
Abstract. Levetiracetam is a new-generation antiepileptic
drug initially approved as an adjunctive treatment for
patients with refractory partial seizures and is now also used
as a monotherapy. The aim of this study was to evaluate the
genotoxic effects of levetiracetam exposure during pregnancy
on rat offsprings. In this study, we used the newborn pups of
rats exposed to levetiracetam during pregnancy. Thirty
Sprague-Dawley rats were divided into three groups. The
mother rats of groups 1 and 2 were treated with different
doses of levetiracetam (25 mg/kg/d and 50 mg/kg/d) from
gestational days 1 to 18 during pregnancy. Group 3 (control
group) was not treated with any drug. In vivo sister
chromatid exchange (SCE) induction and in vivo
micronucleus formation were assessed. Bone marrow from
rat pups were used for investigation. As a result of this study,
levetiracetam exposure did not alter SCE frequencies or the
mean of number of micronuclei in the prenatal period
(p>0.05). Levetiracetam did not cause miscarriage during
pregnancy in mother rats. The present study highlighted fetal
safety after prenatal exposure to levetiracetam. 

Epilepsy is one of the most common neurological disorders
during pregnancy, often necessitating the use of antiepileptic
drugs (AEDs). Use of several AEDs during pregnancy has
been associated with increased risk of major congenital
malformations (MCM), and developmental delay.
Epidemiological investigations indicate that 0.3-0.4% of the
general population of women have epilepsy and pregnancies
of epileptic women constitute about 1% of all pregnancies

(1, 2). Newborns of mothers exposed to antiepileptic drugs
are at increased risk for major congenital malformations and
foetal death (1, 2). The human foetus is exposed to a variety
of environmental agents and drugs that cross the placenta
and can induce DNA damage (3). Included among these
agents are AEDs, the majority of which are able to penetrate
the placenta (5-6). Pregnancy of a woman with epilepsy is a
high-risk pregnancy due to the more frequent occurrence of
complications and a higher risk for foetal congenital
malformations and post-natal developmental anomalies, than
observed in the general population (7-12). For many years,
the risk of MCMs in children born to women with epilepsy
(WWE) treated with AEDs during pregnancy is
approximately two- to three-times higher than the 1-2%
frequency in the general population (13). In women with
proven epilepsy, it may be dangerous to stop or even change
the AED regimen during pregnancy. Prescribing AEDs in
pregnancy is a challenge to the clinician (13). Neural tube
defects and other congenital anomalies were observed more
frequently in neonates whose mothers were treated with
AEDs in poly-therapy compared to those whose mothers
were exposed to monotherapy, at 6% and 3.7%, respectively
(14-16). On the other hand, the prevalence of MCM in the
offspring of epileptic mothers who did not take antiepileptic
drugs during pregnancy was 3.5% (14-16). 

Levetiracetam is a new generation AED initially approved
as an adjunct treatment for patients with refractory partial
seizures, and is now also used as monotherapy (17). A low risk
for MCM has been suggested with levetiracetam use in
pregnancy (18). There are limited data about the teratogenic
effects of levetiracetam. Based on a number of studies,
increased seizure risk during pregnancy was suggested for use
of lamotrigine and oxcarbazepine, both of which are
glucuronidated for elimination (19-20). However, to our
knowledge, no study has been published concerning genotoxic
effects of levetiracetam use in pregnancy on the foetus.

The sister chromatid exchange (SCE) technique occupies
an important place in monitoring and evaluating damage in

77

Correspondence to: Sengul Tural, Ph.D., Section of Medical
Genetics, Department of Medical Biology, Faculty of Medicine,
Ondokuz Mayis University, Samsun 55130, Turkey. Tel: +90 362
3121919/2277, Fax: +90 3624576041, e-mail: stural@omu.edu.tr

Key Words: Levetiracetam, prenatal exposure, sister chromatid
exchange, micronucleus.

in vivo 29: 77-82 (2015)

Genotoxic Effects of Prenatal Exposure to Levetiracetam
During Pregnancy on Rat Offsprings

