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SOBRIAN, S. K. Prenatal morphine administration alters behavioral development in the rat. PHARMAC. BIOCHEM. 
BEHAV. 7(3) 285-288, 1977. - Female rats were administered increasing doses of morphine sulfate 5 days prior to 
mating and during gestation until 4-6  days before the birth of their litters. Prenatal morphine exposure altered the normal  
developmental pattern of spontaneous motor activity by inducing in the offspring a sustained period of hyperactivity 
during the 3rd and 4th postnatal weeks. This disruption in behavioral ontogeny did not coincide with changes in physical 
parameters. Decreased body weight and higher mortality were observed in morphine-treated offspring only during the first 
postnatal week. The appearance of behavioral disturbances in the absence of physical abnormalities stresses the need for 
follow-up studies of infants born to narcotic-dependent mothers after signs of physical withdrawal or retarded growth have 
disappeared. 
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ADMINISTRATION of morphine to pregnant mice and rats 
during critical periods of fetal development can induce 
behavioral changes in the offspring. Most of the research 
concerning the effects of prenatal morphine has focused on 
alterations in the behavior of the post weanling animal. 
When tested at 30 and 70 days of age, the offspring of 
females administered morphine on Days 5 - 1 8  of gestation 
show an increase in open field activity and rearing; 
spontaneous locomotor  activity, however, is significantly 
increased over control levels only in 70-day-old offspring 
[4]. An attenuated responsiveness and long-term tolerance 
to the analgesic effect of a single dose of morphine have 
been reported in the 5 - 1 0  week old offspring of rodents 
given morphine pregestationally [7,8] and prenatally [5, 
12, 14, 21]. 

Developmental observations have been limited to 
changes in infant mortality and growth. Increases in 
neonatal mortality and decreases in the postnatal growth 
rate occur in the offspring of female rats given morphine 
pregestationally or during the prenatal period [4, 6, 9]. 
Treatment of male rats with morphine prior to mating 
produces similar results in the offspring [ 17]. 

The consequences of prenatal morphine treatment on 
the behavior of  the neonate have been ignored. The primary 
objective of the present experiment was to systematically 
study an aspect of behavioral development in rats pre- 
natally exposed to morphine. In an effort to parallel the 
pattern of drug use most commonly seen in clinical studies 
[20], morphine was administered to female rats prior to 
conception and during gestation. The development of 
spontaneous motor activity was the major dependent 
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variable, because of reports of hyperactivity in human 
infants born to narcotic addicts [20]. 

METHOD 

Twenty-six nulliparous Sprague-Dawley adult female rats 
(Bio-Breeding Inc., Ottawa, Canada) were housed individ- 
ually with ad lib water and Purina rat chow. They were 
maintained on a 12 hr reversed light-dark cycle (lights off at 
0800) throughout the experiment. Nine randomly selected 
females were given an initial 5 day exposure to increasing 
doses of morphine sulfate administered subcutaneously 
(Day 1, 10 mg/kg; Day 2, 3, and 4, 20 mg/kg; Day 5, 30 
mg/kg), followed by a 13-day drug free period. Six days 
into this drug-free period, females were housed with drug 
free males (in the ratio of 3:2) for seven days, and then 
removed to individual plastic maternity cages. Morphine 
administration was resumed at this time and continued for 
14 consecutive days. The 10 mg/kg starting dose was 
increased every second day by 5 mg/kg to a maximum of 
40 mg/kg. With a seven day mating period, births were 
expected 2 - 7  days after treatment termination. This 
schedule of discontinuous pregestational and gestational 
morphine treatment was adopted because the continuous 
administration of morphine to females prior to and during 
mating and throughout gestation resulted in 94% mortality 
rate in the offspring within 48 hr after birth (Sobrian, 
unpublished observations). 

Dosages of morphine were calculated on the quantity of 
free base represented by the sulfate sale administered. 
Fifteen control females received 0.9% sodium chloride on 
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an inject ion schedule ident ical  to that  used to administer  
morphine .  All inject ions were given be tween  1200 and 
1300 hr. 

Upon  te rmina t ion  of  morph ine  t rea tment ,  matern i ty  
cages were inspected daily at 1000, 1500 and 2000 hr for 
live births. Day 1 was defined as the day of  bir th and all 
subsequent  ages were ca lcu la ted ,on  this basis. Pups tested 
on Day 1 were a max imum of  14 hr  old. On Day 1, original 
l i t ter size and the condi t ion  of  the pups were recorded;  
those found dead at this t ime were recorded as stillborn. 
Litters were then culled to 10. Pups were weighed every 5 
days and li t ters were inspected for deaths daily. At 30 days 
of  age lit ters were weaned.  

