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Effects of Thromboxane Synthase Inhibition on Vascular Responsiveness
in the In Vivo Rat Mesentery
Edwin K. Jackson
Division of Clinical Pharmacology, Department of Pharmacology, Vanderbilt University School of Medicine, Nashville, Tennessee 37232

Abstract

The purpose of this investigation was to determine the effects
of thromboxane synthase inhibition on vascular responsiveness.
To achieve this goal, the effects of thromboxane synthase inhib-
itors on mesenteric vascular responses to sympathetic nerve
stimulation, norepinephrine, and angiotensin II were determined
in vivo. In normotensive rats, chronic treatment with the throm-
boxane synthase inhibitor, UK38,485 (100 mg/kg- d X 7 d),
attenuated vascular responses to nerve stimulation and angio-
tensin II, but not to norepinephrine. Indomethacin treatment (5
mg/kg X three doses) did not attenuate vascular responses, but
did prevent chronic UK38,485 administration from attenuating
vascular reactivity. A single dose of UK38,485 (100 mg/kg) did
not modify vascular responses to nerve stimulation or angiotensin
II, even though platelet thromboxane synthase was inhibited
completely. In spontaneously hypertensive rats, chronic admin-
istration (100 mg/kg . d X 7 d) of either UK38,485, OKY1581,
or U-63557A (three structurally distinct thromboxane synthase
inhibitors) attenuated vascular responses to nerve stimulation
and angiotensin II. Only U-63557A suppressed responses to
norepinephrine. Chronic treatment with UK38,485 or U-63557A
did not influence vascular reactivity in hypertensive rats treated
with indomethacin. Also, chronic administration of lower doses
of UK38,485 or U-63557A (30 mg/kg . d X 7 d) did not affect
vascular responsiveness in hypertensive rats, despite complete
blockade of platelet thromboxane synthase. These data indicate
that chronic administration of high doses of thromboxane syn-
thase inhibitors attenuates vascular responses to sympathetic
nerve stimulation and angiotensin II, but not usually to norepi-
nephrine. This action may be mediated by endoperoxide shunting
within the blood vessel wall.

Introduction

Norepinephrine (NE)' and angiotensin II (All) are well-known
examples of vasoconstrictors that mobilize arachidonate from
phospholipid stores (1-7) and, thereby, accelerate the rate of
prostaglandin (PG) endoperoxide biosynthesis. PGendoperox-
ides are further processed via alternative metabolic pathways to
either thromboxane A2 (TXA2), PGI2, PGE2, PGD2, or PGF2<.
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1. Abbreviations used in this paper: All, angiotensin II; NE, norepineph-
rine; PG, prostaglandin; PNS, periarterial nerve stimulation; TXA2,
thromboxane.

Therefore, the profile of vasoconstrictor-induced prostanoid
biosynthesis will depend upon the relative proximities and ac-
tivities of the various enzymes catalyzing the transformation of
PGendoperoxides.

One approach of altering the profile of vasoconstrictor-in-
duced prostanoid biosynthesis would be to administer a TXA2
synthase inhibitor. By inactivating TXA2 synthase, PG endo-
peroxides that would have been transformed into TXA2 would
now be available for PG12, PGD2, PGE2, or PGF2a biosynthesis.
Evidence for "endoperoxide shunting" by TXA2 synthase in-
hibitors is abundant (8-12).

If TXA2 synthase inhibitors alter the profile of vasoconstric-
tor-induced prostanoid biosynthesis, this could modify the vas-
cular response to vasoconstrictors and sympathetic nerve stim-
ulation. PGI2, PGD2, and PGE2attenuate the vascular response
to vasoconstrictors and inhibit the release of NE from norad-
renergic varicosities (13-18). In contrast, TXA2 may potentiate
the vascular response to vasoconstrictors (19, 20). Therefore, a
drug-induced shift from TXA2 synthesis and towards the syn-
thesis of other prostanoids may attenuate the vascular response
to vasoconstrictors and sympathetic nerve stimulation. The
purpose of the present work is to test the hypothesis that inhi-
bition of TXA2 synthase results in an attenuation of the vascular
response to sympathetic nerve stimulation, NE, or AII.

Methods

As summarized in Table I, 11 separate protocols involving 142 animals
were conducted over the course of 2 yr. In each protocol an equal number
of rats (either six or seven) were randomly assigned to receive either a
particular TXA2 synthase inhibitor or the vehicle of that inhibitor (either
olive oil or water). Thus, in each protocol a parallel group of control
animals was randomized with the treatment group so that in no case
was a historical control used for comparison. The protocols differed in
five ways, i.e., type of TXA2 synthase inhibitor (either UK38,485,
OKY1581, or U-63557A), dose of TXA2 synthase inhibitor (either 30
or 100 mg/kg), duration of treatment with a TXA2 synthase inhibitor
(either single dose or daily doses over 7 d), presence or absence of cy-
clooxygenase inhibition, and rat strain (either Sprague-Dawley or spon-
taneously hypertensive rats). UK38,485 was suspended in olive oil,
whereas OKY1581 and U-63557A were dissolved in water. All TXA2
synthase inhibitors and vehicles of TXA2 synthase inhibitors were ad-
ministered by gavage between 8:00 and 9:00 a.m. Cyclooxygenase in-
hibition was achieved by administering subcutaneously 5 mg/kg of in-
domethacin suspended in olive oil 24, 12, and 2 h before assessment of
vascular responsiveness. This dose of indomethacin was previously shown
to block cyclooxygenase activity in the rat mesentery (21). In all protocols,
vascular responsiveness was assessed -2 h after the last dose of the
TXA2 synthase inhibitor or its vehicle.

