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CAZA, P. A. AND L. P. SPEAR. Ontogenesis of morphine-induced behavior in the rat. PHARMAC. BIOCHEM.
BEHAV. 13(1) 45-50, 1980.—Ten, seventeen and twenty-four day old rats were observed using a behavioral-time
sampling procedure following injection of saline, 0.1, 0.5, 1.0 or 5.0 mg/kg/5cc morphine sulphate. At Day 10, the predomi-
nant response to morphine was a depression of locomotor activity. At the 5 mg/kg dose, catalepsy was also seen. In animals
of this age, 0.1 mg/kg morphine, which was not sufficient to depress activity, also had no effect on stereotyped gnaw-
ing/mouthing behavior, nor did it produce any increase in locomotor activity. A morphine-induced increase in locomotion
was first seen on Day 17 (after 0.5 mg/kg morphine). As with Day 10 animals, Day 17 animals given 5 mg/kg morphine
showed a depression of locomotion and catalepsy. Stereotypic gnawing/mouthing behavior was first seen in Day 24 animals
(after 5 mg/kg morphine), although no dose of morphine produced significant differences in activity at this age. Possible
mechanisms resuliting in these marked alterations in behavioral response patterns to morphine during this two week period

of ontogeny are discussed.
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EARLY reports indicating that neonates exhibit greater
sensitivity to morphine than their adult counterparts [8,10]
have prompted recent developmental studies of morphine
toxicity and analgesic potency. Toxicity to the intraperi-
toneally administered opiate is high for the first 12 days
postpartum in the rat (when the lethal dose in 50% of the
animals (LD,) is 45 mg/kg), after which it steadily decreases
to reach an LD;, of 220 mg/kg by 32 days postnatally [14]. An
increase in the analgesic effects in rats following subcutane-
ous injection of 1.0 mg/kg morphine was found to occur be-
tween Day 5 and Day 15, after which time the analgesic
effect decreased until stabilizing at Day 30 [4]. Twenty-day
old rats exhibit approximately 10 times greater sensitivity to
morphine analgesia than adults, while 26-day old rats exhibit
3 times the sensitivity [12]. With respect to morphine
tolerance, it has been reported that 21-day old rats display a
larger increase in pain threshold after the first drug injection
compared to adults, while subsequent injections produce a
sharper decline in this threshold for the younger animals
[16].

From such studies measuring toxicity of and analgesia to
morphine, it appears that preweanling and weanling rats are
markedly more sensitive to the effects of morphine than
older animals. These ontogenic differences in the physiolog-
ical consequences of morphine may be related to age-
dependent alterations in brain morphine concentrations. For
example, the concentration of morphine in the brains of
20-day old rats following subcutaneous injection is twice that
found for 26-day old rats. Twenty-six day old rats have
higher brain concentrations than 42 day-olds, and the levels
of morphine in 42-day olds do not differ from the adult [12].

These findings have coincided with others reporting that the
blood/brain ratio of morphine concentration increases be-
tween 15 and 30 days of age in rats [4]. Moreover, conjuga-
tion and blood clearance rates for morphine are also radically
different between 16- and 32-day old rats, with the older
animals having a much higher rate for both [14].

Although brain permeability to morphine appears to play
an important role in the early responsiveness to morphine in
the rat, another factor should also be considered—the on-
togenetic development of the opiate receptor.- Although
opiate receptors are present in fetal rat brain [4,9], the
greatest increases in receptor binding to *H-naltrexone and
*H-naloxone occurs during the preweaning period. This in-
crease in receptor binding is characterized by an increase in
the number of receptors with no change in their affinity [9].
This increase in the number of opiate receptors might be
related to the increase in morphine’s analgesic effect in rats
between postnatal Day 5 and 15 (4].

Whereas the ontogenetic patterns of morphine’s physi-
ological consequences are well established, studies examin-
ing the ontogeny of morphine-induced behavior are notably
in absence. Although, in a recent study, morphine was re-
ported to decrease spontaneous activity of the 18-day rat
fetus [13], there has been a dearth of information on the
behavioral response to morphine in the early postnatal
period. While it is known that in adult animals, morphine can
induce dose-dependent hyperactivity, hypoactivity, stereo-
typed behavior or catalepsy, the ontogeny of these behaviors
in response to morphine has not been systematically exam-
ined. Low doses of morphine (1.0 and 2.0 mg/kg) increase
locomotor activity in adult rats [5,11]. Higher doses of mor-
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phine (3-6 mg/kg or greater) administered to adult rats have
been reported to stimulate self-directed oral behavior in the
form of gnawing or mouthing the fore- and hindlimbs [7,11].
Doses of morphine greater than 5-10 mg/kg produce
hypomobility in adult rats [11,21], and doses greater than
approximately 20 mg/kg induce catalepsy with muscular
rigidity [11]. The purpose of the present experiment was to
examine the ontogeny of these behavioral effects of mor-
phine in the rat as a function of morphine dose.

