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KEYWORDSABSTRACT

Behavior is an important end point for studying environmental toxicants in
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 a focus 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, 7th, 15th, 22nd and 29th day for 5
minutes and four observations were recorded. Exploratory activity was
significantly declined in rats treated with Methylmercury chloride as com-
pared to control animals, while as it 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 Science Inc. - INDIA

INTRODUCTION

Mercury (Hg) is a ubiquitous and hazardous envi-
ronmental contaminant found in ocean and freshwater
fish, shellfish, and plants[4, 19, 23- 25]. The organic or me-
thylated form of Hg (methylmercury; MeHg) accounts
for most of the Hg to which humans are exposed[16].
Hg as MeHg gets rapidly absorbed from gastrointesti-
nal tract and is readily transported into the brain where
it is sequestered and gradually converted into inorganic
Hg. MeHg is a potent neurotoxicant known to cause
neuronal degeneration, and neocortical and cerebellar

granule neurons, in particular, are very sensitive to MeHg
exposure[2, 10, 14, 18, 30]. One of the most severe intoxica-
tions ever reported in humans was due to eating con-
taminated fish and shellfish from the Minimata Bay in
Japan in the 1950s[3, 7, 11]. Autopsies of affected adults
revealed extensive damage of the cerebellum and cor-
tical sulci[11]. In the early 1970s, a second significant
episode of MeHg poisoning occurred in Iraq. Numer-
ous individuals exposed to MeHg exhibited symptoms
comparable to the residents OF Minimata Bay[1].

In 1997, the U.S. Environmental Protection Agency
(EPA) recommended a reference dose of no more than
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0.1 µg/kg body weight/day for MeHg exposure in the

human population[3, 29]. This translates into limiting con-
sumption of food sources with MeHg contamination,
including freshwater fish and ocean fish such as Tuna[10,

17]. The persistent contamination of our environment with
mercury indicates that mercury will remain bioavailable
as MeHg for decades, affecting current as well as fu-
ture generations[6].

Studies using rodent animal models have proven
useful in simulating neurobehavioral effects of MeHg
exposure[26, 27]. However most neurological effects ob-
served in rodents have been reported from studies that
utilized prenatal exposure to MeHg[5, 8, 9, 12, 13, 15, 20-22, 28].
Still, comparatively little is known about the behavioral
effects of MeHg exposure on young adults at low to
moderate exposure levels.

In the present study, male wistar rats were exposed
to MeHgCl via gavage using a dose of 2mg/kg body
weight. They were compared with age matched and
weight matched control (vehicle only), rats using stan-
dard Open Field Behavior Test for emotional coordi-
nation. It is well known from the literature that the cen-
tral nervous system (CNS) effects of MeHg are typi-
cally delayed in onset[17].

MATERIALS AND METHODS

Animals

Fifty male adult albino rats (Rattus norvegicus) of
the wistar strain (3 months old) weighing 200±20g were

elicited from the Central Animal Breeding House, J N
Medical College, AMU, Aligarh and were domiciled in
polyethylene plastic cages with paper cutting as bed-
ding and open wire tops. Five animals were harboured
per cage. Rats were fed rat chow for 28 days of accli-
mation. Rats were fortuitously compartmentalized into
five weight- matched groups (10 rats per group; mean
weights 200±20g), rats were endowed with tap water

and their designated diets ad libitum. Treatment groups
were aboded in an animal dexterity with ambient room
temperature maintained at 24±2ºC, humidity 50±5%

with a 12 h light/ 12 h dark cycle. Rat robustness, body
tonnage changes and daily feed intake by rats were
monitored daily until termination of the experiment.
Animals were used according to the guidelines of the

committee on care and use of experimental animal re-
sources. The ethics protocol was countenanced by the
laboratory animal�s subsistence and usage committee

of J N Medical College, AMU, Aligarh.

Exposure to methylmercury and vitamins

Rats were separated into five groups of 10 animals
each. Group-1 received 0.9% normal saline by gav-
age, Group-2 received methylmercury chloride. Meth-
ylmercury chloride was dissolved in saline (1.25 mg/
ml) and orally administered (2mg/ kg body weight) once
a day 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 days and for the next
14 days they were treated 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
were treated with vitamin E plus Acetyl-L-Carnitine in
combination. Antioxidants were always injected at a
gap of 30 minutes as per[34]. The total treatment time
was 28 days.

