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_, Drugs decreasing the vascular production of
prostacyclin

Aspirin

Aspirin has the capacity to block completely the
release of prostacyclin (PGI;) from vascular
cells: this fact has been demonstrated in vitro for
endothelial cells cultured from the human umbil-
ical vein (1, 2) and rat aortic smooth muscle cells
(3), as well as for the rabbit aorta, intact or
deendothelialized (4). and pieces of human aorta
or saphenous vein (5). following in vivo admin-
istration of the drug. For example, shortly after
the intake of 600 mg aspirin, the increase of
plasma prostaglandin 6-keto-F,, (6-K-PGF,,)
induced by the infusion of bradykinin to human
volunteers. was inhibited by 90% (6). Theoreti-
cally, this inhibition of PGI; might decrease or
even neutralize the benefit resulting from the
inhibition of platelet endoperoxide and throm-
boxane (Tx) synthesis. Indeed, at least two
studies have shown that high doses of aspirin
increase the size of experimental thrombi in
rabbits (7, 8). However the study of a patient
with congenital deficiency in both vascular and
platelet cyclooxygenase (9) suggests that the
simultaneous inhibition of TxA, and PGl,
formation would merely result in a mild impair-
ment of haemostasis. A large number of studies
have led to the conclusion that the inhibitory

effects of aspirin on platelet TxA; and vascular
PGI, are characterized by distinct kinetics and
dose-inhibition curves.

A single low dose of aspirin (40 mg) has little
effect on the ex vivo production of PGI, by
human aortic buttons or saphenous vein strips
obtained at surgery (5). Multiple low doses of
aspirin (0.45 mg/kg per day) produce a complete
inhibition of TxB, generation by platelets but
have no effect on the urinary excretion of 6-K-
PGF,, (10). Doses of aspirin below 160 mg per
day do not decrease significantly the urinary
excretion of 2,3 dinor-6-K-PGF,, an index of
PGI; biosynthesis (11). This apparent selectivity
is not due to a higher sensitivity of platelet
cyclooxygenase to inhibition by aspirin, but to
the reduced systemic bioavailability of aspirin,
resulting from its deacetylation in liver, whereas
irreversible acetylation of platelet cyclooxy-
genase can occur in the presystemic (portal)
circulation (12). Indeed, in rats receiving a low
oral dose of aspirin, the generation of portal vein
PGI; was inhibited to almost the same extent as
platelet TxA,, while inferior vena cava PG,
formation was spared: this selectivity is not
apparent after intravenous injection (13).

Besides differential bioavailability, another
difference between platelet and vascular cycloox-
ygenases lies in the Kinetics of recovery from
inhibition by aspirin. Since platelets lack the
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capacity to synthesize proteins, the recovery of
TxA; production requires renewal of the platelet
population and will be complete only 8 days after
aspirin discontinuation (10). In contrast, the
turnover rate of PGH synthase in vascular cells
is in the order of a few hours. Human umbilical
veins preexposed to aspirin fully recovered their
capacity to synthesize PGI; in 36 hours (1, 2).
As expected, recovery was prevented by the
protein synthesis inhibitor cycloheximide. In
humans, the release of PGI; in response to
bradykinin infusion, returned to its control value
6 hours after aspirin intake (6). Following a 1g
dose of aspirin, the urinary excretion of 2.3-
dinor-6-K-PGF;, was markedly decreased, but
only for 3 hours (14). Therefore, it is likely that
the inhibition by aspirin was underestimated
when longer urine collections were performed
(11). The rate of recovery was lower in smooth
muscle cells than in endothelial cells (4, 15): this
difference is likely to be related to the finding
that the level of cyclooxygenase in the aortic
endothelium is 20 times that of underlying
smooth muscle (16). In addition, rat aortic
smooth muscle cells recovered their release of
PGI; in response to thrombin only after cell
division (3). This differential recovery of PGI;
production by distinct vascular cells might
explain discrepancies in the literature concerning
the time course of 2, 3 dinor-6-K-PGF,, urinary
excretion after aspirin discontinuation. After a
single 1g dose of aspirin, recovery was complete
within 3 hours (14), whereas it was still partial
3 days after the daily intake of aspirin, for weeks
at doses up to 650 mg, 4 times a day, was
stopped (11).

Steroids

Hydrocortisone and dexamethasone have been
shown to inhibit the release of PGI; induced by
histamine and bradykinin in endothelial cells
from human umbilical vein (17) and bovine
pulmonary artery (18) and by epinephrine in rat
aortic explants (19). The inhibition was optimal
after an 18-24 hours delay, but even then
remained partial (£ 60%). It was correlated with
the presence of glucocorticoid receptors in
endothelial cells; the inhibition was blocked by
the glucocorticoid antagonist RU486 and was not
reproduced by either progesterone, testosterone
or aldosterone. Blocking of protein synthesis
abolished the inhibitory effect of glucocorticoids
in endothelial cells (17, 18), but not in the aortic
explants (19). The conversion of exogenous
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arachidonic acid into PGI, was maintained in the
presence of glucocorticoids, suggesting that their
action might involve, like elsewhere, the induc-
tion of phospholipase A2 inhibitory proteins of
the lipocortin family. In rabbits, the adminis-
tration of dexamethasone did not decrease the
urinary excretion of the major metabolites of
PGE; and PGF;, (20). The urinary excretion of
2, 3-dinor-6-K-PGF,, by human volunteers was
not inhibited by prednisone (60mg/day for 6
days) (Fitzgerald G. A., personal communi-
cation). It seems thus that glucocorticoids though
active in vitro, do not decrease the basal rate of
total body prostanoid, especially PGI,, production:
however they might decrease the elevated
production associated with some disease states.

