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��f² 7Ð	
 �ĭ!Ń�ĞÖÛĺ��.;YCB8>¡�j"ċĉa!JČ!Ï�Ġ¨ĸ

(0.2mg/kg)1ÅÃ�'��������	
 bŃ��.ĉ!JČë³1ħç��.��"s´]Ł

± ķĜ��� 

Ŋŉ5F!JČ��ÛÚ 

5F"h!Ăî à&JČ1Ęă�*��¼Ĥ��-'���/"áöó��"��a!JČ

�cq!JĶ As(V)�,\q!dJĶ As(�) ĳv�/	
 ��éåa!ë³����'���/

 �		
 dJĶ�5F!:5Ķx�
Ĩīn Lsi1���
Ĩīn Lsi21g�����/.�,�

�ŇMa et al., 2008ň�Lsi1� Lsi2"�) Õ!�ûčĔ�xûčĔ ­����'��	
 Lsi1�

čĔ!İºt	
 Lsi2�čĔ!�ºt r����'�ŇMa et al., 2006; 2007ň�dJĶ":5Ķ�

��� pH9i^�íŀė!·½�£��	
 '�z¢<5?)m��.���,	
 :5Ķ!Ĩīn

1p�����/'��Lsi1� Lsi2!�Ģú�u
 +-	
 ��éåa!dJĶ"Õ!aºÔ'

�Į#/'�(�Ŋ)�5F":5Čľă×î���ü,/	
 Lsi1� Lsi2!u
�h!5Fÿoî

�à&Ņ��(	
 dJĶ!��)Ņ��.È����!¼Ĥ1{õ��	
 :5ĶĤēÊ1Ì_�

.�	
 WS�ĉa!JČë³�ç¬�/.���§ġ�/��'�(Li et al., 2009b)�'� Lsi1"

dJĶ���"��	
 QAU��/�JČŇMMA� DMAň!�� )ĺ_���'�ŇLi et al., 

2009aň�MMA� DMA"���ĻĖ~*Þę~���p0/��'��� 
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As(OH)3

OsABCC1

ヒ素-ファイトケラチン

液胞

篩部伴細胞

篩管
節 I

節 II OsABCC1

液胞

篩部伴細胞

篩管
ヒ素-ファイトケラチンヒ素の篩管輸送経路

ヒ素の導管輸送経路

穀粒



 

 

�, Lsi1"dJĶ!Õ�%!Äy )ĺ_��
-	
 �!©_ñ" 20ņĀ³��(Zhao et al., 

2009)� 

Lsi1"484OTX! NIP<LK3PTY ®�'��	
 �!Ĩī�Ĥïø¼1Øğ��ď

Ò	
 ��!4PGĶ�,�. selectivity� filter!x	
 ą 2MTB8>ŇH2ň!4PGĶ��ø�

�)	
 :5Ķ*dJĶ ª�.Ĩīã¼"�0-'�2���ŇMitani et al., 2011ň����	
 

H5!4PGĶ1�ø��.�	
 :5Ķ ª�.Ĩīã¼"���-'��	
 dJĶ ª�.Ĩ

īã¼"Ĵzú Ý���'����/,!��" H5!4PGĶÝ�"Ĩī�Ĥ!ıÃ¼ ķ

Ĝ�¸�1Ò����.��1þ���'�� 

2.5F!JČzĵÛÚ 

Õ����/�JČ"«Ć1Ĭ���]Ĵ Į#/	
 ÏĎú ć�ā¢%!zĵ1Ě�'��

ÏĪÀ�"ć�ùò�.:5ĶĨīn Lsi2�ABCDSX>OY@Y!Z���.OsABCC1�ā

¢%!JČ!ľă ĺ_���.��1Í,� �'��ŇChen et al., 2015; Song et al., 2014ň�

OsABCC1Ĩīn@XI8Ĥ"5F!čĔ!åĔĕ] ­��	
 JČ1åĔ ļĿ�.u
��

-'�(�ŋ)��, 	
 JČ"åĔx�	
 K35D:SAXŇ×î�4PGĶ�,�¿�.7V

YD��îň�¥¦ú ď��.���íß��/'��OsABCC1Ĩīn@XI8Ĥ"ĒĆÑ

!ĈĆ ĽÆ�.ĈĴlčĔ1aº 5F!wĥ�Ú¿ú ùò�'��ï ùį��ĒĆÑ

�ľa�.ć 
����ĝ,/'��5F"ĈĴlčĔ!åĔ%�JČ1ļĿ�.���	
 

ĈĆ1Ĭ��ĂĊ%�Į#/.JČ!Ħä1�Òú Â|�'���!u
 +-	
 ðĉa!

JČĘă"	
 OsABCC1 Ĳk¢��/��øn5F à&�Ü±�5F�" 13�18 z! 1  ç

¬�'��� 

�

���� 
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 XFċÔÀ"�0s-0�	���d$ñb2Ã$/����"	
 1996�
SÄæWpá��;LPH
� jĘęÍ Ö÷ÒĜAPLĝ ���XFċ

ò�× ±n��/��2QÂĀ BLOOD  Õù���� �����!;L
PH"�ć!7PLBKO>MAD5OċĜATRAĝ
 APL ±n��/��
2�}��	���  �Miracle Poison”���UÐV�-ÁØ2ē)����
��Ē!aĖ�"ELGOpá��!;LPH��.	
 1992�Õø!V�Vú
pìyĔĀ  �!æQ�
ªą�0�	/� 
 
� ç��"Ù� Ĉÿ
ø10	
 1998 �	
 ĕ¿ t"dÕ�� APL ¡î �
�/XFċ!±n 
 New England Journal of Medicine �}�0���0
2u��	
 2000 � ç�	
 2002 � »��¦ā�����¤
��"qÎÚ

3m£č�£Yĕ¿ Ö÷Ò ��/¿ÔÀ!ďÕ�¸Å×¿ÔÀÞã Đ

�/Ýâ�Ì!Ýâ���ò�ÿė
�®�0	
 �c�þË 78ěĜ11/14 _ĝ
�ç��z·!Ě	±n 
ā)-0��¤
�" 2004 � ĕ¿ t"dÕ
�� APL ���¦ā�0�	/�»ç+V��"h�¿Ô�- ATRA�XÜ
ċ
^Ï�0��.	
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�
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07KM<N;3?L7O��Zµ 
BH9Dc`p�Ô� ICP-MS4JOB 
6>08C6FI8<� Æ�� ÛP 

 
 
� �&�� 
� ICP-MS �1983��­u���� 32�
¾Ò�+	
 ¬w�d ����xf{1
2M�¢�oÜàÏÕ� 90 YR�^¼�x��¢�+	
 á�)�Cd,Pb ¸�ßÏÕ�
^¼�c��Ù|�,���	
 '�-/�AsâSe�c� �ShÂ���	
  
� ����1992 ��5I7GMNI036GM�Ç
­u����oÜ����xf
{12M�¢�oÜ
Ê��,�"#a��^¼�c�
hÂ����	
 ��5I7G

MNI036GM�Ç�(*�ICP-MS�(+^¼c� �ÞÐ®�Ñe��¦r�  
aT«���×» 2,000i��uÉ�$������+	
  
� $�����b| à¨vs£â�Ós£¸á�'�ª�,�AsâSe .l%�Õ^
¼c� �ICP-MS
V¡�����+	
  
 
�As�|Õ¿��~�oÜ¬©� 
� �� 24��¨v°ÀPº�¹§Î��}��,� As�c�]�Ø��ICP-MS� 
c�¿�
�±]�~����*ß�].´�¿�����	
 P��ICP¬`�¼e¥
¬© �(!f{m`�¼e¥¬© �c�¿� �z��¿�����	
  
� PÃ®��ICP-MS
����Á
��$	
�y��Ä��·
���	
 ¨v°¨
vÎ�²\��Å�_©�tn�(+��ICP-MS�uj�Ë�U�l$,����q
Ý^¼àSmâNdá� 2[12M
 As��¢�+��.³Í��	
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� �qÝ^¼� 2[12M�¢Úg�  �¦r�3¶Ý�� 
Ö¬�,��+	
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ö� ��%� 
°¤8ËòiAsó��`�	
 ��oå[
ä'	�xD"�©�,+��	
 iAs�î

é�xD¯���¾ë
�+��òLandrigan et al., 1982.; Calderon et al., 1999ó	
)	
 V��ïÜQ��
+�î�701:?2?���xD iAsLà·±¯���\�
TØ��*	
 �,#�Ð¢�î'jA¦¨�jl��
+»rß����µn�î�Ü

Q������¸�),��+òOrloff et al., 2009ó������îß�.Õ����
*	
 xD iAsLà·±�UK
�,�ÞÛ£®±á
X�bÑ��, 	
 xÝ��<?
5>[��É�Ç´��¸��+� 
�¿Ã��	
 ��I�x.���O��,�ÞÛ£®±á�8Ë[�. 3Âñ�º�

