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Abstract

Gonadal hormones regulate the expression of o;-adrenoceptor sub-
types in several tissues. The present study was carried out to determine
whether or not cyproterone acetate, an anti-androgenic agent, regu-
lates the o-adrenoceptor subtypes that mediate contractions of the rat
vas deferens in response to noradrenaline. The actions of subtype
selective o,-antagonists were investigated in vas deferens from con-
trol and cyproterone acetate-treated rats (10 mg/day, sc, for 7 days).
Prazosin (pA, =9.5), phentolamine (pA, =8.3) and yohimbine (pA,
=~6.7) presented competitive antagonism consistent with activation of
o,-adrenoceptors in vas deferens from both control and treated rats.
The pA, values estimated for WB 4101 (=9.5), benoxathian (=9.7),
5-methylurapidil (=8.5), indoramin (=8.7) and BMY 7378 (=6.8)
indicate that o1, 5-adrenoceptors are involved in the contractions of the
vas deferens from control and cyproterone acetate-treated rats. Treat-
ment of the vas deferens from control rats with the og/0t;p-adrenoceptor
alkylating agent chloroethylclonidine had no effect on noradrenaline
contractions, supporting the involvement of the o/;5-subtype. How-
ever, this agent partially inhibited the contractions of vas deferens
from cyproterone acetate-treated rats, suggesting involvement of mul-
tiple receptor subtypes. To further investigate this, the actions of WB
4101 and chloroethylclonidine were reevaluated in the vas deferens
from rats treated with cyproterone acetate for 14 days. In these organs
WB 4101 presented complex antagonism characterized by a Schild
plot with a slope different from unity (0.65 + 0.05). After treatment
with chloroethylclonidine, the complex antagonism presented by WB
4101 was converted into classical competitive antagonism, consistent
with participation of o;5-adrenoceptors as well as o;g-adrenoceptors.
These results suggest that cyproterone acetate induces plasticity in the
o, -adrenoceptor subtypes involved in the contractions of the vas
deferens.

Introduction
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Three different o;-adrenoceptor subtypes,
O o~ Op- and ap-adrenoceptors, have been
cloned (1). Several drugs interact selectively
with one or more of these subtypes in func-

tional and/or radioligand binding studies (2).
Additional o;-adrenoceptor heterogeneity has
been suggested by functional studies in which
prazosin showed low potency in inhibiting
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contractions of certain vascular tissues in
response to adrenergic agonists (2). How-
ever, prazosin also shows low potency for
inhibition of [*H]-inositol phosphate forma-
tion in cell lines expressing each of the hu-
man o 4-adrenoceptor splice variants, sug-
gesting that these additional subtypes may
represent low affinity state(s) of the olj,-
adrenoceptors and not a different protein
encoded by a different gene (3,4).

Although some information is available
concerning the mechanisms that regulate
acute expression of o;-adrenoceptors such
as desensitization and internalization (5),
much less is known about the factors that
regulate the expression of o-adrenoceptor
subtypes for longer periods of time. How-
ever, some studies have shown that gonadal
hormones differentially regulate the expres-
sion of o-adrenoceptor subtypes in several
tissues (6-12). For instance, previous data
from our laboratory have shown that castra-
tion changes the o-adrenoceptor subtypes
involved in the contractions of the rat vas
deferens in response to noradrenaline (8)
and that testosterone replacement treatment
of castrated rats prevents this plasticity (12).

The present study was carried out to de-
termine whether or not cyproterone acetate,
an anti-androgenic drug, induces such plas-
ticity in the o -adrenoceptor subtypes in-
volved in the contractions of the rat vas
deferens in response to noradrenaline. To
this end, we determined the actions of o-
selective antagonists against the contractions
induced by noradrenaline in vas deferens
from cyproterone acetate-treated and con-
trol untreated rats.

Material and Methods

Cyproterone acetate treatment and vas
deferens isolation

Male Wistar rats weighing 280-360 g
(16-20 weeks old) were treated with 10 mg/
day cyproterone acetate (sc) for 7 or 14 days
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and were killed at the end of the treatment.
The vasa deferentia from cyproterone ace-
tate-treated and age-matched control rats (un-
treated) were excised, separated from sur-
rounding tissue, weighed, and immediately
mounted for contractility studies. To check
the anti-androgenic action of the treatment,
the wet weights of the ventral prostate and
seminal vesicle were also determined. Previ-
ous experiments using larger doses of cypro-
terone acetate (up to 35 mg/day for 7 days)
did not induce additional significant wet
weight reductions, suggesting that 10 mg/
day was the maximal effective dose (meas-
urements on 5 rats, P > 0.05). The experi-
mental procedures were approved by the
Ethics Committee for Animal Research from
UNESP, Botucatu, SP, Brazil.

