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ABSTRACT

Behavior isanimportant end point for studying environmental toxicantsin
mammals because it can reveal effects on the nervous system. Therefore
present study was designed as a model to analyze the long lasting effects
of Methylmercury chloride in male animals with afocus on emotional be-
havior. Male albino rats of wistar strain were exposed orally to a dose of
2mg/kg of Methylmercury chloride, 100mg/kg Vitamin-E and 100mg/kg
Acetyl-L-Carnitine for 28 days. During this defined experimental period,
control and all the treated animals were subjected to standard Open Field
Apparatus for motor coordination on 0, 7", 15", 22 and 29" day for 5
minutes and four observations were recorded. Exploratory activity was
significantly declined in ratstreated with Methylmercury chloride as com-
pared to control animals, while asit was enhanced statistically in animals
subjected to vitamins. These results indicate that short-term, low doses of
Methylmercury in male albino rats can be detrimental to motor, emotional
or locomotor coordination. © 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

Mercury (Hg) isaubiquitousand hazardous envi-
ronmental contaminant found in ocean and freshwater
fish, shdllfish, and plantg* %229, The organic or me-
thylated form of Hg (methylmercury; MeHg) accounts
for most of the Hg to which humans are exposed!*®.
HgasMeHg getsrapidly absorbed from gastrointesti-
nal tract and isreadily transported into the brain where
itissequestered and gradually convertedintoinorganic
Hg. MeHg isapotent neurotoxicant known to cause
neuronal degeneration, and neocortical and cerebellar

granuleneurons, inparticular, arevery sendtivetoMeHg
exposureg210.14.18.30 One of the most severeintoxica
tionsever reported in humanswas dueto eating con-
taminated fish and shellfishfromtheMinimataBay in
Japaninthe 195053 "1, Autopsiesof affected adults
reveal ed extensive damage of the cerebellum and cor-
tical sulci™™, Intheearly 1970s, asecond significant
episode of MeHg poisoning occurred in Irag. Numer-
ousindividuasexposed to MeHg exhibited symptoms
comparableto theresidents OF MinimataBay!Y.
In1997, theU.S. Environmenta ProtectionAgency
(EPA) recommended areference dose of no morethan
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0.1 ng/kg body weight/day for MeHg exposure in the
human population®® 2, Thistrandaesinto limiting con-
sumption of food sourceswith MeHg contamination,
including freshwater fish and ocean fish such as Tund®
11, The perd stent contamination of our environment with
mercury indicatesthat mercury will remainbioavallable
asMeHg for decades, affecting current aswell asfu-
turegenerationst.

Studies using rodent anima modelshave proven
useful in simulating neurobehavioral effectsof MeHg
exposure?® 271, However most neurological effectsob-
served inrodents have been reported from studiesthat
utilized prenata exposureto MeHg 8 912, 13,15.20-22,28]
Still, comparatively littleisknown about the behaviora
effects of MeHg exposure on young adultsat low to
moderate exposurelevels.

Inthepresent sudy, malewistar ratswereexposed
to MeHgCl viagavage using adose of 2mg/kg body
weight. They were compared with age matched and
weight matched control (vehicleonly), ratsusing stan-
dard Open Field Behavior Test for emotional coordi-
nation. Itiswell known fromtheliteraturethat the cen-
tral nervous system (CNS) effectsof MeHg aretypi-
caly delayed in onset™.

MATERIALSAND METHODS

Animals

Fifty maleadult albinorats (Rattus norvegicus) of
thewigar strain (3 monthsold) weighing 200+20g were
elicited fromthe Centra Animal Breeding House, JN
Medica College, AMU, Aligarh andweredomiciledin
polyethylene plastic cages with paper cutting as bed-
ding and open wiretops. Fiveanima swere harboured
per cage. Ratswerefed rat chow for 28 days of accli-
mation. Ratswerefortuitoudy compartmentaized into
fiveweight- matched groups (10 ratsper group; mean
weights 200+20g), rats were endowed with tap water
andtheir designated dietsad libitum. Trestment groups
wereaboded inan animal dexterity with ambient room
temperature maintained at 24+2°C, humidity 50+5%
withal2 hlight/ 12 h dark cycle. Rat robustness, body
tonnage changes and daily feed intake by rats were
monitored daily until termination of the experiment.
Animalswereused according to the guidelines of the
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committee on careand use of experimental animal re-
sources. Theethics protocol was countenanced by the
|aboratory animal’s subsistence and usage committee
of JN Medical College, AMU, Aligarh.

