W)Lk B E E ) B OB RERI &R E]

(EFKFF08680880)

PR 8 AEEE~ TR O SEEERI IR B € MBI (C) (2)

W 75 Bk 2R ¥ & &

Rkl 043 A

MRAERE BF  I§ HE
(RAERZFEATR AR 2 A T LA BEE)




XL AN E

SERRSAERE N &SRR REF A BRI S (LMIFZEC,2) DBIROD &
TN T )Lk B E BT DHSEERI IR E] | 12 24E M DBFZe R
ERTL. ZIRMIEREMEEEEDD I LIRS T2, s
M%%@M@wTM%tﬁ%b,m<a@@ﬁum§£mﬁﬁ@%bt
EEZOND, MEBEELDDEHEST, EHBOH LM S DRE
REBEEFES D TH 3,

bt 52 4

BrEfEE I8 EE (RIERZEEZER - BF)

bt 72 #% B
T ARSAEHE 1.400FH
T RROAE 1.000F
2t 2.400 T
RILASF =
(AR
00010174905




B FERR R

5= ]

BEDHATIIERBEOKMEEIZIIVR L TOOEBHHRH D Z &
BHLMIER-TEY , AEFIDEHORRBERE L CREIHERICBVTEH
ZNERSREICEELTWDZ LR, % A2 REERERTH 0
HINETEEY 2 RTINS LSO NITR2o TS (1, 2) .

TODEBEFOFD 221X, THETRKMIZRO—HELTEZLNT
STCHRBEICHFET D Z L A5, MHIEMITIX Strick —Jk 3,4) 12Xy, 4
HENIZIIHEFHEE D 6) Lo THLMZEINTWS, Thbb, YFEE
DXV VT AV B 22 EB R R TR O R E OMIATEB DR L= L Z 5,
O NMTEBNBAAIZEITT DB EE S FET I ERmID bRz, #ik
BEEB I 72 < & bRTE ZERTIC a2, ThEhY - RAEREEED
FLHINTWD 6,7 ., #HREEESHFOBENBHICOVWTER LEHE
RINE TR, ZEEBRDEHRITO LARZBEICES LTWD DO
THELAFHTH %,

PR R TR B IR, MER . BUK T2 o U BRITET D EhL
CEBRRMREREA LTV 5 & RIRHICATEARE & b RER R H Y, Z 05
MLITBIEE 31T 3 2 WIXBE DN AR BBIZ BT 215 B E DAL IcE -T2 0 . &
EEZRY EBAREORMEELTWBEEZLNRTVDS (8), —F. #IKK
HEDE A O —RE L UHE—KEDHFOQ). HDVIZMROEBREIAE &
OFHi~HAZE->TVD (3,4,10), - T, #HREEEHFIIBWMEEDOHNH
BLUOAMERIZH & SEHEEHORBIREZITO O OIFBRLEE T LK
WOMBIZHDEEZBND(11,12,13), HlxiE, FARBOLAIBBMORS B
Calli L THEDOEB O F 25175 EB 2 BIRT 5 & 5 RV THIR K
HEDHFFBEELTWAZ LAHISNDAE, ZhETIOL I RBANS S



DEWALOBREZFA LT L LS & LIe@BEITR, A TIIEMIc LS < &
BDH CERREZRTROMISTEB ZW 5 Z LT & Y #REEERF 2L 0
E072@& % LTWDPHALMNICTT D, MBEL L LCR—E&EDO—KESE
b MIRATES) & Fidk L ARV EB B O 2 h & R 5,



KRG

(1) EBhRE

AFFIZIXAE 5. 5—6. 5kg D _ED =7k >/ (Macaca fuscata) %
AL, BE M) VIS LT ZBEOR 2 IHIEES (N FAZHTH
DWIXEIT) Z1TO K OICAIMR LTz, FABREFER=NL FRI T 3 ViTRe,
éﬁA5ﬂ%K#»EE®A*»LK§ﬁ®FDﬁ%%?&élEDﬁﬁﬁféo
BRIV VX TH9 ) H20N3 TR OWFROBIENIERAZHER LT,
HbLELWEBSBRINTWRITEME LTY2—2R38 515 (0.1ml) .
EffIX, 17vy2 (5-12 Bl) FEEP, FIIR UEB L RIRT S 20
BERIND, TOMH., #OBRIIEL LRV, TOH, BBMOBR NS4 T
BIZ 30% oW, ZOR, I ELLOEBEBIRLTHLEL, Zh
ETHRVBERLTEEHLED L O —2DOEBZITXITHMOBNRTITEY .
COEBPIEMROER L RVF 2T uy s 0thE 725, BRNTHE, =
OEBNFRED LB ITEV ) BB O & % 4| L TH R ZS>DEBHD 5> b—o
ZBRTEDIRTH D,

