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KINSLEY, C. H., J. C. WELLMAN, D. B. CARR, AND A. GRAHAM. Opioid regulation of parental behavior in
Juvenile rats. PHARMACOL BIOCHEM BEHAYV 44(4) 763-768, 1993. —When exposed to young rats for a period of
days, juvenile rats will respond with full parental behavior (FPB: retrieval and grouping of, and crouching over, pups).
Because the parental behavior of juveniles is so robust, and because opiates have been shown to be involved in the regulation
of parental behavior in adult animals, we examined morphine’s ability to disrupt the display of parental behavior in the
juvenile animal. In Experiment 1, 25-day-old males and females were administered one of three injection regimens of
morphine (MOR), saline (SAL), or naloxone (NAL)—[MOR (5.0 mg/kg) + SAL; MOR + NAL (0.5 mg/kg); or SAL +
SAL]—and 1 h later were exposed to three 1- to 6-day-old neonates. Behavior was scored over a 60-min period and animals
were considered parental if they responded with FPB for 2 consecutive testing days. Whereas the SAL + SAL and MOR +
NAL were not different, MOR + SAL virtually failed to respond to young over a 10-day period. Experiment 2 exposed
juveniles to young for a period of days until they displayed 2 consecutive days of FPB. Next, separate groups of juveniles
were treated with the same regimen as above. Again, SAL + SAL and MOR + NAL responded rapidly to young, whereas
MOR + SAL did not. These data suggest that the display of parental behavior, both its onset (Experiment 1) and maintenance

0091-3057/93 $6.00 + .00
1993 Pergamon Press Ltd

(Experiment 2), appears to be regulated by opiates.
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A number of laboratories have reported that juvenile rats (20-
25 days postnatal) are especially responsive to neonates (2-
5,9,14,20). This increased responsiveness resembles those be-
haviors displayed toward young by postpartum, lactating fe-
males (14,15). The juvenile expression differs primarily in the
latency with which the behaviors are expressed [cf. (30)] and
the facility with which the smaller juveniles can maneuver the
relatively large neonates. An interesting feature of the parental
behavior shown by juvenile rats is the reversal of the normal
sex difference observed in response latencies in the adult rat
(viz., male > female), as juvenile males respond more quickly
than juvenile females (2,9,14).

The juvenile animal undergoes a tremendous amount of
maturation in the 20- to 30-day window, during which previ-
ous work has demonstrated significant effects on both behav-
ioral and physiological/endocrinologic indices. For instance,
gonadal steroid profiles (6-8) and regulatory systems (25) and
opioid and neurotransmitter systems (12,13) change markedly
during this time.

Recently, Kinsley and Bridges (14) reported that the ante-
rior pituitary hormone prolactin (Prl) was involved in the pa-
rental behavior displayed by juvenile rats, especially males.

Thus, both juvenile males and females resemble, in part, post-
partum females in their behavior toward young and in a reli-
ance upon exposure to Prl for the exhibition of the behavior.
Because the maternal behavior of postpartum, lactating fe-
males is significantly disrupted following injections of mor-
phine (1,10,15), we asked whether or not, and to what extent,
morphine [in a dosage (5.0 mg/kg) known to disrupt the be-
havior in adult females], and blockade of morphine’s effects
with the narcotic antagonist naloxone, would affect the paren-
tal behavior exhibited by juvenile rats.

METHOD
Animals

Female nulliparous Sprague-Dawley rats (Crl : CD[SD]BR)
purchased from Charles River Laboratories, Inc. (Wilming-
ton, MA) were timed-mated, and vaginally smeared daily. The
day that sperm was observed in the vaginal lavage was desig-
nated day O of pregnancy, at which time females were isolated
in 20 x 45 x 25-cm polypropylene cages, the floors of which
were covered with pine shavings. Food (Purina Rat Chow)
and water were available ad lib and all animals were housed
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in light- (0500-1900 h) and temperature-(21-24°C) controlled
testing rooms for the duration of the present work. Animals
used in this study were maintained in accordance with the
guidelines of the Institutional Animal Care and Use Commit-
tee of the University of Richmond and those prepared by the
Committee on Care and Use of Laboratory Animal Re-
sources, National Research Council (DHHS publication No.
[NIH] 85-23, Revised, 1985).

