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MITCHELL, J. B. AND J. STEWART. Facilitation of sexual behaviors in the male rat in the presence of stimuli previously paired
with systemic injections of morphine. PHARMACOL BIOCHEM BEHAYV 35(2) 367-372, 1990. —Male rats were tested for sexual
behaviors in an environment previously associated with injections of morphine. Both gonadally intact and castrated males displayed
more frequent female-directed behavior, such as pursuit of the female, anogenital exploration, and partial mounts, and gonadally intact
animals had shorter latencies to initiate copulation when tested for sexual behaviors in the environment previously associated with
morphine. These results suggest that a conditioned state induced by stimuli previously paired with the positive incentive effects of an
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opiate drug can facilitate or modulate behaviors under the control of other primary positive incentives.

Morphine Sexual arousal

Sexual behavior in male rats

Conditioned drug effects

EVIDENCE that stimuli paired with systemic administration of
morphine or heroin can acquire positive incentive properties
comes largely from studies of conditioned place preference. In
these studies, following repeated experience with the drug in the
presence of one set of stimuli, and absence of drug in the presence
of another, animals show a shift in preference for the stimuli
previously paired with morphine (5, 7, 19, 28, 31, 34, 35, 37, 38).
In the conditioned place preference paradigm, the positive incen-
tive effects of drugs are inferred from the increased time that the
animal spends in the presence of the conditioned stimuli, and in
some cases from the increased activity seen in the presence of such
conditioned stimuli [see (37)]. In addition to these behavioral
changes, it might be expected that such conditioned drug effects
could have general modulatory influences over ongoing behaviors,
facilitating behaviors under the control of other positive incentives
and inhibiting those controlled by aversive events.

Evidence from a variety of sources suggests that common
neural mechanisms may underlie at least some aspects of all
appetitively motivated behaviors (33). Exploration, feeding, drink-
ing, copulation and predation can be elicited by electrical stimu-
lation within the medial forebrain bundle (12), and there is
considerable evidence that the appetitive properties of drugs of
abuse are mediated by components within the same system (39).

We were interested, therefore, in determining whether the condi-
tioned incentive effects induced by a drug such as morphine might
manifest themselves in the expression of behaviors directed toward
a different but primary incentive object, the estrous female. In the
experiments reported here, therefore, we tested for the facilitatory
effects of conditioned stimuli previously associated with morphine
injections on sexual behavior in the male rat.

EXPERIMENT 1

METHOD
Subjects

Male Long-Evans rats used in this and the subsequent experi-
ment were selected from a larger population on the basis of a
single test of copulatory behavior; only those males that mounted
within 20 min and ejaculated within 30 min of the first intromis-
sion were included as subjects.

Target females were ovariectomized under a methoxyflurane
anesthesia (Metofane, Pitman-Moore Ltd./M.T.C. Pharmaceuti-
cals, Mississauga, Canada). Sexual receptivity was induced by
injections of 10 pg estradiol benzoate, SC (Sigma, St. Louis, MO)
in 0.1 ml peanut oil 72 and 24 hr before use, and 0.5 mg
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progesterone (Sigma) in 0.2 m] peanut oil 4 to 6 hr before use.
Female sexual receptivity was verified by placing a female with a
vigorous copulator just prior to use with an experimental male.

All animals were housed in standard wire mesh cages with
Purina Rat Chow and water available ad lib. The animal colony
was maintained on a 12-hr light:12-hr dark reverse light cycle with
lights off at 0930 hr. All testing occurred during the animals dark
cycle, between 1200 and 1700 hr.

Apparatus

Subjects were screened for sexual behavior in semi-circular
boxes, 61 cm diameter X 36 cm deep, in a room dimly lit by four,
40-watt red light bulbs. Tests for sexual behavior were conducted
in wooden boxes, 36 x50 X 28 cm, with Plexiglas front walls.
Each box was lit by a 7-w red light bulb. A red-light sensitive
camera (Panasonic CCTV camera, model WV-1460), and a video
cassette recorder (Sony Betamax VCR, model SLO-420 or SL-
HFR30) were used to record the sessions for future scoring.

