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ELANOTAN-II: INVESTIGATION OF THE INDUCER
ND FACILITATOR EFFECTS ON PENILE ERECTION IN

NAESTHETIZED RAT
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bstract—The effects of melanotan-II, a non-specific agonist
f melanocortin receptors, on erection and its possible sites
f action were investigated in anesthetized rats. Delivered i.v.
0.1, 0.3 and 1 mg/kg) or within the paraventricular nucleus of
he hypothalamus (0.1 and 1 �g), melanotan-II exerted a
ose-dependent inducer activity on erection by eliciting erec-
ile events and shortening latency of the first erectile event to
ccur. Erectile events were of higher amplitude in rats treated
ith melanotan-II i.t. (0.2 �g) delivered at the L6–S1 level than

n animals treated with the vehicle i.t. delivered. Erectile re-
ponses elicited by cavernous nerve stimulation were in-
reased after i.v. melanotan-II (1 mg/kg), thereby exerting
acilitator effect on erection. In contrast, melanotan-II injected
ithin the corpus cavernosum (1 �g) did not display any

acilitator activity. To investigate the neural pathways in-
olved in the facilitator effect of melanotan-II, we performed
cute spinalization (T8 level) and differential selective nerve
ransections. Neither spinalization nor bilateral transection of
elvic nerves or dorsal penile nerves impaired facilitator ac-
ivity of i.v. melanotan-II (1 mg/kg). Conversely, the facilitator
ffect of melanotan-II was abolished after acute removal of
he lumbar paravertebral sympathetic chain. These results
ead to the conclusion that central and peripheral melanocor-
in pathways are recruited by melanotan-II, depending on its
oute of delivery, to exert both inducer and facilitator activi-
ies on erection. © 2005 Published by Elsevier Ltd on behalf
f IBRO.

ey words: melanocortin receptor, paraventricular nucleus,
pinal cord, sympathetic nervous system.

Correspondence to: F. Giuliano, Neuro-Urology Unit, Department
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bbreviations: ACTH, adrenocorticotropin hormone; ANOVA, analysis
f variance; AUC, area under the curve; EE, erectile event; i.c., intra-
orporally; ICP, intracavernous pressure; i.t., intrathecal/intrathecally;
AP, mean arterial pressure; �-MSH, alpha-melanocyte stimulating
ormone; MT-II, melanotan-II; PVN, paraventricular nucleus; SNK
d
est, Student-Newman-Keul’s test; SPN, sacral parasympathetic nu-
leus.
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enile erection is an integrative and highly coordinated
hysiological process modulated at different levels of the
euraxis (Andersson, 2000; Giuliano and Rampin, 2004).
he penile erectile tissue as well as the arterial supply to

he penis receives sympathetic and parasympathetic in-
ervations originating from the spinal cord that exert re-
pectively antierectile and proerectile roles. The balance
etween the sympathetic and parasympathetic tones de-
ermines the functional state of the penis and, when the
arasympathetic tone becomes predominant, relaxation of
mooth muscle cells of the corpora cavernosa as well as

ncrease of arterial inflow of blood to the erectile tissue
ccur. This is responsible for a dramatic increase in intra-
avernosal pressure (ICP). The final result is tumescence
ollowed by rigidity of the penis. In addition, in many mam-
alian species, intense brief contractions of bulbospongio-

us and ischiocavernosus striated muscles located at the
enile crus reinforce penile rigidity (Andersson and Wag-
er, 1995). Local mechanisms of erection are under the
ontrol of a variety of neurotransmitters contained in su-
raspinal and spinal centers and sensory peripheral path-
ays. Among them, adrenocorticotropin hormone (ACTH)
nd alpha-melanocyte stimulating hormone (�-MSH) have
een reported to enhance penile erection in a range of
ammalian species (Argiolas et al., 2000; Hohmann et al.,
000; Vemulapalli et al., 2001).

