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ABSTRACT .

This study was propiosed to investigate the poremal protective effect of alpha Izpa:c aczd ( a- LA )

against potassivm cyanide (KCN) -induced seizures and lethality in mice. The m!‘raperrtoneai ED 50 . val- L

oo ue of KCN, as measured by induction of clonic and tonic seizures was increased by pretreatment of mice

- with @-LA (25, 50 and 100 mg/kg) mfrapenmnea!ly ina dase-dependenr mamzer Sumlarly, the mtraper- .
- itoneal LD50 value of KCN, basea' on 24 h marmhry was mcreased by pretreaimeur wrth (x-LA in a dose _
.. ~dependent marmer Intraperttaneal mjectmn of the estmzated ED50 of KCN (4 8 mg/kg) uzcreased Hz

. later, nitric oxide ( NO) praducﬁon and bram g!mamate and lzpzd peraxtdanon Ievels and rea’uced intra- o

. cellular reduced g!utathzone {GSH ) Ievel and glmmfuone per axzdase ( GSH Px) acnwty uz mzce slzowmg

_convulsmns Also admmzstrat:an of the esrmsated LDsy of KCN (6 mg/kg) produced 24 I larer smuiar

marked changes in these parameters in survzvmg animals. Pretreatment of mice wn‘h a—LA m!ubarea‘

dose- dependently KCN (EDsg and LD50 ) - induced an increase in NO production and Irprd peroxida-

tion level as well asa decrease in intracellular GSH level and GSH-Px acrzwty It can be concluded thar
the protecuve eﬁect of o-LA agamsr KON - induced seizures and lethality may be due to mhzbmon of NO
averproduction and maintenance of mtmceilular antioxidant defense mechanisms.

Keywords: Potass:_um cyanide; Alphia-lipoic acid: Lipid peroxidation; Nitric oxide. "

- j"IN’TRo?D UCTION" |

Cyamde is a “well estabhshed pozson:
known for 1ts rapld lethal action and toxic-
ity The brain is especmlly sensitive to cya-
nide tox1c1ty (Borowitz et al., 1992) In'ad-
dition to several other clinical signs, acute

poxsomng W1th cyamde produces domc
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and tohic seizures in humans and animals
(Egekeze and Ochine; '1980). The acute
neurotoxicity of cyanide has been attribut-
ed to its induction of lethal cytotoxic hy-
poxia in brain (Ballantyne, 1984) which re-
sults in releasing’ of glutamate “into the
extracellular” spaces (Benvensate et al.,
1984) SIS . . .
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It has been_-'r__epo_'r_fed_'_jth'a't'_ ':__c_'_yai__ni_de;'
induced neurotoxicity is associated with

activation of the N-methyl-D-aspartate
(NMDA) subtype of glutamate receptors

(Sun et al., 1997). Furthermore, Patel et al._

(1991) have shown that incubation of brain
slices with cyanide resulted in extracellu-
lar accumulation of glutamate.- Activation

of the NMDA receptors by cyanide was

found to generate nitric oxide (NO) and

reactive oxygen species in cerebellar gran- - -

ule cells (Gunasekar et al., 1996) and in

cultured cortical neurons (Shou et al., -
2000). It has b'een'suggested that activation
of NMDA receptors, NO synthase and free
radicals formanon may contribiite to the
development of neurotoxicity i induced by
cyanide (Yamamoto and Tang, 1998). In
addition, cyanide was found to inhibit
brain antioxidant defense mechamsms "
that predlspose to ox1dat1ve 1n]ury (Gu~ .

nasekar et al 1996)

Alpha-lipoic acid (&-LA) has been iden-
tified as an ideal antioxidant found natu-
rally in our diets, but appears to have in-_

creased functional capacity when given as
a supplement. This metabolic antioxidant
can scavenge a number of free radicals
both in hydrophilic and lipophilic. envi-
ronments. (Biewenga et al., 1997; Moini et
al., 2002). In addition, o-LA was. found to
be capable of. regenerating endogenous
antioxidants in the body.incuding vita-
mins C and E and intracellular reduced
glutathione (GSH) (Biewenga et al., 1997).
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'Therefore, it has been proposed that a-LA

isa therapeutlc agent in the prevention or
treatment of pathological conditions medi-
ated via oxidative stress (Bliska and Wlo-
dek, 2005). Furthermore o-LA was found

