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Abstract The possible involvement of nitric oxide inrKey words Morphine - Nitric oxide - Apomorphine -
the prevention by morphine of apomorphine- and oxyt@xytocin - Penile erection - Yawning -
cin-induced penile erection and yawning was investig&araventricular nucleus of the hypothalamus - Rat
ed by measuring the concentration of N&hd NQ in
the dialysate obtained with a vertical microdialysis probe
implanted in the paraventricular nucleus of the hypoth#itroduction
amus of male rats. Either apomorphine (80 ug/kg s.c.) or
oxytocin (30 ng i.c.v.) increased significantly basal,;NCPenile erection and yawning are two different behavioral
and N@ concentration in the paraventricular dialysate, ggatterns that often occur concomitantly in different ex-
nile erection and yawning. Morphine (1, 5 and 10 mg/kegrimental conditions (see Holmgreen et al. 1985; Me-
i.p.) prevented dose-dependently either apomorphineiggl and Sachs 1994; Argiolas and Gessa 1991; Argiolas
oxytocin responses when given 15 min before apomand Melis 1995; Melis and Argiolas 1995a). While the
phine or oxytocin. Prevention by morphine of apomoimportance of penile erection in reproduction does not
phine and oxytocin responses was abolished by naloxoered to be stressed, it is pertinent to recall that yawning,
(3 mg/kg i.p.) given 15 min before morphine. Morphinalone or associated with stretching, is considered an an-
prevented apomorphine and oxytocin responses atestral vestige surviving through evolution that sub-
when given in the lateral ventricles or directly in theerves the purpose of arousal (see Bertolini and Gessa
paraventricular nucleus. In contrast, the selective agordi881). Dopamine receptor agonists (i.e. apomorphine)
of the kappa opioid receptor subtype U-69,593 wésee Melis and Argiolas 1995a) and oxytocin (see Argio-
found to be ineffective. The present results confirm plas and Gessa 1991) are among the most studied sub-
vious findings showing that morphine acts through p retances that induce both penile erection and yawning.
ceptors in the paraventricular nucleus to prevent apomBoth compounds induce these behavioral responses by
phine and oxytocin-induced penile erection and yawniagting in the paraventricular nucleus of the hypothala-
and suggest that this morphine effect is mediated bynas (PVN) apparently by activating central oxytocin-
decreased activity of nitric oxide in the paraventriculargic transmission. Accordingly, these dopamine agonist-
nucleus of the hypothalamus. and oxytocin-induced responses are prevented by elec-
trolytic lesions of the PVN, which deplete central oxyto-
cin, and by oxytocin receptor antagonists given into the
lateral ventricles (see Melis et al. 1992a and references

therein).
: : Recently, we found that the induction of penile erec-
M. R. Melis - U. lannucci _ tion and yawning by dopamine receptor agonists and ox-
Bemard. B. Brodie Department of Neuroscience, ytocin depends on a normal activity of nitric oxide (NO)
niversity of Cagliari, National Research Council, . S \
Via Porcell 4, 1-09124 Cagliari, Italy synthase in the PVN, because the inhibition of this en-
S, Suceu zyme in this nucleus, but not in other brain areas pre-

Bernard B. Brodie Department of Neuroscience vents these behavioral responses induced either by apo-
Center for Neuropharmacology, National Research Council, ~ morphine or oxytocin (Melis et al. 1994). Interestingly

Via Porcell 4, 1-09124 Cagliari, Italy the PVN is one of the richest brain areas containing NO
A. Argiolas () synthase, which among others has been identified also in
Bernard B. Brodie Department of Neuroscience, the cell bodies of oxytocinergic neurons (Bredt et al.

