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Introduction

Hypertension is a major risk factor for cardiovascular diseases, such as myocardial infarction (MI) and stroke, and
the number of patients with hypertension is increasing in aging societies. Calcium channel blockers (CCBs) are
commonly used in the treatment of hypertension.  The voltage-dependent Ca®* channels are divided into the L, N,
T, P/Q and R types based on their electrophysiological characteristics.  Among anti-hypertensive drugs of CCBs,
amlodipine blocks the L-type Ca*" channels, and cilnidipine blocks L- and N-type Ca*" channels therefore,
cilnidipine suppresses the ischemia/reperfusion-induced cardiac arrhythmia and protects against renal diseases due

to inhibition of vascular sympathetic neurotransmitters.

The mortality following MI is highly associated with progressive post-infarct cardiac remodeling and dysfunction.
After M1, angiotensin-converting enzyme (ACE) inhibitors are generally used to control the blood pressure
because these drugs suppress post-infarct cardiac remodeling and improve the survival rate.  On the other hand,
nifedipine, a short acting CCB, increases the mortality rate of patients with acute MI.  Recently, long acting CCB
amlodipine was reported to improve the prognosis of post-infarct cardiac remodeling in normotensive animals.
However, the effects of long acting CCBs on post-infract cardiac remodeling in hypertensive animals are still
unclear. To clarify these effects, we investigated whether hypertension management with cilnidipine and

amlodipine attenuates cardiac remodeling after MI in spontaneously hypertensive rats (SHRs).
Chapter 1: Effects of CCBs on post-infarct cardiac function.
To assess the effects of CCBs on post-infarct cardiac remodeling in SHRs, we administered 10 mg/kg/day of

cilnidipine and amlodipine, orally by gavage 1 week before surgery and continued for 5 weeks. MI was

introduced by 30 minutes of coronary artery occlusion followed by reperfusion, and MI rats were sacrificed 4




weeks after surgery. After MI surgery, both CCBs reduced systolic blood pressure to a similar extent. At the
end of the experimental period, the ratios of heart weight to body weight and left ventricular (LV) weight to body
weight significantly decreased in the cilnidipine-treated group but not in the amlodipine-treated group. In addition,
rats in the cilnidipine-treated group had a slightly lower heart rate.

We assessed cardiac function by measuring LV fractional shortening (LVFS) and +dP/dtmx as LV systolic
functions and tau as LV diastolic functions in all groups. Severity of the heart failure was assessed by LV end
diastolic pressure (LVEDP). Cilnidipine but not amlodipine significantly attenuated the LVFS reduction, the
LVEDP increase, and tau prolongation after MI.  Thus, treatment of hypertension after MI using cilnidipine

improves post-infarct LV function in hypertensive animals.

Chapter 2: Effects of CCBs on post-infarct morphological remodeling and gene expression.

Morphological examinations after MI were carried out using hematoxylin-eosin (HE), Sirius red, and Masson’s
trichrome staining. The myocardial infarct size, which is one of the important factors affecting post-infarct
cardiac function, was similar with or without CCB treatment. Myocyte hypertrophy and interstitial fibrosis in the
non-infarct region are major histological changes in post-infarct cardiac remodeling. After MI, both CCBs
exhibited comparable suppression of myocyte hypertrophy.  Interstitial fibrosis was also inhibited by both CCBs,
but cilnidipine reduced interstitial fibrosis more than amlodipine. The mRNA expression of brain natriuretic
peptide (BNP), an indicator of myocyte hypertrophy, was increased in the untreated MI group, and was reduced by
both CCBs to a similar extent. Increases in collagen III mRNA expression, a major component of cardiac

fibrosis after MI was also suppressed by cilnidipine but not amlodipine.

Chapter 3: Mechanism of differences between amlodipine and cilnidipine.

The mRNA expression and activity of ACE, a key regulator of the renin—angiotensin system and potent activator
of TGF B, in the non-infarct region increased in the untreated MI group. Cilnidipine but not amlodipine
significantly suppressed the ACE increase. Consistent with post-infarct cardiac failure, the cardiac interstitial
noradrenaline concentration, measured by micro-dialysis method, in the non-infarct region significantly increased
in the untreated MI group. Cilnidipine also suppressed the increases in cardiac interstitial noradrenaline
concentrations after MI by inhibiting N-type Ca*" channels in sympathetic neuro-terminals, which may inhibit the

renin angiotensin system.

Conclusion:
This study suggested that the long-acting CCBs, cilnidipine and amlodipine, attenuated LV remodeling after MI in
SHRs. Cilnidipine reduced cardiac noradrenaline concentrations and inhibited the tissue renin—angiotensin

system, which attenuated post-infarct remodeling more than amlodipine in hypertensive rats.
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