+[��N� LC-ICPMSª�(*Õ�	
 �),�séU��²U	)	
 xÞÛ£®±
áD8Ë]d±¯��Ås.Ý$���mg�+� 
 
÷� �ª 
xÞÛ£®±áòNIES CRM No. 18 Human UrineóòMA	
 x CRM��+ó�ß

Ù�	
 Ê¦.¸�� 5S|ç��&�.¡«����¡«D8Ë]d±[�� LC1: ¦
Ë]±¼¶ª.¸�� LC-ICPMSª	
 LC2:� LC-ICPMSª	
 LC3 : Wæ]õ¦Ë]
±¼¶ª.¸�� LC-ICPMSª� 3Âñ����LC1, 2��01>u3=:64;9
/?òNarukawa et al., 2006ó	
 LC3��01>�í�(!01>G�3=:64;9
/?�(+ LC-ICPMSªòNakazato and Tao, 2006ó.¸��� 
 
ø� Ì��(!Ït 
�¿Ã��	
 iAs��î�£��+xD As(V), As(III), MMA¯��	
 DMA, AB, 

TMAsO����sé.Õ���1 ng As/g £®«�Î*ã�­s�(+PÕÉ��c
8Ë]d±� 2.0 - 2.7 %�Óp�����S/N = 3(*ÆZ��¡ZAì�xD¯��
�Æ�+�	
 LC1� 0.26-0.46	
 LC2� 1.2-2.6	
 LC3� 0.12-0.82 ng As/mL�����
x CRMD8Ë]d±�­sÉ�òn=3ó� 0.6 – 6.0%�Óp�����x CRMD DMA, 

AB�séU� LC1-3�,�,�	
 ÞÛU 36±9, 69±12 ng As/mL�BÀ	��ÈiY�

@Ò��ò×ó���J�c8Ë]d±¯������ÞÛU
KC�,������

	)	
 J[�¤ë�­sUò×, Lab2ó�(!���²UòNakazato et al., 2000; Sloth 



 

 

et al., 2004; Yoshinaga et al., 2000ó.¥â����-	
  )���ÈiY����� 
As(V), As(III)�séU� LC1, 2��­s� )���ÈiY�@Ò�	
 LC3���

��Ô}z
���&����z�v�	���MMA� )���Èi�@Ò���
3Âñ�[��N�(*�),�séU
¥â½Ó�@Ò.Á����	)	
 x CRM
D8Ë]d±� 3��séU�¾F�ÀÞ�,	
 c[�ª�(+séU�Rð�&¡Û
�,�����+��),�Ì�.&��ÚÆ��x CRMD8Ë]d±¯��~kU
ò95%Rð^êó�	
 As(V) 0.79 (0.14), As(III) 2.1 (0.1), MMA 2.4 (0.1) ng As/mL�
���� 
 

 
 

Concentrations of arsenic species in a human urine certified reference material. . 
 

Tomoko Oguri1, Jun Yoshinaga2, Hiroaki Tao3, Tetsuya Nakazato3 

1The University of Tokyo (currently Nagoya City University), 2 The University of 
Tokyo, 3National Institute of Advanced Industrial Science and Technology 

  
� Inorganic arsenic [iAs: As(III) and As(V)] concentrations in a certified reference 

material of human urine (NIES CRM No.18 Human urine) were determinate by 
liquid chromatography-ICP mass spectrometry with three different LC conditions 
and with or without a hydride generation system. Concentrations of DMA and AB 
detected by LC-1, 2, and 3 were in good agreement with the certified values of the 
CRM. The analytical results of iAs and MMA in the CRM by the three LC-ICP-MS 
conditions were consistent each other and the mean and 95% CI of the 
concentrations were 0.79 (0.14), 2.1(0.1) and 2.4 (0.1) ng As/mL for As(V), As(III) 
and MMA, respectively. The values may be useful as a target value in the quality 
control of urinary As speciation analysis,  

( NIES CRM No.18 �����C"�(ng As/mL)
Lab ID 4! � As(V) As(III) MMA DMA AB TMAsO �'�#

LC1 0.720±0.035 2.08±0.12 2.41±0.06 34.8±1.4 - -
LC2 0.716±0.043 2.12±0.06 2.44±0.14 32.3±1.4 68.2±2.8 -
LC3 0.929±0.027 2.21±0.10 2.30±0.03 31.3±0.8 64.1±0.3 3.75±0.09

2 LC4 1.1±0.0 2.0±0.0 3.0±0.4 40.0±2.1 67.7±2.6 4.1±0.5 Lab.2
LC5 9+	� 9+	� 2.0±0.4 35.0±0.3 74±1 -
LC6 0.62±0.03 2.32±0.09 2.95±0.06 38±1 - -
LC7 0.66±0.03 2.50±0.05 2.8±0.1 - - -
LC8 0.91±0.02 2.2±0.1 2.6±0.1 39±2 - -
LC9 - - - 35±1 68±4 0.27±0.02

��4! 0.6-11.4 2.3-7.1 2.2-5.4 36±9 69±12 - Yoshinaga et al.
(2000)

���
*)�

��� ���

���$���� �-%�

Nakazato et al.
(2000)

Sloth et al.
(2004)
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 Ý ·� 1ĚėÐ ÷` 2Ě3ĚMohamed Ahsan Habib4Ě 
�ú đ� 5Ě�O bM 2ĚúĆ ß 1Ě�ú {x 4 

1røè���KtÄëÖ�Ċ, 2¶»��Kù�ĊĚ3ąÿ�Kè�¯Àåé­Ě 
4ncè�åé­Ě5Ďþ,	��ÞďKÙÂOÇåé7J9L 

 
ě� !�$� 
� ÒÄBíĘiAsę!]g�E@D:I/I8JċĘMMAę�6D:I/I5JċĘDMAę
�XĄ�+ iAs��%��O�°Í�+*�� �$ì�&>0<�!�O iAs�
MMA�DMA yĀaĘiAs+MMA+DMAę
õÂ¨ iAs¹Ē ØÓ�àE?9HJ4
�kÚ�+��*���� DMA!ÏÙĔ� ²w�'��%�Č�°Í�+*���
(�-
����*ÔÆb¡Ă´�!DMA.Đ��iAs�MMA yĀaĘiAs+MMAę

Ú�(+��*�U�¬�!AJ4G=5FTÈf���¶»���*�OBíp�

¥©ji½a.���¶»�ĉ�� iAs+MMA®Ãa Áā.û��� 
 
Ĝ� µÎ 
� d��~��AJ4G=5FTÈf�� �NÊ iAsÌ¿��\È 165î ��
(Hata et al., 2012)�'"ç�äqQ�� õÂ¨ iAs¹Ē ��Ü¨ncô 172z
(Suzuki et al., 2009) �O¥©jBíÑ a.Ú���AJ4G=5F ýĕô�!
ÏÙĔ�²w òª
����.æă���)��OBí p�¥©ji½!01JS

±2GC.Ú�� HPLC-ICP-MSÎ�û��� 
�  
ĝ� ï¾�'"ó� 
� AJ4G=5F\È��(! 3_ĘAsIIIę� 5_ĘAsVę ÒÄBí�MMA�DMA

Áh�+��ĖVē���|#+* AsBe!Áh�+�������(�Ĕ��( 
ºÄBí¹Ē!Å����ó
(+*�x = iAs+MMA+DMA�y = iAs+MMA���³
��.^«�*�ö��âĎ
§(+Ęr = 0.962, p < 0.0001ę�ćZáñ ��¢! log 
y = 1.038 log x � 0.658�����õÂ¨ iAs¹Ē ��¶»T��(! AsIII�AsV�
MMA�DMA�AsBe�� WºÄBípyÓ
Áh�+�Ęü 1ę�iAs+MMA O�
a� 95%tilea!�+�+ 4.4� 12.6 µg As/L�����¦( �OBí!P�ĔR�
Û¼�*���(�õÂ¨¹Ē A;34GJ>a�! 95%tilea��* 12.6 µg As/L
.Ú�*��
�¤��*�ó
��}£êÉČ 10m3/8¸č�Bí}vÕ 60%��O
°ÍÕ 60%��OBíÑ  ¶g�o����Č 1.2L�Y���uØncã
�$*
Bí ëÖÑ Ę3 µg As/m3ę×�N� 8¸čnc���y �O iAs+MMA+DMA



 

 

.Ë$*� 9.0 µg As/L��*�� a.lĈ ��¢�Xe�*� iAs+MMA! 2.15 
µg As/L������ a�¶»T iAs+MMAA;34GJ>a.m
*� 14.8 µg 
As/L��*� 
ü 1. ÒÄBí¹Ē ��¶»T 172z �OBípyÓ i�(Suzuki et al., 2009ę 

 AsIII AsV MMA DMA AsBe others T-As iAs+MMA  

Median 1.5 ND 2.3 41.1 74.5 4.1 132.2 4.4   

95%tile 5.4 1.7 6.2 109.2 243.7 23.7 368.4 12.6   

(s[ğµg As/L�othersğ� W ºÄBípyÓ�T-AsğðBí) 
 
Ğ� #�$ 
� 3 µg As/m3 iAs¹Ē���*�O iAs+MMA®Ãa��� 14.8 µg As/L
�¤�
�*�ó
(+*� 
 

Biological indicator of inorganic arsenic exposure excluding dimethylarsinic acid 
 

Akihisa Hata1, Hidetoshi Kurosawa2,3, Mohamed Ahsan Habib4, 
 Yoko Endo5, Kenzo Yamanaka2, Noboru Fujitani1, and Ginji Endo4 

