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Role of Proaggregatory and Antiaggregatory Prostaglandins in Hemostasis
Studies with Combined Thromboxane Synthase Inhibition and Thromboxane Receptor Antagonism

Paolo Gresele, Jef Arnout, Hans Deckmyn, Erwin Huybrechts, Griet Pieters, and Jos Vermylen
Centerfor Thrombosis and Vascular Research, Department of Medical Research, University of Leuven, B-3000 Leuven, Belgium

Abstract

Thromboxane synthase inhibition can lead to two opposing
effects: accumulation of proaggregatory cyclic endoperoxides
and increased formation of antiaggregatory PGI2 and PGD2.
The elimination of the effects of the cyclic endoperoxides by an
endoperoxide-thromboxane A2 receptor antagonist should en-
hance the inhibition of hemostasis by thromboxane synthase
blockers. Wehave carried out a series of double-blind, pla-
cebo-controlled, crossover studies in healthy volunteers to
check if this hypothesis may be operative in vivo in man.

In a first study, in 10 healthy male volunteers, the com-
bined administration of the thromboxane receptor antagonist
BM13.177 and the thromboxane synthase inhibitor dazoxiben
gave stronger inhibition of platelet aggregation and prolonged
the bleeding time more than either drug alone. In a second
study, in 10 different healthy male volunteers, complete inhibi-
tion of cyclooxygenase with indomethacin reduced the prolon-
gation of the bleeding time by the combination BM13.177 plus
dazoxiben. In a third study, in five volunteers, selective cumu-
lative inhibition of platelet TXA2 synthesis by low-dose aspirin
inhibited platelet aggregation and prolonged the bleeding time
less than the combination BM13.177 plus dazoxiben.

In vitro, in human platelet-rich plasma stimulated with ar-
achidonic acid, the combination of BM13.177 and dazoxiben
increased intraplatelet cAMPwhile the single drugs did not
affect it.

Our results indicate that prostaglandin endoperoxides can
partly substitute for the activity of TXA2 in vivo in man and
that an increased formation of endogenous antiaggregatory and
vasodilatory prostaglandins, as obtained with selective throm-
boxane synthase inhibitors, may contribute to the impairment
of hemostasis.

Introduction

Thromboxane A2 (TXA2),' formed by human platelets
through the sequential action of cyclooxygenase and throm-
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boxane synthase, is a potent inducer of platelet aggregation
and a strong vasoconstrictor (1). The last decade has witnessed
a large effort in the search and testing of drugs blocking the
formation or the activity of TXA2.

Cyclooxygenase inhibitors, among which is aspirin, induce
a mild hemostatic defect after administration to man, as indi-
cated by prolongation of the skin bleeding time, and have
shown some antithrombotic activity in the clinic (2). However,
the simultaneous inhibition of endothelial cyclooxygenase by
aspirin represents a theoretical limitation to its antithrombotic
activity as it would block the synthesis of prostacyclin (prosta-
glandin 12, PGO2), a potent vasodilator and a strong inhibitor of
platelet aggregation (3).

Thromboxane synthase inhibitors administered to normal
humans increase PGI2 formation two to three times (4), most
probably as a consequence of the transfer of accumulating
platelet endoperoxides to the endothelial cells that utilize them
for the synthesis of PG12 (5, 6); a slight prolongation of the
bleeding time is simultaneously observed (4). Thromboxane
synthase inhibition also increases the formation of PGF2a,
PGE2, and PGD2by activated platelets; the last two can influ-
ence platelet reactivity (7). However, a possible drawback of
thromboxane synthase inhibitors is related to the accumula-
tion of cyclic endoperoxides that can occupy and activate the
platelet and vessel wall TXA2 receptor and thus partly elimi-
nate the benefit of suppressing TXA2 formation. This phe-
nomenon has been proposed as an explanation for the weak
and. unequal effect of this class of compounds on platelet ag-
gregation (8) and for the discouraging results of the prelimi-
nary trials in clinical conditions (9).

Thromboxane receptor antagonists have recently become
available for use in man (10-12). These drugs have the poten-
tial advantage of impeding the action of TXA2 simultaneously
at the platelet and vessel wall levels and of antagonizing the
effects of PGendoperoxides that act on a commonTXA2/PG
endoperoxide receptor; moreover, they would not interfere
with PG12 formation by the vessel wall. These drugs prolong
the bleeding time, indicating an effect on primary hemostasis
(10, 11l), and preliminary studies seem to indicate that throm-
boxane receptor antagonism can normalize the altered indexes
of platelet activation in atherosclerotic subjects (1 3). However,
possible drawbacks of this class of compounds are represented
by their competitive nature (10, 14), which could lead to their
displacement from receptors by exceedingly high amounts of
TXA2 generated at localized sites of platelet activation; by the
fact that they do not increase endogenous PGO2formation and

1. Abbreviations used in this paper: AA, arachidonic acid; BM13.177,
(2-[benzene-sulphonamido]-ethyl)-phenoxyacetic acid); dazoxiben,
(4-[2-(IH-imidazol-l-yl)ethoxy]benzoic acid hydrochloride); GC-
NICI-MS, gas chromatography-negative ion chemical ionization-mass
spectrometry; PFP, platelet-free plasma; PG, prostaglandin; PGI2,
prostaglandin I2, prostacyclin; PRP, platelet-rich plasma; TAC, thresh-
old aggregating concentration; TXA2, TXB2: thromboxane A2, B2.
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by the lack of activity on platelet activation induced byTXA2-
independent agonists, such as high-dose collagen or thrombin.

Theoretically, the combination of a thromboxane synthase
inhibitor with a thromboxane receptor antagonist may provide
a solution to the limitations of both compounds. Indeed, the
synthase inhibitor would increase the formation of antiaggre-
gatory and vasodilatory prostaglandins (PGI2 and PGD2) while
the receptor antagonist would neutralize the platelet and vessel
wall stimulatory activity of accumulated PG endoperoxides.
The antagonism of mediators that decrease platelet cyclic
AMP(cAMP) (TXA2, PGendoperoxides), combined to the
enhanced formation of products stimulating adenylate cyclase
(PGI2, PGD2) (15, 16), might result in a net increase in cAMP
in activated platelets. A rise in cAMPcounteracts the aggrega-
tion induced by whatever stimulus (17), thus potentially re-
ducing both TXA2-dependent and -independent platelet acti-
vation.

