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BT IVARY Yy MEBARRRIEAT v MIBIT L ZHARERE L
) YYEE R R ORI A EFE I EREE

SRKFEFMELAMREME (L1 FRRARE)
it H

E S —

7 VN4 % —3% (Alzheimer's disease, AD) & EATHEOHETHR L, BEHBOAE LT, BAOMICEELNLHLEH
BIEEE b 725 TV, AD OREZ NI KR EREE FI25R0 5 s BEAELHBREMRMEEL L v - L REEEREEY
L, EHMEMEORETH L. BATRWEEMMELICETLCHEAL, MBEFENICRT I FpEE (8-
amyloid protein, A g) OHIISZ B 2 BFELEMTH 5. Tz, ) BRI EE, BRE Vo MO B RERICES
LTWa EEbRTWVAED, ADBEIIBVT Y Y EHHMEIERSTE L MONTWE, KR T, #BERETT
D 1DEENDA PIENIRIEAT v Mx L CRE%BRERI OFM % 8 Stk e A Tffv, BRI, 7
+F 1 31) ¥ (acetylcholine, ACh) ROBHELELIZOWTA A=V ¥ 7T L= EHVZA— I P4 T T 7110 L BFH%
Fiore. ABMEMMFIEAT v ME, T v MIMENIC 4 AMA B EFEAICEAT A LICX DERL, *HE 7Y
YRy YL —b (*Hlquinuclidinyl benzilate) 12 X 5 A& % ) YFEB)ET £ F V3 ¥ %EH (muscarinic acetylcholine
receptor, mMAChR) 5 &, *H-~4 3 2 — )b (PHlvesamicol) 2k 5 ¥ F7AMT EF N a) ¥ + 7 ¥ AR~ 5 OWELELT
W, ZhSOEES HEEERY, FEEELY, MEEREE L CEECB 2 THRAREER L. AR MERFREA
Sy ML, RBEBETOFSBIERS %R L. mACORIZOWTIIER LB 2RO Lo ds, Y+ 7AMMETEF T
YU by AR REBEERRICBVWTHRICET L.

BEXYABICI W ERENZEBREL Y FFANET T VI ¥ 7Y AR—F OWPITERERDHY, b, N
FIT—ANHD VI EOEUEE P L EoREERMETERL, T3y PararEa— s HERERE (emission
computed tomography) Z 24 Z 12k ), AD DFHMEATHEETH D Z LA E .

S R

Key words 3 -amyloid protein, Alzheimer’s disease, spatial memory, vesamicol, autoradiography

AR, bAFEIREEZ AOOFERLT 22 LTWwaa, Th ORBEFMIIAEE L EZ N5,

¥

2o T, BEMERE, &7V YNAL2—K (Alzheimer’s
disease, AD) BEZFEHO A TR {, ERRTEHMEL b %
S2TW5,

AD OJFEFEMFT RO R OCIE KRR IR EE TIZRO 6N
EAH MR Vo I REEEEED &, IRHA
BEHORETSH 52, BEABEHREBMMEEMLICEITLT
W LY, MfEe®micid 7 3oq FREH (B-amyloid
protein, A 8) OMINEIZBITHREEHTH VY, MEFHHE
ZALIGERIC ) VB SN Y T BREFIHSY LvbhTwy
5. Fi, BRRREZETFREONEIEIMIIED ST
BY, ADIIBEOBEZEFIFES T AERBEL LTRALAD
035)56%13).