1Graduate School of Risk and Crisis Management, Chiba Institute of Science, 2School 
of Pharmacy, Nihon University, 3Criminal Investigation Laboratory, Metropolitan 

Police Department, 4The Institute for Science of Labour, 5Research Center for 
Occupational Poisoning, Kansai Rosai Hospital 

  
 The sum of urinary inorganic arsenic (iAs), monomethylarsonic acid (MMA) and 
dimethylarsinic acid (DMA) has been used for the biological monitoring of 
occupational exposure to iAs. DMA is not an adequate index because high DMA 
levels are present in the urine following seafood intake. Therefore we estimated the 
urinary iAs+MMA concentration corresponding to iAs exposure. We used our 
previous urinary arsenic data obtained from Bangladeshis with oral iAs exposure 
and Japanese without occupational iAs exposure. IAs, MMA, and DMA but not 
arsenobetaine was detected in the urine of Bangladeshis. The correlation between x 
= iAs+MMA+DMA and y= iAs+MMA was obtained as log (y) = 1.038 log (x) � 0.658 
(r = 0.962, p < 0.0001). Using the regression formula, the iAs+MMA value was 
calculated as 2.15 µg As/L corresponding to 3 µg As/m3 of exposure. In the urine of 
Japanese, the 95th percentile of the iAs+MMA is 12.6 µg As/L, and we think this 
value a background value. The sum of the calculated value and the background 
value can be used as a biological indicator of iAs exposure. We propose 14.8 µg As/L 
of urinary iAs+MMA as biological indicators of 3 µg As/m3 of iAs exposure in Japan. 
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Involvement of pentose phosphate pathway in arsenite toxicity 
 

Tsutomu Takahashi1, 2, Shohei Satake2, Gi-Wook Hwang2, 
 Yasuyuki Fujiwara1, Akira Naganuma2 

1Department of Environmental Health, School of Pharmacy, Tokyo University of Pharmacy 
and Life Sciences, 2Laboratory of Molecular and Biochemical Toxicology, Graduate School of 

Pharmaceutical Sciences, Tohoku University  
 

To identify the genes involved in arsenite toxicity, we performed a screen for determinants of 
sensitivity of cells to arsenite using DAmP yeast library (Open Biosystems) which has 
decreased expression of each essential gene through mRNA perturbation. As a result, we found 
that knockdown of RKI1, an enzyme in pentose phosphate pathway (PPP), increased sensitivity 
of yeast cells to arsenite. We also found that disruption of genes involved in non-oxidative 
branch of PPP enhanced arsenite toxicity. Arsenite repressed expression of genes involved in 
non-oxidative branch of PPP, which is important for generating ribose-5-phosphate. Addition of 
D-ribose, a precursor of ribose-5-phosphate, to culture medium decreased the toxicity of 
arsenite in yeast cells. Furthermore, arsenite repressed synthesis of RNA from 
ribose-5-phosphate. These results suggest that arsenite might inhibit synthesis of nucleic acids 
through repression of non-oxidative branch of PPP.   



1�2  

AM%-
������	��������
���/	���
/#�����	
 �� �� �'&#��

��
*,�.+!"&������)( 
 
 

�Ì� ĺ^ 1ňÜc Î� 1ňĶ£ Å� 1ň�� ¥_ 1ňĸ� ºń 1ňŅñ �Á 1ňľ

� Ù£ 1ň¼� Í� 1ňÈÇ ø� 1ň�ï q 1ň�ï ģb 1ňá� �s 1ňïh Å�
2ň£Ĵ Ŀ�İ 3 

1����Ę�ıXìê�, 2ľ��Ĺ��ê �ı, 3�āë�üĀ³ 
 
ŉ� #�+! 
� @M8JT6T?WĲņDPAAŇ#¿¾Çħ"Ó:A5�°�1Ļ"\ķ}»(�#
wĝíä�Ğ42�
0	
 2003 ¤!Ė�÷ýË¡ņ©ÂýËðŇ!
��ôì��c
²Õ"LĈÖÊa¸ņ©ÂÏvâ§ÃŅ 4.5 mgAs/LŇ"]�1äĥ��1�DPAA!
ÖÊ�2�c²Õ5mî����kÔ!#�Ĕóå5]¬��1ýċóå�)/2	
 (

�ĕ¦³Ĝ���#ĔęÛĵ"j[-ùéĬ{"ò¢�)/2��±�# DPAA �ý
ċóå5¨
Ħ��Ó¯�õQ9JBP5ĝÁ�1�+!	
 �2(�!RFG�Ĕýċ

ĆĉĒxh�ŃņýċĉĒ�6AGV>7G"Þ��ŃĆŇ5î��	
 DPAA"ĉĒÓ
ņ̄LC50 = 30 µMŇ	
 6AGV>7G!
�1Ĳ|AGUA­ă��ņHemeoxygenase-1
ņHO-1Ň	
 Hsp70	
 Sod1Ň"ôèZÀ	
 
.%ýċXęĄl{¯ONEH"ôèZÀ
5���ņNegishi et al., 2012Ň	
 (� DPAA"ôĭÆd®¯ýċÓ¯���RFG!

�1�Ī¯"�{�ŀ�Ī¯"�Đļ�5����ņNegishi et al., 2013Ň�ÇüĀ
�#�2(�"ûĜ5,�!	
 Į´õ!�Ń��6AGV>7G�ì�1 DPAA "ª
Ł5 in vitro�w�ìä�õ!ġĉ!Ïğ��� 
Ŋ� ½× 
� ÇüĀ�#(�RFG¼ìg�Ĕ5w¹�Ń�	
 6AGV>7G"ęß�Ä�ŃÝ\

�"�Òēz"Ņ�5yî�	
 �"«čh5ď0ĩ����6AGV>7G5Į´õ!

�Ń����Ń�Ĕ6AGV>7G#ÃĊčh« 48Âķęß�Ä�ŃÝ�µú5�`
���"�!ãęß�ŃÝ!f¶��/! 48Âķ�Ń����"«! DPAA�Äãę
ß�ŃÝ��Ń�1��� DPAA !$�Ľ���ĉĒÓ¯#ĉĒì�ç
.%ĉĒÑ
5�ĵ�	
 �ŃÝ\">7G97W¡Ĥ" ELISA;FG5î�à��	
 DWK<ĥ"
ôèĵ��"SWĲ|"ĵ#Western blotting×!.1Ïv��ĵ!.0Ě��� 
ŋ� ČÉ
.%đ� 
� �Ń6AGV>7G!
�� DPAA " 96 Âķ$�Ľ!.1ĉĒÓ¯# LC50���

ć 50 µM�����(�	
 10 µMþ§" DPAA#6AGV>7G!łė ĉĒÑ5,
�/��	
 *�3ĉĒ�Ò5o���(�	
 DPAAņ10 µMŇ#$�Ľ« 24Âķ�/
48Âķ'�"Âķ5ċ��Ń6AGV>7G!
�1HO-1-Hsp70"ôèZÀ5¨

Ħ�������ýċXęĄl{¯ONEH!���, DPAAņ10 µM	
 96ÂķŇ
!.1 MCP-1	
 adrenomedullin	
 FGF2	
 CXCL1	
 
.% IL-6 "�ŃÝ\&"·v
�Ĝ/2��Ď��	
 ĉĒ"�ÒXw|	
 ì�XĉĒÑ	
 ���ÿ�"įi�ôèĢą

Ă"ĉĒÐē!ĳě p
5Ä�1 MAP ;IYC!Øö����3	
 ]ě 3 �"



MAP;IYC��1ERK1/2	
 p38MAPK	
 
.% SAPK/JNK"r��DPAAņ10 µM	
 
96 ÂķŇ!.0SWĲ|eīņÚ¯|Ň���������/! MAP ;IYC9A
=YH"[Û�įi�ôèĢą5Ě�Ĩu�����û/21 CREB	
 c-Jun	
 
.%
c-Fos5Ġn����3	
 CREB"SWĲ|eī� c-Jun
.% c-Fos"ôèZÀ
.
%�"SWĲ|�Ĝ/2���2/"ČÉ�/ DPAA $�ĽÂ"Ĕt�#6AGV>
7G"ò¢Ú¯|�ì���1�ē¯�đ	/21� 
 
X~đºæ 
Developmental subchronic exposure to diphenylarsinic acid induced increased exploratory behavior, 

impaired learning behavior, and decreased cerebellar glutathione concentration in rats. Negishi 
T, Matsunaga Y, Kobayashi Y, Hirano S, Tashiro T. Toxicol Sci.  2013 Dec;136(2):478-86 

Diphenylarsinic acid increased the synthesis and release of neuroactive and vasoactive peptides in rat 
cerebellar astrocytes. Negishi T, Takahashi M, Matsunaga Y, Hirano S, Tashiro T. J 

Neuropathol Exp Neurol.  2012 Jun;71(6):468-79. 
 