Although estrogen receptors are present in
endothelial cells (21), neither 17-B-estradiol nor
its analog ethinyl estradiol modified the production
of PGl; by human umbilical vein endothelial
cells (22). On the contrary, estradiol was
reported to increase the level of PGH synthase
and PGI; synthase in rat aortic smooth muscle
cells (23), an action which might possibly
contribute to the low incidence of atherosclerosis
in premenopausal women.

Miscellanea

Tranylcypromine was the first drug reported to
inhibit PGI, synthase (24). The antihyperten-
sive and hair growth-promoting agent minoxidil
(10-100 uM) produced a selective inhibition of
PGI; synthesis in aortic endothelial and smooth
muscle cells, which resulted in a compensatory
increase of PGE; and PGF;, production (25). In
bovine aortic endothelial cells, vitamin K (1-100
pM) decreased the release of free arachidonic
acid and the formation of both PGI; and PGE,
(26). The administration of cyclosporin A to
rabbits decreased the capacity of their plasma to
stimulate the release of PGI; from aortic rings,
by inhibiting the synthesis or secretion of a
poorly-characterized stimulating factor (27, 28).

List of drugs which have been reported to
increase vascular prostacyclin

Calcium antagonists

Escoubet et al. (29) have shown that bepridil,
diltiazem and verapamil, in the 10~ -
10'M range, increase the release of PGl
from cultured rat cardiac myocytes, but are
without effect on fibroblasts; the release of PG,
was decreased at higher concentrations of these
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drugs. A stimulatory effect of diltiazem (1077
- 107*M) and nifedipine (10™* — 107"M) was
also observed in rat aortic smooth muscle cells
(30), whereas an inhibitory effect of dihydropyr-
idines was observed in rat aortic rings (31). In
another study, diltiazem was reported to slightly
potentiate the conversion of arachidonic acid
into PGI; by the human umbilical vein (32).
Stimulation of PGI; production is unlikely to
result from Ca** blockade, since in most cells,
an increase of cytoplasmic Ca** enhances pros-
taglandin synthesis: in particular, it is believed
that Ca** elevation is the major stimulus for the
production of PGI; by endothelial cells (33). It
might be related to other actions of these drugs:
in particular, nifedipine (34), and also PGI, (35),
activate the hydrolysis of cholesteryl esters and
the efflux of cholesterol, in aortic smooth muscle
cells.

Captopril

The effect of captopril on the production of PGl
is the subject of numerous and conflicting
reports. Increased levels of 6-K-PGF,, in
response to captopril were found in: the rat aorta
(36), isolated rat glomeruli (37), cultured reno-
medullary interstitial cells (38), the venous
effluent from perfused hog kidneys (39), dog
(40) and human (41) urine. Other authors failed
to detect a stimulatory effect of captopril on the
release of PGI; from the rat aorta (37), human
umbilical vein endothelial cells (42) and endoth-
elial cells of rabbit preglomerular microvessels,
(43). In vivo, captopril might raise the vascular
production of PGI,, by preventing the break-
down of bradykinin, a known stimulator of PG,
release (6).

Dazoxiben

The urinary excretion of 2, 3-dinor-6-K-PGF,,
by human volunteers is increased after a high
dose (200 mg) of the thromboxane synthase
inhibitor dazoxiben (44). This increase might
result from the endothelial steal of platelet
endoperoxides, a phenomenon which has been
demonstrated in vitro (45, 46). Alternatively, the
rediversion from TxA; to PGI; might occur in an
organ which synthesizes both eicosanoids.

Dipyridamole

Several authors reported that dipyridamole
enhances the formation of PGl in various exper-
imental models : microsomes of pig aorta (47),
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rings of rat (48) and rabbit (49, 50) aorta and
perfused heart (47). In another study, dipyrida-
mole (1 — 100 uM) did not induce a significant
increase of PGI; release in any of the following
experimental models : rings of rabbit aorta,
cultured endothelial cells from bovine aorta or
human umbilical vein, cultured explants of
bovine aortic smooth muscle (51). In agreement
with these negative findings, the oral adminis-
tration of dipyridamole to healthy volunteers did
not alter the urinary excretion of 2, 3-dinor-6-K-
PGF,, (52). However, dipyridamole (10-100 uM)
prolonged the release of PGI; from the deen-
dothelialized rabbit aorta (51) and delayed the
exhaustion of rat aortic rings, during repetitive
incubations in buffer (53). Like nafazatrom,
dipyridamole is a reducing substrate for the
peroxidase component of PGH synthase and can
thus protect it against oxidative inactivation (54).
The relevance of this in vitro effect to the clinical
efficacy of the drug is questionable, since it is
obtained in the 10-100 uM range, whereas ther-
apeutic concentrations range from 2 to 6 uM,
and most of the drug is bound to plasma
proteins. The antiplatelet action of dipyridamole
is better explained by the decreased uptake into
erythrocytes and endothelial cells of adenosine,
an inhibitor of platelet activation, than by an
hypothetical enhancement of vascular PG,
production (52, 55).

