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Competitive inhibition of platelet thromboxane A , receptor binding
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Clinica Medica 1, Universitvof Florence, Florence: ftaly

Regeived 16 January 1989, revised MS received 3 July 1988, accepied 11 July 1989

On the basis of indirect pharmacolegical evidence. picotamide. a methoxy derivative of 4-hydroxy-isophthalic acid
(N.N’bis{3-picolyl)-4-methoxy-isophthalamide) has been postulated 1o inhibit platelet aggregation by competitively
interfering with the thromboxane A, (TxA.} platelet receptor. In the present study the intgraction between
picotamide and TxA, rteceptors on human platelets was investigated by a direct radioligand assay method with
[Z1]PTA-OH and [*HJU46619 as labelled radioligands. The ONO11120 and U46619 inhibitory constants (K;) for
['Z*]JPTA-OH binding were 19 + 4 and 17 + 3 nM, respectively. Picotamide displaced ['“HPTA-OH binding with 2
K, of 1472+ 321 oM. The K, for ONO 11120 and U46619 on {*H]U46619 binding were 42 + 12 and 16 + 5 nM,
respectively, whereas the K, for picotamide was 1648 + 431 nM. These data provide evidence that picotamide can

directly mhibit the TxA ., platelet receptor.

Platelets; Thromboxane A ,: Prostaglandins; (Receptors)

1. Introduction

Picotamide, a methoxy derivative of 4-
hydroxy-isophthalic acid (N.N’bis(3-picolyl)-4-
methoxy-isophthalamide) (Orzales: et ak. 1975),
has anti-aggregating properties (De Cunto et al.,
1983; Berrettini et al., 1983; Vioh et al., 1988) but
its mechanism of action is not yet known. The
molecular structure of picolamide seems to be
critical for the anti-aggregating activity because its
chemical precursors (such as 4-OH-isophthalic acid
and the 4-OCH ,-isophthalic acid) have been re-
poried to have pro-aggregating effects (De Cunio
et al., 1983), On the basis of indirect pharmaco-
logical evidence, picotamide has been postulated
to inhibit platelet aggregation by competitively

Correspondence to: P.A. Modesti, Clinica Medica L, University
of Florence, 50134 Florence, [laly.

interfering with the thromboxane A, (TxA;)
platelet recepior (De Cunto et al.. 1983; Berrettini
et al., 1983; Deckmyn et al.. 1985). More recently,
picotamide has been suggested to inlibit TxA,
synthesis (Viol et al.. 1988),

The aim of the present study was to investigate
the interaction between picotamide and TxA ; re-
ceplors on human platelets by using a direct radio-
ligand assay.

2. Materials and methods
2.1. Marerials

ONO 11120 (9,11-dimethylmethane-11.12-
methane-16-phenyl-13,14-dihydro-13-aza-15-tetra-
nor-TxA,) (6.7) was a gift from Dr. Narumiya
(Kyoto, Japan). ["**1JPTA-OH (2000 Ci/mmal)
(9.11-dimeéthylmethane-11.12-methane-16-(3['**1]-
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4-hydroxyphenyl)-13.14-dihydro-13-aza-15-tetra-

nor-TxA,), the labelled hydroxylated form of
ONOI1120, was obtained from Amersham
(Buckinghamshire, Great Britain). U46619 (9.11-
dideoxy-11-a,9-a-epoxymethane-prostaglandin
F.,} was obtained from Sigma Chemicals (St
Louis, MO, USA,) and ['HJU46619 (224
Ci/mmol) was obtained from New England
Nuclear (Boston. MA, U.S.A.). Prostacyclin
{PG1,) was obtained from Upjehn (Kalamazoo,
MI. U.S.A). Picotamide (N.N’bis(3-picolyl)-4-
methoxy-isophthalamide) (batch Mo, 870311) was
provided by Samil Inc.-Sandoz Group, Rome.
Italy. All the other reagents were obtained from
Merck {Darmstadt, F.R.G.) and were of analytical
grade.

