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The newborn rat has been used success- 
fully to study long-term behavioral and pi- 
tuitary-adrenal effects of early exposure to 
narcotics (1, 2). Since early handling is 
known to exert profound influences on the 
development of behavioral and neuroendo- 
crine functions in the rat (3),  the effect of 
daily injections and of repeated handling 
may have obscured drug-induced changes in 
these earlier studies. To minimize the influ- 
ence of manipulation (while avoiding prob- 
lems associated with direct administration of 
the drug to the mother), morphine (M) was 
administered to rat pups by pellet implanta- 
tion. This report describes developmental 
and lasting effects of this standardized treat- 
ment at different times during early postna- 
tal life. 

Materials and methods. The pellets used 
were prepared according to the method of 
Gibson and Tingstad (4). Each pellet con- 
tained 75 mg of morphine base. Placebo 
pellets (P) were prepared using the same 
weight of lactose. 

Initial studies showed that subcutaneous 
implantation of one M pellet in 8-day-old 
pups resulted in death within a few hours, 
while all animals implanted with P pellets 
survived. In subsequent work, pellets were 
coated with beeswax and scored on each 
side with a needle: one scratch for animals 
under 1 week of age and two scratches for 
older animals. All pellets were implanted 
subcutaneously in the flank using brief ether 
anesthesia. 

To study long-lasting effects of early M 
pellet implantation, newborn Sprague- 
Dawley female rats (Simonsen Farms, Gil- 
roy, Calif.) were placed in litters of eight 
and maintained under standardized condi- 
tions of lighting (14-hr illumination alternat- 
ing with 10-hr darkness) and temperature 
(26 k 1"). Two pups from each litter re- 
ceived either one M or one P pellet on Day 
5 or 11 of postnatal life. These times were 
chosen to coincide with times of daily injec- 

tions of M in earlier studies (1, 2). Mortality 
was noted and surviving pups were subse- 
quently handled only briefly at weekly inter- 
vals to measure body weight. All animals 
were weaned at 21 days of age and housed 
in pairs thereafter. 

The effects of early implantation of M on 
resting pituitary-adrenal function were 
studied at 1600 hr on Day 43. Each animal 
was subjected to ether anesthesia and re- 
moval of a blood sample by jugular veni- 
puncture as described previously ( 5 ) .  The 
plasma was separated and frozen and used 
subsequently for fluorometric determina- 
tions of corticosterone concentrations (6). 

To determine whether early pellet im- 
plantation produced long-lasting tolerance 
to M, the analgesic response to a challenge 
dose of M was examined on Day 48 using 
the hot-plate test (7). After three control 
trials, in which response latencies (time to 
raise and lick a paw) were measured at 30- 
min intervals, each animal received a subcu- 
taneous injection of M (10 mg/kg). Thirty 
minutes later each animal's response latency 
was again obtained. The mean control la- 
tency was calculated for each animal and 
subtracted from the value obtained 30 min 
after M injection to determine the change in 
response latency. 

On Day 68, tolerance to M was again 
tested by challenging animals from each 
treatment group with a subcutaneous injec- 
tion of 40 mg/kg of M. Thirty minutes later 
a blood sample was obtained by etherization 
and jugular venipuncture for determination 
of the plasma corticosterone response. 

Since decreased survival of the offspring 
of female rats treated with M prior to mat- 
ing has been reported (8, 9), a final test was 
performed to study fertility, litter size, and 
offspring mortality of rats addicted to M 
early in life. Five animals from each treat- 
ment group were bred with proven sires at 
approximately 120 days of age. 

Statistical analyses were performed using 
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Student's t test. A probability of 0.05 or less 
was considered significant. 

Results. Mortality rates were 36 or 25% 
for animals implanted with M on Day 5 or 
11, respectively, while only one P-im- 
planted animal died (4%). The majority of 
deaths occurred within 24 hr after M pellet 
implantation, 64 and 52% of deaths among 
Day-5 and Day-1 1 animals, respectively. 

