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Abstract

Comparative Study of Carbamazepine (CBZ) Versus Valproic Acid (VPA) Effect on Liver
Function and Lipid Profile in Epileptic Children (Gaza Strip)

Epilepsy is a common neurological disorder, especially in children, characterized by recurrent
unprovoked seizures, which caused by abnormal excessive or synchronous neuronal activity in
the brain, leading to sudden interruption of normal brain function. It is considered a chronic
disease that requires long-term treatment with Antiepileptic drugs (AEDs). Carbamazepine
(CBZ) and Valproic acid (VPA) are widely used for treatment of epilepsy in children in the
world.
The purpose of this study was to evaluate the effect of CBZ and VPA as monotherapy on liver
function and lipid profile in epileptic children in Gaza strip, then to compare the effects of the
two drugs on the aforementioned parameters.
To achieve this purpose, a case-comparative study was conducted on 50 newly diagnosed
epileptic children selected from Al-Rantissi specialized pediatric hospital, neurology department
in Gaza governorate, under the supervision of a neurological specialist. The patients were
divided into two groups according to the prescribed drug; the first group (n=23) was treated with
CBZ monotherapy (20-30 mg/kg/day) divided into two doses daily, and the second group (n=27)
was treated with VPA monotherapy (40 mg/kg/day) divided into two doses daily.
All patients were followed up to six months after starting of the treatment by measuring serum
levels of liver enzymes including Aspartate aminotransferase (AST), Alanine aminotransferase
(ALT) and Alkaline phosphatase (ALP), and Total Cholesterol (TC), Triglycerides (TGs), Low
density lipoprotein cholesterol (LDL-C) and High density lipoprotein cholesterol (HDL-C) as
lipid profile at base line then after 2, 4 and 6 months of treatment.
The results showed a significant increase in the serum levels of AST, ALT and ALP after 6
months of treatment in both CBZ- and VPA-treated groups of epileptic children patients. The
results also showed that CBZ increased significantly the serum levels of TC, TGs and LDL-C,
with no significant change on HDL-C level in the CBZ-treated group. On the contrary, the
results showed that VPA had no significant change on lipid profile in the epileptic children
patients treated for six months.

v

The study concluded that VAP monotherapy caused greater increase in serum levels of ALT and
AST than CBZ, while CBZ monotherapy caused greater increase in serum levels of ALP than
VPA in epileptic children after 6 months of treatment. Our study also revealed that VPA
monotherapy had lower effect than CBZ monotherapy on lipid profile in the epileptic children
after 6 months of treatment.
Keywords: Epilepsy, Antiepileptic Drugs, Carbamazepine, Valproic acid, Serum Lipid Profile,
Liver Function Tests.
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ملخص الدراسة
مقارنة تأثير عالج الكاربامازبين األحادي وعالج حمض الفالبرويك األحادي عمى وظائف الكبد ومستوى الدهون في األطفال
حديثي اإلصابة بمرض الصرع في قطاع غزة.
الصرع ىو مرض عصبي شائع الحدوث في األطفال ،ينتج عن اضطراب اإلشارات الكيربائية في خاليا الدماغ نتيجة لشحنة
كيربائية مفاجئة ،ويؤدي الى انقطاع مفاجئ في وظيفة المخ الطبيعية .ويعتبر مرض الصرع من األمراض المزمنة التي تحتاج
إلى عالج طويل األمد .عالج الكاربامازبين وحمض الفالبرويك من األدوية التي تستخدم بشكل واسع لعالج األطفال المصابين
بالصرع في العالم.
اليدف من ىذه الدراسة ىو تقييم ومن ثم مقارنة تأثير كل من عالج الكاربامازبين األحادي وعالج حمض الفالبرويك األحادي
عمى وظائف الكبد ومستوى الدىون في األطفال المصابين بمرض الصرع في قطاع غزة.
ولتحقيق ىدف الدراسة ،تم اختيار  00طفل حديثي اإلصابة بمرض الصرع من مستشفى الرنتيسي التخصصي لألطفال–قسم
االعصاب في محافظة غزة تحت اشراف طبيب أعصاب مختص .تم تقسيم المرضى الى مجموعتين حسب العالج الموصوف
ليم ،المجموعة األولى ( )n=23تم عالجيم بالكاربامازبين األحادي بجرعة  20-30مجم/كجم/يوم ،مقسمة الى جرعتين يوميا،
والمجموعة الثانية ( )n=27تم عالجيم بحمض الفالبرويك األحادي بجرعة  00مجم/كجم/يوم ،مقسمة الى جرعتين يوميا.
تضمنت الدراسة متابعة جميع المرضى لمدة ستة أشير من بدء العالج ،من خالل قياس مستويات انزيمات الكبد في الدم
وتشمل  ALP، AST،ALTومستوى الدىون في الدم وتشمل الكوليسترول الكمي  ،TCوالدىون الثالثية  ،TGsوالكوليسترول
منخفض الكثافة  ،LDL-Cوالكوليسترول عالي الكثافة  HDL-Cوذلك قبل البدء بالعالج وبعد شيرين وأربعة وستة أشير من
استخدام العالج.
أظيرت النتائج زيادة ذات داللة إحصائية في مستويات انزيمات الكبد  ALP، AST،ALTفي األطفال المرضى الذين
استخدموا عالج الكاربامازبين األحادي وعالج حمض الفالبرويك األحادي بعد ستة أشير من العالج.
كما أظيرت النتائج بان عالج الكاربامازبين األحادي قد أدى الى زيادة ذات داللة إحصائية في مستويات كل من ، TGs،TC
 LDL-Cفي الدم ولكن لم يحدث تغيير ذو داللة إحصائية عمى مستوى  .HDL-Cكما أظيرت النتائج أيضا بان عالج
حمض الفالبرويك األحادي لم يكن لو تأثير ذو داللة إحصائية عمى مستويات الدىون في الدم.
كشفت الدراسة بان عالج حمض الفالبرويك األحادي ادي الى زيادة أكبر في مستوى كل من  ALTو ASTمن عالج
الكاربامازبين االحادي ،وان عالج الكاربامازبين االحادي أدى الى زيادة أكبر في مستوى  ALPمن عالج حمض الفالبرويك
تأثير أقل عمى مستوى الدىون في الدم من عالج
األحادي .كما اثبتت الدراسة بان عالج حمض الفالبرويك االحادي كان لو
اً
الكاربامازبين االحادي في األطفال المصابين بالصرع.
الكممات المفتاحية  :الصرع ،ادوية مضادات الصرع ،كاربامازبين ،حمض الفالبرويك ،مستوى الدىون في الدم ،اختبارات
وظائف الكبد.
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Chapter 1
Introduction

1.1. Background
Epilepsy is a common disorder of the central nervous system (CNS). It is widely distributed in
the world without social, racial or geographical boundaries. It occurs in males and females at all
ages, being more common in the two extremities of life; children and old people (Mac T. et al.,
2007; Tran D. et al., 2006). Epilepsy is defined as recurrent epileptic seizures, where seizure is
a transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain, mainly in cerebral cortex (Sirven JI. et al., 2012). This firing of
neuronal activity results in interruption of normal brain function for different periods of time
ranging from several seconds to few minutes (Henry TR., 2012). If a person has repetitive
unprovoked seizures; two at least; then he is diagnosed as epileptic patient (Fischer RS. et al.,
2005).
Epilepsy has been estimated to affect nearly about 50 millions of people in the world at all ages,
of whom up to 75% live in in the developing countries, with little medical services or treatment
(Meinardi H. et al., 2001; Ngugi AK. et al., 2010), and moreover, 50% of the cases occur in the
childhood and adolescents (Olafsson E. et al., 2005). Furthermore, it had reported that epilepsy
affects approximately 0.5 to 1% of children under the age of 16 years (Shields WD., 2004;
Shinnar S. & Pellock JM., 2002).
Epilepsy is sometimes considered as a chronic disorder as it may continue for all patient‟s life
but in some cases; a complete remission obtained by carefully taking the suitable treatment
(Smith D. & Chadwick D., 2001). However, it is considered a chronic disorder with biological,
physical, social and psychological consequences that affect patient‟s life. Hence, it requires a
chronic course of treatment with antiepileptic drugs (AEDs). Choosing the suitable antiepileptic
drug depends mainly on the perfect diagnosis of epilepsy type of each patient (Guerreiro CM.,
2008). The goal of antiepileptic therapy is to achieve controlling of epilepsy with minimal side
effects possibility (Tomson T. et al., 2007). About 60% of epileptic patients have a controlled
epilepsy by AEDs monotherapy, but unfortunately about 30-50% of patients are not adequately
responding to single AED, and they need introduction of second AED or even more than two
drugs in severe cases (Kwan P. & Brodie MJ., 2000).
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Carbamazepine and Valproic acid are considered the drugs of choice for treatment of epilepsy in
children (Ghajarzadeh M. et al., 2011). The ministry of health in Gaza strip included them in
the essential drug list for treatment of epilepsy. Both drugs may result in less frequent but serious
and threatening adverse effects in children upon the long-term use. A serious adverse effect of
the two drugs is their effect on liver function in epileptic patients, developing drug-induced
hepatotoxicity (Navarro VJ. & Senior JR., 2006; Pandit A. et al., 2012).
Another less frequent but serious effect of the two drugs is their effect on lipid profile in
epileptic children, some studies revealed that they increase lipid levels in epileptic children
especially in the first months of treatment, eventhough there were other studies that found
contrasting results (Eiris JM. et al., 2000; Demircioglu S. et al., 2000). Increasing lipid levels
in childhood need attention, as this may trigger atherosclerosis (Yilmaz E. et al., 2001). These
effects of antiepileptic drugs on liver function and lipid profile should be monitored among
epileptic patients especially in children, in order to avoid risk of developing hepatotoxicity or
atherosclerosis upon chronic use (Hussein R. et al., 2013; Yilmaz E. et al., 2001).
This aim of this study was to follow up the newly diagnosed epileptic children who are treated
with Carbamazepine (CBZ) or Valproic acid (VPA) as monotherapy in Gaza strip, to monitor
liver function and lipid profile for 6 months from starting treatment. Liver function was
monitored by measuring liver enzymes levels including Alanine Aminotransferase (ALT),
Aspartate Aminotransferase (AST) and Alkaline Phosphatase (ALP). Lipid profile was
monitored by measuring serum levels of Triglycerides (TGs), Total Cholesterol (TC), High
Density Lipoprotein Cholesterol (HDL-C) and Low Density Lipoprotein Cholesterol (LDL-C).
These parameters were measured at zero time before starting treatment, and then repeated each
two months for 6 months (the study period).
1.2. Justification of the study
Epilepsy is widely distributed in the world; it affects approximately 50 million people with
incidence of 20-190 cases per 100,000/year (Terra VC. et al., 2011). World Health
Organization (WHO) had estimated that eight people per 1000 in the world had this disease
(WHO, 2001). Epidemiologic studies on the American population reported that approximately
150,000 child had a first time, unprovoked seizure each year, and of those, 30,000 will develop
epilepsy (McAbee GN. & Wark JE., 2000). It had been estimated that epilepsy affects 0.5 to
1% of all children (Oka E. et al., 2006; Wolf SM. & McGoldrick PA., 2006), with the highest
incidence in children younger than three years (Friedman MJ. & Sharieff GQ., 2006).
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Unfortunately, in our country, Palestine, there is no statistical studies that were conducted to
assess prevalence and incidence of epilepsy among children, at the time that there are many new
files which are opened each year for epileptic cases.

Treatment with AEDs may last from two to many years. This will expose epileptic children for
adverse effects of AEDs for long time. Carbamazepine and Valproic acid are widely used as first
line therapy in controlling epilepsy in children (Wheless JW. et al., 2007; Ghajarzadeh M. et
al., 2011), and they are used in the treatment protocols of epilepsy in health centers in Gaza strip.
Some adverse effects of CBZ and VPA are less frequent but serious and threatening, as their
effects on liver function and lipid profile. The studies that were conducted on this subject are
contradictory in their results. Many studies found that CBZ elevated all fractions of lipids in such
a way that it may facilitate development of coronary heart disease as atherosclerosis in epileptic
patients (Nikolaos T. et al., 2004; Eiris JM. et al., 2000). In contrast; other studies found that
lipid levels were not significantly changed in patients received CBZ monotherapy (Geda G. et
al., 2003). On the other hand, many studies reported no significant changes in lipid profile with
VPA treatment (Aynaci FM. et al., 2001; Demircioglu S. et al., 2000), others found that VPA
increased HDL levels (Beghi E. et al., 1990), still other researchers reported decreased lipid
levels during VPA treatment (Zeilthoper S. et al., 1993; Calandre EP. et al., 1991).
About the effect of AEDs on liver function, VPA is reported as a potential hepatotoxic drug
(Gopaul S. et al., 2003), as it leads to elevation of liver enzymes levels in about 20% of epileptic
patients (Pandit A. et al., 2012), despite the differences in the studies about liver enzymes that
had been changed (Navarro VJ. & Senior JR., 2006). In addition, CBZ treatment is reported to
cause less frequent drug-induced hepatotoxicity than VPA, but it is found that CBZ leads to
elevation in liver enzyme levels in about 5-10% of patients (Bazil CW. & Pedley TA., 2003).
However, the conducted studies had divergent results, where some of them found that CBZ
elevated ALP levels only (Hussein R. et al., 2013); others had reported elevated levels of all
liver enzymes with CBZ (Pandit A. et al., 2012). These results need intensive monitoring of
liver function in those patients to avoid drug-induced hepatotoxicity.
The present study was performed to evaluate and compare the effects of Carbamazepine and
Valproic acid as monotherapy on liver function and lipid profile in the newly diagnosed epileptic
children in Gaza strip, followed up for six months after starting treatment, in order to monitor if
any changes may occur on liver function and lipid profile in epileptic children upon the chronic
use of antiepileptic drugs.
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1.3. Purpose of the study
To compare the effects of Carbamazepine and Valproic acid as monotherapy on liver function
and lipid profile in newly diagnosed epileptic children in Gaza strip over a period of 6 months
(the study period).

1.4. Objectives of the study
1. To evaluate the effect of CBZ and VPA as monotherapy on liver function and lipid profile
in newly diagnosed epileptic children in Gaza strip over 6 months (the study period).
2. To compare the effects of CBZ versus VPA monotherapy on liver function and lipid profile
in newly diagnosed epileptic children in Gaza strip over 6 months.
3. To provide evidence and recommendations for monitoring side effects related to liver
function and lipid profile that may be observed during treatment with CBZ or VPA
monotherapy in epileptic children.
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Chapter 2
Literature Review
2.1.Epilepsy
2.1.1.General aspects
Epilepsy is derived from the Greek word “epilepsia” which means, “to seize or overwhelm”. It is
a common neurological disorder of CNS, distributed worldwide without national or geographical
boundaries, occurring in both genders and at all ages especially in the extremities of age (Tran
D. et al., 2006). Epilepsy is defined as recurrent unprovoked seizures, where seizure is a
transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain (Fisher RS. et al., 2005), leading to sudden and temporary
interruption of the normal brain function for different periods of time ranging from seconds to
several minutes, resulting in different clinical manifestations according to affected regions of the
brain (Engelborghs S. et al., 2000). At least, two unprovoked seizures have to be occurred with
a patient, and then he will be diagnosed as epileptic patient (Fisher RS. et al., 2005).
The International League Against Epilepsy (ILAE) and the International Bureau for Epilepsy
(IBE) in their report in 2005 had defined seizure and epilepsy as follows: An epileptic seizure is
a transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain. Epilepsy is a disorder of the brain characterized by an enduring
predisposition to generate epileptic seizures, and by the neurobiological, cognitive,
psychological, and social consequences of this condition (Fisher RS. et al., 2005).
The current definition of epilepsy said that epilepsy to be diagnosed; it requires two unprovoked
seizures occurring at least 24 h apart, but some scientists of epilepsy recognized that this
definition is inadequate in some clinical circumstances, and they found that epilepsy might occur
after one unprovoked seizure in certain clinical conditions as stroke, CNS infections, or trauma.
A patient with such brain problems has a risk of a second unprovoked seizure (Hesdorffer DC.
et al., 2009). In addition, under limitations of the current definition of epilepsy; another patient
may have a photosensitive seizure but considered not to have epilepsy because it is provoked by
flashing light. Another might be free of seizures and stop seizure medications for 50 years, but
still defined as having epilepsy. Therefore, in order to introduce the practical and clinical
definition of epilepsy to involve all the circumstances, the ILAE Task Force recommends
broadening the definition of epilepsy to be as follows:
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Epilepsy is a disease of the brain defined by any of the following conditions:
1. At least two unprovoked (or reflex) seizures occurring >24 h apart
2. One unprovoked (or reflex) seizure and a probability of further seizures similar to the general
recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years
3. Diagnosis of an epilepsy syndrome
Epilepsy is considered to be resolved for individuals who had an age-dependent epilepsy
syndrome, but are now past the applicable age or those who have remained seizure-free for the
last 10 years, with no seizure medications for the last 5 years (Fisher RS. et al., 2014).