Diphenylarsinic acid and reactive astrocytes; activation of MAP kinases, release of 

neuroactive and vasoactive cytokines, upregulation of transcription factors 
 

Takayuki Negishi1, Ryota Asai1, Tomoko Kanehira1, Mikiya Kojima1, 
 Fumika Sakaguchi1, Kazuaki Takahata1, Yohei Aoyama1, Rina Arakaki1, 
 Mami Matsumoto1, Hikari Yoshida1, Kenji Yoshida1, Kazunori Yukawa1, 

 Tomoko Tashiro2, Seishiro Hirano3 
1 Department of Physiology, Faculty of Pharmacy, Meijo University, 

2 Department of Chemistry and Biological Science, Aoyama Gakuin University, 
3 Research Center for Environmental Risk, NIES 

  
  Diphenylarsinic acid (DPAA) was a compound detected in the arsenic poisoning 
occurred in Kamisu, Ibaraki, Japan, where people developed neurological, mostly 
cerebellar, symptoms and dysregulation of regional cerebral blood flow. In the 
present study, we evaluated adverse effect of DPAA in vitro on astrocytes, major 
brain glial cell supporting neuron. In cultured rat cerebellar astrocytes, DPAA at 10 
µM for 96 h could promote cell proliferation, increase protein expression of 
anti-oxidative stress protein, and induce release of cytokines. Furthermore, DPAA 
could fairly increase phosphorylation of ERK1/2, p38MAPK, and SAPK/JNK, and 
subsequent induction and/or phosphorylation of transcription factors Nrf2, CREB, 
c-Jun, and c-Fos in cultured rat cerebellar astrocytes. These results suggest that, in 
cerebellum exposed to DPAA, irregular secretion of these brain- and/or vaso-active 
cytokines and disrupted transcriptional regulation by reckless activation of MAP 
kinase-transcription factor pathway in astrocytes would become the direct/indirect 
cause of functional abnormality in surrounding brain cells including neurons. 
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Metabolic behavior of intravenously injected S-dimethylarsino-glutathione in mice 

 
Ayaka Kato1, Yayoi Kobayashi 1,2, Osamu Udagawa2 , Seishiro Hirano1,2 

1 Grad. School of Med & Pharm. Sci. Chiba University,  
2 National Institute for Environmental Studies 

 
 
  Methylated metabolites of arsenic are implicated both in toxicological effects and 
medical treatment of arsenicals. S-dimethylarsino-glutathione (DMAG), which is 
considered to be an unstable intermediate of inorganic arsenic1), was intravenously 
injected in mice and distributions of arsenic to blood and tissues were investigated. 
We also investigated chemical species of arsenic in blood plasma using HPLC-
ICPMS. We found differences in tissue distribution of arsenic between sodium 
arsenite- and DMAG-treated groups and a larger amount of arsenic was 
accumulated in the lung and brain in the latter group. A large peak was observed 
at an early retention time (about 10 min) in the HPLC-ICPMS speciation analysis 
of arsenic in blood plasma obtained from DMAG-injected but not sodium arsenite-
injected mice. 
 

1) Hayakawa, T., Y. Kobayashi, et al. (2004). "A new metabolic pathway of arsenite: arsenic-glutathione 
complexes are substrates for human arsenic methyltransferase Cyt19." Archives of Toxicology 79(4): 183-191. 
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Arsenic toxicity on female reproduction in mice; molecular examination on how oocyte 

quality contributes. 

 

Osamu Udagawa1, Ayaka Kato2, Yayoi Kobayashi1,2, and Seishiro Hirano1,2 
1National Institute for Environmental Studies, 2Graduate School of Chiba University 

 

  Whereas many literatures have pointed the carcinogenicity of arsenite, recent epidemiological 

progresses have revealed its non-carcinogenic effect on female reproduction: increasing odds 

for abortion and stillbirth. Thus, at first we have isolated oocytes and measured the amount of 

arsenic and found that oocytes are indeed challenged with arsenite. Next we have focused our 

attention on PML in the oocyte/embryo as a promising target of arsenite to operate within the 

oocyte/embryo. We found that PML uniquely localizes along the chromatin and condenses in a 

manner similar to that of chromatin. Further we found the maternal inheritance of PML in the 

fertilizing embryo. Finally, we found that arsenite exposure affects quality of oocyte such as the 

meiotic capacity in vitro, but no apparent effect on fertility except for the quality/viability of 

embryos at maternally NOAEL dose level previously reported. 
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Investigation of the relationship between chronic arsenic exposure and DNA 
methylation levels of LINE-1 in genomic DNA derived from human blood through a 

cross sectional study in Bangladesh 
 

Takehiro Suzuki1, Khaled Hossain2, Seiichiro Himeno3, Keiko Nohara1 
1Center for Environmental Health Sciences, National Institute for Environmental 

Studies, 
2 Department of Biochemistry and Molecular Biology, Rajshahi University, 

Bangladesh 

3Faculty of Pharmaceutical Sciences, Tokushima Bunri University 
 
 

We explored the relationship between chronic arsenic exposure and DNA 
methylation levels of at long interspersed nuclear element 1 (LINE-1) in blood 
genomic DNA through a cross-sectional study.  A total of 239 human subjects, 176 
from arsenic-endemic and 63 from non-endemic areas in rural Bangladesh, were 
recruited for this study.  Arsenic concentrations in the drinking water and nails of 

the study subjects were measured by ICP-MS, and LINE-1 methylation levels were 
determined by bisulfite pyrosequencing.  

We found that LINE-1 methylation levels were significantly lower in 
arsenic-endemic population than those in non-endemic population.  There were 
also significant negative correlations of drinking water and nail arsenic 
concentrations with LINE-1 methylation levels.  Inverse relationships of arsenic 
exposure with methylation levels were also significant even after adjusting for 
relevant covariates including age, sex, BMI and smoking.  Furthermore in linear 
regression analysis, it was observed that sex is a significant confounder in the 
arsenic-induced LINE-1 methylation, and subsequent analysis indicated that 
drinking water and nail arsenic concentrations were significantly correlated with 
LINE-1 methylation in females but not in males.  Taken together, the results of 
this study indicated that chronic arsenic exposure was inversely associated with 
LINE-1 methylation, and females were more susceptible to arsenic-induced LINE-1 
methylation than males.  
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Development of the technique for reducing simultaneously arsenic and cadmium in 

rice grains by using a low-cadmium cultivar Koshihikari Kan No.1    
 

S. Ishikawa1, T. Arao1, T. Makino1, T. Abe1, M. Itoh2, K. Harada3, H. Nakada4, I. 
Nishida5, M. Nishimura6, T. Tokunaga7, K. Shirao8, C. Yoshizawa9, M. Matsuyama10 

 
1 National Institute for Agro-Environmental Sciences, 2Akita Prefectural Agricultural 

Experiment Station, 3Chiba Prefectural Agriculture and Forestry Research Center, 
4Toyama Prefectural Agriculture, Forestry and Fisheries Research Center, 5Nara 

Prefecture Agricultural Research and Development Center, 6Shiga Prefecture 
Agricultural Technology Promotion Center, 7Yamaguchi Prefectural Technology 

Center for Agricultural and Forestry, 8Kumamoto Prefectural Agricultural Research 
Center, 9Tochigi Prefectural Agricultural Experiment Station, 10Hyogo Prefectural 

Technology Center for Agriculture, Forestry and Fisheries 
  

In general, flooding conditions increases grain As concentrations in rice, whereas 
drainage increases Cd concentrations. Thus, there is a tradeoff between As and Cd 
uptake by rice depending on the type of water management. On the other hand, we 
previously produced the rice cultivar “Koshihikari Kan1 (KK1)” that do not 
accumulate Cd in the grains. Using this cultivar, we tested the effects of water 
managements to reduce simultaneously Cd and As in the grains.   

Two cultivars, Koshihikari (KSH)and Koshihikari Kan1 (KK1) were cultivated in 
9 experimental sites in Japan. These cultivars were exposed to 3 types of water 
regimes: 1) flooded (FLD), 2) alternate wet and dry conditions (AWD), and 3) 
water-saving conditions (WAS).  