As shown in Fig. 1 ,  survivors of both M 
treatment groups showed immediate sup- 
pression of body weight gain compared to P- 
implanted controls, and these deficits re- 
mained significant ( P  < 0.05) throughout 
the 126 days of the experiment. Body 
weight depressions of the Day-5 M group 
appeared to occur more gradually than 
those of the Day-11 M group. Differences 
between the mean weights of the Day-5 M 
and P groups were 6.7 g on Day 12 ( P  < 
0.01) and reached a maximum difference of 
23.5 g on Day 63 ( P  < 0.01). Comparable 
differences in the Day-11 animals were 7.6 
g ( P  < 0.005) on Day 12 and reached a 
maximum of 23.5 g ( P  < 0.005). Day-5 M- 
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FIG. 1. Ponderal growth of female rats following 
neonatal implantation of morphine (0) or placebo (A)  
pellets at 5 (A) or 11 (B) days of age. Each point 
represents the mean weight of 10-12 rats. 

treated animals weighed less than ( P  < 
0.01) Day-11 M-treated animals on Day 28 
but thereafter their weights did not differ 
significantly. Mean body weights of the 
Day-5 and Day-11 P groups were similar 
throughout the experiment. 

Resting levels of plasma corticosterone on 
Day 43 were comparable in M- and P-im- 
planted animals of the Day-5 and Day-11 
treatment groups (approximately 20 pg/ml) 
and were in good agreement with levels ob- 
served in untreated female rats in our labo- 
ratories during the late afternoon (5). 

As shown in Table I ,  animals implanted 
with M pellets on Day 11 showed impaired 
responses to the analgesic action of M when 
tested 30 min after injection of the opiate. 
In contrast, the analgesic action of M was 
not impaired in the Day-5 implanted ani- 
mals. Both M- and P-implanted animals 
showed similar mean control response laten- 
cies prior to M injection. 

The results obtained on Day 68 following 
injection of M (40 mg/kg) are presented in 
Table 11. Control animals showed expected 
high levels of plasma corticosterone in re- 

TABLE I. ANALGESIC RESPONSE (HOT-PLATE 
TEST) 30 MINUTES A ~ E R  MORPHINE INJECTION (10 

PREVIOUSLY WITH MORPHINE (M) OR PLACEBO (P) 
PELLETS AT 5 OR 11 DAYS OF AGE. 

mg/kg SC) IN 48-DAY-OLD FEMALE RATS TREATED 

Control re- Increase in re- 
Neonatal sponse latency sponse latency 
treatment No .  of rats (sec) (set) 

~~- ___ 

Day 5 
P 9 7.6 -+ 0.7" 4.6 f 2.3 
M 12 8.2 f 1.0 6.4 k 2.4 

P 12 6.2 -+ 0.6 4.2 f 1.1 
Day 11 

M 11 5.8 f 0.4 0.8 & 0.8b 

Mean 2 SE. 
* P < 0.025, compared to P control. 

TABLE 11. CORTICOSTERONE RESPONSE 30 
MINUTES AFTER MORPHINE INJECTION (40 mg/kg sc) 

MORPHINE OR PLACEBO PELLETS AT 5 OR 11 DAYS OF 
AGE. 

IN ~~-DAY-OLD FEMALE RATS TREATED WITH 

Corticosterone (pg/ 100 ml of plasma) 
Neonatal 
treatment Placebo Morphine 
Day 5 51.0 ? 11.0 (10)" 64.5 2 8.1 (12) 
Day 11 50.8 2 6.6 (11) 43.8 +- 7.9 (12) 

a Mean 2 SE. Numbers in parentheses indicate 
numbers of animals. 
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sponse to the M challenge ( lo) ,  and those of 
the M-treated groups did not differ signifi- 
cantly. 

In the breeding experiment, 19 of the 20 
animals became pregnant, the exception 
being one of the Day-5 M-treated animals. 
Litter sizes of the four treatment groups 
ranged from 6 to 12; mean numbers of pups 
were 9.3, 9.8, 10.0, and 10.0 for Day-5 and 
11 M and P groups, respectively, and mor- 
tality rates in these same groups were 61, 
5 5 ,  67, and 52% by postnatal Day 11. It 
was necessary to terminate the experiment 
at this time, so the ability of the mothers to 
maintain survival of the pups for a longer 
period remains uncertain. Although the 
mortality rates in all groups were quite high, 
these results show that female rats exposed 
to neonatal implantation of M or P, as de- 
scribed in this experiment, can breed suc- 
cessfully and produce normal size litters. 

Discussion. The results of these studies 
demonstrate the feasibility of producing in 
rats long-lasting suppression of growth and 
decreased sensitivity to M by implantation 
of a single M pellet early in life. The mortal- 
ity (25-36%) associated with this method of 
M administration is comparable to that re- 
sulting from daily injections of M during the 
first or second week of postnatal life (2). 
The facts that cyanosis and hypothermia 
were observed in M-treated animals to- 
gether with the low mortality rate of the P- 
treated groups, indicate that hypoxia due to 
M-induced respiratory depression, rather 
than ether anesthesia and surgery, was an 
important cause of death. Hypoxia also 
might have contributed to the protracted 
effects observed following neonatal M-im- 
plantation. 

