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Abstract : 1 investigated effects of AII receptor antagosist, (TCV-116) on suppression
of cardiac hypertrophy and fibrosis via sympathetic nerve activity in the spontaneously
hypertensive rat (SHR). Method : SHR was administered orally AII receptor antagonist,
(TCV-116), angiotensin converting enzyme inhibitor, (cilazapril), S-receptor blocker
(metoprolol), and arterial vasodilator, (hydralazine) for 16 or 24 weeks.
Pathophysiological study was performed to evaluate cardiac hypertrophy and fibrosis.
Plasma concentration of catecholamines and density of B-adrenoceptors in cardiac
myocyte were evaluated to determine sympathetic nervous system activity. Result: ATl
antagonist and ACE inhibitor prevented cardiac hypertrophy and development of myocar-
dial fibrosis to a greater extent than other agents tested. While g-adrenergic blocker also
suppressed myocardial hypertrophy and fibrosis, its effects were weaker than those of AII
antagonist and ACE inhibitor. Bmax of myocardial adrenergic receptor was significantly
higher in the groups administered with AIl antagonist, ACE inhibitor, and S-adrenergic
blocker as compared with hydralazine treated and untreated groups. Bmax of myocardial
adrenergic receptor and plasma concentration of catecholamine level did not differ among
groups receiving AIIl antagonist, ACE inhibitors and g-adrenergic blocker. Conclusion: A
II antagonist and ACE inhibitor suppressed activity of renin-angiotesin system (RAS) and
that of sympathetic nervous system, and AII antagonist and ACE inhibitor may be more
effective than S-adrenergic blocker or hydralazine in preventing cardiac hypertrophy and
fibrosis in SHR. (FEEE. J. Nara Med. Ass. 49, 373~383, 1998)
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INTRODUCTION

Several studies suggest an involvement of humoral factors in hypertesive cardiac hypertro-
phy observed in experimental animals and in humans'~®. Adrenergic factors and rein-
angiotensin system (RAS) are important in development of cardiac hypertrophy and
fibrosis’*®. Angiotensin II (AII) has been shown to act as a growth-promoting factor on
cardiac myocytes in experimental animals and humans''~'®. Agents that inhibit RAS such as
ATl antagonist and angiotensin coverting enzyme (ACE) inhibitors have been shown to prevent
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cardiac hypertrophy and fibrosis**~!”, It has been reported previously that AIl antagonist
TCV-116 and ACE inhibitor each prevented hypertrophy and fibrosis of myocardium via AII
receptor in the spontaneously hypertensive rat (SHR)'®. Several studies report that cate-
cholamines can induce cardiac hypertrophy and fibrosis'®=29. Although it is obvious that AII
antagonist and ACE inhibitor can prevent cardiac hypertrophy and fibrosis via suppression of
ATl activity, it is unclear whether these agents can prevent cardiac hypertrophy and cardiac
fibrosis also via supperssion of sympathetic nerve activity as compared with the case of 8-
adrenergic blocker or hydralazine. The present study investigated the effect of prolonged
administration of various antihypertensive agents on suppression of cardiac hypertrophy and
fibrosis via sympathetic nerve activity in the spontaneously hypertensive rat (SHR). 1
evaluated AII receptor antagonist (TCV-116), ACE inhibitor (cilazapril), S-receptor blocker
(metoprolol), and arterial vasodilators (hydralazine). To determine which type of antihyper-
tensive treatments is the most effective in preventing cardiac hypertrophy and fibrosis, patho-
physiological studies were performed. Level of plasma catecholamines was measured, and
density of S-adrenoceptors was measured in cardiac myocytes to determine suppressive effect
on sympathetic nervous system activity after drug administration for 16 and 24 weeks.

