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Abstract

Introduction. Methylmercury (MeHg) is recognized as one of the most hazardous
environmental pollutants. This may be a concern to long-term consumption of
contaminated fish and seafood for health risk to pregnant women and their children.
Aim. An animal study was conducted to assess the effect of MeHg exposure on rodent
offspring following in utero exposure.

Methods. Pregnant Wister rats were treated by gavage with MeHg at dose levels of 0.5, 1.0
and 2.0 mg/kg/day from gestation day (GD) 5 till parturition, and then were allowed to deliver.
Results. Dams treated with 2.0 mg/kg/day MeHg group showed signs of toxicity such as
gait alterations and hyperactivity resulting in the failure to deliver sustainable viable pups.
MeHg had significant effects on body weight gain of dams during GD 5 till parturition.
MeHg had no significant effects on the ages of physical developments such as pinna
detachment, incisor eruptions or eye opening as well as alter cliff avoidance, surface
righting, swimming ontogeny, startle reflex, pivoting, negative geotaxis, or forelimb and
hindlimb grip strength in either sex. Exposure to 1.0 mg/kg/day MeHg treatment group
prolonged gestation period, retard mid-air righting in male pups, shortened forelimb
grip strength measured on rotating rod in either sex and enhanced open field behaviour
in male pups. Data obtained from Functional Observation Battery (FOB) also revealed
impairment of neuromotor performance in male pups. The male pups appeared to be
more susceptible than the female pups.

Conclusion. Overall, the dose level of MeHg in the present study produced a few adverse
effects on the neurobehavioral parameters, and it may alter neuromotor performance of
the male pups.
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INTRODUCTION

In the 1950s and '60s neurological disease was noted
in many people living around Minamata Bay in Japan.
The disease was traced to methylmercury (MeHg) pol-
lution that accumulated in fish (10-40 ppm). Principal
sources of exposure to mercury compound in the gen-
eral population are ingestion and inhalation of mercury
from dental amalgams, and ingestion of fish (fresh wa-
ter and marine) and seafood. The effect of low-dose in
utero exposure to mercury on neurological development
in school- age children in the Faroe Islands was report-
ed [1]. MeHg is toxic to embryotoxic and fetal tissues
and can induce embryonal and teratogenic effects in
golden hamsters [2], cats [3], rats [4], and mice [5, 6].
Exposure to toxic elements such as mercury [7, 8] or ar-
senic [9] during gestation and lactation may potentially

cause adverse effects on the development of foetuses
and neonates. Development delays in acquiring motor
skills associated with low to moderate prenatal MeHg
exposure are known [10]. Behavioural alterations were
observed, even at MeHg levels below those causing
morphological abnormalities [11].

There is increased interest towards animal models in
developmental neurotoxicity, after having revealed that
prenatal administration of different drugs, neurotoxic
agents such as alcohol, amphetamine, morphine, her-
oin, methadone, pesticides and metals, induces subtle
neurobehavioral impairments and delayed development
of nervous system functions without any morphological
malformation. Researchers have focused on the func-
tions that should be included in behavioural test bat-
tery such as sensory systems, neuromotor development,
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locomotor activity, learning and memory, reactivity and
habituation. Using this Functional Observation Battery
(FOB) [12] can be tested in rat pups in different post-
natal days in order to assess the properties of neuro-
toxicity.

Therefore, the objectives of the present study was
three-fold: (a) to establish the experimental design that
can be better representative of possible human expo-
sures, (b) to investigate at which developmental stage,
MeHg causes neurotoxicity to the rat’s fetuses and (c)
to assess whether in utero/gestational MeHg exposure
has a detrimental impact on early physical and neurobe-
havioral outcomes. Within this context, we performed
an in vivo evaluation of behavioural toxicity on some
endpoints, in order to understand its further develop-
mental effects.

MATERIALS AND METHOD

Animals and maintenance: Albino rats of Wistar strain
(12-14 weeks of age, 180-200 g) were procured from
Animal House, National Institute of Occupational
Health (NIOH), Ahmedabad, India. Before starting
the experiment, the animals were kept in laboratory
conditions for a period of 7 days for acclimatization.
Wistar Albino GD 0 female rats were housed in indi-
vidual shoebox size polypropylene cages with sterilize
bedding. All individual cages were kept in a tempera-
ture controlled room at 23 = 3 ° C with relative humid-
ity of 55 + 15% on a 12 h light/dark cycle and 10 to 15
air changes/hr and given ad libitum free access to food
pallets (Pranav Agro Industries Ltd., ISO9001 Certi-
fied Company, Maharastra, India) and Kent RO water.
Each food pallet contains: 22-23% protein; 4.20% fat;
3.50% fibre; 2.10% calcium; 1.05% phosphorus; 7.50%
total ash; 8.68% moisture and 56% carbohydrate. All ex-
periments were performed between 9.00 and 17.00hr.
All animal experiments were performed according to
the ethical guidelines suggested by the Institutional
Animal Ethics Committee (IAEC) of the National In-
stitute of Occupational Health and Committee for the
Purpose of Control and Supervision of Experiments
on Animals, Ministry of Environment and Forests,
Government of India (CPCSEA, 2003, Registration
No.111/RO/c/1999/CPCSEA) and were conducted ac-
cording to the Indian National Science Academy guide-
lines (INSA, New Delhi, India) for the use and care
of experimental animals, chemical, dose and treatment
schedule.

