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A~tract~haracte~zation of thromboxane A*/prostaglandin Hz (TXA,/PGH,) receptors of rat plate- 
lets was performed on both intact platelets and crude membrane fractions. The binding of [3H]U46619, 
a stable TXA, mimetic, to intact platelets was found to be saturable and displaceable. Scatchard analysis 
of equilibrium binding at 24” revealed a single class of binding sites with a Kd of 37 nM and a B,,, of 
16Ofmol/lO* platelets. The binding affinity of [3H]U46619 to the platelet membrane fractions was 
remarkably and specifically enhanced by addition of Mg2+ without alteration of the maximum density 
level. Kinetic analysis for [sH]U46619 binding to the membrane fractions in the presence of 20mM 
MgCI, gave a Kl of 6.9 x lo6 M-’ min-’ and a K1 of 0.25 min-‘, yielding a K, (K_,/K,) of 36 nM; the 
value corresponded well to f=dvalues from Scatchard analysis in both intact (37 nM) and crude membrane 
fractions (39 nM). 

A series of TXA2/PGHI receptor antagonists completely suppressed U46619 binding to rat platelets 
as well as collagen-induced platelet aggregation. The rank order of binding affinities to rat platelets 
(intact platelets or crude membranes) among the respective antagonists correlated well with (a) that of 
human platelet membrane fraction and (b) the potencies for suppression of collagen-induced platelet 
aggregation in rat. These results may support our proposed mechanism of TXAdPGHP action in 
collagen-stimulated platelets [K. Hanasaki et at., Thromb. Res. 44, 425 (1987)] and also suggest that 
they may provide a simple technique for evaluating synthetic TXA,fPGHZ receptor antagonists. 

Thromboxane A2 (TXA& is an exceptionally potent 
inducer of platelet aggregation and constrictor of 
vascular and respiratory smooth muscle [l-3], and 
its action has been demonstrated to be elicited via 
putative receptors on the cell membrane [4]. Since 
TXA, has been postulated to be a mediator con- 
tributing to the pathophysiology of a variety of 
disease processes, such as atherosclerosis, throm- 
bosis and angina [S, 61, a number of compounds 
which antagonize the actions of TXAZ have been 
developed recently as agents of potential clinical 
value and as tools for defining the physiologic and 
pathologic roles of TXAz [7,8]. Much of the work 
on the efficacy and potency of TXA2/PGH2 receptor 
antagonists has focused on platelet aggregation of 
aliquots of platelet-rich plasma in extravascular 
aggregometers in the presence of a TXA2 agonist or 
an agent that directly activates TXAZ formation [9]. 
In a series of 13-azapinane TXA2/PGHZ receptor 
antagonists, Mais et al. [lo, 111 found a good cor- 
relation between their inhibitory potencies for 
[1251]PTA-OH binding and U46619-induced aggre- 
gation in canine or human platelets. However, none 
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of the published reports has definitely shown 
relationships of the potencies between receptor bind- 
ings and ~~a~egato~ activities of TXAdPGHz 
receptor antagonists with different structures. 

Some reports have stated that the rat is not an 
appropriate species to use for studying the role of 
prostaglandins in platelet aggregation and for devel- 
oping antithrombotic agents for human use [12,13], 
because PGH2 and U46619, a TXA2 mimetic agonist 
1141, can induce only shape change and not aggre- 
gation in rat platelets [13,15]. However, our recent 
studies on collagen-stimulated rat platelets rovided 
the evidence for a substantial role of TXAz P PGH2 in 
platelet aggregation [16, 171. A small but significant 
amount of TXA2/PGHz initially produced by col- 
lagen may act as a trigger to provoke subsequent 
platelet responses (i.e. shape change, aggregation 
and secretion) under synergism with the receptor 
occupation by collagen [16]. All the responses were 
suppressed completely by addition of TXA2/PGH2 
receptor antagonists, including the sulfonamide 
BM13177 [18], a 7-oxabicyclo[2.2.l]heptane ring sys- 
tem, SQ29548 1191, a bicyclo[2.2.l]h~ptane ring 
system, EP-045 [ZO], and derivatives of pinane TXA, 
such as ON011120 [ll] and ON03708 [21]. Com- 
parison of the inhibitory potencies of these antag- 
onists in collagen-induced aggregation of rat platelets 
with those of TXA2/PGH2 receptor binding might, 
therefore, offer not only further elucidation of our 
proposed mechanism of TXA2,/PGH2 action [l&17], 
but also serve as a useful model that strictly rep- 
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resents their potencies for inhibiting TXA2/PGH2 
binding to their own receptors. 

