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пǮΌǁЅǾƥ̸ 7 ż�̐Ł�]vy| 

� � � � � � � � � � � � � � � � � � � � � � �  

� � � � � � � � � � � � � ȜǬɣ˺ƯǁпǮΌǁЅ� ǁЅГ� íǨ� ȜΠ 

 

пǮΌǁЅ�Šǁ~˼˲ǁ�Ƥ̖~p�̠b�̞χT˼ƈ̫ǁ�Ƥ̢~p

�Όǁ̔ȤͨŒTΌǁú~n|�ϊb�úЖȦ~Ğ˺Υa��ʔϡ�̤ćȦ�

ģ`vúʇьΌŎǶэ�ͱȶɟͱ�˺ȣ�ɑiǽȶђїǾѕɽ�Еέl��n

vUǽȶђљǾѕɽ��ΌŎǶнȶ�v��ΌǁɟͱcїǾň�̭ΐnvj~

�ĉ^TпǮΌǁЅ�їǾň�Όǁ̫~ѕǾň�Ό̫ǁ̫�ѓǁ̫�ďέnT

ɦv�ľ̐n�nvUl|TпǮΌǁЅ�οr��v̸ã�Đƈ�̤ć̔Ος

�Ȣ`���ͮʣú�нȶ~TƤ̢̫ǁ�ɉͿ�ύ˶p�úʇ�ͱȶ�ŗ��

j~}]��pUtj}TΌǁ̫ь� Ǿňэ}�T̤ć̔Ος�Ȣ`��fT

тȅŠp�ţ̏�ǕȢ}d�т^ϓϔ�ɆzΌŎǶT̋ ̌�ñИ~˄̏�ύ˶

}d�ΌŎǶ�нȶp�v��ĩǉnvţ̏Όǁɟͱ�ΐy|^�pU�vT

˸ƞTġȈ}ǃİbzǃȟ�̤ć�ǉ˸p�v��TΌǁɟͱĘðͩ��ʂȔ

�Tţ̏�˸ƦĂƬ}�Ưdfт�y|^�pUj�ʂȔ�Ȣ`�v�TΌ̫

ǁ̫ьǾňэ}�TΌǁ͈̔н�ϟ�zh̤ć�]���ĿЋ}ˍϞ}d�

ƭʩ�úʇT˳ �¯ £ß¼�³¾~n|Ƥ̢̫ǁ�ύ˶p�~~��Ú Ê

¯ £ß³гƢ}ˍϞ}d�úʇ�нȶɟͱ�ΐy|^�pU�

åά�˺ȣ��~T̩���Еέ�ĉ_̯V�οе�ĬɿnTпǮΌǁЅ

~n|�Ƥ̢�ƙ�|TŒãʋ�ˍŚ�ΐy|d�nvUǽȶ 18 Ǿ 4 ɽTђ

љυȆ~ 1 ̟̱ȸь̦͎̫ǁ̟̱ȸэcǅģnTпǮΌǁЅ~n|�İǏc

ɢ^�nvUǽȶђњǾȅ��̦͎̫ǁ̟̱ȸ�ѕz�̟̱ЅДь̦͎˼˺ǁ

ЅДá͍ ̌͠˺ǁЅДá̦ ͎˼˲ǁЅДá̦ ͎Ό˺ǁЅДэ�Ʉĩl��nvU

ǽȶђљǾTпǮΌǁЅcɦv�ľ̐nv��ʯ�TЕέĂʊTɟͱá̟̱̹

�ЂϷn|dvj��}�пǮΌǁЅ�ˍŚ�ɉ�ϫ�TɟͱT̟ ̱TƯǁ̾

˺ϹƏTa��̤ćύ˶�Υ˨b�пǮΌǁЅ�ˍŚ�͡�|TǽȶђњǾє

ɽTőŁż�̐Ł;n|ĂʊTüƓ}̸ 7 ż�̐Łp�Ϲ�~���nvU

ɟƋ�~y|�ͽǱ˨ʢ�ΐ^Tt�͏ʑ�ϝ�`|ɹ��̐Ǥ�ϓp�v�

�ˍ˾n|Яfj~�ŀʁ^vn|a��pUŔ`|TпǮΌǁЅĶƬ~�÷

ˎ���ˍŚ�Ǻ�ȁi�v���ɾ˾~ƿo�pUl|TпǮΌǁЅ��w

̐Ǥϱå�]��pUj�Ǿƥ�kтΤЯ^vİ|�ɧV�TпǮΌǁЅ��

k˺Φ~~��kȮΠ�kΟʁ�Яh�nv�]�cvfƿo�pU 

üƓ̸ 7 ż�̐Łp��]v�TkũŒЯd�nvɟͮƋ�ɧVTa͡� 

Я^vǾƥƺƋć�ɧV�ȟ��˕φ^vn�pU



 



 

̗� ʰ�

пǮΌǁЅǾƥ̸ 7 ż�̐Ł�]vy|� � ����������������� � � � � ǁЅГ� íǨ� ȜΠ�

�� пǮΌǁЅʦˆ�

! ˅Ьá͍͠� � áááááááááááááá� 
�

! ɟͱ˺ȣ~˸ˆ� � áááááááááááááá� ��

! įǁͩЀȿ� � áááááááááááááá� ��

! ɋʣ̫̗ьǁЅáЛэ� áááááááááááááá� ��

! îΟτĨ� � �

" îΟʯƑÛ³¾� �ìƲʯƑǋTυȆŅ������������������ �	�

" ɩέЫ̰TƘɺоTͮƋɡTǁ˼ɡ�������� ���

" ƬЅϓЍ˷ȗ˴ˆ� � ���

��� žυȆ�ɟͱá̟̱ʣ͟ʦˆ�

ţ̏ΌǁυȆ� � áááááááááááááá� �
�

˼Όáư˫˲ŠǁυȆ� � áááááááááááááá� ���

ΦʏŠǁυȆ� � áááááááááááááá� ���

ɾʯ˲˺ŠǁυȆ� � áááááááááááááá� ���

Όò̫ǁυȆ� � áááááááááááááá� ���

ţΌŠǁυȆ� � áááááááááááááá� ���

˼ČИȘǁυȆ� � áááááááááááááá� ���

Ό˲˄̏ǁυȆ� � áááááááááááááá� ���

Ό˺ǁυȆ� � áááááááááááááá� ���

ΛŎǁυȆ� � áááááááááááááá� ���

ʯʹ˼˲ǁυȆ� � áááááááááááááá� ���

˼˺ŠǁυȆ� � áááááááááááááá� ���

Ŀƽ˼˲ǁυȆ� � áááááááááááááá� ���

Β˼ΌǁυȆ� � áááááááááááááá� ���

˼˲˲˺ǁυȆ� � áááááááááááááá� 
	��

̌ȱ˼˺ǁυȆ� � áááááááááááááá� 

��

ΌǁɟͱǁυȆ 
� � áááááááááááááá� 

��

ΌǁɟͱǁυȆ �� � áááááááááááááá� 

��

Ό˲ŚȱǁυȆ� � áááááááááááááá� 
�
�

ìƲʯƑǋ� � áááááááááááááá� 
���

� � µß¦őΌǉϜ̫ǁьǐĀυȆэ� áááááááááááááá� 
�
�

� �̦͎̫ǁ̟̱ȸ� � áááááááááááááá� 
��

�
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I .� пǮΌǁЅʦˆ 
 



 

 

˅� Ь 

 

ђљњіьɱ˄ѓљǾэ� ʈǭ¯ юȜǬǳ�̴̩Ζ͞ǘĘǁʙ�ő̴ѐ�

ђњїїьɵƉѕђǾэ� ȜǬƵƽƯǁЕέѐǎɞǁЅέ͢ѐ�

ђњїљьɵƉѕєǾэ� ЭʥǁЅέ͢ѐ�

ђњјѓьɵƉѕјǾэ� ȜǬɣ˺Ưǁ~ɛ̬ѐΌǁЅέ͢ѐ�

ђњљєьɵƉіљǾэ� пǮ̚ȡȅ̂�пǮ¨ÖßÆ³�Еǁѐ�

� ɣǁЅέ͢ьпǮ¨ÖßÆ³эѐ�

ђњљњьǽȶ� ĨǾэ� ǯǁЅέ͢ьпǮ¨ÖßÆ³эѐ�

ђњњіьǽȶ� јǾэ� ǁƛő̴̓ƅǾάȣȋĵɈΐѐ�

ѓёёёьǽȶђѓǾэ� ͘ſɞ̼ǁЅέ͢ьȜǬ¨ÖßÆ³эѐ�

�

ѓёёѕьǽȶђїǾэ� пǮΌǁЅőΌǁ̫ЕέьĂæюпǮΌǁЅ�˅Ьэѐ�


	 υȆČň}³¸â¾p�ѐ�

Û¯âº��ß¿�Ô½���Ú ËÚÛâь
� żоэ�ѕТ�žɟƋ

ǋ�͢fѐ�


� żоѓТáїТ�Ĳƀ̟̱ǋ�έhюυͤʟь
� żоэђТ�п

ǮΌǁЅòśǋ�͢fѐ�

ΌƊęȇ�ǅȶѐ�

�

ѓёёіьǽȶђјǾэ� ƯǁЛпǮΌǁ̟̱̫Ѯūƪο̮ѯέ͢ѐ�

� пǮΌǁЅ̟̱ʟь�	 żоэюǉͦʟь�
 żоэǅȶѐ�

� ìƲʯƑǋ�̟̱ʟѓТ�έ͢ѐ�

� Ú²¥� ·¾âÌьѨѤэǉрɩέюǉрŚ˲̟̱ɩέ�ǉͦʟђ

Т�έ͢ѐ�

� Ό˾ʡ˲ƛ�ǅȶѐ�
�

ǁƛő̴ 

	 ƅǾάȣȋĵɈΐѐ�

�

ѓёёїьǽȶђљǾэ� пǮΌǁЅ�Όǁ̫WїǾňXέ͢��

пǮΌǁЅ�Ό̫ǁ̫WѕǾňXέ͢��

ʫəΌǢ�υͤʟь
� żоэіТ�έ͢ѐ�

İ 
� υȆáђ̟̱ȸ�έ͢юǅð��

 

ѓёёјьǽȶђњǾэ� ̟̱ȸь̦͎̫ǁ̟̱ȸэ�ѕЅД�Ʉĩ��

�

ѓёђѓьǽȶѓѕǾэ� ƯǁЛΌǁ̟̱̫ьѕǾňэΌǁǘɜūƪο̮έ͢�



 

 

͍� ͠ 

ь2012 Ǿ 12 ɽ 31 ɬ˸ƞэ 

 őΌǁ̫� � � � � ь2004 Ǿ 4 ɽέ͢ћɭο̮э 
ȜǬɣ˺ƯǁáпǮΌǁЅ Όǁ̫� � � � � � ь2006 Ǿ 4 ɽέ͢ћɦο̮э 

 Ό̫ǁ̫� � � � � ь2006 Ǿ 4 ɽέ͢ћɦο̮э 
  

ȜǬɣ˺ƯǁƯǁЛ пǮΌǁ̟̱̫� őΌ̫ǁǘɜ 
 � � � � � � � � Ό̫ǁǘɜ 
 � � � � � � � � � � � � � � � � έ͢ 
 � � ţ̏ΌǁυȆ� � � � � � ь2004 Ǿ 4 ɽэ 

 � � ˼Όáư˫˲ŠǁυȆ� � ь2004 Ǿ 4 ɽэ 
 � � ΦʏŠǁυȆ� � � � � � ь2004 Ǿ 4 ɽэ 
 � � ɾʯ˲˺ŠǁυȆ� � � � ь2004 Ǿ 4 ɽэ 
 � � Όò̫ǁυȆ� � � � � � ь2004 Ǿ 4 ɽэ 
 � � ţΌŠǁυȆ� � � � � � ь2004 Ǿ 4 ɽэ 
 � � ˼ČИȘǁυȆ� � � � � ь2005 Ǿ 5 ɽэ 

 � � Ό˲˄̏ǁυȆ� � � � � ь2004 Ǿ 4 ɽэ

2008э  � � Ό˺ǁυȆ� � � � � � � ь2004 Ǿ 4 ɽэ 
 � � ΛŎǁυȆ� � � � � � � ь2006 Ǿ 4 ɽэ 
 � � ʯʹ˼˲ǁυȆ� � � � � ь2005 Ǿ 4 ɽэ 
 � � ˼˺ŠǁυȆ� � � � � � ь2004 Ǿ 4 ɽэ 
 � � Ŀƽ˼˲ǁυȆ� � � � � ь2004 Ǿ 4 ɽэ 
 � � Β˼ΌǁυȆ� � � � � � ь2005 Ǿ 9 ɽэ 

 � � ˼˲˲˺ǁυȆ� � � � � ь2005 Ǿ 4 ɽэ 
 � � ̌ȱ˼˺ǁυȆ� � � � �ь2005 Ǿ 10 ɽэ 

 � � ɝǙŠǁυȆ� � � � � � ь2006 Ǿ 4 ɽэ 
 � � Ό˲ŚȱǁυȆ� � � � � ь2006 Ǿ 9 ɽэ 
 � � ̦͎̫ǁ̟̱ȸ� � � � � ь2006 Ǿ 4 ɽэ 
  
 � � ìƲʯƑǋ� � � � � � � ь2004 Ǿ 4 ɽэ

ìƲ 

ʯƑǋ� � � � � � � ь2004 Ǿ 4 ɽэ 

ìƲʯƑǋ� � � � � � � ь2004 Ǿ 4 ɽэ 

ìƲʯƑǋ� � � � � � � ь2004 Ǿ 4 ɽэ 

 � � Ό˾ʡ˲ƛ� � � � � � � ь2004 Ǿ 4 ɽэ 
 � � ѨѤǉрɩέ� � � � � � ь2005 Ǿ 4 ɽэ 
 

 

� � ǉрŚ˲̟̱ɩέ� � � � ь2005 Ǿ 4 ɽэ 
  
 

 

� � òśǋ 
  

ǐĀυȆ � � µß¦őΌǉϜ̫ǁ� � �ь2006 Ǿ 10 ɽэ 
 

 

� � � � � � � � � � � � � 2012 Ǿ 9 ɽʄ͌ð 

 

 

 
 

 

 



ȜǬɣ˺ƯǁпǮΌǁЅ�ɟͱá̟̱�

�

ѤѐɟͱɧЎá̗ʪ 

 

1. пǮΌǁЅ 
úЖɟͱ�Ƥ̖~n|T̟̱�Ƥ{fɟͱ~ɟͱ�ŉˤl

�v̟̱�ϲo|T̤ć̔Ος�ǕȢp�ǘДͮʣú�нȶ

~TƤ̢̫ǁ�ɉͿ�ύ˶p�úʇ�ͱȶ�ŗ��j~cƯ

ǁΌǁЅ�οr��v̸ã�Đƈ}]�U 
ϪǾ�ţ̏�̗�Ϣo�~Ťʽ�ίɥá˄̏TţΌƊ�

őΛьőΌэ��ţ̏ȼΑ�ȥϴ�ϷǤ���Tţ̏�ɦn

^ɶā�įyvj~�ɱ̒}]�Utj}T2004 Ǿѕɽ�п

ǮΌǁЅőέ�Ȏvy|�Tϊb�úЖȦ~ţ̏úáΌǁú

~n|�Ğ˺ΥTĐƈȰ�ɖ`|̤ć�ǲȁ^ĿЋ}ˍϞ}

d�úʇ�ͱȶɟͱ�Ƥʅɟͱ˺ȣ~nvUĴČ̔��ɦn

^ţ̏�ǕȢ}d�т^ǘДȦ�ģ`vΌŎǶ}]��c�T

őΌTлƊTŠ́ƊT˻ƨЗ϶ʣ̯���Ú Ê¯ £ß³

гƢ}ˍϞ}d�úʇнȶ�̗̔~n|őΌǁ̫�ЕέnvU 
2006 Ǿ�T˸ā�тȅ�Ό˲˄̏�Ɂ_ŒЌ�]�ΌŎǶ

�нȶp�v��Tǁʙɟͱˉ�ãЅɛʳc�l�TΌŎǶ

нȶ�v��Όǁɟͱ�z^|�t�ĘʣǾКc 6 Ǿ~�y

vUtj}TпǮΌǁЅΌǁ̫ьįǁǈƋ 90 Ɓэ�a^|�

6 ǾЖ�ΌŎǶнȶɟͱ�ΐ^Tţ̏�Ɂ^ȹ��l�n^

ϔ�т^ΌŎǶьţ̏úэ�нȶnTɶā�Ος�Ȣ`|^

fU 
�vTΌǁ�ͦȗǁƌгƢcȁfTÚ Ê¯ £ß³ĿЋ

�Ƥ̢�ȏȶp�Ű̌�ñИá˄̏�ǚʊ�Ǥʁp�~T

ñИ��ŵ�͍�ȍŠ�Ƞ˫}]�TñИp��xȁͤ}�

ġȈ�͖ɆcЊΟ~��UÚ Ê¯ £ß³�ġȈ͖Ɇ�З

p�Ƥ̢ǁƌ}]�UʶŻ̔��|TΌǁͦȗͩ�TőΌ�

ƹ�~p�Ú Ê¯ £ß³гƢьÅ ¥TлƊTŠ́Ɗ̹э

��ύ˶ȅcт^j~�В��~Tüȕ�Ú Ê¯ £ß³

ĿЋ�ah�ͮʣúнȶ�Зn|TΌǁЅ�Ǖp�̤ć̔Ο

ς�Ƞв}]�~ͨ`���Ul��TŋϬ�ƷfT��т

ȅ�Όǁ̟̱ͩáȼΑͩcƤ̢̫ǁɉͿ�ЊΟ�ȓŐ�ʑv

n|dvj~�ͨȳp�~Tt��̟̱ͩáȼΑͩͱȶ�v

��Ƥ̢� 4 ǾЖ}ɟͱp�j~�ΌǁЅ�οr��vĐƈ

}]�Uj_nvΥ˨b�TʅǁЅ� 4 ǾňΌ̫ǁ̫�ɨ^

|�TǘДȦ�т^Ú Ê¯ £ß³ЅД�úʇнȶ�̗ɇ

p~~��TőΌǁ̫�̦͂�Ȍd͔eTǚʊ�Όǁ�Ɂ_

̟̱ͩáȼΑͩ�нȶn|^fU 
 
ѓѐΌǁ̫TΌ̫ǁ̫ 
ьђэΌǁ̫ 

Ό�¯ £ß¼�³¾}]�ţ̏ú}]�ΌŎǶ�нȶ�

v�TãɟнTƤ̢ΌǁTţ̏ΌǁTǉśǉͦ�ĩǉ�Ư

d�ʕ~p�U 
N ãɟн�ĩǉ 
� ΌŎǶ�ţ̏ºâÓ�ãƋ~n|Ȫͩ~ɏp�ʯćcȖŋ

�ʻ�кϞ̔�ƩƯp�UȪͩ��ȢǕ�Ç×âÑÁ´Ó�

Ƥʅ~p�Uʅǁ��ɣǁЅa��ЭʥǁЅcЇ͢l�|a

�Tj���ǁЅ~϶ɖnvɟͱ~ëΐn|TΌǁʦσTú

ЖЗĔσTţ̏®Ò×Á¬â±ÙßįДTţ̏Ğ˺ǁ̹ţ̏

�Ɂ^ȹ~n|�ȟʨ`�ɟͱnTúЖȦá̤ćȦ�ǒ�T

ɟнϊb�úʝ�ģ`vTĞ˺ΥáĐƈȰ�˞�vΌŎǶ�

ͱȶp�U 
O Ƥ̢Όǁ 
� ΌǁcΌ~^_˲ϔ~˼Č~�̙ôĎ˾�̟̱p�ǁƌ}

]�ĂåTΌ~^_˲ϔTŲ�˼Č�z^|˭̞n|^�h

�����^UƤ̢Όǁ(˲˺̈́TŠǁ̈́T˼˲̈́)�ʰ̿�

ţ̏Όǁ�ĩǉlr�v��ɣƾ�a��Ƥ̢T]�^�ɚ

`����}T˪˨�͐y|ьЊ˨̔�эΐ_U 
P ţ̏Όǁ 

(Ѵ) тȅ�ţ̏ 
� Ŀƽ˼˲ǁTĿƽЁĈǁT͋ͳ˼˲ǁ�Ϸʴ�T˼˲ΛŎ

�ƩŔTЁĈƽ˄̏,Ĺ˼ţ̹̏�тȅ�ţ̏��v�nvU

ΌŎǶ�p�|Tj���гƢ�Ϸʴ�Ê¤Þâ}d�ŒЌ

�ģ`|^�ȠΟc]�UȖy|TʅǁЅ}�j���ĿЋ

�ɟͱá̟̱�ĩǉlr�U 
 (ѵ) Ό˲˄̏ 

�  Ό}ʳnf˄̏p�v���TΌ�Ď˾�z^|ʳn^˺

ΦcȠв}]�U˸ƞΌ˺ǁ�ĿЋ�a^|�ĿƽÝÍÜ�

̟̱cƯŞ�Ŭ�|a�TĚČÝÍÜ}�̟̱ͩcȺȄn|

^��c˸˴}]�Utj}T˳�ĚČŚ˲�Ǖϋ~p�Ό

˺ǁ̟̱�Ȗòp�úʇ�ͱȶp�Ul��TĚČÝÍÜ}

�Ό˺Ď˾�˺Φ��~�TǉУ�ţ̏˸Ʀ}�Ό˲˄̏�

Зn|ţ̏ºâÓ�ãƋ~n|TўѡѥѢa��Ͽ ʳ�Ό˲

Đ˾TΌʶ̾˺TΌǍИʲ�З��òа�Tţ̏Ȗòͩ~®

Ò×Á¬â± Ùßc}d�ǉŒcϟ�zf�_�ɟͱ~̟

ь̱Ό˺ǁTĿƽΌ˺ǁTΌ˲ŚȱǁT Ό˲˄̏ǁTΛŎǁT

ͼȂΌŎǁTţΌƊǃİȦǁ��э�ĩǉlr�U 
Q ǉśǉͦ 

òŋǁͦ 1 àɽŤЛǉͦ 2.5 àɽTΌǢǉͦ 2.5 àɽTΪ

6 àɽ�Гʂ�ǉͦ� ΐ_j~���Tţ̏ºâÓ�ãƋ~

n|�ΌŎǶ�ȠΟ�ͼȂ̞χьϿʳ�Ό˲Đ˾TΌʶ̾˺T

ΌǍИʲ�З��òаTǕγʹŒ̹э�ćȗlr�U 
R ΌòˉΡáΡň 

ţΌƊ��t�ȦʝåTʩV�Ρňcƿƞp�UţΌƊ�

ϿʳĐ˾��t��Ρň� � �ȮƆ~t��Ƥ{fΐɞ�z

^|˺Φp�j~cЊΟ}]�Uʅǁ��͘ſɞ̼ǁ� � Ѕ

cέ͢l�|a�TƀǁЅ~϶ɖn|TţΌƊ�Зp�ΡŊ

�TıĲɞ̼�Зp�ɟͱá̟̱�ɐϷp�U 
 
ьѓэΌ̫ǁ̫ 

Ú Ê¯ £ß³ЅД�úʇa��Όǁ�Ɂ_̟̱ͩáȼ

Αͩ�нȶp�v��TÚ Ê¯ £ß³Ƥ̢̫̗a��Ό

ǁǘД̫̗�ĩǉlr�U 
N Ú Ê¯ £ß³ЅД}ˍϞ}d�úʇ�нȶ 
� лƊ]�^�Š́Ɗ�ã̔�Ό~̈��TЪǹ�ƭf�

˲ϔ�ƃ�}^�Ut���˼Č�ah�ȓŐΦɱ��T˲

ϔ~˼Č�̙ôĎ˾�z^|�˺ΦcȠв}]�UÚ Ê¯

 £ß³�Ƥ̢��pƤ̢Όǁь˲˺̈́TŠǁ̈́T˼˲̈́э

}�TлƊTŠ́Ɗ̹�z^|åά�Υ˨b�Ď˾TǃİȦ

�Ͽŀ�αē}d�úʇ�ͱȶp�U 
O Όǁ̟̱ͩáȼΑͩ�ͱȶ 
� ΌǁĘðͩ�Ƥ̢˼˲ǁ̟̱ͩáȼΑͩ�a�t 2 Ő�Ŭ

��UƤ̢˼˲ǁ�ϷǤ�t�³Éâ¿cɮfTŔ`|ĶǏ

�ǘДŠ�ãϱ�Ϩy|^�Ut�ƫŠ�̠̔�ǕȢ}d�

úʇ�ͱȶp�U 
�  (Ѵ) Ŀƽ˼˲ǁTĿƽЁĈǁT͋ͳ˼˲ǁT^���Å 

¥~����ĿЋ�ʩƫ��n|^�UΌǁ̟̱ͩáȼΑͩ

�j���гƢ�Ϸʴ�ŤĿǕȢ}d�ŒЌ�ģ`|^�Ƞ

Οc]�UȖy|Tʅǁ̫}�Tj���ĿЋ�ɟͱá̟̱

�ĩǉlr�U 
�  (ѵ) Όǁ̟̱ͩáȼΑͩ�Ưd�̗̔��~z�őΌ��

ύ˶c]�ŰȪůƔ�ƀǈьăνэTŋͼȂβрьŠſ˲Ɏ

͉TŠſ˲αēTĜΚŠſ˲Ѐǈ��эTͼȂβр�Ϻ̮�͎

|Yfp�ZьőΌ�ǅðэ~��U 
� � (a) ̋Ȫ�ůƔƀǈ�ɼϪ�Å ¥Ų�ȭƥĽ˺�Ϸʴ

���TÆÚ¹ Ó±Ê¾c˼o|^�UȖy|Tüȕ�p

�pţΌƊȭƥǁ~Ƈ���ǁƌгƢcţΌƊЕ̐��ЊΟ



 

 

~��Uʅǁ��T˺ǯǁЅ�Щƽȭƥǯǁ̫cέ͢l�|

a�Tƀ̫~�϶ɖ���TţΌƊȭƥǁ�Зp�тȅ�̟

̱áɟͱ�ǤЕp�U 
� � (b) ŋͼȂβр�į�~TɾʯŠǁTΌ˺ǁTΛŎǁT

Ό˲ŚȱǁTĿʏŠǁ�ϲov̟̱ áͩȼΑͩcìʛ~��U

j���ĿЋ�ah�ɟͱ~̟̱�Њ˨̔�ΐ_U 
� � (c) ţΌƊЕ̐Ϻ̮Ų�ţΌƊ�ǳώȕ�a^|�TţΌ

Ɗ��t�ȦʝåTʩV�Ρňcƿƞp�Ut��Ρň~t

��Ƥ{fΐɞ�˺Φp�j~cЊΟ}]�Uʅǁ��͘ſ

ɞ̼ǁЅcέ͢l�|a�TƀǁЅ~϶ɖn|TţΌƊ�З

p�ΡŊ�TıĲɞ̼�Зp�̟̱áɟͱ�ɐϷp�U 
 
Jѐɟͱο̮�͛ȶ�ͨ`ɧá˳ 
 
ђѐɟͱο̮͛ȶ�ͨ`ɧ 
ьђэΌǁ̫�  

Όǁ̫�¦Û¨×ÚÓ� 6 Ǿňɟͱ�ǕȢnvYΌǁɟͱ

Õ½Üá®�¦Û¨×ÚÓZ�ŰǑ�˝ɃnT̫̗͛ȶ�ΐ

yvU 
N ĩǉnvГʂǉśǉͦьòŋǁͦŤЛa��ΌǢǉͦэ

ɟͱ�ΐ_U 
O ŧʣȕ�ã˼ǁ�T˼ ƈ̫ǁTţ̏ȼΑ�ɼɦ�Ϸʴ�Ê

¤Þâ}d�Ƥ̢ǁŒ�ϟ�Ā^vΌŎǶ�нȶp�U� � �  
P ţ̏˸Ʀ}ţ̏ºâÓ�ãƋ~n|İ|�ţ̏³¸»Ê

~Ǖγ}d�ΌŎǶ�нȶp�U 
Q ţ̏˸Ʀ]�^�ΌǢ}Ȫͩ~³Óâ´�Ǖγcľʊ�

ΌŎǶ�нȶp�U 
R ɣǁЅTЭʥǁЅ~϶ɖn|ϊb�ȭɘɟͱ�ΐ^TÇ×

âÑÁ´Ó�˞�vΌŎǶ�нȶp�U 
S ţΌƊ��ʩV�ΡňáƤ˝c]�Tj���ıĲɞ̼ǁ

�a^|ŵ�Ȼ�����}]�U͘ſɞ̼ǁЅ~�϶ɖ�

��Tj�ĿЋ�ɟͱ�ĩǉlr�U 
ьѓэΌ̫ǁ̫ 
� Ό̫ǁ̫�¦Û¨×ÚÓ�Ú Ê¯ £ß³�ȠΟ�̫̗

a��ǘД̔Όǁ̟̱ͩáȼΑͩнȶĩǉ�v��ȠΟ�̫

̗�ìȟ�̫̗͛ȶ�ΐyvU 
NĩǉnvÚ Ê¯ £ß³Ƥ̢ь˼˲̈́T˲˺̈́TŠǁ

̈́эɟͱ�ΐ_U 
OÚ Ê¯ £ß³ǘДĿЋьÅ ¥TлƊTŠ́Ɗ̹э

}ˍϞ}d�úʇ�нȶp�U 
PΌǁ̟̱ͩáȼΑͩнȶ�ȠΟ�тȅ�ΌǁǘДɟͱá

̟̱�ΐ_U 
QőΌ̟̱ͩáȼΑͩнȶ�v�TţΌƊЕ̐Ϻ̮�žϺ

̮�z^|ǘД̔ɟͱ�ΐ_U 
R˳�TÀÃ˲ϔǯǁ̫~϶ɖn|TΛŎTDDS �̟̱Е

̐�ɖ��úʇ�нȶ�ΐ_U 
 
ѓѐɟͱο̮�˳ 
ьђэΌǁ̫ 

N ãɟнTţ̏ΌǁTǉśǉͦɟͱ�ĩǉlr�j~�

��Tϔ�т^ΌŎǶ�нȶp�j~�̗̔~p�U 
O ͘ſɞ̼ǁЅ~�϶ɖ���TΌòΐɞ�Зp�ɟͱ�

ĩǉlr�j~c}d�U 
P ͘ſƯǁ}]�j~�ņ˨�TɣǁЅ�ЭʥǁЅ~϶ɖ

p�j~��y|Tã͘ſ̫̗ɟͱ�ĩǉlr�j~

cŹʹ~��˨}]�Uj�j~�ΌŎǶ�ȠΟ�úЖ

Ȧá̤ćȦ�˔нp�v��Ưd�ņ˨~��U 
Q ǉśǉͦ�πɢʯʨ�ýp�j~���Tţ̏�Ɂ^ȹ

�̙Ȣn^ΌŎǶ�ȠΟ�ͼȂ̞χͦȗ�TϿŀbzı

ǽ�ţ̏ʯЗTΌǢ~͗Ǒ�϶ɖp�j~}ϼȶp�U 
ьѓэΌ̫ǁ̫ 

N Ú Ê¯ £ß³Ƥ̢̫̗a��ΌǁǘД̫̗�ĩǉ

���TǘДȦ�т^Ú Ê¯ £ß³Ȗòͩa��Ό

ǁ̟̱ͩáȼΑͩ�ͱȶp�j~�̗̔~p�U 
O őΌ�ah�Ό˲ŚȱTΌ˲ϯϼ±³¼ÓьDDSэ�ɟ

ͱá̟̱�a^|ƀã¨ÖßÆ³Ķ�YÀÃ˲ϔǯǁ̫Z

~�϶ɖ�Tÿ�Ưǁ��^˳}]�U 
P ͘ſɞ̼ǁЅ~�϶ɖ���TΌòΐɞ�Зp�ɟͱ�

ĩǉlr�j~c}d�U 
Q ͘ſƯǁ}]�j~�ņ˨�TɣǁЅá˺ǯǁЅ~϶ɖ

n|ǘД�Ƥ̢~��ã͘ſ̫̗ɟͱ�ĩǉlr�j

~cŹʹ~��˨}]�Uj�j~�Ú Ê¯ £ß³

�ȠΟ�Ƥ̢ǁƌĩǉ�Ưd�ņ˨~��U 
 
єѐɟͱɧˉa��ǧĘɇǜɧˉ 
ьђэΌǁ̫�  

N Όǁ�˲ϔ̫ǁb�˼ƈ̫ǁ�ö�ȁ^Ƥ̢̞χ�Ƞ

Ο~p�cT�~���įǁ˼cт̹ǁʙ�a^|T

˺̫� 2 ̫̗nbǧĘn|^�^U�vTɡǁ�ǁŒ

cçŤĿ�ǁ˼�ƭ^Utj}T1 Ǿʰ�ɡǁT˲˺

ǁTŠǁT˼˲ǁ�υͤ�ĩǉlr�U 
O 2 ǾʰT3 Ǿʰ}�TŦŋì�υͤTŦȕ�ǉͦ�ìȟ

�ΐ_j~~nTυͤ}ȗv̞χ�ǉр���Čȗl

rT˺Φ�˕����~p�U 
P 4 Ǿʰ�Tţ̫̗̏̈́�ɋʣ~òŋǁͦ�ΐ_Uòŋǁ

ͦ�TǉśǉͦÕ½Üá®�¦Û¨×ÚÓ�ĶǏ�Ę

ȗlrTl��®ÒÁ×¬â±Ùß³¨Ü�åϼ�ŗ

�ŤЛáΌǢǉͦ�ģ`�U 
Q 5á6 Ǿʰ��TYƯǁ~ǉͦɩέ~�϶ɖČňɢģΪ̃Z

�nvcy|̌ЛáΌǢǉͦ�ǉɩnT�vT˳Ņǉ

ͦ}ǘД̔�̟̱�Ȗòp�j~���TΌǁ�̞χ

�˕Šlr�U�aTǉśǉͦ�z^|�ŤЛΌǢ

ǉśǉͦìƚáƒƚƟŢπɢʯʨ�ϲn|ǉɩp�U� � �  
ьѓэΌ̫ǁ̫ 

N Ό̫ǁ�Ƥ̢̞χ�Ęȗlr�v�T1 Ǿʰ�ɡǁT˲

˺ǁTŠǁT˼˲ǁ�υͤ�ĩǉlr�U�vT2 Ǿ

ʰT3 Ǿʰ}�TŦŋì�υͤTŦȕ�ǉͦ�ìȟ�

ΐ^Tυͤ}ȗv̞χ�ǉр���ČȗlrT˺Φ�

˕����~p�U 
O ċǁǾɶb�T̟ ̱ǋ�ăЇǥlrTǁ˼ǉͦ�ĶǏ�

ãǦ˕Šlrȗ�ɇǜ�ΐ_U 
P 4 Ǿʰ�Tтȅ�Ό̫ǁɟͱ�ЊnTǘДȦ�т^ɾ

ʯŠǁ̈́T˼ ˲̈́a��˲˺̫̗̈́�ЀɀȠĘ~nvU

�vTŧʣσɣ�v��˳Ņ̟̱�ȠĘ̫̗~nTt

�̞χ�˕Šlr�U 
 



 

 

įǁͩЀȿ 
 
 пǮΌǁЅ}�Tƭʩ�Ŷр˼�ǕȢ}d��_Tǽȶ

25Ǿȅįβ�a^|�Tl�m��įβÔÁ×â�˾ȮnT

ȡзͩ�ŝФ�]vy|^�U 
 ~f�Tjj}�ǽȶ 25 Ǿȅb�ǜįl��ƫɹ˨�z

dΟ͆p�U 
 
(1) �¿Ò»±ÙßáÐÛ±â 

Y2013 ǾȅįǁβрΟаZ�άϣp�пǮΌǁЅ��¿

Ò»±ÙßáÐÛ±â�Ăæ��_�ɛΩnvU 
� � Yüɬ�тȅ�ǘДŠcϷ�wţ̏�ɖ��ΌŎǶ�

�TǘДͮ~n|�Όa��̌ʽ�z^|�˕^̞χwh

}��fTȪͩ�ǐ�˖_ϊb�úЖȦcȍfˀ���|

^�pUпǮΌǁЅ}�TĪϷ̔�ºâÓţ̏�a^|YΌ

�³Î±ÖÛ³¾ьǘДǎэZ~n|ύ˶}dŤʽ�΅

n��˺Φn|ţ̏�]v�j~�}d�ΌŎǶ�нȶ

n�pUj�v��Tʅǁ�Ȋǁ̦͂}]�ͽ̴ũƀ�Ɯ

ź~n|TƤ̢a��ǘД̫̗�ŤĿ�ǁŒTħ�vƌе

Φ˃ŒTĲȰŒ�ǒ�w®Ò×Á¬â±ÙßŒ�ͦȗ}d

��_Tţ̏ IT ȼΑ�ˍ˾nvǞúɡ«ÜâÌ���ɟ

ͱ�aj�^�pUj��_�т^ǁχTȼʹ~ţ̏�ȟ

�ϟ�zhTƟƢ�Ǒ̜n|ˍϞp�ΌŎǶ�̗ɇpv�T

ȮʱáɎˀȟcɯ̕}ɱʀ�úʇ�ˀ��pUZ 
��	���

пǮΌǁЅ�TĂæ��_�Ό~ϟČ�nf��z^|ɯ 
̕�ƶƳȟ�ɆxTǞúɡ«ÜâÌǁͦ�ȠΟ�ũπȦ~ 
ʽЇ��ϟ�zhvTɱʀ}ġ�b�ǁ˼�ˀ�|^�pU 

ђэ̌Л�ΌǢ}ΌŎǶ~n|ˍϞnv^ú 
ѓэƟƢ�úV�ġȈ����j~}̤ć�ύ˶nv^~ 

ͨ`|^�ú 
єэЧ̌�˄̏Ό�Е̐n|�v^~^_Ʈ�Ȯʱ�]� 

ú 
ѕэϟČ�nf��ǁ�TΌ�Řdɧ�̞�j~�ͿƆc 

]�ú 
іэŠǁ�˼˲���ǉр�ͿƆc]�TY�sT�_n|Z 

�ϔƌc}d�ú 
їэƅƗb��ŖΨ�Ŷh^�TĲ�ǁ�T̗ʪ�Ƃh| 

ŗŒ�͕hTϼȶp�j~�Ǝ��Ȱo�j~�}d 
�ú 

 
(2)įβňȅ�ƫɹ˨ 

ђэпǮΌǁЅáΌǁ̫�βрŢĿǈƋ�Ăæ��_�

ƫɹnvU 
ьɐ 35L25 Ɓáµß¸â1 ʂ 10L20 Ɓћt�ÿ�Ţ

Ŀ�ƫɹ�n}ǈƋ 90 ƁTǽ 24 Ǿȅb�ǉɩэ 
ѓэпǮΌǁЅáΌ̫ǁ̫�ŝФĠ ь̡ǽȶ 24 Ǿȅ��э 
єэ˳Ȕ˼įβΟа�ƫɹьǽȶ 23 Ǿȅ��э 
� � ãįβ I ʂ A ɬ̮įβa��Ưǁįβµß¸âβ

рņ˾įβ I ʂ�ȶ͟ħ̨ͩž 3 Ɓ�˳Ȕ˼ĜΚ~p

�U 
ѕэƟɧύ˶˳Ȕ˼įβΟа�ƫɹьǽȶ 24 Ǿȅ��э 

ɇǈnvƟƢьпǮáт̞áȯƼáǩǨáĳȇáȁǬá

ǬʜáхŵáǨŷáшĮǬ̚эb��ȡзͩ}TƯǁ

įβµß¸âβр�ȶ͟ħ̨ ьͩ14L10 Ɓ�ƫɹэ�

ƟƢύ˶˳Ȕ˼~n|Ѐͨp�U 
� � іэAO įβ�£ß¾ÛâʂЖ� I ʂb� V ʂ�Ţŀy 

|Ÿŀy|ŝФp�j~~�yvьǽȶ 24 Ǿ��э 
 
(3)žβрŢĿ�˴ˆ 
ђэAO įβ 
� ʅįβ}�Tȡзͩ�òŋ�ϯĀ�Όǁá˼ƈ̫ǁЗ

϶�ɦͬάòb�Ѐɀnv¼âÑ�z^|�ÌÝ¶ß¼

â±Ùß~ϔ̉Ȣ̻�TɟƋ�ɇǜ�æ�Šǁǉр~t

��~��ŵ�͍��b}TȖʊ�įβ~�̈��Tɶ

Ж�bh|Όǁ�ȡpȮȡ�̙ô�̠θnįǁ��ſȮ

ȏȶ�̗ɇnvUǁŒȽɔ�v���TЫρ�ǉр�a

h�ŷдβƌ͏ʑ�ľзɶ�ɒľl��πʖɺ���ņ

˾n|^�U 
ſʝͩ�Ǖn|�T��³Óâ³�Ưǁɟͱ�бȢn|

��_v�TAO įβǜįɶb�T^���Yįǁŋɟ

ͱZ�ǉɩn|^�UüǾȅ�žú�Šǁá˼˲áɡǁ

�тʙɟ̫ɺ~ƌеФ�ϯ�TʹɽÝÐâ¾�ɒľ�ˀ

�|^�U̫̗Ņ�ɁȎp�ɟƋ�˃�Tɒľ˲��ɇ

ǜå�®Ôß¾�Ān|ϫŭn|^�U 
l��³ªâÛß«� 2 Ɠǉɩp�Ϊ̃}]�UɴǾ

ȅ�ƭf�Ǖϋͩ�űŔ�ȗ|T˼ƈ̫ǁЗ϶�άò�

z^|�ÌÝ¶ß¼â±Ùß~«ÜâÌ½�³¦»±Ù

ß�įǁȕ�ģ`vʫəɋʣTǧĘɇǜTƞʙ˼áŧʣ

˼~�ȵρ���ΐyvU 
 

ѓэ˳Ņɐьɇǈʙňɐэįβьǘз}TŝФúƋ 
�ɐ~n|Όǁ̫ 25э 

20 Ǿȅįβb�TΌǁ̫�z^|�ȡзͩ�ˀ��т 
̹ǁʙİ̫̗�v�˺̫�αǈǽƠĝ�ƫɹp�~~�

�TΌ̫ǁ̫}�˳Ņɐįβ�ЕƹnvUľзϓʝ̹

�ε͋�TδȎp�т̹ǁʙ�ϲ̞n|^�U 
ſʝͩ��TAO įβſʝͩ~ƀoYįǁŋɟͱZ� 

ΐy|^�U 
 

єэıŝňɐįβIʂTJʂьŝФúƋ�ɐ~n| 
Όǁ̫ 30э 

пǮΌǁЅ}� 21 Ǿȅb�Jʂ��űįnȜǬ¨Ö

ßÆ³ΌǁЅ~ƀoɶЖǷ�ǉɩn|^�UIʂ��_

�TȖʊΌǁЅ~óɬ͕d�̈��ɬ�Ѐͨn|^vcT

ãɴǾȅb�ƀoɬ�ŦŋьΌǁЅэ~ŦȕьʅǁЅэ

�Ŀb�|�ǉɩ�ƫɹl�vU 
Jʂ�Ѐ̫̗ͨ�ь20 Ǿȅįβ}ƫɹnvэIʂ~ƀ 

oђ̫̗�n��TYŠǁѤюIIZY˼˲ѤюIIZYΆλѤю

IIZ� 3 ̫̗�_xb�ђ̫̗Ѐɀ~nvUj��Ŕ`

|Ыɏ�ΐ�yvUľзʉĄ�_xTт̹ǁʙİ̫̗�

αǈǽƠĝ�TİǁĲϲ} 3.0 Ăå}]�U 
ьǽȶ 19 Ǿȅ�}�TΌǁЅ~ƀo}TΆλáŠǁ�ѓ

̫̗~Ыɏ�οn|^vUэ 
 

Ѐɀ̫̗�˼˲�Ŕ`v˺̀�TŠǁ~˼˲cTŠǁ 
˲ϔ}]�ΌƊ~TÇ¾��ΌƊ�Ď˾�Ȼ_Όǁ�Ƥ

̢~��^��êϦ}]�TŠǁcȗȮ�úwh}�f

˼˲�ȗȮ�ú��Дȷ�ȁi�v�}]�U 
� � �vTΆλwh}�Ŷр}d��_�nv˺̀�Tã 
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̗�Ǖp�ŵ�͍�ɧ�řǁͦȲ���ɇʪ���_� 
~�ńɥ��~{dTΌŎǶ�ΌǁЗĔ�ʣś�Ȗòp 
�Ʀſ�ȠΟ�ξΦŒ�Ε˸ŒTȪͩ�ÿ�ţ̏³¸» 
ÊTйǊ~�®Ò×Á¬â±ÙßʹŒ���ЊnTɣ 
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�_�ɟͱɚɕČň�ɢ`|^�Uэ 
�  
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A ɬ̮}�YŠǁѤюIIZcȠĘ}T�b�YΆλѤю 

IIZ�v�Yɡǁ IáATɡǁ IIáBZ��x�b�Ѐɀn

|ſΪ 2 ̫̗T 
B ɬ̮}�YΆλѤюIIZcȠĘ}T�b�YŠǁѤю 

IIZ�v�Y˼˲ѤюIIZ��x�b�Ѐɀn|ſΪ 2 ̫

̗~nvU 
ьǽȶ 19 Ǿȅ�}�TΌǁЅ~ƀo}TΆλáɡǁáŠ

ǁ� 3 ̫̗�οn|^vUэ 
� � Όǁ�ah�Ƥ̢ǁŒ~n|ˀ����Šǁ�ЊΟȦ 

�^_�}��^cTB ɬ̮}TЀɀ̫̗�˼˲�ɦΡ 
ǜįnTΆλ�ȠĘȻ^nv��T(3) �άnv�_�T 
ξΦŒTΕ˸ŒT®Ò×Á¬â±ÙßʹŒ�ЊnT� 
abzΌǁƤ̢�êϦ}]�Šǁ~˼˲ьΌ~Ç¾��

Ό�Ď˾э��͈н�]�ú�ŝФp�v�}TA, B ê

ɬ̮}̈��Ǧ�Ŷр˼�ȡз�ʂȔnvU 
 

� � � � 22 Ǿȅįβb�˳Ȕ˼ňȅcƹ��TIʂ A ɬ̮a

��µß¸âβрņ˾įβIʂ�Όǁ̫Ŷрͩc˳Ȕ˼

Ѐͨβр�£ß¾Ûâ}d�j~~�yvU 
 
іэãįβáJʂ A ɬ̮TB ɬ̮ьŝФúƋ�Όǁ̫ 
10э 

� � βрɬc̈���b�T(4)�Iʂ A ɬ̮TB ɬ̮~ƀ 
ʩ}]�U 
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� � Ưǁįβµß¸âβр}Φ̻�ɇǈp�ɟ á̫̫ ̗�T 
21 Ǿȅįβb�ƚλьϪāĂЙ�ɣ̵эTYɡǁIáɡǁ 
AZa��YɡǁJáɡǁ BZTY˲˺IZTYŠǁIZTY˼ 
˲IZTYΆλZьÛ³Áß«�Нfэ� 6 ̫̗b�тȗ˨ 
� 2 ̫̗ņ˾�ƫɹnvUž̫̗� 200 ˨˛˨~nTſ 
Ϊ 400 ˨˛˨}]�U 
 

ɇǈ̫̗�ƚλ�Ŕ`v��T(3), (4) �Ϭ�v�_� 
ξΦŒTΕ˸ŒT®Ò×Á¬â±ÙßʹŒ�ЊnTɣ

̈́�Œ�ģ`vɧ��Дȷ�ȁiv^b�}]�U 
ьȖʊ�YɡǁIáɡǁ AZTYɡǁJáɡǁ BZa��
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ãɴǾȅKʂcɦέl�Tµß¸âβрņ˾} 3 Ɠľ 
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ȶ͟�ņ˾}d��_��yvU 
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� 20 Ǿȅįβ}ɦέnvUľзϓʝ�Tǽȶ 23 Ǿ 3 ɽ

ʄɬ�˛ 22 ʵĂå���Tт̹ǁʙŧʣ�v�t��˝

o�ͩ}Tβр̫̗�ǝσɣ~Ыɏ}]�U 
� � 20 Ǿȅ�̤ćúįβ}įǁ� 7 Ɓ� 21 Ǿȅ� 2 ƁT 

22 Ǿȅ� 3 Ɓ�TǾъT͎ʶTľϟƯǁ�ǘɜ��c 
l�m�wyvcT^q��Ȯʱ̔�řǁ�şn�}ƶ 
ȶ͟�Ɉi|a�Tтʙ�ŧʣnv�b��ɦį˼�ƶ 
ȒЮ�è`|^�U25 Ǿȅ�̤ćúįβ�įǁͩ� 4 Ɓ 
�ñǈ}]�U 

 
љэ͛įǁβр 

пǮΌǁЅ}�Tǽȶ 20 Ǿȅ�Y̸єǾʰ͛įǁZ� 
ɦέnvcTǈƋ�čΙ�]�Ʀſ��Ŷhį���}T

20 Ǿȅ�Ό̫ǁ̫��cŝФǕϋ~��Tǁ̫�ǘД�
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ǯ̈́�ǁЅ�ǘĘǁʙ}ǁ�wͩ�TΌǁЅ� 4 Ǿňǁ 
̫b��͛į�Ŷhį�����_�nvU21 Ǿȅ� 2 
Ǿ� 4 ƁT4 Ǿ� 1 ƁcT22 Ǿȅ� 2 Ǿ� 5 ƁT3 Ǿ� 2 
ƁT4 Ǿ� 5 Ɓc͛įǁnvU24 Ǿȅ� 1 ʂc 3 ƁT2 
ʂc 3 ƁT3 ʂc 8 Ɓ�ñǈ}]�T͛įȡзͩcȥƩ 
n|^�U 
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23 Ǿȅįβ}Ń�|Ǹƚ˼įβJʂ}Ό̫ǁ̫� 1 Ɓ� 
ľзc]yvU 
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ɋ� ʣ� ̫� ̗ 
Ɂ� Ȏ� ɟ� Ƌ 

Ū� Ċ� ɡ 
ͮ� Ɓ ʼ� Ɓ 
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ɩέЫ̰ 

 

 ǉͦʟ ̟̱ʟ ʫəΌǢ 

ȊЫ̰  857 1,322 Ѱ 

ȉȂЫ̰  4,285 10,103 893 

 υͤʟ Ƙɺо ΌƊęȇ 

ȊЫ̰  3,022 2,091 52 

ȉȂЫ̰  13,074 12,935 52 

υͤʟ�ȉȂЫ̰�TʫəΌǢ�ȉȂЫ̰cƃ��|^� ьŪĊћѱ2э 

ƘɺоьÛ¯âº �ß¿ Ô½�� Ú ËÚÛâэ 
 

Ίɺɡь_xпǮΌǁЅĿэ ϕξХηɡ 

322,412 ĸ 1)ь 11,375э 

ьͭΣϓɤћ918э 

ƉХηћ� 312 

ˋХηћ� 100 

1) 2012 Ǿ 3 ɽ 31 ɬ˸ƞ� ̑Аɡ 

ͮƋɡ 

ь2012 Ǿ 5 ɽ 1 ɬ˸ƞэ 

ɟɋ ļɟɋ υǶ ŖɟáŖȹ ǉрŖȹ ǝΪ òśͮƋ ſΪ 

� 23 11 � 5 18á2 � 1 60 � 1   61 
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  (2012 Ǿ 5 ɽ 1 ɬ˸ƞ) 
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Ό̫ǁǘɜ őΌ̫ǁǘɜ  Όǁǘɜ  
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10 
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Ƌ 
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(пǮΌ1) 
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ǁЅǁ˼�ǈƋá˸Ƌ�Ĳ�åʸcΌǁ̫�6 Ǿň)TæʸcΌ̫ǁ̫�4 Ǿň��ƯǁЛáΌǁ̟̱̫�˸Ƌ�åʸc͘ɡьæʸcпǮΌ�Ķɡэ�

 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ;:<#�"!? ? ^cabc�bc�db�$
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 Ό˾ʡ˲ƛ 

ȊЫ̰ 137    

ƜƟЫ̰ 2,222    

ǊƋɟɋ ˳ąɟɋ ˳ąļɟɋ ЪǹşͮƋ̹ 

    3 1 1 20 
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ĤǺ� ÐŰ� ʬ� ʖèƤȓȅ	��� Ƥ � ȓ � ȅ�
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ȓƔƓŪŶŪŶ͙ˣɪʤŶʙʪʤĳ
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ǢƳʤʏĬ˭ŐŹċǆŶÛžͺ  

