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Low plasma antioxidant status in patients with epilepsy
and the role of antiepileptic drugs on oxidative stress
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Abstract

Background: Oxidative stress has been implicated in various disorders including epilepsy. We studied the antioxidant status in patients
with epilepsy and aimed at determining whether there was any difference in the antioxidant levels between patients and controls, patients
who are not on antiepileptic drugs (AEDs), and on treatment, between individual AEDs and patients on monotherapy and polytherapy.
Materials and Methods: Antioxidant levels like catalase, glutathione peroxidase (GPx), vitamin E, glutathione (GSH), thiol group (SH), uric
acid, and total antioxidant capacity (TAC) were compared between 100 patients with epilepsy and equal number of controls. Twenty-five
patients who were not on AEDs were compared with patients on AEDs and the control group. Patients were divided into monotherapy
and polytherapy group and antioxidant status was compared between the two groups and between individual drugs. Results: Catalase,
SH, vitamin E, and TAC were significantly low in patients with epilepsy than those in the control group (P < 0.001). GSH and uric acid
did not show any difference; GPx in patients was significantly higher than those in the control group There were no differences in the
antioxidant levels between the treated and the untreated groups; however, it was lower in untreated patients than controls (P < 0.001),
suggesting that AEDs do not modify the oxidative stress. Patients on Valproate (VPA) showed higher catalase and GPx levels. Catalase
was higher in the monotherapy than polytherapy group (P < 0.04). Conclusion: Our study found significantly low levels of antioxidant
in patients as compared to controls. AED did not influence the antioxidant status suggesting that seizures induce oxidative stress.
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Introduction

Epilepsy is one of the oldest neurological disorders known
to mankind with social and economic burden to the patient.
Epileptogenesis refers to a dynamic process that occurs in
the brain during the period between the original insult and
the first seizure.l! Various causes have been identified for
epileptogenesis in the symptomatic™ and also in few genetic
types of epilepsy.” Recurrent seizures, producing brain injury,
and neuronal death are dynamic processes suggesting that
epileptogenesis might continue even after the diagnosis of
epilepsy.*’! This suggests that epileptogenesis is involved
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in the progression and modification of the disease. Several
factors like genetic, excitotoxicity-induced mitochondrial
dysfunction, altered cytokine levels, and oxidative stress have
been implicated in epileptogenesis.[®!

Oxidative stress occurs when the body is unable to eliminate
the free radicals which are implicated in the pathogenesis
of various neurological disorders. Maintenance of oxidative
balance in the brain is tightly regulated by antioxidants. In
recent years, role of oxidative stress in epilepsy has been
attracting considerable attention. With the background
knowledge that brain is vulnerable to oxidative stress and that
oxidative stress being one of the factors in epileptogenesis,
we aimed to determine the antioxidant status in patients. As
neuronal death is the major neurobiological abnormality in
epileptogenesis, determination of antioxidant status will give
further insights into the treatment of epilepsy. We determined
the antioxidant status in patients with epilepsy and compared
with healthy controls. We also studied the antioxidant status in
patients who are not on antiepileptic drugs and evaluated the
effects of monodrug or multidrug antiepileptic drugs (AEDs).
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Materials and Methods

The study prospectively enrolled 100 patients with idiopathic
generalized epilepsy. One hundred age and sex matched
healthy volunteers served as the control group. Patients were
recruited over a period of 6 months. We followed the convenient
sampling method. Patients who were seizure-free for more than
three days were included in the study. All patients underwent
a detailed examination which included demographics, seizure
frequency, duration of illness, and treatments. Patients with
chronic medical illnesses such as hypertension, diabetes,
rheumatoid arthritis, collagen vascular disease, chronic
neurological illness, or localisation related epilepsy; those
who were smokers, alcoholics, tobacco chewers; and those
taking any other type of medications were excluded from the
study. All patients underwent electroencephalography (EEG)
and several patients underwent neuroimaging for a definitive
diagnosis.

The antioxidant levels were compared between patients
and the control group. Antioxidants were divided into
enzymatic [Catalase and glutathione peroxidase (GPx)] and
nonenzymatic[vitamin E, Glutathione (GSH), thiol (SH) and
uric acid] groups. Total antioxidant capacity (TAC) was also
analyzed. Twenty-five patients who were not on AEDs were
compared with patients on AEDs and the control group to
eliminate the effects of the antiepileptic drugs. Depending
upon treatment, the patients were divided into monotherapy
and polytherapy group.