The dose of MMC was selected based on recent
estimate of daily ingestion in an environmentally exposed
population[31]. We also followed the paper of[32].

Chemicals

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

After treatment, each animal of both the treated and
control groups was exposed on 0 day, 7th day, 15th

day, 22nd day and 29th day for 5 minutes in the appara-
tus, and the ambulation, preening, rearing and center
crossing responses were recorded by a three-channeled
hand operated counter.

Open field apparatus

OFB apparatus used in present study was similar
to that used by[51]. Briefly it consisted of a wooden,
circular open arena (82 cm diameter) surrounded by a
wall (31 cm high). The wooden floor was marked with
three centric circles which were divided into segments
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by lines radiating from the centre. These 25 units of
approximately equal size were used to score ambulation
of the animals during the test. Two types stimuli were
presented to the animals: while noise (78 dB, Ref. In-
tensity 2 x 10-4 dyn / cm2) 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 the arena on all sides, the front side having a
glass door through which the animals were placed in
the arena.

Statistical analysis

The results were expressed as mean ± SEM. Dif-

ferences between means of control and treatment rats
were analyzed using paired samples t-test. The accepted
level of significance in all the cases was p<0.05. Mean
± SEM was analyzed by using SPSS package pro-

gram, version 10.01, SPSS, Chicago, IL.

RESULTS

The low dose of 2mg/kg Methylmercury 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 the rats for more subtle changes in activity
levels, we used a standard behavior test named open
field activity.

Open field behavior study was observed with
MeHgCl toxicosis on the following parameters

(i)Ambulation (ii) Preening (iii) Rearing and (iv)
Center crossing

Ambulation

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

Preening

Preening activity also showed remarkable decre-
ment (p< 0.05, 0.001 and 0.01) from 7th upto last day

of toxicosis, TABLE 2. Preening activity was also in-
creased with the inoculation of antioxidants after 15th

day in Group-3 and 4, Figure 2.

Rearing

The rearing score was reported to show significant
depletion (p< 0.05, 0.001 and 0.01) from 15th day and
the maximum change was observed on the last day of
treatment (-73.55%) TABLE 3. After 15th day the in-
crease in the rearing score in Group-3 and 4 by vita-

TABLE 1 : Perturbation in the Ambulation score of the rats
treated with Methylmercury Chloride (MMC) 2mg/kg body
weight, gavage for 28 days: Protection by Vitamin-E and
Acetyl-L-Carnitine (ALCAR).

Four observations daily for 10 rats 

Control Days MMC 
MMC+ 
Vit-E 

MMC+ 
ALCAR 

MMC+ 
Vit-E+ 

ALCAR 

21.800.49 0 
21.370.33 

(NS) 
21.50 

0.15 (NS) 
21.72 

0.12 (NS) 
21.75 

0.35 (NS) 

23.750.64 7 
16.95 
0.27***       

(-28.63%) 

17.08 
0.22** (-
28.08%) 

17.95 
0.15***         

(-24.42%) 

16.99 
0.28**           

(-28.46%) 

22.43±0.31 15 
13.49± 
0.30**     

(-39.85%) 

16.98± 
0.39*             

(-24.29%) 

17.37± 
0.45**           

(-22.55%) 

14.52± 
0.21*                 

(-35.26%) 

22.99±0.42 22 
6.39± 
0.19*       

(-72.20%) 

18.20± 
0.42*** 

(+20.83%) 

17.15± 
0.50* 

(+25.40%) 

19.91± 
0.17*** 

(+13.39%) 

23.95±0.29 29 
0.96± 
0.26*       

(-95.99%) 

20.33± 
0.25*** 

(+15.11%) 

20.18± 
0.21*** 

(+15.74%) 

21.73± 
0.42 

(+9.26%) 
*p < 0.001    ** p < 0.01     *** p < 0.05    NS= Non significant

Figure 1 : Effect of MMC on Ambulation activity in an open
field chamber. Values represent MeanSEM of 10 animals.
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compared to vitamins given separately.

DISCUSSION

The results of the present study show that 2mg/kg
of methylmercury chloride induced marked decreases
in locomotor activities in the open field. A salient obser-
vation was that even the lowest dose of the metal strongly
decreased locomotor activity in the open field test. In
the present study, we monitored assessment of motoric
behaviour in young male rats orally exposed to 2mg/kg

TABLE 2 : Perturbation in the Preening score of the rats
treated with Methylmercury Chloride (MMC) 2mg/kg body
weight, gavage for 28 days: Protection by Vitamin-E and
Acetyl-L-Carnitine (ALCAR).

