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Abstract

The present study investigated the effects of prenatal morphine exposure on the magnitude of analgesia produced by vaginocervical

stimulation (VS) or systemic morphine injection in adult rats. In Experiment 1, an acute subcutaneous morphine (1 mg/kg) injection

induced a 124% greater increase in tail-flick latency (TFL) in adult rats exposed prenatally to saline than to morphine. By contrast, in

Experiment 2, VS induced a 196% greater increase in TFL in adult rats exposed prenatally to morphine than to saline. Female rats

exposed prenatally to morphine also had a greater VS-produced increase in vocalization threshold (VOC-T) to tail shock than those

exposed prenatally to saline. Thus, the present study demonstrates that prenatal morphine exposure exerts diametrically opposite

effects on analgesia that is produced in adulthood by morphine or VS, attenuating the former while potentiating the latter. These

findings provide evidence that the mechanisms underlying the two types of analgesia differ fundamentally. D 2002 Elsevier Science

Inc. All rights reserved.
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1. Introduction

In rats, receptors for neurotransmitters and neuromodu-

lators that play a role in nociception, such as opioids,

catecholamines, and gonadal steroids, begin to appear in

the central nervous system (CNS) during the second half

of gestation (Antelman and Caggiula, 1977; Clendeninn

et al., 1976; Coyle and Pert, 1976; McEwen et al., 1978;

Vito and Fox, 1981). Mid- to late-gestational exposure

to morphine could potentially influence the development

of those systems that play a role in nociception. In fact,

prenatal exposure to opiates has already been shown to

either increase (Gagin et al., 1996; Kirby et al., 1982; Zagon

and McLaughlin, 1984) or decrease (Hovious and Peters,

1985; Johannesson and Becker, 1972; O’Callaghan and

Holtzman, 1976) the analgesic response to opiate challenge

later in life. Further, early postnatal morphine treatment

exerts sex-specific, highly selective effects on analgesic

responses on spinally mediated tail-flick (TF; Arjune and

Bodnar, 1989).

Vaginocervical stimulation (VS) in adult rats induces

analgesia. It differentially attenuates somatosensory thalamic

neuronal responses to noxious, but not innocuous, sensory

stimulation (Komisaruk and Wallman, 1977). Behaviorally,

VS increases the latency to flick the tail away from radiant

heat (TFL) and increases the vocalization threshold to

electrical tail shock (VOC-T) (Komisaruk, 1974, 1991).

The VS-induced VOC-T elevation is directly proportional

to the force exerted on the cervix, and is strongly potentiated

by estrogen treatment (Crowley et al., 1976).

The vaginal stimulation that occurs during mating in rats

strongly potentiates their lordosis responses (Rodriguez-

Sierra et al., 1975), but females that were exposed to
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morphine prenatally rarely show the lordosis response to

male mounts (Vathy and Kátay, 1992; Vathy et al., 1985).

Therefore, the present study was designed to test the

hypothesis that prenatal morphine treatment reduces anal-

gesic response to both a systemic morphine injection and

VS. Consequently, we assessed analgesic responses using

TFL and VOC-T in adult, prenatally morphine- and saline-

exposed female rats, first to a systemic subcutaneous mor-

phine injection and second to VS.

2. Methods

2.1. Animals

Timed pregnant Sprague–Dawley rats were purchased

from Taconic Farms (Germantown, NY) on Postconception

Day 8. The day of conception was considered Day 0. On the

day of arrival, animals were weighed, housed individually in

maternity pans (47� 25� 15 cm) with food and water

available ad libitum, and maintained on a 14/10-h, reversed

light/dark cycle with lights off at 1100 h. Pregnant females

were randomly assigned to an experimental morphine- or a

control saline-treated group.

