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1 We investigated the e�ects of short-term exposure to physiological levels of 17b-estradiol and
testosterone on vasocontractile responses in porcine coronary artery rings.

2 Concentration-response curves to endothelin-1, 5-hydroxytryptamine, the thromboxane analogue
U46619 and KCl were constructed in endothelium-intact and endothelium-disrupted artery rings.

3 Thirty minutes exposure to 17b-estradiol (1 and 30 nM) signi®cantly attenuated vasoconstriction
to endothelin-1, 5-hydroxytryptamine and U46619. Conversely, the same concentrations of
testosterone signi®cantly potentiated responses elicited by these contractile agents. These inhibitory
e�ects of 17b-estradiol and enhancing actions of testosterone on contractions were endothelium-
independent. KCl-mediated contractions were una�ected by the presence of either sex hormones.

4 The oestrogen receptor antagonists, tamoxifen (10 mM) and ICI 182,780 (10 mM), were unable to
reverse the inhibitory in¯uence 1 nM 17b-estradiol had on the agonist-mediated contractile
responses. Similarly, the androgen receptor antagonists, ¯utamide (10 mM) and cyproterone acetate
(10 mM), failed to a�ect the potentiating activities of 1 nM testosterone.

5 The alteration in vasoconstrictive responses observed following acute exposure to either 1 nM
17b-estradiol and 1 nM testosterone were apparent even in the presence of the protein synthesis
inhibitor cycloheximide (10 mM) and the transcription inhibitor actinomycin D (10 mM).

6 In conclusion, we report a unique type of sex hormone action on the coronary vasculature. These
events occur at low nanomolar concentrations of 17b-estradiol and testosterone, are insensitive to
conventional sex hormone receptor antagonists, are not blocked by de novo protein synthesis
inhibitors and have rapid time-courses that are uncharacteristic of classical genomic activities.
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Introduction

The increase in prevalence of coronary artery disease (CAD) in

women after menopause (Barrett-Connor, 1997), reversible by
oestrogen replacement therapy (Ettinger et al., 1996; Stampfer
et al., 1991), suggests an important connection between

endogenous oestrogen and the risk of CAD. Indeed, oestrogen
treatment not only favourably alters lipoprotein pro®les
(Ettinger et al., 1996) but also enhances endothelium-
dependent (Lieberman et al., 1994) and endothelium-indepen-

dent relaxation (Gilligan et al., 1994). In spite of the growing
evidence for a causal link between the decrease in oestrogen
levels and the incidence of CAD, the underlying mechanisms

for this phenomenon remain to be fully elucidated.
Interestingly, while it is widely recognized that men are

generally more susceptible to CAD, the possibility that

androgens could have detrimental e�ects on the vasculature
has received relatively little attention. Indeed, what little
literature exists on the e�ects of testosterone in the development
of CAD is contradictory with some indicating positive (Khaw&

Barrett-Connor, 1991; Duell & Bierman, 1990) and others
negative (Phillips et al., 1994; Larsen et al., 1993) actions.
Recently, Herman et al. (1997) reported that androgen

deprivation in adult men enhanced endothelium-dependent
relaxation. Conversely, administration of testosterone to
hypercholesterolaemic rabbits and monkeys impaired endothe-

lium-dependent relaxation and promoted the progression of

atherosclerosis (Hutchison et al., 1997; Adams et al., 1995).
Previous studies have demonstrated that only very high

concentrations (micromolar range) of 17b-estradiol can

produce direct vasorelaxation actions (Han et al., 1995; Jiang
et al., 1992). In contrast, we recently reported that a
physiological concentration (1 nM) of 17b-estradiol could
potentiate relaxation of porcine coronary artery rings in vitro

(Teoh et al., 1999). Inasmuch as vasomotor activity is a critical
balance between vasorelaxing and vasoconstricting e�ects, we
were interested to determine if agonist-stimulated contractile

responses would also be in¯uenced by short-term incubation
with 17b-estradiol and testosterone. In this study, we have
utilized the same in vitro porcine coronary artery model.

Methods

Tissue preparation

Hearts from pigs of either sex (50 ± 80 kg) were collected

from a local abattoir in cold, modi®ed Krebs-Henseleit
solution (composition in mM: 120 NaCl, 4.76 KCl, 1.18
MgSO4, 1.25 CaCl2, 25 NaHCO3, 1.18 NaH2PO4 and 5.5

glucose). Left anterior descending and right coronary
arteries were dissected free of fat and connective tissue
and cut into 3 mm ring segments. Ring samples were then

mounted on two stainless steel hooks in 5 ml organ baths.

