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Teratogenic Effects of Carbamazepine in Mice
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Objectives: The aim of this study was to determine the teratogenic effects of carbamazepine (CBZ) in BALB/c mice. Materials and Methods: Mature
female and male BALB/c mice (25-30 g) were used for all experiments. After standardization of administration and dose of CBZ, animals in
the CBZ-treated groups (CBZ 450 mg/kg and 600 mg/kg) were fed on medicinal diet. The dams in the control group were mated on the same
day as that of the CBZ-treated dams. After cesarean section (CS), fetal viability status and weights were recorded. Gross histopathological
examination of fetuses was conducted to identify alterations in morphology and external or internal organs due to in utero exposure of CBZ.
Results: Out of the nine female animals (three treated on CBZ 450 mg/kg, three treated on CBZ 600 mg/kg and three controls), seven were
pregnant, and two (one each from the two CBZ-treated groups) were nonpregnant. All fetuses of the control group (n=31) and CBZ 450 mg/kg
treated group (n = 24) were live, but eight out of the twenty fetuses (40%) of CBZ 600 mg/kg treated group were dead at CS. The birth weight
of the fetuses antenatally exposed to CBZ was drastically reduced (0.71 = 0.06) when compared to control fetuses (1.67 +0.12) (P < 0.0001).
All the fetuses of the CBZ-treated groups showed stunted physical development. Conclusion: Although oral administration of CBZ to mice
is a convenient model to study the effect of CBZ to pregnancy, higher oral dose was associated with increased fetal loss. Some of the fetuses
exposed to CBZ demonstrated structural abnormalities and low body weight.
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INTRODUCTION on CBZ monotherapy had cardiac malformations;!! other
studies have reported only a frequency of 0.7%,5! similar to
what is expected in the general population.l There are also
published data suggesting that exposure to CBZ, could be
responsible for fetal malformations but the evidence is not yet
clear till date.[” There is also statistically significant evidence
that CBZ if used as the sole antiepileptic agent, causes a
doubled risk of fetal malformation.!®

Many antiepileptic drugs (AEDs) have therapeutic applications
in epilepsy as well as other neurological conditions such
as neuropathic pain, migraine headaches, and psychiatric
disorders. Most women with epilepsy will require AED
therapy throughout their entire pregnancy to reduce the risk
of harmful seizures.

AEDs are associated with an enhanced risk of birth defects.
Carbamazepine (CBZ) is one of the older and common AEDs
used worldwide. There are many inconclusive studies about
the safety of CBZ use during pregnancy.

There have been previous studies which have proven
teratogenic effects of CBZ in mice models. There are studies
explaining teratogenic, and embryotoxic effects of CBZ
are associated with different doses.”? A study by Sucheston
While some earlier studies tended to clear CBZ as a  ef al. showed that CBZ in high doses leads to intrauterine
teratogen, subsequent investigations have tended to label it ~ growth retardation which results in low body weight and
as a potent teratogen.!'? Heart defects are the dominant type

9f malformations seen in children exposed to CBZ and an Address for correspondence: Dr. Sanjeev Varghese Thomas,
increased risk of neural tube defects (NTDs) of 0.5%—1% have Department of Neurology, Sree Chitra Tirunal Institute for Medical Sciences
also been reported on CBZ exposure.”! Results from Kerala and Technology, Trivandrum - 695 011, Kerala, India.
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length reduction in mice fetuses.!'” Afshar et al. showed that
there was weight reduction of mice on the 1% day of delivery
regardless of the dose of CBZ.I'! Eye malformations like
mild to severe exophthalmos and skeletal deformities such as
vertebral and calvarial deformities, brachydactyly and short tail
were detected in mice fetuses. In a published article, studying
the teratogenic effects albino mice, a significant decrease of
body weight, individual organ weight, upper and lower limb
length of mice and congenital anomalies such as spina bifida,
anencephaly, and oligodactyly were noted in offspring of mice
treated with CBZ. Growth retardation and neurodevelopmental
toxicity are shown to be evident in mice fetuses depending on
the dose of CBZ.I')

The aim of this study was to determine the teratogenic effects
of CBZ in BALB/c mice by the mode of oral administration
of CBZ.