In the present study, we first characterized the 
TXA2/PGH2 receptor of rat platelets by means of 
binding studies with radiolabeled U46619, a stable 
TXA? mimetic 141. We then examined the effect 
of some TXAz : PGHz receptor antagonists on the 
platelets to define the availability of rat platelets as 
a simple primary method to evaluate TXA2/PGH2 
receptor antagonists. 

MATERIALS AND METHODS 

Materials. [3H]U46619 (22.4 Ci/mmol) was pur- 
chased from New England Nuclear, Boston, MA, 
U.S.A. Collagen (type IV, soluble), U46619, PGE1, 
PGD* and bovine serum albumin were purchased 
from Sigma, St. Louis, MO, U.S.A. TXBz was 
purchased from Funakoshi, Osaka, Japan. 
Phenylmethylsulfonyl fluoride (PMSF) and EDTA 
were purchased from Nakarai Chemicals, Kyoto, 
Japan. BM13177 (4-[2-(benzenesulfonamido)-ethyl]- 
phenoxyacetic acid), SQ29548 (lS-[la,2/3(5Z), 
38,4~]-7-[3-[2-[(phenylamino)carbonyl]hydrazino]- 
methyl] -7-oxabicyclo [2.2. l] -hept-2-yl] -5- heptenoic 
acid), EP-045 [(?)5-endo-(6’-carboxyhex-2’Z-enyl- 
6-exo[N-( phenylcarbamoyl)hydrazono-methyl]bicy- 
clo[2.2.l]heptane)], ON011120 (9,11-dimethyl- 
methano-11, 12-methano-16-phenyl-13, lCdihydro- 
13-aza-15a;B-w-tetranor-TXA*) and ON03708 
[(9,11), (11,12)-dideoxa-9a, lla-dimethylmethano- 
11, 12-methano-13, 14-dihydro-12-aza-14-oxo-15- 
cyclopentyl-16,17,18, 19,20-pethanol-15-epi-TXAz] 
were synthesized in the Shionogi Research Lab- 
oratories, Osaka [21-241. The structures of these 
TXA2/PGH2 receptor antagonists are shown in Fig. 
1. Stock solution of each antagonist was prepared in 
dimethyl sulfoxide (DMSO), which was stable at 
-2O”for over a month, and diluted in the appropriate 
buffer before each experiment. The vehicle for 
[3H]U46619 was the appropriate buffer containing 
0.1% DMSO at the final concentration. Other 

materials and chemicals were obtained from com- 
mercial sources. Collagen was solubilized in isotonic 
saline before use. 

Preparation of gel-filtered platelets (GFP). Blood 
was collected from rat or human volunteers into 
0.15 vol. of acid citrate dextrose (85 mM trisodium 
citrate, 70 mM citric acid and 110 mM glucose) con- 
taining 12 pgg/ml PGE1. Platelet-rich plasma (PRP), 
obtained by centrifugation at 160 g for 10 min, was 
layered on 40% bovine serum albumin [25]. Platelets 
were sedimented at 1200 g for 25 min and resus- 
pended in 0.5 ml of resuspension buffer (137 mM 
NaCl, 2.7 mM KCl, l.OmM MgC12, 3.8 mM 
NaH2P04, 3.8 mM HEPES, 5.6mM glucose and 
0.035% bovine serum albumin, pH 7.35). Platelets 
were separated from plasma proteins by gel filtration 
through a column of Sepharose 2B and were sus- 
pended in the resuspension buffer. 

