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1 We examined the e�ects of eprosartan, an AT1 receptor antagonist, on the progression of left
ventricular (LV) dysfunction and remodelling in dogs with heart failure (HF) produced by
intracoronary microembolizations (LV ejection fraction, EF 30 to 40%).

2 Dogs were randomized to 3 months of oral therapy with low-dose eprosartan (600 mg once
daily, n=8), high-dose eprosartan (1200 mg once daily, n=8), or placebo (n=8).

3 In the placebo group, LV end-diastolic (EDV) and end-systolic (ESV) volumes increased after
3 months (68+7 vs 82+9 ml, P50.004, 43+1 vs 58+7 ml, P50.003, respectively), and EF
decreased (37+1 vs 29+1%, P50.001). In dogs treated with low-dose eprosartan, EF, EDV, and
ESV remained unchanged over the course of therapy, whereas in dogs treated with high-dose
eprosartan, EF increased (38+1 vs 42+1%, P50.004) and ESV decreased (41+1 vs 37+1 ml,
P50.006), Eprosartan also decreased interstitial ®brosis and cardiomyocyte hypertrophy.

4 We conclude that eprosartan prevents progressive LV dysfunction and attenuates progressive LV
remodelling in dogs with moderate HF and may be useful in treating patients with chronic HF.
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Introduction

The process of LV remodelling during heart failure (HF) can
lead to progressive left ventricular (LV) dysfunction and is
ultimately associated with a poor prognosis. Activation of

neurohormones, including the renin-angiotensin system, plays
a key role in the ventricular remodelling process. In the
setting of HF, angiotensin-II exerts a number of harmful
e�ects on the cardiovascular system via activation of AT1

receptors. The trophic e�ect of angiotensin-II produced
locally by the myocardium is believed to contribute to
overload-induced myocardial mass augmentation, and has

been shown to stimulate myocyte hypertrophy and ®broblast
hyperplasia in vitro (de Lannoy et al., 1998; Dell'Italia et al.,
1997; Sadoshima & Izumo, 1993). In addition, angiotensin-II

causes apoptosis and/or necrosis of myocytes under certain
conditions (Kajstura et al., 1997; Tan et al., 1991).
The sympathetic nervous system and renin-angiotensin

system are also thought to be closely interrelated (Gilbert et
al., 1993; Litwin & Morgan, 1992). Angiotensin-II enhances
norepinephrine out¯ow by activating prejunctional AT1

receptors located on the sympathetic nerve terminals

(Clemson et al., 1994; Hatton & Clough, 1982; Rump et
al., 1994). Exposure to increased levels of norepinephrine can

lead to downregulation and uncoupling of b1-receptors,
which may contribute to myocardial dysfunction (Brodde et
al., 1998; Gengo et al., 1992; Steinfath et al., 1991).

Norepinephrine has also been shown to be cytotoxic and
capable of inducing apoptosis in cardiac myocytes (Commu-
nal et al., 1998). Regulation of AT1 receptors could
potentially modulate the progression of HF through

inhibition of norepinephrine release.
Long-term treatment with angiotensin converting enzyme

(ACE) inhibitors has been shown to ameliorate HF in

various animal models, as well as in humans (Goldstein et al.,
1995; Konstam et al., 1992; McKelvie et al., 1999; Sabbah et
al., 1994). The bene®cial e�ects of ACE inhibitors may arise

from blockade of angiotensin-II formation and/or through
prevention of the degradation of bradykinins. Conversely, the
e�ects of AT1 receptor antagonists on LV dysfunction and

LV remodelling in HF have not been fully established. In the
Evaluation of Losartan in the Elderly Study (ELITE II),
losartan reduced all-cause mortality, cardiovascular mortality
and hospitalization for HF with equal e�cacy compared with

patients treated with the ACE inhibitor captopril (Pitt et al.,
2000). Similarly, in the Randomized Evaluation of Strategies
for Left Ventricular Dysfunction Pilot Study (RESOLVD),

candesartan attenuated LV remodelling and increased LVEF
as e�ectively as enalapril. In addition, coadministration of
candesartan and enalapril attenuated LV remodelling as
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evidenced by a lesser increase in LV end-systolic and end-
diastolic volumes compared to candesartan alone or enalapril
alone (McKelvie et al., 1999).