2.1.2.Classification of epilepsy
Understanding the classification of epileptic seizure is very important for correct diagnosis of
each patient‟s seizure type, which will be very helpful for management of epilepsy and choosing
the correct treatment (Rossetti AO., 2015).
The first classification of seizures was published by ILAE in 1960, then it is updated in 1981,
and the last update was published in 1989. A report in 2010 by the ILAE Commission on
Classification and Terminology introduced some changes to the current conceptualization,
terminology, and definitions of seizures and epilepsy, and they classified the epileptic seizures
into two major categories; partial and generalized seizure, each of them is divided into several
types (Berg AT. et al., 2010), these types are illustrated in annex 1.

2.1.2.1.Partial seizure
It is called a focal seizure, where the excessive neuronal activity occurs in a localized area of the
brain or in one brain hemisphere. The clinical manifestations depend on the affected area of the
brain. It is subdivided into two types according to maintenance of the consciousness in patient;
simple and complex partial seizure. Simple partial seizure; there is no loss of consciousness; it
mainly affects the motor cortex resulting in abnormal motor activity consisting of repetitive
convulsion of particular muscles of the body, twitching of the hands or face. Other
manifestations depend on the affected region, which may include sensory, autonomic, and
psychic manifestations. Complex partial seizure; usually occurs in the temporal lobe of the brain,
starting by impairment of consciousness then followed by automatic uncontrolled behaviors
called automatisms, which consist of abnormal body movements such as lip smacking, gesturing,
repeating words, dazed look, nausea, vomiting and changes in perception and sensation (Engel
J., 2006; Berg AT. et al., 2010).
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Secondarily generalized seizure; it is a partial seizure which starts in one localized area of the
brain, and then it spreads to involve all the brain (Friedman MJ. & Sharieff GQ., 2006).

2.1.2.2.Generalized seizure
The abnormal neuronal discharge occurs in both hemispheres of the brain. It starts at one region
then spread to involve all the brain. They are commonly associated with loss of consciousness
and include six types of seizures; absence, myoclonic, clonic, tonic, tonic-clonic and atonic
seizure (Berg AT. et al., 2010).
Absence seizure, it is known as petit-mal seizure, it is not common in children younger than 5
years; and characterized by brief loss or decreased consciousness for not more than 30 seconds.
It is accompanied by sudden cessation of motor activity, blank stare, sometimes eyelids
flickering (Rudzinski LA. & Shih JJ., 2011).
Myoclonic seizure is characterized by a sudden head drop with arm flexion, it may occur up to
several hundred times daily, it usually occurs close to sleep onset and upon awakening from
sleep (Engel J., 2006).
Clonic seizure is characterized by loss of consciousness, autonomic symptoms and repetitive
rhythmic clonic characters of all muscles, involving rhythmic jerking followed by flexor spasms
of the extremities, mental status is usually impaired during the seizure and for short time after the
attack (Berg AT. & Millichap JJ., 2013; Engel J., 2006).
Tonic seizures is associated with loss of consciousness and autonomic symptoms accompanied
by tonic contraction of the face, neck, and limbs lasting from 10 seconds to one minute, it
involves extension of muscles and often lead to falls and head injuries (Mindruta I. et al.,
2011).
Tonic-clonic seizure, it is also known as grand-mal seizure, it is the most common type of
seizure in children. It consists of two phases; the first is tonic phase lasting for one minute,
characterized by strong contraction of all muscles of the body causing tonic spasm, forcefully
closed mouth that may cause tongue biting, dilated pupils deviated upwards and stopped
respiration. This tonic phase is followed by a clonic phase; which is initially rapid and then
slows, characterized by series of violent and synchronous contraction of muscles with
progressive rigidity. The patient may become cyanotic. Salivation, defecation and urinary
incontinence commonly occur. The patient remains unconscious for few minutes then gradually
recovers; the child becomes pale, feeling ill and confused (Rudzinski LA. & Shih JJ., 2011;
Berg AT. & Millichap JJ., 2013).
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Atonic seizure, it is also called as akinetic seizure and associated with sudden loss of
consciousness with relaxation of all muscles due to excessive inhibitory discharges and patient
may fall down, it lasts less than five seconds (Mindruta I. et al., 2011; Friedman MJ. &
Sharieff GQ., 2006).

2.1.2.3.Unclassified seizure
This category listed in the ILAE‟s Classification of Epileptic Seizures, it includes all seizures
that are still not classified in other categories due to insufficient data. An example is the infancy
seizure or epileptic spasm, which involves chewing, swimming movements, eye movement and
apnea (Camfield P. et al., 2003; Goldstein J. & Slomski J., 2008). There was inadequate
knowledge to decide if this type of seizure could be classified as focal or generalized, and so it is
included in the unclassified category (Berg AT. et al., 2010).
2.1.3.Incidence and prevalence
Epilepsy is the most common neurological disorder distributed widely in the world, it affects
about 50 million of people (Rishe W. et al., 2015; Meinardi H. et al., 2001; Ngugi AK. et al.,
2010), 75-90% of them living in the developing countries (Scott RA. et al., 2001; Burneo JG.
et al., 2005; Preux PM. & Druet-Cabanac M., 2005).
American academy of neurology had estimated that epilepsy affects 1 of 26 worldwide, up to
10% of the lifetime risk of epilepsy is recognized in the first three years of life (Berg AT. et al.,
2013). Epidemiological studies among pediatric population reported that epilepsy affects about
0.5 to 1% of all children (Lebon S. & Roulet-Perez E., 2015; Oka E. et al., 2006), with 4-10%
of children had at least one seizure in the first 16 years of life (McAbee GN. & Wark JE.,
2000), the highest incidence of epilepsy occur in children under the age of three years
(Friedman MJ. & Sharieff GQ., 2006).
In general, the annual incidence of epilepsy is about 40–190 per 100,000/year, being 40-70 per
100,000/year in the industrial countries (Sander JW., 2003), and about 100-190 per
100,000/year in the developing countries (Winkler AS. et al., 2009; Prischich F. et al., 2008).
In the industrial countries, incidence of epilepsy is higher in the two extremes of age; the first
five years and at age of 65 years (Forsgren L. et al., 2005; Banerjee PN. et al., 2009); while in
the developing countries, it is higher in early adulthood with no increase in the old age (ShihHui LM., 2004). In most reports, the prevalence of epilepsy is estimated in the range of 4–8 per
1000, it is higher in the developing countries than in the industrial countries (Banerjee PN. et
al., 2009; Forsgren L. et al., 2005; Sander JW., 2003).
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Few studies found that epilepsy has higher incidence and prevalence rate in men than women,
but these studies are not significant statistically (Mac T. et al., 2007; Noronha AL. et al., 2007).
These variations in the results are generated from different methods and design of the conducted
studies (Nunes ML. et al., 2011).
About epidemiology of epilepsy in the Arab world; the researchers found that there was no
studies that covering incidence and prevalence of epilepsy in the Arab world. They tried to
collect data from a single study made in a single country as in Qatar, Libya and Suadian Arab
and concluded that about 315 million live in the Arab countries, among them about 724,500
people have epilepsy (Benamer HS. & Grosset DG., 2009).
Recently; decreased incidence of epilepsy in children has been observed in industrial countries
during the past 30 years, parallel to the increasing incidence in the elderly people (Brodie MJ.
& Kwan P., 2005; Assis TR. et al., 2015). A recent study estimated that by the year 2020, 50%
of new cases of epilepsy would be diagnosed in old people (Trinka E. et al., 2013).

Unfortunately, in our country, Palestine, there is few, if any, statistical studies conducted to
estimate prevalence and incidence of epilepsy, in the meantime; many new files are opened each
year for epileptic cases. A report of UNRWA in 2011 during the school year 2009-2010 found
that 3,992 school-children were identified with special health needs, of these, 754 were living
with epilepsy (Annual Report of UNRWA, 2011).

2.1.4.Mortality
Different studies had evaluated the rate of mortality among epileptic patients in the developing
countries, and they found that it was two to three times higher than that in the general population
(Carpio A. et al., 2005; Terra VC. et al., 2011). The mortality rate of epilepsy is measured by
standardized mortality rate (SMR); which is the ratio between the deaths observed among
epileptic patients and the deaths expected in a reference population with a similar age
distribution. It is found that SMR ranging from 1.3 to 9.3, and it is inversely correlated with age
(Holst AG. et al., 2013; Jallon P., 2004). In several studies, SMR is evaluated as 5.3-9.0 in
childhood-onset epilepsy (Berg AT. et al., 2013; Sillanpaa M. & Shinnar S., 2010).
Death in epileptic patients may be related to the cause of epilepsy or to the epilepsy itself or it
may be unrelated. Epilepsy is usually associated with high probability of accidents, head injuries
and clinical comorbidities especially brain diseases, which are considered as important reasons
for death among epileptic patients. In addition, it was found that death appears to be more frequent in epileptic patients with mental retardation or with symptomatic epilepsy (Carpio A. et
al., 2005). In 2005, WHO had reported that symptomatic epilepsy has a higher mortality ratio
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than idiopathic epilepsy. Approximately 2-18% of epileptic patients may die by Sudden
Unexpected Death in Epilepsy (SUDEP), and about 12.5% of deaths in status epilepticus and 02% by suicide (WHO, Epilepsy Atlas, 2005).
Sudden Unexpected Death in Epilepsy is defined as a sudden, unexpected, witnessed or
unwitnessed, non-traumatic and non-drowning death in a patient with epilepsy, with or without
evidence of a seizure and excluding documented status epilepticus cases, in which postmortem
examination does not reveal a toxicological or anatomical cause of death (Surges R. et al.,
2009).
Cases of SUDEP usually have similar circumstances, as it often occurs during or shortly after
epileptic episode (Langan Y. et al., 2000), and they are usually unwitnessed as it occurs during
sleep with many signs, which indicate that seizure occurs recently as a bitten tongue or urinary
incontinence (Beran RG. et al., 2004; Langan Y. et al., 2005). While cases of witnessed death
usually occurs after a generalized tonic-clonic seizure where breathing difficulties are frequently
observed (Hitiris N. et al., 2007). Risk factors of SUDEP include poorly controlled seizure,
antiepileptic drug polytherapy, and a long duration of epilepsy (Hitiris N. et al., 2007; Walczak
TS. et al., 2001). Other studies reported asthma and cerebrovascular disease, alcohol abuse and
psychiatric problems as risk factors of SUDEP (Tomson T. et al., 2005; Tellez-Zenteno JF. et
al., 2005).

2.1.5.Etiology
The main cause of epilepsy is still unknown in many patients but many factors and reasons may
lead to it (Mukhopadhyay HK. et al., 2012). In about 70% of epileptic patients, no cause can be
found (Goldenberg MM., 2010). A recent report of the ILAE Commission for Classification of
Epilepsy had divided epilepsy according to etiology into three main categories; genetic,
structural/metabolic and unknown cause. The cause is genetic when it is clear that epilepsy is the
direct result of a genetic defect(s) in which seizures are the main symptom of the disorder, but
the cause is structural/metabolic when there is a distinct other structural or metabolic condition
that has been demonstrated to increase risk of developing epilepsy. The cause is unknown when
the nature of the underlying cause is not understood which may have a genetic basis or it may be
the consequence of structural or metabolic disorder (Berg AT. et al., 2011).
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A new suggestion for etiological classification of epilepsy had divided epilepsy into four
categories; symptomatic, idiopathic, provoked and cryptogenic (Shorvon SD., 2011).
Symptomatic epilepsy occurs due to acquired or genetic cause associated with certain disease
including developmental and congenital malformations, infections, vascular disturbances, brain
tumors, head injuries, high fever, lack of oxygen during birth, metabolic disturbances and lead
poisoning. Idiopathic epilepsy occurs predominately due to genetic causes without associated
diseases. Provoked epilepsy in which a specific systemic or environmental factor called the
precipitating factor is the predominant cause of the seizures. These factors as fever, alcohol,
sleep deprivation, stimulant drugs, tiredness, stress and excitement. Reflex epilepsies are
included in this category which occurs by certain sensory stimuli as flashing light, loud sounds,
reading, eating and hot water baths in very sensitive patients. Cryptogenic epilepsy, which is
probably considering symptomatic epilepsy, but the cause is not identified (WHO, Epilepsy
Atlas, 2005; Shorvon SD., 2011).
According to age; the most common causes of epilepsy in children include genetic diseases,
congenital malformations, metabolic disorders, high fever, head injuries, infections, hypoxia and
toxins (Okumura A. et al., 2000). While in adults, the most reported causes of epilepsy are
cerebrovascular diseases as stroke, brain tumors and degenerative diseases like dementia (ShihHui LM., 2004; Verellen RM. & Cavazos JE., 2011).
It is observed that family history and genetic factors are important causes for epilepsy generation
especially in very young children, but it may be a risk factor for epilepsy at any age (Nair RR. &
Thomas SV., 2004). Head trauma is an important cause of symptomatic epilepsy and may
account for up to 10% of all cases of epilepsy especially in children (WHO, 2014; Shakirullah
S. et al., 2014), but it is important to clear that not each head injury will lead to epilepsy
(Fischer RS. et al., 2005). Brain tumors may lead to epilepsy at any age, but they are more
likely in elderly people (Duncan JS. et al., 2006). Cerebrovascular diseases are the most
common risk factor of epilepsy in old people (Granger N. et al., 2002), as stroke which has
been identified in about 30-50% of newly diagnosed epileptic cases in people aging 65 years old
(Brodie MJ. et al., 2009; Beghi E. et al., 2011). Neurodegenerative diseases in old people as
dementia increase the risk to have seizures by six to ten times compared with patients without
dementia (Imfeld P. et al., 2013).
Metabolic disorders may lead to epilepsy as hypoglycemia, hypocalcaemia and electrolyte
imbalance. Infections may also develop epilepsy as meningitis, encephalitis, tuberculosis,
toxoplasmosis and acquired immunodeficiency syndrome (AIDS). Parasitic infections; especially
in the developing countries; may also lead to epilepsy including malaria and neurocysticercosis
(Medina MT. et al., 2005; WHO, 2002).
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Neurocysticercosis is a parasitic infection appears in regions that has high prevalence of Taenia
solium, which is very common in the tropic world and it comes from pigs. People who are
travelling to these regions may have this infection (Kuruvilla A. et al., 2001). Recently, in poor
hygiene countries, another two parasites, Toxocaracanis and Onchocerca volvulus, have been
suggested as risk factors for epilepsy; but this still need more studies to prove (Nicoletti A. et
al., 2002). Hormonal disturbances may worsen epilepsy in some cases; some studies reported
that the menstrual cycle in epileptic women can influence patterns of seizure recurrence (Herzog
AG. et al., 2004).
Mutation in several genes may be linked to some types of epilepsy. Genes that code for protein
subunits of voltage-sensitive and ligand-activated ion channels have been associated with the
generalized epilepsy and infantile seizure syndromes (Meisler MH. & Kearney JA., 2005). One
speculated mechanism for some forms of inherited epilepsy are mutation of the genes which
code for sodium channel proteins; these defective sodium channels remain open for long time,
causing the neurons to be hyper excitable, as a result; glutamate may be released in large
amounts from the neurons which by binding with nearby glutamanergic receptors triggering
excessive calcium release in the post synaptic cells eliciting neurotoxicity to the affected cells
(Hirtz D. et al., 2007).

2.1.6.Pathophysiology
Regardless of the cause of seizure; it occurs due to abnormal sudden excessive or synchronous
neuronal activity in the brain, mainly in the cerebral cortex (Sirven JI. et al., 2012; Henry TR.,
2012). Neurons are connected together in a complex network that each individual neuron is
linked through synapses with hundreds of others. Communication between neurons occurred
through either inhibitory or excitatory chemical neurotransmitters (Meisela C. et al., 2015).
Excitatory neurotransmitters as glutamate, aspartate, acetylcholine, norepinephrine, histamine,
corticotropin releasing factor, purines, peptides, cytokines and steroid hormones enhance the
excitability and propagation of neuronal activity, whereas the inhibitory neurotransmitters as γamino butyric acid (GABA) and dopamine inhibit neuronal activity and propagation
(Mukhopadhyay HK. et al., 2012).
Normally; the brain function depends on a balance of excitation and inhibition. A seizure results
when a sudden imbalance occurs between the excitatory and inhibitory forces within the network
of cortical neurons, in other words; seizure occurs due to either an excess of excitatory
neurotransmitter action, or a failure of inhibitory neurotransmitter action, or a combination of the
two (Vaughan CJ. & Delanty N., 2002).
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Normal electrical activity of cerebral cortex is generated by neurons discharging repetitively at
low frequency rate, but in case of epilepsy; this low based frequency is replaced by bursts of
neuronal discharge at high-frequency leading to epileptic seizure (Dhillon S. & Sander J.,
2003). Initially a small number of neurons fire abnormally leading to breakdown of normal
membrane conductance and inhibitory synaptic current and excess excitability will start locally
or spread widely to other areas of the brain. The site of neurons discharge and the extent of its
spread determine the symptoms that will be observed (Engelborghs S. et al., 2000).

