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///// Perspective/Retrospective ///// 
 

ЍʨȍȾˬ˫ʨˮͼ� ÄàÏÞÏ ä�̞̅Ϸ˰ 
̪ʬƩƷƕЅͅŸ̀˽ŝ̖Ʒ̞̅ʓʋ� ϵ˄� ţæʧɱȜʐ 

 
 

1. !�D�  
ÿУ�ɩŴąɴs¦Î¦¡Ãsː�ÛàÌÇ�sϳ˭ͼ~n|ė˜n|dvcst�ǸŐ�ϳ

˭ĕ˜~Ķ�ͼˏĚƶcƋР~�y|^vt19 ð̸�ÛàÌÇ�ʋϒcʦƻl��~st�ʋ

ϒ�ŚƷĠШnsĚƶȍ�ľЌp�Ι�cɋƧf�l�|dvcsĉʈs̞̅͛ϙ�t��_�

ŔŐ��bb��qĚƶȍ�ľЌ�ϙȞl��byvt1975 ǧ��ĹƐȍ�¦Î¦¡ÃÓÑ½

Ãc 20 ̛Уąì˰l�sj���ÓÑ½Ã�ĹƐȍˏι}z�v�Ěƶȍ��^~ɬǿl�

vj~b�sɋ˳ąì�a��Уď�¦Î¦¡ÃÓÑ½ÃcŸȞl�vtnbnsƧf�̞̅͛

�ɬǿ�ŭnsj���ÓÑ½Ã��Ěƶȍcz�j~c�b�sèɟs¦Î¦¡Ã�̞̅�Ů

ɲnbhvtèɑst��}�̞̅b�sj�¦Î¦¡Ãcĕ˜p�Űǁēc 1 z}�sƧ̛

Ƨʌ�ͼ˘ĕ˜cΣɚîų͢~��s¦Î¦¡ÃŰǁē~n| 3 z�»¡Ñдµsδsκеcȿʂ

l���_��yvtl��sͼˏĚƶȍcô� µ Űǁē»¡Ñ�ān|˰˗p�j~cƝƀ

l�sµąƦ�Űǁēsː � κŰǁēĕŗͼ�Ěƶȍ��^ϳ˭ͼ~n|Ʃd�ɬǿcbb��

_���sˎˉ� κĕŗͼ�Ϸ˰̥øcϷƲl�vt 

j��_� κĕŗͼ�Ϸ˰̥ø�ò}s�¾Ñ´Ýä̌дǹɟеc U-50488H �Ă̌�ıЪ

h|˰΄n [1]s͈ ^|ðˡò} 100 ̌ąì�·ͼċ̌�ГǤ�Ƨf�̞̅ʓϹ�̞̅¬àçÑ

cj� U-50488H �ʋϒ�ʎħnvΡǋē�̞̅Ϸ˰�˿ȣnvдƓ 1еtt�̈́ɺsj���

Уďʋϒ�ɩp� κ ĕŗͼ��̈b�Ěƶȍcˊ^j~c̈Ο}dvcst�Ą��Ěƶȍ~

�ύ�ĕ˜sp��xsͼˏƴȒȍдϪ̱�ǪsǪ͞c˰˗е~^yv̴̏ĕ˜�č_j~c

ʕ̧�ľby|dvtķē˴�Ę�ȵi�~s�¾Ñ´Ýä̌� κ ĕŗͼ�ȨïnvȐ͛�è

ÿcÄ¡Ï�ɸ�í�ЇnȲy|^vtͬǬŝc˘˞�Ǌ��~sȐ͛�v̡�í�̔�ʞt_

~p�ϓòc^|sʞp˺Φ�n|^�tÃ��Żj_�� 2о3 ÿc^|Źʌ�˺Φ�n|^

�tµb�sͭľ�ρ�Ƹ�v�Ä¡Ï�Ȳy|^�tZ~̫`v~^_tj��_�ȏȋ�Ȗ

o��_�ǪsǪ͞�̓Ыp�v�sȨͼ�ȭżp�Ȑ͛�Ƨ^tj��_�Ϫ̱�Ōĕ˜�

v�sU-50488H �ʎħnvŚŸˏ�^q��ͬǬϷ˰ȀɬʝЄ��}µÀç´�¾Ñp�j~

�}d�byvt 

��	���������
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��� ��!ACκDETyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-NH2
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t��_�ˑʩís̨͛�� U-50488H ~�ˤ��˒ͭ�ƜɰЬʁ�͚`Ľn|ðˡ}ŀ�

|ͼˏĚƶȍæͼˏƴȒȍcľЌl�vsϳ˭ĕ˜�ǸŐ�κĕŗͼsÄàÏÞÏ äдTRK-820е
�ŎĽ�Ȟőnvtj��_�˘Ȕ˴� κ ĕŗͼcȂ��v�}sǹŀsȀ˨˭�ϛ˜�ͬ

ǬΙЫ�ƽɒnvtnbnsj�ϛ˜�a^|�sϳ˭ĕ˜c˰˗p�˜Ϭ}�ϳВĕ д̃˽ʣs

��zdе~�ľЌcƑЍ}zyvv�sϳ˭ͼ~n|�ϛ˜�ɏȊp�j~~�yvtéǮt

�ИsвϤ̖�ŝǢb�vÛàÌÇ�Ǥ˜Ȑ͛�˂n^ˬ��Ζ`�ÿcƧ^tZ~^_ȓƝ�

Ĵȣnvtl��sͧώɷ�Ȑ͛�Ϫ̱�ˬ��Ζ`�cst�ˬ��π`�ͼ�ƶƘn�^j

~�ľbyvttj}s̨͛��j�ˬ��ϛ˜~n|ͬǬΙЫ�ƽɒnsxðˡŀ�Ěƶȍ�

�^ʗˬͼy�ð�Ľpj~c}dvtąí�̨͛��̞̅Ϸ˰�Μ̿�z^|ϊ��t 
 

 
2. δ-κol� ��  

1970 ĄȀşs¦Î¦¡ÃŰǁē�� µsδsκ� 3 z�»¡Ñcȿʂl�sĚƶȍ� µŰǁē

�μƐp�ĪΗ�Ȃ��|^vttj}sŷŰǁē»¡Ñ�ͼ˘ĕ˜�ΐɚp�v�� δ � κ
Űǁē�ϞȬȍ�Ю^ȱȩͼ�Ϸ˰cɬǿl�|^vtt�Иs̨͛�sØÇ¹»ƩƷ�

Portoghese ̞̅ƾ�a^|sδsκȱȩͼ�ŎĽ�ʇΓn|^vcsìΔʛŴ˴͠ɡb��͚Ǆ

~ĹƐȍ¦Î¦¡ÃÓÑ½Ã�ʋϒ�Ɯ�n|sϕ�Ό̮~��¦Î¦¡ÃľƵ�ːȅ�^µ

nvtp��xs3 z�»¡Ñ�̈́Ÿp�ͼˏ�ʱȍ˰˗�ȇЛ�ĶϐϢľ�ɩn|a�дÚ¾

·ç´ϢĐеsl��ŷŰǁē»¡Ñ�ǆp�ϞȬȍ˰˗�Ϲïp�Ϣľд�ÃáµϢĐе�Ė

rȲzj~}z�t̨͛��j���ʊȊ�xÚ¾·ç´з�Ãáµ�ʊȊy~̗nsj�ʊȊ

�ȁy|sµŰǁē�ĕ˜p�ŚŸˏ��ÃáµϢĐcɧ�ǌlfsʕ� δŰǁēsɧ�Ʃd�

�ÃáµϢĐ�ȲzŚŸˏc κ Űǁē�ϞȬȍ�˰˗p�~^_ĆΣ�̢|vttn| µ Űǁ

ē�ϞȬ˴�ȱȩͼ}z�ÄàÂá©¹ä�Ú¾·ç´ϢĐ~n|ϛ˜ns�ÃáµϢĐ�ʋϒ

�ϛĿ�ΕΒp�j~}sκ ϞȬ˴ȱȩͼ nor-BNIдNorbinaltorphimineе� δ ϞȬ˴ȱȩͼ

NTIдNaltrindoleе [2]�ŎĽ�ȞőnvдƓ 2еtj�ąϽsðˡò}j���ȱȩͼcŃ˜

l���_���s¦Î¦¡ÃŰǁē� 3 z�»¡Ñŷu�ɰʁ˴�̞̅cϷƲl�vtƽЅs

Ƨf�ͼ˘Ʒ͛cÊ¡Ðà��_�n|ė˜n|^�xGoodman-Gilman �ͼ˘ɦy�a^|s

nor-BNI ~ NTI �ϞȬ˴ κŬÅ δȱȩͼ~n|Ǵ˜l�|a�sː �ǹɟ�ΧɌ}�svnor-BNI
� NTI �˜^|ϞȬȍ�έΧn�^ΧɌ�Ű˘l��^tZ~�}Α�����Ą΄˴�ȱȩͼ

~n|�Θě�Űhvt 
 

 
Ɠ 2иΧ˘˴Á²¡ä¯ä·ÑÂ  
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3. κ\bSTX� ��i]k  
̨͛�ØÇ¹»b�ǣƕȀsɵáɾǳċ̌�a^|sκϞȬ˴ĕŗͼ�ΕΒ�_j~�nvt

t�Ѕ�Ȇchvj~�sʦn|Ă̌cƽɒn|^��¾Ñ´Ýä̌�ŚŸˏ�˼ď�n�^~

^_j~}z�tl��s̨͛��¦Î¦¡Ã�ʋϒ�Ϲn|vĹƐȍ¦Î¦¡Ã�Ϣľʋϒ�

ɩn�^���˼�¦Î¦¡Ã}��^tZ~^_ğȊczyvt� �  
ƽЅsU-50488H ��¾Ñ´Ýä̌cŻ̴̏ͼ�ŎĽ�˷˴~n|ƽɒnv in vitro µ«ßç

Åä¬b�Ì¾ÂnvŚŸˏ}z�s¦Î¦¡Ã κ ĕŗͼ�ŎĽ�˷˴~nvµ«ßçÅä¬

b�Ȃ��v��}��byvtt�v�sŻ̴̏ͼ�˞ɴp�Ōĕ˜}z�ǪsǪ͞�˰˗

c U-50488H �Ōĕ˜~n|˰˗p�j~�÷Ȕl�Ȃ���}z�tąì�͠ɡb�sĹƐ

ȍ¦Î¦¡Ã�ʋϒì�ːȅ}z�v½â³äϢľʋϒZ�Ž� κŰǁēȱȩͼ nor-BNI �˿

˷nsj�ʋϒb� κĕŗͼ�ʋϒ�ƥɀp�Ι��yvt 
ȱȩͼ�ĕŗͼ�~ǋf�zv�sȱȩͼ~ĕŗͼ�ʋϒì�ːȅ�Ϛ^�Ń˜nvtp��

xsƧf�Űǁēß¨äÃ�a^|ĕŗͼ�Űǁē̈́ŸȀsŰǁē�ʋϒƥŚ�Ǵdμjpv�s

ȱȩͼ~ʡυn|µßÙ�ʋϒ�ɩn|a�sèɑsȱȩͼ�ß¨äÃ̈́ŸȀ�Űǁē�ʋϒƥ

Ś�ϼƿp��_�ϢľдƧf�ͣʿȍ��«·±ßçϢĐе�ɩn|^�j~�˿˷nvtt

n|sȱȩͼb��«·±ßçϢĐ�ЀŪp��ĕŗͼcȂ���~^_Ţ̺�˰Ȕ�Ɯ{ds

nor-BNI �ʋϒ�µßÙŚnsÛàÌÄäЬʁ� 6 Đb� 6 ˇ̽�ϵl̚Ǯ�ϛĿ�ĩϲ�Ď

�p~^_ͼˏΕΒ�yvдƓ 2sƓ 3еtl��sÄàÂá©¹ä�ʟɿ~n|¤çÀà̈́

Ÿ�ān| 6 ˇ̽ϵ�ĩϲ�̈́ŸlrvŚŸˏ�ŸȞnvtj�ŚŸˏ�ϳ˭Ŗɺ�Ɯ�sin 
vivo µ«ßçÅä¬�yv̈́ɺ�Ɠ 3 �̊ptj�̈́ɺs¤çÀàŚŸˏдƓ 3 ǜìе�ϳ

