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LIEBLICH, I., M. J. BAUM, P. DIAMOND, N. GOLDBLUM, C. ISER AND C. G. PICK. Inhibition of mating by 
naloxone or morphine in recently castrated, but not intact male rats. PHARMACOL BIOCHEM BEHAV 22(3) 361-364, 
1985.--Administration of naloxone (SC 5 mg/kg) significantly reduced ejaculation and mounting in male rats in the weeks 
following castration. A similar effect was obtained by injecting morphine (SC 1 or 5 mg/kg). In contrast, the same dosages 
of naloxone or morphine did not affect the sexual performance of gonadally intact males. Opioid peptides may contribute to 
the temporary persistence of sexual behavior in testosterone-deficient male mammals, in which incentive qualities of the 
female partner are an important determinant of sexual arousal. 

Rat sexual behavior Naloxone Morphine Endorphins 

SINCE the discovery of opiate receptors [26, 29, 32] and of  
enkephalin and endorphin-containing neurons [10] in the 
brain, much attention has been given to the possibility that 
these systems are involved in the control of  masculine sexual 
behavior in vertebrates.  It has been known for some time 
that chronic injection of  opiate drugs by men reduces the 
testicular secretion of testosterone [1] and causes a loss of 
libido and sexual potency [3]. Moreover,  acute administra- 
tion of  morphine [19,20], beta-endorphin [19,21] or 
methadone [23] to male rats or hamsters caused dose- 
dependent reductions in masculine sexual performance at 
dosages and times which would not suppress plasma testos- 
terone or alter animals '  general level of  activity. These latter 
findings raise the possibility that endogenous opioid peptides 
may normally act at central opioid receptors to inhibit mas- 
culine sexual arousal. Indeed, in some instances administra- 
tion of opiate receptor  antagonists facilitated the occurrence 
of  ejaculation in male rats tested with females [7, 19, 24, 25] 
as well as in a single human male subject during masturba- 
tion [8]. In other experiments,  however,  [18, 28, 30] adminis- 
tration of opiate receptor  antagonists failed to influence the 
pre-ejaculatory performance of  male rats. 

All of  the above studies were conducted using males 
which were either gonadally intact or  castrated and main- 
tained on testosterone. It is well established in nearly all 
mammalian species studied that masculine coital perform- 
ance gradually declines after castration [4]. In the rat this 
decline extends over  3-6 weeks even though plasma testos- 
terone concentrations drop within hours after castration. 
Little is known about the cause of  this temporary persistence 

of  what is otherwise a hormone-dependent behavior. How- 
ever, one important determinant of  the rate at which mating 
declines after castration is the stimulus quality of  the estrous 
females used to test the male. T h u s ,  male rats placed with 
females which displayed high levels of solicitational behavior 
continued to mount and ejaculate longer after castration than 
males tested with less proceptive females, i.e., females 
which displayed fewer sexual solicitations [17]. In a related 
study these same workers [16] found that gonadally intact 
males which lacked previous mating experience were more 
likely to initiate copulation with highly proceptive females 
than with females which displayed lordosis in response to 
mounting but failed to display precoital solicitational behav- 
ior. 

Several lines of evidence [12, 13, 14, 15, 27] suggest that 
endogenous opioids are especially involved in promoting the 
consumption of  both nutritive and non-nutritive sweet sub- 
stances in water replete rats. In other words, opioid peptides 
may contribute importantly to the regulation of  drinking 
when the taste of a particular compound is the primary 
determinant of  whether or not it is ingested. We hypoth- 
esized that an endorphinergic mechanism may also become 
critically important for the facilitation of masculine coital 
behavior during the postcastration period, when sexual 
arousal is especially dependent on the incentive qualities of 
the female partner. We initially tested this hypothesis by 
comparing the effects of an opiate receptor  antagonist, 
naloxone, on the sexual behavior of  male rats which had 
recently been castrated or left gonadally intact. After finding 
that naloxone significantly inhibited coital performance in 
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castrated but not gonadally intact animals, we conducted a 
second experiment to compare the effects of administering 
low dosages of an opiate receptor agonlst, morphine, on the 
sexual behavior of males maintained under these two differ- 
ent endocrine conditions. 

