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Abstract

Cardiac remodeling after myocardial infarction is associated with impaired ventricular function and heart failure and has important
implications for survival. The purpose of the present study was to assess the effects of chronic treatment with a novel angiotensin AT1

Ž . ww XwwwŽ . x x xŽ X . x xreceptor antagonist 2-butyl-4- methylthio- -1- 2 propylamino carbonyl amino sulfonyl 1,1 -biphenyl -4-yl methyl -1H-imidazole-5-
Ž .carboxylate HR720 , on cardiac remodeling and left ventricular dysfunction in a rat model of large myocardial infarction. Rats were

Ž .subjected to permanent ligation of the left coronary artery and were treated for six weeks with placebo or HR720 3 mgrkgrday
initiated 24 h after surgery. Sham-operated rats served as normal controls. Mean arterial blood pressure, the maximum rate of rise of the

Ž .left ventricular systolic pressure d Prd t , left ventricular end-diastolic pressure, left ventricular inner diameter and circumference,max

septal thickness, left ventricular collagen content and heart weight were measured at the end of the treatment. HR720 treatment versus
Ž .placebo attenuated the cardiac hypertrophy heart weightrbody weight: 2.88"0.08 mgrg vs. 3.16"0.09 mgrg, P-0.05 , reduced

Ž . Ž .interstitial collagen content 3.47"0.28% vs. 5.25"0.45%, P-0.01 , limited infarct size 33.0"3.0% vs. 41.5"2.3%, P-0.05 ,
Ž . Ždecreased left ventricular end-diastolic pressure 13.7"2.2 vs. 21.4"1.6 mm Hg, P-0.01 and improved d Prd t 9000"430 vs.max

.6000"840 mm Hgrs, P-0.05 . The present results demonstrate that chronic treatment with the angiotensin AT receptor antagonist1

HR720 can limit infarct size, partially prevent cardiac hypertrophic remodeling and improve left ventricular function in rats with
myocardial infarction. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Myocardial infarction, particularly large transmural in-
farction, can produce progressive alterations in the topog-
raphy of both the infarcted and noninfarcted regions of the
ventricle. This structural remodeling can profoundly affect
the function of the ventricle and the prognosis for survival.
Ž .Pfeffer and Braunwald, 1990 . Accumulating evidence
suggests that the cardiac renin–angiotensin system plays
an important role in the structural and functional remodel-

Ž .ing process after myocardial infarction Baker et al., 1992 .
Ventricular remodeling in post-myocardial infarction has
been associated with increased angiotensin-converting en-

Ž .zyme activity Hirsch et al., 1991 and angiotensin II
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Ž .receptor density Meggs et al., 1993 in the non-infarcted
myocardium and with increased concentration of an-

Ž .giotensin II in the infarct zone Yamagishi et al., 1993 .
Many studies have demonstrated that angiotensin II is a
potent growth promoter of both cardiac myocytes and
fibroblasts during the cardiac remodeling post myocardial

Ž .infarction Booz and Baker, 1996 . Angiotensin II causes
hypertrophy of cardiac myocytes, and stimulates the prolif-
eration and collagen synthesis of cardiac fibroblasts
Ž .Sadoshima and Izumo, 1993 . However, angiotensin II
exerts its effects by interaction with specific receptors.
Two subtypes of angiotensin receptors, AT and AT , have1 2

been cloned and pharmacologically characterised. The an-
giotensin AT receptor mediates virtually all the known1

actions of angiotensin II including those on cellular growth
Ž .and proliferation Unger et al., 1996 . Angiotensin II,

through its interaction with the angiotensin AT receptor,1

has been implicated as a major determinant in the develop-
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ment of cardiac remodeling after myocardial infarction.
Moreover, Angiotensin AT receptor blockade with losar-1

Ž wŽ X Žtan 2-n-butyl-4-chloro-5-hydroxymethyl-1- 2 - 1 H-
. . x .tetrazol-5-yl biphenyl-4-yl methyl imidazol or irbesartan

Ž wŽ X Ž . . x2-n-butyl-3- 2 - 1 H-tetrazol-5-yl -biphenyl-4-yl methyl -
w x .1,3-diaza-spiro 4,4 non , has been shown to prevent my-

ocardial hypertrophy, attenuate cardiac fibrosis, improve
systemic and coronary hemodynamics, and increase sur-