˭xȚȝjĪŶɮ̥;>ɀ?bB|;˭jŹċbeDcDE

Ĝǰixc;ȔĥǆcĞðɷi«¿Å��ú];ȁ˽Ĭ˭Ő

J͑ʉR~aD}<Ĭ˭ŐŹċǆŶ1.5 Ĳëͺbj;Ĭ˭Ő

fz}ȔſÚ̜ĞðɷͺJɵU}ȷƩ�ɴ́T;Ĭ˭Ői

̿ȻóɷfHN}˭ĝƞiƹĠ�ːƃV}˜Ģ�ƽ}Pc�

ʏʋcTaD}<Ĭ˭Ői͑ʉfII�}ͦˢƨ̋ͳ;ˢƨ

̋ͳfHN}ɀǆ̋ͳ;å˴ʋeĞðɷcĘȗʅɰcƅĕȂ

ɋ;ʑÜðɷ;ˢƨfHN}Źċǆʚúedf_Da˻ɨ�

ǼɴT[̤ǿ�ɷDaŶˏĥȡiŇË�ř|;Ĭ˭ŐiŹċ

ǆʰɴfĶɻbK}zEfe}[wišʜʗ̗�ˏƽbK[<

̕ˎj;Ƽȗ̷ 1 ŗ 15 �·˲^[< 

ǢƳʤʏˢƨ˭ĝŶÛžͺ  

ˢƨ˭ĝŶ1.5 Ĳëͺbj;ͶƫĪV}ĬʈïěfHN}

�È¹Ĭʈ;ŝŠúĀfz}�Á¯º£��È�¾Åi͈˻

ǆ�ɴ́T;ʞéf̝ɱbK}˭ĝƞiƹĠ;óŎ�ːƃV

}PcJbK}˜Ģiˏƽ�ʏʋcTaD}<Ĭ˭Őiʰɴ

y̓ĝedi˭ĝƞȮħ;Ĭ˭ŐiˢƨǃɷiĐïô�Ŷm;

ȳǷʅô�̴Täʈ��¥¿�ÅyɗäǽȑI{ʄǐcĕ

ȂđƁ�ɴ́T;ĕȂ́Ƞ�˲D;Ĭ˭Ő̿Ȼóɷ�ż̧V

}[wfǁ˻eʗ̗�ˏƽbK[<̕ ˎj;Ĝȗ̷ 1 ŗ 15 �

·˲^[< 

ǢƳʤʏ˭Ŷȯ̔Ûžͺ  

˭Ŷȯ̔1.5 Ĳëͺbj;ȆȗïͳŶˏcTa 90 ė73

�·�ǢƳT;ʄ͙đbĬʈȮħ�˲^aD}˕ʧiʺâc

ʄ͙˭ĝƞiȮħcã˕ʧci̶Ǵf_Daȯ̐T[<t[;

ïͳŶˏƼi�ÁÈ±̘̃Çʉ˴f���cTaǴ�^[< 

ǢƳʤʏĬʈ˭Ŷɯ̔Ûž;ͮĵͺ  

Ĭʈ˭Ŷɯ̔2 Ĳëͺbj;Źċb̿Ȼe˭ɮʈɋ�ż

̧V}[wf;Ĭʈ�È¹iÐb˭ĝƞfz}¯�È·�½

È¢��ÁÇ���ż̧V}[wfǁ˻eʗ̗�ˏƽV}P

c�ʏȲcT[<̱Ƥ;͑ʉiʏ˿TDėŴȲʋ˭�Ðǀf

ɓĪŕ˝ʇ;Ö˟˝ʇ;˱ɕ˝ʇedfƅV}Ǡǉǆ˝ʇĪ

Ŷʈɋf_Daȯ̐T[<t[;J�ǆʂʆiʄǐɵɴ;ʅ

ɰ;˭ɮʈɋ�ȯ̐T[< 

Ĭʈiţb˭ĝƞJļ|ʼvqK̒ͪķḿɆǙɋf_D

aǰʝT;EBM iǙɋfz}ˢƨ̔ǽiǚęʋňōiɡˏ

�˲^[< 

ǢƳʤʏĬ˭ŐǊŢŶͮĵͺ  

Ĭ˭ŐǊŢŶ1.5 Ĳë bͅj;Ĭ˭ŐǊŢi͈˻ǆ�ɴ́

RXĬ˭ŐǊŢióɷ;̊õ;ê̼;ġĖfǁ˻eʗ̗yǜ

˜�ˏƽRX}Pc�ʏʋcTaD}<eIbxġĖi͝f

ÍĿȸe˭ĝʁŶiːGȂ;ǙɋiǺ˘f͈K�ˊD[< 

ǢƳʤʏĬ˭ʽɘŶͮĵͺ  

Ĭ˭ʽɘŶ1 Ĳëͺbj;ĬʈiţfHDa;Ɖȝ;ʽ

ɘ̊õfļ|ʼw}zEf;ʽɘ̊õišʜyʽɘ̊õiǙ

ɋ�ˏƽRX}Pc�ʏʋcTaD}<ĥɷ;öʍcDEʽ

ɘŶfɯȔìɨf_Da̐ȊT;ć˲ʙʪÚôI{ʽɘ̊

õiB|Ȃ�ĐïʋfŶkX}zEfT[< 

ǢƳʤʏˢƨˀ̂Ŷͮĵͺ  

ˢƨˀ̂Ŷ0.5 Ĳëͺbj;ˢƨ̋ͳ�£��ÅT;ˢƨ

̋ͳʾȡI{ʋʚfĬʈÇʞéʋęȀ�ÌX}zE;�Å±

Á���̆̂;ĠäȂɋ;ˀ̂Ǯ̔edˢƨˀ̂f͓V}š



Ĭʈ˭Ŷ̕Ƭ 
Țʋʗ̗�̩f_N;ˢƨ̋ͳ�˼}ʏ�ͰEPcf͈K�

ˊD[< 

ǢƳʤʏ˭ĝʁŶͮĵ;ȴɸͺ  

˭ĝʁŶ2 Ĳëͺbj;Ĭ˭ŐiȔĥǆ;Źċǆ;ʽɘ

ǆ�˭ĝʁŶǙɋ�ɷDaż͝f̊õbK}zEfe}[w

f;́ȠǙɋiɯƿe{mfɌǌɨ�ż̧ôI{ĐïʋfŶ

q}zEfT[< 

ǢƳʤʏ:Ĭ˭ŐÇĬʈ�¨�ȴɸͺ  

� Ĭ˭ŐÇĬʈ�¨�(1 Ĳë)bjĬ˭ŐɶȮJĲfġ˭f

ɼt{W;ĬʈfģGaĀƭɶȮcxɖD̶͓ǆ�ȔTaD

}Pc�ɴ́T;Ĭ˭ŐHzmĬʈ��¨�cTac{G

{~}˾ɨ�xa}Pc�ʏʋcTaD}<ȅȚfHN}Ĭ

ʈiȧƦce}ʞéú͞ěƫ�̐ȊT;ġ˭iɲɰcŔͪ;

Ĭ˭ŐɶȮÇĬ˭Ő̶͓ɶȮiɲɰcŔͪɨʯf_Daxȯ

̐Ta;�¨�cTaiĬʈÇĬ˭Őf_DaŶkX[<

ġ˭f_DajĬ˭ŐºÈ�Èi͑ʉǢƳˑ;Ĭʈf_Da

j̓ĝ˭ƐÇʄ͙˭ĝͅi˭ĝƞfxɲɰʯ�̕ˎD[\D

[< 

ǢƳʤʏ:Ĭʈʞé˭Ŷ�¸½§�È�¾ÅŶȴɸͺ  

Ĭʈʞé˭Ŷ�¸½§�È�¾ÅŶ(1 Ĳë)bj;Ĳfǈˑ

ci�¸½§�È�¾Åfɼt{eD˭ĝƞȮħfHN}�

¸½§�È�¾Å˜Ģiǁ˻ǆ�ŶkX}<�¸½§�È�

¾Å˜ĢiŇË�ʏʋcT;¯���Á���ºÅ¤�ïͳ

RX[<PiPcfz|;ãiĬʈˑci�¸½§�È�¾

Å�ɤɟf˲D�È¹Ĭʈf̝ɱbK}˜ĢyǈˑiĞðɷ

ƿÿ�VuyIfɴ́V}˜Ģʯ�ͰE<t[;Íˣɹïͳ

�̴TaʞéʋƱˑfƅV}͇ǒ;�¸½§�È�¾Åȋi

Ɍǌɨʯf_DaïƽRX[< 

ǢƳʤʏÚĜżˏÛž;ͮĵ;ȴɸ;ÐŰͺ 

ÚĜżˏ12.5 Ĳëͺbj;˭ĝƞcTaǁ˻e̓ĝ�j

UwcV}É̶iǜ˜Çǐƫiˏƽ�ʏȲcTaH|;ȚƤ

j;ȹƤƫfʄ͙Ç˭Ɛżħżˏ�ÙŻTaD} 102 ņ�ƅ

̜f˲^[<żħżˏ»£Á���À�½¿¹�šfĜȗ4

ȓ΅6 ȓșͺf̕ˎ;ɡˏ�ÐǀcT[đƁ�;Ƽȗ9 ȓ΅

10 ȓHzm 12 ȓËȇͺfżǜ�ÐǀcT[đƁ�˲^[<

Ĝȗi̕ Çˎɡˏbj;ż͝fĬʈɲţb̹̀V}˭ɮɈʈ;

�È¹ĬʈfHN}Ŕͪɨed�xcfT[̒ͪ�ðǖT

SGD ed�żȃT[<t[;ueTiżħƀǺő;ͱƙŪŶ

ĬŶͅi̾̕͜ˎ�̴U;˭ĝƞi�È¹Ĭʈpi͓�|f

_Daɴ́�ɖw[< 

Ƽȗiżǜbj;̓ĝȮħHzmǈˑǭ̹͓÷fHDaɲ

ƹi˭ĝƞ 5ņcȳǷǈˑcTaͱƙŪŶSPʙʪéHzmͱ

ƙ�¼Å¬�Úħiǃǳ�ƽa˲^[<̒ͪđƁj;šȚʋ

fȹƤƫiżˏ�ĜǰcT[<CBT ʻØƼI{ OSCE tbi

ʸ 2 ̷͒j;ͱƙ˭ŶͅǺőfz}ˏɬƫi̊õ�˲D;ǜ

˜üƽJÍĭėeͅė�ǧǶV}Pcb;ǜ˜iŇË�ř^

[<t[;ŶɵJˣÑʋfˇˏbK}zEf 1ͼ2 ȥȋxżˏ

Ž�͑ǹT;Ĭʈ˭Ŷ̕Ƭ�� ¯fz}ǧƊ�˲^[<ż

ˏċï�̴Ub;đƁcTajȯh˥ŮbB^[cǅ�~}

J;żħżˏ͑űtbiʸ 4 Æȓfȋ͒JB}PcI{;ˏ

ɬƫiìÌ�͕M[wfĒƫˇˏţ�ȭ̃V}< 

ǢƳʤʏʄ͙Ç˭ƐżħżˏÛž;ͮĵ;ÐŰͺ  

� ʄ͙żħżˏ10 Ĳë ;ͅ˭Ɛżħżˏ10 Ĳëͺbj;

ż͝fĬʈɲţbɏ̨V}˭ĝƞccxf;˭ĝƞJ͓�}

Ȯħ�ïͳT;ĬʈiǢDǙcTaɄw{~}˭ĝƞf_D

aŶoPc�ʏȲcT;̓ĝ�jUwcV}ǜ˜y;�È¹

Ĭʈ;ǟ˭b͈˻ce}�¸½§�È�¾ÅʯÉ̶iʗ ̗Ŕ

ͪ́ɆͺÇǐƫiˏƽ�wST[<2012 Ƥƫj 86 ņJ;ͱ

ƙʔÌ�jUwÐŚÇŖŚŝīHzmͷĉƖiʄ͙ 25 ȃ̆;

˭Ɛ 56 ȃ̆bżˏ�˲^[<Ĭʈ˭Ŷ̕Ƭbj;ǧƊ˭ĝƞ

cŪŶi̶Ǵïě;ͱƙ˭ŶͅǺőcżħƀǺői̶Ǵïě;

ĀƭŔͪ�ǡG}ŶɵpiǸǳ;żˏf÷�}¤¿°Áƅǃ

piǸǳʯfÐǀʋeƹĠ�ȡ[T[<2012 Ƥƫbxżˏ͑

űĜi 4 ȓfżˏ�À�Å¢È�¾Å�˲D;Ũ̕ͅƞ�ǣ

DaiʞéßcTai·¦Èiʙüy;̓ĝǜ˜iĒ¤ÂÈ

§Å��˲^[<Ǻ˘ĥȡ�Ͷw}[w;ͱƙ˭ŶͅċǺő

fz}ƴǖʋ̊õf͓V}̅ŔǧƊ� 3 ŗ˲^[<ÚĜ̅Ŕ

bjŶɵʺâcżˏ�À�½¿¹iʚ̎;Ðȗ4΅7 ̷ʏͺ

fj̸Ǫɰɉiʚ̎cżˏđƁi̓Ǽ;ŶɵJǡG}Ŕͪɨ

iǝǱcƅǃ;żˏʻØĜ10΅11 ̷ bͅjˏƽɰɉiʚ̎;

˃ǥʋ̊õiůƳǆiı̘�˲^[<Ŷɵj;ȅ=iżˏđ

ƁcːƃÇĺʒ�¶È¤¯�À�f̬̄T;żˏȗ͒ÐfŶ

�\Pc�Ǩ|̲}PcJbK}zEfT[<t[;SBO Q

ci̊õ�È¤fˣƜ̊õ�V}Pcb;ý=iÍ̦TaD

}ͅė�ˣƜėȠT;ˣƜʙ͎i[wi¡ÈÁcT[< 

ǢƳʤʏ�¥«Å�¤Ǻ˘ˢƨ˭Ŷ�È�żħż ˏÛ

ž;ͮĵͺ 

� �¥«Å�¤Ǻ˘ˢƨ˭Ŷ�È�żħż ˏ1.5 Ĳë bͅj;

2012 Ƥ 12 ȓ 3 ȅ΅17 ȅfINa;˭Ŷʤ 5 Ƥɵ 18 ņJͱƙ

ŪŶĬŶͅ˃Ń̈ʈͅĮɸƷÉǺǫͺiʅô�Å¯�ÂÅ

�fĶģT[<�Å¯�ÂÅ�Ķģfćʫ];ÚĜf;J�

˭ɮʈɋyJ�ʂʆɈʈ�¢È·fT[ SGD �˲D;R{
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f�Å¯�ÂÅ�ĶģƼi SGD bʅôf͓V}ʗ̗�ɖw

[<˭ɮɈʈ�¸¦Èbj;ėŴȲʋ˭�¡��·°iĥȡ

c͂êŴşŧɾ;ɢȂ˭ŪƯÐɛiÌͅɓĪʰɾơfƅV}

ĥȡ;ȁ˽ʽʌŋĻşJ�ʂʆɈʈ˭¯�Å�§Áf_Da

́̐J˲�[<ʾ˞J�ǈˑi���À±¿�ÅɈʈ˭f͓

̶T[șȩʡʽ͞ſ;̻ͭJ�iǹƈ˅ĪŶʈɋÐfʉɲT

[ǹƈ˅˙ˡɧ;ɓĪʰĖ˱fz}̞˱Çì�Á°¸Å˱ʅ

edʅôȭ̃J˲�~[<˭ŶɵjĬŶɵcŅƟTa�Å¯

�ÂÅ�fĶģV}Pcb;�È¹Ĭʈ�ɴ́V}PcJb

K;ĬŶƇ͐ɷ̏yȒȁi˭ɮʈɋf͓V}ʗ̗�ɖw}P

cJbK[< 

YiãiǢƳʤʏɯĚżˏÛž;ͮĵ;ÐŰ ;ͅ˃Ń˭

ŶɡˏÛž;ͮĵ ;ͅİȮżˏÛž;ͮĵͺ 

����"  

���˭ɮiïđĦǐ;˭ĥÇɀǆʑ͓f͓V}ʙʪÐ

Űͺ�

1-1 ʙʪi̼ǖʏȲ;Yiǌˎc˚ȍ :  ĬʈɲţfHN}

ż͝i˭ɮʈɋbj;ɈʈĥȡJȊʚf̎w{~}ÉȂb;

ȗƺR~}Ɉʈĥȡjƽ{~WĞðɷiu�˶}ţŃJ˼Ľ

N{~}<P~{i˚ȍfj;˭ɮiʼˉyĽƁïediǎ

ĽǆirI;˭ɮˣïiɵïđbiĦKJŪKLƸͨTaD

}PcJʗ{~aD}<PiţŃ;ʼˉyðɷͅëpi˭ɮ

iʥ˲JÍĭėbB}PcI{;ĥȡ�ʉǲV}[wiˤ̿

ɦƫyȎͥȋ͒�ʚúbKeDPcJÉ˻Řce^aD}<

Ĭʈ˭Ŷ̕Ƭbj;ż͝iˢƨóɷfHN}ɈʈĥȡpiƸ

ͨyĞðɷiʉɲfŪKL͓ÎV}˭ɮyͭŐǖėiïđĦ

ǐcYiȷȰ�́ȊV}Pc�ʏȲcTaʙʪ�̸waD}<�

˭ɮiïđĦǐj;Yi˭ɮ�Ĭ˭ŐcTa̿ȻfóɷV

}͝fǁ˻eǊŢbB}J;˭ɮfz}ĥȡyĞðɷ�Ùɚ

V}fj;˭ɮiïđbiĦK�ʗ}PcJǁͩce}<T

ITeJ{;˭ɮĦǐʙʪfHN}ɼǌɨj;˭ɮJY~Z

~fɯǆ�Ǧ^aD}[w;Y~{i˭ɮf_DaÉƻf̐

ȊV}PcJbKeDcP�fB}<YPb;P~{i˭ɮ

�ʹ˛đpļ|̰�\|ǬĖT[|V}ĂK�Ǧ_;˭ɮ̭

̳˯ʊiǆ̥�Ȋ{IfV}Pcb;di˭ɮJdizEe

Ħǐ�ʝViIÙɚbK}cːGaD}<Yi[wiȂɋ̔

cTa;ėŴɵɮŶʋǙɋHzmżͳĦɮ�ɷD;P~{i

ʗ˼�ˀŃTaˢƨóɷJŔͪce}Ĭ˭ŐyͭŐǖėiï

đĦǐcYiʉɲº�§�¹�́ȊT;ȔĥǆyŹċǆfƅ

TaýßƛiŪKD˭ɮióɷȂɋ�ʚʫTaĬ˭Ői̿Ȼ

óɷf̝ɱT[DcːGaD}<�

��	 ǖȡiȯ˻ͭŐfŊt~}ǖėÐfjP~{ėŴˍi

š̥ce|E}xiJŊt~aH|;͏ȗf�[}̺ğeǵ

ļj;Ĭ˭ŐciʑÜðɷf_DaǕǄR~}<P~tbi

ʙʪb kaempferol ediǖėj MRPs fz}ʹ˛ŨǬɊJ

͖ſR~}<TIT;͏ȗf�[| kaempferol fȏR~}

c MRPs iš̥ce} doxorubicin(DXR)iǠǉǆ˝ʇĥȡ

IC50 jͅ;ȔǌeŧĪj̎w{~W;cisplatin(CDDP)HD
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ÐŰżħżˏŲőéŲő;���� ŲőéŲő�¢È�¾Å

ǢƳ̠èˑ ;ͅƧŢŲőé;ͱƙʔżħżˏ̓ǼŲőéŲő�

ʮ �΅� ŗ�È±Å�¼Å¬�� ïͳżˏǢƳ�

�������&�  

 
� 2012 Ƥ 3 ȓ� >ĬʈǊŢ�̾͜ŝf?ȿȅȁ˔ ͱƙɭ 

� 2012 Ƥ 7 ȓ 25 ȅ� >ĕȂǊŢiͤŴĪÇĬ˭̶ǴÚȮͽ

´�®�Á�¾� 12?£��Á�Å¿�Å 

� 2012 Ƥ 10 ȓ� >¯���²Á�À�È�ʙʪĤǖŢŌͽ

ǈˑiȕ˭˲ɩe{mfĪŶʈɋíŮf÷}ɣśŘŴf͓

V}ʙʪ?²Á�À�È�§½È� vol60 
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�
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��  
ǿǯ� έʗ˔ŭ� ʳÄƥțȌϧ	��� ƥ � ț � Ȍ�

Ț˨ŲɊϧ�� ƥ 
 țȒĺ̫˂ŞŲęȻ�̫ŲĞřϛȪ

¹ŞŲϜ�

ā̃ϧŇˉĕ̫ĻώĻ̶ʔʷˇǟ¡ˏɟĤGĺɇƎ̫ʖ

ȹʈȶŏ͕ϔœ� œΩ�

öǿǯ� Àʗ� Ý� ʳÄƥțȌϧ	��� ƥ � ț � Ȍ�

Ț˨ŲɊϧ���� ƥ 
 țȪ¹̫˂ŞŲŞŲβ̫Ųʷˇ˂̫

ŲƄǼĞřƿȠ͝˄Ý²�Ğřϛ̫ŲϜ�

ā̃ϧŇˉĕ̫ĻώĻ̶ʔʷˇǟʔ̫Κ°Äʷˇŵ�

Ĉǿ� Əʗ� Ɛº� ʳÄƥțȌϧ	��� ƥ � ț � Ȍ�

Ț˨ŲɊϧ	��� ƥ 
 țę̇ŞŲŞŲβĕŲ̫ŲƫĞř͝

˄Ý²�Ğřϛ̫ŲϜ�

Ĉǿ� ųæϛȸϜćţȢ� ʳÄƥțȌϧ	��� ƥ � ț � Ȍ�

Ț˨ŲɊϧ	��� ƥ � țǅƒŞŲŞŲβ̫Ųʷˇ˂Ğřƿ

Ƞ͝˄Ý²�Ğřϛ̫ŲϜ�

�!��#�

ǩƶ˂ʭϧ̫ʖͱɶŲϛέʗ�ÀʗϜ�

 �!�ą̫?̫ʖͱɶDɊĭʩƻĄ�

 	!�̫ ʖͱɶDȜʖǜû�Ȝɑǜû�

 
!�ȹʈBʘȩ3X̫ʖͱɶ�

 �!�ȹʈDƷǖϧ˦̋�

 �!�ȹʈDƷǖϧ˩˶�

 !�ȹʈDƷǖϧŁŵ�

 �!�ȹʈDûύ?˂Dʉǆ�

 �!�̫ ʖȹʈDûƛ�ÚŮ�ȶŏ?̈˅�

 �!�èıǜ�

 ��!ȹʈ�af}j��r¢�

 ��!ȹʈDΔÇŭΨý�

 �	!ċʈ¡ΥʈBʘȩ3X̫ʖͱɶ�

 �
!ǄʔʈBʘȩ3X̫ʖͱɶ�

 ��!ɧɡʔʈBʘȩ3X̫ʖͱɶ�

 ��!̫ʖͱɶDþʖϧͿ̫ˎ�

ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 
şʂͱɶ(Vĕ̫Ļ\Ϋʦ3Xȓ�N7�şʂͱɶ6DRD

\ĕ̫Ļ?1=ʖ$XȓB¨ĬɄA.?Eͱɶ?AXˣȦD

Ȥʹ\Ɉ1+ǢǶ3X.?>#X�Ȥͣ˻>EȹʈDƷǖ\

Őʺʵͥ?1=ûύÎ˞\ŲG��˅�D͗ͥ\ȏʹB3X?

?RB�.YVDͱɶDÚŮ¡ÚͧDǔĹ\ŲG�̫ʖͱɶ

Dľωʀ?ƅȩǍ\˿&X�N7�ΔÇŭǡ̴DʦƌBŐ<

+ȹʈ�af}j��r¢DŐʺ?Ǌʖ\ŲI�Ȥͣ˻E�

ʔ̫Ų�şʂʈđŲDŐʺ?AX� 
ϡϜʭʩΐǜʊɝ 

ͣ˻DŪQB̳:7āłDǃ˽͕ϔ\R?B͔Õ3X?ʭɀ

Eΐǜ>*=$X� 
ϢϜǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 
ͣ˻DŪQB�āłͣ˻D��}s�\̳$ǃ˽\Ø17� 
şʂĕ̫ĻDïÎÒ\ʻ37QB�ͣ ˻ȓάD 60û\̫ʖȹ
ʈň͇ſB#==ŐȤʩA̫ʖȹʈDʑ͈\ņ:7�ʑ͈\

ɪQX7QBóŭÎD̽ĈͱȆ\Ïǜ17� 
ϣϜǿ&X7QBÑ:7ȓά 
Ή 1n��ĘȠ 15n�ϛ1.5ĝÉϜ 
ϤϜ6D¾ 
İŋ>͵.XȜɑȹʈBUX´ǾD$+;(E�̔ʂB͉Y

XɃÆ)ɰƈ1=$X.?�ªÀά>D;A)W)Ɯ̪BA

:7.?Bʘȩ1=$X�̫ĂƝE�ŋōBȵ017˂Ų̀

?1=şʂ̫ʖͱɶDȜʖǍ�ȜŹǍ�6Y\ĨWƙ+ªʛ

DǑĎDʑ͈)ǈ͂>#X.?\͗ͥ3X7QB�.YV\

ΟʀBͣ˻\̳:7� 
ǩƶ˂ʭϧʔ̫ŲϛέʗϜ  
 �!ʔ̫?E�ʔ̫DɊĭ�

 	!ʔ̫DĶȜǜûȽ͜�

 
!ʔ̫DÑʖΚÉýȽ͜�

 �!̹ŭȹʈϛĥų̆¡ıƱ̛Ϝʘȩʔ̫ ��

 �!̹ŭȹʈϛĥų̆¡ıƱ̛Ϝʘȩʔ̫ 	�

 !̹ŭȹʈϛĥų̆¡ξƱ̛Ϝʘȩʔ̫ ��

 �!̹ŭȹʈϛĥų̆¡ξƱ̛Ϝʘȩʔ̫ 	�

 �!ĝų̆ȹʈʘȩʔ̫�

 �!̾ŭȹʈʘȩʔ̫�

 ��!qyȹʈ�̭ύʔ̫�̦ύʘȩʔ̫�

 ��!ċʈʔ̫�Υʈʔ̫�

 �	!ʔ̫ǜûDÀͤ�̫Ċ�ăÏʖ�

 �
!ʔ̫Dʔʕ?ɣ΅�

 ��!ʔ̫DĻʹ͔Õ�

 ��!ɺȉ̫Døȉ\Ⱦǜ3Xʔ̫�6D¾Dþʖ�

ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 
ȹʈ�ΥʈˎDşʂͱɶEºύD͘ʔÁā(V̫ʈ?1=þ

ʖ/Y�ʏÀB̕XάDΩ$Ɋĭ\˪=Ʒ)Ȃ$ʔ̫?1=�

ĕʥBͬʍ1=$X�şʂͱɶ\ĕ̫Ļϛʔ̫Ϝ?1=ʖ$

XBE6DȤʹ\ʑ͈1�Ļʹ\ʹÚ3X.?)Ο͂>#X�

Ȥͣ˻Eʔ̫DŐġċȹʈ�ĶȜǜû�ʔʈɢǍ�ɣ΅˪Ͷ

ˎB;$=ŲG�̫ĂƝ�ʷˇ̀?1=ǈ͂AŐʺʩʵͥ\

˽ǁ3X.?\ʭɀ?1=$X� 
ϡϜʭʩΐǜʊɝ 
ʭɀEΐǜ>*7�ĕʥʏœ>ʖ$VY=$Xʔ̫'UGq

¢t?A:=$XşʂʈB;$=ͣ˻17�ʉB�CBT�Ň
ź͕ϔBùω/YXʔ̫B;$=˷W1ʑ͈\Ø17� 



ʔ̫¡şʂʈđŲͣƭ 
ϢϜǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 
À̸ʩAʔ̫DġƷʔ̫\ͣ˻ȓάBƌʻ17�CBT >E�
õʲ)ǳʻ/Yʔ̫Ĵ\ː&XƷƲDùω)#X.?)ȏV

(BAW�ŷʈDƌʻBć&=��¢�a��\ɢʖ1�6

D����\Λƛ17� 
ϣϜǿ&X7QBÑ:7ȓά 
Ή 1n��ĘȠ 15n�ϛ1.5ĝÉϜ 
ǩƶ˂ʭϧşʂʈđŲϛÀʗϜ�

 �!şʂʈ?ĕ̫ĻΫʦ�

 	!şʂʈʷˇɞ�

 
!şʂʈ?µɅÀͤʕʈ�

 �!˝ʹ�

 �!̍̇Ν?��lxa�ϛϠϜ�

 !̍̇Ν?��lxa�ϛϡϜ�

 �!̜ϑȋđıʈϛϠϜ�

 �!̜ϑȋđıʈϛϡϜ�

 �!}���a�?s}�a�ϛϠϜ�

 ��!}���a�?s}�a�ϛϡϜ�

 ��!}���a�?s}�a�ϛϢϜ�

 �	!_�g�a�'UG6D¾DĶˈˣđıʈϛϠϜ�

 �
!_�g�a�'UG6D¾DĶˈˣđıʈϛϡϜ�

 ��!_�g�a�'UG6D¾DĶˈˣđıʈϛϢϜ�

 ��!6D¾DʉʠAşʂȜɃđıʈ�

ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 
ʔ̫ǜûDU%B�ȹʈSċʈ�ǄʔʈA@)ʔʕ1=�ş

ʂBŮŊ3XȜɃđıʈD.?\şʂȜɃđıʈϛʞ1=�

şʂʈϜ?$$�şʂȜɃđıʈB;$=ʷˇ3XŲľ\ş

ʂʈđŲ?$%�şʂʈđŲE̫ʖͱɶŲ�ʔ̫Ų\ŪQ?

1=�ȜɃđŲ�ɃŁûȬŲ�̶ʔđŲ�ʔđŲ�̫ʑŲA

@Ƣƨ$ŲľûΠBŽǲBέΈ1=$X�Ȥͣ˻>E�ĕ̫

ĻD�¢�đıʈA@?1=ȜʖAşʂȜɃđıʈ\ǇB��

6DȾ·�͵ɶ�ʔıǜ�þʖA@B;$=ͣ2=$X��

ϡϜʭʩΐǜʊɝ 
ȽCΐǜ>*7� 
ϠϜ�ǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 
ͣ˻B'$=E��¢�a��\Ñʖ1=$X)�6DͱȆ

\ý΄ʖǔ1=$X�N7�ɸ˽ľω\©&�ʑ͈1='(

A-YFAVA$Ο͂Aʀ\ʹ͗/5XU%BƖš1=$X� 
ϡϜ�ǿ&X7QBÑ:7ȓά 
Ή 1n��ĘȠ 15n�ϛ1.5ĝÉϜ� 
ϤϜ6D¾ 
̿Ȥ17̽ĈͱȆ\Ïǜ1�Ñʖ1=$X�ùƞDʹ͗BE�

ɸ˽ľω\͈(5=Ǵù/5X.?BUW̳:=$X� 
N7�8łʭDͣ˻ÁΰBά͕ϔ\ŷͷ1=$X� 
¼ƥƬE 2łD̽ͣ\̳:7� 
ǩƶ˂ʭϧȪɡĕŲȽ͠ϛέʗϜ�

 �!ȪɡĕŲ�

 	!ŇĕŲ�

 
!ɺȉĕŲ�

 �!ɺȉDɜʥÎ˞��͓�B;$=�

 �!ʣǖ?ɜʥϛ�Ϝ�ɔ¡̱¡ɕ�B;$=�

 !ʣǖ?ɜʥϛ	Ϝ�γε�̯ŷ�B;$=�

 �!ʣǖ?ɜʥϛ
Ϝ�žʄ�̸̻�B;$=�

 �!ɺȉD͒ſɞ�̫ʈŲ�

 �!ʢǏýɺȉøȉ ��

 ��!ʢǏýɺȉøȉ 	�

 ��!ʢǏýɺȉøȉ 
�

 �	!ɺȉøȉDǜWˉ9?Λıʔ̫DʉǍ ��

 �
!ɺȉøȉDǜWˉ9?Λıʔ̫DʉǍ 	�

 ��!ɺȉ̫DăÏʖ�Ñʖ¦Dɠǔ�

 ��!ɺȉ¡ʔ̫̿ĂD̿·˓ʑĤGĻʹ˓ʑ̈́Ā�

ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 
ȪɡĕŲ�ʉBʏÀDĕʥDʏœ>ƨ+ʖ$VY=$Xɺȉ

ĕŲ¡ɺȉøȉB;$=Őʺʩʑ͈\ǁX7QB�Ɋĭ�͒

ȇ¡ɜʥ�ȉĂŲ�ʢǏ?ɺȉøȉ�̫Ċ͔Õ�Ñʖ¦Dɠ

ǔˎ\͈͜1=$X�ɺȉȉĂDΒʖBέ1=E�͓�\Ɉ

1+͗ͥ3X.?)ǈχ?/Y='W�Ȥͣ˻>E̫ĂƝ?

1=ǈ͂AɺȉĕŲʵͥ\Ýǁ3X.?\ʭɀ?1=$X��

ϡϜʭʩΐǜʊɝ 
ͣ˻˨²ȓBǃ˽͕ϔ\ŷȊ1�͂ʀDʑ͈\Ø17˫Ȯ�

ʭɀELMΐǜ>*7� 
ϢϜǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 
ʏŊDĕʥʏœBğ17ͣ˻\˩Oˉ=��~fˎ\ʖ$= 
ʑ͈\Ø17�Ňź͕ϔDùωûΠ)śđ1;;#XD>�

¼ƿE�UWïÎʩAͣ˻òŻ\ć&X� 
ϣϜǿ&X7QBÑ:7ȓά 
Ή 1n��ĘȠ 15n�ϛ1.5ĝÉϜ� 
ϢϜ�6D¾�

ȪɡĕŲ\ŷͷ3XBE�ɪƬDϖ$Ųͥ?ȁŝ+D˪ϔ)

ǈχ>#X�ĕƝ?̫ĂƝ)îBŲIœ)İŋōB͏-VY

=$X�ĕƝSǏ̀(VɖQVYXȪɡĕ̫DΓǧB�ʹŷ

BǊ&VYX̫ĂƝǿ̈\ʭǮ1=$X� 
ǩƶ˂ʭϧ̫Ųŷ˽ 1A ŷ˽ϛέʗ�Àʗ�Əʗ�ųæ
ϛȸϜϜ  
 1!ŁïΛ¿ʀȺ�ʮāͣ˻�ɠǔ�
 2!ŜΚƷǖD͇ſ¡˚ȣʔ̫DΧȺϠ�
 3!ŜΚƷǖD͇ſ¡˚ȣʔ̫DΧȺ 2�
 4!ʔ̫Dʹ͕͗ϔϠ�
 5!ʔ̫Dʹ͕͗ϔϡ�
 6!ʔ̫(VǮɀǜûDûξ˜̿Ϡ�
 7!ʔ̫(VǮɀǜûDûξ˜̿ 2�
 8!ʔ̫DˡƬ͕ϔ�ǜûŶΡ�
 9!ŶΡ͈Ȭ�˜ɛŶΡ�̢̫ňϪ�
 10!˵ʖɺȉ̫DÎϔϠ�̢̫ňϫ�
 11!˵ʖɺȉ̫DÎϔϡ�̢̫ňϬ�
 12!ʔ̫ȢʵȺÎDΨý 1�
 13!ʔ̫ȢʵȺÎDΨý 2�
 14!ŁïʀȺłħ�
 15!N?Q�
ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 



ǅƒȃʑŞŲ�ϑƔ̫ŲΚ�ǿ̈¡ʷˇƥŒ�ˌ � Į�	��	 ƥ 
ĕ̫Ļɺȉ̫ϛɺȉøȉϜ\ŷθBÎϔŲ˽1�6YV\Ⱦ

ǜ3Xʔ̫DŜΚƷǖ�òΚƷǖ\͇ſ1=ʔ̫ΨŶDŐʺ

\ϐ%?îB�ȌȤ̫Ɗȉħͼʔ̫Dʹ͕͗ϔ�ˡƬ͕ϔ�

ŶΡ͕ϔDǔ˻\ŲGǡ̴\˽ǁ3X�N7�ʔ̫BĶNY

XđŲǜûDûξ¡˜̿\΅2=j���k��Dġʑ�Ǡ

ɞ\ʑ͈1�/VB�ʔ̫ȢʵȺÎB;$=Ⱦǜʔ̫DΨý

R̳:=$X�.Dŷ˽\΅1=�ȌȤ̫ƊȉDʔ̫έΈΚ

û\ʑ͈3X?îB�ɺȉ̫�ʔ̫ŲĤGşʂʈđŲB;$

=ʑ͈\ƨQX.?\ʭɀ?1=$X��

ϡϜʭʩΐǜʊɝ 
ʭɀEΐǜ>*7�ʔ̫ȢʵȺÎEİŲʔBʠAXɺȉøȉ

DȾǜʔ̫\Λƛ3XRD>�ßºD˽ʃƬ\̓ȼQX.?

)>*X�ÏȻ͌ʚDˉȷBßºƗ)#:7)ëļ)ΨýĆ

\Ýǁ1=$7� 
ϢϜǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 
ŷ˽ǟBć&=�ŷ˽φʭ�ʔ̫B͖˦AͱȆ\Ïǜ1ʑ͈

\Ø1�ĳȓBʔ̫Ų¡şʂʈđŲDǃ˽\̳:7�ċʚg

��\ʖ$=ǹÏȉɞ\ʻ3A@¤ƀAǮƆ\̳:7�ϋǄ

ΧǹÏEɃŁ�¢g¢DěĆBUW͖˦AͱȆ�ŷǡǮƆ\

̳:7� 
ϣϜǿ&X7QBÑ:7ȓά 
4Ήά�Ή 4Ȍ�1Ȍ 3n��ĘȠ 45n�ϛ2ĝÉϜ�φʭɐ
D��¢�DǴùBƃ1=E͔ÕŐɷ\ȏʻ1�¤ƀAǮƆ

\̳:7�N7�ȚƿBˍ͎͕ϔ\͝1=͎ǚDŶʳ\ņ:

7� 
ǩƶ˂ʭϧşʂʈđŲʉ͠ϛέʗ�ÀʗϜ  
 1!şʂͱɶ?ʔʈŝȿǍȨˠ 
 2!ʔʈŝȿǍȨˠ?ĕ̫ĻΫʦ 
 3!ʔʈŝȿǍȨˠ\Q,XªʛDċĵ 
 4!şʂđıʈDŝȿǍ 
 5!ŝȿǍ?ΔÇŭϛϠϜ 
 6!ŝȿǍ?ΔÇŭϛϡϜ 
 7!ŝȿǍ?ʔıǜϛϠϜ 
 8!ŝȿǍ?ʔıǜϛϡϜ 
 9!ŝȿǍ?ʔıǜϛϢϜ 
 10!ŝȿǍ?ʔıǜϛϣϜ 
 11!ŝȿǍ?ʔıǜϛϤϜ 
 12!şʂͱɶDþʖ 
 13!şʂͱɶ?ĕʥϛϠϜ 
 14!şʂͱɶ?ĕʥϛϡϜ 
 15!şʂͱɶ?ĕʥϛϢϜ 
ϠϜǿ̈ΐǜʭɀ?6DŨƶǍ 
ĕ̫ĻBʖ$VYXşʂͱɶDʉǆE�ʔʑɢǍ\ʻ3ĶȜ

ǜûDŝȿǍB#X�.DŝȿǍEΔÇŭBǺΛ/Y�̈́ƾ

ǍD#Xʔıǜ˪ͶBǀ:=ʔOù/YX�Ȥͣ˻>E�̫

DΫʦ?ʔʈŝȿǍȨˠ�ŝȿǍBέ[XΔÇŭ?ʔıǜ�

N7�ŝȿǍ\þʖ17ĕʥJDͬʍB;$=ŲI� 
ϡϜʭʩΐǜʊɝ 
LMΐǜ>*7� 
ϢϜǿ̈òŻσ>DĨW˩O?ǻĿȉˑ 

̟ȃN7EĺȃDͱȆ\R?Bͣ˻\̳:=$X)�ȹʈ͇

ſÆJDģć\˻Č<-3X.?BUW�ˢD¦>DʵͥB

àV4�`¢���¢jBUXʵͥ˽ǁR̳&XU%B17� 
ϣϜǿ&X7QBÑ:7ȓά 
Ή 1n��ĘȠ 15n�ϛ2ĝÉϜ� 

����#  

Ϡϟ�ʔ̫¡şʂʈ(VD AD ɜʥ̫DǱˤ�ϛέʗ�À
ʗ�Əʗ�ųæϛȸϜϜ  
_�|�a�¢ʣDȴʤʊE�͎ǚιŹ?̓ƶͥιŹ�Ţ

͚�ŷ̳Ƀ̌ιŹ�N7�ĸʤʊE�̗ť�ŧǓ�ɔûι

ŹS¨ųA@Dʤʊ>#X�ȤʢǏDġŃEȢ8¨ȏ>�ʿ

˪Çΐʈʹ>#X_uz�n��ΡDÊ§�̏BʏYX β-_
��a�Dəʳ�Tau x��jʹDʠơ÷μ�÷μ17 Tau
x��jʹ)Οı1Ʒǜ/YXʿ˪ġ˱˯Dέ©)͇ſ/Y

=$X�.YVDʵ̓Bć&ȘAXġŃˇȏ)ˮ-VY=$

X)�ʏŊɜʥ̫?1=͗QVY=$XDE�_uz�n�

�\û͈3Xn��ds}�¢vίŹ ϛ̫ChEIϜ>#X�ChEI
E�ȵȤʩɜʥ?EAVA$RDDüȠ(VȠD͎ǚιŹ�

̓ƶͥιŹ\ͺɰ1%X?˿&VY=$X�Ňò>͗QVY

=$X���r�ŕΝŕD¾BɧŜ>E�h���˂ȹʈD

ǜû>#Xh��x��)ȴʤʊĤGĸʤʊ\RǻĿ3

Xɜʥ̫?1=͗QVY=$X�şʂʘȩD ChEIɢǍ\Ȝ3
XđıʈE¾BR��˂ȹʈDǜû>#X�`wszk��

)#W�.Dđıʈ\ŐB�fszk������szk�

�ˎDıǜ̫)Ϋʦ/Y=$X� 
ƥ�ɺȉ̫BUXɜʥR͕OVY=$=�ćĹɲ̉ɴ)ʿ

˪˦̋DüÀŏϐ\ʖ$7ŷϔ> ChAT mRNAΡ\ŗć/5
X.?�˾Ϛ�{�S̏ʸŘ�{�B˪ĪǤ©3X?Ê§1

7͎ǚÚǭ̌Ć\ǻĿ1�̏ òD NGF mRNAS BDNF mRNA
Dʦʏ\ŗć�/VB cAMP-PKA˪Ͷ\ɢǍđ3X.?BU
WüȠǊːΔÇŭ\͙Ɔ1�6D˫Ȯ?1= NGF�BDNF�
ChAT\͙Ɔ3X.?)ŷ͓/Y=$X�ADǏ̀\ƃͪ?1
7̓ƩȺȲB'$=RʤʊDǻĿ)ʹ͗/Y=$X�N7�

̓ƩʩB͗ʵʤDĸʤʊS˭ıŢ͞ʤBƃ3XĊȮ)͗Q

VY=$Xǣ̅ȀE�¢��� D2 ĩŻÎSu����ĩŻ
Îˎ̀ȁ ǟBÏʖ\ĤM1=$X?˿&VY=$=�in 
vitro>EÊΝˣs��s\©&7 AD˦̋D˦̋ɋ\ɿƬÔ
ŮʩBǣÿ3X.?)ȏV(?A:=$X� 
6.>����src�{jAD�~��bsSADέΈʿ˪
˦̋\ʖ$=ChATmRNA�Ύ��Νđtaux��jû͈Μˣ
ĤG6DmRNA�taux��j��ΝđΜˣίŹɢǍ\ɳŶ
3X˞\˩Oˉ=�6YVBÏʖ3Xşʂ̫ʈĤGɺȉ̫(

Vɜʥ̫\Ǳˤ3X�şʂ̫ʈĤGɺȉ̫EChA�u���
��DOPA�MAOˎBέ©3Xǜû�ds��m�ȿɢǍʈ
ʹˎADBέΈ3X̀ȁDǜû\ĶȜ1=$X7QADD͡ʤ
ʊBέ©3X̀ȁDɢǍʈʹ\ĐǬʩB͔Õ>*X?îB

ß�DɢǍ\ʦʏ3XđıʈDĳŶ¡ʦ̓RĬ̌?˿&VY

X�_�|�a�¢Ō͗ʵʤ (AD)� DʦʤBŽǲBέΈ3X
?˿&XA�Â͜BŐ<*, A�1-42 (A�42)D÷μ\ǣÿ3



ʔ̫¡şʂʈđŲͣƭ 
Xđıʈ\̫ʖȹʈUW̓$83K+, zf����_{u
aBUW15˅DʄƟȹʈdisĤGɺȉøȉdisBƃ1s
j�¢��k\̳:7� 
� .D˫ȮUWΓŶ17����¢ʕȹʈϦBB;$=, ġ
ŭάĆϋǄΧ\ʖ$=A�42D÷μśđ\ʹ͗17ƿ, _{
uaha�Bǀ:=j���k��`¢BUXûξ˜̿\̳

$, 3˅DɢǍđıʈ\ǁ7� 
� .YVDȾ·B;$=NMRA@Dİ˅s�j� 
�\͈Ȭ1, .YVD%9Ϡ˅)Ȉ̈́đıʈ>#X´\ȏV
(B17� 
N7��aj�_�a\ʖ$=���src�{j AD �~
��bsD���sj���¢�͈Ȭ\̳$�AD DʦʤS
Ί̳Bέ©3XΔÇŭDǱˤ\̳:=$X�ȘBE�̀ȁD

đŲûȬɃŁ\ʖ$7�x��¢�͈Ȭ�ŝśΡ͈ȬS~¢

x�¢sÏǜ\°Î?17a��e�}`jsBUX AD ɜ
ʥ̫DǱˤRΊQ=$X� 
ŜΚͱƆêŷ˴ 
Ƥǜ 20ƥƬˁˉŞŲĔǞʞʩʷˇŐʬƷǜǺǷ´Ȼ�_�|
�a�¢ʣDüȠʦʤɃȾD͈ȏ?ȎȠ͒ȇɞDʹˉϧʷˇ

À̸̀ϧƇ́ĭȝ�ϛûǩʷˇϜ 
 
ϡϟ�şʂ̫ʈ(VD�¢q���_ʤɜʥ�¢�đıʈ

DǱˤ?Ïʖ�g�t�D͈ȏ�ϛέʗ�ųæϜ  
ʄƟǕȰʤ>#X�¢q���_ʤEġ̰BUXżʔ̰ʣ>

WHO ǮŶDíŞʄƟʣD£;>#X�ʏŊ_�z��Ă)
ˌ£ΓǧDɜʥ̫?/Y=$X)ϖÕ>ΩȠάDǤ©)ǈ͂

>#W�Ο˗AăÏʖ\ķ3X7QǏ̀Dŝ+Eɜʥ\ĩ-

VY4Bľω?A:=$X�Ǐ̀Eʦƌ΄¦ŇBŝ+�ȜĊ

Ǎ¡ųëǍBåY=$X?îBųÕ>˘ÖAĕ̫Ļ�Ǥ©ȉ

ɞ)ɖQVY=$X�«ŇDĕʥɃέ(V�ȹʈʘȩDȜĊ

A̫Ă\Ǳˤ1=Ɇ1$?DƵ$͂Ȟ\ĩ-�1999ƥ(Vʄ
Ɵʕ̫ʖȹʈ\ƃͪBʷˇ\̳:=$X�.YN>ŷȊ17

ʷˇBˮ$= 2012ƥEϞ����¢ʕ̫ʖȹʈB;$=sj
�¢��k\̳$ϞɢǍ\͗Q7 Tectona grandis�;$=Ⱥ
͍\̳$�18˅Dđıʈ\ĝξȾ·ɘŶ17�.YVD%9�
ϋ̩Aǥ�¢q���_ɢǍ\Ȝ1A)VR�bs�j��

^¢rȿ˦̋B˦̋ɑǍ\ʻ/A$ 4 ˅Dđıʈ\̓ù17�
N7�ĳƍϛTectona sp. ϜȹʈDǜûʷˇR¬̳1=̳:=
'W�ϡ˅DɢǍǜûD\̓ù1�ĝξȾ·ɘŶ\̳:=$

X� 
 
Ϣϟ�̫ʖȹʈDµɅÀͤʕʈʔıǜBέ3XûŭʔʈŲ

ʩ¡ʔđŲʩʷˇ�ϛƏʗ�έʗϜ  
şʂ̫ʖͱɶE�ĕ̫Ļ¡p�����ˎDġȆ?1=ªʛ

ʩBÑʖ/Y=$X�6D£ȉ>�ɲȖđ�ʶɹđˎDƺτ

BUXͱɶDȯɭ)Ǚǘ/Y=$X�.YVȜαAşʂ̫ʖ

ͱɶDȜĊþʖ\ȢȩB¸:=ǭˮ1=$+7QB��af

}j��r¢\ϓÑ17̫ʖȹʈDȶŏS˦̋¡˩˶ŏϐ�

'UGşʂ̫ʖǜûDĊʎʩʔʕ\ʭʩ?17ʷˇ)Ųθʩ

B̳A[Y=$X�.%17ʷˇ̳D7QBE�ʭʩ?3

XÀͤʈDʔıǜ˪Ͷ)ûŭʔʈŲʩ¡ʔđŲʩBûŭ��

�>ȏV(B/Y=$X.?)Ο͂>#X�ʉB�ʔıǜD

ĦǊ\͉Ŭ3XΜˣ'UGõŃŭˎ\n¢�3XΔÇŭD

j�¢��k?Ƀ͈̌ȬBέ3XʷˇE6DŐʬ?AX�ȹ

ʈB'$=E����a��}���a��_�g�a�ˎ

DµɅÀͤʕʈDʔıǜ)ûŭ���>͈ȏ/Y;;#X£

ȉ�Ôʂ?1=Ȣ͈ȏAʔıǜĦǊɎη#X$EȇʅʩAʑ

͈BʝN:=$Xʔıǜ˞RN7ȁŝ+Ɍ/Y=$X�.%

17ʔıǜ˪Ͷ\ûŭʔʈŲʩ¡ʔđŲʩB͈ȏ3X7QB�

ˁ79Dk�¢�>Eʔ̫�fb(ϯϗϘϰ)DĶȜ3Xd�c
���˞_�g�a�DʔıǜS�6D¾̀ȁDʔıǜ˪Ͷ

Bʁʀ\ƶ=�İʔıǜBέ©3XΔÇŭDj�¢��k?

Ƀ͈̌Ȭ\̳:=$X�.Dʷˇ˫Ȯ\ŐB�˩ǵ&x��

jʹΜˣ\ʖ$7 in vitro ıǜBUXşʂđıʈDȈ̈́Ċʎ
ʩʔʕ˞DȾ˖S��x��{jd�r�_��k\ϓÑ1

7UWȜʖAȹʈDÏù\ʭǮ1=$X� 
 
ϣϟ�ʔ̫¡̫ʖȹʈ'UGɺȉ̫D�x���js�ϛƏ

ʗϜ�

�x���js?E�ʔÎòDÀͤʈDĐǬʩ͈Ȭ\ʭʩ?

17ʷˇ>#W�Àͤɢċ\ƨ˕ŅB�61=ċʩBʑ͈3

X.?BȼQ=ȜĊA_��¢z>#X.?)ȏV(?A:

=*7�ʏŊ�ʏŊ�ʔ̫¡̫ʖȹʈ'UGɺȉ̫\ƃͪ?