2.2. Materials and injections

Morphine sulfate was obtained from the National Insti-

tute on Drug Abuse (Research Technology Branch, Rock-

ville, MD) and was dissolved in physiological saline. As in

all our works (Vathy, 1995; Vathy and Kátay, 1992; Vathy

et al., 1985), on Postconception Days 11–18, pregnant

rats were injected subcutaneously with 5–10 mg/kg mor-

phine sulfate two times per day (0800 and 2000 h).

To expose the animals gradually to a high dose of morphine,

the first three morphine injections was 5 mg/kg, and the

subsequent higher dose of morphine (10 mg/kg) was used

(see Litto, 1983; Vathy et al., 1983). Control females

received physiological saline injections at the same time.

2.3. Fostering and weaning

The day of birth was counted as postnatal day (PND) 0.

On PND 1, pups were sexed, weighed, and morphine-

exposed pups were tattooed with black India ink on one

footpad for identification. Morphine- and saline-exposed

litters were cross-fostered so that each mother raised half

of her own and half of the adopted pups receiving the

opposite prenatal treatment. Each mother raised a maximum

of 10 pups. Pups were weaned on PND 25, weighed and

housed individually with access to food and water ad libitum.

2.4. Postnatal surgeries and treatment

Female rats were ovariohysterectomized (OVX) at 60

days of age under Metofane (Pitman-Moore, Atlanta, GA)

anesthesia leaving the uterine cervix intact. Following

recovery, animals were transported to Rutgers University

and were allowed to habituate 7–10 days prior to behav-

ioral testing. Estradiol benzoate (EB; 3 mg) and proges-

terone (P; 500 mg), purchased from Steraloids (Wilton,

NH), were injected subcutaneously 48 and 4 h prior to

TFL or VOC-T testing, respectively. Acute subcutaneous

morphine (1 mg/kg) was administered 30 min prior to

TFL testing.

2.5. Behavioral measurements and nociceptive

threshold determinations

All behavioral tests were conducted during the dark

phase of the light cycle, between 1030 and 1400 h. For

nociceptive threshold, two behavioral indices were utilized:

TFL to radiant heat and VOC-T to a mild electric shock of

the tail. These behavioral procedures have been described in

our previous studies (i.e., Cunningham et al., 1991). Briefly,

each female rat was placed in a Plexiglas restrainer for a

15-min period to habituate prior to baseline and VS-

influenced TFL and VOC-T. For all experiments, four

separate analgesia trials were conducted, two baseline trials

and two test trials during VS. A 90-s intertrial interval was

used for all behavior tests.

Additionally, TFL was also investigated following an

acute subcutaneous injection of 1 mg/kg morphine. TFL

was measured to assess whether prenatal morphine exposure

(1) alters the analgesic effect of systemic morphine admin-

istration in adulthood and (2) differentially affects the

analgesia produced by VS compared with systemic mor-

phine administration in adulthood. The TFL tests to assess

the effects of systemic morphine were conducted several

hours after the TFL and VOC-T tests to assess the effects of

VS. The tests to assess the effects of VS were performed

during the application of the VS (starting approx. 5 s after

the initiation of the VS). The tests to assess the effects of

morphine were initiated approximately 1 h after the sys-

temic injection.

2.6. Vaginocervical stimulation

Mechanostimulation was applied as continuous force

against the uterine cervix (100 or 300 g) using a calibrated

Force Dial Hand Held Dynamometer (Wagner Instruments,

Model FD 300, Greenwich, CT) that was fitted with a soft

rubber tip and lubricated with petroleum jelly.

2.7. Statistical analysis

All data are expressed as mean percent change from

baseline. Baseline values were subtracted from test values,

and this difference was divided by baseline values and

multiplied by 100. Differences between groups were

assessed by Student t tests in Experiment 1. Two-way

analysis of variance (ANOVA) and Scheffe’s post hoc
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comparisons were used for comparison of treatment groups

in Experiment 2.

