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Abstract

The effects of two new non-peptide angiotensin receptor antagonists, irbesartan (SR 47436 /BMS-186295, (2-n-butyl-4-spiro-
cyclopentane-1-[((2'-tetrazol-5-yl)biphenyl-4-yl)methyl]2-imidazolin-5-one) and SR 47155A (2-n-butyl-4-spirocyclopentane-1-[((2'-
carboxy)biphenyl-4-y)methyl]-2-imidazolin-5-one, trifluoroacetate), on angiotensin II-induced pressor responses were studied in
the pithed rat in comparison to losartan, EXP 3174 and [Sar!,Val®,Ala®Jangiotensin II. SR 47155A (1-10 mg/kg i.v.) and
losartan (1-10 mg/kg i.v.) shifted dose dependently the dose-response curve of angiotensin II to the right without affecting the
maximal response. SR 47436 (0.3-10 mg/kg i.v.), EXP 3174 (0.03-1 mg/kg i.v.) and [Sar!,Val’,Ala®langiotensin II (0.03-1
mg/kg i.v.) induced, at least at high doses, a non-parallel shift to the right of the angiotensin II dose-response curve and this was
associated with a reduction of the maximal response. During a 70 min period, the effect of [Sar},Val® Ala®Jangiotensin IT (1
mg/kg i.v.) on the angiotensin II (0.3 wg/kg i.v.)-induced pressor response was shown to be reversible, the effect of SR 47155A
(10 mg /kg i.v.) was partially reversible and the effect of SR 47436 (3 mg /kg i.v.), EXP 3174 (1 mg/kg i.v.) or losartan (6 mg/kg
iv.) was not reversed at the end of this 70 min period. Administration of SR 47155A (10 mg/kg i.v.) before SR 47436 (1-10
mg/kg i.v.) reversed the reduced angiotensin II-maximal response induced by SR 47436. Administration of SR 47436 (10 mg /kg
i.v.) before SR 47155A (1-10 mg/kg i.v.) prevented the full development of the pressor response as observed in the absence of
SR 47436. In the pithed rat, SR 47436 (30 mg/kg i.v.) and losartan (30 mg/kg i.v.) reduced the change in diastolic blood pressure
induced by electrical stimulation of the spinal cord only at low stimulation rates. Taken together these results indicate that SR
47436, under in vivo conditions, is a potent non-peptide angiotensin receptor antagonist. The type of antagonism (partially
insurmountable but selective) can be explained by different theoretical models which are discussed.
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1. Introduction

The renin-angiotensin system is one of the hormonal
systems involved in the regulation of blood pressure.
The primary active peptide hormone of this system,
angiotensin II, is a powerful peripheral vasoconstrictor.
Use of specific antagonists of the angiotensin receptor
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has lead to a better understanding of the physiological
role of this peptide and practical importance of an-
giotensin receptor antagonists in various pathological
situations such as hypertension or heart failure. The
limited therapeutic utility of peptide antagonists such
as saralasin or sarmesin has lead to the synthesis of
specific, potent, long-acting and orally active non-
peptide angiotensin receptor antagonists without any
agonistic properties (Hodges et al., 1992; Timmermans
et al., 1991, 1992, 1993; Van Meel et al.,, 1993). Among
these compounds, it has now become clear that there
are two classes of antagonists of the angiotensin AT,
receptor: surmountable, competitive antagonists (such
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as S-8307 (Wong et al., 1988), losartan (Wong et al.,
1990b), SK&F 108566 (Edwards et al., 1992), BIBS 39
(Zhang et al., 1992), SC-51316 (Olins et al., 1992),
EXP6155 (Wong et al., 1989), EXP 6803 (Wong et al.,
1989) and E4177 (Okunishi et al., 1993)) and insur-
mountable, but selective antagonists (such as DuP 532
(Wong et al., 1991), EXP 3892 (Wong and Timmer-
mans, 1991), EXP 3174 (Wong et al., 1990a) BIBS 222
(Zhang et al., 1992), L-158,809 (Chang et al., 1992),
GR 117289 (Robertson et al., 1992), TCV-116 (Shibouta
et al., 1993), CV-11974 (Noda et al., 1993), BIBR 277
(Wienen et al., 1993) and CGP 48933 (Criscione et al.,
1993)). The mechanism of action linked to these differ-
ent classes of angiotensin receptor antagonists is not
known.