Those patients on monotherapy were treated with one of the
following antiepileptic drugs: Carbamazepine (CBZ), Phenytoin
(PHT), Valproate (VPA), Clobazam (CLB), Phenobarbital (PB),
Lamotrigine (LTG), Topiramate (TPM), or Levetiracetam (LEV).
Polytherapy group was composed of patients who are on more
than one type of drug. Patients on monotherapy were analyzed
among each other for the antioxidant status. All patients
were provided written-informed consent and the study was
approved by the institutional ethical committee.

Blood sample collection

Subjects under this study were advised to fast overnight (12 hours)
and sample was collected in fasting condition. Ten millilitres
of venous blood was collected and part of it was transferred to
EDTA coated vacutainers for estimation of red blood cell (RBC)
GSH levels (RBC-GSH), GPx, and catalase activity as well as
hematological analysis. Remaining blood was allowed to clot to
obtain serum and stored at -20°C to measure rest of the analytes.

Antioxidants assay

Estimation of erythrocyte reduced glutathione

The erythrocyte reduced GSH content was determined by
the method of Beutler and Kelley (Beutler and Kelley, 1963).
In this method, reduced GSH present in the RBC reacts with
di-thio-nitrobenzoic acid (DTNB) and the intensity of the color
is measured at 412 nm. The reduced GSH concentrations was
expressed as mg/g Hb.[”

Estimation of erythrocyte catalase activity
The catalase activity in erythrocytes was estimated by the
method of Aebij, et al. In this method, catalase present in RBC

utilizes hydrogen peroxide (H,O,) present in the reaction
mixture. The decomposition of H,O, was measured by
monitoring the decrease in absorbance at 240 nm. The catalase
activity was expressed as rate constant (k/ml).®!

Estimation of erythrocyte glutathione peroxidase activity
The GPx activity in erythrocytes was estimated by the method
described by Rotruck et al. The reaction was initiated by the
addition of H,O,and the GPx utilizes the reduced GSH present
in the reaction mixture. The reduced GSH content present in
the reaction mixture was measured using DTNB. The activity
of GPx is expressed as U/g Hb of erythrocyte lysate.!!

Total thiol group assay

Total SH groups were measured using DTNB. This reagent
reacts with the SH groups to produce a yellow colored complex
which has peak absorbance at 412 nm.!""!

Measurement of total antioxidant capacity

TAC of plasma was determined by ferric reducing antioxidant
power assay — whereby at low pH, reduction of a ferric
tripyridyl triazine (Fe3*-TPTZ) complex (Sigma Aldrich,
St. Louis, MO, USA) to a ferrous form which has an intense
blue color that can be monitored by measuring the absorbance
at 593 nm using a spectrophotometer. It is directly related to
the combined or total reducing power of the electron donating
antioxidants present in the reaction mixture. The results were
expressed as uM/L.["!

Serum uric acid

Estimation of uric acid was carried out by enzymatic,
colorimetric 4-aminophenazone (PAP) method using a
commercially available kit, Humastar 300 chemistry analyzer
(Human, GmbH, Germany).!"?

Vitamin-E (a-Tocopherol)

Estimation of serum a-tocopherol is carried out as
described by Andre r et al., using High Performance Liquid
Cromatography (HPLC) system at 292 nm with isocratic
gradient pump.™

Statistical analysis

The data were analyzed with the statistical package SPSS for
Windows, version 20. Descriptive analyses are expressed as
mean + S. D. Paired t-tests were performed between patients
and controls, patients before treatment and controls, and
patients before and after treatment. One way analysis of
variance (ANOVA) was used to estimate the differences
between the study groups.

Results

The study included 100 patients with epilepsy (56 males and
44 females) and 100 control subjects (52 males and 48 females).
The mean ages of the patients and control group were 26 + 10
and 26 + 8 years respectively. The mean duration of illness in the
patients was 7 + 6 yrs. All patients had idiopathic generalized
epilepsy. Twenty-five percent of the patients were not on
treatment, 66% were on monotherapy (CBZ 16%, PHT 20%,
VPA 17%, others 13%), and 34% were on polytherapy. The
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demographics and epilepsy profiles are shown in Table 1. The
biochemical and antioxidant parameters are shown in Table 2.
The total cholesterol, low density lipoprotein (LDL), and
alkaline phosphatase levels was significantly higher in patients
than in the control group Table 2. Rest of the biochemical
parameters were normal.

