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WATSON, N. V. AND B. B. GORZALKA. DOl-induced inhibition of copulatory behavior in male rats: Reversal by 5 - H T  2 

antagonists. PHARMACOL BIOCHEM BEHAV 39(3) 605-612, 1991.--Relatively little is known regarding the role of 5-HT 2 
receptor activity in male rat sexual behavior. Previous work has yielded equivocal results, and both facilitation and inhibition of 
copulation have been reported to follow administration of selective 5-HT 2 antagonists. In the present series of experiments, the 
ability of a variety of 5-HT 2 antagonists to block inhibition induced by the 5-HT2/5-HT1c agonist DOI was examined. Systemic 
ritanserin, pirenperone and ketanserin all potently blocked DOI-induced (1.0 mg/kg SC) inhibition of mounts, intromissions and 
ejaculations. None of these drugs influenced the sexual behavior of the male rats when given alone in doses that effectively 
blocked DOI-induced inhibition. In addition, unlike ritanserin and ketanserin, pirenperone produced a biphasic effect on DOI- 
induced inhibition, exhibiting a diminished blockade at higher doses. This may be due to activity at receptors other than 5-HT 2. 
Overall, the present data suggest that activity at 5-HT 2 receptors mediates an inhibition of male rat sexual behavior. 

Sexual behavior Male rats DOI Ritanserin Pirenperone Ketanserin Serotonin 5-HT 2 receptors 
5-HTlc receptors 

THE existence of multiple receptors for serotonin (5-HT) in 
brain tissue is now well established (12-14, 32, 33). In the last 
decade, work with receptor subtype selective ligands has sug- 
gested a complex influence of serotonin on the sexual behavior 
of rats, with the various subtypes of central 5-HT receptors sub- 
suming differing roles in the expression of copulatory responses 
[e.g., (3, 16, 23)]. In some cases, the nature of these roles also 
differs between the sexes [e.g., (16, 28, 30)]. 

It has been repeatedly demonstrated that treatment of male 
rats with drugs that are agonists at the 5-HT1A site produces a 
net facilitation of copulatory behavior [see (16) for review]. For 
example, the selective 5-HTIA agonist 8-hydroxy-2-(di-n-propy- 
lamino)tetralin (8-OH-DPAT) (2, 5, 28, 34), its congener 
8-methoxy-2-(di-n-propylamino)tetralin (8-OMe-DPAT) (5), RDS- 
127 (7) and lisuride (4,9) have all been reported to facilitate 
various aspects of the sexual behavior of male rats. The arylpip- 
erazine 5-HTIA partial agonists buspirone (25) and ipsapirone (8) 
likewise appear to be facilitatory. Conversely, the 5-HTm/5- 
I-IT m agonists TFMPP and mCPP have been reported to inhibit 
copulation in male rats (8, 29, 30), as has the 5-HTIA/5-HT1B 
agonist RU 24969 (8,29). 

In contrast to the attention given to the role of 5-HT~ recep- 
tors in male rat sexual behavior, relatively few studies have di- 
rectly addressed the effects of 5-HT2-selective compounds, and 
the data collected thus far have been equivocal. The 5-HT 2 se- 
lective antagonist ketanserin has been reported to inhibit male 
rat sexual behavior, suggesting a facilitatory role of 5-HT 2 acti- 
vation (27). Similarly, the 5-HT 2 antagonist pirenperone has 
been reported to either inhibit male rat sexual behavior (27) or 

have no effect (2). Data collected using other antagonists sug- 
gest that activity at 5-HT 2 receptors mediates an inhibition of 
sexual behavior in the male rat, however. Cyproheptadine, a 
5-HT antagonist which is not highly selective but nevertheless 
exhibits a slight preference for 5-HT 2 (and 5-HTIc ) receptors 
(21), has been reported to facilitate male rat sexual behavior (1). 
Similarly, the more highly selective 5-HT 2 antagonists LY 53857, 
LY 237733 and LY 281067 have all been reported to facilitate 
copulation in male rats (10,11). 

The 5-HT agonist quipazine binds to 5-HT 2 receptors, and 
has generally been found to inhibit copulation in male rats (5, 
17, 27). Since recent evidence suggests that quipazine is nonse- 
lective in its binding to 5-HT 1, 5-HT 2 and 5-HT 3 receptor sub- 
types (21,31), it is now unclear whether the inhibition caused 
by quipazine is attributable to 5-HT 2 activity. However, the 
more selective 5-HT 2 agonist 1-(2,5-dimethoxy-4-iodophenyl)-2- 
aminopropane (DOI) (15) has also been found to potently and 
dose dependently inhibit male rat sexual behavior (10,36). 