GENERAL METHOD 

Subjects 

Adult male and female rats of the Hebrew University 
Colony (Sabra) strain were used in these experiments. They 
were housed in unisexed groups of 2--4 with water and food 
available ad lib. The colony lights were off each day for 12 
hours beginning at 11:00. Prior to being used in either exper- 
iment, all males were observed ejaculating with estrous 
females during each of 3 tests given on separate days. The 
females were ovariectomized using ether anesthesia and 
were made sexually receptive and proceptive for tests with 
males by SC injection of 20/zg estradiol benzoate in oil 1-3 
days prior to testing; they also received progesterone (1 mg 
SC in oil) 4--6 hr prior to testing. 

Behavioral Testing and Data Analysis 

All behavioral tests were conducted when the colony 
lights were off. Observations of sexual behavior were per- 
formed in a red-lighted room. The rats were tested in 4 
semicircular (60 cm diam) Plexiglas cages with floors 
covered with sawdust bedding. The following masculine be- 
haviors were recorded using an Esterline-Angus event re- 
corder: Mounts, intromissions, ejaculations, as well as the 
first intromission following an ejaculation. If no mount was 
observed within 15 min after the beginning of a test or if no 
intromission occurred within 30 min, the session was termi- 
nated. Otherwise, tests lasted until the first intromission 
after an ejaculation was observed (defining the post- 
ejaculatory interval, PEI), or until 60 min elapsed from the 
beginning of a test, whichever occurred earlier. Mount rates 
(number of mounts + number of intromissions/time in min- 
utes from beginning of test until ejaculation or test termina- 
tion) were calculated for each test. Mount rate data were 
subjected to analysis of variance; between group compari- 
sons of the number of tests with ejaculation were made using 
2-tailed Mann-Whitney U tests. 

EXPERIMENT 1: EFFECT OF NALOXONE IN CASTRATED VERSUS 
GONADALLY INTACT MALE RATS 

Method 

After one baseline test, two groups of males were cas- 
trated using ether anesthesia and two additional groups of 
males were left gonadally intact. Beginning 4 days later one 
group of castrates (n=7) and one group of intact males (n= 7) 
received SC injections of 5 mg/kg naloxone hydrochloride in 
0.9% saline (1 ml/kg); additional groups of castrated (n=8) 
and gonadally intact (n=7) males received only saline injec- 
tions. This particular dosage of naloxone was chosen be- 
cause it fell in the middle of a range of dosages of this drug 
which effectively inhibited the intake of sucrose solution by 
rats with open gastric fistulas [27]. Immediately after the 
injections males were placed into the testing cages for 5 min, 
whereupon an estrous female was introduced into each cage. 
Mating usually lasted 10-15 min after the introduction of the 
female. Previous research showed that a 2-5-fold increase in 
plasma luteinizing hormone was induced by naloxone in 
male rats within 15 min after SC or IP injection in saline, 
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FIG. 1. Effect of naloxone hydrochloride (5 mg/kg) or saline on 
ejaculation and mean mount rate in sexually experienced, adult male 
rats which were either castrated or left gonadally intact. The number 
of males in each group is given in parentheses. B =baseline test 

suggesting that this opiate receptor antagonist exerts its cen- 
tral action rapidly. Each male was tested for sexual behavior 
at subsequent intervals of 3-4 days, for a total of 6 tests. 

Results 

Administration of naloxone to castrated males caused 
significant reductions in mounting rates and the incidence of 
ejaculation whereas no such changes occurred in gonadally 
intact males given this drug (Fig. 1). An ANOVA performed 
on mount rates revealed a significant gonadal status × drug 
treatment interaction, F(1,22)=8.38, p<0.05, and castrated 
males given naloxone ejaculated during significantly fewer 
tests (0<0.05) than each of the other 3 groups of males. 
Naloxone also lengthened mount, intromission, and ejacula- 
tion latencies as well as PEI 's  (data not shown) in castrated 
males, whereas administration of this dosage of naloxone 
failed to affect any parameter of sexual behavior in gonadally 
intact rats. 

