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Effects of perindopril, propranolol, and dihydrochlorothiazide on
cardiovascular remodelling in spontaneously hypertensive rats!
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ABSTRACT

AIM: To investigate the effects of perindopril,
propranolol, and dihydrochlorothiazide on artery wall
thickening, left ventricular hypertrophy, and cardiac
fibrosis in spontaneously hypertensive rats ( SHR).
METHODS: Afier measuremnent of sysiolic blood
pressure ( SBP), 16-wk-cld 3 SHR were randomly
divided into 3 groups (each n =10}, given perindopril
(Per, 5 mgkg~'+d~'), propranolol (Pro, 40 mg"
kg!-d '), dihydrochlorothiazide (DCT. 100 mg -
kg~'-d™!) respectively by gavage for 12 wk. Sex-,
age-, and number-matched uontreated SHR and
nommotensive Wistar Kyoto ras ( WKY ) served as
controls.  When the treatment finished, body weights
(BW) and SBP were measured before decapitation of
the rats. The heart was excised rapidly, the left
ventricle was weighed and then subjected to collagen
content analysis. Vascular wall and lumen ratio from
aorta, renal arteries and branch [l vessels of mesenteric
arteries were determined morphometrically. RES-
ULTS; Treated rats in 3 groups showed a lower SBP
and the ratio of left ventricle weight to body weight
(LVW/BW )] compared with WKY. Arnery wall
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thickening was similarly inhibited in the treated groups.
Per and Pro inhibited cardiac fibrosis, but collagen
concentration increased in DCT treated SHR [ collagen
volume fraction (CVF); 19+ 4 vs SHR 14+ 4, P <
(1.05; perivascular collagen fraction(PVCF): 84+ 7 vs
SHR 79+ 5. P <0.05]. CONCLUSION; Per and
Pro inhibited., but DCT promoted, cardiac fibrosis.

INTRODUCTION

Essential hypertension is always accompanied with
artery wall thickening, left ventricular hypertrophy
(LVH) and cardiac fibrosis. These structural changes
in heart and blood vessels are known as cardiovascular
remodelling.  Both small and large arteries are
implicated in the mechanisms of hypertension. Vas-
cular remodelling accounts for the hypertensive target
crgans damage, and the heart structural alterations are
responsible for the increasing morbidity and mortality of
cardiac events. Therefore, teatment of hypertension
shall aim not only at the optimal control of blood
pressure, but also the prevention of the cardiovascular
remodelling!”).  Although many antihypertensive
drugs, such as angiotensin converting enzyme inhibitor
( ACEI ), pB-adrenoceptor blocker, diuretic, were
effective in redocing blood pressure, they affected
cardiovascular remodelling by different pharmacological
actions, and usually in a dose-dependent way'?). So
far, ACEI was the most effective in the reversion of
LVH, prohibition of vascular remodelling and target
organ damages'® . B-Adrenoceptor blocker was of
minor eflicacy[?’J . The results from diuretic had been
contradictory” . Recently, large scale clinical trials®®’
together with animal experiments revealed the
advantages and disadvantages of many antihypertensive
drugs. However, influence of different kinds of
antihypertensive dmgs on several important aspects,
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such as cardiac fibrosis, was not well documented.
Therefore, comparison of such influence ameng these
drugs was necessary to be carried out to outline their
favorable and unfavorable characteristics on the basis of
therapeutic purpose. This study investigated the effects
of 3 antihypertensive drugs: perndopril { Per, an
ACEI), propranclol (Pro, a beta-adrenoceptor block-
er), and dihydrochlorothiazide { DCT. a diuretic ).
with a comparably marked antihypertension dose, on
the vascular wall thickeming from elastic conducting
vessels, large muscle artery and anteriolar resistant
arteries. LVH and candiac fibrosis in SHR..

MATERIALS AND METHODS

Drugs and chemicals Per was the product of
France Service Intermational BY. Pro and DCT were
qualified products fror Tianjin Lisheng Pharmaceutical
Factory and Changzhou No 4 Phammaceutical Factory
respectively.  Hematoxylin-eosin and picrosirius red
were from Sigma (USA). Other chemicals were of
either AR or molecular biology grade.

Rats and treatment Rats were offsprings of
breeders derived from Shanghai Institute of Hyperten-
sion. After measurement of systolic blood pressure
{SBP), 16-wk-old SHR { Body weight: 178 g+ 5 14
g} were randomly divided into 3 groups {each n =
10}, each group received Per 3 mg-kg™'-d~', Pro 40
mg-kg~'-d!, DCT 100 mg-kg™'-d~' respectively
for 12 wk. Dmgs were mixed with small amount of
milk powder and water and were given by gavage.
Only milk powder was given to sex-, age-, and
number-matched untreated SHR. and normmotensive WKY
contrals.  Measurements were performed when the
treatment was finished .

