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Abstract 
 
Objective(s) 
Carbamazepine (CBZ) is an antiepileptic drug that is used widely for the treatment of epileptic seizures. 
Neural tube defects (NTDs), growth retardation, and nail hypoplasia are the most common features of 
teratogenic effects of this drug. The purpose of this study was to examine the effect of vitamin B6 on the 
developmental toxicity of CBZ on mice. 
Materials and Methods 
Sixty BALB/c pregnant mice were divided into four experimental and two control groups. Two experimental 
groups received daily intraperitoneal injection (IP) of 30 mg/kg (I) or 60 mg/kg (II) of CBZ on gestational 
days (GD) 6 to 15. Two other experimental groups received daily IP injection of 30 mg/kg (III) or 60 mg/kg 
(IV) of CBZ with 10 mg/kg/day vitamin B6 by gavage 10 days prior to gestation and on GD 6 to 15. Two 
control groups received normal saline or Tween 20. Dams underwent Cesarean section on GD 18 and 
embryos were harvested. External/macroscopic observation of fetuses was done by stereomicroscope and 
external examination for malformations was recorded. Data analyzed by ANOVA and X2

 test using SPSS 
software. 
Results 
The mean weight and crown-rump of the fetuses in both CBZ-treated experimental groups were significantly 
reduced compared with those of the control groups. Various malformations were detected such as 
brachygnathia, eye malformations, NTDs, vertebral deformity, brachydactyly and growth retardation. 
Vitamin B6 treatment significantly reduced various CBZ-induced malformations. 
Conclusion 
This study showed that vitamin B6 has a preventive effect on the developmental toxicity of CBZ in mice 
that can be pursued further for clinical research. 
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Introduction 
Carbamazepine (CBZ) is one of the most 
widely used antiepileptic drugs in the clinic. It 
is highly effective for partial onset seizures, 
including cryptogenic and symptomatic partial 
seizures. It has also demonstrated good 
efficiency in the treatment of generalized 
tonic-clonic seizures, trigeminal neuralgia, and 
mood disorders (1, 2). Chemically, CBZ is a 
neutral, lipid soluble compound that can easily 
pass the blood brain barrier and other 
membranes in the body. This drug is highly 
effective, well tolerated and compared to other 
antiepileptic drugs considered relatively safe 
during pregnancy and therefore is used by 
pregnant women (3-5).  

Antiepileptic treatment during pregnancy is 
associated with two to three fold increase in 
the rate of major congenital anomalies (5-7), 
mainly as neural tube defects (NTDs), 
congenital heart malformations (7), cleft lip 
and cleft palate, anomalies of the urinary tract 
(5, 8), skeletal anomalies, growth retardation, 
and developmental delays (9). Recently, some 
studies showed eye malformation due to CBZ 
(10, 11).  

The role of vitamin B6 as antioxidant and its 
ability to lower damage due to oxidative stress 
and protecting against neurodegenerative 
disorders has been suggested (12). Some 
studies have shown that using antiepileptic 
drugs including CBZ in seizure patients 
reduces serum level of vitamin B6 which leads 
to hyperhomocysteinemia (13, 14). One of the 
teratogenic mechanisms of homocysteine is 
production of free radical that leads to 
oxidative stress (15). However, there are few 
reports on the effect of vitamin B6 in 
protecting against congenital anomalies. This 
study has been carried out to determine the 
effect of vitamin B6 on the developmental 
toxicity of CBZ during organogenesis in 
BALB/c mice. 

