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Enhancement of apomorphine-induced penile erection in the rat by
a selective o;p-adrenoceptor antagonist
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1 Effects of A-322312 (oyp-adrenoceptor (AR) antagonist), A-119637 (a;p-AR antagonist),
prazosin (non-selective o;-AR antagonist), and yohimbine (x,-AR antagonist) were studied in rat
corpus cavernosum (CC) and cavernous artery (Acc) preparations. Effects of intracavernous (i.c.) or
intraperitoneal (i.p.) administration of «;-AR antagonists on apomorphine-induced erections were
investigated.

2 A-119637 attenuated electrically induced contractions in isolated CC (—1ogICs; 8.12+0.15), and
relaxed noradrenaline (NA)-contracted preparations by more than 90% at 107 M. At the same
concentration, the —logECs, value for NA in Acc was altered from 6.79+0.07 to 4.86+0.13. In the
CC and Acc, prazosin similarily inhibited contractile responses.

3 Inhibitory effects of A-322312 (10~7 M) in electrically activated CC were 32.3 +5.1%, whereas no
effect on concentration-response curves for NA was observed in the Acc. Yohimbine (10~% M and
10-7 M), enhanced electrically-induced contractions in isolated CC by 20 to 50%. At 10-° M,
inhibitory effects of yohimbine were obtained.

4 A-119637 (0.3 umol kg~', i.p.) tripled the number of erections, and produced a 6 fold increase in
the duration of apomorphine-induced erectile responses. A-322312, prazosin, or yohimbine did not
enhance erections induced by apomorphine. None of the o;-AR antagonists significantly increased
ICP upon i.c. administration. Decreases in blood pressure were seen with A-119637 and prazosin.
5 The present findings show that there is a functional predominance of the a;p-AR subtype in the
rat erectile tissue, and that blockade of this receptor facilitates rat penile erection induced by a

suboptimal dose of apomorphine.
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Introduction

The trabecular smooth muscles and vasculature of the corpus
cavernosum (CC) receive a dense adrenergic innervation.
These nerves release noradrenaline (NA) which, by acting on
postjunctional «-adrenoceptors, play an important role for
smooth muscle contractility during penile flaccidity and
detumescence (Andersson, 2001, Traish et al., 2000).

In the human CC, both «; and a,-adrenoceptors have been
demonstrated, and current information favour the view of a
functional predominance of o -adrenoceptors (Andersson,
2001). Three distinct o;-adrenoceptor (AR) subtypes have
been cloned and pharmacologically characterized (Guimaraes
& Moura, 2001). In the human CC, mRNAs encoding for
s, 21 and o;p-ARs, with a higher expression of the oa-
AR subtype (Dausse et al., 1998), have been demonstrated.
These three subtypes were also found in rat erectile tissues by
in situ hybridization (Veronneau-Longueville et al., 1998).
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Based on pharmacological findings (Muramatsu et al., 1995),
the presence of a fourth «;-AR subtype, denoted o, with
low affinity for prazosin, has also been proposed for the CC
(Davis et al., 1998). It is not clear which «;-AR subtype is of
main importance for contractility in penile smooth muscu-
lature. In the rat corpus cavernosum, o;5-ARs, but not o;p-
ARs, have been suggested to be responsible for o;-AR
agonist-induced contractions (Tong & Cheng, 1997). Other
investigators have proposed a functional relevance for the
o1g-, and/or the o -AR subtype in the contractility of the
erectile tissue (Davis et al., 1999; Sironi et al., 2000).
Functional experiments and investigations in animals’ models
are so far inconclusive, and since the cavernous smooth
muscle expresses mixtures of o;-AR subtypes, agonists may
produce contractions by interaction with more than one
receptor subtype (Traish er al., 1995b).