(2) HifaiEB) e

Yn bl U7 EBRE L R 5% L TEITTEX AL Ichotedh L,
MRTE ) % FLdk D e D O FHi & MEANTAT -T2, FHIIER Y, ¥ I (2mg
/kg) LXRVTH—) (30mg,/kg) FRERT CITV, MIKIIEB)ZEEIAL B oEE
ERZEBA PV VTR EBMEF = /3— 2087, HTEB) O T ITE %
M2 G TIT 2 72(5)e FEEIBALIXATING & OB HHAR L EED T, — K EH
THD, R OERERL Z AITILEBIC X o THM/MEEE %o < v &
MLEEDIZDDEIE LTz,



(3) AERREEA
LR T B, BROX ST 5 — VBB T L5 ABAKIE, KT, 3.4%
FNVATNTE FeETe 0.1IM V ERRER (PHT.4) ThHAM LTz, FiZ 3.4%
FNWVATNTE REET 10% L 20%DY v hu—R Y VEREEKR THAT L
e, MEBRYHL 84%FNVATLVTE REET 20%DH v —2 Y g

EEHCTICRAE LTz, 2—3 B, KRBT 50 4 m IR S DML 2 1

L7, YIAIX= v 2V LIRS B AL DRI E %47 - 72(7,14),



KB R

)

1. WK B E B B o0 Ml RS B

WRIHR BB E BN BF TIX BB O BB LR N E TIT o TV EE %
FIE L, R2R5E8%E ETT IR0 3F ST REHICER 2B AFEBHORMN %
RTHREAZ S BO LN, K2 DEMC 4 B0 MERHRIEBHFIA—D) %7 L
”7‘:0 HAE A IXHBHE A 200ms A5 600ms D HVE— @I IEENN LR LT
%o AMME B iX A (CHE L CER LA ORERMAR < . T OFEBITERRE &
EHICWDIONITTICRE Y EBORIAE THEE LRV, #la C iIX®M%0
200ms 2 HFEKTEBBEM L, EIIXEBBLEDO M) V—EEAHENDE T
Rt LIZE A EBRIIA D2 h o7z, #MIME D iIRBICEEM LH LEBBILA
EANIZR bEVWEB L RoTWD, Zhd 4 BOMIILRE UEBAH Y ES
TWOROBLERH FILIT L A EEBOELERI 2o T (K2 DAEM) ,

W RIHAIR BB E BN B > O FESR L 7 ARRERSE M 131 % 37 (28%)iX
K2 TRLIELD 2MlaEBI 2R Lz, 2L, ZOHLILBIRT 2 EBHOE
FGE CTHEBOBEN R - TV, ZO—Hl%2K 3ITR Lz, ZOMa
BMORDRBD LT EBE (EF) 5 ) TEX DRI R ASBEEN
FRITMLTODA, M) 2 TEYd) KEXDRITIXIZEALEERL
TV, £7c, RILEBZMEVIE LTI BICLBAEEOEBIIRD b
o7z, X ORMYIRIHAR B EES) B CEB) OB LA B L S MiRa 30 18, EBHoD
DEFHF T (EBOBKIZHLEBT2b0bE ) IWESHZRTME Y 54
holc (K1) ,

2. RMIGIR B EB) B O AR TE B
RAFRKEEEDHF TR 2B LR 3 THALN L 5 Rilaixize v L

ZHT 117 AOBREBEMIaD 5> HEMIC X 5EB) ORI BIE S 5 Ml

BZRLICODOIIDTH 4 EEB%)THoT, iz, £2OVTHHIK 2 DMl D



(P L 7B 2R L, 2RY 113 @722 63 B34 E DO EB D B #4 I BE L 7=
B %, 34 BILEBOEFEHMPICEB LT L (K1) . K4 XRUHEREE
HEHFOXIKZHIEDE R LZbOT, 4] v EShcEE LT
EBEZRLTVD, ZOMISTEBIXHMOBAICL b5 EBHOT Y #x Lt
EEKTHo T,

