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ABSTRACT

Conventional anticonvulsants including valproate (VPA) and phenytoin (PHT) have been shown to influence the trace element
homeostasis in patients with epilepsy. Even though the newer agents such as levetiracetam (LEV) are considered to have a better
tolerability profile, given the lack of long-term data this confidence is somewhat guarded. In this study, we evaluated the trace element
profiles of epileptic children receiving conventional agents i.e, PHT and VPA and newer agent — LEV and compared them with healthy
controls. The study groups based on drug treatment were as follows: Group-I (n=35) children received PHT, Group-Il (n=30) received
VPA, Group-Ill (n=27) were treated with VPA plus LEV while Group-IV (n=28) included healthy children. Serum levels of zinc, copper, sele-
nium, strontium, magnesium, manganese, and iron were estimated using inductively coupled plasma-atomic emission spectrometry
(ICP-AES). As compared to healthy controls, monotherapy with phenytoin was associated with increased serum levels of copper (1568.8
vs. 1053.6 ng/ml; p=0.002) as well as strontium (37.0 vs. 30.7 ng/ml; p=0.014). On the contrary, epileptic children treated with valproate
monotherapy had decreased serum selenium (67.0 vs. 84.7 ng/ml; p=0.02) and zinc (1010.5 vs. 1242.9 ng/ml; p=0.003) concentrations.
However, in the valproate plus levetiracetam therapy group, no significant alterations in the trace element status were observed. Our
findings suggest a potential association between treatment with PHT and VPA and trace element changes in children diagnosed with
epilepsy. However, newer agent LEV when used with VPA was not associated with these alterations. Further prospective studies are
warranted to confirm our findings and to assess the impact of drug treatment on trace element homeostasis in epileptic children.
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Introduction

Epilepsy and epileptic syndromes are among the most
common neurological conditions in childhood and
adolescence. Based on epidemiological data, the overall
prevalence of childhood onset epilepsy is upto 5.5 per 1000
in developed countries and upto 44 per 1000 in develop-
ing countries (Camfield and Camfield, 2015). Higher
incidence of childhood epilepsy in developing world is
possibly linked to greater incidence of trauma and central
nervous system (CNS) infections (De Bittencourt et al.,
1996; Peter & Carol, 2006). Conventional antiepileptic
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drugs (AEDs) are generally considered as first line drugs
as they are more affordable and their long term safety
profile is well characterized. The newer AEDs are indi-
cated when patients fail to respond to or are intolerant
to conventional drugs (Indian Epilepsy Society, 2008; Roy
& Das, 2013). However, pharmacoepidemiological studies
have indicated a progressive increase in prescription of
newer AEDs to children and adolescents (Ackers et al.,
2007; Kwong et al., 2012; Nicholas et al., 2012).

Trace elements are critical building blocks in various
organ systems including central nervous system(CNS)
and several of them viz. zinc, copper and selenium
are essential elements of enzymes involved in various
metabolic processes (Ashrafi et al., 2007; Frederickson
et al., 2012; Hunt, 1980). Alteration in the levels of
trace elements and consequent deficient functioning of
antioxidant defense mechanisms have been implicated
in neuronal excitotoxicity, seizure recurrence as well as
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intractability (Ashrafi et al., 2007; Savaskan et al., 2003;
Seven et al., 2013). Antiepileptic drugs can possibly alter
the levels of trace elements, however, the relationship has
been controversial and never convincingly documented
(Naziroglu & Miirekli, 2013). Several adverse reactions
associated with AED therapy have also been attributed
to alteration of these crucial elements (Armutcu et al.,
2004; Hurd et al., 1984; Palm et al., 1986; Yuen et al.,
1988). Studies of copper, manganese, selenium, and zinc,
status in patients receiving conventional antiepileptics
viz. valproate(VPA), phenytoin (PHT), carbamazepine
(CBZ), and phenobarbitone have demonstrated con-
siderable alterations in trace element levels, however,
the results have been contradictory and uncertainty
prevails (Armutcu et al., 2004; Castilla-Guerra et al.,
2006; Hamed et al., 2004; Kiirekci et al., 1995; Kuzuya
et al., 1993; Suzuki et al., 1992; Verrotti et al., 2002).
Few studies till date have evaluated the impact of newer
antiepileptic drug, levetiracetam on serum trace element
status in pediatric epilepsy patients. Therefore, this study
was conducted to evaluate the level of a panel of nine
serum trace elements namely zinc , copper , selenium
, magnesium , manganese , iron, strontium (Sr), lead
(Pb) and cadmium (Cd)] in epileptic children receiving
conventional (phenytoin/ valproate) and newer AEDs
(levetiracetam as an add-on therapy) and compare them
with healthy controls.