17�x��¢���ʔÎòDÀͤʈD˰Î�͈Ȭ\̳:=$

X�ÀͤʈûȬE LC/MS�TOF-MSˎD̀ȁDûȬɃŁ\ʖ
$=̳$�ʷˇƃͪBΒ17ûȬȉɞ\Ñ$û-=$X�Ș

B�n���¢x¢\ʖ$7ûȬ~¢xDŝśΡ͈ȬBUX

Àͤʈ�`�h¢���}`�kS�¢g¢ÀͤʈDǱˤ\

̳:=$X�ǁVY7ʷˇ˫ȮE�̫ʖBåY7ȹʈ˅¡Ļ

˅DΓǦSΨŶ�ȘBE�ʔ̫¡ɺȉ̫DĶȜ3XŝȿAǜ

û?6D̫Ċ?Dέ×͈ȏJ?Ǌʖ3X� 
 

 
�¢q���_ġ̰D�a�paj��



ǅƒȃʑŞŲ�ϑƔ̫ŲΚ�ǿ̈¡ʷˇƥŒ�ˌ � Į�	��	 ƥ 
Ϥϟ�ȹʈǍΑɞ��{kDǜûBέ3Xʷˇ�ϛÀʗϜ  
ϗ̫S͆5$ĂA@EɞƾBUWĢ1+̈́ÿ/YX£ȉ�Ƨ

͆Ǎȹʈ)6YVDÀʖ?1='ϑϛs�¢ja�u�sϜ

SȹʈɀȤ�͇ͲʖȹʈA@DĴʭ>ɞƾSʫͅDʭ\ɻW

Ǧ-=ŚVY=*7�.YVE$[TX�Αɞ��{k�>

#W�ĶȜ/YXǜû)ϗ̫S͆5$Ă�ĕ̫ĻA@Dđı

ʈ?6DȾ·)ύÈ3XRDRŝ$�.YVΑɞ��{kD

£;>#:7�r{j�{q��¢�)ϗ̫ġȆȹʈ?1=

̈́ÿ/Y�N7�Ƨ͆ʈʹ>#Xp�����Ϫ\ĶȜ3X

�iqnġʕDƧ͆Ǎp��_ϛSalvia divinorumϜ)̫´ɞ
DǮŶ̫ʈBǮŶ/Y7.?E͎ǚBȈ1$�.DƧ͆Ǎp

��_E�-f�fa��u�x¢Γǧʩ_o�s�>#X
salvinorin AϛSalAϜ\Ķ]>$X.?(VƵĆAƧ͆Ïʖ\
ʻ3�Ȥʷˇ>E�.YVȹʈ˞Αɞ��{kDʫͅ¡Ĩ˲

Bƻˉ;U%AȈ1$ûȬɞDΫʦ�Ȉ̈́AΨýɞDʹˉ\

ʭǮ1=$X�SalA DU%AÊûŭđıʈDȺùE�HPLC
ɞA@DɃŁûȬ)°ɣ>#W�ϖ$ÛψǍ\Ȝ3XRDD�

˘ÖAǠɞ?E͊$ο$�£ȉ�éʡđŲʩûȬǠɞE˘Ö

>ŝȺÎĳȓûȬĬ̌AǠɞ>#W�ʏœ>DÑʖRĬ̌A

ΆûȬɞ?1=DåÉǍ\ǭ;�6.>�éʡđŲʩûȬ

ǠɞBʳʭ1�ǥÎ SalA��j�¢��ǥÎϛMAbϜ\ʋ̔
BÏ̿17ƿ�Ȥ MAb\ɢʖ17 ELISADΫʦ\̳:7� 
6D˫Ȯ�salvinorin ύ\ʉʠʩB͗ͥ3X MAb \ǁX.?
)>*�ȤǥÎ\ɢʖ17άǲˊıɞBUX ELISADΫʦ\
̳$�6DʉǍ\͔Õ17˫Ȯ�ĖûAǕƬ?˜Ƭ\â&7

ûȬǠɞ>#X.?\ʹ͗17�ȤɞE�Ƨ͆ǜû\ĶȜ3

X Salvia divinorumD˘Ö�ϖǕƬAΨýɞ?1=ȜʖAǠɞ
?$&X� 
ŜΚͱƆêŷ˴ 
Ƥǜ 23ƥƬĠʔĉä˂ŲʷˇͰ̽Ĉ 
ϥϟ�����¢ʕfb��Dʏŋ͞Ȳ'UGǜûûȬ�

ϛέʗ�ÀʗϜ  
ĴīƋ>̳[Y7 COP10 B'$=ͱɶÚŮDΟ͂Ǎ)͗ͥ
/Y7U%B�ʏŊ�ʔʈŝȿǍ)ŋʐʩBΟ͂A}¢�?

A:=$X�̫ʖͱɶB;$=E�Ň�ȪĜ_r_�Ĝ˙

ˎDʔ̫ÓˬŇB'-XƖȻđ�͇èŋΫʦBUXΠʔ̫ʖ

ȹʈʔ̈ŋDʸŘ)Ί̳1�̫ʖȹʈȶŏ̀ĤGǰĨ̀Dɰ

ƈ)̩1$�£ȉ>�ªʛʩBʔ̫ς͂EϖN:='W�ʔ

̫DųŶÓˬĤGǭˮʩĻʹÚǭ)Ǚǘ/Y=$X�.DU

%ÅȕDR?�̫ʖͱɶDÚŮ¡ǭˮʩÚǭD7QBȶŏ

ǃ̗)ǈ͂?A:='W�6D7QDġ˅Ǳˤ)ǌČ?A:

=$X� 
�ϘΈ�EɺȉøȉDOAV4�����̿Ă?1=RΟ͂

Aʔ̫>#X)�ÑʖΡDŝ/BRέ[V4Ňò>Efb�

�DʔʕΡEɾś1=$X�¯ɟŋȉ>Du��fb��D

ʔʕŋEL?]@̓VYA+A:7�ŇòʕɰƈEųÕA

Ňʕʔ̫BUX)�ƥ�Ň>Dʔʕʔ̫D;ùÿαBU

W�ϗϘ�ʓ̢\E2Q?3Xʔ̫DʹÚ)Ǜǋ/Y=$X�

6.>.DU%AʊɝBƃǊ3K+�ȶŏġ˅DǱˤD7Q

B����¢DƎƐŋƟBêW�Őġ˅D£;>#X���

fb��ϛCoptis teeta Wall.Ϝ\ǰμ1�Ňʕ'UGȌȤʕ
�ϘΈ�?DĻʹDŶǍʩ�ŶΡʩɒͻ\Ⱥ͍3X.??1

7� 
¼ł͞Ȳ17���fb��̔ʔŋE�����¢ȚĒΚg

z�ƕ�xfΙDa��ŇŖ?A:=$X Mt. Phon KanB#
X�ǰμ17ȹʈÎE�̨̐ɀȤ'UGȹʈÎ?1=ǭ9Ơ

:7����fb��E�6D̨)ij�fb��ϛ1 ł 3
ų̀̀Ϝ?Ru��fb��ϛ2 ł 3 ų̀̀Ϝ?RʠAW�
ʉǆʩAƷʊϛ1 ł 3 ų̀̀>Ƈ̨ϡ;)ȘBµ̆û̺Ϝ\
1=$7�TLCBUXǜûDɒͻ>E������Ds�{
�)ûȬ17@Dp���BRʹ͗3X.?)>*7�1(

1�$Z$Z?ȨÃ\ś&=Rn�zq�?���z�Ds

�{�)ĳ2É˸BʏY�ûξ3X.?)>*A(:7�N

7�.YVÁŜB 1;̞1+E 2;Ds�{�)ʹ͗>*7�
HPLC BUX˘ȐŶΡ>E�ë=Dp���?RB����
�DĶΡEȽC 5%Á¦>#W�.YEƊȉ>ʻ/Y=$X
4.2%Á¦?$%Őɷ\ɵ71=$7�N7�������n
�zq�����z�D¾BRϠ;̞1+Eϡ;D�¢j)

ʏY�.YE TLC D~¢x?̙$£̖\ʻ1=$7�¼ƿ�
ȢĳŶDǜûB;$=E�LC-MSA@(VDǑŒBUW͈ȏ
1=$+³Ŷ>#X� 
�

Ϧϟ�̫ʖȹʈDǜû?ʵͥDȔĤBέ3Xʷˇ�ϛųæ�

έʗϜ  
̫Ų) 6 ƥÿ?AW�N7..ȁƥ>ĕŲΚ>Eɺȉǿ̈)
ǈχ´φ?A:7´RHN&=�ǻQ=şʂʘȩD̫Ϩ̫ʖ

ȹʈϩDΟ͂Ǎ\ʑ͈3Xǈ͂)#X�Ȥʷˇ͌ʚE�ĕ̫

Ļ?1=D̫ʖȹʈ�ʔ̫Dʑ͈\ɪQ�p�����¡á

ƮώĻ?1=DɈʹAʵͥ\ɪQX.?\ʭʩ?1�ƶŞŲ

?ϑƔʱDěĆBUW�Ųʔ'UG£̘ʱɓ\ƃͪB̫ʖȹ

ʈͣɸÆ¡͇ſÆ\Ϋã17� 
ˌ 5 łA̫ʖȹʈ\ʵZ%� 
Ƥǜ 24 ƥ 10 ț 20 Ȍ̫ʖȹʈͣɸÆϛģć̀ 70 ĴϜ�10 ț
21Ȍ̫ʖȹʈ͇ſÆϛϏΠƎ�ai�kn¢sϜϛ82ĴϜ 
�ˌ 4 łA̫ʖȹʈ\ʵZ%� 
Ƥǜ 23ƥ 11ț 26Ȍ̫ʖȹʈͣɸÆ�11ț 27Ȍ̫ʖȹʈ͇
ſÆϛ˥πƎ�ai�kn¢sϜϛģć̀'U6 70ĴϜ 
�ˌ 3 łA̫ʖȹʈ\ʵZ%� 
Ƥǜ 22ƥ 10ț 23Ȍ̫ʖȹʈͣɸÆ�10ț 24Ȍ̫ʖȹʈ͇
ſÆϛúɒ˹ŸϞȍÅ³ŉÌ̵ΏϜϛģć̀'U6 110ĴϜϟ 
�ˌ 2 łA̫ʖȹʈ\ʵZ%��
Ƥǜ 21ƥ 7ț 11Ȍ̫ʖȹʈͣɸÆ�7ț 12Ȍ̫ʖȹʈ͇ſ
ÆϛƋƒƎυϜϟƤǜ 21ƥƬ ʉ̚#Xǿ̈ʷ ϛ̌21ǿ̈-8Ϝϟ�
�ˌ Ϡ łA̫ʖȹʈ\ʵZ%��
Ƥǜ 20ƥ 6ț 7Ȍ̫ʖȹʈͣɸÆ�6ț 8Ȍ̫ʖȹʈ͇ſÆ
ϛϑƔʱˉìɯȸȭìňϜϟϛģć̀'U6 100ĴϜ 
ŜΚͱƆêŷ˴ 
Ƥǜ 24ƥƬʉ̚#Xǿ̈ʷˇϛ24ʼÆ 3Ϝϟ 

�)%
�"  
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教育の概要 

担当科目：大学院医療統計学特論（伊藤悦朗、医療薬学講座・

飯原なおみ先生） 
１）教育達成目標とその妥当性：医薬品の添付文書には有効

率や副作用発現率、相対リスク減少率、絶対リスク減少率、

オッズ比など、その薬物治療の有効性や安全性を示す数値が

掲載されている。この授業では、それらの数値を無批判に受

け入れるのではなく、その根拠となる臨床試験の実験デザイ

ン、症例数、対象患者集団の特性を吟味し、数値の信頼性や

患者への適用性を学習することを目標とした。授業内容を理

解した上で、自ら研究をデザインできるようになることで、

本目標の妥当性が確認できる。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：目標を達成するた

めに、受講生の状況、すなわち通常の大学院生か社会人の大

学院生かを考慮し、それぞれ個別に授業日程を考えた。 
４）教えるために使った時間：上記理由により、正規の１５

回分を２セット行った。 
 
担当科目：物理学ＡおよびＢ（一般総合科目）（伊藤悦朗、生

物物理学講座・岸本泰司先生、薬学教育講座・植木正二先生） 
１）教育達成目標とその妥当性：新入生が物理系薬学の専門

講義にスムーズに移行できるようにするために、高校から大

学初年度レベルの物理学の知識を履修することを目標とした。

１年生の前期に開講した。 
２）目的達成状況：目標は達成できた。目標を達成するため

に、下に記すように莫大な時間を費やし、大変な努力をした。

しかし、高校までの教育レベルの低さ（ゆとり教育等）には

大きな問題があり、逆に言えばわれわれ大学の教員は、その

ような国の失策を甘んじて受け入れ、学部１年生の段階でそ

の負の遺産を徹底的に改善するためのシステムを確立しなけ

ればならないと考えている。すなわち、以前から入学前（高

校３年生）の時点においても、われわれ大学教員は入学予定

者に対して指導（入学前教育）を行う必要があると感じてお

り、実際に香川薬学部では入学前教育が積極的に実施されて

いる。 
３）教育内容面での取り組みと改善方策：１年生前期で物理

学Ａを、後期で物理学Ｂを開講するのではなく、１年生前期

に物理学ＡならびにＢの両方を開講して、それらを有機的に

つなげた。数学の基礎知識が不足している学生が多く見られ

たので、その改善にも莫大な努力をした。つまり多くの時間

を費やして補講した。高校で物理学を履修してきた学生に対

しても、その満足度を上げてもらうために補講した。また、

中間試験の実施などで気を引き締めてもらった。 
４）教えるために使った時間：本来、物理学ＡおよびＢはそ

れぞれ週１コマで半期１５時間分、都合３０時間しかない。

しかし、数学の基礎知識が不足している学生に対しては、補

講（家庭教師状態）を行わないと、とても理解してもらえず、

結果として、高校で物理学を履修してきた学生への補講と合

わせると、正規の２倍に当たる半期６０時間程度の時間は費

やした。 
 
担当科目：物理化学３（松尾亮太、生物物理学講座・桐野豊

先生） 
１）教育達成目標とその妥当性：本講義では、溶液の化学、

電解質の性質、および反応速度論について、熱力学（物理化

学１）の内容を踏まえて講義を行った。特に、溶液の性質や

化学電池を化学ポテンシャルの面から理解することは、あら

ゆる化学、生物学実験の基礎であり、妥当な目標であると考

えている。また、化学電池については、講義科目としては本

科目のみがカバーしている範囲であるが、国家試験での出題

頻度等を鑑み、最低限必要な範囲を履修させるにとどめた。 
２）目的達成状況：毎回、演習問題を課すことで、ある程度

の実践力をつけることができたと思われる。ただ、本科目の

みでは演習量が不十分であるゆえ、並行して進められている

生物物理学１で問題演習を重点的に行った。 
３）教育内容面での取り組みと改善方策：テキストよりも専

ら配布プリントを使って講義を進めたが、適宜テキストとの

対応状況を学生に知らせた。また、履修範囲が広いため、途

中、中間テストを実施し、成績判定に部分的に組み入れた。 
 
担当科目：生物物理学１（松尾亮太、生物物理学講座・桐野

豊先生、北村美一郎先生） 
１）教育達成目標とその妥当性：本講義は、問題演習に重点

を置き、物理化学３（松尾亮太）と並行して行うことで高い

教育効果を狙った。国家試験の過去問題にも取り組ませた。

電解質溶液の性質や化学電池についての習熟度を高めること

を目標とした。 
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２）目的達成状況：初歩的な練習問題の解法に関しては、大

部分の学生が習得したと思われる。 
３）教育内容面での取り組みと改善方策：生物物理学１およ

び物理化学３は、物理化学１の応用科目のような側面があり、

本質的概念の理解とともに、多数の練習問題をこなすことで、

実際の科学への応用を実感できるようにもした。 
４）教えるために使った時間：後期の週１時間で、当講座で

はその後半半分を担当した。 
 
担当科目：生物物理学２（伊藤悦朗、松尾亮太、生物物理学

講座・桐野豊先生、北村美一郎先生） 
１）教育達成目標とその妥当性：生体高分子の分析、構造解

析法の基本や、界面化学、コロイド化学の基本を学び、生体

内で機能する高分子の性質について、物理化学的な側面から

理解してもらうことを目標とした。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：テキストだけでは

不十分であると思われる箇所については、適宜他の資料を提

示して理解を促した。また、実生活において体感する現象を

具体的に例示することで、学習内容について実感を伴う感覚

を得られるよう工夫した。 
４）教えるために使った時間：週１コマ分で、当講座では後

半部分の３時間を担当した。 
  
担当科目：生物統計学（伊藤悦朗、生物物理学講座・岸本泰

司先生） 
１）教育達成目標とその妥当性：基本的な生物統計学の手法

を学び、それがどのように臨床で応用されているかを理解す

ることを目標とした。また、疫学についても範囲に入れた。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：現在はコンピュー

タソフトウエアが発達しているため、データの解釈さえ正確

にできれば、あとはコンピュータの使い方だけが問題となる。

そこで実際の授業にも、ＰＣルームのパソコンを利用し、ソ

フトウエアを駆使して統計学の勉強に励んでもらった。 
４）教えるために使った時間：週１コマ、半期１０時間（１

単位分）で十分であった。 
 
担当科目：事前学習（伊藤悦朗、松尾亮太ならびに他講座教

員） 
１）教育達成目標とその妥当性：病院・薬局の実務実習を円

滑に行うために、調剤および製剤、服薬指導などの薬剤師職

務に必要な基本的知識、技能、態度を習得する必要がある。

そこで、講義、演習、SGD、ロールプレイ及び調剤実習を行

った。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：SGD やロールプレ

イへの積極的な参加を促すように努めた。 
４）教えるために使った時間： オムニバス形式で各教員が３

時間担当した。 

 
担当科目：病院実習ならびに薬局実習（伊藤悦朗、松尾亮太、

ならびに他講座教員） 
１）教育達成目標とその妥当性：病院薬剤師の業務と責任を

理解し、チーム医療に参画できるようになるために、調剤お

よび製剤、服薬指導などの薬剤師業務に関する基本的知識、

技能、態度を修得することを目標とする。また、薬局の社会

的役割と責任を理解し、地域医療に参画できるようになるた

めに、保険調剤、医薬品などの供給・管理、情報提供、健康

相談、医療機関や地域との関わりについての基本的な知識、

技能、態度を修得することを目標とする。 
２）目的達成状況：薬学科（６年制）出身者として必要とさ

れる知識や技能を、実務を通して、すべて修得させた。 
３）教育内容面での取り組みと改善方策：各教員に振り分け

られた５年生、ならびに講座配属されている５年生に対して、

実務実習がスムーズに進むように、指導薬剤師との間で教育

内容の進捗状況を調整した。 
４）教えるために使った時間：病院または薬局に都合３回訪

問した。また月に１回、講座の５年生には集まってもらい情

報交換した。 
 
担当科目：生物実習（機能生物学講座教員ならびに生物物理

学講座教員） 
１）教育達成目標とその妥当性：モル濃度の計算や緩衝液の

理論などから溶液の基本的性質を理解し、実際の生理食塩水

の調製を通じて種々の実験器具・測定装置の用途や使用法を

学ぶ。また、モデル動物の神経系を用いた実験と講義から、

一般的な細胞膜の性質を理解する。さらに、演習では酵素反

応速度論について学ぶ。以上より、さまざまな生命現象を物

理化学的に理解するための力を養うことを目標とした。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：生物実習は学生に

とって最初の実習科目なので、実験器具の使い方・洗浄の仕

方、溶液調整の作法、そしてレポートの書き方などの基礎事

項を重要視した指導を心がけた。また実体顕微鏡や電気生理

装置などの操作法習得のため、詳細な資料を作成し、コンピ

ュータ・ビデオ等も併用して丁寧な解説を行った。 
４）教えるために使った時間：週８時間を３週間にわたって

行ない、さらに試験およびレポートを課した。本実習内容に

対して十分であった。 
 
担当科目：特別実習（伊藤悦朗、松尾亮太） 
１）教育達成目標とその妥当性：これまでの講義や実習で修

得してきた知識と技能を、自ら考えて手を動かすことによっ

て活用•応用できるようになるために、教員やスタッフ全員が

関わって指導する、いわば「卒業研究」である。夏休み、冬

休み、春休みの期間を重点的に活用して、指導を行った。 
２）目的達成状況：科学の奥深さを各自の研究テーマの中で

実体験するとともに、薬学部出身者として必要とされる知識

や技能を、研究の過程で修得した。 
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３）教育内容面での取り組みと改善方策：講座配属された３

年生を、教員とスタッフに振り分けて、一緒に実験を行った。

薬学部３・４年生は講義・実習・試験が多すぎるため、なか

なか思うように時間が取れなかった。 
４）教えるために使った時間：昼夜問わず、休みの日も関係

なく本実習は進められた。 
 
担当科目：総合薬学演習（伊藤悦朗、松尾亮太） 
１）教育達成目標とその妥当性：薬剤師国家試験の対策講義

として開講され、前期は「基礎薬学」を、後期は「基礎薬学」

から「医療薬学」までを通して学ぶことが目標である。とく

に前期は、午前中が講義で午後は演習という形式を用いて、

学習効果を上げることを狙っている。 
２）目的達成状況：国家試験に必要な内容は一通り教えるこ

とができた。 
３）教育内容面での取り組みと改善方策：授業コマ数が多す

ぎて、授業や演習試験の復習の時間が十分に取れず、学生は

自分の頭の中を整理できていないように思われる。国家試験

の問題の中には、過去に出題された問題とよく似たものが 
出題されることがあり、復習は重要である。今後の改善が望

まれる。 
４）教えるために使った時間：オムニバス形式。 
 
担当科目：卒業実習（伊藤悦朗、松尾亮太） 
１）教育達成目標とその妥当性：薬剤師国家試験の対策講義

として開講され、前期は「基礎薬学」を、後期は「基礎薬学」

から「医療薬学」までを通して学ぶことが目標である。とく

に前期は、午前中が講義で午後は演習という形式を用いて、

学習効果を上げることを狙っている。 
２）目的達成状況：国家試験に必要な内容は一通り教えるこ

とができた。 
３）教育内容面での取り組みと改善方策：授業コマ数が多す

ぎて、授業や演習試験の復習の時間が十分に取れず、学生は

自分の頭の中を整理できていないように思われる。国家試験

の問題の中には、過去に出題された問題とよく似たものが 
出題されることがあり、復習は重要である。今後の改善が望

まれる。 
４）教えるために使った時間：オムニバス形式。 
 
担当科目：保健福祉学部・臨床工学科配当の解剖学 I ならび
に診療放射線学科配当の解剖学（伊藤悦朗） 
１）教育達成目標とその妥当性：個としての生体の巨視的構

造を系統的解剖学で包括的に学び、さらには、局所解剖学（頭

部、胸部、上腹部、下肢部、四肢）を学ぶことにより、統合

された全体の構造における局所構造の役割を理解することが

重要である。特に、生命維持管理装置の構造と機能に密接に

関連する循環器系、呼吸器系、泌尿器系の構造については詳

細に学ぶことを目標とした。 
２）目的達成状況：目標は達成できた。 
３）教育内容面での取り組みと改善方策：１年生後期の開講

であったが、高校で生物学を履修していない、ならびに１年

生前期の時点で生物学の講義が無い、などの理由から、かな

り初歩的な生物学の知見から教える必要があった。それでも、

最低限、国家試験レベルまでの知識を得てもらうようにした。

さらには中間試験の実施などで気を引き締めてもらった。 
４）教えるために使った時間：正規の半期１５時間で済んだ。 
 

研究の概要 
【課題１】極微量タンパク質の定量法の開発（伊藤悦朗、岡

田龍一、森川美佳、児玉裕美） 
１）目的：１つの細胞の中の１つのタンパク質を定量する方

法を開発し、極微量タンパク質超高感度定量法の試薬やキッ

ト製造などの事業化へと結びつける。 
２）成果：酵素サイクリング法を用いて、既存の方法の約１

万倍の高感度検出までできるようになっており、現時点では

簡便性や汎用性について検討を進めている。 
３）今後の予定：さらなる超高感度化を目指す一方、取り扱

う対象を広げて、実用化を進める。 
４）外部資金導入実績：文部科学省・知的クラスター創成事

業、（独）科学技術振興機構・先端計測分析技術・機器開発事

業、文部科学省ならびに（独）日本学術振興会・科学研究費

補助金。 
５）共同研究：複数の国内企業ならびに国内外他大学との共

同研究。 
 
【課題２】コンピュータシミュレーションによるリガンド・

リセプター結合解析（伊藤悦朗） 
１）目的：リセプターによるリガンド認識メカニズムならび

にアゴニストとアンタゴニストとのリセプター活性化メカニ

ズムの違いを、コンピュータシミュレーションによって明ら

かにし創薬へと結びつける。 
２）成果：リガンド認識メカニズムおよびリセプター活性化

メカニズムについて、それぞれ重要な物理量を明らかにした。

とくにグルタミン酸受容体によるグルタミン酸認識機構を明

らかにできた。 
３）今後の予定：リガンド・リセプター結合のダイナミクス

をさらに詳細に明らかにしたい。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金。 
５）共同研究：複数の国内企業ならびに国内外他大学との共

同研究。 
 
【課題３】アルツハイマー病ならびに糖尿病の発症機構およ

び進行度判定に関する研究（伊藤悦朗、岡田龍一、森川美佳、

児玉裕美） 
１）目的：3xTg-ADマウスならびに糖尿病患者からのサンプ
ルを用い、アルツハイマー病ならびに糖尿病の発症機構なら

びに進行度判定を明らかにする。また軟体動物モノアラガイ

をモデル動物として用い、脳内インスリンが長期記憶に及ぼ
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す影響について調べる。 
２）成果：3xTg-ADマウスでは学習行動異常時に発現変動す
る遺伝子を同定できた。インスリンや TNF-αについての微量
測定に成功した。また軟体動物モノアラガイでの脳内インス

リンが長期記憶に及ぼす影響を、行動レベルとシナプスレベ

ルの両方で明らかにできた。 
３）今後の予定：これらの研究成果をなるべくはやく論文と

して公表する。 
４）外部資金導入実績：文部科学省・知的クラスター創成事

業、私立大学戦略的研究拠点支援事業、（独）日本学術振興会・

科学研究費補助金。 
５）共同研究：複数の国内企業ならびに国内外他大学との共

同研究。 
 
【課題４】ナメクジの脳におけるアセチルコリン神経システ

ムの組織学的解析（松尾亮太、小林卓） 
１）目的：ナメクジの脳における cholinergic neuronの分布
および投射様式を、組織化学的手法により明らかにすること

を目的とした。 
２）成果：ナメクジの脳において、コリンアセチルトランス

フェラーゼおよびアセチルコリンエステラーゼの mRNA が
発現していることが分かったため、今年度はコリンアセチル

トランスフェラーゼのタンパク質に対する抗体を作成し、そ

の分布を免疫組織染色によって調べた。その結果、高次嗅覚

中枢である前脳葉の内部層に強い局在が認められ、また触角

を通る神経線維にも強いシグナルが認められた。一方、前脳

葉において、ニコチン性アセチルコリン受容体の複数のサブ

タイプのmRNAが、それぞれ特異的な空間パターンで発現し
ていることも明らかにした。 
３）今後の予定：コリンアセチルトランスフェラーゼタンパ

ク質の分布について、さらに詳細な解析を進めるとともに、

ニコチン性アセチルコリン受容体の薬理学的特性を電気生理

学的手法によって明らかにする。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金。 
５）共同研究：国内他大学との共同研究。 
 
【課題５】ナメクジ脳内ニューロンにおける DNA 内的複製
の解析（松尾亮太、山岸美貴） 
１）目的：ナメクジの中枢神経には巨大な核を持つニューロ

ンが存在する。これらは核 DNAの増幅（内的 DNA複製）を
伴っていると考えられ、その生成様式と DNA 増幅を引き起
こす要因を明らかにすることを目的とした。 
２）成果：新規に開発した定量 genomic PCR 法等により、
ゲノムの増幅が局所的な DNA 増幅ではなく、ゲノム全体の
倍数化であることを明らかにした（2012年の J. Neurochem.
誌に掲載）。また、ニューロンにおけるゲノム倍数化には、臓

器への投射が必要で、体が大きくなることに伴って末端臓器

から得られる何らかのフィードバックシグナルが重要である

ことも示した。 

３）今後の予定：ニューロンにおけるゲノム倍数化に、神経

投射が必要であるという点に関しては、現在、論文投稿の準

備中である。今後は、どういった逆行性の因子がニューロン

に DNA 倍数化を引き起こすのかという点について明らかに
してゆきたい。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金、倉田記念日立科学技術財団研究奨励金、ブレインサイ

エンス財団研究助成、住友財団基礎科学研究助成、徳島文理

大学競争的資金「地域共同研究」。 
 
【課題６】ヒスタミンによる嗅覚中枢活動性の制御（松尾亮

太、小林卓） 
１）目的：これまで主に末梢のみで機能するとされていたヒ

スタミンについて、その高次中枢における分布と役割につい

て明らかにする。 
２）成果：ナメクジの前脳葉において、ヒスタミン H1 型受
容体が高発現していること、およびヒスタミンを in vitroに
おいて投与すると、前脳葉における局所場電位振動が速くな

ることを見出した。 
３）今後の予定：ヒスタミン作動性ニューロンが、脳内にお

いてどういった分布を示し、その投射様式について組織化学

的に明らかにする。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金。 
 
【課題７】ナメクジの嗅覚情報処理における律動性神経活動

の調節機構（小林卓） 
１）目的：優れた嗅覚とシンプルで強靭な脳をもつナメクジ

を用いて、抑制性の神経伝達物質とされるγ‐アミノ酪酸

（GABA）および中枢で働く神経ペプチド（FMRFamide）
がにおいの情報処理過程でどのような役割を果たしているか

明らかにする。  
２）成果：嗅覚情報を司る前脳葉律動性神経活動に対する

GABA受容体およびFMRFamide受容体のアゴニストおよび
アンタゴニストの効果について調べ、その律動性活動の周波

数を調節し得ることを示した。特に、GABAが前脳葉ニュー
ロンの興奮性を高める神経調節因子として働くことを明らか

にした（J. Neurophysiol.誌に掲載）。 
３）においの嗅ぎ分けや学習・記憶を司る前脳葉律動性ニュ

ーロンネットワークにおいて GABA ニューロンおよび

FMRFamide ニューロンがどのような役割をもっているのか
生理学的・組織学的に明らかにして行く。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金。 
５）共同研究：国内他大学との共同研究。 
 
【課題８】モノアラガイにおける学習・記憶形成に関わる分

子機構の解明（定本久世） 
１）目的：軟体動物モノアラガイの味覚嫌悪学習を例に取り、

特定ニューロン間のシナプス伝達可塑性に関わる分子機構を
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解明する。 
２）成果：モノアラガイは味覚を用いた学習を習得し、長期

記憶を保持する。この際、特定のセロトニン分泌細胞が重要

な働きをすることがわかっている。これまでに、記憶形成に

関わる「転写調節因子 CREB」と、伝達物質セロトニンの分
泌量を調節する「セロトニントランスポーター」の遺伝子を

モノアラガイで同定した。また、これらの遺伝子発現量が学

習にともなって変化することを確認した。 
３）今後の予定：前述した学習にともなう遺伝子発現量変化

とシナプス可塑性との関係を、分子生物学的および電気生理

学的手法によって解析を進める。 
４）外部資金導入実績：（独）日本学術振興会・科学研究費補

助金。 
 
【課題９】ミツバチのコミュニケーションメカニズム（岡田

龍一） 
１）目的：社会性昆虫のミツバチがどのようにダンスコミュ

ニケーションして、コロニーを維持しているのかをコンピュ

ータシミュレーションによって明らかにする。 
２）成果：昨年度までに構築した数理モデルを用いて、ミツ

バチの採餌行動のシミュレーション実験を行った。その結果、

情報の精度があまりに高いとかえって環境変化に対する適応

性が落ちることがわかった。 
３）今後の予定：コンピュータシミュレーションによる実験

を進め、ダンス行動の効果とコロニー維持の機構について明

らかにする。 
４）外部資金導入実績：文部科学省・科学研究費補助金。（株）

山田養蜂場みつばち研究助成。 
５）共同研究：国内他大学との共同研究。 
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＊2012年のみ（国際会議、国際・国内シンポジウムのみを記載） 
1. Okada, R. 「Neural network involved in olfactory learning in 

the honeybee brain」日本神経科学会 (Neuroscience 2012)
（名古屋）2012年 9月 19日. 

2. 岡田龍一 「ダンス行動によるミツバチコロニーの環境
適応：コンピュータシミュレーションによる解析」日本

動物学会（豊中）2012年 9月 13日. 
3. Ito, E.「 Role of molluscan insulin-related peptides in 

formation of long-term memory of the pond snail Lymnaea」
Simpler Nervous Systems 2012 (Moscow, Russia) 2012年 9
月 9日. 

4. Kobayashi, S. 「 GABAergic modulation on the slow 
oscillatory neural networks in the procerebrum of Limax 
valentianus」FENS Forum of Neuroscience 2012 (Barcelona, 
Spain) 2012年 7月 18日. 

5. Matsuo, R. 「Neurobiology of the land slug Limax」2012年
度日本比較生理生化学会年会  吉田奨励賞受賞者講演
（葉山）2012年 7月 7日. 

6. Matsuo, R. 「DNA amplification in the brain neurons during 
the body growth of an adult slug」Molluscan Neuroscience 
Meeting 2012 (Florida, USA), 2012年 5月 17日. 

7. 岡田龍一 「ミツバチのダンスはどんな効果があるの
か？」ミニシンポジウム：ミツバチの行動と社会性（姫

路）2012年 2月 24日. 
8. 伊藤悦朗 「最新の臨床検査 UP TO DATE」日本臨床検

査医学会、日本臨床化学会、第８回合同地方会（中国・

四国支部）シンポジウム（岡山）2012年 2月 5日. 
 

特許 

＊ 2008年以降 2012年まで 

1. 伊藤悦朗 (2012) PCT出願 1件 

2. 伊藤悦朗 (2011) 国内特許出願 1件 

3. 伊藤悦朗 (2009) PCT出願 1件 

4. 伊藤悦朗 (2008) PCT出願 1件、国内特許出願 1件 

 
社会貢献 

出張講義・体験学習など 

1. 伊藤悦朗 香川県立高松北高等学校外部研修指導 2012

年 12月 17日 香川薬学部内。 

2. 伊藤悦朗 香川大学源内塾出張講義 2012年 12月 15日 

香川県高松市。 

3. 伊藤悦朗 高松市立高松第一高等学校 CBI（英語）出張

講義 2012年 11月 30日、11 月 2日、10月 5日 香川

県高松市。 

4. 伊藤悦朗 香川県立坂出高等学校 2012 年 11 月 16 日 

香川県坂出市。 

5. 伊藤悦朗 日本薬学会中国四国学術集会香川薬学部ブー

ス出展 2012年 11月 10・11日 島根県松江市。 

6. 伊藤悦朗 香川県立高松北高等学校出張講義 2012 年

11月 9日 香川県高松市。 

7. 伊藤悦朗 香川県立高松桜井高等学校出張講義 2012年

11月 10日 香川県高松市。 

8. 伊藤悦朗 おもしろワクワク化学の世界 2012年 8月 25

日 香川県高松市。 

9. 松尾亮太、小林卓、山岸美貴 ひらめき☆ときめきサイ

エンス「ナメクジはかしこい！～ナメクジの学習行動と

脳の仕組み～」2012年 8月 9日 香川薬学部内。 

10. 伊藤悦朗 進学説明会出席 2012 年 7 月 13日、7 月 12

日、7月 10日、7月 4日、7月 2日、3月 8日 香川県各

地。 

11. 伊藤悦朗 北海道釧路湖陵高等学校 SSH出張講義 2012

年 6月 26日 北海道釧路市。 

12. 伊藤悦朗、松尾亮太、小林卓、山岸美貴 高松市立高松

第一高等学校 SSH学外実習指導 2012年 5月 23日 香川

薬学部内。 

13. 伊藤悦朗 土佐女子高等学校出張講義 2012年 2月 8日 

高知県高知市。 

 

省庁 

1. 伊藤悦朗 文部科学省・科学技術政策研究所・科学技術動

向研究センター 専門調査員；（独）学術振興会・科学研

究費委員会 専門委員；（独）科学技術振興機構・シーズ

発掘試験 委員。 

2. 松尾亮太 （独）日本学術振興会・科学研究費委員会 専

門委員。 

 

学会役員 

1. 伊藤悦朗 International Society for Invertebrate Neurobiology、

President；日本比較生理生化学会、行事委員会委員長・

評議員；ニューロエソロジー談話会、世話人。 

2. 松尾亮太 日本比較生理生化学会、評議員。 

3. 小林卓 日本生理学会、評議員。 

4. 定本久世 日本比較生理生化学会、評議員、編集委員。 

5. 岡田龍一 日本動物学会中国四国支部、香川県委員・香

川県企画委員。 

 

雑誌編集委員 

1. 伊藤悦朗   Acta Biologica Hungarica, Editorial Board； 

BIOPHYSICS， Advisory Board； Information， Division 

Editor；Zoological Science, Advisory Board. 

 

管理・運営に係ること 

委員会など 

1. 伊藤悦朗 大学院香川薬学研究科創薬科学専攻主任、広

報委員会委員長、センター試験学部担当者。 

2. 松尾亮太 全学教職課程委員会、大学院委員会、広報委



機能生物学講座 
員会。 

3. 小林卓 国試対策委員会、初年次教育委員会。 
4. 定本久世 OSCE委員会、初年次教育委員会。 
 

オープンキャンパス 

1. 伊藤悦朗、松尾亮太 2012 年 10 月 6 日、8 月 26 日、8
月 5日、6月 17日、5月 27日、3月 20日 オープンキ

ャンパスの運営担当。 
2. 松尾亮太、小林卓 2012 年 8 月 26 日 オープンキャン

パス・サイエンスミニキャンプ担当。 
3. 定本久世 2011年 8月 7日、7月 18日 オープンキャン

パス調剤体験学習担当。 
 

その他、新聞報道等 
1.  岡田龍一 「虫が教えてくれること」 四国新聞 2012

年 3月 5日付。 
2.  岡田龍一 「多分野への応用期待 姫路で「ミツバチ」

シンポ」 神戸新聞 2012年 2月 25日付。 
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{au=\LT4�

Ã¾°Ä�bǵɱc˥Ɠbn{̐͞L3ʼ@CɄLEc^E

Zq̯ʃʚ_ȗFZAvÙ\ʑ^WTH\{͇̚LZ=xd

¯Ä �ɱ{ĢɱLT4 
ÃƋ·b͙ņÇʵDȓͩC[Dwb[3͓ Ɗ���{ĒLT4

Í_c˹̧bȆɿ_LBʼ@C͂WZ=^=t>^qb{;

@ZĒL3ǂubɾĠǓ{ƹDĒNt>ĤpT4HbŮņ

bǵɱc3ð@ʼ@CɄ̓[^EZqɾĠǓÃ̯ʃǓC;w

qbc¯Ä �ɱ{ĢɱLT4 
ǫƽʯʞΠİȷʧʴƚĄƋˣΑŚˆēǫēΒ�

� ˿ʯƄʯƖ̴bʯʞ[;w4ʧʴƌbšɑ_gxJP3

ʧʴ{̿ͅ_ëǙJPwTp3Ɩ̴˦_cēƁʅɺƄ3ēȩ

ĬƄ3ȚɀĬƄbʧʴ{̂WZquWT4mT3ŸƄͮʅ_

ʟǷXBPwt>_LZ3ŸƄͮʅbǰƚˮġŊÇ\ʧʴƌ

ibǢV̓FrNJ_X=Z͚ǛLT4 
ǫƽʯʞΠÔĜƄˣΑƍɬΒ 
� Κưʅ{Ɩ̴_3ʅɺʉȦ̋Œ3ɻƉʅɺʉȦ̋Œ3¤�

���£¿�Ä_tWZʆʅJxTĮ˿Œ[;w6ʅɺ̋ĝ7

b̰ˢ{̂WT4Ǚȭʔ{ƹD̻HNłˮǓb;w̋ĝ[;

wH\_įēɛǘNwH\{̩ȏLT4 
ǫƽʯʞΠɻĘƋˣÃİȷƋˣΑƍɬÃŚˆÃƛȵÃƛȪΒ�

� ŅÙǍOʑ^wʧʴ�Ä±{Ê@3ȔɋbǴȷrŤƏ̟·

Ɩʽ[cŪ@^=ǒ˥ġÃǏʇġAtfı̬Ǔ{̿_XFw

H\{ʞʚ\LZ=w4Hxcĳ^w˿ĝƫ[c^E,ï@

w˿ĝƫ-{pKLZ=w4mT3ȃʯȗUF[c^B^B

̿_XFwH\C[D^BWTʦ̲{Ƌͳ_ë·JPwH\

_tv3ʦ̲{ŌľLrN=t>͚ǛLT4Ŵän3Ďän3

ȑänbȜͩ{͞ɱʚ_ɜʇLZ3ǰƚ{̂WT4Λưɂʅ

cʓͮƋˣ3˿ƞƋˣbņͩ_ǰƚLT4�

ǫƽʯʞΠ��� Ɩʽ̰ˢΕŤƏ̟·Ɩʽ̰ˢΑƍɬÃŚˆē

ǫēΒ�

� ��� ̟·ÃŤƏ̟·ΑʅĬƄÃ˿ʃƄbē͟ΒƖʽ̰ˢ\

ɫˣ{̂WT4ƍɬc �� ē $�	 �±ǫƽ�ʅĬƄ � �±3˿

ʃ � �±�LT4Śˆc �� ē $Κ�±ǫƽLT4�

ǫƽʯʞΠĴŲ̫ʲbƄʅǰƚΑƍɬÃŚˆΒ�

� ʧʴ˦\LZɾʷ[Dwt>3Ȇɿ{̪mP3̯Ȇqȸġ

Ƅʅ_ȗBPwt>_LZ=w4ɌȌù5_̘̯L3ʧʴb

ɝxCͩ͒WTȉŊ_̂B^=t>_L3mTąëbʧʴå

[˖ǮNwˮġq̿_ßEt>ǰƚLZ=w4ʂťΘŉCť

˃LZ=wC3Ì˦\qƄ̃ǲ˵åɻĘʧʴœbĊƉ{ǅT4�

 

����#  
Η.� ʫˏˋ˭ibēĬ̦ƚɀȺb̓ȏΑƛȵÃƛȪÃƍɬΒ 

±��ˬǓ˰ʕˋ˭ P19 c3ʑ^wȥâ[bŪ_tvʑ

^wˎ˜ɻʑʚˋ˭ibēĬC̦ƚJxw\=>ŶēĬˮ{

qWTˋ˭Ȱ[;w4ēĬbÅȥâ\LZ3ĐͶɼǚ[bŪ

\ÅƉɮƴb¾�£�Á͜ɢĢ_tWZ3ʫˏˋ˭ͶŠC

ʅMwH\Cʦuxw4 

ǝ5cHb˅{ʇ=Z3ȞēĬˋ˭Buˎ˜ɻʑʚˋ˭i

bēĬ_BBzwēƁɀȺ{ȏuB_Lt>\LZ=w4ͅ

ưbʧʴ_tv3ēĬ_cűɊşƁrēĬ̦ƚşƁ_twě

ɭ33 ɂÿʚ^ˋ˭ͩʠÖíʇ^]Cɻ_̍͞^ǁğ{ȫT

LZ=wH\CȏuB_^WZDZ=w4LBL3ēĬcȻ5

^̍şC˖ņʚ_BBzvņWZ=w̌ͷ^͏ʲ[;wTp3

]|^�� ½ēƁC=X]bt>_ͪÊLZˋ˭ēĬC̦

ƚJxwB{ąëʚ_ǳ@wH\c[DZ=^=4ȞēĬˋ

˭Cˎ˜ɻʑʚˋ˭i\ēĬNwɀȺ{ȏuB_NwH\c3

ūʩʧʴ\LZ˵ŏɡ=dBv[c^E3ȘͅbĮʖʂŮ[

ɛʞJxZ=wċʅĮʖǤ̃{tv͍ɅJPwTp_q̍͞

[;w4 
ǝ5cmO3¾�£�Á͜ɢĢ_tWZ P19 ˋ˭Cʫˏˋ

˭i\ēĬNwȥâ_X=Zȶ̘LT4¾�£�Á͜đʃȓ

ͩ\ēĬ̦ƚʁ{̬j3ȘqħʁtEʫˏˋ˭i\ēĬJP

wȥâ{ʨʷLT4ɂ_3DNA ±��¿~¾�{ʇ=T˕ˠ

ʚ͕æƁʘʂ̓ȩ{̂=3¾�£�Á͜ɢĢ_tWZ̀Č͠

CųĩNw͕æƁˡ{ȏuB_LT4Hxub͕æƁb>V3

ʫˏēĬ\bͪ͌r¾�£�Á͜_twʘʂųĩɀȺCȏu

B_JxZ=^=͕æƁ_ɛʞL3̢ L=̓ȩ{̂WZ=w4

ð@d3ɻǋʚ^�´�Á{qX�Á¥�̺{�Ä�Nw͕

æƁbÅXC3Ç̚ȥâ{ɧTNH\CȏuB_^WT4H

b�Á¥�̺\ň©}²¼Ä_ơNw�Á¥�̺b=EXB

_X=Zc3ˋ˭ŎȜr DNA øǇʻ{ſp\NwȻ5^ʅ

ɺʂ̴_ͪÊLZ=wH\Cȋ_ŭōJxZ=w4LBL3

ǝ5CɛʞLT�Á¥�̺_X=Zc3mURbt>^ŭō

C^JxZ=^=4RbTp30¾�£�Á͜ɢĢ\ʘʂ͠

ųĩbͪ͌Ǔ31ÞşƁ\bʠÖíʇ32̡ƽ͕æƁbʘʂ

ųĩC P19 ˋ˭bʫˏēĬ̦ƚ_ȫTNǁğʻ_X=Z3ʂ

ť̓ȩ{͍pZ=w4mT3̓ȩ�Ä���\LZ͔ĘLT

Þb̌Ȅb͕æƁ_X=Zqňȓ_̓ȩ{̂WZAv3Hx

ubːȫ{˒ņNwH\_tWZ3ȞēĬˋ˭Bubʫˏē

Ĭ̦ƚ_BBzwēƁɀȺb̢ˋ^̓ȏ_ːfßFT=\˥

@Z=w4 
 
Θ.� DNA ǼýbʘʅÃʅëĊibǀͼ3øǇɀȺb̓ȏΑŚ

ˆΒ 
� DNA cʅŐʂ̴{śoTpb͕æǖŭ{˾@ZAv3˴ ̿

bǖŭ{̌̋_tWZƁƅ_ɉNH\C[Dw4Hbǖŭ_

̨vCʅMwΑʶɴųʑΒ\3ˤĬ3�ÁĬ3Ȼ5^͕æʓ

bƹD͡_^w4DNA bǖŭbųĬbe\X\LZ3DNA
b͜ĬǼý_twųʑC;Guxw4�Á±˗_tw̆ɸ3

ŹͰā_twāĥ̻JxTʛ˲Ċ˷ˈ3Ju_cëĊbà̱

͏ʲ[ʅǜNwɜǓ͜ˈʳ^]Ȼ5^̍ş[ DNA c͜ĬJ

xw4 
a) �~¡Á͜ĬǼý�  
� Hxm[3DNA {͜ĬNwŶEb˅[3�~¡ÁBu�²

Ár���ÁibʶɴųʑC̒ƓJxZDT4Hb>V3�

~¡Áb͜Ĭʅǜɺ[;wΞ����~¡Á(8-oxoG)bŮņ3

DNA ̌̋_A=Z~�¡Á{Ŀv̈́n3ůūƖ{ƾǜNwH



ēƁʅɺƄ̰Ƶ 

 

\CėȏLZ=w4HbǓ̺C�~¡ÁBu�²Áibʶɴ

ųʑ{eD̻HN\ǸŖJxZ=w4LBLHxm[b\H

y3�~¡ÁBu���Áibʶɴųʑ{eD̻HN͜Ĭʅ

ǜɺcʦuxZ=^BWT4 
� ǝ5c3ˊŵ˗_tvĥ̻JPT¼¯©»§Á{ʇ=Z3

���Í_A=Z �"$"� \\q_�²��¿Á��%�CʅǜNw

H\{ȏuB_LT4mT3��� ̌̋_A=Z �% bē̓ʅǜ

ɺ[;w����¿Á��%�bʠǡ_�~¡ÁCĿv̈́mxw

H\{ʪLT4tWZ3�% c �"$"� \\q_ʅëĊ[ʅǜ

L3�~¡ÁBu���Áibʶɴųʑ{eD̻HLZ=w

łˮǓ{ĖpZǸŖ[DT4ʂťc3�~¡�£¦�Á��

Á����r�¨£¦�Á��Á��#�q�~¡ÁBu���Ái

bʶɴųʑ{ƹD̻HNH\CŭōJxZAv3HxuC�

~¡Á\ůūƖƾǜbłˮǓC;wH\{ �������� ̗ʾ[

ʪLT4�

� mT3�"$"� b͜Ĭĝ\LZȈT_º�ˈ{̎ĒL3Ņʳ

͜ĬǼýb̬ȅ_ǁʷXH\{̎ĒLT4mT3Hbʧʴ͏

ʲ[3�� r͜Ĭŧ �����"$�3���½¼��~�����$��

c͜Ǔȥâ[ʅǜNwH\{ʨ̤L3�� c˅Í[Ju_ ��"$

_͜ĬJxZ=wH\3��"$ cɷē̓_tv �$� _̦ƚJx

Z=wH\{ʨ̤LT4Åȉ3�# r �% cůūǓȥâ[ʅǜ

NwH\{ʨ̤LT4mT3Hxm[ƂťCÓɤJxZ=T

Íͩë��²Á���!�{Ëʍ[ĖpZȶĒÃňƉLT4�

� Ç̚bʧʴ\cĘ_3¦������Atf����c �%_ƖL3

øǇɜǓ{ǯXH\{ȏuB_LT4 
b)  ©»§Á̦ƚëbĬƄ 
� §�²Á B2 c©»§ÁΈȲ{ǯWZAv3͜ Ĭ͖ÿ͛ˈb

Íǌʚǁğ{_^WZ=w4ǝ5c���Á»��½ʘʅĝ

\LZ3©»§Á̦ƚëb˂ô^ņǜɚ{ͨʘL3Rx{

DNA ȟʸ_ćȚːņ[ţƉLT4ȟʸ_©»§Á{ţƉLT

ΘȠͥ DNA _ā{ɵƘLTȓ38-oxoG Bu Iz CʅǜNwH

\{ȏuB_LT4áĜb�£ÁbƋ·\;zPw\38-oxoG
/Iz \=>ĽǏC DNA Ċ®Ä½ʱĩ[̻Hv>wH\{ͩ

͒=^=qb\LT4 
� Ju_3Hbʧʴ[íǜLT=EXBb©»§Á̦ƚë{

ʇ=Z3Rx˴̿bāē̓Ǔ{̓ȩL3½²�¿³_ē̓N

wH\{ċʨ̤LT4 
� ;zPZ3�½¯��´�½©»§Á3½²©»§Á3½

²�¿³bˏɣʚ[˂ô^ņǜȉɚ{ʨʷLT4 
8ŵ͘ʧʴ̸͡9 
ÃƯǜΘΙ:ΘΛưƴΠʯʧ̷ūʝ �ΑŚˆΒ�

ÃƯǜΘΙưƴ:ΘΚưƴΡʙįŝͣ̂Ƅ̃ȆĬǲ˵̵Š� ʆ

ȷÃƄ̃ͧ͘ģǜ͡ΑŚˆΒ�

ÃƯǜΘΙưƴΡȁƘ˗ǀͼıå� ʧʴżĥģǜ͡ΑŚˆΒ�

ÃƯǜΘΙưƴ:ΘΚưƴΡÍčûƶʯƄǲ˵̵Š� ʧʴģ

ǜ͡ΑŚˆΒ�

ÃƯǜΘΙưƴΡĭ͟ʅɠȃ˪ǲ˵å� ʅɠȃ˪ʧʴģǜ͡

ΑŚˆΒ�

ÃƯǜΘΙưƴΠɻ˷;wȃ˪Ãʧʴģǜ͡Αȃ˪ΒΑŚˆΒ 
ÃƯǜΘΘưƴΠɻ˷;wȃ˪Ãʧʴģǜ͡Αȃ˪ΒΑŚˆΒ 

ÃƯǜΘΖ:ΘΘưƴΠʭʷŸƄǞʏʚʧʴǭɱƾǜǾǻÔ

ȷģǜ͡Αēǫ˦Β 
ÃƯǜΘΖ:ΘΗưƴΠ͊ʆʡŦŨ�£¬Ä�¹ÁĠĒʧʴ

ͨʘÔȷģǜ͡ʀǅΑēǫ˦Β 
ÃƯǜΘΖưƴΠŤͳʯƄǤ̵̃Š� ʧʴģǜ͡ΑŚˆΒ�

ÃƯǜΘΗưƴΠʯʧ̷˸ǡ B ˝̼ʊ̮ΑŚˆΒ 
ÃƯǜΗΟ:ΘΖưƴΠʯʧ̷˸ǡ BΑŚˆΒ 
ÃƯǜΗΝ:ΗΞưƴΠʯʧ̷˸ǡ BΑŚˆΒ 
ÃƯǜΗΝưƴΠɻ˷;wȃ˪Ãʧʴģǜ͡ΑćňʧʴΒΑŚ

