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ABSTRACT

Objective of the study: Developmental defects of enamel may lead to esthetic tribulations. Malformed dental enamel is usually susceptible
to caries and sensitivity of teeth. The objective of the present study was to evaluate the distribution of developmental defects affecting the
enamel surfaces in the teeth of newborn babies of the mothers, caused by the use of lithium for a long time during pregnancy.

Study design/methods: The female rabbits were kept on this drug during pregnancy and their offsprings were used for the study. They were
sacrificed to obtain their jaws. Teeth were extracted for assessment of the congenital defects developed during intrauterine life. Surface
structure was studied by scanning electron microscopy and energy-dispersive X-ray microanalysis (SEM-EDX).

Results: The results showed that the drug had caused erosions of the incisors and  the  molars, as compared to the premolars.

Conclusion: According to the results, incisors and the molars appeared esthetically and functionally compromised teeth. The drug should,
therefore, be used by doctor's prescription only, especially during pregnancy, avoiding the teratogenic effect on the dentition of the newborns.

Keywords: Lithium, Developmental teratogenicity, Female rabbits, Dentition.

INTRODUCTION

Lithium carbonate is often referred to as an antimanic drug,
but in many parts of the world it is considered as a ‘mood-
stabilizing’ agent because of its primary action of preventing
mood swings in patients with bipolar affective (manic-
depressive) disorder.1 Oral and dental structures are frequently
the sites of adverse drug reactions. These include salivary
glands, oral mucosa, periodontal tissues, teeth, alveolar bone
and other structures.2 The ‘mood-stabilizing’ agents are
commonly used in pregnancy which could possibly cause
teratogenic effects in any of the developing body tissue.

Lithium is absorbed completely from gastrointestinal tract
within 8 hours, initially distributed in extracellular fluid and
then gradually accumulates in various tissues and transferred
to fetus through placenta.1 However, more recent data suggests
that lithium carries a relatively low risk of teratogenic effects.3

Ameloblasts and odontoblasts are responsible for the formation
of two important dental tissues, i.e. enamel and dentine
respectively. These cells are very sensitive to the teratogenic
stimuli, febrile diseases and any drug used by the pregnant
female. Gross anatomical malformations result from disturbed
morphogenesis, from 18 to 55 days of intrauterine life, which
is the most susceptible period for adverse drug effects. A single
dysmorphogenic agent interferes with the simultaneous

organization of many systems and may produce a multiplicity
of malformation at various sites.4

More than 90% of pregnant women take prescription or
nonprescription (over-the-counter) drugs during pregnancy,
which can act directly on the fetus, may cause damage, leading
to birth defects or death reported in “The Merck Manual”
(2007).5 Prior investigations revealed that drug can produce
untoward consequences, even when used according to standard
or recommended methods of administration. Furthermore
adverse drug reactions can involve every organ and system of
the body, so mouth and associated structures may also be affected
by drugs or chemicals.6 Regarding the deciduous dentition, the
developmental defects of enamel was observed in the second
molars (44.4%), being the most affected teeth followed by the
first molars (23.5%). Defects in the teeth of upper arch were
more (58.2%) reported by Lunardelli and Peres (2005).
Prevalence of enamel hypoplasia, in the canines was 33.6% and
second molars 33.6%.7 Demarcated opacities reported by Arrow
(2008), affected (11%) on the upper right (14%), upper left
(10%), lower left and (9%) lower right molars.8 Whereas
according to Thomas (2009), the risk of major congenital
malformation in the offspring did not have any significant
association to family history.9

Major body structures are formed in about the first 12 weeks
of intrauterine life. Studies revealed that interference in this
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process may cause a teratogenic effect. It was also reported
that, if a drug is given after this period, it will not produce a
major anatomical defect. Further, the drug is not always
teratogenic and harm the fetus in the first trimester.10 It was
concluded in a prior study that a fine balance for drug
administration should be maintained for protecting the baby as
well as the mother.11

It is quite interesting to know that the lithium is present in
traces throughout earth’s crust. It is amazingly versatile and
can run laptop computers, treat bipolar disorder (though
scientists do not know exactly how it prevents mood swings)
and even give ceramics a brighter glaze.12

MATERIALS AND METHODS

Rabbits were used as an animal model for this study. Normal
healthy female rabbits of 1.5 to 2.0 kg were selected for the
study. They were grouped into two. First group was selected
for experimental purpose and the second one was taken as
control. There were seven rabbits in each group (n = 7).