2.2. Blood sampling and plateler isolation

Blood was withdrawn by venipuncture from 10
healthy volunteers (aged 44-62 years) who had
fasted overnight, between 8:00-9:00 a.m., and 15%
(v/v} acid citrate dextrose (NIH formula A) was
added to prevent coagulation. None of the volun-
teers had taken any drug for at least 15 days
preceding the study. Platelet-rich plasma was
prepared as deseribed previously (Nen Serneri et
al.. 1984). The platelet-rich plasma, adjusted to
pH 6.5 with acid citrate dextrose. was centrifuged
at 1800 X g for 30 min at 20°C. Platelets were
then resuspended in 10 ml of phosphate buffer pH
7.2 (mM: 8 Na,HPO,, 2 NaH,PO,. 10 KCI. 135
NaCl) and again recentrifuged at 1800 X g for 30
min at 20°C. The supernatant was discarded and
the platelets were resuspended in assay buffer
containing (mM) 138 NaCl. 5 MgCl,. 1 EGTA
and 25 Trs/HCI, pH 7.5, If necessary assay buffer
was added to obtain a platelet concentration of
10" piatelets /ul.

2.3, Binding studies

2.3.1. Kinetics of [ I}JPTA-OH binding

The binding of 0.5 nM {'"*IJPTA-OH (final
concentration, f.c.) to 10% platelets (in a [inal
volume of 200 pl) was evaluated at 20°C at
selected times (1, 2. 3. 5. 8, 10. 12. 20, 30. 40, 50
min), Non-specific binding was assessed al each

time by adding 20 pl of ONO11120 (20 uM [.c.).
Specific binding at each time was then calculated
as the difference hetween the total and non-specific
plateler bound radioactivity, The reversibility of
binding was assessed after 10 min by adding a
large amount of unlabelled ligand (20 pl of
ONO11120, 20 uM f.c.) to the reaction mixture.
The residual binding was evaluated at selected
nmes (1. 2, 3, 5. 8. 10, 12, 20, 30 nun).

2.3.2, [T 1]PTA-OH binding isotherms

The linearity of the specific binding of ['**]]
PTA-OH with increasing platelet counts in the
incubation medium was first evaluated by incubat-
ing 0.05 nM [P*I|PTA-OH with different final
platelet concentrations. ranging between 5 x 10°
and 10° platelets /ul. The samples were processed
as described below.

Platelet suspension (0.1 ml) was incubated in a
final volume of 0.2 ml with 0.05 nM (f.c)
[*IIPTA-OH (2000 Ci/mmol) and increasing
concentrations of ONQ11120 {0-4 X 10~ M} for
10 min at room temperature. The residual radioac-
tivity after the addition of ONOI11120 {2 X 10°#
M (f.c.) was considered as non-specific binding,
Non-specific binding of 0.05 nM ['*1]PTA-OH
amounted to 25-35% of the total radicactivity
bound. After a 10 min incubation. four 4 ml
aliquots of ice-cold buffer were added to each
tube to stop the reaction and the tube contents
were rapidly filtered under reduced pressure
through Whatman GF /C glass microfiber filters.
Previous lime course experiments showed that
binding equilibrium is reached under these condi-
tions. The entire washing procedure was com-
pleted within about 15 s. The filters were dried
under air and counted in 4 Beckman gamma coun-
ter with un overall efficiency of 50%. The experi-
ments were carried out in triplicate and a displace-
ment curve was obtained for platelets from each
subject.

2.3.3. Displacement of the [''1]PTA-OH binding
Displacement curves for U46619, PGI, and
picotamide on ['**1|PTA-OH binding to plaielets
were obtained by adding increasing concentra-
tions of U46619 (0-2 X 10~% M). PGI, (0-5 x 107*
M) and picotamide (0-5 X 10™* M} to the incuba-



tion mixture composed of platelets and ['*1]PTA-
OH (0.05 nM). After 10 min incubation at recom
temperature, the samples were processed as de-
seribed above.

2.3.4. Displacement of the ['H]U46619 binding

To study U46619 binding 1o platelets, the
platelet suspension was incubated. in the same
volume and under the above-mentioned condi-
tions, with 20 pl of [PHJU4661% (5 oM fc)
Increasing concentrations (0-4 X 10 © M) of un-
labelled V46619 were added to the incubation
mixtures, After 10 min incubation at reom tem-
perature. four 4 ml aliquots of ice-cold buffer were
added to each tube to stop the reaction and the
samples were processed as described previously.
Preliminary time course experiments showed that,
under these experimental conditions, the specific
binding reached equilibrium after about 8 min
{n=4)

The residual radioactivity after the addition of
2 X 107% M unlabelled U46619 (I.c.) was consid-
ered as non-specific binding. The filters were dried
under air, suspended in a liquid scintiilation solu-
tion (Aquasol, NEN, Dreieich, F.R.G) and
counted in a liquid scintillation spectrometer
(Packard, LS 1800, Irvine, CA, USA.y with an
overall efficiency of 40%.