Procedure

The experiment included an initial conditioning phase followed
by tests for sexual behavior. During the conditioning phase of the
experiment, injections of 10 mg/kg (1 ml/kg) of morphine sulfate
were given to the group PAIRED (n=9) immediately before they
were placed in the mating arenas, and to the UNPAIRED group
(n=9) in the animal colony. Conversely, the PAIRED group
received saline injections in the animal colony, and the UN-
PAIRED group received saline injections prior to placement in the
mating arenas. The third group (CONTROL) received injections
of saline in both environments. In this and the subsequent
experiment, animals were placed in the mating arenas, with no
female present, for 1 hr every other day, and received their animal
colony injections on the intervening days. In this, and the
subsequent experiment, a total of four conditioning trials and four
animal colony injections were administered.

Two days after the last injection of morphine, each animal
received an injection of saline, was placed in a mating arena, and
5 min later a sexually receptive female was introduced. The test
for sexual behavior lasted 30 min. Two weeks later, a second test
for sexual behavior was given.

Tests for sexual behaviors. Males were placed individually in
the mating arenas, and 5 min later a sexually receptive female was
introduced. Tests lasted 30 min from the time of the introduction
of the female.

After the female had been placed in the mating arena, sexual
behaviors were scored using the following categories (31): Mounts:
Identified by the male mounting the female from the rear and
displaying a number of rapid, shallow pelvic thrusts. Intromis-
sions: Similar to a mount, but included a long, deep thrust after the
rapid shallow thrusts, a rapid kick with one hindleg, and a rapid
short-stepped withdrawal from the female. Ejaculatory pattern:
Identified by a final pelvic thrust that was slower and deeper than
of an intromission, lateral removal of the forelimbs from the
female that was held momentarily at the apex, and an absence of
back-stepping before genital grooming. Where appropriate, six
other measures were taken. These included: Mount latency: The
latency from the introduction of the female to the first mount.
Intromission latency: The latency from the introduction of the
female to the first intromission. Ejaculation latency: The length of
time from the first intromission to the first ejaculation. Postejac-
ulatory interval: the time between ejaculation and the first in-
tromission of the next copulatory series. Interintromission interval:
the average number of intromissions per min to the first ejacula-
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tion. Intromission ratio: the ratio of intromissions to mounts plus
intromissions.

The videotapes were scored for female-directed behavior using
a time sampling procedure. Female-directed behavior was defined
as activities directed toward the female that commonly precede
and accompany copulation. These included: anogenital explora-
tion, pursuing, sniffing, grooming, and climbing over the female,
and manipulating the female’s flanks (15,20). During the 30-min
test, each male was observed for 2-3 sec every 30 sec and the
predominant behavior noted, providing 60 observations per animal
in each test. An animal’s overall score was expressed as the
percent of observations in which female-directed behavior oc-
curred.

Measures of sexual behavior were analysed by analysis of
variance, and subsequent post hoc comparisons were made using
Tukey’s HSD. The proportion of animals in each group mounting,
intromitting, or displaying the ejaculatory pattern were analysed
by X2 tests.

RESULTS

The mean percent of observations in which female-directed
behaviors were observed for the three groups on both tests is
shown in Fig. 1. An analysis of variance (group X time X test)
of these scores yielded a significant group effect, F(2,24) =13.85,
p<0.001. Overall, the PAIRED group differed from both the
CONTROL and UNPAIRED groups (p’s<<0.01), whereas the
CONTROL and UNPAIRED groups did not differ from each other
(>0.1).The differences between the PAIRED group and the
CONTROL and UNPAIRED groups were greater after the initial
10 min during both tests. Post hoc comparisons of scores from the
first test showed that by 30 min the PAIRED group displayed
significantly more female-directed behavior than either the CON-
TROL (p<<0.01) or the UNPAIRED (p<<0.05) groups. During the
second test, the PAIRED group displayed significantly more
frequent female-directed behavior than either the CONTROL or
UNPAIRED groups at 20 min (p’s<<0.05) and more than the
CONTROL group at 30 min (p<<0.01). Overall, female-directed
behavior was less frequent on the second test than on the first,
F(1,24)=4.48, p<<0.05, but the differences between the first and
second test for individual groups were not significant (p’s>0.1).
Finally, the frequency of female-directed behavior decreased
during the test session for all groups, F(2,28)=82.49, p<0.001.

