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CASTELLANO, C. AND M. AMMASSARI-TEULE. Prenatal exposure to morphine in mice: Enhanced responsiveness 
to morphine and stress. PHARMACOL BIOCHEM BEHAV 21(1) 103-108, 1984.--Some behavioral effects of prenatal 
morphine administration were studied in CDI mice. Two sets of experiments were carried out. In a first set, which was 
performed during development: (a) measures of postnatal reflexes revealed only a light deficit in tests involving motor 
control, (b) activity measures showed a significant reduction of spontaneous activity which was evident only in the course 
of the first postnatal days. In a second set of experiments, in which adult mice were tested for activity, analgesia and 
passive avoidance learning: (a) no difference was observed, in baseline conditions, between the performances of the mice 
prenatally exposed to saline and those preexposed to morphine, (b) as compared with controls, enhanced responsiveness to 
morphine administration (for the activity and passive avoidance measures), and to morphine and stress (for the analgesic 
measures) were found. 

Morphine Stress Prenatal administration Mice 

A number of investigations have been carried out in labora- 
tory animals in order to investigate the effects of prenatal 
opiates administration on offspring behavior during on- 
togeny and in the adulthood [19]. These researches have 
demonstrated that both physical and behavioral develop- 
ment can be altered in pups born by mothers exposed to 
opiates (morphine or methadone) during either gestation or 
lactation. It has been shown, in addition, that the abnor- 
malities which can early be detected by analyzing neuro- 
chemical, physiological, and spontaneous or learned behav- 
ioral patterns can also persist at the adult age [14,18]. These 
data provide strong evidence of the involvement of the 
enkephalinergic systems in the early CNS organization [17]. 
However, the contrasting results existing in the literature, 
mainly concerning the strength and the duration of the ef- 
fects consecutive to prenatal exposure to opiates, indicate 
that this involvement has to be better specified. It has been 
suggested that many of the observed discrepancies can be 
explained on the ground of differences in the injection 
schedule, in the total daily doses of opiates administered, 
and in the species and the sex of the animals tested [9]; it has 
thus been found useful to obtain a set of comparable behav- 
ioral measures established on the basis of a single schedule 
of drug administration and in the same animal species. For 
this purpose, in the present research, the behavioral param- 
eters mainly analyzed in the experiments until now carri6d 
out--activity, analgesia and passive avoidance learning-- 
have been studied, in adult male and female CDI mice which 
had prenatally been injected with saline or morphine. In ad- 

dition, measures of postnatal reflexes and motor activity dur- 
ing development were carried out. Finally, since it is known 
that a number of stressors produce an analgesic reaction, 
which has been related to the physiological and psycholog- 
ical factors that activate endogenous pain control and opiate 
system [12], additional experiments have been performed in 
which the degree of analgesia induced by immobilization 
stress in the adult offspring belonging to treated and control 
litters has been assessed. 

METHOD 

Subjects 

Nulliparous adult females CDI mice (Charles River, 
Como, Italy) were housed individually with food and water 
available ad lib. They were maintained on a 12 hr light-dark 
cycle (7 a.m.-7 p.m.). In order to avoid a high mortality rate 
in the offsprings, due to the association of morphine injec- 
tions with the beginning of pregnancy, half of the females 
were subcutaneously injected initially, for a five day period, 
with increasing doses of morphine, according to a previously 
described method [14]: day 1:10 mg/kg; days 2, 3 and 4:20 
mg/kg; day 5:30 mg/kg. From day 6 to 18 no injection was 
given. At the sixth day of this drug-free period males were 
introduced (ratio: 2:1) and left for seven days. Pregnant 
females were then removed to individual cages. At this time 
females were injected with morphine for fourteen consecutive 
days. The initial dose of morphine (10 mg/kg) was increased 
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every 2rid day by 5 mg/kg until a maximum of 40 mg/kg. 
Parturition occurred within one week after the treatment 
termination. The remaining females served as controls, and 
received 0.9% sodium chloride on an injection schedule 
identical to that used to administer morphine. All injections 
were given between %10 a.m. After termination of treat- 
ments the cages were inspected daily for live births. The 
number of pups varied from 8 and 12, and the litters were 
culled to eight. Pups were weighed every other day, from 
day 1 to 21. After one month the litters were weaned. After 
weaning males and females belonging to the same litters 
were divided and housed in separate cages. 

