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Abstract

We previously reported that systemic administration of yohimbine, an a,-adrenoceptor antagonist, exerts a biphasic effect (stimulating
and suppressing) on ejaculation in dogs, when this function is analyzed using the amount of ejaculated semen in response to genital
stimulation. To clarify the effect of c,-adrenoceptor blockade on male sexual function, we investigated the effects of four selective
ap-adrenoceptor antagonists, rauwolscine, idazoxan, RX821002 and mydaglizole, on sexual responses (ejaculation, penile erection and
pelvic thrusting behavior) elicited by manual penile stimulation in dogs. Rauwolscine (intraperitoneal, 30 min before the testing) caused a
biphasic effect on ejaculation; the amount of ejaculated semen produced by the stimulation was significantly increased by the lower doses
(0.1 and 0.3 mg/kg), whereas it was decreased by the higher doses (1.0 and 2.0 mg/kg). The higher doses of rauwolscine also markedly
inhibited both penile erection and pelvic thrusting behavior. Idazoxan and RX821002, at doses of 0.1 and 0.3 mg/kg, caused a significant
increase in the amount of ejaculated semen without affecting other sexual functions. RX821002 (2.0 mg/kg), but not idazoxan (2.0 mg/kg),
moderately inhibited both penile erection and pelvic thrusting behavior. Mydaglizole, a peripherally acting «,-adrenoceptor antagonist, did
not affect the sexual responses at any doses (0.1—4.0 mg/kg). In the ejaculatory declining test, all a,-adrenoceptor antagonists (0.1 mg/kg),
except for mydaglizole, completely prevented the decrease in ejaculatory capacity produced by antecedent ejaculation. These results indicate
that, though the range of the effective dose is narrow, the c,-adrenoceptor antagonists that can block the central ay-adrenoceptors have the
stimulatory effects on ejaculatory function. The difference of the sexual effects may be based on the action except for the a,-adrenoceptor
blockade. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

There is a considerable evidence supporting the stimula-
tory effect of a,-adrenoceptor antagonists in the modulation
of male sexual behavior. For example, treatment of male rats
with yohimbine, a prototype of a,-adrenoceptor antagonist,
facilitates several components of copulatory behavior (Clark
et al., 1984, 1985a; Sala et al., 1990; Smith et al., 1987a)
and causes a considerable improvement in a variety of
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hyposexual conditions such as castration (Clark et al.,
1985b) and age-related sexual deficiencies (Smith and
Davidson, 1990). However, it was shown that the dose
range of yohimbine, which causes the sexual promoting
effect, is very narrow. Recent studies have reported that a
more potent and selective a,-adrenoceptor antagonists also
can stimulate sexual behavior in rats (Tallentire et al., 1996)
and monkeys (Linnankoski et al., 1992) over a wide dose-
range. This suggests that the o,-adrenoceptor antagonist
may possess an aphrodisiac property, and that central
ap-adrenoceptor may be involved in the modulation of male
sexual behavior.

With regard to the effects of a,-adrenoceptor antagonists
on male sexual functions, especially ejaculation, pharmaco-
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logical research has been hampered by the lack of a suitable
animal model. Recently, we found the stability of the
amount of ejaculated semen in response to genital stimula-
tion in dogs and established a simple method for evaluating
the drug effects on ejaculation (Yonezawa et al., 1991a).
Using this method, we reported for the first time that
systemically administered yohimbine affects the ejaculatory
capacity in dogs in a biphasic fashion; low doses increase
the amount of ejaculated semen, whereas higher doses
diminish the ejaculatory capacity (Yonezawa et al.,
1991a). Furthermore, we clearly demonstrated that yohim-
bine, at lower doses, prevents the diminution of ejaculatory
capacity during frequent ejaculation in dogs and that the
diminished ejaculatory capacity is restored to an almost
normal level (Yonezawa et al., 1991b,c). These results
suggest the possibility that o,-adrenoceptor antagonists
have a stimulating effect on the ejaculatory function.

The purpose of the present study was to investigate the
effects of four selective ap-adrenoceptor antagonists on
ejaculation elicited by manual penile stimulation in dogs.
Penile erection and pelvic thrusting behavior induced by the
stimulation were also observed to accurately evaluate the
effects of these antagonists on male sexual functions.

