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GANESAN, R. Effect of morphine during pregnancy and lactation in mice. PHARMACOL BIOCHEM BEHAV 45(2) 
393-398, 1993.-The influence of pregnancy and lactation on morphine-induced hypothermia and hyperactivity was investi- 
gated in Rockland-Swiss mice. Pregnant mice were slower to recover from the hypothermic effect of morphine than nonpreg- 
nant controls. The greatest hypothermic response was seen in mice at day 18, the day hefore l~trturition, On the day after 
parturition, mice recovered faster from morphine-induced hypothermia than controls. During h~tation, mice were again 
slower to recover from the morphine-induced hypothermia. Morphine-induced locomotor acttvitF, however, was attenuated 
by both pregnancy and lactation. A further experiment compared the hypothermic effect of morphine in postpartum mice 
that were allowed to remain with pups and mice that were separated from pups. The enhanced hypothermia in the postpartum 
period was abolished by removing pups. This indicates that the altered response to morphine in the postpartum period was an 
effect of lactation rather than an aftereffect of pregnancy or parturition. 

Morphine Hypothermia Hyperactivity Pregnancy Lactation Mouse 

THERE are natural variations in the sensitivity to morphine 
and other opiates. Reactivity to morphine can be influenced, 
for example, by age (11), nutritional factors (13,20), and re- 
productive condition (2,5,14). Shifts in opiate sensitivity may 
he mediated by dispositional factors as well as functional dif- 
ferences. 

The experiments reported below investigate the effect of  
pregnancy and lactation on the response to morphine on two 
variables, core body temperature and locomotor activity. Pre- 
vious research indicated that pregnancy may enhance the ef- 
fect of  drugs by reducing liver metabolism (14,20). Hepatic 
microsomal preparations from pregnant rats showed an im- 
paired metabolism of  ethylmorphine (8) and other drugs (5). 
Accordingly, one behavioral effect of  barbiturates, sleep time, 
was increased during the later stages of  pregnancy (15,19). 

More recent work indicated that lactation may influence 
the effect of  morphine in a different manner. Haney and Mic- 
zek (10) showed that mice are less sensitive to the analgesic 
actions of  morphine in the tall-ffick assay during lactation as 
compared to virgin females. These authors did not find any 
systematic differences between virgin and lactating mice with 
regard to core body temperature. Kinsley and Bridges (16), 
also using the tail-flick assay, reported that parity affects mor- 
phine sensitivity during lactation. But, as a virgin or nullipa- 
rous control group was not included absolute effects of  lacta- 
tion could not he ascertained. 

The studies reported here were undertaken to provide a 
more complete description of  the influence of  pregnancy and 
lactation on morphine-induced hypothermia and hyperloco- 
motion. The chosen dose of  morphine, 20 mg/kg,  reliably 
produces hypothermia (23) and hyperactivity (3,7) in the 

mouse. The two measures were monitored at different stages 
of  pregnancy and lactation. A further experiment was also 
conducted to investigate whether changes occurring during 
lactation were a result of  an aftereffect of pregnancy. 

METHOD 

Subjects and Housing 

All experiments used female Rockland-Swiss (R-S) albino 
mice, bred in the mouse colony at SUNY, Albany. Prior to 
the experiment, they were housed in groups of  six animals 
in polypropylene cages (28 × 18 × 13 cm) lined with wood 
shavings. The lighting in the laboratory was maintained on a 
12 L : 12 D cycle (lights on at 6:00 a.m.) and ambient tempera- 
ture was 70°(+ 1) F. 

Drugs 

Morphine sulfate was purchased from Sigma (St Louis, 
MO) and dissolved in sterile saline for a concentration of  20 
mg/ml.  The dose of  morphine used in all experiments was 20 
mg/kg body weight, and it was administered via the SC route 
with a 0.25-mi syringe. All injections were administered be- 
tween 10:00 and 11:00 a.m. 

Body Temperature Measurements 

Core body temperature was measured by means of  a small 
animal probe (Yellow Springs Instruments, Yellow Springs, 
CO) inserted 2.5 cm into the rectum and held in place for 1 
min. Body temperature measurements were taken every 30 
min, starting 60 rain before the injection, and until 240 min 
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after morphine administration. When pups were present (Ex- 
periments 2 and 3), they were removed from the dam's cage at 
the first temperature measurement and returned after the last. 

