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Cilostazol, a phosphodiesterase III inhibitor, has antiplatelet and vasodilatory effects.
It also has pleiotrophic effects including reduction of oxygen free radicals, positive chro-
notropic effect and inhibition of intracellular Ca®* associated catecholamine secretion.
The study was aimed to examine, in vivo, the effects of cilostazol treatments on my-
ocardial function, myocardial remodeling, and neurohormonal status in myocardial in-
farction (MI) with restrained stress rat model. Male Sprague Dawley rats, subjected
to coronary artery ligation to induce myocardial infarction (MI), received either a stand-
ard rat chow alone (control, n=5) or combined with cilostazol (cilostazol, n=5; 5 mg/kgx5
weeks). They were exposed to repeated restraint stress (2 hx2 times/day) for 10 days
beginning 1 week after surgery. Left ventricular ejection fraction (LVEF), LV mass by
heart weight/body weight ratio and level of tissue brain natriuretic peptide (BNP) ex-
pression by immunoblotting were determined. Plasma epinephrine and norepineph-
rine levels were also measured. Mean LVEF was higher in the cilostazol group than
in the control group (66.9+14.3 vs 47.0£17.1, p<0.05) at 5 weeks after MI. However,
LV mass and tissue BNP expression were significantly lower in the cilostazol than in
the control group (p<0.05). Plasma epinephrine and norepinephrine levels were also
lower in the cilostazol group compared with the control (p<0.05). Cilostazol preserves
left ventricular systolic function and attenuates stress induced remodeling in post-
infarct rats. Its beneficial effects were associated with reduced plasma catecholamine
levels during postinfarct remodeling.
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INTRODUCTION

Myocardial infarction (MI) is a serious health problem
which causes substantial morbidity and mortality. Until
now, control of classical risk factors such as hypertension,
diabetes, smoking and hyperlipidemia has been empha-
sized for its prevention; however, attention has shifted to-
ward a possible relation between environmental stress and
cardiovascular events. Stress has been well-known risk
factor for increased mortality and morbidity of ischemic
heart disease. A number of human studies have demon-
strated that acute and chronic stresses are related with ini-
tiation and deterioration of ischemic insult."® In ex-
perimental animals, it was also shown that acute stress is
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associated with adverse ventricular remodeling and a de-
creased threshold of arrhythmia after ML*” Among mech-
anisms proposed for stress associated exacerbation of my-
ocardial ischemic injury, catecholamine surge during stress
has been suggested as an important mechanism.*’ Indeed,
increased sympathetic activity and catecholamine secre-
tion are frequently observed in stressful conditions. This
enhanced sympathetic activity is associated with in-
creased myocardial oxygen demand via inotropic (i.e., in-
creased contractility) and chronotropic (i.e., tachycardia)
actions. It also has potentially harmful effects on coronary
vasculature by increasing vascular tone and shear stress.
Moreover, enhanced catecholamine activity can trigger ar-
rhythmia and increases platelet aggregation. Nevertheless,

Chonnam Med J 2020;56:180-185



the optimal pharmacologic strategy to prevent stress re-
lated myocardial injury has not been clearly determined.

Cilostazol, 6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) butoxyl]-
3,4-dihydro-2-(1H)-quinolinone, is a selective inhibitor of
phosphodiesterase 3, and thus increases intracellular cy-
clic adenosine monophosphate. Its principal action site ex-
ists in platelet and vascular smooth cells,'’ and it is cur-
rently approved for management of peripheral vascular
disease and prevention of cerebrovascular disease.

Cilostazol also showed efficacy in the protection of ische-
mic insult in heart, brain and peripheral limbs through its
anti-platelet and vasodilation effect.""'* In addition, de-
creasing oxygen free radials, inhibiting cell apoptosis, and
inhibiting catecholamine secretion have been suggested as
the method for their protection.’**® Activation of sympa-
thetic systems is a known phenomenon in heart failure.
Overwhelming evidence supports the concept that over-
activation of this system significantly contributes to the
progression of congestive heart failure. It has been hypothe-
sized that cilostazol treatment would attenuate stress in-
duced myocardial injury in MI.

The aims of the present study were to examine, in vivo,
the effects of cilostazol on myocardial function (using echo-
cardiography) and restrain stress-induced early post-
infarct remodeling in postinfarct rats, and to evaluate its
effects on plasma catecholamine levels and BNP expres-
sion in ventricular tissue.