2. Materials and methods
2.1. Animals

Fourteen adult male beagle dogs weighing 11-16 kg
were used. Before the drug experiments, all animals were
tested for the reliable occurrence of penile erection and
ejaculation in response to manual penile stimulation. They
were individually housed in a dog’s room at a temperature
of 22-24°C and 50-60% relative humidity, and adapted on
a reverse light—dark cycle (light on: 6:00 a.m.—8:00 p.m.).
Water and standard dog food (CD-1, CLEA, Japan) were
available at all times except during the experimental ses-
sions. This study was reviewed and approved by the Animal
Committee of Tohoku Pharmaceutical University.

2.2. Drugs

Rauwolscine HCI (Carl Roth), idazoxan HCI (Sigma),
RX821002 HCI (Research Biochemicals) and mydaglizole
(donated by Daiichi Pharmaceutical, Tokyo) were used in
this study. Drugs were dissolved in physiologic saline or
sterile distilled water (also used as control solution) imme-
diately prior to testing and were injected intraperitoneally in
a volume of 3 ml/animal 30 min before the testing. The
doses of the drugs were calculated as the salt.

2.3. Testing procedure

The testing procedure for evaluating the drug effects on
male sexual functions were similar to those reported pre-

viously (Yonezawa et al., 1991a). For all experimental
sessions, dogs were transferred to an experimental room
15-30 min before the testing and then injected the appro-
priate drugs or vehicle. Ejaculation and penile erection were
elicited by continuous manual stimulation of the penis
(Experiment 1 for 5 min, Experiment 2 for 10 min), which
applied light pressure and gently rubbed the body of the
penis just behind the bulbus glandis. To assess ejaculation,
the expelled semen from the urethra was collected with a
preweighed plastic beaker during a period of the stimulation
and then weighed on an electro-millibalance (Sartorius Type
1413). To assess penile erection, the latency to full erection
from the start of the stimulation was measured. If the
animals failed to exhibit full erection, test duration was
assigned as the response latency and the changes of erectile
potency were simultaneously scored according to the fol-
lowing grades of intensity: score 0, no reaction; score 1,
slight increase of the size of the bulbus glandis and pars
longa glandis; score 2, the glans penis largely engorgement,
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Fig. 1. Effects of rauwolscine on ejaculation (A), penile erection (B) and the
incidence of pelvic thrusting behavior (C) elicited by manual penile
stimulation in dogs. Rauwolscine was injected intraperitoneally 30 min
before the testing. The symbol (*) indicates a significant difference
(P<.05) from vehicle (VEH)-treated animals (n=7).
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Fig. 2. Effects of idazoxan on ejaculation (A), penile erection (B) and the
incidence of pelvic thrusting behavior (C) elicited by manual penile
stimulation in dogs. Idazoxan was injected intraperitoneally 30 min before
the testing. The symbol (*) indicates a significant difference (P <.05) from
VEH-treated animals (n=7).

but not fully erect. Some dogs appeared copulatory behav-
ior-like components such as pelvic thrusting and alternate
stepping of the hind legs induced by the stimulation. In the
present study, therefore, the incidence of these components
was also observed to accurately assess the drug effects on
male sexual functions. Manual penile stimulation and
observation of each sexual function was carried out by
the same observer.

2.3.1. Experiment 1

Each animal served as his own control, because the
amount of ejaculated semen produced by manual penile
stimulation varied considerably among individual animals
(Yonezawa et al., 1991a). The time interval between semen
collections was 4—5 days. To determine the basal ejaculate
value, the semen collection was made three to five times
prior to the testing and the mean weight of ejaculates was
calculated in each animal (pre-drug value). All data for
ejaculation were represented as a percentage of the pre-

drug value. After the determination of the pre-drug value,
each dog was administered vehicle or four doses of each
ap-adrenoceptor antagonist. The order of administration
was rauwolscine, idazoxan, RX821002 and mydaglizole.
The time interval between the drug administrations was
4-5 days.

2.3.2. Experiment 2

Our previous study showed that the amount of ejaculated
semen produced by manual penile stimulation was drasti-
cally reduced during a period of frequent ejaculation (Yone-
zawa et al.,, 1991b,c). Indeed, the amount of ejaculated
semen obtained by the second stimulation was decreased
drastically. To assess the stimulatory action of «,-adreno-
ceptor antagonists on the ejaculatory function, therefore,
each ay-adrenoceptor antagonist was injected immediately
after the first stimulation (for 10 min) and the data were
represented as a ratio against the weight of the first ejacu-
lated semen. The experimental sessions on a given animal
were repeated at 7—10-day intervals.

