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BEMEIEE .,

R E LT, &AW, R — R T — A B 25 B 3 2 32 fk 5% O 1 Bh) il 18 o il 4l P
(ambivalence) DfEEZFHIETHLDOE L THAED L HIITE D,

W, DEYRITRE A DR D FN TR Z 2R TRV LAY DAL BEZ TS, [[—DJFK




TEIDEBHENTH L2 01X, B LERORIEZ &0, HEERG L AL b0 THAH, F
FZ. KraepelinlIZ DX 9 R ERIC L HHEBHEN AL L CRFDIEEITV, dementia praecox &
L CHEFOFREME L CZOM&EE 2L o7, ZOEAFRITAHZ L, HEMEGRTH RS 2 A
LTCWRWOT, JEREBBLEZEHL T, LNLIDEZIIK®HBH L. E. Bleuler 3@ L v .0
PREEH 2 AL U7z, BlesE AR, mifhte, B, EEHREEAR L L ToEWlaz >0 BT, #
X Gruppe der Schizophrenien & L CHBREL B X7, TN DEYROFHE A2 LK S, JbkizkiT
D3 EHR IO TIARIZHWLND LD T o Tz, polygene TIREEINTWNAEEHDODLEH TH D,
Bk, Yetolk EOBEDIENPRE S ND TR L D EZ HND,

ZDOXEIITHEYRIZ, B THM (E—) OKERLIIALR IRV (heterogeneity) . Crow i3 1980
AT, F D E0RITEA, DIRCEEBEED L O REMHEER TRESIT oD TR E | EIEMROSEE
BRO X 9 7REMER TR ST o s TR D LB Lz, TR OERIE Schneider O —#k
FEMRICELL L TE Y . TR OERIE Kraepelin =2 Bleuler D4yE45 O EARERIC—FH L TW5, T7b
B T REGRREIT S ZR ., T AYEGRRRZE M0 208 O REGIRBICHES T 5, ST, 20 T RN
R— X2 UAMBREEZR D SOOI #E L, TR R— 32 MREROZBLIIZEE T, T L AHH
PEESCHMOMEZIIZBE L BB LTS ERRTN D,

Btk AL FR R R E OSLG D SRR IT R b N ESE N e < A (R— 8 UG
Carlsson, 1963 : B A X I UAREHAEESH . VLT EX 7 U VEES . o b= (K@i L) N TN
ZEDEVIRENH -, TOBRIDEFRAE F— 32 EORE#ENER &, BEWAIE HFEO-
&, IHIC—H L7 F =DM S v, SRR LN — B ORiEE e, £ DH%IZND
T IR TF ROBEMERTDO LT X =% o TN SN, B\ meSdick
o TW5hH,

NGB O®RBE A LR S, ALKIZBIT 208 WITmO TRRICHWLND XSk oT,
polygene TIRE SN TNDL DD XD THDH, k., Bl EOBROEA BN E D AREME S FE57
EZHND,

RS RROMIERLFHTR

AR R DO FLBWIZ . Kraepelin, Alzheimer, Nissl, Spielmeyer, Spatz 12 XLV & F
SNTREHEEOMIIZET, 489 THRPEE L 5 & LTWnD, #RHEL YD Bk
FIoOPE NG 2R (LLTF 3 29%) (IR MATZICE b b3 £ DJWERIEH
ST ENT, SEYR ORI E oK LB o TE T, Ll THED
PRERLFOMERR . & D DT EHGIRNT & RIS FRIT R ORI LD | HRFE VR LD
G R 2 E D ORI vy, LW ERIZE ST 5™,

PR TS BRI 36 1T D EFIZ AR ORIR 2 KO K 5 & DRERIE. 73R\ O
i@ (neurodevelopmental hypothesis) & FEIFALS, & > & & Kraepelin DR 5 | JRFEB
BPRRRO—H 2723 O TR, EWIBRIZH 72X 5 TH D3, Mo b
&AM R O R D EEAFTH N D LT O TIEH LB NS NTEASH, MO
TERORER & 53 ZHRIZ T8 b D AR FHIZE B2 LR E & OBE S BRRICHR S
HEITIROoTETND,

1 SDRFEMOREFNEIL

M EE DPE RSO ZEHE 23 ZR B ICRD B D Z L1, KN EORMRIZBEICHER ST
W2, L L7723 B, IMOEREFH 2R IR AMBITAITOND L 91272 > 7= DX CT D%
LR THLD, CTOMRINZ KLY, MO 2 WIedH 5\ % 3 e FRERLIEIE & & EAI AT
TEDL XD L, BEPHRO—HMTIL, MBILRORE OFEME R L OFT RS [ I
BEICERD HNDZ &, LB DA, ZORENFIO NG & B L, 432895 D#k
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WE L HITITET LRV ERHLMNTR-TEXE, Thabb, MOZEMHIT., D29
FERTEHRL, LLAFKEBRL TW D AREENS RSN TH D,

B 1 I ) — B L 7 R T A2 KR L7c b D Th D (Heymen 6, 1992) , T72
bbb, EEAMMEEET R E LT, MM O, NRIIEEERE & O R . REREO
W72 ENED LTINS,

FEHIMOE G TH EEOFT ARG SN TWD, SEB TR O F &M S RE 1T~ T
5%V 7N, BREOFLR, IBEIE, FRICHES ., MERLEE] 7 & OMISAZE PN 0O 2558 D AR 72
EThbd, Flo, WAMGR, BEE, MROREORA 72 & @ENRZ U,

FHEDFRD HIVTV DI T, MIEEN IS, ZO/RR, HHEO
SEARIL OB ARERBO 5 TCTWD (Kovelman &, 1984) (K 2) . £7-WPNE
(entorhinal cortex) Ti. & HJEIZAAIET XS HREAI (pre- o ML) 2B ICAFET
HEWVIRAELE S RO o TWd (Jacob B, 1986 ; Arnold H., 1991) ., & BT T,
RTSHATES . MIBHEE, RISV T, BEERSICEET 203 20 & 5 T LAY
FHILTVND (Akbarian 5, 1993 ; 1996) , Z U5 OFERIT, LLFIZIRR2 K 5 et
faD#E) (migration) (ZKEZA U7 rREMEZRIE L T 5,

F7o. RATMMEETiX, m ERTERE . W RTERE COMR T & AR, R,
WRIETEIRE], A0 T BTEEE TOMNERD 5N T\ 5, 2T HRTEEEOEER FiXE
PERENR & BEN H 5 & S (Andreasen &, 1992) . ZIHEOR = 2 TWARBRIZIL, {HIFEEE,
VRS WEREAEE, AR SAR TIRUVEENFE O HbILTWD (AR5, 1993 ; MaGuire b,
1993) *?

ZDOXE IO CTHZETIX, b O#HE (Shima &, 1985 ; Kanba &, 1987) %
GO T, Hiff EORELH Y | FEROMBIZHM CTlIe o7z, LvL, T D% O Mm%
FERTHEANT & D WITHIIREL D X 572 DSR2 1T TR HE LED S, —E o055
I, MR EOREIZE S, MO~ Bl 7 a2 LoyL TORER RS 29 %K
BTIEARWMNLE WD AIREMENE N, ZOREICBW T, CT ORI EE i Em T
Hol-LoIZEI,

2 DEFEWDEEBE

D OMIBIREEE DO FT RIL, AEIRPIEID b RN TORRI OO AR, ik
RSB L, = O%BE) LUREAZRELEIC S < BEAEERRE (migration) | & 2 \WIEZ Dk
OMIREIFE DOFEARICEE LTl Z 5 7 a2 77 L3E (apoptosis) DOIEFRIZAT & DOREENA T
TRERTEHRZVMEEZLNL TS (K3)

FISMEH B H DD, HZEEORFELRT B TIE— RIS 7 ) A= ZANRD bR b
b, ZORERYOBETHD Z L2 XFTH/-RLER->TVS, 77200, MiMiED
b - FBEFEIZZ Y THIROZ IS S RN S Rl Z 5, LEER->T, Z0
BN HEEIL S Y A= 2B EFERNEEZ LR TND™,

T/, MR OB EICEE LRSI 7Y 7 (radial glia) & O EMERANEETH D,
Tbb, KM TIE, ST T4 UM s ik 7' ) 7 o2& E» D £ 9
WL TMOERRICBEITS (M4) . 22 TIEEEEM & gk 7 0 7 U CIEos—
T 707 LOEEIC., MlapEE R (cell adhesion molecule : CAM) Z XL HZ%< D
KT8 5 L TWb, 4285 T CAM R°F DB T DB N AN Th TWHBHIZZ
TWhHB,

WA B DI = 2, b2 #& ZFTE OALE S DU T AP AR 1 58 2 i X L
s, BERIIZ D> THEA TV, iR ORE O e IR M#E (growth cone) & FEIE
. FOOLEIRT & ) RRANROR G EZ L TR, I =2k v 14 Gl
IZZDFERBD LN TV, BRI EM#EIII N—LDOMATH D,

ML, TR LR EBORNEZRM L A0 XK 9 @i s L, 85K
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FHRE T BRI EORR A IR 12 L CREERO FMEREL, BETHY
T T RAEKRT D,

IR OFFEMEIFE A F NI & SITBBIICRESNDE TRENTTE DN > o TS,
ZOBAEFNTHLOHMITFEH D WVITEEMEOFEHIZ L - T, FFE ORISR IZ
LS ND—FH T, BRAICAEE S DBEEEITEY BRI TV <, MR R 0O 3 PRTE IR
WL TE7T a7 7 ANEI > TWNDHEEZNLNTND, Z0O L&D 7RMfREIEE O AL
FERER LT, @IURIKHL, —a—a X —U 4 VEREMEENLGZ DD, Z Ok
BRI S Lo 25 D . 53R DOJRIK A AR Bl O ORI L2 5 &3 200
FTPMTOND DL OBETH A 5,

3 ROEEAEDRERF

R DI LML OBREICH Z 2 BT Z OT R TRBEEIIICHE S b O Tt
WS LW, —IIERUE R O 28R A —E B CHiG & DB EIET R A L O b ORE
1 ThsD (BFDL, 1996) . ZiILHOWRIL, SRFETHEO DN TV DHIEEBERFIZIA T,
i SMOBRER M5 Z & T, RRICEDILGEOHDZ L2 RE LTS,

REEER L LTHEASNTWDON, IRPORBLOA 7 Y RHARDIRS
BRI A N LA, HEROERMAIHERETHY . Wb IO B AEE I
U BN THEMmEIND Z ENENT°,

DEIRBEDAEFNANELTIIZ N LT MmbnNTND, ZO7=dh, BEITIRAR
B R S A v 7 V= U OWATICHEBE LI REMERN H D & LT, Ik — MFZERTT
PILTWD, BlZIE, ~V v TIE, 1957 EOFKIZA w7V oW A2 R EIESD -
7=, ZORRICERYHICH o 7madm— M, thoFIEENTar— MIEXT,
MR~ AR L T2 2R DORBNE -T2 L W I &35 %5 (Mednick 5, 1988)

DEIRE T A NVABYYE L OBRERDL AL LT, BEOMIFEDOH T A LV AHUROK
HRd 5, BEOEZITHRHEIND VA NVAFURIZIE, | ~UXA A M AT T AL
A, ZTRABA N END D, FOE T, EEMICBIT 25828\ T, SRR &R
VT A NAEDOEERNDILTWS, LLENRL, WInlbidoZ ) LEFKRITES
ibiib\*ﬁo

4 HDHFEOEBEHFREDH

WNRINCE =27 Lo 0T T A0EE, BEMIC/RDS & 30~40%BLYT 505, Zh
Z T AO pruning VD (K3) , ZORHNIC LT, DEYRNERET D ENnD,
7 AD pruning & 43 EE LB Y HIEH STV D (Feinberg &, 1983 ; Kesharan © |
1994) . FEEKZ, T T RAEEET LV VFETH LT TR0V T T N T 4 DUy
W RBREONMMEETEKTL WD O ANHE I TWD (Eastwood b |
1995) . Neuropil D & LMK ZEHE D spine DE DA & |E S TWD  (Selemon & |
1995) , F7-REEMZBE TH —HMHRROBERERILEf T2 2 LN biroTnD, L
7o T, ZOREOBEHEERORFICEEMBIECEREZRD LI TG ELEH D

(Benes . 1989 ; 1994)

SO OBEFEINTE Z 22 0EIck LT, BRIy —27 2l 5 MR
T URRIB R AT v DN S AREME L B E TE 22V (Stevens B, 1992) 7,

A, T

i
* 1 IELOWmE LINRERR
1960 FE4X, SEBUED 2 0 & T OMEE T BT, Frok RN Z AT L. 75350
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BAE TR 72 I BT R 2 s Le (S, 1967) o BT 5 & R OB KR - 18
b« ELMEZRBCA] . ARSI oD JE P D Z2FR 2N, AR L OV E OB R E W, R ED
AR CH o7z, MENFFICER LB s DIk, ROETOENTH Y, TII
ICHTEEEICRLS B bzt Tho T,

x 2 IR FEEE DS
DENRBFITIL, BIRIERIC O BUN R BERRBO HND Z ERZ W (IR, 1992 #51)
Frlcgsgm i, £on, B, B, Uk, PR, B SICERESPRE ST s,
EfERR YL OIBBREE T, ShVEHI DR ZA B O AR X DTS e E 3 sl &
NTWo, ZHEOFT RITMRREREENRGLZ BN T 2b0 L LTERSNLD Z
ENRZON, FEROFBME, KA L OBEEMEEZ I LICRFTL T RETHA I,

* 3 FHINIZREMADES
MIBESENAN AL T D RARIZ, 2 2 OB S5, EEES T & BEEnTer iR e i &
G IREFIC DT 2 REESE 72 O NSRS L&A B B il - ZEA5 ok A3
D ECHEBEREAN TH D, DEWOAREIL, BHNROKHME 5038 - F - BEOTEET
W72V e ENDHZ EnH S, JIEE (1993) 1%, DEUEOIFZE 2 HED 512 7- 0 | i
AU LR, T THRED 5 WOITHEE T & OMENREOEEICERTSZ L0H
AR LTV D,

* 4 RO S L@EE

MRRE D RATBBMOFZR TH U | MRRE D L TR ST, MfREIED
EDLETBOMRKEERNLTETEY, MIIEE LW ZR YR LN 6, e
DO LA E 2 L _R—F —EH L T\ 5D, —HOMIITSREE K2 T, MR
MBI & 72 . BE) L7k, MR Z Y TRl kT D, B AR
Jal 7V 7RI LB ORTERMRICHE L TWD, RiEva vy a U THROY -T2
glial cell missing (gecm) & W\ 9 BRF-0MINT, 7 U THIRR~DGILD A A~ F % AL TV
LZEnbrole, Thbb ZOBIRTFHEMNLZRWE | BB~ TR~ &
T %,

x5 HEFKLARBES

TEIEMEI G, SR, BRRCOD B ST A0 & D ERICH DD L DBER S,
L, AR E IR, LT L 2RO RS E 2 ke T H 0, U A —
2B DR R 7 MRS OB & L TIEE 2T W,

*6 NRFEIAINRRER

T A L AJEGE PAIRIEE D DT T D020 THIW K DO MEE ST
5, BERICBODTCIARA VIV PO A N R E DY FICHEMET S LS, K.
/NI DRERE & BOG T DPURD EEA v, ABREEE, BEIRERE CTIL, 22 NmEE - 1l
IR TFEREB KSR+ D CAM & ST PR AZFHET 5 2 EhES TS, 772D
By AEEHR ORMANR T A L R IEG: UCEAT 2PN, ZZEMGZ L 0 IBIROMOMRE
HKEICEBE G 2, RABODEIFRIEOEBAELOTIX RV hEEZLNDIZ L H
%o ZORFUE, PUMPUROBEROEm S E LR LTSNS, 2. BEDOZ TS
WA N L ARGIEHRE A IR T S, ZORBEFETA N ADFER L EZRE . A b
A OEFIPEA E &l U TIRAMOMRIERESCZE DR O DEIROFIEEZ LT HF
ETHGR B H D (Waltrip H, 1990) . WTHNOGEE S, ZHVETOD & Z AFEIERJFEMLIC
Z1LL., ELICABOBRPLETH D,
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*7 HEHFEEIALODIY

LTI SRR RIE TR N W 2 &, HEEEIIERICHEVNT A e Y U EEE 7o
7oL ZIT, EROBIEDBDOONLZ L ENDL, =X hr Y= R38R OREER
ZHOTFREENRERE SN TS, =X b Pz i, BEL DE T I R0
F Rkt 2EHA A ST 5 (Lindamer 5, 1997) ., L2 LT A MR Y2250
AT a4 RENVEANTE DMRIEED D W I EEEE~DOIEH & R & OBIfRIT M
M7l & EFE o T 5D,

1998. 8. No. 11 Psychiatric Bulletin PREEE

RER
ZOHEBORBITI L NITIT S TOROA, WO 7 I 5%k, FRSA o F—AT

Ty (Br b=v) ROEREMETRE LK OGR N — K FEREA-—RIBEER (HP A% |
—HRIRR (HPTHR) . —MIRR (HPGR) 2EL95h0E 0 DWiiHiEEICLD
BERER T L WO IER O LN BRI > TCnDE LD EEZBND,

BREETR O AL PRI ZE DRI, BN T S URFZEDRE S o THIBE TideVy, 1946
D von Euler IZ L AMILEMMIOMTO /LT RLF U o OREIT, MOFERT IO
e DI T L 72 o7, 1954 4E1TIE, Vogt, M. 2LV 2 A7 RLF U v OMNA T
ST S, NS ERERRICEEICHFEET DI Z ERHEINTZ, D3V T 1958 #1213,
Carlsson HIZ K VIHFLENM C R— 3 U OO BT S, VT KLU o Do3A
R & 13 70 0 SRR OFE IR BRI A LTV D Z &Rk I, BUE
ZOZEIFERLIZEY e hOMEHWTHERINZ, 20O L9 R%ENL, VT Kb
TV 2 R EERR ORERE. R — XX 2 EHERANIR R OBERE L OBIREH SNH L9 I
o,

—J7. Bra h=110% 1948 4£1Z Rapport, Green I8 X ONPage 12 L W FEGRED S L=03,
1953 4|21 Twarog & Page (2 X U FLENANN TOLFIED, DSV T Amin HIZ L D FURT
ERIC B R IR EEIZBR I L CWAD 2 ERIA L M &7z, 1957 FEIZE Y Udenfriend —Jk
VX LB DRMN 5340 2 SRR L. RIMIAR%R & Wbl 2 500 miR B IZ A LT
DA L, IEENCBIfR LT B AR RE & DR A RIR LT,

1960 FFARIC A » THEEHMLFZ ORI LY . £/ 7 I AFERMIROEIT L IREICH S
MIT S, S OITHREMB LR, KPR, BERERTHNHES X ORI ER EEZHNWT,
INSD=a—a L DOFEMR SN ARICED S, 7 I vr=a—n 2 & HERE & o BfR
DHFIEND L oICkhol, —F, 191D T T AIBITA 7 a— LT a~<I L OR%
E IR DIRIE~DISH . 51T A Y B TO L' O OF 52 I3k K P
Dtk & e ol-, FDtk, £/ 7 I VELEEE (MAO) FHEHRNC L2 5 D OIREEN
Kline H1Z L VW #iF S, 1957 FI2iT Kuhn 284 2 7T 2 102 K D 9 DI DIGRE R %2 R
L7eZ & & v, 92\ OBEERSEHNIC a1 T PR SE & AL PR S AL BRYEE 7 <
VAN HUWZEE LT b TE 7=, 1960 IR ENTZHE S DR DT I ARG,
Thbb, I DRICBITDHMAT I DD, BIRICKITA2Z0ME NI ZEZITOLD
FEIZE D, WS ODDBIERHENRRINEN LA HIZESTND, (BLEIZERHE
BThbd, TOROHIRERLTHZ &, )
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B 5 DROARREFHER

ANDZ AN - 1 - BOMEZFFOE UL, B ORIZZ o EofEigic b 2{bs %
IR ETHD, LIRS T, TZADETHIMZBNT, ZOREICETIAEINDH
WX, RHEIPICOZ 2D THA S, F - 1F - BDO 3EHRIX, AWML L2 H D TR,
A EHEHRE BFRIOESE) | BE24ERE L, MEERICAED S EE 2 AR 5 KM
WiER, B & BRI KA R _ng@ﬁﬁia@@%%fﬂw*#imfw
L7ZMoTEZDOBEEN-KRETHAH &b, TORENHRITIIX., *i.%r%&/%xé:%
Zbivd, Lrd 2o ofEskix, Mgic #Lﬁ<%%ﬁ%%%@ﬁ%ﬁfwé%/7
SUMBRRDO AN EZ T D, BERENCHEMENHESL L TWAH ) SEOER AN, £/ 7T
RUROMBREKRIZHD VT UAR—F—F ) T I UBIEBER TH D LV L, B
2 O DEFIOL AL TV ETHEBWNRDLEREFF ST H5DTHA DD,

MREB T ZADEEH LN L2055, FRTHEEMNERIFICD B 7 £ LW iR
LT, BIFOE" ' HDWITHEE ) SROBEEMNZ2FEL L5 ET5RBVEALIITDR
HE oo, ARNEZ OEEOFZEEZBMT L LS L EH*2,

11E EEFBDEE

ZZCETHE S FEOREICOWTIAEZMZ 72V, 2872 51F, B D 5 O EERNL
BB OEEZ B ZIALNTND EEZLND L, BEIXERBY CEIZIIFARLA TS
NHTh D,

fHED &1L, iR K OEBEHEFF O T D DA/ R ERPE NI ND, HDLWIEIFRIZE N
TR TEGERER ] BXOZENIC #5ﬁ@&8@rﬁwﬁmjkﬁﬁéhé(ﬂ
1991) . 8T EL, kMG E ZRMEFBI C 2o 6D, — RS & X EE D4
178 L O EHERF O R Al R e A ER 2 5 2 Th Y |, B, 2208, ZEX Lk,
KR, skem, BEAR, IREZLR, MR EORTH D, ZIRMEGFEN & 1X, —RIEFEIN HIR
AT DRIETHY ., EARNERR SN2 (BDHWIEE»END) IRTERAET DD
N, R, By B, RETHY, Bl-3hExo7% (boWIFkizank) &AL
HOMN, Pk, B, DK, =TI/ AZ—ThDH, LT, ZHDIEFEMIESATHE
NE—UN B B, BRER. W, WIH, BiETH DL L IND,

AL, SMTBRBESCHNEREA2 Y & LT, HEINRHMEAINESN D, Z DR,
S N7p T &r%@i ZL B EIKF L, BEOKRBRIZLVEMEZ TS, £ LT, &
ORGP X, —RPEREEN O EHEARE TH 5 kIR & R TE 0 SRR S 50850
FEAR A, HIJ«LE%HEP“J@U%B (Eio, IRE/ELE) XMMbbdEand (k&5
1998) . FZ7OMOEL, BWECHEITIZESHZFENEZT7EA908, oYy 7 LT
Moz biE, LMD XK KBRICAEZTNED S, BN, kxR & RIEEED E H T
WESNTVANDZIZ, ZOEMENVNELADTH S,

WIZ, 72 SNTEBRRHMIC IS < ATEh A~ OB T BN AEF i, ITEIRRESND, 2
ZCIE. R TER & KIS ERE OB EIN KR E W, T L TEE, K FEE P &+ 5t
WMWR I L OB AR OIS EE D,

2 &5 DOfF L AIEERTE

RTEARTE P DEEFEIC L > TEL S, BENE, Bakoxan, B2, 85 ﬁ&k@ﬁﬁ

I OIFOHRZIER E AL TWD, 2D &, George H (1994) 13, FJIJ»EHIJET@—E%E
HOZRFEREREE N 9 DIRICI Z > TE Y, I 2R TH LN DT OMOIERIL, RiIEELE L 0%
RIPE L DOBERADEEDOFRERLE LTELIOTIIRWMNEHE L, 52, BYFIX
ATEETEIC L 2 R ~D B O KA R TIidAe W s bk RT3,

MRIIZ X ATk, AISARTEFORFES, HIED 5 DB (48 4) Tik, f&EE (76
£) AZHRT, T%D otz Vo HENRH D (Coffey H. 1993) , MRS TRIFRNLIZAE
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bR 2 s LI e v 82 v (g, 1996) . FDG PET T, WA= 2§80~ 7
Baxter & (1989) D& Tl ZARPIMURTEERTE (ALPFC) TORHHIFEN, 7 3TDH
O ERE TRE FE IS TE T LTWE, Lvh 99O EEE & FREER L OfIcAD
FHEAR A B, 9 DI E LRI R b B L & v ), AiEATE, FTH
ALPFC O ML DAL T & 5% < it ST 5, H,OPET TR AAM LT % & L 7= Bench
5 (1992, 1993) T LAUE, 9 2oWEE (334) 1Tt E ~ v F IE@EHH (234) I
T, EERRE (BT 3 X OVE ALPFC O MEAME T L TW2ewnwa, s, O
FREEN ] 1L OFLEE & /2 ALPFC O MLFRIE T & ORIC, £ 7= @R EHE e E & 42 PRI BiTEE Al
FOMFAL T & ORI, SHIC@OARLOME L AHIRER X Ol O FETELE T O 7E #hik:
DOILHEEE DIC, FHENAHENGED 5N TW5, SPECT IZ X 2 MiHlEICB T HIFIE
FRRDOFERZIHTWD, Eili ) WA IE ELRBEEOMBIK TNEH THo72 WV o #
EHHD (Anstin 5. 1992) . Mayberg H (1994) (%, I3 CIHEEIESIMED EE 9 SR
BFITBWT, AR, MIBRZERTE, woREIET, RO mAMEO ik ™, FTH T
SHIE FER. MISEZERTES, #OIREIZR EOBNBRE COFER LMK F 2R TV 5D,

MR AR L DIERBR LIThb T D, vy RUBEMBE LIRS, FHE % T
TETTHEEE G2 DL, BEHFICHALND, AREEATE., B, HIREIFRS T oM
FEEINZS, 9 DWW BRE TIEEINIEEI L TW\b Z & & Elliott 5 (1997) A#iE LT\ 5,

FEEMEFENE 5 O (BIROFRRER2) & RS (BRfE) BEZ2xiRe LT,
PET % H W 7= NIt & MR OWEIZ, S 52 MRIIZ K D IREOMIE A5 HbE T,
B 72 MiEt &2 N 2 72 Drevets & (1997) ORFES Foli #ils S4v, GEEE AT, 1 51X,
HORBEIRTECALE U, M HE U CEMNC RAE -+ 2 MR BBt (M2 T 5 -
subgenual prefrontal cortex) (23T, BARMERED 5 DM T, M X OB OIK T %
R, HARME S O BE CHREIROB T 2R L2 (K1) . FEYERE T,
RS O ORBR OB IMOFE D=, S 52, MRI TR OEBEZE LI L2 A,
RBPERR E Js XL OV PEREE & 612, @EEICHT, BENNS WD EHB Lz, [FH
BN D ARFEIE, AN EM L CHLELITA LN oz, Lah-> T, B LN aEN
AL, B D S OMETHME LR OO N TV B IO ERE ), HDHWIEHR LBV IR LT
FERAEUESENEILO EL L THA D, EHFwmL T 5,

P bEABTEREZ LT, HBEE T O BEFZE O RIX, —FH LT, B 2F0
JRREICRIBARTE 3L > TV D Z L Z/R LTV D, George © (1994) 1%, [HIEHATE O
HEREEN, BO, MR, Rkicxd 2EMN T, HR T, HEMAEZ 24ARAHLTLE
IDOTH Y, RIEARTE 2N IEH ITHERE L T D IRIETIE, AR5 OREIE R T) Z @ Ul 4L
HTE, HO2WVITACOBENIEZZIICHTT CTEL20OTHAH | LRI TW5H,

ATEE AT I KA I A0 R 70 & L Bt x v NU—Z 2R L TWD, Zih
DVv— T REREDBEE )N 5 SR O JAFT I 72 5 BEFAER Ok BB 22 % B 2 FF o D)y
HEIIIRN, —J7, ATEHATE OBREREE S, RE FICE Z s TEEFEOMRE L LTAET T
LAREE L B OND, I TLUTIZ, B9 SOWORE FOMEIZ OV TIT L
FERFEN LI,

3 BS5O0RERETHE

Rk
PR R IR, MOERIIR D D5 VIR EA B 2N LT, T X TOREDRI
KIZA - TL b, WHERIZ, 2405 ORI OAGEFEAR & B RFEHICIRLS B o> T\ b,
RHRIRITE 7o, BUR TE & OISR I B s 2 R b, FEoRM (FETE), B
PRREES . WNAWASOR) [ HHEEREE 2 LT 5 (Aggleton H, 1986) .
Drevets & (1992) &, HAGRM: 5 2 EH 2315102, H,"OPET & VW C. it & fif#sT L.
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FERARIRIZ B 2 i OB 2388 7=, BIEERTE & R & ORI 1T 72 [RMRIPE OO e
WEINFIET D Z &L FTRIENBIFOHIENCIRLS B> TWnWbd Z &b, M 51E. Rk
KOBEEERE 239 DR ERLS b TWnWH Z L2 HEE LT,

Bk

IR ZIZ U &35 KIMEEERE & 9 o & OBMRIZ. 2 OELICERE D DV ITHERE
WAL Z R T T2 DRSS RMEMLIE D D\ I3 —F% 0 R, RIS OREEN
%L AL Z D, B L VBELARENTE 2, Drevets 5 (1992) @ Lk O#FET
I, WREREO MR T RO 6N TEY, ZOFERIL Baxter H (1985) OfEFR & & &
<—H LTV,

PTH-TIE, MRI O &2 K0 #8852 09 (2 B E e PE o Il #8 €953 & (silent cerebral
infarction : SCI) NFERIND X IITRoT, TORE, 1M - BEMRIED 5 DIREE
DL BT, Z OEBIC SCINRD HND Z ENgho TE = (I, 1997) ** (&
1) o FHEHLBREOBFREE (65%) 2BV TIE, SCINE LIZEBEEICED LI
TW2% (Fujikawa ., 1995) . EleFEIEDEE 5 D & SCL & DFEMEIC OV TIE, 4% S
IR 2 M2 D BERH S D,

i S
MO T Axelson > (1993) X, S OWHEE T, P arFy—i - LYUVREETHD
T EWEE OZFEREOFENRNE WA Z RN LTz, 1996 8E107 - T, BB o
Jii 3 (Sheline &, 1996) & X hF ARG TLIINEZ A ML ABEICR > - EBH
(Gurvits 5, 1996) (2T, MRI THEE OZEMEIT AN Sz, WEIX, Zraa
NTF A RZFEPEIZAA L TODEMLTH Y, 9 DN CTEBEEICHIETLENR A DD
HPA %2~ X 0T 47 « 74—V KRy 7 ENTHEERITNMNEEZLN TS, BiE
BRClx., ZvaairFaf RRNEEMSHREZEET DL Z LRI NTWDS, B D
RMWEDA N VANRT NV aa)NFa, ROBELRpWaEs k2 L, ZIRICHRS O 2
EEURETIUE., HEICET AR E VR D,
AR, FE

B
* 1. BIFORE
ZIVE TG DM 2RO DUFSEIE, 0GR 7 ERMEDHEEE Z DN AEAZ R L=
EE L7203 2 BRI, &5 WITEENICHEEZZ 0 - BE 238 L UKL
MWEFE STz, UL, HIZR W UIEEO KIF T RO R L OWERIIRE ., o fidEsAz
DOERERIE, % OFHpLAIVE I OIRIEIZ LV . RFTMHERBI X R R S To X2 — 0 %
ET20T, ZNHLOERET CIIEBO PR A AICFEET 5 2 L ITREThH 72,
W2 DA R X 7238 8 2 2T T- M RE I IR 2T I L 0 | B ORE DN & 2
WAL L TV DDA ENDOH D, #HBRENE LW REZIEE T 5 & AiEHEsRE
WARIRTEERTER, (IEAEE, AMER, R, MRt GEEIME) NIt L, B0 KERT 5
EAATEA, IEE —BRTEMEIR O T Z 5 (George . 1995) , Fir O 4 (Lane &,
1997) (2 XauE, 20, ELA, RNEOBGIX, & bICHTEEATE (Broadmann area 9) |
R OAMEETERTE, PR OIETEL & B L CuNe, F72=00E, il oI BEZE s~ 1% 50
ERURTER D, A8 L AT OMSAZE I ~ 1250, ANIMAMARES, NI EE . HN, REER
AR D, APILF IR OIEEIE D TUIHE & T F N BEE L Ty,

* 2. 15 DEDEFTEMA
AR BERNISI AT DR RIS T LOREN RO T RN L, Wb EE
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BB ENH D Z L AR L CTinrED TV X 720, IRk, IMHERE DR - 22
SIRRED T3 @ T2 e M R N BAR SN DN R D724 5, fEamid T E CRiB B
SNDHTHAIN, B OWOMBEICET 2B CTOMFZEREEZfRICE L O L
azﬁéo

* 3. BIEEATEF (PFC) %

IR7EATEAES (orbitofrontal area) (X, MEM & SOV TOFEREZHE T HHEREZ O, IF
KOITIN A 5 % MRS TR CHEINT 272012, BUER K ORRO KRB & LA
DOIFBHIRER ) DHEFR I KO 2 ETHERFM TH D L Wbt Tu%  (Damasio
5. 1990) . Bz X, BEAMRTEERTEC RS 2200 72838 Tlid. BB KA DK 2O
2RO LT BRI 3R L, MR a P LIcAbSfTE s T& el e &
AR

MG T BT, D2 OO T, R, PIEIREZRE, SMUELR T8, 4k
. W€ 2 7 X AR & ORISR RHEERE 2 A L TS T EBRB LRI SN
TR, FETEIC B AR - RN OSSR B> TV D EHEE STV S ERL
Th o,

* 4. BEMKIEE (SCI)
SCI =& 0F T D&l o SR EFE L, P19 DEIBESERELS | FARSNN—F 1V
JEGEREZR EO TR RCRBEH ZH LT W ENFRf S TW D (I, 1997)

* 5. BEODERE

DERAA R L AN, ICEREN 728 % KT 4 Al Rt ix, MoBEicks T, &5
WCHEREWRAZF O IR, BAEY, HAERICZT 28 EO0EAA F LA
ZOHI I AL UL TO, MIBRICEREE 52, A NV RAREICEER Ry NT—2 %
A FIAT RN TN FER CTRINT WD, ZOWITREN O O E Z < ZFTHE -7
Balcid, A MLV AT AR E < 2D TR LI SN T\ D, IMOFRFORTEM:IX
BIETFERRELDOXATI vV RHEBEERHOREZZIT RN, FEE~OHEE5ED D %
W IR EEDH L TWAbENRY, ZOWmENRE 5T I LIE-& D LTE
T-EBEPE T, HLY B CTAI WA 2SRRI T 5,

1998. 3 No.10  Psychiatric Bulletin MR

. TAMA (epilepsy)

TANADKIIT ORI E =2 —n NIHhbNDH Y7 nF A RENT- BRI RH
BERMRETH, LERIN LY, RIMICEZ2HEE LCE, HLOERE GES)E
B & MAIBEEE L /) THEWEE (Bl XMERE T v UAMER) ThoTh v, F£7z,
UIE LIEZ OEALIT R I B8 5,

Lennox 1% 1928 #E\Z 2883 DR EA M & T DEMRE) & L7223, 1960 21X —FH
N TOFIEMEEEN R & L CRIASNDIMEER ) EEFR LD, TIVUTRGERED SR EH
REZHER S 2 HFINCEBR I S22 L1270, FOLIE 1964 4F T3EZ RIEMEIZS IR L T
BITMOED L IAEN CANDADKRRET, TORBRMOBB R 2RI D) &L
776
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< Alzheimer (1898 4F) I L W EME D TAMA (BIEDFFE M TAMA) IZHEA DIFE
L CHE AL (Ammonshornsklerose) & IT H L TUW /=23, Spielmyer. WA Z
(1927 4F) 13 Z OFFZE S OB O RMINE I AME IS K 2 B tEfin b cdh s & Lz, B
EH Z DX CEMETANADEREFIZEGIZE I NI ST,
TAMDARGEIC EBE B A2 Be- L= DX Berger, H. (19294) OO R ThH 5,
R IC W EEN =2 — o OBFEIREIC LD Z L2 BRAEFENEEN S T2
PIDH L Ol
TADADEALFIIIFZE LT 1940 4E R H D> 5 1950 £ 2T T OHRAELF DIRRAL
W, o7 v Z I W, vy — T X EERE (GABA) | FANIZ K 0 BIBR S L7 ek 7
TFIal e EOWE LIEEOBIROIENIED DLz, FOIFNEERE L ) I
IMMDOBERFH, =X —RE, 7 I VB, AT, BRERREDOENBHEF S, Tower
IZ& D Z DR E TCOMED 1960 FFIFE LD BT,

1967 FEIITFEFEETT L E V) LV B R TADLAMICEB LI TANAET LE L TOF R
Vo TETANER LT, TOFTICE D TADAURME, TADATERGEREE, T E(E
PEDORFFENFIRE & 72 o 7203, £ 2005 OAALRMMRIAIT 22 S TURuy,

TAiepilepsy BIEL TR E == —u > OREFH L7z B BE I L - Tkt X 528251
7 KIMIERE DIEETH D,

TANPAVBE TIZ UIR UIRIMEE R A I K > TRIERBEIC O SRBD 5 b, 2t
D B REITAICBNT, —HO=2—a U BARA L THSBEZEZ LTW501 56 Th
5. EBRAITIIRIEVER A RN paroxysmal depolarizing shift & L CHIGNTED .,
& D% EEG TIIBRME 2 1 5 RIZITxHET Do g BN Z 5, Z O shift [T8E L7
T RICBT DB E IR E OB OEMNKFET ¥ XV EN LI R U AT
Uo7 AERICE > TR Z 5,

EH CIEREN = 2 — v b OMEIFEBOMEIMEONTE= 2 —r &2 3G LTk
EAIE & 2 O JEBEOIEEN 2 6T 5, 1TE A EOIFHINMED T 7 A IR EE D v —
aminobutyric acid (GABA) ZFIF L CTW3A, BAEZMETHALL U LMMEERDO U 7 A
DOWIUIHE =2 —a  CIEM LS TR Y, BEZMEIT 2 HF @<, S oiz, BiE
B SV D ATP K077 ) o id o< biv, MO =2 —a ANHHET DT T /b
TBTEIHEETH I LI Ko THRIE A IGIT 5, A 4T v R OZALLMIME
Za—n RV T T ADEEIZL ST, ZOMFBEENBRET D & BIEOERDTER S
HZEWZD, T, MEERICHERY N —7 NEME I L X, RFTo &M%
P—Fy NP IND & —HEDO=2—nu VIRFHET 5,

JIPT R D AT N O DEFE AR D S - T & 5, FBIEMWI A O, Al
JasMz ) o AREE LBEHO =2 —a U R3Bamd 5, WEOHEENEMT 5 & ikt
ROV DOFRADEM L. KAEMI SR posttetanic potentiation & LT
FNHILHIBFRIZ K > THEM T 7 RCB T AR EWE OB INT 5, Z ol
TIXBMEZET ¥ o RNV NVE IV BELE T X — K FEA T F XY 3D H HLON
-methyl-D-aspartate (NMDA) L Z @ U CTH/NL > U AFANEINT S, NMDA L& 7 &% —{K
TFHET ¥ o RVIEEICAONVT T LA F BRI EDN, EFOYFT T ARETIEY I X
VOLAF NI o TT Ry ERTWDIZD, HAERIE LIZIREBICH D, ~ TRy
A&7 ay 7 3oz Lo TR D, —JFF, IflED > 7 2MEEODRITE
BEEE DRI X > TP 35, @R O GABA £7E T C GABA L& 7" & — D 2l 72 Jii Jik
TER, SAMICIXZ OBADDIRK & 72 5, B REAORIINIR = 2 — v > OFRFAR 72
MEEEEL T, TADLAFRIEZEZTZ L1275,

TIRPETADANTI DT, BIHEREIEE OV K & BBV = o — 1 )y b OREHERE R 3%
EEROEKICEETH D, FFEMETANA T, B E 2 IIBERN R BIE— IR
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HTHbH, LaL, BBIRME~ T R lethergic mouse (1h,1h) DHFFED BT KAPFENEDFE
JEMSFIZOWVWTHIREDZ ENRHL MR- TS, KHFBEEL HEK=a—o ik
WCIRBIfED v 2E&ER (T, F7203—@ME “transient” current) 235{EMEAL &
N5z ko T A BN D RFHEDIRIKKENHET D, PUEEAITH S ethosuximide
Xt MZBWCTF vy v rvE 7wy 7 LRMEEZMET S, TF ¥ o udMapEo
WO BITIEML STV, GABAg L 7% —DIEMHALIZHK = = — o 2o L .
TTF ¥ U RAVOIEHELEZEZ LT <5, iR~ 7 RI3MWE 5 — 6 Hz OfiRIEES %
PES RAFEMEZ LIZLITEZ L, B FOXRMFBIEIZHW O N A PURBANC ST 5, 52
Ptk EOR—DERNZ OFROELSHIRBOFRKRTHL Z LML TS, 2O~
A TIIRMEEDGABA g L 72 —DHNEEMLTEBY, GABAs 7 T=ZX FTh 5
baclofen IZFEZ B S, 7o X A=A MIKRT 5, ZOZ LT GABAgL BT X —D
FERE, &2 WIIRBLOBE N RMFEIEOBRAEICHE TH L Z L 2R L TN D,

Minkowski, Janet, IREMRED /L, £ (THHEELDEMDT/E, DI RIILF—ET

Weinberger f8#% 52 i B E i &5t
SZ IFMERNRAH O RINCA Ui OGN . %ok < EF OREERSE & 022 BAERIC
& o THNZ T % neurodevelopmental disorder & RS 415

Pinel, Ph. (1745-1826) Esquirol(1772-1840), Morel, B.A. (1809-1873)

H. Jackson Bleuler & [EIFRFY

Cyovrn TEREER

51T, B ESLICEB T 5 b= T L% —(hierarchy) & 72 4 #EHERE OB LT & 2 D
RREEIZ DWW TR, v 7 Yoo [EEEGR] 77200 [HfRit Ol - R (evolution) &
il - iB4T(dissolution) D EAR | 25, ¥ 7 Y TSRO E TX Y HMTRITO
RWBERE, T b B RMICHEBb Sz, BB, “BRROHFKR” 226, KV BEMET
ERITTOMEE, TRbLB RN LD L L CRMMO :EHAE S, #EZ IS
b2 Lt/ MEN, “BROFHE” ~EBT - BET D] bOTHDHE LT,
Z LT, ZOHERZRTON DEMOZRE | (organ of mind), 720 BN E 72 I XERD &K
WM TH D EE 2T, KANT, TOELOBREZWFTT 5 6 D & L CTHESR T ORAOfE
K7W LB T2 L7z, BITIC X » TlE Z o 72 BALKHEDOBERE O KABSEIR (72 & 2 1EE
B CERTES) & L TRRMEER ) &, Fo, WAIBRIC Ko THREE iz T
N HEDFEREDFFFER (72 & 2 TR EEB OISR TLHE) & TRRMERER ) & A7z L,
P RYIEE O — 5ok (duality) Z#84 L 7= [Jackson, 1874], & 2 AT, HMIZEZ TH.,
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FEpE A MR A IR S5 Z LIINEETH 5, £ b, MR EETH 12Ty
7V NT AL DRI DOIFIE % FETITAT IR > T & D R R D, L IFE
A VX7V TERA U THRIEE MO/ — L2 RBIC K- TEM L L5 &
AT DR ORE R 1894, Z), F = a OFFMMIEFE L > 7 (Pick, 1917) 23 ¥
7Y ERMREICRBT S TIEL LWEREEHE L Z L3 E<mbhTng,

]

John Hughlings Jackson (1835—1911) &4 ¥V ADOMEFHE T, v RO TANAE &
R DT Dbt (Queen Square iPE, BULEDESLAHEE} - #HERAEIREL) OBFERE T,
DX IV T A 1863), TUx 7 Y EIRBEETZIT T v 7 R (ZARURRED) (1864
—1872), KB (1866) it L7=, v 7 Y L iBEIT 1931-32 FFIZE D Taylor IZ K -
T2HRICRESNHR SN, FRBICHEBINTWDIAAR 7 m— iR THRRD
AL LR k) (1884) OB ITELIRINE FEAN T —DEELZ T bD L Vbl
TWADN, FRHERTYRFE LTHORVFBHFNIOH LD TH-125 5, BEITHREE,
100 0HRBRDOKET, HDOfman, amp, HH, AL SIS TND,

# Jackson(BEBEE R)and Ey(3RE S E15H)

Ey, H. (1900~1977) 1%, ¥ ¥ X DLIEBEOHES, 7a A FoEE, v 7 YV O
JEE A MO, T el LT B BB IE 23 188 D8 organo-
dynamisme & ¥ L7,

TAIEE N ERR A BT 5125720, Jackson, J. H. (1834~1911) OMEEHERHA £ &
DT, TEEROHELIZ L D B TRICOEDERED & K0 EHETERICOBEE~ & R
LTV A, ZAUTHEHERRICH RO Z ENE 25 & LT,

(B BPEDOBSEE 2 HEFF T D T D ICE R = R L X — PN HES N TV D, @mIRO b
DIFEF LLIEREINTZHDTHDLDT, TNIETHIHTH S, HHE Tk b @Rk O
BEICE T, ZREVEKRO L OBHH S TWD A, ZOMHKEIE T 2 v Mo
JEREE (Hierarchie) Z %L CTW5, | [ ZOFEHIZMI S DB R RIN TR D &Rk D
BRENPEEINTLS D (RS2 WVITRIT) o 20X 5 @ik OMEE D FREE O B O 5 5
&L TOIERIT—IER  (BLBEER E 7 B R) & MR, ROHZ L E Thil S 4
TWARR OREREN R AL 95 Z EICBMR L CHR DIER 2 “WRIEIR (FEEUEIR £ 7213685
PERERR) Lo, |

Tx 7V NG L TS RMERER, BBMEERIE, BUESEYE O TR L 2o T
B FEMERER, B & 13X R D,

Tx 7V OFIE, MRE, DEE,  “AREREEICER T 2R - FERREET O EARE
BO—EHFITITR 2T, R E D DT SRR, 5 DWOFEEHHT 2RI L 720
I HMMEIDERID BTN TV D,

Ty 70k, MRROMEOHENL S T ERRE] THY ., Zhud, bo & bRk
fbEn=Hit (ZZTEbhd L<HMbInzFR &, b TEEELRD, &
ELTEFRTHD) . DFED FAOFHRNEL, HE VMRS TO2RW B ~D
TEVIEBE LS RPIO [V a—=Tr L7 F¥—] ) | ETDE2E2Z T AN,
ELINERBESETCEE, Enb Yy 7 Y ids < #blidb - & b iR b on
BHo bl bEMRLDO~DOHERLIBITTHY . ALK & ek FX O O 721 Z O
SO DBEMERARIZRT 5D Tho> T, &AM BFE CAEEZFF -7 b0 (AT
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FREBESRIT & D AERR & [R] CIRGE — B MR & 9 BERERIIE 2 Fr > TV D) B R, T2
AT INZ#HYIRLTET,

FIRBRRE3DODFELFY L LTEMET S
1 URL/ST VR, O, OGRS & o PR oIV T, &
Fzix, v 27 V—ro0® FHAICHERM, @ BEFEmM, © FMilEikicisis &
FRIET 5, o, KE o O B - TR ( TAEEXT0D ) 2 & a2Rd T
B, FAEEE A RERE T 5) L © BOBR (72K E LS A TOLITRERAR
REATE, EEMTEIZBET2) | © FRESR ([H5FEL) . Tk<) A&FTP
CATWEL S TR, BLETTENCES G- 5) IC b3S AR, 1969],
FEHIETAEEbND DI, VI TICLoTRE I, BELZMIZ3I DORER
AR RE HLAZ (functional blocks) 2> BT S 41D & T B FEIRENSEBLICBE T A HEBER DV H D
[Luria, 1973], ZOY AT AIF—, F . FHMEET 2 v 7 REMEIND L DT, £2 LU
TOXHTHHAIND, TRLbLE L, KR, R T, MR, UBREERD A
7 L C B NS T APERE R RIRIE R OB E A TREICH v . Aok - Bk - BEikE X2 T
WHENRT, F R, BE (RLIEX V%)) KIMEE., Tb bUEIESE, JEEE, B
K OMREATE, OHEREL L COAAN S DIFEMDZE « 08 « 1P EFE DO\ T2, FRkiR R
DIEEZES>TWDHHRT, B=id, KIMORTEEE, Vb, ABTELIFEZELTND
AIEEEE R O ©, AP E L OEEZEXL (B8 . Yar77aL GHE) . i
EEITTDH (EE) OBRRLTT T T M- T, 5 F SICETENIERB ORI % i
VIOFEK EIIRE L, 717 7 50BN IEMIC e SN S0 OMEH W2 T L.,
BRI E-oTiE, BET 0T AEMARET E W M T5HE & A (TT8) | ok
Bexn a7 xRN E BB THILICHET IR EICKBIENS,
PLEDOEBOMILET-BIZL > TIREINTE TCWDL 3O T v v 7 7w LIEER
5. MREIKMEEZE LT, $2E8 DI, WHEOREREZN L TEBIOEE L oo, AR
[TOEDDEE] E LTI R, Z2OIEEI 25> T\ 5, ®mRMEIEENT bbb AH O
FEAEENI N O 2ERORERLE LTREINZLOTHD, ZOB, BFERICH, Rk
b, BEEIREDORIZH, X7 T7OEM LI 1 DOBEKHEKH R EFH -BLOE 4
HERFRE WD B3 DORMNERICIBIE LT, AENDLEFELBCVW D ETO
TINHX—] BDFETDHIEICHEB L TEBLILERD D,

# LP. Pavlov L FEHEZFEA~NDEZE  cf. and (his mentor )Sechenov

Ct.
tt—Fxz—/ 7 1829~1905

0 LT OEBEE . MEVRGHLELSEE, D ORFE e v T IS L2 RIEDFE,

RTNVT T — RONREFZRFEELEETAT TRFEOEIZZR T, 1904 FRET T I — D4
HAE . FOWEMN, A BRI RMIIa LT OFEMHRFEERE,. LT X g
V=T AX—DEEOL LIZhoT,
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DIVOMIZE L OFREFE, R OWERM ML, RiEw, BERETIETHY . P
HXARR R & < ATMM D FEBR A B ROMF 7RI SeiE 2 DT 7z,

Z L THOIEENC KSR 2 O A, @i KO O OEEE) O SR O T v & 72
0. N—T7 87 OEEMRIEROFI A EARHT OITEEZ DLW,

Wﬁﬁ%ﬂﬁ) HEEBEA~DBY @ E LB ORI OWTORIEZ E O T, MM
IJ DFFB g< @#5“% l_/fu.o

AT 3InguyuvF -k—F= /7%, 182948 A 1 B, RATHHRMGTIZH D
ROFTATHEENT,

BATF > 7 b ST AT NS OTRFGCIREZI | |42 TR I L,

ZORNT, MRITARRIFR L EREICHEFICER A L Y1, BREKAT-OD,
FRAT U RFEFBICAFE LT,

1856 - 6 HICIEFHE O/ EEZ 2 Thb, X, oblax7a 7o REME 72 ->7-S.P. R
eV LIICEHFEL, 79 ATIEET 28T « LA E 2 (DuBois Raymond) 07 1 —
K« ~LF— L (Claude Bernard), KA Y TlZa Ny « S 2a—F7—, Hj)L e )L—RKJ 4
t (Karl Ludwic), ~L~=y « 742 « ~NLAKRILY Lo Tz HRIICE L 2B EH D
& THZE LT,

Wiz, KADRAF L — 7R a—F ¢ (Borodin) (B4 HBFHE T T—LAD
EfIER) & & BITiITL T O 2 3 2 L=,

1860 AF (1  TITIRET 5 &\ PIENFS R O A BB HR B S, R
WA 5 —EOMERZ I T O, ZIUTEREB LOMBALE —BICOC X 912K
SRR T G AT,

Wix, ~nF—n, —rJV 4wk, J2—T—BIUONLARLVYORGRET T
H12b LTI DNTH -T2,

186242, B—F =/ 735OV IZBbirx, 72— R« ~LF— )L DIFEET,
S 2 ] 3 A R PR O EERPOMF L A s Z 2 o T2,

FATUNFST-OL, LTI NHEDOFERICEH ESNWT—oDimLaES, INKHEN
TV AFIREGMEE THRAAN 22 NE2RETIOH0 THhoTz,

FSCOBEIE OB O N EHE AL T 5 — 2D A (An Attemp to
Establish the Physiogical Basis of Psychical Processes) & 725139 CTh o7,

Ll Y7 — @*ﬁﬁﬁa T ORI EHMEFZMEEICHERT L2 L LFFE ) &8,
FZOBEDN, TaXtzo S TimadbEVICHAIL] RLTEL2LE VWS AT, £
ZINAD & Dhnnn Lto

FOMRLIT L2 > T 1863 H-T MO ST &) BT, & HIEFHFEITHEI I NI,
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b EORBITTZ LTIRXOBEZHF AR LTV D,

MM OFEET, B—F =/ 7k, BOE O LBREENC ) AT D0 DhDE 2 —
— MO LERDO N T D TIHRRENTZZ DR WnWEx—a2 I L 5] Lk
LDLTWE, RT3,

@%@@®$@%%%%J%%4T5t . . T AL FOLEE - AR T EE
—JRbbREK LML X, ENENE _%@T%E% CIERAMR R O®¢%%ah
TEBY, LrbZEnbid, EXCDLETHREZE ST D &) B MHIILELRE
VWMEHE & BEIEHE Bk iR 5o 7,

ZOMWERBIRITEOIL, E—F =/ VEFEn v L XD 4 VIR E BV,

AIE 1T, DATEEI R IRBRIAF L TV D 2 &2, BEIL. CARERE, 8
£ L VARRZRTEREICHE L TRET DELE2 b > T D 2 2 H AT,

Ho EEHEMICIE, T e — R L F =BT U LT DL OREEIC L o TR
BIXYONIREAESZC, oEEZORBEEZEBW-OTH5,

WMRFEHA L L 9 & & VA THWEEM, Zhut, E30, 737 —7225 b 0OFREHM
SELTEFETH A EZAD, Lo IV, — ST RO, FFERBIZIIAN D, 1
BECTH D E W) EmAe B TH -7,

L7z > CTEIIE, 8RBEZ S - CUWVZHERERIC T3 5 RIEZRMEMGR e HkEE T - 7=,

FLTENL, 189FEICHF — T v TFHEOEJE] (Orgin of Species) MR S 7=
HrHEEAEDOBLIZEREINTZDOTH- -,

Y —F = I OMWE 2 < - TR OERZ B L T\ 5,
KISz =MofkidEz b - T d

—IN (BHDWITHN) BRENSEEZ R4 ZE. B, B, &2 L) (ZRIFTHH
T%D BIIERED D WVIINA~DIRE T, £ 2BV T, T L0 e~k & FaHE
wRBZ bbb,

FLTEINISTEEUONEEAT T TORZETH L0, A SRR RIS TR L,
IEENAZEZTHRICTT b5,

ZOREBIITEIWIC AL TUT LM T,
D A RARER 208 U C, %< OEBRMBFZEN S Z Z2biu T,
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HOEHNCH D,

BE L BB L OEN O OMAERBBROEBRICH 2 S RMRIEEST, HEICHD >4k
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IR (ERARESHER) ERETICH D EEMGREEA TS, Bil/BLSITEIC
SREICLDMBIERA TH LD T, SEEE TRV OEBEZ T wiiTE & 70 b, fthh,
TEENE, EE L TRRESRELET URPE, FlEEE, o SRERE., [lAks REMIRR S
K2 G0 RIGUBRR AR T 25 57) OEEMRFROMAEATHL, 20 L5 ICFRmM
DIERE L 5B OFENE O FEREIC & 2 1R [E1 K 2 5 258 2« OIRFRIT, AWICEBACEE L T
%o #0IETHAMIZH - TE, 85k (BlE) LHEBHRIUT, BEZEBRNICKT 5
DL LTRAIFICHERDNTWND, ZOEKRT, B LiE-> CTESREFH A2 TV D ALK
IZE > TE, FENIRB SN TE®REFES LD LR S, ZOLHICABICBTEH, TME
IS E SN TRBEL S, IEEEZ o T D ]

BHRZERIIRE LRED T 7

AN O @ IRRRIEEB) O BH e D720, BEFEO T 731 9 3 14 (8 25%) X
ORI R O 7 RO BRI Tl & . FRIZEIC U LT AF— BN O TR
RO EEZT 5 LW Ok 2 E-o 7=, & L T/KIER D%, JEBIGO /KRR
ARG ] ZAT7RV, ABRFPR 72 D O B9 DR B EL D fL A IO RE JRITE & & BRI
ENEERRILL LD ERBT, T 1 7132 < OMRIER N 2. FEfEHE & —f 28l
2L, sk, T2 2B UT, BE, BAEANOFSAETEH B XL OMRERD
TRFERME ) IO TEZ DR B L, 2H) LEEELZE VT, A KMHIE
(schizophrenia) <°H#iHJE (obsessive), ZABJiE (delusional), [»5%UiE (hypochondrial), #1 9 -DIE
(depressive) ., & A7 U — (hysteria) 72 Effix DX A 7T OREHHEE O EBE % SHTEIZ2H
L, B L7, 2L TAA7 e 7134 Ro B0, EENEGRSCHGEMRICH L <.
S RERRE PR B O S IR BB AR BRI 8 b 5 ) L R L, ERAMFTHE L LTO
FERBIARICHESSHEGRZ T LTIV A0, TR L) RiEfE2E LT 5,

7ok 2, MEKIE & ICBRIERICA LN WL, BUEMM, TECRFE (GER))
DFER e E1F, HEEIRRED b 2R R EIR~BIT T 28, T 72 b b HHEHEOREICE DI,
N7 BT DA LAV, TS I EMEERRARIZEIZE S D R 2 IR B A IRV b
DT, BEOFEENL & <ITRIMEEIZRWE S D, MERKIFEICALILAMOIER E LT
W, FEHIESCH X LT =72 ERH D0, 2D bEE AMERICE ST KRS
NABBTHHE LTS, WRIA: (371 7|2 L ABMEEROONT ] (Cfa Rz iR
2o

N7 a7 ORED FIZ TBONR ] 25853 25 720121772 b - B T8 O KB
Zeik LB & BREE L DA BRI LT T — % L T OIREB L O h~DJ%
FICE L COEEREEICOWT, £85I AR OREMMEBE DN LI-HF2ED kTR
[Pavlov, 1927; 1903 —1936 ; 1949IZ D>\ T, BIfEONDOIITFS I ENTE D, HiE, &R
MFRIEENOFEERIZFIH LT, B MZBWTEENFHRRE TR E L TEMESNZH (F
FRITEMIER N S TXE D & LT, B AOREMBEEDO SN, H— - 5 (5 5 ROHKHE
B2 (2 T B U D KSR D ERIRFIRF TR 21T 72\, TN B 2 RMHICNE T2 Z L Ic8 DT,
ANHEFEEZHNLZ LICL o THEMEFRELFILLT, D2EVHLWED, ME72F
FEHWTEBICEBNEZRELTEL LIRS T-DTH D,

X7 8 7K NS T b7 o THIRYE L MR O A2 L2y, Z ORGSR
EEODLE I RIEFITENARIC L > THRE=2—a U REIRbNLI0EBES L2 E
BT, B LWAANIRI A HI R L C. A oo B IR RE 2 PR B I 3= < AERZIRE
SHTMERHET DRIEEZ RO, ZONENS, 728 ZIXMEIREE A & YL LTH
29 DAMRIRFEFEICOWTERR L, i iFAToic L TRZRRIC A 70 DERETE ) (2
Moo THRERMD D Z L &> T e, O E IR TS S TRVWINL L7 R3E
DFEKREL U TBAMISLESEE BIFZE L WIS, Bi2mkiclfisni-mwE cd
HRMOARMEE LT A7 a7 0 BARRER & L TOEBRMIIEENTS B sd TREE S
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LHRETHD,

BRI EET S LIS A BHIRITRIMEE O THREMmH (1 ioOmEELE O
FERB Z D REOMENREE) L LTINS E WG E /N7 e 73 LTS, o
DX HTT v T ORI, BEEMIRBOREAREZHFZET 5 FiEB L O
Himo—>2& LTH 2 0 HAHIBHIC I W C, WM % i 2 TRV | BREFSDE T,
TR ARSI 27D BEEE L THEMEE) & TRSRIE) MThebitTng
ARICBWTH, TOEEITDVLLEDLILTWARY, BMEEREIZ DWW T OGRS TREEA) (2 1Y
RKLTWBHEITE, 4 HOREM - MfREFFIL, BIKE TONMEE Thiv, KER/ 550
BIRIZH D ZOWNTINONIFIZH - TH, TORPDPOELERDEN 2L OEHME L,
INOERIBICHEAE L T HBZTRETHAH, BANREX LT 2K - Hipme
FHEWET LW LT, REAAOIE R O ZEEIC B B R BEAE L ORI A R AR R R 035 L3R
Bk U, REEOEIR 2 B PRI B T & DR LRI A IR b7, BUEME I
RELLER LEEOMEBEZDONLONITE>TWS, ZoOMELAFTREFO DL LT, =
fir. BE. EFOSBHICINGE#EA I, BEe FiEzs AR LT, EnREN, E
LWHE., ZLTEHEHEINIEREZENTODRIER S22,

N7 1 72K DEMHRBDLHT

MERBEICOVT/NNTATE, THIZBNRAERZIELTHM LI, KIETEHREET
BIZ(E, LTSRS ZDOAIENROHONEEEHM>TUV =, T7ahE, —A T, shaxt
Ko BHERDRIBEHRPLIRORIGEE—FHMICHESELBERREL. EMENTER
BIZHOMEITEIZ. TREMTED—EREGTOTINSI & MG, BEZHNZ HHIE I, RIKNK
BEHREZRETHIRIZEICL>TRONESIETH D,

WITE=, BEREEFENAKKFIREKICIEA - THY, 15 RERKEN ST LT
BEADBITICIE, EERBEEEENSHEIRENHDHEEIEHAL- (3 i, S]) , EERDEEHE
(T, —ATE, SENSKKFEROFERETNES SVHDELZ DRI CEDEELN>TLNDAI
Lo T MATE, RA—BIZEITHHFILDRSEZESLTHONLH IEDESAEDEETHD
MZE-THRON ., HARECHBELE DB ERETHSEEAT. ELT. A
KERAE DEED , 8. EBHE, FR(THL, SED LGEDERVERMBEOENMRINEHE
N EMHERRKEZROTIOTHSERER D=,

BELELERBEERUDHESET BN TOTD I EEISIZEI D (+2E0(Z. (Bt
fE (Negativismus) B35, BE LIV DLDEERELE D TEIEFIZRIET S, XX, BEN
HENBEBREGND, BEESITHERBR=HS, BILZEXERDEHHETHLES,

' [BJE (Stereotypie) . DFEYEEINTEZL T TODAADZ LI HIRYEZ-ZFHRET
B Eld, REEE (Ecolalia) B LU REENE (Ecoplaxia) EFEIEN ., #i A KFE TIE XL HDEKRT
BB, TNELEEEAIMERICES-EZICTHLICRAONDIRETHS,

SRIEJE (Katalepsie, SADHHEBELDHE TDFETDERBELYDDTHIL) ERERRA
(BEDEDEBRIZONTH, WFEELOTVDRBEDLTHEALSIETHLITENT HHAD
BRI LT ht. EKRFEDERTHHERBFERRICHOODNIBERTLHS.