Functional studies

For the study of contractility the vasa
deferentia were mounted under 9.80 mN of
tension in 10 ml organ baths containing a
nutrient solution of the following composi-
tion: 138 mM NaCl, 5.7 mM KCI, 1.8 mM
CaCl,, 0.36 mM NaH,PO,, 15 mM NaHCO;,
and 5.5 mM dextrose, prepared in glass-
distilled, deionized water and maintained at
30°C, pH 7.4 (8). Vasa deferentia from con-
trol or cyproterone acetate-treated rats were
equilibrated for 30 min before the beginning
of the experiments. After this period, two or
three cumulative concentration-response
curves for noradrenaline were obtained, and
then 6 uM cocaine, 10 uM corticosterone
and 0.1 uM propranolol were added to the
organ bath in order to block neuronal and
extraneuronal uptake and B-adrenoceptor,
respectively. The interval between concen-
tration-response curves was 45 min. Com-
petitive antagonists were added to the bath
45 min before and during the contractile
responses to noradrenaline. After incubation
with 100 uM chloroethylclonidine for 45
min the preparation was washed repeatedly
(at least ten times) for 30 min before the
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concentration-response curve to noradrena-
line.

Calculation of pA, values

The pA, values for the competitive an-
tagonists were calculated by Schild regres-
sion analysis (13). The ratios between the
half-maximal concentrations of noradrena-
line (concentration-ratios, r) were calculated
only when the maximal amplitude of the
concentration-response curve in the pres-
ence of the competitive antagonists was simi-
lar to that obtained in its absence. Data were
plotted as log antagonist concentrations (M)
vs log (r - 1). For calculation purposes the
slope parameter was constrained to 1.0 when
not statistically different from unity.

Drugs

Drugs were obtained from the following
sources: cyproterone acetate (Androcur®;
Berlimed, Sao Paulo, SP, Brazil, or Galena,
Campinas, SP, Brazil); cocaine (Cocainum
Hydrochloricum puriss.; C.H. Boehringer,
Ingelheim, Germany). Corticosterone and
noradrenaline [(x)-arterenol HCI] were from
Sigma (St. Louis, MO, USA). Benoxathian
HCI, chloroethylclonidine 2 HCI, BMY 7378
(8-[2-[4-(2-methoxyphenyl)-1-piperazinyl]
ethyl]-8-azaspiro [4,5] decane-7, 9-dione di-
hydrochloride), 5-methylurapidil HCI, pra-
zosin HCI, phentolamine HCI, (+)-propran-
olol HCI, WB 4101 (2-(2,6-dimethoxyphen-
oxyethyl) aminomethyl-1, 4-benzodioxane
hydrochloride), and yohimbine HCI were
from Research Biochemicals Inc. (RBI/
Sigma), Natick, MA, USA. Indoramin hy-
drochloride was a gift from Wyeth-Fontoura
(Sao Paulo, SP, Brazil). Drugs were dis-
solved in distilled water or 1 mM dimethyl-
sulfoxide, kept frozen and discarded after 20
days. Noradrenaline was dissolved in 10 mN
HCl each day shortly before the experiments.
Cyproterone acetate was solubilized in soy-
bean oil.

Statistical analysis

All data are reported as means + SEM for
N experiments. Differences between mean
values were tested for statistical significance
(P < 0.05) using paired or unpaired Student
t-tests or analysis of variance (ANOVA) fol-
lowed by the Newman-Keuls test for mul-
tiple comparisons.

Results

Effects of treatment with cyproterone acetate
for 7 days on the wet weight of the vas
deferens, ventral prostate and seminal vesicle

Since no significant effect of cyproter-
one acetate on total rat weight was observed,
a direct comparison of the wet weight of the
vas deferens, ventral prostate and seminal
vesicle was used to determine the efficacy of
the anti-androgenic treatment. The treatment
induced significant reductions of the wet
weights of the vas deferens, ventral prostate
and seminal vesicle (Table 1). The wet
weights of the same organs from surgically
castrated rats (orchiectomized 7 days be-
fore) are shown in Table 1 for comparison.
Surgical castration induced more marked
reductions of the weights of the organs (P <
0.05).

