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The beneficial effects of Hakushijin (Biota) and Hakushijin-gan
on experimental spatial cognitive deficits in rats
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Abstract

The effects of Hakushijin and Hakushijin-gan on spatial cognitive deficits produced by
scopolamine (SCOP) or unilateral lesion of the nucleus basalis magnocellularis (nBM) were
studied in the rat using 8-arm radial maze performance. SCOP (0.3 mg/kg, i.p.) significantly
disrupted the radial maze performance. Hakushijin at a dose of 250 mg/kg (p.0.) but not 125
or 500 mg/kg significantly improved the SCOP-induced performance deficits. Hakusijin-gan
(250-1000 mg/kg p.o.) improved the SCOP-induced deficits in a dose-dependent manner.
Injection of ibotenic acid (5 xg/0.5 «l) into the unilateral nBM produced significant deficits in
the acquisition of the radial maze performance. Further analysis of the data indicated that this
was due primarily to a deficit in reference memory. Hakushijin (125 and 250 mg/kg/day) or
THA (0.1 mg/kg/day) administered for 4-weeks in drinking water significantly improved the
acquisition of radial maze task, especially of the reference memory. The ibotenate lesion
reduced the activity of choline acetyltransferase (CAT) by 40-50 % in the anterior cortex
compared to the unlesioned side. This reduction of CAT activity was neither affected by
Hakushijin nor THA administration. These results support at least partly the beneficial
effects of Hakushijin and Hakushijin-gan in clinical use for senile dementia.

Key words spatial cognition, radial arm maze, nucleus basalis magnocellularis,
scopolamine, physostigmine, tetrahydroaminoacridine, Hakushijin, Hakushijin-gan.

Abbreviations SCOP, scopolamine ; PHY, physostigimine ; THA, 9-amino-1, 2, 3, 4-
tetrahydroacridine ; nBM, nucleus basalis magnocellularis ; ACh, acetylcholine ; CAT, choline
acetyltransferase ; HAKU, hakushijin (Biota orientalis (L) Endl.); GAN, hakushijin-gan
(Biota orientalis (L) Endl., Panax Ginseng C. A. Mey., Schizandra chinensis (Turcz.) Baill.)
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B OR BE SIS - o HEERYE R I BT 55
WRUEIEREY L TLIZLIERV L, R
BT 2 EROBICE b THEHLHETH S
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SIEREFLORTIE, FE L T4 RN PEENERIC
Bk 2B T £+ > (ACh) MERO%E L
CESEEET R L B D kb AR D Y
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EHEAENTH S,

ARl 8 I aT A = v, BLa ) o E
scopolamine 0.3 mg/kg ##% 5L 727 » b OfE¥E
fEEEE T L ST 2T X AR UM TR
% 20ER B RRE L 72, ¥, ibotenic acid iZ &
0o BTN IEEEAL (nBM) #BEEE L, ACh MR
HRE R (R T X727 o b DB EIC Y
LTI X ZANER L L 72, nBM 0 #EIZ
Fr L THEREBPEETIEIREIN TSI L
b MR P athond T— AT R T ETE
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(1) {EREMY : scopolamine (= J 2 Z2 i i A1 BE
2 B4 A EBIC 13K E 210-390 g Wistar &
BTy b (BAZZZLL—) 2L, nBM B
ok 5 R AE R BT 2 BT 13
B Wistar SRHERE 7 o T 12 BTN 25 BORERR S 140
L, o 2:8REH OBk k RO L B
U7, o MI4~5BIrIcEEL, AHENE
P23+ 1°C, JRIE 60 5 9%, 12 BRRIMIRT R (1
A 0730-1930) o MEFRL 7z, EEBRAAR I HEIRA
B RE 85 % FREIZHA D L o I AR 21T -
72,

(2) EBREEE  EEIIHAA 8 AR KR B
G, 8 AKDT—2L (50X12cm) 1FELE 30 cm
DT T b — s L EHKICOUPTEY, &
T ADFIC T T 2 F 7 BRI (EEE 3 cm,
HE05cm) Fakly7z, BULEEOZENLOM S
YN W AN