- to inhibit lipopolysaccharide and cytokine

mixture- induced NO production in isolat-
ed rat Kupffers cells and murine macro-
phages.by preventing the upregulation of
iNOS (Kiemer et al., 2002; Demarco et al.,

-2004). In addition, o-LA was found to pro-

tect against cellular damage induced by
peroxynitrite (Trujillo and Radi, 2002).

* In view of these observations, this work
was designated to study the potential pro-
tective role of o-LA against cyanide- in-
duced seizures and lethality. The interplay
between glutamate, NOQ, cellular antioxi-

‘dant defense mechamsms and’ cyanide-

induced sexzures and Iethahty was also in-

| vestlgated

| MATEI?IA_L AND ME_THODS':

Drugs and chem1cals

Potassium cyamde was obtained from
Schrarlu  Chemie S.. A. (Spain). Alpha-
lipoic acid was purchased. from Fluka
Bio-Chemika (Sw1tzer1and) Reduced glu-
tatl‘uone and Ellman’s reagent [(5' 5' D1—_
thiobis (Z—mtrobenzmc acid), DTNB] were
obtained . from INC Blomedlcals Inc
(USA). Tfuobarbltunc ac1d was obtalned
from MP Blomedl.cals, Inc. (France). AII'
other chemicals were of analytlcal grade.
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Animals and treatmentss

" Male adult’ Swiss- Webster mice
weighing 22-30 g from the Animal House
of Assiut University were used in all
experiments. Mide were housed in stain-
less steel cages under a 12h light/dark
‘eycle at 25°C and allowed water and food
(laboratory chow) ad libitum. They were
divided into groups of 6 animals each,
The research was conducted in accor-
dance with the internationally accepted
guidelines for laboratory animal use and
care. The experiments reported here were
approved by our institutional ethics com-
mitiee. . SRt

 Fresh solutions of KCN and o-LA
were prepared on the day of the experi-
ment in normal saline and sunflower
oil, respectively. Different dose levels
of KCN (2,6,8 and 12 mg/kg) were
injected “intraperitoneally, each to one
‘group of mice 15 min. after intraperit-
oneal injection of a-LA (25, 50 or 100
mg/kg) or an equal volume of wil.
‘The animals “were observed for 1h after
KCN injection  for the “appearance of
genetalized seizures.” Also, the mortality
was  detértnined, 24 h ' latet, in each
group of animals. The median effective
dose (EDy) and median lethal dose
(LDsg, based on 24h mortality) for KCN
alone ot in combination with o-LA were
calculated “according to the method of
‘Litchfield and Wilcoxon (1949) with 95%
confidence limits.

Masisonra J. Eorensic Med. Clin, Toxicol.
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" ‘Biochemical measurements:
- Groups of 6 animals each were treated
‘with the estimated intraperitoneal ED50 of
KCN 15 min after intraperitoneal injection
of a-LA (25, 50 or 100 mg/kg) or an equal
volume of the vehicle, The animals were
observed for 1h after cyanide injection for
the appearance- of generalizéd seizures in
each group. Similar groups of mice were
treated ‘with the estimated initraperitoneal
LD50 of KCN 15 min after injection of o-
LA. Survival of animals was monitored for
24h,in each group. Control animals were
treated likewise with the pure vehicle. An-
imals showing convulsions and surviving
‘animals " after treatment” with “estimated
ED50 and LD50 of KCN, respectively were
“sacrificed by decapitation:Brain and blood
tissues were obtained froin each animal.