Diuretics
It is well-known that furosemide-induced renin

_release is associated with an increased formation

of PGI; in the kidney and urinary excretion of
6-K-PGF,, (10, 56). It has been reported that
furosemide and bumetanide enhance the trans-
formation of exogenous arachidonic acid into
PGIl; by rat aortic smooth muscle cells (57).
Treatment of mildly hypertensive patients with
bendroflumethiazide was reported to increase
their plasma level of 6-K-PGF,, from * 80 pg/ml
to + 200 pg/ml (58): the meaning of this obser-
vation is questionable, since it was later shown °
that the true plasma concentration of 6-K-PGF,,
is < 3 pg/ml (59).

Interferon

Interferon, now used for the treatment of several
neoplasic diseases, enhances the production of
PGI; by cultured vascular endothelial cells (60).
Its action does not involve the release of free
arachidonic acid, but rather the induction of
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PGH synthase : indeed, interferon had no effect
on the basal synthesis of PGI; and increased the
conversion of exogenous arachidonic acid, but
not of PGHs;, into PGI; (60).

Magnesium sulfate (MgSO;)

Several studies have suggested that a deficiency
in PGI; might play a role in the pathogenesis of
preeclampsia. A traditional therapy of pree-
clampsia involves the intravenous infusion of
MgSO4. It was recently shown that the release
of PGI; from human umbilical vein endothelial
cells, either under basal conditions or in the
presence of exogenous arachidonate, is increased
when the extracellular concentration of Mg*™ is
raised, within the 1.5 to 3.0 mM range (61).

Nafazatrom

Nafazatrom has a marked antithrombotic effect
on experimentally-induced thrombosis in arteries
and veins of various animals (62). No effect on
coagulation, fibrinolysis or platelet aggregation
could be detected in vitro or ex vivo (62).
Vermylen et al (63) made the initial observation
that plasma drawn from volunteers after the
ingestion of single doses of nafazatrom increased
the release of PGI; (measured in a platelet
aggregation bioassay) from exhausted rat aortic
strips (that is strips which have been washed
repeatedly until they stop releasing an antiaggre-
gating activity). Similar observations were made
with normal and diabetic rabbits (64) and it was
later shown that nafazatrom, like dipyridamole,
prolongs the release of PGI; from the rat aorta
(53). Nafazatrom enhanced the conversion of
arachidonic acid into PGl; and other PGs in
kidney cortex microsomes and the production of
TxB; by platelets having a high level of 12-
hydroperoxy-eicosatetraenoic acid (HPETE),
which was reduced under the influence of nafa-
zatrom (65). Nafazatrom is an extremely reactive
scavenger of free radicals (66) and constitutes a
potent reducing substrate for the peroxidase
component of PGH synthase (54). It will there-
fore protect PGH and PGI; synthase, against
oxidative irreversible inactivation, due to the
substrate itself (PGG,) or to hydroperoxy fatty
acids (like 15-HPETE). Other nitrogen hetero-
cycles, like BW-755C at low concentrations (67),
or dipyridamole (51, 53), will act in the same
way. Nafazatrom also inhibits the Cs-lipoxy-
genase of neutrophils, but not the C,;-lipoxy-
genase of platelets (62); its capacity to inhibit 15-
hydroxyprostaglandin dehydrogenase is unlikely
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to contribute significantly to an increase of
vascular PGI; (68). In conclusion, it seems that
the effects of nafazatrom on vascular PGl,
production will be small under normal conditions
: however, in particular circumstances, the drug
might protect the capacity of vascular cells
against “‘exhaustion” which involves the oxida-
tive irreversible inactivation of PGH, (or PGI,)
synthase.

Nitrates

Levin et al (64) made the initial report that
nitroglycerin, at therapeutic concentrations
(0.1-10 ng/ml), enhanced the release of PGI,
from human umbilical vein endothelial cells;
however, the magnitude of this effect was small
(* 60% above the control value). A similar stim-
ulatory effect of nitroglycerin was reported in
bovine coronary arteries (70) and in human
saphenous vein (71). Further studies by De
Caterina et al (72) failed to detect a significant
stimulatory effect of nitroglycerin and isosorbide
mononitrate or dinitrate on the release of PG,
from human umbilical vein endothelial cells and
from fragments of human saphenous vein and
mesenteric artery. In agreement with these nega-
tive results, the infusion of nitroglycerin at a rate
inducing a significant hypotension, or the oral
administration of isosorbide dinitrate to human
volunteers, did not modify their urinary excre-
tion of 2, 3-dinor-6-K-PGF,, (73). Furthermore,
indomethacin does not inhibit the haemodyn-
amic effects of nitrates in dogs (74) and man
(75). The current consensus is thus that nitrates
do not modify significantly the vascular production
of PGl.. Recent data indicate that endothelial
cells release an endogenous nitrate, probably
NO, which is responsible for endothelium-
dependent relaxation and synergizes with PGI,
to inhibit platelet activation (76). The focus has
thus been shifted from nitrates acting on endoth-
elial cells to endogenous nitrates produced by
endothelial cells and acting on neighbouring
smooth muscle cells and platelets.

Pentoxifylline

Pentoxifylline, an agent known to decrease
blood viscosity, has been reported to stimulate
the release of PGI; from the rat aorta and kidney
cortex (77-80). However, these effects had a
small magnitude and could not be reproduced in
other studies (Boeynaems, J. M., unpublished
data).
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Streptokinase

The urinary excretion of 2. 3-dinor-6-K-PGF,,
was markedly increased after intravenous strep
tokinase i patients with acute mvocardial infarc-
tion (81). This increase of PGI; biosynthesis is
likely to result from platelet activation by strep-
tokinase, which is presumably mediated by
plasmin  The vascular production of PGl is
indeed increased in a variety of discase states
characterized by the intravascular activation of
platelets. as for instance unstable angina, during
the pain episodes (82) In vitro, several platelet
secretory products stimulate the release of PGI;
from vascular endothehal and smooth muscle
cells = ATF and ADF (83, 84), serotonin (85.
86). platelet-derived growth factor (85) and
thromhoxane A2 (87).

