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Abstract

The isoprostanes, 8-iso-prostaglandin F and 8-iso-prostaglandin E , which are released in vivo by free radical-catalyzed peroxida-2a 2

tion of arachidonic acid, are potent vasoconstrictors. Increased formation of 8-iso-prostaglandin F has been detected in human2a

cardiovascular diseases, in which enhanced plasma levels of noradrenaline and angiotensin II have harmful vasoconstrictor effects.
Therefore, we investigated the influence of perfusions with the thromboxane A mimetic, U 46619, and with the isoprostanes,2

8-iso-prostaglandin F , 8-iso-prostaglandin E , 8-iso-prostaglandin E and 8-iso-prostaglandin F , on the vasoconstrictor effects of2a 2 1 3a

noradrenaline and angiotensin II in the isolated perfused rabbit ear. Our results demonstrate that perfusions with U 46619, 8-iso-prosta-
Ž .glandin E and 8-iso-prostaglandin F , at a subthreshold concentration 30 nM , amplified the vasoconstrictions induced by2 2a

noradrenaline or angiotensin II significantly. In addition, the results show that U 46619, 8-iso-prostaglandin F , 8-iso-prostaglandin E2a 2

and 8-iso-prostaglandin E , which were applied as a bolus, induced much more pronounced vasoconstrictions than prostaglandin F ,1 2a

prostaglandin E and prostaglandin F . Prostaglandin E and 8-iso-prostaglandin F showed no effects. In conclusion, it can be2 3a 1 3a

assumed that the powerful vasoconstrictions induced by 8-iso-prostaglandin E and 8-iso-prostaglandin F and their potentiating effects2 2a

on vasoconstrictions induced by noradrenaline or angiotensin II might be of pathophysiological relevance in cardiovascular diseases.
q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

In recent years, it has been found that besides the
traditional pathway of prostaglandin biosynthesis, an alter-
native, non-cyclooxygenase pathway leads to the formation

Ž .of the so-called isoprostanes Morrow et al., 1990a,b .
These compounds, in which the two side chains are ori-
ented cis to each other, are produced by free radical-cata-
lyzed peroxidation of arachidonic acid in human and ani-

Ž .mals Morrow et al., 1990a,b, 1994a, 1998a,b . Compared
with prostaglandin F , which is a weak vasoconstrictor,2 a

and prostaglandin E , which is mainly a vasodilator2
Ž .Nicosia and Patrono, 1989 , the isoprostanes, 8-iso-prosta-
glandin F and 8-iso-prostaglandin E , are powerful2 a 2

) Corresponding author. Tel.: q43-316-385-3955; fax: q43-316-385-
3956; E-mail: wolfgang.sametz@kfunigraz.ac.at

Žvasoconstrictors in vivo and in vitro Morrow et al., 1994b;
Kromer and Tippins, 1996; Mobert et al., 1997; Sametz et¨

.al., 1997, 1998 .
Increased formation of 8-iso-prostaglandin F was de-2 a

Žtected in patients with cardiovascular diseases Davi et al.,
1997; Delanty et al., 1997; Pratico et al., 1997; Mallat et

.al., 1998 . Taking into consideration the important patho-
physiological role of the endogenous vasoconstrictors, nor-
adrenaline and angiotensin II, in cardiovascular diseases
ŽKopin, 1989; Schomig et al., 1991; Mancini, 1996; Rieg-¨

.ger, 1996 , the aim of this study was to investigate the
influence of perfusions with the arachidonic acid metabo-
lites, 8-iso-prostaglandin F , 8-iso-prostaglandin E , the2 a 2

dihomo-g-linolenic acid metabolite, 8-iso-prostaglandin E ,1

and the eicosapentaenoic acid metabolite, 8-iso-prosta-
glandin F , on the vasoconstrictor effects of noradrenaline3a

and angiotensin II in the isolated perfused rabbit ear. This
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isolated organ is a model for peripheral vascular systems,
which contains arteries, veins, arterioles, venules and capil-

Ž .lary vessels Burton, 1965 . This in vitro model used has
turned out to be useful for investigations of vascular
effects of endogenous substances like noradrenaline, an-

Žgiotensin II or neuropeptide Y Juan and Sametz, 1986;
.Juan et al., 1988 and for determination of prostaglandin

release induced by various compounds like bradykinin or
Žhistamine Juan and Lembeck, 1976; Juan and Sametz,

.1980 .

