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ABSTRACE: oy in the brain has
(yxidative injury 1n Ahe brasin has Heen sugpested a5 a common pathwiry of + al 11 i di :
ey § wane] wosie o . AN/ several nes v digeases ineliding enilene
ety tetrazol (171 7y induced seizare 15 4 proposed animal model of'l:pil:{;; neurolopic disenyes incuding epilepsy.

; | e pranalt . o Y. L’ljﬂhl;{ anitnals have besen sk 10 exhibi

pI7ike .~.~m’nulu,s afler ces ,.mml 01 <:hmrm, Al(/’)}lf)l treatment. “The purpose of the I’"‘i'f’-"l"f'twl‘/ i 10 further in ,,::,f‘ ,;) ';‘h’mvl )

of lewtiol withdrawal on acute 11 7-induced seizures, and the possible profective fimcti(;u of '/ii‘;min I or tavestigaie Mo cfiort
p 2 ,

Seventy male m!n were rmul.rfmly allocated to control (saline-injected yand alcoho)-trested grouns, Animals fivided int
seyen groups, 10 animals cncb, Group ), animals were injected with normal saline (0.9%), i /,;1,15;{"}, ',."ff: M ’{::W(’ oy w
(Croups 2-7) were treated 'wﬂh cthyl alcohol (20% wilv) at a dowe of 2 gk brrjy' w«-i)':),'tplj‘ P d{r‘ﬂl«r f:;’[-’;,,/ '.,_;: .y}lh?f iy
animals were pretreated W'Il}l ijmin C aut a dose of 400 mpfky body wcig)){ one h;m; 'bn;f:,-r;; ;;’;“_.}. a/](/;,r 1 nrjmlv;;'; (“q:}-:lp ,3;‘
animmisls were pretreated with Diazepam at a dose of 1 mg/kg body weight one hour before 1717, ,'r,j,ﬁ,,m'(;,-,.., 5 mxm:rL; ‘:p o
pretreated with Yitamin C at u dose of 400 mpfky body weight one hour before each aleohol injwﬁ,ir:ﬂ‘ ir; addlmpfm' ;nimz’l-" .,'f:,j
pretreated onee '{J'Ilh Dinzezpam at a dose of | mgfkg body weight, i.p., one hour before Vi7, inj(y.ﬁr:n C }rcub C,zni'nzI: 1,"-::
;ﬂf;irwgurl Wi lh‘ Diazepam at a dose of 0.5 mgfkp body weight one hour before P17, injection. Group 7 ‘animz!x -;.'r:rc ‘prc!jr'.z;ex;
iith V)lfamn} C at u doze of 400 mpfkg body weight one hour before each alechol injection; in adf!it.ifm, animals were pretrested
o with Diazepam at a dose of (L5 mpfkg body weght, i.p., one hour before V17, injection. A1) am,um were !J::.‘?:‘!!:d‘&':lﬂ/'l'l
with Vi7, ot a dose of 30 mgfkg body weight, i.p., one day after the Jast injection of zaline or aleohol So-iyurc; were ""a!urr'l-:i
using the modified Jacine’s scale, R T

) The undetected effects of the subconvulzive dose of P17 (30 mgfig) was clearly ohrerved in aloshol-viathdrawing animzls

Pretreatment with Vitamin C alone could not prevent ¥17~induced seizures, In contrast, Diazepam (1 mg/fig) wu!g dwt;/-
wiures suare, This protective effect of diazepamn has dissipated upon dose reduction (DZP, 0.5 mgfeg). However, the fynnbir;;%
effects of Diaepam (0.5 mgflg) and Vitamin C (400 mg/fkg) proved 1o be effective in suppressing the convulsznt effect of ¥17,
in af%b-')l-'l/nhdmwing animals, It is concluded that aleohol withdrawal enhanced the sensitivity of znimals 1o the acute
;’:/L;Lﬁxt effects of V17, Vitamin C conld not block seizure activity, however, it enhanced the anticonvulzznt effects of