The melanocortins ACTH and �-MSH are derived from
common 31 kD precursor, the proopiomelanocortin.

elanocortins are produced within the CNS, and act either
t central or peripheral sites to regulate a wide variety of
hysiological functions such as steroidogenesis (Abdel-
alek, 2001), energy homeostasis (Huszar et al., 1997),
lood pressure regulation (Dunbar and Lu, 1999), and
enile erection (Giuliano, 2004). Five melanocortin recep-
ors, belonging to the G protein-coupled receptor super-
amily, have been cloned (Adan and Gispen, 1997). MC1,
C2, and MC5 are not appreciably expressed in the CNS
hereas MC3 and MC4 are found widely distributed in the

at brain, and more especially in brain nuclei involved in the
egulation of penile erection, such as medial preoptic area
nd paraventricular nucleus (PVN) of the hypothalamus
Roselli-Rehfuss et al., 1993; Mountjoy et al., 1994). Fi-
ally, MC4 mRNA has been detected in rats in dorsal horn
f the spinal cord and in dorsal root ganglia (both at the

umbar level) as well as at free nerve endings and mech-
noreceptors in both the corpora cavernosa and the glans
enis (Mountjoy et al., 1994; Starowicz et al., 2004; Van

er Ploeg et al., 2002).
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The role of the melanocortinergic system in regulating
enile erection has been investigated by using different
nimal models. ACTH and �-MSH induced penile erection

n conscious or anesthetized rats when injected i.c.v. or
ithin the periventricular region in the hypothalamus (Ar-
iolas et al., 2000; Mizusawa et al., 2002). Melanotan-II
MT-II), a potent exogenous nonselective agonist of MC1,
C3, MC4, and MC5 displayed proerectile activity, i.e.

nduced penile erection without sexual stimulation, in con-
cious rats after i.c.v. or intrathecal (i.t.) application (Wes-
ells et al., 2003a,b). However, the fact that the inducer
ctivity of �-MSH on erection was not reversed by i.c.v.
oinjection of the preferential MC4 antagonist (HS014)
uggested that this activity was not mediated via MC4

Argiolas et al., 2000; Vergoni et al., 1998). On the other
and, Van der Ploeg and colleagues (2002) reported clear
vidence supporting the role of MC4 in modulating erectile
unction. They showed that a selective MC4 agonist facili-
ated the erectile response induced by electrical stimula-
ion of the cavernous nerve in anesthetized mouse, and
hey further suggested a spinal and/or penile site of action
or this compound.

As a whole, the above data indicate that melanocort-
ns exert both facilitator and inducer activities on erec-
ion at different levels of the neuraxis that remain to be
learly determined. We thus aimed to clarify this issue
y (i) testing the effects of MT-II injected via different
outes on erection in anesthetized rat, (ii) using different
xperimental paradigms to specifically investigate inducer
nd facilitator activity on erection, and (iii) carrying out
ifferential selective lesions at different levels of the neural
ircuitry driving pro- or antierectile neural signals.

EXPERIMENTAL PROCEDURES

nimal preparation

ll animal experiments were carried out in accordance with the
uropean Communities Council Directives (86/609/EEC) on the
se of laboratory animals. All efforts were made to minimize
nimal suffering and to reduce the number of animals used.

Male Sprague–Dawley rats (Charles-River, L’Arbresle, France),
eighing 200–250 g, were used in this study. They were anesthe-

ized with urethane (1.2 g/kg) and placed on a homeothermic blanket
o maintain their temperature at 37 °C. A catheter was inserted into
he left carotid artery for mean arterial pressure (MAP) monitoring.
or ICP monitoring, the penis was denuded of skin and a 25-gauge
eedle connected to a catheter was inserted into one corpora cav-
rnosa. Arterial and cavernosal catheters were filled with heparinized
aline (25 IU/ml) and connected to pressure transducers (EM 750,
lcomatic, Glasgow, UK). The left cavernous nerve was exposed at

he lateral aspect of the prostate, with the aid of a dissecting micro-
cope and mounted on a bipolar platinum electrode connected to an
lectrical stimulator (AMS 2100, Phymep, France). Pressure signals
ere amplified (Bionic Instruments, Nozay, France), digitized (Lab-
aster DMA, Scientific Solutions, Solon, OH, USA) and converted to
illimeters of mercury (mm Hg) after calibration (Axotape V2, Axon

nstruments, Foster City, CA, USA).