(3) ERHEDI# & scopolamine NIXS © LitH
SHEIRTT, T by P> 27% 18104,
HEEE S5 HR T - 72, > P> 7 3 HH2LEHLE
w5 HMT, Ty FekBECEE, TXTHXO
Fo F7 B, SENRFT—L0KRIZHLZE
BLC, 18 105MoHBEE (B %28k
5 HEATHH 72, BAAIIEIE 1 B 1 RITIT > 72, &k

I T — 20miciEI N2 L v b (4bmg)
FLWELFETC, 23Ty FEERBICEVWTESL
05D RBTLI 2L THTELRZ T—4D
Mich 5 10cm D EICH B 74 > Ol T -~
F OB N THASAICEF DT — 2% BIRL 72
EHFEL, FKBIROT— LI A 235EA 2 EER,
TR - 72T — LICH A A7 BB IR
e L7z, 8BING~THIESEIR & 7213 8 [ H %R
I HERBIROES A E L, AREALITY 5 AT
ME L7y P AERBRICHC T, 7, AER
TIEHMALER G (RWOBERSEL 5 THIE
SR, ARE (GRL2T Y PRY/EBRICHWT
Z o b OB RO 1ERB 2D OFEATREE (EAT
SERGIC B L 72 BRI AR A ATEEEOREL L
TilgkL 72,

(4) BURNEEEIIE & RREEONE: 7 v b
% pentobarbital sodium (50 mg/kg #.p.) WREET T
Wi EREE I FE L, MER IR, ibotenic
acid (5 ug/0.5 ul, phosphate-buffered saline, pH
74) % Ffl o> nBM (bregma & ) A-13mm, L
24mm, dura £ H V74mm) i 3G TEALL,
A% ibotenic acid #FEAL 7274, EiZ 34 MHE
BEL TA 68D Hi L 72,

T 2 AMBICHIBRO L 50Ty by K
B L UBEICHT 2B AT 2. O
Bz BT ~NT T — 20811 & ORICEE %
EARYAN

0EE NI 1L, B RS FE DB INR %
BIRAL 7o BRI CIZ 8 T— 2, 4 T— 2% 7 >
FLCEAT, HE2HMT OBV, 2L, #HO
Bl e — 3T v b 2 EICRBIRYEE L 72,
RO NT —LICABZ % TBEREENL T —,
AR TLE-RT—LIBUIABILE
TN T — ), HOLWT 2N BLA
- egaE TERECEEREO T — ) EHEL,
gkl 72,

(5) 3N TeFILEREEE (CAT) EEnR
E ST 1BE%, nBMBEE#ES » ok
Wi BN 3515 3 CAT i # % Fonnum i 1
o THEL 72, CAT M3 EGER (mg) »72
N 1Mz Nns AChsEs L THEILZ,

(6) FEREMRUEERZE M- ARV
PO ¥ RETRBE L VHS I, BT
xR idEFE1kg b7z 158 D50% =7 /—
AETIARZRICBYTHEBE L 28 —aibaE s,
W FNREY RBRICUEL 2B ZHBERE RS
L, EEBE/ERT s EIC L DL, F72,
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MTIA= X RIIAS, IRTFE2 7 BoKERME
5T 90-120 syl U, FRIEEBME/ AL, Bt
T, ABRUAKRTO-HREL FERRER T
111 3oRE IR b L)z, BUK/=F /—n
BWOBBICHERL, BAL W, WEBE/ ZHRT 5
T LD ERL 2, TP 2 (125-500 mg/
kg) F723MTAL= % % (250-1000 mg/kg) %
BB RERTO 90 SN B OG- k1t
# L L T physostigmine 0.158 & 0.3 mg/ kg
(MERCK) %2 #7304 Al lENEZRE L 72,
scopolamine hydrobromide 0.3 mg/kg (+747 7 4 T
A7) ERATO 30 SrETIC NG L 72,

nBM B S » Floxt L T, 9-amino-1,2,3,4-
tetrahydroacridine hydrochloride (THA ;
SIGMA) 12 01 2 103 mg/kg, #MTI- = X 23
125 B L 10250 mg/kg & 7% 5 & ) ICREKICEYE
C, BEAANSRBALA 1 8RR & 0 ik 4 AR5 L 72,