Effects of noradrenaline on vas deferens from
control rats and from rats treated with
cyproterone acetate for 7 days

Nearly rhythmic spontaneous contrac-
tions of low magnitude were observed in a
few vasa deferentia from rats treated with
cyproterone acetate for 7 days, while none of
the organs from control rats presented spon-
taneous contractions.

Noradrenaline induced concentration-
dependent contractions of the vas deferens
from control rats and from rats treated with
cyproterone acetate for 7 days (Figure 1).
The maximal contraction induced by nor-
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Figure 1. Concentration-re-
sponse curves for noradrenaline
on vas deferens from control
(open circles) and cyproterone
acetate-treated rats (filled cir-
cles). Data are reported as
means + SEM of 24-31 experi-
ments on vas deferens from 24
to 31 rats in each group. The
rats received cyproterone (10
mg/day, sc) for 7 days.

Table 1.

adrenaline in the vas deferens from cyproter-
one acetate-treated rats (19.7 £ 0.5 mN, N =
24) was significantly lower than in vas defer-
ens from control rats (23.2 + 0.5 mN, N = 31;
P < 0.05). However, the potency of nor-
adrenaline (assessed by the pD, values) in
the vas deferens from control rats (7.0 £ 0.1,
N = 31) was not different from that in vas
deferens from cyproterone acetate-treated
rats (7.0 £ 0.1, N = 24).

Effects of selective a-adrenoceptor antagonists
on noradrenaline contractions

The concentration-response curves for
noradrenaline applied to the vas deferens
from control rats and from rats treated with
cyproterone acetate for 7 days were com-
petitively antagonized by prazosin (o;-se-
lective), phentolamine (non-ct,/0,-selective)
and yohimbine (0,-selective) as character-
ized by the slopes in the Schild plots not
different from unity and by the lack of effect

30
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Effect of cyproterone acetate treatment on the wet weights (in mg) of rat

vas deferens, ventral prostate and seminal vesicle.

Animals Vas deferens  Ventral prostate  Seminal vesicle
Control 71.4 + 2.1 176.8 + 11.4 271.4 + 10.0

Cyproterone acetate-treated 56.0 + 1.52 119.1 £+ 7.1 164.0 + 0.3
Surgically castrated 49 &+ 1.72b 47.0 £ 0.28b  107.2 =+ 473

Rats received cyproterone acetate (10 mg/day, sc) for 7 days. Data are reported as
means + SEM for 14 to 41 rats in each group. For comparison, the wet weights of the
same organs from 7-day surgically castrated rats are included.

3P < 0.05 compared to the respective value of control rats. PP < 0.05 compared to the
respective value for cyproterone acetate-treated rats (ANOVA followed by Newman-

Keuls test).
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of these antagonists on the maximal responses
to noradrenaline (Figure 2 and Table 2). The
rank order of potency found for these an-
tagonists (prazosin > phentolamine > yo-
himbine) indicates that the contractions in-
duced by noradrenaline in vas deferens from
control and cyproterone acetate-treated rats
are mediated by o-adrenoceptors.

Effects of subtype-selective a,-adrenoceptor
antagonists on noradrenaline contractions

In vas deferens from control rats and
from rats treated with cyproterone acetate
for 7 days, the antagonists WB 4101 and
benoxathian (0 ,/0lp-selective), indoramin
and 5-methylurapidil (o 4-selective), and
BMY 7378 (o,p-selective) inhibited nor-
adrenaline contractions showing competi-
tive antagonisms (Figure 3 and Table 2). The
slopes of the Schild plots for these antago-
nists did not differ from unity.

Effect of chloroethylclonidine on
noradrenaline contractions

The incubation of vas deferens from con-
trol rats with the o;z/0lp-adrenoceptor alky-
lating agent chloroethylclonidine (100 puM,
45 min) resulted in no significant change in
the concentration-response curves for nor-
adrenaline (Figure 4A, Table 3). However,
this same treatment resulted in a 3-fold right-
ward shift in the concentration-response
curve for noradrenaline in vas deferens from
cyproterone acetate-treated rats associated
with an =30% reduction of the maximal
response (Figure 4B, Table 3).

