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Abstract-9,11-Dimethylmethano -11,12-methano-16-(3-azido-4-iodophenoxy)-13,14-dihydro-13-aza- 
15@?-o-tetranor TXAz (I-PTA-PON,) was synthesized and evaluated as a potential photoaffinity 
probe of the human platelet thromboxane A,/prostaglandin H, (TXA?/PGH,) receptor. I-PTA-PON, 
inhibited the aggregation of washed human platelets induced by the TXA, mimetic U&619 [(15S)- 
hydroxy-ll~,9~-(epoxymethano)prosta-5Z,l3E-dienoic acid]. Schild analysis of the data revealed a Kd 
of 9.5 nM and a slope not significantly different from -1. Equilibrium binding studies using [ ‘251]PTA- 
OH, a TXA2/PGH2 receptor antagonist, showed that I-PTA-PON, plus photolysis resulted in a 52% 
reduction in the number of binding sites (1252 2 202/platelet) compared to the nonphotolyzed group 
(2557 k 293/platelet) (N = 5, P < 0.05) with no significant change in the Kd. Repetition of the incubation 
with I-PTA-PON3 and photolysis a second time resulted in a further 77% (578 * 163 binding sites/ 
platelet) reduction in the number of binding sites. Incubation of washed human platelets with I-PTA- 
PON3 (163 nM) followed by photolysis and removal of the non-covalently bound I-PTA-PON, resulted 
in no change in the ECSO value for the TXA, mimetic, U46619, when compared to controls that were 
either exposed to I-PTA-PON3 and not photolyzed or exposed only to photolysis. The second photolysis 
of I-PTA-PONS resulted in a significant 42% increase in the EC5,, value of U46619-induced aggregation 
compared to the non-photolyzed group (N = 4, P < 0.05). These results suggest that I-PTA-PON3 is a 
useful probe for the study of TXA*/PGH,! receptors and that spare TXAJPGH2 receptors may exist in 
the platelet. 

The arachidonic acid derived metabolites, throm- 
boxane AZ (TXA,$) and prostaglandin Hz (PGH2), 
appear to share and act through specific membrane 
receptors on platelets [l-3]. Following the binding 
of TXA,/PGH* or their mimetics to these receptors, 
a series of biochemical events including shape 
change, increase in intracellular Ca*+ concentra- 
tions, aggregation, secretion and protein phos- 
phorylation is initiated [4]. 

The development of stable radioactive TXA2/ 
PGH, analogs has made it possible to measure the 
binding of ligands to platelet TXA2/PGH2 receptors 
[5-71. Two radioactive ligands that have been useful 
in characterizing the receptors are [1251]PTA-OH, a 
TXA2/PGH2 receptor antagonist [7-g], and 
[3H]U46619, a TXA2/PGH2 mimetic [lO-121. 

In addition to radioligand binding studies to char- 
acterize receptors, photoaffinity probes have also 
been utilized. These probes have found wide utility 
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Fig. 1. Chemical structure of I-PTA-PON,. 

in the study of receptors, especially in combination 
with SDS-PAGE which can be used to determine 
molecular weights. In addition, they have been used 
for the purification to homogeneity of receptors [13], 
have facilitated the study of the mechanisms of recep- 
tor desensitization [14], and have been utilized to 
demonstrate the existence of spare receptors [ 15, 161. 

Two prior reports have described affinity ligands 
for the human platelet TXA2/PGH2 receptor 
[17,18]. Both of these ligands have limited utility, 
however, due to either the chemical nature of the 
ligand or modest affinity of the ligand for the recep- 
tor. 

This study was conducted to determine the poten- 
tial utility of a new photoaffinity probe for the study 
of TXAz/PGHz receptors on human platelets. 

