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Abstract:

Background: There is a limited amount of data regarding levetiracetam (LEV), an antiepileptic drug.

Objective: This study was conducted to assess the effect of LEV on antioxidant status and liver enzymes.

Method: In this case-control study, 33 epileptic patients under treatment with LEV for at least 6 months were compared
with 35 healthy subjects. We measured serum total antioxidant capacity (TAC), salivary superoxide dismutase (SOD), alanine
aminoteransferase (ALT), and aspartate aminoteransferase (AST) levels in both groups. Dietary intakes were collected using
a Food Frequency Questionnaire (FFQ).

Result: The level of TAC in the healthy subjects was significantly higher than it was in the patients (P=0.02), but the mean
of ALT (P=0.02) and AST (P=0.03) was significantly higher in the patients in comparison with the controls. Mean salivary
SOD showed no difference between the two groups. In the patients, the duration of drug use was inversely correlated with
serum TAC (p=0.04) and had a direct correlation with ALT (p=0.01) and AST (p=0.03.).

Conclusion: The results of our study indicated that LEV increased liver enzymes Also, treatment with this drug did not
improve oxidative stress, but this could be due to the different in the dietary antioxidant intake. Routine screening of the liver
and antioxidant enzymes in patients with chronic use of LEV is recommended.
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Introduction

Epilepsy is a chronic brain disorder that affects people
around the world. It is diagnosed by recurrent seizures
that can affect a part of the body (partial) or the entire
body (generalized), and is occasionally accompanied
with loss of consciousness or control of the bladder
and bowels. Recently, epilepsy prevalence was estimat-
ed at 5 to 10 per 1000 persons. It is reported that at
least 100 million people worldwide will present with ep-
ilepsy'. The prevalence of epilepsy is 5% in Iran?. Sei-
zure episodes result from dysfunction in the transport
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or channel structure of the ion in the neuronal mem-
brane®. Furthermore, impaired antioxidant defense
mechanisms and increased lipid per oxidation also have
a role in its pathogenesis **.

Oxidative stress is the result of an imbalance between
the antioxidant defense system in the body and free
radical production. The superoxide anion(O2-), hy-
drogen peroxide (H202), and hydroxyl radical (OH)
are active oxygen species which cause peroxidation of
cell lipids™!. The antioxidant defense system includes
enzymatic (glocuse-6-phosphate dehydrogenate, glu-
tathione peroxides, glutathione reductase, catalase, and
superoxide dismutase) and non-enzymatic (vitamin E,
glutathione , thiol and Uric acid) parts '"'%. Although
the presence of the antioxidant defense system resists
the oxidative damage created by ROS,; this damage may
threaten the life of a person . In this study we meas-
ured the serum TAC level and salivary SOD. SOD is
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a intracellular antioxidant enzyme that converts radical
superoxide into a less toxic substance called hydrogen
peroxide; catalase breaks the hydrogen peroxide en-
zyme '*. Another biomarker is TAC which measures the
antioxidant power of bodily fluids *°.

Aspartate aminotransferase (AST) and alanine ami-
noteransferase (ALT) are intracellular enzymes which
are located in cytosol and mitochondria. ALT is more
associated with the liver, while AST is an intracellular
enzyme that is found in the liver, heart, skeletal muscles,
kidneys, brain and erythrocytes '". Epilepsy control is
dependent on the use of antiepileptic drugs (AEDs),
which have side effects. Recently, new drugs that have
the least side effects and least drug-drug interactions
have been prescribed. Levetiracetam (LEV) is a new
antiepileptic agent for controlling partial-onset seizures
in adults and differs from old antiepileptic drugs due
to its pharmacological properties and mechanisms of
action '*. The normal dosage of LEV in children and
adults is 30-60 mg/ kg day . There are few studies re-
porting the effect of the second-generation antiepilep-
tic drug, Therefore, we conducted this study to evaluate
the antioxidant status and liver enzymes in patients with
epilepsy treated with LEV.