3. Results

3.1. Experiment 1: effect of prenatal morphine exposure on

an acute morphine-induced analgesia in adult female rats

As shown in Fig. 1, the effect of an acute subcutaneous

injection of 1 mg/kg morphine (30 min prior to testing) on

TFL was significantly lower in rats that were prenatally

exposed to morphine than in the controls that were prena-

tally exposed to saline (t = 2.85, P < .01).

3.2. Experiment 2: effect of prenatal morphine exposure on

VS-produced analgesia in adult female rats

3.2.1. Tail-flick latency

As shown in Fig. 2A, both the 100 and 300 g force

of VS increased TFL in prenatally morphine-exposed

females. There was a significant main effect of prenatal

drug [F(1,18) = 21.5, P < .001]. Morphine-exposed rats had

significantly elevated TFL regardless of the force of

VS. Saline-exposed females, however, responded with in-

creased TFL to VS when the stimulation force was increased

to 300 g [F(1,17) = 4.21, P < .05]. No significant inter-

action was observed between these factors [F(1,37) = 3.3,

P=.08].

3.2.2. Vocalization threshold

As shown in Fig. 2B, prenatal morphine exposure

significantly increased VS-produced elevation in VOC-T

relative to control females. There was a significant main

effect of prenatal drug treatment [F(1,18) = 11.22, P < .01].

Neither morphine-exposed nor control females responded

differently to the different forces of VS.

4. Discussion

The present findings provide evidence that prenatal

morphine exposure reduces the analgesic effect of an acute

systemic morphine injection in adult female rats when tested

at 75–80 days of age. This is consistent with findings that

repeated morphine administration in adult rats diminishes an

acute morphine-induced analgesia (Weinstein et al., 1988),

and with earlier studies challenging prenatally opiate-

exposed animals with an acute dose of morphine (Hovious

and Peters, 1984; Huidobro and Huidobro, 1973; Johan-

nesson and Becker, 1972; O’Callaghan and Holtzman,

1976; Steele and Johannesson, 1975). Perhaps a common

mechanism underlies the morphine analgesic tolerance that

results from prenatal morphine exposure and repeated mor-

Fig. 1. Response to an acute subcutaneous morphine injection (1 mg/kg)

was attenuated by prenatal morphine treatment. TFL= tail-flick latency.

N= 9–10. * *P < .01 vs. saline.

Fig. 2. Response to VS was potentiated by prenatal morphine treatment on

TFL (A) and VOC-T (B). TFL= tail-flick latency. N= 9–10. Bars that do

not share the same letter differ significantly from each other ( P< .05).

VOC-T= vocalization threshold; VS100 =VS 100g; VS300 =VS 300g.
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phine administration in adulthood. There are, however,

several reports that show increased analgesic effects on

TFL in prenatally opiate-exposed animals (Gagin et al.,

1996; Kirby et al., 1982; Zagon and McLaughlin, 1984).

Such inconsistency could be attributed to variance in the

schedules of drug administration. For example, Kirby et al.

(1982) reported that an identical dose of morphine had

different effects on the fetus, depending on whether it was

given two vs. four times daily. It has been suggested that

variation in the effects of prenatal morphine may be

attributed to drug withdrawal experienced by fetus between

injections (Lichtblau and Sparber, 1984).

Based on the attenuation of morphine-induced analgesia

by prenatal morphine exposure in Experiment 1, we

expected that VS-produced analgesia as measured by TFL

might also be attenuated by prenatal morphine exposure.

