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ARGIOLAS, A., M. COLLU, P. D'AQUILA, G. L. GESSA, M. R. MELIS AND G. SERRA. Apomorphine stimulation of male
copulatory behavior is prevented by the oxytocin antagonist d(CH,)sTyr(Me)-Orn®-vasotocin in rats. PHARMACOL BIOCHEM
BEHAYV 33(1) 81-83, 1989.—The effect of the intracerebroventricular (ICV) injection of the oxytocin antagonist d(CH,)sTyr(Me)-
Om®-vasotocin on the stimulation of copulatory behavior induced by the dopamine (DA) agonist apomorphine was studied in male rats.
Apomorphine (80 pg/kg SC) given 5 min before mating tests decreased intromission frequency and ejaculation latency in experienced
male rats. Such effects were abolished and reversed by pretreatment with 50 and 1000 ng of the oxytocin antagonist given ICV 5 min
before apomorphine. The peptide per se markedly increased intromission and ejaculation latency and abolished ejaculation in control
rats. The results suggest that brain oxytocin is implicated in the expression of sexual behavior, and apomorphine might improve male

copulatory behavior by releasing oxytocin in brain.

Apomorphine Oxytocin antagonists

Copulatory behavior

THE existence of a neuronal dopamine (DA)-oxytocin link in the
central nervous system involved in the regulation of sexual
behavior is suggested by the ability of both DA agonists and
oxytocin to induce repeated episodes of penile erection in male rats
(1, 3, 9, 10) and to improve copulatory behavior of vigorous
sexually experienced male rats in the presence of a female in estrus
(5, 6, 11). In agreement with this hypothesis we have recently
found that penile erection induced either by the DA agonist
apomorphine or by oxytocin is prevented by the intracerebroven-
tricular (ICV) injection of the potent oxytocin antagonist
d(CH,)sTyr(Me)-Orn®-vasotocin (2). To provide further evidence
for the the existence of such DA-oxytocin link, we have studied
the effect of d(CH,)sTyr(Me)-Om®-vasotocin on the facilitatory
effect of apomorphine on copulatory behavior in vigorous sexually
experienced male rats.

METHOD

The methods are the same as those previously reported (4,11).
Male Wistar rats (Charles River, Como, Italy) 3 months old and
weighing 275-300 g at the beginning of the experiments were
used. The animals were individually caged at 24°C, 60% humidity
under reversed 12-hr light/dark cycle (lights from 11:00 p.m. to
11:00 a.m.). A population of rats was selected which reached at
least 2 ejaculations in the last 4 of 8 mating tests performed at
weekly intervals, with an ovariectomized Wistar female rat brought
into estrus by subcutaneous injections of oestradiol benzoate (200
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jg/rat in oil) and progesterone (0.5 mg/rat, in oil), 48 and 6 hr
before the mating test, respectively [see (11)]. Mating tests were
carried out during the dark phase of the cycle, from 4.00 to 6.00
p.m. in a room lit by a dim red light. A female was introduced into
the male’s home cage, and the following measures of copulatory
behavior were recorded on an event recorder (Esterline Angus) for
30 min. Intromission latency: the time which elapsed from the
introduction of the female into the male’s cage until the first
intromission. Ejaculation latency: the time from the first intromis-
sion until the first ejaculation. Mount frequency and intromission
frequency: the number of mounts or intromissions in a series.
Ejaculation frequency: total number of ejaculations during 30-min
observation. Postejaculatory interval: the time from the first
ejaculation to the next intromission. Ejaculation refers to the
behavioral response and not seminal emission. Each test included
an equal number of saline- and drug-treated rats. Each rat in a
given group received randomly each of the treatments reported in
the table.

ICV injections were performed through stainless steel guide
cannulas aimed at one lateral ventricle stereotaxically implanted
under chloral hydrate anaesthesia 5 days before the experiments
(coordinates: 1 mm anterior to bregma, 1 mm lateral to midline,
and 2 mm ventral to dura) (12) as previously described (4). One
week after surgery, rats were retested for sexual behavior and only
those that were found to be as vigorous as before were used. The
oxytocin antagonist d(CH,)sTyr(Me)-Om°®-vasotocin (7) (a gener-
ous gift by Dr. M. Manning, Toledo University, OH), dissolved in
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TABLE |

EFFECT OF d(CH,)sTyr(Me)-Om®-VASOTOCIN (oxy ant) ON THE COPULATORY BEHAVIOR OF SALINE- AND
APOMORPHINE-TREATED MALE RATS WITH RECEPTIVE FEMALES