In cavernosal resistance arteries, postjunctional o;-ARs
also appear to mediate the main smooth muscle contractile
effects (Simonsen ez al., 1997a), but a contribution of a,-ARs
cannot be excluded (Hedlund & Andersson, 1985). In penile
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erectile tissues and resistance arteries, presynaptic stimulation
of a»,-ARs, has been suggested to decrease transmitter release
from adrenergic and/or cholinergic nerves, (Hedlund et al.,
1984; Molderings et al., 1989; Simonsen et al., 1997b).

Apomorphine, a dopamine receptor agonist, has been
reported to produce significant and durable erections with a
low incidence of adverse effect, and the drug has recently
been introduced as a sublingual preparation for treatment of
erectile dysfunction (Heaton, 2001).

Clinical studies on oral or intracavernous a-AR antagonists
as alternative treatments for erectile dysfunction have been
performed (Buvat et al., 1998; Andersson et al., 2000; Lue,
2000, Andersson & Stief, 2001). In particular, oral administra-
tion of phentolamine, a non-selective «; and o»-AR antagonist,
is attracting some attention. This treatment is beneficial for
some patients, however, circulatory side-effects can occur at a
high dose (Becker et al., 1998; Goldstein, 2000). In order to
obtain better efficacy and to diminish side effects, it is desirable
to increase the selectivity of the drugs for the target tissues.

If a combination of an a-AR antagonist and apomorphine
produces better efficacy than with either drug alone in the
treatment of erectile dysfunction has not yet been tested. The
aims of the present study were therefore to investigate the
effects of some o;-AR subtype selective antagonists on rat CC
and cavernous artery (Acc) in vitro, and on apomorphine-
induced erection in vivo.

Methods
Animals

Ninety-three male Sprague—Dawley rats (280—340 g) were
used. The rats were kept and cared for in standard cages
under clean conditions in separate quarters in a 1200—1200 h
light-darkness cycle with free access to water and pellets. The
Animal Ethics Committee of Lund University approved the
experiments performed.

Functional in vitro experiments

Thirty-one rats were sacrificed by carbon monoxide asphyxia
followed by exsanguination. The penises were removed and
placed in chilled Krebs solutions. As previously described
(Hedlund er al., 1999), the tunica albuginea was carefully
opened, and the erectile tissue was microsurgically dissected
free. Silk ligatures were applied at both ends of the strip
preparations, which were then suspended between two metal
prongs in thermostatically-controlled organ baths (5 ml,
37°C) containing Krebs solution, routinely changed every
20 min, and bubbled with a mixture of 95% O, and 5% CO,
(pH 7.4). The cavernous artery (Acc) was carefully dissected
from the CC specimens and cleaned from surrounding erectile
tissue. Ring-preparations with an outer diameter of approxi-
mately 250 yum and a length of 0.7 mm were prepared and
mounted on metal prongs (@70 um) in vessel organ baths
(2.5 ml, 37°C) also containing Krebs solution and aerated
with 95% O, and 5% CO, (pH 7.4). Isometric tension was
recorded by means of Grass Instruments FT03C force-
transducer connected to a Grass 7D polygraph (Grass
Instruments Co, MA, U.S.A.).

Electrical field stimulation was performed with two
platinum electrodes, placed in parallel to the strips in the
organ baths. Single square-wave pulses at supramaximum
voltage and with a duration of 0.5 ms were delivered by a
Grass S48 stimulator. The train duration was 5s and the
train interval 120 s.