Evidence for a mutual potentiation of thromboxane
synthase inhibitors and thromboxane receptor antagonists has
already been obtained in vitro (9, 18, 19). Wehave now stud-
ied the effect of dazoxiben (4-[2-(IH-imidazol- 1 -yl)ethoxy]-
benzoic acid hydrochloride), a thromboxane-synthase inhibi-
tor (20), of BM 13.177 (2-[benzene-sulphonamido]-ethyl)-
phenoxyacetic acid), a thromboxane-receptor antagonist (10),
and of their combination on platelet function, bleeding time
and platelet prostaglandin production in normal man in three
different randomized, double-blind, placebo-controlled stud-
ies. Evaluation of the pharmacodynamic interactions between
these two drugs and the comparison of these results with those
obtained in parallel by the administration of cyclooxygenase
inhibitors should provide insights into (a) the role of PGen-
doperoxides in vivo, (b) the possible importance of increased
endogenous formation of antiaggregatory prostaglandins, (c)
the antithrombotic potential of such a combination.

Methods

Design of the studies. Three different investigations were carried out.
In study A, 10 healthy male nonsmokers (mean age 26.5 yr, range 22 to
40; mean weight 68.6 kg, 57-90; and mean height 178 cm, 165-187)
participated in a double-blind, placebo-controlled, crossover study.
Each subject received five treatments, in a balanced, randomized
order. Study days were separated from each other by at least 48 h, an
interval that would exclude carryover effects on the basis of the known
biological half-lives of the drugs (9, 10, 20, 21) and of previous experi-
ence (22). In addition, the problem of the possible interference of the
sequential treatments with one another was examined by including
two randomly located placebo groups. All volunteers received the fol-
lowing combinations: (2-[benzene-sulphonamidol-ethyl)-phenoxyace-
tic acid (BM 13.177) 800 mgplus placebo (lactose); placebo plus da-
zoxiben 200 mg; BM13.177 800 mgplus dazoxiben 200 mg; placebo
plus placebo (twice), each administered as two tablets and two cap-
sules, identical and unlabeled. Venous blood samples were taken by
the free-flow technique, 3 h after intake of BM 13.177 (1 h after
dazoxiben). This moment of sampling was selected to coincide with
reported peak plasma levels of the drugs (10, 20-22). Blood pressure
and heart rate were then measured followed by bleeding time determi-
nations.

In study B, 10 different male volunteers (mean age 24.8 yr, range,
22-36; mean weight 71.4 kg, 61-78; and mean height 181 cm,
173-187) were enrolled in a study with the same characteristics of
study A except that this time on each study day the volunteers received
a combination of three drugs. The five following treatments were
given, in a balanced, randomized order: BM 13.177, 800 mg plus
dazoxiben, 200 mgplus placebo; placebo plus indomethacin 100 mg

plus placebo; BM 13.177 800 mg plus dazoxiben 200 mg plus indo-
methacin 100 mg; placebo plus placebo plus placebo (twice). BM
13.177 was ingested 3 h before the tests and dazoxiben and indometh-
acin 1 h before the tests.

In study C, 5 different male volunteers (mean age 26.4 yr, 21-38;
mean weight 70.3 kg, 61-86; and mean height 179 cm, 173-186) were
treated with aspirin (capsules prepared by directly weighing acetylsali-
cylic acid) in daily doses of 0.43±0.02 mg/kg per d for 10 consecutive
days. The volunteers were very carefully instructed about the aims of
the study to enhance compliance; in addition, capsules were counted
on each study day to check for regular drug intake. Blood samples were
taken before the intake of the first capsule, 1 h later and on the 4th, 8th
and 10th d of treatment 1 h after dosing. Bleeding times were measured
before starting the treatment and on the 10th day I h after aspirin
intake. After a washout period of 3 wk the five volunteers were ran-
domized to receive BM 13.177 800 mgplus placebo, BM13.177 800
mgplus dazoxiben 200 mgor placebo plus placebo, on three different
days separated from each other by at least 48 h. The sequence of
treatments was randomized and they were administered by the inves-
tigators in a double blind way. Finally, after an additional 48-h wash-
out, the volunteers were given BM 13.177 1,600 mg, and after 2 d,
aspirin 500 mg. The tests were carried out 3 h after BM13.177 and 1 h
after aspirin intake. Although low-dose aspirin, high-dose aspirin and
BM 13.177 1,600 mg were given under unblinded conditions, the
operator performing the bleeding time and the person carrying out the
platelet aggregation studies were unaware of the treatment given.

The safety of the combination of BM 13.177 and dazoxiben was
tested in a pilot study on four volunteers (chosen among the authors of
this paper). Physical examinations and full blood and platelet count,
urinalysis, serum glutamic oxaloacetic acid transaminase, serum glu-
tamic pyruvic transaminase, uric acid, blood urea nitrogen, and serum
creatinine before and at various intervals (up to 1 wk) after the com-
bined intake of the two compounds were unchanged. No subjective
side effects were reported.

The studies were carried out according to the principles of the
Declaration of Helsinki and were approved by the Ethical Committee
of our Institution. Informed, written consent was given by all volun-
teers. Subjects were not accepted in the studies if they had taken what-
ever drugs during the two weeks preceding enrollment; they were in-
structed to keep their feeding habits, alcohol intake and physical activ-
ity constant throughout the studies. All tests were carried out in the
morning in fasting conditions. The double blind code of the studies
was not broken until the biochemical analyses, except PGD2assay,
were completed. All drugs were administered by the investigators.

Platelet aggregation studies. Aggregation was studied in platelet-
rich plasma (PRP) with the optical method (23) using an Elvi 840 dual
channel aggregometer (Elvi Logos, Milan, Italy) as previously de-
scribed (24). The threshold aggregating concentrations (TAC) of var-
ious inducers were determined; these were defined as the minimal
concentration of the stimulus giving full, irreversible aggregation
(more than 60% light transmission), starting within two min from the
addition of the inducer for collagen and arachidonic acid. ADP-in-
duced aggregation had to include a second wave and/or to be irrevers-
ible for at least 5 min (24). Whenthe TACexceeded 5 mMfor arachi-
donic acid, 5 AtM for U46619 and 20 ug/ml for collagen it was arbi-
trarily assigned these values for statistical analysis. The following
inducers were used: arachidonic acid, sodium salt (AA) (> 99% pure,
Sigma Chemical Co., St. Louis, MO), the stable endoperoxide ana-
logue U46619 (9,11 -dideoxy-l l ,,9a,-epoxymethano-prostaglandin F2a)
(Upjohn, Kalamazoo, MI), collagen (Hormon-Chemie, Munich, West
Germany) and adenosine diphosphate (ADP) (Sigma Chemical Co.). A
stock solution of ADP, U46619 and AA was prepared before each
study, frozen at -20'C in separate aliquots and used throughout the
study to ensure maximal reproducibility. Dilutions of the collagen
stock solution were freshly prepared on each study day. Aggregation
studies were carried out between 40 and 70 min after venipuncture.

