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Table 1. Pathological diagnosis and disease duration

No. | Age Sex Diagnosis Onset/death period Disease duration
21 M MD 1965-02-10/ 1965-03-21 40 days
28 M MD 1965-03-20/1965-06-07 80 days
81 F MD 1964-09/1971-06 8 years
72 M MD 1967/1972 6 years
78 M MD 1965-05/1972-03 7 years
56 M MD 1964-06/1972-11 9 years
59 M MD 1964/1972-12 9 years
59 M MD 1968/1973-01 6 years
56 M MD 1965/1973-05 9 years
10 70 M MD 1965-06/1973-11 9 years
11 72 M MD 1968/1974 7 years
12 73 M no MD / /
13 70 M no MD / /
14 48 M MD 1963/1975-04 13 years
15 79 M no MD / /
16 65 M no MD / /
17 52 M no MD / /
18 52 M MD 1962-1976-07 15 years
19 72 M MD 1965-1977-06 13 years
20 75 M MD 1969-1977-06 9 years
21 67 M MD 1969-1977-09 9 years
22 74 M no MD / /
23 59 M MD 1966-01/1978-12 14 years
24 79 M MD 1967/1979-12 13 years
25 76 M MD 1969/1979-04 10 years
26 67 M MD 1960?/1981-03 21 years?
27 86 M MD 1965-04/1982-12 19 years
28 74 M MD 1966/1986-02 20 years
29 86 F MD 1971-1991-06 20 years
30 82 F MD 1963/1992-05 29 years

M: Male F. Female MD: Minamata disease (pathological diagnosis)



Table 2.

Total, methyl and inorganic Hg and Se levels in the tissues (Jg/g), Niigata Univ. 1999

Sex Age | Cerebrum _ _ Cerebellum _ _ Liver _ _ Kidney _ _

(ME) " ToHg Me-Hg I-Hg Se T-Hg Me-Hg I-Hg Se T-Hg Me-Hg I-Hg Se T-Hg Me-Hg I-Hg
1 M 21| 17615 13.670 3.394 0.660 20921 | 14.800 5.175 0.725 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 M 28 8.440 5.505 2.752 0.375 9.125 5.938 3.125 0.330 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 F 81 0.294 0.169 0.119 0.150 0.234 0.088 0.153 0.115 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
4 M 72 0.200 0.028 0.182 0.350 0.406 0.028 0.392 0.370 2937 0.070 2.867 1530 | 14179 0224 13881
5 M 78 0.104 0.075 0.030 0.370 0.126 0.092 0.035 0.260 0.633 0.130 0474 0.600 2.373 0.076 2.305
6 M 56 0.203 0.127 0.076 0.215 0.203 0.127 0.072 0.470 0.369 0.085 0.280 0.685 0.788 0.076 0.695
7 M 59 0.153 0.038 0.114 0.275 0.225 0.072 0.162 0.295 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 M 59 0.098 0.056 0.042 0.225 0.162 0.056 0.112 0.140 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
9 M 56 0.360 0.063 0.298 0.180 0.267 0.075 0.190 0.275 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
10 M 70 0.096 0.064 0.035 0.205 0.107 0.070 0.034 0.225 0.754 0.094 0.631 0.830 0.602 0.043 0.556
11 M 72 0.042 0.024 0.019 0.260 0.053 0.046 0.006 0.365 0.579 0.106 0.487 0.715 0.540 0.020 0.518
12 M 73 0.030 0.019 0.012 0.165 0.028 0.016 0.013 0.115 0.068 0.018 0.051 0.250 0.153 0.023 0.137
13 M 70 0.044 0.025 0.019 0.170 0.049 0.031 0.019 0.260 0.154 0.050 0.106 0.660 1.023 0.037 0.977
14 M 48 1.223 0.106 1.090 0.480 1425 0.106 1.303 0.560 0.309 0.080 0.223 0.715| 21.170 0.080| 20.319
15 M 79 0.058 0.031 0.029 0.170 0.048 0.032 0.017 0.150 0.870 0.097 0.749 0.490 0.279 0.032 0.247
16 M 65 0.037 0.021 0.016 0.215 0.029 0.015 0.014 0.255 0.181 0.029 0.152 0.455 0.152 0.019 0.133
17 M 52 0.065 0.047 0.019 0.040 0.079 0.056 0.023 0.080 0.364 0.084 0.248 0.640 1.161 0.049 1137
18 M 52 0.096 0.057 0.038 0.365 0.098 0.072 0.026 0.345 0.167 0.031 0.137 0.450 0.198 0.020 0.176
19 M 72 0.198 0.153 0.044 0.175 0.108 0.062 0.046 0.260 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
20 M 75 0.274 0.055 0.020 0.255 0.168 0.084 0.093 0.210 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
21 M 67 0.163 0.134 0.024 0.145 0.133 0.103 0.025 0.190 nd. n.d. n.d. n.d. n.d. n.d. n.d.
22 F 74 0.080 0.051 0.026 0.185 0.086 0.043 0.046 0.255 nd. n.d. n.d. n.d. n.d. n.d. n.d.
23 M 59 0.128 0.042 0.082 0.210 0.129 0.030 0.102 0.140 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
24 M 79 0.097 0.050 0.050 0.240 0.104 0.051 0.054 0.260 0.497 0.088 0429 0.670 0.750 0.056 0.696
25 M 76 0.064 0.042 0.023 0.240 0.058 0.040 0.018 0.080 0.381 0.103 0.284 0.335 0.357 0.053 0.310
26 M 67 0.078 0.062 0.017 0.115 0.075 0.053 0.024 0.160 0410 0.068 0.342 0.370 0.750 0.054 0.690
27 M 86 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.204 0.027 0.182 0.240 0.895 0.034 0.857
28 M 74 0.046 0.031 0.015 0.195 0.092 0.036 0.057 0.255 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
29 F 86 0.050 0.036 0.014 0.225 0.042 0.031 0.010 0.325 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
30 F 82 0.028 0.017 0.010 0.245 0.030 0.021 0.010 0.255 0.191 0.022 0.173 0.475 0.176 0.028 0.150

