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The female adult white Wistar rats were given tap water (control) or
50 ppm of methylmercury chloride (MMC) ad libitum throughout their preg-
nancies. Newborn rats drank mother’s milk during the first 21 days after de-
livery and then only tap water.

The study was carried out on three-month old offsprings of white Wistar
rats. The flash visual evoked potentials (FVEP) were recorded before and af-
ter injecting of 10 �l 0.9% saline, 50 or 100 nmols of dopamine (DA) into
the lateral brain ventricle by method used before in our laboratory. The am-
plitude of the first deep negative (N�) peak significantly increased to
109–114% after both doses of DA in the control group and to 138–139% in
mercury-treated animals. The amplitude of the next positive (P�) wave de-
creased to 94% and 86% in the control group after 50 and 100 nmols of DA,
respectively. In Hg-treated group after 50 nmols of DA, the value dropped
down to 91%, but increased to 109% after 100 nmols of DA. The increasing
of �N�P� was observed in the control group to 112% after 50 nmols and to
109% after 100 nmols of DA and in Hg-exposed rats, respectively, to 127%
and to 129%. The described changes were statistically significant (p < 0.05).
The N� and P� latencies were prolonged in the control group after both doses
of DA. In Hg-treated group, the prolongation of N� latency was recorded,
while the P� latency was not changed. We concluded that prenatal Hg intoxi-
cation disturbed the effect of DA on FVEP.
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Abbreviations: DA – dopamine, FVEP – flash
visual evoked potentials, Hg – mercury, MeHg –
methylmercury, MMC – methylmercury chloride

INTRODUCTION

Mercury (Hg) intoxication is usually caused by
industrial or occupational exposures. The toxic ef-
fects are seen especially in the kidneys, brain and in
the nervous system. Hg exists in the metallic form
(elemental Hg) and salts. Toxic effects of Hg in hu-
man depend on the form of metal intake and the pe-
riod of exposure. Elemental Hg is not particularly
toxic when ingested, because of a very low absorp-
tion from the gastrointestinal tract. However, in-
haled Hg vapor is completely absorbed by the
lungs and then oxidized in the erythrocytes by the
catalase to the highly toxic compounds. Gastroin-
testinal absorption of inorganic salts of Hg is ap-
proximately 10% of that ingested, but organic salts
are more completely absorbed (90%), because they
are lipid soluble and easy penetrating the biological
barrier, e.g. placenta, blood-brain. The concentra-
tion of Hg in fetal tissues is the same or even higher
in selected tissues (erythrocytes, brain) than those
found in maternal tissues [3, 11]. The sources for
Hg can be dental amalgams, the numerous indus-
trial processes, the production of mirrors, felt and
paints [1, 6, 8]. Methylmercury (MeHg) causes ad-
verse effects in the central nervous system of adults
and children, although children clearly appear to be
more vulnerable. The acute high exposure during
development resulted in motor retardation and sen-
sory deficits, such as blindness and deafness [2, 12,
20]. Characteristic pathological changes caused by
organic Hg in the brain of patients with Minamata
disease have been previously described. The brains
of patients with the acute onset of symptoms
showed the loss of neurons with a reactive prolif-
eration of glial cells, microcavitation, vascular con-
gestion, petechial hemorrhage and edema in the
cerebral cortices, predominantly in the calcarine
and transverse temporal cortices and in cerebellar
cortex [5, 7, 14]. The most consistent clinical signs
comprise constriction of the visual fields, sensory
disturbances, and cerebellar ataxia. Infants exposed
to MeHg in utero are often profoundly retarded or
show high mortality. Developmental effects of
MeHg observed in animal studies include mitotic
inhibition and disturbances of cell migration and
differentiation [4]. Most of the studies aimed to in-

vestigate the subclinical effects of MeHg docu-
mented both sensory and motor changes, but the
questions about the alterations of cognitive func-
tion, associated exposure levels and developmental
periods of vulnerability remain to be resolved. In
earlier study, Pojda et al. described the changes in
flash visual evoked potentials (FVEP) caused by
prenatal exposure to Hg [18]. Some few data exist
that Hg influenced central neurotransmitters sys-
tems, mostly dopaminergic and cholinergic [16].
The purpose of this study was to find out if the pre-
natal exposure to methylmercury chloride (MMC)
changes the effect of dopamine (DA) on FVEP.