Preparation of platelet membranes. Platelet mem- 
branes were prepared according to the method of 
Saussy et al. [26]. Briefly, platelet pellets were pre- 
pared from PRP by centrifugation at 12OOg for 
15 min and resuspended in ice-cold lysing buffer 
(5 mM Tris-HCl, pH 7.4, containing 5 mM EDTA, 
10 PM indomethacin and 0.3 mM PMSF). The plate- 
let suspension was homogenized using ten strokes 
of a tight-fitting glass Dounce homogenizer at 4”. 
Platelet membranes were prepared by centrifugation 
of the homogenate at 30,000 g for 12 min at 4”. The 
resulting pellet was washed twice with lysing buffer. 
The pellets were resuspended in the incubation 
buffer (50 mM Tris-HCl, pH 7.4, containing 5 mM 
EDTA, 10 PM indomethacin and 0.3 mM PMSF) 
at a protein concentration of about 10 mg/ml. The 
suspension was used as platelet membranes and 
stored at -70” until assay. Protein concentrations 
were determined by the method of Lowry et al. [27]. 

Measurement of the platelet aggregation. Rat GFP 
(5 X lo* cells/ml) were preincubated with 1 mM 
CaCl* for 2 min at 37” in the presence of various 
concentrations of TXA2/PGH2 receptor antagonists, 
and then 40 pg of collagen/ml was added. The aggre- 
gation and shape change were monitored simul- 
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Fig. 1. Structures of TXA2/PGH2 receptor antagonists. 
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taneously with an aggregometer (model PAT-6A, 
Niko Bioscience Co. Ltd.) in terms of the increase 
and decrease in light transmission respectively. 

Binding studies. Binding studies were performed 
by incubating 3.4 X 10s cells of GFP or 0.45 mg of 
platelet membranes with approximately 6 nM 
[3H]U46619 (0.054 @i) in a total volume of 0.4 ml 
in siliconized glass tubes (12 x 75 mm) at 24” for 
20 min. Specific binding is defined as the differences 
between binding in the presence and absence of 
10pM U46619. To block U46619-induced platelet 
activation, GFP were treated with 1 PM PG12 for 
2 min prior to mixing them with drugs [28]. After the 
incubation, ice-cold 0.9% NaCl (3 ml) was added to 
each tube, and the reaction mixture was immediately 
filtered by suction through a Whatman GF/C glass 
filter disc, which was then washed four times with 
ice-cold 0.9% NaCl. All filtration procedures were 
completed within 10 sec. 

Statistical analyses. Linear regression analysis of 
Scatchard plots was performed according to the 
standard methods [29]. 

RESIJLTS 

[3H]lJ46619 binding to gel-filtered rat platelets 
(GFP). The binding of 6 nM [3H]U46619 to rat GFP 
was linear over a platelet concentration ranie of 
1 x 10s/ml to 2.5 x 109/ml (data not shown). Total 
and non-specific binding were not changed sig- 
nificantly by extracellular Ca*’ or Mg2+ in con- 
centrations from 0 to 10 mM (data not shown). All 
subsequent binding assays were carried out at pH 7.4 
with a platelet concentration of 8.5 x lO*/ml and a 
final concentration of 1 mM CaCl, and 1 mM MgQ. 
This buffer medium exactly duplicated the conditions 
used in the collagen-induced aggregation studies. 
Figure 2 displays the time-course of binding and 
dissociation of i3H]U46619 in rat GFP at 24”. The 
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Fig. 3. (a) Saturation of the specific [3H]U46619 binding to 
rat GW. GFP were incubated with 6nM [3H]U46619 in 
the presence of various concentrations ((I-200 nM) of 
U46619 at 24” for 20min, and the specific binding was 
determined by displacing with 10 PM U46619. Mean values 
are shown; mean f SE is shown by a vertical line when it 
exceeds the size of a symbol; (N = 4). (b) Scatchard plot 
of the specific [3H]U46619 binding to rat GFP. Each point 
represents the mean value of four experiments shown in 

