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The toxicity of methylmercury is due in large part to i ts actions 
on the central nervous system. Those features described by HUNTER 
et al. (1940), KURLAND et al. (1960) and BAKIR et al. (1973) are 
dominated by symptoms indicative of CNS disorders. Also character- 
is t ic  of methylmercury intoxication is a latent period of several 
days or more between the accumulation of the compound in the brain 
and the onset of symptoms. 

In an attempt to explain the sensitivity of the brain to methylmer- 
cury, investigators have monitored various biochemical parameters 
in systems poisoned with this compound. YOSHINO et al. (1966) mea- 
sured changes in brain cortex slices from rats severely intoxicated 
with methylmercury. Although several alterations were observed in 
animals showing neurological symptoms, only protein synthesis de- 
creased during both the latent period and after the onset of symp- 
toms. More recently, CAVANAGH and CHEN (1971) observed that in 
vivo brain protein synthesis tended to decrease in rats mildly in- 
toxicated with methylmercury. 

No investigations have been reported concerning the effects of low 
or extremely high doses of methylmercury on in vivo protein synthe- 
sis. We, therefore, measured in vivo l~C-leu-c-ineincorporation in- 
to brain protein in 48 hour old rats which received low levels of 
the mercurial during the fetal stage, and also in severely poisoned 
adult female rats showing neurological symptoms. 

MATERIALS and METHODS ~ 

Materials: Methylmercury chloride was obtained from K and K Lab., 
Inc., Plainview, N. Y. Soluene tissue solubilizer from Packard 
Instr. ,  Downers Grove, I l l .  Aquasol and (U)-14C-L-leucine (spe- 
c i f ic  activity of 280 mCi/mmole) from New England Nuclear, Boston, 
Mass. Sprague-Dawley rats from Holtzman Farms. Other chemicals 
were reagent grade from various manufacturers. 

General Methods: (a) Measurement of Methylmercury: Methylmercury 
concentrations were measured using the method of VON BERG et al. 
(1974). (b) Isolation of the Protein Fraction: The brain protein 
was isolated by the method of LAJTHA et al. (1957). (c) Counting 
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C-14 Labeled Samples: The protein or whole brain t issue was accu- 
rate ly  weighed and dissolved in 1.0 or 2.0 ml Soluene. A 200 ul 
a l iquot  of the solubi l ized t issue was placed in a counting v ia l  
with 20 ~I 38% hydrochloric acid, 3.5 ml water and 11.5 ml Aquasol. 
The v ia l  was capped, shaken and counted with a Packard Model 3380 
Liquid S c i n t i l l a t i o n  Counter (Packard I n s t r . ,  Downers Grove, I I I . ) .  

The protein iso la t ion and counting methods were tested by perform- 
ing a simple prel iminary experiment. Incorporation of 14C-leucine 
was measured in vivo into brain protein of sal ine treated rats and 
in rats given a compound known to i n h i b i t  protein synthesis (cy- 
cloheximide). The 7 fold decrease in incorporat ion, in the cyclo- 
heximide treated rats,  indicates that the methods are e f fec t i ve  in 
measuring differences in protein synthesis when they ex is t .  

Experiment A: Eight female rats were obtained on the 15th day of 
pregnancy. Five animals were given a subcutaneous in ject ion of 
1.0 mg methylmercury chloride in 1.0 ml 0.9% sal ine on various 
days during the remainder of pregnancy (Table 1 gives a detai led 
dosing regimen). The controls were s im i la r l y  injected with 1.0 ml 
0.9% saline on the 18 and 19th days of gestat ion. Forty-eight  hrs 
af ter  b i r t h ,  2 of fspr ing from each female were sacr i f iced and 
the i r  brains used for methylmercury analysis The ~emaining o f f -  
spring were in t raper i tonea l ly  injected with 2 ~Ci 1~C-leucine and 
30 min la ter  each was decapitated, i t s  brain quickly removed, and 
the protein f ract ion isolated and counted. 

Experiment B: Fourteen female rats weighing 175 to 195 g were 
used in th is  experiment. For the f i r s t  3 days of the experiment, 
8 rats were given a da i ly  subcutaneous in ject ion of 5.0 mg methyl- 
mercury chloride and I0.0 mg cysteine in 1.0 ml d i s t i l l e d  water. 
The 6 controls received an equal volume of d i s t i l l e d  water con- 
ta in ing only the cysteine. On the 7th day, a l l  rats (2 mercury 
treated had died) were placed under ether anesthesia and 13.9~Ci 
14C-leucine in 0.25 ml 0.9% sal ine injected into the Femoral vein. 
Af ter  90 min the rats were decapitated, and the i r  brains removed 
and sectioned into hemispheres, mid-brain, occ ip i ta l  and cerebel- 
lum. One hemisphere from each rat  was used for measurement of 
brain methylmercury and for the determination of 14C-leucine con- 
tent  of whole brain t issue. The remaining hemisphere and other 
sections were homogenized and the protein isolated and counted. 