SENGUL TURAL1, AKIN TEKCAN2, MEHMET ELBISTAN1, NEVIN KARAKUŞ3, 
HAMIT OZYUREK4 and NURTEN KARA1

Departments of 1Medical Biology and 4Pediatric Neurology, 
Faculty of Medicine, Ondokuz Mayis University, Samsun, Turkey; 

2School of Health, Ahi Evran University, Kırsehir, Turkey; 
3Department of Medical Biology, Faculty of Medicine, Gaziosmanpasa University, Tokat, Turkey

0258-851X/2015 $2.00+.40



people exposed to different chemical substances, drugs or
agents and in directing the treatment of the respective disease
(21). No study has been published concerning SCE and
micronucleus tests in cultured rat bone marrow of newborns
whose mothers were treated for epilepsy by levetiracetam
during pregnancy.

The aim of the present study was to evaluate the potential
genotoxic effect on the structure of DNA of bone marrow of
newborn rats whose mothers were treated for epilepsy with
levetiracetam during pregnancy. 

Materials and Methods
Animals. Sexually mature 12- to 14-week-old female Sprague-
Dawley rats (weighing 250-300 g) were obtained from Ondokuz
Mayis University Laboratory Animal Research Center (Samsun,
Turkey). Animals were housed in a quiet, temperature- and
humidity-controlled room (22˚C) in a 12-h light/dark cycle,
receiving food and water ad libitum. All procedures and protocols
were conducted in accordance with the Guide for the Care and Use
of Laboratory Animals (22). The study procedure was approved by
the Animal Care and Use Committee at Ondokuz Mayis University
(approval number 2011.43).

Experimental design. Female rats in oestrous were mated with
males, and pregnancy was confirmed by the presence of a vaginal
plug. Fifteen pregnant female rats were divided into three groups of
five and each rat was housed separately. Groups 1 and 2 were
treated with different doses of levetiracetam (Abdi Ibrahim, Istanbul,
Turkey) (25 and 50 mg/kg/d intragastrically, respectively) by gavage
through a polyethylene tube during gestational days. Group 3
(control group) was treated with the same volume of saline (1
ml/kg/d) by the same route. From gestational day 18 until delivery,
each presumably pregnant female was checked routinely for
difficulties in parturition. The day of parturition was defined as
postnatal day (PND) 1. On the 5th day of the postnatal period, the
10 pups in each group (two pups from each pregnant rat) were
analyzed. 

Bone marrow SCE assay. The bone marrow SCE assay was
conducted as previously described (22-25). Bromodeoxyuridine
(BrdU) (Sigma-Aldrich, USA) was dissolved in distilled water
containing activated charcoal (Sigma) (1 ml BrdU solution for every
100 mg charcoal) to a final concentration of BrdU equal to 20
mg/ml. The mixture was magnetically stirred for 2 h in the dark at
room temperature. The pups were injected i.p. with BrdU-charcoal
mixture at final dose of 1 mg BrdU/g body weight. Colchicine (0.3
mg/rat; Sigma) was injected i.p. 22 h after BrdU injection and then
pups were sacrificed 2 h after colchicine administration. The femurs
were quickly excised, and bone marrow cells were flushed from the
femur into hypotonic solutions (0.075 M KCl). The cellular
suspension was centrifuged at 161 ×g for 10 min, decanted, and the
cellular pellet was resuspended in hypotonic solution. Cells were
then incubated in 10 ml hypotonic solution at 37˚C for 20 min. The
cellular suspension was centrifuged at 161 ×g for 10 min. The cells
were fixed with three changes of ice-cold methanol:acetic acid (3:1).
The cellular suspension was then placed onto prechilled microscope
slides to obtain metaphase spreads. The slides were allowed to air
dry and subsequently stained with the fluorescent-plus-Giemsa

technique as described previously (26), with slight modifications.
The slides were treated with a solution of 5 μg/ml Hoechst 33258
(Serva, Heidelberg, Germany) in distilled water in the dark for 10
min, then washed with distilled water. The slides were then placed
in a glass tray containing 2×SSC (sodium thiosulfate) and exposed
to a UV source (256 nm) for 5 min, then washed again in distilled
water. Next, the slides were treated in 2×SSC at 60˚C for 120 min
and then washed with distilled water. Finally, the slides were stained
with 5% Giemsa for 6 min (26). The slides were analysed using
light microscopy at ×400 magnification. The individual who scored
SCE was blind to the treatment. For SCE analysis, at least 20
metaphase spreads were scored for the frequency of SCE per
metaphase cell. 

