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Effects of prenatal morphine treatment of réts on
mortality, bodyweight and analgesic response in the
offspring |
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A method is presented for the maternal ingestion of morphine in rats in order to investigate morphiné's prenatal effects.
Effects on the offspring of the treatment throughout pregnancy were compared with effects of treatment during specific peri-
ods of the pregnancy. Morphine treatment (25 mg/kg per day) throughout pregnancy resulted in 0% survwal of the offspring.

Morphine treatment up to gestational day 21 resulted in 65.4 + 7.7% survival of the offspring, and up to Qestatxonal day 17in ~

31.8 + 13% survival. Reduction in the neonatal birth weight was maximal in animals treated with 25 mgfkg of morphine per
day from gestational day 4 throughout pregnancy. The analgesic effect of morphine in the offspring was tested with the hot
plate method. Male offspring treated with morphine from gestational day 1 to day 17 showed an elevated thermal response
after morphine injections on day 80—90 post partum. These findings indicate a long-lasting, post- partum alteration in that

: part of the opiate system involved in the perception of noxious stimuli.
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Introduction

It is well known that rats treated prenatally
with morphine exhibit psychological and behav-
ioural abnormalities as compared to untreated
animals. Furthermore, an increased locomotor
activity at an early age has been attributed to
prenatal opiate exposure in rats and humans
[1,6]. In addition, prenatal morphine treatment
is known to induce a growth retardation of the
offspring [1,2]. Long-lasting alterations in the
thermal response after opiates have been
reported [2,3). Little is known of the underlying
neurochemical mechanisms. The hazards of
opiate treatment and its withdrawal in utero,
as well as at delivery, have been elucidated in
terms of increased numbers of stillborn pups,
and perinatal death of prenatally exposed
rodents [1,4]. '

The most common method used to adminis-
ter morphine when studying prenatal exposure
is via maternal i.p. injections. One possible

difficulty with this technique could be the need
to avoid caloric imbalances betvx"reen control and
experimental animals. In addition, blood mor-
phine levels vary between day and night. We
have developed a method utlhz#ng the adminis-
tration of a morphine-admixed liquid diet [6].
This method allows morphine ingestion under
equivalent caloric conditions for experimental
and control animals. The animals become physi-
cally dependent and the concentrations indicate
an even plasma level. |

The aims of the present study were to inves-
tigate the effects of maternal morphine inges-
tion during specific periods of pregnancy on
three parameters in the offsprmg (1) mortality,
(2) body weight, and (3) thermal response (anal-
gesia), |
\
|
|

Materials and methods

Female Sprague—Dawley 1rats weighing
250 g (A-lab Stockholm) were caged individually
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(41 x 25 x 15 em?) in a constant room tempera-
ture, lights on between 0700 and 1700 h. The
fluid diet was administered in graded Richter
tubes. The consumption and weight of the ani-
mals were determined daily between 1600 and
1700 h.

The ingredients of the diet were mixed to a
stabilized solution [6] and 90 ml of liquid diet
were administered to each rat every 24 h.

Analgesia was measured with the hot-plate
method, [7] surface temperature maintained at
52 # 0.1°C. Licking of the fore or hind paw or
attempts to jump were used as end points when
determining response latency. In order to
establish a basal response latency, each subject
received one test trial 30 min before injection.
The thermal response was determined immedi-
ately after the injection of 7.5 mg/kg of mor-
phine and 20, 30, 40, 55, and 75 min after the
injection. Animals not reacting within 60 s
were removed from the surface and assigned a

60-s response latency. Control animals were

injected with saline. -

Statistical analyses of survival in offspring
were performed according to the Kruskal Wal-
lis one-way analysis of variance followed by the
Mann-Whitney U test. Statistical analyses of
weight and thermal response of offspring after
morphine were done according to Student’s
t-test. S.E.M. values are given.

Protocols

Investigation of offspring mortality after
maternal morphine treatment

Experiment I. Twenty naive female animals
were divided into four groups of five animals
per group and were mated. After a 4-day
mating period ingestion was initiated and drug
doses were gradually increased to reach 50, 100
and 150 mg/kg per day respectively (Fig. 1A).
Drug treatment was maintained throughout
the pregnancy and ended 2 days after delivery.
Group four received no morphine and served as
control.