ˆΒ 
ÃƯǜΗΜưƴΠɻ˷;wȃ˪Ãʧʴģǜ͡ΑćňʧʴΒΑŚ

ˆΒ 
8Î^ćňʧʴĀ9ͻƣŸƄ3ƄˣͮŸƄ3ȧĭŸƄ 
 
Ι.� DNA \bːņ{Ƚʚ\LTȈ̏ NF-κB êēƁͫƎĝb

ňƉΑƛȪΒ 
NF-κB c3Ȼ5^�� ½Ǐʼb̬ˀ_Íǌʚ^ǁğ{ȫT

ǸČşƁbÅX[;w4NF-κB _tẁČ̬ˀbnUxc3

Ȼ5^ʓɑ\ͪzvC;w\˥@uxZAv3NF-κB bɻʑ

ʚͫƎĝc3�� ½bľȤɋͲ{Ěǆ[DwH\Bu3R

xubʓɑbȚț^ɖʖ˿\^wH\CȜǃJxw4Hxm

[3ǝ5c DNA \ NF-κB bːņ{ͫƎNwêēƁĬņɺb

ňƉ{ʞʚ\LZ3in silico [b docking study _tvêēƁĬ

ņɺú̊{͔ƉL3RxubĬņɺ_tw DNA \ NF-κB \

bːņͫƎˮb̓ȩ{AH^WZDT4�Á¨·Ä�{ʇ=

T structure-based virtual screening (SBVS)ɚ{ęʇLZ3ǝ5

CǠȚNw virtual chemical library Bu3DNA \ NF-κB \bː

ņ{ͫƎNwêēƁĬņɺú̊{͔ƉLT4ɂ_3͔|UĬ

ņɺbͫƎˮ{3MF20 molecular interaction analytical system 
(Olympus)_tw Fluorescence Correlation Spectroscopy (FCS){
ʇ=Z̞óLT4Ju_3èĬņɺ\Ɏ́ȶ̘LT\Hy3

Țǘ^ƩC̤puxT4Hb>VħȫC̤puxTqb_ͪ

LZ3Electrophoresis Mobility Shift Assay (EMSA)ɚ_tv3ͫ

Ǝˮbȶ̘{̂WT4ʂť3HxubĬņɺ_ͪLZ3ˋ˭

_AFwͫƎˮʻbȶ̘{͞aZ=w4ÛǄc3Hxubê

ēƁĬņɺb´�¡�³̓ȩ3Ș͓ĬņɺibēƁ̛̗{̂

>H\_tv3Ġ˿¼Ä�Ĭņɺ\^wȈ̏ NF-κB ͫƎĝb

ͨʘ{͍pwÓƉ[;w4 
8ŵ͘ʧʴ̸͡9 
ÃƯǜΘΘưƴΠȧØʅĬƄʧʴå� ʧʴżĥ͡� ΑƛȪΒ�

8ćňʧʴĀ9ȧØʃʯŸƄ3ȧØĮʯɆʯŸƄ 
 
Κ.� DNA ̌̋̈˞̬ˀb̓ȏΑƍɬΒ 
� DNA cʅŐb̛̗Ţ\=@w͕æǖŭ{ŋ|[=w4DNA
b˔ǯ3̌̋\ DNA _ŋmxwǖŭbʘʂc3;uswʅ

Őʂ̴būȠ[;w4mT3ʅŐc 109 _qļhǖŭĳé{

ˋ˭bȱĊ_DzpZ�Á¥��_ľˆΑĐ˚ΒLZ=w4

ˋ˭bűɊȓrʘʅēĬbɋͲ[3Đ˚\˯Đ˚{�� ²

��_˝v͆L3LBqĹƒ_ĚǆJxZ3͕ æǖŭb˔ǯÃ

ʘʂ{̂WZ=w4 



ǊƥȆʃŸƄ�΅Ƨ˿Ƅ͘�ȃ˪Ãʧʴưŭ�ʹ � ń����� ư 

 

 � ǝ5c3DNA ̌̋_ͪÊLZ=wşƁˡAtfʠÖíʇ

Nw�Á¥�̺bɀˮ{̓ȩL3Ju_ DNA øǇr DNA ̀

Č^] DNA Ç_̻HwŅʳbĽǏ\bͪõ3ȱȺ͋bÍ[

bǱĩ{ȏuB_L3DNA ̌̋̈˞C]>̬ˀJxZ=wB

{̓ȏLT=\˥@Z=w4 
� Hxm[_3ȭ˷ë DNA ̌̋͛ˈbe\X[;v3DNA
øǇ_qͪÊNw DNA °¼´»Ä�)bʹÕ�ª¸¡��

(DPE2)\¦��Á�~��»Ä�(HDAC){ŋo Sin3 ̌ņë

Ⱥǜ�ª¸¡�� SAP18 \bʠÖíʇ{̎=ULT4HDAC
c¦��Á{˯~��½ĬNwH\[3�¿±�ÁȺ͋{Đ

˚i\ƚD3͕æƁʘʂ{ǦĚNw4̌̋şƁ\bʠÖíʇ

Bu3̌̋ĜǄb�¿±�ÁȺ͋böǯ_ɀˮLZ=wH\

CÓɤJx3ˋ˭ē̇{ˏZq͕æƁʘʂǖŭCöǯJxw

�¨��¢����ĚǆɀȺ\bͪ͌CʪŔJxT4ÛǄc

ŶEb�¨��¢����Ěǆ˅_ͪÊNw�Á¥�̺b>

V3DNA ´�½Ĭ͛ˈ3¦��Á~��½Ĭ͛ˈ3¦��Á

˯~��½Ĭ͛ˈb�Á¥�̺\ DNA °¼´»Ä�)Αpol
)Β{Íǌ\LŤ̋̌ņë\bʠÖíʇC3̌̋b͍̂A

tfēĬɼǚbųĬ[]bt>_ųĬLĚǆJxZ=wB{

ȏuB_LZ=EÓƉ[;w4 
 
Λ. ǎƴɦ_AFw��bƆąǓŊÇ_ͪNwʧʴΑƍɬΒ 
ǎƴɦb��cJ`Dƪbŉʆ[;wC3Ģɷʇ\LZbn

ƪ̶JxZ=w4��bʅ˪ʄŰ_tWZc3ʅ[Nw\

˫˱ɯ{ƹD̻HLrN=4Rbĸşc3£¿��½�r

Íɍ{̦ʘNwˋ˼_ɓȭJxZ=wH\_tw4RH[3

ǎƴɦb��bʅ˪ʄŰrʓĸǉʅɺbȚɳ{̬ȮL3mT

ɓȭLT��BuǙȭǓǉʅɺ{ͯEȉɚ{ʨʷNwH\[3

ǎƴɦb��{tvƆąǓbΉ=qb_NwH\{ʞʚ\N

w4ǎƴɦb��bɊŮǠΘ�ǠBu��{ǵĿL3ɓȭ

ɼɘ{ΗÂșI\_ɤƉLT4PCR _tw̟·ɚ[c3£¿

��½�cȶĒJxZ=^=C3ɗƤ_ͅ=ŮǠ[ǵĿJx

T��ButvŶEbŸ˱˼ˡCȶĒJxZ=w4��½�

_ɓȭJxT��CƐȐ_Ąǡ[D^=Tp3Ùɲʚ_��

_µ�½��½�{ŌʣJP3��Á{ʇ=Tͯĺħȫ_X

=Zȶ̘LZ=w4 
8ŵ͘ʧʴ̸͡9 
20 ưƴ321 ưƴ322 ưƴǊƥȆʃŸƄćňʧʴ̷ΑƍɬΒ 
8ćňʧʴĀ9ǊƥȆʃŸƄʃƨƄ͘3΅Ƨ˿Ƅ͘ 
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OAMǛ̻QţȳŻġiͰRK;eG_R)ĥʱ)ˌÜ

R6;e̮ƂTǐĕ)̮ĒƲTåňi˄d)PTb4R

̮Ƃ8ʲƠAM9G7)\Gú˥ĥʱiȌ5eḫ̂ŊΞ

ʲTʞʘiʟ́Ce* 

ϟÕ·TιʺRΠCe\O_U)½ƣƂΏΜ7ƌʊȐğ

źŋΜ8ȧ:`TOǠ4*ɄΕU˦³œT]iǺǌAM

3eTN)ýâRK3Mȧ:=OUN9Q3*̠ćTǺ

ǌTϕœćRK3MT]ȧ:ϡ 

ϖϐʺʵ·ǰʘɮϏ0ϕ1RK3MϐϞĦć·ǰN9G* 

ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪Ϗ0ϕ1RK3MϐϞ

țȳT̮ƂTɛĻiɖ˲TFfOɣͲAKK)̮ƂTºʧý

âOʞśT͖νRK3M`˺ÏCeb4RAG* 

ϘϐȐ5eG_RåJGȤΟϏ0ϕ1RK3MϐϞ90 ćŤ͚
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OAMĥʱiǺ4ǚɍ5OǪƿiτ4* 
ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 

ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪ϞʯΥ±̮ƞ±̷̮

ÙɉR63MˇƉR˄͜8̍ǔN9eb4R)̼ƂĐR�¤

²«y«²��m�t��¨¯ḭJG* 

ϘϐȐ5eG_RåJGȤΟϞ 1 | NĐȰ 10 | ć* 
ϙϐFTÑϞ�¤²«y«²��m�t��¨¯NU)Ƃʡ

i 5ϥ6 ÍTƚy«²�Rć;)ľ̠8ʯΥ±̮ƞ˨N̼̑9

AGĂƏRK3M)���²iʣ3M�¬�¯�²�¨¯i

̰JG*Ƙȷ)�²¢ĥʱT³˥iǺ4`TOAM)̠ͰT

˄͜aǧ̼iÝ5e�v«iȝ3ɞΨ7cˈ:=OUΔ̻N

2e* 

 
Ǻǌ˗ʺϞʡʖƉ̍Ϗ̮±̮˗Ƃ˗ 2 ƸʡƔ͡)ɓ̘ʡʖƂ

͚ǀ±ʡʖʖʟƂ͚ǀ ýȐŋϐ 

0ϕϒϖ1̲̆ɽTʟ͙ 1 
0ϗϒϘ1̲̆ɽTʟ͙ 2 

0ϙϒϚ1̲̆ɽTʟ͙ 3 
0ϛϒϝ1ʡʟςŧɧT̷͗ 1 

0ϕϔϒϕϖ1ʡʟςŧɧT̷͗ 2 

0ϕϗϒϕϘ1˹̗̝Tʟ͙ 1 
0ϕϙϒϕϚ1˹̗̝Tʟ͙ 2 



ʡʖʖʟƂ͚ǀ 
0ϕϛϒϕϜ1˹̗̝Tʟ͙ 3 

0ϕϝϒϖϕ1˹̗TʖʟĢƂʵǡͩ 1 

0ϖϖϒϖϘ1˹̗TʖʟĢƂʵǡͩ 2 

0ϖϙϒϖϛ1Β˷ĵǝͽƿ͙ 1 

0ϖϜϒϗϔ1Β˷ĵǝͽƿ͙ 2 

0ϗϕϒϗϗ1Β˷ĵǝͽƿ͙±ʉ̍ 1 

0ϗϘϒϗϚ1Β˷ĵǝͽƿ͙±ʉ̍ 2 

0ϗϛϒϗϝ1³̣ʵQ¬�²�Tȧ9ș 

0Ϙϔ1̂ǻ 

ϕϐȐ̕·ǰʺɏOFTŸǌǡϞ¤«ʌƿT̓ˬă̲ɽT
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qn|~�n� 

0ϝ1�y�«Ý·ćŽOFfRΠhe�¯�xͩTɓ̘±

�«¤¯ 

0ϕϔ1�y�«Ý·ćŽOFfRΠhe�¯�xͩTɓ

̘±ķƏâϕ 

0ϕϕ1�y�«Ý·ćŽOFfRΠhe�¯�xͩTɓ

̘±ķƏâϖ 

0ϕϖ1ʡâ͉ȗǷ̱ 

0ϕϗ1ʧεĢƂ � 

0ϕϘ1ʧεĢƂϖ 

0ϕϙ1|n� 

ϕϐȐ̕·ǰʺɏOFTŸǌǡϞ�y�«Ý·ćŽ6bWF

fRΠhe�¯�xͩTɓ̘a)ʡâ͉ȗǷ̱QPRK3M

ƂX*\G)ʖʟ̷ĒƂQPTĥʱ̮ƂćΕiƂX¶N`Δ

̻N2eʧεĢƂ6bW|n�ĢƂRK3Mʟ́iɿ_e* 

ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 

ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪ϞʗR�y�«Ý·

RΠCě͚NU)ćŽaķƏâ¬�«T�y�«Ý·£t

��¢H;NQ:)FTɓ̘ʪƵRbJMͪ=eʯɦaɭʱ



ǘƧȓʟűƂ�φƩ̮ƂΏ�Ȑ̕±ˆ˞ƸŤ�˦ 	 ļ����� Ƹ 
̮RK3M`ƂjH*=fRbd)ʯɦa̮iâ˴ʵRʟ́

CeĘ8Ò:b4RΑǫAG* 
ϘϐȐ5eG_RåJGȤΟϞ 1 | NĐȰ 15 | ć* 
ϙϐFTÑϞ¡����aʉ̍ïdͶA̰3)bdˇ7Q

˄͜T̍ǔiʺǾAG* 
 
 
Ǻǌ˗ʺϞʖʟƂ AaϏ̮Ƃ˗ 1 ƸʡƔ͡)Ú̯Ǥȭ)Ʀȳɱ

Ľϐ 
0ϕ1�� īà 
0ϖ1ȫĜȑžO�x�« 
0ϗ1ǾȑΠȑ 
0Ϙ1ƔȑΠȑ 
0ϙ1Ǘć 
0Ϛ1˝ć 
0ϛ1ʖʟƂTţˉOAMTȑƂT\O_ 
0Ϝ1΄Ğ 1 
0ϝ1΄Ğ 2 
0ϕϔ1Ę 
0ϕϕ1΄ĞTɯď 1 
0ϕϖ1΄ĞTɯď 2 
0ϕϗ1΄ĞΖTíſ 
0ϕϘ1q�«w²1 
0ϕϙ1q�«w²2 
ϕϐ̮ƂiƂX¶NǛ̻QʖʟƂTţˉĘiͰRK;eG_

Rʖͩ6bWʖâΟTʼÇãʣQPRΠCeţȳʵ˄͜ϏO

:RĹāĘƂϐi̍ǔCe=OiʺʵOCe* 
ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 
ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪ϞȑǈaþǈRK3

MĀâʵQn£²�8h:b4Rŗ́iǚ8;G*\G)ɡ

œ)FTœTȁɉT\O_�ª¯�iΑưA)ǖ̍8AaC

3b4RΑǫAG* 
ϘϐȐ5eG_RåJGȤΟϞ 1 | NĐȰ 15 | ć* 
ϙϐFTÑϞƐνa¡����i͖C=ON)īR˄͜i̿

5eH;NQ:NUQ:)ŏν́ɩ̘Ę8ƉΪRͰRÒ3M

3e7P47iΔ̾AG* 
 
Ǻǌ˗ʺϞʡʖ˿̓ƂϏ̮Ƃ˗ 3 ƸʡƔ͡)Ú̯Ǥȭ)Ʀȳ

ɱĽϐ 
0ϕ1ɠάŕOɏȳ)ƴʐÖ͔)�©£�ª�xɈƈO�¯

�©£�ª�xɈƈ 
0ϖ1Æ̋ΟTƷŝñTƭTɈƈ 
0ϗ1$2 Ɉƈ)œƴOʼΠ 
0Ϙ1ůΔɣͲɈƈ)ůŭΖɈƈ 
0ϙ1PC ČʣRbeɈƈTƉΪ 1 
0Ϛ1PC ČʣRbeɈƈTƉΪ 2 
0ϛ1ˆ˞��n¯ 
0Ϝ1�nl� 
0ϝ1ª�xŔŽT͋è 
0ϕϔ1ʡſȤΌȺ 

ϕϐḫ̂ŊΞʲ)̮ ĒʬƂ)̮ Ē˽ʂƂQPTλŠR63M)

��|«ˣɃ)�²�́Ⱥ6bW͋èRǛ̻Q˿̓ƂTţ

ȳʵ˄͜OǷ̘i̍ǔCe=OiʺʵOCe* 
ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 
ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪Ϟ�®²�n¯�i

ɵʣA)Ğʦan©��iʣ3M)ȑǈT̵R2eǧņiʻ

ǩʵRć7eb4R͔ȠiƫŴAG* 
ϘϐȐ5eG_RåJGȤΟϞ 1 | NĐȰ 10 | ć* 
ϙϐFTÑϞƐνa¡����i͖C=ON)īR˄͜i̿

5eH;NQ:NUQ:)ŏν́ɩ̘Ę8ƉΪRͰRÒ3M

3e7P47iˇ͐Ceb4ǚ8;G* 
 
Ǻǌ˗ʺϞʗċƉ̍Ϗ̮Ƃ˗ 4)ϙƸʡƔ͡)ɄΕ� ͠)ģ

ȵ̊³Ύ)ƦȳɱĽ)ˢʤđǜϐ 
ϕϐȐ̕·ǰʺɏOFTŸǌǡϞʯΥ±̮ƞNTƉğƉ̍O

»X̮ƂȐ̕TάűǰOAMĨɉˆ˞ḭJG*ʗRĨɉˆ

˞NU)ˆ˞TˣɃ6bW̰)ȐŋaÑTƂʡOT|¡¦

�z²�¨¯)ŤńͧȖTãǰ̘ĘQP8Ǜ̻O?feG_)

ŏν́ɩ̘ĘiɾτCeOO`R)ˌÜÍRǛ̻Q³̣Ƶ͜

ʵQǪƿ±Ƿ̘iƂXťOAM`Δ̻N2e* 
ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 
ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪ϞΠͿćΕTȩú˥

T˄͜iǔeG_RǛ̻N2e̩͙͒ȓT͕]ș)ˆ˞�²

 T͆ƈșɯ)ƉΪTƉωǵɯQPRK3M)Ȑŋ8´ƒR

ǾƙAG* 
ϘϐȐ5eG_RåJGȤΟϞ 5 | ͼƸϏΜȰÛɉȤȰ

`Ń^ϐ* 
ϙϐFTÑϞƂʡ8ƂjH˄͜a)ˆ˞TǰȼRK3Mĸμ

ʲ̳?Ee=ON)FT̍ʓƿiˇ͐A)�m²���xi

̰JG* 
 
Ǻǌ˗ʺϞĨɉƉ̍Ϗ̮Ƃ˗ϙ)ϚƸʡƔ͡)ɄΕ� ͠)ģ

ȵ̊³Ύ)ƦȳɱĽ)ˢʤđǜϐ 
ϕϐȐ̕·ǰʺɏOFTŸǌǡϞʗċƉ̍Rǉ9̀9)Ĩɉ

ˆ˞ϏƉωϐḭJG* 
ϖϐʺʵ·ǰʘɮϞ66^S·ǰN9G* 
ϗϐȐ̕ĂƏεNTĶd˼]OȍŐș˪ϞĨɉˆ˞i_e

¶NǛ̻Qı̏ȓʚT͕́)ƉΪTƉωǵɯ)Ĩɉ͙ȓTã

ǰșɯQPRK3M)Ȑŋ8´ƒRǾƙAG* 
ϘϐȐ5eG_RåJGȤΟϞ 5 | ͼƸϏΜȰÛɉȤȰ

`Ń^ϐ* 
ϙϐFTÑϞ6 ƸʡUĨɉ͙ȓʲ̳ÜR63M���²ʲ̳

ḭJG8)���²ã̷a�¬�¯�²�¨¯șɯRK3

MȐŋ8´ƒRǾƙAG* 
 

Q6)¶ͅÕŮR`)ÅĐƂ̍ϏCBT Ɣ˪͚̌)ƉğƉǷ

Ǿƙϐ)ʯΥ±̮ƞƉ̍)l��¯��Ɖ̍QPů:Ť͚a

Ɖ͖̍ʺR)͚ǀȐŋýŋ8ıęAM3e* 
 



ʡʖʖʟƂ͚ǀ 
����"  

ĉ_R�

ÍTƷŝƕň8Μ:QJGʞÓR63M)ˌÜi̙7Cʯ

ɦUÕĐOUʪQJGɎʼiˊCb4RQJM3e*Ůȷʪ

ʖaĂśʪʖiįŔOCeʯɦiɭʱCe̮8çʑOAMǛ

̻Q³șN)ǛDA`ƛȑTįŔRΌøN9Q3���¢ʵ

Qʮʯ2e3UʭǇRP4ƔąAM3:7O34=O8ɨ_

cfeb4RQJM3e*¼N`̜T̎Ģ6bWʮʯU)Î

ǒ\C\CϊόĢCeˌÜR63M;MͼfQ3ŏνN2

e*ʡʖʖʟƂȐƋNU)Ɏ+Q̜Tɓ̘T¼N`)Ƃ̍±

ͅǭTɓɍíȠCe=Oiű9QʺɏOAMˆ˞i_M

3e*�

� ̜ɓ̘ˆ˞R6;eΔ̻QʨǧʏU)̜O͂4̞őTɓ̘

i�¦²¯O͂4ɍǰ˹̗Tɓ̘RΌøN9Q3O=gR

2e*=Tˆ˞λŠNU.ΏćOýâ/2e3U.¡xO

 x/O͂JGb4QɴƑ8Ǜ̻N)δ̄ǍQǡͩiǽK

ɍǰ̻˷8ʼÇãʣCe=ORbd���¢¬�«NʲĞC

eƬ̾ʵǡͩϏĪŀʞ͡ϐRΠCeʖʟƂʵ̾ʏ8¸ĺɔN

2e*AG8JM)Ǳ+U)Ƃ̍±ͅǭTɓɍíȠCeG

_RU)ĞʖðâT̰Ğ7cː˽œͮ)ː˽˹̗ĲWćŽ\

NRÉJM)ľΨƢiƔǝÒ;Q8c˿Ŀʵˆ˞ḭCe

=O8¸ĺɔN2eȌ5e*FTG_Tșɯ͙OAM)ć

ŽʡʖƂ±ʡĢƂʵǵɯOΰɦʡʟƂ±�nsn£²�¯y

TǵɯĲW̰Ğ́Ⱥiʣ3)ůșε7cTl�²�i˳Ę

ʵR̰JM3e*Ǳ+U)ʗR˂ ʺ ĵ Ɨ ȶ × Ò ;�

��#������� ���!!����� � ���"� ����
� �����i¤�«

˴OAMĶd¶<)̰ĞƂ7cćŽ¬�«\NRhGe˄̼

i˿ĿAM)Ƃ̍±ͅǭT£t��¢íȠA)ː˽˴Tʯ

ɦT́ȠRͣʚAG3Ȍ5M3e*�

�

ˆ˞͖ν�

͖ν 1ϓ o�̜˼̇R6;e³ΓĢˠ˷ϏNOϐʢʡT

ʄƈ  �ģȵ�  
³ΓĢˠ˷Ϗnitric oxideϞNOϐU)̚ɇĞʖ6bWʐ̚ɇĞ

ʖiŃ^Ɏ+Q˜NǥŤÝ·ćŽOAMö:*͵ƸNU)Ƃ

̍ͅǭT˷΅˚Ȍ5cfeƚ̜ΜȰǸŚϏLTDϐaɻχΜ

ȰǸŚϏLTPϐRΠ¹Ce=O8h7JM6d)Ƃ̍±ͅǭ

̰ĞR6;e NO Tǐĕ8ʗRɰʺ?fM3e*<Jɚοi

ʣ3G˟ΟƂ̍ƉωNU)Ƃ̍ǰˣǒRű̜ʶͩ±ɻχ±ƚ

̜NT NO Ó͛ʖΖTŪę8Ťń?feQP)Ƃ̍RÞ4 NO
ʢʡ8ˊō?fM3e*\G̎ό©��R63MU)ű̜ʶ

ͩR6;e NO ĿǰΒ˷ϏNOSϐŃȫ˹̗ȑTʃƛa)ƚ̜

R6;e NOS ɵǡTá·8Ťń?feH;NQ:)ƉΪR

NO ȎĆĒTǹ¹RbJMͅǭΫƍ8ȍŐ?fe=O8Ťń

?fM3e*=TÑR`̎Ģë¤�« o� SAMP-8 iʣ

3GǓȷˆ˞NU)ęόRÞJM̜Ă NOS ɵǡTŭĢ8͐_

cfeQP)ęόRbe̜Ă NO ʢʡŭĢOͅǭΫƍTΠͿ

ǡ8ǋ:ˊō?fM3e*=Tb4RƂ̰̍ĞO̜Ă NO ʌ

ƿʠũTΠêǡ8ˊō?fM9M3e³ș)̜ĂNT NO T

ĞǪUȲHb:h7JM6cD)͎A3ʡʟʵǐĕRK3M

U[OjṔȠ?fM3Q3*=T¾QʟʥOAM)ȫĜQ

̜Ă NO ʌƿʄƈ��|«8ˇˣ?fM3Q3O34ɂȳ

ʵQŏν82e*F=Nȳˆ˞NU)NO ΰɊɯi o�̜

ː˽˴Rʣ3e=ON)̜Ă NO ʌƿʄƈ��|«Tˇˣ

iʺǾAG*NO ΰɊɯU)ǗƚΰɊiʣ3M NO TΓĢΰɶ

ñiͿ̀ʵRͅΙCe=ON)ʄƈ˴T NO ʌƿiªl«�

n¢RʻȄʵR͗Ze=OTN9eŎ³TșɯN2e* 
ΕʡŞ o�Ϗ8 Ôϑ120 ÔϐT̜iΏà>OϏű̜ʶ

ͩ±ɻχ±ƚ̜ϐRć;)�¤��²�ʈɽiã̷AG*ʄ

ƈ���k²R�¤��²�iʁęAGO=g)ľΏàO`

RGHIRΰɶñU¶ȞA)ȑĦ˘ǒR�²xñiˊAGϏţ

ˉʵ NO ʢʡϐ*=Tţˉʵ NO ʢʡRK3MU)ÔaΏà

RbeƭU̼cfQ7JG8)Ca2+͑ʲǡ NO ʢʡRΠAM

U)PTΏàR63M` 8 ÔRɣZM 120 ÔNȫǧRƚ

?7JG*Õ¶bd)NO ΰɊiʣ3M̜�¤��²�R6

;eţˉʵ NO ʢʡ6bW Ca2+͑ʲǡ NO ʢʡiʄƈN9G*

\G)̎ĢRbe̜Ă NO ʢʡʌƿŭĢi͋èCe=O8N

9G*Îǒyª²�ɯQPTÑT NO ʄƈɯO˼]ĿhEe

=ON)̜ Ă NO ĞǪi?cR͎A:͗ZM3:ÄƈN2e* 
�

͖ν �ϓ˂ʺĵƗȶ×Ò;iUB_OAGľ˜̰ĞƂʵ

́ȺǵɯRbeː˽˗Ƃˆ˞� �Ʀȳ)ɄΕ��

ϕϐ� ˆ˞T·ǰʺɏ)FTǧ̌±̖ȥ�

˂ʺĵƗȶ×Ò;(eyeblink classical conditioning: EBCC)U)

ȶ×ĎʋϏCS)ηϐOʐȶ×ĎʋϏUS)\XGYTǗǊQΰ

ɦĎʋϐTȤΟʵΠêRbd)ǅ͖νO�¬²�͖νTÆ

KRűċ?fe*ǅ͖νU)CS TΞŹRfM US 8Ź\

d)ŀȤR˻ÃCe*=T͖νRUƚ̜O̜ƺ8ǛκN2e*

³ș)�¬²�͖νNU)CS O US TΟRʐĎʋT˟ʴȤΟ

(Trace Interval, TI OŇX)82e*=T͖νT4I)TI 8ű9

3`TRU)ɻχ8ǛκOQe*=fcT=OU¾OAMo

~wiʣ3GúÍTˆ˞7cȠc7R?fM3G* 
Ǳ+U)ΊÝŽ˼]Ȩ5ĞʖOAMT o�iʣ3eˆ˞

8Δ̻RQeȌ5) o�)©��˨TƚŞύɚοiʣ3

Gˆ˞i 18 ƸĐRΞŹAGϏȸËűƂ̮ƂΏ̮Ŋ̷;ƫƂȐ

ƋȤÓϐ*͵ƸNU)t�xn�«˨TƚŞβΜο)?cRU

��iʣ3G̟ƽǚʟɈȿˆ˞YO)=T˂ʺĵƗȶ×Ò;

ˆ˞TƠΞiU7JM3e*ʞśNU)=T˂ʺĵƗȶ×Ò

;T]QcD)¤ª�ǈɧͮ͌ω)Ǣǟȶ×Ò;)̠ʲʵ

̰Ğ́Ⱥ���¢O3JGů:T̰Ğ͖νiäʣCe=OR

bd)ʮʯa̮TēãʣT£t��¢T́ȠRĈdʹ^=O

`ʺʵOAMˆ˞i_M3eO=gN2e* 
 
ϖϐʺɏ·ǰʘɮ  

˂ʺĵƗƂ̍T£t��¢RΠAMU.ƚ̜TΜȰǸŚ

(LTD)/͔O34ȫĘQÖ͔82e*=TÖ͔TɈ͊RU)

LTD iʗʪʵRɔȉCe��xlo�(KO) o�TƂ̘̍

Ęi͗Ze=O8ȩ`ȫĜN2e*F=N)1994 ƸRČɂƩ

(MIT)U)PKCγϑ2e3U)mGluR1 T KO  o�iãĆA



ǘƧȓʟűƂ�φƩ̮ƂΏ�Ȑ̕±ˆ˞ƸŤ�˦ 	 ļ����� Ƹ 
G*A7AQ8c)=fcTćŽU)ƚ̜ÕŮT˼̇R`Ƽ

:ćưAM3eG_)ƚ̜ LTD iʗʪʵRΣƍAG o�O

͂5D)LTD Ö͔TɈ͊R̡cQ7JG*O=g8)µŊȟ

̊(ȸűĥ)U)y«�¡¯ΓķƏâ~�§���δ2ϏGluRδ2ϐ
8ƚ̜ LTD TʡBeƷ̰̄́ϒ�«v¯q˹̗Ο����

T����ǒóRT]ʗʪʵRʲʞAM3M)LTD T͑ͪR

ǛκTćŽN2e=OiˊAG*ǓJM)GluRδ2-KO  o�

U)ƚ̜ LTD 8ʗʪʵRɔȉAG o�N2eȌ5cfe*

F=N)Ǳ+U GluRδ2-KO  o�iʣ3M)EBCC ḭJG

O=g)ǅ͖νUǋ:Ϋƍ?fM3G8)�¬²�͖νU

ɘƵN2JG(Kishimoto et al., Eur. J. Neurosci. 2001)*CQh

I)ǅ͖νUƚ̜ LTD iǛκOCe8)�¬²�͖νNU

LTD iǛ̻OAQ3*=Tb4R)EBCC RU̸ȑT£t�

�¢82d)FTĈdȨ5U)CS O US TȤΟʵΠêRbe

O34)Ǔȷý:˄cfM3Q7JGȘ̽Qʞ͡i̼ĆAG*

͵ƸR63MU)2e˜T�r��k�²�a CB1 ķƏâQ

PTȑů:Tɓ̘ćŽ8ȳƂ̍ʛǔRǛκN2e=Oi̼Ć

A(Kishimoto & Kano, J. Neurosci. 2006; Kakizawa et al., EMBO. 
J. 2007; Kina et al. Eur. J. Neurosci. 2007)Ϗŗ 1 ıʒϐ)\Gɻ

χaƚ̜Tʗƈː˽œͮ8ͅǭʛǔRȼGCɓ̘`Ƞc7R

AM3e (Kishimoto et al., J. Neurosci. 2006; Wada et al., PNAS 
2007, Miyata & Kishimoto et al., J. Neurosci. 2011)*�  

�  

 
 
ŗ 1. ˂ʺĵƗȶ×L;ͅǭǰˣRΠ¹Ceƚ̜ĂćŽ̋� ǉʣ

ȓʚiÒAG`T8Ǳ+bJMŀƈ?fG˂ʺĵƗͅǭʛǔRΠ¹
CećŽN2e (PC, �«v¯q˹̗; PF, Ʒ̰̄́; CF, ʳ¶̄́). 
 
ϗϐǰȼTɌ̻O̠Ʈ͋è  

2012 ƸƿR6;e¾̻QǰȼOAM)Õ·T 3 ʏi2<e* 
 
i) アルツハイマー病モデルマウスにおける˂ʺĵƗȶ×Ò

; 
 l«��n ²ʯ(Alzheimer disease; AD)UͅǭΫƍa͐˄

ɓ̘á·i¾ʰʘOCḛǡː˽ʮǣN2e*țƵʡɵ

Ϗ̒ɉ¶2e3UˌÜʡɵ¶ϐRȌΫi9GC˚ƿT͐˄ɓ

̘á·8ſśCe7P478̟ƽ¶T͉ȗţʇOQe*³ș)

=f\N AD ¤�« o�T͐˄ɓ̘͋èNU)¤ª�ǈɧ

ͮ͌ωaǢǟȶ×Ò;QP)ĞʖROJMδțƵʵ7Ké

̹ʵQʠũN̰hfe͌ω8)īʙNåʣ?fez²�8ů

7JG*F=N)˂ʺĵƗȶ×Ò;Ϗǅ͖ν6bW�¬²

�͖νϐi AD ¤�« o�(Tg2576  o�)RΉʣA)Ff

cT͐˄ɓ̘ΫƍTɈĆ̘ĘiɣͲAG*?cR)l¡n

�Đψâ�¯�xͩ(APP)6bW�¬��ª¯ 2 Ϗpresenilin 2, 
PS2ϐT��«�©¯��p��x o�NU)APP īʙT

�©¯��p��x o�RɣZM)͐˄ΫƍTĆʞȤȰR

ŭĢ82e7P47iˇ͐AG*=T˾ȼ)Tg2576  o�N

U˶ 6 °ȪόN)��«�©¯��p��x o�NU˶ 4
°ȪόNƂ̍Ϋƍ8ξfe=O8h7JG*=fcT˾ȼU

ŘΪ͏RMʲ̳ʂ]N2e(Kishimoto et al., 2012; Kishimoto 
and Kirino, 2013)* 

 
ii) ~«iʣ3G˂ʺĵƗȶ×Ò;T̜ĂɓɍT́Ⱥ 

ĐƸƿR63MΞʲAG)ºʧĉOQe~«R6;e˂ʺĵ

Ɨȶ×Ò;���¢iʣ3M)ƉΪRlt{�«(Macaca 
mulatta)R63MƂ̍T̓ʄḭJG (ŗ2)*ʄƈɯOAM

U)˩ΰà(EMG)ɯ6bWϊͽ��st£©ɯiʣ3G8)

3DfTșɯN`Ƃ̍˷΅˚ϏͅǭTʛǔ)ɼİ)ăʛǔϐ

iǩƿ̤:ʄƈN9e=O8h7JG*ȳ���¢U)

non-human primatesR6;e”implicit memory”íȺCe

G_TȫĘQșɯ͙RQe=O8ȰǑN9e*\G)?cR

Ƃ̍¼R6;e̜ĂɵĞiPET n£²�¯yɯRbdĺ̾

ĢCe=OiʺʵOAM)ʞś3:K7TķƏâR˾ĿCe

PET�¬²~²i~«Rǹ¹AMķƏâĭȫʜiʄƈAM3

e*Q6)ȳˆ˞U)˗Ƃˆ˞̶ͦĚΗ±ţʹ(C)Tˆ˞ͦʣ

̶ĚRbd)ɸȹ���x�ɁǈÜˌ¼ŵˆ˞ǴϏγƤʾɸ

ȹƯϐOTÿŀˆ˞OAMƉȚAM3e* 

 
ŗ 2. ~«˂ʺĵƗȶ×L;̓ʄ���¢Tɍǰɐǈŗ  

 
iii) n¯�«q¯�ɭʱ̮ oseltamivir ȬʣRbeʪƵ̰

ĞTː˽£t��¢T́Ƞ 
n¯�«q¯�Tɭʱ̮N2e�¡�«(oseltamivir)iȬʣ

AG̨3ǣ̐R63Mˡ7cTρWΤdÅȏQPTʪƵ̰Ğ

8ʼɕ3NŤń?f)FT˾ȼĮʡěöʽU2007ƸȳĒT10
ÓYTąșiįď¼ɗOAG*A7AQ8c)�¡�«Ȭʣ

OʪƵ̰ĞTŔȼΠêUçʑ¸ȠN2d)FT£t��¢U

ȅʄTŠiĆM3Q7JG*Ǳ+U=TʪƵ̰ĞTţʹR)

oseltamivirTĐψâ(prodrug)8¤�l¡¯ΓĢΒ˷Σƍ̮

A(MAO-A)TΣƍĜȼ82eTNUQ37OTÖ͔T·)̰

ĞƂʵ́Ⱥḭ3)=TÖ͔iȌǽCe˾ȼiǔe=O8N
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9)̩ Ř̮ʟƂή͏RMʲ̳AG(Hiasa et al., 2013)*Q6)

ȳˆ˞U)ǘƧȓʟűƂ̮ƂΏʡĢƂȐƋϏ̭įΧȐȁϐ)

ȸËűƂ̮ƂΏȫɓĿǰĢƂȐƋϏΗÈɨȐȁϐ6bWþʷ

͢ŕɯÍǗʡʖĢƂˆ˞Ü'ǗʡʖĢƂˆ˞ǴϏȾƨɘĠǴ

ΜϐOTÿŀˆ˞OAMƉȚAG`TN2e* 
 
ϘϐÎǒT͖ν 
˂ʺĵƗȶ×Ò;R6;eƂ̍¼T̜Ăn£²�¯y* 
AD ¤�« o�ǸƑ?fGȝȰ͐˄ΫƍiȍŐCe̮ʖ

Tȃ˸* 
 
ŮΏͧΗƙüʘɮ  
ϏɄΕϐ 
țȳƂ̱Ȁ̢Ü ˗Ƃˆ˞̶ͦĚΗ±ţʹ(C)ϏÓ̳ϐ 
ϏƦȳϐ 
țȳƂ̱Ȁ̢Ü ˗Ƃˆ˞̶ͦĚΗ±ţʹ(C)ϏÓ̳ϐ 
țȳƂ̱Ȁ̢Ü ˗Ƃˆ˞̶ͦĚΗ±ţʹ(S)ϏćǺΗϐ 
ʗ̥T2eȐ̕ˆ˞ 
 
͖ν 3ϓl«��n ²ʯ¤�«ĞʖTΞʲO͋è±ɭ

ʱɯTȃ˸  (ˢʤ) 
� l«��n ²ʯ(AD)Uĉ̎Ȱ7c̎ƸȰR7;Mʲʰ

A)ͅǭ)̼ǌ͜6bW͐˄ɓ̘RΫƍi9GC̰ǡTʮ

ǣN2d)ÍĸTϊόĢ8̬A3úŘNű9QŏνOQJ

M3e*l«��n ²ʯǣ̜̐Tʯʟ˼̇ƂʵQʗǙOA

M)̎ÍȕOː˽į̄́ŭĢT 2 KTʪƵ�¯�xͩTĆʞ

6bW)ƼˮŖRĲXː˽˹̗T̛̫8͐_cfe*¼N`)

̎ÍȕiɍǰCe¾ǰćN2eβ-amyloid (Aβ)Uː˽˹̗R

ƔA˹̗ɢǡiȫCe=O8Ťń?fM6d)ʞśl«��

n ²ʯTʲʰįŔOAMȫĘ̾?fM3e*ȳˆ˞ƋNU)

l«��n ²ʯ¤�«ĞʖOAM)Aβ ʢʡiëAGΊ

ÝŽȍŭ o�iʣ3)AβɪˀT˚ƿOƂ̍ΫƍRK3MɈ

̈́A)Ƃ̍ΫƍTʲʞȤȰʗƈiʺǾC* 
 
1) AD ¤�« o�TͅǭΫƍ6;eȘ̽q��{¯ķƏ

â GPR30 Tǐĕ 
ʬƂʵ͗ȿRbdq��{¯8 AD TʲʰǸčRΠ¹A

M3e=O8Ƞc7OQJM3e*˹̗̝RʲʞCeq��

{¯ķƏâ GPR30 UɻχR6;eː˽˹̗ɜRƔCeí

͞ãʣiȫAM3e=Oal��«|ª¯ȎĆiëAM3

e=O8Ťń?fM3e*ȳˆ˞NU)AD ¤�« o�N

2e 5XFAD  o�iʣ3Mʖâ͐͜ͅǭR6;e GPR30
TǐĕḭĞ̮ʟƂʵɈ̈́AG*\G)GPR30 TʲʞiǸč

AG©��R63Mǅ̼ȳĿhE(DMTS)͌ωḭ3)ã

ɉͅǭR6;eǐĕiɈ̈́AG* 
ȘŶʖâȃ˸͌ωbd)έTΕʡŞO 5XFAD  o�iɣ

ͲAGO=g)24 ȤΟǒR 5XFAD  o�Tʖâ͐͜ͅǭR

Ϋƍ8͐_cfG8)GPR30 l}���Tǹ¹RbdFTΫ

ƍUœǖAG*=T=O7c)AD R6;eʖâ͐͜ͅǭT

ΫƍRU)GPR30 Tɓ̘á·8Π¹AM3e=O8Ƞc7O

QJG*\G)©��R GPR30 T siRNA iǹ¹A GPR30
TʲʞiǸčAGO=g)DMTS ͖νR6;eãɉͅǭTá

·8͐_cfG*AD NUȝȰɞΨ7cãɉͅǭTΫƍ86

=e=O7c)ÎǒU AD ¤�«ĞʖTãɉͅǭR6;e

GPR30 TǐĕRK3M͋èCeÄƈN2e* 
 
2) l«��n ²ʯ¤�« o�R6;e miR-134 Tǐĕ 
� microRNA U)˹ ̗ĂRſśCeΜ? 20~25 ŧţ[PTΊ

ÝǥŤi|²�AQ3 1 ȳΚ RNA N)ɏʵ mRNA O˾ĿA

ͱĄǒ͗˭ḭ4=ON)ː˽˹̗TćĢal��²��Q

Pi͗˭Ce=O8Ƞc7RQJM9M3e*ŭʪŞ��

APP (hAPP)6bWŭʪŞ���¬��ª¯ 1(hPS1)i΅Ĕ

ʲʞ?E Aβ ʢʡiëAG�©¯��p��x o�N2

e B6SJL-Tg(APPSwFlLon,PSEN1*M146L*L286V) 6799-�
Vas/J(5XFAD)iʣ3)ęόRÞ4 AβɪˀT˚ƿO¤ª�ɧ

ͮƂ̍RK3MɈ̈́A)Ƃ̍ΫƍTʲʞO microRNA Tʲ

ʞŭĢRK3M˽ȤʵRɈ̈́Ce=ORbd)l«��n 

²ʯTȩĉȰʡĢƂʵŭƏT́ȠiʺǾC* 
�
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ˇˣ/˦ 4 œțȳʡʖʖʟƂÜ¼ŘŒŘűÜ)2012 Ƹ 6
Ȫ 2 ț-6 Ȫ 3 ț)ƣĸűƂ)ƣĸƯ. 

ģȵ̊³Ύ)ƷÈ� Ǐ)̺Ɲìǎ)ɄΕ� ͠. o�̜˼̇

R6;e³ΓĢˠ˷ϏNOϐTʄƈ/˦ 50 œțȳʡʖʖ

ʟƂÜƸÜ)2012 Ƹ 9 Ȫ 22 ț-9 Ȫ 24 ț)ŁĹƟűƂ)

ŁĹƟƯ. 
ɄΕ ͠)ƦȳɱĽ.l«��n ²ʯ¤�« o�R6;e

˂ʺĵƗȶ×Ò;T́Ⱥ/˦ 4 œțȳʡʖʖʟƂÜ¼Ř

ŒŘȌΏűÜ)2012 Ƹ 6 Ȫ 14 ț-5 Ȫ 15 ț)ƣĸűƂ)

ƣĸƯ.  
ƦȳɱĽ)ƣȳ̪ƹ)Θȱ³Χ)Ŧʤ˔Ŵ)ɄΕ ͠.ϊͽ�

�st£©Rbe~«˂ʺĵƗȶ×Ò;���¢TΞ

ʲ/˦ 50 œțȳʡʖʖʟƂÜƸÜ)2012 Ƹ 9 Ȫ 22 ț-9
Ȫ 24 ț)ŁĹƟűƂ)ŁĹƟƯ.  

Yasushi Kishimoto “Development and application of classical 
eyeblink research” Physical Concepts of Medical Science 
Symposium. May 19, 2012, Kaohsiung Medical University, 
Kaohsiung, Taiwan. 

Yutaka Kirino, Ikuko Oku, Atsuko Nishigawa, Akiko Nishimoto, 
and Yasushi Kishimoto. “Impaired long-trace eyeblink 
conditioning in an aged Tg2576 mouse model of Alzheimer’s 
disease” The 42th annual meeting of Society for Neuroscience, 
Oct. 13-17, 2012, New Orleans Morial Convention Center, 
New Orleans, USA.  

ƦȳɱĽ)ƅǳ ̓)ɬÈḭ̂)ɄΕ ͠.Ůõǡ̜ȉõRÞ

4l«��n ²ʯ͑ʲTćŽɓɍT́Ƞ/˦ 5 œʗ̥

T2eȐ̕'ˆ˞ýƂʲ̳Ü)2012 Ƹ 10 Ȫ 19 ț)ǘƧ

ȓʟűƂ 25 ļυ£�ml©o¯�)ǘƧƯ. 
ˢʤđǜ)ɄΕ͠.Involvement of microRNA-134 in the 

working memory-enhancing effect of nicotinic 
acetylcholine receptor agonist/˦ 85 œțȳ̮ʟƂÜƸ

Ü)2012 Ƹ 3 Ȫ 14 ț-3 Ȫ 16 ț)ŘˣËΐŘΪÜυ)

ËΐƯϓ 
ȹøĬǜ)ˢʤđǜ)ɄΕ͠.l«��n ²ʯ¤�« o

�Tʖâ͐˄ͅǭR6;e˹̗̝ͤͼŞq��{¯ķ

Əâ GPR30 Tǐĕ/țȳ̮ƂÜ˦ 132 ƸÜ)2012 Ƹ 3
Ȫ 29 ț-3 Ȫ 31 ț)ģɻΆűƂ)ȴƶƯ. 
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ϖϓȓΏ˗ƂʽűƂΟͿȊÿŀȐ̕ȅÅɉ.ŒŘTý̮Ƃ

ΏTͿȊ±ÿŀRbe̮ƂȐ̕ȍζ/RΠCeŤΆͅÅ

ϒǘƧȘ̑)ŒŘȘ̑)ǨżȘ̑)ȯțȘ̑)ɡțȘ̑)

͕ŬȘ̑)țȳ˽ʂȘ̑)ʢ˽Ș̑)NHK �¦²�Ϗ2012
Ƹ 9 Ȫ 6 țϐ 

ϗϓ�ª² ²�ϥŜșȤÓTª²�²·ϥϏ̺țȳȎ TVϐ

2011 Ƹ 1 Ȫ 23 țȎȡ 

ϘϓINTERVIEW.¬w¦©�ª²~nq¯�ƂÜ8ʲͬϓ

ɄΕ� ͠ɤ8ʟÅΜRƜØ/Pharm Tech Japan, 26, 21 
(2010) 
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Iɷȟņ�ČǷ5ɜECȀǋǥóȹƌƇ6¬Ȟƥ5@Cǅǒ 

ȀFƇŇ)CǋǥǢǾ6ǋǥóȹ!36@�5��ȟņ��Č

Ƿ�2�-,ɳƎƌǿFďƯ'0�C Fǅǒ'0�C�+

6Ŋƛ2'0��¥�¥6ǋǥǢǾ6ȁɥ�FƥCɥƗƱư

Č2��Ŋƛ2�ȁɥ�ńßŁȇǠ2��Ƭ½4»ċo~�

oF�-0�ǋǥóȹ6ƞËFƿ5Ș�C¬6łý2'0ŕ

�C¬ȞƥƛF�-0�C�;,�%6Ŋƛ6ɚƺ5>ŜE

B�%6ȞƥFȐ�,=6Ƭƒ4ɮĹɗ6ɚƺFȐ-,� 

IIɷǢǾ6ȁȄĆ2ȐË¿ķ6ɜɄ6ƱưČƼȝŻ 

ǢǾ6ȁɥ�6łýǧæ6ĳÃ5ǁƿ'0�>-2>Õǟ4

wc|Ʊƫ2'0ÕǢǾËƫ6\L{uWF���+6ȄĆ

Łȁ6Łȶ2ȐË¿ķ6ɜ¡Fǅǒ'0�C�ųȾ7�ǲƖ

ƇŇ]�lRȶF RNA ħƣōȑF�-0i`R^L�)C

%21ȷ%CȐËƶĦFɥƗƱưČƼŊƛ1ȭ:0�C� 

 

�ȟ6ǅǒ»ɓ1��6ǅǒb�s5.�0ǅǒFɅ=0�

C� 

[ǅǒb�s] 

ǅǒ»ɓ I5ɜ'0 

Ơɱ-ñ´ƽȶ´-ŉƁ�6ǋǥóȹƌƇ6¬Ȟƥ5@Cǅǒ 

¬ȞƥƛF�-0ăǜö16ǋǥƞËFâȚÎ)C%21§

ɫȊɟɀȟņ�łËóȹ(ȽǯǞóȹ)6Ë�F�œ5Ȟƥ)

C%2Fâǿ5'�%6óȹ6©"FŭA 5'0�C�Ƭ

5�ñ´ɓ-Ơɱɛ6Üɩóȹ6ƺȘ(Science, 1996)�PC16

łýǧæ(Neursci. Res., 2008)�ñ´ɓǖ 3Ĝ A6Ơɱǋǥó

ȹ6ƌǿƼĳÃ6ƺȘ(Science, 2011)43FȐ-,�;,�%

6óȹ96ñƽȶ A6łýǧæ(Eur. J. Neurosci., 2007)>ŭ

A 5',� 

2012ĩĬ57�ƲƄōȑǬæǅǒň6ƂÙ¾�Öÿ26±è

ǅǒ(Ǎǅȴ� ûƾ(C))5��0�ñ´ɓ16ǋǥƞËǧæ5

D-P}�d!ɒȗ4ĳÃF7,)%2Fǉ',(ŬŷǋǥǍ

Č��ÏǝǋǥǍČ�) 

ƠɱǋǥóȹWfoY6ǐ�6ôċ5@CǋǥóȹľǙȭǛ

ƌƇ5ɜ)Cǅǒ 

¬Ȟƥ6ĎɔŁ6ŢðFɂ'0Ơɱ6�5CA1ɓ1I|aj

Ks�Ʒ6@�4ƷŅ5ɜECɍ�ċ�ƫȶ43ǋǥóȹË

�6ĀÎ96�ƳFȭ:C%2!1"C@�54-, (J 

Neurosci., 1996; Neurosci Letter, 1997; J Neurosci, 2002; PNAS 

2004, Neuropharmacol., 2005)� 

Ơɱ6Ŏ¿ŁWfoYľǙ5@CǋǥóȹȄĆȭǛƌƇ6ǅ

ǒ 

�6Ʊ�Kv�X�Sƛ2ƕ:,ů6�ȁɥ�ńßŁȇǠ5

@C¬Ȟƥ6ųă6Ƭȇ7�Ŏ¿Ł6ǋǥľǙ(Ɉ»ƅľǙ)

FȞƥ1"C%21�C�%6ȜƧ AƠɱ16Ŏ¿ŁľǙ

5Ƭ5ǁƿ'�ɳɬĬÀƦ5Ė)CľǙ(J Neurophysiol, 2002; 

Pfluger's Arch, 2010)?�Ȟƥ6õɤ1�-,nJ�enN��

eŎ¿6âȚÎ(Neurosci Res, 2009)43FȐ4-0�C� 

¬ȞƥƛFÊƮƼ5Ȑ�ɮĹɗ�YzKYƉŷÞBŌ�Ȕǵ

436ɚƺǅǒ 

¬ȞƥFÊƮȆ#Ȑ�,=57�+6¬ČƼȗƙ5�-,ɮ

Ĺɗ6ɚƺ!�âƍ1�-,�+%1ɮĹɗ?YzKYƉŷ

ÞBŌ�Ȕǵ6ɚƺ(Ƭȡ 1999a, 1999b,ǝøƬȡ 2002)43F

ɂ'0ă"4ŢðFĶ,(J. Neurosci Methods, 2000)�%6@�

4Ţð7�Ƶ�6Ă#6ǅǒđ5��AD�¬Ȟƥƛ6ŰÛ
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96ē�>ŵĴ1"C� 
2012 ĩ6 11 Ŵ A JST 6 A-STEP řǡ]Ko5ŘŐ&D�

ũș6YzKYƉŷ¢ŒȔǵ6ɚƺFɅ=0�C� 

ũș6¬ȞƥƳ±ƨƧɮĹɗǞ2l]��ÀƦ-¬ȞƥɮĹ
ɗ6ɚƺǅǒ 

¬Ȟƥƛ17ɳɃ6Şª2�ɢɨŁǿ!�âƍ1�C�ĤȲ

6±ƨƧɮĹɗ17%6ȗƙ5��>6!4 -,61ɚƺ

',(JST W�Zƺŗ�A-STEP)� 
;,�ǋǥóȹ96¬ÀƦFl]��Î'0Ȑ�%2Fâǿ

5',ɮĹɗFɚƺ',�ȮŦŏǑ� 

ÎČƫȶ6ƺƱƺɊŵŏ�5@CɆƺŁȀƌǿȭǛƌƇ6ǅ

ǒ 

ØÉǍǅȴFß$ÞBǤG1�CȬɭ1�ƺɊŵ5ŝÞ',

ÎČƫȶ!Ňɘĵ5ȟņłËóȹ6ƶĦF�%)ǋǥóȹƌ

Ƈ6ȝŭFőı'0�C� 

2012ĩ7�.Ʒ6ǖ�ɌŐȌ1�Ck|o~ɑ6ćĊŵŏ�
5@-0�Ʊ;D0#Cċ�5ƬĻƼ4ȄĆ�Ŏ¿kz�Y

6ǆǫ!ȷ%C%2Fǉ',(ŬŷƔŁČ�� 2012)�%6ǅ
ǒ7ŹÏăČ6ǐŸ¦Ąɏ«Ʊ�ąȆ«ǔă6�ğƏ�«Ʊ�

ŬŷÐȌîɯîȒƱǅǒň6�ÑĠÍǌ«ƱA26±èǅǒ

1�C� 

ESǢǾ6ƌǿƃĎ96¬Ȟƥƛ6ɋƳ5ɜ)Cǅǒ 

ĨŇ 24ĩĬ5ũș5ɚĈ',ǅǒ1�ĂǿŁĪǢǾ A»Î
',ǢǾ6ƌǿèĎ6�.2'0ȁɥ�ńßŁȇǠ5@C¬

ȞƥF�Ƴ)C%2FŃ÷'0�C�£ģăČ��Ŷ³«

Ʊ26±èǅǒ(ǍČǅǒȴûƾ(A)). 