METHOD
Subjects

Sprague-Dawley derived albino rats, aged 10, 17 or 24
days, born in the laboratory from established mating pairs
were used as subjects in this experiment. All pups were
housed with their parents and conspecifics in standard
maternity cages with food and water ad lib. Litters were
maintained on a 16-hr light/8-hr dark illumination cycle, with
light onset at 1800 hours. All testing was conducted in red
light between 1200 and 1500 hours as morphine-induced
stereotypic behavior has been reported to be increased dur-
ing the dark cycle [7].

Procedure

All testing was conducted in 30X 15X 19.5 cm glass-sided
boxes with shields placed between each box to prevent sub-
jects from observing one another. The floors were marked
off into 7.5x7.5 cm squares for the 10- and 17-day olds and
15%7.5 cm squares for the 24-day olds. Red lights were sus-
pended above the boxes; for the 10- and 17-day old pups,
heating pads underneath the apparati maintained the box
temperature at 32° = 1°C.

On each test day, five pups from a litter (8-10 pups/litter)
were removed from their home and randomly assigned to the
five drug-dosage conditions. Saline, 0.1, 0.5, 1.0 or 5.0
mg/kg/5 cc morphine sulfate (Merck Chemical Company) in a
0.9% saline solution was administered IP in the testing room.
In addition, some 24-day old animals were also given a 10.0
mg/kg/5 cc dose. In this case, since animals were tested in
groups of 5, not all of the 6 dosage conditions could be repre-
sented on a given test day. After injection, subjects were
placed into individual holding cages containing clean pine
shavings (11.5x10.5x17.5 cm, heated at 32 = 1°C for the
10-and 17-day olds) for 15 minutes, after which time they
were transferred to the observation boxes. After each testing
session, the floors of the observation boxes were washed.
Six to eight animals were tested under each drug condition at
each age with an approximately equal number of male and
female pups being placed into each treatment group at each
age.
Behavioral observations were recorded using a time
sampling procedure (see [18]). Essentially, the behavior of
each pup was observed for 5 sec and recorded at 60 sec
intervals for a 60 min testing period; activity in terms of
squares crossed was monitored continuously. Behavioral
categories included locomotor activity, stationary behavior,
rearing, sniffing, self-directed gnawing (defined as mouthing
or chewing limbs in a matter not resembling grooming),
mouthing, and grooming (which included washing and
scratching). At the end of the hour observation period, im-
mobile pups were given a catalepsy test; this involved plac-
ing subject’s forearms over a slightly elevated rod for 60 sec
followed by placing the pup on its back and noting a righting
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response. A positive catalepsy score was recorded if the
subject remained elevated on the rod for at least 30 sec and
exhibited a righting response.

RESULTS

The frequency of each of the measures observed during
the 1 hour test (matrix crossings), mobility, stationary behav-
ior, rearing, sniffing, grooming, self-directed gnawing and
mouthing) was partitioned into four blocks of 15 minutes
each. An examination of the test results indicated no reliable
sex-related difference in any of the behaviors at any age.
However, baseline frequencies of the behaviors varied with
age in the saline control groups. For example, as can be seen
in Fig. 1 (note the scale differences on the y-axes), Day 17
control animals maintained high levels of matrix crossing
activity throughout the hour test; however, Days 10 and 24
control animals were somewhat active during the first time
block with very low levels of activity thereafter. The en-
hanced and persistently elevated matrix crossing activity of
the Day 17 as compared with Days 10 and 24 control animals
is consistent with reports of a similar inverted U-shaped
function in stabilimeter cage activity with age [6]. Moreover,
the relatively low matrix crossing activity seen in the Day 10
animals may be related to immaturity of hind limb motor
coordination which is important for forward locomotion [1].
Consequently, as seen in this example, since baseline fre-
quencies of the measures varied with age in the saline control
groups, each measure was independently analyzed at each
testing age using a two-way (Drug DosesXTime Blocks)
analysis of variance (ANOVA) with one repeated measure
(Time Blocks). Posthoc individual comparisons using an
ANOVA test were calculated in the case of a significant main
effect or interaction effect. Levels of significance were de-
termined at the 95% confidence interval (p<0.05).