Exposureto methylmercury and vitamins

Ratswere separated into fivegroupsof 10 animas
each. Group-1 received 0.9% normal saline by gav-
age, Group-2 received methylmercury chloride. Meth-
ylmercury chloridewasdissolvedin saline (1.25 mg/
ml) and ordly administered (2mg/ kg body weight) once
aday to 14 days and for the next 14 days rats were
kept untreated. Group-3 received 2mg/kg MeHgCl for
14 days and for the next 14 days they were treated
with 100mg/kg body weight of vitamin E. Group-4 re-
ceived 2mg/kg MeHgCl for 14 daysand for the next
14 daysthey weretreated with 100mg/kg body weight
of Acetyl-L-Carnitine. Group-5 received 2mg/kg
MeHgCl for 14 days and for the next 14 days they
weretreated with vitamin E plusAcetyl-L-Carnitinein
combination. Antioxidantswerealwaysinjected at a
gap of 30 minutesas per®. Thetotal treatment time
was 28 days.

The dose of MM C was sel ected based on recent
edimateof daily ingestioninanenvironmenta ly exposed
popul ation®4, We al so fol lowed the paper of %2,

Chemicals

Methylmercury chloride (CAS: 115-09-03) was
purchased fromsigma-Aldrich (St. Louis, MO, USA).
All other chemicalsused were of analytical grade or
purest quality purchased from Merck, Fluka, Himedia
or Loba.

After treatment, each animal of both thetreated and
control groups was exposed on 0 day, 7" day, 15"
day, 22™ day and 29" day for 5 minutesin the appara-
tus, and the ambul ation, preening, rearing and center
crossing responseswererecorded by athree-channeled
hand operated counter.

Openfield apparatus

OFB apparatus used in present study wassimilar
to that used by®™Y. Briefly it consisted of awooden,
circular open arena (82 cm diameter) surrounded by a
wall (31 cm high). Thewooden floor was marked with
three centric circleswhich weredivided into segments
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by linesradiating from the centre. These 25 units of
gpproximately equd szewere used to scoreambulation
of theanimal sduring thetest. Two types stimuli were
presented to theanimals: whilenoise (78 dB, Ref. In-
tengty 2 x 10*dyn/ cm?) was produced by an oscilla-
tor through four loud speakers; and light (165 FC) was
shown by four lamps. A translucent glass screen en-
closed thearenaon al sides, thefront side having a
glassdoor through which theanima swereplacedin
thearena

Satistical analysis

Theresultswere expressed as mean + SEM. Dif-
ferences between meansof control and treatment rats
wereandyzed using paired samplest-test. Theaccepted
level of significanceinal the caseswasp<0.05. Mean
+ SEM was analyzed by using SPSS package pro-
gram, version 10.01, SPSS, Chicago, IL.

RESULTS

Thelow dose of 2mg/kg M ethylmercury chlo-
ride produced overt signs of toxicity in treated rats.
The MeHgCl-treated rats showed signs of signifi-
cantly altered behavior compared to control rats. To
evaluate theratsfor more subtle changesin activity
levels, we used a standard behavior test named open
fidld activity.

Open field behavior study was observed with
MeHgCl toxicosisonthefollowing parameters

(DAmbulation (ii) Preening (iii) Rearingand (iv)
Center crossing

Ambulation

Significant decline(p< 0.05, 0.001 and 0.01) was
observed from the 7™ day of toxication. On 22™ and
29" day the decrease noti ced was maximum (-70.68%)
and (-95.59%) respectively, TABLE 1. In Group-3and
4 after 15" day when MeHg treated rats were given
vitamin E and Acetyl L-Carnitinerespectively for the
next 14 days, aremarkable elevation was found in
ambulation score of rats, Figure 1.

