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Abstract

serum levels affecting disease control and outcome.

treatment in a group of Egyptian epileptic children.

spectrometer-A Analyst 800.

copper serum level (P < 0.05).

strategy in the future.

Background: Epilepsy is among the most common disabling neurological disorders among children. Altered serum
levels of zinc and copper may facilitate seizure occurrence and repetition, and antiepileptic drugs may disturb their

Objective: To investigate the association between serum levels of zinc and copper and epilepsy and antiepileptic

Methods: Case-control study on 100 epileptic patients, aged from 2 to 16 years, from neurology outpatient clinic
and 50 apparently healthy children with matched age and sex. Venous samples were withdrawn from patients and
controls then serum levels of zinc and copper were measured with graphite furnace atomic absorption

Results: Serum zinc level of patients’ group was significantly lower than that of controls with a mean of 59.1 p/dL
+ 227 and 85 p/dL + 22.2, respectively (P < 0.01). Serum zinc level of patients with history of febrile seizures was
significantly decreased compared to patients without history of febrile seizures with a mean of 41.5 p/dL + 20.1 and
67.9 p/dL + 193, respectively (P < 0.01). Patient on carbamazepine intake showed significantly lower zinc serum
level than patients without carbamazepine intake, with a mean of 49.0 p/dL + 17 and 61.8 w/dL + 234, respectively
(P < 0.01). A significant negative correlation was noted between the duration of illness of epilepsy and the mean

Conclusion: Zinc and copper altered homeostasis have mounting evidence about their role in the pathogenesis of
epilepsy. Designing treatment plans that selectively restore zinc and copper normal levels may be a beneficial
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Introduction

Epilepsy is the third leading contributor to the global bur-

den of disease for neurological disorders [1]. Among the

population with newly diagnosed epilepsy, children and

older adults are the most rapidly growing segments [2].
Childhood epilepsy has a large spectrum of clinical

manifestations and many different causes [3]. A history
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of complex febrile seizures is frequently correlated with
a risk of epilepsy developing in the future [4]. Childhood
epilepsy often has a fluctuating course, and approxi-
mately one third of epileptic children experience alter-
nating periods of seizure freedom and seizure relapses.
About 59% of children with epilepsy can achieve reason-
ably good seizure control with antiepileptic drug ther-
apy, and around 30% will be refractory despite
numerous medications [5].

Certain minerals and trace elements are essential for
the development of healthy nervous system and
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neuronal susceptibility to excitability [6]. Altered
homeostasis of zinc and copper may be involved in the
susceptibility, development, and termination of seizures
especially genetically determined epilepsy [7].

Zinc has been identified as having both proconvulsant
and anticonvulsant activities [8]. It has long been estab-
lished that zinc can bind to and modulate the function
of a plethora of targets, including glutamate, gamma-
aminobutyric acid (GABA), and glycine receptors [9].
Zinc can also translocate into neurons [10], where it can
modulate intracellular signaling through a host of other
mechanisms.

On the other hand, copper dysregulation has an im-
pact on synaptic transmission and excitability. Studies
performed to date reveal a complex network of intercon-
nected pathways through which copper can both serve
as a signal itself and modulate signaling through mul-
tiple pathways. Copper has a unique role in oxidation-
reduction reactions. However, the advantages of using
copper come at a price. The same reactive properties
that give copper its utility as an enzymatic co-factor
pose a risk for the generation of reactive oxygen spe-
cies and subsequent oxidative damage in uncontrolled
settings [11].

Subjects and methods

This is a case control study, where we compared serum
level of zinc and copper of 100 of epileptic children visit-
ing outpatient neurology clinics of both Ain Shams Uni-
versity and Helwan University hospitals in the period
from October 2017 till April 2019, in addition to 50
healthy children as a control group. We included in our
study the epileptic children with the age between 2 and
16 years. All parents or guardians of chosen patients and
controls have provided informed written consent to par-
ticipate in this study. Patients have been diagnosed ac-
cording to International Leagues against Epilepsy (ILAE)
definition [3]. Full history was taken from all cases in-
cluding age of onset of epilepsy, predominant type of
seizures, EEG findings, and duration and course of ill-
ness together with antiepileptic treatment and their re-
sponse. All included cases had indefinite etiology of
epilepsy. All cases had normal MRI Yet those showed
mesial temporal sclerosis were included if they had past
history of febrile seizures which are supposed to be
linked with low zinc serum level.

