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S e v e r e  F e t a l  Minamata D i s e a s e  l e a d s  to  c e r e b r a l  p a l s y ,  
b l i n d n e s s ,  d e a f n e s s  accompanyin9 m i c r o c e p h a l y ,  and makes i t  
i m p o s s i b l e  t o  s t a n d ,  walk or  t a l k ,  (WHO 1990). These s e v e r e l y  
a f f e c t e d  c h i l d r e n  have been c o n s i d e r e d  t o  be exposed t o  
me thy lmercury  (MM) d u r i n g  mid and l a t e  g e s t a t i o n  p e r i o d s .  
However, i t  i s  v e r y  r a r e  t o  f i n d  g r o s s  m a l f o r m a t i o n s  in human 
i n f a n t s .  From t h i s  knowledge,  we s p e c u l a t e d  t h a t  t he  exposu re  
to  MM d u r i n q  e a r l y  g e s t a t i o n  p e r i o d  must induce  f e t a l  
d e a t h ,  though we have  no e p i d e m i o l o g i c a l  d a t a .  

F e t o t o x i c i t y  and t e r a t o g e n i c i t y  of  MM have  been con f i rmed  in 
e x p e r i m e n t a l  s t u d i e s  in mice ,  h a m s t e r s  and r a t s  (Spyker  and 
Smi thberg  1972; H a r r i s  e t  a l .  1972; Inouye and Murakami 1975).  
P r e -  and e a r l y  p o s t i m p l a n t a t i o n  embryonic  l o s s e s  induced by MM 
were a l s o  r e c o r d e d  in mice (Yerschaeve  and Leonard 1984}. I t  
has  been d i f f i c u l t  t o  s t u d y  t h e  dy ing  p r o c e s s e s  of  mouse embryos 
d u r i n g  o r g a n o g e n e s i s  induced in u t e r o  by some a g e n t s .  Whole 
embryo c u l t u r e  has a l l e v i a t e d  some of  t h e  d i f f i c u l t i e s .  This  
t e c h n i q u e  must be a good method t o  i n v e s t i g a t e  t he  
e m b r y o l e t h a l i t y .  

I n o r g a n i c  mercury  such as MC is  p o o r l y  abso rbed  from t h e  
g a s t r o i n t e s t i n a l  t r a c t  ( B e r l i n  1986) and t r a n s f e r s  i n e f f i c i e n t l y  
t o  t he  f e t u s  but  a ccumula t e s  in t he  p l a c e n t a  in t h e  mid and 
l a t e  g e s t a t i o n  p e r i o d  (Suzuki e t  a1 .1967;  Gale  and Hanlon 1976; 
Hol t  and Webb 1986).  T h e r e f o r e ,  i t  has been s u q q e s t e d  t h a t  
has  much g r e a t e r  t o x i c i t y  than  MC in g e n e r a l .  But,  t o x i c i t y  of  
blC shows a n o t h e r  a s p e c t  d u r i n q  v e r y  e a r l y  g e s t a t i o n a l  s t a q e s ,  
e s p e c i a l l y  b e f o r e  t he  f o r m a t i o n  of  t he  p l a c e n t a .  That  i s ,  
f ema le  mice t r e a t e d  wi th  MC showed abnormal p r e i m p l a n t a t i o n  
embryos wi th  lower doses  than  t h o s e  of  ~ (Ka j iwara  and Inouye 
1986).  In t h e i r  e x p e r i m e n t ,  m a t e rna l  f a c t o r s  were i nc luded ,  
t h a t  i s ,  mother  mice showed v e r y  s e v e r e  i n t o x i c a t i o n .  Usinq the  
whole embryo c u l t u r e  sys t em,  such  m a t e r n a l  f a c t o r s  can be 
exc luded .  In t h e  p r e s e n t  e x p e r i m e n t ,  we examined the  
e m b r y o t o x i c i t y  d i f f e r e n c e s  between ~ and MC in v i t r o ,  and then  
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discussed those results using the data of transfer of MM and MC 
into the embryo. 

