RACESENS 49 2 480
Koreon Jourrdl f Bidlogicd and Physiological Psychology
1993.Vol.5, 59-75

29 waqe) £40] £uzAE
23799 dus] 859 WAE 9%

zdgdqd

EEELET P!

E79 Ay & 2AselA A Y o 9d dage RN A E ddshe 79
2 AR 2 AgelMe 4 $Ue Uas 858 7IS01HA ¢ 2713 FHE NG F oy
03 B2gg E4a, of2jd &4dol ojn] Fslo} gle 22wkl 9 g A vAe 9%
A¥ZEM GAE e BEigd] fE AFED Vs %S AT 43t 23 ¥
dg we B85S gud @54 20w 284 2 F0Ye] RS vEhgith T3 &
)4 gage SRR P58 2UNEo] AXHAS Bk okt ZAHY Tk B B

719 Edolgt A 2 AT Fte] U AENS S £ ARG TR e, F2d
A4 gere] F0 AANEE % A gdn ofeld Ashe P 745}0*1 AolM Gl
Frdoze) ool zziubge] g} FH8 A1G kRS A AR AR BAFE AAsh Aol
o} wheh Ay e 2AgEe diF 24 o] EHE ASL Qe FU# RAelEge
2T AH A 27 Bsta qlis WE3EAY § Fé%i Hojop & Folf, &% F¥o|
AGH whet 2d088E 11 ) s As 5]9101/} Aas Her FUHe) AENERE g
Z7r8th ojdl whet 2ulE daddel AR Ry 238 33043}2}"& gagde ¥ g 2

2o M zAYhgol FYHE Alegit

A £ 5ot AFRES o RHAES  da Aol AFHd mWet AL Fert #F

o

rf

Fojdhe o EAE sy Hslo] ABEF 715, 9ol HgHe ke A °‘ﬂ°ﬁﬂ Fe Hog ¥yl
&4 A2, OB FYE o ATVIHe 248 sk 3 719 AR AAR FE A wiA

FAE AHEsle] gt B4 F49] dus] 8%  ASvHes BEAFHE FYHAIIAY &
U oet 258 7188 AREE 7B A7 2 SRS &% $A4A 23] CRolU UR
T CSH USE A9 Are #ad A485ed &2 tE 4 A38F vIAE 23E A
#53 dha BHEE AR BEE Mol ¥ H7b o ®o AyHoR 84 499 4¥E go} 571
JEHez d7ged 53 2 AFEFo] #F ¥l oy VUER AT ¥ A7 % % =
HReHT oA ERd, S whge] Feie B ANES H3dhe AR R 29} M7 IEQ

59



ofsl&el RuHAKAZIA, 93 1987, McCor-
mick, Lavond, & Thompson, 1983; McCormick, &
Thormpson, 1984).

X
o

o3

378 ¥
A AHE FFEA, o
A o 11 278
3194 Wil AR A A7
g Zodye A4t JgHA
4.1494 SRtz HE
o2 AxFAET 4y AR

2213}
?] &%o| 7%
s Adeg Al
Al a%F Ay I:H”—‘?H-J sl 0
(interpositus nucleus)S Had &43AY &
Aok Ao £ 27w 50l w7t 14
&7F5EHClark, McCormick, Lavond, Baxtery, Gray,
& Thompson, 1984 Lavond, Hembree, & Thonpson,
1985)0] ¥&lol W} o] Brt o9 275
Fahe 2L FAZ gFHAL o3

-
PN
o
ro

ofk
oX,
2
T
it
fo

2
lo

At
oX
i

=
B

o 1o

X

Bl 41 bl e e b
R

o H

O

A
[
X

an ey 4
(o3

2 W

[
Jl e

So] o

go] &

o
L.

b R o vl
A9} N EAFAA FHdo] AHHRI MaA FE
o] AAEYHLavond, Kanzawa, Esquenaz,

Clark, & Zang, 1990; Yeo, Hardiman, & Glickstein,
1985a). 289d] FHo R T8 Y4EE Hule Ay
54 gagdME FHEn AR 1gEHE
Uehlie AATES E5o] 7155 (Berthier, &
Mocre, 1986, Kettner, & Thompson, 1982), o] 24
94 *—“O] T2 270889 Aol J3E ATk
1(Yeo, Hardiman, & Glickstein, 1985b)7} Q1o
*1 FEe Mg ol & FFo| vt 27t
of AR F2EY 7FeAdo] AAHA,
| J]zlq 2438 Aus e Wy
ksl #YE o] g} ol5
%2 @sit
A

=]
o)

T2E

i

ol

60

719 £4& gAsda ®oltHAlbus, 1971 Eccles,
1977; Tto, 1972). 243 2743 49 (S HHE
3RS B US ARE w’b“c] g B 94y
Hog °1 F §lgo] vhgslie § 11]’\]5] O
f f¥Ho]l UFY Witeaching)UH g 2Hga}o]
RS HEUE FPARS HA AET
A2 FeAE "SI ARt H A= (Albus,
197D, SER7E 71Nk sheEaet HPHRE
A71Z58t . HAMEAA 1 B g 7]E3 A7)
A28 AT (Ekerot & Kano, 1980) £ 3]
o AR A2z ddAs) SEHY. o
2085 AX9E SRAMEe] ANHEES 7
g AollMe 2787 Mg bt #7174 A
E oiFEolA CSell dig desastela B Wiy}
785t Foy, & Thompson, 1986). #1717 AL
Ay AR sl AAHoe 2A835] gie o

] =2
=

A% e g ARl UE A BNA &
Tabgo] Aol Beldrio, 1989). 9 BE 7]