The present study was designed to determine the e�ects of
early, long-term monotherapy with another AT1 receptor
antagonist, eprosartan, on the progression of LV dysfunction
and LV remodelling. Eprosartan has a unique chemical

structure which makes it highly selective for the AT1 receptor
subtype and is a competitive antagonist and can block
prejunctional angiotensin II receptors (Brooks & Ru�olo,

1999; Brooks et al., 1999; Ohlstein et al., 1997). Blockade of
prejunctional angiotensin II receptors may decrease norepi-
nephrine release, thus possibly attenuating the aforemen-

tioned detrimental e�ects of both angiotensin II and
norepinephrine on the myocardium. Eprosartan was pre-
viously shown to prevent a decrease in stroke volume and

ejection fraction and increase in ventricular chamber volume
in spontaneously hypertensive rats (Barone et al., 2001). The
addition of the eprosartan to an ACE inhibitor in patients
with heart failure was shown to decrease blood pressure

without a�ecting LV ejection fraction (Murdoch et al., 2001).
In the present study we did not test the e�ects of combined
therapy with eprosartan and ACE inhibition, and therefore, a

direct comparison with the above clinical trial is not possible.
Instead, our objective was to determine whether eprosartan
alone could attenuate the progression of heart failure.

Methods

Animal model

The canine model of chronic HF used in the present study

was previously described in detail (Sabbah et al., 1991).
Chronic LV dysfunction and failure were produced by
multiple sequential intracoronary embolizations with poly-

styrene Latex microspheres (70 ± 102 mm in diameter), which
results in loss of viable myocardium. In the present study, 24
healthy mongrel dogs underwent intracoronary microembo-

lizations to produce HF. Embolizations were performed 1 to
3 weeks apart and were discontinued when LV ejection
fraction, determined angiographically, was between 30 and
40%. Microembolizations were performed during cardiac

catheterization under general anaesthesia and sterile condi-
tions. The anaesthesia regimen used consisted of a combina-
tion of an intravenous injection of oxymorphone

(0.22 mg kg71), diazepam (0.17 mg kg71), and sodium pento-
barbital (150 ± 250 mg to e�ect). The study was approved by
the Henry Ford Health System Institutional Animal Care and

Use Committee and conformed to the `Position of the
American Heart Association on Research Animal Use' and
the Guiding Principles of the American Physiological Society.

Determination of doses of eprosartan

The high and low doses of eprosartan used in the study were

selected based on studies performed on three dogs with heart
failure instrumented for intra-arterial blood pressure mea-
surement. In each dog, systolic pressure was measured at

baseline and after a 3-min intravenous administration of
exogenous angiotensin-II (50 ng kg min71) su�cient to in-
crease blood pressure by 30 mmHg or more. Following this

initial pressor test, each dog received 1200 mg of oral
eprosartan. The pressor response with exogenous angioten-
sin-II was then repeated at 1, 4, 8, 12 and 24 h after

administration of eprosartan (Figure 1). With this dose of
eprosartan, the pressor response decreased by 90% at 4 h,
67% at 12 h and 36% at 24 h. This degree of suppression of
the pressor response was considered a surrogate to acceptable

blockade of the AT1 receptor. Based on these data, two ®xed
doses of eprosartan were chosen for the study, namely a low
dose of 600 mg once daily and a high dose of 1200 mg once

daily.

Study protocol

Two weeks after the last embolization procedure, dogs
underwent a pre-randomization left and right heart catheter-

ization. One day after cardiac catheterization, dogs were
randomized to 3 months of oral therapy with high-dose
eprosartan (1200 mg, once daily, n=8), low-dose eprosartan
(600 mg, once daily, n=8), or to placebo (vehicle once daily,

n=8). Haemodynamic, angiographic, echocardiographic, and
neurohormonal measurements were made at baseline, at the
time of randomization and prior to initiation of therapy and

at 3 months after initiation of therapy.