MareriaLs AND METHODS

Animals

BALB/c mouse strain was used in this study. The Institutional
Animal Ethics Committee clearance of Sree Chitra Tirunal
Institute for Medical Sciences and Technology was obtained to
carry out the animal experiments. The animals were housed in
individually ventilated cages (IVCs), and care and management
were done as per Committee for the Purpose of Control and
Supervision of Experiments on Animals guidelines. Mature
female and male BALB/c mice (25-30 g) were used for all
biological experiments. IVCs contained aspen wood chip
bedding material and were maintained at temperature of
22°C + 2°C and 30%—70% humidity and feed and water was
provided ad libitum throughout the study. CBZ was dosed
in the feed on which the animals were fed and the feed was
administered as pellets once a day. The drug-treated groups
were fed on medicinal diet according to the respective dosage,
starting 2 weeks before mating and continuing to the day
preceding the caesarean section (CS). The dams in the control
group were mated on the same day as that of the drug-treated
dams and subjected to CS.

Standardization of mode of carbamazepine administration
In the initial experiment, two female mice and one male mouse
were housed together in IVC and this day was recorded as
gestational day GDO. The mice were administered 300 mg/kg
CBZ. Water was provided ad libitum. The female mice were
maintained for 4-5 days with the male mouse after which
the male mouse was separated. Pregnancy was confirmed by
the increase in body weight of the female mice, and the mice
were separated into individual cages. On GD20, both the mice
delivered the pups. Mouse 1 delivered eight live pups and mouse
2 delivered ten pups, but seven were killed by the dam itself after
delivery leaving behind only three live pups. All the pups from
both the mice were examined morphologically and photographs
captured to look for the presence of any malformations. Weight
of all pups was recorded. None of the pups were reported to
have any malformations. This initial experiment was helpful

in the standardization of the preparation and administration of
medicinal feed (feed with CBZ).

Standardization of dose of carbamazepine

Although a standard dose of 300 mg/kg of CBZ was
administered to the mice, none of the offspring showed the
presence of malformations or anomalies. The next experiment
was conducted by administering 600 mg/kg CBZ to three
female mice (mouse 3, 4, and 5) which were housed in a single
cage. Medicinal feed was administered to the mice 2 weeks
before a male mouse was introduced into the cage for mating.
The male was cohabited with the female mice for 8 days and
then separated. On the 19" day of the gestational period, mouse
3 and mouse 4 delivered three and one pup, respectively. Mouse
5 showed signs of pseudopregnancy. The size of the litter of
both mice that delivered was drastically reduced from that of
the previous experiment and could be interpreted as an effect
of'the high dose of 600 mg/kg CBZ that had been administered.
However, the pups of both the litters did not show the presence
of any malformations on morphological examination. This
experiment led us to standardize the highest dose of CBZ to
be administered for this teratology study.

Gross histopathological screening

Since the previous experiments did not reveal the presence of
any malformations in any of the offspring exposed to the low or
high dose of CBZ, we decided to have CS done on the pregnant
dams and collect their fetuses which would be subjected to
detailed histopathological screening. In this experiment, we
selected three female BALB/c mice each into three groups:
first group received CBZ at 450 mg/kg dose, second group
received 600 mg/kg dose, and third group was taken as the
control group.

After euthanizing the dams by cervical dislocation and
subjecting them to CS on GD19, external and internal organs
were inspected. From each female mouse, the ovaries, uterus,
and placentas were removed and examined. Pregnancy status
and number of live or dead fetuses and individual fetal weights
were recorded.

A visual external examination of fetal pups was conducted at
CS to identify any gross defects in structure due to in-utero
exposure of tested drug. Each fetus was also examined
under dissection microscope for investigating the external
morphology and for any external/internal defects or alterations.

Statistical analysis

The differences between the control groups and the treated
groups were reported as mean = standard deviation. Unpaired
t-test was used to evaluate birth parameters among the two

groups. Differences were considered statistically significant
at P <0.05.

ResuLts

450 mg/kg carbamazepine-treated group
Three mice in this group were numbered mouse 6, 7, and 8.
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Mouse 6 was nonpregnant with hyperemic uterine horns.
The reproductive system mainly the ovaries and uterus
were apparently normal. No external and internal lesions
detected.

Mouse 7 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placentas were apparently
normal. No external and internal lesions detected. Fourteen live
fetuses were identified in the gravid uterus [Figure 1].