* The brain was rinsed in ice-cold saline,
blotted ‘carefully, weighed and then ho-
mogenized in phosphate buffer (pH 7.4).
The homogenate was “divided -inte two
equal parts. The fist part of homogenate
was ‘centrifugated and the ‘supernatant
was- collected for determination of lipid
peroxidation ‘level and “GSH-Px activity.
Lipid peroxidation was estimated by the
measuremernit of malondialdehyde (MDA)
levels in brain tissues. Malondialdehyde is
an end product of lipid peroxidation and
its “level “'was determined spectrophoto-
metrically by use of thicbarbituric acid
reactive substances method  previously
“described by Ohkawa et al. (1979). A stan-
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dard reference curve was plotted using
1,1,3 3-tetramethoxypropane. - Glutathione
peroxidase activity. was.measured by the
method of Paglia and Valentine (1967).The
enzymatic reaction in the tube which con-
tained . f-nicotinarmide - adenine dinucleo-
tide phosphate (NADPH), GSH, glutathi-
one reductase and a sample or a standard
was initiated by addition of hydrogen-pe_r-
oxide. The change in-the_absoribaric;e ‘was
monitored spectrophotometrically. A stan-
dard curve was plotted for each assay.

‘For determination..of GSH and . gluta-
mate levels, an equal volume of perchloric
acid (1mol/1) was added to .the second
part of the homogenate and mixed by.vor-
texing. The mixture was allowed to stand
for 5 min at room temperature. After cen-
trifugation for 5 min, the supernatant was
collected. The GSH contents of the neutral-
ized supernatant were assayed using Ell-
man's . -reagent. .. [5,. . 5-dithiobis-2-
nitrobenzoic. acid .(DTNB . sclution)]. ac-
cording to the method of Griffith (1980).
A standard reference curve must be  pre-
pared. for each.assay. The glutamate con-
tent in -the: supernatant. was .measured
spectrophotometrically via: its. enzymatic
- dehydrogenation . .with - conversion - .of
NAD*. to. NADH according to the meth-
od of Lund (1986). A standard reference
curve must: be: prepared for each assay.:

Nitric oxide formation was measured in
serum samples by assaying nitrite, one. of

Mansoura J. Forensic Med, Clin. Toxicol.
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the stable end products of NO oxidation.
Serum nitrite concentration was mgas_ured

spectrophotometrically using. Griess - rea-
-gent [1% sulfanilamide in 5% phosphoric

acid (sulfa - nilamide solution) and 0.1%

N-I-naphthylethylenediamine dihydroch-
Joride in bidistilled water (NED. solution)]
as described by Green et al. (1982) A stém—
dard curve must be run szmuitameously
‘with each set of sampies '

S&ahshcaﬁ amaﬂyms _ -
The variability of results was expressed

‘as the mean + standard error of mean (X=

S.EM.). The mg*uhcancc of dlfferences be-
fween mean values was determined using

one-way analysis . of variance {ANOVA)
and; Student’s t-test.

. RESULTS

. The results presented in table (1) indi-
«cate that intraperitoneal injection of KCN
“into. mice produced clonic and tonic sei~
zures. The severity of covulsions were
.dose-dependent.. The EDs, value of KCN
was. 4.8 mg/kg. This value was increased

(1.1-2 fold) by pretreatment of rice with

-a-LA intraperitoneally in a dose - depen-
dent manner. . . -

It can be seen in ta_ble_.(Z) :t_hat___ ﬁne_ LDSO
0f KCN was 6 mg/kg. Pretreatment of
mice -with  o-LA dose-dependently  in-

creased. the intraperitoneal LD50 of KCN
(1-1.9 fold).
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Treatment of mice ‘with the ‘estimated
intraperitoneal EDgy 0f KCN produced 1h
later in animals showing convulsions, -a
significant increase in NO production and
brain glutamate level. Concurrently ' this
treatment resulted in an increase in lipid
peroxidation level and a decrease in intra-
cellular GSH level and GSH-Px activity in
mice brain (Table 3). Similar - marked bic-
chemical changes were observed in sur-
viving animals’ after' 24h of administra-
tion of the estimated intraperitoneal LDs,
of KCN into mice (Table 4). Pretreatment
of mice with o-LA dose- dependently in-
hibited EDgy and LDgg- induced altera-
tions in lipid peroxidation and intracellu-
lar GSH levels, GSH-Px activity and NO
production. The changes - induced by
cyanide in brain glutamate level were not
affected by pretreatinent with o-LA (Ta-
bles 3 and 4). o :