Irbesartan (SR 47436 /BMS-186295) is the lead
compound of a new series of imidazolones which are
highly specific and potent non-peptide angiotensin AT,
receptor antagonists (Cazaubon et al., 1993; Bernhart
et al., 1993). In the present study, we have assessed the
effects of this inhibitor on angiotensin II-induced pres-
sor responses in the pithed rat and we have tried to
elucidate the mechanism of action of this antagonism.
This study was conducted in comparison to other non-
peptide angiotensin receptor antagonists such as SR
47155A, an analogue of SR 47436 (Bernhart et al.,
1993), losartan, EXP 3174 and a peptide angiotensin
receptor antagonist [Sar!,Val® Ala®]angiotensin II. Al-
though definitely an in vivo preparation, as the spinal
cord is destroyed, the pithed rat preparation (Shipley
and Tilden, 1947) is devoid of neurogenic reflex control
that might otherwise modulate the primary drug effect.
Thus, this preparation gives an accurate assessment of
the direct effects of drugs on the cardiovascular system
under in vivo conditions.

2. Materials and methods

Normotensive male Wistar Janssen rats (approxima-
tively 300 g body weight) were anaesthetized with
pentobarbital sodium (60 mg/kg i.p.). After tracheal
intubation, rats were artificially ventilated with room
air using a respirator at a tidal volume of 2 ml /100 g
and at a rate of 60 strokes /min. Body temperature was
maintained at 37-38° C by a thermostatic heating sys-
tem.

The left carotid artery and the dorsal vein of the
penis were cannulated respectively for blood pressure
measurement, and iv. injection of drugs. Diastolic
blood pressure was measured via a catheter attached to
a pressure transducer coupled to a polygraph. Rats
were pithed (Shipley and Tilden, 1947) through the
orbit with a steel rod (diameter of 2 mm).

A total of 296 rats were used with 5-11 animals per
group.

2.1. Angiotensin Il antagonism

To test angiotensin Il antagonism, the preparation
was allowed to stabilize for 15 min after pithing and
before i.v. administration of NaCl (0.9%) or the drug to
be tested (SR 47436, SR 47155A, losartan, EXP 3174
or [Sar!,Val® Ala®langiotensin II). After an incubation
period of 15 min, a dose-pressor response curve was
obtained for angiotensin IT (0.003-300 ng/kg i.v.). For
the lower doses of angiotensin II (those which elicited
less than a 20 mm Hg rise in diastolic blood pressure)
full recovery was permitted. For higher doses, an-
giotensin II was injected cumulatively with each succes-
sive injection given immediately after the maximal ef-
fect of the preceding dose (usually 10-20 s). Only one
full dose-response curve was obtained with each ani-
mal.

2.2. Duration of angiotensin II antagonism

To determinate the duration of the drugs ant-
agonistic effect, the preparation was allowed to stabi-
lize for 15 min after pithing and before i.v. administra-
tion of angiotensin II 0.3 ug/kg iv. (dose which in-
duced at least 50% of the maximal response). This
response was considered as the reference response. 10
min later, NaCl (0.9%) or the drug to be tested (SR
47436, SR 47155A, losartan, EXP 3174 or [Sar!,Val’,
Ala®langiotensin II) was injected i.v. After 10 min,
angiotensin II was injected 7 times every 10 min. The
pressor response amplitude was measured after each
injection in order to observe the duration of the effect
of the different antagonists for a period of 70 min.

2.3. Interaction between SR 47436 and SR 471554

To study the effect of a putative interaction between
SR 47436 and SR 47155A on the dose-response curve
for angiotensin II, the preparation was allowed to
stabilize for 15 min before i.v. administration of NaCl
(0.9%) or SR 47155A (10 mg/kg i.v.). 10 min later,
NaCl (0.9%) or SR 47436 (10, 20 or 30 mg/kg i.v.) was
injected 1.v. After an incubation of 10 min, a dose-pres-
sor response curve was constructed for angiotensin II
in the same way as with group 1. In an other group, the
injection order was reversed: SR 47436 (10 mg /kg i.v.)
was first administered and afterwards SR 47155A (1, 3
or 10 mg/kg i.v.). Minimal active doses were chosen
under these experimental conditions.