MATERIAL and METHODS

White Wistar adult rats were kept on 12 h
light/dark cycle in animal house. They got free ac-
cess to pelleted food (Animal Food Works, Motycz,
Poland) and tap water containing 50 ppm of MMC.
The fluid consumption of each dam was monitored
daily. Every pregnant rat drank 26.25 mg of the
pure Hg during the pregnancy. On the day of partu-
rition, the Hg-containing water was replaced by tap
water and the newborns drank mother’s milk only.
On the 21th day of life, all offsprings were sepa-
rated and were left until the age of 3 months when
the electrophysiological studies were performed.

The offsprings were divided into two groups:
Hg-treated group (14 animals) and control group
(14 rats). Under intraperitoneal chloral hydrate
(POCH Ltd., Gliwice, Poland) anesthesia, 0.03/100
g, the rats were stereotaxically implanted with elec-
trodes: active under the skull on dura mater in oc-
cipital region of brain and the reference one, on the
skull in the interorbital region and with cannula
into the right lateral brain ventricle. The method of
the study was described by Pojda et al. [17, 18]. Af-
ter next 7 days, the FVEP were recorded by the
1000 LKC electrophysiologically interfaced per-
sonal computer system (USA), with Ganzfield
stimulation of both mydriatic eyes (1% atropinum
sulfuricum), under chloral hydrate anesthesia. The
adaptation time was 20 min. Each rat was tested
every 5 min for 30 min. Afterwards the 10 �l of sa-
line (0.9% NaCl) was injected intracerebroven-
tricularly (icv) and FVEP were recorded every
5 min for 60 min. Then two doses of DA (3,4-
dihydroxyphenylethylamine HCl, Sigma Chemical,
USA) 50 nmols (10 �g) and 100 nmols (20 �g)
were injected successively into the brain through
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the cannula in 10 �l of saline. Every time the DA
solution was prepared immediately before the icv
injection. FVEP were recorded every 5 min for
60 min after each injection. The amplitudes of the
first deep negative peak (N�) and the next positive
one (P�) were measured from the isoelectric line to
wave’s peaks and from the peak N� to P� (�N�P�).
The latencies were calculated from the time of
stimulus onset. For the statistical analysis the Stu-
dent’s t-test was used.

The work was approved by Ethics Committee
of Silesian Medical Academy in Katowice, Poland.

RESULTS

The results are given in Table 1. The mean
value of latencies of N� was 45.5 ms (100%) for the
control group and 50.6 ms (100%) for the Hg-
treated animals. The prolongation of latencies to
48.3 ms (106%) and to 48.9 ms (107%) was ob-
served in the control group after 50 and 100 nmols
of DA, respectively. The same doses of DA caused
the non-significant prolongation of latencies N� in

the Hg-exposed group to 51.5–51.7 ms (102%).

The mean initial latencies of the peak P� were

65.0 ms in the control and 72.0 ms in the Hg-

exposed group. The prolongation of P� latencies in

the contol group to 68.1 ms (105%) after 50 nmols

and to 68.6 ms (107%) after 100 nmols of DA was

noted, but there were no changes in P� latencies in

the Hg-treated group after the both doses of DA

(99–100%).
The mean values of N� amplitudes in the con-

trol was 64.5 �V (100%), and it increased to 70.5

�V (109%) after 50 nmols of DA and to 73.4 �V

(114%) after 100 nmols of DA. The N� amplitude

increased in the Hg-intoxicated group to 36.3 �V

(138%) after 50 nmols of DA and to 36.6 �V

(139%) after 100 nmols of DA in comparison with

the initial value of 26.3 �V (100%). The ampli-

tudes of P� in the control group were, respectively:

41 �V (100%) initial value, 38.7 �V (94%) after

50 nmols of DA and 35.2 �V (86%) after

100 nmols of DA. The mean amplitude of P� in the

Hg-exposed group was 12.4 �V (100%) initial

value, 11.3 �V (91%) after 50 nmols of DA and
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Table 1. The values of N� and P� latencies and amplitudes before and after 50 and 100 nmols of DA icv injections in control and Hg-
exposed groups