=

A HEAME CRoll sl the Avfo]a ‘%L@O
F7RPIZIE skt ol #% uhe Ao B

o2 AZEvKBerthier et al, 198, Foy, Krupa,
Thompson, & Pracy, 1992). &3 243l we
A Axe] Hes3 W3l HAnderson, Relucio,
Mohr, Logan, Knowlton, Davis, Hawkins, Thompson,
Steinmetz, Thompson, & Greenough, 1991; Greenough,
Anderson, Isaacs, Black, & Alcantara, 1989), T4%
719] 173 W3k=(Schreurs, Sanchez-Andres, &
Alkon, 1990) 23 58 BdolM #71A] M9

#AE A 3 FHE] o

gy £5 2HE 2aske] golA AxHE
S AY Ak olg s 4 Eala gled
24894 dAhdsimple lobule) g &ARBIYES o 2

ghel uhe-o] JP“% AHeHgol Brbssivks 4
NN 5 1987 %3 79714) 1989 Yeo et al.
198b: Yeo, & Hardiman, 1988)9} AHEE Ay
& sl oust A9e SHAYEEE 24 9
0] EHEAL B UAHoR A HF Adol
FeobbE ZAaMMcCormick. et al., 1984 Lavond,



E
%sz} 359 744

Steinmetz, Yokaitis, & Thompson, 1987)7 E A3
Atk HZY ATEA ostH AHHE L G5
< AFMAFIAKLavond et al, 1989) CR 7]
(Harvey, Yeo, & Welsh, 1990)¢} CR timing®ll %3F
S YAAHAEY FAS A7A, 191 Perrett,
Ruiz, & Mauk, 1990) A>#3 glo|x ‘é’c‘o]"} A
F50] 7hsstt st AduFo] A 2718
gofi= AT B5AQ FREE olisly AE2E
el ltHHarvey et al,1990: Lavond et al.1987;
Zang, Clark, & Lavond, 1990). ¢]E& A ¥zo]
273 &oF F7¥ 243 d3Hmodulatory
influence) & Xﬂ:‘lﬂ“l 'Aﬁ”ﬁ"l Z7ukgo] AAHE
£ Lo dad H48ln YR #HA=
o, 24 ¥he9 o] A4A
S HAFE F9e oY Felgtn S
{Thompson et al. 1986).

ojdel W dATEL vy TXEd dgld &
Bolut AFEHE AFAY AHEFE 71EsHY
I B8 v dEY FREAA A kA A
TEREAANE 193 3kt 8] olg2 A
A e 2AA A RHE dea Akt
o A¥Hd 7t A F0E Y =

&g doA gri 2y, ¢ 2Use] #oste
AR 2] oy FREEL "15‘3 B4 d4E
ol#m =9 7|A|(feedback)5S F3l AMEzh
A vX ik o]e} ol "131 TFEEEC A
29| 7ol oJESHA A oot 213 Hods}
3 9long x7sl wE AYGAR AAH hAy w3
ZEOA FAlY wastd £ HAlEof

B Ao M o]gdt e

Sl 574% PRI A7
axEd gagd o F3
a1 715d AR wely gt
Aage dEeHd AAE HFRY 9Ey
EAd, wdga pAA JEE ol F2
7o 248 BWtHYeo, Hardiman, &
(lickstein, 1985c). Ax F7H4e Axud wid

Oﬁ

F8)7) 91

o
%

AL A
o= U
a7k

m[o

e
o
-

o 2
T
ox m PN

J?“:

=N
=)

i‘)
.5

o,, 5=

8,

A

61

i

2 3 (intermediate zone)®] HZIAMEAX F&
U Tor(Jansen & Brodal, 1940) =% ﬂ-‘lﬂl
et waoM FIAG SR B 354
g Y& Matsushita & Tkeda, 1970). o9 2ol
Gagd SR Mz ddHd glen ¥ #xE
LT CSHES USHHEE ¢=ha gt aguz
74 FRelA ghue A7 BAE WeEl
fatde & TS A 2Rk & AY
A= 28 Fob AW F2He AF Uy 2%
g V158N 228} o]RolR F 2MIF T
Fe EdaliY. 1gislel 28] ©E 4 30

=
A} A7 7hay 34 HAsT A¥dY Bag

2 4ol ojn) HyHo] Y= WG HA &
g5 vlAe B3 2x S0 FPHA
= gl dig AARd v JFE A4l
3.
o
HHEE

ANgA AZol 16Kg - 20Kgo] Wi WaE
FARE E7] £37 16vlelg AMdle 1% 718 A
o] ZFHo] AulE £33 1vieddA HF As
2 Aok ALV B9 ENEL AE £8Y
Aom &7 Yol ARFA HE F AUTh

Al &

Alg 2AZH) 9E FEoA B Holg v
AT AleA HA DAL FRE ZEop
(chlorpromazine, 4mg/kg)®t F-u7H417% AekAQl of
EZH(atropine, 1mg)& I3} FA}sta HEE Ar

S(pentotal sodium, A0mgkg) .8 EZE ulFHAZ

o vly F Ale 299 velgs wxdta 2H4E
Q.8 A (stereotaxic) 717 DAAA FohEe HF
93 ¢ FHE D3N DH(bregma)e] Hoh

(lambda)®t} 15mm A D50tk &s F7H8o)



7184 A, 2¥HE BAY Bl 48 4=
NE A7 H8 As =82 FAZ 579 74
€ 51, 2 F9d AN 7HE 9 & HAE
LRALE dhol HA4 Mg A3 7E4 AL
009l  38d(insect pin, 0size)S o FA
(epoxylite) 2 AT Ao HHAA HAF7F A4
w&E AR 2R At F7d B 28
£ Lavond®] ¥=7rg #Axsto] g AFoz
05mm, F=0E Smm £&0% 15:ImmE Adtn
HE AA= Uel|A T g S&7) o
Y AR 2FTA LPE}UFE WSS B}
WA At avE TAPE S HE &
o EAIR FHIA Ad

