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ABSTRACT
Developmental origin of Health and Disease (DOHAD) hypothesis suggests that early life influences appear as the roots
for placing the offspring at a high risk of perinatal mortality. Methylmercury (MeHg) is ubiquitous and persistent
environmental pollutant and food contaminant. It’s neurotoxic, especially for the developing nervous system. Contrasting
studies on the toxic effects of methymercury (MeHg) during developmental stages of Wistar rats, lead us to investigate the
neurofunctional effects caused by its gestational exposure, devoid of any overt sign of toxicity and / or gross malformation.
The present neurofunctional/behavioral effects in the offspring on postnatal day (PND) (1-28) were investigated following
maternal exposure to methylmercury (0.5, 1.0 and 1.5 mg.kg/day) by oral gavages from gestation day (GD) 15 to till
parturition. Slowness of surface righting reflex and pivoting was gender specific with significantly observed in male
offspring only. The offspring’s motor ability was investigated using rota rod shows dose dependent significant reduction
in latency to fall (sec.) or spent shorter time on rotating rod (10 RPM; cut-off time: 60s) in male offspring. There were
significant reductions in forelimb hanging time, significant increases in hindlimb foot splay in female offspring and
reductions in forelimb hanging time with MeHg treatment groups was observed. Significantly increases in CNS activity
and excitability by measuring numbers of rear in either sex with high dose MeHg treatment group. These results, combined
with those of our earlier study, suggest that gestational exposure would enhance the MeHg-induced maternal and
embryo/fetal toxicity, confirmed the high-teratogenic potential along with postnatal neurofunctional/behavioral
measurements revealed gender and dose specific impairment of neurofunctional/behavioral performance in offspring of
mothers suggest to pay increased attention to MeHg concerning its exogenous use during pregnancy.
Keywords: methylmercury, gestational exposure, neurofunctional/behavioral assessment, rat.
INTRODUCTION
Developmental origin of Health and Disease (DOHAD)
hypothesis suggests that early life influences appear as the
roots for placing the offspring at a high risk of perinatal
mortality. Such early life exposures cause long lasting
health effects worsening the quality of life. Due to more
hazardous contaminants in our environment, human beings
have higher probabilities to be exposed to toxic agents
starting at the fertilization throughout the whole life.
During the gestational period, mammal’s embryo/foetus
can be exposed through the maternal intake of toxic
compounds. In animal studies, it has been shown that both
persistent and non-persistent xenobiotics can induce
disruption of brain development when administrated
during a period of rapid brain growth in the neonatal rat.
During this period it has been established that xenobiotics
can cause persistent changes in behavior and brain
receptors. It is the presence of the chemicals during a
defined period of neonatal brain development that induces
persistent brain disorders. Methylmercury (MeHg), an
organic methylated form of mercury, exists in aquatics
receiving industrial wastes containing mercury, is a global
pollutant with known effects on the CNS, especially when
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the exposure occurs at early developmental stages, as
demonstrated in the Minamata and Iraq episodes1-4.
Recently, epidemiological studies evaluated the
neurocognitive outcomes of MeHg exposure on fish-eating
populations and non-fish-eating populations5,6, without
conclusive results. Mercury (Hg2+) compounds including
methylmercury (MeHg) induce neurodegeneration,
oxidative stress, alterations in gene expression and
declines in immune function, processes that are often
associated with the aging process in aquatic animals and
humans7-10. It is widely recognized that the nature and
severity of responses to toxic exposure are age-dependent.
Animal studies show that early life history stage,
especially embryonic, exposures to toxic chemicals are
extremely deleterious due to the high sensitivity of actively
developing organ systems11-15. Developmental exposure to
environmental pollutants has been associated with the
onset of cognitive disturbances, due to the sensitivity of the
immature central nervous system (CNS) to external insults.
Data from experimental studies suggests that neonatal
exposure to low-doses of MeHg is associated with visual,
memory, and social alterations in nonhuman primates16-18,
memory deficits, and depressive-like behaviour in mice19

Dinesh et al. / Neurofunctional Effects of…
and at higher doses (>3,000 μg/kg/day) severe motor
dysfunction and cognitive deficits20. Rats, due to their
toxicokinetics, must consume 10-fold higher doses of
MeHg than humans, nonhuman primates, and mice to
achieve similar brain Hg levels and present neurotoxic
effects21,22. Experimental evidence from pregnant rats
exposed to daily doses of 500 μg/kg of MeHg showed that
MeHg levels in the brain of pups reached concentrations in
the range of MeHg levels found in the brains of infants
from populations exposed through fish consumption22,23.
Very few animal studies have been examined the potential
adverse effects of MeHg on the developing offspring
taking into account the human exposure scenario of
chronic ingestion of MeHg through the consumption of
contaminated fish. Numerous experiments using
laboratory animals have confirmed, especially earlier
ones24-28, the toxic effect of MeHg on reproduction and
offspring neurobehavioral functions, for only a brief period
during gestation. In addition, the endpoints evaluated were
often limited in scope. The selection of dose levels, manner
of administration and duration of exposure will directly
impact on the outcomes being measured. MeHg is toxic to
embryotoxic and fetal tissues and can induce embryonal
and teratogenic effects in golden hamsters29, cats30, rats31
and mice32,33. Several animal studies indicates a strong
correlation between exposure to toxic elements such as
arsenic34-36 or mercury21, 22, 37-41in utero and increased
incidence of adverse effects on the development of fetuses
and neurobehavioral outcomes. Despite knowledge of the
adverse effects on the CNS caused by exposure to high
doses of MeHg, there is a gap in knowledge of the
detrimental effects of low and continual MeHg exposure
during gestation and early postnatal life. The majority of
studies evaluated the outcomes at one developmental
stage, in some cases finding effects that were not assessed
later in life, leaving as an open possibility the amelioration
or worsening of the observed effects. Therefore, it is
important to determine whether gestational exposure to
MeHg produce dose-dependent effects on developmental
and neurobehavioral, to support studies in humans and
evaluate actions to reduce exposure to MeHg and to apply
early interventions to decrease the long-term harmful
effects of MeHg. We used a rat model exposed to MeHg
from gestational day (GD) 15 to till parturition; the
offspring were exposed through the mother, by gavages.
The exposure period, doses, and administration routes
were chosen to resemble the occurrence of exposures in
humans during development. ; in addition, we assess the
effect of prenatal exposure of MeHg on 15th day of
gestation (GD15), it’s a period of timing of histogenesis
and synaptogenesis has a detrimental impact on fetal brain
development and subsequently early physical and
neurobehavioral outcomes
MATERIALS AND METHODS
Animals
Mature male and female Wistar Albino rat weighing 180200g were obtained from National Institute of
occupational health (NIOH) breeding colony. After oneweek acclimation in the laboratory, female rats were mated

