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7Y A < — 95 (Alzheimer’s disease, AD) % f4# & § AR BIIESEROAL &F, BaosdiirEons
AWM E D -2 Twva, AD B L CIRBED & 2 AFMBEREE R, BHOBETFPES T 2EERE LTREZS
No2H5bb0N, TOWEIZOWTHTHLEENE V. T EEIEMREILEE, BEL Vo ROBERBRICES LTy
BEEDLNTVAEY, AD BEIIBVTIY YMEBERESEA T2 I LMo T2, $7, Wik k®E L L Tl
B & AR DOEBEORADNTFLHIIZB O TEAIZRASNT VA, S—F 2V UV HEFVEYE X ORI
BOTEBEOUBEFLHBMESINTEY, 4RSI LMBEMEBIIBYTHENLAELED 1 2L L 5T EEED S,
KR TIL, FHEEETTILO 1 DL SNL—MRiNIEER (hucleus basalis magnocellularis, NBM) BIEEF N5 » MIxt
TLREMBHORARBHEZIT, HADF - 73797 1 #ERFVTT £F I3 » (acetylcholine, ACh) 2D HhEH
! BIZDWTEMIET 5 & & HIZ, MEERBMOZEAWIFIO U FEMEIZ DV THRE L7, 1l NBM B8R, MAERE, BTl
JFIZBWT MM, 2:8M, 4HMEORKMISEED 2ERL, 1 A-P2 77 V— eVt - 5945571
KL BRI E 7> 72, "TenFH A FN-7REL T I ¥ 4% ¥ A ("Tchexamethyl-propyleneamine oxime) 1= & % /&N
B s A Wi 81 2 — B OBz 2V TITY, *H-% X 7)) Y2 L~X> ¥ L — b ([*Hlquinuclidinyl benzilate) {2 & B4 241 &
REYET £ F V3 ) V24K (muscarinic acetylcholine receptor, mAChR) 7 lli{&1k, #0479 4 T@izFE LTHSN
A ml, m2 @ mRNA IZDWTHREI AR S 4 ) ITX 7 L F F e~ T 50l 70 ¥4 -2 a »#Eick
% ml, m2mAChR-mRNA A% {EH L7z ACh b Y AR—=IHHFELTIYFTANINT VAR —5D)H 2 FTh
5 H-NH I T— )b (["Hlvesamicol) BLVEFNF Y AF—y D) H > FTHDH *H-~ 3 21) =7 4-3 ([*H]hemicholinium-3,
‘H-HC3) W ClgIbz 4T »72. TR S DMEIZOWCH.LHEEBIC BT 2 EY R ELEM L, B/t k2 es
| HFFG & 4T - 72, BILHE, mAChR, ml 3 & 8 m2mAChR-mRNA [Z 2V T HE ALz RO L -7z, ACh MF ¥ AFR—
Y0 BRI a— NV IZBWT—Hl NBM #iEE TR B8 2 B /RN T, 1:EE082+0.14 X +SD), 2:E[H0.80+
0.17, 4;HH0.82+0.13¢ BlIZBWVTHBEIZEMIZIL L TORTEEH 72 p<0.01). B CIE, 180871015, 28
[#0.87£0.16, 4 #R0.90£0.12 & #EREAYLZ B MM L DRIMAED S 4 ERIC B THEICKRER E L L ToM S+ 320
72 (0<0.05). HC3 2BV H B LB 2o nh -1,
PEEOARYIa— g B 2 EORESERCEHRLII vy a2y ¥a— 7 HiEEY (emission computed
tomography) % /125 Z &12 & W) AD (2B 2 MBS 5 VIR IBAR O F A~ AW S 1.

Key words vesamicol, Alzheimer’s disease, vagal autotransplantation, cholinergic neuron,
autoradiography
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HBIL, #igftsmicid7 304 F 2 %14 (amyloid 2 protein,
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TR 8 4E11 A28 H %A, FRL94E2 A 3 H%HE
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Abbreviations : A £, amyloid 8 protein; ACh, acetylcholine; AChE, acetylcholinesterase; AD, Alzheimers disease;
BBB, blood brain barrier; ChAT, choline acetyltransferase; ECT, emission computed tomography; HC-3,
hemicholinium—B; HMPAO, hexamethyl-propyleneamine oxime; IP, imaging plate; mAChR, muscarinic acetylcholine
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W mZHE {, HEROFBHRMNFEMEI OV TOHL SN T %
V., ZOWMBEBHEOBIRIEHICE L, FOBRENREORENEE
i 72 D I B D LSy~ — h —, T 7% b b miR{sEY
B SRR OB EERENICFEHTCEL I ENETH
5. HHIZ AD HMBNC BV TERLELYH S LGS TY
%7 & F I 2) >~ (acethylcholine, ACh) R“D#EEFMAEE
EEZLND, FOHFFELELTE, 2Iviarara-¥y
Wi @ Hi #5: (emission computed tomography, ECT) A% & i# L
T EEZOLNE., £ TRIFETHE, BRTLEFEEERK
MU EMEEE 2o T3 AD 281 2 Wil o ES
BYFEAG 2B B ZEBEROTITIE 2 47 o 72,

KW TIE, AD EFLD 1Dk ShAFIMEEM (qucleus
basalis magnocellularis, NBM) #{#i2 X A #EEBEEE TNV T v
MIx§ 2R EMBEHOHGRBMEITY, BLrOt—- T 04
777 4% HWT ACh ROBEMEEIZ OV T+ 2 & &
bz, MR RKESWEHIE O RIS oV TR L 7.
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I. EFIWER