Bone marrow micronucleus assay. The femurs were quickly excised
and bone marrow cells were flushed from the femur into isotonic
solution. The bone marrow cells were spread over glass slides.
Feulgen reaction following the modified method of Proudlock et al.
(27) was used to determine the frequency of micronuclei. The slides
were then dried at room temperature. Thereafter, slides were dipped
for 10 min in 1 N HCl at 57˚C and were rinsed in distilled water
for 3 min. The smears were placed in Feulgen dye (Schiff’s reagent)
for about 20 min and were transferred to acid sulphate solution for
5 min. Then the slides were rinsed with tap water. The slides were
stained with 1% light green about 2 min and fixed in ethanol.
Finally, they were dried and mounted for microscopic evaluation.
The slides were examined using oil immersion optics. The number
of micronuclei per 1,000 cells for each sample was scored and the
frequency per 1,000 cells was calculated. Only cells with well-
preserved cytoplasm were scored. The incidence of micronucleated
cells per 1,000 micronucleated mature erythrocytes per animal was
determined. Identification criteria were as described by Proudlock
et al. (27).

Statistical analysis. Statistical analyses were performed using SPSS
version 15.0 (Chicago, USA) for Windows. SCE frequencies
exhibited a normal distribution, and it was appropriate to use
standard parametric statistical methods for their analysis. Therefore,
SCE data were analyzed by one-way ANOVA. In the analysis of
micronuclei results, Kruskal–Wallis test was conducted. 

Results

Cytogenetic end-points such as in vivo SCE induction and in
vivo micronuclei formation in rat bone marrow were used to
evaluate the genotoxic effects of levetiracetam. At birth, no
gross malformation was observed in any of the three groups.
When SCE values for groups treated with levetiracetam at
25 mg/kg/d and 50 mg/kg/d were compared to those of the
control group, it was observed that levetiracetam did not
significantly alter SCE frequencies in the prenatal period
(even at different doses). No statistically significant
correlation was found for the mean number of micronuclei
and levetiracetam treatment (Table I). The number of pups
born alive was not changed by levetiracetam exposure.
Intragastric levetiracetam exposure at 25, and 50 mg/kg/d
doses did not affect the gestation duration. It was observed
that levetiracetam did not cause miscarriage in mother rats. 
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Discussion

This study was undertaken to explore the effect of
levetiracetam on DNA of bone narrow of newborns of rats
whose mothers were treated for epilepsy during pregnancy.
SCE and micronuclei tests were used as an indicator of
chromosome damage. SCE reflects an interchange between
DNA molecules at homologous loci within a replicating
chromosome (23). An increased frequency of SCE is an
indirect measure of mutation resulting from DNA damage
during the synthetic phase of mitosis. Our results showed that
levetiracetam exposure at 25 mg/kg/d or 50 mg/kg/d did not
affect the SCE frequency or the mean number of micronuclei
in pups in the prenatal period (even at different doses).
Levetiracetam did not cause miscarriage in mother rats. 

There are limited data on the teratogenic effects of
levetiracetam in the literature. The teratogenic potential of
levetiracetam on organogenesis period was tested by
different doses and no significant gross external
malformations were observed in mice (27). In Genton et al.’s
study, it was determined that different doses of levetiracetam
did not have embryotoxic or teratogenic effects during the
period of organogenesis in mice (28). In rats, decreased
foetal weight and minor skeletal abnormalities were seen at
a dose of 3,600 mg/kg/d, and in rabbits an increase in
embryo-foetal mortality, an increase in minor foetal skeletal
abnormalities and a decrease in feetal weight were observed
at doses of 600-1,800 mg/kg/d (28). Hunt et al. analyzed the
epilepsy and pregnancy register of 117 pregnancies with
exposure to levetiracetam to determine the safety of prenatal
exposure to levetiracetam (29). Among these, 39 pregnancies
were exposured to levetiracetam monotherapy, and in 78
cases, levetiracetam was combined with at least one other
antiepileptic drug. Minor and MCMs were noted only in the
poly-therapy group. In another series consisting of 11
pregnancies, 10 women took levetiracetam during pregnancy,
and no foetal malformation was detected (28). It was also
expressed that levetiracetam at therapeutic dose is unlikely
to cause serious adverse effects on developing human and
animal embryos. 