Saline Apomorphine
Copulatory 0 50 1000 0 50 1000
Parameters ng ICV oxy ant ng ICV oxy ant
Introm. Lat. 60 £ 7 214 = 99* 232 = 77* 50 = 10 110 = 291 308 = 85%f
Ejacul. Lat. 678 =+ 175 >1800 >1800 394 x 96* 740 = 110% >1800
Mount Freq. 6.6 = 0.6 — — 35+ 1.0 6.0 = 09F —°
Introm. Freq. 13.4 £ 0.5 - -~ 52 £ 2.6* 104 = 307 —°
Ejacul. Freq. 2.7 = 0.3% 0 0 29+ 03 23 x02° 0
Postejac. Int. 455 + 25 - — 534 + 60 580 = 98 —

A group of 30 sexually vigorous male rats was used. Each rat randomly received each of the treatments at
7-day interval, Apomorphine (80 pg/kg SC) or saline (60 i for each 100 g of body weight SC) was injected
5 min before the mating test. ICV treatments were: saline 5 ul (oxy ant==0); oxy ant 50 and 1000 ng dissolved
in 5 pl of saline, 10 min before the mating test. Values are means = S.E.M. for the same rats under different
treatment conditions. Intromission frequency, ejaculation latency and postejaculatory interval are expressed in
seconds. *p<0.001 with respect to saline not receiving oxy ant; +p<<0.001 with respect to apomorphine not
receiving oxy ant (one-way analysis of variance followed by the comparison of the means by Student’s -test).

2All rats ejaculated at least twice; “cannot be calculated.

saline or saline alone (5 pi/rat) was injected ICV 10 min before the
mating test. Five min later, the rats received in the back of the
neck a subcutaneous injection of 60 pl of saline with or without
freshly dissolved apomorphine-HCl (Sigma) (1 mg/7.5 ml) for
each 100 g of body weight. The statistical significance of the data
was analyzed by one-way analysis of variance followed by
comparison of the means by Student’s #-test.

RESULTS

Sexually experienced male rats attained ejaculation with recep-
tive females after 8-14 penile intromissions and within 814 min
after the first intromission, and ejaculated at least twice in a
30-min mating test. As shown in Table 1, the ICV injection of 5 pl
of saline 5 min before the mating test failed to induce any
significant change in the above parameters. In agreement with
previous studies (11}, 80 pg/kg SC of apomorphine given 5 min
before the mating test markedly decreased intromission frequency
and ejaculation latency (F=52.6 and 78.8, respectively,
p<0.001). These effects of apomorphine were abolished by
pretreatment with 50 ng (F = 35.6 and 34.8, respectively, p<<0.001)
and -1000 ng of ICV oxytocin antagonist given 5 min before
apomorphine, respectively. In particular, the dose of 1000 ng
abolished ejaculation in all apomorphine-treated rats. As already
reported (4), the oxytocin antagonist increased significantly the
intromission latency (F=54.6, p<<0.001) and abolished ejacula-
tion in saline-treated rats.

DISCUSSION

The present results show that the ICV administration of the
potent oxytocin antagonist d(CH,)sTyr(Me)-Ormn®-vasotocin not
only impairs in a dose-dependent manner sexual performance of
male experienced rats in the presence of a receptive female (4), but
also prevents the facilitatory effect of apomorphine on copulatory

behavior. Although the peptide per se inhibits copulatory behav-
ior, it is unlikely that the reversal of apomorphine effect is due to
a nonspecific depressant effect of the peptide, since it inhibits
copulatory behavior without inducing any other gross behavioral
change (4). The finding is in agreement with the hypothesis that a
central DA-oxytocin link is involved in the expression of sexual
behavior. Accordingly, both apomorphine and oxytocin have been
found able to induce penile erection and to improve sexual
performance in male rats (see Introduction). Since the blockade of
oxytocin receptors prevents both the improvement of sexunal
performance (present results) and penile erection induced by
apomorphine and oxytocin (2), it is likely that these effects of DA
agonists are mediated by an activation of the central oxytocinergic
transmission. Conversely, DA receptor blockers prevent the stim-
ulatory effect of apomorphine on sexual performance (i1) and
penile erection (13), but not that of oxytocin (1). The finding well
correlates with the ability of low doses of apomorphine (that
induce penile erection and facilitate copulatory behavior) to
increase the circulating concentration of oxytocin (Melis er al.,
submitted) and that plasma oxytocin levels are increased after
ejaculation in rabbits (14) and during sexual response in humans
(8,15).

