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(-)-FEOBV (2)-(2R,3R)-trans-2-hydroxy-3-(4-phenylpiperidino)-5-(2-fluoroethoxy)-1,2,3,4-tetralin
(+)-spiro-FBT  (+)-p-fluorobenzyl spirotrozamicol

(R,R)HAPT (R,R)trans-8-methyl-2-hydroxy-3-[4-[2-aminophenyl|piperizinyl]- tetralin

3-EPB N-ethyl-3-piperidyl benzilate

3-MPB N-methyl-3-piperidyl benzilate

3-PPB N-propyl-3-piperidyl benzilate

4-EPB N-ethyl-4-piperidyl benzilate

4-MPB N-methyl-4-piperidyl benzilate

4-PPB N-propyl-4-piperidyl benzilate

ACh acetylcholine; 7&F /L=l

AChE acetylcholinesterase; 72T /Lal) A7 T7—F

ACTH adrenocorticotropic hormone; | B K2 & Hl A /LE

AD alzheimer-type dementia; 7 /LY /A~ —TIERHIE

B.B.B. blood-brain barrier; . X ESFH

BP binding potential; #% & HE

BPxp binding potential non-displaceable; 72— 7 f& & EEL

CBF cerebral blood flow; A ILE &

ChAT choline acetyltransferase; =1V 7 B F VRS IR

CMRglc cerebral metabolism of glucose; A~ R #E(R 3%

CNS central nervous system; HAXAHEE R

DMF N,N-dimethylformamide

DMS delayed matching to sample; FELE LA+

DVR distribution volume ratio; 4y A {A5f& bt

ECD electrochemical detector; &5 b Higs

ECF extracellular fluid; ARSI

FBMV 4-(4-fluoro-benzoyl)-7-hydroxy-6-(4-phenyl-iperidin-1-yl)-octahydro-benzo[ 1,4Joxazine
FMV (1R,2R,45)-4- (Fluoromethyl)-2-(4-phenylpiperidin-1-yl)cyclohexanol
FWHM full width at half maximum; J*fE4IE

GC gas chromatography; A/ a~<h/57 ¢—

HI hydroiodic acid

HPLC high performance liquid chromatography; =#EAIA~h7T7 1—
LV. intravenous; KRR G-



ICs

ITI
LiAlH,
logD7 4
mACh
mAChR
MP4A
MRI
ODR
oM
oMV
PET
PMOD
QNB
rCBF
RIA
RLS
ROI

RT

S/N
SA4503
SPECT
TAC
T-DMS
THF
TLC
TRB
VAChT
VGS

Vit

50% inhibition; 50%PH &

inter trial interval; #1781 E

lithium aluminum hydride

distribution coefficient; 43HECAREL

muscarinic cholinergic ; XAV PR

muscarinic cholinergic receptor; LALLM 7K
N-methyl-4-piperidyl acetate

magnetic resonance imaging; A% A i {5 14

oculomotor delayed response; I 4E 5 it i

orbitomeatal; R4+ H £L

(-)-0-[11C]methylvesamicol

positron emission tomography; 7837~ 7 & % iR 15

pixel-wise kinetic modeling; ©'7&/LVEIREE T 7 b

quinuclidinyl benzilate

regional cerebral blood flow; J&j P/ L it &

radioimmunoassay; R P00 I E S

reference tissue-based linear least-squares; 2 AR ~— 2D /s 3k
regions of interest; B8/[ Mk

reaction time; i)

signal-to-noise; 18 /M5
1-(3,4-dimethoxy-phenethyl)-4-(3-phenylpropyl)piperazine

single photon emission computed tomography; /> 7 V7 4~ W@ Hix s 15
time activity curves; IR 5 AE Bh#R

titration version of the DMS; i ERLELE H. & HH ik

tetrahydrofuran

thin layer chromatography; g7~ h/77 1—

tropanyl benzilate

vesicular acetylcholine transporters; 72 F /L2 /NNahT L AR —4—
visually-guided saccade; 5% 7% B il 4 AR BRI )

total distribution volume; #3454 {AFE
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FER A 3 R TTAC I L+ D23 TED, RUM RS L Cid, EC'C (F8i1 20.443) |
PN CER 9.97 43) . PO CE 2.03 43) L F CEIE 110 29) S WHIL TS, ZHOERE,
BB CHLT-OMIFR T D A/ uaba N TEAIND, S A7aka CEASNIZR Ve
X, {LFIED COy NOX, Oy, FEWSTEHHIZRE THROIL, ZNHEHWTHRE TS PET Y n—7 %
TR C A BRI D UERH D, SN PET 7 ua—7 3 ERICER S, AERNT, 2071
— 7 DR AR LAY P PR L R 2 R M A RO LT AR RN BN R - A 2R,

Figure 3  PET FHUDJFER; (AN ORI v i HEEFEN D ikl Sz R L, S50 &1 Sl
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ZHT IR AST U CET AR 2 FHAIL , 2 B a— 2 T3 2281280, PET 'o—
T OERNTO % 3 IRTEHNCHEBAL D2 LN TED,

PET (LA FOREBMEN TS, 1) AEIZIFRERNTHY, AV b i R I Ch D
ZENS, [Al—EETHIRL PET 2HIZATH) ZEMNTE D, BT 20 4 0['CIPET 7 n—7"Tid,
1 FIZEHEIFHCEA LMD, [FA— AR THERE DO/ a ha— L BRI Z & 5 L7 L X DR RE
BT AZENTXD, 2) B HEEED PET 70— 7 % 5T A2 M AIRECTH DT80 | HERD it
PR S TCIXREECTH -7 in vivo TN HIR S B/ RLEOIKIVFH) T A—HEROHIENA[FET
&5, 3) W E IR E LT RTREIRER)G | BNt R E LT B IREABR £ CRICFIE TRl d 52 L3 AT RE
Thb,

ARHFFE Tl ACh VEEN RIS EE A STl 92810 PET 70— 7 OB% . BLOLANVAET &
F a5 (mAChR) LECIEMERE L O BB 2B TRaEt a2 1T - 77, ACh fifkL . ZR0E - FE R
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1 —7 N-["'C]methyl-4-piperidyl benzilate ([''CJ4-MPB) I3, i ~DHEREAMEL | fiEBEE %3/ NS PET
FHA ORI IS E L2202 | T SR CTH 52 e85, HHLIC[CI(+H)3-MPB £ Z DL
FPER[NC(-)3-MPB #BEFE L. ['C]4-MPB Z5%f4: 2L T[''C](+)3-MPB @ mAChR ~ i i 4 ZFfh
L7 [''CI(H)3-MPB (IS B RFAET D20 | ARG BMERD[ ' C)(-)3-MPB 122\ Ch
AL, FHliA1T 72 (55 1 #) . mAChR ~O#EAREDSE U B\ 7 10— 71352 AR O 35—
7 EUNTFEAREDIRN T B — T IXNIEMED ACh LHEE T 5728 NIEMD ACh O &% KB 7-EhRE

%ffﬁ‘*bﬁzﬁ%éo %2 mTIEH INOEZEL CRAROELRD PET 'o—7%2155720|
(+)N-["'Clethyl-3-piperidyl ~benzilate ( [''C](+)3-EPB ) . (+)N-["'C]propyl-3-piperidyl benzilate
(["'C)(+)3-PPB) ZBA%E L, #EAMi 24T ~7=. % 3 #TlE. mAChR OE(LICHEI LA, Bl L O Y
JUIMT [''C] (+)3-MPB, [''C](+)3-PPB % I\ CRFAMi L 7=, #e< 5 4 F T, M mAChR ZfLET52

SITID, PSR E 25| SR HEA L TRAaRTI 2 Vv, mAChR (5 A REGRFENEE

RERE L D BR 2 Cl(+)3-MPB & W TR L 7=, 7 F /L al AR O T L T 7 AR A
PEERAL T D PET 70— 7 OB N W EIEHOCODIRRE TH L Z LD, T F Lal i /hMahT AR
—4—(VAChT) 23, 2V ARE RO TV o F T AD~—J1—E7258%5 2 7=, VAChT i#iRE PET 7’1
— 71X AD OZKICKEFAHN THLEEZONDZEND, B 5 ETIX, C-11 £k
(R,R)trans-8-methyl-2-hydroxy-3- [4-[2-aminophenyl|piperizinyl]-tetralin ([''C](R,R)HAPT) | LZ D%
FVER[C)(S,S)HAPT % VACHT J#=IRA PET 7 u—7 L L TR LML 7=,
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T
£

PR MR FRI T AR SR & AU AR5 2 FPAR AR S 0D R IE OO I SR T 1M O 4R E D52 2 I Hg e
OFERAREFICL > THEEISND, BIZIX, THEMELADY AT 2T La) s (mACh) #FE R IT,
FLIE - T O RAERB IS W THEREEZ R TD, FEEFHYFIEIZEYD . mAChR OFf
AP EIK CHOLAARTIVEG1E, EMTBW TR R B E 25| & 2L (Collerton, 1986) , —
FTEIVRT A AF I DT vF Lalr A7 5—F (ACKE) FLESR L, B IRIE TS
ZEDVHIFL TS (Honer et al., 1987; Sitaram et al., 1978) , AD Tl #FURRHES RS ABEDIE(E
DM IR EL 022 KT 573 (Katzman, 1986; Selkoe, 1990) | BTEAZED ACh TEEIMEFREE RO TEL
MG O ACh EEIPEAIIR R OBSREIR T, KIMEE CoOa)L 72 F VEBRBEFE O RKIBENLID, Zhb
® ACh {EEWWEARHE R D B OFEEE LFRFEDORE 1T R —EHL TWHIENFNHIL TS (Hohmann
etal., 1988; Perry, 1986), mACh MR DERE X, N F b B (Enna et al., 1976, Wastek and
Yamamura, 1978) . %731 & FJE (Fahn, 1983) . /~N—3F 2§ (Ruberg et al., 1982) . A FiiiE
(Tandon and Greden, 1989) Z£ D Z< D HX ML B ELBIRA B D,

PET I%, 2N ETEIZR S 4885% (Volkow et al., 1996) (2351 DAMRAREEW L 5% AR O
TRARH 2 35 OB RE R O TR IR AV HALTET A8, ACh VEBMERIIRRICBIL TH [ C]A R TR
> (Vora et al., 1983; Mulholland et al., 1988b; Frey et al., 1992) . ["'C]7 %&£ F XK (Dannals et al., 1988) .
[MNC]F X2V~ —NQNB) (Prenant et al., 1989) ., [''C]X> Xty (Dewey et al., 1990b) .
["'C]rm 3 =/L L —NTRB) (Mulholland et al., 1992; Koeppe et al., 1994) %0 mAChR fD[''C]
T A PSS ST Maziere, 1995) , EHIT, ZAIVDIERRAL G #% VT Z{EIZHED mAChR D%
bz B mIITHR T 54817472 (Dewey at al., 1990b; Suhara et al., 1993; Lee et al., 1996) 23, E
FL0 mAChR BEALA WL, WT LB I ~DOBATIED LR AYIEL . mAChR 25D BEH AR |
A RN mAChR @ PET IZEAREMICIZR AN SHHEE LI TND, T7abh | iGN LO fEEEH
FERS BV LG Tl R ha U RO BRI Lo THIl IR 252 1T D BR O 7 FHARE [ (8
20 45D C-11 THK 90 43) IS EHH T BT LN TEZRNZ0 , SEHRIRAED D H 3 B AT 23 IR
ThHY, BT EDEIC IV Z FEA~OREG VN ELZ T TLEIFL A SN T D (Koeppe
etal., 1994), JVIEVIMNENRERFH% H #5L C. Mulholland © (1988a) IZH1 i mAChR 77> &%= =ArD
WEALA Y N-["'Clmethyl-4-piperidyl benzilate (UL T, [''C]4-MPB. Figure 4) ZBi%L T, EEREIY
(Buck et al., 1996) 3 LU (Zubieta et al., 1998) TR L 72, £ Dt K. AR L7 mAChR #Ei#fb&4
FOH B RERFIE (M~ ORATYE, SRR NS T 2 F 4 R L7223, F2E BT IIIA+-4rTh-
77

ZFZC.PET FHANCE L 72 FE DM ERERFPE D B % H AL LT, N-["'C]Methyl-3-piperidyl
benzilate (VL T, [''C]3-MPB, Figure 4) (Takahashi et al., 1997, 1999; Tsukada et al., 2001) 23BAZ &7,
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ARSI IR FIRFE L S T IEHER D[ C)(+)3-MPB ERIEMHILD['C](-)3-MPB @ 2 S D)

FNERDBFAET D, IEERI D[ C)(+)3-MPB 1%, 7y MM#LA T Y 31— AV in vitro 756 528
(IZBWTC, BBRLZ[C]4-MPB £Y mAChR ~OBFEIMEL, ATy MM HITS in vivo FHET
mAChR 7°5[" C]4-MPB L0 R\ Vi i 47355 73| L 7= (Takahashi et al., 1997) , AHFFETlL, Bt
BIZLTEBERISEA ~DOR T AL —2ar BB LT, T A7 YL OKD mAChR %42 LT
[''C](+)3-MPB &[''C](—)3-MPB %[''C14-MPB & ki & 423t A7 A2 7,

N N

/\>S‘/O . N1JCH3 /\>§‘/O

l\/ O \O l\/ o \G\k
11CH3

A: [11C](+)/(-)3-MPB B: [''C]4-MPB

Figure 4  Chemical structures of [11C]3-MPB (A) and [1'C]4-MPB (B). [1'C]3-MPB
provided two stereoisomers; the active form [11C](+)3-MPB and inactive form
[1C](-)3-MPB.

1-2 RS J5 1k
1-2-1  EBREW) LK

PET 32BRIZ 5 VEDIREE 4-6kg DA WHELET 717V (Macaca mulatta) % V=, FEEREMITK
[ D E SR AERFFEAT B L ONEIAR N = 2R A FEFT DT AR T A N> TR o7z, T 2 BERL b A

\ZJEDENRZ 3 7 A LA 321 -8R Z PET GHANZ V2, PET EEZRE 3L 41 (magnetic resonance

imaging; MRI) THRE S+ H 4L (orbitomeatal; OM) i lZFAT72 A — O B AR HNH I, KBNS
THALUIe~YRHRLL —Z T MRI B a5, BEF—F =7 IZEET L7201, D7
PET FEERBALA 1 » H AN IS S —) VRREE T C, BEM T 27UV 7L — MR T IO 5 F
ffi%17-7- (Onoe et al., 1994) ,

ATRT I BT, AR (R0 25D A LT, [ C1(+)3-MPB-[''C](-)3-MPB D& 7
i CdDH(+)3-MPB * (-)3-MPB ., X UHIBRIKR THH(+)3-PB+(—)3-PB (., BEH D HiLIZIV &k LT
(Takahashi et al., 1999), [''C]4-MPB DFEYESL TH D 4-MPB 36 L OHIEEED 4-PB 13, BE#D 7L
FVA L7z (Mulholland et al., 1988a).,
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1222 [CHEFAL AL

RUMaVMHERTHLRFE 11 (C-11) X, IERARN=27Z PET B4 —NOHAr/aktar
(HM-18, A HM T3 () . KB A A% AW, "Np,o)''C BEOSIcEE S, [''Clco, D1k
HIE T2, ['CICO, 24 —%4 YRV 400 ml/min T-15 °C [ZRLT Y7 A7 —F—ZTHAILTZ 0.5 ml
@ 0.1 M LiAIHy/THF SSHRIZREIAATL, eV T 400 ml/min O N, FASE T, 120 °C (ZHIEAL
THF # % L7-, THF 8 £, HIZFML. N, &5 F (50 ml/min) 120 °C (2T, [''C] IV{LAF L%
7=, [''C)(+)3-MPB . [''C](-)3-MPB, [''C]4-MPB %, % % D AF L ETERAL[ CIF L ATF L&D
N-AF WA TR T, ZE N OIE#AL G O B AL BRI 1T 99% L b EE U REIX
[''C](+)3-MPB T 61.7-92.4 GBg/umol . [''C](-)3-MPB T 60.0-79.5 GBg/umol . [''C]4-MPB T
34.4-75.9 GBg/umol T -7z, SEREIZAKL T D HEEMER L=, 0.22 pm D7 (/L Z—IEi#%E1T
T PET GHANZ AW,

1-2-3  PET &+l

T 2%, Wil O Z2 M 53 fERE 2.6 mm., 5[ O ZE[H] /3RS 3.6 mm, 31 Wil D[RIIET —4
IWSEDVERER A T 28 H 8 /0 f#HE PET 4 AZ(SHR-7700, Efah=27 2 (#) | #£42) (Watanabe et al.,
1997)% FWVCUYLAEL . Hunning 4.5 mm 7 /L4 —% F\ /=, Filtered back-projection %% FV V7= [l Ff
WRAEAT ST,

— BRI % ., REEREO D=7 AP L% OM [l FATIZRDINTE F—F =T ICEEL
7o b G a5 32722, H=a—LEREOE FH IR~ AL, BIRILA PRI 5720125
DI ==2—b % SO O R D KRBREIRITHFEA LTz, EBREN) ~DORIE AR T 572 PET FHAlIZ#EHA
DT TIToT,

[''C](+)3-MPB, ["'C](-)3-MPB F7-iZ[''C]4-MPB (100-120MBq/kg) % . 1 ZBOIEE $lk A == —
VIO#EE LT, 10 B RIEHAIZ 6 [B1, 30 [RIEHAIZ 6 [51, 1> fIFHIZ 12 18], 3 3 EHAA 25 BlOFH91 43
D PET 7 —ZIEEL T T, FEfb G 5 60-91 /3% ORI T — 2 %R L C, B.OaEK (ROI:
Region of interest) % & 1 PET i L7z, Figure 5 T/ 9 EHIZ, ROL X4 % O T 17 Y /LA¥D MRI
FVRXEL. ROI DS REBIEZ FL T L7z,

