
Induction of Copulatory Behavior in Sexually 
Inactive Rats by Naloxone 

Abstract. The intraventricular injection of D-alanine-methionine-enkephalinamide 
(o-Ala2-Met-enkephalinamide), a synthetic analog of Met-enkephalin that is resis- 
tant to enzymatic degradation, inhibits copulatory behavior in sexually vigorous 
male rats in doses which do not influence motor activity or feeding behavior. This 
effect is prevented by naloxone, a specific inhibitor of opioid receptors. In addition, 
injections of naloxone induce copulatory behavior in sexually inactive male rats. 
These results suggest that endorphins play an important role in the regulation of 
sexual behavior. 

Recent evidence suggests that endor- 
phins, a generic name for endogenous 
peptides with morphine-like activity 
comprising enkephalins and endorphins 
sensu stricto, may play several physio- 
logical roles besides that of controlling 
pain perception. In fact, these peptides, 
as well as their specific receptors, are un- 
evenly distributed in the brain; they can 
be found not only in areas such as the 
periaqueductal gray matter and thala- 
mus, which are involved in the mecha- 
nisms of pain perception, but also in 
striatum, hypothalamus, and limbic sys- 
tem (1, 2). Moreover, the administration 
of different endorphins into the cerebro- 
spinal fluid of rats, mice, and cats causes 
not only analgesia but also different 
behavioral changes, such as hyperactivity, 
rigid immobility, wet-dog shakes, and 
grooming, which are prevented by spe- 
cific narcotic antagonists (3). 

Meyerson and Terenius (4) reported 
that the percentage of male rats mount- 
ing receptive females decreased when 
the males received an intraventricular in- 
jection of 1 ,tg of /3-endorphin, although 
exploratory activity was not affected; the 
decrease in mounting activity was pre- 
vented by naltrexone, an opiate antago- 
nist. This finding could be of clinical im- 
portance, since long-term users of nar- 

cotic analgesics often complain of 
frigidity and impotence (5). In investigat- 
ing the possible role of endorphins in the 
regulation of sexual behavior, we studied 
th effect of D-Ala2-Met-enkephalinamide 
(DALA) on the copulatory behavior of 
sexually active rats and that of naloxone 
on the copulatory behavior of sexually 
inactive ones. 

The compound DALA is a chemical 
derivative of Met-enkephalin. It has al- 
most the same affinity for opiate recep- 
tors as that of the endogenous peptide 
but is resistant to enzymatic degradation 
(1). 

From 230 male Sprague-Dawley rats 
(Charles River, Como, Italy), we se- 
lected 40 that were sexually inactive (IN) 
and 60 that were sexually active (SA). 
The rats were 80 to 100 days old and 
were selected after five screening tests at 
3-day intervals with highly receptive fe- 
males. The SA rats ejaculated at least 
twice in each of the last three screening 
tests; the IN rats failed to ejaculate in 
each of the five screening tests. From 2 
weeks before the screening tests until the 
end of the study the rats were housed in- 
dividually at 24?C in 20 by 40 cm cages, 
under a reversed light-dark cycle (with 
light from 11:00 p.m. to 11:00 a.m.). 
Food and water were constantly avail- 

able. Before we began the experiments 
we anesthetized the SA rats with 
Equithesin and implanted a permanent 
cannula into the right lateral ventricle of 
the brain [coordinates: A + 1.0; L 1.0; 
DV - 4.0; see Pellegrino and Cushman 
(6)]. The IN rats received no surgery. 

One week after surgery, when they 
were retested for sexual activity, the SA 
rats were as vigorous as before surgery. 
Mating tests, in which a highly receptive 
female was introduced into the male's 
cage, took place in the home cages under 
dim red light. These tests lasted 30 min- 
utes, beginning approximately in the 
middle of the animals' dark cycle. The 
percentage of male rats copulating and 
the following measures were registered 
on an event recorder: (i) mount and in- 
tromission latencies, from the in- 
troduction of the female into the male's 
cage until the first mount and in- 
tromission, respectively; (ii) ejaculation 
latency from the first intromission to the 
first ejaculation; (iii) interval between in- 
tromissions or the mean interval separat- 
ing the intromissions of a series; (iv) 
post-ejaculatory interval, or the time 
from an ejaculation to the next in- 
tromission; (v) mount frequency, that is, 
the number of mounts in a series; (vi) in- 
tromission frequency, that is, the num- 
ber of intromissions in a series; and (vii) 
ejaculation frequency, that is, the num- 
ber of ejaculations in 30 minutes. 