Other than provide further support for a neurotransmitter role
of oxytocin [see (1) and enclosed references], the ability of
oxytocin antagonists to abolish the decrease in intromission
frequency and ejaculation latency induced by DA agonists might
be of clinical significance. Accordingly, since the sexual response
to DA agonists is considered to be an animal model of premature
ejaculation (11), synthetic centrally acting oxytocin antagonists
able to cross the blood-brain barrier might be a valid tool for the
control of this sexual disturbance.

ACKNOWLEDGEMENT
This work was supported by CNR grant No. 85.00605.56.

REFERENCES

1. Argiolas, A.; Melis, M. R.; Gessa, G. L. Oxytocin: an extremely
potent inducer of penile erection and yawning in male rats. Eur. J.
Pharmacol. 130:265-272; 1986.

2. Argiolas, A.; Melis, M. R.; Vargiu, L.; Gessa, G. L. d(CH,)sTyr(Me)-

Om®-vasotocin, a potent oxytocin antagonist, antagonizes penile
erection and yawning induced by oxytocin and apomorphine, but not
by ACTH (1-24). Eur. ]. Pharmacol. 134:221-224; 1987.

3. Argiolas, A.; Melis, M. R.; Gessa, G. L. Paraventricular nucleus



APOMORPHINE FACILITATION OF COPULATORY BEHAVIOR

lesion prevents yawning and penile erection induced by apomorphine
and oxytocin but not by ACTH in rats. Brain Res. 421:221-224; 1987.
. Argiolas, A.; Collu, M.; Gessa, G. L.; Melis, M. R.; Serra, G. The
oxytocin antagonist d(CH,);Tyr(Me)-Orn®-vasotocin inhibits male
copulatory behavior in rats. Eur. J. Pharmacol. 149:389-391; 1988.
. Arletti, R.; Bazzani, C.; Castelli, M.; Bertolini, A. Oxytocin im-
proves male copulatory performance in rats. Horm. Behav. 19:14-20;
1985.

. Arletti, R.; Bertolini, A. Oxytocin stimulates lordosis behavior in
female rats. Neuropeptides 6:247-255; 1985.

. Bankowski, K.; Manning, M.; Seto, J.; Halder, J.; Sawyer, H.
Design of potent in vivo antagonists of oxytocin. Int. J. Pept. Protein
Res. 16:382-391; 1981.

. Carmichael, M. S.; Humbert, R.; Dixen, J.; Palmisano, G.; Green-
leaf, W.; Davidson, J. M. Plasma oxytocin increases in the human
sexual response. J. Clin. Endocrinol. Metab. 64:278-31; 1987.

. Melis, M. R.; Argiolas, A.; Gessa, G. L. Oxytocin-induced penile
erection and yawning: site of action in the brain. Brain Res. 398:
259-265; 1986.

10.

11.

12.

13.

14.

15.

83

Melis, M. R.; Argiolas, A.; Gessa, G. L. Apomorphine-induced
penile erection and yawning: site of action in brain. Brain Res.
415:98-104; 1987.

Napolis-Farris, L.; Fratta, W.; Gessa, G. L. Stimulation of dopamine
autoreceptors elicits ‘‘premature ejaculation’” in rats. Pharmacol.
Biochem. Behav. 20:69-72; 1984,

Pellegrino, L. J.; Cushman, A. J. A stereotaxic atlas of the rat brain.
New York: Meredith; 1971.

Serra, G.; Collu, M.; Gessa, G. L.; Ferrari, W. Melanocortins and
dopamine link in yawning behavior. In: De Wied, D.; Ferrari, W.,
eds. Central actions of ACTH and related peptides. Symposia in
Neuroscience, vol. 4. Padova, Italy: Liviana Press, 1986:223-229.
Stoneham, M. D.; Everitt, B. J.; Hansen, S.; Lightman, S. L.; Todd,
K. Oxytocin and sexual behavior in the male rat and rabbit. J.
Endocrinol. 107:97-106; 1985.

Tindal, J. S. Stimuli that cause the release of oxytocin. In: Geiger, S.
R.; Knobil, E.; Sawyer, W. H.; Greef, R. O.; Astwood, E. B., eds.
Handbook of physiology. Section 7: Endocrinology, vol. IV. Wash-
ington, DC: American Physiological Society; 1974:257-267.



