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H/�©ª293Áj@ÂMN¥¦ª/¹ºÃÄK
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/�ØÙª�ÚÛª�·¸^Ü3Ý@�}TÞß­
�NWàV�EáâáãäåæáÏGçèé/êë
ìmn3:L@/ÒÓHU^}W
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N Brain Mapping Analyzer<QRS[1]��]3456
7£�293:;<:LSTUV[1-8]WY3:LP/�
ÍEÎÏÐÑ<Ó}VÔÕcLP_ðñ£�iòó
<Ó}Vôõöjëìê÷øÑåùáP¤ÃúT�
û^'¤È üýþ��èCH¼½^:L{|<yNY
¤­HUNW�h@�Y3Ö×<Z@��45@:
;MN67£�29<:LMNV[3 Human Brain
Mapping Analyzer ¤`3cLP<QRSV [9]WY3
Ö×@��T��43��=�<��ëìä�@�
�	>?@:
ST\]^67£�293:;<:
LS�IJK@ÔÕ£HUN���>?3stï¸
«<�òST
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n��H/�67��wx�6��<�V^} 3
j3�ª�50-70 �!34<ÒÓSVWYzh/}
�zÈ����@�������3V[@���B
 j¤ST!"�zVÈ3H�NWIJ:L<�#
V[@/�§¨<C�àH$�@%=@&IS^�
z(^h^}W012<Ó}V��H/�='@&
Iö<()S�`3º4<±BòST}VWSgS�
�3='<&IMN@/&Iö­�J@*�H�N
��¹ºÆ�­7+ST}NV[@,-�&I­#
à'}g^}Ë�ª­�N�^Ügh�4<±Bò
SVº@./&I<�^�VW¥¦01ª@/¹º
Æ�Èa2ST'NY¤gh�¹º3Æ��534
<Ó}VW

2.1���43&I

4/HUN4B-5<6&�^}�#78<9�
V:;H±BòSVW<ä=>?¢l@AB (PBS,
pH 7.4) HCVSVDE÷@FáG<HB�`3�
@�4<IJST×}VWKL35M1Nwx4O
1N@ÏPQáE<R/S�S<�TUä�<Ó}
T PBS�VW!<�:X 65 ml3õ¸H./ST,-
SVWY}T ü%ZÑ[G\]G^_`¤ abV%øG
TG]G^_`<cd PBS eö�6W!@��T.
/&I<�^�VW4378</�S�²fg3h
� 1cm 3iìEë@:
S�4%ZÑ[G\]G^
_`3 PBS eö�4j!H 2 k��º&I<�^�
VW�h@4iìEë< PBS eö�4j!H 3 k�
lmS�5%�no PBS eö�4j!@ 4 k�pqS
VW�noö<pr�sNY¤@��T�t{Æ@
§¨53u3R¢<vwS�§¨3x6<yzY¤
­HUNW�4iìEë3{8¤-5<|}@±B
uU�`Ñ~]~��H�õ@t{�s���<y
zV[��ST-80jH��SVW

2.2��mn��

 n��H/²fgiìEë<����@��SÒ
ÓSVW4iìEë<ctS 13%U<ÎPG]Gã
áG<cd PBS eö@��S�Úxt{SVWY}
T���3t{��Ó�ëì÷á\ (Cryo-Microtom,
PMV, Sweden) <Ó}T 20 µm 3h�HbYK@�
�SVW��SVmn< PBS eö�@�gúTS�
<�(S�Beª3U<ÎPG]GãáG<uvS�
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12�34�5�67�89:�;�
�<2�
�=>?@A��
BC�DE�:FG���H�
IJ��K5LMDNOPQ�RS���T����
UJ�PQVWXYZ[MD\]^)
3�4�_
`\]��ab
cd)ef��Ta)�34�N
OPQ�gh�����ijk�l^�mn��

3.1��Z[op�q�rh^

 (1) st$u�q�$vw9xy+z�{xy+
z|
�  }z!���� 30 \~�24 �~�0
��(2) ���z�:�q����$vw1N ���
10 \~��E
 0.1N ��Z�>:A!$%� 5 \
~�0��(3) �Z�����w i) 0.25% �@��
���:A! (KMnO4) � 20 \~�0������
)��0�Pal $%&1%����:A!b 1%��
A����%(� 1�2\~�0�PBS)��0��
ii) ��Z���� 2�3 \~�0��iii) ��Z�
z8�A!:�A!$%|
��Z}A��>:A
!$%� 10 \~�0��(4) �Z�6opw�� 
+x+;)4����\�¡\�gh0�¢£��
��� 2 ¤~¥0���� +x+;����¡\
�¦§0������¨�9xy+z� 10 \~�
0�PBS )��0��©����K5LMPQª7
�s¨� Human Brain Mapping Analyzer)«¬0��

3.2��Q[M­^�q�rh^

®¯PQ\QQ°± (SPM-RFL, Nikon) �qf²�
34�K5LMPQª7��³�>z�\]0�´
µ¶·¸¹º»G-zx+�¼½��ab�q�r
h^�¾¿0��

3.3��ÀÁ«Q^�q�rh^

ÂÃÄ�4��� PBS ) 2 �~��0��$Å�
PQª7�Æ�gÇ�Human Brain Mapping Analyzer
)©4ÈÉ�Ê
�K5LMDPQË°�«¬0��
ÌE²�ÍÎ�PQVWXYZ[M�ÃÄ0�ÏÐ
�ÑÒÓ��Ô=>0�ÑÒÕÖ×)Ø¹«¬0��
VWop��PQË°Ùq�opÚ�Ù�Û0§Ç�
ÜÝDVWXYZ[MPQË°Ù�Þ��&ßà(�
ÑÒÓ�����Ô=>��á���������
âã����³�)5¬�äå�@+�0²�À°
æ�«¬�æçb0��

 ��	
��������

æM�èé�êE²�ë�ì����GzìíÔ
��(FITC)�îz�ïèé^�qf²�PQVWX
YZ[M�ÃÄ0��©èé�ð°
��ñòók
Cô¬0��VWXYZ[ÃÄ�õö­÷�ø×�
ù��(1) ��� PBS ) ú �~��0��(2) �û
üý�ÍÎ��þ�4�) 2 �~op�þ���PBS
) 1 �~��0��(3) ©ª7����èé&�à
èé(� 1.2 ml ÍÎ��þ�4�) 12�~op�þ
��(4) PBS ) 30 \�j 3 ���0��(5) FITC )
��Z����ïèé�ÍÎ��þ��z8}�z

ßà.�34ÍÎ�BC��K5LMPQ�gh^

34�
:FG���D	�µ
��K5LMDPQª7�\�0²Ê��PQVWXYZ[M�ÃÄ0���k

CæMb��ª7�\��_`��ab
)ÇDE�*:��Ô�z
����&ChAT(�\]����T�g
hl^�ù��ÃÄÚ&A(bÃÄ�&B(�ÑÒÕÖ×)©ÈÉ�PQË°�«¬0�T�Ûq�ÜÝD ChAT �
PQË°Ù&C(�Þ���
A�'34ÍÎ�Ê
�K5LMNOPQ�Ë°\�ß
B�'ChATèé�q�VWXYZ[ÃÄ��PQË°\�ß�VWXYZ[ÃÄbNOPQ�\����0²E��
C�'ÜÝD ChAT�PQË°�\�ß�B�ù0��+xkC A�ù0��+x�Û§�ab�qf²�C���
                                                                  (J. Neurosci. Methods 85: 161-173, 1998q�§ê)
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ßï�'��D34�Ê
���D��Z[ª7�\�ß�Ò�

ÃÄ0�4��� Human Brain Mapping Analyzer �êE²�50 µm~�)� 300 �ÈÉ�\�0�©ÈÉ�Ê
�P
QË°Ù�«¬0���C���+x� 8� �Ë°�\!0���+"ù0��

A�'\]0�4ÍÎ�#$%'&'�()ß�*+�\]0�ÈÉ�å,)ù0��aa�ù0��+x�Í-.
ò
,)ù0��Am/01%'CC/42%'Cd/345%'Cl/Ú6%'CR/789%'DG/:4�%'FGi/Ú;<×Ú;�%'FGm/Ú
;<=Ú;�%'FGs/Ú;<'Ú;�%'GPe/>?@A½%'GPi/>?@;½%'Hp/BC%'Hy/DE×#%'IC/;FÚG%'Pt/
HI%'TGi/J;<×J;�%'TGm/J;<=J;�% TGs/J;<'J;�

B�'x� ����Z�� (TH) �VWXYZ[M\�ß
C�'.zx8��KL��� (GAD) �VWXYZ[M\�ß
D�'.zx8��K����'(GDH) �VWXYZ[M\�ß
E�'MN�x�� P (SP) �VWXYZ[M\�ß
F�'�zOP�:� (CaM) �VWXYZ[M\�ß
(B&F: J. Neurosci. Res. 63: 369-376, 2001; C&D: Human Brain Mapping 11: 93-103, 2000; E: Neurosci. Res. 35: 339-346, 1999q�§ê)
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)QQ0�RS) 3 �~op�þ��ø��õö