(7) #ETE - WHAIEROCE, 1:BIRH 720 nsk
1TREM, RUABHEICHT 2B YOMRIIENETN
Mann-Whitney U-test % Uf Fisher o B # a5
HEPAVWIEEERE R T2, B 57—, fE%E
LA UBREED T 7 —IcT 2 EYOREY
TECES AT L D RE L 72, CAT &ML pair-
ed t-test THREL 72,

w R

1. scopolamine FRERHBAEE KT 2WELF
A

scopolamine (0.3 mg/kg, #.p.) (ZHIHAIE R IGE
RHBICERS &, ARELHEFCTY, BEbRE
MPEOFATEEEL /2 (Figs. 1and 2), F/2 1%
Ry ) D EITERIL scopolamine D &1z L D A
BIZEREL 72 (Table I), Z#ucxtL, physostig-
mine (0.15 3 X ¥ 0.3 mg/kg) 3BEICHE L 22 % 9
i " scopolamine I7 & ) BEE & N REORAT %
R EE Y, 03mg/kg THE L EE
B#xmRL7: (Fig. 1), %72, scopolamine iz & %1
BIRL7NVOBBMOEELABEICERI L
(Table I),

Mo X 2125 8 L X250 mg/kg i3 2K FF
1= scopolamine i & % KB R B O FITHEE » &
#L, M ¥ 2 250 mg/kg BAIHIEROGE, &
12 (Fig. 2) B & U 18R &b 72 ) AT (Table
D WFNofEEcBwW L EELUEEREETRL
72, La L, 500 mg/kg WHEIZ B CI3UEs#
RN h -7,
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Fig. 1 Effect of physostigimine (PHY) on the

scopolamine (SCOP)- induced disruption of
radial maze performance. SCOP was intraper-
itoneally administered 30 min before testing.
PHY was intraperitoneally injected immediately
after SCOP administration. ***p <0.001 compar-
ed to saline control and ##p <0.01 compared to
SCOP alone. (These data were cited from refer-
ence 16)
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Fig. 2 Effect of HAKUSHIJIN (HAKU) on the

scopolamine (SCOP)-induced disruption of
radial maze performance. SCOP was intraper-
itoneally administered 30 min before testing.
HAKU was orally administered 60 min prior to
SCOP injection. ***p <0.001 compared to saline
control. ##p <0.01 and ##Hp <0.001 compared to
SCOP alone.
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Tabel 1 Effects of physostigmine (PHY), HAKU-
SHIJIN (HAKU) and HAKUSHIJIN - GAN

(GAN) on running time extended by scopolamine
(SCOP) in rats.

SCOP PHY HAKU GAN Runing time
(mg/kg) (sec)

- - 10.8+1.0
0.3 - 20.4+3. 444
0.15 13.1+1.5*
0.3 0.3 12.5+1.0*

6.7+£0.5
- 18.5+2. 24##
125 17.5+4.6
250 12.3+£1.7*
500 22.7+3.2

- - 11.9+0.9
0.3 - 20,24 1. 444
0.3 250 15.1£2.0
0.3 500 12.6t1.6*
0.3 1000 12.8+1.1**
##p <0.01 and ###p <0.001 compared to saline

control. *p < 0.05 and **p < 0.01 compared to
scopolamine alone.
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Fig.3 Effect of HAKUSHIJIN-GAN (GAN) on
scopolamine (SCOP)- induced disruption of
radial maze performance. SCOP was intraper-
itoneally administered 30 min before testing.
GAN was orally administered 60 min prior to
SCOP injection. ***p <0.001 compared to saline
control. #p <0.05, ##p <0.01 and ###p <0.001
compared to SCOP alone.