7+, ADORBRREO -0 M0 £ LM~ — 5 —
Thb L MREEWY - ARG OB EIFFREIISFHET
EBILHEING. BIZADEBRFICBVTERLELND
BEHEINTWSE TN VU (acethylcholine, ACh) &

TR 11411 B 26 B2, FHk124 1 B 18HZH

AChHHU Y AAERTH PR TEF LY 2 T ¥ AR
— & — (vesicular ACh transporter, VAChT) |45 RICHET 5
SH-AH 3 T— b ([*H]vesamicol) &, ADEF LD 1D &SN
ZRTIMELIEA (nucleus basalis magnocellularis, NBM) 312 &
DEBHMETFLT Y MIBWTEAT A EHEShTWDY
A5, BT ALV HELH DY, —FLAKEELRTY
v, Larl, ZOEFIVERICER L) iy
wd, ¥, A—EEToORBIIOVToOREMITLEALSM
Twhdol, LeL, XFIa-VoOREUETHE A F X
v~ 3 32— )b (iodobenzovesamicol, IBVM) % STRE: L 72
BLIBVM # FIVWTAD BB A3l L 72 & S AR AR Lok
WIHELHBD,

AR TIX, AD OEHRRICBI 2 BIEF WO TR
DWW 2 M 5720, A RRENBELES 7 v b
WKBWTERBEEOELE - I VF ST T4 EEHVTO
ACh AR LER—EECHFMTL I L2 HME L.

Abbreviations : A 8, /-amyloid protein; ACh, acetylcholine; AChE, acetylcholinesterase; AD, Alzheimer’s disease;
BBB, blood brain barrier; ChAT, choline acetyltransferase; IBVM, iodobenzovesamicol; IP, imaging plate; mAChR,
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1. G ERE

875 IR TIRRREE (M) %MV, kD O#E ™Y (2o
EPEEMITLA, Ty FEAMEHIRTICEE, BHKERD
85~75% DFREIHEFFL 72, 8FRDRiOEIHHIME L&, #
BHREpS RS — P L72T v FATSRET ORI HE
T5%, RITEE»S 105BBLABETRT L &7
iAo E1EE L. BRUOSEOBRON, 24 LHT
BOEEE20%5 HERTER L BB THREEER/RLAD
Dk L7z, BEBESL EIMEBEOLROOFHREITo . W
HBUBOMIZEERE L CGRELTHT, 15HEDS 4HBIC
Do THER T -7, BWO/GEROA, % - /20
EEREE Lz, F72, 99 POTENICCD # 2 7 LATEHER
$33:E (MAZER MZ-30, MAZER SYSTEM SOFT, H#pESE, &
) (®2) iz & » Tagk L7z,

I. EFLER

gk, HENF )27y M, 8128E, 250~350¢g,
FHILTD, FHI6ME (ST AP — KA, HE) 2 HWw..

1. AP REEPIRHEARE (A BT

BERD S OED i U TAHRBEER Y 7 Alzet 2002
(Alza, Palo Alto, USA) # H W CIMZE RICHERIS- L7z, &1k
I A B (1-42) (Research Biochemicals International, Natick, USA)
#35% 72 b=t UN/01% N7 IVF OEEER (trifluoacetic
acid, TFD)12—H &7 1 300pmol DI 58| & %5 X ) ITBHEL
2. Iy bEZ-FVHRERZ, 5%BAKITI -V
(1.5ml/200g &) % MENEAIEN L, BisEfrE 2% & Type SR-
6 (%, BH) ICEELR. ¥y 0hA ik 2 EEREE,
RO LEEE T EDL, ®RHIA NV (EMISE, K
) I T7 L &< &) Paxinos & Watson DEES |2ft»> TH
f1.5mm, #%50.8mmDE{LICHELA. ALY Brain
infusion kit (Alza, Palo Alto, USA) ZHIBRZEXIZIEA L., K7

Fig.1 The eight-arm radial maze.