Comparison between patients and controls

TAC in patients (5.85 + 2 uM/L) was significantly lower than
those in the control group (8.52 +2.41 uMI/L) (P<0.001). Catalase
levels in patients (7.49 +2.13 k/ml) were significantly lower than
those in the control group (9.84 + 2.52 k/ml) (P< 0.001). GPx in
patients (74.5+12.2 U/g Hb) was significantly higher than those
in the control group (47.78 +9.50 U/g Hb) (P <0.001). SH group
in patients (14.0 + 6.35 mM/L) was significantly lower than those
in the control group (18.68 + 5.48 mM/L) (P < 0.001). GSH did
not show any difference between patients (2.11 +0.60 mg/g Hb)
and controls (2.30 + 0.88 mg/g Hb) (P = 0.11). Uric acid did
not show any difference between patient (4.72 + 1.40 mg/dl)
and controls (4.60 + 0.63 mg/dl) (P = 0.40). Vitamin E was
significantly lower in patients (0.72 + 0.18 mg/dl) than in
controls (1.45 = 0.32 mg/dl) (P <0.001).

We evaluated the antioxidant levels in 25 patients who were not
on AEDs and compared with controls as well as the treated group.
This way we could eliminate the antioxidant effect of the AEDs.

Comparison between untreated patients and controls
The mean ages of untreated patients and control group were
24.76 £9.96 and 25.72 + 7.77, respectively.

TAC in untreated patients (5.73 = 1.34 uM/L) was significantly
lower than those in the control group (8.52 + 2.41 uM/L)
(P<0.001). Catalase level in untreated patients (7.94 +2.57 k/ml)
was significantly lower than those in the control group
(9.84 + 2.52 k/ml) (P < 0.01). GPx in untreated patients
(75.6 + 8.65 U/g Hb) was higher than those in the control
group (47.78 £ 9.5 U/g Hb) (P < 0.001). SH group in patients
(12.9 + 4.67 mM/L) was lower than those in the control
group (18.68 + 5.48 mM/L) (P < 0.001). GSH did not show
any difference between patients (2.06 + 0.61 mg/g Hb) and
controls (2.30 + 0.88 mg/g Hb) (P = 0.34). Uric acid did not
show any difference between patients (4.61 + 1.36 mg/dl)
and controls (4.60 + 0.63 mg/dl) (P = 0.96). Vitamin E was
significantly lower in patients (0.72 + 0.15 mg/dl) than in
controls (1.45 + 0.32 mg/dl) (P < 0.001).

Comparison between untreated and treated patients; in
monotherapy and polytherapy groups

There were no differences in the antioxidant levels between
the treated and the untreated groups. We compared the

Table 1: Demographic profile of patients and controls

antioxidant levels between patients on monotherapy and
those on polytherapy. Catalase was higher in the montherapy
patients (7.8 + 2.1 k/ml) than in the polytherapy (6.95 + 2.06 k/
ml) (P <0.04) [Table 3].

Comparison between individual AEDs

The antioxidant levels of patients on CBZ, PHT, and VPA are
shown in [Table 4]. ANOVA analysis showed only GPx levels
to be higher in VPA group than PHT groups (P <0.02), catalase
was found to be higher in VPA group than CBZ group. Rest of
the analysis did not show any difference. However, there was a
difference in lipid parameters; the total cholesterol, high density
lipoproteins (HDL), and LDL levels were highest in patients
taking PHT and lowest in patients taking CBZ.

Discussion

Our results showed that antioxidant levels were significantly low
in patients with epilepsy. Patients had low levels of catalase, SH
group, vitamin E, and TAC as compared to controls (P <0.001).
Earlier studies have found oxidative stress in patients with
epilepsy."**® However, our study did not show any difference
between GSH (P = 0.11) and uric acid levels (P = 0.40) between
patients and controls. GPx showed higher levels in controls than
in patients (P <0.001). Twenty-five patients who were not on AED
also had low levels of catalase, SH group, vitamin E, and TAC
(P<0.001) as compared to controls. When we compared patients
on AEDs to patients not on AEDs, we found no difference in the
antioxidant status, thereby suggesting that AEDs do not modify
the oxidative stress.