Activity Measurements 

Twenty-four hours prior to morphine treatment, experi- 
mental animals were housed in clear Plexiglas cages that were 
of  the same dimensions as the home cage. These cages were 
placed on an Opto-Varimax C small-animal activity monitor 
(Columbus Instruments, Columbus, OH). Infrared photocell 
beams along both horizontal planes formed a 4 x 7 grid 
within the cage. The beams were 3.5 cm apart and 2 cm above 
the floor of  the cage. A printer-counter (Columbus Instru- 
ments) in an adjacent room automatically counted and re- 
corded the number of  photobeam interruptions. Cumulative 
photobeam interruptions for each 30-min period for each ani- 
mal were subject to statistical analysis in the experiments. 

Procedure 

Pregnancy. Female mice (80-110 days of  age) were mated 
with Rockland-Swiss males for groups of  pregnant females 
of  approximately 10 subjects each. Each female was placed 
individually with a male and checked daily for the presence of  
the copulatory plug. The presence of  a plug indicated that 
mating had occurred, and this was designated day 0 of  preg- 
nancy. Females were then isolated. For the temperature study, 
four stages of  pregnancy were examined: days 6, 12, 16, and 
18 (n = 9 or 10). For the activity study, days 12 and 18 were 
examined (n = 10 or 11). Parturition normally occurs on the 
night of  day 18. All mice were retained after the experiment 
to ensure that pregnancy had taken place. Those that were 
not pregnant were omitted from the data analysis. 

A further group of  age-matched females (n = 10) that 
were not placed with males were included as nonpregnant con- 
trols for both the body temperature and activity experiments. 
These females were also isolated at the same time as pregnant 
mice. 

Lactation. Female mice, 80-110 days of age, were mated 
with Rockland-Swiss males and allowed to give birth. When 
parturition had occurred (day 19 after the presence of  the 
copulatory plug, designated day 0 of  lactation), pups were 
culled to six per female. For the temperature study, four stages 
of  lactation were examined: days 0, 5, 10, and 20 (n = 9 or 
10). The investigation of  locomotor activity used three groups 
of  lactating females at days 0, 7, and 20 (n = 10-12). A sepa- 
rate group of  age-matched nulliparous animals (n = 10-12) 
were also isolated to serve as controls in both studies. 

Postpartum. A further experiment was conducted to inves- 
tigate whether the differences observed during lactation were 
mediated by an aftereffect of  pregnancy or the initiation of  
lactation. Three groups of  female mice, 120-150 days of  age, 
were included in this experiment. Mice from one group were 
isolated and did not come into contact with males (Group N, 
n = 12). Subjects from the other two groups were timed- 
mated with males. On day 18 of  pregnancy, a hardware mesh 
(apertures of 1 cm 2) was placed on top of  the cage floor. This 
allowed pups to drop through the mesh during parturition. 
On day 0 of  lactation, these pups were removed and sacrificed. 
Females in Group P (n = 11) were each fostered six newborns 
from donor females and subjects in group NP (n = 12) did 
not receive any pups. Five days after parturition, the body 
temperature response to morphine was measured in all mice. 

Statistical Analysis 

Repeated-measures analyses of  variance (ANOVAs) were 
used to analyze the results from all experiments. Significant 
interactions between groups and time were analyzed first with 
a series of simple main effects tests, followed by Tukey's tests 
for between-group differences at the appropriate time points. 

RESULTS 

Pregnancy 

Mean body temperature for groups of mice at different 
stages of pregnancy is presented in Fig. 1 (upper panel). With 
increasing days of  pregnancy, the hypothermia induced by 
morphine was lengthened. Mice at day 18 of  pregnancy 
showed the slowest recovery from the hypothermic effects of  
morphine. A two-way ANOVA, with the factors of  groups 
and days, was used to analyze the individual temperature val- 
ues at each time point. This indicated a significant effect of  
time, F(10, 430) = 400.32, p < 0.01, but no effect of  groups, 
F(4, 430) = 2.04, p > 0.05. The interaction was also sig- 
nificant, F(40, 430) = 1.56, p < 0.05. Simple main effects 
tests indicated that there was a significant effect of  groups at 
all time points between 120 and 240 rain, F(4, 430) > 3.87, 
p < 0.05. Further analyses indicated that mice at day 18 of  
pregnancy showed significantly greater hypothermia than mice 
at day 6 and nonpregnant controls from 120-240 rain. Day-18 
mice were also significantly more hypothermic than day-16 mice 
at 180 and 210 rain. Mice at day 12 were significantly more hy- 
pothermic than day-6 mice and nonpregnant controls at 180 and 
210min. 