Ž .vival Unger et al., 1998 .
Ž . w w X w w wŽ .2-Butyl-4- methylthio- - 1 - 2 - propylamino carbo-

x x x Ž X . x xnyl amino sulfonyl 1,1-biphenyl -4-yl methyl -1H-imida-
Ž .zole-5-carboxylate HR720 is a new and potent non-

Žpeptide angiotensin AT -selective receptor antagonist Jin1
.et al., 1997 . The purpose of this study was to assess

whether chronic treatment with HR720 affects cardiac
structural remodeling and left ventricular function in a rat
model of myocardial infarction and to determine whether
the cardioprotective effects of losartan and irbesartan can
be shared by the new angiotensin AT receptor antagonist1

HR720.

2. Materials and methods

2.1. Animals

The experiments were performed in male Wistar rats
Ž .Charles River Viga, Sulzfeld, Germany initially weighing
250–300 g. The animals were housed in individual cages
under controlled conditions of constant temperature and
humidity and exposed to a 12-h darkrlight cycle. The rats
had free access to a standard diet and to drinking water.
All of the experiments were performed in accordance with
the national animal protection law.

2.2. Animal model of myocardial infarction

Myocardial infarction was induced by permanent liga-
tion of the left descending coronary artery as previously

Ž .described Stauss et al., 1994 . Briefly, under ether anaes-
thesia, rats were intubated, and artificially ventilated.
Anaesthesia was maintained by adding ether to the inspira-
tion gas. Skin and muscles were cut along the left side of
the sternum, and the third and fourth ribs were cut. A
rib-spreading chest retractor was inserted and the left
descending coronary artery was ligated with sterile 6.0

Ž .suture material Ethibond, Ethicon, Norderstedt, Germany
under a stereomicroscope. In sham operated rats, the liga-
tion was placed beside the coronary artery. The muscle and
skin layers were sutured and the thoracic cavity was
closed. The acute mortality within 24 h was about 40%.

2.3. Drug

HR720 was kindly provided by Hoechst Marion Rous-
Ž .sel FrankfurtrMain, Germany . HR720 was dissolved in

Žisotonic saline and loaded into osmotic minipumps Alzet
.Model 2001; Alza, Palo Alto, CA, USA . In pilot experi-

ments, we chose a dose of 3 mgrkg body weight per day,
that did not change blood pressure on healthy rats and had

Ža sufficient efficacy over 24 h e.g., 70–80% cardio-
vascular effects of Ang II 100 ng after intravenous dosing

.was blocked by HR720 over 24 h .

2.4. Experimental protocol

Rats were divided randomly into three groups and
treated according to the following protocol:

Ž .group 1 sham-operated group, ns12 ;
Ž .group 2 placebo-treated infarct group, ns14 : water, 1

mlrkgrday via gavage;
Ž .group 3 HR720-treated infarct group, ns12 : HR720,

3 mgrkgrday, subcutaneous infusion via osmotic
minipumps, the treatment was started 24 h after myocar-
dial infarction.

The osmotic minipump filled with HR720 was im-
planted subcutaneously between the shoulder blades, all
minipumps were replaced under ether anaesthesia at inter-
vals of two weeks, and the treatment was continued until 6
weeks after myocardial infarction. At the end of the treat-
ment period, arterial, venous and left ventricular catheters
were chronically implanted. 24 h later, hemodynamic sig-
nals were recorded in conscious rats. At the end of the
recording, rats were sacrificed and hearts were taken out
for morphological examination.

2.5. Arterial, Õenous and left Õentricular catheterization

Ž .Under chloralhydrate 400 mgrkg, i.p. anaesthesia,
Ž .polypropylene tubes Portex, London, UK were inserted

into the right femoral artery and vein and exteriorized at
the nape of the neck. Then, the right carotid artery was
cannulated with a specially constructed pig-tail catheter
consisting of a PP 10 and a PP 50 polypropylene tube.
During catheterization, the PP 50-end of the catheter was
connected to a transducer and pressure monitor. As soon as
the tip of the pig-tail entered the left ventricle, the pressure
signals on the monitor began to oscillate between zero and
the systolic ventricular pressure. The catheter was exterior-
ized and anchored at the posterior neck region.