Suloctidil and SKF 525-A

These drugs induced a large and sustained
release of PGI; from cultured aortic endothelial
cells and from aortic fragments, resulting from
an increased mobilization of free arachidonic
acid (88-90, 76). It is however unlikely that this
effect of suloctidil plays a major role in its antith-
rombotic action, since it was only obtained at
high concentrations (89). A preliminary study of
structure-activity relationship among various
analogs of SKF 525-A, a well-known inhibitor of
cvtochrome P-450 and drug metabolism, might
constitute a starting point for the design of more
potent drugs (90). SKF 525-A also induces the
release of endothelium-derived relaxing factor
(76).

Vitamin C

Vitamin C moderately increased the release of
PGl, from rat and rabbit aortic rings and
completely neutralized the inhibitory effect of
15-HPETE (91). Feeding a cholesterol-rich diet
to rahbits results in intimal thickening. lipid
infiltration and decreased PGI; production in the
aorta . addition of vitamin C (500 mg/day) to the
diet kept the intimal release of PGI; at normal
levels (92). Like in the cases of dipyridamole and
nafazatrom, the action of vitamin C is not due
to an increased mobilization of free arachidonic
acid, but probably to the protection of PGH and
P31, synthases against oxidative inactivation

Prostacyclin-stimulating drugs : mechanisms,
evaluation and significance

A drug can stimulate the vascular production of
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PGl: by a direct action on vascular cells, or
indirectly. Dazoxiben and streptokinase represent
two drugs whose mechanism of action is indirect.
Streptokinase activates platelets and induces
their secretion of factors which can stimulate
directly the release of PGI; from endothelial and
smooth muscle cells. By blocking TxA; synthase
in platelets and other cells, dazoxiben provokes
an accumulation of prostaglandin endoperoxides
which can be utilized as substrate by the PGI,
svnthase of vascular cells. Some drugs, like
suloctidil and SKF 525-A, have a direct effect on
endothelial cells; they stimulate PGl; synthesis
by increasing the availability of free arachidonic
acid. Interferon enhances the endothelial
production of PGI; in response to agonists which
mobilize free arachidonate, via the induction of
PGH synthase. Several drugs have been claimed
to increase vascular PGIl;, but many of these
reports are not convincing. In the case of
nitrates. the initial data simply could not be
reproduced later. In many studies, the magni-
tude of the stimulatory effects was so low that
their significance is questionable. In some
studies. the methodology for the assay of PGl;
or 6-K-PGF,, was inadequate : reports in which
the plasma level of these compounds is 0.1 ng/ml
or more (for instance, 49, 57) are clearly inac-
curate since the true plasma concentration of 6
K-PGF,, is < 3 pg/ml (59).

Various experimental models have been used to
test the action of drugs on vascular PGI;: micro-
somes, cultured endothelial and smooth muscle
cells. vascular strips. Results obtained in one or
the other of these in vitro systems are not
necessarily predictive of the in vivo situation. It
could therefore be considered that the ultimate
criterion would be provided by the measurement
of the urinary excretion of 2, 3-dinor-6-K-PGF,,,
an index of PGI; total body production (93).
However, this measurement does not distinguish
between vascular and extravascular sources of
PGl:. Furthermore, the action of a drug poten-
tiating the synthesis of PGl,, stimulated for
instance by platelet factors, rather than inducing
it per se. might not be apparent in healthy
volunteers, but only in patients with intravas-
cular platelet activation.

The usefulness of a drug which would induce
the release of PGI; from blood vessels. more or
less everywhere in the body, seems to be ques-
tionable. Such a drug would mimic an infusion
of exogenous PGI; and might induce trouble-
some haemodvnamic effects besides the beneficial
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antiplatelet actions. PGI, appears now as a local
and intermittent mediator of platelet-vessel wall
interaction, whose release from vessels following
lesions or in response to platelet factors, consti-
tutes a compensatory mechanism, intended to
limit platelet aggregation. A drug which could
amplify this protective mechanism might be
useful : it would act locally without producing
systemic side-effects. 1f PGI; release from
endothelial cells is controlled exclusively by the
cytoplasmic level of free Ca** (33), it would be
difficult to potentiate or prolong the rise of this
level and hence of PGI; synthesis without
altering other functions of the endothelium.
However, recent studies suggest that, at least in
some cell types, the synthesis of prostaglandins
is selectively controlled by the coupling of
membrane receptors to phospholipase A,, via
stimulatory or inhibitory GTP-binding proteins
(94, 95). Cholera and pertussis toxins, which
catalyze the ADP-ribosylation of these G
proteins and often block their function, amplify
the release of PGI; from aortic endothelial cells
stimulated by ATP (96). These data suggest the
existence of an inhibitory mechanism of control,
which might become the target of pharmacolo-
gical agents.

Acknowledgements
I am grateful to Mrs D, Leemans for typing the manuscript.