2.4. Effect of SR 47436 and losartan on spinal cord
stimulation-induced pressor responses

Atropine (1 mg/kg iv.) and d-tubocurarine (5
mg /kg i.v.) were administered to bivagotomized pithed
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rats in order to block the parasympathetic system and
to prevent skeletal muscle contraction. The pithing
steel rod served as the stimulating electrode. A second
steel rod, used as the neutral electrode, was inserted
under the dorsal skin, parallel to the vertebral column.
The spinal cord was stimulated electrically for 60 s
every 5 min at 0.04-20 Hz with a rectangular pulse of 5
ms and 50 V with a stimulator coupled to an isolation
unit. After allowing diastolic blood pressure to stabi-
lize, a frequency-pressor response curve was con-
structed. SR 47436 or losartan (30 mg /kg i.v., maximal
tested doses on the post-synaptic receptor) was then
administered. 15 min later, a second frequency-pressor
response curve was constructed.

2.5. Data analysis

Pressor responses were assessed by changes in dias-
tolic blood pressure expressed in mm Hg. Since higher
doses of angiotensin Il induced a pressor response
lower than the observed maximal effect, experimental
data were adjusted by an iterative computed program
fitting experimental data to the theoretical curve de-
scribing the autoinhibition activity of a drug (Ariéns et
al., 1964). Adjustment of experimental data to the
theoretical curve was carried out using the Gauss-New-
ton-Marquardt method for a non-linear model with
several variables (Valké and Vajda, 1989). The quality
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Fig. 1. Structure of SR 47436 and of SR 47155A.

Table 1

Affinities for angiotensin AT, receptor antagonists measured on
binding studies and on rabbit aorta according to the methods de-
scribed by Cazaubon et al. (1993).

IC5, (nM)

Rat liver Rabbit aorta
SR 47436 1.3 4.0
SR47155A 10.0 63.0
Losartan 14.0 26.0
EXP 3174 2.0 04
Saralasin 24 2.7

of the adjustment was verified by the absence of statis-
tically significant differences between the observed re-
sults and the results calculated in accordance with the
model. Maximal effect (E,,,) and dose of the drug
inducing an effect equal to 50% of the maximal effect
induced by the drug (ED,;) were determined from the
results of this fitting program.

Results were expressed as means + S.E.M. Compar-
ison between two means was made using a Student’s
t-test for paired variables. Comparison between several
means was made using a F-test (variance analysis with
one classification parameter).

2.6. Drugs used

The following drugs were used: SR 47436 (2-n-butyl-
4-spirocyclopentane-1-[((2'-tetrazol-5-yDbiphenyl-4-yl)-
methyl]-2-imidazolin-5-one, Fig. 1), SR 47155A
(2-n-butyl-4-spirocyclopentane-1-[((2’-carboxy)biphenyl-
4-yDmethyl]-2-imidazolin-5-one,trifluoroacetate, Fig. 1),
EXP 3174, losartan (all synthetized in the Chemistry
Department of Sanofi Research, Montpellier and dis-
solved in water with free base arginine), [Sar!,
Val® Ala®langiotensin II (saralasin) and angiotensin 11
(Sigma, dissolved in water). The dose-response curve
for angiotensin II was not modified by the presence of
12.5 mg/kg i.v. free base arginine (data not shown).
Drugs were always injected at a constant volume of 0.5
ml/kg i.v. Choose of the doses to be used is based on
the affinities of these drugs for angiotensin AT, recep-
tors in binding studies and on rabbit aorta (Guiraudou
et al., 1993; Bernhart et al., 1993; Cazaubon et al.,
1993). These values are described in Table 1.

3. Results
3.1. Effect on basal pressure
After pithing, diastolic blood pressure (DBP) mea-

sured in the rat was 41.0+ 0.4 mm Hg (n=296).
Injection of SR 47436 (0.3-10 mg/kg i.v.), SR 47155A
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(1-10 mg/kg iv.), EXP 3174 (0.03-1 mg/kg i.v.) or
losartan (1-10 mg /kg i.v.) induced no increase in DBP.
This effect contrasted with the 20-30 mm Hg DBP
phasic increase induced by injection of 0.03—-1 mg/kg
i.v [Sar!,Val®,Ala®Jangiotensin II. 15 min after the in-
jection of [Sar!,Val®,Ala®langiotensin II, DBP returned
to the control value. SR 47436 (at doses >3 mg/kg
i.v), losartan (at doses > 6 mg/kg i.v.), EXP 3174 (at
doses > 1 mg/kg i.v.) and SR 47155A (at doses > 10
mg/kg iv.) induced a 7-10 mm Hg diastolic basal
blood pressure decrease observed 15 min after the
injection.

3.2. Effect on the angiotensin Il dose-response curve

In the pithed rat, angiotensin II dose dependently
increased DBP. The maximal pressor response ob-
served under our experimental conditions was 79.0 +
1.6 mm Hg (n =48). The half maximal effect was
observed at 0.207 + 0.036 ug/kg i.v. (n = 48).