Displacement curves of the binding of ['H]
U46619 to platelets were obtained for ONO11120
(0-2 x 10 ® M), PGl, (0-5Xx 10 * M) and pico-
tamide (0-5 %X 107* M).

2.4, Analysis of data

2.4.1. Kinetie studies

The kinctic constants were calculated from time
course experiments according to Weiland and
Molinoff (1981). Briefly, the observed association
constant (K, ) was calculated as the slope of the
pseudo-first order plot In(LReq) /({LReq) — (LR1))
versus (ime (t). LReq and LRt indicate the con-
centration of ligand-receptor complex at equi-
librium and at each time (1). respectively. The
dissociation rate constant k _, 15 a first order rate
constant because the rate was determined after
elimination of the forward reaction following prior

a7

incubation of ligand and receptor. The first order
integrated rate equation for disseciation s
In{LRt)/(LR)= —k 1. LR and LRt are the con-
centrations of ligand-receptor complex prior to
the addition of competing ligand (time 0} and at
time 1, respectively, The association constant (K | ;)
was then calculated by the equation: k.| = (K,
—k_,/[L]. The kinetically determined dissocia-
tion constant (K ) is given by: K, =k /k, .

2.4.2. Binding isotherms

The total binding at each concentration of the
dispiacement curve at equilibrium was determined
by dividing the decay per muinute (dpm} of each
platelet pellet by the caleulated specific activity in
dpm/mel (Modesti ¢t al.. 1983). These binding
isotherms were analysed according 1o Scatchard
(1949).

2.4.3. Deterniination of antagonist hinding affinities

The inhibitory constant for ONO11120, U46619
and picotamide on ['"*I)PTA-OH and [*H]U46619
binding to platelets was calculated according 1o
Cheng and Prusoff (1973).

Briefly, the inhibitory concentration 5¢ (IC,)
was determined earlier from indirect Hill plots
(logit-log ploty by plotung leg ((LRi)/(LR)—
{LR1)) versus log(i). where LR and LRi are the
ligand-receptor concentration in the absence and
in the presence of the inhubitor, respectively, and
{1) 15 the inhibitor concentration (0-2000 nM for
46619 and ONO11120, 0-500.000 nM for pico-
tamide). The slope of the plot is —n (Hill coeffi-
cient) and the abscissa intercept is egual to the
1C,,..

The K, values were then calculated from the
relationship: K, = 1C5/(1 + ¥ /K ;). where I and
K, are the free concentration and the dissociation
constant of the labelled compound. respectively,
Lthe latter being calculated independently from the
binding isotherms.

2.4.4. Statistical analysis

Unfess indicaled otherwise., all data given in the
lext are means + S.ID). of n experiments. Each ex-
periment was performed in triplicate.
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3. Results
3.1, Time course of ['"1]PTA-OH binding

['*1)PTA-OH bound rapidly to intact humun
platelets. The time course experiments revealed a
biphasic pattern: the first phase was characterized
by a rapid rate of association and equilibrium was
reached within about 10 min (fig. 1); in the second
phase the total radioactivity bound rose slowly
and regularly. Assessment of the time course for
the non-specific binding showed a slow. regular
increase in the non-displaceable radioactivity dur-
ing the slow. linear phase of the binding, with a
rate of 3.44 fmol/10% platelets per hour (n =5}
(fig- 1).

In conirast, the specific binding, obtained by
subtracting the non-displaceable binding from the
corresponding total binding at each time. reached
equilibrium after about 10 min and remained sta-
ble at that level duning the following 50 min. A
rate constant (K_, ) of 0.340 min ' for specific
binding was observed (the equation for the line
was y = —0.026 + 0.340x; n = 5) (fig. 2B).

The dissociation curve, measured after 10 min
of incubation (fig. 2A), showed a rapid displace-
ment of about 65-75% of the total radioactivity
bound. Analysis of the first order rate of dissocia-

tion showed a linear pattern, with a k_, of 0.324
min ' (n=5)(fig. 20}

The association rate constant (ky) was 0.032
nM ! mun~' and the resulling, Kinetically de-
termined dissociation constant K ; was 10 nM.

