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Binding of a radioiodinated 13-azapinane thromboxane
antagonist to platelets: correlation with antiaggregatory
activity in different species
Shuh Narumiya', Minoru Okuma & Fumitaka Ushikubi
Department of Medical Chemistry and Department of Internal Medicine, Kyoto University Faculty of
Medicine, Sakyo-ku, Kyoto 606, Japan

1 Binding of a 1251-labelled derivative of the 13-azapinane thromboxane antagonist (ONO-l 1120),
[(251]-9, 1 1-dimethylmethano-l 1 ,12-methano-16-(3-iodo-4-hydroxyphenyl)-l 3,14-dihydro-l 3-aza- 1 5-
P-w-tetranor-thromboxane A2 ([1251]-PTA-OH), to washed platelets of human, dog and rabbit was
studied. Results were compared with the in vitro inhibitory potency of ONO-1 1120 on platelet
aggregation induced by arachidonate and a thromboxane agonist, 9,1 1-epithio-1 1,12-methano-
thromboxane A2 (STA2).
2 [1251I]-PTA-OH bound to washed human platelets in a reversible, saturable and temperature-
dependent manner, and specific binding displaced by 20 TuM ONO-1 1120 constituted about 40% ofthe
total binding. Scatchard analyses revealed a single class of specific binding and the equilibrium
dissociation constant (KD) and maximal concentration of binding sites (B..,) were 22 nM and 390 fmol
per 108 platelets (about 2,300 sites per platelet), respectively. In addition to ONO-1 1120, STA2 and
another thromboxane receptor agonist, (1 5S)-hydroxy-1 1 ,9-epoxymethano-prosta-5Z,13E-dienoic
acid (U-46619), effectively displaced the binding with IC50 values of 44 and 125nM respectively.
Prostaglandin D2 (PGD2) partially displaced the binding only at a concentration above 1 pM. PGE,
and thromboxane B2 (TXB2) were without effect up to 1I JiM.
3 Similar binding of [1251]-PTA-OH was observed on dog platelets. The KD and B,,.. were 12 nM and
110 fmol per 108 platelets (about 680 sites per platelet), respectively, and these values did not change
significantly after adrenaline treatment which potentiated arachidonate-induced aggregation of
platelets in this species. On the other hand, no specific binding of ['251]-PTA-OH was found on rabbit
platelets.
4 Consistent with the results from binding studies, ONO-11120, 0.511M, completely suppressed
arachidonate-induced aggregation of human platelets, whereas, at concentrations up to 5 pM, this
agent did not significantly inhibit aggregation of rabbit platelets induced by the same stimulus. STA2-
induced aggregation of rabbit platelets also showed less sensitivity to ONO-I 1120. When a similar
extent of irreversible aggregation was induced by STA2 and the inhibitory potency ofONO-1 1120 was
compared in human and rabbit platelets, about one hundred times greater concentration of ONO-
11120 was required to suppress aggregation of rabbit platelets than that of human platelets.
5 These results suggest that [1251]-PTA-OH binds to a platelet thromboxane receptor, and that the
structure of the binding site(s) on the receptor may vary between species.

Introduction

Thromboxane A2 (TXA2), a major cyclo-oxygenase Since this compound is very unstable and its chemical
metabolite of arachidonic acid in platelets (Hamberg synthesis has only recently been achieved (Bhagwat et
et al., 1975), is a most potent stimulator of platelet al., 1985), various stable analogues to mimic its actions
aggregation and constrictor of vascular.as well as have been synthesized and used as tools to study the
other smooth muscle (Svensson et al., 1976; 1977). effects of TXA2 in various systems. These include
'Author for correspondence. Present address: Dept. of endoperoxide analogues such as 9,1 1 - or I 1,9-epoxy-
Pharmacology, Kyoto University, Faculty of Medicine, methano-prostaglandin H2 (1 1,9-epoxymethano-
Sakyo-Ku, Kyoto 606, Japan. PGH2; Bundy, 1975) and 9,1 1-azo-PGH2 (Corey et al.,
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1976), and TXA2 analogues such as CTA2 (Lefer et al.,
1980) and 9,1 1-epithio-1 1,12-methano-TXA2 (STA2;
Katsura et al., 1983), in which oxygen atoms in the
endoperoxide or acetal structure are replaced by other
atoms.