However, in Experiment 2, surprisingly, there was an

augmented VS-induced analgesia, measured by both TFL

and VOC-T in the prenatally morphine-exposed rats. The

opposite effects of prenatal morphine exposure, potentiating

VS-produced analgesia while attenuating acute morphine-

induced analgesia, suggest that different mechanisms are

responsible for opiate- and VS-produced analgesia. Two

previous studies (Hill and Ayliffe, 1981; Steinman et al.,

1982) showed that naloxone significantly attenuated the

ability of VS to elevate the TFL, but only partially (by

approx. 30%), thus implicating any endogenous opiate

component to this effect of VS in addition to a nonopiate

component. Further evidence of an opiate-independent

component to VS-produced analgesia is that cold water

swim-induced analgesia, which is opiate-independent,

showed functional similarities to VS-produced analgesia

in that repeated cold water swims produced tolerance

to both VS- and cold water swim-produced analgesia

(Bodnar and Komisaruk, 1984). By contrast, neither nalox-

one nor morphine tolerance attenuated the ability of VS

to elevate VOC-T, thus indicating that this effect of VS is

opiate-independent. Therefore, VS-produced analgesia is

predominantly independent of endogenous opiates.

In the present study, the TFL test was used because it had

been shown to be responsive to an endogenous opiate-

mediated component of VS as well as to morphine itself

(Hill and Ayliffe, 1981; Steinman et al., 1982). The object-

ive of the present study was to ascertain whether prenatal

morphine exposure would alter two different forms of

opiate-mediated analgesia (morphine-induced and VS-

induced) in adulthood. Our rationale for performing the

VOC-T test in response to VS was to ascertain whether this

test, previously shown to be unaffected by manipulation of

VS-related endogenous opiates, would respond to VS in a

pattern different from or similar to the TFL test responses to

VS. The present findings that prenatal morphine exposure

differentially increased both the opiate and the opiate-

independent forms of VS-produced analgesia, whereas the

prenatal morphine attenuated the morphine-induced anal-

gesia, suggest that the prenatal morphine exerted effects on

a nonopiate mechanism underlying VS-produced analgesia

in addition to the morphine-sensitive analgesia system.

There are studies that demonstrated differential effects of

prenatal opiate exposure on the TFL response to opiates in

adults. Offspring of morphine- or methadone-pretreated

dams displayed reduction in morphine- and methadone-

reduced analgesia at prepubertal ages and in adulthood on

the TFL test (Hovious and Peters, 1984; Huidobro and

Huidobro, 1973; Johannesson and Becker, 1972; O’Calla-

ghan and Holtzman, 1976; Steele and Johannesson, 1975).

In contrast, Zagon and McLaughlin (1978, 1981) observed

that offspring of methadone-treated dams displayed poten-

tiation of methadone analgesia. These responses to adult

treatment with methadone were more pronounced in females

than in males, suggesting that females are more sensitive to

a prenatal opiate insult.

In addition, early postnatal opiate exposure (Arjune and

Bodnar, 1989), or prenatal stress increases TFL in adult

animals in response to a morphine treatment (Kinsley et al.,

1988). In these studies, females displayed greater analgesia

to a morphine treatment in adulthood than did males (Arjune

and Bodnar, 1989; Kinsley et al., 1988). These sex-depend-

ent alterations on opiate analgesia suggest that endogenous

opioids must interact with several central systems possibly

converging on some common neuronal pathways. Endogen-

ous opioids are important regulators of neural ontogenesis

(Hammer et al., 1989; McLaughlin et al., 1997; Ricalde and

Hammer, 1990), and the neuroregulation of adenohypophy-

seal functions including gonadal stimulation (Barraclough

and Wise, 1982) and adrenocortical-stimulating activities

(Martinez-Pinero et al., 1994) are regulated by catechol-

amines, particularly norepinephrine (NE). Thus, it is pos-

sible that the alterations in TFL of adult animals exposed to

prenatal stress, or pre- or early postnatal morphine, result

from alterations in the sensitivity of brain opioid and/or

NE systems to opioids in adulthood. It has already been

suggested that pre- and perinatal exposure to drugs, includ-

ing opiates, affects those systems that are developing at the

time of drug administration (Kellogg, 1992; Zagon and

Slotkin, 1992).