Studies employing combinations of agonists and antagonists 
have yielded additional ambiguities. These may be due, at least 
in part, to selective activation or blocking of populations of re- 
ceptors other than those being directly studied. For instance, an 
agonist may reverse an antagonist's activity at one type of re- 
ceptor, but may also produce unanticipated behavioral effects by 
modulating a different population of receptors that have affinity 
for the particular agonist, but not that particular antagonist (or 
vice versa). Nevertheless, quipazine has been reported to attenu- 
ate the inhibition seen with pirenperone, paradoxically acting in 
a facilitatory fashion (27). In addition, pirenperone is reportedly 
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effective in reversing the inhibition produced by treatment with 
the precursor of serotonin, 5-hydroxytryptophan (5-HTP) (2). 
Thus pirenperone and quipazine have both acted in inhibitory 
and facilitatory fashion in the various paradigms. A less compli- 
cated pattern of results has been obtained with DOI, however, 
as DOI-induced inhibition of male rat sexual behavior is report- 
edly blocked by pretreatment with LY 53857 (10). This effect is 
consonant with 5-HT2-mediated inhibition of masculine sexual 
behavior in the rat. 

In an attempt to clarify the effects of 5-HT 2 antagonists on 
male rat copulatory behavior, the effects of various 5-HT 2 selec- 
tive antagonists have been examined, alone and in combination 
with DOI, in the following experiments. Although DOI has high 
affinity for both 5-HT1c and 5-HT 2 sites (22), it is more selec- 
tive and more suitable for use in 5-HT2 competition studies than 
quipazine, which exhibits negligible selectivity among 5-HT re- 
ceptors (21), or 5-HTP treatment, which augments all serotoner- 
gic activity by increasing serotonin synthesis. Examining the 
ability of several antagonists, which differ in selectivity for 
5-HT~c/5-HT 2 and other sites, to attenuate DOI's inhibitory in- 
fluence, might provide clues concerning the role of the 5-HT 2 
receptor in male rat copulatory behavior. 

GENERAL METHOD 

Animals 

Male and female Sprague-Dawley (SD) and male Long-Evans 
(LE) rats were derived from stock originally obtained from 
Charles River Canada Inc., Montreal. Rats were housed in 
groups of 6, segregated by sex and strain, in standard wire mesh 
cages, The animals were allowed free access to rat chow and 
fresh water, and were maintained on a reversed 12/12 h light/ 
dark cycle. 

At approximately 70 days of age, SD females were bilater- 
ally ovariectomized while under sodium pentobarbital anesthesia 
(65 mg/kg). Males were aged 90-180 days when tested, and had 
been exposed to receptive females on at least 3 occasions prior 
to testing. 

Behavioral Testing 

Behavioral testing consisted of recording male copulatory re- 
sponses following the presentation of receptive female rats. Re- 
ceptivity was induced in the ovariectomized females by 
subcutaneous injection of 10 Ixg estradiol benzoate (Steraloids) 
48 hours prior to testing, and 500 Ixg progesterone (Steraloids) 
4 hours prior to testing. Steroids were dissolved in 0.1 ml pea- 
nut oil. All testing was conducted during the middle 1/3 of the 
dark cycle. 

Males were placed in clear Plexiglas chambers (30 x 30 × 45 
cm) and allowed 5 minutes prior to presentation of receptive 
stimulus females, to habituate to their surroundings. Following 
presentation of female stimulus animals, male copulatory re- 
sponses were recorded by means of a microcomputer program 
(20), and testing continued until the first intromission following 
ejaculation, or until 30 minutes had elapsed. The proportions of 
males showing mounts (%M), intromissions (%I) and ejacula- 
tions (%E) were quantified for each treatment condition. In ad- 
dition, the following parameters of male sexual behavior were 
recorded in Experiments 2 and 3: number of mounts (M) and 
intromissions (I) preceding ejaculation; the latency from presen- 
tation of the stimulus female to the first mount (ML) or intromis- 
sion (IL); the latency from the first intromission to ejaculation 
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FIG. l. Effect of DOI, administered 30 min prior to testing, on male rat 
copulatory behavior. *Differs from 1.0 mg/kg, p<0.05. **Differs from 
1.0 and 0.1 mg/kg, p<0.05. 

(EL); and the postejaculatory interval (PEI) between ejaculation 
and the first intromission of the next copulatory bout. During 
each session, 4 or 5 males were scored simultaneously, in sepa- 
rate chambers, and stimulus females were rotated between the 
males every 10 minutes. 