ffect of MT-II on erectile activity in anesthetized rats

o investigate the inducer activity on erection, MT-II or vehicle
saline) was acutely injected i.v., i.t. or within the PVN after a 5 min

aseline recording period was obtained. ICP and MAP were then t
ecorded for a 60 min period after saline or MT-II delivery. I.v.
njections (three doses; 0.1, 0.3, and 1 mg/kg in saline) were
erformed with a catheter inserted in the jugular vein. For i.t.

njections, a catheter was inserted through the atlanto-occipital
embrane and directed caudally. Ten minutes after i.t. catheter

nsertion, penile and pelvic surgery began. One dose (0.2 �g in
0 �l saline) was tested. Correct implantation of the caudal tip of
he catheter at the T12–L1 or L4–L6 spinal cord level was
hecked by complete laminectomy after kill of the animal. Rostro-
audal diffusion of i.t. injection was checked in two rats delivered
ith Evan’s Blue (10 �l) at the L6–S1 level. For PVN injection
xperiments, penile and cavernous nerve dissections were per-
ormed and then the rat was placed on a stereotaxic frame.
njection (two doses; 0.1 and 1 �g in 1 �l saline) was performed
sing a Hamilton microsyringe 20 min after its positioning within
he PVN (coordinates: 0.3 mm posterior to bregma, 0.4 mm lateral
o the midline, 8.4 mm below the skull surface, with the upside of
he incisor bar at the level of the interaural line). After kill, the brain
as removed and serially cut in 20 �m thick sections on a cryo-
tat. One in five slices was mounted on gelatinized slides and
yed with Cresyl Violet in order to check the position of the

njection tip. Rats found to have the tip of the microsyringe needle
utside the PVN were rejected from the study. For each experi-
ent, control of ICP recording conditions was performed by stim-
lating the cavernous nerve (30 s overall duration, 6 V, 10 Hz, 1 ms
ulse) at the end of each experimental period to elicit a complete
rectile response.

ffect of MT-II on erection elicited by
eurostimulation in anesthetized rats

o investigate the facilitator activity of MT-II on erection, erectile
esponses were elicited by electrical stimulation of the cavernous
erve at various submaximal frequencies eliciting a partial erectile
esponse (45 s overall duration, 6 V, 1 ms pulse and either 0.5, 1,
and 5 Hz). Each electrical stimulation was performed twice, in a

andom order, every 90 s, before and after the i.v. injection of
T-II (0.3 and 1 mg/kg) or saline. This protocol was used in

ontrol rats and in rats immediately after spinalization at the
8 level or peripheral nerve transection. For spinalization, the T8
pinal cord was exposed through a laminectomy of the T7–T8
ertebrae and, after dura incision, a complete transversal section
f the underlying T8 spinal cord was performed. All peripheral
erve transections were performed bilaterally. Pelvic nerves,
hich convey the proerectile parasympathetic fibers issued from

he sacral parasympathetic nucleus (SPN) to the penis, were freed
rom the surrounding connective tissue on the lateral aspect of the
rostate and sectioned 5 mm posterior to the major pelvic gan-
lion. Dorsal nerves of the penis, that convey sensory fibers from
he penis to the spinal cord, were freed as proximally as possible
t the base of the penis and transected. Both trunks of the lumbar
aravertebral sympathetic chain, harboring the sympathetic effer-
nt fibers innervating the pelvis, were removed at the L4–L5 level
ogether with the inferior mesenteric ganglia. The different sites of
cute neural lesions are summarized on Fig. 1.

