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Sporadic outbreaks of an initially unidentified disease of the 
central nervous 1system have occurred since 1953 in the city of 
Minamata in Japan. This disease has been named the "Minamata 
disease". It was first observed in cats and later in man, and in 
both species the principal symptoms were similar, being mainly 
of neurological character. The mortality resulting from this 
disease approached 40 % (Nomura 1968, Kurland et al. 1960). 

On the basis of clinical and pathological observations on 
human and animal cases of the Minamata disease, of the chemi
cal and histochemical determinations of mercury compounds 
and also of experimentally induced cases of the disease in ani
mals, there is no doubt now that the Minamata disease is caused 
by the consumption of food contaminated with organic mercury 
compounds, particularly methyl mercury (Takeuchi 1968). 

Some experiments with inorganic mercury compounds in
dicate that mercury is accumulated principally intracellularly, 
in the lysosomes (Norseth 1968; Timm et al. 1966). Histochemi
cal studies have demonstrated an increased acid phosphatase 
reaction in various organs in connection with intoxication wi1th 
inorganic mercury compounds (Kosmider 1965, Taylor 1965). 
As regards organic mercury compounds, the work of Norseth 

(1967) with methoxyethylmercury also indicates that mercury 
accumulates to some extent in the lysosomes. 
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Alkyl mercury compounds are considered to react rapidly 
wi:th the sulfhydry,l groups of proteins (Kominz 1961, lrukayama 
et al. 1965, Webb 1966a, Goto & Fujino 1969). The studies of 
Hegner (1968) on the functional importance of sulfhydryl groups 
in the membranes of lysosomal granules of bovine polymorpho
nuclear leucocytes showed that an organic mercury compound, 
parachloromercurybenzoate, like other sulfhydryl reagenrts, in
creased the permeability of the membranes of isolated lysosomes 
for enzyme proteins. 

The distiribution of acid phosphatase between the lysosomal 
and extralysosomal fraction at the beginning of autolysis (Beafay 
et al. 1959, Weissmann & Thomas 1962) and both at the begin
ning and during the process at 37°C (Pekkanen 1970) has been 
considered to reflect the stability of the lysosomal membrane. 

The aim of the present investigation was to study the effect 
of methyl mercury poi,soning on the stability of lysosomal mem
branes as illldicated by the intracellular disitribwtion of acid phos
phai!as,e during liver autolysi,s. For this purpose a group of cats 
was fed a diet which contained Hg203 labelled methyl mercury. 
Another group of cats was kept on a similar diet without methyl 
mercury. M 1the end of the experimental period, the intiraceHular 
di1stribution of acid phosphaitase during autolysis was determined 
in the livers of a1l animals. The methyl mercury content of the 
livers of the test animals was determined, as was also the pH 
and the total bacterial count before and after autolysis of the 
livers. 

MATERIAL AND METHODS 
Test animals and tlleir diets 

Seven adult male cats with weights varying between 2.35 and 
4.30 kg, the "experimental" cats (A, B, C, D, E, F and G), were 
fed a diet containing methyl mercury once a day. Eight other 
cats, the "controls" (H, I, J, K, L, M, N and 0), r1eceived the same 
diet without methyl mercury. 

Before starting the experiments all cats were vaccinated 
against feline panleukopenia with 1 dose of Connaught Feline 
Panleukopenia Vaccine (Ferring, Malmo, Sweden) and kept be
fore the experiment at least 2 weeks under close observation for 
possible signs of mness. 

All the cats were kept in separate cages during the experi-
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F and G was prepared as for cats A and B except that it con
tained 1.06 mg of Hg and 0.105 nCi Hg203/g at the beginning of 
the experiment. Each dose of the liver homogenate fed to cats 
C, D, E, F and G was weighed every day before feeding. 

Determination of mercury content in the experimental diet and in 
the livers of the experimental animals 

When liver homogenate is mixed with methyl mercury as de
scribed above, practically all the mercury will be protein-bound in 
the form of methyl mercury (ljstlund 1969). In experimental animals 
fed a diet containing protein-bound methyl mercury, the mercury, 
chiefly in the form of methyl mercury, has been found in various 
organs, among these the liver (lrukayama et al. 1965). 