Brain is susceptible to oxidative stress because of the high
lipid content and oxidative metabolism.!'>**I This was proven
in experimental animals which showed oxidative damage
after electro-shock™ ! and Pentylenetetrazole-induced
seizure (PTZ) models.™ Yet another study proved that a
deficiency in glutamine synthetase may be more important
in the pathogenesis of mesial-tempotal lobe epilepsy than the
patterned loss of hippocampal neurons which are characteristic
of the disease." Recurrent seizures increase the reactive oxygen
species (ROS) in the brain. Oxidative stress is considered one
of the mechanisms that could independently contribute to
the disease progression in addition to serving as processes
that underlie neuronal injury.™ Antioxidant system prevents
free radical damage and also plays an important part in
disease progression in the body.* We studied catalase, GPx,
vitamin E, GSH, SH group, uric acid, and TAC in patients and
controls. Catalase is naturally produced in the body catalyzing
the reduction of H,O, which prevents oxidative damage in
human cells. GSH exists in two forms. GPx catalyzes H,O,
reduction using GSH, thus protecting mammalian cells against

Whole group n =100

Control n=100

Patients on treatment. n=75 Patients not on treatment n =25

Age (yrs) 26.23+10.6 26.55+8.5
Sex (M:F) 56:44 52:48
Duration of illness (yrs) 7+6 -
Duration of treatment (yrs) 7+5 -
Waist/Hip ratio 0.95+0.12 0.63+1.2
Body mass index 22.01+4.30 21.3+4.23

26.50+£10.78 24.76%9.96
38:37 18:7
6+5 442
5+4 -

59.15+22.35 57.79+13.69

13.25+4.27 21.09+4.214
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oxidative damage. In our study, catalase was lower in patients
whereas GSH did not show any change and GPx was higher
in patients. The higher GPx levels in patients is not surprising;
as experimental induced seizure models has also shown
conflicting results with few studies showing increased GPx# !
and few showing lower levels.?*

Uric acid is, by far, the antioxidant present in highest
concentration in human blood.P" Uric acid functions as a
paradox as it acts as an antioxidant in plasma or pro-oxidant
within the cell.®?** The role of uric acid as a marker of oxidative

Table 2: Biochemical and antioxidant parameters in
patients and controls

Parameter Patient n=100 Control n=100 P value
Mean = SD Mean = SD
Hemoglobin g/dl 13.42+2.09 13.27+1.81 0.88
Fasting blood 84.3+14.65 82.80+7.39 0.51
sugar mg/dl
Serum 0.95+0.15 1.04+0.24 0.002
creatinine mg/dl
Total 179.50+39.7 168.49+38.30 0.05
cholesterol mg/dl
HDL mg/dl 46.75+11.57 45.43+10.03 0.48
LDL mg/dl 113.34+27.50 103.96+28.82 0.01
Triglyceride mg/dl  96.64+35.22 104.5£44.86 0.07
VLDL mg/dl 19.48+712 20.62+8.9 0.13
Total 0.81+0.04 0.83+0.07 0.33
Bilirubin mg/dl
SGOT IU/L 36.44+21.19 37.02+19.12 0.72
SGPTIU/L 30.53+20.8 26.86+19.67 0.25
Alkaline 225.0+73.1 183.78+59.89 P<0.0001
phosphatase IU/L
Total proteins g/dL 7.84%0.61 7.81+0.46 0.85
Albumin g/dL 3.95+0.35 3.9+0.37 0.27
TAC uM /L 5.85£2.0 8.52+2.41 0.001
Catalase k/ml 7.49+2.13 9.84+2.52 0.01
GPx U/gHb 74.5+12.2 47.7849.5 0.001
SH group mM/L 14.0+6.3 18.68+5.48 0.001
GSH mg/dl 2.11+0.6 2.30+0.88 0.34
Uric acid mg/dI 4.72+1.4 4.60+0.63 0.96
Vitamin E mg/dl 0.72+0.18 1.45+0.32 0.001

HDL = High density lipoproteins, LDL = Low density lipoprotein, VLDL = Very
low density lipoprotein, SGOT = Serum glutamic oxaloacetic transaminase,
SGPT = Serum glutamic pyruvate transaminase, TAC = Total antioxidant
capacity, GPx = Glutathione peroxidase, SH = Total thiol group, GSH =
Erythrocyte reduced glutathione

stress and its role as antioxidant is still under debate.** Indeed,
our study also showed no difference in uric acid levels between
patients and controls.

