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ABSTRACT
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Theimpact of mercuric chloride on antioxidant statusin the brain tissue of
rats, Rattus norvegicus, was studied. Mercury poisoining induced oxida-
tive stress leading to generation of free radicals and simultaneous alter-
ations in antioxidant mechanism in animals. In the present study, the level
of lipid peroxidation (LPO) wasincreased in the brain tissue of rats at sub-
lethal dose of mercuric chloride (2mg/kg body wt.) treatment for 30 days
and simultaneously decreased level of glutathione (GSH), glutathione per-
oxidase (GPx), catalase (CAT) and superoxide dismutase (SOD) contents
were also noticed in the mercury intoxicated brain tissue. During the recov-
ery span an altered level of antioxidant status was restored to near normal
level in the brain tissue of mercury intoxicated animal when treated with
ethanolic ginger extract (200mg/kg body wt.) For another 15 days. Ginger
play a vital role to detoxify mercury toxicant in the mercury intoxicated
animals. The results were discussed in detail.
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INTRODUCTION

Mercury isatransition metal and it promotesthe
formation of reactive oxygen species (ROS) such as
hydrogen peroxides. These ROS enhances the
proxidesand reactive hydroxyl radicad*2. Theselipid
peroxidesand hydroxyl radical may cause cell mem-
brane damage and thus destroy thecell. Mercury aso
inhibitstheactivitiesof freeradica quenching enzymes
catal ase, superoxide dismutase and gl utathine peroxi-
dasel®.

Mercury and itscompounds comesfrom weather-
ing processof earth’s crust, industrial discharge, pest
or disease control agent applied to plants, urban run
off, mining, soil erosion, sewageeffluent’?. Itisanin-
organic compound that hasbeen usedin agricultureas
fungicides, inmedicineastopica antiseptica anddisn-
fectants, andin chemistry asanintermediaeinthepro-
duction of otherscompounds?4. Mercury anditscom-
pound are used widely inindustriesand their hazards
to animal have been wel | documented**719, Although
people know the adverse effect of mercury they used
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mercury in electric apparatus, choloro-alkali plants,
caudtic soda, and caugtic potash industry etc. aswell as
inayurvedic medicines, antiseptics, parasticidd, fungi-
cidal effectsand also inthe dentistry for fillingg*319,
The toxic effect of mercury varies according to the
chemica composition.

Natural products and their active principles as
sourcesfor new drug discovery and treatment of dis-
eases have attracted attention in recent years. Herbs
and spicesaregeneraly considered safeand provedto
beeffectiveagainst varioushuman alments. Their me-
dicina usehasbeen gradudly increasingin devel oped
countries. Ginger Officinale Roscoe, commonly
known asginger, isoneof thecommonly used spicesin
Indiaand around theworld. Ginger isexample of bo-
tanical swhichisgaining popularity amongst modern
physiciansand itsunderground rhizomesare medici-
nally and wlinary useful part’??l. Many studieswerecar-
ried out on ginger and its pungent constituents, fresh
and dried rhizome. Among the pharmacol ogicdl effects
of demonstrated areantiplatl et, antioxidant, anti-tumor,
anti-rhinoviral, anti hepatotoxicity and anti arthritic ef-
fect19 ginger may be protective effect on thetissue
damagethat resultsfrom oxygen freeradica sin mer-
cury induced toxicity.

Withinthispoint of view, the present study hasbeen
designed to study the effect of mercury on braintissue
of ratsand simultaneoudly to find out efficacy of ginger
on mercury intoxicated rats, Rattus norvegicus.

MATERIALSAND METHODS

Normal adult healthy female rats, Rattus
norvegicus, of thewigtar strain weighing ranging from
200+5g wereused inthisexperiments. All theanimas
werefed on astandard rat feed and water ad Libitum.
Experimentd protocol wasapproved by theingtitutiona
animas’ ethics committee (IAEC) of Tamil University.

Extraction

Rhizome of Z. officinalewas purchased from the
local market. Therhizome (500 g) werecut into small
pieces and homogenized in a kitchen mixer using
50%ethanol (w/v). The homogenate was kept on wa-
ter bath at 70-80°C for 10-15 h with intermittent shak-
ing. Thehomogenate was centrifuged at 1500g for 10
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min and the supernatant was collected. Solventinthe
pool ed supernatant was compl etely evaporated at |ow
temperature using awater bath. Theresidue thusob-
tained (6.5 g, w/w) was used for the experiment(?.
(TABLEL).