For purposes of overall analysis, in cases where a male 
showed no sexual behavior or failed to achieve ejaculation, 
missing latency scores (ML, IL, EL, PEI) were set to the maxi- 
mum possible (i.e., 1800 s). Proportion data (%M, %1 and %E) 
were tested using the Cochran Q test, with significant overall 
tests followed by p",dred MeNemar tests. Otherh~4aviorat pa  
rameters were tested using the Friedman nonparametric ANOVA 
for k related samples, followed by paired Wilcoxon tests. 

E X P E R I M E N T  l 

In the first experiment, the ability of ritanserin to reverse the 
inhibition of copulation induced by DOI was examined. In addi- 
tion, the direct effects of ritanserin alone were recorded. Ritan- 
serin is a selective 5-HT 2 antagonist structurally related to 
pirenperone and ketanserin (21,26). 

Method 

Twenty sexually experienced Sprague-Dawley males were 
used in Experiment 1. In a preliminary study, intended to con- 
firm the reported inhibitory influence of DOI (10,36) and estab- 
lish a potent dose for the present experiment, the males received 
0.0, 0.1 or 1.0 mg/kg DOI, 30 minutes prior to testing. Doses 
were administered in random counterbalanced fashion in three 
consecutive sessions, such that every animal was tested once at 
each dose. 

Subsequently, rats were tested either after administration of 
ritanserin alone (0.0, 0.3, 0.6, 1.2, or 3.0 mg/kg), or after a 
pretreatmeut with ritanserin (0.0, 0.2, 1.0 or 5.0 mg/kg) plus 
1.0 mg/kg DOI. DOI HC1 (Research Biochemicals, Inc., Natick, 
MA) was dissolved in sterile physiological saline, and ritanserin 
(Research Biochemicals) was initially dissolved in minimal lac- 
tic acid and diluted with distilled water. Drugs were prepared 
fresh before each test session, and were administered subcutane- 
ously (SC), in a total volume of 1 ml/kg. Ritanserin was admin- 
istered 90 min prior to testing (26); DOI was administered 30 
min prior (10,36). 
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FIG. 2. Effectiveness of ritanserin in blocking DOI-induced inhibition 
of male rat sexual behavior. Ritanserin was administered 90 min prior to 
testing; DOI (1.0 mg/kg) was given 30 min prior. *Differs from 0.0 
mg/kg, p<0.05. **Differs from 0.0 and 0.2 mg/kg, p<0.05. 

Results and Discussion 

One animal failed to show any copulatory responses under 
any treatment condition, and was dropped from further analyses. 

Overall, DOI significantly inhibited male copulatory behav- 
ior in a dose-dependent manner (Fig. 1), confirming previous 
findings (10,36). At the higher dose (1.0 mg/kg), no ani- 
mals achieved ejaculation, and only 1 animal mounted and in- 
tromitted. 

When given alone, ritanserin had no effect on any measure 
of male rat sexual behavior, at any dose tested (0.3, 0.6, 1.2, 
2.0, 3.0 and 5.0 mg/kg; data not shown). However, pretreat- 
ment with ritanserin potently and dose dependently blocked the 
inhibitory effects of administration of 1.0 mg/kg DOI (Fig. 2). 
Indeed, with 1.0 or 5.0 mg/kg ritanserin pretreatment, the pro- 
portions of males showing copulatory responses were maintained 
at baseline levels, completely negating the inhibitory influence 
of DOI. 

To the extent that these effects are attributable to 5-HT 2 spe- 
cific activity, the present data suggest an inhibitory influence of 
5-HT 2 activation on male sexual behavior. It is curious, how- 
ever, that ritanserin had no effect whatsoever when administered 
alone, since LY 53857, pirenperone and ketanserin have all been 
reported to influence copulation in male rats, albeit in opposing 
directions (10,27). 

EXPERIMENT 2 

In view of the finding that ritanserin alone had no effect on 
male rat copulatory behavior, further exploration of the present 
paradigm was warranted. In addition, it was decided to perform 
parallel experiments in two genetic strains of rats, in an attempt 
to reconcile our data with the previous studies of 5-HT2 antago- 
nists and male rat sexual behavior. In the two principal reports, 
LE rats were used by one group (27), while SD rats were used 
by the other (10). Muroid species are known to respond differ- 
ently to some serotonergic drugs; for instance, 8-OH-DPAT, a 
5-HT]A agonist, facilitates sexual behavior in male rats (2,28), 
but is inhibitory in male mice (35). It seemed possible that in- 
consistencies in the previous studies might be at least partly at- 
tributable to differences between strains of rats. 