˭ĕ˜cΟ���s̨͛��ƜɰΕΒcʘn^~^_̈ğcȂ��vtj��ǆns�ØÈŚŸ

ˏ}�ʱȍcʉ̤�đínvtj�̈́ɺ�st�ʉȍ�ЮlдĘ`�òɻ̘ȍ�ǽЖе���

��}��^b~Ćƻnsʉȍ�íi�v�s�ØÃsl���Ú½à�ØÃē�~ƥɀnv̈́

ɺsХπ˴�ʱȍƠǸcΟ���vttn|îЧƅ̈́Ÿ�ǋĴ��y|ĩϲ¯äÏ¥Úç³Ýä

�Ɣƻnsȱȩͼ�κ��^̚Ǯ�ͣʿȍ͔ɀƜдɯ̤�ßçàе�ǋĴp�j~}Ȳ͈ȍ�Ž

�vͼŖɄƌ�ϙȞnsl��sŌĕ˜sʠȍsŗȗ�͊ŸnvͼˏÑâÏ�¡à�ɧϛŚ�̓

| TRK-820дÄàÏÞÏ äƟϦƟе�ńϙp�j~c}dv [3]tȂ��vÄàÏÞÏ ä

ƟϦƟ�s̴ ̏ĚƶȍsͼˏĚƶȍ�ǌŗˏ}Θě}d� Conditioned Place PreferenceдCPPе
ΙЫ}sɬǿϐ�ÛàÌÇʌ�Ěƶȍ�̊l�^�b�bsU-50488H �ſp�ͼˏƴȒȍ�̊

l�^j~�̈Ο}dvt 
 

 
Ɠ 3и¦Î¦¡Ãdĕŗͼ�ʋϒʱȍ˺Ϲ  

 
 

4. �i��{����� ¨�  
ÄàÏÞÏ äƟϦƟ�s¦Î¦¡Ã~n|�ŀ�|Ěƶȍ~ƴȒȍ�ñɑ�ľЌ�Ȟőnv

�}sǸŐ�ϳ˭ͼ~n|�ɬǿcЮfsɧŀ�ͬǬΙЫ�Ȁ˨˭�ϛ˜~n|ƽɒnvtt

n|sͼŖ̈Ο�̧ 2 ˺�a^|s̈b�s˜Ϭ�ìi|^f~ÛàÌÇ~Ź̩~^y|�^
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ϳ˭ĕ˜cΟ���vcsϳ˭˰˗˜Ϭ}ϳВĕ˜д˽ʣs��zdеcǸf˰˗nvv�sƹ

ĵƛc˓pe|ƽ˜��͜`�^~�̈́Χ~��sȀ˨˭��ϛ˜�ɏȊp�j~~�yvt 
nbnsðˡ}ŀ�|ĚƶȍæƴȒȍ�ľЌnv κ ĕŗͼ�ŎĽ�Ȟőnst�ǸŐ�ĕŗ

ʱȍ�̈Ο}dv�}s̨ ͛�j�ÄàÏÞÏ ä�j���Ʌʅp���^b��ʜȊ}z�

~͚`sĂ�ϛ˜�ϰȕʇΓnvtt�ϗ̚}ąí�ϊ��ʗˬĕ˜�˰ns�vsͧώɷ�

Ȑ͛�Ϫ̱�ˬ��ǆn|�ϛĿ�ͼc�fȐ͛cȟșp�nb�byv~^_ȓƝ�Ȃ��

v�}st�Ϫ̱�ˬ��ϛ˜~n|ͬǬΙЫ�ƽɒnvtʕ̣}�st�Μ̿�z^|Μϊp

�t 
 

5. «{j�1��{����� d¨  
̨͛�cϳ˭ͼ~n|�Ϸ˰�ɏȊnst�Ȁ�ǑϷ�ͬǬŝ�ı˚~έΧn|^v~ds

ͬǬŝ�ı˚b�svÛàÌÇ̩� µŰǁēĕŗͼ�Ōĕ˜~n|Ǹ^ȾˬcǴdμjl��ƞ

Ÿcz�tZvÄàÏÞÏ äƟϦƟ�ʨЫ�a^|�Ⱦˬ�Ζ`�Ȑ͛cǏ�^tZ~^_βϪ

�ȓƝ�Ĵȣnvt�vsͼ˘Ʒ˴��ͼˏĚƶȍ�ǆp�ƴȒȍ��sµŰǁēĕŗͼ~ κŰ

ǁēĕŗͼ�˺ŭp�ĕ˜�̊pj~cƧ^ˈ�͚țp�~svµ ĕŗͼ�ÛàÌÇcˬ��˰

˗p��}z��sκĕŗͼ�ÄàÏÞÏ ä�ʗˬŖɺcɬǿ}d�Z~˰Ȕnvt�vǹɟs

ˬ��Θěp�ŗˏÛÁàcˊfƑy|^vcs»¡Øä¬Ͳfġ̃����ǌŗˏ}ʗˬĕ˜

�Θěp�×¢µ�ÛÁàcƝƀl�v [4]t ɘϑsj�ÛÁà}ÄàÏÞÏ äƟϦƟ�Ŗ

ɺ�Θěnv̈́ɺsɔƶͼ�ʡυn|Сͻ�Ŗɺc̈Οl�vдƓ 4еtl��sȩÌµ»Øä

ͼcŖd�f^ÛÁàдÌµ»ØäΡ˰�ˬ�е}�ɩŖȍ�̊pj~c�b�sj���ŗˏ

ƽЫ�̈́ɺ�ͬǬŝ�ŝǢ�Ɲƀnv~j�sj�Ŗɺ�ГǤ�Θěn|З^vtǹɟ�̨͛ͭ

ρsϪ̱�ˬ�дȟș}d�^sƨ˽��^ˬ�е�ƶƘ�ʣczb�byvcsύ�ͧώɷ�

Ǉ϶ŝ}z�ˌήı˚b�v^b�Ȑ͛cȑ�}^�bsǀɓ�t�Ȑ͛�ˬ��v�sƨϸ�

̀˽�Ʊƿl�|^�bsl���ͬǬŝ�Ȑ͛b��Ζ`cП͑}Ƒy|^�tZ̩�Ϫ̱ȍ

**

0

50

100

150

200

0 0 3 10 30 100
(mcg/kg.p.o.)

0

50

100

150

200

0 0 0.1 1 10 100
(mg/kg, p.o.)

0

50

100

150

200

0 0 0.1 1 10 100

**

(mg/kg, p.o.)
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▼

�30�0�� 3�	� Astemizole


��� �������

������ P
(250nmol/body, i.d.)

PBS ( ()

N=8	or	12
**p<0.01	(Dunnet’s test)

��
�
�
�
�
�
�
�
�
�

Togashi,	Y.	and	Nagase,	H.	et	al. Eur.	J.	Pharmacol.,	435,	259-264	(2002).

������	����$�����)���������
&��
!�%�#��'�"��
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�͝bl�ΣȂl�vǺ��yvttj}s¦çÑäΙЫ�| 6 ź�Ϫ̱�ˬ��ɩp�Ȑ͛

�ǆί�ͬǬΙЫ�ƽɒnv̈́ɺs6 źĵƇ�ˬ�cʵƫnvtj�̈́ɺ��̨͛��ͬǬŝ�

ı˚�ȖŗnsɘϑsÑÞ·Õ�ǆˋ�úϪ˸ʇʫΙЫ�yvt 
 
úϪ˸ʇΙЫ�ˌήsЮʆı˚������sȐ͛�ˬ��ǆp�ÑÞ·Õ~�ʡυΙЫ�

a^|ƗĤ˴�ĮĐlc̈Οl�v [5-7]tl��s1 ǧϸ�ϵɬΙЫ�a^|�sȝʂl�|

^vĚƶȍ��o�~nvt�Ă�Ōĕ˜�z^|ƋРcˊ^j~c�b�s2009 ǧ 1 ɨsϕ

�̓űȾˬ˫ɄƌŋváØ¾½®§Ñ·à 2.5 µgZдgremove itchh�ȕƂ}Ƅźе�ƕĹ�ah

�·ϒαƤȥΟ�ůȂsŹ 3 ɨ�ͼěŮφ�̓|sαƤ�ϷƲp�j~c}dvд·ϒαƤįл

ɵáɾǳċ̌sαƤįлаǏͼƆɾǳċ̌sȿɂлɕɰv�j˛ʈɾǳċ̌еt 
l��s2015 ǧ��ͪ͟�ˬ���ϛ˜cȰƩl�sˬ�ʨˮ~n|ǫf˜^����_�

�yvtĀȀ�l��sϪ̱��ÂÎçȍ˶ͨˆ̩�Ą΄l��ˬ���ϛ˜cɬǿl�|a�s

xˬ�y�ȑ�l�|^�Ƨf�Ȑ͛�̒Е~��j~�̍Ȋn|^�t 
 

6. �& ye �t¯���g�q4�� �t°  
ĵρȨïų͢� κ ĕŗͼcė˜ų͢��yvv�sˬ��ǆp� κ ĕŗͼϹï�ΐɚcХπ

˴�ϔǑnvtŲɴsˬ��˭�cτʻnvЅ�˰˚p�˗ί~͚`��|a�s˭�~ˬ��

ŹoČϙ̓ο��y|Č��~Α��|^vtnbnsˬ��̞̅cϔ��z�|sƽ�t�Č

ϙ̓ο�ˤ�y|a�sɯʃb�ͤЭ�ϐ�ͦ�ȖⅣ�Č��ìŻȍ�̏̓Əο� 2/3 c˭�

Čϙ�s1/3 cˬ�Čϙ�ė˜l�|^�j~cƝƀl�vtèɑsȟucˊȕά�_ˬ^ɟ

�ǴyȾdŗ�˘˞дʓǭе�ϵ^ϸ˘ΐl��^��}zyvtɧψ���sÎ¾¿Êç¬

ƩƷ� S. Ross ��ͤЭ�ƶƘp� B5-I ÅÜçâä�˰nsj�cˬ��Ϲïp�~^_ų

͢ȍ�ȿƊnvttn|sÄàÏÞÏ äcǟƞ�Ľvj~�Ƭʓ�sÄàÏÞÏ ä�Ń˜n

|t�Ϲï�Ηɚn�_~s̨͛��ĶŹ̞̅�ʥ�|dvtj�ĶŹ̞̅�̈́ɺsϕ�ˬ^~

ǴyȾf~^_ŗŨ˘�ΐɚp�j~c}dv [8]tp��xsˬ����ǴyȾdŗ��

�˰˚p�˭�sz�^�ĻŦ���Ň˂cͤЭ�Č��sB5-I ÅÜçâä�Ň˂n|sĹƐ

ȍ� κ ¦Î¦¡ÃÓÑ½Ã}z�¼¡ÈàÏ ä�ɅĽlr�tj�¼¡ÈàÏ äcˬ�Č

ϙ̓ο�Ϝɏp�~^_ʓǭ}z�tƽЅsB5-I ÅÜçâä�È¾«�¢Â×¢µ�ʉǮ�ˬ

��Ȗo�j~stn|j�ʉǮ�ˬ��ÄàÏÞÏ ä�ͤЭȨï���τʻl��j~�Η

ɚnvtřΧ Ross ��sÄàÏÞÏ ä�ĵρȨï��y|̛u�ˬ��τʻ}d�j~�Ɲ

ƀn|^�t 
ąì��_�sĵρȨïų͢�đľƵcĴȣ}d��_���~s˭ �~ʡυn|Ā�}̞̅

cϔ�}^�byvˬ��Ϲp�̞̅cϔ�st�ɮ́��ʓǭ�ΐɚstn|̛u�ˬ��ʨ

ˮcų͢���~ɬǿ}d�tĘ`�ɧψsˬ ��ē�ťЂğŶ~ȷ`|ʨˮp�ŗd�Ʋ�y

vt˭ �~^_���ē�ťЂğŶ}z�~^_j~�ǫf́��|a�s˭ �c˰˚nvͪƎ

�ʨˮ�͒cy|^�tt��ǆnsɧψ�}ˬ�~^_���ē�ťЂğŶ}z�~^_Οά

�ȕƦ�Ǎ�fsj�cē�ʨˮ�͒c�j~��~��ˊbyvtt�v�sˬ��˰p�c

˭��˰˚��Ϯ^ͧͪ�ͪ͟�s˭ ��Ȗovɟ�ɔ�ȣϖ����ƞŸcƧbyvtnbns

áØ¾½®§Ñ·à 2.5 µg �ʨˮǆί~n|ͧͪsͪ͟�ˬ�cȥΟl�st���ͪƎ�ˬ�

�ťЂğŶ}z�~^_Οάcǫ��zzz�tĀȀt���ğŶ�ʇ́nsϛĿ�ʨˮc}d

��s̈́ ɺ˴�˪˫cͧώɷ�̇͟ƥs͟ ˯̩�Ϫ̱�µÀç´�̘p���÷ϻ}d�ų͢

ȍcЮf��~Ȍ���t 
 

7. 2*(�  
¦Î¦¡Ãb�Ěƶȍ�ľЌp�~^_Ƨf�Ι��ò}s^xɘf κ ĕŗͼ�Ěƶȍcˊ

^j~c�b�sðˡò}t�ϳ˭ͼ~n|�Ϸ˰c��vtnbns�¾Ñ´Ýä̌�

U-50488H ��o�~p�Ρǋē�ύ�ƴȒȍc��fsͼ~n|�Ϸ˰cƑЍ}zyvtt�

�_�Ϸ˰̥ø�òs̨͛�� U-50488H ~�ĵfʋϒ�ˤ�� κ ĕŗͼ�ΕΒæŸȞp�j

~���sĚƶȍæƴȒȍ~��ľЌnvŚŸˏдÄàÏÞÏ äƟϦƟе�ЍʨȍȾˬ˫�ʨ
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ˮͼ~n|ìǟp�j~�Ȟőnvtϳ˭ͼ~n|}��fʗˬͼ~n|}�z�csĚƶȍc