with males (2:1) overnight and examined the following
morning for vaginal smears. Vaginal smears were taken
daily between 9 a.m. and 10 rats a.m. from mated females.
On the day when spermatozoa in the vaginal smear were
found, the female was weighted and this day was regarded
as the first day of gestation (GD0). During all the
experimental period, rats were placed in an animal room
(temperature 22  2c, relative humidity of 65 ± 5%, and
12h light/dark cycle), with free access to food (Purina lab
chow) and tap water. The study was approved by the
Institutional Animal Ethics Committee (IAEC) and the
experiments were performed in accordance the guidelines
of the Committee for the Purpose of Control and
Supervision of Experimental Animals (CPCSEA), India.
Study Design
Mated female Wistar albino rats were dosed daily with
MeHg from GD15 to till parturition. Developmental and
Behavioral parameters were assessed in pups from PND1
to PND35
Chemicals and dosing
Pregnant animals were treated with MeHg (Sigma Aldrich,
USA) at doses of 0.5, 1.0 and 1.5 mg/kg/day by gavages
from GD15 till parturition. Control group received 0.9%
saline water throughout treatment period.
Exposure and exposure control
In all experimental groups the exposure was carried out
from the 15 day of gestation (GD15) until the parturition.
All experiments were performed on Wister albino rats and
the maternal cohort in experiment (exposure to MeHg)
consisted 22 pregnant females separated into four groups;
a control group (n=6), 0.5 mg.kg/day MeHg group (n=5);
1.0mg/kg/day MeHg group (n=5) and 1.5mg/kg/day
MeHg group (n=6). The level of the dose was based on
data showing that at this exposure level, the mercury
concentration in newborn rats was comparable to that of
found in human infants from populations with high dietary
fish consumption22,42.
Observation made during pregnancy
Details of distribution and fate of all mated rats were given
in Table: 1. Beginning on GD20, dams were inspected
frequently between 0800 and 2000h for birth until
delivery, each presumably pregnant female was checked
twice daily for completion of or difficulties in parturition.
The day of parturition was defined as postnatal day
(PND0), meaning the maximum resolution for gestational
length was one half day. The pups were counted, examined
for gross malformation and weighed individually. Pups
body weight and maternal behavior was recorded daily
during nursing. The offspring was considered the
experimental unit. After parturition, the neonates were
observed for mortality and signs of toxicity. Assessment of
the reproduction success; offspring’s morphological
development and maternal behaviors were assessed as
earlier reported37,38.
Neurobehavioral evaluation of pups
Forty pups of either sex (twenty each) were randomly
chosen from each treatment groups to perform functional
and behavioral development measurements on pre and
post-weaning observations and testing on certain postnatal
days. Pre-weaning observations and testing such as on set
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of reflexes or reflexological Tests such as righting reflex
on PND4, 6, 8, Cliff Avoidance Reflex (PND10) ,
Auditory Startle (PND7, 15), Negative Geotaxis (PND10),
Forelimb and Hindlimb Grasp (PND11), and Mid-Air
Righting Reflex (PND13); sensory development test such
as startle response on PND11,13; spontaneous movements
(Motor activity) test such as pivoting onPND7, 9, 11;
motor and coordination/neuromuscular maturation test
such as swimming performance or ontology on PND6.
Post-weaning observations and Testing such as rotarod test
(PND20) Motor coordination and balance were assessed
by using a computerized software base controlled system
(Columbus Instruments-Rotamex-5 System, Columbus,
OH, USA), consisting of a four-lane rotating drums (7.0
cm x 9.5 cm in diameter for rat), suspended 44.5 cm above
the stainless steel floor grid, whose surface was
manufactured from grey PVC with a knurled finished to
provide grip for the animals. The rotational speed of
rotarod spindle is controlled by system software. Animal
falls were detected by Infrared beams sensors in to each
compartment and with the unit equipped with an escape
preventing transparent cover when a subject has fallen
from the rotarod. When the subject has fallen from the
rotarod, the system logs this as the end of the experiment
for that particular subject. Information such as the total
time running on the rotarod (Time Running), and the
Rotarod's current speed at the time of the subjects fall are
recorded. Rats were acclimated to the moving rod for 3
min on the day before the test. A single session at constant
rotation speed mode (10 r.p.m.) was performed: In this
procedure (constant speed session), rats were placed on the
rotating rod at 10 rotations per minute (r.p.m.) and five
trials were conducted monitoring the latency to fall up to
60 sec. Inter trial interval for each animal was 10 min. Grip
test for neuromuscular function (PND28), the open field
test (PND28), functional observation battery on PND28
and Landing Foot Splay On PND28 were assessed as
previously described38,39.
Statistical analysis
The data are expressed as means ±S.E.M. and statistical
significance was assessed by one-way analysis of variance
(ANOVA) followed by post hoc Duncan’s tests where the
treatment effects were detected. Values of probability level
p < 0.05 were considered as significant.
RESULTS
Effects of exposure to methylmercury
A summary of the distribution and fate of all mated rats of
the study is given in Table 1. Pregnant (GD0) females were
divided into 4 groups: control (n=6) (with free access to
fresh tap water), 0.5mg/kg/day MeHg (n=5); 1.0mg/kg/day
MeHg (n=5) and 1.5mg/kg/day MeHg (n=6) by oral
gavages. Dam’s body weight was noted everyday during
gestation. After birth the number of pups for each group
was as follows: control (N = 45), MeHg 0.5mg/kg/day
(N = 31); MeHg 1.0mg/kg/day (N =35) and MeHg
1.5mg/kg/day (N = 47). We have randomly selected either
sex of twenty offspring per litter to achieve/assess the
behavioural test (20 males and 20 females). The observer