% 72, ML T % A § scopolamine - & 5 2K
FENFATHEE » AR FIz&EL 2 (Fig. 3).
AL % 2 250 K X 500 mg/ kg (R IE R
R % ey DR, 1000 mg/kg T A R % ik
MEEREL 72 (Fig. 3). 72, 4% 500 mg/kg &
171000 mg/kg THEICHES N (Fig. 3), 1#
R 72 D OFEATERIT 250, 500 & U 1000 mg/kg T
WEN L BE L RE RS LNz (Table D,
2. BUBKEEZIHEIC & 2 ERIFRAESREEIC N T
DUEER

nBM REEEEE & SHREED 5 RATIC BT 2 FH L 5
— iz, BEOAEEIRD LN (Fur=986, p
<0.001) (Figs. 4A and 5A), L#L, =7—#ud
N FREBIZHE » T L 72 (Fumm=235 p<
0.001), — 7, BEX AFERBOLAEEAIEETH Y
(Fer5=3.0, p<0.05), MEHMIT ) vk HE(HRE
REEL, Bl Ty—% [BEEE), TEER
1B, BLU TBREROEERE nZERICOU
=5, nBMEEENSRIED = 7 — KT

kN ArEAed (Fig.4B), —FH, &RE
FUOEERENL T BB R LN
(Fig. 4 D),

THA 0.1 mg/kg 7:E##% 53 nBM BE#IC L 5
oI EREE L A EICYE L 2 (Fig. 4A Fuss
=10.1, p<0.01), ZoOWEFEICEREEN LT —
BomgicmRL 72 (Fig.4 B Fus=263, p<
0.001 ; Fig. 4 C Fus5=015, p > 005; Fig. 4 D
Fusn=3.5, p>0.05), THA 0.3 mg/kg TizvFho
BEIBWILHEELWEFHAIEO LTS -
72,

—7, T ¥ 2 125 B L UF 250 mg/kg O
BeHF YA LEEEREERL 2, o
Hizd s L TEREEO 7 —nEd (125 mg/kg,
Fls0=38.4, p<0.001; 250 mg/kg, Fus0=19.5, p
<0.001), ZEE L OEETLENT 7 - (125
mg/kg, Fasn=10.1, p<0.01; 250 mg/kg, Fuso=
4.1, p<0.05) ICHXT B EF 2 snie (Fig.5 B,
D).

K g o CATIEMII nBM OBBIc E W B E
WET L7, LT, HETII 4w, THA
03mg/kg B L UMFI- = X 2 125 mg/kg k5
ok ), ZoORSHLLEEINGEEH R L L
(Tabel II),
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Fig. 4 Effect of subchronic administration of tetrahydroaminoacridine (THA) on acquisition
of the 8-arm radial maze performance in the rat with unilateral ibotenic acid-induced lesion
of nBM. A: Data are expressed as the mean numbers of total errors. B,C and D are
expressed as the mean number of reference, working, and reference and working memory
errors. Reference memory error was defined as the first choice to the unbaited arms.
Working memory error was the re-entered choice to the baited arms, and the reference and
working memory error was the re-entered choice to the unbaited arms.
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Fig. 5 Effects of subchronic administration of HAKUSHIJIN (HAKU) on acquisition of the
8-arm radial maze performance in the rat with unilateral ibotenic acidgindpced lesion of
nBM. The explanation was as in Fig. 4.
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Tabel II Effect of subchronic administration of
tetrahydroaminoacridine (THA) and HAKU-
SHIJIN (HAKU) on choline acetyltransferase
(CAT) activity decreased by unilateral ibotenic
acid-induced lesion of Nucleus Basalis Maynert
in the anterior neocortex of the rat.

