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Prenatal exposure to morphine feminizes male sexual behavior in the adult
rat.
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(2) 345–348, 1997.—The endogenous opiate system plays a role in fetal sexual
differentiation during development. We examined long-term effects of prenatal morphine on adult sexual behavior in male
rats. Pregnant Fischer 344 rats were given increasing doses of morphine (0.75–12.0 mg/day) in slow-release emulsion during
gestational days 12–18. Control rats were injected with vehicle and were either pair-fed with morphine rats or ad lib fed. At
birth, all litters were culled to eight pups and fostered to naive dams. Testing began when rats were 10–12 weeks old. Mascu-
line behavior was assessed using receptive stimulus females and recording instances of mount, intromission, and ejaculation.
Feminine receptivity of the male rats was assessed following castration and priming with ovarian hormones; lordosis quotient
of the experimental males was recorded using stimulus male studs. Males prenatally exposed to morphine exhibited normal
rates of male copulatory behavior but a significantly higher lordosis quotient, suggesting that prenatal morphine induced
long-lasting feminizing effects. © 1997 Elsevier Science Inc.
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SEXUAL development of male rats is normally determined
by the presence of androgens released by the testes of the fe-
tus. Several extraneous factors have been reported to affect
sexual differentiation in the fetus, including alcohol (15),
stress (7,21), opiate agonists (10,18–20,24), and opiate antago-
nists (5,11). The effects of opiate agonists and antagonists im-
plicate the endogenous opiate system in normal processes of
brain sexual differentiation. Opiate influence on neural
growth and brain development has been demonstrated in sev-
eral studies [e.g., (2,26–28)]. Endogenous opiates have been
implicated in the feminizing and demasculinizing effects of
prenatal stress (11,12,23) and in the modulation of testicular
development and fetal androgen synthesis (1,17). The hypoth-
esis that endogenous opiates play a modulatory role in fetal
masculinization is congruent with the finding that opiates sup-
press the hypothalamic–pituitary–gonadal (HPG) axis in
adult rats (3,9). Thus, it has been suggested that maternal ex-
posure to abnormally high levels of opiates during critical
phases of fetal development enhances the activity of the fetal
endogenous opiate system (16) and hence interferes with fetal
androgen synthesis and sexual differentiation.

Previous studies on prenatal opiates and sexual behavior
(10,20,24) employed discrete injection procedures that typi-

cally involved two or three injections per day. The interpreta-
tion of such procedures is complicated by possible compensa-
tory reactions [such as receptor downregulation or suppression
of endogenous opiate release (14)] that might emerge during
drug withdrawal phases. The present study was aimed at in-
vestigating the same issue using continuous drug administra-
tion. Pregnant rats were injected with morphine dissolved in a
slow-release preparation during days 12–18 of pregnancy.
Adult offspring were examined on various measures of sexual
behavior.

 

METHODS

 

Prenatal Treatment

 

Nulliparous Fischer 344 female rats (Harlan Laboratories,
Jerusalem, Israel) 10–12 weeks old and weighing 230–250 g
were maintained under standard laboratory conditions
(23
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C; 12 L:12 D cycle, lights on 1900–0700 h). Food and
water were provided ad lib (unless otherwise specified). To
determine the day of estrus, animals were daily placed with
sexually vigorous studs for brief observation periods. Estrus
was determined by the occurrence of lordosis behavior. Es-
trous females were housed with Fischer 344 males for approx-
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imately 16 h. The day of mating was counted as gestational
day 0. Females mated on the same day were housed in group
cages until day 12 of gestation and then were separated into
single cages until parturition. Thirty pregnant rats were ran-
domly assigned to three equal groups and given subcutaneous
(SC) injections, once a day for 7 consecutive days, of either
morphine or vehicle. Injections consisted of 1 ml of a slow-
release emulsion composed of saline (with or without mor-
phine), light white mineral oil, and an emulsifying agent (Ar-
lacel-A; Sigma, Israel) in ratios of 8:6:1, respectively [after
(6,8)]. For the experimental (morphine) group, morphine HCl
(Teva, Israel) was dissolved in the saline in increasing doses as
follows: 0.75, 1.5, 1.5, 3.0, 6.0, 12.0, 12.0 mg/injection; ad lib
control animals received vehicle injections and ad lib feeding,
and pair-fed control animals received vehicle injections and
restricted feeding, corresponding to the average food intake
measured on the previous day in morphine-injected dams.