Via Porcell 4, 1-09124 Cagliari, Italy 1990; Vincent and Kimura 1992; Sanchez et al. 1994;
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Torres et al. 1993). The involvement of NO in the indushaped membrane was glued to the microdialysis probe with epoxy
tion of penile erection and yawning by dopamine rece§sn- The modified probes were then implanted in the PVN (coor-

. . ates 0.2 mm anterior to the bregma, 0.4 mm lateral to the mid-
tor agonists and by oxytocin has been recently s e, and 7.3 mm vertical from the dura) (Pellegrino and Cushman

stantiated by showing that either apomorphine- or oxyt®71) under chiorale hydrate anesthesia, two days before the ex-
cin-induced penile erection and yawning are associatedments. Each rat was used only once. The probes were perfused

to an increase Of the Concentration Ofmd Nq, the with Ringer’s solution, containing 147 mM NaCl, 3 mM KCI and

; ; ; .2mM CacCJ, pH = 6.5, at a constant flow rate of 2 pl/min using a
reaction products of newly synthetized NO with (%toelting 200 microsyringe pump. After a 2 h equilibration period,

which are an indirect but reliable indicator of NO praialysate was collected every 20 min (in fractions of 40 pl) in poly-
duction by biological tissues in vivo (see Ignarro 1996thylene tubing loops and transferred in polyethylene tubes at a
Ohta et al. 1994; Melis et al. 1996), in the dialysate ct#mperature of 10-15 C for the determination of;N@d NG as

lected from a vertical microdialysis probe implanted {fscribed below. Ringer's solution (0.3 ) alone or containing
he PVN (Meli | 1996 1997). Si hi morphine or U69,593 was injected in the PVN over a period of
the (Melis et al. ’ ). Since apomorp IN&Min 15 min before s.c. apomorphine or i.c.v. oxytocin.

and oxytocin-induced penile erection and yawning are
prevented also by the opiate morphine given systemidagtermination of N@ and NG concentrationNO; concentration
ly or directly into the PVN (Melis et al. 1992b), we stud? the dialysate was determined by a modification of the Griess re-

: : . . -action as already described (Melis et al. 1996). Briefly; NCthe
ied whether this effect of the opiate on penile erec“@ﬁ;\lysate was used for the diazotization of sulfanilamide and sub-

and yawning induced by apomorphlne_ anO_' OXytoCIn Wasguent coupling to N-(1-naphtyl)-ethylenediammine. The azo dye
related to changes of the NO production in the PVN wés then quantified by high pressure liquid cromatography
male rats by in vivo microdialysis. (HPLC) from its absorbance at 546 nm with a Waters LC Module
I cromatograph equipped with a UV 486 detector, a WISP 715 au-
toinjector and a 0415 cm Novapak C18 column (Waters Ass.).
- The sensitivity of the assay was 0.1 uM equivalent to about 0.3 ng
Material and methods of NaNG, in 40 pl of dialysate and the response was found to be
linear with increasing concentrations of N@p to 25 uM. For the
Animals.Male Sprague Dawley rats (200-220 g) (Charles Rivedetermination of N@ in the dialysate, NQwas reduced to NO
Como, ltaly) were used in all the experiments. Animals weyéth copper-cadmium (see Melis et al. 1996) and total M@s
caged in groups of 4-6 at 24 C, humidity 60%, lights on from 7 taen determined as described above. The amount gfis then

19 h with water and standard laboratory food ad libitum. All egalculated by subtracting that of M@ound in the aliquot of di-
periments were performed between 9-13 h. alysate without copper-cadmium redion. The sensitivity of the

method was 3 uM (10 ng of NaN® 40 pl of dialysate) and the re-
Drugs, peptides and reagentdorphine-HCI, naloxone-HCI, apo- sponse was linear with N@p to 30 pM.
morphine-HCI, sulfanilamide and N-(1-naphtyl)-ethylenediamine . . o . .
were purchased from Sigma (St. Louis, MO, USA), oxytocin frofsehavioral studiesRats were placed individually in Plexiglas
Peninsula Eur. Ltd. (St. Helens/Meyerside, UK), U-69,59a0€s (3830x30 cm). After a 30 min habituation period, the mi-
[(+)-50, 7a, 83)-N-methyl-N-[7-(1-pyrrolidinyl)-1-oxaspirol[4, 5] crodialysis probe was connected via polyethylene tubing to the
dec-8-yl]-benzene-acetamide] from Research Biochemicals int8foelting microsyringe pump on one end and to the polyethylene
national (Natick, MA, USA). All the drugs, peptides and reagenggllecting loop on the other hand. The cannula for i.c.v. or PVN
were of the highest available purity. injections was also connected to a microinfusion pump driven by