2.1.7.Diagnosis
Diagnosis of epilepsy is very critical to decide whether a patient is epileptic or not, and then to
choose the suitable antiepileptic drug. Diagnosis is usually made after the second unprovoked
seizure (Fisher RS. et al., 2005). Diagnosis depends initially on information obtained from
patient‟s family about his medical history, and if any trigger or risk factors that may lead to
develop epilepsy. A detailed description of clinical manifestations and signs that is observed by
patient‟s family during episodic attack is very important and essential for true diagnosis of
seizure type (Rishe W. et al., 2015). Clinical examination of blood samples may be helpful for
diagnosis of epilepsy, as some types of seizures are developed by triggers as infections, lead
poisoning, hypocalcaemia, or other metabolic disorders (Wolf P., 2003).
2.1.7.1.Electroencephalography (EEG)
It is a safe, painless and non-invasive procedure used as a diagnostic tool for epilepsy and other
neurological disorders. The procedure of EEG registers the electrical activity of the brain and
records it on the form of spikes. Abnormalities during seizure attack and in between the seizures
are usually shown. Many triggers are used to provoke seizure for EEG recording as sleep
induction by chloral hydrate or sleep deprivation for one night. Flashing lights and
hyperventilation are often used in EEG to provoke seizure (Noachtar S. & R´emi J., 2009).
Electroencephalography is often helpful for differentiating between partial and generalized
seizure. Unfortunately, up to 20% of patients with the clinical diagnosis of epilepsy would have a
normal EEG, while 5% of normal people may have epileptic spikes and abnormalities on EEG
(Mohammed M., 2005).
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2.1.7.2.Neuroimaging
It is scanning of the brain by imaging techniques including Computed Tomography (CT) and
Magnetic resonance imaging (MRI) which are used to identify tumors and structural
abnormalities of the brain (Mukhopadhyay HK. et al., 2012). Computed tomography identifies
large tumors, calcification and major malformations of the brain, and it is used in acute situations
like head trauma, status epilepticus, while MRI is scanning the small tumors and malformations,
neurocutaneous syndromes, post traumatic and hypoxic insults (Wright NB., 2000).

2.1.8.Management of epilepsy
Because Epilepsy is a chronic disorder with neurobiological, physical, psychological and social
consequences that affects the quality of life, it has to be well controlled. Fortunately, only about
one-third of children who had a first time seizure will develop epilepsy, while the risk of seizure
recurrence after a second seizure is more than 70% (Sankaraneni R. & Lachhwani D., 2015).
Management of epilepsy requires the introduction of specific drugs; antiepileptic drugs (AEDs)
or known as anticonvulsant drugs. In very few cases, surgery may be required for controlling
seizure, and in other cases; specific diet may be described.

2.1.8.1.Antiepileptic drugs (AEDs)
The main goal of AEDs therapy is to help epileptic patients to live normal life by complete
control of seizure or at least reduce its frequency with the fewest possible side effects of drugs
(Glauser T. et al., 2006). Choice of appropriate antiepileptic drug depends mainly on type of
seizure, so it is necessary to diagnose type of seizure carefully (Rossetti AO., 2015; Rishe W. et
al., 2015). Factors that affect choice of antiepileptic drug related to both; patient and AEDs.
Patient factors including age, gender, co-medications, co-morbidities, while AEDs factors
include ease and speed of drug initiation, efficacy, pharmacokinetics and adverse effects
(Glauser T. et al., 2006; Donner EJ. & Snead OC., 2006).
Antiepileptic medication should be started after a second unprovoked seizure, or after one
seizure associated with factors that increase risk of recurrence by 60% over 10 years
(Sankaraneni R. & Lachhwani D., 2015; Rossetti AO., 2015). Treatment should not be started
if the period between two seizures is more than two years (Dhillon S. & Sander J., 2003).
National Institute for Health and Clinical Excellence (NICE) in 2012 had determined the
guidelines for diagnosis and management of epilepsy in children and adults; once epilepsy is
diagnosed, the treatment is starting with one drug only (monotherapy), at a small dose that
controls seizure without side effects. The dose is then increased gradually at regular intervals
until controlled seizures obtained or until side effects appear.
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If side effects appear and the seizures are not controlled yet, a second substituted antiepileptic
monotherapy should be introduced and the first drug is gradually withdrawn. If the two drugs
have been used alone to the level that their side effects appeared without controlling seizure, then
a combination of two or more AEDs can be used (polytherapy) (NICE, 2012).

Antiepileptic drugs monotherapy is preferred because of few drug interactions, less side effects
and has more compliance by patient than polytherapy, but about 30-40% of patients remain
uncontrolled on a single AED, which requires the introduction of AEDs polytherapy (Lee JW.
& Dworetzky B., 2010). In general, up to 70% of epileptic patients can have a controlled seizure
with AEDs treatment (Lee SK., 2014; Brodie MJ. et al., 2012); 50% of them respond well to
the initial AED if it is appropriately chosen (Kwan P. & Brodie MJ., 2001), and about 20-30%
of them respond to the second substituting AED monotherapy or when two drugs are combined
together (Mohanraj R. & Brodie MJ., 2005). About 5% of the patients respond to AEDs
polytherapy (Beghi E. et al., 2003; Peltola J. et al., 2008), other patients have fluctuating
courses between remission and recurrence of epilepsy (Berg AT. et al., 2009), while the
remaining patients are resistant to AED treatment and their seizures are not adequately controlled
(Stafstrom CE., 2010). Epileptic patients will have a controlled seizure if they respond well to
the initial AED. There is no single optimum dose of any AED that is suitable for all epileptic
patients, and the required dose varies from patient to patient, and from drug to drug, so it needs
to be individualized (Dhillon S. & Sander J., 2003; Tomson T. et al., 2007).

There are two groups of AEDs; old and new. The old AEDs include Phenobarbital, Phenytoin,
Carbamazepine, Ethosuximide, Benzodiazepines and Sodium Valproate. New AEDs developed
since

1993

including

Felbamate,

Gabapentin,

Lamotrigine,

Tiagabine,

Topiramate,

Levetiracetam, Zonisamide, Oxcarbazepine, Pregabalin, Lacosamide, Vigabatrin, Rufinamide,
Clobazam, Ezogabine and Eslicarbamazepine (Chowdhury D., 2013). Although, mechanisms of
action of AEDs are not completely understood (Perucca E., 2005), it is found that most AEDs
exert their effects through more than one mechanism of action at both the excitatory and
inhibitory synapses (Sirven JI. et al., 2012).
In general, all AEDs aimed to reduce neuronal excitability through effect on ion channels, or to
potentiate inhibitory effect of inhibitory neurotransmitters mainly GABA or inhibit excitatory
neurotransmitters as glutamate as shown in figure 2.1 (Stafstrom CE., 2010; Meisela C. et al.,
2015).
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GABA: Gamma-amino-butyric acid, GABA-T: GABA transaminase, GAD: glutamic acid decarboxylase, AMPA: a-amino3-hydroxyl-5-methyl-4-isoxazole-propionic acid, NMDA: N-methyl-D-aspartate.

Figure 2.1: Mechanisms of action of antiepileptic drugs (Bialer M. & White HS., 2010).
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Many old and new antiepileptic drugs reducing electrical excitability of cell membrane by
blocking voltage dependent sodium channels, which play an important role of initiation and
propagation of action potentials across cellular membranes. Some AEDs block sodium channels
by selectively binding to channels when it is in the inactivate state, slowing return of channel to
the active state so reducing frequency of repetitive neuronal firing, while allowing normal action
potentials to occur. Sodium channels inhibitors AEDs include Phenytoin, Carbamazepine,
Oxcarbazepine, Lamotrigine, Topiramate, Zonisamide and Felbamate (Rogawski MA. &
Loscher W., 2004).

Other AEDs act by stimulating inhibitory effect of GABA, which is the main inhibitory
neurotransmitter in CNS. This occurs either by acting on GABA receptors as Diazepam,
Lorazepam, Clonazepam, Phenobarbital, Felbamate and Topiramate (Meldrum BS. &
Rogawski MA., 2007), or by inhibiting of GABA transaminase; the enzyme responsible for
breakdown of GABA as Vigabatrin, which irreversibly inhibits the enzyme GABAtransaminase. Other AEDs are acting by preventing the reuptake of GABA from the synaptic
cleft as Tiagabine (Sankaraneni R. & Lachhwani D., 2015). This allows further chloride ions
to pass through cellular membranes resulting in reduction of cellular excitability (Ski PC. et al.,
2005).
Few AEDs act by blocking calcium channels. Ethosuximide is the main agent that blocks T-type
calcium channels, being the prototypical AED for absence seizures (Deckers CP. et al., 2000).
Moreover, Zonisamide has inhibitory action on T-type calcium channels (Powell KL. et al.,
2014), Valproate may also inhibit T-type calcium channels (Broicher T. et al., 2007). Some
AEDs act by inhibiting the excitatory effect of glutamate which is the primary excitatory
neurotransmitter in CNS; by binding to glutamate receptors including a-amino-3-hydroxyl-5methyl-4-isoxazole-proprionate (AMPA)-type glutamate receptors as Topiramate or to Nmethyl-D-aspartate (NMDA) type glutamate receptor as Felbamate (White HS. et al., 2007).
2.1.8.2.Surgery
Surgery here means removal of a part of the brain where the excessive neuronal activity is firing.
It has many complications, which may affect vision, language skills and memory, thus it is used
for the most severe cases that are not responding to AEDs therapy. Surgery for epilepsy can be
quite effective and the success rate is high (Depaepe P. et al., 2002).
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2.1.8.3.Ketogenic Diet
It is a diet, rich in fat with less carbohydrates and proteins. This diet aims to induce and maintain
ketosis, a state which had been found to decrease seizure frequency and severity but the exact
mechanism is still unknown (Freeman JM. et al., 2007). A study was conducted in 2009 on
mice had proved that after a ketogenic diet, levels of acetone increased; which is a ketone body
with anticonvulsant properties that enhances the antiepileptic effects of Valproate,
Carbamazepine, Lamotrigine, and Phenobarbital (Zarnowska I. et al., 2009). In a comparative
study of influence of anticonvulsants taken simultaneously with ketogenic diet in epileptic
children, more than 50% seizure reduction was observed in children receiving Zonisamide,
which may be a result of additive effect if the ketogenic diet and Zonisamide have the same
mechanism of action (Morrison PF. et al., 2009). It has been shown that ketogenic diet is more
effective than newer AEDs in controlling refractory seizures in children (Pires ME. et al., 2013;
Jarrar RG. & Buchhalter JR., 2003), but it is costly, difficult to follow, and may cause some
adverse effects as gastrointestinal disturbances, acidosis, weight loss and nutritional deficiencies
(Kang HC., 2004).

2.1.9.Drugs used in the study
2.1.9.1.Carbamazepine
2.1.9.1.1.History
Carbamazepine was firstly approved by Food and Drug Administration (FDA) for treatment of
trigeminal neuralgia in 1960s, then it had been approved for treatment of epilepsy in 1974 (Bazil
CW. & Pedley TA., 2003), it became one of the cornerstones of anticonvulsant therapy in the
pediatric population, where it is used in partial complex, generalized tonic-clonic, mixed seizure
disorders and other partial or generalized seizures (Islam SI. et al., 2013).
2.1.9.1.2.Chemistry
Carbamazepine is an iminodibenzyl derivative, structurally similar to tricyclic antidepressants
such as Imipramine. Its chemical name is 5H-dibenz[b,f]azepine-5-carboxamide (Tambe HJ. &
Mulgund SV., 2015). Its empirical formula is C15H12N2O (figure 2.2) with a molecular weight
of 236.27gm/mol. Carbamazepine is a white or off-white crystalline powder. It reveals
polymorphism phenomena, and it is practically insoluble in water; soluble in alcohol and
acetone; and freely soluble in dichloromethane (Ambrosio AF. et al., 2002).
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Figure 2.2: Chemical structure of Carbamazepine

2.1.9.1.3.Mechanism of action
Carbamazepine is acting as a sodium channels inhibitor. Sodium channels are normally present
in three conformations; a closed, an open and an inactive state as illustrated in figure 2.3.
When activation gate of sodium channel is closed, then sodium ions cannot pass, when activation
gate is opened sodium ions allowed to pass into the neuronal cells, then inactivation gate is
closed to prevent entry of further sodium ions into the cells (Rogawski MA. & Loscher W.,
2004).

Carbamazepine produce its antiepileptic effect by acting as a voltage-gated sodium channels
blocker, by binding selectively to sodium channels when it is in the inactive state and so prevent
entry of more sodium ions into the cells and prolong existence of sodium channel in the inactive
state which delays its return to the active state. This will reduce high-frequency repetitive firing
of neurons which occurs in seizure without interfering with physiologic neurotransmission
(Ambrosio AF. et al., 2002; Czapinski P. et al., 2005).
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Figure 2.3: Normal three conformations of sodium channels (Rogawski MA. & Loscher W., 2004).

2.1.9.1.4.Pharmacokinetics
Carbamazepine is a neutral lipid soluble compound, it is available in oral formulation only. It is
absorbed slowly and irregularly after oral administration, and has a bioavailability of 85 to
100%. Antiepileptic effect of CBZ is obtained at serum therapeutic concentration of 4–12 mg/L
(17-51 µmol/L). Time required to reach peak plasma level of CBZ from immediate-release
tablets, chewable tablets, and suspension is in the range of 2-9 hours, 1-7 hours and 0.5-4 hours,
respectively (Patsalos PN. et al., 2008). It has a large volume of distribution, which is about 1-2
L/kg, and plasma protein binding is approximately 75-85%., and it is approximately 2-3%
excreted unchanged in the urine (Ghamari ZT. et al., 2013). Carbamazepine is extensively
metabolized in the liver by cytochrome P450 enzymes system. The oxidation pathway leads to
formation of the major metabolite; carbamazepine-10,11-epoxide, a compound that has a weak
anticonvulsant activity, and it may contribute to some of CBZ activity (Perucca E., 2005).
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Starting treatment with CBZ is associated with long elimination half-life which is about 11-30
hours, then after a period of several days to few weeks of repeating dose; half-life of CBZ is
declined to about 5-14 hours (Islam SI. et al., 2013). This occurs because of auto-induction
phenomena of CBZ, which means that CBZ induces liver enzymes and so it induces its own
metabolism, and its clearance may increase three folds within first several weeks of treatment,
which requires a dose adjustment (Parihar A. et al., 2006).

2.1.9.1.5.Adverse effects
Dose related adverse effects of CBZ include headache, dizziness, ataxia, blurred or double
vision, nystagmus, incoordination and gastrointestinal disturbances (Saetre E. et al., 2007;
Greenwood RS., 2000). Others may occasionally occur as hyponatremia and water intoxication
(Salawu F. & Danburam A., 2007). Some idiosyncratic reactions may be observed during CBZ
therapy, the most common are skin rashes, urticaria, photosensitivity reactions and StevensJohnson Syndrome in rare cases (Chogtu B. et al., 2005), others include blood reactions as
aplastic anemia which were reported in 0.8% of patients while Leucopenia and
thrombocytopenia were reported in 2% of patients (Goyal C. et al., 2013). Carbamazepine may
affect levels of homocysteine, vitamin B12 and folic acid by its microsomal enzyme induction
property, so it may contribute to atherosclerosis through involvement of homocysteine and lipids
(Kumar V. et al., 2013).

2.1.9.2.Valproic acid
2.1.9.2.1.History
Valproic acid was first synthesized by Burton in 1882 as organic solvent. In 1963 Pierre Eymard
and his colleagues used VPA for testing compounds for their potential antiepileptic activity
against experimental induced seizure in animals and they were surprised when they found that
VPA inhibited seizure (Henry TR., 2003). Antiepileptic properties of VPA were recognized in
1964. It was approved by FDA as anticonvulsant in 1978, initially for absence epilepsy only and
then in 1996 for partial seizures (Fagundes SR., 2008). It has been approved for treatment of
absence, myoclonic, and tonic-clonic seizures, as well as for prophylaxis of migraine headache
and as an adjuvant in the treatment of mania associated with bipolar disorder (Shep D. et al.,
2011).
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2.1.9.2.2.Chemistry
Valproic acid is a simple eight-carbon atoms branched-chain carboxylic acid. It is considered as
a weak acid (pKa 4.95). Its chemical name is 2-propylpentanoic acid or n-dipropylacetic acid
with the empirical formula of (CH3CH2CH2)2CHCOOH (figure 2.4) and a molecular weight of
144.21gm/mol. It is also named as 2-propylvaleric acid; it is synthesized as analogue for valeric
acid, which is present in the species Valeriana officinalis (Ximenes J. et al., 2012). Valproic
acid is slightly soluble in water and highly soluble in organic solvents and it is stable at room
temperature (Kostrouchov M. et al., 2007).

Figure 2.4: Chemical structure of Valproic acid.

Figure 2.5: Chemical structure of Sodium Valproate.

2.1.9.2.3.Mechanism of action
Valproic acid is abroad spectrum anticonvulsant that is used for treatment of different types of
epilepsy, its mechanism of action is complicated and not completely understood (Loscher W.,
2002; Johannessen CU., 2000). It mainly acts by potentiating inhibitory effect of GABA; which
is the major inhibitory neurotransmitter in CNS; by increasing its concentration in the brain
through several ways including: a) inhibition of GABA degradation, b) increasing synthesis of
GABA, c) decreasing GABA turnover, and d) reduction in the reuptake of GABA (Owens MJ.
& Nemeroff CB., 2003). In vitro studies showed that VPA increases synthesis of GABA by
increasing the activity of glutamic acid decarboxylase (GAD), an enzyme responsible for GABA
synthesis, and inhibits GABA degradation by inhibiting the activity of the enzyme GABA
transaminase (GABA-T) which is responsible for GABA degradation (Ximenes J. et al., 2012;
Silva MB. et al., 2008).
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In addition, it was observed that VPA reduces the release of the epileptogenic γ-hydroxybutyric
acid, and attenuate the neuronal excitation mediated by activation of NMDA-type glutamate
receptors (Gobbi G. & Janiri L., 2006). Moreover, VPA may have an effect on voltagedependent channels including inhibitory effect on sodium and calcium channels and stimulatory
effect on potassium channels which lead to reduction in neuronal excitability, so reducing firing
of neurons (Johannessen CU. & Johannessen SI., 2003).