3. —WHEB)EF OMKITES)

—REBEFNO 114 EOREEES 2 R HML & L, T0ITLA
EIRFFEDEB) D DV L5 OEBRITORMMBIZEE L - EBHErRL, M5 8
LUK 6 ICXDHEGIZR LT, K5 OMIIX BT &v 5 EBIC, K60
MR TH9) &9 EBNTEIT L T—BMICRABEREMLTRBY ., —h
DREKFEDOWIMIIEITT D FIA TLVOEDORE L 1T EBEECTH-T-, —
JOEBHEF TIIMMIC X 2 EB ORI EE L CHREEBIO (L %7 L= Mia:
Er2@THoT,



£ %

-

WA IR B EDE B EF CrIRE B TR B 2 R L7/ 5 B# 28% (37/
131) DOHfEIX, /BONDIBBMPBBED LZNFE TIToTWeD & Rip o - EB %
BIRT DR OB EDRKIEBOHME R LIz, —F. BAHKEEED B
SO REBEF TIER L TV EB 2 X 2 DRFICEBIOZE/L &~ HIIIXIE
L ER BRI, BREISERC AR RS AR E 5 A L C Rk
BIRERABRENLOGDAN EZZITTWDS (15, 16, 17), ZHHBEZMS
DRFIZNHNHIT I EBOBIROTZDDEEDER ThH B OFHICEE T
PEBEOLLOLTVDEEXOND, —F, RITHATEFD> &YKL EE)
F~OEED D VIIHEOMEER (17, 18, 19, 20) IXFHBATHAMNK
TLTW 2 EBOEHEERIPATHERELOTIENTES Q). =0
£ COH R EEBEFII - S —EEOEROMAITREOMEICH S X
VIR, BIFBMOEYL BCHE LTI REEBHZBIRT S LV 5 0RK
CONEREESF SR BEE L TVWAZ L EZRLTWS,

EB) OB BIE T 2 WRIHR B EBEF OMAIT K X < &) T4 fEHIC
AEIN, FLABIIEHFEIROOLNE, ZOHRIIILVNEDHORREE X
LR, B EZ B THALERICINE TL R 2ED X BT 2RI E-> T
COFMAEELTWDZ L 2TRELTWS, BAIEKEEEST CLEHD
PARTERTICTEBYAS L J-§ DMK D3GR 0 b7, SIMEE ICIES 4 5k
RAON2hoTc, E-T, 272 L HEBORBIRENE KICRAHR EEE
BFIHEVESE LTV ARVWLDEEZI SRS,

AR TR SN RIHAR R EBEF OMRATES), RIS EBE % Ic—iaM
CRONDTED (K2 0 A) IEBHOBIRE VS L0 e LABRBOIEMZ D b
DIFEELLEEBTHDIZ LAELONRD, LirL, M3ITRLEL D 2wl
TR EEBEF DL < OMAIILEIR L7 EB AT L o TEOEBORLEEIC
RERBOHBBD NI, #oT, BBOFME VD L0 T LS EBHOBIRIC



FOBELEEDTHEEEXLND,



BE R

1. Tanji, dJ. , Shima, K. and Mushiake,H.
Multiple cortical areas and temporal sequencing movements.
In: Brain and Mind.(ed by M. Ito) , pp223-232, (1997).

2. Tanji, dJ. , Shima, K., Mushiake,H. and Matsuzaka, Y.

Motor areas in the medial frontal cortex of primates: Differences in neuronal
activity.

In: Perception, memory and emotion: Frontiers in neuroscience.(eds. Ono et
al.) pp421-432, (1996).

3. Hutchins, K.D., Martino, A.M. and Strick, P.L.., Corticospinal projections
from the medial wall of the hemisphere. Exp. Brain. Res., 71, 667-672,
(1988).

4. Muakkasa, K.F. and Strick, P.L., Frontal lobe inputs to primate motor
cortex: evidence for four somatotopically organized 'premotor' areas., Brain.
Res. 177, 176-182, (1979).

5. Shima, K. Aya, K. Mushiake, H. Inase, M. Aizawa, H. and Tanji, J., Two
movement-related foci in the primate cingulate cortex obserbed in signal-

triggered and self-paced forelimb movements, J. Neurophysiol., 65,188-202
(1991).