Behavioral Measures 

All behavioural measures were carried out between 9 and 
12 a.m. 

Postmltal ReJlexes 

From postnatal day 2 to postnatal day 20, all mice were 
tested every other day according to a previously described 
schedule [4]. The following developmental parameters were 
recorded: rooting, cliff aversion, hair growth, ears open, 
righting, forelimb placing, forelimb grasping, bar holding, 
vibrissae placing, eyes open, auditory startle response. The 
age at which a given response was present in the adult form 
indicated the score for each mouse. 

Activity 

Animex. The measures of spontaneous activity were per- 
formed, during development, on postnatal days 8, 16, 32, and 
90, Each subject was put, for 5 min, in a cylinder of trans- 
parent Plexiglas (diameter: 8 cm, for 8-16 day old mice, and 15 
cm, for 32 and 90 day old mice; height: 15 cm). The cylinder 
was placed upon a selective activity meter (Animex), set at a 
standard level, which allowed recording animals" motility. 
All animals were tested in this set of experiments. 

To~,,gle-floor box. At 80 days of age two groups of 30 
subjects, taken from the offspring of saline (control subjects: 
CS) or morphine (experimental subjects: ES) injected 
mothers, were tested for locomotor activity in Plexiglas 
toggle-floor boxes (24.5×9.0 cm) [11]. The number of cross- 
ings from one side to the other of the box was automatically 
recorded by means of a microswitch connected to the tilting 
floor of the box: this count constituted the score of the 
mouse. Each group of 30 subjects was divided into three 
subgroups (10 mice per group), which were injected, 20 rain 
before testing, with saline, morphine 5 mg/kg and morphine 
10 mg/kg respectively. 

Analgesia 

Tail-fTick. Two groups of thirty animals, taken each from 
the offspring born by saline or morphine injected mothers 
were used. Each group was divided into three subgroups 
which were injected, respectively, with saline or morphine 
(0.25 mg/kg and 0.5 mg/kg) 20 min before testing. Two other 
groups of 30 saline or morphine pre-exposed animals were 
also divided into three subgroups (10 mice per group); two 
groups were immobilized for 30 and 60 min respectively, the 
remaining one was not immobilized (NIL and served as con- 
trol group. Immobilization occurred immediately before test- 
ing. The tail flick latency was recorded automatically, and 
was defined as the time elapsed between the onset of a high 

intensity light beam focused on the tail of the animal and the 
withdrawal response. To avoid excessive injury a cut-off 
value of 30 sec was imposed on the response. 

Immobilization stress was produced by placing the 
animals in a cylindric snug-fit restraining apparatus, such as 
that described by Amir, Amit and Brown [I ]. 

Hot plate. One week after the tail flick experiments, a 
control of analgesia in absence of any treatment was per- 
formed. The 20 subjects (10 from CS and 10 from ES) which 
had previously been injected with the highest dose of mor- 
phine (0.5 mg/kg) were tested with the hot plate method [5] 
as modified by Goldstein and Sheehan [6]. The endpoint was 
the licking of the forepaws or hindpaws. Each mouse was 
removed as soon as it reacted or, if it failed to react, after 30 
sec. 

Passive avoidamw. Two groups of 32 animals, taken each 
from the offspring born by saline or morphine injected 
mothers were used. All the subjects were tested according to 
a previously described method [31. 