(a). 

specific binding, the difference between total and 
non-specific binding, reached equilibrium within 
4min and remained at the same level for up to 
30 min. The addition of a large excess of unlabeled 
U46619 at the 15-min time point caused rapid and 
complete displacement of the specifically bound 
U46619 within 2min. A saturation curve for 
[3H]U46619 specific binding is shown in Fig. 3a. 
The specific binding tended to saturate at a ligand 
concentration of 200 nM. Scatchard analysis of these 
data yielded a straight line, indicating a single class 
of binding sites, with an equilib~um dissociation 
constant (&) of 37 nM and a binding capacity (Bmax) 
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Fig. 2. Time-course of binding and dissociation of 
[3H]U46619 in intact GFP at 24”. f3H]U46619 (6 nM) was 
incubated with 3.4 x 10s rat GFP in 400~1 of the resus- 
pension buffer at the indicated times. Total binding (0) 
was obtained as described in Materials and Methods. Non- 
specific binding (0) was determined by including 1OpM 
U46619 in the incubation mixture. After a 1.5min incu- 
bation, 10pM unlabeled U46619 was added (arrow) to 
initiate dissociation of [-‘H]U46619, and the amount of 
13H]U46619 bound was determined after various time inter- 
;a18 (0, dashed line). This figure is a typical record from 
one of four similar experiments. Each point represents the 

mean value of duplicate dete~inations, 
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Fig. 4. Effects of cations of specific binding of (3H]U46619 
to rat platelet membranes. Rat platelet crude membranes 
(0.45 mg protein), suspended in the incubation buffer con- 
taining 4.5 mM EDTA (final concentration), were incu- 
bated with 6nM [‘H]U46619 at 24” for 20min in the 
presence of various concentrations of Mg2+ (0), CaZ+ (O), 
Na+ (0) and K’ (A}. The counter ion was chloride for a11 
cations. Mean 2 SE calculated from the average of three 

separate experiments is shown. 
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of 160 fmol/lOs platelets, equal to ca. 1000 binding 
sites per platelet (Fig. 3b). 

[ 3H]fJ46619 banding to platelet crude ~e~br~~s. 
When 6 nM [jH]U46619 was incubated at 24” with 
0.45 mg of crude membranes of rat platelets in the 
incubation buffer containing a final concentration of 
4.5 mM EDTA, specific binding reached a stable, 
steady-state level after 5 min (data not shown). The 
effects of various cations on the binding to the crude 
membranes were determined (Fig. 4). Mg*+ 
enhanced [3H]U46619 specific binding in a con- 
centration-dependent manner, with a maximal 
stimulatory effect at 20 mM, whereas Ca2+ was much 
less effective than Mg2+ and monovalent cations 
(Na+ or I<+) did not significantly affect specific bind- 
ing in concentrations up to 50 mM. To examine the 
effects of Mg*+ on ~3H]U~619 binding sites, Scat- 
chard analysis was performed in the presence of 5 or 
20 mM Mg 2+, because the level of specific binding in 
the absence of Mg*+ was too small to allow an 
accurate analysis. The Scatchard plot and a com- 
puterized analysis indicated the existence of a single 
class of binding sites with a & of 60 or 39 nM and a 
B ma* of 750 or 705 fmoi/mg in the presence of 5 
or 20mM Mg2+ respectively (Fig. 5). These data 
demonstrated that the density of specific binding 
sites was not altered significantly, while the affinity 
of [3H]U46619 binding to the specific sites was 
enhanced by cu. 1.5-fold when Mg2+ was increased. 
In the presence of 20mM MgCl,, the & of 
[3H]U46619 binding to membrane fractions was 
almost the same as the value obtained from intact 
GFP (Fig. 3). Based on these results, all the binding 
studies using platelet membranes were performed in 
the presence of 20 mM MgCII. Under this condition, 
specific binding of t3H]U46619 to platelet mem- 
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Fig. 6. Time course of association of t3H]U46619 to rat 
platelet membranes. Rat crude membranes were incubated 
with 6.5 nM [3H]U46619 in the presence of 20 mM M&I, 
at O”, and samples were withdrawn at the indicated times. 
Each point represents the mean value of triplicate 
determinations. The inset shows the pseudo first-order rate 