2.1.9.2.4.Pharmacokinetics
Valproic acid is available in dosage forms suitable for oral and parenteral use. It is rapidly
absorbed after oral administration and almost all oral dosage forms have a complete
bioavailability with some differences in their dissolution and absorption rates (Fujii A. et al.,
2008). Valproic acid was first synthesized as acid and this was found to cause variation of
absorption rates among patients (Marcelin-Jimenez G. et al., 2009). Later, and to solve this
problem; drug companies had developed salts of VPA, mainly salts of sodium, magnesium and
calcium, or use amide of VPA, to produce forms that decrease variations in intestinal absorption
between patients (Shep D. et al., 2011). After absorption, all of these chemical structures are
producing valproate ion (figure 2.5). Sodium valproate is very hygroscopic and so it is
impossible to disintegrate in equal form in the gastrointestinal tract without constant fluctuations,
for this reason, drug companies developed the sodium divalproate molecule (Fagundes SR.,
2008), as Depakote® which contains sodium divalproex; a stable combination of sodium
valproate and Valproic acid in a 1:1 ratio (Ximenes J. et al., 2012).
Peak plasma level of VPA appears within 1-2 hours for conventional tablets and solutions, 3-6
hours for enteric-coated tablets and 10-12 hours for sustained-release tablets (Perucca E.,
2002a). Therapeutic concentration of VPA in plasma ranges from 40-100 mg/ml for most
patients during chronic treatment. Approximately, 90% of VPA is bounded to plasma proteins,
mainly albumin (Silva MB. et al., 2008), the degree of binding of VPA decreases with
increasing drug concentration within the therapeutic concentration range, resulting in an increase
of the free fraction of VPA. The concentration of free fraction of VPA is increased also in cases
of decreased albumin concentration as in late pregnancy, in the elderly and in patients with renal
or liver disease. Valproic acid has a restricted volume of distribution, which is about 0.150.4L/kg, and it is extensively metabolized by liver through different pathways including
glucuronidation (40%) as a major pathway, β-oxidation (30%) (Patsalos PN. et al., 2008), others
include hydroxylation and minor conjugation reactions.
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Less than 3% of VPA dose is excreted unchanged in urine (Kanner AM. & Balabanov A.,
2002). Half-life of VPA is about 11-20 hours, but in some cases, it is reported as shorter values
(6-12 hours) in patients receiving enzyme-inducing drugs (Perucca E., 2001).

2.1.9.2.5.Adverse effects
Although Valproic acid is considered a relatively safe drug, the side effects were soon
recognized, common adverse effects include weight gain which is observed in about 30% of
patients (Sankaraneni R. & Lachhwani D., 2015), others include nausea, vomiting, diarrhea,
gastrointestinal disturbances, hair loss and neurological effects include tremors, fatigue, sedation,
confusion and dizziness (Zawab A., 2014; Bazil CW. & Pedley TA., 2003).
Hepatic dysfunction reported in most patients receiving valproate in the form of elevated liver
enzymes, other forms of hepatic dysfunction is fetal hepatitis, which is not dose related and
considered as idiosyncratic reaction, this is of high risk in epileptic children under age of two, or
in patients under antiepileptic polytherapy (Greenwood RS., 2000).
Rare serious complications may occur in some patients including fatal haemorrhagic pancreatitis,
bone marrow suppression as thrombocytobenia and hyperammonaemic encephalopathy (Mallet
L. et al., 2004). When used in early pregnancy, VPA caused a threefold increase in risk of
congenital anomalies such as neural tube defects, mainly spina bifida (Koren G. et al., 2006).
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Chapter 3
Methodology

3.1.Study design
This study is a non-randomized, prospective-comparative case study in which the effects of
Carbamazepine versus Valproic acid monotherapy on liver function and lipid profile in the
newly diagnosed epileptic children were evaluated and compared, over 6 months of treatment.
All patients‟ fathers were asked to sign a written informed consent to the study.

3.2.Study setting and period
The study was conducted on newly diagnosed epileptic children at Al-Rantissi specialized
pediatric hospital in Gaza governorate in Gaza Strip. All patients were followed over 6 months
from the starting of treatment.

3.3.Patients
3.3.1.Study population
The patients participated in the study were newly diagnosed epileptic children from both sexes,
aging from 2-12 years. They were selected from pediatric neurology department in Al-Rantissi
hospital in Gaza governorate in Gaza Strip, under the supervision of a neurological specialist.

3.3.2.Study criteria
3.3.2.1.Inclusion criteria
All patients who participated in the study were
-

newly diagnosed epileptic children,

-

from both sexes,

-

their age ranging from 2 to 12 years,

-

they had no other health problems or metabolic diseases

-

they never took any other antiepileptic drugs.
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3.3.2.2.Exclusion criteria
The criteria for exclusion included:
-

Patients who are younger than two years.

-

Patients who have a family history of atherosclerosis or metabolic disease.

-

Patients who have other chronic diseases as kidney, liver, heart or endocrine diseases.

-

Patients who are receiving any drug that alter lipid profile or liver function (as statin,
antibiotics, non-steroidal anti-inflammatory) drugs on a continuous basis.

3.3.3.Sample size
Sample size of the study was 50 newly diagnosed epileptic children divided into two groups
according to the treatment protocol:
-

Case group (1): Carbamazepine monotherapy-treated group.

-

Case group (2): Valproic acid monotherapy-treated group.

3.3.4.Dependent variables
The dependent variables were included in the study:
-

Liver function test (including liver enzymes; ALT, AST and ALP)

-

Lipid profile (including TC, TGs, HDL-C and LDL-C).

3.3.5.Independent variables
The independent variables were included in the study:
-

Treatment with Carbamazepine monotherapy

-

Treatment with Valproic acid monotherapy

3.4.Treatment
3.4.1.Carbamazepine monotherapy treated group
This group received Carbamazepine monotherapy orally as a maintenance dose of 20-30
mg/kg/day, divided into two doses daily according to the type of epilepsy and the neurological
specialist decision (Sweetman S., 2009).
3.4.2.Valproic acid monotherapy treated group
They received Valproic acid monotherapy orally as a maintenance dose of 40 mg/kg/day,
divided into two doses per day (Sweetman S., 2009).
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3.5.Methods
3.5.1.Blood Chemical Tests
Hematological analysis was performed for each patient before starting treatment and then every
two months after treatment over six months; the study period. One day before the required
analysis, all participants were phoned to visit the Al-Rantissi specialized pediatric hospital,
neurology department or laboratory. A blood sample of approximately 5 ml was gathered in the
morning after overnight fasting for at least 12 hours, under neurological supervision and order.
Centrifugation was applied to blood sample and plasma was separated. The performed laboratory
tests in our study were measurements of serum levels of total cholesterol (TC), triglycerides
(TGs), high- density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDLC), and serum levels of liver enzymes including alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP).

3.5.1.1.Measurement of Total Cholesterol (TC)
Method: Enzymatic colorimetric method.
Principle: Cholesterol concentration was determined through enzymatic reactions; first
enzymatic hydrolysis of cholesterol esters in the sample was done by cholesterol esterase to yield
free cholesterol, then oxidation by cholesterol oxidase to yield cholest-4-ene-3-one and hydrogen
peroxide (H2O2). Hydrogen peroxide in the presence of peroxidase enzyme converted phenol and
4-aminophenazone into a red substance (quinoneamine) which was the colorimetric indicator in
the procedure. The color intensity of quinoneamine was directly proportional to the cholesterol
concentration in the sample (Sblendorio V. & Palmieri B., 2008).
The references range of total cholesterol in children after 12 hours fasting is 109-204 mg/dl
(Nicholson JF. & Pesce MA., 2004).

3.5.1.2.Measurement of Triglycerides (TGs)
Method: Enzymatic colorimetric method.
Principle: Triglycerides were converted by lipoprotein lipase to fatty acids and glycerol. Then
glycerol in the presence of glycerol kinase, Adenosine triphosphate (ATP) and glycerol-oxidase
produced H2O2 and dihydroxy-acetonphosphate. Hydrogen peroxide in the presence of 4aminophenazone, phenol and peroxidase enzyme produced a red phenolic complex. The color
intensity of this red substance was directly proportional to the triglycerides concentration in the
sample (Sblendorio V. & Palmieri B., 2008).
The references range of triglycerides in children after 12 hours fasting is 30-114 mg/dl
(Nicholson JF. & Pesce MA., 2004).
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3.5.1.3.Measurement of High-Density Lipoprotein-Cholesterol (HDL-C)
Method: Precipitation method.
Principle: Chylomicron fractions and LDL-C in the sample were precipitated with a polianionic
buffer such as heparin or dextran sulfate in the presence of a divalent cation such as manganese

or magnesium. After centrifugation, the supernatant fluid contained only the HDL-C fraction,
and then its concentration was determined by spectrophotometer at 570-610 nm (Hirano T. et
al., 2008). The references range of HDL-C in children after 12 hours fasting is 35-84 mg/dl
(Nicholson JF. & Pesce MA., 2004).

3.5.1.4.Measurement of Low-Density Lipoprotein-Cholesterol (LDL-C)
After determination of HDL-C, LDL-C was calculated manually according to the Friedewald
equation: LDL-C in mg/dl = Total cholesterol - (Triglyceride/5 + HDL-C).
The references range of LDL-C in children after 12 hours fasting is 60-150 mg/dl (Nicholson
JF. & Pesce MA., 2004).

3.5.1.5.Measurement of aspartate aminotransferase (AST)
Aspartate aminotransferase was previously known as serum glutamic-oxaloacetic transaminase
(SGOT), it catalyzes the following chemical reaction:
2-Oxoglutarate + L-aspartate AST
Oxaloacetate + NADH+H

+

LDH

L-glutamate + oxaloacetate
L-malate + NAD+

Method: Optimized photometric method was used to measure the concentration of
aminotransferase enzymes according to International Federation of Clinical Chemistry (IFCC)
(Schumann G. et al., 2002).
Principle: Addition of pyridoxal-5-phosphate (a reagent) stabilized the transaminase in order to
measure their catalytic activity concentration, and the change in absorbance of NADH was
measured at wavelength 340nm, which was directly proportional to the concentration of AST
enzyme by using a spectrophotometer (Huang X. et al., 2006).
The references ranges of AST in children is 10-40 U/L (Thapa BR. & Walia A., 2007).
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3.5.1.6.Measurement of alanine aminotransferase (ALT)
Alanine aminotransferase was previously known as serum glutamic-pyruvic transaminase
(SGPT), it catalyzes the following chemical reaction:
2-Oxoglutarate + L-aspartate ALT
Pyruvate+ NADH+H+

LDH

L-glutamate + Pyruvate

L-lactate + NAD+

By the same method and principle, the change in absorbance of NADH was measured at 340nm
wavelength, which was directly proportional to the concentration of ALT enzyme (Huang X. et
al., 2006). The references range of ALT in children is 10-55 U/L (Thapa BR. & Walia A.,
2007).

3.5.1.7.Measurement of alkaline phosphatase (ALP)
Method: Colorimetric method.
Principle: ALP catalyzed the hydrolysis of colorless organic phosphate ester substrate, pNitrophenyl phosphate at alkaline pH 10.4 to yield a yellow colored product p-nitrophenol and
phosphate. The rate of change in absorbance of p-nitrophenol was measured at 405nm, which
was directly proportional to the ALP level and activity in the sample (Adeyemi OT. et al.,
2015). The references range of ALP in children is 145-560 U/L (Nicholson JF. & Pesce MA.,
2004).

3.5.2.Data collection
During the study period (6 months), data was collected from patient files and laboratory results
of blood analysis. The collected data included patient age, gender, residency, liver function test
(serum levels of liver enzymes ALT, AST and ALP) and lipid profile (TC, TGs, HDL-C and
LDL-C). All data was documented in data collecting sheet before treatment then every 2 months
after starting treatment during the study period.

3.5.3.Statistical analysis
The collected data and variables were analyzed using the statistical package of social science
(SPSS) software package version 22. Statistical tests as frequency and distribution has been done
to express our data as numbers, percentages and Pie charts. Moreover, paired T-test was
performed to compare serum liver enzymes levels (AST, ALT and ALP) and lipid profile (TC,
TGs, HDL-C, LDL-C) individually in each group according to study protocol, and independent
T-test was used to compare the CBZ-treated group with the VPA-treated group, among serum
liver enzymes levels and lipid profile.
29

Chapter 4
Results

This chapter deals with the study results. The study was conducted on fifty children who were
newly diagnosed with epilepsy and selected according to the inclusion criteria. Study population
was divided into two groups based on the antiepileptic drugs used. The study was carried out at
Al-Rantissi specialized pediatric hospital, neurology department under the supervision of a
neurological specialist in Gaza governorate (Gaza Strip). Thereafter, data was collected from
patients' files and through biochemical analysis of blood samples.
The obtained results dealt with the distribution of study population by demographic variables.
Moreover, the results evaluated the effects of Carbamazepine and Valproic acid monotherapy on
liver function and lipid profile in newly diagnosed epileptic children. The measured parameters
were the plasma levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), total cholesterol (TC), triglycerides (TGs), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C). Further, these parameters
were compared between the patients received the indicated drugs.
4.1.Distribution of the study population by demographic variables
The total number of the study population who fulfilled the selective criteria was fifty children
divided into two groups according to the drugs used. Figure 4.1 shows that 27 (54%) of the
participants were males and 23 (46%) were females. They were all from 2 to 12 years with a
mean age of 6.66±3.15 years. The demographic distribution of the study population is shown in
figure 4.2, where 42 (84%) of them were from Gaza governorate and 8 (16%) were from North
Gaza governorate (table 4.1).

4.1.1.Carbamazepine treated group
Patients (n=23) were treated with Carbamazepine monotherapy (20-30 mg/kg/day) divided into
two doses daily, among them 13 (56.5%) were males and 10 (43.5%) were females. The age of
participants ranged from 2 to 11 years with a mean age of 7.17±3.05 years. According to
governorate distribution, 19 (82.6%) were from Gaza governorate and 4 (17.4%) were from
North Gaza governorate (table 4.1).
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4.1.2.Valproic acid treated group
This group of patients (n=27) was treated with Valproic acid monotherapy (40 mg/kg/day)
divided into two doses, among them 14 (51.9%) were males and 13 (48.1%) were females. The
age of participants ranged from 2 to 12 years with a mean age of 6.22±3.23 years. According to
governorate distribution, 23 (85.2%) were from Gaza governorate and 4 (14.8%) were from
North Gaza governorate (table 4.1).

Table 4.1: Distribution of the study population by demographic variables

CBZ-treated
group
n=23

VPA-treated
group
n=27

Mean± S.D.

7.17±3.05

6.22±3.23

6.66±3.15

Male

13 (56.5%)

14 (51.9%)

27 (54%)

female

10 (43.5%)

13 (48.1%)

23 (46%)

Gaza

19 (82.6%)

23 (85.2%)

42 (84%)

North Gaza

4 (17.4%)

4 (14.8%)

8 (16%)

Variables
Age (years)
Sex
No. (%)
Residency
No. (%)

46%
54%

male

female

Figure 4.1: Distribution of the study population by gender
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Total
n=50

16%

84%

Gaza

North Gaza

Figure 4.2: Distribution of the study population by demographic variable

The results shown in table 4.2 represents the differences in age and sex between the patients in
the CBZ-treated group and the VPA-treated group. To explain, table 4.2 shows that there was
statistical insignificant difference (p>0.05) between the two groups regarding the sex and age of
the participated epileptic children, which indicated that there was no effect of age or sex of the
patients on the measured parameters regarding liver function and lipid profile.
Table 4.2: Difference in age and sex of the participated patients

CBZ-treated
group

VPA-treated
group

P-value

Mean± S.D.

7.17±3.05

6.22±3.23

0.845

Male

13

14

female

10

13

Variables
Age (years)
Sex (No.)

0.547

P-values (p<0.05) were calculated by one way ANOVA test for the effect of the age and sex of
patients on the measured parameters.
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Biochemical measurements concerning liver function and lipid profile in the epileptic children
are represented in table 4.3. These measurements were carried out before starting the study, and
they included serum levels of AST, ALT, ALP, TC, TGs, HDL-C and LDL-C. The differences in
baseline measurements of the before mentioned parameters between the CBZ-treated group and
the VPA-treated group are also shown in table 4.3. About liver enzymes levels; there were
statistical insignificant differences (p>0.05) in baseline serum levels of AST, ALT and ALP
between the two groups before starting the study. In the same way, table 4.3 showed that there
were statistical insignificant differences (p>0.05) in baseline serum levels of TC, TGs, LDL-C
and HDL-C between the CBZ- and the VPA-treated groups. Table 4.3 also shows that all of the
measured parameters concerning liver function and lipid profile were in the normal range before
starting of the study in all patients, either in the CBZ-treated group and VPA-treated group. This
meant that there were no differences between the two groups in the measured parameters before
starting of the study and before treatment with the prescribed antiepileptic drugs. The changes
that may be observed in any of the measured parameters after receiving the prescribed treatment
would refer to the used drugs.
Table 4.3: Baseline assessments of lipid profile and liver enzymes levels of study population

Variable
(normal range)
AST level
Mean± S.D.
(10-40 U/L)
ALT level

CBZ-treated group
n=23

VPA-treated group
n=27

P-value

30.43±9.36

28.81±7.31

0.496

Mean± S.D.

