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1. 23

���t�IÑÏ�!ÛÜÝÐ ÏÐÑ8�*>§¨4³´µ¶67

2. 675O

67çèI in vivonlÒ>NO17FI§¨4³´µ¶825�9Ó:;:§¨4<

cII�8;Ø=>�

3. å=)=>�>?Ï>�

�>?Ï>�

Environmental Health Criteria 233 (United Nations WHO 2006; Transgenic Animal

Mutagenicity Assays) 

�@A×B C(DEF(uü5GHI�;:� JK�DNAT7TUuü"�Lj$

nM�N�8��PO�Bn�§¨4JK��çhIP�hILQn�>�çI/
5

I{!nC=>×R$�ST 15U 6� 18óO×RV 97W�nX�]TU=>�

4. 67YW

A260� 079Z388 �

5. 67U%

[437-1213\]^_`ab/` 582-2

@A×B C(DEF(uü5GHI�;:�cd� uGI�;:�

Tel: 0538-58-1266� Fax: 0538-58-1393 

6. 67efE

[158-8501 

ghij`klJ�mLn5 18Y 1W

opEF(C(q�r£s

uü5�ç67r£I�;:� ©5t

67eÝ;: u� v� � � w

Tel: 03-3700-9619� Fax: 03-3700-9647 

7. 67xyE

-� z� � � {�V|67}�

Tel: 0538-58-3572� Fax: 0538-58-1368

8. 67çèh"�xyE

ë� ~� ���
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9. ��xyE

;�< �� `� �� �

���;�< �� m� �� �

�0��< �� �� �� �

10. ��¬E

§¨©5T7< �� �� � � �

17��< �� ¡� � � �

11. �q!�U%"�xyE

�� `� �� �

12. 67ó*

67��ó< 2006U 12� 19ó

�ç���jó< 2007U 1� 18ó

�é��ó< 2007U 1� 23ó

�éó�Î5àæ �< 2007U 1� 23ó1� 27ó

17��ó�Î5àæ �< 2007U 1� 30ó

�é¡¢ó< 2007U 4� 23ó

17��ó< 2007U 4� 26ó

�ÐI>¡¢ó< 2007U 7� 5ó

£¤�jó< ¥17I�ÐI>¡¢� 2�ô%¦

�¡¤§¨©ª���jó< 2007U 8� 15ó

�¡¤§¨�T�jó< 2007U 8� 31ó

13. 67çè

13.1. 67çè«

���t�

13.2. &ÐÑYW

DPE0013 

13.3. w:¬xz

¤�®¯

13.4. !�ýþ

}°�±²
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13.5. !�³s

opEF(C(q�r£s� ©5t

13.6. çèI_$

¤�®¯

13.7. uj5

pq-<1´�ôujFY>V)3{|��]*>�

14. 67çèrspq

14.1. rspq 1

14.1.1. «d

3 mg/kgO20 mg/kgO120 mg/kg ����t�rspq

14.1.2. '�µ

opEF(C(q�r£s� ©5t

14.1.3. !�ýþ

¶·

14.1.4. !�³s

uGI�;:6W¸ 1S¶·¹

14.1.5. º�»*JI¼½

º�»*nmP]oOÂ! l�ÁÕ&:¾8¿�=>�

14.1.6. ÀÁ67çèxypqI��

ÂÃ��=>�

14.2. rspq 2

14.2.1. «d

5%��'(������������ !"#OLot No. 5001�rspq

14.2.2. '�µ

opEF(C(q�r£s� ©5t

14.2.3. !�ýþ

¶·

14.2.4. !�³s

uGI�;:6W¸ 1S¶·¹
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14.2.5. º�»*JI¼½

º�»*nmP]oOÂ! l�ÁÕ&:¾8¿�=>�

14.2.6. ÀÁ67çèxypqI��

ÂÃ��=>�

15. àæçè

15.1. Ë5àæ

15.1.1. çè«

CRF-1ÄÅpq�ÆÇpq�

15.1.2. &ÐÑYW

061108 

15.1.3. '�µ

È�É�;dÊËÌ�

15.1.4. !�ýþ

}°

15.1.5. yÍ.Î

2007U 11� 4ó

15.1.6. !�³s

uGI�;:6W¸ 1Spq!"¹

15.2. Î5àæçè

TG 67nl*]Ï0hFÐ�kÎ5ÑÒ3| B�]l�OTransgenic Animal

Mutagenicity AssaysnÓ���]*>V)ABO&®I�sç8Î5àæçènÔÕP

��

15.2.1. çè«

N-ÝÑ&Ö-N-Étd×Ø�ENU�

15.2.2. &ÐÑYW

5-GNM-39-1 

15.2.3. w:

58.2%

15.2.4. '�µ

Toronto Research Chemicals Inc. (TRC) 
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15.2.5. !�ýþ

¶Ù

15.2.6. yÍ.Î

2011U 9� 14ó

15.2.7. !�³s

uGI�;:6W¸ 2S67çèï'}

16. 67Úq

16.1. 67�ç

16.1.1. Û

ÏÐÑ�Big BlueÜÑÏ�!ÛÜÝÐ ÏÐÑ�

16.1.2. Ý�

Fischer 344ÞSPFß

16.1.3. �à³

Taconic�áo�

16.1.4. â�«

!ÑÏ;Û:��Ûãä�úåæç

16.1.5. �èl�Á¾é

â�ê<6�è

 �Òê<7�è�¾é 90190 g�

16.1.6. â��çò

ë 60ì

16.1.7. P��çò

ë 34ì

16.1.8. Û�Ý�ÔÕ�í

§¨4î�ÏÐÑ)P]ïðñ���]l�O�òIPó�h8=vP]ôÝ�IÑ

Ï�!ÛÜÝÐ ÏÐÑ8P�=>�

16.1.9. �çIõöP�n~*]

