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EXPERIMENTALLY-INDUCED EXENCEPHALY AND

SPINA BIFIDA IN MICE
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Background— An agent that many pregnant women may be exposed to is opium or one of
its alkaloids such as morphine and heroin. Recent observations of central nervous system (CNS)
defects such as cyclopia among the infants of addicted mothers have suggested that opiate
agents might be a cause of neural tube defects. The purpose of this study was to test morphine
for CNS teratogenicity in mice and to identify the primordial structures affected.

Methods— Timed pregnant BALB/c mice were intraperitoneally injected with 10 mg/kg
morphine given in the early morning on days 10 and 11 of gestation. After dissection of fetuses
and fixation in Bouin’s or 10% formalin solution, CNS abnormalities were evaluated using a
dissecting microscope. Data were analyzed using Fisher’s exact test.

Results— There was a higher incidence of CNS fetal malformations including exencephaly
and spina bifida in fetuses whose mothers were exposed to morphine than in control fetuses
exposed to NaCl. There were defects in 33% of fetuses from mothers who received morphine on
both days 10 and 11 of gestation.

Conclusion— Critical morphine injection times were determined to be days 10 to 11 of
gestation. Our results indicate that morphine can be embryopathic during critical stages of CNS

development.
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Introduction

human embryos are subjected to a variety of

environmental hazards, chemical and/or
physical, that might have deleterious effects on
normal morphogenesis during critical stages of
development.* A hazard that many mothers may be
exposed to are opioid drugs such as morphine,
which have a broad range of physiologic effects
such as pain relief and afeeling of intense pleasure,
which signals the start of an addiction problem.?

A 20 mg/kg dose of morphine in pregnant
hamsters has been shown to pass placental barriers
about 10 minutes after intraperitoneal administra-
tion.*® The teratogenic effects of morphine, or
other opium alkaloids have received very little
attention until now. A limited number of animal

I t has become increasingly evident that
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studies have investigated the teratogenic potential
of opiates and shown morphologic defects in
newborn animals whose mothers received different
doses of morphine during pregnancy. Using high
doses (20 mg/kg/day) of morphine during gestation,
abnormal structural alterations were observed in
the gut, testes, adrenal gland and parts of the
central nervous system (CNS).*® In humans, fetal
exposure to heroin or morphine has been shown to
be associated with growth retardation.’ It has aso
been postulated that prenatal exposure to opiates
probably leads to disturbances of the CNS.

The present study was carried out to investigate
the effects of a single dose of prenatal morphine
administration on developing mouse embryos
during critical stages of CNS morphogenesis. Our
objectives were to determine; 1) the period of fetal
sensitivity to morphine, i.e. the minimal maternal
dose of morphine to cause detectable abnormalities;
and 2) to what extent the CNS structures might be
involved.
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Table. The incidence of central nervous system
defects in morphine-treated mouse fetuses.

Number Gestational  Frequency  Significance
of fetuses days of of defects  (Fisher’stest)
exposure (%) compared to
control
31 8 2(6) 0.007
22 9 2(9) 0.004
35 10 9(25) 0.000
26 11 6 (23) 0.000
45 10& 11 15 (33) 0.000
30 12 1(2

Materials and Methods

Forty-two virgin female BALB/c mice were
mated with males of the same strain overnight and

isolated in the morning upon finding avaginal plug.

This was designated as day O of pregnancy. Mated
animals were kept in a room with controlled light
and dark periods. Purina Lab Chow and tap water
were provided ad libitum.

A single intraperitoneal injection of 1, 5, 10 and
20 mg/kg of morphine was administered on days 8,
9, 10 & 11, and 12 of gestation to 30 pregnant
mice in the early morning. Because a dose of 10
mg/kg of morphine resulted in a high frequency of
defects without any mortality at critical gestational
days 10 and 11, most of the results reported here
were taken from mice exposed. Twelve control
animals were injected with an equal volume of

diluent (sterile 0.9% NaCl).

All pregnant animals were anesthetized with
ether and immediately sacrificed. Embryos, fetuses
and newborn animals with their membranes were
dissected free of the uterine wall under the
dissecting microscope and placed in phosphate
buffer to detect anatomical abnormalities. Body
weight and crown-rump size of al fetuses were
also recorded prior to fixation in Bouin's or 10%
formalin solution. Selected specimens of interest
were photographed using an Olympus dissecting
microscope with attached camera.

Results of al experimenta and control
specimens were analyzed using Fisher’'s exact test
and statistical software SPSS (version 8) and EPI6.