Although the present study did not test the effects of NE

on VS-produced analgesia, prenatal morphine exposure

might have altered the NE system in the spinal cord as it

does in the hypothalamus and locus coeruleus (Vathy and

Kátay, 1992; Vathy et al., 1994, 2000a). The same schedule

of prenatal morphine exposure as in the present study

reduces hypothalamic NE content and turnover in adult

female rats and attenuates their sexual receptivity to steroid

priming (Vathy and Kátay, 1992; Vathy et al., 1994). VS

releases NE into the spinal cord, and the NE receptor

antagonist, phentolamine, administered directly to the spinal

cord, attenuates VS-produced analgesia, providing evidence

that NE is a mediator of VS-produced analgesia (Steinman

et al., 1982). In the hypothalamus, NE action is necessary

for lordosis behavior in steroid-primed animals (Etgen et al.,

1999). Thus, it is possible that the effect of prenatal
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morphine exposure on ovarian steroid–NE–opioid inter-

action is similar to that of an acute morphine injection

(Vathy and Etgen, 1989). That is, after an acute morphine

injection, normal adult female rats fail to display lordosis

responses to stimulus males and have no increased hypo-

thalamic NE release to the appropriate steroid priming

(Vathy and Etgen, 1989).

The mechanisms underlying the opposite effects of the

prenatal morphine exposure on the analgesic effects of VS

vs. acute morphine are difficult to explain. What is clear

from the present findings is that the analgesia produced by

VS is subject to mechanisms that differ markedly from those

affecting analgesia to morphine. Thus, it is possible that

prenatally morphine-exposed females rarely exhibit lordosis

responses to the mounting attempts of stimulus males not

because mounting may elicit pain in these females, but

because mounting stimulation is not adequate to induce

sexual behavior in these females. Perhaps VS-produced

analgesia utilizes opioid receptor subtypes that are different

from those mediated by acute morphine-induced analgesia.

A similar suggestion has been made by Crowley et al.

(1977) who showed that in rats pretreated with naloxone,

or made tolerant to the analgesic effect of morphine, VS

produced just as strong an analgesic response (VOC-T

elevation) as it did in saline-treated or nontolerant controls.

They also suggested (Crowley et al., 1977) that either the

analgesic effect of VS is not mediated by an opiate-sensitive

neural system, or that VS- and morphine-produced analgesia

may converge onto a common analgesic system, but at

different sites in the nervous system.

It has been shown that morphine- and NE-produced

analgesia could be reversed by the same dose of naloxone,

whereas a much larger dose of naloxone was necessary to

reverse serotonin-produced analgesia (Yang et al., 1994). It

was suggested by Yang et al. (1994) that analgesic responses

to morphine, NE, or serotonin might be through different

opioid receptor subtypes. Thus, it is possible that the differ-

ential effects of prenatal morphine exposure on VS- vs. acute

morphine-produced analgesia result from alterations in dif-

ferent opioid receptor subtypes. We have already shown that

the same prenatal morphine exposure as in the present study

affects the binding characteristics of all three major opioid

receptor subtypes (m, d, and k) in the brain of adult progeny

(Rimanóczy and Vathy, 1995; Rimanóczy et al., 2001; Vathy

et al., 2000b). These alterations in m, d, and k receptor

binding in female rats are receptor subtype- and site-specific

(Rimanóczy and Vathy, 1995; Rimanóczy et al., 2001; Vathy

et al., 2000b). It would be informative to investigate the

involvement of opioid receptor subtypes in VS-produced

analgesia in morphine-exposed adult female rats.

Acknowledgments

This research was supported by Grant Nos. DA05833

(I.V.) NIH GM S06 08223 (B.R.K.) and by the Department

of Psychiatry, Albert Einstein College of Medicine. The

authors wish to thank Dr. S. Tiffany Cunningham for

assistance in the completion of this study. The procedures for

animal experimentation utilized in this report were reviewed

and approved by the IACUC of Albert Einstein College of

Medicine and Rutgers, The State University of New Jersey.

References

Antelman SM, Caggiula AR. Norepinephrine–dopamine interactions and

behavior. Science 1977;195:646–53.