Morphine injections began on day 12 of gestation, because
this day just precedes the emergence of opiate receptors in the
rat brain (4). The protocol of prenatal morphine administra-
tion was based on a pilot study in which we examined various
increasing doses of morphine and several schedules of drug
administration, including injections up to delivery day. The
selected protocol was shown to induce analgesia that lasted at
least 24 h after the injection, and yielded a survival rate of

 

>

 

80% of the newborns. Thus, morphine presence, at least up
to day 19 [presumably the day of testosterone surge, which is
critical for sexual differentiation; see (25)], was guaranteed.

Litters were typically born on day 22–23 of pregnancy;
they were culled to eight pups (with both sexes evenly repre-
sented when possible) 24 h after birth and fostered to drug-
naive dams. At 3 weeks of age, offspring were weaned,
housed in cages of three or four rats according to sex and
treatment, and maintained under standard conditions.

 

Postnatal Testing

 

Measurements of sexual behavior began when rats were
3 months old. Sixty-two male rats of the three prenatal treat-
ment groups were tested. Rats were given three tests of mas-
culine behavior, followed by two tests of feminine receptivity.
All tests were conducted during the dark phase of the day
(1300–1700 h) in a dimly lit room with temperature controlled
to 23 
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C. Four semicircular observation cages 30 cm high
and 60 cm in diameter were used. The front walls of these
cages were of Plexiglas, and their bottom was covered with
wood shavings.

Masculine behavior was assessed by using stimulus females
that had been ovariectomized under ether anesthesia at least
3 weeks prior to testing. Sexual receptivity was induced in
these females by two SC injections of 10 

 

m

 

g estradiol benzoate
(Sigma Ltd.) 72 and 48 h before testing and an injection of 1
mg progesterone (Sigma Ltd.) 4 h before testing. Both in-

jected hormones were dissolved in olive oil at a volume of 0.1
ml/animal. Male rats were each placed into an observation
cage for a 5-min habituation period, following which a stimu-
lus female was introduced. The first test session lasted 30 min;
the second and third sessions were 20 min each. Instances of
mount, intromission, and ejaculation were recorded by means
of a computer-controlled event recorder. The following pa-
rameters were derived: a) latency to first behavior (LFB), the
time between the introduction of the stimulus female and the
first occurrence of either a mount or intromission; b) ejacula-
tion latency (EL), the time from introduction of the stimulus
female to the first occurrence of ejaculation; c) mount rate
(MR), the average count of mounts and intromissions per
minute during the period from introduction of the stimulus fe-
male until the occurrence of the first ejaculation; and d) num-
ber of ejaculations observed during the test session.

Feminine receptivity was assessed in a subsample of 33
male rats from the three prenatal treatment groups (

 

n

 

 

 

5

 

 10,
11, 12 males in the ad lib, pair-fed, and morphine groups, re-
spectively). Following completion of masculine behavior tests,
these animals were castrated under ether anesthesia and al-
lowed a 2-week recuperation period. They were primed with
40 

 

m

 

g estradiol benzoate injected SC 72 and 48 h prior to test-
ing and 2 mg progesterone injected 4 h before testing. Sexu-
ally vigorous studs and estrous stimulus females (treated as
above) were employed in the tests. A stud was placed in an
observation cage and allowed a brief contact with a stimulus
female. Upon initial arousal of the stud, the female was
quickly removed and the experimental male introduced. The
stud was allowed 15 mounts over the experimental male, and
lordosis reactions were recorded. Feminine receptivity was
expressed as lordosis quotient (LQ); for each animal, LQ was
computed as the number of lordosis responses per attempted
mounts 

 

3

 

 100.

 

Statistical Analysis

 

Data were analyzed using one-way analyses of variance
(ANOVA) according to prenatal treatment.

 

RESULTS

 

Maternal/Litter Data

 

Food intake of morphine-injected dams was reduced to ap-
proximately 35% of food consumption by ad lib dams (3.5–4.0 g
per day compared with approx. 10–11 g per day), in accor-
dance with previous reports [e.g., (13)]. There was no differ-
ence in the number of newborns among the prenatal treat-
ment groups; average litter size was 8.3 pups. Average body
weight at birth (
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SEM) was 8.12 

 

6

 

 2.67, 8.94 

 

6

 

 2.16, and
8.51 

 

6

 

 1.76 g, for morphine, ad lib, and pair-fed animals, re-
spectively. Newborns of morphine-treated dams did not ex-
hibit apparent malformations.