Using these TXA2 mimetics and enzymatically
generated TXA2, a variety of compounds which
antagonize the actions of TXA2 have also been
developed. These include 13-azaprostanoic acid (Le
Breton et al., 1979), pinane thromboxane A2 (PTA2)
(Nicolaou et al., 1979), AH-19437 ([km(Z),2P,5x]-
methyl 7-[2-(4-morpholinyl)-3-oxo-5-(phenylmethox-
y)cyclopentyl]-5-heptenoate, Coleman et al., 1981)
and a 9,11-ethano-PGH2 analogue with a phenyl-
semicarbazone chain, EP-045, (Jones et al., 1982).
ONO-I 1120 (9,1 1-dimethylmethano- I1,12-methano-
16-phenyl)- 13,14 - dihydro - 13 - aza - 15p-w-tetranor-
TXA2) recently developed by Katsura et al. (1983) has
structural features of both 13-azaprostanoic acid and
PTA2 (13-azapinane TXA2 derivative) and shows
selective antagonism against STA2 and 11,9-epoxy-
methano-PGH2 in various systems (Katsura et al.,
1983). Using these compounds, several groups have
analysed the actions ofTXA2 on platelets and vascular
as well as tracheal smooth muscles. These studies have
suggested that TXA2 acts on a putative membrane
receptor(s) to elicit its action, and based on different
responsiveness of various systems to these com-
pounds, multiplicity and differences in TXA2 recep-
tors in various tissues and between species have been
discussed (Lefer et al., 1980; Jones et al., 1982; Burke et
al., 1983; Parise et al., 1984; Armstrong et al., 1985;
Mais et al., 1985a).
As for biochemical characterization ofTXA2 recep-

tor(s), several groups using radiolabelled analogues as
radioligands have carried out binding studies in
human platelets or platelet membranes, and have
found binding activities, presumed to be putative
TXA2 receptor(s), on human platelets (Hung et al.,
1983; Armstrong et al., 1983; Halushka et al., 1985).
Although these binding studies have clarified several
important properties of the platelet TXA2 receptor,
especially as regards the specificity of binding and its
correlation with biological activities, there are some
discrepancies among the studies. These mainly con-
cern the numbers of binding components and the
density of binding sites on platelets, and may be
resolved by using other ligands.

In this study, we prepared the radioiodinated hy-
droxy derivative of ONO-11120 ([125I-PTA-OH) by
the method recently described by Mais et al. (1984),
and characterized the TXA2 receptor on human
platelets with this ligand. We further compared this
binding activity with the antiaggregatory activity of
ONO-11120 in platelets of different species, and
examined the heterogeneity of the platelet TXA2
receptor in various species.

Methods

Binding studies

Blood was collected, by venipuncture from human
volunteers and rabbits and by carotid artery cannula-
tion from dogs anesthetized with pentobarbitone, into
one-tenth volume of 3.8% trisodium citrate and
centrifuged at 180g for 10 min to prepare platelet-rich
plasma (PRP). One-tenth volume of 77mM sodium
EDTA, pH 7.4, was added to PRP, and the mixture
was centrifuged at 1,200g for 10min. The platelet
pellet was washed once with the washing buffer
(composition, mM: NaCl 135, KCl 5, Na2HPO4 8,
NaH2PO4 2 and EDTA 10, pH 7.2), and recentrifuged.
The platelets were finally suspended in the suspension
buffer (composition, mm NaCl 138, MgCI2 5, EGTA 1
and Tris-HC1 25, pH 7.5) at a density of 109 platelets
per ml.
Binding studies were performed by incubating 108