WEIE, BN 25y b, 8-120#h, 250~350g,
750C (Z3£ 7 KH— ¥ R, KH) %AV

1. NBM g

I— 7 VB, 5 %Mk 95— (1.5ml/200g KE) %
MERERI ST L, WEMEEERE Type SR6 (K1, ) I2HE
ELZ, Fouhd 2k 5BERERE, FELOHLEESR
FHW, WRHETH MYV @RTE, EE) ICTTL Y @
TH) IEd & 1) Paxinos & Watson O XFE®IZHE - THM 2.6mm,
%75 0.8mm OERAIZBE LK. BESL V297 -V h T 5>
$#HPES 7.3mm OMEICHIA L, HEFEAEE B-3373C (3
v PAFL AN, BR) FAVWTIA 70 v 5=y
701-RN (/3 )V h , Reno, USA) LV A RF i 8rg/0.8ul
A2 AMATTEAL, 205 SHBELTH 8 EHEL
7o, BRERER—T v A (REZATARSE, ®H) 12T
SHEWETR, HEEERELL

2. TeAEE

AR Tkeda HOHENCHE L, A RKFOBIC LB
1 EREE, Ky 95— iz X BREE T OO EICE AL
(s LR SR B 2 4T - 7. EREIREZEH L FAO
PREMEEE PRI E - T, N - SLEBIR S S & b N3
BIRSE LB O L~z d BkETRE TR R I L U i
B AEAEN (HAK, BHE) ICRELL. SRomTERs
LTT e EMEMECERICEE LESEEL&D, 1F87 >~
EEi AER & #9945 SMEI#£F 3mm DERRLIZ M VTHEL,
B >ty MITHEE % Smm OFESICIFA L, BER
ER-VT v AL ) S80S, HkEREL.

3. BT

ARF VEEARERRRC, YLy ES L) AM 2.6mm,
%75 0.8mm OMWMMICHEL.. BHEHI V95—V ITFT
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1BFREE L L.
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L. Y1 1Erk

FNEFNOBEDT v M LCili% 1, 2, 4B#%Ic—F
VIRRERITTA L, BRI L7z, NBM BEEERE, RBMEBECII
T, BFEMEETIES L ZNENOMEICWIEL 722, BidiEy
B MZTF 1 25 v 7 Miles, Elkhart, USA) (2 Tam|
ANFG - FIATARCTEEFEREL, 2UF 279 )
HMS05E (A — Ny 7 4 A, BE) 2L 20um OYH % fef
L7z, 7L< &0 0.8mm A0 A K7 BRIEAERE;D,
# 3mm %77 OBREERIE L O 2 ERALI THEER A 2 ER L2
YR IEE S F VB 40~45CT Dk 10ml 12¥ 5 F > 50mg, »
OL43a—/NY5mg ZiRE) 2BMLAAT A NI 5 A
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1. B s> A

FNENOBIIBVWT 2IE-TOWES SRCRER LY
WP NFHFRAFU—TOEL YT IVFFY A (T
hexamethyl-propyleneamine oxime, *"Tc-HMPAO) % 185MBq
BiEL, BEE20pum QYN RERL . BE L%, WHA S
— 377 — 1 (imaging plate, TP) BASIP SR 2025 (E+5%&
BH74Vs, BE)IZ1REMELL .

2. LRI AMEBIMET EF V3 LSRR ES

LAY YEBET EF L) 25K (muscarinic
acetylcholine receptor, mAChR)H Y 7> K& *H-¥ X 7 ) J=
VR YL — bk ([*Hlquinuclidinyl benzilate, *H-QNB) % v
TESREL— V247571 2T LY. W% 10mM
EDTA % &% 50mM Y ¥ BRRANR (oH 7.4) HIZFIRIZT0%
M7 4ryrFax—32a 4T, 1nM *H-QNB
(1.61TBq/mmol, DuPont, Boston, USA), 1mM EDTA,
1mM N-=F <L 1 74 F (N-etylmaleimide) % & & 50mM
) U EEHAREE pH7.4) FCHERIEOA L Fan-Tavk
vy, 4°C 50mM V¥ EERRERIC C 1 MRS E 2 mATo L.
WMt °H BAIP BASTR 2025 (B-LHE 7 4 L&) 124 HE
FHL.

3. mAChR-mRNA 447

ATy LFFRTa-TEH, 3-F TR LAFF
IV RIFRY) 7Y AF L2 L) BSJATP (51.1TBq/mmol,
DuPont) (27T 8 K% *S Bak LIBE L 72 b ol &y ki
ATVFALX—-vardfifo® ) TRy LAF VO~
7& LT v b mAChR 7T —7 NEN-545 (DuPont), 77 b
mAChRm2 70— 7 NEN-546 (DuPont) %/l L7z, k%
4 %K<y 01IM Y EERREE (pHT7.4), 4 C 3051
L, 4T, 0AM V CERREEIE (pH7.4) T5 S HskELL
% 200ml B, HEEF RYU YL 18y, PUTE - LTIV
3ml, MEAKEEEE 0.5ml ZRA L 72 THR105HO 7V 1
YEam—3 g rEFW, Bk, BiEL CEREE. NMT
NFA¥—LarnNy Ty (F47 by, ®E) 250, VF
FALA b= (F4T Pa>) 5, S A+ TR VT
F R7O—7 2,1, # 100kBq #RELNA T ¥4 E-V 3
CHMEREL:. A5 KTIALD LR B NATIYT