INTRODUCTION

41.:/5;'32?",’ is one of the most common ng:rologjcal
N ';:m,’dw".jc' Scycra! models of cpilepsy have
(,hl;micgi p(fm including  repeated  electrical - or
"iW/;ayn l..tlmulall()n of the a'mygda!a and
& Wm‘ul?itf or  repeated  administration of
V-”"’-ylcm:-t,?. ldosc,sr of 5 C{anlsants SUC!I‘ as
ith pj,-;o;ﬁ:,/” (FTZ). PTZ interacts competitively
wid (G, PA‘m binding sites of the y-aminobutyric
: M) receptor, therehy decreasing Cl flux
¢ %‘i,, "if"b"’l“?m and inducing gencralized
ures. This  property is used as an
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o © en shown 1o reduce GABA-
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e PARETTE There are other paralicls

between PTZ-kindling and cthanol dependenge and
withdrawal; these include the action of MK%01, which
prevents  cthanol withdr::wal behavior  and
11,12)

development of PTZ-kindling

It has been suggested that reactive oxygen species
(ROS) could be involved in the neural damage
induced by PTZ™. In zddition, cthanol has been
shown to induce DNA strand breaks through the
generation of reactive oxidans””. In general, ROS
has been im}Jlicalcd in a varicty of necurologic
conditions™**”, including convulsions” ™. Thus, the
antioxidants may have a potential role in preventing
excifotoxicity-induced seizure genesis.

The antioxidant system COMPiscs varous
compounds with diffcrent functions. These in}cludc
enzymes (e.g., catalase, glutathione peroxidase,
glufathionc transferase, and supcroxi_dc dismutase) and
the sequestration of metals (c.g. iron, copper and
hence by chelating agents), all of that suppress the
generation of free radicals. In :fddit‘ion,‘ h:,-‘dl’?phll}(.‘
and lipophilic compounds (€.2., vitamin C and vitamin
E, respectively), which can act by scavenging or
suppressing the generation of frec rad:cals‘. anc _alscr
important for control of immwﬂularvlc-.‘cls, V n:mrm .
is a watcr-soluble antioxidant, which protects ccll.g
from oxidative stress by scavenging free rz::dwa{s i
has a reduction potential and can therefore, inacuvale
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' includi and lipid
hiphly damaging radicals, including OH I

peroxyl radicals. | )
The aim of the present study was to un'zl:s:)llt;,.lll)% .
the enhancing effect of :lll?f)hﬂl-\\'llhdl’f!\]\’ﬂ o e
induced scizures 21 rals (:l)lyll!’\]ch;])((;‘slsclct)dcsgmms e
fTect of vitamin C agains /- 4
.::]ct;:o(l)-‘wilhdr:m'ing; rats (iii) the modulatory role of
vitamin C on (he anticonvulsant effect of diazepam.

MATERIALS AND METHODS

Animals

The experiments were performed on 7(_) male
albino rats, obtained from the National Institutc of
Drug Control and Rescarch, weighing about 100£20 g.
Animals were kept under controlled laboratory
conditions (normal light-dark cycle, temperature 25-
30°C, and relative humidity 50-60 %. The animals
were housed as triads of rats per cage. All animals had
free access 1o food and water, All experiments were
performed between 12:00 am. and 3:00 p.m. to
minimize  circadian  influences on  seizure
susceptibility,

Drugs and chemicals

Pentylenctetrazol (PTZ, Sigma): It was dissolved
in saline. Rats were injected with subconvulsive dose
of PTZ (30 mg/kg body weight, 1.p.). Ethyl Alcohol
(Alcohol, 95%, ADWIC, El-Nasr Pharmaceutical
Chemicals):  Ethyl  Alcohol  was used at a
concentration of 20% (w/v). Animals were treated
with alcohol at a dose of 2 gm/kg, i.p., dailg for a two-
week period. Diazepam (DZP, Valpam® ampoule,
Amoun Co., Egypt): Rats were pretreated  with
Diazepam at a dose of 1 mg/kg or 0.5 mgfkg body
weight, i.p., one hour before PTZ injection. Vitamin C
(Vit. C, Cevarol® ampoule, Memphis Co., Egypt):
Rats were pretreated with Vitamin C at 5 dose of 400
mg/kg, L.p., one hour before each alcohol injection.
Selection of . doses and injection-dose intervals was
ln'mdc according to the pharmacokinetjc data from the
lerature and our preliminary studies, Vitamin C s

jec \'C C <

Evaluation of Seizures:

Rats were injected with
h a4 subconyy]s;
PTZ (30 mg/kg,'i.p.). After (he ; e of

e ! Injection of p

(s:om 1(1115“,9 behavior was observed for 7 mim;fezs’ mfi
core usmgwa modified rating scale 5 oS an
Racine scale™, The g, according (o
indicates : "3, 2€10 score