Four observations daily for 10 rats 

Control Days MMC 
MMC+ 
Vit-E 

MMC+ 
ALCAR 

MMC+ 
Vit-E+ 

ALCAR 

6.300.19 0 6.130.35 
(NS) 

6.20 
0.14 (NS) 

6.42 
0.24 (NS) 

6.27 
0.25 (NS) 

6.590.21 7 
2.16 

0.50***       
(-67.22%) 

3.31 
0.23**     

(-49.77%) 

2.85 
0.39**         

(-56.75%) 

2.63 
0.29**           

(-60.09%) 

6.85±0.12 15 
1.03± 
0.29**     

(-84.96%) 

1.42± 
0.19*             

(-79.27%) 

1.36± 
0.34*           

(-80.14%) 

1.22± 
0.33*                 

(-82.18%) 

6.97±0.30 22 
0.86± 
0.45*       

(-87.66%) 

5.49± 
0.42*** 

(+21.23%) 

5.32± 
0.48*** 

(+23.67%) 

5.99± 
0.30*** 

(+14.06%) 

7.02±0.29 29 
0.65± 
0.26*       

(-90.74%) 

6.72± 
0.35 
(NS) 

6.44± 
0.36 
(NS) 

6.98± 
0.36 
(NS) 

*p < 0.001    ** p < 0.01     *** p < 0.05    NS= Non significant

Figure 2 : Effect of MMC on Preening activity in an open field
chamber. Values represent MeanSEM of 10 animals.

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

Four observations daily for 10 rats 

Control Days MMC 
MMC+ 
Vit-E 

MMC+ 
ALCAR 

MMC+ 
Vit-E+ 

ALCAR 

7.600.25 0 7.740.52 
(NS) 

7.66 
0.69 (NS) 

7.68 
0.29 (NS) 

7.72 
0.18 (NS) 

7.720.29 7 
7.42 
0.63        
(NS) 

7.28 
0.11 
(NS) 

7.30 
0.35         
(NS) 

7.39 
0.21           
(NS) 

7.95±0.30 15 
5.21± 

0.51***     
(-34.46%) 

4.94± 
0.20**             

(-37.86%) 

5.17± 
0.23**           

(-34.96%) 

5.09± 
0.46**                 

(-35.97%) 

7.89±0.62 22 
4.14± 
0.42**       

(-47.52%) 

6.87± 
0.26*** 

(+12.92%) 

6.63± 
0.42*** 

(+15.96%) 

6.99± 
0.53*** 

(+11.40%) 

7.92±0.47 29 
2.01± 
0.29*       

(-74.62%) 

7.52± 
0.30 
(NS) 

7.39± 
0.50 
(NS) 

7.70± 
0.29 
(NS) 

*p < 0.001    ** p < 0.01     *** p < 0.05    NS= Non significant

Figure 3 : Effect of MMC on Rearing activity in an open field
chamber. Values represent MeanSEM of 10 animals.

mins was maximum on 29th day, Figure 3.

Center crossing

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

Ameliorative effect of vitamin E(100mg/kg) plus
Acetyl L-Carnitine(100mg/kg) in combination was also
observed simultaneously on the above mentioned open
field parameters, the results analyzed were better as
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MeHgCl and compared to age-matched control rats.
We observed significant differences in all the four pa-
rameters of open field test in this study when MeHg-
treated rats were compared to control ones.

Mice, when exposed to a novel environment, will
typically explore the new environment during the first
few minutes to get acquainted with the new space and/
or try to find ways to escape[50]. In our experiment, the
first 5 min of open field testing revealed decreased rate
of locomotor and exploratory activities for 2mg/kg
MeHg treated rats. These data are consistent with other

rodent studies reported in the literature that examined
horizontal exploration after exposure to MeHg[5, 9, 28, 35,

38, 39].
Reduced locomotor activity observed in rats in open

field suggests a lowered general arousal or increased
fearfulness. In case of this test, the direction of the change
found, i.e. a reduction of locomotor activity is the same
as that observed by other authors. According to some
reports, perinatal MeHg exposure in rats results in re-
duced locomotor activity in males[41]. In mice, how-
ever, females are the affected gender[5].