Pregnant rats: after one week of acclimatization,
proestrus virgin female rats, weighted 200 + 15 g, were
mated with proven fertile male rats (2:1) overnight
from our Institutional (National Institute Of Occu-
pational Health, Ahmedabad, India) Animal House
Breeding Colony. The day of mating, confirmed by the
presence of sperm positive vaginal smears, was des-
ignated as gestational day (GD) 0. Pregnant animals
were randomly assigned to 4 groups of 7-10 rats each
in a house individually. Date of birth was designated as
postnatal day (PND) 0.

Chemicals and dosing: pregnant animals were treated
with MeHg (Sigma Aldrich, USA) at doses of 0.5, 1.0
and 2.0 mg/kg/day by gavages from GD 5 till parturi-

tion. Control group received 0.9% saline water through-
out treatment period.

Data collection: all pregnant rats were allowed to de-
liver. At birth, the following data were recorded: live
births, still birth, litter size, sex ratio, dead pups on
PND 1, body weight of pups on PND 1, body length
(PND 1), Tail length (PND 1), gestational age, mater-
nal weight (GD 0), maternal weight on GD 20, mater-
nal weight gain (%) and any malformations.

Observation

Neurobebavioral evaluation of pups: confirmed, 29 GD
0 female dams were evaluated in the present study and
assigned to one of the following four treatment groups:
Group I: Control- No treatment (0.9% saline water; n =
7); Group II (MeHg, 0.5 mg/kg/day; n = 8); Group III
(MeHg, 1.0 mg/kg/day; n = 7) and Group IV (MeHg,
2.0 mg.kg/day; n = 7). Dams were weighed and dose
daily from GDS5 to till parturition. Each group was al-
lowed to deliver the pups. Group I Control dams (n =
7) delivered 66; Group II MeHg 0.5 mg/kg/day dams
(n = 8) delivered 80; Group III MeHg 1.0 mg/kg/day
dams (n = 7) delivered 73 and Group IV MeHg 2.0
mg/kg/day dams (n = 7) delivered O pups respectively.
Out of 29 GD 0 female dams, 22 pregnant female dams
delivered the pups in observed hundred percentage of
resorption of the pups, in the rest of the 7 pregnant
female dams treated with MeHg 2.0 mg/kg/day. In the
present study, finally 22 pregnant female dams (Control
n = 7; MeHg 0.5 mg/kg/day, n = 8 and MeHg 1.0 mg/
kg/day, n = 7) delivered total 219 pups respectively. Out
of 219 pups, twenty pups (20) either sex (male = 10
and female = 10) from each treatment groups were ran-
domly selected to perform functional and behavioural
development measurements on certain postnatal days.
Constant experimenters who were blind to the expo-
sure doses completed all procedures. The selected pa-
rameters and score methods are described below:

Somatic growth and maturation (PND 1-30): from GD
5, the pregnant rats were daily examined for overt signs
of toxicity. Ages (PND) on which pups in each group
were observed at first appearance of pinna detachment
(PND 2-5); incisor irruption (PND 6-7); eye opening
(PND 11-16); development of fur (PND 9); ear unfold-
ing (PND 2) [13, 14]; testes descent (PND 25) and
vaginal opening (PND 30) [15].

Neuromotor and reflex development: Surface righting re-
flex (PND 4, 6, 8) — the pup’s ability to turn over from
supine position at surface level; Mid-air righting reflex
— the pup’s ability to turn over in mid-air from supine
position; Pivoting — pup’s circular movement with no
forward or backward propulsion; Swimming ontogeny
(PND 6) — the pup’s ability to swim; Negative geotaxis
(PND 10) - the pup’s ability to turn 180° on a 25° in-
cline placed head down; Forelimb and hind limb grip
strength (PND 10) — ability to hold on to a thin wire;
Forelimb grip strength (PND 10) — performance on ro-
tating rod (PND 20) were assessed (Columbus Instru-
ment, Columbus, Ohio, USA).

Sensory function: Startle reflex (PND 7, 15) - the pres-
ence or absence of sensorimotor reaction (jerks) to au-
ditory stimulus.
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Activity and emotional reactivity: exploratory and ste-
reotypic behaviour were assessed by an open field activ-
ity monitor system (Columbus Instrument, Columbus,
Ohio, USA), measuring intensity of motor activity, am-
bulatory activity, rearing and stereotype behaviours of

pups.

