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Fundamental research on prevention and treatment of methylmercury toxicity
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(Prevenion and treatment)
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ROCK  inhibitor restores MeHg-induced neuronal

degeneration in peripheral nerve of rats New!
0 7 10 16 22 Age(w)
Control | 0 3 9 1I5 Exposure (w)
MeHg T ]
MEHE o |
. |
+ Fasudil MeHg, 20 ppm Fasudil, 3 mg/kg/day
[z, i R, 3
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3

Dorsal column
of spinal cor&\A o it

MeHg Vehicle
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ROCK inhibitor restores MeHg-induced neurological deficit

(hind limb crossing) in rats New!
0 7 10 16 22 Agefw)

Control | [1] 3 9 1]5 Exposure (w)
MeHg [ TR ]

MeHg — E——

+ Fasudil MeHg, 20 ppm Fasudil, 3 mgkg/day
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]

[

M
LF

Hind limb croszing score

=

0 9 15

3
Time after exposure (w)
Mean +- SEM, n=6, *p<0.05 by Student's t-test
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ROCK

Immobilization induces muscle atrophy in calf muscles of
rats New!

i} 1 2 3 4 5 6 7 8 9 Age(w)

o 1 2 Exposure(w)
Control | ]

Imb [

Muscle Atrophy
(% of contralateral limb)

Control Imb

Mean + SEM, m=f, *p<l0l v
untreated animals by Student's ttest
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Immobilization induces muscle atrophy in soleus of rats
Control Imb New!

@EWeight of soleus

-
=]

H&E

Muscle Atrophy
(% of contralateral limb)
S 5 3 8

0

Control Imb

Mean + SEM, n=4 **p<001 v
untreated animals by Student's ttest

The solews iz 2 pow exful muscle in the back partof the lower les.
It runs from just below the knee to the heel, and is involved in
standing and walking Ttiz closely cormected to the sastrocnemius
muscle and zome anatomists consider them to be 2 single muscle,
the triceps surae. Its name is derived from the Latin word “solea’,
meaning “zandal’

~ Gastrocoemiss —
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Achilkes tendon o
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(2015)
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, , 2015. 6.
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and in vivo following methylrarcury exposure.
ASIATOX 2015 Jeju, Korea, 2015. 6.
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(2011) Inhibition of the Rho/ROCK pathway
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causes neuronal cell death through the suppression

of the TrkA pathwayln vitro andin vivo effects of
TrkA pathway activators. Toxicol. Appl.
Pharmacao| 282, 259266.
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in the chronic stage. BMJ Case Rep., pii:
bcr0820114695. doi: 10.1136/bcr.08.2011.4695.
Fujimura M Usuki F(2012) Differing effects of
toxicants (methylmercury, inorganic mercury, lead,
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Research on selective cytotoxicity and sensitiof individuals towardnethylmercury
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(1
Effects of MeHg on the expression of markers for neuronal
Mn- activation in each brain region of mice New!
[Cerebral cortex] [Hippocampus] [Cerebellum]
SOD GPx1 cfos | l | ] R e
BDNE Eeeww e
Bactin [meemememe] | | — o
0 2 4 6 Bfw) 0 2 4 6 B(w) 0 2 4 6 Bw
2 . MeHg exposure MeHg exposure MeHg exposure
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E —&— Cerebral cortex - .E 200
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£ 200f —O—Cerebellum =
E £ w0
i 100F - Q=== =TT e T E_ 50
‘§ 3 2 1 6 8 % " 2 1 3 8
= Time after MeHg exposure (w) g Time after MeHg exposure (w)
TrkA-70S6KeEF1A1 Mean $SEM {n = £)." ~ Significantly different from the untreated sroup (p < 0.05, LOLL
[AFLARBRLL ZABEKAORBERRANCARIHIELIRO LK. |
/ 2
3.
(c-fos ) ( 2
26 28
MAPK-CREB c( )
MAPK-CREB 29
( ) 1.
4.
( , )
Basal expression of anti-oxidative enzymes in cerebral cortex
and hippocampus of mice - Protein THC - New!
[Mn-SOD IHC] [GPx-1 THC] 2
Cerebral cortex (Occipital) Cerebral cortex (Occipital) :
] i p———
3.
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1. FOS GM