ľЌl�v¦Î¦¡Ã�ðˡ}ŀ�|ð�Ľpj~c}dvj~�s¦Î¦¡Ãͼˏb�Ěƶȍ

�ľЌn�_~n|dvϵ^Ƞ^�ʛŴ�ϴ��~sГǤ�ȕ͘ʷ^j~}zyv~Ȍ���t

l��sͧ ώɷ�Ȑ͛�ˬ��ʨˮǆί~n|Οάl�qsȐ͛�vµȟșp�nb�byvcs

ÄàÏÞÏ äcǟαl�|ąϽsj��_�Ѝʨȍ�ˬ�cʨˮǆί~n|ͬǬŝ�Ο���

�j~~��s̝ʉ˴�ʨˮc����_��yvtj��_�sĀ�}ʨˮͼc�^˪ʣ�

ʨˮ}d��_��yvj~stn|t�̈́ɺsƧf�Ȑ͛b�ȖΫ�Αͺ�Зhvj~�̨͛

��~y|ˊì�ƍÅ~�yvt 
˗Ƙ�}�ʱȍɔ́�ĹƐȍÓÑ½Ã�ɋƧfƝƀl�|^�cst�đľƵsː �ĕŗͼ�

ΕΒæŸȞ�ƽ�ƑЍ}z�t̨ ͛��˗Ƙs̪ ʬƩƷƕЅͅŸ̀˽ŝ̖Ʒ̞̅ʓʋдWPI-IIISе
�a^|st�ƑЍ�ȴȠ�͈h|a�sz^ɧψ}�¦á©³äŰǁē�ǆp�ðˡŀ�đľ

Ƶĕŗͼ�ΕΒæŸȞ�Ȟőnv [9]tj�ĕŗͼ�sʤʿȍ~ʶͦϹ϶ώϗȍ�ɩn|a�

ĵρȨïcų͢}z�ttn|¦á©³ä�Ą�y|ϧɟϸ�Ǳϵĕ˜�̊nsϵǧsŖɺ˴

�ͼˏcˊbyv̀˽˪sÄà¯áÑ³ç�ʨˮŖɺ�z�j~�̈Οn|^�tj��_�Ȟ

ɺ�Ɯ�sГǤ�ƑЍ}z�~l�|^�ƩƷ˰�Ŏͼ�ŻhsĀȀ�ϰȕʇΓ�”͈n|^f

Ȣƶ}z�t 
�

Z�s~  
[1] Lahti, R. A., VonVoigtlander, P. F., Barsuhn, C. Properties of a selective kappa agonist, U-50,488H, 

Life Sci., 31, 2257-2260 (1982). 
[2] (a) Portoghese, P. S., Lipkowski, A. W., Takemori, A. E. Binaltorphimine and nor-binaltorphimine, 

potent and selective κ-opioid receptor antagonists, Life Sci., 40, 1287-1292 (1987). (b) Portoghese, P. 
S., Sultana, M., Takemori, A. E. Naltrindole, a highly selective and potent non-peptide δ opioid 
receptor antagonist, Eur. J. Pharmacol., 146, 185-186 (1988). (c) Portoghese, P. S., Sultana, M., 
Nagase, H., Takemori, A. E. Application of the message‒address concept in the design of highly 
potent and selective non-peptide δ opioid receptor antagonists, J. Med. Chem., 31, 281-282 (1988). 

[3] Kawai, K., Hayakawa, J., Miyamoto, T., Imamura, Y., Yamane, S., Wakita, H., Fujii, H., Kawamura, 
K., Matsuura, H., Izumimoto, N., Kobayashi, R., Endo, T., Nagase, H. Design, synthesis, and 
structure-activity relationship of novel opioid κ-agonists, Bioorg. Med. Chem., 16, 9188-9201 (2008). 

[4] Kuraishi, Y., Nagasawa, T., Hayashi, K., Satoh, M. Scratching behavior induced by pruritogenic but 
not algesiogenic agents in mice, Eur. J. Pharmacol., 275, 229-233 (1995). 

[5] ˌή΅˚, ɹɶǻ, ˕˝ýˠ, ͉ȲʶώɷȐ͛�b���ah�ĹƐȍ¦Î¦¡Ã�Ϲï, 
����, 31, 457-458 (2000). 

[6] Kumagai, H., Utsumi, J., Saruta, T. Prospects for a novel kappa-opioid receptor agonist, TRK-820, in 
uremic pruritus, In: Yosipovitch G, Ed. by Itch. Basic Mechanisms and Therapy, New York, Marcel 
Dekker, 279-286 (2004). 

[7] ˌή΅˚ , óǔδϡ , Юʆǲú , ϯɭʯϐ , ώɷȐ͛�b���ǆp�d -�°ÅµÂ

TRK-820. ώɷʨˮ�ah�ɐn^ͼˏ, ���	, 22, 763-772 (2006). 
[8] Kardon, A. P., Polgár, E., Hachisuka, J., Snyder, L. M., Cameron, D., Savage, S., Cai, X., Karnup, S., 

Fan, C. R., Hemenway, G. M., Bernard, C. S., Schwartz, E. S., Nagase, H., Schwarzer, C., Watanabe, 
M., Furuta, T., Kaneko, T., Koerber, H. R., Todd, A. J., Ross, S. E. Dynorphin acts as a 
neuromodulator to inhibit itch in the dorsal horn of the spinal cord, Neuron, 82, 573-586 (2014). 

[9] Nagahara, T., Saitoh, T., Kutsumura, N., Irukayama-Tomobe, Y., Ogawa, Y., Kuroda, D., Gouda, H., 
Kumagai, H., Fujii, H., Yanagisawa, M., Nagase, H. Design and synthesis of non-peptide, selective 
orexin receptor 2 agonists, J. Med. Chem., 58, 7931-7937 (2015). 
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///// Perspective/Retrospective ///// 
 

̵ǎ˪ʨˮͼÀÇß¬ßÑ½ä�Ŏ· 
оDPP-4 � S2 ȰǷ±¡Â�ĕ˜p�ϼƿŋ�Ŏ·̞̅о 

˝χë·ͼ(ɾ)� λɜɌǻsϱⅣʴЩ 
 

 

1. !�D�  
´ÓÑ½´àÓÑ½¼ç¸M�5AA���ϼƿŋ�sđ̵�μjlq�ЦȀЮ̵�ɞʘ}d�

j~b�sɔƶͼ���^sɐv�ěĨ�ɩp�̓ű̵ǎ˪ʨˮͼ���Ȃ�~͚`vttj}

ȟu�sϼƿʱȍcǸfsĕ˜Ȳ͈ɟϸcϵ^s( ɕ ( Əɪ˜ƚ� 5AA�� ϼƿŋ�Ŏ·�˷ȳn

vt�

̞̅ϷƲɟs( ɕ )о Əɪ˜ƚ� 5AA�� ϼƿŋ~n| "FA�5AA.)/ cͬǬϷ˰l�|^vtǹ

ɟs"FA�5AA.)/ �ʱȍ˰˗ʋϒcƝƀl�|^vcI(Jstj�� ,�³�È�)�Îß´àƜ�

5AA�� � D)±¡Â�˺ûĕ˜n|^�~͚Ǆl�|^vtj�cʘnh�� "FA�5AA.)/ �˹͌

ˑ�ĎÅv̢ēϣǯ}��fs,�³�È�)�Îß´àƜc D)±¡Â�Ĵ�v��σ�ɥcyv̢

ēϣǯ�~y|sϼƿʱȍ�˰˗n|^�~͚`���ttj}ȟu�sŚŸˏ ( ��_�˙

ˑʋϒ�ÑâßäЬʁ�˜^| ,�³�È�)�Îß´àƜ�Đ͔�ƔƻŚlrsD)±¡Â~�˺û

ĕ˜�ǁɛ�p�j~���s5AA�� ϼƿʱȍ� - ģŻìlr�j~�ȞőnvI)Jtnbns

ŚŸˏ ( �sÑâßä̠̽~Îâß´ä ) Đ�³�ÈƜcŭȉp�v�sʿʶò}îƹƻ}z

�sϼƿĕ˜�Ȳ͈ȍcîŞľ}zyvtj�ŚƷƹƻȍ�Ʉƌ��sîƹƻΊƐ�³�ÈƜ�

ŉЀp�ȇΊcz�~͚`vt)�³�ÈÎâß´ä�½�ºß´ä�ƥɀnvŚŸˏ ) �sŚ

ƷƹƻȍcɄƌnvcsĀǮ�ϼƿʱȍc (	('' �ʻǶnvIJtʻǶnvʱȍ�Ά_v��Ñ

âßäcĐ�͔ɀƜ�̴ɼnI��-JsǸ^ϼƿʱȍ�˰˗��s5AA�� � D)ȰǷ±¡Â��̈́Ÿ

cϪΊ�j~�ΐɚnvtj�́�̟̆ű~nsɧϛ�ʋϒ�ϋʥn͈hv̈́ɺs5AA�� ϼƿ

ʱȍcǸfsĕ˜Ȳ͈ȍ�Į�vsÑâßà½�ºß´äЬʁ�ɩp�Ɖè�ǟα 5AA�� ϼƿŋ

~��ÀÇß¬ßÑ½ä�ĽnvI.Jt�

� ÀÇß¬ßÑ½ä�Ŏ·̞̅�a^|s5AA�� � D)ȰǷ±¡Â�˰cɐv�ŸȞǑϷ�μˈ

��yvtɰ̜}�sj� D)ȰǷ±¡Â�ːȅ�̊nsD)ȰǷ±¡Â�Ϲp�ʋϒʱȍ˺Ϲs

У͏ϥ̽�ǆp�ϞȬȍsĂŋ~�̈́Ÿʌǳ�ʡυ�z^|ϊ�v^t 

NVP-DPP728
DPP-4��1� IC50 = 1.4 nmol/L

���
IC50 = 0.25 nmol/L

���
IC50 = 25 nmol/L

��	�	��

IC50 = 0.37 nmol/L

���
��

2��
���

���
���

 
Ɠ (%�ÀÇß¬ßÑ½äŎ·�ͮ�͎̓~̈́Ÿʌǳ�
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2..  S2nh1-:��!  

ÑâÀ�ç¸�ʱȍϢĐ�a^|st�̈́Ÿ±¡Â�ź̗�ƜιÓÑ½Ã���ƻ͘l�|^

�I/JtƜιÓÑ½Ã��ØÈϦ�ĿɏϢb�Кˣ�źăh��|^���A�A)�A(�A’(�A’)�A’�sA(

~ A’(ϸcĿɏˈ�tt����ØÈϦcΟάl��̈́Ÿ±¡Â�sƜι�˺ȉn|źăh��|

^��D��D)��D(��D’(��D’)��D’�t5AA�� �s" ɯb� ) ˣ˷��ØÃ̈́Ÿ�ľΐp�ÑâÀ�ç¸

}z�j~b�s" ɯĩ�̈́Ÿ±¡Â� D)±¡Â�}nbƶƘn�^tD)ȰǷ±¡Â�sȟuc

ƻ͘nv̈́Ÿ±¡Â}z�I-��0Jsô� FKT)'.sDO<)'0sAQO,.s2<P,/ � � z��ØÈϦʜ

Ɯb�ʋȞl�|^�tj�±¡Â�ːȅ�s5AA���Ɯι}z�8 A�(̩�̈́Ÿ��Ϲïrqs

ϼƿŋ��c̈́ŸnsǸ^ϼƿʱȍ�˰˗�ǂïp�tìǟl�|^� 5AA�� ϼƿͼ�ò}�s

ÀÇß¬ßÑ½ä�Ăs³»¬ßÑ½äI('JŬÅ�Ä¬ßÑ½äI((Jc D)ȰǷ±¡Â�̈́Ÿp

�j~c H ͌̈́ɢʋϒΐɷb�ɚ�b��y|^�t�vsD)ȰǷ±¡Â�ϼƿʱȍ����qs

5AA�� �У͏ϥ̽�ǆp�Ю^ϞȬȍ��ǂïp�~͚`��|^�t�

�

�

�	��8>H0HB7K� �		��  �]xf�

H͌̈́ɢʋϒΐɷ��ɚ�b��yvÀÇß¬ßÑ½ä~ÌÂ5AA���̈́Ÿʌǳ�Ɠ�̊p

I.Jt½�ºß´ä� D(±¡Â�˥ʤ˴�Ö¾Â�̈́Ÿns§àÕÅàƜ� 2=V.(' ~ʤ̽̈́

Ÿ�ǺȞp�tÑâßäϢĐ��D)±¡Â�8T?)',ŬÅ8T?)'-~ВЏ˴�ʤ̽̈́Ÿ�ǺȞp�t

D)ȰǷ±¡Â�a^|�sÎÓÞ´ä˙c AQO,. ĩϲ~ 49�e˺ûĕ˜sÎÞºçà˙c AQO,.