The grain As levels were highest in FLD, followed by AWD and WAS in all sites, 
whereas the grain Cd levels of KSH were opposite results. The grain Cd levels of 
KK1 were below a detection limit irrespective of water regimes in all sites. Although 
AWD or WAS somewhat decreased grain yields, the use of KK1 under such 
conditions is thought to be the best way to reduce simultaneously Cd and As in rice 
grains. 
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Arsenic trioxide augments all-trans retinoic acid-induced differentiation of HL-60 
cells 

 
Daigo Sumi1, Kazumi Suzukawa2, Seiichiro Himeno1 

1Faculty of Pharmaceutical Sciences, Tokushima Bunri University, 
2Faculty of Medicine, University of Tsukuba 

  
   All-trans retinoic acid (ATRA) is used to treat patients with acute promyelocytic 
leukemia (APL) due to its ability to resume the differentiation of APL cells. 
Recently, clinical trials have been started to evaluate ATRA plus arsenic trioxide 
(ATO) as a combination treatment for APL patients. However, although this 
combination has shown promising results in experimental studies, little is known 
about the detailed mechanisms underlying its efficacy. We therefore investigated 
the effects of this combination on the differentiation and differentiation-related 
gene expression in HL-60 cells. ATRA-induced differentiation of HL-60 cells was 
augmented by co-treatment with ATO, while no effect was observed by ATO 
treatment alone. A microarray analysis showed that ATRA plus ATO treatment 
markedly down-regulated the expression of proteinase 3 (PRTN3), which is involved 
in the differentiation arrest of APL cells, compared with treatment with ATRA 
alone. The PRTN3 mRNA level was suppressed by treatment with ATRA alone, and 
then further suppressed by co-treatment with ATO, accompanied by a concomitant 
increase in Sp1 protein, which is known to facilitate differentiation. The expression 
levels of azurocidin, telomerase reverse transcriptase, ferritin, and interleukin-1b 
were also altered by co-treatment with ATO. These results suggest that 
co-treatment with ATO synergistically enhances ATRA-induced differentiation of 
HL-60 cells by altering the expression of genes involved in cell differentiation. 
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Health assessment of residents from arsenic-contaminated groundwater areas in Vietnam 
by using metabolome analysis 

 
Tetsuro Agusa 1, Akifumi Eguchi 2, Takashi Kunito3, Nguyen Minh Tue 4, 
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Japan, 5 Research Center for Environmental Technology and Sustainable Development (CETASD), 

Hanoi University of Science, Vietnam National University, Vietnam, 6 Faculty of Chemistry, 
Hanoi University of Science, Vietnam National University, Vietnam, 7 Faculty of Agriculture, 
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To assess the health effects by arsenic exposure, this study performed metabolome analysis in 
residents from arsenic-contaminated groundwater areas in Vietnam.  Total arsenic concentration 
in groundwater was in the range of <0.1 – 67 µg/L.  Concentrations of total arsenic, 
dimethylarsinic acid (DMA), monomethylarsonic acid (MMA), arsenite (As[III]), and arsenate 
(As[V]) in human urine were positively correlated with total arsenic levels in the groundwater, 
indicating that groundwater is the significant source of arsenic exposure for local residents.  
Metabolome analysis revealed that urinary choline concentration increased with urinary DMA 
and MMA concentrations.  2-ketohaxanoic acid and anthranilate in urine showed positive 
correlation with As[III], while the opposite trend was observed for As[V]. 
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niloticusđ�+!BÜ¡mĀ" 50 µg/ù/V0õ	����ò°���$�!čÖ0pë

�-�	
 ½ÌčÎ«!BÜ¡mĀ*,(¾¸čÎ«!BÜ¡mĀ!¤�}���� 

¾¸č!ÞBÜÂ��ą� [�§~!ÉÎ"2I:@D;4J!rĀ�[���

��-��.Y|!BÜjpÇ"ą� }³�����čÖ *��" trimethylarsine 

oxide) arsenocholine!Â��Ċ�(!(����&�	
 Ä´BÜ!CL7(²g�.

�����	
 očÖ!Ä´BÜĐ3`Ē5`đÂ� �.�.!¡mĀ0��-���	
 

čÖ��!Ä´BÜ¡mĀ0¹'���!Ý®	
 <3HC2) siamese mud carp

ĐCirrhinus siamensisđ�+!Ä´BÜ¡mĀ� 2 µg/V/ù���Ċ�b0Ó����$

�!čÖ!b0pë�-�	
 ò°�� 4ªä!�x���	
 14 µg/V/ù!Ä´BÜ0¾

¸č�+¡m���-���/����M¤	
 WHO!64>H4JĐ10 ppbđ�q�

Â�!T�¸0 2L/¥�¡m�-�Ú 140 µg/V/ù��-������	
 ¾¸čÎ«!

Ä´BÜ¡mĀ"	
 5JE92\·!Ä´BÜ!¡mĀe] ���~
��Ć"P	

����(!�ß	+.-�W�	
 T�¸	
 čXć	
 Ù	
 ÿã�+!BÜ¡m!e]c

0� �-�'	
 �+ ÞpÐ�ò°��é��-� 

 

Evaluation of weekly intakes of each form of arsenicals from freshwater fish among the 

residents living along the Mekong River 

 

Seiichiro Himeno1, Chizuru Tomori1, Hideki Miyataka1, 

 Suthipong Sthiannopkao2 

1Faculty of Pharmaceutical Sciences, Tokushima Bunri University, 2Department of 

Environmental Engineering, Dong-A University (Korea)  

 

To evaluate arsenic intake from freshwater fish among the residents living along the Mekong 

River, we collected 40 species of freshwater fish in the Mekong River. We also performed a 

questionnaire study to obtain weekly intake of each species of freshwater fish among the 

residents. An average concentration of total arsenic in freshwater fish was 0.087 ppm, 1/50 of 

that of marine fish. We calculated the average levels of weekly intake per person for total 

arsenic, and found that the total arsenic intake from freshwater fish was higher than that from 

marine fish. We also calculated the average levels of weekly intake per person for inorganic 

arsenic, and found that the inorganic arsenic intake among the residents was 14 µg/week/person. 
This level was about one tenth of expected inorganic arsenic intake from tube-well water which 

contains 10 ppb inorganic arsenic (WHO guideline). 
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æ� $�+" 
� �2)�3232#´¸��$�}â»Á¹"�
� 3b©¡FºêiAs(III)ë��
�#Ó^�#±¬4Ì��1��,"�F=CT H34eá�1��4�/
"���
��Û�#»Á�F=CT�eá4t�1��eá#·àUÔ_".��9SKAT 

Ñ��¾��0�kÞ��0�1��".0�Ó^�#±¬�o��21���³/2

�
1�F=CT H3#PTÖrÔ_#æ��	1 Ser104eá�2!
 Ala"¿�
�1��iAs(III)".1 EGR-1�FOS�IL8#Ì���o�2���
/��2/#Ó
^�#Ì�"$F=CT H3ãSer10ä#PTÖr�ÜY��
1����§�2��
iAs(III)".1F=CT H3#eá$�Lys9#<MAQrãH3K9me2ä�Lys9#CP
MAQrãH3K9me3ä�Ser10#PTÖrãH3S10pä�Thr11#PTÖrãH3T11pä�
Lys9CPMAQråSer10PTÖrãH3K9me3S10pä�,µË���0��2/#
eá� iAs(III)".0Ì��21Ó^�#±¬"ÜY��
1
v
"Ãw���2�� 
� ����´¸�$�iAs(�)".1Ó^�Ì��F=CTeá#Üc4�/
"�1
�+�iAs(�)".0eá�21F=CTH3#ª¯�`4®
�ChIP6B>74È
�
Ì��21Ó^�Ðf#F=CTeá"�
��Ê4È���)��RJV@V6B>

74È
�iAs(III)".1Ó^�Ì�"c31Îjz�4�/
"��#Îjz�½u
Õn���\
�
1F=CT#eá�#ÜÒ4�Ê��� 
 
ç� �¥ 
UChIP6B>7êSimpleChIP Enzymatic Chromatin IP Kit(CST)ë: 20	
 M# iAs(�)
� 3hr l­�� HeLa »Á"�
��-H3K9me2��-H3S10p��-H3T11p��
-H3K9me3S10p�h°¤Ý��FOS�EGR1�IL8Ó^�#Îjz�½uÕn4$�
5�HO7KV4a���P6Q@7L PCR��×��� 
URJV@V6B>7êDual-Luciferase Reporter Assay System(Promega)ëéFOS�
EGR1#Ù�#¯!1HSNV@Vß|4¼*Ï5�Q;G8OV?I9@V4a�
��iAs(�)".1 FOS�EGR1#Ì�"ÜY�1Îjz�½uÕn4�Ê��� 
Uh°Çg�Äé�-H3K9me2��-H3S10p��-H3T11p��-H3K9me3S10p4®

�h°Çg�Ä4È
�iAs(III)".1eáF=CT H3#»Ái�{4�Ê��� 



 

 

è� ½��.%À� 
� ChIP6B>7#½�.0�iAs(III)".0 FOS#ÎjÚ�¨Ðf(-28�202)�Îj
Ú�¨X¦(-279�-208)��.% EGR1#ÎjÚ�¨²p(-126�-21)#Õn���\�
F=CT H3�eáãH3S10p�H3K9me3S10pä�2�
1����/
�!���
W��RJV@V6B>7#½�.0�iAs(III)".1 FOS#Ì�$ÎjÚ¨X¦(-800
�-200)�EGR1#Ì�$ÎjÚ�¨²p(-150�-70)#Õn"½u�1Îjz��ÜY
��
1����/
�!0��2$ ChIP6B>7�µË��eá�2�F=CT 
H3���\
�
1Ô_�'(WÂ��
��)�h°Çg�Ä#½�.0�H3S10p
�.% H3K9me3S10p$�iAs(III)l­".0Û�#»Á�DBC«#;:EQ�É�
�2���
/�iAs(III)$»Ái#ª�#F=CT4eá��
1����/
�!
���[y#½�4À�	3�1��iAs(�)$ FOS�EGR1HSNV@Vß|#ª�
#Îjz�½uÕnÐf#F=CT H34eá���2/#Ó^�#±¬4Ì���

1���¶x�2��FOS�EGR1$»Á#mr-~¢"ÜY�1Îjz��	0�
iAs(III)#»Á£�-±�5�! &#ÜY",Ãw���21� 
 

Trivalent inorganic arsenite [iAs(III)] induced histone H3 modification and its effects on gene 
expression  