27 FOS
Total Hg concentration
(ug/ml or g tissue) 2
Tissue Control FOS GM FOS MeHg
Blood 161+024 138+018 1.66+0.21
Brain 126 £0.10 1.02+0.08** 1.19+0.09 FOS MeHg
Liver 270+0.30 2.01+0.30"™ 2.63+0.18
Kidney 6.99+0.89 5.56 +0.76* 6.64 +0.47
The values represent the mean + S.D. for 4 to 5 animals. FOS
**Significantly different from control (* p < 0.05, ** p <0.01).
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CT-16-01
Rehabilitationprogramdfor patients with Minamata disease atisseminatiorof information
on care and rehabilitation

13 Hybrid Assistive
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Usuki F Tohyama §2016) Three case reports of
successful vibratio therapy of the plantar fascia for
spasticity due to cerebral palke syndrome,
fetattype Minamata diseaseéMedicine 95 (15)
€3385. doi: 10.1097/MD.0000000000003385.

HAL
2016 28 11

29 2
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39:1091:1094

2) Usuki F, Tohyama S2011)Vibration thergy of the
plantarfasciaimproves spasticity ahelowerlimbs
of a patientwith fetattype Minamat diseaseén the
chronic stage. BMJ Case Repatts:10.1136bcr.08.
2011.4695

3) (2013)3

ADL . 47: 1185
1189.

4) Usuki F Maruyama K (2000) Ataxia caused by
mut at i o ntecophemol tiarisfer protein gene.
J Neurol Neurosurg Psychiatr 69: 2886,

5) (2011)

30:213218
6) Tohyama SUsuki F (2015) Occupationktherapy
intervention to inspire sekfficacy in a patient with

spinal ataxia andvisual disturbance BMJ Case
Reportsdoi: 10.1136/bci2014208259
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CT-16-02
Community development project for home care support, including headttpcaatice
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CT-16-03
Information transmission using the Minamata disease pathology spscimen

1996
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Exposure and Health Effects Assessment Group

2.
28
X
EPMA
1.
EPMA
(112 KK-Ay
DWB test
DWB test
3.
KK-Ay
CD204
5
6
TOF/TOF
CD68 CD163, CD204, HLADR
MALDI -TOF/ TOF
)
12 24
KK-Ay BL/6 (10 mg Hg/kg)

(Yoshimoto et.al. J Toxicol Sci. 2016)
(15100

mg)

- 46 -

47

MALDI -



(1)

E DHA

)

XAFS

E/

DHA
E DHA
E DHA
DHA/
0.1
X
Pyrolysis
b

- 47 -



RS16-04
Effect of glucose metabolism disorders on methylmercury toxicokinetics and toxicity

27 31 5

(diabetes mellitus)
(pathological animal model)
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3.12 KK-Ay BL/6

KK-Ay

(DWB: Dynamic Weight
Bearing test)

DWB test

28
1.12 KK-Ay
DWB test
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CD204

CD68, CD163, CD204, HL/DR

2.
12 24
KK-Ay BL/6 (10 mg Hg/kg)
7
(15100 mg)
3.
1.
23 25

2.

C 28 30

Yamamoto M Khan N, Muniron M, Motomura E,
Yanagisawa R, Matsuyama T, Vogel GEO17)
Activation of IL-6 and I8 expressions by
methylmercury in human U937 macrophages involves
RelA and p50. J Appl Toxicol 37: 6:620.

1)

28 , , 2016.12.
2)Yamamoto M Motomura E, Yanagisawa R, Hoang.
VAT, Mogi M, Mori T, Nakamura M, Takeya M, Eto
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K: Evaluation of Neurobehavioral Disorders in
MethylmercuryExposed KKAy Mice by Dynamic
Weight Bearing tesi6th Annual Meeting of Society of
Toxicology (SOT), Baltimore, USA2017. 3.

