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�� ��������, 	
 CA1 �β��
����(β��)��������

��������(LTP).  !, ��"#$, CA1�β��%&'( LTP�)*, %&

'(��+,-�./012, 345678. 9:, ;<=β��	>?@A��

�BCD?EFGH��CA1�LTP�)*IJKLHMN�MorrisOPQR�ST

./�UV. WX"#$H���YZ[\])^IJ� 10 Hz�θ _`a	(bc 150

def, 1c), � CA1�ghij L-@A��
�k, lmnopq LTP, ��rst

DL-EFGuvw; xy, WX"#$H���Y[lm)^IJ� 5 Hz�θ _`a	
(bc 150def, 3c), � CA1�ghij DL-EFGk, opq� LTPlmntz

{. xsn, |}~ 20 min� CA1 ��� DL-EFG, MN�OPQR�./�Yl

mn��H��MN, |}k 24 h �ST12���xs��. K�����, β��
'(�� CA1������-, �HST./��.

��� ββββ�� ����� CA1 � 	
 ��
� ��

��������	
��
����[1]. �������(long-term potentiation, LTP)

���������, ����	
������ !"#$%&'([2~7]. )*�'(+,,

��-. CA1/� LTP0β1234567�8!. 9:, θ ;<=>(5? 10 Hz)�����

@A�=>, BC"D5EF CA1 /���G5, H�β0I>JK L-LM1234N��,

O5PQRSTUVW� LTP[8~12]. XY, ZD[\�I]^_ CA1 /�β0I�`abcd
LTP�8e. fgh��, CA1/�β0I�`bc��ij����, klmn. op, qr

stuβ0I>JK L-LM1234	β0IvwKDL-xyzd�ICA1/ LTP�8!��,

"{tu CA1/|}~� DL-xyzd��� Morris�����������.

1 �����

1.1 ��

��J�o Sprague Dawley��(��, 200∼250 g), �������2���J��x.
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�����[���((23�1)�)�J��, �� 1~2 �, ��� ¡Xe!(2¢ 8�00 £¤,

_¢ 8�00 �¤), "¥¦§¨�©�	�. ª«¬­J����®¯°��±²³'(�

(NIH)´µ�¶��J���·	¸�¹º»�h¼½¾.

1.2 ��������	
�� CA1
����

���¿ÀÁÂÃ(1250 mg/kg, ÄÅ~�), ÆÇ�±IÇÈÉ2, I�ÊË� 37�. Ì

DÍÎÏRÐÑÒ CA1/(BregmaÓÔÕ 3.3 mm, Ö£�× 2.5 mm), ��|}ØÙ[13]; Ï

RÐÚÛ« TeflonÜÝ�DÍÎÞ, ßàáâSÏRÐ 1.0 mm, ÇÈ� CA1/�ã�ä, �

�
åæç���ÕèéÈ(field excitatory postsynaptic potential, fEPSP).

Ì�êëxìíîéîëïÑÒ Schaffer ïðñò(Bregma ÓÔÕ 4.2 mm, Ö£�×

3.8 mm), �o=>éî. � Schaffer ïðñò2� 30 sØó�ôõö÷=>(ö÷øù 50 µs,

�ù 110∼150 µA). úûüýþ&8;=>éî	
åéî��ù, ��yÒ��� fEPSP.

D���=>�ù, yS=>-	
�ù�×, �Ï
��	
� 55%~65%�é
�ù�Ço

���ù, ���_��.

��, � Schafferïðñò2� 1 minØóõö÷=>(ö÷øù 50 µs), 
å 5 min�×

��� fEPSP, XÕ, �Ù�~�ÐÑ�ÏRÐ, ßàáâSÏRÐ 0.8 mm. � L-LM123

4(10 nmol/L, 1 µL)üDL-xyz(17 nmol/L, 1 µL)üL-LM1234 + DL-xyz()� 10

nmol/L, Õ� 17 nmol/L, 1 µL), ?��³���(1 µL)~�Ò CA1/�ã�ä, ~Ù��Ë�

20 min. ª«Ù��¡°� Sigma��, �����³���. �~Ù� 20 min�� , Ë�


å�×��� fEPSP. ~Ù!"Õ, #
å 5 min fEPSP. XÕ, Øóθ ;<=>(10 Hz, �$

150 ö÷, 1$, ? 5 Hz, �$ 150 ö÷, 3$, $��% 10 min), &�
å fEPSP 1∼6 h.