The female lures were ovariectomized 
Sprague-Dawley rats brought into estrus 
with estrogen-progesterone treatment. 
Motor activity was measured in male 
rats kept under the same conditions as 
the rats used in the mating tests. These 
rats, in which a cannula was implanted in 
the right lateral ventricle 1 week before 
the experiment, were placed singly in ac- 
tivity cages (Motron, Stockholm) and 

Table 1. Effect of DALA.on copulatory pattern in sexually experienced male rats. The DALA or saline was given intracerebroventricularly (i.c.) 
15 minutes before the test; naloxone (4 mg/kg) or saline was given intraperitoneally (i.p.) 30 minutes before the test. The dose of 6 ,tg of DALA 
suppressed copulatory behavior in all animals; naloxone completely prevented such inhibition. The dose of 3 ,ug of DALA did not influence the 
percentage of rats achieving ejaculation. Values are means + standard error obtained from ten animals (10). Measures of time are expressed in 
seconds. Except for ejaculation frequency, copulatory measures refer to the first ejaculatory series. Sixty rats were divided into six equal groups, 
each of which (ten rats) received one of the reported treatments. 

Saline (i.p.) Saline (i.p.) Naloxone (i.p.) Naloxone (i.p.) Naloxone (i.p.) 
Cpmeasure lplus plus plus plus plus 

saline (i.c.) DALA (3 jg i.c.) saline (i.c.) DALA (3 ,/g i.c.) DALA (6 .g i.c.) 

Latencies 
Mount 87.2 + 16.4 697.6 + 157.8* 90.3 + 19.2 137.1 + 40.9 115.8 ? 21.9 
Intromission 137.7 + 25.6 840.2 + 190.3* 125.2 + 30.1 147.8 + 47.4 134.0 ? 29.1 
Ejaculation 543.3 + 92.9 616.4 + 122.1 606.7 + 112.3 605.8 + 137.1 664.9 ? 157.2 

Intervals 
Post-ejaculation 318.7 + 19.1 265.2 + 25.8 270.1 + 16.8 318.1 + 46.5 296.0 ? 23.5 
Interintromission 45.0 ? 9.2 32.5 + 6.3 30.8 + 6.1 35.2 + 5.5 46.5 ? 10.8 

Frequencies 
Mount 4.2 ? 0.8 3.2 + 0.8 4.8 + 0.8 5.0 + 1.4 5.1 ? 1.3 
Intromission 14.4 ? 2.1 16.0 + 1.7 15.6 + 2.1 15.2 + 3.3 17.8 ? 3.8 
Ejaculation 2.3 ? 0.3 2.0 + 0.3 2.2 + 0.4 2.2 + 0.4 2.3 + 0.4 

*P < .01 in respect to the value for saline plus saline (Student's t- 
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Table 2. Induction of copulatory behavior in sexually inactive (IN) rats by naloxone. Each value 
is the mean of two or three experiments on 40 animals. Forty IN rats were injected intra- 
peritoneally twice with saline and two and three times with naloxone (doses of 2 and 4 mg/kg, 
respectively) according to a Latin-square design. Tests were carried out at weekly intervals. 

Treatment Percentage of animals exhibiting at least one* 
(30 minutes 
before test) Mounting Intromission Ejaculation 

Saline 18.0 17.5 0 
Naloxone (2 mg/kg) 41.5t 32.5 5.8 
Naloxone (4 mg/kg) 90.0t 90.0t 74.0t 

*Within a 30-minute observation period. tP < .01, calculated by the sign test (10). 

their activity was measured for 30 min- 
utes. 

D-Ala2-Met-enkephalinamide (Tecno- 
farmaci, Pomezia, Italy) was dissolved in 
saline just before use and administered 
into the lateral ventricle in 6-/d volumes. 
Naloxone hydrochloride was dissolved 
in saline at pH 7.2 and given intra- 
peritoneally in a volume of 0. 1 ml per 100 
g of body weight. Control rats received 
an equal volume of saline intraper- 
itoneally or intraventricularly, or both. 

We tried to establish the specific ef- 
fects of DALA on copulatory behavior, 
that is, effects that were distinct from im- 
pairments of motor performance. We in- 
jected different doses of DALA intra- 
ventricularly in order to find the maxi- 
mum dose that did not decrease motor 
activity. This dose was found to be 6 /ug; 
it failed to produce any noticeable 
change in other behavioral parameters 
such as reactivity or motor coordination. 
However, male rats treated with this 
dose exhibited a total loss both of copu- 
latory behavior and the ability to ejacu- 
late. The dose of 3 u/g of DALA did not 
influence the percentage of rats achiev- 
ing ejaculation but influenced their copu- 
latory pattern. 