1)WHO (2008) Guidance for identifying population at
risk from mercury exposure.

2)TamashirdH, Arakaki M, Akagi H, Futatsuka M, Roht
LH (1985)Mortality and survival for Minamata disease.
Int J Epidemiol 14: 58588.

3)Ohno T,Sakamoto MKurosawa T, Dakeishi M, Ilwata
T, Murata K (2007) Total mercury levels in hair, toenail,
and urine among women free from occupational
exposure and their relations renal tubular function.
Environ Res 103: 19197.

4)Nakagawa R (1995) Concentration of mercury in hair
of diseased people in Japan. Chemosphere. 3485

5)Park SB, Choi SW, Nam AY (2009) Hair tissue mineral
analysis and metabolic syndrome. Biol Tr&tem Res
130: 218228.

6)Yamamoto M Yanagisawa R, Motomura Bakamura
M, Sakamoto M Takeya M, Eto K (2014) Increased
methylmercury toxicity related to obesity diabetic
KK-Ay mice. J Appl Toxicol 34: 91923.

7)Yoshimoto K, Anh HT, Yamamoto A, Koriyama, C
Ishibashi Y, Tabata M, Nakano A{amamoto M
(2016) Simple analysis of total mercury and
methylmercury in seafood using heating vaporization
atomic absorption spectrometry. J Toxicol Sci 41-489
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RS-16-05
Research on the tissue localizatadmmercury and selenium in the mammals
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22:332336, 2001.
2) X

Niigata Dent J 26(1): 287,
1996.
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RS-16-06
Health riskassessmermf highly methylmercury exposurderived fromwhale

27 31 5
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1
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1)

(1)

Ser PH, Omi S, Shimizkurusawa H, Yasutake A,
Sakamoto M, Hachiya N, Konishi Bakamura M
Watanabe CDifferences in the responses of three
plasma seleniurgontaining proteins in relation to
methylmercuryexposure through consumption of
fish/whalesToxicol Lett, 2016;267:53%8.

Nakamura M HachiyaN, Yasutake A, Yamamoto M
Usuki F, Sakamoto M:Methylmercury exposure
and health survey ina whaling town,Japan
International Association for the Scientific Study
of Intellectual and Developmental Disabilities,
Melbourne, 2016.8.

WHO (1990) IPCS Environmental Health Criteria
101 Methylmercury. World Health Organization,
Geneva
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Studies on fetal exposure to methylmercury tnetoexistingelements with mercury
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@)
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50 100

(Kitamura et al.
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Water Sci Tech, 1992 ) 3
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(Sakamoto et al. Geochem. J, 1995)
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1) Sakamoto M ltai T, Yasutake A, Iwasaki T,
Yasunaga G, Fujise Wakamura M Murata K, Man
Chan H, Domingo JLMarumoto M Mercury
speciation and selenium in toothetiale muscles.
Environ Re2015;143(Pt A) 55-61.

2) Sakamoto M Kakita A, Domingo JL, Yamazaki H,
Oliveira R, Sarrazine S, Eto K, Murata 8table and
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on mercury accumulation and histopathologic
alterations in the nervous system. Environ Res. 2017
Jan; 152:446-453.

3) Sakamoto MMurata K, Domingo JLYamamoto M
Oliveira RB, Kawakami S, Nakamura M
Implications of mercury concentrations in umbilical
cord tissue in relation to maternal hair segments as
biomarkers for prenatal exposure to methylmercury.
Environ Res.2016 Aug;149:282-7.

4)Ha E, Basu N, Bos®'Reilly S, D rea JG, McSorley
E, Sakamoto M Chan HM Current progress on
understanding the impacts of mercury on human
health. Environ Res2017 Jan152:419433.