hand or by a Stoelting microinfusion pump, respectively, via poly-
Systemic treatment®laloxone and morphine were dissolved witgthylene tubing. After a 2 h equilibration period of perfusion of
saline and injected intraperitoneally (i.p.) in a volume of 0.5 riffe dialysis probe with Ringer’s solution, apomorphine was given
100 g body weight. Apomorphine was dissolved with saline agdc- and oxytocin i.c.v. over a 2 min period. In those experiments
injected subcutaneously (s.c.) in a volume of 0.1 ml/100 g botfywhich morphine or U-69,593 was given, the former was given

weight in the back of the neck. Controls received the same voluf, i-C.v. or into the PVN and the latter only i.c.v. or into the PVN
of saline either i.p. or s.c. 15 min before apomorphine or oxytocin. When naloxone was

used, this was given i.p. 15 min before morphine and 30 min be-
I.C.V. injectionsFor i.c.v. injections, cannulas were constructed i@re apomorphine or oxytocin. After treatments, rats were ob-
our laboratory as already described (Melis et al. 1996). Briefgﬁrve_d for 2 h to replace filled loops with empty ones every
fused silica capillary tubing (out diameter 0.15 mm) was insertdd min and to count penile erection and yawning episodes.
into a piece of a 22 gauge stainless tubing extending approximate- . . .
ly 3 mm beyond the tip of the stainless tubing. The silica aftistology. At the end of the experiments the animals were Kkilled
stainless tubings were then glued each other with waterproof Bg-decapitation, the brains were immediately removed and stored
oxy resin. The cannulas aimed at one of the lateral ventricles (&b2% aqueous formaldehyde for 10-12 days. To localize the posi-
ordinates 1 mm anterior to bregma, 1 mm lateral to midline atign of the probe tip, 50 um transverse brain sections were pre-
3 mm vertical from the dura) (Pellegrino and Cushman 1971) wéared by means of a freezing microtome, stained with Neutral Red
implanted stereotaxically (David Kopf Instruments) under ane®nd inspected on a phase contrast microscope. The site of the
thesia with chlorale hydrate (Sigma, 350 mg/kg i.p.) during tisobe tip was localized by following the probe tract through a se-
implantation of the microdialysis probe (see below). Oxytocifies of brain sections. Only those animals found to have the probe

morphine or U-69,593 dissolved in saline or saline alone was i positioned correctly in the PVN (see below) were considered
jected in a volume of 10 pl. for the statistical evaluation of the results.

PVN microinjections and in vivo microdialysis order to perform Statistics. Statistical evaluation of the results was performed by
PVN microinjections and PVN microdialysis in the same animanalysis of variance (one-way ANOVA), followed by Duncan's
microdialysis probes, with approximately 1 mm of free surface fBiultiple range test. AP < 0.05 was considered significant
dialysis (out diameter 0.28 mm), using a loop flow design wefEallarida and Murray 1986).

prepared as already described (Melis et al. 1996 and references

therein) except that an infusion cannula made with fused capillary

silica tubing (out diameter 0.15 mm) ending adjacent to the U-
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Results morphine-induced penile erection and yawning when
given 15 min before apomorphinE € 0.01). Most im-

In agreement with previous studies, apomorphit!?@rta”t' the inhibitory effect of mqrphlne on the behav-

(80 pgl/kg s.c.) given after a 2 h equilibration period, i@l responses was correlated with an aimost complete

creased the concentration of N®om 0.95 +0.29 M Prevention of the increase of N@nd NQ induced by

to a maximum of 4.5 + 0.69 uM and NGrom 5.6 apomorphine in the paraventricular dialysa®e<(0.01).