The animals were tested for passive avoidance learning 
during two days [3]. On the first day (training day) they 
underwent a single learning trial in which each mouse was 
placed on a lighted platform in front of which was a hole 
leading to a dark compartment with an electrified metallic 
grid floor. As soon as the mouse stepped through the hole off 
the platform and onto the metallic grid, it immediately re- 
ceived a footshock (0.7 mA, 50 Hz) for 1 sec. It was then 
removed to its home cage to await testing. All animals 
entered the dark box in less than 6 sec (see Table 2). 
Twenty-four hr later (test day) the animals were tested for 
retention. Test procedures were the same as training except 
that no shock was administered. On the test trial the animals 
not entering the dark compartment within 180 sec were as- 
signed a step-through latency of 180 sec. 

After training, each group was divided into four sub- 
groups of 8 subjects. Two groups were injected with saline 
and morphine (0.25 mg/kg) respectively immediately after 
training. The other two groups were injected with 0.5 mg/kg 
of morphine immediately, and 120 rain after training respec- 
tively. Two additional groups of 16 subjects taken from 
animals previously tested in other control conditions (8 ES 
and 8 CS from the Animex experiment, and 8 ES and 8 CS 
from the toggle floor experiment) were used. These groups 
did not receive footshock on the training day. Immediately 
after training half of the subjects were injected with 0.5 
mg/kg of morphine, and the others with saline. 

Morphine HCI was dissolved in 0.~/c, NaCI and injected at 
the volume of 4 ml/kg. NaCI, 0.~;~ (4 ml/kg) was used for 
control injections. 

Stati,~tical Anah'si,~ 

The results were statistically evaluated by one-way 
ANOVA, for the weights and the activity (Animex) meas- 
ures, two-way ANOVA, for the activity (toggle-box) and the 
tail flick experiments, and two-way ANOVA for repeated 
measures, for the passive avoidance experiments. Since 
examination of the data did not reveal, in each situation, any 
difference between males and females performances, their 
scores were plotted together. 

RESULTS 

Weight Measures 

The weights of the morphine preexposed mice were sig- 



PRENATAL MORPHINE AND POSTNATAL BEHAVIOR 105 

P R E N A T A L  P R E N A T A L  

S A L .  M O R P H .  

HAIR ~ 
l ' ' ~ ' [ ' l l ' l ' ' ' ' l  l ' ' ' ' i ' ' ' ' l  . . . .  I 

E A R S  I I 
i,,,,(~,,,i,,,,i l,i,,[,,l,l,l,,l 

EYES I i I 
[ t ' I I i I lllIl'l 'I I'''' I ''I 'l 'I' ' [  

R O O T I N G  k lu 
I ' ' ' ~  I f [ ' ~ l ' f ~  '1  I ' '  ' '  I ' ' ~  ' 1  ' ~ '  ' 1  

C L I F F  im I n =  
A V E R S I O N  , . . . .  I . . . .  I ' , ' q  I . . . .  I . . . .  I . . . .  , 

R I G H T I N G  k m  Imm= 
l,,,ll,,ir],l,,[ I,,,,1'',,I,,11 l 

P L A C I N G  Ira= 
1,i,,i,i,,1,i111 l,,,ll,,,,l'l'll 

G R A S P I N G  m 
l,lttl,,,,l,,,, I i,,,,l,,,,f,,,, I 

V I B R I S S A E  I m m m  i 
I''''I''''I''''I l''"l''''l . . . .  [ 

B A R  l 

H O L D I N G  I . . . .  I . . . .  i . . . .  I . . . . .  i . . . .  ~ . . . .  T 

S T A R T L E  I I 
I''''I''I'I''''I l''''l''''l''''I 

0 5 10  15 0 5 1 0  15 

D A Y S  

FIG. 1. Postnatal reflexes. Each line corresponds to the mean age in 
which a given response is present in its adult form. 

nificantly lower, as compared with those of the control sub- 
jects, only on the first (CS: 1.68 g, ES: 1.38 g,p<0.01) and 
on the second (CS: 2.15 g, ES: 1.89 g, p<0.05) postnatal 
day. The following measures did not reveal any significant 
difference between the two groups. 

Postnatal Reflexes (Fig. 1) 

As compared with the subjects born by saline injected 
mothers, the animals born by morphine injected mothers re- 
vealed a light deficit in the tests involving motor control 
only. 

