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1 Platelet-rich plasma (PRP) from humans, cats, dogs (after addition of 10 uM adrenaline), rabbits
and guinea-pigs aggregated in response to sodium arachidonate or 9,11-azo-prostaglandin H,, while
PRP obtained from sheep was unresponsive to either agent.

2 The stable thromboxane (Tx) analogues, carbocyclic TxA, (CTA;) and pinane TxA, (PTA;)
significantly inhibited these aggregatory responses in platelets from humans, dogs and guinea-pigs,
while PTA,; but not CTA,; produced significant inhibition in cat platelets. The aggregatory response
of PRP from rabbits was not significantly blocked by either analogue.

3 CTA; and the endoperoxide analogue 9,11-methanoepoxy PGH, (U-46619) constricted coro-
nary arteries from cats, dogs, rabbits and guinea-pigs, while sheep vessels were unresponsive to
either analogue.

4 Vasoconstrictor responses to U-46619 were significantly attenuated by PTA,;, in vessels from all
species. However, constriction produced by CTA, was blocked significantly only in vessels from cats,
dogs and guinea-pigs.

5§ These results demonstrate the species differences which exist in the responsiveness of platelets
and coronary arteries to thromboxane and endoperoxide analogues. Furthermore, the results
illustrate the importance of species selection in the study of thromboxane antagonists for potential

therapeutic use.

Introduction

Thromboxane A, (TxA)), a vasoactive metabolite of
arachidonic acid, has recently been implicated in the
spread of myocardial ischaemic damage (Morooka,
Kobayashi, Takahashi, Takashima, Sakamoto &
Shimamoto, 1979) and as a mediator of sudden death
in rabbits after arachidonic acid injection (Smith,
Araki & Lefer, 1980). A potent vasoconstrictor and
inducer of platelet aggregation, TxA; is generated in
relatively large amounts by circulating platelets.
However, recent studies have indicated that TxA,
also can be produced by endothelial cells in the
vasculature (Salzman, Salmon & Moncada, 1980;
Ingerman-Wojenski, Silver & Smith, 1981). It has
been suggested that TxA, promotes the extension of
ischaemic damage by constricting coronary arteries
and by inducing the formation of platelet aggregates
and microthrombi (Lewy, Smith, Silver, Saia,
Walinsky & Wiener, 1979).

0007-1188/83/020287-06 $01.00

Although TxA; has not yet been isolated or synth-
esized, stable analogues have been developed and
used as tools to study its effects. These include 9,11-
methano-epoxy PGH, (Bundy, 1978) and 9,11-azo-
PGH, (Corey, Nicolaou, Machida, Malsten &
Samuelsson, 1975), endoperoxide analogues that
may act as thromboxane receptor agonists, particu-
larly in vascular smooth muscle (Lefer, Smith, Araki,
Smith, Aharony, Claremon, Magolda & Nicolaou,
1980; Coleman, Humphrey, Kennedy, Levy & Lum-
ley, 1981). Pinane thromboxane A, (PTA,), another
stable thromboxane analogue antagonizes the effects
of these endoperoxide analogues on smooth muscle
and platelets (Nicoloau, Magolda, Smith, Aharony,
Smith & Lefer, 1979). Recently, carbocyclic throm-
boxane A, (CTA,) was described as a thromboxane
analogue that constricts cat coronary arteries and
aggravates myocardial ischaemia (Lefer etal., 1980;
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Smith, Lefer, Aharony, Smith, Magolda, Claremon
& Nicolaou, 1981). However, CTA,; is only a weak
inducer of human platelet aggregation. These results
would indicate that the vasoconstrictor effect of
TxA,; is the major reason for the spread of ischaemic
damage in myocardial ischaemia. However, species
variation may be an important factor in analyzing the
effects of these analogues. The primary purpose of
this study was to compare the responses of coronary
arteries and platelets in a variety of mammalian
species to thromboxane-like agents and the inhibi-
tion of these responses by the thromboxane receptor
antagonist, PTA,.

