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Neural tube defects (NTDs) are the major congenital malformations of the central
nervous system in humans. The universal occurrence of neural tube defects (NTDs)
ranges from 0.5 to 12 per 1000 live births depending on the countries, with higher
incidence in the developing countries; this accounts for 400,000 live births globally
per annum. Women of childbearing age with epilepsy are often concerned about
hazards of drug exposure during pregnancy and lactation. Valproic acid (VPA) an
antiepileptic drug causes teratogenicity and embryo toxicity, when taken during
pregnancy. Plant extracts has been in use to prevent and treat different diseases,
Nigella sativa L. (NS) is a family member of the Ranunculaceae that has been in use
as food additives to prevent different types of diseases. Effect of NS extract on
central nervous system has been studied by many researchers and most of the studies
have shown positive outcome and good benefit on the central nervous system. This
study was done to evaluate the effects of NS oil extract on the prevention of sodium
valproate-induced neural tube defects in mice, and the developmental impairment
induced by sodium valproate exposure during intrauterine stage. Seventy five (60
female and 15 male), non-gravid ICR mice were used for the study. The mice at 7
weeks of age were allowed two weeks of adjustment in the animal house. In the first
study, gravid mice were divided into five groups of six pregnant mice each. Group 1
was treated with VPA only at a dose of 600mg/kg daily, groups 2, 3 and 4 received
VPA at a dose of 600mg/kg/day + 0.2ml of NS oil extract, VPA at a dose of
600mg/kg/day + 0.1ml of NS oil extract and 600mg/kg/day + FA 400ug,
respectively. Group 5 mice were administered with 0.9% saline, and served as
control. The dams were sacrificed on gestational day 15 and the embryos were
harvested for physical examination and laboratory evaluation. The treatment
regimens for Groups 1, 2, 4 and 5 were repeated in the second study, with the
exclusion of Group 3. The offspring from these groups were assessed at 3-7 weeks



old for physical developmental milestones and evaluated for various behavioural
tests. Muscle weakness, memory impairment and anxiety were ameliorated in the
offspring that had been treated with NS oil extract plus VPA, compared to those
treated with VPA only, and VPA + FA. Animals in the Control group did not have
any evidence of muscular and memory deficits. Light microscopy histological
evaluation illustrated that there were significant distortion in the architecture of the
cell in the spinal cord in VPA only, and VPA + FA groups. There was no significant
distortion observed in VPA + NS 0.2 ml group. Nuclear swelling and necrosis
associated with VPA exposure seen on TEM images was significantly reduced by
NS oil extract supplemented at 0.2 ml. The inhibition of histone deacetylase
(HDAC) by VPA was significantly reversed in the VPA + NS 0.2 ml treatment
group. In conclusion, this study demonstrated that administration of NS oil extract
improved memory and learning abilities in offspring that had shown disabilities
associated with prenatal exposure to sodium valproate. The NS oil extract is also
beneficial in improving the muscular strength, and reversal of anxiety and
behavioural deficits associated with in utero VPA exposure. It is postulated that the
administration of NS oil extract prevented NTDs associated with prenatal VPA
exposure, by reducing the inhibition of HDAC activity associated with VPA
exposure.
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Kecacatan tiub saraf (NTDs) adalah kecacatan kongenital sistem saraf pusat pada
manusia. Kejadian sejagat NTD adalah sekitar 0.5 ke 12 insiden untuk setiap 1000
kelahiran, bergantung kepada negara, dengan insiden lebih tinggi di negara
membangun. atau setara dengan 400,000 kelahiran global setahun. Wanita pada
umur boleh mengandung yang mengidap epilepsi sering mengambil berat tentang
bahaya dari ubat-ubatan yang diambil dalam tempoh mengandung dan penyusuan.
Asid valproik (VPA), adalah sejenis ubat antiepileptik yang teratogenik dan boleh
menyebabkan keracunan embrio jika diambil ketika mengandung. Pati tumbuhan
telah digunakan untuk mencegah dan merawat pelbagai penyakit. Nigella sativa L.
(NS) dari keluarga Ranunculaceae telah digunakan sebagai penokok diet untuk
mencegah pelbagai jenis penyakit. Kesan pati NS atas sistem saraf pusat telah dikaji
oleh ramai pengkaji, dan kebanyakan kajian menunjukkan kesan positif dan manfaat
terhadap sistem saraf pusat. Kajian ini dijalankan untuk menilai kesan pati minyak
NS dalam mencegah kecacatan tiub neural teraruh natrium valproate pada mencit,
dan kecacatan perkembangan yang diaruh oleh pendedahan terhadap natrium
valproat ketika dalam rahim. Tujuh puluh lima (60 betina dan 15 jantan) mencit ICR
tak gravid digunakan dalam kajian ini. Mencit berumur 7 minggu dibiarkan untuk
beradaptasi selama dua minggu di rumah haiwan. Kajian pertama menggunakan lima
kumpulan rawatan yang terdiri daripada enam mencit bunting dalam setiap
kumpulan. Kumpulan 1 diberi VPA sahaja pada dos 600mg/kg sehari, kumpulan 2, 3
dan 4 masing-masing diberi VPA pada dos 600mg/kg/hari + 0.2ml pati minyak NS,
VPA pada dos 600mg/kg/hari + 0.1ml pati minyak NS dan VPA pada dos
600mg/kg/hari + FA 400ug. Mencit dari kumpulan 5 diberi 0.9% larutan salin dan
bertindak sebagai kumpulan kawalan. Mencit betina dikorbankan pada hari bunting
ke-15 dan embrio diambil untuk pemeriksaan fizikal dan penilaian makmal. Untuk
kajian kedua, rawatan yang serupa dengan kajian pertama diberikan, tanpa kumpulan