SR 47436 dose dependently inhibited the pressor
response to angiotensin II. Increasing doses of SR
47436 caused a rightward shift of the angiotensin II
dose-pressor response curve with a reduction of the
maximum response (Fig. 2). This shift was parallel at
doses lesser than 3 mg/kg iv. and non-parallel at
doses higher than 3 mg/kg i.v. The curve was shifted
by a factor of 0.1, 2.3, 5.7, 12.0, 122.6 and 449.4,
respectively, for 0.3, 0.6, 1, 3, 6 and 10 mg/kg i.v. At
the same time, the maximum response was inhibited by
8.6, 14.0, 22.7, 27.7, 26.8 and 49.6%.

This insurmountable effect of SR 47436 contrasted
with the effect of SR 47155A and losartan which dose
dependently inhibited the pressor response to an-
giotensin II. Increasing doses of both drugs reduced
neither the maximal amplitude nor the slope of an-
giotensin II dose-pressor response curve (Fig. 2). How-
ever, both drugs shifted the angiotensin II dose-pressor
response curve to the right in a parallel manner, sug-
gesting competitive antagonism. For SR 47155A the
curve was shifted by a factor of 1.1, 3.1 and 6.7,
respectively, for 1, 3 and 10 mg/kg i.v. For losartan the
curve was shifted by a factor of 1.6, 3.4, 26.5 and 35.5
respectively for 1, 3, 6 and 10 mg/kg i.v.

EXP 3174 dose dependently inhibited the pressor
response to angiotensin II. Increasing doses of EXP
3174 caused a non-parallel, rightward shift of the an-

giotensin II dose-pressor response curve with a reduc-
tion of the maximum response (Fig. 2). The curve was
shifted by a factor of 3.1, 4.3, 10.7 and 23.2, respec-
tively, for 0.03, 0.1, 0.3 and 1 mg/kg i.v. At the same
time, the maximum response was inhibited by 7.2, 15.3,
30.7 and 70.3%.

[Sar!,Val®,Ala®Jangiotensin II dose dependently in-
hibited the pressor response to angiotensin II. Increas-
ing doses of [Sar!,Val’ Ala®langiotensin II caused a
non-parallel, rightward shift of the angiotensin Il
dose-pressor response curve with a reduction of the
maximum response (Fig. 2). The curves were shifted by
a factor of 1.8, 2.4, 3.4 and 2.8, respectively, for 0.03,
0.1, 0.3 and 1 mg/kg i.v. At the same time, the maxi-
mum response was inhibited by 0.4, 13.1, 18.3 and
26.3%.

3.3. Duration of the antagonistic effect

In the pithed rat, 0.3 ug/kg iv. angiotensin II
induced a phasic increase in DBP of 53.6 + 1.5 mm Hg
(n =39). The presence of NaCl 0.9% did not modify
this increase during the seven successive injections of
angiotensin II (Fig. 2 right side). SR 47436 3 mg /kg i.v.
(like losartan 6 mg/kg i.v. and EXP 3174 1 mg/kg i.v.)
inhibited for at least 70 min the pressor response to
angiotensin II. This effect contrasted with the re-
versible inhibition of SR 47155A (10 mg/kg iv.) or
[Sar!,Val®,Ala®langiotensin II (1 mg/kg iv.) on the
pressor response induced by angiotensin II. [Sar!,
Val’,Ala®langiotensin 1I reversed the effect of an-
giotensin II at a faster rate than SR 47155A.

3.4. Interaction between SR 47436 and SR 471554

In the presence of 10 mg/kg iv. SR 47436, the
dose-response curve to angiotensin II was shifted to
the right (Fig. 3) by a factor of 651 and the maximal
pressor response of the pithed rat was inhibited by
22.8%. Under these conditions, SR 47155A produced
(Fig. 3) a parallel shift to the right of the dose-response
curve for angiotensin II without further reduction of
the maximum response. The curve was shifted by a
factor of 3.6 for 30 mg/kg i.v. At this dose, the maxi-
mal pressor response did not return to the level ob-
served in the absence of SR 47436.