A ctivity 

Animex (Table 1). The measures recorded during devel- 
opment indicate a significant reduction of spontaneous ac- 
tivity on the 8th, F(1,96)=4.9, p<0.05, and the 16th, 
F(1,94)--8.65, p<0.01, day after birth in ES, as compared 
with CS. After this period, the activity rates of the two 
groups were similar, F(1,95)=0.28, n.s. 

Toggle-floor box (Fig. 2). No difference was evident be- 
tween CS and ES tested at 80 days of age in absence of 
morphine treatment. 

Activity stimulation induced by morphine (5 and 10 
mg/kg) has then been analyzed in CS and ES. ANOVA 
(two-way) showed: (a) a significant treatment effect, 
F(2,59) = ! 13.5, p <0.01, indicating that morphine enhanced 

TABLE 1 
ACTIVITY MEASURES DURING DEVELOPMENT 

Postnatal Prenatal Prenatal 
day Saline Morphine 

8 138.4 ± 12.5 112.8 _+ 13.3 
16 278.8 ± 12.9 240.0 _+ 16.0 
32 253.7 ± 4.9 243.0 _+ 8.9 
90 391.6 _+ 12.3 413.8 ÷ 20.9 

Mean number of movements (_+SEM) during development of dif- 
ferent groups of CDI mice prenatal exposed to saline or morphine. 
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FIG. 2. Toggle-floor box activity in morphine and saline prenatally 
exposed mice injected with saline or two doses of morphine (5 and 
10 mg/kg), in the adulthood. 

activity in both CS and ES, (b) a significant pretreatment 
effect, F(1,59)=55.2, p<0.01, showing a different reactivity 
of the two groups to morphine administration, since only the 
injection of 10 mg/kg modified the activity rates of CS, and 
(c) a significant pretreatment x treatment effect, 
F(2,59)= 15.8, p<0.01, showing that, for each dose of mor- 
phine, activity stimulation was higher in ES than in CS. 

Analgesia (Fig. 3) 

Tailflick. No difference was evident between CS and ES 
tested in the adult age in absence of any treatment. Morphine 
(0.25 and 0.5 mg/kg) or stress- (30 and 60 min) induced 
analgesia have then been analyzed in CS and ES. ANOVA 
(two-eay) showed: (a) a significant treatment effect, 
F(2,59)=100.9, p<0.01, showing that morphine enhanced 
the degree of analgesia in both CS and ES, (b) a significant 
pretreatment effect, F(1,59) = 80.0, p <0.01, indicating that 
morphine-induced analgesia was higher in ES than in CS, 
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FIG. 3. Mean tail flick latencies of morphine and saline prenatally 
exposed mice subjected to different experimental treatments in the 
adulthood. On the top, analgesia was assessed after two periods of 
immobilization stress (30 or 60 min) or in nonimmobilized mice (NI). 
On the bottom, analgesia was assessed after the injection of saline or 
of two doses of morphine (0.25 or 0.5 mg/kg). Successively, the two 
groups (prenatal saline and prenatal morphine) previously injected 
with 0.5 mg/kg of morphine were tested, in absence of treatment, 
with the hot plate method, in order to control eventual effects of 
previous morphine injections on the baseline levels of analgesia. 

and (c) a significant pretreatment x treatment effect, 
F(2,59)--22.1, p<0.01, showing that, for each dose of mor- 
phine, the degree of analgesia was higher in ES than in CS. 
The data obtained with stress were analyzed in the same 
way, and similar effects were observed. Stress induced 
analgesia in both CS and ES (significant treatment effect: 
F(2,59)=175.6, p<0.01). In addition, stress-induced 
analgesia was higher in ES than in CS (significant pretreat- 
ment effect: F(1,59)=96.2, p<0.01). Finally, ES showed the 
highest degree of stress-induced analgesia (significant pre- 
treatment x treatment effect: F(2,59)=22.8, p<0.01). 

