
Ž .European Journal of Pharmacology 362 1998 229–233

Binding of YM158, a new dual antagonist for leukotriene D and4

thromboxane A receptors, to guinea pig lung membranes2

Yasuhito Arakida ), Keiko Ohga, Seiji Kobayashi, Masaki Yokota, Keiji Miyata,
Toshimitsu Yamada, Kazuo Honda

Inflammation Research Pharmacology Laboratories, Institute for Drug DiscoÕery Research, Yamanouchi Pharmaceutical, 21, Miyukigaoka,
Tsukuba-shi, Ibaraki 305-8585, Japan

Received 18 September 1998; revised 20 October 1998; accepted 23 October 1998

Abstract

Arachidonic acid metabolites mediate inflammatory responses at a cellular level. The affinity of the newly synthesized compound
wŽ . x X w Ž . x X Ž .YM158, 3- 4-tert-butylthiazol-2-yl methoxy -5 - 3- 4-chlorobenzenesulfonyl propyl -2 - 1 H-tetrazol-5-ylmethoxy benzanilide

monosodium salt monohydrate, for leukotriene D and thromboxane A receptors was examined in radioligand binding assays. YM1584 2
w3 x w3 x Ž .inhibited H leukotriene D and H U46619 9,11-dideoxy-11a ,9a-epoxymethanoprostaglandin F binding to guinea pig lung4 2a

membrane preparations, with K values of 0.64"0.06 nM for leukotriene D and 5.0"0.88 nM for thromboxane A receptors. Thei 4 2
Ž .Hill coefficients n did not significantly differ from unity, indicating that this antagonism is competitive. In contrast, YM158 showedH

Ž .no affinity for several other receptors, including neurotransmitter-related a -, a -, b-adrenoceptors, histamine, 5-HT, muscarinic, s ,1 2

C , opioid, Ca2q channel, Kq channel, protein kinase C, bradykinin, endothelin, neurokinin and platelet activating factor receptors.5a

These studies indicate that YM158 is a highly selective dual antagonist for leukotriene D and thromboxane A receptors, and this has4 2

potential clinical and research applications. q 1998 Elsevier Science B.V. All rights reserved.

Keywords: Leukotriene; Thromboxane; YM158

1. Introduction

Cyclooxygenase and 5-lipoxygenase metabolites of
arachidonic acid are important mediators of allergic re-

Ž .sponses in the pathogenesis of asthma Barnes, 1992 .
Ž . ŽCysteinyl-leukotrienes leukotriene C rD rE Samuels-4 4 4

.son, 1983 are 5-lipoxygenase products of arachidonic acid
metabolism. They are currently considered to be major
constituents of the slow-reacting substance of anaphylaxis
Ž .Feldberg and Kellaway, 1938 . Cysteinyl-leukotrienes in-

Žduce airway smooth muscle contraction Dahlen et al.,´
.1980; Ueno et al., 1982 and increase vascular permeabil-

Ž .ity Peck et al., 1981; Rinkema et al., 1984 . The potent
cysteinyl-leukotriene receptor antagonists, pranlukast
Ž . Ž .Nakagawa et al., 1992 and zafirlukast Krell et al., 1990 ,

Žalready in use as agents to treat bronchial asthma Busse,
.1996 .

) Corresponding author. Tel.: q81-298-52-5111; Fax: q81-298-54-
1519; E-mail: arakida.yasuhito@yamanouchi.co.jp

The role of thromboxane A in asthma has also been2

widely investigated. Thromboxane A contributes to the2
Žbronchoconstriction Nagai et al., 1991; Francis et al.,

. Ž1991 and airway hyperreactivity Jones et al., 1992;
.Minoguchi et al., 1992; Nagai et al., 1993 commonly seen

in this ailment. As a result, it is likely that thromboxane
A plays an important role in bronchial asthma and airway2

hyperreactivity. As further evidence, a thromboxane A 2
Ž .receptor antagonist, seratrodast Fujimura et al., 1991 , is

already in use as an anti-asthmatic agent in Japan.
The role of cysteinyl-leukotrienes and thromboxane A 2

in asthma is thought to be different. This strongly suggests
that a multi-pathway inhibitory agent, such as a broad-
spectrum receptor antagonist, would prove more effective
than single inhibitors for the treatment of bronchial asthma.