TABLE 1

 

INDICES OF MALE SEXUAL BEHAVIOR IN MALE RATS PRENATALLY EXPOSED TO MORPHINE
OR CONTROL TREATMENTS

Latency to First Behavior Mount Rate Ejaculation Latency No. of Ejaculations

 

Ad lib (

 

n

 

 

 

5

 

 24) 234.5 (95.16) 1.78 (0.28) 930.5 (88.29) 1.3 (0.30)
Pair-fed (

 

n

 

 

 

5

 

 16) 324.1 (120.05) 1.69 (0.37) 926.3 (93.10) 0.9 (0.33)
Morphine (

 

n

 

 

 

5

 

 22) 348.4 (95.80) 1.54 (0.24) 920.3 (68.51) 1.1 (0.26)

Values are means (SEM) measured in the third testing session.
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Masculine Behavior

 

No significant differences among the three prenatal treat-
ment groups were observed in any of the parameters of male
sexual behavior (Table 1).

 

 

 

The percentage of rats not exhibit-
ing ejaculation in the third testing session was 50, 63, and 41%
in the ad lib, pair-fed, and morphine groups, respectively.

 

Feminine Behavior

 

Mean lordosis quotient scores assessed in male rats of the
three prenatal treatment groups are shown in Fig. 1.

 

 

 

Feminine
receptivity, induced by castration and hormonal priming, was
significantly higher in rats exposed prenatally to morphine
than in those of both control groups [

 

F

 

(2, 32) 

 

5

 

 11.49, 

 

p

 

 

 

,

 

0.0002]. Six males (four pair-fed and two ad lib) exhibited no
lordosis response; all of the morphine rats had LQ scores
larger that 0. Further analysis did not reveal any significant
differences between the two control groups. No instances of
soliciting behavior were observed.

 

DISCUSSION

 

Male rats prenatally exposed to continuous morphine in-
fluence exhibited partial feminization. Copulatory potency
was not significantly affected, but female patterns of sexual re-
ceptivity were more pronounced in morphine-exposed males
than in controls.

Prenatal opiate effects on sexual differentiation have been
reported in several studies [for review, see (22)]. However,
the results of these studies are not always in agreement.
According to Ward and colleagues (24), prenatal morphine
induced demasculinization and feminization in male rats; a
similar outcome was demonstrated following prenatal 

 

b

 

-endor-
phin exposure (10). In contrast, Vathy and Katay (20) ob-
served suppression of female sexual behavior and a mixed,
but mostly enhancing, effect on male performance following

prenatal morphine exposure. Opiate-induced feminization
was recently supported by the finding that prenatal naltrex-
one enhanced male sexual behavior and suppressed lordosis
quotient in male rats (5). However, the discrepancies between
these reports of prenatal opiate effects remain unresolved.

A possible explanation for the discrepancies may reside in
the mode of drug administration employed in each case.
Dams injected with morphine are likely to alternate daily be-
tween periods of drug influence and withdrawal. The possibil-
ity of withdrawal effects developing in rat fetuses following
daily methadone maternal injections has been discussed by
Lichtblau and Sparber (14). Kirby and Holtzman (13) com-
pared the effects on fetuses of equal amounts of morphine ad-
ministered daily to pregnant rats in either four or two (evenly
spaced) portions; morphine tolerance and dependence were
demonstrated in fetuses exposed to the four-injection sched-
ule but not in those exposed to two injections per day. Clearly,
animals of the two-injection group spent a considerable part
of their 12-h daily cycle free of morphine influence. A similar
argument was presented by Zagon and McLaughlin (28) in re-
lation to prenatal naloxone treatment. Thus, in assessing the
outcome of any study employing discrete administration of
opiates, it is difficult to distinguish between the effects of
overstimulation and understimulation of opiate receptors.
Two of the reports (10,24) employed a three-injection schedule
and observed feminization and demasculinization, whereas the
third (20) used a two-injection schedule and reported defemini-
zation following prenatal opiate exposure. Given the possible
compensatory responses induced by morphine (e.g., reduction in
endogenous opiate activity, or receptor downregulation), it
could be speculated that animals given morphine injections in
12-h intervals spent a larger portion of the day in a state of
opiate understimulation rather than opiate overstimulation.
Evidently, the daily ratio of opiate excess to opiate deficiency
was lower in these animals than in those receiving similar
drugs at 8-h intervals. Therefore, defeminization and mascu-
linization (observed following a two-injection daily schedule)
probably resulted from opiate withdrawal rather than opiate
stimulation. A similar outcome was obtained following mater-
nal blockade of opiate receptors with naltrexone presented
continuously in the drinking water of pregnant dams (5).

