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Introduction
Cleft palate is one of the most common congenital anomaly 
affecting the human beings. It has an approximate 
incidence of 1 in 700 people who later manifest 
dysfunctional speech resulting in communication 
impairment. The etiology of congenital cleft palate is 
almost always related to the developmental life. Primary 
palate formation starts with the beginning of the sixth 
week of intrauterine life. By the end of the sixth week 
lip development is completed, which is followed by the 
palatal fusion. From both the sides three derivatives of 
the frontonasal process namely, medial nasal, lateral 
nasal, and maxillary processes are involved in the 
formation of primary palate. After its formation the 
development of secondary palate begins which will form 
the major portion of the adult palate. From both the sides 
two palatine shelves (outgrowth from the maxilla) grow 
vertically downwards, on either side of tongue, from 
the maxillary processes have to become horizontal and 
subsequently the two shelves fuse in the midline forming 
secondary palate, As the initial position of the shelves 
are lateral to tongue, which is positioned high in between 
the two shelves, the tongue has to descend down enabling 
the rotation of shelves to attain horizontal position. 
Palatal closure involves a delicate balance between shelf 
elevating force on the one side and tongue resistance on 
the other [1,2]. Failure of the fusion of palatine shelves is 
the most common mechanism underlying cleft palate.

Lamotrigine was approved by FDA for use as mood 
stabilizer in bipolar disorders in 2003 and as an 
antiepileptic drug in 1994. It is a phenyl triazine derivative, 
initially developed as an antifolate agent. Although 
structure activity studies indicate that its effectiveness as 
an antiseizure drug is unrelated to its antifolate activities 
[3]. The mechanisms underlying its broad spectrum of 
actions are incompletely understood [4]. Lamotrigine 
is thought to inhibit neuronal sodium channels and 
the release of excitatory amini acids, glutamate, and 
aspartate [5,6]. The antiseizure drugs introduced after 
1990 have teratogenic effects but whether such effects 
occur in humans is yet uncertain [4]. Padmanabhan et al 
[7] reported cleft palate among malformations produced 
by intrauterine exposure to lamotrigine in mice.
Cyclophosphamide is a broad spectrum alkylating agent 
and according to Goodman and Gilman [4], lethality of 
DNA alkylation depends on the recognition of the adduct, 
the creation of DNA strand breaks by repair enzymes, 
and an intact apoptotic response. Cells thus blocked 
in the G1/S interface either repair DNA alkylation or 
undergo apoptosis [4]. It is widely used as anticancer 
and immunosuppressive agent. Cycloposphamide is 
classified as a pregnancy risk factor D drug. Besides 
being teratogenic to experimental animals its human 
teratogenicity has also been reported by various 
authors [4,8–11]. Kirshon et al [12] reported cleft palate 
along with other anomalies in human studies, when 
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ABSTRACT

This study aims to elucidate the preventive role of folate supplementation on induction of cleft palate in mice by 
drugs of two separate categories i.e. lamotrigine (newer antiepileptic and antipsychotic) and cyclophosphamide 
(anticancer and immunosuppressive).
10 pregnant swiss white mice (C) received normal saline intraperitoneally on day 10 of gestation. Two groups 
of 10 pregnant mice (T1) and (T2) each received lamotrigine or cycloposphamide respectively 10 mg/kg body 
weight (bw) intraperitoneally on day 10 of gestation. Folate was supplemented 0.8 µg/kg bw intraperitoneally 
along with lamotrigine or cyclophosphamide to two more groups of 10 pregnant mice (T3) and (T4) each 
respectively on the same day 10, of gestation. Fetuses were collected by Caesarian Section on day 18 of 
gestation. Fetuses collected from all the groups were examined macroscopically with stereomicroscope for 
palatal malformations. Coronal sections of fetal head were taken for histological study of palatine defects. 
Cleft palates were detected in 42 out of 70 (60.00%) fetuses of lamotrigine treated group (T1) and 49 out of 61 
(80.33%) fetuses of cyclophosphamide treated group (T2). Folate supplementation resulted in different response; 
15 out of 72 (20.83%) fetuses in T3 group and 51 out of 64 (79.69%) fetuses in T4 group had cleft palate. The 
difference was highly significant (p<0.001) when folic acid was administered with lamotrigine (T3) and was 
not significant (p>0.05) when it was administered with cyclophosphamide (T4) as compared to only lamotrigine 
(T1) or cyclophosphamide  (T2) treated groups respectively.
The preventive efficacies of folate supplementation for cleft palate vary considerably and in the same subject 
under identical conditions, depend primarily on the mechanism of action of the inducing agent. Neuroanatomy; 
2007; 6: 12–16.
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cyclophosphamide was administered in the first trimester 
of pregnancy.
Folic acid is an essential vitamin used in nucleotide 
synthesis and DNA methylation [13]. Humans have to 
dependent on dietary sources as they can not synthesize 
folic acid. To enter the circulation dietary folate should 
be monoglutamated and reduced. Many enzymes are 
involved in this process, among which folypolyglutamate 