124 iiAEFAE O E

J~DFEFRAC A D N TS AW E B =012 i o o R AT %17 - 7= (Nishiyama
etal., 2001, Tsukada et al., 2001) , =k ALA W 5D 10 %05 66 FVET 8 B, il YT 96, 156,
246, 336 Fh1% . BT 20, 30, 45, 60, 75 FB3L TN 90 5% (CEIIRIM AR L 72, $RER U721k i o BEL |
MAE D EEAPEL ., BERREAHIE L, (R O7-012, AR EDAZ ) — NV E Iz T lsy
Bt . BigAa g 7o~ 7L —R(TLC) (AL SIL G/UV, Whatman, Kent, England) _EDJFfIZ AR B
L C. ethylene dichloride : diethyl ether : ethanol : triethylamine =20 : 20 : 1 : 1 Z W CREL, #HiEr
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0~ b7 T7 04— EORBACREAH D O I iEE A A— 07 7L —RBAS-1500 MAC, B L7 AV A,
FR) TRt B0 . 22 OB M 2] C i 4 o 2 Hd re (REH -+ R AGEW) [oxt T o R O
S RED LR AR H LI,

1-2-5  AADVAMEZ RO E R
o— A7 ay MENT Gt L RO R—=R AR ET VB IO TRERRICESE SfMAEEL T
RSND U 2R B 2 — IRB D E TR 2L TES (Logan et al., 1990)

Cp kl ROIND& Cq Cp kl ROIy;
o <0 | mEEE < ROI - SR

[ RoI()dt/ ROI(TY = K || Cp(eydt/ ROI(T)+C
ROI(T) & Cp (T) ARZITIZ 31T DAk N AU RE L BNIR f.od AT s e A & L, K I3MEET C 1%
Y #OB R THD, b A D = ZRIT L TRk &2~ T 581, n— 7 ey Midh s
IRF R AR L IR BRI I 1T D0 i A B L LV MEE (K) OFRIFIZ 722, /MK (K (CE)) @ K £4% % D ROIL
(K(ROI)) D K DL, BN mAChR D534z L TD,
T 77y MENT Tl L F O FERICESE, FER[HifaL R—R A MBI AR LA
YD IEROEEFEZ T H L7 (Patlak et al., 1983)
IOTROI(t)dt/ Cp(T) =K " Cp(t)de ! Cp(T) + C
ROI(T) & Cp (T) BRFZITIZ 31T DA N HOH RE S BRI oD M A A REZ R L, K IR E AR,
C XY HhDH S ThH D, fHE (K) 13 K1k3/ (k2+k3) L5E L, fREEERL (k4) 13, FHAIO IV T
TEDLEET D, Patlak OFEZIL, MEAKEIM (B.B.B.) FEiEE (K1 & k2) IZ&> TREIN, fEHE
(K3 W TIFHLES 72\ (Patlak et al., 1983)

1-3 (SRS

[''C]3-MPB(A)&[''CJ4-MPB (B) DAL 44 Figure 4 (25357, [''C]3-MPB DALk IC AR FF
RFEEE LT, 2 DO B IFET D,

Figure 5 ® A-C |%, BELT 747 9 /LEKMD MRI &[''C](+)3-MPB, (-)3-MPB, [''C]4-MPB DO #%5-
60 75 91 53#% 0 PET B THhD, [''CI(+)3-MPB DBPNEA 13, MR Tleb i<, R IHIER
MIBASE B2, ATEASE R IR E MR SRR THRRE | TRV /MM TR b IR -T2
(Figure 5A), [''C]4-MPB DM 45414 C1(+)3-MPB DZ N EIFEA L RIL Th-7-75, [''C](+)3-MPB
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DIGPEERNIE[ ' CJ4-MPB 4 FE LV &7 > 7= (Figure 5A., C), ZAUTK LT, [''CJ(-)3-MPB I Ffil D 4T oD
AL _m\f[“ C](H)3-MPB B L U["'C]4-MPB LK\ Vil fE4E A%/~ L= (Figure 5B).

oM +0 +3.6 +7.2 +10.8 +14.4 +18.0 +21.6 +25.2 (mm)

Figure 5 MRI and PET images of [1'C](+)3-MPB (A), [11C](-)3-MPB (B) and [11C]4-MPB
(C) in the monkey brain. MR images of monkeys were obtained with a Toshiba
MRT-50A/II (0.5T). PET data were collected in the conscious state with a
high-resolution PET scanner (Hamamatsu SHR-7700) with a transaxial
resolution of 2.6 mm (FWHM) and a center-to-center distance of 3.6 mm. Each
PET image was generated by summation of image data from 60 to 91 min
post-injection. The stereotactic coordinates of PET and MRI were adjusted
based on the orbitomeatal (OM) line.

["'CI(+)3-MPB DOMNENREIL, $¢5-0DF1F 40 4% ARV, IGHLE R | % IEIE R E
BLOHIREI TR REEE OB K2R L, R EAE TIT 30 4314 Tl KIEIZEEL T (Figure 6A),
FREAR MRS T, B 5 DBLE 60 5 HPEMED R K Th -7z (Figure 6A) , mAChR O {7-7E )3 HEA
TEDFERN DI TR E L7/ MM T, #8510 0B IR KMEZ R L, T D% ITHRBD 2/~ LTz
(Figure 6A), RIREGIZ, [''CI(-)3-MPB DORMNEIREIL, BRACIR, MG . KIMEE & & e & TORIKIC
BT, ['CI(+H)3-MPB O/MUOEREE (Figure 6A) LFALILIZHe 5 10 02 IR KEZ R T EIRE CTH T
(Figure 6B), — 77, ["'C]4-MPB D i ~DHEFEIL, HLEK , FERBLOVNMLIA O TOREIL T, #5914y
H%ETHIINLT (Figure 6C), [''C](+)3-MPB DMANEIFE TIZ, $5-0 91 4y LN BEGHE & Oe—2
&5 (Figure 6D) | ['CJ4-MPB DT, # 50 91 3% £ TR RAFE A O — 7V AL T, IR
EEBITIR A T INLTZ (Figure 6F)
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Figure 6  Time-activity curves of [11C](+)3-MPB (A), [11C](-)3-MPB (B), [1C]4-MPB (C),
specific binding of [11C](+)3-MPB (D), [11C](-)3-MPB (E), and [':C]4-MPB (F)
in the conscious state. PET scans were performed as shown in the legend of
Figure 5. Regions of interest (ROls) were identified according to MRI of the
each animal. Curves of specific binding of [11C](+)3-MPB, [11C](-)3-MPB and
[11C]4-MPB were determined by the subtraction of radioactivity in the
cerebellum from that in each region.

MAChR D7 > A= AN THHATRTIL (50 pglkg, i.v.) & B AW 5D 30 75 BICHIT R 5
T4, ['CI+)3-MPB &[''C]4-MPB DRSHEIALA, IMMLIS DA TOREKCTa I ES -
(Figure 7A, C), F7-, B LA b 40 53T AaRTIL (S0ug/ke, i.v.) 5358 /INKLISL D
L TOHE T Cl(+)3-MPB £[''C]4-MPB D PN ELDIA A D FEFE 72 B A Bl 23S 7= (Figure 7D, F),
— 47, ['CI()3-MPB TlIE# 5.1, # 55 DATHKTUAL GACL DT, VTIOR8 ThR
LN ->7= (Figure 7B, E),

MFETIBNT, %% O CHEFAL A WITH S 30 PLINICE —2Z27R L, TOHBELNITHD L
7= (Figure 8A-C), TLC XA IHTICINT, %2 OV CHUEA L AW IF AU B I Ak
DM ER 2 ITREE N D FAVHIBA L, 5 60 5351231 D2 RE CREIRHR ) 1okt
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+5[''CJ(+)3-MPB. ["'C](-)3-MPB, [''C]4-MPB D RZALIKDEIAI1X. % % 32.6+3.0, 39.7+7.6 &
6.2+1.3 % Tdh 7= (Figure 8A-C. i AX),

Figure 7

1.27 A 1.27 B s Cerebellum 1.2] c
o Pons
1.07 1.07 * Hippocampus { o
+ Occ Cix
= o Striatum
-E 0.8] 0.8 = Thalamus 0.87
g x Temp Ctx
= 06 0.67 & FrtCtx 0.67
: + Cingulate
S 04 0.4
[= 8 ’
=

0.2 T

—— T T T 00— T T T Q. -
0 20 40 60 80 100 O 20 40 60 80 100 0 20 40 60 80 100

Time (min) Time (min) Time (min)
1.2 1.27 E 1.27 F
1.0 1.07
0.8 0.87
0.67

Uptake (MBg/ml)

T T T T 1 0.08 T T T T 0.0 T T T T ]
0 20 40 60 80 100 0O 20 40 60 80 100 0 20 40 60 80 100
Time (min) Time (min) Time (min)

Effects of scopolamine on time-activity curves of [11C](+)3-MPB (A and D),
[11C](-)3-MPB (B and E) and [11C]4-MPB (C and E) in the conscious state. The
monkeys were intravenously administered 50 pg/kg of scopolamine 30 min
before (A, B and C) or 40 min after (D, E and F) the injection of [11C]labeled
compounds, and PET scans were performed as described in the legend of Figure
7. Regions of interest (ROls) were identified according to MRI of each animal.

R 3R (Figure 8A-C) Dt L7 RZE KO ClHE#A LA D N F1B%A /- Patlak
plot #1233\ T, [''C4-MPB 124 COREIR CHUFIENR #2355 h (Figure 9A) | BEEROER %52
(Z LT AT RS SR < —EL TV /= (Zubieta et al., 1998), — 77, [''C](+)3-MPB Z Patlak plot fi##Ti2 4
WT, 8  THE=0 L2 5 FERIE O iR 2345 B 7= (Figure 9B) , ZiUE, [M'Cl(+)3-MPB ¢ mAChR 725
DFREEHE FE 728k (kd) WA TE/RNZEZERT %, Logan plot fi## Tl [''CI(+H)3-MPB 134 TOH
sk e RN th AR AR L7z (Figure 9C) o
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Figure 8  Time-activity curves of radioactivity in arterial plasma after injection of
[11C](+)3-MPB (A), [11C](-)3-MPB (B) and [11C]4-MPB (C) in a representative
monkey treated with saline in the conscious state. Total radioactivity (open
circles) and unmetabolized (closed circles) [11C](+)3-MPB (A), [11C](-)3-MPB
(B) and [1C]4-MPB (C) are shown. The ratio of radioactivity in the
unmetabolized fraction of each ligand to that in total plasma (metabolite plus
unmetabolized) was analyzed using TLC and phosphoimaging plate.
Unmetabolized [11C](+)3-MPB (A), [11C](-)3-MPB (B) and [11C]4-MPB (C) were
calculated by correction of total radioactivity with the ratios of unmetabolized
ligands at each time point as shown in the insets.

Table 1 (23 T, mAChR DAFFEH ML CE 5% RIS L T/ MK 324« ORIk 31T
5[M'CJ(+)3-MPB ? Logan plot DEZ DL, 3L CJ4-MPB @ Patlak plot DEXD LI, in vitro fEHT
IZEDR®H BT mAChR DFFAE & (Bmax) ©7 —4 (Snyder et al., 1975; Lin et al., 1986) & E<FHEIL T
Y

Table 1 Reginal uptake and receptor-related parameters of [11C](+)3-MPB and
[11C]4-MPB in the monkey brain under concious state.

[M'Cl(+)3-MPB ["'C]4-MPB

Uptake value Logan =lope Uptake value Patlak slope In vitro B,
Region (ratio to cere)! (ratio to cere) ({ratio to cerel® (ratio to cere) (ratio to cere)®
Pons 1.74 = 0.11 1.62 = 0.22 1.86 = 0.06 1.72 = 0.43 2.8
Thalamus 3.31 = 0.28 427 = 0.94 3.50 = 0.30 3.62 = 0.11 3.5
Frontal cortex 4.53 = 0.37 481 = 0.48 3.58 = 0.38 3562 +0.256 T4
Temporal cortex 4.82 = 0.49 5.07 = 0.650 3.76 = 0.43 3.73 =029 B.0
Oweeipital cortex 5.56 = 0.49 5.83 = 0.64 4922 = 0.89 421 = 0.56 9.4
Cingulate gyrus 4.85 = 0.28 519 = 0.68 3.67 = 0.32 3.62 = 0.27 4.4
Hippocampus 4.84 = 0.34 5650 = 0.62 3.48 = 0.21 3.43 = 0.21 5.b
Striatum 6.67 = 0.74 B.05 £ 0.97 4,32 = 0.37 4.08 = 0.14 16.0

Wptake values of ['!C]labeled ligands at 6081 min postinjection expressed to the cerebellum.
?In vitro equilibrium [FHIQNB binding (Lin et al, 1986; Snyder et al., 1075) expressed relative to the cerebellum.
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Figure 9  Patlak plot analysis of [11C]4-MPB (A) and [1'C](+)3-MPB (B), and Logan plot
analysis [11C](+)3-MPB (C) in ROIs of the brain of a representative monkey
treated with saline in the conscious state. Analysis was performed on the
regional time-activity data over 15 to 91 min after injection of [11C]4-MPB or
[11C](+)3-MPB. ROI(T) represents the radioactivity in each ROI at time-T as
shown in Figure 8, and Cp(T) represents the plasma radioactivity at time-T
shown in Figure 10.

1-4 EE

ARETIT, B mAChR B LA TH D[ CI(+)3-MPB &7 DL SRR C)(-)3-MPB %,
B RREEM A PET % FA\CRERT 17 L O %56t SIS U CAMIN 734 C B REMRIT 217> CRFl L 7=,
TERAN OB FeEiE R m LTz,

FEE S =7 AP L~D["'C](+)3-MPB, [''C](-)3-MPB, [''C]4-MPB D #k#% 5-12 k0, 2 Hiik
{bE W R A BE P A 35 L TN N ~ DT 72 B IA A7~ U W1 OB AE 135 T i i i e % SO L
THERIC LD D Th o7, #5-60-91 0# D PET i Ti, ['Cl(+)3-MPB ERITMRARAR Thibm<,
TREATE R E | MBHSER B | ATTASE R R, HRIRIE] VS CHRREE | BLR &G CIRL L /NN A e b IR o 7,
INIEEERON T, [CI(H)3-MPB ORI, FE ik L A% 5 30 /3BT mAChR DT L 4T =ANTH
DAARTI G L o TR ESN ., FEBAL SR G 40 2% G LIEATRTIL O 512X
DR T L72, ZAH0%E B, ['C)(+)3-MPB DM ~DEFEAY, mAChR (24 BRI THH L AR
LTW5, —H, [''C(-)3-MPB D437 13MH DA TOREIR TIES | ZAUTAARFIL DR 512 L > Tl
EZENT-[''CIH)3-MPB D434 L 2L Al —Tdbh -7, ZHHDFEEIE. ['C] (9)3-MPB D434 1%, FEHr 5
BB LWEBEE 2 2R T b D THHZEERIEL TV, bL, IHEMERTHSH['CI(+)3-MPB DI Fiiy
A LB 55 DI N BN IE SRR PER T B[ Cl(-)3-MPB . &4 [RIL THIUE, IHHERL I LOARTENE
RO CHE LA A& BTz 2 [l PET #HIITT, in vivo TOMN mAChR O7E BRYEHT 23 AT HETH
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B, HIFHC R U TN A~DERED [''CI(-)3-MPB &[''C](+)3-MPB T34 [/—T/ioT=, fEahe
EIEFREA R CHEZ R LIZ QNB O 2 DONFRIERD T —2HBHENIS NS LI (Lowy et al,
1976) . ML 5 MR N BE P 2208 L CO R~ DBk DI R Th 5D &5 2 HiLD,

[''C14-MPB EELEEL T, [''C] (+) 3-MPB I3 in vitro 3252 T/ 5H417- mAChR 28 &8 5 CIEAE T 5
HEI (Snyder et al., 1975, Lin et al., 1986) 33T, HHREOERE S Ei o7, 56072591 73141280
T /MRS B[ CI(+H)3-MPB. OERED ERITMRARIRT 6.67, RITFHIERE T 4.53, MIBHIERE T
4.82, HEAERE T 5.56, MEE T 4.84, #ARIEIT 4.85 THY, ZDETOLHII['C]4-MPB DL (4.32,
3.58,3.76., 4.22, 3.48, 3.67) KO FEH 2Tz, ERDERRIFFEIZINT, T 5H% 60 S 4D/ NIRRT 25
SR ~DERIT, ['CI4-MPB, ['C]TRB, ['ClA=R T [CIN XhmE > T 4 2-3, 3.3, 1.71,
1.53 T&H 7= (Suhara et al., 1993; Koeppe et al., 1994; Frey et al., 1992; Dewey et al., 1990a) , ZiLHD
FLOE, [”C](+)3 -MPB IZE RO CEVERN RN L THEND, #5 1 BER% %O
B LOEFEGAN in vovo (ZIIT DIEFRILE W) SRR AR DRE G Z M UTE THLEE T DL,
ZOHEITENRE M LD AT 2 LB L LW BB EZFF O F L0 | ARk % 72 REITHE5<
B R AT 22 A REZ BB L TEDEBE X DD, Fio, EEBMNT O I DN 28Rk
MAEATIEED AN TIBIFDREZET, in vivo FEATICIIT D2 FAKKE & %4 N IEMEIZ T D Al Re ey @ <72 %,
AWFFEOREFIT, & 2 OFEIRO /IR KDEFE L DNEAFFA, in vitro fFHT TOS RAE  (Bmax) &
FIF—EL TV /= (Snyder et al., 1975; Lin et al., 1986).