MATERIALS AND METHODS

1. Animals

Ten male Sprague-Dawley rats at the age of 6 weeks were
kept in the laboratories for 1 week before the experiment
under a 12:12 hour light/dark cycle with lights on at 8:00
A.M. They were deprived of food for 18 hours but permitted
water ad libitum before surgery. All animal procedures
were carried out as approved by the Animal Care and Use
Committee of Wonkwang University School of Medicine.

2. Surgical procedure

Rats were anesthetized with the long-acting rodent an-
esthetic thiobarbital at an initial intraperitoneal dose of
110 mg/kg. Supplemental anesthetic was given in intra-
peritoneal doses of 10 mg/kg as required to maintain a
plane of anesthesia. The animal was intubated through a
tracheotomy and ventilated with room air supplemented
with 100% O using a Harvard animal ventilator (Boston,
MA, USA). A left thoracotomy was made at the third or
fourth intercostal space, the lungs were retracted, and the
pericardium was teased open to expose the heart. After
opening the pericardium, the coronary artery was occluded
by ligature using 6/0 prolene. The ligation site was placed
around the left anterior descending artery close to its origin
(2 mm below) near the appendage of the left atrium.
Successful occlusion was immediately confirmed by ob-
servation of an arising pale ischemic zone. After the surgi-
cal procedure, the chest wall was closed and the remaining
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8 gauge IV chest tube was drained into a water-seal bottle.
Thereafter, all surgical wounds were sterilized and genta-
mycin (100 mg/kg) was administrated for prevention of
wound infection.

3. Restraint stress

To produce chronic, intermittent stress, rats were re-
strained in rodent restraining devices (universal holder
DJ-430, Dae Jong instrument, Seoul, Korea). The duration
of the stress was usually 2 hours in the daytime and another
2 hours in the nighttime. Restraint stress was applied to
experimental animals beginning 1 week after surgery and
maintained for 10 days. Total restraint duration in each an-
imal was 40 hours for 10 days (Fig. 1).

4. Drug administration

Experimental rats received either a standard rat chow
for 5 weeks alone or combined with cilostazol (Otsuka
Pharmaceutical, Tokyo, Japan) 5 mg/kg for 5 weeks start-
ing after recovery from surgery.

5. Assessment of myocardial remodeling

Two-dimensional echocardiography to measure left ven-
tricular ejection fraction (LVEF) was performed at base-
line, 1 days, 8 days, and 5 weeks after induction of MI.
Echocardiography was performed with the VIVID 7 system
(General Electric, USA), equipped with a 12-MHz elec-
tronic transducer. M-mode and 2-dimensional (2D) echo-
cardiography images were obtained in the parasternal
long- and short-axis views. Left ventricular (LV) dimen-
sions were determined at the tips of the papillary muscle.
LVEF was determined using Teichholz formula. Left ven-
tricular mass index representing the extent of myocardial
remodeling was estimated by total heart weight/total body
weight ratio.

6. Histopathologic examination

After echocardiography at 5 weeks after MI, experi-
mental animals were scarified under anesthesia with in-
traperitoneal injection of chloral hydrate, cardiac tissue
was excised, and was fixed using 10% formaldehyde.
Sections with a thickness of 4 um were cut and stained with
hematoxylin and eosin to examine the overall morphology.

[20Ebf]  [2DE D1, D8] 2DE D35
1 day LAD Recovery || Restrained stress B
before | |ligation time || 2hr/day for 10 days| | Sacrifice

L LI L]

Randomly assigned Oral gavage of Heart weight
into two groups Cilostazol western blotting
(Cilostazol, control) at POD8 or vehicle catecholamine
level
FIG. 1. Brief diagram of study design representing time for 2D
echocardiography, restrained stress and administration of
cilostazol. 2DE: 2 dimensional echocardiography, bf: before LAD
ligation, POD: postoperative day.
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7. BNP expression in cardiac tissue

Myocardial tissue was cleansed by phosphate buffered
saline and homogenization using lysis buffer (25 mM
Tris-HCI, 1 mM EGTA, 1 mM DTT (dithiothreitol), 0.1%
Triton X-100, pH 7.4, phosphatase inhibitor cocktail, pro-
tease inhibitor cocktail). Thereafter, cytosol was extracted
by centrifugation at 12,000 rpm and 30 minutes. Elec-
trophoresis was performed with minigel electrophoresis
device (mini-protean tetra cell, Bio-Rad Laboratories, Inc.,
Hercules, USA). After reaction with primary antibody for
BNP (Abcam, Cambridge, UK) (1:1,000), a secondary anti-
body-goat rabbit Ig G conjugated Horse-Raddish Peroxidase
(Santacruz Biotechnology Inc., Santa Cruz, USA) reaction
was carried out for 1 hour. The degree of BNP expression
was observed after reaction with an immobilon western
chemiluminescent HRP substrate (Millipore, co., Billerica,
MA, USA) and exposed to film.