Blood was collected from all donors before the beginning of each
study and the effect of dazoxiben (100 MMfinal concentration), prein-
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cubated with platelets for 1 min, was tested on the aggregation induced
by AA at the TAC, as previously described (7). "Responders" were
defined as those subjects in whomafter incubation with dazoxiben no
aggregation was observed within 2 min after AA addition.

Platelet aggregation was also studied in whole blood by the imped-
ance method (25), using a Chrono-Log 540 dual channel whole blood
aggregometer (Chrono-Log Corp., Havertown, PA), as previously de-
scribed (24). Collagen 0.5, 1, 3, and 5 Mg/ml and ADP 1, 2, 5, and 10
MAMwere used as inducers. Aggregation was followed for 9 min and the
maximal amplitude, expressed in ohms ([), was calculated. To in-
crease the reproducibility of the results the following precautions were
taken: aggregation studies were carried out between 20 and 80 min
after blood collection, the period of maximal stability of platelet reac-
tivity in whole blood (Gresele et al., unpublished observations); each
inducer was always tested in the same aggregometer channel and using
the same electrode; the sequence in which the four concentrations of
the inducers were tested was kept constant; the agonists were injected,
in volumes not > 10 jul, at the bottom of the blood samples using
Hamilton syringes and taking care to avoid disturbing the electrodes;
the calibration of the instrument was carefully performed before each
platelet aggregation study and only after a perfectly stable base-line was
obtained; whenever erratic movements of the recorder pen were ob-
served during the equilibration and calibration period, the platinum
electrodes were extracted from the sample, energetically rinsed with a
stream of isotonic saline and placed back into the sample; if even after
this procedure a stable baseline was not obtained, the sample was
discarded and the full procedure repeated; blood samples were kept at
room temperature in tightly capped plastic tubes and periodically
mixed gently to avoid spontaneous sedimentation of red cells; the last 2
ml of each test tube were not used for aggregation studies.

Measurement of thromboxane B2 and prostaglandins. Immunoreac-
tive TXB2 in serum (26) was measured by a specific radioimmunoas-
say (RIA), as previously described (27). Briefly, unextracted serum
samples were diluted with the assay buffer (Tris-HCI buffered isotonic
saline, pH 7.5) at three different dilutions (1:10, 1:50, and 1:250). The
final volume of the assay mixture, which comprised -10,000 cpm of
radiolabeled [3H]TXB2 (sp act 180 Ci/mM; Amersham International,
Amersham, England) and a specific rabbit anti-TXB2 antiserum
(kindly provided by Dr. L. Levine, Brandeis University, Waltham,
MA) diluted 1:50,000 in assay buffer, was 200 Ml giving a final dilution
for the samples of 1:20, 1:100, and 1:500. 50% displacement for unla-
beled TXB2 (IC50) was at 630.1±40.1 pg/ml (n = 5) and the least
detectable amount (2 SD from zero) was 35 pg/ml, giving a detection
limit of 0.7 ng of TXB2 per ml of serum. Cross-reactivities of the
antiserum have been reported (27, 28).

6-keto-PGF1, levels, the stable metabolite of PG12, were measured
in the capillary blood emerging from the skin bleeding time wound:
after a drop of blood had formed on top of the skin incisions a capillary
tube was immersed into it, taking care to avoid touching the edges of
the wound, and blood was collected by capillarity. Heparinized hemat-
ocrit capillaries (75 ul vol) that had been flushed with a 1:1 vol/vol
mixture of sodium heparin 5,000 U/ml and lysine acetylsalicylic acid
0.55 M, were used. Two to four such capillaries were filled with blood
in the period between 30 s and 2 min from the moment of incision.
The tubes were immediately centrifuged at 6,000 g for 5 min, broken at
0.5 cm from the plasma to erythrocyte interface and the cell-free su-
pernatant extruded and stored at -20°C until assayed. Blood anticoag-
ulation was checked by carrying out a thrombin clotting time on the
plasma: no clot formation was observed. Each sample was assayed in
duplicate using a modification of the RIA for 6-keto-PGF1,a previously
described (27). The final volume of the assay mixture was 75 Ml, and 25
Ml of the unextracted samples were used. 50% displacement of 6-keto-
PGF1,, was at 1385±53 pg/ml (n = 4), while the least detectable
amount was 100 pg/ml. The anti-6-keto-PGF1,, serum, kindly pro-
vided by Dr. J. Beetens (Janssen Pharmaceutica, Beerse, Belgium), was
used at a dilution of 1:6,600; it was highly specific displaying the
following cross-reactivities: PGE2 = 0.6%, PGF2a = 0.4%, PGD2
= 0. 1%, 13,14- dihydro-PGF2, < 0. I%, TXB2 < 0. 1%.

Eicosanoids produced by AA-stimulated PRP were also deter-
mined, as previously described (7). The TAC selected during the
screening test carried out before enrollment was maintained constant
for each volunteer throughout the study. TXB2 was measured on un-
extracted plasma essentially as described for serum. Final dilutions for
the TXB2 assay were 1:20 to 1:2000. Cross-reactivity of the anti-TXB2
serum with AA (> 99% pure) was < 0.00005%.

A commercial RIA kit was used for the PGE2assay (NEK-020A,
NewEngland Nuclear, Boston, MA) that utilizes '251-PGE2 as tracer.
Final dilutions of the plasma samples in this assay were 1:300, 1:3,000,
and 1:30,000; IC50 for unlabeled PGE2was 31.4±2.3 pg/ml (n = 3) and
the least detectable amount was 2.5 pg/ml giving a detection limit of
750 pg/ml. The anti-PGE2 serum used has a cross-reactivity with AA
far below 0.0 1% and with PGD2 lower than 0.00 1% thus excluding
interference with the assay; cross-reactivity with TXB2 was < 0.02%
thus allowing reliable determinations of this PG, even in the presence
of three orders of magnitude higher concentrations of TXB2 in the
same samples.