Control group n = 14 Initial
value

SD 50 nmols
of DA

SD p � 100 nmols

of DA

SD p �

N� latency [ms] 45.5
100%

1.1 48.3
106%

1.22 0.05 48.9
107%

2.22 0.05

P� latency [ms] 65.0
100%

1.08 68.1
105%

2.22 NS 68.6
107%

1.94 0.05

N� amplitude [uV] 64.5
100%

1.24 70.5
109%

8.7 0.05 73.4
114%

13.79 0.05

P� amplitude [uV] 41.0
100%

7.42 38.7
94%

13.6 0.05 35.2
86%

18.7 0.01

�N�P� [uV] 105.5
100%

7.8 109.2
112%

9.9 0.05 108.6
109%

10.2 0.05

Hg-exposed group n = 14

N� latency [ms] 50.6
100%

1.03 51.5
102%

1.63 NS 51.7
102%

2.06 NS

P� latency [ms] 72.0
100%

0.8 71.6
99%

1.32 NS 72.0
100%

2.13 NS

N� amplitude [uV] 26.3
100%

6.8 36.3
138%

12.5 0.01 36.6
139%

23.3 0.01

P� amplitude [uV] 12.4
100%

5.3 11.3
91%

18.04 0.05 13.5
109%

16.7 0.05

� N�P� [uV] 38.7
100%

6.2 47.6
127%

14.4 0.01 49.9
129%

14.9 0.01

p – in comparison with the initial values before DA icv injections



13.5 �V (109%) after 100 nmols of DA. The mean
values of �N�P� in the control group were:
105.5 �V (100%) initial, 109.2 �V (112%) after
50 nmols and 108.6 �V (109%) after 100 nmols of
DA. In the Hg-treated group the initial value of the
amplitude �N�P�was 38.7 �V (100%), after 50 nmols
of DA increased to 47.6 �V (127%) and to 49.9 �V
(129%) after 100 nmols of DA (Tab.1).

DISCUSSION

Dyer et al. [5] found alterations in visual evoked
potentials in rats given a single 5 mg/kg dose of
MeHg on the 7th day of gestation. Furthermore, the
continuous exposure of rats to 2.5 mg/kg/day via the
dam produced abnormal visual evoked potentials in
offspring, even if they had been cross-fostered to
non-exposed dams [9, 10]. MeHg and HgCl� in-
creased the frequency of miniature end-plate poten-
tials (EPP). HgCl� was also found to increase the
amplitude of EPP prior to its depression. A series of
experiments with rat neuromuscular preparations
have led to the conclusions that MeHg irreversibly
alters presynaptic function, that the decrease in EPP
amplitude is due to a block of calcium entry to the
nerve terminals [19]. The transplacental neurotox-
icity of MeHg on the fetal rat brain was studied by
Kakita et al. [10]. Neuronal degeneration of vary-
ing degree was detected in the brain stem, cingulate
cortex, thalamus and cerebral basal area, including
the hypothalamus. This finding suggests that
pathomechanisms in MeHg intoxication operate
distinctively in the fetal brain [10, 14]. Lakshman
et al. observed that after MeHg exposure DA levels
were also increased in the olfactory bulb, hippo-
campus, visual cortex and brain stem, but not in the
striatum-accumbens. These changes disappeared
after the discontinuation of Hg intake [13]. Sible-
rud et al. described that Hg decreased the level of
endogenous DA in the brain and increased the sen-
sitivities of dopaminergic receptors [20]. The ex-
periments with pregnant Sprague-Dawley rats
treated with MMC at doses of 8 mg/kg showed an
increased density of DA receptors in the striatum
on 14, but not on 21 and 60 day of age. The authors
suggest that a high level of MMC induced a tran-
sient phenomen of disuse-supersensitivity of the
dopaminergic system. The results obtained in our
experiment may confirm these views, the ampli-
tudes of FVEP in Hg-treated rats increased after
DA injections. The higher increasing of the total

value of amplitude �N�P� in Hg-treated rats than in
control showed that MMC intensified the effect of
DA on FVEP. The values of the latencies were
more stable and less sensitive for DA after Hg ex-
position. McKay et al. suggested that Hg com-
pounds altered dopaminergic synaptic function,
possibly by disrupting calcium homeostasis or
calcium-dependent processes, and that MeHg and
mercuric Hg�� could have diverse potential to alter
dopaminergic neurotransmission [15].

CONCLUSION

The prenatal Hg intoxication disturbed the effect
of DA (most probably the sensitivity) on FVEP.
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