*Author for correspondence; E-mail: rykman@hkucc.hku.hk
2Current address: Terrence Donnelly Heart Centre, St. Michael's
Hospital, 30 Bond Street, Toronto, Ontario M5B 1W8, Canada

British Journal of Pharmacology (2000) 129, 1301 ± 1308 ã 2000 Macmillan Publishers Ltd All rights reserved 0007 ± 1188/00 $15.00

www.nature.com/bjp



One of these hooks was attached to a force transducer
(Model FT03, Grass Instrument Co., Quincy, MA, U.S.A.)
to measure changes in isometric tension. In experiments

requiring endothelium-disrupted rings, porcine coronary
arteries were perfused at a rate of 1 ml min71 for 30 s
with either 0.5% Triton X-100 or Krebs-Henseleit solution
before being cut into 3 mm ring segments. Tissues were

maintained at 378C in oxygenated (95% O2/5% CO2)
Krebs-Henseleit solution at a resting tension of 2.0 g.
Samples were allowed an equilibration period of at least

100 min during which tension was adjusted to 2.0 g and
bathing solution was periodically changed.

Experimental protocols

Rings were contracted with 30 mM KCl and relaxed with

1 mM bradykinin. This viability test was repeated, and
coronary artery segments that averaged less than 4.0 g
contraction and 40% relaxation were discarded from the
study. In endothelium-disrupted preparations, rings which

relaxed more than 5% were not used. After the e�ects of
KCl and bradykinin were washed out with Krebs-Henseleit
solution, samples were incubated with various drugs or

vehicle alone. Where necessary, the oestrogen and
testosterone receptor antagonists or the de novo protein
synthesis inhibitors were introduced into the baths 20 min

before addition of vehicle solvent or the appropriate sex
steroid. 17b-estradiol and testosterone were added 30 min
prior to testing at a ®nal concentration of 1, 30 nM or

1 mM. The supraphysiological concentration of 1 mM was
used solely as a means of comparison with earlier work.
The role of oestrogen receptors was investigated using the
inactive isomer, 17a-estradiol (1 nM and 1 mM) as well as

the oestrogen receptor antagonists tamoxifen (10 mM) and
ICI 182,780 (7a-[9-[(4,4,5,5,5,-penta¯uoropentyl)sulphinyl]-
nonyl]-estra1,3,5(10)-triene-3,17b-diol; 10 mM). Studies were

carried out with the testosterone receptor antagonists,
¯utamide (10 mM) and cyproterone acetate (10 mM) to
investigate the role of the androgen receptor. Where

required, rings were incubated with either cycloheximide
(10 mM) or actinomycin D (10 mM) to inhibit protein
synthesis and transcriptional activity, respectively. Except
where noted, all drugs remained present throughout the

experiment. In some experiments, ring samples were
periodically washed out with Krebs-Henseleit solution over
a period of 45 min following incubation with 17b-estradiol

Table 1 E�ects of acute treatment with 17b-estradiol on the maximum contractions elicited by endothelin-1 (ET-1), 5-
hydroxytryptamine (5-HT) or U46619 in endothelium-intact and endothelium-damaged porcine coronary artery

Krebs-Henseleit perfused Triton-X-100 perfused
Concentration of
17 b-estradiol

Maximum contraction
(% KCl)

7log EC50

(M)
Maximum contraction

(% KCl)
7log EC50

(M)

ET1

5-HT

U46619

None
1 nM
30 nM
1 mM
None
1 nM
30 nM
1 mM
None
1 nM
30 nM
1 mM

124+4.7
97+10*
90+9.9*
73+5.5*
65+3.3
54+3.7*
52+3.8*
46+3.1*
140+0.8
113+6.9*
106+2.9*
100+1.9*

ND
ND
ND
ND

6.50+0.03 [311]
6.54+0.04 [293]
6.53+0.05 [302]
6.62+0.06 [241]
8.07+0.01 [8.6]
8.21+0.02 [6.1]*
8.30+0.02 [5.0]*
8.00+0.01 [10.1]*

132+3.4
112+6.4*
110+8.5*
101+8.2*
90+3.1
77+3.1*
70+3.3*
64+3.0*
152+5.3
138+2.9*
131+3.1*
130+3.2*

ND
ND
ND
ND

6.80+0.03
6.84+0.04
6.79+0.03
6.82+0.03
8.28+0.01
8.40+0.02
8.41+0.02
8.47+0.02

Data represent mean+s.e.mean. ND, not determined. Values in square brackets indicate mean EC50 values in nM. n=6±8 in each
treatment group. *P<0.05 vs corresponding controls not treated with 17b-estradiol (ANOVA-Dunnett's).