EXPERIMENT 2: EFFECT OF MORPHINE IN CASTRATED VERSUS 
GONADALLY INTACT MALE RATS 

Method 

New groups of male rats were given ejaculatory experi- 
ence with sexually receptive females in three tests. Follow- 
ing one additional baseline test, two groups of males were 
bilaterally castrated while two other groups were left gonad- 
ally intact. One group of castrates (n=8) and one group of 
gonadally intact (n=7) males received SC injections of mar- 
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FIG. 2. Effect of morphine hydrochloride (A: 1 mg/kg; B: 5 mg/kg) 
or saline on ejaculation and mean mount rate in sexually experi- 
enced, adult male rats which were either castrated or left gonadally 
intact. The number of males in each group is given in parentheses. 
B = baseline test 

phine hydrochloride (1 mg/kg) in 0.9% saline (1 ml/kg) prior 
to tests given on days l l ,  14, and 17 after the precastration 
baseline test; these same rats received SC injections of  saline 
vehicle prior to tests given 3, 7, and 21 days after the baseline 
test. Additional groups of  castrated (n=8) and gonadally in- 
tact (n=8) males received saline prior to all tests. After  the 
completion of  these tests, those males which were still 
gonadally intact were castrated and divided into two groups. 
Both groups were tested 1 day later after SC injection of 
saline. One group continued to receive saline prior to addi- 
tional tests given 5, 8, and 12 days after castration. The 
second group received morphine hydrochloride (5 mg/kg) SC 
prior to tests given 5 and 8 days postcastration, and again 
received saline prior to a final test given 12 days postcastra- 
tion. In both phases of  Experiment 2 injections of  morphine 
or saline vehicle were given SC to males 5 min prior to the 
introduction of  an estrous female into the test cage. Tests of 
sexual behavior were conducted using the procedure de- 
scribed for Experiment 1. 

Results 

Administration of  morphine (either 1 or 5 mg/kg) 
mimicked the effect of  naloxone by significantly reducing the 
coital performance of castrated males, whereas at these dos- 
ages morphine had no effect on gonadally intact males (Fig. 
2). As shown in Fig. 2A, castrated males given morphine (1 
mg/kg) ejaculated during significantly fewer tests (,o<0.05) 
than gonadally intact males given morphine, or either group 
of saline-treated controls. Mount rates were also signifi- 

cantly lower in castrated males given morphine than in other 
groups: the ANOVA revealed a significant gonadal status x 
drug treatment interaction, F(1,27)=6.03, p<0.05.  Likewise, 
administering a higher dosage of  morphine (5 mg/kg) reduced 
the incidence of  ejaculation (Fig. 2B), and mount rates were 
significantly lower in castrated males given this dosage of 
morphine as opposed to saline, F(1,13)=5.60, p<0.05.  In 
castrated rats both dosages of  morphine lengthened mount, 
intromission and ejaculation latencies as well as the PEI 
(data not shown). However,  no significant effects of  mor- 
phine (1 mg/kg) on these parameters of  mating were detected 
in gonadally intact males. 