Consequently, attention focused on the design of a
novel dual antagonist for both leukotriene D and throm-4

boxane A receptors. As a result of this search, YM1582
wŽ . x X w Ž3 - 4-tert-butylthiazol-2-yl methoxy - 5 - 3 - 4-chloroben-

. x X Ž .zenesulfonyl propyl -2 - 1 H-tetrazol-5-ylmethoxy ben-
Žzanilide monosodium salt monohydrate Yokota et al.,

.1997; Fig. 1 was discovered. YM158 is a selective, dual

0014-2999r98r$ - see front matter q 1998 Elsevier Science B.V. All rights reserved.
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wŽ .Fig. 1. Chemical structure of YM158, 3- 4-tert - butylthiazol - 2-yl -
x X w Ž . x X Žmethoxy - 5 - 3- 4-chlorobenzenesulfonyl propyl -2 - 1H-tetrazol-5-ylme-

.thoxy benzanilide monosodium salt monohydrate.

antagonist for leukotriene D and thromboxane A recep-4 2
Žtors in trachea isolated from guinea pigs Arakida et al.,

.1998 . In the present study, we examined the interactions
of YM158 with leukotriene D and thromboxane A re-4 2

ceptors, using radioligand binding assays with lung mem-
brane preparations, in order to determine the mechanism of
the inhibitory effects of YM158 on leukotriene D - and4

U46619-induced trachial contractions.

2. Materials and methods

2.1. Animals

ŽMale Hartley guinea pigs Japan Charles River, Yoko-
.hama, Japan weighing 300 to 900 g were used for the

radioligand binding assay. Animals were given free access
to food and water until the experiments.

2.2. Chemicals

The following drugs and chemicals were used: YM158,
zafirlukast, montelukast and domitroban were synthesized

Ž .by Yamanouchi Pharmaceutical Tsukuba, Ibaraki, Japan .
Pranlukast and seratrodast were purified from the commer-

w Žcially available formulations ONON Ono Pharmaceuti-
. w Žcal, Osaka, Japan and BRONICA Takeda Chemical

.Industries, Osaka, Japan . The following compounds were
Ž wŽpurchased: leukotriene D , U46619, ISAP 7- 1R,2S,4

. Ž .3S,5R -6,6-dimethyl-3 4-iodobenzenesulfonylamino -bi-
w x x Ž .cyclo 3.1.1. -hept-2-yl -5 Z -heptenoic acid: Saussy et al.,
. Žw Ž Ž . Ž . .x w1992 , IBOP 1S 1a ,2b 5Z ,3a 1 E,3S ,4a -7- 3-

Ž Ž X . .3-hydroxy-4- 4 -iodophenoxy -1-butenyl -7-oxabicyclo-
w x x .2.2.1 heptan-2-yl -5-heptenoic acid: Saussy et al., 1991 ,

Žw w Ž . xx w ww wŽSQ29548 1S 1a ,2b 5Z ,3b,4a -7- 3- 2- phenylami-
. x x x w xno carbonyl hydrazino methyl -7-oxabicyclo 2.2.1. hept-2-
x . Žyl -5-heptenoic acid: Saussy et al., 1991 Cayman Chemi-

.cal, Arbor, MI, USA ; phenylmethylsulfonyl–fluoride,
Žpentobarbital sodium salt, cysteine, glycine, Pipes Nacalai

. ŽTesque, Kyoto, Japan ; benzamidine Aldrich Chemical,
. ŽMilwaukee WI, USA ; bacitracin Wako Pure Chemical

. ŽIndustries, Osaka, Japan ; soybean trypsin inhibitor type
. Ž . w3 xII-L , indomethacin Sigma, St. Louis, MO, USA ; H leu-

w3 x Žkotriene D , H U46619 9,11-dideoxy-11a ,9a-epoxy-4
. Ž wmethanoprostaglandin F Du Pont NEN , Wilmington,2 a

.DE, USA .