Methods

Blood was collected by venipuncture from cats, dogs,
humans, rabbits and sheep, and either by carotid
artery cannulation or by cardiac puncture from
guinea-pigs, into one-tenth volume of 3.8%
trisodium citrate and centrifuged at 180 g for 15 min
to prepare platelet-rich plasma (PRP). Platelet ag-
gregation was studied in a Payton Dual-Channel
aggregometer, at 37°C with continuous stirring at
1000 rev/min by measuring the increase in light
transmission as the platelets clumped together. Ag-
gregating agents employed were sodium arachido-
nate (50-500 uM final concentration) and 9,11-azo-
prostaglandin H, (1puM final concentration). Car-
bocyclic thromboxane A, and pinane thromboxane
A, were stored in 100% ethanol and added in a 2 ul
volume to achieve a concentration of 20 uM, and
unless otherwise stated were added to PRP 60s be-
fore the aggregating agent being studied. Ethanol
alone did not alter platelet function. Adrenaline HCI
was obtained from Sigma Chemical Co., St. Louis,
MO, and arachidonic acid from Nuchek Prep,
Elysian, MN.

Isolated coronary arteries

Hearts were obtained from adult guinea-pigs, rab-
bits, cats, dogs and sheep anaesthetized with sodium
pentobarbitone (30 mg/kg,i.v.). Immediately after
excision, each heart was placed in ice-cold Krebs-
Henseleit solution oxygenated with 95% O, plus
5% CO, until isolation of the coronary arteries
15-30min later. To obtain vessels from the hearts of
guinea-pigs and rabbits, the coronary ostium was
exposed and a 23 gauge stainless-steel adapter was
inserted. In cats, a 20 gauge adapter was inserted into
the right coronary artery and into the left circumflex
(LCX) or left anterior descending (LAD) coronary
arteries via the coronary ostia. In dogs and sheep,
18-20 gauge adapters were inserted into branches of
the LCX or LAD. In all species, the cannulae were
tied in place with 3-0 suture silk and surrounding fat

and myocardial tissue were carefully removed. A
final length of approximately 1.5 cm of each vessel
was immediately placed in a 10 ml bath containing
Krebs-Henseleit solution. Arteries were oxygenated
with 95% O, plus 5% CO, and perfusate tempera-
ture was maintained at 37°C.

All vessels were perfused at constant flow with a
Harvard peristaltic pump so that changes in perfusion
pressure reflected changes in vascular resistance. Ini-
tially, flow of the perfusate was adjusted so that
arterial pressure was between 65-85mmHg. The
flow rate was then maintained at this level through-
out the experiment. Perfusion pressure was meas-
ured with Statham P23Db pressure transducers and
recorded continuously on a Grass Model 7 oscillo-
graphic recorder.

After an equilibration period of 45-60 min, each
vessel was tested for responsiveness to
25-50mM KCl. After replacing with fresh perfusate,
the arteries were used to determine the responses to
CTA; (15nM) and 9,11-methano-epoxy PGH, (U-
46619), at 50 or 100nM before and after PTA,
(1.0 uM). All test agents were made as stock solutions
in 100% ethanol and added to the recirculating per-
fusate in volumes of 10 to 20 pl.

Data in the text and figures are presented as
means ts.e.mean. Data were analyzed using Stu-
dent’s ttest for paired comparisons. Pvalues less than
0.05 were considered statistically significant.

Results

Platelets in plasma prepared from the blood of 6 cats,
4 guinea-pigs, 4 humans and 5 rabbits responded to
1 puM 9,11-azo-PGH, with pronounced aggregation
which did not reverse during the 3 min of observa-
tion. Irreversible aggregation also was induced in
PRP from these species by sodium arachidonate (in a
concentration range of 50 to 200 uM in PRP from cat,
guinea-pig and rabbit and 400 to 800 uM in PRP from
humans). In PRP prepared from 5 dogs, the addition
of 1 mM sodium arachidonate produced little or no
aggregation. However, the addition of 10 uM ad-
renaline, which itself produced no detectable aggreg-
ation, prior to the addition of 9,11-azo-PGH, or
sodium arachidonate, converted the response to
these agents to a pattern identical to that seen with
the PRP from the other species. In contrast, PRP
prepared from the blood of 6 different sheep re-
sponded poorly or not at all to either 1 uM 9,11-azo-
PGH,; or 50 to 500 uM sodium arachidonate. Also,
adrenaline did not make sheep PRP responsive to
sodium arachidonate or 9,11-azo-PGH,.