Morphine increased locomotor activity in all subjects, and 
pregnant females showed a decreased level of  activity relative 
to nonpregnant mice (Fig. 1, lower panel). Females at the later 
stages of  pregnancy were less responsive to morphine's effects 
on locomotion than those at day 12 of  pregnancy. However, 
pregnant mice also had a lower baseline activity level than 
nonpregnant mice. A two-way ANOVA indicated significant 
effects of  groups, F(2, 28) = 4.02, p < 0.05, and time, F(9, 
252) = 10.07, p < 0.01, but no interaction, F(18, 252) = 
1.21, p > 0.05. This indicates that although morphine in- 
creased activity in nonpregnant females to a greater extent 
than pregnant females the controls' baseline activity level was 
also significantly higher. A subsequent Tukey's comparison 
indicated that nonpregnant animals showed a significantly 
greater locomotor activity than 18-day pregnant females. No 
other differences reached significance. 

Lactation 

Mean body temperature for groups of  mice at different 
stages of  lactation are presented in Fig. 2 (upper panel). Rela- 
tive to the nulliparous control group, mice at day 0 of  lacta- 
tion were less sensitive to the hypothermic effects of  mor- 
phine. At later stages of  lactation (days 5, 10, and 20), mice 
displayed a greater hypothermia relative to the nonlactating 
controls. A two-way ANOVA performed on individual tem- 
perature values indicated significant effects of  groups and 
time and a significant interaction, F(40, 430) = 7.66, p < 
0.01. Further analyses indicated that the difference between 
groups was significant at 30 min and all subsequent time 
points. Posthoc tests showed that day-0 mice were signifi- 
cantly less hypothermic than subjects at days 5, 10, and 20 of  
lactation from 90 min onward. Day-0 mice were also signifi- 
cantly less hypothermic relative to nulliparous mice at 30, 60, 
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FIG. 1. The effect of morphine (20 rng/kg) at different stages of pregnancy on core 
body temperature (upper panel) and locomotor activity (lower panel). Data are presented, 
as means + SE. Core body temperature was examined in 5 groups: Nonpregnant con- 
trols (Group hi) and mice at 4 stages of pregnancy (Days 6, 12, 16, and 18). Locomotor 
activity was examined in 3 groups: Nonpregnant controls (Group N) and mice at 2 stages 
of pregnancy (Days 12 and 18). 

and 180-240 min. From 120 min onward, mice at days 5, 10, 
and 20 of  lactation showed significantly greater hypothermia 
than nuUiparous controls. 

Lactating mice were less responsive to the locomotor stimu- 
lant effects of  morphine relative to nonlactating mice (Fig. 2, 
lower panel). A greater degree of  activity was seen in mice at 
day 0 postpartum than in mice at later stages of  lactation, day 
7 and day 20. A two-way ANOVA indicated that the effects 
of  groups, F(3, 42) = 9.54, time, F(9, 378) = 10.13, and the 
interaction, F(27,378) = 4 .02,p  < 0.01, were all significant. 
No differences were significant at the two time points before 
the injection except that at - 30 min females at day 0 postpar- 
tum showed greater levels of  activity than all other groups. At  

all time points between 90 and 240 min, females at days 7 and 
20 of  lactation showed less activity than all other groups. 
From 150-240 min, females at day 0 postpartum were also 
significantly less active than control females. 