8. Plasma catecholamine concentrations

To determine plasma norepinephrine and epinephrine
levels, one milliliter of blood was collected through the
catheter. Norepinephrine and epinephrine in the plasma
were extracted by the method of Hallman et al. (1978)"® and
assayed electrochemically by high performance liquid
chromatography.

9. Statistical analysis

All results were expressed as meanzstandard deviation.
Statistical analysis was performed with SPSS (v 11.0 SPSS
Inc., Chicago, USA.). Normality for distribution was tested
with the Shapiro-Wilk test. Statistically significant effect
of drug treatment was analyzed by ANOVA, followed by
Bonferroni test when ANOVA was significant. A p value
less than 0.05 was considered as significant.

RESULTS

1. LV systolic function
LV systolic function was assessed by LVEF with 2D
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echocardiography. Mean LVEF was not different between
the two groups at baseline (78.76+4.78% in control, 79.42+
5.85% in cilostazol, p=0.811) and immediate postoperative
stage (48.33+10.93 % in control, 45.67+9.33% in cilostazol,
p=0.835). At 5 week follow up, LVEF, however, was sig-
nificant higher in the cilostazol group as compared with the
control (66.93+14.33% vs. 47.00+17.18%, p=0.029) (Fig.
2A). There was no significant difference in the LV dimen-
sion at baseline and immediate postoperative stage. LV
end diastolic dimension (9.2+0.9 mm in control vs. 8.0+1.5
mm in cilostzaol) and LV end systolic dimension (7.3+1.4
mm in control vs. 5.4+1.8 mm in cilostzaol) was smaller in
the cilostazol group than the control at follow up exam. but
there was no statistical significance (p>0.05).

2. LV mass index

The LV mass index, expressed by total heart weight
(g)/total body weight (kg) ratio, represents the degree of
positive LV remodeling. Mean LV mass index was sig-
nificantly lower in the cilostazol than in the control group
(0.35+0.02 g/kg vs. 0.38+0.03 g/kg, p<0.05) (Fig. 2B).

3. Histopathologic findings

The cross sectional myocardial tissue image stained
with hematoxylin and eosin showed macrophage infiltra-
tion, granulation tissue and fibrosis, representing ische-
mic necrosis of the myocardium (Fig. 3).

4. BNP expression in cardiac tissue

After scarification of experimental animals, both ven-
tricles were excised and the level of BNP expression in ven-
tricular tissue was assessed using the Western blot
technique. Significantly higher expression was observed in
the control group as compared with the cilostazol group
(Fig. 4).

5. Plasma catecholamine levels
Plasma epinephrine (11.71+0.94 ng/ml vs. 12.89+1.20
ng/ml) and norepinephrine (6.18+1.97 ng/ml vs. 7.65+2.80
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FIG. 2. Effect of cilostazol treatment on left ventricular ejection fraction (LVEF) before (bf), and 1 (D1), 8 (D8) and 35 days (D35) after
coronary artery ligation (A). Effect of cilostazol treatment on left ventricular mass index [heart weight/body weight] (B). Values are

mean+SD. *p<0.05 vs. control group.
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Control Cilostazol

x1

FIG. 3. Representative macroscopic
(above) and microscopic (below) fea-
tures of heart ventricle from control and
cilostazol groups at 5 weeks after in-
duction of myocardial infarct of the an-
terolateral left ventricular wall. LV: left
ventricle, RV: right ventricle. Arrows in-
dicate the infarcted area (x1). Note the
macrophage infiltration, the formation
of granulation tissue and the fibrotic
change (x200), which were reduced by
cilostazol treatment.
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FIG. 4. Effects of cilostazol on the level of brain natriuretic peptide (BNP) expression in heart ventricles. The left panel shows representa-
tive immunoblots at 5 weeks after induction of myocardial infarct of the anterolateral left ventricular wall (A), and the right panel
shows densitometric data (B). IOD: integrated optical density, GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase. Values are
mean+SD. *p<0.05 vs. control group. Expression of BNP was significantly reduced by cilostazol treatment.
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FIG. 5. Effect of cilostazol treatment on plasma concentrations of epinephrine (A) and norepinephrine (B). After 5 weeks of treatment
with cilostazol, plasma epinephrine and norepinephrine concentrations were decreased compared with control group. Values are
mean+SD. ¥p<0.05 vs. control group.
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ng/ml) levels were significantly lower in the cliostazol than
in the control group (p<0.05 each) (Fig. 5).