During an equilibration period of 45 min., tension was
adjusted until mean stable tensions of 1.6+0.1 mN (n=49,
N=31), and 0.824+0.06 (=21, N=9) were obtained for CC
and Acc, respectively. Contractile abilities of the preparations
were established by adding a K* solution (124 mM) to the
organ baths. Mean responses to K* amounted to
14.5+2.4 mN for CC and 1.34+0.09 mN for Acc. Concentra-
tion-response curves for noradrenaline (NA; 10-°—10"* M)
were determined by cumulative administration of the agonist
to preparations of Acc. Preparations were then pre-treated
(25 min) with antagonists (10~°—10-° M), and the effect of
the respective drug on NA-induced contractions was
evaluated at each concentration. In CC, effects of drugs
were investigated on stable and reproducible contractions
induced by NA (3x 10~° M) or by electrical field stimulation.
Frequency-response relationships were investigated at supra-
maximum voltage in all preparations stimulated electrically.
When investigating the effect of drugs on electrically induced
contractions, a frequency producing activities that corre-
sponded to approximately 70% of maximal contraction was
chosen. A preparation was regarded as stable when the
amplitude of three consecutive electrically induced contrac-
tions did not differ by more than 5%. The investigated drugs
were then added cumulatively. The degree of inhibition was
expressed as a percentage of the contraction elicited prior to
the addition of the lowest concentration of the drugs.

In vivo studies

The rats were anaesthetized with pentobarbital sodium
(Apoteket, Umed, Sweden; 50 mg kg~ ') and ketamine (Parke
Davis, Barcelona, Spain; 10 mg kg~') given intraperitoneally.
During the experiment, the rats breathed spontaneously.
Through a small abdominal incision, a heparinized
(100 IE ml~") polyethylene catheter (PE-10, Parsippany, NJ,
U.S.A)) was introduced into the femoral artery to measure
systemic blood pressure. With a midline incision in the
perineum, the base of the penis, enclosed by striated muscles,
was exposed. The ischiocavernous muscle covering the crus
CC was divided on one side, and entrance to the underlying
tunica albuginea was given. A 25-gauge needle attached to a
heparinized polyethylene catheter (PE-50), was inserted into
the crus CC. For intracavernous (i.c.) administration of
drugs, a 27-gauge-needle attached to a heparinized poly-
ethylene catheter (PE-10) was placed into the other crus CC.
Continuous direct measurements of mean arterial and
intracavernous pressures (ICP) were performed with transdu-
cers (P23 DC, Statham Instrument Inc., CA, U.S.A.) and
registered on a Grass Polygraph 7E (Grass Instrument Co,
Mass, U.S.A)).

A stabilizing period of 20—-30 min was allowed before
registration of basal intracavernous pressure (BICP) and
arterial blood pressures. Drugs were given intraperitoneally
(i.p.) or i.c. in volumes of 200 ul and 50 ul, respectively.

Apomorphine 25 ug kg=' was given subcutaneously (s.c.)
20 min after i.p. drug administration, or 5 min after i.c.
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administration. The observation period after injection of
apomorphine was 30 min. The total number of responses
(over 37 mmHg), total duration of responses (the added
duration of all responses), time to the first response (TFR),
peak ICP (PICP), PICP/blood pressure and area under the
curve (AUC) were analysed in each rat. Statistical analyses
were then performed on the animals included in each
experimental group.

Drugs and solutions

A saline solution, containing 154 mM NaCl, and a Krebs
solution of the following composition were used (mM): NaCl
119, KCl 4.6, CaCl, 1.5, MgCl, 1.2, NaHCO; 15, NaH,PO,
1.2, glucose 5.5. A high K" solution (124 mM) was used, in
which the NaCl in the normal Krebs solution was replaced
by equimolar amounts of KCI. The following drugs were
used: A-322312 (Patane et al, 1998), 4-amino-2-[4-[1-
(benzyloxycarbonyl)-2(S)-[[(1,1-diethylethyl)amino]carbonyl]-
piperazinyl]-6,7-dimethoxyqinazoline, o;3-AR antagonist, A-
119637 (Carroll et al., 2001), o;p-AR antagonist, (Abbott
Laboratories, Abbott Park, IL, U.S.A.), prazosin, yohimbine,
and apomorphine (Sigma Chemical Co. St Louis, MO,
U.S.A.). A-322312 and A-119637 were dissolved with 90%
of saline and 10% of Cremphore EL (Sigma Chemical Co. St
Louis, MO, U.S.A.), and kept as stock solutions (10-2 m).
Prazosin and apomorphine were dissolved in distilled water
and saline, respectively.