There are no data on the genotoxic effects of prenatal
exposure to levetiracetam on rat offsprings. The present
study showed that intragastric levetiracetam exposure at 25

and 50 mg/kg/d doses did not affect the gestation duration. In
another study, Ozyurek et al. showed that levetiracetam had
only a transient impact on reflex maturation and no impact
on physical and cognitive function in the offspring of rats
exposed to the drug during pregnancy (17). They suggested
that levetiracetam may become a promising candidate for the
treatment of epileptic women in pregnancy, which our results
support (17). It was also shown that the language and motor
development of children exposed to levetiracetam in utero
were superior in comparison to children exposed to valproate
(27, 28). In a manner consistent with our results, it was seen
that levetiracetam could be used on women with epilepsy
during pregnancy. 

In one of the largest studies, increased risk of congenital
malformations were found in the offspring of mothers both
on valproate monotherapy and polytherapy. However, the
offspring of mothers using carbamazepine, oxcarbazepine or
phenytoin had no excess risk of congenital malformations
when used as monotherapy or combination therapy without
valproate (29-32). In addition to minor and major anatomical
malformations, the majority of clinical and animal studies
suggested that maternal exposure to first-generation AED
was associated with cognitive and behavioural difficulties
during post-natal life (33). Additionally, it was reported that
AED exposure in utero might lead to neuro-behavioural
impairments which could occur at dosages lower than those
required to produce somatic malformations.

The mechanism underlying the anti-convulsant action of
levetiracetam is not exactly known. According to the results
of another study, carbamazepine and topiramate alone did
not induce neuronal death (34). In a previous study, it was
shown that several AEDS significantly increased the
frequency of chromosomal aberrations and SCE in vivo (34)
and in vitro (12, 35). Hu et al. investigated the frequency of
chromosome aberrations and SCE in cultured peripheral
blood lymphocytes obtained from 20 epileptic children
exposed to long-term therapy (6-52 months) with valproate
and reported that the frequency of chromosomal aberrations
was higher in the group of valproate-treated children than in
the control group, but this difference was not statistically
significant (p>0.1) (36). In contrast, the mean number of
SCE per cell was significantly higher in the children treated
with valproate compared to the controls (p<0.01). Sinues et
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Table I. The mean (±Standart Deviation) Sister Chromatide Exchange (SCE) and Micronucleus in study groups.

Assay Group 1 (levetiracetam Group 2 (levetiracetam Group 3 (Control)  p-Value
25 mg/kg/d) n=10 50 mg/kg/d) n=10 n=10