RESULTS and DISCUSSION 

The dosing regimen for  the pregnant female rats ,  and the brain 
mercury levels and leucine incorporation values for  the 48 hour 
old of fspr ing in Experiment A are given in Table i .  The resul ts 
show that  no s ign i f i can t  dif ference existed in brain protein syn- 
thesis between the offspr ing of sal ine and methylmercury treated 
females. The absence of a s ign i f i can t  reduction in th is  funct ion,  
in the mercury treated animals, may be due to the re l a t i ve l y  low 
brain mercury levels (4.5-9.7 ppm), or i t  may be that  the lag of 7 
days between commencement of dosing and measurement of leucine in- 
corporation was innsu f f i c ien t  to observe i nh ib i t i on .  By compari- 
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TABLE 1 

Dosing regimen for pregnant female rats ,  and brain mercury levels 
and 14C-leucine incorporation values for 48 hour old of fspr ing in 
Experiment A. 

Experimental Group 

Saline CH3HgCI CH3HgCI CH3HgCl 
Treated Treated Treated Treated 

No. of Pregnant Females 3 1 2 2 

Days of Treatment 
During Pregnancy 18,19 16,17 16-18 16-19 

Brain Methylmercury 
~g HgO/mg Brain 
(No. of Offspring) 

0.0 4.5-4.9 6.1-8.4 8.4-9.7 
(3) (2) (4) (4) 

Mean DPM 14C + S.E.M. 2294+97 2189+139 2189+166 2005+74 
mg Protein . . . . .  
(No. of Offspring) (17) (9) (11) (9) 

p a - <0.6 <0.6 <0.1 
aData from methylmercury and saline treated groups were compared 
for s t a t i s t i c a l  s igni f icance by "Student's t "  tes t .  

son, CAVANAGH and CHEN (1971) measured in vivo brain protein syn- 
thesis in male rats given 5 mg/Kg/day methylmercury dicyandiamide 
for up to 8 consecutive days. Their resul ts suggest that th is  
function tended to decrease in the treated animals. Seven days 
af ter  commencement of dosing, and before onset of symptoms, 14C- 
glycine incorporation had decreased by 16%. Af ter  onset of mild 
symptoms i t  had dropped by 23%. No mention was made of brain mer- 
cury content but a reasonable estimate might place i t  at  about 15- 
25 ppm. This is about twice as high as in our rats (Table I ) .  

The methylmercury treated adult rats in Experiment B al l  showed 
signs of severe in tox ica t ion .  The ear l i es t  sign was reddening or 
bleeding around the eyes and nose. Other common signs were exten- 
sive weight loss, sluggishness and hunched posture. As the exper- 
iment progressed, the animals often showed a tendency to walk back- 
wards, diarrhea and a complete loss of function of the hind legs. 
On the 7th day, some of the rats were unable to move about the i r  
cage. Of the 8 poisoned ra ts ,  2 expired on the 6th day and another 
died under ether anesthesia on the 7th. 

Table 2 shows that ,  on the f ina l  day of the experiment, the mean 
body weight of the poisoned animals was 63% that of the controls. 
Since al l  animals received the same amount of leucine, i t  is rea- 
sonable to expect a larger percentage to be d is t r ibu ted to the 
brains of the intoxicated rats due to the i r  greater brain to body 
weight ra t io .  The concentraions of 14C-leucine found in whole 
brain t issue (Table 2) support th is  assumption. Therefore, al l  
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leucine incorporation data were corrected for differences in body 
weight. I t  is the corrected data that are given in Table 2. 

A comparison of the leucine incorporation results (Table 2) shows 
that a s igni f icant  inh ib i t ion of this function occurred in at 
least three brain regions in the methylmercury treated rats. Only 
the difference measured in the occipital region is of questionable 
significance. On the average, protein synthesis in the poisoned 
animals was about 75% of that found in the controls. Brain mer- 
cury levels were approximately 54 ppm (Table 2) in our rats. This 
is probably s l igh t ly  higher than the levels in the adult male rats 
given a single 75 mg/Kg dose of methylmercury thioacetamide by 
YOSHINO et al. (1966). They measured 14C-leucine uptake into pro- 
tein of brain cortex sl ices, and found 57% of normal incorporation 
in animals during the latent period and 42% of normal in rats af- 
ter onset of symptoms. Our results confirm the observation that 
brain protein synthesis is s ign i f icant ly  depressed in rats showing 
symptoms due to methylmercury intoxicat ion (YOSHINO et a l . ,  1966). 
Although our measurements suggest a less intense depression of 
this parameter than do those of YOSHINO et al. (1966), i t  should 
be emphasized that the two experiments were considerably di f ferent 
in design. 
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