2.6. Hemodynamic measurements

Blood pressure, heart rate and left ventricular pressure
were recorded 24 h after catheterization in conscious rats.
The arterial and left ventricular catheters were connected

Žto pressure transducers DTXrPlus, Spectramed, Oxnard,
.CA, USA and all hemodynamic signals were processed by

Ž .two pressure processors Gould, Valley View, OH, USA .
ŽThe output signals mean arterial blood pressure, heart rate

.and left ventricular pressure from these pressure proces-
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Žsors were recorded on a pen recorder Gould Series 2000,
.Gould and analysed by a computer-based recording and

Ž . Ž .analyzing system MEGA Stauss et al., 1990 . Left ven-
tricular end-diastolic pressure and maximum rate of rise of

Ž .left ventricular pressure d Prd t were calculated of-max

fline from the left ventricular pressure signal by the MEGA
program. Left ventricular end-diastolic pressure was mea-
sured at the point where the slope of the ventricular
pressure signal changed from the slowly to the rapidly
increasing portion. This point has been shown to be closely
linked to the R-wave of the electrocardiogram and, there-

Žfore, represents the end-diastolic pressure in rats Stauss et
.al., 1994 . Rats were allowed to get acquainted with the

recording circumstances for 30 min before the hemody-
namic measurement.

2.7. Tissue processing

After recording of the hemodynamic signals, under
ether anaesthesia, the heart was arrested in diastole by an
intravenous injection of KCl solution. The heart was ex-
cised and the atria and large vessels removed. The heart
was cleaned and weighed, then placed in 4% phosphate-
buffered formalin in 0.15 M NaCl for at least 24 h, and cut
transversely into five sections from the apex to the base.
These sections were transferred into 10% phosphate-
buffered formalin and were kept overnight. After dehydra-
tion, the sections were embedded in paraffin, and cut in
serial 4-mm-thick slices. The slices were mounted onto
glass slides and were stained with haematoxylin–eosin.

2.8. Morphological study

Measured morphological parameters were total heart
weight, infarct size, septal thickness, left ventricular cir-
cumference and left ventricular inner diameter. For mea-
surements of infarct size, left ventricular circumference
and left ventricular inner diameter, a computerized surface
determination method which employed onscreen visualisa-

wtion of the cardiac transsections Quantimet 570 mor-
Žphometer including morphometry software Leica, Cam-

.bridge Instruments, Cambridge, UK connected to a video
x Ž .camera was used Sandmann et al., 1998 . The endocar-

dial and epicardial circumferences of the infarcted portion
and the entire left ventricle were determined by the com-
puterized morphometry. The inner diameters and circum-

Ž .ferences entire left ventricle and infarcted portion from
all five slices were added together and averaged, respec-
tively. The infarct size of the left ventricle was calculated
from these measurements and expressed as a percentage of
the total circumference of the left ventricle.

2.9. Measurement of interstitial collagen

ŽAfter deparaffinization 2=5 min in xylol, 2=5 min
in 100% ethanol, 2=5 min in 70% ethanol, and 2=5 min

.in 50% ethanol , the sections were washed in tap water for
10 min and in distilled water for 5 min and treated for 5
min with 0.2% aqueous phosphomolybdic acid, and then

Žstained for 90 min with 0.1% Sirius red F3BA C.I 35780,
.Polysciences, Warrington, PA, USA in saturated aqueous

picric acid, and washed for 2 min with 0.01M HCI. They
Žwere then dehydrated 45 s in 70% ethanol, 2=3 min in

.100% ethanol, 2=3 min in xylol , and mounted with
Ž .coverslips Junqueira et al., 1979 . The interstitial and

perivascular collagen regions were clearly detectable within
the collagen accumulating tissue showing a red color and
the remaining tissue a yellow color. The collagen content
was determined under a microscope coupled to a comput-

Žerized morphometric system Quantimet 570, Leica, Cam-
. Ž .bridge, UK . Forty fields Magnification, 400= in two

tissue sections were analyzed in the midwall area of the
Žinterventricular spetum. Collagen content mean of the

.twenty fields determinations was expressed as the percent-
age of the sum of positive Sirius red areas to the sum of
measured twenty fields areas in the non-infarcted left
ventricular free wall and the interventricular septum. Mea-
surements were restricted to the interstitial collagen;
perivascular and endocardial collagens were excluded from
the measurements.

2.10. Statistical analysis

All data are expressed as mean"SEM Comparisons
among three groups were performed by one-way analysis

Ž .of variance ANOVA followed by a post-hoc Bonferroni
test. A value of P-0.05 was considered statistically
significant.