WK K (FELFD), BIT. RECH THREMLGEE LV oER T, EIRBOT L
O—REEICLRON, RETAKBEENSZTHEMMIGFEA,S ., RSN TLHREE
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EAbNd. $0b0b, NTOTICENIE, BRE]. IR, HEEDMERBEICHITIHRLEBIT
(. REOHFIATAFRICETRIEGLGE>TNSIEIZED,

NTOT, <BREEH>BERREBOERICITFEBEEZH<EHS>AHEEEZI TV ¥
REFBEMEREDREERZAERSNILUANCE, BENEZHIC-OLTESETELHIRE
AL ESHECOFRICRNT D, EWVSEIRTH o=, $HECHILT HIFEBIRIRITIFHE
BESIEFRITHALGRRARLYSDH. NTOTIENIE ZRIEEHERBORKGIZITHY ARG
LY, I, BERERIFE MR B FEMEBOERICH LI MR BIED —EDHEEFLTHILEER
fzo WICESTHERIE. F—I2 BRLGHEDHESERESEHETH o1z, SHITEAT,. BY
REPREICROBV KSR T NKEFERY. B, TBHEEZDHEEFT AT,

UL, /8700 EREZEFHDOEERNTIT. 1903-1936 1V TILADE[1966]1NHEE
NREURESELDDENTH D, AHIC, CZTESNMERMBIIEERENSTLTERADE
ITHZEELL. BEBIDBELNFID /NSO AN BN TOGRIRISHIELTUNS, /AT 07154
R EM-D L REERELS, HVBRENEL > TRAKRBEDIREBRESTLIz, LD
HEFOMEKELFBRE CHNTIERRRENSEZ T, HOEBEFITHT IEMEHRER
PHREZ FICHNIZIENTELS,

AE]:

37117 (Ivan Petrovich Pavlov, 18494F9 H 14 H#EA—19364E2 H 27 HAEE) D/ —

~VE 100 FEE2FL@T o0 v TRSET T I —EEOSHMN, StPetersburg (HL =27
Z— ) O Tavrichesky Palace T, FlaMDOBRFRNEDE D /N7 v 7 A A58 A
ATDIRY T, 2004421 1 H 2325 HiZAT 2 boiviz, JAAMO X 512, /X7 1 7% 1904 4
[ X &> THILAERRZFIE L, HWLIR W OMR LR 2 L7-) L O#EB T/ —
VB EZIT T, AFRELDHF A OST A L VWEZ S, Thabb RS 2R L
O ThD, EHIIBKO~ Yy ha 7EBROBFREEZIT T, 7T AT I —2EOMEFTT
EREDEREZAEL LT, TH—FDOR—=F 4 —F T, bbALAAL » a—ADENH
WHEICH, R XA ERHOT, T_XTUIBMULEZ, ERbiE, X7r 70320 KE7%
EETH D, MR, Mk, BIXOEKRMRIGEIOMEEZ KL T, [Ror 7L 2
1ke R (EEPaaRiHEE) o IIERIEERO A W =X L] TEE»D OER
B5) . [V RYT L M EAERZRICBIT A 70 7GR . [H0ER LM
B MR ENCE T D RKIAIC X A HIE ) . T2EER OSSR D B A
TUAEATIZET T a 70z . [V URY T A MO ABEREICB T DR
EWFERIAE) . TV VAT U A R e THR ERREFOER) | VARV Y
I SRUERC EBROITERNE) . BB TRELE T T AR | TERAERIGE)
DT a7 EEREMES] R EEVRILONERTH 7=, BFEEO I,
(R EMERE ) Go&Efim] TAAR ) — VB E S B3 W. K. Heisenberg O .
FTHOIMNAB_XAVTHRE (T2 VY TIVTRE) LD [auda u_"mofi
NIZBOONDFEEOREN CELEEERNDY, FACE-TiE, tEEFKoa v
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DaB diese
Erklarung der Entstehung der Sprache aus und mit der Arbeit

die einzig richtige ist, beweist der Vergleich mit den Tieren. Das wenige, was diese,
selbst die héchstentwickelten, einander mitzuteilen haben, kénnen sie einander
auch ohne artikulierte Sprache mitteilen. Im Naturzustand fuhlt kein Tier es als
einen Mangel, nicht sprechen oder menschliche Sprache nicht verstehn zu kénnen.
Ganz anders, wenn es durch Menschen gezahmt ist. Der Hund und das Pferd haben
im Umgang mit Menschen ein so gutes Ohr flr artikulierte Sprache erhalten, daB
sie jede Sprache leicht soweit verstehn lernen, wie ihr Vorstellungskreis reicht. Sie
haben sich ferner die Fahigkeit fir Empfindungen wie Anhanglichkeit an Menschen,
Dankbarkeit usw. erworben, die ihnen friher fremd waren; und wer viel mit solchen
Tieren umgegangen ist, wird sich kaum der Uberzeugung verschlieBen kénnen, daB
es Falle genug gibt, wo sie jetzt die Unfahigkeit zu sprechen als einen Mangel
empfinden, dem allerdings bei ihren allzusehr in bestimmter Richtung
spezialisierten Stimmorganen leider nicht mehr abzuhelfen ist. Wo aber das Organ
vorhanden ist, da fallt auch diese Unfdahigkeit innerhalb gewisser Grenzen weg. Die
Mundorgane der Vdgel sind sicher so verschieden wie nur mdglich von denen des
Menschen, und doch sind Vdgel die einzigen Tiere, die sprechen lernen; und der
Vogel mit der abscheulichsten Stimme, der Papagei, spricht am besten. Man sage
nicht, er verstehe nicht, was er spricht. Allerdings wird er aus reinem Vergnligen
am Sprechen und an der Gesellschaft von Menschen stundenlang seinen ganzen
Wortreichtum plappernd wiederholen. Aber soweit sein Vorstellungskreis reicht,
soweit kann er auch verstehen lernen, was er sagt. Man lehre einen Papagei
Schimpfwoérter, so daB3 er eine Vorstellung von ihrer Bedeutung bekommt (ein
Hauptvergnigen aus heiBen Landern zurliicksegelnder Matrosen); man reize ihn,
und man wird bald finden, daB er seine Schimpfwdrter ebenso richtig zu verwerten
weiB wie eine Berliner Gemisehdkerin. Ebenso beim Betteln um Leckereien.

Crow, Tim.
Z X AW MM /547 larger bias asymmetry
heterofunction

Tim Crow is a research psychiatrist who is a member of the External Scientific staff of the Medical
Research Council and Honorary Director of the Prince of Wales SANE Research Centre. Before
moving to Oxford in 1994 Dr Crow was for twenty years Head of the Division of Psychiatry of the
MRC Clinical Research Centre at Northwick Park.

Tim Crow’s long term research interests are in the nature and causation of the major psychoses.
These illnesses are characterised by the presence of delusions and hallucinations and disorders of
thinking and generally have an onset in early and middle adult life. Encompassing schizophrenia and
manic-depressive psychosis these disorders are common, affecting around 2% of the population in
the course of a lifetime.
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In the first CT scan study in 1976 Dr Crow and colleagues at Northwick Park demonstrated that
there are structural changes (eg a degree of enlargement of the cerebral ventricles) in individuals
who have suffered from schizophrenia. Much subsequent work with MRI scans and in post-mortem
brain studies has confirmed this and suggests that the changes are in the cerebral cortex and
particularly are related to the subtle asymmetries that are characteristic of the human cortex.

What is the origin of these changes? In earlier work Dr Crow considered but was able to rule out a
viral causation. There is a genetic component but the nature has been obscure. Dr Crow’s particular
recent contribution has been the proposal that the origins of the psychoses relate particularly to those
characteristics eg cerebral asymmetry that are associated with the specifically human capacity for
language. This leads to a theory of the origin of psychotic symptoms — that they are associated with
deviations in the subtle asymmetries of development of the cortex, and that the symptoms arise as
confusions between thought and speech and through the abnormal attachment of meaning to
perceived speech — and to its genetic basis in the change that led to the evolution of Homo sapiens as
a species.

The work of the Prince of Wales Centre will focus on this theory through 1) radiological
investigations of brain structure in relation to the symptoms of psychosis, 2) post-mortem studies of
the nature of the change at a cellular level, and 3) investigation of a gene (ProtocadherinXY) located
on the X and Y chromosomes that has changed in the course of hominid evolution and may have
played a particular role in the development of the cerebral cortex, and the evolution of language and
the origins of psychosis.

Dr Crow is author of two ISI citation classics:

CURRENT CONTENTS CITATION CLASSICS
1) Crow TJ. (1972) Catecholamine-containing neurones and electrical self-stimulation 1 A review of
some data. Psychological Medicine 3: 66-73 nominated on 28 December 1981 with 115 citations

IT) Crow TJ. (1980) Molecular pathology of schizophrenia; more than one disease process? Brit Med
J 280: 66-68 nominated on 29 November 1993 with 585 citations

Schizophrenia as an Anomaly of Development of Cerebral Asymmetry.A
Postmortem Study and a Proposal Concerning the Genetic Basis of the Disease
Timothy J. Crow,

Schizophrenia is associated with structural changes (eg, a mild degree of ventricular
enlargement) in the brain, although whether these precede onset of illness or progress
with episodes is not established. In a postmortem study, we find that ventricular
enlargement affects the posterior and particularly the temporal horn of the lateral cerebral
ventricle. By comparison with controls and with patients suffering from Alzheimer-type
dementia (in which there is also temporal horn enlargement), the change is

highly significantly selective to the left hemisphere. This deviation was not accompanied
by an increase in glial cell number (examined chemically by assay of diazepam-binding
inhibitor immunoreactivity and microscopically by density of staining with the Holzer'
technique). The findings are consistent with the view that schizophrenia is a disorder of
the genetic mechanisms that control the development of cerebral asymmetry.

(Arch Gen Psychiatry. 1989;46:1145-1150)

Schizophrenia has a lifetime prevalence of approximately 1% across the world. Onset before
puberty is unusual but then rises to a peak around age 26 years for men and 30 years for women.
The only established causative factor is genetic, but the mode oftransmission and the function of the
gene (or genes) are uncertain. One possibility is that the genetic factor predisposes the individual to
an environmental agent that itself precipitates onset of illness; but this agent has not been identified.
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Another possibility is that no such agent exists and that the disease is primarily genetic. In this case,
onset is unexplained, and persistent high prevalence of the disease also is difficult to explain since
affected individuals have decreased fertility.

Structural changes in the brain, eg, a degree of ventricular enlargement that has been described on
neuroradiological examination and at postmortem examination, are a possible clue to the nature of
the disease. Important questions are whether these precede or follow onset of illness, and whether
they reflect the activity of a specific pathogen. In this study, we investigate the anatomical location
of these changes and contrast them with those that are present in Alzheimer-type dementia.

Summary and Introd. Only.
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Constraints on concepts of pathogenesis, Crow, Arch Gen Psychi 46(1995)1011-14

COMMENTARY

Constraints on Concepts of Pathogenesis

Language and the Speciation Process as the Key
to the Etiology of Schizophrenia

LNEY AND Farber!

present a “unified

hypothesis” based

on N-methyl-D-

aspartate (NMDA)
receptor hypofunction, which they
claim accounts for “major clinical and
pathophysiological aspects of schizo-
phrenia.” Although, as I shall show,
there are elements of interest in this
hypothesis, it is flawed in that it
depends on an erroneous account
of etiology, predicts neurological
symptoms that are not present in
schizophrenia, and is inconsistent
with the known epidemiological
characteristics of the disease. A com-
parison of this hypothesis with pre-
vious hypotheses of the same type

See also pages 998,
1008, 1015, and 1019

(“neurchumoral” theories) and with
two other classes of hypotheses of
pathogenesis (“focal damage” and
“connectionist” theoties) in their abil-
ity to explain known drug effects,
phenomenological characteristics,
brain changes, and epidemiological
characteristics, reveals constraints on
the type of theory that we may en-
tertain and a pattern of strengths and
weaknesses that points the way to a
more incisive theory.

THE NEED FOR AN
EVOLUTIONARY THEORY

The central problem of etiology arises
from two epidemiological findings:

1. Relative constancy of inci-
dence across societies was demon-
strated in the World Health Orga-
nization Ten Country Study?:
“schizophrenic illnesses are ubiqui-
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tous, appear with similar incidence
in different cultures, and have clini-
cal features that are more remark-
able by their similarity across cul-
tures than by their difference.”

In this respect, schizophrenia
may differ from other common so-
matic illnesses, eg, heart disease and
diabetes, and therefore may be more
intrinsic, ie, genetic, in origin. Per-
haps schizophrenia in this sense is
inseparable from human popula-
tions, ie, “a disease of humanity.”

2. Onsets occur throughout the
reproductive, ie, the most healthy,
phase of life,* a fact that acquires par-
ticular significance in view of the as-
sociated biological disadvantage, ie,
decrease in fecundity.*?

These facts require an evolution-
ary theory of etiology, an explanation

of why the predisposing genes are not:

selected out of the population, and a
concordant theory of pathogenesis.

THEORIES OF PATHOGENESIS

Neurohumoral Theories
and Psychotomimesis

Neurohumoral theories (Yable, col-
umns 2 through 5),%* popular since
the discovery of hallucinogenic com-
pounds and chlorpromazine, at-
tempt to account for psychotomime-
sis and the antipsychotic effects of
neuroleptic drugs. They have the at-
traction of explaining the lability (eg,
onset and recovery) of what was pre-
viously described as a “functional”
psychosis in terms of the chemical
physiology of the nervous system.*®
However, they do not predict the
presence of structural brain changes
or intellectual impairment, nor do
they account for the singularity of the

ARCH GEN PSYCHIATRY/VOL 52, DEC 1995

epidemiological characteristics.

Olney and Farber! argue that the
NMDA receptor theory is particularly
good atexplaining the psychotic mani-
festations of schizophrenia, but it is
not clear thatitisbetterin this respect
than models based on the psychoses
related to the amphetamines, which
clearly can induce nuclear symptoms,
orLSD, which (although variably) pro-
vokes a range of symptoms sometimes
seen in schizophrenic illnesses. On
present evidence, the theory appears
less good at explaining the antipsy-
chotic effects of neuroleptic drugs than
the dopamine hypothesis.” Olney and
Farber claim that NMDA receptor—
mediated damage could account for
intellectual impairment and deterio-
ration, but this claim reveals a diffi-
culty for their theory. Why should not
NMDA receptors throughout the ner-
vous system be affected, and patients
present with symptoms attributable
to cerebellum and spinal cord as well
as cerebral damage?

Focal Damage and
Exogenous Pathogens

The most serious weakness of neuro-
humoral theories isin the relationship
between pathogenesis and etiology.
What could cause a selective deviation
of neurotransmission? Olney and Far-
ber postulate “in utero excitotoxic
eventsand viralinfections,” but the evi-
dence that they cite for the latter is
fraught with inconsistencies and con-
tradictions," and, insofar as it is sup-
posed that either factor represents an
exogenous influence, this appears im-
plausible in terms of the known epi-
demiological characteristics. Whatex-
ogenous toxin or virus could be exert-
ing a uniformly deleterious effect on
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functions are most vulnerable is a co-
gent explanation of some features of
psychosis,?*?** eg, the Capgras syn-
drome, morbid jealousy, affective flat-
tening, and social withdrawal.

THE MEANING OF THE
STRUCTURAL BRAIN
CHANGES

Three anatomical changes are fairly
consistently established in the recent
literature—a degree of ventricular en-
largement,* a reduction in cortical
or brain mass,*** and loss of or re-
duction inasymmetry.*** The change
ineach caseissmall, and there is sub-
stantial overlap with the normal
population but no evidence of bimo-
dality within the patient group. It
seems that these changes must be re-
lated and that schizophrenia in some
sense is a disorder of brain size or
brain shape. The changes must be, at
least in part, developmental, but
which type of theory of pathogenesis
can account for all three? Neurohu-
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moral theories account for none, and
focal damage for no more than ven-
tricular enlargement. Only some ver-
sion of connectionist theory that
includes asymmetrically disposed
cortical components appears able
to account for all three anatomical
changes. Loss of asymmetry and its
morphological concomitants is per-
haps the most direct pointer we have
to the nature of the disease process.>*

A GENE FOR LANGUAGE
UNDER SELECTIVE PRESSURE

Although connectionist theories asa
group look more promising as expla-
nations of universal incidence and age
of onset, only one theory provides an
account of the persistence of schizo-
phrenia in the face of a biological dis-
advantage, ie, the decrease in fecun-
dity. 1f the condition is intrinsic, ie,
genetic, why is this variation re-
tained in the population? What is the
function of the relevant gene or genes?
The answer, it seems, is that the gene

ARCH GEN PSYCHIATRY/VOL 52, DEC 1995
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must be still under selection and that
this is apparently so in all human
populations. The gene must there-
fore be relevant to the human condi-
tion, and from this deduction the con-
clusion appears to follow that it is the
gene that separates us from the great
apes, ie, the gene by which Homo sa-
piens has speciated .+

Language has evolved by a pro-
cess of increasing hemispheric special-
ization,* and this process, ithasbeen
suggested, could have taken place un-
der the influence of a gene that, with
persisting interindividual variation, bi-
ased one hemisphere to develop along
aslightly different trajectory from the
other. Annett* proposed that the per-
sisting diversity associated with this
genearises fromaheterozygote advan-
tage for cognitive ability, and thisis sup-
ported by data on relative hand skills
atage 11 yearsinacohortstudy (T J.C,,
L. R. Crow, D.]. Done, PhD, unpub-
lished results, 1995). Although such
asimple genetic mechanism cannot ac-
count for the genetics of psychosis (eg,
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TJ Crow, 2000, Schizophrenia as the price that Homo
sapiens pays for language: a resolution of the central paradox in the origin of the
species.

Brain Res Rev 31 (2000)118-129
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Fig. 2. The fronto-occipital axis of asymmetry in the human brain. A
relative (but inter-individually variable) increase in the development of
the right frontal ‘hetero-modal’ cortex relative to the left, and of the left
occipito-parieto-temporal association cortex relative to the right implies a
convergence of callosal fibres from left-to-right in sensory (posterior)
association cortex and right-to-left in motor (anterior) association cortex.
The intra-hemispheric antero-posterior commisural connections carry re-
ciprocal convergences and divergences [35].

FEREARE & O fRIEtE - Bt

& A THERFIED % AIWMOFIEMETIME (KEL) &R - EERBE O ToORith
AR (A ML R) O ERICEFRPUBICRET 2B TS, thALDaIa=
r—arNH)ELATNT. BEOWNIKHLZ bV N B 5, EEENERN R KT
L. AEEZET2NbO0, BENTENRL 8D LW oz BB ORESFRAE O R E N 7
Hiv, EAMELLR, EENEICH DN S, AR —F T EHRREE] < DR
KAPHE] EFVHETTWDR, MAEKRIE (=KMo Z%, schizophrenia) &9 BAR
D FFEILE O F FFHEAITIL split mind (FEES 720 K5H) ERBSNDHDOTH D,
"B, 7uA 77— (E.Bleuler, 1911) %, 7 L~V > (E.Kraepelin, 1883) M4 -3i}7=
[ M 5 . Dementia praecox] 2326, ZDOHRD TERE | ORE IR OKTICH
O TIERL, BHHEEOMEK - SBECH D ERERE SN LT, T2 R
Schizophrenie] &g L7z, ZHITURDOZ L& LT, HRZORNSE LT HMD split
(DEISITM) LT Re 2O T, BIE RO split & L TORMIERIRE L L TJE
PO NEIZ S 0025 XS ICBET 2010k LT, $%BEFOFILFITHEET D8 607k
FHER TH 5,

ZDXHIZ, “split-brain” (HEIZILIZN) A OIRERIFEE TREH TH D DIZxt
L C. “split-mind” (4B S 7265) I13HEEERY 7R disconnection syndrome (& fi B
) CTIEAFM 2L RS, ZONEIIEmME 1224 OfFEKICEL,. 2RI TH
%, —JH® split-brain OfEfE 19 ALK DML TH 5 K58 (FiEEE) . KT (T4
fREsE) | KRR RRENRESE) IfRER D S D KRR - AR OHIKE T, Al 1960 4F{X
I CEL T =H & AT — 5 ORMMACEARME (KR, mizE) OEIEC X 2 iR o4

41



FENH 4 T 5 [Gazzaniga, Sperry et al., 1965, 19671,

H 9 =D split-mind (T, F->THIUT, THCOLHEHOTIZHESAVIAALT
< %, split into] WO EWE G AT THMAE ) HEE T 5 schizophrenia
(shizos=separate; phrenia=spirit, mind) ZHIZE M7= O ET, ok, HE
FEREODT THOOLNTEZHGETIT VN, 2 2 THMHN A OTEEE (intrapsychische
Spaltung) & W O KEMHEZOHEEOMEE . A CTIHEETFONLENOELE L TH DL, Z
CTHHOTEWEZENA2DIEZE (1995) IZL->TZhEN7= Isplit-mind & LTH4E
WAEMELE LT, 2 ERGREE & 472 LC, split-brain (GrBERN) & A U K 5 1A%
LIEMUETHDL] LWHRRTH L, U TOFRLRITAHERIT, 20BN TEH D
D, IR ED X ST split (G, BN SN0 EEZTHD,

HHATIEH 523, Split DA ZLLTFDO 32IZKFILTOD, @, @DIHIZELZZT 5,
ORI M E R & AR - % (FAMLLTERE £ C) & DM D rostro—caudal [ (K

B - RETH)
@A RIEER (B L CTAMM) & KRIMEER (B8 L CLEM) & DM left-right [ (B3
BRI

@ KA E Rk (RTEATE) & #&pik (BATAZE - (IBATLE « KIATKE) & O[O antero-
posterior F7=I% fronto and perieto—occipito—temporal [ (\i>wp % REBNAN « 528
5l

RE - FE TR0 E (DD &)

SRS BRI % 5% T TR AR E N O BRI BLE 3 5 23, & O BB R EITINE L
JNZEEFEY | KRIMEEIZEELR Y, o T, @mROERAENTE T, FRUT@ = 0
FAEB OGN TH D, LD~ 27 U —r 0 TIOBEEMED =M — KD 75
RO L~V Th D, FEARREIN 2 DEARE LT DB LT AL
ME OB H 720, FREOHK~ERBETIMOFEEZOLON, 72L& 2ife b
ELTOEY FIZ & » TREICEE 2B HIW-CETE - MELOEREZ &), Thit
N LTOIED Hhbhins Lo 782l SE 2012k LT, ZOEREMD L1
TIEARADLOELEREATNIRTE GR) BRI E D, MOBTERRE & RN S O
AT D L~V TIRIZENDBEREN « —BFMIC A b v 7T e < EERA ., MR
&6 ThHD, £, MK - KIMEEZO L~V TR by 734U, EEhLEE IR
SGRT, BORABRIIPUR T, EEVLERITRAKIA A L & T2 0BCRER T, BASR - WY
Wik DFEREIZPUR T8, TEMAR T, KIMEENOD 2 hr— R L T{Thbhbd Z &
2725, EMEOREMZRNL, WERICINZ 224 LIERE LT, ZORERIT
MERFR) (KREER) ZE] . DFEVAEERL L TOMEKIZE > TLZA LTV HADR
MELWH T LIZAHI D, Thbb, AL LTix, EmaiERriiuulegn 5, K
UL TOREERNBCRIZBL S LD 720, fiERS & OFFRAHIC X 5 B B CRFF~DiE
DW= B 720, EEEREOZLICHE FICHE R #EIGT 5 2 EDNIEFEICHEEREICH S
EEZXD,

EAERBOSE (@ OER)
1. WEISH 1T B EHER

SORD AR RRIC T, SO AT M & PPIZR A I8 5 A8 4 b, Zh i
BOIE A P2 lh % ED TS, BT T AF—0 k) BOBEHEICRT 5105, Bt
ROSHIREL LT ORBEEITABIIEEE LAV, 2 S ORI L0 CAB S
NBIOTH S, A EEREOWBMEIEI OB & b7 TR - L0
B DI BATT 5. REL<F D &, RSO HREUC BT 2 SR C I
Bl L L CRERRRIC b RIBEERIC b, e - TRIBRAIC e AR 2 S 2= — v a v
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DO HILD,

MR R IE, BHE L~V THRBAHIARR . IR R S, IEHE L~ L CRRBIA R 23 22 4 FH
LT, ENEIEMOBRF R £ THEEERIANZ BT L THREZIZA TWD, £
DARIERRBE DFEF T, MEERIENITAE T 2RI 2B oM A H L T F 7 2 %2 E-
TW5, ZOMEEfEkE=a—r DR EZN L TCHAOaI 2= —3a U TR
b Tnd, ZORMEEL~MZELRW, BEFTO (BRRIZOIE 5720 MR

(GEBE, 5. ) DA Z S T2 1 WA BAE O B & Il ORRIX R EE & BEIR & FE
WAEER 72 & D U X LD JE (basis) 2 72 LT 5,

2. HIlN (I ERERK) [CHTLEEHE

Bllkd 5 Z L, BRIERPETTDH, £ L THAER EoEEEY TIL, Mo TALH
DS BT 2o B R E ~D PATHERIIREO N THkZ & L ThRESIT b b
R () I8\ TIE, AAOIRHEIFHEAE L TR, SRR, SRS OARIR %
F& T D A HARHERE & S 4TV D LK [ 45 (adhesio interthalamica) & 72 /X HF A& (massa
intermedia) & FEIXN DREEDN B D, NEBICARHIIE &2 2508 ATV DM, APsiRMEIL
BT, L2abe FTITIB BRI T20%DE MIRINLTWS, bob b, FEWMAKELL T O
iy Tlx, EEERE OB RN ERZ IR T DMK E Gt THERIMNRR) E MRS L
T, Z OHIKGEE CREREITE RO LB TR DN D AIRRENRFTEFICEZLNLDTH D
D,

OO ERMEE LCiX, AAOHZE (PREAEE | HE, ¥—2 v vy
V¥, AN— VB R £ ORERRIZ I & R 5% 2208 (commissura posterion)R°, EE) « FLIE
RICET 50%RICEHET DR BEIC & 2 FHEAHE, U6 B8 (archicortex) 4 #if 5
i 7 22 ROV FS AZ 35 KOV AT D WK (v B2 ' [paleocortex] 35 & UYL A R S 1A
[archistriatum] ) Z 55T D RIREN B 5, i TR FEFE A AN N D 2 EKE T |
I EE) TR S DITUEHEERT B E O —E O ZSEFHE © Z T > T 2,

3. MZEUE

L LfEE-TH, B NTRRICHEL, EHAORKMFIERELAEGT 5. JHFsET
AT I & T LU A R HE 1AM 22 (corpus callosum) T 5, AL E THEORERL & L CTAA R
P& R ERER O EITHEEL 5 DFE B IO W TR AR T X 7223, LA FIZ split-brain O A
ThH DMEYIBRHIC O TOMIEE 2D BIEHEIN D, 2 OFKED split-mind (221>
TELEEEDDLZ LT D,

BRI 2B L D &, MERIT—MEZYIRLTH, MRS EFE BN TWDIRY . HE
DAEIFIC K EE 32 Lix72v, UL, mflZ8kR7 5 LiEoE#ROmIZFSb
T OMENRDIVTLE 5, KIMHTECE O FHAIGIERIZ DT OF#E ORI EE 12D T
IERDOIIZENH D0 (FME) . —MPEERZ T Th — 72 & 2 ITA RO BE S BB
BWTH —BaRE & ICEEROFMEINE E5RICEET 5, B - ik - SLEZR
EDMBIBESI DR FIZHA LN D b DD, 1@H O Ak (Personlichkeit) D —# & L TRO BN D
FEARENE - - - BREY 72 EIIRFF SN TV D Z R HN TV D,

LLED X9 202 Z CRIBE & T 2RO o FAfT i, 20 A ORI, JEE
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BERLTANVEBEDIEROEITZIET 5, TROLIEEOFERMILEZINZ D7D D
BB TITebiviz, IV =T LAY —61%, —#aiRHE &2 TR A O L7 E
i, Wibhip % split-brain FAF Z xR & L THix DMK LTI, TLT, ENHDEBHE
IZBWT, EREOYmPREE . EHRE AT, £FORE, GFOMMKITR 08l
S #U7=[Gazzaniga et al., 1965; Gazzaniga and Sperry, 1967], FH 72 s, 2 O KA HEKRAE L)
Wrl ORFZEIC K - T, b FOLELFERMICHEEE MU FIET D 2 &, Zudanf e 5 E
Db D, ALK OFE LAV, T2ROBIERAIAZHOIER . O TITW o L k5
EEE LT, TRDDOBREORERNED L HITHEEINTNDEDNELIZONT, BIEH
FREELRTT—FITESNT, EADOFIREFBEMOMBIZ OV TRE IFRA LRV T
IER 72 BRETH LN TE D K917 »72 2 & THh H[Gazzaniga and LeDoux, 1978],

4. FEOWFHIE (STZVE—T3Y)

2T, 777 VE— 3 (lateralization : = > £k @ Ff # {b . hemispheric
specialization) DBEIZOWTHETE X TH L 5, DR & iR B il &8 3
RFERMAE 72 & OMRIGER R 72 & OB/ EAZR W LIERTR A LD Z LT &
CHBNTWDN, $EESTDOELDTH S N-Cadherin (7 R~V ») BIAFHIOLEL 7
TERIC B 595 & % 2 51TV b [Garcia-Catro et al., 2000], % &< & EAFHFRDO~ 7 AR
272 EOWHIATA—HF A V=I5 EZH T H4EH( & node, / — KN, ZHit: 7-7.5 A
HIZER S, =7 NURORB U, B7 774 vy affor v =, 7707
VATV DR AERFITAHEY T 5 MEROMME T, EoMlaoRmlITEDR L AT 5k
ENHY ., WEBOWERIEZ —EHMICENT [/ — i) Z/FEV L TW D NTHBRIERAET 5
Z B IERFRERR AR E OIER D fE T b, Z O DIHFRD ZPMMEREROFE R E L
TR TR ARES LD, Z OB, PR, & <IAEM. ISFET D TGF-p A —
=T 7 IV —IZRT DHWH /X7 E T 5 Nodal RLENEHIEHIT D Lefty NI 5
L. 2B EAEMNFHOEREZ © L ICENETNOIRERIE CTEAIES TR BB AT
35 (Il E, 2005) . 22T, mAFR Y 7 ZARBRF pitx2 DEMOPERF £ LTREE
T2, ZOBRIIFEREY (FY) 2»OHFHEE THEITA 55 [Concha et al., 2000;
Concha and Wilson, 2001],

ZOMEERAEH D V7R, YROZE L LT, MREOEHKICHERZHE LT S &
HLZINDD, PR RNOLELAZOREIZEEGT 5 LB 2 6N 5 8BIE 70 T DAL
EEDIERIZOVWTHEBHLNCINDTHA I, 7272, WAFHDOBMLL T D L)L T |
TLEZFET T, avya UNRDIIHALND TS O~ T N —fifuls & T,
FEREFHNCH LR ELAENRBO LN TS, £z, MU OKREE (LI NV ICFAED
i & STV D EIRFRSRIK hyperstriatum) 0t~ ORIBEZE R E 21T 5 A4 DERERN 7
BOBRFOBEORESCHF ORBLOBRICKMEE KB T 77 )V B—2a U IR
HTERREINTVD (IHDHDOMED LR E & O TRIEIICIRE S NT-EM L LT
[Rogers and Andrew, 2002] % 2R X iL7-\)

FERMIZ B LT, 3 = (Kawamura, 1971) & 1 X (Kawamura and Naito, 1978) CHixi# DO D2 F
ATz L& WAl BCE TR DAL D IO ZE BB AN 2 olzx LT, SMilE Tl
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FANCERN LN L 2xa THALLTLOk, EFTEFWALBOLLZICEL LR bk
FT&E T, K VIERRIEIT LY SWERDE S rTREME A2 KALIZAOE 34X, RN
ERIMAE OB IIAMNZHEART, AONOEBTHOLES AX— 2000,
BT, ~ U AWEE AR C©. NMDA(N-methyl-D-aspartate) 52 21K ? GIuR ¢ 2 (NR2B)
D> F T AR A IERFRRTRD B D L 5 BFFE(Kawakami et al., 2003)<°, & hED
KIMBEC 1T 2 B FH B4 . kPR B AR FfEHTIE  (serial analysis of gene expression,
SAGE) Tii~T, £Z| Eﬁ#ﬁﬁi%rTz7@ﬁ®LM%ﬁ«®EMt&w9ﬁn
(Sunetal., 2005) 73 0, KRGO MHERIZ IS 1T DM GRS L OBERE L DI D 7y 1 Hefig & 12
b0 LTHESNATWS, Ll \ﬁ%fi\ﬁw@km&gw% &< IZE
FERECIE BIMERE 70 & DA ZEIZ DOV TC O FERIIIEITSA £ 72 ST e, (L - 58
JBL T, th@k%%ﬁﬁ%%éné&w’if%%bkﬁﬁ@@@f\EE%WK%%
DEBNECTCEL LB S, &<IT, v MUBEZEIZIB I 2B FEEIZA B DL
TR DFEZEIZ DWW T ﬁ“%ﬂfméKMMMm&Jmm(ﬁm\4%)o:@iiﬂ%
5L, B hOKRMFEROLES 2, & ATHERBAI R KR 7oy UEEGZYEIR, MBS R -
fEL CERBEMEEZ i 2 D ICE AR L IEWBELEN H 5 L ) I b s,

5. ErDBEFBREEFEK
bt hEFNVORIMZEDREETE L RRDRIL, ERNOHMIE (m2—r ) OFE

ROfLE 7R & O EME L —IREIMET UL (7272 L, ZORERER L OIS M
TR DR [30 8, )2 22, ARITR b KRURHESTHLOEN) | RO XD
272595, OF%EGE B L ORNESBHNICE 2 ICHRELZSHEROAE, OQOpigaiE L <IT
RIS A (=AT8EATE) O LWEE, BIOQEAMRME (=R E - REMES
RAE) D3 L < ICHIIAZE L GATH - ISAZE & ORI ORFERS G DR ZEOZE L NI Lo &
HHLE 9,

RONTZIHEENT, 2O XHRI 65, DFVEESLIZfEoTo IR LD
IMORFEDOEIMA LD 72 L0 D R T, BPPEERINICEM SRR bd L H kD,
LL, ZOEMEETSH T THHAMNRbLOTHD, ZORTE IR, AT, Wi
MEFR, 56 LS HEOHEM, Far. pifR., ZFR L. HOMNICSEMEOLIEREICB WA
PIRE VBTV D, 7, APEkiE, BRI ZZRI L, WihifkLizb 0%
AR - B L TV BRRER, BT RIS %%éwi&/;&whm&ﬁ& ZRWT
(Sperry), F7o., FAEH L TZMMIEREBR LAER I HHEEIZ35V T (Gazzaniga) /£ -
ERED HENLTVD,

6. EEFEKEOMKEELDHEE
ZIZTC, IO LEEME~OHEEZRD H1-OICEEBICBT 5505 T, /) O
WRICOWTLEENERE L TR OBMERTHA H, BT H, k%%ﬁ@&ﬁﬁ
27 (AL 1XFEET 508, Mt TR <IN TH 5D, IR % L TE#H
ERBLA->T0D, EEZEHIZBWTOBETHD, B RICSFEILERMER - B0
HIThHY ., FTOORITEMEN - I THY . EAEMOBIEX Y S ZHUCHEE LTS &
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EZHNTWD, Bd5%OFETEMIRIZEY, ZOMMNEFIZR) —BELmnL X
IVORGAFIRE L 72D LI SN D, OB FORL LT, &g OEBICH T
HRFENER L CWDEE5H, D7 ELROFIZBEESNDIRETHD, 2F 0., FiESL
BERBEEV S0, WTRLL, TOHWHIZK > TEREMIC B IEFHEMICH 0155
HLOTHY, MEREOEROIZOOF 7V o ZIZBWVWTH ZORIERDICHERESND L
ERH D, SHICEDLIEBROFTHOONTELEMN, EAMORE ML OME % 7% &
LT HMED LD THoT2E LTH, HBoNS HOERT — 406, BHE2imEE
IZHSLBRICL - T, ST - OEZOL OO - 28I HIT L0180
L2 LRI ETHD, T OVEEITR L CSCRN AR CIIfRIETE 220,

< VIEWIE, HEEESHEICHET MBI OBM L~V TR ZERFERNLE - T,
FERMBERL TR 72 S 2 R L TIRW A, T OMIZ BIZ R Z 220D TOB & MR & h
HREFBEEINTNDZ EEZHDRETHD, TmLx1E, FEEIIR - THTEATE X,
ANEORBENTTEDLOTEHERLORH Y, F—OFHIELTEE DI LX, £
SOLETINERDTIENTEDLL, RALNDODEREZFEREZNAMKRE L TEDTZ
ELTENE, NS ERASITETDHIIELTE D,

Flo, RO LN b Z LIXEMIGE. FOEWROHEME, AT ST EROMBHTIC
FRREAREE L TWAbITThY ., SEBICITEEN R FRNLEAMRBRIZLD bOET
BZUNBRNEEDZEENH D, & 21F [ LS55, WaE R 52%WE H20
ELTHZDZEHTENIE, MICESDLLIRBROHBNTRA L NOFEROEBOF TH
ERERULDZEH, EMOWEEZYRE LBEEOT CTHER DD ZEHTES, L
TZOEHRZLIFTK LT, ZEEFOER, O 202 LT THEINTND
ROENRE, EMENOSER CUE LEDLONENTRMTH D, o T, BEELTO
EZATIE, SHBORBEIEETHD L, REHSUETH D L, H— RN ANHDRK
PERFRA LGS LU W T, SiBIEEEHNE - RIcZhz 0B LTk, 2 &
FoE R, ZEIFOMR L Vol kiR, WhiIEEx, BRL, BEEESTH L
IZE o TRWH S DRIy « 3 =IR2EBIZE L TE, Mo EDOE 3 235% 5 LT
HONEEST D Z L IRIEFITH LU,

HLLFAERE JRA A=V DX R bORTFET 2O ThHIUE, MO EZhOENL 72w
LR A B OMRRMENIC, RS, FAEHREDNFEL TWLIETHY ., BIlESbh T
WAHEFERIL., CORSHEREOHBNED LIS o T IR TWD EEZOND N
5ThD, 20O, REBICARZRWEEEL, ERFICLAICLOTUIELILOTH Y,
FEAMOBERE I, TeE T, ZOHDLFEELAERIEHR. AT - BENZFE RIS
TELMHLThD LMD, P7r<Eb, HLV ol bDZ@mARIZHA bHM S T
XRNVBURICBWTIE, SlE=mEN=MNEN LT 501k, AMORBTEEC Z vk 7
HIMOTEEY 2 Z < REANCHE X TV A E v, GRBRR - SOER - BRI 72 & O 23K
B THDHIZEL, bl so THENEREMNTHD Z L ZBEDO N O « Z 25
T35 LI TERNZI LA ENTI LR, BLTFORRIX, 20X 5 BUR AR
RIZLToZ L ThH D,

FHEROM@ X, RIEEEFIZL > TURE SN DB OEIRNE DT &> W TR Y |
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ZDWBRERITA A =V OT A LB L T HHHEA R OIZ# L TWd, ZiuixtL
T, RO 1L, BEXMASEFEICELTRBY, BREZHI LB LT E OO
DIXEARRBR, DV, ZOREMERZ TV L BMEOHOBEELZFE>T 5 L 9 I
BEEL TV D X o Icilbhs,

ZIOLTHDE, MPRHEOBZIZL o> T, ARERDERS Lok, SN TEOREK
DFENT O MBS U T EARP) CEBERBRN AN, AFERICE - Tk S ikl
fbEn T, FWis, BEMNEEXDONDLIEEO LI RLDEL, AL HSDBEIC
Ko T, EAEMOIL@O P CIOEAIE, AFOEEER - BERRBRMEE « D ZER7 AR &
LM LTV, 228, BEREEL LT, MRROBEREHGOME bbb A X
ADPRRTFE T ¥ 7 Y 2 (1835-1911) DN RBERIZ IS8T 5 5 ibne o XX /{feamic 2 4
Wx <, [EHRERE SHEE. MESHE) 13 PREMN., THREE (RESE) 1384
MPEER A BI 5975 | [Jackson, 1874] &) FRAZFF - CTuhz 2 & (R BLBRZE W,

7. Harmonic & & inharmonic HFIZIRY 7754 (A@)

ZITEW (L) | EKIEEFRSHEEE () (S IESEEME) - R oME
(ZDOWT O HOHFFE(1978, 1992)I2DW\W T, -2 OHERIZE L Tl Tl <, I3
OO FTEENE, DF U KITTERE-H - #ERE 7Y - (L FIICEREOE(IC L 0 K& g
T HEN) ZEICHER LT, ABHICFEST O 25585 LES) L. 555
EIHEERBHE R 2 ETORRRDOBERR XL OZIL 5 ORM-EREAMEIZ DWW TIA T,
A LAUE, 200 EOREEHEE OMAGDEEIZOWT, 2Ot EE X2 TE
MitEZERO D & BHIIZH D harmonic 72kl A GO OFITL T F D A7 - EROMENL IS 72
D03, IEEHL DRARIC & D MR IR DM A o B 72 % inharmonic 72 F XA
FoF W ANERPEBA L 0D Z ENRWHESNTZ, ZOX 12, bRLOIVORERRIL, K
NIZBITDNFBEL~OBERRICE W TR IS, SialhEm e IESIBIHFR~ DM T DR
EepE T, BRICHANR OF 2 B B JE RIS L D F OPEIRIZHE > T harmonic & inharmonic
DEIRY FITHAAL v TF U 7T OMEELSEEZBNLS,

HOERLIZED Y ALDAAL vF & OREMED ETHBr L7z L&l (3681 . 2D
harmonic & inharmonic & OFEBINN ED L DU XL« A4 v FITEET 50, AW
LEHDEIICEDbNEL I, LLY XA« A v FITEW IR BRI IR S A E )
. AHOGEIEEHEICB T2 EEOAERNL 2 58 EoFEOHREFEAMBEIZ I T
WOHRIETEBESNTEINWTHA D, AT [BEE - A —F A NTERE - UL RY -
BRI 7 I3 B ERIEEZ Do TV D T e AN KB Th o 72 Z E N TX 5 |

(TEARANDI] 79 H) LFELTWDER, ZHEdH L £TH I KIS E 2R X T256
DZETHY, A—7 A N THFEFFNEIZ harmonic TH 5 DT TIEARW,
B, AEHOFRICH BN DENTEIRG, BRITAS B O - EBRL VO ENBH
D THFEENDMNERHDLHEEFEZHTHAD, AHDOEREY LVKEENLTHZLITL-T
TN OB IS BICHT=RBARY ToNnL Y, WEbRB, Z<DL U NEEA
EABHOEETH D, D5, HDOEEORECRRRRERERN OB 2 Z ZTIIHER L
T, NHDORZ L0 — b L7extG e LTEBRE LW ER S, 77205, MAHITERER
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N EFEOAL v FHEEICIE, B PO TITHEMIZE DAY MG CCRE F TR
WO LIZHEMICE L TFLOAAL vF ] ICL-> TERTERY DT OEND, Wb b E
FEORBIN/2SINDHDE, ZHUTxt L TEADRBCEERZ /SR 2T 2 Bk L ~L
TES [ENDAL v F | ICEDbDENHD EME LT, S5 T RO A A v
F1 26 TFREDAA »F | IZR LT MTEAERT 2000300 EHEE LT, 2D LD
RBENOHSRT D L. ZORIKOERED T LEEIZH > TV D DIEfRICEMDE S
R CH Y RO X D ITHHERN TR RARE R 2 BT DR RMEN L O LV T
BREXLTWDLZENBEZT, TAOMEGHNAA v FHEREIL EALOKMN A A~ T
EHR ST, REEORA, ST LIESHETOBNE BB T/ TV D EBbihs,

Bk T 5L (47 #) RPLEBHEEFLETIRARERZTOM T, LIXLIXE
M OMTEBEZE G N BLER S DAY, BT (2002)1 LAUIE, (AIEHTE T A DA & FEHE IR (2 B
925 M (laterality) & O BIE I LRI 6 X < HH AL TE Y [72 & 21X Flor-Henry, 1969a,b],
FEANC G S % & DMIBEEEC A A BE I A KRERRE RIS, BRBNAHICS 25 51XR
NEEICHEOCOL AREERE N E, RSO0, BHIhTEE, £, Zur—X
RIGHERDBERE T « FEEIZI T 2 58O FEREAL MO BGEE 20 LRI EZ A R
FiE DR 700 LEIFHIRER & f5 O 1 THET 2 & v 9 RIBZe (G % 28 L T\ 5 [Crow,
19961,

eI & ZEHNDE DR E (D DER)

B2, BTEAYE & 5ATH - {AIEH - HEATE & ORI OMREE/FENRT, 37205 KIMEEMRE DT
B O split IZOWNWTIRRD, WTFEA 7 T 7 —/L BT K-> THI% S 72 iR AT I e (rfCBF)
DWFSE [Ingvar  etal, 1974] IZ X > T, BIEFAEKIECZ ORENTONT, UK
D& L R A BTEE S B CIXE R M TS E L 0 D7 < BHTE « MIEHES S T
FWZZ N ENRHELNICENTWD, Tt EOZ L FEE) 25, R# L~ 00
TIIHRB LNV DIEEN A RS 5 LB 2 5 & A RIES Tl AnEE 5 OMEEMK T
L. BEA I OMAENERIICTLE L TV DO TR WD, LIS ARV E THMNER
ER7e 2 TBLEE ) I/ XY Tl @RRAFE L CTO D ATREMESBE S LD, Z ORMnE
A BEAE & ATMBRE A B & A2 55 SEARME (B9, uncinate fasciculus) 23S
IFRIE BE D M T8 T (lower anisotropic diffusion, LR HFTERE) BNROLNDH Z &
b BERSRIEECT Y/ ViEIR (Magnetic Resonance Diffusion Tensor Imaging, MRDTI) & VY 9
FE (FRRREIR ) DB « BERELZRE TR L THAND WEICEENLBHAKT
B D7 Ty EE AR - BRI D) BT ORI AT IS E I K o TH S
|2 & TV A [Catani et al., 2002, 2003; Kubicki et al.,2002],

BHEFHER
FICHBERFEIICER L TEO, @, @0 3TMOKIERIBERT (split) NAELZLE I

ED XD RBRBNRROEND THA D, OORE - FE TN Sz & Eid, BED
O O D Z 7R MEEN R OFEE TRREIAITITH — 2 E v, EREY, RO, EERY
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RENHENTL D2 THA 9, QOMRBMERFB OBERT & L ik, Siik L IESTEROEHR
DIRZHALELDS 5 F < WZe < 72 5 L FSIESCESZ OE G ifRCHFE S B o i, sREoiab
BEEINDTHA D, @ORTEAKE L FATH - {IEH - RIAERM OBEN CI1E, fEBIMERE
PAME, BEKBEEZ E DMK L FEDSNTWNDETHA D, ZAITNHRL Wiz LEEHL T
L E T, HAEKME (SO ZR) ORBMIIHERENIC b F ICHEN L T\ 2 b Tidz
<\¢%m%éﬁémjwswﬁl_;cm;H%ﬂ%bm& R CEERT 22 LY ASEE Z 0 |
ZOREFE LT BN LIERARE(ETHZERHLHDOTH D, MIN=EDILK
%PME'HE' SHEDZEMENRO GND 7 —A b H D0, P U TIERRIZ DB H N TN D &,

IR E SN TWVWE LW IO, FLTREBHICOAHRESR TS X H 72
“mébm”“&ot”rwfi@w RIRICE Y, B RBBERTHD, BBARETH
L7 8 LMEOFEANEZHTIEFE LI E®D Lo BiicXbEN IR bR,

ek, SREERARONI RO EE R E LTHIRL LS & L2 | ARk
20T (EIZHEFEKRIZONT) BE#fEFFo T DanEkne o JZ 9 fﬁaﬁnﬁﬂiﬂ%éﬁx
RAF OB EIEEER &V ) boid, ZEREEM, BROMFEOR, MEoimSiis L
%l L7 4h2 i (communicative/geselig) TEKHI 2 H D TH Y | Hiﬁ@ fMRI O #F%E[Gold
and Buckner, 2002 ; Kaan and Swaab, 2002] 2> 5 %, Z 4L 5 IR O 58 E1 /GG AR % 0] % A
NR—=R L LR (AT L) WRAPBEHRHINOIREZERRBEINTND Z L 2MHE
LTHETEW, AHOBERKIZED 2 FRICOWTUIEE TH b RER b0,

EEROE
left right

language I music - cognition
grammatical global / holistic
analytical metaphor
details humorus / wit
time sequence space-congnition
harmony prosody
melody & beat rhythm

corpus callosum
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Right and left hemispheres in the human cerebrum

It is generally said :

The left cerebral hemisphere is predominant in the comprehension of detailed
expression, and the right hemisphere is in the comprehensive recognition of figures in
the integration of Gestalt.

Left: Language, details, analytical, grammatical, time sequencing, harmony, melody,
Right:Interrelate in space, special cognition, music/emotion, humorus, beat

In a classic experiment, Dean C. Delis of the University of California, San Diego, and his colleagues
asked brain-damaged patients to study a picture of a large capital H made up of little A’s (/eff) and
then redraw it from memory. The patients with damage to the right hemisphere (thus dependent
solely on the left hemisphere) often simply scattered A‘s over the page (below left). Patients with
damage to the left hemisphere often just drew a large capital H with no A‘s (below right). Thus, the
human left brain characterizes stimuli according to one or a few details, whereas the right brain
specializes in synthesizing global patterns.

Original picture is here, but cannot paste in good quality

T F T
FEHEROBERE, - ERRE T B FHEROBERE, /o BRRETE B
one or a few details synthesizing, a global pattern
analysis analytic synthesis synthetic
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# SRR EYZEREE A~ DR
MRI (Magnetic Resonance Imaging, S iLIBE )
MR EBEREZFALT, &5 2WmO W% 1525 R 7k
T1 weighted: (W=—F ; B - #fE—H)
T2 weighted @ (=E—H ; BE - HME—F)

PET (Positron Emission Tomography, [&E Fi H kB iRE)

O PESERN 2 ARNICER D A EH, i SV D U Fek7e i A 7 T L
b x THB{LT 5,

SPECT (Single photon emission computed tomography, B — 3t F 15t 3
®e2) (V> 774+ KFCT, use single photon emitter of 133Xe
etc. for rCBF)

VT T T T 4 DISHT, RNICEE U2 B ERINLAR s B S v D
Tr~fER L, EONm A REE#RIZ Lzs o
cf. SPECT

MEG (Magnetic emissions graph, Magnetoencephalography fx##X])
ZE O FRBEICEN TV D
CT (X-ray computed tomography)

DTI(diffusion tensor imaging)

NIRS (Near-Infrared Spectroscopy)
FERRHEREA A — 7
fdiEEh 2 IR BRAICEIIT 2 HIBICIE S S S ERFERHV 5, LICZDFTYH, #
RERIRE LIS E S (FMRT) 11X, RBAICSHER EOMOEREIEDOMRIHIC KR E e ElikZ LT
WET, LU, IMRTIZFHHRRCHERSE 1K, FRICEER 28T Z e, BARR
RIECTOMKEEDFHHIDEH L WGEERH Y £7, ZHUTX LT, IR kE (NIRS) 28
TFEER SR TVET,

NIRSIC L » TELNTEEIT, HEEBED ) A XRMELE), O - HERIC X 3 EELE
A CUNVET,

NIRS &%, TR SEiEE W T, KIMEE ORIEENZEWE LT 5 ~E 7 r B DO
KA EZ Z R CHIE L, HE3bT D IMEEEREZITE TH D, RINEmIZiL 5 Mt
DEAEIGD . MBEENTHZ &2k D, MNOBRE{L~EZ 1 B O&E&N IRIIZE
T 5.