5) Ser PH, Omi S, Shimizkurusawa H Yasutake A,
Sakamoto MHachiya N Konishi S,Nakamura M
Watanabe CDifferences in the responses of three
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methylmercuryexposure through consumption of
fish/whales. Toxicol Lett.2016 Dec 15267:53-58.
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757-763.
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2015; 700:16822.
4) ( ).
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1) Sakamoto M Murata K, Chan HM, Oliveila R,
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Conference on Mercury as a Global Pollutant
(ICMGP), Jgu, 2015. 6.
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Domingo JL. Detoxification of methylmercury by

formation of mercury selenide in muscle of toothed
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3)Sakamoto M Fetuses as a higisk group to 2)

methylmercury  exposure. 9"  Congress of
Toxicology in Developing Countries, Natal, 2015. 11.

4) Sakamoto M Yamamoto M Chan HM, Tatsuta N,
Nakai K,

docosahexaenoic acid, and vitamin E profiles in

Murata K. Mercury, selenium,

maternal and cord bloo8" Conference on Prenatal 3)
Progamming and ToxicityFukuoka, 2016. 11.
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RS 16-14
New development of community design starts at "power of municiparity” for regional revitalization
around Minamata diseasdfected areas
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RS16-15
Study on risk governance of adverse health effect of methylmercury
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0.53ppm 0.49 ppm

2

0.59 ppm 0.59 ppm 0.55 ppm 30 567
0.64 ppm 14
1.6 ppm 2.5 ppm 2
16
2 Tipitapa San
San Francisco Libre Francisco Libre
4
3
50 ppm
11 ppm
0.5 1 4
2.2 2.8
ppm 11.8%
8.6% 10.7% 16.3% 8.6%
5.2% 6.8% 13.8%
11 ppm 1%5 ppm 10% 2.8 ppm 35%2.0 ppm
48% 1.0 ppm86%e# 8 < == 2
4.1 ™9
1
o (ppm)
AM min  max AM min med  max GM
788 28.8 93 0.94 0.013 055 154 0.49
557 25.8 91 135 0.022 0.64 132 0.59
1345 27.6 93 1.11 0.013 059 154 0.53
2
() Tipitapa) (SanFrancisco Libre)
0.006 0.459 0.821
ns
95 ClI (0.003-0.002)  (0.378-0.541) (0.390-1.251)
95%CI: 95% 95% confidence interval®  ns: not significant
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0<
(total) 1.0<
2.2<
2.8<
5.0< 11<
788 262 68 41 11 2
100% 33.2% 8.6% 5.2% 1.4% 0.3%
429 169 46 29 8 1
8 15 49
100% 39.4% 10.7% 6.8% 1.9% 0.2%
557 214 91 74 32 5
100% 38.4% 16.3% 13.3% 5.7% 0.9%
1345 476 159 115 43 7
100% 35.4% 11.8% 8.6% 3.2% 0.5%

7) 9

1.0 ppm: equivalent to RfD of UBPA®

2.2 and 2.8 ppm: equivalent to provisionally tolerable weekly intake (PTWIpiot Expert
Ad d i -badw vweeght/weék), Gnd of g-6okl Gafe