3. Results

3.1. Body weight and cardiac morphological parameters

After induction of myocardial infarction, food and wa-
ter intake was reduced in all animals and a decrease of

Ž .body weight 23.9"2.3 g was observed. One week after
coronary ligation the food and water intake was normal-
ized and was not different from sham-operated animals
Ž .data not shown . At the end of the study, the body
weights were similar in the three groups, although in-
farcted rats have a small, nonsignificant decrease in body
weight.

Cardiac morphometric measurements are summarized in
Table 1.

Infarct size as a percentage of left ventricular circumfer-
ence is expressed. None of the sham-operated rats had
evidence of infarction by gross inspection. The coronary
ligation animals had microscopic evidence of transmural
infarction. HR720 treatment decreased infarct size when

Ž .compared to placebo-treated infarct group P-0.05 .



( )Q.-G. Xia et al.rEuropean Journal of Pharmacology 385 1999 171–179174

Table 1
Effect of HR720 treatment on cardiac morphological parameters
Values represent the mean"SEM; LV, left ventricular; HWrBW, heart weight to body weight ratio.

Ž .Sham-operated rats ns12 Infarcted rats treated with

Ž . Ž .Placebo ns14 HR720 ns12

Ž .Body weight g 459"8 449"9 445"13
a bŽ .HWrBW mgrg 2.77"0.05 3.16"0.09 2.88"0.08

bŽ .Infarct size % 0 41.5"2.3 33.0"3.0
cŽ .LV inner diameter mm 5.41"0.24 7.07"0.24 6.58"0.32

dŽ .LV circumference mm 22.3"0.4 24.8"0.8 23.7"0.73
Ž .Septal thickness mm 2.0"0.1 1.8"0.1 1.9"0.2

c d,eŽ .LV collagen content % 1.98"0.24 5.25"0.45 3.47"0.28

aP-0.01 as compared with sham-operated group.
bP-0.05 as compared with placebo-treated infarct group.
cP-0.001 as compared with sham-operated group.
dP-0.05 as compared with sham-operated group.
eP-0.01 as compared with placebo-treated infarct group.

Myocardial hypertrophy was evaluated by comparing
the ratio of heart weight to body weight among the three
groups. Although 41% of the left ventricular myocardium
was replaced by a paper-thin scar tissue, the ratio of heart
weight to body weight was significantly increased in
placebo-treated infarct group when compared to sham-op-

Ž .erated group P-0.01 ; HR720 treatment significantly
decreased the ratio of heart weight to body weight when

Ž .compared to placebo-treated infarct group P-0.05 .
The left ventricular inner diameter and left ventricular

circumference were used to determine the left ventricular
expansion. In placebo-treated infarct rats left ventricular
inner diameter and left ventricular circumference were
significantly increased when compared to sham-operated

Ž .rats P-0.001 and P-0.05, respectively . Both parame-
ters were reduced by HR720 treatment as compared to the
placebo-treated infarct rats, but this difference did not
reach statistical significance.

Myocardial infarction resulted in a decrease of septal
thickness when compared to the sham-operated group,
HR720 treatment slightly but not significantly increased
the septal thickness.

The interstitial collagen content was increased in
placebo-treated infarct rats as compared to sham-operated

Ž .animals P-0.001 , and the interstitial collagen content
was decreased by HR720 treatment as compared to the

Ž .placebo-treated infarct group P-0.01 but remained sig-
Žnificantly elevated compared with sham-operated rats P

.-0.05 .

3.2. Hemodynamic parameters

The hemodynamic parameters are summarized in Table
2.

Six weeks after induction of myocardial infarction,
mean arterial blood pressure was decreased in placebo-
treated infarct animals when compared to sham-operated
rats, but this difference did not reach the level of statistical
significance. HR720 treatment further decreased mean ar-
terial blood pressure when compared to sham-operated rats
Ž .P-0.05 .

Heart rate showed little change in either the placebo-
treated infarct animals or HR720-treated infarct rats, nor
was there a significant difference between groups.

Table 2
Effect of HR720 treatment on hemodynamic parameters
Values represent the mean"SEM; MAP, mean arterial blood pressure; LVEDP, left ventricular end-diastolic pressure; d Prd t , the maximum rate ofmax

rise of the left ventricular systolic pressure.