1.3 CA1
ββββ��������	��	�����
���'()*+ÂÃ(40 mg/kg, ÄÅ~�). �,ï�� CA1 /íï-.DÍÎÏRÐ,

ÈÓo BregmaÓÔÕ 3.3 mm, Ö£�× 1.5 mm, /0�1Ô_ 1.7 mm. 23Õ, ÏRÐ4Ñ

��5DÍÎÐ�o67, �89:.

;< 1=�3Õ>?, ��@0 Morris���¾o�AB, &�AB 5 d, �CAB 4D.

���o�EFìG, �H 150 cm, I 54 cm. AB�, G4��1�Iùo 38 cm, ��JË

�(26�1)�, ":KDL,. ìG4«��Ho 9 cm��M, NO��1_ 2 cm, P��#

:KDL,, Q�MoD�R[14,15].

�CAB) 20 min;ÏRÐíï CA1/~� DL-xyz(17 nmol/L)?��³���. ~

Ù�, SSÏRÐ4�67, Ñ�DÍÎ~�Ð, ßàáâSÏRÐ 1.0 mm, T~ÙÈÓo/

0�1_ 2.7 mm. ���¡PUJVW_, � 0.5 µL/min�Xù, �ï~� 1 µL. ~�!"Õ,

~�Ð�ÏRÐ�YZ 1.0 min, XÕSS, g[Ñ�67.

���AB	\]�^_ë Sandin `*[16]�a�. NO�MÈ���bºcd��e.

�DABfÌ��gÔGhã�büiüºüjkôSlÈÓ���ô, �C�DAB�Sl

ÈÓ¯büºüiüjm�n��, �DABop���G4q 65 srsNO�M. :t��

� 65 s4Ku&sÒ�M, Ov����M2YZ 30 s, XÕãw�4; :t��� 65 s4x

5sÒ�M, yP��*zÌßÏRÒ�M2, "vß��M2YZ 30 s, XÕãw�4. �

�4{| 65 s, #£}_�DAB.
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~ 5CAB!KÕ 24 h½¾
�JË5��\], �½¾�D\]. \]�, ÌNO�M

�G4��. ��gÔGh, �AB�NO�Mª�cd�dïcdSl, v���G4q

65 s, st����ôcd���Z��. 
�JË5�\]��Õ#��Mã�G4, Ì�

M�I, �S�1, �@�½¾�R�M\], �½¾ 3 D\]. � 3 D\]�, ���Sl

ÈÓ���S, ���SÆÇD�, Y�R�M�È�y� 4 ôcd�� ��, ë�, op

���G4q 65 s.

¸��� ü��67­�^(°� San Diego É�����)
å��������U

J. ñ<�^���@
å?����sÒ�Mª����üªq<���­q�Xù.

1.4  !��"

���<��'()*+ÂÃÕ, ��³���, XÕ� 10% ¡�¢�£ñ<x¤¥


. SS����-, "� 4% ¦§¨©�£�ª�ÕÆÇ 1 =�2, XÕã� 30% «¬�

£��_­. Ì���-�®¯°. 2°K 50 µm±�²V³., ³.´ã�µ¶.2, X

Õ� thionin:F.

1.5 #$�%&

d�é³����·¸(Tæç���ÕèéÈ), ë�¹�Dë��Ó�)º
�»d t

¼�, Dë¹�ë���Ó�)º
�T»d t¼�; d�¾o���·¸, 3¹J�l��`

N�½L, 
� one-way � two-way ANOVA(with a repeated measure)¾¿ÀIÁ�G
, XÕ

Â� Planned Comparisons½¾ Post hoc¾¿, ¼��Ã¹l��`N�½L. ª«�7��¾

¿f� STATISTICA(StatSoft ��, °�)�^2½¾(ÄÅ	Æ��ª«·¸f��®·�Ç

ÈÉ+Ê).