SCE 2.65±1.18 2.80±0.92 2.17±1.03 >0.05
MN 0.77±0.81 0.71±0.98 0.63±0.69 >0.05



al. also recoded a statistically significant increase in SCE
frequency in 37 patients on long-term therapy with
carbamazepine, including 23 treated for idiopathic epilepsy
and 14 for trigeminal neuralgia, compared to the controls,
but the frequency of chromosomal aberrations in this group
of patients did not differ significantly from that in the control
group (37). Schaumann et al. investigated the frequency of
SCE and CA in cultured peripheral blood lymphocytes from
nine patient who used long-term carbamazepine therapy
(over 18 months) for epilepsy (38). The mean number of
SCE per cell (6.9±1.0) did not differ significantly when
compared to the controls (6.3±0.5) (p>0.1); the mean
number of chromosome aberrations/cell also did not differ
from that of the controls. In comparison to the controls,
Sardas et al. found a significant increase of SCE frequency
in 27 patients who took phenytoin or carbamazepine in
monotherapy (35). Kaul and Goyle found a similar result in
30 and 42 patients, respectively, treated for epilepsy with
phenytoin (39, 40), but Schumann et al. did not notice any
significant difference in SCE frequency between controls and
patients on long-term phenytoin/ phenobarbital therapy (41).
Bellini et al. measured SCE in 15 children, aged 5-10 years,
in whom PB therapy was started for treatment of epilepsy
(42). The SCE frequency was significantly lower before than
after 12-month PB therapy. In our study, no increase in SCE
frequency was observed in any of the investigated groups. In
the present study, in terms of micronuclei frequency,
levetiracetam had no statistically significant effect. Sinues et
al. similarly did not observe any significant increase in
micronuclei in lymphocytes from 37 patients treated with
carbamazepine (37) Witczaka et al.’s study showed that the
mean number of micronuclei was higher in the epileptic
drugs-exposed study group overall than in the controls, but
the difference was only borderline significant (p=0.07) (12).

Comparing levetiracetam to valproate and to a control
group, a recent study reported that children exposed to
levetiracetam achieved higher developmental scores at an age
less than 24 months compared to children exposed to
valproate. The children in the levetiracetam-treated group did
not differ from the control children (37). Two studies
investigating the neuro-development effects of levetiracetam
after in utero exposure similarly suggested that in utero
exposure to levetiracetam did not have adverse effects on
neuro-development and language skills of children at 3-4
years of age (43, 44). In another recent study, Mawhinney et
al. confirmed a low risk for MCM with levetiracetam
monotherapy use in pregnancy, in a meaningful number of
exposed pregnancies (44). They also suggested that MCM
risk is higher when levetiracetam is taken as part of a
polytherapy regimen (43). Similarly a recent review
suggested a safe foetal profile of levetiracetam, both as
monotherapy and in combination with other AEDs. The
current evidence suggests that the overall risk of major

malformation after first trimester exposure to levetiracetam
is within the population baseline risk of 1-3%, with no
apparent adverse effects on long-term child development.
They also reported that first trimester exposure to
levetiracetam monotherapy was not associated with an
increased risk for MCM as compared to other AEDs in
different cohorts (45). 

Our findings confirmed the literature and as a result of our
study, it could be assumed that levetiracetam taken by
pregnant women with epilepsy does not evoke genotoxic
effects. The present study emphasizes on foetal safety after
prenatal exposure to levetiracetam. However, further work is
required to confirm these findings in different and larger
study groups.

Conflicts of Interest

None.

Acknowledgements

We would like to thank Ondokuz Mayis University BAP for
supporting our project (PYO-TIP-1901.11).

References

1 Dansky LV and Finnel RH: Prenatal epilepsy, anticonvulsant
drugs, and reproductive outcome: epidemiologic and
experimental findings spanning three decades; 2: human studies.
Reprod Toxicol 5: 301-335, 1991. 

2 Olafson E, Hallgrimsson JT, Hauser WA, Ludvigsson P and
Gudmundsson G: Pregnancies of women with epilepsy: a
population-based study in Iceland. Epilepsia 39: 887-892, 1998.

3 Levario-Carillo M, Sordo M, Rocha F, Gonzales-Horta C,
Amatao D, Ostrosky-Wegman P: Micronucleus frequency in
human umbilical cord lymphocytes. Mutat Res 586: 68-75, 2005.

4 Mirkin BL: Diphenylhydantoin: placental transport, fetal
localization, neonatal metabolism, and possible teratogenic
effects. J Pediatr 78: 329-337, 1971. 

5 Briggs GG: Drug effects on the foetus and breast-fed infant. Clin
Obstet Gynecol 45: 6-21, 2002.

6 Battino D and Tomson T: Management of epilepsy during
pregnancy. Drugs 67: 2727-2746, 2007.

7 Bjerkedul T and Bahna SL: The course and outcome of
pregnancy in women with epilepsy. Acta Obstet Gynecol Scand
52: 245-248, 1973. 

8 Pippenger CE: Pharmacology of neural tube defects. Epilepsia
44(Suppl 3): 24-32, 2003. 

9 Yerby MS, Kaplan P and Tran T: Risks and management of
pregnancy in women with epilepsy. Cleve Clin J Med 71: 25-37,
2004. 

