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Abstract

Ž . Ž .The mixed 5-HT r5-HT r5-HT receptor agonist, m- chlorophenyl piperazine mCPP , elicited penile erections in rats, an action2A 2B 2C
Ž . Ž . .mimicked by the selective 5-HT receptor agonist, RO 60-0175 S -2- 6-chloro-5-fluoroindol-1-yl -1-methylethylamine , whereas the2C

Ž w Ž . x .preferential 5-HT receptor agonist, BW 723C86 1- 5- thienylmethoxy -1H-3-indoyl propan-2-amine was ineffective. The actions of2B
Ž ŽmCPP and RO 60-0175 were dose-dependently abolished by the novel 5-HT r5-HT receptor antagonists, SB 200,646 1- 1-methylin-2B 2C

. Ž . . Ž Ž . w x .dol-5-yl -3- 3-pyridyl urea and SB 206,553 5 methyl-1- 3-pyridil-carbamoyl -1,2,3,5-tetrahydropyrrolo 2,3-f indole . In contrast,
Ž Ž . Žpenile erections were not significantly affected by the selective 5-HT receptor antagonist, SB 204,741 1- 1-methylindol-5-yl -3- 3-2B

. . Žw Ž . Ž . w Žmethylisothiazol-5-yl -urea nor by the selective 5-HT receptor antagonist, MDL 100,907 R q -a- 2,3-dimethoxyphenyl -1- 2- 4-flu-2A
.x x.orophenylethyl -4-piperidine-methanol . These data provide rigorous pharmacological evidence that activation of 5-HT receptor elicits2C

penile erections in the rat. This model should, thus, be of use for characterising novel ligands at this site.

Ž .Keywords: 5-HT 5-hydroxytryptamine, serotonin ; 5-HT receptor; Penile erection2C

1. Introduction

Serotonin receptors modulate several physiological
functions including, appetite, mood, motor behaviour and

Žnociception see Bloom and Kupfer, 1995; Molineaux et
.al., 1989; Tecott et al., 1995 . Several functional parame-

ters have been proposed for the characterization of actions
at 5-HT sites, including hypolocomotion, hyperthermia2C

Žand the induction of penile erections Berendsen et al.,
.1990; Kennett and Curzon, 1988; Lucki et al., 1991 .

However, owing to a lack of selective ligands at 5-HT2C

receptors, it has proven difficult to differentiate actions
mediated at 5-HT receptors from those mediated by2C

Ž5-HT and, in particular, 5-HT receptors Baxter et al.,2A 2B
.1995; Bonhaus et al., 1995; Boess and Martin, 1994 .

ŽIndeed, such widely used ligands as the agonist, m- chlo-
. Ž .rylphenyl piperazine mCPP , and the antagonists, ri-

tanserin and mesulergine, show similar affinities at each of
these sites and exert marked activity at other receptor

) Ž . Ž .Corresponding author. Tel.: 33-1 4118-2425; Fax: 33-1 4118-2470.

types, such as a -adrenoceptors and dopamine D recep-1 2
Ž .tors Baxter et al., 1995; Boess and Martin, 1994 . Re-

cently, however, novel ligands were described which lack
marked affinity at other 5-HT receptor types, the use of
which should permit the unequivocal identification of ac-
tions mediated by 5-HT receptors. That is, the selective2C

Ž . Ž5-HT receptor agonist, RO 60-0175 S -2- 6-chloro-5-2C
. . Žfluoroindol-1-yl -1-methylethylamine Martin et al.,

.1995 ; the 5-HT r5-HT receptors antagonists, SB2B 2C
Ž Ž . Ž . . Ž200,646 1- 1-methylindol-5-yl -3- 3-pyridyl urea Wood

. Ž Žet al., 1995 and SB 206,553 5 methyl-1- 3-pyridil-
. w x . Žcarbamoyl -1,2,3,5-tetrahydropyrrolo 2,3-f indole Ken-

.nett et al., 1996b , the selective 5-HT receptor antago-2B
Ž Ž . Žnist, SB 204,741 1- 1-methylindol-5-yl -3- 3-methyliso-