A different protocol was used to investigate the facilitator
ctivity of MT-II when delivered within the corpora cavernosa, i.e.

ntracorporally (i.c.). Erectile responses were elicited by electrical
timulation of the cavernous nerve at two different submaximal
requencies (45 s overall duration, 6 V, 1 ms pulse and either 3 Hz
nd 5 Hz) in order to elicit partial penile tumescence. For each
requency, two electrical stimulations were performed before and
0 s after the i.c. delivery of 1 �g MT-II in 100 �l saline or the
orresponding volume of saline. I.c. injections were performed via

he needle used for ICP measurement.
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rugs

T-II (purity, 98.4%) was purchased from Bachem (Voisins-le-
retonneux, France). All other reagents were purchased from
igma-Aldrich (Saint-Quentin Fallavier, France).

ata and statistical analysis

Effect of MT-II on erectile activity in anesthetized rats. Only
ncreases in ICP superior to i) the sum of the average�3 standard
eviations of the basal ICP (mean ICP measured during the first 5
in of recording before treatment) and ii) an absolute value of
0 mm Hg were quantified. In anesthetized rats, such ICP rises
orrespond to erectile events (EEs) (Chen et al., 1992; Giuliano et
l., 1993). Their number was averaged for each experimental
ondition. Amplitude of ICP increase during an EE was divided by
he corresponding MAP to normalize their dependence on MAP
Giuliano et al., 1993). ICPmax/MAP, expressed as percentage,
orresponded to the maximal value reached by ICP during the EE
ivided by the MAP calculated for the duration of the EE. The ratio
f area under the curve (AUC) of the ICP and the corresponding
AP (AUC/MAP, mm Hg·s), which reflects both amplitude and
uration of the EE, was also determined. ICPmax/MAP and AUC/
AP were averaged per rat, and then per group. Rats which did
ot display any EE (non-responding rats) during the recording
eriod were attributed the value 0 for the number of EEs, and
CPmax/MAP and AUC/MAP were considered as missing data for
he statistical analysis. The lag time separating the end of the drug
njection from the occurrence of the first EE (latency) was deter-

ined for each rat and averaged for each experimental condition.

Effect of MT-II on erection elicited by neurostimulation in
nesthetized rats. Increase in ICP elicited by electrical stimula-

BRAIN

T12

I

L1

L6

I

S1

PELVIC

PLEXUS

PENIS

CN

PN

PSC

DNP

PudN

T8

L4-L5

Parasympathetic efferents

Sympathetic efferents
Sensory afferents

SPINAL

CORD

Supraspinal control

ig. 1. Diagrammatic illustration of the differential selective neural
esions acutely performed in anesthetized rats. Sites of sectioning
re represented by double head arrows. Abbreviations: CN, cav-
rnous nerve; DNP, dorsal nerve of the penis; PudN, pudendal
erve; PN, pelvic nerve; PSC, paravertebral sympathetic chain.
ion of the cavernous nerve was computed from the basal ICP, M
nd normalized by the corresponding MAP for the duration of the
lectrical stimulation (� ICPmax/MAP). The ratio AUC/MAP was
lso calculated for each ICP increase induced by stimulation of the
avernous nerve. � ICPmax/MAP and AUC/MAP were averaged
or each frequency of electrical stimulation of the cavernous nerve
efore and after MT-II or saline delivery for each rat. The post-
reatment values of � ICPmax/MAP and AUC/MAP were then
xpressed as the % of the pre-treatment values (%� ICPmax/
AP and %AUC/MAP) for each rat and for each frequency of
lectrical stimulation. %� ICPmax/MAP and %AUC/MAP for each
requency was then averaged for each experimental condition.

tatistical analysis

esults obtained in the different experimental conditions were
ompared with t-test or one-way ANOVA analysis of variance
ANOVA). One-way ANOVA was followed by Student-Newman-
eul’s test (SNK test) when applicable. Differences were consid-
red significant when P�0.05. Results were expressed as
ean�standard error of the mean.

