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1

1

Dob bing  & 

Sands  (197 3)  10 7

DNA DNA

10 2

2

brai n  growth  spur t

Dobbing  &  Sands  (1979)  
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3 3

brai n gro wth  s purt

7 3

3 3

bra i n  gro wth  

sp ur t

 (Olne y  e t  a l . ,  20 00;  

2002 )

 (T homp son  et  a l . ,  

2009 ) 1

N- me thy l - D- asp ar tate  (N MDA ) 

Phencyc l id ine  (PC P)  ketamine NMDA

 ( Bey  &  Pa tel ,  

2007 ;  Dargan  & Wo od ,  2012 )

k eta mine

NMDA
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NMDA

 (Bai er  e t  

al . ,  2009 ;  Fredr ik sson  &  A rche r,  2003) NMDA

NMDA

NMDA

NMDA
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brai n  growth  s pur t

bra i n  gro wth  

sp ur t

NMDA

NMDA

2 NMDA

1.  

2 .  NMDA
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NMDA non-NMDA

α-amino -3 -hydro xy-5 -meth yl -4 - i soxazo leprop io nic  ac id  (AMPA)  

mGluR1 mGluR 8 8  (Seeb urg ,  1993 )

NMDA 3

NMDA NR 1 NR 2A

NR 2B NR 2C NR 2D NR 3A NR 3B NMDA

1 NR 1 NR 2A NR 2D NR 2

2 4

(Monyer  e t  a l . , 1994 ) NMDA

 (

1991 ) NR 1

NR 2

NR 1 NMDA

 (Johnson  & 

Ascher,  1987 ) NMDA

NMDA

NMDA C a 2 +

NMDA  (Fi g .  1- 1 )

AP 5 CP P CGP40116 CGP 3955 1 PCP MK-801

ketamine NMDA

NMDA Ca 2 +

NMDA
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MK-801

 (P ee t  e t  a l . ,  1999 ;  Sh anthane ls on  e t  a l . ,  2009 ) NMDA

NMDA

NMDA  (Abraham  & 

Mason ,  1988)

(Heale  &  Har le y,  1990 ) NMDA

NMDA

NMDA

NMDA

AMPA AMPA

Na + Na +

NMDA

Ca 2 + NMDA

Mg 2

 (Foster  &  F agg ,  1987 )

AMPA

M g 2

NMDA

Ca 2 +  (Maye rs  

& Wes tbrook ,1985 ) NMDA

 (Mona ghan  & C ot man ,  1985 )
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Fig .  1 -1 NMDA NMDA

 (More tt i  & Torre  

(2008 )  )
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NMDA

 (Co l l i ngri dge  et  a l . ,  198 3) NMDA

3.  NMDA

Bl iss  &  L ømø  (1973 )  

10 20Hz 10 15 100 Hz 3 4

 ( )  

 ( l ong  term p otentia t ion ;  LT P)

NMDA

LTP LTP

LTP NMDA

NMDA

Mg 2

AMPA

Mg 2

Ca 2 +  ( Mayers  &  

Wes tb roo k,19 85) Ca 2 /

 (CaMK )  

AMPA
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Hebb  (1949 )  

Hebb LTP Hebb

LTP

 ( )

LTP

(

) LTP

 ( )  LTP

 (Kel so  e t  a l ,  1986 ;  

Sas t ry  e t  a l . ,  1986 )

LTP

LTP

(B arnes  & McNaughton ,  1985 ) LT P

 (Castro  e t  a l . ,  1989 ;  

McNaughton  et  a l . ,  1986 )

LTP

LTP

(B arnes ,  19 79)  

Morr i s  e t  a l .  (19 86)  NMDA LTP
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NMDA 2-ami no-5 -p hosp honop ent anoi c  a c id  

(A P5 )  

AP 5

AP 5

AP 5

AP 5

L TP  (D avi s  e t  a l . ,  1992 ;  

Morr is  e t  a l . ,  19 86 ;  Morr is ,  1989 ) NMDA

(B auer  e t  a l . ,  2002 ;  Davi s  e t  a l . ,  1992 ;  Kawab e  et  a l . ,  1998 a ,  b ;  Mo rri s ,  