plot of the same data and the slope of the plot is iu,. 

branes came to equilibrium within 4 min at 24”, which 
was too fast to perform the kinetical analysis 
precisely. Thus, the association and dissociation rate 
constants were determined at 0”. The association 
rate constant (1yi) for ligand-binding site complex 
was determined from the time-course of 6.5 nM 
t3H]U46619 binding. Binding appeared to approach 
equilibrium within 12 min at 0” (Fig. 6). The observed 
rate constant (Kobs) derived from the slope of the 
pseudo first-order rate plot (Fig. 6 insert) was found 
to be 0.295 mini. To determine the dissociation rate 
constant (K-i), the membranes were incubated with 
[3H]U46619 for 20 min at 0” to ensure that equi- 
librium had been reached. At an arbitrary zero time- 

BoundCfmoli mg) 

Fig. 5. Scatchard plots of [-‘H]U46619 binding to rat platelet 
membranes in the presence of 5 or 20mM M&l,. Rat 
platelet membranes- (0.45 mg protein) were incubated at 
24” for 20 min with 6 nM r3H1U46619 and various con- . . 
centrations of unlabeled U46619 (O-200 nM) in the pres- 
ence of 5 mM MgClr (0) or 20 mM M&l, (0). Non-specific 
binding in the presence of 10 yM U46619 was subtracted 
from each point. Each point represents the mean value of 

triplicate determinations for three experiments. 

Time(minf 

Fie. 7. Time+ourse of dissociation of [“H]U46619 from rat 
platelet membranes. Association of rat platelet membranes 
with 6.5 nM 1sHlU46619 in the nresence of 20 mM M&l, 
was carried out ‘at 0” for 20 mm. Then 10 FM unlabiled 
U46619 was added to time zero to initiate displacement of 
L3H]U46619 from its binding site. Each point represents 
the mean value of triplicate determinations. The inset 
shows the iinear transformation of the same data and the 

slope of the plot is K-r. 
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Fig. 8. Displacement of the specific ~3H]U4~19 binding by 
various compounds. Rat GFP (3.4 x 108) were incubated 
with 6nM [3H]U46619 in the presence of various con- 
centrations of SQ29548 (O), ON03708 (0), EP-045(x), 
ON011120 (A), BM13177(0), PGDr (A), PGE, (0) and 
TXBr (W). Incubation was carried out at 24” for 20 min. The 
specific binding was obtained by subtracting non-specific 
bin~ng obtained with 1OpM U46619 from each total 
binding. The control value (100%) was defined as the 
specific binding of [‘H&J46619 in the absence of these 
compounds. Each point represents the mean value * SE 

of four experiments. 

point, excess unlabeled U46619 (10 PM) was added, 
and the time course of displacement of [3H]U4~19 
from its binding site was determined. As shown 
in Fig. 7, an exponential decrease in binding was 
observed and dissociation was complete by 15 min at 
0”. Linear transformation of the data revealed a K-r 
of 0.25 mitt-’ (Fig. 7 insert). The association rate 
constant was determined to be 6.9 x lo6 M-r min-’ 
according to theequation Kt = (K,h-K_t)/[L]. The 
kinetically determined & is given by K, = Kel/K1 
and was found to be 36 nM. 