References

1. Jaffe E A, Weksler B B. Recovery of endothelial cell
prostacyclin production after inhibition by low doses of
aspirin. J Clin Invest 63: 532, 1979,

2. Czervionke RL, Smith JB, Fry GL, Hoak JC,
Haycraft D L. Inhibition of prostacyclin by treatment of
endothelium with aspirin. J Clin Invest 63: 1089, 1979,

3. Whiting J, Salata K, Martyn Bailey J. An unexpected
side effect of aspirin on prostacyclin synthesis in cultured
vascular smooth muscle cells. Science 210: 663, 1980,

4. Frazer CE, Ritter J M. Recovery of prostacyclin
synthesis by rabbit aortic endothelium and other tissues
after inhibition by aspirin, Br J Pharmacol 91: 251, 1987.

5. Weksler B B, Pett S B, Alonso D, Richter R C, Stelzer
P, Subramanian V, Tack-Goldman K, Gay W A. Differ-
ential inhibition by aspirin of vascular and platelet pros-
taglandin synthesis in atherosclerotic patients. New Engl
J Med 308: B0O, 1983.

6. Heavey D, Barrow S E, Hickling N E, Ritter J M.
Aspirin causes short-lived inhibition of bradykinin-stim-
ulated prostacyclin production in man. Nature 318: 186,
1985.

7. Kelton J G, Hirsch J, Carter CJ, Buchanan M R.
Thrombogenic effect of high-dose aspirin in rabbits, J
Clin Invest 62: 892, 1978.

8. Wu K K, Chen J C, Fordham E, Tsao C-H, Raydu G,
Matayoshi D. Differential effects of two doses of aspirin

10.

I5.

16.

17.

18.

26.

4§

PROSTAGLANDINS LEUKOTRIENES AND ESSENTIAL FATTY ACIDS: REVIEWS

on platelet-vessel wall interaction in vivo. J Clin Invest
68: 382, 1981.

. Pareti F 1, Mannucei PM, D'Angelo A, Smith J B,

Sauvtebin L. Galli G. Congenital deficiency of throm-
boxane and prostacyclin, Lancet I: 898, 1980,
Patrignani P, Filabozzi P, Patrono C. Selective cumula-
tive inhibition of platelet thromboxane production by
low-dose aspirin in healthy subjects. J Clin Invest
69: 1366, 1982,

. FitzGerald G A, Oates J A, Hawiger J, Maas RL,

Roberts L J, Lawson J A, Brash A R. Endogenous
biosynthesis of prostacyclin and thromboxane and
platelet function during chronic administration of aspirin
in man. J Clin Invest 71: 676, 1983.

. Pedersen A K, FitzGerald G A. Dose-related kinetics of

aspirin: presystemic acetylation of platelet cyclooxy-
genase. New Engl J Med 311: 1206, 1984.

. Cerleti C, Gambino M C, Garattini S, de Gactano G.

Biochemical selectivity of oral versus intravenous aspirin
in rats. J Clin Invest 78: 323, 1986.

. Vestergvist 0. Rapid recovery of in vivo prostacyclin

formation after inhibition by aspirin. Eur J Clin Phar-
macol 30: 69, 1986.

Weksler B B, Tack-Goldman K, Subramanian V A, Gay
W A. Cumulative inhibitory effect of low-dose aspirin on
vascular prostacyclin and platelet thromboxane production
in patients with atherosclerosis. Circulation 71: 332,
1985.

De Witt D L, Day J S, Sonnenburg W K, Smith W L.
Concentrations of PGH synthase and PGI, synthase in
the endothelium and smooth muscle of bovine aorta. J
Clin Invest 72: 1882, 1983,

Lewis G D. Campbell W B, Johnson A R. Inhibition of
prostaglandin synthesis by glucocorticoids in  human
endothelial cells. Endocrinology 119: 62, 1986,
Crutchley D J, Ryan US. Ryan J M. Glucocorticoid
modulation of prostacyclin production in cultured bovine
pulmonary endothelial cells. J Pharmacol Exp Ther
233: 650, 1985.

. Jeremy J Y, Dandona P. Inhibition of hydrocortisone of

prostacyclin synthesis by rat aorta and its reversal with
RU486. Endocrinology 119: 661, 1986.

. Naray-Fejes-Toth A, Fejes-Toth G. Fischer C, Frolich

J C. Effect of dexamethasone on in vivo prostanoid
production in the rabbit. J Clin Invest 74: 120, 1984,

. Colburn P, Buonassi V. Estrogen-binding sites in

endothelial cell cultures. Science 201: 817, 1978,

. Corvazier E, Dupuy E, Dosve A M. Maclouf J. Minimal

effect of estrogens on endothelial cell growth and
production of prostacyclin. Thromb Res 34: 303, 1984.

. Chang-Chang W, Nakao J, Orimo H, Murota S 1. Stimu-

lation of prostaglandin cyclooxygenase and prostacyclin
synthase activities by estradiol in rat aortic smooth
muscle cells. Biochim Biophys Acta 620: 472, 1980.

24, Gryglewski R J, Bunting S, Moncada S, Flower R J,

Vane J R. Arterial walls are protected against deposition
of platelet thrombi by a substance (prostaglandin X)
which they make from prostaglandin endoperoxides.
Prostaglandins 12: 685, 1976.