Material and methods

Patients were selected from the Masih Epileptic Re-
search Association and from among the patients of
neuroscience physicians and treatment centers. The
study was approved by Isfahan University of Medical
Science’s Ethics Committee (Ethical code: IR.MUI.
REC.7395.3.688). A written consent form was taken
from both patient and control group participants. Pa-
tients were diagnosed by CT brain scan and electroen-
cephalography ,according to the International League
Against Epilepsy (ILAE).

This case-control study was conducted on 33 epileptic
patients (21 females and 12 males) who had been treat-
ed with LEV monotherapy, and were affected with gen-
eralized or focal epileptic seizures and 35 homogeneous
individuals in terms of age and sex (21 females and 14
males) without epilepsy. The inclusion criteria were:
1- aged between 18-60 years; 2- having had at least six
months of LEV monotherapy; 3- confirmed diagnosis
of epilepsy by a neurologist. The exclusion criteria of
the study were: 1- being a patient with any disease oth-
er than epilepsy and taking any other medications such
as drugs causing elevation of liver enzymes (e.g. anti-
biotics, anti-rheumatic drugs, statins and nonsteroidal
anti-inflammatory drugs); 2- addiction to alcohol and
smoking; 3-having been affected by liver lesions or oth-
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er liver diseases; 4- being pregnant or breast-feeding; 5-
taking supplements of antioxidant; 6- being vegetarian;
7- having a ketogenic diet.

The required information from the participants, includ-
ing demographic information, was obtained through a
devised questionnaire. Nutrient intake was also deter-
mined using the Food Frequency Questionnaire (FFQ)
and evaluated; the validity and reliability indices of the
questionnaire were calculated.

Sampling

A 5 mL blood sample was taken from fasting partici-
pants and centrifuged for 10 min. at 6000 rpm. Serum
sections were separated by centrifugation and stored at
-20 °C until biochemical analysis was carried out.

TAC serum

The antioxidant ability of plasma was measured using
the Rris et al method ?'. In this method, the reduction
potential of ion-ferric to low PH depletion results in
the production of the ferrotri-peridyltarine color spec-

trum that can be measured by absorption changes at
593 nm.

ALT, AST

Amylase was measured using an enzyme commercial
kit from Pars Tesh (Iran). In this method, the substrate
contained in the kit is broken down by various alpha
amylase units, which later become hydrolyzed by glu-
cosidase and result in the production of paranitrofenol
with a wavelength of 405.

Salivary SOD

Superoxide dismutase was measured using a ZellBio
GmbH (Germany) enzyme kit. In this method, anion
superoxide is converted by enzymatic reaction to hy-
drogen peroxide and oxygen; the former eventually
produces a colored composition whose light absorption
is measured at 420 nm.

Statistical analysis

Normal distribution was checked using the Kolmogo-
rov Smirnov Test. The Independent samples t-test was
used to compare quantitative variables between the cas-
es and the controls. In the case of non-normal distrib-
uted variables, the Mann-Whitney test was applied. The
Chi-square test was done to compare qualitative varia-
bles between the two groups. The Spearman correlation
coefficient was used to show the relationship between
the variables. SPSS (Ver. 22) software was used to ana-
lyze the data; p values less than 0.05 were considered
statistically significant.
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Result

Distribution of Demographic and Basic clinical char-
acteristics in two groups is displayed in Table 1. The
mean age in the patients was 30.2£11.7 and in the con-
trol group 29.8211.4 years. The Independent samples
t-test showed no significant difference between the two

groups (P = 0.90). The Chi-square test showed that
there was no significant difference in the frequency dis-
tribution of gender between the two groups (P = 0.76).
The Mann-Whitney test showed that the level of edu-
cation was similar in the two groups (P = 0.57). There
was no significantly difference between the two groups
in terms of BMIL

Table 1: Distribution of Demographic and Basic clinical characteristics in two groups

Variable Patients Healthy group P-value
n=33 n=35
Gender N (%) Male 12 (36.4) 14 (40)
female 21 (63.6) 21 (60) 0.76
Less than diploma 8(24.2) 7 (20)
Education level Diploma 14 (42.4) 14 (40) 0.57
N (%) Bachelor 10 (30.3) 13 (37.1)
Higher than bachelor 1(3) 1(2.9)
Age (Y) mean+SD 302+ 11.7 299+ 114 0.9
Duration of
using the mean£SD 2244221 _ _
medicine (year)
Dosage of
medicine mean+SD 992.42 +477.97 _ _
(mg/day)
BMI(kg/m® ) mean+SD 24.51+5.56 25.3+4.34 0.48