Arjune D, Bodnar RJ. Post-natal morphine differentially affects opiate and

stress analgesia in adult rats. Psychopharmacology 1989;98:512–7.

Barraclough CA, Wise PM. The role of catecholamines in the regulation of

pituitary luteinizing hormone and follicle-stimulating hormone secre-

tion. Endocr Rev 1982;3:91–119.

Bodnar RJ, Komisaruk BR. Reduction in cervical probing analgesia by

repeated prior exposure to cold-water swims. Physiol Behav 1984;32:

653–5.

Clendeninn NJ, Petraitis M, Simon EJ. Ontological development of opiate

receptors in rodent brain. Brain Res 1976;118:157–60.

Coyle JT, Pert CB. Ontogenetic development of [3H] naloxone binding in

rat brain. Neuropharmacology 1976;15:555–60.

Crowley WR, Jacobs R, Volpe J, Rodriguez-Sierra JF, Komisaruk BR.

Analgesic effect of vaginal stimulation in rats: modulation by graded

stimulus intensity and hormones. Physiol Behav 1976;16:483–8.

Crowley WR, Rodriguez-Sierra JF, Komisaruk BR. Analgesia induced by

vaginal stimulation in rats is apparently independent of a morphine-

sensitive process. Psychopharmacology (Berlin) 1977;54:223–5.

Cunningham ST, Steinman JL, Whipple B, Mayer AD, Komisaruk BR.

Differential roles of hypogastric and pelvic nerves in the analgesic

and motoric effects of vaginocervical stimulation in rats. Brain Res

1991;559:337–43.

Etgen AM, Chu HP, Fiber JM, Karkanias GB, Morales JM. Hormonal

integration of neurochemical and sensory signals governing female

reproductive behavior. Behav Brain Res 1999;105:93–103.

Gagin R, Cohen E, Shavit Y. Prenatal exposure to morphine alters analgesic

responses and preference for sweet solutions in adult rats. Pharmacol,

Biochem Behav 1996;55:629–34.

Hammer RP, Ricalde AA, Seatriz JV. Effects of opiates on brain develop-

ment. Neurotoxicology 1989;10:475–83.

Hill RG, Ayliffe SJ. The antinociceptive effect of vaginal stimulation in

the rat is reduced by naloxone. Pharmacol, Biochem Behav 1981;14:

631–2.

Hovious JR, Peters MA. Analgesic effect of opiates in offspring of opiate-

treated female rats. Pharmacol, Biochem Behav 1984;21:555–9.

Hovious JR, Peters MA. Opiate self-administration in adult offspring of

methadone-treated female rats. Pharmacol, Biochem Behav 1985;22:

949–53.

Huidobro JP, Huidobro F. Acute morphine tolerance in new born and young

rats. Psychopharmacologia 1973;28:27–34.

Johannesson T, Becker BA. The effects of maternally-administered mor-

phine on rat foetal development and resultant tolerance to the analgesic

effect of morphine. Acta Pharmacol Toxicol 1972;31:305–13.

Kellogg CK. Benzodiazepines and the developing nervous system: labo-

ratory findings and clinical implications. In: Zagon IS, Slotkin TA,

editors. Maternal substance abuse and the developing nervous system.

New York: Academic Press, 1992. pp. 283–321.

Kinsley CH, Mann PE, Bridges RS. Prenatal stress alters morphine- and

stress-induced analgesia in male and female rats. Pharmacol, Biochem

Behav 1988;30:123–8.

Kirby ML, DeRossett SE, Holtzman SG. Enhanced analgesic response to

morphine in adult rats exposed to morphine prenatally. Pharmacol,

Biochem Behav 1982;17:1161–4.

I. Vathy, B.R. Komisaruk / Pharmacology, Biochemistry and Behavior 72 (2002) 165–170 169



Komisaruk BR. Neural and hormonal interactions in the reproductive be-

havior of female rats. Adv Behav Biol 1974;11:97–129.