Cases were further subdivided into three subgroups.
The first group included newly diagnosed cases who did
not receive any medical treatment for epilepsy before
time of sampling. The second group included controlled
cases who are on medical treatment and seizure-free.
ILAE defines seizure-free or medically responsive epi-
lepsy as seizure freedom for 12 months or 3 times the
longest previous inter-seizure interval, whichever is
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longer [12]. The third group included uncontrolled cases
of drug-resistant epilepsy; that is defined as the failure of
adequate trials of two or more tolerated, appropriately
chosen, and appropriately used antiepileptic treatment
regimens, whether administered as monotherapies or in
combination, to achieve seizure freedom [13]. Addition-
ally, we classified diagnosed patients who already are on
medical treatment according to number of antiepileptic
medications into two groups: the monotherapy and poly-
therapy groups.

We excluded symptomatic epilepsy due to central ner-
vous system infections; structural, metabolic, and neuro-
degenerative disorders; and patients using multivitamin
formula including zinc and/or copper.

A group of 50 healthy children served as controls.
They were matched for gender, age, and demographic
features. All control cases have normal anthropometric
measurements including weight and height, and all of
them are in good nutritional status with no feeding diffi-
culties, signs of malnutrition, or vitamin deficiencies.
Furthermore, all the control children were not receiving
zinc- and/or copper-containing preparations or antioxi-
dant drugs. An informed written consent was obtained
from the parents/guardians of all included subjects. The
study was approved by the Ethical Committee of Ain
Shams University.

All the subjects were in the interictal period and at
least 24 h seizure-free at the time of blood sampling.
Serum was collected according to International Union of
Pure and Applied Chemistry (IUPAC) guidelines [14].
Three milliliters of venous blood sample was collected
from all patients and control in sterile silicon tubes with-
out addition of any anticoagulants then centrifuged at
2500 rpm for 15-20 min. Then, the serum is collected
and preserved in sterile Eppendorf tubes at - 80° until
the serum levels of zinc and copper were analyzed.
Measurement of serum levels of zinc and copper was
done by graphite furnace atomic absorption
spectrometer-A Analyst 800 (PerkinElmer, USA) [14].

Laboratory values of our control candidates were
compared with other international studies performed
to reveal reference values of serum trace elements
among pediatric populations. Used references for
serum zinc and copper were determined according to
the Clinical and Laboratory Standards Institute and
International Federation of Clinical Chemistry guide-
lines. The normal reference range for serum zinc was
64—124 pg/dL. The reference intervals for serum cop-
per were 75-153 pg/dL [15].

Statistical analysis

The data was entered to a personal computer with the
aid of Microsoft Excel workbook file. Double data entry
was done. Data checking for completeness and errors
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together with analysis was done using the SPSS program
(Statistical Package for the Social Sciences, version 23;
Chicago, USA), Student’s ¢ test (a two-sample location
test of the null hypothesis such that the means of two
populations are equal), one sample ¢ test (a one-sample
location test of whether the mean of a population has a
value specified in a null hypothesis), and one-way ana-
lysis of variance (a collection of statistical models and
their associated estimation procedures such as the vari-
ation among and between groups used to analyze the
differences among group means in a sample). We also
used Pearson’s correlation coefficient (the covariance of
the two variables divided by the product of their stand-
ard deviations) and linear regression module (a linear
approach to modelling the relationship between a scalar
response, or dependent variable, and one or more
explanatory variables, or independent variables). In
addition, we performed ANOVA test (based on the law
of total variance, where the observed variance in a
particular variable is partitioned into components
attributable to different sources of variation). The cutoff
value for statistical significance used in this study is a P
value < 0.05.

Results

The patient group consisted of 59 males and 41 females,
while there were 26 males and 24 females in the control
group. Age within the studied groups ranged between 2
and 16 years. Our patients were divided into three sub-
groups according to the state of disease at the time of
study. The mean duration of illness was 28.7 months +
21.7. Detailed history items among studied cases are
shown in Table 1. Clinical, radiological, and EEG find-
ings among the studied patients, together with the distri-
bution of antiepileptic medications among patients’
group, are demonstrated in Tables 2 and 3.