was blind to the treatment as well as evaluation for all
sensorimotor test used in this work.
Neurobehavioral assessment
Regarding neurobehavioural parameters, there were nonsignificant adverse effect of MeHg exposure on cliff
avoidance (%) in male [F (3, 76) =2.36, p < 0.078] and in
female [F (3, 76) = 3.45, p < 0.029] offspring at PND10
(Table 2, Fig.1); and also the post hoc Tukey test was
significant with 1.0mg/kg/day MeHg treatment group (p <
0.05) in female offspring; percentage swimming ontogeny
(PND6) in male [F (3,76) = 0.0, p < 1.000] and in female
[F (3,76) = 0.0, p < 1.000] offsprings as well as assess by
score [F (3,76) = 0.30, p < 0.825] and [F (3,76) = 0.33, p <
0.803] in male and female offspring respectively (Data not
shown). Swimming behavior results show that most of the
offspring from each MeHg treatment groups, swims
circling, used hind limbs with nose and top of head out of
water; and mid-air righting reflex or Arial righting reflex
did not affected significantly as measured by seconds and
score in male [F (3,76) = 0.46, p < 0.711] offspring as well
as in female [F (3,76) = 0.52, p < 0.669] with all MeHg
treatment groups (Table 2). Surface righting reflex was
observed in either sex on PND4. The gender specific
variation in spending time to turn over to restore their
normal prone position when they were placed in supine
position in the animals of MeHg treatment groups as of
control. However, this slowness of righting reflex was
significantly observed in male offspring [F (3, 76) = 3.90,
p < 0.011], whereas non-significant affects in female
offspring [F (3, 76) = 3.5, p < 0.029] with MeHg treatment
groups (Table 2; Fig.2). There were no differences in the
percentage between MeHg treated and control groups of
pups eliciting a fully response to startle reflex on PND 7
and 15. Pivoting was observed in sex on PND7, 9 and 11.
On PND7, all MeHg treatment groups, male offspring
show slowness of pivoting [F (3, 76) = 6.88, p < 0.0003]
and also post hoc Tukey test [p < 0.05] with 1.5 mg/kg/day
MeHg treatment group, whereas non-significantly
slowness of pivoting [F (3,76) = 0.8, p < 0.497] was
observed with female offspring (Table 2; Fig.3). The
animal’s ability to hang with forelimb, the length of time
it does hang, and its activity while hanging was observed
on PND 11 in either sex. There were significant reductions
in forelimb hanging time (Seconds) in male offspring [F
(3,76) = 42.36, p < 0.001] and also post hoc Tukey test [p
< 0.01] with 0.5, 1.0 and 1.5 mg/kg/day MeHg treatment
groups as well as in female offspring [F (3,76) = 39.89, p
< 0.001] and also post hoc Tukey test [p < 0.01] with 0.5,
1.0 and 1.5 mg/kg/day MeHg treatment groups (Table 2;
Fig.4). There were non-significant reductions in hindlimb
hanging time (Sec.) in male offspring [F (3, 76) = 2.96, p
< 0.037] and also post hoc Tukey test [p < 0.01] with 1.5
mg/kg/day MeHg treatment group. However, female
offspring fail to cause reduction in hindlimb hanging time
[F (3, 76) = 1.42, p < 0.243] and also post hoc Tukey test [
p < 0.05] with 0.5 mg/kg/day MeHg treatment group
(Table 2). Negative geotaxis reflex as measured by latency
in seconds as well as by score. There was non-significant
change in time (Sec.) differences between control and
MeHg treated groups of male offspring [F (3, 76) = 3.18,
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Table 1: The distribution and fate of all mated rats in the (GD15 to till parturition) study.
Dose MeHg
Control
0.5mg/kg
1.0mg/kg
No. of vaginal smear positive females (GD 0)
6
5
5
No. of pregnant female (Day 10)
6
5
5
Death
0
0
0
Absorption and/or early delivery
0
0
0
Evaluated at term
6
5
5
Resorbed litters
0
0
0
No. of litters
6
5
5
Live pups (Male)
17
15
16
Live pups (Female)
28
16
19
Live pups
45
31
35

1.5 mg/kg
6
6
0
0
6
0
6
24
23
47

Table 2: Neurobehavioral data in the offspring of rats exposed to methyl mercury on gestational day 15 to till parturition.
Control
0.5 mg/kg MeHg1.0 mg/kg MeHg
1.5 mg/kg MeHg
Cliff avoidance (%) (PND 10)
Female
100
100
100
100
Male
100
100
100
100
Cliff avoidance (Second) (PND 10)
Female
6.86 ± 1.31
36.30 ± 11.12
13.93 ± 5.86*
19.29 ± 7.79
Male
6.54 ± 0.76
24.27 ± 7.42
37.84 ± 11.05
28.56 ± 10.54
Mid-Air righting reflex (score) (PND 13) a
Female
1.75  0.10
1.75  0.10
1.55  0.11
1.70  0.10
Male
1.85  0.08
1.70  0.11
1.80  0.09
1.80  0.09
Surface righting reflex (seconds) on PND 4
Female
3.52  0.61
6.77  1.99*
2.64  0.82
1.90  0.30
Male
2.42  0.58
5.49  1.36*
2.14  0.64
1.14  0.14
Startle Reflex (Day7, 15)
Female
100
100
100
100
Male
100
100
100
100
Pivoting (seconds)
PND 7
Female
37.85  2.47
46.50  4.34
45.35  4.27
40.50  4.43
Male
54.36 2.27
60.00  0.00
42.29  5.00
35.14  4.82*
Forelimbs grip strength (seconds) on PND11
Female
26.50  0.65
20.25  0.60**
17.20  0.43**
8.90  0.41**
Male
33.25  0.83
24.30  0.83**
21.05  0.63**
10.35  0.42**
Hind limbs grip strength (seconds) on PND11
Female
8.05  0.31
8.10  0.27
7.65  0.29
6.70  0.33
Male
10.15  0.18
9.65  0.31
9.15  0.29
8.05  0.21*
Swimming ontology (%) (PND 6)b
Female
100
100
100
100
Male
100
100
100
100
Swimming ontology (Score) (PND 6)
Female
2.00 ± 0.00
1.95 ± 0.05
1.90 ± 0.07
1.85 ± 0.08
Male
1.85 ± 0.08
2.00 ± 0.00
1.90 ± 0.07
1.90 ± 0.07
Data are presented as mean  S.E.M. Significantly different from the control groups: *p < 0.05; **p < 0.01respectively.
a
Score: 2= righting in or before the third frame; 1= righting other frame; 0 = not righting in air bScore: Swimming
behavior was rated for direction: 3=straight; 2=circular; 1=floating Limb movement was rated: 1= all forelimb is
used; 2=all hind limb is used Head angle: 4=ears out of water; 3=ear half out of water; 2=nose and top of head out of
water; 1=unable to hold head up.
p < 0.028] as well as in female offspring MeHg treatment
groups [F (3, 76) = 1.15, p < 0.334] at 30 degree observed
(Data not shown). However, there was significant change
in time (Sec.) differences between control and MeHg
treated groups of male offspring [F (3,76) = 6.94, p <
0.003] and also post hoc Tukey test [p < 0.05] with 0.5
mg/kg/day MeHg treatment group as well as in female

offspring MeHg treatment groups [F (3,76) = 6.77, p <
0.004] at 45 degree followed by post hoc Tukey test [p <
0.01] with 0.5 mg/kg/day MeHg treatment group (Table 3,
Fig.5). The offspring’s motor ability was investigated
using rota rod on PND20. Male offspring [F (3, 76) = 6.14,
p < 0.0008] shows significant reduction (sec.) in latency to
fall on rotating rod (10 RPM; cut-off time: 60s), whereas
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Table 3: Effects on negative geotaxis (latency in
seconds, 45 Degree) in the offspring of rats exposed to
methyl mercury on gestational day 15 to till parturition.
Negative geotaxis on PND 10 (latency in seconds)
Male
Female
Control
10.04  1.55
8.22  1.58
0.5 mg/kg
16.94  1.66
19.27  2.35
1.0 mg/kg
10.16  1.97
9.26  2.06
1.5 mg/kg
6.03  0.63**
15.76  2.33**
Data are presented as mean  S.E.M. Significantly
different from the control groups: *p < 0.05; **p <
0.01, respectively.
Table 4: Effects on rotarod test on PND 20 (cutoff time:
60s; rpm: 10) in the offspring of rats exposed to methyl
mercury on gestational day 15 to till parturition.
Rotarod test on PND 20
Male
Female
Control
12.95  0.24
9.23  0.25
0.5 mg/kg
10.82  0.25
9.15  0.22
1.0 mg/kg
9.77  0.27**
8.91  0.31
1.5 mg/kg
9.59  0.31**
8.58  0.24
Data are presented as mean  S.E.M. Significantly
different from the control groups: **p < 0.01,
respectively.
female offspring [F (3, 76) = 0.39, p < 0.760] did not show
any changes in latency to fall on rotating rod than control.
However, male offspring significantly spent shorter time
on rotating rod indicated by the post hoc Tukey test [p <
0.01] with 1.0 and 1.5mg/kg/day MeHg treatment groups
(Table 4; Fig.6). Exploratory activity in an open field in
offspring on PND28 was tested. Following parameters,
considered to be indicative of spontaneous locomotion,
were evaluated: distance travels (Cms), immobility or
resting time (Sec.) and rearing (no. of rear). Nonsignificant changes in distance travel in male offspring [F
(3, 76) = 0.57, p < 0.636] and in female [F (3, 76) = 1.11,
p < 0.350] offspring, whereas significant increase in rear
[F (3, 76) = 4.27, p < 0.007] in male and [F (3, 76) = 7.04,
p < 0.0003] in female offspring observed respectively
(Fig.7). However, significantly increases in numbers of
rear indicated by the post hoc Tukey test in male offspring
[p < 0.01] and in decrease female offspring [p < 0.01] with
1.5 mg/kg/day MeHg treatment groups (Table 5). Nonsignificant decreases in neuromuscular function/measures
such as forelimb grip strength (g) with MeHg treatment
groups in male offspring [F (3, 76) = 3.48, p < 0.02].
However, significantly decreases in neuromuscular