10 Oguni M and Osawa M: Epilepsy and pregnancy. Epilepsy 45:
37-41, 2004.

11 Pack AM: Therapy insight: clinical management of pregnant
women with epilepsy. Nat Clin Pract Neurol 2: 190-200, 2006.

12 Witczaka M, Kociszewskab I, Wilczy’nski J, Lopnskaa D,
Ferenca T: Evaluation of chromosome aberrations, sister

in vivo 29: 77-82 (2015)

80



chromatid exchange and micronuclei inculturedcord-blood
lymphocytes of newborns of women treated for epilepsy during
pregnancy. Mutation Research 701: 111-117, 2010.

13 Palac S and Meador KJ: Antiepileptic drugs and neuro-
development: an update. Curr Neurol Neurosci Rep 11(4): 423-
427, 2011.

14 Morrow J, Russell A, Guthrie E, Parsons L, Robertson I,
Waddell R and Irwin B. Malformation risk of antiepileptic drugs
in pregnancy: a prospective study from the UK Epilepsy and
Pregnancy Register. J Neurol Neurosurg Psychiatry 77: 193-198,
2006.

15 Mc Elhatton PR: Drug use in pregnancy. Pharm J 70: 305-307,
Part 2, 2003.

16 Titze K, Koch H, Helge H, Lehmkuhl U, Rauh H and
Steinhausen HC: Prenatal and family risks of children born to
mothers with epilepsy: effects on cognitive development. Dev
Med Child Neurol 50: 117-122, 2008. 

17 Ozyurek H, Bozkurt A, Bilge S, Ciftcioglu E, Ilkaya F and Bas
DB: Effect of prenatal levetiracetam exposure on motor and
cognitive functions of rat offspring. Brain & Development 32:
396-403, 2010.

18 Evan G and Kimford JM: Antiepileptic drugs in women with
epilepsy during pregnancy. Ann Neurol 74: 223-231, 2013.

19 Petrenaite V, Sabers A and Hansen-Schwartz J: Individual
changes in lamotrigine plasma concentrations during pregnancy.
Epilepsy Res 65: 185-188, 2005.

20 Petrenaite V, Sabers A and Hansen-Schwartz J: Seizure
deterioration in women treated with oxcarbazepine during
pregnancy. Epilepsy Res 84: 245-249, 2009.

21 Vajda F, Solinas C and Graham J: Hitchcock A and Eadie M:
The case for lamotrigine monitoring in pregnancy. J Clin
Neurosci 13: 103-104, 2006.

22 Guide for the Care and Use of Laboratory Animals (22) (NIH
Publication 865-823, Bethesda, MD, USA).

23 Tekcan A, Elbistan M and Ulusoy AN: Sister chromatid
exchanges in breast cancer patients who underwent
chemotherapy. J Toxicol Sci 37(2): 235-243, 2012.

24 Spronck JC and Kirkland JB: Niacin deficiency increases
spontaneous and etoposide-induced chromosomal instability in
rat bone marrow cells in vivo. Mutat Res 508(1-2): 83-97, 2002.

25 Azab M, Khabour OF, Al-Omari L, Alzubi MA and Alzoubi K:
Effect of every-other-day fasting on spontaneous chromosomal
damage in rat’s bone-marrow cells. J Toxicol Environ Health A
72(5): 295-300, 2009.

26 Perry P and Wolff S: New Giemsa method for the differential
staining of sister chromatids. Nature 251(5471): 156-158, 1974.

27 Proudlock RJ, Statham J, Howard W: Evaluation of the rat bone
marrow and peripheral blood micronucleus test using
monocrotaline. Mutat Res 14: 392(3): 243-249, 1997. 

28 Genton P and Van Vleymen B: Piracetam and levetiracetam:
close structural similarities but different pharmacological and
clinical profiles. Epileptic Disord 2: 99-105, 2000.