1989 ;  Morr is  e t  a l . ,  1986 ;  Venable  & Kel ly,  1 990 ;  Wozni ak  e t  al . ,  1990 ;  

Zhang  e t  a l . ,  2001 ) NMDA

4.  NMDA

NMDA

NMDA

 (H irasawa  e t  a l . ,  2003 )  (Hir ai  e t  a l . ,  1999 ;  

Hi rasawa et  al . ,  2003 ;  Kihara  e t  a l . ,  2002 ;  Komuro  & R akic ,  19 93 ;  

Re ipr i ch  e t  a l . ,  20 05)  Hi rasawa  et  a l .  ( 200 3)  

17 NMDA

D-A P5

5-brom o- 2 ' - deoxyur id ine  (B rdU)  
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AP 5 3

AP 5

3

NMDA

NMDA NR 2B

i fenp rod i l

3 i f enp rod i l

AP 5 ifenp rod i l

NMDA

NR 1 NR 2B mRN A

NR 2A mRN A  (Wa tanabe  e t  a l . ,  

1992 ) I fenp rod i l NR 2A

NMDA

Brd U

AP 5

NMDA

5.  NMDA

NMDA

Ikonomid ou  e t  a l .  (1 999 )  7 NMDA

24 TdT-me di ated  d UT P 

nick -end  lab el i ng  (T UNEL )  TUNEL

DNA
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NMDA M K-8 01  0 .5  mg/kg

24 TUNEL

MK-801

( )  T UNE L

gl i a  f i br i l lary  ac id ic  pro te in  

(GFAP )  

NMDA

0 3 7 14 21

MK-80 1 24

MK-801 3 7

7 14 21

MK-80 1

NMDA

MK-801

AMPA 2,3 - Dio xo- 6-n i tro -1 ,2 ,3 ,4 -

te trahydro -benzo [ f ] qu inoxa l ine -7 - su l f onamide  (NB QX)  

scop ol ami ne D2

haloper id ole

NMDA
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3 NMDA

1.  

NMDA

NMDA

NMDA

Facchi net t i  e t  a l .  (19 93)  

1 22 MK-801 NMDA

CGP39551 24

70

NMDA

-

15 Kawabe  &  Mi yamoto  (2008 )  

7 20 MK-801

Ha rri s  et  a l .  (2003)  7

MK-801

CA1 Co leman Jr.  e t  a l .  

(2009 )  7 1  mg /kg MK-801

V

NMDA
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2 .  

NMDA NMDA

Sirca r  ( 2003 )  NMDA

phency cl id i ne  (P CP )  NMDA

NMDA

PCP

21 NMDA NR 2B mRN A

 (Sir car  &  L i ,  199 4 ;  Si rcar  et  

al . ,  1996 ) NMDA NMDA

Harri s  et  a l .  ( 2003 )  MK-80 1

NR 1

CA3

NMDA Bai er  e t  a l .  ( 2009 )  

Du B ois  e t  a l .  ( 2009a )  7 9 11 PCP

NMDA

32

NMDA

NMDA

NMDA NMDA

NMDA
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PCP

mRN A

 (du  Bo is  e t  a l . ,  2008 ) Gorter  e t  a l .  

(1992a )  8 19 MK-801

3,4 -dihyd roxyp heny la ce t i c  ac id  ( DOPAC ;  

) /

1 22 CGP 39551

D2 (Da l l ’O l i o  e t  a l . ,  

1994 ) NMDA

NMDA

NMDA

PC P

 ( GABA)  

(d u  B o is  e t  a l . ,  200 9a)  

 (du  Bo is  e t  a l . ,  2009b ) Gor ter  e t  

al .  ( 1992a )  

NMDA
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NMDA

4 NMDA

1.  