  
Materials and Methods 
Animals and Treatment 
Virgin female BALB/c mice, weighting 28-30 
gram (8-9 weeks old) were used in this study. 
The animals were maintained in a climate-
controlled room under a 12 hr alternating 
light/dark cycle (9.00- 21.00 hr light), 20.1 to 

21.2 ◦C temperature and 50 to 55.5 % relative 
humidity. Dry food pellets and water were 
provided ad libitum. After two weeks of 
acclimation to the diet and the environment, 
three females were caged with a male of the 
same strain overnight. The presence of vaginal 
plug in the following morning confirmed that 
mating had taken place and was designated as 
gestation day (GD) 0. Maternal weights were 
measured throughout the experiment. Sixty 
pregnant mice were randomly divided into 4 
experimental groups  receiving 30 mg/kg/day 
CBZ on GD 6 to 15  in experimental group I, 
60 mg/kg/day CBZ on GD 6 to 15 in 
experimental group II, 30 mg/kg/day CBZ 
with 10 mg/kg/day vitamin B6 10 days prior to 
gestation and on GD 6 to 15 in experimental 
group III, 60 mg/kg/day CBZ with 10 
mg/kg/day vitamin B6 10 days prior to 
gestation  and on GD 6 to 15 in experimental 
group IV and two control groups that received 
normal saline (routine control) or Tween-20   
(vehicle control). All CBZ (and control 
compounds) and vitamin B6 were 
administered by intraperitoneal injection and 
gavage, respectively. Ten mice were used in 
each group. CBZ powder was obtained from 
Mehr Darou Pharmaceutical Company in 
Tehran, Iran and was dissolved in 0.1 % 
Tween-20 (Merck, Germany) in normal saline. 
Vitamine B6 ampoules were made by 
Daroupakhsh (Tehran, Iran).  

This study has been approved by the Animal 
Care Committees of Mashhad University of 
Medical Sciences and Birjand University of 
Medical Sciences, Iran. 

 
Fetal assessment    
On GD 18, pregnant mice were sacrificed 
under ether anesthesia and the uterus was 
opened and the umbilical cord cut close to the 
fetus; each fetus and placenta were then 
weighed (Sartarious PT210, Switzerland). 
Fetuses were assessed as either alive or dead 
and any resorption noted; live fetuses were 
then euthanized by hypothermia. Crown-rump 
of each fetus was measured and examined 
externally for malformations or deviations 
from normal growth. Fetuses were observed 
by a stereo research microscope (Olympus 
SZX, Japan).  
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Statistics  
For numbers of implantations, fetal body 
weight, and crown-rump length, the unit of 
analysis was litters and data are reported as 
mean±SD. Tukey test was done after ANOVA 
between control groups and each treated 
group. In regards to the frequency of absorbed 
fetuses, external malformation differences 
between the control groups and each treated 
group were tested with the χ2 test when the 
frequency of each category was 5 or more, and 
with Fisher’s direct probability test for other 
cases. The unit of frequency analysis was 
fetuses. All analyses were carried out with 
SPSS software (Ver 11.5). Differences were 
considered significant at P< 0.05. 

 
Results  
Maternal observations, body weight and food 
consumption  
All females survived to the scheduled study 
termination on GD 18. There were no 
postmortem findings in mothers judged as 
treatment-related.  There were no significant 
differences in absolute maternal body weight 
in any of the treatment groups at any time 
during the study. No significant changes in 
maternal body weight gain were observed in 
any treatment group during the overall 
gestation period (GD 0-GD 18). There were no 
significant changes in mean food consumption 
between the experimental groups and the 
control groups (above data not shown). 

 
Reproductive parameters  
Findings upon Cesarean section on GD 18 are 
shown in Table 1. CBZ exposure resulted in 
fetal resorptions in both experimental groups 
and it was statistically significant in the treated 
groups I (6.77%) and II (8.87%) as compared 
with the normal saline and Tween control 
groups. On the other hand, fetal resorptions in 
experimental groups III (9.89%) and IV 
(6.93%) were not significant as compared with 
the experimental groups I and II . 

The mean fetal body weight of experimental 
group I (0.68 ±0.21 g) and II (0.72±0.18 g) 
were significantly reduced compared to the 
control groups (Tween and normal saline 
groups, 1.14±0.19 g and 1.22±0.18 g, 
respectively). The mean fetal body weight of 

experimental group III (0.92±0.44 g) was 
significantly increased as compared with 
experimental group I. However, the mean fetal 
body weight of experimental group IV 
(0.69±0.93 g) was not significantly different 
from experimental group II.  