In the present study, morphine was administered via a
slow-release preparation, which minimized the chance of daily
fluctuations in morphine levels and recurrent withdrawal
phases. Fetuses may have experienced withdrawal following
the termination of drug administration. Because brain sexual
differentiation is completed only some time after birth, the
possibility of withdrawal effects on this process could not be
ruled out.

A plausible mechanism underlying the effect of prenatal
opiates is suppression of the HPG axis, as demonstrated both
in adult (9) and in fetal (1,17) rats. However, alternative
mechanisms not necessarily based on opiate inhibition of go-
nadotrpin releasing hormone cannot be ruled out at present.
One way of testing the involvement of the HPG axis would be
to study the effect of continuous prenatal opiates on female
development, because sexual differentiation of the female is
not dependent on hormonal induction. The effects of prenatal
exposure to opiate agonists and antagonists on sexual behav-
ior in females are presently being studied in our laboratory.

Although it attenuated the normal process of defeminiza-
tion, which typically occurs in male fetuses, prenatal mor-
phine exposure did not have any appreciable effect on the
concomitant process of masculinization. A similar outcome
was reported following prenatal 

 

b

 

-endorphin exposure (10)

FIG. 1. Lordosis quotient (ratio of number of lordosis responses to
number of mounts 3 100) in male rats of the three prenatal treatment
groups. ANOVA results indicate a significant treatment effect
between the morphine and the two control groups. Vertical lines
indicate SEM.



 

348 GAGIN, COHEN AND SHAVIT

and in several prenatal stress studies [e.g., (23)]. Because mor-
phine injection was terminated on gestational day 18, this
might indicate that masculinization takes place at a later stage
of male fetal development compared with defeminization.

 

ACKNOWLEDGEMENTS

 

This work was supported in part by a grant from the Anti-Drug
Authority of Israel. We thank Teva Pharmaceutical Ltd. for the gen-
erous gift of morphine.

 

REFERENCES

 

1. Badway, D.; Orth, J.; Weisz, J.: Effect of morphine on 

 

D

 

5

 

-3

 

b

 

-
ol-steroid dehydrogenase (3

 

b

 

-OHD) in Leydig cells of fetal rats:
A quantitative cytochemical study. Anat. Rec. 199:15a; 1981.

2. Bartolome, J. V.; Bartolome, M. B.; Daltner, L. A.; Evans, C. J.;
Barchas, J. D.; Kuhn, C. M.; Schanberg, S. M.: Effects of 

 

b

 

-endor-
phin on ornithine decarboxylase in tissues of developing rats: A
potential role for this endogenous neuropeptide in the modula-
tion of tissue growth. Life Sci. 38:2355–2362; 1986.

3. Cicero, T. J.; Shainker, B. A.; Meyer, E. R.: Endogenous opioids
participate in the regulation of the hypothalamic–pituitary–lutein-
izing hormone axis and testosterone’s negative feedback control of
luteinizing hormone. Endocrinology 104:1286–1291; 1979.

4. Clendeninn, N. J.; Petraitis, M.; Simon, E. J.: Ontological development
of opiate receptors in rodent brain. Brain Res. 118:157–160; 1976.

5. Cohen, E.; Keshet, G.; Shavit, Y.; Weinstock, M.: Prenatal nal-
trexone facilitates male sexual behavior in the rat. Pharmacol.
Biochem. Behav. 54:183–188; 1996.

6. Collier, H. O. J.; Francis, D. L.; Schneider, C.: Modification of
morphine withdrawal by drugs interacting with humoral mecha-
nisms: Some contradictions and their interpretation. Nature
237:220–223; 1972.

7. Dahlof, L. G.; Hard, E.; Larsson, K.: Influence of maternal stress
on offspring sexual behavior. Anim. Behav. 25:958–963; 1977.

8. Fredrickson, R. C. A.; Smits, S. E.: Time course of dependence
and tolerance development in rats treated with ‘slow release’
morphine suspension. Res. Commun. Chem. Pathol. Pharmacol.
5:867–870; 1973.

9. Kalra, S. P.; Allen, L. G.; Kalra, P. S.: Opioids in the steroid–
adrenergic circuit regulating LH secretion: Dynamics and diversi-
ties. In: Dyer, R. G.; Bicknell, R. J., eds. Brain opioid systems in
reproduction. New York: Oxford University Press; 1989:95–111.