ĩϲ~e�e˺ûĕ˜sɯ̤�Ï£Åà˙c FKT)'. �ôϲ§àÕÅàƜ~Ƕ^ʤ̽̈́ŸsŬÅ

2<P,/ � DO<)'0 �ĩϲ~˥ʤ˴�˺ûĕ˜�ǺȞp�t�

 
Ɠ 3. ÀÇß¬ßÑ½ä~ÌÂ DPP-4 �ΈŸē X ͌ʋϒ  

������	 ������	
 

Ɠ 2. ³»¬ßÑ½ä~�Ä¬ßÑ½ä�ʋϒǳ  
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�	��
� nh1-:3ªa|j�[$�Wv�

D)ȰǷ±¡Âcϼƿʱȍ�Ŭ�pŖɺ�ɚ�b�p�v��sÀÇß¬ßÑ½ä~ 5AA�� �ŷ

�ØÈϦʜƜ~�˺ûĕ˜¤Çàªç�̝�yvtΒ̬ɑʫ�sH ͌ΈŸēʋϒ�A53:51�F���

�˜^|ľƵŗŐƷΒ̬�^sȂ��vʋϒ� !!�83D2 ʫI()J�ϛ˜nvдƓ �еtj�ΐɷ

b�sD)ȰǷ±¡Â�ah�ɧϪΊ�ØÈϦʜƜ� AQO,. }z�j~cɚ�b��yvt�vs

AQO,. �Œ`sDO<)'0 ~�Ï�äÁàãçàµ˺ûĕ˜�ǂï�Сͻ}z�t2<P,/ �sÀÇ

ß¬ßÑ½äcʘЏͷ�Ȳzv��ВЏ˴ŭ˰�̊p~͚`���csÏ�äÁàãçàµ˺û

ĕ˜�ǂïcΟ���vt5AA�� cƜι�ϼƿŋ�Οάp�v��sD(ŬÅ D)±¡ÂcϪΊ}z

�j~�ɚ�b}z�csD)ȰǷ±¡Â� AQO,. ��sD(±¡Â� EB<--) � EB<---sD)±¡

Â� 8T?)', ~Ź̚Ǯ�¤Çàªç˴ǂïcz�tȀϊ�ʋϒʱȍ˺Ϲb��Σɚl��ϐ�s

D)ȰǷ±¡Â~�̈́Ÿ�ÀÇß¬ßÑ½ä�ϼƿʱȍŻì�ϪΊ}zyvt�

�

 
3. S2nh1-:�©�)w¢|j�©  
3.1 BJHK�nO �r^_r  

ÑâßäcĐì�͔ɀƜƥɀ~ÌÂ 5AA�� ϼƿʱȍ�˺ϸ�΄ ( �̊p�I���,Jt�qsˊ͔

ɀ�ŚŸˏ  � ,�³�È�)�Îß´àē ) �ʡ�|ϼƿʱȍc (	)' �ʻǶnvt�vsÒä´

àƜ�͔ɀp�~ŚŸˏ) ���5AA��ϼƿʱȍcʻǶnv�ŚŸˏ��tt�èɑ}ÎÓß´äs

ÛàÔßäs"�Ú½àÎÓÞ´ä�͔ɀp�~ʱȍc͉Ȳ�v�Żìnv�ŚŸˏ ,��-��.�tÑ

âßäcĐì�ÎÓß´äsÛàÔßäsÎÓÞ´ä� D)ȰǷ±¡Â�ʋȞp� AQO,. ~ 49�

e˺ûĕ˜�ǺȞp���~͚`���tj�òb�͔ɀƜǋĴcǁɛ�ÎÓÞ´ä�ϞȬn|

ʱȍ�Żì�˷ȳnvtÎÓÞ´äì�Ï£ÅàƜ�ǋĴp�~ʱȍcŻìnvc�ŚŸˏ /�s

Òä´àƜ��_�Ïá©³Ðà�ʹЩ˙�ǋĴn|�ʱȍ��ǽЖn�^�ŚŸˏ 0�tŚŸˏ

/ �ʱȍŻì�sÎÓÞ´ä�˹ȼ̈́Ÿp�j~}ƔƻŚl�vʹЩ˙c AQO,. ~e�e˺ûĕ

˜�ǺȞp�v�~͚`|^�tl��Ï£ÅàƜ�ËÞĐ�ÅÂâƜ�ǋĴp�~ʱȍcƩd

fŻìns̤͋ŚŸˏ}z� "FA�5AA.)/ ~Ź̚Ǯ�ϼƿʱȍ�̊nv�ŚŸˏ ('�t�vs)�

Îß´àƜ�͔ɀn|�ʱȍcŻìn�ŚŸˏ ((�s,�³�È�)�Îß´àƜ�͔ɀp�~l��

ʱȍcŻìnv�ŚŸˏ ()�tÎÓÞ´ä�ÎÓß´ä�ƥɀn|�ʱȍc͉Ȳl�v�ŚŸˏ

 
Ɠ 4. ÀÇß¬ßÑ½ä~ DPP-4 �Ɓχ�ØÈϦʜƜ~�˺ûĕ˜¤Çàªç  

òʝ�Ï�äÁàãçàµ˺ûĕ˜síʝ�ВЏ˺ûĕ д̃ͥʿƳ�ǂï�Ž�е
�̊nsìʝ� 2 z�˺ûĕ˜�ƅ�̊pt 
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(�tj��sŚŸˏ (' ~Źʌ�ÎÓß´äì�Ï£ÅàƜc AQO,. ~e�e˺ûĕ˜�ǺȞ

p�j~�̊ƈn|^�t�

�

��

�

�

�

�

�	��@CG4KO �®� u¤v�

ÑâßäcĐì�ÎÓÞ´ä�v�ÎÓß´äì�ú˙ǳΈ̽˙�͔ɀnvŚŸˏ� 5AA��

ϼƿʱȍ�΄ ) �̊nvI-��.Jt)�©Èßàē (� � )�Îß´àē (( ~Ź̩�ʱȍ�ɩn|^

vcs���©Èßàē (, �ʱȍcƩdfŻìns)�ÂßÏà¦âÚ½à���©Èßàē (- �l

��Ǹ^ʱȍ�̊nvtŚŸˏ (- ~ 5AA�� �ΈŸē H ͌̈́ɢʋϒΐɷ�̈́ɺI-Js��©Èßà

Ɯ� D)ȰǷ±¡Â� AQO,. ~�e�e˺ûĕ˜�Œ`s2<P,/ �¬�Å´¢ÙƜ~� 49�e˺

ûĕ˜�ɩn|a�sl��ÂßÏà¦âÚ½àƜc EB<,/, ~ʤ̽̈́Ÿ�ǺȞn|^vt)�©

Èßàē (� ~ ��©Èßàē (, �ϼƿʱȍ�Ǟ� 2<P,/ ~�˺ûĕ˜�����~͚`|^

�t�

ϓ̈́˙}z� ��Ï£Åà�)�½�ºßàē (. �ʱȍ� )�©Èßàē (� ���ʻǶnvtt

�èɑs(�Ï£Åà�,�ÎÞºßàē (/ � ��©Èßàē (, ~Ź̩�ʱȍ�̊nsl�� �Ú

½à�(�Ï£Åà�,�ÎÞºßàƜc͔ɀnvÀÇß¬ßÑ½ä�ǸŐ� 5AA�� ϼƿʱȍ�ɩn

|^vtj�ʱȍŻì�sŊЙ}ϊ�v�_� AQO,.sFKT)'.sDO<)'0s2<P,/ ��y|ʋȞ

l�v D)ȰǷ±¡Â~�˺ûĕ˜�����}z�I.Jt�vsj��ϓ̈́˙�̈́ɺb�sD)Ȱ

Ƿ±¡Â�a^|�sÎÓÞ´ä�ʹЩ˙b�˹͌˴�͔ɀƜ�Ďϵp����s͔ɀƜ�ǐɥ

lr|Ï�äÁàãçàµ˺ûĕ˜�ɩp� DO<)'0 � 2<P,/ �Ö¾Â�̈́Ÿlr�j~cs

ʱȍŻì�ƩdfŖɺ�Ŭ�pj~c̊l�vt�

� l��ÀÇß¬ßÑ½ä�ÎÓÞ´ä�ÎÓß´ä�͔ɀnv~j� (	)' �Ŭ�ʱȍ�đí

΄ (%�ÑâßäcĐì͔ɀƜ�ɧϛŚ�

compound X
DPP-4 inhibition

IC50 (nmol/L)

2 25 

3 H 540

4 180

5 48

6 14

7 58

compound X
DPP-4 inhibition

IC50 (nmol/L)

8 11

9 31

10 1.6

11 2.7

12 1.6

13 2.3
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�Ȯ^v�ŚŸˏ (0�tj�ŨƐ�ɚ�b�p�v��sÎÓÞ´äē (0 ~ 5AA�� �ΈŸē H

͌̈́ɢʋϒΐɷ�^sÀÇß¬ßÑ½ä~ʡυʇΓnvI.Jtt�̈́ɺsŚŸˏ (0 ~ÀÇß

¬ßÑ½ä� D(±¡Â��Å� D)±¡Â~�˺ûĕ˜�Źo}z�csŚŸˏ (0 �Ï£Åà

Ɯ�sÀÇß¬ßÑ½ä�Ï£ÅàƜ�͔ɀɑŻ~ˤ��v�� DO<)'0 � 2<P,/ �Ö¾Â�

˺ûĕ˜}dqsϼƿĕ˜cđínv��~ȽǄl�vt�

�

 

 
�

�	��		��  �¦�# ªaT��

�	���		�� ªa|j ¥mj�

5AA�� ~Ю^˺Źȍ�ɩp�У͏ϥ̽ 5AA�/s5AA�0 �˚˘˴ʓ͢�Ā�~j�ɚ̈�l�|

^�^csÞ¾Âa�Å¡Æ�˜^vΙЫ}� 5AA�/ �v� 5AA�0 �ϼƿ���ŝ fzb�ʠ

ȍ�̊pj~cƝƀl�|^�I(Jttj}sèϓ�Ñâßà½�ºß´äŚŸˏ� 5AA�� ϞȬ

ȍ�℃��v�� 5AA�/ ŬÅ 5AA�0 �ϼƿʱȍ�ʼƻnv�΄ ��I-��.JtÎÓÞ´äì�ʹЩ

˙cŢ˙�ŚŸˏ ('��() � 5AA�/ �ǆn| / ģs), ģ� 5AA�� ϞȬȍnb̊l�^tèɑs

©ÈßàƜ�ɩp�ŚŸˏ (- � 5AA�/ �ǆn| )'' ģ� 5AA�� ϞȬȍ�ɩn|^vtl�� �

Ú½à�(�Ï£Åà�,�ÎÞºßàƜ�ɩp�ÀÇß¬ßÑ½ä� 5AA�/s5AA�0 �ǆn| .'' ģ

ąì� 5AA�� ϞȬȍ�ɩp�j~c�byvtj��_�ÎÓÞ´äì͔ɀƜ�Ʃdl�ɑŻ�

��ϞȬȍcƩdfƥŗnvj~b�sj�͔ɀƜ~˺ûĕ˜p� 5AA�� �̈́Ÿ±¡Â�D)ȰǷ

±¡Â�� 5AA�/s5AA�0 �t�~�Ʃdfˤ��j~c̊ƈl�vt�

΄ )%�ÎÓÞ´äì͔ɀƜ�ɧϛŚ�

compound X R
DPP-4 inhibition

IC50 (nmol/L)

