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Abstract. The present studies have evaluated the effects 
of pharmacologically induced release serotonin on sexual 
responses of male rats during exposure to a sexually 
receptive female rat. Following acute administration of 
fenfluramine or para-chloroamphetamine (PCA), signifi- 
cant dose-related decreases in copulatory rate and cop- 
ulatory efficiency, and increases in ejaculatory latency 
were observed. These effects were not observed when the 
animals were pretreated with LY53857, a 5-HT1~/2 an- 
tagonist. These studies indicate that acute release of 
serotonin evoked by these releasing agents has inhibitory 
effects on sexual sexual drive, capacity to achieve erection 
and threshold for ejaculation, and these effects are 
mediated by either the 5-HTI~ or 5-HT2 receptor. 
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Sexual response in the male rat can be both augmented 
or suppressed by serotonergic receptor stimulation de- 
pending upon the type of receptors affected. Copulatory 
behavior of male rats is inhibited by administration of 
the 5-HTlc/2 agonist, DOI; non-selective agonists e.g. 
quipazine and 5-MeO-DMT or administration of 5-HT 
reuptake inhibitors but is stimulated by treatment with 
serotonergic neurotoxins; 5-HTla agonists or selective 
5-HT antagonists (Hamburger-Bar et al. 1978; Larsson 
et al. 1978; Ahlenius et al. 1980, 1981, 1989; Baum and 
Starr 1980; Mendelson and Gorzalka 1985; Glaser et al. 
1987; Menendez et al. 1988; Fernfindez-Guasti et al. 
t989; Foreman et al. 1989). Since increasing postsynaptic 
serotonergic response by administration of reuptake in- 
hibitors or 5-HTlc/2 agonists suppresses sexual behavior 
and decreasing this response by administration of ago- 
nists for the 5-HTla autoreceptor or postsynaptic an- 
tagonists increases sexual behavior, these studies suggest 
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an inhibitory role for serotonin in the control of  sexual 
behavior in the male rat. 

An alternative method of evaluating the role of 5-HT 
in various biological responses is to evoke the release of 
5-HT by administering fenfluramine or para-chloroam- 
phetamine (PCA). Effects on serotonin mediated behav- 
iors noted following acute administration are related to 
an increased serotonin release evoked by these com- 
pounds whereas the effects observed after repeated ad- 
ministration at higher doses are related to a decreased 
serotonin release due to the neurotoxic effects of these 
compounds (Clineschmidt et al. 1978; Sanders-Bush and 
Steranka 1978; Fuller et al. 1988; Schwartz et al. 1989; 
Appel et al. 1989). Previously, PCA has been reported 
to suppress lordotic responses of estrogen and 
progesterone treated, ovariectomized female rats follow- 
ing acute treatment (Zemlan et al. 1977; Zemlan 1978; 
Yamanouchi et al. 1982) and to stimulate mating behav- 
ior of orchidectomized, male rats following repeated 
administration (S6dersten et al. 1978). These experiments 
suggest that sexual response can be suppressed or aug- 
mented by drug treatments that increase or decrease, 
respectively, serotonin release. However, acute ad- 
ministration of  pCA or fenfluramine have also been 
shown to induce erections and ejaculation in rats and 
rhesus monkeys (R6nyi 1985, 1986; Berendsen and 
Broekkamp 1987; Szele et al. 1988; Berendsen et al. 
1990). Thus, 5-HT may have varied effects on sexual 
response depending upon the receptor type, location of 
those receptors in the neural network regulating sexual 
response and the types of response model used. 

The focus of the present studies was to evaluate the 
effects of acute administration of fenfluramine or PCA 
on performance parameters of male rat sexual responses 
including the ejaculatory latency, copulatory efficiency 
and copulatory rate. 
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Materia ls  and methods 

Materials. Fenfluramine and DL-para-chloroamphetamine (PCA) 
were purchased from Sigma Chemical Co. (St. Louis, MO). 
LY53857 was synthesized at the Lilly Research Laboratories. 

Behavioral testin9 procedure. All of the rats used in these studies 
were housed in a temperature controlled room in which the lights 
were off from 10:00 to 20:00. Male rats of the Sprague-Dawley 
strain and female rats of  the Long-Evans strain purchased from 
Charles River Breeding Laboratories (North Wilmington, MA) 
were used in these studies. Each of the female rats was ovariecto- 
mized under ether anesthesia and allowed a 4 week postsurgical 
recovery period. The ovariectomized rats were used as sexual part- 
ners for the test males and were made sexually receptive by adminis- 
tering 400 gg estrone in propylene glycol SC 48 h prior to testing 
and 2.5 mg progesterone in propylene glycol SC 4 h prior to testing. 
Each male rat was individually housed beginning 4 weeks prior to 
testing. The sexual behavior of each rat was evaluated at 2 week 
intervals beginning at 6 months of age and ending at 12 months 
of  age. 