ũș6ȁɥ�ńßŁȎƻȶ(VSFP)6ė®5@CǢǾƬƶƼȁ

ɥ�ľǙ6âȚÎ 
 2012ĩ@BưÎČǅǒň6d�sYRh`nM|Öÿ26±

èǅǒ5��0�ũș6 VSFP Fė®)C%25@-0Ơɱ
ɖ�ǢǾƬƶƼ4¬£ä6ƃº5ŇÆ',�%6ŊƛF&A

5ƺě&*C%21 in vivoƉŷ AǢǾƬƶƼ4£ä6ƃº
!âǿ54C2Ǹ�0�C� 
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\L{uW6ǢǾ´Ęòč1�CÝǰǾ6ɥƗƱưČF7(

=0ŇÆ&*+6ơɁùȭǛƌƇFŭA 5',(J Exp Biol, 

1997a,b, 1998a,b; J Cell Sci, 1999; J Exp Biol 2005) 

\L{uW6ǲƖ]�lRȶ2ȁľǙƌƇ6ƱưČƼǅǒ 
\L{uW6¯Tiułý2 RNA ħƣ5@Ci`R^L�

ďɲFǤ<æE*�ǲƖƷ?ǲƖ5ɜɄ)CɇË]�lRF

i`R^L�'�+6ȐËƈĮ2ȁľǙ6ɜɄFȭ:0�C

(Eukary Cell, 2012)�ĝàăČüČ«Ʊ26±èǅǒ� 
 
āɐȵɕė®ďǱɾ 

Ǖ�Ƽǅǒȵɕ5.�07���6Ǎǅȴ!ǨǩȬɭ2'0�

;,+6�6Ǖ�Ƽāɐȵɕ!ŘŐ&D,� 

ǅǒ�ȓǹ2'0ÞĶ 

ĨŇ 24ĩ� ƭǓȐţƛ�ǍČōȑŔȄƌƇ� ǖ 2ó�ǅǒŇ

żųɋěɚšśo~SzuɴA-STEPɵřǡ]Ko��Ȁó
ȹƌǿȝŻ6,=6[�V�ǧæYzKYƉŷǪŒďɲW

Ybu� 

ĨŇ 22 ĩĬ� JST 6ǅǒŇżųɋěɚšś�ƄɴA-STEPɵ
řǡ]Ko�sR~}�Z��úȸɳɃ±ƨƧPvzyg

`d��ȓ� ·ƘȳĽ� sR~}�Z��ú6ũș6±ƨ

ƧȸɳɃPvzyg`dFɚƺ',� 

ĨŇɺɸĩĬ�Ƭȇ�CŤǼǅǒɐəɴŤǼČǷŪƛǗ6Ţ

ðɵ�o~Szuɾ�ũș¬ȞƥȔǵFƳ�,ũ'���ƿ

ǂƩ6�ȀǋǥďǷP{Qxzu�ǅǒ�ȓǹɾ·ƘȳĽ

ɴ2,900 Òµɵ ĨŇɹɼĩĬ6èo~Szu6Ȭɭ1¿�
',ďǷƳ¬ȞƥȔǵFƳ�,ųɋ6ďǷȬɭ�Ň2�¬

Ȟƥ6ÄȌ4316ũș4¾ƳƛFƊǡ)CW�rXLu

2ăČɞƱê$ďǷU�Y6ɚ¨ 

ĨŇɹɽĩĬ JSTW�Zƺŗo~Szuɾ�ũșȸɳɃ±ƨƧ

¬ČǞ6ɚƺ�ɴ�ȓɾ·Ƙ�1,998Òµɵ O{�lY¬Č
ƀĮ�Ǌ2ÔÅ'0ũș6ȸɳɃ±ƨƧɮĹɗF¿�',�

%6ȥ�6ȥ<7ŇÆ'0�ŢȆƪF)15¿�Ƣ1�C� 
ĨŇ 18 ĩĬ�Ƭȇ�CŤǼǅǒɐəɴŤǼČǷŪƛǗ6Ţ

ðɵ�o~Szuɾ�ũșÄȌI`[K�ďǷƳɥƗƱưȞ

ƥ~q`d6ɚƺ�ǅǒ�ȓǹɾ·ƘȳĽɴ2,100Òµɵ Ȍ

ČďǷƳ6¬Ȟƥ�ɥƗƱư6ȃËÎ',ȔǵF�Ň'�

ĨŇ 20ĩ A6ĺğŦưăČɰĢȌČɐ16ȌưČďǷ1
>�Ƴ)C%25ŇÆ',� 

 
»őǹ2'0ÚÇ 

ĨŇ 24ĩĬ� ǍČǅǒȴȕÈɕ� ûƾǅǒ A�¶ƱÐƹ5Ă

ɧƼƚƹŊƓFŚ�)CĂǿŁĪǢǾo~nHK{�S6

ɚƺǅǒ�(�ȓ ��Ŷ³: H24-H27) ĂǿŁĪǢǾo~

nHK{�S5¬ȞƥFÞB®DC,=6ûǈǅǒ 
ĨŇ 24ĩĬ� ǍČǅǒȴȕÈɕ� ûƾǅǒ C�Ŀ��Ŀł

Ë!şCñțȓȱ6ÕɣȀKv�X�SɾȐËȝŻ26ȏ

æƼIo~�_�(�ȓ ƂÙ¾�: H24-H27) ñțłý¹ư

6ȀǋǥóȹƌǿȝŻ 

ĨŇ 23ĩĬ� ØƱÉ©ǍČǅǒȴȕÈɕɴÎČƫȶ{YRǅ
ǒ�ƄɵɴH23-H25)ǋǥǞƺƱ-ƺɊŵ6ÎČƫȶűɦ5@

CɆƺ�ŽĲɩȝŻ5û/#ǧæƼ4łËȩǃȐËƔŁȤ

 ǞǇǓ5ȵ)Cǅǒ(�ȓ:ǐŸ¦Ąɏ:H23-H25) mYn

Mi�|ƈƫȶ6ƺɊ¼ŵ6ŏ�5Ė)CǋǥóȹƔŁ6

ȭžƛ6ɚƺ 
H21ĩĬ ǍČǅǒȴȕÈɕ� ûƾǅǒ C�ǲƖƷ5ɜ)Cǲ

Ɩŋ¿ķ6»ċƌƇ6ȝŻ�ɴ�ȓɾüČɵ»őɕ� 50Òµ 
ĨŇɺɸĩĬ ØƱÉ©ǍČǅǒȴȕÈɕɴÎČƫȶ{YRǅ

ǒ�ƄɵɴH20-H22)� ÎČƫȶ6łË�ȩǃȐË5Ė)CĲ
ɩ6ƔŁČƼȤ ƛ5ɜ)Cǅǒ�Ƭ5ɆƺŁĲɩ6Ȥ 

Ǟ6vPgZuȝŭ5@CǇǓɴ�ȓ� ÏġǺ: H19-21ɵH19

ĩĬ»őɕ� 4,500Òµ� ȼȌǗÎČƫȶ6ƺɊ¼ŵ6ŏ�
!Ȁƌǿ536@�4ɆƺƼĲɩF��C FǇĬ@#ƃ

Ď)CƃĎƛ6ɚƺFŃ÷',>6 
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Outer Dynein Arm Light Chain 1 Is Essential for Controlling 
the Ciliary Response to Cyclic AMP in Paramecium 
tetraurelia. Eukaryotic cell, 11(5), 645–653. 
doi:10.1128/EC.05279-11. 

2011 
1. Suh, J., Rivest, A.J., Nakashiba, T., Tominaga, T., and 

Tonegawa, S. (2011). Entorhinal cortex layer III input to the 
hippocampus is crucial for temporal association memory. 
Science 334, 1415-1420. 

2010 

1.Tominaga T*, and Tominaga Y. (2010) GABA(A) 
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Osmotic and Ionic Regulation: Cells and Animals. pp. 69-105 
CRC Press, David H. Evans ed.  

[ȋŲ�ȢŲ] 
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Practice for the optical recording method of neuronal circuit 
analysis.  Seibutsu Butsuri 51(2), 092-095. 

2. ǄƴƐƋ�·ƘȳĽ(2006). �\L{uW6ÝǰǾȖæ��    
ŬŷÙƱËƫČ�Ȩ, 39: 157-172  

 

�*�"	���"  

ɶ2011ĩ6<  
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of neuronal activity between the perirhinal cortex and 
entorhinal- hippocampal cortex is controlled by slowly 
inactivating potassium conductance: A VSD imaging study. 
Program No. 148.02. 2012 Neuroscience Meeting Planner. 
New Orleans, LA: Society for Neuroscience, 2012. Online. 

2. ·ƘȳĽ�·ƘƝċ (2012) ȁɥ�ńßŁȇǠ�P|WL
uKv�X�S5��Cũ'�ȸɳɃ±ƨƧɮĹɗ6

ɚƺ (A new class of confocal microscope for a fast 
voltage-sensitive dye (VSD) and Ca2+ imaging) ǖ 50óŬ
ŷƱƫƫưČ�ĩ�� 9Ŵ� éáĚ (àɫƺȓ) 

3. ·ƘȳĽ�·ƘƝċ�ƂÙ¾�� (2012)� Suppression of a 
slowly inactivating potassium current enhances the 
interaction between the perirhinal cortex and 
entorhinal-hippocampal neuronal activities. ñìöƽȶ2
ñ´ɓ-Ơɱóȹ26ɛ6ȄĆ�ɊT�dƌƇ57Ǯ?
 5�ƞŁÎ)CP{LuɥƟ!ɜ�)C ǖ 35óŬŷ
ǋǥǍČă�(éáĚ)� 9Ŵ (àɫƺȓ) 

4. ·ƘȳĽ  ·ƘƝċ  �ÑĠÍǌ� ǐŸ¦Ąɏ  ȉɓǟ 
�ğƏ� (2012) ćĊŵŏ�5@CǽƱŵk|o~ɑű
ɦsLY7ČǷȟņƶĦ2ƠɱŎ¿Ǟ6ƤįFǉ) ǖ
39óŬŷƔŁČ�Čȑĩ�� (�ã) 7Ŵ� (àɫƺȓ) 

5. *·ƘȳĽ� (2012)ǋǥƞËKv�X�S5@C�Ž�Ë
Łƫȶ6ǋǥóȹƔŁȝŻ:ƺƱ-ƺɊŵmYnMi�|
A űɦ5@CǋǥóȹŀŁľǙ6ƌǿȝŻ�� (H23-Î
Č-�ȅ-004)ĨŇ 23ĩĬØƱÉ©ǍČǅǒȴȕÈɕǅǒ
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2)� ƊŠȯǶ� �\L{uW>Ǹ�CɿȀ6Ȧ�ɳźÏɳſ
2012ĩ 7Ŵ 31Ŭ 
3) � ƊŠȯǶ� �\L{uW>Ǹ�CɿȀ6Ȧ�ɳǃǀǓĞ
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ŵŖǝǏɽƄǀı��ŜÀĄČ��


��ƂȅɊŮǏơf\jĬŖŦɽĨıƂȅ~ĉR{^uiţȜ

hĢǚǍhıȁűȗ�����·��²��~ȻibRAèƶ

iĨıƂȅ~ĉR{TfNeO{xJiX{B�

���ǏơɊŮƽƬɽHrzɊŮU|dIhIB�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽɅ � ĝAĂŚj 
 ƌ

ɚ~×adAƻǀþıH{Ikǁƻþıjȭɬ~ĈzǵrZ

^BËİkɸŎǁiıȁȁŬ~ȻibRUZ{Tf~ÁhǏ

ǍfV^^uAĢǚǍhıȁűȗ�����·��²��~Ȼ

ibRUZ{ȱȀ~ȖJTfNeOhMa^B�

��ƂK{^ui×a^ƌɚɽ
� ĝ7�	 ì�

�

ŵŖǝǏɽȓǀı �ɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽÿȓĖ~ɋƦi×ǂX{^u

iAȓƻwǁǀưŦƻȸiɛX{ĢƕǍǖȲfAǁÕfjǑ

ÆÖǂ~ǀȢVdȬƊeO{xJih{BæÕǍikAȎř

ǜǶǰAÕŦǜǶǰiÖǂX{ȓƻAUyiA¿ƚǜǶǰi

ÖǂX{ȓƻɴäȻɳɑȓAǔǒȓAɕǉȓɵ\|]|jƼ

ŦAÖǂƸAÖǂ«���ªibIdǀȢX{B 
���ǏơɊŮƽƬɽpqɊŮ�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽȓǀı � kȓǀıj

ĢǚǝǏeH{^uAƢȈŗūıjǖȲ~ǾzÈ[hNyĢ

ǚ~ɓƸǍiƂȅV^BƂǝƎ~Ēu^țƃjƂƖMyçĸ

~}MzƋPrfu^¤±µ�~ÖŮ·ɐŋVçĸǀȢjš

ő~kMa^B¢�¸����j^ui¿ɚȨɰćm\jȢ

ȬAȚȱ~Ȗa^B�

��ƂK{^ui×a^ƌɚɽ
 ĝ7�	 ì�

�

ŵŖǝǏɽȓǀı �ɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽÿȓĖ~ɋƦi×ǂX

{^uiAȓƻwǁǀưŦƻȸiɛX{ĢƕǍǖȲfAǁÕ

fjǑÆÖǂ~ǀȢVdȬƊeO{xJih{BæÕǍikA

ȎřǜǶǰAÕŦǜǶǰiÖǂX{ȓƻAUyiA¿ƚǜǶ

ǰiÖǂX{ȓƻɴǯǜǈŧA¿ƚǜǶǈŧɵ\|]|jƼ

ŦAÖǂƸAÖǂ«���ªibIdǀȢX{B 
���ǏơɊŮƽƬɽpqɊŮ�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽȓǀı � eı�_ç

ĸ~ŞȁVhNyAȓǀıjĢƕ·Ģǚ~ɓƸǍiéƂȅV

^BƂǝƎ~Ēu^țƃjƂƖMyçĸ~}MzƋPrfu

^¤±µ�~ÖŮ·ɐŋVçĸǀȢjšő~kMa^B�

��ƂK{^ui×a^ƌɚɽ� ĝ7�	 ì�

�

ŵŖǝǏɽȓǀı �ɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽȓǀ �ɿ� jçĸǀȢ~Uy

išőX{^uiAT|rejçĸjǼŞȁȖJBUyiA

ȓôŌğķȨɰ~ȝŹKAƷȁĚɬ~ȢMZdAȓǀıìɔ

jȨɰĚɬiŬ|{fĐƌiAĚɬȂKƈɴĈzǵsƈɵ~

ĈŜX{TfvǏǍfX{B�

���ǏơɊŮƽƬɽpqɊŮ�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽçĸNōŏI^uA

rYAŖƈeǸzȽ�_Ěɬ~ȢǫUZAıǁjǀȢŒj�

���iúu^B\j»eAĚɬjȢȬ~ȖIbbAǀȢN

ĀìehIǭĞAƳPŻz¼S^źƝNţȜeH{fť}|

{ǭĞ~¡����¤VAxzºļiAȩǲiȢȬV^Bź

ƝikAƘƎA¤±µ�Ǫ~ǏǍiŤWd×IìR^B�

��ƂK{^ui×a^ƌɚɽ� ĝ7�	 ì�

�

ŵŖǝǏɽƢȈŗūı;ɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽǜǶǰjĢƕǍƼŠf\jƢ

Ȉ~ǀȢX{B�

���ǏơɊŮƽƬɽpqɊŮB�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽƂǝƎ~Ēu^țƃ

jƂƖMyçĸ~}MzƋPrfu^¤±µ�~ÖŮ·ɐŋ

VçĸǀȢjšő~kMa^B�

��ƂK{^ui×a^ƌɚɽ� ĝ7�	 ì�

�

ŵŖǝǏɽȓıĴȁ ��ɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽ¬²¬��ĝȋ~×ǂV^ȓ

ǀıĴɰ~ɂVdAȓǀıjȱȀeŜy|^ǖȲ~ǙĴiȻ

ibR{BƕĴȁkȍŐjĤiLR{ŧȃnjɋƦhȓƻ×

ǂjĢǎfh{B�

���ǏơɊŮƽƬɽpqɊŮ�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽȓǀıeŜ^ǖȲf

ĴȁçĸfjbhNz~ºļiȬƊVdǀȢ~Ŝ^B�

��ƂK{^ui×a^ƌɚɽ
� ĝ7��	 ì�

�

ŵŖǝǏɽƼïĴȁɴŜÀĄČɵ�


��ƂȅɊŮǏơf\jĬŖŦɽıǁikăƝĴȁNȭZy|

{BăƝĴȁkAƓǖjìɔ~əŶVAƇȞjǖȲ~ȝë\



ȱœ 
JfX{vjeHzAȱȀwȓıĴȁeȁŜV^ǖȲfűȈ

ekAȱœɐŃŚiĎȎjǘǣ�¸¨~ɇȖX{ikĀìe

hIBƼïĴȁekAȱœɐŃŚjăƝĴȁi�ª¸�iǟ

ȖeO{xJiȓǀıȱœăƝĴȁiţȜfU|{ǖȲćm

Ģǚűȗ~ȁŜX{Tf~ǏǍfX{BƼiAƂėN¹ƈǍ

iǖȲwűȗ~¾K{jekhPAFıǁNÁÕǍiȂKAÁ

ÕǍiüPGxJiAçĸ~ňĩX{BƕĴȁǴÃŚikA

ăƝĴȁiǐ`iĈzǵtTfNeO{B�

���ǏơɊŮƽƬɽpqɊŮ�

���ƂȅçĸɨejĈzǵsfƀěƈǬɽFıǁNȎìeȂKA

ȖüX{GTfiɓO~ǿI^ƼïĴȁǂ����~ÖŮV

^B����k  bjȭɬMyŮzAT|yjȭɬibId

ıǁkAɸɵǖȲ~ĈŜVAɹɵĴɰƈƭ~ȂKAɺɵĴɰ

~ȖIAɻɵǷƙMyȂĻVAɼɵ³§¸�~ÖŮVŽëX

{AfIJ � bjÖƝ~ȖJB bjȭɬibIdkAăƝ

ĴȁiLIdţȜhǖȲ·űȗ~xzħPıo{xJiɌĳ
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ƢźɛɈ̳ʤåŃ 1̬ʤŃɛ�ʤɛŃɛ̭̬ êʥĚ�̭ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
Ńʈʊ��¼ȳ˹¸4˱")ʤȧ6̂1¼ȳ4FHʤí�

Ȅ?I�1MȰʴ"�ʤȧ6Ȳ»Ù4��Iî�1¼ȳ4̊

$IĪǒɄɎˍMÆƁ0�IF�3ƨǨMʨ3��?)�Ń

ʈʊ�ʤȧ6Ȳ»ÙˮĒMȰʴ"�ĎĂ�ÛŦ�±ˌ�ƩȈ

6˯ɝ4̊$IĪǒɄɎˍMÆƁ0�IF�4$I� 
ʤȧ7Ȳ»4Ɵ�!J)ſ�ĎĂ!J/�ʧɨɭMʧȎ4

�,/ˮƱ!J�ǿɲʧɨ6ɲĿ?)7ÙɅɲʑM˦˯"/

ǭ�3ʗĜDɵʄ6ɲʑ̉̔4ɜʨ$I�'"/�ɲʑÙ4

ăHˤ?J/�'6�˹�¼ȳɃȮ˹¸4á˱"�ʤíMɃ

Ư$I�'6ſ�=1N26ʤȧ7ʎʗ6ʎň˘ɲʑDʔʗ

6ɬȯ»�Řɲɨ4ɜʨ"/�±ˌ�ƩȈ!J�»Ù�Gȓ

Ĺ$I��6F�3ʤȧ6Ȳ»Ùîƒ6˯ɝ̬ĎĂ�ÛŦ�

±ˌ�ƩȈ̭7�ʤȧ6ʤíDæ¼ȳ6ɃȮ�F9ƦɹƉM

Ȱʴ$I�0̀ʱ0�I� 
2) ƸʏÙō̜06ăHɵ@ 
� Ńʈʊ6Ńʈ4Ő$I�k|�a��Mãȝ$I)B4�

ƨǨǇ̉ 14á˱ɈǮMʹŇ"�Ńʈʊ�»6ƨǨMƄƪ

�/�I�ƨǨ47�ĠD\�zMĵȳ$I�14FH�ˋ

ʇ6˃Ǆ�Ȱʴ"D$�F�4Ťĸ"/�I�?)�ʤȧî

ƒŃ�ʮåŃ�ʪȲñŃ�ʤȰŃ321̊˪.�/Ȱʴ0�

IF�4̊˪¤̟4-�/6ÙōMăHÓJ/�I�!G4�

̊˪") SBOs  14Y���qMʹ�/ʴ˃"�Țʈę̡
Mʨ��Ńʈ")�1�ɔň4ˠ4-�/�I�6ɔˀMʨ

3,/�I�?)�Țʈ4Ő"/7�Ńʈʊ;6zQ�pv

l[Mʨ��DIȁMãȝ"/�I�Ńʈʊ6ƨǨǇ̉ĴŃ

ʈMıD$)B4�ˋʇ6)9 14~����[MÚ"�

ƂʈMÃ$11C4�ˋʇÙō6Y���qM 5 -ǉ�Ú!
&/ƭÚ!&/�I� 
 
ƢźɛɈ̳ʤåŃ 2̬ʤŃɛ�ʤɛŃɛ̭̬ êʥĚ��ǫþɮ

ḙ̄ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
Ńʈʊ��ʤȧ6Ȳ»ÙˮĒMȰʴ"�ĎĂ�ÛŦ�±ˌ�

ƩȈ6˯ɝ4̊$IĪǒɄɎˍMÆƁ0�IF�3ƨǨMʨ

3�� 
ʤȧ6Ȳ»Ùîƒ6˯ɝ̬ĎĂ�ÛŦ�±ˌ�ƩȈ̭7�

ʤȧ6ʤíDæ¼ȳ6ɃȮMȰʴ$I�0̀ʱ13I�?)�

»Ùîƒ7¯å½ȳ4FHĶ��ĳî$I�1��H�ʤȧ

6ʤȰíǚ6ɃȮ4Ž̞M��I�ƀ,/�'6Ɋ¦¼ȳ6

ʱğMƝƮ$I�1�̀ʱ0�I� 
2) ƸʏÙō̜06ăHɵ@ 
� ʤåŃ 11ċǭ6ăHɵ@Mňƾ"/�I� 
 
Ƣź˅Ɉ̳ʤȧîƒŃ̬ʤŃɛ�ʤɛŃɛ̭̬ êʥĚ��ǫþ

ɮḙ̄ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
� ʤȧ6ʤíDæ¼ȳM»Ù6ʤȧîƒ�GŇ̂Ʉ4Ȱʴ$

I)B4�ʤȧîƒ6ȰˉɄʴǙ4̊$IĪǒɄɎˍ1Ɯʒ

MÆƁ0�IF�3ƨǨMʨ3��È�6ƌʊ4Ɔ#)Ɵ�

ʵȸMɣǤ$I)B4�ʤȧȆɀ6Èßñ4̊$IĪǒɄɎ

ˍ1ƜʒMÆƁ0�IF�4$I� 
� ʤȧ6»Ùîƒ̬ĎĂ�ÛŦ�±ˌ�ƩȈ̭7�ʤȧ6ȧ

ȰñŃɄƉ˘1�ʤȧ1Ȳ»16Ɋ¦¼ȳ4F,/Ȅ?I�

?)�ʤȧ6ʤí7�ʤȧ6ʤȰȍƉ6Ź!1ʤȧ6»Ùî

ƒ4Áŀ"/�I�ƀ,/�ʤȧ6ʤíMǊCíǚɄ4ɃƯ

!&I)B47�'6»ÙîƒMƝƮ$Iƅʱ��I�'�

0�Ȳ»4Ɵ�!J)ʤȧ6Ȳ»Ùîƒ4-�/�ʤȧ˨ų

ˉɄɣĬ�G�Ɵ�ſ6ʤȧ6ʧț�Ȟų�ȓĹ÷ȗǏ�±

ˌ˨ų�ƩȈ˨ų�F9»Ùʣɠ̂32MȰʴ$I�1�̀

ʱ0�I�?)�zO��^YtnQ[c (Pharmacokinetics)�
ȲȰŃɄ˨ųˉ�^�w�p��p�o��ʘŰʤȧîƒ4

-�/ÆƁ$Iƅʱ��I� 
2) ƸʏÙō̜06ăHɵ@ 
ʤåŃ 1�F9 21ċǭ6ăHɵ@Mňƾ"/�I�?)�

ʤȧîƒ6ȰˉɄʴǙȊMɳ$I11C4�o�iMƭɖ

"�Ńʈʊ�'JGMʴǙ$I�14FH�ʤȧîƒŃ6ň

ȳƉM»̧"/�I�!G4�ʤŃňʈ 3(C)1˪î"/�ʴ
Ǚ{�\��06ʴǙMňƾ"/�I� 
 



ʤȧîƒŃˋŴ 
ƢźɛɈ̳ʤŃňʈ 3(C)̬ ʤŃɛ�ʤɛŃɛ̭̬ êʥĚ��ǫ
þɮē�˜˹�Ł̭ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
Ńʈʊ��ʤíDæ¼ȳMʤȧ6»Ùîƒ�GŇ̂Ʉ4Ȱ

ʴ"�ʤȧîƒ6ȰˉɄʴǙ4̊$IĪǒɄɎˍ1ƜʒMÆ

Ɓ0�IF�3ňʈMʨ3�� 
ôʤĔ6Ȳ»Ùîƒ4̊$Iņ̌ƚƜ̬ʧ�ʤȧȞų6Ș

Ň�ôʤĔ6ȓñɨĎĂ̭MʈȤ"�ôʤĔ6ʤȧȆɀ6Ĭ

0ƅʱ1!JIʤȧîƒŃɄ3Ɏˍ1Ɯʒ̬ ʤȧ˨ųˉʴǙ�

»Ùîƒ6ʴǙ1Ɵ�ʹʵ̭MÆƁ"�ʤåŨ6´ï�F9

ʌʒ4-�/�ȰʴMȔBI�1�̀ʱ0�I� 
2) ƸʏÙō̜06ăHɵ@ 
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ɨĎĂ 4̭̊$IĪǒɄɎˍ�Ɯʒ�ƒųMÆƁ$I)B4�
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Ƣź˅Ɉ̳ʘŰ̈ɃPqv�cpňʈ̬Pqv�cpƸʏ̭

̬ʤŃɛ̭̬ êʥĚ��ǫþɮē�ŃÙˋŨ�Ĵ˹ˋŨ �̭Ȇ

̧ǨïŃ̬ʤŃɛ̭̬ êʥĚ��Ĵ˹ˋṶ̃ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
ʘŰ̈ɃPqv�cpňʈ̬ Pqv�cpƸʏ̭̳ ˘6̩�

ʤåŨMɈƧ$)B47�Ƽʤ̈Ƀ{�ecMʈƁ"/��

�1�̀ʱ0�I�ʘŰ̈Ƀ^�c7Ƽʤɥ6ʘŰ̈Ƀ4Ʋ

LIʤåŨMɈƧ$^�c0�I�ôɀ6ȮȩM˟?�/�

Ƽʤ̈Ƀ4��IȨ̑ƾʹƵưǱ̊(SMO)6Əʇ1žçMȰ
ʴ$I)B4�SMO �ʹʅ!J/�Iȼ̏4��/�SMO
6ǨïÙō6ĪǒɄɎˍ1ƜʒMÆƁ$I� 
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ôʤĔ̈Ƀ6Ǌɴǹ̓4ňƾ!JIôʤĔÉʭñĊȧ6ʘŰ

ʽ̧4̊$IĪǒɄɎˍMÆƁ0�IF�3ƨǨMʨ3�� 
� Ȩ̑Ǩï17�Ƽʤ̈Ƀ6Ǌɴǹ̓4��/�̛ʘŰo�

iM˟?�/�ʘŰʽ̧Mňƾ"�ôʤĔÉʭñĊȧ6ʤȰ

íǚ�ńÔƉ�¾ȳƽȊɥ4-�/ǧʶ$IǨï0�I�ň

̕4�26F�4Ȩ̑Ǩï�ˬʨ!JI�MŃ9�ȰʴMȔ

BI�1�̀ʱ0�I�'�0�Ȩ̑Ǩï4-�/ĪɕɄɎ

ˍMÆƁ$Iƅʱ��I� 
2) ƸʏÙō̜06ăHɵ@ 
ʘŰ̈ɃPqv�cpňʈ̬ Pqv�cpƸʏ̭̳ Ȩ̑ƾʹ

ƵưǱ̊(SMO)�ʹʅ!J/�I̥ţĶŃôŃ˹°Ŝȼ̏�
!5�ťȀȼ̏�KKR̩ǘȼ̏0ňʈMʨ�� 
Ȩ̑ǨïŃ̳ǒˋʇ7�̛ʘŰo�iM˟?�/�Ëũ«

MŐː1"/ňƾ!JI Phase � study�ň̕6ƌʊ;6Ɵ
��ʨ3LJI Phase �F9 Phase � Study6ɈɄ�F9
ÙōMȰʴ"�26F�4Ƽʤȷˈ4ɷ9-�I��!G4

Ƽʤƛˀſ6ť˓ſʘŰʽ̧�ť˓ſˆǝ4-�/ʈƁ$I

�1MɈƧ")ˋʇ0�I�ǒˋʇ7��ȎʮʤµǨ4��
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�J8�ˋʇMƢź$I�170�3��'�0�ġÙpl

{[�c6į́ʇʮʤǠŷ¶ɗ èʤ�̈Ƀɑɡƙ̅7#B�
3Č6ÏȲƽ4ǒˋʇMƢź"/�)*�/�I� 

 
ƢźɛɈ̳ ¤äŃʈ 1�F9¤äŃʈ 2̬ ʤŃɛ̭̬êʥĚ� �̭

ȼ̏ňʈ�F9ʤřňʈ̬ʤŃɛ̭̬ êʥĚ��ǫþɮē�˜

˹�Ł �̭CBTŐɧˋʇ�Țʈ̬ʤåŃ�ʤȧîƒṊ̬́ ʤŃ

ɛ̭̬ êʥĚ��ǫþɮē �̭ʤåŨġŌʽ̧Őɧˋʇ̬ʤŃ

ɛ̭̬ ʤåŃ�ʤȧîƒṊ̬́ êʥĚ��ǫþɮē �̭Ȩßňʈ

�F9øǨňʈ̬ ʤŃɛ̭̬ êʥĚ��ǫþɮē�̃ ˹�Ł �̭

ɼĊʤŃȚʈ̬ʤŃɛ̭̬ êʥĚ�̭ 
1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 
¤äŃʈ07�ȼ̏�ʤř6ňïňʈ4��/�ˆå�F

9ǍʤƧœ326ʤåŨʌïMˬʨ$I�0�ƅʱ3ĪǒɄ

3Ɏˍ�Ɯʒ�ƒųMÆƁ0�IF�4$I� 
ȼ̏ňʈ07�ȼ̏ʤåŨ6žç1˔´MȰʴ"�ȼ̏ʤ

åŨǨïMˬʨ0�IF�43I)B4�ˆå�ʮå�ȼǥ

Ǩï�F9k��ôɀ4̊$IĪǒɄɎˍ�Ɯʒ�ƒųMÆ

Ɓ0�IF�4$I� 
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326ƍīƭÀ�ËŶɊˇ�ôɀǱ̊Dĥĩ16̊LH4-

�/�ĪǒɄɎˍ�Ɯʒ�ƒųMÆƁ0�IF�4$I� 
CBT Őɧˋʇ�Țʈ̬ʤåŃ�ʤȧîƒŃ �̭ʤåŨġŌ

ʽ̧Őɧˋʇ̬ʤåŃ�ʤȧîƒṊ́�F9ɼĊʤŃȚʈ0

7�ʤŃƸʏ�o��^PX�Y���6ʤåŃ�ʤȧîƒ

ŃÛ́M̟Ɉ 14ƺȰ"�ˋʇ1ȚʈM˧"/�ʤåŃ�

ʤȧîƒŃÛ́6ę̡MÆƁ0�IF�4$I� 
Ȩßňʈ�F9øǨňʈ07�ˉƻɳ�˅̡4Ő$I\

��{ʶˉ�F9ņ̌ɑɡM˧"/�ɛŃɄƈʉʒéDˉȰ

ɄƈʉʒéM˾Ɩ0�IF�4$I�?)�ɤ 3ʊ4 CBT�
F9ʤåŨġŌʽ̧ɝų6ę̡6ʴɦMˉȰɄ4˃Ǆ0�I

F�ʙGˆ<�ʶˉ$I�14FH�ę̡6Ȕ�Ȱʴé1Ɔ

ȳéMˠ4-��CBT�F9ġŌʽ̧4Ő$Ię̡ʴȊʒé
M̤��1�0�IF�4$I� 
²�6ˋʇ�F9ňʈM˧"/�ɑɡ�R�qMƦ+�Ǌ

˴3ôɀ6ňȮ4˒ȫ0�Iʤ6c}a��cp�ôʤĔɑ

ɡ̈Ƀ6{�zTla�r�MʏƖ")�1ʉ�/�I�?

)�ôʤĔ�ñɪĔ326ñŃȧ˘6Ɖ˘�èʮ�G'6˴

ǵ¾ȳ4�)IʤŃ1'6đˣ6Ūů�Û́4��/�ȲĒ

4̊LIȧ˘�F9Ȳ»6ȲȰ1ȼƒ�!G4ȧ˘1Ȳ»6

Ɋ¦¼ȳ4̊$IɎˍ1ƜʩMʈƁ"�ôʤĔɑɡ̈ɃÛ́

6@3G%�ȲĒɛŃÛ́4C˒ȫ0�IʤåŨ�ʤŃɑɡ

ʊ�ʤŃɭƜʩʊM̤Ɩ")�1ʉ�/�I� 
2) ƸʏÙō̜06ăHɵ@ 

CBT Őɧˋʇ�Țʈ�F9ʤåŨġŌʽ̧Őɧˋʇ07�
ʤåŃ�ʤȧîƒŃÛ́4��/�'J(J6̟Ɉ4Ő$I

̀ʱ�R�pM�ŏ4ʴ˃"/�I�!G4�CBTŐɧę̡
1˯ÿ6ġŌʽ̧ę̡MÛ́ß4ƺȰ"/ŔncpMʨ3�
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iMˉȰɄ4ʴ˿0�IF�4�Ƹĕ16oQcXla��

MǼǀ6F�4ňƾ"/�I�?)�íǚɄ3{�f�n�

a��6®ƽ�ˠ4-�F�4�ˋŴÙ06{�f�n�a

��DŃ¶Ƀʫ6Ǳ¶MŇǏɄ4ʹ�/�I�!G4�Ńʩ

ˉƻM¼Ɩ$IʒéM»Ɓ0�IF�4�ˉƻM˄Aʷɿ�

ņ̌o�i4Ī.�)ɷǚ1ʉŎMǉ�ʷɿMňƾ"/�I� 

ʤŃ7ʤ4̊$IɼĊɄŃę0�I�E�4�ǌǱñŃ�

ÛǙñŃ�ʪȲñŃ�ȱİñŃ�ʤȰŃ�ʤåŃ�ʤȧîƒ

Ń�ʮåŃ�ȼƒ�ʤȧȆɀŃ�ôɀʤŃ326ʤŃˊŃ6

Ɏˍ�ɸĊ�»ñ!J/�'ȮĬ0žɣ-�1�G��J?

04ǲ�/�)Īɕ�Gň˞ʤŃ;6��[DĉŒ̆MɸĊ

")Ƹʏ�¬ſ�̀ʱ43I1ʉ�GJ�'JGMðƥ")

ɸĊħƸʏ�Ńʈʊ�»6Ƹʏ�ɎˍƸʏ4ê�Ɯʒ�ƒų

Ƹʏ�ĪɕƸʏ{�cň˞Ƹʏ�^��s]�a��1ȲĒ

ÊȰ6Ƹʏ4ăHɵN0�I� 
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1) Ƹʏ˱ƖɈǮ1'6ĻźƉ 

Ńʈʊ��ʤȧ6ʤíDæ¼ȳM»Ù6ʤȧîƒ�GŇ̂

Ʉ4Ȱʴ$I)B4�ʤȧîƒ6ȰˉɄʴǙ4̊$IƆȳɄ

Ɏˍ1ƜʒMÆƁ0�IF�4$I� 
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C57BL/6 ɭ�Sc6ʧȖ� T4Ȟų6¹�7��1"/ʎʗ

;6[125I]T46ʣɠ̬ʧȖ�Gʎʗ;6ɜʨ̭4F,/˚�I

�1�ɖ!J)�?)��Sc6ʎʗ;6[125I]T46ʣɠ7�

�4ʧȖ T41 TTR 16ʯĊ»6ŻƖ̍ŋ�̊�"/�I�

1�ɖ!J)� 

�

C. ESI-LC/MS/MS 4FIxpǻ¡� α-�β-�γ-hexabromo- 



ʤȧîƒŃˋŴ 
cyclododecane6̩ƑųŇ̂Ȋ6̈Ƀ̬êʥĚ�̭ 
C-1. ɑɡ6ʐǈ1˱ƖɈǮ 
˥ŭ�RZ�c�cST�o��c}R��u�ST�3

207�xpǻ¡��Gʚɰñ̙ȥå0�I hexabromo- 
cyclododecane (HBCD)�ǧÚ!J/�I�"�"�ǀǒ«6ǻ
¡� HBCDȞų7õÛ4ˆ<GJ/�3��'�0�ǀǒ«
6ǻ¡� HBCDȞųMˆǝ$I)B4�ESI-LC/MS/MSMȳ
�/xpǻ¡� HBCD Ȟų6̩ƑųŇ̂Ȋ6ɔɣMʽ@)�
!G4�ESI-LC/MS/MS ȊMȳ�/�ǒ˷4��Ixpǻ¡
� HBCDȞų6Ň̂Mʨ,)� 
C-2. ɑɡƖǚ6Ǫʱ 

ESI-LC/MS/MSMȳ�/�xpǻ¡� α-�β-�γ-HBCD6Ň
̂ȊMɔɣ"�'6ƽȊ7 APCI-LC/MS/MS ȊFHC˵ơɄ
�-̩Ƒų0�I�1MǄG�4")��6ƽȊMȳ�/�

òȑ˰�ŊĨ�Ǘª�Ş̋�ə¨�ª˺�×ŵ�şŝ�ŝĄ�

ȅʁ6'J(J 20 «6���nQP�GƭÀ!J)ǻ¡�
6 HBCDȞųMȘŇ")�'6ɷǚ�ǒ˷6xpǻ¡� HBCD
Ȟų7���lwˊġ6ɷǚ1=>̢·"/�)� 

 
D. ¹ÛľħʧɨƼȲÃ˫å�COA-Cl6ôʤĔMƧč")Ī
ɇɑɡ̬ǫþɮē�êʥĚ�̭ 
—ʤ¤ɛŃˋŴ16Öċɑɡ— 
D-1. ɑɡ6ʐǈ1˱ƖɈǮ 

ȮĤȳ�GJ/�IʧɨƼȲÃ˫å7�Ȳ»ȵǖ6ʧɨÙ

ɅɲʑıǸğľ(VEGF)DʃɺʞɲʑƖ̅ğľ(FGF)1�,)
̩Ûľɫi�w[˘0�I��JG7ɫŘȼƌʊ4��IƓ

Ɖ̇ĮƉîʓɓñȽDv�b��ȼ1�,)�ʧȎ�˛6)

B4Ȳ#Iǭ�3ȽȩMȆɀ$I)B4ƅ̠0�I��ñŃ

Ʉ�I�7ȲȧŃɄ4�ńŇ0�H��JGVEGFDFGF1�
,)Ȳ»ȵǖ6ıǸğľ²Ĵ4Ã˫å�=1N2ɎGJ/�

3�)B4�ȮĤCʘŰƆȳ7ǩB/ŕ3�??0�,)� 
� 1�K�˥ŭ�ǒŃ˹ʤ¤ɛŃˋŴ6�ŝƃʲƸƨG7Ƽ

ʳ4ĊƖ")ǡ˽̢ʀ» COA-Cl (2[��ȠɰȱWYeiu
a� A)4Źé3ʧɨƼȲÃ˫¼ȳ��I�1MǄG�4"
)�COA-Cl7�ñŃɄ4̛ũ4ńŇ0�'6{��̨ǣ6 2
¸4[��Ī�9 ¸4Ƞɰ�GƖI 4 ĕȱ�ɷĊ")�s�
[3Ǭ˩M"/�H�¹ÛľñĊȧ̬Ûľ̂ 284̭1"/7
Ę��ʧɨƼȲÃ˫¼ȳMɖ$ȧ˘0�I�"�"3�GĪ

ɕɑɡ6ǹ̓4��/ǑʴǄ3ę̡�Ƿ!J/�H�?)ʘ

ŰƆȳ;6ś̈4̊"/Cǧʶ$I�1�ĵ�� 
ǒɑɡ7 COA-Cl 6?*ʴǄ!J/�3�ĪɕɑɡMŅƖ

!&�COA-Cl�F9'6̢ʀ»Màȳ")ʧɨƼȲ̊˪Ȇɀ
ʤ;6ʘŰƆȳ4ś̈$I)B6ĪɇɑɡMʨ�� 
D-2. ɑɡƖǚ6Ǫʱ 
Ɨ�7¹ÛľñĊȧÞ6ʧɨƼȲÃ˫ȧ˘�COA-ClMʲ�

*")�'�0�ǒñĊȧ6ʧɨƼȲÃ˫¼ȳ6Ǌ˴ñ�Ȳ

»Ù06¼ȳǱű�F9±ˌɶ˝ɥ6Ǒ*ʴǄ!J/�3�

ĪɕɄ3ę̡MʴȄ"�!G4èÍȆɂ�ʏǿå�ȾďȽȆ

ɀʤɥ6ôʤĔ1"/6ʘŰƆȳ;1ś̈$I)B6ɑɡĪ

ɇMɔɣ$I�ǒɑɡ6Ø»Ʉ3ɈɄ7²�6 3ȡ0�I� 
1) �e�6(±)-COA-ClMÐŃÛç"�'J(J6ÐŃȍƉ»

6ȍƉ6˲�Mǧʶ$I� 
2) COA-Cl ;ĉɞņʒĪMœÓ$I�14FH�ʧɨƼȲÃ
˫¼ȳM!G4č�!&I� 

3) ńŇċ¸»ǮˍñĊȧ[6-15NH2]-COA-ClM�Sc4Ɵ�"�
ʤȧ±ˌŃɄǧʻMʨ���

 
E.�Nɲʑ6ȒȜD˭˙6̍ŋMɈƧ")��g��6̈Ƀ
4̊$Iɑɡ̬˜˹�Ł�êʥĚ�̭ 
E-1. ɑɡ6ʐǈ1˱ƖɈǮ 
ǒɑɡ07��Nɲʑ�F9�Nɵʄ4Ő$I��g��

ʮå6ǱʒMFH̩BI�14ȢȡM�/�ƠƼȲʧɨŻƖ

DƠʕȿíǚMƦ-̙ȂșƉȧ˘[�[��4ɍɈ"�ƿŀ

6qYg�ya�őÓ��g��ʮå16½ȳ4-�/ǧʶ

Mʨ,/�I� 
E-2. ɑɡƖǚ6Ǫʱ 
qYg�ya�1ċǇ4[�[��MőÓ")��g��

1qYg�ya�ûåMőÓ")��g��Mȳ�/�xp

ɽɺʍʕ HT-1080ɲʑ;6íǚ4-�/ǧʶMʨ,)�'6
ɷǚ�qYg�ya�-[�[��őÓ��g��7qYg�
ya�ûȪ��g��4Ǿ<̩�ǺɲʑíǚMƦ-�1�Ǆ

G�13,)�!G4 HT-1080ɲʑ6˭˙DȒȜC̍ŋ0�
I�1CǄG�13,)��JG6ɷǚ7�qYg�ya�-
[�[��őÓ��g���Ɂɲʑ6ıǸ*�03�ˡɜC

ƞâ0�IĆʒƉMɖė"/�H�ɁȆɀ4��/̛ũ4ǌ

ȳ0�I1ʉ�GJI� 
 

Ĵ˹˗̃œÓňʂ 
1. êʥĚ�̬ ±ʫÈ«̭̳ PCB4FIxpȶȩʖ~���ƴ

 ¼ȳɃȮ�Xsd�6ʴǄMɈƧ")ðƥɄɑɡ̱Ŭ

Ɩ 23̶25 ŭų ɛŃɑɡ˕ëƖ¤Ǩ̬ŃʩɑɡëƖĪ̃
ëƖ̬̃Īɇɑɡ(C)̭̭  

2. ǫþɮē̬±ʫÈ«̭̳ ¹ÛľħʧɨƼȲÃ˫å�2[�
�ȠɰȱWYeiua� A6ôʤĔMƧč")Īɇɑɡ̱
ŬƖ 24̶27 ŭų ɛŃɑɡ˕ëƖ¤Ǩ̬ŃʩɑɡëƖĪ
̃ëƖ̬̃ʟƚɑɡ(B)̭̭  

 

�)%
�"  

̮�2008ŭ²̎ 2012ŭ?0  

[þʢˉƻ] 
2012 
1. Kato, Y., Tamaki, S., Haraguchi, K., Ikushiro, S., Sekimoto, M., 

Ohta, C., Endo, T., Koga, N., Yamada, S., and Degawa, M. 
(2012). Comparative study on 2,2',4,5,5'-pentachloro- 
biphenyl-mediated decrease in serum thyroxine level 
between C57BL/6 and its transthyretin-deficient mice. 
Toxicol. Appl. Pharmacol., 263, 323-329. 

2. Kato, Y., Okada, S., Atobe, K., Endo, T., and Haraguchi, K. 
(2012). Selective determination of mono- and 
dihydroxylated analogs of polybrominated diphenyl ethers in 
marine sponges by liquid-chromatography tandem mass 
spectrometry. Anal. Bioanal. Chem., 404, 197-206. 

3. Sakakibara, N., Tsukamoto, I., Tsurura, T., Takata, M., Konishi, 
R., and Maruyama, T. (2012). Novel synthesis of 



ƃŠƻȰĶŃ�̥ţʤŃ˹�Ƹʏ�ɑɡŭī�ɤ 
 ć�	��	 ŭ 
carbocyclic oxetanocin analogs (2-alkoxy-C.OXT-A) and 
their tube formation activities of human umbilical vein 
endothelial cells (HUVEC). Heterocycles, 85, 1105-1116. 

4. Ordonez, P., Hamasaki, T., Isono, Y., Sakakibara, N., Ikejiri, M., 
Maruyama, T., and Baba, M. (2012). Anti-human 
immunodeficiency virus type 1 activity of novel 
6-substituted 1-benzyl-3-(3,5-dimethylbenzyl)uracil deriva- 
tives. Antimicrob Agents Chemother, 56, 2581-2589. 

5. Sakakibara, N., Kakoh, A., and Maruyama, T. (2012). First 
synthesis of [6-15N]-cladribine using ribonucleoside as a 
starting material. Heterocycles, 85, 171-182. 

2011 
1. Kato, Y., Onishi, M., Haraguchi, K., Ikushiro, S., Ohta, C., 

Koga, N., Endo, T., Yamada, S., and Degawa, M. (2011). A 
possible mechanism for 
2,2',4,4',5,5'-hexachlorobiphenyl-mediated decrease in serum 
thyroxine level in mice. Toxicol Appl Pharmacol 254, 48-55. 

2. Misaka, S., Kurosawa, S., Uchida, S., Yoshida, A., Kato, Y., 
Kagawa, Y., and Yamada, S. (2011). Evaluation of the 
pharmacokinetic interaction of midazolam with 
ursodeoxycholic acid, ketoconazole and dexamethasone by 
brain benzodiazepine receptor occupancy. J Pharm 
Pharmacol 63, 58-64. 

3. Koga, N., Ohta, C., Kato, Y., Haraguchi, K., Endo, T., Ogawa, 
K., Ohta, H., and Yano, M. (2011). In vitro metabolism of 
nobiletin, a polymethoxy-flavonoid, by human liver 
microsomes and cytochrome P450. Xenobiotica 41, 
927-933. 

4. Haraguchi, K., Kato, Y., Ohta, C., Koga, N., and Endo, T. 
(2011). Marine sponge: a potential source for methoxylated 
polybrominated diphenyl ethers in the Asia-Pacific food web. 
J Agric Food Chem 59, 13102-13109. 

5. ķȴöɟ þ̯ĄȐ� ê̯ʥĚ�̯˳ ʥĖ� ą̯˖ÅŮ (2011).  � � � � � � �
�2,2',3,4,4',5'�ÕįɰñyzTs��CB138)6����l
p4��I in vivo±ˌ�əşôŃ̘ʿ 102: 167-174. 

6. Sakakibara, N., Komatsu, M., and Maruyama, T. (2011). 
One-pot synthesis of 2-nitrooxyalkoxylated inosine analogs 
using cyclic ether and isoamyl nitrite. Heterocycles, 83, 
2865-2872. 

7. Sakakibara, N., Tsuruta, T., Komatsu, M., Iwai, M., and 
Maruyama, T. (2011). A new method for synthesis of 
2-alkoxyadenosine analogs. Heterocycles, 83, 2299-2311. 

8. Isono, Y., Sakakibara, N., Ordonez, P., Hamasaki, T., Baba, M., 
Ikejiri, M., and Maruyama, T. (2011). Synthesis of 
1-benzyl-3-(3,5-dimethylbenzyl)uracil derivatives with 
potential anti-HIV activity. Antiviral Chemistry & 
Chemotherapy, 22, 57-65. 

9. Yamamura, M., Wada S., Sakakibara, N., Nakatsubo, T., Suzuki, 
S., Hattori, T., Takeda, M., Sakurai, N., Suzuki, H., Shibata, 
D., and Umezawa, T. (2011). Occurrence of 
guaiacyl/p-hydroxyphenyl lignin in Arabidopsis thaliana 
T87 cells. Plant Biotechnology, 28, 1-8. 