T²QQ×)UDf��(6) PBS ) 3 �~�j 6 �
��0��(7) 10%.:Ô:� PBS$%)V)0��
��� 4��WX�YZ0�_[�\]0��PQ
VWXYZ[ÃÄ�á���=>�\]ÍÎ�34
��bÑ��ÃÄ0�ÃÄÕÖ�^�b0��PQ
VWXYZ[ÃÄ�����
�WX_S×)Ò¤
~
`¬)e��

������

\]�
 Human Brain Mapping Analyzer [9]�êE��
a�ÏÐ
a8PQ®¯b��{�@A�>�1c
°�QdefgZ�Ô=>0²e��h�}+z�
i0²����¯jDÈÉkC�5¬DPQË°�
±«��ÏÐ)e��®¯b��,+P
*�h�
+x+)kl��²Ê����T.�PQË°�\
��jmíîz)Ò°�\])Ç���,+P�n
opqrs
 150 x 150 mm�nt«Q~�
 0.25 µm�
«Q�h+�
 100ÈÉuv)e��
«¬ÕÖw�´µ¶· 420-490 nm, º»G-zx
+ 530 nm, QdefgZ�çwdx 850 V, �ªí
�y 20 x / 0.5 (gz/{|}), «Q~� 50 µm, D~
�� 40 µm, «Q�� 100 µm����)
�1��
4��kC� 300 �ÈÉ��+x�����C��
PQË°Ù� 8 � ���+"ù0�©ª7�\�
�v]0��A������PQË°��x��+
�b0²�ê0��

 ���� !"

12�34�
:FG���H�IJ��NOP
Q�RS�����tqª�4���q��_`�
\]��ab��JDE�K5LMNOPQ
�s
t$u����z�:���Z����q��Z�
����Z�z8�A!:�A!?��Z}A��
>:A!�q�����)
��b�	rh)ÇD
kf���@�����:A!�q��Z��
�
K5LMNOPQ�Ë°�� 50 % ���þ���
XY����n�VWXYZ[ÃÄ��ê����
)ÇDkf�������q��Z�6op
NO
PQ�Ë°�� 90 % ���þ���Ø�Å���
�ef���C��NOPQ
�E¶·ÈÉ�´µ
Q)´µ����þC��PQ��E¶·ÈÉ��
����´µ¶·���?º»G-zx+�qf²�
VWXYZ[MPQbNOPQ�\���ab
)
ÇDkf��
Ta)�Human Brain Mapping Analyzer �êE²
VWXYZ[ÃÄÚ��ÑÒÕÖ×)Ñ�#$�P
QË°� 2 �«Q0�op��ÙkCopÚ�Ù�
Û0§�ÀÁ«Q^�êE²ÜÝDPQË°Ù��
��a�l^
�Z[Mop�êE�rh^bLD
��PQ��Ä?XY����n��b�	¨��
n���)Ø�Å�ef�&ßà([9]�a�l^�
qf²�C��©ª7�ÜÝDPQË°�\��ß
à¸¹ß 2�ù0²E��
*:��Ô�z
����'��Ô�z*:���
���/ ChAT�[9,10]�x� ����Z����,*
z�8������/ TH�[10,16]�.zx8��KL�
���GABA �����/ GAD�[14]�.zx8��K
�����.zx8���íîz�¼½����/

GDH�[14]�MN�x�� P �SP�[13] ¸¹�zOP�:
��CaM�[16] �\]����T����ª7
4ÈÉ
��R0²\�0²Ê��©ª7�\��
ÛL�
nC���5��345�HI¸¹>?@D	�È
É)ª7~�5 MD\��¡¢����ChAT 
�
HI�345�>?@�01�Ú6D	�ÈÉ�1
íîz)\�0²E��TH 
345bHI)5�
1E\��BC���GAD �íîz
>?@bD
E×#)n�1��>?@�A½q��;½�1E
\��BC���GDH 
£67Té�¤¥M¦Ò
�\�0²E���HI�345�>?@�DE×
#D	�1íîz)RS0��SP 
>?@�;½
��n1íîz)§S0²E��CaM 
£67�T
²�ÈÉ)¤¥M1E\��ù0���345bH
I�íîz�n�1kf���^�qf²�C��
��
øÚ�¨Z[MD��¸¹XYZ[M¡¢�
�b�p0²Ê����D\�b¬©Ù�jmíî
z)��ab�)Ç��
ª��«0�\]l^
�UJ�l^b¤¥0²

¬0�`¬0���D����C���a�0²�
C��\]��
�=­t®�v"?¯����°
±��²t³v"����
´M�+x�µ¶��
��)e��
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