platelets with 0.1 nM [1251I]-PTA-OH in a total volume
of 200 pl in a 1.5 ml Eppendorf tube at 37°C. Non-
specific binding was obtained by displacing bound
radioactivity with 20 jLM ONO-1 1120. The reaction
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Figure 1 Time course of ['251-PTA-OH binding to
washed human platelets. ['25I]-PTA-OH, 20 fmol
(40,000c.p.m.), was incubated with 108 washed human
platelets in 200 jil of the suspension buffer at 37C. Total
binding (0) was obtained as described in Methods. Non-
specific binding (A) was determined by including 20;tM
ONO- 11120 in the incubation mixture, and the specific
binding (0) was calculated by subtracting non-specific
binding from total binding. This figure is a typical record
from one of seven similar experiments. Each point was
measured in duplicate, and the mean is shown.
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was terminated by centrifuging the tubes in an Eppen-
dorf centrifuge at 15,000 g for 2 min. The supernatant
was rapidly removed with a Pasteur pipette, and the
pellet washed with 1 ml of the suspension buffer. The
radioactivity in the pellet was measured on a Packard
Automatic 460C Scintillation System by the use of
Gamma-vial type C (G & G Chemicals & Service Ltd,
Berks.). When displacement ofbound radioactivity by
TXA2 mimetics was studied in human platelets, 50 nM
PGD2 was added to the reaction mixture to prevent
aggregation.

Platelet aggregation

Platelet aggregation was studied nephelometrically as
described previously (Yoshimoto et al., 1977) with a
slight modification. PRP (200#p1) was continuously
stirred in a tube and the increase in light transmission
was followed by a dual-channel aggregometer NKK
Hema Tracer 1 model PAT-2A (Niko Bioscience,
Tokyo, Japan) at 37TC. Aggregating agents used were
arachidonic acid, STA2 and U-46619. Arachidonic
acid was dissolved in 0.1 M Na2CO3 and STA2 in 0.9%
w/v NaCI solution (saline) to appropriate concentra-
tions before use. U-46619 and ONO-I 1120 were
stored in 10mM ethanol solution and diluted with
saline before use. Final concentrations of ethanol in
PRP were always below 0.10%. ONO-11120 was
added 1 min prior to the addition of the aggregating
agent being studied.

Compounds

ONO- 11 20, PGD2, PGE2, TXB2 and STA2 were
kindly donated by Ono Pharmaceuticals. U-46619
((1 5S)-hydroxy-1 1,9-epoxymethano-prosta-5Z, 1 3E-
dienoic acid) was a gift from Dr J. Pike, the Upjohn
Company. The hydroxy derivative of ONO-1 1120,
9,1 1-dimethylmethano- I 1, 12-methano-16-(4-hydrox-
yphenyl)-l 3,14-dihydro-1 3-aza-1 5ps--tetranor-TXA2
(PTA-OH), was a gift from Dr Hamanaka of Ono
Central Institute, and radioiodination of this com-
pound with 1251 was carried out by Amersham Inter-
national plc; the specific activity was 2,000 Ci mmolP '.
The compound was stable at - 20°C for at least two
months. Arachidonic acid was purchased from Nu-
Check Prep. (Elysien, MN, U.S.A.). Adrenaline was
obtained from Daiichi Seiyaku Ltd (Tokyo, Japan).

Statistical analyses

Results, when appropriate, are expressed as mean-
+ s.e.mean. Statistical analyses were made by means
of Student's t test, when variances of two groups were
equal. When variances were unequal, Tukey's method
was used after one-way analysis of vaniance (Wallen-
stein et al., 1980).