10
q=¢

0
35:—3

—f:*o 6}71 HKH 47H4
%%kz% 1989)37 H&Ee
%E} 1% 15mm, 2
. o& 10mm«1 e
M, Bt} $F02 Oamm, J+*°i 4mmt 7,
BZ02 9mme] W=l 249 13 ol #HE
T 208 A7 v A oM FRoz 4
de7ldle Aled oelgel mEr] g v A

Z 2N 1054 7129gr] 2F 2o ALL
At JAMF 5709 HA=E 61 AR 7
Gl AR HAE YARE AAgE st A3

& AdER $A2 fol wEte) 1AL, AdE
7} 2e F age wE3AY A 598 Bgen )

Urto]Al(kanamycin Smg/kg)E & FAINITH
Ned z73iAE g7 E8717h8 St

X3 3z

A=02 1kHz 89} &dBY 37t A=,
A=o8 B Zhde) oigk 37 BAL
(airpuff) & AHESISTE E718Ak: 5% HEZ &
F718 THEo| A¥HA AEATst A TAEel A
A Imme =2 E8 100g/em2e) gEen E7)
Zyabell BARAZ T oluf E7]9] FAES dY Y2
DA lorg guto] Aol Atk 2AAF

z1

Z7

—{n

62

W 2P A=Y AE AAxdrE F3 BM
AT 3871F AFEY 929 deHol28 T §
Attt

E7Y &% WL Ty FAd vMER A

HAAR S, AARAS Fhs dAsa
3 g0 Zuerh 9l WS ufdo} a1 g5
of of dmelE vlg ¢ F9E ¥ ned 2
oM el AYE F4sh=d, Bt
Zoly w7t gHo] AARA Zo 8)H
7IA7)15L o) BAEFEL AARA W9 Hgh s
FEETHO.BV/mm). HsF ¥ekE AD ¥E]
(PCL-711 PCnuitilab card)& &3 dAE oz
BHro] 129 2563] ¥ &R H3sle IBM AT 33
71% AFEH dEAAY. H5hEs ghe oAl e
ofsMER $Haled 048mm oS} &t %49}
Heoz Heiglth wf Aldoi whe o
27], ¥ 7R A7), Ao %}ZM%: on li

o8 ARt} vk Fegh e e Aol vehd

g

_g.
1=
58 o

rzi Ho *

L=

=

[e}
er & 3717F FuUd 27uks-g, 27N 9
A7 Ht A7, B2 wge] Hiasiel 3
T AA7SE Artsle] e
AHS IS5
g HERH As 7158 mARs
(microelectrode)o] AAE 4L headstage 337

(WPL, DAM 8¢t st Ho] NAEES d=4
o082 FEA7)iL oo A 2E FE7(WPL, DAM
)9} $o A% FE7] (Tektronix, SAZZN)E A3
A SHHA A XFE 700 g d9E 53
o} %7 )(bandpass filter)E 300Hz-3kHzZ, £¢ A&
FEZ710) WgH ddE 59 o947|1E 1kHz-3kHz
2 dAs 1 AtolY A7ZA AE e FHAY
o 3 YR AR S AAS Y 60Hz
notch filterg AAEE StA) ol8A ojubd Al
& Uxg A 7)(window discriminator, WPI
22 3 AR A3E Aloa DakspEA] sAka
10msecd 3-5709 AHFE] AFHEE 43 5
g HNE HAH 1 Wb W] AEEE AFE A



headstage At
AR BE = Z 7] AEEE7)
JUFN o] g2 60HZ
o kg notch
AR filter
WA
5}
24h7) o
€ AEFE7)
2324
— g
2k 7] '
A w7
7
37]
BEERY
AD W & 7|
IBM AT 3871%
247 HFEH

<J% 1> MEEA wiXT

a9t o] ARE A/D HIVE B8 129 20489
o] H&2 FAsY BM AT 337]F #Hied ¢
HAAY 489 ARE on linel® X3t} v A
ot AAGEL raster2 AASIG o, A8o] A
FESE dmsec B3 345 FHAA & FU)9
NAGE FAE dmsec time bin S|AEIHOE ¥
Fajgict olakel A= AAY AR BH, BAE 9

63

gt AFEH TIPS Tubo Col2 2FE olF
& FAS, AAY, 2718090 AR Ag 5
Aalo] AMgEAY. 218 AL 71EFR Y A
1 <y >3

et MXj9 X2 eA
E715e 94 @ 7l Agsks A7 A



Ask AARAN 48 SY} $AF ZAE 5o 3

Y sl £8rike Fed a% 4 CSQ}
3714 US7H s s o] AlA=e 243} 87171

P, 2dske A8l CS7F A00msec 5t ﬂl*l
3 wpx]Et 100msec &t B7]9) $&po F7|EAl
US7H AlA = A8AQ0 AA 2d82A CS9} US
Abolel =}z 2}240 A0msecol Al&7F 7HALe
NZE-H0Z APl FAYoE AA] HUTk & 37
T Ao R & FEo [0A]aH gF-F o o] Fof
A, Zh 789 9 *163 CSRE AA| 5= A
Holdrt. xxstet AFRFY 715S 43)7] 3t
AAsta 43)7)% & 01 i A% el dAg
o A& le] HEd HRE FHA dAHE W
4 ettt &4 e Mg 20 2Egstdd
6¥ o]FoA=d 2mAY dA AR A{E A1
24 EHr} &% ErEd 2L dAE 28718
§171 ¢ ATES wekth 213 54 o9 kg
I AAEEE v Algekck CSAIATA 600mseci-H
22 ¢ E HAed #HFEHE 9EE A8 on
linee2 AMzjeo] RUHM £2t AAHn A3
Ak
Lkl FHAY AB8EL FEHL 49T o
g Ash g %ﬁﬂ Aol FiAel FAR
P‘éﬂbtﬂ o] Ang AT vluE 7VesiA &7l
Astd Sears5(19%0a)s Hi18ld off ine® HF
AR vHre] FRIoh o}2 3 4 AldE 37|k
2 WRTh F CSAAL o1 A 300msecE CSA 7174,
CS #HAJF US Al 4729 497& 7+ 300msecs