Mesenteric vascular responsiveness was assessed using the in situ
perfused mesentery technique previously described by Jackson and
Campbell (22). Briefly, each animal was anesthetized with pentobarbital
(50 mg/kg, i.p.), and a cannula was inserted into the abdominal aorta
below the renal and mesenteric arteries. An extracorporeal shunt was
established between the abdominal aorta and the superior mesenteric
artery using a Harvard peristaltic pump (Harvard Apparatus Co., Inc.,

2286 E. K. Jackson

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/85/12/2286/10 $ 1.00
Volume 76, December 1985, 2286-2295



Table I. Summary of Experimental Protocols

Duration of Cyclooxygenase
Protocol no. Group (n) Treatment Dose treatment inhibition Rat strain

d

1 Experimental (6) UK38,485 100 mg/kg Single dose No SD
Control (6) Olive oil I ml/kg Single dose No SD

2 Experimental (6) UK38,485 100 mg/kg Single dose Yes SD
Control (6) Olive oil I ml/kg Single dose Yes SD

3 Experimental (6) UK38,485 100 mg/kg d 7 No SD
Control (6) Olive oil I ml/kg d 7 No SD

4 Experimental (6) UK38,485 100 mg/kg d 7 Yes SD
Control (6) Olive oil I ml/kg d 7 Yes SD

5 Experimental (7) UK38,485 100 mg/kg-d 7 No SHR
Control (7) Olive oil I ml/kg- d 7 No SHR

6 Experimental (7) UK38,485 100 mg/kg- d 7 Yes SHR
Control (7) Olive oil I ml/kg- d 7 Yes SHR

7* Experimental (6) UK38,485 30 mg/kg. d 7 No SHR
Control (6) Olive oil I ml/kg d 7 No SHR

8 Experimental (7) OK1581 100 mg/kg-d 7 No SHR
Control (7) Water 1 ml/kg d 7 No SHR

9 Experimental (7) U-63557A 100 mg/kg d 7 No SHR
Control (7) Water I ml/kg d 7 No SHR

10 Experimental (7) U-63557A 100 mg/kg d 7 Yes SHR
Control (7) Water I ml/kg d 7 Yes SHR

I 11* Experimental (6) U-63557A 30 mg/kg * d 7 No SHR
Control (6) Water I ml/kg. d 7 No SHR

Cyclooxygenase inhibition was achieved with 5 mg/kg of indomethacin administered subcutaneously 24, 12, and 2 h before measurement of vas-
cular responsiveness. Volume of vehicle given to experimental and control groups was the same. TXA2 synthase inhibitors and vehicles were
administered by gavage. SD, Sprague-Dawley; SHR, spontaneously hypertensive rat. * Effects on All response not tested.

Natick, MA) to maintain blood flow at a constant rate (3 ml/min). Both
mesenteric perfusion pressure and mean arterial blood pressure were
monitored with pressure transducers (Narco Biosystems, Houston, TX,
model RP 1500) and were recorded on a Grass model 79 polygraph
(Grass Instrument Co., Quincy, MA). In that blood flow was held con-
stant, changes in mesenteric vascular resistance induced a proportional
change in mesenteric perfusion pressure. After all surgical procedures
were completed, the animals were allowed to stabilize for 40 min, during
which time supplemental intravenous (juglar vein) boluses of pentobar-
bital (1.5 mg/kg) were administered as needed. No additional anesthetic
was administered once the experimental period was begun.

In each animal, vasoconstrictor responses to sympathetic nerve stim-
ulation were elicited at 3-min intervals by electrically stimulating the
mesenteric sympathetic nerves with a bipolar platinum electrode posi-
tioned around the superior mesenteric artery. Changes in mesenteric
perfusion pressure (i.e., vasoconstrictor responses) to periarterial nerve
stimulation (PNS) were elicited with a 20-s train of 34-V biphasic pulses
1 ms in duration at 3, 5, or 7 Hz. In a previous study, it was demonstrated
that PNS in this preparation induces vasoconstriction by activating the
release of neuronal NE (22). After responses to PNSwere obtained, re-
sponses to exogenous NE were elicited at 3-min intervals by injecting
either 100, 200, or 300 ng of NE (as free base) into the superior mesenteric
artery. In all experiments NE injections were performed subsequent to
the nerve stimulation period. This was done to avoid any residual effects
that NE injections might have on responses to PNSowing to activation

of prejunctional a-adrenoceptors. In this preparation the vascular effects
of both endogenously released and exogenously administered NE are

due to activation of postjunctional a1-adrenoceptors (23). Finally, an

intramesenteric artery infusion of AII was begun at a rate of 9 ng/min
and sustained for 10 min.