+0.85 to 11.25 + 1.90 pM in the paraventricular dialy contrast, the dose of 1 mg/kg, which was unable to

sate P < 0.01) (Fig. 1). These increases were correlatBffVent penile erection and yawning, was also unable to

to the increase in the number of penile erection aREEvVent the NQand NQ increaseR > 0.1, not signifi- -

yawning episodes induced by the drug. As expect@@nt)' Despite its ability to prevent the apomorphine-in-

morphine (5 and 10 but not 1 ma/ka i.p. ted iced increase of NDand NQ in the dialysate, the
phine ( utnot 1 mgrkg i.p.) prevente apﬂ)lt:ghest dose of morphine tested was unable to modify

baseline levels of NDand NQ in the paraventricular
dialysate (Fig. 1).

The inhibitory effect of morphine (5 mg/kg i.p.) on
the apomorphine-induced NQOncrease in the paraven-
tricular dialysate, penile erection and yawning was pre-
vented by naloxone (3 mg/kg i.p) given 15 min before
morphine (Fig. 2). At the dose used, naloxone given
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Fig. 1 Effect of morphine on the increase of l@nd NG con-
centration in the paraventricular dialysate, penile erection and
yawning induced by apomorphine. Rats were placed individually
into a Plexiglas cage and perfused with Ringer solution as ¢ég. 2 Prevention by naloxone of morphine-induced prevention of
scribed in the materials and methods section. Apomorphiapomorphine effect on paraventricular NQpenile erection and

(80 pg/kg s.c.) was given after a 120 min equilibration period ywning. Naloxone (3 mg/kg i.p.) was given 15 min before mor-
the probe with the perfusion buffer (time = 0). The perfusion raphine (5 mg/kg i.p.), that was given 15 min before apomorphine
was 2 pl/min during the experiment. Aliquots of 40 pl were col80 pg/kg s.c.).O represent apomorphine-treated ra®s;mor-
lected every 20 min and analyzed for N&nhd NQ content. Mor- phine + apomorphine-treated rat#y naloxone-treated rats;
phine (1, 5 and 10 mg/kg i.p.) was given 15 min before apomdr- naloxone + morphine + apomorphine-treated rats; empty
phine. O represent apomorphine-treated ra®s;10 mg/kg mor- squares naloxone + saline + apomorphine-treated rats. The other
phine-treated ratspA 1 mg/kg morphine + apomorphine-treatedxperimental conditions were identical to those reported in the
rats; 4 5 mg/kg morphine + apomorphine-treated rats; squaregend of Figure 1. During perfusion, the animals were observed
10 mg/kg morphine + apomorphine-treated rats. During perfusidm,order to count penile erection and yawning episodes. Each val-
the animals were observed in order to count penile erection aredis the mean + SEM of 9 rats.P*< 0.01 with respect to pre-
yawning episodes. Each value is the mean + SEM of 12 rdteatment values; B < 0.01 with respect to the corresponding val-

* P < 0.01 with respect to pretreatment value®, 4 0.01 with re- ues of apomorphine-treated rats;P+< 0.01 with respect to the
spect to the corresponding values of apomorphine-treated i@gresponding values of naloxone + apomorphine-treated rats
(One-way ANOVA followed by Duncan’s multiple range test)  (One-way ANOVA followed by Duncan’s multiple range test)
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Fig. 4 Effect of morphine and U-69,593 injected into the PVN oRig. 3 Effect of morphine and U-69,593 injected i.c.v. on apomor-
apomorphine-induced NDincrease in the paraventricular dialyphine-induced N@ increase in the paraventricular dialysate, pe-
sate, penile erection and yawning. Morphine (2 ug) or U-69,588¢ erection and yawning. Morphine (10 pg) or U-69,593 (20 pg)
(5 pg) was given into the PVN 15 min before apomorphine (80 pgds given i.c.v. 15 min before apomorphine (80 ug/kg s.c.).
kg s.c.).O represent apomorphine-treated rasmorphine-treat- O represent apomorphine-treated ra®s;morphine-treated rats;