Functional Observation Battery (FOB)

Detailed clinical observations: detailed clinical exami-
nation included identification of clinical signs related
to: general appearance, body position and posture, au-
tonomic nervous system function, motor coordination,
ambulatory abnormalities, reaction to being handled
and to environmental stimulation, nervous system (e.g.,
tremor, convulsion, muscular contractions), changes
in exploratory behaviour, abnormal behaviour (e.g.,
autophagia, backward motion, abnormal vocalization)
and aggression.

Neurobehavioral assessment on PND 29: FOB [16, 17]
and motor activity tests were conducted on all rats as-
signed to each dosage level on the 4% week of the post-
natal period. During each of the test periods, the behav-
ioural tests were conducted on the rats. Dosage groups
and gender (n = 10 in either sex) were counterbalanced
across the test sessions. The motor activity and FOB
evaluations were conducted at approximately the same
time of day, across all test sessions.

A single trained observer unaware of the group as-
signment of each rat conducted the FOB. The order
in which rats from different dosage groups were tested
was randomised. Evaluation of each individual rat was
conducted at the home cage during handling of the rat,
for a 2-min period in an open field (85 cm x 50 cm x 13
cm), and following reactivity and sensitivity testing. The
FOB evaluation lasted approximately one to one and a
half hours, and included the following parameters:

1 lacrimation, salivation, palpebral closure, promi-
nence of the eye, pupillary reaction to light, pilo-
erection, respiration, and urination and defecation
(autonomic functions);

2 sensorimotor responses to visual, acoustic, tactile,
and painful stimuli (reactivity and sensitivity);

3 reactions to handling and behaviour in the open
field (excitability);

4 gait pattern in the open field, severity of gait ab-
normalities, air-righting reaction, and visual plac-
ing response;

5  landing foot splay (gait and sensorimotor coordina-
tion);

6 forelimb and hindlimb grip tests.

Statistical analysis

Data from non-pregnant FO (exposed pregnant
dams) animals were excluded from statistical analy-
sis. With the exception of adult measurements (body
weights and neurobehavioral assessments) on the F1
(first generation of FO dams, i.e. pups/offspring) gen-
eration, when a statistical analysis included measure-
ments on multiple offspring from the same litter, the
litter was used as the experimental unit and accounted
for in the statistical analysis. A number of end points
were evaluated using different statistical models (Table

1). Descriptive statistics were calculated for each vari-
able. The data obtained from either sex (10 males; 10
females) in the experiments were expressed as the mean
+ SEM, unless otherwise stated. FO body weight gain
GD 0-20; gestational length and litter size data were
analyzed by 3 (MeHg or water) x 2 (sex) x 7 (measures)
ANOVA with the measures factor treated as within sub-
ject factor using the litter weight gain, day and litter size
respectively. The data from the date of appearance of
each reflex and physical developments were analyzed
by 3 (MeHg or water) x 2 (sex) x Time ANOVA us-
ing the mean litter score (seconds) in either sex except
cliff avoidance, startle reflex and swimming ontogeny
ANOVA data the percentage. Negative geotaxis data
were analyzed by 3 (MeHg or water) x 2 (sex) x 10
males/10 females with repeated measures ANOVA with
the treatment as a between-subjects factor and that day
as the repeated measures factor, followed by Tukey’s
post-hoc test. Latency to rim escape was analyzed by 3
(MeHg or water) x 2 (sex) ANOVA using the mean lit-
ter score (seconds). Open field data such as distance
travel (DT in cm); resting time (RT in time); rearing or
jumps (V1C in number) as well as FOB data (forelimb
grip strength(g); hindlimb grip strength(g); hindlimb
splay(cm); rearing(no.) were analyzed by 3 (MeHg or
water) x 2 (sex) X repeated ANOVA using the mean
litter score for either sex F1 offspring. The comparison
among control and MeHg exposed groups was carried
out by means of One-way ANOVA, followed by Tukey’s
HSD post-hoc test [1-6]. We used Kruskal-Wallis H test
for comparing pup viability: males per litter. MeHg
0.05 was considered significant.

RESULTS
Maternal bealth status and reproduction outcome
Pregnant females (dams) were divided into four
groups of 20 animals; Control (with free access to
fresh 0.9% saline water); 0.5 mg/kg/day MeHg; 1.0
mg/kg/day MeHg and 2.0 mg/kg/day MeHg by oral
gavages. Dam’s body weight as well as weight gain
was noted during gestation. After birth the number of
pups for each group was as follow: Control (n = 66),
0.5 mg/kg/day MeHg (n = 80), 1.0 mg.kg/day MeHg
(n = 73) and 2.0 mg/kg/day MeHg (n = 0). We have
randomly selected twenty per litter to achieve the be-
havioral test (10 males and 10 females). During preg-
nancy the exposed groups did not differ in water and
food intake and in the rate of the body mass increase
in dam gestational periods GD 5 till parturition. The
0.5 and 1.0 mg/kg/day MeHg treatment groups did
not differ from the control group in the level of food
and water consumption (nata not shown) and body
weight gain, whereas maternal body weight during
gestational period (GD 0-20) (Figure 1A) and per-
centage maternal weight gain (Figure 1B) was dras-
tically reduced with higher MeHg treatment group.
Commencing between GD 5 till parturition, at dose
level 2.0 mg/kg/day MeHg group, animals developed
gait alterations and incoordination. The animals later
became difficult to handle and showed limb abnor-
malities including exaggerated movements, and lim-
ited usage of the hind limbs. As a result of the poor
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Body weight of mother exposed to MeHg during gestation period. All
data are mean + SE with 7-8 females in each group, **p < 0.01 indicates
significant differences as compared with control.