The effects of each TXA2 synthase inhibitor on vasoconstrictor re-

sponses to PNSand exogenous NE were determined by comparing the
vasoconstrictor responses in the vehicle controls to the responses in the
treated animals using a two-factor analysis of variance. In this analysis
frequency of PNSor dose of NE was one fixed factor (three levels) and
treatment was the second fixed factor (two levels). Similarly, the effect
of an inhibitor on vasoconstrictor responses to All were determined by
two-factor analysis of variance. In this case, time (10 levels) was one

fixed factor and treatment (two levels) was the second fixed factor. All
analyses were performed on the Vanderbilt Digital Equipment Corpo-
ration (Maynard, MA) 1099 computer using the Statistical Package for
the Social Sciences. An inhibitor was considered to alter vasoconstrictor
responses if the treatment factor in the analysis afforded a P value of
<0.05. All values given in figures indicate mean±standard error of the
mean.

To determine the acute effects of UK38,485, OKY1581, and U-
63557A on platelet TXA2 synthase activity, spontaneously hypertensive
rats were anesthetized with pentobarbital (50 mg/kg, i.p.) and a silastic
cannula was inserted into the left carotid artery. 24 h later each rat was

treated by gavage with either 30 mg/kg or 100 mg/kg of either U-63557A,
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Figure 1. The chemical structures of U-63557A, OKY1581, and
UK38,485.

OKY1581, or UK38,485. Blood samples (0.6 ml) were removed via the
carotid cannula just before and 3, 10, and 24 h after drug administration.
The blood samples were placed in 12 X 75-mm borosilicate glass tubes
and were clotted for 1 h in a water bath maintained at 37°C. Next, the
samples were placed on ice and centrifuged at 4°C and the serum frozen
at -20°C and later assayed for TXB2. Serum TXB2 was measured by
radioimmunoassay. Briefly, 200 pu of diluted sample was incubated for
20 h at 4°C with 100 gl of antiserum (antibody dilution = 1:32,000)
and 100 ,l of '251I-labeled TxB2-histamine (1,500 cpm). The assay buffer
was a 0.1 Mphosphate solution (pH7) containing 0.1 %bovine albumin,
0.5% bovine gammaglobulin, and 1 mMsodium azide. After incubation,
600 ,l of 21% polyethylene glycol (PEG) 6000 was added to each tube
and bound counts separated by centrifugation at 4,000 rpm for 15 min
at 4°C. The assay sensitivity was 3.9 pg with 50% displacement at 22
pg. Details on the development of this assay, antibody cross-reactivity,
and assay conditions have been published previously (24). TXB2 levels
in serum from clotted blood reflect platelet TXA2 synthase activity (25-
27) at the ambient plasma levels of the inhibitor.

Further experiments were performed to determine whether or not
the degree of platelet TXA2 synthase inhibition was the same 2 h after
a single dose of UK38,485 vs. 2 h after the last dose of a week-long
pretreatment with UK38,485. In these experiments Sprque-Dawley rats
were given either 100 mg/kg of UK38,485 or olive oil (1 ml/kg) by
gavage. Some animals had been pretreated for 7 d with daily doses of
UK38,485 (100 mg/kg) or olive oil, whereas others had not been pre-
treated. 2 h later, the rats were decapitated and blood samples collected.
TXB2 levels were determined in sera from these samples as described
above.

UK38,485, OKY1581, and U-63557A were obtained from Pfizer
Central Research (Sandwich, Kent, England), Ono Pharmaceutical
Company, Ltd. (Osaka, Japan), and the Upjohn Company (Kalamazoo,
MI), respectively. Indomethacin and NE bitartrate were from Sigma
Chemical Company (St. Louis, MO). All was obtained from Peninsula
Laboratories (Belmont, CA). NE (dissolved in saline) and AII (dissolved
in a glycine buffer, pH 7.4, containing bovine serum albumin and NaCl)
were prepared in advance and stored at -70'C in aliquots of sufficient
size for one experiment.

Adult (15-18 wk old) male spontaneously hypertensive rats of the
Okamoto-Aoki strain (Taconic Farms, Inc., Germantown, NY) and
Sprague-Dawley rats (Sasco Inc., Omaha, NB) were housed four to a
cage in an animal facility providing a constant temperature of 220C.
Roomlights were automatically controlled to provide illumination from
6:00 a.m. to 6:00 p.m. daily. All rats were fed a diet of Wayne Lab-Blox
(Allied Mills, Inc., Memphis, TN) containing 170 meq/kg and 246 meq/
kg of sodium and potassium, respectively, and tap water ad libitum. All
animals were allowed at least 1 wk of acclimatization following arrival
to the animal facility.