In order  to insure that  observed behavioral  changes 
resulted f rom prenatal  exposure  to morph ine  and not  
morphine- induced  changes in postnatal  maternal  behavior,  
the offspring of  morph ine  t reated females were cross- 
fostered to saline-injected controls  on Day 1. The lit ters of  
saline controls  were fostered to mothers  within this 
t r ea tment  group, thus holding the postnatal  manipula t ions  
involved in in t roducing  pups to a non-biological  mo the r  
cons tant  for  all litters. Pups tested for Day 1 activity were 
al lowed to nurse the foster  mothe r  at least once before 
testing. 

The spontaneous  mo to r  act ivi ty of  5 male and 5 female 
pups f rom bo th  of  the t rea tment  groups was measured on 
postnatal  Days 1, 5, 10, 15, 20, 25 and 30. All animals were 
tested at each age and each testing group consisted of  
offspring f rom 5 litters. The apparatus and procedure  used 
for act ivi ty  testing have been described in detail elsewhere 
[18] .  Briefly, act ivi ty was recorded for 30 min with a field 
capaci tance m o v e m e n t  sensing device. Pups were individ- 
ually placed in a cardboard box containing wood  shavings 
which rested on the sensing coil. Act ivi ty  counts  were 
automat ical ly  recorded by a digital logic array. Pups were 
tested during the 12 hr  dark cycle. 

RESULTS 

All births occurred 4 - 6  days after drug adminis t ra t ion 

had been discontinued.  Six of  the nine (66.7%) morphine-  
treated females and 14 of  the 15 (93.3%) saline-treated 
females gave bir th to viable litters. 

The perinatal  effects  of  prenatal  morphine  administra- 
t ion are listed in Table 1. No differences in l i t ter size or 
male / female  ratio of  pups were found between morphine  
and saline groups. However,  significantly greater neonatal  
mor ta l i ty  occurred among morphine  offspring at birth and 
during the first postnatal  week (x 2 = 9 . 7 1 ,  p<0.01) .  In 
subsequent  weeks until  weaning, no fur ther  deaths were 
recorded in ei ther  group. 

The body weights of  prenatal ly treated male and female 
morphine  pups were significantly lower  than like-sex 
controls  at birth and remained so during the first postnatal  
week, F ( 1 , 1 8 ) = 2 3 . 6 6 ,  p<0 .01 .  Weight differences were 
not  evident  in pups 1 0 - 4 0  days of  age (Table 2). 

The deve lopmenta l  changes in spontaneous  mo to r  ac- 
tivity are il lustrated in Fig. 1. Analysis of variance and 
simple main effects indicated that, in agreement  with 
previous reports  [2, 15, 18, 19],  activity in the control  
offspring increased sharply during the first two weeks of 
life, peaked at 15 days of  age and then declined to adult 
levels be tween  2 5 - 3 0  days of  age. Rat pups prenatally 
exposed to morphine  sulfate showed normal  mo to r  activity 
be tween  birth and 10 days of  age. After  this t ime, however,  
they became significantly more active than controls  and 
their activity remained elevated until 30 days of  age 
(Trea tment  x Days interact ion:  F(6 ,108)  = 3.703, p<0 .05) .  

DISCUSSION 

Prenatal  exposure  to morphine  altered both the physical 
and behavioral  deve lopment  of  the offspring. However,  
these effects  were manifested at different  ages. Lowered 
body weights and higher infant  mor ta l i ty  were observed in 
morphine- t rea ted  pups only during the first postnatal  week. 
Changes in the deve lopment  of  spontaneous  mo to r  activity 
were no t  evident  unti l  after 10 days of  age. Morphine- 
treated pups failed to show the normal  decrease in activity 
at 20 days of  age and exhibi ted a sustained period of  

T A B L E  1 

PERINATAL EFFECTS OF PRENATAL MORPHINE ADMINISTRATION TO 
THE RAT 

Morphine Saline 

Percent females delivering 
offspring 66.67 t 93.33 

Mean number of offspring 

per litter 11.33 -+ i.6 12.14 _+ 0.8 

Total number of live births 66 169 

Male/Female Ratio 1.06/l 1.24/1 

Mean birthweight in grams 

Males 5.2 _+ 0.32* 6.2 _+31 
Females 5.1 _+ 0.28* 6.1 + 0.35 

Percent infant mortality 

Stillborn 1.5* 0.5 

Day 2-7 13.64" 2.9 

Day 8-28 0.0 0.0 

fSignificantly different from saline-treated females, p<0.05. 
*Significantly different from offspring of saline-treated females, p<0.05. 
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T A B L E 2  

NEONATAL BODY WEIGHT (IN GRAMS) OF OFFSPRING FROM 
MORPHINE AND SALINE TREATED FEMALES. VALUES LISTED 
ARE COMBINED MEANS -+ SEM FOR MALE AND FEMALE PUPS 

Age Morphine Saline 
(Days) 