METHODS 

Materials. The structure of I-PTA-PON3 is shown 
in Fig. 1, and its synthesis and characterization is 
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described elsewhere [19]. [ 1251]PTA-OH and I-PTA- the maximal aggregation at 1 min for each con- 
OH [9,11-dimethylmethano-11,12-methano-16-(3- centration of agonist was calculated by using the 
iodo-4-hydroxyphenyl)-13,14-dihydro-13-aza-15@ 
w-tetranor TXA,] were synthesized as described 

highest percent aggregation induced by U46619 in 
the control group. 

previously IS, 203. The reaction mixture generating 
[ lz51]PTA-OH was injected onto a Whatman Partisil- 

In experiments designed to determine the pA2 
value of I-PTA-PONs, the washed platelets were 

5 ODS-3 reverse phase HPLC column (Whatman prepared by resuspending the platelet pellet obtained 
Inc., Clifton, NJ). The mobile phase consisted of from centrifugation of PRP in buffer. The washed 
65% methanol : 35% 0.1 M ammonium acetate at a 
flow rate of 1 mL/min. Fractions (1 mL) were col- 

platelets (450 pL) were added to individual silanized 
glass cuvettes and preincubated with various con- 

lected into 10 mL of methanol (Burdick & Jackson, centrations of I-PTA-PONs or vehicle for 1 min at 
Muskegon, MI), and the fraction containing 
[1251]PTA-OH eluted at 10min under these 

37”. This was followed by the addition of the aggre- 
gating agent U46619 (final concentrations of 20 nM 

conditions. U46619 [(lSS)-hydroxy-llo,9@- to 50pM), and the aggregation response was 
(epoxymethano)prosta-SZ,13E-dienoic acid] was a observed for 2 min. Concentration-response curves 
gift from the Upjohn Co. (Kalamazoo, MI). were constructed for U46619, and the EC~~ was deter- 

Preparation of washedplatelets. Blood (20-50 mL) mined from log-logit plots. The ECsO value was 
was drawn via venipuncture from normal human defined as the concentration required to produce 
volunteers, who had not taken any medication for at 50% of the maximum aggregation occurring 1 min 
least 10 days prior to study, into syringes containing after the addition of U46619. The pA2 value for I- 
indomethacin (10 PM) and EDTA (5 mM) (final con- PTA-PONs was determined from a Schild analysis 
centrations). Informed consent was obtained from of multiple concentration-response curves for 
all subjects. This study was approved by the Medical U46619 in the presence or absence of varied con- 
University of South Carolina Institutional Review centrations of I-PTA-PONs. Concentration ratios 
Board for Human Research. Blood was centrifuged were calculated by comparing ECso values in the 
at 1OOg for 15 min at room temperature, and the presence of I-PTA-PONs to those in the presence of 
pfateiet rich plasma (PRP) was pipetted off and its vehicle [21,22]. 
placed into plastic centrifuge tubes. The PRP was Radioligand binding studies. Incubations (200 pL) 
then centrifuged at 1OOOg for 15 min at room tem- containing 5 x 10’ platelets were performed in silan- 
perature, and the platelet pellet resuspended in ized (12 x 75 mm) glass tubes at 37” for 30 min. The 
buffer (50 mM Tris-HCl, 100 mM NaCl, 5 mM dex- incubation medium consisted of Tris-HCl buffer and 
trose and 10 @vI indomethacin at a final pH 7.4) to 
a concentration of 5 X lo8 platelets/ml. 

[i251]PTA-OH (-0.1 nM, -5 x lo4 cpm) per tube. 
The radiolabeled ligands were freshly prepared from 

Photoaffinity labeling procedure. Platelets were the stock solution on the day of use. An aliquot was 
incubated in a plastic conical tube at 37” in the placed into a glass vial and dried under a stream of 
presence or absence of I-PTA-PON3 (163 nM) for nitrogen at room temperature and then redissolved 
5 min followed by two 20-set bursts of ultraviolet in the appropriate volume of Tris-NaCl buffer with 
light from a hand-held ultraviolet lamp (Ultra-violet vortex mixing for 1 min. For equilibrium or com- 
Products, Inc., San Gabriel, CA) at a distance of petition binding studies, concentrations of I-PTA- 
5 cm. The lamp emits light at a wavelength of 254 nm 
with an intensity of 1250pW/cma at a distance of 

OH or I-PTA-PONs ranging from low9 to 10m5M 
were also included. The reaction was terminated by 

