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Sex d i f fe rences  in methy lmercury  (MeHg) t ox i c i t y  have been 
repor ted  in man and several labora to ry  animal species (Magos et 
al. 1976, 1981; Fowler 1972a,b; Tagash i ra  et al. 1980a,b) .  For 
example, the records of 51 randomly selected autopsy samples 
from the Iraqi MeHg epidemic revealed a 3:1 rat io of females to 
males (Magos et al. 1976), a f i nd ing  cons is tent  wi th tha t  of 
Greenwood (1975; ci ted in Magos et al. 1981). Studies on rats 
reveal females are more suscept ib le  to MeHg than males (Fowler  
1972a,b) .  In ICR-s t ra in  mice severe methy lmercury  ch lor ide 
(MMC) poisoning appears ear l ie r  in females than in males 
(Tagash i ra  et al. 1980a,b) ,  The f i nd ings  of the above ci ted 
studies suggest  females ra ther  than males are more sens i t ive to 
the tox ic  ef fects of MeHg. 

Dur ing  a s tudy  of the e f fec t  of MeHg on blood p ressure  in spon- 
taneous ly  hype r tens i ve  rats (SHR) ,  we observed ex tens ive  d i f f e r -  
ences between males and females in mercu ry  tox i c i t y .  The SHR 
model, which was developed fo r  s tudy ing  spontaneous h y p e r t e n -  
sion in animals and essential hyper tens ion  in man (Okamoto and 
Aoki  1963), is used wide ly  today fo r  th is purpose.  Since the sex 
d i f fe rences  were so pro found and since apparen t l y  knowledge of 
such d i f fe rences  in MeHg in tox icat ion have never  been repor ted  in 
SHR, i t  was t hough t  the f i nd ings  w o r t h y  of pub l icat ion.  Here in ,  
the f i nd ings  on sex d i f fe rences  in morb id i t y ,  mor ta l i ty  and blood 
p ressure  of SHR t rea ted ora l ly  wi th MMC (2 m g / k g / d a y )  fo r  26 
consecut ive days are p resented .  
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MATERIALS AND METHODS 

The s tudy  was conducted between January  24 and March 11, 
1985, at the animal research f ac i l i t y  at the National Ins t i t u te  fo r  
Minamata Disease. Male and female SHR/NCr j ,  7 weeks old,  were 
studied.  Three to four  rats were caged together  with food and 
water avai lable ad l ib i tum th roughou t  the exper iment .  The ani -  
mals were housed under  l igh t  from 0600 to 1800 a l te rna t ing  wi th 
12 hours of darkness,  room temperature was kept at 22 + 1~ 
MMC (2 m g / k g / d a y )  was administered o ra l l y  once da i l y  between 
the clock hours of 0900 and 1000 for  26 consecut ive days.  

Blood pressure was measured by an ind i rec t  method using a 
programmed Electrosphygmomanometer (model PE-300, Nacro 
Biosystems, Houston, Texas)  in conjunct ion with an occulted tai l  
cu f f  and pulse t ransducer .  Blood pressure  measurements were 
carr ied out whi le the animal was placed in a special r es t ra i ne r .  
Dur ing measurement body temperature was maintained th rough  
warming by a hot plate (40~ All rats were i n i t i a l l y  accustomed 
to the procedure for  measuring blood pressure  by exposure to the 
exper imental  condit ions dur ing  four  d i f f e r e n t  p re -s tud ies .  Dur ing 
the exper iment ,  blood pressure was monitored once weekly .  Al l  
measurements were made dur ing  the span of d iurna l  rest  fo r  the 
animals, mostly between 1000 and 1700. There were ten rats per 
t reatment  group.  Tail  blood pressure of the male SHR before 
MMC admin is t ra t ion var ied from 170.0 to 195.0 mmHg with a mean 
of 180.5 + 2.6 (s tandard e r r o r )  mmHg; blood pressure of the 
female SHR var ied from 160.0 to 185.0 mmHg with an average of 
170.5 + 2.7 mmHg. 