CS717h, USAHAIE 0msecE US7IRFoR el
ol& thA] 100msec? 844l - 17&9. - AlReisich 2
HE & Adg F 9] s 71Tl A7]ed

0§ CSH-1, CS¥-2, CSH-33 CS-1, €S-2, CS-3,
aejal US-1, US-2, US-37itteletn wwsic)
<IY 2> 7} sel vizkeeh st A O 2
FE 10/ 9] & FEEE sMkele] @ 37 8
ol 9709 a9l 7108 TR HEE Atskh
asER g 3leM 8 x 9EY AU &% vt
A A7 A7l Relvkh ojAl CS7IRbst US7IREY

64

Ao =2E

WgE Hes 71 vy 585
7hsdteE ®¢ HFE uHtol %—%
AN 9] A ﬁg_tr_gjz_ 7}_7:%} =
L*H%% T8¢l CS
@—’F:— AketeE WA oL A
A-3 7IRe] &9 BF ArE WE §
ol CSH-37RRF ©9) #5449 EFHAR
o " dE 29 13716 AR 78] (S
7179 BEATE 1789 CS1dFeA 1789
CS#-3 H+g W+ 13719 8%34011*1 T3 CsH
-3 Al EEUAR Ve glolth F, Z(CS-17-81
= (CS-1781 — CSE-19-8D) / SDICSH-38)7]
aed g 371 2 rEellA 670 89l Ik i
@?7} AkEo] CSHAL o] Fof F3hele] *WM
o BFo Wzt S AR AU 5 YA 4
A A= 7 asrIzt MR 8] g e

24,
37 A
T

ol

:;r‘f-lNCV

el

| #ite ulo] ARgslirt

CS-374 - CSA-3 74

ZICS-324) =
SI)(CS@”BE]?}}()

A

—

A

<T8 2> 89|72t 2ET MAES EEHF AN
EHHAM
ghgo| B s 4 FUE AL 7E A
=9 912 #RIg] A3 71E4 W=l 2mAY
F=A ARARE 027 Y A marking
lesion)& &rk. 2% E2% slo]x=#lo]E(chloral
hydrate, 400mg/kg)E A9 FARld E7NE o] n}

E_T_Y_



ANZA A9 4 T9E F8 0% AN
S 1096 T4y B FUslq FRIANAH BF
¥ 58 HE3A 10% E2UY goo dFY oy
ARt 22741 Al 109% A sucrose)$
Ao shEyH Fro] T 15 ¥F HH7(Leitz
Kryostat 172002 5mmF7A2 d8E o oY
(thionn) @& 3fd EAFAe 71ZSHAE A3}
Ak

4 3

=HZA d4

7 YPFEY &4 2 7IEFHE g 3%
HAH AR 94 AR Hulg HEE I 2
e =7k A1 shHA Q"‘ﬁ}ﬁiq #% A3
71& A=) EF R AU £3 11vEE 4A
dlo] AwA EAE9 £3AR wet AP
1} EAZ o] g5k

A¥93 gadel 43 &4 A4F g
EE£2 174U ansiform lobe)e] iR A
%%(para- median lobe)olu} ‘%ﬁ‘ﬁ(pamﬂocclus )¢l
HE R ZR(vermis)?] 9% YRE s o
Aol Aoz &AL AP wiE dF
vh AL B ol9je] nEjigely FH-e
YR} &4e APEE eulElE BART wiAst
Aok 2B FEAA TS BEG A AFEL
£AH2 dgton] &40 g QI WA 2R B
ol eigith <1y ol APAUF FAYTY &
AR9 2 7125905 VeR)ich

g0 2
W Feat

Fy
=

z2

E‘

EHoog

a¥9d &4 oA 4§471
T 23)7) °l’z}4 A5 %*?ia
£ 438719 & %@%‘& Az
42 st 43)7)d e 80% olge] =4

Holok 134 sy F A9 E dagol

65

SA3] S4E AEFYY FS ojHel #Y Hof 9
S —8—1 A=A a8y F7)2A gig
FEA WL S WA got S oz
$9 sl NS o] vl opdE g9l
g & sk AFS Foo| AYPHUN FEES
oA 27k %ﬂ?l AN, &4 A%
ofe o)Al T3t 2HNHE-E HFA] R FE
Bol Aas FHol A&dd uet 24u-E
ghgapr] AlRbEgie) e &l niE gE &
E7} o mFon 2AE E3 1 FFo] 4T
74g Aotk dAHE AYT 4F A¥yAo
49 BRI E ST Fuke-go st
Ak F A &4 oA 4377 F5FEFH
EAF 28712k AFE 4 5 P AR
el SAEANE sl FF 2dvkeg, 2y

L

S AE HzANS AL vjugyrt
10 ¢
A
wl A3
Z gt
an
g 60T
% a)
m!‘
& Wl
%) 20}
10
O 1 L 1 s i
51 #5852 §53 54 &1 &2
<28 4 THUESE

<y 4> 63]7] Bete] Hy 2ANEEE U
ERlQiE) old] oig WHEZPHIEA Ay &4
A FEAdE Fagel o7l glol (F(1,9)=041,
NS) g7|7lelet foujg Aolg Mo (F(327)=5860
p<01) 8h5o] AyHol we} F G BEF 2¢ke



Frpds
15

10

El
a
<29 > AYAHEDS FANHCDA klﬁl’é—l SRS e S 715 - )
$IX|o} wjZo A & |9} ﬁt ] 9] M9 E EFFLANS ¢ ”'EIMS A,
DNC : Ha%iﬂ DE A48, FA: 248, IC: &, i OPZS%Z} IN: £7h,

0 3&dx, PR W)

66



o] F7HHS-E Frh 4T AFEAlE v
Zholl w9~ & zpo]& RA(F(1,9)=149.85, p<01) &4
7L F AdeA Zel7h S vERY, 4%
28717k frefn gk o7t gigled, (F(1,9)=1.02,
NS) 4528 295 JAHF(,9-088 NS). z+ 3
Sulol A &4 A 5o 27uRe-go] zlolr}t gl
Ag 8387 st &4 A% 7} 237149 H
of thaf 4 B F(paired comparison) THEE A4l
sttt 1 2d APy &4A 2879 E4F
281717kl Wi frejuld Aol7h YR T(t=10.56,
p<Ol) BAFDl A Aol7h gATHt=-0.19, NS).