CAT ACTIVITY
(nmol/mg protein/hr)

TREATMENT N

(mg/kg) LESION SIDE INTACT SIDE
water 5 17.0+2.5* 34.2+6.7
THA 0.1 6 18.8+2.6** 31.4%4.5

0.3 5 21.8+4.8**  30.4%6.0
HAKU 125 5 25.1£4.1** 43.7%£5.7
250 5 19.9+3.3* 32.7%5.1

*$<0.05 and **p <0.01 compared to the intact side

£ =

M7 RS s, TRICELNTEER
LB HEIETH B, 48 scopolamine THERI L2
FEEAZMRRAMBEEC S LT, X 2 250mg/
kg i3 1 BEO®RS CWEEH 2 RLZ, LaL,
500mg/kg BT 5, ZOWFBEMEAIEEL
72, TR ZAOREEI R OB EREREIC BT 5
T X 20ME L LZABORRTH 120 —
RO AR CEER 2 3L &l £ < 1L3U
RO RKGHR B2 L 0H LT a4
B OFEFR L LHEE 2R L 72, :

ME1 T % 213 250 mg/kg »* & 1000 mg/ kg
¥ CHEKFNLUESRE R (Fig.3). AF
TRENRL A LN ATI T X 2 500 mg/ kg
NHHZi3 100 mg/ kg LD T =X A L2 & F
NWZ L 2EZ D E, FOERICHOBERER(E
T, AZ) 5L T LI HR I NS,
ERR, ¥z i3 scopolamine 12 & A EEECEEEN A
%ﬁ%xmﬁét;0&§éné:t%ﬁﬁtfw
5

scopolamine {2 & % FEATE ] O I £ I3 scopola-
mine LE L 725 v + AT — A D ERAL TR < i
L, RBRAMEMKERLTCoE L) T8 2 #
DR 72726 TH 5B, £ FizB v T scopolamine £
SIGERARKIE S b2 5. T v F OBe LT
FOGOBBILEHAREIC LD, KBEEOF» DD
DFBU DR EE 2RI - 2 TTREW S E 2 b b,
L L, IMm#aBEIr % #i8 T & % v methylscopola-

BEEIC AT A0 TR UL D SCEER 123

mine 12 & 3 AT NIER 1T scopolamine & 1 55
(T LT O RBEOMBERHE 0 2l
ZDBEH S, 7 { &4 scopolamine 7 FEFTHEEHE
FERFN R — TR IL PR R & A L 72 BRI D RE
BT L 5 EFz2 b, Rl ESHEEERD
TOMT Lz X 2B LU0 % 2 & 5 E4T
B oSG ERRMEE L B L ERICL AT
ReErEZ L b,

physostigmine i3 scopolamine iZ & % 22 32
(et EECT LEELREEBE R L2, 1B
XIBICITTIR - BEROBEVEETH L - FHZ
LnTHn ™ % 72 physostigmine I & 2 S
RABFENREERHL RPN TE EHEI N
Twa i nbnz b, MTELX ZADERD
—H3 Lk - BERE AL T2l S 5,

B ZEET 0 ACh MR ORI T 8 L O Rii%
B, Wbk, B~ ACh HEHRDOEEST LY
N e — RV RAE D LB HE R T H 52 g
W7 BIcLES5Ty bnBMBEII T VYN, =
—RERAEIC R 55 & ) o AChHHIERBEEEIET
RUERBEENAR L ET AL EL bR TWE™

nBM BEE8(C L 0 e CRHEEAMEBGEEN AL
nd, TNERFICBREROEETHY, ToOE
ERFIERIC OWTHE T 2EmFRD L1172, 2D
HRIIZNE TOHRE LKL Tno, "

THA 0.1 mg/kg O @5 3 nBM a#EIC & 5
ZERIRRMEREEC N L, BETREIEH 2R L2,
Z O K A2 TUEEER 3B S N7z B &
LT, AHRICBNTH nBM B —HDATH
N, ACh R ROEEED T 17BN » Tz 72
& HER S 115, R THAL, B TR0 70
BT ORENRG EHHTL EIRE KT
TaEENH )Y CORAEETL T 5, 4,
MY & L AMEED CAT B AE L E»
52 o 2dY, BNO CAT EEERL (T
b, EREEOUESITRTHD LI WE X —
HL T3,

