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ABSTRACT

The production of free radicals has a role in thegulation of biological function, cellular damagand the
pathogenesis of central nervous system conditi@piepsy is a highly prevalent serious brain disardand
oxidative stress is regarded as a possible mechamnisolved in epileptogenesis. The aim of thisystsdo evaluate
the status of some antioxidants in epileptic pasemd also verify if there any variation in thewncentrations and
activities after treatmentA total of 25 patients (15 M:10 F) with primaryrgealized epilepsy and 25(16M:9F)
normal controls all aged 18-48yrs were recruifedthe study .Ten patients (6M:4F) who were oreritfbarbital
treatment for a minimum of one year with no seiZor>6 months were considered for the post- treatmielies.
Total antioxidant status (TAS), erythrocyte malafdithyde (MDA), superoxide dismutase (SOD), ca¢a(@AT),
glutathione peroxidase (GSH-Px) and glutathione HE®/ere measured using standard methdelesma TAS
concentration for epileptic subjects before treatingas significantly decreased (p<0.05) comparethtocontrols.
However, erythrocyte MDA concentration for epilepgubjects was significantly increased (p<0.01) pared to
the controls. The erythrocyte GSH-Px activity fpileptic subject was significantly decreased (p<4Q.6ompared
to the controls. Similarly, the activities of SOBdaCAT for epileptic subjects were significantlgmdased (p<0.05)
compared to the controls. Erythrocyte GSH concdiumafor epileptic subject was significantly decsed (p<0.05)
compared to the controls. A signifcant inverse etation was obtained between MDA and measured xidtots
among the epileptic subjects before treatment. $hidy revealed that epileptic subjects are inestait oxidative
stress, suggesting that free radicals may be imaf#it in epilepsy. Antioxidant status in blood afegytic subjects
shows improvement after treatment.
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INTRODUCTION

Oxidative stress was described as an imbalanceeketweneration and elimination of reactive oxygpecees
(ROS) and reactive nitrogen species (RNS). Thesaetive species were originally considered to bduskeely
detrimental to cells, but now it is considered tlettox regulation involving ROS is essential foe thodulation of
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critical cellular functions (mainly in astrocyteadamicroglia), such as mitogene-activated prot®&AR) kinase
cascade activation, ion transport, calcium moblilira and apoptosis program activation [1]. Oxygemvolved in

the oxidation of organic compounds and the productif energy for cell metabolism. However, onlyeywsmall

amount of consumed oxygen (between 2 and 5%) iscezt] which leaves a variety of highly reactive mleals

known as oxygen-free radicals or ROS, as well aSRR. The production of free radicals is associatéth

damage caused to cell structures and the pathdgeatesentral nervous system (CNS) conditions, sash
Parkinson’s disease, stroke, dementia, and epilghsy]. The CNS is highly sensitive to O&NS dueit® high

oxygen consumption and the low activity of anti@ti defenses [4].

Epilepsy or more correctly a seizure is most eaddfined in physiological terms. It is the occasiprsudden,
excessive, rapid and local discharges in grey mfile Generalized seizures involve diffuse regi@f the brain
simultaneously in a bilaterally symmetric fashiorigh may result from cellular, biochemical or stural
abnormalities that have a widespread distributidre inhibitory transmitter gamma amino butyric #684BA) is
thought to be particularly important in a role @elping the interconnected neurons of the cerebrédxin a state
of relative quiescence [6]. It is likely that battduction in inhibitory systems and excessive axicih of excitatory
neurotransmitters (acetyl choline, glutamate, aapgrplay a part in the genesis of the seizur@icf6].

Epilepsy is one of the most common and serioum ligorders in the world. It affects at least Slion people
worldwide. Approximately 100 million people will kia at least one epileptic seizure during theitilifie. It causes
serious physical, psychological, social, and ecana@onsequences [7]. The median prevalence ofrtifeepilepsy
for developed countries is 5.8 per 1,000 and 16r3L000 for developing countries [8].

Oxidative and nitrosative stress are regarded asilple mechanisms in the pathogenesis of epilepsySfudies
have already verified that status epilepticus cbarmgdox potential and decreases the level of Afich can lead
to a collapse in brain energy production and sufppdy. Liang and Patel have demonstrated oxidadiamage to
susceptible targets (protein, lipids, and DNA) ealiby persistent seizures (status epilepticus) Béyeral studies
(animal models and genetic studies) have demoadtra increase in mitochondrial O&NS and subsequelht
damage after persistent seizures [11, 12, 13, 14].