PN

i

A oo T

_i]

<38 5 EER8 ME
2793 2Ee) wstE <ad 5> AAs
Y A 2AMSEAMS frAktdEd $54
o= ezl zol7h ol(F(19)=001, NS) 3177
of FoulatA F7F A W(F(327)=2440, p<OD),
ST AgSAde Dzt felnd Aojg Mo
(F(19)=3344, p<0l) &4 F37} 2pol7} USS

4
—

EPRIcE 3k A Fedlold £41 23719
A% 237 wete 2N AL fofu|gh zjo)
€ B(t=398 p<5) &4F 2k AEo] 4
dole s o = uk 54 e 4o Q%
ANRE AE Wshs AR Fenisl] ot

L.

=
=z

S1Ht=247, NS) o= A& 74 HAUSS A &+
A
100p 5
=z PO x
a o 1% 2
o} :
W e 13 ¥
& Wf 3 %
g O 2UosE /A—"‘""/‘ 2 =z
30' Aﬁ\‘ /\\ib %’
(% 0F % TS 11
104" 2ANSVE (mm)
O 'l A e L A 'l
412 3 4 5 6 7 8
<33 6> &A% WEHAY ZHUSET
EEE TE

67

FE B sl EYF ARE
FEE AL AAEg 2 23 &% FF e o
Aol shgd 2AWe-2 B8] R FEEC] 1
T AsE o] Asdd wet 249EE dA 8
w8171 AlFtslolnt. ey &4 Hla) gy &
7b o) =@om zhvhg e 1 diEo] 4gE)
g Aotk

Fdo] IYETE 20NEEH 2ANEANEL
M3 Frtetgl oy Edo] Eauzb) E4dold 4
2 gEHAE Rt 4939 &% A
59 83)7] Fe] AT AN AW
S <Td 6> A

N

o A Hio} o) 2B B9 24 7
o 47 tes) 85L 2 5719 he) Seirhy
EFHF BFoR AMEIL. 3 (S AN olF
100msec® 374} 7]7FHCS-1, CS-2, CS-3), US Al



4y @ HN R 4 @ AN

4 o AN

13171 MUA

B 23ge
DR 2 Fhue

CS1 C=2 CSS USl
7 e
6 1 43]7] MUA

USZ US3

! BREEBLINL A LA an an )

Csl CS2 CS3 USl

58}7] MUA R

TP T Ty

US2 USS

U2 US3

68

A A

1997 52 % MOA




Aol 100msec¥ 3709} 71ZHUS-1, US-2, US-3)¢]
NARFol EFHAFE AAEHE Roltt

ZH3o| BEE F79 NEEELE CS A
71Zb Bote] whahgel Wity EAAYA =Y, 24
3 o]AdlE v CSo USHl theh fahukg ke w1
ojtirt 2B} o]Fo A WA ZHEge A8
wshgo] F71817] AlFsldA B5H ukee HHE
adiz 2ele AR Uehdch mebs CS-3
71245 US-1713te) AA&Eo] olefgt 27gel uh
2 7tade RS 7P dkgsln qlth B3
CS-3717ke 353 2Avkg £ 713 S48 %
dehs 7|7te g 2Ase) wE FhYe] A%t
B4 714 g A2 E AFE £ Aolt)

Z7A37F Aggd we g 57]e AA
w9 &% e <ay 7ol AAEEY. 9%
TEE 7 379 6717 RTATE AEE 3t
o AR Alola e8%el 1y AET vk
A AL gehke 2Ad gygel A FrhE thay
859 s2EaPel}t 1 7ked HEL viAT A
o] NAYF rasterolth 1Rolre} o] s}
z71 18719 vlad #A dskebd CS 7179
the] BEo] o] GRY 43)7]0) o2 M )
o Z7he ore Belth AMuld &4 o]F A 3

301

o
O
T

Do
(=
y

-
ol

Rk s

—
<
Y

402Nk olorZoNr>

dorn0 1o Mo N Y

05f

oy ©
ﬂq
o>

O o
N

x 25
7 &
A B 20t
=2 2
™o
N E1
o §
op T 10}
El-
o5}
4
00
&4}

<08 9> LabF YEHA| AYTCe| T2AF I
o| cietdlZ s BEdT

711 58719M= CS 717 B¢ 1R el 2
Fol AlHA Sl d 13)7]9 vhidzbAle] WS B
ol Ytk & 4MFAY &io] zAsie BHd
CS717e) 38 ofas) 28 F%E vl Aot
AP &4 olF USZIE 2 B9 $748 2
B8Eole H3p} AU

<a¥ 8o &Y HF 68)7] B¢ CS-3 ot
3 g% XFHF7E 2AS0 Uk ol BAE 4
3t F5 437 e HPde Ao|rh fle]
(F(19)=021, NS) 3]713kl 2o]& EA(F(327)=1743
p<0l) ggo] WY FFE CS-3 7| guy &
Fol fFnstA F71E By EdFde F
gl Fou)d Aol7h L7Ho| (F(1,9)=1080
p<Ol) &4 Z3rt FATAN dEtE Ae 23
.