15 cm. The platelets were then diluted 2-fold in modi- the addition of 4mL of ice-cold Tris-NaCl buffer 
fied Tyrode’s buffer (NaCl, 70 mM; KCl, 2.7 mM; (minus dextrose) followed by rapid filtration through 
MgCl,, 0.5 mM; Na2HP04, 7.25 mM; dextrose, Whatman GF/C glass fiber filters (Whatman Inc.). 
5.5 mM; pH 7.4) and centrifuged for 10min at The filters were washed three more times with 4 mL 
1OOOg. The pellet was resuspended in modified of the ice-cold buffer. The filtration procedure was 
Tyrode’s buffer and centrifuged for 10 min at 1000 g. completed within 10sec. Nonspecific binding was 
The platelet pellet was resuspended in Tris-NaCl defined as the number of bound cpm remaining in 
buffer to a final concentration of 5 x IO8 platelets/ the presence of 1 yM I-PTA-OH. 
mL. In experiments using a second concentration of Data analysis. The EC50 values for aggregation 
I-PTA-PONs, following the first photolysis described were determined using log/logit transformations of 
above an additional 163 nM I-PTA-PONs was added the data. Equilibrium binding studies using 
(total emulated concentration 326 nM) followed by [12JI]PTA-OH were analyzed using Scatchard plots 
another 5-min incubation at 37”. The platelets were and a Simplex computer program to fit the data 
then photolyzed with two further 20-set bursts of [23,24]. Competition binding assays using 
ultraviolet light and washed of the I-PTA-PONs as [*Z51]PTA-OH and I-PTA-PON3 were analyzed as 
described above. log-logit plots, and the best fit regression line was 

Aggregation studies. Washed platelets suspended determined. The lcso value was determined from this 
in Tris-NaCl buffer containing CaCla (250 FM) were 
incubated in a~regometer cuvettes (2.25 X lo8 

line. All data are presented as mean 2 SEM. A 
paired Student’s t-test was used to determine if dif- 

piatelets/~uvette) (total volume 5OOpL) with con- ferences existed between the I&, B,,, and EC50 
stant stirring at 37’“. After 1 min of stirring, various values between the control and experimental groups. 
concentrations of W46619 (final concentrations, 
0.025 to SOpM) were added and aggregation was RESULTS 
recorded for up to 2 min. Aggregations were per- 
formed using a Chronolog aggregometer. Percent of Determination of the & value for I-PTA-PON3, 



Platelet thromboxane receptors 1459 

i 
\ . 

-0.2 L 

Fig. 2. Schild plot for I-PTA-PONp in washed human plate- 
lets. The x-axis is the -log of the concentration of I-PTA- 
PON,. The y-axis is the ratio of the ECSO values obtained 
in the presence of antagonist to that obtained in the absence 
of antagonist. The graph presents the combined data from 

three individual experiments. 

To determine if I-PTA-PONs was a competitive 
antagonist of the TXAr/PGHs receptor, washed 
platelets were aggregated with various concen- 
trations of the TXAzPGHr mimetic U46619. The 
ECUS values for U46619-induced platelet aggregation 
were determined in the absence or presence of vari- 
ous concentrations of I-PTA-PONs, and the results 
were analyzed by the method of Arunlakshana and 
Schild [21]. The pAr value obtained from the Schild 
plot was 8.02, which yielded a Kd of 9.5 nM (Fig. 2). 
The slope of the regression line (-0.93 f 0.09, N = 
3) was not significantly different from - 1, indicating 
that I-PTA-PON3 appears to be a competitive antag- 
onist of U46619-induced aggregation of washed 
platelets. 

In competition assays using [**‘I]PTA-OH, I- 
PTA-PONs had an 1c50 value of 36 + 8 nM (N = 3) 
and the slope of the line determined by regression 
analysis of the log-logit transformation was 
-1.08 + 0.09 (N = 3). I-PTA-PONs completely 
displaced the specifically bound radioligand. 