GENERAL DISCUSSION 

Administration of naloxone or morphine to male rats dur- 
ing the weeks following castration markedly inhibited mas- 
culine sexual performance, whereas no such effect was ob- 
tained in gonadally intact males given the same dosages of 
these drugs. In previous studies administration of  either 
naloxone or naltrexone to gonadally intact male rats or 
hamsters caused a variety of behavioral changes, ranging 
from reductions in ejaculation latency [19,24] to lengthening 
of  the postejaculatory interval [18, 28, 30] to the initiation of 
mounting in sexually unresponsive males [7]. In no instance, 
however,  has an inhibitory effect of opiate receptor 
antagonists on mounting or ejaculation been reported for any 
rodent species. In previous studies administration of  mor- 
phine to gonadally intact male rats caused a dose-dependent 
inhibition of  masculine sexual behavior, with more than 5 
mg/kg being a minimally effective dosage [19,22]. In those 
studies opiate agonists '  inhibitory effects on sexual behavior 
were rapid and occurred without reducing males '  general 
locomotor activity,, at least at the lower dosages used. In 
Experiment 2 giving as little as 1 mg/kg morphine inhibited 
the sexual performance of castrated males, whereas this 
dose failed to affect coital behavior in gonadally intact 
animals. Thus, at the dosages used, the behavioral effects of 
naloxone and morphine were similar in the present experi- 
ments. They had no influence on the coital behavior of in- 
tact, sexually-experienced males, whereas they markedly 
inhibited mating in males after castration. 

It seems unlikely that the inhibitory effects of  either 
naloxone or morphine on the sexual behavior of  castrates 
was due to some non-specific debilitating action of  these 
treatments,  since these agents failed to influence the behav- 
ior of gonadally intact animals studied at the same time. It 
also seems unlikely that the inhibitory effect of  naloxone on 
mating (Experiment 1) depended on the repeated adminis- 
tration of  this drug. In a recent study (I. Lieblich, unpub- 
lished results), a single SC injection of  5 mg/kg naloxone 
given to males approximately 4 weeks following castration 
strongly inhibited mounting rate and ejaculation. The coital 
performance of  these males recovered in a subsequent test 
prior to which saline was injected instead of naloxone. It has 
been suggested that castration augments the number of  bind- 
ing sites for naloxone in the rat brain [9,11]. However,  this 
observation was not replicated in more extensive experi- 
ments [2, 5, 32]. Thus it seems unlikely that potent inhibitory 
effects of naloxone and morphine on the sexual behavior of 
castrated animals can be explained by steroid-dependent 
changes in brain opiate receptor  concentrations. 

We have no simple explanation for the fact that at the 
dosages used, both an opiate receptor  agonist and an 
antagonist inhibited the sexual behavior of  castrated male 
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rats.  H o w e v e r ,  it is wor th  not ing  tha t  in a p rev ious  s tudy  [6] 
admin i s te r ing  low dosages  of  e i the r  na loxone  or  morph ine  
b o t h  s ignif icant ly  inhib i ted  feeding and  dr inking b e h a v i o r  in 
male  ra ts  w h i c h  had  b e e n  dep r ived  of  food and  wa te r  for  24 
hr.  T h e s e  worke r s  sugges ted  tha t  n a l o x o n e  a t t e n u a t e d  the  
e n d o r p h i n - m e d i a t e d  r eward  wh ich  normal ly  resu l t s  f rom the  
inges t ion  o f  food or  wa te r  w he r ea s  m o r p h i n e  induced  r eward  
by  ac t iva t ing  opia te  recep tors ,  t h e r e b y  reduc ing  the  dr ive  
s ta te  wh ich  normal ly  p r o m o t e s  feeding and  dr inking.  As  
po in t ed  ou t  in the  in t roduc t ion ,  e n d o g e n o u s  opia tes  may  
con t r ibu te  mos t  to  regulat ing the  dr ink ing  o f  those  sub- 
s t ances  for  which  the  incen t ive  tas te  va lue  is the  p r imary  
d e t e r m i n a n t  of  w h e t h e r  or  no t  inges t ion  will occur .  The  
p r e sen t  resu l t s  suggest  tha t  e n d o r p h i n s  m ay  inf luence  mas-  
cul ine sexual  a rousa l  in an  ana logous  fashion .  The i r  contr i -  
bu t ion  normal ly  may  be  minimal .  H o w e v e r ,  they  m ay  be- 

come  o f  cr i t ical  i m p o r t a n c e  for  the  faci l i ta t ion of  sexual  
a rousa l  u n d e r  cond i t ions  of  a n d r o g e n  depr iva t ion  (presen t  
s tudy) ,  a f te r  p ro longed  bou t s  of  copu la t ion  leading to sexual  
e x h a u s t i o n  [31], or  in sexual ly  i nexpe r i enced  an imals  [16]. 
U n d e r  each  of  these  c i r c u m s t a n c e s  the  incen t ive  quali t ies  ot 
the  female  p a r t n e r  are  a p r imary  d e t e r m i n a n t  o f  whe the r  
mascu l ine  sexual  ac t iv i ty  will occur .  