Percentage weight gain of dams
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Effect of MeHg exposure on weight gain (%) of dams. The data show body
weight gain (%) during gestation period in dams of control, 0.5, 1.0 and
2.0 mg/kg/day dose groups. **p < 0.01 indicates significant differences as
compared with control.

Figure 1A
Effect of methylmercury (MeHg) on maternal body weight
during gestational period.

condition of these animals, they were euthanised ear-
ly in lactation (LD O or 1) due to dystocia, delivery
of dead pups or total litter loss. Gross pathological
examination of animals to litter or complete partu-
rition indicated undelivered dead fetuses or resorp-
tions in the uterus. All other animals in the 0.5 and
1.0 mg/kg/day MeHg groups appeared normal and no
adverse clinical signs were observed. There were no
deaths, resorbed or late deliveries due to MeHg with
0.5 and 1.0 mg/kg/day exposure groups. In contrast,
treatment of rat with 2.0 mg/kg/day MeHg caused

Figure 1B
Effect of methylmercury (MeHg) exposure on body weight
gain (%) during pregnancy.

hundred percent of resorbed pups (Figure 2). The
length of gestation was not statistically different be-
tween the control and MeHg - treated groups, how-
ever, there was an indication of an extended length
by 0.14 for the 1.0 and 2.0 mg/kg/day MeHg treated
dams (Figure 2). The low and medium dose groups
did not differ from the control group in body weight
gain, the number of pups per litter, male/female ratio,
the number of still births or the values of the viabil-
ity index (i.e. percent of pups surviving beyond PND
4), were notably lower up to 100%, during treatment

*% H Control

Il 0.5MeHg
1.0MeHg
2.0MeHg

Gestation and litters
o

Gestation
Litters

Effect of MeHg exposure gestational length (day) and their litter size (n). All
data are mean + SE with 7-8 females in each group. The data show dam’s
gestational length (day) and litter size (n) of control, 0.5, 1.0 and 2.0 mg/kg/
day dose groups. **p < 0.01indicates significant differences as compared
with control.

Physical development of pups

Days

Control

0.5MeHg

m Eye opening

m Incisor eruption

m Pinna detechment
Development of fur

Ear unfolding
= Vaginal opening
o Testes descent

Effect of prenatal MeHg exposure on the physical development of pups.
All data are mean + SE with either sex (10 male and 10 female) of PND
on which the pups in each group were observed with different physical
developmental parameters.

Figure 2
Effect of methylmercury (MeHg) exposure on gestational
period and litter size of dams

Figure 3
Effect of methylmercury (MeHg) exposure on gestational day
GD 5 till parturition on physical development of pups.
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Surface Righting Reflex

Male Female

Time (s.)

Day4 Day6 Day8
Observation

Day4 Day6 Day8

[l Control M 0.5MeHg 1.0MeHg

Effect of MeHg exposure on surface righting reflex. The diagrams show
results of surface righting reflex (sec) in offspring males and females
from PND 4, 6, 8. Data points represent mean * SE with either sex

(10 male and 10 female) in each group. **p < 0.01 indicates significant
differences as compared with control.

Mid-air righting reflex at PND13
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Effect of MeHg exposure on mid-air righting reflex. The diagrams show
results of mid-air righting reflex (score) on PND 13 represent mean + SE
with either sex (10 male and 10 female) in each group. Score: 2 = righting
in or before the third frame; 1= righting other frame; 0 = not righting in air.
*p < 0.05 indicates significant differences as compared with control.

Figure 4
Effect of methylmercury (MeHg) exposure on gestational day GD
5 till parturition on surface righting reflex on PND 4, 6, and 8.

periods. There were no significant differences in body
weight of male offspring [F (2,30) = 0.42. P < 0.066]
and female offspring [F (2,30) = 0. P < 1.00] between
the progeny of the control and low doses of MeHg
exposed groups at PND 1.

Somatic growth and maturation

There were no significant differences among the con-
trol, 0.5 and 1.0 mg/kg/day MeHg treatment groups in
the fetal body length, and tail length and body weights
at PND 1, 4, 7, 21 in either sex. The numbers of total
resorption and dead fetuses, as well as the percentage
of post implantation loss were only significantly affect-
ed with 2.0 mg/kg/day MeHg treatment group. There
was no overt main effect of treatment or sex on the age
at first appearance of pinnadetechment [F (2,30) = 0.93. P
< 0.405], eye opening [F (2,30) = 0.05. P < 0.951], au-
ditory startle reflex [F (2,30) = 0.01. P < 0.990], incisor
eruption [F (2,30) = 0. P < 1.000], development of fur
[F (2,30) = 0. P < 1.000], testes descent [F (2,30) = 0. P
< 1.000] or vaginal opening [F (2,30) = 0. P < 1.000] in
either sex (Figure 3).

