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Severe Fetal Minamata Disease leads to cerebral palsy,
blindness, deafness accompanying microcephaly, and makes it
impossible to stand, walk or talk, (WHO 19890). These severely
affected children have been considered to be exposed to
methylmercury (MM) during mid and late gestation periods.
However, it is very rare to find gross malformations in human
infants. From this knowledge, we speculated that the exposure
to MM during early gestation period must induce fetal
death, though we have no epidemiological data.

Fetotoxicity and teratogenicity of MM have been confirmed in
experimental studies in mice, hamsters and rats (Spyker and
Smithberg 1972; Harris et al. 1972; Inouye and Murakami 1875).
Pre- and early postimplantation embryonic losses induced by MM
were also recorded in mice (Verschaeve and Leonard 1984). It
has been difficult to study the dying processes of mouse embryos
during organogenesis induced in utero by some agents. Whole
embryo culture has alleviated some of the difficulties. This
technique must be a good method to investigate the
embryolethality.

Inorganic mercury such as MC 1is poorly absorbed from the
gastrointestinal tract (Berlin 1986) and transfers inefficiently
to the fetus but accumulates in the placenta in the mid and
late gestation period (Suzuki et al.1867; Gale and Hanlon 1976;
Holt and Webb 1986). Therefore, it has been suggested that MM
has much greater toxicity than MC in general. But, toxicity of
MC shows another aspect during very early gestational stages,
especially before the formation of the placenta. That is,
female mice treated with MC showed abnormal preimplantation
embryos with lower doses than those of MM (Kajiwara and Inouye
1986). In their experiment, maternal factors were included,
that 1is, mother mice showed very severe intoxication. Using the
whole embryo culture system, such maternal factors can be
excluded. In the present experiment, we examined the
embryotoxicity differences between MM and MC in vitro, and then
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discussed those results using the data of transfer of MM and MC
into the embrvo.

MATERIALS AND METHODS

Two SIc:ICR female mice were mated with 2 males of same colony
overnight. Pregnancy was dated as day 0 if a vaginal plug was
found in the next morning. On day 8.5 of pregnancy, females
were kKilled by cervical dislocation. The method employed for the
in vitro cultivation of mouse embryos is described previously

(Tsutsui and Naruse 1987; Naruse et al. 1988). Uteri were
removed and placed in a 35-mm plastic culture dish containing
sterile Hank's balanced salt solution. Decidua and

Reichert's membrane were removed under a dissecting microscope
using watchmaker's forcepts. Embryos with visceral yolk sac
and ectoplacental cone intact were then transfered to the rotator
whole embryo culture system (New and Cockroft 1979). The
culture bottles were gassed with a mixture of 5%02/5%C02/90%N2
continuously at 379C and rotated at 30 rpm. Each bottle
contained 3 ml immediately centrifuged rat serum (Steel and New
1974) to which was added 50 IU/ml pen1c1111n G and 50 pg/ml of
streptomycin after heat inactivation (56°C, 30 minutes). Three
embryos were cultured together in each bottle. Gas was changed
to 20%0 /5%C0» /754N at 16 hours, and the medium was chahged
at 24 hours Volumes of 20-100 ul of MM diluted with distilled
water were added to 3 ml of culture serum. The embrvos were
treated with 20-100 pM of MM for 48 hours. Volumes of 15-60 ul of
MC diluted with distilled water were added to 3 ml of culture
serum. The embryos were treated with 50-200 uM for 48 hours.
After cultivation for 24 hours, heart beat and yolk sac
expansion were checked. Heart beat and blood circulation on the
yolk sac were checked and the yolk sac diameter and crown-rump
length were measured on a section paper under the dissection
microscope at 48 hours. After rinsing with Hank's solution,
they were fixed in Bouin's solution. The status of embryonic
axial rotation, abnormalities, and degree of differentiation were
recorded and somite pairs were counted in the fixed embryos.
Yolk sac diameter, crown-rump length, and somite counts were
analyzed by t-test. Frequency data, such as incidence of
specific defects, were analyzed pairwise using Fisher's test
for uncorrelated proportions.

1,561072 pCi of 12%3glHgCl, /ml (medium or 5.2x1072 pCi of
) Hg]CH HgCl /ml(medium) were added to the culture medium at 20
hours of cultlvatlon, and three embryos were sampled at 2, 4, 8,
and 24 hours after the addition of radioisotope. The transfer
into the whole embrvo including membrane was measured by ¥ -
counter (Aloka Auto Well Gamma System ARC-600) after rinsing
with saline twice. Counts of embryo proper were measured
after taking off the yolk sac membrane and ectoplacental cone
and rinsing with saline twice.
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RESULTS and DISCUSSION

When treated with 20 pM of MM, embryos were almost the same as
those of the control group. In the group treated with 30 uM, the
number of embryos which showed a beating heart and blood
circulation on the yolk sac at 48 hours was decreased, and the
somite number was also decreased.In the group treated with 50 uM,
the embryos showed some alterations in heart beat, axial
rotation, yolk sac diameter, crown-rump (C-R) length, number of
somites (Table 1). They alsoc showed some abnormalities such as
growth retardation, hypoplasia of hindlimb and stunted head. In

Table 1. Effects of methylmercury on the development of mouse
embryos in vitro

Heart Heart Axial Blood Yolk sac C-R No. of
beat beat rota- circula- diameter length somites
at 24h at 48h tion tion (mm+SD) (mm+SD) (No.+SD)

Control 15/15 15/15 15/15 14/15  4.6:0.4 4.2:0.3 30%3.1
20 M 12712 11712 11712 10/12  4.3:0.6 4.0£0.3 28+3.4
30 M 12712 5/12%%10/12  3/12%%  4.810.4  3.9:0.3 2724.3%
50 uM 11712 5/12%% 5/12%% 2/12%%  4,040.8%* 3.1£0.5"%2147.7%%
100 pM  1/712%% 07127 0/12%* 0/12%% 1.340.3%% - -

* p<0.05, t- or Fisher's tests for dose comparison with control.
*%p<0.01, t- or Fisher's tests for dose comparison with control.