function/measures indicated by the post hoc Tukey test [p
< 0.01] in male offspring with 1.5 mg/kg/day MeHg
treatment groups; whereas no such effect was observed [F
(3,76) = 2.93, p < 0.038] in female offspring (Table 6;
Fig.8) but followed by post hoc Tukey test significant [p <
0.01] with1.5 mg/kg/day MeHg treatment group; similarly
no change in neuromuscular function/measures such as
hindlimb grip strength (g) with MeHg treatment groups in
male offspring [ F (3,76) = 1.82, p < 0.150] and in female
offspring [ F (3,76) = 2.93, p < 0.038] was observed with
1.5mg/kg/day MeHg treatment group; no changes in
hindlimb foot splay (Cms) with MeHg treatment group [ F
(3,76) = 0.05, p < 0.985] in male offspring, whereas
significant increases in hindlimb foot splay (Cms) [F
(3,76) = 38.27, p < 0.001] in female offspring was
observed and also post hoc Tukey HSD test significant[ p
< 0.01] with 1.5 mg/kg/day MeHg treatment group (Table
6;Fig.9). All together FOB test revealed, sex and dose
dependent effect on rearing, forelimb grip strength,
hindlimb grip strength and hindlimb foot splay in MeHg
exposed offspring.
DISCUSSION
Alteration in the behavior of the mother is known to affect
infant development and several drugs have been shown to
disrupt elements of maternal behaviors43. Thus, any
disturbance to maternal care or the delicate mother-pup
relationship may explain different patterns of behaviors in
the offspring rather than direct effects of prenatal exposure
to a toxicant. The results of the present study suggested
that control mothers (dam) spent more time involved in the
pup-directed behaviors of nursing and licking and less time
in nest-building during the first two postnatal weeks than
dams treated with methyl mercury during gestation.
Methylmercury (MeHg) has deleterious effects on the
development of offspring from intoxicated –mother during
pregnancy. However, widely use of MeHg and the present
data raise concern about the safety of the use of MeHg
during gestation or pregnancy period. In addition, the
present findings support the use of developmental and
behavioral evaluations in animals when assessing the
potential developmental neurotoxicology of this chemical
in humans. Present findings are important, since
malnutrition during pregnancy and lactation as well as
alteration in maternal behavior often results in differences
in the maturation of physical features and reflexes44. The
gestational exposure to MeHg influences the rate of
physical maturation, sensory motor reflexes, locomotion
and exploratory activity and functional observation battery
tests in the offspring at different developmental stages
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Figure 1: Differences between treated and control groups
of male pups eliciting a fully developed cliff avoidance
response in seconds. Animals were treated with MeHg
(0.5, 1.0.1.5mg/kg/day) or not (Control) during gestation
and the test was performed on PND10. Data are expressed
as mean ± S.E.M. *(p < 0.05) compared to control group.

Figure 2: Time differences between treated and control
groups of male and female pups eliciting a fully developed
surface-righting reflex. Animals were treated with MeHg
(0.5, 1.0, 1.5mg/kg/day) or not (Control) during gestation
and the test was performed on PND4. Data are expressed
as mean ± S.E.M. *(p < 0.05) compared to control group.
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Figure 3: Pivoting (in Seconds) differences between
treated and control groups of male and female pups
eliciting a fully pivoting. Animals were treated with MeHg
(0.5, 1.0, 1.5mg/kg/day) or not (control) during gestation
and the test was performed on PND7, 9,11. Data are
expressed as mean ± S.E.M. (*p<0.5 compared to control
group. n.s.= not significant.
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Figure 4: Forelimb grip strength-pup’s hanging time (in
Seconds) differences between treated and control groups
of male and female pups. Animals were treated with MeHg
(0.5,1.0.1.5mg/kg/day) or not (control) during gestation
and the test was performed on PND11. Data are expressed
as mean ± S.E.M. (*p<0.5; **p<0.01; ***p < 0.001)
compared to control group.

Table 5: Open Field activity in the offspring of rat exposed to methyl mercury on gestational days PND 15 to till
parturition on PND28.
Treatment Groups
DT
RT
V1C (No. Of rear)
CONTROL (N=20)
Male
103.40 ± 6.31
0.0
3.50 ± 0.58
Female
97.10 ± 4.14
0.0
2.50 ± 0.77
MeHg0.5mg/kg (N=20)
Male
110.85 ± 9.10
0.0
6.30 ± 1.07
Female
109.10 ± 5.96
0.0
6.35 ± 0.90
MeHg1.0mg/kg (N=20)
Male
117.50 ± 5.61
0.0
7.40 ± 1.23
Female
114.05 ± 7.56
0.0
6.95 ± 1.40
Mehg1.5mg/kg (N=20)
Male
0.0
121.20  7.98
9.80  1.69**
Female
0.0
116.05 6.94
12.15  2.05**
Data are presented in mean ± S.E.M. Significantly different from the control group: *p<0.05; **p < 0.01 respectively.
DT= Ambulatory distance travelled (Cms); RT= Resting time (Sec.); V1C= Rearing or jumps.
during the weaning period as evident. Further, present
study with MeHg exposure on GD15 did not reveled
significant changed the time course of development of
physical landmarks such as pinnadetachment, eye opening
auditory startle reflex, incisor eruption, testes descent and
vaginal opening. Indeed, it is known that prenatal Hg-