Postpartum 

Mean body temperature for postparturient mice and con- 
trois is presented in Fig. 3. Mice with pups present (Group 
P) showed a greater hypothermic response to morphine than 
subjects without pups (Group NP) on day 5 after parturition. 
Mice from Group NP were comparable to those from Group 
N. A two-way ANOVA on individual body temperature values 
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FIG. 2. The effect of morphine (20 mg/kg) at differem stages of lactation on core 
body temperature (upper panel) and locomotor activity (lower panel). Data are pre- 
sented as means ± SE. Core body temperature was examined in 5 groups: Nonpreg- 
nant, nonlactating controls (Group N) and mice at 4 stages of lactation (Days 0, 5, 10 
and 20). Locomotor activity was examined in 4 groups: Nonpregnant, nonlactating 
controls (Group N) and mice at 3 stages of lactation (Days 0, 7 and 20). 

indicated significant effects of  groups and days and also of  
the interaction, F(20, 320) = 9.72, p < 0.01. Simple main 
effects tests indicated significant group effects at all times 
after 90 rain, F(2, 320) > lO.18, p < 0.01. Tukey's tests at 
each time point revealed that Group P was significantly more 
hypothermi¢ than both Groups NP and N from 90 rain until 
the end of  the experiment. In addition, there were differences 
between Groups NP and N at some time points. At 150, 180, 
and 210 min, mice in Group NP were significantly less hypo- 
thermic than those from Group N. These results indicate, that 
the enhanced hypothermia in postparturient mice is a result 
of  lactation rather than an aftereffect of  pregnancy or parturi- 
tion. 

DISCUSSION 

The studies reported above examined the effect of  mor- 
phine on body temperature and locomotor activity during 
pregnancy and lactation in the mouse. During either reproduc- 
tive condi t~n,  the hypothermic response to morphine at a 
dose o,f 20 mg/kg  was exaggerated relative to virgin mice. 
However, the hyperactivity induced by morphine was attenu- 
ated by both pregnancy and lactation. 

With increasing days of  pregnancy, the hypothermic re- 
sponse to morphine was gradually enhanced. During early 
stages of  pregnancy (day 6), the hypothermic response was no 
different from that in nonpregnant mice. The g~eatest effect 
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FIG. 3. The effect of morphine (20 mg/kg) in nonpregnant controls (Group N), 
and in two groups of mice at postpartum day 5. Data are presented as means + 
SE. Mice in Group P were fostered pups soon after parturition, and mice in 
Group NP were not fostered pups. 

of  morphine on body temperature was found on the last day 
of  pregnancy. However, on the day after parturition postpar- 
tum mice were significantly less susceptible to the hypothermic 
effects of  morphine relative to virgin mice. With the onset of  
lactation, the hy-pothermic response was again enhanced until 
the start of  the weaning stage (day 20). 

A further study showed that the enhancement of  hypother- 
mia on day 5 postpartum was not due an aftereffect of  preg- 
nancy or parturition. When pups were removed at birth, 
females at day 5 postpartum were less hypothermic than post- 
partum females fostered pups. Indeed, at some time points 
postpartum mice that were not fostered pups showed a re- 
duced hypothermic response in relation to virgin females. This 
is analogous to the f'mding in the previous experiment where 
mice at day 0 postpartum showed attenuated hypothermia in 
relation to control mice. Together, these results suggest that 
the enhanced susceptibility to morphine-induced hypothermia 
during pregnancy may rebound immediately at parturition 
and result in a reduced susceptibility. This resistance to mor- 
phine's effect may be sustained up to 5 days after parturition 
if  lactation was not initiated. 

It is possible that the observed exaggeration of  the hypo- 
thermic response to morphine in this report was mediated by 
a reduction in speed of  metabolism, which would result in the 
prolonged availabifity of  the substrate. Estrogens and proges- 
togens are known to interfere with the metabolic transforma- 
tion and conjugation of  drugs (12,21). Total increases in the 
level of  ovarian steroids (17,18) may play a role in the en- 
hanced hypothermic effect of  morphine during pregnancy. 
However, estrogen levels are expected to be elevated on the 
morning after parturition (day 0 of  lactation, the day of  post- 
partum estrus) (4), when the present results showed a decrease 
in the susceptibility to the effects of  morphine. Furtber, with 
the onset of  lactation ovarian steroid levels normally decline 
to lower levels (4). The effect of lactation on morphine- 
induced hypothermia was at least as pronounced as the effect 
of  pregnancy, and it is not possible to attribute this to in- 
creased steroid levels. 