T4 = ¥ 2 % scopolamine & 7 v & [a] %,
nBM B £ T c B 2B EEICH L TEHL
WEERER L2, ZFOBF L LT THA &
ACh MR ZROBEERBEOE S EZ 5N b, Ly
L, ibotenic acid (¥ ACh MugMRa7S 1T TiE 7% (, &
AR BB B o ML b BT 57 o T
Mo ¥ 2 0%F%E I ACh DS o it Ho B
ELCwaTERIIEETE %\,

BAaED & ZAHERBFEIAHTH 205 MR
) o O HE B [ 8 S - A %57 LT scopola-
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mine 2 & 5 fEEEIEMEES L U nBM BT & 2
BRGSO AIEE ORI A L TR 2R L
Fro THLDZEDL, HRENEHIN TS
MO P RSN R ERAICISR AN b0 &
2D,

X &

FRE DKEMBE (BAAR) AREE M, dbm, P
1914, 1977.

Nishiyama, N., Wang, Y.L. and Saito, H.: Effects of
Biota (Bai~Zi~Ren), a traditional Chinese medicine, on

—

o~

learning performances in mice. Shoyakugaku Zasshi 46,
62-70, 1992.

Olton, D.S.: The radial arm maze as a tool in behavior-
al pharmacology. Physiol. Behav. 40, 793-797, 1987.
Davis, P. and Maloney, A.]J.F: Selective loss of central

3

—

-

cholinergic neurons in Alzheimer’s disease. Lancet 2,
1403, 1976.
Perry, EK. and Perry, R.H.: Necropsy evidence of

w

central cholinergic deficits in senile dementia. Lancet
1, 189, 1977.

Whitehouse, P.J., Price, D.L., Clark, A.W., Coyle, J.T.
and Delong, M.R.: Alzheimer disease: evidence for

(=2}

selective loss of cholinergic neurone in the nucleus
basalis. Ann. Neurol. 10, 122-126, 1981.

Beatty, W.W. and Bierley, R.A.: Scopolamine
degrades spatial working memory but spares spatial
reference memory : Dissimilarity of anticholinergic
effect and restriction of distal visual cues. Pharmacol.
Biochem. Behav. 23, 1-6, 1985.

Buresova, O. and Bures, J.: Radial maze as a tool for

~

8

~—

assessing the effect of drugs on the working memory of
rats. Psychopharmacology (Berlin) T1, 268-271, 1982.

Hiraga, Y. and Iwasaki, T.: Effects of cholinergic and
monoaminergic antagonists and tranquilizers upon

Sel

spatial memory in rats. Pharmacol. Biochem. Behav.
20, 205-207, 1984.

Higashida, A. and Ogawa, N. : Differences in the acqui-
sition process and the effect of scopolamine on radial

10

maze performance in three strains of rats. Pharmacol.
Biochem. Behav. 27, 483-489, 1987.

Walker, J.A. and Olton, D.S.: Fimbria-fornix lesions
impairs spatial working memory but not cognitive
mapping. Behav. Neurosci. 98, 226-242, 1984.

Murray, C.L. and Fibiger. H.C. : Learning and memory
deficits after lesions of the nucleus basalis magnocel-

11

12

lularis: reversal by physostigmine. Neuroscience. 14,

1025-1032, 1985..

Olton, D.S. and Papas, B.C.: Spatial memory and

hippocampal function. Neuropsychologia. 17, 669-682,

1979.

14) Paxinos, G. and Watson, C.: The rat brain in ster-
eotaxic coordinates. United States edition published

13

15

16

17

18

19

20

21

22)

23

24

25

=

26

27)

28

hasd

No.2 1993)

by ACADEMIC PRESS INC. San Diego, California
1986.

Fonnum, F.: A rapid radiochemical method for the
determination of choline acetyltransferase. J. Neuro-
chem. 24, 407-409, 1975.