treatment, when the neural tube is being formed, resulted
in maturational delay of motor responses. Similar findings
were observed when pregnant dams were exposed to
HgCl245 and vanadium46.
Earlier studies were prompted by the limited
epidemiological47-49 and experimental evidences37
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Table 6: FOB (CNS excitability and neuromuscular function/measures) in the offspring of rat exposed to
methylmercury on gestation day GD15 till parturition on PND28.
Rearing
Forelimbgrip strength Hindlimb
grip Hindlimb
Splay
(g)
strength (g)
(cm)
Male
Female
Male
Female
Male
Female
Male
Female
Control
Mean
3.50
2.50
170.55
163.40
62.25
59.95
4.93
4.64
S.E.M.
0.58
0.77
3.29
1.65
0.86
0.57
0.19
0.15
N
20
20
20
20
20
20
20
20
0.5mg/kg Mean
6.30
6.35
160.45
155.15
56.85
55.60
3.44**
3.36**
/day
S.E.M.
1.07
0.90
2.14
4211
1.64
1.01
0.12
0.12
MeHg
N
20
20
20
20
20
20
20
20
1.0mg/kg Mean
7.40
6.95
158.85
152.80
54.95
50.95
3.05**
2.67**
/day
S.E.M.
1.23
1.40
1.74
1.51
0.71
1.11
0.14
0.09
MeHg
N
20
20
20
20
20
20
20
20
1.5mg/kg Mean
9.80**
12.15**
132.95**
130.15**
52.25
47.95*
2.41**
2.28**
/day
S.E.M.
1.69
2.05
1.73
1.51
0.80
1.00
0.11
0.11
MeHg
N
20
20
20
20
20
20
20
20
FOB (functional Observation Battery) performed in offspring of rat exposed to MeHg on PND28. Data are presented
in mean ± S.E.M. Significantly different from the control group: *p < 0.05 respectively.
suggesting that developmental exposure to MeHg as
contaminants in fish may result in teratogenic effects.
Males and females of the each dose exposure groups
performed better in the negative geotaxis test than their
counterparts from the control group. However, there was a
significant change in time (Sec.) differences between
control and MeHg treated groups. The earlier studies26 on
motor performance (latency to complete a negative
geotaxis response) of rats reported that decreased in
negative geotaxis scores, whereas increased in negative
geotaxis scores50 in MeHg-intoxicated animals, showed
impaired performance in negative geotaxis test. These
differences among results may be attributed to different
metals, onset, and duration of exposure and method of
imposing heavy metal intoxication. In the present study,
pregnant rats were exposed to MeHg dose levels from
GD15, pre-weaning tests showed that animals of both
genders reached criterion by the time of weaning.
However, in a number of observations and tests, significant
delay or hastening was observed. A survey of literature
shows that subtle changes like the ones observed in the
present study did not impair the onset of reflexive
behaviour in either sex of offspring screened for mid-air
righting reflex(Score), cliff aversion (%) and negative
geotaxis(Score), were found. However, several studies49,51
have reported delay, hastening or no effects following
developmental exposure to MeHg or PCBs. Behavioral
developmental parameters, Surface righting in either sex
showed a significant tendency to be accelerated in
0.5mg/kg MeHg, whereas decelerated in 1.5mg/kg MeHgtreatment groups at PND4 suggesting that the dose levels
of MeHg and genders produces influences on surface
righting, indicative of development of coordination, in
female offspring during the early lactation period (PND4,
6,8). Those newborn rats MeHg-exposed in-utero were
slower before reaching the complete upright position on
PND 4, 6 and 8. Similarly, the negative geotropism was
also impaired dose-dependently by HgCl and this system
is responsible for the righting and negative geotaxis
reflexes52 (Roberts, 1967). These results are in agreement

with studies that demonstrated a significant retardation in
the elicitation of righting reflex in pups exposed during
prenatal life to arsenic53. Non significant influences on
swimming ontogeny at PND6 and startle reflex at PND7
and 15 in either sex of offspring in the present study. The
appearance of the startle reflex coincided with ear channel
opening, and hearing neuronal circuitry is developed at this
age54,55, suggesting that earlier ear channel opening is a
possible explanation for earlier occurrence of the startle
reflex. However, the vestibular and proprioceptive systems
differentiated by the 14th gestational day56 and were
greatly sensitive to MeHg-exposure during pregnancy. For
neurological reflexes, dynamic tests, such as negative
geotaxis, cliff avoidance and righting reflexes, were used
to evaluate the sensorimotor development57,58. The results
of the present study revealed delay in surface righting on
PND4, with low dose and no delay with higher dose,
indicating no impairment in the coordinating movement of
the offspring in either sex. Meanwhile, the decrease in
forelimb grip strength time measuring on rotating rod on
PND20 in male as well as forelimb grip strength in male
on PND28 suggests that gender specific effect of MeHg
could delay neuromuscular development in the exposed
groups. Most of the measured variables did not seem to be
impaired at dose levels (0.5mg/kg and 1.0mg/kg) of MeHg
probably had minor and/or slight effects on sensorimotor
development. With the exception of changes in
spontaneous motor activity, surface righting reflex,
negative geotaxis and neuromuscular activity, no other
effects were observed in either gender, in all treatment
groups, with regards to swimming ontogeny and startle
reflex. Nevertheless, given the subtle and transient nature
of the pre-weaning effects and their lack of gender-and/or
compound specificity, their biological significance is
unclear, at best. Spontaneous locomotor activity, motor
coordination and functional observations battery as postnatal behavioral tests were chosen to assess a variety of
behaviors. On PND28 offspring were tested for
exploratory activity in an open field. Locomotion
frequency measured as distance travels, immobility or
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Rotarod test On PND20
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Figure 5: Time differences between treated and control
groups of male and female pups (ordinates) eliciting a fully
developed negative response geotaxis. Animals were treated
with MeHg (0.5, 1.0.1.5mg/kg/day) during gestation and the
test was performed on PND10. Data are expressed as
mean ± S.E.M. (*P<0.05; **p < 0.01) compared to control
group.

MeHg Treatment Group
Figure 6: Latency to falling (in seconds) on the rotating
rod. Animals were treated with MeHg (0.5, 1.0,
1.5mg/kg/day) during gestation and the test was
performed on PND20. Data are expressed as
mean ± S.E.M. *(p < 0.05) and *** (p < 0.001)
compared to control group.
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Figure 7: Spontaneous locomotor activity (rearing) in the
open field during 60 seconds of recording in rats. Data
represents the mean  S.E.M. (either sex n=20).
Significantly different from control group: *p<0.05;
**p<0.01.

Figure 8: FOB (functional Observation Battery)
performed in offspring of rat exposed to MeHg on
PND28. Data are presented in mean ± S.E.M.
Significantly different from the control group: *p < 0.05;
**p < 0.01, ***p < 0.001 respectively.