hydrolase, 5,10-methylenetetrahydrofolate reductase and 
dihydrofolate reductase are the most important [14,15]. 
Rapidly growing and developing embryos have an 
increased requirement for folate. An abnormal pattern 
of folate metabolism would result in a decreased rate of 
DNA synthesis and gene methylation, with deleterious 
effects on the developing embryo [16]. Lamotrigine 
decreases fetal folate levels in rats, therefore, folic acid 
supplementation should be considered for all women of 
child bearing potential who are taking lamotrigine [17]. 
Rats receiving upto 0.5 times an equivalent human dose 
of 500 mg/day lamotrigine, produced offspring with 
decreased fetal folate concentrations, an effect known to 
be associated with teratogenicity in humans and animals 
[18]. Folate supplementation (0.4 mg/day) has been 
recommended by the US Public Health Service for all 
women of child bearing age to reduce the likelihood of 
neural tube defects, and this is appropriate for epileptic 
women as well [4].
Material and Methods
Approval of the Animal Ethical Committee of the 
college was obtained prior to the present work. Sexually 
mature Swiss white female mice (of 8 to 10 weeks 
age) weighing 16-36 g were used in this study. Female 
mice during their proestrous phase of estrous cycle 
were caged overnight with the males of the same stock 
(female:male=1:1). The vaginal smear was examined 
next morning at 8.00 a.m. Presence of spermatozoa in 
the smear was taken as day ‘zero’ of pregnancy. A total 
of 50 pregnant mice divided into 5 groups of 10 each 
were studied, details are given in Table 1. Control group 
(C) with 10 pregnant mice received normal saline 0.5 
ml per 20 g body weight intraperitoneally on day 10 of 
gestation. Two treated groups of 10 pregnant mice each 
was formed, first received lamotrigine (T1) whereas the 
second cyclophosphamide (T2), 10 mg/kg body weight 
in 0.5 ml saline per 20 g body weight intraperitonealy 
on day 10 of gestation. Two more treated groups of 10 
pregnant mice (T3) and (T4) were supplemented with 
folate 0.8 µg/kg body weight again in 0.5 ml saline per 20 
g body weight intraperitoneally along with lamotrigine 
or cyclophosphamide respectively on day 10 of gestation. 
The pregnant mice were sacrificed with overdose of ether 
anesthesia on day 18 of pregnancy i.e. two days prior 
to full term. The uterine horns were exteriorized after 
opening the abdomen by midline incision. The sacs were 

Figure 1.  Photographs and photomicrographs of pups exposed to 10 
mg cyclophosphamide on day 10 and collected on day 18 of gestation. 
Color version of figure is available online. (A: Ventral view of pup 
showing cleft lip (arrow). The pup had cleft palate also. B:  Dissected 
upper jaws from cyclophosphamide treated pups cleft lip (arrow) 
and cleft palate; C: Histological section of the palate and cranium 
in coronal plane showing wide complete cleft with tongue interposed 
between the two side maxillary processes. The palatine shelves are 
not developed. The nasal septum is approaching the dorsum of tongue 
(H and E × 42). Arrows indicate location occupied by palatine shelves 
if they had developed.
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inspected foe sites of resorption and viable fetuses. The 
fetuses were removed from the uterus and were dried by 
wiping on a blotting paper. Fetuses collected from all 
the groups were first examined for gross malformations, 
and then they were examined macroscopically with 
stereomicroscope for palatal malformations. Bouin’s 
solution was used for fixation and they were prepared for 
light microscopic study by paraffin sections, serially cut 
at 8 µm in coronal plane and stained with haematoxylin 
and eosin. Photographs of gross malformations and 
photomicrographs of histological findings were taken 
and studied.
Different form of data was tested for statistical 
significance by using ‘Z’ (normal test). Any value of 
p<0.05 or Z (normal deviate) > 1.96 was recorded as 
significant.
Results
Reduction in body weight and stunting in size along with 
gross malformations like brachygnathia, open eyes, limb 
deformities and digital anomalies of the fetuses resulted 
in all the treated groups. Although in the present study 
they were not in the focus of the specific observations for 
the cleft palate. 
In the lamotrigine treated group (T1) cleft palates both 
partial and complete, with or without cleft lips were 
detected in 42 out of 70 (60.00%) fetuses, isolated cleft 