receptor; MP4A, 4-piperidyl acetate; NBM, nucleus basalis magnocellularis; NGF, nerve growth factor; PSL, photo-
stimulated luminescence; PET, positron emission computed tomography; QNB, quinuclidinyl benzilate; SPECT,

single photon emission computed tomography
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(Y= a3yl 250l T LY £ERICEA S L)1t 7
fVh ST, A2CTORMPIC2UREMRA v F 2= g
#4777, SSC (pPH 7.4) I T/8F 7 4 L L % 1EATL, SSC 1210
pEEV R, 55T, 159-MOEET 4 [TV, HiEIC105H
BOCHKEERE L. ORI IPIZ 2 8MELL 7.
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QHED)H  FEHVT ACh M5 v AK— ¥ S EE
L7, ACh HIN AAMELETH ) & F 7 ANIZIFER
IziEAT 5 *H-X 32— L (Hlvesamicol) B L > +7 2R
fEoa ) P ER AR IS TS 'HA Y
= 4-3 ("Hlhemicholinium-3, *H-HC-3) # W\ T4 —+F ¥
F55T 1 w2 To07z.

1) " 31a—i

Alter SOFENHELET, A= SVUFTF7 1 2o 7.
120mM $Efk+ b Uy A, 5mM #H{bh U v A, 1mM Biig< &
Ay a, 2mM LA LY Ak At 50mM b ARG
(H7.6) {Z InM*H-~4 3 2 — )b (1.11TBq/mmol, DuPont) %
BA, 1BEHOS Yy Fax—varygffot. 20OKAMN) A
BETIZT 1 M OBEEE 3Ty, 8% *H B IP 12 258
M#ELL 7.

2) HC3

Vickroy 650 FEICHEL T, = IV F T T T 1 2T
L7z, 120mM ¥i{b+ b U v 4, 4.8mM H{bA ) v 4, 1.2mM
BB~ >4, 1L.3mM LA Vv 4, 10mM D-7 WV
a-A% & 20.3mM U ERAEEIE (H 7.14) H2T25TT20
7V A4rF N~ g v FEITV, 2.470M *H-HC-3
(4.50TBq/mmol) # &&r LAY » EERBETRIZ T25°C, 304-f o
AvFax—Lariiiot, 2084 CRY EERBHRT
PHE2E, BEKICT I ROREEIT- 72, @ik H 55
P22 EMBESL L7

Cortex
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V. 1 x—-Ju018

ENENBHLAIP 23434 A=V 7+ 44— BAS-
5000 (B-LHE T b L) A THAR - 72 WG 25 0m X 25 /em,
65536 FE H DFIREENE—- PR ML, AR BOF—¥
R ==y F 2 2 a8500/120 (Ty T har¥a—4 Ty
R, B SR SN, FOHBEN 2 7 b Image Reader Ver.
LOBLEEET 1L L) I2THh— FF1 27 R IE L7,

V. ERARART

ENENDA =+ TV T T 7 4 WDV TEIRATY 7
I MacBAS Ver.2.3 (B--BH 7 ¢ b 4) 12 CHIEED S HI5HE
AR A TAE B L TR LR REL, 1¥ 2
) DTHBRAEFRESNLF— 2 I Bl L, B/ e
WaERDz, 2B, 1 2A=I 2 TTFT5 4 F—TI3REGHER
el L CTHE (photo-stimulated luminescence, PSL) % 4R L,
BALE, T2bhbEOGMEE PSL M (PSL/mm?) & LTERS
NB, WM, *HANY 33—V WTERBT S E ORI E
LESHB LA FRPROEFLEBRIIH LTINS O
oW THIEKEE T 72 (K1),

V. #EHLER

BHOBM/BMLIZOVWTEFRZNOBEY I L 128 B &
CRHERZEZEL L. FEPOBTHE L NBM #EEEE,
NBM T3 & AR M 123 L € Mann-Whitney @ U #5%E %
WT, ERESBRMEL - THBEE LA, " I0—- VDR
BTz 2V Td Mann-Whitney @ U #E I CRIBEDFL % 1T -
7z.

154 &

L. Bz
KRR THIBE—RARIERL, KBMATTIREELY
IERWBILETH > 72, IRGEHECTIHEE LY bHVEILERR

Slice2

Fig. 1. The schema of two sections of coronal brain slices. The left side of figure is affected-side. Slice 1 is at the level of injection site of
ibotenic acid. Slice 2 is at the level of the autotransplantation. The regions of interest (ROIs) were set in cortex of the affected side and
unaffected side symmetrically and the affected-side/unaffected-side ratios were calculated from these mean photo-stimulated
luminescence (PSL) rates. In the autoradiogram of [*H] vesamicol, more ten segmental ROIs were set in the cortex of the affected side
and unaffected side symmetrically. Fr, frontal lobe; Par, parietal lobe; Tem, temporal lobe; CP, caudate putamen; GP, globus pallidus;

Amy, amygdaloid; Hip, hippocampus; Tha, thalamus.
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L, FEEfEIZOWTHEHL RN R BILEOMGETBIR
MMEARThTrIsEo R b o0IIZRE L R — 00
Rl (K2).

FEBDD VL ODERIZOWTIAETHE, NBM i
BETILEBA /R c B e B o7 (03). B0 1
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g
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Fig.2. Autoradiograms of the perfusion images using *"Tc-
hexametyl-propyleneamine oxime (""Tc-HMPAO) in the
coronal sections in duration of 1, 2 and 4 weeks (1w, 2w, 4w)
after surgery. The upper slice of each duration is at the level
of injection site of ibotenic acid. The lower slice is at the level
of the autotransplantation. Sham ope, sham operation.