MATERIALS AND METHODS 

Two Slc: ICR female  mice were mated wi th  2 males of  same co lony  
o v e r n i g h t .  Pregnancy was da t ed  as day 0 i f  a vag ina l  p lug  was 
found in t he  nex t  morning. On day 8 .5  of  p regnancy ,  females  
were k i l l e d  by c e r v i c a l  d i s l o c a t i o n .  The method employed f o r  the  
in v i t r o  c u l t i v a t i o n  of  mouse embryos is  d e s c r i b e d  p r e v i o u s l y  
(Tsu tsu i  and Naruse 1987; Naruse e t  a l .  1988). Uter i  were 
removed and p l aced  in a 35-mm p l a s t i c  c u l t u r e  d i s h  c o n t a i n i n g  
s t e r i l e  Hank's  ba l anced  s a l t  s o l u t i o n .  Oecidua and 
R e i c h e r t ' s  membrane were removed under  a d i s s e c t i n g  microscope  
us ing  watchmaker ' s  f o r c e p t s .  Embryos wi th  v i s c e r a l  yo lk  sac  
and e c t o p l a c e n t a l  cone i n t a c t  were then  t r a n s f e r e d  t o  the  r o t a t o r  
whole embryo c u l t u r e  sys tem (New and Cockro f t  1979). The 
c u l t u r e  b o t t l e s  were37ocgassed wi th  a mix tu re  of  5gO /5gCO /90gN 
c o n t i n u o u s l y  a t  and r o t a t e d  a t  30 rpm. 2Each 2 b o t t l ~  ~ 
c o n t a i n e d  3 ml immedia te ly  c e n t r i f u g e d  r a t  serum ( S t e e l  and New 
1974) t o  which was added 50 IU/ml p e n i c i l l i n  G and 50 pg/ml of  
s t r e p t o m y c i n  a f t e r  hea t  i n a c t i v a t i o n  (56~ 30 m in u t e s ) .  Three  
embryos were c u l t u r e d  t o g e t h e r  in each b o t t l e .  Gas was changed 
t o  20gO2/5%CO2/75ZN2 a t  16 hours ,  and the  medium was changed 
a t  24 hours .  Volumes of  20-100 p l  of  MMdi lu ted  wi th  d i s t i l l e d  
water  were added t o  3 ml of  c u l t u r e  serum. The embryos were 
t r e a t e d  wi th  20-100 pM of  MM f o r  48 hours .  Volumes of  15-60 p l  of  
MC d i l u t e d  wi th  d i s t i l l e d  wate r  were added t o  3 ml of  c u l t u r e  
serum. The embryos were t r e a t e d  wi th  50-200 pM f o r  48 hours .  
A f t e r  c u l t i v a t i o n  f o r  24 hours ,  h e a r t  bea t  and yo lk  sac  
expans ion  were checked.  Hear t  bea t  and b lood c i r c u l a t i o n  on t h e  
yo lk  sac  were checked and the  yo lk  sac  d i ame te r  and crown-rump 
l eng th  were measured on a s e c t i o n  paper  under  the  d i s s e c t i o n  
microscope  a t  48 hours .  A f t e r  r i n s i n g  wi th  Hank's  s o l u t i o n ,  
t hey  were f i x e d  in Bou in ' s  s o l u t i o n .  The s t a t u s  of  embryonic  
a x i a l  r o t a t i o n ,  a b n o r m a l i t i e s ,  and deg ree  of  d i f f e r e n t i a t i o n  were 
r e c o r d e d  and somi te  p a i r s  were counted  in the  f i x e d  embryos. 
Yolk sac  d i a m e t e r ,  crown-rump l e n g t h ,  and somi t e  counts  were 
ana lyzed  by t - t e s t .  Frequency da t a ,  such as i n c i d e n c e  of  
s p e c i f i c  d e f e c t s ,  were ana lyzed  p a i r w i s e  us ing  F i s h e r ' s  t e s t  
f o r  u n c o r r e l a t e d  p r o p o r t i o n s .  