Table  1.  Table shows the drugs which is maternally exposured in 
different study groups with the intraperitoneal doses. (Gestational day 
of collection of fetuses=18)

Groups Drug a Dose b

Control (C) Normal Saline 0

Treated (T1) Lamotrigine 10 mg

Treated (T2) Cyclophosphamide 10 mg

Treated (T3) Lamotrigine + Folate 10 mg + 0.8 µg

Treated (T4) Cyclophosphamide + Folate 10 mg + 0.8 µg

a The drug exposured on gestational day 10. b Intraperitoneal dose of drug per 
kg in 0.5 ml normal saline per 20 g body weight.

palate in 20 (28.57%) fetuses out of which 10 (14.29%) 
each had total and partial cleft palate, 22 (31.43%) fetuses 
had both cleft palate and cleft lip (Table 2, Fig. 1). Whereas 
in cyclophosphamide treated group (T2) cleft palates 
both partial and complete with or without cleft lips were 
detected in 49 out of 61 (80.33%) fetuses, isolated cleft 
palate in 20 (32.79%) fetuses out of which 16 (26.20%) 
had total and 4 (6.56%) partial cleft palate, 29 (47.54%) 
fetuses had both cleft palate and cleft lip (Table 2, Fig. 1). 
As compared to the control group (C) the difference of 
cleft palates both partial and complete, with or without 
cleft lips were highly significant (p<0.001) in both (T1) 
and (T2) treated groups. 
Preventive response after folate supplementation was 
different in lamotrigine (T3) and cyclophosphamide (T4) 
treated groups. Both partial and complete cleft palate 
with or without cleft lips were observed in 15 out of 72 
(20.83%) fetuses, isolated cleft palate in 13 (18.06%) 
fetuses out of which 3 (4.17%) had total and 10 (13.89%) 
partial cleft palate, 2 (2.78%) fetuses had both cleft palate 
and cleft lip when folic acid was supplemented along with 
lamotrigine administration in (T3) group (Table 2, Fig. 1). 
The difference of cleft palates both partial and complete, 
with or without cleft lips was highly significant (p<0.001) 
as compared to only lamotrigine (T1) treated group. On 
the contrary 51 out of 64 (79.69%) fetuses exhibited cleft 
palate either partial or complete with or without cleft 
lip, isolated cleft palate in 21 (32.81%) fetuses out of 
which 18 (28.16%) had total and 3 (4.69%) partial cleft 
palate, 30 (46.88%) fetuses had both cleft palate and 
cleft lip, even after folic acid supplementation along with 
cyclophosphamide administration in (T4) group (Table 
2, Fig. 1). The difference of cleft palates both partial and 
complete, with or without cleft lips was not significant 
(p>0.05) as compared to only cyclophosphamide (T2) 
treated groups.
In T1, T2, and T4 treated groups complete cleft palate 
associated with cleft lip were predominant findings, 
whereas isolated partial cleft palate was predominant 
finding in T3 treated groups (Table 2). The preventive 
efficacy of folate supplementation for cleft palate is a 
highly sensitive phenomenon and is influenced in the 
same subject by a number of factors the most important 
of which is the modus operandi and the mechanism of 
action of the inducing agent.

Table 2. Incidence of cleft palate in different study groups.

Groups Maternally exposured drug N
Fetuses with cleft 
palate ± cleft lip

Fetuses with isolated 
cleft palate

Fetuses with isolated 
total cleft palate

Fetuses with isolated 
partial cleft palate

Fetuses with both cleft 
palate and cleft lip

Control (C) Normal Saline 72 0 0 0 0 0

Treated (T1) Lamotrigine 70 42 (60.00%) 20 (28.57%) 10 (14.29%) 10 (14.29%) 22 (31.43%)

Treated (T2) Cyclophosphamide 61 49 (80.33%) 20 (32.79%) 16 (26.20%) 4 (6.56%) 29 (47.54%)

Treated (T3) Lamotrigine + Folate 72 15 (20.83%) 13 (18.06%) 3 (4.17%) 10 (13.89%) 2 (2.78%)