20.52±9.41

19.59±8.63

0.718

Mean± S.D.

509.13±120.38

482.11±128.53

0.449

Mean± S.D.

77.86±9.14

77.66±18.07

0.961

Mean± S.D.

140.17±23.12

131.62±20.18

0.169

Mean± S.D.

40.21±1.08

40.44±1.28

0.506

Mean± S.D.

84.38±23.05

75.65±21.15

0.169

(10-55 U/L)
ALP level
(145-560 U/L)
TGs level
(30-114 mg/dl)
TC level
(109-204 mg/dl)
HDL-C level
(35-84 mg/dl)
LDL-C level
(60-150 mg/dl)
P-values (p<0.05) were calculated by independent-samples t-test for the measured parameters between the
two groups before starting of the treatment.
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4.2.Effect of the drugs used on liver function during the study period (6 months)
4.2.1. Effect of Carbamazepine versus Valproic acid on Aspartate aminotransferase level (U/L)
Table 4.4 shows the effect of CBZ monotherapy (20-30 mg/kg/day) on AST level (U/L) in the
newly diagnosed epileptic children throughout the six months of treatment. To clarify, AST level
increased after 4 and 6 months of treatment with CBZ, from 30.43±9.36 U/L at baseline to
34.65±8.01 U/L after 4 months and to 37.61±4.83 U/L after 6 months of treatment. The
significant increase of AST level (p<0.05) was observed only after 6 months of treatment with
CBZ monotherapy. In the same way, the changes noticed on AST level in the VPA-treated group
(40 mg/kg/day) are also illustrated in table 4.4.
In this group, AST level showed an increase after 2, 4 and 6 months following the treatment, as it
increased from 28.81±7.31 U/L at the beginning of the study to 29.51±4.34 U/L after 2 months,
and to 36.29±6.06 U/L after 4 months and to 44.33±6.16 U/L after 6 months of treatment.
However, the significant increase (p<0.05) of AST level was observed after 4 and 6 months of
treatment with VPA.
Table 4.4: Level of AST (U/L) in the CBZ-treated group versus VPA-treated group during the study period
(6 months)

Variable

AST level
(U/L)

Baseline

CBZ-treated
group
30.43±9.36

After 2 months

30.04±6.58

0.724

29.51±4.34

0.354

After 4 months

34.65±8.01

0.086

36.29±6.06

0.000

After 6 months

37.61±4.83

0.001

44.33±6.16

0.000

Time

P-value

VPA-treated
group
28.81±7.31

P-value

P-values (p<0.05) were calculated by paired-samples t-test for AST level before and after 2, 4 and 6 months
of treatment.

4.2.2. Effect of Carbamazepine versus Valproic acid on Alanine aminotransferase level (U/L)
The effects of CBZ (20-30 mg/kg/day) and VPA (40 mg/kg/day) as monotherapy on ALT level
(U/L) in the newly diagnosed epileptic children during 6 months of treatment; are represented in
table 4.5. There was a steady increase in ALT level throughout the six months of treatment with
CBZ, however, the significant increase (p<0.05) was only observed after 6 months, where it
increased from 20.52±9.41 U/L before starting of treatment to 28.21±7.83 U/L after 6 months of
treatment with CBZ. On the other side, ALT level increased significantly (p<0.05) after 2, 4 and
6 months of treatment with VPA, where it increased from 19.59±8.63 U/L at the beginning of the
study to 26.51±11.77 U/L, and to 33.96±10.29 U/L, and to 43.55±8.36 U/L after 2, 4 and 6
months of the treatment; respectively.
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Table 4.5: Level of ALT (U/L) in the CBZ-treated group versus VPA-treated group during the study period
(6 months)

Baseline

CBZ-treated
group
20.52±9.41

ALT level

After 2 months

22.08±7.62

0.228

26.51±11.77

0.000

(U/L)

After 4 months

23.86±7.68

0.070

33.96±10.29

0.000

After 6 months

28.21±7.83

0.001

43.55±8.36

0.000

Variable

Time

P-value

VPA-treated
group
19.59±8.63

P-value

P-values (p<0.05) were calculated by paired-samples t-test for ALT level before and after 2, 4 and 6 months of
treatment.

4.2.3. Effect of Carbamazepine versus Valproic acid on Alkaline phosphatase level (U/L)
In the same context, ALP levels (U/L) in the newly diagnosed epileptic children treated with
CBZ (20-30 mg/kg/day) or VPA (40 mg/kg/day) as monotherapy during 6 months of treatment
are shown in table 4.6. We noticed a significant increase (p<0.05) of ALP level after 2, 4 and 6
months following treatment with CBZ, since ALP level increased from 509.13±120.38 U/L at
the beginning of the study to 585.17±151.03 U/L after 2 months, and to 665.61±153.74 U/L after
4 months and to 770.82±168.63 U/L after 6 months of treatment.
On the other hand, there was an increase in ALP level after 2, 4 and 6 months of treatment with
VPA, as represented in table 4.6; however, the significant increase (p<0.05) was observed after 4
and 6 months. To clarify, ALP level increased from 482.11±128.53 U/L at the beginning of the
study to 563.77±102.33 U/L after 4 months and to 629.03±90.96 U/L after 6 months of the
treatment with VPA monotherapy.
Table 4.6: Level of ALP (U/L) in the CBZ-treated group versus VPA-treated group during the study period
(6 months)

Variable

ALP level
(U/L)

Baseline

CBZ-treated
group
509.13±120.38

After 2 months

585.17±151.03

0.000

497.74±103.76

0.221

After 4 months

665.61±153.74

0.000

563.77±102.33

0.000

After 6 months

770.82±168.63

0.000

629.03±90.96

0.000

Time

P-value

VPA-treated
group
482.11±128.53

P-value

P-values (p<0.05) were calculated by paired-samples t-test for ALP level before and after 2, 4 and 6 months
of treatment.
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4.3.Effect of the drugs used on lipid profile during the study period (6 months)
4.3.1. Effect of Carbamazepine versus Valproic acid on Triglycerides level (mg/dl)
The data in table 4.7 shows triglycerides levels (mg/dl) in the epileptic children throughout the
study period. In the CBZ-treated group (20-30 mg/kg/day); triglycerides level increased slightly
from 77.86±9.14 mg/dl at the beginning of the study to 78.86±11.31 mg/dl after two months of
treatment. After that, serum level of triglycerides increased significantly (p<0.05) to
94.65±16.23 mg/dl and to 119.26±20.61 mg/dl after 4 and 6 months of treatment with CBZ;
respectively. Similarly, table 4.7 represents triglycerides level in the VPA-treated group (40
mg/kg/day) in the epileptic children during six months of treatment. Triglycerides level increased
from 77.66±18.07 mg/dl at baseline to 78.11±17.31 mg/dl after the second month of treatment
with VPA. Then, there were minor changes in triglycerides level at 4 and 6 months. All changes
observed on triglycerides level in the VPA-treated group were not significant (p>0.05) over the
six months of the study period.
Table 4.7: Triglycerides level (mg/dl) in the CBZ-treated group versus VPA-treated group during the study
period (6 months)

Variable

TGs level
(mg/dl)

Baseline

CBZ-treated
group
77.86±9.14

After 2 months

78.86±11.31

0.416

78.11±17.31

0.431

After 4 months

94.65±16.23

0.000

76.74±16.34

0.201

After 6 months

119.26±20.61

0.000

77.41±17.62

0.668

Time

P-value

VPA-treated
group
77.66±18.07

P-value

P-values (p<0.05) were calculated by paired-samples t-test for TGs level before and after 2, 4 and 6 months of
treatment.

4.3.2. Effect of Carbamazepine versus Valproic acid on Total Cholesterol level (mg/dl)
Total cholesterol levels (mg/dl) among study population during the six months of treatment are
represented in table 4.8. There was a noticed increase in total cholesterol level in the CBZtreated group (20-30 mg/kg/day) after two months of treatment, where it increased from
140.17±23.12 mg/dl at the beginning of the study to 148.73±26.48 mg/dl after 2 months. After
that, total cholesterol level showed a significant increase (p<0.05) at 4 and 6 months of treatment
with CBZ, since it increased to 173.78±11.91 mg/dl, and to 200.56±9.29 mg/dl after 4 and 6
months of treatment, respectively. On the contrary, table 4.8 also shows the minor fluctuations in
total cholesterol level in the VPA-treated group (40 mg/kg/day) over the six months treatment
period. These changes were not significant (p>0.05) after 2, 4 or 6 months of treatment.
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Table 4.8: Total Cholesterol level (mg/dl) in the CBZ-treated group versus VPA-treated group during the
study period (6 months)

Variable

TC level
(mg/dl)

Baseline

CBZ-treated
group
140.17±23.12

After 2 months

148.73±26.48

0.175

132.33±19.41

0.081

After 4 months

173.78±11.91

0.000

130.51±20.11

0.137

After 6 months

200.56±9.29

0.000

132.59±18.39

0.189

Time

P-value

VPA-treated
group
131.62±20.18

P-value

P-values (p<0.05) were calculated by paired-samples t-test for TC level before and after 2, 4 and 6 months of
treatment.

4.3.3. Effect of Carbamazepine versus Valproic acid on High density lipoprotein cholesterol
(HDL-C) level (mg/dl)
Table 4.9 represents the effect of CBZ monotherapy (20-30 mg/kg/day) and VPA monotherapy
(40 mg/kg/day) on HDL-C level (mg/dl) in the newly diagnosed epileptic children during 6
months of treatment. For more illustration, minor increases were observed on HDL-C level after
2, 4 and 6 months of treatment, compared to baseline level in the CBZ-treated group.
Nevertheless, none of these increases was significant (p>0.05) over the 6 months of treatment. In
addition, minor changes were noticed on HDL-C level in the VPA-treated group over the six
months of study period, all these changes were not significant (p>0.05) after 2, 4 and 6 months
of treatment.
Table 4.9: Level of HDL-C (mg/dl) in the CBZ-treated group versus VPA-treated group during the study
period (6 months)

Baseline

CBZ-treated
group
40.21±1.08

HDL-C level

After 2 months

40.65±1.15

0.203

40.77±0.97

0.301

(mg/dl)

After 4 months

40.52±1.30

0.357

40.27±1.93

0.451

After 6 months

40.26±1.13

0.894

40.18±0.96

0.381

Variable

Time

P-value

VPA-treated
group
40.44±1.28

P-value

P-values (p<0.05) were calculated by paired-samples t-test for HDL-C level before and after 2, 4 and 6 months
of treatment.
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4.3.4. Effect of Carbamazepine versus Valproic acid on Low density lipoprotein cholesterol
(LDL-C) level (mg/dl)
The changes noticed on LDL-C level (mg/dl) in the CBZ-treated group (20-30 mg/kg/day)
during 6 months of treatment are shown in table 4.10. To explain, there was an increase in LDLC level after 2, 4 and 6 months of treatment with CBZ. However, the significant increase
(p<0.05) of LDL-C level was observed after 4 and 6 months of treatment with CBZ, where it
increased from 84.38±23.05 mg/dl at the beginning of the study to 114.33±10.83 mg/dl after 4
months, and to 136.45±9.54 mg/dl after 6 months of treatment. Table 4.10 also shows the effect
of VPA monotherapy (40 mg/kg/day) on LDL-C level (mg/dl) in epileptic children during 6
months of treatment. The results shows a nearly constant level of LDL-C over the six months
treatment period in this group, which indicates the insignificant effect (p>0.05) of VPA
monotherapy on LDL-C level in the epileptic children after 2, 4 and 6 months of treatment.
Table 4.10: Level of LDL-C (mg/dl) in the CBZ-treated group versus VPA-treated group during the study
period (6 months)

Baseline

CBZ-treated
group
84.38±23.05

LDL-C level

After 2 months

92.31±27.12

0.205

75.93±19.77

0.595

(mg/dl)

After 4 months

114.33±10.83

0.000

75.24±20.50

0.579

After 6 months

136.45±9.54

0.000

76.92±18.92

0.119

Variable

Time

P-value

VPA-treated
group
75.65±21.15

P-value

P-values (p<0.05) were calculated by paired-samples t-test for LDL-C level before and after 2, 4 and 6
months of treatment.

4.4.Comparison between the effects of the drugs used on liver function and lipid profile
Changes in the measured parameters in the newly diagnosed epileptic children after 2, 4 and 6
months of treatment with CBZ or VPA monotherapy were calculated and compared with the
values before treatment in each group, and then between the two groups. Changes in values (Δ)
of the different parameters on liver function and lipid profile at baseline, and at the three
collection periods were calculated for each patient, for instance; Δ AST level 1= AST (baseline) –
AST (after 2 months), Δ AST level 2= AST (baseline) – AST (after 4 months) and Δ AST level 3= AST
(baseline) –

AST (after 6 months). In addition, percent changes in the measured parameters after

treatment with the drugs used were compared with the values before by using the independentsamples t-test. A value of (p<0.05) was considered statistically significant and indicated
differences in the measured parameters between the compared groups.
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4.4.1. Comparison of the effects of Carbamazepine versus Valproic acid on liver function
4.4.1.1.Aspartate aminotransferase level (U/L) among patients treated with CBZ or VPA
during the study period (6 months)
Table 4.11 represents comparison of the percent changes in AST level (U/L) between CBZ- (2030 mg/kg/day) and VPA- (40 mg/kg/day) treated patients over 6 months (study period).
Throughout the six months treatment period, there was a noticed increase of AST level in both
groups treated either with CBZ or VPA as shown in table 4.11. The difference in the percent
changes of AST level between the two groups of patients are also represented in table 4.11,
which was insignificant (p>0.05) after 2 and 4 months of treatment. However, a statistical
significant difference (p<0.05) in the percent increase of AST level between the two groups was
observed after 6 months of treatment, where the increase in AST level in the VPA-treated group
was twice as much as that seen in the CBZ-treated group as shown in table 4.10 (53.87% with
VPA versus 23.6% with CBZ after 6 months of the study).
Table 4.11: Level of AST (U/L) among the CBZ or VPA-treated groups during the study period (6 months)
Variable

AST level
(U/L)

∆%

VPA-treated
group
28.81±7.31

∆%

P-value

Baseline

CBZ-treated
group
30.43±9.36

After 2 months

30.04±6.58

↓1.28

29.51±4.34

↑2.43

0.538

After 4 months

34.65±8.01

↑13.87

36.29±6.06

↑25.96

0.483

After 6 months

37.61±4.83

↑23.60

44.33±6.16

↑53.87

0.004

Time

P-values (p<0.05) were calculated for % ∆ between patients groups by independent-samples t-test before and
after 2, 4 and 6 months of treatment.
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Figure 4.3 compares AST levels (U/L) among patients treated with CBZ versus those treated
with VPA during the study period (6 months).
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Figure 4.3: Level of AST (U/L) among patients treated with CBZ or VPA during the study period (6 months).

4.4.1.2.Alanine aminotransferase level (U/L) among patients treated with CBZ or VPA during
the study period (6 months)
The difference in percent changes on ALT level (U/L) between CBZ- (20-30 mg/kg/day) and
VPA- (40 mg/kg/day) treated patients during the study period (6 months) are illustrated in table
4.12. Both drugs increased ALT level (U/L) in patients throughout the study period. The
difference in the percent increase was statistically significant (p<0.05) between the two groups
after 2, 4 and 6 months of treatment. The increase in ALT level seen in the VPA-treated group
was more than three-folds that seen in the CBZ-treated group throughout the six months of the
study period as shown in table 4.12.
Table 4.12: Level of ALT (U/L) among the CBZ or VPA-treated groups during the study period (6 months)
Variable

ALT level
(U/L)

Time

∆%

VPA-treated
group
19.59±8.63

∆%

P-value

Baseline

CBZ-treated
group
20.52±9.41

After 2 months

22.08±7.62

↑7.60

26.51±11.77

↑35.32

0.008

After 4 months

23.86±7.68

↑16.28

33.96±10.29

↑73.35

0.001

After 6 months

28.21±7.83

↑37.48

43.55±8.36

↑122.31

0.000

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4
and 6 months of treatment.
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Figure 4.4 compares ALT levels (U/L) among patients treated with CBZ versus those treated
with VPA during the study period (6 months).
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Figure 4.4: Level of ALT (U/L) among patients treated with CBZ or VPA during the study period (6 months).