The total methyl mercury content of the liver homogenate fed 
to the experimental cats and the total mercury content in the livers 
of .the same animals after their sacrifice were obtained by deter
mination of the content of Hg203• The determination was made with 
a NaJ scintillation detector (Wallac, Turku, Finland). The mercury 
determinations were in 4 instances also made by neutron activation 
analysis (Hii.sii.nen 1970). 

Determination of the distribution of acid phosphatase during auto
lysis in the livers of the cats 

The distribution of acid phosphatase was expressed as the per
centage of unsedimentable activity of acid phosphatase out of the 
total acid phosphatase activity of the sample. The livers were re
moved within 2 min. after decapitation, and then minced by pressing 
through a sieve of steel wire with a hole diameter of 1 mm. The 
homogenate thus obtained was mixed with a glass rod for 2 min. and, 
after removal of appropriate samples for mercury determinations, 
divided into portions of 2 g and placed in sterile test tubes. All 
handling of the livers was done at a temperature of 4 ° C, and the vials 
containing the samples were kept in ice. The test tubes with their 
contents were then incubated in a 37°C water bath. The time from 
the sacrification of the cats until the test tubes with their contents 
were placed in the water bath varied from 20 to 35 min. 

The distribution of acid phosphatase was determined from 3 
2-g samples after 0, 12 and 24 hrs.' incubation at 37°C, as previously 
described (Pekkanen 1970). In addition, the distribution of acid 
phosphatase was in 2 cases determined also after 6 hrs. and in 3 
cases after 18 hrs. of incubation at the same temperature. If the 
unsedimentable activity of acid phosphatase in the liver samples 
was found during autolysis to represent 100 % of the total activity, 
no further determjnations of the distribution were made. 

Counting of microorganisms in the livers of the test animals 
The total bacterial count of the minced cat livers was taken 

before. the onset and after 24 hrs. of incubation of the livers at 37°C. 
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The contents of 1 test tube containing 2 g of minced liver were diluted 
with 8 ml of sterile isotonic saline solution and homogenized for 1 
min. with an Ultra-Turrax homogenizer. The tube was kept in ice 
water during homogenization. Two 1-ml samples of the homogenate 
were each mixed with 15 ml of Plate Count Agar (Oxoid Limited, 
London, England) in a temperature of 47°C on Petri dishes with a 
diameter of 90 mm. The bacterial count was determined after 48 and 
72 hrs.' incubation at 30°C. 

Determination of the pH during autolysis of the livers 
One test tube containing 2 g of minced liver was used for pH 

determinations before and another after incubation at 37°G for 24 hrs. 
The minced liver was homogenized with an Ultra-Turrax homogenizer 
in 8 ml of distilled water and the pH determined with a Beckman 
Zeromatic pH-meter (Beckman instruments, INC., Fullerton, Califor
nia, USA). 

RESULTS 
The data concerning the experimental animals, the feeding 

of the methyl mercury-containing diet, the results of the methyl 
mercury determinations in the liv.er homogenate fed to the 
experimental animals and the results of mercury determinations 
in the livers of the same animals after their sacrifice are given 
in Table 1. 

The total amount of methyl mercury fed to the cats, expressed 
in terms of mg of inorganic mercury per kg body weight, varied 
between 29.14 and 40.12 mg, the mean being 34.94 ± 4.46 mg. 
The mercury content in the livers of the cats fed wi.th the liver 
homogenate containing methyl mercury varied between 102.5 
and 128. 7 mg per kg wet weight of the liver, the mean being 
113.6 ± 4.4 mg/kg. 

The effect of methyl mercury poisoning on the distribution of 
acid phosphatase during and before autolysis at 97°C 

The curves A, B, C, D, E, F and G in Fig. 1 show the distri
bution of acid phosphatase in the livers of the cats fed the methyl 
mercury diet, and the curves H, I, J, K, L, M, N and 0 the distri
bution of acid phosphatase in the livers of the cats kept as 
controls without methyl mercury in their diet. The share of the 
unsedimentable activity of acid phosphatase in the total acid 
phosphatase activity of the samples before incubation at 37°C 
varied in the livers of the experimental cats from 16 to 31 %, 



Weight 
of the cat 

at the 
beginning Cat of the 
experi-
ment, 

kg 

A 3.89 
B 4.13 
c 2.35 
D 3.40 
E 2.85 
F 3.60 
G 4.30 
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Tab 1e1. Experimentally induced methyl mercury poisoning in cat*). 
The cats were fed an experimental diet, which contained methyl mer-

cury hydroxide in liver homogenate. 