H in d lim b F o o t S p la y o n P N D 2 8

the level of emotionality62. However, present study
spontaneous locomotor activity was assessed in either sex
Cof
o n offspring
tro l
exposed to MeHg at any dose levels neither
0 played
.5 m g /k ghyperactivity nor hypo-activity as measured by
1 distance
.0 m g /k g travels. In contrast, female offspring exposed to
1 MeHg
.5 m g /k gshowed hyperactivity, as previously reported by
others63,64, suggesting impairment in habituation. In light
of the present finding, it seems reasonable to suggest that
MeHg exposure during gestation did not change arousal
and/or emotionality of the offspring. Altogether, the results
of the present study show that MeHg causes on age, dose
and sex dependent changes in spontaneous locomotor
activity suggest that repeated pre-weaning handling of the
animals may have subtle effect on spontaneous locomotor
performance of the rats. The results of the earlier studies
revealed the prenatal exposure of MeHg affected the motor
development of offspring. These findings are consistent
with results from high-exposure human studies, which
revealed significant delays in aspects of motor
development such as crawling, standing, and walking. In
fact, offspring of rat exposed to MeHg, were deficient with
two muscular tone tasks (rotating rod and forelimb &

Cms
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Figure 9: FOB (functional Observation Battery)
performed in offspring of rat exposed to MeHg on
PND28. Data are presented in mean ± S.E.M.
Significantly different from the control group: **p <
0.01 respectively.
resting time and rearing in the open field has been used as
an index of both arousal59,60 and “emotionality”61; the
decrease or absence of movement within the apparatus
normally indicates a reduction in arousal or an increase in
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hindlimb grip strength test) impairment was damaged by
MeHg and began to appear on the rotating rod. Shorter
latencies before falling during the wire suspension test
occurred in MeHg exposure offspring for all doses and
were inferior to controls by far. On the contrary, did not
find any difference in strength test between offspring
exposed prenatally for three consecutive days (PND13, 14,
15) to MeHg and controls65. These divergent results might
be related to the chemical form of the metal, its doses, the
time of treatment during pregnancy, and the method used
for behavioral assessment. Excessive MeHg ingestion
from a diet high in fish is associated with aberrant central
nervous system (CNS) functions48,66,67. Recent studies48,6
in human populations support the earlier findings that
maternal exposure to mercury during pregnancy is
associated with neurological as well as neuropsychological
deficits detectable in the child at 6 to 7 years of age,
pointed the selective detrimental effects of MeHg on
neurogenesis. However, despite these observations, the
issue remains controversial, as exemplified by other
studies70,71 in which no association was noted between
MeHg and neurodevelopment outcomes in children at 66
months of age. Several animal studies38,39,41 also revealed
that gender specific impairment of neuromotor
performance in offspring of dam exposed to MeHg during
different gestational period. However, in the present study
we performed Functional Observational Battery on
PND28 in offspring of rat exposed to MeHg. Statistically
significantly increase in CNS activity and excitability by
measuring rearing in either sex; decreases in
neuromuscular function/measures such as forelimb in
either sex and hind limb grip strength in female offspring
with 1.5mg/kg MeHg-treatment groups; decreases in hind
limb foot splay measurements revealed dose/gender
specific impairment of neuromotor performance in
offspring. Thus, the ultimate effects of MeHg in the human
population remain unknown and the risk of teretogenicity,
MeHg should be avoided during the period of histogenesis
and synaptogenesis and if possible throughout pregnancy,
has a detrimental impact on fetal brain development and
subsequently early physical and neurobehavioral
outcomes. In conclusion, the data reported here raise great
concern for the environmental risk to pregnancy,
indicating the need to develop more accurate tests for the
protection of both the prenatal life and the development of
the foetus.
ACKNOWLEDGEMENTS
The author (Dinesh N. Gandhi) acknowledges the Indian
Council of Medical Research (ICMR), New Delhi, India
for funding the ad-hoc Research Project grant No. 201004390 and awarding Senior Research fellow to the author
(Dhrupadsing K. Rajput) under this project.
AUTHOR’S CONTRIBUTIONS
Conceived and designed the experiments: DNG. Analyzed
the data: DKR, DNG. Wrote the first draft of the
manuscript: DNG. Contributed to the writing of the
manuscript: DNG. Agree with manuscript results and
conclusions: DNG, DKR. Developed the structure and

arguments for the paper: DNG. All authors reviewed and
approved of the final manuscript
CONFLICT OF INTEREST STATEMENT
There is no conflict of interest.
REFERENCES
1. Amin-Zaki L, Elhassani S B, Majeed M A, Clarkson T
W, Doherty R A, Greenwood M. Intrauterine
methylmercury poisoning in Iraq. Pediatrics. 1974;
54(5): 587-595.
2. Harada M., “Congenital Minamata disease:
intrauterine
methylmercury
poisoning,” Teratology.1978; 18(2):285–288.
3. Amin-Zaki L., Majeed M. A., Greenwood M. R.,
Elhassani S. B., Clarkson T. W., and Doherty R. A.,
“Methylmercury poisoning in the Iraqi suckling infant:
a longitudinal study over five years,” J Appl Toxicol.
1981; 1(4): 210–214.
4. 4. Takeuchi T. Human effects of methylmercury as an
environmental neurotoxicant. In: Blum K, Manzo L.
(Eds). Neurotoxicology. New York: Marcel Dekker;
1985.p.345-367.
5. Grandjean P, Weihe P, White RF, Debes F, Araki S,
Yokoyama K, Murata K., sorense N., Dahl R.,
Jorgensen P.J. Cognitive deficit in 7-year-old children
with
prenatal
exposure
to
methylmercury.
Neurotoxicol Teratol. 1997; 19(6): 417- 428.
6. Karagas M. R., Choi A. L., Oken E. Horva M, Schoeny
R , Kamai E , Cowell W, Grandjean P, and Korrick S.
“Evidence on the human health effects of low-level
methylmercury exposure,” Environ Health Perspect.
2012; 120(6):799–806.
7. Monnet-Tschudi F, Zurich MG, Boschat C, Corbaz A,
Honegger P. Involvement of environmental mercury
and lead in the etiology of neurodegenerative diseases.
Rev Environ Health. 2006; 21:105–117.
8. Schmechel DE, Browndyke J, Ghio A. Strategies for
dissecting genetic-environmental interactions in
neurodegenerative disorders. Neurotoxicology. 2006;
27:637–57.
9. Cambier S, Gonzalez P, Durrieu G, Maury-Brachet R,
Boudou A, Bourdineaud JP. Serial analysis of gene
expression in the skeletal muscles of zebrafish fed with
a methylmercury-contaminated diet. Environ Sci
Technol. 2010; 44:469–475.
10. Lushchak VI. Environmentally induced oxidative
stress in aquatic animals. Aquat Toxicol 2011; 101:13–
30.
11. Jezierska B, Ługowska K, Witeska M. The effects of
heavy metals on embryonic development of fish (a
review). Fish Physiol Biochem. 2009; 35:625–640.
12. S¸is¸ man T. Dichlorvos-induced developmental
toxicity in zebrafish. Toxicol Ind Health. 2010;
26:567–573.
13. S¸is¸ man T. Early life stage and genetic toxicity of
stannous chloride on zebrafish embryos and adults:
toxic effects of tin on zebrafish. Environ Toxicol. 2011;
26:240–249.