MHIRENC MEBIR (5 B 2 BV bR, FRERE O — M7 IMIGE) 2 3H 3 2 H LS 0B T7,
ZIT, BT = — 7 Uy NEWIZ X DS EMGEEMANT 2 VT, NIRSEHEZKD L 91T
B2 72 R BRI SR L, FAREICEE T 2 E 5y 2 L, S BICE DR A ERES
SAE LT, B O R 7 M Eh 2 SR 5 A A BRI L E LT,
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M ILE 23 E5R UMM GR S B/ 2 A=A L TH D, ZAUTHEWEMILE bIET 20T

AR E ENAMIKERNEINML, ~EZ o rofbiEicE L2 b+, 2o ITEL

MR EN TV DS, #EIEEN D D M E DR A I =X NIV ERITRA ST
Wi ZRUCHE b BT, ZOBSE L b X THIRISEIOREL LE S L2000
NRZZ 74 THY, MEEALFIITEL LTSN TWS. 2 OMILTEOERKISIE,
Fig. \Z7R L7c Mtk B D2 b & M RO E N D 20D AHD = A LT LS.
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http://is.doshisha.ac.jp/report/2010/7/20/2010015005/index.html#fig1
http://is.doshisha.ac.jp/report/2010/7/20/2010015005/index.html#figure1

HMIFRARZR & O /N ILE TIE,  EEEE DO ZEA FEARTHLAE R IR O Z ORI/ S v,

DT OMMIEERNEEINT 5 LEFE{L~F 2/ 2 £ (oxy-hemoglobin : oxy-Hb) 723IifE#E1L,

~NEZ 1Y (deoxy-hemoglobin : deoxy—Hb) ZVWEWMAET L 2722 bt 720, oxy-Hb XM

ML deoxy-Hb 14 2. ZAuiast U CERAMMAE T, BMFEER BN 0D BRI L5 d o BN

G EIPY E el

(A RS N5

Z DT DORIEER DI INT 5 & oxy-Hb IZEE T2 73,

deoxy—Hb 1T 9 L HPEWVVRE S LD EIEBR & 720 u . e in & M8 R imfEEE o N7 o 22

KV, - BOONTNEbRTIENDHY I 5.

Magnetic Resonance Diffusion Tensor Imaging (MR-DTI)

A non invasive method that uses MRI
Measuring the diffusion phenomenon of water molecules in vivo
Using motion-probing gradients (MPG) of multiple axes

The magnitude of the diffusion can be described using a symmetric 3D ellipsoid
method

(AR NN
1 NN \Y
2N N\
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Diffusion tensor, fiber tracking

Diffusion of water molecules
® Parallel to fiber tracts : fast
® Perpendicular to fiber tracts : slow
Fiber tracking
® Finding the next step point to the direction of the largest diffusion at each step point
® Acquiring the numerical information of the feature of tracked fibers
Tractography
® Visualization of the tracked fibers

IO & fFENT (Brain Imaging)

M OREECIEENIRRE A A D A5 728, S F X F MG LA N BR SN TE 72, M3
REFROBLGTIE, T TICHLERA R H T 72> T 5,

I DRETE % T T 2121 CT (2 B a—F —WiERE) < MRl (RS ILEMEGE) 72
ENRB D, CTIXXHrZ RS LT W 2 Mg b7 25 LT, IS B O FIR 2 8 72
BT LT 2 N TE D, MRS OB 2GR A Rt 35 51T, mEMERE
DOROLNVHFR LML TE AR TT N TS, EBEHDHETH, W HLDWE
BHZAR L THMONKEGZ S 52 ENTED, —F., IMOENIRELZHFHS ik
IZPET (BEFHRWEREE) 2PN D, ZOHETIIMOMREL T 7 2ADOMEEE . M
WOREZEST R U FEOEE Mt 7e EOBLIC L » TUEEMIZHRD Z R TE S, &
IZHAE LRI 0 & 2T 2WE 2> T, FEICEUR., B2 DI X 5N oY
BB EZTRDOIZ R B L TWD, MIFZEE T T <, MRS TANA, R
EOMOBEREREZ 2T 2012 b K<fEbh T3,

Z DIEDIHERE OB L HEAlT & U TR BA% S 7= kI, HEER MRI 236 5, (HE)RE L
SEEHEEO MRI B % il U, £ OZED DIMOIEENRANL 2 A5 OVE 729 51T, IMOTEEDRR
WMaIFE A CBRRFICEBETE S, ZOHETIIMERAIR P2 EAT IHER2NO
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T, FFHZ B TETLMAETE 20N THDL, T L TCIOHHTERAERDH LW
J7iEMN, SQUID (BEEE - THWHE ) 2o THDH, SQUID &\ ) HBEE Y
P —CRNEEN T2 & S ICRAET DM EMIG 25T L, ZOIEERAHEET 5 HIET
bbb, VAT LAOMEEEN LSS, IEEREAZIZIERRIC. LB YARICERTED L)
2722 CTETCW5,

I HIZZOWITL AWML DO—22, [3WILT —ZINEPET) ThDH, ZDHET
PET DR A AN LT E £, MO EARKEH LT SNIZMBEDORG AL Z LN TX
5

29 LT E S E M BAbE A BR v, MRED M E L TWITIE, & o & mER R
IHEN B L7ZH D L0 D7EA 9, ImWVfrk, AROLEKROF ChnE L 5T 08F
WD K DICHX DI DT DE LIV,

# SZDFMAEFHREE (Z]5)) 3HERE
HMSOGRFR OBIE (M7 L% & LAl 5 E TORM) [E] ORmOERHE

H A ES O (MERERE O oM &1« « « - -
1TEIOER B HOWBOE (FLEART A ) THI o o o o o e
FEEM O4Bse o FEEEEM S 3BR  Low-tech test  (Utena)

5 % #BFEI=  Utena’s Brief Objective Measures: UBOM-4
DOR  Degree of randomness #LEE 0 LS HAHLOD [
BB ART A b, BEBENLORY (2L D) OREIIREMORNEBE LIRS

PRD Puls-rate difference DPEEE F A~ AHR

RCT Ruler catching test ~ (#)7 Ly & L) BMBUGEEHE B JUZHE

PRSTAEH L RS
Baum drawing HENE(ST LT A ) B x5 - £
DOR D=,
n. n 10— | j|
DOR= i M
0 | < 0.1 + o
i=0 j=—9
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PRD

DST (RCT &2&#5)

? C——
autonomic raler
stress catching
response tast
S I STIMULUS SET
R : RESPONSE SET
DOR O : OPERATION SET
random number generation test | : IMAGINATION SET
| ni I & |_ni 10 — il
DOR = — — (. e
1? N & 1?‘?9 N-1 100 degree of randomness
_ 60 60 mean randomizing time
WSt~ 5l

3 FEMEENHO=AE

Baum drawing

WEENY LT AL B ERR-KH
HERT =2 v MERK
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Saitoh and Utena (2002) conducted “momentary color fusion test, MCFT”, following Efron’s fusion
experiments (1973) in which the perception of yellow by the fusion of brief flashes of red and green
lights (varing 5-100 msec durations) enabled us to infer the minimum time required for visual
awareness. Only in a limited duration of 40-60 msec flashes of red and green, they found the
difference of perceptions between the healthy and schizophrenic subjects, namely the former
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recognized as a result of color fusion phenomenon as yellow, while the latter recognized as green
due to the failure of color fusion and also because of the retrograde masking (backward inhibition),
indicating possibly that different patterns of visual cognition exist between the normal and patient
groups in this particular time window of moment consciousness ; 40-60 msec. They considered that

illusion consciousness in the schizophrenia patients could take place during the "moment
consciousness'".

XX ms OFFSET rus'm CHRONY
RED

A
ONSET ASYNCHRONY

Elagram of Stimulus Micropattern - Sartnl and Ltena used a set of nine
f f en lights, in this order, with their

duration equal to that of stimulus onsetioffset asynchronies (SOAS) (5-100 msec)

and as a reference one micropattern of simultaneaous flashes of two lights with 10
msec duration.

# colour fusion test , healthy vs schizophrenic subjects

We will be able to see the figure-1for normal case in continuous colour fusion function such

that we have
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CF(D): 476_ {9975 _(9'975)6*00998(D/10+0.7) }2><6*0.0139O(D*39)H(D*39)).



—<— norm —— real

Figure-1 continuous colour fusion function

Next, we will be able to see the figure-2 for schizophrenia case in discontinuous colour
fusion function such that we have

C.F.(D)=47.6—1{9.975 _(9'975)6*00998(D/10+0.7) }2Xe*0.01390(D*49)H(D*39))'
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Figure-2 discontinuous colour fusion function
Results

(1) The normal case in colour fusion is expressed by continuous function. However, the
schizophrenia case in colour fusion failure is expressed by discontinuous function in spite of
being the same type function.

(2) The schizophrenia case is seen by that ignition content estimates 2.0 Munsell 80-Hue Scores,
ignition time duration estimates 39 micro seconds and backward masking duration estimates 10
micro seconds from duration 39 to duration 49 micro seconds.
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Munzell 80-Hue Score (MHS) of Schizophrenic
Patients and Nortm al Controls in MCFT

W e 1A ree=i

DC-hue score| e
28 .
12G¢
"
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W !
I 36 ]
E W = B a &
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137 "
] =& p< 005
48 *p< 05
B

(0 5 10 20 30 40 SC BC ac 100
Stirrwibes Light Dor astion (rreses:)

Tnier-lndividiad Variatfons of Momentary Color Viston: M-MHS for Twao Groops (MeansSD)

[ M-0 ) M-5 M-10 | M-20 | M-30 M-40 | M50 | M-E0 | M-BO | M-100

Schizophrenia pi-sn | 47230 | 4712000 | 465604 | a28a30 [ DTReAH |30 8008 [0 5 {07 Gl [ W TeRT | W 0e32

Normal oty | &TORET | AT.0821 [ 483000 [ 427ald | DA9aRT (306033 [30023 [ Sarn | MaEd | H2ed0
S 06 tpd 06 [WraakakWells et

S

T—AMNS, HEHR(X. duration=39msec D& F. Sch DAL, FEHE THEREAIC
4AMDSI2ABFRET S, §hbhb. CORKBEOHRNEE. 51 THD (HEAIX,
munsell 80-hue score) , LM 3IZ. Norm DAL, duraton=39msec D& =, EHEHICEF
RiET D, MALE.

LS

Norm DAL, EHREE
Sch DAL, FERHRERK

E#HRIE. KRBT ARIE, BE—DEMNME, Norm A 39D EZ 5 Schl(F49 T
H5,

COE#IE. R—RBEHH. NILEF T2 T 1 HEBE Bertalanffy growth(rate) function T, R b
L R & FOBESK stress relaxation function RD)ZEFM CTREAT HNE —H 4 FEIHK Heaviside
function (EFHIRHEZ B TET) TERLEZL D,

NE—HA FEARZEMD T HE. EFNEDT « 5 v U B# Dirac’s delta function for
quantum theory.[Z75 %,

NILR 5 > T « BE# Bertalanffy function (X, —fk X T LM (AT TEE)
Karl Ludwig von Bertalanffy, ”General System Theory”, New York, 1968

BB, L2, " BURTLH (BHITER) O HYOLERER] 16 6EHUT
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[H L, AEMIERBB AT 272 HIE, TONER, $obbARRor
% (GR, growthrate) %, dw/dt=GR=(&k)— fiE) + « « « - -
O TR (EETENX)  (of X78,p.170) THHbIND, |
GR=f(w)—fo(w) —fXAJIZT B A U — (FXAER) 2o RIS E<RED Z M
o TWB,
DL, Fm HOMNZEND L OIT, 2D CFTHFFEDXFEDEHIZITZLLTD 350D
BEERAHNLNTWD, T7hbb,

1) Bertalannffy growth function, E&BI%K

2) Rheology (LA 1o —, @ FWEs) - - « AL 0% ; relaxation It /1, R b
L R #EFRA%K stress relaxation function R(D)/ Z @ H1{Z Heaviside B3 A > T 5,

3) =1 /1%; RODZEFHCRET HNE—H A FEH Heaviside function (&
7R e % 8 B %% hyperfunction T35 7)

M%7 A~ "moment consciousness”

Crick, . 2’7 H L7z EfronR ORI LTI E L, $7hbb, #RE IR E &
D7 F ok 20msec T OHE L TARE D &AL T IND,

BIABER R ~D AT THR & ik LRI SN D 1T T ORIPLSR A, BN O 15 HALER D IFH]
HEEIZL > TERROREZZ T HODERNE LI EEZ LD,

ik s s, EEEBIFEE  Utena’s Brief Objective Measures: UBOM-4

RCT (B JJEHHE) Ruler catchingtest (M7EL¥% E L) (2K 2D HBMSRH

BRAEIC L UE, IEE T X0 % 10cm (45msec) W AN DITENZIL—BEOENRZED HiL D,
RE AL E LT

B B 54
DGR A #EE L7z (Utena)

MBI B W TEERIERZFF > TW\WD L 2 AD, B0 & TN, EWFICEH
HHRAZ b ObO &L, ZATNEHRE OBARICOSRNVITLRNTES H 92

¥ L ESCME O Z F kY ES (X2 Z L MO O IEENR/ RN T OER)R)

Utena’s insight "moment consciousness” hypothesis,

Through clinical approach, Utena (2000) observed a momentary delay of 5 — 10cm

(25 — 50 msec) in the action or speech of schizophrenic patients compared with the
healthy person, when they were asked to perform a simple test, e.g. examining the
simple reaction time test in seizing a dropping small-stick, which he discovered and
named as “simple psychiatric functional test”.

Utena considered as below :
(D Apparent motion of Gestalt psychology (Wertheimer) tells us that time of one
frame in TV or movies represents 1,,25—30sec (33—40 msec) .
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@ Threshold value of flicker fusion is about 50 msec.

@ Color fusion test (successive red and green lights with certain interval of time) of
Efron (1973) to be perceived as yellow is at intervals of below 20-25 msec.

@ experiments of “perception of causality” of Michotte (1963), i.e., randomly
unrelated movement of two points can be perceived as having causal relationship with
each other occurs within the event of 50msec.

Taking all these in consideration, Utena hypothesized that time conception of
cognitive consciousness has a quantal unit with 25-50 msec duration and named it the
"moment consciousness” hypothesis, and gave it an important psychopathological
significance.

He thought that the phenomena in which experience of the illusion consciousness
seen in the schizophrenia patients, and that auditory hallucination, e. g., could take place
during the "moment consciousness". Furthermore, Gestalt collapse in the “Baum test”
observed in schizophrenic patients, and functional disturbance of the gating filter of
sensory inputs in psychophysiological experiments are noted to occur within 50 msec of
the moment consciousness, analysis of which being indispensable in the study of “brain
and mind” problem. For example, D lack or decrease of the prepulse (forerunner)
inhibition toward the p50 element (50 msec positive wave) of the event-related potential
(ERP) of the following impulse, and @ excessive increase of backward masking
(Breitmeyer, 1984) by the following stimulus against the prepulse impulse. It should be
further investigated whether the "inversion of pattern recognition” (Yasunaga) is
accomplished within the time of "moment consciousness" (Utena). If it turns out to be
quite likely, the prospect of unifying neuroscience and psychiatry will be promising.

Through clinical approach, Utena (2000) observed a momentary delay of 25 — 50 msec in the
action or speech of schizophrenic patients compared with the healthy person, when they were asked
to perform a simple test, e.g. examining the simple reaction time test in seizing a dropping small-
stick, which he discovered and named as “simple psychiatric functional test”. Utena considered as
below :

(D Apparent motion of Gestalt psychology (Wertheimer) tells us that time of one frame in TV or

movies represents 1,/25—30sec (33 —40 msec) . @ Color fusion test (successive red and green
lights with certain interval of time) of Efron (1973) to be perceived as yellow is at intervals of below
20-25 msec. Taking these in consideration, Utena hypothesized that time conception of cognitive
consciousness has a quantal unit with 25-50 msec duration and named it the "-
_” hypothesis, and gave it an important psychopathological significance.

Auditory hallucination could take place during the "moment consciousness". Also, the sensory
gating deficit and excessive degree of the backward masking have been explained as the cognition
disturbance of the schizophrenic patients, and these are phenomena/events occurring whthin 50
msec. Recently, Saitoh and Utena (2002) conducted “memory color vision test, MCVT”, following
Efron’s fusion experiments (1963) in which the perception of yellow by the fusion of brief flashes of
red and green lights (varing 5-100 msec intervals) enabled us to infer the minimum time required
for visual awareness. Only in a limited interval of 40-60 msec flashes of red and green, they found
the difference of perceptions between the healthy and schizophrenic subjects, namely the former
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recognized as a result of color fusion phenomenon as yellow, while the latter recognized as green
due to the failure of color fusion and also because of the retrograde masking (backward iinhibition),
indicating possibly that different patterns of visual cognition exist between the normal and patient
groups in this particular time window of moment consciousness ; 40-60 msec. He considered that
illusion consciousness in the schizophrenia patients could take place during the "moment
consciousness'".

When the brain is damaged, mental disorder appear as a consequence. How cognitive
abnormalities such as illusion and hallucination are formed in psychotic patients ? Even to the
layman’s eyes, it is evident that loci of the mental disease, for instance in the schizophrenia, do not
lie in the primary sensory areas nor in the primary motor cortex, not in the least in the
brainstem/spinal cord, but do lie in the association cerebral cortex. Considering the symptomatology
of cognitive disturbance, whether visual or auditory, it is the malfunction of seizing objects as a
whole in a gestalt way, judging the value and meaning of surrounding events or objects referring to
the previous memory.

The visual transmission time from the visual object to the following structures being
estimated : to the retina (20-40 msec), the V1 (40-60 msec), the V4 (60-80 msec), the
inferotemporal cortex (80-100 msec), the prefrontal cortex (100-130 msec) and finally to the
primary motor cortex (140-190 msec) (Thorpe and Fabre-Thorpe, 2001). Thus, the transmission
time from the retina to the association cortex, where cognition process is elaborate, is briefly 60-
80 msec. This may well be the time required for the human brain to recognize figures/forms
after detecting signals in the environments. Assuming that the time of perception / conception
has a quantal unit with an approximate duration of 25-50 msec, it can be said that it requires
about 1.0-1.5 units of “moment consciousness”. This can be supported by the study of
Sakagami et al. (1999a, b) who discovered that firing activities of the prefrontal neurons vary
when monkeys observed visual objects, and that the changes are dependent upon the situations
of receiving connotational meanings of the stimuli. Disturbance of cognitive control in
schizophrenic patients may well be caused by abnormalities of the context processing of
incoming information.

MEEM (T1J)L%2—) EEF *sensory gating deficit
HRRPE O FLEEELL (ERP) @ P50 a4y (50msec F51EE) o2y (EHFH Tl
HNAHDIT) SCZ TIEHEZ D IT Vv,

MMN mis-match negativity

AV v FEMEEN : SCZ TMMN OEMEME T LTW5,

FREHEBNO—> THEER (ERAE) 2»OFE (odd) L7-HICK LTEHND
HEIY « ARSAAY 7R R i (EEMRE) 2T 5,

F7-. *Backward masking A /I &~ AF 7 (EBERIEO L D) SCZ T
LI Huv, Zid S0msec LLNIZEIN D, ?
BRI D & T OZRIERIIT K 2 TS DI,
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PPI : Prepulse inhibition Fij/ </ Al
SCZ T prepulse (2 KX 2 BELUS OB ORI L T\ D, ZHITEELERLT
WIRUWIRE 2R AR B LV DT LT 5 2 L ITEETH S, 50msec LA 2

SCZIZHIT5 MELMAREE

fRRE &3, —EOERER DM SRREE L TECHY & 720 | i OBERESR A~ D THRfL AT HE
P DHIR SN DIREEE T 5 (i), SCZ THRAMRENIEE SR, WELBIE, K
LLEFE LA LT, &SR ORRE ICSBL SN TRBORILKENHN D,
A RS O A BT R EAEIR
IR — 2R B B 7R R G SR OFERE

Visual impulses travel in the Brain (unit: msec),
T o explan visual perception and "moment conscicusness

High mot™ex  \1(140-190)

/1 / \

. ':-l,-j-..il;l: V2 V3
PFCT 7 ==}
(=100~) V1(80-60)
Fost Ass Cxilyd Fi

Thorpe & Fatre-Thorpe (20017
Hakagami et 4. (19997
Eoawamura (20067

As stated above, the sensory gating deficit and excessive degree of the backward masking
have been explained as the cognition disturbance of the schizophrenic patients, and these are
phenomena/events occurring within 50 msec. Recently, Saitoh et al. (2002) conducted
“memory color vision test, MCVT”, following Efron’s fusion experiments (1963) in which the
perception of yellow by the fusion of brief flashes of red and green lights (varing 5-100 msec
intervals) enabled us to infer the minimum time required for visual awareness. Only in a limited
interval of 40-60 msec flashes of red and green, they found the difference of perceptions
between the healthy and schizophrenic subjects, namely the former recognized as a result of
color fusion phenomenon as yellow, while the latter recognized as green due to the failure of
color fusion and also because of the retrograde masking (backward iinhibition), indicating
possibly that different patterns of visual cognition exist between the normal and patient groups
in this particular time window of moment consciousness ; 40-60 msec. Furthermore, there may
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have the possibility that ‘“Phantom space” that generates “Inversion of recognition pattern
(Yasunaga, 1987)” in the schizophrenic experience is present in a restricted time window of
“moment consciousness (Utena, 2000)”.

In clinical observation, some patients have evident hallucination and delusion/illusion
(Wahnwahrnehmung), while others have ambiguous abnormal feeling. In the structure of mind
of schizoid or normal person, it may be possible that the recognition pattern of A~B and B~A
(Yasunaga, 1987) is present in the moment consciousness (Utena, 2000). Ambivalent feelings
develops in the adolescence and pathological ambivalent symptoms appearing in the
schizophrenic patients may be caused by subjectively deviated feeling, akin to the conversion,
of perception in a limited moment of consciousness not inconsistent with each other.

#RERRECHYETILDARE fth

F—I2UoZRAEOBBIREDORK ()
Ty MIT 72 A IRA NT 7 =4 2 a R U CERIISH A T OREIR
EETHET NI EIERT D Z & T2 TE - [Utena, 1961], KEDEY O 5 %
ZTEY (v b)) 1ZT7 722 I UFERREE RSN AR A, B, BRE e O FELT
e ELTHEDL (ofTiidmzobhTLEY) . £/, b0y 4 KiE
BHEFTHEVETHS THHEFENEZ VT RD, VLA NT 7242 02 EH
AR LEEEIZE, TorE] ° KWL REORFE{TE L ILC “BIE" %
Bt 22 TEORD BN D, Aoz E& R (Le7¥—) o5, 3
b, R— 3 URZREOBBCRENTER Sz &5 2 biviz, REEAZIRDIED
KA DOBZE NS BT TWMHEBS) L WO MEFRAEDN TV, Ziux, Z2X%E
IFRIE & FAXHREA (IBMERERR) I X DR & OFREH ORI, BRO LY
SR EOIERELANCRER L2 & W) AEER N ZOROIFIREZHERT D L oo 72 &
IEWRTIRE Lz, [TEEML LS TH D TRIFHESR L) S ELSEET S
LOTHDH[ZE, 1979], ZOSEIWbWDD [BEBEEHLE] LHEO2T5Z L2
IZT5H0T, TORAMICENEETRETH D,
BEZ, UFOZENE#HRE LT “—IR” #HEINL TS, T72bb, 77X I3
WHE R— I OERERBRIC (TF=2 1) | F=SIUOZHFEEZFPIL, @7k
RBIZT 5, MAKIEREDOGHIEREZBEHRT 27 e~V ROHEMIT, F—/33
VEFRROEREE (Tayh—, TUoxIA=XF) ELTEHL, ZoEEIZLoTIN
5 OFEBRET NEYOIEIR EM IS,
BIETENIHIZE - T, ZOMAERIVEDERET VEIERT DB, Ik G5% 5 F 58
MoOFEE (RE) L EY~DERTFEPRF SN, ZTOMRE, izt hoBERICHEY
THEZEZONDAHKIE (AXORMET) DT s (w7 ART v M) IZEWH I
I, B RTERRER (BE1TEZR L) PNABRINCT <7D 2 RS
=[P 5. 1997, 2000, 2002], LA FIZZILH OWFFEEFEITT 5,

F—/RS UaREEDOTE BHER) VL2 2 UBAREENET (FRHEER)

BHMEZIG IO G RKIEDIERIL, 415, =, BEmEEREZEERET LG (b
U< XM ke, B, SFF0AaR1b, BEIE b, BROBRR EE2 2K ET D
Pt (b L <IEKBatE) JSERD 2 BEIZ /31T AL D [Crow, 1980 : A KRFHIEE Z DJIEIR DA
HZHEASNWTIRE NRICGT 5 Z EERE LT, Wb D 2EBERMGL T, Z OBk,
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FEMEDMERRIZIA LN Y 7 Y O E H 1T TV D], JREEABFNE SN, BIEER
A R — " RO U, D F ¥ D2, D4 RO HE G (hypersensitivity)
23, FEPESE IR 1L NMDA(N-methyl-D-aspartate) 5z Z AR DR M & 72 % 7V & I P tRifkin
EOKTFNEETHEEXLNTND,

e KAEDHEREEETRER

B, A KRFEORFK & LT, MOENE(L, T 720 BIRREFR A b NS RHLS:
BRI S < MESNTEY ., TONT, MRRERERDLARE S, BAESIC
WHED . A% OEEREY, FEMICELRFELETOREL, KA RERICEDSA ML ZAD
WRIHARERE 2 I LT B 2 S DM R R ICB I 2EENREZE 2 TV 5, KR
MO RKIEET VB ZAERT D kL LT, MARIVESIERIEEIKD 5 5, REEAIT
HHANT T2 ZIVIREDT 7 2 X I R I A TSR SR SO S TE O B PEIE
WERASED, M, 7209 A4 27 VP (PCP)ZIZ LD LT 25 NMDA T 7L 4 3 ik
ZRIR(NMDA 52 R MK SR I X HURS AR RSP O FaMER 2 6 (B & 3i2) 3l
TR, £, ERIMTIEIZOL S REMEZRETHZ LICL > TELLTEIZRLW
(2o AL, ZOFGEEFIZ L > TRESEMTHZ - TND, T2k x
WX SR (BB 1~20H) OF v b TIEAERK 25 AUBORS 13820 A RT v
7 X AT KD WMEBRR A Uleuy,

FHERGFENICHABAREICLE T SERTFORE (B
ZOXRIREEESETZT, BILITA NT Y7 24 0Tk U CRERFH CHUR iR
FENZ L o> THHRI SN DB Z b OBIS 2R Lo, MERFVEDZL A, MDA T
L EEWLRICHIET 2 &0 9 BRI L Fito TREW) $imi R s Lz 2ok
REBREL T, MAEKRECTIIHMANO D HFEDOIER S AT LRITRADPOREENEE T
WHEEZT, ZOBERVATLREXZDH DI, D EOMRKEIE (#18) OIFEHI
f7e 57220, T DT AT L LRI e Ve 2 & RN 3T TR S 3 1z 5 IRE I
WL THEL, RRAZET DLW FERICEETLEEZLND, #Hi1X, 7 MC
ANT 728 I 2@l RE LZBRICHEIE L U TR EY Lo BT R 2 = —
R 5 AIHER T O—2>Th % c-fos DKNIZISIT HIEBL N D3 Y] & il © 5
mHZEERNH LIz, & ICEDORBRADRKMEZE RS FOMEEATRES EL>Tn
7

DT EITRIMBUE & MRRIRDPATRNRAED > AT DMTERATIRNZ L 2R L Tnd, o
D X I U THTENEANERAN LB OEE R IALIRIC A T v 7 = # 2 AR L, Wil g
WG T8 THERHBL, Z7a—=27 10, @KL, 0 OEMEG T O
ZRE LTz, WBITZORENEMT D &B X LN HBOBIEFIRGEY %
methamphetamine-responsive transcript 1 (mrt 1), mrt 2 3 X UO'mrt 3 451572, BifEmrt 1 %
AT C, 2N DREATUAZIER L, 216 OFutk %Ml > T Mrt 1| A DMNIRTED
DAAHRTRARTZ, EOFRRMt 1 EAD 1 DDA Y 7 4 —LIMNO T 7 R — A%<
FEL, 2D REEANCIGE T 2% mrt ImRNA OFFREM THH Z L2 LN L
72 (Kajii et al., 2003 ; Fujiyama et al.,2003 ),

ZHIDIA T, PG I< G, BERFNICT 2% A 27 U DB 2m T8I T
#f prt1(PCP-responsive transcript 1) 7 2—=27 L TEH, I HIZA NT 7 =2# I VG
BMED mrt BinF & T e MARREFZ BFEEL THWL0OT, 4% b DORIG DK
B OAEARR A & ORI TR SN D T E~DOWIFHTIRE VY,

JZ VY X U NMDA S BROBWIEE (7=t 7 VR r ¥ I d) REmic
A RIERE (2t K OWME) ERZFISE T2 L2l ~_72h, ZoREGKIEETT
VB EER 21772 5 T, Pl 51X NMDA A ROME 2 LT 5 7Y & L AEIELIC K&
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L CHVERZRTDIROT X V., DY UMM, & ITKRIMBE . RS, HER
EIZE L NEEOHE L L GEBIRBICFEEL TWA Z 2L Lz, ZOWEITAR
WTLEY 0678~ —E (& I{LEER) O@ZXICLoTIEIfbSNDD, BEH
<7V 7RIS S35 H DT NMDA ZFIR, &I 7 2= s NR2B & 734 A3k
PBLTWEZENDL, ZONEEME THDH DTV U TRE - BEAERIEIEE AN O NMDA
SRR ERE L TWD & B 2 545 (Tsuchida et al., 2001),

# Animal models of Schizophrenia (in English)

Generating an animal model which represents schizophrenia-likesymptoms has been carried out,
by injecting amphetamine or methamphetamine into rats (Utena, 1961...). The rats which received
drugs repeatedly became intoxicated, and displayed some stereotyped behaviors such as biting,
licking, and glooming; so called amphetamine stereotypia, while other types of behaviors were
suppressed. Furthermore, they became afterwards inclined to display similar symptoms, when the
drugs were administered repeatedly even at low doses. Likewise, when monkeys received
methamphetamine for a long period, they exhibited abnormal types of social behavior resembling the
symptom of autism together with particular manners of peeping and body-scratching(1960s-70?).1t
was thought biologically that hypersensitivity of dopamine receptors was formed.
Pharmacologically, thisis called as "reversed tolerance phenomenon"in the sense that it is reversed to
the drug tolerance. This terminology is deeply related to the term “remembrance of the previous
history” advocated by Utena (1979) in the meaning that previous histories of schizophrenia and/or
drug-intoxication are likely to prepare the readiness of recurrence in inducing the symptoms of the
disease and thestimulant-intoxication.

Repetitive uptake of amphetamine, similar to the over-dose dopamine, stimulates dopamine
receptors (as an agonist), resulting in the hypersensitive state to the drug. Medication of
chlorpromazineacts as a blocker or antagonist to the dopamine type 2 receptors and thus effective for
the mitigation of positive symptoms of schizophrenia as well as for the abnormal psychic states
ofexperimental animal models.

Recently, the relationships between the dependency to the drug and the age of experimental
animals have been examined by Nishikawa and his coworkers(2002 ?). It was found that rats in
puberty are most likely to show schizophrenia-like symptoms after repetitive administration of the
drugs. The age of the rats used in the experiments were postnatal days of 25 and afterward, the
periods of puberty and young adolescence. At synaptic levels, amphetamine activates dopamine
(DA) receptors and produce positive symptoms of schizophrenia, while phencyclidine (PCP) blocks
the NMDA type of glutamate receptors and exhibits negative symptoms. The former is said to
bereactive and the latter is resistant to the anti-psychotic agents/medicines.

In experimental animals, behavioral and biological abnormalities induced by drug injections
showed apparent changes according to the developmental stages. For example, unlike the period of
maturity (after the postnatal day 25), the reversedtolerance phenomenon by methamphetamine does
not occur in the juvenile (newborn)rats (at postnatal days -21).

Based upon these data, Nishikawa and colleagues searched for genes, whose activation is
dependent on the development by injection of amphetamine and also are responsive to anti-
psychotics. These genes can be closely involved in the reverse tolerance phenomenon. Considering
the fact that schizophrenia in many cases develops after the age of a certain degree of brain
maturation; puberty, it can be thought that some kinds of disturbances are occurring in the neural
net-work system in the brain, particularly in the forebrain. The neuro-circuitry develops in the course
of maturation from the infancy to the puberty and adulthood. The pattern of expression of c-fos
genes; immediate early genes, in the striatum and the cerebral cortex was conspicuously different
between mature and immature brains (Nishikawa et al., ). The cloning of the genes and formation
of antibodies will further promote the study of the schizophrenic brain.
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The human brain becomes matureas it develops from the baby/childhood to the puberty/adult.
Neuronal processes develop, and glial cells(oligodendrocytes)maturateto form myelin in the brain.
Various types of neuronal circuitries in the brain are activated and strengthened by means of active
and passive interactions with environment through communication and co-working in the society.
Thus, in the process of constant activation of neural networks in the cerebral cortex, based on the
mechanical basis of the conditioned reflex, particularly with the help of the second signal system,
people can be educated intellectually and emotionally. This is the fundamental basis of human
activities to create art, music and science.

When the brain is damaged, mental disorder can appear as a consequence. How
arecognitive abnormalities such as illusion and hallucination formed in psychotic
patients? It is evident that loci of the mental disease, for instance in the schizophrenia,
do not lie in the primary sensory areas nor in the primary motor cortex, not in the least
in the brainstem/spinal cord, but do lie in the association cerebral cortex. Considering
the symptomatology of cognitive disturbance, whether visual or auditory, it is the
malfunction of comprehendingobjects as a whole in a gestalt way, judging the value and

meaning of surrounding events or objects referring to the previous memory. Patterning of
the stimuli from environments, the conceptualization or generalization of ideas, and the building up
the stream of thought, these are the products of recognition mechanism, the central role of which is
presumably the activities of the linguistic center in the brain.

JEIEELG: & M RERO BB R RE cf. Z., 1979

Hysteresis and functional Disconnection ---A Biological Theory of
Schizophrenia
ATSAATES . ATEREE ORI L OMR G, HASEE R L ONEl ok, #h8ERE, R
ERESZAD DMy 8T — 7 ORERIEL, TR OFE - [HFERE AL X2 2 AT
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“CU>% (Baron-Cohen et al, 1999; Bachevalier, 2000), 7¢35, Z(1979,1991)iZ L > CTHfis vz
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£7 s BN
SZIZHDLNDHIEO LT &, SZIERZRBE LI L WO AETELDN, ZOHDFKDOH
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Disconnection syndrome
Norman Deschwind
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# RKIER
ﬁ 7}(@% Inversion of recognition pattern
Phantom theory or hypothesis (H. Yasunaga, 1972,1987)

71



According to Yasunaga (1972, 1974, 1987), the principle pattern of recogniton: in terms of
the concept, Az=B in healthy normal person is apparently reversed in schizophrenic patients,
and way of the talking of his own experience apparently inversed, which can be described as
A<B. It is so-called the theory or hypothesis of "inversion of patterns". As Wauchope (1948)
describes, the "pattern" is a form of representation meaningful for living things, that is, a pair of
fundamental categories in the description of the world of experience. Below, shows several
examples of the pairs (concepts A and B, either of which predominant to another), namely, self
~other, quality—quantity, whole—part, life»matter, unity—difference, life~death, etc. The
concept of these patterns is established or materialized within a moment and can be understood
that there are common, logical symmetrical/asymmetrical correspondence among these pairs. In
the case of A~B, A is logically predominant to B. That is, provided that A is the starting point
of lively-experienced understanding, then the concept that B is not A is logically
understandable. For example, “self” is basically understandable in living conditions as the
principal starting point, so “other or otherness” is understood as “not self”. When the situation
is reversed by predominance over B of A expressed in what we call schizophrenic experience,
the predominance between A and B must be reversed also in the logical expression of patients.
The patterns of A~B structure occurring in the normal person differ in schizophrenic persons, in
whom the pattern is unconsciously inversed having structure like B~A. It is a paradoxical
experience which healthy subjects can never “nachleben”. Yasunaga explains that in the
direction A~B, the relation is contingency and spread divergently as plural arrows, whereas in
the direction B~ A, the relation is of logical necessity and has tendency to converge upstream to
the single origin. Most obviously, the category pair of this asymmetry would be the pair of
life~death, explaining as in the followings : death is perfectly expressed by “no longer living”.
However, “living” can never be expressed sufficiently by “not dead/not yet died”. Nobody
knows by experience what “death” really is.

Yasunaga explains further: experience in healthy subjects can generally be expressed by A=B.
Namely, subjective mental activity is in good accordance or harmony with the pressure of
existence from the outer world, and since the major premise of logical precedence of A is
maintained, the conscious image of cognition is for oneself firm and able to check whether real
or illusory. By contrast, in schizophrenic type of hallucination (mainly auditory hallucination),
external B turns into an obvious premise to which subjective A can barely be correlated, being
in accidental and conditional states, in spite of normal consciousness and intelligence ("Mental
Geometry", by H. Yasunaga, 1987, Iwanami). In the life of healthy subjects, there is always a
proportional constant between the amount of physical amount of stimuli from milieu and the
physiological threshold when organisms receive the stimuli. In the mental state of
schizophrenic patients, however, the proportional constant changes in the process of illness and
the patients are not able to perceive the morbid changes. In such situations, the patients
perceive the outer stimuli with the normal standard of the premorbum proportional constant,
thus causing abnormal recognition; illusion or hallucination. Predominance of the subjective
activity momentary changes, and deteriorate so as to be subordinate to the predominance of the
external world in the sensory cognitive function.

In summary, the pattern of recognition or sensory images in schizophrenic person is lacking
some sort of reality and phantom-like, due to the inversion of recognition expressed by B—A
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structure, when the principle of the normal patterning of recognition is expressed by A~B
structure. Formation of conversion of recognition has thus been advocated by H. Yasunaga,
being named as "the phantom theory or the hypothesis".

Inversion of recognition pattern
Phantom theory or hypothesis (H. Yasunaga, 1972,1987)
Schizophrenia vs Non-Schizo.

A=B A<B
A—B A<—B
A B (concept, pattern )

self - « - - other
whole *+ + + -« part
quality = - - - quantity
unity + + -+ - difference
life - = - - death(

1. Proportional constant betw. Stimuli (physical amount) and Perseption (physiological
threshold)

2. Morbid changes of the proportional constant

3. Predominancy of the subjective activity changes momentary

4. Subordinate to the predominance of the external world in the sensory cognitive function

o 0o 0o 0o 0O 0O 0O 0O O 0O 0O O O O O O O O O O O 0o O
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I Tk — Ty BMREIRGHHET 2 2 LIXREE L 720 | sEEhRURH L (active [top
down] organization) & Ffi 80, °Te & 2 ¥ BAYAKTHI (L (passive [bottom up] organization)(Z & %
TR THIFLAH A7 data-dominated response’ & 2570y, HH WL, HL< ETHREEINEAZE
FFL &9 & UTREHIARHIE 2RI R ST, sBEMIC DY \'ﬂiﬁéﬁ?ﬁ%b‘iﬁﬂ?ﬁ‘ﬁ
ZIE L A EEM LT concept-dominated - response’ & 95 LR THAH, ZDLXHIT
TRHEME ENT T T AT MERFER L OTHY |, i oLFIIRETH L Z &I
EOETHRY, |

A RFEIC IV T, REBIAY Z2 38N AY I E S Eh A 7o BERE R R BB I AL IR, BEEhAI A
LRI IER SHTHE ST TV DOIHE, Wolz Al J:U (TR TAXT b
BETD2HOD, EEMENSARLZETHHT-OIT, EBMERERE L TEIT AT M
A — M) BEMEICET N E (L, M) HEHFRL L1025, R, Bo
T2Z@ENHE ST XD ICTHRARE LN TP LW FrRREER (EHME) LRoTnD
bod T Shd, %k (1979) BED o2, TRR) 28 TR LLTLES &
WO ZEThD (TR of MR 1b) . —F., sEIREEHLZ G D T, b2 TxH)
PEFICE 2 TR TEDGEICIE, EROABREED FICHET 5 Z L IXRAEET, fit
o TFA 23 TR 2R L TVDEWN ) FRITR o TLE-> T LB L T
fit) EDd (ZOFREET, bIFRMREEER & 1TV 2w) o BRI T — M JRE
LW BHERER 22> TLE-TEY, [H] — M) RIXEHO—72DKERE 7o
TWo, Zhid, £ BEME RELVWAD, WTFUTLTYH, m%&®7x«7h
DOIFIFOT - ANBERMRIEE I LI THAD, LD X oIz, sEHRHE
FNH IR OB 70 BEBE AR AR RE D BB RIRIE O R IERERIC DWW T rj’ﬁ#l AlHE & 72
%, |
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# Auditory system and visual system tREE&

Common features in visual and auditory functions in music and arts

In the auditory system, it is also possible to consider the system as composed of such
functional subdivisions as pure tones or harmony, high or low tones, forte or piano, as well as
pitch and melody. By what mechanism in the auditory cortex are separate phonemes united to
make the sequence of sounds create melody and harmony and compose a musical piece? Also,
by what mechanism in the visual system do spatially disrupted lines make continuous lines and
disparate visual objects create a unified piece of art? Only the combination/union of tones
(phonemes) or dots is insufficient to produce music or painting. It is absolutely necessary to
integrate these tones or lines up to the level of pieces of music and art. It is thought that
neuronal activities in the auditory association cortex modify, reconstruct and reorganize such
qualities (tempo, tone, pitch, chord, consonance, etc.).
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# Somatosensory system BEJEZE Mountcasle, Sakata {AERE

E2-6 LASFEEOSBERLE CDED OOl 4 dE)
CSTP © i - MU % i@ Bk, STPa pidl F IR % &M, TEa: FoOWF
RTKIGT 2o, MT, MST (B 6o,

ZREMEK (multimodal area)
c¢STP : caudal superior temporal (sulcal) polysensory area
STPa : anterior superior temporal (sulcal) polysensory area

TEa: FOEMELZ JL TS 2O 5EE;
MT : iE#h i
MST : 1B iR EK B
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0620

LI |

TEa/m IPa
2-13 L ERTAREDH L ViR SEHE
K E 0RO Fciiv iz tiE GO £ —5dE).
Lewis and Van Essen (2000)

b 361 )
(PRR)

o e

1z EH

(MST)

2-14 BATRET:EBICAIET % 4 DAL
AIP [ S (GFER(EET), LIP v 7 — F, MST : 28 MR ER 5
(55 7 BCERY L D —He )

AIP: anterior inferior parietal f#2iE®), PRR: BHIHEE U —FfEkk (H2EH))

Intentional Maps
The above studies point to a map of intentions within the PPC (Figure 4). Area LIP is more
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specialized for saccade planning, and area MIP for reaching. Work by other investigators implicates
areas 5, PO, 7m, and PEc as additional reaching-related regions within the posterior parietal cortex
(Battaglia-Mayer et al. 2000, Ferraina et al. 2001, Ferraina et al. 1997, Kalaska 1996). Recent studies
by Sakata and colleagues (1995, 1997) point to the anterior intraparietal area (AIP) as specialized for
grasping. Cells in this area respond to the shapes of objects and the configuration of the hand for
grasping the objects. Reversible inactivations of AIP produce deficits in shaping the hand prior to
grasping in monkeys. This deficit is reminiscent of problems in shaping the hands prior to grasping
found in humans with parietal lobe damage (Perenin&Vighetto 1988). The medial superior temporal
area (MST) Figure 4 Anatomical map of intentions in the PPC.

(PRR)

Saccade
(LIP)

Smooth Pursuit
(MST)

appears to play a specialized role in smooth-pursuit eye movements. Cells in this area are active for
pursuit, even during brief periods when the pursuit target is extinguished (Newsome et al. 1988).
Inactivations of this area produce pursuit deficits that are not a result of sensory deficits (Dursteler &
Wurtz 1988). Experiments using fMRI in humans are consistent with the monkey results. Rushworth
and colleagues (2001b) found that peripheral attention tasks activated the lateral bank of the
intraparietal sulcus, whereas planning manual movements activated the medial bank. They
concluded that their results were consistent with the monkey studies, with the medial bank
specialized for manual movements and the lateral bank for attention and eye movements. A similar
result has recently been reported by Connolly et al. (2000) using event-related fMRI and an eye and
hand movement task similar to the one employed by Snyder et al. (1997). An area specialized for
grasping has also been identified in the anterior aspect of the intraparietal sulcus in humans
(Binkofski et al. 1998). This area may be homologous to monkey AIP.
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(34 FREEHOREMNHIMICBIRYT 2 RHEMES
BEEEEE O CIP » 5 HiE O AIP ICHREH LK 5 1,
AIP i EBIRTEF O F5 L ARG H S (5 6 RS X

D)o

CIP : caudal intraparietal FEAMEHTAM ML, FRIHFHE AIP 125D
AIP : anterior inferior parietal, FSGEBIFTE) & W G AMEICHE S, E# iz hre—L
If AIP & F5isdisconnected, Z1H & EFOFEEN L X 5
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B HRER

T2/T3 |«

521 KKEHED?2 DOERER
BHHR  CM, CL » S IHESE I+ 2 FHEMO AT, BRAZR ML, AL, R
25 FIEHEE ISR 3 5 WA OB/ Ok L ) —EHE),

Dorsal system : 5 JfENL D R

Ventral system : 15 7 nenl] D SR

# Cortex—Striatum—~Pallidus—Thalamus—cortex

Cerebral

Suppl. Mot, corte
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F=F,(F,(F))=<G,.G>
=X XYYt W W,

gr&n_:_in _____,--%’E N : _' : - . “: -
Dioparrir . R
ﬂ'ugn‘l‘lﬂnqn ‘h
G =(X,, Y02 W) s
/ Ko 2 W)
| e,
Migra "-' ks Erpntiu
W | S '\
Hippot | v Wi —&p- Ly -
Arygd s v 'z-__._..r" S
SR .- X RRIR(F))=<6,6)
R - = "'._ S B RATATES 3 RAVATS
F=F (F(F))=<G,G> G.=(X,. Y22, W,) 4 Cerebell

- Brainstem
SR YN HTZ AW,

‘Gii G:?'..‘G I!Gn}+{ﬁnlﬁ1 > I'-"u

We denote three circuits G1, G2 and G3 by cerebral cortex, basal ganglia and
thalamic nuclei, respectively, and X, y, z and w by emotion/olfaction, cognition,
motion, active will, respectively as well such that

=(x1,yl, zl,wl) .....cerebral cortex,
G2 =(x2,y2,72,w2) .....basal ganglia
G3=(x3,y3,z3,w3) ...... thalamic nuclei.
Thus, we can show the following image such that
G1—F 1—-G2
G2—F2—G3
G3—F3—G 1.

#RMNEE - EEZ - BR-—KAREEDIL—T
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GABA(} IEIF—J 4"':]'{:T~n|1
s I ER(+)

K B, — BRI — HUR — KIMECE D v—7
[. E#ERL—T
1) EHERERL—T
VRSB ED B — PR R B R AN i — VDo —iE®EhEP
2) [EA 4R EE) B (SMA-proper) &/L— 7
SMA -proper —#Zi%k— GPe/GPi & HfE#— VLo PN{HI#— SMA-proper
3) A EE T (pre-SMA) oL —7
pre-SMA —JBIREZ(CN) OAMAE— GPe/Gpi @ FRETER— VApe DAMAIE— pre-SMA
4) EHRIEPM) RAL—T
PM — CN OSMARH— GPe/GPi O WIA— VApe O NIE— PM
5) HREKEE R /L —T
AISHRREF,H#i 2 RTEFAREF— CN O Hr g — BEHEERT — VAme,MDpl —RiTBHARES i /2 /i 7 AR 27
nm. #E5%LV—7
ATSEE A B SEIHE A5 — CN O KERSy & #a% O RIE— SNr 35 & U GPe/GPi — MDpc & —f
VAmc —#EA B
. BkRN—T
DFEEE - RARR - WS — R S R — IR Bk— MDme PR —U iR B

Ia ): Diencephalon : Thalamus Various kinds of sensory inputs
NB: (FEDOFMEITRESE )
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10, LEBERED T Lo, FHITAIEH

KA — R — 7 & B — e %
BRI RN E N DA N 2521T 5. FEER D O GABA {EBMEH /713, HUKRZS L TR
IR DOIEE) CRIMBE—EIER LV — 7)) LI OigE) CGREE—MER) ZHlE+ 5.

RIGBE D b BB R 2 UM E T DM THEEICH B R 2 i 5 v 27 A

%, RIMEZENS D7 N5 I U FRlEENEO BUEMERGT & FLEEZ D & D GABA YEE)H: D Il
MR D 2 B EZT D
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A

Limbic

Prefrontal

# Carlsson filtering function fREKD 7 « JL 2 —H#EEE
Thalamus @ 7 1 /L Z —BEE (AJJZIBIRL 7 4 L F —12TF D) ZFEIT25  feed-
back loop & LT Cx —Bg(Str) »Th— Cx DRI ZEE L7,

(a) HEFE

(b) I

(a) HIE

(b) I

(a) WL ] " 5““‘)- EET L&
SCZ T3 Striatum ¢ thalamus (2%~ 2 MMHIERE DS BLHNH S LD, =KD 7 4 L7 =73
< >R E ORI Z 3 27
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PANIZ ST 2

Filter #aE  CKABMELE text p. 329)

DAR (GREEE) LI7NF I UVBRER GHEMEDIKRT) OBEEFELHKT 4V
F—EERFZFEOOIT7=HDIZ, Carlsson A (1988) DFEARFMIE R — 33 ARG
N5,

TR 7 1 V& —EEERG

1%, HERPRAE O T EE hyperarousal IREELCRINIEE 2 UKD 7 4 /L & —FEREIE
ENLBMHATLHELDOTH DS, IEHF I TIE, sensoric stimuli from the
periphery ascend to reach the thalamus and relayed therein; thalamic
filtering—circuitry works, appropriate quantity and quantity (amount) of
sensory stimuli only reach the cerebral cortexand perceive, regulate the
levelof the arousal situation HIHE I35 & & BT, KIMEE O R EEKUEZ JHETT
%, In schizophrenia patients, the thalamic filter function is disturbed,
resulting in the hyperarousal state i3 % BEIKHE in the cortex owing to the
excess amount of the stimuli; occurring information—treating disturbance and
cognition disturbance i DR N KK EIZBELET 5 72 OIZEE DN mRELIRREIC
20 IFHEES - BAEENB D EBEADN TN D,

Carlsson XKD 7 1 /14 —Hhe % i+ 7 DRI & | < K & T - 4
AR - HIR - KIMEERIEAZEE LT, EEE CIEHEKO 7 4 V& =B TA
TIMBRENZ /B &, 2D feedback loops DRKD 7 4 VX —[EIEZINHI L., BKEA
% HI#HT 5, feedback loops D—HBTdH HARGMIL, cortex 2H 7 H I L RIC
X o TRER 722 E | D DA RIT K » TR R e B % =17 T\ b, SCZ T
NE I VROEEIKT, F—= "I ROMEILENEZ 2 &, 2 b HITHER
DRI KT 2 $NfIEERE 2 Bl L. FURD 7 1 v &2 — 3BV TR EE O R &
S

I Ay FEMEEALMN ¢
FEREEBN O—DT, EAERT BERAT) 226fmE LRI LTEL, B
Y - AR AR IR AR (R ERERE) AT %, SCZ T MIN ORIEAME T LT
%, &L TEFEANE CIRIBE F2EE TH Y . SCZ O S aBEAVELILE 23 5 R O B AL EE
72T, K0 ERMRMROEMNSAEL TNDZ EIURBINTND,

7L oL A prepulse inhibition (PPI)
BUCRE R HFERMZ 5 2 2 5 & ARIZENS G acoustic startle response
(P VORI Z D03, RERBERAPEOEANEIS ST E Z SRWRRED/NS
WERTER (prepulse, THEHIIN) #5x TR &, @BFAE L DEOEIERISHH]
SNDHBIE, SCZ Tldprepulse (2 & B EIBISHNHIOFRIE T LT\ D, ZHITE
HEOEE LA WM A LV OFT R THH Z LIFEETH D,



#Defort Mode Network or Connectivity

default-mode network & BHEE : S &8, MEkT—ER MBFDEE 30
(2014) 259-267

7740 NE—NA v N7—7 (Default-mode network) & (. fMRI 7 £ DixtéaEmEiE:IZ
Lo THsMZan . EICKBEAMIESE (cortical midline structures ) (ZAFAET 5 ik
ET. REEROL. NHEFTEERTE . SETHEENERS (BRI . BepBREaes. TEE
JHEE, BEARLE noEkah b, BFE. 774V NE— Ry N7 —=2712A5 0 BRR
SEMH D ETRIGENC RS 97 25U A S EESCRLIER £ DR A & DRIHEAEH S I
ENOOHb, AETIH. EICHBERRENCET 2MF 2508 LT, 774V ME=F
Py N7 — 7 LRRHIESE L DBIHRIZD WTHEER T 5.

Raichle 5 Q001)/%, [ HEREDEFIRE) SIS NIRRT, LRERFICIERITIEEN T 2 4
PEIAFAET D L2 MIE L, EBICZ D OMEAEIC L0 PR 256k & —%5
HZ L %&mLT-. Raichle Hl1X, Z 9 LICfiEEIZ [ 74 M E— K] s L, FFIC
R HRRIELRS X ORI S LR 5BAL CH 0, EFH R D AHNEEN NS R /R IR TH
LT EERLTE.
TN NE—RRXy NT—Z I ZEODDHROEBEEIHAEIL, Z2FFIF (resting state) D
BOLD [ BT 205 DA THDH. 1995 412, Biswal 5, I HE T
% 0.0lHz &\ 9 4R D TEVD & Zplksr 3 it o EB) Ey CRERIFER 2R L, B2 5
A XTI R2WZ & &x L7 (Biswaletal, 1995) . Zh&aELZ, PREAR DR LZ2FE
IR WTHHERERN X Yy N =2 ZFET 2 ERRANND Z &Ik, IEFEOHZETIE,
FIFNIFE—RRYy hT—Z PSRBT —F U P AEY Xy FU—27, EMEE
(dorsal attentional) =~ b7V —7, BAEM: (salience) %> hU— 772 EOBEHOBERER
T " U — 7 DNLEEEENE BITICRS L TWA I EARENTEY, 574 M EE—F
Fy hT—2701%, WMNICHEET 528 OREry NI — 7 EO—>& LTLESIT B
T35 (Menon, 2011) .

77 7HEIC I VIO R > T — 7 OMRER 2B S & E BN O BRI 5 2
EWXFRE L A o7, FEBRIZ, fMRI X EEG 72 & ORHSEEREIE T — X 127 T 7 #in & i H
L7aFRic KauiE,  KANECE OREFIBIIEROMEER 7 7 A 2 — I3 EIfETH D & &
HiZ, HEEKE LTERR JAXZ—ZHR L TND I ERRBEINTNDS., 2089
IeREIEIY, M7 L LIRS E R G A RS S O TiE R, T L AREHEIOIEEI O
FEBIIZ DWW BERERE 2 T 2 b D & E X H LTV %S, Watts & Strogatz (2 K -
THEEIN mAE—ILT— L Xy hU—271%, [FROHEOREBIOHREE WS o
DEMEMIZLY D, MOBEN XYy NI—7 T VE LTAHAARET L THLD.
fMRI, EEG, MEG (27 7 7 #m %z )s H LI TlE, & NOMOEN Ry hT—7
MAE—/NT—/L FXy MU —=Z|ZIEWEERME 2 D 2 &, A KIRIELR & ORhRE
BCTEHAE—NT =NV RFRy N —JREENREST D ERERRBINTWVD
(Micheloyannis et al.,2006) . M OBEREEMG-CHEEBRIZ 77 7w A ISH L2 v b
T — RN 24T O Z L2 XD, HEXICEEEOSWVNER (7)) ZFRET DR TT

&7



b TWb. 77 7HRIIBITHNT OERITELD D0, o/ — KL bix2a0c%
Ypxy P EEDD /) — Ru&FET (Stam and Reijneveld, 2007) . 2008 4F(Z Hagmann
1%, diffusion spectrum imaging (& & > TH DAL 72 KK E OfFS] Fixry MY —
7 L ZERE IMRLIZ K > TR O ToBRERI R v U — 27 2 5LiT, 77 7HEGRICES W
T-fEMT 21T > 7= (Hagmann et al., 2008) . ZDOfE £, EHLL5DRy hT—Z7 2BV TH
BEEIRBEIDN KM BB T DRERONT THHZ EXHALE (K1) .