As shown in Table 1, rats treated with 
3 /jg of DALA initiated copulation 
(mounts and intromission) significantly 
later than rats treated with saline. How- 
ever, this dose failed to influence mea- 
sures (ii) through (vii) of copulatory per- 
formance. 

During the interval preceding copula- 
tion, the initial response of males to the 
female was indistinguishable from the 
behavior of control males; pursuit of the 
female and sniffing and licking of her 
anogenital region were observed during 
the minutes preceding copulation. These 
behavioral responses were also pres- 
ent in animals treated with the high- 
er dose of DALA, who failed to copu- 
late. 

Prior treatment of the rats with nalox- 
one (4 mg/kg), which per se did not inter- 
fere with copulatory behavior, complete- 
ly prevented the inhibitory effect of 3 and 
6 /g of DALA. 
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To further assess the effect of DALA 
on sexual behavior, we studied the effect 
of the peptide on feeding. We used 20 
male rats, which were trained for I 
month to eat their daily food within 2 
hours according to a procedure pre- 
viously described (7). They were im- 
planted with a permanent cannula into 
the lateral ventricle as were the animals 
used in the mating tests. 

Starting 1 week after surgery, we es- 
tablished a baseline behavior during a 
period of 8 days in which the animals ate 
a daily average of 20.3 ? 1.2 g of food 
(Purina chow pellets) and the latency be- 
tween food presentation and feeding on- 
set was 5.3 + 0.3 seconds. On the day of 
the experiment, 30 minutes before food 
presentation, half the animals were in- 
jected with saline (6 fl) and the other 
half with 3 /xg of DALA. Neither treat- 
ment influenced either the amount of 
food eaten (19.1 ? 1.6 g after DALA) or 
the interval between food presentation 
and the feeding onset (4.8 + 0.5 seconds 
after DALA). These results support the 
assumption that the inhibitory effect of 
DALA on sexual behavior is somewhat 
specific and is not secondary to a sen- 
sory alteration. Moreover these findings 
suggest that stimulation of opioid recep- 
tors results in a loss of the male's ability 
to initiate copulation. 

We then investigated the effect of 
naloxone on 40 IN rats. Each rat was 
tested twice after an injection of saline 
and two and three times after injections 
(2 and 4 mg/kg, respectively) of nalox- 
one. Treatments were given intra- 
muscularly 30 minutes before each test 
according to a Latin-square design. 

Naloxone at the 4 mg/kg dose marked- 
ly increased the number of animals dis- 
playing mounting intromission and 
achieving ejaculation (see Table 2). The 
dose of 2 mg/kg had a significant effect 
only on the mounting but not on the oth- 
er elements of the copulatory behavior. 
Animals that were improved by nalox- 
one returned to their low basal level of 
sexual activity when tested I week later 
after saline treatment. Males that 
achieved ejaculation after an injection of 

naloxone exhibited a copulatory pattern 
not significantly different from that of 
vigorous SA rats (results not shown). 

These results indicate that DALA in- 
hibits copulatory behavior in male rats in 
doses which do not influence motor ac- 
tivity or feeding behavior and do not pro- 
duce other overt behavioral changes. 
Naloxone completely reversed this ef- 
fect, strongly suggesting that this re- 
sponse is mediated by stimulation of 
opioid receptors in brain. DALA seems 
to inhibit the animal's willingness or abil- 
ity to initiate copulation or both. Our re- 
sults are in agreement with those ob- 
tained with /3-endorphin by Meyerson 
and Terenius (4). /3-Endorphin seems to 
be more potent than DALA in inhibiting 
copulatory behavior; the difference in 
potency roughly parallels the ratio in the 
affinity of the two peptides for opiate re- 
ceptors (8). The finding that naloxone in- 
duces copulatory behavior in IN rats is 
of great theoretical and practical inter- 
est. In fact, since endorphins inhibit cop- 
ulation by an action which can be antag- 
onized by naloxone, the stimulant effect 
of the latter might be explained by an an- 
tagonism of an endogenous endorphin in 
the brain. 

The fact that naloxone did not further 
enhance the sexual behavior in vigorous 
SA rats suggests that during sexual 
arousal there is no tonic stimulation of 
opioid receptors involved in the control 
of sexual behavior. Furthermore, our re- 
sults may indicate that sexual in- 
adequacy in rats may be due, among oth- 
er causes (9), to endorphins. 