Serum zinc and copper of the control group were as
follows: for zinc, the serum level ranged between 53.3
and 138.8 p/dL with a mean of 85 p/dL + 22.2. For cop-
per, the serum level ranged betweenl7.5 and 129.7 p/dL
with a mean of 71.6 u/dL + 38.3.

On the other hand, in patients’ group, the mean zinc
serum level was 59.1 p/dL + 22.7. This was lower by
30.5% when compared to the mean zinc serum level of
the control group (P < 0.01). On measuring the copper
serum level among patients’ group, the mean copper
serum level was 69.2 p/dL + 33.6 with no statistical sig-
nificance when compared to the control group (Fig. 1).

Comparison between zinc serum levels of each of the
patients’ subgroups and controls showed significant
lower level in each of them; with a mean of 62.7 p/dL +
22.1, 60.7 p/dL + 21.6, and 55.1 p/dL + 24.3 for newly
diagnosed, controlled, and uncontrolled, respectively,
compared with 85 p/dL + 22.2 in the control group (P <
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Table 1 Distribution of different history items
n =100 Number of patients %
Consanguinity

Negative 77 77

Second degree 16 16

Higher degree 7 7
Family history

Negative 72 72

Similar condition 28 28
Past history

Negative 69 69

Other medical condition 31 31
Perinatal history

Negative 96 9

Postnatal event 4 4
Developmental milestones

Normal 78 78

Delayed motor 2 2

Delayed speech 16 16

Delayed both 2 2
History of febrile seizures

Negative 69 69

Positive 31 31

Table 2 Clinical, investigational, and radiological findings of

studied patients

n =100 Number of %
patients
s
Newly diagnosed 19 19
Controlled 43 43
Uncontrolled 37 37
Semiology
Focal onset seizures 6 6
Focal onset seizures with impaired 16 16
awareness
Generalized seizures 78 78
Interictal EEG
Focal discharge 35 35
Focal with secondary generalization 37 37
Generalized discharge 28 28
MRI
Normal 92 92
Mesial temporal sclerosis (MTS) 8 8
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Table 3 Distribution of antiepileptic medications among
patients

n =100 Number of patients %
Number of medication
Newly diagnosed patients 19 19
Patient on monotherapy 58 58
Patient on polytherapy 23 23
Taking medication N = 81
Levetiracetam 44 543
Carbamazepine 22 27.2
Oxcarbazepine 13 16.0
Lamotrigine 10 12.3
Na valproate 9 11.1
Ethosuximide 9 11.1
Zonisamide 1 1.2

0.05). No significant difference appeared as regards the
copper serum level comparisons between patients’
groups and controls, with the means of 72.4 p/dL + 35.3,
714 p/dL £ 36.3, and 64.9 p/dL + 29.6 for newly diag-
nosed, controlled, and uncontrolled groups, respectively,
compared with a mean of 71.6 p/dL + 38.3 for controls.
Further comparison between zinc serum levels of both
newly diagnosed, receiving no treatment (19 patients),
and previously diagnosed patient patients, on antiepilep-
tic treatment at the time of the study (81 patients)
showed no significant difference, where the mean was
62.7 p/dL + 22.1 in newly diagnosed cases and 58.2 p/dL
+ 22.9 in previously diagnosed ones. Moreover, a com-
parison between estimated copper serum levels of these
same groups showed no significant difference, where the
mean was 724 p/dL + 35.3 in newly diagnosed cases
and 68.4 p/dL + 33.4 in previously diagnosed ones.
Serum level of zinc and copper among controlled and
uncontrolled showed insignificant lower levels in uncon-
trolled cases (P > 0.05). The mean for zinc serum level
was 60.7 p/dL £ 21.6 in controlled cases and 55.1 p/dL
+ 24.3 in uncontrolled cases, while the mean value of
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copper serum level in controlled cases was 71.4 p/dL +
36.3 and 64.9 p/dL + 29.6 in uncontrolled cases.

The mean value of zinc serum level in patients with
past history of febrile seizures was 41.5 p/dL + 20.1
which was significantly lower statistically than that in
patients with no history of febrile seizures with a mean
value of 67.9 p/dL + 19.3. However, the mean value of
copper serum level among patients with history of fe-
brile seizures was not statistically different from that of
patients without history of febrile seizures (Fig. 2).