NMDA

NMDA NMDA

 (G or t er  e t  a l . ,  1992 b)  

NMDA

Gorter  & de  Brui n  (1992 )  

NMDA

8 19

NMDA MK-801 120

140

MK-801
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MK-801 CA1

NMDA AP 5

 (Gort er  e t  a l . ,  1992 b) N MDA

NMDA

Sircar  (2003)  5 15

P CP  (35 )   ( 60 )  

PCP

And ersen  & 

Pouze t  (2004)   ( 8 )  

7 9 11

PCP PCP

30 D-ser ine

P CP

 (a l lo centri c  or ie ntat i on )  

P C P

 (Andersen &  P ouz et ,  2 004)
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NMDA

Kaw abe  et  a l .  

(2007 )  MK-801

MK-801

20  (Kawabe  et  a l . ,  

2007 )

NMDA MK-801

CGP40116

 (Ka wab e  & 

Miyamoto ,  2008 ;  Wedzony  et  a l . ,  2 008 )

NMDA
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Kocahan  et  a l .  ( 2013 )  7 10 MK-801  (0 .25  mg /kg

1 2 )  35 40

24

MK-801

El hardt  et  a l .  

(2010 )  3 17 0 .1  mg /kg MK-801

1

2

NMDA

MK-801

 (Bai er  e t  a l . ,  20 09 ;  S te fani  & 

Moghad dam ,  2005)

NMDA

NMDA
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2 .  

 (e le vated  p lus  maze ;  

EP M) NMDA

MK-801

17 28

27 28

40 EP M

 (L atysheva  & 

Raye vsky,  2003 )

EP M

L atysheva  &  R ayevsky  

(2003 )  7 49

MK-801

Kocahan  et  a l .  ( 2013 )  7 10 MK-801

EP M

Ste fani  &  Moghad dam (2005 )  

MK-801

MK-801

NMDA

Wed zony e t  a l .  (2008)  1 21 NMDA

CGP40116 EP M
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NMDA

NMDA

Amani  e t  al .  (2013)  PCP

EP M

PCP

MK-80 1

BAL B/c

C57BL /6 NMDA

(A ki l l i og l u  e t  al . ,  2 012)

3 .  

NMDA

 (p repuls e  inh ib i t ion ;  P PI )  

PPI

PPI  (

)   (

)  

NMDA
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PPI

Wang e t  a l .  (2 003 )  7 9 11

PCP 10  mg /k g 24 26 PPI

Wed zony e t  a l .  (2008)  CGP 40116

60 PPI

Uehara  e t  al .  ( 2010 )  7 11 MK-801

PPI

PPI

P PI

NMDA

PPI

2  ( )  

 ( )  

 ( )  

1 2

1

 ( )  

Ste fani  & 

Moghad dam  (200 5)   ( )  
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( )  

MK-80 1

1 2

NMDA

PCP

 (Broberg  e t  a l . ,  2008 ,  2009)

 (B i rre l  &  Bro wn ,  

2000 )   (Fl ores co ,  2013 ;  F lo res co  e t  a l . ,  20 06)  

NMDA

4.  

NMDA

-

 (

) ( )

Wedz ony  et  a l .  ( 2008 )  1 21 CGP 40116

Latysheva  & Rayevs ky (2003 )  
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7 49 MK-801 16

-

Latyshev a  & R ayevs ky  

(2003 )  0 .05  m g /kg MK-801

MK-80 1 Wed zony  e t  a l .  (2008)  

NMDA

5.  

NMDA

L atysheva  &  R aye vs ky  ( 2003 )   (0 .05  mg /kg )  

MK-801 55

MK-801

Boctor  & F erguson  (20 10)  42

72 77 PCP

Facchi nett i  e t  a l .  (1993 )  MK-801 CGP3955 1

28 35 48 60

Wedz ony  e t  a l .  (2008)  

CGP 40116  

NMDA
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Schi f fe lho lz  e t  a l .  (2004)  

MK-80 1 30

60 90 120 180

0 .25  mg /kg MK-801

 (Fa cchi net t i  e t  a l . ,  

1993 ) 0 .12  mg /k g 0 .2  mg /kg

(U ehara  e t  a l . ,  2009)

NMDA

NMDA

Dal l ’Ol io  e t  a l .  ( 199 4 )  