2 203 2 14~I0- ~Ci of [ Hg]HgCI 2 /ml (medium) or 5.2xi0- pCi of 
['U~Hg]CH3HgCI /ml(medium) were added to the culture medium at 20 
hours of -cultivation, and three embryos were sampled at 2, 4, 8, 
and 24 hours after the addition of radioisotope. The transfer 
into the whole embryo including membrane was measured by r - 
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 pM, 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, ln the 9roup treated with 50 pM, 
the embryos showed some alterations in heart beat, axial 
rotation, yolk sac diameter, crown-rump [C-R) length, number of 
somites (Table I). They also showed some abnormalities such as 
growth retardation, hypoplasia of hindlimb and stunted head. In 

Table 1. E f fec t s  of methylmercury on the development of mouse 
embryos in v i t r o  

Heart Heart Axial Blood Yolk sac C-R No. of 
beat beat ro ta -  c i r c u l a -  diameter length somites 
at 24h at 48h tion tion (mmISD1 (mm~SD} (No.~SD} 

Control 15/15 15/15 15/15 14/15 4.6• 4.210.3 30~3.1 

20 pM 12/12 II /12 l l /12  10/12 4.310.6 4.0~0.3 28s 

30 ~M 12/12 5 /12"10 /12  3/12"* 4.8~0.4 3 .9 i0 .3  27i4.3" 

50 ~M 11/12 5/12"* 5/12"* 2/12"* 4.0~0.8"* 3 .1•  

100 ~M 1/12"* 0/12"* 0/12"* 0/12"* 1.3• - - 

, p<0.05, t -  or F i s h e r ' s  t e s t s  for  dose comparison with con t ro l .  
**p<0.01, t -  or F i s h e r ' s  t e s t s  for  dose comparison with con t ro l .  

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 
a t ion  c losure  of hind- a l i e s  of eye 

defec t  limb 

Control 0/15 0/15 1/15 0/15 0/15 0/15 0/15 

20 pM 0/12 0/12 0/12 0/12 1/12 0/12 0/12 

30 pM 3/12 0/12 4/12 0/12 1/12 2/12 2/12 

50 pM 6112"* 2/12 8/12"* 3/12 0/12 5/12"* 4/12 

100 pM . . . . .  

**p(0.01, F i s h e r ' s  t e s t  for  dose comparison with con t ro l .  
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the  group t r e a t e d  with 100 pM of ~ ,  most embryos died by 24 
hours a f t e r  exposure,  and a l l  the embryos were dead by 48 hours 
(Table 2) .  The embryo t o x i c i t y  of MM was q u i t e  v a r i a b l e .  For 
example, in the  50 pM group, some embryos showed severe  d e f e c t s ,  
such as growth r e t a r d a t i o n ,  neural  tube c lo su re  d e f e c t s ,  
hypoplas ia  of f o r e -  and hindlimbs and eyes,  edema, and s tun ted  
head, however, the o the r  embryos developed almost normally.  
100 pM was a l e t ha l  dose. 

The embryos t r e a t e d  with 50 pM of MC showed de f ec t s  in blood 
c i r c u l a t i o n  on the yolk sac,  crown-rump length,  and number of 
somites ,  but did not  show abnormal i t i e s .  100 pM of MC induced a 
decrease  of yolk sac diameter ,  crown-rump length,  and number of 
somites ,  but did not cause abnormal i t i e s .  Some embryos t r e a t e d  
with 200 pM of MC died by 24 hours,  but o the r s  surv ived  and 
showed many a l t e r a t i o n s  such as no blood c i r c u l a t i o n  on the  

Table 3. E f f ec t s  of mercuric  ch lo r i de  on the  development of 
mouse embryos in v i t r o  

Heart Heart Axial Blood Yolk sac C-R No. of 
beat  beat  r o t a -  c i r c u l a -  diameter  length  somites 
at 24h at 48h t ion tion (mm• (mm• (No.~SD) 

Control 15/15 15/15 15/15 14/15 4.6• 4.2~0.3 30+_3.1 

50 ~M 12/12 10/12 9/12 5/12"* 4.3• 3.6• 23~10.3" 

100 ~M 12/12 12/12 10/12 9/12 4.1•  3 . 6 ! 0 . 6 " 2 4 •  

200 ~M 5/12"* 0112 *~ 8112 0112"* 3.0•  2 .5~0.7"*I6~5.0"* 

. p<0.05, t -  or F i s h e r ' s  t e s t s  fo r  dose comparison with c o n t r o l .  
**p<O.O1, t -  or F i s h e r ' s  t e s t s  fo r  dose comparison with con t ro l .  