Neuromotor, sensory function and reflex development

There were non-significant adverse effect of MeHg
exposure on, cliff avoidance (PND 10), startle reflex
(PND 7, 15), swimming ontogeny (PND 6), forelimb
and hindlimb grip strength of male [F (2,30) = 0.69. P
< 0.509], [F (2,30) = 0.29. P < 0.750] and female off-
spring [F (2,30) = 1.4. P < 0.262], [F (2,30) = 2.48. P <
0.100] respectively. As seen in Figure 4, surface righting
on PND 4 of male [F (2,30) = 2.82. P < 0.075] were
scarcely altered in all the exposure groups, whereas of
female [F (2,30) = 2.91. P < 0.069; Tukey post-hoc test:
control vs 0.5 and 1.0 mg/kg MeHg, p < 0.01]. How-
ever, significant slowness of surface righting reflex ei-
ther on PND 6 of male [F (2,30) = 37.46. P < 0.0001;
Tukey post-hoc test: control »s 0.5 and 1.0 mg/kg MeHg,

Figure 5
Effect of methylmercury (MeHg) exposure on gestational day
GD 5 till parturition on mid-air righting reflex on PND13.

p < 0.01] and female [F (2,30) = 41.57. P < 0.0001;
Tukey post-hoc test: control vs 0.5 and 1.0 mg/kg MeHg,
p < 0.01] or on PND 8 of male [F (2,30) = 30.3. P <
0.0001; Tukey post-hoc test: control vs 0.5 and 1.0 mg/
kg MeHg, p < 0.01] and female [F (2,30) = 50.09. P <
0.0001; Tukey post-hoc test: control »s 0.5 and 1.0 mg/
kg MeHg, p < 0.01] were altered in all the exposure
groups in either sex. Subsequently One-Way ANOVAs
and post-hoc comparisons revealed that both highest
and lowest exposure groups as well as PND 6 and PND
8 had significantly reduced the surface righting time in
either sex as compare with control (Figure 4).

Mid-air righting reflex on PND 13 of the male off-
spring was significantly depressed [F (2,30) = 5. P <
0.013; Tukey post-hoc test: control »s 1.0 mg/kg MeHg,
p < 0.05] in the 1.0-mg/kg/day MeHg exposure group
(Figure 5). Pivoting was observed in either sex on PND
7,9 and 11. Pivoting either on PND 7 of male [F (2,30)=
58.66. P < 0.0001; Tukey post-hoc test: control »s 0.5
and 1.0 mg/kg MeHg, p < 0.01] and female [F (2,30)
= 72.75. P < 0.0001; Tukey post-hoc test: control vs 0.5
and 1.0mg/kg MeHg, p < 0.01] or on PND 9 of male [F
(2,30) = 75.35. P < 0.0001; Tukey post-hoc test: control
vs 0.5 and 1.0 mg/kg MeHg, P < 0.01] and female [F
(2,30) = 77.18. P < 0.0001; Tukey post-hoc test: control
vs 0.5 and 1.0 mg/kg MeHg, P < 0.01] were significantly
altered in all the exposure groups. Thus, one-way ANO-
VAs and post hoc comparison suggested that both highest
and lowest exposure groups as well as PND 7 and PND
9 had significantly shortened the pivoting time in either
sex as compare with control (Figure 6).

Males and females of each dose exposure groups per-
formed better in the negative geotaxis test than their
counterparts from the control group. Our results indi-
cated non-significant, dose-dependent increases in ei-
ther male offspring [F (2,30) = 1.74. P < 0.193] or fe-
male offspring [F (2,30) = 1.71. P < 0.198] in negative
geotaxis in MeHg exposed groups (Figure 7). However,
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Pivoting

Male Female

Time (s)

Day7 Day9 Day11

Day7 Day9 Day11

[l Control [l 0.5MeHg 1.0MeHg

Observation

Effect of MeHg exposure on pivoting. The diagrams show results of
pivoting (sec) in offspring males and females from PND 7, 9 and 11. Data
points represent mean + SE with either sex (10 male and 10 female) in
each group. **p < 0.01 indicates significant differences as compared with
control.

Figure 6
Effect on pivoting in the offspring of rat exposed to methylmercury
(MeHg) on gestational day GD 5 till parturition at PND 7,8 and 11.

Rotarod test on PND20

50 -
40 - H Male
30 - M Female

Time (s)

Control

0.5MeHg

Treatment

1.0MeHg

Effects of MeHg exposure on latency in fall from rotating rod (time: 60
sec. RPM =10). The diagrams show results of fall from rotating rod
(latency in sec) in offspring males and females at PND 10. Data points
represent mean + SE with either sex (10 male and 10 female) in each
group. *p < 0.05; **p < 0.01 indicates significant differences as compared
with control.