Figure 1 Inhibitory e�ect of 17b-estradiol on the contractile
responses of porcine artery ring segments to (a) ET-1, (b) 5-HT
and (c) U46619. Rings were pre-incubated with solvent or 17b-
estradiol for 30 min before cumulative additions of the appropriate
contractile agent. n=7 to 9 for each treatment group. *P50.05 vs
control data (ANOVA-Dunnett's).
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or testosterone. Contractions were produced by a stepwise

addition of endothelin-1 (ET-1; 0.01 ± 30 nM), 5-hydroxy-
tryptamine (5-HT; 0.01 to 10 mM), the thromboxane
analogue U46619 (9, 11-dideoxy-9a-methanoepoxy prosta-

glandin F2; 0.1 nM to 1 mM) or KCl (10 ± 70 mM). In all
cases, each tissue sample was only exposed to one
contracting agent.

Drugs and chemicals

With the exception of ICI 182,780 (a gift from Zeneca,

Maccles®eld, U.K.) and U46619 (from Biomol, Plymouth
Meeting, PA, U.S.A.), all drugs and chemicals were
purchased from Sigma Chemical Co., St. Louis, MO,

U.S.A. Stock solutions of 17a-estradiol, 17b-estradiol,
testosterone propionate, ICI 182,780, ¯utamide and
U46619 were made in ethanol. Cyproterone acetate and

tamoxifen were dissolved in methanol and 10% ethanol,
respectively. The ®nal concentration of ethanol in the bath
in each case was always40.2%. The remaining drug
stocks were dissolved in water. Where required, stock

solutions were further diluted with Krebs-Henseleit solu-
tion.

Calculations and statistical analyses

Results are expressed as the mean+s.e.mean where n

refers to the number of hearts used in the study.
Contraction-response curves were calculated as a percen-
tage of the average of the two initial 30 mM KCl-evoked

contractions. Bradykinin-induced relaxation was individu-
ally calculated against each respective KCl-elicited contrac-
tion, and the average of these two relaxations were used
to determine endothelial integrity. Log EC50 values were

determined with the aid of a curve-®tting program
(SigmaPlot, Jandel Scienti®c Software, CA, U.S.A.).
Analysis of variance (ANOVA) and Dunnett's test were

applied where appropriate to determine individual di�er-
ences between multiple groups of data using a computer
statistical package (SPSS, SPSS Inc., Chicago, IL, U.S.A.).

A P value of 50.05 was considered signi®cant.

Results

E�ects of exogenous 17b-estradiol and testosterone on
endothelin-1-, 5-hydroxytryptamine-, U46619- and KCl-
mediated contractions

ET-1 (0.01 to 30 nM), 5-HT (0.01 ± 10 mM), U46619 (0.1 nM to

1 mM) and KCl (10 ± 70 mM) elicited concentration-dependent
contractions. The maximum contractions obtained by ET-1, 5-
HT, U46619 and KCl under control conditions were 7.8+0.5 g

(n=14), 4.7+0.3 g (n=18), 8.4+0.6 g (n=15) and 9.8+0.6 g
(n=6) respectively. 17b-estradiol (1 and 30 nM) signi®cantly
reduced the responses evoked by the three contractile agonists
(Figure 1). A supraphysiological concentration of 17b-estradiol,
1 mM, produced a decrease in agonist-induced contraction that

Table 2 E�ects of acute treatment with 17a-estradiol or
17b-estradiol on the maximum contractions elicited by
endothelin-1 (ET-1), 5-hydroxytryptamine (5-HT) or U46619

Concentration
of estradiol

Maximum
contraction
(% KCl)

7log EC50

(M)