Crown-rump lengths of live fetuses were also 
reduced significantly in both experimental 
groups I and II as compared with both control 
groups (Table 1). The mean crown-rump lengths 
of experimental group III was significantly 
increased as compared with experimental group 
I. However, the mean crown-rump length of 
experimental group IV was not significantly 
different from experimental group II (Table 1).  

The details of the gross malformations in 
mouse fetuses due to CBZ administration are 
shown in Table 2. Brachygnathia (mandibular 
hypoplasia), open eyelid, vertebral deformity 
and brachydactyly were often found in the 
malformed fetuses. A few fetuses had severe 
malformations. 

 
Fetuses with ocular anomalies 
Premature opening of one or both eyelids with 
mild to severe exophthalmos occurred in 
7.27% and 6.19 % of fetuses in experimental 
groups I and II, respectively. Lesions were 
often bilateral and approximately symmetrical. 
The percent of premature opening of one or 
both eyelids in experimental group III (1.21%) 
was significantly decreased as compared with 
experimental group I (P< 0.05). Furthermore, 
the percentage of premature opening of one or 
both eyelids in experimental group IV (1.06%) 
was significantly decreased as compared with 
experimental group II (Table 2).  

 
Fetuses with limb anomalies 
Limb anomalies occurred in 13.63% and 
12.38% of fetuses in experimental groups I 
and II, respectively (Figure 1). The most 
frequent limb anomaly which was seen in 
these groups was brachiodactyly. The 
percentage of limb anomalies in experimental 
group III was significantly decreased as 
compared with experimental group I                
(P< 0.05). Furthermore, the percentage of limb 
anomalies in experimental group IV was 
significantly decreased as compared with 
experimental group II (Table 2).  
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Fetuses with facial anomalies 
Brachygnatia occurred in 10.9% and 10.61% of 
fetuses in experimental groups I and II, 
respectively (Figure 2). This malformation was 
associated with open mouth in many of the 
malformed fetuses. The percentage of 
brachygnatia in experimental group III and IV 
was significantly decreased as compared with 
experimental group I and II (P< 0.05) (Table 2).  
 

Fetuses with vertebral anomalies 
Vertebral anomalies (more frequently in the 
form of scoliosis) occurred in 6.36% and 
7.96% of fetuses in experimental groups I and 
II, respectively. The percentage of vertebral 
anomalies in experimental group III and IV 
was significantly decreased as compared with 
experimental group I and II (P< 0.05) (Table 2).  

Fetuses with neural tube defects  
NTDs occurred only in 2.65% of fetuses in 
experimental groups II in the form of 
exencephaly (Figure 3). NTDs were not 
observed in other experimental and control 
groups.  

 
Fetuses with severe malformations  
Major malformations occurred in 4.54 % and 
6.19 % of fetuses in experimental groups I and 
II, respectively (Figure 4). The percentage of 
major malformations in experimental group III 
(1.21%) was not significantly decreased as 
compared with experimental group I. Moreover, 
the percentage of major malformations in 
experimental group IV was decreased as 
compared with experimental group II (3.19%). 
However, this was not significant (Table 2).  
 
 

 
 
Table 1. Cesarean section parameters on GD 18 of BALB/c mice treated with carbamazepine (CBZ) and  
(CBZ)+Vitamin (Vit) B6. 
 Conrol groups Experimental groups 

Parameters Normal 
saline Tween 20 30 mg/kg 

CBZ 
60 mg/kg 

CBZ 
30 mg/kg CBZ+ 

Vit B6 
60mg/kg 

CBZ+Vit B6 
Pregnant mice (No) 10 10 10 10 10 10 
Live fetuses No (%) 121 (100) 115 (100) 110 (93.22) 113 (91.13) 82 (91.1) 96 (93.06) 
Resorptions No (%) 0 (0) 0 (0) 8* (6.77) 11* (8.87) 9† (9.89) 7† (7.09) 
Fetal body weight (gr) 
Mean±SD 1.19±0.15 1.12±0.19 0.68±0.21* 0.71±0.18* 0.92±0.44†† 0.69±0.93† 

Crown-rump length 
(mm) Mean±SD 23.63±1.99 22.97±1/78 17.76±2.14* 18.52±1.85* 18.21±3.41† 17.91±1.19† 
 

*P < 0.05, **P< 0.01 between control and experimental groups. 
†P< 0.05 between experimental groups with and without vitamin B6. 
 