Binding studies. To determine if I-PTA-PONs irre- 
versibly reduced the number of putative TXA2/ 
PGH2 receptor binding sites, equilibrium binding 
experiments using the radioiodinated TXA2/PGH2 
antagonist [ 1251]PTA-OH were performed. The 
results of these experiments are presented in Fig. 3. 
Scatchard analysis of the binding data of the control 
platelets from group C in Table 1 revealed a Kd for 
I-PTA-OH of 25 + 7nM and a B,,, of 42.4 f 4.9 
fmol/lO’ platelets (N = 4) (2557 ? 293 sites per 
platelet). The control values were similar for the 
platelets incubated with either 163 or 326 nM I-PTA- 
PONs; thus, the Kd and B,,, values were pooled. 
The values for the Kd and B,,, agree well with 
control values obtained previously [7,9]. Equi- 
librium binding studies of platelets that were incu- 
bated with I-PTA-PONs at either 163 nM or 326 nM 
and photolyzed (group D in Table 1) showed no 
change in the Kd value for I-PTA-OH (18 + 3 and 
34 +- 12 nM respectively). However, the B,,, values 
were significantly (P < 0.05) reduced by 52 and 77% 
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Fig. 3. Scatchard analysis for the equilibrium binding of 
[‘*rI]PT’A-OH to washed human platelets that were incu- 
bated in the presence of I-PTA-PON, [326nM (a) or 
163 nM (b)] and photolyzed or not photolyzed (c). Each 
curve represents the pooled results of four individual 

experiments. 

for the platelets photolyzed in the presence of 163 
or 326nM I-PTA-PONs respectively. This repre- 
sented a decrease in the number of [1251]PTA-OH 
binding sites to 1252 c 202 and 578 f 163 sites per 
platelet respectively. 

Platelet aggregation following photolysis. Table 1 
shows the results from experiments with washed 
platelets that were incubated with I-PTA-PONs and 
photolyzed followed by washing and determination 
of the ECSO values for U46619-induced platelet aggre- 
gation. When platelets were incubated with 163 nM 
I-PTA-PONs and photolyzed, there was no signifi- 
cant change in the ECUS for the aggregation response 
to U46619 compared to the control groups. Group 
C which was incubated with I-PTA-PON, but not 
photolyzed served as the control for retained ligand 
not covalently bound to the platelets. Group B was 
the control for the effects of ultraviolet light in the 
absence of I-PTA-PONs. All four groups were 
treated in an identical manner with respect to incu- 
bation at 37” and the washing procedure. In contrast, 
when platelets were incubated with an additional 
163 nM I-PTA-PONs (326 nM cumulative concen- 
tration) followed by a further exposure to ultraviolet 
light, there was a significant increase in the EC50 

value (423 f 99 nM, group D) when compared with 
the control groups (270 f 37 and 299 + 68 nM for 
groups B and C respectively) (P < 0.05, N = 4). The 
maximum aggregation response was not significantly 
different among the four groups (data not shown). 

DISCUSSION 

This study describes a new affinity probe for the 
human platelet TXA2/PGH2 receptor and docu- 
ments its irreversible incorporation into the receptor. 
I-PTA-PONs represents a significant improvement 
over previously described probes [17,18]. Mais et 
al. [17] described an aryl diazonium salt that was 
photolyzed in the presence of human platelet mem- 
branes, and irreversible coupling of the ligand into 
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Table 1. ECSo Values for U46619-induced platelet aggregation following incubation 
of washed platelets with either vehicle or two concentrations of I-PTA-PON3, 

photolysis and washing of the platelets 

EcsO Values for U46619 

Group 

A Vehicle? 
B Vehicle + photolysis 
C I-PTA-PON, 
D I-PTA-PON, + photolysis 

[I-PTA-PON3] 
163 nM (n = 5) 326 nM* (n = 4) 

161 2 27 249 2 3.5 
169 t 31 270 2 37 
197 + 37 299 + 68 
199t23 423 ‘- 994 

The ECSO value is the concentration of U46619 required to induce 50% of 
the maximal aggregation response at 1 min. The maximum attained aggregation 
response was the same for all four groups. Data are presented as means t SE. 