REZET P ANVENLTEREMIICHEDAR, FHE LM
L7

2. xPEREE

ARie M A B (1-42) (Research Biochemicals International,
Natick, USA) # & F7%\35% 7+ F = F 1) 1/0.1 % TFT % Hw
TLAMEETET VL FRRIC L7,

. S 1EX

EREDT v MK L TIRR4BRICT — 7 VIRBEE L,
Mo % H M L7z, B & 35 R R 2 12 Tissue Tek O.C.T.
Compound (Miles, Elkhart, USA) iICTEEBLAFH} - FTF 1
TAACTCRBEHEEL, 27U A5y FHMS05E (A—v v 7
AR, BE) XN 20 pmOPHF 2R LA, TLrvL i
17mm Al (RUEEZE), #0.8mmfE)5 (BHTALE), #3.8mmikjy
(BIEEZE, M) OIS CERYA 2ER LY. YREE
T F VB Q0~45THAKI0mMICY S F 05z, 70L3I 3
TN EmgERRE) EEFLAERTA NI AT, 4—
NGTATT T4 RITTRECT 4 =770 —F— 2 CTH
(—80C) RFFL /=,

V. ApiEie

AREOYRIINLTAR DA THET L0, ik bp
TIaANY s EI 7 0—F ik (Sigma-Aldrich Japan,
B H) & Vectastain Elite ABC Kit (Vector Laboratories,
Burlingame, USA) & fiV THBE B F1iTo 72,

V. A=+ 957 4«

1. L2280 BT £ F N 2)) » FRAESA

L©AH) EBIEET EF VT 2R (muscarinic ACh
receptor, MAChRYFI ) "> FOPH-F X 2 ) V2R YL —
b (PH]quinuclidinyl benzilate, *H-QNB) % HWTEEMAEA — b
SYFT5 T 4 % MAT LR, Y% 10mM EDTA %2 &t
50mM V¥R (pH 7.4) FICEIRIC T30 M P ML %
7w, 1nM °*H-QNB (1.55TBq/mmol) (NEM Life Science
Products, Inc., Boston, USA), ImM EDTA, ImM N-=F )< L
4 I ¥ (N-ethylmaleimide) % & ¢r50mM ) » BR#EGW (pH7.4)
PCERIFEEMOMEERITEIT, 4°C 50mM ) >~ BREGHEIZ

Fig.2. The recording system for the eight-arm radial maze
task.

muscarinic acetylcholine receptor; MP44A, 4-piperidyl acetate; NBM, nucleus basalis magnocellularis; PSL, photo-
stimulated luminescence; PET, positron emission computed tomography; *H-QNB, [*H]quinuclidinyl benzilate;
SPECT, single photon emission computed tomography; TFT, trifluoacetic acid; VAChT, vesicular acetylcholine

transporter
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C1AEkEE 2 T o 22, HIRBTHERA 2 -V /T V-
} (imaging plate, IP) BASTR 2025 (B-LBH 7 1 V4, I
IZ3EMELL.

2. VAChT%-%i

Altar SO HEPIZE LT, A= T THTT T 1R T07
120mM ¥ P U Y A, SmMEE LS U YA, ImMEEEE~ 7
oL, 2mMEEAL A VLY L% & 50mM b AR
(pH7.6) 121 nM SH-~4F 3 27— )V (1.30TBgq/mmo! ) (NEM Life
Science Products, Inc., Boston, USA) %R A, LIMHOKERIE
BiTotz. FO%K. B M) AEERC T Lo B OREEE 3 AT
W, IR TH R IP I 2 FG L 7.

V. 1 x—Th38
FRENENRLZIPENSNL T A A=T T+ 7 4F—BAS-
5000 (BLBE7 ¢4 V4, T X THAM 72, HRE25 4
mX25,m, 65536 MHOBIHREDE— FEMEAL, FHHM
WiOF—FI1ENT—7 v F v b2 8500/120 (7 v S

e

NN/

Number of correct responses
+

o+——7"—"—"-"F—r——T 77T T T T T 1T
5 4 -3 2 -1 0 1516 17 18 19 20 21 22 23 24 25 26 27 28

Days after operation

Fig.3. Effects of j-amyloid protein on the eight-arm radial
maze task. Each value represents the mean correct responses
of initial eight responses. The operation day is defined as day
0. Minus day represent preoperative period. Beta-amyloid
protein-infused group (B) demonstrated significantly fewer
correct response than the vehicle-treated group (@) in the
postoperative state (p<0.01).