 
 
Table 2. External malformations in  BALB/c mice treated with carbamazepine (CBZ) and (CBZ)+Vitamin (Vit) B6. 
 

 Conrol groups Experimental groups 

Parameters Normal 
saline Tween 20 30 mg/kg 60 mg/kg 30 mg/kg 

CBZ+Vit B6 
60 mg/kg 

CBZ+Vit B6 
Pregnant mice (No) 10 10 10 10 10 10 
Fetus examined (No) 121 115 110 113 82 96 
Open eyes No (%) 0 (0) 0 (0) 8* (7.27) 7* (6.19) 1†† (1.21) 1†† (1.06) 
Little mandible No (%) 0 (0) 0 (0) 12* (10.90) 12* (10.61) 2†† (2.43) 0 ††† (0) 
Vertebral deformity No (%) 0 (0) 0 (0) 7* (6.36) 12* (7.96) 0††† (0) 0††† (0) 
Short fingers No (%) 0 (0) 0 (0) 15* (13.63) 14* (12.38) 1††† (1.21) 2††† (2.12) 
Neural tube defects No (%) 0 (0) 0 (0) 0 (0) 3* (2.65) 0 (0) 0†† (0) 
Severe malformations No (%) 0 (0) 0 (0) 5* (4.54) 7* (6.19) 1†† (1.21) 3†† (3.19) 

 

*P< 0.05, ** P< 0.01 between control and experimental groups. 
†P< 0.05, †† P< 0.01, ††† P< 0.01 between experimental groups with and without vitamin B6. 
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Figure 1. Limb malformation due to treatment with 30 mg/kg carbamazepine.       Figure 3. Excenphaly due to treatment with 60 mg/kg carbamazepine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Brachygnatia due to treatment with 30 mg/kg carbamazepine.     Figure  4. Major malformation due to treatment with 60 mg/kg carbamazepine. 

 
 

 
Discussion  
In the present study, CBZ showed negative 
effects on growth indexes of fetuses. 
Reductions of fetal body weight and crown 
rump length were seen in both CBZ treated 
groups as compared with control groups. 
Moreover, fetal resorptions were observed in 
both CBZ treated groups. These findings are 
similar to other studies (5, 16-19). 

There is some considerable controversy 
concerning the preventative effect of vitamin 
B6 on growth indexes of fetuses. In one study, 
it has been shown that there is no relation 
between vitamin B6 and growth indexes (20). 
On the other hand, Schuster et al showed that 
mean of weights of neonates of mothers with 
vitamin B6 deficiency during pregnancy were 
lower than neonates of mothers with no 
vitamin B6 deficiency (21). Furthermore, it 

has been reported that no reduction of fetal 
body weight is noticed in mothers who 
consumed folic acid and vitamin B6 during 
pregnancy with history of low fetal body weight 
in previous  pregnancies (22). In another study, it 
has been shown that fetal resorptions are 
increased in mice with shortage of vitamin B6 in 
their food regimes as compared with the control 
group (23).  

The findings of our study showed that 
consumption of vitamin B6 before and during 
pregnancy has positive effects on growth 
indices but no effect on fetal resorptions of 
CBZ treated groups. Moreover, we observed 
eye malformations in CBZ treated groups. 
Some studies also reported eye malformation 
due to CBZ consumption during pregnancy 
(10, 24, 25). Sutcliffe et al reported eye 
malformations such as anophtalimia and 
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microphtalimia and cloboma in newborns 
whose mothers consumed CBZ during the first 
trimester of pregnancy (11). We also did 
encounter one case report of prenatal CBZ 
exposure and bilateral anophthalmia. 
However, other reports did not find any 
relation between CBZ use during pregnancy 
and congenital eye malformations (26). 