IJTPR, Volume 8, Issue 6, December 2016- January 2017

Page 458

Dinesh et al. / Neurofunctional Effects of…

14. Gu A, Shi X, Yuan C, Ji G, Zhou Y, Long Y, et al.
Exposure to fenvalerate causes brain impairment
during zebra fish development. Toxicol Lett. 2010;
197:188–192.
15. Meier S, Craig Morton H, Nyhammer G, Grøsvik BE,
Makhotin V, Geffen A, et al. Development of Atlantic
cod (Gadus morhua) exposed to produced water during
early life stages: effects on embryos, larvae, and
juvenile fish. Mar Environ Res. 2010; 70:383–394.
16. Gunderson V. M., Grant K. S., Burbacher T. M., Fagan
III J. F., and Mottet N. K., “The effect of low-level
prenatal methylmercury exposure on visual recognition
memory in infant crab-eating macaques,” Child
Development, 1986;57(4): 1076–1083.
17. Gunderson V. M., K. S. -Webster, Burbacher T. M.,
and Mottet N. K., “Visual recognition memory deficits
in
methylmercury-exposed Macaca
fascicularis infants,” Neurotoxicology
and
Teratology.1988; 10(4):373–379.
18. Burbacher T. M., Sackett G. P., and Mottet N. K.,
“Methylmercury effects on the social behavior of
Macaca fascicularis infants,” Neurotoxicology and
Teratology, 1990; 12(1): pp. 65–71.
19. Onishchenko N., Tamm C., Vahter M., Hökfelt
T, Johnson
JA, Johnson
DA, Ceccatelli
S.
“Developmental exposure to methylmercury alters
learning and induces depression-like behavior in male
mice,” Toxicological Sciences, 2007; 97(2):428–437.
20. Castoldi A. F., N. Onishchenko, C. Johansson,
C. Coccini T, Roda E, Vahter M, Ceccatelli S, Manzo
L, “Neurodevelopmental toxicity of methylmercury:
laboratory animal data and their contribution to human
risk assessment,” Regulatory Toxicology and
Pharmacology.2008; 51(2): 215–229.
21. Eccles C. U. and Annau Z., The Toxicity of Methyl
Mercury, Johns Hopkins University Press, Baltimore,
Md, USA, 1987.
22. Cernichiari E., Brewer R., Myers G. J. Marsh
DO, Lapham LW, Cox C, Shamlaye CF, Berlin
M, Davidson PW, Clarkson TW. “Monitoring
methylmercury during pregnancy: maternal hair
predicts fetal brain exposure,” Neurotoxicology. 1995;
16 (4):705–710.
23. Rossi A., Molecular mechanisms of metal toxicity in
neuronal cells [Ph.D. dissertation], Karolinska
Institutet, Stockholm, Sweden, 1996.
24. Eccles CU, Annau Z. Prenatal methylmercury
exposure: I. Alterations in neonatal activity.
Neurobehav Toxicol Teratol. 1982a; 4:371-376.
25. Eccles CU, Annau Z. Prenatal methylmercury
exposure: II. Alterations in learning and psychotropic
drug sensitivity in adult offspring. Neurobehav Toxicol
Teratol. 1982b; 4:377-382.
26. Vorhees CV. Behavioral effects of prenatal
methylmercury in rats: a parallel trial to the
Collaborative
Behavioral
Teratology
Study.
Neurobehav Toxicol Teratol. 1985; 7: 717-725.
27. Buelke-Sam J, Kimmel C, Adams J, Nelson C, Vorhees
C, Wright D, Omer V, Korol B, Butcher R, Geyer M,
Holson J, Kutscher C, Wayner M. Collaborative

behavioural teratology study: Results. Neurobehav
Toxicol Teratol 1985; 7:591-624.
28. Fredriksson A., Gardlund A., Bergman K., Oskarsson
A., Ohlin., Danielsson B., Archer T. Effects of
maternal dietary supplimentation with selenite on the
postnatal development of rat offspring exposed to
methylmercury in-utero. Pharmacol. Toxicol. 1993;
72: 377-382.
29. Hoskins B.B. and Hupp E.W. Methylmercury effects
in rat, hamster and squirrel monkey. Environ Res 1978;
15:5-19.
30. Khera KS. Teratigenic effects of methylmercury in the
cat: Note on the use of this species as a model for
teratogenicity studies. Teratology. 1973; 8:293-304.
31. Fuyuta M, Fujimoto T, Hirata S. Embryotoxic effects
of methylmercuric chloride administered to mice and
rats during orangogenesis. Teratology. 1978; 18: 353366.
32. Ornaghi F, Ferrini S, Prati M, Giavini E. The protective
effects of N-acetyl-L-cysteine against methylmercury
embryotoxicity in mice. Funda Appl Toxicol. 1993;
20:437-445.
33. Gomez M, Sanchez DJ, Colomina MT, Domingo JL,
Corbella J. Evaluation of the protective activity of 2,3dimercaptopropanol
and
sodium
2,3dimercaptopropane-1-sulfonate on methylmercuryinduced developmental toxicity in mice. Arch Environ
Contam and Toxicol. 1994; 26:64-68.
34. Domingo J.L. Metal-induced developmental toxicity in
mammals: a review Journal of Toxicology and
Environment Health. 1994; 42: 123–141.
35. Gandhi D.N.and Panchal G.M. Effect of Low-level
Arsenic Exposure on the Development of
Neurobehavioral Toxicity in Rats. Res.J.Environ.
Toxicol. 5(6), (2011): 348-358.
36. Gandhi D.N., Panchal G.M. and Patel K.G.
Developmental and Neurobehavioral Toxicity Study of
Arsenic on Rats Following Gestational Exposure.
Ind.J.Exp.Biol. 50(2), (2012): 147-155.
37. Gandhi D.N., Panchal G.M. and Dhull Dinesh K.
Influence of Gestational Exposure on the effects of
Prenatal Exposure to Methyl mercury on Postnatal
Development in Rat: A preliminary Evaluation. Centr
Eur J Public Health. 2013; 21(1): 30-35.
38. Gandhi D.N., G.M.panchal and Dinesh k.Dhull.
Neurobehavioral Toxicity in progeny of rat mothers
exposed to methylmercury during gestation. Annalist
Super Sanita. (2014):28-37.
39. Gandhi D.N. and Dinesh k.Dhull Postnatal
Behavioural Effects on the Progeny of Rat after
Prenatal Exposure to Methylmercury Am J Exp Biol.
2014a; (1): 31-51.
40. Gandhi D.N. and Dinesh k.Dhull. Early Life Exposure
to Methylmercury Influences Later Life of
Development and Maternal Toxicity in Rats Austin J
Pharmacol Ther. 2014b; 2 (4), 1-7.
41. Gandhi D.N. and Dhrupadsing K. Rajput.
Developmental and maternal toxicity in progeny of rat
mothers exposed to methyl mercury during gestation.