MATERIAL and METHODS

The investigation conforms with the Guide for the Care and Use of Laborvatory Animals
published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1985).
A total of 120 male SHR was used. Each drug was dissolved in distilled water and admisistered
orally for 16 or 24 weeks. One hundred and twenty rats were divided into five groups of 24
animals each. Group A received TCV-116, an AII receptor antagonist, 1 mg/kg/day. Group
C received 5 mg/kg/day cilazapril, orally. Group M received metoprolol, 64 mg/kg/day. Group
H received 10 mg/kg/day hydralazine, and Group N received no tratment. Body weight was
determined and systolic blood pressure was measured in each group at 16 and 24 weeks by tail
-cuff method. At 16 weeks and 24 weeks, 12 SHR in each group were anesthetized by the
inhalation of ether and intraperitoneal injection of pentobarbital sodium (40 mg/kg). The
abdomen was opened, the abdominal aorta was punctured with a 21 G needle, and 6 ml of blood
was collected into tubes that contained 0.05 ml heparin sodium. The chest was then opened and
the heart was removed. Each heart was washed vigorously with ice-cold saline to wash out
blood, and examined histopathologically. Plasma concentrations of epinephrine and norepine-
phrine were measured by high performance liquid chromatography (HPLC). Density of -
adrenergic receptors in myocardial membrane were determined by radioligand binding assay.
Detailed methods are described below.

Histopathological analysis

Left ventricle was separated from atrium and fatty tissues, and sliced in 2 mm thickness at
the half point of long axis of left ventricle. Staining with hematoxylin and eosin staining and
Masson-trichrome stain were perpormed on sections of 10 % formalin-fixed, paraffin-embed-
ded tissue blocks from left ventricle of each SHR. Diameter of cardiac myocytes and percent
area of myocardial fibrosis in left ventricle were measured with a color image processor
(SPICCA 1I, Nippon Avionics, Tokyo, Japan). Transverse diameter of cardiomyocytes was



Angiotensin II antagonist, TCV-116, prevents cardiac hypertrophy and fibrosis in
spontaneously hypertensive rat by suppressing sympathetic nerve activity (375)

measured in left ventricular free wall by the method of Takemori et al.?? Fifteen different
points were selected at random in a cross-section of myocardium stained with Masson-tri-
chrome. Diameter of 20 cardiomyocytes was measured at each point. To determine percent
area of myocardial fibrosis, five fields were selected at random from one cross-sectional cut of
left ventricle. Percent area of myocardial fibrosis was determined as stated above.

Assay of S-adrenergic receptor assay
1) Preparation of membrane

Membrane isolated from cardiac muscle of SHR was prepared by the method described by
Van et al. *® In brief, each ventricle was homogenized in ice-cold 5 mM of Tris-HCI buffer
(pH 7.4) that contained 1 mM MgCl,, 0.25 M sucrose, and 1 mM phenylmethyl sulfonyl fluoride
(PMSF) with a homogenizer (Nihonseiki, Japan). Homogenate was centrifuged at 400 g for
10 min. Supernatant was then centrifuged at 105,000 g for 40 min at 4C. Resting pellet was
resuspended in 7 ml of ice-cold 50 mM Tris-HCI buffer (pH 7.4) that contained 10 mM MgCl,
and 1 mM PMSF, and was recentrifuged 105,000 g for 20 min at 4°C. Final pellet was
resuspended in a medium containing 10 mM MgCl,, 50 mM Tris HCI (pH 7.4) and 1 mM PMSF
to give a protein concentration between 1.0 and 3.0 mg per ml. Protein concentration was
measured according to the method of Lowry et al. 2¥
2) Radioligand binding assay

Density of B-adrenergic receptors (Bmax) was evaluated by radioligand binding assay
described by Williams et al. * A homogenate of cardiac membrane was incubated with *H-
dihydroalprenolol (DHA). (Dupont, USA) at concentrations of 0.25 to 6 nM in a final volume
of 200 ! at 37°C for 10 min. Each incubation was terminated by addition of 15 ml of cold buffer
(1 ml/sec for 15 sec) followed by rapid vacuum filtration through glass fiber filters (Whatman
International, Maidstone, UK) Total radioactivity of membrane-bound *H-DHA was mea-
sured by a ligand scintillation counting method®*®. Non-specific binding was derermined by
performing parallel assays in the presence of 1 mM propranolol?®. Specific binding to 8-
adrenergic receptors was determined by subtracting radioactivity of non-specific binding from
total binding. Data on specific binding were analysed by Scatchard plots to calculate Bmax,
which represents density of S-adrenergic receptors?®.