Table 1: Racine rating scale for evalugi,
n

scizurcs. 3 of
Symptoms
No scizure response. @
Immobility, eye closure, ear twitchjng {
witching of vibrissae, sniffing, facial clopye” | 1
Head nodding associated with more severe|
facial clonus. o)
Clonus of onc forelimb. 5
Bilateral forelimb clonus wiﬂm\m‘t—w
Bilateral forelimb clonus with rearing. T
Falling on a side (without rearing), loss of|
righting reflex accompanied by generalized| 45
clonic seizures. :
Rearing and falling on back accompanieq by[
generalized clonic seizures, ’ 5
——

Study Design:
Rats were randomly allocated to control (saline-
injected) and alcohol-treated groups. Animals were
divided into seven groups, 10 animals each. Group 1,
animals were injected with normal saline (0.9%), ip.,
daily for two weeks. Other groups (Groups 2-7) were
treated with ethyl alcohol at a dose of 2 gm/kg body
weight, i.p., daily for two weeks. Group 3, animals
were pretreated with vitamin C at a dose of 400 mg/kg
body weight one hour before each alcohol injection.
Group 4, animals were pretreated with diazepam at a
dose of 1 mg/kg body weight one hour before PTZ
injection. Group 5, animals were pretreated with
vitamin C at a dose of 400 mg/kg body weight one
hour before each alcohol injection; in addition.
animals were pretreated once with diazepam at a dost
of 1 mg/kg body weight, i.p., one hour before PTi
injection, Group 6, animals were prelreat.ed mte
diazepam at a dose of 0.5 mg/kg body weight F:;e
hour before PTZ injection. Group 7, animals ¥ '
pretreated with vitamin C at a dose of 400 wg/ks in
weight one hour before each alcohol .““"‘c-"gzﬁam
addition, animals were pretreated once \:s'lth dl::e -
at a dose of 0.5 mg/kg body weight, 1.p.,t (:iacutely
before PTZ injection. All groups were (¢ ahf ip. o
with PTZ at a dose of 30 mg/kg body WO & A
day afier the last injection of salint ?i,\:-n in Table
summary of the experimental design 155"
2

Table 2: Summary of the sl@_@i@%‘:@l
Grov 7 |

Group Group | Group | Group Grgllp 6 0%
1 2 3 4 10 11:10 ﬁ:l/}l
n=10|n=10|n=10 [n=10 ﬁfﬁf“iﬁi

. L. {

Saline |Alc. + |Alc. + |Ale. + Al:’g +|0 s/ g,lsm?’,!
*PTZ [PTZ  |ViLC +|lmghks | Vit 10578, 1 /Y

ofkg |, DZP ke

P1z  [DzP+ |Imei8le D )
pZP+ |4 ple X2~

PTZ //l/

-
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Qratistical analysis

7 Valucs are expressed as mean & SEM for statistical
analysis. one-Way :111;1]:\‘515 ot‘ variance (ANOVA)
followed by Bom‘crmm s n‘mlnplc comparison tcsts
aere applied for statistical analysis. - For all
QOMPATSONs, differences were considered significant
atps .05,

RESULTS

In the present study, it was evident that alcohol
withdrawal has increased the sensitivity of animals to
the comvulsant effects of PTZ. Injection of a
qibcomvulsive dose of PTZ (30 mg/kg) in saline-
rreated animals produced minimal changes in the rats’
comulsive behavior on Racine’s scale of seizures
(Saline, 0.620.17). However, the same dose of PTZ,
when administered acutely to alcohol-withdrawing
animals, produced a significant increase in the

comulsive  behavior of these animals  (Alc,
3813016, p=0.001, Fig. .
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thuyg_ 11 Effect of cessation of chronic alcohol
?»dn.“mgmio“ (2 gmvkg body weight, i.p.. daily, fora
(:‘:)\cek period) on the acute convulsant effect of PTZ
" Me/kg body weight) in rats.