2.3. Receptor binding studies

2.3.1. Leukotriene D receptor binding studies with guinea4

pig lung membrane preparations
The preparation of guinea pig lung membranes and

binding assays were performed according to the method of
Ž .Mong et al. 1986 . Briefly, male Hartley strain guinea

pigs were killed by decapitation after a blow to the head.
The lungs were removed, minced for 1 min in 10 vol.
Ž . ŽWrV of buffer A 0.25 M sucrose, 17 mM phenyl-
methylsulfonyl–fluoride, 155 mgrml benzamidine, 10
mgrml soybean trypsin inhibitor, 100 mgrml bacitracin

. wand 10 mM Tris–HCl, pH 7.4 with a Polytron homoge-
Ž .nizer CH-6010, Kinematica, Lucerne, Switzerland , and

further homogenized with 3 strokes in a glass homogenizer
Ž .model 2356, Iuchi-Seieidou, Osaka, Japan at 48C. Then,
the homogenate was centrifuged at 1000=g for 10 min at
48C and the supernatant fraction was centrifuged at 32,000
=g for 20 min at 48C. The pellet was washed with buffer

Ž Ž ..B 10 mM Tris–HCl pH 7.4 twice and suspended in
buffer B. The protein content of this suspension was

Ž .measured by the Bradford method Bradford, 1976 , using
a Bio-Rad Protein assay kit. The protein level was adjusted
to 5–11 mgrml with buffer B and stored at y808C.

ŽFor the binding assay, 400 ml of buffer C 10 mM
CaCl , 10 mM MgCl , 2 mM cysteine, 2 mM glycine, 102 2

.mM Pipes buffer, pH 7.4 containing resuspended lung
Ž . w3 xmembranes 150–230 mg proteinrml and H leukotriene

Ž .D 0–1.5 nM was incubated for 30 min at 258C. After4

the incubation, the mixtures were filtered through GFrC
filters and rinsed 5 times with 3 ml volumes of ice-cold

Žbuffer D 100 mM NaCl, 10 mM Tris–HCl buffer, pH
.7.4 . Filters were removed and allowed to dry before

measurement of bound radioactivity by liquid scintillation
Ž .spectrophotometry Packard TRI-CARB 2200CA using

Ž .Aquasol-2 Packard, Japan . Specific binding was deter-
mined by subtracting the amount of radioactivity bound in
the presence of 1 mM zafirlukast, from total binding in the
absence of zafirlukast. The concentration of zafirlukast
used was at least 3000-times higher than its K value oni

guinea pig lung membrane. For the investigation of test
compounds, resuspended tissue solutions containing one of
the concentrations of the test compound and 0.5 nM of
w3 xH leukotriene D were assayed by the methods previ-4

ously described.

2.3.2. Thromboxane A receptor binding studies with2

guinea pig lung membrane preparations
The preparation of guinea pig lung membranes and

binding assays were performed according to the method of
Ž .Saussy et al. 1991 with a slight modification. In order to
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Table 1
Affinity of YM158, pranlukast, zafirlukast, montelukast and leukotriene
D for leukotriene D receptors in guinea pig lung membrane prepara-4 4

tions
aŽ .Compound K nM ni H

YM158 0.64"0.06 1.06"0.02
Pranlukast 0.18"0.02 1.02"0.03
Zafirlukast 0.24"0.05 1.06"0.02
Montelukast 0.45"0.04 1.16"0.04
Leukotriene D 0.34"0.03 0.97"0.014

a The Hill coefficient.
Ž .IC value and the Hill coeficient n were obtained by nonlinear50 H

w3 xregression analysis of competitive curves for H leukotriene D binding4

to guinea pig lung membranes. K values were calculated according toi
Ž .Cheng and Prusoff 1973 . Data are presented as the means"S.E.M. of 4

to 7 experiments.