Measurement of plasma concentrations of catecholamines

Plasma concentrations of epinephrine and norepinephrine were measured by the method
described by Kissinger et al. #»?® Blood was drawn into heparinized tubes on ice for analysis
by high performance liquid chromatography (HPLC). Blood was immediately centrifuged, and
plasma was removed. It was then stored frozen at-70°C until assayed. HPLC analysis was
performed to determine concentration of plasma catecholamines as follows. Ten mg alumina
were added to glass tubes, and 1.5 ml of sample plasma and 5 pmoles of dihydroxybenzylamine
(DHBA) as internal standard were added to each tube. pH was adjusted to 8.7 with 400 ul of
2M-Tris EDTA. Tubes were shaken for 15 min at 4°C for adsorption of catecholamines to
alumina, then centrifuged at 1,500 rpm for 1 min. Next, supernatant was removed and alumina
was washed three times with 1 ml of 2 9§ Tris-EDTA (pH 8.1). Catecholamines were desorbed
from alumina with 100 1 of 0.1 M acetic acid containing 0.1 mM sodium metabisulfite. After



(376) -T. Matsuda

desorption of the catecholamines from alumina, samples were centrifuged at 1,500 rpm for 1
min, and 50 x1 of supernatant were injected into column with an injector (U6 K injector,
Waters, USA). Catecholamines were separated by cation exchange chromatography (m-
Bondapack C,s column, Waters, Milord, USA), and passed through a detector cell with a
graphite paste electrode and a KCI reference electrode. Potential between electrodes was kept
constant at (+0.60 V). When separated catecholamines were oxidized during exposure to an
electric field, current was produced. Flow of current was measured with an electric controller
unit (460 electrochemical detector, Waters, Milord, USA). Current flow chromatograms were
recorded (M 740 data module, Waters, Milord, USA). Concentrations of norepinephrine,
epinephrine, and internal standard were determined by measuring peak heights on chromato-

gram.

Statistical analysis

Results are expressed as mean+SD. Comparisons among three or more groups were made
by one-way ANOVA followed by Dunnetts’ modified ¢-test. A level of P<0.05 was considered
statistically significant.

RESULTS

Blood pressure

At 16 weeks of age, blood pressure was 98+6.8 mmHg in group A, 100+11.3 mmHg in group
C, 107+5.8 mmHg in group M, 104+5.8 mmHg in group H, and 149+4.6 mmHg in group N,
respectively. Blood pressure of groups A, C, M and H group was significantly lower than that
in group N. No difference was observed in this respect among groups A, C, M and H (Fig. 1.
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Fig. 1. Blood pressure in SHR at 16 weeks and 24 weeks. A ; AIIl antagonist, C ; cilazapril,
M ; metprolol, H ; hydralazine, N ; no treatment. **P<0.01
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At 24 weeks of age, blood pressure was 116+9.0 mmHg in group A, 117+8.3 mmHg in group
C, 118+11.2 mmHg in group M, 121+7.3 mmHg in group H, and 161+6.9 mmHg in group N.
Blood pressure of groups A, C, M and H was significantly lower than that in group N. No
difference was observed among groups A, C, M and H (Fig. 1).

Diameter of Cardiac myocyte

At 16 weeks of age, diameter of cardiac myocyte was 13.53+0.78 um in group A, 13.07+
0.39 gm in group C, 13.93£0.36 xm in group M, 18.71+1.26 xm in group H, and 19.48+1.52
p#m in group N, respectively. Diameters of cardiac myocytes in groups H and N significantly
exceeded those of myocytes in groups A, C and M (Fig. 2). At 24 weeks of age, Diameter of
cardiac myocyte was 15.63+2.12 um in group A, 14.32+1.41 ym in group C, 15.72+0.53 um
in group M, 22.60+1.10 gm in group H, and 22.46+1.08 xm in group N. Diameters of cardiac
myocytes in groups H and N significantly exceeded those in other groups. Diameters of cardiac
myocyte in groups A and C were significantly less than those of group M. Cardiac myocyte
diameter did not differ between group A and C (Fig. 2).

Percent avea of wmyocardial fibrosis

At 16 weeks of age, percent area of myocardial fibrosis was 3.24+0.41 % in group A, 2.74
+0.44 % in group C, 5.89+1.64 % in group M, 6.34+0.46 % in group H, and 6.8440.46 % in
group N. Percent area of myocardial fibrosis in groups A and C was significantly smaller than
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Fig. 2. Diameter of cardiac myocyte in SHR at 16 weeks and 24 weeks. A ; AIl antagonist,
C ; cilazapril, M ; metoprolol, H ; hydralazine, N ; no treatment. *P<0.05, **P<0.01
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that in other groups (Fig. 3). At 24 weeks of age, percent area of myocardial fibrosis was 3.65
+0.55 9% in group A, 3.61%£1.22 % in group C, 5.68+0.45 9% in group M, 10.18+1.36 % in
group H, and 11.81%+2.52 9% in group N. Percent area of myocardial fibrosis in group A and
C was significantly smaller than that in other groups. Percent area of myocardial fibrosis was
smaller in group M than that in groups H or N (Fig. 3).