Senificantly different at p<0.001:

¢ a:;gl?l'gh ANOVA analysis showed a significant
treateg " the seizure scores of animals among all
alcohol.‘gm“ps (F=4_3-5, p<0.001), pretreatment of
10 prmeqrf?wd rats with vitamin C (400 mg/kg) failed
No sile animals against the convulsant effects of
the magy xgruﬁmﬂl difference was observed between
Sty o O group 2 and 3 (Ale, 3.81320.16 vs.
Sl +3.37520.07, Fig, 2).
“_nimarlhisi"l g(elf_catmcnt of alcohol-withdrawing
lazepam (1 mg/kg) conld produce a
Teduction in- seizure scores (Alc,

3 hificapy

b RET

3 Tl:i.S.pgos‘s Alc+DZP, 1 857+0.33. p<0.001, Fig.
Ugtopeq oo v effect of diazepam (1 mg/kg) was

“Yen more in animals pretreated with

c

\’i.l:llllin C (400 mg/kg) during ethanol exposure (Alc +
Vit. C+ DZP, 0.610.17, Fig, 2).
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Figure 2: The anticonvulsant effects of diazepam
(Img/kg body weight) and/or vitamin C (400 mg/kg
body weight, i.p., daily, for a 2-week period) on the
acule convulsant effect of PTZ (30mg/kg body
weight) in alcohol-withdrawing rats.

* Significantly different at p<0.001
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Figure 3: The anticonvulsant effects of diazepam
(0.5mg/kg body weight) and/or vitamin C (400 mg/kg
body weight, i.p., daily, for a 2-week period) on the
acute convulsant effect of PTZ (30 mg/kg body
weight) in alcohol-withdrawing rats.

* Significantly different at p<0.001

In contrast to the protective cffccts of diazepam (1
mg/kg), the lower dose of diazepam (0.5 mg/kg) failed
to protect the animals against the convulsant effects of
PTZ in alcohol-withdrawing rats (Alc, 3.813+0.16 vs.
Alc + 0.3 DZP, 3.06+0.15, Fig. 3). However, ANOVA
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analvas chowed a significant Ch.’il_\gi 11; lh{u() l[l,l(())ll;l
score of various treatment £ronps (F=33.45, [L' .i o
Bonferrom's multiple comp;mszms dc:li:jmisd!i:ic;:(;c .’l
wretreatient with vitamin € cou ' N
f-‘1'::(’:0‘\'“!11; effect of the 3||btlicr:|iicii‘lic‘ldo:::)r g?
diazepam (0.5 mp/kp) on the convulsive be hav X
animals (Ale + Vit C +0.5DZP, 2.020.25, Fig. 3).

Therefore,  the undetected  cffects  of  the
subeonvulsive dose of PTZ (30 mg/kg) was cicarly
observed  in alcohol-withdrawing  animals.
Pretreatment with vitamin C alone could not prevent
PTZ-induced  seizures. In contrast, diazepam (1
me/kp) could significantly decrease scizure scores.
This protective effect of diazepam has dissipated upon
dose reduction (DZP, 0.5 mg/kg). However, the
combined cffects of diazepam (0.5 mg/kg) and
vitimin C (400 mg/kp) proved to be effective in

suppressing the convulsant effect of PTZ in alcohol-
withdrawing animals,

DISCUSSION

In the current study, PTZ was used acutely to
induce scizures in rats, I is well documented that
repeated systemic administration of subconvulsive
doses of PTZ results in g progressive increase in
seizure intensity  that s long lasting and
irreversible®®. The development of PTZ kindling has
been suggested 10 be related 1o functional alterationg
in various neurotransmitter systems, including gradual
reduction  in GABA, receptor function and ap
enhancement  of ghitamatergic Iransmission {hat
together  result ip hyperexcitability and seizure
activiy®, pTZ. o subconvulsive doses, has been
extensively used as an animal model of cethanol-
induced anxicty®®.

The GA[}AA receptors are the major inhibitory
neurotransmitter  system in Mmammalian  cenyrg)
iic‘q'qnis system. Deqrcased GABA-mediated
lfl: cili(l‘)ruorzo ?‘_\liri;li)[‘)li‘iicn;;ranls:ns‘slign is consxdergd a major
: ) : palhophysmlogy of
alcoholism and epilepsy™: thus GARA receptor
; \ 19
CABACTe a1 W 10 e