Upon delivery (day 0), litters were culled to eight pups
(four male, four female) and remained with their mothers
until weaning on day 21, at which time they were singly
housed. No more than two males and two females from each
litter were used in either of the two experiments to follow.

Experiment 1: Initiation of Parental Behavior

Procedure. Experiment 1 examined the onset of parental
behavior following morphine exposure in pup-naive juvenile
rats. Beginning on day 25 of life, both male and female juve-
niles were randomly divided into three groups of 9-10/group
and injected with one of the following treatments: morphine
(5.0 mg/kg) + saline (MOR + SAL); morphine (5.0 mg/kg)
+ naloxone (0.5 mg/kg) (MOR + NAL); or saline + saline
(SAL + SAL). (The dosages of morphine and naloxone were
chosen based upon their usage, in body weight-corrected fash-
ion, in work with adult females and in a pilot study.) Sixty
minutes following injections, animals were exposed to 1- to
7-day-old rat pups (provided by a separate group of donor
mothers bred exclusively for this purpose). Pups were placed
into the juvenile’s cage at a point opposite the location of
the nest and the behavior was then scored. The behaviors
we examined [and hereafter refer to as full parental behavior
(FPB)) consisted of retrieving and grouping and crouching
over pups during a 1-h test session. Juveniles were scored as
fully parental if they retrieved, grouped, and crouched within
60 min of exposure to the young, following which pups re-
mained in the cage until testing the following day. The latency
of the animal (in days) to display FPB was based upon the
first day (and test session) of two consecutive test sessions in
which FPB was observed. For example, at the initiation of
each testing session pups from the previous day’s testing were
removed (from test day 2 onward) and juveniles were injected
with the respective treatments. Sixty minutes later, three
freshly suckled pups obtained from the donor mothers were
proffered to subjects whose behavior was scored. Testing con-
tinued for 10 days or until 2 consecutive days of FPB were
observed. All testing took place between 1000 and 1300 h.

Experiment 2: Maintenance of Parental Behavior

Procedure. Whereas in Experiment 1 we investigated the
onset of parental behavior in juvenile rats, Experiment 2 ex-
amined the maintenance of the behavior and its susceptibility
to disruption by morphine. Therefore, we used behaviorally
sensitized animals. On day 25 of life, a separate group of both
male and female juveniles were randomly divided into three
groups of 9-11/group and exposed to three 1- to 7-day-old
rat pups. Using the testing regimen described above for the
initiation phase, we continued to test for FPB in all juveniles
until they displayed 2 consecutive days of FPB. On the morn-
ing of day 3 (following the second day of the display of FPB),
animals were injected with one of the three treatments detailed
above (MOR + SAL, MOR + NAL, or SAL + SAL) and
next were exposed to the three pups. Behavioral testing for
this maintenance phase consisted of a single test on the day
following each animal’s second day of FPB responding. Thus,
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repeated tests were not conducted because the aim in this sec-
ond experiment was to attempt to disrupt —as demonstrated in
postpartum females —the established behavior. We emphasize
that the assignment to groups in this study was random.
Therefore, the number of quick responders in the MOR +
NAL and SAL + SAL groups and the number of slow res-
ponders in the MOR + SAL group were roughly equivalent
in an effort to avoid biasing the direction of the posttreatment
effects.

Statistical Analysis

For the analyses of behavioral differences among the
groups in Experiment 1, a Kruskal-Wallis (KW), the non-
parametric equivalent of the one-way analysis of variance
(ANOVA), was employed. In those cases where overall differ-
ences were detected with the KW, a Mann-Whitney U was
used for single comparisons between separate pairs. In Experi-
ment 2, a x° analysis was used. In all cases, statistical signifi-
cance was considered to be p < 0.05.

RESULTS
Experiment 1: Initiation

Figure 1 displays the median latencies for the three treat-
ment groups (MOR + SAL, MOR + NAL, or SAL + SAL)
to exhibit full parental behavior for Experiment 1. It is evident
that morphine had a significant effect on the parental behav-
ior displayed by juvenile rats. The overall KW revealed a sig-
nificant effect of morphine treatment on the latency to display
2 consecutive days of FPB, the primary criterion (H = 13.4,
D < 0.002). Further, latencies to display 1 day of FPB (H =
15.4, p < 0.001), retrieve one (H = 9.7, p < 0.002), two
(H = 12.5, p < 0.002), and three pups (H = 7.4,p < 0.05),
group (H = 14.2, p < 0.001), and crouch (H = 15.3, p <
0.001) were significantly extended by morphine treatment in
juvenile males.