ZOREFIE, BEHPREIDR, T4 WV NE— Ry NU—Z 2T TR, KMRE ORI
H 72 BEREREAS HEIE O T CH HEMER S WHITH D, tOEBOEEN Ry U —27 D
fFil OMNEMRET DL BRMEICHLZEEZRLTND.

1 KBMEZIZEITEH/NT

72 7 #EmIZ L % diffusion
spectrum imaging O T (2 %
D& NTEBEEFREL 2
REWHF EWEREHT—H
LN 7EBTHLI LR
bk 39 % ( Hagmann et al,
2008 )

@ 4 or5 participants
@ 3 participants

@ 2 participants

» 0or 1 participant

PET X° fMRI (2 & 2 IS RERAGQAF SR D I 5, H2FROGRHMBMEIC L > T, T 7+ /1
M F—= Xy hT—=IRIESIND Z ERHESIN TS, ZOFEOFEE LTI, <
'Y — Fitl& (Addis et al., 2007 ; Lou et al., 2004) , L>®OFEE (Saxe and Kanwisher,
2003) , EEAEEIE (Greene et al., 2001) 72 EAHE I TV 5.

Eo EETE, BEODEY - RFOBELIPROAE OFHE (A FVF AL KT
V) OMITTHE FrRkEINIRIE S D 2 WA STV s  (Viard et al., 2011 ; Ostby
etal,,2012) . ZAHOHRE IZESE, 74N ME— Ry U= RHEC RARIC
B L 72 BRI OFIEICE 5 L T\wd & vy 95 i (internal mentation KaE) <2, 7
T4 hE—KRRXy NI BRIESHROBREEZERT 2 EH 2o T0dH &0 )
sentinel iFL23ENE & LTV 5. sentinel (KL DELJRILX, T 74/ hE— KR > T —
7 HEE D Rl & 72 > 7= Raichle 5 (2001)D SCRIZ 7= E D Z £ 3 T&E 5. Raichle 513,
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T 74N NE— RFy MU —7 BEHRMICEWIFBI 2 MR L TWD 0 1, ZofEEs
REEB X OF R EOAFICHR T2MRERERLA L TNDE0D TIERW D EHER L
7o, AR ~ORIR Y BREIE, ARERICBWTER R AFE (HRER L) IhEICK
DPRTNIE RN E VIR T THLEE SN, E (LA RFISREZFETLHEEZLND.
MROLESR) X, T 74V NE— Ry NI —27 Mk 5 il o A TEBER HE Ik D
BIBICL > TAHEL D NY > MEGRECTH DAL REMEFEGIRREL S, sentinel it 2 X FF 3
DR THDE D (Buckner et al, 2008) . I HITIE, 6O ERE LIZHOD
LT, 74N FE— KXy b7 —7 7 mental simulation, D F ¥V i@EDKREIZ
KXo THEAIN LRELOIRAECIHRELZ THT oELZ HoTWWD E W IR
MNEEE I TS (Buckner et al., 2008) .

Default-mode brain dysfunction in mental disorders: a systematic review. 2009 Broyd
Broyd et al. 2009 in Neurosci Behav Rev

In this review we are concerned specifically with the putative role of the default-mode
network (DMN) in the pathophysiology of mental disorders. First, we define the DMN
concept with regard to its neuro-anatomy, its functional organisation through low frequency
neuronal oscillations, its relation to other recently discovered low frequency resting state
networks, and the cognitive functions it is thought to serve. Second, we introduce
methodological and analytical issues and challenges. Third, we describe putative
mechanisms proposed to link DMN abnormalities and mental disorders. These include
interference by network activity during task performance, altered patterns of antagonism
between task specific and non-specific elements, altered connectively and integrity of the
DMN, and altered psychological functions served by the network DMN. Fourth, we review
the empirical literature systematically. We relate DMN dysfunction to dementia,
schizophrenia, epilepsy, anxiety and depression, autism and attention deficit/hyperactivity
disorder drawing out common and unique elements of the disorders. Finally, we provide an

integrative overview and highlight important challenges and tasks for future research.
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Functional connectivity in the resting brain: A network analysis of the default mode
hypothesis 2002 Greicius, Menon

Michael D. Greicius*tt, Ben Krasnow*, Allan L. Reiss*§f], and Vinod Menon*§q

Abstract

Functional imaging studies have shown that certain brain regions, including posterior
cingulate cortex (PCC) and ventral anterior cingulate cortex (vVACC), consistently show
greater activity during resting states than during cognitive tasks. This finding led to the
hypothesis that these regions constitute a network supporting a default mode of brain
function. In this study, we investigate three questions pertaining to this hypothesis: Does
such a resting-state network exist in the human brain? Is it modulated during simple
sensory processing? How is it modulated during cognitive processing? To address these
questions, we defined PCC and vACC regions that showed decreased activity during a
cognitive (working memory) task, then examined their functional connectivity during rest.
PCC was strongly coupled with vACC and several other brain regions implicated in the
default mode network. Next, we examined the functional connectivity of PCC and vACC
during a visual processing task and show that the resultant connectivity maps are virtually
identical to those obtained during rest. Last, we defined three lateral prefrontal regions
showing increased activity during the cognitive task and examined their resting-state
connectivity. We report significant inverse correlations among all three lateral prefrontal
regions and PCC, suggesting a mechanism for attenuation of default mode network activity
during cognitive processing. This study constitutes, to our knowledge, the first resting-state
connectivity analysis of the default mode and provides the most compelling evidence to
date for the existence of a cohesive default mode network. Our findings also provide insight
into how this network is modulated by task demands and what functions it might subserve.

Functional brain imaging has been widely used to study the neural basis of perception,
cognition, and emotion. Such studies have traditionally focused on brain regions showing
task-related increases in neural activity, i.e., greater activity during an experimental task
than during a baseline state, typically rest or a sensory-motor control task with reduced
cognitive demand. Recently, however, increasing attention has been focused on brain
regions in which neural activity is greater during the baseline state than during an
experimental task. Interest in this phenomenon, sometimes referred to as “deactivation,”
has been sparked by the finding that particular brain regions, including two midline regions,
the posterior cingulate cortex (PCC) and ventral anterior cingulate cortex (vACC),
consistently demonstrate such task-related decreases in activity across a broad range of
cognitive tasks (1, 2). Using quantitative positron emission tomography, Raichle et al. (3)
determined that these brain regions are in their baseline state when subjects rest with their
eyes closed. They hypothesized that this set of brain regions constitutes an organized
network, whose activity is ongoing during rest and suspended during performance of
externally cued tasks, that supports a “default mode of brain function.” At present,
however, it is not known whether brain regions that show task-related decreases in activity,
such as the PCC and vACC, constitute tightly linked nodes in a single, tonically active
resting-state network. The default mode hypothesis is based on the finding of relative
decreases in neural activity during task performance compared with a baseline state. Direct
evidence for temporal coherence of resting-state neural activity between regions in this
hypothetical network is lacking. Detection of temporal coherence in such a network would
(/) provide more compelling evidence for the existence of a default mode network, and (ii)
enhance our understanding of neural activity in baseline states, thereby refining
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interpretations of “activation” and “deactivation” in functional imaging studies (4). More
broadly, mapping such a network may provide insight into the neural underpinnings of a
critical but poorly understood component of human consciousness variably referred to as
“a conscious resting state” (2, 5), “stimulus-independent thought” (6), or a default mode of
brain function (3). A number of key questions remain, however, chief among them being
whether the postulated network exists in the resting brain. If so, which brain regions are
linked in the network, and what inferences can be made about the mental processes
subserved by these regions? Is the network altered or disrupted during simple sensory
processing tasks? How is the network modulated during performance of externally cued
cognitive tasks?

To address these questions, we formulated the following hypotheses: (i) If the default mode
network exists, then analyzing the resting-state connectivity of one of its key components
should generate a (partial) map of the larger network. (ii) If the network is minimally
disrupted during passive sensory processing tasks, then the connectivity maps generated
during rest should be replicable in a passive visual processing task. (iii) If the network
activity is suspended during performance of cognitively demanding externally cued tasks,
then resting-state activity in the network may be inversely correlated with activity in brain
regions that show task-related activations.

To test these hypotheses, we used functional MRI (fMRI) to examine brain activity in a
group of 14 subjects under three different conditions: performance of a cognitive (working
memory) task; passive viewing of a visual stimulus; and resting state with eyes closed. The
working memory task was used to define regions in the PCC and vACC that showed task-
related decreases in activity and regions in the lateral prefrontal cortex that showed task-
related increases in activity. We then applied a functional connectivity MRI (fcMRI) analysis
to the restingstate and visual processing data. Unlike fMRI analyses, fcMRI does not rely
on a comparison of experimental and baseline conditions; rather, it detects interregional
temporal correlations of blood oxygen level-dependent (BOLD) signal fluctuations. Regions
whose BOLD signal fluctuations show a high degree of temporal correlation are presumed
to constitute a tightly coupled neural network. To date, most fcMRI studies have explored
primary motor and sensory networks (7-9). Recently, fcMRI has been successfully applied
in examining interactions between brain regions involved in language (10). In this study,
we determined the connectivity patterns of the PCC and the vACC during the resting state
and the visual processing task. We also examined correlations in resting-state activity
between the “activated” lateral prefrontal regions and regions implicated in the default
mode network.

Methods

Working Memory. The working memory task consisted of six alternating experimental and
control epochs. Each experimental and control epoch consisted of 16 stimuli presented for
500 ms each, with a 1,500-ms interstimulus interval. The stimulus was the letter “O”
presented in one of nine distinct spatial locations in a 3 _ 3 matrix. In the experimental
epoch, subjects were instructed to respond if the stimulus was in the same location, as it
was two trials back. In the control epoch, the subject was instructed to respond if the
stimulus was in the center position. Each epoch was preceded by a 4-s instruction
regarding the specific task the subject should perform. In addition to these epochs, three
rest epochs were placed at the beginning, middle, and end of the experiment. Total length
of the task was 7 min 12 s. Further details are described elsewhere (11).

Medial prefrontal cortex and self-referential mental activity: Relation to a default mode of
brain function 2001, Gusnard, Raichle
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Abstract

Medial prefrontal cortex (MPFC) is among those brain regions having the highest
baseline metabolic activity at rest and one that exhibits decreases from this baseline
across a wide variety of goal-directed behaviors in functional imaging studies. This
high metabolic rate and this behavior suggest the existence of an organized mode of
default brain function, elements of which may be either attenuated or enhanced. Extant
data suggest that these MPFC regions may contribute to the neural instantiation of
aspects of the multifaceted ““self.” We explore this important concept by targeting and
manipulating elements of MPFC default state activ- ity. In this functional magnetic
resonance imaging (fMRI) study, subjects made two judgments, one self-referential,
the other not, in response to affectively normed pictures: pleasant vs. unpleasant (an
internally cued condition, ICC) and indoors vs. outdoors (an externally cued condition,
ECC). The ICC was preferentially asso- ciated with activity increases along the dorsal
MPFC. These in- creases were accompanied by decreases in both active task
conditions in ventral MPFC. These results support the view that dorsal and ventral
MPFC are differentially influenced by attention- demanding tasks and explicitly self-
referential tasks. The presence of self-referential mental activity appears to be
associated with increases from the baseline in dorsal MPFC. Reductions in ventral
MPFC occurred consistent with the fact that attention-demanding tasks attenuate
emotional processing. We posit that both self- referential mental activity and
emotional processing represent elements of the default state as represented by activity
in MPFC. We suggest that a useful way to explore the neurobiology of the self is to
explore the nature of default state activity.

Functional brain imaging studies in normal human subjects with positron emission
tomography (PET) and functional magnetic resonance imaging (fMRI) have frequently
revealed task-induced decreases in regional brain activity that appear to be largely task-

independent, varying little in their location across a wide range of tasks (1). = = = =+ =« -
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The mirror system and its role in social cognition 2008 Rizzolatti
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Experiments in monkeys have shown that coding the goal of the motor acts is a fundamental
property of the cortical motor system. In area F5, goal-coding motor neurons are also activated by
observing motor acts done by others (the ‘classical’ mirror mechanism); in area F2 and area F1,
some motor neurons are activated by the mere observation of goal- directed movements of a
cursor displayed on a computer screen (a ‘mirror-like’ mechanism). Experiments in humans and
monkeys have shown that the mirror mechanism enables the observer to understand the intention
behind an observed motor act, in addition to the goal of it. Growing evidence shows that a deficit
in the mirror mechanism underlies some aspects of autism.

Current Opinion in Neurobiology

Introduction

Social cognition is the study of how people interact with other individuals in social
situations. A fundamental aspect of social interaction is the capacity to understand what
others are doing, their intention and their feelings. A series of experiments carried out in
the last decade showed that this capacity is mediated, in part, by a specific mechanism
called the mirror mechanism [1.2]. This mechanism transforms sensory information
describing actions of others into a motor format similar to that the observers
internally = generate when they imagine themselves doing that action or when they
actually perform it. The similarity between the motor format generated by observing
others and that internally generated during motor and emotional behavior allows the
observer to understand others’ behavior, without any complex cognitive elaboration [3].
The mirror mechanism is present in various cortical areas and according to its location
mediates different functions. The mirror mechanism is located in the parieto-frontal network
and underlies the understanding of the goal of the observed motor acts and the intention
behind them. The mirror mechanism is also located in human Broca’s area and transforms
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heard phonemes into the motor format necessary to produce them. Finally, the mirror
mechanism is present in the insula and anterior cingulate cortex. It mediates the
understanding of emotions of others. In the present article we will deal only with the parieto-
frontal mirror network (for recent reviews on other systems endowed with the mirror
mechanism see [4.5]). Our review will be not exhaustive. Only those studies that are relevant
with the main theme of this article will be reviewed.

The mirror mechanism in monkeys
Goal coding in the monkey motor areas

The mirror mechanism is embedded in the motor system (Figure 1). Crucial, therefore, for
understanding its func- tion is to understand which are the motor properties of the areas
where the mirror neurons are located. As far the parieto-frontal circuit is concerned early
experiments showed that, in F5, many neurons fire regardless of whether the motor act is
done using the right hand, the left hand or the mouth [6]. This was interpreted as
evidence that area F5 codes the goal of the motor act rather than the single movements
forming it [7].
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Mirror-mechanism in humans

Goal coding in human mirror system

As in the monkey, human parieto-frontal mirror network (Figure 2) possesses a mirror
mechanism for coding the goal of motor acts.

An earlier evidence for this was  provided by a TMS experiment in which motor-
cortex excitability was tested during the observation of hand movements directed to a
specific goal (predictable move- ments) and in trials in which the hand moved in a
different unpredictable way. The data showed that the observation of unpredictable
movements did not elicit the expected change in the excitability of the motor cortex
corresponding to the observed movements. During the observation of the unpredictable
movements, the excitability pattern was that found during the observation of the
predicted ones. This indicates that the observed motor acts were coded from their very
beginning in terms of the final goal of the action and not in terms of the movements
forming them [16].

Further evidence that human parieto-frontal mirror sys- tem codes the goal of motor
act has been provided by fMRI studies. Gazzola et al. [17] instructed volunteers to
observe movies where either a human or a robot arm grasped objects. In spite of
differences in shape and kinematics between the human and robot arms, the parieto-
frontal mirror-system was activated in both con- ditions [17].

Conclusions

In spite of the explosion of studies on mirror mechanism, there are two issues of great
interest for social cognition that are not yet solved. The first is whether the mirror
mechanism is innate or acquired through experience.

There is ample evidence that mirror system is extremely plastic and specific motor

experience modifies its respon- siveness [317,32,33"]. We also know that the formation
of motor memories is strongly facilitated when the partici- pants both observe and
perform the same movement [34.35] and that the mirror responses triggered by a
corresponding movement can be modified by repetitively coupling the performed
movement with the observation of a non-congruent movement [36]. We also know that
the formation of motor memories is strongly facilitated when the partici- pants both
observe and perform the same movement [34.35] and that the mirror responses
triggered by a corresponding movement can be modified by repetitively coupling the
performed movement with the observation of a non-congruent movement [36].

Another fundamental issue concerns the presence of mirror system in species other than

primates. Recently, mirror mechanism has been elegantly demonstrated in birds [38 "].
What about mammals? Is mirror mechanism a peculiarity of social cognition of

primates, or do other mammals possess it? <+ ¢ <+ + « <
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Cortical areas related to the parietofrontal mirror system responding to different types of
motor acts.10-14 Yellow indicates transitive distal movements; purple, reaching
movements; orange, tool use; green, intransitive movements; blue, portion of the superior
temporal sulcus (STS) responding to observation of upper-limb movements.4 IFG indicates
inferior frontal gyrus; IPL, inferior parietal lobule; IPS, intraparietal sulcus; PMD, dorsal
premotor cortex; PMV, ventral premotor cortex; and SPL, superior parietal lobule.
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Core neural systems referred to in the text, shown superimposed on the lateral view of the left
hemisphere of the macaque cerebral cortex. Circuitry shown in blue represents the mirror neuron
system for action mirroring. Circuitry in orange represents the affective mirror neuron system for
empathizing. Circuitry in green represents the theory of mind related system. The red line indicates
the newly emerged cortico—cortical connection induced by macaque tool-use training. Note that the
green and orange systems have to date shown particularly in humans, but are superimposed,
regardless of laterality, on corresponding areas of monkey left hemisphere. Abbreviations: Amg,
amygdala; F5, ventral premotor cortex; Ins, insula; IPS, intraparietal sulcus; MPFC, medial
prefrontal cortex; STS, superior temporal sulcus; TPJ, temporo-parietal junction. mirror neurons
and tooluse  Iriki
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HENCALEDOBENZHE > TEL LTz, S DI ERENER O = 2 —a 1%, G2 R i %
fEoTEILE D, FEERIZ iﬁzfib\*ﬁfé‘u:@%{zlﬂ% WXL ChRERICIEER L7z, LT
Do T, ZOMFEKD = o —a2iE, ZHEEOFHEIZ L > TTOBKEERNE K Z G

— L., Zhz B H B @W?é ENnER IO EEZ LD, PO
DRRFEIHR TIT O TV D IR, SFEMEEDHEL - FZE~DOFBIAE L 725, (R0
H%E (symbolism) | DIZULEV O —IEEHI LD EHEINS,

Parietal lobe : & & — &R
Tsutsui (IPS, 7m=precuneus, anterior insula) ,
Parietal reach region IZDU\T,
IPS OEBIEREAERIZHDE Andersen LN E>TLVET,
#F @ Andersen and Buneo (2002) Ann Rev Neurosci @ P.199 #Z&<F=&Ly,

INTENTIONAL MAPS IN POSTERIOR
PARIETAL CORTEX

Abstract The posterior parietal cortex (PPC), historically believed to be a sensory structure, is now
viewed as an area important for sensory-motor integration. Among its functions is the forming of
intentions, that is, high-level cognitive plans for movement. There is a map of intentions within the
PPC, with different subregions dedicated to the planning of eye movements, reaching movements,
and grasping movements. These areas appear to be specialized for the multisensory integration and
coordinate transformations required to convert sensory input to motor output. In several subregions
of the PPC, these operations are facilitated by the use of a common distributed space representation
that is independent of both sensory input and motor output. Attention and learning effects are also
evident in the PPC. However, these effects may be general to cortex and operate in the PPC in the
context of sensory-motor transformations.

Area 7m (Precuneus) ZHLET HERIBEAAIEICHE TH KRR ERFIREE CEEFHRE
DI|BUDNT IEHRFBEEETHIXESE LTS,

# 1  [DOE(Theory of Mind, ToM) ]
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ZUEIR ) 70 OV & 23l 5 m) ZCL“CyHE' I ZE & ORIZIEETWFE D & BN —FHmtE
2, WO BHILSH (Ghashghaei & Barbas, 2002) . F7o. R S SRS ASRTE SR
HEENE (M3) 12, SV HZMAIRERD ZE M) ([Z/ThiTwd (Morecraft &,
2007) , & DICRHEIA L RIEHEE, & <IZTORITGER, & DRIC i%ﬁ&ﬁﬁFA®ﬁE
REF (Kawamura & Norita, 1980 ; Ghashghaei & Barbas, 2002) . b MZIBWTH
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AU B OFEIE R oA B BB 2N 2 SR OEFE T MR Z WA A — 0 7 (Ef R
M) OFEERNPHBIIRENTWD (Tidaka 5, 2001) ,
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Conciouseness from evolutional points of view :

Koki Kawamura : Consciousness, self and non-self

Consciousness, Self and Non-self: Otherness
Integration of emotional, cognitive and motive/motor activities into higher levels of
functional concept can be considered as a whole “Consciousness”, as will be described
below briefly in a hierarchical manner from lower to higher stages ; I-1I-I11.

I) Consciousness on the level of the brainstem (premammalian)

Alive, vital sign, awake and sleep, reticular activating system, sub-conscious,
arousal.

Even the most primitive animal, the protozoa, possesses the ability of cognition
and movement. As the number of cells increases and the quality of the assembled
cells differentiates into tissues, each of them obtains any special character, e.g.,
muscles, nerves, skin, and so forth. They are integrated in the organism and
communicate each other to establish the entire body, thus the individuality
accomplishes.

The lowest stage of consciousness lies in the activity of the brainstem in the
vertebrate. Animals are alive, cells and tissues of the individuals are breathing, having
a close relationship with the nature, by means of metabolism; catabolism and
anabolism. Biological basis of the primitive consciousness for living activities lies in
this neural structure. This is the level of the unconditioned reflex (Pavlov).
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In the brainstem of the vertebrate, we can find the diffuse thalamic projection
system (Magoun), or the thalamic reticular system (Jasper) in which particular kinds
of cell groups produce amines, peptides, proteins etc. In this structure, there are
dopamine, adrenalin, noradrenalin, serotonin, acetylcholine and so forth, being called
as neurotransmitters.

The reticulo-activating system theory was proposed by Moruzzi and Magoun
(1949). Monoamin hypothesis tells us that the decrease of serotonin induces the
awake, while its increase induces the sleep (Jouvet 1972).

The hypothalamus is the central region dealing with “awake-and-sleep”’mechanism
as well as the centers for eating, sexual, biorhythm, body temperature, energy and
metabolism.

In addition to the projections from the spinal cord and the brainstem: so-called the
activating system , a large number of inputs reach the thalamus from the basal ganglia
and the cerebellum as well as from the cerebral cortex. Acethylcholine is also an

important substance originating from the LDT (lateralodorsal tegmental nucleus)
PPN (pedunculo-pontine tegmental nucleus) and the basal fore-brain structures
(Meynert basal nucl., Medial septal nucl., Diagonal band of Broca).

1) Consciousness on the level of the posterior association cortex
(mammalian/lower primate)
Awareness, passive cognition, first signaling system of the conditioned
reflex.

The next stage of the consciousness, corresponding to the first (or sensory) signal
system of the conditioned reflex, or the beginning stage of the second signal (or
language ) system can be observed in monkeys and chimpanzees. In this stage,
animals are aware of circumstances using sensory activities of the subcortical and the
posterior association cortical areas.

Upright walking or erect bipedalism, being able to use instruments by free
forehands, through which morphological changes of speech organs (to utter voices)
and use of gesture-language that led to the communication with collaborative labor
and conversation to form the human social society.

Consciousness of this stage can be taken as understandable of the surroundings
through the cognitive mechanism ranging from the sensory organ, brainstem and to
the posterior association cortex (PAC). Animals perceive and recognize the events in
the world under avert awakeness/conciousness. They adapt the surroundings and can
behave properly equipped with the neural basis of conditions in everyday lives.

III) Consciousness on the level of the frontal association area or the
prefrontal cortex (higher primates/Homo sapiens) , corresponding to the
second signaling system of the conditioned refles (Pavlov).

Self-consciousness, executive function, social communication and behavior,
abstractive way of thinking
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As stated above, consciousness levels of I, II, and IIl are not clearly
separable each other; these are continuously changing.
The highest level of the consciousness is called as the self-consciousness which is
culminating in the human brain. According to J.H. Jackson (1884),
“spirit/mind/consciouness” is the highest stage of hierarchical structure in the
course of evolution. The prefrontal cortex (PFC) has been considered to be
intimately related to the highest psychic actitivities such as ethics/morals and
aesthetic sense. Recently, many studies on the disturbance of the frontal lobe,
changes of character after the traumatic brain, highly memorial disturbance,
working memory, atrophy of the brain have been performed scientifically in
psychiatric patients and healthy control subjects. The use of instruments, elect
walking by two hind-feet, group works or commune labor, with linguistic
communication have obviously been main factors for the developments of the
human brain, particularly the PFC in the evolutionary course/conditions of
humanization from the ape (cf. F. Engels, 1876)

Thus, the consciousness has highly been sophisticated in the course of

evolution from lower mammals to primate (incl. human).

Brief summary and a plan for further interests to be studied:
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1) Broca linguistic area (motor) develops in the PFC, and the second signal system
of the conditioned reflex can be obtained through the social communication and
labor with others.

2) First, we understand surrounding issues with the altro-centric mind, then will
get the ego-centric mind, and grasp the situation in its totality, on the
morphological basis of parieto-frontal reciprocal connections. These are the
basis of the self and non-self discrimination.

3) Through social communicaton using gesture and spoken and written languages
(abstract way of thinking), advanced cognitive functions in the PAC as well as
the active motor activities in the PFC are more and more -closely
interconnected/related by means of association fibers. In the cerebral cortex; in
the PAC and the PFC, linguistic regions, called Wernicke and Broca areas
respectively, are formed.

4) In addition to the inter-connections between the PAC and the PFC, circuitries of
cortex —basal ganglia(striatum) —thalamus —cortex are important to be studied.

5) Fundamental elements of living things are cells; they are parts of the
universe/nature; constantly communicating with the nature. A large number of
cells communicate and compose tissues, produce energy, and activities of the
species/organisms occur. Each species has a unique ecological niche in the



biological system of the nature.

6) Psychiatrical points of view.

Collapse of interactions in the human society with the nature; metabolic diseases
of biological development (growth), unbalance and breakdown of the human
relationship to be studied in future.

Self-disturbance

Self-disturbances in have been explained and studied from the standpoint of an
abnormal sense of agency. Confusion in the experience of temporal causal relations
between the self and external world (non-self) may underlie self-disturbances in
schizophrenia (SCZ).

Self conscious may be responsible for the insula, the PFC, the anterior cingulate),
whereas non-self conscious for F5-the inferior parietal area 7.

Refer: Mirror neuron system (F5-7BA) and importantly the precuneus (this region

may be responsible to the “hub”or “surveilance” for judge on the Self/Non-self)

cf. Maeda et al.,: Aberrant sense of agency in patients with schizophrenia :

Forward and backward over-attribution of temporal causality during intentional

action, Psychiatry Research , 2012

Filtering function in thalamus

Sensoric stimuli fron the periphery ascend to reach the thalamus and relayed
therein; thalamic filtering-circuitry works, appropriate quantity and quantity
(amount) of sensory stimuli only reach the cerebral cortex and perceive,
regulate the level of the arousal situation. In SCZ patients, the thalamic filter
function is disturbed, resulting in the hyperarousal state in the cortex owing to
the excess amount of the stimuli; occurring information-treating disturbance
and cognition disturbance. Carlsson(1988) put forward an hypothesis that
circuitry of cortico-striato-thalamo-cortex may regulate the filtering function of
thalamus as an example of feedback loops.

Collorary discharge and efference copy
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Jackson (1958 in Selected Writings of HJ)’s proposal of “thinking”: complex
motor act. Conserve and utilize the computational and integrative mechanisms
evolved for physical movement. Corollary discharge and feed-forward (CD-FF) are
integrative mechanisms that prepare neural systems for the consequences of self-
initiated action. In the motor systems of thought, they would act to distinguish
self-produced from externally-stimulated events in consciousness. SCZ is a
disorder of thinking.

cf. Feinberg and Guazzelli : Schizophrenia—as a disorder of the corollary

discharge systems that integrate the motor systems of thought with sensory

systems of consciousness. British J. Psychiatry 174(1999) 196-204



Matching, its disturbance
Maching, match: meaning that which tallies or exactly agrees with another thing; an
equal. A condition of exact agreement or close resemblance,
In animals, intramodal matching and intermodal or cross-modal matching establish in the
PAC.
In human, matching with linguistic symbols occurs in the second signal system. cf. W
=B, thus the concept of Matching increases and becomes more complex as the cortical
association areas develop in aspects of cognition, memory, thought, behavior. Discriminate

between the two events: the identicals or different (= or ) . Disturbances of the
=

matching can be observed in SCZ.

(1]
Dl — MR — AR AE X TS ] WS EMmORIEEZ X2 5 MRV BEEICH D
“ERRT T, THE - ERE - KB - PN S OICIZMEIN E TOMBRIEE L. FTEACH 2
ATNDEND LVDFETH D, IBEPIZ IR FAE L. i 7 IS HEAE
T AR S R (diffuse thalamic projection system ; Magoun © UCLA FJR)
B HWITHEHEEER (thalamic reticular system ; Jasper © Montreal ZJk) & Wi
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O, WHXOIEEI DR T o AR T D72z, (REE) MR & REES R A BT
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% BB REINHIRGR . Moruzzi & Magoun (1949) O IMerfEER AT (HEERIK PR
IR -HE) . Br b= &R, X D CHEIR & D Jouvet (1972)
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ENBIORE -« FER - R - REZ0E L THEERT 5. RE0. Ry, WA,
R [ OMSEERI R Bl O R (X5, 8&M) | DZZTHIH T, b MIBITD
HERIZOWTERLEDS, T/hbb, aa=7 4 —NTO®FOIEEL SFEIRE)
WL AR HAZBU T, EEELFE. HDHWIL, EEELIEEEELZ L HICZIT AN
T, BV Z0T THENTE 7 T NEE ORI DR TH DM, Aisad]
TOIEENZ LY . ZOELIELOZFREOF ClERL <15,

# Self vs Non-self Dr. HIH&SE Sense of Agency (SoA)

H LSk & fth 7 55% Self and Non-self

a) Self-disturbance F k7] - B CE

Self-disturbances have been explained and studied from the standpoint of an abnormal
sense of agency.Confusion in the experience of temporal causal relations between the self
and external world(non-self)may underlie self-disturbances in schizophrenia (SCZ).

Self consciousmay be responsible for the insula, the PFC, the anterior cingulateregion,
whereas non-self conscious for F5-the inferior parietal area 7.

Refer:Mirror neuron system(F5-7BA) and importantly the precuneus (this region may be
responsible for the “hub”or “surveillance” for the judgment over the Selfvs Non-self ).
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cf.Maeda et al.(2012)
Key words : Self-consciousness, recursive, working memory, executive function,
language, social communication and behavior, abstractive way of thinking.

HOZMmES KA G LT, HOEZMYR2E 0L UTHNLT 558 ‘ﬁﬂi‘}l’%ﬂ‘%
B OEM B & Jidh s, ZHEEFERFRBELRDICONT, &<
ICBWTHIET 5,

H CLE#% : Self conscious responsible for the Insula, PFC, Anterior cingulate.

fth# E5% : Non-self conscious responsible for the Inferior Parietal area 7

Self-disturbances in S have been explained and studied from the standpoint of an abnormal
sense of agency.

AV = ETHNC Lo THNW TV DWIET & TR E N E—XDERD D,
FOLE, WRFIL (77— LW FEHEWZLEE, F—2I O IR h
Do TOELEETNAT ADDPDSTRFHZENTY Y 7T K0 1IC#<, Z
DEIBRFHEDOEZZOEN, BHO Euﬂ@wf%wt&% T D (self J&HE,
an intentional action) . “iL& HMD NIHBEFNTER LI LK T 50> (non-self &R,
an external event) ZHENO D FERE T H, ZDE X, E&EFN) L7175 sense of
agency 75‘5 FTHDLIN, FNLEHLMETHLINEHLTELY EWVWH, —Rv
TIVICEE ST AFSE (agency judgment) TH 5,
PLE, Hu@@ﬁﬂﬁ/ﬁ 12 &> T, self R 1T B BUE il (insula), i )5 non-self &% 13 FEATE%E
FZ & (inferior parietal 238 5- L T\ 5 Z E B LM ST,
“ Default mode network” X EBELA2—4 v bfEE . $F (2. posterior cortical midline
structures(CMS) including PCC & precuneus D Exr= FE D “hub $8318” &, frontal, insula, IPL & D
@ functional connectivity ZFHXTULFE,

AWFFED % A 7 Tlx, self or non-self % & )& W T L 72K C agency judgment % &

EHEWVWIAMENTE LT,

self &7 1% insula, non-self & 1% inferior parietal 23885 L T\ 5 L BWE 28, 20D

ELEMNTH LA W 5B2121L. posterior midline cortex (precuneus~PCC) 2%

FHEZ/>TL 200 ERWET,

AU TN THEFAN, 5% DO E LT, posetrior midline cortex I,

[switching huby @ X 9 Zeffea LT\ o b & b,
self judgment ® & X (ZX insula & . non-self judgment @ & X |3 inefrior parietal & @
lfunctional connectivity| 723 %E > TW DD EHERI L £ 77,
A% . [functional connectivity | (22T, MFtL CW& 72 & BunEd, fMRI T,
T A Z N FRED L D) T, (RTHER)
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Schema of a trial

Cursor m _

?Q

dumping? ‘
A: Action-linked condition Action Jumping
Beep [Key] @:
%)
1 ] »
] ] Bt
i Time

—
Delay (0~1000ms)
B: Event prior to action condition

Jumping  Action

Beep ™
@ | S

—100ms on time +100ms

1 Sense of agency task (Keio method)

Cf ................
The “sense of agency” and its underlying cognitive and neural mechanisms

Nicole David, Albert Newen, Kai Vogeley

O
vPMC

Insula
O
Cerebellum

Fig. 2. Brain regions associated with the sense of agency. N. David et al. /
Consciousness and Cognition 17 (2008) 523-534
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2 MERWECHNTE. BEPREBELLELCI ST, THEIFH/NY—20D SoA RELHEHOND

ODESOMNAVREBRA A, 2 Ba—F—27 ) —rOEREICEHN, EFICBiT 5, 7
P76, F—Z2MT L HICHRE S I3RS s, ZoF—nfahs e, 2o
R MR D 2 T O T ANCBED BN D

We devised an agency-attribution task that evaluated explicit experiences of the temporal causal
relations between an intentional action and an external event, without any confounding from sense of
ownership of body movement. In each trial, a square piece appeared on the bottom of a computer
screen and moved upward. Subjects were instructed to press a key when they heard a beep. When

the key was pressed, the piece jumped with various temporal biases. Subjects were instructed to
make an agency judgment for each trial.

Z:& 3k . Aberrant sense of agency in patients with schizophrenia: Forward and
backward over-attribution of temporal causality durin intentional action (Maeda et al.,
201212 K %) o

Z OMBEITE EHAN TR S D, ZOFE - (1) TIE, EiLo X 5 ICERICH L,
PN OALE (Insula & Inferior parietal) %[ 3. X4 2%~ LT,

¥, BERIEE LT,

@O = 7 — + == —1u % Mirror neuron system(©®) 5A THHE DFEEE@KER] « ZEfIH RO
FRE L BREFIZOWTIHALWD THRIBT D 2 LT 5, BEEES A X
WA RFEIZ I T 5 BFEEIL, REBEIRYZEE O B il R a7 Lk e LTt s 4

115



£,

HMEXAEICETLHEHESE (Ichstdrung)

BEOFBERIL(BEDOMN R :
BoDEA(TA-BEGE)NBIDELDTHAHAEWSIELYL BATOOTLDELSIERLNE
BL. ZhODRECHA KON (TBEAED) i D DEEEH - TLNDERLEELS TEHAEL.
MR EAER (EARKER-SEONAER) INALNES, — EHDWLIEIN DDFRAICSANIE
“—HRAER

EIA=IRI0I=SISRIAC) S Y0 I= IS (HF

H(Z, BoNE AN NBE CHEEERIZLTWVDESIC BRLDHEWLWSTHEEARER ). TIERHE)
LAHoND, I TEHFR]. ERERIGE, BEEZTOXREL. EADOEAMN. TEHIT
HEINHITHS D ITOVTOEHMARIOTEEBEHDVDILRBFKELGE->TWNS, HFET
5ARDEZNHELTILND,

Sense of agency task (Keio Method) : agency attribution task on “external
agency”
Action-linked condition (JIE =]

BEOERMITAL. %@%*%EL%%M%%&O)FE?@.%LE@I DWTHIEISEEH2RY,
(AVEa1—43—0 Key ##{ELaVE1—2—BEE L O KRIGDRIZHR R 7R/ N\ 17 X (delay) &
TOSLLTEE. HEREICHC N “agent”’ THAEREL BN ESIMIZDULNTRIS)

Event prior to action (EPA) condition

ﬁA%uﬂr’C(i B 4 DR EHT A & Y HRTI ELEAMBERICOVTH, BEAREATHDE
EEICHUDHERBRLHY . EDIIGHRERRSELIRREMLRE,

# HMME HBER W HERMBEEZE Computer

Sense of Agency Task (Keio Method)

Act\on Jumping
Beep ‘ Key Vil

J) | @ ?
| ,

Time

De\av
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Yamashita Y, Tani J (2012)
Spontaneous Prediction Error Generation in Schizophrenia. PLoS ONE

- Computational Neuroscience (At EiRIMHIERIZBZ)D HEZDVEDTHAHBEORTAIRENS
MEFiE,

FHRERET IVICERBI SN EREOYERETHET 5/hSEE2L—<//FOR Y MSDR-4X: Y
——®)EFER,

HERRETIVERE, AIZa—0OVRFNVTITRBEEICEY RV T —VERRLI-LD, F
BICEOTUFTTREEDEELZELSEHILT, EHERE BRE-EFHTIELT, BRIIN
B—UDERGE, SESFLMAIFRVEZRRTES,

FEISTHIZE 5 FREBHHOH FEREZMERRET ILELTEMALEL, T0ORLMET
AT %
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Yamashita Y, TaniJ (2012)

Spontaneous Prediction Error Generation in Schizophrenia. PLoS ONE
R ROREEAKREGDE, Ea—T/AFARYMNIRALIT A ERE. hALTI—
DHEEAEMLT=,
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Computational models of schizophrenia and dopamine modulation in the prefrontal cortex
ET Rolls et al.

Edmund T. Rolls*, Marco Loh*, Gustavo Deco*® and Georg Winterer'"

Abstract | Computational neuroscience models can be used to understand the diminished
stability and noisy neurodynamical behaviour of prefrontal cortex networks in schizophrenia.
These neurodynamical properties can be captured by simulated neural networks with randomly
spiking neurons that introduce noise into the system and produce trial-by-trial variation of
postsynaptic potentials. Theoretical and experimental studies have aimed to understand
schizophrenia in relation to noise and signal-to-noise ratio, which are promising concepts for
understanding the symptoms that characterize this heterogeneous illness.

Simulations of biologically realistic neural networks show how the functioning of NMDA
(N-methyl-d-aspartate), GABA (g-aminobutyric acid) and dopamine receptors is connected to
the concepts of noise and variability, and to related neurophysiological findings and clinical
symptoms in schizophrenia.

2008

Schizophrenia is a major mental illness that has a great

impact on patients and their environment. One of the difficulties in proposing models for
schizophrenia is the complexity and heterogeneity of the illness. There are three main types of
symptoms: cognitive, negative and positive. The cognitive symptoms of schizophrenia include

distractibility, poor attention, working-memory deficits and the dysexecutive syndromelfg'. The
negative symptoms include apathy, poor rapport, lack of spon- taneity, motor retardation,

disturbance of volition, blunted affect, and emotional withdrawal and passive behaviour!-3.
The positive symptoms of schizophrenia include bizarre trains of thoughts, hallucinations and

delusions!>3. Theoretical studies using neural-network simulations have started to address how
this disorder can have such divergent symptoms. Neural-network models have become
increasingly sophisticated. Some current models include neurons with ion channels that open
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during synaptic activity, which involves particular types of excitatory and inhibitory receptors
with biologically realistic time constants. The neurons in such models integrate the effects of
the synaptic currents: if a threshold of depolarization is reached, they fire a spike that is
transmitted to the synapses on the other neurons in the network. This ‘integrate-and-fire’
approach (and related approaches) allows the dynamical properties and the stability of the whole

neural network to be investigated4_7. For example, researchers can investigate the effects of
alterations in ion channels (for instance, in the currents that they pass) on the operation of the
whole neural network in, for exam- ple, maintaining a short-term memory, maintaining attention
and initiating action, or in decision making. Given that the cognitive symptoms of schizo-
phrenia include changes in these types of behaviour, these neural-network models are potentially
useful in trying to understand the symptoms of schizophrenia.

In this Review we show how attractor networks are important for short-term
memory and attention, and then how the random firing of neurons can influence the
stability of these networks by introducing stochastic noise. We show how some of the
different clinical symp- toms of schizophrenia could be related to changes in the stability
of such networks. Reduced stability of attractor networks can produce a reduced signal-
to-noise ratio — for example, when a short-term memory is not always maintained and
so the performance is unpredictable and, in this sense, noisy. We relate this to the
concept that there is a reduced cortical signal-to-noise ratio in schizophrenia. We then
consider how alterations in dopamine in the prefrontal cortex could influence the
stability and, thus, the signal-to-noise ratio of attractor networks in the prefrontal cortex
and there by produce some of the cognitive symptoms of schizophrenia.

Left hemisphere

"Wbise’) in patients with schizophrenia. a | Frequency-
(@ ram (EEG) during an auditory oddball task, showing
iability of slow-wave oscillations — in patients with
Mically unaffected siblings (middle column) compared

with control subjects (left-hand column)lg. The variability of the slow-wave oscillations is depicted in
different frequency bands: the delta band (top row), the theta band (middle row) and the alpha band
(bottom row). Red indicates high EEG variability; blue indicates low EEG variability; yellow is
intermediate. Increased variability of slow-wave oscillations results from impaired phase locking of
these event-related oscillations in patients with schizophrenia. Note that this study also provided
evidence of increased 40 Hz gamma-band variability (noise) in patients with schizophrenia. b | An
analogous increase in the variability (red colouring) of the blood- oxygen-level-dependent (BOLD)
response is observed during a visual choice-reaction task in a contrast analysis of patients with

schizophrenia (n = 12) and healthy control subjects (n = 16)127. Prefrontal noise is modulated by
synaptic dopamine modulation (by the catechol-O-methyltransferase (COMT) genotype), as measured
by electrophysiology and functional MRI.

SRIEF (optogenetics )
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http://bsd.neuroinf.jp/wiki/%E3%83%A9%E3%83%83%E3%83%88
http://bsd.neuroinf.jp/wiki/%E3%83%9E%E3%82%A6%E3%82%B9
http://bsd.neuroinf.jp/wiki/%E3%82%BC%E3%83%96%E3%83%A9%E3%83%95%E3%82%A3%E3%83%83%E3%82%B7%E3%83%A5
http://bsd.neuroinf.jp/wiki/%E3%82%B7%E3%83%A7%E3%82%A6%E3%82%B8%E3%83%A7%E3%82%A6%E3%83%90%E3%82%A8
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http://bsd.neuroinf.jp/w/index.php?title=%E8%84%B1%E6%84%9F%E4%BD%9C&action=edit&redlink=1
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Brainbow toolbox Cai et al. 2013

Summary
In the transgenic multicolor labeling strategy called ‘Brainbow’, Cre-/oxP recombination is used to
create a stochastic choice of expression among fluorescent proteins, resulting in the indelible
marking of mouse neurons with multiple distinct colors. This method has been adapted to non-
neuronal cells in mice and to neurons in fish and flies, but its full potential has yet to be realized in
the mouse brain. Here we present several lines of mice that overcome limitations of the initial lines,
and we report an adaptation of the method for use in adeno-associated viral vectors. We also provide
technical advice about how best to image Brainbow-expressing tissue.

The discovery that recombinant jellyfish GFP fluoresces when expressed in heterologous cells1 has
led to a vast array of powerful methods for marking and manipulating cells, subcellular com-
partments and molecules. The discovery or design of numerous spectral variants2—13 (fluorescent
proteins collectively called XFPs; ref. 14) expanded the scope of the ‘GFP revolution’ by enabling
discrimination of nearby cells or processes labeled with contrasting colors. At least for the nervous
system, however, two or three colors are far too few because each axon or dendrite approaches
hundreds or thousands of other processes in the crowded neuropil of the brain.

Several years ago, we developed a transgenic strategy called Brainbow 15 that addresses this problem
by marking neurons with many different colors. In this method, three or four XFPs are incorporated
into a transgene, and the Cre-loxP recombination system16 is used to make a stochastic ‘choice’ of a
single XFP to be expressed from the cassette. Because multiple cassettes are integrated at a single
genomic site, and the choice within each cassette is made independently, combinatorial expression
can endow individual neurons with 1 of ~100 colors, providing nearby neurons with distinct spectral
identities.

If Cre recombinase is expressed transiently, descendants of the initially marked cell inherit the
color of their progenitor. Accordingly, the Brainbow method has been adapted for use in lineage
analysis in non-neural tissues of mice17-21. In addition, it has been adapted for analyses of neuronal
connectivity, cell migration and lineage in fish22,23 and flies24,25. In contrast, the method has been
little used in the mouse nervous system26. We believe that the main reasons for this are limitations
of the initial set of Brainbow transgenic mice. These include suboptimal fluorescence intensity,
failure to fill all axonal and dendritic processes, and disproportionate expression of the ‘default’ (that
is, nonrecombined) XFP in the transgene. We have now addressed several of these limitations, and
we present here a new set of Brainbow reagents. In addition, we provide guidelines for imaging
Brainbow-expressing tissue.
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Improved tools for the Brainbow toolbox
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Cerebellum from a Brainbow 3.2 (line 7) CAGGS-CreER mouse showing granule native fluorescence in red, pink, yellow, green,
cyan, blue and brown. P, parallel fibers in molecular layer. Purkinje cell bodies, which are unlabeled, are outlined.
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2T, Fiz, Kbk mET 25> 2 THEREKEZ LS EEZObND. 22T
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DOPAMINERGIC CONTROL OF WORKING MEMORY AND ITS RELEVANCE
TO SCHIZOPHRENIA: A CIRCUIT DYNAMICS PERSPECTIVE

S. TANAKA Neuroscience 139 (2006) 153-171

Abstract—This article argues how dopamine controls working memory and how the dysregulation of
the dopaminergic system is related to schizophrenia. In the dorsolateral prefrontal cortex, which is
the principal part of the working memory system, recurrent excitation is subtly balanced with
intracortical inhibition. A potent controller of the dorsolateral prefrontal cortical circuit is the
mesocortical dopaminergi ¢ system. To understand the characteristics of the dopaminergic control of
working memory, the stability of the circuit dynamics under the influence of dopamine has been
studied. Recent computational studies suggest that the hyperdopaminergic state is usually stable but
the hypodopaminergic state tends to be unstable. The stability also depends on the efficacy of the
glutamatergic transmission in the corticomesencephalic projections to dopamine neurons. When this
cortical feedback is hypoglutamatergic, the circuit of the dorsolateral prefrontal cortex tends to be
unstable, such that a slight increase in dopamine releasability causes a catastrophic jump of the
dorsolateral prefrontal cortex activity from a low to a high level. This may account for the seemingly
paradoxical overactivation of the dorsolateral prefrontal cortex observed in chizophrenic patients.
Given that dopamine transmission is bnormal in the brains of patients with schizophrenia and
working memory deficit is a core dysfunction in schizophrenia, the concept of circuit stability would
be useful not only for understanding the mechanisms of working memory processing but for
developing therapeutic strategies to enhance cognitive functions in schizophrenia.
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Dopamin DA, Serotonin 5-HT, Noradrenalin NA

Rhythms in life
# HBHAEYZXLA
Circadian-rhythm, Bio-rhythm,
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FANSFE S T D3R, SR E W o To MR EE D Z BN S IEEV DO A HIMEN M L 70> T
HELDHDOTHD, HER BIZAEGFT24EMIX, HEROBERIZ LS 1 HOBE#M v D 8
BREICS B E4L, ZORER, K24 REEJEHI O o 7 2 NTE L L, (KNICZ DREfHI%E
IRESRE 2 PHFE LT,

KRS ARNICHFEET M7 0 77 AM2ix, MEROBERIZE 2 1 BOFEEE (h—7D
7 4 7 ¥, circadian) | OTFIC L DA OFEMM: (—B F A X)L, circatidal) . A D
HRIFIZED 1 5 A0 (—hvF—/u, circalunal) . KGO ANERIZ L B8 1 EDHF
Wt (b —HB 7 == 7 )V, circannual) 3H 5, EMOEMIIINOLDOFHEREICZI L I
TAHHIZE->TWS, B Y RLNZED—DT, ZDOHEMKY X L(biorhythm) s RS 72 & D

134



FAICE D TR0 70 IR INTICZEDOEE T Y —T (free-running, F HfE
)95 &, BRORFRIOFIZTN T, 1 HOU XL 24K +o (T /VT7 7=4—5) L7725
ZEBmoENnNTWS, =7 47 U X L(circadian thythm, #£H U X &, HANESE) & 1T
X (circa) 1 H(dies) DV AL LW EWHRTH D, bitbild, LRREREDRED L 7
FLERNT, HHEOXLEZEELTNSDTH S,

ARBFETOE N & BE
DY ALDFRE (VR b—F—) [ZEARFEFE Wioir, WFLE CIXRIIK O RTEIR
T, HARXOEMIZE = MEL AL CTHEAET D )t EE, #H3 X B (supra-
chiasmatic nucleus, SCN )N ZNTH 5, L<IZT7 v P THELIHNGNTWS A, SCN &
AT T R & A~ MESMAREIZ 1L VIP(vasoactive intestinal polypeptide., L& {EE) 5
BARTF RHIKS, BENEERICIE AVP(RY 7 Ly NI RE L T b, s
RaDFEBFERN S, 2 b 2FEHOMA TR 2 DR EHEREIC L VBB S TR Y . IRENE
AN DB D 2 DDR— A A —J1—H SCN WIZTENFRFRIICFET H L EZ LN TWD, &
LT, AR OD v 7Y o 72X - T, U RLARHEE SN DO THRKRFEIRFELZ SCN
FFR > TWd, LanL, U XLFIRIE 2 OME L)L TIE#R (cell autonomous) L TV D,
ATIFRE L TIE, MRECI/MUBRIRIR (7272 LI2F X NPY & HHIZR) 2>5 SCN D& 7MAlES
e B OFER A BRE S, 1R E LTI, VIPZE ALY RALES0Y SCN b =5
T#% (subparaventricular zone, SPV/SPZ)|Zf5i> V) . & Z b | (PVN) 78 NI
(DMN) [ZARESHL, S B2 BAHPRCR RN WSR & & TR R ET R B o 2 I AL &
EMAE LT, ATEN Y RARAER Y AL E R B2 TW\WD (24,2581, &) |
F7-. SCN ZHAIMEICHEES 2 L 20U XARER L, & ZITH721C SCN IR AAHik 2 &
T2 E, RERRNL Y XLTEET S (Sawaki et al,, 1984; JIIFT & “A& R, 1985) .
FNERWZ IO DERFERND SCNBY =T 47U XLADOERGFH, &2V
Fyv ==L TS, #igk oAy (%7, vavyauz, 77
T Ty MR ETHIEENTWD) 1, R 24RO B Y XA TIREI L T\ 5, Y—h
T4 7 U XALOENEREHT, BAOBRMNZ T TnTh, ko BEEEH (24 I
ff]) IZ[FFR (entrainment) 5 Z &N TE 3,

) ALEEF

=T 4TV RLOREBEICEETIEB T a v ya U TRILIN
period(Per) & 451} 541 [Bargiello et al.,1984] . D%k =Y hJ_ <~ U AR EIZBNT
% Per & il O ELSN O BAR T DAFAEN B 52N S 47z [Young et al., 1985], ~ 7 AR
F 17— 7 (mPerl), EFT%D~7m%m%$%éﬂﬁﬂaam1%Doﬁﬁﬁﬁﬁ—ﬁ
T 4T U RADOIEBUMIE IR Z /X7 'E & LT PER O IE M TIM(Timeless), dCLK
MGWMCWKMMJBHmmeﬂﬁk#HEéﬂTW5DmmJ%%Oﬁﬁ\ﬁ%%
RiE{s 1 (Perl, Per2) @ 95 5, mPerl DIRBIZHOWTCITMHANEALTE Y . £z L.
CLOCK/BMAL1 O ~7 a X A ~—N, ZDBET D7 7E—%—>0 E-Box(CACGTG)IZ#%
AL, BENMEESH, 2NN PER, TIM, CRY REOEHEEZNTLIXRATT 47 -
TA4—= Ry ZICXVEEMHINEZ 5, 2ok oic, WILBEICK T D AEWEE ORI
BIET & %%%;waiﬁﬁﬁnﬂ@hfwéo#L<i%£(ﬂﬁ 2001) =M
Sy, HIERD BERPAHRIZ K2 KGO Y XA T2 0B EB O 22T T
%, HUERK EoAYIXEAIRAY T b MRNICIER T 2 WERH A G b S o TRS (3
A7) BEL, VALEREDLOTHILENTED,
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r{o&3t%]

R 2 FET 2 VO S, 7o & XX L DOKRDOEDORICA LD L 52, 4t
ﬁﬁﬁﬁ@)fbﬁ&<&ot*#Tf%ﬁ NT 4T VRN ERT, LA T
W2 o 7236 D B | XM AR IR T ¥ A8 % (retino-hypothalamic tract) & 18 > TN IR N EEGET &
LCURADY =R b —H—T D SCNIZEDHIL, T AW OEHITEE I OF#
LA ST EFHAEAPRREIRR R TR BRI B A DD, BETIIRREN O BB RS
zlf. 22U ALNCEGRT D, B S HNMT SCN A FAR/FA AR (pineal gland) (3K
Kt LT U XA Lo s, MERITIA S R—AT7ID—2Thodtr F=
YORMENTHDAT b=V « RVEEGWT HNDWIREE L TEET, SCNIZX
VIP, AVP Dftt, Y~ hAXF > =757 V) Ui EEHOMRNTF RBFEL T
by ZOXEITHICHETHMENLDFEHRITA T b= L) iEMEFRICERIh, 2T
N =R 0 BRI X T, Al S vz (25 #i) MEARLEY (LHRH 72 E) OIE#E)
ZHEL T D

# HEIRLREED Y XA Sleep-awake rhythm, Schlaf und Erwachen, Rhysmus

[RIREEIR | Mo MR ~DHRE - #E—KNREDFK:E

WHY XL (=BT 47U RN, AU L) OMISHEE, AR, FEE, fEER7
CHEENIZLAMENIZ LA BEMEENEET S, 2L TEOa L Fr— L FIZhdHAE
ERNOY AL L AFET H, T2 T, Bk LBEEDH 2 Y XL ThH 5 MER - FEE
URXLERY BFCTHRD, 1@@%@#$WJXA%%% %@%Afhéﬁﬁbﬂﬁ
UXLEAH L, ﬁﬁ#@%ﬁkmﬁﬁp HMb L., EEDEFE LD 5o, FAEARR D
BCHDOMEEFRIERSREZRE T 2EERNY LD X —RNRETDHE D &é&\
ZOIEBOT RN X —EIKREbDERD, L, %< OmEHEEY-CEIRM: % M
LCWRWEIREW), 720 RIMETEEDOFREL TW WA, WAEO L~ LoIRY
IR THAGHER ] (T E-> T, M ERERE ERTE D L5 BBz E LTIV
Wy BIENIHEER U X ARSI R T, MERTEEY XA XD HIXD 00T H 0,

FEEBAICRTH, b FOMEIRO Y > S MERICZ L, SRR b7 24
PEREIR (WD HHR - TV B4R R OYRAE )ﬁ% B PERERR (1 756% 28 X R H BEAR 23 FF
BT 72 0 . 45REICIT H PRERIZFE 2S00 . 6— 10 20T TR E] D A D RER & 72
%) L LT, EMICKRDICLER > THRAESND, £ L TEEMICIIZ OMENFEAT
ZFAPEREAR O 23 E D,

BEAR I A RIE B OFZ IR TlE 72 <, DT DITHAED, REBIRY 72, AERBLTE 70 4 B EE
%ﬁofwéoi%@@m_ohf%ébt %MW%@%(;% AW, RE E D
HALER) 17729 X KRIMBEEICH L<fiib- 7=, BAMIZHR L IKET S &0 ) ke
Thbd, ZDXHz, #LHAICH T, MERIZATET (328i) TH7=X oI ®MW®$%
REEHIZ iofi%éhéfﬁ HT 4T VAL & QKBMLE @ﬁﬁﬁﬁ@t
YL XD HEIR O & & BT iofi%éhéT?%ﬁx5/XJ&ﬂ%ﬁofwéo%
LT, ZHUDIEREMRIF IS X OREZIEIRAFIE & v o . “HOBEEIC L > T4l s
TW5,
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B MA—1—O0>DEREH)

DIVOIVUTEEEZ E DO ESKANEENE, 5L <IX, MNOER O =2 —1  OEQE
B K0 A U MBS EM OES Th DM 2508k 5 Z LI L o> TIROIFERRIER 1D
ZLEWTED, R, BFOK L -IUIKHE L TOIEEI DX R [X 4 912k 5D K
omﬁﬁﬁéwgf%éo@%mmmm&f X, BHORED LB 0.5—30Hz O#LBHO
JEAIECT, 5—300pV(~A 7 BRI MEREDOEBELEOEE 2 A5, M EOWRIEE OE K
IZ &> T, B (13Hz<), ai(8—13Hz), 0 (4—8Hz), &I (4Hz>) & MEITHL, B &R, 0
W - S AR L VN,