RESULTS

ffect of MT-II on erectile activity in anesthetized rats

n anesthetized rats, EEs were characterized by transient
ncrease of ICP (Fig. 2). EEs were observed in two of nine
ats in the saline group, and in three of nine, four of eight and
even of nine rats in the groups treated with 0.1, 0.3 and
mg/kg MT-II i.v. respectively. No significant changes in the
ean number of EEs were obtained after MT-II i.v. injections

Table 1). The amplitude of EEs occurring during the one-
our period of recording was similar after saline or MT-II at

he three dosings tested (Fig. 3a) whereas the AUC/MAP
atio was significantly increased for MT-II at 1 mg/kg
F[3,36]�3.67, P�0.05; SNK test, P�0.05; Fig. 3b). MT-II
elivery resulted in a significant decrease of the latency for

he first EE to occur at the three dosings tested
F[3,32]�7.27, P�0.001; SNK test, P�0.05) compared with
he saline group (Table 1). A posteriori SNK test yielded no
ignificant difference between the three dosings tested.

After intra-PVN delivery of MT-II or saline, EEs were
bserved in four of eight rats in the saline group, and in
our of eight and eight of eight rats in the groups treated
ith 0.1 and 1 �g respectively. The mean number of EEs
as significantly increased upon injection of MT-II in the
VN (F[2,21]�10.8, P�0.001; Table 1). This increase was
ose-dependent, and significant for the MT-II 1 �g treated
roup compared with the MT-II 0.1 �g and saline groups
P�0.01 and P�0.001 respectively, SNK test). Amplitude
f EEs occurring after delivery of MT-II in the PVN was not
tatistically increased compared with saline (Fig. 3a). Dur-

ng EEs, the increase in ICP lasted longer in the group
reated with 1 �g MT-II as reflected by the significant
ugmentation of AUC/MAP ratio (�79% compared with
aline, F[2,21]�5.4, P�0.05; SNK test, P�0.05; Fig. 3b).
n the two groups receiving intra-PVN injection of MT-II,
atency was significantly decreased compared with the
orresponding saline injection (F[2,21]�23.8, P�0.001;
NK test, P�0.001; Table 1).

To further confirm the supraspinal inducer activity of
T-II, a group of seven rats was injected i.v. with 1 mg/kg

T-II after acute spinalization at the T8 level. The effect of
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T-II was almost completely suppressed; only two of
even rats exhibited at least one EE during the 60 min
eriod following injection.

Upon control i.t. injection with Evan’s Blue at L6–S1
evel, the most intense coloration was observed at the
istal tip of the catheter. Caudal spreading of the dye
ppeared limited with a weak coloration detected at the S2

evel. Rostral diffusion occurred along the external part of
he catheter with a weak coloration detected up to the T10
evel. MT-II (0.2 �g) or saline was delivered i.t. at the
6–S1 spinal level in two groups of six rats (five of six and
our of six rats respectively exhibiting at least one EE). The
umber of EEs was not significantly greater in the group

njected with MT-II compared with saline (Table 1; t-test,
�0.06). Amplitude of EEs as well as AUC/MAP ratio was
ignificantly increased when MT-II was i.t. delivered at the
6–S1 spinal level compared with a corresponding saline

njection (ICPmax/MAP, t-test, P�0.05; Fig. 3a; AUC/
AP, t-test, P�0.05; Fig. 3b). The latency was not signif-

cantly decreased in the MT-II group (Table 1).
To investigate whether pelvic nerves constitute the

fferent neural pathway recruited by MT-II when eliciting
E upon i.t. delivery (0.2 �g) at the L6–S1 level, pelvic
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ig. 2. Recordings of intracavernous and blood pressure (ICP and MAP
ere recorded upon i.v. injection of 0.3 mg/kg MT-II (arrowhead in absc

arrows). A complete erectile response was induced at the end of the
ositive control.

able 1. Effects of MT-II injected via different routes on the number of
Es and latency of the first EE

oute of injection Treatment EEs number Latency (s)

ntravenous (Eight
to nine animals)

Saline
MT-II 0.1 mg/kg
MT-II 0.3 mg/kg
MT-II 1 mg/kg

0.8�0.4
1.1�0.6
2.7�1.2
2.2�0.8

2381�304
1088�573*
632�336*

1151�445*
ntra-PVN (Eight to

nine animals)
Saline
MT-II 0.1 �g
MT-II 1 �g

1.0�0.5
2.8�1.2
7.7�1.1*

1203�187
410�141*
316�59*

ntrathecal (L6–S1)
(Six animals)

Saline
MT-II 0.2 �g

1.9�1.1
5.8�1.2

1217�507
701�351

ntrathecal (T12–L1)
(Seven animals)

Saline
MT-II 0.2 �g

1.5�1.0
4.0�1.2

1429�618
909�314

tatistics: one-way ANOVA and SNK test.

sP�0.05 compared to saline.
erves were bilaterally transected in four rats. Acute tran-
ection of the pelvic nerves completely abolished the oc-
urrence of EEs in these four animals.