2 ��

2.1 L-'()*+,-.�� CA1
	/0123

10 Hz�θ ;<=>(TPS, �$ 150ôö÷, 1$)�ÄU	~�³������2QRS

ºË� LTP(Æ 1(a); TPSÕ 60 minc TPS) 10 min� fEPSP)º, ÄUd�¹, T = 2.38, P <

0.05; ³���¹, T = 2.61, P < 0.05; »d t¼�). CA1/~� L-LM1234Õ, TPSQRS

VW�� LTP(Æ 1(a); TPSÕ 60 min, L-LM1234¹cÄUd�¹)º, T = 2.17, P < 0.05;

L-LM1234¹c³���¹)º, T = 3.19, P < 0.01; T»d t¼�). Ì L-LM1234	

DL-xyz�ë~��, L-LM1234�EFG
D#N�(Æ 1(a); TPSÕ 60 min, L-LM1

234 + DL-xyz¹cÄUd�¹)º, T = 0.82, P > 0.05; L-LM1234 + DL-xyz¹

c³���¹)º, T = 0.37, P > 0.05; T»d t¼�). Æ 1(b)VÊ���¹J� TPS) 10 min

	 TPSÕ 60 min�� fEPSPÍÎ.

2.2 DL-45678�� CA1
	/0123

c2�� 10 Hz θ ;<=>Ï	, 5 Hz�θ ;<=>(TPS, �$ 150ôö÷, 3$)�d�

¹	 DL-xyz¹f5QRSTUVW� LTP(Æ 2(a)). d�ÄUd�¹	³���¹, �

TPS ��Õ 10 minOÐ+ÑS��ÒÓG5�VW��(Æ 2(a); TPSÕ 10 minc TPS) 10

min� fEPSP)º, ÄUd�¹, T = 3.84, P < 0.01; ³���¹, T = 10.75, P < 0.001; »d t

¼�), Yd�DL-xyz¹, � TPS ��Õ 60 minÔ+ÑS��ÒÓG5�VW��(Æ 2(a);
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TPSÕ 60 minc TPS) 10 min� fEPSP)º, DL-xyz¹, T = 2.79, P < 0.05; »d t¼�). Ä

Ud�¹	³���d�¹� LTPË���â< 6 h, H DL-xyz¹� LTPÕ���Ö�Y

×ØÙÚ, � TPSÕ 160 min£}VW&�Ë(Æ 2(a); TPSÕ 160 min, DL-xyz¹cÄUd

�¹)º: T = 2.28, P < 0.05; c³���¹)º, T = 2.36, P < 0.05; T»d t¼�), �Õ, DL-

xyz¹� fEPSP Û��Ë. Æ 2(b)ØSu�¹J� TPS ) 10 min 	 TPS Õ 160 min ��

fEPSPÍÎ.

� 1 L-�������	
 CA1 ��
���(LTP)���

(a) θ ����(TPS; 10 Hz, �� 150�	
, 1�) ��
����������������� LTP; CA1�� L-!"

#$%&', TPS���()�� LTP, *+,- DL-./0+, L-!"#$%&�1234567. 89:;<θ ����.

�
��� 8=��, ����� 6=��, L-!"#$%&� 7=��, L-!"#$%&+ DL-./0� 6=��. (b) ��

>? TPS@ 10 min� TPS' 60 min+� fEPSPAB. CD< TPS@ 10 min+� fEPSP, ED< TPS' 60 min+� fEPSP

2.3 DL-��������	
��
������

;< 5 dAB, 3¹������������5�«VW�½L(Æ 3(a); F(2,21) = 10.96,

P < 0.001; two-way ANOVA). cd�¹��Ï), CA1/~� DL-xyz������XùV

W&û(Æ 3(a); DL-xyz¹cÄUd�¹)º, F(1,21) = 18.14, P < 0.001; DL-xyz¹c³

���¹)º, F(1,21) = 14.54, P < 0.01; Planned Comparisons). �~ 3ôABÜ
, DL-xyz

¹cd�¹)º, �hVW����Ô5sÒNO�M(Æ 3(a); ~ 3 C: DL-xyz¹cÄU

d�¹)º, F(1,21) = 9.78, P < 0.01; c³���¹)º, F(1,21) = 8.07, P < 0.01; ~ 4C: DL-

xyz¹cÄUd�¹)º, F(1,21) = 9.89, P < 0.01; c³���¹)º, F(1,21) = 10.94, P <

0.01; ~ 5C: DL-xyz¹cÄUd�¹)º, F(1,21) = 9.38, P < 0.01; c³���¹)º,

F(1,21) = 7.83, P < 0.05; one-way ANOVA, Planned Comparisons). � 5ôABÜ4, 3¹���
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� 2 DL-������ CA1 �	
��
(LTP)���

(a) θ ����(TPS; 5 Hz, �� 150��	, 3�) 
��
���������������� LTP. CA1��� DL-� 

!", LTP #$%&'(. )*+,-θ ����. ��
�� 7.��, ����� 5.��, DL-� !� 5.��. (b)

��/0 TPS1 10 min� TPS" 160 min2� fEPSP34. 56- TPS1 10 min2� fEPSP, 76- TPS" 160 min2�

fEPSP

q�XùÝ«VW�½Þ(Æ 3(b); F(2,21) = 0.03, P = 0.97, two-way ANOVA).