By using correlation coefficient between patients’
mean level of zinc and copper with duration of illness
in months, a negative correlation was noted only be-
tween copper serum level and duration of illness,
which means the longer the duration of illness the
lower the copper serum level (R = 0.213, P = 0.03) as
shown in (Fig. 3). However, it was not the case for
zinc (R = 0.081, P = 0.4)

Estimated mean value of zinc and copper serum level
among patients showing mesial temporal sclerosis
(MTS) in MRI was lower by 27.6 and 37.2%, respectively.
This difference was statistically insignificant (P = 0.07)
for zinc but was not for copper (Table 4).

Regarding the effect of medications, a lower mean
value of serum level of both zinc and copper among 58
patients on monotherapy was found compared to that of
23 patients on polytherapy, yet the difference was not
significant statistically (P > 0.05). The mean zinc level
was 56.2 p/dL + 21.5 and 63.1 p/dL + 26.1 in patients
on monotherapy and those on polytherapy, respectively.
The mean copper level was 65.6 p/dL + 34.6 and 75.5 p/
dL + 29.5 in patients on monotherapy and those on
polytherapy, respectively.

Levetiracetam was found to be the most used medica-
tion among our studied patients’ group (44%). When the
mean serum levels of both zinc and copper were studied
among these patients, they were slightly higher com-
pared to those of the rest of patients not receiving leveti-
racetam, yet with no statistical significance (Table 5). On
the other hand, when the zinc mean levels of patients on
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Fig. 2 Comparison between patients with positive and negative history of febrile seizures as regards zinc and copper levels

levetiracetam was compared to those of control subjects,
it was lower, yet again the difference was not significant.

Carbamazepine was the second commonly used medi-
cation (22% of patients). The mean level of zinc serum
level of patients on carbamazepine showed significantly
lower level compared to those not receiving carbamaze-
pine. Moreover, this mean value was significantly at
lower level when compared to the mean value of the
control group (P = 0.01; Fig. 4). The mean value of
serum copper among same patients’ group was lower
than those did not receive carbamazepine, yet with no
statistical significance (Table 6).

By using linear regression model for the factors inde-
pendently related to the zinc level in serum among the
studied cases, it was found that the past history of febrile
seizures, generalized epileptic discharge in EEG, and
carbamazepine intake were strongly associated with
lower zinc serum level (Table 7).

Discussion

The exact pathogenesis of epilepsy is not fully under-
stood yet. However, there are studies suggesting that the
body electrolytes and the level of some trace elements
may have a crucial role in epileptogenesis. This is due to
increased free radicals or decreased antioxidant
defense mechanisms that have been causally involved

in some forms of epilepsies and contribute to patho-
physiology of neuronal excitability, neuronal excito-
toxicity, seizure recurrence, and resistance to
antiepileptic medications. In addition, seizures are
followed by significant alterations in both intra- and
extra-cellular ion concentrations [16, 17].

In our study, we chose to measure zinc and copper
serum levels in epileptic children and compare them
with matched age and sex healthy controls. Assessment
of zinc and copper status is dependent on the quantifica-
tion of total zinc and copper concentrations in serum
[18, 19]. It is the most widely used laboratory tests for
diagnosis of severe deficiency and to monitor adequacy
of provision [20].

In the present study, we found that levels of serum
zinc observed in pediatric epileptic patients were 30%
lower than those of healthy controls (P < 0.001). Our re-
sults are in accordance with the previous studies, where
significant lower levels of serum zinc have been reported
in epileptic patients [21-23]. We found significant differ-
ence when we compared zinc serum level of newly diag-
nosed, controlled, and uncontrolled patients’ groups on
one side and zinc serum level of the control group on
the other side with P < 0.05 for the three patients’
groups. Same results came from the previous studies
that compared zinc serum level between uncontrolled
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Table 4 Comparison between patients with and without mesial temporal sclerosis in MRI
Patients with MTS Patients without MTS t P
N=8 N =92
Mean SD Mean SD
Zinc (u/dL) 471+170 60.1+229 20 0.07*
Copper (u/dl) 51.5+392 70.7 £329 1.5 0.1

MTS mesial temporal sclerosis
*Insignificant

epileptic patients and healthy controls [24, 25]. Only one
study found no significant difference in serum zinc be-
tween epileptic cases and controls [26].