Important issue in our study is the link between
MeHg exposure and altered locomotion parameters.
Taking into account that it has been shown that a de-
creased locomotor and exploratory activities reflects,
at least in part, neurological damage induced by MeHg
exposure[35, 42], our data suggest neurological damage
in MeHg-exposed rats through our protocol of intoxi-
cation. There is evidence that cerebellar cells are tar-
geted selectively by mercury compounds in vivo[43] and
that MeHg neurotoxicity affects the motor system[44].
In fact, the relationship between MeHg-induced motor
deficits and MeHg-induced cerebellar damage is a well-
described phenomenon[45]. In this regard, reported de-
creased locomotor activity in animals exposed to MeHg
during adulthood[46, 47] and the early postnatal period[48]

is evident.
In our study, the frequencies of excrement defeca-

tion and urine traces were also increased by exposure
to MeHg. It is considered as a significant factor in this
test. Our results are in agreement with a study made
by[49]. The distance walked was also reduced. There is
a possibility that the distance walked in the open- field
test reflects lower spontaneous locomotion activity.
However, no significant difference in spontaneous lo-
comotion activity evaluated in the home cage among
the treatment groups was found. We considered that
the result in the open-field test is independent of spon-
taneous locomotion activity, and is caused presumably
by emotional stress.

CONCLUSION

In conclusion, it was clearly demonstrated that con-
tinuous oral administration of MeHgCl (2.0 mg/Kg) for

TABLE 4 : Perturbation in the Center crossing score of the
rats treated with Methylmercury Chloride (MMC) 2mg/kg
body weight, gavage for 28 days: Protection by Vitamin-E and
Acetyl-L-Carnitine (ALCAR).

Four observations daily for 10 rats 

Control Days MMC 
MMC+ 
Vit-E 

MMC+ 
ALCAR 

MMC+ 
Vit-E+ 

ALCAR 

4.301.21 0 4.450.29 
(NS) 

4.29 
0.33 (NS) 

4.32 
0.60 (NS) 

4.42 
0.40 (NS) 

4.351.25 7 
4.23 
0.32        
(NS) 

4.16 
0.30 
(NS) 

4.22 
0.52         
(NS) 

4.36 
0.44           
(NS) 

4.52±0.92 15 
2.31± 

1.11***     
(-48.89%) 

2.29± 
0.25*             

(-49.33%) 

2.11± 
0.54*           

(-53.31%) 

2.18± 
0.28**                 

(-51.76%) 

4.49±0.35 22 
1.11± 
1.26**       

(-75.27%) 

3.76± 
0.21*** 

(+16.25%) 

3.53± 
0.36*** 

(+21.38%) 

3.92± 
0.36*** 

(+12.69%) 

4.85±0.41 29 
0.89± 
0.45*       

(-81.64%) 

3.97± 
0.42** 

(+18.14%) 

3.82± 
0.29*** 

(+21.23%) 

4.39± 
0.22 
(NS) 

*p < 0.001    ** p < 0.01     *** p < 0.05    NS= Non significant

Figure 4 : Effect of MMC on Center Crossing activity in an
open field chamber. Values represent MeanSEM of 10 animals.
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14 days caused behavioral changes in rats. Thus it is
evident that this behavioral test can be used as effective
tool to measure subtle motor and coordination deficits
that result from exposure to moderate to low doses of
neurotoxicants. We found that MeHg produces adverse
effects in individuals that were exposed to the
neurotoxicant during early adulthood. It would be in-
teresting in future experiments to determine the affect
of such exposures in aged populations, as we know
that fish forms a major source of protein in the ageing
population, and fish is a major source of MeHg. More-
over, it is rather likely that this chemical exerts its effect
differently and that the developmental or behavioral
changes it induces are based on the integration of indi-
vidual functions, not the interactive effect on a single
function.Vitamin E and Acetyl L-Carnitine by virtue of
their antioxidant properties decreased oxidative stress
caused by MeHgCl that in turn improved emotional
behavior in rats.

ACKNOWLEDGEMENTS

The present study was partially supported by Uni-
versity Grants Commission (UGC) in Aligarh, India.
There is no conflict of interest that we should disclose.
Shabnum Nabi expresses her thanks to Dr Anjum Ara
and Dr Shamim Jahan Rizvi for literature retrieval.