Calculations

The results are given as mean values +standard error of the
mean. One way ANOVA was used for comparison between
groups, and were followed by Bonferroni correction.
Student’s paired two-tailed r-test was used for statistical
comparison between before and after giving a drug. A
probability of P<0.05 was accepted as significant. Small n
denotes the number of strip preparation, and capital N
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denotes the number of individuals. All statistical calculations
are based on N. The values for the negative logarithm of the
drug concentration producing half-maximal excitation (—Ilo-
gECs), or relaxation/inhibition (—1logICs) were determined
graphically for each curve by linear interpolation.

Results
Functional in vitro experiments

Electrical field stimulation produced reproducible and
frequency-dependent contractions of rat CC preparations.
Submaximal stimulation (18 Hz, 20 V) induced tetrodotoxin
(10~¢ M)-sensitive contractile responses, which amounted to
11.742.2 mN (n=29, N=26).

A-119637 (N=6) exhibited concentration-dependent inhi-
bitory activity on electrically induced contractions (Figure 1).
At concentrations of 107® M and 10~7 M, mean inhibitory
effects of 60.4+9.6% (P<0.001) and 93.44+3.7% (P <0.001)
were obtained, respectively. The —loglCsy value for A-
119637 was 8.12+0.15. A-322312 (N=7) had less inhibitory
effects which amounted to 12.642.3% at 107*M and
3234+5.1% (P<0.05) at 100" M. A —logICsy value of
6.66+0.08 was obtained for the drug. Prazosin (N=6)
inhibited the responses by 20.7+3.3% at a concentration of
1078 M, and 92.3+1.2% at 10-7 M. The —logICs, value for
prazosin amounted to 8.33+0.15. Yohimbine (N=5) atte-
nuated electrically induced contractions at 10~° M, producing
inhibitory effects of 44.3+9.2%. At lower concentration,
contractions were enhanced by 18.948.8% (107* M) and
49.24+14.1% (1077 m).

Noradrenaline-activated (3x107°M) CC (N=5) was
effectively relaxed by prazosin and A-119637 in a concentra-
tion-dependent manner (Figure 1). Relaxant effects of
87.0+2.7% and 72.44+4.3% were obtained at 1078 M,
respectively, and at higher concentrations, the NA-induced
contractions were completely relaxed. A-322312 and yohim-
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Figure 1 (A) Effects of a-adrenoceptor antagonists or vehicle (10~ M—107° M; N=7) on contractions induced by electrical field
stimulation (18 Hz, 20 V), or (B) by noradrenaline (NA; 3x107° M, N=6) in the rat isolated corpus cavernosum. Effects are
expressed as per cent enhancement/inhibition/relaxation of contraction, and values are given as mean +standard error of the mean.
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bine had less relaxant actions (Figure 1), and at 1077 M,
effects amounted to 19.4+1.8% and 26.9+3.4%, respec-
tively. The —logICsq for prazosin, A-119637, A-322312, and
yohimbine in NA-activated CC preparations amounted to
8.47+0.04, 8.32+0.05, 6.18+0.13, and 6.52+0.05, respec-
tively.

In the Acc, NA induced stable and reproducible concen-
tration-dependent contractile responses with a —IlogECsq
value of 6.79+0.07 (n=20, N="7). Contractions produced by
NA were concentration-dependently attenuated by prazosin
and A-199637 (Figure 2; n=5, N=5), and the —logECsq
were changed to 4.6840.12 (10-7M; P<0.05), and
4.86+0.13 (1077 M; P<0.05), respectively. In the presence
of A-322312 or yohimbine, no effect on dose-response curves
for NA was observed (—logECse: 6.87+0.13 and
6.89+0.17 ns).