EFF Ags ol AR
o] Agkgat A CS71zEe] Aukgol BAl F7hs
7] AEEllE oo} F7hs. S Hle) 4
3] ujekst Aolglet. <I¥ 9>

b aEH 2AwRe



L

= 9
HAF gae &40 gEuteel vAE
> AF7A] oAz dptabge] ofs) HAMEH A=
Cd_%d Ble} o] 1 Aurt dxEH gu
Yeo5(1985h, 1985)¢] H3olME drge] &
3te ¢uhke-g 9Hs] Hx|A o, Yeo
Lavo )«l Aol e x
S = A&
Az}
off & z}o]
F5 713k
o] 9L

,%‘O

ook
1,

=2,
=

—Vl
l~>4
r\l

i

.‘E.
0

oo

ox o
PN
oo

~

q:
41 T

o2

==
oo
2

-

2 b o ox 30 HS of
)

o8
A&

oy
Jjn
L
N
N
ol

3}
32 e AL e
714 5, 1987: Yeo et al, 195)9} #
& zjol(Lavond et al, 19879 1
ATk

>0

At

Uz
(

e
22

O
%).&mﬂif—{%r

Loy

L}ioé -r147} .QM
A48t om 2|87
HEsg. 2 47
2 s kg ek
¢ Aol Mgl wet 2HES
Aot &4 A$ 276kl F lfﬂ
Ftzste] dxjo] prfdithe Y

aC

o

>

um\rUr

0.0

=

-{o\

&HA&]
01D %

d7eh dAag oy 1 AuSol stk A}
A& 289 o) FHzise] DA F2Ro| of
Y2k Lavond5(1987, 1980)2] 7Ase} Bkse= 2
oottt 1) )% Fael FH Aolrlel o)
A3t JEe} A 713k Aolol WE At of el
£ 4 gad) Ao ol Aok
Rl g Aoln Tl o] AFALE b
ﬁﬂ%%%&wﬁﬂ“°7V@~wuﬂlﬁm4

oAl W N
N _h. rlr‘
a2

o8 ?_04‘5]"‘51]—21: @%%(all-or-none)ﬂ&i

A7 Wil 1 HBo] BYAE lor Ay

92 g &8 B 2Avkge] maje og
< vlHh

B Ao M gERke Bl ol A¥EFHE

o AAFGEY &FS VEsie] AxHE dagy

&odo] Alukgel uxyr S AL AN

70

o oy

oX o oft n

1319] w2 AMgSo] gt
ﬂam_ 74 NS W
Bk B ARl 29 BadE S 9
A 2a0g3t @ A}amw Aol ol F1He

.

A‘ur

olﬂ

=9
=

N

Lo]

uu,:L

o) ke
PR

ofife] AAZRA ] S o] AAHoR A H
ol & o] ohzt gFel Ausle] Utk A&
oujst=rl], AWId BAge FUor AH A
5 FABlE o P Z(Jansen et al, 1940; Yeo et
al, 1985c) o]zdt XA 9ee] F7lale] AAE
z4gta & 4 Qlrk
A¥FYdN ARdogel Qe Asgiuie}
aHEGol2oA Fad FEE @dEtn 9l
AW H7AMEE T A A4
Ak AL o A e ¢Ee)
‘9}5‘4@1 FAANEE A AANEAA 7]
(long term depression : LTD)7} 250} Z713lo]
golAEr 1 A Fehkgel AMEdT sy

(Ito, 1989). Mauk 51912 159 +AE Z:%‘i}"ﬂ
tgh xRl Ao pAY A Feek 1

e AgssTh olE> AxEAl] »’P%}*ﬂfioﬂﬂ
HUAAER Aot HR-slo] gaifrol A 8
029 AMEZOA Alg2 ThaAdo] FAEm, 93
A9 7had e HEAE} SR FAEE o
& gy 271 Ao

o uTr
o}3l #oju AR A2 v}
g

#7114 Axe A2 Z2HEE Hebba) AW
2k 9k Goulds(1990)2 A¥3d dagsh
FUEelA o} shge|H 2l o3 s
AREES 71—‘*’&?‘5}04 FRrEskEer CSARS US
LR F e wds vy
22 A% A E’riﬁ’sow fre)e ﬂ%‘%‘”—q
HGeAEe H7 ATl BskE el o, 5
T ARG A 2 5o = BRI} 1%
AAH A=A AFo TR Hddfef Fgael

a2
Lo T.



el 718 Aol U39 drle JHolAe g
e 710 A2 oiAFt e 43¢ 4
Fol= A% e ge Fgoln maixo)
NAgol J\gsold nus seelne Y, &
CSARS USAEA 2549140 80 238
o] Wiginh
Vgl ATES BS axinan A9eo] 3
Asiel Bofste] 53] ARLE| Ay Yol
Hs N3BE 2A0 Aol Hydoz
FE 1S AARETL B Aol axld
A8 AATKEA Sols 2ARS ol
49 9EE e UFE 2ol @ % 9
B AYl4 BAPUL 33 vade) 9
5g0] £ W% F0819] $712 2]
53 2AMES] AEo] ta FolE Aoz ¥
MIo 2R e wie F7lel sldel AAY
203 velah] 1% vadel 2%

a
1.