ET1

5-HT

U46619

None
1 nM 17b-estradiol
1 nM 17a-estradiol
1 mM 17a-estradiol

None
1 nM 17b-estradiol
1 nM 17a-estradiol
1 mM 17a-estradiol

None
1 nM 17b-estradiol
1 nM 17a-estradiol
1 mM 17a-estradiol

127+7.7
94+7.2
123+5.5
118+7.6
69+2.7
54+2.6
71+3.4
69+3.6
148+6.5
119+3.0
149+4.4
150+5.0

ND
ND
ND
ND

6.29+0.04 [520]
6.28+0.03 [530]
6.24+0.04 [568]
6.37+0.03 [429]
8.07+0.01 [8.6]
7.96+0.01 [11.0]*
8.05+0.01 [8.9]
8.00+0.02 [10.0]*

Data represent mean+s.e.mean. ND, not determined.
Values in square brackets indicate mean EC50 values in
nM. n=6±8 in each treatment group. *P<0.05 vs
corresponding controls not treated with estradiol
(ANOVA-Dunnett's).

Figure 2 Enhancing e�ect of testosterone on the contractile
responses of porcine coronary artery ring segments to (a) ET-1, (b)
5-HT and (c) U46619. Rings were pre-incubated with solvent or
testosterone for 30 min before cumulative additions of the appro-
priate contractile agent. n=7±9 for each treatment group. *P50.05
vs control data (ANOVA-Dunnett's).
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was greater than that elicited by 30 nM 17b-estradiol (Figure 1).
Although Triton X-100-perfusion increased the overall con-

tractile responses, the inhibitory e�ect of 17b-estradiol was
retained suggesting that the modulatory action of 17b-estradiol
was independent of the endothelium (data not shown). The

maximum contractile responses and the log EC50 values of 5-HT
and U46619 under these conditions are shown in Table 1. Log
EC50 values for ET-1 were not determined, as we were unable to

obtain a stable maximum response with the concentration range
used. In contrast to 17b-estradiol, 17a-estradiol (1 nM to 1 mM)
did not have any e�ect on the concentration-response curves of
the three agonists studied (data not shown) and their e�ects on

themaximumcontractions aswell as logEC50 are summarized in
Table 2. Acute exposure to testosterone (1 and 30 nM) for

30 min resulted in signi®cant increase in contractions toET-1, 5-
HT and U46619 (Figure 2). A higher concentration of
testosterone (1 mM) also appreciably potentiated agonist-

induced contractions. As re¯ected by data from Triton X-100-
perfused tissues, this enhanced response to constricting agents
was independent of the endothelium (Table 3). Interestingly,

neither 17b-estradiol nor testosterone, at the three concentra-
tions investigated, appreciably a�ected contractions elicited by
KCl (Figure 3).

E�ects of oestrogen and testosterone receptor
antagonists on acute actions of exogenous
17b-estradiol and testosterone

None of the receptor antagonists studied a�ected the
contractions elicited by 5-HT, ET-1 or U46619 (data not

shown). Neither tamoxifen nor ICI 182,780 (both added
20 min prior to exposure to 17b-estradiol at 10 mM)
signi®cantly reversed the inhibition exerted by 1 nM 17b-
estradiol on the agonist-induced contractions (Figure 4). As
shown in Figure 5, the potentiating action of 1 nM testosterone
on the contractile responses was not antagonized by 20 min
preincubation with 10 mM ¯utamide or 10 mM cyproterone

acetate.

E�ects of cycloheximide and actinomycin D on acute
actions of exogenous 17b-estradiol and testosterone

Cycloheximide (10 mM) or actinomycin D (10 mM) was added

to the baths 20 min prior to addition of 17b-estradiol (1 nM) or
testosterone (1 nM). Neither cycloheximide nor actinomycin
D, at these concentrations, was able to reverse the actions of

either steroid on the contractile responses elicited by ET-1, 5-
HT and U46619 (Figures 6 and 7).

E�ects of washout on acute actions of exogenous
testosterone and 17b-estradiol

Following 30 min incubation with 17b-estradiol (1 nM) or

testosterone (1 nM), rings were washed with Krebs-Henseleit
solution over a period of 45 min to remove hormones from the
bathing medium. After the washout period, contractions

induced by ET-1, 5-HT, or U46619 returned towards values

Table 3 E�ects of acute treatment with testoterone on the maximum contractions elicited by endothelin-1 (ET-1), 5-
hydroxytryptamine (5-HT) or U46619 in endothelium-intact and endothelium-damaged porcine coronary artery