Feeding of methyl mercury 

number of methyl mercury 
content of the days of average feeding liver homogenate, total feeding of daily Mercury period mg per g feeding the experi- feeding content 

mental diet of the of methyl of methyl in liver, experi- determin- de term in- mercury, until onset mental ed with edby mercury mg per kg mg per kg 
of first diet, NaJ neutron per cat, of body neurologic- days scintil- activa- mg weight al symp- lation ti on (mean±s) 
toms detector analysis 

30 34 1.03 1.10 3. 75±0.42 32.75 
40 42 1.03 1.10 3.75±0.42 38.14 
16 17 1.06 4.33±0.13 31.33 
26 32 1.06 4.26±0.15 40.12 
21 22 1.06 4.27±0.16 32.99 
32 34 1.06 4.25±0.23 40.12 
25 29 1.06 4.26±0.18 29.14 

*) the methyl mercury contents are expressed as metallic mercury 
on wet weight basis. 

* *) determined by neutron activation analysis. 

the mean being 25.1 ± 5.1 %, and in the livers of the control cats 
from 14 to 26 % with a mean of 20.7 ± 4.1 %. The difference 
between the means i.s highly significant (P < 0.001) *). 

When the liver samples had been incubated at 37°C for 12 
hrs., the unsedimentable acid phosphatase activity in the livers 
of the experimental cats varied from 65 to 100 % of the total acid 
phosphatase activity of the corresponding liver samples. The 
mean was found to be 82. 7 ± 16.4 % . In the livers of the control 
cats the corresponding share of the activity of unsedimentable 
acid phosphatase varied between 34 and 54 % of the total acid 
phosphatase activity. The mean was found to be 45.6 ± 7.4 %. 
The difference of the mean percentages is again highly significant 
(P < 0.001). In the liver samples of the experimental cats A, B 
and D the unsedimentable acitivity of acid phosphatase was 
100 % of the total acid phosphatase activity of the corresponding 
liver samples. In the experimental cats C, E and F the distri-

•) The statistical calculations were made using the Student's t-test. 

of liver 
weight 

102.5* *) 
104.6**) 
117.0 
115.2 
117.7 
128.7 
HO.O 
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buti.on of acid phosphatase in their livers was additionally deter
mined again after 18 hrs.' incubation. The unsedimentable acti
vity of acid phosphatase in the livers of cats C and E represented 
100 % of the .total activity of acid phosphatase and in the liver 
of cat F 57 %. 

Cat G was 1the only one of the experimental animals in which 
the distribution of acid phosphatase was determined after 24 hrs.' 
incubation. The share of unsedimentable acid phosphatase acti
vity of the total activity of acid phosphatase in the liver of the 
cat G was then 100 % and in the control cats from 42 to 73 %, 
the mean being 57.4 ± 11.4 %. 

Results of the bacteriological examinations and the pH deter
minations of the cat livers 

The total bacterial count was zero with the used method in 
the liver samples of all cats both before and after a 24 hr. in
cubaiti0n at 37°C. 

In the livers of the experimental cats the pH varied between 
6.70 and 6.90 before incubation, the mean being 6.84 ± 0.08, and 
in the control cats H, I, J, K, L, M, N and 0 between 6.40 and 6.70, 
the mean being 6.50 ± 0.09. After the livers had been incubated 
24 hrs. at 37°C the pH varied in the livers of cats A, B, C, D, E, F 
and G from 6.10 to 6.20, the mean being 6.12 ± 0.05, and in the 
livers of cats H, I, J, K, L, M, N and 0 from 5.40 to 6.00, the mean 
being 5.84 ± 0.19. The mean pH of the livers of the experimental 
cats was significantly higher (P < 0.001) than the mean pH of 
the livers of the control cats, both before and after a 24 hr. in
cubation at 37°C. 

