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Background

A substantial proportion of patients with heart failure have a normal ejection
fraction and diastolic dysfunction. However, there are few data available to guide the
therapy of these patients. The effects of statins on cardiac remodeling are well
documented in animal models and it is reported that statin therapy revealed a survival
benefit in patients with diastolic heart failure. However, the exact mechanisms of statins
possibly explaining the decreased cardiovascular morbidity and mortality in patients
with diastolic heart failure have not been elucidated

Methods

Eight-week-old male C57BL/6J wild type mice (n=48) were randomly divided into
4 groups and were treated over a four week period. Each of the four groups received the
following treatment: oral normal saline and saline pump (Sal/Sal n=8), oral Pra
(10mg/kg.day) and saline pump (Pra/Sal n=9), oral normal saline and AIl (2 i g/kg per
minute) pump (Sal/AlIl n=15), and oral Pra (10mg/kg day) and All (2 u g/kg per minute)
pump (Pra/All n=16). Before implantation of the pumps and at the end of this study,
SBP and heart rate were measured in a conscious state in all mice. Trans-thoracic
echocardiography was performed to investigate cardiac function and morphological
change. After conducting in vivo hemodynamic studies, the heart was excised and
dissected into the right ventricle and the left ventricle (LV) which included the septum.
At that time, the whole heart and the LV were weighed. The LV was cut into 3
transverse sections: apex, middle ring, and base, for myocardial histopathology and
biochemical analysis. Before euthanization, artery blood samples (1ml) were collected
to determine plasma total cholesterol and low density lipoprotein (LDL) cholesterol
levels. All results are expressed as the mean + SEM. Multiple comparisons among 3 or
more groups were performed by 2-way ANOVA and Fisher exact test for post hoc
analyses. A value of p<0.05 was considered statistically significant.

Results
1. After four weeks treatment, All infusion significanily elevated both the SBP
and cholesterol levels. Pravastatin treatment had no effect on these changes.
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2. LV systolic function was assessed using percent fractional shortening (%FS) and
LV diastolic function was assessed using the E/A ratio and c¢-IRT. Using these
measurements, the data show that the administration of angiotensin over a 28-day
period did not cause any abnormalities in systolic performance. However, the E/A ratio
was reduced and c-IRT was prolonged in the Sal/All group, indicating that there was

some evidence of diastolic dysfunction after angiotensin administration. Finally, the
data show that pravastatin treatment did improve the diastolic dysfunction caused by
administration of angiotensin II. '

3. The increase of LVW/BW was strongly inhibited by pravastatin treatment. LV
hypertrophy judged by posterior wall thickness and myocyte cross-sectional area was
also clearly induced by angiotensin II treatment, which was significantly attenuated by
pravastatin administration.

4. A significant degree of cardiac fibrosis was observed among cardiomyocytes
and the surrounding coronary arteries in Sal/All but not in Pra/AIl mice. Quantitative
immunohistochemical analyses showed that an infusion of angiotensin II increased both
interstitial and perivascular fibrosis to a greater extent in Sal/AIl than in Pra/AIl mice.
This indicates that pravastatin could attenuate cardiac fibrosis in angiotensin II-induced
hypertensive mice. ,

5. Using RT-PCR and real time-PCR, we analyzed critical markers of fibrosis and
cardiac hypertrophy. An angiotensin II infusion increased TGF 3, ANF, IL-6, TNF-«,
ROCK1 and collagen I mRNA expression. However, this increase was markedly less in
Pra/All mice. Interestingly, the expression of MMPs was enhanced by angiotensin II,
and the administration of pravastatin could inhibit this increase. Also, when compared
to Sal/All-treated mice, the expression of eNOS significantly increased in
pravastatin-treated mice. We analyzed the cardiac gene and protein expression of
ROCKI1. With real time-PCR and western blot analysis, the ROCK1 expression was
significantly increased by an infusion of angiotensin II. Moreover, this Ang:II-induced
increase was almost completely abrogated by pravastatin administration.

Discussion

1. Pravastatin improved diastolic dysfunction in angiotensin Il-induced
hypertensive mice, which was associated with the amelioration of left ventricular
hypertrophy and remodeling.

2. The cardioprotective effects of pravastatin were closely associated with the
down regulation of collagen I, TGF- 3, MMP-2, 3, ANF, interleukin-6, TNF-a,
ROCKI1 gene expression and the up-regulation of eNOS gene expression.

3. statin treatment showed no effect on the increased systolic blood pressure or
cholesterol levels by angiotensin II infusion.

Conclusions

In conclusion, the current study has shown that pravastatin, a HMG-CoA
reductase inhibitor, improves diastolic dysfunction and attenuates cardiac remodeling in
an angiotensin ll-induced hypertensive murine model. These effects include improving
or restoring endothelial function and decreasing vascular inflammation which are
independent of any change in lipid profiles or blood pressure. These findings suggest
the potential involvement of ROCK1. Our findings should provide a novel mechanism
to explain the pathophysiology of DHF and the clinical benefits of statins in treatment
of DHF. While clinical studies are warranted, these initial findings may prove beneficial
in shedding some light on the mechanisms of statins for further experimental and

randomized clinical trials.
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