The body weight  of each animal and the intake of- food and water  
of all animals in each cage were monitored da i l y .  The mean body 
weight  at the s ta r t  of the exper iment  (day  0) was 253.2 + 7.6g 
for  males and 163.1 + 9.9g fo r  females in the exper imental  group 
and 256.6 + 14.2g (males) and 163.5 + 6.0g ( females) in the 
control g roup.  Crossing of the hind l imbs, d is tu rbed  r i gh t i ng  
re f lex  and abnormal gai t  (common neurological  signs of MMC 
in tox icat ion in rodents)  as well as mor ta l i t y  were monitored da i l y  
also. Neurologic d is turbances of the t reated rats were evaluated 
as descr ibed elsewhere ( Inoue et al. 1985). 

Differences between the means of the body weight and blood 
pressure measurements were compared by student t-test 
(Snedecor and Cochran 1967). The Kolmogorov-Smirnov 
two-sample test (Siegel 1956) was applied to the cumulative distri- 
butions of neurological manifestations and mortality. 

RESULTS AND DISCUSSION 

Body weight differed significantly between male and female SHRs 
at the beginning of the experiment. Males weighed on the aver- 
age 90 grams more than females on day 0, however, the differ- 
ence in body weight between experimental and control groups 
within the same sex was not statistically significant. The weight 
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Figure 1. Changes of body we igh t  of SHRs du r i ng  and 
a f ter  me thy lmercu ry  ch lor ide  admin is t ra t ion.  (Numbers  
indicate how many animals upon which the dai ly  body 
we igh t  means are based. )  

gains of un t rea ted  male and female SHRs were the same du r i ng  
the observat ion per iod in terms of percen t  of the ini t ial  body 
we igh t  (on day 0).  The body we igh t  of male SHRs t rea ted wi th 
MMC began to decl ine on the 13th t rea tment  day,  reaching a level 
lower than the ini t ia l  body we igh t  a f te r  18 days of MCC t reatment  
(F igu re  1). Body we igh t  cont inued to decrease even at a fas te r  
rate t he rea f t e r ,  the maximum decl ine being approx imate ly  65% 
below the ini t ial  body we ight .  

In comparison to males, the body we igh t  of female MMC-t reated 
rats did not begin decreasing unt i l  the 20th t rea tment  day,  too, 
the rate of body we igh t  loss t he rea f t e r  was much slower than tha t  
of male SHRs. The body we igh t  of females never  fel l  below the 
ini t ia l  day 0 level du r i ng  MMC t rea tment ,  a l though a cont inuous 
decl ine was observed .  Overa l l ,  loss of body we igh t  (or  decl ine in 
we igh t  ga in ) ,  an ear ly  sign of MeHg in tox ica t ion ,  was more 
marked in male than female SHRs. 

Deaths began to occur  on day 23 among male SHRs, wi th all 
succumbing by the 29th pos t - t rea tment  day (F igu re  2).  There  
was no mor ta l i ty  in female SHRs du r i ng  the en t i re  t reatment  and 
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Figure 2. Cumulative proportion of mortal i ty, hindleg- 
crossing, abnormal r ight ing reflex and abnormal gait in 
methylmercury chloride-treated SHRs. 

observation period. Neurologic disturbances, such as hindleg- 
crossing, disturbed righting movement and abnormal gait, 
established neurologic signs of MeHg poisoning in rats (Inoue et 
al. 1985), appeared 9 days earlier among male (on day 21 or 22) 
than among female SHRs (on day 30 or 31). Neurological signs 
always preceded death. It is of interest that abnormal gait was 
exhibited only by 3 of 10 female rats although all showed crossing 
of the hindlimbs. All male rats exhibited both abnormal gait and 
hindleg crossing almost simultaneously. In general, the neurolog- 
ic manifestation of hindleg-crossing occurs in most laboratory 
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animal species around the same time as or before abnormal gait. 
Typically, the incidence of abnormal gait is usually higher than 
that of hindleg-crossing in male SHRs and Wistar Kyoto rats, the 
progeny of SHR. 

Dur ing the observat ion per iod,  the blood pressure of control 
animals increased to a plateau around the 3rd week when i t  
ranged from 180.5 + 2.6 to 195.8 + 5.5 mmHg among male SHRs 
and from 170.5 + 2.7 to 184.0 + 2.9 mmHg among females 
(F igure  3).  Blood pressure was always h igher  in control male 
than female SHRs, the d i f fe rence (about  10 mmHg) between the 
sexes being almost constant th roughou t  the observat ion per iod.  