Results

Binding of['25I]-PTA-OH to washedhuman platelets

Incubation of washed human platelets with 0.1 nM
[121J]-PTA-OH resulted in binding of a considerable
amount of radioactivity to platelets. Figure 1 illus-
trates the time course of binding at 37C. The total
binding reached equilibrium within 10 min at this
temperature, and remained at the same level for up to
20min of the incubation. When 20 pM ONO-11120
was included in the incubation mixture, the total
binding was inhibited by approximately 30-40%, and
the difference between the total and remaining binding
represent displaceable 'specific' binding of [1251]-PTA-
OH. The specific binding was reversible, since a similar
extent of displacement was observed by adding 20 piM
ONO-I 1120 after the binding had reached
equilibrium. In one experiment, the total binding of
5,125 c.p.m. per I0O platelets at equilibrium decreased
to 3,288, 2,874, 2,668 and 2,540 c.p.m. per 108 platelets
at 3, 9, 15 and 20 min after the addition of20 p.M ONO-
11120, respectively (mean values of duplicates are
shown; typical results from one of three similar
experiments). With decreases in incubation tem-
perature, the velocity of binding decreased and
equilibria were not reached within 20 min at 4 and
20C. The total binding at 4 and 20C was 33 and 65%
of that at 37°C at 10 min, respectively, and the
displaceable binding at these temperatures was 25 and
28% of the respective total binding. The binding was
linear with platelet number up to 2 x 108 platelets per
incubation medium (Figure 2). A saturation curve for
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Figure 2 Specific [1251J-PTA-OH binding to washed
platelets from human, dog and rabbit. ['251]-PTA-OH,
0.1 nM, was incubated with various numbers of washed
platelets obtained from human (0), dog (0) and rabbit
(U) at 37°C for 20 min, and specific binding was deter-
mined as described. A typical results of one of three
similar experiments. Each point represents the mean of
duplicate measurements.
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(Figure 3b). The equilibrium dissociation constant
(KD) and the maximal concentration of[1251]-PTA-OH
binding sites (B,,,,), as determined by Scatchard
analysis, gave values of 22.1 ± 2.3 nM and
392 ± 37 fmol per 108 platelets (2360 ± 220 sites per
platelet), respectively (n = 7). Hill coefficient (n) of the
binding was 0.989, indicating a single homogeneous
class of the binding sites without cooperativity.
To evaluate the specificity of this binding, ONO-

11120 and two thromboxane mimetics, STA2 and U-
46619, as well as other prostaglandins and TXB2 were
added to the incubation mixture and their potencies in
displacing ['25IJ-PTA-OH binding were compared. As
shown in Figure 4, ['251I]-PTA-OH binding was effec-
tively displaced by the two TXA2 mimetics, STA2 and
U-46619, at submicromolar concentrations. The IC50
values for ONO-1 1120, STA2 and U-46619 were
19.6 ± 4.0 (n = 4), 43.8 ± 7.5 (n = 4), and 125 ± 17
(n = 3)nM, respectively. The IC50 for STA2 was sig-
nificantly lower than that for U-46619 (P<0.05,
Student's t test). PGD2 displaced ['25I]-PTA-OH bind-
ing in a concentration-dependent manner at concen-
trations greater than 1 gLM. However, displacement by
this prostaglandin was limited to about 70% ofthat by
the TXA2 analogues and complete displacement was
not achieved at 100 pM. PGE1 and TXB2 were without
effect at concentrations up to 1001iM (data not
shown).
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Figure 3 (a) Saturation of the specific ["5211-PTA-OH
binding to washed human platelets. Washed human
platelets, 108, were incubated with 0.1 nM ['251]-PTA-OH
in the presence of various concentrations (2, 4, 8, 16, 32
and 64 nM) of ONO-l 1120 at 37'C for 20 min, and the
specific binding was determined by displacing with 20 Mm

ONO-l 120. Mean values are shown; s.e.mean is shown
by a vertical line when it exceeds the size of a symbol.
n = 5. (b) Scatchard plot of the specific ['25I]-PTA-OH
binding to washed human platelets. Each point represents
the mean of five experiments shown in (a).