SH groups are highly-reactive constituents of protein
molecules and important scavengers of oxygen-derived free
radicals.?>*! Vitamin E is one of the most important lipid-
soluble antioxidant which is also known as the chain breaking
antioxidant. It protects membranes from oxidation by reacting
with lipid radicals produced in the lipid peroxidation chain
reaction.’” ! Vitamin E is reported to delay the onset of
seizures induced by intracerebral ferrous chloride injection;
moreover, it was found that addition of Vitamin E to the drug
treatment improves the electroencephalographic findings.[*4!!
Our study showed lower levels of vitamin E in patients which
was in accordance with earlier studies.*? Recent studies have
shown that PTZ/pilocarpine induced epileptic rats have low
levels of vitamin E which was increased after antioxidant
administration.** This study also implies the protective effect
of vitamin E. The measurement of individual antioxidant assay
helps us in summarizing the total antioxidant status. TAC is
a more accurate measure of the antioxidant capacity. Though
our study did not find low levels of GPx, GSH and uric acid;
TAC was found to be significantly low in patients as compared
to controls. Earlier studies have also shown low TAC levels
in patients with epilepsy,* and TAC can be considered as a
cumulative index of the complete antioxidant status.

Few studies have explored the role of AEDs in modulating
oxidative stress.”4¢# In our study, we compared antioxidant
levels between patients and controls and found low antioxidant
status in patients. Thereafter, we compared patients who were
not on treatment to patients on AEDs and control group. There
were no differences in the antioxidant levels between the
treated and the untreated groups, however, the antioxidant
levels (catalase, SH, Vitamin E) were lower in untreated patients
when compared to controls. Hence, this study implies that AED
did not have any effect on the antioxidant levels and suggests
that seizures induced oxidative stress. We also attempted
to know whether individual AEDs can alter the antioxidant
status and found that intake of VPA showed higher catalase
and GPx levels than PHT and CBZ intake. However, earlier
studies have shown varied results about the role of AED on
oxidative stress.1®#51 We also analyzed antioxidant levels
between patients on monotherapy and polytherapy and found
that catalase levels were higher in patients on monotherapy.
Interestingly, a recent study concluded that anti-epileptic
drugs had a positive effect on oxidative stress.’™” Our study

Table 3: Comparison between antioxidant parameters in untreated and treated patients; monotherapy and polytherapy

Parameter Untreated Treated Pvalue Untreated Controls Pvalue Monotherapy Polytherapy P value
n=25 n=75 n=25 n=100 n=64 n=34
Mean + SD Mean = SD Mean + SD Mean = SD Mean = SD Mean = SD
TAC uM/L 5.73+1.34 5.99+2.34 0.59 5.73+1.34 8.52+2.41 0.001 5.80+2.03 6.18+2.32 0.40
Catalase k/ml 7.94+2.57 7.40+1.97 0.28 7.94+2.57 9.84+2.52 0.001 7.8+2.1 6.95+2.06 0.04
GPxU/gHb 75.60£8.65 74.21£13.13 0.62 75.60£8.65 47.78+9.5 0.001 73.88+£12.23 75.88 £12.04 0.44
SHgroupmM/L  12.90+4.67  14.40+6.80 0.31 12.90+4.67  18.68%5.48 0.001 14.06+7.24 13.95+4.20 0.94
GSH mg/dI 2.06£0.61 2.51+0.60 0.5 2.06+0.61 2.30£0.88 0.20 2.11%0.63 2.15£0.63 0.80
Uric acid mg/dI 4.62+1.36 4.77+1.40 0.64 4.61£1.36 4.60+0.63 0.93 4.83+1.33 4.53+1.48 0.30
Vitamin E mg/dl 0.72+0.15 0.73+0.21 0.77 0.72+0.15 1.45+0.32 0.001 0.70+0.19 0.78+0.19 0.07
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Table 4: Demographic, lipid profile and oxidative parameters in patients on various AEDs