In vivo studies

A mean BICP of 10.5+0.4 mmHg (N=62), and a mean
arterial blood pressure of 120.8+2.0 mmHg (N=062) were
recorded at the beginning of experiments. No erections
occurred spontaneously during the stabilization period. After
1.p. administration of drugs or vehicle, and before adminis-
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Figure 2 (A) Effects of prazosin (10~°—10~7 m), or (B) A-119637
(10°~10~7 M), on contractions induced by noradrenaline (NA;
10~°—10~* M, N=5) in the rat isolated cavernous artery (Acc). NA-
induced contractile effects are expressed as per cent of K* (124 mm)
contraction, and values are given as mean+standard error of the
mean.

tration of apomophine, erections were observed in seven out
of 31 rats.

In the presence of intraperitoneally given vehicle, submax-
imal stimulation by apomorphine (25 ug kg=', s.c., N=7)
produced 1.1+0.4 erections with a mean duration of
1.1+0.3 min (Figures 3 and 4). Administration of A-119637
(0.3 umol kg, i.p., N=6) increased the number of apomor-
phine-induced (25 pug kg=', s.c.) erections to 3.3+0.8, and
also prolonged the duration of the erectile responses to a
mean value of 6.2+ 1.7 min. (Figures 3 and 4; P<0.01). No
significant differences in corresponding increases in ICP was
obtained with A-322312 (0.3 umol kg~', i.p., N=6), and
1.5+0.5 erections with a duration of 2.0+0.7 min was
obtained with the drug. At the same concentration, s.c.
apomorphine induced 2.24+0.5 erectile responses with a
duration of 3.54+1.0 min in the presence of prazosin
(0.3 umol kg=', ip., N=6). The mean AUC values
amounted to 43.5417.6 mmHg min~' for vehicle, 126.4+
34.5 mmHg min~' for prazosin, 79.4+28.0 mmHg min~'
for A-322312 and 266.2+76.9 mmHg min~' (P<0.05)
for A-119637 (Figure 5). Intraperitoneal yohimbine
(0.3 umol kg=', ip., N=6) did not significantly affect
changes in ICP in response to apomorphine (25 ug kg=!,
s.c.), and 2.0+0.5 responses with a mean duration of
2.440.7 min, and with a mean value for AUC of
104.1+34.4 mmHg min~—' were obtained.

Intraperitoneal administration of A-119637 decreased mean
arterial blood pressure from 122.44+4.3 mmHg to
111.3+5.4 mmHg (P<0.01). Similar effects were seen with
prazosin given i.p., and a reduction in blood pressure from
115.0+2.9 mmHg to 98.4+5.4 mmHg (P<0.01) 5.4 mmHg
(P<0.01) was obtained. Vehicle, A-322312, or yohimbine did
not significantly affect mean arterial blood pressure upon i.p.
administration.

None of the «;-AR antagonists significantly increased ICP
upon i.c. administration (0.3 pug kg='). After pretreatment
with vehicle (i.c.), apomorphine (25 ug kg=', s.c.) produced
0.94+0.3 erections with a duration of 1.0+0.4 min (N=7).
Corresponding values for prazosin, A-322312, A-119637, and

Intraperitoneal administration

80T M vehicle *
Prazosin
A-322312

60F  [JA-119637

a0}

20}

0,0

Number Duration (min)

Figure 3 Number and duration of erectile responses induced by
intraperitoneal administration of oj-adrenoceptor antagonists
(0.3 umol kg~ ") or vehicle (N=6 each) during submaximal stimula-
tion with apomorphine (25 ug kg~', s.c.). The results are presented
as mean values +standard error of the mean. *P<0.05.
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a Vehicle (i.p.)

Apomorphine (25 ug.kg, s.c.)

2 min

b A-119637 (0.3 pumol.kg", i.p.)

Apomorphine (25 pg.kg-L s.c.)

