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Effects of hippocampal, amygdaloid, and caudate lesions on delayed matching and non-matching to
sample responses in T-maze in rats

Satoshi Furukawa, Katsuyoshi Kawasaki, and Tsuneo Iwasaki (Institute of Psychology, Universily of
Tsukuba, Tsukuba 305, Japan)

The purpose of this study was to investigate the effects of hippocampal, amygdaloid, and
caudate lesions on delayed matching and non-matching to sample responses (DMTS and DNMTS)
in T-maze in rats. In Experiment 1, mean percent correct choices were significantly decreased in
dorsal hippocampal lesioned group, but the performance was slightly recovered with postlesional
test. However, amygdaloid lesion did not affect the performance (Experiment 2). In Experiment 3,
the performance in DMTS was partially impaired in anterior but not in posterior caudate lesioned
group. In the animals with damages extended to the septal region, profound impairment was
observed for the all delay conditions. These results indicate that the working memory component
in DMTS and DNMTS tasks may be subserved mainly by the hippocampus and partly by the
anterior caudate region and that the reference memory component may be mediated by the septo-
hippocampal region.
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& Cotman, 1977), ##E CA 3 (Handelmann & Olton,
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0, AFF6 RITOBEINBEE 100 BT 5 72,

FOBMBENMBEL S HIZ2HICHT, —F
DOF (M-HPC ¥ & NM-HPC ) 0% 555 % B3E L
7>, WEIEERAT X, Pellegrino, Pellegrino, & Cushman
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B8R TFig. 112 M-HPC # & NM-HPC # D155 %
ALz BETEIWETIZIFSELL, SRS
FITEIICHBEIRA TV

BEREEER T TORKE, 5 HEOKER R
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DMTS RJEDI% 9 B/ E L {H#ETH 572, 10
B ORI I3 1T 5 FIHIERIRE % Fig. 212



Fig. 1
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Representation of maximal (stipped areas) and
minimal {black areas) extents of hippocampal

lesion at three cross-dimensional planes
adapted from Pellegrino et al. (1979). M-HPC
and NM-HPC indicate the groups which ac-
quired delayed matching to sample and non-

matching to sample response in T-maze respec-

tively.
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Mean percent correct choices in delayed matching and non-matching to sample (M and NM) re-

sponses. Left panel shows the performance in delay training for 10 days. Right panel shows
effects of hippocampal lesion on M and NM tasks.
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&, DMTS Tid7 v b PERIIITHE - TV 5 pUnE
RIAAFNAEH T 720, BRICH 72 o TRRBICK
TEoRENS L, BREL L THRBEADNMTS L)
bFoTzbDEEZLNS.

HE®RT A P CIEERESELRFHOERIZE b
o THT LAY, 20BEIIMEL NMBETH
CChY, BEINETHRS /- MEEEDOBEDZEDT
WL b LEEREENT v P OEBN LIS
B2 HE L0 THNE, BITERRFBICETL
DNMTS OFEEZ AR T L, REBRITMEIZ L B
DMTS DA HERRIE L ZVEEZ LR
H., L2L&ds, B56H-H#HRIEDMTS &
DNMTS CRIL THh o722 & h s, EERKROET
S HBENZBTEHITHE S NBRTIER L, BE
DEZIZLDLZODTHLIEWRBEENE. 72720
Mayvy#EO2RaRT I v RS LGS,
DNMTS &£ 0 & DMTS D iZ ) DSEAEDIE T A% L
DotV FE(EN - FBIF, 1989)%% 2 Hb
BE, IO DOBREOBITIZUNE R EETEICPE
—WEI) VROANFES L TwBE LTV
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IR EEHEORBLE S B L 20 oL, 80F
VIEOBERBCOlBEERL > T, MEE, NMB
EB50% LNV E D B ED o DT, ERITENL
BELASHEEIME bz EZ L LY, EER
%3 WO WICHIE SN2 e E 2 513D
RBTHHD. T, TV ERE LoD 18
BE7T A 2108 MIRET 5 & B EE T A EM
Wb otz TOLHIHRERICEEIEIET AL
TR R B T HODNMTS % #5682 & L C, Hand-
elmann & Olton (1981), Handelmann et al. (1983),
Kesslak & Gage (1986) 52 L o CThHHEHE I LT
B, FMEOEMBBIZE S 4 ) MR WM Z
DEFHDLLEZ DN, BETILOWEELE
vi(Milner & Roy, 1980) &9, L2d 5T, BE
BIBIZ L o THEZ bR E ORI, M
BOTMBHICE D RVEETLEELONE.