Effects of longer cyproterone acetate
treatments on tissue wet weight and on the
antagonism of noradrenaline by WB 4101
and chloroethylclonidine

The fact that chloroethylclonidine was
effective on the vas deferens from rats treated
with cyproterone acetate for 7 days sug-
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Figure 2. Concentration-re-
sponse curves for noradrenaline
in the absence and presence of
increasing concentrations of
prazosin (A and B), phentola-
mine (C and D) and yohimbine
(E and F) in vas deferens from
control (A, C and E) and cyprot-
erone acetate-treated rats (B, D
and F). The Schild plots obtained
for prazosin, phentolamine and
yohimbine are presented in G.
Each symbol indicates the mean
and the vertical line, when larger
than the symbol, the SEM of 4-
12 determinations for 4 to 6 rats
in each group. When appropri-
ate, the rats received cyproter-
one acetate (10 mg/day, sc) for
7 days.
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Table 2. Effect of cyproterone acetate treatment on the pA, and slope values of o-
adrenoceptor antagonists against noradrenaline-induced contractions of vas deferens.

Antagonist Control Cyproterone acetate
pPA7 slope pA2 slope
Prazosin 9.51 £ 0.19 0.99 + 0.05 9.42 + 0.25 0.97 £ 0.10
Phentolamine 8.25 + 0.10 1.14 + 0.06 8.35 + 0.14 1.06 + 0.08
Yohimbine 6.67 + 0.24 0.99 + 0.07 6.77 + 0.06 1.11 = 0.08
WB 4101 9.61 + 0.03 1.01 £ 0.03 9.45 = 0.05 0.93 + 0.05
Benoxathian 9.83 + 0.04 0.87 = 0.08 9.57 = 0.04 1.00 £ 0.12
Indoramin 8.79 + 0.07 0.92 + 0.06 8.63 = 0.03 1.03 + 0.04
5-Methylurapidil 8.58 + 0.06 0.89 + 0.06 8.56 + 0.06 1.01 £ 0.05
BMY 7378 6.89 + 0.05 1.11 £ 0.07 6.85 = 0.05 0.98 + 0.07

Rats received cyproterone acetate (10 mg/day, sc) for 7 days. Data are reported as
means + SEM of 4 to 12 determinations on tissue from 4 to 6 rats in each group.
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gested that the anti-androgenic treatment was
not of long enough duration to allow detec-
tion of alterations in the actions of «-
adrenoceptor selective antagonists such as
WB 4101. Therefore, the actions of WB
4101 were determined against the contrac-
tions induced by noradrenaline in vas defer-
ens from rats treated with cyproterone ace-
tate for 14 days. Treatment of the rats with
cyproterone acetate for 14 days induced more
marked reductions in the wet weights of the
vas deferens (47 = 1.0 mg, N = 5; P < 0.05),
ventral prostate (98 = 3.0 mg, N =5; P <0.05)
and seminal vesicle (115 + 4.0 mg, N = 5;
P <0.05) than the treatment for 7 days (Table
1). Noradrenaline induced concentration-de-
pendent contractions in vas deferens from
rats treated with cyproterone acetate for 14
days with the same potency (pD,=7.2+0.2,
N = 5) as observed in vas deferens from
control rats or from rats treated with cyprot-
erone acetate for 7 days. However, the maxi-
mal contraction induced by noradrenaline in
vas deferens from rats treated with cyproter-
one acetate for 14 days (17.7 £ 0.5 mN, N =
5) was smaller than that induced in vas def-
erens from control rats but not different from
that induced in vasa from rats treated for 7
days. The antagonist WB 4101 also pre-
sented competitive antagonism of the con-
tractions induced by noradrenaline in vas

M. Campos et al.

deferens from rats treated with cyproterone
acetate for 14 days, as indicated by the slope
of the Schild plot not different from the
theoretical unity (pA, =9.31 +0.10, slope =
0.88 = 0.05; see the solid line in Figure 5B).
However, a closer inspection of this antago-
nism shows that the slope of the line in the
Schild plot did not differ from the theoretical
unity only if a relatively wide range of an-
tagonist concentrations (1 to 100 nM) was
considered. Alternatively, if only the first
four concentrations of WB 4101 were used
to construct the Schild plot a slope of 0.65 +
0.05 was obtained, which was smaller than 1.0
(P > 0.05; see the broken line in Figure 5C).