PGD2was assayed in a subgroup of samples from study A: eight
samples from both placebo 1 and dazoxiben groups and four samples
from both placebo 2 and dazoxiben plus BM13.177 groups, randomly
selected. The PGD2-immunoreactive material was measured in AA
(TAC X 2)-stimulated PRP samples, as follows: 90 gl plasma was
acidified to pH 3.0 with 225 MI citric acid 0.1 N and then extracted
three times with I ml diethylether saturated with water. The pooled
organic phases were dried under vacuum in a Speed Vac Concentrator
(Savant Instruments Inc., Hicksville, NY) and redissolved in Tris-HCI
buffer 50 mM, pH 8.6, containing 0.1% gelatine. Recovery was
61.1±1.5% (n = 13). The redissolved samples (100 gl) diluted to 1:4
and 1:40, were mixed with - 5,000 cpm of radiolabeled [3H]POD2
(Amersham International, Amersham, England) and with a specific
anti-PGD2 serum (purchased from Dr. L. Levine, Brandeis University,
Waltham, MA) diluted 1:100 in Tris-HCI-gelatine buffer, to a final
volume of 300 Ml. The incubation was carried out at 4°C for 18 h and
free and antibody-bound 3H-ligand were separated by precipitation
with an equal volume of dextran-coated charcoal. The supernatant was
counted for radioactivity. All procedures were carried out at 4°C. 50%
binding for PGD2was at 1,140±100 pg/ml (n = 5), the least detectable
amount was 200 pg/ml giving a detection limit of 2.4 ng/ml. Cross-
reactivities of this antiserum with a number of other PGs have been
reported (28). In our assay either 850 ng/ml TXB2 or 160 ng/ml PGE2
added to a PG-free plasma sample gave < 10% inhibition of PGD2
binding, while AA (> 99% pure) cross-reacted < 0.000001%, indicat-
ing that in the described conditions only endogenously produced
PGD2can account for the observed immunoreactivity. Various
amounts (from 0 to 20 ng/ml) of standard PGD2(Upjohn Co., Kala-
mazoo, MI) added to PG-free plasma were recovered quantitatively (r
= 0.98, P < 0.005).

Bleeding times. Bleeding times were determined in duplicate, two
cuts on each forearm, using an automatic template device (Simplate II,
General Diagnostics, Morris Plains, NJ). The incisions were placed in
the longitudinal direction on the volar surface of the upper forearm.
The mean bleeding time was calculated from the four different cuts;
whenever one of the four values was > 2 SDremoved from the mean of
the other three measurements it was eliminated. This was the case for 2
out of 50 determinations in study A, for 3 out of 50 in study B and for 2
out of 35 for study C; the elimination procedure was carried out before
the code was broken. When the measured bleeding time exceeded 30
min it was arbitrarily assigned the value of 30 min for statistical analy-
sis. The same operator carried out all the bleeding time determinations
throughout the three studies in the same room with a relatively con-
stant temperature.

Assay of cAMPformation in platelets. The levels of metabolically
responsive cAMPin platelets were measured radiochemically. Human
PRP, anticoagulated with disodium EDTA, was incubated at 37°C for
30 min with 0.565 gM [3H]adenine (17.7 Ci per mmol) (New England
Nuclear). Unincorporated [3H]adenine was removed by centrifugation
of the PRPat 2,000 g for 10 min and disposal of the supernatant PPP.
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The [3H]adenine-loaded platelets were then resuspended in autologous
citrated PPP and left to recover for 20 min at room temperature.
Different compounds in microliter quantities were added to 0.5-ml
aliquots of resuspended platelets; the samples were briefly mixed and
incubated at 370C for various periods. Addition of 50 ,l of 0.306 M
TCA, containing around 7,400 cpm and 2.2MuM of ['4C]cAMP (Sigma
Chemical Co.), and vigorous shaking terminated the incubations.
[14C]cAMP was added for determination of recovery. The samples
were then centrifuged at 12,000 g for 5 min to remove precipitated
proteins, and the [3H~cAMP was isolated by chromatography on 2-ml
Dowex AG 50W-X4, 100 to 200 mesh size (Bio-Rad Laboratories,
Richmond, CA) columns. Further purification was obtained by treat-
ing the samples with 0.266 MZnSO4 and 0.266 MBa(OH)2 (29). All
separation procedures were carried out at 220C.

Plasma and serum levels ofthe experimental drugs. Plasma levels of
dazoxiben were measured by high-performance liquid chromatogra-
phy and UVdetection at 250 nM (30). The detection limit was at 10
Mg/liter. Serum levels of BM13.177 were estimated by gas liquid chro-
matography using BM 13.235 (2-[4-(2-((4-chloro-l-naphtalenylcar-
bonyl)amino)ethy4)phenoxy]-2-methyl-propionic acid) as an internal
standard (21). The detection limit of the assay was at 0.2 mg/liter.

Statistical analysis. Two-way analysis of variance followed by
Tukey's multiple comparison test for all pairs (31) was applied to
evaluate the difference between the results obtained after the various
treatments. For some selected experiments the two-tailed Student's t
test for paired data was used, as indicated. The correlation between
various parameters was assessed by linear regression analysis. All
values are given as mean±SEM.

Results

Study A. The bleeding time was significantly prolonged by
both dazoxiben and BM13.177 intake. BM13.177 induced a
65% increase in bleeding time, which was significantly more
than the 44% increase induced by dazoxiben (P < 0.005). The
combination of the two drugs gave a 93% prolongation, which
was significantly more than the bleeding time measured after
each of the two drugs separately (Fig. 1). The bleeding times
measured after the intake of the two placebos did not differ.
No differences in hematocrit values nor in platelet counts were
observed after the different treatments.

The combined intake of dazoxiben and BM13.177 inhib-
ited AA- and collagen-induced platelet aggregation signifi-
cantly more than the single drugs (Fig. 2). AA-induced platelet
aggregation was completely suppressed in all but one volunteer
after the combined intake of dazoxiben and BM13.177.
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Figure 1. Bleeding time
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Figure 2. Threshold aggregating concentration (TAC) in PRPfor ara-
chidonic acid (AA), collagen (coll), ADP, and U466 19 (U46) after
the intake of the various treatments (study A). Symbols as in Fig. 1.
(*P < 0.0005 except for the differences between dazoxiben and pla-
cebo, where P < 0.01). Only the second wave of ADP-aggregation
was inhibited by the various treatments.

In whole blood too, when using the two highest doses of
collagen, against which dazoxiben or BM 13.177 used alone
exert only a marginal or no inhibition, a clear increase of the
inhibitory effect was observed after the combined intake (Fig.
3). ADP-induced platelet aggregation in whole blood was not
more inhibited after BM 13.177 plus dazoxiben intake than
after BM 13.177 intake, whatever the concentration of the
inducer (Fig. 3).

