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Summary-Nitric oxide (NO) may mediate penile erection by inhibiting smooth muscle of the corpora
cavernosa, thereby allowing vasodilation of the corpora. In order to test the role of NO in the sexual function
of intact male rats, either the precursor of NO (L-arginine, L-Arg) or an inhibitor of its synthesis
(NG-nitro-L-arginine
methyl ester, NAME) was administered systemically before tests of copulation, ex copula
genital reflexes, or sexual motivation/motoractivity. NAME impaired copulation in a dose dependent manner.
It also decreased the number of ex copula erections, but it increased the number of ex copula seminal emissions
and decreased the latency to the first seminal emission. L-Arg marginally increased the number of penile
reflexes, but had no other effects. NAME had no effect on sexual motivation or motor activity. The results
indicate that nitric oxide promotes erection in intact male rats, probably by mediating filling of the corpora
cavernosa. The data also suggest that NO inhibits seminal emission, probably by decreasing sympathetic
nervous system activity; this may help prevent premature ejaculation.
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Nitric oxide (NO) has been suggested to be the primary tests of sexual motivation and motor activity. Some of
physiological mediator of penile erection (Azadzoi et al., these data have been presented in abstract form (Hull
1992; Ignarro, 1992; Ignarro et al., 1990; Kim et al., et al., 1992).
1991; Rajfer et al., 1992). Electrical stimulation of the
non-adrenergic, non-cholinergic (NANC) pathway,
METHODS
which is responsible for about 90% of the erectile
response (reviewed in Benson, 1988; Ignarro, 1992),
Adult male Long-Evans rats (300400g, Harlan
leads to smooth muscle relaxation in isolated strips of Sprague-Dawley, Blue Spruce Farms) were housed indihuman, dog, rabbit or rat corpus cavernosum. This vidually in large plastic cages. A 14:lO 1ight:dark cycle
response is abolished by the inclusion of NO synthesis was in effect, with lights out at 11.00 hr. Food and water
1992; were available ad libitum. NG-nitro-L-arginine methyl
inhibitors in the bath solution (Burnett et
Ignarro et al., 1990; Kim et al., 1991; Rajfer et a/., 1992). ester (NAME), and L-arginine (L-Arg) (both from Sigma
Therefore, it has been proposed that NO, either liberated Chemical) were dissolved in sterile saline and injected
from the NANC neurons or formed in the postsynaptic intraperitoneally (i.p.) 30 min before behavioral tests. All
endothelium or smooth muscle, stimulates cGMP for- animals received all drug treatments. L-Arg and vehicle
mation in the smooth muscle, which in turn relaxes and were administered in counterbalanced order; since NGallows blood to fill the corpus cavernosum.
nitro-L-arginine binds irreversibly (Dwyer et al., 1991),
A better understanding of the role of NO in sexual NAME was administered at the end of each experiment
function may lead to more effective treatment of impo- in which it was used. Females of the same strain
tence or ejaculatory problems. The present experiments were ovariectomized under ketamine hydrochloride
tested the role of nitric oxide in the sexual behavior of (50 mglkg i.p.) and xylazine hydrochloride (4 mglkg i.p.1
intact rats. ~ ~ - ~ i t ~methyl
~ -ester
~ (NAME),
- ~ ~ ~anesthesia,
i ~ i using
~ ~bilateral flank incisions. The ovary and
an inhibitor of NO synthase, or L-arginine (L-Arg), the surrounding fatty tissue were tied off and cut distal to the
precursor of NO, was administered systemically before ligature. Overlying muscle and skin were sutured. Bacicopulation tests, ex copula genital reflex tests, or X-maze tracin ointment was spread over the site of incision. The
animals were injected with Combiotic antibiotic and
allowed at least two weeks for recovery. They were
injected with 20 p g estradiol benzoate 48 hr before copu*To whom correspondence should be addressed.
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Fig. 1. Effects of NG-nitro-L-argininemethyl ester (NAME) or
L-arginine (L-Arg)on ex copula penile reflexes (erections and
anteroflexions). Separate groups of animals received NAME
[0 (vehicle), 25 or 50 mg/kg i.p.; n = 181, or L-Arg [0 (vehicle),
10, 50 or 100 mg/kg i.p.; n = 261 30 min before tests of ex
copula reflexes. Both doses of NAME decreased the number of
reflexes, whereas the lowest dose of L-Argmarginally increased
reflexes. Values are means iSE. * P < 0.05, compared to
vehicle +P < 0.05, based on t-test comparison of 10 mg/kg
L-Arg and vehicle.