The effects of the thromboxane analogues of CTA,
and PTA; were studied directly on PRP prepared
from cat, guinea-pig, human and rabbit blood and
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Figure 1 Typiéal records of platelet-rich plasma from human (a) and cat (b) blood. AA = arachidonic acid,
CTA, = carbocyclic thromboxane A; at 20 uM, PTA ;= pinane thromboxane A, at 20 uM.

after the addition of 10 uM adrenaline to PRP pre-
pared from dogs. As reported previously and shown
in Figure 1, both CTA, and PTA; completely
abolished the aggregation response of human
platelets to either 9,11-azo-PGH, or sodium
arachidonate. PTA; has been reported to be a weak
agonist (Nicolaou, Magolda, Smith, Aharony, Smith
& Lefer, 1979) and induced a small reversible ag-
gregation in the present study. Similar results to those
with human PRP were obtained in PRP prepared
from guinea-pigs as shown in Figure 2 and dogs

a b

(containing 10 uM adrenaline). A slightly different
response was obtained with CTA; and PTA, in PRP
prepared from cats. In the PRP of this species, PTA,
itself caused little or no aggregation but completely
abolished aggregation in response to 9,11-azo-PGH,
or arachidonic acid. CTA; caused the platelets to
aggregate to a greater extent than PTA,, but after the
platelets had disaggregated, essentially no inhibition
of aggregation in response to 9,11-azo-PGH,; or
sodium arachidonate was observed.

The greatest differences in the effects of CTA, and
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Figure 2 Typical records of platelet-rich plasma from rabbit (a) and guinea-pig blood (b). Arrow indicates
increasing light transmittance. AA=arachidonic acid. CTA;=carbocyclic thromboxane A, at 20uM.

PTA;= pinane thromboxane A; at 20 uM.
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Figure 3 Change in perfusion pressure in response to
carbocyclic thromboxane A, (CTAj;, 15nM) before
(open columns) and after (hatched columns), pinane
thromboxane A, (PTA;, 1.0 uM) in cat, dog, rabbit and
guinea-pig coronary arteries. The solid column repres-
ents the direct effect of PT A5 on rabbit vessels. Numbers
in parentheses indicate number of vessels studied in each
species.

PTA, from those seen with human PRP were ob-
tained with PRP prepared from the blood of the 5
rabbits studied. In this species, CTA; produced fairly
extensive aggregation (Figure 2) and little or no
inhibition of aggregation in response to sodium
arachidonate was observed after either PTA, or
CTA,. However, PTA,; inhibited the response to
9,11-azo-PGH,; to a small extent while CTA, was
inactive.

Isolated coronary arteries

CTA; (15nM) constricted coronary arteries of cats,
dogs, rabbits and guinea-pigs as shown in Figure 3.
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Figure 4 Change in perfusion pressure in response to
U-46619 (50 and 100 nM) before (M,0) and after (@, B3)
pinane thromboxane A; (1.0 uM) in cat, dog and guinea-
pig coronary arteries. Numbers in parentheses indicate
number of vessels studied in each species.

The constrictor effect was significantly inhibited by
1.0 uM PTA; in all species except the rabbit. Rabbit
coronary arteries responded to CTA, with a change
in perfusion pressure of 44.3+4.3 mmHg. This re-
sponse was attenuated to 28.3*9.9mmHg (NS)
after PTA,. Also, CTA; produced a significantly
greater constriction of rabbit vessels than the same
concentration in guinea-pigs (P <<0.01). There were
no significant differences in the responses to CTA,
when comparisons were made among other species
listed in Figure 3. Responses to KCl were obtained in
six sheep coronary arteries. However, none of these
vessels was responsive to CTA,.