remove platelets and other blood cells, the chest cavity of
the guinea pig was opened after death and blood was

Žwashed out by perfusing buffer E PBS, phosphate-buffered
saline, containing 5 mM Na EDTA and 10 mM indo-4

.methacin through the pulmonary artery to the left atrium.
The lungs were removed, minced and homogenized for 1

Ž . Žmin at 48C in 5 vol. WrV of buffer F 10 mgrml trypsin
inhibitor, 100 mgrml bacitracin, 10 mM phenylmethyl-
sulfonyl-fluoride, 100 mM benzamide, 250 mM sucrose, 5

.mM Na EDTA and 10 mM Tris–HCl buffer, pH 7.4 . The4

supernatant fraction of this homogenate was centrifuged at
1000=g for 10 min at 48C and re-centrifuged at 12,000=

g for 20 min at 48C. The supernatant fraction was ultra-
centrifuged at 105,000=g for 60 min at 48C, and the

Žpellets were washed and suspended with buffer G 100
Ž ŽmM NaCl, 5 mM MgCl and 25 mM MOPS 3- N-mor-2

. . . Žpholino propane-sulfonic acid buffer, pH 6.5 Saussy et
.al., 1991 .

For the binding assay, 1 ml of buffer G containing the
Žresuspended lung membrane preparation 360–410 mg pro-

. w3 x Ž .teinrml and H U46619 0–35 nM was incubated for
120 min at 308C. After the incubation, the suspension was
filtered through GFrC filters and rinsed 4 times with 3-ml

Ž .volumes of ice-cold 25 mM Tris–HCl buffer pH 7.4 .
Then the filter-bound radioactivity was measured, and
specific binding was defined as the difference between
filter-bound radioactivity in the presence and absence of 1
mM ISAP. For investigation of test compounds, 5 nM of
w3 xH U46619 was used as a ligand.

2.4. Other receptors binding assay

Assays for the binding of YM158 to several other
Žreceptors, namely, neurotransmitter-related a -, a -, b-1 2

adrenoceptors, histamine H , H , H , 5-HT, muscarinic1 2 3
. 2q qM , M , M , s , C , opioid, Ca channels, K chan-1 2 3 5a

nels, protein kinase C, bradykinin 2, endothelin, neu-
Ž .rokinin NK , NK and platelet activating factor PAF2 3

receptors, were performed. The membrane specimen and

radioligand used are listed in Table 3. The effects of 10
mM YM158 on these binding assay systems were exam-
ined.

2.5. Statistics

All data are presented as the means"standard error of
Ž .mean S.E.M. . In the radioligand binding assay, IC50

Ž .values and Hill coefficients n were obtained by nonlin-H
w3 xear regression analysis of competition curves for H

w3 xleukotriene D and H U46619 binding to guinea pig lung4

membranes. K values were calculated as described previ-i
Ž .ously Cheng and Prusoff, 1973 .

3. Results

3.1. Leukotriene D receptor binding assay4

Ž .The dissociation constant K and maximum numberd
Ž .of binding sites B were 0.22"0.019 nM and 375"max

w3 x8.31 fmolrmg of protein, respectively, for H leukotriene
D binding to guinea pig lung membranes. YM158 at 0.34

w3 xto 100 nM inhibited H leukotriene D binding to guinea4

pig lung membrane preparations in a concentration-depen-
Ždent manner, with a K value of 0.64"0.06 nM Tablei

.1 . Other leukotriene D receptor antagonists, pranlukast,4

zafirlukast and montelukast, also had an inhibitory effect
w3 xon H leukotriene D binding, with K values of 0.18"4 i

0.02, 0.24"0.05 and 0.45"0.04 nM, respectively. Since
the Hill coefficients of these compounds including YM158
were near unity, their inhibition was competitive.