The drug used was lithium carbonate with the trade name
(Neurolith® SR 400 mg).13 Dose of the drug was determined
according to the body weight of the animal, calculated and based
upon the Clark’s rule.14

Neurolith® SR 400 mg (one tablet) was dissolved in 10 ml
of the distilled water to prepare the drug; 3 ml (80 mg/kg) of
the preparation was administered orally, twice a week to the
female rabbits of the experimental group.

Identification of the animals was done by wrapping the
metallic wire around the hind leg of the subjects forming a loop.

The control group consisted of rabbits which were untreated
and thus did not require long-term identification, like the study
group. They were kept in their individual locations.

Each group consisted of seven rabbits (n = 7). Subjects in
the control group were designated by, N-1, N-2, N-3, N-4,
N-5, N-6 and N-7.

The group treated with lithium was identified as Y2-5,
Y6-1, Y6-2, Y7-1, Y7-2, Y8-1 and Y8-2.

To distinguish the subjects within each treated group, the
colored beads were strung in the colored wires. The number of
beads in the wire corresponded to the ordinal number of the
rabbit in its group, e.g. in the identity (Y2-5), “Y2” indicated
the treated group and “5” indicated the number of animal used
in that particular group. All the drug-treated female rabbits were
kept with equal number of their male partners separately. The
drug was administered according to the predetermined dose,
until the birth of their offsprings.

A proforma was designed to keep the record of the number
of doses administered and for any toxicity developed by the
drug, i.e. diarrhea, ulceration, loss of physical activity, loss of
interest in food, hair loss, edema, and the weight variation in
grams. The offsprings of these treated female rabbits were used
for the research purposes. They were sacrificed after reaching
the age of 3 months to obtain their upper and lower jaws. The
procedure was done, taking immense care, not to damage the

teeth. These jaws were checked regarding the eruption, status
and alignment of the teeth.

Dental formula of the permanent human dentition is
documented as:
I-2/2:C-1/1:Pm-2/2:M-3/3 (× 2 = 32 total teeth).15

Unlike human dentition, the dental formula of the rabbit
teeth is:
I-2/1:C-0/0:Pm-3/2:M-3/3 (× 2 = 28 total teeth).16,17

Rabbit’s teeth, just like the human dentition, are also
identified with their particular code numbers18 as follows:

101-Right maxillary 201-Left maxillary central incisor
central incisor

102-Right maxillary 202-Left maxillary lateral incisor
lateral incisor

106-Right maxillary 206-Left maxillary first premolar
first premolar

107-Right maxillary 207-Left maxillary second premolar
second premolar

108-Right maxillary 208-Left maxillary third premolar
third premolar

109-Right maxillary 209-Left maxillary first molar
first molar

110-Right maxillary 210-Left maxillary second molar
second molar

111-Right maxillary 211-Left maxillary third molar
third molar

301-Left mandibular 401-Right mandibular incisor
incisor

307-Left mandibular 407-Right mandibular first premolar
first premolar

308-Left mandibular 408-Right mandibular second
second premolar premolar

309-Left mandibular 409-Right mandibular first molar
first molar

310-Left mandibular 410-Right mandibular second molar
second molar

311-Left mandibular 411-Right mandibular third molar
third molar

Different dental instruments were used for extracting the
teeth from the jaws, e.g. tweezers, artery forceps, alveolar bone
cutter, interdental scaler and contra-angle hand piece fixed with
the diamond point burs (round/fissure).

Extracted teeth were then washed by deionized or distilled
water in a dappen dish and preserved in 10% formalin in the
bottles, which were labelled with their individual code numbers
for each sample of the tooth.