Table 2. Abnormalities of the mouse embryo induced by methyl-
mercury in vitro

Growth Neural Hypo- Edema Tail Stunted Hypo-
retard- tube plasia anom- head plasia
ation closure of hind- alies of eye

defect limb

Control  0/15  0/15 1715 0/15 0/15  0/15 0/15
20 uM 0/12  0/12 0/12  0/12 1712 0/12 0/12
30 1M 3712 0/12 412 0712 1712 2/12 2/12
50 pM 6/12°% 2712 8/12%* 3712 0/12 5/12%%  4/12
100 pM - - - - - - -

*¥%p<0).01, Fisher's test for dose comparison with control.
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the group treated with 100 pM of MM, most embryos died by 24
hours after exposure, and all the embryos were dead by 48 hours
(Table 2). The embryo toxicity of MW was quite wvariable. For
example, in the 50 pM group, some embryos showed severe defects,
such as growth retardation, neural tube closure defects,
hypoplasia of fore- and hindlimbs and eyes, edema, and stunted
head, however, the other embryos developed almost normally.
100 uM was a lethal dose.

The embryos treated with 50 pM of MC showed defects in blood
circulation on the yolk sac, crown-rump length, and number of
somites, but did not show abnormalities. 100 uM of MC induced a
decrease of yolk sac diameter, crown-rump length, and number of
somites, but did not cause abnormalities. Some embryos treated
with 200 uM of MC died by 24 hours, but others survived and
showed many alterations such as no blood circulation on the

Table 3. Effects of mercuric chloride on the development of
mouse embryos in vitro

Heart Heart Axial Blood Yolk sac C-R No. of
beat Dbeat rota- circula- diameter length somites
at 24h at 48h tion tion (mmtSD) (mm+SD) (No.tSD)

Control 15/15 15/15 15/15 14715  4.640.4 4.2+0.3 30%3.1
50 pM 12712 10712 9712  5/12%% 4.3:0.5 3.6£0.8% 23£10.3%
100 M 12712 12712 10712 9/12  4.140.4™% 3.640.6%%2427.2%*

200 pM  5/12%% 0/12%% 8/12  0/12%% 3.081.0™* 2.510.7°%1615.0%

% p<0.05, t- or Fisher's tests for dose comparison with control.
*%p{{).01, t- or Fisher's tests for dose comparison with control.

Table 4. Abnormalities of the mouse embryos induced by mercuric
chloride in vitro

Growth Neural Hypo~ Edema Tail Stunted Hypo-

retard- tube plasia anom- head pPlasia

ation closure of hind- alies of eye
defect 1limb

Control  0/15  0/15 1715 0/15 0/15  0/15  0/15
50 pM  3/12 0/12 2/12 1712 4/12  4/12  1/12
100 M 1/12 0712 5/12 1712 1/12  3/12  0/12
200 M 46" 2/8 4/6% 46" 6/6" 274 4/6**

*%p<0.01, Fisher's test for dose comparison with control.
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yolk sac, decreased yolk sac diameter, crown-rump length, and
number of somites and showed growth retardation, hypoplasia of
hindlimb, edema and hypoplasia of the eye (Table 3, 4). The
transparency of the yolk sac membrane was decreased after
exposure to more than 50 uM of MC and blood circulation on the
yolk sac was defective. The crown-rump length and number of
somites were also decreased in these groups. These results
suggest that the embryotoxicity of MM, especially
embryolethality, is more than 2 times greater than that of MC.

Fig. 1| shows the transfer of MM and MC into the mouse embryo in
vitro. The concentrations of MM in whole embryo and embryo
proper were much higher than those of MC. The possible
mechanisms of MM embryotoxicity have been reviewed by Miura and
Imura  (1987). MM readily crosses the placenta and
accumulates in the fetus: accelerated accumulation occurs at
later pregnant stages. MC is however trapped in the yolk sac of
rat and mouse embryos during late gestational stages (Ohsawa
et al. 1981; Inouye 1989). This mechanism was  supported
even in the organogenesis stage of the mouse embryo cultured
in vitro in the present experiment.

Another problem is the mechanism of the penetration differences
of MM and MC through the yolk sac membrane. The transfer of MC
into the whole embryo and embryo proper was much lower than
those of MM as shown in Fig, 1. In the group treated with MC,
the transparency of the yolk sac membrane decreased and blood
circulation on the yolk sac was defective after exposure to low
doses of MC. These data indicated that the yolk sac can protect
the embryo from MC exposure, but not from MM exposure. The cause
of embryotoxicity of MC may be from the defects of yolk sac.
The mechanism of the penetration differences of M and MC through
the plasma membrane is still unknown. It has been reported that
MM easily penetrate the plasma membrane than MC (Nakada et al.
1980). While, MC show a high affinity to lipids suggesting high
affinity to phospholipids in the plasma membrane, but MM is

almost inert to these lipids (Nakada and Imura 1983). The
data in the present experiment cannot be explained by the
reaction with phospholipids in the plasma membrane. Other

alternative mechanism such as energy-dependent transport may
explain this data. After invasion of mercury into the embryo
proper, the corrosive action of mercury can damage any tissue,
probably attacking the microtubules (WHO 1976; 1990).
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