 
Toshihide Suzuki, Kayoko Kita, Takafumi Ochi 
Faculty of Pharma-Science, Teikyo University 

 
   Previously, we revealed that the possible participation of histone H3 
phosphorylation in mRNA expression of FOS�EGR1 and IL8 by iAs(III).  In this 
study, we further investigated in detail whether histone H3 modification is 
concerned with gene expression by iAs(III).  The results indicated that iAs(III) 
modified histone H3 (H3S10p and H3K9me3S10p) where the specific promoter 
region of FOS and EGR1 were wound around.  Furthermore, these promoter region 
were the almost corresponded to the transcription factor binding site which is 
concerned in induction of FOS and EGR1 by iAs(III).  As intracellular localization 
of H3S10p and H3K9me3S10p was limited in a specific site, iAs(III) modified 
specific histone H3 which wind around promoter region of FOS and EGR1, and then 
might be induced mRNA expression of these genes. These transcription factors 
further induce downstream effector proteins, which may play an important role in 
the iAs(III) cytotoxicity and one of the possible cause of iAs(III) carcinogenicity. 
ìH3S10p: phospho(Ser10)-histone H3,   
ìH3K9me3S10p: trimethyl(Lys9)+ phospho(Ser10)-histone H3  
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ą� "�(  
Thio-dimethylarsinic acid (Thio-DMA)"	
 D@!�UDÒXí¾���v��/�

¾î��-	
 DÒ!I>KpXí!ôÍ�Á��.���É,/��.��/&���

" Thio-DMA!¶�Æ¿³°!æ¦2é'	
 �!ôÍ� Thio-DMA� HeLaÔÚ2h
âª (Mª) ßÎ��.^Â��.��2åg��
�����	
 HepG2ÔÚ�"
Thio-DMA +.MªßÎ^Â���	
 ÔÚþ� Thio-DMA ��.�Ñ��Ä�.
rÛ�� ��/���, 	
 Mª ßÎ�� HeLaÔÚ"�!&&3G@P:;±
!ÔÚµ2ñ	.! ��	
 HepG2ÔÚ�"�&-µ»��Á��×�.bw�',
/	
 Thio-DMA +.MªßÎ!©½�3G@P:;±!ÔÚµ ÿT�.rÛ��
 ��/��Mª�"	
 ïõă ¡j���®Ý]�U�]�,[#�Óý] +�
�}Ð hø�/	
 ¤���ÔÚ�Á�.=4AH?8��p�',/.�	
 ÔÚe 

"�®Ý]!}Ð�hø2aè�.�(	
 Óý]>6?8G4N@³°��|�.�Ó

ý]>6?8G4N@ " p55CDC(CDC20)* BubR1	
 Mad2����<NC8�ÿ
T��
-	
 >6?8G4N@^o§ "�/,!<NC8�ãu]2����

inhibitory complex2���	
 ÔÚ2Mª!Uª Ã(.���É,/��.���
�	
 �/,!{�!Æ¿û2ì%���0	
 HepG2ÔÚ" HeLaÔÚ ·%	
 BubR1
!Æ¿LFK�\�	
 BubR1!Æ¿û!ö�� Thio-DMA +.MªÔÚ!ßÎ 
�Ą2T	��.� ��/�����¬ÊÏ�"	
 Thio-DMA +.3G@P:;!
ë� Óý]>6?8G4N@<NC8 BubR1�ÿT�.!�æ¦�.��) 	
 Ó
ý]>6?8G4N@!^o!©½� Thio-DMA!¶�Æ¿ �!+� ÿT���
.!�æ¦�.��2ÈÇ���� 
 
Ć� ¥¹ 

BubR12B?8=5N�� HeLaÔÚ2 Thio-DMA�fÀ�	
 57;<NEM?@
¹�t<NC8!Æ¿LFK2¯ç���3G@P:;!ë�" Poly (ADP-ribose) 
polymerase (PARP)!i£2�²����&�	
 Óý]>6?8G4N@!^o"
BubR1!JNùp�CDC20 ��.�]2Â��cÅ¸ā¹ +-	
 Mad2�CDC20
!Öu	
 ��1� inhibitory complex!��!©½2�² ���&�Mª!ßÎ"



 

 

cyclin B1!Æ¿û� mitotic index!~n2�² ��� 
 
ć� Ö­
+#Ù� 

HeLaÔÚ2 Thio-DMA�fÀ����0	
 ¼�
+#§þ_�Ç cyclin B1!ß
Î� BubR1!JNùp	
 
+# inhibitory complex!���ê(,/	
 Thio-DMA"
Óý]>6?8G4N@2^o��	
 ÔÚ2Mª ßÎ��.���k¦����,
 MªßÎ Z� PARP!i£�Vó��
-	
 ò�! HeLaÔÚ�"	
 MªßÎ 
+��3G@P:;�ë��/.���k¦���Q¥	
 BubR1B?8=5NÔÚ�
"	
 PARP!i£"',/�)!!�!Í�"\�	
 3G@P:;��l�/��&�
inhibitory complex!��)ê(,/������, 	
 Thio-DMA +-	
 G1ª9
48JN���Ç Æ¿��
-	
 ÔÚxª�Mª d,����.�"Mª�,´
!xª$ó'*�����rÛ��Ù	,/�����	
 Thio-DMAfÀ�! BubR1
B?8=5NÔÚ! DNAû2ì%���0	
 ò�! HeLaÔÚv±	
 Thio-DMAfÀ
 +�� 4NÔÚ�~n��������	
 ò�! HeLaÔÚ ·%	
 cyclin B1 positive
� 4NÔÚ!mu�\S��
-	
 ÔÚhâ2Õ� ´!ÔÚxª$Ìá�.ÔÚ!m
u�~n��rÛ��Ëz�/���, Üyº��� 	
 BubR1B?8=5NÔÚ
"	
 ò�!HeLaÔÚ�Á��
��¼�! Thio-DMA�|S�)Á�2rÛ ���
YR!Ö­�,	
 Óý]>6?8G4N@"	
 Thio-DMA +��ëÆ�/�Ä�ÔÚ
2�Ă�.�(!úä�Ā�³°��-	
 BubR1" Thio-DMA +.Ä�ÔÚ!g¿
2�s�. keyh���.rÛ��Ëz�/�� 
 

BubR1 plays an essential role for thio-DMA-induced mitotic cell accumulation and 
apoptotic cell death 

 
Kayoko Kita, Nanami Asaka, Toshihide Suzuki, Takafumi Ochi   

Faculty of Pharma-Science, Teikyo University 
 

In the present study, we showed that thio-dimethylarsinic acid 
(thio-DMA)-induced mitotic cell accumulation were accompanied with apoptotic cell 
death, and BubR1, which is one of the components of spindle assembly checkpoint 
(SAC) proteins, plays an important role for these process. In the BubR1 
knock-down cells, whereas mitotic accumulation and apoptotic cell death were 
suppressed, the increase of the living cell which have abnormal DNA, were 
observed after treatment with thio-DMA. More interestingly, BubR1 knock-down 
cells could survive in the medium containing higher thio-DMA that a normal cell 
could not survive. These results suggested that thio-DMA induced-apoptotic cell 
death by activating of SAC, is one of the protective mechanisms for preventing the 
abnormal cell accumulation. 
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ē� $�," 
�	$\i�Ë^d"��2HÛĐAsđ�@MNĐSeđ#ÐY_Ì6ª0�"�2

��6ÏÎ���HþĐiAsVđ�Z@MNþĐiSeIVđ6KBC"v«¢T��«#æ¶

V&# As � Se #¤¸6ò'���#ß²��3�3#nÇ¢Tá�´õ��v«¢
Tá�æ¶V&#¤¸�UaÛ�-�k���2���g����9=;6Ì���č

�$�æ¶V&¤¸�32l���$ seleno bis(S-glutathionyl)arsinium ion 
([(GS)2AsSe]–)�
1�ôìÉ"r1ö*3� iSeIV�ZHþĐiAsIIIđ�0[(GS)2AsSe]–

����3äé6Þ�æ¶V&¤¸�32�}w�3��2ĐChem. Res.Toxicol. 
2006, 19, 601đ�°ÒÕ�$KBCôìÉ&#r1ö+"��2 As� Se#ÐY_Ì6ª
0�"�2��6ÏÎ���� 
Ĕ� §¹ 
ÙîČ��å��� 13ė15ùĎ#ć� SDKBC�0cì6��� 10ďôìÉ�Â