Komisaruk BR. Vaginocervical afference as a trigger for analgesic,

behavioral, autonomic, and neuroendocrine processes. In: Hansen

TS, editor. Behavioral biology: neuroendocrine axis. Hillsdale (NJ):

Lawrence Erlbaum Associates, 1991. pp. 123–37.

Komisaruk BR, Wallman J. Antinociceptive effects of vaginal stimulation

in rats: neurophysiological and behavioral studies. Brain Res 1977;137:

85–107.

Lichtblau L, Sparber SB. Opioids and development: a perspective on ex-

perimental models and methods. Neurobehav Toxicol Teratol 1984;6:

3–8.

Litto WJ, Griffin JP, Rabii J. Influence of morphine during pregnancy on

neuroendocrine regulation of pituitary hormone secretion. J Endocrinol

1983;98(2):289–95.

Martinez-Pinero MG, Milanes MV, Alcaraz C, Vargas ML. Catecholami-

nergic mediation of morphine-induced activation of pituitary–adreno-

cortical axis in the rat: implication of alpha- and beta-adrenoceptors.

Brain Res 1994;668:122–8.

McEwen BS, Krey LC, Luine VN. Steroid hormone action in the neuro-

endocrine system: when is the genome involved? Res Publ Assoc Res

Nerv Ment Dis 1978;56:255–68.

McLaughlin PJ, Tobias SW, Lang CM, Zagon IS. Chronic exposure to the

opioid antagonist naltrexone during pregnancy: maternal and offspring

effects. Physiol Behav 1997;62:501–8.

O’Callaghan JP, Holtzman SG. Prenatal administration of morphine to the

rat: tolerance to the analgesic effect of morphine in the offspring.

J Pharmacol Exp Ther 1976;197:533–44.

Ricalde AA, Hammer RP. Perinatal opiate treatment delays growth of cort-

ical dendrites. Neurosci Lett 1990;115:137–43.
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Rimanóczy Á, Šlamberová R, Vathy I. Prenatal morphine exposure alters

estrogen regulation of kappa receptors in the cortex and POA of adult

female rats but has no effects on these receptors in adult male rats. Brain

Res 2001;894:154–6.

Rodriguez-Sierra JF, Crowley WR, Komisaruk BR. Vaginal stimulation in

rats induces prolonged lordosis responsiveness and sexual receptivity.

J Comp Physiol Psychol 1975;89:79–85.

Steele WJ, Johannesson T. Effects of prenatally-administered morphine on

brain development and resultant tolerance to the analgesic effect of

morphine in offspring of morphine treated rats. Acta Pharmacol Toxicol

(Copenhagen) 1975;36:243–56.

Steinman JL, Roberts LA, Komisaruk BR. Evidence that endogenous opi-

ates contribute to the mediation of vaginal stimulation-produced anti-

nociception in rats. Soc Neurosci Abstr 1982;8:265.

Vathy I. Effects of prenatal morphine and cocaine on postnatal behaviors

and brain neurotransmitters. NIDA Res Monogr 1995;158:88–114.

Vathy I, Etgen AM. Hormonal activation of female sexual behavior is

accompanied by hypothalamic norepinephrine release. J. Neuroendoc-

rinol 1989;1:383–8.

Vathy I, Kátay L. Effects of prenatal morphine on adult sexual behavior

and brain catecholamines in rats. Brain Res, Dev Brain Res 1992;68:

125–31.

Vathy IU, Etgen AM, Rabii J, Barfield RJ. Effects of prenatal exposure to

morphine sulfate on reproductive function of female rats. Pharmacol,

Biochem Behav 1983;19:777–80.

Vathy IU, Etgen AM, Barfield RJ. Effects of prenatal exposure to morphine

on the development of sexual behavior in rats. Pharmacol, Biochem

Behav 1985;22:227–32.
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