According to our findings, there is an 
association between CBZ use and eye 
malformations. Furthermore, we showed that 
consumption of vitamin B6 before and during 
pregnancy reduces eye malformations in mice 
fetuses treated with CBZ. In a study, it has 
been shown that there is a direct relationship 
between eye malformations due to CBZ and 
increased level of homocysteine (27).  We may 
conclude that consumption of CBZ with 
vitamin B6 reduces the incidence of eye 
malformations in mice fetuses. 

Some clinical and experimental studies have 
shown that there is a direct relationship 
between consumption of CBZ and the 
incidence of NTDs such as spina bifida (8, 16, 
18, 28). Many studies reported the role of folic 
acid in reducing the incidence of NTDs, but 
little studies were found about the role of 
vitamin B6 in decreasing NTDs.  Candito et al 
in 2006 reported low serum level of vitamin 
B6 in mothers consuming lamotrigin whose 
newborns were affected by NTDs (29). In our 
study, NTDs (in the form of exencephaly) 
were reduced in experimental groups that were 
treated with CBZ and vitamin B6. Therefore, 
we suggest that consumption of vitamin B6 
reduces NTDs in mice fetuses and thus it 
might have a protective role in NTDs. 

Some studies indicated that there is a direct 
relationship between consumption of CBZ and 
the incidence of orofacial malformations (5, 
16, 30-32). Wong study in 1999 reported  high 
serum homocystein and low concentration of 
vitamin B6 in mothers with orofacial 
malformations affected babies (32). Moreover, 
other studies in mice showed that oral clefting  
increased in fetuses  when food regimes for 
mice during pregnancy period was without 
vitamin B6 (23). Furthermore, van Rooij et al 
showed the effect of vitamin B6 in reducing 
oral clefting (31). Moreover, according to our 
findings, mandibular hypoplasia incidence was 

reduced in experimental groups that received 
CBZ with vitamin B6, suggesting a role for 
vitamin B6 in protecting against CBZ-induced 
facial malformations. 

An association between consumption of CBZ 
and the incidence of limb anomalies in human 
and animal models have been suggested (33). 
Furthermore, fingers hypoplasia as a limb 
malformation has been reported in newborns 
whose mothers consumed CBZ during 
pregnancy (16, 18, 34). In our study, limb 
malformations were significantly reduced in 
groups treated with CBZ and vitamin B6, once 
more suggesting a protective role for vitamin B6 
against this malformation. 

Several reports have shown that using 
antiepileptic drugs including CBZ in seizure 
patients reduces serum level of vitamin B6 
which leads to hyperhomocysteinemia (13). 
Moreover, these patients have an abnormal 
aminothiol redox-status associated with 
hyperhomocysteinemia (35). One of the 
teratogenic mechanisms of homocysteine is 
production of free radicals that leads to oxidative 
stress (15). On the other hand, suppressive effect 
of some drugs including CBZ on the speed or 
volume of myocardial contraction of fetuses can 
cause ischemia and hypoxia with a resulting 
production of reactive oxygen species. This 
mechanism has been suggested as one of the 
main treatogenic mechanisms of some 
antiepileptic drugs (36). Vitamin B6 is a member 
of a group of substances with hydroxyl and 
amine that binds to pyridine cycle leading to the 
antioxidant activity of vitamin B6 (12). On the 
other hand, vitamin B6 promotes the conversion 
of methionine to glutathione which acts as an 
antioxidant and has a key role in combating 
oxidative stress (37). 

 
Conclusion 
This study showed that vitamin B6 has a 
protective effect on the developmental toxicity 
of CBZ during organogenesis in Balb/c mice. 
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