" DISCUSSION

~ Alpha- :lipi:)ic “acid “is unique - in its
ability to act as an antioxidant in both
lipid and aqueous phases of the cell (Moi-
ni ‘et al., 2002). Four distinict antioxidant
properties of a-LA and its reduced form
have been elucidated: ability to chelate
transition metals-thus’ inhibiting -the for-
mation of ‘hydroxyl radical, capacity to
scavenge reactive oxygen ‘species, ‘capac-
ity to regenerate endogenous ' antioxi-
dants such as vitamin C, vitamin E and
GSH and ability to repair oxidatively dam-

Mansoiira J. Forensic Med. Clin. Toxicol.
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aged proteir;; such as alpha-1-antiprotease
(Biewenga et al., 1997; Lu and Liu, 2002).

~It‘has “been  reported  that cyanide in-
creases lipid peroxidation in brain when
produced - neurotoxicity (Ardelt et al.,
1994). Thus free radicals formation and
subsequent - lipid - peroxidation: may con-
tribute to the neurotoxicity induced by
cyanide (Yamamoto and Tang, 1996).

~Data of the present study demonstrate
that cyanide-induced seizures and lethali-
ty was associated with increased lipid per-
oxidation in brain of mice. Pretreatment of
mice with a-LA protected against cyanide-
induced seizures and ‘mortality and pre-
vented - cyanide-induced - lipid - peroxida-
tion-in‘a dose-dependent manner. It is of
interest that administration of toxic doses
of cyanide to mice, in our study, resulted
in “inhibition of . enzyrmatic - antioxidants
(e.g. GSH-Px) -and - depletion .of non-
enzymatic -antioxidants : (e.g. intracellular
GSH) in the brain. These effects were also

inhibited by pretreatment of mice with o-
‘LA'in a dose - dependent manner.

‘Glutathione and . glutathione- related

enzymes play a key role in protecting the

cells against the damaging effects of reac-
tive oxygen species. Intracellular GSH can
act-as-a reductant,  reducing hydrogen
peroxide and lipid hydroperoxides direct-
ly to H,0O,:a reaction catalyzed by GSH-Px.
Depletion of intracellular GSH, under con-

. Vol XVI, No.1,. Jan. 2008
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ditions of continuous intracellular: oxida-
tive stress, leads to oxidation and damage
of lipids, proteins and DNA by the reac-
tive oxygen species (Nordberg and Arner,
2001). Alpha- lipoic acid was found to pre-
vent GSH depletion by scavenging reac-
tive oxygen species (Lu and: Liu, 2002)
therefore, it inhibits the oxidative damage
of cellular macromolecules. '

Also, o-LA can increase GSH levels by
increasing cysteine uptake, which is a rate
limiting step for GSH biosynthesis (Han et
al.; 1997). In addition, Shila et al. (2005)
concluded that a-LA acting as an alterna-
tive sulfhydryl nucleophile to GSH pre-
vents its oxidation to glutathione disulfide
in detoxifying reaction against reactive ox-
ygen species and- consequently increases
the activity: of - glutathione- related en-
zymes. Thus, depletion of intracellular
GSH and decrease in the activity of GSH-
Px during cyanide toxicity, in this study, is
indicative of the increased lipid peroxida-
tion level. Peroxidation of membrane lip-
ids has been implicated as-a possible
mechanism of oxidative stress- induced le-
thal injury (Jaeschke, 2000). In support for
this view, Hatch et al. (1990} found that
ethyl maleate, a glutathione - depletory,
markedly enhanced cyanide lethality  in
mice. Therefore, the increased intracellular
GSH level and: GSH-Px activity in: brain
tissues in response to o-LA - treatment-in
our study, is indicative of increased free
radical scavenging and enhanced detoxifi-