IMAGES OF TEETH STUDIED BY SEM-EDX

Effect of the drug on the extracted teeth was studied by the
images of ultrastructure of enamel taken by scanning electron
microscope and energy dispersive X-ray spectroscopy (SEM-
EDX). Analysis using scanning electron microscopy (SEM) and
energy-dispersive X-ray microanalysis (EDX), has been done
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by several researchers.19-23 Surveying the prior studies, the
scanning electron microscope was found to be well suited for
the analysis of the developmental defects of enamel surface. It
is a type of electron microscope that images the sample surface
by scanning it with a high-energy beam of electrons in a raster
scan pattern. The SEM can produce very high-resolution images
of a sample surface, revealing the details about 1 to 5 nm in
size.24 Each sample was coated with gold up to 300oA using
Quick Auto Coater, model no. JFC-1500 Jeol. After the
completion of the gold coating, the samples were then ready
for analysis. Scanning electron microscope (6380A Jeol) with
EDS detector (Ex-54175 Jmu Jeol) was used for the analysis.
Around four samples could be loaded at a time in the SEM
chamber and mounted rigidly on the specimen holder called
specimen stub. All the parameters were kept uniformly for
analyzing each sample, i.e. accelerating voltage 15.0 kV,
magnification 10,000, standardless quantification technique
with ZAF correction25 SSM Dead time about 20 to 45%.26 All
the images were taken at the same magnification and under the
same conditions.

RESULTS

Images of 12 samples with their code nos. 101, 106, 109, 201,
206, 209, 301, 307, 309, 401, 407 and 409 from the individual
subject of both the groups were taken by SEM-EDX and
included in the study.

The total number of teeth imaged were, 2 × 7 × 12 = 168
samples. The selection provided the analysis for each of the
three types of teeth (incisors, first premolars and first molars)
in the maxillary as well as in the mandibular arch. Furthermore,
both left and the right sides of the oral cavity were represented
through these images.

Selective images depict features in a very clear manner. An
overall assessment of these images reflected quite an uneven
or undulating surface. The distorted anatomical landmarks, i.e.
abraded ridges and deep eroded grooves, were noted on all the
surfaces of molar and incisor teeth (Figs 1 and 2) of treated
specimens. Very large variations were observed within the
samples from the control or the treatment groups. It was evident
in this study that the drug had caused erosions of incisors and
the first molars (see Figs 1 and 2), which was more marked
than their effect on the premolars (Fig. 3).

Three images (incisor, first premolar and first molar) from
both the groups are included in the article, as all 168 images
could not be represented here.

DISCUSSION

The developmental defects of teeth, expected to be caused by
the use of lithium during pregnancy, were thoroughly searched
and studied in the published literature. The effect of in utero
exposure of this drug on the developing teeth of neonates has
not been reported before. Some studies have shown the effect
on bone, e.g. lithium treatment of humans and animals has been
associated with adverse effects on bone and mineral

metabolizm.27 The lithium treatment resulted in a decrease in
bone mineral content occurring within the first 6 months of
lithium treatment.28 Lithium-associated fetal nephrotoxicity was
also reported.29

Fig. 1: Extensively demineralized enamel rods were evident on the
surface of right maxillary central incisor (Experimental group) (Y6-2,
Code no. 101)

Fig. 3: Extensive abrasion and demineralization was visible on the
right maxillary first premolar (Experimental group) (Y2-5, Code no. 106)

Fig. 2: Left mandibular first molar (Experimental group) appeared with
several micropores indicating open enamel prisms and demineralization
(Y7-2, Code no. 309)
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In the present study, images of the teeth obtained from the
SEM examination in treated and the control groups were studied.
A large variety in textures was apparent on the surface structure
of enamel. The distorted anatomical landmarks, i.e. abraded
ridges and deep eroded grooves, were noted. Exposed enamel

rods were also observed on the tooth surface of the experimental
group, showing the demineralization of the enamel surface
(see Figs 1 to 3), as compared to the abraded tooth surfaces of
the central group (Figs 4 to 6), which is formed due to
masticatory process.