Ž .Sham-operated rats ns12 Infarcted rats treated with

Ž . Ž .Placebo ns14 HR720 ns12
aŽ .MAP mm Hg 107"3.9 95.9"3.5 89.4"2.2

Ž .Heart rate beatsrmin 392"9 382"13 371"12
b cŽ .LVEDP mm Hg 8.2"1.0 21.4"1.6 13.7"2.2
b dŽ .d Prd t mm Hgrs 11,000"620 6000"840 9000"430max

aP-0.05 as compared with sham-operated group.
bP-0.001 as compared with sham-operated group.
cP-0.01 as compared with placebo-treated infarct group.
dP-0.05 as compared with placebo-treated infarct group.
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Left ventricular end-diastolic pressure was significantly
increased in placebo-treated infarct rats when compared to

Ž .sham-operated rats P-0.001 . In HR720-treated ani-
mals, the increase of left ventricular end-diastolic pressure
was markedly and significantly attenuated when compared

Ž .to the placebo-treated infarct group P-0.01 .
Ž .Myocardial contractility d Prd t was significantlymax

reduced in placebo-treated infarct rats when compared to
Ž .sham-operated rats P-0.001 . HR720 treatment im-

proved d Prd t when compared to placebo-treated in-max
Ž .farct rats P-0.05 .

4. Discussion

The ventricular remodeling after myocardial infarction
is characterized by the development of eccentric cardiac
hypertrophy and ventricular dysfunction. Because an-
giotensin II has been demonstrated to play an important
role in this process, the purpose of the present study was to
assess the effects of chronic treatment with a novel an-
giotensin AT receptor antagonist HR720 on cardiac struc-1

tural remodeling and hemodynamic parameters in a rat
model of myocardial infarction-induced heart failure.

4.1. Effects of HR720 on cardiac structural remodeling
post-myocardial infarction

The results revealed that HR720 treatment started 24 h
post-myocardial infarction can attenuate cardiac hypertro-
phy, decrease interstitial collagen deposition and limit
infarct size. This observation provided further support for
the involvement of angiotensin II and its action via an-
giotensin AT receptors for the development of cardiac1

remodeling in this model of myocardial infarction.
These findings are consistent with several previous

Ž .experimental studies. Schieffer et al. 1994 reported in a
rat model of myocardial infarction that the angiotensin
AT receptor antagonist, losartan, reduced cardiac hyper-1

trophy and attenuated the development of myocardial inter-
stitial fibrosis in the noninfarcted left ventricle. Ju et al.
Ž .1997 observed that losartan treatment for 4 weeks pre-
vented left and right ventricular hypertrophy and decreased
total collagen concentrations, but had no effect on infarct

Ž .size. Recently, Richer et al. 1999 reported that the an-
giotensin AT receptor antagonist, irbesartan, markedly1

decreased myocardial hypertrophy but had almost no effect
on left ventricular dilation and subendocardial fibrosis. The
results of the present study indicated that HR720 possessed
similar cardiaoprotective effects in preventing cardiac re-
modeling after myocardial infarction as shown for losartan
and irbesartan.

To date, the mechanism by which angiotensin AT1

receptor antagonists prevent cardiac remodeling is mainly
attributed to the blockade of angiotensin II binding to the
AT receptor. However, additional mechanisms seem to be1

Ž .involved in this effect. Abdelrahman et al. 1993 reported
that treatment with losartan led to dose-related increases in
plasma renin and angiotensin II levels among patients with

Ž .heart failure. Campbell et al. 1995 reported that losartan
administration increased plasma renin levels 100-fold, and
angiotensin II levels in plasma, adrenal, lung, heart and
aorta were increased 25-, 8-, 3.5-, 2.4-, and 14-fold, re-
spectively. Recently, our laboratory also found out that
after losartan treatment, plasma angiotensin II levels were
markedly increased in stroke-prone spontaneously hyper-

Ž . Ž .tensive rats SHR-SP Gohlke et al., 1998 . Therefore,
during conditions of angiotensin AT receptor blockade,1

the increased angiotensin II might excessively stimulate
Ž .unblocked angiotensin AT receptors Chung et al., 1996 .2

Furthermore, after myocardial infarction, the number of
Ž .angiotensin AT receptors is increased Lopez et al., 1994 .2