2. Materials and methods

2.1. Materials

ŽPurchased from Cayman Chemical Ann Arbor, MI,
.USA were 8-iso-prostaglandin F , 8-iso-prostaglandin2 a

E , 8-iso-prostaglandin E , 8-iso-prostaglandin F , 9,11-2 1 3a

Ž .dideoxy-9,11-methanoepoxy prostaglandin F U 466192 a

and SQ 29548. On the other hand, noradrenaline and
Ž .angiotensin II were from Sigma Vienna, Austria . All

drugs were dissolved and diluted in 0.9% saline freshly
before experiments. The composition of Tyrode solution

Ž .was in mmolrl : NaCl 137, KCl 2.7, CaCl 1.8, MgCl2 2

1.15, NaH PO 0.42, NaHCO 11.9, glucose 5.6.2 4 3

2.2. Isolated perfused rabbit ear

Ž .As described by Juan and Sametz 1986 in brief,
Žrabbits of either sex 2.5–3.5 kg body weight; Zentrale

.Tierbiologische Einrichtung, Graz were sacrificed by an
Ž .overdose of pentobarbitone )50 mgrkg, i.v. . Isolated

rabbit ears were perfused through their central artery with
Ž .Tyrode solution 378C, gassed with 95% O and 5% CO .2 2

Flow was adjusted to 3 mlrmin by constant pressure.
Venous outflow was measured by an electronic drop
recorder. A reduction of the venous outflow reflects vaso-
constrictor effects.

2.3. Vascular actions of isoprostanes, prostaglandins and
U 46619

Ž .Noradrenaline bolus of 100 pmol was given at inter-
vals of 10 min as a testing substance until the reactivity of

Ž .the vessels had become stable at least after 60 min .
ŽThereafter, dose–response curves increasing single doses

.in moles for 8-iso-prostaglandin F , 8-iso-prostaglandin2 a

E , 8-iso-prostaglandin E , 8-iso-prostaglandin F or the2 1 3a

thromboxane A mimetic, U 46619, were established. For2

comparison, in each experiment, two of the agents were
applied alternately at intervals of 5 min. In the first set of
experiments, each isoprostane was compared with U 46619
and in a second, each isoprostane with its corresponding

Ž .prostaglandin. Finally, for calculation mean values , a

number of 24 experiments were obtained for U 46619, 12
for isoprostanes and six for prostaglandins.

To see whether the sensitivity of the perfused organ to
vascular actions of the substances used changes during the
time course of the experiments, dose–response curves
were repeated four times within a total period of 6 h. The
vascular actions induced by these agents remained nearly
unchanged with a maximum variation of "5%. To obtain
comparable experimental conditions, the third dose–re-
sponse curve of each substance from every experiment was
used for calculation.

2.4. Influence of isoprostanes, prostaglandins and U 46619
on the Õascular effects of noradrenaline and angiotensin II

In preliminary experiments, a subthreshold concentra-
tion of perfusions with isoprostanes, U 46619 and prosta-
glandins was determined, which caused effects on vaso-
constrictions induced by noradrenaline or angiotensin II.

Ž .Perfusions at a final concentration of 10 nM ns4
showed no effects on noradrenaline or angiotensin II in-
duced vasoconstrictions, whereas perfusions with U 46619,
8-iso-prostaglandin F , 8-iso-prostaglandin E and 8-iso-2 a 2

Ž .prostaglandin E , at a concentration of 100 nM ns4 ,1
Žcaused weak vasoconstrictor responses by their own data

.not shown .
Therefore, a final concentration of 30 nM was chosen,

which was subthreshold for U 46619 and those iso-
prostanes. In the following experiments, the influence of
perfusions with U 46619, 8-iso-prostaglandin F , 8-iso-2 a

prostaglandin E , 8-iso-prostaglandin E and also with2 1

8-iso-prostaglandin F , at this concentration on the vaso-3a

constrictions induced by noradrenaline and angiotensin II,
was investigated. Noradrenaline or angiotensin II was ap-
plied at intervals of 5 min as a bolus. For control, a
dose–response curve of both vasoconstrictors was estab-
lished before the start of perfusions. Thereafter, the dose–
response curves were repeated during perfusions until the

Ž .end of experiments ns6 for each experiment .
For comparison, the influence of perfusions with prosta-

glandin F , prostaglandin E , prostaglandin E and2 a 2 1

prostaglandin F at the same final concentration of 30 nM3a

on the vasoconstriction induced by noradrenaline or an-
Žgiotensin II was investigated in the same manner ns6

.for each experiment . Mean values of noradrenaline and
angiotensin II were calculated between 40 and 60 min after
the start of perfusions.