Total weight of diet was kept constant throughout
theexperimenta period. Thechemicas(mercuricchlo-
rideand ginger) wereadministered orally to the experi-
mental animal sthrough cathedrd tube. After the sched-
uled treestments, the anima swere sacrificed by cervica
didocation and then thewhol e braintissuewasisolated
immediady inthecold room. Theisolated braintissue
was used for estimation of thefollowing parameters.

Estimation of lipid per oxidation

Theleve of lipid peroxidationin brain tissuewas
estimated with themethod of Nichansand Samud son®.
Whol e brain tissue homogenatewas prepared in Tris-
HCL buffer (pH 7.5). 1 ml of thetissue homogenate
wastakeninacleantest tubeand 2.0 ml of TBA-TCA-
HCL reagent was added and then mixed thoroughly.
Themixturewaskept in aboiling water bath (60°C)
for 15 minutes. After cooling, the mixturewas centri-
fuged at 1000 rpm for 10 minutesand the supernatant
wastaken to read the absorbance of the chromophore
at 535 nm against the reagent blank inaUV visible
spectrophotometer 1, 1°, 3, 3’ tetra methoxy propane
was used to construct the standard graph.

Estimation of reduced glutathione

Theglutathione(reduced) inwholebraintissuewas
determined according to the method of Beutler and
Kelleyt. Braintissuewashomogenized in PBSbuffer
solution and centrifuged at 2500 rpm for 5 minutes.
0.2ml of the sample (supernatant) wastakennaclean
test tubeand 1.8 ml of EDTA solution wasadded. To
this 3.0 ml of precipitating reagent was added and
mixed thoroughly and kept for 5 minutes before cen-
trifugation at 3000 rpm for 10 minutes. In each test
tube, 2.0 ml of thefiltratewastaken andtothis4.0 ml
of 0.3M disodium hydrogen phosphate sol ution and
1.0 ml of DTNB reagent were added. The appear-
ance of yellow color wasread at 412 nmin UV-vis-
ible spectrophotometer. A set of standard solution
containing 20-100 pg of reduced glutathione was
treated amilarly.
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TABLE 1: Experimental design

Group | Untreated control
Group |1 Mercuric Chloride treatment
Group 111

Group IV

Provided standard diet and clear water ad libitum and observed for 30 days

2mg / kg body weight. Oral administration daily upto 30 days

Post treatment of ethanolic ginger extract 200mg / kg body weight. Oral administration daily upto 15 days in mercury intoxicated rat
Ethanolic ginger extract alone treatment  200mg / kg body weight. Oral administration daily upto 15days

Estimation of glutathioneper oxidase

Theactivity of glutathione peroxidaseswas assayed
using the method of Rotruck et a .. Theliver tissue
washomogenizedin PBSbuffer and centrifuged a 2500
rpm for 5 minutes. 0.2 ml of the enzyme preparation
(supernatant) wastaken in aclean test tube, and then
was added thefoll owing enzyme mixture: Theenzyme
assay mixture contained 0.2 ml of phosphate buffer,
0.2ml of EDTA, 0.1 ml of sodium azide. Inthereac-
tion, themixturewas mixed well and kept at 37°Cfor
two minutesin anincubator. Then 0.2 ml of reduced
glutathione and 0.1 ml of H,O, were again added to
the above mixture and incubated at 37°C exactly for
10 minutes. Thereaction wasarrested by the addition
of 0.5 ml of 10% TCA. Reduced glutathione content
was estimated in the supernatant obtai ned after cen-
trifugation at 3000 rpm for 10 minutes. A blank was
prepared similarly towhich 0.2 ml of theenzymewas
added after theincubation period.

Estimation of catalase

Catalase was assayed colorimetrically with the
method of Sinha®!. The whole brain tissue was ho-
mogeni zed in phosphate buffer solution. 0.1 ml of the
homogenatewastakeninatest tubeand 1.0 ml of phos-
phate buffer was added. 0.4 ml of hydrogen peroxide
was added to the above mixture. After 30 and 60 sec-
onds 2.0 ml of dichromate acetic acid reagent was
added. Test tubes were kept in boiling water bath
(60°C) for 10 minutes. The mixturewas cooled imme-
diately intap water and thecolor wasat 620 nm against
areagent blank in UV-visible spectrophotometer.