['25I]-PTA-OH specific binding is shown in Figure 3a.
The specific binding tended to saturate at a ligand
concentration of around 70 nm. The Scatchard
analysis of this binding yielded a straight line, indicat-
ing a single class of binding sites for [125I-PTA-OH
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Figure 4 Displacement of the specific ['25I]-PTA-OH
binding by various compounds. Washed human platelets,
108, were incubated with 0.1 nM [1251J-PTA-OH in the
presence of various concentrations of ONO-I 1120 (0),
STA2 (@), U-46619 (A) and prostaglandin D2 (PGD2;
A). Incubation was carried out at 37'C for 20 min. PGD2,
50 nm, was added to a reaction with STA2 or U-46619 to
prevent aggregation caused by these agents during assay.
PGD2 had by itselfno effect on [1251J-PTA-OH binding to
platelets. The specific binding was obtained by subtract-
ing non-specific binding obtained with 20 Mm ONO- I 1 120
from each total binding. Mean values are shown, and
s.e.mean is shown by a vertical line when it exceeds the
size of a symbol (n = 5, ONO-I 1120; n = 4, STA2; n = 3,
U-46619; n = 5, PGD2).

a
300

U,
0)

° 200
0)

0
co

0)
aE

ia 100

C._cJ
._

._

0)0.

0

2 20
(n
CCD
4-

Q
0Q
0).
a. 10

E
0)

0)
-1
'D

0
m 0



THROMBOXANE RECEPTOR ON BLOOD PLATELETS 327

ui
C

CD

0)
00~~

a
05

EQ

C
0 50 1 o 1 50

0)

m Bound (frnol per 1 o8 platelets)

Figure 5 Scatchard plots of the specific [125I]-PTA-OH
binding to washed dog platelets in the presence and
absence of adrenaline. Washed dog platelets, 108, were
incubated with 0.1I nm ['211]-PTA-OH and various con-
centrations of ONO- I1 120 in the presence (0) and
absence (-) of 5 pM adrenaline at 37°C for 20 min. The
specific binding was determined as described. A typical
result of four similar experiments is shown.
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,Binding of['25I1-PTA-OH to platelets ofother species

The nature and specificity of ['25I1-PTA-OH binding
described above suggested that ['251]-PTA-OH bound
to a putative TXA2-receptor on human platelets. To
corroborate this further, we carried out similar bind-
ing studies on platelets of other species, namely dog
and rabbit, since platelets of these species vary in their
responsiveness to several TXA2 analogues including
pinane thromboxane analogues (Burke et al. 1983;
Anderson & MacIntyre, 1982; see below). When [125I]-
PTA-OH binding was studied with various numbers of
platelets from dog and rabbit, specific binding was
only observed in dog platelets, which linearly in-
creased with the number of platelets. Significant
specific binding was not observed in rabbit platelets
even with 2 x 108 platelets (Figure 2). The binding
activity in dog platelets was further studied by Scat-
chard analysis. Sine dog platelets acquire responsive-
ness to arachidonic acid and TXA2 mimetics only after
adrenaline treatment (Johnson et al., 1979), we perfor-
med a Scatchard analysis before (control) and after
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Figure 6 Effects of ONO-I 1120 (ONO) on arachidonate (AA)-induced aggregation ofhuman (a), dog (b) and rabbit
(c) platelets. Aggregation was induced by adding arachidonic acid at 0.8, 0.4 and 0.5mM to platelet-rich plasma
obtained from man, dog and rabbit, respectively. ONO-I 1120 was added I min prior to the addition of arachidonic
acid at the final concentrations of 0.5 pM to human platelets and 5 gM to dog and rabbit platelets. Adrenaline (Ad) was
added to the dog platelets 2 min prior to aggregation at a final concentrations of 5 FM. Typical records of at least 5
experiments are shown.