3.2, Binding isotherms of the |'*I)PTA-OH bind-
ing

Preliminary evaluation of the specific binding
of ["*I)PTA-OH (0.05 nM) and [*H|U46619 (5
nM) showed that binding increased lingarly with
increasing numbers of platelets in the incubation
medium.

When platelets were incubated with increasing
concentrations of ['*I]PTA-OH, saturation of
binding was observed at a ligand concentration of
about 100 nM (fig. 3). Scatchard analysis of this
binding yiclded a straight line, indicating a single
class of binding sites for ["*1|PTA-OH (fig. 3),
The equilibrium dissociation constant (K ;) and
the maximum concentration of binding sites (B, )
determined by Scatchard analysis were 21.5+ 7.2
nM and 198 £ 63 fmol/10* platelets (1194 + 379
binding sites per platelet, n=12), respectively.
The Hill coefficient (n Hill) for the binding was
0.942 + 0.099. suggesting the existence of a homo-
geneous, individual class of binding sties without

12000 = 1
Total binding
= 10000
@ a
s
= 8000
&
= Specitic bindin
3 6000 B g
g - 4 ——a——o——0
2 2000 4
2000
0 el ¥ T 1 T T T T
a 10 20 30 40 50 80

Time {min})

Fig. 1. Time course for the association phase of the binding of [ 1PTA-OH (0.5 nM) 10 washed human plawelets at 20 ° C. Platelets

(10*) were incubaled with 0.5 nM [***I]PTA-OH (f.c.), and specific and non-specific binding were determined at the timeg inlervals

indicated. Specific binding was considered as the radicactivity displaced by 20 uM ONO11120, The poinis represent the means of
triplicate determinations in at least five independent experiments (. 1otal hinding. &, specific binding).
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cooperativity. The binding of ["HJU46619 was
saturable (fig, 4). The K, and the B, determined
by Scatchard analysis. gave values of 23.5+ 8.1
aM and 239 + 92 fmol/10* platelets (1439 + 554
binding sites per platelet, n = 9), respectively {fig,

4),

8
fmol10 plt

koL =002aM "min L Ky=k sk =100M).

1.3, Binding affinities of picotanmide und other anu-
logues

In competitive binding studies, ONO11120 and
U46619 were very effective in displacing ['1]

12
400 | A
10
300
8-
200 7 6
w
o
4_
100
2_
i
T hd T T T b T W 0 v 1
0 100 200 300 400 500 0 100 200
125

ILPTA-OH (nM)

Bound

Fig. 3. (A) Saturation curve for | 1PTA-OH binding to washed human platelets at 20 C (120 | total binding: G speaific binding: @,
non-specific’ binding) (n =121 (B) Scatchard analysis of the specilic hinding (B, = 198+ 63 ol 10" platelets, K =21.5+7.2

nMj,
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Fig. 4. tA) Satwravon curve for | YHIU'46619 binding to washed human platelets at 20 °C. Platelets were imcubated with [ 'H]U46619

(5 nM, 224 Ci/mmol) plus unlabelled U46619 (0-20 uM) for 10 min at 20°C. The total binding for each contentranon was

determined by dividing the decay per minute (dpmy by the caleulated specific activity in dpm/mol. Speeifie hinding accounted for

30-60% of the wtal binding. Each point represents the mean + 8.1, of nine independent experiments (27 . wal hinding: 1. specific

binding: W non-specific binding) (n =9}, {B) Seatchard analysis of the specific binding (B, =239+ 92 Imol /10" platelets,
K, =235 81 nM),

PTA-OH binding. The inhibitery constant (K ) binding with a K, of 1472 £ 321 nM (n Hill =
for ONO11120 and U46619 was 19+ 4 (n=10) 0.970 + ¢.075, n=9) (fig. 5). On 1he contrary,
and 17+3 nM (n Hill = 0.943 + 0.096. n = 10), PGl. did not significantly inhibit ['*1JPTA-OH
respectively. Picotamide displaced ['“I]PTA-OH binding to platelets.
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&
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Fig. 5. (A} Displacement of specific [ 1PTA-OH hinding by increasing concentrations of ONOLL120 (O), L46619 (@) and

picotamide (@). Data points represent the means of triphcate determinations in at least 10 independent experiments. (B) Hill plot of

the displacement curves. K, values, caleulaled according to Cheng and Prusoff (1973), were 1914 oM for ONO11120 {n=10. n