Plasma concentrations of catecholamines

At 16 weeks of age, plasma concentration of epinephrine was 3.2540.91 ng/ml in group A,
3.13+1.38 ng/ml in group C, 2.50+0.96 ng/ml in group M, 2.27+0.67 ng/ml in group H, and
2.91+0.18 ng/ml in group N. At 24 weeks of age, plasma concentration of epinephrine was
2.35+0.86 ng/ml in group A, 1.75%1.39 ng/ml in group C, 2.88+0.98 ng/ml in group M, 3.08
+0.59 ng/ml in group H, and 2.29+0.88 ng/ml in group N. There were no significant differ-
ences in plasma concentration of epinephrine between any group. There was also no significant
difference between groups as to plasma concentration of epinephrine at 16 weeks or 24 weeks
(Fig. 4). At 16 weeks of age, plasma concentration of norepinephrine was 0.7+0.31 ng/ml in
group A, 0.61+0.09 ng/ml in group C, 0.53+0.15 ng/ml in group M, 1.4+0.46 ng/ml in group
H, and 0.76+0.16 ng/ml in group N. Plasma concentration of norepinephrine in group H
sigsificantly exceeded that in groups A, C or M (Fig. 5). At 24 weeks of age, plasma concentra-
tion of norepinephrine was 0.65%0.28 ng/ml in group A, 0.36+0.24 ng/ml in group C, 0.55+
0.14ng/ml in group M, 0.92+0.22 ng/ml in group H, and 0.82+0.53 ng/ml in group N. Level
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Fig. 3. Percent area of myocardial fibrosis in SHR at 16 weeks and 24 weeks. A ; ATl

antagonist, C ; cilazapril, M ; metoprolol, H ; hydralazine, N ; no treatment. *P<
0.05, **P<0.01
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Fig. 4. Plasma concentration of epinephrine in SHR at 16 weeks and 24 weeks. A ; AIl
antagonist, C ; cilazapril, M ; metoprolol, H ; hydralazine, N ; no treatment.

He —

A

Plasma concentration of norepinephrine(ng/ml)

24W

Fig. 5. Plasma concentration of norepinephrine in SHR at 16 weeks and 24 weeks. A ; AII
antagonist, C ; cilazapril, M ; metoprolol, H ; hydralazine, N ; no treatment. **P<

0.01
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Fig. 6. Density of B-adrerergic receptor(Bmax)in SHR at 16 weeks and 24 weeks. A ; AII
antagonist, C ; cilazapril, M ; metoprolol, H ; hydralazine, N ; no treatment. **P<
0.01

was higher in group H than in groups A, C or M. Plasma concentration of norepinephrine in
group C was lower than that of group N (Fig. 5).

Density of B-adrenergic recepiors

At 16 weeks of age, density of S-adrenergic receptors (Bmax) was 26.34+8.17 fmol/mg
protein in group A, 25.44+4.04 fmol/mg protein in proup C, 28.4+8.17 fmol/mg protein in
group M, 17.88+2.99 fmol/mg protein in group H, and 19.2+3.05 fmol/mg protein in group N.
Density of g-adrenergic receptor in groups A and M significantly exceeded that in groups H
and N (Fig. 6). At 24 weeks, density of S-adrenergic receptor was 26.55+6.81 fmol/mg
protein in group A, 25.95+3.66 fmol/mg protein in group C, 27.43+5.06 fmol/mg protein in
group M, 17.92+3.37 fmol/mg protein in group H, and 17.39+3.58 fmol/mg protein in group
N. Density of g-adrenergic receptor in groups A, C and M was higher than that of other groups
(Fig. 6).