Methods

Study settings and participants
This was a cross-sectional study that included children
diagnosed with epilepsy, of either sex, aged 6-16 years,
and receiving antiepileptic drug therapy for a minimum of
six months, from child neurology clinic at a tertiary care
institute — All India Institute of Medical Sciences — Delhi,
located in northern part of India. The drugs considered
were VPA and PHT — as monotherapy, and combination
therapy with valproate plus levetiracetam (VPA+LEV).
Subjects unwilling to provide informed consent/ assent,
receiving other medications or dietary/trace element
supplements, having signs of malnutrition, dietary
restrictions due to a concomitant diagnosis, abnormal
neurologic examination findings, intellectual disability
and progressive brain disease or serious co-morbidities
including severe cardiac, renal, pulmonary, hepatic or
other systemic disease or cancer were excluded.
Apparently healthy children who were first degree
cousins of study patients were recruited as controls. This
was done to correct for socioeconomic and geographical
differences that might influence the trace element levels.
The Institute Ethics Committee, AIIMS approved the
study protocol. The details of the study were explained
prior to enrollment, with the consent form signed by all
parents and assent taken from pediatric patients as well
as healthy controls. The study was conducted in accor-
dance with Declaration of Helsinki and Good Clinical
Practice(ICH-GCP) guidelines.
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For children with epilepsy the following information
were obtained: complete medical history and clinical
examination, age, gender, age of onset of seizures, pre-
scribed antiepileptic drugs and compliance to therapy.
Geographical, sociodemographic background; dietary
habits; use of dietary supplements; results of biochemical
and radiological investigations were also recorded. For
each child, height and weight were recorded. In addition,
they were evaluated for the clinical signs of malnutrition.
All the participant children were seizure free for a mini-
mum of 24 hours in the period preceding the sampling
of blood. The latter was done as per the guidelines of
International Union of Pure and Applied Chemistry
(Cornelis et al., 1996).

Estimation of trace element levels

To begin, dissolution of study samples was performed as
described previously (Sarangi et al. 2014) using micro-
wave assisted digestion system Following the digestion
procedure clear solutions were obtained that were ana-
lyzed using Inductively Coupled PlasmaAtomic Emission
Spectrometry (ICP-AES) to determine serum levels of
zing, copper, selenium , manganese , magnesium , iron ,
strontium , lead and cadmium. ( The study samples were
analyzed using equipment JY 2000-2 from HORIBA Jobin
Yvon, France).

A multi-element standard solution that contained
1000 mg/L of 23 elements in 1 mol/L nitric acid was
used as reference standard (Merck Chemicals, Germany).
Selenium estimation was carried out using selenium
standard (Sigma Chemicals, USA), separately along with
concomitant metal analyzer. ICP-AES as described above
and fitted with a quartz spray chamber and a cross flow
nebulizer was employed throughout the estimation with
the following conditions: forward power = 1200W; nebu-
lizer flow rate = 0.76 L per min dual detector and sweep/
reading = 3, replicates = 3, dwell time = 5 seconds, and an
integration time = 10 seconds. Wavelengths for each trace
element were chosen from a pre-defined set using the ICP
proprietary software v. 5.2. Background correction was
done using a blank solution. The same batch of samples
were run in duplicate for precision. The limit of detection,
as detailed in the instrument manual was used for study
calculations. For calibration curves, the standard mixture
solution was diluted stepwise with five percent nitric acid
in the concentration range of 5 to 100 parts per billion.
The calibration curves had a good linearity with a correla-
tion coefficient of >0.993.

Statistical analysis
Sample size was estimated using G*Power v. 3.1.3 statisti-
cal software. The mean serum levels of zinc in epileptic
children receiving 6 months of valproate therapy formed
the basis for calculation (Yilmaz et al., 2009). For alpha
equal to 0.05 and power of 90%, a sample size of 26 chil-
dren per group was required for the study.

