the MI groups also revealed accumulations
of interstitial collagen and significantly increased biomarkers
of myocardial fibrosis, such as myocardial collagen and the
expression of type I collagen; and iii) significant expansion
of the LAD was observed in the MI group. These results
indicated that atrial structural remodeling occurred following
MI and this remodeling may be associated with the following
aspects. First, ventricular systolic function is severely impaired
subsequent to MI, as supported by the data in the present
study showing that the LVEF value of the MI rabbits was
significantly reduced. This impairment in ventricular systolic
function may further lead to ventricular diastolic dysfunction,
thereby causing a high left atrial pressure and atrial hyper-
trophy and ultimately inducing atrial remodeling. Second,
the levels of myocardial matrix metalloproteinase (MMP)-3
and -9 and tissue inhibitor of metalloproteinase are upregu-
lated following MI (9). This increase in MMP expression is
associated with the metabolic dysregulation of extracellular
myocardial interstitial type I collagen and the degradation
of collagen, which can promote atrial fibrosis and lead to the
occurrence of post-MI atrial remodeling. Third, excessive

oxidative stress is an important driving factor of myocardial
remodeling (10) and the oxidative stress of cardiomyocytes
increases following MI, thereby promoting atrial structural
remodeling. Atrial structural remodeling can not only impair
atrial systolic and diastolic function but also provide a matrix
for impulse reentry, leading to AF and other atrial arrhyth-
mias. In addition, a number of studies have also shown that
the excessively high pressure and sharp dilatation of the left
atrium following MI increases the susceptibility to AF (11,12).

A previous study has also confirmed that statins have
anti-arrhythmia effects and can improve post-MI cardiac
remodeling (13). In this study, after applying rosuvastatin
treatment for 8 weeks, the structure and morphology of
impaired atrial cells were significantly improved, indicating
that rosuvastatin effectively improved atrial structural
remodeling following MI. The possible mechanisms for the
beneficial effects of statins on atrial structural remodeling
after MI include the following: i) Statins can activate the
peroxisome proliferator-activated receptors-a and -y, extra-
cellular MMP-9 and tissue protein S, thereby inhibiting
cardiac hypertrophy and the development of fibrosis (14);
ii) statins can reduce the type I collagen level in cardiomyo-
cytes and fibrotic regions by inhibiting transforming growth
factor-f3, which is an important factor promoting myocardial
fibrosis, affecting the production of extracellular matrix
by inducing the expression of type I collagen and fibro-
nectin (15); and iii) the results of the present study showed
that the LVEF value increased after rosuvastatin treatment
in MI rabbits, indicating that rosuvastatin plays a role in
improving impaired left ventricular systolic function. The
study by Tsai et al (16) also showed that statins inhibited the
renin-angiotensin-aldosterone system to reduce ventricular
remodeling and improve impaired left ventricular systolic
function following MI, thereby reducing high left atrial pres-
sure and left atrial hypertrophy. Taken together, these results
indicate that rosuvastatin can not only directly improve atrial
structural remodeling but also indirectly improve atrial
structural remodeling by reversing ventricular structural
remodeling following MI. In addition, statins can mitigate
atrial remodeling by inhibiting oxidative stress pathways,
such as those mediated by guanylate protein A/guanylate
kinase (17). Thus, statin-mediated improvement of atrial
structural remodeling following MI may represent an impor-
tant mechanism underlying their preventive and therapeutic
effects on atrial arrhythmia following MI, particularly for AF.



The present study also investigated the effects of rosuv-
astatin on atrial remodeling at different doses. Although the
results of corresponding indicators revealed that a high dose of
rosuvastatin could partly improve atrial structural remodeling
than a low dose, the differences were not statistically signifi-
cant. This finding may be associated with the short treatment
time or the insufficient dose difference between groups.
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