The effects of U-46619 (50 and 100 nM) on cat,
dog and guinea-pig coronary arteries before and after
PTA; (1.0 uM) are shown in Figure 4. The response
to either concentration of U-46619 was significantly
inhibited by PTA,; in all three species.

Guinea-pig vessels were constricted to a greater
degree by the higher concentration of U-46619.
However, cat and dog coronary arteries were con-
stricted to a similar extent by both concentrations of
the endoperoxide analogue. Also, the degree of vas-
oconstriction produced by U-46619 was similar to
that produced by CTA, in cats and dogs, while
guinea-pig vessels were more responsive to U-46619
than to CTA,.

Responses were obtained to 50 and 100nM U-
46619 in three rabbit coronary arteries. The lower
concentration of U-46619 increased perfusion pres-
sure by 26 * 4mmHg compared with 38 + 6 mmHg
for the 100nM concentration. In the presence of
1.0 uM PTA,,, the increase in perfusion pressure was
11 +2 mmHg for the 50 nM concentration and 15+ 3
for the 100nM concentration of U-46619. PTA,
alone at 1.0puM increased perfusion pressure
7 £2 mmHg in these experiments, partially account-
ing for the lack of a complete antagonism.

As mentioned above, significant constrictor re-
sponses to KCI were obtained in six sheep coronary
arteries. However, only one of these arteries re-
sponded to 100nM U-46619 with an increase of at
least 7mmHg, and none of these arteries responded
to CTA,.

Discussion

The demonstration that differences exist in the re-
sponsiveness of platelets from different species to
agonists and antagonists is not new. For example,
adrenaline induces the aggregation of platelets in
PRP obtained from humans but not from other
species such as rat, dog, guinea-pig, rabbit or horse
(Mustard & Packham, 1970). However, adrenaline
does potentiate aggregation in response to other
aggregating agents in PRP of all species, and this
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property was taken advantage of in the present inves-
tigation to enhance the responsiveness of dog
platelets to 9,11-azo-PGH,; and sodium arachido-
nate. A more striking example of differences in re-
sponsiveness between platelets of different species
has been observed with the platelet activating factor
(PAF) 1-O-alkyl-2-acetyl-glycero-3-phospho-
choline, which is an extremely potent aggregator of
platelets from humans, rabbits and guinea-pigs, but
has no effect on platelets from mouse or rat (Namm,
Tadepalli & High, 1982). The responsiveness of
platelets from different species to prostaglandins also
is species-dependent based on results of previous
studies as well as those described here. In previous
studies, for example, prostaglandin D, was shown to
be a potent inhibitor of the aggregation of human
platelets but to have little or no effect on platelets
obtained from rabbits or rats (Smith, Silver, Inger-
man & Kocsis, 1974).

Our finding that sheep platelets are poorly respon-
sive or unresponsive to sodium arachidonate or to
9,11-azo-PGH,; is reminiscent of similar observa-
tions made with PRP obtained from bovine blood
(Meyers, Katz, Clemmons, Smith & Holmsen, 1980).
It would appear that ruminant platelets do not pos-
sess a significant population of receptors for prostag-
landin endoperoxides and thromboxane A,. Further-
more, sera from sheep or cow blood contains very
little thromboxane B, or prostaglandin F,, in contrast
to the relatively large amount present, as a result of
platelet activation by thrombin, in sera obtained from
omnivores and carnivores including man (Meyers et
al., 1980; Hwang, Carroll, Godke & Ring, 1980).
The lack of responsiveness of sheep coronary arteries
to either CTA,; or U-46619 suggests that the sheepis
not an appropriate species for the study of thrombox-
ane receptors.