. Kvedar J C, Baden H P, Levine L. Selective inhibition

by minoxidil of prostacyclin production by cells in
culture. Biochem Pharmacol 37: 867, 1988,

Nolan, R D, Eling TE. Inhibition of prostacyclin
synthesis in cultured bovine aortic endothelial cells by
vitamin K. Biochem Pharmacol 35: 4273, 1985,

Neild G H, Rocchi G, Imberti L, Fumagalli F, Brown
Z, Remuzzi G, Williams D G. Effect of cyclosporin A



DRUGS INFLUENCING THE VASCULAR PRODUCTION OF PROSTACYCLIN

29.

31

32.

33.

3s.

37

39.

41.

42

43.

on prostacyclin synthesis by vascular tissue. Thromb Res
32: 373, 1983.

. Neild G H, Rocchi G, Imberti L, Fumagalli F, Brown

Z, Remuzzi G, Williams D G. Effect of cyclosporin on
prostacyclin synthesis by vascular tissue in rabbits.
Transpl Proc XV 2398, 1983.

Escoubet B, Griffaton G, Samuel J L, Lechat P. Calcium
antagonists stimulate prostaglandin synthesis by cultured
rat myocytes and prevent the effects of hypoxia.
Biochem Pharmacol 35: 4401, 1986.

. Terashita K, Orimo. H. The effect of calcium antagonists

on the release of epoprostenol from cultured rat aortic
smooth muscle cells. In 6th International Adalat
Sgg;posium (ed PR Lichtlen), Excerpta Medica 472,
1986,

Jeremy J Y, Mikhailidis D P, Dandona P. The effect of
nifedipine, nimodipine and nisoldipine on agonist- and
trauma-stimulated vascular prostacyclin  synthesis in
vitro. Naunyn-Schmiedeberg's Arch Pharmacol 332: 70,
1986.

Mchta J, Mehta P, Ostrowski N. Calcium blocker dilti-
azem inhibits platelet activation and stimulates vascular
prostacyclin synthesis. Am J Med Sa 291: 20, 1986.
Hallam T J. Pearson J D, Needham L. Thrombin-stim-
ulated clevation of human endothelial cell cytoplasmic
free calcium concentration causes prostacyclin production.
Biochem J 251: 243, 1988,

. Etingin O R, Hajjar D P. Nifedipine increases cholestryl

ester hydrolytic activity in lipid-laden rabbit arterial
smooth muscle cells. J Clin Invest 75: 1554, 1985,
Hajjar D P, Weksler B B, Falcone D J, Hefton J M,
Tack-Goldman K, Minick C R. Prostacyclin modulates
cholesteryl ester hydrolytic activity by its effect on cyclic
adenosine  monophosphate in rabbit aortic smooth
muscle cells. J Clin Invest 70: 479, 1982.

. Dusing R, Scherhag R, Landsberg G, Glanzer K,

Kramer H ). The converting enzyme inhibitor captopril
stimulates prostacyclin synthesis by isolated rat aorta.
Eur J Pharmacol 91: 501, 1983,

Galler M, Backenroth R, Folkert V W, Schlondorff D.
Effect of converting enzyme inhibitors on prostaglandin
synthesis by isolated glomeruli and aortic strips from
rats. J Pharmacol Exp Ther 220: 23, 1982.

. Zusman R M. Renin and non-renin mediated anti-hyper-

tensive actions of converting enzyme inhibitors, Kidney
Int 25: 969, 1984.

Gotoh S. Ogihara T, Nakamura M, Higaki J. Ohde H,
Tabuchi Y. Kumahara Y, Nishino T. Effects of captopril
on renal vascular resistance, renin, prostaglandins and
kinin in the isolated perfused kidney. Life Sci 33: 2409,
1983.

. Watson M L, Jones R L. The contribution of PG, to the

effect of captopril in conscious dogs in differing states of
sodium balance. Clin Sci 71: 533, 1986.

Usberti M, di Minno G, Ungaro B. Cianciaruso B.
Federico S. Ardillo A, Garbialo A, Martucci F. Pannain
M. Carbone A M. Conte G, Pecoraro C. Andreucci
V E. Angiotensin I1 inhibition with captopril on plasma
ADH, PG synthesis and renal function in humans. Am
J Physiol 250: F986, 1986.

Sawada S, Toyoda T, Takamatsu H, Noka I, Maebo N,
Tsuyi H, Nakagawa M, ljicki H. Prostacyclin generation
by cultured human vascular endothelial cells with refer-
ence to angiotensin l-converting enzyme. Jap Circ J
50: 242, 1986.

Kirschenbaum M A, Chaudhary A. Lack of effect of
captopril on preglomerular renal microvascular pros-

47.

S8.

59.

61.

203

tanoid biosynthesis. Eur J Pharmacol 148: 335, 1988,

. FitzGerald G A, Brash A R, Oates J A, Pedersen A K.

Endogenous prostacyclin biosynthesis and platelet func-
tion during selective inhibition of thromboxane synthase
in man. J Clin Invest 71: 1336, 1983.

. Schafer A 1, Crawford D D, Gimbrone M A. Unidirec-

tional transfer of prostaglandin endoperoxides between
platelets and endothelial cells. J Clin Invest 73: 1105,
1984,

. Marcus A J, Weksler B B, Jaffe E A, Broekman M J.

Synthesis of prostacyclin from platelet derived endope-
roxides by cultured human endothelial cells. J Clin Invest
66: 979, 1980

Blass K E, Block H U, Forster W, Ponicke K. Dipyri-
damole : a potent stimulator of prostacyclin biosynthesis.
Br J Pharmacol 68: 71, 1980.