Ka—¥yVxy, BR) KkEdh, TOHFERAY I b
Image Reader Ver. 1.0 (B+EE 7 4 V&, WE) IZTNHN—FT
4 AR L.

Vi, BEREEAR

FRFENOF— NI VF T T T 4 ROV TERARTY 7
 MacBAS Ver.2.3 (E--5E 7 1 V4, BE) |2 CHITEE, 5
TEZE, MITERER X OB SN T A I L TR DRI B
L, PHBEEZREEIRLFT-F IVEHLL 28, 4

Fig.4. The deposition of #-amyloid protein is pointed by
arrows.

Table 1. Reduction of [*H] QNB binding in neocortex and
hippocampus following A# infusion

[*H] QNB binding (fmol/mg wet tissue)

Location Vehicle A -Amyloid % Change
Frontal cortex 401437 373+44 —7.0
Parietal cortex 388428 3641£26 —6.2
Temporal cortex 449142 42039 —6.5
Hippocampus 557+£67 54341 —25

Values shown are X +SD.

Fig.5. Representative autoradiograms of *"H-QNB. A -infused rat is demonstrated in the left and the vehicle-treated rat is in the right. *H-
QNB binding density of A -infused rat do not differ from that of the vehicle-treated rat.
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Fig.6. Representative autoradiograms of *H-vesamicol. A3 -infused rat is demonstrated in the left and the vehicle-treated rat is in the
right. *H-vesamicol binding density of Ag -infused rat’s neocortex is lower than that of the vehicle-treated rat.

Table 2. Reduction of [*H] vesamicol binding in neocortex and
hippocampus following A infusion

[H] vesarnicol binding (fmol/mg wet tissue)

Location Vehicle A -Amyloid % Change
Frontal cortex 19.1+1.6 152+14 —20
Parietal cortex 18824 12.8£3.1* —32
Temporal cortex  15.9%2.9 12.6%3.3 —21
Hippocampus 19.6£3.0 17.0+4.6 —-13

*p<0.01 vs. vehicle. Values shown are X=SD.

A=V TTFIAF—TIHRERER LB L THE (photo-
stimulated luminescence, PSL) %45 L, BAILE, T4bbiE
U IZPSLAE (PSL/mm?) & LCFRENE. F-&LIPIZIE
BE#ERRIR (Amersham Co., Buckinghamshire, UK) % [Flf52 &%
EETHE, IPEI PSL-HA A DAZHE I#R % VERk L C & BL
SO FH IS I L 2. 29 LTk 2 hhtbe & stk
UH Y ROKETEEI S U F v FOEBEEREM L.

VI #Estinig

PR IR O IR O S 12 13 A N E S8 & v,
BEOFHHEDFED LI 13D 72 Student O tHRE % F v
7o, BERUEZ1I%E L.
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1. ZHEERE

Mk, APMIBVTERRESEEILHRS L (03).
%, M4 HHEOIERRUOFH L, WBEETTS, ARKTLIT
Hoiz.

I. 7304 FRELRE

MR8 E 70 & BB 2T T, sk & O™ L FAE, A B
DEF RO (H4).

Il. mAChR %%

Mg EREWICHEEEL RO Lo, BELD A pBIEN
BRI TR U CTBEOERTERLAEDOD, HELRELI
BOONLdrosz B, REMLEESR5IRLE.

V. VAChT %%

ApBOEE TIEIA BRI LTIV TEmE AL, I
2, AEECRAEECEAS L. BEOETIIEE LY b iRE
THorz (F2). CENLEGEFH6IZRL L.