In our previous studies with the thromboxane
analogues CTA; and PTA,, we demonstrated that
PTA, antagonizes the constriction of cat coronary
arteries in response to prostaglandin endoperoxide
analogues and inhibits the aggregation of human
platelets in response to these analogues as well as
sodium arachidonate. In contrast, CTA, was a potent
constrictor of cat coronary arteries without exerting
antagonistic properties, but inhibited the aggregation
of human platelets in response to endoperoxide
analogues and sodium arachidonate (Lefer et al.,
1980). The present studies suggest that this dissocia-
tion obtained with CTA; between platelets and coro-
nary vascular smooth muscle may be related in part to
differences between species. In this regard, PTA, was
consistent in inhibiting the effects of endoperoxides
on coronary arteries and platelets from both cat and
man. CTA; was less consistent in that it strongly
inhibited human aggregation, only weakly inhibited
cat platelet aggregation and strongly constricted cat

coronary arteries. Furthermore, CTA; caused little
or no aggregation in PRP from cat and man, and a
marked aggregation in rabbits.

Of the five species that were studied, platelets from
cats and guinea-pigs appeared to resemble most
closely those from humans in responsiveness to the
agonists and antagonists of the prostaglandin cascade
that were tested. Interestingly, platelets of these
species more closely resembled those of man than
those of two other species in their ability to release
adenine nucleotides and platelet factor 4 in response
to collagen or thrombin (Thomas, Niewiarowski &
Ream, 1970). In contrast, apart from the sheep as
discussed above, rabbit platelets were the most dis-
similar from human platelets in that induction of
aggregation was obtained with CTA,, and little or no
inhibition was obtained with either CTA; or PTA,.
Furthermore, only with rabbit coronary arteries was
PTA,; unable to antagonize thromboxane effects.

It would appear that, with the exception of sheep,
the differences between species observed in the pres-
ent studies reflect subtle conformational differences
between the receptors for prostaglandin endoperox-
ides and thromboxane A, present on platelets and
the coronary arteries of different species. However,
while these differences may be subtle from a confor-
mational point of view they undoubtedly present an
important consideration for those interested in de-
veloping thromboxane antagonists for therapeutic
use in man.

With regard to coronary vascular responsiveness,
species differences also exist. Previously, Wang, Kul-
karni & Eakins (1980) showed that adult dog coro-
nary vessels do not respond to thromboxane A,
generated biologically, in contrast to puppy coronary
vessels that did respond to thromboxane A,. In the
present study, we also observed that sheep coronary
arteries were unresponsive to the synthetic throm-
boxane analogue, CTA,. Other than in this case, all
other mammalian species investigated (i.e., cat, dog,
rabbit and guinea-pig) were comparable in their re-
sponses to CTA,. We do not know whether our
observation of a marked vasoconstrictor response to
CTA; in the perfused dog coronary artery represents
a peculiarity of our preparation (i.e., large artery vs
the entire vascular bed) or whether it reflects the
effect of a stable thromboxane analogue. Our find-
ings do not permit us to answer this question at
present.

One interesting difference in coronary vascular
responsiveness occurred in response to the throm-
boxane receptor antagonist, PTA,. All species
studied that responded to CTA; with a significant
vasoconstriction, were antagonized by PTA, except
the rabbit. No reason for this difference is apparent
except that PTA; acts as a thromboxane agonist (i.e.,
induces constriction) in rabbit coronary vessels,
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rather than as a thromboxane antagonist.

Similar degrees of coronary vasoconstriction were
observed in cat, dog and guinea-pig coronary arteries
to the stable endoperoxide analogue, U-46619. In all
cases, PTA,, the thromboxane receptor antagonist,
significantly attenuated the coronary constrictor ef-
fects of U-46619. Since U-46619 has been previous-
ly shown to have essentially the same receptor profile
as thromboxane A, (Coleman et al., 1981), these
findings can be considered as additional evidence
that many mammalian species constrict markedly to
thromboxane agonists. Thus, with regard to coronary
vasoactivity, there are more similarities than differ-
ences in thromboxane responsiveness. Cat, dog, rab-
bit and guinea-pig coronary vessels constrict to
thromboxane agonists (e.g., CTA;, U-46619) and
these responses are markedly attenuated by the
thromboxane receptor antagonist, PTA,. Only sheep
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