1 5.1 _+ 0.20* 6.1 _+ 0.22 

5 9.1 _+ 0.18" 11.2 _+ 0.41 

10 18.1 +_ 0.48 19.0 -+ 0.35 

15 26.7 _+ 1.5 29.3 _+ 0.78 

20 36.6 _+ 0.89 39.3 +_ 1.3 

25 56.5 _+ 1.6 57.8 - 1.9 

30 80.7 _+ 1.1 79.4 ___ 61 

40 123.6 _+ 6.6 127.3 - 5.1 

*Significantly different from offspring of saline-treated females, 
p<0.05. 
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FIG. 1. The development of spontaneous motor activity in the 
offspring of females treated with morphine (o) or saline ( . )  during 
gestation. Each point represents the mean activity levels of 10 pups 
recorded during a 30 min test session. Activity levels of saline- 
treated offspring increased steadily from birth, peaked at 15 days of 
age and then decline. Pups exposed prenatally to morphine showed 
a similar development of locomotor activity until 10 days of age; 
between 15 and 25 days of age they exhibited a sustained period of 
hyperactivity. At 30 days of age, activity levels in saline and 

morphine offspring were indistinguishable. 

hype rac t iv i ty  dur ing  the  th i rd  and f o u r t h  pos tna t a l  weeks. 
In a g r e e m e n t  wi th  a p rev ious  r epo r t  [ 4 ] ,  ac t iv i ty  levels of  
saline and  m o r p h i n e  pups  did no t  d i f fer  dur ing  the  f i f th  
p o s t n a t a l  week. 

Fo l lowing  p rena t a l  m o r p h i n e  exposure ,  increased levels 
of  m o t o r  ac t iv i ty  were first  ev iden t  dur ing  the  th i rd  
p o s t n a t a l  week. This  f inding paral lels  cl inical  repor t s  of  the 
emergence  of  hyperk ines i s  b e t w e e n  1 and  2 years  of  age in 
h u m a n  i n f an t s  b o r n  to na r co t i c  d e p e n d e n t  m o t h e r s  [ 2 0 ] .  
The de layed  appea rance  suggests t ha t  behav iora l  a l te ra t ions  
are p r o b a b l y  n o t  the  d i rec t  consequence  of  drug wi thd rawa l  
bu t  m a y  ref lect  t e m p o r a r y  or ch ron ic  d i s rup t ions  in the 
deve lop ing  ne rvous  sys tem [ 20 ] .  

The  sus ta ined  hype rac t i v i t y  seen in the  offspr ing of  
m o r p h i n e - t r e a t e d  females  suggests a l te red  CNS m a t u r a t i o n .  
The  n o r m a l  o n t o g n e t i c  changes  in ac t iv i ty  have been  
cor re la ted  wi th  the  m a t u r a t i o n  of  adrenergic  h i n d b r a i n  and 
chol inergic  fo rebra in  s t ruc tu res  [ 2 , 3 ] .  Moreover ,  dep le t ion  
of  b ra in  ca t echo l amines  p r o d u c e s  hype rac t i v i t y  in rat  pups  
2 - 4  weeks old [ 1 6 ] .  

It is d i f f icul t  to  pos tu l a t e  a m e c h a n i s m  w h e r e b y  prena ta l  
m o r p h i n e  exer t s  an e f fec t  on  n e o n a t a l  behaviora l  develop-  
men t .  A l t h o u g h  te ra togen ic  ef fec ts  of  p rena ta l  m o r p h i n e  
have been  r e p o r t e d  in r oden t s  [1, 10, 12] ,  the  behaviora l  
changes  r epo r t ed  here  occu r red  in absence  of  gross mal- 
fo rmat ions .  The  ef fec t  is appa ren t ly  of  p rena t a l  origin as 
m o r p h i n e - t r e a t e d  of fspr ing  were cross-fos tered at  b i r t h  to  
non-drugged  m o t h e r s  and  n o t  subsequen t l y  exposed  to the  
drug as neona tes .  Reduced  m a t e r n a l  food  in take  and  
in t r au t e r ine  n u t r i t i o n a l  fac tors  have been  impl ica ted  in 
weight  d i f ferences  [1 1] and  may  be respons ib le  for the  
s u b s e q u e n t  behav iora l  a l te ra t ions .  However ,  p r ena t a l  mor-  
ph ine  exposure  can also d i rec t ly  e f fec t  fetal  g rowth  by  
reduc ing  the  n u m b e r  of  cells in several organs  [ 13] .  

Bo th  phys ica l  and  behaviora l  d e v e l o p m e n t  is a l te red  in 
rat  pups  p rena ta l ly  exposed  to m o r p h i n e .  Behaviora l  change 
is n o t  i m m e d i a t e l y  discernible  and  occurs  in the  absence  of  
r e t a rded  phys ica l  deve lopmen t .  These data  ind ica te  the  
need  of  fol low-up s tudies  of  in fan t s  bo rn  to na rco t i c  
d e p e n d e n t - m o t h e r s  a f te r  physical  s y m p t o m s  of  wi thdrawal  
or r e t a rded  g r o w t h  have d isappeared .  
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