7
=7
o
s
}‘\3 [s]

[t}

1 F
1

L]
FMJILrEL

f

=]
43 ¥

7]
7

leO.,doﬁ,r_,;_

re }m o{N

A R
Ags THol AYHUA FEES A 353}
71 AEstdeEE g gl HlE SEset oS-
AR 0w z4bge] o] F3] syt
Lavond(1989)0] 472 WA &4% F 24
8 4N AFINE B 489 AGEAs) ol
AEo] e 27WLE N9 2 Sl
> 23] wus
Y4 FrEE oA
Fabed) F28 Tolsha
ZARS-S A g
e r:w Z7 2to.
#Astsict. ola
) 9
wo] 7Pz

2
B

4

T

}é]

<
i
o ‘31‘0 :‘;s: :

©
=2
7

* B

l

L2 9

2w g
oﬁ

r-\i
P>~ —~

"2 499 FAUAN g o9 o

F09 03NSt ZANS A% vof
whsh go] T

2L okA]

7.8 o) ur3]

A

71

H4 999 #og vehdnt a2y ge 93
& AT THol BT &4 Afel: Ak
o] 7Fs3tAtHMcCormisk et al, 1984 Lavond et
al., 1987).

A FU8oR FAsRe A BdAS
9 FHAE T CSHES USHEIL Y 43s
of MEA AE7HA0] 4L £ vk & F3
do] 27l AFHY Feitn FA TtagES
TRtk ATAER ol YHUCER tiAe] §
U Tk ey BARAA gARe &g
A3 T2 TkaAo] s AL FHYoeRY A
349 dERdE aXude 58 g o F
e 7kl HA4EE BT s A
9 ol AAE Fol= FEHoz YA Y
oA ofs FHAIA 7haAde] dofd % g A
otk

AR

)
.

l:

E

Aol &4 ol Uehte
Aukgol BF AEH 2uvkse] 3o #Ag

O F ZAVEE B A7 78 oA
o FzEA Y4B sFsel k. 4M9ES US
WA @ Bl 2AH olgoiHon
{Shinkman, Swain, & Thompson, 1980, Swain, &

WL

& %
e
R

v

]

Hu

Thompson, 1992) #xHe] djst #7254 USE
AgE AfdE 2AL olFoXAr e

(Chapman, Steinmetz, & Thompson, 1988) ARSS
oltfgt 7S AA ST £ FEE ol
7Rl (lidocaine) 2 7194 &48 A7z 2UdE
AN z2Rge] o FAlele YehlA] gl
2% kg AAEA & A et A

T-Welsh, & Harvey, 19893)‘4 FHS &3 A
§ 2704ke ¥k ol Bxpvke w3 s
o HARAFol A ZHa) 7] P H i S AgS
Holx 2 ATl #2d d7H(Welsh, &
Harvey, 189)% #3heo] Z:Zi‘i‘}%q a5 %
Auths F4& 93ske 7 d% AlAbgiT) 2
YN E z2HAE S l 2 BF 9lE 24
Uhg AEF 25 Bt FU9 AREEY W
3 o] HF &4 AFE %%Oi A9 FYFo)



o
i

o
2
o
N

o] =gA Ag
A= A, A
OH*H” D‘Bl OIE}H =7

o

21 Fd
7‘71*-1-%%&(1987 ZANALY AR A B3
2y AAFgdn dady 7e @4
31'33'512],6 ), 109-120.
AEEH FAS A7)0, wuERAseAe] AN
W2 7% @4 A48 € A9, 3
134-149.

£k - 71 714(19R9). Kainic acidE ARS8 4xu]Z
tae &40l nHA YR vAE &
7} FA 345 2 A 1D, 19
Fa-AgE FA% 271401990). 243
Az Eeko] vl HAze B F 44
2348 2 AP, 12), 69-78
Albus, J. S.(1971). A theory of cerebellar function.
Mathmatical Bio- science, 10, 25-61.
Anderson b, Relucio K. Mohr C, Logan C,
Knowlton B., Davis F., Hawkins A, Thompson
J., Steinmetz J., Thompson R, & Greenough
W.(191).  Society for

ol e

ol
ES

Neuroscience

72

Abstract, 17, 341.7

Berthier, N. E., & Moore, ]. W.(1986). Cerebellar
purkinje cell activity related to the classically
conitioned nictitating membrane  response.
Experimental Brain Research, 63, 341-3X0.

Chapman, P. F., Steinmetz, ]. E, & Thompson, R
F.(1988). Classical conditioning does not occur
when direct stimulation of the red nucleus or
cerebellar nuclel is the unconditioned stinmlus.
Brain Research, 442, 97-14.

Clark, G. A, McCommick, D. A, Lavond, D. G, &
Thompson, R F.(1984). Effects of lesions of
cerebellar nuclei on conditioned behavior and
hippocampal  neuronal  responses.
Research, 291, 125-136.

Eccles, J. C.(1977). An instruction- selection theory
of leaming in the cerebellar cortex. Brain
Research, 127, 327-352.

Ekerot, C. F., & Kano, M{1%5).
depression of parallel fibre synapses following
stimulation  of  climbing  fibres.
Research, 342.357-360.

Foy, MR.,, Krupa, D. ], Tracy. ]J& Thompson
RF.(1992). Analysis of single unit recording
from cerebellar cortex of classically conditioned
rabbits. Society for neuroscience abstructs,
18, 508,

Gould, T. ]., Sears, L. L, & Steinmetz, J. E.(1990).
Rabbit cerebellar activity evoked by pontine
nuclet or inferior olive stimudation—potential
regions of CS-US convergence during eyelid
conditioning.  Society for Neuroscience
Abstracts, 16, 314.18

Harvey, ]. A., Yeo, C. H., Welsh, J. P, & Romano,
A G(990). Recoverable and non-recoverable
deficits in conditioned responses(CRs)  after
cerebellar  cortical lesions.  Society for
Neuroscience Abstracts, 16, 115.2.

Brain

Long-term

Brain



Ito, M.(1972). Neural design of the cerebellar motor
control systemn. Brain Research, 40, 81-84.
Ito, M.(1989). Long-term depression. Arruml

Review of Neuroscience, 12, 8-1(0.

Jansen, ], & Brodal, A.(1940), Experimental studies
on the intrinsic  fibers in cerebellum Journal
o Comparative neurology, 73, 267-321.

