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Abstract

Ž X wŽ w xw x . xThe pharmacological profile of YM087 4 - 2-methyl-1,4,5,6-tetrahydroimidazo 4,5-d 1 benzazepin-6-yl carbonyl -2-phenylbenzani-
.lide monohydrochloride was investigated in dogs. YM087 showed high affinity for vasopressin V and V receptors in radioligand1A 2

Ž . Ž . Ž .receptor binding studies with dog platelets V and kidney V . Intravenously injected YM087 3–100 mgrkg dose dependently1A 2
Ž . Ž .inhibited the pressor response to exogenous vasopressin in anesthetized dogs. Intravenous 10–100 mgrkg and oral 30–300 mgrkg

administration of YM087 dose dependently increased urine flow with little effect on urinary sodium and potassium excretion in normally
Ž .hydrated conscious dogs. Concomitantly, the urine osmolality dropped below the plasma osmolality 300 mOsmrkg H O . In contrast,2

Ž .intravenously injected furosemide 300 mgrkg increased urine flow with marked increases in urinary sodium and potassium excretion.
These results indicate that YM087 is the first orally effective dual vasopressin V and V receptor antagonist and that it will be a new1A 2

tool in the investigation of the physiological and pathophysiological role of vasopressin in the cardiovascular system and kidney. YM087
may be useful for the treatment of patients with congestive heart failure, renal diseases and water-retaining diseases.
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1. Introduction

Arginine vasopressin is produced and secreted by the
hypothalamo-neurohypophysial system. The release of va-
sopressin from the posterior pituitary gland is stimulated
by an increase in plasma osmolality and by volume deple-
tion. Vasopressin has a wide variety of biological actions
in the body. In the periphery, two classes of vasopressin

Ž .receptor have been identified Michel et al., 1979 . The
vasopressin V receptor, which has been identified in1A

Žvascular smooth muscle, liver and platelets Thibonnier
.and Roberts, 1985 , is coupled to phosphoinositide hydrol-

2q Žysis and elevation of intracellular Ca Chen et al.,
.1978 . The vasopressin V receptor, which has been identi-2

fied in the kidney, stimulates the coupled adenylate cyclase
and increases cyclic AMP. Vasopressin has dual actions,
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i.e., vasoconstriction and water retention via vasopressin
V and V receptors, respectively, in the cardiovascular1A 2

system and kidney. Vasopressin may play a role in a
number of diseases, including congestive heart failure,
hypertension, renal disease, edema, hyponatremia and the
syndrome of inappropriate antidiuretic hormone secretion
Ž .Laszlo et al., 1991; Bouby et al., 1990 . The development
of vasopressin antagonists appears essential for assessing
the pathophysiological roles of vasopressin and could lead
to new therapeutic agents. Although a number of potent
and selective peptide antagonists have been developed
Ž .Manning and Sawyer, 1989 , the therapeutic usefulness of
such peptide analogs is limited by their lack of oral
activity. Recently, an orally effective, selective, nonpeptide
vasopressin V receptor antagonist was reported2
Ž .Yamamura et al., 1992 . The rapid water loss induced by
acute vasopressin V receptor blockade might lead to an2

increase in plasma osmolality and thereby stimulate vaso-
pressin release. Consequent vasopressin V receptor stim-1A
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X wŽFig. 1. Chemical structure of YM087, 4 - 2-methyl-1,4,5,6-tetrahydroim-
w xw x . xidazo 4,5-d 1 benzazepin-6-yl carbonyl -2-phenylbenzanilide monohy-

drochloride.

ulation by elevated plasma vasopressin might in turn in-
duce unfavorable effects in the cardiovascular system and
kidney. These undesirable effects could be prevented by
vasopressin V receptor blockade. We synthesized a se-1A

ries of azolbenzazepin derivatives to develop a novel
nonpeptide dual vasopressin V and V receptor antago-1A 2

Ž X wŽnist. Among these compounds, YM087 4 - 2-methyl-
w xw x .1,4,5,6-tetrahydroimidazo 4,5-d 1 benzazepin-6-yl car-

x .bonyl -2-phenylbenzanilide monohydrochloride was se-
lected. In the present study, we report the pharmacological

Ž .profile of YM087 Fig. 1 in dogs.