M: Male, F: Female, Y: Year-old, T-Hg: Total mercury, Me-Hg: Methylmercury, I-Hg: Inorganic mercury, Se: Selenium




Table 3 Grade of mercury deposition by mercury histochemistry

Cerebrum Cerebellum Liver Kidney
N P WM BG P GL WM LC KC PT HL
1 3 3 3 3 0 1 3 ND ND
2 0 3 2 2 0 1 1 ND ND
3 0 0 0 0 0 0 0 ND ND
4 0 1 1 2 0 1 2 3 3 2 3
5 0 1 0 0 0 0 0 0 1 1 2
6 0 0 0 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 ND ND
8 0 0 0 0 0 0 0 ND ND
9 2 0 2 2 0 0 1 ND ND
10 0 0 0 0 0 0 0 1 1 0 2
11 0 0 0 0 0 0 0 1 2 1 2
12 0 0 0 0 0 0 0 0 0 0 1
13 0 0 0 0 0 0 0 1 0 1 2
14 0 2 2 2 0 1 2 1 1 2 3
15 0 0 0 0 0 0 0 1 1 0 0
16 0 0 0 0 0 0 0 1 0 0 0
17 0 0 0 0 0 0 0 0 0 1 1
18 0 0 0 0 0 0 0 0 1 0 1
19 ND ND ND ND
20 ND ND ND ND
21 ND ND ND ND
22 ND ND ND ND
23 ND ND ND ND
24 0 0 0 0 0 0 0 2 2 1 2
25 0 0 0 0 0 0 0 0 1 0 1
26 0 0 0 0 0 0 0 0 1 1 2
27 ND ND 0 0 0 1
28 0 0 0 0 0 0 0 ND ND
29 0 0 0 0 0 0 0 ND ND
30 0 0 0 0 0 0 0 1 0 ND
N: Neuron, P: Phagocyte, WM: White matter, BG: Bergman glia, P: Purkinje cell, GL: Granule cell, LC: Liver cell, KC: Kuppfer cell,

PT: Proximal tubules,

HL: Henle’s loop ND: not done 0: Negative,

1: Mild positive, 2: Moderate positive , 3: Strong positive



Table 4. Autopsy cases of Minamata disease until 2005

(Kumamoto University: 450 cases)

Clinical diagnosis Pathological diagnosis
MD 42 cases MD 40 cases (noMD 2 cases)
MD suspected 408 cases MD 162 cases (no MD 246 cases)

Table 5. Autopsy cases of Minamata disease until 2005
(University of Niigata: 30 cases)

Clinical diagnosis Pathological diagnosis
MD 25 cases MD 23 cases (no MD 2 cases)
MD suspected 5 cases MD 1 case (no MD 4 cases)

Table 6. Classification of the type of autopsy cases in Minamata disease

(Kumamoto University: 202 cases)