Estimation of super oxidedismutase

Theactivity of superoxide dismutase was assayed
with themethod of Kakkar et al.*. Thebraintissue
was homogenized with3ml of 0.25M sucrosesolution
and centrifuged at 10,000 rpmin cold conditionfor 30
minutes. Thesupernatant wasdiayzed against TrisHCL
buffer (0.0025M, pH 7.4). The supernatant thus ob-

tained was used asany enzyme source.
Enzymeassay

Theassay mixture (2.0 ml) contained 1.2 ml of so-
dium pyrophosphate buffer, 0.1 ml of PMS, 0.3 ml of
NBT, 0.1 ml of enzyme preparation ( tissue homoge-
nate) and 0.3 ml of water. Thereaction was started by
the addition of 0.2 ml of NADH solution and then it
wasincubated at 30°C for 90 seconds. After incuba-
tionthereaction wasarrested by theaddition of 1.0 ml
of glacial acetic acid. Thereaction mixturewasstirred
and shakenwith 4.0 ml of n-butanol. The mixturewas
allowed to stand for 10 minutesand then centrifuged
for 15 minutesat 3000 rpm. After centrifugation, the
butanol layer was separated. The color intensity of the
chromogenwasmeasured a 560 nmin UV vishblespec-
trophotometer. Water was used as blank.

Satigtica sgnificancewaseva uated usngANOVA
followed by Duncan Multible Range Test (DMRT)
Duncan™,

RESULTS

LPO content of brain was significantly higher
(P<0.05) in mercury treaded animal as compared to
control. But supplementation of ginger Sgnificantly lower
inthemercury treated animal (P<0.05) ascompared to
mercury treated animal. No significant changeswas
observedintheginger donetreatment (TABLE 2).

Theglutathione (GSH) content inthebrainwasre-
duced inthe mercury treated animal (P<0.05) ascom-
pared to control. But the ginger supplementationin-
creased Sgnificantly inmercury treated animd (P<0.05)
ascompared to mercury treated animal. Ginger alone
treatment showsincreased glutathione (TABLE 2).

Thelevel of GPx wassignificantly declinedinthe
brain mercury treated animal (P<0.05) as compared
with control. The administration of ginger in mercury
intoxicated animal showed enhanced level of GPx ac-
tivity (P<0.05) ascompared with mercury treated ani-
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TABLE 2: Levd of lipid peroxidation and antioxidantsin thebrain tissue of ratstreated with mercuric chloridefollowed by

ginger

Parameters Control HgCl,  HgCI,+ ethanolic ginger extract Ethanolic ginger extract
Lipid peroxidation (nmoles/g wet tissue) 1.817+0.10 3.500+0.52* 1.734+0.06** 1.709+0.09
Reduced glutathione (umoles/g wet tissue) 30.588+0.9320.557+0.29* 30.853+0.74** 34.468+0.11
Glutathione peroxidase (uMoles/mg protein/min) 0.13+0.03 0.093+0.05* 0.135+0.03** 0.142+0.09
Catalase (uMoles/mg protein/min) 45.493+0.64 27.182+0.67* 46.250+0.69* * 48.352+0.69
Super oxide dismutase (Units/mg protein) 8.954+0.49 3.242+0.22* 9.255+0.01** 12.668+0.39

Meanz S.D of six individual observations. *Significance (P< 0.05) Group | compared with group I1. **Significance (P < 0.05)

Group || compared withgroup 111

mal. But ginger al onetreatment showstheincreased
level GPx activity inthebrain (TABLE 2).

Thelevd of SOD activity wass gnificantly decreased
inthemercury treated animal (P<0.05) as compared
with control. But supplementation of ginger enhanced
the SOD (P<0.05) as compared with mercury treat-
ment. Ginger donetreatment showstheincreased level
of SOD (TABLE 2).

In brain, mercury treatment reduced the catal ase
activity (P<0.05) ascompared with control but ginger
supplementioninmercury intoxicated animal increased
(P<0.05) ascompared with mercury treatment. Ginger
aonetreatment shows the enhanced level of catalase
(TABLE?2).