Krebs-Henseleit perfused Triton-X-100 perfused
Concentration of

testosterone
Maximum contraction

(% KCl)
7log EC50

(M)
Maximum contraction

(% KCl)
7log EC50

(M)

ET-1

5-HT

U46619

None
1 nM
30 nM
1 mM
None
1 nM
30 nM
1 mM
None
1 nM
30 nM
1 mM

138+5.9
172+6.7*
184+2.2*
216+8.1*
66+4.7
86+4.0*
96+4.2*

117+5.9*
143+3.2
172+5.6*
180+6.7*
193+7.8*

ND
ND
ND
ND

6.49+0.01 [326]
6.50+0.02 [311]
6.43+0.02 [373]
6.52+0.02 [299]
8.08+0.02 [8.3]
7.84+0.02 [14.4]*
7.91+0.02 [12.3]*
7.82+0.01 [15.1]*

147+7.0
185+9.4*
188+11*
223+11*
88+4.2
115+3.9*
126+3.9*
154+4.1*
160+5.6
199+5.3*
201+6.4*
220+8.7*

ND
ND
ND
ND

6.83+0.03
6.75+0.04
6.73+0.03
6.71+0.04
8.07+0.02
8.00+0.02
8.03+0.03
8.09+0.03

Data represent mean+s.e.mean. ND, not determined. Values in square brackets indicate mean EC50 values in nM. n=6±8 in each
treatment group. *P<0.05 vs corresponding controls not treated with testosterone (ANOVA-Dunnett's).

Figure 3 E�ects of (a) 17b-estradiol and (b) testosterone on the
contractile responses of porcine coronary artery ring segments to
KCl. Rings were pre-incubated with solvent, 17b-estradiol or
testosterone for 30 min before cumulative additions of KCl. n=6
for each treatment group.
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obtained prior to the exposure to 17b-estradiol or testosterone
(data not shown).

Discussion

Our main ®nding is that contractions elicited by ET-1, 5-HT
and U46619, but not KCl, in porcine coronary artery rings are
attenuated by 17b-estradiol and potentiated by testosterone

after 30 min exposure. More importantly, these modulatory
e�ects were evident with physiologically relevant concentra-
tions of these hormones and did not appear to involve the
classical cytosolic steroid receptors or result from nuclear

translation and transcription.

A striking feature of the current work is the correlation
between the lower concentrations of 17b-estradiol applied and
the physiological levels in castrated and ovariectomized pigs

(*0.2 nM; Amos & Beattie, 1985) as well as pregnant pigs (2 ±
10 nM; Robertson & King, 1974). Interestingly, according to
the case records of the Massachusetts General Hospital (1986),

the total plasma concentration of oestrogen in women (84 ±
325 pM) and that of testosterone in men (10 ± 38 nM) are also
similar to those used in our study.

While there are many studies concerned with the vascular
e�ects of oestrogen, most have focused on its in¯uence on
vasorelaxation rather than vasoconstriction. Indeed, earlier
work carried out on in vitro preparations of rabbit and porcine

coronary artery preparations have indicated that high

Figure 4 E�ects of the oestrogen receptor antagonists, tamoxifen
and ICI 182,780, on the acute modulatory e�ects of 17b-estradiol.
Rings were pre-incubated with solvent, 10 mM tamoxifen or 10 mM
ICI 182,7801 for 20 min before addition of vehicle solvent or 1 nM
17b-estradiol. Thirty minutes later, they were exposed to increasing
concentrations of (a) ET-1, (b) 5-HT and (c) U46619. Contractions
were signi®cantly reduced by 1 nM 17b-estradiol. This response was
similar to those obtained in the presence of tamoxifen and ICI
182,780. n=6±8 for each treatment group.

Figure 5 E�ects of the testosterone receptor antagonists, ¯utamide
and cyproterone acetate, on the acute modulatory e�ects of
testosterone. Rings were pre-incubated with solvent, 10 mM ¯utamide
or 10 mM cyproterone acetate for 20 min before addition of vehicle
solvent or 1 nM testosterone. Thirty minutes later, they were exposed
to increasing concentrations of (a) ET-1, (b) 5-HT and (c) U46619.
Contractions were signi®cantly potentiated by 1 nM testosterone.
This response was similar to those obtained in the presence of
¯utamide and cyproterone acetate. n=6±8 for each treatment group.
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supraphysiological (micromolar) concentrations of 17b-estra-
diol are required to elicit direct vasorelaxation (Han et al.,
1995; Jiang et al., 1992). Similarly, in vitro contractile
responses of rings from rabbit coronary arteries (Jiang et al.,