Hot  plate. No difference was observed between CS and 
ES, F(1,18)=0.22, n.s. This indicates that previous morphine 
treatments did not affect the baseline level of analgesia in the 
ES. 

Passive avoidance (Table 2). The data were statistically 
evaluated by a two-way ANOVA (pretreatment x treatment) 
for repeated measures, in which the differences between the 

mean step-through latencies of the mice receiving the injec- 
tions of saline or morphine immediately after training were 
compared in the two stages (training-test) of the experiment. 
The results showed a significant treatment effect, 
F(2,95)=72.9, p<0.01, since retention impairments were 
evident in both morphine and saline pre-exposed subjects 
injected with 0.5 mg/kg of morphine. Moreover, significant 
pretreatment, F(1,95)=37.1, p<0.01, and pretreatment x 
treatment, F(2,95)=14.8, p<0.01, effects were observed, 
since, in the morphine-pre-exposed subjects, this impair- 
ment was more pronounced, and was also evident after the 
injection of lower doses of morphine (0.25 mg/kg). The per- 
formances of the mice injected with morphine (0.5 mg/kg) 
120 min after training were not different from those of the 
saline injected group. This result shows that the effects ob- 
served following the immediately posttrial administration of 
morphine were time dependent posttrial effects on memory 
consolidation. Finally the mean step-through latencies on the 
test day of the CS and the ES which had not received foot- 
shock on the training day, but only posttrial injections of 
saline or morphine, did not differ from each other. This re- 
sult shows that the effects observed were not linked to fac- 
tors other than learning (i.e., they were not due to 
nonspecific proactive pharmacological actions of the drug 
lasting more than 24 hr). 

DISCUSSION 

A number of points emerge from the results of the present 
study: (a) for each behavioral measure, no difference was 
evident between the baseline performance of adult mice pre- 
natally exposed to saline and those preexposed to morphine 
(b) as compared to the baselines, morphine administration 
induced behavioral modifications in both offspring of control 
and treated litters and (c) these modifications were more 
pronounced in the mice prenatally exposed to morphine. In 
addition, during ontogeny, significant differences between 
the baseline levels of the saline and morphine prenatally ex- 
posed subjects were only found when activity measures were 
performed. It must be noted, on this point, that Sobrian [ 14] 
observed an early hyperactivity in rats prenatally exposed to 
morphine while an hypoactivity was recorded in the present 
experiment. Differences in procedure possibly related to the 
length of the experimental session might account for this 
discrepancy. In particular, the hypoactivity observed in our 
conditions might depend on the short test time used for re- 
cordings, which could mainly reveal in our subjects the 
emotional reaction to a novel environment, while the longer 
test sessions of Sobrian's experiments might rather eviden- 
tiate the CNS arousal widely described in subjects prenatally 
treated with opiates [7,14]. Moreover, the slight motor neg- 
lect observed during the first postnatal week in the morphine 
preexposed subjects could represent an additional factor re- 
sponsible for the early hypoactivity, while its rapid recovery 
appears consistent with the similar rates of activity recorded 
in Sobrian and our pre-exposed subjects tested in adulthood. 

In this research, the only evident effect observed in adult 
mice born by mothers injected with morphine during preg- 
nancy was an enhanced responsiveness to morphine re- 
exposure, whatever the behavioral test considered, and to 
stress (for the analgesic measures). As concerns tail-flick 
experiments, it must be pointed out that our results agree 
with those of Kirby et al. [9] whose reported increased 
latencies in morphine pre-exposed rats without alteration of 
the baseline level. Conversely, other researches [8,10[ de- 
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T A B L E  2 

MEAN STEP-THROUGH LATENCIES (IN SEC) (-+SEM) ON THE TRAINING (A) AND 
THE TEST (B) DAY OF DIFFERENT GROUPS OF SALINE AND MORPHINE 
INJECTED CD1 MICE PRENATALLY EXPOSED TO SALINE OR MORPHINE 