It will be interesting to determine 
whether the results obtained in rats ap- 
ply to other animal species. If so, opioid 
antagonists might become potentially 
useful therapeutic agents for sexual dis- 
turbances in man. 
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Thalamic and Cortical Afferents Differentiate 

Anterior from Posterior Cingulate Cortex in the Monkey 

Abstract. The anterior cingulate cortex receives thalamic afferOents mainly firom 
the midline and intralaminar nuclei rather than the anterior thalamic nuclei. In con- 
trast, the posterior cingulate cortex receives afferents prinmarily fiom the anterior 
thalamic nuclei and fiom extensive cortical areas in the firontal, parietal, and tem- 
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A wide range of clinical and experi- 
mental data indicate that anterior and 
posterior cingulate cortex are function- 
ally distinct regions of the limbic system. 
These studies consistently demonstrate 
the involvement of the anterior cingulate 
cortex in many complex somatic and vis- 
ceral motor functions as well as in re- 
sponses to pain, whereas the posterior 
cingulate cortex has little to do with such 
functions. Thus, electrical stimulation of 
the anterior cingulate cortex (area 24) in 
the cat and the monkey produces cardiac 
slowing, piloerection, pupillary dilation, 
and changes in the rate of respiration and 
muscular tone (1). Stimulation of area 24 
in humans also produces integrated mo- 
tor responses (such as stretching and 
sucking) (2). Furthermore, stimulation of 
the anterior cingulate cortex in the cat in- 
hibits attack behavior evoked by hypo- 
thalamic stimulation, whereas stimula- 
tion of the posterior cortex does not (3). 
In addition, ablation studies have shown 
that anterior cingulate lesions produce 
deficits in alternation learning, but poste- 
rior cingulate lesions do not (4). Of par- 
ticular significance is that in humans 
neurosurgical procedures that interrupt 
axons coursing beneath the anterior 
cingulate gyrus alleviate the noxious ef- 
fects of chronic pain although perception 
of pain per se is not abolished (5). This is 
interesting since the anterior cingulate 
gyrus has a much higher affinity for bind- 
ing opiates than the posterior cingulate 
gyrus (6). 

In light of these data, it is surprising 
that anatomical studies have not yet re- 
solved the issue of precisely which tha- 
lamic or cortical areas send afferents to 
the cingulate gyrus. As a consequence, 
the available anatomical data do not pro- 
vide a good structural basis for the ex- 
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tensive functional differences between 
the anterior and posterior areas of the 
cingulate cortex nor for the "pain-re- 
lated" functions of the anterior cingulate 
gyrus. It has long been thought that the 
anterior, mediodorsal, and laterodorsal 
nuclei of the thalamus are the source of 
thalamic afferents to the cingulate gyrus, 
with separate divisions of the anterior 
thalamic nuclei sending afferents to both 
the anterior and posterior cingulate cor- 
tex, while the mediodorsal nucleus sends 
afferents to the anterior cingulate cortex 
and the laterodorsal nucleus to the poste- 
rior cingulate cortex (7). The ablation- 
degeneration techniques used in such 
studies are difficult to interpret, how- 
ever, because the lesions usually damage 
adjacent fibers of passage (8). 

Using anatomical techniques that avoid 
these problems, we have found that 
the anterior cingulate cortex receives 
afferents primarily from the midline 
and intralaminar nuclei rather than from 
the anterior thalamic nuclei. In contrast, 
the anterior and laterodorsal thalamic 
nuclei project to the posterior cingulate 
cortex. Furthermore, the anterior cin- 
gulate cortex receives few cortical af- 
ferents, while the posterior area receives 
extensive afferents from the frontal, pa- 
rietal, and temporal lobes, maintaining 
the dichotomy of the thalamic afferents. 

In eight rhesus monkeys (Macaca mu- 
latta), a 20 percent solution of horse- 
radish peroxidase (HRP) was injected in- 
to the cingulate gyrus. The results are 
based on four cases with injections of 
0.14 xl each. These cases were process- 
ed according to the perfusion-fixation 
procedure described by Rosene and 
Mesulam (9) and were reacted with the 
tetramethyl benzidine reaction proce- 
dure of Mesulam (10). We tried to keep 
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injections, postoperative survival time, 
and processing procedures identical to 
facilitate comparisons. Furthermore, 
none of the injections appeared to pene- 
trate underlying white matter. Cyto- 
architectural division of the cingulate 
gyrus into area 24 (anterior cingulate cor- 
tex) and areas 23 and 29 (posterior cing- 
ulate cortex) is based on Brodmann's 
cytoarchitectonic map (11) while parcel- 
lation of the thalamic nuclei is according 
to Olszewski (12). 