In Experiment 1, it was found that ritanserin potently blocked 
DOI-induced inhibition of sexual behavior in male rats. Unlike 
pirenperone, ketanserin and LY 53857, ritanserin had no effect 
on male rat sexual behavior when given alone. While ritanserin 
has relatively low affinity for other receptors, it does have com- 
parably high affinity for the 5-HTIc and 5-HT 2 sites (21). 
Pirenperone, by contrast, is less selective than ritanserin overall, 
but more selective of 5-HT 2 relative to 5-HTlc receptors than is 
ritanserin (21,22). Contrasting the results obtained with ritan- 
serin with similar data obtained using pirenperone might thereby 
provide information regarding the role of 5-HT 2 vs. 5-HTlc ac- 
tivity in the data obtained in Experiment 1. Therefore, in Exper- 
iment 2, the ability of pirenperone to block DOI-induced inhibition 
of copulation in male rats was examined. 

Method 

Thirteen male SD rats and 14 male LE rats were tested; all 
were previously sexually experienced. In a similar fashion to 
Experiment 1, rats were given a pirenperone pretreatment of 0.0, 
50, 100 or 200 Ixg/kg intraperitoneally (IP) 60 minutes prior to 
testing, followed by 1.0 mg/kg DOI SC 30 min prior, plus a 
control condition in which animals were tested after administra- 
tion of the drug vehicles alone. Treatments were given in ran- 
dom counterbalanced fashion such that all animals were tested 
under all treatment conditions by the end of 5 testing sessions. 
Pirenperone (Janssen Pharmaceutica, Beerse, Belguim) was dis- 
solved in minimal 0.0007 M citrate solution and diluted to f'mal 
concentration with physiological saline. DOI was prepared as in 
Experiment 1. 

Results and Discussion 

Treatment effects on the proportions of males showing the 
various copulatory responses are presented for each strain sepa- 
rately in Fig. 3A and B. In both strains, pirenperone potently 
blocked the inhibitory influence of DOI. This effect appeared to 
be most clear-cut in the LE strain. In neither case was the sig- 
nificant effect of pirenperone dose dependent, with maintenance 
of baseline levels of sexual performance occurring with the low- 
est dose of pirenperone tested (50 t~g/kg). 

Means and standard errors of the various parameters of sex- 
ual behavior are presented in Tables 1 and 2 for the 4 experi- 
mental conditions, along with baseline data for comparison. In 
the SD animals, an overall test of the 4 treatment conditions by 
Friedman ANOVA revealed that pirenperone pretreatment had a 
significant effect on M (×2= 15.3, p=0.0016), I (X 2= 10.5, 
p=0.0148),  ML (X2=15.5, p=0.0014) and IL (X2=8.6, 
p=0.0354). For all four behavioral measures, Wilcoxon tests 
revealed that the means for the 50, 100 and 200 ~g/kg pirenper- 
one pretreatments all significantly differed from the 0.0 ~g/kg 
(i.e., vehicle) condition (Z=2.2 to 2.9, p<0.02). In addition, 
the mean scores for I were significantly different between the 50 
and 200 Ixg/kg treatments (Z= 1.99, p =0.047). 

In the LE strain, pirenperone pretreatment had a pronounced 
effect on all parameters of male rat copulatory behavior (Table 
2). Overall Friedman tests revealed a significant effect on all 6 
parameters (×2 ranging from 12.75 to 20.25, p<0.01 for all). In 
subsequent Wilcoxon paired comparisons, the 50, 100 and 200 
p,g/kg pretreatment conditions were significantly different from 
the 0.0 wg/kg condition for all parameters (Z=2.5 to 3.2, 
p<0.01). In addition, the 50 and 200 wg/kg conditions were 
significantly different for ML, IL, EL and PEI (Z = 1.98 to 2.35, 
p<0.05), and the 50 and 100 Ixg/kg groups differed on 
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FIG. 3. Effectiveness of pirenperone in blocking DOI-induced inhibition 
of male rat sexual behavior. Pirenperone was administered 60 min prior 
to testing; DOI was given 30 min prior. (A) Sprague-Dawley strain. (B) 
Long-Evans strain. *Differs from 0.0 l~g/kg, p<0.05. **Differs from 
all doses, p<0.05. 

TABLE 1 

EFFECTS OF PIRENPERONEPRETREATMENTON DOI-INDUCED 
INHIBITION OF MALE RAT SEXUAL BEHAVIOR. 