This significant difference could be explained by zinc’s
capability to modulate the neuronal excitability. Low
zinc serum level may enhance seizure activity by inhibit-
ing the inhibitory neurotransmitter, GABA, or by defect-
ive production of superoxide dismutase and glutathione
peroxidase. Hypozincemia activates N-methyl-D-aspar-
tate (NMDA) receptors which may play an important
role in the induction of epileptic discharge [27]. How-
ever, the role of zinc in seizures is still controversial as it
has a role in the synthesis and function of inhibitory
neurotransmitter, GABA, at one hand and it also shows
an inhibitory effect on GABA on the other hand and
thus facilitates seizure activity [28].

In our study, there was no significant difference when
the serum zinc level of newly diagnosed, untreated pa-
tients was compared with that of previously diagnosed
patients on medical treatment. This was opposite to
what other studies revealed. They found that zinc level
in serum and hair was significantly lower in patients
treated with antiepileptic therapies, either mono- or
polytherapy, than in untreated patients [29, 30]. Farahani
and colleagues and Wojciak and colleagues had found
that zinc serum level was significantly decreased in con-
trolled (on monotherapy) epileptic patients than in un-
treated patients [16, 21]. The discrepancy between our
study and others’ results might be due to the relatively
small number of newly diagnosed patients in comparison
to their number in the abovementioned studies.

Antiepileptic drugs may be involved in lowering serum
zinc levels. In our study, we had 22 patients receiving
carbamazepine. They showed significant lower zinc
serum level in comparison to both controls and patients
who received other antiepileptics. This goes in accord-
ance with other study results [23, 31]. However, other
authors found normal serum zinc in epileptic patients

after 1 year treatment with carbamazepine [28, 32]. An-
other study included 40 epileptic patients and 31 healthy
children between 4 and 12 years of age, where serum
carbamazepine level, total antioxidant capacity, and total
oxidant status were measured. Oxidative stress index
was also calculated in both patients and controls. Results
showed that the epileptic group had decreased levels of
total antioxidant capacity, increased total oxidative
stress, and high oxidative stress index levels. In addition,
positive correlation between plasma carbamazepine
levels and total oxidant status was observed. That means
that carbamazepine has no antioxidant effect and may
have a role in oxidant status [33].

In our study, there were 44 patients on levetiracetam
treatment who showed no significant difference in their
zinc serum level in comparison to both the rest of pa-
tients who were not on levetiracetam and the controls.
This was not the case with what Sarangi and colleagues
found. Their study showed that patients on levetirace-
tam had quit higher zinc serum level in comparison to
controls [34]. They attributed their findings to increased
absorption of metals from the gastrointestinal tract or
decreased elimination from the body. Levetiracetam has
minimal metabolism with no cytochrome-P450 isoen-
zyme inducing potential; hence, its pharmacokinetics
may have less causative role in affecting the trace elem-
ent level than its pharmacodynamics aspects, which
needs to be analyzed [35]. Well, in our study, the ab-
sence of significant difference in zinc level between pa-
tients on levetiracetam and those who are not may be
attributed to the effect of other antiepileptics received as
some of them were on polytherapy including levetirace-
tam, while the abovementioned study included patients
on levetiracetam only as a monotherapy.

Febrile seizures, as one of the most common seizure
syndromes in children, is an important item to be ob-
served. They may be associated with more severe forms
of epilepsy in later life, with long-term studies indicating

Table 5 Comparison between patient with and without levetiracetam intake as regards zinc and copper serum levels

Patients on levetiracetam Patients not on levetiracetam t P
n =44 n =56
Mean SD Mean SD
Zinc (u/dl) 61.8+256 56.9+20.1 1.0 0.2
Copper (u/dL) 753+334 644 +334 16 0.1
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Table 6 Comparison between patients with and without carbamazepine intake as regards mean zinc and copper serum level

Patient on carbamazepine Patients not on carbamazepine t P
n=22 n=78
Mean SD Mean SD
Zinc (u/dL) 490+17.0 61.8+234 28 0.009*
Copper (u/dL) 66.7 £34.3 699+ 336 03 06