. . Ž .thiazol-5-yl -urea Forbes et al., 1996 , the preferential
Ž w Ž5-HT receptor agonist, BW 723C86 1- 5- thienyl-2B

. x . Žmethoxy -1H-3-indoyl propan-2-amine Kennett et al.,
.1996a and the selective 5-HT receptor antagonist, MDL2A

Žw Ž . Ž . w Ž100,907 R q -a- 2,3-dimethoxyphenyl -1- 2- 4-fluoro-
.x x. Žphenylethyl -4-piperidine-methanol Sorensen et al.,¨

.1993 . Employing these ligands, we now provide evidence
that 5-HT receptors mediate penile erections in the rat.2C
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2. Materials and methods

Penile erections were measured in male Wistar rats
Ž . Ž120–140 g essentially as described previously Jenck et

.al., 1993 . Briefly, immediately following treatment with
vehicle, mCPP or RO 60-0175, they were placed in trans-
parent, Plexiglas observation cages behind which was situ-
ated a mirror to facilitate observation. Penile erections
were recorded over 45 min. Antagonists were administered
30 min prior to the agonists. Drugs were dissolved in

Ž .sterile water and injected subcutaneously s.c. . Drug doses
are in terms of the base.

3. Results

mCPP and RO 60-0175 elicited penile erections over a
similar dose range with their dose–response curves inflect-

Ž .ing at the highest dose tested Fig. 1 . They displayed a
similar maximal effect. BW 723C86 was inactive at doses

Ž . Ž .of 0.16 ns4 and 2.5 ns8 mgrkg, s.c.; penile erec-
tionss0.5"0.5 and 0.3"0.2, respectively: not signifi-

Fig. 1. Induction of penile erections by the 5-HT agonists, mCPP and2C

RO 60-0175, in rats. Means"S.E.M. shown. ns8 per group. ANOVA
Ž . Ž .as follows: mCPP, F 5,42 s8.0, P -0.001 and RO 60-0175, F 5,42 s

14.6, P -0.001. Asterisks indicate significance of differences to vehicle
Ž .values in Dunnett’s test P -0.05 .

Fig. 2. Inhibition of mCPP- and RO 60-0175-induced penile erections by
the 5-HT antagonists, SB 200,646 and SB 206,553. The dose of mCPP2C

and RO 60-0175 was 2.5 mgrkg, s.c. in each case. Means"S.E.M.
shown. ns4–12 per group. ANOVA as follows: for mCPP, SB 200,646,
Ž . Ž .F 4,37 s16.6, P -0.001 and SB 206,553, F 4,35 s26.5, P -0.001

Ž .and for RO 60-0175, SB 200,646, F 2,21 s5.4, P -0.05 and SB
Ž .206,553, F 4,31 s6.3, P -0.001. Asterisks indicate significance of

Ž .differences to vehicle values in Dunnett’s test P -0.05 .

Ž . Ž .cantly P)0.05 different to vehicle ns8 , penile erec-
tionss0.1"0.1. SB 200,646 dose-dependently inhibited
the induction of penile erections by mCPP with an in-

Ž . Ž Ž ..hibitory dose 95% confidence limits ID 95% C.L.50 50
Ž . Ž .of 3.6 1.4–9.3 mgrkg, s.c. Fig. 2 . It also blocked the

action of RO 60-0175 at similar doses although, as sup-
plies were exhausted, a complete dose–response curve
could not be constructed. SB 206,553 more potently and
completely abolished the actions of both mCPP and RO

Ž . Ž .60-0175 with ID values 95% C.L.s of 0.06 0.02–0.2450
Ž . Ž .and 0.18 0.07–0.47 mgrkg, s.c., respectively Fig. 2 .