AU ratio of *"Tc-HMPAO

1wi2w 4w Tw

4w
NBM lesion  Transplantation

Fig.3. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of the perfusion images using *"Tc-
HMPAO.
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BETIHETEmEZR L7z, 1HATREZLSEEbhasy
PEOBEHFELTBY THIZLBERFHEZ SN,

I. mAChR %%

BEOBE/EALL 2BV CHB TN, NBM RIS, B
B CBLIZ DWW TR ERENICHEZE RO L h o
(F4), BELLFELEB{LIEED LN o72 (K5). L
UISFH B TR B oMns L O 0 B0 T RN R
Hi17:. NBM fERE, BHBicladicoTHEmns Ly
FOHOMEIMEINARD SN2 1 BEBOK T IEBER T

‘Shamope NBMlesion Transplantation

Fig. 4. Autéradiograms of [*H) quinuclidinyl benzilated (H-
QNB) binding sites in the coronal sections.
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Fig.5. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of *H-QNB binding sites.
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bEPIIRKED o7,

I. mAChR-mRNA 7%

1. mlmAChR-mRNA 47

REOBM/MRUILIIB W THBTTHE, NBM Bl i
B ELIZ D WTIREE EBH S 2 2B idRe 5y (9
6), B LdFEEzED o7 (H7). HimE LTidw
FROBICBWTOEIMEAME R L /2. BHRECl 1 AR o
IR, & BRI 255 & 4L 7z,

Shamope NBMlesion Transplantation

Fig.6. Autoradiograms of ml-muscarinic acetylcholine
receptor-mRNA (m1mAChR-mRNA) in situ hybridization in
the coronal sections.
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AU ratio of m1mAChR-mRNA
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Fig, 7. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of m1mAChR-mRNA ix sitw hybridization.

2. m2mAChR-mRNA 4

REOBM/EUEIBLTYTNOBICE L COEEZ LD
LRHELEEL LN (W8), BELIAELELRD Lo
A EEIII R T TEM R L7z, BB TR TE
A% 4 B % F THBE LTz (99).

V. ACh +5 >R K- 4H%

1, N 3a—-n

BERBIIBVTREIIBT L BA/MEME T2 1 5

Shamope NBM lesion Transplantation

Fig.8. Autoradiograms of m2mAChR-mRNA in situ
hybridization in the coronal sections.

1.3
<

z

o

£

o

L

Q

>3

£

[N

£

N

o]

.2

S

o

= os

< =

O™ 7w 2w 4w
Sham ope NBM lesion  Transplantation

Fig.9. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of m2mAChR-mRNA ¢z situ hybridization.
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0.99+0.06 X =SD), 2[0.99+0.05, 4 HFH0.98+0.07TH
»7z., NBM BUBBETIZ 1 ~ 4 E CHFHRBLHLTHE
e B /R o RA E LD 2 (p<0.01). BE/fREE T L
JR0.82£0.14, 2 BIEH0.80+0.17, 4 WR0.82+£0.13TH Y 1
~4EEE TRMNTH20%DET 2ES . BEMETIREMN/
M, 180871015, 2EM0.87+£0.16, 4 JEMH0.90+
012 7% 1EBTORTISHERIZILL To R, 8K

Fig.10. Autoradiograms of [’H] vesamicol binding sites in the
coronal sections. Decrease of [*H] vesamicol binding in the
affected cortex of rats of NBM lesion is pointed out by arrows.
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RRES -
TR

: -

5o //

2 0.8+ /?

of Tw 2w 4w
Sham ope NBM lesion Transplantation

Fig.11. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of [*H] vesamicol binding sites. *P<0.05,
**P<0.01 by Mann-Whitney U-test.

Shamope NBMlesion Transplantation

N

B4 0/ e DI ASER S S . ASBIC BT EE
ISR L e L T ol g D 7 (p<0.05) (K10, 11).
N3 I LB L TR b MO BRE B LR
of (E1). BEWEETIREAEN A THRIER 7L
PO SR T A E I A ALIE TS & e h o 72, NBM fi
BEC L T 12 2 C I TATHZE T O F A% < BIEHEE TRz L 4
LIET IS bR e bors, BEICHRER, REECBTE

Shamope NBMlesion Transplantation

Fig.12. Autoradiograms of [*H] hemicholinium-3 ("H-HE-3)
binding sites in the coronal sections.

AU ratio of *H-HE-3

w 2w 4w w 2w 4w Tw .
Sham ope NBM lesion  Transplantation

Fig.13. Changes in the affected-side/unaffected-side ratio (AU
ratio) of the photo-stimulated luminescence in the cortex on
the autoradiogram of *H-HE-3 binding sites.
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Table 1. The affected-side/ unaffected-side ratio of ['H] vesamicol binding