yang dirawat dengan 0.1ml pati minyak NS. Anak dari kumpulan-kumpulan ini
dinilai pada umur 3-7 hingga minggu untuk melihat tahap perkembangan fizikal dan
untuk tujuan ujian tingkah laku. Kelemahan otot, gangguan ingatan dan kerisauan
didapati berkurangan pada anak mencit yang mengambil minyak NS dengan VPA,
berbanding dengan kumpulan yang hanya mengambil VPA dan VPA + FA.
Sementara itu kumpulan kawalan tidak menunjukkan sebarang susutan kekuatan
otot dan gangguan ingatan. Pemeriksaan histologi menunjukkan pengherotan yang
siginifikan pada bentuk sel saraf tunjang pada kumpulan VPA dan VPA + FA. Tiada
pengherotan yang signifikan dicerap pada kumpulan VPA + NS 0.2ml.
Pembengkakan nuklear dan nekrosis berikutan pendedahan kepada VPA yang
dicerap dengan TEM berkurang dengan signifikan selepas rawatan dengan pati
minyak NS pada 0.2ml. Rencatan histone deasetilase (HDAC) oleh VPA berbalik
kepada paras normal dalam kumpulan VPA + NS 0.2ml. Kesimpulannya, kajian ini
menunjukkan rawatan dengan pati minyak NS telah memberi kesan positif terhadap
pemulihan keupayaan pembelajaran dan ingatan anak mencit yang didedahkan
kepada natrium valproate semasa pranatal. la turut menunjukkan manfaat pati
minyak NS dalam memperbaiki kelemahan otot, mengurangkan tahap kerisauan
serta defisit perilaku yang berkait dengan autisme, selepas pendedahan pranatal
kepada VPA. Rawatan dengan pati minyak NS telah mencegah NTD yang
disebabkan oleh pendedahan pranatal kepada VPA, dengan mengurangkan rencatan
aktiviti HDAC yang disebabkan oleh VPA.
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CHAPTER 1

INTRODUCTION

Neural tube defects (NTDs) are the major congenital malformations of the central
nervous system in humans. The commonest forms of NTDs in humans are spinal
bifida and anencephaly which occur due to the absence of closure of posterior and
anterior neuropore respectively (Detrait et al., 2005). Spinal bifida is sub-divided
into: spinal bifida occulta, meningocele and mylomeningocele. The universal
occurrence of NTDs ranges from 0.5 to 12 per 1000 live births depending on the
country with higher incidence in the developing countries; this accounts for 400,000
live births globally per annum (Copp & Greene, 2010). Anencephaly, which is the
second form of NTD in human is mostly incompatible with life and leads to stillbirth
or early neonatal death, approximately half of the babies born with anencephalic
have a life expectancy of few minutes to one day, only about one-quarter of the
babies could live up to 10 days (Bower et al., 2004). Risk factors of neural tube
defects include; diabetes or obesity, and maternal use of medications such as
antiepileptic drugs during early pregnancy (Grewal et al., 2009). The aetiology of
NTDs are complex, these involve a combination of genetic, nutrient, and
environmental factors. Valproic acid (VPA) which is use in the treatment of
epilepsy, migraines, and bipolar affective disorder. Is a well-established human
teratogen (Bowden, 2009). Folic acid deficiency is also a known risk factor, and
folate supplementation before and during early pregnancy may results in a decrease
risk of neural tube defects (Ray et al., 2002). The financial implications of managing
neural tube defects pose a great burden on the families and patients affected. WWomen
of childbearing age with chronic medical conditions such as epilepsy are often
concerned about hazards of drug exposure during pregnancy and lactation. The
avoidance of any medication after conception may often be unwise for maternal
well-being due to the fact that the drug is beneficial for her condition. Proper
prescription of drugs in pregnancy is a challenge and should provide maximal safety
to the foetus as well as therapeutic benefit to the mother. Teratogens act with
specificity in that they produce specific abnormalities at specific times during
gestation (Adebisi, 2011). For instance, thalidomide produces limb defect
(phocomelia), while valproic acid and carbamazepine produce neural tube defects
(e.g. spinal bifida) (Adebisi, 2011). Teratogenic specificity also applies to species,
for example, aspirin and corticosteroids have been found to be teratogenic in mice
and rats but appear to be safe in humans (van Gelder et al., 2010). The organization
of proliferation and differentiation of the neuroepithelial cells is highly required for
proper neural tube closure. Consequently, exposure to an agent that interferes with
rapid cellular proliferation and interrupts discrete regions of differentiation and
apoptosis of the neuroepithelial cells can possibly induce a NTDs. VPA is a histone
deacetylase inhibitor; it is presently in clinical trials as an anticancer agent (Batty et
al., 2009). Its properties as an anticancer agent differ for different cell types and
these include: growth arrest through arrest of cell cycle and decreased proliferation,
apoptosis and anti-angiogenesis (Ellis et al., 2009). Microarray studies of VPA
intake during pregnancy have demonstrated an increase in the expression of genes