Haemodynamic and angiographic measurements

Aortic and LV pressures were measured with catheter-tip
micromanometers (Millar Instruments, Houston, TX,

U.S.A.). Cardiac output was measured in duplicate with a
Swan-Ganz catheter using the thermodilution method.
Cardiac index was calculated as the ratio of cardiac output
to body surface area. Systemic vascular resistance was

calculated as the di�erence between mean aortic pressure
and mean right atrial pressure times 80 divided by cardiac
output.

Left ventriculograms were obtained during each catheter-
ization after completion of the haemodynamic measurements
with the dog placed on its right side. Ventriculograms were

recorded on 35-mm cine at 30 frames per second during the
injection of 20 ml of contrast material (RENO-M-60 Squibb,

Figure 1 Temporal change in pressor response to intravenous
administration of angiotensin-II after oral administration of a single
dose of eprosartan (1200 mg). The pressor response was performed at
0, 1, 4, 8, 12 and 24 h after administration of eprosartan.
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Princeton, N.J., U.S.A.). Correction for image magni®cation
was made with a calibrated radiopaque grid placed at the
level of the LV. LV end-diastolic and end-systolic volumes

were calculated from ventricular silhouettes using the area-
length method (Dodge et al., 1966). LV ejection fraction was
calculated as the ratio of the di�erence between end-diastolic
and end-systolic volumes divided by end-diastolic volume

times 100. Extrasystolic and post-extrasystolic beats were
excluded from the angiographic analysis.

Echocardiographic measurements

Echocardiographic studies were performed using a Hewlett-

Packard model 77020A ultrasound system with a 3.5-MHz
transducer. Measurements were made during cardiac cathe-
terization with the dog placed in the right lateral decubitous

position. Echocardiograms were recorded on a Panasonic
6300 VHS recorder. The thickness of the intraventricular
septum and the thickness of the LV posterior wall were
determined using M-mode echocardiography according to the

recommendation of the American Society of Echocardiogra-
phy (Sahn et al., 1978). The thickness of the intraventricular
septum and the LV posterior wall were summed and

averaged to obtain a single representative measure of the
LV wall thickness. The end-diastolic LV major and minor
semiaxes at the midwall were measured from two-dimensional

echocardiograms using the apical four-chamber views. LV
end-diastolic circumferential wall stress was calculated as
previously described (Grossman, 1991).

Neurohormonal measurements

Venous blood samples were obtained from conscious dogs

one day before cardiac catheterization for evaluation of
plasma concentration of norepinephrine and angiotensin II.
Blood for norepinephrine analysis was collected in tubes

containing EGTA and reduced glutathione. Blood for
angiotensin II analysis was collected in tubes containing
ACE and protease inhibitors. To minimize possible varia-

tions, blood samples were always obtained between 0800 and
1000 h. Plasma norepinephrine concentration was measured
using high performance liquid chromatography (HPLC)
(Candito et al., 1990). Plasma immunoreactive angiotensin

II was measured by radioimmunoassay after extraction by
reversible absorption by phenyl silica and HPLC (Meng et
al., 1993; Nussberger et al., 1985).

Histologic and morphometric assessments

Samples for histological assessment were prepared as
described previously by Querejeta et al. (2000). Myocardial
samples from the LV free wall were ®xed in 10% bu�ered

formalin, embedded in para�n and sectioned into 4-mm thick
sections. Sections were then stained with collagen-speci®c
picosirius red (Sirius red F3BA in aqueous picric acid)
according to Dolber and Spach (Dolber & Spach, 1987).

Collagen volume fraction was determined by quantitative
morphometry with an automated image analysis system
(Mocha, Jandel Scienti®c). Sections were analysed under a

microscope by selecting 10 random ®elds remote from old
infarcts. Stained collagen areas were segmented by interactive
gray-level thresholding of shading corrected images. Collagen

volume fraction was calculated as the sum of all connective
tissue areas divided by the sum of all connective tissue and
muscle areas in all the ®elds analysed in each section. Para�n

embedded sections approximately 5-mm thick were prepared
and stained with Gordon and Sweets' method for reticulin
®bres (Gordon & Sweets, 1936) and used to delineate the
myocyte border. Ten radially oriented, scar free, microscopic

®elds (640) were selected at random from each section and
used to measure myocyte cross-sectional area by computer-
assisted planimetry (Liu et al., 1997). For comparison, tissue

samples from seven normal dogs were obtained, prepared and
studied in an identical manner.