Visual external fetal examination revealed no malformations,
anomalies, and variations but all the fetuses showed stunted
physical development when compared to the control group.
Shortened lower jaw and hyper flexed neck was noted in one
fetus [Figure 2]. Two fetuses were further processed for soft
tissue examination.

Mouse 8 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placentas were
apparently normal. No external and internal lesions detected.
Ten live fetuses were identified in the gravid uterus [Figure 3].

Visual external fetal examination revealed no malformations,
anomalies, and variations but all the fetuses showed stunted
physical development when compared to the control
group. Three fetuses were further processed for soft tissue
examination.

Figure 1: Fetuses of 450 mg/kg carbamazepine-treated group showing
stunted growth 14 fetuses of mouse 7

Figure 3: Ten fetuses of mouse 8

600 mg/kg carbamazepine-treated group
Three mice in this group were numbered mouse 9, 10,
and 11.

Mouse 9 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placenta were
apparently normal. No external and internal lesions
detected. Twelve live fetuses were identified in the gravid
uterus [Figure 4]. Visual external fetal examination revealed
no malformations, anomalies, and variations. Congested
cerebral vessels were noted in two fetuses [Figure 5]
and in other two fetuses ring hemorrhage at tail base was
observed [Figure 6]. Three fetuses were further processed
for soft tissue examination.

Mouse 10 was nonpregnant with hyperemic uterine horns.
The reproductive system mainly the ovaries and uterus
were apparently normal. No external and internal lesions
detected.

Mouse 11 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placentas were apparently
normal. No external and internal lesions detected. Eight
dead fetuses were identified in the gravid uterus [Figure 7].
Visual external fetal examination revealed no malformations,
anomalies, and variations but all the fetuses showed stunted
physical development. Five fetuses were further processed for
soft tissue examination.

Figure 2: The circled portion of the fetus shows the shortened jaw
and hyperflexed neck of one of the fetuses exposed to 450 mg/kg
carbamazepine

Figure 4: Fetuses of 600 mg/kg carbamazepine-treated group showing
stunted growth 12 fetuses of mouse 9
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Control group
The mice selected in this group were numbered as mouse 12,
13 and 14.

Mouse 12 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placentas were apparently
normal. No external and internal lesions detected. Eight
live fetuses were identified in the gravid uterus [Figure 8].
Visual external fetal examination revealed no malformations,
anomalies, and variations. All the fetuses showed normal physical
development. One fetus was further processed for soft tissue
examination.

Mouse 13 was pregnant with a gravid uterus. The reproductive
system mainly the ovaries, uterus, and placentas were apparently

Figure 5: The circle shows congested cerebral ventricles of one of the
fetuses exposed to 600 mg/kg carbamazepine

Figure 7: Eight fetuses of mouse 11

Figure 9: Fetuses of control mouse no. 13

normal. No external and internal lesions detected. Fourteen
live fetuses were identified in the gravid uterus [Figure 9].
Visual external fetal examination revealed no malformations,
anomalies, and variations. All the fetuses showed normal
physical development.

Mouse 14 delivered normally just before the elective CS.
The reproductive system mainly the ovaries, uterus, and
placentas were apparently normal. No external and internal
lesions detected. Nine live fetuses were identified in the gravid
uterus [Figure 10]. Visual external fetal examination revealed

Figure 6: Circle shows ring hemorrhage at tail base

Figure 8: Fetuses of control mouse no. 12

Figure 10: Fetuses of control mouse no. 14
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no malformations, anomalies, and variations. All the fetuses
showed normal physical development.

There was a notable reduction in the birth weight of the
drug exposed fetuses when compared to the control fetuses.
Figure 11 clearly shows the stunted appearance of the fetuses
exposed to CBZ (T) whereas the control fetuses showed normal
development (C).

Table 1 shows the comparison of birth parameters between
the control group and the test group. The mean fetal
body weights of both experimental groups, 450 mg/kg
CBZ (0.71 £ 0.06 g) and 600 mg/kg CBZ (0.72 + 0.30 g)
was significantly reduced compared with those of the control
group (1.67 +0.12 g) (P < 0.0001 vs. control).