Hill = 0.942 + 0,096}, 17+ 3 oM lor U46619 (n Hill = 0,943 £ .0%6. n = 10y and 1472 + 321 oM for picotamide (n Hill = 3.970 +0.075,
n="9.
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{n Hill = 1.14] + 0.061. n = 10),

The inhibitory potencies of ONO11120, U46619
and picotamide on [ 'HJU46619 binding were also
evalpated. The K. were 42 + 12 oM for
ONOILII20(n Hill = 1.280 + 0.042, n = 10). 16 £ 5
oM for U46619 (n Hill =1.2204+ 0042 n=%
and 1648 + 431 nM for picotamide (n Hill =1.141
+ 0.061, n = 10y (fig. 6). In contrast. PGIl. did not
significantly inhibit [*TH]U46619 binding to plate-
lets.

4. Discussion

These binding studies indicate that ["**I]PTA-
OH effectively binds te an individoal class of
specific platelet receptors. In fact, ['**I]PTA-OH
binding fulfilled the criteria of binding to specific
receptors, such as saturability, rapidity. reversi-
hility, und specificity of the binding. Moreover,
binding was specific for thromboxane receptors
because competitive binding experiments showed
that the two labelled stable TxA, analogues used,
['H]U46619 and ['*I)PTA-OH. were displaced by
low concentrations of the two unlabelled com-
pounds, U46619 and ONO11120. On the contrary,
PG, which 1s known to bind to different specific

receptors, did not displace the two TxA, ana-
logues to any extent.

Platelet TxA . receptors have been investigated
with different stable TxA . analogues. Twa differ-
ent classes of receptors have been reporied by
Hung et al, (1983) using 13-azaprostancic acid.
Armsirong et al. (1983) found twa different bind-
ing sites for the two epimers. U46619 and U44069.
but only the receptor for the actuve form was
postulated to be physiological. The presence of
two classes of TxA. receptors. a high-affinity
class (the putative physiolegical receptor) and a
low-affinity class. has been challenged by subse-
gquent investigations { Mais et al., 1985a; Narumiya
et al.. 1986; Kattelman et al., 1986: Licl et al,
1987: Hanasaki and Arita. 1988) that have pro-
vided convincing evidence for existence of a single
class of speaific binding site for TxA 5 on platelets.

In the present study. the dissociation constants
for ['*1]PTA-OH binding calculated with three
different complementary methods (kinetie studies,
saturation curves and competitive binding studies)
were of the same order of magnilude (low
nanomolar range), thus indicating the presence of
a single class of specific receptors. The number of
binding sites we found was lower than that re-



o2

ported bv other authors (Narumya et al., 1986:
Liel et al.. 1987). The reasons for this difference
are uncertain but may stem. at least in pari, from
not completely identical experimental conditions.
Similar discrepancies in binding site number have
been reported for LJ46619 receptors (Ll et al.,
19%7: Kattelman et al. 1986; Mormnelli et al.,
1987). The K, for U46619 that we found was
lower than that reported by Kattelman et al. (1986)
and Hanasaki et al. (1988). but was similar to that
observed by Liel et al. (1987).

Picotamide was found to inhibit the binding of
the two radiolabelled thomboxane A, analogues.
["¥I]JPTA-OH and [*H]U46619. The inhibitory
constant for picotamide gives an index of the
potency of the compound te inhibit binding,
Gresele et al, {in press) reported that the inhibi-
tory concentration of picotamide on U46619-in-
duced aggregation in vitro was 1.4 X 10 % (1Cyy).
These authors found a slope of the Schild plot
greater than 1. and the IC,; was higher than that
found in binding inhibition studies. This non-lin-
ear elffect was attributed to a removal process,
which could be saturated at higher concentration,
whereas the simple effect on the TxA , binding site
was evident at lower concentrations. Moreover,
the picotamide binding capacity of serum pro-
teins, which are present in the aggregation system
but not in the binding studies, may play a role in
causing the non-linear effect.

in conclusion, the present investigation pro-
vides evidence for a direct inhibitory effect of
picotamide at the level of the TxA, platelet recep-
tor, which is possibly responsible. at least in part.
for the anti-aggregating cffect of this drug.
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