14 N 2.2

15 N 0.95

16 N 0.37

17 N 4.5

18 N 0.94

�������� N 0.37

19 CH
5.6

N

O

S

N
H

N
X R

N

N

CF3

S

N

N
N

N
N

F3C

N

N
N

H3C
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�

�

�

�

�	���		�� ��¦� �]1-: �£�

C?88OB �� 5AA�/s5AA�0 �  ʕįʋϒ�÷ʼb�I(�Js5AA�� � D)ȰǷ±¡Â�ǺȞp�

AQO,. �t�ϼƿŋ~ 49�e�e�e˺ûĕ˜�ǺȞp�cs5AA�/ � 5AA�0 ��t�˺ûĕ˜

c�^j~sDO<)'0 �˺ǹp��ØÈϦʜƜc 5AA�/ � 5AA�0 ���^j~s2<P,/ �˺ǹp

��ØÈϦʜƜ� 5AA�/ }� 2=X�,s5AA�0 }� 2=X�), }z�ϥ̽ľƵĹ}ˤ��j~cȽƻ

l�|^�tj���̈́ɺb� 5AA�/ ŬÅ 5AA�0 �� D)ȰǷ±¡Â�Ï�äÁàãçàµ˺û

ĕ˜�Ϲïp�ϢĐcƶƘn�^j~c̊ƈl�|^�tȁy|sD)ȰǷ±¡Â�˺ûĕ˜�ɩ

Ŗ�Ń˜p�j~���s5AA�� �ϼƿʱȍ�Ėr|ϞȬȍ�Żìlr�j~cų͢µ~͚`�

��t�

�
 

5. PS0HB7K[",<0HB7K� �]xf z�  
³»¬ßÑ½ä~ 5AA�� �ΈŸē H ͌ʋϒ�A53:51(H.'�I('Jb�sƜιÓÑ½Ãb�ŸȞǑϷ

l�vÀÇß¬ßÑ½ä~̌ĹÞ¡ÐÞßç�µ«ßçÅä¬���Ľl�vŚŸˏb�Ÿ

ȞǑϷl�v³»¬ßÑ½äc D(sD)sD)ȰǷ±¡Â�˜^vŹʌ�̈́Ÿʌǳ}z�j~c�b

yvtƓ , �̊p�_� D)ȰǷ±¡Â��Âß�ºâÎÓÞ´äc̈́Ÿn|^vtj�Âß�

ºâÎÓÞ´ä�½�ºß´ä�͔ɀnvŚŸˏ}�ʱȍc (	. �ʻǶn|^�cI0Jsj��

AQO,. ~�e�e˺ûĕ˜c�f�yvj~�����~ȽǄl��t�

èɑsɧψ 5AA�� ~�ΈŸē H ͌ʋϒcƝƀl�v�Ä¬ßÑ½ä��A53:51�GB9�I((J�sÀ

Çß¬ßÑ½ä~Źʌ� "FA�5AA.)/ ��_�ŚŸˏb�ŸȞǑϷl�|a�sDO<-' ~�Ķɩ

̈́ŸдΈŸē H ͌ʋϒ}�ϝ̘ˑȗе~ D(sD)sD)ȰǷ±¡Â�̈́Ÿn|^�j~cːȅ}z�

дƓ ,еtD)ȰǷ±¡Â�̈́Ÿp�ÎÞºâÎßØ´ä�sDO<)'0 Ɓχ��Đ͔rqsEB<,/, �

ɑŻ�Đ͔n|^vttn|sÎÞºâÎßØ´ä�ϓ̈́n|^�§àÕÅàƜc 2<P,/ ~ʤ

̽̈́Ÿ�ǺȞn|^vt̂ q��n|�sD)ȰǷ±¡Â�̈́Ÿp�  ŚŸˏ~�c AQO,. ~e�

e˺ûĕ˜�ǺȞn|a�sAQO,. cj�±¡Â�ò}ɧ�ϪΊ��ØÈϦʜƜ}z�j~c

˘ΐ}d�t�

΄ %�5AA�/ ~ 5AA�0 �ǆp� 5AA�� ϼƿʱȍ�ϞȬȍ�

compound R
Inhibitory activity IC50 (nmol/L) on human enzymes

DPP-4 DPP-8 DPP-9

10 1.6 12 30

12 1.6 40 110

16 0.37 72 110

�������� 0.37 260 540

N

O

S

N
H

N
N R

NO2

N

CN

N

CF3

N
N

H3C
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6. %�D  

5AA�� � D)ȰǷ±¡Â�s8 A�( ̩�Ɯι�̈́Ÿ��Ϲïn|^�^ϢĐ}z�tÀÇß¬ß

Ñ½ä�sj� D)ȰǷ±¡Â�ɩŖ�ė_j~���Ŏ·l�|^�t5AA�� ~�ΈŸē H ͌̈́

ɢʋϒΐɷb�sD)ȰǷ±¡Â�̈́Ÿp� 5AA�� ϼƿŋ�sÀÇß¬ßÑ½äs³»¬ßÑ½äs

�Ä¬ßÑ½ä�  ŋć��|^�cst���̈́Ÿʌǳ�t�u�ːȅ˴}zyvt�vs

D)ȰǷ±¡Â~�̈́Ÿ�a^|� AQO,. ~�˺ûĕ˜cɧ�ϪΊ�Ǿō�ɺvpj~cɚ�b

��y|^�tj� D)ȰǷ±¡Â�Ŗɺ˴�˜^��sǸ^ϼƿʱȍ~У͏ϥ̽�ǆp�Ю^

ϞȬȍ�ĖrȲz 5AA�� ϼƿŋ�Ŏ·p�j~cų͢}z�t�
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///// Perspective/Retrospective ///// 
 

ȈˁÅ˅şʥɞȇǞȉɛ²�³� �¢¥¨q  
ćɛȗȣ�ƚ�ʒhj  

ũÕǈűÞț� ʑɜȗȣœ� ʑɜ� ġʡ�  
 

 

1. ����  
)'(( Ŭ  ƺoƬ^kȈˁÅ˅şʥǞȉɛl^je²�³� �¢¥¨ˈĶ (ˉpķúkƐɺy

�eIşʥģƌʮŔąl^jrȱ �' Ŭµ�qƬɛkM�IÖkZcȈˁoikjecqȆƈ�

ĖĴǵʇln�´¿Ãánmqɶʾp¦Á°�ʷɹoȷ×y�eȆǛqȕĥŰp˅snhepe

ȗȣ�Ơǌ^e (0/' ŬÚorM|�ȕ��jnsŨľ�ŝyoheI˂ɇƋqǔȭĎkʑkś

ǃe˅ şʥɞȇ�Ȉˁƃɉpŀm�Zl�ÑǪ^jeƾŹkT�ćɛʽĻl^j�±ÆÀ^e�

qqțúqʆƆrM|�Ż��aeÇÕkȶglȗȣ�ʫŋbz��ŻnkǷǟkMheIŶƵ

re3NLCIMBRNPIBK�3HFLI4RP9 � #244 nmqƑɠ�nseʯ��eģƌťƨleğùȍn

�FEIDIMBK�3HFLI4RP9 qƎǡqÏkɛǵɱɮ�Šʫ^jTeIcq�lnƵÚomq�lnɈm

ƭkmq�lnĎģǵ�Ȏƙ^eqolkl´Â��oreǺĹqćɛonkj�ʕa�ʢþp

M�o�^�nkqkeŶƵqƞȵȗȣqɈmƭ�Ǝǡ�ȷ×^ekI�
 

2. 9G�,&�M6(, 35>�9G  
��	� 9G�,&�M6NW�

Ȉˁqļșȅƃln�˅şʥɞȇqǞȉɛreşʥƜǠéʘąlşʥģƌʮŔąoŇĂy��

peȗȣȔƎ^eŶƵre��Ã¤Ã���©Á£�¢Æ�ˈA ˉ�ʮŔ^j��Ã¤Ã�¯·

��Ã¤Ão�qşʥqǽģƌ�ʮŔ`��Â´¿«ÆÀ[1]pŨľqŇĒ�ĕ�jkeI�

şʥģƌʮŔąrÍȁȍo��Â´¿«ÆÀˌą^onohee�eZ�oÚ��l�ɛą�

ýbsŨľƁpM�lɈmeǀ´Â���¨�Ơǌ^eI^o^e�Â´¿«ÆÀp (0-' ŬÚ

oÉŨy�eźe(0.' ŬÚo� /' ŬÚooujeņƨqȗȣɉp��ŵkģƌʮŔą�Ȏƙ^

jȗȣ�ɟheȻǅeʤȴʮŔãǾr�Â´¿«ÆÀ��ƨđío� ('' ízm˅kźȾĎģǵ

pɥƨɨýy�epecqÏkÉŨoɒhe�qrnohelklǺŒpMheIźȾĎģǵp

ÉŨoɒ�noheǻǿrËƳkMhepekÅkÅɿǇ^eȻǅeņsqȗȣɉp�Â´¿«

ÆÀqȒqǢƁ�ɨɘl^jkeZlpÇiqɧĴl^jɈm��eI�

ɷȶrȑȂ`�pe�Â´¿«ÆÀrļʇln�¯·��Ã¤ÃqǑʗȄƁákeʕŪq A 

ʮŔɳèɴ˃krecqãǾŵŰˈ83,'ˉrȱ (%.�X� lǝ^jŵsnkI^o^e�Â´¿«

ÆÀɑʋpȶɋúq A o�hjÚʂy����´¿«ÆÀon�leʠóĺ A oǏ�jŵsȻ

ģ^ecq 9E ïr (�M� lƟǪy�jk�ZlpāƳ^eˈĶ )ˉ[2,3]I�

źȾqĎģǵrŵk�qkr ('�M� ȡŰq 83,'�ƻ^jkepec�k��Â´¿«ÆÀqȒ

qʮŔǢƁoǚy�l (' ízmŴsecqe�şʥàÊãǾ�ȊƢkTnohelɈm��eI

^ephjeȎƙ`yT A ʮŔąq 83,'l^j (�M� oc�ÛÉqʮŔǢƁ�ʜƌyb�Zl�

 
 

Ķ (%�²�³� �¢¥¨  Ķ )%��Â´¿«ÆÀqãǾǳ  
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Ȏǒl^eI|eeņsqźȾĎģǵp´¿ÃĿļ�ăǾ^eǑʗ�Ƙhjn�eĆãǾqe�

Ǿʩ�Év��noheZl�ÇiqɧĴl^jɈm��ee�e̋ ´¿Ã˄ǋeoiʥƁo�

ÏƁqĎģǵk (�M� �ʈm�ɛą�Ȏƙ`Zlo^eI�

�

���� 35>$*#24)�M6�

� �Â´¿«ÆÀqǢƁǀápāƳ^e�qqeɛĉŎȍnɬǄ�ʘ��leȼƽȍnǛþon

heI�Â´¿«ÆÀrļʇqǑʗȄƁákþŌʩp (- lʺŪoŝykIĨěǹ� /'�ÛÉl

Ɉm��jkeIy�oǢƁǀáq���´¿«ÆÀqáúĒǩƾpʺŪoʪseÇȃȖkĽĩ

k� (. ƵʬkMheIÜoe(�M� lklʮŔǢƁpʜƌkTel^j�eþŌʩp ,''eĨě

ǹ /'�eĒǩƾ  Ƶʬqɛąn�eēȲoɮȩ`�l )' íÛÉqƓÌʩpžɧon�I�Â´

¿«ÆÀqɐůǾʩp (''�L* o� ''�L* kM�o�eƬɛr )�'''�L* o� -�'''�L* pžɧl

n�Ic�nƬɛ�ý^j�ɾ�ähjs�nkI�

y�oeǧÙƩƸkrƐɺŶƵqĆãǾȊȇǹp �%(�lʺŪoàkZlpĽĩy�jn�e

ǻƅȍnƊƁȅƃqǞȉɛkMheIǓǳpM�l`�n�seȠoʧȬnĆãǾpĽĩy�j

k�ZleǶoÚʂǵ���´¿«ÆÀpɎƜǠƁqe�eɎË÷ƃɉkɞÏǰŰp˅|�Zl

kMheI�

� efkymŶƵqȈˁɛŨľpŝyse|e A ʮŔlkl�Ã�´¨oƬˆīpnsețú

qɳāpƄohee�eZq�lnǷǟþǄqȻǅrɾo�ɭmnoheI^o^e���´¿

«ÆÀ�ȺĞƓÌ^j�şʥàÊãǾrzl�mɺ���nkZlo�e���´¿«ÆÀrĨ

ěƁˈȶɋɏʔʚƁˉpʺŪoàkZlpƟŘy�eI`n�ge���´¿«ÆÀpʤȴ�ŵ

ĉoʮŔ`�l^j�ehÇưȶɋŅoýj^|mseȶɋúoM� A qʮŔãǾ�ȊƢ`�Z

lrnseļǀȍor�Â´¿«ÆÀǀáqĒǩƾˈȱ �HPˉoçō`�ilÜő^eIcl

`�leĨěǹ 0'�eþŌʩ �''eĒǩƾ -�HP qĎģǵ�ģƌ`�sĤȨqƓÌʩkɛČpƾŹ

y��lɈm��eI�

�

cZkeǛ�Ĝ�ȏ^jÛÊq�lnȎǒɱő�ɟheI�

@ A ʮŔǢƁr 83,'l^j (M� oc�ÛÊkeþŌʩr �'' ÛÊ�

A ´¿ÃǑʗ�ä�aeǉʥÚʂxqŷʼpŞnkĎģǵ�

B ɎƜǠƁ� ,'�ȡŰoƒmeĎģǵ�

C ȺĞĨěǹr 0'�ÛÉkeɞÏĒǩƾr - ƵʬÛÉ�

a ËƪÏŽ�Ƙenk�

b Ňʩǣʕ^jk�ɿʜŕƴnĖƫ�ähje- �¦¥´Ûúqģƌ´Â���

c ɝǳr )''?ȡŰkŏőnĎģǵ�

�

ÉɰǂÝqlgeȺĞĨěǹ�ɎƜǠƁrŶƵqƞȵɳèƑɠkrȘɺqƭǡpnohepe

�N*! � )ˎ� oɱő^jnusǐp�¿�kT�fÅllɈmjkeÎ o^ĒǩƾoŇTsŷ

ʼ�Ìm�ɛǵÚʂrÑƅqƎǗpnseoiɞÏčƈ�Úʂǵ�Ǫő`�Zlr (0/' ŬÚŶ

ƵkrŇńnãǎkMheI|^je¯¨Úʂʤȴnm�Ń��jknoheqke¯¨onu

�ɛǵčƈrƟǪq^�lpnoheI�

te`�ʚĘqĐɛĮqÚʂǵ¸¥´�ȓ�iiemq�lnɃơļ�ʢßpÚʂy��qo

�Ǯɂ`�^oƭǡpnoheIɛǵqÚʂkre»¤Àļ���¤Àļqʍȟʤȴ�ʠóʤȴ

ÛŅkre¤¨�Âº !�,' o��ʥĎȍÚʂqŖÌpŇTkIʥĎȍÚʂ�ƒm�e�ore

Úʂy��`kʢßqʹŌŗŰ�ʎǩ`�oeȦáʴŔ�ăǾ`�ZlpƻČlɈmeI|ee

ɝǳp )''?ÛÉlklȎǒɱőorƳȘnǊƖrnkpeŶƵzoq´Â���¨kɝǳpà

kĎģǵqɤąŏőƁpıʾonhjkee�e)''?ÛÉM�sʬʝknsŏőƁpȘêy�

�lƀkȎǒoĊmeI�

Z��qȎǒrɑþɑʋo�ė^k�¾�¦¿�kM�e|e´Â���¨oř`�Īĵqɨ

ƭ�ė^ohee�eƞȵƾʬ� ) Ŭoʯő^j (0/0 Ŭo�ģƌ�ʫŋ^eI�
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���� (, 35>�T6��4+�D1�

|aeØqǉʥÚʂʤȴxqŷʼ�Ɯʰ`�e�é ¿Ãq�lnħȥȴɁģǼ�Ɯʰ`�Z

lo^eIʚĘoģƌy�e A ʮŔą�ɬǄ`�leža^�ɁģǼkM�žɧrnse~^

Å´¿Ã˄ǋq 0 ßoȐŶ`�ßɃoµÃ�ÃǼ�ƘiĎģǵpǚʏȍ˅ǢƁ�ƻ^jkeIc

Zk , įǼlµÃ�ÃǼ�ēȻģkȻµ§��Ãkksioqǘǉ�ģƌ^eIÇiÇiǘǉ�

ã�e�eŇTsƵʬ�ʅ�^j^|hepe)�²�ªÀ�,�¤�¡ÆÀ�À¶ÃʥoŴknp

�� .'M� zmq A ʮŔǢƁ�ɺ�eZ��¿Æ©ǘǉoɱő^eI|eeʯ��eģƌÕį

ˈǀÕq}ˉlɛ�^kǑʗqɫǳo�ÛÊq�lnȜĄ�ãhjĎģǵ§��Ã�ʯő^eI�

�

dŏ÷Ɓqʻo��

� ÅĿļƁȥȴ�ä�nkÅÅÅÅÏǆȟɟƁqĳʟ�

� Å¬Â�Ãqƨr  ìÛúˈĠɌn�ˌìÛú Å̄ÅÅɊǙƁnm�

� ÅƔǱȇe˅ɍɞȇɛˈ²�³¾Æ¨ȰɛąˉnmqʢþǑʗ�ƜʰÅÅÅɊǙƁnm�

�

dɛǵčƈeǵƁqʻo��

� ÅÚʂy��`kǑʗ�ƜʰÅÅÅʍȟʤȴqļʇeʹŌ¿¥¤n»¤Àe»¤ÁÃnm�

� � � ˈǶo�À¶Ãʥ�ǜʥļe�¹«ļnmqǏƁŐɌļo�ƨ�<oM�ɍǭƁļˉ�

� Å�À¶Ãʥe�¹©Ȼģrc�d�ˌiÛúÅÅÅɏʔʚƁ�

� Å� ȳǲȴq�lnŤ˅kǑʗ�äǾ^nkÅÅÅɏʔʚƁ�

� ÅøŸȍn  ǼĎģǵrËĠÅÅÅǭɬʖŰeþƧƁ� � � � � � � �

� � Å�¹�ÀoĚſƁq˅kǑʗqƜʰÅÅÅƴÚʂƁeŏőƁ� �

�

Z��qȜĄrǝ^jƳȘnǊƖrnseǸ��p�qʁǻkM�peņsqĐɛĮqÚʂǵ

�ǙƁÒʄ�ɬǄ^jɑ�ŜkeɈmƭkMheIqgo¿±Ã��ÆÀÆÀ[4]pȋľ^j

EPS*�KI-FMF44 lklɭəpɶʾ�ĬµpeÉɰqɑÐȜĄrec�oõɟ^eoieė^kɩ

ǬkMhelƀlI 
 
 
��<S=8BV�
��	� '"I:#�!)�3�,)�)%+U�<S=8BV�

Āƾq¼«Ƀơ²�ªÀ¤�¡ÆÀ�À¶ÃʥɼŜáqÇʢqǑʗǢƁȐʭ�ɢ ( oȚ`IɃ

ơļqŜöo��eŇTsǢƁpĦÉ^eȎǒq (�M� �ʈm�Ďģǵ�ƱglŻ��eI 
µÃ�ÃǼq � ßoʹŌæÌƁļ�Ŝö`�lǴɃơáoǚyjʮŔǢƁp��ĦÉ^eIÇ

ƭeª¨Âļ�¨¿²À�Â»¤Àļq�lnʹŌĨŲƁļ�  ßoŜö`�lǢƁpŇTsĦ

É^eI�ª¨Âļˈ,ˉkr 83,'ïp (��M� kM�eǴɃơá�(�oǚy ,) íe�¨¿²À�

Â»¤Àļˈ.ˉkr 83,'ïp '%-�M� lǏ�j˅kʤȴʮŔǢƁ�Ț^eǴɃơáq ((-' íl

nheI̋ ŪoʻȌkZloeZ��qʹŌĨŲƁļ� � ßoŜö`�leǢƁrŇTsàÊ^e

ǴɃơálĤȡŰqǢƁkMheI�À¶��ÀļrȰÏkʹŌæÌļl^jòslɈm��e

� ßɃơáˈ('ˉr 83,'ïp %)�M� lǴɃơáoǚy ))/ íqǢƁ�Ț^e ßɃơáˈ0ˉl

qŧ� ('' íkMheI 
µÃ�ÃǼqʹŌŗŰpǢƁoŷʼ�Ìm�Zlrɕsɨ���ZlkM�IǶoʤȴʮŔą

rǚʏȍʿɚnǑʗǢƁȐʭpŻ���ZlpņkÎ o^eǀĎģǵq�loɃơļqßɃo

�hjZ�zmĈȍońĎ`�ZlreʤȴqǑʗqėŗy�M�e�jƇ_yb��eIâl

ocqɧĴ�ȤTǕ��llekÅkÅɿǇ^j}�leA rɣʤȴl^j¼¿³©´¦¿Ã

�žɧl`�ʤȴkM�eļʇq¯·��Ã¤ÃpʥĎy��Ěſľqʑso¼¿³§Ãlec

�oʣß`�´¦¿ÃɼŜápōĹ`�ZlpþoheInc�sǀĎģǵɅrZq´¦¿Ãɼ

Ŝálq=�=ȐÔãǾkŇTsǢƁpńĎ`�qkrlɈmeI�

`n�ge)�²�ªÀ�,�¤�¡ÆÀ�À¶ÃʥqµÃ�ÃǼÉoʹŌʸpŮp��qqeɃ

ơļqŜöo��eµÃ�ÃǼqĢǲȴqɗʹoŵŴpǽ|��IÇƭe´¦¿ÃɼŜá�ȥȴ

ĖŌqŷʼ�ĝujɥȴǼÉqɗʹoŵŴpȊǽ^eÎɉpl|sʧn�ZlkŵkȐÔãǾ�
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ǽ_�qkrlɈmeIŶƵr|f�Ã±½Æ¢qɮȩʖŰpʙseÇiqĎģǵ�ɬǄ`�q

oÇƶoohepeâloƨĎģǵqþŌʌʛɮȩ�^jʹŌŗŰ�ȩý^é ¦¿ÃɼŜál

qȐÔãǾ�Țİ`�ZlpkTeˈĶ � Ī�

�

 

�N%� "(� ")�
A ʮŔãǾ�

83,'���M���

(� 7� 7� ������.'�

)� 7� 37� ������,�'�

� 7� I4N�!P � �������)/�

�� I4N�!P � 7� �������-.�

,� � )� 7� �������(��

-� 7� � )� ������0''�

.� 36� 7� ��������'%-�

/� 7� 36� ������('�

0� 3 )7� 7� ������)'�

('� 7� 3 )7� ��������%)�

((� CFM:N9K� 7� ������()'�

()� 7� CFM:N9K� ��������-%'�

(� 7� ��37�CFM:N9K� ��������%�

(�� 3 �7!H���3K� 7� ������(,'�

(,� 7� 3 �7!H���3K� '%/�

(-� 7� 3 ��37�!H���3K� ,''�

(.� 7� 39DKNHF89KLFRH9KN89� �������(,�

(/� 7� 39DKNHF89KOPNO9KN89� %)�

(0� 7� ��6�CFM:9KN89� �������(�

)'� 7� ��3K�CFM:9KN89� �������(.�

�Â´¿«ÆÀ� � � �����(.''�

 

Ķ %�²�ªÀ¤�¡ÆÀɼŜá�

ɢˌ%� ¼«Ƀơ²�ªÀ¤�¡ÆÀqǑʗǢƁȐʭ�
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|eeµÃ¡�Àļq�lnŇTnɃơļqľģrʹŌĨŲƁļkM�np�e� ßɃơá