DISCUSSION 
Because the weight of the cats fed the methyl mercury diet 

varied (Table 1) and the daily dose of methyl mercury fed to 
each of the cats was about 4 mg, expressed in .terms of mercury, 
the time which elapsed from the beginning of the methyl mercury 
diet until the occurrence of the first detectable neurological 
symptoms, the unsteadiness of gait in the rear legs, varied. 
Although the neurological symptoms were first observed in the 
leanest of the cats, cats C and E, both the differences in the 
total amount of methyl mercury consumed (expressed as mg of 
mercury per kg of body weight) and the differences in the mer
cury contents in the livers of the experimental cats indicate 
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individual variations in sensitivity to methyl mercury in the 
experimental animals ( U sliikusa 1965). In fact, comparatively 
large ·individual variations in the latency time have been con
sidered typical signs of alkyl mercury poisoning in cats (lru
kayama et al. 1965) and man (Swensson & Ulfvarson 1963). 

Before the incubation at 37°C, the mean share of the un
sedimentable activity of acid phosphatase out of the total activity 
of the livers of the 7 experimental cats was 25.1 ± 5.1 %, which 
is significantly (P < 0.001) greater than the corresponding mean 
share, 20.7 ± 4.1 %, of the livers of the 8 controls. This possibly 
indicates either an intravital release of acid phosphatase from 
the lysosiomes in the liver cells or a decreased resistance of the 
lysosome membranes of the liver cells of the methyl mercury
exposed animals to disintegrating forces during homogenization. 
This phenomenon has been observed on liver lysosomes in con
nection with exposure to other toxic agents (Weissmann & 
Thomas 1962, Dingle 1963), among them inorganic mercury 
compounds (Norseth 1968). Because the percentage of the un
sedimentable activity of acid phosphatase increases during in
cubation at 37°C more rapidly in the livers of the methyl mer
cury-fed cats than in the control cats (Fig. 1), it is also possible 
that the observed differences before incubation may be due solely 
to this, and consequently represent a rather rapid post-mortal 
phenomenon. Although the possibility of an intravital release of 
acid phos•phatase seems to correspond to the theory of the func
tions of lysosomes (de Duve 1963), no final conclusions can he 
drawn. Fig. 1 shows that the share of unsedirnentable activi.ty 
reaches 100 % of the total activity of acid phosphatase in the 
livers of the experimental cats after 12 to 24 hrs. of incubation 
at 37°C, except in the liver of cat F. In the control animals, the 
corresponding proportion was in no case higher than 73 % . 

It can be concluded that the differences observed during liver 
autolysis in the share of unsedimentable acid phosphatase acti
vity out of the total between methyl mercury-exposed and control 
animals (Fig. 1) are due either to a difference between the 
respective animal groups in the resistance of the liver lysosome 
membranes to homogenization, or to a difference in the rate of 
release of lysosome-bound acid phosphatase from lysosome to 
cytoplasm during autolysis. 

Hegner (1968) has shown the membranes of isolated lyso
somes to be sensitive to mercury sulfhydryl-reagents. He did not, 
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however, study the effects of methyl mercury. The reagents used 
caused an increased release of lysosomal enzymes, among them 
acid phosphatase. The methyl mercury which during poisoning 
accumulates principally in the liver and is known to react with 
sulfhydryl groups (Weissmann & Thomas, Webb 1966b) is thus 
a possible cause of the difference observed between the distri
bution pattern of acid phosphatase in the methyl mercury-fed 
and the control animals. The mechanism of action of the sulf
hydryl reagents in this respect is not known, but possibly the 
labilization which has been observed both in cellular and sub
cellular membranes (Fong et al. 1959, Webb 1966c) is related to 
the activation (Webb 1966d) or inhibition (Neubert 1963, Mun
der et al. 1965, Netter 1966) of the enzymes of the cell by these 
reagents. 

The difference of the mean pH-values between the livers of 
the experimental and the control animals, and the high mercury 
concentrations found in the livers, possibly indicate an inhibition 
of 1the Embden-Meyerhof pathway enzymes in the livers of the 
experimental cats by methyl mercury during autolysis (Webb 
1966d). 