Serum TXB2 was suppressed by around 90% after dazoxi-
ben or after the combined intake of dazoxiben and BM13.177.
TXB2 values fell from 182±14 and 187±9 ng/ml (placebo 1
and 2, respectively) to 25.3±12 ng/ml after dazoxiben and to
22.9±9 ng/ml after dazoxiben plus BM13.177. No inhibition
of TXB2 formation was observed after BM13.177 (Fig. 4a).

6-Keto-PGF a-immunoreactive material in capillary
blood was 301±38 and 420±57 pg/ml after the intake of pla-
cebo 1 and 2, respectively. This difference was not statistically
significant. BM 13.177 intake did not change 6-keto-PGFa
levels while both after dazoxiben and after dazoxiben plus BM
13.177 intake a significant increase was observed that varied,
in individual cases, from a 1.7- to an 8.5-fold increase. The
increase observed after the combination was slightly, but
significantly, lower than that seen after dazoxiben alone
(Fig. 4 a).

TXB2 production by PRPstimulated with AAat the TAC
was suppressed after dazoxiben intake (by 76%) but it was also
significantly reduced after BM 13.177 administration (by
53%). WhenPRPwas stimulated with a higher AA concentra-
tion (TAC X 2) only dazoxiben suppressed TXB2 formation
(by 83%). The effect of the combination did not differ signifi-
cantly from that of dazoxiben alone (92% inhibition) (Fig. 4 b).
Dazoxiben intake increased PGE2 formation significantly
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Figure 3. Maximal amplitude of aggregation induced in whole blood
by various concentrations of collagen (Ag/ml) and ADP(AM) after
the intake of the various treatments (study A). Symbols as in Fig. 1.
(*P < 0.05, at least).

when twice the TACof AA was used as a stimulus. A signifi-
cant PGE2 increase was observed also after BM 13.177 plus
dazoxiben intake, although slightly less evident than after da-
zoxiben alone (Fig. 4 b). PGD2production after stimulation
with AA at twice the TAC increased significantly both after
dazoxiben and after dazoxiben plus BM13.177 intake (Fig. 5).

The circulating levels of the drugs did not differ when
taken alone or in combination (Table I). No side effects were
reported; no treatment influenced blood pressure or heart rate.

A significant inverse correlation was found between the
plasma levels of dazoxiben and the amount of TXB2 measured
in serum (r = 0.49, n = 20, P < 0.05). Serum BM 13.177
directly correlated with the TACof collagen (r = 0.70, n = 10,
P < 0.05) and of U46619 (r = 0.86, n = 10, P < 0.01).

For all the above discussed parameters no significant dif-
ferences were observed when comparing the results obtained
after the intake of the two placebos, thus indicating a satisfac-
tory reproducibility of the tests and excluding drug effects per-

sisting for longer than 48 h. The latter was also confirmed by
lack of any appreciable difference in the effects of the three
active treatments when analyzed according to the preceding
regimen.

Study B. The combination of BM 13.177 and dazoxiben
again significantly prolonged the bleeding time. The increase,
in this case, was 114% above the averaged values measured
after placebo intake. The addition of 100 mg indomethacin to
the combination BM 13.177 plus dazoxiben lead to a signifi-
cant shortening of the bleeding time, which was only 57%
longer than the control value (Fig. 6). Indomethacin alone
prolonged significantly the bleeding time (+75%), but signifi-
cantly less than the combination BM13.177 plus dazoxiben.

Platelet aggregation was not more inhibited by the dazoxi-
ben plus BM13.177 treatment (which behaved as in study A)
than by the indomethacin plus dazoxiben plus BM 13.177
treatment or the indomethacin treatment (data not shown).

Serum TXB2 was suppressed by 91% after dazoxiben plus
BM13.177, by 97.7% by indomethacin alone and by 99.7% by
the triple combination. TXB2 production by AA-stimulated
PRPbehaved similarly to serum TXB2, while the production
of PGE2, which significantly increased after the combination
of dazoxiben plus BM 13.177, was suppressed by indometha-
cin (-93%) or by indomethacin plus dazoxiben plus BM
13.177 intake (-92%) (data not shown).

Dizziness and gastric discomfort were reported by 40% of
the volunteers who took indomethacin (alone or in combina-
tion).

Study C. The bleeding time was significantly lengthened
after the prolonged intake of low-dose aspirin. An 86% in-
crease in bleeding time as compared to the pretreatment value
(68% as compared to the value measured after the subsequent
placebo intake) was observed simultaneously with a 92% sup-
pression of serum TXB2 (Fig. 7). In the same volunteers BM
13.177 800 mg induced a 66% prolongation of the bleeding
time as compared with the basal (50% as compared to placebo)
without any suppression of serum TXB2, while a high dose of
aspirin (500 mg), which induced an almost total suppression of
serum TXB2 (99.7%), prolonged the bleeding time by 87% as
compared with the basal value (69% as compared to placebo
intake). The combination of dazoxiben 200 mg plus BM
13.177 800 mgprolonged the bleeding time by 121 %as com-
pared to pretreatment value (100% as compared with placebo),
simultaneously with a 92% decrease in serum TXB2 (Fig. 7).
The difference between the prolongation of the bleeding time
obtained with the combination of dazoxiben plus BM13.177
and that obtained with low-dose aspirin, high-dose aspirin or
BM 13.177 800 mg alone was significant. No significant dif-
ferences instead were found between low-dose aspirin vs. BM
13.177 or high-dose aspirin or between BM13.177 800 mgvs.
BM 13.177 1,600 mg (data not shown). The difference be-
tween the basal bleeding time and that measured blindly after
placebo intake was not significant.

In PRP the combination of dazoxiben and BM 13.177
inhibited collagen, U46619 and ADP-induced platelet aggre-
gation significantly more than low-dose aspirin, and the aggre-
gation induced by collagen, AA and ADPsignificantly more
than BM13.177 800 mgalone (Table II). The differences be-
tween the combination and 500 mgaspirin, however, failed to
attain the level of significance, except for U46619-induced
aggregation that was unaltered by aspirin. Selective antago-
nism of TXA2 action was not superior to the selective inhibi-
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tion of platelet TXA2 formation by low-dose aspirin when
using ADPand collagen as inducers. However, low-dose
aspirin completely suppressed AA-induced platelet aggrega-
tion while BM13.177 significantly inhibited but did not sup-
press it; on the other hand, U466 19-induced aggregation was
strongly inhibited by BM 13.177 while it was unaffected by
aspirin. A 1,600-mg dose of BM13.177 inhibited the aggrega-
tion by U466 19 and by AA significantly more than an 800-mg
dose, in agreement with the competitive nature of this antago-
nist (10, 14).