1992) and human internal mammary arteries (Mugge et al.,
1997) were only reduced by concentrations of 17b-estradiol
beyond the physiological range. In contrast, we have found in

the present study that a much lower concentration (1 nM) of
17b-estradiol can acutely reduce agonist-induced vasocontrac-
tion in porcine coronary arteries. Furthermore, experiments

carried out on Triton X-100-perfused ring segments indicate
that this e�ect is independent of the endothelium. To the best
of our knowledge, only one group has had complementary in
vivo results to ours (Sudhir et al., 1997). In that study, Sudhir

and colleagues demonstrated that in pigs, short-term (10 min)

intracoronary infusion with 1 nM 17b-estradiol inhibited

vasoconstriction to ET-1. Of relevance is the study that in
vitro incubation with low concentrations of oestrogen and
progesterone for 12 ± 96 h in isolated primate coronary artery

vascular muscle cells reduced reactivity to 5-HT and U46619
(Minshall et al., 1998). The major di�erence between this study
and our data is a longer incubation time was used in the former

study suggesting the involvement of genomic events while our
study precluded a signi®cant role of the classical steroid
receptors (see Discussion).

The evidence concerning the e�ects of testosterone on blood
vessels is still contradictory. In vivo experiments have suggested
that androgens can enhance vasoconstriction (Baker et al.,
1978; Greenberg et al., 1974) or reduce relaxation (McCredie et

al., 1998; Herman et al., 1997). With respect to in vitro ®ndings,

Figure 6 Responses of (a) ET-1, (b) 5-HT and (c) U46619 to 1 nM
17b-estradiol in the absence and presence of 10 mM actinomycin D or
10 mM cycloheximide. Prior to contraction, rings were pre-incubated
for 20 min with either actinomycin D or cycloheximide then for
30 min with solvent or 17b-estradiol. Contractions were signi®cantly
reduced by 1 nM 17b-estradiol. This response was similar to those
obtained in the presence of actinomycin D or cycloheximide. n=6±8
for each treatment group.

Figure 7 Responses of (a) ET-1, (b) 5-HT and (c) U46619 to 1 nM
testosterone in the absence and presence of 10 mM actinomycin D or
10 mM cycloheximide. Prior to contraction, rings were pre-incubated
for 20 min with actinomycin D or cycloheximide then for 30 min
with solvent or testosterone. Contractions were signi®cantly enhanced
by 1 nM testosterone. This response was similar to those obtained in
the presence of actinomycin D or cycloheximide. n=6±8 for each
treatment group.
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Lamping & Nuno (1996) found that 1 mM testosterone was
ine�ective against ET-1-induced constrictions in isolated
canine coronary microvessels. Others, on the other hand, have

reported that micromolar levels of testosterone can elicit
endothelium-independent relaxation in agonist-precontracted
rabbit (Yue et al., 1995) and rat (Costarella et al., 1996) aortic
rings. However, a fact worth noting is that the concentration

range of testosterone within which these in vitro observations
were made was once again in the supraphysiological region.
Although our results from acute treatment with testosterone

di�er from those reported in terms of the concentrations used
(Costarella et al., 1996; Yue et al., 1995), the endothelium-
independent nature of the modulatory actions of testosterone

is synonymous throughout these studies.
The e�ects observed with low concentrations of the steroids

are consistent with receptor-mediated events. Indeed, our

observations that receptor-independent contractions elicited
by KCl were una�ected by 17b-estradiol and testosterone
suggests that these interactions could occur at the receptor
level or may involve alterations in subsequent signal

transduction mechanisms. In any case, the insensitivity of
KCl-induced contractions to these sex hormones indicates that
a non-speci®c in¯uence on smooth muscle function cannot

account for our observations. This is further supported by our
®ndings that the inhibitory properties of 17b-estradiol were
stereospeci®c. However, the rapid time frame (30 min

incubation time) is uncharacteristic of slow-acting nuclear
steroid hormone receptors. Furthermore, the e�ects were
insensitive to the oestrogen receptor antagonists, tamoxifen

and ICI 182,780. In parallel studies, the enhancing e�ects of
testosterone on contractions were also retained in the presence
of the testosterone receptor antagonists, ¯utamide and
cyproterone acetate. Classical steroid receptors would necessi-

tate the utilization of transcriptional and translational path-
ways. Their involvement is unlikely in view of the inability of
actinomycin D and cycloheximide to in¯uence the actions of