Determination of brain or b-type natriuretic peptide
(BNP) mRNA

Total RNA from frozen LV specimens was isolated using an
RNA Stat-60 kit (Tel-Test `B' Inc, Friendwoods, TX, U.S.A.).
The concentration and the quality of the isolated RNA were
determined as previously described (Gupta et al., 1999).

Isolated total RNA (2 mg) was reverse transcribed using oligo
(dT) primers. The single-stranded cDNAwas ampli®ed by PCR
using Platinum Taq DNA-polymerase (Invitrogen, Carlsbad,

CA, U.S.A.). The thermal pro®le consisted of a denaturation
step at 948C for 30 sec, an annealing step of 558C for 45 sec,
and an extension step of 728C for 45 sec, repeated for 30 cycles.

The sequences for BNP sense and antisense primers were 5'-
GAACCCCTTCTGGGTTTGTT-3' and 5'-AGCCGATCTG-
GATGTTTGAG-3', respectively. The same samples were

subjected to PCR ampli®cation for GAPDH cDNA as an
internal standard to con®rm that equal amounts of RNA from
each sample were being analysed. The sequences of the primers
for GAPDH were 5'-ACCACCATGGAGAAGGCTGG-3' for
the sense strand and 5'-CTCAGTGTAGCCCAGGAT-3' for
the antisense strand. PCR ampli®cation produced 400-bp and
528-bp fragments originating from BNP mRNA and

GAPDH mRNA, respectively. PCR products were identi®ed
by electrophoresis using a 1% agarose-ethidium bromide gel.
The density of the bands were quanti®ed by using a Bio-Rad

model GS-670 imaging densitometer and expressed as
densitometric units. BNP values were normalized to the
housekeeping gene GAPDH whose expression is not altered
in heart failure (Igarashi-Saito et al., 1999; Smith et al., 1998;

Zarain-Herzberg et al., 1996). For comparison, LV tissue
samples from seven normal dogs were obtained, prepared and
studied in an identical manner.

Data analysis

Intragroup comparisons of haemodynamics, angiographic,
echocardiographic, and neurohormonal variables within each
of the three study groups were made between measurements

obtained just before initiation of therapy and measurements
made after completion of 3 months of therapy. For these
comparisons, a Student's paired t-test was used, and a
probability value less than 0.05 was considered signi®cant.

Study measures were tested at baseline before any emboliza-
tion and at the time of randomization before initiation of
therapy. Intergroup comparisons were made using a t-statistic

for two means. To assess treatment e�ect, the change (D) in
each measure from pre-treatment to post-treatment was
calculated for each of the three study arms. Comparisons
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were made between the placebo group and each of the active
treatment groups using a t-statistic for two means. For these
tests, a probability less than 0.05 was considered signi®cant.

The statistical analysis for histomorphologic measures and
for BNP mRNA was conducted separately. The data was
examined using a one way ANOVA with alpha set at 0.05. If
signi®cance was achieved, pairwise comparisons were per-

formed using the Student-Newman-Keuls test with P50.05
considered signi®cant. All data are reported as the mean+
s.e.mean.

Results

At baseline, all dogs in the study had haemodynamic and
angiographic ®ndings that were within normal limits for

mongrel dogs in our laboratory. Baseline data for all three
study groups are shown in Table 1. There were no signi®cant
di�erences in any of the baseline parameters between dogs
that were subsequently randomized to placebo to active

treatment with either low-dose or high-dose eprosartan.
Similarly, there were no signi®cant di�erences between the
three study groups in most of the parameters obtained just

prior to treatment (Table 2). Three measures, however, were
signi®cantly di�erent between placebo and high dose
eprosartan, speci®cally, LV end-diastolic pressure, peak

LV+dP/dt and end-diastolic wall stress. All three were lower
in the eprosartan group.

Effects of placebo on the progression of LV dysfunction
and remodelling

In dogs receiving placebo, LV ejection fraction decreased

signi®cantly during the 3 months of follow-up (Table 2,
Figure 2). This was accompanied by an increase in both LV
end-diastolic and end-systolic volumes (Table 2). Dogs

treated with placebo also showed a signi®cant decline in
peak +dP/dt (Table 2); while body weight, heart rate, mean
aortic pressure, cardiac index, LV end-diastolic pressure and

systemic vascular resistance remained unchanged after

3 months compared with measurements made at the time of
randomization.