2. Materials and methods

2.1. Vasopressin radioligand receptor binding assays

Platelets and kidney preparations were prepared from
mongrel dogs of either sex weighing 8–15 kg. Canine
platelets were prepared by modification of a previously

Ž .described method Vittet et al., 1986 . Briefly, a citrated
dog blood sample was centrifuged at 200=g for 10 min

Žat room temperature, and the supernatant platelet-rich
.plasma was then centrifuged at 2500=g for 15 min at

room temperature. The obtained pellet was washed and
Ž wresuspended in iso-osmotic buffer 50 mM Tris hydroxy-

x Ž .methyl aminomethane hydrochloride pH 7.4 , 100 mM
sodium chloride, 5 mM disodium ethylenediamine tetrac-

.etate, 15 mM magnesium chloride . Canine kidney medulla
plasma membranes were prepared by a modification of a

Ž .previously described method Pettibone et al., 1990 . A
kidney was isolated and homogenized by using a Polytron

Ž . whomogenizer setting 7, 10 s=3 in 10 mM Tris hydroxy-
x Ž .methyl aminomethane hydrochloride pH 7.4 , containing

1 mM disodium ethylenediamine tetracetate and 0.5 mM
dithiothreitol. The homogenate was filtered through a sin-
gle layer of cheesecloth and centrifuged at 48 000=g for
20 min at 48C. The resulting pellet was washed twice and

Ž wresuspended in hypo-osmotic buffer 50 mM Tris hydroxy-
x Ž .methyl aminomethane hydrochloride pH 7.4 , 5 mM mag-

.nesium chloride . Competition binding experiments were
Žconducted at equilibrium platelets, 30 min, 308C; kidney,

. w3 x60 min, 258C , using 0.5 nM H vasopressin in

isorhypo-osmotic buffer containing 0.1% bovine serum
albumin in the presence of various concentrations of ago-
nists or antagonists. The reactions were stopped with cold

w xbuffer containing 50 mM Tris hydroxymethyl amino-
Ž .methane hydrochloride pH 7.4 , and 5 mM magnesium

chloride. Membrane-bound radioactivity was separated
from free ligand by filtration through a Whatman GFrC
filter, using a Brandel cell harvester. The filters were
washed twice and counted in a liquid scintillation counter.
Non-specific binding was determined by using 1 mM
unlabeled vasopressin. The concentration of test compound

Ž .that caused 50% inhibition IC of the specific binding50
w3 xof H vasopressin was determined by regression analysis

of displacement curves. The inhibitory dissociation con-
Ž .stant K was calculated from the following formula:i

Ž w x . w xK s IC r 1q L rK , where L is the concentration ofi 50 d

radioligand present in the tubes and K is the dissociationd

constant of radioligand obtained from the Scatchard plot.
Data were analyzed by using the GraphPad PRISM pro-

Ž .gram GraphPAD Software, San Diego, CA, USA .

2.2. Vasopressin V receptor antagonistic actiÕity1 A

Ž .Mongrel dogs of either sex 8–16 kg were anesthetized
Ž .with sodium pentobarbital 30 mgrkg i.v. . A constant

level of anesthesia was then maintained by i.v. infusion of
sodium pentobarbital at a rate of 3–5 mgrkgrh with an
infusion pump. After endotracheal intubation, the animals

Žwere artificially ventilated using a respiration pump SN-
.480-4, Shinano Seisakusho, Tokyo, Japan with room air

Ž .administered at 18 strokesrmin 20 mlrkg tidal volume .
Body temperature was maintained at 37–388C on a ther-

Žmostatically controlled heating table SN-662, Shinano
.Seisakusho, Tokyo, Japan . The right femoral artery was

catheterized for measurement of systemic blood pressure
Žwith a pressure transducer AP-600G, Nihon Kohden,

. ŽTokyo, Japan and heart rate with a tachometer AT-600G,
.Nihon Kohden, Tokyo, Japan triggered by the arterial

pulse wave. Changes in all parameters were recorded on a
Ž .polygraph RM-6000, Nihon Kohden, Tokyo, Japan . The

right femoral vein was cannulated for intravenous adminis-
tration of drugs. The vagus nerve was bilaterally resected
at the neck to exclude reflex andror indirect bradycardia
due to the systemic vasoconstriction andror the cardiac
parasympathetic nerve activation induced by vasopressin.

Table 1
w3 xEffects of YM087 and vasopressin on specific binding of H vasopressin

to canine platelets and kidney preparations

Ž .Compound K nMi

Ž . Ž .V platelets V kidney1A 2

YM087 0.61"0.16 0.66"0.30
Vasopressin 1.88"1.16 0.55"0.14

Values are the means"S.E.M. obtained from 4–5 independent experi-
ments performed in duplicate.
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Ž . Ž .Fig. 2. Inhibitory effects of YM087 v and OPC-21268 ` on the
pressor response to vasopressin in anesthetized dogs. Data are expressed
as the means"S.E.M. for 3 dogs per group.

ŽAfter an appropriate equilibration period, vasopressin 30
.mUrkg i.v. was injected at 60 and 30 min before drug

administration. The mean blood pressure response to the

second injection of vasopressin was defined as a control
Ž .100% response. Animals were treated with increasing
doses of drugs at approximately 40-min intervals. Ten
minutes after the administration of each dose of a drug, the
pressor response to vasopressin was determined. The data
were expressed as percent inhibition of the control pressor
response produced by vasopressin. The ID was the dose50

of drug inhibiting the control response by 50%.