IJTPR, Volume 8, Issue 6, December 2016- January 2017

Page 459

Dinesh et al. / Neurofunctional Effects of…

World Journal of Pharmaceutical and Life Sciences.
2(1), (2016):178-195.
42. Rossi AD, Ahlbom E, Ogren SO, Nicotera P, and
Ceccatelli S. Prenatal exposure to methylmercury
alters locomotor activity of male but not female rats.
Exp Brain Res. 1997; 117: 428-436.
43. World Health Organization: Environmental Health
Criteria 101: Methylmercury. Published under the joint
sponsorship of the United Nations Environmental
Programme, the International Labour Organization,
and the World Health Organisation. World Health
Organisation, Geneva. 1990; 140.
44. Smart JL and Dobbing J. Vulnerability of developing
brain II. Effects of early nutritional deprivation on
reflex ontogeny and development of behavior in the rat.
Brain Res. 1971; 28: 85-95.
45. Latifa, C. Vincent roy, Muftapha, J. and Mohsen, S.
Chronic exposure to mercuric chloride during gestation
affects sensorimotor development and later behaviour
in rats. Behav. Brain res. 2012; 234(1): 43-50.
46. Soazo M. and Garcia, G.B. Vanadium exposure
through lactation produces behavioral alterations and
CNS myelin deficit in neonatal rats Neurotoxicology
and Teratology. 2007; 29: 503–510.
47. Grandjean P., Weihe P., Burse V.W., Needham L.L.,
Storr-Hansen E., Heinzow B., Debes F., Murata K.,
Simonsen H., Ellefsen P., Budtz-Jorgenses E., Keiding
N. and White R.F. Neurobehavioral deficits associated
with PCB in 7-year old children prenatally exposed to
seafood neurotoxicants. Neurotoxicol Teratol. 2001;
23: 305-317.
48. Grandjean P, White RF, Weihe P, Jorgensen PJ.
Neurotoxic risk caused by stable and variable exposure
to methylmercury from seafood. Ambul Pediatr. 2003;
3: 18-23.
49. Roegge C.S. and Schantz S.L.Motor function
following developmental exposure to PCBs and/or
MeHg. Neurotoxicol Teratol., 2006; 28: 260-277.
50. Rocha JB, Freitas AJ, Marques MB, Pereira ME and
Souza DO. Effects of methylmercury exposure during
the second stage of rapid postnatal brain growth on
negative geotaxis and on delta-aminolevulinate
dehydratase of suckling rats. Braz J Med Biol Res.
1993; 26:1077–1083.
51. Geyer M.A., Butcher, R.E. and Fite K. A study of
startle and locomotor activity in rats exposed prenatally
to methylmercury. Neurobehav. Toxicol., 1985; 7:
759-765.
52. Roberts T.D.M. Neurophysiology of Postural
Mechanism. Butterwirth, London.1967.
53. Colomina, M.T. Albina M.L. Domingo J, Corbella J.
Influence of maternal stress on the effects of prenatal
exposure to methylmercury and arsenic on postnatal
development and behaviour in mice: a preliminary
evaluation Physiology & Behaviour. 1997; 61: 455–
459.
54. Rodier PM. Chronology of neuron development:
animal studies & their clinical implications. Dev Med
Child Neurol. 1980; 22(4): 525-545.

55. Swerdlow NR, Braff DL and Geyer MA Animal
models of deficient sensorimotor gating: what we
know, what we think we know, and what we hope to
know soon. Behav Pharmacol. 2000;. 11: 185–204.
56. Anniko M. Embryonic development of vestibular sense
organs and their innervation. R. Romand(Ed.)
Development of Auditory and Vestbular Systems.
Academic Press, New York (1983), pp. 375-423.
57. Altman,J, and Sudarshan K . Postnatal development of
locomotion in the laboratory rat. Anim Behav. 1975;
23: 896-920.
58. Khan, Z., Carey, J., Park, H.j., Lehar, M., Lasker, D.
and Jinnah H.A. Abnormal motor and vestibular
dysfunction in the stargazer mouse mutant.
Neuroscience. 2004; 127: 785-796.
59. Iviniskis, A. A study of validity of open-field measures.
Aus J Physiol. 1970; 22: 175-183.
60. Kelley, A.E. locomotor activity and exploration. In:
Haaren F (Editor), Methods in Behavioral
Pharmacology. Elsevier, New York, 1993; 499-516.
61. Walsh, R.N. and Cummins, R.A. The open-field test:
A critical review. Psucho Pharmacol Bull 1976; 3: 482504.
62. Whimbey, A.E. and Denemberg, V.H. Two
independent behavioural dimentions in open-field
performance. J Comp Ohysiol Psuchol. 1967: 63: 500504.
63. Dore’ F.Y., Goulet S., Gallagher A., Havey P.O.,
Cantin J.F., D’Aigle T. and Mirault M.E.
neurobehavioral changes in mice treated with
methylmercury at two different stages of fetal
development. Neurotoxicol Terato., 2001; 23:463-472.
64. Goulet S, Doré FY, Mirault ME. Neurobehavioral
changes in mice chronically exposed to methylmercury
during fetal and early postnatal development.
Neurotoxicol Teratol. 2003; 25: 335-347.
65. Vicente, E., Boer, M., Netto, C., Fochesatto, C.,
Dalmaz, C., Siqueira, I. R., Goncalves, C.-A.
Hippocampal antioxidant system in neonates from
methylmercury-intoxicated
rats. Neurotoxicol.
Teratol. 2004; 26, 817–823.
66. Kjelstrom T, Kennedy P, Wallis S, Stewart A, Friberg
L, Lind B, et al. Physical and mental development of
children with prenatal exposure to mercury from fish.
Stage II: Interviews and psychological tests at age 6.
Solna: National Swedish Environmental Protection
Board Report; 1989.
67. Grandjean P, Weihe P, White RF, Debes F, Araki S,
Yokoyama K, Murata K., sorense N., Dahl R.,
Jorgensen P.J. Cognitive deficit in 7-year-old children
with
prenatal
exposure
to
methylmercury.
Neurotoxicol Teratol. 1997; 19(6): 417- 428.
68. Grandjean P, Budtz-Jorgensen E, White RF, Jorgensen
PJ, Weihe P, Debes F, et al. Methylmercury exposure
biomarkers as indicators of neurotoxicity in children
aged 7 years. Am J Epidemiol. 1999; 150: 301-305.
69. Steuerwald U, Weihe P, Jorgensen PJ, Bjerve K, Brock
J, Heinzow B, et al. Maternal seafood diet,
methylmercury exposure, and neonatal neurologic
function. J Pediatr. 2000; 136: 599-605.

IJTPR, Volume 8, Issue 6, December 2016- January 2017

Page 460

Dinesh et al. / Neurofunctional Effects of…

70. Myers GJ, Davidson PW, Shamlaye CF, Axtell CD,
Cernichiari E, Choisy O, et al. Effects of prenatal
methylmercury exposure from a high fish diet on
developmental milestones in the Seychelles Child
Development Study. Neurotoxicology. 1997; 18: 819829.

71. Davidson PW, Myers GJ, Cox C, Axtell C, Shamlaye
C, Sloane-Reeves J, et al. Effects of prenatal and
postnatal methylmercury exposure from fish
consumption on neurodevelopment: outcomes at 66
months of age in the Seychelles Child Development
Study. JAMA 1998; 280: 701-707.

IJTPR, Volume 8, Issue 6, December 2016- January 2017

Page 461