¼6_î���ôìÉ&#taÛ#r1ö+È$ 10ďôìÉ�Â¼6 8,000g� 10Ô
Ăû����03�R¾#à As �/%à Se Ã�6 ICPMS �¿��Øf���� �
č	
 ĖTris-HCl buffered salineĐTBSđ�òî��­ÝÃ� 10ďôìÉ�Â¼"���
iAsV�iAsIII�iSeIV�̈ }"���u���[(GS)2AsSe] –�GSH� band3#ą�j DIDS
#�|*�$Ċ�|S� 37�"��2ôìÉ&# As� Se#r1ö+6ò'��� �
č�ĖAs � Se #ôìÉ"��2g�6ò'2�,�p�ÝW�# 10ďôìÉ�Â¼
R¾�TBS�º»��eòî�� 10ďôìÉ�Â¼�]�¼�Àì��� 10ďôìÉ
Àì¼V#taÛ#Ã�6¿����� �č�ĖiSeIV� iAsIIIv«¬Ĉ«#ôìÉ&#

iAsIII#r1ö+#J:F?I6¥��2�,�iSeIV6r1ö*��ôìÉ�Â¼6_

î����#ôìÉ�Â¼"ìÁ�iAsIII�iAsIIIĒìÁ6½k��R¾V# As �/%
Se#yqÈ6·,�� 
ĕ� ß²�/%ã� 
�č	
 Ė iAsV$ôìÉ"(�7 r1ö*3!�����iAsIII$5��"r1ö*3�

GSH #½k"/1r1ö+�]S���iSeIV$ band3 "/��ôìÉ"r1ö*3
2���Ñ03��2�iSeIV$÷ø"ôìÉ"r1ö*3�GSH�/% DIDS#½k
"/��r1ö+�®�"]S���iAsV� iSeIV#v«¬Ĉ�$ Se $r1ö*3�
��As $(�7 r1ö*3!����Q§�iAsIII � iSeIV #v«¬Ĉ�$�iAsIII



#nÇ¬Ĉ«�´õ���ôìÉ&# As#r1ö+�®�"R©��Se#r1ö+�
0��ú3� As �r1ö*3��2���g����*��GSH �/% DIDS #½
k"/�� As�Se�-"r1ö+�ą��3���3$�GSH#½k"/�� Se#
GSH £u^�Ë�������DIDS � band3 "ßu�2��"/�� iSeIV�ôì

É"r1ö*3!������oz�ã
03��# iSeIV#r1ö+ą�"/1�iAsIII

#r1ö+-]S���¥��32�[(GS)2AsSe]–$ôìÉ"´õÎ÷ø"r1ö*3�

GSH #½k"/��r1ö+$ą��3���DIDS #�ċ$(�7 ð03!��
��GSH £u^$Üç.ôìÉV&$r1ö*3!��ã
032���0�kµg
ñ�3�[(OH)2AsSe]–#/�!l����ôìÉ&r1ö*3��¥��32�*��

DIDS #�ċ�(�7 +03!������0�[(OH)2AsSe]–#r1ö+"ă�2

band3 #�T$()Ä�-#�¥��32�� �č�Ė10%ôìÉ�Â¼� 10ďôì
ÉÀì¼V#aÛ#àÃ�¿�ß²�0�As- Se-(�7 �ôìÉd"r1ö*3
��1ôìÉè&#ßu$]����g����� �č�ĖiSeIV 6r1ö*��ôì

É�Â¼" iAsIII6¬Ĉ��ß²�iAsIII¬Ĉá#R¾V Se#yqÈ��Åá�´õ�
]S�����ôìÉ"r1ö*3� iSeIV $ôìÉd# GSH "/��@ME8D

ĐHSe–đ*�üa�32�ã
03��2��Â¼"ìÁ6½k�2��ôìÉ�"

¦f�3� HSe–�ìÁANG<ó"ßu�ôìÉ&#eg��¡h�32���0�

R¾V Se #yqÈ$�Åá�´õ�R©���ã
032��#«v«" iAsIII��

|�2���#yqÈ$ iAsIIIĊ�|S�´õ�]S���Q§�ìÁ�|*�$Ċ�

|S� iAsIII¬Ĉ«#R¾V As#yqÈ6´õ����4�ìÁ�|«"$ As#yq
È�R©���2���ª0��!�����0�HSe–�#p�"ìÁANG<ó�

iAsIII�×u���2���Óx�3��\R#���0�Ë^d"��� HSe–� iAsIII

�p��2���¥��3���p�Ë�Æ#v��/%ËÆ�Î�â"ă��$��

0!2ÒÕ��ï�ã
032� 
 

Interaction of arsenic and selenium and the uptake of those elements in red blood cells 
 

Yayoi Kobayashi1, Noriyuki Suzuki2, Yasumitsu Ogra2, Seishiro Hirano3 
1Center for Environmental Health Sciences, National Institute for Environmental 
Studies (NIES), 2 Graduate School of Pharmaceutical Sciences, Chiba University, 

3Center for Environmental Risk Research, NIES 
 

  The uptake of arsenic and selenium in red blood cells (RBCs) was investigated after 
co-exposure of rat RBCs to selenite and either arsenite, or arsenate. Only the 
combination of arsenite and selenite increased uptake of those elements compared to 
exposure to arsenite or selenite alone. Selenide, a reduction product of selenite, may 
be involved in the enhanced uptake by forming As-Se complex. 
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:F<L@Økq¿!� XòùÓ��­�k�����k�,�� T��:F<L

U@ý(DMAIII)��*"��°�0¦�,:F<L<52L9Mý(DMMTAV) Ã[c�
 Ã��÷�³Ì�Ą%���,��ÎÔ8LOB!�ÏĊôÒüØ rhodanese �)+
DMAIII� DMMTAV����-,��0|u 1)����DMMTAV °�ÊÁ
)"î°®

¬����!S¢�¾��
¯�-��,�Vw�°� ĉ��-* :F<L@Økq

¿ XòN°�®�0î¢�,�'��cytochrome P450 (CYPs)´�0!�'��,æ¿X
òá Pû0Ý���@>ßâÉÆ©(HepaRG)Ùà0Ä��:F<L@Økq¿ Ùà
°�0ï]�,��(��J=>ßXòÖDG:?O>(S9mix)¶h�),:F<L@Øk
q¿ Xò��Ã�¿ k���0 HPLC-ICP-MS 0Ä�eª���� Ü«�DMAIII


)" DMMTAV! CYPs 0!�'��,ßXòÖüØ�)+ DMAV����-,Xò®

� �y0¢*����� 
 
�Ĉ ²  

HepaRGÙà�
�,:F<L@Økq¿ °�ï] 
HepaRGÙà! Williams E{z(10% FBS�insulin�hydrocortisone0t&)�)+ 2

øÿ{ć����{z� 2% DMSO0¶h��*� 2øÿ{ć�,���)+@>ßÙà
­�ek����� Ùà�
�, CYPs ñ������mRNAþ0 SYBR	
 -Green�
)+�üØ´�0 P450-GloTM (Promega)�)+¸���� 
:F<L2L9Mý (DMAV)�:F<L@ØČ8L;<5Mêq[ (DMAIII-SG)�

DMMTAV0DMSOdÂ
)"§dÂHepaRGÙà� 24£ÿ¤ą��WST-8 kit (Dojindo)
�)+Ùà°�0ï]��� 

 
S9mix0Ä��ßXòÖ�
�, DMAIII
)" DMMTAV Xò�� 

DMAIII-SG 
)" DMMTAV¹µ(¥Ú»� 10 µM)�J=>ßÆ© S9mix (Kikkoman 
Biochemifa Co.)0h	� 37��4M7HCO9IM���o�¹µ! 10,000 rpm�1eÿ
ú�����0.22 µm9KM:A3L;O�¼ù��SunFireTM (Waters)6JE0éÍ�



� HPLC-ICP-MS (HPLC: Agilent HP1100�ICP-MS: 7500a )0Ä���@Ø k���
feª0è��� 
 
Ü«
)"Þ�  
:F<L@Økq¿ Ùà°�ï] 
DMSO §dÂ HepaRG Ùà0Ä��Ùà°�ï]�
���DMAIII
)" DMMTAV

dÂ�!�(� 2č50 µM »�\�Ë� viability ZR0Ð����DMAVdÂ�!Ù

à°�!$�1�ð'*-�����P �DMSO dÂÙà CYPs  mRNA þ0¸�
����. CYP3A4�CYP2B6
)" CYP2E1���§dÂÙà�±ö��× 10` Ê
Áþ ~h��%��üØ´��
��( CYP3A4�× 7` ~h�ð'*-���*��
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1) Shimoda Y, Kurosawa H, Kato K, Endo Y, Yamanaka K, Endo G. Proposal for novel metabolic 

pathway of highly toxic dimethylated arsenics accompanied by enzymatic sulfuration, 

desulfuration and oxidation. J Trace Elem Med Biol. (2015) 129-136. 

 

Effect of cytochrome P450 on the toxicity of dimethylarsenicals  
 

Shimoda Y, Kato K, Kurosawa H, Hata A, Endo Y, Endo G, Yamanaka K. 

 
Recently, DMAIII and DMMTAV, metabolites of DMAV, are paid to attention because 
of their higher toxicity. The purpose of the present study was to clarify influence of 
cytochrome P450 (CYPs) on the cytotoxicity induced by these arsenicals. In vitro 
experiments suggest that the cytotoxicity of DMAIII and DMMTAV is reduced via the 
conversion into DMAV by hepatic metabolic enzymes including CYPs. 
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Diversity of the Factors Determining the Sensitivity to Arsenic Trioxide  
 

Yoshitaka Nobukuni, Junko Masumoto, Michitaka Numoto 
Department of Human Genetics, RIRBM, Hiroshima University 

 
 
BACKGROUND 
Biological effects of arsenic have been well studied.  However, the target molecules of the 
arsenic and the molecular mechanisms determining the susceptibility to arsenic are not fully 
understood yet. We have been developing a genetic screening system to elucidate the 
obligate genes using the large-scale gene-trap mammalian mutant cell library (Nobukuni et 
al , JBC, 2005, Nobukuni et al, Jpn J Hyg, 2005). To investigate the molecular mechanisms 
underlying the arsenic toxicity, we conducted the functional genetic screening of the genes 
involved in the susceptibility to As2O3. 
 