Figure 8
Effect of rotarod test in the offspring of rat exposed to methylmer-
cury (MeHg) on gestational day GD 5 till parturition at PND 20.

the latency to complete the negative geotaxis response
of 10-day old rats were non-significant increased by 0.5
mg/kg (10.87 + 2.48s in male; 14.30 + 3.54s in female)
and 1.0 mg/kg MeHg (12.95 + 3.05s in male; 12.37 =
2.29s in female) when compared with control rats (6.32
+ 1.38s in male; 6.96 + 2.08s in female) (Data Not
Shown). The offspring’s motor ability was investigated
using rota rod on PND 20. Male offspring [F (2,30) =
6.39. P < 0.005; Tukey post-hoc test: control vs 0.5mg/
ke MeHg, p < 0.05 and control vs 1.0 mg/kg MeHg,
p < 0.01] at dose levels 0.5 and 1.0 mg/kg/day MeHg
exposed groups, spent shorter time on rotating rod than
control offspring whereas similar result were found in
female offspring [F (2,30) = 3.98. P < 0.05] with 1.0
mg/kg/day MeHg exposed group (Figure 8).

207 Negative geotaxis at PND 10
184

[l Control [ 0.5MeHg 1.0MeHg
16

Latency (s)

Male Female

Effects of MeHg exposure on negative geotaxis. The diagrams show
results of negative geotaxis (latency in sec) in offspring males and
females at PND 10. Data points represent mean + SE with either sex (10
male and 10 female) in each group.

Figure 7
Effect on negative geotaxis in the offspring of rat exposed to methyl-
mercury (MeHg) on gestational day GD 5 till parturition at PND 10.

Activity and emotional reactivity

On PND 28 offspring were tested for exploratory
activity, measured by animal activity monitoring sys-
tem. Following, specific parameters considered to be
indicative of spontaneous locomotion were evaluated:
distance travels (DT), immobility or resting time (RT)
and rearing (V,C). There was a significantly increase in
ambulatory distance travel in male offspring (F (2,30)
= 5011, p < 0.0213; Tukey post-hoc test: control »s 0.5
and 1.0 mg/kg MeHg, p < 0.05] as compared to control
group with 0.5 mg/kg/day and 1.0 mg/kg/day MeHg,
whereas in female [F (2,30) = 4.67. P < 0.017; Tukey
post-hoc test: control »s 1.0mg/kg MeHg, p < 0.05]; rest-
ing time in female offspring with 1.0 mg/kg/day MeHg
[F (2,30) = 5.54. P < 0.009; Tukey post-hoc test: control
»s 1.0 mg/kg MeHg, p < 0.05 and increase in intensity
of rearing in male with 0.5 mg/kg/day MeHg dose group
[F (2,30) = 3.45. P < 0.045; Tukey post-hoc test: control
vs 0.5 mg/kg MeHg, p < 0.05] , in female [F (2,30) =
10. P < 0.005; Tukey post-hoc test: control vs 0.5mg/
kg MeHg, p < 0.01 and 0.5 mg/kg MeHg vs 1.0 mg/
kg MeHg, P < 0.01]. Stereotypic behaviors remained
similar in all treatment groups. Pups from the MeHg
treatment groups displayed significant hyperactivity in
open field-testing, as indicated by increase in ambula-
tory distance compared to control pups (Figure 9).

Functional observational battery (FOB)

There were no significant differences between the
dosage groups in the large majority of the FOB meas-
ures during the 4* weeks of exposure. Statistically sig-
nificant (p < 0.01) differences in the 0.5 and 1.0 mg/
kg/day MeHg dose groups compared to control were
found by measuring CNS activity and excitability meas-
urements such as rearing; neuromuscular function/
measures such as forelimb grip strength, hindlimb grip
strength, and hindlimb splay were affected (Table 2).
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Open field activity on PND28

[l Control [ 0.5MeHg 1.0MeHg

Male Female
*%

*% *% *

* *%

DT RT ST AT BSMA CH CV 1C DT RT ST AT BSMA CH CV 1C
Effects of MeHg exposure on open field activities on PND 28. The diagrams show results of open field activity in offspring males and females at PND 28. Data
points represent mean + SE with either sex (10 male and 10 female) in each group. DT = ambulatory distance travelled (Cms); RT = resting time (Sec.); ST

= stereotypic behaviour such as scratching, grooming digging, sniffing that repeatedly interrupt only single optical beam; AT = ambulatory time (Sec.); BSM

= bursts of stereotypic movement (Count); AC = ambulatory count; HC = horizontal count; V1C = rearing or jumps. *p < 0.05; **p < 0.01 indicates significant

differences as compared with control.

Figure 9

Open field activity in the offspring of rat exposed to methylmercury (MeHg) on gestational day GD 5 till parturition on PND 28.