I. SPRAGUE-DAWLEY STRAIN 

Pirenperone Pretreatment, ~g/kg 
Behavioral 
Parameter 0.0 50.0 1 0 0 . 0  200.0 No Drugs 

Mounts 0.0 10.6 7.3 9.4 20.4 
(0.0) (2.3) (2.4) (2.7) (3.3) 
[0] [10] [10] [11] [13] 

Intromissions 0.0 3.9 3.2 3.6 10.4 
(0.0) (1.3) (1.4) (1.2) (0.8) 
[0] [9] [7] [6] [13] 

Mount Latency 1800.0 490.9 783.3 534.5 62.9 
(0.0) (207.4) (199.5) (170.7) (16.2) 
[0] [10] [10] [111 [13] 

Intromission Latency 1800.0  922.8 1198.3 1194.5 179.7 
(0.0) (209.7) (205.2) (208.0) (54.8) 
[(3] [9] [7] [6] [13] 

Ejaculation Latency 1800 .0  1668.0 1551.4 1583.4 927.6 
(0.0) (98.0) (138.3) (122.7) (144.0) 
[0] [2] [3] [3] [11] 

Postejaculatory Interval 1800.0 1700.3 1578.7 1574.9 894.9 
(0.0) (99.7) (149.8) (152.5) (206.7) 
[0] [1] [2] [2] [8] 

In all but the "no drug" condition, 1.0 mg/kg DOI was administered 
30 rain prior to testing. Mounts and Intromissions are total counts, and 
include scores of 0 for noncopulatory animals. All other values are time 
in seconds, Data are presented as mean scores (SEM in parentheses) af- 
ter substitution of missing values. Numbers of animals which achieved 
each measure are in square brackets. See text for details. 

binding profile to that of pirenperone, while differing in binding 
to other types of receptors. This raises the possibility that ketan- 
serin might block DOI-induced inhibition even at a subthreshold 
dose, as was found with pirenperone in Experiment 2. Such data 
would also allow further inferences about 5-HT 2 mediation of 
male rat sexual behavior. The effects of ketanserin pretreatment 
on DOI-induced inhibition were examined in Experiment 3. 

EL (Z = 2.55, p =0.0107). 
In a follow-up session, animals were tested after treatment 

with the lowest dose of pirenperone found to be effective in re- 
versing the DOI-induced inhibition (50 Izg/kg). As shown in Fig. 
3, this treatment did not significantly alter the sexual behavior 
of the male rats. 

EXPE~MENT3 

Like pirenperone, ketanserin has previously been reported to 
inhibit male rat sexual behavior when given alone. However, in 
Experiment 2, it was found that pirenperone, like the structurally 
related compound ritanserin (Experiment 1), effectively blocked 
DOI-induced inhibition at a subthreshold dose that did not in it- 
self produce any effect when given in the absence of other 
drugs. Like pirenperone, ketanserin has somewhat higher affin- 
ity for 5-HT 2 receptors, relative to 5- HT~c receptors, than does 
ritanserin [i.e., is more selective; (21,22)]. In addition, ketan- 
serin exhibits less affinity for dopamine receptors than does 
pirenperone (24). Thus ketanserin has a similar 5-HT2/5-HT~¢ 

Method 

The experimental procedure was essentially the same as in 
Experiment 2. As previously, 13 SD and 14 LE males were 
used, of comparable age and sexual experience as those used in 
Experiment 2. Again, a counterbalanced repeated-measures de- 
sign was employed in which all animals were tested after ad- 
ministration of 0.0, 0.2, 1.0 or 5.0 mg/kg ketanserin plus 1.0 
mg/kg DOI, or after drug vehicles only. Ketanserin tartrate 
(Janssen) was dissolved in warm physiological saline and in- 
jected IP in a total volume of 1 ml/kg, 60 rain prior to behav- 
ioral testing. DOI was prepared as in Experiment 1, and injected 
SC 30 min prior to testing. 

Results and Discussion 

As was the case with pirenperone, ketanserin potently re- 
versed the inhibition of sexual behavior induced by 1.0 mg/kg 
DOI (Fig. 4A and B), but in a dose-dependent manner. The ef- 
ficacy of ketanserin in blocking the effects of DOI was compa- 
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TABLE 2 

EFFECTS OF PIRENPERONE PRETREATMENT ON DOI-INDUCED 
INHIBITION OF MALE RAT SEXUAL BEHAVIOR. 