Results

Fig. 1 depicts the chemical structures of UK38,485, OKY1581,
and U-63557A. As indicated all three compounds are structurally
distinct. UK38,485 is a derivative of imidazole, whereas
OKY1581 and U-63557A are pyridine derivatives. As illustrated
in Fig. 2 UK38,485, OKY1581, and U-63557A suppressed the
production of TXB2 by platelets ex vivo after oral administration
of either 30 mg/kg or 100 mg/kg. Although 30 mg/kg afforded
nearly complete blockade of TXB2 biosynthesis for up to 3 h
after administration, some recovery was noted during the ensuing
21 h. However, 100 mg/kg of all three inhibitors abolished plate-
let TXB2 production for at least 24 h. Fig. 3 demonstrates that
100 mg/kg of UK38,485 caused nearly complete abolition of
platelet TXA2 synthase 2 h after administration, regardless of
whether or not animals were given a single dose (left panel) or
were pretreated with 100 mg/kg. d of UK38,485 for 7 d (right
panel).

Protocols 1 and 2. In normotensive rats, a single dose of
UK38,485 (100 mg/kg) significantly suppressed vascular re-
sponsiveness to exogenous NE (Fig. 4, right panel) but did not
alter the vascular response to All (Fig. 5). Although the response
to PNStended to be suppressed, this suppression did not achieve

U-63557A OKY1581 UK38,485
350 *-* 30mg/kg

h--A /00 mg/kg

300- 5

250-

SERUM 200-

TxB2
(ng/ I) 150I

100

50

0

0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24

TIME (Hours)

Figure 2. Suppression of ex vivo platelet TXB2 generation by orally administered U-63557A, OKY1581, and UK38,485
in spontaneously hypertensive rats. All points are significantly different (P < 0.05) from base line for all three drugs at
both doses (Dunnett's test), except for the 24-h point with 30 mg/kg of U-63557A.
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Figure 3. Suppression of ex vivo platelet TXB2 generation by
UK38,485 (100 mg/kg) 2 h after a single oral dose (acute) or 2 h after
the last oral dose of a 7-d regimen (chronic) in Sprague-Dawley rats.
After acute and chronic UK38,485 treatment, the serum TXB2 levels
were 3±1 and 6±1 ng/ml, respectively.

statistical significance (Fig. 4, left panel). In normotensive rats
pretreated with indomethacin, a single dose of UK38,485 (100
mg/kg) no longer inhibited the vascular responsiveness to ex-
ogenous NE (Fig. 6, right panel) and, as in nonindomethacin-
pretreated animals, did not influence the response to PNS(Fig.
6, left panel) or All (Fig. 7).

Protocols 3 and 4. Even though platelet TXA2 synthase ac-
tivity was suppressed equivalently 2 h after a single 100 mg/kg
dose of UK38,485 compared to 2 h after the last dose of a week-
long pretreatment, the effects of chronic UK38,485 treatment
on vascular responsiveness were markedly different from the
effects of acute administration of UK38,485. As shown in Fig.
8, chronic treatment with UK38,485 (100 mg/kg . d X 7 d) sig-
nificantly inhibited the vascular response to PNS (left panel),
but did not alter the vascular response to exogenous NE (right
panel). Also in contrast to the effects of a single 100 mg/kg dose
of UK38,485, chronic treatment with UK38,485 attenuated the
vascular response to All (Fig. 9). Figs. 10 and 11 demonstrate
that pretreatment with indomethacin abolishes the effects of
chronic UK38,485 administration on vascular responsiveness

_-O Vehicle Group
A--A UK38.485 Group

(100mg/kg)
35

30

25

20

15

10

0
0 1 2 3 4 5 6 7 8 9 10

Time (min)

Figure 5. Effects of a single oral dose of UK38,485 (100 mng/kg) on
vascular responsiveness to AII in Sprague-Dawley rats.

to PNS(Fig. 10) and All (Fig. I 1). Whenall normotensive control
rats receiving indomethacin were compared with all normoten-
sive control rats not receiving indomethacin, indomethacin was
found not to depress the vascular responses to PNS, exogenous
NE, or All (data from Figs. 4-1 1).

Protocols 5, 6, and 7. Figs. 12 and 13 illustrate the effects of
chronic treatment with UK38,485 (100 mg/kg . d X 7 d) on vas-
cular responsiveness in the hypertensive rat. As in the nornfto-
tensive rat, UK38,485 significantly suppressed the response to
PNS(Fig. 12, left panel) and All (Fig. 13), but did not alter the
response to exogenous NE (Fig. 12, right panel). As shown in
Figs. 14 and 15, in indomethacin-pretreated hypertensive rats,
chronic administration of UK38,485 (100 mg/kg. d X 7 d) no
longer suppressed vascular responsiveness to either PNS (Fig.
14, left panel) or All (Fig. 15). Although platelet TXA2 synthase
activity was similarly abolished 3 h after a dose of either 30 or
100 mg/kg of UK38,485 (Fig. 2), chronic (7 d) treatment with
30 mg/kg. d of UK38,485 did not influence vascular respon-
siveness in hypertensive rats (Fig. 16).