I
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treatment with 5 gM adrenaline. A typical result of the
analysis is shown in Figure 5. A single population of
binding activity was found under both conditions, and
the plots for the control and the adrenaline-treated
platelets almost overlapped each other. The KD and
B,,,, values calculated for the control platelets from
three samples were 12.4± l.0nM and 112± 18fmol
per 108 platelets (680 ± 110 sites per platelet), respec-
tively. These values were not significantly different
from the KD and B,.. obtained for adrenaline-treated
platelets from the same three samples; the KD being
12.1 ± 0.4 nM and B,,,~_ 107 + 7 fmol per 108 platelets
(647 ± 42 sites per platelet). Hill coefficients (n) of the
binding were 1.008 and 0.996 in the absence and
presence ofadrenaline, respectively, indicating a single
class of binding sites without any cooperativity.

Antiaggregatory action ofONO-11120 on platelets of
different species

Since specific binding of ['25I]-PTA-OH was detected
on human and dog platelets but not on rabbit platelets,
we compared the antiaggregatory potency of ONO-
11120 on arachidonic acid-induced aggregation of
platelets of these species. Arachidonic acid caused
irreversible aggregation of human platelets at
0.7-1.0 mM and that ofrabbit platelets at 0.3-0.5 mM.
As already found by other investigators (Johnson et
al., 1979; Burke et al., 1983), dog platelets were not
aggregated by arachidonic acid alone up to I mM, but,
when treated with adrenaline, they showed irreversible
aggregation around 0.5mM arachidonic acid. We,
therefore, examined the inhibitory effect of ONO-
1120 on irreversible aggregation caused by minimal

concentrations of arachidonic acid, e.g., 0.8, 0.4 and
0.5 mM for human, rabbit and adrenaline-treated dog
platelets, respectively. As shown in Figure 6, 0.5 gM
ONO-I 1120 blocked completely arachidonic acid-in-
duced aggregation ofhuman platelets, while with 5 lm
ONO-11120 no suppression of aggregation of rabbit
platelets was observed. However, 51LM ONO-1 1120
almost completely blocked arachidonic acid-induced
aggregation of dog platelets pretreated with adren-
aline. The different responsiveness of rabbit platelets
to ONO- I 1 120 was further revealed and quantified by
the use of STA2 as an aggregating agent. STA2 caused
aggregation of human platelets with a threshold
concentration of around 1.0 IAM and full aggregation
was evoked with 2 to 4 gM; the mean ECm value was
1.75 ± 0.28 IM (n = 4). In contrast, around 5 IAM STA2
was needed to initiate aggregation of rabbit platelets,
and about 20 M for full aggregation; the mean EC50
value was 8.17 ± 2.17 (M (n = 3). Thus, sensitivity to
STA2 was significantly different between platelets of
man and rabbit (P <0.05, Tukey's method) (Figure
7a). On the basis of these results, the inhibitory action
of ONO-11120 was examined against irreversible full
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Figure 7 (a) Concentration-effect curves for STA2 in
aggregation of platelets from man and rabbits. STA2 was
added to platelet-rich plasma (PRP) obtained from man
(-) and rabbit (0), and aggregation was monitored as
described in Methods. (b) Concentration-inhibition
curves of ONO- 11120 in STA2-induced aggregation of
platelets from man and rabbits. ONO- 1120 was added to
PRP from man (0) and rabbit (0) 1 min prior to the
addition of the minimal concentrations of STA2 needed
to cause irreversible full aggregation (2 to 4gM for human
PRP and 20 (AM for rabbit PRP). Aggregation was
monitored as described. Mean values are shown, and
s.e.mean is shown by a vertical line when it exceeds the
size of a symbol. n = 4 for human and n = 3 for rabbit
platelets in both (a) and (b).

aggregation induced by 2 to 4gM STA2 for human
platelets and 20gM STA2 for rabbit platelets. As
shown in Figure 7b, ONO-11120 inhibited STA2-
induced human platelet aggregation potently with an
IC50 of 0.16 ± 0.03 AM (n= 4). In contrast, about 100
fold this concentration was needed for this compound
to inhibit STA2-induced aggregation of rabbit
platelets; the ICso being 16 ± 3.0 guM (n = 3) (P <0.01,
Tukey's method).