Data were analyzed using software SPSS v.16 —
(Statistical Package for the Social Sciences Chicago,
IL, USA). Distribution of study data was checked using



the Shapiro-Wilks method. Comparisons between
study groups were made for variables following normal
distribution using analysis of variance (ANOVA) test,
while Kruskal Wallis test was used for variables not
demonstrating a normal distribution. Appropriate post
hoc analysis were carried out for statistically significant
differences. Categorical variables were analyzed using
Chi square test. Since the trace element levels followed
a non-normal distribution, statistical comparisons were
made using median and range and the level of significance
was considered as <0.05.

Results

Study subjects and demographics
A total of 126 epileptic children and 36 healthy controls
were screened for enrolment into the study. Out of them
92 patients and 28 healthy controls were found eligible
and agreed to participate in the study (Figure 1).

Based on the antiepileptic drug therapy received by
these children, they were grouped as:

+  Group I: Phenytoin monotherapy (PHT, n=35);

+  Group II: Valproate monotherapy (VPA, n=30);
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+  Group III: Levetiracetam add on therapy to val-

proate (LEV+VPA, n=27);

+  Group IV: Healthy controls (n=28).

There were no significant differences between the four
study groups with respect to age, sex distribution, age in
years at onset of epilepsy, seizure-free rate and place of
residence (rural/urban) (Table 1). The mean duration
of therapy with study drugs was 17.97+9.26 months in
phenytoin treated group, 19.20+10.23 months in valproate
treated group and 12.85+6.13 months in children receiving
levetiracetam treatment. The latter group also received
valproate for a mean duration of 22.44+12.59 months.
Analysis of Body Mass Index (BMI) of study participants
in different study groups revealed a significantly higher
BMI in children treated with valproate monotherapy
(p<0.001) when compared with other patients as well as
healthy controls (Table 1).

Serum trace element levels

The Limits of Detection (LoD) for all trace elements
reported in the study were below 1 ug/L (except lead). The
serum trace elements levels for children with epilepsy in
the three study groups and controls are summarized in
Table 2.

Participants attending Outpatient Child Neurology Clinics

'

'

Children with epilepsy assessed for eligibility
(n=126)

Healthy children assessed for eligibility
(n=36)

Excluded (n=34)

« Not meeting eligibility (n=16)

« Not willing to participate (n=12)
« Poor compliance (n=6)

!

Excluded (n=8)
» Not meeting eligibility (n=4)
« Not willing to participate (n=4)

'

Study participants (n=92)

Study participants (n=28)

Figure 1. Flow of participants into the study.

Table 1. Demographic and clinical characteristics of study participants.

Group | (PHT) Group Il (VPA)

Group Il (LEV+VPA) Group IV (Controls)

Parameter (n=35) (n=30) (n=27) (n=28) P value
Agel(yrs) 9.43+2.48 9.9+2.74 8.78+2.75 10.02+2.61 0.24
Gender(M/F) ............... 25/10 ............ 25/5 ..... 22/5 e 19/9 ........... 0.43 .......
B 1503269 18.58£380 l628£343 15384227 <00
..A.g“eét'.o.r%get'(}g) ............... 69651 ........... 61641309 . 51i342 R o'oé .......
"g'e{zu}gf}ee}'a{e<%j ............. 714 ............. 6 o ...... 48] B R oqé .......
Remence (Urban/Ruran ........... 21/14 ............. 20/10 ..... 16/11 e 12/16 ............ TR

Data expressed as mean=S.D except when indicated; PHT=Phenytoin, VPA=Valproate, LEV= Levetiracetam, M=Male, F=Female, BMI= Body mass index.
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24.1
PHT-Phenytoin , VPA-Valproic acid, LEV- Levetiracetam, Zn- Zinc, Cu- Copper, Se- Selenium, Mn- Manganese, Mg- Magnesium, Fe-Iron, Sr- Strontium. All levels expressed as (ng/ml) except when indicated.
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Serum zinc levels in the control group and in the phe-
nytoin treated group were comparable. However, when
compared to control group, the median serum zinc levels in
the valproate treatment group were significantly lower. The
serum levels of copper in phenytoin treated participants were
significantly higher as compared to the children in the con-
trol group (p=0.002). Among the valproate treated children
i.e. VPA and VPA+LEV treatment groups, copper levels were
not significantly different from the healthy control group
(Figure 2).

Serum selenium concentrations were unaltered among
the PHT and VPA+LEV groups in comparison to controls,
while the VPA monotherapy group exhibited significantly
lowered selenium levels (p=0.02) (Table 2). No differences
were observed in the levels of manganese, magnesium and
iron in all the patient groups in comparison to the controls.
Serum strontium levels in the phenytoin treated subjects
were found to be higher (p=0.014) as compared to controls.
However, no alterations were observed in the strontium
levels in the VPA and VPA+LEV groups (Figure 2).