In the presence of 10 mg/kg i.v. SR 47155A, the

Fig. 2. Left side: effect of SR 47436, SR 47155A, losartan, EXP 3174 and [Sar"Val’,Ala®langiotensin II on the dose-response curve for
angiotensin II in the pithed rat. The abscissa is the dose of angiotensin II expressed as wg/kg i.v. The ordinate is the increase in diastolic blood
pressure expressed as mm Hg. Vertical bars represent S.E.M.. When S.E.M. bars are absent, the S.E.M. was smaller than the symbol. Solid lines
represent the fitted curves (see Methods). Symbol: control (8), 0.03 (a), 0.1 (W), 0.3(¥),0.6(#),1(0),3(a),6(0)or 10(v) mg/kg i.v. Right
side: duration of the effects of SR 47436 (3 mg/kg i.v.), SR 47155A (10 mg/kg i.v.), losartan (6 mg/kg iv.), EXP 3174 (1 mg/kg i.v.) and
[Sar’Val®,Ala®Jangiotensin 11 (1 mg/kg i.v.) on the angiotensin II (0.3 wg/kg i.v.) pressor response in the pithed rat. The abscissa is the time
expressed in min. The ordinate is the increase in diastolic blood pressure expressed as mm Hg. Vertical bars represent S.E.M. Number of

observations: six to nine.
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maximal pressor response to angiotensin II was not
modified (79.7 +8.7 mm Hg, n=6). However the
dose-response curve was shifted (Fig. 3) to the right by
a factor 12.3. In the presence of SR 47155A, increasing
doses of SR 47436 produced (Fig. 3) a parallel shift to
the right of the dose-response curve for angiotensin 11
without a statistical significant change in the maximal
pressor effect. The curve was shifted by a factor of
16.0, 28.4 and 95.1 respectively, for 1, 3 and 10 mg/kg
i.v. The maximal pressor response observed was always
higher than that observed in the absence of SR 47155A.

3.5. Effect on the frequency-pressor response curve

Electrical stimulation of the spinal cord caused (Fig.
4) a frequency dependent increase in DBP, with a
maximal increase of 80 mm Hg at 20 Hz. SR 47436 and
losartan, both at 30 mg/kg i.v., half reduced the pres-
sor responses to spinal cord stimulation within a stimu-
lation rate range of 0.2-4 Hz.

4. Discussion

4.1. Effect of SR 47436 and SR 47155A on basal blood
pressure

Both SR 47436 and SR 47155A decreased basal
blood pressure in the pithed rat. This effect has also
been observed previously with other non-peptidic an-
giotensin receptor antagonists such as losartan (Wong
and Timmermans, 1991), EXP3892 (Wong and Tim-
mermans, 1991), EXP3174 (Wong et al., 1990a),

EXP6155 (Wong et al., 1989) or EXP6803 (Wong et al.,
1989). This action has been attributed to blockade of
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Fig. 4. Effect of vehicle (0), SR 47436 (a) or losartan (M) on the frequency-response curve induced by electrical stimulation of the spinal cord of
the pithed rat. The abscissa is the stimulation rate expressed as Hz. The ordinate is the increase in diastolic blood pressure expressed as mm Hg.
Vertical bars represent S.E.M.. When S.E.M. bars are absent, the S.E.M. was smaller than the symbol. Number of observations: five to eight.
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the vasoconstrictor effects of angiotensin II by these
antagonists due to the high plasma renin activity in the
pithed rat (Wong and Timmermans, 1991). None of
these compounds showed partial agonist activity of
short duration (15 min) unlike [Sar!,Val®,Ala®]angio-
tensin II.

4.2. Post-synaptic effects of SR 471554

SR 47155A antagonized the hypertensive action of
angiotensin II in the pithed rat. This compound in-
duced a parallel shift to the right of the dose-pressor
response curve for angiotensin II without any decrease
of the maximal observed effect. These results confirm
the data observed in vitro with isolated rabbit aorta
(Cazaubon et al., 1993; Guiraudou et al., 1993). When
SR 47155A (10~% M) shift the concentration-response
curve by a factor of 60, the antagonism remains totally
surmountable. This contrasts with the effect of SR
47436. A same factor of shift of 60 times is observed
with a SR 47436 dose of 1077 M and in this case, the
antagonism is insurmountable (Guiraudou et al., 1993).
Structure of SR 47155A and SR 47436 are very close
except that SR 47155A has a carboxy group and SR
47436 has a tetrazole. The fact that a small change
introduced a difference in the antagonism was not
surprising because it is now demonstrated using differ-
ent chemical series that subtle changes in the struc-
ture-activity relationships of a selection of non-peptide
ligands can produce a whole spectrum of antagonistic
effects (Noda et al., 1993).