analyzed separately, but are combined in one table for
easier comparison.) Only 2 animals intromitted (10 and
2 times, respectively) after injections of 50mg/kg
NAME; however, most mounted repeatedly.
In Experiment lb, 25 mg/kg NAME also decreased
the number of ejaculations [F(3,51) = 9.93, P < 0.0011
and the number of intromissions per test [F(3,51) = 15.3,
P <0.0001]. NAME increased the total number of
mounts per test [F(3,51) = 25.21, P < 0.00011 and the
number of mounts preceding ejaculation for those animals that ejaculated on all tests [F(3,27) = 3.18, n = 10,
P < 0.051. There were no effects of high doses of L-Arg
on copulation.
Experiment 2. EfSects o f NAME and L-Arg on ex copula
genital reflexes
In Experiment 2a, NAME decreased the number
of penile reflexes (erections and anteroflexions)
[F(2,34) = 3.18, P < 0.01; Fig. 11. This reflected primarily decreases in moderate erections (E2) [F(2,34) = 4.31,
P < 0.0251 and intense erections (E3) [F(2,34) = 3.46,
P < O.OI] (see Table 2). On the other hand,
NAME increased the number of seminal emissions
[F(2,34) = 26.25, P < 0.00001; Fig. 21 and decreased the
latency to the first seminal emission [F(2,40) = 8.69,
P < 0.001; Fig. 31. NAME decreased the latency to the

L-Arg (mg/kg)

Fig. 2. Effects of NG-nitro-L-argininemethyl ester (NAME) or
L-arginine (L-Arg)on ex copula seminal emissions. Separate
groups of animals received NAME [0 (vehicle),25 or 50 mg/kg
i.p.; n = 181, or L-Arg [0 (vehicle), 10, 50 or 100mg/kg i.p.;
n = 261 30 min before tests of ex copula reflexes. Both doses of
NAME increased the number of seminal emissions; L-Argwas
ineffective. Values are means SE. **P< 0.01, compared to
vehicle.

first penile reflex (erection or anteroflexion) only when
the erections accompanying seminal emission were included [F(2,44) = 13.6, P < 0.001; Table 21. Thus, the
decreased reflex latency resulted largely from the
decreased latency of the erections that accompanied
seminal emission.
In Experiment 2b, there was a dose related trend
towards an increase in the number of total penile reflexes
with the lowest doses being most effective. Although the
overall F value was not statistically significant
(P < 0.18), a comparison of the lowest dose (10 mg/kg)
with vehicle achieved a marginal level of significance
[t (25) = 2.18, P < 0.05; Fig. 11.
Experiment 3. Effects of NAME and L-Arg on X-maze
performance
Neither NAME nor L-Arg affected percent choice of
the female's goal box, latency to reach the female's goal
box, or number of trials on which the male failed to leave
the start area (see Table 3). However, as in Experiment
1, NAME dramatically increased the number of nonintromissive mounts [F(2,18) = 10.6; P < 0.0011, increased the latency to intromit [F(2,18) = 3.71;
P < 0.051, decreased the number of intromissions
[F(2,18) = 5.24, P < 0.0251, and decreased the number
of males that ejaculated within the allotted 25 trials
[Q(2) = 12.25; P < 0.011 (see Table 3). NAME did not

Table 2. Effects of NAME on ex copula genital reflexes

Treatment
Vehicle
25 mg/kg NAME
50 mg/kg NAME

Moderate
(E2)
erections
5.61
0.94
0.61

+ 2.3
+ 0.3*
+ 0.3*

Intense
033)
erections

+
+

3.2 1.5
0.5 f 0.4*
0.0 0.0*

Reflex latency
incl. erections
w/sem. em.
647.8
371.3
248.6

+ 69.9
+ 57.4**
+ 33.5**

Reflex latency
excl. erections
w/sem. em.
678.3
745.3
611.0

+ 38.9

+ 52.5
+ 17.9

* P < 0.05, **P < 0.01. Values are means SE. Reflex latency is calculated either including or
excluding the erections that accompanied seminal emissions. Data are from 18 animals.
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iments suggests that availability of the precursor usually
is not a rate limiting step in the production of NO, as
has been suggested in the context of the regulation of
vascular tone (e.g. Katusic, 1992; Panza et al., 1993). O n
the other hand, the low dose of L-Arg in Experiment 2
did slightly increase the number of ex copula erections.
Thus, increased precursor availability may marginally
facilitate erectile function. T h e ineffectiveness of higher
doses may have been due t o competing responses. T h e
very high doses administered in Experiment 1 were based
o n a report that similar doses were necessary t o affect
food intake in mice (Morley and Flood, 1991). However,
observers in Experiment 1 reported that some animals
appeared t o be slightly impaired motorically with those
doses. Therefore, doses of L-Arg were lowered in Experiments 2 and 3. T h e doses in Experiment 3 were chosen
t o bracket the dose that had marginally facilitated penile
reflexes in Experiment 2. L-Arg has been reported
t o affect neurotransmitter release (Lauth et al., 1993;
Lorrain and Hull, 1993; Zhu a n d Luo, 1992), convulsions (Mollace et al., 1991), drinking (Calapai et al.,
1992), and antinociception (Xu and Tseng, 1993). Therefore, precursor availability does appear t o affect some
functions.
In summary, inhibition of N O synthesis impaired
copulation in male rats primarily by inhibiting erectile
function. Neither sexual motivation nor motor activity
were affected. O n the other hand, inhibition of N O
synthesis increased the number of seminal emissions a n d
decreased their latency, effects attributed t o a probable
increase in sympathetic nerve activity. Therefore, N O
probably acts peripherally, and perhaps centrally, as
well, t o promote erectile function. It may act centrally
t o inhibit sympathetic elicitation of seminal emission,
thereby decreasing the likelihood of premature
ejaculation.
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