Parameter CBZ n=16 (Mean = SD) PHT n =20 (Mean + SD) VPA n=17 (Mean = SD) P-Value

Age 20.75+7.05 27.35+8.86 25.76%9.87

Total cholesterol mg/dl 181.50£33.59 194.50+45.77 156.59+25.63 CBZ/VPA P<0.02
PHT/VPA P<0.00

HDL mg/dl 48.00+7.81 52.45+12.60 38.82+9.16 CBZ/VPA P<0.00
PHT/VPA P<0.00

LDL mg/dl 115.06+26.46 124.10£30.05 98.29+18.01 CBZ/VPA P<0.04
PHT/VPA P<0.00

Triglyceride mg/dl 89.13+25.01 93.75+46.50 93.94+17.46 NS

VLDL mg/dl 17.63+5.06 18.5549.26 19.71+4.21 NS

TAC uM /L 5.78+2.33 5.86£2.29 5.72+1.93 NS

Catalase k/ml 7.16+1.31 7.54 £1.47 8.89+2.97 CBZ/VPA P<0.04

GPX U/gHb 73.81+£12.38 68.90+11.23 77.47+10.82 PHT/VPA P<0.02

SH group mM/L 6.23+12.20 13.25+5.34 13.43+3.83 NS

GSH mg/dl 1.94+0.59 2.14+0.68 2.29+0.49 NS

Uric acid mg/dl 4.70£1.16 4.87+£1.34 5.14x1.46 NS

Vitamin E mg/dl 0.69+0.23 0.72+0.18 0.69+0.22 NS

CBZ = Carbamazepine, VPA = Valproate, PHT = Phenytoin

had only few patients in each AED group and hence it is
difficult to conclude about the superiority of an individual
AED on antioxidant status. Moreover, failure to demonstrate a
difference in antioxidant status between treated and untreated
patients could be due to an inadequate sample size. Further
studies are required to prove this. However, it does seem that
some of the AEDs may have a positive antioxidant property.
Indeed, earlier finding as well as ours shows that AEDs with
positive antioxidant effect will have a positive bearing on the
treatment.>’

Our result of low antioxidant status in patients with epilepsy
has treatment implications. This is in the light of studies which
showed that adding antioxidant to epilepsy treatment reduces
the severity and frequency of seizures.”**! Experimentally-
induced seizure models also showed decreased levels
of superoxide dismutase (SOD) and catalase which was
normalized after antioxidant injection.®*>! The results of these
studies suggest that antioxidants may have anticonvulsive
effects too. However, these findings need further confirmation.

We also detected higher cholesterol and LDL levels in patients
when compared to controls. Oxidative stress has been seen
to modify the lipoproteins by oxidation. Lipoproteins are
shown to be taken up by macrophages and transformed into
foam cells through degradation of the oxidized-LDL (Ox-LDL)
via the scavenger receptors in the arterial wall® resulting
in atherosclerotic streak formation leading to development
and progression of atherogenesis.l! Studies have shown that
patients with epilepsy had increased carotid artery intima-
media thickness and increased vascular risk factors.®“*" Hence,
patients with epilepsy can have long term atherosclerotic
complications and oxidative stress could be one of the
implicating causes which need to be addressed in further
studies. Ketogenic diet is yet another area being explored.

In conclusion, our study found significantly low antioxidant
levels in patients with epilepsy as compared to controls. Our
study also showed that AED did not have any influence on

the antioxidant levels as there were no differences between
the treated and the untreated groups; with antioxidant
levels being lower in untreated patients when compared
to controls. Our previous study demonstrated significantly
increased level of oxidative markers in person with epilepsy
independent of AED suggesting that seizures induce oxidative
stress.l'8 The fact that oxidative stress is present in patients
with epilepsy seems convincing from the present and earlier
studies. Limitation of our study was that there were few
patients in each individual AED groups. Hence, conclusive
evidence about the antioxidant potential of individual AED
could not be drawn This study adds further knowledge to
the prevailing information, however, more research needs to
be undertaken to prove the association of oxidative stress in
seizure induction, propagation, and its atherogenic potential
in epilepsy patients. With more knowledge, future AEDs
could definitely be designed with antioxidant potentials as
well.
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