Toxic trace elements, lead and cadmium were below the
limit of detection in most study participants. Cadmium
could be detected in only two patients and one healthy
control. Lack of sufficient number of valid cases precluded
any statistical comparisons. However, lead was detected in all
the patient groups but not among healthy controls. The dif-
ferences in the mean serum lead levels in the patient groups
were not significant. The correlation between duration of
treatment and serum levels of trace elements was not found
to be significant.

Discussion

Several studies in the past have demonstrated abnormalities
in serum trace elements concentrations in epileptic patients,
adults as well as children (Ashraf et al., 1995; Hamed et al.,
2004; Sarangi et al., 2014; Verrotti et al., 2002; Wojciak et
al., 2013) and significant body of data suggests the role of
trace elements in the pathophysiology of epilepsy (Ashrafi
et al., 2007; Dudek, 2001; Hamed et al., 2004; Ikeda, 2001;
Smith & Bone, 1982). More recent reports have even linked
alterations in level of trace elements especially selenium
and zinc with treatment response in epilepsy (Ashrafi et al.,
2007; Saad et al., 2014; Seven et al., 2013). As noted above
data regarding effects of AED therapy on trace element sta-
tus has been contradictory. There is limited data available
evaluating the effect of newer AEDs like levetiracetam on
trace element levels and the impact of classic AEDs on trace
element levels other than those of zinc, copper and selenium
in children with epilepsy receiving long term therapy. Due
to the unavailability of standard reference ranges for trace
element levels in Indian children, serum levels of these ele-
ments in study patients were compared with that of healthy
children taken as controls. While alterations were noted
in trace element levels in the AED therapy groups, there
were important differences in between the study groups.
Children treated with valproate alone had significantly
higher BMI when compared with other patients as well
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Figure 2. Serum levels of (a) zinc (ug/l) (b) copper (ug/l) (c) strontium (ug/l) (d) selenium (ug/l) among the patient and control groups. (Study
groups; Group I=PHT, Group II=VPA, Group IlI=VPA+LEV, Group IV=Controls).

as healthy controls. This finding was expected since
weight gain is a common adverse consequence linked
with valproate therapy. On the contrary, both phenytoin
and levetiracetam have been classified as weight neutral
AEDs (Ben-Menachem, 2007; Sarangi et al., 2016). In
support, no significant differences were noted in the
BMI of phenytoin treated children when compared to the
control group. Similarly, the BMI of children treated with
combination of VPA and LEV was also not significantly
different from that of controls. A study by Gelisse et al.
has even reported significant weight loss associated with
levetiracetam treatment (Gelisse et al., 2008).

In the present study serum zinc levels in the valpro-
ate treatment group were found to be significantly lower
when compared to the healthy controls. Our results are in
agreement with several other studies that have reported
decreased serum zinc concentrations in adult (Kuzuya et
al., 1993; Steidl et al., 1987; Suzuki et al., 1992) as well
as pediatric (Armutcu et al., 2004; Deniz et al., 2008;
Yilmaz et al., 2009) patients treated with VPA. On the
contrary, few studies (Doneray et al., 2012; Kaji et al.,
1992; Verrotti et al., 2002) have failed to demonstrate any

significant effect of VPA administration on serum zinc
levels in children with epilepsy. The mechanisms behind
reduced serum zinc levels in patients treated with VPA
have not been established although it has been postulated
that valproate can bind zinc, thus preventing the inhibi-
tion of glutamic acid decarboxylase (GAD) by zinc and
resulting in an increased level of gamma amino butyric
acid (GABA) (Hurd et al., 1981). Other possible mecha-
nisms include reduction of the total zinc concentration
via binding zinc and causing its redistribution in tissues
and inducing metallothionein synthesis in liver (Keen et
al., 1989). Several signs of zinc deficiency such as GI dis-
turbances, taste alterations, pancreatitis, hepatotoxicity,
hair loss, stupor, lethargy, tremor and anorexia resemble
adverse effects reported with VPA therapy (Lerman-Sagie
et al., 1987). In addition, reported association between
maternal valproate intake and neural tube defects in
newborns could be possibly ascribed to zinc deficiency
since zinc deprivation has been shown to be teratogenic
in animals (Robert et al., 1984). In contrast, in children
receiving levetiracetam add on therapy, serum zinc levels
were maintained despite concurrent treatment with VPA.