2001 (A)
o
2 * *
[1]
c >
Lo
s 2
35 100 }
R
ire
k]
®
0
B
soof ®
c
S
°
o
] 200 *
9
=0
S @
[
ol .
i) 100}
>
[3]
c
2
3 0
gor (©
)
S 60f
[
oD
£
2% aof .
£3
oc
K=
»n 20f
B
0
VEH 0.1 0.3 1.0 2.0

RX821002 (mg/kg)

Fig. 3. Effects of RX821002 on ejaculation (A), penile erection (B) and the
incidence of pelvic thrusting behavior (C) elicited by manual penile
stimulation in dogs. RX821002 was injected intraperitoneally 30 min
before the testing. The symbol (*) indicates a significant difference
(P<.05) from VEH-treated animals (n=7).
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Fig. 4. Effects of mydaglizole on ejaculation (A), penile erection (B) and the
incidence of pelvic thrusting behavior (C) elicited by manual penile
stimulation in dogs. Mydaglizole was injected intraperitoneally 30 min
before the testing. The symbol (*) indicates a significant difference
(P<.05) from VEH-treated animals (n=7).

2.4. Data analysis

Nonparametric statistics were used throughout. Overall
differences were analyzed using the Friedman two-way
analysis of variance. When significant differences (P <.05)
were obtained, the Wilcoxon-matched pairs signed-ranks test
was applied to identify significant differences between the
treatments. For analysis of percentages, the Binomial test for
significance of change was used. Data are presented as the
mean+ S.E.M.

3. Results

3.1. Ejaculation, penile erection and pelvic thrusting
behavior by manual penile stimulation

In control experiment, the ejaculation occurred within
0.5 min after the start of manual penile stimulation, and

subsequently occurred intermittently when the stimulation
was continued. The weight of ejaculated semen produced
by the stimulation varied considerably among individual
dogs, as previously reported (Yonezawa et al., 1991a). The
basal value (pre-drug value) in each animal obtained by
regular semen collection (3—5 times at 4—5-day intervals)
ranged from 3.58 to 12.31 g. However, the time to time
variations in the weight of ejaculated semen is little changed
in each of 14 dogs. The coefficients of variation within
animals ranged from 5.6% to 13.4% with an average of
10.3%. A rapid penile tumescence and pelvic thrusting
behavior was also simultaneously occurred by the stimula-
tion, and all animals showed a full erection within 1 min
after the start of the stimulation.

3.1.1. Experiment 1

Fig. 1 shows the dose-dependent effects of rauwolscine
on ejaculation, penile erection and the incidence of pelvic
thrusting behavior elicited by manual penile stimulation.
Rauwolscine at a low dose (0.1 mg/kg) caused a significant
increase in the amount of ejaculated semen without affecting
the latency to full erection and the incidence of pelvic
thrusting behavior. Conversely, the higher doses (1.0 and
2.0 mg/kg) of the drug markedly attenuated the sexual
responses by the stimulation (mean erectile potency was
1.4, n="7). At 1.0 mg/kg dose of rauwolscine also produced
a marked autonomic and behavioral effect such as diarrhea,
salivation and restless. It seems unlikely that the decrease in
semen caused by rauwolscine may be due to retrograde
ejaculation, since sperm was not found in the urine drawn
from the urinary bladder.

As shown in Figs. 2 and 3, idazoxan (0.1 and 0.3 mg/kg)
and RX821002 (0.1 and 0.3 mg/kg), which were equipotent,
caused a significant increase in the amount of ejaculated
semen without affecting other sexual responses. Unlike
rauwolscine, the highest dose (2.0 mg/kg) of idazoxan did
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Fig. 5. Effects of rauwolscine, idazoxan, RX821002 and mydaglizole on the
diminution of ejaculatory capacity in dogs following ejaculation (first
stimulation). The restimulation (second stimulation) was done 30 min after
the first stimulation. Ejaculatory capacity is represented as a ratio against
the ejaculated semen obtained by the first stimulation (for 10 min). Each
drug was injected intraperitoneally immediately after the first stimulation.
* P<.05, ** P<.01 when compared to VEH-treated animals (n="7).
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not show an inhibitory effect on all sexual responses.
RX821002, at the dose 2.0 mg/kg, showed only the sig-
nificant extension in the latency to full erection and decrease
in the incidence of pelvic thrusting behavior.

In contrast to the above three a,-adrenoceptor antago-
nists, mydaglizole (0.1-4.0 mg/kg), a peripherally acting
ap-adrenoceptor antagonist, did not affect the sexual
responses at any doses (Fig. 4).