The measures of copulation are shown in Table 1. Because not
all animals copulated on both tests, each test was analysed
separately. The analysis of variance of mount latencies yielded
significant group effects for the first, F(2,20)=35.25, p<0.05, and
second tests, F(2,24)=4.30, p<<0.05, of sexual behavior. It can
be seen in Fig. 2 that the PAIRED group initiated mounting more
quickly than either the CONTROL or UNPAIRED groups during
both tests (p’s<<0.05). The mean intromission latency of the
PAIRED group in the first test was considerably shorter than either
of the other two groups, but due to highly variable scores, the
group effect was not significant (p>>0.1). During the second test,
however, there was a significant group effect, F(2,23)=3.64,
p<0.05, and post hoc comparisons showed that the PAIRED
group intromitted more quickly than the UNPAIRED group
(p<0.05).

The interintromission and postejaculatory intervals both ap-
peared to be shorter in the PAIRED group, especially during the
first test, but the differences were small and not statistically
significant (p’s>0.1). Groups did not differ significantly on any
other measure in either test (p’s>0.1), nor did groups differ
significantly in the number of animals that mounted, intromitted,
or ejaculated during each test (p’s>0.05).
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FIG. 1. Mean (+1 S.E.M.) percent of observations during which female-directed behavior was observed for
animals that had previously received morphine paired with the mating arena (PAIRED), morphine in the animal
colony (UNPAIRED), or had previously received saline injections in both locations (CONTROL). *Significantly
different from CONTROL and UNPAIRED groups (p<0.05), fsignificantly different from CONTROL

(¢<0.05).

DISCUSSION

In this experiment, female-directed behavior increased and
latencies to initiate copulation decreased in an environment pre-
viously paired with injection of morphine. These data suggest that
the elicitation of the conditioned drug effect was able to facilitate
sexual arousal when animals were presented with a sexually
receptive female in that environment. Facilitation of sexual arousal
has been shown to occur in spontaneously noncopulating male rats
(8,22) or in recently castrated males (6) when animals are given
mild tail or flank shock in the presence of a receptive female. In
addition, it has been reported that in animals previously unwilling
to initiate copulation, the presentation of a conditioned stimulus
previously associated with peripheral shock, will also facilitate
sexual behavior (10). Tail shock-induced facilitation of copulation
is impaired by a variety of dopamine (DA) receptor blockers (2),

suggesting dopaminergic mediation of the effect and a role for DA
systems in sexual arousability.

Because castration has been reported to affect DA concentra-
tions, and DA metabolism in the nucleus accumbens, a terminal
field of the mesolimbic DA system (1,27), it was decided to test
castrated male rats for sexual behaviors in an environment previ-
ously associated with morphine at a time after castration when
both mesolimbic DA levels and sexual behaviors would be
decreased. Because the unpaired and saline control groups in
Experiment 1 did not differ from each other on any measure, only
the unpaired control groups were included.

EXPERIMENT 2

METHOD
Male rats, screened for sexual activity, were bilaterally cas-

TABLE 1

MEAN BEHAVIORAL SCORES OF SUBJECTS AFTER REPEATED INJECTIONS OF MORPHINE IN
THE MATING ARENA (PAIRED), OR THE ANIMAL COLONY (UNPAIRED), OR INJECTIONS OF
SALINE IN BOTH ENVIRONMENTS (CONTROL)

Group M* 1 E ML L EL PEI NM NI IO I ratio
Test 1
CONTROL 7 6 5 1406 183.5 475.2 3222 233 14.7 1.43 0.351
UNPAIRED 8 6 5 121.2 236.0 558.1 3222 19.1 16.2 1.18 0.410
PAIRED 8 7 6 416t 847 766.2 3095 243 146 096 0.347
Test 2

CONTROL 9 9 5 477 76.7 639.2 307.2 30.2 18.9 1.26 0.382
UNPAIRED 9 8 6 54.6 1955 634.1 325.5 35.8 17.4 1.27 0.382
PAIRED 9 9 8 17.0tFf 47.2f 550.6 2769 40.2 19.0 132 0.338

*Abbreviations: M: the number of animals that mounted; I: the number of animals that
intromitted; E: the number of animals that ejaculated; ML: mean mount latency (sec); IL: mean
intromission latency (sec); EL: mean ejaculation latency (sec); PEI: postejaculatory interval (sec);
NM: mean number of mounts; NI: mean number of intromissions; III: mean interintromission
interval (NI/min); I ratio: mean intromission ratio [NI/(NI + NM)].

n=9 for all groups.