ed rats;A morphine + apomorphine-treated ra#s{J-69,593-treat- A morphine + apomorphine-treated ra#s;U-69,593-treated rats;

ed rats;d U-69,593 + apomorphine-treated rats. During perfud U-69,593 + apomorphine-treated rats. During perfusion, the an-
sion, the animals were observed in order to count penile erectiorals were observed in order to count penile erection and yawning
and yawning episodes. Each value is the mean + SEM of 8 rafisodes. Each value is the mean + SEM of 8 ra®s<*0.01 with

* P < 0.01 with respect to pretreatment value®, # 0.01 with re- respect to pretreatment valuesP# 0.01 with respect to the cor-
spect to the corresponding values of apomorphine-treated rasponding values of apomorphine-treated rats (One-way ANOVA
(One-way ANOVA followed by Duncan’s multiple range test)  followed by Duncan’s multiple range test)

Table 1 Effect of morphine

: ; - Pretreatment Treatment NO NO3 Penile Yawns/rat
iven i.p. on oxytocin-induced ; ; 3 .
igncreasg of N@)z;nd NG con- (mg/kg i.p.) (ngi.c.v.) (uM) (LM) erections/rat
centration i the paraventricu- sajine (1 mi) Saline(10 W)  1.1+0.3 5609  0.4+0.1 1.8+0.4
and azvnin P Saline (1 ml) Oxytocin (30) 4.2 +0.3* 11.3+1.9* 42+01* 18.0+2.3*
y 9 Morphine (1) Oxytocin (30) 4.6 + 0.5* 10.5 + 2.1* 3.6+05% 17.0+2.2*
Morphine (5) Oxytocin (30) 1.9+0.5*# 76+1.7# 15x05# 7.0+£21*#
Morphine (10) Oxytocin (30) 1.0+04 6.0+1.1# 0.6 £0.2# 1.8+2.0#
Naloxone (3) Oxytocin (30) 3.9+0.4* 10.5+2.0* 3.8+ 0.6* 17.7 £ 2.1*
Naloxone (3) Oxytocin (30)  4.1+0.6%+ 12.0+2.1%+ 4.0+0.1%+ 17.2+0.2%+

Morphine (5)

(The experimental conditions were identical to those reported in the legend of Fig. 1. During perfu-
sion, the animals were observed in order to count penile erections and yawns. Naloxone was given
30 min and morphine 15 min before oxytocin. N&nhd NQ values are the mean + SEM of the max-

imal values found in the dialysate of 5 rats during the time course experiments, while penile erections
and yawns values are the mean + SEM of the penile erections and yawns counted in these rats after
oxytocin treatment.

*P < 0.01 with respect to saline-treated raf;<#0.01 with respect to oxytocin-treated rats;

+P < 0.01 with respect to the corresponding group of morphine-treated rats (Oneway ANOVA
followed by Duncan’s multiple range)

alone after a 2 h equilibration period was unable per seMorphine was found to be effective on apomorphine
to modify baseline levels of N penile erection and effects also when given centrally. Indeed 10 pg prevent-
yawning as well as apomorphine-induced responssb the apomorphine-induced increase of ;Ni@ the