The biological effects of free radicals are coréwl in vivo by a wide range of antioxidants sushviamin E,
vitamin C, vitamin A, glutathione and antioxidantizgmes including glutathione reductase (GR), ghitate
peroxidase (GSH-Px), superoxide dismutase (SOD)xatadase (CAT) [15].

Disrupted tissues undergo lipid peroxidation mouéckjy than healthy ones. The potential toxicity refactive
oxygen species is counteracted by a large numbeytofprotective enzymes and antioxidants which tlithe
damage caused by such species [16]. The brainemdus system are particularly prone to lipid patation since
the membrane lipids are very rich in polyunsatutdtgty acid chains, and areas of human brain arg sich in
iron, which plays an essential role in generatieg fradical species. The mechanisms of epileptaigaes not well
established. Several studies in the last few ysaggested that the body electrolytes, level of stiame elements
and membrane lipid peroxidation due to increas&dr radicals or decrease in activities of antiartddefense
mechanisms may be causally involved in some forfnepdepsies and also increase the recurrence infires
[17,18]. Moreover, some antiepileptic drugs magrafree radical scavenging enzyme activities in aosnand
experimental animals [18, 19]. However, the statdisantioxidants and the extent of lipid peroxidatiin
erythrocytes have not been fully investigated sarfgatients with generalized epilepsy. The ainthef study is to
evaluate the status of some of the erythrocyteoridints in epilepsy, then see if there are vammin their
concentrations compared to those with post treatmen

MATERIALS AND METHODS

After the approval of the Ethic committee of thadoke Akintola University of Technology teachingsipital
Osogbo, Osun state, Nigeria.total of 25 patients (15 males:10 females) wgthmary generalized epilepsy aged
18-48yrs were recruited from the Neurology unithad department of internal medicine of the teagHaspital. All
patients were subjected to a detailed clinical eémation for assessment of neurologistdtus to make definitive
diagnosis. All the patients that were detecteddcsbffering from primarygeneralized epilepsy and none on any
medication were included in the study.
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Ten patients (7 males:3 females) who were on pbembital treatment for a minimum of one year anewlid not
have any clinical epileptic seizure for about signtihs prior to this study were considered for thetptreatment
studies.

The control groups consist of 25 (16males:9femaieg)thy individuals of the same age group wereuitsd from
general population with the same socio-economitusté&Excluded from the study were those with histafr any
serious physical illness or an organic brain symi#raue to some cause other than epilepsy, withitdrhistory of
mental iliness, cardiovascular, respiratory, rehahatic diseases, diabetic mellitus. smokers halcdrinkers and
those on antioxidant supplements.

Fasting blood samples was obtained by venepundtare patients and controls into EDTA bottle whictasv
centrifuged at 2000 g for 15 min, plasma was cdlsefamoved and the erythrocyte pellet was waslneeet times
with equal volumes of saline and centrifuged at@@0for 15 min.The washed red blood cells were then
haemolyzed in distilled water (1:4, v/v) and byezeng and thawing. The haemolysate was centrifuaget! the
supernatantand plasma was then stored at 22Quntil they were analyzed.Since neuronal oxidative injury
processes and underlying dynamic molecular regylateechanisms are reflected in peripheral bloodsceve
could use red blood cells, platelets, lymphocytes$ @ultured skin fibroblasts as “window” to the CNB].

Erythrocyte MDA levelswas determined using the method of Draper and kddg] based on the reaction of
MDA with thiobarbituric acid (TBA) at 9%. In the TBA test reaction, MDA and TBA react torh a pink pigment
with an absorption maximum at 532 nm. The reactias performed at pH 2-3 at @for 15 min. The sample was
mixed with 2.5 volumes of 10% (w/v) trichloroaceticid to precipitate the protein. The precipitates\pelleted by
centrifigation and an aliquot of supernatant wascted with 0.67% TBA in a boiling water-bath for dbn. After
cooling, the absorbance was read at 532 nm. Arpitralues obtained were compared with a seriesafdard
solutions (1,1,3,3 tetramethoxypropandeasurement of TAS in the plasma was performéugus commercial kit
from Randox Laboratories (Randox Laboratories Didgmond Road, Crumlin, Co. Antrim, Ireland) [22h§ assay
was calibrated using 6-hydroxy-2, 5, 8- tetra-mkthioman-2-carboxylic acid (trolox). The resultsrev@xpressed
as mmol/L of trolox equivalent. Measurement of krgtyte GSH-Px (EC# 1.11.1.9) activity was perfedhusing