% 2 D[N CHERRAL AW D MHE I BED AT Tl RN G- DB LT 30 BgIce —2IciE
LC, ZOHILMITI LTz, RE#H T Tl &~ O CHEFAL A3 ik i B % Bl 452 &
D CERWIEFITRIED S OREIIICIR 2 IR 2282 "L, &5 60 0% OREKRIT
["'C](+)3-MPB 7332.6 +3.0 %. [''C](-)3-MPB 73 39.7 + 7.6 % Td 7=, XA, [''C]4-MPB I, I
R CIEFIC RSB EN, B H 60 THTIE 6.6£1.0 %R T\ ahoiz, FILIZBITD
[''C](+)3-MPB, ["'C](-)3-MPB DRZAARD 213 T » DA LKA > 7-73 (Takahashi et al., 1997) . =
NHD 2 SOIEAWIEY L O M THER 2 E Th T, l~D XV W ERE, [M'CI(+)3-MPB DIfiL
B COREMZ, PET & U2 L - EMIdA X512 L 72 mAChR O E &fETICA 2 T D,

THETIIRD b SRR (728203 'C D Tl, = 20.4 45) OO 7231, AR fE
DIEEHCERF D3 B 2 T Db I LD, mAChR O in vivo fEATIZREE Ch o7, D%,
SZRENSD T 0 —7 OIREEN ML TS0 7Y T T AR IVBNRBIE, EOYAF 3% 514 D & DR
IZBWTHIFHZENTEA (Koeppe et al., 1994), PET FHAICHWSHA[ CHE Az K7 2 —7 D
fiR Bl E R (Kp) 1%, nM A —% — T/ 4uT72 5720 (Comer and Maziere, 1982), [PHIQNB 121%
in vitro COFHIITIX, mAChR ~0(+)3-MPB O FAIMEIL A5y (Ki=1.71nM) F23H B L, 4-MPB
£V 33 fF, AaRTIVEBLT(H)-2-TRB £V 8.5 fFK7) -7 (Takahashi et al., 1999), (-)3-MPB [
(+)3-MPB XV 83.6 R VEFIM: Tdho7=, ZALE in vitro AT ORE Bl ['CI(+)3-MPB 23l 2 IR /33
¥ Dy REFHINC WD ['CI77a 7 TAR LB, PET FHEIFRFR PNICHE & 03 T 2142 L 59
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WAL R ITE AW THHZ LA E WL, ZOF) 5[ 'C)(+)3-MPB I PET % IV 7=/ mAChR &
HNZAH B THHEEZBZ D, EEE, Ty MMO[NCI(+)3-MPB @ in vivo FEATORE R Tl KMMHE L
FIRDOENHETE — 2 %KL (Takahashi et al., 1997) , 2O TH['CJ4-MPB &3 5720 [''C](+)3-MPB O
AU BT DR AR G OBIREDS, 5 91 /3% FTO PET HAIRFHLIN T — 21T 52847
L7=, [''CI(+)3-MPB ® mAChR ~O Al HIEAPEIL, ['C(+)3-MPB D1—H> 7ty MM O el

EMRZ R L, NNTy 7 7 my MEHT CIEA COMMOREE CIERE O 2 R U720 | RS,
ZRBORERIL, FHCI(+)3-MPB 1T RO mAChR O A% ["'CHZRk PET 72—~
ThHHZEERETHHD ThoTz,

ARETIE, BEET 7PV A5t 52 L7z PET GHllA VLT, ¥l mAChR DOIESLEW ThHD
["'CI(H)3-MPB &7 D22 B[ C(0)3-MPB DN ENRE F5 KON A O Al ks AR LT, =
OO FIL, [CIH)3-MPB 2 ERH A SN TV V- mAChR DRk &4 (1] 212" C]4-MPB.,
[''C] AaRT) Kbt 2 A 95 ['CHE#IL AW THHIEERET HHLDOTH T,
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W2 AABVAMEZ /T D E D e D PET 7 vi— 7' (+)N-[ ' Clethyl-3-piperidyl benzilate
&(+H)N-["'Cpropyl-3-piperidyl benzilate > BH%&

2-1 F- i

AMFSETIE N-['' Clmethyl-3-piperidyl benzilate ([''C]3-MPB) % B %& L7=(Takahashi et al., 1997,
1998; Tsukada et al., 2001), Z L FHEIEN R IRB LT A TODIED | 2 DONF LK, 37205
THHERTHB['CI(H)3-MPB BELORIEMEARTHS['CI(H)3-MPB DMFEET D, ZNETOHFIETIX
in vitro FEAFEBRIZBWTHEMLO 3-(+)MPB 1Z 4-MPB L0 H#M: mAChR ~DEFMEAIMENZ L
RSFUTIHY (Takahashi 1998) | ZE&X7-7 N Takahashi et al., 1997) 3L UM /L (Tsukada et al., 2001)
M2 3BT AR L fRBE T 5 2 L DVREN TV, ABFZETIE [M'Cl(+H)3-MPB 3L U''Cl4-MPB
D EEDFET Z RIS TEEFMED AT LS TOBEHERIL 72, EBE, K ITOMZETIE 3-PB
BEW4-PB O N-BEHILDOT VX VO RSN in vitro ([ZBWTHEZ 5 2720, 1ol 2RI 2%
5.2% (Baumgold et al., 1997; Tejani-Butt et al., 1990), &5 4-PB @ N-ethyl {LIZEDELND
N-["'C]ethyl-4-piperidyl benzilate ([''C]4-EPB) 1Z[''C]4-MPB L0 /LIMIZ I\ Tl i SE AR L
72 (Nishiyama et al., 2000),

KWFZE T (+) 3-piperidyl benzilate ((+)3-PB)Z[''Clethylation 35X "' Clpropylation TZ4LZ
HUEE % U 7= (H)N-["'Clethyl-3-piperidyl benzilate ([''C](+)3-EPB) 5 J O} (+)N-[''C]propyl-3-piperidyl
benzilate ([''C](+)3-PPB) ZLANV M=V Z B KK PET 7u—7 LU CRARL, BR{G @Y PET
%1 A7 (Hamamatsu SHR-7700)(Watanabe et al., 1997) % ., S VM N 0 i 88 L OVE) e
[''C](+)3-MPB &L CGRHl&AT > 72,

FATLT, (H)3-MPB, (+)3-EPB, (+)3-PPB BLUENOD AN E M7 BN E 4K (-)3-MPB, (-)3-EPB,
(-)3-PPB :L[’HIQNB % F v MMATA A% FIVT ARG ALY R ~O BRI KD 72, 512
AChE PREIZLVFEBAEREA NS T DR R~ (77U 7R, Sugimoto et al., 1992) DZiLhH 3 D71
— 7 DFEGIT T D5 8% PET &~ A/aZ ATV Za A G THIELT,

2-2 AR5 1
2-2-1  FERREY LA

PET 32BRIC 5 DEDIKER 4-6kg DA MRRARHEN: T 717 )V (Macaca mulatta) % FA\ Nz, 6 & &
FBROCEHENLE E D FIEIL 1-2-1 LRERIAT o7,

H 7K SLC (Hamamatsu, Japan) 7 5 A L7211 Sprague Dawley 7 M250-280g)% . BH#L 7k
Z H BICEBE T 2L AIREZR S — Al 2 (TR L i Lz, 7o M, 12 ERE O BA/IREH A 2 L (TRl
730 SR FCEE L, 7y ME, HEOAEYF S D Use of Living Animals in Scientific
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Investigations (2™ Ed), 35X OMEIAARI=2 A RAFIEFT DT AR TA A TERE L LRI,

[''C](+)3-MPB . [''C](+)3-EPB . [''C](+)3-PPB  Hi Bl {& C & % (+)3-piperidyl benzilate
((H)3-PB) [XBEH 0 J5{#(Takahashi et al., 1998) (ZXV &KLz, KR~ [ ZREH D J5 15 (Sugimoto
etal., 1992)I2LVA LT, (+)3-MPB | (-)3-MPB, (+)3-EPB . (-)3-EPB, (+)3-PPB . (-)3-PPB &
NN DHIBRAR(+)3-PB £721 (-)3-PB D N-methylation, N-ethylation %721% N-propylation
[ZEVE L7, [HJQNB (1.11 TBg/mmol) i& NEN (Boston, MA, USA)XVEs AL7-, Atropine |
Sigma (St. Louis, MO) LV A LT,

2222 [CHEHALAMDAK

[''CI(H)3-MPB 1% 1-2-2 L[AHEDHET, ['CI(+H)3-EPB F721% ['CI(H)3-EPB 1% 2-2-2 L[l
D J7 15 CTH+7=(Figure 10, Langstrom et al., 1986; Ishiwata et al., 1999; Nishiyama et al., 2000),

["'Clalkyl (+)3-PB DALZ2H, b AOREE X, 5 2\ (Finepak SIL C18-S, 4.6 mm in inner
diameter x 150 mm in length, Jasco, Tokyo, Japan), ">~ (CCPS, Tosoh, Tokyo, Japan), UV fHigs
(UV-8020, Tosoh, Tokyo, Japan), fiiAERR Hi%E (RLC-700, Aloka, Tokyo, Japan)DRZ#E AL T B EhFH
{Z CH5CN / 30mM CH3COONH, / CH;COOH (350 /650/2) | ¥itif 1 ml/min. @ HPLC A7 A TR
77

B ARDNBENEZ SR D D7D T TITH A S = 7 (Mukherjee et al., 1990)(2k0 /3 Edta%ks
FK¥7-, Octanol (2 ml) & 0.066M phosphate-buffer, pH 7.4 (2 ml) 3 73 R L 7=, 10uL DZ LN
WAL G EINZ  SHIT 3 IRz, 0% 5 SR LS BEL . TN ENOBUREEZRIE L, ZL
TENENDIEFALE D RARETH S logDr4 23K DT,

2-2-3  PET #Hll

PET #HIIE 1-2-3 ERERD TIETITV, 7 — 2 &L,

ARG, B RASUL 50 F721% 250 mgkg DR G CUERAL A E - 45 Sy RITER
5L,

2-2-4  MAEPGE ORIE

BRI Z | ERR L B4 G421 10 77205 66 FET 8 BT &, il 1T 96, 156, 246, 336 1, T D
% 20, 30, 45, 60, 75 BET* 90 S3&ITHFIZ, TOBDIEIT 1-2-4 LEBROTFIEIZ T T, 12720,
BEEIC [”C](+)3—MPB IZ1% A (ethylene dichloride : diethyl ether : ethanol : triethylamine = 20 : 20 :
1:1) . ["'C)(+)3-EPB |Z}Z B (ethylene dichloride : diethyl ether : ethanol =20 : 20 : 1) . [''C](+)3-EPB
(21X C (ethylene dichloride : diethyl ether : ethanol = 40 : 40 : 1) ZH\ 7z,
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2-2-5  EhRERENT

AFTBIEE LT AR E A AT 7= Bk f M S &2 200> ROT OEEE) S| 3-8 —h AV
MET VA IO T/ “REE TR B (K1, k2, k3, k4) 23R | [FIRFIZ/NKO KI/k2 bRz
(Huang et al., 1986) . 4% @ ROI ® mAChR ~OIEH, 7" 7 —7 O G EE (BP) 13, k4 il (FiEH L)
ZxF35 ., k3 I (F6 A 3E) D7 HRb 7 (Tsukada et al., 2001b, ¢) .

2:2-6 v AURFATIARE

WEH D 714 (Nishiyama et al., 2001) (255 C, il # O MRI B 07 7L 87 L —NZin > TH
AR =2—L 2 T 2mm, A:48mm, L:14.5mm) ([ZHfAL7T=, Bl F OV /L E AR JESE HAR
H=a— RS CRIBHEIEIC AL 7 T O ER 250 um, X 2mm O~A 270X A7) A7 1—7 (Eicom
A-1-08-02, TA=1h, HIE, HA)EAHALZ, 70—7122x 10°M O 74 2F 7 IUHilkta &)
47 VA% (147 mM NaCl, 3.4 mM CaCl, and 4 mM KC1)% 5 ml/min OFEE CHEL, 15 532812 75 ul OH>
TIVEASTZ, ACh JEE A | [ EACEESE SO0 A 27 A(Eicompak AC-Gel, 6 x 15 mm, TA A,
HR, HA), EXALFHRHE (EICOM ECD-100, =1/ =A, HAE, HA)NOHEKSN D HPLC
(EICOM EP-10, =A=h, FL, HAR) AT LEZHWTHIEL, ALY —7 O ELZ R T D
HEYT, EBRIE TIICS Wl OF v A F AL 7% 70— NICIEA LT, ERK THREME S MLE S
— /L ORI G Lo TEBAEL T, AR RO, 7744 2%y M AR R O J7 A A b
L. fASN= 7 0 —7 O E A AR LT,

2-2-7  [H]QNB Z MW\ =T MMAT A 2 TOF TR E

7 us(0.06 vol.%) THREFLITHAL | &<z O LTz, BORTfiifkE 7 74425
MCM3000, Leica Microsystems, Nussloch, Germany)Z H\ Y, 7' L7 < 1-2.3725-2.8 mm% 10 um DJEX
THRARE DT TENATAAL IR EILIZATAR LIZB LT, ATAASHISHRBRORIFIZ-80 °C TITL,
HLR L2 T WL Z L R D,

#H#%%’H]QNB (final concentration; 1.2 nM)7% 0.1 235 1000 nM L7225 192, N A AR &
(20 mM Tris-HCI, 120 mM NaCl, 5 mM KCl, 2 mM CaCl,, 1 mM MgCl,, 0.001 % ascorbic acid, pH 7.4)
NT 25 °C T30 sy A Fa—larlic, EFRRATHESIE | mM 7haer 22528 TRz,
2 IOMHALIARE R TOV A% 2 M52 TA Y Fa—arafh TLL, 4 °CITmHAILTZAR
KIZESEZL, 50 °CITMBAL =Ry 7L —h ECATARNZ 5 RS LT, SV o/iika 3 B
T F AT FA A= 7 L—NTR-2040, Fuji Film Co. Ltd., Tokyo, Japan) TEN: L7z, A A=V T —H
% BAS-2500 (Fuji Film Co. Ltd., Tokyo, Japan)%& f N CHENT 21T > 72, Z4LE I n=3 THE A RDT-,

ROI %7 Mpifi#H| X (Paxinos and Watson, 1986)% JTIZ/EA T R ENHRED | ZIE 10D F-Ek)>
HiG5MT- ROI DEFEE (counts/mm?) & KD T=, /77T REZELG W TELIL- AT E #EHT-
D it RE % [*H]-calibration scales ([’H]micro-scale, Amersham, St. Louis, MO)Z H\WCIEH L LT,
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CHIQNB ORESAGHE A 1%, h—2 LA LIRERINEE & Kok T, BRI SIIZTRENO T r—7
DILEEND 50%FHE(Cs0) 23R D HZETHF T, Cheng and Prusoff equation (Cheng and Prusoff, 1973)%
W TEBICFE R (K)~EHR LT, N n=3 IpbROTZ,

2-2-8 AT
AT £ SD THRT, BT, MAT2—F b ¢t IEE AV, 5% (p<0.05) DFER
ok HRHINICEEThHELT,

[""C]Methyl lodide

i HI ;
"co, LA T, T1CHal 8 min

[""C]Ethyl lodide

CHsMgBr LiAH, HI
—

"co, ——  CH3''cO,MgBr CH3'"CH,l 17 min

[""C]Propyl lodide

CH3CH2MQB|’ LIA|H4 HI .

"cOo, ——= CH4CH,''CO,MgBr ——= —— CH3CH,"'"CH,l 18 min
["C]Alkylation
O OH [11C]R |

o
NH 3 R= "CH,:[""C]3-MPB
o) min "CH,CH,:['"C]3-EPB
(+)3-PB 11CH,CH,CH,:["'C]3-PPB

Figure 10 Radiochemical syntheses of [''Clmethyl, [11Clethyl and [''Clpropyl iodides (A),
and labeling of (+)MN-[1'"Clmethyl-3-piperidyl benzilate ((+)3-MPB),
(#) N-[11Clethyl-3-piperidyl benzilate ((+)3-EPB) and (+)N-[11C]propyl-3-
piperidyl benzilate ((+)3-PPB) (B).

2-3 il

FTTICHRE SN TOBINCY V= — VR EKIC I B RS T Cla b AT AR BIAE R & L CRE
A EH(Langstrom et al., 1986; Ishiwata et al., 1999; Nishiyama et al., 2000), ZiU&[''C]a 7 {b=F /1,
M'clav b7 e L IO ROEHEDREL L [ Cl=TF UL, ['Cl7 e MO RS E L E T 5, ARFZE T
2ra<h7 57 40— GCO)EAWICIEv =T v ['Clav b7 o LA kE#LL (Ishiwata et al., 1999;
Nishiyama et al., 2000), 2% (+)3-PB DO[''Cl=F LAk, ['CI7mEALD GV =(Figure 10),
RTBRIRD[CIT A F AL D%, ['CI(+)3-EPB F7-14["'C](+)3-PPB %4y Eif HPLC |2 CRRIL 7=
(ENENOLRFHRFRIT 12.8 43 F/21E 14.6 77) o HIBAD(+)3-PB 13 5.4 S, iEafb & e
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4y BfECET=, 438 HPLC 1238\ C['CI(+H)3-EPB F7-13['C](+)3-PPB DIREFIFIIZEN 4L 6.4 43
53 Cdh->7z(Figure 11),

A B

T e
| [+]3-MPE i
O B c
2 ! <
S| . =
E :i f g
o (+}3-EFE —= wjzpea—=||| 3
h=} T
2l _ . _—
|| s :

L i |

AN - ] e II . | - | ' I.'.
1] 2 4 8 8 10 o 2 4 & B 10 a 2 4 B 8 10
Time (min) Time (min) Time (min)

Figure 11  Analytical profiles of [11C](+)3-MPB (A), [1'C](+)3-EPB (B) and [11C](+)3-PPB
(©).. |

T UTz, UL SRAORIEE 1 99%Lh |G e REIZ A AR TIREICE VT 34.1 ([M'CI(H3-PPB) 721
66.3 GBg/umol ([''C](+)3-EPB) T&-7=(Table 2), 2N oD thtdttEiz <AV S5 Cl(+)3-MPB
(67.4 GBq/umol)IZVCEi 3 HE Th o=, ZNHH LA RENTAL GO IS REIX in vivo T
mAChR #§ &% 32D+ @V METH -7, ['CI(+)3-MPB, [''C](+H)3-EPB, [''C](+)3-PPB ® %y
Bl ER B (logD7 )IZZALE 4L 1.53, 1.68, 2.37 Th o7z,

Table 2 Labeling of (+)3-PB with [11Clmethyl-, ['1Clethyl- and [1*Clpropyl iodides.