2.3. Vasopressin V receptor antagonistic actiÕity2

Experiments were performed on conscious female Bea-
Ž .gle dogs 8–10 kg . Before but not during the experiment

the dogs received water ad libitum. A urinary bladder
Ž .catheter Foley Pediatric 8 Fr was inserted to collect urine

under local anesthesia. After consecutive 10-min urine
samples were collected for 30 min, the animals were i.v. or
p.o. dosed with the test drug and urine collection was
continued for a further 360 min. Urine osmolality was
measured by the freezing point depression method, using

Ž . Ž . ŽFig. 3. Effects of intravenous administration of YM087 v, 10; ^, 30; ', 100 mgrkg, , furosemide \, 300 mgrkg and vehicle `, 0.25 mlrkg, 50%
.ethanol on urine flow, urine osmolality, urinary sodium excretion and urinary potassium excretion in conscious dogs. Data are expressed as the

means"S.E.M. from 5 dogs per group except for the furosemide group, in which data are expressed as the means for 2 dogs.
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Ž .an osmometer Model 3C2, Advanced Instruments . Uri-
nary sodium and potassium concentrations were measured

Žby using a flame photometer Model 710, Hitachi, Tokyo,
.Japan .

2.4. Drugs and data analysis

Ž X wŽ wYM087 4 - 2-methyl-1,4,5,6-tetrahydroimidazo 4,5-
xw x . xd 1 benzazepin-6-yl carbonyl -2-phenylbenzanilide mono-

. Ž w w Žhydrochloride and OPC-21268 1- 1- 4- 3-acetyla-
. x x Ž .minopropoxy benzoyl -4-piperidyl -3,4-dihydro-2 1H -

.quinolinone were synthesized at Yamanouchi Pharmaceu-
Ž .tical Co. Ibaraki, Japan . Arginine vasopressin was ob-

Ž .tained from the Peptide Institute Osaka, Japan . The radi-
w3 xoligand H vasopressin was obtained from DuPont-New

Ž .England Nuclear Boston, MA, USA with a specific
activity of 80 Cirmmol. All other reagents were the best
grade commercially available. For in vitro binding studies,
YM087 was dissolved in dimethyl sulfoxide at 10y2 M
and diluted to the desired concentration with assay buffer.
The final concentration of dimethyl sulfoxide in the bind-

ing assay was 1% and had no effect on specific
w3 xH vasopressin binding. For vasopressin V antagonistic1A

activity studies, YM087 was dissolved in dimethylform-
amide and diluted with distilled water to yield a final
concentration of dimethylformamide -5%. The drug so-
lution was administered i.v. at a volume of 0.2 mlrkg. For
vasopressin V antagonistic activity studies, YM087 was2

dissolved in ethanol and diluted with distilled water to
yield a final concentration of ethanol -50%. The drug
solution was administered i.v. at a volume of 0.25 mlrkg.
For oral administration, YM087 was suspended in 0.5%
methylcellulose in water and administered in a volume of
0.5 mlrkg. All data are expressed as the means"S.E.M.

3. Results

3.1. Vasopressin radioligand receptor binding assays

YM087 and vasopressin competed with almost equal
w3 xpotency for H vasopressin binding to canine platelets

Ž . Ž .Fig. 4. Effect of oral administration of YM087 v, 30; ^, 100; ', 300 mgrkg and vehicle `, 0.5 mlrkg, 0.5% methylcellulose on urine flow, urine
osmolality, urinary sodium excretion and urinary potassium excretion in conscious dogs. Data are expressed as the means"S.E.M. for 5–7 dogs per
group.
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Ž . Ž .V and kidney V preparations. The calculated K1A 2 i

values of YM087 were 0.61"0.16 nM and 0.66"0.30
nM for vasopressin V and V receptors, respectively1A 2
Ž .Table 1 . The K values of vasopressin were 1.88"1.16i

nM and 0.55"0.14 nM for vasopressin V and V1A 2

receptors, respectively. YM087 therefore possesses high
and equal binding affinity for the vasopressin V and V1A 2

receptor subtype binding sites, with K values comparablei

to those of vasopressin in the subnanomolar range.

3.2. Vasopressin V receptor antagonistic actiÕity1 A

In anesthetized dogs, intravenous administration of
Ž .YM087 3–100 mgrkg dose dependently inhibited vaso-

pressin-induced pressor responses without changing basal
Ž .blood pressure Fig. 2 . ID values of YM087 and the50

selective vasopressin V antagonist OPC-21268 were 26.01A

mgrkg i.v. and 2550 mgrkg i.v., respectively, making the
vasopressin V antagonistic activity of YM087 approxi-1A

mately 100 times more potent than that of OPC-21268.
The pressor responses to repeated challenge with vaso-
pressin in animals treated with vehicle were consistent
Ž .data not shown .