Inhibition of [3H]U46619 bindin to rat GFP and 
crude membranes by TXA2 PGH, receptor /B 
antagonists. Several compounds were examined for 
their abilities to block the ~3H]U46619 binding to 
intact GFP and platelet membranes. Figure 8 shows 
the displacement curves for these compounds in the 
intact GFP. Five TXA2/PGH2 receptor antagonists 
inhibited [3H]U46619 binding in a concentration- 
dependent manner, and the potency series of the IC,, 
values was found to be SQ29548 3 ON03708 > EP- 
045 > ON011120 2 BMl3177. 

PGJ& displaced the binding of [3H]U46619 at 
concentrations greater than 1 PM, but complete sup- 
pression was not achieved at 100 PM (data not 
shown). PGE, and TXB2, the stable metabolite of 
TXAr, scarcely displaced the ligand binding. A simi- 
lar displacement pattern was obtained in the crude 
membranes (data not shown). These results demon- 
strated that the [3H]U46619 binding site in both rat 
GFP and membrane fractions represents the platelet 
TXA,/PGHr receptor. 

Inhibition of collagen-induced aggregation by 
TXAJPGH, receptor antagonists. As previously 
reported, TXAl/PGHz may act as a trigger of the 
aggregation response of rat platelets stimulated by 
collagen [16J. As shown in Fig. 9, ail of the receptor 
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Fig. 9. Con~ntration-inhibition curves of various TXAJ 
PGHl receptor antagonists in collagen-induced aggregation 
of rat GFP. Rat GFP were preincubated with 1 mM CaCI, 
for 2 min at 37” in the presence of various concentrations 
of SQ29548 (O), ON03708 (0), EP-045 (x), ON011120 
(A) and BM13177 (0), and then 40 fig of collagen/ml was 
added. The maximum aggregation reached within 4min 
upon addition of cohagen was expressed as a percentage of 
the aggregation induced by collagen in the absence of these 
compounds. Each point represents the mean value 2 SE 

of four experiments. 

antagonists completely suppressed collagen-induced 
aggregation response. The potency for inhibition 
was found to be SQ29548 2 ON03708 > EP- 
045 > ON011120 2 BM13177. From log-log plots of 
Ki([3H]U46619binding,Fig. 8)andrcs,(aggregation, 
Fig. 9) values, highly significant positive linear cor- 
relations were calculated for the inhibitory potencies 
of these antagonists between collagen-indu~d aggre- 
gation and [3HjU46619 binding in intact GFP or 
crude membranes (r = 0.995, P < 0.01) (Fig. 10). 
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Fig. 10. Graphic correlation of receptor affinity and anti- 
aggregatory potency of several TXA2/PGH2 receptor 
antagonists. Open circles represent a log-log plot of K, 
([3H]LJ46619 binding to intact GFP) versus ICKY (collagen- 
induced GFP aggregation) values employing data from 
Figs. 8 and 9 respectively. Closed circles represent a log-log 
plot of Kj f[3H]U46619 binding to rat platelet membranes) 
versus IQ, (collagen-induced GFP ag~egation) values. 
Each point represents the mean value of four experiments. 
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Table 1. Properties of inhibition of [“H&J46619 binding to 
human piatelet membranes and rat platelets by TXAJ 

PGHz receptor antagonists 

K, (nM) 

Antagonists Human platelets* Rat platelets7 

SQ29548 8.5 2 2.0 3.3 f 0.8 
ON03708 9.2 +- 3.0 5.0 t 1.2 
BP-045 680 * 85 51 2 11 
ON011120 900?80 170 + 20 
BM13177 1000 * 120 200221 

Data represent the mean values rt SE from four 
experiments. 