Discussion

['251]-PITA-OH used as a radioligand for a putative
thromboxane receptor in this study is an iodination
product of the hydroxy derivative of ONO-11120.

la
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Insertion of 1251 to the phenol group of prostanoid
analogues and their potential use as radioligands was
first suggested by Mais et al. (1984). They further
compared the biological activities of [1251I]-PTA-OH,
PTA-OH and ONO-I 1120, and found that iodination
did not affect its biological activity (Mais et al.,
1985a,b). Antiaggregatory activity similar to ONO-
11120 was found for ['251]-PTA-OH on human
platelets (Mais et al., 1985a). On the basis of these
results, we used [125I]-PTA-OH as a radioligand and
ONO-11120 as a displacing agent in this study, and
found specific binding which appeared to represent
binding to a thromboxane receptor on human
platelets. Scatchard analysis of our binding studies
showed a single class of binding with a KD of 22 nM.
This KD value is more than 10 fold lower than the IC50
of this compound required to inhibit platelet aggrega-
tion. This discrepancy, however, may be due to
differences in experimental conditions employed in
each study; the aggregation study was performed in
platelet-rich plasma where most ofthe antagonist may
be bound to plasma proteins in the mixture.

Three groups of investigators have described bind-
ing studies for a thromboxane receptor using different
radioligands. Hung et al. (1983) used [3H]-13-azapros-
tanoic acid and found two classes of binding activities
on human platelet membrane; one with a KD of about
100 nM and the other with a KD of 3.5 gM. Armstrong
et al. (1983) used [3H]-15(s)-9,1 1-epoxymethano-
PGH2 and found that 50% binding was achieved at
77 nM. Halushka et al. (1985) used ['251]-cis-APO and
described a single class of binding with a KD value of
1.48 gM. Thus, our study using [1251-PTA-OH agrees
with the results ofHalushka et al. (1985) in that TXA2
receptor binding on human platelets is ofa single class,
and has revealed that [1251-PTA-OH has about a two
orders of magnitude higher affinity to the thrombox-
ane receptor. than [1251]-cis-APO. Armstrong et al.
(1983) analysed further the binding of both the active
(15(S)) and inactive (15(R)) epimers of [3H]-9,1 1-
epoxymethano-PGH2 to human platelets and found
that each epimer bound to different binding sites.
Their conclusion was that binding of 15(R) epimer was
not physiological. This problem, however, seemed not
to occur in the case of ['25I]-PTA-OH, since a recent
study by Mais et al. (1985b) showed that both 15-
epimers of iodinated PTA-OH elicited equal activities
on human platelets. The B,,.,, value found in this study
was about 390 fmol per 108 platelets i.e. 2,300 binding
sites per platelet, and was similar to that obtained by
Armstrong et al. (1983) on human platelets with [3H]-
15(s)-9,1 l-epoxymethano-PGH2 (their value was
1,700 sites per platelet). This density was several times
more than that found for the PGD2 receptor on human
platelets (Siegl et al., 1979; Cooper & Ahern, 1979).
The specificity of ['25I]-PTA-OH binding was inves-