On the other  hand, the blood pressure among the exper imental  
groups,  both male and female, var ied cons iderab ly  dur ing  obser-  
va t ion,  p a r t i c u l a r l y  at the end of the per iod.  Relat ive to the 
appropr ia te  sex control g roup,  the blood pressure of the 
IVlMC-treated female SHRs was h igher  dur ing  the 3rd and 5th 
weeks of the exper iment .  Too, the blood pressure of the 
MMC-treated rats was h igher  in female than male SHRs dur ing  
weeks 3-4. Relat ive to the male cont ro ls ,  s u r v i v i n g  MMC-treated 
males exh ib i ted  reduced blood pressure du r ing  the 4th week. All 
male MMC-treated SHRs succumbed to death du r ing  the 5th week 
of observat ion,  
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Wide ind iv idua l ,  sex,  species a n d / o r  genet ic  d i f fe rences  in the 
organ d i s t r i bu t i on ,  biological hal f - t ime and tox ic  dose of MeHg in 
man and labora tory  animals have been repor ted .  Recognit ion of 
th is  va r i ab i l i t y  is impor tant  in terms of p reven t i ng  f u t u r e  ou t -  
breaks of MeHg poisoning (Doi and Kobayashi 1982). We have 
st ressed elsewhere tha t  i t  is necessary to take into cons iderat ion 
the he te rogene i ty  of the exposed populat ion due to the poss ib i l i t y  
of va r y i ng  suscept ib i l i t ies  and mult ip le env i ronmenta l  fac tors  
in t roduced to the populat ion cumula t ive ly  and s imul taneously  
(Tamashiro et al. 1985b). 

The present study indicates a large sex difference in the suscep- 
tibility of SHRs to the toxic effects of MeHg. No mortality oc- 
curred in female rats treated with MMC, while all the male rats so 
treated died. Neurological manifestations were significantly lower 
in occurrence or later in onset in female as compared to male 
rats. Contrary to previous reports of higher toxicity of MeHg in 
females (Fowler 1972a,b; Tagashira et al. 1980a,b), the findings 
of this investigation on SHRs revealed males much more suscepti- 
ble to neurotoxic effects than females. These results are consis- 
tent with those of Takahashi et al. (1978), although less 
impressive. Takahashi et al. (1978) showed MeHg exerted not 
only greater toxicity but also induced higher mortality in male DD 
and hairless mice. 

Sign i f i cant  d i f fe rences in MMC ef fects on body we igh t  and blood 
p ressure  between sexes were noted t h r o u g h o u t  the exper iment ;  
however ,  i t  is not c lear whe ther  such account fo r  the sex - re la ted  
pa t te rns  of MMC-induced morb id i t y  and mor ta l i ty  in the SHRs. It  
has been suggested loss of body we igh t  may accelerate deve lop-  
ment of neu ro tox i c i t y  t h rough  enhancing MeHg uptake  by the 
nervous system (Magos et al. 1981). Tagash i ra  et al. (1980a,b)  
and Magos et al. (1981),  who found female rodents  more suscept i -  
ble to MMC, hypothes ized the ear ly  onset of neu ro tox i c i t y  in 
female mice a t t r i bu tab le  ch ie f ly  to sex - re la ted  d i f fe rences  in the 
amount of mercury  deposi ted in the bra in and o the r  o rgans.  
Indeed,  the former group found mercu ry  levels of all o rgans ,  
except  the k idneys ,  of female mice h igher .  D is t r i bu t ion  of mer- 
cu r y  in organs was not measured in the p resen t  exper iment ;  
however ,  i t  is known SHRs have a charac te r i s t i c  organ d i s t r i b u -  
t ion of MeHg which d i f f e rs  from tha t  of Wistar Kyoto rats 
(Tamashiro et al. 1985a). Thomas et al. (1982) found s ign i f i can t  
d i f fe rences  in whole body mercu ry  re tent ion between male and 
female Long Evans rats a f te r  tak ing  into cons iderat ion fas te r  
g rowth  rate and la rger  body we igh t  of male ve rsus  female rats .  
Dur ing  our  s tudy  the g rowth  rate as monitored by we igh t  gain of 
un t rea ted  rats did not d i f f e r  between males and females. A s tudy  
is now in progress to c la r i f y  sex - re la ted  d i f fe rences ,  i f  any ,  in 
the organ d i s t r i bu t i on ,  re ten t ion ,  excre t ion  and biological ha l f -  
time of MeHg in SHR for  comparison to f i nd ings  in the Wistar 
Kyoto rat .  