Effects of monotherapy with low-dose eprosartan

In dogs treated with low-dose eprosartan (600 mg, once
daily), LV ejection fraction remained unchanged during

3 months of treatment (Table 2, Figure 2). There were no
progressive increases in either LV end-systolic or end-
diastolic volume over the course of 3 months of therapy

(Table 2). In this active treatment group, body weight, heart
rate, mean aortic pressure, cardiac index and systemic
vascular resistance also remained unchanged while LV end-

diastolic pressure decreased signi®cantly as did LV end-
diastolic wall stress (Table 2).

Effects of monotherapy with high-dose eprosartan

In dogs treated with high-dose eprosartan (1200 mg once
daily), LV ejection fraction increased signi®cantly during the

course of 3 months of therapy (Table 2, Figure 2). This
increase was accompanied by a signi®cant reduction of LV
end-systolic volume and a reduction of LV end-diastolic

volume; the latter, however, did not reach statistical
signi®cance (Table 2). The increase in peak +dP/dt was also
not signi®cant. LV end-diastolic pressure decreased signi®-

cantly, as did end-diastolic wall stress (Table 2). Body weight,
heart rate, mean aortic pressure, cardiac index and systemic
vascular resistance remained essentially unchanged (Table 2).

Norepinephrine and angiotensin II

There were no signi®cant di�erences between any of the

groups in plasma norepinephrine at pre- and post-treatment
except for animals treated with 600 mg eprosartan (Tables 2
and 3). In this group there was a signi®cant reduction in

plasma norepinephrine at post-treatment compared with pre-
treatment. There were also no signi®cant di�erences between
any of the groups in plasma angiotensin II levels at pre- and

post-treatment (Tables 2 and 3), indicating that eprosartan
did not increase circulating levels of angiotensin-II.

Comparisons of treatment effect

In the post-treatment analysis, comparisons were made
between the three treatment groups. Probability values based

on a t-statistic for two means are shown in Table 3. Both
low- and high-dose eprosartan signi®cantly increased LV
ejection fraction and LV peak +dP/dt compared with dogs

receiving placebo. Both LV end-diastolic and end-systolic
volumes were signi®cantly lower in both eprosartan dose
groups compared to placebo. No signi®cant di�erences were

noted between the three groups with respect to body weight,
heart rate, mean aortic pressure, cardiac index and systemic
vascular resistance. LV end-diastolic pressure and end-
diastolic wall stress were lower in active treatment groups

regardless of dose compared to placebo.
Compared to normal dogs, volume fraction of interstitial

®brosis was signi®cantly increased in placebo dogs (3.5+0.3

vs 11.9+0.8%, P50.05). Both low dose and high dose
eprosartan signi®cantly (P50.05) decreased interstitial ®bro-
sis compared with placebo (4.8+0.6% and 6.8+0.9%

Table 1 Baseline haemodynamic, angiographic and echo-
cardiographic measurements

Eprosartan
Placebo 600 mg 1200 mg

Body weight (kg) 26+2 23+1 24+1
HR (beats min71) 81+5 74+4 84+3
Mean AoP (mmHg) 100+5 98+4 94+6
LVEDP (mmHg) 9+1 7+1 9+1
+dP/dt (mmHg s71) 2195+83 2231+199 2166+134
CI (L min71 m72) 3.0+0.3 3.0+0.2 3.0+0.3
SVR (dynes s cm75) 3263+395 3131+131 3031+380
EDWS (g cm72) 30+2 29+3 33+3
EDV (ml) 58+6 57+3 58+3
ESV (ml) 28+3 27+1 27+1
EF (%) 52+1 52+1 55+1