4.3. Post-synaptic effects of SR 47436

SR 47436 antagonized the hypertensive action of
angiotensin II in the pithed rat. This compound in-
duced, at least at high doses, a non-parallel shift to the
right of the dose-pressor response curve for an-
giotensin II and decreased the maximal observed ef-
fect. This results confirms the data observed in vitro
with isolated rabbit aorta (Cazaubon et al., 1993;
Guiraudou et al., 1993). This type of response can be
explained by different mechanisms such as non-compe-
titive inhibition, mixed competitive /quasi non-compe-
titive antagonism (Moore et al., 1984), irreversible or
slowly dissociable competitive antagonism (Pendleton
et al., 1989), heterotropic or homotropic cooperativity
(De Chaffoy de Courcelles et al., 1986; Moore and
Scanlon, 1989; Scanlon et al., 1990) or reversible and
syntopic action (Liu et al., 1992)

Non-competitive antagonism?

A non-parallel shift to the right of the dose-pressor
response curve and a decrease of the maximal observed
effect can be a typical profile of non-competitive antag-
onism (Ariéns et al., 1964). However, in rat liver mem-

brane preparation, the competitive nature of SR 47436
was shown by the Scatchard plot (Cazaubon et al,
1993). In addition, no activity of SR 47436 has been
demonstrated on other types of receptors than the
angiotensin receptor. SR 47436 is ineffective against
hypertension induced by vasopressin (data not shown)
in the pithed rat or against contraction induced by
noradrenaline or KCl in isolated rabbit aorta (Cazau-
bon et al., 1993). Binding data suggest no effect on «;-
or a,-adrenoceptors, 5-HT, or 5-HT, serotoninergic
receptors, endothelin receptors, bradykinin receptors,
neurotensin receptors, V; or V, vasopressin receptors,
Ca%* channels, Na*/ Ca’* or Na*/ H" antiports
(Cazaubon et al.,, 1993). The existence of different
subtypes of angiotensin receptors (angiotensin AT, and
AT, receptors) has now been demonstrated in both
different tissues and in the same tissue (Bumpus et al.,
1991; Timmermans et al., 1993). However, SR 47436
displayed a specific affinity for the angiotensin AT,
receptor and lacked affinity for the angiotensin AT,
receptor (Cazaubon et al., 1993; Delisée et al., 1993). It
has also been speculated that two subtypes of an-
giotensin AT, receptors (angiotensin AT,, and an-
giotensin AT, receptors) can exist (Zhang et al., 1992;
Timmermans et al., 1993) with a possible predomi-
nance of angiotensin AT, , receptor in vascular smooth
muscle. These subreceptors could be non-selectively
stimulated by angiotensin II but the maximal response
could be lower and the slope of the dose-response
curve flatter when only one subtype is stimulated. This
implies that angiotensin receptor antagonists act pref-
erentially on one or simultaneously on both receptor
subtypes. From our present study, it is difficult to
conclude that the decrease of the maximal effect in-
duced by SR 47436 is linked to the action of this
compound on one of these putative receptor subtypes.
Binding data suggest monophasic inhibition of SR
47436 on smooth muscle cells (Delisée et al., 1993)