Results

Details of morphine exposure and results of its
teratogenic effects are presented in Table. The
incidence of abnormalities increased when a single
injection of 10 mg/kg of morphine was given
during days 10 and 11 of gestation. However, the
percentage of defects when morphine injections
were administered on both days 10 and 11 was
higher than that of each day aone. Single
morphine injections (all tested doses) before day
10 and after day 11 of gestation did not produce
any CNS abnormalities (Figure 1). CNS defects
included different degreesof exencephaly. It was

Figure 1. Lateral views of a normal (left) and experimental newborn mouse with severe exencephaly (right)
exposed to 10 mg/kg morphine on gestational day 10 (asterisk). The eyes are very prominent, the eyelids
have not formed, and the facial vessels are dilated (arrows). Both were fixed in Bouin’s fluid.
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Figure 2. Lateral view of a morphine-exposed 13-
day-old mouse embryo with unusual cranial region.
The exposed brain is marked with an asterisk; the
large, abnormal eye with an arrow.

characterized by an imperfect cranium (Figures 1,
2 and 3) and in severe cases, the brain was located
outside the skull (Figure 1).

Spina bifida was also observed in the upper
thoracic section (Figure 4). Most fetuses and
newborns with CNS defects also exhibited eye
abnormalities like cataract, exophthalmia and orbit
abnormalities. The average body weight and size
of the experimental fetuses and newborns (1.0 g
and 1.85 cm, respectively) was significantly less
than the control animals (1.3 g and 2.10 cm,
respectively, p < 0.001).

£

Figure 3. Lateral view of an experimental 15-day-
old mouse embryo with an exencephaly (asterisk)
and prominent eyes. Upper limb development was

behind normal time and the lower limb had an
unusual shape (arrowheads).

Discussion

In these experiments, morphine, a principal
constituent of opium, was administered to timed
pregnant mice during critical stages of embryonic
development. Doses of 10 mg/kg/day of morphine
specifically on gestational days 10 and 11
produced a high incidence of CNS defects
including exencephaly and spina bifida. These
results emphasize the fact that there are critica
stages in CNS development during which even one
dose of morphine may exert its effects. It has been
shown that the effects of morphine insults during
these critical periods are usualy irreversible**
Teratologists believe that critical temporal periods
per se may not exist a al, but rather a series of
critical developmental events such as specific
macromolecular interactions essential to normal
development which are highly susceptible to
derangement by environmental agents.****

In cases of morphine-induced CNS defects, we
should focus on the critical events of development
that are particularly amenable to analysis of
mechanism(s) of morphine teratogenesis. The
mechanism underlying the effects of a single or
two doses of morphine exposure on the developing
CNS is not easily explained. However, severd
possibilities exist. First, morphine might act
through early embryonic opiate receptors and
compete with endogenous opioid peptides, which
are believed to be necessary for normal
morphogenesis. " These receptors regulate pain
as well as other functions in the adult brain.?
Mechanism(s) of these interactions during early
embryonic period (days 8-14 of gestation in the
mouse) is not yet clear. However, in the late fetal
stage (days 15-birth) and later, postnatally, opioids
mediate their effects by interacting with specific
receptors, which are located on the surface of
certain cellsin the CNS.*%2

Second, morphine might interfere with normal
production of the extracellular matrix (ECM). It is
well known that ECM functions as an important
determinant during development and cell
differentiation.® 2 Components of this matrix may
serve to control cell to cell or tissue to tissue
interactions.® In addition, regional composition
differences in the ECM may aso provide the
stimulus for other developmental phenomena such
as proliferation, differentiation, migration®®,
programmed cell death®?’ and also controlling
morphogenetic movements such as those which act
on neural tube fusion.”®
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Figure 4. Two different appearances of spina bifida in the upper thoracic level of morphine-exposed mouse
embryos. The spina bifida was covered by a thin membrane (right).

The failure of either mesenchymal or epithelial
cells to synthesize specific components of the
extracellular matrix and cel surface glycol-
conjugates that are necessary for cell interactions
particularly during sensitive times,*** could result
in abnormal development such as exencephaly and
spina bifida. 23! One important aspect of our
studies lies in the location of spina bifida in the
high thoracic level of the spinal cord, which is a
very unusua place to produce spina bifida
experimentaly. Perhaps morphine has a direct
effect on the selected region and cell population
along the developing neural tube and/or somehow
increases the rate of the programed cell death in
the upper thoracic and rostral neural tube.

Histochemical and lectin histochemical studies
are currently underway to address whether certain
chemicals, such as cell surface glycoconjugates of
the effective areas, are subject to change after
exposure of pregnant mice to morphine.
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