�çIp÷l�Á�çIº�»*n~*]oO��çIøùÀÁ"�nC=>×R$O

�T7�çIp»ÀÁ!"úÁnûüIý�nC=>Æþ$l�Á�@A×B C(DE

F(uü5GHI�;:� �çT7nC=>��$nX*O�ç8õönP�=>�
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16.2. p÷"�

16.2.1. p÷��

ÏÐÑp÷}Þ802W}<J��DNAT7����� 54U 8� 27ó¦�	�ø
�

jOST 3U 9� 24ó�n�>ç�O��� nD�>U%ß�W 3.5 × D 5.5 × H 2.5 

mO48.1 m3�F�ç8p÷PO��ï�IÆþ-o�I��)=>�

°: 24.5±2.5�C

�: 55±20% 

K��ò 8�%J¬h

���� ���1 mmH2O%&

æ¤ 12êô��Þ 7ê@�O�� 7ê���

���ë�ö8º�ãÒ�Micro-IsolatorTM System�Lab Products�ÏÐ 8P�PO

ZyfoneTM'p÷�:Û�W 26.6 × D 48.2 × H 20.3 cmO26,027.0 cm3�n�� 

�ALPHA-driTMOShepherd Specialty Papers�8��>�;��!�.ô-oO�ç8 13

ì"~�#PO�é.ô-l�Á2+.ô-oO�ç8 1ì"~�#=>�

16.2.2. pq

;��!�.ô-oOÆÇpq�CRF-1OLot No. 061108OopEF(C(q�r£s

�$�8�çn�í%º�\>��é.ô-�91 óô�orspq 1 Y>*orsp

q 2�opEF(C(q�r£s�$�8�ín%º�\>�2+.ô-�3óô�oO

ÆÇpq8�ín%º�\>�Ë5àæ l�ÁÎ5àæ oO67.ô-�17��

óZF�8��]ÆÇpq8�ín%º�\>�

rspqoO&�ï'POï'�:o¥�z )w�ån��'�=>�

¾é�g�× %j�z�mg/kg�× 7 
ï'�:�ppm�=

%�z�g�
× Dò*

*<�é 1�O�é 2�né�>pq<DòoP�Pk*�
�é 3�né�>pq    <��é 8óI¾é( �Òê¾é�1.5

�é 4�%)né�>pq      <*��/I¾é(�/I%�z�(��/I
1~ÞI¾é(�/I 1~ÞI%�z�+1.5 

16.2.3. �ë

ë,ë8���ë-.d���ín%º�\>�

16.3. ;�l�Á!�

¥�çn~*]O¶¿Iy®8 1ó 1�O�÷ 5ó?/=>))wnO�ç8p÷�
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�n!��\>�;��!�.ô-I?/nl*]O¾él�Á��_$n��0õ1

)2����çoî3n4�PO67nP�Pk*�

16.4. 5¾6�l�Á �Ò

;��!�.ô-oO�:ÛnãP�7�çYW8®�P�ÏÔd)O�çI89n

��5¾I6�8=>�

�é��¬ón�ç8¾én��:��PO®�;<�×8�*]¥67 8=T=

>�+n�Ò>�¥�çoO>5>� F?tn6�Â: 8®�P6�=>� �Ò

ên�:Ûl�Á�� 8/P*wIn@KPO �Ò�I�:ÛnoO67YWO�

çYWh8®�P�ÏÔd8�¿=>�

klOÁA�çn~*]oO17��ónBC�!8�*]uDE�\>�

16.5. ºFl�Áº»ñhIï'

16.5.1. LBº»ñ
Þï'Óß

1000 mLI�wën&®I6F8G��\>�

Bacto tryptone�BD Diagnostic� 10 g

Bacto yeast extract�BD Diagnostic� 5 g

NaCl 5 g

È:Ñ 9:¾F 20�ôê°P��O4�CF!�=>�

16.5.2. LBHIºF

Þï'Óß

1000 mLI�wën&®I6F8G��\>�

Bacto tryptone 10 g 

Bacto yeast extract 5 g 

NaCl 5 g

' Ñ��:�BD Diagnostic� 15 g

È:Ñ 9:¾F 20�ôê°P��OJã:9��150 mm�n 20 mL"~�¼=>�
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16.5.3. ÑÐK��:

Þï'Óß

1000 mLI�wën&®I6F8G��\>�

Bacto tryptone 10 g 

Bacto yeast extract 5 g 

NaCl 5 g

' Ñ��: 7 g 

È:Ñ 9:¾F 20�ôê°=>�P�êZFÃL:;:'!8�*] 50�CIýþ

F!°=>�

16.5.4. SMMNñ
Þï'Óß

1000 mLI�wën&®I6F8G��\>�

NaCl 5.84 g 

MgSO4O7H2O 2.03 g 

1 mol/L Tris-HClÞpH 7.5ß�ÝÐÓ�Û:�� 50 mL 

PÏt�Å�Cg��� 100 mg

È:Ñ 9:¾F 20�ôê°P��O}°F!�=>�

16.6. Q-RDNA<�6FIï'

16.6.1. SÃ�!MNñ

Þï'Óß

1000 mLI�wën&®I6F8G��\>�

Na2HPO4 1.75 g 

KH2PO4 0.25 g 

NaCl 8 g

KCl 0.2 g 

0.5 mol/L EDTAÞpH 8.0ß 20 mL 

1 mol/LëC�TÑ�ÃRGñ8�*] pH8 8.0nïð�OÈ:Ñ 9:¾F 20�

ôê°PO}°F!�=>�

16.6.2. RNasexySÃ�!MNñ
SÃ�!MNñ 50#nàPORNaseGñ�10 mg/mLOÝÐÓ�Û:��1#8�ä

=>��êï')=>�
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16.6.3. JU���MNñ

102 mL8ï'=>³sIJT8%&n�=�

SÃ�!MNñ 45 mL

0.5 mol/LJVWGñ 45 mL 

0.5 mol/L EDTAÞpH 8.0ß 10 mL 

RNaseGñÞ10 mg/mLß 2 mL 

�êï')=>�

16.6.4. 10 w/v%SDS�?XJdYCTÑ�ÃR�Gñ
100 mL8ï'=>³sO100 mLI§¨4Ì��ê°ë�ÝÐÓ�Û:��n SDS��

²wFÌ��10 g8G�=>�Z[d;:�\] 0.2 µm�̄ ^4°�O}°F!�=>�

16.6.5. K&_T:PKGñ
&®I��ï'=>�

K&_T:PK��²wFÌ�� 200 mg

§¨4Ì��ê°ë�ÝÐÓ�Û:�� 60 mL 

10 w/v% SDSGñ 20 mL 

0.5 mol/L EDTAÞpH 7.5ß¼� 20 mL 

¼�pH 8.0IEDTAGñ�ÝÐÓ�Û:��8 0.52 mol/LIbCF pH 7.5nïðP

�wI8�*>�

�êï')=>�

16.6.6. ZÜ-:d¬ &&cdR�Ph/Cl�`ñ

200 mL8ï'=>³sIJT8%&n�=�

 &&cdR 100 mL 

TEa�ZÜ-:d�ÝÐÓ�Û:�� 100 mL 

ï'�Oîbn�*k*³soO¶Ù�Æþ-<�5�C%&�F!�=>�

16.7. Î5àæçèñIï'

ENU 100 mg8cdnz�O5e�ã67"nfP��O��Cbñ�óôFgÖ�

�CbñOøh'FÌ³�8ä�] 20 mLnj#Pï'¡ñ�5.0 mg/mLGñ�8þi

=>�Î5àæçèñoOï'�£fAnP�=>�
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17. 67Ö×

17.1. àæ 

17.1.1. Ë5àæ

ÆÇpq8é�>�

17.1.2. Î5àæ

ENU8 1ó 1�O5óôjkP]lm¦�i.p.��é=>��zoO50 mg/kg)=>�

17.2. ÑÏ�!ÛÜÝÐ �TG�67

67óIn'oO�é��ó8�é1ó)PO�é1AB�é7ó8�é1�)=>�

17.2.1. �z

3O20l�Á 120 mg/kgI0 3�z867çè�� )P]%jP��

���zoOBig BlueÜÂÃ!8�*����t�op�é67nl*]O«qTUP

������������ !"#8�*�-./0123467nl*]rsIt

ä3| B��01)	
I01�ÞßOM0�nµ¶882P�)I¤§3Y>V)

ABOVI¤§)	
I�z)P��

�÷�zI 3 mg/kgoO����������� !"#8�*�-./01234

567nlÒ>��z �5%`����'�P����t��z8�*��-�zo

uvw 68�* 20 mg/kg)P�,

����������� !"#I�zoO«qTUP������������ 

!"#8�*�-./0123467I���z)	z)P��

�çò
67 

�z

�mg/kg/day�

�é

.ô

�ó� �éò GHò
�çYW

Ë5àæ* 0 90 6 5 10011006 

3 90 6 5 11011106 

20 90 6 5 12011206 ���t�

120 90 6 5 13011306

��'(** 5** 90 6 5 14011406

Î5àæ*** 50*** 5 4 3 15011504 

*<ÆÇpq    **<����������� !"#�%�   ***<ENU�mg/kg�

17.2.2. �é�çò

67 FoGHò 5ì8{!=>� O6ìn�é=>�ExÓh3| B�k*³

sO�çYWIÄ�*yn5ì8GHnP�=>�Î5àæ n~*]o4ìn�éPO

3 ì8GHnP�=>�GHnP�Pk*�çn~*]oO17.2.7.n®¯=>¥178
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��POÙÌ!�=>��zPOQ-RDNAI<�o��k*�

17.2.3. �éÖ×l�Á�é.ô��ò�

67çèl�Á��'(I�éo{oOop�é)PO`�×8P�=>��¿Ip

÷�ÆÇpq�CRF-1�n67çèY>*o��'(8Lj�:)k>�+n�ä�\

�rspq�67efEAB�ò�8�ín%º�\>��é.ôo 91óô�13�ô�

)=>��

Î5àæçèI³soOÑÏ�!ÛÜÝÐ ÂÃ!8�*�§¨4³´µ¶567n

�¿�*B�]*>�éo{FY>lm¦�é)POX[!Ó:|¾dJ��Û) 23G

¼}�8�*]O1ó 1�O5óôjk�é=>��é#zoO¾é 100 g¬�� 1.0 mL

)PO �ÒêI¾é8Æn�éñz8�j=>�

17.2.4. 2+.ô

�¡�é� 3óôI2+.ôI���é�� 94ó�O17.2.7.n®¯=>178��=

>�Î5àæ n~*]o�¡�é� 3ón178��=>�

17.2.5. ¾éijl�ÁLq_$?/

�ç~�êO;��!�.ô¡¢ê� �ÒêO�é 1 ó�O�é 8O15O22O29O

36O43O50O57O64O71O78O85O91ól�Á17��îÞn�4I��PG2002Y>

*o PG802-SO�ÑÏ:�Ñ9?�8�*]¾é8ij=>�Z�OEx�çn~*]

oEx2�ên¾é8ij=>�Î5àæ n~*]oO�ç~�êO;��!�.ô

¡¢ê� �ÒêO�é1ó�l�Á17��îÞn�4I��PG2002Y>*oPG802-SO

�ÑÏ:�Ñ9?�8�*]¾é8ij=>�Z�OEx�çn~*]oEx2�ên

¾é8ij=>�

17��ZFO�÷ 1ó 1�O�çILq_$8?/=>�

17.2.6. %�z

ü�çn~*]O�é 1ó��é��ó�%) 91ó�rspq4�ê�ZFO¾é

ijón�éz8�4I��PG2002 Y>*o PG802-SO�ÑÏ:�Ñ9?�8�*]

ijPOijóôIS� 1ó%�z�g/day�8'�=>�klO��oO¡M)P]&

� 1�)=>3OÀz30�Pû+k³snoõ���8TU=>�klOÎ5àæ 

I%�zoijPk*�

67çè%ºz�mg/kg/day�oO¾él�Á%�zAB'�=>�

17.2.7. ��17�01�l�Á!�

�ç8É:_d��&F�lPOlø��ABIõ�n��uDE�\��ç��O

Ï0OM0O�O�0O^_`OßOc�OøùOø�É8��=>�¥17I��l

�Á!�Ö×8%&n�=��ã�q 1åæ��
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Ï0 ��I���ð8�;Ñ9ä��BP-50FO���8�*] 4´sð
��ð��ã�q 1I��JUNônrvP]ð��ð��ð��*
�Ï0oOû���Â> &t�:¾n��Oñ¾�Ø�LN2�-

FÙÌ�\>�§¨4³´µ¶�����

�£n��IÏ�t8x�JU����w 3 mm�81��POÐ
�kzI 10 vol%-5MNcdÂ��ñF�jPO!�=>���
JU�;����

À��� toO!�¡n��OLN28���¢£3SBk¤¥5

#18�*]JAB¦P§POÙÌ�\>�

¨I�oO!�¡n��ûIZZLN2-FÙÌ�\O�óOop3

4I�;:r£sn©ã=>�DNAãä¾ij���Î5àæ I
³soO!�¡n��OLN28���¢£3SBk¤¥5#18�

*]JAB¦P§POÙÌ�\>�

M0 �ªIM0I«¬8º�O�!F��w 12 mmn!Ï>!�ëS
2F 4*:�=>�¥!Ï>!8û����IÂ> &t�:¾
n��Oñ¾�Ø�LN2�-FÙÌ�\>�§¨4³´µ¶���

Z!Ï>!8üzP�=>��ûI¨It®o!�¡n��OLN28

���¢£3SBk¤¥5#18�*]JAB¦P§POÙÌ�\

>�

¯ªIM0oOM�t8x�JU����w 5 mm�81��PO
Ð�kzI 10 vol%-5MNcdÂ��ñF�jPO!�=>��
�JU�;���

À�I¯ªIM0oO!�¡n��ûIZZLN2-FÙÌ�\O�

óOop34I�;:r£sn©ã=>�DNAãä¾ij���Î
5àæ I³soO!�¡n��OLN28���¢£3SBk¤¥

5#18�*]JAB¦P§POÙÌ�\>�

� ��O¯�8��P��O!�¡n��OLN28���¢£3SB

k¤¥5#18�*]JAB¦P§POÙÌ�\>�

�0 !�¡n��OLN28���¢£3SBk¤¥5#18�*JAB

¦P§POÙÌ�\>�

^_` �"AB°ªnY>^_`8±²POÂ> &t�:¾n��Oñ

¾�Ø�LN2�-FÙÌ�\>�

ß ß8��PO1�P��O¦#ç8��CbñF³*�=�!�¡

n��Oñ¾�Ø�LN2�-FÙÌ�\>�

c� �¯Ic�8��P��O!�¡n��OLN28���¢£3SB

k¤¥5#18�*]JAB¦P§POÙÌ�\>�

øù

�Ìù�

Ìù8��PO1�P��O¦#ç8��CbñF³*�=�Â>

 &t�:¾n��Oñ¾�Ø�LN2�-FÙÌ�\>�

ø�É �¯Iø�É8��P��Ot�:¾n��OLN2FÙÌ�\>�

ÙÌ�I17oO�÷°Z�:|:�MDF-493ATO´µ�¶O%j-<�80�COÆþ

-<�60�C%&�n!�=>�
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17.2.8. Q-RDNAI<�

SÃ�!·ceÛT>|:nJU���MNñ�RNase8x��3 mL8�¼PO¸

-F¶ÃP]lð��*FOÙÌJU�8��O¹Ð!d8�*]ceÛT>.=>�

YBA� 0.5 mol/LJVWGñ3 mL8��]¸¶P]l*�15 mL#Iº�"nJ

®IJU��ñ8\Ané:POº�¶�LC-122�8�*] 3000 r/min�1710 G�F 10

�ôº�=>�J»8!Ó>ÑhF4�PO¶ÃP]Y>RNasexySÃ�!MNñ 3

mL 8ä�O�ðìí�\>�Å¬��ìíñ��ÉÊI³soOõzI RNase xyS

Ã�!MNñ8�*]ø�ÉABÉÊ8³*�PO¹Ð!d8�*]ceÛT>.=>

�Å¬��ìíñ��

VIÅ¬��ìíñn Proteinase KGñ 3 mL8ä�]\An`�¼½PO15êô

*:�ìíñ3¾¤nk>ZF�50�CIýþF!°P���\>�hz�w 6 mL�I

Ph/Cl`ñ8ä�Oò�`�¼½PO�BnO10�ô&:_:;:8�*]�¼`��O

º�¶�LC-122�8�*] 2500 r/min�1190 G�F 10�ôº�=>�J:�ë¿�8Ñ

Ï�!ZÀ:Á¹ÐÑF\An��PO/�k 15 mL #Iº�"nf=�ôÂ�8 2

�Ã�Ä=��zPOä�> Ph/Cl`ñIzo��P�ë¿)hz)=>���P�ë

¿)hzI &&cdR¬>Ö�Åd�dÆ:d`ñ�#zv 24<1�8ä�Oò�`

�¼½PO�BnO10�ô&:_:;:8�*]�¼`��O2500 r/min�1190 G�F

10�ôº�=>�ë¿8��PO/�k 50 mL#Iº�"nf=�º�"nÉ;-:

d8ÇÈnä�OQ-R DNA8���\>���P�Q-R DNA8 70%É;-:d

I���Â> &t�:¾nfPOl�û 10�ôÉ=��*FOº�¶�MX-160�8

�*] 13000 r/min�13240 G�F 10�ôº�=>�J»8Â> &Á¹ÐÑFÊËkÎ

�4*��Ot�:¾8}°nõö=>V)n��À��É;-:d8ÌÍ�\>�õ

z�2050 µL*:�I TEMNñ�ÝÐÓ�Û:��8ä�OLÎ}°nõöPOÀ

ÏIDNA8G��\>�ï'�o¶·n]!�=>�

³´µ¶�:'�oM08ª«PO~*FÏ0OÉÊI��8TU=>�À�I 61

7n~*]o67efE)GHIJOTUIy®8�j=>�

ü]IDNAGñoO�¡¤§¨�T� 3´�%¦n��=>�

17.2.9. 67°úIþi

#z 200 mLI'ÐZdã´ÐZÏ!ÆnLBº»ñ 30 mLOÂdÑ:!ëGñ�200

mg/mL�300 µLl�Á 1 mol/LYCÂÕÑJÃRëGñ 300 µL8�ä=>�V�nÙÌ

!��%j-<�80�C�P]l*�øù°hflZú�G1250�ìíñ8Ò�P�� 50 µL8

ÓÛ=>�30�CO120�¬�IÔÕýþFLÎº»POÞº»ñ)=>�

#z 500 mLI'ÐZdã´ÐZÏ!ÆnO/ÖkLBº»ñ 100 mLOÂdÑ:!ë

Gñ�200 mg/mL�1 mLl�Á 1 mol/LYCÂÕÑJÃRëGñ 1 mL8�äPO�*
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F«IÞº»ñ 1 mL8×°P��O	
n 46êôº»8kÒ>�º»¡¢�O°ì

íñ8 10�ôº��²�1000 r/min�=>�J»8Ø]O10 mmol/LYCÂÕÑJÃR

8x�LBº»ñ8�*]9ìí=>�

17.2.10. Q-RDNAIäÐ�:Û�Õ

Transpack�Stratagene�It�:¾�RED�8�Ù=>�300600 µg/mL*:I�:

nï'P�Q-RDNAGñl�û 10 µL8t�:¾�RED�nä�OÁ¹Ð_[�Õ

n��`sPO30�CIýþF 90�ô>���Ô:Ñ=>��*FOt�:¾�BLUE�

8�ÙPOûI 10 µL8t�:¾�RED�nä�O	
n`s=>��BnO30�CI

ýþF 90�ô>���Ô:Ñ8kÒ>�¥t�:¾n SMMNñ 700 µL8ä�OÐ�

nÙÚ=>�

17.2.11. äÐ�:Û�ÕDNAIK9:_[�Õ

øù°ìíñ8O	KÏ: '���;>;:��n 1 mLO³´µ¶'���I9

 JV���n 2 mLOû���It�:¾n�¼P]lð�äÐ�:Û�ÕGñIü

z�l�û 700 µL�8I9 JV��t�:¾nä����l�û 2700 µLnk>�Ù

ÚPO}°F 2030 �õöP]ZÀ:Û8øù°nÛ¼�\>�ôGñ 30 µL 8 10 

mmol/LYCÂÕÑJÃR8x� LBº»ñ 270 µLnä�] 10�ÜÝ=>�ôÜÝñ

30 µL8;>;:�t�:¾nä�ÙÚ=>�;>;:�t�:¾nOÑÐK��:17

mL8ä�`�POLBHIºFnüz8é:=>�I9 JV��t�:¾noOÑÐ

K��:16 mL8ä�O;>;:�)	
nLBHIºFné:=>�;>;:�K9:

ÑoO37�CIýþF 1624êôOI9 JV��K9:ÑoO2425�CIýþF 44

48êôº»=>�

	KÏ: ò3 30Þnß=>ZFJ®IäÐ�:Û�ÕÂ�OZ�oOQ-RDNA

<�ABäÐ�:Û�ÕÂ�ZF8Ã�Ä=�

17.3. KÏ: I0ò

17.3.1. 	KÏ: ò'�

;>;:�K9:Ñn�+P�KÏ: ò�N�80òPO&®Iå8�*]	KÏ:

 ò8à >�

N � 300(µL) � 2700(µL)
	KÏ: ò = 

30(µL) � 30(µL)

� � � � � �  = 900 � N 

17.3.2. µ¶KÏ: ò'�

I9 JV��K9:Ñn�+P�KÏ: ò80ò=>�I9 JV��K9:Ñ

n�+P�KÏ: ò3Oµ¶KÏ: ò)k>�
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17.3.3. ³´µ¶�:'�

cII§¨489Ó:;:)P]�*>�

�+P�µ¶KÏ: ò8	KÏ: òF4P�wI3O¬JUFI³´µ¶�:

)k>�

µ¶KÏ: ò
³´µ¶�: = 

	KÏ: ò

17.4. ÌÍI��

¥67 I³´µ¶�:oOýþã Q
;j�Kastenbaum and BowmanIá0�O

Ö×<y½ëþJª 0.05�8�*]y½�8j=>�

Ë5àæ )vâPO67çè�� I³´µ¶�:nl*]�0�Oky½�3|

 B��³soOÎ5)j=>��zPO�¡OkjoO67ýþ&FI�ç�O

kã¬5w=vP]�+�

18. ��JU�;�l�ÁDNAJ: É�!��

67efE)GHIJOWXnÒ�]��JU�;��Ï0l�ÁM0�ODNAJ:

 É�!��8TU=>�

19. DNAãä¾ij�6qI©ã

äºP�Ï0l�ÁM0oO?Ï>�>!�,&Får�EI¶Ùæ��20�C%&�

n��&®n©ã=>�DNA ãä¾ijoOop34I�;:r£snl*]TU=

>��ã�q 2åæ��

6q©ã«< [104-0045ghi-çlèF 5n5 1Y 1W

op34I�;:r£s

34�éÆÇr£K&ÛÜ Ñ ê� h� ëäì

 Tel: 03-3542-2511� Fax: 03-3543-9305 

20. ¤§

�¡¤§¨oOXwl�Á2AB=T��>�

21. 67CD�qI!�

¬67I�qoOuGI�;:�q!�U%n]�¡¤§¨�T� 5Uô!���

>�ûI�I!�n~*]oO67efE)uGI�;:FGHIJO�íj >�
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�ã�q 1