The follow-up with the MW U showed that, in males, la-
tencies to display 2 consecutive days of FPB were significantly
protracted in the MOR + SAL group vs. the SAL + SAL
group (U = 16.0, p < 0.01; see Fig. 1), as were latencies
to exhibit 1 day of FPB (U = 16.0, p < 0.01), retrieve one
(U = 12.0, p < 0.01), two (U = 10.5, p < 0.05), and three
pups (U = 14.5, p < 0.01; see Table 1). Further, latencies to
group pups (U = 7.5, p < 0.001), and crouch (U = 2.5,
p < 0.001) were significantly longer for the MOR + SAL
group relative to the SAL + SAL group. Moreover, MOR
+ SAL required significantly longer than the MOR + NAL
group to display 2 consecutive days of FPB (U = 20.0, p <
0.01) display 1 day of FPB (U = 14.0, p < 0.01), retrieve
three pups (U = 22.0, p < 0.01), group pups (U = 15.3,
D < 0.005), and crouch over pups (U = 24.0, p < 0.01) (see
Table 1). Importantly, the only significant difference in any
behavioral measure between the MOR + NAL and SAL +
SAL groups was the latency to display 1 day of FPB
(U = 23.0, p < 0.05), which demonstrates that naloxone was
mostly capable of antagonizing the disruptive effects of mor-
phine on the parental behavior displayed by juveniles.

In juvenile females, the KW revealed that morphine treat-
ment was similarly disruptive of 2 consecutive days of FPB
(H = 6.0, p < 0.05), as were the latencies to display 1 day of
FPB (H = 6.4, p < 0.05) and crouch over pups (H = 13.6,
D < 0.002). For females, the KW indicated that there were
no significant effects of morphine treatment on latencies to
retrieve one, two, and three pups or group pups.
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FIG. 1. The latencies (in days) to display 2 consecutive days of full parental behavior
(FPB; retrieving, grouping, and crouching over three neonates in a 60-min period) for
juvenile males and females treated with morphine (5.0 mg/kg) + saline (MOR + SAL,
n = 11), morphine (5.0 mg/kg) + naloxone (0.5 mg/kg; MOR + NAL, n = 10), or sa-
line + saline (SAL + SAL, n = 9). *Significantly different from MOR + NAL. "Signifi-
cantly different from SAL + SAL. Significant sex difference, same treatment group, at

P < 0.05. *p < 0.05; **At least p < 0.01.

Individual comparisons within the female groups (see Fig.
1) showed that MOR + SAL took significantly longer than
SAL + SAL to display 2 consecutive days of FPB (U = 20.5,
p < 0.05), display 1 day of FPB (U = 20.5, p < 0.05), and
crouch (U = 10.0, p < 0.01) (see Table 1). There were no
significant differences between MOR + SAL and MOR +
NAL. The only significant difference between MOR + NAL
and SAL + SAL was for crouching (U = 25.0, p < 0.01).

Individual sex differences in behavior were also informa-
tive. The MW revealed that whereas there were no significant
differences in any behavior between the male and female
MOR + SAL groups there were significant differences be-
tween male and female MOR + NAL groups for 1 day of
FPB (U = 17.5, p < 0.01), to retrieve one (U = 24.0, p <
0.05), two (U = 24.0, p < 0.05), and three (U = 27.0, p <

0.05) pups, to group pups (U = 25.0, p < 0.05), and to
crouch over pups (U = 24.0, p < 0.05). Between SAL +
SAL males and females, the differences consisted of signifi-
cant latencies to display 2 consecutive days of FPB (U =
16.0, p < 0.05), and 1 day of FPB (U = 16.0, p < 0.05),
retrieve one pup (U = 15.0, p < 0.05), retrieve two pups
(U = 17.0, p < 0.05), retrieve three pups (U = 16.0, p <
0.05), and group pups (U = 15.0, p < 0.05; see Table 1).