* Human platelet membranes (0.45 mg) were incubated 
with 10 nM j3H]U46619 and various concentrations of 
TXAJPGHr receptor antagonists in the presence of 
20 mM MgClr at 24” for 20min. The Ki values were 
obtained by analysis of data similar to that for rat GFP as 
shown in Fig. 8. 

t K, values in rat GFP were determined by radioligand 
competition studies as described in the legend to Fig. 8. 

Potencies of ~XA*/PG~* receptor untugonis~ for 
~~pia~ernent of 13H]Ui16619 badging in Mornay plate- 
let membranes. The specific binding of [3H]~~19 
to human platelet membranes was saturable and 
reversible, and was enhanced by addition of Mg2+ 
as was rat platelet membranes (data not shown). The 
Scatchard analysis of the specific [3H]U46619 binding 
in the presence of 20 mM Mg2+ revealed the exist- 
ence of a single type of binding site with a Kd of 
125 nM and a B,,, of 1640fmol/mg protein (data 
not shown). This Kd value was comparable to that 
determined in intact human platelets [ZS, 301. Five 
TXA2/PGH2 receptor antagonists completely sup- 
pressed [3H]U46619 binding in a dose-dependent 
manner, and their Ki values are given in Table 1. The 
rank order of their abilities to inhibit [3H]U46619 
binding in human platelets paralleled with that 
in rat GFP (SQ29548 = ON03708 > EP-045 > 
ON011120 = BM13177). PGDz also displaced 
[3H]U46619 binding to human platelet membranes at 
concentrations greater than 1 PM (data not shown), 
which corresponds with the results of intact human 
platelets using [‘251]PTA-OH as a radioligand [31]. 

DISCUSSION 

Rat platelets have been regarded as unsuitable as 
a model for studying the action of prostaglandins in 
platelet activation 1121, since the TXA2 agonist can 
only evoke shape change and not aggregation 
[13,1-S]. However, by addition of I346619 to rat GFP 
previously stimulated by collagen in the presence of 
indomethacin, complete aggregation was provoked 
as previously described [16,17]. The EDSO value of 
U46619 for eliciting this response was estimated to 
be approximately 25 nM [16], which nearly cor- 
responded to the Kd value (ca. 37 nM) for U46619 
specific binding to rat GFP (Fig. 3). These data 
strongly suggest that the binding site of U46619 on 
rat GFP is the site responsible for eliciting platelet 
activation. The B,,, value of U46619 was approxi- 

mately 160 fmol/lOs platelets, which was equivalent 
to cu. 1000 binding sites per platelet. This was about 
half of that reported for human platelets [28,31], 
probably because rat platelets are smaller than 
human thrombocytes. All of the five TXAJ 
PGH2 receptor antagonists effectively displaced 
[3H]U46619 binding to rat GFP (Fig. 8) as well as 
human platelet membranes. Good similarities were 
seen for the relative potencies of these antagonists 
for displacement of [3H]U46619 binding between 
rat GFP and human membrane fraction (Table l), 
suggesting that specificity of U46619 binding to the 
TXA,,/PGH2 receptor on rat platelets may be almost 
the same as that on human platelets. The differences 
of Ki values for respective antagonists between rat 
and human platelets may be explained from the 
higher affinity of U46619 to rat (Kd = 37 nM) than 
human (Kd = 125 nM) platelets. Another corre- 
spondence between the TXA,/PGH* receptors of 
rats and humans was that hi her concentrations of 
PGD2 effectively displaced 8 [ H]U46619 binding as 
shown in Fig. 8. This demonstrates a cross-reactivity 
of PGD2 on the TXA2/PGH2 receptor which cancels 
out its antiaggregatory action in high concentrations 
as already reported for guinea pig platelets /32]. 
Kattleman and coworkers 1281 provided evidence for 
the existence of a compa~ment, in which U46619 
accumulated in a competitive but non-displaceable 
manner in human platelets. However, this non-dis- 
placeable pool was not observed in rat platelets, 
as [3H]U46619 was completely displaced from its 
binding site by excess unlabeled U46619 (Fig. 2). 
These differences between rat and human platelets 
probably depend on the experimental procedures 
employed in each assay. Kattleman et al. [28] used 
washed platelets prepared by centrifugation and sep- 
arated bound and free radioligands by centrifu- 
gation, while we employed the gel filtration method 
to prepare washed platelets [25], because it has sev- 
eral advantages such as good preservation of platelet 
morphology as well as physiological functions 1331. 
Another advantage of the rapid filtration method for 
separating bound/free ligands is that it may lead to 
a much lower level of non-specific binding. 