Mixed competitive / quasi non-competitive antagonism?
Another possible explanation for the mechanism of
action of SR 47436 could be based on the model
developed by Regoli et al. (1974) and Moore et al.
(1984). On the basis of different substitutions made to
the 8th angiotensin II amino acid, it seems that the
angiotensin II active site is localized in two regions of
the molecule, i.e. a catalytic site comprising Tyr* and
His® residues and an accessory site comprising a Phe®
residue and the C-terminal carboxyl anion. The cat-
alytic site interacts with the receptor and permits the
binding of angiotensin II to the receptor. The two sites
are interdependent and a correct alignment of an-
giotensin II at the receptor requires information from
both regions of the angiotensin II molecule. The cat-
alytic site may be primarily responsible for the mecha-
nism of receptor activation. The accessory site, in addi-
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tion to its role in the activation process, may contribute
to increasing the binding affinity. In accordance with
this model (Moore et al., 1984), two types of an-
giotensin receptor antagonists can be distinguished.
First, agents as sarmesin ([Sar! Tyr(Me)*]angiotensin
II) are competitive antagonists (Moore et al., 1984;
Scanlon and Moore, 1988) with an antagonistic activity
on the catalytic site (where activation is impossible).
This antagonist binds only when in a correct alignment
with the angiotensin receptor. Second, agents as
[Sar! Ile®]angiotensin II have an antagonistic activity
due to the inability of the Ile® moiety to bring the Tyr*
residue and the angiotensin receptor into correct align-
ment except during the first minutes of binding. These
antagonists are specific for angiotensin receptors and
were described by Moore et al. (1984) as mixed com-
petitive /quasi non-competitive antagonists. Further
studies by Moore et al. (Scanlon et al., 1990; Moore et
al.,, 1991) suggest that this type of antagonist may
interact with a different ‘desensitizing’ site on an-
giotensin receptor from that occupied by angiotensin II
and angiotensin receptor antagonists such as sarmesin.
A positive charge on the second residue and on the
N-terminal region of the antagonist can modulate, by
different binding with this ‘desensitizing’ site, the po-
tency, the action duration and the type of antagonism
observed with each mixed competitive /quasi non-com-
petitve antagonist (Moore et al., 1991). The ant-
agonistic properties of SR 47436 correspond to the
properties of a competitive /quasi non-competitive an-
tagonist of the angiotensin receptor. Nevertheless, SR
47436 is a non-peptide molecule as opposed to sarmesin
or to saralasin and the alignment of SR 47436 to the
angiotensin receptor is until now unknown. Using
chimeric receptor constructions, Schambye et al. (1994)
show that the binding mode for peptide and non-
peptide ligands on the angiotensin AT, receptor is
rather different and that non-peptide angiotensin re-
ceptor antagonist determine binding to overlapping but
distinct sites located in transmembrane segments VI
and VII of the angiotensin receptor. Discrimination
between surmountable and insurmountable non-
peptide angiotensin receptor antagonists could be based
on this difference in binding but the existence of a link
between in vitro binding to chimeric receptor and
functional effects observed in vivo (in the pithed rat)
remains to be established. Further studies of the con-
formational state of SR 47436 are necessary to accept
or reject this competitive /quasi non-competitive antag-
onism of SR 47436

Irreversible or slowly dissociable competitive antagonism?

Pendleton et al. (1989) and Wienen et al. (1990)
have demonstrated that an insurmountable action of
different angiotensin receptor antagonists can be inhib-
ited by a preincubation with peptide or non-peptide

surmountable angiotensin receptor antagonist. This has
been made possible by the existence of differences in
the association and /or dissociation kinetics of the dif-
ferent antagonists which are in competition for the
same binding site. Pendleton et al. (1989) describes
antagonists demonstrating the same behaviour than SR
47436 as an irreversible or slowly dissociable competi-
tive antagonist. Our studies have shown that competi-
tive antagonists can have different binding kinetics: fast
in the case of SR 47155A and very slow for losartan as
already observed (Wong and Timmermans, 1991; Wong
et al., 1990b). Thus, it seems unlikely that the kinetics
of the antagonist action can be predictive for the type
of antagonism to be observed.

Heterotropic or homotropic cooperativity?