6.Matelli, M., Luppino, G. and Rizzolatti G., Architecture of superior and

mesial area 6 and the adjacent cingulate cortex in the macaque monkey. J.

Comp. Neurol. 311, 445-462 (1991).



7. Picard, N. and Strick, P.L.. Motor areas of the medial wall: a review of
their location and functional activation., Cerebral Cortex 6, 342-353 (1996).

8. Van Hoesen,G.W. Morecraft, R.J. and Vogt, B.A.,, Connections of the
monkey cingulate cortex. in B.A. Vogt & M. Gabriel (eds.), Neurobiology of
Cinglate Cortex and Limbic Thalamus., Birkhauser, Boston, 1993,pp.249-
284.

9. Morecraft, R.B. and Van Hoesen, G.W., Cingulate input to the primary
and supplementary motor cortices in the rhesus monkey: Evidence for

somatotopy in area 24c and 23c., J.Comp.Neurol.,322,471-489 (1992).

10. He, S.Q., Dum, R.P. and Strick, P.L., Topographic organization of
corticospinal projections from the frontal lobe: motor areas on the medial

surface of the hemisphere., J. Neurosci., 15,3284-3306, (1995).

11. Vogt, B.A. and Gabriel, M., Neurobiology of Cingulate Cortex and Limbic
Thalamus., Birkhauser, Boston,1993,1-639pp,

12. Picard, N. and Strick, P.L., Activation on the medial wall during
remembered sequences of reaching movements in monkeys. J. Neurophysiol.,
77,2197-2201 (1996).

13. Partiot, A. Grafman, J. Sadato, N. Wachs, J. and Hallett, M., Brain
activation during the generation of non-emotional and emotional plans.

Neuroreport 10, 1397-1400 (1995).

14. Tanji, J., The supplumentary motor area in the cerebral cortex., Neurosci.
Res., 19,251-268 (1994).



15. Amaral, D.G. and Price, J.L., Amygdala-cortical projections in the
monkey (Macaca fascicularis), J. Comp. Neurol. 230,465-496 (1984).

16. Baleydier, C. and Mauguiere, F., The duality of the cingulate gyrus in
monkey: Neuroanatomicl study and functional hypothesis., Brain, 103, 525-
554 (1980).

17. Vogt, V.A. and Pandya, D. N., Cingulate cortex of the rhesus monkey: II.
cortical afferents., J. Comp. Neurol. 262, 271-289 (1987).

18. Bates, J.F. and Goldman-rakic, P.S., prefrontal connections of medial
motor areas in the rhesus monkey, J. Comp. Neurol. 336, 211-228 (1993).

19. Morecraft, R.J. and Van Hoesen, G.W., Frontal granular cortex input to
the cingulate (M3), supplementary (M2), and primary (M1) motor cortices
in the rhesus monkey., J. Comp. Neurol. 337, 669-689 (1993).

20. Lu, M.-T., Preston, J.B. and Strick, P.L., Interconnections Between the
Prefrontal Cortex and the Premotor areas in the Frontal Lobe, J. Comp.
Neurol., 341,375-392 (1994).

21. Goldman-Rakic, P.S., Cellular basis of working memory. Neuron 14,
477-485, (1995)



Table 1

-

Distribution of cells in CMAr and CMAc related to different aspects of

motor task

~_Reduced reward/movement selection  Preparatory Pre- " Post- Reward Total

: movement movement
Typel Type2 Type3 Type4d

CMAr 10 11 10 6 54 30 9 6 131

CMAc o 1 0 3 34 63 17 2 117
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CMAc cell

Reduced reward— Movement alteration Ordinary reward

+ - " .- » "
+ . = @ ..- . Ty ..Jc ‘e .-—h
4 o o T Yo "
+ L ' . . 4 @ e
° > Y ° 1|
= o [T - 'Y % -
° . " ol e * vefls o
5 > - ' " vy . o ul

'Push Turn Turn

ey ° + °
" + °
LT} eu. o " ' ' + °
(TN = + °
-‘“ L + o
. o [T + °
" * N " o '
AowY °
1] "m . + o
.-P :‘f + °
° e e ' + °
1

1 sec

4.




Reduced reward— Movement alteration
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