Table 4. Abnormali t ies  of the mouse embryos induced by mercuric  
c h l o r i d e  in v i t r o  

Growth Neural Hypo- E d e m a  Tai l  Stunted Hypo- 
r e t a r d -  tube p l a s i a  anom- head p l a s i a  
a t ion  c losu re  of hind- a l i e s  of eye 

d e f e c t  limb 

Control 0115 0115 1/15 0115 0/15 0/15 0/15 

50 ~M 3/12 0/12 2/12 1/12 4/12 4/12 1/12 

100 ~M 1/12 0/12 5/12 1/12 1/12 3/12 0/12 

200 pM 4t6"* 216 4/6"* 4/6** 6/6"* 2/4 4/6** 

**p<O.O1, F i s h e r ' s  t e s t  fo r  dose comparison with c o n t r o l .  
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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 pM 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 t h a t  t he  e m b r y o t o x i c i t y  of  MM, e s p e c i a l l y  
e m b r y o l e t h a l i t y ,  i s  more than  2 t imes  g r e a t e r  than  t h a t  of  MC. 

Fig. 1 shows the transfer of ~ 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). ~ 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 19891. This mechanism was supported 
even in the organogenesis stage of the mouse embryo cultured 
in vitro in the present experiment. 

Another  p rob lem is  t he  mechanism of  t he  p e n e t r a t i o n  d i f f e r e n c e s  
of  t ~  and MC th rough  t h e  y o l k  s a c  membrane. The t r a n s f e r  of  MC 
i n t o  t he  whole embryo and embryo p r o p e r  was much lower than  
t h o s e  of  MM as shown in Fig .  I .  In t h e  group  t r e a t e d  wi th  MC, 
t h e  t r a n s p a r e n c y  of  t h e  y o l k  s ac  membrane d e c r e a s e d  and b lood  
c i r c u l a t i o n  on the  y o l k  s ac  was d e f e c t i v e  a f t e r  exposu re  t o  low 
doses  of  MC. These d a t a  i n d i c a t e d  t h a t  t he  y o l k  s a c  can p r o t e c t  
t he  embryo from MC exposu re ,  bu t  not  from MM exposu re .  The cause  
of  e m b r y o t o x i c i t y  of  MC may be from the  d e f e c t s  of  y o l k  s a c .  
The mechanism of  t h e  p e n e t r a t i o n  d i f f e r e n c e s  of  ~M and MC th rough  
the  p lasma membrane i s  s t i l l  unknown. I t  has been r e p o r t e d  t h a t  
t~  e a s i l y  p e n e t r a t e  t h e  p lasma membrane than  MC (Nakada e t  a l .  
1980).  While,  MC show a h igh  a f f i n i t y  to  l i p i d s  s u g g e s t i n g  h igh  
a f f i n i t y  t o  p h o s p h o l i p i d s  in t h e  p lasma membrane, but  MM is  
a lmos t  i n e r t  t o  t h e s e  l i p i d s  (Nakada and Imura 1983}. The 
d a t a  in t he  p r e s e n t  expe r imen t  cannot  be e x p l a i n e d  by the  
r e a c t i o n  wi th  p h o s p h o l i p i d s  in t he  p lasma membrane. Other  
a l t e r n a t i v e  mechanism such as e n e r g y - d e p e n d e n t  t r a n s p o r t  may 
e x p l a i n  t h i s  d a t a .  A f t e r  i n v a s i o n  of  mercury  i n t o  t he  embryo 
p r o p e r ,  t he  c o r r o s i v e  a c t i o n  of  mercury  can damage any t i s s u e ,  
p r o b a b l y  a t t a c k i n g  the  m i c r o t u b u l e s  (WHO 1976; 1990}. 
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