II. LONG-EVANS STRAIN 

Pirenperone Pretreatment, tzg/kg 
Behavioral 
Parameter 0.0 50.0 100.0 200.0 No Drugs 

Mounts 0,1 5.1 8.9 4.1 9.7 
(0.1) (1.1) (2.3) (1.2) (3.2) 
[1] [13] [12] [10] [13] 

Intromissions 0.2 8.1 6.5 5.0 8.1 
(0.2) (0.8) (1.2) (1.1) (1.2) 
[1] [13] [12] [9] [13] 

Mount Latency 1680.7 260.6 475.4 560.4 149.9 
(120.3) (147.4) (177.6) (217.9) (127.0) 

[1] [13] [12] [10] [13] 
Intromission Latency 1720.8  264.6 517.4 709.6 164.1 

(81.2) (147.0) (171.6) (226.2) (126.1) 
[1] [13] [12] [9] [13] 

Ejaculation Latency 1 6 7 7 . 5  363.6 634.6 8 2 0 . 1  378.7 
(123.5) (113.4) (171.4) (203.5) (122.1) 

[1] [13] [11] [9] [13] 
Postejaculatory Interval 1800.0 404.2 753.4 860.3 391.9 

(0.0) (108.2) (184.6) (194.8) (110.1) 
[0] [13] [10] [9] [13] 

In all but the "no drug" condition, 1.0 mg/kg DOI was administered 
30 min prior to testing. Mounts and Intromissions are total counts, and 
include scores of 0 for noncopulatory animals. All other values are time 
in seconds. Data are presented as mean scores (SEM in parentheses) af- 
ter substitution of missing values. Numbers of animals which achieved 
each measure are in square brackets. See text for details. 

rable between the strains, but was somewhat more variable in 
the SD strain. 

Data for the behavioral parameters are presented in Tables 3 
and 4, for the 4 experimental conditions plus baseline data for 
comparison. Overall Friedman ANOVA tests of the 4 treatment 
conditions revealed that, in the SD animals, ketanserin pretreat- 
ment had a significant effect on M (X 2= 16.02, p=0.0011) ,  I 
(×2= 10.8, p=0 .129) ,  ML (X 2= 14.8, p=0 .0020)  and IL (X2= 
11.2, p=0.0108) .  For all four behavioral measures, Wilcoxon 
tests revealed that the means for the 0.2, 1.0 and 5.0 mg/kg 
ketanserin pretreatments all significantly differed from the 0.0 
~g/kg (i.e., vehicle) condition ( Z = 2 . 4  to 3.1, p<0.02) .  In ad- 
dition, the 0.2 and 5.0 mg/kg treatments differed significantly 
on M (Z=2.69 ,  p=0.0071) .  

In the LE rats, all behavioral parameters reflected significant 
blocking of DOI-induced inhibition by ketanserin (X 2= 12.7 to 
29.4, p<0.01)  (Table 4). Subsequent Wilcoxon tests revealed 
that the 0.2, 1.0 and 5.0 mg/kg conditions all differed signifi- 
cantly from the 0.0 mg/kg (i.e., vehicle plus DOI) condition 
( Z = 2 . 4  to 3.3, p<0.02) .  Moreover, dose dependency was ob- 
served in the pattern of results, with the 0.2 and 1.0 mg/kg doses 
differing significantly on ML and PEI (Z=2 .43  and 1.96, 
p=0 .015  and 0.049, respectively), 1.0 and 5.0 mg/kg condi- 
tions differing on PEI (Z=  1.98, p=0 .048) ,  and 0.2 and 5.0 
mg/kg conditions differing on ML, IL, and PEI (Z=2.98 ,  3.11 
and 3.3, p=0 .0029 ,  0.0019 and 0.0010, respectively). 

Since the low dose (0.2 mg/kg) had a significant effect in 
the present experiment, it was selected for a follow-up test of 
ketanserin administered without DOI. As can be seen in Fig. 4A 
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FIG. 4. Effectiveness of ketanserin in blocking DOI-induced inhibition 
of male rat sexual behavior. Ketanserin was administered 60 min prior 
to testing; DOI was given 30 min prior. A) Sprague-Dawley strain. B) 
Long-Evans strain. *Differs from 0.0 mg/kg, p<0.05. 

and B, treatment with this dose of ketanserin had no effect on 
the expression of sexual behavior in otherwise untreated males. 

GENERAL DISCUSSION 

Ritanserin, pirenperone and ketanserin were all effective in 
blocking the inhibition of male rat sexual behavior induced by 
administration of  DOI, and none significantly altered the behav- 
ior of the males when given alone in doses that had been found 
to block the effect of DOI. In general, therefore, the present data 
support the inference that activity at 5-HT2 receptors mediates 
an inhibition of male rat sexual behavior. 