REFERENCES

[1] L.Amin-Zaki, S.Elhassani, M.A.Majeed,
T.W.Clarkson, R.A.Doherty; M.Intra-Uterine Me-
thylmercury Poisoning in Iraq, Pediatrics, 54, 587-
595 (1974).

[2] F.Bakir, S.F.Damulji, L.Amin-Zaki, A.Murtadha,
M.Khalidi, T.W.Clarkson, J.C.Smith; Methylmer-
cury Poisoning in Iraq, Science, 181, 230-241
(1973).

[3] T.W.Clarkson; Environ.Health Perspect., 110, 11-
23 (2002).

[4] R.Eisler; Rev.Environ.Contam.Toxicol., 181, 139-
198 (2004).

[5] S.Goulet, F.Y.Dore, M.E.Mirault;
Neurotoxicol.Teratol., 25, 335-347 (2003).

[6] P.Grandjean, P.J.Weihe; Environ.Res., 77, 67
(1998).

[7] M.Harada; Crit.Rev.Toxicol., 10, 1-24 (1995).

[8] K.Kakita, M.Wakabayashi, Y.Su, M.Yoneoka,
F.Sakamoto, H.Ikuta, H.Takahashi; Brain Res., 877,
322-330 (2000).

[9] C.Y.Kim, K.Nakai, Y.Kasanuma, H.Satoh;
Neurotoxicol.Teratol., 22, 297-403 (2000).

[10] T.L.Linke, W.D.Atchison; Toxicol.Appl.Pharmacol.,
178, 52-61 (2002).

[11] H.Matsumoto, T.Takeuchi;
J.Neuropathol.Exp.Neurol., 24, 563-564 (1965).

[12] M.C.Newland, E.B.Rasmussen;
Neurotoxicol.Tratol., 22, 819-828 (2000).

[13] M.C.Newland, P.A.Reile, J.L.Langston;
Neurotoxicol.Teratol., 26, 179-94 (2004).

[14] J.B.Nielsen; J.Toxicol.Environ.Health, 37, 85-22
(1992).

[15] E.B.Rasmussen, M.C.Newland;
Neurotoxicol.Teratol., 23, 45-55 (2001).

[16] D.C.Rice; Environ.Health Perspect., 103, 71-87
(1995).

[17] D.C.Rice; Neurotoxicology, 17, 139-154 (1996).
[18] H.Rikuzo, O.Mitsuhiro; Minimata Disease and

Other Mercury Syndromes, In Toxicology of Met-
als, Ed. L.W.Chang, Boca Raton, FL: CRC Press,
337-351 (1996).

[19] J.F.Risher, H.E.Murray, G.R.Prince;
Toxicol.Industrial Health, 18, 109-160 (2002).

[20] A.D.Rossi, E.Ahlbom, S.O.Ogren, P.Nicotera;
Exp.Brain Res., 117, 428-436 (1997).

[21] M.Sakamoto, A.Kakita, K.Wakabayashi,
H.Takahashi, A.Nakano, H.Akagi; Brain Res., 949,
51-59 (2002).

[22] P.Salvaterra, B.Lown, J.Morganti, E.J.Massaro;
Acta.Pharmacol.Toxicol., 33, 177-190 (1973).

[23] C.Sanfeliu, J.Sebastia; Neurotoxicology, 22, 317-
327 (2001).

[24] B.J.Shenker, T.L.Guo, I.M.Shapiro; Environ.Res.,
77, 149-59 (1998).

[25] S.D.Siciliano, A.Sangster, C.J.Daughney, L.Loseto,
J.J.Germida, A.N.Renez, N.J.O�Driscoll, D.R.Lean;

J.Environ.Qual., 32, 2085-2094 (2003).
[26] J.M.Spyker, M.Smithberg; Teratology, 5, 181-190

(1972).
[27] J.M.Spyker, S.B.Sparber, A.M.Goldberg; Science,

177, 621-623 (1972).
[28] M.Q.Su, G.T.Okita; Toxicol.Appl.Pharmacol., 38,

195-205 (1976).
[29] EPA; (U.S.Environmental Protection Agency) Mer-

cury Study Report to Congress, Vol. IV: An As-
sessment of Exposure to Mercury in the United
States, EPA-452/R-97-006, Washington, DC:



.212 Coordination impairment by methylmercury chloride

Regular Paper
RRBS, 5(4) 2011

U.S.Environmental Protection Agency, Office of Air
Quality Planning and Standards and Office of Re-
search and Development, (1997).