Discussion

CBZ is one of the most commonly used AEDs, also
used to treat psychiatric disorders and neuropathic
pains.[314 CBZ rather than CBZ-10, 11-epoxide is found to
be embryotoxic to mice embryos when cultured in different
concentrations.!') There are many studies to conclude that
CBZ is a teratogen.!'®!”! Children of WWE who were on CBZ
treatment during pregnancy have increased rates of congenital
malformations particularly NTDs, cardiovascular and urinary
tract anomalies, and cleft palate and cognitive decline. In
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Figure 11: Marked difference in the body weight and stunted appearance
of the fetuses of the drug-treated group (T) in comparison to the control
fetuses (C)

various studies conducted previously, decreases in fetal
body weight and increases in resorptions and malformations
were seen in CBZ-treated mice compared with control
groups.>1811 Afshar et al., also showed that intraperitoneal
administration of CBZ at clinical doses induced several open
eye malformations in mice.!"!!

A number of studies demonstrated a growth-restricting effect
of CBZ,1'%?% but others found no effect from CBZ on fetal
growth. 2122

We had selected high CBZ dosages of 300 mg/kg and
600 mg/kg to be administered in mice since our main
objective was to elicit the development of malformations in
the mice fetuses rather than studying the safe aspects of the
drug doses in the animals. In humans, the maximum CBZ
dose administered will be between 15 and 20 mg/kg. We had
to choose very high doses for our experiments which could be
tolerable for the mice dams as well as cause malformations
in their fetuses. Our results show that oral administration of
CBZ to female BALB/c mice had a remarkable effect on the
birth weight of the fetuses compared to that of the control
group. The birth weight of the fetuses antenatally exposed
to CBZ was drastically reduced when compared to control
fetuses. In addition, these fetuses were not alive when they
were delivered by CS. However, the gross histopathological
and soft tissue sectioning of the fetuses did not reveal any
obvious malformations. Probably, this was due to the fact
that the CBZ administered orally to the mice could have
reached the fetus only in low amounts. A major limitation
of our study was that we could not estimate the serum level
of CBZ in the female mice, which could have been a factor
which explains this result.

This study has helped us to standardize the mode of
administration and dose of CBZ which can be tolerated by mice
and also proves that CBZ causes low birth weight in fetuses
antenatally exposed to the drug. This result can be useful to
help clinicians to explain the reduced birth weight of infants
whose mothers were on CBZ treatment during pregnancy.

We have to carry out further studies by employing different
methods of CBZ administration like the intraperitoneal
or intracutaneous mode which would increase the
bioavailability in the mice blood and thus pass to the
fetus in considerable amounts enough to cause congenital
malformations.

Table 1: Birth parameters on gestational day 19 after caesarean section

Parameters Control group Test group (mg/kg of CBZ)

450 600
Number of litters 3 2 2
Number of fetuses examined (mean+SD) 31(10.3£3.21) 24 (124+2.82) 20 (10+2.82)
Live fetuses (%) 31 (100) 24 (100) 12 (60)
Dead fetuses 0 0 8 (40)
Fetal body weight (g) (mean+SD) 1.67+0.12 0.71+0.06* 0.724+0.30%**

*P<0.0001, **P<0.0001. CBZ=Carbamazepine, SD=Standard deviation
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CONCLUSION

Although oral administration of CBZ to mice is a convenient
model to study the effect of CBZ to pregnancy, higher oral
dose was associated with increased fetal loss. Some of the
fetuses exposed to CBZ demonstrated structural abnormalities
and low body weight.

Acknowledgement

The author acknowledges Department of Science and
Technology, Government of India for financial support vide
reference no. SR/WOS-A/LS-80/2013 under Women Scientist
Scheme to carry out this work.

Financial support and sponsorship
The funding for the work was granted by the Department of
Science and Technology, Government of India.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Samrén EB, van Duijn CM, Koch S, Hiilesmaa VK, Klepel H,
Bardy AH, et al. Maternal use of antiepileptic drugs and the risk of
major congenital malformations: A joint European prospective study
of human teratogenesis associated with maternal epilepsy. Epilepsia
1997;38:981-90.

2. Matalon S, Schechtman S, Goldzweig G, Ornoy A. The teratogenic
effect of carbamazepine: A meta-analysis of 1255 exposures. Reprod
Toxicol 2002;16:9-17.