CGP39551 D2 LY 17155 5

D1 D2

ap omo rphine

Facchi nett i  e t  a l .  (1994)  CGP39551

D1 D2

Methamphetami ne

amp hetamine D 2 quinp irol e

CGP40116 MK-801

 (Wed zony  e t  al . ,  2005 ;  Ue hara  et  a l . ,  

2010 ) NMDA NMDA

7 9 11



26

PCP PC P

 (Boctor  &  F ergus on ,  2010 )

NMDA

NMDA

D OPA C/ D2

NMDA  (Dal l ’Ol io  

et  a l . ,  199 4 ;  Gort er  et  a l . ,  1992 ;  Si rcar,  2003)

NMDA

NMDA
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2

1

NMDA

NMDA

3 2 3

NMDA

NMDA

NMDA

NMDA

MK-801

NMDA

NMDA

NMDA
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NMDA

 ( 1 )  NMDA NMDA

NMDA

 (du  Boi s  e t  a l . ,  2 009b )

MK-801

NMDA

NMDA

scopol ami ne

NMDA

3 NMDA

NMDA

7 20 14

NMDA MK-801
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MK-801

sco p o l ami ne

NMDA

NMDA

NMDA

NMDA

NMDA

NMDA

4

NMDA

MK-80 1

me thamp heta mine

NMDA

14

MK-801 methamp hetam ine

5 NMDA
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MK-801

2

1 .  MK-801

0 7 20

7 1

10 MK-801

 ( SAL ) 

NMDA MK-801 0 .4  mg /ml

MK-801 MK-801 0 .4  mg /kg MK-801

SAL SAL 100 l

 (Hami l ton ,  )  

1 2 8

28 3 4 1

12  (8 :00 20 :0 0 )  

2 .  MK-801

MK-801  ( 2 5)  10
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2 12 14

MK-801  (0 .4  mg /kg)  SAL 1 2 8

1 ml

3 .  

 (90 90 45  cm)  

4 90  l ux

5 1 1 3

30 MK-801

MK-801  0 .2  mg /kg SAL

40

 (MK-801 SAL )  MK-801

SAL

1 1 48
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NIH 

Image  ( Nat ional  I ns t i tu tes  o f  H ealth

; http : / /rs b . in fo .n ih .gov / i j )  

Image  OF  ( ( )  )  Scop ol amine

SAL scopol ami ne 0 .4  mg /k g 2 .0  

mg /kg SAL

MK-801

4 .  

Metha mphe tami ne  (MA P )  SAL 

1 mg /ml MAP

3  ( MED 

Assoc ia tes )  2

23 78 27  cm 21 28 27  cm

21 12 27  cm

1.5

1.5  cm 2 cm
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5

1 1 3

3

2 10

3

(1 )  

15

 ( )  

15

 [  

 /  ( )  ]  

100  (% )  

(2 )  MAP 1  mg /kg

30

MAP 2

4 MAP

50% MAP

(3 )  
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MAP  [  MAP

 /  ( MAP

)  ] 100  (%)  

5 .  

 (  ( ) 70 60 60  cm)  

 (2 5 20 30  cm ( )

)  

33 27 .5 32  cm ( ( ) )  

1

2

50  d B

200  lux

Im age  J  (

Nat iona l  Ins t i tutes  o f  H ea l th ;  

http : / /r sb . i n fo .ni h .gov / i j )  Im age J  

FZ1  ( ( )  )  
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3 NMDA

1 M K-801 MK-80 1 scopol ami ne

1

NMDA

NMDA amp heta mine

quinp iro l e LY171555 PCP

NMDA

NMDA D2

NMDA

NMDA

NMDA

NMDA

scopol ami ne
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scop ol amine NMDA

NMDA

NMDA

(d u  Bo is  

et  a l . ,  2009b ) NMDA

1 NMDA

NMDA

7

20 MK-80 1

NMDA MK-801

scopol ami ne

40

Wis ta r- Im amichi 35 MK-801

SAL 10 MK-801 9

Scop ol ami ne SAL

9 MK-801 7 14

16 3 4
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40

5

3

Bon ferron i

MK-801 SAL 40

Fi g .  3 -1  (Fi g .  3 -1A ,  B )  