["1C)(+)3-MPB ["'C](+)3-EPB [Y'C](+)3-PPB

Elution time on preparative column (min) (7.1p 128 14.6
Elution time on analytical column (min) 5.4 6.5 8.9
Yield from ["'C]alkyl iodide (%) 70 38 32
Radioactivity yield® (MBq) 2,710 309 395
Specific radioactivity® (GBg/pmol) 67.4 66.3 34.1
Radiochemical purity® (56) =00 =00 =04
Lipoph[licit} (log ) 1.53 1.68 2.37

Data obtained at EOS.
BUCH +)3-MPE were analyzed by analytical HPLC with CH,CN/30 mM CH, COONH JCH,COOH (500/500/5).

Figure 12 1Z["'C](+)3-MPB (A). [''C](+)3-EPB (B). ["'C](+)3-PPB (C)DH /Lo diF )72 MRI
& PET Oiff %774, PET BRITEEE FIZH 1T DIEM LG 5% 60-91 73 L TO MG A INF AL
TebDTdhD, ZID 3 DOLEFALE WA MG 340 T IR R, REATER B | MIBESERZE L AiTgA
BERVE, HRRIE] WEB IS PRLEE /NI TR > 7= (Figure 12A-C), ZOHE 1T in vitro 7oA TEHELN
72 mAChR 2% (Bmax)& < —E L TV /=(Snyder et al., 1975; Lin et al., 1986), RISEHERE ., {HIFEEER
B BIEERE  BXOHIREITO[CI(+)3-MPB UM BEERE D KT, #5-0 40 53515507
(Figure 13A) , #REAREVERE CITER DR KMEIX 55 43 Téh -7 (Figure 13A) , Figure 13A-C 233959
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IZ[MCI7 AR A ENEL R DI > TE =27 OB 3/ 12 7 LTz (B 5% 0 — 71X
[''C)(H)3-PPB < ['C](+)3-EPB < ["'C](+)3-MPB OJIE) , X HAGEIG T/ MM Tl B 2RI HE VL
HEREENRE CITZNZ O T a1 —7 128\ T 10 3EANICE —203%0 | EDOH%R 2 1D L TihoTz
(Figure 13A-C), MIET TIZZNENO[CUERR LA D IS EILER IR ~DR —F 25 5-1% 30 BT

— |\ ZELHEROMTIE R LT (Figure 14A-C) . TLC ICEAREMW I TIE. 2o CHiE#ib &
Y1345 % |2 TLC JURIZFR D IE T KBS TR i WG AR S L, RGP OFI & 13 5-1% 60 5712
FNT['CI(+H)3-PPB (BEIFE A 1235175 RE=0.72) 1% 31.0 + 4.6%. [''C](+)3-EPB (B Ei#H B 123175
Rf=0.60) 1% 33.2 + 7.6%. [''C](+)3-MPB (BE)#H C (2315 REf=0.70) 1% 33.5 £+ 13% Th -7z
(Figure 14A-C) ., ['CHE#AL BB DO AT BT, BONTREMKOEAENLE AL TRD -
(Figure 14A-C),

+10.8 +14.4 +18.0 +21.6 +25.2

mlE S Y Y YY XX}

(+)3-MPB
(+)3-EPB

(+)3-PPB

Figure 12 MRI and PET images of [11C](+)3-MPB (A), [''C](+)3-EPB (B) and [''C](+)3-PPB
(C). MR images of monkeys were obtained with a Toshiba MRT-50A/II (0.5T).
PET data were collected in the conscious state with a high-resolution PET
scanner (Hamamatsu SHR-7700) with transaxial resolution of 2.6 mm (FWHM)
and a center-to-center distance of 3.6 mm. PET scans were performed for 91 min,
and each PET image was generated by summation of image data from 60 to
91 min post-injection.

NCI7 AN FEDOEEDE N, 3 I =R A MHERATICB O TS Rz, T72bbEN,
[MCI7 AT IEDE DR EFPE BP T (Figure 15) 385123 VIEEEH K (k4) 12856 D THS (7
— AT RLTRNY),

[''C](+)3-MPB, ["'C](+)3-EPB, [''C](+)3-PPB DOEfEIZ%IT 2K ACh D EDF A4 %7~
| PN CHRERAIC ACh (AR 2 P55 323 T HR F)L (Sugimoto et al., 1992) % [''CHEZ
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WAL A AR G595 45 SRR G- LTz, ~A270aZ ATV AT 50 £7-13 250 mg/kg DR R~
DL ETHITARE DM ACh IR G EKAFANITHINL7Z (Figure 16) . RV ORTE 513
[''CI()3-MPB O R B I\ T AEBNREIC B 8% 5.2 9 mACh {EBY R0 M8 A R8I  F5\ VTR
A (BP = K3/kd ) DELWEALIT RSN 7= (Figure 17A) . Z KK OB & 2l Ik BT D
['CI(+)3-EPB D &1L R R AT L2 =) o AR Bt 38 BT K> TS T2 L sl L
(Figure 17B) , KX ~SU L D # 51T B AD U LAE DY o VR % 52 25 0K 0 48 88 7 g T Rk D
['"'C1(+)3-PPB D&% LB &7 (Figure 17C)

(+)3-MPB (+)3-EFB (+)3-FPB
1.2 1.2 1.2

08

os g

04

Uptake (MBg/ml)

0.2%

0.0 B e e 111 R T 1 0.08 T T W
0 20 40 60 B0 100 O 20 40 60 80 100 O 20 40 60 80 100
Time {min) Time (min) Time (min)

o Cerebellum o Hippocampus © Occipital Ctx  w Striatum
A Temporal Ctx & Frontal Ctx  + Cingulate

Figure 13 Time-activity curves of [11Cl(+)3-MPB (A), [''C](+)3-EPB (B) and [11C](+)3-PPB
(C) in the conscious monkey brain. PET scans were performed as described in
the legend of Figure 14. Regions of interest (ROls) were identified according to
MRI of each animal.

Z v MIMAT A 2% FA - mACh VB2 281K D in vitro TOPHIQNB (1.2 nM)EDHEEHI Sy
HriZEB W T, (H)3-MPB, (+)3-EPB., (+)3-PPB BLUZ DK F IR THS(-)3-MPB, (-)3-EPB,
(5)3-PPB @ ICsy BIW K &Rz, Bipolz A0 FaX—Tal B T MIMET R E#RAL~D
PHIQNB D AR EFAICHINIL . 30 43 TR =L~ (Figure 18A), THALHUH A EBRIZIZA L F =
R— gDl 30 syl Liz, N-7/L%/L PB OHIT, 7y MENOHT ' EIZB W T (H)3-MPB 2%
MAChR ~DfH 8T 74 =7 4—%7~L (K= 1.69nM) . (+)3-EPBZ [T (12.9nM) . (+)3-PPB (%
HIKV Y (47.53nM) Toh 7= (Figure 18B, Table 2), X HRAJIZ (-)3-MPB, (-)3-EPB, (-)3-PPB I35 %
RA~OBLFPEIT R ZKL (10000M BL E) THY  JEHER THLHHIRIZH LT 2 Hrlh BE» o7
(Figure 18B . Table 2). (-)3-PPB % 1000nM % T[HJQNB O #¢ B fE A 2 E LR - 1=
(Figure 18B),
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Figure 14 Time-activity curves of radioactivity in arterial plasma after injection of

Figure 15

[11C](+)3-MPB (A), [1C](+)3-EPB (B) and [1C](+)3-PPB (C) in conscious
monkeys. Unmetabolized [1IC](+)3-MPB (A), [1CI(+)3-EPB (B) and
[11C](+)3-PPB (C) in plasma are shown. The ratios of radioactivity in the
unmetabolized fraction of each ligand to that in total plasma (metabolized plus

unmetabolized) were analyzed using TLC and a phosphoimaging plate at each
time point as shown in the insets.

5-
O [1C)(+)3-MPB
- ['"'C)(+)3-EPB
< 4 W ['1C)(+)3-PPB
=
© |
£ 31
2
S L 1.
o ° #
£
b~
£ 1]
m o
|
Hippo Frt Ctx Occi Ctx

Effects of N-[11Clalkyl chain length on the binding potential (BP = ks/ks) of
N-alkyl substitutions of [11C](+)3-MPB in the cortical regions of the conscious
monkey brain. The time-activity curves of unmetabolized [11C](+)3-MPB,
[11C](+)3-EPB and ['1C](+)3-PPB in arterial plasma were used as input functions
into the brain, and the three-compartment model was fitted to the time-activity
curve of specific binding in each region. The binding potential was calculated as
the ratio of the association rate (ks) to the dissociation rate (k4). Data are

expressed as means = SD for five animals. *P<0.05 vs. [11C](+)3-MPB, #P<0.05
vs. [1C](+)3-EPB.
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Figure 16

Figure 17

2007

150

ACh (% of Baseline)

| C 50 ug/kg
* ® 250 uglkg

-2.0 1.0 0.0 1.0 2.0 3.0 4.0 5.0
Time (hr)

Effects of donepezil on the acetylcholine concentration in the extracellular fluid
(ECPF) of the frontal cortex. A microdialysis probe was inserted into the frontal
cortex (A: 48 mm, L: 14.5 mm, 2 mm below the dura matter) according to the
individual MR images via the guide cannula. The probe was perfused with
Ringer’s solution containing 2 x 106 M physostigmine sulfate at a rate of
5 ul/min. Samples were collected every 15 min, and the content of acetylcholine
was measured by HPLC consisting of an immobilized enzyme reactor, a column
and an ECD. Aricept was systemically administered at doses of 50 and 250 pg/kg
at time-0 indicated by the arrow. Data are presented as % of "baseline", which
was the averaged acetylcholine level before administration of donepezil.

5, A 4B aC
2ol H—
% 2 %}%’\4
5 5 2]
E ‘:é 2_'
<]
o 21
g 17
5 O Hippocampus 17
£ 11 ® Occipital Ctx
m A Striatum i
A Frontal Ctx |

T T T u T T T T 0 T T T
0 100 200 300 0 100 200 300 0 100 200 300
Aricept (ug/kg) Aricept (ug/kg) Aricept (ug/kg)

Dose effects of cholinesterase inhibition by donepezil on the binding potential
(BP = ks/ks) of [1C](+)3-MPB (A), [11C](+)3-EPB (B) and [11C](+)3-PPB (C) in the
cortical regions of the conscious monkey brain. The time-activity curves of
unmetabolized [11C](+)3-MPB, [1!C](+)3-EPB and [C](+)3-PPB in arterial
plasma were used as input functions into the brain, and the three-compartment
model was fitted to the time-activity curve of specific binding in each region. The
binding potential was calculated as the ratio of the association rate (ks) to the
dissociation rate (ks). Data are expressed as means = SD for five animals per
treatment condition.
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Figure 18 Time course of specific binding of [SHIQNB (A), and inhibition of specific binding
of BHIQNB by (+)3-MPB, (+)3-EPB, (+)3-PPB and their inactive enantiomers
(-)3-MPB, (-)3-EPB and (-)3-PPB (B) in the neocortex of the rat brain. A; Brain
slices were incubated with [SHIQNB for 5, 10, 20, 30, 45 and 60 min at 25 °C.
B; Incubation was performed with varying amounts of each ligand from 0.1 to
1000 nM for 30 min at 25 °C. Nonspecific binding at each time point was
determined by adding 1 uM atropine. Specific binding of [SHIQNB estimated as
the difference between total binding and nonspecific binding at each point was
plotted against incubation time (A), and concentrations of each compound to
determine the 50 % inhibition (ICs0) values (B).

2-4 EE

AWFFEIX R 2 REE PET AW TREE FOENISNOZRFEMICIHBIT L8 mAChRR 7'r—>
[''C)(+)3-EPB, [''C](+)3-PPB 45 Aii LBIRE A FHAIi L 1= e )DL AR —Tib, M% T, mAChR 7'm—7
[''C](+)3-MPB (Takahashi et al., 1997, 1998; Tsukada et al., 2000d) Z%ffRIZL T, AChE FHEHR THHR
FARDNZES>TEDONIZARM ACh L[VCUHER LA MEDF BRI OWTHE AT —4 %2R0
7

[''C](+)3-MPB, ["'C](+)3-EPB. [''C](+)3-PPB %W /LC k% 595 & I M-k A 41
8 U CHEPNIZ DA Fav, FIHEN M & AR A LT R B O T USHED, 1221 60-91 7 DIE SIS
7= PET % Tl [''C](+)3-MPB. [''C](+)3-EPB, ["'C](+)3-PPB O/ Al EE R UAEH A 2= L, fit g
Wb i<, REARERVE I m < MIBHRERVE L ATEARE RV HIREL WS ISR /MM E D 72, 2
NSO FIT ['CI(H)3-MPB KV EWT L3 L% 43 5[ Cl(+)3-EPB, [''C](+)3-PPB 73 in vivo |23
THMEAN mAChR ~DFEERHEZRFFL TODIEARL TV, M ZRRITHRE IR, REICH
FREE | BRI, ZIRIZH o EHIRLS, My B IRITHRSIR, BB HRICHE 12541 Tvd (Li et al.,
1991; Wall et al., 1991; Flynn and Mash, 1993), PET {2 k> THE SN 7-["CI(+)3-MPB .
[''C1(+)3-EPB, ["'C](+)3-PPB D F BT 351 24577 13 My Z AR DAL Tz, LLenis, &
F mAChR H 7 %47 %777 CHO-K1 558 Mz = in vitro (2315 FEBRTIX, (+)3-MPB (X M, |
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M, S AR A~D IR M2 7R 872737 (Sihver et al., unpublished data), mAChR O & &AI#TZ 957
DT, BRI L > TR M ETR OZnZno [ CE#IL A O i EB e 215 7-, ThTh
DM CHEFRAL A O MR ORI RED I — 7 D35, EFIRNA —F 255 30 BRICE =7 MEDHIL,
ZFOHBHITTHD L Cole, TNENDO[CHERMIL A O TSI, ik -IMBE P % 18
9D ZEN RN ETFRENDKEENED IEF @ WD IR 2 ICRBISh T Tz, 5%

S DOARRHINECI(+)3-MPB 23 31.0 + 4.6 %, ['CI(+H)3-EPB 23 33.2 + 7.6 %. [''C](+)3-PPB 7}
335 = 1.3% CTholz, ZOZEIE 3 SOILEWITMAE CTLRETHHIEEREL TD, Ii~D
HDiA 7, ['CI(+)3-MPB, ["'C](+)3-EPB. [''C](+)3-PPB DIl COZLE NS, H /LI LOERD
in vivo 1233135 PET #HHAIC mAChR O E BN S A HETHDH I LA RIBL TS,

[''C](+)3-EPB. [''CI(+)3-PPB O it REBIHE 1352 A KIS AT ML Clo 5 I H T
["'CI(H)3-MPB  L0H @RI — 27 2V EDH, DO EE G E ) -7, Ll Zhbh 7 m—7 D
N TOREFRAVFFEI IV OO E RN L > TREDITHND, T7ebb, MfEh | MikN TOZENE,
MAES G ~DFEEME, NG (logD7.4) « MENMEAFI DFE , 2 BAR~OBFMETHY | Koz
BARSOBFMEN BEREHRTHD, NRIRT I, WSO D HRREIBB IO (B 21X
['"|F]JFP-TZTP, Ki = 2.20 nM £721Z["'C]4-EPB, Ki = 2.32 nM) | % PET A% D, EHIELI-FET
&% (Carson et al., 1998, Nishiyama et al., 2000) ,

BRI O P T IS KO ES - U REB iEA A I BIsE LTz 3-20 R — R AV NET V&
WAL, B [NCIT LR LIRS BRI (BP=K3/k4) A8/ NE< A0 KA ESL (k3) KT L AR
Bl 2k (k4) SN+ 5282 KL TWAE, KA A TOZNS PB DOIEN ([''CI(+H)3-MPB >
["'C1(+)3-EPB > ["'C](+)3-PPB) I, ["HIQNB &7 Mg AT A 2% V= in vitro D FZEROFE Feb—K L T
VWV, ZONERT ([M'C)(+)3-MPB > [''C](+)3-EPB > [''C](+)3-PPB) 1., J:lZ R LT= in vitro (28> TRDH
NI=Z KRR E (Bmax) EL<HHBIL T/ (Snyder et al., 1975; Lin et al., 1986), 3 TIZfFHIL TN
[''C](+)3-MPB O 5 (Tsukada et al., 2000d) . 330" C](+)3-EPB. [''C](+)3-PPB D/ ~DEEFRED
HHRDNERLIX, in vitro T TIZAFLILTODZ AR EE (Bmax) (Snyder et al., 1975; Lin et al., 1986) &
BIRL CWDEREL T D, LinL, Ta—7 OBiAZA, Y, Iz CRFTZRSZ BIR A~k A %%
JET D&, WK TOEIAZ (4EF8) 1T in vitro THHAU TS Bmax (Frey et al., 1992) & XA T&E72
VNI EARIB LTS, 20X, [''C](+)3-MPB, [''C](+)3-EPB. [''C](+)3-PPB % in vivo ClllET 5L
KB &N 3-4 FE D IA T DIEWIKE LT in vitro T 30 f56 572> T\D, L, kAL
B LD RRITIX, 1o EVE LR BRIRD LA FIv I L POBINER L TNDHEE 2 HND,