The pattern of  morphine-induced hypothermia observed 
across pregnancy and lactation closely parallels the findings 
by other authors using a different measure, barbiturate sleep- 
ing time (15,19). The duration of  anesthesia induced by bar- 
biturates was gradually increased during pregnancy, but 
hexobarbital-induced sleep time 1 clay after parturition was 
reduced to the level of  nonpregnant rats. Neale and Parke (19) 
and Guarino et al. (8) related these effects to reductions in 
activity of  the hepatic microsomal drug-metabolizing enzymes 
during pregnancy. The reduction in the activities of  the micro- 
somal enzymes was paralleled by a similar reduction in the 
liver content of  cytochrome P-450. One possible mechanism 
for the reduction in cytochrome P-450 during pregnancy is 
through an increase in growth-promoting factors (19). 

Although both reproductive states influenced the effect of  
morphine in the same direction with either dependent variable, 
generalizing from one stage to the next may not be warranted. 
While there have been reports of  altered drug metabolism 
during pregnant relative to nonpregnant states (5,14,15,19), 
the effect of  lactation has not been studied in detail. Such 
studies would be necessary before a conclusion can be reached 
with regard to lactation. 

The effect of  pregnancy and lactation on the locomotor 
response to morphine was the opposite of  the body tempera- 
ture response. Morphine induced stereotyped running in 
Rockland-Swiss mice, as in some other strains (1,3). During 
pregnancy and lactation, morphine-induced running was re- 
duced relative to control females. This effect is interesting 
in relation to the hypothermic effect, which suggested that 
clearance of  morphine is reduced by these reproductive states. 
Previous research (3,7) and dose-response studies conducted 
in this laboratory (unpublished) indicate that morphine in- 
duces an asymptotic running response that does not diminish 
at doses up to 80 mg/kg and above. It is unlikely, therefore, 
that the difference in the locomotor activity is due to changes 
in the relative effectiveness of morphine at the dose adminis- 
tered. Rather, the differences may be related to the overall 
decrease in locomotor activity observed during pregnancy and 
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lactation in rodents (24,25). However, as mice are less active 
during the light portion of the day it is possible that a floor 
effect could obscure the differences in baseline activity levels 
between the control and experimental groups. In the experi- 
ment examining lactation, for example, the baseline activity 
was not related to locomotor activity after morphine adminis- 
tration. On the other hand, the results obtained in pregnant 
mice and controls shows that animals differed in both baseline 
activity level as well as morphine-induced running and that 
the interaction between the effects of groups and time was not 
significant. 

The influence of pregnancy and lactation on the hypother- 
mic response to morphine, then, may be mediated by a differ- 
ent mechanism from the locomotor response. At this point, it 
is interesting to compare the current results with those of Ha- 
hey and Miczek (10), who did not find systematic differences 
between lactating and nonlactating controls with respect to 
core body temperature at 20 rain postinjection. Even though 
lower doses of morphine were used relative to the current 
study (I-10 mg/kg), it is possible that with continued monitor- 
ing of core body temperature differences would have been 
evident. With regard to the analgesic response, morphine was 
less effective in inducing analgesia in lactating mice relative to 
nonlactating controls at two doses (6 and 10 mg/kg) 20 min 
after injection and for 3 h after injection of one representative 
dose, 10 mg/kg. The results from the analgesia are difficult 
to reconcile with the finding that lactating mice show greater, 

not less, hypothermia in response to morphine compared to 
controls. This suggests that lactation influences analgesia 
through a different mechanism from hypothermia. However, 
in this study some of the mice assessed in the tail-flick analge- 
sia were concurrently tested for aggressive behavior. It is pos- 
sible that the results obtained reflected differences in fighting 
experience, which is known affect analgesia (22), rather than 
lactation. 

Levels of morphine in the serum and brain were not mea- 
sured as a part of this article. If clear evidence for delayed 
clearance was found in pregnant and lactating mice, this may 
be largely responsible for the observation that mice in these 
states show greater hypothermia in response to morphine. 
This is one issue that needs to be addressed in future work. 
Evidence fo r  decelerated clearance, however, does not rule 
out other mechanisms that may play a role in the observed 
effects. The opioid system shows obvious differences in preg- 
nant and lactating animals relative to controls whether as- 
sessed behaviorally (6) or physiologically (9). In addition, lu- 
teinizing hormone-releasing hormone has been shown to 
oppose the effects of morphine (2) and changes in this peptide 
during pregnancy and lactation may be important in determin- 
ing the effects of morphine. A clearer way to address the 
influence of these factors separate from the peripheral meta- 
bolic effects of pregnancy or lactation would be to administer 
opiates directly to the brain. Both approaches will be used in 
future research. 
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