An Independent t-test showed that the mean of vita-
min C levels in the healthy participants was significantly
higher than it was in the patients (P = 0.02) but the
mean of vitamin E (P = 0.92), Zn (P = 0.35), selenium
(P = 0.22) and beta-carotene (P = 0.92) was similar in
the two groups (table 3).

An Independent t-test showed that the serum TAC
mean in the controls was significantly higher compared
to the patients (P = 0.02), but the mean of ALT (P =
0.02) and AST (P = 0.03) in the patients was significant-
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ly higher than the control group. The mean of salivary
SOD was the same in the two groups (P = 0.75) (table
2).

However, the Spearman correlation coefficient showed
that in the patients, the duration of drug use was in
reverse correlation with serum TAC (r = -0.240 , p =
0.04) and in direct correlation with ALT (r = 0.365,p =
0.01) and AST (r = 0.283 , p = 0.03). There was no sig-
nificant correlation between duration of drug use and
salivary SOD (r = 0.051, p = 0.39) (figure 1).

986



Table 2: the mean of salivary SOD, serum TAC, SGOT and SGPT in two

groups
Variable Patients, n=33 Healthy group, P-value
n=35
mean+SD mean+SD

salivary SOD(U/ml) 31.748.5 32.448.9 0.75
serum TAC(mg/dl) 15.8+£5.2 19+£7.8 0.02
AST(IU/L) 27.5+18.9 21.02+4.9 0.02
ALT(IU/L) 25.1£14.9 19.7£7.2 0.03

AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, SOD: Superoxide
dismutase, TAC: Total antioxidant capacity

Table 3: The mean of vitamin C, vitamin E, zinc, selenium and beta-carotene in

two groups
variable Patients ,n=33 Healthy group, P-value
n=35
mean+SD mean+SD
vitamin C (mg) 70.5£35.6 94.9+49.9 0.02
vitamin E (mg) 8.1£5.2 8+£5.8 0.92
Zinc (mg) 6.70+2.48 6.75+2.38 0.35
selenium (mg) 0.027+0.018 0.035+0.030 0.22
Betacarotene (ug) 724.5+407.8 737.3£582.9 0.92
Figurel

correlation between duration of use drug and mean levels of salivary
SOD, serum TAC, ALT and AST
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Discussion

This study was conducted in 33 patients with epilepsy.
These patients had used LEV at least 6 months before
entering the study. The serum TAC level was lower in
the patients compared to the control subjects, salivary
SOD did not differ between the two groups, and the
level of liver enzymes was higher in the patients.

The antioxidant intake measured by the FFQ question-
naire showed that vitamin C intake was significantly
higher in the control subjects than the patients, but no
significant difference was found between other antioxi-
dant intakes. This may indicate that because the former
group consumed more fruits and vegetables and had a
healthier diet, they had a higher serum TAC level than
the latter; thus, diet as an important factor can affect
antioxidant serum levels in the body.

Another important factor to be considered is the re-
lationship between the duration of medicine use and
antioxidant level in the body and in the liver enzymes; in
fact, patients who use AEDs on a long-term basis have
higher levels of ALT, AST and a lower antioxidant level.
Thus, treatment with LEV as an AED did not improve
oxidative stress parameters. With consumption of
higher quantities of oxygen, there is more vulnerability
to oxidative stress. This plays a significant role in the
pathogenesis of a number of brain disorders, including
epilepsy, migraine , and stroke **. In addition, defective
ion transport, inhibitory excitatory mechanisms, and li-
pid per oxidation due to increase in free radicals or re-
duction of antioxidant defense system activity may take
some forms of epilepsy and increase the recurrences
#2, Some studies have reported that AEDs
have antioxidant effect, one finding also shows the ef-

of seizures

fectiveness of using benzodiazepine in decreasing the
frequency of seizures?'.