X B 2

FIVIZDMTS % 3 L7878 Cid, % & Rk
DWEFH % BET 5 L BEI B b NS5, MM THE
B L 725E I HEI RO SN EFRES N
T v % (Mishkin, 1978; Mitchell, Channell, & Hall,
1985). #BHE O A EHAG L 2B AT IEDMTS &
DNMTS DM /5 OBAEAE S 2 IClES A2 &

2

B HE15F
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DR ERET L 7=
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357g TH o 7z,
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W2tk BRI S 108 B OBEN B E 1T - /2.
BIEIEETHR, Sy V2 REEEBEM -
AMY B & NM-AMY %) & {& F 4 % (M-Sham % &
NM-Sham #) 1255 1 BB B T3E % 47 o 72, BRIEEAT
iFA—P=—0.8; M—L=+4.2; D—V=9.8¢%

L, RADIONICSHE ) —Vg VARl —4%—
(MODEL RFG-4) % I\, EinOMi%kIC58C @
#E 1 rHRESETHELZIT- 72, Sham B IZHE
BRI BEBRERALZAEEEI L2 o7
6 BORIELH 0%, EBEIBE R UFR ST
12HEOEHEHRT A 2T 7-.

R TFig JICHBFNBREOKELR L. 8
BEALIITEMCTIZITE L, §NTOMBREITHB W
TR DM & Rl DT 5 OREDHEIE S LT w
7z,

BIEXEERT COFHHHIIMETILEH,
NM#0.5H T, EE1 &L < DMTS Kt D815
WELCHERETH o 72, BIEEIFEO K (Fig.4) 1,
DB O R, FAE(F=758.94, df = 1/33,

Fig. 3  Representation of maximal and minimal ex-
tents of amygdaloid lesion. M-AMY and NM-
AMY indicate the groups which acquired de-
layed matching and non-matching to sample re-

sponses, respectively.
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p<.01) & EBEMM (F=65.63, df =4/132, p<
01) OERE, HEERERBOLE/ERPEET
#Ho7-(F=9.28, df =4/132, p<.01). NME &
HNTMBEDIZD BRI L 2 THHRELZITR
TWIEPRFUROLN, MBETIER20OBIES
HTFCTS v FabNWICETIKT L. Fig. 4o
BHT A P OERRKER L. RE0BEE
MBEEENMBEORBIZIEE o 7o B9, HE
- (F=42.24, df=1/31, p<.01) & BEERR[E (F =
81.82, df =4/124, p<.01) DEFE, B L FHE
B O E/EH(F =8.69, df =4.124, p<
OL)DARDBFHETH 7. ME L NM EEOFEIN G
CREFZNIEDLL S, IS DOBREDOFITICR
BRIZIZE A EHES L TWAWT EASTRIE X NLA,
& DMTS & DNMTS D& 47 12 Bk K815 %
F oK BEERIT SR P o722 800G, TRHD
BEOGERE L SBRERICEREZIES LTwE
WEEZLOPEUTHA Y. B, HEE AR
¥ (Raffaele & Olton, 1988), & 5\ I E & BECH
# (Sutherland & McDonald, 1990) % # A& ¥ 74
ARl X 5 DMTS & DNMTS RG2S, #EEET
WEE SN L PRIMEIEE CIIREN R W LR
Ha3hi 5o P EEREKE LGS, iRk T
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I &9 B RERIIBHE TORIRIZIZ b b o THES
9, BEISORBEZ O L9 % GO/NO-GOT D
TEOAZHFLTWE EEZ LN, REIZES
DIEFIZHE LTV 5B & W) TREEITRIB ST
% (Arnold, 1984). 7z75L, Z O #MEET 5
121, BARERGIE % F25H 0 & U7z F i) 1518/ k8
LEPRBRMAIRGICL 5 THESINE WV &V FEH
PBEELDTHAH . EER2OBRIKH LTIV
TR L L FFRTld, DMTS FUnZiEE & Rtk
KROWMEBEES L THhEESNL. ZOBROME
WA OTE Lo 213 Tid iz L, Y
TIE MR I A AL D S R CA 1 ~DFEHEE R
BHHLDD Ty b TIiEIZ A% v (Peinado-
Monzano, 1988) &\ 9 EEIZMZERICH LD L&
Abhb,