Protocol 8. The effects of chronic treatment with OKY1581
(100 mg/kg d X 7 d) were exactly like those observed after
chronic UK38,485 administration. Like UK38,485, in hyper-
tensive rats OKY1581 significantly inhibited the responses to
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Figure 4. Effects of a single dose of UK38,485 (100 mg/kg) on vascu-

lar responses to PNS (left panel) or exogenous NE (right panel) in
Sprague-Dawley rats.
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Figure 6. Effects of a single oral dose of UK38,485 (100 mg/kg) on

vascular responses to PNS (left panel) and exogenous NE (right panel)
in Sprague-Dawley rats pretreated with indomethacin (5 mg/kg X
three doses, subcutaneously).

Thromboxane Synthase Inhibition and Vascular Reactivity 2289

NOREPINEPHRINE

ACUTE
250 r



*-* Vehicla Group
Ai--A UK 38,485 Group

(100mg/kg)

Angiotensin U (9ng/min)

Change
in

Perfusion
Pressure
(mmHg)

35

30

25

20

15

10

5

0

35

30

25

Change
in 20

Perfusion
Pressure 15
(mmHg)

10

5

0

*-* Vehicle Group
&---& UK38,485 Group(100mg/kg/day x7doys)

Angiotensin JL (9 ng/min)

- n 6

~~// ~~2- FACTORANOVA
|l ~~~~~Vehicle vs UK 38,485:
f ~~~~~~~p<0.001

0 1 2 3 4 5 6 7 8
Time (min)

0 1 2 3 4 5 6 7 8 9 10
Time (min)

Figure 7. Effects of a single oral dose of UK38,485 (100 mg/kg) on
vascular responsiveness to AII in Sprague-Dawley rats pretreated with
indomethacin (5 mg/kg X three doses, subcutaneously).

PNS (Fig. 17, left panel) and All (Fig. 18), but did not alter the
vascular response to exogenous NE(Fig. 17, right panel).

Protocols 9, 10, and 11. The effects of a third TXA2 synthase
inhibitor, U-63557A, on vascular responsiveness in the hyper-
tensive rat also were examined. Chronic administration of U-
63557A (100 mg/kg. d X 7 d) markedly suppressed the vascular
response to PNS (Fig. 19, left panel), exogenous NE (Fig. 19,
right panel), and All (Fig. 20). However, vascular responses to
PNSwere suppressed to a greater extent by U-63557A than were
responses to NE. Also U-63557A suppressed the vascular re-
sponse to PNS more than did either UK38,485 or OKY1581.
For example, in hypertensive rats chronic treatment with
UK38,485 (100 mg/kg-d X 7 d) reduced the mean vascular
response to PNS by 4, 1 1, and 17 mmHgat 3, 5, and 7 Hz,
respectively, which was comparable to the 6, 1 1, and 17 mmHg
reduction at 3, 5, and 7 Hz, respectively, obtained with OKY1581
(100 mg/kg . d X 4 d) in hypertensive rats. On the other hand,
U-63557A reduced the mean vascular response to PNSby 10,
19, and 30 mmHgat 3, 5, and 7 Hz, respectively. When com-
pared using a fixed model two-factor analysis of variance without

9 10

Figure 9. Effects of chronic oral treatment with UK138,485 (100 mg/
kg- d X 7 d) on vascular responsiveness to AII in Sprague-Dawley rats.

replication, the reduction in the mean response to PNSby U-
63557A was significantly (P < 0.05) greater than the reduction
achieved with either UK38,485 or OKY158 1.

The effect of chronic U-63557A administration (100 mg/
kg d X 7 d) on vascular responsiveness in indomethacin-pre-
treated hypertensive rats also was investigated. In indomethacin-
pretreated animals U-63557A did not significantly suppress vas-
cular responses to either PNS (Fig. 21, left panel), exogenous
NE(Fig. 21, right panel), or All (Fig. 22). Whenall hypertensive
control rats receiving indomethacin were compared to all hy-
pertensive control rats not receiving indomethacin, indometh-
acin was found not to depress the vascular response to PNS,
exogenous NE, or All (data from Figs. 12-23). Like UK38,485,
lower chronic doses of U-63557A (30 mg/kg . d X 7 d) did not
influence vascular responsiveness (Fig. 23). This occurred despite
the fact that 30 and 100 mg/kg doses of U-63557A produced
equivalent inhibition of platelet TXA2 synthase activity during
the first 3 h after administration (Fig. 2).

Base-line Perfusion Pressure and Mean Arterial Blood Pres-
sure. Table II lists the mesenteric perfusion pressure and mean
arterial blood pressure for each group. In no instances did a
TXA2 synthase inhibitor alter base-line mesenteric perfusion
pressure. Similarly, mean arterial blood pressure was not altered,
except by UK38,485 in hypertensive rats (protocol 5).
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Figure 8. Effebts of chronic oral treatment with UK38,485 (100 mg/
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Figure 10. Effects of chronic oral treatment with UK38,485 (100 mg/
kg d X 7 d) on vascular responses to PNS(left panel) and exogenous

NE (right panel) in Sprague-Dawley rats pretreated with indomethacin
(5 mg/kg x three doses, subcutaneously).
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Figure 11. Effects of chronic oral treatment with UK38,485 (100 mg/
kg. d X 7 d) on vascular responsiveness to All in Sprague-Dawley rats
pretreated with indomethacin (5 mg/kg X three doses, subcutane-
ously).