Bolagir E et al reported that AEDs such as oxacarba-
mazepine as a new-AED have antioxidant effects 28
. Another study showed that epileptic children under
therapeutic doses of levetiracetam had significantly in-
creased levels of MDA and 8-OHdG, which is defen-
sive for oxidative damage *. Baysal M et al also showed
that SOD activity was increased in male patients after
LEV therapy compared to placebo. The authors have
recommended that LEV therapy may improve oxidative
stress . But some studies, e.g. Keshin Guler S et al,
have also shown that antiepileptic treatment does not
affect oxidative stress parameters. In contradiction to
our findings, a study conducted on the properties of
LEV and clonazpam in mice demonstrated the role of
these new drugs in coping with oxidative stress*'; it can
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be said that LEV is a new drug that is distinguished
from other drugs due to its various characteristics in-
cluding its medicinal properties and mechanism of ac-
tion, although its precise mechanism is still unclear . It
has been shown that LEV binds to the synaptic protein
2A. By binding to this protein vesicle, LEV acts as an
exocytose modulator which prevents pre-synaptic neu-
rotransmitter release; therefore, LEV acts as a protec-
tive antioxidant —induced neurotoxicity in several mod-
els of seizures***. The role of free radicals in seizures
originates from the use of administered antioxidants
such as vitamin C to preserve the brain against seizure
caused by oxidative stress™.

Fewer studies have reported that treatment with AEDs
may have an antioxidant effect *
radicals and reducing the antioxidant defense system

. Increasing the free

can cause seizures as well as recurrence of seizures.
Some AEDs metabolize and produce metabolites that
cause covalent binding to proteins and other biomole-
cules hence eliciting system toxicity 7.

CYP P450 is responsible for the biotransformation of
several drugs, and iso- enzymes are membrane proteins
which are in the endoplasmic reticulum of several tis-
sues. CYP3A4 and CYP3A5 are isomers in CYP450 and
interfere with some drugs such as AED **¥. CYP3A4
has been found in large numbers in the liver and in-
testine so it is responsible for the metabolism of many
clinically used drugs™.

Cytochrome P450 isomers are stimulated by AEDs es-
pecially classical AEDs such as carbamazepine, benzo-
diazepine, valproic acid, Phenobarbital and phenytoin.
Some studies have suggested that chronic liver enzymes
and transient increase in ALT and AST during chron-
ic treatment with some drugs including phenytoin not
only cause liver toxicity, but also induce the enzymes *.
During the onset of AEDs, hepatic enzymes increase
due to enzyme induction, as in the case of our study pa-
tients who had received AED for at least 6 months, but
over time, liver tests may appear normal due to adapta-
tion in the liver. Thus, increase of ALT and AST in our
patients had no sign of liver damage and hepatotoxicity.
This shows that increase of these enzymes does not
cause liver problems.

One of the limitations in our study was the small num-
ber of patients. Also, we had no information about the
status of the patients before LEV consumption. Thus,
we could not compare the factors with or without treat-
ment by anti-epilepsy medicines. Finally, we did not ob-
serve the long-term effects of LEV. The strong point
of our study was the investigation of the patients’ diet,
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which was done using the Food Frequency Question-
naire (FFQ) and showed to be effective on the signifi-
cance or insignificance of the serum factors. It should
be added that we investigated the effect of levetiracetam
as a monotherapy drug on antioxidant status and liver
enzymes only.

The results of our study indicate that LEV is a drug
which has little effect on liver metabolism, but increases
the level of liver enzymes while decreasing the overall
antioxidant capacity. This can be due to the duration of
at least 6 months; perhaps over time, the body would
adapt to these conditions and normalize the measured
factors. Also, based on the mechanisms described, that
LEV has a protective effect against oxidative stress and
decrease in serum TAC level in patients compared with
healthy subjects can be due to different diets that pa-
tients had in terms of using less antioxidant containing
foods. However, routine screening of the liver and an-
tioxidant enzymes in patients with chronic use of the
LEV drug is recommended.

In future studies, findings with a larger sample size and
a longer study period are recommended in these pa-
tients.
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