Angiotensin AT receptors have been demonstrated to2

exert anti-growth effects, and can antagonize the growth
Žpromoting effects of angiotensin AT receptors Nakajima1

. Ž .et al., 1995; Stoll et al., 1995 . Recently, Liu et al. 1997
observed that most of the cardioprotective effects of losar-
tan were blocked during a combination treatment with the

Ž . ww Žangiotensin AT receptor antagonist S -1- 4- dimethyl-2
. x Ž .amino -3-methyl-phenyl methyl-5- diphenylacetyl -4, 5, 6,

w x7-tetrahydro-1 H-imidazo 4,5-c -pyridine-6-carboxylic
Ž .acid PD123319 , indicating that the beneficial effect of

angiotensin AT receptor antagonist is mediated in part by1

activation of the angiotensin AT receptor.2
Ž .In addition, Wiemer et al. 1993 reported that an-

giotensin II via the angiotensin AT receptor increases1

nitric oxide release in cultured bovine aortic endothelial
Ž .cells and isolated ischemic rat hearts. Seyedi et al. 1995

Ž .observed that angiotensin II, III, and angiotensin- 1–7 via
angiotensin AT and AT receptors and angiotensin IV via1 2

angiotensin AT receptor, increased nitric oxide release in2

isolated microvessels or large arteries of normal dog heart.
Ž .Recently, Gohlke et al. 1998 showed that the angiotensin

II via angiotensin AT receptor increased aortic cGMP,2

and the effect was abolished by bradykinin B receptor2

blockade and nitric oxide–synthase inhibition in SHR-SP.
Ž .Zou et al. 1998 found out that a small elevation of

plasma angiotensin II levels increased renal medullary
nitric oxide production and concentration by 150% in rats.
These studies indicate that angiotensin II and its fragments
are able to stimulate nitric oxide release. Numerous inves-
tigations have shown that nitric oxide inhibits vascular
remodeling and prevents angiotensin II-induced cardiac

Žhypertrophy and fibrosis Dubey et al., 1995; Hou et al.,
.1995; Kato et al., 1996 . Therefore, the increase of nitric

oxide release induced through angiotensin AT receptor2

stimulation might play a role in angiotensin AT receptor1

antagonist-induced prevention of cardiac remodeling.
Another possible mechanism for the anti-remodeling

effects of HR720 might be mediated by the reduction of
endothelin-1 production. Recently, an increasing number
of observations suggest the existence of a myocardial
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endothelin system and its possible involvement in the
Žpathophysiology of cardiovascular diseases Fraccarollo et

.al., 1997 . The endothelin system is activated and the
peptide levels of endothelin-1 and the number of myocar-
dial endothelin receptors were significantly increased in

Žthe left ventricle of rats after myocardial infarction Sakai
.et al., 1996 . Endothelin-1 not only is a powerful vasocon-

strictor peptide, but also a potent hypertrophic stimulus for
Ž .cultured cardiomyocytes Shubeita et al., 1990 . Several

studies have demonstrated that angiotensin II stimulate
endothelin-1 secretion from cultured endothelial cells
Ž . ŽEmori et al., 1989 and from cardiomyocytes Ito et al.,

. Ž .1993 . A more recent study from Gray et al. 1998
reported that extravascular angiotensin II receptors in the
heart reside largely on cardiac fibroblasts. Following acti-
vation of angiotensin AT receptors by angiotensin II,1

these cells release at least two paracrine effectors, endothe-
lin-1 and transforming growth factor-b1, which cause car-
diac myocyte hypertrophy, indicating that angiotensin II
stimulates cardiac myocyte hypertrophy via paracrine re-
lease of transforming growth factor-b1 and endothelin-1
from cardiac fibroblasts. Thus, the beneficial effect of
angiotensin AT receptor antagonists on cardiac remodel-1

ing might be partly mediated through the reduction of
locally produced endothelin-1.