(Fig. 2). paraventricular dialysate, penile erection and yawning
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Table 2 Effect of morphine

and U-69,593 given i.c.v. or in- Pretreatment Treatment NO Penile Yawns/rat

to the PVN on oxytocin-in- (ngi.c.v.) (1M) erections/rat

o e ventomset™  Saline (10l i.c.v) Saline(10 )  1.0+03  04:01 1504

dialysate, penile erection and Saline (10 pli.c.v.) Oxytocin (30) 4.4 +0.3* 3.7+ 0.5* 19.0 £ 2.5*

yawning Morphine (10 pg i.c.v.) Oxytocin (30) 1.2+0.2 0.3+0.1# 1.2+0.2#
U-69,593 (20 pg i.c.v.) Oxytocin (30) 3.8+0.3* 3.9+0.8* 17.3+1.3*
Saline (0.3 pl in the PVN) Oxytocin (30) 4.0 +0.3* 3.5+x0.4* 17.0 £ 2.5*
Morphine (2 ug in the PVN) Oxytocin (30) 0.8+0.4 0.6 £ 0.5% 2.0+ 0.44
U-69,593 (5 ug in the PVN) Oxytocin (30) 3.6 £0.5% 3.3+0.6* 16.8 £ 2.2*

Experimental conditions were as reported in the legend of Fig. 1. During perfusion, rats were ob-
served in order to count penile erections and yawns. l.c.v. or PVN pretreatments were done 15 min
before oxytocin. N@ values are the mean + SEM of the maximal,N@lue found in the dialysate

of 6 rats during the time course experiments, while penile erections and yawns values are the mean
+ SEM of the penile erections and yawns counted in these rats after oxytocin treatment.

*P < 0.01 with respect to saline-pretreated raB<#.01 with respect to the corresponding group of
oxytocin-treated rats (Oneway ANOVA followed by Duncan’s multiple range test)

when given i.c.v. 15 min before apomorphife<0.01) erection and yawning induced by the above compounds
(Fig. 3). In contrast, the kappa opioid receptor agon{dfelis et al. 1992b). The effect of morphine is mediated
U-69,593 (20 ug i.c.v.) was ineffective ¢ 0.01). Simi- by the stimulation of opioid receptors, being prevented
lar results were found when 2 pg of morphine or 5 ughyf the prior administration of the opioid receptor antago-
U-69,593 were injected directly in the PVN (Fig. 4ist naloxone (Melis et al. 1992b). Since U-69,593, an
Morphine and U-69,593 were both unable per se to magioid receptor agonist that is 500 times more selective
ify baseline levels of N@in the paraventricular dialy-than morphine on the kappa opioid receptor subtype
sate when given i.c.v. (Fig. 3) or into the PVN (Fig. 4). (Lahti et al. 1985), is ineffective in preventing apomor-
Results similar to those found with apomorphine wephine and oxytocin responses either when injected i.c.v.
obtained when penile erection and yawning were ior into the PVN, these findings suggest that morphine
duced by oxytocin (30 ng i.c.v.), which increased thmevents the activation of NO synthase, penile erection
concentration of N@from 1.10 £ 0.25 uM to 4.2 + 0.65and yawning induced by apomorphine or oxytocin by
UM and of N@ from 5.6 £ 0.9 uM to 1.3 £1.9 uM in acting on opioid receptors of the ptype located in the
the paraventricular dialysatd® (< 0.01) (Table 1). In PVN. It is likely that these receptors are located in the
these experiments also morphine (5 and 10 mg/kg i.peJl bodies of parvocellular oxytocinergic neurons pro-
prevented both the NDand NQ increase and the be-ecting to extrahypothalamic brain areas and mediating
havioral responses, while 1 mg/kg was ineffective (Talileese behavioral responses (see Melis et al. 1992a; Ar-
1). As found with apomorphine, naloxone (3 mg/kg i.pgiolas and Melis 1995). Accordingly, inhibitory p opioid
given 15 min before morphine, prevented both the maeceptors are present in the cell bodies of paraventricular
phine prevention of NQincrease and the behavioral reexytocinergic neurons (Muhlethaler et al. 1980; Pittman
sponses induced by oxytociR € 0.01) (Table 1). Like- et al. 1980; Wuarin et al. 1988 and references therein).
wise, morphine (10 ug i.c.v. or 2 ug into the PVN) but In line with the hypothesis discussed above, morphine
not U-69,593 (20 ug i.c.v. or 5 ug into the PVN) pramight then prevent NO production in the PVN by acting
vented the oxytocin responses when given 15 min before opioid receptors, whose activation interfere with the
oxytocin (Table 2). mechanisms responsible for the activation of NO syn-
thase by apomorphine and oxytocin. In this regard, it is
pertinent to recall that 1) the prevention by morphine of
Discussion the NG, and NQ increase in the PVN dialysate would
reflect almost exclusively a decreased conversion of L-
The present results show that morphine given either sgrginine to NO that is in turn oxidized mainly to NO
temically or i.c.v. or into the PVN prevents the increased to a lesser extent to NCas found in other biologi-
of the concentration of NDand NG, induced by the cal fluids not containing blood cells (see Marletta et al.
dopamine receptor agonist apomorphine or by oxytocir88; Ignarro 1990; Butler et al. 1995; Ohta et al. 1994),
in the paraventricular dialysate obtained from male r&psthe PVN is one of the richest brain areas in NO syn-
implanted with a vertical microdialysis probe. In agre¢hase, and 3) the enzyme has been localized in the cell
ment with previous findings showing that both apomoalpodies of oxytocinergic neurons (Bredt et al. 1990; Vin-
phine and oxytocin, at the doses used in this study, acént and Kimura 1992; Torres et al. 1993; Sanchez et al.
vates NO synthase in the PVN to induce these behavidr@®4). Since the blockade of N-type voltage dependent
responses (see Introduction and Melis et al. 1996 araicium channels by nanogram amounts of omega-cono-
references therein), the prevention by morphine of ttoxin injected in the PVN prevents penile erection and
NO; and NQ increase is correlated to the well knowgawning induced either by apomorphine or by oxytocin
prevention by the opiate injected in the PVN of penil@rgiolas et al. 1990), it is tempting to speculate that
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opioid receptors are negatively coupled t&*@dannels Dambisya YM, Tat-Leang Lee (1996) Role of nitric oxide in the