� 24 h 
�JË5��\]�, 3 ¹���ßÇcd��àr��«VW½L(Æ 3(c);

F(2,21) = 4.17, P < 0.05; one-way ANOVA). DL-xyz¹���ßÇcd�àr���VW&

n�d�¹��(Æ 3(c); DL-xyz¹cÄUd�¹)º, F(1,21) = 6.48, P < 0.05; DL-xyz

¹c³���¹)º, F(1,21) = 6.02, P < 0.05; Planned Comparisons). �p\]�, 3¹���

q�XùÝ«VW½Þ(Æ 3(d); F(2,21) = 0.36, P = 0.70, one-way ANOVA). Æ 3(e)o
�JË

\]� 3¹���á+�q�âã. ��R�M\]�, 3¹���Kä��å(Æ 3(f); F(2,21)

= 0.30, P = 0.74, two-way ANOVA).
Æ 4(a)VÊ��³���	 DL-xyz� CA1 /�á+�~�ÈÓ, Æ 4(b)��æ DL-

xyz~�ÈÓ�.�çè.

3 ��

B'(�éh�t:_: (ê) CA1 /|}~� L-LM1234EF�I�����, Y

DL-xyzyë!�����; (ì) CA1/|}~� DL-xyzíî�����������

�5�. ïð�t+,, �� CA1 /�β0Ibcd�I������8e, ë�bcij�

�����<�.
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� 3 DL-�������	
��
��������

(a) 5�������	
��
������(������	
���������������). (b) 5�����	


� !"#. (c) 24 h$%&'()*+�	
� 4�,-�./���. (d) 24 h$%&'()*+�	
� !"#. (e) 24

h $%&'()*+���	
�012 !34. (f) 56
�*+���	
��
������, ��7 8 8	
.

*� P < 0.05, **� P < 0.01, DL-9:;�<=>?@�AB; ##� P < 0.01, DL-9:;�<CDEF�AB

��'(+,, ñòó(ôß�ñòó��õÚïó)��β0Ibcdö÷ø
;�Ï�
�
�ùÆ[17,18]. XY, ����β0I���	
�����úû«��¾o�ü¸. Bý

�o�� CA1 /β0Ibc����¥¦ugh�¾o�ü¸. �þ¦���� CA1 /��

����'(�, ¸�I@��=>QR LTP, XY, θ ;<=>(TPS))I@��=>QR�

LTP f��³����. TPS 	β0I>UÏ��apÄ�J���<����4ªl³�ö
�. ����β0Id TPSQR� LTP�8;�'(��f����-.2½¾�, Bý��

�I]^_, ñ< TPS QR CA1/� LTP, "d��β0I8e��½¾ust.

DL-xyzÏ
�����	
�5�0í, D�5�P�J��9�	J5�0í?

ß
�ðT�L��4
K�. ��, ~�DL-xyz����AB<�	 24 h
�JË5�
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\]�, q�5�Ý«0í; ßD, ~� DL-xyz���cd�¹����R�M\]�+

Ñ���å. �p, qr�o, DL-xyzñ<��β0IU���u����5�, �YR�


�ùÆ0í.

� 4 ������ DL-�	
��
��� CA1 ���������((a))� DL-�	
� CA1 ��

�����������((b))

β0I	 G ����, �Y8;3���F��U�. =>β0I���4 cAMP ���,

Y��β0Iy�ª�4 cAMP ���. �p, =>?��β0I�8; PKA 	/? MAP >�

(MAPK)�U�, �Y8;ó4 cAMP 	
�7����(CREB)�U�. ï� !����

L-LM1234	 DL-xyzd CA1/ LTP�8!�­ DL-xyzíî�������G
.

��2, )*�þ¦'(+,, CA1/ cAMP-PKA-CREB(? cAMP-PKA-MAPK-CREB)��ñ

òd LTP, ��	
�� D�n�[19∼25].

�� ��������	
��
����.
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