3.1.2. Experiment 2

Fig. 5 shows the effects of rauwolscine, idazoxan,
RX821002 and mydaglizole on the diminution of the
ejaculatory capacity induced by antecedent ejaculation.
Although the weight of the first ejaculated semen varied
considerably among individual animals (range from 4.80 to
8.14 g), the degree of reduction in ejaculated semen induced
by the second penile stimulation was not related to the
weight of the first ejaculated semen. When administered
immediately after the first stimulation (for 10 min), rau-
wolscine, idazoxan and RX821002, at the dose 0.1 mg/kg,
completely and equivalently prevented the decrease in
ejaculated semen produced by subsequent penile stimula-
tion. However, mydaglizole was without effect on the
diminution of the ejaculatory capacity.

4. Discussion

The major finding of the present study is that a low dose
(0.1 mg/kg) of ay-adrenoceptor antagonists, rauwolscine,
idazoxan and RX821002, has a stimulatory effect on the
ejaculatory function in dogs. In fact, the amount of ejacu-
lated semen produced by manual penile stimulation was
significantly increased by these drugs without affecting the
penile erection and the incidence of pelvic thrusting behav-
ior. Furthermore, 0.1 mg/kg dose of rauwolscine, idazoxan
and RX821002 completely prevented the diminution of the
ejaculatory capacity elicited by antecedent ejaculation. Our
previous study showed that administration of yohimbine
(0.01-0.30 mg/kg ip), a prototype of a,-adrenoceptor
antagonist, results in a stimulatory effects as assayed by
both ejaculation tests used in the present study (Yonezawa
et al., 1991a,b), which is in line with the present data that of
rauwolscine, idazoxan and RX821002. These results, taken
together, suggest that a low dose of a,-adrenoceptor antag-
onists exerts the stimulating effect on the ejaculatory func-
tion under either a normal or diminished state of the
ejaculatory capacity in dogs.

In contrast to above three «y,-adrenoceptor antagonists,
mydaglizole (0.1-4.0 mg/kg) did not have any significant
effects on ejaculation, penile erection and the incidence of
pelvic thrusting behavior. This drug has been reported to be
a selective ap-adrenoceptor antagonist, which possesses
blocking activities on peripheral c,-adrenoceptors, but lacks
the blocking activity on central a,-adrenoceptors when
administered systemically (Hirohashi et al., 1990). In fact,

the central a,-adrenoceptor-mediated fall in blood pressure
and pupillary dilation induced by clonidine and B-HT 920,
the ay-adrenoceptor agonists, can be blocked by yohimbine
and idazoxan, whereas mydaglizole is ineffective (Hirohashi
et al., 1990). Furthermore, the ejaculatory suppression
induced by clonidine cannot be blocked by mydaglizole,
whereas yohimbine and idazoxan are effective (Yonezawa
et al., 1986, 1992). Based on these pharmacological find-
ings, it is probable that the stimulating effects of rauwols-
cine, idazoxan and RX821002 on ejaculation may be related
to blockade of the a,-adrenoceptors in the CNS rather than
in the peripheral site.

The stimulatory effects of the o,-adrenoceptor antago-
nists on ejaculation is in contrast with previous findings
(Smith et al., 1987b) that treatment with the antagonists,
especially idazoxan, to male rats abolished spontaneous
seminal emission. The discrepancy may be explained by
the differences of species and experimental conditions that
in our study ejaculation was elicited by continuous tactile
stimulation of the penis in dogs, while in the rat study it was
elicited without stimulating the genital organs. In fact, there
is a paper that the doses of idazoxan that inhibit the
spontaneous seminal emission facilitate the elicitation of
behavioral ejaculation following the intromission (Smith
et al., 1987a). These results, therefore, suggest that the
afferent sensory input may be necessary for the elicitation
of ejaculatory stimulation by a,-adrenoceptor antagonists.