An other possible explanation for the type of antag-
onism existing between SR 47436 and angiotensin II
may be drawn from the work of De Chaffoy de Cour-
celles et al. (1986). These authors proposed a coupling
model in order to explain an unsurmountable ant-
agonistic effect. The receptor model depicts two bind-
ing sites on the receptor, one for the agonist and the
antagonist at the outer side of the membrane and
another for the transducing factor at the inner side of
the membrane (heterotropic cooperativity). According
to this model, the binding of the agonist to the outer
site leads to a coupling of the transducer at the inner
site and a subsequent activation of the signal transduc-
ing system. In this case, the fit on the binding sites of
the agonist and of the transducer is perfect. Binding of
a competitive or a non-competitive antagonist at the
outer site induces conformational changes at the outer
site and subsequently at the inner site. Addition of an
agonist displaces the antagonist but the antagonist-in-
duced conformational changes are only slowly re-
versible. In the case of competitive inhibition, the
antagonist-induced changes at the inner site reduce the
affinity of the transducer for this site (non-perfect fit).
In the case of non-competitive inhibition, the antago-
nist-induced changes at the inner site make coupling
with the transducer impossible. An additional feature
of this model is that competitive antagonists can dis-
place non-competitive antagonists and vice versa. Our
results have shown that, in the pithed rat, the interac-
tion of SR 47436 with its receptor can be modified by
the presence of SR 47155A. The order of administra-
tion is important because the effect secems to be deter-
mined by the first antagonist injected. Thus, this model
of De Chaffoy de Courcelles (De Chaffoy de Cour-
celles et al.,, 1986) could explain the effect observed
with SR 47436 and the cross reaction existing between
SR 47436 and SR 47155A. This explanation could
correspond to a general feature because such an inter-
action has been observed with other pairs of competi-
tive-non-competitive angiotensin receptor antagonists
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such as [SarlIle®]angiotensin II-losartan (Wienen et
al., 1990) or losartan-EXP 3892 (Timmermans et al.,
1991; Wong and Timmermans, 1991), [Sar!,Ile®Jangio-
tensin II-losartan (Van Meel et al., 1993; Wong and
Timmermans, 1991), [Sar! Ile®]angiotensin II-sarmesin
(Van Meel et al, 1993; Wienen et al., 1992) or
BIBR277-losartan (Wienen et al., 1993). The possibility
of homotropic cooperativity for the interaction of an-
giotensin II and its receptor can be associated to this
kind of heterotropic cooperativity, (Moore and Scan-
lon, 1989; Scanlon et al., 1990). According to Moore
and Scanlon (1989) and Scanlon et al. (1990), the
action of angiotensin II is linked to a 2-site agonist
binding mechanism involving receptors dimers. Binding
of angiotensin II to its receptor induces an increase in
its own receptor binding activity (homotropic coopera-
tivity) and influences heterotropic cooperativity. The
amplitude of this homotropic cooperativity depends on
the type of tissue. The presence of a competitive or a
slowly reversing competitive antagonist should only ef-
fectively decrease the number of receptors available to
the agonist and then produce a decrease in the ob-
served level of positive cooperativity. A non-competi-
tive antagonist such as [Sar! Ile®]angiotensin II (Moore
and Scanlon, 1989; Scanlon et al., 1990) should pro-
duce a negative cooperativity. The type of action of SR
47436 on heterotropic and /or homotropic cooperativ-
ity could be identified by a further study of the effect
of SR 47436 on different types of isolated organs.

Reversible and syntopic action?

Finally a last explanation could be based on the
model of Liu et al. (1992) developed from the opera-
tional model of agonism. Liu et al. (1992) attempted to
explain the apparent complexity of receptor antago-
nism by angiotensin receptor antagonists by a re-
versible and syntopic action at a single site of action of
the angiotensin receptor, action linked to a saturable
reduction in the apparent affinity and efficacy of an-
giotensin II. This change in efficacy could be linked to
an internalisation of the angiotensin receptor after its
occupation by angiotensin II or by the antagonist.
Efficacy of expression of angiotensin II at the an-
giotensin AT, receptor could be linked to the concen-
tration of external calcium (Whittaker, 1990). This
model has been evaluated with different peptide an-
giotensin receptor antagonists (Liu et al., 1992) and
remains to be evaluated with non-peptide angiotensin
receptor antagonists. This hypothesis is difficult to
assess using an in vivo preparation such as the pithed
rat as the concentration of agonist and antagonist at
the receptor site is not exactly known. Further quanti-
tative studies of the effect of SR 47436 on isolated
organs would be thus necessary to identify the exact
mechanism of action.

4.4. Presynaptic effects

Electrical stimulation of spinal cord in the pithed rat
induces a blood pressure increase linked to an increase
of the cardiac output and of the total peripheral resis-
tance (Wong et al., 1992; Kaufman and Vollmer, 1985).
Blood pressure and total peripheral resistance (but not
cardiac output) are inhibited by the presence of differ-
ent angiotensin receptor antagonists: S-8307 (Wong et
al., 1988), losartan (Wong et al., 1992), [Sar!,
Ile®langiotensin II (Ohlstein et al., 1992) or SK&F
108566 (Ohlstein et al., 1992). Our results also indicate
that SR 47436 inhibits the increase in blood pressure
induced by electrical stimulation of the spinal cord in
the pithed rat. Thus SR 47436, as losartan, acts on
prejunctional angiotensin receptors as already sug-
gested by the results obtained with electrical stimula-
tion of the spinal cord of spontaneously hypertensive
rats (Moreau et al., 1993). The pre-synaptic effect of
SR 47436 was observed with doses which produced a
maximal effect on the post-synaptic site.

4.5. Concluding comments

SR 47436 (0.3-10 mg/kg i.v.) shows in the pithed
rat an antagonistic activity against the pressor effect of
angiotensin II. The action of SR 47436 is more selec-
tive for a post-synaptic site of action vs. a pre-synaptic
site. The type of interaction existing between SR 47436
and angiotensin II at the post-synaptic level (partially
insurmountable, but selective antagonism) can be ex-
plained with different models and further studies are
necessary to discern among these models.
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