After HRP was injected into the ante- 
rior cingulate gyrus (Fig. 1), only small 
numbers of HRP-labeled neurons were 
present in a few cortical areas, whereas 
posterior injections produced extensive 
labeling of neurons in a larger number of 
cortical regions. After injections into the 
anterior cingulate cortex, only a few la- 
beled neurons were found in the dorso- 
lateral prefrontal cortex, in the lateral or- 
bitofrontal cortex, in the insular cortex, 
and in the caudal parahippocampal gyrus 
[areas TF and TH (13)] (Fig. 1). After 
posterior injections, however, large 
numbers of labeled neurons were found 
in the dorsolateral bank and depths of 
the principal sulcus, the medial orbito- 
frontal cortex, areas TF and TH of the 
parahippocampal gyrus, and in the pos- 
terior parietal cortex. The anterior cin- 
gulate cortex also contained labeled neu- 
rons, as did the posterior cingulate cor- 
tex after anterior injections, indicating a 
reciprocity of connections between the 
anterior and posterior cortices. For all 
these cortical areas, anterograde trans- 
port of 3H-labeled amino acids confirms 
a projection to cingulate cortex areas 24, 
23, or 29 distinct from adjacent frontal or 
parietal cortex into which HRP could 
spread. Afferents from both the amyg- 
dala and the hippocampus were also se- 
lective in their distribution to the ante- 
rior and posterior cingulate gyrus. Thus, 
the lateral basal nucleus of the amygdala 
sends afferents to area 24 anteriorly, 
while the subicular division of the hippo- 
campus sends afferents to the posterior 
cingulate cortex (14). 

Even more striking than the dif- 
ferences in cortical afferents to the ante- 
rior and posterior cingulate cortices is 
the contrast in thalamic afferents. Injec- 
tions of HRP into the anterior cingulate 
cortex (Fig. 1) produced extensive label- 
ing of neurons throughout the midline 
and intralaminar thalamic nuclei (Fig. 2, 
A to C). Surprisingly, these anterior in- 
jections failed to demonstrate HRP label- 

injections, postoperative survival time, 
and processing procedures identical to 
facilitate comparisons. Furthermore, 
none of the injections appeared to pene- 
trate underlying white matter. Cyto- 
architectural division of the cingulate 
gyrus into area 24 (anterior cingulate cor- 
tex) and areas 23 and 29 (posterior cing- 
ulate cortex) is based on Brodmann's 
cytoarchitectonic map (11) while parcel- 
lation of the thalamic nuclei is according 
to Olszewski (12). 

After HRP was injected into the ante- 
rior cingulate gyrus (Fig. 1), only small 
numbers of HRP-labeled neurons were 
present in a few cortical areas, whereas 
posterior injections produced extensive 
labeling of neurons in a larger number of 
cortical regions. After injections into the 
anterior cingulate cortex, only a few la- 
beled neurons were found in the dorso- 
lateral prefrontal cortex, in the lateral or- 
bitofrontal cortex, in the insular cortex, 
and in the caudal parahippocampal gyrus 
[areas TF and TH (13)] (Fig. 1). After 
posterior injections, however, large 
numbers of labeled neurons were found 
in the dorsolateral bank and depths of 
the principal sulcus, the medial orbito- 
frontal cortex, areas TF and TH of the 
parahippocampal gyrus, and in the pos- 
terior parietal cortex. The anterior cin- 
gulate cortex also contained labeled neu- 
rons, as did the posterior cingulate cor- 
tex after anterior injections, indicating a 
reciprocity of connections between the 
anterior and posterior cortices. For all 
these cortical areas, anterograde trans- 
port of 3H-labeled amino acids confirms 
a projection to cingulate cortex areas 24, 
23, or 29 distinct from adjacent frontal or 
parietal cortex into which HRP could 
spread. Afferents from both the amyg- 
dala and the hippocampus were also se- 
lective in their distribution to the ante- 
rior and posterior cingulate gyrus. Thus, 
the lateral basal nucleus of the amygdala 
sends afferents to area 24 anteriorly, 
while the subicular division of the hippo- 
campus sends afferents to the posterior 
cingulate cortex (14). 

Even more striking than the dif- 
ferences in cortical afferents to the ante- 
rior and posterior cingulate cortices is 
the contrast in thalamic afferents. Injec- 
tions of HRP into the anterior cingulate 
cortex (Fig. 1) produced extensive label- 
ing of neurons throughout the midline 
and intralaminar thalamic nuclei (Fig. 2, 
A to C). Surprisingly, these anterior in- 
jections failed to demonstrate HRP label- 
ing of neurons in the anterior thalamic 
nuclei as expected. Instead, the most nu- 
merous and heavily labeled neurons 
were located in the midline and intra- 
laminar nuclei including the paraven- 
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