DISCUSSION

Very few animal studies have been examined the po-
tential adverse effects of MeHg on the developing off-
spring taking into account the human exposure scenario
of chronic ingestion of MeHg through the consumption
of contaminated fish. Numerous experiments using lab-
oratory animals have confirmed, especially earlier ones
[7, 8, 18-20], 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 be-
ing measured. The dose levels in the present study were
selected so as to obtain a continuum of effects ranging
from little or no toxicity to significant toxicity in both
dams and progeny. A gavage dose administered on a
daily basis was meant to mimic the consumption of a
fishmeal in humans. The present treatment period was
gestational day (GD) 5 till parturition. In the present
study, the highest dose of 2.0 mg/kg/day MeHg group
affected mating behaviour or pregnancy rate, implants
per litter, live foetus per litter, dead foetus per litter,
total percentage of resorbed per litter, percentages of
postimplantation and sex ratio along with obvious signs
of maternal toxicity were reported [21]. One of the
most common abnormal findings observed for the rats
was ataxia and gait impairment that corresponds well
documented with signs observed in human accidental
poisonings cases of MeHg in Japan and Iraq [22].

Rats treated with MeHg by gavage at 6 mg/kg/day
from GD 6 to 9 and reported a comparable extension
of gestation length, reduced embryonic implantations
in the uterus and the number of dams bearing live litters

was markedly diminished. Failure to deliver or sustain
live pups illustrated the extreme toxicity of this dose
[18]. In contrast, the present study with MeHg by gav-
age at 1.0 and 2.0 mg/kg/day from GD 5 till parturition,
showed a significantly extension of gestational length,
reduced embryonic implantations in the uterus and the
number of dams bearing live litters were markedly di-
minished, failure to deliver or sustain live pups illustrat-
ed the extreme toxicity at 2.0 mg/kg/day MeHg from
GD?5 to till parturition [21]. Similar findings reported
that pregnant mothers exposed to MeHg at high doses
from contaminated fish in Japan experienced miscar-
riages, or had children stillborn or dying shortly after
birth [23].

The body weights of the pups were unaffected at
birth and continued to be unaffected throughout the
pre-weaning as well as post-weaning period. Vorhees,
1985 [18], reported that MeHg administration to preg-
nant rats at 6 mg/kg/day from GD 6 to 9 did not affect
the body weight of pups at birth but deviations from
controls occurred as the animals, especially males, aged
and a reduced body weight was noted for males at PND
60. There were no significant differences among the 0.5
and 1.0 mg/kg/day MeHg treatment groups in the fetal
body length, tail length and body weights at PND 1, 4,
7, 21 in either sex. The numbers of total resorption and
dead fetuses, as well as the percentage of post implanta-
tion loss were only significantly affected with 2.0 mg/kg/
day MeHg treatment group.

Most developmental landmarks in either sex on the
age at first appearance of pinna detechment, eye open-
ing, auditory startle reflex, incisor eruption, develop-
ment of fur, testes descent or vaginal opening were un-
affected by MeHg in the current study, however, earlier
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F,maternal body weight gain GDs 0-20; gestation length; live litter size

F, morphometric measurements (malformations dependent on outcome of the whole body
F, physical features development- pinnadetechment; eye opening; auditory startle reflex; tes-

F, pups body weights; F, mid air righting reflex; F, surface righting reflex; F, pivoting; F, nega-

Table 1
Summary of statistical tests
Analysis End points
ANOVA (1)
Ao ) length, tail length analysis)
IR ) tes descent and vaginal opening.
AIOHR ) tive geotaxis
ANOVA (5)
AR hindlimb splay and rearing
K-W (7) Kruskal-Wallis test ~ Pup viability; males per litter

F, motor activity; F, forelimb grip strength; F, hind limb grip strength; F, rotarod test.
F, Adult open-field test; F, Adult FOB tests- forelimb grip strength; hindlimb grip strength;

Factors in the models included treatment group (TRT: 1-7), sex (2, 4-6), time (1, 4, 5), and litter (random effect:3, 4-6). Interaction terms included
TRT X Sex (2, 4-6), TRT X Time (1, 4, 5), and TRT X Sex X Time (5, 6). Individual group comparisons with the control were made by One-
way ANOVA, followed by Tukey’s HSD posthoc test (1-6). We used K-W (7) test for comparing pup viability: males per litter. MeHg 0.05 was

considered significant.

Table 2

FOB (CNS excitability and neuro-muscular function/measures) in the offspring of rat exposed to MeHg on gestational day GD5 till

parturition on PND28

Treatment groups Rearing (n.) Forelimb grip (g) Hindlimb grip (g) Hindlimb splay (cm)
CONTROL (n = 20) 455+0.15 183.40 + 2.04 63.80 + 0.80 475019
g"Oe)Hg (o Mg ) (0= 6.15£0.18"  196.40+1.51" 68.95 + 0.87" 4.60+0.15
2"06)”9 (L0 gty (o= 6.25+ 012"  186.60 + 0.94 58.25 + 0.81 420+0.17

Data are presented in mean + SE, n =20 rats in each exposed groups in either sex. Significantly different from the control group: ** p < 0.01 significant.

studies, resulted in an earlier opening of the pups eyes
[19, 24], development for incisor eruption [18, 19, 24],
delayed development of righting reflex [18, 24, 25], as
well as alterations for negative geotaxis [21, 24], and
swimming ability [18, 24, 25].