In whole blood the combination dazoxiben-BM 13.177
also suppressed platelet aggregation significantly more than
low-dose aspirin or BM13.177 800 mgwhen using collagen 1
and 3 ,g/ml. The aggregation induced by a high concentration
of collagen (5 jug/ml) was significantly reduced only by dazox-
iben plus BM 13.177 and by the high-dose of aspirin (Table
III). ADP-induced platelet aggregation was not consistently
more inhibited by the combination dazoxiben-BM 13.177
than by the other treatments (Table III).

TXB2 production by AA-stimulated PRP reproduced the
data observed in study A; low-dose aspirin simultaneously
suppressed TXB2 (by 98.3%) and PGE2production (by 82.5%)
(data not shown).

No consistent changes in blood pressure and heart rate
were apparent with any of the treatments; all treatments were

Figure 5. PGD2produced by
140 PRPstimulated with arachi-

donic acid, at twice the TAC,
after the following treatments
(study A): Pi, placebo 1; P2,
placebo 2; D, dazoxiben 200

C
70 -

mg; D + B = dazoxiben 200
a mgplus BM13.177 800 mg.
O 1 //2 /// The increase in PGD2was sig-
0.

nificant both after dazoxiben

(P < 0.0025) and after dazoxi-
o - /ben plus BM13.177 (P

,..... ...., | , < 0.005) (Student's t test for
P1 D P2 D+B paired samples).

* Figure 4. (a) Serum TXB2 and cap-
illary blood 6-keto-PGF1,, after the
intake of the various treatments
(study A). Symbols as in Fig. 1. *P
< 0.0005 (significances reported
only when simultaneously different
from both placebos). (b) TXB2 and

* lPGE2 produced by PRPstimulated
with arachidonic acid at the TAC
and at twice the TAC. Symbols as

P, P2 D BLDB in Fig. l. *P <0.01, at least.

well tolerated except for one episode of gastric discomfort after
the intake of 500 mgaspirin.

In vitro dazoxiben suppressed AA-induced platelet aggre-
gation in three of 10 subjects of study A (responders), 5 of 10 of
study B and 3 of 5 of study C. A trend toward a higher inhibi-
tion of platelet aggregation, both in PRPand in whole blood,
and toward a greater prolongation of the bleeding time was
present in the responders after treatment with dazoxiben alone
or in combination with BM 13.177; however, the differences
as compared to the nonresponders were only minor.

In vitro experiments on cyclic AMP. In control conditions
0.077±0.003% (n = 16) of total [3H]adenine was incorporated
into cAMP. Preincubation for 6 min with dazoxiben 50 ,M,
BM13.177 10 tiM or the combination of the two drugs did not
induce any additional cAMP formation in human platelets
(Fig. 8 a). Stimulation of PRPwith 2 mMAA for 5 min, with
brief mixing every min, did not induce a significant change
in[3H]cAMP levels. WhenAA-stimulation was carried out on
PRPpreincubated for 1 min with BM13.177 no changes were
seen while on PRP preincubated with dazoxiben a slight
(+ 14.6%), but not significant, increase in [3H]cAMP level was
noted as compared with the saline control; however, when
AA-stimulation was carried out on PRP preincubated with
both dazoxiben and BM13.177 a significant increase (+45%)
in platelet [13HJcAMP levels was observed (Fig. 8 a).

In a second series of experiments neither BM 13.177 10
,uM nor U466 19 2 uMpreincubated for 5 and 4 min, respec-

Table L Serum Levels of BM13.177 and Plasma
Levels of Dazoxiben (Study A)

Treatment BM13.177 Dazoxiben

mg/liter mg/liter

Dazoxiben ND 1.57±0.29
BM13.177 6.72±1.3 ND
Dazoxiben + BM13.177 6.41±0.91 1.5 1±0.39

ND, not detectable.
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Figure 6. Bleeding time
after the intake of the
various treatments
(study B). P1, placebo
1; P2, placebo 2; I, in-
domethacin 100 mg; D
+ B = dazoxiben 200

8W0 mgplus BM13.177 800
mg; I + D + B = indo-
methacin 100 mgplus

W
dazoxiben 200 mgplus

j BM13.177 800 mg.
f Stars outside the col-

umns mean signifi-
3 cantly different from

."O ,, placebo (significances
reported only when si-
multaneously different
from both placebos) (P
< 0.0005); stars inside
the columns mean sig-
nificantly different from
D + B (P < 0.05, at

0 least).

tively, significantly changed the amount of [3H]adenine incor-
porated into cAMPas compared to the saline-control; incuba-
tion of PRP with PGD2 0.1 gM for 2 min lead to a 228%
increase in the quantity of newly formed cAMP. The addition
of U466 19 2 min before PGD2strikingly reduced the rise pro-
duced by the prostaglandin; however, preincubation with BM
13.177 restored to a large extent the cAMP-stimulatory activ-
ity of PGD2(Fig. 8 b).

Discussion

The present study shows that the combination of a throm-
boxane synthase inhibitor and a thromboxane receptor antag-
onist inhibits platelet function in vivo and ex vivo in normal
humans more strikingly than either compound alone.

0
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0
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20-

0 0
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The cause of the stronger antiplatelet effect obtained with
the combination is not a deeper suppression of TXA2 forma-
tion. The level of inhibition of TXA2 synthesis was the same
after the intake of dazoxiben alone or in combination with BM
13.177. The receptor antagonist by itself, indeed, did not affect
TXA2 synthesis. The slight reduction of the amount of TXB2
formed after the stimulation of PRPwith AA at the TACthat
was found after the intake of BM13.177 is the consequence of
the inhibition of platelet aggregation; indeed, by increasing the
concentration of the stimulus, and thus partly overcoming the
inhibition of platelet aggregation (10), the depressing effect on
TXB2 formation disappeared. TXB2 generation by AA-stimu-
lated platelets depends, to a great extent, on the degree of
aggregation (Gresele et al., unpublished results).

A drug interaction leading to increased plasma concentra-
tions of one or both compounds (32) was also excluded in our
study by the measurement of the circulating levels of the ad-
ministered drugs.

The most plausible explanation for the augmented effec-
tiveness of a thromboxane receptor antagonist when asso-
ciated to a thromboxane synthase inhibitor is, therefore,
the increased formation of antiaggregatory prostaglandins
(PGD2, PG12).