BIC Ir S g cthanol withdrawa],
Therefore, diazepam was yseq in the currep study 1o

prevent PTZ-induced e 4 i i i
e seizures in alcohol wnlhdrawmg

The N-mcthyl-D-Asparlic Acid (NMD
complex was also suggested 1o bé involtgclrc.ccpmr
development of PTZ kindling, I the

i : The ability of N
blocking kindling devclom; e
to the suggestion of a potential clinica) utility i
prophylaxis of epilepsy®™ Ortunalely N\/[ch
amngomsl_s induce  seyere ncuroloxicil)" l 1'A
prevents its clinical yge®$ The NMDA’ ¢ gy
glu_lan(i:'zl)e receptor s g prime target for e“; 0:‘
action™. Thus the adaptive changes associated \?01
chronic alcohol CXposure may affee the sensijy; o
the glutamatergic tran iy

i T
Siilter system 1o Yo
PTZ. In fact, McCown and Breega the effect of

prior withdrawals from chronic cth
resulted in a decreased number of stim
generation of scizures.

zmpl 1rcatmem
uli Tequireq fy,

Exposure 1o chronic cthanolzs produces ye.
documented ion channel adaptation®®

- Bricfly, GApy
inhibitory ncurotransmission is re

~ Teduced, Wheregg
glutamatergic excitatory transmission g increageq

following chronic cthanol administration®” In
addition, an increase in the number of voltage-
sensetive calcium  channels after chronic ethano]
administration also increases neuronal excitability®®
Overall, the resultant changes in jon channel
sensitivity or number lead 1o decreased inhibitory ang
increased  excitatory receptor  function during
withdrawal from chronic ethanol exposure.

Idemudia et al.*” showed that antagonism of e
GABA system by bicuculline and

picrotoxin increased
the alcohol withdrawal stimulus in an additive

manner, Further, after chronic exposurc to ethanol-
containing liquid diet, increased sensitivity o
bicuculline was demonistrated in ethanol withdrawing
rats®®. In line with these observations, rats exhibited a
PTZ-like stimulus as soon as the blood ethanol and
cthanol intoxication declined after cessation of chronic

ethanol treatment®”. Withdrawal from prolonged
ingestion of ethanol results in a number of signs and
Ssymptoms

consistent  with enhanced neuronal
excitability, including  increased sensitivity to
convulsants™, Thesc findings suggest some common
mechanism in PTZ-kindled and ethanol-dependent
rats. In the present study, PTZ was used acutely,‘ ata
subconvulsive dose, to further investigate the seizure
susceptibility during ethanol withdrawal. In fact, a
significant increase in the convulsive behavioral
response to PTZ in alcohol withdrawing rats was
recorded in the present results,

The enhanced convulsive behavior of alc0“°i
wiihdrawing rats afier treatment with PTZ was goi
Suppressed by the lower dose of diazepam (I‘i)
mg/kp). It required doubling the dose of diaZePamu(egc
mg/ke) 1o inhibit seizures. In agrecment ‘-Mthlz:nol
results, it has been reported that chronic € the
€Xposure produced reduced sensitivity 10

: ; o ats during
anticonvulsant effect of diazepam in rats
ethanol withdrawa®®.

o ingly

Oxidative injury in the brain is mcri?ilrygi“

recognized as a common pathway of gcuular cJ yron

many acute neurologic insults, and in “‘°{§heimc

discase states such as Parkinson’s or A idered 1©

disease®9 ROS production has been cO“:‘;mangic
be a part of mechanisms involved in the gluiel

! n e B oot has
exCitotoxicity “in vitro”™® and “in viv cl

amino &
Cn proposed that activation of excitalol’}[’{"m‘. T hcsi
Teceplor can trigger the formation of it m_u;
increased ROS, in turn, further release glltl only G5
forming a joop. This “vicious” cycle no rrested ™
long-lasting seizure formation, but if not¢
lead 1o neuronal death®?,

r's

Scanned with CamScanner



J. Pharm. Sci.. June 2002

’,ﬁ:l?ig
o “No. 1. pp. 6370

g(hanol may induce DNA strand breaks through
generation of reactive oxidants". Several groups
- proposed that ROS may be generated by the
ducible profein cytochrome P450 2E1¢%
cd levels of reactive oxyradicals caused b);
othanel 1K Iso arise as a consequence of an increase

in the NAD”/I‘S)AD' redox ratio or as a result of the
PR AL

the
have P
othn nol-11
The eleval

ay a

release © ron
There is €V
dunng seizures

of cpilepsy. SUCL
of scizures during head trauma and hypoxi

conditions associated wi}l: a sharp increasc of free
radical (FR) production®”, as well as obscrvations
from a varicty of qx*perimentaluepilepsy models
employing FR-generating systems“?. The ability of
antioxidative therapy to decreasc lipid peroxidation
and significantly alleviate seizure in these pathological
conditions'” is in agreement with this hypothesis.
These suggest that ROS could be involved in the

induced by PTZ. In various

peural  damage
has been demonstrated that

experimental studies, it
antioxidants can prevent the excitotoxicity induced by

agents like glutamate?. Therefore, the antioxidants
may play a potential rale in preventing excitotoxicity-

induced scizure genesis.