There were no significant adverse effects of MeHg
exposure on cliff avoidance, surface righting reflex, star-
tle reflex, swimming ontogeny, forelimb and hindlimb
grip strength. However, mid-air righting reflex on PND
13 of the male offspring was significantly depressed in
the 1.0 mg/kg/day MeHg exposure group as compared
to control. The appearance of the startle reflex coincid-
ed with ear channel opening, and hearing neuronal cir-
cuitry is developed at this age [26, 27], suggesting that
earlier ear channel opening is a possible explanation for
earlier occurrence of the startle reflex. Buelke-Sam et
al., 1985 [19], dosed pregnant rats from GD 6 to 9 at 6
mg/kg and showed that offspring of both pre and post-
weaning age had increased auditory startle habituation
response amplitude. Other investigators [24, 25] have
also observed similar effects on auditory startle reflex
in rats. Unfortunately, some studies [28-30] have failed
to show significant change in auditory startle reflex in
rats exposed from GD 6 to 15 at 4 mg/kg/day, even in
the presence of reproductive toxicity. Disruptions in vi-
sion and hearing of adult human populations exposed
to MeHg have been documented [31].

Males and females of each dose exposure groups

performed better in the negative geotaxis test than
their counterparts from the control group. Our results
indicated non-significant dose-dependent increases in
negative geotaxis in MeHg exposed groups, suggest-
ing no alteration in motor performance of exposed rats.
In contrast, the earlier studies on motor performance
(latency to complete a negative geotaxis response) of
rats reported that decreased in negative geotaxis scores
[18] whereas increased in negative geotaxis scores [32]
in MeHg-intoxicated animals, showed impaired per-
formance in negative geotaxis test. These differences
among results may be attributed to different metals,
onset, and duration of exposure and method of impos-
ing heavy metal intoxication.

Motor function, and in locomotor activity, has been
investigated frequently in rodents. The results have
been somewhat inconsistent with certain studies find-
ing no effect on motor activity, while others have found
decreases, increases or even sometimes both [7, 8, 18,
24,25, 33-35]. The offspring’s motor ability was investi-
gated using rota-rod on PND 20. Male offspring, spent
shorter time on rotating rod than control offspring
whereas similar result was found in female offspring
with 1.0 mg/kg/day MeHg exposed group. The results
revealed the prenatal exposure of MeHg affected the
motor development of offspring. These findings are
consistent with results from high-exposure human stud-
ies, which revealed significant delays in aspects of mo-
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tor development such as crawling, standing, and walking.
For neurological reflexes, dynamic tests, such as nega-
tive geotaxis, cliff avoidance and righting reflexes, were
used to evaluate the sensorimotor development [36].
The results of the present study revealed no delay in sur-
face righting on PND 4, 6, 8 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 PND 20 suggests
that MeHg could be delay neuromuscular development
in the exposed groups. Most of the measured variables,
including air righting reflex, negative geotaxis and cliff
avoidance, did not seem to be impaired. It seems that the
dose levels (0.5 mg/kg and 1.0 mg/kg) of MeHg probably
had minor and/or slight effects on sensorimotor develop-
ment. There was no significant adverse effect of MeHg
exposure on swimming ontogeny (PND 6). Elsner, 1991
[37], examined impairment of motor function as well as
swimming ability in rats exposed with MeHg at 1.5 or 5
ppm during gestation. In the present study, motor skills
evaluated by way of swimming performance on PND 6
in water were unaffected, and agility, coordination and
finer motor function, were evaluated quantitatively using
the rota-rod test on PND 20.

Exploratory activity in rats exposed to MeHg, meas-
ured by animal activity monitoring system on PND 20,
was significantly higher in male offspring as compared
to control group in respect to ambulatory distance
travel with 0.5 mg/kg/day and 1.0 mg/kg/day MeHg
in either sex; resting time in female offspring with 1.0
mg/kg/day MeHg and increase in intensity of rearing
in either sex with 0.5 mg/kg/day MeHg dose group.
However, stereotypic behaviors remained similar in
all treatment groups. Pups from the MeHg treatment
groups displayed significant hyperactivity in open
field-testing, as indicated by increase in ambulatory
distance compared to control pups. This hyperactiv-
ity was also accompanied by a significant loss of thig-
motaxis (preference for the periphery) in all treatment
groups and also increase in the number of vertical rear-
ing in either sex with 0.5 mg/kg/day MeHg exposed
group. Thus, prenatal exposure to MeHg resulted in
hyperactivity and loss of thigmotaxis in open field-
testing. There were no significant differences between
the dosage groups in the large majority of the FOB
measures during the 4% weeks of exposure. Statisti-
cally significant (p < 0.01) differences with 0.5 and 1.0
mg/kg/day MeHg dose group compared to controls
were found by measuring CNS activity and excitability
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