29 Hunt S, Craig J, Russell A, Guthrie E, Parsons L, Robertson I.
Waddell R, Irwin B, Morrison PJ and Morrow J: Levetiracetam
in pregnancy: preliminary experience from the UK epilepsy and
pregnancy register. Neurology 67: 1876-1879, 2006.

30 TenBerg K, Samren EB, van Oppen, AC, Engelsman M and
Lindhout D: Levetiracetam use and pregnancy outcome. Reprod
Toxicol 20: 175-178, 2005.

31 Shallcross R, Bromley RL, Irwin B, Bonnett LJ, Morrow J and
Baker GA: Liverpool Manchester Neurodevelopment Group; UK
Epilepsy and Pregnancy Register. Child development following
in utero exposure: levetiracetam vs. sodium valproate. Neurology
276: 383-399, 2011.

32 Artama M, Auvinen A, Raudaskoski T, Isojarv I and Isojarvi J:
Antiepileptic drug use of women with epilepsy and congenital
malformations in offspring. Neurology 64: 1874-1878, 2005.

33 Kim J, Kondratyev A and Gale K: Antiepileptic drug-induced
neuronal cell death in the immature brain: effects of
carbamazepine, topiramate, and levetiracetam as monotherapy
versus polytherapy. J Pharmacol Exp Ther 323: 165-173, 2007.

34 Garza CHL, Cedillo GCV, Alvardo R and Gutierrez EIC:
Mutagenic activity of diazepam evaluated by in vivo cytogenic
test. Arch Med Res 29: 285-289, 1998.

35 Sardas S, Ada M, Karakaya AE and Aydin N: Sister-chromatid
exchanges in epileptic patients on anticonvulsant therap. Mutat
Res 313: 21-24, 1994.

36 Hu L, Lu X, Lu B and Huang Y: The effect of valproic acid on
SCE and chromosome aberrations in epileptic children. Mutat
Res 243: 63-66, 1996.

37 Sinues B, Gazulla J, Bernal ML, Lanuza J, Fanlo A and Saenz
M: Six mutagenicity assays in exposure biomonitoring of
patients receiving carbamazepine for epilepsy or trigeminal
neuralgia. Mutat Res 334: 259-265, 1995.

38 Schaumann B, Satish J, Johnson SB, Moore K and Cervenka J:
Effects of carbamazepine on human chromosomes. Epilepsia 26:
346-352, 1985.

39 Kaul A and Goyle S: Genotoxicity of the anticonvulsant drug
phenytoin (PHT): a follow-up study of PHT-untreated epileptic
patients. Sister chromatid exchange (SCE) analysis. Teratog
Carcinog Mutagen 19: 61-72, 1999.

40 Kaul A, Kalla NR and Goyle S: The modulatory effect in
genotoxic responses due to age and duration of PHT therapy in
epileptic patients. Teratog Carcinog Mutagen 21: 135-149, 2001.

41 Schumann BA, Vinge VB, Pederson M and Kuskowski MA:
Comparative effects of phenytoin and/or phenobarbital treatment
on sister chromatid Exchange. Epilepsia 31: 453-457, 1990. 

42 Bellini C, Citana A, La Rosa C and Bonioli E: Phenobarbital
enhances sister chromatid exchanges in vivo. Epilepsia 44: 621-
622, 2003.

43 Shallcross R, Bromley R, Irwin B, Morrow J and Baker G: In
utero exposure to levetiracetam vs. valproate: development and
language at 3 years of age. Neurology 82(3): 213-221, 2014. 

44 Mawhinney E, Craig J, Morrow J, Russell A, Smithson WH,
Parsons L, Morrison PJ, Liggan B, Irwin B, Delanty N and Hunt
SJ: Levetiracetam in pregnancy: results from the UK and Ireland
epilepsy and pregnancy registers Neurology 22: 80(4): 400-405,
2013.

45 Chaudhry SA, Jong G and Koren G: The fetal safety of
levetiracetam; a systematic review Reproductive Toxicology 46:
40-45, 2014.

Received September 12, 2014
Revised October 18, 2014

Accepted October 24, 2014

Tural et al: Genotoxic Effects of Prenatal Exposure to Levetiracetam During Pregnancy on Rat Offspring 

81