AU ratio (x2SD) of [*H] vesamicol binding of group

. Duration
Location (week) Sham ope NBM lesion Transplantation
(n=5) (n=10) (n=10)
Frontal 1 0.98£0.05 0.860.13* 0.79+0.13
2 0.9340.06 0.90£0.14 0.900.11
4 0.99£0.07 0.94%0.16 0.93%0.12
Parietal 1 1 0.98 +0.08 0.800.15% 0.821+0.13
2 0.9940.08 0.77£0.18* 0.8210.16
4 1.000.10 0.76+0.14% 0.8610.14%
Parietal 2 1 1.06 £0.06 0.86-£0.14% 0.95+0.14
2 0.994+0.08 0.821+0.20% 0.89+0.18
4 1.0240.08 0.840.15% 0.95%0.12%
Temporal 1 0.96£0.03 0.98£0.10 1.10£0.19
2 1.03£0.08 0.984+0.27 1.02+0. 22
4 1.08+0.07 0.9240.10 1.020.09%
Caudate putamen 1 1.21+0.41 1.05£0.22 0.75+0.18%
2 1.12£0.16 0.8610.14* 1.0940.30
4 1.24%+0.17 1.102£0.39 0.98+0.25
Globus pallidus 1 1.02+0.13 0.84+0.11%* 0.75+0.06
2 1.05+0.05 0.88+0.20 0.951+0.17
4 1.00+0.16 0.94-+0.26 0.9310.17
Amygdaloid 1 0.932%0.13 0.8524:0.12 0.871+0.18
2 1.01£0.12 0.85£0.09* 0.960.15
4 1.04+0.06 0.95+0.22 0.94+0.08
Thalamus 1 1.04£0.06 1.00£0.05 0.91£0.12
2 1.03+0.06 1.09£0.14 1.03£0.09
4 1.08£0.10 1.044+0.13 1.01+0.08
Hippocampus 1 1.0140.03 1.0240.08 0.89%0.09%
2 0.98+0.08 1.02£0.06 1.01+0.14
4 1.01£0.07 1.0240.05 0.97+0.11

AU ratio, atfected-side/ unaffected-side ratio ; Sham ope, sham operation.
* p<0.05, sham ope versus NBM lesion ; # p<0.05, NBM lesion versus transplantation by Mann-Whitney U

test.

TEBO AT 4 BB T BB % M 72, HIHENL
T AEMBIZTHER LT, M, BUR IS 2 251L
FROL ot BT E O F ISR IS Sk
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WA otz F72 1 BRI BT NBM BSHEC I L TR,
BETOHERIET S &7

2, HC3

REORBM/RMWIIZ BV CB TR, NBM BEIEN, B
BBz oW TG WS 22 B LEED SN Eh o
L (H12). Bl LS BERETIEAY 3 o — b kBN %
RLEZADOD, WFNOBTOHELIRIN -7 (”
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MR ML LM TH D, % - BT E A\, 4
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#. ACh filu™, N F > b Y HERTIRRRE -7 3
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LW Ly L, ’l RN TOMBREWE L 3 RL Y, BRI
REAUNE ) BRROWD 2 EAVE L, &#U l?’c#/Hﬁ‘f ZRENM) A

T 5N Twb. ZOL) LfiERILCED-> T, Fbh
TomERHI NS BRI T, Kb ,’J-.HEI'JJCC«IK.'&:'C A EY
Ba ol &4, Jebiuzs i ol i % 1510 8 2 2 RAap il
THAWIZITDNTE Y, 2RI B B MR M 74 21
W ABEFNREBEREO -2 LTHEER T A
[ DEBRIZBVTIE AD EF MR LTRBEERALD, Zh
TTIZAD EFVEMELT, 1) ARTF Uy BRAA =BT
FEREDOS A AN MY TS NBM 233EL 725 v 9,
2) Ap EMBICHEBERS LSy b, 3) s BETLE
ZOLOBUREORE™, 4) 370 E LN~} (3
bromopyruvate) % W12 5 L7725 » M9, 5) MERERTF
(nerve growth factor, NGF) L2 7% ®E ./ 7 00 —F L ET
HB 12V F) P EPRIHKE LT v M, 6) kDT L
Fan) y L A7 5 —+¥ (acetylcholinesterase, AChE) % %3
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TEHEING A 2 Zw 2w A? 7)) LT I A Kaikk
KEF'E (amyloid precursor protein) ZBFIZFMT 2 7~
AT 2=y IR AN ERREEINTVAS, L2 LEdHHE
ODADEF VI FLHBEEN TV EVWEWVSTH Lvw, £#2°T,
FRDERD—DOTH HEREBEDET N & L TFHOML S
nNTw3s, AKF EEIZEA NBM 2 L/-9 v FERWT
EREITo7/z. T NBM BIET » M, AfGEFICEE
FIEE R OFEW M, SEREELICIC B 5 REREEE L

LR T A FOFEEEVETHAHRESNTB Y™, AD DR
HEO—HERBLTwEEEZLND.

AD EFLEIICBIT 2 MERBEEL LT, 1) ARk
B, 2) REMRETHRE, 3) NGF %4 & OmigsRE
W, 27 FNVIFF A7 x7—+F (choline
acetyltransferase, ChAT) 7 &% @F S5 2 Miatkd 5 Vi
BZT-EAMBEZ M2 FEY 25 5. Itakura 570, B
KRIGH%ZBEA L2882 0, BIFMOMHEL T, NBM g
7 v FERWT, BRACEBRHESTH 5 R EMEEH ORME
fE& AT, BRI FIC ACh HFMBEILHEEFLTE), B
RIEE RGO L, FREARHEE - FERIME R LZE
WEL TS, F72, Tkeda 5%, HEAREOBMIZLY
AXP® ChAT # X UF AChE L)L dEa & IZE R BEE S
(event-related potential) M FEEHH L7/, £2C, 4MILE
BEUEA % L, EFUEFTENEVCREMRE T MM OB R
% AT o7z,

AD 2BV TIdH4 OMIROBETEO b B D5, BRAE
RICEHSTAEEZLNTVS ACh RE45MxERE LA &
— IV FTTT 1 %TFHIEHI2oT, ACh, ChAT B LU
AChE OWEBLIL DWW THRESOMBIZI Y HETH D
mMAChR B L FACh P T Y AR—=FIZOWCER % 1T - 7.