4.4.1.3.Alkaline phosphatase level (U/L) among patients treated with CBZ or VPA during the
study period (6 months)
The results showed in table 4.13 represents comparison of the percent changes in ALP level
(U/L) between the CBZ-treated group (20-30 mg/kg/day) and the VPA-treated group (40
mg/kg/day) during six months (study period). Table 4.13 shows that ALP level increased after 2,
4 and 6 months of treatment in both groups. However, a statistical significant difference
(p<0.05) in the percent increase of ALP level was observed between the two groups after 2
months of treatment.
The increase in ALP level was higher in the CBZ-treated group than the VPA-treated group after
2 months of treatment and this explains the significant difference in percent changes after the
second month of treatment between the two groups (14.9% with CBZ versus 3.2% with VPA). In
addition, table 4.13 shows that the differences in the percent increase between the two groups
was insignificant after 4 and 6 months of treatment, which means that both CBZ and VPA
caused similar increases in ALP level in both groups throughout the study period, yet CBZ
caused more increase in ALP level than VPA, where ALP level increased with CBZ therapy by
30.7% and 51.4% after 4 and 6 months; respectively, compared to 16.9% and 30.4% increase
with VPA therapy after 4 and 6 months; respectively.
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Table 4.13: Level of ALP (U/L) among the CBZ or VPA-treated groups during the study period (6 months)
∆%

VPA-treated
group
482.11±128.53

∆%

P-value

Baseline

CBZ-treated
group
509.13±120.38

ALP level

After 2 months

585.17±151.03

↑14.94

497.74±103.76

↑3.24

0.027

(U/L)

After 4 months

665.61±153.74

↑30.73

563.77±102.33

↑16.94

0.065

After 6 months

770.82±168.63

↑51.40

629.03±90.96

↑30.47

0.131

Variable

Time

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4 and
6 months of treatment.

Figure 4.5 compares ALP levels (U/L) among patients treated with CBZ versus those treated
with VPA during the study period (6 months).
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Figure 4.5: Level of ALP (U/L) among patients treated with CBZ or VPA during the study period
(6 months).

4.4.2. Comparison of the effects of Carbamazepine versus Valproic acid on lipid profile
4.4.2.1.Triglycerides level (mg/dl) among patients treated with CBZ or VPA during the study
period (6 months)
Comparison in the percent changes in triglycerides level (mg/dl) between the CBZ-treated group
(20-30 mg/kg/day) and the VPA-treated group (40 mg/kg/day) during the six months of
treatment period are represented in table 4.14. There was a significant increase in triglycerides
level in the CBZ-treated group after 4 and 6 months of treatment, where it increased to 53.17% at
the end of the study, while in the VPA-treated group, there were insignificant minor changes on
triglycerides level throughout the six months (study period). This explains the statistical
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significant difference (p<0.05) in the percent changes in triglycerides level between the two
groups throughout the study period, which resulted from the significant increase in triglycerides
level in the CBZ-treated group.
Table 4.14: Triglycerides level (mg/dl) among the CBZ or VPA-treated groups during the study period
(6 months)
Variable

Time

TGs level
(mg/dl)

∆%

VPA-treated
group
77.66±18.07

∆%

P-value

Baseline

CBZ-treated
group
77.86±9.14

After 2 months

78.86±11.31

↑1.28

78.11±17.31

↑0.58

0.840

After 4 months

94.65±16.23

↑21.56

76.74±16.34

↓1.18

0.000

After 6 months

119.26±20.61

↑53.17

77.41±17.62

↓0.33

0.000

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4 and
6 months of treatment.

Figure 4.6 compares triglycerides levels (mg/dl) among patients treated with CBZ versus those
treated with VPA during the study period (6 months).
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Figure 4.6: Triglycerides level (mg/dl) among patients treated with CBZ or VPA during the study period
(6 months).
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4.4.2.2.Total Cholesterol level (mg/dl) among patients treated with CBZ or VPA during the
study period (6 months)
Table 4.15 represents comparison of the percent changes in total cholesterol level (mg/dl)
between the CBZ-treated group (20-30 mg/kg/day) and the VPA-treated group (40 mg/kg/day)
during the six months treatment period. As illustrated in table 4.15, total cholesterol level
increased significantly (p<0.05) in the CBZ-treated group during the study period, while there
were insignificant changes in total cholesterol level in the VPA-treated group. Moreover, table
4.15 shows a significant difference (p<0.05) in the percent changes in total cholesterol level
between the two groups after 4 and 6 months of treatment. This difference resulted from the
significantly higher increase in total cholesterol level in the CBZ-treated group after 4 and 6
months of treatment, where it increased up to 23.98% and to 43.08%, respectively, compared to
minor changes observed in the VPA-treated group.
Table 4.15: Level of TC (mg/dl) among the CBZ or VPA-treated groups during the study period (6 months)
Variable

∆%

VPA-treated
group
131.62±20.18

∆%

P-value

Baseline

CBZ-treated
group
140.17±23.12

After 2 months

148.73±26.48

↑6.11

132.33±19.41

↑0.54

0.052

After 4 months

173.78±11.91

↑23.98

130.51±20.11

↓0.84

0.000

After 6 months

200.56±9.29

↑43.08

132.59±18.39

↑0.74

0.000

Time

TC level
(mg/dl)

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4 and
6 months of treatment.

Figure 4.7 compares total cholesterol levels (mg/dl) among patients treated with CBZ versus
those treated with VPA during the study period (6 months).
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Figure 4.7: Total cholesterol level (mg/dl) among patients treated with CBZ or VPA during the study period
(6 months)
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4.4.2.3.Level of HDL-C (mg/dl) among patients treated with CBZ or VPA during the study
period (6 months)
Table 4.16 shows comparison of the percent changes in HDL-C level (mg/dl) between the CBZtreated group (20-30 mg/kg/day) and the VPA-treated group (40 mg/kg/day) during the study
period (6 months). Table 4.16 shows that there was no significant change in HDL-C level
throughout the study in both groups. This explained the insignificant difference (p>0.05) in the
percent changes in HDL-C level in both groups throughout the six months treatment period as
represented in table 4.16.
Table 4.16: Level of HDL-C (mg/dl) among the CBZ or VPA-treated groups during the study period (6
months)
Variable

HDL-C level
(mg/dl)

Time

CBZ-treated
group

Baseline

40.21±1.08

After 2 months

40.65±1.15

↑1.09

After 4 months

40.52±1.30

After 6 months

40.26±1.13

VPA-treated
group

∆%

∆%

P-value

40.77±0.97

↑0.82

0.844

↑0.77

40.27±1.93

↓0.42

0.181

↑0.12

40.18±0.96

↓0.64

0.546

40.44±1.28

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4 and
6 months of treatment.

Figure 4.8 compares HDL-C levels (mg/dl) among patients treated with CBZ versus those
treated with VPA during the study period (6 months).
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Figure 4.8: Level of HDL-C (mg/dl) among patients treated with CBZ or VPA during the study period
(6 months)
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4.4.2.4.Level of LDL-C (mg/dl) among patients treated with CBZ or VPA during the study
period (6 months)
The results showed in table 4.17 represents comparison of the percent changes in LDL-C level
(mg/dl) between the CBZ-treated group (20-30 mg/kg/day) and the VPA-treated group (40
mg/kg/day) during the study period (6 months). Table 4.17 shows that LDL-C level changed
insignificantly during the study period in the VPA-treated group, but there was a significant
increase in LDL-C level in the CBZ-treated group after 4 and 6 months of treatment, where it
increased up to 35.49% after 4 months, and up to 61.71% after 6 month of treatment. This
resulted in the presence of a significant difference (p<0.05) in the percent change in LDL-C
level between the two groups after 2, 4 and 6 months following the treatment.
Table 4.17: Level of LDL-C (mg/dl) among CBZ or VPA-treated groups during the study period (6 months)
Variable

∆%

VPA-treated
group
75.65±21.15

∆%

P-value

Baseline

CBZ-treated
group
84.38±23.05

After 2 months

92.31±27.12

↑9.40

75.93±19.77

↑0.37

0.038

After 4 months

114.33±10.83

↑35.49

75.24±20.50

↓0.54

0.000

After 6 months

136.45±9.54

↑61.71

76.92±18.92

↑1.68

0.000

Time

LDL-C level
(mg/dl)

P-values (p<0.05) were calculated for % ∆ between groups by independent-samples t-test before and after 2, 4 and
6 months of treatment.

Figure 4.9 compares LDL-C levels (mg/dl) among patients treated with CBZ versus those treated
with VPA during the study period (6 months).
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Figure 4.9: Level of LDL-C (mg/dl) among patients treated with CBZ or VPA during the study period
(6 months)
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Table 4.18 summaries the changes which were observed on the measured parameters of liver
function and lipid profile in the CBZ-treated group versus the VPA-treated group before and
after 6 months of treatment, at the end of the study period.
a) With respect to AST level (U/L): there was a significant increase (p<0.05) in AST level in
both groups after 6 months of treatment, as it increased from 30.43±9.36 U/L at baseline to
37.60±4.83 U/L after 6 months of treatment with CBZ, and it increased from 28.81±7.31 U/L
at baseline to 44.33±6.16 U/L after 6 months of treatment in the VPA-treated group. The
increases in AST level was significantly higher in the VPA-treated group, since the increase
in AST level after 6 months of treatment with VPA was more than twice as that seen in the
CBZ-treated group (53.87% with VPA versus 23.6% with CBZ after 6 months of treatment).
b) Level of ALT (U/L): there was a significant increase (p<0.05) in ALT level in both groups
after 6 months of treatment, but the increase was significantly higher in the VPA-treated
group. Table 4.18 revealed that the percent increase in ALT level after 6 months of treatment
was more than three-folds in the VPA-treated group compared to that seen in the CBZtreated group (122.31% with VPA versus 37.48% with CBZ at the end of the study).

c) With respect to ALP level (U/L): there was a significant increase (p<0.05) in ALP level in
both groups after 6 months of treatment as it increased from 509.13±120.38 U/L at baseline
to 770.82±168.63 U/L after 6 months of treatment in the CBZ-treated group, and it increased
from 482.11±128.53 U/L at baseline to 629.03±90.96 U/L after 6 months of treatment in the
VPA-treated group. The increase in ALP level was significantly higher in the CBZ-treated
group at the end of the study, where it increased by 51.4% with CBZ compared to 30.4%
increase with VPA after 6 months of treatment.
d) Level of TGs (mg/dl): the increase in triglycerides level was significant (p<0.05) in the CBZtreated group after 6 months of treatment, where it increased by 53.17% after 6 months of
treatment, as it increased from 77.86±1.9 mg/dl at the beginning of the study to
119.26±20.61 mg/dl. On the contrary, a minor change on triglycerides level was seen in the
VPA-treated group after 6 months of treatment.
e) Level of TC (mg/dl): total cholesterol level increased significantly (p<0.05) by 43.08% in the
CBZ-treated group after 6 months of treatment, as it increased from 140.17±23.12 mg/dl at
baseline to 200.56±9.29 mg/dl after 6 months of treatment. On the other side, a minor
increase in total cholesterol level was noticed in the VPA-treated group after 6 months of
treatment, where it increased from 131.62±20.18 mg/dl at baseline to 132.59±18.39 mg/dl
after 6 months of treatment.
47

f) Level of HDL-C (mg/dl): no changes occurred in HDL-C level in both groups after 6 months
of treatment, as it was nearly constant throughout the six months of the study period.
g) Finally, LDL-C level (mg/dl): a significant increase (p<0.05) in LDL-C level was seen in the
CBZ-treated group after 6 months of treatment, as it increased by 61.17% at the end of the
study. On the contrary, a minor increase in LDL-C level was observed after 6 months of
treatment with VPA, as it increased from 75.65±21.15 mg/dl at baseline to 76.92±18.92
mg/dl (↑1.68) after 6 months of treatment.
Table 4.18: Comparison of the effect of Carbamazepine versus Valproic acid on the study parameters at
baseline and at the end of the study period (6 months).

Variable
AST
(U/L)
ALT
(U/L)
ALP
(U/L)
TGs
(mg/dl)
TC
(mg/dl)
HDL-C
(mg/dl)
LDL-C
(mg/dl)

Baseline

CBZ-treated
group
30.43±9.36

After 6 months

37.60±4.83

Baseline

20.52±9.41

After 6 months

28.21±7.83

Baseline

509.13±120.38

After 6 months

770.82±168.63

Baseline

77.86±1.9

After 6 months

119.26±20.61

Baseline

140.17±23.12

After 6 months

200.56±9.29

Baseline

40.21±1.08

After 6 months

40.26±1.13

Baseline

84.38±23.05

After 6 months

136.45±9.54

Time

%

P-value

↑23.6

0.001

↑37.48

0.001

↑51.40

0.000

↑53.17

0.000

↑43.08

0.000

↑0.12

0.895

↑61.71

0.000
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VPA-treated
group
28.81±7.31
44.33±6.16
19.59±8.63
43.55±8.36
482.11±128.53
629.03±90.96
77.66±18..07
77.40±17.62
131.62±20.18
132.59±18.39
40.44±1.28
40.18±0.96
75.65±21.15
76.92±18.92

%

P-value

↑53.87

0.000

↑122.31

0.000

↑30.47

0.000

↓0.33

0.668

↑0.74

0.189

↓0.64

0.441

↑1.68

0.119

Chapter 5
Discussion

5.1.Background
The present study was conducted to evaluate and compare the effect of Carbamazepine versus
Valproic acid monotherapy on liver function and lipid profile in newly diagnosed epileptic
children in Gaza strip.
To achieve this purpose, 50 newly diagnosed epileptic children were selected according to the
inclusion criteria cited before, under the supervision of a neurological specialist from Al-Rantissi
specialized pediatric hospital, neurology department in Gaza governorate. Study population was
divided into two groups according to the drugs used, the first group received Carbamazepine (2030 mg/kg/day) divided into two doses daily, and the second group received Valproic acid (40
mg/kg/day) divided into two doses daily. Then the patients were followed-up for six months by
performing a number of biochemical tests including measurement of serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total
cholesterol (TC), triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C) and lowdensity lipoprotein cholesterol (LDL-C).
The results showed significant changes on the levels of AST, ALT and ALP in both groups of
patients indicating hepatotoxic effect of both VPA and CBZ treatment in the epileptic children.
Regarding lipid profile, some parameters changed significantly in the CBZ-treated group, while
there was insignificant change in lipid profile in the VPA-treated group. In Palestine, no such
comparative study was conducted previously.
5.2. Demographic characteristics of the study population
The current study did not show significant differences among patients based on demographic
variables, which indicated that such differences did not affect the course of the study, the
treatment efficacy or the effect of CBZ or VPA on liver function and lipid profile in the epileptic
patients. The results showed that the mean age of patients was 6.66±3.15 years. Moreover, the
results showed that 27 (54%) of patients were males and 23 (46%) were females. Furthermore,
the largest number of the patients was 42 (84%) from Gaza governorate, while 8 (16%) of them
were from North Gaza governorate (figure 4.2).
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5.3.Effect of CBZ versus VPA on liver function during the study period (6 months)
Liver is the main organ that is responsible for metabolism and elimination of many AEDs and so
it is exposed to drug-induced toxicity. There is a wide range of hepatotoxic reactions of AEDs,
ranging from mild and transient elevations of liver enzymes to fatal liver failure (Arroyo S. &
de la Morena A., 2001).
Liver enzymes are important biomarkers of hepatotoxicity. Clinical patterns of hepatotoxicity
may be characterized as hepatocellular injury with elevation in levels of ALT mainly and AST,
or as cholestatic (an obstruction in the bile flow) in which the level of ALP is first elevated, then
the level of Gamma-glutamyl transferase (GGT) (Navarro VJ. & Senior JR., 2006).
Many serious hepatic reactions have been reported with AEDs as seen upon use of CBZ, VPA,
Phenytoin (PHT) and Phenobarbital (PB). Although, these reactions are rare compared to other
known hepatotoxic drugs, the hepatotoxicity induced by AEDs can lead to death or acute liver
failure which may require liver transplantation (Lee WM., 2003). The mechanisms of
hepatotoxicity induced by AEDs are not clear, but in some cases, it may occur because of
production of reactive toxic metabolites from AEDs which lead to direct cytotoxicity and liver
cell necrosis, whereas in other cases, these metabolites may induce immunoallergic reactions
(Bjornsson E., 2008).