(X4 9)
EMEIR R OFE 2 O BRI I DMK AT 2K,

HEE. RFIER (/ U LKEIR) . HEREER (L LHEEER)

EickieoZ b, $Rbb R MEROZEDO FEE (BME0) . @ REMER (/v
VA@E NREM or Non-REM, B[ 1—1V) | (DL&@%(VA@ﬁ REM) @ 3 #iod
UXLIHT T, e RY 777 ki, EEOZ bz ot L TR Z &N
f%é(l49) fEFEZR RN TlE., 2 v U AREIR & U AREIRASZHIZE DI, MESD
HT90—100 oA 7 (JA#) 2b-oTHVIKL, ~&KOMERZERL TWD, =
DOFHG R IR 2 # 2 BARMED ) AT — R —hF 4 7 U AACEBFLTWD
gt Azé# BEDOIEIREMLNEAE L2 b O TH D, oS0 HEThuE, 24mn
HET S, WRNAHEEERE7-HHEY X2, LoEnEH GBR Y XL) 24EMIC
FFo-MEIRTEEEY XA LI TH D, L AMERKC, S2ERREGERSC PGO A /31 7
(JE : 2l BZEEIN BB T, M%M%WW®WE B RS RIS L &
h ZTOHE (FH) SKIMEE ORI R L7 %IC, R E-CHE R 5 N A AR BR
IR LT E N EE ST, ?@W@ﬁ)$%ﬁkéhé&éhfb\ % [Hobson and McCatrley,
1977], / > U AHEIR & U AREIR &0k U7 BEIRTERE 2 2 TV 2 SEFHEE Tl 21
ENDRRI2 DEE 25 LTS, W OWEIIHEMEN T, /> b AMEIRIT M E
ZHEFHL L CEOMEEARIE S, U AREIRIZZOMREEZ IS bsE 5, 2B, MERTEE
FRETD A B = X ZB LT, iR L O OMEABIRICS 2 —SOERH 5, #i
FITREIRYE IS &S, %A HOWTIE, /v U AREIRO FRII AN, &, EHEIC
U A HERR O AR AN & < ISR T & RIS EIC R H D . Lt Z D% 4 O
DNFEER X & A B AR A 2 L T D E B X BTN D

] AUEAREKES)(rapid eye movement, REM) 3 HEAR FH D 8¢ 5 IRF I FEIRERT I Wnfc 1Y« BEFE
PICEZ D, 2BV ARERTH Y . HIROFH IR L, kM - B - ER SO
AR RE S A BANCE T 5, T70bb, TERICIZER TH 2 D12, M OIRY 1%
KO bALI, [EEAL] DORBISEVIREIZH D, VAH%HEEP A Bl
NHHEGE LT, MIEMEIRIE L (BFEE{L, desynchronization) L. HUE /0% Es
IZEREEN L <IKF L(atonia), M OMEgsOEIENA LD, ZOR, & b TRATMIML
AR THL e HBEEZEPN, 2V MBI =2 —m 25T, $H. 38 fi).
VR BEIR d K ORI ARR Bl 72 & TR S 23 0L L [Maquet et al., 1996]. & & (ZEREB/N
B2 L LTiE, f(Pons) — MR /AR (Geniculate body) — 1% BHEE f2 & (Occipital cortx) T
EHICRONDMEE (PGO ANA 7)) BHIDOT L, ZOL52T &b, L ARERT
[T 2 ERISE OIIECE O HBLO R R 2 STV D
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W] MEIR & FUIE (zif-268 EHin )

HEAR DFEREIC DWW T h . BEMRRSSNDWR R E O S IRBEHE & OB E ML, EIRIX
AR ORLEREESHGE — i LB EESE2 L5 bﬂf%tmwwnwn3n
DX oIz LT, MERFICHRGEESEEL S, B ENBEIND DA S h,
Z L TCEDOR, REEFRFIC AN SN EHRAERIRL CEHEL, BEOHBREITR), &
W, VA bk, 7y FERAWT, RERFICHES TR LTP) 2K - S 7%, fit
WTCIE Z 25 U AREIR £ TORNT 2if-268 EinT DOFBLNEF /MRS 25 B0 R ICER
HHENDHZ E, EBHITKRDVAERTE Y — R~ EH#ITT D125 T, TOEMEILESH
2 R BB R B IR TIRYERGE B, BN EP~ & BB T 5 2 & A7 L7 [Ribeiro et al.,
2002], MIRBUEREDOBEDO I N T L« VT T IVREIZ L DV 7T AEICKIE L TR
BT O —EMEID 2i-268 BB THEBNFEINDIZ LaB2H L, 6O Z O
WP DFRE~ BN S, BESND &) RHREB(LORRED 51 A D
ZANIZONWTOAWRRBE 5250 ThHhD, Fiz, HEREEEE OREEIC OV T,
RRERIKAFHI 2 A SO LB (BEtE) S ARIMEIR OFEE L DFRE > E MY Fr & 3 5 bf
ZEbEA TS Z & & fFEE L TE < [Miyamoto et al., 20031,

N7 07 DEERZS

ERO U AAMZEZTEDLIITEENDLIDTHA 5?2 HWITIEEIRRCIE [EE] L
TRV, FEFEHEHCT TMER) SFESIREEIC/AR D, Z0 XK 9 RREE L HEIRDIREEEZ S Y
2R A IR IR D & I H A DTEA S 2 Enn [HERTAK ] 12OV T D%
MBI TS, L LoNT a7 K VUERMEE 2 RSB O IR B 7. JRTER)
72K CORMEIR PR ITFEE L2y, BEIRIZHGH TR RS DA & 5 W I I Bk & &
LR BRORBLIZ L > T ERZEND, £ L THIT, BRI L MEESWZEEE D T 0
RO & B U fE R, MR IR A oFEEmE —Z 2N (F 7212
1E) EWvWo—  BNRMEAEEERICOA IR UM LA TR T, 5 LI KM
T’ﬂLTFAE i OGRS DB E ) N D EBE T, £ LTI oMK
BHo WTHHRELBET S, 29825 ZOEROREIZY XLADERRCLEE I
Uoff%iéi@ CEERLL (BEE) oZBOMBEE OBENEE L LD Lo
T D LI bn s,

REMNBEEHET
DR Z IEH & > THRY EIF 5 2 LIFES R Z L TIEHRY, 22 TH-o TV S HIER
XIS T D ERCTOEMIL, ML~ L OEEHAEDL S TREE] LXLVDOFETHLN, &
RO TACEM.] OL27eL~ichd e, MEsiEcE28 (=& N 2k
MANZFTAE LTS My 2kt 3 25 TH) T3k oFE#kds XL OEE &V 9 &b g 2
DEEH, BIEEERE, & ICHEERTET AR E S BAET2HREOMEE D, ZD 250
VoL DRITALE T 5 Bk ORI ITIA < . RAKLRR D B KIHT R B E D Mt REIS Eh o
FEY) & L CORBMIEEZ X 2 T\Wb, T7obbiEE, A, BEhe el st Tndb
WL Z AUTSR D D DT 2 AR A Z IR Y | IO =2 —r 2« Xy K
U— 7 NEE LS, ZOBEORRE L TN EMROREN I S22
(1996) IFEFIZ SN T, ARWAKEEN S myKIEDNAIC, © ML 70 2 EWRIER (REE,
arousal or vigilance) . @ HRE L _XALroHMRE «- EBHHEHR (T V2T XA
awareness) . @ ER72HCE#, (self consciousness, HCIZMM D BRI 725K, U
J1— 3 T E#Ek . recursive consciousness ) D 3 ODEEICAITTWVWS, TNETEE
L CTHER, BRREMNRICAFETERZELMA TEILERO L-LE, @ OEEICEN
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THREETE) (GESH) BFEEPROWRED, OF 5 QOEEFEICHY L, Ziuid TR
&) VY7, 1973, OF _ERET v v 7| Rk, 4781, ) 6 L O GEEHEF £ TR
EERT R LEE L TCHAL TS LDICHET 5, SHic, QHECEM®ERD L.
BE LAV O - BisEICR<BEE L, ZniS Loz m C TER SN D
ANHIZRERMEEOLOTh D, NEIZAROEMEZZDETEREITVDHMOEY & 1T
Eo T, A Ex IEHNIC BARRIIEL XS TEYAZINET S, RIEEL B
THHMPCHHEZ T2, BH A BT 5, 8 LR 28 S8 T, BH0E
BARBTHLEOTES, OB EIFRENITES . AFORERZ ZI12hbb, 20
&5 7 NI ORESNY « BERRATEENT, BARICKT L CoRp b9, LITEFRET Do A
LT HND, ZOAKRSLAMIZHT D &2 T Aala=r—Talbt3bildb
DTHY, ZOWMKIIAMERE OBZRTHMEINIRET LD THD, EMROBEIIME
% XELT DIERIMEIC S < AEWFEROM RIS 2 T, BMEFZORELEOREE L L CHLEE
T =< ThHY, FRICHT D RMIE, e s HRBEZRES> TW AN L > THES N
LSRR, RIS E L E ATV D,

Ia/EPITL—T—DHIRER

7\ 7 LS OREIRFRH & LT, 1916-17 2R I — 1w 2 NTHRAT L 72 RB AR PE 2 B
DPFRCHRE D AR REZ I IE T L2 BFH D7 & OJRBFESI A b &l LA —A R
TONBE, 74> a3 /) FOEEHITHENTED, bbb, =a/ElL,

TREAR & RO PRI Z N ENRIR TE ORI & %EBicdH 51 &5 272 [Economo ,
1928], MIHHXD (EEID) NT AP T H72012, (R MEIR & 7HREA A A HEL
HbTHEVHIFT, Wbwd TEROFHEH] OWiETH L, £lo, L F—DT L —
~—I R T OO TR SEER — FiN L~ L COIr U 72 _EAZBERTAN  (cerveau isolé) & MERE T
82O U 7= TOLBEWTAN (encéphale isolé) — & AT 72\, AT OHIFELA 1 3 Wrie L 7= 7ij=E
REETIE, MEARICUTWRIEEAL ORNEE 2380 728, ZHUIxt LT, RS OREN £72
ZT AN LN DL HBFEOIRETIL, MERE REOME (L2587 L LT, M3 ER & 5%
BEDZEAGIZ L > THETH D &fam-21F 72[Bremer, 1935],

ELYV4—EIT -V DNBEREARER

TD%, BNV =L~ T —0F, MO L O LUV ORI, & < IZHIMEERA A
FIP (REEROCZSIEEZT) L, HDOWITE (ERAEMELZSISEZT) 72 FEREHE
HERTAER, T OB Z EATMH E 72 3R ER 4RI 7% % (ascending or brainstem reticular
activating system) Dt & L CelfE L 72 [Moruzzi and Magoun, 1949] , & = C. % E1T79 5
ARG IR OMEE 28> T, MDD OFE A4 ORI RPMERBITED Y . S BICHK
DRI X OIEHR R Z B 0IERFRE 2 LT, KIMEE 2 JRUCIRTE T2 & v 9 |
JEFEHIIC K D REERN R 23 L7z,

I BFHAARIA A FLARRG

MR A I IERE . K. IO FLES, RERIMERR RIS =2 — 1 U TR S
TV DT, MR R OMEL 2 Vi, LERIRES R %2 I LTl B I IAIIIC D
TeoTA VNV AZEIRET H L L HIT, FRMRIEREZ I L%k, K TFEICE A 3
LA KEESTUND P Magoun H D FEER Y 1%, MEEZHIKT S L. ZOHMICLY S
FIERAPNVAMGZEET S22 EEZIEHL TS, A MLVAKIGH, BHiREEREL
T AR DORIPRIC L > TR Z A FFIL, A ML RLEDOKD L ARHRED H
FEVREL TWRWEMWNCOAET S Z & BERBEMIZIIHAE L RFICENDFET D
ZELEELAET D,
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HLEEDZDOZ L, FERENRA ML AMBEO L AZE ST EERTHLZ L2 E
W42 60T,

MNZEBW TR EEICHE LB RE X, B WS (LR, ISR 2
2> TWVHA ML RO L AE5E{E L, BEETH&EZ - L Tn5,

ARNVADEWREZDWEDTZDD I ZAEMD L BER_T=08, 2 BENND
ARV AFTEROIBEZRICERILTEBZ 9,

DODANEIFZAFLZALEDOBRNTH LN, A RLZADORNIIE., AHDHVIFTEROLE ST
PRETEZD2LDOR®D D, TORRKOLDITHSETHD, MBI, BEEREDEEA ML X
T ) —OHERITED A m ARy Mbe, W b7 ED R b L A ZAD 72T D5 T 0ME
NEEMIZE >THETH D,

®X%vz%%<¢étw®1%ﬁﬁgf%éo%@t@@éi@i&ﬁ%ﬁ%<@k
IZE o> TENMN, GBONTVEN, NIHEDICHE LI 2R ATRETH D,

@L»L, b KRYZRZ i, XFVXW%L@L@WT ANV ADOBEWREZFEL .
ZRSE BT 2 THD, NMIFA NV AEBRBET L7200 Z 2 A LMD L ANAE
FNOEERDLOTWEINLTHD,

CaJINE/ T UERES

LML, OB ZOHRTIZHHETSZ LD TE RV REM BEIRAE R SN A KA T,
T T I ANEEENMERE R e —m O E I SN EOERE L LI, 7T A
DY 2T 2 llk o T MHAEERIZEe b= (5 HT) {fEEitt=o—n o offix ¢, iR
BROWEMERIZ 2 v 7 R U > (NA) fFEitE=a—n X ic ks v MERE
7T 2 AR ST [Jouvet , 1967, 1969, 1972] . RV A5 TE TV DL TlEd 508,
AR R Z AT L, KIMARIESE5 Y AT 4L LTIE, b 2% (5 HT & NA) I2
INZ T, 1990 4EEMNHER Sz 2 U U (Ach)EEIMESC E A & 2 U (HAWEEME S % & 11
HHZ ANR TR B2 < 2o e MU EFL 1999 5 FIG., 2004 O #Rw A 2],

VaTxOF T I UBITHGEE LM G E 9 £ &V Z AN S DO TIX
HHEN, Ty FEHOWTINLDEKE =2 — 0 U NE TN AMECHE I 2 BEXAN LT
# NREM HE[R° REM BEIR (I L b EZ 59, 2T THMICHAT L2 Z 81X Tahk
W, B Y XLACHEIR - HELY X AOIFEIN, 20K D ik s IT TR 2L
THHEMRIZIRFUCAER L, UK T3 — TERARICHIXEEZ © DN OWIEENZ S Y X A%
EELDLEEZXLND,

ZOXDITHUR TEIE, AEEREREHE LOOMER « REORED AL v F L 7 E21T72
IGmELTHEASN TS, T2bb, BURTEHATTICSH S THEIRFX] & L ToEsMil
PR ATEF (VLPO) FHRRAZHE & SR TR &L 0 diplc Wiz 2 TREER] & LToE
TIVHR (AT RUFT U U HoOBHEEIE, o b= Mol ”‘n“ﬂ% EAZ IV
PEDOFEEIFLIAEZ) . & HITIIHURHIIN AR E 2/t L CRIM IR O REREZ 2> b r—
L TWAD, 2 R [ HE#EEEE (pedunculopontine tegmental nucleus, PPT or PPN) 35 L OVt
WAIHY Z5#% ( laterodorsal tegmental nucleus, LDT or LDN) & 0% 72, AR/ EE O i R AX O [
WX EMSHHIE DR BES 23 5305 2 & 3 572 E 4L [Saper et al.,2001] CHEARFL I
L LTS,

BRI S EBREFT IR DA EE
Va2 U@l AERORBICEI T 2 MR O (FEOfE [Jouvet, 1967] X 0 38 44 DEL
16, BER & RERICE T 2R OMIEIIRE S BB L CWENR, ARB7TuaAX /7w

140



UL TT )V, MRRART T REGURERDESCA LT UM R, B AX I UMK
DX D RFEEEPHOIEMALICOWN T, & BT 4 ORER « FEEO T T /L0 O HRE 72

EMFENREA TS, L bR BN DRI & MEIROFBEELZ & 72 b 9 i~
RALNDMIRIEENZ L > T, b FTIHEBICIR> THHFIZRET D2 EWHAE U X A0
AR END, ZOMERTEO Y XA Eebius e, U X AMERREE ., 2 AMEEIR
s, FEIMEGE RS (5 OREE) 2 EOIERABEN D, ZaUuxt LT, B 2500—3000
L 7 ADIEHEK 2 B LT, B LW CHEEE ORI LS 7 F &S TE
WD LW TEBESSRE] MEirSh s (D, 2001)

BEORENH 2D & 2 ATIE, NREM BEAR, REM [EIR, REEDZ N ENDIREEZ HEL
SHLOIZHLIEEZ R L TN H Y . 26 OB DOIEEN D/ NT X
I2E» T, MEIRSEEE, REM MERGNREM MERZAZHIZAEL D &SR TW5, BEERICI
D7 2 v = a—u IR KOTEE 2R L, KxHZ REM BEIRFFIZ 137 2 R IXIEE) &
BikL, a2V RFEFTERE, TEFALaY L AT RLFU L, B b= b
AH I T EOMBRMBEDE N EE B EZH LD E NI DTH D,

BB, FAICLTEBRBENANLTH DN, Z OB DO FEEI 6 LT RMAZE .,
& < TR E B) B [Kuypers, 1958 ; Kuypers and Lawrence, 1967], /M & < ICETEEE
[Walberg et al., 1962], 3 X 'L E[Kawamura et al., 1974]7 5 ISP &F 3 7 ST
Do PEo T, WMERIZH HREE - MEIROWM 2R T 2@ X 13, RIEREHRE DO RINZE
FCOMEEROIEENEGF L TE D, 2D OBEMERMREIE N LD VAT AR5 L
TV EEZXTEPRERLRW, LT, UEBERLEZEZNALORENEE 25600
SR L DX TR L THE— RIS T B ZEMIEENC 72 & 720,

#REEE BA
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Cerebral cortex

DA, 5-HT,ACh

Cortex
\ -HT
( aphe
Th,Hypoth
o )
Bg iy \
Limbic
(Hippo, Amy)
\ C Tectum
AC sSC Cerebell
PPN
T8 5

DA: Dopamine, 5-HT: Serotonin, Ach: Acetylcholine, Glu: Z /L% I g,
GABA: F v/ Acc:fllAf%, Amy: JRPEIR, Bg: KRAMELECEZ. Cx: KWMECHE.,

Hippo: ¥, Hypoth: #K T8, PPN: Mf&#EZ54%, Raphe: #&#Rt%, SC: k.
Sept: FFEAZ, SN: . Subth: UK FEZ, Th: IR, VTA: JEMIHEES

#1 HICHEIAI—2—OVEHLEAIO=Z2—0OVE (F—/KRI2R)

WILEOMEITIZ ) VT RLF Uy, R=nR3v, kr h=rR DT/ T IV G
EME LT = — a0 U NEAELETH, IO IIHFBEEICESES LTV EYT (¥
21) . PRCIE., BEBUER (A9MIARRE. SN) L EMIHEETF (A10MIAREE, VTA) 272
CEAMDR—=RIv=a—a RN FELET, BEIEAIIZ A9 & AL0 ITIZBRZEVDRH
F7, B, F="IVOEHATH H%EMAKE LTIE, DI family (D1, D5) & D2 family
(D2, D3, DA)IZ KBS TWET (b, BH) |

A9 = o —n UNEFFAFHSCE B OEAICEFRT D E ST, MHIEGE ORI
WCHUEIZ SO LETA, ELe U THMBREER~ENZ LET (OREREBER) . 2
L TAI0 R— 33 = o — 1 VIR SR T H 2 A -SPRURE BT B4 LT E 37238
(O RDBEEER) « T DN, RHATLEE, BISERTE, #9RI1E72 & ORKMERIC b
IS BHBH O . FHarse b O ORI T 2 PRBER, BRI b D EBE X B
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£, B, BRSHHERLE LT, MIFEHERENLTO F— 33 VIEHOMLGIC L 2ED8 0
S5, OORTEIVET, QDR TEHZREICEZ 2L EDNTEY £9, EARAENE
ABNELEIN?

# 2 {##%(accumbens)IZ DL\ T

M AAEZ IS E (BT O HPiflkEZ) & IITIEMFR SRR A TR L TR Y | BRI x4
LG EATENCE D D LM EEZ SO TEY 9, £ L THEEL, IO
(core) EMEWNMIDZHRES (shell) T HivE T, BHERBEGREGREAET &, core [T
(ZBEE U 72 B oA TEEENC B E N R < RS RISEWERE L b o TWET, i,
shell X H R RN W R OIFHRZ FTALINE O EE) R LALORMEEIZIE 2 D
interface A HIZFf > TH YV £ LT, WEOF L, AR, 55t &KE (extended
amygdala) & HEEEFIICAE MO W TWTIFEN & SRV BIEMER H Y £ 97, 7235, shell i F—/3
SUMMEICEATEY , 4B R— I UZAER (D4R) ORWEELNRD HLET,
MAEZEA~X, BT, BEMRR, NOWE»60 4 (7F) o) fliEEzEx 5.
TALRMERPHR FER D XA L7 b WA H Y, iz, S F X F 7RSS KM
RE. B, RIKMEE CTRIEL-KIC, 22 CTRhAL»0 T EZT-) obidimbo
TLD ML V7 b OAIRHY £3, T, BEUES GO WS Z28&m L
T, 72, RKIEOIEEIMAEE « P SRS ERE T 2 EEEA IR H S TWY
EJ e

MBI AT SIS R— 32 OB HIEE D ORI E 721 E SRS CCTHilgE (= b
2—/L) SPTWET, TOBBEITEHENIZ, &2 WIXMENICEAEEERO 7 L2 I v
FefEEhE = 2 — 1 &2 U CRUR TS0 FALIMER IR 2 BV E T,

¥, R—=RI R, ERROOQBERSEMERE, @QHPIGERBREE R OIENITZREE,
TR T = JE PR & i hadz & U CIEH R, TR~ T 2 @WK T T EAR A
HBNTWET,

#3 TR RZDRIZDONT

fMER D IEHFERIC & 5 ERIZIZ DOV T,

W, M. JEREOEE GRERR) 125 DMK DS ITHERREZ & W, 2 ORI
Tt e h=rRNEEN, ML (B ICEMRERE, Rd) O=o—n1 b ORHEX
HTa—NTIFHR (K=" TRUFUY) OffEE & HIZPBIRTINR 2 E-> T
e 5 2 703 BRUR FESMAET 2 BT L, KRIMESIERZ, S OICKRIMEEICEIEL E3, il
(2. EHDEE(Cs.) &S RRERAER.A) 2 DIHES . TIRE . Rk, & L TR
(Rm.) & B (Rpa) 2> 5 ITHFRICE 0 b = U RRAENIERNTWET, "B/ AT
RLF U AR DOEMIH TH L FHE b e b= L2 ST TET,

FEAREFOMASEE ORI LT, WBENMEE e b= RO b, HEifT4.
BRETEHE OB#ELEbNTWET, Bifftn h=r=a—nm URERERH E LT MK
e N UEEREATEE STV ET,

UERTEEL YT, R= Rt b= ROERICITIER. REEE, mED
B0 AR A E IR REENC X D AERREMEE E CELIRRT AR YT 0 T
il &, FIRFCZEDONRT AP LTz & SR 2 T DICEDL 3T T 1 7724
HZEHATEY, EFNICHEBEIC S ZMT - SUEIZ S O R EEFEICEDbETE £
TR e S WEEARMEN E R I TVET,
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#4 TFEFIILaYIRIZDONT

R I D 2 U AEB ARSI DWW T 2 DR H D £,
BT, KIS D RMEE ., W5, RIS B3 2 #28K
AN I EEOR N =2 —n v EAFEONE= 2 —a U A LNI SN T

WET, RN —a I BOBIREEREZ L > FEROMAL (medium spiny
neuron) T GABA {E#htE:, 2EDHK 80% % L8, FilL HITIREERICHMEZ X > TV ET,
ME= 2 —1 21X GABA/Pv &AM, SOM/NOS &4, HLLF= Rt X
CAChEEMBENHY £4, TOHI>b0a) o= —o T RBEROMK (large
aspiny neuron) T, KD 2 %% HHO DI EHAN, MEERERIZAC hZHHB L, £
DOFFHRIC R < MOV BRI L iR 2 L TR 2 —a R 52 TBY .. T
T FLECRME ST R IER) 2 E (2B b 2 EE RN K& R EE A2 E L TR £,
MBI RAERITIT D 70 < &b RIMEE B RO 7 v 2 I VER{EEME (2 OB IR
NMDA % A 7T, BRIRZEER/ A A > DFHEICH D) Ob DL BEHKRDO R—33 1E
e (ZOZEMRILDL, D2 7 —7"T, BRI/ AL DOHBIZH D) OHDORH
DET, ZNODOANEZITTGABA EEIMEDOIGMER N =2 —n U R HK =2 —1 B
F ORISR & 2 WIZRTIMNRIE ECE O MIfaRE (=1 v D IEEEE, 7 a— b Ot
WAL E) WOl AMEEME= o — o U CTHREIRE R A2 5 2 TR £9, Zhbofl
RKea—ar BIORMEEE =2 —a X, LA KMEEICREEOH 1% 5 2
TEO, 74— Ry ZWICKIMEEOBE 261 L T ET,

BT, K5 (pons) FEIKIZ & 2 AHEEMALEE CTdH 5. G ZE% (PPN, pudunculopontine
nucleus) 7> 5
a) PATHEICHIMMGERE ~. b) TATHEICINER, /DM~ BT RN MO TWET,
BAE, RoEE (KEED) CHEHE OB & 2RI 2 25 (B M EH)
visuomotor; & 5 M4 JEE) audiomotor) FEREC U X A DIEAMAE R P12, AT LEE LT
AN - RS KOV DS ABAfR T A L WO T RGO TEY £7, TRhbbxa
TORBRTT N, MO~ 72 L-L 2 )k LT H BT OB OFT) ALY =X
L—%& —) OWREATR TR, FURTE (Z 0B JONEEOEE £ Lo THIRT
HR#31 T8, subthalamic or hypothalamic locomotor region, SLR &9 ) 225 OFIFEA K T
HEAR > BLR EZ 35 KONG5 35 6% (PPN) O B 55 12 & 2 H I 4317 BF (mesencephalic locomotor
region, MLR)W AR Z HIVD Z E N B NICR > TEY £7°,

PPND=a2—u I 7FLal) oY T AL A PR EZER, 205X
HE OB E ORI ET 2 5D & L TOREBEE (SNe)D F—/32 Ul ~D &
NIRENDHIED, K, RIMEER S S THER) STEBORIEICBEMR T 54 - it
BEN ORI ORIE = 2 — 1 v 2 5 T NWEEIRIC I 2 52 T 0 . FE -
PEER AR AEIC & » CHHEEARRE ZH L TOET,
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Motion Sensation

Cerebrum

Thalamus

ganglia

Substantia nigra

I . Motor system loop (pink, yellow)
IT. Association system Loop (blue)

IIl. Limbic system loop (green)

# RHE, BR. KiKDHER
Limbic system Kixil#&%:

Amygdala Emotion {5 ®}
Hippocampus Memory FC/&E

The amygdala participates in the evaluation of biological values of pleasant or unpleasant
feelings in the consolidation of memory by means of emotional conditioning. Furthermore, it is
well known that there are Yakovlev’s and Papez’s circuits [put references] which are concerned
with emotion and memory, respectively, involving the amygdala, temporal and frontal lobes,
cingulate gyrus and hippocampus. In the cingulate gyrus, the amount of regional cerebral blood
flow (rCBF) increases in the volitional action of monkeys in the experiment where they found a
new maneuver in order to obtain rewards (Shima and Tanji, 1998) are involved in the
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autonomic nervous system, the highest center of which is the hypothalamus. Autonomic
nervous activities comprise breathing, blood circulation, perspiration, digestion, appetite and
sexual desires. These have close correlation with emotion, activated by the limbic system.
Hormonal regulation system covering the hypothalamus, hypophysis and endocrine organs is
under the influence of the hippocampus and amygdala. Impulses of smell and taste are known
to pass into the cortical and medial nuclei (phylogenetcally old parts) of the amygdala (Norita &
Kawamura, 1980), which are also associated with emotion.

All sensory inputs, including the visceral, are involved in the autonomic nervous system,
the highest center of which is the hypothalamus. As for autonomic regulation, there are neural
projections from the paraventricular nucleus (PVN) to the dorsal nucleus of the vagus and
solitary nucleus in the brainstem, as well as humoral influence controlled by the endocrine
system. Autonomic nervous activities comprise breathing, circulation, perspiration, digestion,
appetite and sexual desires. These have close correlation with emotion, activated by the limbic
system. Hormonal regulation system covering the hypothalamus, hypophysis and endocrine
organs is under the influence of the hippocampus and amygdala. Impulses of smell and taste are
known to pass into the cortical and medial nuclei (phylogenetcally old parts) of the amygdala
(Norita & Kawamura, 1980), which are also associated with emotion. Information from the
amygdala can be transmitted to the hypothalamus via the stria terminalis and ventral pathways.

. '}

fferents to Amygdala
Kawamura & Nornita, 1980)

As a classic theory of emotional concept viewed from the phylogenetic points, “a triune brain
theory” has been proposed by MacLean (1973). He considered the hierarchy of the animal
brain as constructed by a three-layered system, consisting of the primitive reptilian brain, the
paleo-mammalian brain and the neo-mammalian brain.
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The animal with the primitive reptilian brain expresses the stereotypical behavior based on
primitive learning and memory. In reptiles and birds, the main structure of the motor system is
the basal ganglia, and the cerebral cortex is underdeveloped. The behavioral reaction of these
animals is largely determined at the level of the limbic system.

The animal with the paleo-mammalian brain, first developed in the primitive mammals, has the
seat of emotion, by which the stereotypic reactive actions are regulated and controlled
somewhat with flexibility. Under these conditions, the limbic system plays important roles in
the expression of behavior directly related to the "emotional process" (Bruce and Neary, 1995).

<€— Papez circuit
<+ Yakovlev circuit

“Triune brain theory” proposed by MacLean (1973), showing evolutional, but somewhat
mystical, hierarchy of the vertebrate brain.

A diagram showing the hierarchy of the evolving brain in the opinion tinctured with glimpse
mystical color called Trinity theory of MacLean (1973).

RO Y—2® T=H— KRR ER )
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v 7 U= i3, WBEEB IO ERE LTS BCE T 20 B%R (limbic
system) & FEON, FEIES L OB REICBE 5525 — > DER T oS ZREB L
[MacLean, 1954], i3 %72, Wigch2s HARREICEBEICHEE L TW 5 DT, 2z PlEAK
(visceral brain) & HLIEATE, 7 ) =0 DET BT HIEENREO®E X —XLFTED"
WA (EREL RES X ORHEE & AR CTh o, RIS O IR T
HAEN L THEEBIMG & BREROCERBLSED & L,

Flo, 7 UV —VIEEREWOMIZEREMYE (t=F0F%—) ZfEL, 3HNLHEKS
5D AT AE$EME L 7 [MacLean, 1973,1982], W 5D =i —{AfK (a hierarchy of three
brains in one—a triune brain) i@ & S5 6 DT, JFAAETEHIEM (protoreptilian brain) |
IHFHFLEERN (paleomammalian brain) & B FLEEAN (neomammalian brain) TH 5 (X4 1) .
JRAAME M I, e, [ K OVRIERZ L 0 720 | IHFLEINI 0 /BRICHEYS L, i
FLERIE Z S Z CEDICHEEZFf > T b, 2212, SO H IO FISH LK
DAINED &S LD 7 OER; & AN OREHH ORERL D Y FRIFEE DR RSN TN D,

[R 45 TE = #5 i

JFAATE B FEN (reptilian) (£, JRARHI 72 =B RRBIC K SW o, BT E - 7217812 H] 5,
Z LT, ZOITENIMEMRHER: & FERRFIC AN b O ThH 5, AAESCIEHIA TR, KN
HEE e OITENEIH AN & T HREICE EF 0, RKIMEEIIRBETHD, i
O OEW) DATENSSITRR EFIR TE TR S L, EORY 3R Z LA T
FEATHTHD, NTRTHICE 2, BEHRFOERRICL > TITEIT 5B TH 5,

B2 TCHIX, BREADE LTI, RO ATIOBDIFINO—EOMAN & JF AR 7230 #
MRICIEEE 2 S DA, BRTE, fih - JER, PR, R, TER e S1X, TR - Mg LT
D HHERE TR S o, BB 1 (F7213E ) ~DO TGRS 72 KM LR &
TR - IR TECRINDZELEICRDTHA D, ZITE O EEKIZL, EIROMIZFLE
7RO R EE & B AV TER TSR O EM L B 2 bl b,

|B M 2L 8 A
IHAFLFEMN (paleomammalian) [ZFFFLIEICEB W THID THRE LT, ZOMMIZIZEE O JE
Ny BT E > FBERENOM & 42, HORE, FRITHE L TWb, 1T >l
RN ERILIA T HUR & HRIR TEBBUSRBLO FEIR L > TV D, %R & HR FHEIX
ITEVRBLOBRBEM.O—2>2Th b, T7hbb, NMEEhEE] 20 bDIZESATEREL L
FEODNTWD, ZOEBOEIX, AMICA LD KL O R EREE OMO & KIELE &1
B L DD VITREFELRWVICER, A0, FF - Pz 2L b IE LZFB O
MAERRIZFR > TWD, £o, X7 a7 ORI FHICEZIX, B EFRICL DN
IHEORZRDME DL DB EF X5,
A OMERFOH THIUL, ZOREMILEWMO—BITHWEE N OIAE Lz, EhHIZ
BB DHTRE  (general cortex) MAEIKANIZIAAN Y | KA B-CMIBEEE 2 R &9 5%
HAEN O ORI T Ay ha— AR LNABE, LE52LI1275b9,

0 mEILE (A e M) 282 L) EmkoRH - FENET 2RI TE R
WA T o (7 v b)) IO ATEHATENIAE L, PRI bR L THEY |
EREBmETLVELTHVWLRATWD, T7bb, 7 v bORTETEITRNE (T
SRR LRl ka R, infralimbic and prelimbic cortex) & ZMARES (MERERL B R E L R B
SMHI, agranular insular cortex) ([Z KA E A5, FEBAE R 5K 4 BRIAOFIEARTE L /M
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L L MR BRI A 5 L 22 DTV 5. |

IR

R FLEEMN (neomammalian) (&S FLIHICE W TA LD, HiE LTZRIMO ML T
HDOPEIL, ARBEER T2 27 — VoL, SEORMIEE 217705, EEHICRD
&L ORBEE (& UTIRREP LA E) | ADIREER, RMIEEENE LI REL, 221
ITEVEBLUCRTT 2 [R8HNEARE ] N5 LT 5, ZoWET, BEOHERZFATY
NEBRRBEET, TRDLIOTHMRINTZZEDHHGE . TOMNBNRIEEIRE
IZHEZ BN TOVD EWN I FUERRWGEAICHEAE (R LEE) THKMENEZRELITT
DD, HIEE LD%RE O EEKIIE N S S R DI o TREL, & IHEEES
By - RUEHATE L0 RBCRAEIEY) (S, RKE, SURTEZETe) & ORI ORHEERE T
720 (JIIRF, 1977; Van Hoesen, 1982) | fFENfTENE Z ORI & HICHEMEIC2 D | EMIIC
BHERLDLH, LVRELIZbO LD (BH, 3081, K44, 45H)

PG DKM ESETOREIZOWTTHERT S (IR, 1977, 1993, 1999a;
R, 4781, S181 M) . LM< b FTIEHTICSER S BEL, ARES L OMEH
MoOala=r—vaFEELTEHEERLIZLICRD, DFED ., EMEEZHWEE
ENTREL 220 | BENREEZ HA L, AR TE 5L 012k d, SiEEIVDLOIE FE%R
THY ., FEDOEYFIIEE L RIRBRIE O N TV ARREE TR LIS S,
SFEIREIOIEIZOWVWTHED L &, HARLMOMEE, A< DNA R IE i 2 Mk 12
AT 52 EL7:<, DNAD FitKaEX—RA L LTED LIZHE - L Lzt oSk,
T7ebb, HALEREDHABBRIZOWTERALTEL ZERAKRUITHSL, ZDLHIT
EEEEO FE L L TCOSHEPR SN BEREE TUX, AICKAREDO KB, §72
OHANMOEHMN B D20 AL HROFHE W HIMENHR L EH5BbY A>TV DHD
MEEBZDHIENTES, THUE. MOBEOKRRETH D LRI, ZOMEF - -89
DIEETRORBOFENM THLH D, HOE (39Fi) b5, ZOXHREE - Pz
DR ELND, [FEBORM, ZEIXORBIFEVEKICKITS, 5iF (AL E LR
BYEE)) Ik AmFLDaIa=r—rar 0y, AME LTOEEDHYRT., Zh
LEMMLTEI EZAD, WhWAHKMOREL ZOEEDERT, ZOERMBICELE
MOBREETHD, ANEEZHRIZ LT & ZIZORKRNLT 5,

SHIMETNE. 22 TIRLBRICxT D REERTEF O AL L TEZERE] o [FEk
RE | ~OBE NN T, AT B EA R AR T - RARIA & O E B F 2 IR R B
B (RN Z L TC) OO XIIEREICZR> TS 0, &) |

BYIHONDBEBRRE-—HHS - FUhHRI-ERET

Z D& D ITRRINBERE & FHEVRRE T O B R TEBRICER L TR . ZO/RUD
EOBSITIINEHFT DICON TV RLBEARRH D, & MW TiEX, VX
Lo BVEY - EIEORBO LIS, FREEICEREAEEL, ELBS L, B
THZLEWAREL RV | ZDO— T TRHMADNF NS ORIEN A TH 20 A TH D
T L AEEICER SN TV O RMEEO NNy 7 7 —OR N LEE~Y v F$50H0
YL, HENCEREE L2 RMICEEZRIT TENEZELSGEML, LT 52 L8 T
58T D, ZOBR. REENROBKRE 2 (W A - ATEHRTE 25BN T AR OB RIS T S
KO NTHWT LATEN T 2, KRBT BB IIRBR IR > & D AT O . IR HEskis D~ b o T
TG 2 IRHPH 2 PATYEORE N H Y . S BT, KRIMEEE OO T B Fral &,
REREE N DO F—=/3 Rk, MR 6Ok n b= ROE 2K, & <IZHTHE
ATEF . HRREIRT 2 E~ORONEEN D 5, 23 b ORI b S 1L 5 R Y
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BIIE = a—n @ x . A RBRNRIEBICHR D, KIC 4 2@z E2mo T AR,
O DOIERA NIRRT HMAND Y AT JONBEZ2 b ANIER TE ZHMRT > TV D,
& ATRRAR MRS 20 B 72 D KIKZD &% 7> & O Fif8HATEF ~ D A J [Goldman-Rakic et al.,
1984]1%, &% - FLIE - HIK O =D DOE#RE AN TREZIEMEL L, e HWi-iEiEz
T—=F% T RAEY—=NFEITIND Z EITENL-> TN D,

ZOERMEIEE), TR D OHMERNIMOREIIL LTI BV LMD O L7
5, oF0 ., B RICA L. HEMERBRICEZ 52 T D B (IE, BhiE, 3
T ) ©FLvEy (ARVAKRAVEY, ATHA R, 7RV XTFR) ORIES
R ER e TEE) UL (<A, B8, k) 22Eo iz, FRE. &<t FOER
WZHZE LT E, BEEFTROBEGT 2EOEWEAMERE & HE RO OWIER), S HITmK
DIEHEEN T SN TS DD TH D,

L AT, AT OHEAEIT, KIKEHSR, & <ICRIEZICHEYS T 25— EZICH
HDIEAH D, B AF (A FH) 121 schooling behavior & WL B HE (7an LER) 0F
PERFH B DA, X7 F R TH R Nkx2.1 gene D53Afi, frHEDOBRGFHER Eho -5~
U ADRIERIZFH Y T2 LB S5, EKIMOFEOEIKZSEET S L. ZOETEN
TR (Bd) .

FNIDOHITES &, =TV MU LT XT3 LTSz % X 7B ERORER., KO
FEOMBEEE (=a—n8 V) ICBOFBBEICFRARIBEFZHE L TV AHEEOFEN T
H S 4L TV 5 [Balaban et al., 1988], E7-BHOMEMITIEFICEI I FEEL TWLHD,
LR A5 &, 2 — SEFRTOmNEARICTCRENS ~FIToBEL, —FCiH&LE
ZHEE S D H Mo Te I~ OB [V WABEERRE, $2bb, BEgEo
JRAATE BB - LS ] &, ) TITM SR 2 FE S B 2 H Mmoo B~ O RH
[« JFAsIC - WA Hi i~ EEH] 23 5, > T, —RITTAMA I TS K HICeh
M- SHE-ELIE & W O L O RME 2 B A THRIZOTIE VWO T, BEEWILEOM T
W& ORI AT 2561008, —BRIEHECUY BRI ETEETINERDH D &
THMBAE N Tholz, LL, FBAEFHIFIEOHMEER I X MR EWE O 5340 OAFZEN
#ATZAS R, #EEOBEMHICEHLTHHLWABIMA OGN TEY, WH < T, BHEOK
Ml = = —nw U EIRITELS T 2 BB G TR 7272 0 s KIMECE IS ST 2 HRE 2 F5 -
7. FNERIEREEEZ TN =a—a  OBEY & LTHREKD E2E T 5
CHRIND X O hoTc, Z LT, REZOHOLFHAERE (from “striatum” to
“pallium”) DOEFENTT/2 47 (Jarvis et al., 2005, &)

ATV ¥ Ok

Nottebohm (1989) & DAFFEIZ L AviX, #7 U ¥ CTid HVC (High Vocal Center, =iz %4 H
By wbivd BAL (E7213m) #REK (hyperstriatum) 72 U UBTHR SR (neostriatum) T, FkHA
OB ARG D 3 8 %3 T 528 GHIASE) | FUEDFRMNI 21T TR A
LSAEEIND (HilagE) . TERZD) OV IR HLL L, T UF
FHKEN DT 70 (FH) &Ko THBA L e S REEINTR DD, L&D DEISHT TH
LW T T NEMBANTERPNZETHE VD, ZOFERZ, AfBEOMEZ - -84t
Za—n L bV o DEFEEMRERE] (X4 2) OFICYFT T AZM L THlAAE
. RBH—EBHO T ST ARF LR LEEISNTHEFOHFME (vocal
remodeling) 23 Z VHZZ L ZFEL TV 5,
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Functions of the frontal lobe are the active expression of bodily and mental movements as well as
planning and performing a series of actions. Cognitive information reaches the prefrontal cortex
from the parietal and temporal lobes. There are no direct projections from the posterior association
area to the primary motor cortex. [ ERICHUIISGUSSION || having interfaces where the conversion of the
sensory cognition to the active motor action occurs.

Recognition and emotion are closely related to each other in the expression of “logos” and
“pathos”. Sensory information reached the cerebral cortex is transmitted from the posterior
association area to the anterior association cortex, or the prefrontal cortex, in which information of
the stimuli can be converted and be bestowed the connotational significance reflecting the situations
occurring in the external world before being sent to the higher cortical motor system.

The amygdala participates in the evaluation of biological values of pleasant or unpleasant feelings
in the consolidation of memory by means of emotional conditioning. Furthermore, it is well known
that there are Yakovlev’s and Papez’s circuits, which are concerned with emotion and memory,
respectively, involving the amygdala, temporal and frontal lobes, cingulate gyrus and hippocampus.
In the cingulate gyrus, the amount of regional cerebral blood flow (rCBF) increases in the volitional
action of monkeys in the experiment where they found a new maneuver in order to obtain rewards
(Shima and Tanji, 1998) are involved in the autonomic nervous system, the highest center of which
is the hypothalamus. Autonomic nervous activities comprise breathing, blood circulation,
perspiration, digestion, appetite and sexual desires. These have close correlation with emotion,
activated by the limbic system. Hormonal regulation system covering the hypothalamus, hypophysis
and endocrine organs is under the influence of the hippocampus and amygdala. Impulses of smell
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and taste are known to pass into the cortical and medial nuclei (phylogenetcally old parts) of the
amygdala (Norita & Kawamura, 1980), which are also associated with emotion.

RkEMSDE A
KAIL T3 22255, +72bb, ORKEOFLE (B4, NRIBER) 25
L0 HRERZ, R T (RTEZ, BRI, SR . WIIRSRRIEE 72 E~KIET 5 0 5 &
WO fHERR, B L U@FE U CHEECAMAE 2 HCTANZE Y | lAkECoOMAITRER #5205 PN
ERAZ T T BCIRIC A9 2 IEAFR 3R & FRIEN D AHERE, & BIC@IAFLPH O KAMGEIR, & <
(AEESE, RUIRZERE., mimkEl, IREmRE~SKD I ER I H 5,
F7o, IR E B X OWNE 2 5 e RIBREE RS & RPER & OICIXE R O B SS9
5115 (Kawamura & Norita, 1980), F& & DJRFMERIEL OUEE ~D AT IZRNEF 72 SHgls
JEURE %N L THRBINDD, RIE~D ATNIFE, FHO W D0 Omifkks (KR
k%, SR P oOMENMIEE, B, MR L) SOMBNOEERGEE, HHgER EnD
DEBEOBRNEET 5, WE L RIRIIRA LI ODEEENIC L R 2BEH TH 508,
Z OB EY M OMHEEE X, DR LUV VOB TIHLNIIHEET S (Aggleton,
1986) . KW, RO EE « BIEEEE D S IR ANE ~, LER - BIEEZE» 51T
CAL/CA3 ~FEH NI B AL, WITHEE G « CA 1 2> DITRHHME D LR - BRI, BB
DITRRIER D FLERE - SMUBE~D BN DFET S (Amaral &, 1992) , BfE, HAEHZ
G RN OUES « PR O K E fEIR S L OMRER T 06 k% & O % 2 JEiF 3= <
%< OWFFER 72 SN TV 5 (LeDoux, 1998; Aggleton, 2000; KAA &/NEF, 2002)
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RRAE~DAH (R)

RHEICIE. KR, RE, AERE. BE. AR, AERELEH D HIFHEDOFIHA, Rk

PRRBENCEEMNIC. ZLTHREZ(RE. BRELGEOEFERZAE-1—OVE) N L TREN
[CAAIND, ZOMIZ, KIERERNTREINBERHIVEEHSOFERISRHIAIZAS
LB (BRAIZ, INLDEEBOBEBRDRNIEIEARMETH D), CDEED A SILBLKET
RE.RRNEF (28 %) . BES (ErOBEFSEIAEE) . FIKE (&LIZ 24 ) | HIZEZE. AISERTEF
Mo FHkIADEESNMAZIZE SH 0D T(Kawamura & Norita, 1980; Aggleton 5,1980). BII&E D
RETHODAAICHENTHRBMIENT, KYBENOBBEERNAA NSNS, N5 258
FEOMERE. B IELTEMIDRBRREEBLIERNRHRATHES, TITIE REITRLT
BREA . REMICRIGLEAEBNBERREIE. RELANILTRMEIN IR IDERICED
LT, 2 GRENE) AE GREMN) THAOMNREEICHICHEBISNBIESND, RFIC. EEE
FREENDRMBEREZ (T HAIFEIMFREZSAZRREDSDANEZRZITE, CDHE
- BHHAR ORBRIZHEHMTH S,
BH.E/TIVROANELT, NE—IRZ0%R: BEBEFLI(A9) BIUEAIHEE (A10) H
SEZATKDBRERD—EM, 2)tOr= R NEBIREEZ (B7) IV EFHEHRZ
(B8) MHRECH EITHEEAR=VERD—EA, 3) /ILIER T (=/ILTRELFINR: FH
¥ (A6) D5, 4) 22 F: IARILEEIER (Chg) oD A hWDBRHHRIZESN TS,
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Projections to Amygdala

Cortical Subcotical

Aggleton and Saunders, 2000

Rt DA (R) :

KALTIDEZEIFDH, 3hbhb. ORMAEDFILZ(BLU—E. REIRER) holEeIVUE
KIZERRDERTFID>TERBHOSAIBEANEE->THIRL. REK TH (A%, ERAI.
SiK#%) . REIRRAIMGE R IET 553 R 5§ (stria terminalis) EVVS IR, BLUOE
ELTEEMIE L THRAIZEY . BI2#ZONAIREK TEMNSRBEIE I FTHERIZHF
9 BRI 51 % (ventral pathway. F7=IXE IR #k&:= 0B ventral amygdalofugal
projection) EME(EN D IRETER . SHICOLEH D KNBEANEHLIRERFHH S, E<IZHIZE
%2 (TE £. Bonin & Bailey, 1947,[C &5 F a4 . L TREER) BRERE. AimiKE. BE@E R
H (OF ) EDFEVDE (3R, BIFEE DT, RHkAD NAIEE# (T TE FOREAIEE
D SMEl#% & TE B2 AR LR 2 UL DLVTLVS (Saleem, 2000)
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Projections from Amygdala

fi._{r"'?r‘\l ,;.

- 8k 77 3
_::--.: = OE“:_ _/.I-il_,_.f'l
Cortical Subcortical

Aggleton and Saunders, 2000

A ERERTER & DRYE

RRANSEIYIRR TR H L MRHRICIE, R REEBERARMAELELAHDHZEIXER
[T ATz, AR TEREFER - JEER. BB . AR, K RBILGE D BEMKEE O TEARDKEE
FREFEIIMGIT IR MRS G E LT SEMmMEFICEALLIERELGHEG T, SNEITAM
BERNFETLIEE RRTEHAQOFBNKREEZEABE~NDBENNTOERLELZY ., ZhIC
FOTHMIIITEZRCIT ZLITED, N RFEHH T LMRBRRIIFRTEOBENAIRZ (HH
BT EE AR ) O A (HRMMERTR D ZSTERBEEEO=-1—A L FTREE
B, cNLDMEEICHAH=—2—0OVIET I a—RIZRIGT DD, REFICEADIEHHEL S5
SNAIEEREFLTFoIoxt L THERRIZICITRENIC, SMUIFICXIFHNICRIET 52 B/IK
1 D2LDIHFEET S, BEMSIEINSZEHRL THMAZEERZA BENSFFHERX L&A,
SHIZHEMNS MR TEDLEVDEFEATIVRBHOEFTNITHNTILNS,

AR TEOWEEFEIE. A DRKEBAL. 3hahb, OXKKKRE EICHIEERE. ORkA. ©®
BE. ORBIOANSINEGIEIFTFLHBRICKOTHIESN TS, 5RO 3R (RIED (23t
LT. ZNnohBE (3W) ITE-TRITEINEITE S DO MIEH B ZE RKENITHEO TS,
IR DEFIB SN D EEZITITERITHRIFEINEIY . RIFICEELFIE SN D ETRBEIZHFS,

HRETEA RSB RBEEIIRINEE., ECICHIBEENCDEEMNLGEZETIZHD, THEHE.
ZTOEIE. RERTEHOSRIEERIEFFA DO ETHIRFIEILEAELTULSA, # A R DRTEER]E
NoRRTEHADKRGFEELLTCHRATEEELRETEENSEY ., RKENSDRMERT
HAENREDKRILEEFEHLTLVS (Rempel-Clower & Barbas, 1998) .

SHOLT. BFENERMERABLLT, MM FIBLITEICFE T TOBRRICITFR R T A KD
MEEL. HINER TN I REEEICE. NEEICEET SRR T ERRC K E<IZhER -
EHOESHIFHRICERERTEDRRTA - HEK. R TH (EEZOHUIEFNS) -F
BRER . SOITHABRIR - EHRGE D TITIRGFBEABEEL TS (5. 2003. SH),

Fl.BHEZAOMBLELTHDLE. RERTHIINERELZE DFFEZ T TEERRE
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BEBE T HERFIC, RS LA OREBRERERICLVREZEATEY . RKTERERE
Fe et (BT BERABEREFIEVICEAELDD BEHELANLZHABL TS IEN NS,
BEEANDOHENTIO—FEINDHSTHD,

KR ESE

R ind 37 B B R

RNE NI
/ ///’—%ﬁﬁﬁﬁ
[ TN —
=L RAkIR
7 '1 %
BERAT LR R 4R S 4K 18 B 25 P 11 %
L NREBR
FLEA R
MR E P
Papez[a] i R T 85 YakoblevHl &
MEHZalHER SMEE)
(k) BECNE

MRE- -EEE , -EEE EEEE |, [Eko

(k)
ErE| , EECM-CBEFCAT} | [dEH

(e

(a)
i

\:\[EHE{#” [i]w
o EREENDER [RiGESE (1= BE & oo i 5
(i ] B4 AHIBZORRYE
VEEE  OReiomadiis
[i,]m '-:'E'-'-:"gﬁ;:_' h ‘:: h
(B A i B (= R 5 )| @ (B t 0 ERDY TS RT L
s HT

(a) RNF(RED2EBLIBICHBBRHEDOELH D, LT, HEBEZNICIBRHEESD
EHnt, RAIER—28a B — E4MEIER —28b BF — LIZH THEND) MM D AAIE K UHMEI B B 4R
# perforant path, BEBEZEYIRITTEREZHBA SO TINANH D, TELXLO (T EIKE
DEFERHED RIGRIKEZENFET 57 \¥J§0)9H§(9*1&']5.;5‘???’&)&qJJE(W{ﬁ'JEJE‘F?‘fE)
IZ#8 5%, exteroceptive DIEIRZEE S, 75H . NEBIZITHAIEIREI A LD K ERHELEHD
GBEXEMILDERML LD psalterium, #iFE (X hippocampal commissure ELTAB),

157



(b) : BREI D FEFIME AN 5H Y CA4,CA3 D AMBEOBHKERICEHIBREH EKIEN
SRk,

(c) :CA3 &(HZ <) CA4(EIREID hilus 12) O KB (A KR D #85F ZZFED 734X recurrent
collaterals HY CA1 /N SEAHIRE DK Z2RE (RIKB) IZ#8 4D, Schaffer R &LV,

(d): EELTCASKUBEIYFRDNMAKIZHE D, hiFE-ERRED) AEEBEREELTZE
HRAZENSHEIYEERNDLEFEOEE (L1TE) 2#455, interoceptive

DIEHREES,

(e): L\ 5 EBEIERBTEEENSSIVKNSEE > TELBEAIMATRIZR L, TUEY
AEEDEE) MhoDOBRSTIEEL,

(f) :Vicq dAzyr REBKIENZEEARD EELTRHRAIENSE IS, MNKWAIX., 1RRATHIEEL
SEEARORAIZA, S EMRITEIC, MU SHEAIMEICIREEZITTLS,

(g) : RKRATZEE (EKIZAM B AV ) Do R REBIRE~NDERS IZIIESEIBEDERNFET
B,
(h)  IRABFSLV(BFL)BEBEESISBEIRIEH alveus,alvear path ELTEE (EELTCANI(C
Bhd, EBBEHO—EHEERDHD, ZMIEN\RT YN E (BF5) MR O EERIKZER,

() : BEISORERDERSH (REMICHOEERAIXRELDFESHTEL)

(i1) : 53 54 stria terminalis & & U RRIFITAXN R medial forebrain bundle #3184 . 7K T &REE 1Al
¥ (VMH) [22<, F5ME#% (LH) I2H88 405 (IR RATEF . 2 RERZICBEDD) . REKT
ER R AIRET (X, EELTRERAIZREICKR DS,

(i2) : F4REKHD inferior thalamic peduncle Z @Y . MD #Z D FEBIIZH LV 5 Tdh 5 RAIER (K
REtERRIE) ITRETT 5, COBRENRIIREHFNFE T HIREMEELDFBEUVDEH ALY,

(i8) : E S #iE ™ longitudinal association bundle 185, —E AN EIKIZLIERIEE . FiRZIcH#kH D
MNELDERIEEIFALZTHD, B8, AIAKITIEERNAES SO P REAIEEEMASR—/
SUEERMEZITTEY. #HERERAISE N L THRRBHRADERAIE (WLhr SH KD
locomotor region) ~, fREEMNSDIRIELEHITIRET LTS,

(i4) : THREKHZBELIBNEFTH DS, GH. FHEZRIEBRRBEERZNLTHREZ. RKEZ. 5
BIREE &R, AT, SMUBRAIFHNSDHRIEMEZTTINS, T-REF (FHEIRE
) ZN L THhIND IE AR EED,

()RR —KINE ERES (REMNICHLLWEENMIZREDFESHGELY) , BISEZEFTER. ATEE
EREERE. #KEIEMEICHEET S,

(k) : () LRGBS EDE AL S O LB L EFE O R EEEN S LRNEFADHFSH
HoNB(K5), AIEEENSDBHEDSENEYDEONFIRERNERBEET S,

() :FBLEEDL. BELKEFET S,

RamoiEAEND LT, KiKDGERE, OBEEE —FEAR. QBE—dRR. ORMkA—
BERTHROIRIZHITHIENTED, DEQEEBRFERELTELEONIEL. QD TWHAREXTLE
SELNT2DICKATELS,

EBDMIEEIE—RA. ArERmE. AIERE—-(C OV TOMER

RAAIE EICRI=&S(2, [REG KRR B RN SN - FRETOHEMIER (CNS) £
[Zhf=U), iZERRBEICL>THEEICHETDOLTLD, TNITINASDIZ, A5 BEHER®
RITFR-B/TIVEERGEREZLEDHDHE, CNS 2AEHRELETNIELSAL, BT
(TR T 2D TG, B — RO RBRAEDEEREELTRIENICHRLAZ LI EETEHHL.
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KX D BZELFEYIZLLY,
CCTlE. SEHWEIZABDRBRIEKIZONTEZ THIZLD T, EFTELLWEREBEXITI-X
R ELAN)IVIZEBERY U, S TR IKRIE. AiTZERTEF OB & m (orbitofrontal). R{EIE
(medial prefrontal area, E<IZHARIEEN K E cingulate motor cortex). BIEEE DRI A E
(temporal pole). R18l(hippocampal formation). T (&< 8E4K B3 655 fusiform gyrus).
LREEELTLS, LT, S D R EEEOBEESLEELELN S, RRER TR 5 D
RIZHHIBEEMRRELRMBRED BLICED b,

WEMUPEVIRELTUTD 3 1. $hbhb, ONRIBMEREIELTORELEER A MEX
Z5BEHEE. © AEEOCHEIKEAEHLLIRIEDRM. © AEEaTE (REIES SUSMAIE)
MNEHLLREE M - TH SN IHERE. TELEDTH D,

O MNFERMBRE] ELTORE (- KE) LEBLEMEXZ S BEEKE

BYILEZRY . BALTAOIC. RYITREERREERESE -, ChoDRBRERIBILR
BIKIZ, EEDBSHITHRRTRINEEZEESN D KINRBEZFHOBYITGLE. RUENCRE
[SRHLMR., SOICKRE - RER TEHBI RSN TS, oD iR DR IGEIXATEEERN
T.REXEFRE@EIC. RREEIHFERN(43F. —REBYTEERE)IZHY. HKEHD
Wh 5 LITHREGERLIIICKRDLS, COFEEN L, oD REEEATR - BIREZS
CEERERIUIRIBMBRE IOFEH LRI - DO E=0EICEHEL TS IENERAS (£
BEHMELNERMTTND),

2 QIEEOHEKEIAE DL HRFEDRA

BIBEERMTERE (TER) ERMENSDAANLIT. R-EEZILHZLDEREHEL
THBELUVRMRBELRESHLHEFRL TS, - . TEHICIT LAGEERRKEE LD
[ZHE3R (SPRY) BRE8ICBE 5 9 A EE B IR MEMARE (face-selective cell) AR SN TLVS [Perrett et
al., 1982] , EERH O RFLIEOHAE (I HESHEDOBEIGEETDORBICERLT S, EFDEORIE
FRMIHMEFHELTIE, BEEET I CREEITEHRL TLSNAEIREERIZER] (=Hh#K[E
fusiform cortex) HNEISNTLVSA (i) . EEBHEZMEFO IV TRADT IL—T L L
BSEEREOREEHEZDLIC. BEESLIVRHEEEZHRICEBICHIGT HEDXKF
T DRI 24 2EFE DLV THIZEL TLVS (Critchley et al. 2000) ,

® HIEEATE (RAES S UHMAIE HNEHLREENME - TRk Hae

YILTHERREEZAV RIS, RALHIENFRERSSUCNAIERELOMICZIE®
NV EHAImARMEIC. ZLTHEEEELEOMICIEBLMEU >EN—ARMEIZ, BHH
15 (Ghashghaei & Barbas, 2002) , 1=, RHKEN SRS ST A I FIKERI K E (M3) 12,
BLNMES AR THIREF EE (Mg) [ZFTHN TS (Morecraft 5, 2007) , b2 EHk A& {AIEE
¥, KIZZEDORTAE. EORICIFTENEHERE S DEFEL RSN (Kawamura & Norita,
1980 ; Ghashghaei & Barbas, 2002) . EMMZEWNTHLIN LD FEEB OB EME A EERRIF
RADBIET IMRI Z ALz A—D 2 (BHRFET) DFER A BRI TLVS (Tidaka 5,
2001) .