Preening

Preening activity al so showed remarkable decre-
ment (p< 0.05, 0.001 and 0.01) from 7" uptolast day

TABLE 1: Perturbation in theAmbulation scoreof therats
treated with M ethylmer cury Chloride (MM C) 2mg/kg body
weight, gavage for 28 days. Protection by Vitamin-E and
Acetyl-L-Carnitine (ALCAR).

Four observationsdaily for 10rats

MMC+
Control Days MMC '\Q/':At%r X:_hégg Vit-E+
ALCAR

21374033 2150 2172t 2175+

2180049 0 "NgT 015(NS) 0.12(NS) 0.35(NS)
1695+  17.08+ 1795t  16.99+

2375:064 7 0.27%*  022* (- 015%%  0.28**
(-28.63%) 28.08%) (-24.42%) (-28.46%)

1349+ 1698+ 1737+ 1452+

2243:031 15 030 039 045+  0.21*
(-39.850) (-24.29%) (-22.55%) (-35.26%)

639t 1820+ 1745t  19.91+

2209042 22 019  042**  050F QA7+
(-72.20%) (+20.83%) (+25.40%) (+13.39%)

096- 2033t 2018t 2173t

23.05:029 29 026°  0.250%% 021 042

-90. 0) (+1o. 0) (+1o. o) (+9. 0
95.99% 15.11% 15.74% 9.26%
*p<0.001 **p<001 ***p<0.05 NS=Nonsignificant

30 T O Control
BADIC
2% | 0 MMCVITE
3 T i 0MMC+ALC AR
~ @ M 0 MMC+VIT-E+ALC AR
: 201

[Sp]
1

[]__

0 DAY Tth DAY  15th DAY 2Ind DAY 19th DAY
Figurel: Effect of MM C on Ambulation activity in an open
field chamber. Valuesrepresent M ean=SEM of 10 animals.

of toxicosis, TABLE 2. Preening activity wasasoin-

creased with theinocul ation of anti oxidants after 15"
day in Group-3and 4, Figure 2.

Rearing

Therearing scorewasreported to show significant
depletion (p< 0.05, 0.001 and 0.01) from 15" day and
the maximum changewas observed on thelast day of
treatment (-73.55%) TABLE 3. After 15" day thein-
creasein therearing scorein Group-3 and 4 by vita-
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TABLE 2: Perturbation in the Preening score of therats
treated with M ethylmer cury Chloride (M M C) 2mg/kg body
weight, gavage for 28 days. Protection by Vitamin-E and
Acetyl-L-Carnitine(ALCAR).

> Regulor Paper

TABLE 3: Perturbation in the Rearing score of therats
treated with M ethylmer cury Chloride (MM C) 2mg/kg body
weight, gavage for 28 days. Protection by Vitamin-E and
Acetyl-L-Carnitine (ALCAR).