One particularly interesting finding in the present study
is that the levels of increase in the amount of ejaculated
semen elicited by administration of a,-adrenoceptor antag-
onists were significantly greater in animals having dimin-
ished ejaculatory capacity (Experiment 2, Fig. 5) than in
those having normal ejaculatory capacity (Experiment 1,
Figs. 1-3). Thus, the activation of the «y-adrenergic
mechanism may be related to the decrease in ejaculatory
capacity produced by antecedent ejaculation. Reduction in
the amount of ejaculate semen during the course of repeated
ejaculation is generally ascribable to either a low storage or
a decrease in secretion capacity in the male accessory
glands, or a combination of both (Rui et al., 1984). The
ap-adrenoceptor antagonists may directly stimulate the
prostatic secretion and thereby prevent the diminished
ejaculatory capacity in dogs. However, this possibility
seems unlikely for the following reasons. (1) Pilocarpine
(0.1 and 0.3 mg/kg ip), which is known to stimulate
prostatic secretion, did not prevent the reduction of ejacu-
lated semen during repeated ejaculation (Yonezawa et al.,
1994). (2) Yohimbine (0.03—1.00 mg/kg ip) did not exert a
pilocarpine-like stimulating effect on the prostatic secretion
in anesthetized dogs, at any doses (Yonezawa et al., 1994).
Thus, the promoting effects of ,-adrenoceptor antagonists
on ejaculation cannot be regarded as being secondary to
increase the resting prostatic secretion. Our previous studies
clearly showed that seminal emission and ejaculation
induced by electrical stimulation of the hypogastric nerves
are unaffected by repeated stimulus given within a short
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period (Kimura, 1972; Yonezawa et al., 1991c). These
results led to suggest that administration of rauwolscine,
idazoxan and RX821002 to male dogs may facilitate the
ejaculatory reflex arc, which is triggered by the tactile
stimulation. Electrophysiological studies have demonstrated
that the activity of pre- and postganglionic sympathetic
nerves are increased by yohimbine and other oy-adreno-
ceptor antagonists (McCall et al.,, 1983; Ramage and
Tomlinson, 1985).

Among oy-adrenoceptor antagonists used in this study,
the higher doses (1.0 and 2.0 mg/kg) of rauwolscine
strongly inhibited ejaculation, penile erection and the inci-
dence of pelvic thrusting behavior. A similar effect has been
also reported in the high dose (1.0 mg/kg) of yohimbine
(the isometric form of rauwolscine) (Yonezawa et al.,
1991a), suggesting the common suppressive mechanism(s)
that are not due to the blockade of the an-adrenoceptor
between these indole alkaloids. Winter and Rabin (1992)
clearly showed that yohimbine and rauwolscine have high
affinity for 5-HT,, receptor and these two drugs, but not
idazoxan, generalizes to the stimulus effect of 5-HT;4
agonist in drug discrimination studies. Kawai et al. (1992)
also showed that yohimbine acts as a full agonist at 5-HT; 5
receptors in the second messenger studies. Furthermore,
electrophysiological study demonstrated that high doses of
yohimbine inhibit sympathetic nerve activity via 5-HT
receptor agonist action (McCall et al., 1991). These results
suggest that the effects of higher doses of these indole
alkaloids may be mediated by 5-HT;, receptors. Indeed, it
has been shown that 5-HT,;, receptor agonists such as 8-
OH-DPAT and buspirone inhibits seminal emission and
penile erection when administered systemically or intra-
thecally in genital reflex test (Mathes et al., 1990; Schnur et
al., 1989). 8-OH-DPAT also caused the decrease in seminal
plugs obtained by copulatory behavior (Schnur et al., 1989).
These results, taken together, suggest that the suppressive
effect of rauwolscine and yohimbine on male sexual func-
tions may be related to an interaction with the 5-HT,
receptor. This is supported by our recent finding that the
5-HT; o receptor agonist 8-OH-DPAT can also inhibit ejac-
ulation, penile erection and the incidence of pelvic thrusting
behavior (unpublished data). Another explanation for the
mechanism of the ejaculatory inhibition may be related to
an «;-adrenergic blocking action of these alkaloids at high
doses. Further investigations are, however, necessary to
elucidate these inhibitory mechanisms.

The fact that ay-adrenoceptor antagonists have a stim-
ulating effect on ejaculation, especially the diminished state
of the capacity, is in accord with clinical findings. Brindley
(1994) has indicated that the vibrator stimulation is effective
for the treatment of patients with primary anorgasmia,
which lack ejaculation and orgasm, and that the adminis-
tration of yohimbine (<0.4 mg/kg) prior to applying the
tactile stimulation is more effective in this therapy. Thus,
the «y-adrenoceptor antagonist may be effective for the
treatment of ejaculatory failure, which accompanies by

the decrease in the ejaculated semen. In addition, the
ap-adrenoceptor antagonist may have a great potential for
alleviation of male sexual dysfunction, because recent
research on erection has shown that the antagonist is also
the effectiveness in various erectile disorder (Munoz et al.,
1994; Reid et al., 1987).

In conclusion, we have presented evidence that
though the range of the effective dose is narrow,
selective an-adrenoceptor antagonists have the stimulating
effect on the ejaculatory function under either a normal
or diminished state of the ejaculatory capacity in dogs.
The difference of the sexual effects in the high dose of
the antagonists may be based on the action except for
the «y-adrenoceptor mechanisms.
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