In the present study, mean arterial blood pressure was
not significantly different between HR720-treated infarct
group and the placebo-treated infarct group, suggesting
that the prevention of cardiac hypertrophy by HR720 was
not related to a change in afterload. In this regard, Kojima

Ž .et al. 1994 reported that treatment with angiotensin AT1
Ž . Ž .receptor antagonist " -1- cyclohexyloxycarbonyloxy -

ww X Ž . xethyl 2-ethoxy-1- 2 - 1 H-tetrazol-5-yl biphenyl-4-yl -
x Ž .methyl -1H-benzimidazole-7-carboxylic acid TCV-116

reduced left ventricular weight, wall thickness, interstitial
fibrosis and transverse diameter of myocytes, whereas
treatment with hydralazine slightly prevented an increase
in left wall thickness but did not exert significant reduction
in other parameters despite the greater antihypertensive
effect of hydralazine. In addition, a more recent study from

Ž .Ambrose et al. 1999 showed that the angiotensin AT1

receptor antagonist irbesartan effectively decreased ven-
tricular hypertrophy after myocardial infarction indepen-
dent of ventricular loading conditions. These results sug-
gest that the regression of cardiac hypertrophy by the
angiotensin AT receptor antagonist HR720 might be1

mainly attributable to the blockade of direct effects of
angiotensin II on myocardial growth, which are mediated
through the angiotensin AT receptor. In the present study,1

treatment with HR720 resulted in a decrease of left ven-
tricular end-diastolic pressure. Therefore, we cannot ex-
clude the contribution of reduced afterload of the right
ventricle to the regression of cardiac hypertrophy. Several
studies have observed that the left ventricular weight, both
absolute and relative, remained unaffected, while right
ventricular weight was significantly increased in untreated

Ž .infarcted rats Pfeffer et al., 1991; Sladek et al., 1996 .
Therefore, the decrease in heart weight to body weight
ratio by HR720 treatment in present study is likely related

Žto the decreased right ventricular afterload i.e. the reduc-
.tion of the elevated left ventricular end-diastolic pressure .

In the present study, we observed that HR720 treatment
initiated 24 h after coronary ligation reduced infarct size
when compared to that in placebo-treated infarct rats. This
is not in agreement with most studies. The exact mecha-

Ž .nism is not clear. However, Shimizu et al. 1998 reported
that the angiotensin AT receptor antagonist, candesartan,1

when administered locally into the ischemic myocardium
of pigs at a dose without any hemodynamic effect, reduced

Ž .infarct size by 50%. Frimm et al. 1997 observed that
losartan treatment initiated 24 h after coronary ligation
reduced infarct area, and significantly diminished an-
giotensin AT receptor binding density within the infarct1

tissue in rats. These results indicate that local cardiac
angiotensin II is involved in the development of myocar-
dial injury, and this damage may be initiated by activation
of angiotensin AT receptor. Therefore, a possible mecha-1

nism for the limiting infarct size of HR720 may be inhibi-
tion of the direct cardiotoxic action of local angiotensin II.
In addition, several studies have demonstrated that in the
rat model of myocardial infarction, losartan treatment in-
creased capillary density and improved capillary supply of

Žthe infarcted heart Schieffer et al., 1994; Sladek et al.,
. Ž1996 , elicited the coronary vasodilatation Sudhir et al.,
. Ž1993 and increased coronary blood flow Richer-Giudi-

.celli and Fornes, 1997 . Thus, it is conceivable that an
improvement in the blood supply of infarcted hearts might
contribute to limit the infarct size.

4.2. Effects of HR720 on left Õentricular dysfunction after
myocardial infarction

The present study shows that HR720 treatment signifi-
cantly reduces left ventricular end-diastolic pressure and
increases ventricular contractility, indicating an improve-
ment of left ventricular dysfunction after myocardial in-
farction. These findings are in agreement with previous

Ž .studies. Ju et al. 1997 reported that the treatment with
angiotensin AT receptor antagonist losartan in the same1

experimental model significantly decreased left ventricular
end-diastolic pressure and increased d Prd t . Richer etmax

Ž .al. 1999 reported that irbesartan dose-dependently de-
creased left ventricular end-diastolic pressure and normal-
ized left ventricular d Prd t and cardiac index valuesmax

after myocardial infarction in rats.
After myocardial infarction the cardiac renin-angioten-

sin system is activated, local angiotensin II is increased.
The effect of angiotensin II on normal left ventricular
contractile function is controversial. Angiotensin II was
reported to be an agent with negative or positive inotropic

Ž .effect Moraves et al., 1990 , or biphasic inotropic effects
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Ž . ŽLi et al., 1994 and without inotropic effect Baker and
.Singer, 1988 . After heart failure, angiotensin II has been

demonstrated to produce negative inotropic effect and the
effect was reversed by angiotensin AT receptor antagonist1

losartan, indicating that the negative inotropic effect is
mediated by the activation of angiotensin AT receptors1
Ž .Cheng et al., 1996 . Therefore, we speculate that HR720
improved myocardial contractility through the blockade of
the direct negative inotropic effect of cardiac angiotensin
II.