Antiepileptic drugs as CBZ, PHT and VPA are commonly associated with mild elevations of
liver enzymes. These elevations are usually transitory or dose-related and do not appear to be
associated with hepatocellular injury (Hussein R. et al., 2013). Two to three-fold increase in
liver enzymes during AEDs therapy may refer to a potential coexistent liver disease. If a
continuous increase in the levels of liver enzymes is observed during follow-up, it may require a
switch to an alternative antiepileptic drug (Ahmed SN. & Siddiqi ZA., 2006).
The aminotransferase enzymes were previously called transaminases. They are the most
frequently used as specific indicators of hepatocellular necrosis (Limdi JK. & Hyde GM.,
2003). Alanine aminotransferase enzyme is a liver enzyme that plays an important role in amino
acid metabolism and gluconeogenesis, as it catalyzes the transfer of an amino group from alanine
to α-ketoglutarate to yield glutamate and pyruvate. Normal levels of ALT are in the range of 1055 U/L (Thapa BR. & Walia A., 2007). Alanine aminotransferase detects hepatocellular
necrosis. Estimation of ALT is a more specific test than AST for detecting liver abnormalities
since it is primarily found in the liver (Singh A. et al., 2011).
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Aspartate aminotransferase is also a liver enzyme that catalyzes the transfer of an amino group
from aspartate to α-ketoglutarate to yield oxaloacetate and glutamate. It aids in producing
proteins. Normal levels of AST are in the range of 10-40 U/L (Thapa BR. & Walia A., 2007).
Besides liver, AST is found in other organs as heart, muscle, brain and kidney. Injury to any of
these tissues may elevate AST level, so it is less sensitive biomarker for detecting liver injury
than ALT (Kang K., 2013).
Alkaline phosphatase is a zinc metaloenzyme that releases inorganic phosphates from various
organs. It is found mainly in liver and bone, other organs and tissues include intestine, kidney,
placenta, and leucocytes. Normal level of ALP in adults is in the range of 30-120 U/L (Singh A.
et al., 2011). Plasma level of ALP is correlated to individual age, it presents in higher
concentration in childhood and puberty from that in adults, and it increases again in the elderly
people. Elevated level of ALP is also observed in the third trimester of pregnancy. High level of
ALP in children is related to the bone-ALP, which is released into the blood during growth
period (Limdi JK. & Hyde GM., 2003). Experts had estimated ALP level in children in the
range of 145-560 U/L (Nicholson JF. & Pesce MA., 2004). Abnormal elevated level of ALP
indicates obstruction of the bile flow (Navarro VJ. & Senior JR., 2006).
Therefore, the aim of the present study was to evaluate the effect of CBZ and VPA monotherapy
on liver function in the epileptic children. In our study, two different antiepileptic drugs were
used in two different groups of newly diagnosed epileptic children, the drugs used were CBZ
(20-30 mg/kg/day) and VPA (40 mg/kg/day) as monotherapy. The effect of these drugs on liver
function was evaluated by measuring serum levels of liver enzymes including AST, ALT and
ALP before starting the treatment, then after 2, 4 and 6 months of treatment.

The results of our study showed a statistical significant increase (p<0.05) of AST level (U/L) in
the CBZ-treated group during the study period (6 months). To clarify, AST level increased from
30.43±9.36 U/L at the beginning of the study to 37.61±4.83 U/L after 6 months of treatment with
CBZ monotherapy. Our study also showed another statistical significant increase (p<0.05) of
AST level (U/L) in the VPA-treated group during the study period (6 months), as it increased
from 28.81±7.31 U/L at the beginning of the study to 44.33±6.16 U/L after 6 months of
treatment with VPA monotherapy. Comparing the obtained results in the two groups of patients,
it is found that the increase in AST level (U/L) was significantly higher in the VPA-treated group
than that seen in the CBZ-treated group (53.87% with VPA versus 23.6% with CBZ after 6
months of treatment).
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About the level of ALT (U/L) in the two groups of patients following treatment with CBZ or
VPA monotherapy, our study showed a statistical significant increase (p<0.05) of ALT level
(U/L) in both groups throughout the study period (6 months). To clarify, the level of ALT (U/L)
increased significantly from 20.52±9.41 U/L at the beginning of the study to 28.21±7.83 U/L
after 6 months of treatment with CBZ monotherapy. While in the VPA-treated group; ALT level
(U/L) increased significantly from 19.59±8.63 U/L at the beginning of the study to 43.55±8.36
U/L after 6 months of treatment. From the results, it is clear that the increased level of ALT was
significantly higher in the VPA-treated group than that observed in the CBZ-treated group
(122.3% with VPA versus 37.4% with CBZ after 6 months of treatment).
A statistical significant increase (p<0.05) of ALP level (U/L) was observed in both groups
throughout the study period (6 months). The level of ALP increased significantly from
509.13±120.38 U/L at baseline to 770.82±168.63 U/L after 6 months of treatment with CBZ
monotherapy, and increased significantly from 482.11±128.53 U/L at the beginning of the study
to 629.03±90.96 U/L after 6 months of the treatment with VPA monotherapy. We found that the
increased level of ALP was significantly higher in the CBZ-treated group than that noticed in the
VPA-treated group (51.4% with CBZ versus 30.4% with VPA at the end of the study). The
above-mentioned results showed that VPA monotherapy is more hepatotoxic than CBZ
monotherapy.
Many studies have evaluated the effect of AEDs on liver function in epileptic patients; however,
these studies revealed divergent results. In accordance to our study; Hussein R. and her
colleagues (2013) conducted a retrospective comparative study to compare the effect of CBZ,
VPA and PHT as monotherapy on serum liver enzymes in epileptic patients, aging 3-30 years,
received their treatments for at least 6 months, group I (n=16) treated with CBZ (200-1200
mg/day), group II (n=16) treated with VPA (200-800 mg/day), and group III (n=17) treated with
PHT (200-400 mg/day). Abnormal values in hepatic enzymes were seen in 51.9% in the three
groups. In the CBZ-treated group, about 50% of patients showed increased ALP level, and in the
VPA-treated group, 6.25% of patients had increased ALT level, and about 62.5% had increased
ALP level. While in the PHT-treated group, 5.88% of patients had increased AST level, 17.65%
had increased ALT level and 23.53% had increased ALP level. They concluded that VPA was
more hepatotoxic than CBZ, which was more hepatotoxic than PHT (Hussein R. et al., 2013).
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The researchers related the elevation of liver enzymes levels either to the induction property of
hepatic enzymes of some AEDs as CBZ and PHT, or to the high doses used of AEDs during
their study. In addition, some of the patients might receive their treatment for long period of
time, since the study included patients who received their treatment for at least 6 months. The
results could also be affected by the age of participants, as this study included both adults and
children, and perhaps some of them had accompanied liver dysfunction or other metabolic
diseases (Hussein R. et al., 2013).
Naithani M. et al. (2010) conducted a comparative study that had similar results to ours, they
correlated serum concentration of CBZ, PHT and PB with liver enzymes in epileptic patients as
monotherapy or combination therapy of two or three of the aforementioned AEDs. Their study
included 123 epileptic patients and 60 healthy controls. In the CBZ-treated group, the researchers
found an increase in the mean ALP level compared to controls. Their results also showed a
significant positive correlation between serum CBZ concentrations and serum levels of AST and
ALT (Naithani M. et al., 2010).
With respect to effect of VPA on liver function, Salehiomran MR. & Kordkheily SE. (2010)
performed a comparative cohort study that had similar results to our study. They evaluated and
compared the effect of PB versus VPA on liver function in epileptic children (n=110), divided
into two groups; 63 patients received PB (5mg/kg/day), and 47 patients received VPA
(20mg/kg/day). They measured serum levels of AST, ALT and ALP before starting the
treatment, then after 3 and 6 months of treatment. The authors found a significant increase in
AST, ALT and ALP levels in both groups, the increases were higher in the PB-treated group.
Phenobarbital is one of the potent enzyme-inducing AEDs which may explain the higher
increases observed in liver enzymes in patients from that seen in patients treated with VPA.
In the same way, Karikas GA. et al. (2006) evaluated serum levels of liver enzymes in epileptic
children (n=30) with a mean age of 9.8±2.6 years, after 6 months of treatment with VPA
monotherapy (27.9±14.8 mg/kg/day). The results were compared with healthy children (n=79)
who served as a control group. The researchers found a significant increase in AST, ALT and
ALP levels (p<0.001 for all) in the patients compared to controls. On the other side, Aggarwal
A. et al. (2005) examined prospectively the effect of CBZ monotherapy on liver function tests in
28 epileptic children with a mean age of 8.3 ±2.8 years, compared to 28 age- and sex- matched
controls. The patients received CBZ for a mean period of 10.3±6.9 months at a mean dose of
13.1±3.5 mg/kg/day. The authors found an increase in serum levels of ALT, and a significant
increase in ALP level (p<0.05) in the patients compared to controls. They suggested that CBZ
dose might be low to cause significant increase in ALT and AST levels.
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Different theories had been proposed to explain the significant increase in liver enzymes levels
following antiepileptic therapy, for example; it may be attributed to liver enzyme inducingproperty of some AEDs as CBZ, which leads to the induction of microsomal hepatic enzymes
(Pandit A. et al., 2012; Aggarwal A. et al., 2005). Others pointed to the duration of treatment
with AEDs; some studies demonstrated that there was a significant correlation between the
duration of administration of CBZ and elevation in ALP level (Hussein R. et al., 2013),
controversially, others reported no correlation between the duration of therapy with CBZ and
elevated liver enzymes (Bjornsson E. et al., 2007).

Moreover, some authors found that AEDs induced-hepatotoxicity was related to dose of the drug
used, for example; Perucca E. et al. (2004) found a dose-dependent degree of enzyme induction
in epileptic patients receiving therapeutic doses of CBZ, leading to elevation in liver enzymes.
Spiller HA. et al. (2000) also proved that VPA-mediated hepatic injury was associated with
dose dependent rise in serum liver enzymes. In contrast to these studies, Kalapos MP. (2002)
found that enzyme induction and hepatotoxicity caused by CBZ were not dose related, moreover,
Huang YL. et al. (2003) found that there was no significant correlation between hepatotoxicity
and the dose or duration of VPA therapy.

In addition, Boelsterli UA. & Lim PK. (2007) proposed that underlying genetic or acquired
mitochondrial abnormalities may be a major determinant of susceptibility to develop VPAinduced hepatotoxicity. Moreover, the significant differences observed on AST level in many
studies conducted on AEDs may be explained by the fact that AST is distributed in many other
organs as muscle cells beside liver. It is well known that AEDs cause relaxation of muscles,
which may be the cause of elevated activity of AST in such patients (EL-Massri R. et al., 2013).
During the initiation of antiepileptic drugs, the liver enzymes were elevated due to the enzymeinducing property of some of them, that is what happened during the first 6 months of the
administration of AEDs, but with time, the liver tests can normalize despite continued treatment
probably due to adaptation in the liver (Bjornsson E., 2008).

However, researchers attributed the differences in the results to variations in risk factors of
development of AEDs-induced hepatotoxicity, for example; younger age, mental retardation,
history of metabolic disorders, congenital error of AEDs metabolism, polytherapy or stressful
conditions such as infections and underlying liver disease (Gopaul S. et al., 2003; Sonmez FM.
et al., 2006).
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On the other hand, there were many studies that had different results from that of our study as
Demircioglu S. et al. (2000), Sonmez FM. et al. (2006), Karaoglu A. et al. (2009) and
Ghajarzadeh M. et al. (2011).
Ghajarzadeh M. et al. (2011) conducted a prospective comparative study of the effect of CBZ
versus VPA monotherapy on liver enzymes (AST, ALT and ALP). The study included 38
epileptic children with a mean age of 9±3.7 years, among them 13 received CBZ and 25 received
VPA. Patients who were on CBZ or VPA monotherapy for at least six months were also
included. The study showed insignificant differences in liver enzymes in both groups of patients,
which was completely different from our results. Moreover, Demircioglu S. et al. (2000)
evaluated and compared the effect of CBZ versus VPA on liver function in epileptic children
(n=38; 18 males and 20 females), with a mean age of 8.6±3.9 years, among them; 31 received
CBZ and 7 received VPA. Liver enzymes were evaluated before and after 2 and 6 months of
treatment. In contrast to our study, their results showed insignificant effect of both drugs on liver
enzymes except for GGT level which increased significantly in the CBZ-treated group. Perhaps,
the small sample size of their study was not enough to reveal the effect of AEDs on liver
function, especially in VPA-treated group which included 7 patients only.
In addition, Sonmez FM. et al. (2006) assessed the effect of PB, CBZ, and VPA on serum liver
function in 64 epileptic children, aging 1-15 years, divided into three groups; PB-treated group at
a dose of 5 mg/kg/day (n=18), CBZ-treated group at a dose of 10-15 mg/kg/day (n=22), and
VPA-treated group at a dose of 20 mg/kg/day (n=24). Plasma liver enzymes; ALT, AST, ALP
and GGT were determined before starting the treatment, and then after 3, 6 and 12 months of
treatment. The researchers found a significant increase in ALT, AST and ALP levels at 3, 6 and
12 months of treatment in the PB-treated group, while there was no significant change in these
liver enzymes in the CBZ or VPA-treated groups, and this was completely different from our
study. This result could be explained by the low doses used of VPA and CBZ for treatment.
Karaoglu A. et al. (2009) assessed the effect of low dose VPA (20 mg/kg/day) on liver enzymes
in newly diagnosed epileptic patients (n=21; 9 female and 12 male), aging 6.3±4.3 years after
three months of treatment. The researchers found no significant differences in liver enzymes
levels before and after 3 months of treatment. Short duration of treatment (3 months) and low
dose of VPA used in this study may explain the insignificant changes observed on levels of liver
enzymes, and it might require longer period or higher dose to evaluate the real effect of VPA on
liver enzymes in epileptic children.
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Moreover, many studies had results similar to some parameters and different in others from that
of our study. For example, Dewan P. et al. (2008) evaluated the effect of PHT and VPA on liver
enzymes in epileptic children (n=52), with a mean age of 7.5±3.44 years, who received their
treatments for at least 6 months. The patients were divided into two groups; VPA-treated group
(n=27) at a dose of 10-31.4 mg/kg/day, and PHT-treated group (n=25) at a dose of 3-8
mg/kg/day. A third group of age matched healthy children (n=27) was also included in the study
for comparison. The authors found a significant difference in ALP levels in the three groups,
where the highest increase was in PHT-treated group. There was no significant difference in
ALT level among the three groups. This study showed increased ALP level in VPA-treated
group as in our study, and showed no effect of VPA on ALT which is different from our results.

5.4.Effect of CBZ versus VPA on lipid profile during the study period (6 months)
Atherosclerotic cardiovascular disease, which leads to ischemic heart disease and stroke, is the
leading cause of death in adults. Although the clinical manifestations of atherosclerosis typically
is not present until adulthood, the pathologic changes may begin in childhood (Strong JP., et al.,
2001; Yilmaz E. et al., 2001). Recent studies had focused on the incidence of vascular risk
factors and the higher risk of atherosclerosis development among epileptic children; however,
this link has not yet been confirmed (Demircioglu S. et al., 2000; Huemer M. et al., 2005).
There is a clear evidence that atherosclerosis is linked to elevation in serum levels of TC, TGs
and LDL-C. Some authors have reported that some AEDs particularly CBZ, PB, and PHT are
able to increase these parameters, thereby increasing risk of atherosclerosis and coronary heart
disease (Katsiki N. et al., 2014).
For this reason, we conducted our study to evaluate the effect of CBZ (20-30 mg/kg/day) and
VPA (40 mg/kg/day) as monotherapy on lipid profile in the newly diagnosed epileptic children
who were selected according to the inclusion criteria. Serum levels of TC, TGs, LDL-C and
HDL-C were measured before starting treatment, then after 2, 4 and 6 months of treatment.
The results of our study showed a significant increase (p<0.05) in levels of TC, TGs and LDL-C
in the CBZ-treated group throughout the study period (6 months). Serum level of TC increased
in the epileptic children by 43.08% after 6 months of treatment, while the increase in TGs level
was up to 53.17% after 6 months of treatment, and LDL-C level increased by 61.71% after 6
months of treatment with CBZ monotherapy. Serum level of HDL-C did not change significantly
and remained almost constant over the study period. On the other hand, serum levels of TC, TGs,
HDL-C and LDL-C in the VPA-treated group did not show any significant change (p>0.05)
throughout the six months of treatment (the study period).
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Many studies had been conducted to evaluate the effect of AEDs on lipid profile, but they had
contradictory results. For example; our results were similar to a comparative study assessed the
effect of CBZ, VPA and PB on lipid profile in newly diagnosed epileptic children (n=53; 31
boys and 22 girls), aging 2-14 years, with a mean age of 7.5±2.3 years. The patients divided into
three groups according to treatment; 14 received PB, 21 received CBZ and 18 received VPA.
The researchers measured serum level of TGs, TC and LDL-C before starting the treatment, and
then after 3 and 12 months of treatment. They found that, levels of TGs, TC and LDL-C
increased significantly after 3 months of treatment and remained high after one year in both CBZ
and PB-treated groups. Serum lipid concentrations did not change significantly during VPA
therapy. They concluded that serum lipid profiles should be carefully monitored in children
receiving enzyme inducing antiepileptic drugs as CBZ and PHT (Yilmaz E. et al., 2001).
Antiepileptic drugs as PHT and CBZ are potent enzyme inducers (Mintzer S. et al., 2009;
Mintzer S., 2010). They induce cytochrome P450 system, which is involved in synthesis and
metabolism of cholesterol (Nebert DW. & Russel DW., 2002). Induction of cytochrome P450
system will result in elevation in cholesterol production, which may explain the increase in lipid
profile following treatment with enzyme inducers AEDs (Mintzer S., 2010; Bhosale UA. et al.,
2014).
Demircioglu S. et al. (2000) conducted another study that showed results similar to ours, they
compared the effect of CBZ versus VPA on lipid profile in the epileptic children (n=38; 18 boys
and 20 girls) with a mean age of 8.6±3.9 years. Among the patients, 31 received CBZ and 7
received VPA. The authors found a significant increase in the serum levels of TC, TGs and
LDL-C in the CBZ-treated patients, but there was no significant changes in lipid profile in the
VPA-treated patients. By the same way, Eiris JM. et al. (2000) assessed and compared the
effect of long-term CBZ, VPA and PB treatment as monotherapy on serum lipids and
apolipoproteins in epileptic children and adolescents (n=320), among them; 129 received CBZ,
127 received VPA and 64 received PB. They compared their results with those of 169 age- and
sex-matched healthy controls. Serum levels of TC, LDL-C and apolipoprotein B were high in
children received CBZ or PB and low in those received VPA. The authors attributed the obtained
results to long duration of treatment or to large number of patients included in the study, and
they concluded that the effects of long-term AEDs therapy on lipid profile and apolipoprotein
serum levels increased risk of atherosclerosis-related disease.
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With respect to CBZ, the results of our study were similar to a study performed by
Mahmoudian T. et al. (2005), they evaluated serum lipid levels during CBZ-therapy in newly
diagnosed epileptic children (n=30; 18 male, 12 female), aging from 30 months to 14 years.
Serum lipid levels were evaluated at the onset, and then at the third month of CBZ-therapy with
a starting dose of 10 mg/kg/day. The researchers found significant increases in mean serum
levels of TC, LDL-C, VLDL-C and TGs during treatment period, but mean HDL-C levels did
not increase significantly throughout the study. They concluded that CBZ treatment altered the
serum lipid profile of epileptic children in such a way that it could potentially facilitate the
development of atherosclerosis (Mahmoudian T. et al., 2005). The obtained results may be
attributed to enzyme induction property of CBZ (Mintzer S. et al., 2009).