Mansoura J. Forensic Med. Clin. Toxicol.
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cation of hydrogen peroxide and lipid hy-
droperoxides. Inhibition of lipid peroxida-
tion_by.oc_.—LA may, at least partially, sup-
press- the injury . cascade  induced by
cyanide in brain, - o

It ds. believed that. acute neurotox_icity
of cyanide-is due to its production of
cellular hypoxia in.brain. .During hypox-
la,. an increase in. the excitatory amino
acid glutamate in the extracellular spacé
can be observed. following. a rapid de-
crease in energy_levels (Benveniste et al.,
1984). It has been shown that incubation
of brain slices with cyanide resulted in ex-
tracellular = accumulation . of _giutam_a_t_é
(Patel et .al., 1991). Furthermore, cyanide
was found to enhance NMDA receptors
response in_cerebrellar granule cells (Gu-
nasekar et al., 1996; Sun et al., 1999)._Thu_$
cyanide indirectly activates the NMDA re-
ceptor by inducing neuronal release of
glutamate and by enhancing receptors-
mediated responses by direct interaction

with the receptors complex. (Sun et al,

1997). In addition, it has been found. that
the. NMDA  specific antagonist, MK-801,
prevented cyanide-induced neurotoxicity
in rat cerebrocortical neurons -in culture

{(May et al., 1995) and neuronal cell death

in- hippocampal neuronal cell cultures
(Sturm et al., 1993) and inhibited cyanide-
induced seizures in mice (Yamamoto and
Tang, 1996). Therefore, glutamate may

‘play an important role in cyanide neuro-

toxicity..
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In the present study, seizures and acute
lethality induced by cyanide in mice were
associated with a marked increase in the
brain glutamate level. Unfortunatly, pre-
treatment of mice with o-LA did not in-
hibit cyanide-indiiced elevation of brain
glutamate level. R

It has been reported that glutamate acti-
vation of NMDA ‘receptors stimulates Ca
influx into cells. Calcium then binds to cal-
. modulin and activates’ constitutive nitric
oxide synthase resulting in stimulating
NO formation (Bredt and Sriyder, 1992).
However, it has been found that the activi-
ty “of inducible nitric “oxide" synthase
(iNOS), a Ca- independent high -output
nitric oxide synthase isoform (Ogden and
Moor, 1995) is induced ‘as‘a consequence
of glutamate release and NMDA receptors
activation in rat brain cortex during re-
straint stress (Madrigal et al., 2001) and af-
ter transient focal cerebral ischemia in rats
{Perez-Asensio et al., 2005). Moreover, Ira-
vani et al. (2004) found that unilateral in=
trastriatal ‘administration of N-miethyl-D-
aspartic acid to" rats ‘produced marked
iNOS ‘expression ~ withinboth astroglial
and ‘microglial cells.” Furthermore, Prab-
hakaran et al. (2006) found that iNOS up-
regulation and mitochonidrial glutathione
depletion ‘medidte cyanide-induced necro-
sis in rat mesenicephalic cells. |

' Simultaneous ‘production” of NO and
superoxide anion 'is likely during inflam-

Mansoura J. Forensic Med. Clin, Toxicol.

115

mation and ‘pathological conditions. They
react together to “form peroxynitrite. The
scavenging effect on superoxide anion by
NO may be a mechanism by which tissues
of host are protected from the deleterious
effects of ‘superoxide -and “superoxide-
derived reactive oxygen species (Beckman
et al., 1990). peroxynitrite is apotent and
versatile oxidant that can attack relatively
slowly, a wide range of biological tar-
gets. Furthermore; peroxynitrite -is toxic
by more ‘direct oxidative ‘mechanisms. . It
modifies, ‘tyrosine in proteins to create ni-
trotyrosine leaving a footprint detectable
in vivo. Nitration of structural proteins in-
cluding ‘neurofilament and -actin, can dis-
rupt filament assembly with major patho-
logical " consequences - (Beckman - and
Koppenol, 1996). ~ =