The persistent reduction of body weight 
observed following M pellet implantation 
resembles the somatic response of rats given 
M injections during the prenatal (9, 11, 12) 
or early postnatal periods (1, 2). We have 
observed similar suppression of body weight 
lasting at least 16 weeks in female rats im- 
planted with a morphine pellet at 14 days of 
age (unpublished observation). The fact 
that a similar ponderal response follows M 
administration over a wide range of devel- 
opmental stages suggests that a lack of criti- 
cal timing is required for producing this opi- 

ate effect. It is not clear, however, that the 
same processes are responsible for weight 
depressions in the two M groups. Weights of 
Day-5 M-treated animals were depressed 
more gradually, reaching maximum depres- 
sion on Day 63, than those of Day-11 M- 
treated rats, which reached a maximum de- 
pression 14 days after the implantation. 
This same general pattern of slower versus 
faster rates of body weight depression was 
observed in animals injected with M during 
the early (Days 3-12) vs the late (Days 12- 
2 1) preweaning period. The greater mortal- 
ity of the Day-5 animals suggests caution in 
the interpretation of comparative differ- 
ences among survivors and suggests that the 
younger animals may have suffered greater 
damage due to hypoxia. This possibility is 
consistent with the greater degree of cy- 
anosis observed in the younger animals fol- 
lowing M implantation. It is noteworthy that 
Bass and Lundborg (13) found greater de- 
pression of respiratory rates in younger 
(Day 5 )  compared to older (Day 30) rats. 

In this as in previous injection studies (1, 
2), rats showing M-induced suppression of 
body weight failed to evidence catch-up 
growth following cessation of drug adminis- 
tration. The reason for this is not clear but 
may relate to the duration of neonatal drug 
exposure since we have observed increased 
weight gain in growth-retarded rat pups fol- 
lowing cessation of M injections for just a 
few days (unpublished observation). 
Growth inhibition appears to be a common 
effect of opiates since it has been observed 
in other rodents (14) and in human infants 
born to opiate-addicted mothers (15). 

Tolerance to the analgesic action of M 
observed on Day 48 in animals implanted 
with M on Day 11 is consistent with results 
obtained previously (1, 2). Another advan- 
tage of the pellet implantation method is 
that it may not subject the pup to the stress 
of withdrawal. Since the stress of with- 
drawal may have lasting effects, it must be 
considered in studies wherein daily injec- 
tions are terminated. Pellets implanted in 
this study were not removed, which possibly 
led to a gradual decrease in the amount of M 
released over a period of time. Although 
signs of M withdrawal were not seen in any 
rats during the periods of observation in this 
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study, verification of a lack of withdrawal 
effects will require additional study. Finally, 
it should be mentioned that pellet implanta- 
tion is a rapid and convenient way to admin- 
ister M. The present study showed that this 
method, like daily injections of M ,  is capa- 
ble of producing protracted suppression of 
growth and sqnsitivity to M in rats. 

Summary. A morphine pellet implanta- 
tion method has been modified for use in 
very young rats. Compared to P-implanted 
controls, implantation of an M pellet on 
either Day 5 or 11 results in diminished 
body weight for periods at least up to 15 
weeks. Such treatment on Day 11 is associ- 
ated with reduced sensitivity to the analgesic 
action of morphine (10 mg/kg) when tested 
on Day 48 using the hot-plate technique. 
Resting pituitary-adrenal activity in animals 
implanted with morphine on Day 5 or 11 
was within normal limits when examined on 
Day 43. Corticosterone responses to a chal- 
lenge dose of morphine (40 mg/kg) on Day 
68 failed to demonstrate tolerance unequiv- 
ocally. These findings are consistent with 
those obtained earlier with daily injections 
of morphine and demonstrate that the long- 
lasting ponderal effect and tolerance to the 
analgesic actions of morphine may be pro- 
duced without the confounding effects of 
daily handling and stress of abrupt with- 
drawal in neonatally addicted rats. This con- 
venient method of prolonged early mor- 
phine exposure in young rats may be used as 
an experimental model for the study of long- 
range effects of neonatal exposure to nar- 
cotics. 
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