��I���ð8�;Ñ9ä
��BP-50FO���8�*]
4´sð��ð�À�IJU
�oLN2-FÙÌ�\>�
�§¨4³´µ¶����

Ï�t8x�JU����w5 mm�8
1��POÐ�kzI10 vol %-5MN
cdÂ��ñF�jPO!�=>�

���JU�;��

LN2-FÙÌ�\O�

óOop34I�;:
r£sn©ã=>�
�DNAãä¾ij�

��I���ð8�;Ñ9ä
��BP-50FO���8�*]
4´sð��ð�À�IJU
�oLN2-FÙÌ�\>�
�§¨4³´µ¶����

Ï�t8x�JU����w5 mm�8
1��POÐ�kzI10 vol %-5MN
cdÂ��ñF�jPO!�=>�

���JU�;��

LN2-FÙÌ�\O�

óOop34I�;:
r£sn©ã=>�
�DNAãä¾ij�

î 1 Ï0Iï�K��Õ

�ªIM0I«¬8º�O�!F��
w2 mmn!Ï>!�4*:�=>�

!Ï>!=ð]8
§¨4³´µ¶��n�*>

Mñ¾8x�t®
���w5 mm�81
��POÐ�kzI

10 vol %-5MNcd
Â��ñF�jPO
!�=>�

���JU�;��

LN2-FÙÌ�\O�óO

op34I�;:r£s
n©ã=>�

�DNAãä¾ij�

�ªIM0I«¬8º�O�!F��
w2 mmn!Ï>!�4*:�=>�

!Ï>!=ð]8
§¨4³´µ¶��n�*>

Mñ¾8x�t®
���w5 mm�81
��POÐ�kzI

10 vol %-5MNcd
Â��ñF�jPO
!�=>�

���JU�;��

LN2-FÙÌ�\O�óO

op34I�;:r£s
n©ã=>�

�DNAãä¾ij�

î 2 M0Iï�K��Õ
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�ã�q 2

���t�IDNAãä¾��

6q<���t�8�éP�Big Blue Rat��OÏ0OM0hIJU8���OQ-RDNA8<

�PO6q)=>�DNAãä¾I��oÏ0ÀÁM08ª«POûI¨I01nCP]o

CDE)GHIJOTUIy®8�j=>�

67 <Æ�Ñ&:d�n=3�

        ���t���z �120 mg/kg��n=3-5�

� � � � ���'(�é �n=3-5�

DNAãä¾I��Ö×

1) Z"o���t�Iòóàç)=�B�>4-(hydroxymethyl)phenylhydrazine (HMBO)AB�T

��>ôõIDNAãä¾FY>O8-[4-(hydroxymethyl)phenyl]dGuo (8-HMP-dGuo)l�Á

8-[4-(hydroxymethyl)phenyl]dAdo (8-HMP-dAdo)I#TIy®n~*]OHPLCOLC/MS/MSZ�

o32P-Ó!ÑÏÔd×�¼ 1�h8�*]��=>�

2) 6q-AB 8-HMP-dGuol�Á 8-HMP-dAdo3;���k*³soOûI¨I���t�íö

IDNAãä¾I�Tn~*]�BnLC/MS/MSl�Á32P-Ó!ÑÏÔd×h8�*];Ø8

�+�jFY>�

�¼ 1�32P-Ó!ÑÏÔd×
32P-Ó!ÑÏÔd×)oDNAãä¾8÷Û:n;�=>Ö×FOø¾OnoODNA8�

�ÊØF 2’-deoxynucleoside 3’-monophosphaten��P��O5’-Åù8[�-32P]ATPFN6

PO2�µú: &ÂÑÕÏZ[:hFö¿û 9Èt?)DNAãä¾8�²PO��

=>�

NN

N N

NH2

CH2OH

dR

NHN

N N

O

H2N
dR

CH2OH
N+

CH2OH

N DNA

HMBD

8-HMP-dAdo

8-HMP-dGuo



��¥

�ä§¨©567IÌÍn~*]

ü ���t�ÀÁ��� !'(8�*�§¨©567��ý�g�

� ��� !<�ñn~*]o������������ !"#��%&�B'($
)*+,�nCP]�ÏÐÑQRS23467nl*]M0)Þßn234����

3?/��]*>,

Z��B'(nCP]o�øù°WP2 uvrA/pKM101ú8�*-S9 mix�+S9 mix°
ýþ&nl*]§¨©53ïðB��	únà=>§¨©5Î5IÌÍ3¤§��]

*>,

ûVF��ä67)P]�	°ú8�*;¾ A����t�INþ(��;¾ B�B
'(&ÐÑ 1��;¾ C�B'(&ÐÑ 2��;¾ D�B'(&ÐÑ 3�I§¨©58;
þP�,ô67Fo�S9�01ceÛÜÑ:ÑI 9,000 x gJ»�o��¿�*B�
>Fç8îP�ÏÐÑIÏ0I S9Iò��nÏÐÑIM0I S98�*�,
ûIÌÍ�;¾ B�C�D)wnÎ5IÌÍ3 B��,;¾ B�C�Do-S9 mix�

+S9 mix°ýþ&nl*]	únàP§¨©58�P�3�+S9 mixIýþFûI§
¨©5off��P�,;¾ Ao-S9 mix�+S9 mix°ýþ&nl*]§¨©5Î5)
k��+S9 mixIýþ&FûI§¨©5o��J�P�,;¾ B�C�DI§¨©58�
ûI-nxZ�>;¾ AF�¤F >A8;Ø=>)�+S9 mixýþ&Fo·��¤
F >ÌÍ)k��3�-S9 mixýþ&Fo;¾ B�C�D3;¾ A ��w 10�%J
÷*�zF§¨©58�P�;¾ AI�n��]o�¤P3�*V)3�����,
��ý��¥�

Z��	°úÀÁFç8îP�ÏÐÑIÏ0I S98�*�;¾ A����t�I
Nþ(��B�B'(&ÐÑ 1��C�B'(&ÐÑ 2��D�B'(&ÐÑ 3�I§¨©
5çè8;þP�¹�IÌÍ8 �,-S9 mixýþ&FIÌÍ8Þ�I67ÌÍ)v
â=>)�;¾ An~*]oô67IÖ3 3-4��*±²úò8�P�3�;¾ Cn
~*]o��P¯Þn����67IÖ3�*±²úò8�P�,;¾ Bl�Á D
n~*]�°67IÌÍo�*L	8�P�,°67I±²úòI�I¡¢o0¤F

Y>3�ô67IÌÍw�-S9 mixýþ&Fo�;¾ B�C�DIÖ3;¾ A��w÷
*�zF§¨©58�P�ûI§¨©58;¾ AI�n��]�¤=>V)o
P*
V)8��P�,LÖ�+S9 mixIýþ&Fo�g;¾)wn	L�z�nl*]·
�	LI±²úò8�P�;¾ B�C�DI§¨©5o;¾ An��]·��¤F 
>ÌÍ)k��,Ï0I S98�*�³sno�S9 mixI�än��g;¾)wn§
¨©53��P�,

��ý¦�g�

���t�n~*]o��¸¹IÕd;ÅdÑÏ�!¹KtS:P(-GTP)n�
�]òó8�Ò] DNAÙÚ58�=ÊË53����]*>,-GTPIøù°nl
Ò>¿	§¨4FY> ggt§¨48��P�WP2 uvrA/pKM101ú8�'P�v�·