Attribution of the present effects to the 5-HT 2 receptor sub- 
type is somewhat complicated by the affinities of these com- 
pounds for other types of receptors. DOI and ritanserin both 
display almost equivalent high affinity for 5-HT 2 and 5-HTjc 
receptors (22). Pirenperone and ketanserin are somewhat more 
selective for 5-HT 2 and 5-HTlc receptors (21), but exhibit high 
affinity for other types of receptors, particularly for histaminer- 
gic, alpha-adrenergic and dopaminergic receptors (24). LY 53857, 
like DOI and ritanserin, exhibits comparable affinity for 5-HT 2 
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TABLE 3 

EFFECTS OF KETANSERIN PRETREATMENT ON DOI-INDUCED 
INHIBITION OF MALE RAT SEXUAL BEHAVIOR. 

I. SPRAGUE-DAWLEY STRAIN 

Ketanserin Pretreatment, mg/kg 
Behavioral 
Parameter 0.0 0.2 1.0 5.0 No Drugs 

Mounts 0.5 9.9 15.5 10.8 22.3 
(0.5) (3.2) (4.4) (2.3) (4.5) 
[1] [8] [12] [13] [13] 

Intromissions 0.0 3.7 4.9 3.9 6.6 
(0.0) (1.2) (1.3) (1.0) (1.3) 
[0] [7] [9] [81 [ 111 

Mount Latency 1662 .9  829.3 430.1 547.2 214.9 
(137.1) (230.9) (174.8) (158.6) (113.2) 

[1] [8] [12] [13] [t3] 
Intromission 18130.0 916.5 821.8 902.9 502.4 

Latency (0.0) (240.2) (228.1) (222.4) (178.6) 
[0] [7] [9] [8] [111 

Ejaculation 1800.0 1 5 9 2 . 7  1272 .2  1 3 3 7 . 0  1245.0 
Latency (0.0) (141.1) (195.9) (163.1) (168.7) 

[0] [2] [5] [6] [7] 
Postejaculatory 1800 .0  1578 .5  1 4 7 1 . 4  1 4 5 4 . 3  1245.2 

Interval (0.0) (150.0) (173.4) (182.3) (202.8) 
[0] [2] [3] [3] [5] 

In all but the "no drug" condition, 1.0 mg/kg DOI was administered 
30 min prior to testing. Mounts and Intromissions are total counts, and 
include scores of zero for noncopulating animals. All other values are 
time in seconds. Data are presented as mean scores (SEM in parenthe- 
ses) after substitution of missing values. Numbers of animals which 
achieved each measure are in square brackets. See text for details. 

TABLE 4 

EFFECTS OF KETANSERIN PRETREATMENT ON DOI-INDUCED 
INHIBITION OF MALE RAT SEXUAL BEHAVIOR. 

II. LONG-EVANS STRAIN 

Ketanserin Pretreatment, mg/kg 
Behavioral 
Parameter 0.0 0.2 1.0 5.0 No Drugs 

Mounts 0.8 2.1 6.2 5.4 6.1 
(0.6) (0.6) (2.3) (1.6) (1.8) 
[2] [9] [12] [14] [14] 

Intromissions 0.4 4.9 5.6 7.5 9.6 
(0.4) (1.2) (1.0) (0.5) (1.0) 
[1] [9] [11] [14] [14] 

Mount Latency 1 5 9 4 . 0  728.0 311.4 66.1 41.1 
(144.4) (225.9) (171.3) (37.6) (21.3) 

[2] [9] [12] [14] [14] 
Intromission 1676.4 731.9 471.9 74.5 50.9 

Latency (123.6) (224.9) (196.9) (37.4) (21.5) 
[1] [9] [11] [14] [14] 

Ejaculation 1679.2 746.2 564.0 194.1 229.8 
Latency (120.8) (218.4) (184.0) (21.6) (25.9) 

Ill [9] Ill] [14] [14] 
Postejaculatory 1 7 0 6 . 9  904.6 648.4 291.6 308.2 

Interval (93.1) (186.8) (168.2) (14.0) (19.6) 
[1] [9] [11] [14] [14] 

In all but the "no drug" condition, 1.0 mg/kg DOI was administered 
30 min prior to testing. Mounts and Intromissions are total counts, and 
include scores of zero for noncopulating animals. All other values are 
time in seconds. Data are presented as mean scores (SEM in parenthe- 
ses) after substitution of missing values. Numbers of animals which 
achieved each measure are in square brackets. See text for details. 

and 5-HT~c sites (21), but lacks the activity at other monoamin- 
ergic receptors that pirenperone and ketanserin share. In general, 
therefore, because all three antagonists are effective at low doses 
in the present paradigm, and share 5-HT 2 affinity while varying 
in affinity for other receptors, the data suggest an inhibitory role 
for 5-HT 2 receptors. The brain loci in which these effects are 
mediated have yet to be identified. We are currently engaged in 
studies employing focal intracerebral administration of  5-HT 2 
selective compounds in an attempt to determine such sites. 