Data of our study indicate that ad-
ministration of - the toxic doses -of cya-
nide to mice, increased the production of
NO. " Pretreatment * with . o-LA  dose-
dependently -~ inhibited - cyanide-induced
NO overproduction. ‘Thus, these results
are in favor of the possibility that overpro-
duction of NO plays an important role in
the -pathogenesis of cyanide-induced sei-
zures' and ‘mortality. In support for this
view, it has been found that NG-nitro-L-
arginine, an inhibitor - of \NOS, inhibited
cyanide-induced seizures-in‘mice (Yama-
moto, 1995). This effect was abolished by
pretreatment with L-arginine, a. NO pre-
CUrsor. e R A e e .
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Acute cyanide toxicity is attributed to
inhibition of cytochrome c oxidase, the ter-
minal enzyme of mitochondrial respirato-
ry chain. Cleeter et al. (1994) found. that
NO inhibits cytochrome c oxidase. This
may be implicated in the cytotoxic effects
of NO in the CNS and other tissues. Radi
et al. (1994) reported: that mitochondria
may constitute a key. intracellular loci for
the toxic effects of peroxynitrite. Similarly,
Brown and Borutaite (2007) reported that
NO and peroxynitrite inhibit mitochondri-
al respiration. This stimulates reactive ox-
ygen and nitrogen species production. by
mitochondria which may contribute to cell
death. Furthermore, Leavesley et al. (2008)
concluded that the rapid, potent action of
cyarnide is due in part. to. mitochondrial
generation of NO, which enhances inhibi-
tion of cytochrome ¢ oxidase.

It has been reported that o-LA isable
to decrease: the synthesis of NO by pre-
venting the upregulation of iNOS (Demar-
co et al., 2004). Another: explanation for
the reduction of NO level might be due to
the direct scavenging effect of NO by the
sulphydryl group of o-LA (Biewenga et
al., 1997). Furthermore, o-LA was found to
inhibit efficiently - the : nitration of. L-
tyrosine by peroxynitrite  (Nakagawa et
al., 1999) by reacting with the nitrating in-
termediate of peroxynitrite. (Nakagawa et
al., 2000).  Morever, - it has been shown
that o-LA is-a very 'potent protector
against peroxynitrite-mediated nitration

Mansoura [, Forensic Med. Clin. Toxicol.
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of L-tyrosine,. direct oxidation of glutathi-
one and cellular damage (Nakagawa et al.,
2000; TI'U]IHO and Radi, 2002; Trujillo et aI
2003).

In light of these observations, data of
the present study suggest that o-LA by an-
tagonizing the effect of toxic doses of cya-
nide on NO level may inhibit peroxyni-
trite. anjon formation which has potent
oxidative and cytotoxic activities. There-
fore, a-LA prevented cyanide- induced de-
pletion of. intracellular GSH, suppression
of GSH-Px activity, elevation of lipid per-
oxidation level and cellular damage. Thus,
decrease of NO level by o-LA resulted in
subsequent maintenance of intracellular
antioxidant mechanisms and . protected
against cyanide- induced severe intracellu-
lar oxidative stress and damage of brain
tissues.. | o

Conclusively, .our results demonstrate
that a-LA has the ability to protect against
seizures. and mortality induced by c¢ya-
nide.. The ability of o-LA to provide this
protective effect is positively. correlated
with its ability  to suppr_ess'_ cyanide-
induced NO overproduction, depletion of
intracellular GSH, inhibition of GSH-Px
activity and increase of lipid peroxidation
level. Thus, the protective effect of o-LA
against cyanide- induced seizures and
mortality may be due to inhibition of NO
overproduction and maintenance of intra-
cellular ant10x1dant status.
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Table (1) Pmtectwe effect of alpha hpmc aclci (wLA) agamst potassmm cyamde (KCN)
- induced seizures in mice.