a commercial kit RANSEL from Randox Laboratoriesafidox Laboratories Ltd, Diamond Road, Crumlin, Co.
Antrim, Ireland). GSH-Px catalyses the oxidation GSH to glutathione disulphide(GS-SG) by cumene
hydroperoxide, in the presence of glutathione rezhecand NADPH, GS-SG is immediately converted $t1®vith

a concomitant oxidation of NADPH to NADRaccording to the method of Paglia and Valentine].[2he
concentration of GSH-Px activity is assessed frdma tecrease in absorption at 340nm and &€ 3rsing
Humalyzer 2000 analyzer. A standard curve was pegphy using the standard provided in the kit, Hrelvalue
for each sample was read from this curvesOD (EC. 1.15.1.1) activity was estimated by emiplg
xanthine/xanthine oxidase assay commercial kit BA® from Randox Laboratories (Randox Laboratories,
Crumlin, Antrim, UK) [24]. The results of SOD adtiy were normalized to the haemoglobin content hi t
erythrocyte lysate and expressed as U/gHb. The &0 1.11.1.6) peroxidative activity was measuredthoy
reaction of formaldehyde produced from methanohwitirpald to produce a chromophore according tartathod

of Johansson and Hakan Borg [25]. Quantitation eesied out by measuring the absorbance at 540 moin a
comparing the results with those obtained with faldehyde calibrators. GSH concentration in erythies was
determined in the presence of low-molecular-mass thiol groups, mercuric salt and sulfanilamideaihighly
acidic medium, biazonian salt was produced. The salobtained was conjugated with amine salt, priodua
coloured complex, the absorbance of which was nredsat 535 nm and calculations were made accotdiriige
model curve for GSH and expressed in umoles GSH/{2H.

Statistical analysis

All values were expressed as the mean + standafidtibm. Data was analyzed using one-way ANOVA duled
by the post-hoc Duncan multiple range test for ysislof bio chemical data using SPSS version 11ISEShc
Chicago, llinois). Method of correlation analysRHARSON) was also used to determine the degressoication
between variable of interest.Values were considstatiktically significant at p <0.05.

RESULTS

The anthropometric measurements and physical alip@arameters of the subjects and the controls depected in
Tablel. All the studied subjects and the contraseanon-obese and normotensive.
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The mean plasma TAS concentration of 1.07+0.13nmimiaf pre-treatment epileptic subjects, was sigaifitly
decreased (p<0.05) compared to 1.96+0.41mmol/ltHercontrols. However, erythrocyte MDA concentratiaf
4.99+0.32nmol/gHb for pre-treatment epileptic sotjewas significantly increased (p<0.01) compared t
2.81+0.29nmol/gHb for the controls. The erythrogteioxidant GSH-Px activity of 21.13+3.78U/g Hly Bubjects
with pre-treatment epilepsy was significantly aéeged (p<0.01)compared to 36.56+5.13U/g Hb forctivgrols.
Likewise erythrocyte SOD activity of 774.82+72.68UAb for pre-treatmnt epileptic subjects was sigaiitly
decreased (p<0.05) when compared to 994.58+18.2HB/dor the control. Erythrocyte GSH concentratioh
4.17+0.5umol/gHb for pre-treatment epileptic sutgebefore treatment was significantly decreased).Q®
compared to 5.10+0.8umol/gHb for the controls. &, erythrocyte CAT activity of 1170.51+49.6UHp for
pre-treatment epileptic subjects before treatmeas significantly reduced (p<0.05) compared to 182679.2U/g
Hb for the controls. .