0y
mmHg

2 min

Figure 4 A tracing showing intracavernous pressure changes
by subcutaneous apomorphine (25 ugkg™!) in rats pretreated

with intraperitoneal o;p-adrenoceptor antagonists (A-119637,
0.3 umol kg~ or vehicle.
H Vvehicle *
Prazosin
A-322312 *
300}
O A-119637
200}

100

Area under curve (mmHg.min)

intracavernous
Administration

intraperitoneal

Figure 5 Area under the curve of erectile responses induced by
intraperitoneal or intracavernous administration of «;-adrenoceptor

antagonists or vehicle during submaximal stimulation with apomor-

phine (25 ugkg™!, s.c.). The results are presented as mean

values +standard error of the mean. *P<0.05.

yohimbine (N=6, 0.3 umol kg~') were 1.240.5 and
1.94+0.9 min, 1.24+0.3 and 2.0+ 1.0 min, 3.240.7 (P<0.05)
and 6.0+ 1.3 min (P<0.05), and 1.5+0.7 and 1.8+0.8 min,
respectively (Figure 6).

The mean AUC values were 39.0+414.9 mmHg min~'
for vehicle, 49.1+26.9 mmHg min~—! for prazosin, 69.9+
27.4 mmHg min—' for A-322312, 234.84+55.4 mmHg min '
(P<0.05) for A-119637 and 97.5+52.7 for yohimbine (Figure
5). Intracavernous administration of prazosin or A-119637
decreased blood pressure from 124.9+3.6 mmHg to 94.7+
2.0 mmHg (P<0.01), and from 133.54+7.5 mmHg to
107.6 £6.6 mmHg (P<0.01), whereas vehicle, A-322312, or
yohimbine did not change blood pressure significantly.

There was no difference in mean values for TFR, BICP,
PICP and PICP/blood pressure between vehicle, A 322312, A
119637, or prazosin after intraperitoneal or intracavernous
administrations of either agent. Summarized values for

Intracavernous administration

Il Vehicle *
Prazosin
A-322312
60F [OA-119637
40F .’ls
201
0,0 vk
Number Duration (min)

Figure 6 Number and duration of erectile responses induced by
intracaverrnous administration of oj-adrenoceptor antagonists
(0.3 umol kg=!, N=6 each) or vehicle (N=7) during submaximal
stimulation with apomorphine (25 ug kg™', s.c.). The results are
presented as mean values +standard error of the mean. *P<0.05.

vehicle and drugs amounted to 11.7+1.1 min. for TFR
(N=50), 109404 mmHg for BICP (N=62), 79.7+
2.6 mmHg for PICP (N=150) and 0.79+0.02 for PICP/blood
pressure (N=50).

Discussion

The present results suggest an important role for the o;p-AR
subtype in mediating nerve-induced contractions of the
isolated rat CC. A-119637, the o;p-AR antagonist studied,
was almost as potent and effective as prazosin, the non-
selective o;-AR antagonist used. In further support of a
postjunctional «;p-AR mediated contraction in the rat CC,
A-119637 exhibited pronounced relaxant effects of NA-
activated preparations, similar to those obtained with
prazosin. The a;5-AR antagonist, A-322312, was less potent
and efficacious than A-119637 or prazosin in antagonizing
nerve- or agonist-induced contractile activity, confirming
previous findings in the rat CC of a minor postjunctional
o13-AR contractile function (Tong & Cheng, 1997). In
contrast to our findings of a functional predominance of
ap-AR, Tong & Cheng (1997) concluded that the o;5-AR
subtype was responsible for «;-AR agonist-induced contrac-
tile responses. The reason for this is unclear, but may be
explained by e.g. the use of different o;-AR agonists or other
differences in experimental approach. Under the present
experimental conditions, both nerve-mediated, and NA-
induced contractile activities were attenuated by A-119637.
In the rat isolated Acc, similar to findings in the CC, the
contractile effect of NA seems to be mediated mainly by the
o1p-AR subtype. In comparison to other arteries, although
regional differences do occur, the a;p- and a;54-AR subtypes
are those mainly implicated to be involved in the contractions
evoked by «;-AR agonists (Guimaraes & Moura, 2001).
Using high concentrations of A-119637, i.e. above 1077 M
(unpublished data), NA did not produce maximal contractile
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responses. In binding studies and investigations of functional
in vitro activity, A-119637 was shown to have high affinities
for the rat and human o;p-AR, and in rat tissues, an
approximately 100 fold selectivity for the o;p-AR over the
oa1a- and a;g-ARs (Carroll et al., 2001). Thus, at high
concentrations of A-119637, possible contributory effects on
the a;4- AR subtype cannot be excluded. As found for the
CC, postjunctional o;5-AR activity, but also a,-AR mediated
effects, appear to be of minor importance for the modulation
of smooth muscle tone in the Acc.