Although the results of capillary immunoreactive 6-keto-
PGFi,, must be interpreted cautiously in view of possible limi-
tations of RIA 6-keto-PGF,,, measurements in blood (33), the
values obtained after placebo agree with those reported very
recently by other investigators using either an enzyme-linked
immunoabsorbent assay (34) or gas chromatography-negative
ion chemical ionization-mass spectrometry (GC-NICI-MS)
(35). These data seem to indicate that the intake of dazoxiben
alone or in combination with BM13.177 results in a marked
increase of PGI2 production at the level of the bleeding time
wound. This increase is the likely consequence of the rediver-
sion of the metabolism of platelet endoperoxides, accumulated
after thromboxane synthase inhibition, towards PG12 (5, 6).
The values obtained should be sufficient to inhibit platelet
aggregation (36). After the submission of our paper a review
article has appeared that reports, among other things, the de-
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Figure 7. Serum TXB2 (dots) and
bleeding time values (columns) during
prolonged intake of low-dose aspirin
(0.43±0.02 mg/kg per d) (left); and
after the intake of the following treat-
ments: P. placebo; B, BM13.177 800
mg; A, high-dose aspirin (500 mgp.o.)
and D + B = dazoxiben 200 mgplus
BM13.177 800 mg. C, control (basal
determination). The data with low-dose

aspirin and high-dose aspirin were ob-

tained in an unblinded manner (see
Methods).
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Table II. Threshold Aggregating Concentration (TAC) for Various Inducers in Platelet-rich Plasma (Photometric Method) (Study C)

Inducer.

Treatment Collagen AA U466 19 ADP

Mug/ml mM MM JM

Basal 1.8±0.5 0.53±0.02 0.63±0.09 2.65±0.7
L-ASA 4.6±0.8*$ >5* 0.55±0.07$ 4.25±0.8*$
BM13.177 (800 mg) 4.2±0.6*$ 1.49±0.5*$ 3.06±0.45* 4.1±0.9*$
Dazoxiben + BM13.177 5.8±0.4* >5* 3.20±0.51* 5.4+1.5*
Placebo 1.4±0.5 0.56±0.04 0.61±0.06 2.45±0.5
BM 13.177 (1,600 mg) 4.0±0.8*$ 4.14±0.5*t 4.54±0.46*$ 3.9±0.8*$
H-ASA 5.0±0.4* >5* 0.54±0.10 5.6±0.9*

L-ASA, low-dose aspirin (0.43±0.02 mg/kg/d p.o. for 10 d); H-ASA, high-dose aspirin (500 mgp.o.) * Significantly different from placebo (P
< 0.0005); tsignificantly different from dazoxiben + BM13.177 (P < 0.01, at least); L-ASA differed significantly from BM13.177 800 mg
when using AA and U46619 (P < 0.0005); BM13.177 800 mg differed significantly from BM13.177 1,600 mgwhen using AA and U46619 (P
< 0.005). The data with L-ASA, H-ASA, and BM 13.177 1,600 mgwere obtained in an unblinded manner (see Methods).

tection by GC-NICI-MS of a striking increase in capillary 6-
keto-PGFIa in one healthy volunteer after thromboxane
synthase inhibition (37), in agreement with our findings.

Wehave further studied the redirection of PGendoperox-
ide metabolism in the PRPof our volunteers after stimulation
with AA in vitro. Wecould show that, after dazoxiben intake,
a striking increase in PGE2 and PGD2 is measured. Such an
increase has already been detected with dazoxiben in vitro by
using TLC (20), RIA (7), or GC/MS (38). The redirection of
endoperoxide metabolism was evident in our study also after
the intake of the combination of dazoxiben and BM 13.177,
supporting our previous observation that the receptor antago-
nist does not hinder the capacity of a synthase inhibitor to
increase the formation of a number of prostaglandins, some of
which are potentially antiaggregating (19). BM 13.177 also
does not interfere with the platelet inhibitory properties of
PGI2, PGD2, or PGEI (10).

Two additional findings corroborate the hypothesis that
increased endogenous formation of antiaggregatory/vasodilat-
ing PGs is responsible for the enhanced antiplatelet effect of
the combination dazoxiben plus BM13.177. Firstly, the addi-
tion of indomethacin, at doses high enough to completely in-

hibit cyclooxygenase, to the combination dazoxiben plus BM
13.177, significantly shortened the bleeding time. Indometha-
cin itself prolonged the bleeding time, thus rendering a non-
specific shortening effect of this drug unlikely. The total sup-
pression of the synthesis of cyclic endoperoxides with conse-
quent unavailability for the formation of PGD2and/or PGI2
appears to be the most likely explanation for the effect of
indomethacin in our study. Secondly, aspirin at low-dose lead
to a prolongation of the bleeding time and to an inhibition of
platelet aggregation in vitro that was significantly slighter than
observed after dazoxiben plus BM 13.177. Such a dose of
aspirin suppresses platelet TXB2 production without signifi-
cantly inhibiting urinary excretion of 6-keto-PGFIa or 2,3-
dinor-6-keto-PGFIa (39, 40), two indexes of renal and systemic
PGI2 synthesis in vivo (33). This finding seems to indicate that
the PGI2 produced by the vessel wall in normal conditions
plays little role in primary hemostasis, but that an increased
formation, as provoked by a thromboxane synthase inhibitor,
may contribute to inhibition of platelet aggregation and plug
formation, at least when the proaggregatory activity of cyclic
endoperoxides is simultaneously antagonized.

In our studies the combination of dazoxiben plus BM

Table III. Maximal Amplitude (Q) of Aggregation Induced in Whole Blood (Impedance Method) by Collagen and ADP(Study C)

Inducer ............... Collagen (Mug/ml) ADP(MM)

Treatment 0.5 1 3 5 1 2 5 10

Basal 7.5±2.2 9.2±2.7 12.1±1.9 17.2±3.3 4.8±3.2 9.9±4.7 18.5±4.6 17.3±3.0
L-ASA 1.0±0.6* 3.6±1.3*$ 16.3±2.1t 14.9±1.3 1.0±0.4* 5.9±1.7* 12.9+2.4*$ 16.0±2.9*$
BM13.177 (800 mg) 0.65±0.3* 3.4± 1. * 15.3±5.1 $ 16.7±1.9 1.6±1.3* 6.2±3.9* 11.5±3.5* 15.7±3.5*$
Dazoxiben + BM 13.177 0.5±0.5* 0.15±0.15* 10.9±0.7* 13.0±0.9* 1.2±0.9* 3.9±2.5* 8.6±2.1* 11.7±3.1*
Placebo 7.6±2.6 13.0±1.5 18.4±2.5 19.1±2.1 4.4±3.4 10.5±4.2 17.7±4.1 19.9±2.1
BM 13.177 (1,600 mg) 0.1±0.1* 0.6±0.3* 16.8±0.7t 15.5±1.6 1.2±0.5* 6.2±3.8* 16.2±4.0t 16.3±2.6$
H-ASA 0.6±0.3* 2.1±1.6* 14.6±1.9 14.7±1.9* 1.9±1.4 5.6±2.0* 11.5±2.8* 17.7±3.3$