On Day 10, all but the lowest dose of morphine (0.1
mg/kg) produced a depression in matrix crossings,
F(4,28)=4.49, p<0.01. In addition, the highest morphine
dose (5.0 mg/kg) elicited catatonic behavior in pups at this
age. As seen in Fig. la, the number of matrix crossings de-
clined with time in all subjects at Day 10, F(3,84)=7.61,
p<0.001. Although control levels of self-directed gnaw-
ing/mouthing behavior were very low at Day 10, morphine
administration at this age decreased the occurrance of this
behavior when compared to that seen in saline treated pups
(meang,;,,=0.72, mean,,=0.08, mean,;=0.57, mean, ,=
0.25, mean;,=0.03). The drug did not significantly affect
grooming, sniffing or rearing behaviors at this age.

In Day 17 rat pups, the 0.5 mg/kg morphine dose elicited a
marked increase in the number of matrix crossing,
F(1,25)=4.76, p=<0.05, whereas the 5.0 mg/kg dose again
produced a decrease in matrix crossings and catatonic be-
havior. In pups of this age, the number of matrix crossings
was not significantly affected by 0.1 mg/kg or 1.0 mg/kg mor-
phine administration. These data are represented in Fig. 1b.
The number of matrix crossings was not altered across time
in the saline, 0.1 mg/kg or 5.0 mg/kg groups. However, the
number of matrix crossings gradually increased over the time
blocks in the 0.5 mg/kg and 1.0 mg/kg groups, F(3,25)=4.88,
p=0.01; F(3,25)=7.29, p=<0.01, respectively. Thus the
hyperactivity observed in 17-day old rats following morphine
injection was not evident until the middle of the observation
period.

Sniffing, rearing and gnawing/mouthing behaviors were
not significantly influenced by morphine at Day 17. The pat-
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FIG. 1. Mean number of matrix crossings per 15 min time block for each drug condition. Panel la represents the dose
response curve for the 10-day old pups; Panel 1b, the 17-day old pups; and Panel Ic, the 24-day old pups. “‘P’’ refers to

postnatal day.

tern of grooming behavior across the four 15 minute blocks,
however, was influenced by morphine in 17-day old pups in a
dose-dependent fashion, F(12,75)=2.32, p<0.05. Figure 2a
illustrates this interesting pattern. While saline treated
animals increased grooming activity from the first time block
to reach approximately equivalent amounts of grooming over
the second through fourth time blocks, grooming activity
peaked during the second time block for subjects given 0.1
mg/kg morphine, and during the last time block for subjects
given 1.0 mg/kg. Although there was a trend for subjects
receiving 0.5 mg/kg morphine to display increased grooming
during the third time block, this trend was insignificant. Sub-
jects given 5.0 mg/kg showed little grooming behavior after
the first time block as they became less active and catatonic.
Although the number of squares crossed was not altered

by morphine administration in 24-day old rats, matrix cross-

ing activity decreased across the 60 min observation period
in all subjects, F(3,114)=11.74, p=<0.01 (See Fig. 1c¢).
Grooming, sniffing and rearing behaviors were also not sig-
nificantly affected by morphine administration in Day 24 sub-
jects. Stereotypic behavior in the form of self-directed gnaw-
ing was elicited in 24-day old pups after the 5.0 mg/kg dose of
morphine, F(5,38)=12.23, p=<0.001. Figure 2b demonstrates
that the frequency of this behavior declined over the four
time blocks of this group, F(3,114)=2.90, p<0.05. It is inter-
esting that the 10 mg/kg dose did not elicit any stereotypic

behavior in 24-day old rats. These animals were not catalep-
tic or hypoactive, thus the high dose depression of
stereotypic behavior does not appear to be a result of a gen-
eral drug-induced depression of behavior. This pattern is
consistent with that observed in adolescent and adult male
rats where self-directed gnawing is also seen in rats injected
with 5 mg/kg but not 10 mg/kg morphine (Spear, Lipovsky &
Horowitz, in preparation).

For all ages, the measures of mobility and stationary be-
havior reflected patterns of drug-dose interactions similar to
that of the number of squares crossed, and are thus not dis-
cussed in detail here.