Experiment 2: Maintenance

Experiment 1 demonstrated that morphine disrupted, and
naloxone could reverse, the initiation of parental behavior
displayed by male and female juvenile rats. Experiment 2
sought to examine how morphine would affect the established

TABLE 1

MEDIAN LATENCIES (IN DAYS) FOR JUVENILE MALE AND FEMALE RATS TO EXHIBIT THE
VARIOUS COMPONENTS OF FULL PARENTAL BEHAVIOR FOR EXPERIMENT 1, INITIATION

Juvenile Males Juvenile Females
MOR + SAL MOR + NAL SAL + SAL MOR + SAL MOR + NAL SAL + SAL
1-day FPB 10*+% 411§ k1] 1119 7 7
Retrieve 1 pup 61t 38 2§ 4 5 5
Retrieve 2 pups 91t 4§ 3§ 7 6 5
Retrieve 3 pups 10*t% 5§ 3§ 8 6 5
Latency to group 9*+1 4§ 3§ 8 6 5
Latency to crouch (on at least 1 pup) 8*11 4§ 2 711 61t 2
n 11 10 9 11 10 9

Overall data were analyzed with the Kruskal-Wallis H, with individual comparisons performed with a Mann-Whitney U. See the

Results section for individual significance levels and details.
*Significantly different from MOR + NAL.
1Significantly different from SAL + SAL.
fAtleast p < 0.01.

§Significantly sex difference, same treatment group, at p < 0.05.

1r < 0.05.
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FIG. 2. The percentages of animals displaying full parental behavior (FPB; retrieving, group-
ing, and crouching over three neonates in a 60-min period) for juvenile males and females
treated with morphine (5.0 mg/kg) + Saline (MOR + SAL, n = 11), morphine (5.0 mg/kg)
+ naloxone (0.5 mg/kg; MOR + NAL, n = 10), or saline + saline (SAL + SAL, n = 9).
*Significantly different from MOR + NAL. ®Significantly different from SAL + SAL. Signifi-
cant sex difference, same treatment group, at p < 0.05. *p < 0.05; **At least p < 0.01.

behavior in sensitized juvenile males and females (Fig. 2, Ta-
ble 2). For males, following 2 consecutive days of FPB in
the absence of treatment significantly fewer of the MOR +
SAL group displayed FPB on the first day of injection com-
pared to either MOR + NAL or SAL + SAL (MOR + SAL
vs. MOR + NAL, x> = 11.5, p < 0.01; vs. SAL + SAL, »*
= 6.3, p < 0.05). There were no significant differences be-
tween MOR + NAL and SAL + SAL males.

For females, significantly fewer MOR + SAL-treated fe-
males displayed FPB compared to both MOR + NAL and
SAL + SAL animals (vs. MOR + NAL, x* = 8.0, p <
0.01; vs. SAL + SAL, x*> = 9.0, p < 0.01). There were no
significant differences between MOR + NAL and SAL +
SAL females.

For males, additional analyses revealed that fewer MOR
+ SAL than MOR + NAL animals retrieved one (5 = 9.8,
p < 0.01), two (x> = 9.8, p < 0.01), and three pups (o’ =
9.0, p < 0.01), grouped pups (* = 4.5, p < 0.05), and

crouched (x> = 7.2, p < 0.05) on this first day of injection.
For MOR + SAL vs. SAL + SAL, there were significant dif-
ferences for retrieving one (x* = 8.1, p < 0.01), two (x* =
11.5, p < 0.01), and three pups (* = 11.5, p < 0.001),
grouping (x> = 4.0, p < 0.05), and crouching (* = 5.5,
p < 0.05).

For females, significantly fewer MOR + SAL than MOR
+ NAL retrieved one pup (x* = 6.4, p < 0.05), grouped (x*
= 4.4, p < 0.05), and crouched (° = 9.0, p < 0.01). For
MOR + SAL vs. SAL + SAL, there were significant differ-
ences for retrieving two pups (x> = 5.6, p < 0.05), retrieving
three pups (x* = 4.4, p < 0.05), grouping (x*> = 5.6, p <
0.05), and crouching (x* = 10.9, p < 0.001). For MOR +
NAL vs. SAL + SAL, the only significant difference was for
retrieving one pup (x* = 15.0, p < 0.001).