17b-estradiol and testosterone. Furthermore, interactions with
steroid receptors would not be susceptible to washing out with
Krebs-Henseleit solution as was observed in this study. Both

oestrogen (Kim-Schulze et al., 1996; Karas et al., 1994) and
testosterone (Fujimoto et al., 1994; Stumpf, 1990; Traish et al.,
1986) receptors have been identi®ed in the endothelial and
smooth muscle cells of the vasculature. However, recent

immunohistochemical data suggest the classical oestrogen
receptor is absent in human coronary arteries (Collins et al.,
1995). Nonetheless, our data indicate that neither the classical

oestrogen receptor nor the established testosterone steroid
receptor can be involved in the acute modulatory responses
recorded in our model.

It would be intriguing to speculate that the e�ects we
observed may involve some as yet unidenti®ed membrane
steroid receptors. Indeed, the existence of a membrane

oestrogen receptor has already been postulated in hypotha-
lamic (Gu &Moss, 1996), neostriatal (Mermelstein et al., 1996)
and medial amygdalal (Nabekura et al., 1986) neurons.
Interestingly, the rapid actions of oestrogen observed in our

model coincide with the pharmacodynamic properties of the
putative oestrogen membrane receptor (Gu & Moss, 1996;
Mermelstein et al., 1996; Nabekura et al., 1986). Furthermore,

the pharmacological responses described in these neuronal
preparations ± fast stereospeci®c actions with nanomolar
concentrations of 17b-estradiol, insensitivity to the oestrogen

receptor antagonists tamoxifen and ICI 164,384 as well as the
inability of actinomycin D and cycloheximide to reverse these
in¯uences ±mirror those we report in the current work.

Oestrogen de®ciency is associated with increased risk of
CAD development in postmenopausal women (Barrett-
Connor, 1997) while animal models indicate that androgen
administration exacerbates atherogenesis (Adams et al., 1995)

and vasoconstrictor responses (Matsuda et al., 1994; Schror et
al., 1994). Recent evidence further demonstrate that prolonged
oestrogen administration enhances arterial relaxation in male-

to-female transsexuals (McCrohon et al., 1997; New et al.,
1997) while antiandrogen therapy improved vasodilatation in
men su�ering from prostate cancer (Herman et al., 1997). It

would therefore appear that circulating levels of both 17b-
estradiol and testosterone have substantial in¯uence over
vasomotor function. These data collectively suggest that

physiological concentrations of 17b-estradiol exert positive
e�ects on the vasculature. In contrast, the same levels of
testosterone could produce deleterious e�ects.

The porcine hearts used in the current work were from a

local abattoir and we were unable to determine or control the
sex distribution. While we recognize this as a limitation of our
study, the data presented were reproducible in every batch of

hearts studied. As such, it is unlikely that the responses to 17b-
estradiol and testosterone we observed in our model are
dependent on the gender of the pigs. Another consideration is

the current study was conducted in the absence of blood
components as in most in vitro studies. Hence it is unlikely that
oestrogen and testosterone may exert e�ects on blood

coagulation pathways under in vivo situation which can alter
the responsiveness of blood vessels to constricting agents.

The current work was primarily concerned with the short-
term in¯uence of physiologically relevant concentrations of

17b-estradiol and testosterone on vasocontraction in vitro. We
have demonstrated that circulating levels (1 and 30 nM) of 17b-
estradiol and testosterone can acutely inhibit and enhance

agonist-mediated vasocontraction respectively. Inasmuch as
the modulatory e�ects observed occurred rapidly and were
insensitive to recognized oestrogen and androgen receptor

antagonists, it would suggest that they were not mediated by
the classical oestrogen and testosterone receptors. Moreover,
the reproducibility of the responses in the presence of
actinomycin D and cycloheximide support the concept that

these actions were independent of gene-mediated events. In
conclusion, our data provide further evidence for a bene®cial
vascular role of physiological concentrations 17b-estradiol.
They also support the concept that circulating levels of
testosterone may have adverse e�ects on the vascular wall.
Hence, the modulating actions exerted by both steroid

hormones in our system may partly account for the sexual
dimorphism observed in the incidence of cardiovascular
disease.
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