ECAT MMADILEHBILEBATASMETILIEDBLDOLHRBDKAIZHEINDENS, T
Bz R £ 5&05ND D EER(Theory of Mind, ToM) | D &R #8217 EX[Baron-Cohen 5, 1985]
(F. MEBFEOTEIRICHLBERYEZA SR EEZNH LM, thBODOAE T HHEILEKEE
BETDHEDT, AZa=T4—FHEXASFFHNTEE R T St RMHERE 12251 D T,
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BREBOLDDHFEA—S5FITHHERLBLEES, RIEERIEF-AIEEE - RRAEOMO=_2—3)L
'U‘ FIMELEITBAR Iz KSIZEWZEEL., JEEILTULV D, BIEERTEF. BIEEEDIERNAIE S &
UIRER. LASEES JURIOMEE. #HtEKE., BRAZHESINSOBBRYNT—IDERK
(X, COTHEM DR - EEMREEZ R Z 2EMENERELLTHEY. TOHEEETISHEE
DEFEEZELLTHRELDOBEENRETEN TLVS(Baron-Cohen et al, 1999; Bachevalier,
2000),

55, 2(1979,1991)ICE > THERMIN M EXRREICALNSBRERR L. ThbhbBEIND
EEABIFELESIREEEVODVTHRRNBRTEILE. COTHEMIDEELERT
HERMAEDBEENRBIZF/REBIE S,

KiNDIFZRDBEEEDN B A 1= D DIF
5OW®%fﬁ IHNETHEML T RMLBGROBAELE W OMEN SR L ED
ﬁ%f%éf&%oﬁo::fi PN ROY Ik ISP i 733 N (N S 1A =)
%Dﬂz’(«&tb\o

KD R DO EREEEITFEH LR L TWD Z b, YRoORVpE L LT, 9K
T ED L D 72 1EH) - BIEOZEN A LI, THTRBGIZRD E D X 5 2SRRIk RE & 7~
BLTWDENEWN) ZENETELONIEERD, I OFOIERNTERESND &, AD
BRI OBIE N A O 572100 TR, B0 B4Wh) ofFsEh b6 ST
50 FEHIOH LD LEPEE SN TVDEND L INTHZ D, BECOHER L W o 7-8kE) &
BORT 2, ZHOHOFEFEZL, 2 OHITBW T, PUESRRK, MRS L TRERIZE
TWDIEE « FIEROBERENE T L TV D721 T, B a2 LT\ 5 Rk
%®% ELIH SN TND Z EEMFE-S> TS, HDHWVIE, MREEREBROTFEMEK T

ZEDHDONE LV, RERCIXBKOITLENRAOND Z L b DN, Z DRI DIT
%&ﬁ%&abifi@< BEHIEO A T = X LREMTIE RN EDOFELTHA D,

9 O TIXEMEEN S L LB CTh D, FEEERH LIRS T A IGO0 E TH Y |
—HAUEMKG (BREITE) OT7 VU AROBSTHLH D, Ziud, BREAKICHT 2 AN
b N NEROERVELO AL — FOBIZKML TS EF 2 L9, BRI, BER
TEVZDOLDODT U ROEE ST, JelTHEA L BTgERTE OMBEIMHI 2 E S 5T Th
Do MITHEBELRD Z LB/ TIEARWA, 2T, D EbZ0—8%, RO I W
TEIO T v 7T AOBRIZE S 72\ BISERTFFICE I D IE R ORLOKMTH 5 & K
RYZEBARETH D,

ARG T 5N 5 B NEEC R REE, S 521X REM R OEHE & W o7 U X A fEE
&L TOMmEIE, FRIK T ECME O A& KT EEEE DA dﬁ%&ﬂ‘@%l/be\%> F7o. HRRANE
T X AV GRS VIR T — M T AR OBSRE R AR T 5, (R,
%ﬁ\%r\@iw&&@ﬁﬁwﬁﬁ%%bibiﬁ%néo_hg@ LEBETDH L.
BUR THEAKETE LR L CHIFERZET TR, iR, NOWSR, S OITITAEAEMRSR &
B 5D DEEDKFADIFENREIND Z LT/ D,

2 OFDOH LR ~DE RPN HFZI > T LE 72, #19 DRE, é% BT EVR

EMMRBERLE W oTo, KU @Rl EAg 2 KR O 15 R RE L/Zo g e
FRFITENETH D, THETHE L TE X 0 oRli%R, ﬁﬁlﬁﬁﬁ%’ CIFARIR

T & AT LR 72 AL OFSREINH] 2 715 5\ Lf@bf%ﬁ?émﬁﬁmﬁ%bﬂ@w
T2, OO EIC LIZLIZR LD DRIRE & AdtaiEre £ 6 RGO B R 7 £ OREE
MO EMICEDORRAEF AR T A2 LT, AW - D, ERAREE IR T
< b,
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# 152 &R0

KR EDEF & IHEIREE

uhmﬁki5K\bhbh@@ﬁwﬁ%%mwTFmaj(&@ihé%m%&
SEEH D MNEERE) O ATV, BEREFREGTWD, BNAEEICRL L, S
ﬁé{}lu@ﬁﬁ%ﬁ>%‘5)ﬂé"j‘/1/@5x|3 EDFENTEIN S D, Z 2 CTld, BIMAREZEL., REME
ARSI, HEHNILHET H, KEEAHNEEL T DL, MEHE=2—n
¥ DAHET D %%@ﬁn@% . HORREE Y OWRWLEHIE L CITEN T 28 DR F
FEAT D3 SEBRIVZ 2725, ﬂtﬁ@%kﬁ@E% DRk AIREIC AR Y | %%@ﬁrkﬁ%
@ rmﬁéﬁk%ﬁn#é k#f%éio &é#%f@éotb IZES>THOWCE

FEMERE AT D (14 3) . _5Lt$%%iD%A @%#ét@u@\%b
WTE%&A7H7® SR HEER EHEROBEEIZOWTHLIMET H 2
ERH 5,

ZITIE, B FORMEEIZV TR TE S ED 2, ZNDRMOEEELE L TED LD
KBRS NT WD, N7 r7E T_XTOBYREGNICR > TS, BaFIlLoT
HUE SN TV DS LT, ZOMNEFN RN EIZ RO bND, EEEO R
REOTE RO DRI O—RIEHRAR L. B MIOBRIFET D5 KIMEE D SEMERE
DEETHEMRAFOE " (R) BHROGFEER L, X7 7 OEMBRAHE . (K)
FHR, TRDLEBEREHKE LB CX 5 NOMITZEOREEDOEMNE, #AB% (A
?tkﬂa) DOREHEM:, FERMEIZI VT, general cortex & FEIXN D HEENILI LD THIELDT S
s AT HE (5 RY) >R AI o3 - A XV EHEL L TRZ—ED step 205
ﬂ@ﬂ@ﬁ"]iﬁ%\é%%fﬁ‘ Z DAL OWFE TSI L » Tl LZNEIUCRRIL L=
FEEN) T tmf b ORITHE DM, OAR Y MRS 722 EDOmEIZIBNT, Fui
ARTIEANCEETH D, MEETFRINCA T, PRI I L %{ﬁfﬁﬂﬂﬁ@*ﬂ%ﬁ
iiﬂi‘ﬂmr\_ ML, HEEPE LS EEL WD, b MNIEEEZFEHL, HEx it
LTAERL, ala=br—varaoxibrzikiicst s, & hORNT ihi?/lx:\'»_@
& W & E) (emotion or passion; pathos) & 576,/ S HE (language; logos) S ND & | 14 s 8t
T OB THN I, T DB ET S, TNE2 ZOHREOEENH->Tnb, £
Too RALEY VDT, FEED DB RASORIHNTRE REDFHED HiL, THNRHERS
N5z k% (K44, 45) OMREIREEKICR LT,

Fa btV NLORICALNDZEZICH LT, HFELWHENRY L EE NOMICITMEIZTFIEL .,
TN Z OB DIFEATIE, BIMIPEDZZ 726 LTnDH EE X BbID, £ OBRERHAL

(%"’Q) ELTIIRMEEOF >, SRESCIRRE, £72. BHRIENIC A 2 ICR 7 1%

Ho THIET 2% D mass & LTO=a—m VEMEZHITHLIN, TORELE LT,

ﬂﬂ’? DOEMMIEFIZHL L TV D REFEM T2 N TESL, eI MY TIL, 204
FHDSERARIRIZHYS L, 7V Y72 & song bird Tld, ZFEHIFIIZHRRSIE (neostrlatum) R s
BRI (archistriatum) @ RA(robust nucleus) & FEXIL D MEEE D = = — 1 U3 MEFE L, FHIK
HIZHERT 5,

ErXiNRED THEEE] & TERE]
E b ORMBE T FEAL DI BRI SR D SRR A B, T i RN RE

161



ITHEOPWMEDEMETH D, DF VWi GE) B E%EAE, S 612, AisERAT
B~0FREEND LT [EA) MICE FOREEZRT-E &, THEEMITITHFELRVE
N DB DB RNZ PO ER > T 2D THY . ZOHHEDRKIZE b O 24
ST DIENTRERE D 1 ATRBICR DD TH D, 72 & 213 2 OB CIIiEmhE & AR Mk
REIZRMEL T TR TR, Yb B b0 BE ORI < i s,
DFE Y LVTH - SHTHIC e > TL D, ENET TSR OERRIIEESE, 2o %
oL, T2 (AN THRRD) BEEL b OREHEEANZCO T FOMKIZHELL |
ZHUC Ko TERBERBROTEERNIAT RN DL L 518D, REAMKG=a2—e B E
26 IMERCHE R~ Do THRER ZIE T = o — e DR E SN TR S, TO%
EENTPE o TRIRFIT A 77 58 O AR ARAE AR [ 23 KM B & I N D £ ERAL 2 5 O 1 CEM) O
FiE - LIRS U7 AR e 8 O 58k & 5 (highly organized pyramidal cells as well as
non-pyramidal cells with efferent and afferent connections) , = L C, EOLANLLTH, *
T2 DOBERED RS LT H A B D im ORI & TET 2 Z O RE Y 2 D3R D4
& & > CHEE & < IZHTEARTE (prefrontal cortex) & FEIXAL D HRALIZAH Y 35,

# /M
JIAF

ik
David Marr

Alf Brodal

K- /M J—7 BEE  EERER

—Anterior lobe

CAUDAL
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Organization of the cortical association areas and mutual correlations between the cerebrum and the
cerebellum

The cortical association areas develop as the animal becomes higher, expanding
in areas and relative proportional areas within the cortex increase. From the entire
cerebral cortex, including the sensory, motor and association areas there are large
projections , via the pontine nuclei and the inferior olive among others, to the almost
entire parts of the cerebellar cortex. by means of projections of mossy and climbing
fibers. Topographic correlations of the mossy (4, 5, 17)as well as the climbing (3,9, 10, 16)
fibers have been studied in fair details(Figs. 4&5). There are also topographic
relationships in the projection from the cerebellar cortex, via the thalamic nuclei, to the
cerebral cortex. As concerns the reciprocal (mutual correlations) connections between
the large and small brains, as they are commonly called, it is elucidated by Sasaki (28)
and his collaborators that 1) the lateral region of the cerebellum is related to the
prefrontal, the premotor and the lateral part of the motor area, while 2) the intermediate
region is related to the entire parts (particularly in the intermediate area) of the cerebral
cortex (sasaki, ref. 28).
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In Cerebellum new info and old info. Changes the route

Conversion of neural circuit from the cognitive to motor co-ordinate axis (stream of impulses).
Routes of new/novel stimuli (shown in red) travel from the posterior lobe of the
cerebellum—thalamic lateral nucleus —posterior association area—prefrontal cortex—anterior part
of the striatum —thalamus

Routes of repetitive/used/accustomed stimuli (shown in blue) travel from the anterior lobe of the
cerebellum —thalamic medial nuclei—supplementary motor area —middle part of the striatum
—thalamus. (Kawamura, 2009)

The cerebellum as organ of movement and throught

EESHOBRES UK - NEBEOHEEERS K UBEESIE

KIMPEEGEA B X, B @ bIC - CRET S, fElRICbInRk L, BREaEIC S
DHFNE LR T D, KIMEEORFEE, ®UGHEBEF, 855 2 5 Lo AHME O g O |
BB X OTA Y — T2 HE LT, &% SRR 3O _ERRHEDS /NN R 0 TR B
ICEF DT Rb T D, Z OB IRBHMERSS 4,5, 17) 1 L OB E#HER S 3,9, 10,16) @
JRERFR (X4, K5) b6 TWD, BIREEN T 2/MMERE DD KM E ~DF
FHZ B RTEMERFRD B D, Z O/ « KIMESE L — 7 1B L Cid, /MBCEERSMAER 1K
b4 52 ' D TE BN B SMARES . SEBATEd X ORIEHATE & OIS, i, AN REERIE KN E
OEEEE (& AT OFRER) & ORI BRGNS FET D Z & AY Sasaki 28) 12X - T
SNz E T,
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The cerebellum has recently been paid much attention as functioning recognition,
language function including the thinking (or thought), in addition to (long been
throught) the regulation or modification of the motor system. In a broad sense, the
cerebellum is concerned with the inhibitory function of the mental activities.

Although the various spheres of cerebellar control are to some extent the tasks of
different parts of the cerebellum, the machinery they employ appears to be essentially
identical. In recent years the idea of the cerebellum as a “learning machine” has been in
focus. If so, it might be imagined to be of importance for all kinds of learning.

In the Behavioral Sciences in 1986,ﬁLeiner and Dow from Oregon have
published an article entitled “Does the Cerebellum Contribute to Mental Skills?”
(Behavioral Neuro-Sciences, vol.100, 443-454, 1986) and discuss this problem.
Neurosurgeons have noted that stereotactic lesions of the most lateral parts of the
cerebellar hemisphere in man do not give rise to detectable motor disturbances, as one
might have expected. The authors point to the fact that in man the cerebellar
hemispheres and particularly the lateral part of the dentate nucleus are more developed
than even in anthropoid apes. This lateral part is histologically, embryologically and
histochemically different from the medial part. Several anatomical and physiological
studies in monkeys and apes indicate that fibers from the dentate nucleus supply
divisions of the thalamus that project to the frontal association cortex. Scanty evidence
from human studies seems to be in agreement. The authors studied a patient who had a
lesion of the lateral part of the dentate and found that there was a defect in his capacity
to respond to anticipatory clues, in addition to the defects in performing motor acts
correctly. As they phrase it: “the ideational manipulations that precede planned
behaviour were suffering.” The findings made concern only effects on the planning of
motor functions. To discover whether the cerebellum is of importance for the learning
and performance of purely mental skills, will be a difficult task, particularly since the
studies will have to be made on human beings. It is not inconceivable, however, that by
using appropriate psychological tests and tomographic procedures . [(MRI, PET, rBF)]
demonstrating areal differences in blood flow and metabolism some information could
be obtained.( 22)

/NIIEBY OFEET - FIENCB T 2 ORI LT, B - BEEELSREMEE. OV TiX
< TR BEBEDHIENEENC b B> TWAH Z ERER SN TWS,  [/IiE mental
skill ICEBRL CWA22 ] LT D5 0% 20 FERICHE S LTz Leiner S 21) 1%, & FHEDIREE
SMARR OBEFEREFNZ BN T, TENEFHE L, TNaBl&E LTEITT DL 2 2 THIEDN
FLLIETFLTWD Z E&BE LT, &iTlZ, MRI, PET, rBF (RPFMIMGE) 72 & &M L
TEBEA A=V G0, DRCEER, & < IZHREOIMUIRCHREZ 2B 5 L T
WD Z EDFEHA SN TWD,

The cerebellum revisited

Cerebro-cerebellar communication loop
Control-system modeling
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Feedback control
Forward model
E7 /LT HIHI# Model Predictive Control  (MPC)

FijA) & 4 feed-forward reduction of motor variability GE®E) 57 1%)
Feed-forward space-code associative learning of the cerebellum (Fujita)

[See Eccles chap Ito in part ] bellow | it i 32 F SCik

4.4. Modeling cerebellar circuitry

Network modeling, as initially undertaken by Marr (1969) and Albus (1971), is essential for conceiving
operational principles of complex neuronal networks in the cerebellar cortex. On the other hand, control
system modeling is essential for conceiving the operational principles of neural systems involving the
cerebellum and extracerebellar systems (for review, see Barlow, 2002). The control system modeling of
the cerebellum that was inspired originally by experimental findings has now far exceeded our present
experimental approaches. The hypothesis that the cerebellum provides forward and/or inverse models of
controlled objects has successfully been applied to produce a robot that acquires a motor skill by learning.
Even though engineering realization by itself is a kind of verification, we are still far from confirming the
internal model hypothesis in a real cerebellum. Thus, cerebellar researchers look forward to determining
how internal models, forward and inverse, are computed within a real cerebellum! Bottom-up, realistic
(experimentally based) modeling also has merit. It reproduces in a computer the behavior of a single
neuron or a small neuronal circuit on the basis of knowledge of the cable properties of dendrites, activities
of ion channels and synaptic receptors, and inter- and intracellular signal transduction (De Schutter et al.,
1999). Indeed, all the updated knowledge presented in this article concerning cerebellar circuitry at the
molecular and cellular levels can be incorporated into realistic computer models. These three types of
modeling approach mentioned above are complementary to each other and conjointly they should lead in
time to more complete understanding of the operational principles of the cerebellar neuronal machine.

4.5. Cognitive functions of the cerebellum

Leiner et al. (1986) proposed involvement of the cerebellum in cognitive functions on the basis of the
evolutionary development of the cerebellar hemisphere associated with the expansion of the cerebral
association cortex. This view has been receiving more and more support from recent anatomical, brain
imaging, clinical, and modeling studies (see Schmahmann, 1997). Recent virus mapping in monkeys has
revealed the topology of function in the dentate nucleus (Dum and Strick, 2003). Projections to the motor
and premotor cortex originate from the dorsal portions of the dentate nucleus, while projections to the
prefrontal and posterior parietal areas of the cortex originate from the ventral portions of the dentate
nucleus. The anterior intraparietal area of the posterior parietal cortex also receives projections from a
broad area of the dentate nucleus (Clower et al., 2005). Purkinje cells located primarily in Crus II of the
ansiform lobule receive inputs from the prefrontal area 46 and project to the same area 46 (Kelly and
Strick, 2003). This implies that a closed cerebrocerebellar communication loop is also found in the
prefrontal cortex, thereby supporting the hypothesis that the cerebellum provides a forward model for
mental functions of the cerebral cortex. This is analogous to the interactions of the cerebellum with the
motor cortex for the elaboration of voluntary movement (recall Fig. 7). The internal model hypothesis has
been expanded conceptually to apply to cognitive functions such as thought (Ito, 1993b, 2005). This
capacity can be considered to be a manipulation of mental models that are small-scale models of reality.
These may be used by the mind to anticipate events requiring reason and an explanation (Craik, 1943).
One may suppose that in thought, a mental model of an image, idea, or concept is formed in the
temporoparietal association cortex. In a later stage of thought, mental models already formed are
manipulated as the controlled object by the prefrontal cortex as the controller. The prefrontal cortex
manipulates the mental models, just as the motor cortex moves body parts during voluntary movements.
In an even later stage of thought, the cerebellum copies a mental model to form an internal model. Thus,
thought proceeds with the internal models of the mental models as the controlled object. Because the
processes occurring in the cerebellum do not reach the level of awareness, the internal model hypothesis
explains how we become able to conduct movements and thoughts unconsciously (automatically yet
skillfully) after repeated exercises. For example, an idea pops out even without an obvious conscious
effort to think it out! This hypothesis also explains diverse psychological and pathological mental
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experiences such as delusion, hallucination in schizophrenia, and lack of sympathy to other persons as
being caused by an impairment of a cerebellar internal model
(Frith et al., 2000; Blakemore and Sirigu, 2003; Ito, 2005). The cerebellum may thus govern a large
unconscious part of our mind. An interesting recent report on premature infants showed that unilateral
cerebral injury is associated with a significantly decreased volume of the contralateral cerebellar
himeisphere. Conversely, a unilateral primary cerebellar injury was shown to be associated with a
contralateral decreasae in cerebral volume (Limperopoulos et al., 2005). This explains how an early-life
cerebellar injury contributes to the high degree of cognitive and behavioral, as well as motor, deficits in
premature infants. It will be a great challenge for future cerebellar research to decipher information of a
cognitive nature encoded and processed in the neuronal circuitry of the cerebellum.
5. Concluding comments
Four decades have passed since Sir John Eccles pioneered a modern neuroscientific approach to the
cerebellum. The neuronal machine concept of the cerebellum was developed into a self-consistent form,
and its further refinement is still underway. Currently, knowledge in neuroscience is advancing rapidly at
the molecular/cellular level on one hand and the behavioral/cognitive level on the other. To understand
mechanisms underlying the generation of brain functions, however, it is essential to bridge these two
levels with more detailed knowledge about neuronal circuitry. Without such information, the eventual
goal of neuroscience, which is to understand the brain from the molecular to the behavioral level of
analysis, will never be reached. Cerebellar research should continue to play a key role in this synthesis on
the basis of an integration of experimental and computational approaches. Its goal is to fully understand
the mechanisms and roles of the cerebellum as a universal learning machine involved broadly in the
neural control of bodily and mental functions.

[See Eccles chap Ito in part | above

Ito (13,14,15) have made it clear that the cerebellum also has the “predictive control” , as the
cerebrum having the feed-back control which convert to the feed-forward reduction of motor variability.
(using technology terms). And paid attention upon the similarities between the motor and the throught.

In the case of the former (motor), people intend to move the body by using or activating the
brain regions in areas of premotor cortex, supplementary motor and primary motor areas, whileas in the
through processing, working activities in the linguistic association areas of the cerebral cortex and
activate and move ideas and concepts and Ito assumed that ability of thinking process automatically drive
forward

Thinking model (use psychological terms)

Thinking or throught is to let the modeled concept move

“throught is the movement (let it activate ), it =modeled concept in the brain *

Try to apply (correspond) the motor control system proposed in the cerebellum for the thinking
(model ) control system in the cerebrum

Ito13,14,15) I, KD 7 4 — Ry ZHilHOME, 726, TEjm & HgE] | %ﬁf
% TPHlsiE (TEHAEAEALC offxz, DRIEb->TnDEZ EEH LM
BE L EEOFEUMICER L, EBOGAITITEB AT, fHieEshE L T— &@@%
PEETHEREZE DTN, f L TCHEZBOLEAICIIESEES T 2@ B A 1
D, BEBREZEIMICHBET 2@ 085D LHE L, T TREZIMNICH DT
FILENTELZENT L THDH] LWV EROLEZEMAELHNT EEEF 1)
EREOY, /MIMIZ I THRR S VT2 BB R 2 KIMO €7 VEBHIERICEHE GHE) &
HTRE L,

In other words, to explain in other way,
Internal models. A characteristic feature of voluntary motor control is that after repeating a task, one is
able to perform the task precisely and without the feedback that was required before the task. For
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example, one can quickly learn to take a cup to the mouth with the eyes closed. A normally functioning
cerebellum is required to accurately perform a quick movement in the absence of visual

In the effort to mimic this learning capability, I conceived the concept of internal feedback from an
internal model of the controlled object formed in the cerebellum via the cerebrocerebellar
communication loop (Ito, 1970, 1984). A similar idea was formulated computationaly as the ‘‘forward
model’’ by Kawato et al. (1987).

(from Eccles chap. Ito)

As the results of repeating influential work(ing) of the anterior association cortex that contains
Broca linguistic area upon the thinking model in the posterior association area that contains
Wernicke area that is one element of memory reservoir supporting the cognitive thinking, one can
use the reciprocal connections of cerebrocerebellar pathways , and finally becomes possible to the
proceed the thought (or thinking pattern) automatically (in various ways) without avtivities of the
cerebrum , once the internally simmulated model is formed in the cerebellum.

Thus the thinking model will proceed in such following ways shown below.

1) The PFC influences (works) upon the thinking model in the posterior association cortex.

2) Thinking model that simulates the dynamic characteristics is formed in the cerebellum.

3) The PFC work upon or approaches to the thinking model in the cerebellum.

After repeating (or repetition ) of the above procedures, and once the thinking model is formed in
the cerebellum, thought goes on semi-automatic and develop the thinking process unconsciously

(Fig.6).

Tobb, KMEENTT m— 25 0aiEa 2, BAEZ0EZDOITHME TH 5
V= S ESORHRESTNICHEET AEBET MR IR LEE TR E LT,
A RMEENEEE LTEE, 32bb3FIFICEXDL 2L VIRT I BIZ, /I
fibd & KA RZ ' & DO % i 5 AP I B S SRS 2,28) 20> T/IMNMNIZZE DY R = L—
FENTEEEETANERINTLE XX, ME>, BBICRBRINZEZCELT, b
TRMZENIEEZ T 52 LR BENWICES N ELZ Lickhd & L, THEEBET V]
i%?®%ﬁf@”¢é Tebb, OpiFEATE 23 %ESHENOBEZET VITEE T 5,
QZDEEZEETNVOEFMEZ Y I 2L — T D2ET L E/N H“’V\ﬂiﬁféo OHRIBHATEIXZ D
AN @%%Tw_@< ZOBBEERRYIE LTS Z LI CPRIEEENICEET S
:&ﬁﬂ%ﬂﬁw\M%%T”@@%TWﬂ¢PWKT%ﬂi\ﬁfﬁuu%ﬁ&ﬂ&ﬁ
T5L51k5 (K6) ,

Starting from the cerebellum, flow of novel (or new) and accustomed (repeated) impulses
and afterward, how the flow changes its stream and transform its types,

Now, hear at the first time, the posterior cerebellar hemisphere, transfer (move from the
hemisphere, noecortex to the old vermal part)

Old, accustomed tune, anterior lobe in this fig. 32 (2006), that I made based upon the data
from Sakai et al., (1999), from red to blue lines in fig.32, when repeat again and again,

Not only the functional dynamic loop of the cortico-striate-thalamic , cerebellar inputs come
to join this circuit . to the cerebellum, all kinds of sensory and motor inputs enter the cerebellum.
Constantly changing situation, smooth, automatic, integrative mechanism of treating the processing
of all these signals,

Basis of music performance, when the activities or info/function of the dynamics of the
cerebellum. Not only motor system, but also the cognitive and language, thinking, second signao
processing system of L.P. Pavlov. Fig. 33 total picture !

WM Z A2 — |« RA b e LTR L O IBOEE(REDTL & 21 -
BENCOWTEEEA B LEd, ERELED 7L —7 (Sakai H. 1999)D FErfE Ft 4 Sl LT
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HAE-7K3 22 LET (IR, 2006) . #IDICHERRNED Y XLZ2HE5 L,
INIEERDOBEENEEN L E 92, FOU XALITENTLSBLE, HH50T THEENZY X
LTZ7p) LU DX D075 LIEEOFLARIEEICE Y MEHEY RS E . ZORRT
N2 DO N — E DD EFERONL— MIBITLET, 2O X2, KMEES KRNI
DEALTZT Tix7e < T, REEEERIZET 2/MEOIFEIZE(LH AN T, Tk, &
BEN O BB RIER & O CRRAEEE /BB O WL E B O B A0 M IEHE 72 & O A I BIfR
T5 (FROEBOBEEZZZ2DHZ LICHe D) MREIEO R 7 v FBEHIN TN OFE
WIEEOLERBEK 3 3ITHRIELTHE L=,

INEOWELBE — TOUXSALLGEDEBEFA @RiLHmEY, FLH)

IV DI & BRHERE B

PLRIZ, /MR B9 2 s [m] B Ml D FE A 2 HHols & L2 IO R I DWW CRRIR L, e
WT, KIMEDOBIEIZOWTH A TIRD Z ST 51K, 1986 2], /iMiEb &6 &
TR & < ICHERER K OVERBEOEAE & BIE L T3 L8 E C. MRS ITERM R 0
AR DB (alar plate) & FEIEN D HEIR N B RAET S (o2 L, D7e &b —EId Mt
DERGEGTHZENMOENTND)  RAEFHICZ OFINIHE L, HDENE—
IERECRA U CMEBRDIZE S Iv, TOEMMO=a—a U RNEA L, BE#L, KO
L3 i OV SR, BRI, VORI, NSRSy Mo 5 FEE,
B LU L < V4 v #lifid[Laine and Axelrad, 2002].  HABE I =& H i [Dino et al., 2000]% 1 X
T7REEOMIC L LT, FIEDMEIZEST D, BREMICIE, KIMEE LR AR
IREIZ EDEE A Lo T, BAMICHE—OBEL 2T 5, HrE. 7% oiifn
JEg. BRED 3 @O > TS (X5 3) . LLBEARREIRTIIS 208, BMEET
THEERBIET L L, FEBICERBECRBICENRERE LOBE AR LND, 4
BOEELBRFNPLELEDbNS,

Ebd b, EARMICIIHESE EOERITFHEBICENWE S o> TEL, A% il
TV — 7D & BB NED B EFRHE (climbing fiber) D A & 52 ), BRI AN X FE B3 L O%G
Ki, ZXEREE, RIEARREE, NRRIAZR E T AU — 7DD UNMRITEE ] EMERRE LD
RMEREERZ N & T AV E T2 BLEME O E IR #E(mossy fiber)D A1 &5 1T 5,

X TR NS BT AME DO = 2 — 1 T MG EYE GABA &5 T,
NI A B LD EFL S — 7 FEEOMIAE ORI 2 25 & 7rF o iz i
FERIHEAD, EPGMI, NA Sy Ml OBhERS T ARES L, BRI X 20 R
DEYEN T T AFEE LTV D, £, BRI ORISR E T LiTL TR
(2 24y LIEATHREME (parallel fibers) & 72 > T 7 /L3 o T O KRR IZ IR 23 2 BRAR 22 o T
ZELSIT/IELR (=£F) FMICEEREZ, =2 TH 1.5—3mm & Y [Fox and
Barnard, 1957], #IfilED =2 —nv > TH D 7% ififld, BRI, v, A
7y MR ORBRR R ICEEED T T AR E 52TV D,

Ny Ml 7 v il o3 SREF M THEHFICNE L, FOHRZERIZ T
xR OFI LR UL /NEORIEICO R T WA, NRA Ay N OEIER /N E %
B2 T NF o ofiladod 52K imm &£, flE2H L T v mofifafs & Fun
T, TN F T ARG E o, BEMEOMR RO Th 5 PATHRHEIZ L - T, [H—
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INERNO DTV il 3iEE) L, 7, JfED SN2y SRR OISR IC & o T
NERZBEA T EO 7V mfifd2NEE T 5 2 & 2 REET D/MMEE O Z 0 K5 7k
PRI ARG X, NMBCE OFEREZ AT 5 L THIRIRN b DO TH D,

FEFIZHA DD/ TIE, 25 OMAaM OB TR L, [FIRHIZ, RN
WO/ NMRTEE D D OREDBHRAER & DN VT T AEE BRI N D, FRFIC T V%
TR © O idEEFS KON~ O HAEDY  —REBS I/ INIEZ 22 L CRIERYIC
—IBILRTE/ MK EE D B RTEEE ~E#EIC—  BEF OB~ E LN T T 7T AfEE
ZIER L. AR R O DOPH A DD Hbivd,

FRORX AR SR LR T3R8 A2 L AR 4 (neural tube) 20 5, LNt Z DRI &l ~m1 2> o
THNERFEET D, /DU T AV =T AR A ETTFH— 2 — e 3, HBLOE
B/ IS (DSCT & VSCT, dorsal and ventral spino-cerebellar tracts) ¥ XN FHEA Y —
7' (SOT. spino-olivary tract) 7 & DRI AR L T, F/MMIICAY | EERIIZ D>
TH#ITT 5, LHEFIC, 2NOOFEMNO =2 — %, BTV X LICEET 5 Ealk o
TR ORITRE - Pl » RE - EEERRE B G & O FITHMRE 2 LT A 2% 5
a3 5, FROTEEDR, RONTIERIL LT, ZELTHD L~V T, /NEOIEEIC
WATL TR Z 2,

— 0. EEICHD FTA) —TED=a—a b BICH B =2 — o o b EEP O -
HEREL VD, ThRbBEBEMEO, A6 AE U DM e I/ 5 2 B8 L TFE
b L7z b 0T, HRGICEE) L 7o/ MR & XR 72 Lade L 72 iR &
ET5H5HDTHD [Ono and Kawamura, 1989, 1990], F A U — 7K ~THFRECIEE O FE 4 D
MREEZ (F& LT, 2ol ERR =X Wik &) oA H 50, KIKEE
HEEIENODOZEN G T TICRID LV TEDNRNOFET D, M, BE~DE7=25 A
TEKRMEENP DD THY, Lt ZDOEHEEE» O REDATIBMEEZ TS, £
LT, ZREiL. F/MME & /Mg Z2 - THE#®R (ANT)) 13/NIKO 7 0% o iiifid & 5
BRI OB FIZENEIURZ HiILD,

/N

FHED O OU R NE O RIPL I 53 23 T/NME (586N . Flechsig %) W&
Y I B/ o R mE (ERIFEE KK, Gowers %) %5, EREDOKRERT
VT A D Z T INMRODVERRME I L o TIRZ DD IR AR (BEEOMER R E) b dh
D0, TIUFEHRINEEIZ L > TIEA LN O E BV ERICOIZY , BT 52 LR
TELHDOTHD LI, BRRMRY E—RIZIEXBI ST b, BLEOFR/NME 2 15%
HT D4 /7 VA% T HEkE THFRE/N LB D &F X, /Ko RE & RN
blcD, & ATHIBETIRWEE D 5, BERERIZITRSEORE 2 LIAEIICE 57 5,

TRt/ NI

FNBIABAL > B D FEARBRAE D Fr 2> B il 5 SKODPERRAERE TH 5, /IMIM-ERIZHT/ MK &
DT TE-/MN) ERREh, B O OB EZ < ZT 2HBE VDTSR, X3
DERT —ZInOH LB LT LHIELWRBL L ITWDWER D, RFEFEAENITH T, b
MBI EEISRDICONT K GAn) B - @k - B IMIM (ki) &vH 2o
D=a2—n Nl E > THERSNDRPE LS EET D, 30F05 50 FRISAT bz
R SR % DIEIR 2 SCRRAVICI N TH D & 2 a4 X T/MEEEKICHEEZ 52 Th s L
T2 D ZBAGIE A BN T v & DT F TR IS B R O (hypotonia, y & D
BEREIR T 2o~ d7) . BRI L, WEOEB KM (FRAEE asynergia) 72 EA3E0 b
5801725, EETEMELED L EIZ, FTRTESRS EZZE SV END, HENH
WREICH RATHND L EIZIE, ThbDERIFFERICHEDNES S, IRKLIID S, Z
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DI TEW DN EEER 21772 5 L T VB Db TL %,

NI D B L DR

v N ORI, REFRKRSED S [HEEER] OREICKWICEE LTV,
INIEEERES - sfRAZ - BUREENE, - KM E EEBEEET - M d K OV RO EE = 2 —
2N LEfESNDRNE L RBET D Z LI K- T Z ET 5550 ol 72 E#) 3
AR L b, Ledo T, & hO/NREROFZE TIEA A O W [REBNXIEF IZEE S
(asynergia) . AIFEDFRESCH MR EZ I8 9 LV Ao RETHEYNIIT R DILD
Z e, EBEAITR O BRICBERT 5 RO AMOFE NGNS LD T L X,
il % DFFOBEDOEAN h—2 L LThH, lxDO_X7 ML LTHEICIELIEZD
T, WERETE (dysmetria) OBEHEO FIZITEIDRKANLTHE W) 2 THD, 2F 0 il
7R IEENNEIR X4 (decomposition of movement) HLIZ i B 72 3#E B O A3 T S AL D

HLERES & AT HIED 5 HAAERITH LW T D gl (Rise & BEEi)
IR DRFITIXE D L D RIERNBBLOND TH A 5, RV i AV BT
KBRS Z OME TS RIS teleceptive impulses (£ il & BERHINR) 23 BIET 50
NTHDHZERHLMZENTWA[ETR, 4 i, Snider, Stowell, Eldred ; 1944, 1951], fif#
LN LR R X OBER R DOGERE N L NS STV DI, 1984], Z OFFEIC
BT 2 R S ORI AR RS T D A EE, AT & RIERIC HUNZE 2 DT
Lo TTWAR——REGEENCEEG LTy, &ICE<RICx L TEDONE%Z
“B” ONTHHE L TESD (orientation) . ZAUIMES TRIFMINCKIET H72E, Wb b
RS L OBERMEOESHEKFICEBR L TS Lyl bh s, LViELITHEME
[7= & Z X Tto, 1984 ; (5, 1986 ; Schmahmann, 1997 ] Z# &R Sz,

R L B

NI IZBEE M3 X ORBEE PEOEBIE D A S M, MR . HE., R A2 50
TERDOETDOANTIIING DN, THHDAINTE ERRHEE SRBRHELE VWD “EHO VAT A
[ DIVT/IMMNIZA Y . BRSNS, SEEICTAFIO &= B 8 E B3 2 M B )
MV U CIEERRAICAT 2 DL D 720 I2iE, EEROIFEIN EF ICHE S, —#HO TR
R DFBIRBIZEAL & 5 DG & iR & = S B 2 RN A L — XITB) < 2 L BNERS
HThd, LHL, ZhE+ob s Eoicii, Zhb/NMELE (BlR) A5
Z/NEOTEB O, /RIS T 5 2 O Kae— & < ITHBZEZE ()
FHEE & 2L RS MEDA 7V ANRELL AN EN TR ITER S 780,

Z O/, B ERRHE, EARERAE S TR OA L L LT, FRHENLDOT KL
TV EHBRME, BN OEa b= EAMMEN /NN EIZE D Z LA Falck &
Hillarp (1962) O#ifEku ik z2 AW TR STV DD, T D OFRHE & b LR 70 B0 HE
& BRRME L ORRIZARBIH L NS N TIEB S, /MMM S & BEREIX R0 ITH
LN ENEZ LIS 20,

LIRS A U — 7/ i (% BaRiER) LB INIMES (ERIRBRAER) 12OV TR %,

AV —T /N
AV — TR L SE R TR R HAIVE RS R T MBS O O ERBHE (2 AT/ I A @
%) EERNT, Mo VNKRTEZ D 205 O/NMADIRRE S & I TN Z 85, 74—
7 b [Voogd, 1964113 /M 0 1E H A R K OSROERRME & e OPERRHE D EBRAVAFZE 2 & &1
LT, % DO/NMTHIG T AORERAZ &> & VR Lz, BETIRIZIE SRR T I,
FERER CIIAMANZ I H RIS A B b, & HIZ7 4+ — 7 N [Voogd, 1969]1F . /MK D Hr bk
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NI BIMAZ A, B, C, D, D4 FE G- 272, ZOHBOSH L HDIXI BT T b,

1970 ALK DA — N T U A 7T 71k L OVHRP £ % W72 %8 [Groenewegen and
Voogd, 1977; Groenewgen,Voogd and Freedman, 1979 ; Kawamura and Hashikawa, 1979 ;Brodal
and Kawamura, 1980], & 5213 4B ZH)MF 42 [ Andersson and Oscarsson, 1978a,b; Armstrong et
al, 1974]DfE R, AU —7 /N (8 L#MER) ORI FERIC STz, B54I2H 6D
Loz, BETIINMIEIIAMIEI A Y — 7O R, MO IEEREIA Y — 7
DRIMARHR D B ENZIRDRMEE 9 15, 4V — T ENORIEHIROME)NHH 2 T2
NHOWEIRIL 7 +—2 O AIRE BEICHYS T 5, PEREECIX. £ Y — 7806 /Ml
O DI~ T 5, NRAIEIA Y — 7Ol 6 LIS U — 7 OYNERE D &
WX (CHk) ~FHT 5, 2o ORNHEB X OERORIA Y — 7 bRHEE 9 1
HREIERIEIE. FE. QB LOC1 77 A C3IRICHYSY T 5, 4 Y —TENLD
Bz oW T 2, MK (dorsal lamella) 7>5 (X D 1482, BEMIMK (ventral lamella)
N HIE D2 BRI HRHEZ K> TV D, /NKMEE Z BRI L TA Y — T BN O AL %
FHEMEDK G ZEE L L CIHRD Z Ll TH U — T/ N R A2 e LT T — A5 A B
0y 7 ORERY . EItiEAE (current spread) D7-OIT, HTOFENHZLILH DY, AR
RER N2 TS| 22y 72 FT HL & — 303 % [Armstrong et al.,1974], 7 4 — 27 ~® B 1L 11
BIA Y — 7 ZRIMIE 2 Bt Z 2 A4 U — T/ N#RME R O 1T AREIT, Z ZIXE RIS ERE)
O, Fo, MBICHRBEEEN L TERENOATIE 5 1T D5 Th 2 03— Rk b BIfR L
TWb, Afre BH CIIEMERARTE (R & %k &V o RE2EMT) OBSIX, £H
& SMU O T NS AFET B 28, —J7, Cl & C3 O CTITZ OB EIRIC KAV
IV O/NERMBTZ 0 ZEIC L THEET 5, C2WmICIZRTERLSIA A B A7\,

ko X5z, AV —7/MREOKIEFIRICE LT, *2 T, BEFHICKRE ST

TA, B, Cl, C2, C3, DI, D2 DHIEIC (HERIZ) £D 7T HOMFIREENFET D L
MREH S 7z, AEZEICIE, BO)HIEKA I 5125 2D~ A 7 7Y —(microzones, /]y
HIB)IZ £ Tl A5 IZE - 72[Andersson and Oscarsson, 1978a,b], B( b )ik 72 1T Tid7e < fth
DRI RO~ A 7 1Y = DIFENS B ORI L > THLENZ S D Z &34
THEINS,

D7p BB BV TIR, B ERHERFIIA Y — 7/ NMRIRICERO LD B2 b
TW5, 1RO ERHER TEO T X mfifg~ &0 ) FRIRBERH 5 & FbhbiTin
DD, TAUTHER DM EET D, BREEAZBE L TADL EREOHE FEIINE T
I U, S50 2-4 D 7% v ffliffid XE L TV D 2 EN D, R&ARIS, Wmlo T4
V—T7 MO EFHCTHDLE, B R TR 100 TET, 7 ofildo 1/1512H7-%,
T2, R TEHEMTFA Y — 7ML T 12 5 ~14.5 FET7 V% o =ikt 120 75-
150 5{ETZ i 1/10 12 & 7= % (Brodal, 1981),

S UNT

Z DOEGRITHUMEEAL O WHAIMER A T EIREMED B D . H/NE (Fki) %
R %0 N OFRGIIIEIC > T T A 2D, T OMBRE ORI AN Z AT EFROA Y =7
INIRRE DTS B BT ) | BN O —EIR D = o — v CREDS/INIKECE O HRIRIRIC
HIRETHT D L0 TRz T o, T7hbb, ZOBENR= 2 —a ILREiE ITHE
WRICES U7z oMiaiE (& 3R, RRRICES U7 MIfaRE) 28 F & F o TIMIMEE
B O—EEIRICET T2 L WA Z & & D, )T WA~ DORKRD AT TH D KN
BB DO DRHEDIBEN ORI NS o a B D & —TE ORI EREREREIR ) © ORHEITAE
A% (columnar organization) % & - T, FALRFERNIKIET 5, KRIKEED O OIEF#R %
INZARET D FikEZ & L COBIZMIREEO oMk, & HFREERERERIIZ /B S 7o
BOMBEESHER . BR S D WITRRICHREESI SN TB Y, FHR AT A B £
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(convergence) & /3#k (divergence) MNA MM XK 9 7afEiE 2/~ L CTUV 5 [Kawamura and
Hashikawa, 1981], LA EDO R 3 THRIARLNT Z O N2 » OFERIZE, LB THR
Ehémmw%wmmﬂW%(EBB)OEK%’W%@N&VﬁEk®ﬁﬁmm&%

IZBWTHHFET HZ LiFMNTHA A5, £, @J%ZP*Mftﬁ‘é 2o T, BB X
U\/J\ﬂuﬂi’f’fﬂ\?@ FERER) MMM OBEEIID R D X HIcBbnd, S HITERE
Hk L C RN EE G B 0~ & OIF R A 52T 2 /NI BB BEI O i . i%ﬁ%ﬁi*’w IRBIEE
NIRRT R RS (FERER) IR e o T D, BLREICRE XS IC, BBl T, 2o
HERIBCE R B BB RZARAE DKL AR, W = = — = /ﬁi@’\?ﬁ%ﬁiﬁ&“ ZOWNT,
R L TR TAH D & Q%EP ERBOKRK RO RN, o EmFEIZONTES
F IR LA LT 2 K o I b,

/M SR — BT & TATHE

NI, RO JAFIPH OFEEF )N B2 T DA DR R L ONEEME R A LE LT (#
W) . EFNOORERARIMN GEMEE RN . TR, #IM (B & IEgE) N NIRRT 5
B & IR IR~ D IR L TV 5B, T7hbbL, BXoNHTXTOMBREED —F 0
R (metric) S 72 BT L2 H HEIAY (automatic) 22 & 2@ L C— HMIBAREENC, K&
WEELZTWDHEE 25, Lol B i, /DB O DR OB IRk
HDODH) 1 /40 1238 X 72V [Heidary and Tomasch, 1969],

vy NIRRT 5 TRIE/DKT  (r3E & /Efi, flocculonodular lobe) @ 7' /L3 =l
NI RTEARAZ I EEERME A 5> TV D, ZhUSK LT, THFBE/IMK) . TR/ M) &
REIEA 2 FEI 0D 7L % o AR X SR ARHE & X T/ INRZE (WIEE £ 721X TERE, Riifg O
AL T BRI LRz, M £ 7213k ES) ICik > T b, ko (=
A 7 v =) /NS ATEERZ ORI/ NE DB BICK ST 5 2 LT X 0 BSR4
U, BREHALE L TCONL—T 2T D B2, B VNKTF > 71 IR 5, /)
iR C=a—u a2 TR, /NS O O PERRMET. B/ GEE ) BXIOTF
/NI (FRARAR) Al o T, /AMIROSMT I D, BN ORRHERE T EATE. OREZ. J:E:
TREZ, BTN~ EE) & T (TR E T) (20 ivsd, TR RS 7
ISR D RRHE THERR S AU TUW D03, /NER A IS BT BEARRRARE . AB IE BE AR A J:*K“TEEL“\
BT D O MERREZ B ATV D, /INBSMAEZ 38 L OVHRAZ > & H 7 sl SR AR HE 1 /NI D
ZBY, PR TEHTRY L%, ORI DO IREE (GMAEED & 13986 D /Nl iz
ERo~ AL B IR ~) B L OROEEZ (=D VL, VA ; /1D CL
%, VPLo#%. VLc#%) 1[#b s, WK (ZBTEEZ) 7D A 8HED 7 2091, milE
FEAZAMAEE (XA TV AKE) B X ORERE D B R HEE AR & RIS B MR AAE TR
TEOBENH L Th D, AR (36 i) THIFLSA D25, /NMRICITEEMPEDIE) b‘b%@é
FORRRIEDITERMBATI SN TS, HFRE L TIE, HREED BT EATHEIC KRN E I
EBNBEINDD, B, B, MEMEERIE, RIEMRE e &b, Tﬁﬁilﬁﬁ’iﬁ“‘@T
AV =T EICERF PR I TWDDO T, /IMREE - /NdEE - IMEREEEZ D R 3 2 APk
[BIEE L — 7" OIEENIRIR D B @RIV T2 D £ TORBMITEI O ERE & L CEERLLEE
T LD Th S,

¥, /NIMBILROAERL, FRIEEIES 72 &V FERIZ Rk A E (o, 1984; JI1FF, 1986) %

iz iz,

HFERLFREFAET H=a2—1
CHUCREEE LT, B < SRR F RO E O FEICIT/ MM — B E RS L, M58
BIZALHRERNS AV OFMIEICEE T2 Z &R 52 E 4TV 5 [Robinson, 1972
Jo 75 TlE, EREYZRTE08 O TEMR - Tl (attention) 12 139 /L D BiTEATE 2 B N O = 4RI BT 7 D
FIEZFLE LERICEET D=2 —n UEENBG L TR Y [ Suzuki, 1985] (R, 4 i,
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ZH) | BRESENOHR, R (S OITEREMRE) OmEICHITSNIANEZ 51T
WD, Zofft, HERPLERRDOAN S ZOEBIZELNTLS D, 29 LTHD L, HiEH
ATE = = — 0 IR RO R OIEE 20 LIFROH R 2 TS L) K0t 158
RNEEREE S L OSBRI D OB Z T k2 7o BIR A HE LT, ITEIIERA~Z
(connotational conversion toward behavioral significance ) L CFRl&. BT 25 EIEZE M
A TCNDERIRT 22 LN TE %,

U X b ETUROFLSEE

UL, T UROEIL, e, /M, PN, IR T8, MR, KRIMEE 2 & AN 4a
RIZ, LbHDHPD LUV TERL, 2»O% LV TENENRME L - TS, £ L
TINOLNEEE LTRE SN O EERICES (convert) SV TREBIHIRELN 72 &
N5, AGHENRFEOFNIE LTI I WNCEHEEZHNL, Vx ADA v « =a—F%
NI =V AfiDT7 VT « 73 —F—TRAOFHNF L RETHAIZEN LT EFRT
PRV ALTHIS> TWOARERDE, RETFTL-VLORENRLDEZEL ST 2181036
Do

ST AT2 L O ITHIITIFAA TR OfEL (PR —%) Db D, & I 6K
RNDE SO T T T AEEY =2 —a v 3B 2T, EHOEH=a—a L ~D
WRhsh, ThZ2EBE IS, R TFTHICIEIKRENRBKY X0 2 — (R—2R
A—H—) BHY, WEEICIFE, MEDROMICES GRE) R, Bk (F#h) Rz ba
& LIZiRn, FEArnNT o ZAERE O ) X LHTIHEER S D, ETo, D F IR
BE . R, PR, REIER 7 S1E & A ETRTORRE 2510 ATV D /MM ORERE IR
WIS D Z LN TERN,

T7—F ¥ VEBDA A= T

VDAL EN) DITFIZORES THESITOENDL DT RL, DT T v 2y
DAT > Tl & RIEOMEZ G AR OER —ICBI 5, ZOMiaEFIE (e
UIRIE, W) oo, —EEHI T CREIND A v ¥ — L (RO L O ORF
MEERT DZEMOERNTEHE) 25750 Ths, B FT, IMRIZHNTTXH
(events) D fgitk & HIERME & O IMBERE 2l ~ T8, ZR B I KX, /IR %
HREITER R ERREEREE (=220 A %A A —F 570 virtual action or
movement ) CHF SRE/R EDOMIZ, T X AU LN EGEFICKISTHEWVWD KXo
A I DOFFGRFEIZ B B > T D & 9 [Sakai et al., 1999, 2000],

EHME (LTD) & ZEHiE
/NI T R A E (long term depression, LTD) & FEIZIL D, 1R ORENE N E MM
X OIDBGN, FATHMEE 7T o fifaff D> T 7 AR I TWDH A, Z O
LB AR B L CRE L <R S0 Tu B [Tto, 2001b 5 2002a],

IR R 7= K 51, BIRBRKED B AT & 52 T2 TERGHU X TRRAE & R D il 3R R
ZHL TR il OBMRERICC T T AEET D, 1 EO 7% iz I ZR L
DRI HIEB B L OEE DEFE2IE25 1 7~ 1 8 HA L OFATHMEN B L T
5o ZOE ST RN s b O 2 G Tk L CEisE— ka0 v — - & 8 H
LTI b0 8, RIS TOMEBEZ R TW R WERCMERICH o tho T/NKaE]
i) D EE, SRR 2B L CAN SN BERESE L BITEATND,

ZIVEIERHCR IR 7 v o RITIE N A Y — T BB 7y (RIS R
THIFE LEIZ LT 1 ARE VDI TWD) B ERHENZE D7 A& AL L T L T
BY (LREH) | ZO/KEEFTRITIOEENADL E T NXr filIL TR AT 5,
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SEATRRAME & OB ERRHEDN D OBBE S NFRIFFIC T L Il A>T B L &, ZEERE
5 ko TV ATRRMED > 7 A DARED B PRI A 6N TLE 9,

ZOLID EMHEN L BBIIMES I L > TRAINZLO T, iE - FEMEL B X
FTNWDLHEDOTHD, BT /8, AEERED 2 COHIIE T, o mEfESE 50N
WEHEICHE SN TEENRLT D EVD . Wbd [ FEFiEdD 2 VIXFERRRERE] @
Lo TV DIMIRIEE CTH D, T4 U — 7B — /NS 2 M3 2 8% ERR#ER I, 1T
BRATOBICAE L RREERT] &, GEOH TR TH D 7 v mfifdicizaz b 2
LI TR TR EZ N LT REROVATHREN D DA N 2, T 7 AL~ TORM
HZ & o THEB/EET 5,

ITEBNEE 5 O AR T, RSO 2 EEREEOE T O AN END 2 EDNHMD
TWD D, /MIMIZE T 2Bl K OV MR O i (2 72 2 HERE O AL BE AR 1,
SASE OBIEICE W GEEY R OFREMIBICHANICE LD, IFBIEZ A L—XR 5 L
WHEWVWIZA I T ORIEICEE LTS, DFED, FMRBHICHEDS  EEEEA A v
F e F L DEAITDary ba— L EEREZL TS LW Z LD,

/NI D Hl 48 1

INHDANTIREFE 2 O TIRICERT /ML, Wbl TRAREORR AT & Fbt &
LC, F8 &2 L CHBWICHE SN H 7 E8) 2 R - ZMPICELLS Lrd
HHIZ BT S/ D7D E R ERB LA OFSE ] . LEEEEfEHL Tkt
R 2 ORIEEN (ZZEEGRE ., PRI, G (P, 1980121772 5 e (B
) ThHs5, ZOHE. MMEOFROFEE AT LAOMEET TWhw b REEFEEIET S
&N D HEl O H (teacher’s role) 2 fif . 721 . T4 U — 70 G Z 0 /NEN O ME— O #l
MH=a—urTHL I VI ofifdicikb s, B EREELZ N T2EFICL-oTar b
o — L ST B [T, 1984],

INMOEENR L OCEESET IV

LU AR FIRDORE~ A 7 1y — (USSR — /NN RS % A5
HREREHNT UNMXTF > ) BT NV— ZINDOIEAD LT DML 255D % &I
IZDRNT, MDOZEDTDORE/NMT v TET NV EOROH N OEETREGE L L TMMX
F v FNCH 25 X OITHAATe, BREEFTZ G 28T 5 E/KT v 7 OEVREEDS R EEIZ T
DFHDOBREPEIZIT- STl B 72 IR 2 G HIERICEZ D 2 N TE D ((FE. Mo
AEGE, K18 S M 1998, A EIE) . ZORMTHRAEKRDET LA /MENITIED
B SIS KRN E MBI T, MR EBRDINE T 4 — RNy 712k ->T, N7 4 — K
Ny P BEEHZTLEY, TN TETLEY &, AL —T7 7 LI/ ONEET v
D& 7200 CRHAE SR OEMEZ BRICHBE I 2N TEDL L1042 d (XA
U AET VIERNHIEI R , forward model) [Ito, 1970, MO AREGR] . ;X2 0], ZDk,
JIUANEHBRIZ K - T, /MO TIZTH B R OB EO W Z BT WX A7 A%
T VEENEIEH R ] (inverse model) & WD b 5 — DD E T ILEIEH O KA HREE S 4172 [Kawato
and Gomi, 1992a, 1992b, [HMOREFH] . K2 1], JHEIZ O—f&IaT D4 % THORE
. 1998 OFT/IMICE BN D B 2 SDOHIEEEROZEICHOWTRD X HICHBE L TW
SV VA SRN

(XA F 27 AT T LEENHIER X RBGEENEF & /M) ORI E OMORFRE, W2 A F
XU RAETOVIEENHER I ZEE ATE & NKSMART O BAtR L3 L TR Y |, EEEE O — o
DEMEICE TTED LD EE DN D, AIEOLEIXERNTEN, BE OS5 FE, MR
ZRANTHIEMICET- @0 EEH TE 5L 9100, BB TILEHZHE VIR LEET S
L BEBOFECTHERREIN TEDL LRI EMETE S, |

PRI - OFEINCET 5T L2 BB RBRICHILE, BEIE T, 7 VEERIERO
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EZ AR LE(Ito, 1993), [HREEFLDIEETF NV EMALTEESR] & THREEF L
DWET NEMBALTEER] EMEEND DT, T MMERIO ETiE, HGE#HE %
TREERTEF ) 12, [T AEROEBER] % @SB ORMER] AN X TFIZ
oTnA (W56, X57) ., ZOEBHNLEZ~ORT v FIIIEFITRENEON
Ho, Thbb, [OREERETAKESHFNOBEZET VIC@ENT D, QZ0EEZET
NOBNFEEZ VR 2 Lb— T 5ET A EZ/NENICIES, @RTEEFTEIXZ O/NMUENEEE T
S, | TOBBRERVIKLETAZ LIk, BEMESNFREICARY, BEET
NDOWETIVH/PMENIC TE UL, BERICESBENSETT 5, ZOMEII%ROER D
UM EZEET V] THOERY EiFons,

k) TRX5EE
ZDEHIITEZXTL DL, /DKITHEICAEREIZRES L0y, AX—%1ED &0 ) EH)
BIZBIELTWD (%, 3881, ThixitlE, 28 0oXend | BEEOME R
TAHMADEFZ (LA R) ZAE (RL—X) ITHODTFDE0WD TA U Z L7
Bl OWFANESOZITICHLES L TWH EEXTIWES S, ZOFMHBI (BB %
ik, AREER) e, oF0, bELETFSEML AN LRBOLND [Hlx O
REBBRST D EVIHHHRIE. B FOBAICIIU EORERENL L TXYEHOLLDF
Bl - NIMATIE « P2 TP E LERANCEE SN Z Ll D,
ZHUCIAT LT, B e AN SR A 2 R L CGRBIDIC . B, FERMIC T2 b
LD e 2R AR, KIGCHTEE - /N2 3E - [N - TR SIR CRER S D BAEFRIIC B
B LWRMBBEERE L5,

/N OSREIY THBERGZR | EESRE ORKIEZZ 1T Tid vy

FWREL /MM S o 1 D IEEEEEORIENZRE D 5 & L T ORERED R B SOV CIdE#E
SNTELLRNDDH D05, /I B #HEREIEERERE~ ORI TEREMN b Hbh D,
Thbb, 250V TEEIZ /MK [Haines, 1984] SCRHEIA [/NEF & FES5. 2002]7%>
LR FH~OBNOFENBH SN TS, 2B, BEEHE, &<t MIRrd L, K
it o /NBMBEE L — T o, EERICI A CHEBEEROMEZ SO TRET ILERD
59, PITEBWCNMMSMIEE (R 2 BIRE 2 U CRTTEZE I B4 2 MRk K 1T
Pex KHIZ L » TERAEHEFMIZ L RS TV 5 [Sasaki et al.,1979; Sasaki and Gemba,
1993], S HIZEFEDLIX, b FDOIEGFE L OFEMEE BEICAIL, YL O/NMED BEBREFIR
REFRATIR, EORE, FEFITHAT L CRIMECE NI BLE 7213 3 D IH B BN (field
potential) Z 5% & LT, /M2 b OB (BIEERERZME, s-N 2 OWRE M, d-P OEN) %
B Z DBV SRTEEEN, & < DOLEMOETRTE ., M EBE I L OV R T A % BE
(e o7 —BICHY T 2L VOB H D) (CHBbTAZ L E2BE L, £
IHIZ, ZOMEERIC, ZTOFENTH I D/ « KB OFRFOEEN 2575, 5iE
E DD Y D7 THEE L T-[Gemba et al., 1995, 1997],

/NIEDFBEEERE & i EhER AR

ZOXINNED S ARBEICE L TREWEZEIE, IS »58 2 04FERNIC T4
F =50 [/P%IE mental skill IZEBAL CTWA 2] CETH HLEREL TURDZ &
|27 % [Leiner et al., 1986], F7=, BAEIEITE b O/NKEERO FAMARTIZ FEE 23N > T
LI O REBEEIIAE LN LIRSV TWE, T4 F— bl FBLUEHAET
AN ERIMARET 33 L OV IR EZAMAER 28 & < IZFFEL TR Y . WRRD & 3fEmic b, %
AN S, L FIC b B D 2 M Lz, ZOMXBEWZOE, YEA
TR, AMIEER, & IS OSMAR 2 b HIRAEE . BUREZ 288 U CRITEEE A B ISR S
BESNDEVWIETHD, B, ZOFEELITEREIMIERICEE L2 Lot hOJEF %
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BMELT UTEZ2HE LFNEZIHOP T, DFEVEBAL L TETT D] Ko7 TBANT
HHES) ) DELIETFTLTWAZ EERWH L,

BE. MRL PET, rBF (RFTIKINGE) 72 & DA T 7 BESR AR L CERECA A —V &5
ToRBHBERE I . /PIEER, & IZRIEDIMALH IR B G- L TnWD Z & AT 7 —#
MFFK D I TV H[Kim et al.,1994; Fiez, 1996; Mathiak et al.,2002] .