Discussion

The purpose of these experiments was to test the hypothesis that
inhibition of TXA2 synthase can attenuate the vascular response
to All, sympathetic nerve stimulation, and/or norepinephrine.
Vasoconstrictor hormones, such as All and NE, increase the
release of arachidonate from tissue stores, perhaps by activating
specific Ca44-calmodulin-dependent phospholipases (28). Once
mobilized, arachidonate can be transformed by cyclooxygenase
into PGH2; PGH2 then serves as a common precursor for a
diverse group of prostanoids including TXA2, PGI2, PGE2, and
PGD2. TXA2 synthase inhibitors block the conversion of PGH2
to TXA2, thereby decreasing TXA2 production and increasing
the amount of PGH2available for alternative metabolic routes.
Therefore, selective TXA2 synthase inhibitors should decrease
hormone-induced TXA2 synthesis while enhancing hormone-
induced synthesis of other prostanoids. Indeed, in vitro and in
vivo evidence for "endoperoxide shunting" after administration
of TXA2 synthase inhibitors is abundant (8-12). Because TXA2
potentiates the vascular response to vasoconstrictors (19, 20),
whereas PGE2, PGD2, and PGI2 attenuate the action of vaso-
constrictors and reduce the release of NEfrom sympathetic nerve
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Figure 13. Effects of chronic oral treatment with UK38,485 (100 mg/
kg * d X 7 d) on vascular responsiveness to All in spontaneously hy-
pertensive rats.

terminals (13-18), TXA2 synthase inhibitors should attenuate
the vascular response to All, sympathetic nerve stimulation, and/
or NE.

The vascular response to All was reduced by chronic ad-
ministration of UK38,485, OKY1581, and U-63557A. All three
inhibitors attenuated the vascular response to All by a similar
amount, indicating that the observed effect was due specifically
to inhibition of TXA2 synthase and not a result of some'unknown
nonspecific action of any one inhibitor. Unlike TXA2 synthase
inhibition, cyclooxygenase inhibition did not attenuate the vas-
cular response to All. However, in animals pretreated with in-
domethacin, TXA2 synthase inhibition failed to attenuate All
responses. This was confirmed in three separate experiments.
These observations suggest that the attenuation of vascular re-
sponses to All by TXA2 synthase inhibition is due primarily to
either enhanced prostaglandin biosynthesis per se, presumably
due to endoperoxide shunting, or to enhanced prostaglandin
production in combination with a reduction in TXA2 levels.

A critical issue raised by these observations relates to the site
of the putative endoperoxide shunting responsible for attenuating
vascular responses to All. Platelets are a rich source of TXA2
synthase (29), and platelet-endothelial interactions would pro-
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Figure 12. Effects of chronic oral treatment with UK38,485 (100 mg/
kg * d x 7 d) on vascular responses to PNS (left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats.
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Figure 14. Effects of chronic oral treatment with UK38,485 (100 mg/
kg d X 7 d) on vascular response to PNS (left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats pretreated with
indomethacin (5 mg/kg x three doses, subcutaneously).
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Figure 15. Effects of chronic oral treatment with UK38,485 (100 mg/
kg. d X 7 d) on vascular responsiveness to AII in spontaneously hy-
pertensive rats pretreated with indomethacin (5 mg/kg X three doses,
subcutaneously).

vide the prerequisite arrangement of enzymes necessary for en-
abling endoperoxide shunting. However, if platelet-endothelial
interactions were responsible for the endoperoxide shunting that
attenuates responses to All, then both acute and chronic ad-
ministration of UK38,485 should reduce the vascular response
to All. In contrast to this prediction, even though acute and
chronic administration of UK38,485 caused equivalent inhibi-
tion of platelet TXA2 synthase at the time vascular responsiveness
was assessed, only chronic treatment attenuated the vascular
response to All. This result excludes platelet-endothelial inter-
actions as the source of endoperoxide shunting responsible for
attenuating vascular responses to All. Instead, the novel concept
that endoperoxide shunting may occur within the blood vessel
is supported. Because time would be required for penetration
of UK38,485 into the blood vessel wall, this hypothesis would
explain the observation that chronic, but not acute, administra-
tion of UK38,485 attenuates the vascular response to All.

The effects of chronic administration of UK38,485 on vas-
cular responses to All in both normotensive and hypertensive
rats were investigated. TXA2 production may be elevated in the
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Figure 17. Effects of chronic oral treatment with OKY1581 (100 mg/
kg. d X 7 d) on vascular responses to PNS(left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats.

spontaneously hypertensive rat (30, 31) and, therefore, the effects
of TXA2 synthase inhibitors may be more pronounced in this
strain. However, UK38,485 attenuated vascular responses sim-
ilarly in both normotensive and hypertensive rats and, in both
cases, the attenuation was blocked with indomethacin. Therefore,
a greater role for TXA2 synthase activity in spontaneously hy-
pertensive rats is not supported.