10. Kashon, M. L.; Ward, O. B.; Grisham, W.; Ward, I. L.: Prenatal

 

b

 

-endorphin can modulate some aspects of sexual differentiation
in rats. Behav. Neurosci. 106:555–562; 1992.

11. Keshet, G. I.; Weinstock, M.: Maternal naltrexone prevents mor-
phological and behavioral alterations induced in rats by prenatal
stress. Pharmacol. Biochem. Behav. 50:413–419; 1995.

12. Kinsley, C. H.; Mann, F. E.; Bridges, R. S.: Diminished luteinizing
hormone release in prenatally stressed male rats after exposure
to sexually receptive females. Physiol. Behav. 52:925–928; 1992.

13. Kirby, M. L.; Holtzman, S. G.: Effects of chronic opiate adminis-
tration on spontaneous activity of fetal rats. Pharmacol. Biochem.
Behav. 16:263–269; 1982.

14. Lichtblau, L.; Sparber, S. B.: Opioids and development: A per-
spective on experimental models and methods. Neurobehav. Toxi-
col. Teratol. 6:3–8; 1984.

15. McGivern, R. F.; Clancy, A. N.; Hill, M. A.; Noble, E. P.: Prena-
tal alcohol exposure alters adult sexually dimorphic behavior in
the rat. Science 224:896–898; 1984.

16. Ohkawa, T.; Rohde, W.; Götz, F.; Tönjes, R.; Stahl, F.; Arai, K.;
Okinaga, S.; Dörner, G.: The effect of an acute maternal stress on

 

b

 

-endorphin and growth hormone releasing factor in the rat
fetus. Exp. Clin. Endocrinol. 91:35–42; 1988.

17. Singh, H. H.; Purohit, V.; Ahluwalia, B. S.: Effect of methadone
treatment during pregnancy on the fetal testes and hypothalamus
in rats. Biol. Reprod. 22:480–485; 1980.

18. Vathy, I. U.; Etgen, A. M.; Barfield, R. J.: Effects of prenatal
exposure to morphine on the development of sexual behavior in
rats. Pharmacol. Biochem. Behav. 22:227–232; 1985.

19. Vathy, I. U.; Etgen, A. M.; Rabii, J.; Barfield, R. J.: Effects of
prenatal exposure to morphine sulfate on reproductive function
of female rats. Pharmacol. Biochem. Behav. 19:777–780; 1983.

20. Vathy, I. U.; Katay, L.: Effects of prenatal morphine on adult sex-
ual behavior and brain catecholamines in rats. Dev. Brain Res.
68:125–131; 1992.

21. Ward, I. L.: Prenatal stress feminizes and demasculinizes the
behavior of males. Science 175:82–84; 1972.

22. Ward, O. B.: Fetal drug exposure and sexual differentiation of
males. In: Gerall, A. A.; Moltz, H.; Ward, I. L., eds. Handbook of
behavioral neurology, vol. 11. Sexual differentiation. Plenum
Press, New York; 1992:181–219.

23. Ward, O. B.; Monaghan, E. P.; Ward, I. L.: Naltrexone blocks the
effects of prenatal stress on sexual behavior differentiation in
male rats. Pharmacol. Biochem. Behav. 25:573–576; 1986.

24. Ward, O. B.; Orth, J. M.; Weisz, J.: A possible role of opiates in
modifying sexual differentiation. In: Schlumpf, M.; Lichten-
steiger, W., eds. Monographs in neural sciences, vol. 9. Drugs and
hormones in brain development. Basel: Karger; 1983:194–200.

25. Weisz, J.; Ward, I. L.: Plasma testosterone and progesterone
titers of pregnant rats, their male and female fetuses, and neona-
tal offspring. Endocrinology 106:306–316; 1980.

26. Zagon, I. S.; McLaughlin, P. J.: Naltrexone modulates body and
brain development in rats: A role for endogenous opioids in
growth. Life Sci. 35:2057–2064; 1984.

27. Zagon, I. S.; McLaughlin, P. J.: Endogenous opioid systems regu-
late cell proliferation in the developing rat brain. Brain Res.
412:68–72; 1987.

28. Zagon, I. S.; McLaughlin, P. J.: Endogenous opioid systems and
neurobehavioral development. In: Rodgers, R. J.; Cooper, S. J.,
eds. Opiates and behavioral processes. Chichester, UK: John
Wiley & Sons; 1988:287–309.