HR, heart rate; AoP, aortic pressure; LVEDP, left-ventri-
cular diastolic pressure; CI, cardiac index; SVR, systemic
vascular resistance; EDWS, end-diastolic wall stress; EDV,
end-diastolic volume; ESV, end-systolic volume; EF, ejection
fraction.
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respectively) (Figure 3a ± c). Compared to normal dogs,
cardiomyocyte cross-sectional area was larger in placebo
treated dogs (316+18 vs 693+31 mm2, P50.05) (Figure 3d ±

f). Low-dose and high-dose eprosartan signi®cantly (P50.05)
decreased cardiomyocyte size compared with placebo
(386+22 mm2 and 368+36 mm2 respectively). Compared to

normal dogs, mRNA for BNP was signi®cantly increased in
placebo dogs (Figure 4). Eprosartan signi®cantly decreased
mRNA for BNP in a dose-dependent manner compared to

placebo (Figure 4). BNP mRNA was signi®cantly lower in
dogs treated with high dose eprosartan compared to dogs
treated with low dose.

Discussion

The present work demonstrates that dogs with moderate HF
randomized to monotherapy with low- or high-dose

eprosartan do not develop progressive LV dysfunction and
remodelling. LV ejection fraction and parameters of LV

remodelling remained unchanged during 3 months therapy in
dogs treated with low-dose eprosartan (600 mg once daily),
while dogs treated with high-dose eprosartan (1200 mg once
daily) showed a signi®cant reduction of LV of end-systolic

volume but not end-diastolic volume and a signi®cant
increase of LV ejection fraction. Both low- and high-dose
eprosartan also signi®cantly decreased interstitial ®brosis and

cardiomyocyte cross-sectional area, a measure of myocyte
hypertrophy. While cellular measures of LV remodelling
based on cardiomyocyte hypertrophy and interstitial ®brosis

did not directly correlate with the observed improvement in
LV ejection fraction and reduction in LV end-systolic volume
seen with high dose eprosartan, expression of BNP in LV
tissue did correlate. We observed a dose-dependent reduction

in the expression of BNP. BNP is a marker of LV dilation
and, as such, is expected to rise in tissue with progressive LV
enlargement and fall in association with reduction in LV size

(Cataliotti et al., 2001; Nishikimi et al., 1996).
Several studies have examined the e�ects of AT1 receptor

antagonists in animal models of heart failure. The AT1

antagonist, L-158,809 attenuated infarct expansion and early
LV remodelling in dogs with acute myocardial infarction
induced by coronary ligation (Ford et al., 1998). Positive

results have also been obtained from studies in which these
drugs acutely improved haemodynamic parameters in canine
models of HF induced by coronary microembolizations
(Wang et al., 1999), coronary ligation, or rapid ventricular

pacing (Yamamoto et al., 1997). Though chronic studies in
rats have demonstrated that AT1 receptor antagonists
ameliorate LV dysfunction and ventricular remodelling (Liu

et al., 1997; Richer et al., 1999; Sanbe & Takeo, 1995), the
bene®ts of these drugs in chronic models of canine HF have
not been as apparent.

Our laboratory had previously reported that early, long-
term treatment with low-dose valsartan (400 mg b.i.d.)
prevents the fall in LV ejection fraction in canine heart
failure, but does not inhibit ventricular remodelling, as

evidenced by a lack of reduction in LV chamber volumes
as well as myocyte hypertrophy and interstitial ®brosis
(Tanimura et al., 1999). High-dose valsartan (800 mg b.i.d.)

Table 2 Haemodynamic, angiographic, echocardiographic and neurohormonal measurements obtained before initiation and 3 months
after therapy

Eprosartan
Placebo 600 mg 1200 mg

Pre Post Pre Post Pre Post

Body weight (kg) 28+2 28+2 25+2 26+2 24+1 24+1
HR (beats min71) 83+5 83+2 83+6 86+7 80+3 82+6
Mean AoP (mmHg) 103+9 104+8 95+7 98+7 95+6 97+4
LVEDP (mmHg) 20+2 19+2 17+2 10+2* 12+0 8+1*
+dP/dt (mmHg s71) 2028+59 1570+78* 1855+109 2058+104* 1810+66 2036+106
CI (L min71 m72) 2.7+0.2 2.8+0.2 2.7+0.3 2.8+0.3 2.7+0.2 2.9+0.2
SVR (dynes s cm75) 3352+360 3194+326 3415+302 3445+402 3470+255 3376+268
EDWS (g cm72) 85+11 85+7 69+12 45+9* 47+3 27+4*
EDV (ml) 68+7 82+9* 67+3 68+3 65+2 63+2
ESV (ml) 43+1 58+7* 42+2 42+2 41+1 37+1*
EF (%) 37+1 29+1* 37+1 38+1 38+1 42+1*
PNE (pg ml71) 279+46 237+33 293+31 162+15* 283+37 215+33
ANG II (pg ml71) 6.7+5.1 9.6+9.5 8.3+5.9 15.9+8.9 25.6+11.9 30.5+13.3