There were no significant sex differences between MOR
+ SAL males and females; in both groups, parental behavior
was equally disrupted. For MOR + NAL, there were sex dif-

TABLE 2

PERCENTAGES OF JUVENILE MALE AND FEMALE RATS EXHIBITING THE VARIOUS COMPONENTS OF FULL
PARENTAL BEHAVIOR FOR EXPERIMENT 2, MAINTENANCE

Juvenile Males

Juvenile Females

MOR + SAL MOR + NAL SAL + SAL MOR + SAL MOR + NAL SAL + SAL
Retrieving 1 pup 22*t% 91 89 22%¢ 80t 100
Retrieving 2 pups 22%+1 91 100 22194 60 78
Retrieving 3 pups 22*%1 91 100§ 22194 60 56
Grouping 44*19 100§ 89 22*19 70 78
Crouching (over at least 1 pup) 22*194 82 78 11*43 80 89
n 11 11 9 11 10 9

Data were analyzed with the x” test. See the Results section for details and individual significance levels.

*Significantly different from MOR + NAL.
tSignificantly different from SAL + SAL.
fAtleast p < 0.01.

§Significant sex difference, same treatment group, at p < 0.05.

{r < 0.05.
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terences for FPB (x* = 4.5, p < 0.05) and grouping (x* =
3.9, p < 0.05). For SAL + SAL, there was a sex difference
only for retrieving three pups o = 5.1, p < 0.05).

DISCUSSION

Our data demonstrate that the display of parental behavior
in the juvenile animal is under the influence of the endogenous
opioid system. Morphine disrupts and naloxone restores the
behavior in both males and females. The effects are seen dur-
ing both initial exposure to offspring (Experiment 1, Initia-
tion), as well as in animals that have been sensitized to young
and were responding parentally prior to morphine treatment
(Experiment 2, Maintenance). In both experiments, when ani-
mals were treated with either saline plus saline (SAL + SAL)
or the combination of morphine plus naloxone (MOR +
NAL), a potent narcotic antagonist, there was no effect on
the display of the behavior; males and females continued to
exhibit retrieving, grouping, and crouching toward the three
pups. In the morphine plus saline (MOR + SAL) condition,
however, juveniles were active in their cages and would inves-
tigate pups but not attempt to be parental.

For each treatment condition, a typical behavioral bout
usually took the form of the following sequence: As pups were
placed in the cages, there would be initial investigation by the
juvenile, involving sniffing, and nudging and prodding. The
juvenile would next retreat to the back of the cage, where it
would begin to dart rapidly to and fro. This elevated activity
would give way to the juvenile’s apparent attempts to engage
the pup as a coactor [much like the reports of play behavior
discussed below; cf. (14)] but, failing this, control (SAL +
SAL and MOR + NAL) juveniles would begin to drag the
pup(s) around the cage, more often than not, back to the nest,
whereupon they would be grouped and the juvenile would
attempt to crouch. We say “attempt” because the juvenile does
not dwarf the pup as its adult counterpart and hence has
difficulty perching over all three pups concurrently. Neverthe-
less, the behavior displayed toward the grouped pups was
clearly a crouch. Together, the behavior possesses components
of both play and parental behavior, with the emphasis placed
on the latter.

In the MOR + SAL condition, juveniles would continue
to be active in the presence of pups but would rarely retrieve,
group, and crouch. We did notice, however, that this group
was more likely to spend much of the test period eating from
the food bin. Morphine has facilitatory effects on food intake
(18), and this may explain in part our casual observation. We
have not, however, observed a similar phenomenon in our
previous work on maternal behavior in the morphine-treated
adult.

One feature that lends itself to examinations of morphine’s
effects on parental behavior at this age is the relative ease and
quickness with which the behavior can be established. Juvenile
animals are very parental. In fact, the developmental events
underlying the decrease in parental responsiveness between the
juvenile and adult animal are not clear. Adult animals, in
particular males, require a number of days (about 4-8) to
initiate parental behavior (2,14,20,30). The influences under-
lying this developmental difference may relate to a variety of
factors, some of which were discussed in (14), and may involve
the steady rise of gonadotropin surges and testicular hormones
and a diminution in, and/or increased sensitivity to, Prl levels
(6-8,14). .