. Bult H, Herman A G, Van de Velde V J S. Effect of

dipyridamole on the formation of 6-oxo-prostaglandin F,
by the rat isolated aorta and ram seminal vesicle micro-
somes. Br J Pharmacol 776: 453, 1982.

. Masotti G, Poggesi L, Galanti G, Neri Serneri G G.

Stimulation of prostacyclin by dipyridamole. Lancet
1: 1412, 1979.

. Neri Serneri G G, Masotti G, Poggesi L, Galanti G,

Morettini A. Enhanced prostacyclin production by dipyr-
idamole in man. Eur J Clin Pharmacol 21: 9, 1981.

. Boeynaems, J M, Van Coevorden A, Demolle D. Dipyr-

idamole and vascular prostacyclin production. Biochem
Pharmacol 35: 2897, 1986.

. FitzGerald G A. Dipyridamole. New Engl J Med

316: 1247, 1987.

. Deckmyn H, Gresele P, Amout J, Todisco A, Vermylen

J. Prolonging prostacyclin production by nafazatrom or
dipyridamole. Lancet 2: 410, 1984,

. Marnett L J, Siedlik P H, Ocks R C, Pagels W R, Das

M, Honn K V, Wamock R H, Tainer B E, Eling TE.
Mechanism of the stimulation of prostaglandin H
synthase and prostacyclin synthase by the antithrombotic
and antimetastatic agent, nafazatrom. Mol Pharmacol
26: 328, 1984,

. Gresele P, Zoja C, Deckmyn H, Arnout J, Vermylen J,

Verstraete M. Dipyridamole inhibits platclet aggregation
in whole blood, Thromb Haemost 50: 852, 1983.

. Ciabattoni, G., Pugliese F, Cinotti G. A., Stirati G,

Ronci R., Castrucci G., Pierucci A.. Patrono C. Char-
acterization of furosemide-induced activation of the renal
prostaglandin system. Eur J Pharmacol 60: 181, 1979,

. Dorian B, Larrive J. Defeudis F V, Salari H, Borgeat

P, Braquet P. Activation of prostacyclin synthesis in
cultured gortic smooth muscle cells by diuretic-antihy-
pertensive drugs. Biochem Pharmacol 33: 2265, 1984,
Webster J, Dollery C T, Hensby C N, Friedman L A.
Antihypertensive action of bendroflumethiazide : increased
prostacyclin production ? Clin Pharmacol Ther 28: 751,
1980.

Blair I A, Barrow S E. Waddell K A, Lewis P J, Dollery
C T. Prostacyclin is not a circulating hormone in man.
Prostaglandins 23: 579, 1982.

. Eldor A, Friedman R, Vlodavsky I. Hy-Am E, Fuks Z,

Panet A. Interferon enhances prostacyclin production by
cultured vascular endothelial cells. J Clin Invest 73: 251,
1984,

Watson K V, Moldow CF, Ogburn P L, Jacob HS.
Magnesium sulfate : rationale for its use in preeclampsia.
Proc Natl Acad Sci USA 83: 1075, 1986.

. Scuter F, Busse W D. Mechanisms of action of nafaza-

trom. Thromb Res suppl IV: 75, 1983.



204

67,

70.

7L

72.

74.

75.

76.

79.

. Vermylen J, Chamone D A F. Verstracte M. Stimu-

lation of prostacyclin release from vessel wall by Bay g
6575, an antithrombotic compound. Lancet I: 518, 1979,

. Carreras L O, Chamone D A F, Klerckx P, Vermylen

J. Decreased vascular prostacyclin (PGIL,) in diabetic rats
: stimulation of PGI; release in normal and diabetic rats
by the antithrombotic compound Bay g 6575. Thromb
Res 19: 663, 1980,

. Fischer S, Struppler M, Weber P C. In vivo and in vitro

effects of nafazatrom (Bay G 6575), an antithrombotic
compound, on arachidonic acid metabolism in platelets
and vascular tissue. Biochem Pharmacol 32: 2231, 1983,

. Sevilla M D, Neta P. Mamnett L J. Reaction of the

antithrombotic and antimetastatic agent nafazatrom with
oxidizing radicals. Biochem Biophys Res Commun
115: 800, 1983.

Boeynaems, J M, Galand, N, Ketelbant, P. Prostacyclin
production by the deendothelialized rabbit sorta. J Clin
Invest 76: 7, 1985.

. Wong PY K, Chao PH W, McGiff J C. Nafazatrom

(Bay g-6575). an antithrombotic and antimetastatic
agent, inhibits 15-hydroxyprostaglandin dehydrogenase.
J Pharmacol Exp Ther 223: 757, 1982.

. Levin R 1 Jaffe E A, Weksler B B, Tack-Goldman K.

Nitroglycerin  stimulates synthesis of prostacyclin by
cultured human endothelial cells. J Clin Invest 67: 762,
1981.

Schror K, Grozinsks L. Darius H. Stimulation of
coronary vascular prostacyclin and inhibition of human
platelet thromboxane A2 after low dose nitroglycerin.
Thromb Res 23: 59, 1981.

Mehta J, Mchta P, Roberts A, Faro R, Istrowski N,
Brigmon L. Comparative effects of nitroglycerin and
nitroprusside on prostacyclin generation in adult human
vessel wall. J Am Coll Cardiol 6: 625, 1983.

De Caterina R, Dorso C R, Tack-Goldman K, Weksler
B B. Nitrates and endothelial prostacyclin production :
studies in vitro. Circulation 71: 176, 1985,

. Fitzgerald D J, Roy L, Robertson R M, FitzGerald G A.

