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The tox ic  ef fects of methy lmercury  (MeHg) in exper imenta l  
animals have been repor ted  to be in f luenced by var ious factors 
such as envi ronmenta l  tempera tu re  (Nomiyama et al. 1980; 
Yamaguchi et al. 1984), selenium in food (Oda et al. 1984), and 
ethanol in take (Takahash i  et al. 1978; T u r n e r  et al. 1981; 
Tamashiro et al. 1985). Results of these studies suggest  
modi fy ing factors are important  wi th regard  to eva luat ing cu r -  
ren t l y  proposed s tandards for  maximum safe levels of MeHg as 
well as dose-response and dose-e f fec t  re la t ionships in man and 
labora tory  animals. Nonetheless, informat ion is scant on both 
envi ronmenta l  and ind iv idua l  factors as potent ia tors  of MeHg 
tox i c i t y  in human beings and o ther  animal species. 

Hyper tens ion  is qu i te  common among the inhabi tants  of 
MeHg-po l lu ted areas. The preva lence of hyper tens ion ,  inc lud-  
ing bo rder l i ne  hyper tens ion ,  in 1984 was repor ted  to be 55.5 
percen t  at age 40 years or  more in MeHg-exposed persons 
(Fu ta tsuka  et al. 1985). Thus ,  hyper tens ion  is one of the most 
s ign i f i cant  health problems among the populat ion exposed to 
MeHg. It is of special in te res t  to learn what is the health 
consequence among the hyper tens ives  who have been exposed to 
MeHg for  a pro longed per iod of t ime. 

This  s tudy  was designed to del ineate the tox i c i t y  of MeHg in 
animals hav ing high blood p ressure  using the labora tory  model 
of spontaneously  hype r tens i ve  rats (SHR) .  Th is  rodent  model 
was developed for  the s tudy  of spontaneous hyper tens ion  in 
animals and of essential hyper tens ion  in man. Th is  establ ished 
animal model has been used widely  fo r  th is  purpose (Okamoto 
and Aoki 1963). Th is  paper  presents  the morta l i ty  as well as 
d i s t r i bu t i on  of mercury  in the t issues of SHR and control  rats 
t reated ora l ly  wi th  methy lmercury  ch lor ide  (MMC: 5 m g / k g / d a y )  
fo r  10 consecut ive days.  

*Correspondence and reprint requests. 
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MATERIALS AND METHODS 

This s tudy  was conducted between December 10, 1984, and 
January 10, 1985, at the animal research fac i l i t y  at the National 
Ins t i tu te  for  Minamata Disease. Male SHR/NCrj  and Wistar 
Kyoto rats (WKY/NCr j ) ,  10 weeks old, were studied.  Three or 
four  rats were housed per cage. Food and water were avai lable 
ad l ib i tum th roughout  the exper iment .  The animals were ex-  
posed to l igh t  from 0700 to 1900 a l te rna t ing  with 12 hours of 
darkness.  The animal room was kept at 22 ~ + 1 ~ C. MMC 
(5 m g / k g / d a y )  was administered o ra l l y  once da i ly  between the 
clock hours of 0900 and 1000 for  10 consecut ive days.  

Ind i rec t  blood pressures were measured using a programmed 
Electrosphygmomanometer (mode PE-300, Narco Biosystems, 
Houston, TX)  in conjunction with an occluded tai l  cu f f  and 
pulse t ransducer .  The body temperature of the rats was 
maintained by warming using a hot plate (40~ for  15-20 
minutes before the blood pressure measurements; the la t te r  
were obtained while the animals were placed in a special re- 
s t ra ine r .  All rats were i n i t i a l l y  accustomed to the descr ibed 
procedure for  measuring blood pressure by conduct ing four  
d i f f e ren t  p r e - s t u d y  sessions. Dur ing the exper iment ,  blood 
pressure was monitored once weekly  using nine to ten rats per 
t reatment  group.  Measurements were made dur ing  the span of 
d iurna l  rest  in the noc tu rna l l y  act ive ra ts ,  between 1000 and 
1700. Tai l  blood pressure of the SHR before MMC admin is t ra -  
t ion var ied from 190 to 231 mmHg with a mean of 211 mmHg. In 
comparison, the average pressure of the WKY rats was 
142 mmHg, with the range from 130 to 165 mmHg. 

The body weight  of each animal and the intake of food and 
water of animals in each cage were measured daily. 
Hindleg-crossing, abnormal gait (both common neurological 
symptoms of MMC intoxication) and mortality were observed 
daily. 

A separate exper iment  was car r ied out to measure the total 
mercury  contents in the b ra in ,  l i ve r ,  k idneys,  plasma, and 
blood cells of rats housed and t reated according to the condi-  
t ions descr ibed above. One and f i ve  days a f te r  the f inal  
admin is t ra t ion of MMC, 5 rats of each group were sacr i f iced 
under  pentobarb i ta l  anesthet izat ion and autopsied. T issue 
samples were obtained a f te r  thorough per fus ion wi th saline 
solut ion.  Total mercury  levels of t issue homogenates were 
determined by the oxygen combust ion-gold-amalgam method 
using the Sugiyama-Gen Mercury  A n a l y z e r  (Tokyo ,  Japan) 
fo l lowing procedures descr ibed by Nishi et al. (1974). 

Di f ferences between means of the body weight  and the MMC 
concentrat ion of the var ious t issue samples were teted by a 
s tudent  t - t es t  (Snedecor and Cochran, 1967). 
Kolnogorov-Smirnov two-sample tes t  (Siegel 1956) was appl ied to 
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Figure 1. Cumulative surv iva l  rate (%) of the sponta- 
neously hyper tens ive  rats (SHR) and Wistar 
Kyoto (WKY) rats treated with 
methy lmercury chlor ide (MMC). 

the data on the pat terns of h ind leg-cross ing,  abnormal gait ,  
and mortal i ty  to evaluate stat ist ical signif icance. 