Abbreviations same as in Table 1. PNE, plasma norepinephrine; ANG II, plasma angiotensin-II. *P50.05 vs baseline value.

Figure 2 Bar graph depicting left ventricular (LV) ejection fraction
before initiation of therapy and at the end of 3 months of therapy.
Values are means+s.e.mean for untreated dogs (con, control), dogs
treated with low-dose eprosartan (600 mg) administered once daily,
and dogs treated with high-dose eprosartan (1200 mg) administered
once daily. Probabilities refer to within-group comparisons between
pre-therapy and post-therapy with *P50.05.
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did not attenuate the progressive decline in LV ejection
fraction seen in untreated dogs and was associated with a
signi®cant increase in circulating plasma angiotensin-II levels

(Tanimura et al., 1999). The enhanced selectivity of
eprosartan for the AT1 receptor, and its ability to block
pre-junctional AT1 receptors may account for the bene®cial

e�ects of eprosartan in our model of heart failure, which
were not observed with valsartan. In the Valsartan Heart
Failure Trial (Val-Heft), valsartan had no e�ect on mortality
in patients with heart failure but signi®cantly improved the

combined end-point of event free survival. The latter included
death, cardiac arrest with resuscitation, hospitalization for
worsening heart failure, or therapy with intravenous

inotropes (Cohn & Tognoni, 2001. In Val-Heft, however,
valsartan when combined with an angiotensin converting

enzyme (ACE) inhibitor and a beta-blocker caused increased
adverse events (Cohn & Tognoni, 2001). Whether eprosartan
will have the same adverse e�ects when combined with an

ACE inhibitor or beta-blocker remains to be determined.
One of the proposed advantages of AT1 receptor blockade

versus ACE inhibition is that it may not interfere with the

postulated bene®cial e�ects of AT2 receptor stimulation.
Although the function of the AT2 receptor subtype has not
been clearly established, it has been suggested that it exerts
an anti-trophic action on cardiomyocytes and ®broblasts

(Siragy, 1999). AT2 receptors are predominant in foetal rat
brain, suggesting that the AT2 receptors may also be involved
in growth, development, and di�erentiation (Cook et al.,

1991; Zemel et al., 1990) or that the AT2 subtype may be a
precursor of the AT1 subtype (Cook et al., 1991). Selective

Table 3 Treatment-e�ect: comparison of pre-treatment to post-treatment D values, and probability values between the placebo group
and each of the two active treatment groups

Placebo Eprosartan 600 mg Eprosartan 1200 mg
P-value P-value

D D vs placebo D vs placebo

Body weight (kg) 0.3+0.6 0.5+0.6 0.760 70.1+0.5 0.625
HR (beats min71) 0+5 3+11 0.834 3+7 0.764
Mean AoP (mmHg) 0+5 3+8 0.809 2+8 0.960
LVEDP (mmHg) 71+1 77+2 0.030 74+1 0.039
+dP/dt (mmHg s71) 7458+92 203+81 0.001 226+111 0.001
CI (L min71 m72) 0.1+0.2 0.1+0.4 0.955 0.2+0.4 0.758
SVR (dynes s cm75) 7158+226 30+579 0.767 794+350 0.881
EDWS (g cm72) 0+7 723+10 0.067 720+5 0.035
EDV (ml) 14+3 1+1 0.003 72+1 0.001
ESV (ml) 15+3 0+1 0.001 75+1 0.001
EF (%) 78+1 1+1 0.001 5+1 0.001
PNE (pg ml71) 728+34 7131+27 0.030 769+32 0.398
ANG II (pg ml71) 2.9+4.8 7.6+3.6 0.450 4.9+11.5 0.880

Abbreviations same as in Table 2.