2.5. Influence of 8-iso-prostaglandin F on U 46619, of2a

U 46619 on isoprostanes and of prostaglandin E on U1

46619 and isoprostanes

The influence of perfusions with 8-iso-prostaglandin
Ž .F 30 nM on the vasoconstrictor effect of U 46619, of2 a

Ž .perfusions with prostaglandin E 30 nM on vasoconstric-1



( )W. Sametz et al.rEuropean Journal of Pharmacology 378 1999 47–55 49

tions induced by U 46619, 8-iso-prostaglandin E , 8-iso-2

prostaglandin F and 8-iso-prostaglandin E , and of per-2 a 1
Ž .fusions with U 46619 30 nM on vasoconstrictions in-

duced by isoprostanes, was investigated.
For control, dose–response curves of each vasocon-

Ž .strictor applied as a bolus were established before the
start of perfusions. Thereafter, the dose–response curves
were repeated during the perfusions until the end of experi-

Ž .ments ns6 for each experiment .

2.6. Influence of the thromboxane receptor antagonist, SQ
29548, on the interaction of 8-iso-prostaglandin E with2

noradrenaline and 8-iso-prostaglandin F with2a

angiotensin II

After establishment of a dose–response curve of nor-
adrenaline during perfusion with 8-iso-prostaglandin E2
Ž . Ž30 nM , a perfusion with SQ 29548 final concentration

.10 nM was started and continued together with the 8-iso-
prostaglandin E perfusion until the end of experiment2
Ž .ns6 . The experiments with angiotensin II were per-
formed in the same manner, but instead of 8-iso-prosta-
glandin E , 8-iso-prostaglandin F was perfused together2 2 a

with SQ 29548.

2.7. Statistical analysis

Values are expressed as means"S.E.M. Statistical sig-
Ž .nificance was calculated by analysis of variance ANOVA

followed by Dunnett’s multiple comparison test with P-

0.05 being accepted as level of significance.

3. Results

3.1. Vascular actions of isoprostanes, U 46619 and
prostaglandins

8-Iso-prostaglandin F , 8-iso-prostaglandin E ,8-iso-2 a 2

prostaglandin E and U 46619 induced vasoconstrictions in1

a dose-dependent manner in the vasculature of the isolated
Ž .perfused rabbit ear Fig. 1A .

In contrast, prostaglandin F , prostaglandin F and2 a 3a

prostaglandin E showed only weak vasoconstrictions,2

whereas prostaglandin E and 8-iso-prostaglandin F had1 3a

Ž .no effect Fig. 1A,B . The following rank order of potency
could be established: U 46619)8-iso-prostaglandin E )2

8-iso-prostaglandin F ) 8-iso-prostaglandin E )2 a 1

prostaglandin F )prostaglandin F )prostaglandin E .2 a 3a 2

ED values are summarized in Table 1.50

3.2. Influence of perfusions with isoprostanes, U 46619
and prostaglandins on the Õascular effects of
noradrenaline and angiotensin II

Noradrenaline and angiotensin II induced vasoconstric-
tions in a dose-dependent manner in the vasculature of the
isolated perfused rabbit ear. At subthreshold concentration

Ž . Ž . Ž .Fig. 1. Dose–response curves of vasoconstrictions percent inhibition of flow induced by bolus injections of A U 46619 ` , 8-iso-prostaglandin F2 a

Ž . Ž . Ž . Ž . Ž . Ž . Ž .\ , 8-iso-prostaglandin E ^ , 8-iso-prostaglandin E e , 8-iso-prostaglandin F I and of B prostaglandin F % , prostaglandin E ' ,2 1 3a 2 a 2
Ž . Ž .prostaglandin E l , prostaglandin F B . Data are means"S.E.M.1 3a
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Table 1
Ž . Ž . ŽED values of noradrenaline NA , angiotensin II AII , U 46619 and isoprostanes 8-iso-prostaglandin E , 8-iso-prostaglandin F , 8-iso-prostaglandin50 2 2 a

. Ž . Ž . Ž . ŽE induced vasoconstrictions before C and during perfusions with isoprostanes 30 nM , U 46619 30 nM and prostaglandin E prostaglandin E ; 301 1 1
.nM in the isolated perfused rabbit ear