The effects of organic nitrates on prostacyclin biosyn-
thesis and platelet function in humans, Circulation
70: 297, 1984,

Panzenbeck M J, Baez A, Kaley G. Nitroglycerin and
nitroprusside increase coronary blood flow in dogs by a
mechanism independent of prostaglandin release. Am J
Cardiol. 53: 936, 1984,

McGregor M, Crelinsten G L. Possible interactions of
indomethacin and nitrates in angina pectoris. Am J
Cardiol 53: 225, 1984,

Moncada S, Palmer R M 1, Higgs E A. Prostacyclin and
endothelium-derived relaxing factor: biological interac-
tions and significance p 597 in: Thrombosis and Haemos-
tasis (M Verstraete, J Vermijlen. H R Lynen, J. Arnout,
eds) International Society on Thrombosis and Haemos-
tasis and Leuven University Press. Leuven 1987,

. Schror K, Matzky R, Kahlen T, Darius H. The release

of prostacyclin by pentoxifylline from human and animal
vascular tissue and its implications for vascular and
antiplatelet activities. Thromb Hacmost 46: 272, 1981,

. Weithmann K V, Effects of pentoxifylline, penbutolol,

prenylamine, clofibric acid and nicotinic acid on the
release of prostacyclin-like activity from rat aorta in vivo
and in vitro. Thromb Hacmost 46: 129, 1981,

Sinzinger H. Pentoxifylline enhances formation of pros-
tacyclin from rat vascular and renal tissue. Prostagl
Leukotr Med 12: 217, 1983,

80.

81,

87.

90.

91.

PROSTAGLANDINS LEUKOTRIENES AND ESSENTIAL FATTY ACIDS: REVIEWS

Santos M T, Martinez-Sames V, Valles J, Aznar J,
Yoya, R., Vaya A_, Villa P, Prostacyclin production by
rat aorta in vitro is increased by the combined action of
dipyridamole plus pentoxifylline. Prostaglandins 29: 113,
1985.

Fitzgerald, D J. Catella F, Roy L. FitzGerald G A.
Marked platelet activation in vivo after intravenous
streptokinase in patients with acute myocardial infarc-
tion. Circulation 77: 142, 1988.

. Fitzgerald, D J, Roy L, Catella F, FitzGerald G A.

Platelet activation in unstable coronary discase. New
Engl J Med 315: 983, 1986.

. Pearson 1 D, Slakey L L, Gordon J L. Stimulation of

prostaglandin production through purinoceptors in
cultured porcine endothelial cells. Biochem J 24: 273,
1983.

. Van Coevorden A, Boeynaems, J M. Physiological

concentrations of ADP stimulate the release of prosta-
cyclin from bovine aortic endothelial cells, Prostaglan-
dins 27: 615, 1984,

. Coughlin S R, Moskowitz M A, Antoniades H N,

Levine L. Serotonin receptor-mediated stimulation of
bovine smooth muscle cell prostacyclin synthesis and its
modulation by platelet-derived growth factor. Proc Natl
Acad Sci USA 78: 7134, 1981.

. Demolle D, Boeynaems, J M. Prostacyclin production by

the bovine aortic smooth muscle. Prostaglandins 32: 155,
1986.

Jeremy J Y. Mikhailidis D P, Dandona P. Throntboxane
A2 analogue (U-46619) stimulates vascular PGI;
synthesis. Eur J Pharmacol 107: 259, 1985.

. Boeynaems, J M, Demolle D, Van Coevorden A, Pros-

tacyclin-stimulating drugs : new prospects. Prostaglan-
dins 32: 145, 1986.

. Boeynaems J M, Van Coevorden A, Demolle D, Stimu-

lation of prostacyclin production in blood vessels by the
antithrombotic  drug suloctidil. Biochem Pharmacol
36: 1629, 1987.

Boeynaems J M, Demolle D, Van Coevorden A. Stimu-
lation of vascular prostacyclin by SKF 525-A (proadifen)
and related compounds. Biochem Pharmacol 36: 1637,
1987.

Beetens J R, Herman A G. Vitamin C increases the
formation of prostacyclin by aortic rings from various
species and neutralizes the inhibitory effect of 15-hydro-
peroxyarachidonic acid. Br J Pharmacol 80: 249, 1983,

. Beetens J R, Coene M C, Verheyen A, Zonneken C,

Herman A G. Vitamin C increases the prostacyclin
production and decreases the vascular lesions in experi-
mental atherosclerosis in rabbits. Prostaglandins 32: 335,
1986,

. FitzGerald G A, Brash A R, Falardeau P, Oates J A,

Estimated rate of prostacyclin secretion into the circu-
lation of normal man. J Clin Invest 68: 1272, 1981,

. Burch R M. Axclrod J. Dissociation of bradykinin-

induced prostaglandin formation from phosphatidylinos-
itol turnover in Swiss 3T3 fibroblasts : evidence for G
protein regulation of phospholipase A2. Proc Natl Acad
Sci USA 84: 6374, 1987.

. Burch R M, Jelsema C, Axelrod J. Cholera toxin and

pertussis toxin stimulate PGE, synthesis in a murine
macrophage cell line. J Pharmacol Exp Ther 244: 765,
1988.

. Pirotton S, Erneux C, Boeynaems J M. Dual role of GTP-

binding proteins in the control of endothelial prostacy-
clin. Biochem Biophys Res Commun 147: 1113, 1987.