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.
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No significant differences were noted between
serum copper levels of epileptic children receiving VPA
monotherapy or VPA+LEV therapy when compared to
healthy controls. In epilepsy patients treated with VPA,
all kinds of alterations in serum copper levels — increase,
decrease, and no change, have been previously reported
(Doneray et al., 2012; Kaji et al. 1992; Kiirekgi et al., 1995;
Kuzuya et al., 1993; Verrotti et al., 2002). Our results are
in agreement with those of Verrotti et al., Kurekci et al.,
Smith and Bone and Hamed et al. Experimental studies
in rodents have reported VPA induced increased biliary
flow and enhanced biliary excretion of copper as possible
causes for decrease in serum copper levels (Kuzuya et al.,
2002). However, it has been argued that chronic treatment
with VPA despite increasing biliary excretion of copper,
may not induce copper deficiency in epileptic patients and
that specific oxidase activity of ceruloplasmin may be a
more useful biomarker of copper status in such individu-
als (Tutor-Crespo et al., 2003). A significant increase in
serum copper levels in epileptic children treated with
phenytoin was observed as compared to healthy controls.
An increase in the liver ceruloplasmin synthesis through
enzyme-induction by phenytoin has been suggested as a
possible mechanism (Palm et al., 1986; Tutor et al., 1982).

Serum selenium levels were reduced in valproate
monotherapy group when compared to healthy children
but not in the PHT and VPA plusLEV treated children.
Few studies in the past have reported unchanged serum
selenium levels in patients receiving AED treatment
(Kirekgi et al., 1995; Verrotti et al., 2002). However, Hurd
et al. reported reduced plasma selenium levels in rats
treated with VPA and replicated these results in epilepsy
patients as well (Hurd et al., 1984). They proposed that
valproate associated hepatotoxicity occurring in children
could be due to decreased selenium concentrations and
consequently reduced glutathione peroxidase (GSH-Px)
activity. In our study VPA monotherapy was associated
with reduced selenium levels, however none of the partici-
pants reported hepatotoxicity.

Strontium levels were significantly higher in the PHT
treated children as compared to controls. It has been pos-
tulated that since strontium accumulates significantlyin
bone, it can interfere with the normal bone development
when present in high concentrations. Several studies
have shown strontium to be associated with osteomalacia
(Cohen-Solal, 2002; Oste et al., 2005). Experimental stud-
ies in rats have demonstrated defective mineralization
reflected by a decreased bone mineral density on expo-
sure to high doses of strontium (Morohashi et al., 1994).
Phenytoin has been associated with osteomalacia as well
as osteoporosis. The mechanisms for adverse conse-
quences on bone health are unclear and several plausible
mechanisms have been proposed (Pack et al., 2004). Our
results demonstrate increased strontium levels associated
with phenytoin therapy which may contribute to the bone
disease seen with long term phenytoin therapy.

The use of levetiracetam as an add-on treatment for
epilepsy in children in our study is in sync with routine
clinical practice at the time study was conducted.
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Treatment with LEV was not associated with any sig-
nificant trace element alterations in epileptic children
as compared to the control group. Possible mechanisms
of alteration of element levels include enhanced absorp-
tion of metals from gut and/or their reduced elimination
from body. LEV by virtue of having minimal metabolism,
minimal protein binding, lack of dependence on and
interaction with CYP P450 system is less likely to affect
trace element status on account of its pharmacokinetics
(Patsalos, 2000).

Our study has few limitations including a cross sec-
tional design and lack of previous data on various trace
elements in epileptic children which precluded accurate
sample size calculation. Precise clinical interpretation
of our study results depends, to a large extent, on the
use of reference intervals. For various reasons including
relatively smaller blood volumes and parental reluctance
to allow blood to be drawn from healthy children, there
has been a paucity of data for determining trace element
reference intervals in children. Serum levels of trace
elements across populations may vary widely on account
of nutritional factors, industrial and environmental expo-
sure, geographical differences and factors affecting soil
and water conditions. Since these crucial elements play
avital role in child health, any unwanted alterations with
AED therapy can not only affect the treatment response
but may also contribute to significant adverse effects.
Well-designed large scale prospective studies comparing
levels of the trace elements before and after initiation of
treatment in children with epilepsy are needed to provide
conclusive evidence of impact of AED therapy on trace
element status.
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