Watanabe, H., Ni, JW., Ohta, H., Ni, X.H. and Mat-
sumoto, K. : A Kampo prescription, shimotsu - to,
improves scopolamine-induced spatial cognitive defi-
cits in rats. Jpn. J. Psychopharmacol. 11, 215-222, 1991.
Cumin. R., Bandle, E.F., Gamzu, E. and Haefely, W.E.:
Effects of the novel compound aniracetam (Ro13-5057)
upon impaired learning and memory in rodents.
Psychopharmacology T8, 104-111, 1982.

Ni, X.H., Ohta, H., Watanaba, H. and Matsumoto, K.:
Panax ginseng extract improves scopolamine-induced
deficits in working memory performance in the T-
maze delayed alternation task in rats. Phyfotherapy
Res. 7, 49-52, 1993.

Curran, H.V,, Schifano, F. and Lader, M. : Models of
memory dysfunction? A comparison of the effect of
scopolamine and lorazepam on memory, psychomotor
performance and mood. Psychopharmacology 103, 83-90,
1991.

Hiraga, H.: Effects of scopolamine upon delayed
radial arm maze performance in rats. Folia pharmacol.
Japon. 97, 351-359, 1991.

Olton, D.S., Walker, J.A. and Gage, F.H.:
Hippocampal connections and spatial discrimination.
Brain Res. 139, 295-308, 1978.

Wenk, H., Bigl, V. and Meyer, U.: Cholinergic projec-
tions from magnocellular nuclei of the basal forebrain
to cortical in rats. Brain Res. Rev. 2, 295-316, 1980.
Kitajima, [., Yamamoto, T., Ohno, M. and Ueki, S.:
Working and reference memory in rats in the three-
panel runway task following dorsal hippocampal
lesions. Japan. J. Pharmacol. 58, 175-183, 1992,
Dunnett, S.B., Low, W., Bunch, S.T. Thomas, S.R.,
Iversen, S.D., Lewis, P.R,, Bjorklund, A. and Stenevi,
U.: Septal transplant reinervation of the
hippocampus : cholinergic enhancement of radial maze
performance. Behav. Brain Res. 81, 258-259, 1981.
Coyle, J.T., Price, D.L. and Delong, M.R. : Alzheimer’s
disease : A disorder of cortical cholinergic innervation.
Science 219, 1184-1190, 1983.

Whitehouse, P.J., Price, D.L., Struble, R.G,, Clark, A.
W., Coyle, J.T. and Delong, M.R.: Alzheimer’s disease
and senile dementia: loss of neurons in the basal
forebrain. Science 215, 1237-1239, 1982.

Irle, E. and Markowitsch, H.J.: Basal forebrain -
lesioned monkeys are severely impaired in tasks of
association and recognition memory. Ann. Neurol, 22,
735-743, 1987.

Kesner, R.P., Adelstein, T. and Crutcher, K.A.: Rats
with nucleus bhasalis magnocellularis lesions mimic
mnemonic symptomatology observed in patients with
dementia of the Alzheimer’s type. Behav. Neurosci. 101,



29)

30)

7yt DEBRIHZHZMEEICNT TR U AL SEEER

effects of different neurotoxic amino acids injected

into nucleus basalis magnocellularis of rats. Newuros-

ctence 20, 653-669, 1987.

451-456, 1987.
Salamone, J.D., Beart, P.M., Alpert, J.E. and Iversen, S.

D.: Impairment in T-maze reinforced alternation per-

formance following nucleus basalis magnocellularis
lesion in rats. Behav. Brain Res. 13, 63-70, 1984.

Ueki, A. and Miyoshi, K. : Reversal of learning impair-
ment in ventral globus pallidus-lesioned rats by combi-

31

32)

125

nation of continuous intracerebroventricular choline
infusion and oral cholinergic drug administration.
Brain Res. 547, 99-109, 1991.

Hodges, H., Ribeiro, A.M., Gray, J.A. and Marchbanks,
R.M.: Low dose tetrahydroaminoacridine (THA)
improves cognitive function but does not affect brain
acetylcholine in rats. Pharmacol. Biochem. Behav. 36,
291-298, 1990.

Dunnett, S.B., Whishaw, L.Q., Jones, G.H., and Bunch,
S.T.: Behavioural, biochemical and histochemical