+Significantly different from CONTROL, p<<0.05.

#Significantly different from UNPAIRED, p<0.05.
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FIG. 2. Mean (+ 1 S.E.M.) mount and intromission latencies of animals that had previously received morphine paired
with the mating arena (PAIRED), morphine in the animal colony (UNPAIRED), or had previously received saline
injections in both locations (CONTROL) in the two tests for male sexual behavior. *Significantly different from
Control, p<<0.05; fsignificantly different from UNPAIRED, p<0.05.

trated via a single incision along the midline of the scrotum.
Sham-castrates received the scrotal incision, and the testes were
left undisturbed. Surgery was performed under methoxyflurane
anesthetic. Beginning 20 days after bilateral castration, one group
of castrates (CAST-PAIRED), and a gonadally intact group
(SHAM-PAIRED) received injections or 10 mg/kg morphine
sulfate immediately before being placed in empty mating arenas,
and injections of saline in the animal colony. Another group of
castrates (CAST-UNPAIRED) and sham-castrates (SHAM-UN-
PAIRED) received 10 mg/kg injections of morphine sulfate in the
animal colony and saline injections prior to being placed in the
mating arenas. Two and 16 days after the last conditioning trial (28
and 42 days after surgery) animals received injections of saline and
were given 30 min tests for sexual behavior in the mating arenas.

RESULTS

An overall analysis of variance (conditioning X castration X
time X test) of the number of observations during which female-
directed behavior occurred yielded a significant effect of condi-
tioning, F(1,32)=65.72, p<<0.001, and, more importantly, significant
conditioning X castration, F(1,32)=7.08, p<0.05, and condi-
tioning X time, F(2,64)=12.99, p<0.001, interactions. Figure 3
presents the mean percent of observations during which female-
directed behavior occurred for each group during each test. During
the first test, the PAIRED groups tended to display more frequent
female-directed behavior than the UNPAIRED groups after the
first 10 min, but at 20 min only the difference between the

CAST-PAIRED and CAST-UNPAIRED groups was significant
(»<0.05). At 30 min, however, both PAIRED groups differed
from their respective controls (p’s<<0.05). These differences were
even more pronounced during the second test; at both 20 and at 30
min, each PAIRED group differed from its UNPAIRED control
group (p’s<<0.05). At 30 min in the second test, the difference
between the SHAM-UNPAIRED and CAST-UNPAIRED groups
was significant (p<<0.05).

Groups differed significantly in the proportion of animals that
mounted, x*(3)=26.19, p<<0.001, intromitted, x?*(3)=23.84,
p<0.001, or showed the ejaculatory pattern, x*(3)=11.88,
p<<0.01, during the first test. Groups also differed on these
measures during the second test; mount, x*(3)=19.06, p<<0.001,
intromissions, x*(3)=19.54, p<<0.001, and the ejaculatory pat-
tern, x*(3)=24.0, p<0.001. The group differences in these
copulatory behaviors were due primarily to the lower incidence in
castrated animals. The only exception was, perhaps surprisingly,
that previous experience with morphine in the mating arena
increased the proportion of SHAM animals that ejaculated during
the first test from 0.22 to 0.56.

The analyses of copulation measures were done only for the
gonadally intact groups; too few castrated animals copulated to be
included in the analyses. Because significant heterogeneity of
variance was found for the mount latency scores (p<<0.0S5,
Cochran’s test for homogeneity of variance), these scores were
analysed using Mann-Whitney U-tests. The SHAM-PAIRED group
initiated mounting more quickly than the UNPAIRED group,
although the difference was not statistically significant for the first
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FIG. 3. Mean (=1 S.E.M.) percent of observations during which female-directed behavior was observed for
animals that had previously received morphine paired with the mating arena (PAIRED), or in the animal colony
(UNPAIRED), and been castrated (CAST) or sham-castrated (SHAM). *Significantly different from the respective

UNPAIRED group (p<<0.05).

test (0.05<p<0.1), it was for the second test, U(8,8)=58,
p<0.05. None of the other comparisons made between the
SHAM-PAIRED and SHAM-UNPAIRED groups were significant
(t-tests for independent groups, two-tailed).