Table 3 shows the correlation coefficient analymswveen the levels of antioxidants and the markérsxidative
stress of subjects in primary generalized epilegpsy those subjects with phenobabitone post treatmestrong
significant inverse correlation was obtained betwkxel of MDA vs. GSHPx activity (r = - 0.4837;0.0046).
Similarly, a significant inverse correlation wastaihed between the level of MDA vs.TAS (r = -®/3; p =
0.0235 ), MDA vs. SOD (r = - 0.3711; p = 0.020MWIDA vs. GSH (r = - 0.3498; p = 0.0265) and MDA.v
CAT(r =-0.3919; p = 0.0172).

Figure 1.shows the comparison between measured level abaddints (mean+SD) of the pre — treatment epjleps
and post — treatment subjects and the controls.

Table 1. Anthropometric and clinical parameters (man+SD) of the controls and subjects

Control Epileptic Epileptic
Pre-treatment Post-treatment
(n=23) (n=23) p1 value (n=12) pz value
Age(years) 342+73 37149 ns 359556 ns
Height (cm) 17034 6 168.9%35 2 171.93.7 .
Weight (kg) 67.0£2.5 67.93 1 69.23 8
BMI (Kg/m?) 23.1%1.1 23.820.9 23 421 5
Systolic BP 119925 1220238 121.7£2.9
(mmHg)
Diastolic BP 78 8=x1.3 85326 8252 4
(mmHg)

ns = non significant
p.= when epileptic subjects pre-treatment is compavét control
p.= when epileptic subjects post-treatment is comgaveh control

Table 2. The biochemical parameters (mean+SD) oi¢ controls and subjects

Control Epilapt Epileptic
Pre-treatment Post-treatten
(n=25) (n=25) 1 v@alue (n=12) 2 alue

Plasma TAS 1.96+0.41 1.07+0.13 0.0238* 179+0.15 0.0714
(mmol/L)

Erythrocyte-MDA 2.81+0.29 4.99+0.32 0.0042** 3.42+0.31 0.0916
(nmol/ml)

Erythrocyte-GSHPx  36.56+5.13 2B+3.78 0.0091** 82+3.19 0.0887
(U/g Hb)

Erythrocyte-SOD 904.58+81.27 782+72.63 0.0390* 891.33:228 0.1071
(U/g Hb)

Erythrocyte GSH 5.10+0.8 4.17+0.5 0.0474* 4.66+0.6 0.0975
(umol /g Hb)

Erythrocyte-CAT 1416.12479.2 11A1+49.6 0.0410* 130283.31 0.1018
(U/g Hb)

Significant level at the ( p<0.01) ** and p<0.05 *)
p: = when epileptic subjects pre-treatment is compavét control
p.= when epileptic subjects post-treatment is comgavih control
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Table 3. Correlation coefficient analysis between arker of oxidative stress(MDA) and and antioxidantlevel

MDA
Pre-Treatment Epileptic Post Treatment Epileptic
“r"-value p value “r"-value p value
TAS -0.3573 0.0235 -0.1082 0.3931
GSH-Ps3, -0.4837 0.0046 -0.2314 0.1803
SOD -0.3711 0.0207 -0.1379 0.3698
GSH -0.3498 0.0265 -0.1705 0.2766
CAT -0.3919 0.0172 -0.1998 0.2139
H Control 5
S
16 . . ~ A
N Epileptic pre treament @ o o
=1 )
= Epileptic post treatment S
14 pileptic p o o
o
~
-
i
12 X
—
53
10 o o
<
~
~
8
6
4
2
0
O g N ) N )
AL & & & S S
& \\) \3 \2 \3
& \ O O D O
‘9\& &0 .‘.\ 0\ 6\0 4\\
<3 \& N foo Q\\Q (y.
@’b Q?’ 0‘9 o (;, o
Q\'tf’ ‘5‘\ A& «,& &? <
& & &

Figure 1. shows the comparison between measured &wf antioxidants (mean+SD) of the pre — treatmenepilepsy and post —
treatment subjects and the controls.
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DISCUSSION

Brain has relatively high levels of unsaturatedyfatcids that are particularly good substratesderoxidation
reactions, while endogenous defense mechanisnmgoarein brain. Free radicals in addition to conitibg to the
neuronal injury in cerebral ischemia and hemorrhragg be involved in neuronal degenerations.

In epileptic seizures, excitatory amino acid reogjpictivation by glutamate or N-methyl, D- aspadgd (NMDA)
has been known to accompany generation of reackiygen species [27].