Treated (T4) Cyclophosphamide + Folate 64 51 (79.69%) 21 (32.81%) 18 (28.16%) 3 (4.69%) 30 (46.88%)

N=Number of fetuses studied.
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procarbazine given to rats. Whereas in our study folate 
had extremely different responses for prevention of cleft 
palate induced by two drugs of separate categories tested 
in identical conditions. Paros and Beck [30] in their study 
in mice concluded that folinic (tetrahydrofolic) acid can 
prevent cleft lip. Numerous studies with periconceptional 
folate supplementation reported inconsistent different 
results of orofacial clefts in different species [24,25,31–33].
A single high dose (10 mg/kg body weight) of 
lamotrigine or cyclophosphamide was administered as 
it is considered to have a longer lasting profound and 
persistent teratogenic effect compared to smaller doses 
given at short intervals which might lead to repair of 
tissue damage and cellular repair. Preventive efficacy of 
folate supplementation was seen in T3 treated group with 
lamotrigine administration where isolated partial clefts 
was predominant finding. This finding is in accordance 
with report of Tolavora and Harris [24], who concluded 
that prevention of isolated cleft palate is more difficult 
than cleft lip with or without cleft palate, because in cleft 
palate, the genetic components play a leading role in 
multifactorial etiology.
In conclusion, the preventive efficacies of folate 
supplementation for cleft palate vary considerably and 
in the same subject under identical conditions, depend 
primarily on the mechanism of action of the inducing 
agent. In human beings majority of the cleft disorders are 
idiopathic and the cause could not be determined. Study 
in animal models can help only partially in determining 
risk factors. More randomized clinical trials are needed 
to establish the hidden facts.

Discussion
Birth defects can result from genetic abnormalities 
and multifactorial environmental conditions. Table 
3 displays various inducing agents and their modus 
operandi manifesting cleft palate. Antiepileptic drug 
administration during pregnancy causes delay in 
palatine shelves elevation whereas anticancer drug like 
cyclophosphamide result in the palatine shelves shorter 
in size, not sufficient to close the gap between them. 
Folate deficiency is most important among teratogenicity 
related to altered endogenous metabolism. Various 
hypothesis regarding the pathogenic mechanism of 
decrease in folate manifesting as birth defects exist. 
When the concentration of 5-methyltetrahydrofolate is 
reduced, remethylation of homocysteine into methionine 
consequently will be diminished, leading to fewer 
methyl groups being available for DNA methylation. 
Hypomethylation can change the transcription and 
suppression of genes involved in formation of the lip, 
alveolus, and or palate [19]. An elevated homocysteine 
level is itself teratogenic [20–22]. Rooij et al [19] reported 
that low periconceptional folate intake increases the risk 
of cleft lip with or without cleft palate in the offspring. 
Several studies reported the protective role of maternal 
periconceptional use of folic acid against cleft lip with 
or without cleft palate [23–26]. Munger [27] concluded 
that folate antagonists are associated with increased risk 
of oral clefts in humans. In another study Munger et al 
[28] reported that prevalence at birth of oral cleft did not 
change following the introduction of food fortification 
with folic acid. Bienengraber et al [29] reported that folate 
has a partial ameliorating effect on the teratogenicity of 

Table 3. Various inducing agents and their modus operandi manifesting cleft palate.

Modus operandi Inducing agent Mechanism of action

1
Delay in palatine shelves elevation and this delays 
promoted by fetal membranes and the tongue 
(interfere with programmed cell death

Antiepileptic drugs including Phenytoin
Episodes of embryonic hypoxia due to embryonic cardiac 
arrhythmia and generation of reactive oxygen species 
during the reperfusion phase

Glucocorticoids Inhibits growth of palatal mesenchymal cells

Dioxins
Alters the terminal cell differentiation of the medial 
palatal cells 

2
Palatine shelves remain shorter in size, not 
sufficient to close the gap between them

Anticancer drugs like cyclophosphamide and 
hydroxyurea

Increased programmed cell death or apoptosis

3
Palatine shelves are well formed and full in size 
but are unable to move because the tongue is 
unable to move down

Amniocentesis Mechanically induced amniotic bands

4
Delay in the descent of the tongue from its position 
between palatal shelves or from a delay in the 
cephalic flexion of embryo

Pierre Robin malformation (microretrognathia) History of perinatal respioratory and feeding difficulties

5
Opposing palatine shelves fail to fuse in the 
midline

Excess vitamin A
Controlling influence over both the ostoeblasts and 
osteoclasts in the epithelial cartilage
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