Chronic administration of UK38,485, OKY1581, and U-
63557A also attenuated the vascular response to sympathetic
nerve stimulation. Like the response to AII, the response to
sympathetic nerve stimulation was not attenuated significantly
by acute treatment with UK38,485. Further, chronic treatment
with lower doses of UK38,485 and U-63557A did not alter vas-
cular responsiveness to sympathetic nerve stimulation, despite
the fact that platelet TXA2 synthase activity was nearly abolished
at the time vascular reactivity was assessed. Again, these data
indicate that the relevant pool of TXA2 synthase does not lie
within the platelet, rather the attenuation of vascular respon-
siveness to nerve stimulation by TXA2 synthase inhibition is
due to inhibition of some less accessible pool of TXA2 synthase
such as the blood vessel wall, or perhaps even the sympathetic
neuroeffector junction.

The mechanism of attenuation of responses to sympathetic
nerve stimulation by TXA2 synthase inhibition also appears to
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Figure 16. Effects of chronic oral treatment with UK38,485 (30 mg/
kg. d X 7 d) on vascular responses to PNS(left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats.

Figure 18. Effects of chronic oral treatment with OKY1581 (100 mg/
kg- d X 7 d) on vascular responsiveness to All in spontaneously hy-
pertensive rats.
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Figure 19. Effects of chronic oral treatment with U-63557A (100 mg/
kg. d x 7 d) on vascular responses to PNS (left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats.

be due to endoperoxide shunting. Cyclooxygenase inhibition did
not reduce the response to sympathetic nerve stimulation, yet
in three separate studies cyclooxygenase inhibition prevented
the attenuating effects of TXA2 synthase inhibition on vascular
responsiveness to sympathetic nerve stimulation. These obser-
vations are inconsistent with an exclusive role for TXA2, but
are consistent with the hypothesis that endoperoxide shunting
enhances prostaglandin biosynthesis and prostaglandins, either
per se or in combination with the reduction in TXA2 levels,
then attenuate the response to nerve stimulation.

Like attenuation of All responses, the attenuation of re-
sponses to sympathetic nerve stimulation by TXA2 synthase in-
hibition was similar in normotensive and hypertensive rats.
Again, these data do not support a greater role for TXA2 synthase
in spontaneously hypertensive rats.

The results obtained in these studies clearly indicate that
chronic inhibition of TXA2 synthase attenuates the overall neu-
rotransmission process, most likely via a prostaglandin-depen-
dent mechanism. Prostaglandins can attenuate sympathetic
neurotransmission by two basic mechanisms, i.e., by decreasing
neurotransmitter release or by reducing the postjunctional re-
sponsiveness to NE (13-18). The first mechanism would alter
the effector organ response to nerve activation, but would not
modify the effector response to exogenously administered neu-
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Figure 21. Effects of chronic oral treatment with U-63557A (100 mg/
kg. d X 7 d) on vascular responses to PNS (left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats pretreated with
indomethacin (5 mg/kg x three doses, subcutaneously).

rotransmitter. In contrast, a postjunctional change in the rela-
tionship between neurotransmitter concentration and end-organ
response usually would alter the response to both nerve activation
and exogenously applied neurotransmitter. Implicit in this latter
statement is the assumption that receptor-effector coupling at
sites activated by endogenous neurotransmitter is influenced
similarly to coupling at receptor sites activated by exogenous
neurotransmitter. Because chronic administration of UK38,485
and OKY1581 reduced the vascular response to PNS, without
altering the vascular response to exogenous norepinephrine, it
appears that these two agents attenuate nerve stimulation-in-
duced exocytosis, but do not alter postjunctional responsiveness
to NE. On the other hand, chronic administration of U-63557A
attenuated the vascular response to both PNS and exogenous
NE; however, the magnitude of the displacement of the fre-
quency-response curve was greater than the displacement of the
norepinephrine dose-response curve. Further, the attenuation
of the vascular response to PNSby U-63557A was greater than
that obtained with either UK38,485 or OKY1581. These data
are consistent with the hypothesis that U-63557A acts similarly
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Figure 20. Effects of chronic oral treatment with U-63557A (100 mg/
kg . d X 7 d) on vascular responsiveness to All in spontaneously hy-
pertensive rats.
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Figure 22. Effects of chronic oral treatment with U-63557A (100 mg/
kg * d X 7 d) on vascular responsiveness to All in spontaneously hy-
pertensive rats pretreated with indomethacin (5 mg/kg X three doses,
subcutaneously).
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Figure 23. Effects of chronic oral treatment with U-63557A (30 mg/
kg d X 7 d) on vascular responses to PNS (left panel) and exogenous
NE (right panel) in spontaneously hypertensive rats.

to UK38,485 and OKY1581 to inhibit NE release, but in ad-
dition attenuates the postjunctional response to NE.