Systolic blood pressure { SBP) and left
ventricular weight (LVW) to body weight{ BW)
ratio measurement SBP was measured using tail-
cuff technique ( MRB-II A computer control
sphygmomanometer for rats, Shanghai Instine of
Hypertension) before and at the end of the treatment.
Rats were weighed before decapitation, the heart
excised, left ventricles including interventricular septum
were weighed, LVH was assessed by LVW/BW.

Determination of cardiac fibrosis  Tissues
from left ventricles were fixed in 10 % formaldehyde.

paraffin enbedded. Sections {6 um)} were processed
using Picrosiius Red method'®).  Results were
analyzed under microscope and with video image
planimeter ( VP32, Australia}.

Morphometric analysis of vascular wall
thickening!”) The abdominal aorta of the rats was
incised, perfused with sodivm nitroprusside and heperin
for 5 min to assure maximal vasodilation and anti-
coagulation. Thereafter, 2 % formaldehyde in Hanks'
balance solution was used under a pressure of 294 Pa
for fixation of vessels. abdominal aorta ( elastic
conducting vessels }, renal artery ( large muscle
artery}. and mesenteric artery branch [l { anteriolar
resistant arteries } were chosen for sections. Vessels
were processed and embedded in paraffin for transverse
sections. Sections {6 um) were stained with hema-
toxylireosin.  Vascular wall and lumen ratio was
determined by video image planimeter { VP32,
Australia) .

Statistical analysis Data were expressed as ¥
+ 5. ANOVA with Newman-Kuels procedure was
used to evaluate the differences among treated SHR,
untreated SHR and WKY rats.

RESULTS

SBP was reduced by 3 drugs in SHR SBP
in 3 treated groups and SHR control were equal before
the treatment began. During the 12 wk of treatment,
SBP in untreated SHR increased {3.1+2.4) kPa{ P <
0.05) compared with that before weatment, while SBP
in WKY stayed at a nearly stable level. Each dug
effectively decreased the SBP in SHR rats, similar to
that of WKY rats (Tab 1).

Inhibitory effects on LVH The ratio of LVW
to BW in adult untreated SHR rats was much higher
than that of WKY. Per, Pro, and DCT decreased the
value of LVW/BW in SHR. No difference was
showed in the inhibitory effects among the drugs. The
index did not attain & complete normalization compared
with WKY rats {Tab 1) .

Inhibition of vascular wall thickening in
SHR An obvious artery wall thickening was seen in
abdominal aorta, renal artery, and mesenteric artery
branch [I vessels in adult SHR. The lumen area of
the arteries decreased, resulting in an increase in the
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Tab 1. Effects of perindopril {3 mg-kg~'*d-!), propranolol (40 mg-kg!-d-!), dihydrochlorothiazide (100

mg-kg~1-d~7) on systolic blood pressure and left ventricular hypertrophy in SHR, n=10rmats. x+s. P<0.05
us SHR. “P>0.05, *P<0.05 vs WKY. "P<0.05 vs SBP before treatment in untreated SHR.
Systolic blood pressure/kPa Decrease in systolic Left ventmicular weight to
; Before After blood pressure,'kPa body weight, mg+g "

WKY 18.3+1.6° 18.4+1.6° -0.1£0.4° 2.8+0.6°

SHR 26.1+2.8 29,1x2.7 -3.1+2.4 4.8+0.9

SHR,,, 25.0£1.2 18.6+1.34 6.3+1.3% 3.5+0.5%

SHR;,, 27.0£2.6 20.2 + 2.4 6.8+1.9% 3.8+ 0.8*

SHRpcr 26.0£2.1 19.8+ 1.5 6.1+2.6™ 3.6+0.6%

ratio of wall to lumen ratio. Histological analysis
found the number of smooth mmscle cell layers and
smooth muscle cell density in arteries of SHR were
more than that in WKY mats. Treamnent with the drugs
similarly prevented the occumence of vascular
remodelling in SHR (Tab 2).

Effects on cardiac fibrosis In left ventricles
of SHR, cardiac fibrosis was evident by the collagen
accumulation in the interstitiutn and around the
intramyocardial coronary artery. Collagen wvolume
fraction reached 14.29 % in SHR. Both Per and Pro
prevented cardiac fibrosis and necrosis of cardio-
myocytes in SHR.  In DCT-treated rats, the CVF and
PVCF were even higher than those of untreated SHR.
Necrosis of cardiomyocytes and reparative fibrosis were
also observed in this group as well as SHR rats ( Tab 2,
Fig 1).