BHHREAROENH 57T — X 20 EIFCTAHAD L, FfOWE T, AFHEOE N (B
il 2 7Tik) BEFERERE (FouRBEIAN, BT RBEFEIAN U4FV U BEHE2N) %
HRIZ, FREZBPITICHOP T CEENEEIN, £O L EDORNOIEE))Y IMRI
EHWCHNON, 20L&, KIMEZETIZ, Wb Ao ETFogigEane & EFETE/N
ECTREN S TUHE L7228, RIRFIC/ANIN T, Wi o -ERSMAES  (superior posterior fissure #5) (2
Hhe 6 AD Y H 4 NITIEEND _EFH D589 5472 D T % [Langheim et al.,2002],

BLE., /IR ORBMOEBHOMEIZOWNWTHZOEFNEH 4T 5 [Gao et
al.,1996; Schmahmann and Sherman, 1998], # & J<ifEH IV CRIFAEE, AIEEHE & 412/
JibG D HUE SO BRI b ZEhE  ARE DI 23 MRI % 7= #F 98 T Volz et al.,2000 ; Ichimiya et
al.,2001; Loeber et al., 2001; Okugawa et al., 2002 |, F 7= EMEREZfE1T L7- & X, AUSALE,
AR, /DI CREF AN O X 5 ITIX M & 23530 L 22\ 2 & 28 PET O HfF %% C[Andreasen et al.,
199818l &Nz, 7o R —For b ZnicEA L, 38 %0 & B2 (cognitive
dysmetria)] & 5 \W\E [ 2 L1 R (poor mental coordination) | & W9 HIEEZ 428 L T
IINIK D R AR RE ~ DB G- 2 WAl L 7=,

Flo. vy FUfitE— XA —iHEFIETT O~ L— (R Murray) 212 ZiuX, e
A M ERES R OTEEBI O TR LIELIZRRD bND LD Z & TH D FME), T4,
A RIER I LI LITFE O b L5 B AR RREME OREECLITE e EORERD . /MK OFF
ORI EEZEONAIET /L (internal model) L DOFEE L BE ST LN TR EOLND LD IT
72 0 [ Ito, 2000, 2002a,b ; Imamizu et al., 2000; Blakemore et al.,2001] . A D Z Z AD#E) X (2
ETCIOBEINIERSND L HICoTc, AHEOMBEREMEOERIZEY B FO/NMED
AVHNVIRERREE N LY —EH NSNS THA D (fRik, 5281 Lo &K)

RIS E S ERBREOREEA SR ALN D

N IEB) R U OFERER DN O SRR AR R BB N A > TL b, Flo, VA THRRLIR
DT, KIMEEORFZR M, & ICREEAHED LEZEZ I U T/MEEER~D IRV A
71 (B WRBRHESRB) 23 7F1E T 5 [Brodal,1978a, 1978b, 1979; Schmahmann and Pandya, 1997],
E RO TIZINOLOEEHBIUOBENE LI BEL TWLZEEExEbEDL &, /I
ek, & <IZZEDIMARBA R L T D BIETEAIZIIT 2%&E], OWTiX T8 EE
IR~ OBEGIIIBR TE Wb ORH 5, KIZ, KIKIZE T 5 K8 - REMGESZ
D & BIEEG R HEHTER L OBHES I EEOE S BRNNRBO O D, S HIZEHE
L AD L, aigaiEN DMEESE (& A HAEERD)  ~OmEARRE XSOk m o {58 T
SEEL G RRAE & LIZEPIR R ZE- T2 0 O BNFAET D23, RIEHED O IHTEE G B~ &
FHIH AV TRARZZIRY TIEREISDZRWVDIF, 1977], & M D & BHERPRE G
NI BIZRETHZIENOMETHE, 22 CTHRESNIZMREIRKITEZE LI RET DI
D EEbns,

FO9FTHRL< b M CREHEGIIIIEFICRE <20 | BHTHEA T & LN, £
ZEL, EEERS LR FHAY) SEEHFARET DL, 0T ENHEX T, BIK
BNCITRGEIE 2 & 72 B30T « GRERAY « D OREIZHE L7 KIMBTRENIC A BN D S 58
HERE & . A U < BRIRAYICIZWrEE e D S3EEE . 5Bk (skandierende Sprache) & & 72 H 3 H
BERY « B « D20 U X BV BERZ RO/ MRNIC A B D SEEHERE & 23 A2 B
LTHELT, MEREHLRETLILEEIOND,
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INEDOBEET I (G

SEICLANEEICLAZOKERBUITANESKETH D L5 5. Eiko/MKiz T
) HEREEME LT A4 — 5(1986, 1993 )DL, & DHIEIC K- Th v it
B ENINZ B D Z &7 o 7= [Ito, 1993, 1997, 1998, 2001a, 2002b].
FHEIX, —RIIZS > TRMO 7 4 — KXy 7 HlHO@E %2, THEOHETS Y. [
MG (IcERgd D TP OE 2/ MiEb o TS Z EEHLMNCL, EEL
EEIORELIEICEH Ui, EE OS5I EEEE . f e EE 2 LT — &@ﬁ%%@#
B TCHKREZENT N, L TEEOEAICIISHEESH 28 CTBASHEZED .
EAFE A R XS E@m#%@%m%ék%mbto%LT%@&WE% %%ot%ﬁ
D> B ORI S BLIR B ik b ﬁﬁﬁ%%ﬁf;ﬁﬁﬂfﬁféﬁﬁ ilErsp e gty
(converge) ST, £D [ A=V 1IEBN D, b LTI, FiBlC JIO“CTE
BN, A A=TU=ERN LT EIND I L b, FHEILZ :J“VS: ECE XN H 5 E
TSNS ZENT 2 ETHD) LWV EROLEZEHAELHNT TEBET L)
EREOY, /IMIZ I THRR S AT BB R 2 KEIMO €7 VEBHIERICEH HE) &
BTHRELE, Thbb, KNEENTT e —h B2 5 0anES R, BMEZDEED
P T D 7 o V= v r B 5 G Te B G B NICHFET D BB T T MY K U & T
TRERE LT, b RAKIMEE NG & L“CEE'?% TROHLIFIFILEZDZLELD
W9 BT, /K& RIEE & D % [l 77 A M2 B 82 15 546 A [Evarts and Thach, 1969;
Allen and Tsukahara, 1974; Sasaki, 1979] & i > CT/NMMNIZZ DY I 2 L— b= EEET
ANER SN TUE IR, MEN, BECRBRESNZEZBICEL T, &b TRMEENIEE)
%?é:&&<§@%h%ﬁﬁﬁa:&c&é(m SO - UNMEOET V] BRI
72L) . T2l ER NI L L 01, Fib. E. Bl Vo EB Ol 4
DHREEFICB N T ED L Y ICEHEINTA A—UBENRER > TL 20025 %R~
HVLEND D,

t MBI EZZ DA, FZICTERAZEFT L TENIE TAERICE TREIEES .
%@%-%%%Kﬁ&bhéﬁ%k\E@%\ﬁﬁﬁwmﬁ&bhéibimﬁﬁﬁkﬁ
Hb, LrLnThic _ﬁbt%%@twwkﬁkﬁiﬁmm 53 ARRVN; '35
BB TiT7bh b, &iwsz®ib <D&E@@%%iikéﬁékhﬁﬁ#
(D&E@@@%%b%ﬁmﬁéﬁf\Chﬁﬁ\ﬁﬁ%m\@%O B 59 %0 kR 7
E. Fix OMREEZRIET HIE DO THBEENRNE X2 TNWEDOTHD, 22 CTEEER
ERANO THEBET V) ZEET L2 FEOITEIE B 25 L, DICENSHA BRI E
EWMBRAME L TEET S E VWS, ZOBREL VI LOERN, Wb bs kD, iR
HEENZFITOBRIE L RRICEZ 6D Z LT D,

Flz, FORRIZ, KBDBR RGO Z OMWMABRLE S TFITEZSNEFICOWTOERE
B o AR IR B G35 2 Lic/he D, IRFBOKE, Fx OMRIEH., BALE
TR E g, HHEES ST COREER AL E T OB E LTI Z &L - T,
ZID EMNO EmIRERE 2T 2 OB ZFEEOMREIEEE Y = — /VMED T 87255 &
LTIADZENTE LY, BOREOHEE - BRROITENZ 20TV 2 — L OB
MAGOEE LTHMT LN, T RDLMOEMIRY AT K& 52 L2273 5
—ODETHA D,

/NI - RMBRE L — 7
UEAZTE Lo, BiRlcidRICEhAEFETHOh, BETHIh, TBTHIh, BN
B, FEERZR ER & 5@39’1 AEERRBIAE NI 20D AT ARBY | T b &k
OO TR — 3 2 TERERY SRR & LT /NI« RIMBAIE L — 7R (L) OfF £ B2
bOLELTHEREND(XS 8), YILTOHRTILD D05, /NMH-ERDIMAIFRIE RN B E
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OFEBNEFAMAES, EEETEF R K ORTEERTEF & ORI, 5, /N PRI RN R D 4
HENE (& <IZZOHREE) & OMICH ARG 23788 b 5 [Sasaki, 1979, 1986], & L T,
Z D/ - KIKBIE L — FITRIMOIZE L R > TR LT b D L5, EREZTIC, 20
F. & UT/EOSMUR & RIS ORTSARTE 2 /5 5%1E, &V bIFTe hOKIZE W TR
BN OBEBERRERDEDTH D, 12I, TEIORMEL L COEBRRE[E]EE & 5B 72 4]
2D AIUE, AN, EER, MMk, FROMEZ 2 > 7 AMICHERDIT TS
THEROMNEE R ) 2R L LIZEB RO BICHEHER & L CoOREM#RY., MEEE) % 5 5 S
FRERE D H 710 THERESSR) & LCompks i, THERANEE SR o Bic T EEMEE) & LT
RInsEE2DZENTELY (K59) .

oo Mz EOFA IV T TITRI D

PLFIZ, /RIS HiER) - [REOZ A I 7L U RLOFIEICEEEL TEET5, 2
DOMFFIFE A, EWHITL YD IMRI Z W Tt b TIT 72 47 [Sakai et al., 1999, 1999a,
2000], £9. XA I T OMBETHDLIN, O BEFHICE DB [IH. 2000 ; ZK,
20021 ZH L TR L THDLH, TRDLEDEHNZITRIICEL T, \Wo(when), %
(What){T72 9 & RO DI RO ITFERIICE 21, BEAN TR WAz 2 En5
T ETRBT HREREST ., BOIILL T O X D RIEARFEREIT /o7, Tbb, #Ek
FERENFEB N EZIZIAEZELIE TR V2L, BRnWEZEW-E &3P fETE
NENRILDRE 2T LI RT 5, S 2BEOEDIEFEZEZT-0 ., 72
IREINDEORMFEAZE X CTHEMED LWV S F X E KM T MR 2 IEERH
PEBE LT, TOMEIL. W#H (what and when) & & 12 IR IN R E O — R GEENEF &
BN B3 L ORI ATSE NS [RIFR S ITIE B N A H L7228, 2 O, miF (what) @
S T CIR M AINE S A R B A, 3 (when) DSRETF CIImiAIME S /INIMBUE # ZE |
FFRMIZIERN T 5L W0 DO TH o7z, TiLD OIS EEE 35 K UVINIME & % 3 CULEt
SNTERIT—REEB T 72 EOFITRICEDNS,

(AU AN] 72VRLE ) URA PV BN] Y XA

MM 2 TV 2R RE (R, iR, S BOE. FEER) 1B A b o —
FDY XL LREFITEROMBEIZOWTEET 5, T7hbb, WHbide MZ7T20F
B AEEEER CREE ., RBRBRICEDO) X A2 R Z WL THASERE, 20
IO LT RazmHIcEBE L, BELTVWD L EOMNDOIEENREZFRI U F TS
MRI % W THFZE L 72 (Sakaietal,,1999a) . & OBFFERE R HAERTILEX, U XA
A B = NVHERIIRIF L TEY . ZTOBROLRIZED 280 OZ U RNHD E VIR,
FARMNZITA o FZ— VR DF VR Z — RO A E LTIATZb 02 AT
RN EMELTREDTHY, LB IDOU RAEBUR ST  EIIKS L TREDTH S,
ZnE L BEOFERIC XiE—

OO EBFTEF . BATEZE & A O/ NRBTEEAMERIZ 1: 2:4 B X O1:2: 3 D U XA XIS
L.

QAW ORTIERTEF . EBHATEF, SHTEHERS L O O/ K% B EEREIE 1:2.5: 3.5 D U XA
9% (=a—a B EE2FD) |

QOiFtizF L HF LD, EETE S o EMEOBRICHEY T b 0T, QI oHs
OIFEMMENA—E (metrical) TH Y, OIFAE (non-metrical) TH D, 7272L, ODO—E
R (R 13, YRA7-NDRE RO ST H FPHIZAHESE 206, £OF
NS LT, 718, T2bbET0L0DFEE THIESED Z LR 5, ZRES WL
X, ROFTHR (F) OFE GEFE) ORBICHDIMRIEHATHLEE )2 LI D,
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DFEY, YRHLRXZLDODRH LRGN H D000 OHW eV LRRBICEHT 5 H 0
Th, 2D, bHREIFIIERONLINE M (F) < VIRLTHl (&HE) LTYTR 23
FWERZ —FED, —ERFLRIC L 2RIMEHOEA L (BErREHEE) LIS
EBTEXD,

ZHUCK L CQDORER, FE—EHEOLEIT, OITHALND —ED FRINSLIZ /202
D, QI LTIV ZLOREEZES T, ©LAFERMNIZ, &) 2 EIXTRIEEREISE
23 metrical (U X 7/V) IZFHIREZF T > THBIIZHETL TIT< D L IFRESEARD | R
MBI 72 R DOFTRAFF LT, FIRSNDEIT, ZORD ISR E ED XK D 723
£ () IZH20%5E L, B0 H L UTSRINEENZ /25, D=8, ffHlx OF AT
BT, ZOEEITHN, b BN L > THx v v FEN, ZOHER HF B
MR SN TIT Z L7 b, ZHUTOIZx L TH L MNII B =FEREA BT TH
. TNEITFITHBIEH O R VX — TR ERD, BRiE - BENES,

a7z AL EBENZY AL (VMREREE L /IMNKRTIE)

T E—IEICRIRT A Z LI 0 EE LW, BERIZIE. Oldbiubho4s (&
B) [CHARREIRADH D TH#EE) VALATHY, EHIGEEE LU COMMETE & 2
WA REE (RN EEBATE 722 L) IO TVnWAHEDOTHAH, TR LT,
QOIEZ 5 LIZHROBRFEN BN D, BEIZIZZ2W—B AW AR S8 25 TIEEERE)
VALTHD, 20O [Har) 720 ALMRBEETE v v T I, 20U XLNHIYAT
HEMb S5 /MR OIFEI RN RIEEICEITT S (K6 0) . ZOFRIZIEENd 5 KIKEEH
A A RTEE - BETETE T % [Sakai et al. 1999, 2000], = Z THIHDOFIHOEE B2\ L
AR B D 2 MREIK OB E LT, KIZEL L OFHSMH) Ko, ZWI—
Tk o TH LN SN, FREETE OEE & FTICEDL L RINEE — REZ L —
T/ T HEHOMSE LR [T =2—F )L« 2 v hU—72 | [Hikosaka et al.,
1999 ; ¥ H, 20001 L FENDITH Z N TE L D,

s (eI

/R - BRERIER - KINBEER)R

Thbb, —Hix OBEICER THALZEBICED S, WHIXESFETRO, A
/NIRRT BESMARE — e Al 2 TE B B e & O IE B BE R — R R R R (B X OME) o
N—7 GEB)EIER) | G IXQEBO XY A I T ORE R EOH LVIEEES L XD
T DEREICB I D W ININ B BRI S EE N 7 & A B — KK FL
RGO —7 (FRERER) &9 2 FEOKRERINCE T 2 EIEE (L—7") MM
e LTHET DI LI, ZRDIT/MNAR, FREERRI K ORI R i B) -0 B jif
DBE5H-F 2 KM EIEE R &0 ) TEREIICER 2 2 3 DORNAWICEE#H ST b THE X
NE5EL21Cs (Rik, 3 8HIZMR) . /IMIMOHERIEHE L TEZLNTE b D
ZEBOBE S D DHE 2 071X, i EEDSEREAOIZ 221 « BERAIC 2 L+ 2 EF D IEC,
FEREEOSBFIZE VLT, R OB 2 L/NKIC X 2 R oMEE . LT b
Bl AR SYTONLBEBICEEL TS L) ICTEDbNS,

181



SR EEE (FHE)

ZENN 7 B RS RE IR T DB A B DREEIN A2 tE TH D AT (HH) EAEH~DOEHIC
DNTIERD, ZOBEEEHI D OZFEEREMEOHE RS EE L TAT 2 ATEHEN OREK
IXEERBWICE N TX, ZRICREREOBX Z/ELHTERSZ 2 b o —/LT 5 iEH)
r%%%kiv%wﬂﬂﬁ YT AEKRE B X DD, SRERIIEES & F 2 T fa B K
72NV LZE DI TV 5 HECEROEEEER B~ fHAMZ | e Sh, HEIT
FoTEENRFEOBE 2 H7-56 LT, FROBERLRY, BEOANERILE L THRE
THEDTHA A9, HIORRTEZITFTCHONENEE I NHRIN., ZOREN B RBIE
DRFEL 72> TRIINTLS 52D TH S,
EHFTE & RIEEAR BF
7u—F r— FRUTETIE, R % EA B aE S B — 5 RIEE) B —— RE ) B
EWVWORRIZR D, Z IO TR L TEREERE &1L, Zo+HRFEkR-y 7 —>
(Evertz) R°FHE DI X VB STV D HEIT, EHBFTE (6 7 S HIZFE L < 5 A3 6DR,
6DC, 4C, 6Va, 6Vb & f59). ffi/cERE (Nl 6 BF) | #REEEBENEG END,
EENATEF X 6 BFICHI Y 3 2 5EEF C. H O FIREFRSH A O =R eI EE A 212
T, ATR Y RZXEEEMER - BT 2 2 LIRS L, 390 & RIS FERIICXK Sy S5,
Z U CHIAE ITEMEZE 2 T BRIl LIEMZ2 AT 2EfEic, & IXEELRIRT BRI
PMERETIEREE ST IRRICFEATE LTHES T W) Kolc, BHTE-T-@HE%
T5HEEZ BT A [Hoshi and Tanji, 2002, 2004], 6%’@?1”%0)8%’ VX RITAIR B & W
. IREKEB ORI L FENCB 595, 2B RMEENAIEIZIE, HREOE RN E
L 6 BPIC & & 15 Al E B B 3 L OV ORI I iﬁﬂ%@f‘u&ﬁb%c‘:ﬁihé TN SH D, F
7225 B TR IR ﬂiotﬁﬁ (CHPOIR BB TEBN B SMFET D, LA EERFRL TH
VGEENEF & WA TN D, Zhk L L7 RBAE RIS RS U ORI E IS L 7=/ T8 & il U ST
THZLEARERDL LD S 70ITiE, RICREZ X 9 RSk L m R IEEERE DR B & il
OB NRD ENDDTH D,
BEEE AR EHE
PO @RI T 5 R OAEB T OESITE LV, 2ozt
FDIZHE GRIBRESE 72 &) 3 K OMERE D & A 7= BRI AO X 45 @%hizﬁfﬁé D EE
TILKIERED EINT-7 A Y —[Geyer, 2004] DIFFEIIZMEINDH R EHE/REETH D,
BE, PAVOERFEERNOFEA OFEBEICOVWTHLNZENTWDS Z & & FICHR
ICFE EDTEL,
EENATE
AN L UTHEELE (L% 5 <MEELE) bk (BLOW) OZEMERC8H X O
ME (BLOBER) H#RE2Z T WD, BEOBM—EE~DLEHR-ESH OV 7 7 0
77 AER-EB O M N ES, EEEWR, TobbERERE VI EREFFST2(E
Tk ﬁ%%ﬁét@@%ﬁ’ﬁﬁﬁéo
HREE
RSN EMEIER O (TR EBRE LT, FHA. 2001) THHICEKIL L CEf
L7=BEZIT/2 DB, 2 ZICIIBREAT L OEBEORTHERITIZTE A EAS
LZpwn, X7 44— RE DT /LF [Penfield and Welch, 1951] 2L > TCHRAEIN
7= FEI,
Al B BB ET -
EEETF O DA N EZIT 5, HEEHTOMIEE LR A 7O L ONRHELIL L1
BHGEIEDNAR 2 £HL L TN D X A TROWITIT 9 RENMAFBH LD E DI AN
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bbb IClET22 4 7HRRAVWHEN TV [Shina and Tanji, 1998a, 2000],
wIRREEEF -

HORIERE T R C & < IZZE ORTHFIERITRINIZ R & OBEB TR, MBS ® & 2 EE)

BT D IE I LB EORIR A VLB L35 & X TIEE T 5k B 2 65Ty

Do

HEEHROEHHFNDLELZDHM

PUFIE Thd & B [FHAE, 1999] L oF5HTH 5,

ok oic, EHENSEEAETLIOITREEA 002, TOEML L, EBOH
KEBRMEEWS Z & 2L TEEIZITR DRI - R ~OxfIc & W Z &ich b, Hl)
AT D & o MFIEZIGITH =508, ERE LD FAROERSERA T OFIRIEHR,
Z LT TR 5 TW A ELEIE RN, FFOG T, & F I ERHEAEDE CERO
BB ZRT &R A I, WIZENLDOEREE ST, 177285 L 925 - EHOERO B IZ
EREL, ZOOOEED FIECHEZ IR L, TNHE2 X0 X ) el - 22/ag/8
TR T 20 E WO BEICED, 20Xk )1, ARSI L OGBS ST,
HEE# 21T ) ETA2RMOBHIOTDIZE, EB)OZR - B - ROTZDIZHMLERD
T, EHOENMN AR~ EFIZELNIVLERDH D, TNEOEHRIT, EIRICE > TERD
HHERE L THHANTEDIREIZELEDOENTWDMEND DN, KINEEOHEEEIZ
ROHZENTE D,

EZANES B IX - RKERE L ITEBZICITHE O 28" BEROBRBVITER
EIE A2 L TITRbn T2 ThD, LizNn-o T, BAEORRERML, £OHT
DO HEDONESITRLEHIRREZHAANSERM L, & 5ISESO B AR ECH AL T I B
L7t BIEHE ST 57001, EAHOERNETmRERTFICELNL, 2L T2
ML T REBE~EEOND Z IR D,

B EENE OB ONALE ST 2 AL L CIIIR T 5, BIR O K 9 (2 @& YRGEEDEF (3N E
BN IR AN 22T 5, 7, KIMEER &G b, EEOMASL T, HERS
FENC LB R EREZ T TND, 20X ) BRI OFE D X2 HE SV TRIEBIIZALE ST
357 01X, @MGERNEIERIRI - AEIO =D OBFHMAT & EBH ) OEFHRIERO
BHELETD, A Z—T oA AT HERBELTENAI, |
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post. cingulate motor ctx.

ant. cingulate motor ctx.

»"*-.cingulate sulcus

inf. pariet.
asgso. area
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FAHNEE

7 4% _F 47 (Wikipedia)

FPAKISE (£: Dementia, JH: Demenz) (X, B RGN DIZENEEFIZKY., L\S-AEEICHEL
T-RIEEAME TFLIIREEZ LS, ThICHL ., A XMICIKND B[ EHESHAHY . EFDEE OAEE
REMTOEZTLENABENDIIREDEE., MMUEES LS,

BATIEMNDOTIIHAR (B(ES) EMEIENTW S ThHSH. 2004 FICEAFHEEDRERE
RIZEH>TIRBEEINDEWNMEZEFRDIMENFTLEHON ., FT TR BHFH LV EHEN#E
AEHICBVWTTERIOBELELESNEBIAEICETRZION -, EEFRITHELVTE 2007 £

EETICIFEFEVVRANGEINTOS GERBICOVWTII#EMEFDIEESE)

AR IDRBEODBRELTEITHENRRMIETLREIOEZIEY A EFHIIXTEIEE
DOAISTERIE TR L | DEZCAEEEEFH oIEEEELTERSND,

PEE. B HEREBICOAERASN T A, BF, ERFKEFELGERBEICLYHRET S
REICHLTLARDAFZAVSCEN DS,

HICZEICH - TYRANBGDEV SRR PR B RBELRE [CEHFIE D DETIE, Fx
[CIFEFENG F(, BEEDIMEICIYRIBEMNME T L H R LR E FAREFEN S,

|

FEMRIMEEEE THRMEEVSHENGEINDIFELHD, MEFEETHEEEMEENSIDEE
H&HY . Hachinski D EMAI7NEEOXFNICHIEEEERATH5S. BATIERERXRLYMEE
RHENREZ N EVNDON TN =D, A X T ILYNAT—RIZRMAEMNEML TS,

RAEDRE LGB EFRBICIK, WMEFEE., 7ILYNAI—REEDEMHRE. EREEK
BEIE. EASUREDRE- XBEE. BRR#EETLRENHY. ChoDREICKYAEEICK
[EZEE=T SOLRMEREZIAREL TELERICRIELSESND, NN EREEDSE
ERZH TH/MNEENR DN > TLEEIBHZETEL, oM BHMERDEREREIC 7&9’CL\675\
ESDDHIFFHLL, CNFETIEINME S REE LB SN TERH, RREZLLATILY NS
TN RHMEDREEL->TNS, FiEE. [INMEEFZFEST7ILY /N —RERBHE 1 THD
HE NV,

UTRFERREICLDBIIEDNDEE L ED DL
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http://ja.wikipedia.org/wiki/%E7%94%B2%E7%8A%B6%E8%85%BA
http://ja.wikipedia.org/wiki/%E3%83%93%E3%82%BF%E3%83%9F%E3%83%B3
http://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%AB%E3%83%84%E3%83%8F%E3%82%A4%E3%83%9E%E3%83%BC%E5%9E%8B%E8%AA%8D%E7%9F%A5%E7%97%87
http://ja.wikipedia.org/w/index.php?title=%E7%9A%AE%E8%B3%AA%E4%B8%8B%E6%80%A7%E8%AA%8D%E7%9F%A5%E7%97%87&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E7%9A%AE%E8%B3%AA%E6%80%A7%E8%AA%8D%E7%9F%A5%E7%97%87&action=edit&redlink=1
http://ja.wikipedia.org/wiki/%E7%B5%B1%E5%90%88%E5%A4%B1%E8%AA%BF%E7%97%87
http://ja.wikipedia.org/wiki/%E8%80%81%E5%8C%96
http://ja.wikipedia.org/wiki/%E6%B2%BB%E7%99%82
http://ja.wikipedia.org/wiki/%E6%AD%A3%E5%B8%B8%E5%9C%A7%E6%B0%B4%E9%A0%AD%E7%97%87
http://ja.wikipedia.org/wiki/%E7%97%87%E5%80%99%E7%BE%A4
http://ja.wikipedia.org/wiki/%E4%BA%BA%E6%A0%BC%E9%9A%9C%E5%AE%B3
http://ja.wikipedia.org/wiki/%E8%A6%8B%E5%BD%93%E8%AD%98
http://ja.wikipedia.org/wiki/%E8%A8%98%E6%86%B6
http://ja.wikipedia.org/wiki/%E8%AA%8D%E7%9F%A5%E7%97%87#.E5.90.8D.E7.A7.B0.E5.A4.89.E6.9B.B4%23.E5.90.8D.E7.A7.B0.E5.A4.89.E6.9B.B4
http://ja.wikipedia.org/wiki/%E4%BB%8B%E8%AD%B7
http://ja.wikipedia.org/wiki/%E9%AB%98%E9%BD%A2%E8%80%85
http://ja.wikipedia.org/wiki/%E8%A1%8C%E6%94%BF
http://ja.wikipedia.org/wiki/%E5%8E%9A%E7%94%9F%E5%8A%B4%E5%83%8D%E7%9C%81
http://ja.wikipedia.org/wiki/%E7%9F%A5%E8%83%BD
http://ja.wikipedia.org/wiki/%E8%84%B3
http://ja.wikipedia.org/wiki/%E3%83%89%E3%82%A4%E3%83%84%E8%AA%9E
http://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E

ME M EREISE : vascular dementia
ZREFEMZEIELIEEME (Binswanger RABIKEZET)
ZRMEEDR
FR 5 14 i 4 22 B
B EEEERAE - CADASIL G E
TR ENE
7 LY iNA T —FIERHE : Alzheimer's disease (AD) % 7= [ senile dementia Alzheimer's
type (SDAT)
FLBEELIIUO L T 2R MEREREEIC LY B R AEESCHSEIRICKEEL 72 LT
BY . FIRRET L RFTRIER Z DR WEPNREORAR L 0D,
/N—F > ) ¥R : Parkinson's disease (PD) with dementia
HIIEE{AEERYERX04E : frontotemporal dementia (FTD)
EvV&i
ZHUD ITATEREEMRE DR EIZ L 2 A SHTE) (MEADEREK R E) | BT
B (R CATEh 240 RT) | RERIRAAENE, BREGOER EDRHRLID,
UFEAML E—/IMAS : Diffuse Lewy body disease (DLBD)
POANBEREPE E 2 AT BRI (FHEDE Y 2> TWD . /NEAED
BloTWD72eE) | N—F Y R, BB 28 BEREREE 72 EOFERD A 61
D

o nNvFULUIR

NIFIR IR (TABAEAT LS., E: Huntington's disease) (&, KX AIDERZH D IRFAREIK
BOHZMEA LM -RETHIEICKYVETED AR EE (FREES)., chorea(F!) I viE
TRYDE)). BENET. FEEFEEOERIEANIELEAELELRK. BATIIEEE
BICREIN-IEE#HHFTHD,

M OTINFUREBE ] (Huntington's Chorea) EFEEN TN =C&EHEH. £ H DT WEE
BEEIDAMNFEBINTLEST=O. 1980 ERMNSEKTIE 7\ F 2 b %R 1 (Huntington's
Disease) EME(XN B ES(ZEoT=. BARTIZ 2001 EHNSTNANFURARIDBIHERANTLNS,

FRRELDIEEFIDIBEICIE. BULVERET A0 FATERICREAEL., 10~20 EMNITTHEITT 5, 1t
RERLZLICEDREFHNRLGDIE KB LEFREBEEFEZITRNVZEEITENHTE
Z(ITRDBERIHMONTUVS, 2006 FIRAE TIXABET DHEIFHSNTULVEL, 1872 FITKE
AV T7ASURDERYI—2 -\ F k2 (George Huntington) IZ& > TEi& S, AFEIZLY
ERANAATOFREZRIL5710/100,000, 7OFT A TIVAATIEZOH 7D 1 £555,

JRIA]
JREEIEF EL T huntingtin ZIRFHVE 4 ZEAERLICEESN TS (The Huntington’s

Disease Collaborative Research Group, 1993), huntingtin BIZFDE 1 T7YIZIE CAG DY
RUBHIMNFET D, CNIFTERREDHETIE11~34aE—DORETHLIN., FREELF

188


http://ja.wikipedia.org/wiki/%E3%82%A8%E3%82%AF%E3%82%BD%E3%83%B3
http://ja.wikipedia.org/wiki/%E9%81%BA%E4%BC%9D%E5%AD%90
http://en.wikipedia.org/wiki/George_Huntington
http://ja.wikipedia.org/w/index.php?title=%E3%82%B8%E3%83%A7%E3%83%BC%E3%82%B8%E3%83%BB%E3%83%8F%E3%83%B3%E3%83%81%E3%83%B3%E3%83%88%E3%83%B3&action=edit&redlink=1
http://ja.wikipedia.org/wiki/1872%E5%B9%B4
http://ja.wikipedia.org/wiki/2006%E5%B9%B4
http://ja.wikipedia.org/w/index.php?title=%E5%8E%9F%E5%9B%A0%E9%81%BA%E4%BC%9D%E5%AD%90&action=edit&redlink=1
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Self-consciousness, recursive, working memory, executive function, language,
social communication and behavior, abstractive way of thinking.

The highest level of the consciousness, only homo/human/or at least the higher
primate can reach. Self-consciousness

Cf read papers of _, Self conscious (Insula, PFC, Anterior
cingulate) and Non-self conscious responsible for )inferior parietal area 7

Aberrant sense of agency in patients with schizophrenia : Forward and backward
over-attribution of temporal causality durin intentional action

Self-disturbances in S have been explained and studied from the standpoint of an
abnormal sense of agency.
Confusion in the experience of temporal causal relations between the self an
external world may underlie self-disturbances in S.

Self-disturbances in schizophrenia have been explained and studied from the standpoint of an
abnormal sense of agency. We devised an agency-attribution task that evaluated explicit experiences
of the temporal causal relations between an intentional action and an external event, without any
confounding from sense of ownership of body movement. In each trial, a square piece appeared on
the bottom of a computer screen and moved upward. Subjects were instructed to press a key when
they heard a beep. When the key was pressed, the piece jumped with various temporal biases.
Subjects were instructed to make an agency judgment for each trial. We demonstrated that an
excessive sense of agency was observed in patients with schizophrenia compared with normal
controls. Moreover, patient groups had a greater tendency to feel a sense of agency even when
external events were programmed to precede their action. Therefore, patients felt both forward and
backward exaggerated causal efficacy in the temporal event sequence during the intentional action.
Confusion in the experience of temporal causal relations between the self and the external world
may underlie self-disturbances in schizophrenia.

ARHFFED X A 7 T, self or non-self Z &\ F W2 L72JR{ T agency judgment % &

EHEWIAMAENTE LT,

self J&H.13 insula, non-self J&H. 13 inferior parietal 2388 5- L T\ 5 & BWE 0, £D
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lfunctional connectivity| 73 % > TW A D7 EHERI L £ 77,
A%, [unctional connectivity | (22T, RifL TW&E W ERWET, f MR I
T, HMliT A Z ENREEDO X S T, (ATHERD)

refer (Mirror neuron system, F5-7BA) and importantly the precuneus (this region
may be responsible to the “hub”or “surveilance” for judge on the Self/Non-self )

Cortical areas related to the parietofrontal mirror system

responding to different types of motor acts.10-14 Yellow indicates transitive
distal movements; purple, reaching movements; orange, tool use; green,
intransitive movements; blue, portion of the superior temporal sulcus (STS)
responding to observation of upper-limb movements.4 IFG indicates inferior
frontal gyrus; IPL, inferior parietal lobule; IPS, intraparietal sulcus;

PMD, dorsal premotor cortex; PMV, ventral premotor cortex; and SPL,
superior parietal lobule.
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post.cingulate

Anatomy of Self/Non-self
Insula

S BB in connection with Broca area, H CLE#% ?

Anatomy

The anterior insula is larger than its posterior insula. Most of the input to the anterior insular is
derived from the basal part of the ventral medial nucleus in the thalamus and the central nucleus of
the amygdala. Furthermore, the anterior insular also projects back to the amygdalas. The posterio
insular, in contrast, is connected to areas in the primary and secondary sensory cortices. This region
also receives input from the ventral posterior inferior in the thalamus via the spine. -

The insular cortex, sometimes called the insula, is integral to the experience of emotions, the
processing of tastes, the memory of procedures, and the control of motor responses as well as
interpersonal behavior.
Functions of the insular cortex

Risky decision making
The insular cortex seems to be intimately involved in decision making, especially when the
outcomes are uncertain (e.g., Preuschoff, Quartz, & Bossaerts, 2008). That is, individuals often need
to decide which of several alternatives to pursue. Occasionally, some of these options could
potentially elicit a host of aversive outcomes. When individuals anticipate the possibility of potential
adversities, the insular cortex seems to become especially activated (e.g., Critchley, Mathias, &
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Dolan, 2001; Smith, Mitchell, Hardin, Jazbec, Fridberg, Blair, & Ernst, 2009). Indeed, anticipation
of negative stimuli is regarded as one of the key functions of the insular cortex (e.g., Seymour,
Singer, & Dolan, 2007).
Perhaps because of this anticipation of negative events, activation of the insula is correlated with risk
aversion (e.g., Kuhnen & Knutzon, 2005; Paulus, Rogalsky, Simmons, Feinstein, & Stein, 2003).
Indeed, after lesions of the insular cortex, individuals prefer more risky options in gambling tasks--
that is, options in which the outcomes are less certain (Clark, Bechara, Damasio, Aitken, Sahakian,
& Robbins, 2008). Presumably, when this region is activated, individuals become more sensitive to
adverse possibilities, sometimes called a sensitivity to punishment. Risky alternatives, in which
adversities are possible, thus seem less appealing.

Moral decision making
The insular cortex also seems to be involved in moral decision making. That is, in many instances,
individuals need to decide between two alternatives. One alternative will increase equity. The other
alternative will reduce equity but increase the aggregate resources. To illustrate, governments might
need to decide whether to fund all schools, which improves equality, or only the schools that
perform well, which can encourage performance on average but undermine equality.
As fMRI studies highlight, when activity in the insular cortex is elevated, individuals subsequently
prefer the more equitable option (Hsu, Anen, & Quartz, 2008). Thus, the insular cortex seems to
inhibit inequitable as well as risky decisions.
The Ultimate Game task has often been administered to assess these preferences towards the
equitable distribution of resources. Typically, participants interact with another person who has been
bestowed a sum of money. This person is then instructed to share a small amount of this money with
participants. If participants reject the offer, neither they nor this person receive any of the money--
but the outcome is equitable. If participants accept the offer, the other person does retain most of the
money and, hence, the outcome is not equitable.

Anxiety and neuroticism
Some researchers maintain that elevated levels of insular activation might vary consistently across
individuals. That is, activation might be especially elevated in some individuals, across a range of
settings. This elevated activation of the insula might coincide with neuroticism and anxiety disorders
(Paulus & Stein, 2006). This premise is consistent with the findings that insular activation is
associated with sensitivity to punishment and adversity.
To demonstrate, in a study conducted by Stein, Simmons, Feinstein, and Paulhus (2007), a series of
positive, neutral, and negative facial expressions were presented. Interestingly, in patients who report
elevated levels of anxiety and neuroticism, both the amygdala and insular were especially sensitive
to the emotional expressions. Similarly, Wright, Martin, McMullin, Sin, and Rauch (2003) showed
that insula activity is elevated in individuals with phobias of small animals.
Furthermore, drugs that alleviate anxiety have been shown to suppress insula activity, as reviewed
by Paulus and Stein (2006). An example is lorazepam, a benzodiazepine drug, which can curb panic
and other forms of anxiety, but also reduces insula activity (Paulus, Feinstein, Castillo, Simmons, &
Stein, 2005). This finding also aligns to the proposition that many anxiety disorders might coincide
with elevated activation of the insula.

Bodily awareness
The insular cortex seems to be involved in awareness of bodily states (see Craig, 2009; see also
Karnath, Baier, & Nagele, 2005), and this awareness also modulates physiological responses. For
example, the insular seems to be involved in the awareness and sensation of pain (see Baliki, Geha,
& Apkarian, 2009). Even imagining pain in the body activates the insula (Ogino, Nemoto, Inui,
Saito, Kakigi, & Goto, 2007).
In addition to pain, many other bodily sensations activate the insula, such as warmth (Olausson,
Charron, Marchand, Villemure, Strigo, Bushnell, 2005) and stomach distension (Ladabaum,
Minoshima, Hasler, Cross, Chey, Owyang, 2001). These responses to bodily sensations can then
affect physiological processes, such as regulation of blood pressure, especially during exercise and
exertion (see Williamson, McColl, Mathews, Ginsburg, & Mitchell, 1999).
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Motor control
In addition to representing bodily sensations, the insular cortex is also involved in motor control,
such as eye movement, swallowing, the cardiac system (Williamson, McColl, Mathews, Ginsburg, &
Mitchell, 1999), and speech (Dronkers, 1996). For example, the insular cortex is vital to facilitate the
articulation of long, complex sentences (Borovsky, Saygin, Bates, Dronkers, 2007).

Precuneus

Precuneus shares intrinsic functional architecture in humans and monkeys

Daniel S. Margulies et al. 2009)

Evidence from macaque monkey tracing studies suggests connectivity based subdivisions within the
precuneus, offering predictions for similar subdivisions in the human. Here we present functional
connectivity analyses of this region using resting-state functional MRI data collected from both
humans and macaque monkeys. Three distinct patterns of functional connectivity were demonstrated
within the precuneus of both species, with each subdivision suggesting a discrete functional role: (i)
the anterior precuneus, functionally connected with the superior parietal cortex, paracentral lobule,
and motor cortex, suggesting a sensorimotor region; (ii) the central precuneus, functionally
connected to the dorsolateral prefrontal, dorsomedial prefrontal, and multimodal lateral inferior
parietal cortex, suggesting a cognitive/associative region; and (iii) the posterior precuneus,
displaying functional connectivity with adjacent visual cortical regions. These functional
connectivity patterns were differentiated from the more ventral networks associated with the
posterior cingulate, which connected with limbic structures such as the medial temporal cortex,
dorsal and ventromedial prefrontal regions, posterior lateral inferior parietal regions, and the lateral
temporal cortex. Our findings are consistent with predictions from anatomical tracer studies in the
monkey, and provide support that resting-state functional connectivity (RSFC) may in part reflect
underlying anatomy. These subdivisions within the precuneus suggest that neuroimaging studies will
benefit from treating this region as anatomically (and thus functionally) heterogeneous. Furthermore,
the consistency between functional connectivity networks in monkeys and humans provides support
for RSFC as a viable tool for addressing crossspecies comparisons of functional neuroanatomy.

Conclusion

While the resurgence of interest in the precuneus has generated novel research questions regarding
high-level cognition (1-3), it would be erroneous to overattribute functional roles in the absence of
clear evidence. The search for common denominators of these functions must be accompanied by
efforts to delineate functional subdivisions based on anatomical evidence. We suggest that a more
complete understanding of the potential involvement of the precuneus in a diverse array of clinical
and psychiatric conditions, as well as a wide range of cognitive tasks, may benefit from the
consideration of functional boundaries within the precuneus and also between the precuneus and
posterior cingulate cortex. We propose that the subdivisions based on precuneal functional
connectivity patterns observed in the human brain, which are related to tracing studies in the
macaque monkey, can serve as initial markers for further investigation. We have shown that the
precuneus and other areas within the

PMC comprise a series of related but discrete regions that participate in distinct functional networks.
This differentiation is especially important considering the rise of interest in the default-mode
network, the posterior component of which is typically referred to as a single homogenous region,
the “‘posterior cingulate/ precuneus.”’ The clear differentiation of the precuneus into 3 functionally
relevant anterior-posterior subdivisions merits further attention in the evaluation of
activation/connectivity loci within the region. Further work is needed to understand how the
complexity of precuneus, and its interactions in several large-scale networks that have been
preserved across species, relates to high-level processing in both humans and nonhuman primates.
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Schizophrenia(SCZ #f & % 8 JiE )—as a disorder of the corollary discharge systems that
integrate the motor systems of thought with sensory systems of consciousness.

L. Feinberi and M. Guazzelli in the British J. of Psychiatry 174(1999) 196-204

An efference copy is used to generate the predicted sensory feedback (corollary
discharge) which estimate the sensory consequences of a motor command (top
row). The actual sensory consequences of the motor command (bottom row) are
used to compare with the corollary discharge to inform the CNS about external
actions.

Br J Psychiatry. 1999 Mar;174:196-204.

Schizophrenia--a disorder of the corollary discharge systems that integrate the motor systems of

thought with the sensory systems of consciousness.
Feinberg |, Guazzelli M.

Department of Psychiatry, University of California, Davis, CA, USA.
BACKGROUND:

In spite of intensive research, no causal anatomical lesion has been found in schizophrenia. It
may instead be caused by malfunctioning circuits in the corollary discharge, feed forward (CD-
FF) systems of thought.
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AIMS:

To integrate with the CD-FF hypothesis recent data showing that subcortical motor systems
participate in thinking.

METHODS:

We review CD-FF concepts in relation to recent evidence that 'motor' brain structures participate
in cognitive processing.

RESULTS:

Malfunctioning of CD-FF systems that integrate thinking and consciousness could produce
auditory hallucinations, delusions and disorganised thought.
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utilize the computational and integrative mechanisms evolved for physical
munenerv. Corollary discharge and foed-forward (CD-FF) arc  imepratie

mechanisms that prepare neural systems for the consequences of self-initiated
action. In the motor systems of thought, they would act to distinguish self-
produced from externally-stimulated events in consciousness.
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R EORRAtOn 2 ther than anatomical defect in a specific area
# Inter-connections of the anterior and posterior association corticies, evolution,

An efference copy is used to generate the predicted sensory feedback (corollary
discharge) which estimate the sensory consequences of a motor command (top



row). The actual sensory consequences of the motor command (bottom row) are
used to compare with the corollary discharge to inform the CNS about external
actions.

Sommer, M. A. and Wurtz, R. H. What the Brain Stem Tells the Frontal Cortex. II.
Role of the SC-MD-FEF Pathway in Corollary Discharge. J. Neurophysiol. 91, 1403-
1423, 2004
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Efference copies are created with our own movement but not those of other people.
This is why other people can tickle us (no efference copies of the movements that touch
us) but we cannot tickle ourselves (efference copies tell us that we are stimulating
ourselves). An efference copy or efferent copy is an internal copy of an outflowing
(efferent), movement-producing signal generated by the motor system.™ It can be
collated with the (reafferent) sensory input that results from the agent's movement,
enabling a comparison of actual movement with desired movement, and a shielding of
perception from particular self-induced effects on the sensory input to achieve
perceptual stability."! Together with internal models, efference copies can serve to
enable the brain to predict the effects of an action.!!  An equal term with a different
history is corollary discharge.
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Sommer, M. A. and Wurtz, R. H.

What the Brain Stem Tells the Frontal Cortex. II. Role of the SC—MD—-FEF Pathway in Corollary
Discharge. J. Neurophysiol. 91, 1403-1423, 2004 (March)

Efference copies are important in enabling motor adaptation such as to
enhance gaze stability. They have a role in the perception of self and nonself

electric fields in electric fish. They also underlie the phenomenon of tickling.

{Corollary Discharge
Fo d (Estimated Sensory Feedhack)
Model
Efference oee ¢
Copy Nensory
Discrepancy

MMotor

Command Sensory Feedhack

(Re-afference)

&

An efference copy is used to generate the predicted sensory feedback (corollary discharge)
which estimate the sensory consequences of a motor command (top row). The actual sensory
consequences of the motor command (bottom row) are used to compare with the corollary
discharge to inform the CNS about external actions.

A motor signal from the central nervous system (CNS) to the periphery is called an efference,
and a copy of this signal is called an efference copy. Sensory information coming from sensory
receptors in the peripheral nervous system to the central nervous system is called afference. On
a similar basis, nerves into the nervous system are afferent nerves and ones out are termed
efferent nerves.

When an efferent signal is produced and sent to the motor system, it has been suggested that a
copy of the signal, known as an efference copy, is created so that exafference (sensory signals
generated from external stimuli in the environment) can be distinguished from reafference
(sensory signals resulting from an animal’'s own actions).”!

This efference copy by providing the input to a forward internal model is then used to generate
the predicted sensory feedback that estimates the sensory consequences of a motor command.
The actual sensory consequences of the motor command are then deployed to compare with the
corollary discharge to inform the CNS about how well the expected action matched its actual

. 4
external action.™

207


http://en.wikipedia.org/wiki/Efference_copy#cite_note-Wolpert-4
http://en.wikipedia.org/wiki/Internal_model
http://en.wikipedia.org/wiki/Efference_copy#cite_note-Gallistel-3
http://en.wikipedia.org/wiki/Motor_system
http://en.wikipedia.org/wiki/Efferent_nerve
http://en.wikipedia.org/wiki/Afferent_nerve
http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Sensory_receptors
http://en.wikipedia.org/wiki/Sensory_receptors
http://en.wikipedia.org/wiki/Central_nervous_system
http://en.wikipedia.org/wiki/Tickling
http://en.wikipedia.org/wiki/Electric_fish
http://en.wikipedia.org/wiki/Electric_fields

[edit] Corollary discharge

Corollary discharge is characterized as an afference copy of an action command used to
inhibit any response to the self generated sensory signal which would interfere with the execution of
the motor task. The inhibitory commands originate at the same time as the motor command and
target the sensory pathway that would report any reafference to higher levels of the CNS. This is
unique from the efference copy, since the corollary discharge is actually fed into the sensory
pathway to cancel out the reafferent signals generated by the movement.2! Alternatively, corollary
discharges briefly alters self-generated sensory responses to reduce self-induced desensitization or
help distinguish between self-generated and externally generated sensory information.™

CD-FF, Schizophrenia

Schizophrenia--a disorder of the corollary discharge systems that integrate the motor
systems of thought with the sensory systems of consciousness.

Feinberg I, Guazzelli M.

Br J Psychiatry. 1999 Mar;174:196-204.

Source
Department of Psychiatry, University of California, Davis, CA, USA.

Abstract
BACKGROUND:

In spite of intensive research, no causal anatomical lesion has been found in schizophrenia. It
may instead be caused by malfunctioning circuits in the corollary discharge, feed forward (CD-
FF) systems of thought.

AIMS:

To integrate with the CD-FF hypothesis recent data showing that subcortical motor systems
participate in thinking.

METHODS:

We review CD-FF concepts in relation to recent evidence that 'motor' brain structures participate
in cognitive processing.

RESULTS:

Malfunctioning of CD-FF systems that integrate thinking and consciousness could produce
auditory hallucinations, delusions and disorganised thought.

CONCLUSIONS:

We hypothesise that the pathophysiology of schizophrenia lies in integrative circuits of basal
ganglia, thalamus and frontal cortex. Fruitful research directions would include elucidation of
CD-FF circuits at even higher brain levels, the behaviour of these circuits during dreaming, and
their responses to late maturational events including synaptic elimination.
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Corollary discharge dysfunction in schizophrenia: can it explain auditory hallucinations?
Ford JM, Mathalon DH.

Int J Psychophysiol. 2005 Nov-Dec;58(2-3):179-89. Epub 2005 Aug 31.