* Platelets were incubated with 163 nM I-PTA-PON,, photolyzed, incubated 
with 163 nM again, and photolyzed. 

t Vehicle for I-PTA-PON,. 
$ P < 0.05 compared to groups B and C. 

the TXA,/PGH2 receptor was shown. This 
molecule, however, could not be radioiodinated and 
its affinity for the receptor could not be dete~ined. 
The second study described an iodinated azido ligand 
that apparently could be irreversibly incorporated 
into the TXA*/PGHr receptor following incubation 
and photolysis [18]. The reported Kd value for the 
ligand in washed human platelets was 300nM, an 
affinity which may be too low to allow for specific 
labeling of the receptor. The affinity of I-PTA-PON, 
was 9.5 nM based on Schild analysis of con- 
centration-response curves and 36 nM based on com- 
petition binding assays. 

In addition, this study shows that the number of 
TXA2/PGH2 receptor binding sites can be reduced 
irreversibly by the photoaffinity probe I-PTA-PON3. 
This is indicated by the decrease in the number of 
binding sites for [1251JPTA-OH following incubation 
of washed human platelets with I-PTA-PONs and 
photolysis. The data suggest that human platelets 
may possess a reserve of TXA2/PGH2 receptors 
since under conditions which decreased the number 
of binding sites by 52% as measured by equilibrium 
binding, there was no effect on U46619-induced 
platelet aggregation. Under conditions where 77% 
of the binding sites were blocked irreversibly, a 
modest and significant increase of 29% in the EC50 
value for U46619-induced platelet aggregation was 
observed with no change in the maximum response. 
The notion that spare TXA2/PGH2 receptors exist 
was also supported by the report of an ECSO/& ratio 
of less than one for TXA2/PGH2 receptor agonists 
in human platelets 1251. The concept of spare recep- 
tors has been used as one explanation for ECsO/& 
ratios which differ from unity [26]. 

In its general form, receptor theory would dictate 
that a 50% loss in binding sites should shift the 
~ncentration-res~nse curve approximately 0.3 log 
units to the right, whereas a 75% loss in binding sites 
would shift it 0.6 log units. That this was not observed 
for the TXAr /PGH2 receptor may reflect the method 
of determining the concentration-response curve. 
The measurement of aggregation is far downstream 
from the actual event of receptor occupancy, and in 

the platelet with its various amplification steps to 
promote aggregation, the measurement of this right- 
ward shift could be lost. 

Alternatively, if subtypes of TXAz/PGHz recep- 
tors exist in platelets as has been suggested previously 
[27], I-PTA-PON3 may be incorporating prefer- 
entially into only one of the subtypes in preference 
to the subtype actually coupled to the aggregation 
response. 

These results of the present study are similar to 
those reported for the human platelet ai-adrenergic 
receptor [16]. Over a 70% irreversible reduction in 
crs-adrenergic receptors was required to produce only 
a 1.7-fold shift in the ECsO value for norepinephrine. 

As can be seen in Table 1 group A, there was 
an increase in the ECso value for U46619-induced 
platelet aggregation with an additional washing of 
the platelets. This probably reflects a decrease in 
platelet sensitivity due to the additional washings 
necessary to remove the higher concentrations of 
I-PTA-PONs. This decreased sensitivity has been 
observed previously by Lie1 ef al. [28]. That the 
shift in the ~~~~ value for U46619-induced platelet 
aggregation was not the result of retained photo- 
affinity ligand is indicated by the lack of a shift in 
group C of Table 1 when compared with groups A 
and B which were not incubated with I-PTA-PONs. 
In addition, the binding studies were performed on 
groups C and D, with group C serving as the control. 
Since the number of [1251]PTA-OH binding sites 
observed for group C in this study (2557 * 293 bind- 
ing sites/platelet) compares well with our previous 
studies (2530 t 380 binding sites/platelet) [7] and 
those of Narumiya et al. (2360 -+ 220 binding sites/ 
platelet) [9], an effect of retained ligand at the con- 
centrations used in this study can be excluded. How- 
ever, at higher concentrations, it was not possible to 
remove all the ligand within a reasonable number of 
washes and maintain platelet viability. This negated 
the possibility of irreversibly blocking more of the 
TXA2/PGH2 receptors. 

In conclusion, I-PTA-PONs, a new affinity probe 
for the human platelet TXAr/PGHr receptor, rep- 
resents a significant improvement over previous 
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ligands and should be useful for further studies of 
TXAZ/~~H2 receptors. 
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