Figure 3 a ± c: Representative staining for interstitial ®brosis in LV of control (a), low-dose eprosartan (b) and high-dose
eprosartan (c) treated dogs. Interstitial ®brosis is indicated by dark purple staining. Original magni®cation 206. d ± f:
Representative photograph depicting cardiomyocyte hypertrophy in LV of control (a), low-dose eprosartan (b) and high-dose
eprosartan (c) treated dogs. Original magni®cation 406.
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AT1 blockade would not interfere with any of these
processes, nor would it a�ect angiotensin-II production,
leaving it available to interact with AT2 receptors.

The ability of eprosartan to inhibit norepinephrine release
from sympathetic nerve terminals may also account for its
cardioprotective actions (Brooks & Ru�olo, 1999; Brooks et
al., 1999; Ohlstein et al., 1997). b-adrenergic desensitization is

one pathophysiologically important alteration that occurs
during HF (Bristow et al., 1982; Packer, 1988). It has been
shown that the sympathetic nervous system and renin-

angiotensin system are closely associated (Gilbert et al.,
1993; Litwin & Morgan, 1992). Angiotensin-II acts as a
potent neuromodulator of norepinephrine release (Clemson et

al., 1994; Hatton & Clough, 1982; Isaacson & Reid, 1990;
Rump et al., 1994) and an inhibitor of norepinephrine
reuptake into the sympathetic nerve terminal (Hughes &
Roth, 1971; Kiran & Khairallah, 1969). Some studies have

shown that the reduction in angiotensin-II formation by ACE
inhibitors attenuates sympathetic drive to the heart and may
lead to the restoration of b-adrenergic receptor density

(Gilbert et al., 1993; Sanbe & Takeo, 1995). Other studies
have suggested that other AT1 receptor antagonists are also
able to block sympathetic nerve activity (Hughes & Roth,

1971; Murakami et al., 1997). However, these agents may

only inhibit sympathetic out¯ow at doses high enough to
increase plasma angiotensin-II level, while eprosartan acts at
doses that do not a�ect circulating angiotensin-II levels.

In the present study we observed signi®cant di�erences in
LV end-diastolic pressure, peak +dP/dt and end-diastolic
wall stress at pre-treatment between placebo and high dose
eprosartan. Variability in physiologic measures is an inherent

feature of studies using in vivo models. Table 3, in which
comparison of treatment e�ect is examined, eliminates some
of the potential bias that may arise when pre-treatment

values are signi®cantly di�erent, such as in the present study.
In addition to these variables, high dose eprosartan
consistently improved the other haemodynamic variables

measured and signi®cantly attenuated remodelling. The fact
that low-dose eprosartan also signi®cantly improved function
and remodelling lends further support to the ®nal conclusion

that eprosartan was bene®cial to the failing heart in our
model. We also observed that low dose eprosartan
signi®cantly reduced plasma norepinephrine concentration
whereas high dose eprosartan did not. We have no

explanation for this divergent ®nding except that plasma
norepinephrine concentration is quite variable as suggested
by the rather high values of standard error of the mean for

this measurement.
In conclusion, early, long-term therapy with eprosartan

prevents progressive LV dysfunction and attenuates LV

remodelling. These bene®cial e�ects of eprosartan compared
to other AT1 receptor antagonists may be due largely to high
selectivity for the AT1 receptor subtype, its action as a

competitive antagonist and its ability to block prejunctional
angiotensin-II receptors. Furthermore, since eprosartan is
e�ective at doses that do not a�ect circulating levels of
angiotensin-II, it is less likely to stimulate or interfere with

activity of the AT2 receptor subtype. Eprosartan also did not
a�ect mean aortic pressure, systemic vascular resistance or
heart rate, indicating that its cardioprotective e�ects were not

due to chronotropic or afterload modulation. It was also
recently shown that combined therapy with an ACE inhibitor
and eprosartan increased cardiac output in patients with

severe heart failure compared to those treated with an ACE
inhibitor alone (Gremmler et al., 2000). Together with the
present study, these data suggest that eprosartan may be
another potential pharmacological therapy to ameliorate

heart failure.
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grant from the National Heart, Lung, and Blood Institute,
HL49090-07.
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