Four observations daily for 10 rats

Four observationsdaily for 10 rats

MM C+ MMC+
Control Days MMC '\Q/'Ytlcg M_“ég; Vit-E+ Control Days MMC '\Q/'Ytlgr XI L'\ég; Vit-E+
ALCAR ALCAR
6.13t0.35 6.20+ 6.42+ 6.27+ 7.74£052  7.66t 7.68+ 7.72
630019 0 "Ng) 014(N§ 024(NS 025(Ns) 00D 0 TNgT 069(NS) 0.29(NS) 0.18(NS)
2.16+ 3.3t 2.85¢ 2.63+ 7.42+ 7.28+ 7.30+ 7.3%¢
6.59+021 7  0.50*** 0.23** 0.39** 0.29** 7.724029 7 0.63 0.11 0.35 0.21
(-67.22%) (-49.77%) (-56.75%) (-60.09%) (NS) (NS) (NS) (NS)
1.03+ 1.42+ 1.36+ 1.22+ 5.21+ 4,94+ 5.17+ 5.09+
6.85£0.12 15  0.29** 0.19* 0.34* 0.33* 7.95+0.30 15 0.51*** 0.20%* 0.23** 0.46**
(-84.96%) (-79.27%) (-80.14%) (-82.18%) (-34.46%) (-37.86%) (-34.96%) (-35.97%)
0.86+ 5.49%+ 5.32 5.99+ 414+ 6.87+ 6.63+ 6.99+
6.97+0.30 22 0.45* 0.42%**  0.48**  0.30*** 7.89£0.62 22  0.42** 0.26%**  0.42¢**  0.53***
(-87.66%) (+21.23%) (+23.67%) (+14.06%) (-47.52%) (+12.92%) (+15.96%) (+11.40%)
0.65+ 6.72 6.44+ 6.98+ 2.01 7.52+ 7.39%+ 7.70
7.02£0.29 29 0.26* 0.35 0.36 0.36 7.92+0.47 29 0.29* 0.30 0.50 0.29
(-90.74%) (NS) (NS) (NS) (-74.62%) (NS) (NS) (NS)
*p<0001 **p<0.01 ***p<0.05 NS=Non significant *p<0.001 **p<001 ***p<0.05 NS=Non significant
8 1 0 Control 9 0 Control
BADC BMDMC
7 1 T 1 T B MMC-VITE 61 I T I I B MMCVILE
h B MMC-ALCAR OMMC-ALCAR
£ - - 0 MMC+VIT-E+ALCAR 71 B MMC-VITE+ALCAR
a2 6
397
: | [
] 4 4 }
g = 4 A
5 3-
1|
2 1 7
y 'L |

0DAY Tth DAY  15th DAY 2Ind DAY 29th DAY
Figure2: Effect of MM C on Preening activity inan open field
chamber. Valuesrepresent M ean+=SEM of 10 animals.

minswas maximum on 29" day, Figure 3.
Center crossing

Center crossing activity also showed anoticeable
change from 7" up to 29" day of toxicosis (p< 0.05,
0.001and 0.01) (-46.20%) upto (-79.30%) TABLE
4, Figure4.

Ameliorative effect of vitamin E(100mg/kg) plus
Acetyl L-Carniting(100mg/kg) in combinationwasaso
observed s multaneoudy on the above mentioned open
field parameters, the results analyzed were better as

0 DAY Tth DAY  15th DAY 22ndDAY  20th DAY
Figure3: Effect of MM C on Rearing activity in an open field
chamber. Valuesrepresent M ean+=SEM of 10 animals.

compared tovitaminsgiven separately.
DISCUSSION

Theresultsof the present study show that 2mg/kg
of methylmercury chlorideinduced marked decreases
inlocomotor activitiesintheopenfied. A sdient obser-
vaionwastha eventhelowest doseof themetd strongly
decreased locomotor activity intheopenfieldtest. In
the present study, we monitored assessment of motoric
behaviour inyoung maeratsorally exposed to 2mg/kg
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TABLE 4: Perturbation in the Center crossing scoreof the
ratstreated with M ethylmer cury Chloride (MM C) 2mg/kg
body weight, gavagefor 28 days. Protection by Vitamin-E and
Acetyl-L-Carnitine(ALCAR).

Four observationsdaily for 10rats

MMC+
Control Days MMC '\Q/'Ytlc; /L\\AL’\égE Vit-E+
ALCAR

4451029 420t 432 44z

4305121 0 TNy 033(NS) 0.60(NS) 040 (NS)
423 416+ 422+ 436+

4354125 7 032 0.30 0.52 0.44
(NS) (NS) (NS) (NS)

231t 220+ 211+ 218

4520092 15 11T%** 025 054 028+
(-48.89%) (-49.33%) (-53.31%) (-51.76%)

111+ 376+ 353 3.92:

449:035 22 126 021%**  036'** 0,36
(-75.27%) (+16.25%) (+21.38%) (+12.69%)

089t 397+ 382 439

485041 29 045°  042% 020 022
(-8L64%) (+18.14%) (+21.23%) (NS

*p <0.001
r-J‘ &

**p<001 ***p<0.05 NS=Non significant

0 Contral

B ADIC
"' B MMC-VIT-E
-|- B MMC-ALCAR

B MMC-VIT-E+ALC AR

[Sp]

0+

0 DAY Tth DAY  15th DAY I 1lud DAY I 19th DAY
Figure4: Effect of MM C on Center Crossing activity in an

open field chamber. Valuesr epresent MeanSEM of 10animals.