Ž .SB 204,741 10.0 mgrkg, s.c. was ineffective.
VehiclermCPPs2.7"0.3 vs. SB 204,741rmCPPs2.3
"0.2, P)0.05 and vehiclerRO 60-0175s1.8"0.2 vs.
SB 204,741rRO 60-0175s1.3"0.3, P)0.05. MDL

Ž .100,907 0.04 mgrkg, s.c. was also inactive.
VehiclermCPPs3.4"0.2 vs. MDL 100,907rmCPPs
2.7"0.5, P)0.05. VehiclerRO 60-0175s1.7"0.2 vs.
MDL 100,907rRO 60-0175s1.7"0.2, P)0.05. The
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Žantagonists did not induce penile erections alone not
.shown .

4. Discussion

The selective 5-HT receptor agonist, RO 60-01752C
Ž .Martin et al., 1995 , mimicked mCPP in dose-dependently

Ž .eliciting penile erections. RO 60-0175 shows )100-fold
lower affinity at 5-HT and 5-HT vs. 5-HT receptors:2B 2A 2C

ŽpK valuess6.0 and 5.8 vs. 8.8, respectively Martin eti

al., 1995; Congress of the European College of Neuropsy-
chopharmacology; Newman-Tancredi, A. and Millan, M.J.,

.unpublished observations . Thus, it is likely that the com-
mon actions of RO 60-0175 and mCPP at 5-HT recep-2C

Žtors underlie this penile erection response Martin et al.,
.1995 . The selective 5-HT receptor antagonist, MDL2A

100,907, at a dose known to abolish actions mediated by
Ž .5-HT receptors Schreiber et al., 1995 , did not modify2A

the actions of mCPP or RO 60-0175 suggesting that
5-HT receptors are not involved in the induction of2A

penile erections, consistent with the low affinity of RO
60-0175 at 5-HT sites. In distinction, SB 200,646 and2A

SB 206,553, which behave as potent antagonists at 5-HT2C
Žvs. 5-HT receptors Kennett et al., 1996b; Wood et al.,2A

.1995 blocked the actions of both mCPP and RO 60-0175.
Over the dose range required for inhibition of penile
erections, SB 200,646 and SB 206,553 do not significantly
modify motor behaviour in the rotarod test, indicating that
non-specific, motor actions are not involved in this antago-

Ž .nism unpub. obs. . Further, the potency ratios of SB
200,646 and SB 206,553 in blocking penile erections
correspond to their relative affinities at 5-HT receptors2C
Ž .Kennett et al., 1996b; Wood et al., 1995 . Since RO
60-0175 possesses only low affinity at 5-HT receptors,2B

Ž .at which it behaves as a weak agonist Martin et al., 1995 ,
the antagonist actions of SB 200,646 and SB 206,553 at
5-HT receptors are unlikely to underlie their blockade of2B

penile erections. In support of the contention that 5-HT2B

receptors are not involved in the induction of penile erec-
tions, the novel and selective antagonist at 5-HT recep-2B

Ž .tors, SB 204,741 Forbes et al., 1996 was ineffective in
modifying the action of mCPP or RO 60-0175. Further, the

Žnovel agonist at 5-HT receptors, BW 723C86 Kennett2B
.et al., 1996a , did not evoke penile erections.

Dose–response curves for both mCPP and RO 60-0175
were biphasic. Inasmuch as agonists at 5-HT or 5-HT1A 2A

receptors inhibit induction of penile erections, the weak
Ž .affinity of RO 60-0175 at 5-HT pK s5.6, unpub. obs.1A i

Ž .or 5-HT receptors pK s5.8, Martin et al., 1995 might2C i

interfere with the 5-HT agonist actions of RO 60-0175 at2C

high doses. On the other hand, the onset of motor-suppres-
sive actions of RO 60-0175 at higher doses might also be

Ž .involved Kennett and Curzon, 1988 .
In conclusion, employing several, novel and selective

ligands, the present data provide compelling evidence that
5-HT receptors mediate penile erections in the rat. The2C

response of penile erections should, thus, provide a useful
model for the discovery and characterization of novel
ligands at 5-HT receptors. To our knowledge, this is the2C

first study to simultaneously employ these novel, selective
ligands for the identification of actions mediated by 5-HT2C

receptors. These drugs should facilitate the further explo-
ration of the physiological significance of 5-HT recep-2C

tors and permit an improved understanding of their impli-
cation in psychiatric disease and other disorders.
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