A. Adult case

1. Acute type (Disease duration; 19 -60 days) 6 cases
2. Subacute type (Disease duration; 70-100 days) 6 cases
3. Prolonged-severe type (Disease duration; 1-11 years) 9 cases
4. Prolonged-mild type (Disease duration; 3-27 years) 15 cases
5. Chronic type (Disease duration is not clear) 156 cases
B. Postnatal case 5 cases
C. Fetal case 5 cases

Table 7. Classification of the type of autopsy cases in Minamata disease

(University of Niigata: 24 cases)

A. Adult case

1. Acute type (Disease duration; 40 days) 1 case

2. Subacute type (Disease duration; 80 days) 1 case

3. Prolonged-mild type (Disease duration; 6-29 years) 22 cases
B. Postnatal case 0 case
C. Fetal case 0 case




Table 8. Postnatal case (Kumamoto University)

No. Autopsy Age at onset/death Disease duration  Sex Cerebral lesion
date (y: m) (y: m)

1 1958 2:11/4:5 1:6 F microscopic sponginess

2 1959 5/8 2:9 F  microscopic sponginess

3 1959 3/7 4 M  macroscopic sponginess

4 1974 5/23 18 F microscopic sponginess

5 1976 5/15 10 M  microscopic sponginess

Table 9. Fetal case (Kumamoto University)

No. Autopsy date Disease duration (Age)  Sex  Brain weight (g) (% )*
1 1961 2y: 6m F 650 =40
2 1962 6y: 3m F 630 =50
3 1969 13y M 1,150 =20
4 1973 12y M 1,280 =10
5 1987 29y F 920 =30

*Weight reduction (%): Calculated by the formula (m — w) x100/m, where w is the weight of the patient’s brain

and m is the average brain for sex- and age-matched control individuals.
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n n(A) n(B) B/A
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methylmercury. Neurotoxicol Teratol 19, 417-428, 1997.

4. Davidson PW, Myers GJ, Cox C, et al: Effects of prenatal and postnatal methylmercury exposure from fish
consumption on neurodevelopment: outcomes at 66 months of age in the Seychelles child development study.
JAMA 280, 701-707, 1998.

5. Myers GJ, Davidson PW, Cox C, et al: Prenatal methylmercury exposure from ocean fish consumption in the
Seychelles child development study. Lancet 361, 1686-1692, 2003.

6. Grandjean P, White RF, Weihe P, Jorgensen PJ: Neurotoxic risk caused by stable and variable exposure to
methylmercury from seafood. Ambul Pediatr 3, 18-23, 2003.

Table 1. Mercury concentrations in the brain of rats administered with daily (0.3, 1.5 and 3.0 mg/kg/day)
and intermittent (2.1, 10.5 and 21.0 mg/kg/week) dosages of methylmercury.

Mercury concentrations (Lg/g)

Organs MMC treatment Daily dosed rats Intermittently Intermittently
(G1) dosed rats (G2) dosed rats (G3)
Brain 0.3 mg/kg/day (G1) and 2.1 1.69 %= 0.12 1.66 = 0.16 1.59 #= 0.06
mg/kg/week (G2 and G3)
1.5 mg/kg/day (G1) and 10.5 12.8 &= 1.58 113 %= 1.34 11.0 = 0.96
mg/kg/week (G2 and 3)
3.0 mg/kg/day (G1) and 21.0 18.0 &= 0.56 20.3 &= 2.15 202 = 1.76
mg/kg/week (G2 and G3)

Rats were sacrificed and dissected on day 36 (G1) for daily dosed groups and days 33 (G2) and 36 (G3) for
intermittently dosed groups. On day 21, the body weight of rats administered 3.0 mg/kg/day and 21 mg/k/week
became lower than at the beginning of the experiment and they were sacrificed and dissected. There were no

differences among daily and intermittently dosed groups when the total amount of MeHg added was same.
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Table 2. Degrees of the degeneration in the sensory nerve fibers of five rats administered with daily (0.3, 1.5
and 3.0 mg/kg/day) and intermittent (2.1, 10.5 and 21.0 mg/kg/week) dosages of methylmercury.