2010 
1. Kato, Y., Haraguchi, K., Kubota, M., Seto, Y., Okura, T., 

Ikushiro, S., Koga, N., Yamada, S., and Degawa, M. (2010). 
A possible mechanism for the decrease in serum thyroxine 
level by a 2,3,7,8-tetrachlorodibenzo-p-dioxin-like 
polychlorinated biphenyl congener, 3,3',4,4',5-pentachloro- 
biphenyl in mice. Drug Metab Dispos 38, 150-156. 

2. Kato, Y., Haraguchi, K., Ito, Y., Fujii, A., Yamazaki, T., Endo, 
T., Koga, N., Yamada, S., and Degawa, M. (2010). 
Polychlorinated biphenyl-mediated decrease in serum 
thyroxine level in rodents. Drug Metab Dispos 38, 697-704. 

3. Kato, Y., Suzuki, H., Haraguchi, K., Ikushiro, S., Ito, Y., 
Uchida, S., Yamada S., and Degawa, M. (2010). A possible 
mechanism for the decrease in serum thyroxine level by 
phenobarbital in rodents. Toxicol Appl Pharmacol 249, 

238-246. 
4. Ito, Y., Harada, T., Fushimi, K., Kagawa, Y., Oka, H., 

Nakazawa, H., Homma, R., Kato, Y., and Yamada, S. (2010). 
Pharmacokinetic and pharmacodynamic analysis of 
acetylcholinesterase inhibition by distigmine bromide in rats. 
Drug Metab Pharmacokinet 25, 254-261. 

5. Tsukamoto, I., Sakakibara, N., Maruyama, T., Igarashi, J., 
Kosaka, H., Kubota, Y., Tokuda, M., Ashino, H., Hattori, K., 
Tanaka, S., Kawata, M. and Konishi, R. (2010). A novel 
nucleic acid analogue shows strong angiogenic activity. 
Biochemical and Biophysical Research Communications 
399, 699-704. 

6. Suzuki, S., Sakakibara, N., Li, L., Umezawa, T. and Chiang, V., 
L. (2010). Profiling of phenylpropanoid monomers in 
developing xylem tissue of transgenic aspen (Populus 
tremuloides). Journal of Wood Science, 56, 71-76. 

2009 
1. Kato, Y., Haraguchi, K., Kubota, M., Seto, Y., Ikushiro, S., 

Sakaki, T., Koga, N., Yamada, S., and Degawa, M. (2009). 
4-Hydroxy-2,2',3,4',5,5',6-heptachlorobiphenyl-mediated 
decrease in serum thyroxine level in mice occurs through 
increase in accumulation of thyroxine in the liver. Drug 
Metab Dispos 37, 2095-2102. 

2. Kato, Y., Okada, S., Atobe, K., Endo, T., Matsubara, F., Oguma, 
T., and Haraguchi, K. (2009). Simultaneous determination 
by APCI-LC/MS/MS of hydroxylated and methoxylated 
polybrominated diphenyl ethers found in marine biota. Anal 
Chem 81, 5942-5948. 

3. Haraguchi, K., Hisamichi, Y., Kotaki, Y., Kato Y., and Endo, T. 
(2009). Halogenated bipyrroles and methoxylated 
tetrabromodiphenyl ethers in tiger shark (Galeocerdo cuvier) 
from the southern coast of Japan. Environ Sci Technol 43, 
2288-2294. 

4. Haraguchi, K., Koizumi, A., Inoue, K., Harada, K.H., Hitomi, T., 
Minata, M., Tanabe, M., Kato, Y., Nishimura, E., Yamamoto, 
Y., Watanabe, T., Takenaka, K., Uehara, S., Yang, H.-R., 
Kim, M.-Y., Moon, C.-S., Kim, H.-S., Wang, P., Liu., A., 
and Hung., N.N. (2009). Levels and regional trends of 
persistent organochlorines and polybrominated diphenyl 
ethers in Asian breast milk demonstrate POPs signatures 
unique to individual countries. Environ Int 35, 1072-1079. 

5. Okura, T., Ozawa, T., Ibe, M., Taki, Y., Kimura, M., Kagawa, 
Y., Kato, Y., and Yamada, S. (2009). Effects of repeated 
morphine treatment on the antinociceptive effects, intestinal 
absorption, and efflux from intestinal epithelial cells of 
morphine. Biol Pharm Bull 32, 1571-1575. 

6. Endo, T., Hisamichi, Y., Kimura, O., Kotaki, Y., Kato, Y., Ohta, 
C., Koga, N., and Haraguchi, K. (2009). Contamination 
levels of mercury in the muscle of female and male spiny 
dogfishes (Squalus acanthias) caught off the coast of Japan. 
Chemosphere 77, 1333-1337. 

7. ķȴöɟ þ̯ĄȐ� ê̯ʥĚ�̯˳ ʥĖ� ą̯˖ÅŮ (2009). 
�2,2',5,5'-ĝįɰñyzTs�(CB52)6S_Zʎ�[�
h��4FI±ˌ�əşôŃ̘ʿ 100: 200-209. 

2008 
1. Kato, Y., Ikushiro, S., Emi, Y., Tamaki, S., Suzuki, H., Sakaki, 

T., Yamada, S., and Degawa, M. (2008). Hepatic UDP- 
glucuronosyltransferases responsible for glucuronidation of 
thyroxine in humans. Drug Metab Dispos 36, 51-55. 

2. Kageyama, A., Fujino, T., Taki, Y., Kato, Y., Nozawa, Y., Ito, 
Y., and Yamada, S. (2008). Alteration of muscarinic and 
purinergic receptors in urinary bladder of rats with 
cyclophosphamide-induced interstitial cystitis. Neuroscience 
Letters 436, 81-84. 

3. Endo, T., Hisamichi, Y., Haraguchi, K., Kato, Y., Ohta, C., and 
Koga, N. (2008). Hg, Zn and Cu levels in the muscle and 
liver of tiger sharks (Galeocerdo cuvier) from the coast of 



ʤȧîƒŃˋŴ 
Ishigaki Island, Japan: Relationship between metal 
concentrations and body length. Mar Pollut Bull 56, 
1774-1780. 

4. Haraguchi, K., Kato, Y., Atobe, K., Okada, S., Endo, T., 
Matsubara, F., and Oguma, T. (2008). Negative 
APCI-LC/MS/MS method for determination of natural 
persistent halogenated products in marine biota. Anal Chem 
80, 9748-9755. 

5. Nakatsubo, T., Kitamura, Y., Sakakibara, N., Mizutani, M., 
Hattori, T., Sakurai, N., Shibara, D., Suzuki, S. and 
Umezawa, T. (2008). At5g54160 gene encodes Arabidopsis 
thaliana 5-hydroxyconiferaldehyde O-methyltransferase. J. 
Wood. Sci., 54, 312-317. 

 
[ʢǉ�ʺǉ] 
1. Ohta, C., Haraguchi, K., Kato, Y., Matsuoka, M., Endo, T., and 

Koga, N. (2008). The distribution of metabolites of 
2,2',3,4,4',5',6-heptachlorobiphenyl (CB183) in rats and 
guinea pigs. In: Persistent Organic Pollutants (POPs) 
Research in Asia. Morita, M., (ed), pp.236-241, The 
DIOXIN 2007 International symposium organizing 
committee. 

2. Koga, N., Ohta, C., Haraguchi, K., Matsuoka, M., Kato, Y., and 
Endo, T. (2008). The formation of a catechol metabolite of 
2,2',4,5,5'-pentachlorobiphenyl (CB101) by liver 
microsomes from rats, hamsters, guinea pigs and humans. 
In: Persistent Organic Pollutants (POPs) Research in Asia. 
Morita, M., (ed), pp.292-297, The DIOXIN 2007 
International symposium organizing committee. 

 
̴˷ƻɼ˃�ʴ˃ɥ̵  
1. ķȴöɟ̯þĄȐ�̯˳ʥĖ�̯êʥĚ�̯ǘþ� Ķ̯ą

˖ÅŮ (2012). �ȑȌȲȧȵǖ6 2,4,6-tribromoanisole
6îȧʎ�[�h��4FI±ˌ1'6̊˪ñĊȧ6

Ơ˽ñȍƉ��ǕŃģĶŃ��ǕŃģĶŃɏǏĶŃ˹

ɑɡɮʱ� 44: 215-223. 
2. êʥĚ� (2012). �̥ţʤŃ˹4��IʤåŨġŌʽ̧Ő

ɧ4-�/�ʤā¶ʿ� 28: 5. 
3. ķȴöɟ̯Ǜşǰľ̯êʥĚ�̯þĄȐ�̯˳ʥĖ�̯ą

˖ÅŮ (2011). �zTs�{�wuRq̢1z��uR
q̢6Ơ˽ñ¼ȳ1�-\�^aj�f̍ŋ¼ȳ: Ǭ˩
ȍƉɊ̊4-�/��ǕŃģĶŃ��ǕŃģĶŃɏǏ

ĶŃ˹ɑɡɮʱ� 43: 243-249. 
4. êʥĚ� (2011). �7#B?"/� ̥ţɋʤåŨ¶¶ʿ̯

143: 48-49. 
5. êʥĚ� (2010). �ʤȧ6»Ùîƒ1ʤí�ǽƉɃȮ�X

sd�6ʴǄMɈƧ"/� ʤåŃ̯70: 303-308. 
6. ķȴöɟ þ̯ĄȐ� ê̯ʥĚ�̯˳ ʥĖ� ą̯˖ÅŮ (2010). 

�2,3',4,5,5'-Pentachlorobiphenyl (CB120)1'6£Ǝ±ˌ
ȧ6ĊƖ� �ǕŃģĶŃ��ǕŃģĶŃɏǏĶŃ˹ɑ
ɡɮʱ, 42: 333-338.  

7. ķȴöɟ Ǜ̯şǰľ ķ̯ȴʠǄ ê̯ʥĚ� ą̯˖ÅŮ (2009). 
�ǦȧƖÛ diosmetin �F9 hesperetin 6�lpʎ�[
�h��4FI in vitro±ˌ� �ǕŃģĶŃ��ǕŃģ
ĶŃɏǏĶŃ˹ɑɡɮʱ̯41: 247-254. 

 
[{�a�oQ�\] 

2012 
1. Kato, Y., Tamaki, S., Haraguchi, K., Ikushiro, S., Sekimoto, M., 

Ohta, C., Endo, T., Koga, N., Yamada, S., and Degawa, M. 
(2012)  ̱ 2,2',4,5,5'-Pentachlorobiphenyl-mediated inhibition 
of a serum T4-transthyretin complex formation is one of 
causes for the PCB-induced changes in the serum and 

hepatic T4 levels in mice. Organohalogen Compds 74, 
1377-1380. 

2. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., and Koga, N. 
(2012). Involvement of rat CYP3A enzymes in the 
metabolism of 2,2',3,4',5',6-hexachlorobiphenyl (CB149). 
Organohalogen Compds 74, 1475-1478. 

2011 
3. Kato, Y., Haraguchi, K., Onishi, M., Ikushiro, S., Ohta, C., 

Koga, N., Endo, T., Yamada, S., and Degawa, M. (2011). 
2,2',4,4',5,5'-Hexachlorobiphenyl-mediated decrease in 
serum thyroxine level in mice. Organohalogen Compds 73, 
726-729. 

4. Haraguchi, K., Kato, Y., Ohta, C., Koga, N., and Endo, T. 
(2011). A Potential source for hydroxylated and 
methoxylated analogs of brominated diphenyl ethers in the 
Asia-Pacific food web. Organohalogen Compds 73, 
182-185. 

5. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., and Koga, N. 
(2011). Metabolism of 2,3',4,5,5'-pentachlorobiphenyl 
(CB120) by liver microsomes of rats and guinea pigs. 
Organohalogen Compds 73, 2251-2254. 

2010 
1. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., Matsubara F., and 

Koga, N. (2010). Species difference in the in vitro 
metabolism of 2,2',3,4,4',5,5'-heptachlorobiphenyl (CB180). 
Organohalogen Compds 72, 1796-1799. 

2009 
1. Kato, Y., Haraguchi, K., Kubota, M., Ikushiro, S., Sakaki, T., 

Koga, N., Yamada S., and Degawa, M. (2009). A possible 
mechanism for the decrease in serum thyroxine level by 
TCDD-like PCB, 3,3',4,4',5-pentachlorobiphenyl in mice. 
Organohalogen Compds 71, 119-122. 

2. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., and Koga, N. 
(2009). Metabolism of 2,2',3,4',5',6-hexachlorobiphenyl 
(CB149) by liver microsomes from rats, hamsters, guinea 
pigs and humans. Organohalogen Compds 71, 308-311. 

2008 
1. Kato, Y., Haraguchi, K., Kubota, M., Ikushiro, S., Sakaki, T., 

Koga, N., Yamada, S., and Degawa, M. (2008). A possible 
mechanism for the decrease in serum thyroxine level by 
4-OH-2,2',3,4',5,5',6-heptachlorobiphenyl in mice. 
Organohalogen Compds 70, 1601-1604. 

2. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., Matsuoka, M., and 
Koga, N. (2008). Metabolism of 2,2',3,4',5,5'-hexachloro- 
biphenyl (CB146) by liver microsomes from rats, hamsters 
and guinea pigs. Organohalogen Compds 70, 1185-1188. 

 
[ɑɡīĐǉ] 

1. êʥĚ�̬±ʫÈ«̭̯�PCB4FIxpȶȩʖ~���ƴ
 ¼ȳɃȮ�Xsd�6ʴǄMɈƧ")ðƥɄɑɡ�

ŬƖ 23 ŭų ɛŃɑɡ˕ëƖ¤Ǩ̬ŃʩɑɡëƖĪ̃
ëƖ̬̃Īɇɑɡ(C)̭̭ ňƾȩȇīĐǉ̯pp.1-7. 

2. êʥĚ�̬±ʫÈ«̭̯�PCB6ȶȩʖ~���ƴ ¼ȳǱ
Ǭ6ʴǄ4č�)ɸĊɄɑɡ̳xp;6Ɔȳ�ŬƖ 20
ŭų̶ŬƖ 22 ŭų ɛŃɑɡ˕ʭë̬̃Īɇɑɡ(C)̭
ɑɡňʂīĐǉ̯pp.1-6. 

3. êʥĚ�̬±ʫÈ«̭̯�PCB6ȶȩʖ~���ƴ ¼ȳǱ
Ǭ6ʴǄ4č�)ɸĊɄɑɡ̳xp;6Ɔȳ�ŬƖ 22
ŭų ɛŃɑɡ˕ʭë̬̃ Īɇɑɡ(C) ɑ̭ɡňʂīĐǉ̯
pp.1-2. 

4. êʥĚ�̬±ʫÈ«̭̯�PCB6ȶȩʖ~���ƴ ¼ȳǱ
Ǭ6ʴǄ4č�)ɸĊɄɑɡ̳xp;6Ɔȳ�ŬƖ 21
ŭų ɛŃɑɡ˕ʭë̬̃ Īɇɑɡ(C) ɑ̭ɡňʂīĐǉ̯
pp.1-2. 



ƃŠƻȰĶŃ�̥ţʤŃ˹�Ƹʏ�ɑɡŭī�ɤ 
 ć�	��	 ŭ 
5. êʥĚ�̬ÛƢ̭̯�ȑɻȵǖ6ƠʡȍƉȧ˘6ƫɱ�F9

ƑǜȽȆɀʤ��qñĊȧ6èʮ�ŬƖ 19̶21ŭų ɛ
Ńɑɡ˕ʭë̬̬̃Īɇɑɡ(B) ɑ̭ɡňʂīĐǉ p̯p.1-5. 

6. êʥĚ�̬±ʫÈ«̭̯�PCB6ȶȩʖ~���ƴ ¼ȳǱ
Ǭ6ʴǄ4č�)ɸĊɄɑɡ̳xp;6Ɔȳ�ŬƖ 20
ŭų ɛŃɑɡ˕ʭë̬̃ Īɇɑɡ(C) ɑ̭ɡňʂīĐǉ̯
pp.1-2. 

7. êʥĚ�̬ÛƢ̭̯�ȑɻȵǖ6ƠʡȍƉȧ˘6ƫɱ�F9
ƑǜȽȆɀʤ��qñĊȧ6èʮ�ŬƖ 20 ŭų ɛŃ
ɑɡ˕ʭë̬̬̃ Īɇɑɡ(B)̭ɑɡňʂīĐǉ̯pp.1-2. 

 
['6¯6Ýʨȧ] 

1. êʥĚ� (2010).��J�G6ňïňʈƧœʤåṲ̃Ɩ�
�[a�l{6�Hƽ4-�/� ɤ 11Ğ ʤŃƸʏƶ
̝ĶŃ«¶ˎPqv�cp��[a�l{̬ƔƆĶŃ

ʤŃ˹̭īĐǉ̯p.35-36 
2. êʥĚ� (2010).��Rcɾ̗˹�Ŗʌļĕ̅4ʋ��B

0�"�N VOICE 2012̯p.8 
3. êʥĚ� (2009).�P�S ¶Ĭ06˔´ʊ1"/6ic[�

�[6̊$Ię̡ȡ6ŐƆɧ�ɤ 2 Ğ WS ic[zV
�c6cY�̷Pl{̗¶ In˥Ȼ̬ ª˺ʤɛĶŃ ī̭Đ

ǉ̯p.1-2 
4. êʥĚ�̯ŗȣ̑ʇ (2008). Ńģ*FH�ƃŠƻȰĶŃ̥

ţʤŃ˹ ʤȧîƒŃˋŴ� ̥ţɋʤåŨ¶¶ī, 129: 
pp.51-52 

5. ˜˹�Ł (2008).�ela��̲� ʼÂ17�ʼÂ¼Ɩ¼
Ǩ�ɤ 13 Ğ ʤåŨ6)B6��[a�l{̬�ġ�
ĝġ̭in ƐĽ īĐǉ̬ǘŝĶṊ̯́ p80-81 
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ǫþɮē 

OSCEļĕ¶ļĕ 
CBTļĕ¶ļĕ 

k��i�̬ʤŃɛ 1ŭȲ 2ČƢź̭ 
ɤ 2 Ğ ̥ţʤŃ˹W�{�Y��wc̬6 ǋ 17 ǀ̭»
̧ňʈƢź 
Äˏʊ¶Ƶ˹¶̬8ǋ 26ǀ�ēǳŝ̭ÄˏʊÈß̜ˇƢ
ź 
ňïňʈʸęƧœ̬8 ǋ 28 ǀ�10 ǋ 2 ǀ�10 ǋ 30 ǀ�
�ǌ�ǘǕʤř� ĶÙŲ̭ 
̥ţʤŃ˹ ʤŃÖȳʽ̧ OSCEǒʽ̧̬12ǋ 16ǀ̭c
n�a�� 1˔´ʊ 

 
˜˹�Ł̳ 

ġŌʽ̧Őɧļĕ¶ļĕ 
ǂǏ»̧Ńʈļĕ¶ļĕ 
ňïňʈʸęƧœ̬8 ǋ 31 ǀ�9 ǋ 28 ǀ�11 ǋ 9 ǀ�
NP̩ǘʰˆåʤř̭ 
ɤ 2 Ğ ̥ţʤŃ˹W�{�Y��wc̬6 ǋ 17 ǀ̭»
̧ňʈƢź 
̥ţʤŃ˹ ʤŃÖȳʽ̧ OSCEǒʽ̧̬12ǋ 16ǀ̭c
n�a�� 2̬ʤå6ˆʮ̭�Xv�� 
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ƃź� Ĝ� Ƒƨ Ǿ�ĽƖƋˏ2006Ľ 4Ɩ 1Ƌ 
ƕȣĚƾˏ1983Ľ 3Ɩơ�ÚȌƽȌĒĚ� ÚĚȂȑȌ 
ĒĚʨàĎɴȏ¯��ÚĚàĎ 
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ʢǴʕ 

Ġ˃Ñū� ÏɔÜşę� Ǿ�ĽƖƋˏ2006Ľ 4Ɩ 1Ƌ 
ƕȣĚƾˏ1974Ľ 3Ɩ� ƜƣȀƘĒĚ� ɚǣŭəȌ 
Êȳˏ�ɑÙĚǣõȌĚȂȑŪ� ȤȭǯǢġ� ȂȑɜÑ
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ɓȌĚȌ 3ĽǣħɻˇÊƘˈ
ˇĜ� Ƒƨˈ 
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Hatanaka T., Iemura S., Sugiyama R., Yokozeki T., Eishi Y., 
Koike M., Ikeda K., Chiba T., Yamaza H., Shimokawa I., 
Song S.-Y., Matsuno A., Mizutani A., Sawabe M., Chao 
M.V., Tanaka M., Kanaho Y., Natsume T., Sugimura H., 
Date Y., McBurney M.W., Guarente L. and Setou M.  
SIRT1 Regulates Thyroid-Stimulating Hormone Release by 
Enhancing PIP5Kgamma Activity through Deacetylation of 
Specific Lysine Residues in Mammals.  PLoS One. 5: 
e11755 (2010). 

2. Takeuchi H., Yokota A., Ohoka Y., Kagechika H., Kato C., Song 
S.-Y. and Iwata M.  Efficient Induction of CCR9 on T Cells 
Requires Coactivation of Retinoic Acid Receptors and 
Retinoid X Receptors (RXRs): Exaggerated T Cell Homing 
to the Intestine by RXR Activation with Organotins.  J 
Immunol 185: 5289-99 (2010). 

3. Satake S., Song S.-Y., Konishi S. and Imoto K.  Glutamate 
transporter EAAT4 in Purkinje cells controls intersynaptic 
diffusion of climbing fiber transmitter- mediating inhibition 
of GABA release from interneurons.  European Journal of 
Neuroscience, 32: 1843-53 (2010).  

4. Yanagisawa M., Mukai A., Shiomi K, Song S.-Y. and 
Hashimoto N.  Community effect triggers terminal 
differentiation of myogenic cells derived from muscle 
satellite cells by quenching smad signaling.  Experimental 
Cell Research, Epub 2010 Oct 19. 

 

 
2009 
1. Iwashita S., Nakashima K., Sasaki M., Osada N. and Song S.-Y.  

Multiple duplication of the bucentaur gene family, which 
recruits the APE-like domain of retrotransposon: 
identification of a novel homolog and distinct cellular 
expression.  Gene 435 88-95 (2009). 

2. Yokota A., Takeuchi H., Maeda N., Ohoka Y., Kato C., Song 
S.-Y. and Iwata M.  GM-CSF and IL-4 synergistically 
trigger dendritic cells to acquire retinoic acid-producing 
capacity.  International Immunol 21:361-77 (2009).  

 
[ɏƆȩɳ] 
2008 
1. Iwashita S., Song S.-Y.  RasGAPs: A master regulator of 

extracellular stimuli for homeostasis of cellular functions. 
Molecular BioSystems 4: 213-222 (2008) 

 

ëʸǴɛ�Ě Ǵɛ 
1. Song S.-Y., Kato C., Nakashima K. (2011) Expression changes 

of stearoyl-CoA desaturase in glial and neuronal responses 
to demyelination and neurodegenerative change. 8th  
Forum of European Neuroscience.  July 14-18, Barcelona, 
Spain. 

2. Nakashima K., Koiso N., Kato C., Song S.-Y. � (2011). 
Cellular-scale gene expression analyses by laser capture 
microdissection for the histopathological specimens of the 
brain fixed with paraformaldehyde and immunostained.  
The 35th Annual Meeting of the Molecular Biology Society 
of Japan.  December 11-14, Fukuoka, Japan.  
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Preface to the seventh issue of The Annual Report 

� � � � � � � � � � � � � � � � � � � � � � �  

The Faculty of Pharmaceutical Sciences at the Kagawa Campus was founded in April, 2004. Our purpose is to 

educate students to become professional pharmacists and basic scientists with sufficient knowledge of 

chemistry, biology, and pharmaceutical thought to practice with humanity and a high sense of ethics and 

social responsibility. In April, 2005, the Kagawa School of Pharmaceutical Sciences was established with 

masters and doctoral programs. The undergraduate course of the Kagawa School of Pharmaceutical Sciences 

was reorganized in April, 2006, into two departments, the Department of Pharmacy (with a six-year training 

program) and Pharmaceutical Sciences (with a four-year training program). The mission of the Department of 

Pharmacy (the six-year program) is to train highly qualified pharmacists who are knowledgeable about 

advanced medical treatment, and who also can contribute to the prevention and treatment of diseases. 

Society’s view of pharmacy education has changed, not only in medical fields but also in other fields, to the 

fostering of a healthy and safe society. In order to fulfill this mandate, the Department of Pharmaceutical 

Sciences (the four-year program) educates students to become key members of society who can play an active 

part in all social fields with their broad background in pharmacy, and who can become outstanding life 

scientists by making signal contributions to basic science.  

Guided by these principles, we laid the foundation for the Kagawa School of Pharmaceutical Sciences and 

dedicated ourselves to this effort. Our vision of the Kagawa School of Pharmaceutical Sciences was 

accomplished in March, 2006, with the construction of 18 planned laboratories and one research institute. In 

addition, the SENKA Endowed Chair for "Practical Drug Discovery and Development" was established by 

SENKA Pharmacy Co. Ltd., in October, 2006 and can be regarded as evidence that the research and 

technological development of the Kagawa School of Pharmaceutical Sciences is highly valued. The research 

institute (Institute of Neuroscience) was reorganized in April, 2007 and has now been expanded into four 

divisions in April, 2007. We published the first issue of The Annual Report of the Kagawa School of 

Pharmaceutical Sciences, highlighting our educational, research, management, and philanthropic 

achievements, by looking back upon the past three years of our activities, in 2006. We are now publishing the 

seventh issue of the Annual Report by looking back upon the past five years of our activities. I would like all 

of the staff to utilize these issues to perform a self-assessment and to look forward to the future development 

of their activities. In addition, I expect that this issue will assist our staff in expanding both intramural and 

extramural interdisciplinary exchanges.  

The Kagawa School of Pharmaceutical Sciences is always making progress on the road toward realizing 

our goals. I would be very grateful if all the people who read this annual report would kindly give me their 

opinions and/or comments with a view toward continuing to improve the Kagawa School of Pharmaceutical 

Sciences. 

Tokumi Maruyama, Ph.D., Dean 

Kagawa School of Pharmaceutical Sciences 

Tokushima Bunri University 
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A Short History of The Kagawa School of Pharmaceutical Sciences 

 

1895  Sai Murasaki founds a private vocational school in the city of Tokushima.  

1966  Tokushima Women’s University is founded. 

Faculty of Home Economics admits its first students. 

1968  Faculty of Music admits its first students. 

1972  Tokushima Women’s University is renamed Tokushima Bunri University. 

      Faculty of Pharmaceutical Sciences admits its first students. 

1983  The Kagawa Campus of Tokushima Bunri University opens. 

      Faculty of Literature admits its first students on the Kagawa campus. 

1989  Faculty of Engineering admits its first students on the Kagawa campus. 

1995  The 100th anniversary of the founding of the Murasaki Gakuen. 

2000  Faculty of Policy Studies admits its first students. 

2004  Faculty of Pharmaceutical Sciences at Kagawa Campus admits its first students on the Kagawa 

campus; the Department of Pharmaceutical Technology opens 10 laboratories. 

      The rooms for teaching staff open on the fourth floor of the Research and Media Library. 

      The office of the Faculty of Pharmaceutical Sciences at Kagawa Campus opens on the first floor 

of the Lecture Building. 

2005 The Kagawa School of Pharmaceutical Sciences is established on the Kagawa campus. 

      Masters and doctoral programs begin at the Kagawa School of Pharmaceutical Sciences.  

      Pharmaceutical Sciences Research and Laboratory Buildings are completed. 

      The Center for Instrumental Analysis opens in the Pharmaceutical Sciences Research Building.  

The Center for Radioisotope and Laboratory Animals opens in the Pharmaceutical Sciences 

Laboratory Building. 

The Medicinal Plant Garden is established. 

      The 110th anniversary of the founding of the Murasaki Gakuen. 

2006  The six-year undergraduate program in the Department of Pharmacy, Kagawa School of 

Pharmaceutical Sciences accepts its first students.  

      The four-year undergraduate program in the Department of Pharmaceutical Sciences, Kagawa School 

of Pharmaceutical Sciences accepts its first students. 

 A mock pharmacy opens in the Lecture Building for student training. 

      The construction of eighteen laboratories and one research institute for the Kagawa School of 

Pharmaceutical Sciences is completed. 

 SENKA Endowed Chair for "Practical Drug Discovery and Development" was established. 

2007 The research institute (Institute of Neuroscience) was reorganized and expanded into four divisions. 

2012 The four-year Graduate School of Pharmaceutical Sciences (Department of Pharmaceutical Sciences 

      Doctoral program) was installed.  
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Professor since 2008 

Doctor of medical science, University of Kagawa, 1995 
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Hitomi Yokota 
Professor since 2011 
  School of Pharmaceutical Sciences, Osaka university, 1970 
 
Akira Nakatsuma, Ph. D. 
Research associate since 2005 
� Pharm.D. University of Okayama, 2001 
 

Research 

1. Modulation of multi-drug resistance related protein 
transport by interaction with dietary supplements 
 (Nakatsuma A.) 

An interaction is taken to be the situation in which 
administration of a drug or substance induces changes in the 
pharmacokinetics of another simultaneously administered drug – 
by increasing either the plasma or intracellular concentration of the 
latter, and thus giving rise to the possibility of an adverse reaction. 

The ABC-transporter superfamily, which functions as a drug 
efflux pump, is known to limit the absorption of a variety of drugs. 
We investigated the effects of food extracts on anticancer drug 
transport by the multi-drug resistance related proteins (MRPs). 
MRPs are efflux transporters expressed in human glioblastoma cell 
line T98G. The effects on MRP mediated transport were also 
evaluated using calcein, which is the substrate of MRP. Acute 
exposure to kaempferol caused a concentration-dependent decrease 
in the extracellular efflux of calcein compared with the control As 
for the simultaneous exposure to kaempferol and cisplatin, the 
cytotoxicity of cisplatin was expected to be potent because MRP 
and glutathione S-transferases (GST) are both inhibited by 
kaempferol. However, the cytotoxicity of cisplatin decreased 

Western blot analysis and reverse transcription–polymerase 
chain reaction (RT–PCR) showed that treatment with 10 and 20 
μM kaempferol for up to 72 hr was able to significantly lower 
MRP2 expression, whereas increased expression in a 
concentration-dependent on GST mRNA and protein levels. 
Furhermore, GST was strongly activated in T98G cell treated with 
kaempferol. 

The results of the study also point to possible kaempferol-drug 
interaction, especially when the cytotoxicity of anticancer drugs are 
dependent on glutathione S-transferases and MRP-mediated 
transport processes. Hereafter, these possible efficacies need to be 
examined under in vivo conditions in detail. 
 
2. Individual perceptions of medication therapy and the 
patient–healthcare professional relationship (Iihara N.) 

Patients may accept or refuse their medication therapy based on 
their personal beliefs, circumstances, and information available to 
them. In turn, patient perspectives on medication therapies can 
influence the effectiveness and safety of their treatment. We 
addressed the relationship between patient’s perceptions of 
medication therapy and their adherence to medication regimens. 
We also investigated the correlation between the individual 
perceptions and preferences for medication therapies and their side 
effects spanning a range of severities. 

We found that adherence to medication regimens among 
Japanese patients with chronic diseases was associated with their 
beliefs, with internal factors being more important than 
demographic factors, the same as reported for Western patients. We 
also noted that intentional non-adherence and unintentional, 
forgetful non-adherence may be related to different factors. Our 
studies that aim to forge good patient–healthcare professional 
relationships are useful for producing more desirable patient 
outcomes. 
 
3. Development of a regional healthcare network system 
working alongside electronic prescriptions (Iihara N.) 

We are developing a regional healthcare network system that 
works alongside the transmission of electronic prescriptions that 
sends, in one direction, a patient’s healthcare record such as 
diagnosis and clinical laboratory information along with the 
electronic prescription from hospitals and/or clinics to the 
community pharmacy.  In the return direction, supporting 
information for the prescription, including generic equivalents and 
pharmacists’ advice such as potential adverse events is sent to the 
prescriber. This system enables healthcare professionals to more 
effectively share patients’ medical information for increased 
medication efficacy and safety. 
 



Laboratory of Clinical Pharmacology and Therapeutics 
Publications 

��2008-2012 

[Original papers] 
2012 
1. Naomi Iihara, Takayuki Nishio, Hitomi Yokota, Takayo 

Yohioka, Akihiko Iwamoto, Nobushige Obika, Shiji Kosaka, 
Yaeko Sogo, and Hideaki Anzai (Accepted) Pharmacist 
barriers to handling patients with adverse drug events at 
community pharmacies. Jpn J Drug Inform. 13(4), 194-198 

 
2011 
1. Yoshimi Kagawa, Yasuyo Fukuda,Joji Tada, Inaba Tomoki, 

Hitomi Yokota (2011). Statical analysis of the effect of 
massaging the injection site after influenza vaccination.   J. 
Jpn. Soc. Hosp. Pharm. 47(2), 191-194 

2. Naomi Iihara, Yutaka Kirino, Daisuke Yamakata, Hideto Yokoi, 
and Kazuhiro Hara (2011) Team care incorporating 
community pharmacies enhances patient’s satisfaction–Based 
on a questionnaire survey to participants in a small trial of an 
electronic prescription network system–. Jpn J Telemed 
Telecare 7, 35-38. 

. 
2010 
1. Iihara N, Kiyo Suzuki, Yuji Kurosaki, Shushi Morita, and Keizo 

Hori(2010) Factorial invariance of a questionnaire assessing 
medication beliefs in Japanese non-adherent groups. 
Pharmacy World & Science 32, 432-439. 

2. Iihara N, Yutaka Kirino, Kazuhiro Hara, Hideto Yokoi, Tetsuo 
Ueno, Akinori Harada, Masahiko Nakagawa, Yukio Saito, 
Kei Morioka, Yuhko Ogata(Accepted) Development of an 
Electronic Prescription Interactive Network System 
Enhancing Collaboration of Medical Staffs Between a 
Hospital and Community Pharmacies. Japan Journal of 
Medical Informatics 

3. Yukari Deguchi, Tomoki Inaba, Yasuyo Fukuda, Hitomi Yokota, 
Yoko Kawaguchi (2010). Strategy for the effective 
management of adverse drug reactions. Jpn. J. Drug Inform., 
12(1):30~35 

 
2009 
4. Shinohara,N.,Kawazoe,H.,Tanaka,H.,.Ninomiya,M.,Fukuoka, N. 

and Houchi H.(2009). Verification and Revaluation of the 
Role of Pharmacists in the Psychiatric Ward:A Comparison 
of the Perceptions of Psychiatrists and Nurses before and 
after an  Attitude Survey. J.J.Soc.Hosp.Pharm. 45, 511-514. 

5. Yamaguchi,K.,Kawazoe,H.,Inoue,T.,Tanaka,H.,.Ninomiya,M.,F
ukuoka, N. and Houchi H.(2009). The Effect of Itriconazole 
Solution for Oral Use on the Pharmacokinetics of 
Ciclosporin. J.J.Soc.Hosp.Pharm. 45, 1494-1496 

6. Nakatsuma A, Fukami T, Suzuki T, Furuishi T, Tomono K, 
Hidaka S(2009): Effects of kaempferol on the mechanisms 
of drug resistance in human glioblastoma cell line T98G. 
PHARMAZIE accepted 

 
2008 
1. Kawazoe,H., Takiguchi,Y., Inoue,T.,Yamaguchi,K.,Tanaka,H., 

Kaji,M.,Tuji,S.,Ninomiya,M.,Fukuoka,N.,Ohnishi,H., 
Ishida,T., and Houchi H.(2008). Infection Treatment Caused 
by Multiple-drug-resistant Pseudomonas aeruginosa in a 
Patient Underwent Allogeneic Hematopoietic Stem Cell 
Transplantation. YAKUGAKU ZASSHI 128, 657-661. 

 
 
 

2. Iihara N., Kurosaki Y., Miyoshi C., Takabatake K., and Morita 
S. (2008). Changes in attitudes among Japanese patients 
after Pharmacist Law revision. Pharmacy World & Science 
30, 258-264. 

3. Iihara N., Kurosaki Y., Miyoshi C., Takabatake K., Morita S., 
and Hori K. (2008). Comparison of individual perceptions of 
medication costs and benefits between intentional and 
unintentional medication non-adherence among Japanese 
patients. Patient Educ Couns 70, 292-299. 

4. Iihara N., Kurosaki Y., Takada M., and Morita S. (2008). Risk 
of hypoglycemia associated with thyroid agents is increased 
in patients with liver impairment. Int J Clin Pharmacol Ther 
46, 1-13. 

5. Shigenao Ishikawa, Tomoki Inaba, Motowo Mizuno, Hiroyuki 
Okada, Kenji Kuwaki, Toshiaki Kuzume, Hitomi Yokota, 
Yasuyo Fukua, Kou Takeda, Hiroshi Nagano�Masaki Wat, 
Kozo Kawai (2008). Incidence of Serious Upper 
Gastrointestinal Bleeding in Patients Taking Non-steroidal�
Anti-Inflammatory� Drugs in Japan. Acta� Med. Okayama, 
62 : 29�36 
 

 [Books] 
1. Iihara N (2009). ”EBM” In:Takada M, Iihara N, Kotake T. 

Invitation to pharmacoepidemiology, Kyoto Hirokawa, pp. 
187-243 

2. Konoo T�Tomizawa T, Inoue K, Okagima C, Sasaki K, 
Murakami M, Iihara N (2008). ”A development process of 
the scenario in the medical communication education 
utilized simulated patients” Trends in Medical 
Education—2008 Winter, Sankeisha, pp. 71-74 

3. Nakatsuma A. (2008). “Farumashia Topics : Can flavonoid 
prevent the diabetic?” FARUMASHIA 44(11), pp. 
1104-1105 
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Research 

We conduct chemical and biological research on the components of 
medicinal plants and crude drugs in order to advance the 
development of therapeutic pharmaceuticals. The lab focuses on 
determining the structure of potential compounds, the relationship 
between that structure and their biological activity, and the role of 
genes in the biosynthesis of compounds and their function in 
human physiology. In addition, new avenues in systems biology 
and metabolomics are being explored and there is ongoing research 
on the prevention of illegal drug circulation and use, and on the 
evaluation of drug quality. 
I. Research on the biological active chemical constituents of 
health foods 
We found that royal jelly acted at the early stages of the G1 phase 
and the S phase of a cell cycle and controlled multiplication of 
human osteosarcoma cell line, MG-63 cell. Separation of the active 
water extract by a dialysis membrane and a solid phase extraction 
suggested that active substances were high polar low molecular 
compounds. Furthermore, the existence of nitrogen-containing 
compounds having acidic groups was suggested by LC/MS (ESI-) 

analyses. Further isolation procedure identified that the main active 
component was AMP N1-oxide. Continuous examination revealed 
also the existence of adenosine N1-oxide, ADP N1-oxide, ATP 
N1-oxide, and NAD N1-oxide as active ingredients. AMP N1-oxide 
and adenosine N1-oxide inhibited multiplication of MG-63 cell 
strongly, and their control of the G1 to S phase comparing with 
AMP as 1/100 low concentration was found. From these facts, 
AMP N1-oxide, adenosine N1-oxide, and other N1-oxide are 
considered to be the main ingredients that contribute at MG-63 
cell-growth control of royal jelly. 
II. The search of the Alzheimer therapeutic drug from natural 
resources 
Donepezil hydrochroloride of the choline esterase inhibitor is used 
as Dementia and Alzheimer therapeutic drag. Galantamine, the 
metabolite of the Amaryllidaceae plant acts in similar mechanism, 
and approval in the country is examined. In addition, Kampo 
medicine nominates an effect for condition improvement. We 
perform construction pro-screening to search for the therapeutic 
drug from a crude drug and a medical plant. 
III. The study of anti-Leishmaniasis therapeutics 
Leishmaniasis is a parasitic disease caused by species of the genus 
Leishmania. Over 20 of which are known to be pathogenic to 
humans� and the disease is endemic in some tropical and 
subtropical regions of the world. Leishmaniasis is transmitted by 
small biting sandflies (Phlebotomus spp.), causing a disease which 
currently afflicts twelve million people in 88 countries. Leishmania 
major, the causative agent of cutaneous leishmaniasis, is a 
digenetic parasite that exists as an extracellular promastigote within 
the insect vector (sandfly), and as a nonmotile intracellular 
amastigote within the phagolysosome of macrophages and other 
cells of the reticuloendothelial system of the mammalian host. 
Treatment options for leishmaniases include pentavalent 
antimonials as first-line drugs, and amphotericin B and 
pentamidine as second-line drugs. However, these drugs are 
extremely toxic and usually too expensive for general use, and 
more economical and less toxic drugs are thus being sought.  We 
have been searching for plant compounds that are active against 
Leishmania major, L. panamensis, L. guyanensis, and L. peruviana, 
exhibited significant activity against the pathogenic protozoan, and 
newly assay method.  Recently, we isolated leishmanicidal �
naphthoquinones from Tectona grandis. 
IV. Research on Medicinal Plants Based on Biotechnology and 
Metabolomics 
Plants produce various chemical compounds and a large number of 
secondary metabolites contained in plants have been used for the 



Laboratory of 
treatment of disease and the maintenance and improvement of 
health in man and animals. In the Far East, medicinal plants and 
their mixtures are known as “traditional Chinese medicine”, or 
“Kampo medicines” in Japan. They have been used as drugs 
because they have pharmacological effects due to the various 
biologically active metabolites they contain. 
The Ephedra plant, or ‘Ma Huang’ of traditional Chinese medicine, 
is one of the oldest medicinal plants known to mankind. More than 
45 species of Ephedra plants exist and the several species (e.g. E. 
sinica, E. intermedia and E. equisetina) contain ephedrine alkaloids 
as their principal metabolites. It is well known that (-)-ephedrine, 
which is a major isomer in ephedrine alkaloids, is 
pharmacologically a sympathomimetic agonist at both α and 
β-adrenergic receptors, resulting in an enhanced cardiac rate and 
contractility, peripheral vasoconstriction, bronchodilation and 
central nervous system (CNS) stimulation. ‘Ma Huang’ itself has 
also long been used as traditional medicines because it has 
pharmacological effects caused by the ephedrine alkaloids and 
other metabolites contained in the Ephedra plant. 
1. Molecular Cloning and Characterization of the Gene Involved in 
Ephedrine Alkaloid Biosynthesis 
Our research aim is to clarify ephedrine alkaloid biosynthesis, both 
molecularly, genetically and biochemically. Ephedrine alkaloids 
are biosynthesized from L-phenylalanine. In the primary step, L-Phe 
is converted into trans-cinnamic acid. Subsequently, 
trans-cinnamic acid is converted into benzoic acid or benzoyl-CoA. 
These C6-C1 units or their alternatives react to pyruvic acid, which 
is a donor of the C2 unit; through this condensation, the basic 
skeleton of ephedrine alkaloid is biosynthesized. We are focusing 
on molecular cloning and characterization of the genes involved in 
this biosynthesis. By utilizing the results obtained from these 
studies, we expect to create more useful medicinal plants via 
molecular engineering. 
2. Metabolome Analysis of Medicinal Resources: Metabolite 
Profiling and Fingerprinting by Comprehensive Metabolite 
Analysis with Multivariate Analysis 
Metabolomics is the post-genomic research that focuses on the 
comprehensive and global analysis of the metabolites produced in 
cells and organisms. Using metabolomic approach, it is our purpose 
to understand and explain the diversity of metabolites contained in 
a medicinal plant primarily by applying multivariate analysis to the 
chemical analysis data. The methodology typically employs 
analytical chemistry for high-throughput and accurate metabolite 
analysis. The use of bioinformatics to statistically process the 
massive amount of analytical chemistry data has greatly expanded 
metabolite profiling and fingerprinting. In our current research, the 
metabolome analysis has been performed on the several medicinal 
resources (e.g. Ephedra species which contain different amounts of 
ephedrine alkaloids, and Kampo medicines composed by crude 
drugs). For the comprehensive metabolite analysis, MS-based 
chemical analysis (e.g. LC/MS analysis, and MS analysis by direct 

infusion) has been mainly performed.  The analyzed data are then 
hierarchically processed using multivariate analysis such as 
principal component analysis (PCA), self-organizing map (SOM) 
analysis, and partial least squares projection to latent structures 
(PLS) modeling. By utilizing such comparative metabolome 
analysis, we hope that the correlation between the chemically 
diverse metabolites and the pharmacological effects and biological 
activities characteristic medicinal resources was comprehensively 
elucidated and explained. 
V . Research on the chemical components of illegal drugs of plant 
origin 
1. Khat is a fresh leaf of evergreen shrub Catha edulis 

(Celastaceae) that grows naturally or is grown in Ethiopia, East and 

Southern Africa, and Yemen, etc., and a lot of people in Africa and 

Arabia nations use this leaf traditionally as a stimulant biting, and, 

as a result, it is assumed to obtain the feeling of well-being at the 

same time as hungry and tiredness's softening. The stimulating 

component of Khat was believed to be d-norpseudoephedrine until 

cathinone was identified as a main active constituent at the end of 

1970's. This cathinone is regulated as narcotics and psychotropic 

drug, and there is an action similar to (+)-amphetamine that is the 

synthetic central nervous system stimulation medicine and the 

strength is assumed to be this level. I synthesized cathinone and 

ephedrine as an authentic sample to use for the analysis of the drug. 

2. Salvia divinorum which belongs to Labiatae family is used in 

traditional spiritual and curative practices by the indigenous 

Mazatec people of southern Mexico. Salvinorin A (Sal A), which is 

the neoclerodane ditrepene and is an extremely potent and highly 

selective kappa opioid receptor agonist, is the main active 

constituent isolated from the leaves of S. divinorum. The sale of S. 

divinorum has become prohibited due to its psychoactive effect in 

Japan in recent years. The main objectives of this research are to 

develop immunoassays using anti-Sal A monoclonal antibody 

(MAb). The icELISA, which has a measuring range from 0.156 

mg/ml to 1.25 mg/ml for Sal A, was developed to distinguish S. 

divinorum among various Labiatae plants. In addition, we are 

preparing the immunochromatographic strip to realize much more 

rapid analysis. These immunoassays using anti-Sal A must be a 

convenient authentification method for S. divinorum samples. 

VI. Research on Development of Preparative Separation Method 
of Biologically Active Natural Products by Centrifugal Partition 
Chromatography : Preparative separation of lancemaside A from 
Codonopsis lanceolata by CPC 
The roots of Codonopsis sp. (Campanulaceae) have been used in 
folk medicine in China, Korea, and Japan for the treatment of 
bronchitis, cough, spasm, and inflammation. Recently, it was 
demonstrated that a hot water extract of C. lanceolata roots 
promoted spermatogenesis and improved sexual motion. Moreover, 
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three phenylpropanoids were identified as the active compounds 
that promoted spermatogenesis, while several saponins, including 
lancemaside A, were isolated, and lancemaside A was identified as 
the active compound that improves sexual motion. Although it is 
assumed that C. lanceolata roots are highly safe since they have 
been used for a long time, general and specific toxicity tests for 
safety assurance of the active integrants are required. In general, a 
large amount of purified compounds is required to assess the 
effectiveness and to perform safety tests. Therefore we attempted to 
develop a simple and efficient method for the preparative isolation 
of lancemaside A from the hot water extract of C. lanceolata roots, 
and resulted in the successful preparative separation of lancemaside 
A along with two other saponins from the saponin fraction of C. 
lanceolata by CPC. 
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Research 

  Laboratory of Analytical chemistry has designated that it 
contributes to pharmaceutical technology with analyzing 
molecular structures, physical properties, chemical 
reactivity, and functions.  The connection between 
dynamic behavior of biomolecules and its 
reactivity-function relationship as well as the detection of 
unstable reaction intermediate in solution are our major 
subjects.  We have been engaged in the study to produce 
new analysis method, which reveals the generating 
mechanism of the outstanding functionalities and the 
physical properties of the materials in solution based on 
microanalysis in the atomic resolution.  We also develop 
the analytical and chemical technique in solution that is 
based on quantum mechanics and statistical mechanics.  
These results might be applied to pharmaceutical organic 
synthesis. 
 
Development in the field of mass spectrometry: 
  In the laboratory, we have succeeded in the development 
of the 'Cold-Spray Ionization (CSI)' method.  CSI is 
designed for mass spectrometric detection of labile organic 
species.  It may be an appropriate method to analyze in 
solution the structures of biomolecular complexes, labile 
organic species including Grignard reagents, asymmetric 
catalysis, and supermolecules.  The method, a variant of 
Electrospray ionization (ESI)-MS, operates at low 
temperature, allow simple and precise characterization of 
labile non-covalent complexes that are difficult or 
impossible to observe by conventional MS techniques, 
including fast atom bombarment (FAB), and matrix 

assisted laser desorption ionization (MALDI), as well as 
ESI.   
 
Biopolymer analysis: 
  The behavior of important in vivo molecule such as 
protein, nucleic acid, and lipid, will be made clear by using 
our newly developed method CSI mass spectrometry.  The 
structure of multistranded DNA of duplex, triplex and 
quadruplex DNA have been examined by electrospray 
ionization (ESI) MS.  However, non-covalent complexes of 
multiply stranded DNA are difficult to observe by 
conventional methods, because of their low melting 
temperature (Tm).  The characterization of triple- and 
quadruple-stranded oligodeoxynucleotides was carried out 
by means of CSI-MS.  In consequence, it is proved that 
DNA has been made clear to take hyper-stranded 
structures combining various multiply stranded helical 
components. 
 
Analysis of organic reaction mechanism: 
  A new CSI mass spectrometric procedure RTS (reaction 
tracking system), which can trace the time-dependent 
simultaneous change of the raw materials, products and 
inter mediates in an organic reaction under CSI condition 
has been developed.  It would be expected that behavior of 
each component becomes clear and that the appropriate 
design become possible to make the reaction more 
efficiently. 
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Research 

Spontaneous Resolution of Optical Activity 
The spontaneous resolution of an achiral compound (total 
asymmetric transformation) has been of great interest in connection 
with the origin of life. This phenomenon also holds potential in that 
the spontaneously resolved chiral crystals could find application as 
chiral sources in asymmetric synthesis to produce compounds with 
fixed chirality. During the course of our study on the 
stereochemistry of aromatic amides or sulfonamides, we found that 
several groups of compounds with a common skeleton showed 
spontaneous resolution more frequently than other achiral 
compounds. We also have developed an effective screening method 
for spontaneous resolution of aromatic sulfonamides, which relies 
on parallel syntheses and solid-state CD measurements. We are 
now exploring a photoreaction in the chiral crystalline state of 
achiral compounds which will produce high enantioselectivities. 
Furthermore, conformational chirality, which is retained when 
chiral crystals are dissolved at low temperature, will be utilized in 
diastereoselective syntheses. Another approach is to utilize the 
spontaneously resolved chiral crystals as catalytic ligands to 
produce chiral compounds with fixed chirality. 
 
Functionalized Cyclic Compounds with Molecular Recognition 
Ability 
Macrocyclic structures with a cavity are often seen in compounds 
that have molecular recognition abilities. In the course of our 
studies on the stereochemistry of aromatic amides, we found that a 
cyclic structure could easily be constructed using conformational 
alternation by N-alkylation of aromatic amides from trans to cis.  
Using this structural property, functionalized 
3-(methylamino)benzoic acids are coupled with itself by a one-step 
reaction using dichlorotriphenylphosphorane to give a mixture 
consisting mainly of cyclized trimer of the monomer. The trimer 

has a bowl-shape with a small cavity, which may be suitable to 
construct a molecular recognition site. These cyclic aromatic 
amides would be classified as "calixamide" and are a suitable 
skeleton for producing a new class of cyclic oligomers toward 
molecular recognition. 
 