We also succeeded in detecting specific binding 
activity for U46619 in the membrane fraction of rat 
and human platelets. Saussy et al. [26] obtained an 
extraordinary low value in human platelets for the 
inhibitory potency of U46619 against [‘251]PTA-OH 
binding to the membrane preparations compared 
with that in intact platelets. Alteration of binding 
affinity for the TXAz,/PGH2 receptors in membrane 
preparations would occur probably due to the 
destruction of the integrities of the platelet 
membrane. We, therefore, examined the effects of 
some cations on the U46619 binding to the platelet 
membranes and found that the binding levels were 
increased significantly by addition of Mg2+ (Fig. 4). 
Scatchard analysis revealed increased affinity of 
binding sites with unaltered binding density in the 
presence of Mg 2+. These results strongly suggest that 
Mg2+ may increase the affinity of agonist for TXAJ 
PGH, receptor in the platelet crude membranes. 
The effects of cations on the TXA2/PGHZ receptors 
in the platelet membrane serve as a contrast to the 
case of leukotriene DJ and E4 receptors in lung 
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membranes of the guinea pig [34,35], the density of 
which was increased by Mg*+ as well as by other 
divalent cations. The Kd values, obtained from both 
Scatchard and kinetic analyses in the presence of 
Mg*+, agreed well with the value from the intact 
GFP, suggesting that TXA2/PGH2 receptors on the 
membrane fractions in the presence of Mg*+ may 
have the same affinity as those on intact GFP. This 
was also supported by displacement data of several 
TXA2/PGH2 receptor antagonists having the same 
Kj values in both preparations (Fig. 10). As platelet 
membranes can be stored at -70” without loss of 
binding affinity for over a month, a binding assay 
using crude membrane fractions can provide a direct 
means for evaluating synthetic TXA2/PGH2 recep- 
tor antagonists rather than intact platelets. Evidence 
for a good correlation between rat and human for 
the relative potencies of TXA2/PGH2 receptor 
antagonists (Table 1) also supports this idea. 

Our recent studies clearly demonstrated an essen- 
tial role of TXA2/PGH2 in mediating collagen to 
elicit platelet aggregation (Fig. 9). The ~csa values of 
several antagonists for inhibition of collagen-induced 
platelet aggregation were linearly correlated with Ki 

values for U46619 binding, as shown in Fig. 10. These 
findings not only support our proposed mechanism of 
TXA2/PGH2 action in collagen-stimulated platelets 
[16,36], but they also offer a simple method for 
evaluating TXA2/PGH2 receptor antagonists. 

More recently, we succeeded in characterizing the 
TXA2/PGH2 receptors in cultured smooth muscle 
cells (VSMC) of rat aorta by means of direct radio- 
ligand studies [37]. The rank order of several TXA2/ 
PGH2 receptor antagonists for displacement of 
[3H]-U46619 binding in rat platelets was almost 
comparable with their inhibitory potency 
for [3H]SQ29548 binding in rat VSMC 
(SQ29548 > ON03708 > ON011120), suggesting 
that the TXA2/PGH2 receptors on rat platelets have 
specificity similar to that on vascular smooth muscles 
of the same species. 

In conclusion, we emphasize that rat platelets may 
be used as a valuable tool for elucidating TXAz 
action on platelet aggregation as well as for screening 
TXA2/PGH2 receptor antagonists. 
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