In order to determine whether this com-
plex antagonism presented by WB 4101 and
the effectiveness of chloroethylclonidine
share common mechanisms, the actions of
WB 4101 were reevaluated against the con-
tractions in response to noradrenaline that
were resistant to this alkylating agent (Fig-
ure 5A). The antagonism presented by WB
4101 after chloroethylclonidine treatment is
consistent with classic competitive antago-
nism regardless of the concentrations of an-
tagonist used to construct the Schild plot
(pA, =9.54 £ 0.04; slope = 1.08 + 0.03, N =
5; Figure 5). This suggests that the complex
antagonism presented by WB 4101 is related
to a component of the response to noradrena-
line which is sensitive to chloroethylcloni-
dine.

Discussion

We investigated the effects of treatment
with the anti-androgen cyproterone acetate
on o,;-adrenoceptor subtypes involved in the
contractions of the rat vas deferens in re-
sponse to noradrenaline using subtype-se-
lective competitive antagonists. Treatment
of the rats with cyproterone acetate reduced
the wet weights of the vas deferens, ventral
prostate and seminal vesicle as expected ac-
cording to the anti-androgenic action of this
drug. However, surgical castration induced
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Figure 3. Concentration-re-
sponse curves for noradrenaline
in the absence and presence of
increasing concentrations of
WB 4101 (A and B), benoxathian
(D and E), indoramin (G and H),
B5-methylurapidil (J and K), and
BMY 7378 (M and N), in vas
deferens from control (A, D, G,
J and M) and cyproterone ace-
tate-treated rats (B, E, H, K and
N). The Schild plots obtained for
WB 4101, benoxathian, indora-
min, BMY 7378, and 5-methyl-
urapidil are presented in C, F, /,
L, and O, respectively. Each
symbol indicates the mean and
the vertical line, when larger
than the symbol, the SEM of 4-
12 determinations for 4 to 6 rats
in each group. The rats received
cyproterone acetate (10 mg/day,
sc) for 7 days.
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Figure 4. Concentration-re-
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Figure 5. A, Concentration-response curves for noradrenaline (before treatment with 100 uM chloroethyiclonidine for 45 min) obtained for vas
deferens from rats treated with cyproterone acetate (10 mg/day, sc, for 14 days) in the absence (open circles) and presence of WB 4101 at
concentrations of 1.0 (filled circles), 3.0 (open squares), 10 (filled squares), 30 (open triangles) and 100 nM (filled triangles). B, Concentration-response
curves for noradrenaline (after treatment with 100 pM chloroethylclonidine for 45 min) obtained for vas deferens from cyproterone acetate-treated rats
(10 mg/day, sc, for 14 days) in the absence (open circles) and presence of WB 4101 at concentrations of 1.0 (filled circles), 3.0 (open squares), 10 (filled
squares), 30 (open triangles) and 100 nM (filled triangles). C, Schild plot obtained for WB 4101. Each symbol represents the mean and the vertical line,
when larger than the symbol, the SEM of 5 determinations on tissue from 5 rats. CEC = chloroethylclonidine.

Table 3. Effects of chloroethylclonidine on pD2 and maximal contractions in response
to noradrenaline acting on vas deferens from control and cyproterone acetate-treated

rats.
Control Cyproterone acetate
pD2 Emax (%) pDy Emax (%)
Before treatment 7.1 = 0.1 100 = 10 7.0 = 0.1 100 + 9
After treatment 7.0 = 0.1 = @ 6.5 + 0.12 71 2= &P

The tissue was treated with 100 pM chloroethylclonidine for 45 min and extensively
washed (at least ten times) before the measurement. Data are reported as means +
SEM of 5 to 8 determinations on tissue from 5 to 8 rats in each group. The rats were
treated with cyproterone acetate (10 mg/day, sc) for 7 days. Emax is reported as
percent of maximal response before chloroethylclonidine treatment.

3P < 0.05 compared to the respective value before treatment (Student ttest).
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more pronounced reductions in the wet
weights of these organs, showing that treat-
ment with cyproterone acetate had only a
partial anti-androgenic action in comparison
to bilateral orchiectomy.

Cyproterone acetate treatment reduced
the maximal contraction induced by nor-
adrenaline in the vas deferens without chang-
ing the potency of this agonist, as indicated
by the pD, values. Interestingly, cyproterone
acetate treatment resulted in atrophy of the
vas deferens as characterized by the loss of
approximately 20% of the wet weight of the
organ. Therefore, it is tempting to associate
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the reduction in the maximal contraction in
response to noradrenaline with atrophy of
the organ. However, other factors may be
involved. For example, it is known that treat-
ment of the rats with cyproterone acetate
induces a drastic down-regulation of L-type
voltage-dependent calcium channels in the
vas deferens (14), as does bilateral orchiec-
tomy (15). This may contribute to the re-
duced responsiveness of the vas deferens to
noradrenaline since the contractions induced
by this agonist are dependent on calcium
influx through L-type voltage-dependent cal-
cium channels (16,17).