WAE, ST EYZEO#SEIZL Y, mAChR 12335 cDNA O
Y=Y Fh R EN, TO—REES LG TEEESHS
PZE&N, MAChR 25 2DF 7% 47, T4dbE ml~mb5 2
FEENTVWAED D 7447 ml 22V TIEETIIEL
BYF TR Y MBEEEFOL OIS LTEY, /2 m2
IDOWTIHRE TR Y F 7ACEELECHTHENICES LTy
BEVWHRTVDEHY, IO EIIHERKRE L TR AL
5%\, Mash 621, AD EFILD—2k &5 NBM #EE
FAB LU AD BEORMEEI BT ml LES 7 I3 kL%
WA M2 LTS ORFBALTEEREL TS, — ],
Wang 51 AD B2F(ZBWVWT m2, m3 BX U md4  AChR-
mRNA OZE{LFRD LN B VA, WEEDS L RIEET
mlAChR-mRNA 25434 L HE LTS, ZD &9 I2 NBM
TRIEEF NG BT 5 mAChR B L UM% D mRNA O21{LIZ
BT 2MEIE L0, BF LRI B LRV, IOk
3 A A—BUIME L, FfL COMEFES LTS EEZ
LA, SRIOERTIE, WTNRORIZBWTYL mAChR B &
%2 mRNA %74 47 ml, m2 \CBL CTEEELELE
Wb Lo, EEE LT ml Tl gmEimns s
h, MRERFEICEY ACh DRZ I T 2 WHEREEEK
(denervation hypersensitivity) OIREEZ KL L, BRI TOMK
BEIG 2 & FHEMIE ACh LRV i3 & B L T\ 5 W fe ks
5. m2 TR TERCETENERL, B+ 72
DEEL I LTV AT HRENE L 5Nz, *H-QNB (22w T

1, mImAChR & m2mAChR OWAICHETZIF > FTh

il

DEEOELERL T b L ER5NL7, £ DAY,
BRARHELR ESHOBRRPET§ 5 1205 ROBHILEY
ZALND.

—F, N IT-NIBWTIE, NBM BEETVICBLT
WA CERLBEORT 2RO, Y 33—t
WZEFET A ACh + T v AR— Y ICHFRNISHEET 2 U Fy ¢
THaHVS, TOEALRPOREKRE LTI, BEZKOBE L
LMEHED ACh V7 v AKR—- S DWLNELLNS, o
Eld NBM L ) OFGHHETH L IHTHEIC TR T EHTH -
722D bbHBE SN A, BHIZE L TIIRERFYIZ NBM g
BiIZHLTHEBIIEML, ZhFToO ChAT 3 & UTAChE L~
VOYEOHRELHHOETEBMICLIHREXELTVEL0
EEZOND, BREICLIAHENOEREE LTIE Y+ 7AKEE
DHEMNB LU ACh BIY AADBID 2 2DERI#E 2 bh
LH, FOFHEMIOWTEEENLETH S, 4B, NBME
HWECBWCHEERE TOBRTIETH 1) i cidkx
BIZIZET » 2R TIZ@D SN h o 7228, BN TRER,
BHMEIZBOTORTAED bz, FOBYUEEMEFLT
BT L TR S 20— 8O KISHEELOT i
B, BREECBOCEEMICER, WETORSIRDLIL
HHREEIICEELTB D, B oW TEBREMISEw S L
LHNREIZL B ELLNS.

HC3 By F TRBED b S ¥ AFE=5 DT FTHBY,
AEOERTUHEAELRELERD L7z, ZORKE LTR
IR 2SS FEHNIC BTG, FEHE LTo%
EMOME, *H E#O OIS Er L 2w L b BRLT
WHEEZLNS, HADA4 A—TIZH L TEFE—HEIZo0
TAF I T — W EHERMIZIEKE LR o72h T A=Y
WHELTRAYIag— e L TH - TR Y FNL EOFRE
wohahorz,

MR L 2RO A = X L2 LTI, S—F
YV IREF VI EFVCRIE T, BT LI IZELLNT
WA bl FIEMIC L) BiMoEE, 2) M
CEWEOME, 3) fiv T 7ANOEY A, 4) LT
FIEMEOIERL, 5) MEMKOTIE, 6) MiksER T’
I E BT -2 O - T (ERTHAENEE
WEERELE LS 2 —a > 0fE(f - B L a0b),
7)) WBRMBOBIE LAYE LS, 22721, BT Mg
WAV 1~2mm SV LU, BN T mm M LIERR
P E TS R R S LS 5 & &, M A
MO RA AN L2 b L RIEHS T2 5B 2 ML B
L, WMZMEORSD» Y 25 25088 H BV, 1) #5H3)
IR EBE O S 7 AKKOER, 4) £5) B¥TT
ABBOERCH Y, MBI L ) T sE b LE
25N TWAD, NBM EFVICHIT 5kl TimBuc
L L9 % A = 2 L h5) o TR O Bl R ST
WENE DI, SHROBEHILENSH L.