One possible factor responsible for this developmental dif-
ference, and for mediation of endocrine regulatory systems,
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may be the maturation of various neurotransmitter and neuro-
peptide systems. For example, there is functional maturation
of the endogenous opioid system that is ongoing from before
birth (11), during the neonatal period (16) and beyond,
through the juvenile (12,13) and prepubertal (17) periods. Fur-
ther, there are changes in other neurotransmitter systems
across early developmental stages in male and female rats (28).
In the caudate nucleus of neonates (~ birth) to juveniles (30
days), dopamine and serotonin and their metabolites dis-
played temporal increases, suggesting a dynamic and maturing
system throughout the early developmental period of the rat.

That sex differences in developmental profiles of opioid
systems have been reported may be of relevance to the present
work. We observed sex differences in the behavioral responses
in both Experiments 1 and 2, with males responding more
quickly than females in the MOR + NAL and SAL + SAL
conditions; interestingly, following treatment with MOR +
SAL the sex differences were no longer evident. The results
for sex differences, indicating that males in general responded
more quickly than females (in particular in the SAL + SAL
conditions), replicate and extend other work that has reported
sex differences in juvenile parental responding (2,9,14). The
sex difference in Experiment 1, however, was greater than
that observed in Experiment 2 [and follows from our previous
findings (14)] because the latter experiment utilized subjects
that were already sensitized to pups, whereas the former ex-
periment examined latencies (in days) to respond to young.
One might expect to observe differential parental responding
if, for example, there were sex differences in either opioid
receptor systems [in particular u-opioid receptors (19)] or opi-
oid ligand levels. Perhaps baseline differences in opioid “tone”
or in the maturation of opioid systems (or both) affect paren-
tal responding in juvenile animals.

There is some discussion of the parental behavior of juve-
niles either resembling, or in fact being, an expression of play
behavior (4,5,20). This accounts for our occasional use of
the term “parental-like” [cf. (14)]. As mentioned above, the
behavior of the juvenile possesses components of what appear
to be both parental and play responses, a complement that
makes for a robust (and entertaining) behavioral response.
That opiates play a significant role in the expression of both
parental behavior (1,10) and play behavior (26,27) indicates
an interesting relationship between these two major juvenile
behaviors.

Numan and colleagues both elegantly investigated (21,
22,24) and discussed (23) the neural requirements for the exhi-
bition of maternal behavior. The primary region involved in
the response is the basal forebrain structure, the medial preop-
tic area (MPOA), and its various projections. It is not known
to what extent the immature MPOA regulates the results of
the current work, although other regions involved in endo-
crine and behavioral regulation mature apace at this time.
The median eminence (ME) of the juvenile female markedly
increases its capacity to secrete luteinizing hormone-releasing
hormone (LHRH) between days 22-34 (25). It is reasonable
to presume that parallel maturation may be occurring in re-
gions of the brain underlying juvenile parental responsiveness
and the change in same that occurs with advancing age. Recent
work also suggests that synaptic area densities in the MPOA
and hypothalamic arcuate nucleus are sensitive to both sex
differences and treatment with estradiol (29). Thus, the matur-
ing brain may be different between males and females and
may undergo site-specific temporal development.

In conclusion, the present data demonstrate that the en-
hanced parental responsiveness of juvenile animals, in particu-
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lar males, is susceptible to the disruptive effects of morphine.
In juveniles exposed to morphine in advance of exposure to
pups, the initiation of parental responsiveness fails to be ex-
pressed. When antagonized with naloxone, morphine’s disrup-
tive effects are blocked and the behavior is displayed. In juve-
niles that are allowed prior exposure to young, and are all
responding parentally, morphine again will disrupt the respon-
siveness, the effect of which is antagonized with naloxone.
Collectively, the data point to a developmental stage or open
7- to 10-day window in the juvenile animal during which re-
sponsiveness to young is high and following which (~ 30 days
of age) responsiveness declines. The extent to which opioid
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tone functions to affect baseline behavioral, especially paren-
tal, responses is not clear. The present work, however, sug-
gests that it is a factor that merits further consideration.
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