METHODS 
JThe mutant cells which can survive after the As2O3 treatment (40 µM, 3 hours) were 
isolated from a large-scale gene-trap insertional mutants library. . The trapped (disrupted) 
genes in the mutant cells were identified by 5'-RACE-sequencing analyses and BLAST 
search.  
 
 
RESULTS and DISCUSSION 
To date, a number of factors related to arsenic trioxide susceptibility and cytotoxicity have 
been reported. Apart from those factors, involvements of the other novel factors were 
suggested from the functional genomic screening. 
�

�



$�%  

��"��#��� �	
� �	
 � � ��	
 � �
 �	
 � �����

����!����

�

��üĄpø 1,2 HRüÚX� 1 H�­�Â 1,2H�Ä�À 1HeâÙß 2 
1xÓÁ}ÏÒ�,�  2jà����āHi�á�� 

�

�

1č!�%�  

� ��cćĈ�ÊäÇ Çv��+ ProMyelocytic Leukemia (PML) dominant 
negative S��+ PML-RARA !	
 N>ú ªă�(*`é�,+���Î),��
+�� ·����	
 $� PML� Small Ubiquitin-like MOdifier (SUMO)�(*YĆ
�,	
 � � ubiquitin-proteasomeÕ�(* SUMOh PML�`é�,+���¤
u�,��+���!�,$� Ø®�)	
 ×Ü�mñ$,�N>ú�(* PML�µ
óË~h-ð��	
 � ~h�±]��y�+8G=4ï� PML� K½�µóS 
��-Wõ��	
 � �� PML  SUMO h�õå�+���T³Pí-Ó�ÏÒ-
õ%��+�«ÏÒ�!	
 ä»×Ü°' PML-÷Q��[��×Ü-N>ú�ªă�
�	
 PML SUMOh·µ é¨�ÿô�+±]8G=4ï é¬-
����� 
2č¥º  

� PML��É¿HEK293×ÜċHEK-PMLČ	
 RING finger<BG/G-¸�~Æ���

PML-��Ë�É¿�+HEK293×ÜċHEK-PML∆RINGČ O	
 >;ä»×Ü°��+

Jurkat	
 HL60	
 K562×Ü-Ã���HEK-PML	
 HEK-PML∆RING×Ü RIPAo½Å`

(*	
 anti-DDDDK-tag pAb-agarose-Ã��PML�PML∆RING-Ôæ��	
 SUMO2 

conjugation kit -Ã�� in vitro SUMOhl��U���N>ú (3µM) 'MDM2-p53 

ØqĀ�d��+Nutlin-3 (10µM) -ªă��×Ü(*RIPAo½��K½�Å`8G=

4ï-¢_�	
 PML	
 SUMO	
 MDM2	
 Daxx	
 p53 ýË~h-0168G@F:;º

�¼����$�	
 N>ú�ªă��HEK-PML×Ü-w��	
 0.1% Triton X-100�^

À�	
  PML S� MDM2	
 �+�! Daxx S�ãZLû¯Þ����±-DAPI

��¹¯Þ��²þ���Jurkat	
 HL60	
 K562×Ü-IFNα�b¾�	
 �,) ×Ü�


�+]y� PML�	
 N>ú-ªă�+���(*	
 HEK-PML |q�r¶�PML�

RIPAK½���*SUMOh-n�+��-	
 0168G@F:;º-Ã��Ðë��� 

3čØ®  

SUMO2 conjugation kit -Ã�� in vitro SUMOhl��
��	
 PML' PML∆RING!

N>ú �y�V���	
 SUMOh-n�+���Ðë�,��� � ��!	
 ×Ü�

N>ú-ªă��©��Ă�è��,+ PML  SUMO hl��	
 N>ú�(+ PML



 µó~h �	
 PML±]�S]� SUMOh��ç�ùÖ'v��D4EI;�,+

���õå�+oÝ�-Ñ���+�PML ±]�S 8G=4ï��+���Î),

��+ MDM2' Daxx!	
 N>ú-ªă�� HEK-PML�
�� PML�\�y�-Ñ

���	
 � f®! Nutlin-3  �yh�(*Ċ¨�è��,��RIPA o½�HK½�

�`��0168G@F:; é¬�!	
 PML� MDM2�´%�ò�×Ü]g�-Ñ

�&  	
 Daxx �!Æ�+g
-���+���`����Jurkat ' HL60 ×Ü�!	
 

]y� PML É¿ý� IFNα b¾�(*J§����,) ä»×Ü�
��&	
 

HEK-PML×Ü |q�r¶�	
 N>ú ªă�(* PML RIPAK½�~h' SUMO

hl��ð�+��-Ðë��� 

4čÛ�  

C?39G E3 D2I7��+ MDM2 !	
 ±]�
��.A;I56Wõv���+

p53�Øq�+���(*� `é-Wõ�	
 PML!MDM2�Øq�+���(* p53

 ubiquitin-proteasome�(+`é-�a���+& �Û	),��+�«ÏÒ�
�

+ in vitro SUMOhl� Ø®!	
 N>ú� PML SUMOh-Ì£¦õ��+ �!

��	
 PML ±]�S�
�� PML � SUMO h-n�'����Á}����,+�

��(* PML SUMOh�õå�+oÝ�-Ñt���+�Pml! p53��&�È�

a÷Q����Î),��+�	
 �,!	
 PML � PML ±]�S�
�� MDM2 �T

Ã�� p53  `é-�a�+���(+& �Û	),+�N>ú!	
 PML-RARA �

Çv��+��cćĈ�ÊäÇ�����	
 nucleoplasmin-1~Æz ��ćĈ�ÊäÇ

×Ü�&ö¡� ĉ�.A;I56-ì��+���{s�,�
*	
 N>ú�±] 

8G=4ïÍMTÃ�k#��ą-ê×�î"+��!ûç��+� 

 

SUMOylation of PML and changes in PML nuclear body proteins in arsenite-exposed cells.  

 

�Seishiro Hirano1,2, Mihoko Tadano1, Yayoi Kobayashi1,2, Osamu Udagawa1, and Ayaka Kato2 
1National Institute for Environmental Studies, 2Graduate School of Chiba University 

 

  Promyelocytic leukemia (PML) and its RING-deleted mutant protein (RING∆PML) were 

purified and served for in vitro SUMOylation reaction. Both forms were SUMOylated either in 

the presence or absence of arsenite in vitro, suggesting that arsenite may first modify PML, 

re-arrange PML nuclear body microenvironment, and initiate PML SUMOylation in the cells. 

MDM2, a repressor of p53, was colocalized with PML in arsenite-exposed HEK-PML cells.  

PML, but not RING∆PML, was converted from RIPA-soluble form to RIPA-insoluble form and 

also SUMOylated by arsenite. MDM2 responded to arsenite similarly as PML, suggesting that 

PML and MDM2 are associated in PML nuclear body. 
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多品種・多検体同時処理
安全機能を各種搭載
独自のラックと容器セット
使いやすいソフトウェア

水    素   化   物   発   生    -   原   子   蛍   光   法
検出限界10ppt
コンパクトかつ安価
オンラインUV予備処理による前処理なし
トータルヒ素測定
HPLCと組み合わせで形態別分析が可能

www.astechcorp.co.jp/indexChem.html E-mail:unichem@astechcorp.co.jp詳細はお問い合わせください

応用化学事業部

本　　　  社 〒169-0075　東京都新宿区高田馬場 4-39-7  高田馬場 21ビル
 TEL.03-3366-0811（代）　 FAX.03-3365-5577

大阪営業所 〒531-0074　大阪市北区本庄東1-1-10  ライズ88  2F
 TEL.06-6375-5852（代）　 FAX.06-6375-5845

NOVAWAVE SAの主な特徴

エクスカリバーの主な特徴

マイクロ波試料前処理装置

ヒ素を高感度かつ正確に測定可能！

マイクロウェーブによる前処理から原子蛍光法（AFS）による測定まで
ヒ素分析のトータルソリューションを提供

NIST 1568a Rice Flour(左図)

Oyster Tissue SRM 1566a
Poplar leaves GBW-07604 
Human Hair GBW-07601 
Hard Drinking Water ERM-CA011b

認証値 AFSによる測定値

290 ± 30(ng/g)

13.4±1.9(ug/g)
370±60(ng/g)
280±40(ng/g)

10.15 ± 0.34(ng/ml)

As(III)：58 ± 2(ng/g)
DMA  ：160 ± 8(ng/g)
As(V)：79 ± 3(ng/g)
13.3±1.0(ug/g)
391±48(ng/g)
269±15(ng/g)
9.97(ng/ml)

シンプルなラックと容器 各容器温度をモニター
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図表 お米中のヒ素スペシエーション分析認証値の比較

多検体同時処理可能！

ヒ素形態別分析システム
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