SAL

MK-801

MK-801

MK-801 3  (

)  

 (F (1 ,17) =87 .83 ,  p < .01 )   (F (1 ,17)=20 .33 ,  p < .01 )  

 (F (1 ,17 )=6 .3 6 ,  p <.05 )  

 (F ( 7, 119 )=30 .98 ,  p < .0 1)  

(F (7 ,119 )=2 .64 ,  p <.05 )  

SAL MK-801

SAL  (p < .05)  

MK-801 MK-801 SAL

SAL MK-801

MK-80 1 SAL

 (p< .01 )  MK-80 1
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Fig .  3 -1 MK-801 SAL

MK-801  (MK,  0 .2  mg /k g)  A:  

40 MK-80 1  (neoMK) 

SAL  (neoSAL )  B:  

40 MK-8 01  (ne oMK)  

SAL  (neoSAL )  

**  S A L 1% # n eoS A L

5%
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MK-8 01

Scop ol amine SAL 40

Fig .  3 -2  (Fi g .  3 -2A ,  B ,  C )

SAL

scopo lami ne

MK-801 40

SAL SAL

Scop ol ami ne

3  ( )  

 (F (1 ,14 )=23 .56 ,  p< .01)  

 (F (2 ,28 )=  15 .50 ,  p < .0 1)   (F (7 ,98 )=17 .41 ,  

p<.01 )   (F (2  ,  28 )=  6 .5 8 ,  

p<.01 )   (F (14 ,196) =8 .56 ,  p< .01 )  

 (F (14 ,196) =4 .73,  p <.01)  

SAL MK-801

SAL

 (p< .01 )  SAL SAL

0.4m g/kg 2 .0m g /kg scopo lami ne

MK-801

0 .4mg/kg 2 .0mg /kg scop ol ami ne SAL

 ( p< .01 )  

 ( SAL ) 

MK-801 SAL
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Fig .  3 -2 MK-801  (neoMK) SAL

 (neoSA L)  scopol ami ne  (SCP,  0 .4 ,  2 .0  

mg /kg )  40

SAL (A)  MK-801 (B )  

C:  40 MK-80 1

(ne oMK)  SAL  (neoSAL )  

SEM **  S A L 1%
# #

neo S A L 1%
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MK-801

MK-80 1

scop ol amine SAL

MK - 801

MK-801

MK-801

NMDA NMDA

Gorter  et  a l .  ( 1992b )  MK-801

NMDA AP 5 LTP

NMDA

NMDA

NMDA

 (P FC )  

NMDA

(d u  B o is  e t  a l . ,  2 009a ;  Sir car,  2 003) PFC

NMDA (D e l  

Al c o  e t  a l . ,  2 0 0 8 ;  Fe en s t r a  e t  a l . ,  20 02 ;  J en ts ch  e t  a l . ,1 99 8 )  

MK - 8 01

P FC N MD A

NMDA

NMDA

NMDA

NMDA
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MK-801 MK-801

NMDA

NMDA

(F eenstra  e t  a l . ,  2 002 ;  Takahat a  &  Mo ghadd am,  2003 )  

NMDA

 (Char to f f  et  a l . ,  2005)  

MK-801

NMDA NMDA

 (F acchi net t i  e t  a l . ,  1993 ;  Si r car  & So l iman ,  

2003 )

2 1

NMDA NMDA

7,  9 ,  11 10  mg /kg PCP PCP

7

20 mg/ kg keta mine 6 keta mine

PCP ketamine
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 ( Ikonomi dou  et  a l . ,  

1999 )  NMDA

2 NMDA

1 5 mg /kg

PCP PCP

 (Si r ca r  &  Sol i man ,  2003 )

NMD A N MD A

MK-801

scop ol amine

NMDA

NMDA

du  Bo is  ( 2009b )  

7 ,  9 ,  11 PCP

M1/4 du  Bo is  

(2009b )  

 (PPT )   (L DT )  

(C h a p m an  e t  a l ,  1 99 7 ;  Ma thu r  e t  a l . ,  

19 97 )

PPT LDT

PPT L DT
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(F os ter  & Bl aha ,  2000 ,  2003)