CHETHE SN TE[CHE#AL G4 TlE, PET 3HIIICIV T mAChR O E BT 2475 D
IEREETHD, EVODIX, Do E LT MEBEEEL D 7= D ERF D HE B ITHT TOYEME R 23 57
W THD (Koeppe et al., 1994), Mz T, ML FF2HD I IIEEE LOAREEC I B L, BEHITIELVVE
iz 1552 LA K720 (Koeppe et al., 1994) , [ CHE#AL A OfEEEESL (Kp) 1X in vivo PET FHHNC
BT InM A —F —ThH X TH5 (Comer and Maziere, 1982) , ["HIQNB % V7= in vitro TOHE F
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TliX, (+)3-MPB (Ki = 1.69nM) ® mAChR ~O#FH FPEI X A THY , 4-MPB D 1/3.3, AARTIL IL
UY(+)2-TRB ® 1/8.5 T % (Takahashi et al., 1998), [''C](+)3-MPB D7 /L L8 Flp 7=
[''C](+H)3-EPB, ["'C](+)3-PPB 133 & KIZx 9% (Ki) 1X 12.9 BEW® 47.530M Tdh5, [''C](+)3-EPB,
[''CI(+)3-PPB D Jith REBNABIZ S BARITE AT2 R B ERAL T C(+)3-MPB K0 e — 27 LU i
KR, invitro DFERTHELILTZ mAChR ~OKWBIFIPEZ KL T D, EHIZ, ZHF I 55
SEbEWE AR CI(+H)3-MPB @ Logan 7' MEHT (Logan et al., 1990) (ZE#A7<L . Patlak
7'ry MiEHT (Patlak et al., 1983) TIE RO T COREMIZ B CTEARIG D2 h> > 7= (Tsukada et al.,
2000d) , [''C](+)3-EPB, [''C](+)3-PPB X [ ii # A 7 DN FE A 2R L, EHDMA mAChR @ PET
[ CHER AL A Th B L E X B2 B,

BLBRZE N Z L[ CI(H)3-MPB O N-7 /L3 L B IZ K0 2 A R~ OB R IR TS 85201
AChE [HEAITHLHN ATV OE LTI BN 2NIEME ACh RIS DI M2~ § 28T
&%, ZDIDNT, FeHBARTFINIR ROV D ACh BEA IS5, in vivo 12BN\ TT R
— 7L RIRDOREE NS T5DIE['CI(+H)3-PPB T, HHEE DA 1Z['CI(+)3-EPB THY,
[''C](+)3-MPB TIZBAE 2D A Ao eh -7, SeD[ FIFP-TZTP O (Carson et al., 1998) Tifk
RENTVAEINT, ZHHDHE FIE['C)(+)3-EPB, [''C](+)3-PPB &\ o752 AR ~DARW e DAL,
A& PET LO@ATL, FEHRBMED ACh ONEE=4—T 28 AL FETHLERBRL TND, 20D
10 42, 7 AR 31T D N IRIPERRRS W B LA b A EOF BAFE L, FRICR — S iRic
FU T (for review, see Laruelle, 2000) PET/SPECT % F\ N CTAF4ESIVCE T, 2O LT, MfMB W E
(dopamine) DZAL L, TIN5 K (dopamine D2 %2 Z4K) ICHFLE OB AMEEZH T 2 E# LAWY
(["'Clraclopride) Z T PET I CIHREEANFHNZAT > CTE, ZOWEITL, T u—T DR RITH
TOBRPER PREE ThHLE | R E LAEBA L M Z RARA~OREE TH A T DLV FIIC
HASNTWD, LinLZAR2S, PET TELNT-[Clraclopride DfEA DAL, T FAND L ERIRR
— /X ORICHEMICHESNRNZ AR LU TE TR OB R — I DR IR IA B R EED X A F
IR RT U A F LTS (Tsukada et al., 1999a, 2000a, b) , in vivo TOFEAHITIEEZ WD EIZIY
FARTEY E O B O EALDO T % T HZE N FREDNE DAL T D211, SHICEBRBSMLET
LoYaR

LU EXD, ZORFFEIZEBV T mACKR 7 1—7 ThHA[' Cl(+)3-MPB Lz L72235 [ C](+)3-EPB,
[''C](+)3-PPB L& /3 fiftHe PET & AV ER TV VIMINOBIRE, S RE ORI E T4 L2 M=,
[''C](+)3-EPB. ["'C](+)3-PPB (ZHIE £ 2 #4115 'C]4-MPB, [''Clscopolamine &V 7= [ A%
LA I E &) mAChR Z7Hli 2012 L0 L7 PET FAAE L&Y CHHI LN RSz, FRZ
PET % AW THIRINE ACh L7 —7 L2 AR L D & O AR 27 3% £ Tid, mAChR ~D# 0
PEAMEU[M'C)(+)3-PPB 23 L T HEE 2 Hivd,
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% 3% PET ICLDVIAINDEVIZ LD LAV AMEZ RARDZEAY,

3-1 ¥

AD (3, FR IR AR SRR L B NBEDIFAEIC Jo THRER AR LA RS B T 5 (Katzman,
1986, Selkoe, 1990), RIFHIEIZI1TDH ACh {EBIEMRROTEN YEHIZH51T5 ACh VEEMMERIROTEM:
T KIMBE T ChAT OFEPEIR T ACh 1EEM RO S H 1T, FRAEDRRE L LFREIL T
% (Hohmann et al., 1988, Perry, 1986) , mACh -2 0D BH 1L, /T b 25 (Enna et al., 1976,
Wastek and Yamamura, 1978) | #5584 J<FHE (Fahn, 1983) , 73— J5 (Ruberg et al.,1982) f& {5y
ZE (Tandon and Greden 1989) DAL HPHX MRS RE IR E THIE S TVD, D mAChR DI
REAFHIIL, ZNOORBOBWTCIBFREO N R EICEIR T 52N TED LM ENS,

ek ETIC, PET JHHHXME mAChR HEa%k{L& 4 (Vora et al, 1983, Dannals et al., 1988,
Mulholland et al., 1988a, b, 1992, Prenant et al., 1988, Dewey et al., 1990a, b, Takahashi et al., 1997,

o
=

1998, nishiyama et al., 2000, 2001) , == F HAEER(LG 4 (Horti et al., 1997, 1998a, b, Sihver et al.,
1999, Ding et al., 1999) 23O BAFE I TET, ZAEFEETEIEIZINZ T, AChE {&MZR T
3 ACh JE{EUA (Irie et al., 1994, 1996) 33T AChE BH5E 3K (Planas et al., 1994, De vos et al., 2000) |2
FVFH 22 L ATREL 70> T VD, VAChT HIARY M AR b I~ I — LBk e L TR S
M TE T2 (Widen et al.,, 1992, Ingvar et al., 1993, Mulholland et al., 1993, Efange et al., 1994) , 215D
PET FE#ALEWIT, BRE O PR EEOBWHICA Ay — 1 Thb, SHIT, IR EE G LT
DAL, VA BT 36 L ORI IS 331 5 3K BRI R LEGw 7=,

Z ZTAMIZE T N[ C]Methyl-3-piperidyl benzilate ([''C]3-MPB) % B %& L 7= (Takahashi et al.,
1997, 1999, Tsukada et al., 2001), v MMMEREARETY = 12— A= in vitro fE G EBR T, iHHER D
[''C](+)3-MPB (Z[''C]4-MPB XV F1%H: mAChR ~D#EFaEHMEL . 5 b (Takahashi et al., 1997) &4-/1
(Tsukada et al., 2001) DA ZT=UTD in vivo TOFRERND | ZEEDHO LLEHROREEEZ R LT,

["'CI(+)3-MPB % T, X 7= P /LT mAChR DAL AZE (b Z2 7 Ml LT, bRk
{bED AR LB e | B LB Y H PET 7 A7 (Hamamatsu SHR-7700) (Watanabe et al., 1997) %
W THRIEL7-, mAChR #&E AT 552 F ) — L D 8% | N mAChR ~0D["'C](+)3-MPB D
BT A—Z LI PARVE PR EOBIR DI Lz, F7o, Flivi JOE L O hHEE ACh EBIME
MEERIZIIT D AChE LESK CTHHR 22UV (7UEZ R, Sugimoto et al., 1992) DIYEAZFERL-, K
U LD ACKE FHEDFLE A N-["'Clmethyl-4-piperidyl acetate ([''C]MP4A. Irie et al., 1994,
1996) &L PET Z IV T, v A7mX ATV 27 iEE R L 72, mAChR S &12x L T ACh ¥ENoD
% mAChR (ZXF 9 58 G BUFPED LR AVIRS . & F 7 AND ACh L ~UTEE BSST 5
(+)N-["'C]propyl-3-piperidyl benzilate ([''C](+)3-PPB) Z J\ T PET Tk L7~ (Nishiyama et al., 2001),
in vivo TOSZFNRAE G ~DRRERIED 5 88% i/ IMZ 95728 (Onoe et al., 1994, Tsukada et al., 1999b,
2000a, b) . BE#H D J71k (Tsukada et al., 1999a, b, 2000a-c, 2002, Tsukada, 2002) |ZFE-SWTHREEY L%
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7o, PET e~ A7uX ATV AL DMBA RN I Z. T, U —F 2 7 AEY — 2L 558 FEERE
\Z%F9° % AChE [LE D 2% IRERIEE) 25 U IE S 4 A2 (Inoue et al., 2003) (ZX0FEHHL 7=,
ZZTRESNDHIT AT AL, AT 5 L THHARGIETHAHES ZbIS,

32 R T ik
3-2-1  EERREMWEAEE

PET SZBRIC 7 VEDAHRERAR (5.9 £ 1.8 1%) LY 5 PEOXERRAR (5.2 + 1.1 7%) . 7 VD&
(19.0 +3.37%) B3RO S PEDE i (20.3 + 2.6 %) DHEMET 7177 /L (Macaca mulatta) % JHV V2, il 542 BR
B RO ENLE E D FHIEL 1-2-1 LRERIAT o7,

[''C](+)3-MPB, [''C](+)3-PPB DRHIBERIALZ DL ST, + CICH S 7= /7 1% (Takahashi et al.,
1999) (XA LT, ["CIMP4A DRHiEREA 5%, ABX (Dresden, Germany) KVl A LT, KR~
1%, BEH > J5 7% (Sugimoto et al., 1992) IZED AR LT,

3222 ["CHERAL AWM DO ERK
["'CI(+H)3-MPB 1% 1-2-2 LA D F71:T1ET-, ['CIMP4A (Irie et al., 1994) 1% 1-2-2 L[ERED F7 ik,
[''C](+)3-PPB (Nishiyama et al., 2000, 2001) i 2-2-2 L [FIKED 51T,

3-2-3  PET &+
PET FHAIE 1-2-3 LRBRD FIETITUV, 7 —F 2 LT, P EIRIRIR 7213 50, 250 pg/kg D

BHBEORRXXULEZEBCAEWHE GO 45 SRNCHERE S L, TR 2N oEi# 4w
(100-120 MBq/kg) % . DI E &R =2 —1 X0 5.L7-, [''C](+)3-PPB ¢ PET ZHli% 10 7L
— L% 6,30 PTL—2% 6 #1037 —2% 12 KL, 3 37 L — L 25 B h—4I1 91 43 TITU,

AL P 5% 60-91 4> DT —2&EFEEL T PET Hifg&L7-, [''CIMP4A @ PET ZHili% 10 7L
— L% 6 £, 30 BT —2% 6 M, 1537 —2% 12 #0337 L — L% 16 KL, b—40L 64 55 TIT,
kAL AW 51 35-64 /Y DT — X EFEHE L C, PET Bif§ L L7z, ROI 245 % OV /LD MRI H 50
B E L. ROl ORUH REENRBA 1572,

3-2-4  MEEFEHONE
MAEFE ORI E I 1-2-4 LRIFED JTHETIT 7=,

3-2-5  EhREfEAT
HERRED OREIL 1-2-4 EFEBEDFIETIT-7-, 72720, ['CI(+H)3-PPB TIZBEIFHIC
ethylene dichloride : diethyl ether : ethanol =40:40:1 ZHWTREBL,
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AN EL T R EAZA T o TeB IR ML AT S Z A E 400D ROL DS RED D | 3-710 73— R A
VNET VRO TR/ TIRIECH RS (K1, k2, k3. k4) 23R | [RIFFZ/ MO K1/k2 bR 7=
(Huang et al., 1986), %% @ ROI ® mAChR ~OFEH 77— 7 OfE G 4 (BP) 13, k4 il (FRBEE )
(ZxF3 5, k3 M (F A3 2353k 8072 (Tsukada et al., 2001b, ¢) o

AChE Z/45["CIMP4A DRHIHE (k3) 13, BIIRMER M A THFITROHIENTES, B
FHASR A~ — 2D B /N 315 (RLS) fEMTVE A IV TR L7- (Nagatsuka et al., 2001), #R5(A%2 2R
FEIREL . ZORESIT, AChE {EVED BV oD | PET FHI O] A T BIS D A9 IR o3 % RO %,
k3 1% Blomgqvist ® RLS f#fTiEz W TR L,

3-2-6 TIT74vIfRNT
n— A ay MK E 1-2-5 LIRIERIZAT -T2,

327 AFxXvFr—R7 Mg

["'CI(+)3-MPB @ in vivo & 77 A—4 (Bmax & Kd) (2% L THIER 2N 522884 M 1 E 4 ) fn 525k s
1T -7- (Farde et al, 1989, Tsukada et al., 1996, 2000b), [''C](+)3-MPB %, #EFH{KE7= 1%, Ik
(H)3-MPB (3-300 pg/kg) L3I G- Uiz, /MMO[CI(+H)3-MPB ORHETREIT, 45 % ¢ ROI Dilif
BT m—7 IR (F)&L7z, 45 ROI OFFERAURE G (B)IE, F Z7ELAIW TR 72, #iff B & 3 R
FEHEIECEA L, B — 22T 5% % R 7- (Farde et al., 1989), ZOWRFRICHITH B & F fiiz, B
(ZAf LT B/F D& 7 my AL TRODDAF ¥ F v —REITIC LR D72 (Scatchard, 1949) . in vivo 123
175 Bmax & Kd fiiX, LIGAND ~7 /=7 (Munson and Rodbard, 1980) A f#i FHL Tk 7z,

| ROI(t)dt/ ROI(TY = K || Cp(oydt/ ROI(T) +C

3-2-8 L FV— LHIE

WD FEANG B 5- S TRV R IO PET FHI(10:30 am) DECHTIC, Flnis L OE#n /L)
BRI L7 AT 7NN VT — VOYREEZR ST LT, VT — L~ U A DT —
SR 72 GUR (TFB., U H ) 24 L7 AR s 8 15 (RIA) I o TRIGE L7z, 434 D Jk B
IZ. 20 nM CTh o7z,

329 ~AIuaZATIARE
~AaZ ATV ARNENL 2-2-6 L[FERED FF1ETIToT-,

3-2-10 U—F LT AFY—RT p—< AT A
TEEN A IR LT B AE 2 A7 (oculomotor delayed response; ODR) (233U T, AV ik (ITD
D /INESTRIROGL (EHERD 0.1°) & %% OV ILOEEND 57 ecm BIZEDILZ 15 4> F D CRT =X
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(PC-KM153R, NEC, H AL, AA) OHROEE S ELTHRRLIZ, Puid, BERZEHRLHT 2T
F72B720, PV DB L OHEE D B ONLEE | SRINEAIATE=2) 7 AT 5 (X-Y Tracer C3162,
IEARARh =7 A Ay HA) 12X - T, 60 Hz DJEEETERIRL 72, $/L03 1 BbRIEER L 7=t . 7RV (JE
RD 0.5°) % 8 DD PTEDNLE D —DNITH AIH—7 v ra—E LT 100 ms (Fr=—fH) £ RLT=,
Z DR LFRILEE SA0D 5°Tholz, Huid, Fa—HiRELIEED 0.5-10 FPOIEUEHI[E 0 [EE A
UG 72 e e, IEIEHIE O, & RITES ., Udy — 7 b a— B RREN AL E
(R AR ST IITZRB720, Y423 500 SURDLANICIE LV MZE ISR R Z R LT L& 1 DK Z I
ELTH 272, SRANTE DN IRER S B & 27 (visually-guided saccade; VGS) (28T, U ITI D,
[ 7€ % CRT =2 DR RFIRUIZ, PVIE, EE R AR L2207 5700, Y3 1 FbHEERL
1% BESENEL, FLT A=Y e a—% 8 OO BED—DICEK R LT, X—F v e a—RNERE
Nic&& | Yuid 500 VB LINICS — 7y e a2 — IR R A BEIL 210 iE7e 5720y, ODR & VGS # A7
Z 20 [FITVN, 20 [V fEE T — H T I T,

BAZNZEH LT oy SR BN A A D 720010 AR A K 7218 50, 250pg/kg K13
DNEZATEE 30 AN, FHER S L, ZORMEIIZ W T, Fa—FREREKBE DX A 71T,
8 AT EE L7z,

3-2-11  HeEtfigsT
WARATH £ SD TET, UL, WAT 2—F U tREE 2, 5% (p<0.05) OfERR
e MERHICH R ThDELT,

3-3 i A

Figure 19 1%, %R T 25153505 TOEEY /LM O B 72 MR &[''C](+)3-MPB @ PET [
% CH5, PET BRI, 6091 /3y ETOMAEL THS, [''CI(+H)3-MPB DIMANELA L, £l LU
DT HUCINTH SR Theb i<, RBASERCE MIBHIERCE ., RiSASE R, HoikE] W . BUR
THREEE, i TS /MM CReb KD - 72 (Figure 19)

F BT, [CI(+)3-MPB OMINEIIE TIT, 50 RL% 40 /3% ICHTTELERE , MI5E
YERUE | BBREERVE . AR TN RED I R DEERHZ R L, BUREHE TI3k G-1% 30 73 Tl RIEIZEL
7= (Figure 20A) , #REEMR, MG Tl T E-DIBEZ 60 73121 HRROERZ R LT (Figure 20A) , V52
BIRBEEDT-O SR E LT/NM T, 5% 10 5 TRKRMEZRL, BRI 235 7z
(Figure 20A) , E#in¥ /WO T, BREIR, RSSO Cl(H)3-MPB OEIREI, # i /C H SR
RFFRNZ i RAEIZE L | At L K0 RE R A 7R LTz (Figure 20A, B), — 5 /NMIMCIE, Bilin e 22
ML o7 (Figure 20A. B),

A F T, [CI(+)3-MPB 2 EIL ., ROl ElRE 5% 30 BTl REE 720 | ZOMH L)
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(2 LT (Figure 21B), AT LV CI(+)3-MPB &, TLC b T SIS IEF IO M
BN AR 2 WA SN D ZE VRS2, REK[ CI(+)3-MPB (if = 0.72) O fihtie (RZE i+t
W) Tk DR, 514 60 4312V THEHE T 32.6 £ 3.0, EHin T 42.0 £ 8.6 Tdh-7= (Figure 21A, B,
ALK . RZAL[CI(+)3-MPB DA S BI%IE, & e LW A L7 (Figure 21A. B),

Young

o000 00 0]

oM +0 +3.6 +7.2 +10.8 +144 +18.0 +21.6 +25.2

(mm)

We2900000

C o083

Figure 19 MRI and PET images of [11C](+)3-MPB in the young (A) and aged (B) monkey
brains. MR images of monkeys were obtained with a Toshiba MRT-50A/II (0.5T).
PET data were collected in the conscious state with a high-resolution PET
scanner (Hamamatsu SHR-7700) with a transaxial resolution of 2.6 mm
(FWHM) and a center-to-center distance of 3.6 mm. Each PET image was
generated by summation of image data from 60 to 91 min post-injection. The
stereotactic coordinates of PET and MRI were adjusted based on the
orbitomeatal (OM) line.