A decrease of the share of the unsedimentable acid phos
phatase out of the total, as observed in cat F after 12 hrs.' in
cubation, has not previously been observed. Possible explanations 
of this observation include a reformation of lysosomal mem
branes during autolysis, a binding of unsedimentable activity of 
acid phosphatiase to cell debris or a polymerization of enzyme 
molecules to a size which is sedimentable by the used ultra
centrifuge treatment. Even a mercury-induced s,tability of the 
ly.sosomes agains1t homogenization or simply an experimental 
error cannot be excluded in this case. 
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SUMMARY 
Seven healthy male cats weighing between 2.35 and 4.30 kg were 

daily fed a diet which contained Hg203 labelled methyl mercury 
hydroxide in liver homogenate. Eight additional cats were kept as 
controls on a similar diet without methyl mercury hydroxide. The 
daily amount of methyl mercury hydroxide fed to the cats, expressed 
as inorganic mercury, varied between 3.75 and 4.33 mg per cat. When 
the animals had developed neurological symptoms typical of methyl 
mercury poisoning, they were decapitated and their livers removed 
for the determination of the mercury content, the distribution of acid 
phosphatase during autolysis at 37°C, the pH and the total bacterial 
count before and after a 24 hr. period of autolysis. Similar deter
minations except for the mercury were made from the livers of the 
control animals. The total amount of methyl mercury hydroxide fed 
to the cats varied between 29.14 and 40.12 mg Hg++ per kg of body 
weight, and the mercury content in their livers between 102.5 and 
128.7 mg Hg+t per kg of liver wet weight. 
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The share of unsedimentable activity of acid phosphatase out of 
the total immediately after decapitation was found to be significantly 
(P < 0.001) greater in the livers of the methyl mercury-fed cats than 
in the livers of the control animals. After 12 to 24 hrs. of autolysis 
at 37°C the unsedimentable activity accounted for 100 o/o of the total 
acid phosphatase activity in the livers of 6 of the 7 methyl mercury
fed animals, while in the livers of the controls the corresponding 
percentages varied after 24 hrs. of incubation between 42 and 73, the 
mean being 57.4 ± 11.4 o/o. The mean pH of the livers of the methyl 
mercury fed animals was found to be significantly higher before 
(P < 0.001) and after (P < 0.0-01) a 24 hr. incubation at 37°C than 
the corresponding mean pH values of the control animals. 

Because of the injection of antibiotics given to the cats before 
sacrifice the total bacterial count of the livers, which was checked 
before and after a 24 hr. incubation at 37°C, was found to be zero. 

SAMMANFATTNING 
lnverkan av metylkvicksilverf orgiftning pd f ordelning av surt fosfatas 

under autolys i kattlever. 
Sju hankatter, vars vikter varierade mellan 2,35 och 4,30 kg ut

fodrades dagligen med ett Coder som inneholl Hg2°3 miirkt metylkvick
silverhydroksid blandat med leverhomogenat. Atta katter, ,,kontrol
lerna ", fick samma foder utan metylkvicksilver. Den dagliga givan 
av metylkvicksilver uttryckt som Hg++ per katt varierade mellan 3,75 
och 4,33 mg. Niir djuren visade grava fOr metylkvicksilverforgiftning 
typiska neurologiska symptom avlivades de och deras levrar tillvara
togs fOr kvicksilverbestiimning, fOr bestiimning av pH och det totala 
bakterietalet fOre och efter en 24 timmars inkubation vid 37°C. Samma 
bestiimningar med undantag av kvicksilveranalys utfordes pa kontroll
katternas levrar. Totalmiingden av metylkvicksilver som utfodrades 
till katterna varierade mellan 29,14 och 40,12 mg Hg++ per kg kropps
vikt och det motsvarande kvicksilverinnehallet i levrarna mellan 102,5 
och 128,7 mg Hg++ per kg lever. 

Omedelbart efter avlivandet av katterna var det sytoplasmatiska 
sura fosfatasets andel av det totala signifikant (P < 0;001) stOrre i 
de med metylkvicksilver utfodrade katternas levrar jiimnfOrt med 
kontrollernas levrar. Efter 12 till 24 timmars inkubation vid 37°C var 
den sytoplasmatiska aktivitetens andel av den totala aktiviteten 100 o/o 
i sex av de sju med metylkvicksilver utfodrade katterna. Motsvarande 
andel var hos kontrollerna efter 24 timmars inkubation 57 ± 11,4 %. 
Levrarnas genomsnittliga pH-viirde var signifikant (P < 0,001) storre 
hos de med metylkvicksilver utfodrade katterna an hos kontrollerna 
bade fOre och efter en 24 timmars inkubation vid 37°C. 

Pa grund av antibiotikum injektion omedelbart fOre' avlivandet 
var det totala bakterietalet noll med den anviindade metoden bade fore 
och efter en 24 timmars inkubation vid 37°C. 

(Received October 21, 1970). 