tigated by examining its displacement by several TXA2

analogues and prostaglandins. Thromboxane
antagonists and agonists such as ONO- 11120, STA2
and U-46619 effectively displaced [251I]-PTA-OH bin-
ding to human platelets in this order; the IC50 values
were 17, 54 and 120 nM, respectively. Since Mais et al.
(1985a) found that U-46619 was a more potent
aggregating agent than STA2 of human platelets (we
also found that U-46619 was as potent as STA2), the
observed order of displacing potency does not seem to
fit with the biological activity. The reason for this
discrepancy was not investigated in the present study
but could be explained in several ways. Armstrong et
al. (1985) found that CTA2 and PTA2 increased the
intracellular level of adenosine 3':5'-cyclic monophos-
phate (cyclic AMP) and suggested that these
analogues act on both a thromboxane receptor and an
inhibitory receptor (PGI2 or PGD2 receptor) on
platelets to cancel out each action. Since STA2 has a
structural similarity to these analogues, it may also
interact with an inhibitory receptor on platelets.
Another possible explanation concerns the efficacy of
transduction. Since the agonist response is dependent
on both the efficacy and affinity of the compound
under study, STA2 may have a lower efficacy than U-
46619. Alternatively, it may be explained simply by
differences in binding capacity to serum proteins
between the two compounds. PGD2 displaced about
70% of the bound radioactivity at a concentration of
10 LM in the present study, whereas such displacement
was not observed in another study (Armstrong et al.,
1983). The reason for this discrepancy was not iden-
tified.
One of the criteria necessary to identify the binding

activity of a radioligand as a physiologically relevant
receptor is correlation of distribution of binding with
that of biological activity of the compound between
tissues and species. We investigated any such correla-
tion using platelets of different species; differences in
the responsiveness of platelets to TXA2 analogues
between species, especially rabbit platelets, has already
been observed by several groups (Anderson & MacIn-
tyre, 1982; Burke et al., 1983). In the present study we
examined the sensitivity of human, dog and rabbit
platelets to inhibition by ONO- 11120 of arachidonic
acid-induced aggregation. Arachidonic acid caused
aggregation at almost the same concentrations in
platelets from these species (dog platelets in the
presence of adrenaline). The addition of 0.5 and 5 uM
ONO-1 1120 completely suppressed the aggregation of
human and dog platelets, respectively, whereas no
effect was found in rabbit platelets (Figure 6). Thus,
rabbit platelets were insensitive to ONO- 11120. We
further found that platelets of this species were 10
times less sensitive to STA2 (Figure 7a). To aggregate
rabbit platelets 20 jM STA2 was required in compar-
ison with 2 fM in the case ofhuman platelets. When a
similar aggregation response was evoked by STA2 in
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platelets of these species and the suppressive effect of
ONO-l 1120 was compared, rabbit platelets were
again found to be about 100 times less sensitive to
ONO-l 1120 (Figure 7b). Consistent with these find-
ings, no significant binding of ['251]-PTA-OH was
found on rabbit platelets (Figure 2). Raising the
radioligand concentration to 10 nM did not reveal any
specific binding on rabbit platelets, since enormous
non-specific binding was observed under such condi-
tions, usually 330,000 c.p.m. per 108 platelets, this
presumably prevented the detection of the small
amount of specific binding expected (unpublished
observations). In contrast to these findings with rabbit
platelets, we found significant binding of the ligand to
dog platelets. Dog platelets are also of interest in terms
ofthromboxane binding sites, since the platelets ofthis
species respond to a thromboxane agonist and ara-
chidonic acid only after adrenaline treatment (John-
son et al., 1979). Although this effect of adrenaline has
recently been presumed to be due to suppression of
.gdenylate cyclase via a-adrenoceptors (Johnson et al.,
1980), there is a possibility that it evokes mobilization
of thromboxane receptors on the platelet surface, as
demonstrated for fibrinogen receptors (Plow & Mar-

guerie, 1980). Our findings, however, showed no
change in the KD and Bmax of['25IJ-PA-OH binding to
dog platelets before and after adrenaline treatment.

In conclusion, we have found specific binding
activity of ['25I]-PTA-OH on washed human as well as
dog platelets. Based on a comparison with biological
activity, we suggest this binding activity represents a
TXA2 receptor on platelets. Analyses of this binding in
different species have revealed that there is some
difference in the ligand-binding structure of the recep-
tor on platelets of different species. Such differences
should be borne in mind in the pharmacological
evaluation of a thromboxane antagonist such as
ONO-I 1120 in animal experiments.
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