A IE A1 T o 7= B AR ML e % A7) RIS E LT, 3-a0 7 S—RAVNET V2 L TR 72
[''C](+)3-MPB DOENFEMEAT Tl Hin T /UCRB I DA EE BP (=k3/k4) 13, MG Tleb i< | 4 TALE
P2 M BREE B ATEAZE R AR v SR THRRE B TR MM TR B IR o 72
(Figure 22A) , Figure 22B T/R9 L2, BARIMZ AN WD —H 0 7 ay MigfTCli, Bt
BV TLAATZ 8 5 U726 3 (Tsukada et al., 2001) L [FIERREROE SV Th -T2,

BRI A A B E LT 3-a 0 N—RAUVNE T VA S TRNT A TO L in vivo IZBI1T5
["'CI()3-MPB O & (3 G HE REL L BT SA BE RUEL . MRAR R TN IZ KD R ER L R b
(Figure 22A) , £ERIZHEA_ERRO/IMKD BP 23 @0 o7z (Figure 22A), 777 47— 7 vy Mg
TlE. & TOFET in vivo 12317 5["'CI(+)3-MPB D & 131&7->7= (Figure 22B) ,
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Figure 20 Time-activity curves of [11C](+)3-MPB in the brains of young (A) and aged (B)
monkeys. PET scans were performed as described in the legend of Figure 21.
Regions of interest (ROls) were identified according to MRI of the each animal.
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Figure 21 Time-activity curves of radioactivity in arterial plasma after injection of
[11C](+)3-MPB in young (A) and aged (B) monkeys. Total radioactivity (open
circles) and unmetabolized (closed circles) [1'C](+)3-MPB are shown. The ratio of
radioactivity in the unmetabolized fraction of each ligand to that in total plasma
(metabolite plus unmetabolized) was analyzed using TLC and a phosphoimaging
plate. Unmetabolized [1'C](+)3-MPB was calculated by correction of total

radioactivity with the ratios of unmetabolized ligands at each time point as
shown in each inset.

in vivo (2B T B[ CI(+)3-MPB 5 & DA v o F v — T IC BT, BIEDS IR KE Th o728,
B & F Oz Kb 7=, 4 ROI OUFHEE 7 10— 7 P FE(F)T. /MM B A1 7 o — 7 R
Y45, % ROIDOEEAFES (B) 13, % ROI DK RED S/ MM D T REZE B I 2Lz k-~ CEHE
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Uz, #5lids KOV E S BT DRRER IR, ATSASER B, MIBASE R OERE O K KL, [''CI(+)3-MPB
Be 1% 60, 45, 45 43 Tdh-7- (Tsukada et al., 2001) , A% T ¥ —R7 By MRHTClZ, vt L0
Wb 2 TORE T CY(+H)3-MPB I XE AR Z7R< L7z (Figure 23) . ¥ /L3 35 lid L Sl L T4 T
DOREIRCXHhE DA FOEIMEL, EHUE mAChR D KA AL (Bmax) DMNERIZLAIK F 2R LT
W5 (Figure 23), xHHRAVIC, R TOERICB W THEHBOMEESICEMEEM THEEN RONT,
mAChR BUFE (1/Kd) 1213, sl L2 b3 2 24 7RI L T4 (Figure 23)

1A

= ka/ka

BP
Logan Slope

Figure 22 Age-related changes in cerebral muscarinic cholinergic receptor binding in vivo
as measured with [11C](+)3-MPB based on a three-compartment model with
metabolite-corrected plasma time-activity curve (A) and graphical Logan plot
analysis (B). Data represent means + SD for seven animals per group. *; P<0.05

vs. young animals.
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Figure 23 Scatchard plot analysis of 7n vivo binding of [11C](+)3-MPB in the striatum (A),
frontal (B) and temporal (C) cortices of young (open circles) and aged (closed
circles) monkeys. Monkeys were injected [1!C](+)3-MPB under carrier-free
condition or with various doses of carrier (+)3-MPB ranging from 3 to 300 ug/kg.
The total radioligand concentration in the cerebellum was used as the free
radioligand concentration ("Free") in the striatum. Specific binding ("Bound")
was defined as radioactivity in each ROI reduced with Free. The values for
"Bound" and "Free" were used in a Scatchard analysis where the ratios
"Bound/Free" were plotted against "Bound".
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LFY — L DPEEER CIE, g D/ L aa FafRARN ARLEL ThHHILTF Y — )L
DYLEED, L (659.5 + 97.3 nM) LELERL TE /L (913.2 + 111.4 nM) TRWI LA R LTz, N T
O[''CI(+)3-MPB FEEICL T — L DR R G T D701, W ERTEHSE R o[ C](+)3-MPB O
BP 4B O iV F — LR B 26 L CF ay MUtz LT — L L[ C(+)3-MPB @ BP [t

WAHBE B LR ITHE S (°=0.746) TEIELSH (Figure 24A) | RITTHLE R E CIIABIBIR S b -T
(Figure 24B) ,
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Figure 24 Relationship between cortisol level and [1C](+)3-MPB binding in the
hippocampus (A) and frontal cortex (B) of the monkey brain. Plasma samples
were obtained just before the start of PET scan, and cortisol levels were
determined by radioimmunoassay (RIA) using an antibody specific for monkey
cortisol. Binding potential (BP = ks/k4) in the cortical regions was plotted against
plasma cortisol level of each animal. N.S_; not significant.

Figure 25 %, & #h /LMo BRI 72 MRI &["'CIMP4A (Figure 25A) 3L OY''C](+)3-PPB
(Figure 25B) ® PET W% T %, PET g%, ['CIMP4A Tld#k 54 35-64 5> £ T, [''C](+)3-PPB T
13 54% 60-91 4y ETORER B TH 5, ['CIMPAA DRGSR I, BREAR LR 2 L, /M T e
B 1R SATE AR MEEIE R, ATSHIE R IR -7 (Figure 25A) , [''C](+)3-PPB DEEREITHREARD
< REAIERVE | MIBASERVE | RUEASERVE . MBS RS PR | /NIMAMEZ > 72 (Figure 25B).,

Figure 26A TRT LI, FEMW OBEIEDO[ ! CIMP4A 13# 5% 20 4y ETHEMEL, D%
PET FHHIKE T T 2ETH M CTh oz, ATEHZESVE . MIBIEERE | R RE O BUE Tl
['CIMP4A DEFITHE 544 5 HLIPNICE —ZICEEL, 10 5 LLREIZ M ClhoT, 50 5508 250 pgke
DRFRT N DRI G & > T BRI THEKAFAIZ[ CIMP4A DR D L~ LEEINL 72
(Figure 26B. C), —J7. HAE TIE['CIMP4A DB —Z DL YL HR RO G EOENNLY E
FUT=M, L~ 33002 K T L7z (Figure 26B, C).,
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Figure 25 Typical MRI and PET images of ['CIMP4A (A) and ['C](+)3-PPB (B) in the
brain of a conscious young monkey. MR images of monkeys were obtained with a
Toshiba MRT-50A/I1 (0.5T). PET data were collected in the conscious state with
a high-resolution PET scanner (Hamamatsu SHR-7700) with transaxial
resolution of 2.6 mm (FWHM) and a center-to-center distance of 3.6 mm. PET
scans were performed for 64 min and 91 min in [1'C]MP4A and ['1C](+)3-PPB,
respectively. PET images were generated by summation of image data from 35 to
64 min and from 60 to 91 min post-injection in [11CIMP4A and [':C](+)3-PPB,
respectively.

["'CIMP4A D2 BRA Rk~ —AD IR TIL, K3 EIZ& > THEND AChE {E1EA, Figure 26A T
3 DO TOFHL VS FIREE CTH oL, MIFASERE, (ISHSERE | thIFIE R E O EIZFIT
7257z (Figure 27), R3SV O# GAZLY | FEEICHIT D[ CIMP4A D k3 fEI%, 5 BITEKIFL T
AL, ZNHOHE T AChE GO T2V RIBS L7,

BB DR RV TED AChE {EMEDIR FII~ A7 nZ A7V 20T h Lo THER T
5tV M CRITSASE R O MR /MR D ACh JREE DS BE - B TR 7L CTHAM L= (Figure 28).,

[''CI(+)3-PPB O it HEBHRE C I, AITEAZE R E | MIISHTE A | 42 BRI A B CHURBREERE D IR K
D EA% 20 43 Th o7z (Figure 29A) . FREAR, MRS T, 5% 30-35 3 ERMORKIE TH -7
(Figure 29A) . A MREEEDMERNZO S IGEIRE LT/ MMTIE, % % D7 m—7 OBREIIHK 5% 10 5
TE—ZIZE#EL ., TOHRREFAIZ L= (Figure 29A-C) , Figure 29A-C Tavd X2, RR~<U 0%
HAZRY), ZNENOFEIROE — 73T DRI FOVRERIZ S 7 R DD OTH I B 1l < Ao Tz,

R EZAT o 7B IR M A A A7) BI%E U CHWZ B REFEHTIZ 35U VT, 50 ng/kg DEEH-EDR
FAVI in vivo | ZF1T B[ Cl(+)3-PPB D 5 1 G HE (BP=k3/k4) Z IS B[R 2R L1228, #Eatas
i Tl > 7z (Figure 30), 250 pghkg DR G EDOR XUV T, B TOHEBITIHENT
[”C](+)3-PPB @ BP BFE L L7z (Figure 30),
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Effects of donepezil on time-activity curves of [1CIMP4A in the brain of a
conscious young monkey. Saline (A), donepezil at doses of 50 pg/kg (B) or
250 ug/kg (C) was intravenously administered 30 min before [11CIMP4A
injection. PET scans were performed as described in the legend for Figure 27.
Regions of interest (ROls) were identified according to the MRI of each animal.
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Dose effects of donepezil on AChE activity (ks) as measured by [1!C]MP4A in the
cortical regions of conscious young monkeys. Reference tissue-based linear least
squares (RLS) analysis without arterial blood sampling was used to calculate k3.
For this analysis, the striatum was used as a reference tissue. Data are
expressed as means + SD for five animals per treatment condition. *; P<0.05 vs.
respective saline control. # P<0.05 vs. respective “Donepezil” at a dose of
50 ng/kg.
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Figure 28 Effects of donepezil on acetylcholine concentration in the extracellular fluid
(ECF) of the frontal cortex of conscious young monkeys. A microdialysis probe
was inserted into the frontal cortex (A: 48 mm, L: 14.5 mm, 2 mm below the dura
matter) according to the individual MR images via the guide cannula. Donepezil
was systemically administered at doses of 50 and 250 pg/kg at time-0 indicated
by the arrow. Data are presented as % of the "baseline", which was the averaged
acetylcholine level before administration of donepezil. Data are expressed as
means + SD for five animals.
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Figure 29 Effects of donepezil on time-activity curves of [11C](+)3-PPB in the brain of a
conscious young monkey. Saline (A), donepezil at doses of 50 pg/kg (B) or
250 pg/kg (C) were intravenously administered 30 min before [11C](+)3-PPB
injection. PET scans were performed as described in the legend for Fig. 25.
Regions of interest (ROls) were identified according to the MRI of each animal.
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BT B[ CIMP4A @ k3 fETRSNDEE D AChE IEHED, #5n L HFER L CTH
7= (Figure 27, 31A), *HREYIZ, ['C](+)3-PPB THEAMiEHH mACHR f& A1, & CORE TNl Lk
ST L7z (Figure 30, 31B) , R3320 (50 381100 250 pg/kg) DEFMREE5-T. ['CIMP4A @ k3 i)
P 5 BARAFAIICI L (Figure 31A) | 250 pg/kg DO 58T in vivo \ZB1F 5[ C](+)3-PPB D32 2 A
A HE (BP=k3/k4) 73 LIV L7 (Figure 31B), ZHHITEET MATEB W THR 2178 AChE [
L TODIEERRL TVD, ZNHD KT /BN TH AR L7 2R LT
25 (Figure 27, 30) . TN IVED RESDAR T O E BT YL L0 /NEh>o 7= (Figure 27, 30, 31),

Figure 32A T/R9 EHIZ, ODR XAVIZ Lo TEHIiSIAD Y —F L 7 AV DT —< L AHNiG
(ZFES TR T L 8 Fb DR AERF[E] TOIEZ RITF P /LT 70 %, Elin /LT 40% Th-o7z, xHRREYIZ,
VGS ZAZIZ X AEERE )1, Al L Ll L ORI T B 722032 h -7 (Figure 32A) , /10
KLY —=F o VAR =D T =< AL, RANVULOFEEICIY) | FEKEIELSE LT
(Figure 32B), #int /L Clk, KRS ID, U—F L T AR D/ T p—~ L A T OSEN RS
A=A B Cldlen o7z,
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Figure 30 Dose effects of donepezil on muscarinic cholinergic receptor binding (BP = ks/k4)
as measured by [11C](+)3-PPB in the cortical regions of conscious young
monkeys. The time-activity curves of unmetabolized [11C](+)3-PPB in arterial
plasma were used as input functions into the brain, and a three-compartment
model was fitted to the time-activity curve of specific binding in each region. The
binding potential was calculated as the ratio of the association rate (ks) to the
dissociation rate (k). Data are expressed as means = SD for five animals per
treatment condition. *; P<0.05 vs. respective saline control. # P<0.05 vs.
respective “Donepezil” at a dose of 50 pg/kg.
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Figure 31 Effects of donepezil on AChE activity (ks) as measured by [11CIMP4A (A) and
muscarinic cholinergic receptor binding (BP = ks/ks as measured by
[11C](+)3-PPB (B) in the cortical regions of conscious aged monkeys. The values
of ks and BP were calculated as shown in Figure 30 and 32. Data are expressed
as means + SD for five animals per treatment condition. *; P<0.05 vs. respective
saline control. #; P<0.05 vs. respective “Donepezil” at a dose of 50 pg/kg.
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Figure 32 Effects of aging on working memory performance (A) and restoration of the
age-related impairment of working memory performance with donepezil (B).
Working memory performance was evaluated in combination with ODR and
VGS tasks. The delay time was fixed as 8-sec in study B. Saline (Dose = 0), or
donepezil at doses of 50 or 250 ug/kg was intravenously administered 30 min
before the start of session. Data are expressed as means + SD for five animals.
*; P<0.05 vs. respective saline control. #5 P<0.05 vs. respective “Donepezil” at a
dose of 50 pg/kg.