In vivo, we found that per se none of the antagonists used
had any proerectile effects when injected i.c. at the presently
investigated doses. This is not unexpected. Normal penile
erection is a combined event with reduction in sympathetic
tone and subsequent decrease in o-AR mediated functions,
and simultaneously, increased firing of parasympathetic
cholinergic nerves to increase NO/cGMP-mediated effects.
Manipulation of one of the signal systems that postjunction-
ally regulates smooth muscle contractility may not induce
erection. A combined effort to promote cavernous smooth
muscle relaxation is probably necessary to obtain an optimal
erectile response.

As previously suggested (Heaton et al., 1991, Mizusawa et
al., 2001), an optimal (or maximal) number of erectile
responses is obtained at 100 ug kg=' apomorphine. When
evaluating the effect of systemic «-AR antagonists on
centrally evoked erections, a dose of 25 ugkg™' (s.c.)
apomorphine was used. This dose was chosen on the
assumption that if the central and peripheral signals are
operating at optimal levels, an enhancement of the erectile
responses would be difficult to detect. With this experimental
set-up, A-119637 tripled the number of erections and
produced a 6 fold increase in the duration of the increases
in intracavernous pressure. None of the other investigated o-
AR antagonists significantly affected apomorphine-induced
erectile responses. These findings are in agreement with the
presently demonstrated in vitro data, and suggest that in the
rat CC, the a;p-AR is functionally predominant. In contrast
to our results, Sironi et al. (2000), investigating effects of o-
AR antagonists on changes in ICP in response to stimulation
of the cavernous nerve, concluded that in the CC from rats
and dogs, a;g-and o -ARs, but not the «;p-AR subtype, are
relevant for erectile function. Corresponding to the results in
this study, Sironi ez al. (2000) found no enhancing action of
prazosin on nerve-induced changes in ICP, and concluded
that hypotensive effects of the drug masked such possible
effects. However, we found that both prazosin and A119637
lowered systemic blood pressures. The difference in effect on
apomorphine-induced increases in ICP by prazosin and
A119637 may be that prazosin, in addition to being an
non-subtype selective antagonist at «;-ARs, also has affinities,
although lower, for o,p- and or.-ARs (Bylund & Ray-
Prenger, 1989; Gavin et al., 1997). In agreement with the
results on isolated cavernous tissue and the Acc, the effect of
A119637 is attributed to an action at presumably peripheral
sites. No information is available on the ability of A119637
to cross the blood —brain-barrier, and we can therefore not
completely exclude a central site of action of the drug. In the
present study, systemic administration of 0.3 ug kg~' of the
respective o-AR antagonist was used when investigating
effects on submaximal apomorphine stimulation. Upon
intracavernous injection of cumulative doses up to 1 mg kg ™'

(Sironi et al., 2000), conclusions concerning selectivity may be
questioned.