The mating tests were performed between 12:00 and 17:00 
during the dark phase of the lighting cycle. The behavioral arenas 
used in these tests were plastic boxes measuring 61 cm x 61 cm at 
the base and 31 cm in height, which were illuminated with red lights. 
Each behavioral test was initiated with the introduction of  a recep- 
tive female rat into the arena and was terminated either 30 min later 
or immediately following the first postejaculatory mount. The types 
of mating performance indices that were used included the ejacula- 
tory latency (time interval between the first intromission and ejacu- 
lation), copulatory efficiency (number ofintromissions achieved per 
total number of  mounts) and copulatory rate (number of  mounts 
per minute). The 145 animals used in these studies had baseline 
mean (±  SEM) ejaculatory latencies, copulatory rates and copula- 
tory efficiencies of 325.5+9.7s, 3.15__+0.09 mounts per min and 
0.53_+0.04 intromissions per mount, respectively. 

Unless otherwise indicated, all compounds used in these studies 
were administered 30 rain prior to behavioral testing by sc injection. 
A vehicle consisting of  1 mM ascorbic acid and 1 mM acetic acid 
was used for all drug solutions. Prior to treatment with a drug 
solution, each male rat was required to have at least two consecutive 
vehicle tests with similar sexual performance. Following each drug 
testing, additional vehicle tests were performed to comfirm baseline 

activity levels. In an effort to eliminate behavioral responses that 
may be due to spontaneous changes in baseline mating perfor- 
mance, a criterion of  reversibility of behavioral response with subse- 
quent vehicle treatment was employed (Foreman and Hall 1987; 
Foreman et al. 1989). Thus, a valid behavioral response to a drug 
treatment was arbitrarily set as a response that either did not change 
from the prior control response or was reversed in the subsequent 
control test with vehicle. Since this resulted in the elimination of 
some animal responses, the sample sizes for each treatment group 
varied from 9 to 12 rats. The predrug and postdrug vehicle re- 
sponses of  the animals included in these experiments were not statis- 
tically different. Animals that did not achieve ejaculation within the 
30 min test period were assigned an ejaculatory latency of 1800s for 
statistical comparison. A paired t analysis was used for matched 
comparisons of performance values obtained from each rat follow- 
ing vehicle treatment (2 weeks prior to the drug treatment) and 
following a drug treatment. The minimum level of  significance used 
in these studies was P<0.05. 
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Fig. 2. Effects of para-chloroamphetamine on ejaculatory latency 
(--B-), copulatory rate (-A-) and copulatory efficiency (--©--) of male 
rats. Symbols and brackets represent the mean and sem, re- 
spectively, and an asterisk denotes significant change from vehicle 
response. The minimum number of  rats tested in each treatment was 
12 
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Fig. l .  Effects of fenfluramine on ejaculatory latency (--II--) copulat- 
ory rate ( - A @  and copulatory efficiency (--(3--) of male rats. Sym- 
bols and brackets represent the mean and SEM, respectively, and 
an asterisk denotes significant change from vehicle response. The 
minimum number of rats tested in each treatment was 9 
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Fig. 3. Effects of pretreatment with LY53857 (0.1 mg/kg SC) on the 
changes in copulatory performance induced by fenfluramine 
(1.0 mg/kg SC). Bars and brackets represent the mean and SEM, 
respectively, and an asterisk denotes significant change from vehicle 
response. The minimum number of  rats tested in each treatment was 
9. ([]) Ejaculatory latency; ([]) copulatory rate; ([]) copulatory 
efficiency 
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Fig. 4. Effects of pretreatment with LY53857 (0.1 mg/kg SC) on the 
changes in copulatory performance induced by para-chloroam- 
phetamine (0.3 mg/kg SC). Bars and brackets represent the mean 
and SEM, respectively, and an asterisk denotes significant change 
from vehicle response. The minimum number of rats tested in each 
treatment was 12. (g]) Ejaculatory latency; ([]) copulatory rate 

Results 

Figures 1 and 2 contain summaries of the changes in 
ejaculatory latency (EL), copulatory efficiency (CE), and 
copulatory rate (CR) following administration of fen- 
fluramine and para-chloroamphetamine (PCA), respec- 
tively. The minimum doses of fenfluramine and PCA 
required to significantly increase EL were 0.3 and 0.1 mg/ 
kg, respectively. At the 1.0 and 3.0 mg/kg doses of fen- 
fluramine, 21 and 59% of the rats, respectively, did not 
achieve ejaculation and at the 0.3 and 1.0 mg/kg doses of 
PCA, 14 and 80% of the rats, respectively, did not 
achieve ejaculation during the test period. The minimum 
doses of fenfluramine which significantly decreased CR 
and CE were 0.3 and t.0 mg/kg, respectively. The mini- 
mum doses of PCA which significantly decreased CR and 
CE were 0.1 and 1.0 mg/kg, respectively. 

Figures 3 and 4 contain summaries of the effects of 
pretreatment 60 minutes prior to testing with 0.1 mg/kg 
LY53857, a 5-HT1~/2 receptor antagonist, on the changes 
in sexual responses following administration of vehicle, 
1.0 mg/kg fenfluramine or 0.3 mg/kg PCA 30 rain prior 
to testing. LY53857 had no significant effect on any of 
these response parameters following vehicle administra- 
tion, but blocked the effects of fenfluramine and PCA. 