45



3-4 B

ARFZRIE, HHL mAChR 7' r—7["'C](+)3-MPB ZEhISF DR EHHOMA /5L CHEE FC
53 fRHE PET Z V2R 12 K5 mAChR DZAb, [RICAEARTD BB D AChE iEPE, mAChR F5 A, 78
HIBERBIZ KT AR R /UZ LD ACKE FHE DB L Z RN L 7= 4] COMFE TS, i AChE 151
1%, ['CIMP4A % V= PET FHllE~ A 2702 A TV AL THRHT L2, mAChR #5 A 1%, PIRPERRER
(W LOMRVEDES AL AW L OBEA HRRR T IE SO T CI(+H)3-PPB % W TR L 7=, FBA0EERE
ODR # A2 % N TT—F L AR DT p—< o AU T LT,

B L OEEY LT HICB O T, #5% 60-91 430 PET OANE 4 T, [''C](+)3-MPB @
ERIMSR TR E< REER B Cmi< | MIBHRERE L ATEASERE L HIRIE] VRS CHIRREE | BUR,
FETIRL MM R BIEA 72, ['CI4-MPB L EL#L T, F5inv /L L[RIBR I iYL [ C] (+) 3-MPB
1% in vitro T mAChR 2D\ ViEIK (Snyder et al., 1975, Lin et al., 1986) ~D W VEFEZRLT-
(Tsukada et al., 2001), ZALHOfE R iT, mAChR % & O @& W EI T, /MM T2 @ W ERO
[''CI(H)3-MPB 73, FEH1C B\ VTR I 3515 53 (SIN) FeCdv D723 . 4N mAChR DNl L 525k A
BT D272 1 ChHI LN RIS, E7A B/ MKk DERED SV, in vitro TD
fi&i 4% (Snyder et al., 1975, Lin et al., 1986) L[FlfE, S &A% (Bmax) LIEE—E L Qe Zea Rz
(Tsukada et al., 2001), [''C](+)3-MPB Dl {kL 7= MV iA 7 b3 5 112 35V VT, mAChR DA 15
KT RENT, Ll ZRESOG A TF u—T ke HOER D780 BV T
SEAE (F7213041) DY in vitro T/RSIVTEZBARIREE Bmax (Frey et al., 1992) &5 70 > TV ZED/REN
Too £2C 3-aL /=P A NET VB FIWZEIREARTIC KD Ao 7L o O BEES 2 Z R L
7

[”C](+>3-MPB DI O 2RI, FIRN ~D R 503 L% 30 Blce—2ITiEL,

HRNNTIEA LTz, Flin ks LOE v iuh | RETAREHT I3\ TLARITO #t2 (Tsukada et al.,
2001) LAk, ['CI(+H)3-MPB 1ZIEE ITHEDN B, LI A BE P2 i i T2 220 R ER % I RS
NAHZEDRENTZ, FIEIWIT, B L[ C)(+H)3-MPB ORI TN -7, BIRILEZ A
N E LT 3-a N =R A NET W EE DUV B REFEHTIZ 35U T, BP (= k3/k4) IXMRIBRIEE | AiTEA
ERE BRI TCI(H)3-MPB FE G O IC L AFED Rz, FE SRRSO mAChR DR 23,
FERHWTD in vitro D#EF (Rinne 1987, Wenk et al., 1989, Wagster et al., 1990) &—F L T\ 7z, FE
HE (BP = k3/k4) 2352 AR FE (Bmax) EHAIME (1/Kd) O LVEX NI, EORTA—HRE
{LEEBITEALTDMALINT T DT TERD DTN, in vivo AX X v T v —RFENTHE, IR L D%
KEFEA O T, ZREHEAMEOZLTIE7e< Bmax OB NRIN THLZEDRENTZ, kT 5D
T, HHT =713, I (CBF) ~D @ W MEAFHED 728 | mAChR i & DD MRS NDD B L
MR, ZRRFE B O LR IREYIZ . FERH /LMD O1H,0 % FHV V= CBF O 5 (Tsukada et al., &
%67¢) LREE. ['*FIFDG (Cross et al., 2000) (2257 R H (CMRgle) THINENC LD 2 RR 72 Bf
K R 2R Uz, ZRHOHE X[ Cl(+)3-MPB @ BP 23 #1245 mAChR ERALAF R (LD L%
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/REL . CBF & CMRgle DANERIZ LD BRI ZBAVICR B A3 T IR o Te 28 A R L TUND,

mAChR 73 AD THEHLUWBD S SN HHERE IZF\ )T (Flynn et al., 1995) . ELIZEZ0ZE L ED
DAL ZHUTEMI L DR R (Court et al., 1997) E—EL T, VB ITIE R 7V azLFaAfRig
Haas ha— L BHE T A2 DO ACTH i Z2 642, BEEOHHEHERIT vazy
FAARARN ARVEAGERR P IME DN AT D, ZIVE TSIV, FrlZ/ vazaFafRs
BARD B E 721 (McEwen et al., 1986) I3\ T, M= /LF > — L L~V O NI L D80, BIZI
AT =R SR b= N AR — 2 — L ORI DO OFABBLR 3 %5 Z A /R LTz (Kakiuchi et al.,
2001) , ABFZEDRE B TIE, VERIZB WO T[CI(+)3-MPB @ BP O L5 LW 2R S22 0o,
LU, RITSHZERE Cldre B ICHB W[ CI(+)3-MPB D =L F>/ — L & BP RO DAY
BAfRZ R L7, mACh #if& R ET N azaLFafRANARVE L ORIOM AAERHN R EETHLH,
ARFFEORERIL, b= R7217 T2 mACh #H#&R L BIEN D D E AR T EHEREDY, 2L T
— VARSI UAE L B L QD LA RIB LT,

Wenk (1989) Hi%, H/UIMORTEASE R 'E D mAChR O in vitro (27T M1 B 7 XA 72 FIKT
1372 M2 ZBRITHE B DI D RENDTLZHEL TV D, mAChR ¥ 7 ZA7FE 8k CHO-K1 71
— BT, [M'CI(H)3-MPB [E M1 & M2 S AR 7 2 A 71T U CRIR D RS2 v,
["'CI(+H)3-MPB I, in vivo TO mAChR ONHIZLHZEA LD R HAEDMEL )b LivZ2\ , ROL D /MK
T DHEE OIS S TRESNDHE G/ T A4 ERDD['CI(H3-MPB DI T7 4y 7ma—H 7 ayh
fEHTClE, 22 COREE T mAChR &G OO A ALHT -, MTIEROBRRA R EETHLH, Eiin
DB~/ NIHOD BP 23T mVMEZ R LIZOIE, #ESIVTODHE R (Lee et al., 1996) & T4 J&
MN&>D,

ZIVETOPET Z MV 2t M mAChR DN LD ZE LA HEE T 572 DITIFRON I D EER T
boTlelod | FETDHRERDMESNIZEB DR D, FERFERAE A LIFHHETA LA D% ik E LT
D/NME L TR 58, ['CI_v X (Dewey et al., 1990b) &[''C]4-MPB (Suhara et al.,
1993) THIELIZEMMKIZ B TR, A TOFEBKIZIV YT mAChR OINERZ LD 23 bz, LasL,
["'C]TRB OEWRIL Y2 7V 7 % - B REFARAT RIS L A E RO FHI T, EAEIZLV AN mAChR F5 A1
BME T 23 DAL, /MK T AIME R A3 o T2 L ST D (Lee et al., 1996) ., Fl[E A (L
SHER) | fRHT I SN DI L B ) DIE WD B Z RN DTN TERVR B KD Z AR
B OREE/NRTOMK T DL, LLETO#H S (Dewey et al., 1990b, Suhara et al., 1993) J0, LA
mAChR DIERNBAREN) ThoT-LE 265,

TNETIIRD b iR (728 203 'C D T1/2 = 20.443) DBV RO 7-012, 7a—7 0
FRBEDNEEL | AT DOITERF 2D 8 H B2 B 01285 mAChR O in vivo fi##fT ©, PET %
W R Z R EEChH -T2, TDIZ . ZREISO T 0 —T OfREEN I F S0 )T T AR LR R

HIE, RYOEHH TR G HZDOE DRIV THEDLIENTERNEE X HIVD (Koeppe et al., 1994)
[ CHERAE AR~ v — 7 DR B E 2 (KD) B2, in vivo fEHTICI1T 5 PET #HEITIE, nM A4 —4 —T72
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FUE7e5720 ) (Comer and Maziere, 1982) , [PHIQNB (ZJ5F. % O in vitro TOFHECTlZ, mAChR ~D
(+)3-MPB Ot (Ki=1.71nM) 1 X, HigA955<, 4-MPB XV 3.3 {7/ ~7= (Takahashi et al., 1999,
Nishiyama et al., 2000, 2001), E5IZF7=, [''C](+)3-MPB DM EN S L OV R AYHE A 723 ' C]4-MPB
LRI TR LVA~OFE% PET FHAIRERIO 91 /3 LAINICE —2IZE T 52 8% /R L7= (Tsukada
etal,, 2001), 3-10 /3= hANET L VB REMRNT ClE, ['C14-MPB £V[''C](+)3-MPB DfifHf
WL EH (k4) DV NS EMD | PET FHURFHRIN T2 5 284 R L7 (Tsukada et al., 2001),
["'C](+)3-MPB D= HDHrM: 1L, mAChR ~DIRWE A FE L TODHEEZ LD, ZHHDRE B,
FHCI(H)3-MPB TR EHEOMN mAChR OFHZA %72 [''C] Kk PET 7'n—7 CTHHIEDVR
BT,

ACh DHELUA[ CIMPAA 13, TOEWISITAYED -8, B B kBE M (B.B.B, ) Z @i T 52
LNTED, ALEWIIINN T AChE (2 &> TR S RS AL, BUKPERE) L7220 IR R I Ty 7 aSns
ZEIZED | AChE IEHED A0 D3 L TS s (Irie et al., 1994, 1996) , ARt CIEEMRIMER ML T,
SRR — ADR I 5/ — 315 (RLS) fRMT5% 38 F L 7= (Nagatsuka et al., 2001) . PET #HHIo> [ if
AT BB ORE AR T IEM D, ZOMMTICHR &N E S FERE L TR, ZOMEIROIEHR I
VN AChE JEMEDT=8 | ORI T 5 ["CIMP4A DETHNN Ty T ENDHENE LT, RRAST LN
HER GEnsL, ['CIMPAA OFRSRGEIR~DEFEIL A BAKAFANTENL | MR O~ A T HE
FAS DB AR LT, RAASDUIC XY DIl AChE FLEICEA[MCIMP4A {REHFHE . 31T 2)AChE
BH 2 KA RMIM T & (fCBE) DX LE-7-['CIMP4A DEDIAZ (k1) D _F5FI2 X0 A I BN
LIzEE 2525, EBE, MEY 7 1D TLC 4547 FV 7= Pl 5 Cid, M i [ CIMP4A O g
P3G HREN) LD R F A% 4 5 U8 O J5 3R FC 8 o T2, SHI2, [POIH0 % W= H VD
PET #HJIIC, R R~/ LD rCBE 238 L 72 & 2= L 7= (Tsukada et al., 1997, 2000c) , [''CIMP4A @
R U AT BIET, SRERTZ T T RITSASE AR, MUBHIE AR, HBHIER L C RO, [ CIMP4A
DEGERITE W — 24 R LT, ZHOFEO[ ' CIMP4A DAL~ U AE BB 5 LR R~
B 5 TIEEALRICEZRL, KR ED ACKE {ETEDOF BARTFHNIR FARE LI, MR ~D
AT BSO8R IR D L UL ISARZE T o T2 Z RS SSENEEMRAT 0D . KR ALY
["'CIMP4A O k3 TEAME L, ZAUTR B HEITD AChE IEVEICAYS 35,

WD LT-[M'CIMP4A O k3 fENEBRIZ AChE DIE FA KM 5LV HEEL, v 7 AT I A
INBE G HIDFEIUT Lo THED D BT, RTEHEERE D DIG54L2 ECF 110 ACh IREEI, i1
IZBWTRARATAO HEIRAFL THHINLT, RONTZE DT | K% 20 F F TR B S e
IRBWT T PN EAGHIENIEFICHELL, ~ A7 ATV AT E VLSO D v % AV C
1To72, L L, BET MZB O THR RV 2Y AChE {EHEAFLEL | FE KT ACh JEEZH NS
BHIENRHER TED, HAEIZHD I, N AChE DIFENL /L%, EMIRB W CARRR @ D&
LBBIZ L D58 % 5217720 (Namba et al., 1998) , AARFETORE Kb Elin ¥ /LI T AChE IEMEDIK T A
AL ehOfERL—HL TV,
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P4 in vivo \ZBITH7 0 —T TR SRR G ORIE L, FEEL ) F1EE 7oA R ] O
HAFREFRERIT, AR TEED B OBERERN R SO Z R 3572012, <DL T2V TE72 (Laruelle,
2000) , FHAIOFERNL, ZFE~O T 0 —7 OBFEFFLE THIUL, MR EME N /R T
n—7 LA T HEVORUEIZHEDL< (Dewey et al., 1993, Innis et al., 1992, Koepp et al., 1998, Seeman
et al., 1989, Tsukada et al., 1999a, 2000a, b, 2002) , [''C](+)3-PPB O EIREIL, Z R IKE FE DRV EEIC
BT, BICHAE SN TS mAChR #Ei#% (k& % [''C14-MPB (Mulholland et al.,, 1988a) <°
[''C](+)3-MPB (Takahashi et al., 1997, 1998, Tsukada et al., 2001¢c) LVERED L — A FL | {4 Jd
b7, PN TOZENE, Zo Ik E | NEEYE (logD74) . B.BB OB, #—7 vy
T (ZHAR) ~OR M | B GO % T2V in vivo IZB U DR G E I B 52 50, %
BARA~OBEFEN S EETHD, FEE, ['Cl4-MPB &['CI(+)3-MPB 3% B IA~DFEAHED B -
. AChE (255 ACh DHINNT L5 & #iA5E Z5720 » (Nishiyama et al., 2001), — 77, [''C](+)3-PPB
TEBFPEAME N =0 | KRR 3D ACh DN LTRSS L, BP Db Zom LT, )%
<D ACh DOWEEZFHAIT H7-DITiE, 7 —7 LMRIEEDE EOH A RN T OLENH LN,
["'CI(+)3-PPB 73 in vivo \Z$5)% AChE FLEICLVFERES N2 ACh (EEMEMR B ER DL LA R T
XOHE M7 a—T7 ThHI LRSI,

["'CI(+)3-MPB i F: (Tsukada et al., 2001b) & [FIA% ., (HHIE {8 | ATSAIE fE ., MRIET
[''CI(+)3-PPB #f & B AR S, IS LD 2 LA T, BB, S4IRICH1T5 mACKR #5560
T, EEIEMD in vitro DFEFL—E L T 7= (Rinne, 1987, Wenk et al., 1989, Wagster et al., 1990) ,
AR R IZI1TD mACh (EEMEMRREEDS | FRiE SR RE CEBE R EIZ R IL T\ D, EMNTE
LHFPLFRIFIEICB N T, FE LR IEAE TN ACh EEMEMEROBEEME RSN TWD
(Collerton, 1986), FEEs, Elin¥ /L IIEE D ACh /EEMPEMIRIENME T L, ODR # A7 DRES) %3 I
IZEVIR T L7z, ERRBUIC, VGS ZAZIZELIEBRRIL, Al Y /L &Y L ORI CH B 2D 80Tz,
ZOZEITEE YLD ODR ZAZEEMME T LIzDIX, V—F 7 AEY—RE/ DK T IR T HEmmks
Nz EBIT, RRARUUICED ACKE [HFEIZE>THML 72 ACh 23, & BRI E L= T 72T —F%
ARV —DREN HEIES T, mACh {EEIPEMFAR EN LIRS R I RE CHE R EIZ AL, ik
(ZEVIEFEZ T #EES AChE FREICEZ > TH P ANCEIE 2283 TED LW Z SR 228
MTET,

AChE JEMEDR—AZ AL DNLIL THY, AChE JEMEMME FL QRN ZEARIBL TODAY, K
ANV N GAZI L EE T L E O TR S TR R AR U, 7705 Hilin L3 Ziim by
LEY [MCIMPAA @ K3 B KRELIFA LIz, AT, R ES[MCl(+)3-PPB D 1 it L
ISR L DENIVIED T, ZHUE, ['CIMPAA DIENTHNS ., EhH L TIER 221255 AChE
23 hE< ACh HINOFEEE DMK T ZEZREL TS, Bt L& W B OMZE T, AKX
FRFRE RIS UWNTE T /L DS AN L TO SIS 3$NE W FEI L 7oA 7 23R S 7z (Harada et al.,
2002a, b, Kakiuchi et al., 2001, Tsukada et al., 2001a, 2002),
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ARBFFE T, @4 PET & W2 REEYLAN TH i mAChR 72 —7"'C](+)3-MPB Dk
FEMTIZED . RIMEZE O mAChR O LDE b ATR LTz, 2RO R ELARTOME R (Tsukada et al.,
2001) 735, [M'C](+)3-MPB %% PET |ZJ5 140 mAChR O 7E Bt D 7= |2 Ul e[ CliEi% 7 n— 7 Th
HIELE RSNz, ~A7aX ATV ALATEFRIZ A LG i PET HIEAAS, B4
T TOIEDOVE T2 DN T 2012, FEFITH AR HIETHL e RIS,
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%4 PET IZLDV VIO DA AES FRARD 54 2R LR AR e S 5 o B

4-1 Fr i

AR RIZ351F D mAChR OMIRREET, R, 7 —F L 7 AT — & BT FORAMBEREA 0
T 5 (Collerton, 1986; Hasselmo and Stern, 2006; Kobayashi et al., 2002; Sellin et al., 2008) , FEEIHR
#) mAChR D7 ZT=ANTHHLATRTI L, —BEOFUIBEE 275775 ((Broks et al., 1988;
Drachman, 1977; Edginton and Rusted, 2003; Green et al., 2005; Potter et al., 2000; Rasmusson and Dudar,
1979; Robbins et al., 1997; Rusted and Warburton, 1988) , EMIBWTAIRTIIAZ L > TEI SN IZFE
BEEFIT7AF 7 o7 ACKE FLEHRICID =S5 (Honer et al.,, 1988; Mewaldt and
Ghoneim, 1979; Prohovnik et al., 1997; Sitaram et al., 1978) . B EBRIZIBWTH AR T 1L, FHEK
N B R E 27 S 7 (Aigner and Mishkin, 1986; Bartus and Johnson, 1976; Hardman and
Limbird, 1996; Hudzik and Wengner, 1993; Plakke et al., 2008; Spinelli et al., 2006; Tafe et al., 1999,
2002).