Kettner, R N, & Thompson, R. F.(1982). Auditory
signal detection and decision processes in the
nervous system. Jouronal of Comparative
and Physiological Psychology, %, 328-331.

Lavond, D. G., Hembree, T. L., & Thompson, R.
F.(1985). Effect of kainic acid lesions of the
cerebellar interpositus  nucleus  on  evelid
conditioning in the rabhit. Brain Research
326, 179-182.

Lavond, D. G, Kanzawa, A. S, & Esquenazi, V.
Clark, R E, & Zhang, A. A.(1990). Effects of
cooling interpositus  during  aquisiion  of
classical conditioning. Society for
Neuroscience Abstracts, 16, 115.15.

Mauk, M. D,, & Donegan, N. H(191). A model of
evelid conditioned based on the cerebellum
Society for Neuroscience, 17, 341.

McCormick, D. A, Lavond, D. G., & Thompson, R.
F.(1983). Neuronal responses of the rabhit
brainstem during performance of the classically
conditioned nictitating membrane(NM)/eyelid
response. Brain Hesearch, 271, 73-8%.

McCormick, D. A, & Thompson, R F.(1984).
Cerebellury  essential in the
classically conditioned evelid response. Science,
223, 206-299.

Perrett, S. P, Ruiz, B. P. & Mauk, M D.(1990).
Cerebellar cortex lesions disrupt the timing of
conditioned eyelid responses. Society for
Neuroscience Abstracts, 16, 115.1.

Schreurs, B. G & Sanches-Andres J. V., & Alcon

involvement

73

d L.(1990). Leamning- specific differences in
purkinge cells of lobule HVI: Intracellular
recording in a rabbit cerebellar slice. Society
for Neuroscience Abstracts, 16, 2067

Sears, L. L, & Steinmetz, J. E(1990). Acquisition
of classically conditioned-related activity in the
hippocampus  is  affected by lesion of the
cerebellar interpositus  nucleus.  Behavioral
Neuroscience, 104(5), 681-692.

Shinkman, P. G, lLewis, ]. L, & LoTurco, ].
J.(1986). Classical codtioning in rabbits with
intracerebellar electrical stimulation as the US.
Society for Neuroscience Abstracts, 16, 314.

Swainnk, R A, & Thompson, R F.(199).
Unconditioned stimulus(US) effects  during an
intracerebellar  stimulation paradigm.  Society
for Neuroscience Abstracts, 18, 651,

Welsh, J P, & Havey, ] A%
Intra-cerebellar  lidocaine  dissociation  of
leamning  from  performance.Sodety  for
Neuroscience Abstracts15, 258

Welsh, J. P, & Harvey, J. A(1989b). Cerebellar
lesions and the nictitating membrane reflex:
performace  deficits of the conditioned and
unconditioned respose.  The Journa of
Neuroscience, 9(1), 29-311.

Yeo, C. H, Hardiman, M ], & Glickstein,
M.(19%5a). Classical conditioning of the
nictitating membrane response of the rabbit. [
Lesions of the cerebellar nuclel. Experimental
Brain Research, 6037-%,

Yeo, C. H, Hardiman, M ], & Glickstein,
M.(198h).  Classical conditioning of the
nictitating membrane response of the rabbit. II.
Lesions of the cerebellar cortex. Experimental
Brain Research 6099-113.

Yeo, C. H, Hardiman, M J. & Glickstein,
M(1985c). Classical conditioning of the



nictitating membrane response of the rabbit.
M. Comnections of cerebellar lobule HVIL
Experimental Brain Research, %0, 114-126.

Yeo, C. H, Hardiman, M ], & Glickstein,
M(1986). Classical conditioning of the
nictitating membrane response of the rabhit.
IV. Lesions of the inferior olive. Experimental
Brain Research, 6331-902.

Zhang, A. A, Clark, R E, & Lavond, D. G.(1990).
Cooling cerebellar HVI lobule does not abolish
conditioned Tesponses. Society for
Neuroscience Abstracts, 16, 115.16.

74



RECEREE - £W I 4R
Korem Jourral of Biologicd and Physiological Psychology
1993.Vol.5, 59-75

Retention of Conditioned Nictitating Membrane
Responses and Conditioned-Related Activity
in the Cerebellar Interpositus Nucleus Is
Affected by Lesions of the Cerebellar
Cortical Lobule VI

Sun-young Cho, Gi-suk Kim and Hyun-tack Kim

Korea University

This study examined effects of lesions of the cerebellar cortical lobule VI (HVD) on the rabbit's
conditioned nictitating membrane responses and the neural activity of the cerebellar interpositus nucleus
(INT).Rabbits implanted with a recording electrode in INT were trained with a tone conditioned
stinmulus(CS) and an air puff unconditioned stimulus(US) for 4 days. They showed robust behavioral
conditioned responses(CR) and time-amplitude neural model of learned responses in INT. Unilateral
electrolytic lesions of lobule HVI were then made through 4 electrodes implanted before the training.
The complete lesions of lobule HVI abolished not only the behavoiral CR but also the conditioned
increase in neural activity of INT in the CS period that is considered as an essential neuronal plasiticity
for the CR. Unconditioned responses(UR) and neural activities in the US period were not affected by
the lesions. The results suggest that the input from HVI to INT plays an inportant role in the retention
of the CR and the conditioned-related neural activity in INT. The INT thus seems not to be the only
site that represents the leamed response but to consist an element of the neural circuit that forms the
memory trace for generating the CRAs the animals with lesions of HVI further retrained, they
reacquisited the CR, though the CR amplitude and the leaming rate were profoundly reduced. The
neural modeling in INT was also slightly recovered. It indicates that HVI is ordinarily involved in the
retention of the CR and the neural modeling in INT and that the classical conditioning is possible
through the neural circuit even not including HVL
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