3.3. Vasopressin V receptor antagonistic actiÕity2

In conscious dogs, intravenous administration of YM087
Ž .10–100 mgrkg dose dependently increased urine flow
and decreased urine osmolality with little effect on urinary

Ž .sodium and potassium excretion Fig. 3 . In contrast,
intravenous administration of furosemide at a dose of 300
mgrkg markedly increased urinary sodium and potassium

Ž .excretion. Oral administration of YM087 30–300 mgrkg
Ž .also produced a dose-dependent aquaresis Fig. 4 .

4. Discussion

The present study demonstrates that YM087 is the first
orally effective dual vasopressin V and V receptor1A 2

antagonist. Vasopressin receptors in platelets have been
Židentified as vasopressin V receptors DiTullio et al.,1A

. Ž1985; Vanderwel et al., 1983 , as have vascular Fox,
. Ž1988; Thibonnier and Roberts, 1985 and hepatic Vittet et

.al., 1986 vasopressin receptors. We therefore used platelets
and kidney from dogs to evaluate the affinity of the
nonpeptide antagonist YM087 for vasopressin V and V1A 2

receptors. In the present binding studies, YM087 exhibited
high and equal binding affinity for the vasopressin V and1A

V receptor subtype binding sites with K values compa-2 i

rable to those of vasopressin in the nanomolar range.
To investigate whether YM087 acts as a dual vaso-

pressin V and V receptor antagonist in vivo, we exam-1A 2

ined the effects of YM087 in anesthetized and conscious
dogs. The vasopressin V receptor antagonistic property1A

of YM087 was demonstrated in anesthetized dogs by the
dose-dependent inhibition of the pressor responses induced
by vasopressin bolus injection. YM087 was approximately
100-fold more potent than the selective vasopressin V1A

Ž .receptor antagonist OPC-21268 Yamamura et al., 1991 ,
as measured by the ID value.50

In conscious dogs, YM087 dose dependently increased
urine flow and reduced urine osmolality with little effect
on urinary sodium and potassium excretion. The two doses
Ž .30 and 100 mgrkg i.v. markedly decreased urine osmo-
lality to less than 100 mOsmrkg H O, strongly suggesting2

that YM087 antagonizes the antiaquaretic effect of endoge-
nous vasopressin mediated by vasopressin V receptors in2

the kidney. Furosemide induced marked increases in uri-
nary sodium and potassium excretion because of its effect
as a potent loop diuretic. Thus the mechanisms of action of
YM087 and conventional diuretics are fundamentally dif-
ferent. Furthermore, oral administration of YM087 induced
a dose-dependent aquaresis in conscious dogs. YM087 was
very well absorbed, since the aquaretic effect obtained at
30 mgrkg i.v. was nearly the same as that at 100 mgrkg
p.o. Under the same experimental conditions, we con-
firmed that the selective vasopressin V antagonist OPC-2

Ž .31260 Yamamura et al., 1992 also induced an aquaretic
Ž .effect data not shown .

It has been reported that intravenous and oral adminis-
tration of OPC-31260 induces an increase in plasma osmo-
lality and a rapid elevation of plasma vasopressin in
humans and dogs, and that these effects are due to rapid
water loss as a result of vasopressin V receptor blockade2
ŽOhnishi et al., 1993, 1995; Shimizu, 1995; Naitoh et al.,

.1994 . It is therefore conceivable that in the presence of
vasopressin V receptor blockade the increased circulating2

levels of vasopressin could interact with the vasopressin
V receptor subtype to produce an undesirable biological1A

response in some diseases, including congestive heart fail-
ure and renal disease. This consideration is supported by
several studies which have shown that combined adminis-
tration of vasopressin V and V receptor antagonists1A 2

exerts a more beneficial effect than that produced by each
antagonist alone in dogs with congestive heart failure
Ž .Naitoh et al., 1994 , and that a combination of vasopressin
V and V receptor antagonists produces renal protective1A 2

Žeffects in rats with progressive renal failure Okada et al.,
.1994 . In the present study, we demonstrated that YM087

could block vasopressin V receptor agonism by exoge-1A

nously administered vasopressin in the dose range in which
YM087 induces aquaresis. YM087 therefore offers advan-
tages over selective vasopressin V and V receptor an-1A 2

tagonists in the treatment of some diseases, including
congestive heart failure and renal disease.

The present study reveals that YM087 is the first orally
active, potent, nonpeptide dual vasopressin V and V1A 2

receptor antagonist. YM087 may therefore be a new tool
for the investigation of the physiological and pathophysio-
logical role of AVP in the cardiovascular system and
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kidney. The therapeutic potential of the drug will be
evaluated in clinical studies.
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