DISCUSSION

Heart failure is characterized by activation of the sym-
pathetic nervous system leading to high circulating cat-
echolamine concentrations which correlate with cardio-
vascular morbidity. Chronic stress is related to over-acti-
vation of the sympathetic nervous system which adds in-
sult in subjects with heart failure. A previous related study
demonstrated that chronic restraint stress was associated
with adverse ventricular remodeling expressed by low
LVEF and increased tissue BNP expression in MI animal
models.”” Several agents have been proposed as candidates
for management of stress associated cardiac insult. How-
ever, there is no established treatment strategy. As men-
tioned, cilostazol has a potential effect on inhibition of cat-
echolamine secretion.*® Therefore, the present study was
aimed to determine whether cilostazol has a protective ef-
fect against stress associated adverse LV remodeling and
the degree of LV remodeling was assessed by imaging mo-
dality, measurement of heart weight, histopathologic ex-
amination, and tissue BNP expression.

LV systolic function is usually impaired after serious MI,
but its evolution after MI varies among individuals. Well
known contributing factors affecting change of myocardial
function include: recovery of coronary circulation, extent
of initial ischemic injury, and degree of adverse post in-
farction remodeling.'®"® As an imaging modality, two-di-
mensional echocardiography has been widely used for esti-
mation of LV gsystolic function, which is expressed by
LVEF. In the present study, 5 weeks of cilostazol treatment
was associated with significant improvement of LVEF.
Observed differences in the present study might be asso-
ciated with various effects of cilostazol but considering the
same extent of myocardial injury represented by no differ-
ence of immediate post-op LV function, it is possible that
cilostazol attenuated stress-associated, adverse ventri-
cular remodeling in the present study.

Total LV mass is increased as heart failure advances and
reflects a degree of adverse LV remodeling. Total LV mass
is correlated with total heart weight and usually shows a
linear correlation with body weight. In the present study,
therefore, the total heart weight to total body weight ratio
was adopted to exclude confounding effects. As a result, the
total heart weight to total body weight ratio was lower in
the cilostazol group as compared with the controls, suggest-
ing that cilostazol suppresses the myocardial remodeling.

Among biochemical markers reflecting the degree of LV
dysfunction, BNP has been proposed as the most sensitive
one. It is secreted in myocardial tissue and its level corre-
lates with LV filling pressure. BNP is not only useful for
diagnosis of heart failure, but also one of the important
prognostic biomarkers. In the present study, the level of
BNP expression was reduced by cilostazol suggesting the
beneficial effects of cilostazol on hemodynamics after MI.
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Although cilostazol treatments attenuated degree of ad-
verse LV remodeling mediated by stress in the present
study, its underlying mechanism remains to be deter-
mined. Increased catecholamine secretion was observed
universally in patients with heart failure.?** This hor-
mone has been proposed as a key factor in the downward
spiral of heart failure deterioration. Moreover, several
studies have demonstrated that increased plasma cat-
echolamine is associated with poor clinical outcomes.'”
In the present study, cilostazol suppressed catecholamine
secretion induced by restraint stress in post-infarct rats.
In addition, cilostazol was shown to inhibit catecholamine
secretion in adrenal chromaffin cells in vitro.? It is likely
that cilostazol attenuated adverse LV remodeling induced
by ST at least in part through the inhibition of catechol-
amine release in post-infarct rats.

There were some limitations in this study. One was the
lack of evaluation on the other pleotrophic effects of cil-
ostazol such as vasodilatation, decreased platelet ag-
gregation, and antioxidant effects. Further study is be need-
ed to identify relevant mechanisms for its protective
effects. The other important limitation was the absence of
a control group without stress. Restrained stress was pre-
sumed to be a factor accounting for adverse LV remodeling,
but there was no assigned group for administration of cil-
ostazol without stress in present study. Additional experi-
ment could be helpful for resolving this issue.

The present study showed that cilostazol preserves left
ventricular systolic function and attenuates restraint
stress induced remodeling in postinfarct rats. The benefi-
cial effect was associated with the reduced catecholamine
release.
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