ˈ()ˉp  ßɃơáˈ((ˉ�� )' í˅ǢƁln�eµÃ�ÃǼÉqʹŌǷƈo��ȐÔãǾl

rĂoeƬenãǾǳpɈm��eI|ee� ßo�¹©�Ŝö`�lǢƁrĦÉ^e��ˈ�	�

�ÂÂ²�ªÀˉ�¹«�À¶ªÀáˈ(,ˉq 83,'p '%/�M� lƹ˅ǢƁ�Ț^eǴɃơáoǚ

yȱ )''' íʑsǢƁpĦÉ^eZlo�eπ ) qãǾǳlqȐÔãǾpǢƁoŇTsŷʼ`�

Zl�Țİy�eIef^eÇɔȍo IM�7IRPN qȰkrĎģǵqɍǭƁ�Év�lǢƁqĦÉ

pɨ���ZlpņkIʤȴʮŔɳèȰreļǀȍoȎȍqʤȴlɀɡǥfukǑƌy�jk�

qkeɍǭƁq˅kĎģǵrǜÏok����ʤȴɢʻoʶ|��`seɨouÉeǢƁpÉƲ

`�Zl�ņkIǽáúkre˅ɍǭƁĎģǵr�À³¹Ã�ŋ�eØq¢Ã®�o�þƧ`�

^e|eÚʂ�Ʊsn�I˅ɍǭƁĎģǵq IM�7IRPN ɳèȻǅrƉʧoɬʦ`�žɧpM�I�

�

���� �I:#�!)�3�,)�)%+U.�P: ���
�
	�7U/.0@�

¼«ɃơɼŜá�ƨđĎģǵzmģƌ^elZÅkeÇǛo (�''' íÛÉqʮŔǢƁĦÉ�ǅ

^eȎǒ�ʈm�ĎģǵpksioŻ��eIƱʖe¸���Ǿkj IM�7I7N şʥàÊãǾ�Ș

ɺ^eIcqlgqksior�Â´¿«ÆÀ�ʈm�ɛČ�Ț`fÅllɈmepeƾŹoĚ

^eka��şʥàÊãǾrǏ�jŴoheI�Â´¿«ÆÀp '%,�L*	-* kɞǨşʥï� .'�

ȡŰƒm�qoř^eŵk�qk� (' íqƓÌʩ�ɧ^eI�Â´¿«ÆÀqŇTnŁ�Ƈ_

�ll�oe(�M� ȡŰM�sɛČpý�lklÜɽpƂ^snheI`koȱǁq ) Ŭʬpʚ

r�ll^jn�eƎɵ|�Ƈ�Ƈ_�Ïkeâloɛǵčƈ�ȕ�eklɈmeI�

�ŶƵq 7!�3 qƇŰkreÇiqĎģǵqɞÏǰŰƟȟ�Ǫő`�e�orƨđďq¸��q

÷ɞƝɞpžɧkMheI|eeɳèȰqȘȦęuŒʳqǪők )� ÄƺqƵʬpžɧkMheI

lj�ɑþkǪő`�Ƶʬ�nse|eØʢɄonˀk`�zmqǊƖ�noheI�

vlƀkikjeɛǵ�ƓÌ^eźeşʥï�Ǫő`�e�oɿɤ^eɞǨorɛǵpħ|�

jk�o�eɞǨqʤȴʮŔǢƁ�ɳè`�seɛǵǰŰ�Ɵő`�ZlpkTnkfÅlol

ɳèȗȣɉoȐʀ^eI`toǍɯ^elZÅe('�.� ��ŵkĎģǵn�eñonɞǨkŇ|

onɞÏǰŰ�ǪőkT�ZlpþoheIZqǰŰrǢƁÚʂǵ�ħ�jqǰŰon�peş

ʥïlɞÏǰŰ�ĤƵoǪőkTeļșȍn !9	!4 ɬǄorđþkMheIƓÌʩ�ƵʬƟȟ�

Ǎɯ^elZÅe83,'ïq ('' ío� '' íqɞÏǰŰpM�sşʥàÊãǾpȊƢy��Zl

pƳ�oonheIƍgqĎģǵorɍǭƁq˅k�À¶ÃʥɼŜápņseZ��rnc�s

¢Ã®�ȻģƁp˅ke�eɛČ�ȊƢ`�ore83,'ïq ('' íÛÉqǰŰpžɧfÅllɈ

m��eI�

ņsqǢƁĎģǵrƓÌź ) ƵʬkɞÏǰŰpǤŉ^jkepe�ª¨ÂɼŜápeĨěƁp

Ƅk�qqeʺŪoʪsɞÏoōĹ`�ZlpƳ�olnheIcZke�ª¨ÂɼŜáq �

ßo� ´Â±À���ļ�)(��Ŝö^jɍǭƁ�Mvj}eÍ ŌČǅpƏgǤy�j^|ke

  

Ķ �%�¼¿³©´¦¿ÃlɛǵqȐÔãǾƅőĶ  
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ʮŔǢƁpàÊ`�lƀhepeƆŅo�ʮŔǢƁpÉƲ`�ll�oeĈȍoşʥàÊãǾp

ŵsn�eĀ�j�Â´¿«ÆÀ�ʈm�ɛČ�Ț^eĎģǵoem�ȔkeI) Űe ŰûǺ

Ɓ�ɨepecqČĉoʬʝkrnoheIcqźr �ª¨Âe���À���ļqȹ}ģ�b

kȾglşʥàÊãǾp�Â´¿«ÆÀ�ʈme(' ĎģǵÛÉqʫȊîɣpŻ��eˈɢˍ Ī

Z�|kqɑþɑʋqćɛȗȣqÏkƹ�ɑëlôŒ�Ƈ_e ) oƺʬkMheI�

�

����� 2iCF�K�E-AoP�

^o^ecqŭȝnƵʬrMhy�ţ�ĘheIª¨ÂɼŜálklZlkńȄĖƁoɖūq

ËŏpMhepe3B ƗƔąnmkrª¨Âļ�ƻ`�ĎģǵpņkqkeksiorʲƁĚſ

pM�l^j�e(' ÛÉqîɣĎģǵpM�sŇÈňfÅllɈmjkeI^o^ 1�5# ¦�¨

�ŒƮ`�lka��ʺŪoŵkńȄĖƁ�Ț^eIƊƁȅƃqǞȉɛl^jeZqǓǳrɓĭ

ȍkMheIª¨Âļ�ØqŐɌļoɃơm�s 1�5# ɴ˃rʱƁkMhepeɛČ�ŇTsɘ

geIƏiƎpnsn�e`koȱǁq ) Ŭʬpʚrj^|hjkee�e´Â���¨�ee

~i��kkeI^o^Öźqe�o�eńȄĖƁq»�ª�º�ȕhjnonu�slɈme

ɢ )� �Ƀơ²�ªÀ¤�¡ÆÀ�À¶ÃʥqşʥàÊãǾ  
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kÅkÅɿyj}eIƳȘnȺʊrƳ�oknk�qqeª¨Âļpʠóy�eÛÊq�loÚ

ʂy�jª¨Áª�º��Ãpǽƌ^eZ�p 4�1 oʴŔ�Ìm�ZlpƟŘy�eˈĶ , Ī�

Z��qÚʂĚſ�eáúqʤȴpª¨Âļ�ɺʃ^jɟhjk�Ifl^e�eª¨Âļq

ĪʐqȦáʴŔ�ŇTs^e�eª¨ÂļqÚʂ�ĳʟkT�qkrlɈmeÌ ko � ßoŤ

˅kŐɌļ�ö�jkepeɑǿĳʍĠɌnǲȴĖŌlŤ˅kþš�ö��§��Ã�^jeÓ

iqĎģǵ�ƹźqi��kģƌ^eˈĶ - Ī`�lɨÒońȄĖƁpǤŉ^eIM�e�j

ǽáqŦŊyeɥʷƁoƇƼ^epe´Â���¨rżǢ^eI�

ª¨Âļk�ƻĉnʫȊîɣon�lɈm��epe´Â���¨q»ÃÆpŀmeZl

�M�e��ŏ÷k˅ǢƁnĎģǵqƞȵ�ȽȾ^eIcqȻǅe��«ļk�ǢƁ�čƈpȿ

ƘeƣĲy��Zlp�o�eƹȸȍo��«ļ�ƻ`�²�³� �¢¥¨�ʞƕ^eI�

²�³� �¢¥¨qɻǽźeon�źon�peʮŔąl A qøȻƷɬǄpŒǺ`�le

ǢƁÏŽqʑðq·�¥¨orɕsr|hjk��qqeõoʓye�ln¼¿³©´¦¿Ãl

Ķ ,%�ª¨Âļo�� 4�1 ʴŔq»�ª�ºqÇå  

Ķ -%�ńȄĖƁ�ĳʟ`�e�qĎģǵ  

 

 

 

Ķ .ˋ²�³� �¢¥¨l A qøȻƷɬǄ�
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qȐÔãǾrɨ��nohe[5]Iƅő^e=�=ȐÔãǾkrnseÂ��Ã�¿Ãlq=�
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Abstract  
Fluorine is frequently used in the pharmaceutical 
industry and fluorine NMR-based spectroscopy 
(19F-NMR) can become a useful tool for hit validation 
in primary screening of drug discovery. In the primary 
screening, fragment-based drug discovery (FBDD) 
has emerged as one of the successful approaches to 
design high-affinity ligands for target proteins of 
therapeutic interest. The fragment bindings can be 
detected using sensitive biophysical techniques such 
as NMR, surface plasmon resonance (SPR), or 
isothermal titration calorimetry (ITC). Here, the 
FBDD was performed using a chemical library 
containing a fluorine atom or a trifluoromethyl group. 
We have used the extracellular signal-regulated kinase 
2 (ERK2) as a model target protein. We concluded 
that the cross-validation of 19F-NMR, SPR and ITC 
methods are a powerful tool in the early stages of 
FBDD.  
 
1. Introduction �
Fluorine containing compounds have had a profound 
impact on the development of drugs for the modern 
pharmaceuticals market. [1]. Fluorine is frequently 
used in the pharmaceutical industry and approximately 
20% of all drugs contain fluorine atoms and widely 
used in the lead optimization phase of drug discovery. 
Recently, 19F-NMR has emerged as an efficient tool 
for performing binding assays. The chemical shift or 
intensity change of fluorine NMR is especially a 
powerful marker of the fluorine local environment. 
This method can become a useful tool for hit 
validation in primary screening of drug discovery. 

Fragment-based drug discovery (FBDD) has 
emerged as one of the successful approaches to design 
high-affinity ligands for target proteins of therapeutic 
interest. The interactions between the fragments and a 
target protein are relatively weak with submilimolar 
affinity. It is expected that these weak binders provide 

a starting point for the development of inhibitors with 
submicromolar affinity. In small compound screening, 
the selection of specific binders to a target protein is 
important point to obtain the true hit compounds from 
the compound library. A variety of experimental 
techniques, including X-ray crystallography, NMR, 
surface plasmon resonance (SPR), isothermal titration 
calorimetry (ITC), and differential scanning 
fluorometry, have proven to be very useful in 
determining binding affinities, binding poses and 
binding specificities of fragments to target proteins [2] 
(Figure 1).  

 

 
 
Figure 1. Flow chart of small-molecule screening 
with biophysical approaches in drug discovery 

 
Here, the FBDD was performed using a chemical 

library containing a fluorine atom. We have used the 
extracellular signal-regulated kinase 2 (ERK2) as a 
model target protein. ERK2 binds to an inhibitor 
(FR180204) and shows binding responses in SPR and 
ITC (Figure 2). We performed 19F-NMR, SPR and 
ITC analysis to obtain the hit compounds binding 
specifically to ERK2. 19F-NMR and SPR are suitable 
to use in the primary screening due to the high 
sensitivity in the NMR signal and the exclusion of 

KOE11 

SAR News No.30 (Apr. 2016)

27



 

false positive signals in the SPR response, 
respectively. ITC was used to validate 

thermodynamically the ERK2 binding in hit 
candidates of NMR and SPR.  
 
Figure 2. SPR and ITC profiles of ERK2 binding to 
FR180204 
 
2. Results & Discussion�
2-1. 19F NMR-based screening�
The 19F signal changes of each fragment compounds 
have been determined and the mixtures of 24-25 
compounds which chemical shift are well resolved 
have been prepared before the screening. 19F 
NMR-based fragment screenings were performed on 
Bruker AV500 equipped with 5-mm BBFO probe at 
298 K. The fluorine containing fragment compounds 
(418 compounds) were tested with 19F R2 filter 
experiment with Carr-purcell-Meiboom-Gill scheme 
in the absence and presence of ERK2. When the 
fragment compounds interact with ERK2, the signals 
of the compound are significantly reduced in intensity 
in the presence of ERK2. Typical 19F NMR fragment 
screening results are shown in Figure 3. From the 
results of 19F NMR-based fragment screenings, the 
signals of 27 compounds were reduced its signal 
intensity (> 30%). 

- protein

- protein

 
Figure 3. 19F NMR fragment screen spectra 
 

2-2. SPR screening�
Fragment screening of ERK2 was conducted in a 

Biacore T200 instrument (GE Healthcare) using a 
CM5 sensor chip at 298 K. ERK2 was captured by the 
anti-His antibody. The fragments were injected at 100 
µM. The positive control experiment was performed 
periodically to confirm the stability of the protein on 
the sensor chip by injecting FR180204. The binding 
responses were normalized with respect to FR18024 
and buffer. Only fragments with binding response 
levels above 3SD and below 100% to that of FR18024 
were selected the hit candidates. In comparison with 
the hit candidates of 19F NMR, four compounds were 
selected for the true hit candidates. 
 
2-3. ITC validation 
ITC is broadly considered the gold standard for the 
quantitative description of protein−ligand interactions. 
Detailed calorimetric analysis of hit candidates from 
NMR and SPR was conducted in a iTC200 instrument 
(GE Healthcare) at 298 K. ERK2 at 20 µM was 
titrated with fragments (2 mM) in 25 mM HEPES, 
150 mM NaCl, 10 mM MgCl2, 1 mM DTT, and 5% 
DMSO at pH 7.5. The results demonstrated that one 
compound in four hit candidates was determined as 
shown in Figure 4. This compound showed a 
exothermic binding to ERK2 with submilimolar 
affinity (KD=130 µM). 
 
Figure 4. ITC profile of a hit compound 

 
3. Conclusion 
We performed the FBDD to obtain the hit compounds 
as inhibitor of ERK2 using fragment library 
containing a fluorine atom. From the cross-validation 
of 19F-NMR, SPR and ITC methods, one hit 
compound was determined. 
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Abstract 
The 3D-RISM theory can calculate the density 

distribution function of small ligands around protein, 
directly and analytically. We have developed the 
method which can transform the atomic distribution 
functions as the result of 3D-RISM calculation into a 
molecular distribution function and also developed the 
new sampling method to small ligands or 
pharmacophores for determining the binding position. 
By means of this strategy, the method can be used to 
predict the binding pockets or select docking pose 
based on the 3-dimentional distribution function. We 
applied this method to the peroxisome proliferator-�
activated receptor alpha with the known agonist for 
determining the binding spot of its pharmacophore, 
the carboxylate group. 
 