X B 3

FEBR 3 T, BARBEGATDMTS B I KIET
BEERETT 5. BIREEET S &, BEHRERL
R EA (Masuda & Iwasaki, 1984) % BH W 7 Bl FL 58
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Fig. 4 Meén percent correct choices in delayed matching and non-matching to sample (M and NM) re-
sponses. Left panel shows the performance in delay training, and right panel shows effects of

amygdaloid lesion on M and NM tasks.
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(Mitchell et al.,, 1985) DEEAET 4. ot
FRERRICSIREBOARLELT LI E0G, B
RIS BEECES LR TthbetELLN
B, 251, BRREBBCLIIEENEZRLE
Masuda & Iwasaki (1984) DU IR KR b 5
TOT —LENERBFREEZ W) FRHREEFHNT
BY, LR L SHEOE RIS AEET
Bapoi, £ THERERTIE, BRI DMTS
BIBIZEDEHITEG LT 500HLMzTH S
EIld - T, SHREBLEERBICBII2RBRED
BENZOWTHETT A, EB 1 CilEBEFIC L 2H
EFHRATDMTS & DNMTS TIEITE CEETHAO R
T2tz ®, EER3 TIZDMTS D% AW THEENR
REFANT TR OBEEALIC & - TITEIRY
REhRAERZL B (Masuda & Iwasaki, 1984) & Eh
BHOT, REBRTIIBETREEREOHER AR
Mo T2 RIRERIER & 2 G820 5 - BRI ER % 48
BLCERRESRERICRITTHRELREL
7.

FiE #HER{E . Wistar-Imamichi 2D T » 43
Ve AV 72, EERBIAEIEIZ10~ 1288 TS FE L
3778 T o7z, ’

Anterior

Anterior+Septum

: Max

FHE CERL SFEMIC, FRIBRISHEY T DMTS
OB ERIBEE100 MOBEINFEEIT - 2218, B
IR TR R 2 (Anterior T), BRI B I IEEE
(Posterior #), &¥EEH (Sham #) D 3 FEIZ5T,
BB ORIE(A—P=8.4; M—L=+2.0; D—
V=4.5)F 712 %MA—P=6.6; M—L==4.0;
D—V= 50) A EEE B EE L /2. Sham B X
Anterior B & [6] U DEEZ IR % BT -4%, EfR
ORI A Th o7z, Fiik 1 AMOEEN % B
%, BENFEELFRXCI2EEOT A M %1T 5
7=.

BE MR E DR S (Fig.5), Anterior B
D3 HLEENHE T TRATY BB D - 720
T, Tho6DIy P RRENH+FIBEGE
(Anterior + Septum #) & LTI & 872, L7225
“C, Anterior B, Anterior + Septum #, Posterior &,
Sham BED AFEL 72 572,

DMTS B DB E BT 514,98 TH - 72, B
AR OBEIZBERBOLER L & HITEKTL
(Fig.6), BENBOEHEIROLLL(F=
100.14, df =4/168, p<.01). #IEHET A b D
% Fig.612R L7-. BRIREBEHOHEE L DMTS

Posterior

B : vin

Fig. 5 Representation of maximal and minimal extents of anterior caudate, anterior caudate-plus-

septal, and posterior caudate lesions.
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Fig. 6  Mean percent correct choices in delayed matching to sample (M) response. Left panel shows
the performance in delay training, and right panel shows effects of posterior caudate, anterior
caudate, and anterior caudate-plus-septal lesions on M task.
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P, HEGZHNTITRE LT - 12 5B TIEHEED
Bonhwvwe 3 58E D H % (Packard, Winocur, &
White, 1992). RIREHEBFEOMFIZ W2 DT
B & E z AWFgeE (Packard et al., 1992: Winocur,
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