DISCUSSION

In Experiment 2, gonadally intact animals from group PAIRED
tested for sexual behavior in the conditioning environment showed
more frequent female-directed behaviors and shorter latencies to
mount than did the SHAM-UNPAIRED animals. These finding
replicate those of Experiment 1. More interesting, however, was
the finding that males from the CAST-PAIRED group that were
tested for sexual behaviors in the conditioning environment
displayed consistently higher frequencies of female-directed be-
haviors than CAST-UNPAIRED males. These animals continued
to pursue, sniff, and climb on the female despite the fact that they
engaged in virtually no copulation. The elicitation of the condi-
tioned drug effect in the environment previously paired with
morphine appeared to enhance the effectiveness of the sexually
relevant stimuli. It would be tempting to speculate that this effect
might have been mediated by enhanced activity within the meso-
limbic dopamine system. Indeed, conditioned changes in dopa-
mine turnover have been found in animals repeatedly exposed to
morphine in a specific environment (32).

GENERAL DISCUSSION

In these experiments, when male rats were tested for sexual
behavior in an environment where they had previously been
exposed to repeated injections of morphine, they displayed more
frequent female-directed behavior, and, if they were gonadally
intact, lower latencies to initiate copulation. It is important to note
that the conditioned stimuli did not affect the performance of
copulation itself; rather, it was approach to a sexually receptive
female and the time to initiate sexual behaviors that were facili-
tated. Such findings suggest that conditioned stimuli previously
paired with injections of the morphine induce conditioned changes
in brain systems mediating appetitive behaviors in general. Sys-
temic injections of low doses of morphine have excitatory effects
on locomotion in the rat, whereas higher doses of morphine lead
initially to behavioral depression followed by excitation and
increased locomotion. With repeated injections, however, the
depression is replaced by behavioral activation, and it is this

response that comes to be elicited by conditioned stimuli paired
with the injections (36). Systemic injections of morphine cause
increased firing in mesolimbic DA neurons (23) and increased
release of DA from terminals in the nucleus accumbens (11).
Locomotion and exploration is induced by infusions of morphine
and other endogenous opioid substances into the VTA (17,18) and
it has been shown that this increased locomotion is elicited by
conditioned environmental stimuli repeatedly paired with such
injections (36,37). It has been reported that a conditioned stimulus
previously paired with morphine will cause hyperthermia (16), and
reverse morphine-withdrawal hypothermia, thus mimicking the
effects of opiate administration (9). These findings suggest that
stimuli associated with morphine administration may act by
releasing endogenous opioids and that it is the release of endog-
enous opioids that facilitates sexual behaviors in the male. We
have reported that infusions of morphine into the region of the
VTA facilitate male sexual responding in the presence of a
sexually receptive female (26). Feeding is facilitated by infusions
of morphine into the VTA if food is present (13,14), and as
mentioned above, if neither food nor a female is present, increased
locomotion is found (17, 18, 36). Thus, activation of VTA cells
elicits approach behavior appropriate to the stimuli present. It is
interesting that the facilitating effects of tail-shock on appetitive
behaviors are also found to be appropriate to the stimuli present.
As mentioned earlier male sexual behavior is increased by tail-
pinch in the presence of receptive females, as is feeding in the
presence of food (2—4, 30).Tail-shock induced feeding appears to
be an opiate mediated effect on the DA system shown to be
attenuated by both naloxone and the DA receptor blocker pim-
ozide. Recently, we have found in this laboratory that tail-pinch
induced copulation in castrated male rats is similarly attenuated by
naloxone (21).

Consistent with these findings are those from a series of
experiments by Leiblich er al. (20) and Miller and Baum (25)
concerned with the possible role of endogenous opioids in the
control of male sexual behavior. They found that naloxone, given
two to three weeks following castration, further reduced ejacula-
tion and mounting in rats and significantly inhibited the resump-
tion of mating in sexually exhausted intact males. These results
suggested to them that endogenous opioids act to facilitate sexual
behavior by enhancing the positive incentive properties of the
female.

The experiments reported in this paper show that conditioned
stimuli previously paired with one set of positive incentive stimuli
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can act to facilitate behaviors appropriate to other incentive
stimuli. The motivational significance of conditioned stimuli, and
thus the neural processes activated, may prove to be better
assessed by testing their effects on behaviors elicited in the
presence of primary incentive stimuli having similar or opposite
valence.