Ž . Ž .For calculation of the ED , the dose–response curves were transformed to loglogit. Controls C , not calculable n.c. .50

Ž .ED pmol50

NA AII U 46619 8-Iso- 8-Iso- 8-Iso-
prostaglandin E prostaglandin F prostaglandin E2 2 a 1

C 340 175 700 1400 7000 ;70 000
qU 46619 44 25 – 1550 7000 ;70 000
q8-Iso-prostaglandin E 60 32 – – – –2

q8-Iso-prostaglandin F 75 50 690 – – –2 a

q8-Iso-prostaglandin E 280 103 – – – –1
<qProstaglandin E 4200 1900 14 000 22 000 ;80 000 n.c.1

Ž .final concentration 30 nM , 8-iso-prostaglandin F , 8-2 a

iso-prostaglandin E and U 46619 amplified significantly2
Ž .the vasoconstrictions induced by noradrenaline Fig. 2A

Ž .or angiotensin II Fig. 3A .
The maximum noradrenaline- or angiotensin II-enhanc-

ing effect induced by these isoprostanes or U 46619 was
reached 20–30 min after the start of perfusions. Perfusions
with 8-iso-prostaglandin E at a final concentration of 301

nM showed a slight, but not significant, increasing effect
Žon the vasoconstrictions induced by noradrenaline Fig.

. Ž .2A or angiotensin II Fig. 3A .
The ED of noradrenaline was reduced by U 4661950

about 7.7-fold, by 8-iso-prostaglandin E about 5.6-fold2

and by 8-iso-prostaglandin F about 4.5-fold, that of2 a

angiotensin II about 7.0-, 5.5- and 3.5-fold, respectively.
ED values are summarized in Table 1. Perfusions with50

Žprostaglandin F or prostaglandin E final concentration2 a 2
.30 nM did not influence the vasoconstriction induced by

Ž . Ž .noradrenaline Fig. 2B or by angiotensin II Fig. 3B . In
Žcontrast, perfusions with prostaglandin E final concentra-1

.tion 30 nM reduced the vasoconstrictor effects of nor-
Ž . Žadrenaline Fig. 2B as well as those of angiotensin II Fig.

.3B significantly. The ED value of noradrenaline was50

enhanced by prostaglandin E about 12-fold and that of1

angiotensin II about 11-fold. ED values are summarized50

in Table 1.

Ž . Ž .Fig. 2. Dose–response curves of vasoconstrictions percent inhibition of flow induced by bolus injections of noradrenaline before ` and during
Ž . Ž . Ž . Ž . Ž . Ž . Ž .perfusions 30 nM with A U 46619 v , 8-iso-prostaglandin F \ , 8-iso-prostaglandin E ^ , 8-iso-prostaglandin E e and with B2 a 2 1

Ž . Ž . Ž . U UUprostaglandin F % , prostaglandin E ' ,prostaglandin E l . Data are means"S.E.M. Statistically significant differences: P-0.05, P-0.001.2 a 2 1
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Ž . Ž .Fig. 3. Dose–response curves of vasoconstrictions percent inhibition of flow induced by bolus injections of angiotensin II before ` and during
Ž . Ž . Ž . Ž . Ž . Ž . Ž .perfusions 30 nM with A U 46619 v , 8-iso-prostaglandin F \ , 8-iso-prostaglandin E ^ , 8-iso-prostaglandin E e and with B2 a 2 1

Ž . Ž . Ž . Uprostaglandin F % , prostaglandin E ' , prostaglandin E l . Data are means"S.E.M. Statistically significant differences: P-0.05,2 a 2 1
UU P-0.001.

Perfusions with 8-iso-prostaglandin F or prosta-3a

glandin F showed no influence on vasoconstrictions3a

Žinduced by noradrenaline or angiotensin II data not
.shown .