DISCUSSION

Brainisthemain organ for co-coordinating whole
body functions. Theaccumulation of heavy metd inthe
brainregion may interferewith the synthesisof specific
enzymeswhichisresponsiblefor brainfunctionandin
turn, produces neurological disorder including
“Alzhimers disease” and encephalopathy®. The oxida-
tivestressmight induce adefens veantioxidant system
inbrainleading to neurotoxicity. Heavy metd toxicity
mainly producescellular oxidationinanimasmainly due
to generation of freeradical 9™ and other neuro degen-
erativedisorderd®?1, Although the neurotoxic effect of
mercury arewell known, the underlying biochemical
and molecular mechanismthat leed toimpaired cdl func-
tion and nerve cell degenerationinthe central nervous
system and mercury induced oxi dative stress®!,

Theexistenceof oxidative stressinthebrainfol-
lowing mercury poisoning™! and haveidentified the
mitochondria e ectron transport chain not only asthe

target of mercury toxicity, but aso asthemost likely
site of generation of excess reactive oxygen species
(ROS)B,

Mercury generates highly toxic hydroxyl radicals
from the break down of hydrogen peroxide, which fur-
ther deplete glutathionestores*®. Thereisevidencethat
glutathione depl etion canlead to neurological damage;
Low levelsof glutathionehavebeenfoundin parkinson’s
diseaseand cerebral ischemiareperfusioninjury?,

Inthe present study, thelevel of LPO content was
increased and smultaneoudy GSH, GPx, CAT and SOD
activitieswerereducedinthebraintissuesof ratstrested
with mercuric chloridefor 30 days(TABLE 2). These
results suggested that mercury mainly induced oxida-
tive damagein the brain, because mercury probably
act asinducer of P450 isoenzymewhichissecreted by
liver organ. Mercury not only affect the neurons but
a so affect the hepatocytes. Induction of P450 enzyme
systemn by mercury may beresponsiblefor itsincreased
bio transformation to P= 0 andoguein hepatic cdl |59,
After thebio transformation takes placethe oxidative
damagewasa so occurred in braintissue. Thisresult
suggested that mercury induced lipid peroxidationin
brain could possibly result from an enhanced microso-
mal oxidativecapacity. Thuselevated leve of cytochrome
P450 would lead to high ratesof radical’s production,
which, inturn, would favor increased rates of lipid
peroxidation. After biotransformation, an enhancement
of oxygen ratical production may beensured; leading
toanincreased level of LPO content was noticed.

Anincreasedleve of LPO content hasmainly due
to high susceptihbility of brainto oxidativedisturbed. Be-
cause, it contains alarge amount of PUPA and con-
sumes 20% of the body oxygen®3. Moreover, in spite
of high amount of oxidative metabolism, brainhasa

BIOCHEMISTRY (mm—
A Indéan W



BCAIJ, 5(1) 2011

P.Muthukumran et al. 33

relatively low antioxidant defence systemi?4,

Oxygen freeradicalsand hydroperoxides coll ec-
tively termed asreactive oxygen species (ROS). ROS
are produced by the univalent reduction of dioxygen
to superoxide anion (O7,). Superoxide
disproportionativeto H,O, and O, catalysed by su-
peroxide dismutase (SOD). Mates?!! also observed
that the endogenous H,O, may be converted either
by catalase (CAT) or GPx to H,O. Otherwiseit may
generatethehighly reactivefree hydroxyl radical (OH-
). At thetime of mercury exposure, the brain tissue
was compl etely damaged dueto the decreased level
of SOD, CAT and GPx isoenzymes evidenced in
TABLE 2. Decreased level of antioxidant defense
systemmainly responsiblefor generating hydroxyl radi-
calsleading to promote oxidative damage by Fenton
reaction,

During therecovery period, (administration of gin-
ger onmercury intoxicated rats) thedteredleve of an-
tioxidant system wasrestored. Theincreased level of
LPO content in mercury intoxicated brain tissuewas
sgnificantly decreased to near normal level. Itindicates
that the braintissuewas d owly recovered fromtheef-
fect of mercuric chloridetoxicity.

Post treatment of ginger supplementation on mer-
cury fed animal sisoenzymes (GPx, CAT and SOD)
areelevated to reach near normal level. Theelevated
level of GPx convertsH,O, or other lipid peroxidesto
water or hydroxy lipidsandin the process, GSH iscon-
verted to oxidized glutathione (GSSG)' 2.

Antioxidants haveaproactive effect against tissue
injury in the pathogenesis of which LPO may bein-
volved. The antioxidant compounds like gingerols,
shogal s,ketone compounds and the phenolic com-
poundsof ginger wererespons blefor scavenging the
superoxideanion radical 5% and alsoAhmed et a .[!
explained that ginger exerts an antioxidant effect by
decreasing LPO andincreasing GSH levelsand main-
tainingthenorma level sof antioxidantsenzymes.

The present study demonstratesthat administration
of ginger hasathergpeutic rolein preventing mercury
induced oxidativestressin braintissue. Fromthesere-
sultswe concludethat ginger may beaprotectiverole
inbrain damageagang mercury induced oxidetivestress
inanimas.
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