DISCUSSION

Present study investigated the therapeutic aspects
of three kinds of the most commonly used
Tab 2.

fibrosis in SHR rats.

antihypertensive drugs perindopril. propranolol, and
dihydrochlorothiazide on hereditary hypertension. 1t is
found that, with the given dosages, they were similarly
effective in lowering blood pressure, prohibiting the
vascular remodelling and left ventricular hypertrophy
{LVH) in term of LVW.BW, regardless of the
different mechanisms of the drugs. In most hyperten-
sive animal models, left ventricle mass can be reduced
when blood pressure decreased. However, high risk of
cardiac events in hypertensive patients is determined not
only by LVH, but cardiac fibrosis as well'”. The
differential effects of antihypertensive drugs on cardiac
fibrosis attracted a lot of interest from clinical practice .
Data from this study showed perindopril and propranolol
were effective to prohibit cardiac fibrosis in SHR rats.
This. together with other reports'® . demonstrated that
ACEIl and B-adrenocepter blocker were qualified in
reducing the rmised risk resulted from cardiovascular
remodelling. The supression of renin-angiotensin
system and sympathetic activity would mainly contribute
to the results, Diuretics were among the most
commonly vsed hypotensive drmigs.  Small dose of

Effects of perindopril, propranolol, and dihyfrochlorothiazide on the artery wall thickening and cardiac
n=10rats. Xxs. "P<0.05 vs SHR. P <0.05 vs WKY. "P<0.05 vs SHRpcr-

Vascular wall o lurcen ratic Collagen fraction” %

Group , Mesenteric artery

Abdominal aorta branch [ Renal artery Heart Perivascular
WKY 0.23+0.07° 0.33+0.06° 0.31 £0.05° 6.0+1.8"0 57 + 12
SHR 0.390.06 0.59+0.13 0.46+0.06 144 9+ 50
SHRp, 0.23+0.05° 0.34 +0.05" 0.31£0.04% 7.311.40 61 + 155
SHRpy, 0.25+0,06" 0.34 +0.05° 0.32+0.04° 7.5£1.5% 59+ 0Pt
SHRpcr 0.27 £0.05° 0.35 +0.05% 0.32+0.03° 19+ 4% 81+ 7™
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thiazides diuretic was sufficient to reduce blood
pressure. but less effective in regressing LVHY,
Moderate to high dose of thiazides therapy was
associated with an increasing risk of cardiac events'®
In this smdy, dihydrochlorothiazide acerbated the
cardiac fibrosis in SHR, indicated that the mechanism
of cardiac fibrosis was different from that of
cardiomyocytes hypertrophy. These results may well
interpret that high dose of thiazide diuretic treatment
raised the incidence of cardiac amrest in hypertensive
patfents and the heart-toxicity.  Although some
investigator hold that the disturbing effects of diuretic
on lipid metabolism may be litle clinically
significant''”’, it was believed that increasing risk
resulted from the disturbing effects of high dose of
thiazide dioretic on lipid metabolism, causing
hypokalemnia and a significant increase in plasma renin
concentration' ) | Although DCT nonmalized the blood
pressure, it actually promoted cardiac fibrosis possibly
by worsening the metabolic and hormonal disturbance.
Therefore. thiazides diuretics were unfavorable for
reducing of high risk of cardiac events, suggesting that
DCT was less safe when other diwretic such as
imdaparnide had been available ' .  Further smdy shall
be focused on the relationship of dosage-effect of
thiazide diuretic in the promotion of fibrosis to assure
the safety of clinical application. and the exact
mechanism of DCT on the fibrotic pathogenesis must be
further investigated.

Arteries wall thickening. which belped maintain
elevated blood pressure and caused target organs
damages, was another critical factor for mortality in
hypertension. Thus, ameliorating vascular remodelling
is among the therapeutic geats. Antihypertensive
treatment had been proven to be effective in prohibiting
arteries wall thickening and the resulting target organ
damages'’ . Different antihypertensive drugs, though
effective in reducing blood pressure, affected hormonal
factors in diverse ways. Our data showed the three
drugs effectively regressed the remodelling in elastic
conducting vessels, large muscle artery and anteriolar
resistant artery.  Similar reports™  with ours
demonstrated that artery wall thickening was resulting
from a rising arterial pressute rather than hormonal
factors, and that the mechanism of arterdes wall
thickening was different from that of cardiac fibrosis.

In conclusion, present study showed that vascular

remodelling and LVH in SHR regressed with the
reduction of blood pressure.  ACEI and 3-blocker were
effective in reducing of artery wall thickening, left
ventricular hypertrophy and cardiac fibrosis.  Although
dihydrochlorothiazide was effective in antihypertension
and decreasing arteries wall thickening, it promoted the
cardiac fibrosis at a large dosage. These provide a
clinical implication of drug choice in the protection of
target crgan damage in hypertensive patients,
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