In addition, the present study shows that HR720 treat-
ment significantly decreased left ventricular end-diastolic
pressure. An increase of myocardial contractility and a
decrease of afterload may contribute to reduce left ventric-

Žular end-diastolic pressure. However, Raya et al. 1989,
.1991 reported that the change of left ventricular end-di-

astolic pressure is mediated by venodilation, and an-
giotensin II via angiotensin AT receptors causes veno-1

constriction in heart failure. Thus, the reduction of left
ventricular end-diastolic pressure by HR720 might par-
tially be mediated by blockade of the venoconstriction
effect of angiotensin II.

4.3. ComparatiÕe effects of angiotensin AT receptor an-1

tagonists and angiotensin-conÕerting enzyme inhibitors on
cardiac remodeling and left Õentricular dysfunction post
myocardial infarction

Although our experimental design did not include an
angiotensin-converting enzyme inhibitor-treated group, our

Žresults can be compared with previous studies Pfeffer et
.al., 1985; Capasso and Anversa, 1992 . These studies have

evaluated the influence of angiotensin-converting enzyme
inhibitor, captopril, on cardiac remodeling and left ventric-
ular dysfunction in infarcted rats, and have shown that
chronic treatment with captopril prevented cardiac hyper-
trophy and decreased left ventricular end-diastolic pressure
and left ventricular volume, whereas myocardial contractil-

Ž .ity d Prd t was not restored. In the present study, wemax

observed that the angiotensin AT receptor antagonist1

HR720 can increase myocardial contractility, as reported
Žpreviously Capasso et al., 1994; Makino et al., 1996; Ju et

.al., 1997; Richer et al., 1999 , indicating that angiotensin
AT receptor antagonists appear to offer additional benefit1

over angiotensin-converting enzyme inhibitors in the treat-
ment of heart failure. Our results were supported by the

Ž .ELITE study Pitt et al., 1997 , which compared the effects
of the angiotensin-converting enzyme inhibitor captopril
and the angiotensin AT receptor antagonist losartan in1

elder patients with heart failure. Although no significant
difference was found for the primary or secondary end-
point, the study suggested that all-cause mortality was
decreased by 46% in patients treated with losartan com-
pared with those treated with captopril and the apparent
mortality advantage for losartan seems to be due primarily
to a reduction in sudden cardiac death.

Angiotensin-converting enzyme inhibitor therapy is
consistently effective in preventing cardiac remodeling and
improving left ventricular function after myocardial infarc-
tion. Recently, angiotensin AT receptor antagonists have1

proven to be beneficial in the treatment of infarct-induced
heart failure. Although angiotensin-converting enzyme in-
hibitors and angiotensin AT receptor antagonists have1

different mechanisms of action, they both diminish the
effects of angiotensin II by differential blockade of the
renin–angiotensin system. The angiotensin-converting en-
zyme inhibitors exert a cardioprotective effect by inhibit-
ing the formation of angiotensin II andror decreasing the
degradation of bradykinin. However, since angiotensin II
can also be generated by angiotensin converting enzyme-
independent enzymatic pathways, such as chymase, the
functional renin–angiotensin system blockade with an-
giotensin-converting enzyme inhibitors may not be com-
plete. Angiotensin AT receptor antagonists specifically1

block angiotensin AT receptors and potentially enhance1

the beneficial opposing effects of angiotensin AT receptor2

on endothelial proliferation, vasoconstriction, and tissue
Ž .repair Unger et al., 1998 . Therefore, angiotensin AT1

receptor antagonists may offer advantages over an-
giotensin-converting enzyme inhibitors in therapy of my-
ocardial infarction-induced heart failure.

In summary, this study demonstrates that chronic treat-
ment with a novel angiotensin AT receptor antagonist1

HR720 can attenuate cardiac hypertrophic remodeling, limit
infarct size and improve left ventricular function after
myocardial infarction in rats. Further investigations will be
required to determine the contribution of nitric oxide and
endothelin-1 to the angiotensin AT receptor antagonist-in-1

duced improvement of left ventricular remodeling and
dysfunction in this experimental model.
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