MT-II (0.2 �g) was also delivered at the T12–L1 spinal
evel in seven rats, where it did not elicit a significant
roerectile activity (Table 1; ICPmax/MAP: 47�4%; AUC/
AP: 10.6�1.3 s).

ffect of MT-II on erection elicited by
eurostimulation in anesthetized rats

lectrical stimulation of the cavernous nerve at 0.5 or 1 Hz,
V, 1 ms pulse for 45 s elicited increases in ICP of low

mplitude, leading to a poor signal to noise ratio and an
nreliable quantification of erectile response parameters.
ncreasing the frequency of electrical stimulations led to
btaining more robust erectile responses, and eventually 3
nd 5 Hz were considered for quantitative investigation of
he facilitator activity of MT-II.

Electrical stimulations of the cavernous nerve were
erformed in three groups of 10 rats treated i.v. with saline,
.3 or 1 mg/kg MT-II. At 5 Hz, %� ICPmax/MAP was
ignificantly increased by 1 mg/kg MT-II compared with a
orresponding injection of saline (127�12% and 89�5%
espectively, t-test, P�0.01; Fig. 4a). Similarly %AUC/
AP was found higher after i.v. delivery of 1 mg/kg MT-II

130�9% versus 88�4% for saline, t-test, P�0.05; Fig.
b). At 3 Hz, injection of 1 mg/kg MT-II also induced a
ignificant increase of %� ICPmax/MAP and %AUC/MAP
ompared with saline (%� ICPmax/MAP, 129�17% and
1�9% respectively, t-test, P�0.05; Fig. 4a; %AUC/MAP,
23�10% and 91�8% respectively, t-test, P�0.05; Fig.
b). Whether cavernous nerve electrical stimulation was
pplied at 3 or 5 Hz, t-test did not yield significant differ-
nces between 0.3 and 1 mg/kg MT-II.

Experiments were then performed to determine the site
f action for the facilitator effect of MT-II on erection. We
rst assessed whether the site of action of MT-II to facili-
ate erection resides within the penis itself in two groups of

000 1500 4000
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000 1500 4000
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ively) upon i.v. MT-II delivery. ICP (lower trace) and MAP (upper trace)
rethane-anesthetized rats. EEs appeared as transient increase of ICP
nt (double arrow) by electrical stimulation of the cavernous nerve as
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Intracavernosal injection (1 �g in 100 �l) of MT-II
ailed to increase the erectile response to submaximal
lectrical stimulation of the cavernous nerve at 3 and
Hz (Fig. 4a,b).

We therefore carried out acute spinal cord transection
t the T8 level and differential selective nerve transections.
significant facilitator effect of MT-II i.v. (1 mg/kg) was still

resent after T8 spinalization as shown by a significant
ncrease in %� ICPmax/MAP at 3 Hz (173�23% after

T-II (n�9) versus 115�15% after saline injection (n�9),
-test, P�0.05) and 5 Hz (%� ICPmax/MAP, 150�11%
fter MT-II versus 107�7% after saline injection, t-test,
�0.05; Fig. 5). Concerning %AUC/MAP, statistical tests
ielded significance only when 5 Hz electrical stimulation
as applied to the cavernous nerve (190�29% after MT-II
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Hz, 138�8% after MT-II versus 101�5% after saline injec-
ion, t-test, P�0.01; at 5 Hz, 130�8% after MT-II versus
6�2% after saline injection, t-test, P�0.01; Fig. 5).