i oti i i ina induction and expression of morphine tolerance and depen-
and that their stimulation by morphine leads to a decline dence in mice. Br J Pharmacol 117-914-918

in C&* influx which in turn causes a decrease in the 4%6Imgren B, Urba-holmgren RL, Trucios N, Zermeno M, Eguibar
tivity of NO synthase, a calcium-calmodulin dependent JR (1985) Association of spontaneous and dopaminergic-in-
enzyme (see Snyder 1992 and enclosed references) in theuced yawning and penile erections in the rat. Pharmacol
cell bodies of oxytocinergic neurons medianting pen%g{eEI Biochem Behav 22:31-35

. . -Ignarro LJ (1990) Biosynthesis and metabolism of endothelium-
erection and yawning. The decreased NO formatioi'yeriveq nitric oxide. Annu Rev Pharmacol Toxicol 30:535-560

would in turn reduce the oxytocinergic transmission byl anti RA, Mickelson MM, McCall JM, Von Voigtlander PF
yet unknown mechanism, apparently unrelated to the ac-(1985) PH]U-69,593 a highly selective ligand for the opioid

tivation of guanylate cyclase (see Melis and Argiolas Tgtrt)gaMrzceYrggg ng fy';ﬂg;”pfgiotég?ggl'\ﬁghnok 35 (1988)
1995b), decreasing thereby the behavioral responé\é%rMau:roph:age oxyda’tion of L-aréinine to nitrite and nitrate: ni-

However, the present results do not rule out other mech-yic oxide is an intermediate. Biochemistry 27:8706-8711
anisms by means of which morphine might interfere wikieisel RL, Sachs BD (1994) The physiology of male sexual be-
NO synthase activation induced by apomorphine or oxy- havior. In: Knobil E, Neil J et al. (eds) The Physiology of Re-
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