AEOERIIBWTIE, 1A=V TFI/F— 2L b4t
FUFTTT AN BEMIE T, TOFEOMEMELTS
NETOXBIANLILE DI~ b TVF 7T 714 EHLTE
DR S LR OEBEII L 2ERELEOBEFHITON
3. FRMBHILOMFFTETHY, bebeFIINVT
— 5 THLORIELL TR AD LRI ALV LB, FLER
MCEREE T O ECT & AV Egfb s 2 724, HEmiic
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£BELEL, CORBELLLEEZLNDL, Lo L4HARA
A LT E %D o 724 QNB, mImAChR-mRNA,
m2mAChR-mRNA (2B L TH B2 {bIEE L Ty AR
FaEZBNED, ZOHIIDWTIRSHONERED-TL
THLHMETE LD o7z, MELBELOBITIZOVTIMERET
WG TE D T RE, RO A OSRIEIZSOWTEET 2
DEFDHD. FHBORMS, BEOLS0E, HEEE
OFBEIC LD, AEILEM/ I X BT EE & o 72
PEIEDBHIEOMI AT EE LW EZLNA,

B, THRMEROMEZW & L TIIBRYETNS X R
RIEOFEAEETH Y, MHRERHICHT 2RI v Y
a3y ¥a— ¥ WikEk{%d: (single photon emission computed
tomography, SPECT) BXUKY bo I v i g YMiEHkY
i (positron emission computed tomography, PET) ZB¥ 5 $}
ERERSE PR, N—F LV BBLUNYF L Ry
EHHIZBIU S PET 12 & BHRNFES VL D@D 5N b
OATH N AD 2B 2 BRI R O # o R FZE IR
Az, L LERRIZBVTHEIR, EMHEBEL2 25T
ATEHRBHEDFMOLEEN4BREEL 2L EEILN
5 AEMEHIEL L VL OORMEIZB VTR ERFRLOR
EBWTHEL LR RO hd» 7z, BAE, BRIZBIT BRI
it SPECT Ti&, & 2REEIT L7z AD (2B CHTEMEZE D
MEET2MOENT VS, L LAHOKEREI VI AD
DBEWIZ DWW TIEIRIMAE O ADFEM TIEIAFaEEX N B,

BV TR TSRO E DL, MHEED
1E§:T‘L:1‘l‘<m$ LoaeEZLNED, &< FTHADOMREEED
BERBOBIIED 2R LENLERTWRIZ8E L, 40
ﬂ)%gﬁc:;‘owr 14 ﬂl?nﬁfiii TLEHBWEHCOFMTH Y,
NMB iR IR IZ LA E U Bl fetid B 2 %, 474 ¢
EABHOMBHEIZ M\ -5 Cdh o7,

’/’}‘7‘7\0)'|f"‘5?-i{f;3¢ , B+ T 2B L MBRGEYHO
BH, AR, BFREE, BOE, BEDAAR, B F TS AIIEY j’é 1
ETYNOHEELREOBRBIZE Y IAZHE SR, 2
TRRREE MO LT AN OHREIRBLE NS, ﬂu#ﬁf‘én’)lffﬂ
ELTIE, MR EEW I, M, ro v AK—g, L
TS, kAN AR V=D A—T LTI TR L,
BESI T & A @RS 2 b B & O£ 70124
DXBEMBTOTREM L Z L 5N L. HEUI RS (03—
IV, Ny F b ‘/iﬁh’r"‘l‘f?’ E) Fahac B b o 549,
’n’%ﬂ“) 21N F N AN S -l P AEE ARY R

2T A d v, 3 v & AD L OREPEIE, Pope
%““L-; BIEBEBO/EALEM G OB TR LO TR S,
WABIRE, i To ChAT, AChE OB A MAAR s N T
Wa, L7245 T, ChAT & %\ & AChE O ili{g LAl fElz 2
WERS BN BWE L 2 5. — MBS 4 MRS T
ik V)W?Mta“za ToOIZIEREE & DT 5 3 # st
TERIERAKTE, 22 HBICIMIIERF (blood brain
barrier, BBB) # il L KIS 4 O LB AN I £ B K %
ALZWhiEs v, LaL, ChATICB LTIk, EMHIZ BBB
TEAT 2 L R RED V0, EEAREEEEEL LN
%. AChE 1zl LT, Irie 5% ACh ® ALK TH 24
€N YN 725 — b (4piperidyl acetate, MP4A) O N-2 5
DRF% “C CHEML “C-MPIA x &B L, KV b O
Ths "C TEMTHIIE PET IWIEFHTE S LS LTV A2,

M TIEEIAREETH ) ERMFEMICIE L TERE <&
PO OPE IR TV 5, ?f?ﬁ‘hﬁ%’i’imﬁ FBERNE L b =3
D & 512 BBB % ## T 2 FERME D R V0 SEATHETH

, MEEER S ACh BN A8 i%&?)?ﬁ.b&b‘ F7-,
rnAChR HEHE LT 225 EN T2 9%, NBM Mg
T 70V J v b TidmAChR, mlmAChR-mRNA B Xk Of
m2mAChR-mRNA THELE(LE 2D T, AD OBWIZIZHD
LREZLNRG. F T AFMBIEET S ACh F T > AR
— % DML, HC3 I&KFETH 272 BBB # BB TE %
WZAT T K, SR HC-3 1A E Td b B
THBLR T WA HE TR, —F, ¥ F 72N ED ACh b
7 Y AR—FIERIICH AT 2 2 2 — )L 1d NBM g€
ThTy PTHAL, REMREHBEICIVEEL, 2o
BBB # ElH1{Zii# ‘H*C"c‘{s 5. i 7o WL CTRER L 72 3 o — L
BiIgE SO EBEIRIE 52 CL OO & R 2 & AT
ENTWE, Inb & V)/\% Ia—- e MZBITS AD O
REfRH, MITEOFMIZBVWTHM T EEALND, F/2

SRV RIEHEAET S N A, XY 3 a— ik AD m«h

D 2 I BEROFMIROAEN RNV T Y FL#
b d iz, ™I EE#ILIZ L) SPECT '\U)Fumﬁ‘ﬁfﬁéiﬂ
5.