ACKNOWLEDGEMENTS 

This research was supported by the Frenkel Fund of the Depart- 
ment of Psychology, Hebrew University and by the Fund for Basic 
Research administered by the Israel Academy of Sciences and 
Humanities. M.J.B. was supported by Research Career Develop- 
ment Award MH00392 from U.S. Public Health Service. We thank 
Endo Laboratories for generously providing the naloxone used in 
this study. 

R E F E R E N C E S  

1. Azizi, F., G. Apostolos, A. G. Vagenakis, C. Longcope, S .H .  18. McConnell, S. K., M. J. Baum and T. M, Badger. Lack of 
Ingbar and L. E. Braverman. Decreased serum testosterone 
concentration in male heroin and methadone addicts. Steroids 
22: 467-472, 1974. 

2. Cicero, T. J., C. E. Wilcox, R. D. Bell and E. R. Meyer. 
Naloxone-induced increases in serum luteinizing hormone in the 
male: mechanisms of action. J Pharrnacol Exp Ther 212: 573- 
578, 1980. 

3. Cushman, P. Sexual behavior in heroin addiction and 
methadone maintenance. N Y  State J Med 72: 1261-1265, 1972. 

4. Davidson, J. M. Characteristics of sex behavior in male rats 
following castration. Anita Behav 14: 266-272, 1966. 

5. Diez, J. A. and D. L. Roberts. Evidence contradicting the no- 
tion that gonadal hormones regulate brain opiate receptors. 
Biochem Biophys Res Comm 108: 1313-1319, 1982. 

6. Frenk, H. and G. H. Rogers. The suppressant effects of 
naloxone on food and water intake in the rat. Behav Neural Biol 
26: 23--40, 1979. 

7. Gessa, G. L., E. Paglietti and B. Pellegrini Quarantotti. Induc- 
tion of copulatory behavior in sexually inactive rats by 
naloxone. Science 204: 203-205, 1979. 

8. Goldstein, A. and R. W. Hansteen. Evidence against involve- 
ment of endorphins in sexual arousal and orgasm in man. Arch 
Gen Psychiatry 34:117%1180, 1977. 

9. Hahn, E. F. and J. Fishman. Changes in rat brain opiate recep- 
tor content upon castration. Biochem Biophys Res Comm 90: 
81%823, 1979. 

10. Hughes, J. Opioid peptides and their relatives. Nature 278: 
394-395, 1979. 

11. LaBella, F. S., V. Havlicek, C. Pinsky and L. Leybin. Opiate- 
like, naxolone reversible effects of androsterone sulfate in rats. 
Can J Physiol Pharmacol 56: 940-944, 1978. 

12. Le Magnen, J., P. Marfaing-Jallat and M. Devos. Pain modulat- 
ing and reward systems: A single brain mechanism? Pharmacol 
Biochem Behav 12: 72%733, 1980. 

13. LeVine, A. S., S. S. Murray, J. Kneip, M. Grace and J. E. 
Morley. Flavor enhances the antidipsogenic effect of naloxone. 
Physiol Behav 28: 23-25, 1982. 

14. Leiblich, I., E. Cohen, J. R. Gauchrow, E. M. Blass and F. 
Bergmann. Morphine tolerance in genetically selected rats in- 
duced by chronically elevated saccharine intake. Science 221: 
871-873, 1983. 

15. Lynch, W. C. and L. Libby. Naloxone suppresses intake of 
highly preferred saccharin solutions in food-deprived and sated 
rats. Life Sci 33: 190%1914, 1983. 