[30] Y.Yuan, W.D.Atchison; J.Pharmacol.Exp.Ther.,
288, 1015-1025 (1999).

[31] C.J.S.Passos, D.S.Sampaio, M.Lemire, M.Fillion,
J.R.D.Guimaraes, M.Lucotte, D.Mergler;
Exp.Sci.Environ.Epidemiol., 18, 76-87 (2008).

[32] L.W.Chang, R.Suber;
Bull.Environm.Contam.Toxicol., 29, 285-289
(1982).

[33] O.H.Lowry, N.J.Rosebrough, A.L.Farr,
R.J.Randall; J.Biol.Chem., 193(1), 265-275 (1951).

[34] P.P.Sood, C.Bapu, N.Sinha, A.P.Rao;
J.Nutri.Environ.Med., 7, 155-162 (1997).

[35] F.Y.Dore, S.Goulet, A.Gallagher, P.O.Harvey,
J.F.Cantin, T.D�Aigle, M.E.Mirault;

Neurotoxicol.Teratol., 23, 463-472 (2001).
[36] S.Goulet, F.Y.Dore, M.E.Mirault;

Neurotoxicol.Teratol., 25, 335-47 (2003).
[37] C.Y.Kim, K.Nakai, Y.Kasanuma, H.Satob;

Neurotoxicol.Teratol., 22, 297-403 (2000).
[38] B.A.Lown, J.B.Morganti, C.H.Stineman,

E.J.Massaro; Gen.Pharmacol., 8, 97-101 (1977).
[39] M.E.Pereira, V.M.Morsch, R.S.Christofari,

J.B.T.Rocha; Bull.Environ.Contam.Toxicol., 63,
256-262 (1999).

[40] M.Q.Su, G.T.Okita; Toxicol.Appl.Pharmacol., 38,
195-205 (1976).

[41] A.F.Castoldi, N.Onishchenko, C.Johansson,
T.Coccini, E.Roda, M.Vahter, S.Ceccatelli,
L.Manzo; Regul.Toxicol.Pharmacol., 51(2), 215-29
(2008).

[42] L.Gimenez-Llort, E.Ahlbom, E.Dare, M.Vahter,
S.Ogren, S.Ceccatelli; Environ.Toxicol.Pharmacol..
9, 61-70 (2001).

[43] C.Sanfeliu, J.Sebastia, R.Cristofol, E.Rodriguez-
Farre; Neurotox.Res., 5, 283-305 (2003).

[44] P.Grandjean, P.Weihe, R.F.White, F.Debes, S.Araki,
K.Yokoyama, K.Murata, N.Sorensen, R.Dahl,
P.J.Jorgensen; Neurotoxicol.Teratol., 19, 417-428
(1997).

[45] M.Sakamoto, A.Nakano, Y.Kajiwara, I.Naruse,
T.Fujisaki; Environ.Res., 61, 43-50 (1993).

[46] M.O.Dietrich, C.E.Mantese, G.D.Anjos,
D.O.Souza, M.Farina; Environ.Toxicol.Pharmacol.,
19, 169-175 (2005).

[47] M.Farina, V.Cereser, L.V.Portela, A.Mendez,
L.O.Porciu´ncula, J.Fornaguera, C.A.Goncalves,

S.T.Wofchuk, J.B.T.Rocha, D.O.Souza;
Toxicol.Pharmacol., 19, 249-253 (2005c).

[48] C.B.Manfroi, F.D.Schwalm, V.Cereser, F.Abreu,
A.Oliveira, L.Bizarro, J.B.Rocha, M.E.Frizzo,
O.Souza, M.Farina; Toxicol.Sci., 81, 172-178
(2004).

[49] S.Norio, O.Takashi, N.Kunihiko, K.Akiyoshi,
N.Tomoyuki, S.Keita, K.Satomi, S.Miyuki,
K.Naoyuki, S.Chieko, S.Hiroshi; Arch.Toxicol., 82,
387-397 (2008).

[50] J.N.Crawley; Brain Res., 835, 18 (1999).
[51] H.C.Holland, B.D.Gupta; Anim.Behav., 14, 574-580

(1966).