According to the reports of the prior studies, SEM images
of enamel surface in higher magnification revealed lacunae with
various patterns of resorption, in addition showed resorbing
enamel prisms in longitudinal and other orientations.30 Extent
and evolution of the enamel alterations were limited to the outer
enamel.19 The hypomineralized enamel showed fewer distinct
features compared with the normal enamel.21 Enamel from
primary teeth of preterm children was found to have a high
frequency of mineralization disturbances.23 Although there are
some evidences of the enamel alterations, studied by SEM, but
none of them was studied in response to any drug treatment.
The teratogenic risk of lithium on the developing teeth of the
fetus while the mothers were treated by this drug during
pregnancy have not been studied/reported in prior studies.
Whereas, the results derived from the present study were in
response to the in utero exposure of lithium on the developing
teeth. However, it was difficult to determine either the type of
the tooth or its location in the maxillary or mandibular arch,
merely by the study of their SEM images.

A single intrauterine exposure to a drug can affect the fetal
structures undergoing rapid development at the time of
exposure.14 Hypothyroidism may also develop in lithium treated
patients and could effect in childhood, e.g. the teeth may fail to
erupt, although tooth formation may not be impaired.31

The result of another report was particularly noted that the
drug has resulted in a decrease in bone mineral content occurring
within the first 6 months of lithium treatment.28 It could thus be
hypothesized that any drug influencing the minerals of bone
could also effect the mineralization of teeth. The hypothesis
was based upon a strong reason, and that was the similarity of
the inorganic component in both the tissues, and an important
component called ‘hydroxyapatite’. Therefore having the same
chemical composition and in light of the prior reports,4,6,14.the
possibilities of adverse effect were anticipated on the dental
tissues also.

In the present study, variations in the images were observed
within the samples from the control or the treatment groups.
These variations overshadow any aggregate differences between
the groups. It is quite evident that some of the teeth in the dental
arch were more affected during the developmental stages. The
results of this study revealed that incisors and the molars were
the most affected teeth. These findings corresponded with the
results obtained from the previous studies.7,8 Lunardelli and
Peres (2005) have reported that for the enamel hypoplasia of
human deciduous dentition, the most affected teeth were the
canines.16,17 However, the results of Lunardelli and Peres, could
not be compared with the present study because rabbits have
been used as an animal model and they do not have canines.15

The prevalence of enamel opacity in primary dentition was

Fig. 4: SEM image of the crown surface of right maxillary central incisor
appeared with micropores (Control group) (N-1, Code no. 101)

Fig. 5: Very shallow pits appeared on the surface of the left
mandibular first premolar (Control group) (N-2, Code no. 307)

Fig. 6: Maxillary right first molar showed a small area of abrasion but
no demineralization (Control group) (N-4, Code no. 109)
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reported32 to be mostly affecting the upper and lower second
primary molars. The maxillary and mandibular primary incisors
and the maxillary first primary molars were affected by enamel
hypoplasia. The enamel defects in the first permanent molars
among children were high.8 It was also reported7 that the most
affected teeth were the second molars, followed by the first
molars.

The above findings7,8,32 correspond with the present study
regarding the teeth influenced during developmental stages. In
the present study, the most affected teeth were the first molars
(Fig. 3). However, it is important to note that the reports of the
prior studies were not in response to any drug treatment, whereas
the present study was done to evaluate the effect of in utero
exposure of lithium resulting into developmental defects of
teeth, i.e. the drug had caused erosions of incisors and first
molars. Such type of study has not been reported before.

CONCLUSION

Facial esthetics are associated to the dentition and facial tissues.
The dentofacial abnormality may cause psychological
disturbances in children. This study was initiated to assess the
alterations in ultrastructure of enamel surface in the teeth of
newborn babies of the mothers, who have been using lithium
for a long time during pregnancy.

The gross morphological appearances of enamel by the
scanning electron microscope (SEM) provided the qualitative
understanding. It was concluded from the obtained results that
the incisors and the molars were subjective to in utero exposure
of lithium and were esthetically and functionally compromised
teeth. However, malformations caused by any drug are important
and preventable, for which an efficacious preventive action must
therefore be taken. The drug should therefore always be used
by doctor’s prescription only, especially during pregnancy,
avoiding in every way the possibility of self-medication, which
could ultimately result in teratogenic effect on the dentition of
the newborns. Furthermore, to achieve the esthetic and
functional goals, a problem oriented logical treatment plan is
especially useful.
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