In the rat CC, ays, ;g and a;p-AR subtypes were all
expressed as demonstrated by Veronneau-Longueville et al.
(1998) using in situ hybridization with specific oligonucleotide
probes. In other species the results have been varying. In
porcine CC, o;5-ARs may be predominant (Wagner & Wei,
1992) and in rabbit CC, contractions induced by phenylephr-
ine were shown to be mediated by the o;5-AR (Furukawa et
al., 1996). In the human CC, it has not been established
which subtype is functionally predominant. Using RNAse
protection assay, previous investigators (Traish ez al., 1995a,
Goepel et al., 1999) found a;5 and a;p mRNA to be more
abundant than ;g mRNA. Furthermore, Dausse ez al. (1998)
found op and o mRNA signals to represent approximately
50 and 60%, respectively, of the corresponding values
obtained for oj4. Although o;p -ARs have been demon-
strated in human CC smooth muscle (Traish et al., 1995a),
CC from patients undergoing sex change surgery was found
to predominantly express oja, o1 and o,a protein, whereas
op was expressed only at the in mRNA level (Goepel et al.,
1999). Dausse et al. (1998) found predominance of oa
mRNA in human CC. Functionally, Traish et al. (1995b)
found evidence for a role of o4, o5 as well as «;p-ARs, and
suggested the NA-induced contraction was mediated by
stimulation of two or three receptor subtypes. Interestingly,
Davis et al. (1998) suggested that the o;1-AR, which
probably is a conformational state of the a;o-AR (Daniels
et al. 1999), was the predominant subtype in human CC.
Thus, there are differences in results obtained when
estimating the relative functional contribution of a given o-
AR on cavernous smooth muscle contractility. Further
complicating the interpretation of data obtained in separate
investigations, there seems to be a lack of correlation between
the «-AR mRNAs detected and expression of protein for a
specific x-AR, and the functional role for the respective a-AR
in penile erectile tissue.

Prejunctional a«,-ARs have been functionally demonstrated
in the majority of vascular tissues investigated (Guimaraes &
Moura, 2001). Modulation of prejunctional o,-AR functions
has been shown to decrease stimulus-evoked release of
noradrenaline from nerves in the corpus cavernosum
(Molderings et al., 1989) and corpus spongiosum (Hedlund
et al., 1984). In penile resistance arteries, stimulation of
prejunctional o,-ARs have been reported to attenuate
nitrergic neurotransmission (Simonsen et al., 1997b). In the
present study, o«>-AR blockade by yohimbine produced
biphasic effects on nerve-induced contractions in rat isolated
CC. At concentrations approximately corresponding to K;
values of yohimbine for some human and rat o,-ARs (Smith
et al., 1995), the drug-enhanced contractions in response to
activation of nerves in the rat CC. This effect probably
represents the presence of prejunctional o,-ARs otherwise
activated by stimulation-evoked release of noradrenaline.
Radioligand binding and in vitro studies have shown that
yohimbine has a 6— 140 fold higher selectivity for o,- than o;-
ARs.

In the present study, the inhibitory action on nerve-induced
contractions and the relaxant effects on agonist activated by
the drug at high concentrations, may be attributed to
stimulation of «;-ARs. In addition, activation of «,-ARs on
endothelial cells has been shown to stimulate the release of
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nitric oxide (Vanhoutte & Miller., 1989), promoting smooth
muscle relaxation. If this also is valid for erectile vascular
tissue needs to be further clarified.

A main finding in the present study was that when
systemically given in doses which per se had little effect on
erections, the o;p-AR antagonist A-119637 significantly
enhanced the effect of apomorphine, given in a suboptimal
dose (25 ug kg="). This makes it tempting to speculate that a
combination of a low dose of apomorphine and an «;p-AR
antagonist would be an interesting pharmacological principle
for treatment of erectile dysfunction. Apomorphine is
believed to produce erection by enhancing central signals
regulating penile erection (Heaton ez al., 1991). If the target
system(s) in the erectile tissues is defective, the drug should
not work. It is assumed that in a majority of patients with
erectile dysfunction, the NO/cGMP system is not working
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