Committee of FAOY a n d
Commi ttee of

Food
-Fodywaight/week)), i@spectiyelyk g

5.0 ppm: equivalent to former PTWI based on neurological impairthent
11 ppm: NorObservedidverse Effect Level (NOAEL) for fetal developmental efféct
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0.404 1.038 ns 7.311 ns
(0.233/0.703) | (1.021/1.055) (3.436 / 15.557)
ns 0.029 ns 1.181 1.307 -0.227
(0.009 / 0.049) (0.288 / 2.075) (0.755 / 1.858) (-0.424 / -0.030)
2.775
44 am ns ns ns ns (1807 / 4.261) ns
b VB:' " ns ns 0.122 ns ns ns
o™ (0.015/0.991)
% Y%dr-o 2.408
™ ns ns ns ns (1107 /5.236) ns
™ 0.513 ns ns ns 2.203 ns
L (0.327 / 0.806) (1.449 / 3.351)
0.558 2.661
(0.359/0.867) ns ns ns (1.690 / 4.190) ns
] ns 1.015 ns ns ns 0.852
1 (1.000 / 1.031) (0.733/0.990)
__d Jl ns ns ns 2.701 2.296 ns
1 (1.274/5.728) (1.518 / 3.475)
— ns 1.033 ns ns ns ns
(1.014/1.053)
o 0.377 ns ns ns 2.253 ns
1 (0.146 / 0.974) (1.181/ 4.299)
- 4 ns ns ns ns ns 0.767
(0.622 / 0.946)
3/ A~ 10 ns 1.024 ns ns ns 0.658
™ (1.002 / 1.047) (0.523/0.829)
— L=y ns ns ns ns ns ns
—t=q 3.364 ns ns ns ns ns
( ) (1.223/9.251)
1.042
- ™
1470 ns (1.020/1.065) ns ns ns ns
bdro ns 1.045 ns ns ns ns
( ) (1.017/1.073)
q ns 1017 ns ns ns ns
(1.001/1.033)
30 n=567
* 95% ns (p>0.05)
Tipitapa SanFrancisco Libre
1975 1976 1976
1) Miyashita C, Sasaki S, Saijo Y, Okada E,
27 36 Kobayashi S, Baba TKajiwara J, Todaka T,

1975

Iwasaki Y, Nakazawa Hdachiya N Yasutake A,
R, (2015 Demographic,
dietary,

Murata K, Kishi,
behavioral,
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pollutants and mercury levels in pregnant women

related
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in Japan. Chensphere. 13313-21.
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1)

2)

3)

4)

Miyashita C, Sasaki S, Ikeno T, Araki A, Ito S, Food Additive$ (2003) Evaluation of Certain Food

Kajiwara J, Todaka THachiya N Yasutake A, Additives and Contaminants, SixBist Report of
Murata K, Nakajima T, Kishi 2015 Effects of the Joint FAO/WHO Expert Committee on Food
in utero exposure to polychlorinated biphenyls, Additives, World Health Qyanization, Geneva
methylmercury, and polyunsaturated fatty acids  5) 2005
birth size. SciTotal Environ. 533256-265.

(2016) 60 6) IPCS (International Programme on Chemical

Safety, WHQ (1990), Environmental Health

KUMAMOTO, 15: 9599 Criteria  101: Methylmercury, World Health

Organization, Geneva,.

7) Miyashita C, Sasaki S, lkeno T, Araki A, Ito S,

Kajiwara J, Todaka T, &chiya N, Yasutake A,

Murata K, Nakajima T, Kishi R (2015) Effects of
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Hachiya N Frequency of neurological signs in methylmercury, and polyunsaturated fatty acids on
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coastal areas of the Yatsushiro Sea in Japae. 8) Hachiya N: The history and the present of
12th International Conference on Mercury as a  Minamata diseaseEntering the second half a

Global Pollutant (ICMGP), Jeju, Koream, 2015. century, Japan Med Assoc J, 49, 1128 (2006).
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2008
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CT-16-08
Transmission of information on Minamata Disease, and organization of documents and materials
in Minamata Disease Archives
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PJ16-03
Research on mercury exchange iniaga interfaces and accumulation for marine wildlife of
mercury around Japanese Islands using atmospheric mercury monitoring network
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RS 16-10
Bioaccumulation of mercury and food web analysis of near shore ecosystems in Minamata Bay,
Yatsushiro Sea and other sea areas
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Research on the behavior of mercury in the aquatic environment of Minamata Bay and its
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RS16-12 1
Development of atmospheric mercury monitoring method for rapid and simple screening in
mercury emission sources and their surrounding areagact assessment on mercunyiged
from volcanos and geothermal aréak-
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Study on effect of mercury compound on marine plankton food web
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RS 16-16
Development of mercury stable isotope analysis system and its application to the environmental /
biological samples
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