Discussion 

The present studies have demonstrated an inhibitory 
effect of fenfluramine and pCA administration of cop- 
ulatory response in the male rat as measured by changes 
in the CR, CE and EL. The reductions in CR induced by 
fenfluramine or pCA administration are indicative of a 
suppressive action of serotonin on sexual drive. The 
reductions in CE and increased in EL that were observed 
following fenfturamine and pCA treatment are indicative 
of an inhibitory effect on erectile and ejaculatory reflex 
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responses, respectively. All of these effects were blocked 
by pretreatment with LY53857, a 5-HT1~/2 receptor an- 
tagonist implicating these receptors in the mediation of 
this response. In the present studies, treatment with 
0.1 mg/kg LY53857 alone did not significantly alter the 
sexual responses of these animals. However, this dose of 
LY53857 did significantly lower EL in rats which had an 
average EL that was twice as long as the average EL in 
the present studies (Foreman et al. 1989). 

Although the present studies can not define the site of 
action of these compounds, one possible site is the medial 
preoptic area (MPOA) of the ventral diencephalon. This 
proposal is supported by evidence from studies on the 
neurochemical changes following mating events and by 
evaluations of sexual response changes following in- 
fusions of 5-HT into the MPOA. Mas and coworkers 
(1987) have shown that 5 H I A A  levels in the MPOA 
increase immediately following ejaculation when sexual 
behavior is suppressed. Verma and coworkers (1988) 
observed decreases in the frequency of pursuit and 
mounting and increases in mount latency following in- 
fusion of  5-HT into the medial preoptic area (MPOA). 
The infusion of 5-HT into the MPOA not only suppresses 
sexual drive parameters but also blocks intromission 
and ejaculatory responses, indicating that neuropharma- 
cological intervention at the MPOA can lead to an altera- 
tion of spinal reflex activity. Collectively, these studies 
are suggestive of both physiology and pharmacologic 
roles for 5-HT receptors in the MPOA in the control of 
sexual behavior and response thresholds. In addition to 
the indirect effects on the spinal reflexes mediated 
through the alteration in sexual drive or MPOA activity, 
direct pharmacological effects on the spinal motor neu- 
ron response may also be possible. Direct intrathecal 
infusion of 5-HT has also been shown to suppress intro- 
mission and ejaculatory responses (Svensson and Hansen 
1984; Mas et al. 1985). Thus, the effects of increased 
5-HT release in either the rostral or caudal ends of the 
sexual response pathways can have inhibitory effects on 
sexual responses observed in copulo. 

The observations of suppressed erectile and ejaculato- 
ry response following fenfluramine or pCA treatment in 
the present studies are in conflict with the previous ob- 
servations of spontaneous erection and/or ejaculation 
induced by serotonin releasing agents in ex copula experi- 
ments (R6nyi 1986; Berendsen and Broekkamp 1987). 
The effects of fenfluramine and pCA in the current stud- 
ies occurred at doses that were 10-20 x lower than those 
used to elicit spontaneous erections and ejaculation in the 
rat. The discrepancy in the doses and effects may reflect 
different sensitivities of these animal models or different 
serotonergic receptors activated by the released 5-HT. 

An alternative explanation for the differences in the 
effects of fenfluramine and pCA on sexual behavior and 
erectile/ejaculatory reflex response is that these effects 
may be mediated by serotonergic receptors in different 
areas of the sexual response pathways. Although MPOA 
and intrathecat administration of serotonergic agonists 
suppresses copulatory performance, increases in intra- 
cavernous pressure and penile nerve firing rate induced 
by serotonergic agonists have been observed before and 
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after spinal cord  transect ion (Steers and de G r o a t  1989). 
Therefore,  it can be assumed that  some o f  the receptors 
involved with the erectogenic response are located in the 
lower spinal cord  o r  periphery,  whereas the 5 - H T  recep- 
tors involved in the behavioral  suppression and descend- 
ing inhibition o f  copu la to ry  responses should  be located 
in supraspinal  areas o f  this response tree. 

In  summary ,  inhibi tory effects o f  fenfluramine and  
pCA,  two 5 - H T  releasing agents, were observed on  sex- 
ual drive (copula tory  rate) and  on  sexual reflex response 
(ejaculatory la tency and  copu la to ry  efficiency) o f  the 
male rat. It was suggested that  the pos tsynapt ic  receptors 
that  mediate  these effects are either 5 -HTto  or  5-HT2,  
since pre t rea tment  with a 5 -HT~/2  receptor  antagonist ,  
LY53857, blocks these effects. These effects o f  fen- 
fluramine in the male rat  appear  to be similar to the 
side-effects o f  fenfluramine in humans,  which include the 
suppression o f  libido and  the suppression o f  erectile 
response (Pinder et al. 1975). 
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