RESULTS AND DISCUSSION 

Death occurred s ign i f icant ly  (p < 0.01) ear l ier in the 
MMC-treated SHR than in the MMC-treated WKY rats,  but  the 
final mortal i ty  rates were not s ign i f icant ly  d i f ferent  between the 
two groups (F igure 1). A l though not graphica l ly  shown, the 
neurological manifestations of h ind leg-cross ing and abnormal gait 
appeared earl ier in MMC-treated SHR; s imi lar ly ,  the decrease in 
body weight of SHR was more marked in comparison to that of 
WKY rats dur ing and after MMC treatment.  

Figure 2 compares the concentration of total mercury in the 
tissue samples of SHR and WKY rats I and 5 days after the 
final MMC treatment for 10 days. On day I, the content of 
total mercury was highest in the blood cells (680.3 pg/g for 
SHR, 661.0 pg/g for WKY rats)  followed by the kidneys (149.5, 
116.6 pg /g ) ,  l iver  (80.8,  67.3 IJg/g),  brain (19.3, 16.9 pg /g )  
and plasma (2.0,  1.7 pg /g ) .  The concentrat ion of mercury by 
organ on day 5 exhib i ted the same pat tern as found on day 1. 
These f indings are consistent with those described by Imura 
(1980). We also have reported elsewhere (Tamashiro et al. 
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Figure 2. Mercury  content ( #g /g )  by organ for  SHR 
and WKY rats.  

1985) tha t  the propor t ion of mercury  as MeHg is more than 86 
percent in the t issues of WKY rats t reated with MMC. 

Compared to the day 1 post-MMC t reatment  data, the mercury  
level in the brain and blood cells of both SHR and WKY rats 
increased by day 5, while that  in the l i ve r ,  k idneys and plasma 
of both groups of rats was h igher  on day 1 than on day 5, 
with the except ion of the l i ve r  of SHR. 

It  has been shown that  the brain reaches its maximum concen- 
t ra t ion several days later than the other  organs dur ing  or a f te r  
MMC t rea tment ,  probably  because the b lood-bra in  ba r r i e r  delays 
d i s t r i bu t i on .  Too, the blood mercury  level has been shown to 
be h ighest  immediately a f te r  MMC admin is t ra t ion and decrease 
fas ter  than the other organs ( Imura 1980). The l i ve r  mercury  
concentrat ion also has been shown to decrease rap id l y  in com- 
parison with the k idneys.  However,  the present  resul ts  are 
not comparable with the prev ious f i nd ings ,  p a r t i c u l a r l y  wi th 
regard to the blood cells and l i ve r  of SHR whose concentrat ions 
did not peak unt i l  day 5. A s tudy  is in progress to c l a r i f y  the 
d iscrepancy of retent ion and excret ion of MeHg in SHR in 
comparison to other s t ra ins of ra ts .  

There were significant differences between SHR and WKY rats 
in the concentration of mercury in the brain, liver, kidneys, 
and plasma on day I and again in the liver, kidneys, and blood 
cells on day 5 (Figure 2). The concentration of mercury was 
always higher in SHR than in WKY rats for all organs and both 
days examined. This, perhaps, contributes to the higher 
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morta l i ty  among SHR as compared to WKY MMC-t reated rats.  
Overa l l ,  the f i nd ings  of th is s tudy  indicate tha t  MeHg tox i c i t y  
can be potent ia ted in the hype r tens i ve  animals and, by implica- 
t ion,  in human hype r tens i ves .  

It has been suggested mercury  may be associated wi th card io-  
vascular  disease (Shaper  1979). Per ry  et al. (1974) have 
shown that  rats fed diets wi th mercu ry  (5 and 10 ppm) for  a 
year ,  bu t  not fo r  a shor te r  dura t ion  of 6 months, had s ign i f i -  
cant  increase in systol ic  blood p ressure .  There  has been 
ex tens ive  publ ic  health concern about the ef fects of MeHg 
pol lut ion as a r i sk  fac tor  in the development of 
ce rebrocard iovascu la r  diseases, besides neurological  d i so rders ,  
pa r t i cu la r l y  since pathological changes in cerebra l  blood vessels 
have been found in human and animal cases of organic  mercur ia l  
in tox icat ion (Sh i rak i  1969; Sh i rak i  and Nagashima 1977; Shaw et 
al. 1979). The s igni f icance of th is  wi th regard  to the subse- 
quen t  development of cerebra l  blood vessel atherosclerosis  
associated with aging has been the subject  of increas ing con- 
cern in recent  years (Shaw et al. 1979). Yet ,  increased mor- 
ta l i t y  from hype r tens i ve  and cerebrocard iovascu la r  diseases has 
not been observed in Minamata-disease pat ients (Tamashiro et 
al. 1983, 1984). 

The data of this s tudy ,  obtained from invest iga t ions  us ing two 
s t ra ins of rats,  indicate the necessi ty  of tak ing  into cons idera-  
t ion ind iv idua l  va r iab i l i t y  in suscep t ib i l i t y  to Minamata disease 
and MeHg in tox ica t ion .  The f i nd ings  of the exper iment  de- 
scr ibed herein under l i ne  the requ i rement  tha t  both env i ronmen-  
tal potent ia tors  of MMC as well as ind iv idua l  d i f fe rences in 
res i s tance -suscep t ib i l i t y  to MMC be recognized when set t ing 
envi ronmenta l  s tandards  for  mercury  and for  the s tudy  of 
dose-response or  dose-e f fec t  re la t ionships for  human beings as 
well as o ther  animal species. 
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