DISCUSSION

Behavioral response patterns to morphine showed
marked alterations during the two-week period of ontogeny
from postnatal Days 10 to 24. At Day 10, the predominant
response to morphine was a depression of locomotor activ-
ity. At the highest (5 mg/kg) dose, catalepsy was also seen.
In animals of this age, the low dose of morphine (0.1 mg/kg),
which was insufficient to depress activity, also had no effect
on stereotyped gnawing/mouthing behavior, nor did it
produce any increase in locomotor activity. A morphine-
induced increase in locomotion was first seen on Day 17 (at
the 0.5 mg/kg dose). As with the Day 10 animals, Day 17
animals given 5 mg/kg morphine showed a depression of
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FIG. 2. (a) Morphine dose response curve per 15 min time block for grooming behavior in 17-day old rats. ‘P’ refers to
postnatal day. (b) Morphine dose response curve per 15 min time block for stereotypic self-directed gnawing behavior in
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Ages

TABLE 1

1.0 5.0 10.0

0.1

0.5

Morphine doses (mg/kg)

1.0

5.0

10.0

P10

} Locomotion

| Locomotion

| Locomotion
& catalepsy

P17

1 Locomotion

| Locomotion
& catalepsy

P24

Stereotypic
behavior

Adults

[11]

1 Locomotion
[5,11]

| Locomotion

[11]

| Locomotion

f11]

Stereotypic behavior
(6 mg/kg & 9 mg/kg, [7])

| Locomotion
& catalepsy
(>20 mg/kg; [11])
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locomotion and cataleptic behavior. Stereotypic gnaw-
ing/mouthing behavior was first seen in the Day 24 animals
(at the 5 mg/kg dose). However, no dose of morphine
produced any significant differences in activity at this age.
Table 1 summarizes the different behavioral response pat-
terns to morphine as a function of dose and age. The letter
“P”* preceding the various ages refers to postnatal day. A
comparison of these results with previously reported behav-
ioral response patterns in adult rats is included in this table.

The marked depression of locomotor activity after mor-
phine administration to the youngest animals in this study
correlates well with reports concerning the increased sen-
sitivity to morphine-induced toxicity and analgesia in young
rats. At day 10, subjects showed a depression of locomotor
behavior at doses much lower than that required to produce
hypoactivity in adult animals. Moreover, the cataleptic re-
sponse to 5 mg/kg morphine in 10- and 17-day old rats is a
characteristic reaction to very high levels of morphine in
adult animals [15]. The absence of any morphine-related
differences in activity at 24 days of age may be a result of
lower brain concentration of morphine following injection in
animals of this age when compared with the younger
animals. It has been reported that between 20 and 26 days of
age in rats, a decrease in the amount of morphine entering
the brain occurs [12]. .

In contrast to the early appearance of a morphine-induced
depression of locomotor activity, morphine-induced
hyperactivity was first seen at postnatal Day 17, while
stereotypic behavior first appeared as a response to mor-
phine at 24 days. The differential appearance of these behav-
iors may be related to a gradual increase in the amount or
specific type of opiate receptors. As previously discussed,
during the first three weeks of life in the rat, there is a rapid
proliferation in opiate receptor binding and number of opiate
receptors in the brain [9]. Not only are opiate receptors
widely distributed throughout the brain in adults (e.g. [2,3]),
but there is also evidence to suggest that there may be differ-
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ent subpopulations of brain opiate receptors (e.g. [19,20])
which might subserve different behavioral functions.
Perhaps the age-dependent appearance of these different be-
havioral responses to morphine are related to the maturation
of a specific opiate receptor sub-type or to the development
of opiate receptor populations in specific brain regions.
The behavioral psychopharmacological results of the
present study have added further information beyond that
available from previous studies of the physiological conse-
quences of morphine administration. The marked sensitivity
of developing animals to morphine seen by other laboratories
when measuring analgesic potency and toxicity were also
seen in this study in Day 10 and 17 animals using hypomobil-
ity and catalepsy as behavioral measures for morphine re-
sponsivity. However, morphine-induced hyperactivity and
stereotyped self-directed gnawing behavior were not seen
until postnatal Days 17 and 24, respectively. These results
illustrate the importance of using a variety of behavioral re-
sponse measures when examining the ontogeny of psycho-
pharmacological responsivity. The ontogenetic pattern of
drug responsivity for a psychopharmacological agent may
vary depending upon the response measure used (see
[17] for a discussion). Future work in the area of devel-
opmental psychopharmacology may benefit from the use ofa
variety of behavioral and physiological response measures
when assessing the ontogenetic pattern of drug responsivity.
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