% =

BE, BEOADEFNVIEELHESR T RVEWSTH &
Voo Lal, SEEEMEARL, ADOFHED—IBE ML
TWAEETILEMLE LT, 1 RF VBRI A =V BTEEED
TA DN MECHE T ANBM 2 L5y PP s
BR7V=w s0BREROKSD, 3708 EL~— |} (3
bromopyruvate)  ME IS LT v b, HERERTF
(nerve growth factor, NGF) L 7% D€/ 7 0 —F LHAETH
192K Y ERBIICHRES LT M, e bOT LT LI
) ¥ L AF T —+ (acetylcholinesterase, AChE) #5452 b5
VAT rZysw AW o7 o FHEBEERE
(amyloid precursor protein) & BRIZHERT L Ty AV
Y IIYAE REFPREESRTVE, SRIDOERICEVTIE
ADEFLDIDE SN T VDA BMENIEEIIEAT » F & H
WS, TOEFMTHBEMACARERIRE O, DiEREt
KL, o, HRAELENIZ I Y TRFLINT AT T
— ¥ (choline acetyltransferase, ChAT) {G ML T 27732, 72,
ZaF RIEC X B ACh U AN L T B30,

ADIZBWTRTE A OMBEDOBENRD SN DA, BERMEE
RIEHETALEZLNTVWAAChRR SRS E L. #
—+IVFFITT 1 %4FHI2HoT, ACh, ChATH L U
AChE D HE#LIC oW T REULOMBEIZ L Y HETH
mAChR 5 & UFVACKT 12D\ TR % 7 - 7-.

NBM#HET v MZBWTARY 30— L DFEENORE S
5B ERESINTHDN, BFHdHY, ERIIRLBORT
Wi E e E—ERICH LRI S R A S L /-
bOFIELAER SR Z W, 85|12, NBMBEES v MiAD
DR E GRS EY T H 2 MMyl oA p 5% Rk
LT, AEOEBRTIZA I X - TEEERE) L mACHR,
VAChTH ED L H ICELT 20 %, 8HTHMEHIRER,
QNB, RYy 32—V BLIPF—- SV F 7571 —FH
TR — A8 CE IR FR L 72,

AEIOFERTIE, EHRERETIE, %, ApBICBNT
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# (single photon emission computed tomography, SPECT) # &

CERY I Oy Iy va rEiEBEREE (positron emission
computed tomography, PET) & QUL H 5.
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Abstract

Alzheimer’s disease is one of the most troublesome problems encountered in elderly populations. The pathological
features of Alzheimer’s disease are extracellular senile plaques, intracellular neurofibrillary tangles and widespread neuronal
degeneration. Among them, senile plaques are the earliest neuropathological marker of Alzheimer’s disease. Senile plaques
are the cerebral deposition of amyloid, an insoluble substance composed mainly of j-amyloid protein. One proposed
hypothesis is that a defect in cholinergic neurotransmission in Alzheimer’s disease underlies this serious symptom of the
disease. The aim of this study was to investigate the correlation between cholinergic presynaptic functions and memorial
ability in rats treated with B-amyloid protein, a model of Alzheimer’s disease. In this study, -amyloid protein was infused
into the cerebral ventricle of rats for 14 days; with an cight-arm radial maze being used to evaluate spatial memorial ability. In
the same time, vesicular acetylcholine transporter and muscarinic acetylcholine receptor density in the frontal cortex, parietal
cortex, temporal cortex and hippocampus were measured using high sensitive autoradiography. The performance of the eight-
arm radial maze task was found to be impaired in B-amyloid protein treated rats. In the parietal cortex, vesicular
acetylcholine transporter density was lower in S-amyloid protein treated rats than in vehicle-treated rats; there was no
difference in muscarinic acetylcholine receptor density between the two groups. These results suggest that the reduction in
vesicular acetylcholine transporter density is related to the memory impairment induced by f-amyloid protein. Our results
also suggest that it may be possible that the condition of Alzheimer’s disease can be evaluated by a suitably labeled vesamicol
analogue for single photon emission tomography or positron emission tomography.