MITCHELL AND STEWART

ACKNOWLEDGEMENTS

This research was supported by a grant from the Natural Sciences and
Engineering Research Council of Canada awarded to J. Stewart (AO-156).
J. B. Mitchell was supported by a postgraduate scholarship from the
Natural Sciences and Engineering Research Council of Canada.

REFERENCES

1. Alderson, L. M.; Baum, M. J. Differential effects of gonadal steroids
on dopamine metabolism in mesolimbic and nigrostriatal pathways of
male rat brain. Brain Res. 218:189-206; 1981.

2. Antelman, S. M.; Herndon, J. G., Jr.; Caggiula, A. R.; Shaw, D. H.
Dopamine-receptor blockade: Prevention of shock-activated sexual
behavior in naive rats. Psychopharmacol. Bull. 11:45-46; 1975.

3. Antelman, S. M.; Rowland, N. E.; Fisher, A. E. Stress related
recovery from lateral hypothalamic aphagia. Brain Res. 102:346-350;
1976.

4. Antelman, S. M.; Szechtman, H.; Chin, P.; Fisher, A. E. Tail
pinch-induced eating, gnawing and licking behavior in rats: Depen-
dence on the nigrostriatal dopamine system. Brain Res. 99:319-337;
1975.

5. Bardo, M. T.; Miller, J. S.; Neisewander, J. L. Conditioned place
preference with morphine: The effect of extinction training on the
reinforcing CR. Pharmacol. Biochem. Behav. 21:545-550; 1984.

6. Barfield, M. I.; Sachs, D. B. Effect of shock on copulatory behavior
in castrate male rats. Horm. Behav. 1:247-253; 1970.

7. Blander, A.; Hunt, T.; Blair, R.; Amit, Z. Conditioned place
preference: An evaluation of morphine’s positive reinforcing proper-
ties. Psychopharmacology (Berlin) 84:124-127; 1984.

8. Caggiula, A. R.; Eibergen, R. Copulation of virgin male rats evoked
by painful peripheral stimulation. J. Comp. Physiol. Psychol. 69:
414-419; 1969.

9. Cicero, T. J.; Meyer, E. R.; Bell, R. D.; Koch, G. A. Effects of
morphine and methadone on testosterone, luteinizing hormone and the
secondary sex organs of the male rat. Endocrinology 98:365-370;
1976.

10. Crowley, W. R.; Popolow, H. B.; Ward, O. B., Jr. From dud to stud:
Copulatory behavior elicited through conditioned arousal in sexually
inactive male rats. Physiol. Behav. 10:391-394; 1973.

11. DiChiara, G.; Imperato, A. Opposite effects of mu and kappa agonists
on dopamine release in the nucleus accumbens and in the dorsal
caudate of freely moving rats. J. Pharmacol. Exp. Ther. 244:
1067-1080; 1988.

12. Glickman, S. E.; Schiff, B. B. A biological theory of reinforcement.
Psychol. Rev. 74:81-109; 1967.

13. Hamilton, M. E.; Bozarth, M. A. Comparisons of feeding elicited by
morphine and dynorphin(1-13) microinjections into selected brain
sites. Soc. Neurosci. Abstr. 13:917; 1987.

14. Hamilton, M. E.; Bozarth, M. A. Feeding elicited by dynorphin(1-
13) microinjections into the ventral tegmental area in rats. Life Sci.
43:941-946; 1988.

15. Hitt, J. C.; Hendricks, S. E.; Ginsberg, S. I.; Lewis, J. H. Disruption
of male, but not female, sexual behavior in rats by medial forebrain
bundle lesions. J. Comp. Physiol. Psychol. 73:377-384; 1970.

16. Iwamoto, E. T. Locomotor activity and antinociception after putative
mu, kappa, and sigma opioid agonists in the rat: Influence of
dopaminergic agonists and antagonists. J. Pharmacol. Exp. Ther.
217:451-460; 1981.

17. Joyce, E. M.; Iversen, S. D. The effects of morphine applied locally
to mesencephalic dopamine cell bodies on spontaneous motor activity
in the rat. Neurosci. Lett. 14:207-212; 1979.