responsible for growth-arrest, such as gadd45a in the head region of the embryo.
These suggest that neural tube defects may arise from inhibition of cell growth and
induction of apoptosis in the neuroepithelial cells (Okada et al., 2005). Additionally,
a study previously shows that embryonic p53 protein expression increases just 3
hours after maternal VPA administration, this was localized to the embryonic
somites (Di Renzo et al., 2010). Some previous studies on VPA, shows that it
increases reactive oxygen species (ROS) formation. ROS induces DNA double
strand breakage in an in vitro study (Sha & Winn, 2010). ROS can cause
macromolecular damage to some components like lipids, proteins, and DNA and
alteration in embryonic signalling pathways, in the cells (Wells et al., 2009).

Nigella sativa (NS) is a native annual flowering plant found in some part of Asia and
southern Europe. The flower of NS contain some small black seeds and the seeds are
the source of pharmacologically active component of NS (Keyhanmanesh et al.,
2013). These components include thymoquinone (TQ), ditimoquinone (DTQ) and
nigellin, with thymoquinone been highest in concentration. In traditional medicine,
NS has been used in the treatment of different type of sickness, such as hypertension,
obesity, dysentery, fever, headache, and gastrointestinal problems. The prophet of
Islam Muhammad (PBUH) said that NS can be used in the treatment of all kind of
diseases except death and old age (Ali & Blunden, 2003). Previous experimental
studies have shown that the extract of NS seeds have anti-inflammatory and
anticancer activities. It was also found that extract of NS is protective against
oxidative damage in isolated rat hepatocytes (Kanter et al., 2006a). Feeding neonate
and juvenile with NS extract at an early stage is associated with improved memory
and learning in rats (Beheshti et al., 2015).

1.1 Problem statement

The universal occurrence of neural tube defects (NTDs) ranges from 0.5 to 12 per
1000 live births depending on the countries, with higher incidence in the developing
countries; this accounts for 400,000 live births globally per annum. Women of
childbearing age with epilepsy are often concerned about hazards of drug exposure
during pregnancy and lactation. VPA, an antiepileptic drug that effective in women
of child bearing age, has been well documented as a teratogen that causes NTDs on
exposed foetus.

1.2 Rationale of the study

Pregnant woman that has chronic illness and are on medication has the risk of having
a malformed foetus. Drugs such as sodium valproate use in the treatment of epilepsy
can cause neural tube defects (NTDs). This study is to investigate the preventive
effect of NS oil extract on neural tube defects induced by sodium valproate
administration.
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1.5

Research questions

Can co-administration of NS oil extract with sodium valproate prevent
neural tube defect that can be induced by sodium valproate?

What will be the effect of NS oil extract on motor, memory and cognitive
developmental impairment in the offspring induced by sodium valproate
exposure during intra uterine life?

Research objectives

General Objectives

To study the effect of NS oil extract on prevention of sodium valproate induced
neural tube defects in ICR mice.

1.6

1.7

Specific objectives

To investigate the effect of administering NS oil with Sodium valproate in
prevention of Sodium valproate induced neural tube defect in ICR mice.

To determine the effect of NS oil on placental tissue damage induced by
sodium valproate administration during pregnancy in mice.

To determine the effect of NS oil in reducing histone deacetylase inhibition
activity in the embryo exposed to sodium valproate during pregnancy.

To evaluate the effect of NS oil on histological changes on neonatal neural
tissue due to maternal sodium valproate exposure during pregnancy.

To determine the effect of NS oil in decreasing gadd45a gene expression in
the embryo exposed to sodium valproate during pregnancy.

To evaluate the effect of NS oil on motor, memory and mental
developmental impairment induced by sodium valproate exposure during
intra uterine life.

Research Hypothesis

NS oil has no preventive effect on Sodium valproate induced neural tube
defect when administered to pregnant ICR mice.

NS oil has no preventive effect on mental retardation associated with
exposure to sodium valproate during intra uterine development on ICR mice
offspring.
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