Treatment _ KCN EDgo (mglkg) and ifs - _ Potency ratio
' - 95% coni’deucehmnts _ . o

Control o . 4.8(3.9~5.8) . : —

 2Smgkgo-LA . g 52165 | 1.1
50 mgkgo-LA - - 58%(46-79) . | . 12
100mgkgolA Coamrs-sn) . | 2

Values are means + S.E.M. of five observations.. .
J*P < 8.05 vs. control value; **P < (.01 vs. control value.
Pntency ratio was calculated by dw:dmg the EDs; vaiue of KCN with o-LA by the EDSO value without o-LA

Table (2): Protective effect of alpha-lipoic acid (0-LA) against potassium cyanide (KCN)
- induced lethality in mice.

T'r'ea.tin_eht'"} KCN Ll)so(mg/kg) and uts R 5""_f':"i’otén_cy':fatio
95% confidence llm:ts I '

Conral 0| dazen o

smgrgara | 6249-8n | 1
S(__img/kgwm o ‘}.'2_*(5'5".'9'8) o , 12
100 mghg el o sy | g e

Values are means + S.E.M. of five observations.
*P < {105 vs. control value; **P < 0.01 vs. control vaiue.
Potency ratio was calculated by dividing the LDsy value of KCN with 0t=L A by the LDy value w:thuut (x-LA
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Table (3) :

. mduced by the

118

Effect of pretreatment with alpha-lipoic acid (0-LA) on the alterations
estimated mtrapentoneal EDsp of potassium cyanide (KCN)

i serium nitrite level and birain glutamate, MDA and mtracellular GSH
levels and GSH—Px activity in mice showing convulsions.

Teeatiment Seriti Aitrite | Glutamate MDA Intracellular GSH-Px
(Hmsly (umol/g Waivt) (nmol/g wowt.) | GSH (umollg | (U/g w.wi.)
b Wt

Coniral 420012 | 2964042 | 308.49% 2028 2.82 % 0.11 18.86 + 1.16

KEN 7.33%% & 0.32 | 4.18%% £ 021 | 692.85%* £32.35 | 1.74%% £ 0.08 |12.22% % .06

25 /g o-LAF KCN | 686026 | 420%0.16 | 674344123 1.8220.06 | 12.86 = 1.08

50 mg/kg o-LA+ KCN | 8757 % 0.24 | 4.12£0.24 | 527377 £36.24 | 2127 0.2 151272 1.12

100 mg/kg B-LA+ KGN | 4787 £0.18 | 4022018 | 367.25"£22.40 | 2.88" £0.1_4 - 17.66_‘-’ £ 1.’06

Biosd and biain samples Were cellected for these bmchem:cai fneagurénients Ih after treatment of itice
with 4.8ima/ks KCN or oil.

Valiigs are means = 8.E.M of five i’:@bjs‘éﬁ_ﬂi_iéiié **P < 0.01 vs. control value; P <0.01 vs. KCN _vall_le.-

able (4) : Effect of pretreatment Wnth alpha- lupmc acid (ee-LA) on the alteraﬁons mdueed by

. the estimated tinfraperitonies

level and

aetivity of surviving mice.

brain glui

L LDy of _potassium cyanide (KCN} in seram aitrite -
ate, MDA and intracellular GSH levels and GSH-Pyx:

o “Tntracelular | ey
B n e i Serum nitrite MDA Py o GSH=Px
Freatment (uniolrl) (nmollg w.ivt.) Gsﬁ}%";wg (Ulg wowty | -
Control 4212045 | 2922004 | 3163622286 | 2862014 | 1842 1.10
KEN T e , o
_ 1786%£028 | 524%%:0.28 | 83451%% 28493 | 138%% 20,09 | 1111+ 2086
25 igfkg LA+ KCN T R o R
738 % 624 §32% (.25 780.68 « 56.34 1.44 4 0.68 11.92 +0.86
50 mg/ke t-LA+ KEN cosw o mam | e o i o 1
5927% §.18: | 518z 0.2 60234724234 | 221720641 | 148672112
100 mghks a-LA+ KCN e s L e i E vae e
ke 498" % 6,33 5122018 | 402.38" %2836 .2.72"';&0-,1_6 17.127 % 1.18

Values dre means:f: 8.E.M of five observations **P < 0.0 vs. control valug; “P <0.01 ve. KCN value.
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