PPT L DT PPT LDT

(C hapma n e t  a l . ,  1997 )

(Ma thur  e t  al . ,  1997  ) scop ol amine

scopol ami ne

scopo lami ne

 ( SAL )  

scop ol ami ne

scop ol amine

(Kurib ara  & T ado koro ,  1983 ;  Fu j i i  e t  a l . ,  1990 )  

scopo lami ne

NMDA

NMDA

NMDA

NMDA
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NMDA
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2 MK-801 MK-8 01

2

1 MK-801

MK-801

NMDA

NMDA

NMDA

2

MK-801 MK-80 1

NMDA

NMDA

Wista r- Imamich i 21 SAL

11 MK-8 01 10

16 3 4
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40

5

3

Bonferron i

M K-801 SAL 40

Fi g .  3 -3  (Fi g .  3 -3A ,  B )  MK-801

3  (

)   (F (1 ,38 )=61 .91 ,  p <.01)  

 (F (7 ,266 )=3 .41 ,  p < .05)  

 (F (7 ,266 )=28 .09,  p <.01)  

SAL

MK-801 SAL

MK-801 MK-801 SAL

SAL

MK-80 1 MK-80 1 SAL

MK-801

MK-801

MK-80 1 MK-80 1

SAL
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Fig .  3 -3 MK-801 SAL

MK-801  (0 .2  m g /kg )  A :  

40 MK-801  (neoMK) SAL

 (neoSAL )  B:  40

MK-801  (Ad ul t  MK-801 )  SAL

 (Ad ult  SAL ) 

* *
 S A L 1 %
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MK-801 MK-80 1

NMDA NMDA

NMDA

MK-801 NMDA

PCP MK-801

PCP

 (Johnson  e t  a l . ,  1998 ;  

Phi l l i ps  e t  a l . ,  2001)  PCP

2

PCP NMDA

(Johnson  &  Sne l l . ,  1985 ;  Vi gnon  et  a l . ,  1988)  PCP

PCP d -amp hetamine

NMDA

MK-801 d -amp hetamine

 (Sai l l i er  & Giu f fr i d a,  2009 )

NMDA NMDA

MK-80 1 NMDA

MK-801 NMDA
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NMDA

Mc Do na ld  & J oh ns to n  ( 19 9 0 )  

2 4 NMD A

NMD A NMD A

7 3 4

 ( e x c i t a t o ry  p os t  s y n a p t i c  cu r r en t ;  E P S C )  

E P S C N M D A

ke ta m i ne E P S C 7

ke t a mi n e 6

 (J i n  e t  a l . ,  2 0 1 3 ) NMD A

NMD A

NMD A

MK- 80 1

NMD A NMD A

NMD A
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4 NMDA

1 MK-801 me thamp heta mine

3

NMDA

NMDA

NMDA

NMDA

NMDA

NMDA

MK-80 1

MAP

Wis ta r- Im amichi 17 SAL

9 MK-801 8 16
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2

MAP

t

 (50%)  

t

F ig .  4 -1

2  (F (1 ,15)=20 .89 ,  

p<.01 )  

F ig .  4 -2  (F ig .  4 -2A,  B ) t

MK-801 SAL

 ( t (15) =2 .43 ,  p<.05 )

MK-801 SAL

(t (15 )=3 .88 ,  p < .0 1)
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Fig .  4 - 1 15 MK-801

SAL

 (Pre fe red  s id e)  

(N on -pre fe red  s ide )   ( SEM)
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Fig .  4 -2 MK-801  (neo  MK- 801 )  

SAL  (neo  SAL)   (A )  

 (B )   ( SEM)

SA L *  5%  **  1 %
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MAP

Fi g .  4 -3

MK-801 SAL

SAL

 ( t (8 )=3 .75 ,  p< .01 ) MK-801

SAL

MAP

MK-8 01 MAP

MK-801

SAL

MK-801

MAP

NMDA MAP

1 NMDA

MK-801

 (Kawabe  e t  a l . ,  2007 )
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Fig .  4 -3 MAP

MK-80 1  (neo  MK- 801 )  SAL
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