16. Madlafousek, J. and Z. Hlinak. Importance of female's pre- 
copulatory behaviour for the primary initiation of male's 
copulatory behaviour in the laboratory rat. Behaviour 86: 237- 
249, 1983. 

17. Madlafousek, J., Z. Hlinak and J. Beran. Decline of sexual be- 
havior in castrated male rats: Effects of female precopulatory 
behavior. Horm Behav 7: 245-252, 1976. 

correlation between naloxone-induced changes in sexual behav- 
ior and serum LH in male rats. Horm Behav 15: 16--35, 1981. 

19. Mclntosh, T. K., M. L. Vallano and R. J. Barfield. Effects of 
morphine, beta-endorphin, and naloxone on catecholamine 
levels and sexual behavior in the male rat. Pharmacol Biochem 
Behav 13: 435-441, 1980. 

20. Meyerson, B. J. Comparison of the effects of beta-endorphin 
and morphine on exploratory and socio-sexual behavior in the 
male rat. Eur J Pharmacol 69: 453-458, 1981. 

21. Meyerson, B. J. and L. Terenius. Beta-endorphin and male sex- 
ual behavior. Eur J Pharmacol 42: 191-192, 1977. 

22. Mumford, L. and R. Kumar. Sexual behavior of morphine de- 
pendent and abstinent rats. Psychopharmacology (Berlin) 65: 
179-185, 1979. 

23. Murphy, M. R. Methadone reduces sexual performance and 
sexual motivation in the male Syrian golden hamster. Phar- 
macol Biochem Behav 14: 561-567, 1981. 

24. Myers, B. M. and M. J. Baum. Facilitation by opiate 
antagonists of sexual performance in the male rat. Pharmacol 
Biochem Behav 10: 615-618, 1979. 

25. Myers, B. M. and M. J. Baum. Facilitation of copulatory per- 
formance in male rats by naloxone: Effects of hypophysectomy, 
17-aipha-estradiol, and luteinizing hormone releasing hormone. 
Pharmacol Biochem Behav 12: 365-370, 1980. 

26. Pert, C. B. and S. H. Snyder. Opiate receptor: Demonstration in 
nervous tissue. Science 179: 1011-1014, 1973. 

27. Rockwood, G. A. and L. D. Reid. Naloxone modifies sugar- 
water intake in rats drinking with open gastric fistulas. Physiol 
Behav 29: 1175-1178, 1982. 

28. Sachs, B. D., R. J. Valcourt and H. C. Flagg. Copulatory behav- 
ior and sexual reflexes in male rats treated with naloxone. 
Pharmacol Biochem Behav 14: 251-255, 1981. 

29. Simon, E. J., J. M. Hiller and I. Edelman. Stereospecific bind- 
ing of the potent narcotic analgesic 3H-etorphine to rat brain 
hormogenate. Proc Natl Acad Sci USA 70: 1947-1949, 1973. 

30. Szechtman, H., R. Simantov and M. Hershkowitz. Effects of 
naloxone on copulation in rats and the role of endogenous 
opiates in a spontaneous rewarding behavor. Soc Neurosci 
Abstr 5: 541, 1979. 

31. Terenius, L. Stereospecific interaction between narcotic anal- 
gesics and a synaptic plasma membrane fraction of rat cerebral 
cortex. Acta Pharmacol Toxicol 32: 317-320, 1973. 

32. Wilkinson, M., H. Herdon and C. A. Wilson. Gonadal steroid 
modification of adrenergic and opiate receptor binding in the 
central nervous system. In: Steroid Hormone Regulation of  the 
Brain, edited by K. Fuxe, J. A. Gustafssan and L. Wetterberg. 
New York: Pergamon Press, 1981, pp. 253-263. 

33. Wilson, J., R. Kuehn and F. A. Beach. Modifications in the 
sexual behavior of male rats produced by changing the stimulus 
female. J Comp Physiol Psychol 56: 636-644, 1963. 