3.2. Thromboxane A receptor binding assay2

The K and B values were 3.2"0.37 nM andd max
w3 x94"7.0 fmolrmg of protein, respectively, for H U46619

binding. YM158 concentration-dependently inhibited
w3 xH U46619 binding to guinea pig lung membranes at
concentrations ranging from 0.1 to 100 nM, with a Ki

Table 2
Affinity of YM158, seratrodast, domitroban and various thromboxane A 2

analogues for thromboxane A rprostaglandin H receptors in guinea pig2 2

lung membrane preparations
bŽ .Compound K nM ni H

YM158 5.0"0.88 0.83"0.13
a cSeratrodast 1800"650 0.35"0.04

Domitroban 0.31"0.03 0.93"0.05
IBOP 0.091"0.01 1.1"0.06
ISAP 0.85"0.01 0.96"0.08
U46619 2.9"0.17 0.86"0.08
SQ29548 16"1.5 0.93"0.04

a b Ž . cIC value, the Hill coefficient n , significantly less than unity.50 H

IC , K and n values were obtained by described before. Data are50 i H

presented as the means"S.E.M. of 5 experiments.
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Table 3
Affinity of YM158 for receptors other than leukotriene D and thromboxane A4 2

3w x Ž .Receptor Species Region or cell line H ligand IC nM50

Neurotransmitter related
3w xa -adrenoceptor Rat Forebrain H 7-MeOxy-Prazosin )10,0001
3w xa -adrenoceptor Rat Cortex H RX821002 )10,0002
3w xb-adrenoceptor Rat Cortex H DHA )10,000
3Ž . w xHistamine H Bovine Cellebellum H Pyrilamine )10,0001
3Ž . w xHistamine H Guinea pig Striata H Tiotidine )10,0002
3Ž . w xHistamine H Rat Forebrain H N-a-Methylhistamine )10,0003
3w x5-HT Rat Cortex H LSD )10,000
3Ž . w xMuscarine M Bovine Striata H Pirenzepine )10,0001
3Ž . w xMuscarine M Rat Heart H AF-DX 384 )10,0002
3Ž . w xMuscarine M Guinea pig Ileum H Scopolamine )10,0003
3w xs Guinea pig Whole brain H DTG )10,000

Other
125w xC Human U937 I BH-rC )10,0005a 5a
3w xOpioid Rat Forebrain H Naloxone )10,000
32q w xCa channel Rat Cortex H Conotoxin GVIA )10,000
3w xRat Cortex H Nitrendipine )10,000
3q w xK channel Rat Cortex H Glibenclamide )10,000

w125 xRat Forebrain I Apamin )10,000
125w xRat Brain I Charybdotoxin )10,000
3w xProtein kinase C Mouse Whole brain H PDBu )10,000
3w xBradykinin 2 Guinea pig Ileum H Bradykinin )10,000
125w xEndothelin Human cDNArCHO I Endothelin )10,000
3Ž . w xNeurokinin NK Human cDNArCHO H NKA )10,0002
3Ž . w xNeurokinin NK Rat Cortex H Eledoisin )10,0003
3w xPAF Rabbit Platelets H Hexadecyl, PAF )10,000

Ž .value of 5.0"0.88 nM Table 2 . The Hill coefficient
Ž .0.83"0.13 was near unity, indicating that the inhibitory
effect of YM158 was competitive. Although seratrodast
showed a concentration-dependent inhibition of
w3 xH U46619 binding, it was a non-competitive antagonist

Ž .since the Hill coefficient 0.35"0.04 was different from
Žunity. The other thromboxane A analogues agonists or2

.antagonists , domitroban, IBOP, ISAP and SQ29548,
w3 xshowed competitive inhibition against H U46619 bind-

ing, with K values of 0.31"0.03, 0.091"0.01, 0.85"i

0.01 and 16"1.5 nM, respectively.