In addition; El-Masry HM. et al. (2013) evaluated the effect of CBZ monotherapy on lipid
profile in epileptic children (n=30), aging 2-15 years, and compared them with healthy children
as control group (n=15). Patients were divided into two groups according to the duration of
treatment; the first group received CBZ therapy for 1.7±0.61 years (short duration), and the
second group received CBZ therapy for 2.9±0.56 years (prolonged duration). The researchers
found that the mean serum levels of TC, TGs and LDL-C in patients with prolonged duration of
therapy were significantly higher than patients of short duration of therapy. In addition; they
noticed significant positive correlations between duration of CBZ therapy and serum lipid
profile; the longer duration of CBZ therapy, the higher increases in lipid profile. In their study, it
was clear that the longer duration of treatment with CBZ was the main cause for the significant
elevation observed on serum lipid levels in the epileptic children, which exposed them to high
risk of atherosclerosis development (El-Masry HM. et al., 2013).
Moreover, Aggarwal A. et al. (2009) studied prospectively the effect of CBZ on serum lipids in
epileptic children and the correlation of changes with CBZ level. The study included 29 epileptic
children (16 male, 13 female), aging 3-12 years. The researchers measured serum lipid levels at
baseline, and then after 3 months of treatment. Serum concentrations of CBZ were also
determined at 3 months of therapy. They found a significant increase in serum levels of TC,
LDL-C, VLDL-C and TGs after 3 months of treatment with CBZ, with no increase in HDL-C
level, and they found that the changes in serum lipid levels did not correlate with serum CBZ
level after 3 months of treatment. They concluded that CBZ therapy increased serum lipid levels
which increased risk of atherosclerosis development (Aggarwal A. et al., 2009).
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Mintzer S. et al. (2009) conducted a study with different methodology and design, they aimed to
assess if AEDs that induce liver enzymes had an effect on cholesterol and other markers of
vascular risk. The study population included 34 epileptic patients, aging (18-60 years), the
patients were on therapy with enzyme inducers AEDs (PHT and CBZ) monotherapy, whose
physicians had elected to change their treatments to one of the non-inducing AEDs (Lamotrigine
or Levetiracetam). The authors measured fasting serum levels of lipid fractions, lipoprotein (a)
before, and then after 6 weeks of the treatment switch. A control group (n=16) was included for
comparison. The authors found a significant decline in serum levels of TC, LDL-C and TGs in
the patients who switched from either PHT or CBZ. Patients who stopped taking CBZ also had a
significant decline in lipoprotein (a) level. Results were similar whether patients were switched
to Lamotrigine or Levetiracetam. They concluded that switching the epileptic patients from the
enzyme-inducers PHT and CBZ therapy to the non-inducers Levetiracetam or Lamotrigine
treatment produced rapid and clinically significant alteration in lipid profile, and that PHT and
CBZ might increase the risk for cardiovascular and cerebrovascular diseases (Mintzer S. et al.,
2009).
Two mechanisms are proposed to explain the elevation in lipid profile following treatment with
some AEDs, firstly; Carbamazepine is a potent inducing agent of cytochrome P450 enzymes
which is a part of the cholesterol pathway, leading to increased cholesterol synthesis (Bhosale
UA. et al., 2014), secondly; CBZ also induces liver microsomal enzymes which cause alteration
of metabolism of lipids, bile acids and bilirubin. This leads to alteration in serum lipid levels and
thus affects the development of atherosclerosis (Khot SS. et al., 2013).
In accordance with our results about VPA effect on lipid profile, Dewan P. et al. (2008) found
that serum lipid levels were not significantly changed in epileptic children treated with VPA at a
dose of 10-31.4 mg/kg/day (n=27), compared to PHT-treated group at a dose of 3-8 mg/kg/day
(n=25) who received their treatment for at least 6 months. Moreover, Geda G. et al. (2002)
obtained the same results, when they evaluated the effect of VPA on lipid profile in epileptic
children (n=26) who received their therapy for long period (1.83±1.8 years). In addition, Ahmed
YA. et al. (2011) found that serum lipid levels measured in Egyptian epileptic children (n=20)
were not significantly different from that in control group (n=10) after 3 months of treatment
with VPA monotherapy.
Although all previous studies and others that had nearly similar results to our study, there were
many studies that had opposite results. For example; Geda G. et al. (2003) conducted a
retrospective study to determine whether there was an effect of long-term CBZ therapy (1-4.5
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years) on serum lipids levels in epileptic children (n=16) aging 5-19 years, compared with
controls (n=16). The serum level of CBZ varied between 4-12 mcg/ml.
Insignificant changes on the serum levels of TGs, TC, LDL-C and VLDL-C in all patients were
observed. This was completely different from our study despite of the longer duration of
treatment with CBZ, but the small number of patients participated in the study may explain the
obtained results. In addition, Nikolaos T. et al. (2004) reported low serum levels of TC, LDL-C
and TGs, and normal serum level of HDL-C during VPA treatment, while Calandre EP. et al.
(1991) found that in relation to controls, subjects treated with VPA monotherapy showed
significantly lower values of TC and LDL-C.
However, many studies had results similar to some parameters and different in others from that
of our study, for example; Radeef MY. et al. (2013) compared the effect of AEDs (CBZ, VPA,
Topiramate and their combination) on lipid profile in Iraqi epileptic patients (n=90), aged 1-45
years, divided into two groups; a retrospective group (n=70); who received AEDs for at least 6
months before the study, and a prospective group (n=20). A control group (n=20) was included
for comparison. The authors found significant elevations in serum levels of TC, HDL-C, and
LDL-C after three months of treatment in the retrospective group, and only significant elevation
in the level of HDL-C in the prospective group. They concluded that the long-term antiepileptic
treatment increased the risk of atherosclerosis. In addition, Salehiomran MR. & Kordkheily
SE. (2010) compared the effect of PB versus VPA on lipid profile in epileptic children (n=110);
63 received PB (5 mg/kg/day), and 47 received VPA (20 mg/kg/day). The researchers evaluated
serum levels of TGs, TC, LDL-C and HDL-C at baseline, and then after 3 and 6 months of
treatment. In the VPA-treated group, there were no statistically significant changes in serum
level of TC, LDL-C and TGs, but increased level of HDL-C and Lipoprotein (a). The results
suggested a need for monitoring serum lipid profile in patients receiving AEDs.
However, the discrepancy between the results of all those studies can be attributed to many
factors. First of all; patients‟ characteristics such as age, sex, race, presence of other associated
disorders as mental retardation, history of metabolic disorders, congenital malformations of liver
and infections, secondly; drug factors as drug dose, frequency of administration, duration of
therapy, pharmacokinetics and adverse effects, finally; study factors as differences in methods
and designs, which play an essential role in the obtained results of each study, including sample
size, period of the study, interval of the collected data…etc. (Sonmez FM. et al., 2006; Gopaul
S. et al., 2003).
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Chapter 6
Conclusion and recommendations

6.1.Conclusion
This study was carried out on the newly diagnosed epileptic children in Gaza strip to evaluate
and compare the effects of Carbamazepine (n=23) with Valproic acid (n=27) on liver function
and lipid profile over 6 months (study period). At the end of the study and after analysis of the
results, we concluded the followings:
1. Both Carbamazepine monotherapy (20-30 mg/kg/day) and Valproic acid monotherapy (40
mg/kg/day) showed hepatotoxic effects in epileptic children after 6 months of treatment as
both of them increased significantly the serum levels of liver enzymes; AST, ALT and ALP.

2. Valproic acid increased ALT level significantly after 2, 4 and 6 months of treatment, while
CBZ increased ALT level significantly only after 6 months of treatment, then we conclude
that VPA is more hepatotoxic than CBZ.

3. Serum level of ALP increased significantly after 2, 4 and 6 months of treatment with CBZ,
this indicates that CBZ could lead to bile flow obstruction (cholestasis) more than VPA.

4. Carbamazepine increased serum levels of TC, TGs and LDL-C significantly in the epileptic
children, indicating that CBZ increases the risk for development of atherosclerosis and
coronary heart disease in those patients upon long-term use of CBZ.

5. Valproic acid did not cause significant changes on lipid profile in the patients, indicating the
safety of VPA monotherapy regarding lipid profile in epileptic children patients.
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6.2.Recommendations
1. Diagnosis of epilepsy type carefully with studying all surrounding conditions and medical
history of each patient so the most suitable antiepileptic drug is prescribed.

2. Baseline liver function tests is essential before starting AEDs therapy and regular monitoring
of serum liver enzymes levels are required during treatment course.

3. Lipid profile should be monitored carefully during CBZ therapy in epileptic children in order
to avoid development of atherosclerosis.

4. Precautions should be taken when using AEDs in epileptic patients with pre-existing hepatic
disorders, in patients using potentially hepatotoxic drugs or if signs or symptoms of hepatic
impairment appear.

5. Precaution should be taken when using CBZ in epileptic patients with metabolic diseases or
have a family history of atherosclerosis and heart diseases.

6. Further studies using a larger number of patients, and for longer periods of time are
recommended to reveal the frequency and the risk factors of serious hepatotoxicity and
atherosclerosis upon long-term treatment with CBZ and VPA among epileptic children, since
these drugs are still extensively used for the treatment of epileptic children in our country.

7. Studies on new AEDs efficacy and side effects in epileptic patients should be encouraged in
Gaza strip.

8. The protocol used for treatment of epileptic children in the hospitals and clinic centers in
Gaza Strip is recommended to be switched to newer AEDs as Lamotrigine, Topiramate and
others instead of using old AEDs, since many studies proved fewer side effects with these
new drugs.
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Appendix
Annex 1
Table 1. Classification of Seizure (Berg AT. et al., 2010)

Generalized seizures
Tonic–clonic (in any combination)
Absence
Typical
Atypical
Absence with special features
Myoclonic absence
Eyelid myoclonia
Myoclonic
Myoclonic
Myoclonic atonic
Myoclonic tonic
Clonic
Tonic
Atonic
Focal seizures
Unknown
Epileptic spasms
Table 2. Descriptors of focal seizures according to degree of impairment during seizure (Berg AT.
et al., 2010)

Without impairment of consciousness or awareness
With observable motor or autonomic components. This roughly corresponds to the concept of
„„simple partial seizure”.
„„Focal motor‟‟ and „„autonomic‟‟ are terms that may adequately convey this concept depending
on the seizure manifestations.
Involving subjective sensory or psychic phenomena only.
With impairment of consciousness or awareness.
This roughly corresponds to the concept of “complex partial seizure”. Dyscognitive is a term that
has been proposed for this concept (Blume WT. et al., 2001).
Evolving to a bilateral, convulsive seizure
involving tonic, clonic, or tonic and clonic components. This expression replaces the term
“secondarily generalized seizure”.
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Table 3. Organization of the Epilepsies Proposed in 2010 According to Specificity of Epilepsy
Diagnosis and Age at Onset (Berg AT. et al., 2010)

Level of Epilepsy Diagnosis
Electroclinical syndromes
arranged by typical age at onset

Epilepsy Diagnosis
Neonatal period
Benign familial neonatal epilepsy
Early myoclonic encephalopathy
Ohtahara syndrome
Infancy
Epilepsy of infancy with migrating focal seizures
West syndrome
Myoclonic epilepsy in infancy
Benign infantile epilepsy
Benign familial infantile epilepsy
Dravet syndrome
Myoclonic encephalopathy in non-progressive disorders
Childhood
Febrile seizures plus (can start in infancy)
Panayiotopoulos syndrome
Epilepsy with myoclonic atonic (previously astatic) seizures
Benign epilepsy with centrotemporal spikes
Autosomal-dominant nocturnal frontal lobe epilepsy
Late onset childhood occipital epilepsy (Gastaut type)
Epilepsy with myoclonic absences
Lennox-Gastaut syndrome
Epileptic encephalopathy with continuous spike-and-wave
during sleep
Landau-Kleffner syndrome
Childhood absence epilepsy
Adolescence – Adult
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with generalized tonic–clonic seizures alone
Progressive myoclonus epilepsies
Autosomal dominant epilepsy with auditory features
Other familial temporal lobe epilepsies
Less specific age relationship
Familial focal epilepsy with variable foci (childhood to adult)
Reflex epilepsies
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Table 3. Organization of the Epilepsies Proposed in 2010 According to Specificity of Epilepsy
Diagnosis and Age at Onset (Continued)

Distinctive constellations

Epilepsy with structural-metabolic causes

Epilepsies of unknown cause

Conditions with epileptic seizures that are
traditionally not diagnosed as a form of
epilepsy

Mesial temporal lobe epilepsy with hippocampal
sclerosis
Rasmussen syndrome
Gelastic seizures with hypothalamic hamartoma
Hemiconvulsion–hemiplegia–epilepsy
Malformations of cortical development
(hemimegalencephaly, heterotopias, etc.)
Neurocutaneous syndromes (tuberous sclerosis
complex, Sturge-Weber, etc.)
Tumor
Infection
Trauma
Angioma
Perinatal insults
Stroke
No specific arrangement to these at this time;
however, by presenting seizure type or age at onset
would be logical
Benign neonatal seizures
Febrile seizures
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Annex 2
بسى هللا انشحًٍ انشحٛى
Written informed consent
الموافقة الخطية إلجراء الدراسة

تحٛت تقذٚش ٔاحتشاو
ٚتى اعذاد ْزِ انذساست حٕل تأثٛش كم يٍ عالج ال  Carbamazepineاالحاد٘ ٔعالج ال  Sodium valproateاالحاد٘
عهٗ ٔظائف انكبذ ٔيستٕٖ انذٌْٕ ٔانكٕنٛستشٔل ف ٙانذو عُذ االطفال انًصاب ٍٛبانتشُجاث انعصبٛت يٍ عًش  12-1سُت،
حٛث ستستًش انذساست نًذة  6شٕٓس ٔرنك ظًٍ بشَايج انًاجستٛش بانصٛذنت تخصص عهى االدٔٚت بكهٛت انصٛذنت بجايعت
االصْش-غضة.
ٔتٓذف ْزِ انذساست انٗ:
 .2تقٛٛى االدٔٚت انًشاس انٓٛا اعالِ عهٗ ٔظائف انكبذ ٔيستٕٖ انذٌْٕ ٔانكٕنٛستشٔل ف ٙانذو عُذ االطفال انًصابٍٛ
بانتشُجاث انعصبٛت ٔتحهٛم تهك انُتائج نًعشفت حذٔد االعشاض انجاَبٛت نٓا.
 .1سفع انًستٕٖ انعهًٔ ٙانعًه ٙنألطباء ٔانصٛادنت بٕصاسة انصحت بتٕفٛش انًعهٕياث انت ٙتساعذْى عهٗ ٔصف ْزاٌ
انعالجاٌ ٔطشق اعطائّ ٔيتابعتّ عُذ االطفال انًصاب ٍٛبانتشُجاث انعصبٛت ٔانًساًْت بتعهٛى ٔن ٙايش انطفم
انًشٚط كٛفٛت اعطاء انعالج ٔجشعتّ ٔاالعشاض انجاَبٛت انت ٙقذ تظٓش اثُاء استخذايّ.
نزا اسجٕ يُكى انتكشو بانًٕافقت عهٗ انًشاسكت فْ ٙزِ انذساست ،االيش انز٘ سٛكٌٕ نّ بانغ االثش فَ ٙجاحٓا ٔسٛساعذ فٙ
انحصٕل عهٗ انُتائج انًشجٕة يُٓا ،عهًا باٌ كافت انًعهٕياث انت ٙسٛتى جًعٓا ستكٌٕ ف ٙغاٚت انسشٚت ٔستستخذو نغشض
انبحث انعهً ٙفقط.

انباحث

شاكش ٍٚنكى حسٍ تعأَكى

ْذٚم ْشاو انغٕل

تٕقٛع ٔن ٙايش انطفم/

كهٛت انصٛذنت بجايعت االصْش-غضة
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