The blood mercury  concent ra t ion in mice a f te r  MeHg admin is t ra t ion 
also has been demonstrated to be in par t  genet ica l ly  determined 
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(Doi et al. 1983). Stra in d i f fe rence  in blood mercu ry  concent ra-  
t ion is due mainly to the s t r u c t u r e  of the Hb-13 chain;  the cys te -  
inyl  res idue located outs ide of the ~1132 contact  junct ion appears 
to play an impor tant  role in the b ind ing  of hemoglobin to MeHg. 

It seems unlikely differences in blood pressure levels affected the 
differences in morbidity~mortality of male and female SHRs since 
the blood pressure of the females reached the same level as the 
males in the later period of observation. However, the early 
differential in blood pressure cannot be ruled out. It is perti- 
nent, nonetheless, that the longest surviving male SHRs exhibited 
lower blood pressure than those males succumbing earlier in the 
experiment. 

The role that  sex hormones play,  i f  any,  in MeHg tox i c i t y  re-  
qu i res  s tudy ,  bear ing in mind the ex is tence of sex d i f fe rences  of 
SHRs (p resumably  associated wi th levels of androgens and es t ro-  
gens)  in the incidence of s t roke ,  l ife span, ce rebrovascu la r  
lesions and renal vascu lar  damage (Yamori et a l . ,  1976). It is of 
i n te res t  tha t  female SHRs t rea ted wi th androgen a f te r  gonadecto-  
my are more vu lnerab le  to hypox ia  than nont reated in tact  females 
(Sasagawa et al. 1976). Since MeHg- t rea ted  monkeys exper imen-  
ta l l y  subjected to hypox ia  ( I ku ta  et al. 1982) exh ib i t  pathological 
changes commonly seen in Minamata disease pat ients ,  a mechanism 
unde r l y i ng  sex d i f fe rences in MeHg in tox icat ion may invo lve 
phys io log ic  a l terat ions which are rep roduc t i ve -ho rmone  dependent .  

Other sex-related traits may be important as well. For example, 
both male and female SHRs are more locomotor-active than Wistar 
Kyoto rats (Tamashiro et al. unpublished data). The behavior of 
SHR females also differs from that of males. The extent to which 
sex-dependent behaviors are associated with differential MeHg 
toxicity awaits clarification. 

Hypertension is one of the most significant health problems among 
inhabitants of MeHg-polluted areas in Japan. The prevalence of 
hypertension, including borderline hypertension, in 1984 in this 
country was reported to be 55.5 percent in those aged 40 years 
or more in these areas (Futatsuka et al. 1985). However, in- 
creased mortality from hypertensive and cerebrocardiovascular 
diseases has been observed neither in Minamata-disease patients 
nor in the general population of Japan exposed to MeHg 
(Tamashiro et al. 1983, 1984). The findings described herein 
underline the requirement that both environmental potentiators as 
well as individual differences in resistance-susceptibility to MMC 
be recognized when setting environmental standards for mercury 
and in studying dose-response or dose-effect relationships for 
human beings and other animal species (Tamashiro et al. 1985a). 

In summary, treatment of SHRs with MMC (2 mg/kg/day) for 26 
consecutive days resulted in differences by sex in the rate of 
onset and magnitude of toxic effect. In comparison to untreated 
male and female SHRs, which gained weight throughout the exper- 
iment, MCC-treated male SHRs underwent weight loss sooner and 
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more ex tens i ve l y  than MCC-t rea ted females. Too, the manifesta- 
t ion of neurological  symptoms and mor ta l i ty  was s ign i f i can t l y  
g rea te r  in male than in female MCC- t rea ted  SHRs. In SHRs the 
blood p ressure  d i f fe rence  between MCC- t rea ted  males and females 
does not seem to account fo r  the sex d i f fe ren t ia l  of me thy lmercu ry  
tox i c i t y .  The f i nd ing  of MCC- induced t ox i c i t y  being g rea te r  in 
male than female SHRs is con t ra r y  to p rev ious  repor t s ,  sugges t -  
ing s t ra in d i f fe rences  in male-female t ox i c i t y  of MCC. 
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