3.3. Other receptors binding assay

YM158 at a concentration of 10 mM showed no affinity
for any of the following receptor types: neurotransmitter-

Žrelated a -, a -, b-adrenoceptors, histamine, 5-HT, mus-1 2
. 2q qcarinic, s , C , opioid, Ca channels, K channels,5a

protein kinase C, bradykinin, endothelin, neurokinins or
Ž .PAF Table 3 .

4. Discussion

YM158 shows potent inhibitory effects against
leukotriene D - or U46619-induced contraction of trachea4

Ž .isolated from guinea pigs Arakida et al., 1998 . The
present study demonstrated that YM158 had high affinity

for both leukotriene D and thromboxane A receptors,4 2

indicating that the inhibitory effects of YM158 on
leukotriene D - or U46619-induced contractions of isolated4

tracheas are due to the direct interaction of this compound
with leukotriene D and thromboxane A receptors.4 2

The K values of YM158 obtained from the presenti

study were 0.64 nM for leukotriene D and 5.0 nM for4

thromboxane A receptors, respectively. Based on the K2 i

value, it appears that the affinity of YM158 for the
leukotriene D receptor is approximately 8-times higher4

than that for the thromboxane A receptor, which is in2

good agreement with the K value of each agonist used asi

a radioligand. The ratio of K values of YM158 andi
Ž .leukotriene D 0.64 nMr0.34 nMs1.88 , and that of4

Ž .YM158 and U46619 5.0 nMr2.9 nMs1.72 were almost
Ž .equal see in Tables 1 and 2 . Therefore, YM158 is a dual

antagonist that has almost the same binding potency for
both leukotriene D and thromboxane A receptors, as was4 2

shown by its inhibitory effects on leukotriene D - and4

U46619-induced contraction of isolated trachea in vitro
Ž .Arakida et al., 1998 .

The affinity of seratrodast was very weak and its mode
of action was non-competitive in the present thromboxane
A binding assay system. Seratrodast is well known as a2

potent thromboxane A receptor antagonist, and there are2
Žmany reports of its effectiveness Ashida et al., 1989;

Imura et al., 1990; Fukumoto et al., 1992; Zhang et al.,
.1996 . Seratrodast has affinity for the thromboxane A 2



( )Y. Arakida et al.rEuropean Journal of Pharmacology 362 1998 229–233 233

receptor in the binding assay system with thromboxane A 2
Ž .receptor-expressing Chinese hamster ovary CHO cells

Ž .Kurokawa et al., 1994 and washed guinea pig platelets
Ž .Imura et al., 1990 , but not lung membrane preparations.
In contrast, the K values of domitroban and thromboxanei

A analogues in the present study were similar to those2
Ž .previously described Saussy et al., 1992 . Therefore, the

binding assay system for the thromboxane A receptor2

used in this study seems to be appropriate, although the
reason why seratrodast did not show high affinity for
thromboxane A receptor is at present unknown.2

It is well known that the two lipid mediators, leukotriene
D and thromboxane A , have several important roles in4 2

the pathogenesis of bronchial asthma. Leukotriene D in-4

duces potent bronchoconstriction and hypersecretion, and
increases vascular permeability, whereas thromboxane A 2

induces bronchoconstriction and hyperreactivity in both
asthmatic animal models and human patients. A leukotriene
D receptor antagonist, a thromboxane A receptor antag-4 2

onist and a thromboxane A synthetase inhibitor have each2

proven to be effective in patients with bronchial asthma. In
the light of these results, YM158, which interacts with
both leukotriene D and thromboxane A receptors and4 2

exhibits similar affinity for both, shows promise as a
leading candidate for a novel group of therapeutic agents
against lipid mediator-related diseases and disorders, such
as bronchial asthma, rhinitis, and possibly anaphylaxis.
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