1. Introduction 

In current drug discovery or drug design studies, 
many protein-ligand complexes are available by 
effort and development of the structural biology. 
Their experimental structures are used to design and 
discover the ligands which have novel binding 
pockets or undetermined docking poses. In the 
usual method to investigate above problem, most 
analyses are based on the structural alignments of 
complexes and docking simulations between the 
protein and ligands. However, this methodology 
needs high computational cost and large number of 
structure samples. On the other hand, we developed 
a new method based on the 3-dimentional distribution 
functions (DFs) with Inversed-transformed Monte-�
Carlo, recently [1]. This method can reproduce the 
conformation of hydration structure from 
3-dimentional DF by low computational cost, 
comparing with usual simulation. 

The 3D-RISM theory can calculate not only water 
but also small ligands, directly and analytically [2]. As 

the results of calculation, the 3D-RISM theory can 
obtain the 3-dimentional DFs. However, the DF is 
difficult to image the molecular shape. Additionally, 
the DF obtained from 3D-RISM theory is defined as 
an atomic function, then it is not ensure that one 
molecule locate the position where the peak appears. 
Therefore, we developed the calculation method 
which can transform the atomic DFs into a molecular 
DF, firstly. Secondly, we extended the new sampling 
method to small ligands or pharmacophores for 
determining the binding position. In this study, we 
applied this method to the peroxisome proliferator- 
activated receptor alpha (PPARα) with the known 
agonist for determining the binding spot of its 
pharmacophore, the carboxylate group. 
 
2. Method 

The framework of 3D-RISM calculation is 
constructed from 3D-RISM equation (eq.(1)) and its 
closure equation, which is called KH equation 
(eq.(2)) [3]. The superscripts “u” and “v” denote 
“solute” and “solvent”, then the 3-dimensional DF 
of ligand and water around protein is denoted as 

. “γ” denotes a solvent site, or an atom species 
in the ligand,. 
 

 
 (1) 

 

   (2) 

 
 

For understanding the location of binding site, the 
potential of mean force which can be calculated from 
3-dimentional DFs is a good indicator. These 
approaches have been successfully applied to measure 
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the affinity or selectivity of solvent around protein. In 
the previous works, we define the function which is 
called as distribution center (DC) in eq.(3) for 
estimating the potential of mean force as ligand 
affinity[4]. 

 

 
(3) 

In this function, r denotes the center of box, N is the 
total number of sites of ligand molecule. Vbox denotes 
the volume of the box which is based on the effective 
radius of a ligand shape. Vprotein(r) is the excluding 
volume of the protein in the box. Therefore, (Vbox - 
Vprotein(r)) indicates the space where the ligand can 
enter. 

To aim at visualization of the binding spot, we 
also defined the cumulative distribution function from 
DC which is written as below, according to the 
general methodology of Inversed-transformed 
Monte-Carlo method. 

 
 

 

 
In eq.(5), the integration is performed over the system, 
and the range of P(x,y,z) is from 0 to 1. Therefore, 
coordinates of the binding spot is obtained from 
uniform random number s, whose range is also from 0 
to 1. One spot sampled at a time by using a random 
number until filling up the selected region. 
 
3. Results and Discussion 

We performed the calculation of the function 
DC based on eq. (3) to estimate the affinity of 
carboxylate group around the PPARα (PDB ID: 
1K7L). The result is shown in Fig. 1(a) with the 
threshold fDC�2.5 and demonstrates that the 
function DC can distribute the correct binding site.�
After obtaining the function DC, we predicted the 

Figure 1. Binding spots prediction around PPARα 
(PDB ID: 1K7L) with its pharmacophore, 
carboxylate group. (a) The distribution of 
pharmacophore affinity which is obtained from 
3D-RISM calculation. (b) The binding spots 
prediction based on the pharmacophore affinity. (c) 
Comparison between predicted spot and 
carboxylate group of known agonist inside the 
binding pocket. 
 
binding spots from the distribution (Fig. 1(b)). The 
predicted binding spots appear on hydrophilic and 
positive-charged surface as expected. The range of 
RMS error between predicted and correct spots is 
roughly from 0.5 Å to 1.0 Å (Fig. 1(c)) because of 
the grid resolution. We consider that this 
methodology can be useful to determine the novel 
binding pockets or docking poses. 
 
References: 
[1] Chiba, S.; Kiyota, Y.; Takeda-Shitaka, M.; 2015, 
SAR2015, KP06. 
[2] Kiyota, Y.; Takeda-Shitaka, M.; J. Phys. Chem. B., 
2014, 118, 11496.  
[3] Kovalenko, A.; Hirata, F.; J. Chem. Phys., 1999, 
110, 10095. 
[4] Kiyota, Y.; Yoshida, N.; Hirata, F.; J. Chem. 
Theory Comput., 2011, 7, 3803. 
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Abstract  
Lysophosphatidylserine (LysoPS) is a kind of 
lysophospholipids generated from plasma membrane 
lipid, phosphatidylserine. Our group showed that 
orphan G-protein-coupled receptors (GPCRs), 
P2Y10/LPS2 and GPR174/LPS3 specifically recognize 
LysoPS, in addition to the previously reported 
GPR34/LPS1. These receptors are suggested to control 
immune system, but their detailed biological roles are 
still unknown. To create active and/or 
subtype-selective agonists as useful tools to study the 
functions of these receptors, we have synthesized 
many LysoPS analogues focusing on its modularized 
structure consisting of a polar head of phosphoserine, 
a hydrophobic tail of fatty acid and a glycerol linkage.  
In this study, we focused on the fatty acid moiety of 
2-deoxy-LysoPS analogues, which lack a hydroxyl 
group on the glycerol moiety. We introduced benzene 
rings to the fatty acid moiety to get highly active 
2-deoxy-LysoPS analogues toward GPR34 and P2Y10. 
Especially, we found that modification of the fatty 
acid moiety had a great impact on GPR34 activation, 
although P2Y10 was activated rather consistently by 
2-deoxy-LysoPS analogues with various fatty acid 
surrogates. We could potentiate almost inactive 
2-deoxy-LysoPS analogues by structural expansion of 
the fatty acid moiety to get GPR34 agonists with 
submicromolar activity. 
Thus, the fatty acid surrogates of the 2-deoxy-LysoPS 
analogues are assumed to interact effectively with 
GPR34. To find the receptor moieties responsible for 
such effective hydrophobic interactions, we 
constructed a plausible GPR34-agonist binding model, 
which will guide us to further structural expansion. 
Homology models of GPR34 were constructed and a 
GPR34 agonist with a rigid fatty acid surrogate 
containing benzenes was docked into the receptor 

models. After the evaluation of robustness of the 
binding models by using molecular dynamics 
simulations, the GPR34-agonist binding models were 
found to be consistent with the experimentally 
obtained structure-activity relationship data.  
In the model, the terminal of the fatty acid surrogate 
of GPR34 agonist was placed between transmembrane 
helices of the receptor. Therefore, it is supposed that 
an elongated hydrophobic tail could protrude from the 
receptor to reach the membrane region. An additional 
group attached to the ligand terminal would not 
decrease the ligand activity because such groups 
would be placed outside the receptor. Thus, we 
designed, synthesized and evaluated the activity of 
such compounds, and found that they actually 
maintained high agonistic activity against GPR34, 
supporting the plausibility of our binding model. Thus 
the receptor-ligand binding model suggested further 
ways to design more intelligent LysoPS derivatives. 
 
1. GPCRs Specifically Activated by 
Lysophosphatidylserine 
GPCRs are membrane receptors activated by various 
molecules like biogenic amines, hormones, odorants 
and lipids. As GPCRs transduce signals through 
plasma membrane and they are involved in many 
pathological states, GPCRs are one of the major 
therapeutic targets. 
Recently our group developed a novel assay system, 
TGFα shedding assay1, to evaluate the activation of 
wide range of GPCRs. The system can detect 
activation/deactivation of GPCRs, which were 
difficult to be observed by the conventional methods 
and this assay system clearly showed that three orphan 
GPCRs, P2Y10/LPS2, GPR174/LPS3 and 
A630033H20/LPS2L to be activated specifically by 
LysoPS, a kind of lipid ligands. As human 
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A630033H20 is the product of a truncated 
nonfunctional pseudo gene, at least three receptors, 
P2Y10 and GPR174 in addition to the previously 
reported GPR34/LPS1

2 respond to LysoPS in human. 
LysoPS is a kind of lysophospholipids, which is 
generated by enzymatic hydrolysis of membrane lipid, 
phosphatidylserine. Several studies suggested LysoPS 
receptors’ function in immune system, but their 
detailed roles are still unknown. Potent and 
subtype-selective ligands will be useful chemical tools 
to elucidate these receptors’ functions. Thus, we have 
synthesized such ligands, focusing on a modularized 
structure of LysoPS: a polar phosphoserine moiety, a 
hydrophobic fatty acid moiety and a glycerol linkage 
(Figure 1).3 We previously found that each moiety can 
be modified individually and optimized moieties can 
be connected to yield highly active and selective 
agonists. In this study, we focus on derivatization of 
fatty acid moiety (Figure 2). 

!"#$%"#$&'()&* +,-.*,/(0*12./&'#2*
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Figure 1. Modular structure of LysoPS 
 
2. Study of Structure-Activity Relationship 
about Fatty Acid Moiety of 2-Deoxy-LysoPS 
We focused on 2-deoxy-LysoPS analogues that lacks 
hydroxyl group on glycerol moiety for synthetic 
versatility. Various fatty acid moieties were attached 
to the phosphoserine-glycerol moiety.  
 

!"#$%&'"()* "+,)-&'"(+* !"#).%&'"($*

HO

O

O
P
OH

O
O O

O

NH2 !"#$%&'()"*+(,-$.'(
-%/0"$/$/1(23/43/3(

53637%/(%8(
9+.#%:+6(;#%&<(
=>?.3%:+?0+<3@(

+/01234/'452"(*

,-7A"7%/(
0161705*27*891*
:;4<*=2>184?(

,-7A$0+(B"'(
@18:>710("6C%'0(
-%/'$'03/06+D(

,-7A$0+(B"'(
:A2<>5910?(

 
 
Figure 2. 2-Deoxy-LysoPS and its activity toward 
three LysoPS receptors 
 
GPR34 activation depended on the shape of fatty acid 
moiety while P2Y10 was activated rather consistently 
and GPR174 was not activated by 2-deoxy-LysoPS 
analogues with various fatty acid surrogates. The 

GPR34 agonistic activity of 2-deoxy-LysoPS having 
oleic acid was very weak, but the analogue containing 
three benzenes in its fatty acid moiety showed 
subnanomolar activity. Thus, we could potentiate 
LysoPS analogues toward GPR34 by modification of 
fatty acid moiety. The fact that structural change in 
fatty acid moiety is linked to activity toward GPR34 
suggests fatty acid moiety of 2-deoxy-LysoPS 
analogues is strictly recognized by GPR34.  
 
3. Prediction of Hydrophobic Binding Site 
We next focused on how the hydrophobic moiety of 
2-deoxy-LysoPS analogues is recognized by GPR34. 
The plausible model will help our further design of 
LysoPS analogues.  
GPCRs are membrane receptors with seven 
transmembrane helix domains. We constructed 
GPR34 homology models using P2Y124, 
phylogenetically close to GPR34, as a structural 
template. Docking study of 2-deoxy-LysoPS 
analogues, having fatty acids effective for GPR34 
activation, was conducted. The obtained binding 
models were optimized by molecular dynamics 
simulation and validated with the experimental 
structure-activity relationship. 
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Figure 3. A proposed model of GPR34/LPS1 and 
2-deoxy-LysoPS analogue complex 
 
In the plausible model, the acyl moiety was placed 
between transmembrane helices (Figure 3) and it was 
suggested that the LysoPS analogues with elongated 
acyl moiety would be similarly active toward GPR34. 
Such analogues were synthesized and biologically 
evaluated to actually have GPR34 agonistic activity. 
Thus, the obtained model was shown to be useful in 
designing more intelligent analogues. 
 
1. Inoue, A. et al. Nat. Methods, 2012, 9, 1021. 
2. Sugo, T. et al. Biochem. Biophys. Res. Commun., 
2006, 341, 1078. 
3. Ikubo, M. et al. J. Med. Chem., 2015, 58, 4204. 
4. Zhang, J. et al. Nature, 2014, 509, 119. 
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