L-ASA: low-dose aspirin (0.43±0.02 mg/kg/d p.o. for 10 d); H-ASA: high-dose aspirin (500 mgp.o.). * Significantly different from placebo (P
< 0.05, at least) (significances are reported only when simultaneously different from both basal and placebo); tsignificantly different from da-
zoxiben + BM13.177 (P < 0.05, at least). Basal and placebo were significantly different from each other for collagen 1 and 3 ,g/ml-induced
platelet aggregation (P < 0.01 and P < 0.0005, respectively); BM13.177 (both 800 and 1,600 mg) never differed significantly from low-dose
aspirin. The data with L-ASA, H-ASA and BM 13.177 1,600 mgwere obtained in an unblinded manner (see Methods).
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Figure 8. (a) Intraplate-
let cAMP(expressed as
percentage of control),
after preincubation of
normal PRPin vitro
with C, saline; B, BM
13.177 lOMM; D, da-
zoxiben 50 MM; D + B
= dazoxiben 50,M
plusBM 13.177 10M4M,
in unstimulated plate-
lets (open columns) and
in platelets stimulated
with 2 mMarachidonic
acid (hatched columns).
The star outside the col-
umn indicates a signifi-
cant difference as com-
pared to control (C) (P
< 0.0005); stars inside
the columns indicate
significant differences as
compared to the combi-
nation (D + B) (P
< 0.0005) (data repre-
sent mean±SEMof 9
experiments, each car-
ried out in triplicate).
(b) Intraplatelet cAMP

(expressed as percentage of control) after preincubation of PRPin
vitro with C, saline; U, U46619 2 MM; B, BM13.177 10MuM; D2,
PGD20.1 MM; UD2, U46619 2 MMand PGD20.1 MM; BUD2, BM
13.177 10MM, U46619 2 MMand PGD20.1 MM(data represent
mean±SEMof six experiments, each carried out in triplicate). The
differences between D2 and C, D2 and UD2and UD2 and BUD2were

all significant (P < 0.001, at least).

-13.177, as well as low-dose aspirin, never totally suppressed
TXB2 formation, different from that observed with both 100
mg indomethacin and 500 mg aspirin. Indications exist that
even a residual 5 to 10% TXA2 can suffice, in particular con-

ditions, to induce some platelet activation (40, 41). However,
the functional significance of a small residual percentage of
TXA2-synthetic capability may be greatly exaggerated when
studying platelet aggregation in vitro. The half-life of TXA2,

30 s at pH 7.4 in aqueous solutions at 37°C (1), is consider-
ably increased in plasma (42) and this may allow the building
up in the aggregometer cuvette of concentrations of this potent
mediator high enough to partly activate platelets, even when
cyclooxygenase is inhibited by 90-95%. In.vivo removal by
flow and tissue metabolism could neutralize the activity of any
residual TXA2 formed. Indeed, in our study no further pro-
longation of the bleeding time was seen when using a 500-mg
dose of aspirin as compared to a low-dose, despite a higher
degree of TXB2 inhibition, and the combination of dazoxiben
and BM 13.177 increased the bleeding time more than any
other treatment, despite a sometimes lower degree of TXB2
suppression.

Thromboxane synthase inhibitors have been consistently
shown to increase platelet PGD2 production (9, 38), besides
inhibiting TXA2 synthesis, and despite that to exert little inhi-
bition on platelet aggregation. Wehave hypothesized that ac-

cumulated endoperoxides, interacting with the shared TXA2/

PGendoperoxide receptor, would "turn off" platelet adenyl-
ate cyclase (19) in this way neutralizing the antiaggregatory
effect of PGD2and PGI2, which act precisely by "turning on"
this enzyme and increasing intracellular cAMP(15, 16). The
only product that can account for the increase in intraplatelet
cAMPin normal PRPstimulated with AA in the presence of
the combination of a TXA2-synthase inhibitor and a receptor
antagonist is PGD2. BM 13.177, by blocking the TXA2/PG
endoperoxide receptor, would neutralize the activity of endo-
peroxides, leaving PGD2 free to act (Fig. 8 b). The cAM.P
increase observed in our experiments in AA-stimulated PRP
(45%) is sufficient to inhibit platelet aggregation (43). A similar
increase is observed in a dose-response curve to exogenous
PGD2with around 21 ng/ml (Gresele et al., unpublished re-
sults). This amount, and even larger quantities, is normally
formed in stimulated platelets with an inhibited thromboxane
synthase. PGE2 can blunt the adenylate cyclase-stimulatory
action of PGD2(44).

Although the increase in cAMPobserved in vitro with the
combination of a thromboxane synthase inhibitor and a re-
ceptor antagonist is relatively small, this does not necessarily
apply to the in vivo situation where enhanced amounts of
PGI2 would also be produced: PGI2 is a much more potent
adenylate cyclase stimulator than PGD2( 15, 16). To the extent
that the combination of a thromboxane synthase inhibitor and
a thromboxane receptor antagonist results in the activation of
platelet adenylate cyclase selectively at sites of enhanced plate-
let activation, this association might have major antithrom-
botic potential: an increase in platelet cAMP inhibits activa-
tion by both thromboxane-dependent and thromboxane-inde-
pendent mechanisms (17).

In conclusion, our study demonstrates, for the first time in
vivo in man, that prostaglandin endoperoxides can partly sub-
stitute for the activity of TXA2 and that an increased endoge-
nous production of antiaggregatory and vasodilatory prosta-
glandins, such as that obtained with selective thromboxane
synthase inhibition, may significantly contribute to the im-
pairment of primary hemostasis.

Although the drug combination used in our studies is un-
practical for therapeutic purposes due to the pharmacokinetic
dissimilarities between BM 13.177 and dazoxiben, com-
pounds displaying both thromboxane synthase inhibitory and
receptor antagonistic properties already exist (45). Similar
drugs but with a stronger potency and a longer duration of
action, could turn out to be useful antithrombotic agents. Pre-
liminary results in a coronary thrombosis model in dogs seem
to support this possibility (46).
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