Source

Department of Psychiatry, Yale University School of Medicine, New Haven, CT, USA.
judith.ford@yale.edu

Abstract

Failure of corollary discharge, a mechanism for distinguishing self-generated from
externally generated percepts, has been posited to underlie certain positive symptoms of
schizophrenia, including auditory hallucinations. Although originally described in the visual
system, corollary discharge may exist in the auditory system, whereby signals from motor
speech commands prepare auditory cortex for self-generated speech. While associated with
sensorimotor systems, it might also apply to inner speech or thought, regarded as our most
complex motor act. In this paper, we describe the results of a series of studies in which we have
shown that: (1) event-related brain potentials (ERPs) can be used to demonstrate the corollary
discharge phenomenon during talking, (2) corollary discharge is abnormal in patients with
schizophrenia, (3) EEG gamma band coherence between frontal and temporal lobes is greater
during talking than listening and is disrupted by distorted feedback during talking in normals,
and (4) patients with schizophrenia do not show this pattern for EEG gamma coherence. While
these studies have identified ERPs and EEG gamma coherence indices of the efference
copy/corollary discharge system and documented abnormalities in these systems in patients
with schizophrenia, we have so far had limited success in establishing a relationship between
these neurobiologic indicators of corollary discharge abnormality and reports of hallucinations in
patients.

0O 0o 0o 0o 0O 0O 0o O OO 0O 0O 0O O o O 0O O o

Reduced communication between frontal and temporal Iobes during talking in
schizophrenia.

Ford JM, Mathalon DH, Whitfield S, Faustman WO, Roth WT.

Biol Psychiatry. 2002 Mar 15;51(6):485-92.

Source

Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine,
Stanford, California 94305-5550, USA.

Abstract

Background: Communication between the frontal lobes, where speech and verbal thoughts are generated,
and the temporal lobes, where they are perceived, may occur through the action of a corollary discharge.
Its dysfunction may underlie failure to recognize inner speech as self-generated and account for auditory
hallucinations in schizophrenia.

Methods: Electroencephalogram was recorded from 10 healthy adults and 12 patients with schizophrenia
(DSM-1V) in two conditions: talking aloud and listening to their own played-back speech. Event-related
electroencephalogram coherence to acoustic stimuli presented during both conditions was calculated
between frontal and temporal pairs, for delta, theta, alpha, beta, and gamma frequency bands.

Results: Talking produced greater coherence than listening between frontal-temporal regions in all
frequency bands; however, in the lower frequencies (delta and theta), there were significant interactions of
group and condition. This finding revealed that patients failed to show an increase in coherence during
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talking, especially over the speech production and speech reception areas of the left hemisphere, and
especially in patients prone to hallucinate.

Conclusions: Reduced fronto-temporal functional connectivity may contribute to the misattribution of inner
thoughts to external voices in schizophrenia.

BACKGROUND:

Communication between the frontal lobes, where speech and verbal thoughts are generated,
and the temporal lobes, where they are perceived, may occur through the action of a corollary
discharge. Its dysfunction may underlie failure to recognize inner speech as self-generated and
account for auditory hallucinations in schizophrenia.

METHODS:

Electroencephalogram was recorded from 10 healthy adults and 12 patients with schizophrenia
(DSM-1V) in two conditions: talking aloud and listening to their own played-back speech. Event-
related electroencephalogram coherence to acoustic stimuli presented during both conditions
was calculated between frontal and temporal pairs, for delta, theta, alpha, beta, and gamma
frequency bands.

RESULTS:

Talking produced greater coherence than listening between frontal-temporal regions in all
frequency bands; however, in the lower frequencies (delta and theta), there were significant
interactions of group and condition. This finding revealed that patients failed to show an
increase in coherence during talking, especially over the speech production and speech
reception areas of the left hemisphere, and especially in patients prone to hallucinate.

CONCLUSIONS:

Reduced fronto-temporal functional connectivity may contribute to the misattribution of
inner thoughts to external voices in schizophrenia.
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T, &HFE/IRBRIZISECTHIERFTEDLILVOBEDPR LS ER 7V —F
[Lauwereyns et al., 2002; Kobayashi et al., 2002[I1Z L > TH L NS TWDH R TH 5,

]

BREGIR - BB - IREKEEN 2 KO FEIRICOWCEERE N ZER L TR, EiE
TSI T AFESCTE R 7 ORI E N R ZOBHY TEIZHEZEL TS, L
IR REME LR L TRY . MENSORTANEZRBIZZIT 205, WILBIZB N T
VIR B A EI s BRSO 28 2% 1T 5 (Konno, 1979) . KAMEEJER:

(& <IZHVE) (Hikosaka and Wurtz, 1985a,b), /MK=ETEEZ (Hirai et al., 1982) | — XAk
#% (Ogasawara and Kawamura, 1982) . JHI#& #% # &% (ACh fE#)f4 . Beninato and Spencer,
1986) MHDOANHZT T D, EEIFSNINSEORT, R, EMEE e & o Rl
(2% U CHRERRCBRE - 2 [ 1T 2 5 miESh 7o LENATE), & ICHEEZEHRT L
DOFRWREGEEB TH LV v 7 — FESHZHIEIT 27200 E S TW5D, Eri
GABA ZDIEEME Z M L THREER—BERZRL OB RMMEIEA T 22T THY

(Hikosaka and Wurtz, 1985a,b) . £7- FEFMEICFET I =aF R 7vF L) oz
FIEMAChR)DIEHALIZ L » T, iR (B2 o MFEKRES) F5 2 EEH IcEimT 5
WA TSR M 2 8f S CTHEBEITEORIEICEbL TWnWd &&Fx b d (e,
1999, M) , REKIESECREE - MEIRIZBI D A REFEAO LRI & L €. SR IR

(tectoreticular tract) DAEFKIZ DWW TIEE (Kawamuraetal,, 1974) LT 5 30 &85 M.
Z oM, IREGESR) (v r— R, EEWEBICIREGER), SLESMEIREGES), FiErERRER
EE), EERMEIRERGESR) Iy — FOMERITE LI EE L, 7B L IENE

(2000) IZ L pitaZREnw,

REVRBR PR E SER ORI E THED
ZITaAURLTELIN, EEOIEFILVEHWEERT, FROK®RR ELGHE
BaFHTNDOTIHZRL<, REKEE) & L COHMMBR OIFENIAR ST, BFESCHg-o
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Tk o TITEIR = be— (i) A0 ENEHITNWLEDThD, ZIULER
TR EBRDLBEO =2 —a  OFFOIEIC L D0, Wbwd THE . ZBREL TH
BT HRTENZTETHD, BRIZ, I R— I U ROREEO = o — 1%, REMY
FHE DTN D I 70 & T HER i@ﬁ'(}%‘( XL C b AHENE (phasic) D%k () 2R3 &0
VT —ABELNTEY ., [FEHEIOMERE L BETEOFEICEHb s TWAH Z EBRAbI
TV % [Schultz et al.,1997; Schultz, 1998], > T, FREAENICHERMERE= = —n & [HEEk

WCHEE L., [EBICEDLHRICE T (U RXLZFHFo-EEE LTD, & 213HELYS
?B’) ITENVRIRS B IND EHESND, Z0OLHICEZDL L, HERIIBITAESLEAD
RBUTHPL LN, 320 bFE0%RE GEHAZ L) OEL i,ﬁ'\:fo@év—:—m/
Davha—LerZ—725b00R, BERI kf55®%ﬁ LFEET S L5 bR
5, bolbkb, ZOarha— U H—E/RETHZOITIE, RALNOEEX (T}E@J)
D, ATERILE L7 L XITIEEHRE LT, MO L XITIEFHLITRRLBOLE LTH
fﬁb?‘éﬁ\%@%ﬁﬁﬁ‘é%%iﬂ&)% 9. BLTARNIL, E@J:5fﬂ)§@3 SHEA SRR L S
DTHHIIN?

_ODJ:O I RMEE & ATHTRE D LB — WHE - OBREIC e b &L F D)
W DR E 6:1( DXL« T URORBUTINA T, B EFF, HEE, REE, S HICEEH,
1’*@&71’{@ N & AR 7e &L BEILR 2 R o T2 %Jﬁbf_ﬁfﬁﬁiﬁﬁi%ﬁfﬁéﬂéi
VIHEREDRTER EINTL DB 20D (LD Y XLARMIZEBIT D 2 D872 55 %
ZHMR) . &b EICH D KRIMFTREILZZ D7 vt A0 T FLORREARDES) % ol
& LR (b, 8 i) /1/*‘700)‘*]“(’@-1“5’:’3/}‘Iﬂ*‘/V'ﬁ‘éfxE%EﬁUé T
H. REEOBOME., A, BBV AT AT ALY, EER EEE
FRDFESL) EFEDONT, f&ﬁﬁ/\ir@ﬂ\ifcl:@mb\ﬁxﬁkh ZHYD . ERRERIRE X ORI
BAEY ., ArsHE, L < ICREERMEFICED Y . £ 2 CXROFICEE SN TV D ERNE
(connotation) DZEHA2 N LA Z 8 Z LT, HERRZ DV ENT, ZOL~LD ) XA
TURIFEMNREZICHLE LGS DO TT VAR « L 3— K (tempo rubato), § 72 B D
5 EDOHFGEIRFIZINDHGL b D LD,

FEECEEDR & RREEERRICERA - FHRE2AET S EBO S 2 F V]

ANZEWR H(1999)YDFE LK OFHIDOK 1 9) Z/RLIEMN, ZZTHALTESZN
X, RS LR OO WS B iR & FENR B, EEESEEE LDV 2
ORI RIEEIT R L RO WT, ZOREE Z ORTEHATE N T LA L) NS,
RDRITIE RN AIAH LB B 1T/ 2 B AL, ROV TEAIZEI D 2 AR A (iR B B e &) B Al
B LO%E) & OO & & b o 724 & EBNEF (supplementary motor area), < L TH—IK
HEEH (49) ~EHENAS I, $EERBRPMEB SN S TH D,

RRFEL L 72 D03, AiH 2 EEh 2> O A1 2 B B A/ L C o — UGEB BE A~ O R [EIHE D
M EEEAIC RE A 35 X OV RIE B A7 %P (ventral and dorsal premotor areas)23f85- L T\ 5 Z &
ITRETREATHD (FHAE, 1999) . 2B, 4 BFLADLWEPE O R E ik 5 b EE
T OEB) R T DBRREA~ORFDIAET D (BWHEE 72 D20 CHER) R B
FEUSD E ZAPb b END L HICRD) |

Z OMSEREBRIIMIT/NNR, fERIERO [REEEE RS AT A1 &6 50 THTRE
AEESR & REIEAL. BRI F RN T A Z A - REIICE S E ZATH D, SEE
ez CnziX, NEEBROTS 220 MERE Lz Ko, 2O XD IEERITHICHER
EE)Z T DHEAREROL TR RROESRIEERE & Wi 5 E8) B R fE I L OUKIK
%Tf#%%b&ﬁ”ékﬂu&’fﬁ PRARIREE . BVE - BRARIRIE . NEMIBRRET - (AR Rk
RO (BUR TES, AR, iR & ~MEE£2) LHBEBEICEHEL TWLHD T, =
BRI RO mRMRRIEE), T72b b, BHEE 2T 2RI 2 ORE & O TR
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FEHNCBERTHZ LITEERHETH D,

MHETHE, €7 /007 A4V v FET LA TDONDD D TETR 2 HFH®E
Bxbolol iRBEOBET/IMN - Mz IR SN TEY, TOREOEAD T a2
VIR EE BN (VA, VL) &2 L CIER KM E O EBEEE I 5D b D TH 5, B
ME72 Z LT VA/VL B3/ INED B /NIMEE &9 U CBLUETE A JI3 . & 72 RIMESIEAZ ) IR A
Bk (NED) 20 L CTdMEAIBERE LTHEE->THKRD, LnL, 202250 A%
HUMIMSZIZARE SN TWD EZE X DL, MHEN 1 OOFK= a2 —1 VNNEKT D Z L iX
i C & 5 [llinsky and Kultas-Ilinsky, 1984],

S OICHIR—RERGICH ZOMNIEITBRB X ZMF SN TR, £& LT, KINEEK
BB DIE 513 VA/VL 291 U CHl & E BN BF I, /MK D15 5% VPLo 241 L CiEBE)IF s
L O'VLm #41 L CGEEIRTEFIZE B D & &4 T X 72 [Schell and Strick, 1984], = @ FRLfiEIX
KIFTIELWD, MW E ZATEHRBERORHDFEINTND, T22D0L, ZDH%HD
~7 U LOWZEIZ KA, EROH S EB L X 512 F3([EH O 2 EEEF, SMA-proper)
& FO(RIfH /TN EF . pre-SMA) & OIS L7 2 DOFEBFIC KA S35 53, maEE & HI2 ¥k
BERD D B/ S b AT EZIT 5 &0y D (Matelli et al., 1995),

ZD X, IR ERRSEIRR (FETITRINIEERZ) R & FMSAEN R < . RIME %
T BHEPFETHREDRDNTND EBZXHNTEZN, 2 O0HKINKER RIS T 7 A&
ZCHBEMIZORMN>TWDZ LN, &IEDZ >~ b (Ichinohe et al., 2000) 35 K OV
(Hoshi et al., 2005) Z W22 T BN E&hufz, & <IZ, Hoshi 5(2005)IF/REH /LD
HEETHD., B RBEERITIERIGE Y A VA EEEA LT, By 7 AT
ik S DRI A IR E EE T AT RTO/NEZIZRD L Z LIk, BREHEICBN
T/ — FEJERE R F 302 ) ORS THAET D Z L&A LT, ZORAOERITIRKE L,
TREENME | ARISREDOHT LWEBBIOEMEL 25 TH A S B aftF L LTHEE SN,

eV DFE &b FEE OfElER

SHEVFEMICESNDIREATH L0, ORI IUL, /IR & RN EREE R
EV ) EENZEIT D 2 DOMPREIKIT R ZHREAH 2 TRV . AWIIHITE Lo 2oMIER
HHEIZRIEL TWD EER L9, TRbOMmMHM S bIEEMEA T OMIZHT N LS TO
EREARBED AN 2T T D0, TOMBHFIEIIZENETNEZR D MR TIEADEHA
EDOREBEBRVDIZEEMICE 25N TWT, TEd T4 Y =7 W) o &0
THFETLHZLICLD, Hx OFEEBOFE - FEICED> TWD, filF, KINEEESRT
IEAD LT E ORI L 72 G BRIT 5 2 5 TR 63, %o DOiEE) 2 B KIIZIE
FE{AGDLE T, ZEICEHASNTOHDIMNO R Y NU—7 %o T, HOMNRIIAE
B K> TR &4, B F— " UHIIRIC K > THfb SN D Z LI L » TEE M7
bz (K65) .

[T & 0 D/IKFRE . supervised learning | Tlik, FEFEOH B ANITIEL <% L
TWT, HENLOEFICL > THIE - EESNT, BENERIZARD L IZEENT
PO LT, 5T D RIMHJEEZ R . reinforcement learning | Tld, RERIC
H LU THIEE TR 25 M2~ T HMES (FR—32) BE5E2xb6h, Zhx/ b <
RELTDHEOIBERTHLEVIFERRE L > TS, EREICIZ, ZOMHRRS 2-50%
BV 2 — R U TR — KM E RN E LSS LTW5, ZORMEEROFHE
ERT, AREROMHSLT =X 7 A —TREND LT, VT ARIFRHEDIG
HDANINEHIN VT 7 AR 2 RIRFAYICHEE SE 72 L & = o —1 U NOJEEE O R
(synchronization)Z#2 Z L C, DI F 7RIk I 5, TROBIREDNENEE D, &
VW9 Hebb D F S AR A Hfo=a—a U, THNE TR T LD REMENHOX
AF Iy VIR RE - RERSAEORIBMEEZER L TnD Z & &L BIFR LTV 5 [Hebb,
1949], Z DT T AFEG O FEHEIIZ L - T, 5RE0 - [TEMERE D JE/E CTH 2 SO ERIME
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NEE IS ( THENZ LORIKMEE AR #E . unsupervised learning] ) . ZD K 91T, /)
ISP R AL NI RINZE & NV — TR 2 BT 5 Z LI L - T, EBEFE T Tl < ke
AR D > T D, BT, ZOVT T ADBEDRE FHEMIICELSE, Th i
KL SE T, VT AEEOME ZHEMICE L ST 5 2 L T H N DRI (LTP)S
FEHIIEQTD)X, rtE s SIZREMOZNDOIEBA N =X LTHD LBEZ LTV D,

ZERBRH

BUFE, T OKRMEE « RIMEESR O RSN FHIZHB T 2578 - HECBE 3 2098132 K
TN—TZ LT [ ZEEIG] & VI TIREI N, RFLREROGEHLAEH ST
V% (Hikosaka et al., 1999; HJ5{ 5, 2000a, 2000b ; i H:, 2000; £ 5, 2003), Z OH 1. K
MR - FEIEZROFBRRTE L — 7 LB — T L WO DL —T N, FENENELD
JEAE R i CRINZFE L, 2D NRERFCITIT L CRYICRYIGRE (F : 28R) 0T
WZFE L, F—=X3 VR X D% D1 523 Z oFEmbicfibind L) 5D Th
Do
PLERTE L 91, ZHVE TR HiEE), 38, 87 EOBEEIC DWW T,
FEIE AN 2 IZFR DAL, TNHNEWITHERE LdH - T [EHER AR RN 2 kKT 5
ERBINTE, RITIXITN O OBEREIIIC F 70 200 [a] B 23 W F19 7> > 2 BRI TG B) 7
LESH, MABEHRIZZOX D RZ2 MO =a—n  OEMPEIRICEE L, 2508 RZE
Nz LT, VAT AL LT, RAINWUHEIND LT IND L) IToT,
Z L, EHER, RER, BERREZNENO RN S A AE R - TR0, EHSE
BR O P LS 2 B 2 TR EIEME O T L2 VT, A BEERERICHEZE T 5 4 B
B E, HEHENTWS, $ia5 (Doya, 1999 ;843 5. 2000) X2 E CTHOL M E
VTR RIMESIERZ, /MK, BURDBEREIZ DWW T, 24U b sE R O F1H) 722 L — 7
[BIRE A AT L. MO @R EERE 2 AR Z D X GRAEIRB L, EiFLXL> & LT
BO. RGNS,

W1 BRARSIGRE (2 x 58, ZH5) IZ220W T, Ingx—ty b EMEEIND
550 Ity b Z—EDIAT TWRTZBIRRINN 1 DOEREA L5, a0ty
N T, M4 x 4FD 1 6HDORZ DI H 20N 8T 5, HEBRE L, Thae LT,
IESRNERTZEDORY V24, ZOIE LWEERZRITHA TR T RIER S 20,
1y NEZETLHEIIKROEY FBRAATL, 5y b 2x5=10 DARZ ) EET D E
ANR—ty bR 1T E R V@M ASE 5, X1 BIZ 10—20fED A "—F > b
ERBRT AN, TOFHIIBEBARLLOT, FHEIH LD THDL, T
Za—n AT A LIk, B PTIEMRIZHWTIANON,  (FEE,
2000b L V) .

FE2 BB OVWTHEHRICELD THES L, 2ok, © “KRTiET 5. Hnfi)
\ZB89 % %05k,  knowing how [Ryle, 1949], TZ D0 FOMGERAZFE LT, NEZ Bk
IR TERWEE SN HRBORE T, Fhi & il procedual memory” & E0iL 5, /)
MaT&ke T2 B6HSH) | MR - /MK - FUR - BEIE - (KIK) OZBEDLLHO
L. © “BHTCRMET A, M) 1ZBI9 5 %0k,  knowing what [Ryle, 1949] ,C 554 D ik %
LT, A AU E L TERNWICEBET A Z ENAETHDL. TORNREZIRT
5B T, R FIEE 21X ESMEEE (declarative memory) 7 & SNSRI (MEE
B, TRV, WIREIORK) ZHhs U CRMEE (- BREE) - BN O MR
B BED 2 D& O 2FOFERIE ST L THNTWD EEZEX b TWND,
BOoAFEIX S 61T, a) MAOAEELORLETHSL, =Y — REfE (episodic
memory : when, where, who, what, how 72 EIRF[EHY « ZZERIICEMSNLDHHD) & b)) &
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B, BES FER L E'@T%)n’*ﬂ%&”lﬁéi’bﬁuﬂf Ch D, HEHFLE (semantic memory : ZF
EHPY - HEEMR R L) Lo TWnWS, =Y — FREBICEBW T, KM

FE A B L E B« RPN B — ELﬁ%ﬁﬁ@%m(ﬁﬁ@eomaauaﬁﬁk)ﬁ
ML PN B — 14 38 A %kwa@%W%WEM$@m%&%%mr EHEEE LTS h
5o )i, BHEEICE X, FEEASTNOREMREN L2 &EZH T T D,
*@;9 %n%nw&%wm@%%®ﬁ& B 2 N A 1X[R U CldZe vy, KA
2. Fie uafﬁ’%’[%_nﬂf EWV ) HEEFATLHEDO D TAEINZMETHA I,

HEZEZORMM® b0 BEMEEHE

—F . B, WL ORI 2 B a— 2 EITICE D058 (R%E) 2L, HEX
ELTORNL—=V T HBEATE AL DEFIZBWTIE, FL 8B/ TRINMEL DR
BOEIN, BHOFOMERPRIIZEZY (FROZL, VXA N—F=—7R¥L) A}
0/ — AR O XS ICT R THREKICHE CE SORMTHESN IO TIERLS, LT
EFoxE (XV) BELD, a2 Ea—FHEREICHA LN DHEMAICKR O R4 Ei
WCEHLETICHE AT E VI EBIELITESTZE LWVWEBNAICL - TREND L EIT
Mea7pmefE —rE (EfEZerEf=R) | i, AL IOEERLLND,
Lvb ZOERIL, HEENARERIRY FMR) AL DEELZBEEL D EEICD
HONHHEDOTHY, SHICHHEE FICHEICZOERNPBIMEINDIZIED LD TH72R,
WHOIREHIIZERIZR SN TWDAEBZOLODOHIZNEL TWDS, 2 &I
ERTHVRNE, BELVDUIIAMORBIEENC & > TIREMICEE R AL TH D,
B, HHEOFEHITY LEWVEMZESC LRI, ORI LESOEHFTLIN
EEET 2000 L 5 IZEEFRI BN CTEDOF ORI Z D LE D! @%ﬁé&wéﬁ%#
TW5, Ziud, BERICELTMAFEEEZ LS, X1 2EET 2 L0 @< EEN
FKEESNTEREMBREND, Fo1E, A& HEMICTERT 28BN MKl T\ 5
DOPH L7y, ZORIZBE L TIHAE - AOMAETHEORENOIA D Z & HMET
H5,

i DR SME
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TIaILE (bo L bANNLREY
botb—i EENMHE, RO XH=XLICAES)
e | ¥ YUY (BRICIEL, BBREICHSH,

b WET, B | FENAOREED ?)
TI/B | s | Fr/S (=y-FI/EBE botb3R
543 2 & 3P EME)

------ ZDEDPTRANZX B, TV

L&, 20BBEEHELHEIONTLD

K—83 > (RRICEL 9%, BRI,

ﬂ;&hgw}&ﬁ. AT DA%
e (k- 24
?Z; | JWTPRLFY Y (=/NVIEXT >
= BRICEL 2. 22, BB, %
& EERICRCES)
0O b= (BRICEL 5%, HE - B
EIBEME (1 F—LT B ENEEFEYXLY, 1§58 ISR BS)
RSd % | AF bz (A= BESN B,
EFYXLICRCBAELTVWS)
13I4JV—-)V |EZXE3 (2HOBBICHEET 3,
s F BARICHFEETIEELLSNS)
TEFNAY L (—BRIDRERES L
=P 3 HRREMHE, BWCES5, 7UNn
1I—ROBREEL L TEEEED T
Ww3)
IR T1 B(B-ZTRVT712%
Z%ﬁatﬂiﬂtéﬂﬁéo EEBICDH
e B5?)
ZS;II\ ILH77 ) (XFF=> - I2F
(FREAEME) FrYN AL S T T
wEAT k&, ALEDHEE?)
F K CEWN o RE - |
gfil P#E (?Eﬁ#5¢ﬁ'\®é!m§§t:gg§))
? ACTH (=a.F2bAEY BBiEc
TOMOWE | xyFLo> (RiECES)
NTFF ZOBEHEELELBBNTF KN
BFETHEEN, BERAIETPTHS
—BiEFy g) (=NO FERBRPRER
ICR<
toft | REWE | _mqem® (—CORMERICRMS) 4
&
1-4 BHEBAMREGEDEE EDRELE
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E5NEKE

# MRABOKATIEIZ DT (1991, shortend)

AR DRSO S O RREIC DU T, Santiago Ramon y Cajal (1852-1934) @
[Histologie du Systeme Nerveux 1, I75., "#R2SN'Z A T DA T )L & L TCTHIRARD
Degeneration and Regeneration of the Nervous System 1, II]& [Studies on
Vertebrate Neurogenesis| 32T 5k 9,

ffEfkZ 2 DT, A& TV DB OMII DD EWVICE#K LH O &) 2 T — 7k
HITH b, ZoOHBEOEMKIT. MO ERRIZIBWTHEA ORR D X A 7 OMREN 5y
bz L, EL<$A¢6LT%EK<Nﬂ6§5$%T%éO EWR A HE AT 2 HER
., ZOLOIT, FHAIZKISELE > TWAAEX MR R T AHEa S victhas & AT
%zﬁi\*EW@%H%@&%T@%HAH%MT%RO@ﬁ\ﬁﬂ@ﬁﬁﬁ(%kﬁ
Bf) OSERR SN MEEITIEFICEMET, —BHEEZZIT L L, LI FRMOTRTO
RMEICEB W TITFERE L, FBBALBEARETH T2, ZOXDRERBHICLY, F
AR BEAHRR L E E L 72 Bl RS Y (hard-wired structure) @ X 9 IR WHE. KEEAYIZ
BRI ENTE, TLTCENEZHMET L2 HRERZNT LI EEFIARAARETHDLIEZZ DN
T&T7,

ELENZOETEBAOEE 2 B S 5N7=DI1X 1971 H0 0xford DL T Geof frey
Raisman OFFHIGEH Z B2 D Tho72, Raisman OFEOWNRIL, MHH3 1969 4125
F L7 EBR 72 6 O T, WFLERA OB E L Z -0 b, MZENAaER, Aok
INE AR AR S E D &0 ) EBRAGEILA R LT, TOMIRIIRO T ELTH D,
T7pbb, WEXR (fimbria) Z 8 L CTHRE~DOFRFED A Zifi > TRREZEo T2 & X
AT T I DON T LWZ A T O T T AFEENERENS, Z OMREXEIX
}%'Fﬁ BT B NRIRTIMARIC BT Al SRR O3 3 (sprouting) TH D, ZiuL, EEM

%Eﬁ#%?&%%kbf@@f%E#Kéﬂtﬁ%?\ﬁm:ﬂmﬁﬁﬁ
(plasticity) EWHAME G 272, ORI LW S BERICE 05 AR 7242810
EV R, AR DT EEFIZEE) L TN AR REIRRRR OBRE OFE 2 D X A 7, R
L7 RICBWNWTH#EZ >S5, HoHWE, Rl EboEsRIsnbsE NS 2
EThbH, TDk, MANOFEZ O CTRIBIIMEENHFIET 5 2 & BFEH S TE 72235,
FIVEWAT LIZIE T, Sh 2 ik O — 5 2 s L 7= IMNIC B L, A5 L, BRER
DAL U7 dfisk 2 L L, EEINEREDRIEZ BT L W o R0 LR E
KENni=DTHD,
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pnders Bjocund BERALEL BOEANERETES

O B L .
ERABIORND

IR G 0D PR =(:>q RTINS
Lo mmEy N ST

&> T-DE 1982 - 4 )I/ \ | "“MH_,HHMFB ;éﬁmi;Jﬂ—j-nii\n;tuit
H Lausanne (51 [8] . _../‘jl'-., — __i_-__:- Z :_;} IuJ?f.l 4:;1’1 & 4G 1 Jii X : :,h
IBRO %7%) 128\ T “C:}QKH Colsiiven #:uj;iLPMH?H&ﬁ&
Tholo, ThREEE— 3 f’_h-'-‘nl_'#ff;ix :J f.:l o -.II.;?..\mm.. 1969]
REALRE S B NI in i anm

RSB D> DRI T ) ,/J-\\ o O 7. <5 PA] B 7] i 2

SHENDATENE Th = ‘\Q‘—-‘\ e

RGN L T4 '_ m__;}%"q’i,«’f iy

SWEL LTHRE L7 . e e ; _
BT Ui BRI Tt LB G,
(& % s O

LRI B R LT b 0 CUIO R A I LTV B & S 1B A 7

Z DA (1983) FEDOFKIZ 3 W HH], Raisman ELOBFE=E (v o R OENLEFHERT,
FRAEM TN IITE L, MR ARk OB, B4, FIREEE L W O ISR & b
BEE-SI CTEE L OUMIOSE TR D FIZE D < 2 &It o Tz, o R UE
H11Z Queen’ s Square JFE%E T Albert Aguayo OBFFEH AV, AL, 1981 4EIC
Science FEIZHE L7- b DA REIE-EBA 2L DT, HCOLFMHRE T v FMKANIZ
BHET D L. Z ORI DBREE IS FAXIE D EIER O AR AR S v, Mm7s &g
U500 um~1mm L2MH R U 72 W AXARRREH R 23 Z OFRIKIZIh > Tflem bR T 5 L1009
LD TH D, ICbridge formation graft (BB L) tWbhdbDTHD, ZDOft:
HDpoint (RE) (XL F 2 0E, FAKARER (CNS) DEREE & KA1 R (PNS) DBREEIC
MRZTRHLZEIZEY | ONS ORI EARET 2 Z L HRD DO TRV & v ) F8 AR
IZESS D THA D, ZOfERIE, NS NORIR A, 22 R OFEMEC Z I 53
5L #EZ B DA DR (factor, agent) DAFFE, O CTIHEER DOFRFHC > T 7 ARk 72

& DOFEEIE I A
LosmmicE ARREROBLEN T RS

WO EE 2

HEL LTH D MEA S .
BT LT H R R % A L TR L

RANPR SN GT% L Bk, WEWEROBAENEL
ANV i S o8 T. EREbE-THEEOS

Freund % (1985) ™ (Aguayo, 1981)

W
II
DHLEDONRH D,
Z AT 1984 4 6
A, Ay xz—F
DIV RHRR

SACRRfE ST A
251 [A]
Transplantation in the Mammalian CNS Symposium THEEBINT-LDOTH D, TRbbH,
& 57> U 8 6-hydroxydopamine (6-0H) D& 512 L » THE = = — 1 U )Ml S 7= R4 K
PIZRRA O BEHE B S v 7=F »~ b C, donor B D tyrosine hydroxylase—%03& i~

- (¥

B Aguavo et al., 1981
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B D EER AL recipient OISR = 2= — 0 NV F T AFES EZHERT 5 6 O % 28K
BIELIZE WO TH D, HREFHE (Budapest, Lund), FFZE (0xford), MRR.LILSFE
(Cambridge) (Z X 2 HLFEIFIETH Y | BHA L~V TREMIZKIT 2 V7 A EG O %
RAONZFHLE U TR LTzt & fEFHTh D,

PR ST FERAERIT, ERN T

HEN DO R U EARRERIT, e R

MRERARN O KB = = — 1 VB

ff‘%bé %) O)ﬁxﬁéﬂ EThD 75§\ 6-0H T 3\\7 .':J{"'.-;"a ASIWMMETRIC SYNAPTIC
WEINTZBMOMNICBEINTE N ST N T e e
HO K= a5 =a—0 L Olifis 4 MBS/

T2 U @RS DD B D e .-_f gI/T' =

MELSBRDBEVNI LD THoTz, £O FrowsHTE T, =

%, ZOWEE R RIS E & EBH g me L

RN BNRND T, ZDOTL—TF ; iy

DOWFFEE R THIZN, B O R

BT ULH—TELRWNEDIZ L TH D, soHDs LESONED ANIMALS WITH NIGRAL TRANSFLANTE

Z DX 97 diffusse 7258 Tl host & e e e e
donor & O DOMIREZRM D F 7 A L T ‘~—/—"‘-j WPUT FROM _;r:n-gx_
%/El\o)ﬂ:g}gii D ?E)\ j(i bf:'fﬁ%%g SR S AMDIOR THALAMLUS
EBAEIC L > THIfR T 2 Z & ITRER
BEAHD LS HELD, _omeur

PLE. DRaisman (1969) D FEH0m]
RGO 3 R, @ Aguayo (1981) 12 &
LW LBEOEM, @ Rz — : S
o AR L ABMNICEBIT A / clh- sy :

WL L AT & U 5 B S Freund, Bjorklund et al., 1985
78 & 60 AR - LURE D epoch-making 7R fHE A B T LT,

PR A BT 2 Z L iC k- T, KN RO IMOSEEDEE 2 LIEIEZ X 0 E
BRNCHIEZ 9 TR L YARO L THLINEERLOTH D, TOMAR LD L
LT R—=F v« T VMW ~DORIRNBRED B D13, ARRFEES T H AR OBED
HVEFZOHDFITR, 2B, MOKEEEZ B E L0 E T bl JeBEr)
AL LT, AR (R b)) 2B L T —7 0 7 ) Aoz 7)1
FHESEAE D (1984) OAFFE & . R T EIHRATE 2 B0l L TR 2 7 AE5Re 720 LI
JE % 0118 S W7 BB Ae AR © (1984) OAFSE A Z ZICHFE L TR & 72\, HICHREIC
REINTZDIT1984EDZ ETH D,

D%, AIHITBW T, ZoMRMBkOBA, A4, FE, BHE, XERTR VA
VBT 5 3 B COMPZERHERE L T & 72, AREHESOER OBl & B8N LA T,
IN=F Y PRET IV, XA TIZE DM, BAEGRE, O 7 AR L MRREIE . B L
BHTHOBR, mA L =L Z2#0T5~—0—OFH, MEREEDBERES
IFIZCEDLNEDPEVIAENTWNDL LY THD,

EHEDLH, 5FET, BHEEROMAEL, DGR, BUR TER, WERTITV, BRARMEB X
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ORFEE] D50 i Date, et al., 1988 a, b, ¢) . BAE S =S O E A ~DB
B (Kw, et al., 1987,1988), BHIMANIZABILHIEIF L T 7 AFHEK Kw, et al.,
1990a, b) . FAE FHEBIEPEIEE (VH) OBHEIC X D\ 7 » Mo 2HEREEITE (Ono,
et al., 1990), BAEAIE~DIKELETDOEA L F B (Tsuda, et al., 1990) 72 & DOHFIE
BEBITHTET,

# HCEH - R - B LBA - EREBE

AR NERDGEETT, Thbb, BT, BEOMEM, XFEZH, SiED
R 72 ERHETITHE S T, BIEAE L K ICSEH 2 S OaidEai BN EET 5, Z OB
2725 CHRMRHFE (553 (BRBETR) BNiE-o& 0 & L-MiEzHz T< 5,

b h~E#EETBICoN T, WiRERIICESELT 2 TEH ONE, ORmikEE
MEED ., TOBESAL/TMBALRFRE & 72 D, QEENESER 2 anES S (RTEEATE)
PICHEE L, tHEEMARALE T T, VAR MET 28T, SMRHE ES
ZINEEAEINS, @R FE - ITMH .0 altro—centric DHE X 06 B 2 H L ego-
centric DR~ (B O BHMHESHIBHEOH AR AEDL L) | £ L TR -
FI R DO Z TN FRE L 72D, @D FEEE « #LICHE, BE-BEAE (&1
RED) —HTEERTE ~ & 3840 « SBIBOR TOEERIEF T LABITTS (BEHL ., #
FRIGENSCEN ST D, 0 O - BRENsEE 70 5) . ORIAATEF OFRE L |
#HE A B O RTEEATE OFH ALFEKE, @ KMEZEZ L ET 5 RENBS X ORE - LK
B R - REZ OB L CERT S, WA, R, EFIH9, FRRRIEE O HESEER )%
BN\ OREFER, DZZTHH T, & MBI HEERICOWTERLED, T4
bH, a3z2=FT A —ANTOHRDIEEXLSHEIEHLIRMEBE LT, BEELH
F. HHWT, BEEELFEEELZ L BICZITANT, BEVRMEZNT TENTE -
(e NEHE ORI OFFETH DAL, AIEHATEF OIRENC L . Z ORIk
DEBOF TR IS,

b MIRFIAEEZTHZEICLVHIRY ESELZHWESEICL2aIa=r—
VarvERNISE, AR, 2 a =T 0 —EBK L TE T, ZOSRE O
SAZIE, BIEERTEFOIX -6 ENPLHREZE LD, 0546, BELZOIX, B D
MOHEALDFES &, TREBO @WK 72T 0@ E Tiied, FOHRTEETHE B
EWVOEMWNFEA EFTCE L, TR ROEEE ICD I DR AEREDEN TH D .,
WEZR DI, AEIC L TR BRI EREELZE U T LE-o T AT BITX L T,
TR L OVRER T, Z0EOF CTARE L TOBEEA2 R L7ZER - HifE, @k
TEENIRHIE S LTk S 2 2 TH D,

LR, AEMITARICEE T, EERRIS. BENTONTEOLREEZDH E VD
X21c. BRLOBERIZAEMICEWVIZHER S NT WS, 8T, ELOBRET, %
OREBIWNEEN Z R BIC T TE e, Tk M) LTHREZESTZ AP, FERLT
BB - AW & LTz st C, SEE L -TRFEET 2L, £
R 220 CARBIRFAE O a2 =7 —f2 %280 B, ARNITESS - AasiE s
BT, NEORERoHIZ, b, ZEifr, FRER, HE A7 A, B, EBR, Hl
RNV EIFC&E7e, AAROWEZEFE L, BT 52 b LT, a2tEE2H L
DIZESTEWMOKSNZ Z NEERBFT 2D THD, FLVOENL e FORN~E
LSRN T8 & 558 THHIHN, Thix—BELFmVERIZET
HELEDT-H DX, Fi-RERZLE L TUNbo72 TARMES] TOXRFTHH-oT=, EE
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ERRALDIFRIN Z ZI2H D,

# NFROEBAR~DEAN TEEOES (Matching)  Labour (3518h)
A — BR — =

BEORE)
PFC — ®iEH#REl —  (BEEhW)) mvGESNE —  (EiEM) EHEHE

Anteil der Arbeit an der Menschwerdung des Affen

Die Arbeit ist die Quelle alles Reichtums, sagen die politischen Okonomen.
Sie ist dies - neben der Natur, die ihr den Stoff liefert, den sie in

Reichtum verwandelt.

Aber sie ist noch unendlich mehr als dies.

Sie ist die erste Grundbedingung alles menschlichen Lebens, und zwar in

einem solchen Grade, dal} wir in gewissem Sinn sagen miissen:

Sie hat den Menschen selbst geschaffen.

B EAEEDAREREX A
c o ZOERXBIELERZNTHOIE 5] Thb.
BT AERERAT S0, 200D 70, THHAR, AMIZ BanEZ T8k
LoTAREZASOHMICEE S, BREXFLT 5,
S NMIE T & Ty & T 252> THRICEL, BROFIZTZL->TW5D,
[ZEd) L1, BAROERZE#S L, Thz2 ELLICHT 22T TH D,
HARIZHR 2 KA (BsF)) I REICR2 i b L, HRIFEA ICHEET S,

AEFBO=x% & LT, cf. InDKVol.1 [FHEHBEFEH]

1 AEHNEEST2LOLBEHEDOL O

2 EFEL

3 GBS
HHZARo7z TF) . —Z0 [F) [ TIHEOHRE THDIEN0 0, HBOENTHH 55—
ZOFT, BEEZED, XELT, ZOLHIZ, S5, HLWHEMTZES L T,

[k 2515 LT, ENBROMR, ROERAEBROIZZITHIIL TV ST,
FE—TF - BT BERE MO ESE RO R EREAE ORIZEREN O O
LW — 5718 & 558 & ICRIERZ KT EoFE (Fhg ) - #i#)) > SiE0%sE
SINOLOREEEAHELEDL7-DIIE S EWIHIER| PUETHoT, Thbb,
Wl (E3E) ORPG, FBOrho/mEe e, alia=r—a 208 LT
ZORER, SRENEENT, Z L DFEHEIIRAA D (communicate) chance AL 5 & L
bio, [EH) 2o Oo5mEEHT2L1C5—
PbEo X5z, TF) O%E - #Ekn, EFEO 578 Z2EmLE) 28T, &
ROMDIFITHEL KT LT, £ LT, BIRGRERBIER I L7,
FEIANFAETEORASZHETH D, £ LT, HHEKRTIE, FELAMBEZAIE LT,
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OB TN D . TP, FREICAAIRTH S,

AN N0 OBNERY THD WIS Gandb st Ly, L,
ANENZ K> TWe b N8, BoORGRENO K SEHHANTOH,  (homo D) =
WA CELLE25, T bbb, —A, ANEFRUL SBEMENZHA VWD LS T
HHM, ZIUTEICAMOZN L TR THA S,

Zuerst infolge des Gesetzes der Korrelation des Wachstums, wie Darwin es
genannt hat.

EFTEHEITE, F—U 4 OV EROHBDERORER L LT,
Nach diesem Gesetz sind bestimmte Formen einzelner Teile eines
organischen Wesens stets an gewisse Formen andrer Teile gekniipft, die

scheinbar gar keinen Zusammenhang mit jenen haben.

ZOBEANC KT, OB EOME 4« DF A ORFEDTFREIL.

—RENEFRADOEBRE RN K IR DMOEST L OB T O L SRITH DN TN D,

So haben alle Tiere, welche rote Blutzellen ohne Zellenkern besitzen und
deren Hinterkopf mit dem ersten Riickgratswirbel durch zwei Gelenkstellen
(Kondylen) verbunden ist, ohne Ausnahme auch Milchdriisen zum Sdugen

der Jungen.

AEDRBRICEHENTT, HEEANRDOEBICLEGTFEZEY - ET,

AHIE SAARAOBRICL LAEE L TWD 2, HEZIEVHWD Z LI TR B
ERVBZDBNEL->T0D, Thbb, HFRIGLTE 2 EEZR> (@60
SIIVIRD)

PV ORI Gruppe & N[O H2: Gesellshaft
W2 XA 2 0357 B L0 DSBS T D

R —-ELR (722K L) = LVWEYEFET—
ZREIR RN B E b 0O S8R 1S 2 b — MR R oy A — RN R 03 B D & D
221k

e & My

TR DR & HHA~BAT ANFET D12 OARER R T B TH - T,
AT, FEPACOMERBOBIIBEE T LHROEARNLMEZIZLALTTICTYH
2% &5 IR E & A TWZ, I KIEFTEM, LR, KOMEREBMOEE, K
Mk - &%, JEEHIOYER,

B . S
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B O Bx20KRE (ThbbyE) CHZD LRI, ZOBRENRE (Thbbit
ABROBRT) L LTIRLZ. SLICZOMAEHE IR D XLENH 5,

Instruments (EE) DFEA
fbhicEENS B UIERT 2iE A,
O ORIFUL TS, - H LWFRBICHHLTE S algEtE 2 R o— Zhva +oIlc Bk
T5Z LIk > TAMDO AN EITED D,

HILOEHLE ABOER (BE

W E DIRAH) 22BN 2 2T,

HOEROA®E, [HACENRET2HCEREZLOZEICE-T, A TEHSZAR
WA Z D ATREME 2 L O ENTH D,

(ANIX) BRORAYDBARDEFREICHUTE S HEEZLEEF S,

YL E bADEIE—ELIC TEREI —  HE TKEFEH 518

EEEERL AT e 7OLBERNE _EER

BHTENT DL, FHERFITIE, F— K BEREES R BER1EHL, T
073 EEREE B EROEL - BB LIV AT LALERR LT, FEEREIL
EEbhbhOEREaGE ON7 a7 ORGETIE, a0 R IR ESN 1T, B
WOl SRR, R, ATRTEENRE e S oo TEHENR) AR T, 2SR L T,
TEERIL. ABICEADOL O THEFER X V1T M CTERN L SFEMG D
GHEE E TCEERAEREOBEICETILOTH D,

ThRbOAROEBNFEE L XM T 5, Bl chrH E52/ bl <, B
D EFTERHNT MH#ENIC) BIEICRBDT O, FiLWVEE R > TR REED—
KRB THDHEETHD, TN, BEEFRIVERET R, B E5REISHEEETRE
HIEFEI D, DFE D ANFDOEAITIZE E 5RO/ 5 Th 2 FENOEWEEEZ W T,
FEMICRBLDT 28BN 2R OREZR T, TOLER LICHTICREL-SBE TR %
FOIELDTH D,

EWFHNCIX, PO B e NOM~ORE - #b, & ATKIMETREOFE LV E
XSS 5, FERFERICIE, SRBBFRREERE L TNTETHZ LICE-T, HLW
MFIEE DR, TR b b & OREREM (aIa=F—Ta ) Mihbh, £z
ZOXORBEWNES (58 LOXEOFR TS LB TRbNND LI D, &
DEITLT, EEBEEFEVPHILEN TV DO LEWITLT, BENAHAITICIY HHIZAR -T2,
T eE & LTOFENEMRL, BEEZER - HHL, FEICLY ARICEHE T, RBELY
EHEL, TSR E 2 EE L, AMEE2EAH L7z (Engels, 1876), ZiLH D
MHBT, HAZ T RO EEAPLER S BITHEFACHET 5 2 L id, BE, A
FROBEFIZEADEPN TS DH THLIFMHEFZICBWTEHERER L > TWD,

ANE#AE, EFRtS, SEORE
ANE DKW E OMREIL., T OMEZ ik L CTho @i oz X0 &I ICE L &
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NEERIE SN TS, > TEMERICL > TE LN wmE AMICH TUIH D ITH 20 |
EETHLREIROIIUATH D, KIMEE T U 2 MIEE) O EARFERNC T A X0H
N E OB E ANRNCIHET 260035 55, AMOKMEE XLV & EICHEB ST
W5, NENFHAT 2B CHRFEEELZ2E L Cala=r—ra VRN T 570 TS
AL, KIMEENTHR « GREk O & ES) - B A0SO Mk AV B 2 5
LN OIET HIWMBEOF T, AHOKMEEOHEASE N L FEL, £ ORREDHE
RSN TE 7z, ik, RIS, KIMREESE & LN E FERELTOSER LD
B OWTORENRKRE T —~ &5,

FADREE b~ ONEESHREDERIDELET S

BN O ORI 2 R L, BT 5, BB LV CHEERHER O v ) 7 A0
EODHIZHONT, —ITHRMAIT L Y B TS, QRS- FRE L TRl
ZFEBHLEIITRD, PAITEBWN T, BHEER., SR, B EOEE )LD AT,
FTNENRMEREE (PCH ; 3, 1, 28) —PE(G ) —P6(7 ) > % #E S8 ; 58 (0C
B 17 %) —0B (18 BF) —0A BF (19 Bf) —» #4548 ; FEILHE (TC BF 5 Al: b MR EAE =] AR
D 41 BFIZAHIS T 5) —A2 (b M AREEEISMARE 00 42 BPIZAHIG 3 2)  + TA B (22 ) > %8
BB L NI TREND L) ICEBEMICEIT L, BEASTFNOEOMHEE., 377bb,
FAEERE (superior temporal sulcus)ZEBDEFHEE (posterior STS k) Z—ED X
VE LS THEPLTKID- TS [Jones and Powell, 1970], [EEEDE M2 R - 7= &
VAL DJER R DORZEIZ AR BV TH@B O L, Ao STSilkéE raof S ki
(middle suprasylvian sulcus) JEPHEE MSS ) 23%f s LTV 5 [Kawamura, 1973a, b, c;
19771 o PO STSHIB LR adOMSSIIE, & HI25, THOMEM, 19, 21 BOHI5E,
22 W OBRIFEIALE L TV D, ZORENOAMEORRE & B E L ClBiE o %iES B
WIZH B D Z DORFERZREALIZEE L CHHIENE (homologue) & #Ed L 72,

Z DL DITH IV OEE STS BUFARMERFENE, H M K OWEE OB S ICHENTE
D, SHIZE MIBWTHEERICHTAESE, REKE, MEEICHENZ Z O (parieto-
occipito—temporalis, POT) [FFE L EZELTEY, BRI EFB/RL/INGE L., ZnbiE
ERIRE R R A Z T 5 B2 615, PILVORMEEIZE hOZICKRRT, =&
ZIAEERBENEMIC TRKR) THERITHL L LTH, ELEmMICATEEIL, RERND
ALE P BIROMMERE S EOFEEIENS LT, B FOEREMHESERMIE (Vo= s
X)) THDH 39% (Al 408 (B EFE) 12522 Lok 3 5 mREMEZ R L TV A FEIK
EFZEZTRNERbND DR, 1977,1988 Sz o ZOHANEE h~DFE
BRI AT v 7 OFRMKFEGR N O E AIXE EERVOHE AE 5 ~OBITEMEICAI L
TW5,

—RICEIL, ERE P EO TR (BR) ZHWTBEVWOREEZBZELE Y., £
DEEDIEETE E LT, 72 ALDDOZEIRITHEAT HFEREICHIC LT, —BRIIZIEERIC
RELNDEEZONDIBEFERDH D, L LEZICHENE EHMEDNRT o R2X-T
BONORBEN AL, eI VX —MICIR A=A, L B> B FHEE LT,
HiEVE, HRSm. XTamaed b2 enT&s, [BERN ) o [KFA L
EDDEEDBERINIBEONTSGE, HERATALTH-THE FThoTH, ZOHEH
S FEICR LT S ITARBERTEIZZ VD L, WTALIZ LT —FE D SN EB) 2~ T,
ZHIEEFICE > THEDITEI~DRR TSP G2 ONTERERTH L, BFICEK > THEBRMN
BESNTWANL E NS T, PARLF U R D—DIREFE, D0 HEOD 12413
NANBDOEELEAREMICFE U TH D0 TEAR,

aIa=f—varFERORE
Wh L HIEY 55k (body language) 1L, OV LT XU —0D, QAEGEDH]
R, OWME O T5E, QN EOPMSEESEM R SICHEBE AL, O—OD
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MTEBOBODSEMITYURELRS, LA LILEL TWAEZ AR, 50 L0 HEINES
ELTOHRENZR T Z LI TFEICRALDOBERELZIED EVIRTHD, &
SNV —FEOBLRIZE-T BEVELE] ETHVIRELOEEV T ENTE
LT THD, ZNIEHESY SFEICL D RERDOERB COLEREEZRL TS,
DFEN ZNSHOREIZH - T, YU (FITHLE 2 E) OREREN ., & H OB LTz
HEOWRBIZHIGEL DD, ZOLEZZTHRELEINDIRALDOBEEZER ST, 1o,

INEMIABET D EVI VM aI 2= —a VOERBINIET D Z & 2bivbiuidm
HDTH 5B,

29 LT FRRITEIC AT 5 A1, BRESBHNO TFEEMEREIZH D S8 DK
BRICKE T2 HDEEZD2HOTHV[JIA, 1988 Z&M] . 7»>, BEIZEFICL - T
A BNDEBEOEERRLB G L V-T2 b O EINCHRE SIVRESNEL O THDH Z &
BETD, BMo—RBEBHERTLOTHD, ZnEERILLIEbORZE 2 FA LT
Galle) THY . |E LOHLEETH S, HERFV 7B L [RT7~<] BNARO
MT4 - 178 ZEWKLIZOb, 20X 5 REINZ XL > T BEES L. o, ARO
ERMRIEBNOFTE L LT, F_MEERIIBT H, mIREKIEELZFF O Z LIXOF 22T
H5HDEDHAERIZE ST, EXI2, AMEBOITAIZL > TR IR DOIEY J7
B ICHAIR0ED LR SN D TH D,

Flo, R H U ARRICEE LT ABIOEFE~DORL L, SiEIC L2 EMRBEOFND
MTARENTE 7T ADT AT I—ICEoTWbd a7 T ZBENEZ L, T
V=XEIFLDETHALICL S TT T U AHEBENEEIDS —TESIZED 2O L 9 & LR
2, 77V AEEANVINHRN L THSEYFE (RI—7) I2L5 RT~DREOERIC
FCETIRBAZE-Z 20T, MEEL TS VEE (RE - (3@ LoBEEic->\WTE
25 ETORKEMLEZRMET 2 LI ThAH Y, E<EERZ &I, BARDRE
ESOFEIZOWTHHTEED, b, HED LE5E (KRB CEL T,
MROE I 7rala=r—va OB EZEZ RO L E72, TR ©
—EEHN, freOH 5D AT L > THRZBET 260 THD Z LITHERITHET 5,
FRUTHE AR 2B ETHLRITNE, BEEMICL > TOREBRENDI HEOTHRY, WNWLE
NULEIC, 20X o7, I aa=r—ya VOB 28T BT L5 —a0fHR
DIEEH T, MRAEERE L X HBIIFET L OTH S, HHIEL, o AR EY E
F2b0TIERN, AHEED, ZERREWOFEO—UINEKRT 2RI AM S £
FHAAENTWVDICEE 2\, B b0H5 50 4, ZORERTHICR I ERNY TR
~| Thbd, ho 7 b XTFATNTHNRY 7HBEO TEORER) NIZELNTE, RKBL
BN E BN - BICHENT-FA LAY L4 T 7 ORAFHE N F %2 REICH Db LT
W5,

EFRERLENFEE

ZOEHIala=l—va VOPIEBEORICS DbDIFIEFSHEEZHNDL Z EITL
LSO EAREDOEETH D, BFSENMSEIERT D E W) Z L, =& 2 iEx
SEOMTFDN AT REMBEAML N FE A O LHEEFE SR SRR B S 2155 2
LILE - T, BFTE LTHBORBESCR M 2R oo b 0l 2 Th D, 1272

BRSSOV L ES TEL OIEEREZR-TEBY, SO0 UDZOEKE R
ET D7, EREZRVDLER (ABIE) WTHHREZ &V FEA T, ERERMEO LMD AT
LTWAEHEORESER DD, ZOL)REEREFFORFEMEHT 2 Lid it - T
3L <FRERFHRETH D,

TV D RREARF AR B A RS RS W TR, SRR = AT & AT 2 15
L0, MTPEOREEZHODI EIIRETH I, XTFTERHT DI LIIARAETH D,
RIERIC YL ORI R A 72 DR DO E Z BT 5 Z L1XTE 508, g RBLZ b
2, b LUIFEEMEDOZ LWEONRZEMT 5 Z LIXTE Ry, ZEaHYT 5558
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WY T BN RBETHLINOLTH D, il DIEEMEEZRE 2 VWE RSN BRD
BB AR OB RS ~DOREOBERIITEENICEH ., HEMICHENRENH D,
Pt FORMEZEORIZERD bNDE, T7hbbEe hOKRMEEDF> TV D HEMENE
ERERMEIN Z OB T D RE - IRRERN R ThH D, T L O REME L e b
~OELDOBE TR LT=DTH D, Vb h~OELOBERE T, b MIFSD Tl
R EFEHN L LTBAZBRT L L9120, & LICEEE &bl asr
DLBAZENTEDL LV EBICEEEZZRT CTEX-DOTH S,

ZORBIIMEEORZ FITB T 2 EMNRE L E B ERT D, MEOHMBHKIRIXZE DR
B b DERZ DD, RO LM OHOR IR E LT 7ei8ikicht b 720 L 912
THEHIZ, ZOMBEHRZ B OEERN LD TV, ZBREBICBIT S
KBGO BN REHTHY . BTz oL 2 LT, MR LN BB L %M
REDO~NERET D, EFRIFEC, MREE - FBiROFTBIPYERE I\ T, FFOUEMER 72
HLOOEIKICEIET S, £ZIC, B FOMITBWCORERSLNA[HETH » 7= 1354 OfF
ETLHEENH DL, —FH, EORBOSEDORELZHRTHATH, BRESIFIKTT D
BRSBICRNT, fRESIFICEIKTET I XTEBIAE SN TS 22 B30 n5b,
BFEESHEOHLOIREICERNT, XFEENIMbDD L SEERRDN IV E LIS Z LI
LoT, BROZ LN LEZRBEZOLOOEM LR bbb, SENEZEZOLD
BAEDICEDLDTH 5,

REPRO XA, BEEN B L, XU T ERICA LIS L O RPEIEOXA], & 5 W IEWE
EHEE DB, HFELRE & A ROXGIEE 2 O SIEHENSFEOR BB TER SN, H
ZoNb, BENSEOHELZ, £ SEOMENEE OS2 2 SRS E 50
H5THDH, —MEICEZIX, LIZUITSUEERBUIAIO LD L LTS, Ziudid
R E 72, SUEZ 2%, M 72 LILFER O Sl EEfE 2 rTaeIc 3 2 AW O BB O iE
ZOLDEM UL ST DI L2 E Th D, TOEWT, BEOHERNIED
SEfitEZ . D OSEOEMEMENEZOENE LT26T L E 25 L, UEIF AR OMOIEE)
DHMREZEBILSET LD THLELEAL Y, 29 LEEBIZEEL TS L, MO
BENHEZ T, BEASH LIDEATFOTICAL FET D SETHRITZTOLEE BEIC
BTV sEEZLND,

FHOSTEES

RO THDHSELZEN L L THSRIEE OB CHE e /2021, FE L7 BigEnT
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