(P <0.01)
* highly significant

that 7% of children with febrile seizures subsequently de-
velop epilepsy [36]. In our study, epileptic patients with
past history of febrile seizures showed significant de-
crease in zinc serum level in comparison to patients
without history of febrile seizures. This agreed with pre-
vious studies which revealed low zinc serum level in chil-
dren with febrile seizures in comparison with controls
[37-40] and in comparison with children who had acute
febrile illness without febrile seizures [41]. Several studies
support the idea that low zinc levels increase seizure sus-
ceptibility. They found that zinc levels are significantly
lower in the blood of children that suffer febrile seizures,
both when compared to healthy controls and when com-
pared to children either presenting with fever alone or
seizures not associated with fever [42, 43]. These studies
highlight the dysfunction of zinc homeostasis as a poten-
tial mechanism of enhanced febrile seizure susceptibility.

On the other hand, copper can act on various types of
ion channels, including NMDA receptors and voltage-
gated calcium channels, which are important contribu-
tors to neuronal excitability and synaptic communica-
tion [44]. The present study showed no significant
difference in serum copper in epileptic patients com-
pared to healthy controls (P = 0.6). This is in accordance
with some previous studies [24, 25]. In other studies, the
copper serum level of epileptic patients’ group appeared
higher than that of healthy groups [16, 22, 45]. Hamed
and colleagues found lower serum copper in epileptic
patients compared with the controls [29]. Well, we con-
sidered that our control subjects had lower serum level

of copper in comparison to available pediatric intervals
established by other nations’ studies. We might get val-
ued difference in serum copper between epileptic pa-
tients and controls if we had greater number of controls
who may show a higher level of copper in serum.

In our study, no significant difference was found be-
tween copper serum levels of newly diagnosed, untreated
patients, and previously diagnosed, and treated ones,
which was opposite to Saboktakin and colleagues’ find-
ings. They found that serum copper was significantly
higher in treated patients’ group than in the untreated
group [31]. We also found that the serum level of copper
showed no significant difference between patients on
monotherapy and others on polytherapy. Again, other
studies found that the serum copper was higher in pa-
tients on polytherapy treatments compared in patients
on monotherapy [31, 45, 46]. All these studies included
patients on phenytoin antiepileptic drug that was ac-
cused as the main cause of elevated serum copper in
treated patients’ group, yet our study did not include any
patient with phenytoin intake.

We did not find any significant difference in copper
serum level between patients on either carbamazepine
or levetiracetam on hand and patients who were not on
these medications and control on the other hand.
Hamed and colleagues cited reduction in copper level
with carbamazepine intake [29]. Reduced level with
carbamazepine intake was attributed to enhanced biliary
excretion of copper; however, this study included more
patients on carbamazepine than ours [34].

-
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Table 7 Linear regression model for the factors independently
related to the zinc level in serum among cases

Factor Standard B t P
Polytherapy 0.04 0.5 0.5
Generalized EEG discharge —0.256 30 0.000
Febrile seizures —-0.502 58 0.000
Carbamazepine intake -0216 24 0.01
Mesial temporal sclerosis in MRI -004 04 06

In our study, patients with past history of febrile sei-
zures had no significant difference in their copper serum
level in comparison to those without febrile seizures in
their past history. Other studies showed that patients
with febrile seizures had statistically higher serum cop-
per concentrations than patients with febrile illness
without seizures [47]. However, they included bigger
sample size than ours.

Finally, our study had revealed a negative relationship
between copper serum level and duration of epilepsy ill-
ness. In other words, the longer duration of the epilepsy
disease is accompanied with a lower serum level of cop-
per. However, it could be attributed to prolonged use of
antiepileptic drugs that alter intestinal absorption, excre-
tion methods, and distribution within body tissues.

Conclusion

Our results suggest that lower levels of serum zinc have
a strong link with both febrile seizures and epilepsy.
Carbamazepine intake is better be accompanied with
zinc supplement due to associated lower zinc levels
compared with other antiepileptic drugs. Altered copper
level among epileptic patients may result from long-
term use of antiepileptic drugs. Management plan of epi-
leptic patients that preserves normal serum level of zinc
and copper might be more effective in seizure control.
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