3. Kallén AJ. Maternal carbamazepine and infant spina bifida. Reprod
Toxicol 1994;8:203-5.

4. Thomas SV, Ajaykumar B, Sindhu K, Francis E, Namboodiri N,
Sivasankaran S, et al. Cardiac malformations are increased in infants of
mothers with epilepsy. Pediatr Cardiol 2008;29:604-8.

5. Morrow J, Russell A, Guthrie E, Parsons L, Robertson I, Waddell R, et al.
Malformation risks of antiepileptic drugs in pregnancy: A prospective
study from the UK Epilepsy and Pregnancy Register. Prospective data
collected by the UK Epilepsy and Pregnancy Register reports major
congenital malformations recorded up to 3 months postnatally. J Neurol
Neurosurg Psychiatry 2006;77:193-8.

6. Hoffman JI, Kaplan S. The incidence of congenital heart disease. ] Am
Coll Cardiol 2002;39:1890-900.

7. Wlodarczyk BJ, Palacios AM, George TM, Finnell RH. Antiepileptic
drugs and pregnancy outcomes. Am J Med Genet A 2012;158A:

20.

21.

22.

2071-90.

VajdaFJ, O’Brien TJ, Graham J, Lander CM, Eadie MJ. Is carbamazepine
a human teratogen? J Clin Neurosci 2016;23:34-7.

Eluma FO, Sucheston ME, Hayes TG, Paulson RB. Teratogenic effects
of dosage levels and time of administration of carbamazepine, sodium
valproate, and diphenylhydantoin on craniofacial development in the
CD-1 mouse fetus. J Craniofac Genet Dev Biol 1984;4:191-210.

. Sucheston ME, Hayes TG, Eluma FO. Relationship between

ossification and body weight of the CD-1 mouse fetus exposed
in utero to anticonvulsant drugs. Teratog Carcinog Mutagen
1986;6:537-46.

. Afshar M, Moallem SA, Houshang Mohammadpour A, Shiravi A,

Majid Jalalian S, Jafar Golalipour M. Teratogenic effects of
carbamazepine on embryonic eye development in pregnant mice. Cutan
Ocul Toxicol 2010;29:10-5.

. Elshama SS, Osman HE, El-Kenawy Ael-M. Teratogenic effect of

Carbamazepine use during pregnancy in the mice. Pak J Pharm Sci
2015;28:201-12.

. Albani F, Riva R, Baruzzi A. Carbamazepine clinical pharmacology: A

review. Pharmacopsychiatry 1995;28:235-44.

. Sindrup SH, Jensen TS. Efficacy of pharmacological treatments of

neuropathic pain: An update and effect related to mechanism of drug
action. Pain 1999;83:389-400.

. Hansen DK, Dial SL, Terry KK, Grafton TF. In vitro embryotoxicity

of carbamazepine and carbamazepine-10, 11-epoxide. Teratology
1996;54:45-51.

. Jones KL, Lacro RV, Johnson KA, Adams J. Pattern of malformations

in the children of women treated with carbamazepine during pregnancy.
N Engl J Med 1989;320:1661-6.

. Shepard TH, Brent RL, Friedman JM, Jones KL, Miller RK, Moore CA,

et al. Update on new developments in the study of human teratogens.
Teratology 2002;65:153-61.

. Diav-Citrin O, Shechtman S, Arnon J, Ornoy A. Is carbamazepine

teratogenic? A prospective controlled study of 210 pregnancies.
Neurology 2001;57:321-4.

. Piersma AH, Verhoef A, Opperhuizen A, Klaassen R, van Eijkeren J,

Olling M. Embryotoxicity of carbamazepine in rat postimplantation
embryo culture after in vitro exposure via three different routes. Reprod
Toxicol 1998;12:161-8.

Hiilesmaa VK, Teramo K, Granstrom ML, Bardy AH. Fetal head
growth retardation associated with maternal antiepileptic drugs. Lancet
1981;2:165-7.

Gaily E, Granstrom ML. A transient retardation of early postnatal
growth in drug-exposed children of epileptic mothers. Epilepsy Res
1989;4:147-55.

Mastroiacovo P, Bertollini R, Licata D. Fetal growth in the offspring of
epileptic women: Results of an Italian multicentric cohort study. Acta
Neurol Scand 1988;78:110-4.

.Annals of Indian Academy of Neurology | Volume 20 | Issue 2 | April-June 2017