In contrast, bilateral removal of the paravertebral sympa-
hetic chain between the L4 and L6 levels abolished the
acilitator effect of 1 mg/kg MT-II i.v. delivery in 10 rats; %�
CPmax/MAP and %AUC/MAP changes were not anymore
ignificant when compared with saline (n�10 rats) (Fig. 5).

DISCUSSION

T-II, a non-specific melanocortin agonist targeting MC ,
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as further supported by abolition of the inducer effect
hen MT-II was i.v. injected in T8 spinalized rats. This is in
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987, 2000) that furthermore suggested the brain site of
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or the inducer activity of melanocortinergic agonists.

In the present study in anesthetized rats, MT-II also
licited erection when delivered at both the thoracolumbar
T12–L1) and lumbosacral (L6–S1) levels of the spinal
ord, which correspond to the levels of, respectively, the
ympathetic and parasympathetic nuclei involved in the
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We also found that MT-II exerted a facilitator activity on
rection, in an experimental paradigm that is typically used

o assess the efficacy of peripherally acting drugs enhanc-
ng penile erection; the prototype being phosphodiesterase
ype 5 inhibitors (Giuliano et al., 2003). Using the same
xperimental paradigm than in the present study, the fa-
ilitator effect of tetrahydroisoquinoline, a selective MC4

gonist, has been demonstrated in anesthetized mice (Van
er Ploeg et al., 2002). However, tetrahydroisoquinoline
as a poor brain penetration (Martin et al., 2002) and its
recise site of action remains unclear. As shown by our
esults reporting the lack of a facilitator effect of MT-II upon
njection into the corpus cavernosum (1 �g), an intracor-
oral site of action for MT-II is likely ruled out. This is in
greement with Wessells et al. (2003a,b) findings even
eporting an inhibition of the increase in ICP elicited by
timulation of the cavernous nerve when i.c. injecting MT-II
100 �g). Despite the report of expression of MC4 within
he glans penis (Van der Ploeg et al., 2002), involvement of
ensory afferents originating within the penis in the facili-
ator activity of MT-II seems also unlikely as shown in the
resent study by the lack of effect of acute bilateral dorsal
enile nerves transection. Nevertheless, to definitely rule
ut any participation of afferent components on facilitator
ctivity of MT-II, its effect on reflexogenic erection using a
uitable experimental model remains to be investigated.
n the other hand, it is noteworthy that transection of the
elvic nerves did not significantly alter the facilitator activity
f MT-II when delivered i.v., making the involvement of the
arasympathetic pathway in the facilitator activity of MT-II
nlikely. The fact that the same lesion was effective in
uppressing the inducer activity of MT-II i.t. application
L6–S1 level) can be emphasized here.

In contrast, the abolition of the facilitator activity of i.v.
njected MT-II after removal of the lumbosacral paraverte-
ral sympathetic suggests that melanocortinergic system
odulates the tone of the sympathetic efferents to the
elvis. This phenomenon has already been reported fol-

owing i.c.v. delivery of MT-II (Rahmouni et al., 2003;
aynes et al., 1999). It is more problematic to understand
ow an increase of sympathetic activity leads to facilitate
enile erection. When penile erection is induced by elec-
rical stimulation of the medial preoptic area in anesthe-
ized rats, sympathetic fibers running in the paravertebral
ympathetic chain are recruited and have been postulated
o be responsible for vasoconstriction of pelvic arteries not
upplying the erectile tissue thereby resulting in diverting
lood toward the penis and facilitating erection by this
eans (Giuliano et al., 1997). The activation by MT-II of a

ubgroup of sympathetic neurones, which axons are con-
eyed by the lumbar paravertebral sympathetic chain, may
ery well play therefore a proerectile role. Further investi-
ations are required to confirm this hypothesis.

CONCLUSION

n conclusion, the present work shows that central and
eripheral melanocortin pathways, depending on the route

f delivery, might be recruited by MT-II to exert both in-
ucer and facilitator activities on penile erection. The mul-
iple sites of action for MT-II to exert its proerectile effect
upport further research for the use of melanocortin ago-
ists for the treatment of erectile dysfunction.
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