DISCUSSION

Diameter of cardiac myocyte

Several studies have reported that hypertension and pressure afterload induce cardiac
hypertrophy®. However, other factors also have effects on development of cardiac hypertro-
phy. Sympathetic nervous system and adrenergic factors are reportedly important in develop-
ment of cardiac hypertrophy*®?®. Cardiac hypertrophy can be induced in animals by adminis-
tration of norepinephrine®. Stanton et al. reported that isoproterenol induces cardiomegaly in
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rats in the presence of a plasma concentration of isoproterenol that did not increase blood
pressure®®. RAS is also important in cardiac hypertrophy?. In this study, diameter of cardiac
myocyte in all astihypertensive drug treatment groups except for hydralazine, was less than
that of untreated group. I demonstrated that AII antagonist and ACE inhibitor prevented
cardiac hypertrophy more effectively than did g-adrenergic blocker in SHR. Hydralazine had
no effect on prevention of cardiac hypertrophy compared with control group, despite its effect
on normalizing blood pressure. There was no difference between AII antagonist and ACE
inhibitor regarding the effect on prevention of cardiac hypertrophy. Plasma concentration of
norepinephrine in hydralazine group significantly exceeded that of other groups. These
findings suggest that endogenous catecholamines induce cardiac hypertrophy. Both AII
antagonint and ACE inhibitor prevented cardiac hypertrophy more effectively than g-adrener-
gic blocker. No difference in plasma catecholamine levels was observed between groups given
ATl antagonist, ACE inhibitor, or B-adrenergic blocker. These results suggest that AII
antagonist and ACE inhibitor each inhibited sympathetic nervous system activity and RAS in
the observed prevention of cardiac hypertrophy.

Myocardial fibrosis

RAS is involved in development of cardiac fibrosis. AII, as well as TGF-p, in involved in
production of collagen'>®. AIl induces cardiac fibrosis by stimulating synthesis of
collagen'*'®.  Several studies have shown that Angiotensin II acts directly on cultured fi-
brocytes to activate their proliferation'>®. In this study, development of myocardial fibrosis
was inhibited to a greater extent by AII antagonist or the ACE inhibitor. While metoprolol,
B-adrenergic blocker, also suppressed developmet of myocardial fibrosis, its effect was weaker
than that of either AII antagonist or ACE inhibitor. Plasma concentrations of catecholamine
did not differ significantly among the groups administered with A II antagonist, ACE inhibitor
or f-adrenergic blocker. Plasma level of catecholamine seemed to have a relatively weaker
effect on development of myocardial fibrosis than RAS. Since AII antagonist and ACE
inhibitor each prevented development of myocardial fibrosis to a greater extent than -
adrenergic blocker, RAS may exert a stronger effect on progression of myocardial fibrosis in
SHR. In addition to RAS-inhibiting activity, AII antagonist and ACE inhibitor seem to have
a sympathetic nervous system-inhibiting activity as effective as B-adrenergic blocker. Thus,
the most potent effect of AII antagonist and ACE inhibitor in suppressing cardiac cardiac
fibrosis may be through the combined effect of the agents to the two systems.

B-adrenergic receptor assay and catecholamine

Measurement of plasma concentration of catecholamine and Bmax of myocardial adrenergic
receptor are useful in evaluating activity of sympathetic nervous system®”. Activation of
sympathetic nervous system involves an increase in plasma concentratin of catecholamine with
a down-regulation of myocardial adrenergic receptor®. Bristow et al. reported that density of
B-adrenergic receptors was decreased when sympathetic nervous system was activated®?. I
tested the hypothesis that inhibition of sympathetic nerve activity by antihypertensive drug
would reduce elevated plasma concentration of catecholamine and restore down-regulated 8-
adrenoceptor of myocardium, and prevent development of cardiac hypertrophy and fibrosis. I
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found Bmax of myocardial adrenergic receptor to be significantly higher in groups of SHRs
given Al antagonist, ACE inhibitor, or S-adrenergic blocker than those given hydralazine or
no treatment. There were no significant inter-group differences regarding plasma concentra-
tion of epinephrine. Plasma concentration of norepinephrine in hydralazine group significantly
exceeded that of A, C or M groups. Bmax of myocardial adrenergic receptor and plasma
concentration of catecholamine did not differ significantly among proups receiving AIl antago-
nist, ACE inhibitors, or B-adrenergic blocker. This suggests that administration of AII
antagonist or ACE inhibitor suppresses sympathetic nerve activity to an extent simillar to that
of a f-adrenergic blocker in SHR.
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