MeHgCl and compared to age-matched control rats.
We observed significant differencesin al thefour pa-
rameters of openfieldtest in thisstudy when MeHg-
treated rats were compared to control ones.

Mice, when exposed to anovel environment, will
typically explorethe new environment during thefirst
few minutesto get acquai nted with the new space and/
or try to find waysto escape™. In our experiment, the
first 5minof open field testing reveal ed decreased rate
of locomotor and exploratory activities for 2mg/kg
MeHgtreatedrats. Thesedataare cons stent with other

rodent studiesreported in theliteraturethat examined
horizontal exploration after exposureto MeHg®> %2835
38, 39]

Reduced |ocomotor activity observedinratsinopen
field suggestsalowered general arousal or increased
fearfulness. In caseof thistest, thedirection of thechange
found, i.e. areduction of locomotor activity isthesame
asthat observed by other authors. According to some
reports, perinatal MeHg exposureinratsresultsin re-
duced locomotor activity in males*Y. In mice, how-
ever, fema esarethe affected gender®.

Important issue in our study isthe link between
M eHg exposure and altered |ocomotion parameters.
Taking into account that it has been shown that ade-
creased locomotor and expl oratory activitiesreflects,
at leastin part, neurologica damageinduced by MeHg
exposure® 42, our datasuggest neurological damage
in MeHg-exposed ratsthrough our protocol of intoxi-
cation. Thereisevidencethat cerebellar cellsaretar-
geted sdl ectively by mercury compoundsinvivo® and
that MeHg neurotoxicity affectsthe motor system(*4,
Infact, therel ationship between M eHg-induced motor
deficitsand MeHg-induced cerebd lar damageisawdll-
described phenomenon!*?. Inthisregard, reported de-
creased locomotor activity inanimalsexposedto MeHg
during adulthood“® 41 and the early postnatd period“
isevident.

Inour study, thefrequencies of excrement defeca-
tion and urinetraceswere also increased by exposure
toMeHg. Itisconsdered asasignificant factor inthis
test. Our resultsarein agreement with astudy made
by!“. Thedistancewalked wasa so reduced. Thereis
aposs bility that the distancewaked inthe open- field
test reflectslower spontaneous|ocomotion activity.
However, no significant differencein spontaneous|o-
comotion activity evaluated in the home cage among
the treatment groupswas found. We considered that
theresult inthe open-field test i sindependent of spon-
taneous|ocomotion activity, andis caused presumably
by emotional stress.

CONCLUSION

Inconclusion, it wasclearly demonstrated that con-
tinuousord administration of MeHgCl (2.0 mg/Kg) for
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14 days caused behaviora changesinrats. Thusitis
evident that thisbehaviord test can beused aseffective
tool to measure subtle motor and coordination deficits
that result from exposureto moderate to low doses of
neurotoxicants. Wefound that MeHg producesadverse
effects in individuals that were exposed to the
neurotoxicant during early adulthood. It would bein-
teresting in future experimentsto determinethe affect
of such exposuresin aged populations, as we know
that fishformsamajor source of proteinintheageing
population, and fishisamajor sourceof MeHg. More-
over, itisrather likely that thischemica exertsitseffect
differently and that the devel opmental or behavioral
changesit inducesare based on theintegration of indi-
vidual functions, not theinteractive effect onasingle
function.Vitamin Eand Acetyl L-Carnitineby virtue of
their antioxidant properties decreased oxidative stress
caused by MeHgCl that in turnimproved emotional
behaviorinrats.
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