Construction of Nano-scale Structures Using Macrocylic 
Framework as Molecular Block 
The construction of nano-scale structures has recently drawn much 
attention. Nano-scale coordination networks based on organic 
ligands and metal cations are being actively investigated as a 
subclass of molecular networks. To construct a coordination 
network, the ligand requires a multiple bonding site, appropriate 
symmetry, and a rigid backbone. The cyclic aromatic amides are 
suitable for this purpose because the carbonyl oxygen atoms of cis 
amides form an exo-mulitopic coordination with metal cations. We 
are studying on the construction and structural analysis of 
coordination network of a macrocyclic aromatic amide with various 
metal cations. We expect that the difference in the coordination 
number of each metal can control the form of the coordination 
network in the crystals. 
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Research 

Effect of uracil analog against HIV (Maruyama) 
Human immunodeficiency virus type 1 (HIV-1) contains an 
important enzyme, reverse transcriptase (RT), which catalyzes the 
conversion of the viral genome RNA into the double-stranding 
DNA. Since this process is essential for viral replication, many 
drugs targeting this enzyme have been developed. Within the class 
of the anti-HIV agents which inhibit reverse transcriptase, 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) are 
rapidly increasing. It is interesting that some NNTRIs have an 
aromatic group at the 6 position of uracil. Under the background of 
these reports, we undertook a search for an anti-HIV agent by the 
SAR of the 1,3-disubstituted uracil. Two compounds showed 
excellent anti-HIV-1 activity with moderate cytotoxicity.   
Stimulator of angiogenesis (Maruyama) 
Stimulators of angiogenesis are sometimes desired for clinical 
treatment of diseases evoked by an impaired blood supply 
including ulcers associated with diabetes or burn wounds.  
However, availability of stimulators is few till date because of their 
size. Most of the stimulators known are endogenous large 
molecules like VEGF and FGF. Those are expensive proteins, hard 
to synthesize, and not so stable. We developed 2-Cl-C.OXT-A as a 
stable candidate compound. This compound strongly stimulates the 
tube formation of HUVEC. Its maximun potency at 100µM was 
stronger than VEGF (10ng/mL). 2-Cl-C.OXT-A will be applicable 
to medicine instead of endogenous growth factors such as VEGF 
and/or FGF.  
 
Functional regulation of proteins by post-translational 
modifications (Ohshima) 
 Post-translational modifications such as ubiquitination, 
phosphorylation, and acetylation regulate the function of many 
proteins. Recently, a number of ubiquitin-like proteins (Ubl) have 

been identified that are covalently linked to lysine residues in target 
proteins. One Ubl, SUMO-1, also known as PIC1, UBL1, sentrin, 
GMP1, and SMT3, is an 11-kDa protein that is structurally 
homologous to ubiquitin. SUMO-1 modification plays an important 
role in altering the function of modified proteins, including 
transcriptional activation, nuclear localization, and decreased 
turnover. SUMO-1 is conjugated to proteins through a series of 
enzymatic steps. Initially, the ATP-dependent formation of a 
thioester bond between SUMO-1 and the E1 enzyme complex 
(SAE1/Uba2) is formed, and SUMO-1 is then transferred to the 
E2-conjugating enzyme Ubc9. Finally, SUMO-1 is conjugated 
from Ubc9 directly to a lysine residue of target proteins. The E3 
ligase that conjugates SUMO-1 to target molecules in vitro and in 
vivo has only recently been identified. One group of such E3 
ligases, protein inhibitor of activated STAT (PIAS) family proteins 
homologous to the yeast Siz family protein, has a conserved 
RING-finger domain, which regulates transactivation of many 
transcription factors by conjugating SUMO-1. In order to 
understand the molecular mechanisms by which transcriptional 
regulation through SUMO-1 modification, we focus the 
transcription (co)factors involving in cell growth, differentiation, 
immortalization and attempt to define the biological significance of 
sumoylation in carcinogenesis. 
 Furthermore, we have been also analyzing the molecular 
mechanisms by which human T-cell leukemia virus type-1 
(HTLV-1) infection is the cause of morbidity and mortality in adult 
T-cell leukemia (ATL).  
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Medicinal Chemistry and Chemical Biology (2009), 
pp165-198. John Wiley & Sons. 

 
[Patents] 
1. Tsukamoto, I., Konishi, R., Tokuda, M., Kubota, Y., Maruyama, 

T., Kosaka, H., Igarashi, J. Preparation of cyclobutylpurine 
derivatives as angiogenesis promoting agents, lumenization 
promoting agents, neurocyte growth promoting agents, and 
drugs. PCT Int. Appl. (2010), 95pp. 

2. Maruyama, T., Nishikawa, T., Onishi, T. Preparation of 
N2-(arylacetyl)guanine nucleosides. Jpn. Kokai Tokkyo 
Koho  (2006), 13 pp. CODEN: JKXXAF  JP  
2006199653  A  20060803. 
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Design and synthesis of the novel vitamin D receptor ligands 
 We have been interested in functions of the nuclear receptors 
modulated by small molecules, which can be critical to certain 
disease states. In particular, novel analogues targeted to vitamin D 
receptor (VDR) were designed and synthesized to understand how 
the subtype-free, singular VDR can deliver the diverse biological 
activities vitamin D, as well as to allow the development of 
potential therapeutic agents with selective activity profiles for the 
treatment of cancer or osteoporosis. Syntheses of the analogues 
were carried out by a convergent method using a palladium catalyst. 
Separate preparation of the requisite A-ring enyne precursors has 
developed from the 3-buten-1-ol derivatives. Modification in the 
A-ring, as well as in the side chain of vitamin D, resulted in 
exceptionally potent compounds with unique activity profiles. 

Publications 

��2008-2012 

[Original papers] 
2010 
1. Fujishima, T; Tsuji, G.; Tanaka, C.; Harayama, T. Novel 

vitamin D receptor ligands having a carboxyl group as an 
anchor to Arginine 274 in the ligand binding domain. J. 
Steroid Biochem. Mol. Biol., 2010, 121, 60.  

2. Fujishima, T; Fujii, S.; Harayama, T. Synthesis and biological 
activity of fluorinated vitamin D. Current Org. Chem., 2010, 
14, 962.  

2009 
1. Saito, N.; Suhara, Y.; Abe, D.; Kusudo, T.; Ohta, M.; Yasuda, 

K.; Sakaki, T.; Honzawa, S.; Fujishima, T.; Kittaka, A. 
Synthesis of 2α-propoxy-1α,25-dihydroxyvitamin D3 and 
comparison of its metabolism by human CYP24A1 and rat 
CYP24A1. Bioorg. Med. Chem., 2009, 17, 4296-4301. 

 
 [Review articles] 
1. Fujishima, T. (2010). An alternate pathway of vitamin D3 

metabolism by cytochrome P450scc (CYP11A1). Vitamins, 
84, 555-557. 
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Research 

Research Themes: 
The mechanisms of immune cell trafficking and the regulation of 
immune responses are our main themes to clarify. Especially, we 
study roles of nuclear receptor ligands including vitamin A & D 
and various hormones in regulating immune functions especially in 
mucosal systems including the gut. By pursuing these biologically 
fundamental questions, we set a goal to establish a solid basis of 
new remedies and drug discovery for various diseases. 

Recent Study: 
�  For efficient immune responses, immune cells with proper 
functions need to migrate into right sites in the body. T cells, 
known as the control tower of the immune system, patrol the whole 
body along with the blood vessels and lymphatic vessels. However, 
they cannot migrate into non-lymphoid tissues before they are 
activated with antigen in the secondary lymphoid organs. Once 
they are activated and become effector or memory T cells, however, 
they can migrate into non-lymphoid tissues. They tend to migrate 
into the tissue that is associated with the secondary lymphoid organ 
where they are activated. This type of migration is called “homing”. 
For example, T cells that are activated with antigen in the small 
intestine-relate secondary lymphoid organs, Peyer’s patches (PP) 
and mesenteric lymph nodes (MLN), tend to migrate into small 
intestinal tissues including the lamina propria. In 2004, we found 
that vitamin A-derived retinoic acid is the physiological factor that 
imprints gut-homing specificity on T cells. We also found that 
subpopulations of dendritic cells (DC) in PP and MLN express the 
key enzyme of retinoic acid synthesis, RALDH (retinaldehyde 
dehydrogenase), and are capable of producing retinoic acid from 

vitamin A (retinol). They imprint T cells with the gut-homing 
specificity by delivering retinoic acid to T cells during antigen 
presentation. In 2006, we also found that a similar mechanism is 
involved in the imprinting of B cells with gut-homing specificity 
by a collaboration mainly with Dr. von Andrian’s group and Dr. 
Adams’ group.  
    In 2009, we established a method for estimating the enzyme 
activity of RALDH in each DC, and identified the retinoic 
acid-producing subpopulation in MLN-DC and PP-DC. The 
RALDH2 isoform was mostly responsible for the activity. 
Depending on these results, we searched for the physiological 
factors that induce RALDH2 expression in DC in the gut or in 
MLN. We found that GM-CSF (granulocyte-macrophage 
colony-stimulating factor) plays a major role in the induction, and 
that retinoic acid itself plays a role as an essential cofactor. IL-4 
and IL-13 exhibited effects similar to those of GM-CSF on 
RALDH2 expression, but are found to be dispensable by the 
analysis of their receptor-deficient mice. The stimulation through 
Toll-like receptors enhanced the RALDH2 expression in DC as 
well as DC maturation. 
    In 2007, it was reported by several groups that the retinoic 
acid-producing DC not only regulate lymphocyte trafficking but 
also enhance the differentiation of Foxp3+ inducible regulatory T 
cells (iTreg) and suppress that of pro-inflammatory Th17 cells, 
indicating that retinoic acid contributes to oral tolerance. In 2010, 
we found that stimulation through retinoid X receptor (RXR) that 
formed a heterodimer with retinoic acid receptor (RAR) enhanced 
the retinoic acid-induced expression of the gut-homing receptor 
CCR9. We also found that the environmental chemicals tributyltin 
and triphenyltin exerted similar effects via RXR. We clarified the 
molecular mechanism of the retinoic acid-induced CCR9 
expression in T cells, and reported the result in January 2011. We 
also found that retinoic acid also induce the retinoic acid-degrading 
enzyme CYP26B1 in T cells, and that the retinoic acid signals 
could be regulated by negative feedback. Interestingly, the 
CYP26B1 expression was also modulated by some cytokines. 
Presently, we are analyzing the relationship of the regulation of 
immune responses by vitamin A levels and the risk of acquiring 
immunological diseases, the molecular mechanisms retinoic acid 
effects and RALDH2 expression, and the possibility of their 
disruption by environmental chemicals. 
 

Publications 

��2008-2012 

 [Original papers] 
2011 
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1. Chaya T., Shibata S., Tokuhara Y., Yamaguchi W., Matsumoto 

H., Kawahara I., Kogo M., Ohoka Y., and Inagaki S. (2011). 
Identification of a negative regulatory region for the exchange 
activity and characterization of T332I mutant of Rho guanine 
nucleotide exchange factor 10 (ARHGEF10). J Biol Chem 286: 
29511- 29520. Epub 2011 Jun 30. 

2. Tezuka, H., Abe, Y., Asano, J., Sato, T., Liu, J., Iwata, M., and 
Ohteki, T. (2011).Prominent role for plasmacytoid dendritic cells 
in mucosal T cell-independent IgA induction. Immunity 34(2): 
247-257 (2011). Epub 2011 Feb 17. 

3. Takeuchi, H., Yokota, A., Ohoka, Y., and Iwata, M. (2011).�
CYP26B1 regulates retinoic acid-dependent signals in T cells and 
its expression is inhibited by transforming growth factor-β. PLoS 
ONE 6(1): e16089.�

4. Ohoka, Y., Yokota, A., Takeuchi, H., Maeda, N., Iwata, M. 
(2011). Retinoic acid-induced CCR9 expression requires 
transient TCR stimulation and cooperativity between NFATc2 
and the retinoic acid receptor/retinoid X receptor complex. 
J Immunol 186: 733-744. Epub 2010 Dec 8. 

2010 
1.Takeuchi, H., Yokota, A.,  Ohoka, Y., Kagechika, H., Kato, C., 

Song, S.-Y., and Iwata, M. (2010). Efficient induction of CCR9 
on T cells requires co-activation of retinoic acid receptors and 
retinoid X receptors (RXR): Exaggerated T cell homing to the 
intestine by RXR activation with organotins. J Immunol 185: 
5289-5299. Epub 2010 Sep 29.�

2. Chang, S.-Y., Cha, H.-R., Chang, J.-H., Ko, H.-J., Yang, H., 
Malissen, B., Iwata, M.  Kweon, M.-N. (2010). Lack of retinoic 
acid leads to increased langerin-expressing dendritic cells in 
gut-associated lymphoid tissues. Gastroenterology 138(4): 
1468-78.  

2009 
1. Yokota, A., Takeuchi, H., Maeda, N., Ohoka, Y., Kato, C., Song, 

S.-Y., and Iwata, M. (2009). GM-CSF and IL-4 synergistically 
trigger dendritic cells to acquire retinoic acid-producing capacity. 
Int Immunol 21(4): 361-377.��	�� Featured Article of the 
Month�
���) 

2008 
1. Korostylev, A., Worzfeld, T., Deng, S., Friedel, R. H., Swiercz, J. 

M, Vodrazka, P., Maier, V., Hirschberg, A., Ohoka, Y., Inagaki, 
S., Offermanns, S., and Kuner, R. (2008). A functional role for 
semaphorin 4D/plexin B1 interactions in epithelial branching 
morphogenesis during organogenesis. Development 135(20): 
3333-3343. 

2007 
1. Tezuka, H., Abe, Y., Iwata, M., Takeuchi, H., Ishikawa, H., 

Matsushita, M., Shiohara, T., Akira, S., and Ohteki, T. (2007). 
Regulation of IgA production by naturally occurring 
TNF/iNOS-producing dendritic cells. Nature 448: 929-933. 

2. Takeuchi, H., Georgiev, O., Fetchko, M., Kappeler, M. 
Schaffner, W., and Egli, D. (2007). In vivo construction of   

transgenes in Drosophila. Genetics 175: 2019-2028. 
 [Review articles] 
1. Iwata, M. (2009). Retinoic acid production by intestinal dendritic 

cells and its role in T-cell trafficking. Seminar Immunol 21(1): 
8-13. Epub 2008 Oct 11. 

2. Iwata*,M. (2009). The roles of retinoic acid in lymphocyte 
differentiation. Seminar Immunol 21(1): 1. Epub 2008 Oct 5. 
(Editor's Summary). 
(* Iwata served as The Guest Editor of this issue entitled above.) 

3. Mora, J. R., Iwata, M., von Andrian. U.H. (2008). Vitamin 
effects on the immune system: vitamins A and D take centre 
stage. Nature Rev Immunol 8: 685-698. 

4. Iwata, M. (2006). Role of vitamin A in T cell homing to the gut.  
Curr Immunol Rev 2: 345-355. 

 [Review articles in Japanese] 
1.Iwata, M. (2012). Lymphocyte homing and inflammatory bowel 
diseases. J Gastrointest Res (G.I. Research) 
20(6):41(493)-45(497) .�
2.Nakatsuma, A . (2012). Vitamin A status influences functional 
differentiation of T cells through affecting the function of intestinal 
dendritic cells. Clinical Immunology & Allergology (Rinsho 
Men-eki Allergy-ka) 57 (1): 8-13.�
3.Iwata, M. (2011). Molecular mechanisms to determine the tissue 
tropism of lymphocytes.�Japanese Journal of Lymphology 34 (2): 
112-116 .�
4. Iwata, M. (2011). Small intestine-specific lymphocyte homing.  
Surgery Frontier 18 (4): 68(402)-71(405).�
5. Iwata, M. (2011). Tissue-specific lymphocyte homing. 
Inflammation & Immunity   
(Ensho-to-Men-eki) 19 (5): 2(444)-7(449).�
6. Yokota, A. (2011). Regulation of lymphocyte trafficking by 
retinoic acid-producing dendritic cells in the intestine. Clinical 
Immunology & Allergology (Rinsho Men-eki Allergy-ka)  
55 (4): 454-459.�
7. Takeuchi, H., Ohoka, Y., and Iwata, M. (2011): The molecular 
mechanism of acquisition of gut tropism by lymphocytes. Saibou 
Kougaku (Cell Technology) 30(4): 381-386.�
8. Yokota, A., Iwata, M. (2010). Factors responsible for retinoic 

acid- producing ability in intestinal dendritic cells. Clinical 
Immunology & Allergology (Rinsho Men-eki Allergy-ka)  
54 (4): 492-498. 

9. Iwata, M. (2010). Dendritic cell functions and their regulation in 
mucosal tissues. Inflammation & Immunity (Ensho-to-Men-eki) 
18 (5): 14(474)-18(478). 

10.Yokota, A., Iwata, M. (2010). Vitamins and Immunity - 
focusing on vitamin A. Functional Food 4 (1): 61-65. 

11. Iwata, M. (2010). Role of retinoic acid in the gut mucosal 
immunity. Kagaku to Seibutsu (Chemistry and Biology) (Japan 
Society for Bioscience, Biotechnology, and Agrochemistry) 48 
(6): 389-394. 

12.� Iwata, M. (2009). Regulation of immune functions by retinoic 
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13. Iwata, M. (2009). Regulation of lymphocyte homing and 
differentiaton by vitamin A. Vitamins (Japan) 83(8): 441-452 . 

14. Iwata, M. (2009). Tissue-specific lymphocyte homing. 
Encyclopedia of Inflammation & Regenerative Medicine. 

195-197. 

15. Iwata, M. (2008). Vitamin A plays critical roles in the 
differentiation and localization of lymphocytes in the intestine. 

Japanese Journal of Lymphology (Rinpa-Gaku) 31(2): 33-37. 
16. Iwata, M. (2008). The role of vitamin A in gut immunity. 

Japanese Journal of Nutritional Assessment 25: 59-62. 

17. Iwata, M. (2007). Deployment and functional regulation of 
lymphocytes in the gut by vitamin A. Experimental Medicine 

(Jikken Igaku) Extra Edition 25(20): 142(3220)-146(3224). 
18. Iwata, M. (2007). Regulation of lymphocyte trafficking by 

retinoids. Annual Review Immunology 2008 154-161. 
19. Iwata, M. (2007). Role of vitamin A in the gut immunity. 

Journal of Intestinal Microbiology 21: 297-304. 

20. Iwata, M. (2006). Regulation of gut-specific lymphocyte 
homing by retinoic acids. Experimental Medicine (Jikken Igaku) 

Extra Edition, Frontiers of Immunological Research 2007 24: 
3253-3259. 

21. Iwata, M. (2006). Vitamin A is essential for the gut immunity. 

Journal of Clinical and Experimental Medicine (Igaku No 
Ayumi) 219(10): 795-796. 

22. Iwata, M. (2006). Role and Mechanism of Action of Vitamin A 
in Gut Immunity. Seikagaku 78(8): 738-748. 

23. Iwata, M. (2006). Role of vitamin A in immune surveillance: 
Regulation of lymphocyte homing. Infection Inflammation 

Immunity (Kansen Ensho Men-eki) 36: 22-32. 

24. Iwata, M. (2005). Regulation of lymphocyte homing by 
retinoic acid. Molecular Medicine Extra Edition Immunity 2006 

42: 22-28. 
25. Iwata, M. (2005). Induction of T cell homing to the gut with 

retinoic acid. Clinical Immunology (Rinsho Men-eki) 44: 
299-301. 

26. Iwata, M. (2005). Regulatory mechanism of gut tissue-specific 

T cell homing. Pharmacia 41(6): 513-517. 
[Books] 
1. Iwata, M., and Yokota, A. (2011). Retinoic acid production by 
intestinal dendritic cells. In Vitamins & Hormones, Volume 86, 

“Vitamins and The Immune System” Chapter Six, G. Litwack, 

ed.  Elsevier, p.127-152.�
2. Iwata, M. (2010). Involvement of retinoic acid: Dynamic cell 

trafficking in mucosal immunity. In Clinical Mucosal Immunology, 
H, Kiyono, ed. (Tokyo, Japan, Synergy), pp. 227-235. (In 

Japanese) 
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Research 

�Research aims�  
Our research goal is the novel molecular target for new drugs. To 

achieve this goal, we are working on molecular mechanism for the 
epileptogenesis of generalize epilepsy through the several 
approaches such as pharmacological, behavioral, cell biological, 
biochemical and in vivo imaging techniques. 
 
�Research Scopes�  
1. Study on the relation between the mechanism of generalized 

epilepsy and nitric oxide (NO). 
Generalized epilepsy composes about 30% of all epileptic 

patients. However, most of its pathogenic mechanisms are 
remained unclear. We have studied about the involvement of NO 
in the pathogenic mechanisms in pentylenetetrazole (PTZ) 
induced generalized epileptic mouse model. We directly and 
quantitatively measured the NO levels in the several brain 
regions by the electron paramagnetic resonance (EPR). We 
revealed that the seizure scores were correlated with the 
generated NO levels. Furthermore, some antiepileptic drugs 
(AEDs) were found to suppress the brain NO generation in 
PTZ-induced convulsive mice. We are now investigating the 
relationship between epileptogenesis and NO in generalized 
seizures using kindling mouse model. 

 
2. Study on the relationship between blood brain barrier 

(BBB) disruption and generalized epilepsy. 
In recent years, it have been well recognized that the therapies for 
epilepsy by the AEDs, which is represented by valproate, have 
been definitely effective. On the other hand, no less than 30% of 

epileptic patients were intractable, so there are difficulties in 
achievement of high level of QOL for them. In order to dissolve 
this problem, the development of new AEDs with novel 
mechanisms is an important for drug-resistant patients. We aim to 
find out the novel molecular target for new drugs. Recently, we 
have focused the relationship between BBB disruption and 
generalized epilepsy. Although conventional evaluation methods of 
BBB disruption are to measure the diffusion of low molecular 
weight dye (ex. Evans blue) to brain parenchyma, they are not 
available in animals alive.  In our laboratory, the spatial and 
sequential changes of the BBB disruption in PTZ-induced 
convulsive alive mice were elucidated by the technique of 
gadolinium-enhanced magnetic resonance imaging using the MRI 
for rodent (MRminiSR, 1.5T). In addition, we have investigated the 
involvement of NO in the BBB disruption in generalized epilepsy. 
 

Publications 
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 [Original papers] 
2012 
1. Hama, S., Ishihara, Y., Watanabe, M., Danjo, S., Nakamura, Y. 

and Itoh, K. (2012) Effects of Sulfaphenazole after 
Collagenase-induced Experimental Intracerebral 
Hemorrhage in Rats. Biol. Pharm. Bull. 35, 1849�1853. 

2. Kotani, M., Itoh, K., Ito, T., Yamashita, T. and Imada, M. 
(2012) Generation and characterization of a monoclonal 
antibody, Namu mAb, which reacts to the subependymal 
zone and the neurospheres in mouse brain, Neurorep. 23, 
830-834. 

3. Myllykoski, M., Itoh, K., Kangas, SM., Heape, AM., Kang, SU., 
Lubec, G., Kursula, I. and Kursula, P. (2012) The N-terminal 
domain of the myelin enzyme 2´,3´-cyclic nucleotide 
3´-phosphodiesterase: Direct molecular interaction with the 
calcium sensor calmodulin. J. Neurochem.123, 515-524. 
 

2011 
1. Ichikawa, Y., and Itoh, K. (2011) Blood-arachnoid barrier 

disruption in experimental rat meningitis detected using 
gadolinium-enhancement ratio imaging. Brain Res. 1390, 
142-149. 

2. Watanabe, M., and Itoh, K. (2011) Characterization of a novel 
posttranslational modification in neuronal nitric oxide 
synthase by small ubiquitin-related modifier-1. Biochem. 
Biophys. Acta 1814, 900-907. 

3. Itoh, K., Fujisaki K., and Watanabe, M. (2011) Human L1CAM 
carrying the missense mutations of the fibronectin-like type 
III domains is localized in the endoplasmic reticulum and 
degraded by poly-ubiquitylation. J. Neurosci. Res. 89, 
1637-1645. 

4. Ishihara, Y., Katayama, K., Sakabe, M., Kitamura, M., Aizawa, 
M., Takara, M., and Itoh, K. (2011) Antioxidant properties 
of rare sugar D-allose: Effects on mitochondrial reactive 
oxygen species production in Neuro2A cells. J. Biosci. 
Bioeng. 112, 638-642. 
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2010 
1. Suzuki, A., Arikawa, C., Kuwahara, Y., Itoh, K., Watanabe, M., 

Watanabe, H., Suzuki, T., Funakoshi, Y., Hasegawa, H., and 
Kanaho, Y. (2010) The scaffold protein JIP3 functions as a 
downstream effector of the small GTPase ARF6 to regulate 
neurite morphogenesis of cortical neurons. FEBS Lett 584, 
2801-2806. 
 

2009 
1. Itoh, K., and Watanabe, M. (2009) Paradoxical facilitation of 

pentylenetetrazole-induced convulsion susceptibility in mice 
lacking neuronal nitric oxide synthase. Neuroscience 159, 
735-743. 

2. Ikebata, Y., Sato-Akaba, H., Aoyama, T., Fujii, H., Itoh, K., and 
Hirata, H. (2009) Superresolution EPR imaging of free 
radical molecules in mice. Magn. Reson. Med. 62, 788-795. 
 

2008 
1. Itoh, K., Sakata, M., Watanabe, M., Aikawa, Y., and Fujii, H. 

(2008) The entry of manganese ions into the brain is 
accelerated by the activation of N-methyl-D-aspartate 
receptors. Neuroscience 154, 732-740. 

2. Wada, Y., Mitsuda, M., Ishihara, Y., Watanabe, M., Iwasaki, M., 
and Asahi, S. (2008) Important amino acid residues that 
confer CYP2C19 selective activity to CYP2C9. J. Biochem. 
144, 323-333. 
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Research 

Since the expansion of the Institute of Neuroscience, Tokushima 
Bunri University April, 2007, all the staffs have been appointed 
joint members of the institute and have been involved in a 
collaborative research project aiming at etiology and early 
diagnosis of Alzheimer disease based on our expertise described 
below. This project has been supported by the MEXT. 

Our research in the Neurophysiology lab has focused on four 
topics in neuroscience: (1) the cellular and molecular mechanisms 
underlying plasticity at inhibitory GABAergic synapses in the 
central nervous system (CNS); (2) optical imaging of excitatory 
and inhibitory synaptic activities in the brain using 
voltage-sensitive dyes; (3) the molecular mechanisms for GABA 
receptor trafficking into inhibitory synaptic sites; and (4) the search 
for lead compounds that have therapeutic potential in the mental 
disorders associated with GABAergic synapses.  

Using molecular imaging technique and dissociated neuron 
culture system, Kuriu and Konishi published in 2012 a paper 
entitled “Activity-dependent coordinated mobility of hippocampal 

inhibitory synapses visualized with presynaptic and postsynaptic 

tagged-molecular markers” in Mol. Cell. Neurosci. Also, Shuntaro 

Kohnomi has joined the lab from April, 2012, and he has started an 

electrophysiological project on the brain reward system using brain 

slice-patch clamp techniques.  
   Numerous brain functions depend on the balance between 
excitatory and inhibitory synaptic activity in the CNS. Any changes 
in synaptic transmission therefore seriously affect brain function, 
often leading to neurological and mental disorders. In particular, 

GABAergic inhibitory synapses play a pivotal role in a number of 
mental disorders, which is reflected in the fact that one group of 
GABA receptor enhancers, benzodiazepines, includes the most 
frequently prescribed CNS drugs worldwide. Thus, elucidation of 
the mechanisms underlying regulation of the strength of inhibitory 
neurotransmission at GABAergic synapses provides not only basic 
information about brain mechanisms, but also may suggest critical 
strategies in the search for drug targets in mental disorders such as 
severe anxiety, depression and cognitive dysfunction. 
     Recently, we have been interested in the mechanisms 
underlying control of inhibitory neurotransmission at GABAergic 
synapses and have found three novel and distinct modes of synaptic 
modulation in the cerebellar cortex. First, the monoamines 
noradrenaline and serotonin, released from afferent inputs 
originating from the brainstem, elicit short-term and long-term 
enhancement of GABA release at inhibitory synapses between 
cerebellar interneurons and Purkinje cells, the sole output neuron 
from the cerebellar cortex. In short-term enhancement, activation of 
β2-adrenergic receptors in the nerve terminal of interneurons by 
noradrenaline leads to an acceleration of hyperpolarization- and 
cyclic nucleotide-gated cation (HCN) channels and depolarizes 
interneurons, which in turn causes repetitive action potentials and 
an increase in the frequency of spontaneous GABA release from 
the nerve terminals of interneurons. In long-term enhancement, the 
β 2-adrenergic receptor activation couples to stimulation of cyclic 
AMP-dependent protein phosphorylation and thereby enhances 
action potential-induced GABA release via protein kinase 
A-dependent increases in Ca2+ sensitivity of the release machinery, 
as well as the size of the readily releasable pool of GABA in the 
interneuron nerve terminal (Saitow et al., 2000, 2005). In addition 
to this presynaptic regulation of GABAergic inhibitory 
neurotransmission, ATP has been shown to enhance GABAergic 
transmission through a postsynaptic mechanism in which activation 
of P2Y-type purinergic receptors by ATP and its metabolites 
increases the sensitivity of GABAA receptors in Purkinje cells 
(Saitow et al., 2004; Ono et al., 2006). 
     Second, the cerebellar GABAergic synapse between 
interneurons and Purkinje cells is under the control of presynaptic 
inhibition induced by the excitatory neurotransmitter, possibly 
glutamate, released from the climbing fiber input (Satake et al., 
2000). The climbing fiber transmitter not only excites Purkinje 
cells but also acts on AMAP-type glutamate receptors in the 
presynaptic nerve terminal of interneurons to inhibit GABA release 
(Satake et al., 2004, 2006, 2010). The climbing fiber 
transmitter-mediated inhibition of GABA release is caused by 
inhibition of voltage-gated Ca2+ channels in the presynaptic 
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terminal following activation of AMPA receptors (Rusakov et al., 
2005).  Therefore, the climbing fiber transmitter glutamate spills 
out of the synaptic cleft and reaches the presynaptic terminal of 
interneurons, thereby inhibiting GABA release through activation 
of AMPA receptors coupling to inhibition of Ca2+ channels in the 
nerve terminals.  
     A third form of novel synaptic mechanism that we found 
around cerebellar GABAergic synapses is cross-talk between 
GABAB receptors and Group I type metabotropic glutamate 
receptors (mGluR1); GABA released from interneurons acts on 
GABAB receptors expressed in the periphery of nearby excitatory 
synapses (peri-synaptic regions) between parallel fibers and 
Purkinje cells and enhances mGluR1-mediated slow synaptic 
excitation in Purkinje cells (Hirono et al., 2001, 2011). Therefore, 
under certain circumstances, GABA appears to elicit an excitatory 
action following cross-talk between its own receptors and 
metabotropic glutamate receptors. Furthermore, because mGluR1 is 
critically involved in synaptic plasticity, it is highly likely that a 
combination of GABAB receptors and its selective ligands is a 
promising therapeutic target for cognitive dysfunction.  

As exemplified above, the strength of inhibitory 
neurotransmission at GABAergic synapses in the CNS is 
modulated by multiple regulatory mechanisms, which will likely 
yield clues for developing therapeutics for the treatment of CNS 
diseases. Based on these findings and considerations, our aims 
include: (1) to further elucidate the cellular and molecular 
mechanisms that underlie synaptic modulation of inhibitory 
GABAergic transmission, and (2) to devise a drug screening 
system to search for potential lead compounds that fit the profile of 
GABA synapse enhancers. We are utilizing three approaches: (1) 
thin brain slices from rats mice combined with electrophysiological 
techniques using patch-clamp recordings, allow us to study the 
properties of GABAergic inhibitory synapses, both physiologically 
and pharmacologically; (2) optical recording of neuronal activity in 
the brain using VSDs (voltage-sensitive dyes), provides not only 
spatial information about brain activity but also a powerful means 
for screening neuron/synapse-acting compounds; and (3) primary 
cultures of neurons dissociated from the brain combined with 
confocal imaging and electrophysiology, which allow us to study 
the molecular mechanisms of GABAA receptor delivery into 
inhibitory synaptic sites.    

Combining these three different experimental approaches, we 
are now characterizing the synaptic mechanisms associated with 
the control at GABAergic inhibitory synapses as well as the neural 
mechanisms of learning and memory formation in the brain. We 
are pursuing the four research projects described above in order to 
gain further understanding of the brain mechanisms, which may 
lead to drug therapies for neurological and mental disorders caused 
by dysfunction of central GABAergic inhibitory synapses. 
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Research 

Theme 1. Quantification of small amount of protein (Etsuro Ito, 
Ryuichi Okada, Mika Morikawa, Hiromi Kodama) 
We are developing the method to detect and quantify very tiny 
amount of a given protein in a small volume, such as in a single 
cell. We aim at establishing an enterprise to commercialize protein 
quantification reagents and kits based on this technique. Using our 
“enzyme  cycling  method”,  it  is  now  possible  to  detect  protein  with  
ten thousands as high sensitivity as ever. The improved method 
with more sensitivity and easier to handle will be available in the 
near future. 
Grant Support: Grants from Ministry of Education, Culture, Sports, 
Science and Technology, Japan Society for the Promotion of 
Science, Ministry of Economy, Trade and Industry, Japan Science 
and Technology Agency, and some foundations. 

Collaborations: With private companies and other universities. 
 
Theme 2. Computer simulation of ligand-receptor binding (Etsuro 
Ito) 
We are attempting to clarify how receptors recognize their specific 
ligands, and the difference in the mechanism of receptor activation 
between agonists and antagonists by means of computer simulation. 
This might enables us to pave the way for the new drug 
development. We succeeded in the determination of important 
physical parameters in the ligand recognition and the receptor 
activation. The dynamics of ligand-receptor binding will be 
investigated more precisely in the near future. 
Grant Support: Grants from Japan Society for the Promotion of 
Science. 
Collaborations: With private companies and other universities. 
 
Theme 3. Onset mechanisms of Alzheimer disease and diabetes 
(Etsuro Ito, Ryuichi Okada, Mika Morikawa, Hiromi Kodama) 
We are attempting to clarify the onset mechanisms of Alzheimer 
disease and diabetes using samples obtained from 3xTg-AD mice 
and human patients. In addition, the pond snail Lymnaea stagnalis 
is used to make clear the effect of insulin in the brain on long-term 
synaptic changes and long-term memory. 
Grant Support: Grants from Ministry of Education, Culture, Sports, 
Science and Technology, Japan Society for the Promotion of 
Science, Japan Science and Technology Agency, and some 
foundations. 
Collaborations: With private companies and other universities. 
 
Theme 4. Histological analysis of cholinergic system in the brain of 
the terrestrial slug (Ryota Matsuo, Suguru Kobayashi) 
Acetylcholine has been postulated to be involved in the olfactory 
information processing in the olfactory center of a wide variety of 
animals including vertebrates and mollusks. We aimed at 
elucidating the spatial distribution of cholinergic neurons and fibers 
within the brain of the terrestrial slug Limax. We found that the 
acetylcholine function-related genes, choline acetyltransferase, 
acetylcholine esterase and several types of nicotinic acetylcholine 
receptors, are expressed primarily in the procerebrum, the higher 
olfactory center of the slug. The application of nicotine or an 
acetylcholine esterase inhibitor physostigmine substantially 
up-regulated the oscillatory frequency of the local field potential 
oscillation in the procerebrum. Immunohistochemical analysis 
revealed the localization of choline acetyltransferase protein in the 
internal mass of the procerebrum as well as in the tentacle nerves, 
indicating the involvement of acetylcholine in the information 
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input-output regulation within the procerebrum. 
Grant Support: Japan Society for the Promotion of Science, 
Grant-in-Aid for Scientific Research. 
 
Theme 5. Analysis of DNA endoreplication in the slug brain 
(Ryota Matsuo, Miki Yamagishi) 
Large neurons in the brain of mollusks often contain amplified 
DNA in their nuclei. This phenomenon is  called  “endoreplication”, 
and we have recently demonstrated that the frequency of the DNA 
endoreplication is correlative with the body weight even in adult 
slugs (J Neurosci 31, 5596 (2011)). But it has been unclear whether 
the whole genome is multiplied (polyploidy) or only a specific 
region of the genome is amplified during endoreplication. We thus 
applied quantitative genomic PCR method to tackle this problem. 
We revealed that various genomic loci amplified to the same extent 
in large neurons. Moreover, BrdU was incorporated uniformly into 
all throughout the genomic DNA, supporting the view that the 
DNA endoreplication results in polyploidy. We also demonstrated 
that the visceral giant neuron, the largest neuron within the brain of 
the slug, has about ~10,000-times as much genomic DNA as the 
haploid amount. These data have been published in J Neurochem 
122, 727 (2012). 
Grant Support: Japan Society for the Promotion of Science, 
Grant-in-Aid for Scientific Research, Kurata Memorial Hitachi 
Science and Technology Foundation, Brain Science Foundation, a 
Grant for Basic Science Research Projects from Sumitomo 
Foundation, and a Grant for Joint Research Programs of 
Tokushima Bunri University. 
 
Theme 6. Histaminergic regulation an of oscillatory activity in the 
olfactory center (Ryota Matsuo, Suguru Kobayashi) 
The role and the distribution of histamine has been primarily 
investigated in the peripheral nervous systems in mollusks. Here 
we are analyzing the function and the role of histamine in the 
procerebrum, the higher olfactory center, of the terrestrial slug, 
Limax. Bath application of histamine (~10 μM) substantially 
up-regulated the oscillatory frequency of the local field potential 
oscillation in the procerebrum. We also revealed that the mRNA of 
the putative histamine H1 receptor is highly expressed in the 
procerebal neurons. We are now trying to analyze the spatial 
distribution of histaminergic neurons and their innervation patterns 
in the CNS of Limax. 
 
Theme 7. Modulation of oscillatory neuronal synchronization by 
neurotransmitter and neuropeptide in odor information processing 
(Suguru Kobayashi)   
In the olfactory center of terrestrial animals, changes in the 
oscillatory frequency of the local field potential (LFP) are thought 
to be involved in olfaction-based behavior and olfactory memory. 
We study GABAergic and FMRFamidergic neuromodulation of 
oscillatory activity in odor information processing of the 

procerebrum (PC) in the land slug Limax valentianus. We found 
that GABA and FMRFamide are present in the PC and these 
modulatory roles are involved in the oscillatory neural network of 
the PC. A part of results for excitatory GABAergic 
neuromodulation are published in J Neurphysiol 108, 989-998 
(2012). We use electrical and optical recording methods to 
understand the role of oscillatory dynamics in odor recognition and 
memory storage.  
Grant Support: Japan Society for the Promotion of Science, 
Grant-in-Aid for Scientific Research. 
Collaborations: With other universities. 
 
Theme 8. Analysis of molecular mechanism for learning and 
memory formation in Lymnaea stagnalis (Hisayo Sadamoto)  
In the pond snail Lymnaea stagnalis, we have been working on the 
analysis of the mechanism for learning and memory formation.  
Especially, we are focusing on the molecular events in particular 
neurons that are hypothesized to be the sites of long-term memory 
formation and storage. Lymnaea can acquire conditioned taste 
aversion (CTA) learning and they can keep the memory longer than 
one month (long-term memory). Now we confirmed that the 
expression levels of several genes, including cAMP-responsive 
element binding proteins (CREBs) and serotonin transporter 
(SERT), were changed after learning. The transcription factor 
CREBs are known to be the regulator of the gene expression for 
memory formation, and SERT plays a key element in the regulation 
the synaptic serotonin transmission in the key neuron for CTA 
learning. 
Grant Support: Japan Society for the Promotion of Science, 
Grant-in-Aid for Scientific Research. 
 
Theme 9. Mechanism of communication between honeybees 
(Ryuichi Okada) 
The honeybee is one of the well-known social insects. We are 
interested in the mechanism how honeybees communicate each 
other by biological approaches and computer simulations. We 
constructed a Markov model for honeybee foraging behavior and 
performed simulation experiments. We found that too accurate 
directional information caused to lose the flexible response in 
foraging when the foraging environment changes. We are now 
planning a biological experiment to compare our simulation results 
with biological data obtained from our experiments. 
Grant Support: Ministry of Education, Culture, Sports, Science 
Japan, Grant-in-Aid for Scientific Research. Yamada Bee Farm 
Grant for Honeybee Research. 
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Research 

We have been mainly investigating the molecular mechanisms of 
immortalization of human normal cells, cancerization of human 
immortal cells, and differentiation of germ cells. The present 
research areas of interest, are as follows,  
1. Mechanisms of immortalization of human normal cells  
1-1  Control of life span in human fibroblasts and endothelial cells  
  It is widely accepted that telomerase, which compensates for 
telomere shortening, govern cellular life span. Telomerase is 
activated in most of human malignant neoplasms. And ectopic 
expression of telomerase may endow some kinds of human somatic 
cells with indefinite proliferation capacity, i.e., immortality. On the 
basis of this strategy, we have transfected hTERT gene into human 
normal skin fibroblasts and vascular endothelial cells, and finally 
established several immortal cell lines.  
  To clarify the changes in gene expression required for 
immortality, we investigated intrinsic responses required in 
acquiring immortality. Thus, we compared by real-time RT-PCR 
the changes in the expression levels of the cell cycle and 
apoptosis-related genes in human normal fibroblasts and 
endothelial cells versus hTERT-transfected cell lines. We found 
that immortal fibroblast cell lines upregulated cell-cycle promoting 
genes and down-regulated apoptosis-inducing genes at early phase 
after transfection, whereas the endothelial cell did not. In addition, 

the microarray analysis of the fibroblast cell lines revealed that the 
dysregulated genes during cellular immortalization were different 
from those found in endothelial cells, which probably have 
acquired telomere maintenance ability by expressing exogenous 
hTERT. These findings indicate that cell-type specific gene 
expression after telomerase expression may be important to acquire 
telomere-maintenance capacity and immortality in some 
non-cancerous human cells. A future investigation of the cell-type  
specific molecules investigated in these process may elucidate the 
differences in the capacity of acquiring immortality in cancer and 
normal somatic cells.  
1-2  EBV-transformed B-lymphoblastoid cells 
  It is well known that Epstein-Barr virus (EBV) -infected B 
lymphoid cells are maintained in culture for long period, however 
only few of which becomes immortal during cell culture passages. 
We studied phenotypic characteristics of pre-, post-immortal and 
tumorigenic human B-lymphoblastoid cell lines (LCLs) established 
from normal B cells with the same genetic background. 
Pre-immortal LCLs showed low telomerase activity and a normal 
diploid karyotype, while post-immortal LCLs showed much higher 
telomerase activity and maintained a clonal aneuploidic state. 
Among five post-immortal LCLs tested, LCLs N0005 and N6803 
formed colonies in agar medium and showed a marked aneuploidy. 
And N6803 was transplantable into nude mice indicating that it 
gained a complete malignant property, but all pre-immortal LCLs 
and the remaining three post-immortal LCLs lacked these 
characteristics. The products of tumor suppresser genes, 
p16(INK4A) and pRb were downregulated in N0005 and N6803 
LCLs, and the p53 gene was mutated in N0005 LCL. These results 
indicated that some pre-immortal EBV-transformed LCLs can 
become immortal and then, tumorigenic in vitro culture, and that 
these LCLs will provide an in vitro model of tumorigenesis 
induced by EBV. 
  For further screening of genes involved in immortality and 
malignancy in EBV-transformed LCLs, we performed microarray 
analysis between pre- and post-immortal LCL and obtained a list of 
up- or down-regulated genes during cell immortalization. Cloning 
of each genes and elucidation of their role in immortalization is 
now under investigation. 
1-3  Aim for application to clinical disorders (cell therapy) 
  The immortal endothelial cell lines obtained in our lab can be 
applied for clinical use of aging-related disorders, such as 
atherosclerosis lesions. One of these immortal endothelial cell (EC) 
lines, IMEC-1, retained a normal morphological feature of young 
endothelial cells and proliferated in response to specific angiogenic 
factors, such as bFGF. Thereafter, we assessed the carotid balloon 
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catheter injury model, in which neointima formation have 
developed by denudation of the left common carotid artery, and 
examined the effect of implantation of immortal ECs into the 
denuded area of mouse carotid artery. Two weeks after the 
implantation of IMEC-1, neointima formation was significantly 
thiner, compared with that in control carotid injected with saline. 
These results suggest that implantation of immortal ECs may be of 
potential therapeutic value in vascular injury, and a possible 
treatment strategy for the prevention of the progression of 
atherosclerosis and restenosis after angioplasty. In this way, our 
long-term goal is to improve age-related disorders by replacing 
aged, disfunctional cells to immortal, functional cells (that is cell 
therapy). 
1-4 Establishment of human iPS cell lines from normal fetal lung 
fibriblast, TIG-1 
  TIG-1 is a normal human fibroblast strain which has been used 
extensively on studies of cellular senescence and numerous data on 
it have been accumulated at molecular level. Recently, a method  
for generating induced pluripotent stem cells (iPSCs) was 
developed. We introduced four reprogramming genes to TIG-1 and 
succeeded to isolate colonies which had embryonic stem cells 
(ESC)-like morphologies. They expressed ESC marker, OCT4, 
SOX2, SSEA4 and TRA-1-81 proteins and OCT4 and NANOG 
transcripts, showing establishment of iPSC lines from TIG-1. The 
iPSC clones could differentiate to all three germ layers as shown by 
mRNA expressions for a-fetoprotein (endoderm), MSX1 
(mesoderm) and microtubule associated protein 2 (ectoderm). 
Immunostaining also detected a-fetoprotein, a-smooth muscle actin 
and b-tubulin. The iPSCs formed tetatoma containing all three 
germ layers in SCID mice. Thus, by comparing aging of parental 
TIG-1 cells and differentiation to myofibroblasts from iPSCs, we 
will be able to reveal and exact differentiation in process between 
senescence and terminal differentiation. 
 
2.  Differentiation of germ cells. 
1) tesmin: We have cloned a novel cDNA encoding a testis-specific 
metallothionein-like protein, tesmin, by randomized RT-PCR on 
RNA from mouse tissues. Two tesmin-related transcripts (2.2 and 
1.8 kb) in mouse and one (2.1 kb) in human were detected and 
sequenced. These encode a cysteine-rich 60 kDa protein (475 
amino acid residues) that contained a metallothionein-like motif. A 
search of databases indicated that tesmin is a member of the 
CXC-hinge-CXC family, which is highly conserved through plants, 
tetrahimena, C. elegans, mouse and human. 
  In situ hybridization analysis in adult mouse testis showed that 
tesmin is specifically expressed in spermatocytes. Quantitative 
RT-PCR at different stages of mouse postnatal development (days 
4, 8, 12, 18, and 42) revealed that tesmin is expressed as early as 
day 8 and coincides with the entry of germ cells into meiosis. 
Furthermore, adult W/Wv sterile mice that harbor the c-kit 
mutation was found to lack tesmin expression. The gene is assigned 

to mouse chromosome 19B, which translocated (11;19) in male 
sterile mice. 
  An immunohistochemical study indicated that tesmin exhibits 
dynamic changes in subcellular localization during 
spermatogenesis. Before meiosis, it was localized in the cytoplasm 
of early to late spermatocytes and then translocated into the nucleus 
just before meiotic division. After meiosis, it appeared in 
spermatids, starting from the acrosomal vesicles, moving to the 
nuclear membrane and then to the caudal end as the spermatids 
elongated, and finally relocating into the cytoplasm. Oxidative 
stress by cobalt chloride, as well as by diethylmaleate, induced 
premature translocation of tesmin from the cytoplasm to the 
nucleus and apoptotic morphologyin spermatocytes. A study on the 
mechanism of shuttling of tesmin between nucleus and cytoplasm 
is now intensively under way in this lab. 
2) LIN54: The mammalian LIN complex (LINC) plays important 
roles in regulation of cell cycle genes. LIN54 is an essential core 
subunit of the LINC and has a DNA binding region (CHC domain), 
which consists of two cysteine-rich (CXC) domains separated by a 
short spacer. We generated various LIN54 mutants, such as CHC 
deletion mutant, and investigated their subcellular localizations and 
effects on cell cycle. Wild-type LIN54 was predominantly 
localized in the nucleus. We identified two nuclear localization 
signals (NLSs), both of which were required for nuclear 
localization of LIN54. Interestingly, deletion of one CXC domain 
resulted in an increased cytoplasmic localization. The cytoplasmic 
LIN54 mutant accumulated in the nucleus after leptomycin B 
treatment, suggesting CRM1-mediated nuclear export of LIN54. 
Point mutations (C525Y and C611Y) in conserved cysteine 
residues of CXC domain that abolish DNA binding activity also 
increased cytoplasmic localization. These data suggest that DNA 
binding activity of LIN54 is required for its nuclear retention. We 
also found that LIN54 (C525Y) and LIN54 (C611Y) inhibited cell 
cycle progression and led to abnormal nuclear morphology. Other 
CXC mutants also induced similar abnormalities in cell cycle 
progression. LIN54 (C525Y) led to a decreased expression of some 
G2/M genes, whose expressions are regulated by LINC. This cell 
cycle inhibition was partially restored by overexpression of 
wild-type LIN54. These results suggest that abnormal cellular 
localization of LIN54 may have effects on LINC activity. 
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Research 

I. Gene expression analysis of mouse embryonic carcinoma P19 
cells induced to form neural cells. (Rie Komori, Takanobu 
Kobayashi and Hiroshi Miyazawa) 
   Mouse embryonic carcinoma P19 cells are pluripotent cells that 
can be induced to differentiate into multiple cell types by cellular 
aggregation in the presence of differentiating agents. When 
aggregated in the presence of all-trans retinoic acid (ATRA), P19 
cells differentiate into neural cells (including neurons and glia 
cells), whereas the same cells aggregated in the presence of DMSO 
differentiate into cardiomyocytes. These cells can simulate the 
molecular and morphological events occurring during early 
embryonic development, and have been used extensively as a 
model to study the molecular mechanisms controlling the process 
of differentiation into cardiomyocytes or neural cells. 

    To identify the genes associated with induction of neural 
differentiation, we carried out a transcriptome analysis of P19 cells 
induced to form neural cells by ATRA. We employed the DNA 
microarray method, which can produce an accurate and derailed 
profile of gene expression. Numerous genes were activated in P19 
cells in response to ATRA treatment. We compared the expression 
profiles from control (undifferentiated) and ATRA-treated P19 
cells, which provided an abundance of information about the gene 
products involved in neural differentiation. We confirmed the 
sequential expression patterns of some genes over the course of 
differentiation. We are investigating the relationship between 
ATRA treatment and expression patterns of these genes, 
interactions with other factors, and functions in neural 
differentiation. These findings will provide useful clues to a more 
comprehensive understanding of the complex processes involved in 
the induction of neural differentiation. We are undertaking 
additional investigations to better understand the role played by 
these genes during the induction of neural differentiation.   
 
II. DNA Oxidation, Point Mutation and DNA repair. (Katsuhito 
Kino) 
   The genome is constantly assaulted by oxidation reactions that 
are likely to be associated with oxygen metabolism, and oxidative 
lesions are generated by many of these oxidants. Such 
genotoxin-induced alterations in the genomic message have been 
implicated in aging and in several pathophysiological processes, 
particularly those associated with cancer. 
1. Guanine Oxidation 
   Photosensitized oxidation of guanine provides various 
oxidation products, including 8-oxoguanine (8-oxoG) and 
imidazolone. Riboflavin (vitamin B2) is known to be an effective 
photosensitizer for the oxidation of guanine. We have 
demonstrated: the user-friendly synthesis and photoreaction of a 
flavin-linked oligonucleotide; the practical synthesis of 
hydroxyethyl-flavin from commercially available riboflavin; and 
the preparation of a flavin-linked oligonucleotide using a 
phosphoramidite of hydroxyethyl-flavin. To demonstrate the 
usefulness of this method, the flavin-linked oligomer was 
synthesized. The flavin-linked oligomer and its complementary 
oligomer containing 8-oxoG were then irradiated under UV light 
(366 nm) at neutral pH. Enzymatic digestion of the irradiated 
mixture indicated that the 8-oxoG residue was oxidized to 
imidazolone. These results demonstrated that 8-oxoG is effectively 
oxidized to imidazolone by photosensitization of the terminal 
flavin via a hole-transfer mechanism, and imidazolone is formed by 
one-electron oxidation of 8-oxoG at neutral pH. 
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    In addition, 8-OxoG was specifically oxidized by iodine with 
aqueous KI. Under acidic conditions, the major product was 
dehydro-guanidinohydantoin. Under basic conditions, two 
diastereoisomers of spirohydantoin were chiefly obtained. In 
addition, unstable diimine was detected for the first time. 
2. Point Mutation by Guanine Oxidation. 
   The guanine base (G) in genomic DNA is highly susceptible to 
oxidative stress because it has the lowest oxidation potential. 
Therefore, G-C-->T-A and G-C-->C-G transversion mutations 
frequently occur under oxidative conditions. One typical lesion of 
G is 8-oxoguanine (8-oxoG), which can pair with A, and this 
pairing may cause G-C-->T-A transversion mutations. Although 
the number of G-C-->C-G transversions is rather high under 
specific oxidation conditions such as riboflavin photosensitization, 
the molecular basis of G-C-->C-G transversions is not known. 
    We have shown that Iz is a key oxidation product of G when 
8-oxoG in DNA photosensitized with riboflavin or anthraquinone. 
Primer extension experiments have demonstrated that Iz can 
specifically pair with G in vitro. Thus, specific Iz-G base pair 
formation can explain the G-C-->C-G transversion mutations that 
appear under oxidative conditions. 
    Moreover, we found that guanine is preferentially 
incorporated opposite 2,2,4-triamino-5(2H)-oxazolone (Oz) by 
eukaryotic DNA polymerases alpha, beta and epsilon, and we first 
propose the chemical structure of an Oz:G base pair having 
hydrogen bonds. Especially, since DNA polymerases alpha and 
epsilon play an important role in eukaryotic DNA replication, our 
results indicate that Oz is the premutagenic lesion that causes 
G:C-C:G transversions. Our results first clarify the mechanism of 
G:C-C:G transversions in eukaryote, and we mention the chemical 
consideration in guanine insertion opposite Oz. Thus we believe 
that our present study has novel insights into the molecular 
mechanism of point mutations underlying the first trigger which 
causes several diseases. 
    In addition to Oz, guanidinohydantoin (Gh)/iminoallantoin 
(Ia) and spiro-imino-dihydantoin (Sp) are known products of 
oxidative guanine damage. These damaged bases can base pair with 
guanine and cause G:C-C:G transversions. In this study, the 
stabilization energies of these bases paired with guanine were 
calculated in vacuo and in water. The calculated stabilization 
energies of the Ia:G base pairs were similar to that of the native 
C:G base pair, and both bases pairs have three hydrogen bonds. By 
contrast, the calculated stabilization energies of Gh:G, which form 
two hydrogen bonds, were lower than the Ia:G base pairs, 
suggesting that the stabilization energy depends on the number of 
hydrogen bonds. In addition, the Sp:G base pairs were less stable 
than the Ia:G base pairs. Furthermore, calculations showed that the 
Oz:G base pairs were less stable than the Ia:G, Gh:G and Sp:G base 
pairs, even though experimental results showed that incorporation 
of guanine opposite Oz is more efficient than that opposite Gh/Ia 
and Sp. 