It is interesting to note that pirenperone produced an approxi- 
mately biphasic response in the present paradigm. Compared to 
the response seen with the lowest dose (50 Ixg/kg), higher doses 
of pirenperone exerted a significantly inhibitory influence (see 
Tables 1 and 2, and Fig. 3). Although DOI-induced inhibition 
was significantly attenuated under all treatment conditions, there 
was significantly less improvement at higher doses of pirenper- 
one than at the low dose, on a variety of parameters. The data 
obtained with the lower dose of pirenperone might possibly re- 
flect an initial greater relative aff'mity of pirenperone for 5-HT 2 
receptors, with saturation of 5-HT 2 receptors and behavioral ex- 
pression of relatively increased subsequent binding to other types 
of receptors occurring at higher doses. In support of this notion, 
it has been reported that treatment with the alphal-adrenergic 
antagonist prazosin abolishes the facilitation of sexual behavior 
observed in male rats after treatment with LY 53857 (10). Thus 
the adrenergic activity of pirenperone and ketanserin may ac- 
count for the inhibition that they have been reported to produce 
in the absence of other drugs (10,27). However, we note that, 
in the present experiments, ketanserin did not parallel pirenper- 
one in producing a diminished blockade of DOI-induced inhibi- 
tion at higher doses (Experiment 3). Since pirenperone has 

somewhat higher affinity for dopamine receptors than does ket- 
anserin (24), it is therefore possible that the attenuated effect 
seen after administration of 100 or 200 Ixg/kg of pirenperone, 
relative to 50 ~g/kg, is due to its dopaminergic activity. 

A role of 5-HTlc receptors in the effects seen in the present 
study cannot be ruled out, as all 5-HT 2 selective drugs devel- 
oped thus far also show moderate to high 5-HTlc affinity (14, 
21, 22). Indeed, cloning studies have suggested a h o m o l o g y  be- 
tween 5-HTIc and 5-HT 2 receptors that approaches 80% (19). 
The mixed 5-HTla/5-HTIc agonists TFMPP and mCPP have 
been reported to inhibit male rat sexual behavior (8, 29, 30), an 
effect that is consonant with the present data. Precise dissocia- 
tion of the respective roles of 5-HT~c and 5-HT 2 receptors in 
male rat copulatory behavior must therefore await the develop- 
ment of more selective ligands. 

The effects of serotonin receptor subtype selective drugs on 
ex copula penile reflexes have also been examined. Interestingly, 
the role of  serotonin receptor subtypes in mediating such reflexes 
does not appear to parallel the role of  such receptors in sexual 
behavior per se. For instance, it has been reported that DOI fa- 
cilitates penile reflexes ex copula [via 5-HTIc receptors (6)], and 
that 8-OH-DPAT (34) and buspirone (25) are inhibitory. This 
pattern of results is the converse of  results obtained with these 
drugs on in copula mating tests. The relationship of penile re- 
flexes to overt sexual behavior thus remains unclear, but it does 
appear that ejaculatory behavior and actual seminal emission 
may be physiologically separable events (34). 

In all three experiments, the two genetic strains of rats 
showed comparable patterns of responses to the pharmacological 
manipulations, but differed somewhat in scope and variability. 
Indeed, post hoc Mann-Whitney U-tests of baseline scores (no 
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drugs) revealed that the LE rats were much more vigorous copu- 
lators than the SD animals, in terms of M, ML, IL, EL, and 
PEI, in both Experiment 2 (p values ranging from 0.0427 to 
0.0013), and Experiment 3 (p from 0.022 to <0.0001). Thus, 
while strain differences do not directly explain the inconsisten- 
cies in the literature regarding 5-HT 2 mediation of sexual behav- 
ior, we note that the greater sexual vigor of the LE strain might 
better provide the range of responding required to demonstrate 
subtle behavioral effects. 

To the extent that DOI-induced inhibition of copulation in the 
male rat is directly attributable to activity at 5-HT2 receptors, 
studying the efficacy of agents in reversing this inhibition may 
provide a simple, rapid behavioral bioassay for 5-HT 2 activity. 

As evidence mounts that 5-HT 2 receptor agonism plays a central 
role in the activity of hallucinogenic drugs [e.g., (18)], and that 
5-HT 2 antagonism promotes anxiolysis [e.g., (26)], such behav- 
ioral assays may well prove helpful in the development of clini- 
cally useful pharmaceutical agents. 
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