Experiment II. Twenty-two female rats
were divided randomly into three groups of
five animals per treatment group, and seven
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animals in the control group. Drug treatment

was initiated after a 4-day mating period. The
drug doses were escalated according to Fig. 1B.
Drug treatment was maintained throughout
pregnancy and ended 2 days after delivery. The
control group received a liquid diet without
morphine. {

Mortality was calculated as the number of

surviving pups ﬁay 16 post partum divided by
the total number of delivered pups in one litter.
The average survival rates were calculated
within all treatl\:rent groups.
Offspring survival rate and alterations in senst-
tivity to the analgesic action of morphine after
treatment of pql*egnant rats during selective
periods of pre gnQancy

This experiment consisted of seven groups
of female rats (Fig. 2). The animals were chal-
lenged at different gestational profiles of mor-
phine exposure,}with a maximum dose of 25 mg/
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Fig.2. Treatment schedules at different periods of gestation. The resulting survival rates are calculateq as mean survival
rate in one group based on survival in each litter. S.E.M. values are given. U-values in all experimental groups compared with
controls were 0. Arrow = delivery. *P < 0.01. |

each treatment group. Each animal was admin-
istered 7.5 mg/kg morphine.

Three control experiments were performed.
In each experiment 12 male rats, 80—90 days
old were injected with 5, 7.5, and 10 mg/kg of
morphine, respectively.

kg per day. In group seven, four non-treated
female rats were mated and allowed to litter
normally. These control animals were kept
under the same isocaloric conditions as the
animals in the experimental groups. The day of
estrus was established by examination of the
vaginal secretions and was denoted as day 1 of
pregnancy.

Male littermates were tested for their ther-

Results

e

oo xSt oA bbb e 13

mal response after injection of morphine at the
age of 80—90 days. Twelve animals from four
different litters were randomly selected from

Offspring survival after mate
treatment
In experiment I the survival

rnal morphine

was 0% in all

A
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TableI. Survival rates (%). Survival rates were csleulated as numbers of surviving oftlsprmg divided in total number of off-
spring per group. The mean survival rate in a group is based on survival in each litter. The numbers in parentheses designates
the number of pregnant rats in each group. S.E.M. values are glven Statistical analyses faccordmg to Kruskal-Wallis one-way

analysis of variance followed by Mann Whitney U-test. Uwalues in all experimental gr

*P < 0.01, **P < 0.001.

ups compared with controls were 0.

Experiment I Control 50 mg/kg 100 mg/kg 150 mg/kg
100 0* 0* | 0*
4) (4) 4) (4)
Experiment II Control 12.5 mg/kg 25 mg/kg 50 mg/kg
100 62 & 11%* 5 .-;T’?"“ O**
(12) (8)

(n n

three experimental groups, while no mortality
was recorded in the control group. In experi-
ment II, the end doses were lowered. Animals
prenatally treated with 12.5 mg/kg showed a
survival rate of 62 + 11%. In the group treated
with 25 mg/kg the survival rate was 5 + 7%,
and treatment with 50 mg/kg, resulted in 0%
survival rate (Table I).

Offspring survival rate and alterations in sensi-
tivity to the analgesic action of morphine after
treatment of pregnant rats during selective
periods of pregnancy

The maternal weight gain did not differ sta-
tistically among the treated females compared
with controls during pregnancy. The offspring
in groups I and VI showed a 0% survival rate
(Fig. 2). Offspring of animals in groups II, III, IV
and V, showed a survival rate of 65.4 =+ 7.7%,
31.8 = 13.0%, 44.7 + 13.1% and 24.2 + 15.0%,
respectively. All groups differed significantly
from the control group in respect to survival.
No sex differences were noted among the off-
spring. The birth weight of all members of
treated litters was significantly lower com-
pared with controls {Fig. 3). The major part of
the mortality among offspring to treated ani-
mals was noted during the first 5 days post par-
tum (Fig. 4). The weight gain of all members of
treated litters was significantly reduced up to
day 19 compared with controls. Thereafter, no
significant differences in weight gain were
recorded (Fig. 5).

In male control animals the thermal res-
ponse after 5, 7.5 and 10 mg/kg of morphine
reached peak values in 20 min in a dose

' dependent manner (Fig. 6). In groups II, I1I and

IV, a hyposensitivity to the thermal stimulus
was recorded, compared with controls. The
number of surviving pups from group V was too
small for analgesia testing. The thermal
response was ?levated in all tested .male
groups. Prenatal treatment according to group
ITI gave the most prominent alterations toward
morphine hypersensitivity in male rats.

i
Discussion (
|

Prenatal expjsure to opiates is considered to
affect a variety of developmental processes.
Several investigators have noted -the retarded
growth rate in the offspring of rats following
pre- and perinatal opiate administration
[1,2,8,9,10]. Other more complex parameters
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Fig.3. Neonatal b’xean birth weights in all treated groups
compared with controls Pups were weighed immediately
after delivery. Statlstxcal evaluation according to Student’s
t-test. *P < 0.01; ‘”“P< 0.001.
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Fig. 4. Time scale of mortality for the different groups.
S.E.M. values are given.

affected in rats are altered sexual behaviour
[11] and differences in postnatal motor activity,
with hyperactivity [1,12]. Postnatal motor alter-
ations have also been reported among infants
born to opiate-addicted mothers [5]. A possible
teratogenic effect of morphine has been sug-
gested to be responsible for the decreased post-
natal weight and increased peri- and postnatal
death rate in rats [14]. Johannesson et al. [2]
were unable to demonstrate any teratogenic
effect after prenatally administered morphine.
No gross anomalies were found in the present
study either.