    Next, we demonstrated that hNEIL1 and hNTH1 cleave Oz 
sites as efficiently as 5-hydroxyuracil sites. Thus, hNEIL1 and 
hNTH1 can repair Oz lesions. Furthermore, the nicking activities of 
these enzymes are largely independent of nucleobases opposite Oz; 
this finding indicates that removing Oz from Oz:G and Oz:A base 
pairs might cause an increase in the rate of point mutations in 
human cells. 
3. Chemistry of flavins 
   Photoirradiation in the presence of riboflavin led to guanine 
oxidation and the formation of imidazolone. Meanwhile, riboflavin 
itself was degraded by ultraviolet light A (UV-A) and visible light 
(VIS) radiation, and the end product was lumichrome. VIS 
radiation in the presence of riboflavin oxidized guanine similarly to 
UV-A radiation. Although UV-A radiation with lumichrome 
oxidized guanine, VIS radiation with lumichrome did not. Thus, 
UV-A radiation with riboflavin can oxidize guanine even if 
riboflavin is degraded to lumichrome. In contrast, following VIS 
radiation degradation of riboflavin to lumichrome, VIS radiation 
with riboflavin is hardly capable of oxidizing guanine. The 
consequences of riboflavin degradation and guanine photooxidation 
can be extended to flavin mononucleotide and flavin adenine 
dinucleotide. In addition, we report advanced synthesis; 
carboxymethylflavin was obtained by oxidation of 
formylmethylflavin with chlorite and hydrogen peroxide; 
lumichrome was obtained by heating of formylmethylflavin in 50% 
AcOH; lumiflavin was obtained by incubation of 
formylmethylflavin in 2 M NaOH, followed by isolation by 
step-by-step concentration. 
 
III. Identification of novel low molecular compounds that inhibit 

binding of NF-κB to DNA (Takanobu Kobayashi) 
   The nuclear transcription factor-κB (NF-κB) is one of the 
central regulators of an organism’s response to various stress 
signals. In response to an extracellular signal, NF-κB translocates 
into the nucleus, binds to DNA, and activates the transcription of 
specific genes. NF-κB regulates the transcription of a number of 
genes involved in immune and inflammatory pathways and in 
apoptosis.  Dysregulation of NF-κB contributes to a variety of 
pathological conditions. Therefore, the down-modulators of NF-κB 
could have important therapeutic implications. One of the strategies 
for the down-regulation of NF-κB transcriptional activity is the 
specific inhibition of the DNA binding of NF-κB.  
   We have screened a virtual library using our structure-based 
computational screening method, thus enabling us to identify 
several compounds that inhibit DNA-NF-κB interactions. In our 
most recent studies, the inhibitory effects of the hit compounds 
selected from the virtual library were measured using fluorescence 
correlation spectroscopy (Olympus MF20) and an Electrophoresis 
Mobility Shift Assay.  Using these methods, we found some 
compounds that inhibit the DNA-NF-κB interaction. We expect 
that these compounds may down-modulate the transcriptional 
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function of NF-κB. 
 
IV. Regulation of DNA replication machinery (Hiroshi 
Miyazawa) 
    DNA contains the genetic information which can be viewed as 
the organism’s vital plan. Maintenance and replication of DNA, 
and the expression of the genetic information in DNA are the bases 
for life.  In addition, information units of more than 109 are 
packaged and condensed in the nucleus of living cells. The 
condensation/decondensation of DNA molecules is dynamically 
repeated in growing cells during development and differentiation, 
necessitating strict control of the expression of genetic information. 
   Our purpose is to elucidate the functions of DNA replication 
factors and the proteins interacting with replication factors, and to 
ask how these factors act in various reactions occurring in DNA, 
such as DNA repair or transcription. We are investigating the 
behavior of these factors in nuclear structure, and studying how the 
DNA replication machinery is regulated during the cell cycle and 
cell differentiation. 
   So far, we have found that the second largest subunit of DNA 
polymerase ε (DPE2) interacts with SAP18, a polypeptide 
associated with the co-repressor protein Sin3. DNA polymerase ε is 
involved in chromosomal DNA replication, DNA repair and 
cell-cycle checkpoint control in eukaryotic cells. The Sin3 complex 
consists of several peptides containing the histone deacetylases, 
HDAC1 and HDAC2. By deacetylating histones in the 
chromosome, HDAC condenses chromatin structure, resulting in 
the repression of gene expression.  The interaction of HDAC 
activity with replication factors predicts that DNA polymerase ε is 
involved in the maintenance of chromatin structure and 
transcriptional silencing during DNA replication. Thus DNA 
polymerase ε appears to be involved in epigenetic regulation. We 
are investigating how the interaction of DNA polymerase ε and the 
replication complex with proteins involved in epigenetic regulation 
(i.e. DNA methyltransferases, histone acetylases and deacetylases, 
and so on) change in the process of DNA replication and cell 
differentiation.   
 
V. The improvement in safety of oysters harvested in Shido Ba 
(Hiroshi Miyazawa) 
   Oysters cultured in Shido Bay are noted products in Sanuki city, 
and they are only for cooking. Oysters harvested in bad growing 
environment cause gastroenteritis if you eat them without cooking. 
The gastroenteritis is due to noroviruses or some kinds of bacteria 
contaminated in oyster gastrointestinal organs. To improve safety 
of oysters harvested in Shido Bay, we will research the growing 
environment of the oysters and investigate whether the oysters have 
pathogenic microorganism such as norovirus. Next, we will 
construct the new methods for removing pathogenic microorganism 
from oysters. 
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Research 

I. Analysis of the molecular mechanism by which 
lysophospholipids regulate inflammatory responses in RA 
synovial cells. 
Investigators: Hiromi Nochi and Koichi Tamoto. 
     In the previous studies, we assessed the role of 
lysophosphatidic acid (LPA) and synovial fluid of rheumatoid 
arthritis (RA) patients in COX-2 induction in fibroblast-like RA 
synovial cells. We found that synovial fluid from RA patients 
stimulated COX-2 induction, which was associated with 
prostaglandin E2 production, in RA synovial cells. The synovial 
fluid-induced responses were inhibited by pertussis toxin, Gi/0 
protein inhibitor, and by Ki16425, antagonist for LPA receptors 
(LPA1 and LPA3). Indeed, LPA effectively induced COX-2 
expression and prostaglandin E2 production. The LPA-induced 
actions were markedly inhibited by pertussis toxin and Ki16425. 
Furthermore, LPA synergistically enhanced IL-1-induced COX-2 
expression and prostaglandin E2 production in a manner sensitive to 
pertussis toxin and Ki16425. RA synovial cells abundantly 
expressed LPA1 receptor compared with other LPA receptor 
subtypes. The LPA content in RA synovial fluid was just the 
threshold to induced the action. These results suggested that LPA 
existing in the RA synovial fluid plays a critical role in COX-2 
induction in collaboration with inflammatory cytokine, IL-1, in RA 
synovial cells. To further confirm the roles of two LPA receptor 
subtypes, LPA1 and LPA3, we have established several monoclonal 
antibodies against LPA1 /LPA3. These monoclonal antibodies may 
be a powerful tool to analyse the inflammatory responses in RA. 

     The local acidification of extracellular pH causes augmentation 

of cell proliferation as observed in the cancer tissue and the 

inflammatory site. In RA, the proliferation of synovial cell is 

abnormally augmented and the pH of synovial fluid from RA patient 

is lower than that of normal synovial fluid. Therefore, we examined 

the possibility that the local acidification in intraarticular cavity may 

affects the inflammatory responses and contributes to exacerbation of 

pathological condition in RA. We found that extracellular acidic pH 

induced COX-2 and ADAMTS-4 expression through Gq-coupled 

proton-sensing receptor (OGR1) in RA synovial cells. Furthermore 

extracellular acidic pH synergistically enhanced LPA-induced 
COX-2 and ADAMTS-4 expression. Furthermore, LPA-induced 

COX-2 expression under acidic condition lasted for several hours, 
though the LPA-induced COX-2 expression under physiological 

condition was transient. To examine details of the intracellular 

signaling mechanism by which COX-2 and ADAMTS-4 induction 

are regulated under acidic circumstances, further studies are now 

under way. 
 
II. Analysis of the mechanism by which weakly basic agents 
regulate leukocyte functions through giant granule formation. 
Investigators: Yoshimitsu Kiriyama, Hiromi Nochi and Koichi 
Tamoto. 
     Membrane traffic, such as degranulation, endocytosis, 
exocytosis and vesicle fusion, plays an important role in leukocyte 
functions during inflammation and allergic responses. However, 
mechanisms of membrane traffic in leukocytes have not been fully 
clarified yet. In the course of our investigation of the effects of 
weakly basic agents on leukocytes, we found that these agents 
induced giant autolysosomes correlated with inhibition of 
degranulation in leukocytes and high concentration of weakly basic 
agents inhibited autophagy. We found that only GABARAPL1 
mRNA among LC3 family members and mitochondria protein Nix 
mRNA are upregulated by weakly basic agents or mitochondrial 
membrane potential disrupter, CCCP. These results suggest that 
GABARAPL1 may play an important role in mitophagy, an 
autophagy-related pathway specific for mitochondria. Further 
studies on the mechanism of autophagy are under way. 
 
III. Isolation and identification of active components in royal 
jelly which regulate cell growth of human osteosarcoma MG-63 
cells.  
Investigators: Hiromi Nochi and Koichi Tamoto. 
     Royal jelly contains a variety of molecules biologically 
active towards various types of cells. We recently found that an 
water-soluble extract of royal jelly inhibited COX-2 expression and 
cellular proliferation in osteosarcoma MG-63 cells. To identify 
active components in royal jelly that regulate cellular proliferation 
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of MG-63 cells, a water-soluble extract of royal jelly was separated 
by HPLC. The molecular structure of substances thus isolated was 
analysed and the structures of 10 substances were determined. 
AMP N1-oxide and adenosine N1-oxide were found to be active 
component in royal jelly that inhibits cellular proliferation by 
inducing G0/G1 cell cycle arrest in MG-63 cells. These results 
suggest that AMP N1-oxide and adenosine N1-oxide existing in 
royal jelly might be a useful therapeutic agent for treatment of bone 
cancer. Further studies on the action mechanism of the compound 
are now under way. (Collaborations with Associate Prof. Osamu 
Shirota and Prof. Setsuko Sekita at Kagawa School of 
Pharmaceutical Sciences, Tokushima Bunri University, and Mr. 
Masahiko Sai and Dr. Tatsuhiko Itoh at Institute of Health Care, 
Morinaga & Co. Ltd.)  
  
IV. Structural and functional analyses of guinea pig CR3.  
Investigators: Hiromi Nochi and Koichi Tamoto. 
     The complement receptor type 3 (CR3) is a hetero-dimeric 
molecule consisting of the α and the β subunits. This molecule is 
involved in leukocyte adhesion reactions through its binding to a 
variety of ligand molecules. Recently, we found that guinea pig 
CR3 acts as an HA binding protein. However, the localization of 
the ligand binding site on this molecule has not been studied. To 
solve the problem, we first analyzed the primary structure of the 
CR3 α subunit and compared it with that of the human CR3 α 
subunit. We found that the guinea pig CR3 α subunit, but not the 
human CR3 α subunit, possesses a BX7B motif that is known to be 
involved in the HA binding activity of the RHAMM molecule. 
Other HA binding structures such as the Link module that is shared 
by most HA binding proteins was not found on the guinea pig or 
human CR3 α subunit. These results suggest the possibility that 
guinea pig CR3 but not human CR3 may use the BX7B motif of the 
α subunit in the interaction with the HA molecule. To further 
clarify the correlation between the function and molecular structure 
of this molecule, analysis of total primary structure of the β subunit 
is now in progress.  
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Research 

Molecular and neural mechanisms of eyeblink classical 

conditioning  

 

Introduction:  Associative learning is a fundamental form of 
cognition in humans and animals. Eyeblink classical 
conditioning (EBCC) is the form of associative learning that 
has been most extensively studied at the neurological and 
behavioral level. Its basic neural circuitry and neural 
mechanisms have been demonstrated to be similar in all 
mammals. Since the same paradigm is applicable to humans 

as well as non-human mammals, there is growing interest in 
EBCC for the study of human diseases of motor and memory 
impairment, in parallel with detailed studies of the molecular 
and neural mechanisms in animal models. 
   Typical EBCC experiments use a tone as the conditioned 
stimulus (CS), and a periorbital shock or corneal air puff as 
the unconditioned stimulus (US). By repeated presentations of 
the CS paired with the US, the CS comes to elicit an eyeblink, 
which is called the conditioned response (CR).  Previous 
studies have indicated that the cerebellum and brainstem are 
sufficient for delay conditioning in which the US is delayed 
and co-terminates with the CS. On the other hand, trace 
conditioning, in which a stimulus-free trace interval intervenes 
between the CS and US, requires other brain regions, 
including the hippocampus and the medial prefrontal cortex 
(mPFC). 
 

 Cerebellar Cortical Mechanism of EBCC: Long-term 
depression (LTD) at parallel fiber-Purkinje cell synapses in 
the cerebellar cortex has been proposed as the neural substrate 
for EBCC. Since the glutamate receptor subunit δ2 (GluRδ2) 
is selectively expressed at the dendritic spines of the Purkinje 
Cell (PC) and is essential for the induction of cerebellar LTD, 
GluRδ2-null mice (in which cerebellar LTD is specifically 
impaired) provide a useful means to test the cerebellar LTD 
hypothesis. Mutant mice lacking GluRδ2 show severe learning 
impairment in delay conditioning, but learn normally in trace 
conditioning. This surprising finding has now been confirmed 
in experiments with another line of mutant mice lacking 
phospholipase Cβ4 and with wild-type mice subjected to 
intracerebellar injection of the NO synthase inhibitor 
L-NAME, both of which lack cerebellar LTD. Therefore, there 
may be variations in the cerebellar neural substrates for 
eyeblink conditioning, depending on the CS-US temporal 
overlap. 

We have recently found that the muscarinic acetylcholine 
receptor antagonist scopolamine and the NMDA receptor 
antagonist MK-801 impair learning in trace conditioning 
experiments with a zero trace-interval (trace 0 paradigm 
experiments) in GluRδ2-/- mice, and that the metabotropic 
glutamate receptor subtype 1 outside the cerebellum is 
essential for trace conditioning but not for delay conditioning. 
These findings suggest a contribution of the hippocampus to 
the LTD-independent learning mechanism. To examine this 
possibility further, we have looked at the effects of 
hippocampal lesions on learning in GluRδ2-/- mice. GluRδ2-/- 
mice whose dorsal hippocampi were aspirated exhibit severe 
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learning impairment in the trace 0 paradigm experiments, 
while control GluRδ2-/- mice that received a lesion in the 
cortex overlying the hippocampus are able to learn promptly. 
Wild-type mice do not show such hippocampal dependency in 
the trace 0 paradigm. We therefore concluded that the 
hippocampus is essential for learning with a trace 0 paradigm 
when cerebellar LTD is disrupted. In contrast, GluRδ2-/- mice 
that receive post-training hippocampal lesions retain the 
memory as well as the control GluRδ2-/- mice do. The 
hippocampal lesion also does not affect memory retention in 
wild-type mice. These results suggest that the hippocampus is 
not essential for retention of motor memory with a trace 0 
paradigm in LTD-deficient mice. Thus, the present studies 
clearly argue that the hippocampus is essential for memory 
formation in cerebellar motor learning when cerebellar LTD is 
disrupted. These studies suggest that the neural network which 
underlies learning and memory is both flexible and robust.  

 
Application of EBCC to Studies of Human Memory Loss: In 

addition to its great advantage as a model system for learning 
and memory, EBCC is expected to have wide potential 
application to clinical studies, including motor impairment 
(e.g. Parkinson’s disease), dementia (e.g. Alzheimer’s 
disease), and other psychopathologies.  Such studies using 
mouse models of human memory loss (experiments using 
aged animals, Alzheimer disease model mice, prion protein 
–deficient mice) were conducted. 

 
Application of EBCC to Monkey: Delay eyeblink conditioning, 

in which a tone (conditioned stimulus, CS) is paired with an 
air puff (unconditioned stimulus, US), is a 
cerebellum-dependent learning paradigm supposedly 
unrelated to human awareness. This learning paradigm has 
been applied to various mammalian species; however, delay 
eyeblink conditioning in monkeys has not yet been reported. 
We developed a system that we believe is the first for delay 
eyeblink conditioning in a monkey species (Macaca mulatta) 
(Fig.1). The eye blinking of a monkey was monitored and 
evaluated simultaneously by using orbicularis oculi 
electromyographic (OO-EMG) measurements and an 
eyelid-state detection system comprising a 1-kHz high-speed 
image processor (Intelligent Vision Sensor, C8201; 
Hamamatsu Photonics K.K.). In the conditioning procedure, a 
1-kHz tone served as the CS while an air puff (0.02 MPa) 
served as the US. EMG signal analysis indicated that 
monkeys (n = 5) exhibited a conditioned response (CR) 
frequency of more than 60% during the 5-day acquisition 
session and an extinguished CR during the 2-day extinction 
session. High-speed image processing analysis also yielded 
similar results for CRs in both the acquisition and extinction 
sessions. Hence, we concluded that both analytical methods 

are effective in evaluating monkey eyeblink conditioning. 
This multi-measuring system, incorporating different 
measuring principles, has enabled us to elucidate the 
relationship between the actual state of eyelid closure and the 
OO-EMG activities during the experiment. An interesting 
finding of this study was that the monkeys often elicited the 
obvious CRs even when their eyes were closed. Our 
quantitative analysis confirmed that the probability of CR 
incidence is not greatly influenced by whether the monkeys 
closed their eyelids just before CS onset. This novel 
multi-measuring system for eyeblink CRs in monkeys will 
serve as a useful tool for elucidating the neural mechanism 
underlying implicit/unconscious learning in non-human 
primates. 

 

Fig.1. Schematic diagram of the system for evaluating eyeblink 
conditioning in monkeys. 
The eyeblink of a monkey was measured and evaluated by an 
electromyogram (EMG) method and a 1kHz high-speed image processing 
(Intelligent Vision Sensor, C8201; Hamamatsu Photonics K.K.), 
simultaneously. Within the conditioning procedure, a 1-kHz tone by a 
speaker close to the left ear was used as the conditioned stimulus (CS). On 
the other hand, the unconditioned stimulus (US) was an air-puff jetted from 
the air nozzle, to the left cornea. EMG was picked up from the left temple, 
and the movement of the left eyelid (ipsilateral to the air-puff stimulation) 
was measured by the Intelligent Vision Sensor. 
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Research 

Since the expansion of the Institute of Neuroscience, Tokushima 
Research areas of the laboratory 
I. Study of neural circuit mechanisms of learning and memory with 
optical recording methods 
The primary interest of the laboratory is the neural circuit 
mechanisms of higher cognitive functions, such as learning and 
memory, in the brain. A measurement method that makes the 
laboratory unique in the field is an optical recording method that 
uses voltage-sensitive dye (VSD) with electrophysiology. As one 
of the leading laboratories in the use of this technique, we have 
been continuously developing the method since the 90s and have 
provided established tools to colleges throughout the world.  
 
II. Analysis of the electrophysiological control of excitable 
membranes in connection with ciliary structures. 
By focusing on the role of information integration in the membrane 
potentials of cells, we have used the model organism, paramecium, 
which is the simplest single-celled animal, to study the mechanisms 
of the membrane potential control of cilia.  
 
Specific research aims 
Area I 
1. Neural circuitry mechanisms of the limbic system: Optical study. 
The limbic system is a brain structure that is critical for emotion 
and declarative memory. The limbic system consists of many areas, 
including the hippocampus, amygdala, and associated cortical 
systems, such as the entorhinal and piriform cortices. We are 
analyzing the function of these circuits by visualizing neural 
activity with the VSD optical recording methods.   
We have revealed reverberation circuits and information 
integration mechanisms in the deep layers of the entorhinal and 
piriform cortices in association with the hippocampal neural circuit 
(Science, 1996; Neurosci. Res., 2008) with Professor Toshio 
Iijima's group at Tohoku University. In addition, we have found 

that neuronal signals from layer III of the medial entorhinal cortex 
are critical for temporal association memory formation (Science, 
2011) with Professor Susumu Tonegawa's laboratory at the 
Picower center for learning and memory at MIT. We have also 
revealed information integration processes in the entorhinal cortex 
(Eur. J. Neurosci., 2007) with Dr. Riichi Kajiwara and Dr. Ichiro 
Takashima's group at AIST Japan.   
In the 2012 fiscal year, we showed that the D-current plays an 
important role in the integration of neural activity in the entorhinal 
cortex in collaboration with Dr. Riichi Kajiwara (Japan Society for 
Neuroscience, 2012; Society for Neuroscience, 2012; supported by 
KAKENHI). 
2. Development of an optical measurement microscope: stimulation 
pattern with a confocal microscope system and a new optical 
measurement. 
The optical recording method with VSD requires high-speed and 
low-noise imaging. This requires new special optics. We have been 
developing special optics that meet these requirements (J. Neurosci. 
Methods, 2000; now commercially available as THT-microscope, 
BrainVision).   
We have also developed special new ultra-high-speed and 
low-noise confocal optics (submitted; supported by JST tansaku, 
A-STEP). 
In addition, we have developed a microscope that allows us to 
conduct light stimulus patterns to the neural networks (SFN abstr., 
2011). 
Recently, we have started a project to develop a special chamber 
that is suitable for these experiments (Supported by JST A-STEP, 
2012-2013). 
3. Mechanisms of late-onset brain dysfunctions caused by early 
transient exposure to chemicals and drugs. 
There are several lines of evidence that indicate that the early 
transient exposure to certain chemicals during brain development 
results in the malfunctioning of cognitive function in adulthood. 
The neural mechanisms of these effects are largely unknown. We 
are evaluating these neural mechanisms with our optical recording 
methods as part of the research team that is supported by the 
Ministry of Health, Labour and Welfare (2008-).   
We have shown that the administration of valproic acid, which is 
the first-line drug used in the treatment of epilepsy, during 
pregnancy causes a collapse of the balance of excitation and 
inhibition in children born to these mothers (Japanese Society of 
Toxicology, 2012). This study is joint research that is being 
conducted with Kentaro Tanemura sensei of Tohoku University, Dr. 
Yoshikazu Nakajima of Nara Institute of Science and Technology, 
and the teacher Katsuhide Igarashi of the Japan Institute of Health 
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Sciences. 
In addition, we will organize a symposium at the Japan 
Neuroscience Society in Kyoto in June 2013. 
4. Study of the Application of optical measurement methods to test 
ES cell function. 
This study was initiated in 2012 and is intended to use the optical 
recording method with VSD to characterize cells that are 
differentiated from human ES cells. This is joint research that is 
being conducted with Prof. Katsunori Sasaki, Shinshu University 
[supported by KAKENHI (A)]. 
5. Visualization of cell-specific membrane potential responses by 
the introduction of voltage sensitive fluorescent protein (VSFP), 
which is a new membrane potential-sensitive protein. 
In collaboration with Dr. Thomas Knopfel at RIKEN BSI, we have 
succeeded in detecting optical signal-specific hippocampal 
pyramidal cells by introducing a new VSFP from 2012. The 
detection of cell-specific signals are made possible in specimens in 
vivo by the further development of this technique. 
6. Detection and use of the optical signals from neural excitation 
with a polarized light microscope. 
This is joint research that is being conducted with Dr. Tomomi 
Tani and Dr. Oldenburg of Woods Hole MBL. In this study, we 
aim to detect changes in nerve optical properties, such as 
polarization, that are caused by nerve excitation. In March of 2013, 
we will visit the MBL for this purpose. 
7. Studies of the mechanisms of regulation by a variety of factors 
and the neural responses of hippocampal neural synapses. 
We are collaborating with various laboratories to apply our method 
in order to examine the neural pathologies of diseases, such as 
Alzheimer's disease, and other factors (J. Neurosci., 1996; Neurosci. 
Letters, 1997; J. Neurosci, 2002; PNAS, 2004; Neuropharmacol., 
2005). 
8. Regulation mechanisms of neural activity by inhibitory synapses 
in the hippocampus. 
The unique feature of VSD imaging compared to other biological 
imaging methods is that it can measure hyperpolarization and, thus, 
inhibitory neural responses. From this point of view, we found 
depolarizing GABA responses in area CA1 in response to tetanic 
stimulation (J. Neurophysiol., 2002; Pfluger's Arch., 2010). In 
addition, we found perisomatic inhibitory actions with feedforward 
inhibition (Neurosci. Res., 2009). 
Area II 
1. Physiological studies of osmoregulatory mechanisms and 
contractile vacuoles of Paramecium. 
For the first time, we have applied electrophysiological methods to 
the study of the Paramecium organelles, the contractile vacuoles, 
and have revealed the membrane dynamics that are involved in this 
periodic activity (J. Exp. Biol., 1997a, b; 1998a, b; J. Cell Sci., 
1999; J. Exp. Biol., 2005). 
 
2. Physiological studies of membrane proteins and cilia of 

paramecium response mechanisms. 
The use of recent techniques of RNA interference knockdown in 
combination with the whole genome project of the Paramecium has 
enabled us to knock down particular proteins that are associated 
with cilia disease (so-called ciliopathy). We have found that the 
absence of some molecules that have been thought to be structural 
proteins induces behavioral changes. By applying 
electrophysiological methods to this mutant, we have examined the 
relationship of that behavior and the membrane responses and 
found that some of these "structural proteins" are actually involved 
in membrane potential-mediated signal transduction (e.g., Eukary. 
Cell, 2012). This is joint research that is being conducted with Prof. 
Hori of Yamaguchi University. 
 

Publications 

��2008-2012 

 [Original papers] 
*Corresponding author 
2012 
1. Kutomi, O., Hori, M., Ishida, M., Tominaga, T., Kamachi, H., 

Koll, F., Cohen, J., Yamada N and Noguchi M. (2012). 
Outer Dynein Arm Light Chain 1 Is Essential for Controlling 
the Ciliary Response to Cyclic AMP in Paramecium 
tetraurelia. Eukaryotic cell, 11(5), 645–653. 
doi:10.1128/EC.0527 

2011 
1. Suh, J., Rivest, A.J., Nakashiba, T., Tominaga, T., and 

Tonegawa, S. (2011). Entorhinal cortex layer III input to the 
hippocampus is crucial for temporal association memory. 
Science 334, 1415-1420. 

2010 

1.*Tominaga T, and Tominaga Y. (2010) GABA(A) 
receptor-mediated modulation of neuronal activity 
propagation upon tetanic stimulation in rat hippocampal 
slices. Pflugers Arch 460: 875-889. 

2009 
1.*Tominaga, Y., Ichikawa, M., Tominaga, T. (2009) Membrane 

potential response profiles of CA1 pyramidal cells probed 
with voltage-sensitive dye optical imaging in rat hippocampal 
slices reveal the impact of GABAA-mediated feed-forward 
inhibition in signal propagation Neurosci Res 64: 152-161 

2008 
1. Koganezawa, N., Taguchi, A., Tominaga, T., Ohara, S., Tsutsui, 

K., Witter, M.P., and Iijima, T. (2008). Significance of the 
deep layers of entorhinal cortex for transfer of both 
perirhinal and amygdala inputs to the hippocampus. 
Neurosci Res 61, 172-181. 

[Review articles] 
1. Allen, R.D., Tominaga, T. and Naitoh, Y. (2008) The Contractile 

Vacuole Complex and Cell Volume Control in Protozoa In: 
Osmotic and Ionic Regulation: Cells and Animals. pp. 69-105 
CRC Press, David H. Evans ed.  
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Research 

Action potential-evoked neurotransmitter release is triggered by 
Ca2+ influx through voltage-gated calcium channels located next to 
the active zone. The increase in Ca2+ concentration initiates rapid 
signaling cascades that lead to the exocytosis of synaptic vesicles 
containing high concentrations of neurotransmitter. Two soluble 
N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE) proteins from the presynaptic membrane, syntaxin 1 and 
SNAP-25, and one SNARE protein from the synaptic vesicle 
membrane, synaptobrevin-2 (also known as VAMP-2), form a 
four-helix bundle (called the trans-SNARE complex or 
SNAREpin) that catalyzes membrane fusion. The synaptic vesicle 
protein synaptotagmin 1 (Syt1) serves as a major Ca2+ sensor for 
fast action potential-evoked synaptic vesicle exocytosis. The rapid 
interactions between Syt1, the SNARE complex and membrane 
phospholipids induced by Ca2+ are critical for membrane fusion. 
The precise control of evoked neurotransmitter release requires 
several cytosolic proteins including complexin (also known as 
synaphin). Complexin and its binding to the SNARE complex are 
critical for fast neurotransmitter release, as demonstrated by studies 
in knockout mice and in Drosophila mutants. In addition, 
intra-presynaptic terminal injection of a SNARE-binding domain 
peptide that blocks complexin binding to the SNARE complex also 
inhibits rapid neurotransmitter release. Despite this evidence, 
complexin’s function remains controversial. Furthermore, recent 
studies suggest that complexin contains several functional domains 
that either stimulate or inhibit neurotransmitter release. Thus, the 
function of complexin is likely more complex than expected from 
its small size (134 aa for mammalian complexin 1 and 2). 

Like Syt1-deficient mice, complexin 1/2 double-knockouts exhibit 
an impairment of action potential-evoked synchronous (but not 
asynchronous) neurotransmitter release. However, an important 
difference exists between the two types of knockout mice: elevated 
external Ca2+ can rescue synchronous release in complexin 1/2 
double-knockouts but not in Syt1 knockouts. Thus, the functions of 
complexin and Syt1 in action potential-evoked fast 
neurotransmitter release are intimately related to each other yet 
distinct. 

Biochemically investigating the relationship between the two 
proteins, we previously demonstrated that complexin directly binds 
to Syt1 even in the absence of Ca2+. Because Syt1 binds to SNARE 
complexes weakly in the absence of Ca2+, we proposed that 
complexin recruits Syt1 to the SNARE complex prior to Ca2+ influx. 
Recently, we examined the interaction between complexin, Syt1 
and the SNARE complex using recombinant proteins. Our results 
indicate that Syt1 recruitment to the SNARE-driven fusion 
machinery by complexin is essential for vesicle exocytosis. 
 Syt1 bound weakly to complexin alone, but the addition of three 
SNARE proteins (syntaxin 1, SNAP-25 and 
VAMP/synaptobrevin-2) in combination, but not individually, 
markedly enhanced binding. Unlike full-length complexin (amino 
acid [aa] 1–134) and an NH2 (N)-terminally truncated complexin 
(aa 46–134), carboxy (C)-terminally truncated complexin s (aa 
1–104 and 1–124) could not support Syt1 binding even in the 
presence of the SNARE complex. These results indicate that the 
binding of Syt1 to the C-terminal region of complexin promotes its 
recruitment to the SNARE-driven fusion machinery, and that this 
process is crucial for Ca2+-dependent vesicle exocytosis. 
 

Publications 

��2008-2012 

 [Original papers] 
2008  
Tokumaru H. Shimizu-Okabe C. Abe T. (2008) “Direct interaction 
of SNARE complex binding protein synaphin/complexin with 
calcium sensor synaptotagmin 1” Brain Cell Biol. 36, 173-189.  
 
 [Review articles] 
Kasai H, Takahashi N, Tokumaru H. (2012) “distinct Initial 
SNARE Configurations Underlying the Diversity of Exocytosis” 
Physiol Rev. 92(4), 1915-1964  
 
 [Books] 
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Research 

 
The Study of the structure and the dynamics of proteins by 

means of site-directed spin-labeling ESR  (by Ueki) 
The spin label reagent attached to cysteine residue tells us its 

environment and the structural information of the protein through 
the ESR spectrum. In other words, the spin label acts as a reporter. 
In the case of two spin labels introduced into a protein, we can get 
the distance between two labels� by the spectrum. The merit of 
this method is that we can monitor only the spin label whatever the 
sample condition is. So we can measure the membrane protein in 
lipid for example, that is difficult to measure by other spectroscopic 
method.  
 Now we study the structure and the function of a protein called 
troponin on muscle thin filament, which controls the calcium 
induced muscle contraction. Cardiac troponin is a important protein 
in connection with heart failure. We especially investigate the 
relationship between the structure and the phosphorylation of 
cardiac troponin. The phosphorylation of cardiac troponin is a key 
mechanism of beta-adrenergic regulation in heart function. 
Recently, we focus on the study of the PKA phosphorylation of 
N-terminal domain of troponin I, and the consequential change of 
the interaction and the structure in troponin complex. 
 
The Study of the intra- and interprotein interactions by surface 

plasmon resonance  (by Ueki) 
To study the intra- and interprotein interactions reveals the 

mechanism of the protein functions and the signal transductions 
between proteins. We measure the interactions by means of surface 
plasmon resonance ( well known as the device name “biacore” ). 
Recently we study the intramolecular interactions in cardiac 
troponin which regulates the heart function. 

 
 

 

Publications 

��2008-2012 

 [Original papers] 

2012 
1. Abe, J., Ueki, S., Arata, T., Nakazawa, S., Yamauchi, S. and 

Ohba, Y. (2012). 
Improved sensitivity by isotropic substitution in distance 
measurements based on double quantum coherence EPR. 
Appl. Magn. Reson. 42, 473-85. 

2010 
1. Aihara, T., Nakamura, M., Ueki, S., Hara, H., Miki, M. and 

Arata, T. (2010). 
Switch action of troponin on muscle thin filament as revealed 
by spin labeling and pulsed EPR. 
J. Biol. Chem. 285, 10671-7. 

2009 
1. Sugata, K., Song, L., Nakamura, M., Ueki, S., Fajer, PG. and 

Arata, T. (2009). 
Nucleotide-induced flexibility change in neck linkers of 
dimeric kinesin as detected by distance measurements using 
spin-labeling EPR. J. Mol. Biol. 386, 626-36. 

2008 
1. Sato, Y., Hayashi, H., Okazaki, M., Aso, M., Karasawa, S., 

Ueki, S., Suemune, H. and Koga, N. (2008). 
Water-proton relaxivities of DNA oligomers carrying 
TEMPO radicals., Magn. Reson. Chem. 46, 1055-1058. 

 
[Review articles] 

1. Ueki, S. (2012). The study of the protein molecules., Kagayaku 
No. 148, 55-56. 

2. Ueki, S. (2010).  Modern spin labeling in protein science.,  
Seibutsu Butsuri, 50(5), 212-213. (Japanese). 
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Research 

1. Integrated study on pharmacokinetics and pharmacodynamics 
for efficient drug discovery and on the optimum drug therapy 

2. Basic and clinical analysis of drug-metabolizing enzyme and 
transporters influencing pharmacokinetics and pharmaco- 
dynamics 

3. Basic research on the toxicity mechanism of drugs, xenobiotics 
and their active metabolites 

4. Basic research for synthesis of COA-Cl (2-Cl-C.OXT-A) 
analogs, and their tube formation activities of human umbilical 
vein endothelial cells (HUVEC) 

5. Curcumin and doxorubicin co-encapsulation liposome effects on 
cell growth, apoptosis, and angiogenesis. 

 
The elucidation of relationship between pharmacokinetics (PK) 

and pharmacodynamics (PD) of drugs is critical not only for the 
discovery of novel drugs but also for their optimum uses in clinical 
settings.  The effects of clinically used drugs are influenced by 
drug-metabolizing enzymes and drug-transporters.  Therefore, one 
of our major research projects is to push an integrated analysis of 
PK and PD for investigational drugs by characterizing in vivo 
drug-metabolizing enzymes and drug-transporters under 
physiological and pathological conditions. 

We are also conducting the research of mechanism(s) for the 
decrease in levels of serum thyroid hormones by xenobiotics and 
their active metabolites, and the species difference and 
extrapolation to human in these compounds-induced alteration of 
the hormone levels. 

In addition to these projects, we have also focused on 
simultaneous determination of polybrominated diphenyl ethers 

(PBDEs), hydroxylated (OH-) and methoxylated (MeO-) PBDEs 
found in marine sponge by atmosphere pressure chemical 
ionization tandem mass spectrometry (APCI-LC/MS/MS), and 
immunotargeting of liposome to tumor and endothelial cell 
expressed membrane type-1 matrix metalloproteinase 
(MT1-MMP). 
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[Original papers] 
2012 
1. Kato, Y., Tamaki, S., Haraguchi, K., Ikushiro, S., Sekimoto, M., 

Ohta, C., Endo, T., Koga, N., Yamada, S., and Degawa, M. 
(2012). Comparative study on 2,2',4,5,5'-pentachloro- 
biphenyl-mediated decrease in serum thyroxine level 
between C57BL/6 and its transthyretin-deficient mice. 
Toxicol. Appl. Pharmacol., 263, 323-329. 

2. Kato, Y., Okada, S., Atobe, K., Endo, T., and Haraguchi, K. 
(2012). Selective determination of mono- and 
dihydroxylated analogs of polybrominated diphenyl ethers in 
marine sponges by liquid-chromatography tandem mass 
spectrometry. Anal. Bioanal. Chem., 404, 197-206. 

3. Sakakibara, N., Tsukamoto, I., Tsurura, T., Takata, M., Konishi, 
R., and Maruyama, T. (2012). Novel synthesis of 
carbocyclic oxetanocin analogs (2-alkoxy-C.OXT-A) and 
their tube formation activities of human umbilical vein 
endothelial cells (HUVEC). Heterocycles, 85, 1105-1116. 

4. Ordonez, P., Hamasaki, T., Isono, Y., Sakakibara, N., Ikejiri, M., 
Maruyama, T., and Baba, M. (2012). Anti-human 
immunodeficiency virus type 1 activity of novel 
6-substituted 1-benzyl-3-(3,5-dimethylbenzyl)uracil deriva- 
tives. Antimicrob Agents Chemother, 56, 2581-2589. 

5. Sakakibara, N., Kakoh, A., and Maruyama, T. (2012). First 
synthesis of [6-15N]-cladribine using ribonucleoside as a 
starting material. Heterocycles, 85, 171-182. 

2011 
1. Kato, Y., Onishi, M., Haraguchi, K., Ikushiro, S., Ohta, C., 

Koga, N., Endo, T., Yamada, S., and Degawa, M. (2011). A 
possible mechanism for 
2,2',4,4',5,5'-hexachlorobiphenyl-mediated decrease in serum 
thyroxine level in mice. Toxicol Appl Pharmacol 254, 48-55. 

2. Misaka, S., Kurosawa, S., Uchida, S., Yoshida, A., Kato, Y., 
Kagawa, Y., and Yamada, S. (2011). Evaluation of the 
pharmacokinetic interaction of midazolam with 
ursodeoxycholic acid, ketoconazole and dexamethasone by 
brain benzodiazepine receptor occupancy. J Pharm 
Pharmacol 63, 58-64. 

3. Koga, N., Ohta, C., Kato, Y., Haraguchi, K., Endo, T., Ogawa, 
K., Ohta, H., and Yano, M. (2011). In vitro metabolism of 
nobiletin, a polymethoxy-flavonoid, by human liver 
microsomes and cytochrome P450. Xenobiotica 41, 
927-933. 

4. Haraguchi, K., Kato, Y., Ohta, C., Koga, N., and Endo, T. 
(2011). Marine sponge: a potential source for methoxylated 
polybrominated diphenyl ethers in the Asia-Pacific food web. 
J Agric Food Chem 59, 13102-13109. 

5. Ohta, C., Haraguchi, K., Kato, Y., Endo, T., and Koga, N. 
(2011). In vivo metabolism of 
2,2',3,4,4',5'-hexachlorobiphenyl (CB138) in guinea pigs. 
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One-pot synthesis of 2-nitrooxyalkoxylated inosine analogs 
using cyclic ether and isoamyl nitrite. Heterocycles, 83, 
2865-2872. 

7. Sakakibara, N., Tsuruta, T., Komatsu, M., Iwai, M., and 
Maruyama, T. (2011). A new method for synthesis of 
2-alkoxyadenosine analogs. Heterocycles, 83, 2299-2311. 
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Ikejiri, M., and Maruyama, T. (2011). Synthesis of 
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potential anti-HIV activity. Antiviral Chemistry & 
Chemotherapy, 22, 57-65. 

9. Yamamura, M., Wada S., Sakakibara, N., Nakatsubo, T., Suzuki, 
S., Hattori, T., Takeda, M., Sakurai, N., Suzuki, H., Shibata, 
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T87 cells. Plant Biotechnology, 28, 1-8. 

2010 
1. Kato, Y., Haraguchi, K., Kubota, M., Seto, Y., Okura, T., 

Ikushiro, S., Koga, N., Yamada, S., and Degawa, M. (2010). 
A possible mechanism for the decrease in serum thyroxine 
level by a 2,3,7,8-tetrachlorodibenzo-p-dioxin-like 
polychlorinated biphenyl congener, 3,3',4,4',5-pentachloro- 
biphenyl in mice. Drug Metab Dispos 38, 150-156. 

2. Kato, Y., Haraguchi, K., Ito, Y., Fujii, A., Yamazaki, T., Endo, 
T., Koga, N., Yamada, S., and Degawa, M. (2010). 
Polychlorinated biphenyl-mediated decrease in serum 
thyroxine level in rodents. Drug Metab Dispos 38, 697-704. 

3. Kato, Y., Suzuki, H., Haraguchi, K., Ikushiro, S., Ito, Y., 
Uchida, S., Yamada S., and Degawa, M. (2010). A possible 
mechanism for the decrease in serum thyroxine level by 
phenobarbital in rodents. Toxicol Appl Pharmacol 249, 
238-246. 

4. Ito, Y., Harada, T., Fushimi, K., Kagawa, Y., Oka, H., 
Nakazawa, H., Homma, R., Kato, Y., and Yamada, S. (2010). 
Pharmacokinetic and pharmacodynamic analysis of 
acetylcholinesterase inhibition by distigmine bromide in rats. 
Drug Metab Pharmacokinet 25, 254-261. 

5. Tsukamoto, I., Sakakibara, N., Maruyama, T., Igarashi, J., 
Kosaka, H., Kubota, Y., Tokuda, M., Ashino, H., Hattori, K., 
Tanaka, S., Kawata, M. and Konishi, R. (2010). A novel 
nucleic acid analogue shows strong angiogenic activity.    
Biochemical and Biophysical Research Communications 
399, 699-704. 

6. Suzuki, S., Sakakibara, N., Li, L., Umezawa, T. and Chiang, V., 
L. (2010). Profiling of phenylpropanoid monomers in 
developing xylem tissue of transgenic aspen (Populus 
tremuloides). Journal of Wood Science, 56, 71-76. 

2009 
1. Kato, Y., Haraguchi, K., Kubota, M., Seto, Y., Ikushiro, S., 

Sakaki, T., Koga, N., Yamada, S., and Degawa, M. (2009). 
4-Hydroxy-2,2',3,4',5,5',6-heptachlorobiphenyl-mediated 
decrease in serum thyroxine level in mice occurs through 
increase in accumulation of thyroxine in the liver. Drug 
Metab Dispos 37, 2095-2102. 

2. Kato, Y., Okada, S., Atobe, K., Endo, T., Matsubara, F., Oguma, 
T., and Haraguchi, K. (2009). Simultaneous determination 
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Chem 81, 5942-5948. 

3. Haraguchi, K., Hisamichi, Y., Kotaki, Y., Kato Y., and Endo, T. 
(2009). Halogenated bipyrroles and methoxylated 
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2288-2294. 

4. Haraguchi, K., Koizumi, A., Inoue, K., Harada, K.H., Hitomi, T., 
Minata, M., Tanabe, M., Kato, Y., Nishimura, E., Yamamoto, 
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Observation of the giant molecules by means of mass 
spectrometry: 
 
Mass Spectrometry (MS) has been developed and adopted to wide 
variety of analytical chemistry in recent years. 
Although MS was basically developed for high molecular weight 
substances in the field of biochemistry, the measurement of huge 
molecules over 10k Da is still very difficult.  This is caused by the 
ionizing problems, stability of the compounds and the existence of 
various impurities. 
We develop some new techniques to overcome these problems by 
using newly equipped FT-ICR mass spectrometer. 
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History 
  Joint research with Senka Pharmacy Co., Ltd was 

started for development of new drug in April, 2004.  

Structure determination of some micro bioactive 

substances, which Senka had continued searching for 

many years came to the final stage in those days.  The 

laboratory of analytical chemistry, which was engaged in 

the precise structure determination of the bio-micro active 

materials taken out from natural product, accomplished 

this study made full use of a analytical instrumentation 

installed in this faculty.  Furthermore, the synthesis of 

this compound was completed by a team of the laboratory, 

and biological activity of this lead compound was finally 

confirmed.  The study was forward in the project by 

Yamaguchi, Danjyo and Sei in the laboratory of analytical 

chemistry.  Later, Kanagawa and Yoshida were joined 

from Senka Pharmacy as the new members for the project, 

and finally established the new laboratory in the 

pharmaceutical science at Kagawa Campus, which 

superior facilities and researchers for new drug discovery. 

 
Purpose 
  Although remarkable development of the drug discovery has 
been made, an all around anti cancer drug with a few side effects is 
not yet obtained.  In this project, we perform the research to find 
curatives which are effective for treatment and the prevention ill 
such as cancer therapeutic drugs based on organic chemistry.   
Project   
�1  Search of bioactive substances came from natural  
  products and synthesis of candidate compounds.   
�2  Development of high throughput screening.   
�3  Development of new analytical methods and 
  mechanistic study of the candidate compounds. 
 
  To achieve this, we establish a new assey system for the 
candidate compounds and accomplish high throughput screening.  
Furthermore, we make full use of the latest analytical 
instrumentation in this faculty to promote swift and acurate 

structure determination. We also expect carrying out systematic 
structure investigation of highly active candidate compounds in 
detail.  
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Research 

There is no doubt that the future direction of the life science is “the 
development of therapeutic method of human diseases based on the 
understanding of pathophysiology at molecular level”.  Our final 
goal is the integrative understanding of the pathogenesis of human 
diseases from molecular to individual level.  To pursue this task, 
animal models for human diseases are beneficial experimental tools.  
From the analyses of these animals, we have a chance to combine 
analyses of molecular and cellular level with clinical changes at 
individual level.  Further, these animals are valuable, because we 
can obtain most early changes in the pathogenesis of diseases, 
which are hardly examined in human patients.  Thus one of the 
main methods of our division is histopathological analysis of these 
animals.  These analyses require systemic approaches from 
macroscopic anatomy, conventional histological methods, immuno- 
and in situ hybridization histochemical methods using light 
microscopy and electron microscopy.  Now we are trying to 
establish a system for analyses integrating these lesions identified 
by histological techniques with biochemical and molecular 
biological analyses.  We also pursue cooperative research projects 
with medical institutions outside our university for analyses using 
human materials that fulfill ethical criteria, depending on the 
progress in each research project.  These trials using good animal 
models for human disease are expected to contribute to the better 
understanding of the pathophysiology of human disease.  
Following are the detailed information of each research project. 
1. Cellular-scale gene expression analyses by laser capture 

microdissection for the histopathological specimens of the 
brain fixed with paraformaldehyde and immunostained. 

 Laser capture microdissection (LCM) is a technique to 
isolate target cells or lesion areas from histopathological 
sections under a microscope. It has been mainly used for 
the analyses of massive tumor cells in cancer research. 
Subsequent development of the LCM system together with 
the improvement in molecular biological techniques make 
it applicable to various research fields to analyze gene 
expression of a few cells. However, it’s not yet popular to 
apply LCM to formalin-fixed pathological specimens due to 

the difficulty to isolate highly cross-linked mRNAs by 
aldehyde. We improved a RNA extraction method and 
enabled quantitative gene expression analysis by LCM 
from as few as 5 neuronal cells in aldehyde-fixed and 
immunostained pathological specimen. As representative 
examples of the analyses by this improved analytical 
method, we report here the results on the region-specific 
gene expression analysis in the hippocampus of an 
Alzheimer’s disease triple-transgenic (3xTg) mouse model, 
which showed early dendritic lesion in the hippocampal 
CA1 region as compared with control mice. We also report 
the quantitative evaluation of expression levels of 
Stearoyl-CoA desaturase 1 (SCD1) and its isoform (SCD2), 
which are enzymes to catalyze biosynthesis of 
monounsaturated fatty acids from saturated fatty acids, in 
neurons or glia of mouse brain. The present method of 
cellular-scale gene expression analysis of aldehyde-fixed 
histopathological sections by LCM system will enable us 
not only to obtain histopathological and molecular 
biological findings from the same sections but also to 
re-analyze so far stocked numerous formalin-fixed human 
pathological specimens. 
 
2. Expression changes of stearoyl-CoA desaturase in glial and 
neuronal responses to demyelination and neurodegenerative 
change. 
 Stearoyl-CoA desaturase (SCD) is an enzyme to catalyze 
biosynthesis of monounsaturated fatty acid such as oleic acid and 
palmitic acid from saturated fatty acid such as stearic acid and 
palmitoreic acid, respectively. Previous study revealed that SCD1 
and SCD2 among four isoforms (SCD1 - 4) were detected in the 
mouse brain by RT-PCR using specific primers for each isoform. 
SCD is suggested to be involved in glial responses of 
oligodendroglia and astrocytes, but not of microglia, to various 
brain injuries. For example, immunohistochemical study using a 
specific antibody for SCD1 and SCD2 revealed that 
SCD-immunoreactivity (IR) is increased in oligodendroglia during 
cuprizone–induced demyelination and remyelination, suggesting its 
involvement in myelin regeneration through the synthesis of 
necessary oleic acid. SCD-IR is also increased in astrocytes of 
Mongolian gerbil brain at a recovery phase from transient ischemia 
by clipping of hemilateral common carotid artery. It has been 
reported that oleic acid synthesized by astrocytes works as a kind 
of neurotrophic factor in the recovery processes from neuronal 
injury and also promotes axonal growth and dendritic 
differentiation. Double immunofluorescence method using 
anti-SCD antibody and neuronal marker antibodies such as 
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anti-Uch-L1 detected SCD-IR in neurons. The SCD-IR in neurons 
is distributed in the cell body and along the dendritic trees. Further, 
markedly increased SCD-IR in neuronal cell bodies and dendritic 
trees was observed in a central part of stratum radiatum of 
hippocampal CA1 region of a triple-transgenic mouse model of 
Alzheimer disease as compared with control mice at around 
postnatal day 200 when early dendritic lesion can be identified. 
Such a change in SCD-IR was associated with the changes in 
MAP-2-IR pattern and some synaptic marker proteins. These data 
suggest the involvement of SCD in dendritic responses to 
neurodegenerative changes as well as dendritic differentiation. 
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