In the present study, erythrocyte MDA levels wasréased significantly among primary generalizedegfic

subjects compared with the control group, sugagshe generation of free radicals in epilepsye Tifcrease in
erythrocytes MDA level also recorded among epiteptibjects post treatment but not significant saggthat the
regular treatment with antiepileptic drugs may hamtioxidant effect, thereby decreasing the lipatoxidation.
Our finding was in agreement with a similar studyducted by Sudha et al [28] in which they reportescth in

vitro lipid peroxidation of RBC and percentage hémis in epileptic patients was significantly hightihan

controls. The nervous system is more susceptiblee¢@lamaging effect of oxidative stress, due &fhigh content
of polyunsaturated fatty acids that are susceptlpid peroxidation [29].

In the human brain, there is a distinct regionatribution of thio-barbituric-acid (TBA) positive aterials in the
endogenous pool, with higher levels in the cerabelermis and lower levels in the thalamus, coktiegions,
substantia nigra, caudate nucleus, pallidum, putathealamus and the pineal gland [30].

GSH-Px is an enzyme that contains single seleneicystGSH-Px antioxidant properties which allowsnth
eliminate peroxides as potential substrates fortdfes reaction. Glutathione peroxidase works togettvith
glutathione tripeptide (GSH), which is present @l in high (micromolar) concentrations. The stdist for the
GSH-Px catalytic reaction is,B, or organic peroxide ROOH. Glutathione peroxidaatalgzes hydroperoxide
reduction using GSH, thus protecting mammaliafs @ainst oxidative damage. In the present stusigrficant
reduction in the erythrocytes activity of GSH-Pxdaerythrocytes GSH concentration were recordedngntbe
freshly diagnosis primary generalized epilepticjeats before treatment; however, the reductiorhadctivity of
this antioxidant enzymes and GSH level in posittnent epileptic subjects were not significant wheth were
compared to the controls. This is an indicationt theficiency of GSH-Px and GSH may be involve lire t
pathogenesis epilepsy and that some anticonvulaeriapy may help to restored these antioxidants.

The role of SOD is to protect aerobic cells agast action. It catalyzes £ dismutation reaction into 4, and
O,". There are three known types of SOD: copper-zi@D SCuZnSOD), manganese SOD (MnSOD), and
extracellular SOD (ECSOD) [31]. In the present gtutie erythrocytes activity of SOD among epilegidjects
before treatment was significantly reduced buttfarse with post treatment status the activity oDS@as also
reduced but not significant, this was in agreemvéttt the finding Nikushkin et al [32] and Surekhiaaé [33]who
reported that SOD activity was about 31% decredesedost treatment epileptic subjects while it W%
decreased in freshly diagnosed epileptic subjestapared to controls. Catalase is an enzyme tha&tsrasery
effectively with HO, to form water and molecular oxygen and with H dsn@nethanol, ethanol, formic acid, or
phenols) with peroxidase activity. Catalase prateells against ¥D, generated inside them. Although CAT is not
essential to some cell types under normal conditi@nhas an important role in the acquisition @ftance to
O&NS in cellular adaptive response [34, 35]. In gresent study erythrocyte activity of CAT was diigantly
reduced among freshly diagnosed primary generakpiiépsy; also reduced CAT activity but no sigrafit was
recorded among post treatment epileptic subjetasnia is in close proximity to the phagocytes dmetefore bears
the footprints of phagocyte-generated ROS; this alglained why we recorded a significant reductiothe level

of plasma TAS among the epileptic subjects befaratinent. This finding was in agreement the studjjianoon
[36] who conducted a similar study on epilepticjeuats.

CONCLUSION

From the preset study it is evident that epilepsiinked to oxidative stress as a results of ireedafree radicals
production and defective antioxidant defense. Simeeronal oxidative injury processes and underlydggamic
molecular regulatory mechanisms are reflected nipperal blood cells, the red blood cells, servéwiandow” to
the CNS. Our results on post treatment epileptigesuis shows that antiepileptic drugs may exetibaitant effect
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and addition of antioxidants to the conventionalgdtherapy may enhance further reduction on epdegativity;
also help in returning antioxidant balance to ndrsta@us among the epileptic subjects.
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