It has been pointed out that abstinence in
utero could possibly result in an increased peri-
natal mortality [15]. The peri- and postnatal
mortality has been noted to increase by several
investigators [1,16] after prenatal morphine
treatment. However, Johannesson et al. [2]
found a significant increase in maternal mortal-
ity without any significant effects on the num-
ber of implanted fetuses, neither on peri- nor
postnatal mortality. In the present study we
found a marked increase in peri- and postnatal
mortality in prenatally treated litters, but no
difference in the amount of pups per litter
between experimentals and controls. The most
prominent offspring mortality in experiment II
was noted when animals in groups I and VI
were subjected to abrupt morphine with-
drawal. This could support the role of absti-
nence as a lethal factor in the offspring.

191

The reduced birth weight of litters in all
morphine-treated groups could possibly be
attributed to the general growth-retarding
effect of, morphine [4,17] and/or an endocrine
disturbance at the hypothalamuﬁ level [8). Fur-
thermore, body growth has beeh shown to be
stimulated by opiate receptor ‘blockade {18].
The weight gain of the surviving pups was
lower than that of the controls. ’ﬁ'he treated off-
spring show a catch-up in weight lgain and, after
day 19 postnatally, no significanﬁ differences in
body weight were recorded as to controls. This
could partly be due to an over-mortality among
the animals of lowest weight.

An increased sensitivity to the analgesic
effect of morphine in 80 —90-dayrold prenatally
treated male offspring was noted in the present
study. This is in line with earlier studies in
which enhanced sensitivity to|the analgesic
effect of opiates has been reported following
prenatal or perinatal treatment [19—21}, but is
not in line with studies in which prenatally
treated animals were tolerant to that effect
[2,3,22]. The discrepancy could be attributed to
differences in the time of drug administration,
as well as the time of analgesia testing. In our
study animals were tested on da‘ys 80—90, but
on days 2122 as by Johannesson and Becker
[2]. A biphasic pattern in the number of nalox-
one binding sites in prenatally treated rats has
been found, with an initia! phase of decreased
binding sites, followed after day 60 by an
increase in naloxone binding sxt 's in the spinal
cord, as compared with control% [23]. Prenatal
treatment with methadone (Delta and Mu-
receptors agonist) has been shown to induce a
decrease in opioid receptor and iﬁ; a, adrenocep-
tor density [24] in the cerebral cortex of the rat.
Alterations within the striatum‘after prenatal
treatment with ureceptor agonists have been
shown in terms of decreased receptor density
in the striatal dopamine system 31[25]. Thus, the
striatum cannot be ruled out as a possible tar-
get. However, these changes are probably
coupled mainly to motor alterations. Since the
thalamus receives input from the spinal cord
and the para-aqueductal gray as part of the
pain signal system, and since these areas are
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Weight gain of surviving pups in experimental groups II, IIL, IV, V (see Fig. 2) vs. weight gain in the control group. The control group consisted of 41

pups from 4 different litters. The male/female ratio was approximately 1 (x 7%} in all groups. S.E.M. values are given. Statistical evaluation according to Stu-
dent’s t-test. *P < 0.05; **P < 0.01; ***P < 0.001.
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Fig.6. Thermal response to morphine. Three control experiments were performed each using twelve male rats injected with 5, 7.5, or 10 mg/kg of morphine,
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known to exhibit preceptors [26], the thala-
mus could possibly also be affected.

Endogenous opiate receptors have also been
shown to be involved in the regulation of neuro-
ontogeny since the blockade of opioid receptors
with receptor antagonists results in an
increased neuronal maturation in the rat brain
[27], as well as an altered neurobehavioural
development [28]. Since the most prominent
effect on morphine-analgesia was registered in
offspring treated prenatally from day 1 to day
17, morphine may exert its effects in ontogeni-
cally older parts of the CNS involved in pain
sensation, such as the substantia gelatinosa of
the spinal cord, the peri-aqueductal gray or the
thalamus [28 —30]. In our study the peak mor-
tality did not coincide with this pattern, indicat
ing partly different mechanisms.

An enhanced sensitivity to the morphme
analgesia was noted in all animals prenatally
treated with morphine. This could indicate a
common mechanism or point of action on spe-
cific parts of the pain system depending on the
stage of ontogenic development at the time of
drug administration. The common point of
action could be the opioid receptors (preferen-
tially the preceptor), e.g. alterations .in the
receptor density or in the transducing systems.
In search for mechanisms explaining the effects
of prenatal morphine treatment, one possible
way could be to study the opiate system at the
cellular and receptor level.
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