The actions of a series of subtype-selec-
tive antagonists were determined against the
contractions induced by noradrenaline to
determine the effects of cyproterone acetate
treatment on o,-adrenoceptor subtypes. The
results obtained with these reversible com-
petitive antagonists indicate that noradrena-
line-induced contractions in vas deferens
from both control and cyproterone acetate-
treated rats are due to the activation of o(;,-
adrenoceptors as judged by the high pA,
values found for the o ,-selective antago-
nists WB 4101, 5-methylurapidil and indo-
ramin. In addition, the low potency shown
by the o p-selective antagonist BMY 7378
against the contractions induced by nor-
adrenaline in both organs further indicates
that o, 4-adrenoceptors are involved in this
functional response. The conclusion that ot -
adrenoceptors are involved in the contrac-
tions of the vas deferens agrees with previ-
ous studies from this and other laboratories
(8,16-19). Interestingly, the o, ,-adrenoceptor
is not the only o;-subtype expressed in the
rat vas deferens since radioligand binding
experiments have detected the presence of
oa- and oyp-adrenoceptors (20-22) and
mRNA species for 05-, 05~ and o;p-sub-
types have been detected in this organ (23-
25, and Pupo AS and Avellar MCW, unpub-
lished observations). The roles of the o -
and op-adrenoceptor subtypes in the rat vas
deferens remain to be established.

The lack of effect of chloroethylcloni-
dine on vas deferens from control rats also
supports the involvement of 0, ,-adrenocep-
tors in these contractions. However, chloro-
ethylclonidine inhibited, at least in part, the
contractions induced by noradrenaline in vas
deferens from cyproterone acetate-treated
rats. Since chloroethylclonidine alkylates
o,g- and op-adrenoceptors, this result sug-
gests that multiple subtypes may participate
in the contractions of the vas deferens from
cyproterone acetate-treated rats. This led us
to test the effects of longer treatments with
cyproterone acetate. WB 4101 showed com-
plex antagonism against the contractions of
the vas deferens from rats treated with cypro-
terone acetate for 14 days in response to
noradrenaline. The complex antagonism of
WB 4101 was observed with the effects of
the concentrations of 1 to 30 nM which
resulted in a slope parameter in the Schild
plot much lower than theoretical unity, also
indicating that mixed receptor populations
may be involved in the contractions induced
by noradrenaline. Accordingly, after treat-
ment with chloroethylclonidine of the vas
deferens from rats treated with cyproterone
acetate for 14 days, the complex antagonism
presented by WB 4101 was converted into
classical competitive antagonism resulting
in a high pA, consistent with the interaction
of this antagonist with o 5-adrenoceptors.

Previous studies have shown that the ex-
pression of o -adrenoceptor subtypes is dif-
ferentially regulated by gonadal hormones.
We have observed that bilateral orchiectomy
induces a plasticity similar to that described
in the present study (8) and that testosterone
replacement treatment of castrated rats pre-
vents its appearance (12). Recently, Homma
et al. (9) observed a specific down-regula-
tion of the mRNA for o ,-adrenoceptors
associated with a reduced potency of phen-
ylephrine in the rat prostate after androgen
deprivation by surgical castration. Sexual
maturation, and supposedly the accompany-
ing increase in plasma testosterone levels,
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reduces the mRNA for o ,-adrenoceptors in
the caput epididymis and increases the mRNA
for op-adrenoceptors in the cauda epididy-
mis of the rat (10). Estradiol, on the other
hand, has been shown to increase selectively
the expression of o/z-adrenoceptor binding
sites and signaling in the hypothalamus and
preoptic area of the female rat (6,7,11).
The results presented here indicate that
the contractions of the vas deferens from
control rats in response to noradrenaline are
mediated by oj5-adrenoceptors. However,

M. Campos et al.

in addition to o, 4-adrenoceptors, the o/p-
subtype also participates in the contractions
of the vas deferens from cyproterone ace-
tate-treated rats, indicating that this anti-
androgen induces some plasticity in the func-
tional o-adrenoceptor subtypes in the rat
vas deferens.
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