In normal conditions,

palance between the production 0
destruction by cellular antioxidant system. However,

this balance can be broken either by increasing the
ROS production or by decreasing the dcfense system.
When cells are exposed to an oxidative stress various
defense mechanisms can be induced, including
catalase and glutathione peroxidase'*. Antioxidant
defensc mechanisms include removal of O
scavenging of reactive oxygen/nitrogen species o
their precursors, inhibition of ROS formation, binding
of metal ions needed for the catalysis of ROS
E:Eeratlon, and up-regulation of endogenous
oong:,:?an-l defense. Indeed, there is a rt.:]ativel_'v high
Cin the’“«iélop of (hg waler soluble gnliomdant vitamin
which g rztlll]n which plays a varicty of .ro‘]es, one of
Mioxidan e regeneration of the lipid soluble
vitamin E¢,

dcf;zz‘c‘[’;z-c h:rlll_lce our endogenous antioxidant
festive,  ang 1sms are  not always completply
“Nironmenta] 1 since  exposure 10 damaging
T2sonable to actors is increasing, it secms
uld pe oy propose that exogenous antioxidants
ellects of oxidec tive in diminishing the cumulative
Vitamiy -canam‘C damage. Agus et al.“” found that
ily engeps ufmss the blood-brain barrier (BBB). It
; :2 e form of asec brrg_m and retained in the brain tissue
_ T}“P’emen ed vig (1)h IC acid. This transport is probably
co,: ém or conc‘lud:dglucosc transporter in the BBB.
“'i‘arn?;:m”om. of d Ch;'(lllr,g;cscfori’~ that increasing blood:
- oneentrggion i |;)r ic acid could increase
’ _ ic brain.

idence that oxidative stress might occur
and participate in the pathophysiology

h evidence includes the high incidence
40)
a ’

there is a steady state
f ROS and their

e 0111110111‘1&“::3:1(3111'( sludy, it was demonstrated (hat
~ : awal has increased the susceptibility to
' .comlglsanl effect of PTZ. This effect was
upohshcd in animals pretreated with vitamin C and
d!achaxrl. Although neither diazepam (0.5 mg/kg) (nor
vitamin C alone could significantly decrease seizure
scores, _ their combination proved effective in
preventing seizures. This may indicate that free radical
gencrghpn may, at least in parl, mediate secizure
genesis in the present model.

In linc with the present results, Goodwin ct a
n_olcd a corrclation between memory function and
vitamin C in blood of healthy volunteers aged 60 or
over. Further, a number of investigations have
revealed that vitamin C level is decreased by exposure
to ethanol. For example, a decrease in the Jevel of
vitamin C in rat testis was observed after ethanol
administration®”. Furthermore, in healthy volunteers,
pretreatment with vitamin C (1 g daily for 3 days)
decreased alcohol toxicity (mediated by circulating
acetaldehyde) after drinking 84 g of ethanol®®. In
addition, pretreatment with vitamin C prevented the
cthanol-induced hepatic DNA strand breaks. The
protective effect of vitamin C was correlated with the
inhibitory effects of vitamin C on the generation of 1-
hydroxyethyl radicals after cthanol exposure™ .
Therefore, vitamin C is proven o be effective against

d in seizure genesis.

ROS that might be involve
ide neuroprotection by

However, in order to prov
antioxidants, potential measures should be taken into
consideration, These include (i) the appropriate use of
specific antioxidant(s) for a given disease or, disease
stage of progression, (ii) the use of optimal doses of

antioxidant(s), (ii1) sufficient knowledge of blood-
f different antioxidants

brain barrier penetration 0O
when used systemically, (iv) methods of targeting
drugs to specific sites within the brain are necessary 10

h minimal side effects, and

produce efficient drugs wit
W) determination of whether antioxidants can be used
in order to slow down the

as prophylactics, _ :
progression of neurodegencrative discases such as

epilepsy.
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