The effects of TXA2 synthase inhibition on exogenous NE-
induced vascular responses are the most difficult to understand.
Chronically, neither UK38,485 nor OKY1581 altered the vas-

cular response to exogenous NE. These observations indicate
that chronic inhibition of TXA2 synthase does not attenuate the
vascular response to exogenous norepinephrine. In contrast,
chronic administration of U-63557A did significantly attenuate
the vascular response to exogenous NE. A likely explanation for
this discrepancy is that U-63557A exerts an action on NE re-

sponsiveness unrelated to TXA2 synthase inhibition. This would
account for the fact that U-63557A reduces the vascular response
to exogenous NE, whereas UK38,485 and OKY1581 do not,
and for the fact that U-63557A exerts a greater influence on

vascular responses to sympathetic nerve stimulation than do
UK38,485 and OKY1581.

Another observation difficult to reconcile is that acute ad-
ministration of UK38,485 reduces vascular responsiveness to
exogenous NE, but not significantly to PNS or All, whereas
chronic UK38,485 administration reduces vascular responsive-
ness to PNSand All, but not to NE. However, both the acute
and chronic effects of UK38,485 are blocked by indomethacin.
Although these observations require further investigation, a pos-

sible explanation is that administration of TXA2 synthase in-
hibitors, either acutely or chronically, causes endoperoxide
shunting at the platelet-endothelial interface. This would in-
crease prostaglandin levels primarily at the intimal side of the
blood vessel, whereas NE released from sympathetic nerve ter-
minals would affect primarily smooth muscle cells underlying
the adventitia. Therefore, endoperoxide shunting owing to
platelet-endothelial interactions would be expected to reduce
vascular responses more to exogenously administered NE than
to NE released by nerve terminals. This would explain the oW

servation that acute administration of UK38,485 attenuates the
vascular response more to exogenous NE than to sympathetic
nerve stimulation. It may be important to note that although
acute administration of UK38,485 did not significantly reduce
vascular responses to sympathetic nerve stimulation, the re-

sponses tended to be suppressed and a larger sample size may

have revealed a statistically significant result. As the treatment
with UK38,485 is extended, a tolerance may develop to the

NOREPINEPHRINE Table II. Base-line Mesenteric Perfusion

It Pressures and Mean Arterial Blood Pressures

Mean arterial
Protocol no. Group Perfusion pressure blood pressure

mmHg mmHg

1 Experimental 68±6 119±4
Control 78±9 123±5

2 Experimental 62±4 98±2
Control 56±5 107±5

3 Experimental 58±5 106±6
Control 57±3 105±3

4 Experimental 52±7 90±6
Control 55±2 121±3

5 Experimental 74±2 109±6*
Control 78±5 141±11

6 Experimental 80±6 125±6
Control 83±2 124±7

7 Experimental 82±2 153±6
Control 87±2 153±2

8 Experimental 84±6 143±2
Control 84±3 145±3

9 Experimental 85±3 133±6
Control 94±5 133±4

10 Experimental 81±4 126±4
Control 85±3 138±4

11 Experimental 85±4 157±3
Control 87±2 153±2

Values indicate mean±SEM.
* P < 0.05 (unpaired Student's t test) compared to control. For details
on what treatment each group received see Table I.

effects of prostaglandins on NE responsiveness, but not to the
prejunctional actions of prostaglandins on neurotransmitter re-
lease. Therefore, vascular responsiveness to exogenous NEwould
return to normal, whereas vascular responses to sympathetic
nerve stimulation would decrease as endoperoxide shunting
within the blood vessel wall is established and inhibits neuro-
transmitter release. Like sympathetic nerve stimulation, the vas-
cular reactivity to All may be affected more by endoperoxide
shunting within the blood vessel wall than by endoperoxide
shunting due to platelet-endothelial interactions. Whatever the
true explanation for the time-related effects of TXA2 synthase
inhibitors, all future studies with these compounds should take
into consideration the fact that the acute and chronic effects on
vascular responsiveness are quite different.

In a previous short communication, I reported that chronic
administration of UK38,485 attenuates the vascular response
to sympathetic nerve stimulation, but not to exogenous NE, in
the normotensive rat (32). This observation was confirmed and
extended in the present study. In the previous study, the effect
of chronic UK38,485 administration on the vascular response
to All also was examined and found not to be statistically sig-
nificant. However, only the peak responses to All were com-
pared, rather than the response over a 10-min infusion. When
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the latter approach is used the vascular response to All is sta-
tistically significantly attenuated by chronic administration of
UK38,485.

In conclusion, chronic administration of TXA2 synthase in-
hibitors attenuates vascular responses to All and sympathetic
nerve stimulation, but not usually to NE. These effects are
blocked, but not mimicked, by cyclooxygenase inhibition. Fur-
ther, the altered vascular responsiveness induced by TXA2 syn-
thase inhibitors does not correlate with platelet TXA2 synthase
activity. Taken together, my observations suggest that chronic
TXA2 synthase inhibition reduces vascular responsiveness per-
haps by causing endoperoxide shunting within the blood vessel
wall.
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