MMC treatment Degrees of the degeneration
0.3mg/kg/day (Daily) 0 0 0 0 0
2.1mg/kg/week (Intermittently) 0.5 0 0 0.5 0.5
1.5 mg/kg/day (Daily) 3 3 3 3 3
10.5 mg/kg/week (Intermittently) 3 3 3 3 3
3.0 mg/kg/day (Daily) 2 2 2 2 2
21.0 mg/kg/week (Intermittently) 1 1 1 1 1
Control 0 0 0 0 0

Rats were sacrificed and dissected on day 36 for daily dosed and for intermittently dosed groups.

Degree of the degeneration; 0:within normal, 0.5: slight, 1: mild, 2: moderate, 3: severe

Daily dosed group

0.3 mg/kg/day

1.5 mg/kg/day

3.0 mg/kg/day [Dissection on day 21(A)]

Dissection (A)

bhd bbb bbbbbbbbdd

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

EEEEEEEEEEEEER.
J

Blood Blood Blood Blood Blood

Intermittent|y dosed group

2.1 mg/kg/week

10.5 mg/kg/week

21.0 mg/ke/week [Dissedtion on days 19(B-1) and 21(B-2)]

Dissection (B-1)

MMC MMC MMC MMC MMC

& i i 2 i

1 2 3 4 5 6 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

J 4 i I J

Blood Blood Blood Blood Blood

<= Dissection (B-2)

Fig. 1. Protocol of methylmercury administration, blood sampling and dissection
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3-1. Changes in mercury concentrations in blood of rats treated with daily (0.3 mg/kg/day) and

intermittent (2.1 mg/kg/week) dosage of methylmercury
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(21.0 mg/kg/week) dosage of methylmercury.
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Fig. 4-4. Sciatic nerve of methylmercury-treated rat (left) and control (right). (Trichromatic stain).
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Table 1 Geometric means and 25th-75th percentiles of total mercury (THg) in hair and total and methylmercury (MeHg)
in cord tissue, maternal blood and cord blood in three districts in Japan

(ng/9) Hair Cord tissue Maternal blood Cord blood
Districts THg THg MeHg THg MeHg THg MeHg
Tsushima 1453 64.0 54.6 4.62 398 913 8.38
n=30 (1157 - 1950) (46.7-87.9) (381-718) (3.02-755) (275-595) (637-124) (584 -107)
Fukuoka 1954 97.0 89.3 49 461 9.27 8.93
n=68 (1170 - 2293) (806 - 125) (758-121) (365-644) (361-573) (7.03-139) (657 - 11.5)
Katsushika 2120 1377 1308 7.91 754 139 114
n=17 (1810 - 2990)  (945-207) (955-197) (542-113) (521-103) (887-209) (8.13-20.1)
Total 1624 917 831 518 477 9.81 9.32
n=115 (1175 -2195)  (635-127) (57.1-122) (363-734) (35-654) (6.96 - 136)  (6.56 - 13.4)
MeHg (%) Mean == SD 90.6 + 104 925+ 81 952+ 55
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Table 2 Correlation coefficients of logarithmic total mercury (THg) in hair and total and methylmercury (MeHg)
in cord tissue, maternal blood and cord blood in the total of three districts in Japan

Hair Cord tissue Maternal blood Cord blood

r THg THg MeHg THg MeHg THg MeHg
Hair-THg 1
CT-Hg 0.641 1
CT-MeHg 0.626 0.975 1
MB-THg 0.648 0.809 0.799 1
MB-MeHg 0.654 0.846 0.839 0.981 1
CB-THg 0.651 0.848 0.815 0.888 0.885 1
CB-MeHg 0.646 0.873 0.839 0.882 0.888 0.992 1
All the correlation coefficients were significant (P 0.01)

39.8 -

_ r=0.888 P<0.01 .o T

> 251 e

=2}

£ .

> 158 | & N=30

= rz 0820 P<0.01

§ 10.0 B N=iE
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° 630 [

S o n=ag

° 3.98 [ - r= 0,978 P00

1.58 251 3.98 6.31 10.0 15.8

Maternal blood THg (ng/g)

Figure 1. Correlation between total mercury (THg) in maternal blood and cord blood
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1. Usuki F, Ishiura S, Saitoh N et al: Expanded CTG repeats in myotonin protein kinase supprresses myogenic
differentiation. NeuroReport 8, 3749-3753, 1997.
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Fig.3 Rho kinase (Y-27632)

a: (1 ), b 100nM (1 ), ¢ 1M (1 )

d: +Y-2763210pM (1 ), e 100 nM +Y-27632 10 uM (1 ),
f: 1uM +Y-27632 10 uM (1 ),

g 100nM (5 ), h: 100 nM +Y-27632 10 M (5 ),
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