Ž . Ž . Ž .Fig. 4. Dose–response curves of vasoconstrictions percent inhibition of flow induced by bolus injections of A U 46619 before ` and during perfusion
Ž . Ž . Ž . Ž . Ž .30 nM with 8-iso-prostaglandin F v and of 8-iso-prostaglandin F \ , 8-iso-prostaglandin E ^ , 8-iso-prostaglandin E e before and during2 a 2 a 2 1

Ž . Ž .perfusions 30 nM with U 46619 8-iso-prostaglandin F %; 8-iso-prostaglandin E '; 8-iso-prostaglandin E l . Vasoconstrictions induced by bolus2 a 2 1
Ž . Ž . Ž . Ž . Ž . Ž .injections of B U 46419 ( , 8-iso-prostaglandin F \ , 8-iso-prostaglandin E ^ , 8-iso-prostaglandin E e before and during perfusions 30 nM2 a 2 1

Ž .with prostaglandin E U 46619 v; 8-iso-prostaglandin F %; 8-iso-prostaglandin E '; 8-iso-prostaglandin E l . Data are means"S.E.M.1 2 a 2 1

Statistically significant differences: UU P-0.001.
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Ž . Ž . Ž .Fig. 5. Dose–response curves of vasoconstrictions percent inhibition of flow induced by bolus injections of A noradrenaline before ` , during a
Ž . Ž . Ž . Ž .perfusion 30 nM with 8-iso-prostaglandin E v alone and together with a perfusion 10 nM with SQ 29548 ^ . Vasoconstrictions induced by bolus2

Ž . Ž . Ž . Ž . Ž .injections of B angiotensin II before ( , during a perfusion 30 nM with 8-iso-prostaglandin F v alone and together with a perfusion 10 nM with2 a

Ž . UUSQ 29548 \ . Data are means"S.E.M. Statistically significant differences: P-0.001 noradrenaline or angiotensin II vs. noradrenaline q8-iso-
prostaglandin E or angiotensin IIq8-iso-prostaglandin F . aP-0.05, aaP-0.001 noradrenalineq8-iso-prostaglandin E or angiotensin IIq8-iso-2 2 a 2

prostaglandin F vs. during SQ 29548.2 a

3.3. Influence of 8-iso-prostaglandin F on U 46619, of2a

U 46619 on isoprostanes and of prostaglandin E on U1

46619 and isoprostanes

Ž .Perfusions with 8-iso-prostaglandin F 30 nM had no2 a

Ž .effect on vasoconstriction induced by U 46619 Fig. 4A .
Ž .Also, perfusions with U 46619 30 nM showed no en-

hancement of the vasoconstrictions induced by the iso-
Ž .prostanes used Fig. 4A . Perfusions with prostaglandin E1

Ž .30 nM reduced the vascular actions of U 46619 as well
as of 8-iso-prostaglandin E , 8-iso-prostaglandin F and2 2 a

Ž .of 8-iso-prostaglandin E Fig. 4B . The maximum in-1

hibitory effect of prostaglandin E was reached 10–20 min1

after the start of perfusion.
The ED values of U 46619, 8-iso-prostaglandin E50 2

and 8-iso-prostaglandin F were enhanced by prosta-2 a

glandin E about 20-, 16- and 11-fold, respectively. ED1 50

values are summarized in Table 1.

3.4. Influence of the thromboxane receptor antagonist, SQ
29548, on the interaction of 8-iso-prostaglandin E with2

noradrenaline and 8-iso-prostaglandin F with2a

angiotensin II

We investigate the possible effects of the thromboxane
receptor antagonist, SQ 29548, on the ability of 8-iso-
prostaglandin E to enhance vasoconstriction triggered by2

noradrenaline and the ability of 8-iso-prostaglandin F to2 a

enhance vasoconstriction by angiotensin II. As soon as the
amplifying effect of perfusions with those isoprostanes on

Žnoradrenaline or angiotensin II reached its maximum 20–
.30 min after start of perfusion , perfusions with SQ 29548

Ž .final concentration 10 nM were started.
Ž .Perfusion with 8-iso-prostaglandin E 30 nM ampli-2

fied the vasoconstriction induced by noradrenaline signifi-
cantly. This increased effect of noradrenaline was reduced
during perfusion with SQ 29548 significantly to values
similar to those observed before 8-iso-prostaglandin E2

Ž .perfusion Fig. 5A . Perfusion with 8-iso-prostaglandin F2 a

Ž .30 nM amplified the vasoconstriction induced by an-
giotensin II significantly. This increasing effect on an-

Ž .giotensin II was also abolished by SQ 29548 Fig. 5B .
The maximum inhibitory effect of SQ 29548 was reached
40–60 min after the start of perfusion.