ú)IôF;¾ Anà=>µ¶Û�58vâP�,z3�°EIôno�3�B�"�
�kð)wøù°IGgto���t�I§¨©52+noCéPk*V)3����
�,

;¾ A����t�Nþ(�o�øù°WP2 uvrA/pKM101únàP]¤{k§¨
©58�P�DNAnà=>ÙÚ58y=>çè�§¨©5çè�)=�>V)3F
 >,���t�8��:Ix4zÂÐJ�dZR<�ñn~*]o Big Blue mouse
8�*]�M0)Þßnµ¶��8�=V)3¤§��]l�����t�Ixz8

ÆnP]��� !'(nà=>�uü5nC=>�LQ��î8�+V)noLj

I��3Y>)=�>,�zP;¾ B�C�DI-S9 mixýþ&FIøù°nà=>§
¨©5o����t�INþ(zÒFo�¤F k*� �¨I§¨©5çè3`,

P]*>ÊË58�joF k*,VI@8¤{n=>� n�;¾ B�C�DI�
��t�8���\�;¾8�*]�øù°únà=>§¨©58ïð�,

� ���t���ç���� !'(��ç8�*�§¨©567��ý1���

� ;¾ A����t�INþ(��;¾ B�B'(&ÐÑ���;¾ C�B'(&ÐÑ
¥��;¾ D�B'(&ÐÑ¦�8ä������100�F¥óô�P�;¾�opE
F(C(q�r£sC(tn]ï'�n~*]�øù°WP2 uvrA/pKM101ú8�*
]§¨©58;þP�,���t�IÀ�zo*"�w;�Î�%&(0.01 ppm)FY
>,§¨©5o-S9 mix, +S9 mixIýþF�*�S9oFç8îP�ÏÐÑIÏ0AB
ï'P�wI8�*�,

� ;¾ AI��ço�-S9mixIýþ&F��z��On±²µ¶úò8tä�\�
���znl*]oË5àæIw 10�±²úò8tø�\��256 revertants per plate 
versus 27 revertants per plate�,+S9 mixIýþ&Fw±²úòItø3?/���3�
Ë5àæ-I¥�noßPkA��,���t���çI§¨©58��ÞI���

t�)-S9 mixIýþ&nl*]vâ=>)���çI§¨©5o 1/10%&FY��
(256 versus 3,696),VIÌÍAB����t�I��ço-S9 mixIýþFøù°ún
§¨©58�=3�ûI§¨©5o�*V)3�����,

� ;¾ B�C�DI��ço�-S9mixIýþ&F§¨©58�P����znl*]
Ë5àæ-I 2-3�I±²úò8�P�,+S9 mixIýþ&Fo�±²úòItøo
?/���3Ë5àæ-I¥�8��kA��,;¾ B�C�DI��çI§¨©5
8��ÞI;¾ B�C�D)vâ=>)�;¾ BF 1/8 (75 versus 608)�;¾ CF 1/3 (125 
versus 392)�;¾ DF 1/4 (119 versus 424))k�����t�8��=>V)n��
ûI§¨©53��=>V)3¤BAnk��,VIÌÍAB�;¾ B�C�DI�
�ço-S9 mixIýþFøù°ún§¨©58�=3�����ÞI;¾nvð]§
¨©53��P]l��;¾ B�C�DI§¨©5no���t�I�é3ø *V
)3�����,�

��ý1�

� Z��� ;¾ A����t�INþ(��;¾ B�B'(&ÐÑ���;¾ C�B'
(&ÐÑ¥��;¾ D�B'(&ÐÑ¦�8ä������100�F 5-6êô�P�;
¾�opEF(C(q�r£sC(tn]ï'����t�IÀ�o 3%%&�n~



*]�øù°WP2 uvrA/pKM101ú8�*]§¨©58;þP�,VImn�*� S9
oÏÐÑIM0ABï'P�wIFY>,;¾ AI��ço�-S9mixIýþ&F�
�z��On±²µ¶úò8tä�\�,+S9 mixIýþ&Fw±²úòItø3?
/���3�Ë5àæ-I¥�noßPkA��,���t���çI§¨©58�

�ÞI���t�)-S9 mixIýþ&nl*]vâ=>)����t�INþ(nv
ð]��çI§¨©5o 1/3%&FY��(242 versus 803),VIÌÍo�Þ�I�;
¾8ä������100�F¥óô�P�;¾8�*�67ÌÍ)��IL	8�P
]l�����t�I��ço-S9 mixIýþFøù°ún§¨©58�=3�ûI
§¨©5o��=>V)3�����,

� ;¾ B�C�DI��ço�-S9mixIýþ&F§¨©58�P����znl*]
Ë5àæ-I¥�%JI±²úò8�P�,+S9 mixIýþ&Fo�±²úòItø
o?/���3Ë5àæ-I¥�8��kA��,;¾ B�C�DI��çI§¨©
58����ÞI;¾B�C�D)vâ=>)�;¾B (247 versus 596)�;¾C (295 versus 
720)�;¾ D (236 versus 420)Fw 1/2)k�����t�8��=>V)n��ûI
§¨©53��P�,VIÌÍAB�;¾ B�C�DI��ço-S9 mixIýþFøù
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