Prenatal 
treatment Treatment mg/kg a b 

Saline Saline 3.5 ± 0.5 85.2 +_ 5.4 
Morphine 0.25 3.7 ± 0.4 93.1 - 4.5 
Morphine 0.50 2.7 ± 0.2 40.6 ± 3.1 
Morphine 0.50 a 3.6 ± 0.6 83.3 ± 7.0 

Saline 4.5 ± 0.6 b 5.0 ± 0.7 
Morphine 0.5 4.6 _+ 0.6 b 5.3 ± 0.8 

Morphine Saline 4.2 ± 0.7 88.7 ± 8.3 
Morphine 0.25 3.2 ± 0.4 40.5 ± 4.5 
Morphine 0.50 3.8 _+ 0.5 9.6 _+ 2.4 
Morphine 0.50 a 3.7 _+ 0.6 85.5 _+ 5.8 

Saline 5.6 ± 0.6 b 5.8 ± 0.7 
Morphine 0.5 4.7 ± 0.6 b 5.7 ± 0.6 

a: Injected 120 min since the beginning of training. 
b: No shock groups. 

scr ibed a r e su l t an t  to l e rance  to the  analgesic  effect  of  mor-  
ph ine  in p re - exposed  rats.  This  d i s c r epancy  ind ica tes  tha t  a 
large a t t en t ion  mus t  be  paid on  the  schedu les  of  morph ine  
admin i s t r a t ion  and  more  par t icular ly  on  the  doses  in jec ted  to 
p r e g n a n t  mice ,  wh ich  might  a l te rna t ive ly  d e t e r m i n e  
to le rance  or  acu te  r e s p o n s i v e n e s s  in the  adul t  offspr ing re- 
exposed  to morph ine .  In the  p r e s en t  expe r imen t ,  the  total  
lack of  to l e rance  c ons ecu t i ve  to our  p r e t r e a t m e n t  is con-  
f i rmed by  the  fact  tha t  the  same morph ine  p re -exposed  sub- 
j e c t s  t e s t ed  first ly for  tail-flick ana lges ia  fol lowing morph ine  
in jec t ion and  second ly  for  hot  p la te  analges ia  in a b s e n c e  of  
morph ine  in jec t ions  show in the  la t ter  case  base l ine  la tenc ies  
identical  to those  of  the  sal ine p re - t r ea t ed  subjects .  

Final ly ,  the  resul t s  ob t a ined  in tes t ing  pass ive  avo idance  
also revea led  no  d i f ference  b e t w e e n  base l ine  p e r f o r m a n c e s  
of  the  subjec t s  bo rn  by t r ea ted  and  con t ro l  mo the r s ,  while  an  

impa i rmen t  was  o b s e r v e d ,  in p r e - exposed  mice ,  af ter  mor-  
ph ine  admin is t ra t ion .  As  c o n c e r n s  this  point ,  it has  previ-  
ous ly  been  r epo r t ed  that  ra ts  p rena ta l ly  exposed  to m o r p h i n e  
exhib i t  fas te r  or  s lower  acquis i t ion  o f  a cond i t ioned  
avo idance  r e s p o n s e  depend ing  on  the  dose  of  d rug  adminis -  
tered.  This  ear ly morph ine  in te r fe rence  wi th  subsequen t l y  
learned  b e h a v i o r  has  b e e n  in t e rp re t ed  as the  c o n s e q u e n c e  of  
a pe r s i s t en t  a l t e ra t ion  of  ce reb ra l  p ro te in  syn thes i s  due  to 
op ia tes  t r e a t m e n t  [2,15]. 

F u r t h e r  e x p e r i m e n t s  are now in p rogram a imed to com-  
pare  the  effects  of  var ious  doses  and  schedu les  of  p rena ta l  
m o r p h i n e  and  m e t h a d o n e  t r e a t m e n t ,  in o rde r  to p rov ide  a 
behav io ra l  f rame for  inves t iga t ing  the a l te ra t ions  o f  r ecep to r  
b inding and  n e u r o t r a n s m i t t e r s  sy s t ems  assoc ia ted  wi th  pre- 
na ta l  op ia te  admin is t ra t ion .  
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