4. Discussion

It was found that 8-iso-prostaglandin F and 8-iso-2 a

prostaglandin E are formed in vivo by free radical-cata-2
Ž .lyzed peroxidation of arachidonic acid C20: 4, ny6

Ž .Morrow et al., 1990a,b, 1994a,b, 1998a,b . Consequently,
isoprostanes derived not only from arachidonic acid but
also from other polyunsaturated fatty acids could be formed
by peroxidation in vivo. Indeed, it has been found that
F-4-isoprostanes or F-3-isoprostanes were formed in vivo
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and in vitro by radical-induced oxidation of the omega-3
Ž .fatty acids, docosahexaenoic acid C22: 6, ny3 and

Ž . Žeicosapentaenoic acid C20: 5, ny3 , respectively Ro-
.berts et al., 1998; Nourooz-Zadeh et al., 1997 . It can be

assumed that also 8-iso-prostaglandin E will be formed by1
Ž .peroxidation of dihomo-g-linolenic acid C20: 3, ny6 .

Numerous experimental and clinical studies have sug-
Žgested that eicosapentaenoic acid for reviews, see Drevon

.et al., 1993; Schwandt, 1991 as well as dihomo-g-lino-
Ž .lenic acid Kernoff et al., 1977; Szczeklik et al., 1984

have beneficial effects on the development of cardio-
vascular diseases. Free radicals play an important role in

Žthe occurrence and development of these diseases Ross,
.1986; Halliwell and Grootveld, 1987 . Therefore, it is to be

expected that besides cyclooxygenase products, 8-iso-
prostaglandin F and 8-iso prostaglandin E will also be3a 1

formed in patients on a diet enriched with eicosapenta-
enoic acid or dihomo-g-linolenic acid. Taking these possi-
bilities into consideration, it was of interest to investigate
the vascular effects of both isoprostanes.

8-Iso-prostaglandin E has been found to be a potent2

vasoconstrictor, approximately equipotent with that of 8-
Žiso-prostaglandin F Morrow et al., 1994b; Sametz et al.,2 a

.1997, 1998 . This was an unexpected finding, because in
most vascular systems, cyclooxygenase-derived prosta-
glandin E is a vasodilator whereas prostaglandin F is a2 2 a

vasoconstrictor, which has been attributed to the differ-
ences in ring structure and consequently, these prosta-

Žglandins act via different prostaglandin receptors Ander-
. Ž .sen et al., 1976 . Morrow and Roberts 1997 proposed

that the stereochemistry of the side chains, rather than the
ring structure, might be responsible for the vasoconstrictor
action of both isoprostanes.

Our results show that 8-iso-prostaglandin E at the2

ED is 50-fold more potent than 8-iso-prostaglandin E in50 1

the vasculature of the rabbit ear. If we compare the effect
of 8-iso-prostaglandin F with that of 8-iso-prostaglandin2 a

F , we can see that the vasoconstriction induced by3a

8-iso-prostaglandin F is in the range of 8-iso-prosta-2 a

glandin E , whereas 8-iso-prostaglandin F showed no2 3a

vasoconstrictor effect. The lack of effect of 8-iso-prosta-
glandin F was unexpected and surprising, because all3a

other isoprostanes showed much more powerful vasocon-
strictor effects than their corresponding prostaglandins.
Thus, we must consider that the number of double bonds,
in combination with the cis-orientation of the side chains,
plays an important role in the vasoconstrictor effects of
isoprostanes. To clarify this aspect, receptor binding stud-
ies are necessary.

In most diseases, e.g., atherosclerosis, in which free
radicals play an important role, increased release of nor-
adrenaline as well as angiotensin II occurs and iso-

Žprostanes are also enhanced Kopin, 1989; Mancini, 1996;
.Pratico et al., 1997 . Therefore, it was of interest to

investigate the interaction between these endogenous vaso-
constrictors.

Both isoprostanes, 8-iso-prostaglandin E and 8-iso-2

prostaglandin F , and the thromboxane A mimetic, U2 a 2

46619, at subthreshold concentrations, amplified signifi-
cantly vasoconstrictions induced by noradrenaline as well
as angiotensin II in the vascular system of the rabbit ear.
The present vasoconstrictor effects of noradrenaline and
angiotensin II in this organ are in agreement with the

Ž .results obtained by Juan and Sametz 1986 . The effect of
U 46619 is consistent with the results obtained by Stanton

Ž .and Coupar 1988 , who found that U 46619 amplified the
vasoconstrictor responses of noradrenaline in the rat
mesenteric vasculature in vitro. The authors inferred a
pathophysiological role for thromboxane A and nor-2

adrenaline when released together in vivo. The subthresh-
old concentration of the isoprostanes used in the present
study were in the order of magnitude of those in rat plasma
in association with free radical-catalyzed peroxidation in-

Žduced by administration of CCl or diquat Morrow et al.,4
.1990b in vivo.