& k]

AD EFND—2L ENA—ll NBM #IEET VT v MIB
WK ER T MR OB & ATV, BNILEE R & UF ACh RIS
MLTA- NI VF T T 7412 BFMEIT 72, " Te-
HMPAO |2 & Z IR, *H-QNB 124 5 mAChR 43041, *S {4
FUITR7LFFFTO—-7%H 72 ml BL0 m2mAChR-
mRNA 734, *HAHF I 2—- VW BIP'HHC3 12tk 5 TR

— &Mk 1, 2, 4WEITH7 o CTEERRIC LB E L I
’Fm&nﬁ (A TAN

. AR 57 T ik NBM e 7L, BRE L &
ﬁ B EIEERS LY, ACh RO ML m 1
1&&@,&%@& b,

2. QNB, ml 3 £ m2mAChR-mRNA |2 X %2 AChR [
DA AilE, NBM 38T O B0 E 12 53V T mImAChR-mRNA
UDi%é'JJW{ M, m2mAChR-mRNA @i/l % /s L, 4 #Fhi)
FER LM B & ZMR FaldiL, F7oBais &0 gestng
ARL7ZZE X VEBMIZLL ACh L AL e 0553 S 7245,
Ff.ﬁlﬂ/f’@ﬂlﬂl‘tz;twfﬂ% RS EDT, M{EBh
(R & &z oz,

3. VFTANMACh M T L AHE—Y DI H Y FTh B H-
AN I I 2BV T NBM BECEMM R e BT
BHRRTERO (p<0.01), EBEEOBEIZLZEE D ACh
P AR=-TOWANEZL SN, NBM &) OB TH
HEHEEIIB VTR TP ERTH -7z, BN TIE NBM
BEAEEE L UORERIZHEML, 4 BMBIE B THERYE

2O (p <0.05), BIIZLBFBEERKIMLL TW5DH I LATRE
nr.

4, BEACh FF Y AR—-FDYH v FTHa *H-HC3 12 &
AL, TH-AY I -V EEBoEmE R LD, EERE
EREEDE L BIFREEEZE S0, BA/RALTE
BEEIROON o7, FF0EF T2 BBB #iE#BTE
T\, EERBITO O OREHENOSRICIEEN 0T
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PLEEEZ ORI

PLLoiEERE b, AD 1281 2 MR BEOKES MEREE &
LTit, "y 33—k b+ 72/MEACh + T 2 AR~
§ oA A=V rHRLBLTEY, I TEHRTIILICL
D SPECT 1 A— ¥ ¥ FHHifg s 5.

E 2

WEMA BICERA, $OAEIE, WRELED L2 BB AR
BUBATHELRLET. FARELEEE BB ELLE
RRETAV b=—TRAEXy -5 FEXHIR, ¥ MBTFE, &RX
SHEEHIEBE FHF, BEETEE, AE-EBFECIIHER
B, SIRAFEZEEHEEERGE SRR CEHBLET.

F AR 2 0 AR ESAE, BRI B LR, W IE
V7 RIRK SRR ARSI R E T E R 2R OB L 2.
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Abstract

Alzheimer’s disease is one of most troublesome problems encountered in the elderly population. One proposed hypothesis
is that a deficit in cholinergic neurotransmission in Alzheimer‘s disease underlies this serious symptom of the disease. The
Cholinergic denervation rat model by producing an unilateral lesion of nucleus basalis magnocellularis (NBM) is reported to a
model of cognitive deficits, audis one of instructive models of Alzheimer’s disease (AD). Neurotransplantation is now
promising to be an effective strategy for functional repair in a variety of neural systems in disorders such as Parkinson’s
disease. In this study autotransplantation of vagal ganglion was performed to NBM lesioned rats. The effects of cholinergic
grafts on cholinergic systems were evaluated by autoradiographic images at intesuals of 1, 2 and 4 weeks after surgery.
Cerebral blood flow (CBF), muscarinic acetylcholine receptor (nAChR), m1 and m2 subtype of AChR-mRNA images were
obtained using “"Tc-hexamethyl-propyleneamine oxime (*"Tc-HMPAO), ['H]quinuculidinal benzilate, “S-labeled
oligonucleotide probes by in situ hybridization respectively. Also acetylcholine transporter images were obtained using
[‘Hlvesamicol and [’H]hemicholinium-3 (‘H-HC-3). The autoradiograms were quantified by bio-imaging analyzer using an
imaging plate; the regions of interest (ROIs) were set in the cortex of the affected side and unaffected side symmetrically, and
the affected-side/ unaffected-side ratios (AU ratio) were calculated from these mean photo-stimulated luminescence (PSL)
rates. In both NBM lesioned and autotransplanted rats, there were no remarkable changes of the AU ratio at CBF, mAChR,
mImAChR-mRNA and m2mAChR-mRNA images. On the other hand, the ['H]vesamicol images of the NBM lesioned rats
showed significant reduction of the mean AU ratio at 1, 2 and 4 weeks after lesioning (p<0.01). Furthermore, the mean AU
ratio in autotransplanted rats gradually increased and significantly improved 4 weeks after transplantation (p<<0.05). There
were no remarkable changes of the AU ratio at "H-HC-3. Clinically emission computed tomography (ECT) with radiolabeled
vesamicol may be a potential procedure for the assessment of neurotransplantation therapy for patients with AD.