18. Kalivas, P. W.; Widerlov, E.; Stanley, D.; Breese, G.; Prange, A. J.,
Jr. Enkephalin action on the mesolimbic dopamine system: A dopa-
mine-dependent and a dopamine-independent increase in locomotor
activity. J. Pharmacol. Exp. Ther. 227:229-237; 1983.

19. Katz, R. J.; Gormezano, G. A rapid and inexpensive technique for
assessing the reinforcing effects of opiate drugs. Pharmacol. Bio-

chem. Behav. 11:231-233; 1978.

20. Leiblich, I.; Baum, M. J.; Diamond, P.; Goldblum, N.; Iser, C.; Pick,
C.G. Inhibition of mating by naloxone or morphine in recently
castrated, but not intact male rats. Pharmacol. Biochem. Behav.
22:361-364; 1985.

21. Leyton, M.; Stewart, J. Blockade of tail-pinch induced sexual
behavior by naloxone and pimozide in male rats. Submitted.

22. Malsbury, C. W.; Pfaff, D. W. Neural and hormonal determinants of
mating behavior in adult male rats. A review. In: DiCara, L., ed. The
limbic and autonomic nervous system: Advances in research. New
York: Plenum Press; 1974:85-136.

23. Matthews, R. T.; German, D. C. Electrophysiological evidence for
excitation of rat ventral tegmental area dopaminergic neurons by
morphine. Neuroscience 11:617-626; 1984.

24. Meyerson, B. J.; Terenius, L. Beta-endorphin and male sexual
behavior. Eur. J. Pharmacol. 42:191-192; 1977.

25. Miller, R. L.; Baum, M. J. Naloxone inhibits mating and conditioned
place preference for an estrous female in male rats soon after
castration. Pharmacol. Biochem. Behav. 26:781-789; 1987.

26. Mitchell, J. B.; Stewart, J. Effects of intra-VTA morphine and
dynorphin(1-13) on male sexual behavior. Soc. Neurosci. Abstr.
14:849; 1988.

27. Mitchell, J. B.; Stewart, J. Effects of castration, steroid replacement,
and sexual experience on mesolimbic dopamine and sexual behaviors
in the male rat. Brain Res. 491:116-127; 1989.

28. Mucha, R. F.; Van der Kooy, D.; O’Shaughnessy, M.; Bucenieks, P.
Drug reinforcement studied by the use of place conditioning in rat.
Brain Res. 243:91-105; 1982.

29. Rossi, N. A.; Reid, L. D. Affective states associated with morphine
injections. Physiol. Psychol. 4:269-274; 1976.

30. Rowland, N.; Antelman, S. M. Stress-induced hyperphagia and
obesity in rats: A possible model for understanding human obesity.
Science 191:310-312; 1976.

31. Sachs, B. D.; Barfield, R. J. Functional analysis of masculine
copulatory behavior in the rat. Adv. Stud. Behav. 7:91-154; 1976.

32, Schiff, S. R. Conditioned dopaminergic activity. Biol. Psychiatry
17:135-154; 1982.

33. Schneirla, T. C. An evolutionary and developmental theory of
biphasic processes undertying approach and withdrawal. In: Jones, M.
R., ed. Nebraska symposium on motivation. Lincoln: University of
Nebraska Press; 1959:1-42.

34. Sherman, J. E.; Pickman, C.; Rice, A.; Liebeskind, J. C.; Holman, E.
W. Rewarding and aversive effects of morphine: Temporal and
pharmacological properties. Pharmacol. Biochem. Behav. 13:501-
505; 1980.

35. Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Attenuation of heroin
reward in rats by disruption of the mesolimbic dopamine system.
Psychopharmacology (Berlin) 79:278-283; 1983.

36. Vezina, P.; Stewart, J. Conditioning and place-specific sensitization
of increases in activity induced by morphine in the VTA. Pharmacol.
Biochem. Behav. 20:925-934; 1984.

37. Vezina, P.; Stewart, J. Conditioned locomotion and place preference
elicited by tactile cues paired exclusively with morphine in an open
field. Psychopharmacology (Berlin) 91:375--380; 1987.

38. White, N.; Sklar, L.; Amit, Z. The reinforcing action of morphine and
its paradoxical side effect. Psychopharmacology (Berlin) 52:63-66;
1977.

39. Wise, R. A.; Bozarth, M. A. A psychomotor stimulant theory of
addiction. Psychol. Rev. 94:469-492; 1987.