This increase of the vasoconstrictor action of noradrena-
line or angiotensin II by these isoprostanes might be due to

Ž .an overadditive effect Poch and Holzmann, 1980 , which¨
Žindicates that two compounds with the same effect in our

.case, vasoconstriction given together have two different
Ž .points of attack activation of different receptors .

In vascular smooth muscle cells, stimulation of throm-
boxane receptors as well as of a-adrenoceptors and an-
giotensin receptors result in an increase in intracellular free

Žcalcium, which leads finally to vasoconstrictions for re-
.view, see Shaw and McGrath, 1996 . Stanton and Coupar

Ž .1988 postulated the hypothesis that the amplifying effect
of U 46619 on vasoconstrictions induced by noradrenaline
is due to the ability of U 46619 to increase the utilization
of intracellular calcium stores. We can speculate that this
hypothesis is also relevant for the amplifying effects of the
isoprostanes.

The prostaglandins, prostaglandin F , prostaglandin2 a

F and prostaglandin E , as well as the isoprostane,3a 2

8-iso-prostaglandin F , at the concentration used did not3a

influence the vasoconstriction induced by noradrenaline or
angiotensin II. This might be due to the weak vasocon-
strictor effects of these compounds.

The present results show that not only the vasoconstric-
tion induced by U 46619 remained uninfluenced by sub-
threshold concentrations of 8-iso-prostaglandin F , but2 a

also the vasoconstrictor effect of the isoprostanes used by
subthreshold concentrations of U 46619. This appears to
indicate that isoprostanes act via the same receptor as the
thromboxane A mimetic, U 46619, in the vasculature of2

Ž .the rabbit ear. According to Ariens et al. 1956 , this¨
phenomenon could be called a competitive synergism.

In the present study, the thromboxane receptor antago-
nist, SQ 29548, reduced the potentiating effect of iso-
prostanes on the vasoconstriction induced by noradrenaline
or angiotensin II to control values. Taken together, all
these results obtained in the vascular system of the rabbit
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ear indicate that isoprostanes exert their vasoconstrictor
effects via activation of the thromboxane receptor, which
is in agreement with the assumption of Takahashi et al.
Ž .1992 .

ŽProstaglandin E has various desirable effects for re-1

views, see Sinzinger and Rogatti, 1986; Diehm et al.,
.1991 . The beneficial effects of prostaglandin E or its1

precursor, dihomo-g-linolenic acid, are utilized therapeuti-
Žcally in vascular diseases Kernoff et al., 1977; Diehm et

.al., 1991 . As our results show, prostaglandin E inhibited1

vasoconstrictions induced by noradrenaline and an-
giotensin II as well as by 8-iso-prostaglandin F , 8-iso-2 a

prostaglandin E and 8-iso-prostaglandin E . In contrast,2 1

8-iso-prostaglandin E amplified slightly the vasocon-1

strictor effects of noradrenaline and angiotensin II. This
probable physiological antagonism of prostaglandin E ,1

which is due to its vasodilator effect, on isoprostanes can
be assessed as an additional beneficial effect and might be
of importance in therapeutic use.

5. Conclusion

The results of the present study show that vasoconstric-
tions induced by the isoprostanes, 8-iso-prostaglandin F ,2 a

8-iso-prostaglandin E and 8-iso-prostaglandin E , were2 1

much more pronounced than that of the corresponding
prostaglandins in the vascular system of the isolated rabbit
ear.

Reverse responses were obtained by the eicosapenta-
enoic acid metabolites — 8-iso-prostaglandin F had no3a

effect and prostaglandin F caused similar weak vasocon-3a

strictions as prostaglandin F . Thus, we can assume that2 a

the number of double bonds of the isoprostanes is impor-
tant for their vasoactivity in the vasculature of the rabbit
ear. The powerful vasoconstrictor actions of 8-iso-prosta-
glandin F and 8-iso-prostaglandin E , together with their2 a 2

potentiating effects at subthreshold concentrations on vaso-
constrictions induced by noradrenaline or angiotensin II,
might be of pathophysiological relevance in cardiovascular
diseases, in which free radicals play an important role.
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