ACh #EDEEFHT N 2 DOFNLIZFTEL TS (Mesulam et al., 1983, 1984) , 1 DX i FLJE
TS R BB I L T D (Mesulam et al., 1983, 1986), B9 1 DILMER THRICEHL TS
(Mesulam et al., 1983) , Z< DL« FLIEIZ BT DHFFEIT ACh MRED RITAN AL R B R34 THIL TS
(Collerton, 1986; Hasselmo and Stern, 2006; Sellin et al., 2008) 23, fXERD VAR LT B /275 E
XL R FE - RRIETHHEH A &I TV (Kobayashi et al., 2002; Kozak et al., 2005; Pare and Steriade,
1990; Vogt et al., 1991; Gabriel, 1993; Mitchell et al., 2002; Rostron., 2008) ,

TIINA—IROFHEME mAChR O 84 1%, GRS O L LHEBI L T4 (Hohmann
etal., 1998; Perry et al., 1986; Terry and Buccafusco, 2003), XM mAChR DL, AD 7217 T7e<
(Rinne et al., 1985; Reinikainen et al., 1987), /~>*F > ’7J5&(Enna et al., 1976; Lange et al., 1992; Wastek
and Yamamura, 1978), 73—/ JH(Ahlskog et al., 1991), H & KFRIEIZIB WV TH R 55 (Crook
et al., 2000; Dean et al., 2002; Zavitsanou et al., 2004), \X<-27)>® mAChR 7= =A}Z AD (Bodick et al.,
1997; Cacamo et al., 2009; Langmead et al., 2008) . #t & K FH4E (Raedler et al., 2003; Sellin et al., 2008;
Shekhar et al., 2008) DFBEIMAEL L ET D,

YL DAL A DOE TR (DMS) IR FERE UK DO LRI WO FED 1| D THD
(Bartus and Johnson, 1976; Hampson et al., 2009; Penetar and McDonough, 1983) , —fi% )72 DMS (%,
CINVENGEEREIR L — BT OVEGATEL  —E R I T VR Lt oo BB &[RRI
AU, B IELWKITEARINT 23R E THY | B EfE T 2 A 152803 TEDHD, 1E2kD DMS
1L, TANT 52 TOEMITH L CHEEZTEL CODIEIERF R [FA U R R A 7% E L U223, FRfEiae!
L TEENENDOMEIRIZ L > TRRD VS TR RN Do Tz, TN ENOEIRDFEER 1IZih-7
PEIERF 2R E T HZEMN, FEAIDhE A LYk 32012 L TV 5 (Buccafusco et al., 1995),
EMR DMS(T-DMS) Tl ZNZNDERDREINZIVIBIERF 2 ZE 2 5, T 7205 IEfRRHZITE

(B
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SERFEZ DXL | N IEMERFCIZBIERF A2 H< T2 28280 ZNENDEIRDRE NI d > T BT IR
M52 L3 T& D (Buccafusco et al., 2002, 2003; Hudzik and Wengner, 1993).,

AAFFETIEL, AARIIVICIVFFESN L LB RER S O L mAChRs AR EA=REDR
&YV (Macaca mulatta) % FAVCEHBL 72, mAChRs Z &K 54 RIE, HEE FICBW TR
¥/l PET 7 A7 (PET; Tsukada et al., 2001b, ¢) T [''C](+)3-MPB % VT PET HlllL7=, FCiEREEORE
FEVE, EUARDREINZ DT IERF M 23 E T& 5 T-DMS TakiliL 7z,

4-2 B 15
4-2-1 LI ROT A

FERIZIL 3 BEHOBEM:T 17 v (Macaca mulatta; 5-6 %) IR 4-5kg 2 H LT, VVIZKRED
[ N7 f AR ZE AT KON AR =27 A RAFFFEFT D AR T AN > TR o Toy ATRT I BAb K
PR I3 AR SRR s+ (Tokyo, Japan) JOHEA LT, ARTI O 5-5(0.01 and 0.03 mg/kg, i.m
in 0.1 mL/kg.) I, [AARDH /LD EER (Aigner and Mishkin, 1986; Bartus and Johnson, 1976; Hudzik and
Wenger, 1993; Spinelli et al., 2006) {ZfE>7=,

HROIZ, B =27V E L TAERRIE BEOW 7 L ELTAIR T 0.01, 0.03 mg/kg O A EH
(ZTRGL, B, $65-2, 6, 24, 48 FE[EIH4IZ T-DMS 21 TH L IZ KD Re Bk RE 2 3N L 7=, B —2 /1,
AZARTIDENENDOER LG &IZED T-DMS 13 1 O A2 — L T2 HFOELT-, B —71 e
ARG OFGIEL, BIHOENDIINAT-T, H T, HEE T [ Cl(+)3-MPB i\ T mAChR
A RO PET GHUZ AR T IR G, #5852, 6, 24, 48 FF[EITRIZAT 72, 3 BHOOH/LC 30 [B]10> PET
AT -T2, OV IL1E0.01, 0.03 mg/kg DEEE-E T, 5 ODRAL(AARTI G54, 2, 6.
24, 48 FE[H#%) | &t 10 [B10 PET #HAIZAT 572, 1 BHOPLZ-DERATRTIL-0.01, 0.03 mg/kg % 5-&T
2R 2 [ T-DMS #RBRZ1 TV, PET FHAIZAZAR T3 0.01, 0.03 mg/kg 584 1 [B]9° 21T

277,

4-2-2  ATEYTAB

T-DMS I3 Buccafusco &, (2002, 2003) D H{EITHESTZ, 8 14, 8 DDLIRT 64 FED Fip o7 HA
TATo7z, MIBITEROE SRS, WWEZ Yy F A= DR aE Sy F T HIENTED, TNEN
DEFEDOYARIE 6 em’ Thb, 1 Lyiaid, 32 BORETHRSNTRY, 1 EyiarOFTEOF
D RAIMN 4EBNDINT > TND, 1RO TIE, AAMELEIRKELFE U THD, 1 [FOFRE
TliX, T AZ) =2 O I AP AL — 2 — LU TRRSNV TP GENDS, LI AZ—R
2—MNFIRIIVT 5 LUNIZZ YT L, AZ—RLRT IR0, Xy TF T HEAL— o — 3R [EH
TERALNEDDD, AR 1 ARG ZART LAROEER A MINHA, RARKIED 300 IVHERS
N5, BIERE % AARKE | 5T 4 SOBRREENT —FRICERSND, FADBRAKBEFRT
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HD% S HLUNIZH YT L CIEMT 58, L TK (0.2 mL) 8 5-2 Hivd, —HRIIOFRETIL, A%
—hra— %O RARMEAZR R, BIERFEZR USRI A2 R 95, IEfET 58, 210 H OFfMEILE
HEREE 2 1 BV RS2, ZHE T VDM HIER D E TR D, HiE- TRIT 2L 100 Hz O —7 H% 55,
HEORERNATEOFRTETT—LLUTRT, MESTHRIREZ LSS, BERRZ 1 ST, KOS
eI &L CL BIRXTEN R R SNED,| BHICY YT T HE CORRIAFLERT D, %D 10 [l IR
MO % | GelEE e 35, UL 32 BIOFRED 1 i ark | HIZ8 Byiartioiz, | Byia
¥ 7-10 53T, Byl al oA 2 —30E 3 45T T o7, VIR, Al S-S5 1R BRI
Fo R == TR AT ol FREREEIXLL FORTER L, sRiEEK @ () 13e—21, 2aKR7

423 ["'C] ERHLE DL

["'CI(H)3-MPB 1 1-2-2 L[REED HETIT o1, ZOERTIZEN L NOE#AL AW O
FOREEE D 99 %L b FEiidtHEIL 83.0 £ 25.6 GBq/umol (mean + SD) ., 5 EEL T 44 = 1.9 pg
(mean + S.D) ThH o7z, PV ~DOFRIREE G- ORNIFEAE K Z 0.22 pm FLOT 4 /L 2 — CTHREHE e L7z,

4-2-4  PET &+

PET #HIE 1-2-3 LEEED FIETITWV, 7 — X &L LT, MR B M 28872 B 19T, BhREE
[IIINEE oY vIReY

ERMNIL. DM ESBERICRELe— > T ay b4 FE (BPND) 25 H L 7=
(Yamamoto et al., 2010) .

[''C](+)3-MPB (200 MBg/kg body weight) Z##%5-L, 91 5y ® PET aHll&21T -7, ThZnDH v
~OFEH T, 2705 £ 28.9,299.1 + 31.2,263.3 + 18.5 MBg/kg (mean + S.D.) Th-7=, & 5%
28-40 /3O INFE 2% L8, MRI E[{4 (2 PET Wi % Bl bz,

T —X 7 AEY—IL, AR E %5 (Funahashi et al., 1989; Owen, 2000; Sawaguchi et al., 1991) |
FHRISE 7 ' (Tang et al., 1997; Turchi et al., 2005) . fIEE%E (Chafee and Goldman-Rakic, 1998) | 1% 8HIE
(Supeér et al., 2001), 55 (Hannula et al., 2006) ., FIK (Mitchell et al., 2002) ., i (Inglis et al.,
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2001) | #REMA (Kitabatake et al., 2003) LV No7= %L DERATIT, L 5.2 TD, ['Cl(+H)3-MPB DOfE S
X, EFC 8 DOEMLTEEL, ROI IZ MRI {8 B3R 7,

4-2-5  TTT 4w fENT

17— 7 U fiEHT TIX, pixel-wise kinetic modeling (PMOD) Y7 7 =7 (PMOD Group, Zurich,
Switzerland)Z FHV N CE &MFATL 72, 2D HIEIFBEICZAVE TOMFSE T (Yamamoto et al., 2010) FEfis41
TWD, B—HUAREPTIZLL T O T/RENDH LT, distribution volume ratio (DVR)ZRHHI LN T
2o

jOT ROI

tar

(t)dt/ ROI

tar

(T)= DVR[{ J-OTROI

./ (t)dt + ROI

. (T)/ Iy} ROI

w(D]+C
ROl . ROl X, #—7vh, BIOSHREEO T RLICBITHH8HEZRL, DVR 13X,
ky [XBPREEIR DO R A K T, Sl (Yamamoto et al., 2010)S41 TV 5 0.31 % ko fEIZ
2o CITY G0 fr, DVR 13—y Fe S BRI /347 A b, DVR -1 (35HERk PN D JEARBIER s S v
11— (ND) &5 AU & L O % T D BPyp L0 H L7 (Innis et al., 2007) , PET 5+ Tiab
D 15 5 LAED T — 4% - CENT L7, (Tsukada et al., 2001c) , BPxp D53Afi1Z PMOD Y7 7 %

FAWTE L,

4-2-6  HA G
AZARTINTED BPyp DR T (%) £V 5 A #H AR D72, mAChR (54 31K T, BPyp
pre(ROD) | BPxp post(ROI) (3 BPyp DATARTI L[ LZDIETHD,
Occupancy(%) =[1— BPNDPO”(ROI )/ BP,,,..(ROI)]x100

4-2-7  HRFEHEMT
7 —41% mean + SD % <L, Bonferroni FLEEIZAE- 72— Jell 2 BT S CREMT 21T o720 AR
ZEL~ULE P<0.05 LT,

4-3 (SRS

Figure 33a (X T-DMS O#ER T, AR IO H-Hi, 0.01, 0.03 mg/kg % 5- 2 R I2E1T5
D1 OOy arDIIAT VT =R IR 27 2y NUTC URIRY7eb O Th 2, A G-fia =
fr—LeLie, ar br— VREOZNENDO TV OREIREIE, 21 £2.4,21£22,18£22 B Th-oT,
AART I LY BARAF W R KEBER T Lz, 3 SO o —Ref et g ks &%
Figure 33b (Z/RL72, B =2V TIEERIEFR BSOS N IT B0 Rib e o7, FRIBRERE DK
TAIRTIAR G 2 B2 T, I EIKAFTh o7z, FUEREE IR G 6 BEf%R ETROI, 24 FFfi#
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JEMEHE LTz, AR T ATPOGRE RN I35 8 2 5- 2 72Tz,

a) b) ] Vehicle
O Scopolamine 0.01 mg/kg
[l Scopolamine 0.03 mg/kg
25 - 40 r 1 1500
=)
o 20
< "
qa - - 4 1000
E 15 = et a#*##
= % et
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2 o ]
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- = o { 500 =
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0 8 16 24 32 Pre 2 hr 6 hr 24 hr 48 hr
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Figure 33 Effects of scopolamine on the titration-delayed match to sample (T-DMS) task.
(a) Typical changes in the delay interval were plotted against the trial number
in one session pre- and 2 hr post-scopolamine in doses of 0.01 and 0.03 mg/kg. (b)
Time course of the cognitive index and reaction time (RT) following vehicle or
scopolamine. Open circles correspond to pre-scopolamine or post-vehicle. Closed
squares and closed triangles correspond to scopolamine in doses of 0.01 and 0.03
mg/kg, respectively. Statistical differences were established using two way
repeated measures ANOVA (P < 0.05) with dose and time post scopolamine as
factors. The Bonferroni test confirmed a significant difference at **, P < 0.01
compared to baseline at each dose, at ##, P<0.01 comparison at each time point.
The data in Fig. 1(b)are mean + S.D.

ZIRSEIR & D B LB — H T S| [MCI+H)3-MPB O BPyp 4340 O LA [ 720 0 %
Figure 34 (TR L7-, AR ARG RTO[MCI(+)3-MPB @ BPyp (3. #REMAITH i<, #V  TRAN
B BUE . MR DNETH -7, The distribution pattern of [''C](+)3-MPB D434 133k # D LR
L7=5f& 5L (Nishiyama et al., 2001; Tsukada et al., 2001b, ¢) &—3 L TV o, AaR T GRiiE gL T,
["'CI(H)3-MPB DA, /IMMELAA D ETOEMMIZIB N T, FHEEAFRICATRTII S 2-6 BT
B Uiz, BeHRIOL~SMZRHET 48 R ZE L7, ROT LVRD7- BPyp 1ERERH] S RE HEAR (TAC)
B3R OTZ BPyp ERZELFHEAL TV (TAC, y=0.98x + 0.02, 1=0.999, P< 1.0 x 107),
AARFIL P EHIHIZOWT, ['CI(H)3-MPB @ 7 5® ROl & TAC % Figure 35 2757,
[''C](+)3-MPB DEFEDE AL, A TOFHINCISN T, $RE > B E> B B> ME O Tl 7=,
ATRTIFG-HITTIE, BREMATO TAC 1L, FSRES 5% 50-60 The R CL BB WS Tl 30-40 47
AR WS Tl 20-30 27, /MIKTIE 10 23 ThY &I L Qo 7o, INIREBRON T, AR T3
P2, 6 R CHRAKIFIIC [CI(H3-MPB OEBMESIIZ, TACIZRBIT D KICA2 DR 1%
HBARGFHNCIAIR IR G 2, 6 FERICRIIZY 7RIz, ZNHO BRI/ MM TIX ASNeh o7z, #ij

\\
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SR, BB M HRICEBITS [M'CI(H)3-MPB DEFEIZATRTI ARG 24 FEZIIREIEETEL .
48 Bl Carho— L L~YLETHEIE LT, BT 5[ Cl(+)3-MPB D #¢ LGl ~UL ETOEE X
24 IKfH T o7,

OM-36 +0 +14.4 +21.6 +24.8(mm)

e @ & " i

& &

Scopolamine 0.01 Scopolamine 0.03

Figure 34 Typical MRI and parametric PET images of [1'C](+)3-MPB binding in monkey
brain. For each group, five transverse slices referenced to the orbital meatal
(OM) line plane at -3.6, +0, +14.4, +21.6, and +24.8 mm are shown. Each ROIs of
dorsolateral prefrontal cortex (light blue), inferior temporal cortex (green),
parietal cortex (orange), occipital cortex (yellow), hippocampus (black), thalamus
(red), brainstem (purple), striatum (blue), and cerebellum (white) were
superimposed on the MRI image. Parametric maps of BPxp of [11C](+)3-MPB
were calculated by the Logan plot reference tissue method. Cerebellum was used
as the reference region.

mAChR 54 30 —REZ2 % Figure 36 (2R 7, IAMARTEARTE . T OUSHE], PATELE, HUAZE,
W FS LD S T2 RITI~ D R ERNAL~D A RPMIERCTHHDO T, O THELELZ, £V LD
BPyp fEE mAChR (54 5% Table 3 (R LTz, ATRTIL 52 i C 5 A RIZHBEFEN TH -T2,
A RIIER RS mh ol BB UK, AR CHBIKER HA 1 6 R £ TRONA, ik
TIXRALNH 2T, 11-24%D EH T, AaRTIHEE 24 BB ECRE, SUR, K TR
T3, R CIX RO 2T, BUE . BUR, AR TIIATR T4 5 48 IF[H T A 232K 78 o7,
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Figure 35 Effects of scopolamine on time-activity curves of [11C](+)3-MPB distribution in
monkey brain. Typical time-activity curves (TAC) pre-, 2, 6, 24 and 48
post-scopolamine in doses of 0.01 and 0.03 mg/kg are shown. Regions of interests
(ROIs) were identified according to the MRI of each monkey. The following
regions are included: dorsolateral prefrontal cortex (@), parietal cortex (O),
striatum (M), hippocampus ([J), inferior temporal cortex (A), occipital cortex
(#), brainstem (<), thalamus (x), and cerebellum (A).

0.01, 0.03 mg/kg HREDZNZILDEAICIITSH mAChR (A LFLIEE S LOMHBEBERE
Figure 37 (23, 2. 6 R (ELRR) | 2. 6, 24, 48 FER] (AR M OADNDRYRESRIT, T _OMMOES
AT mAChR 54 #REFLIEREE LM TIEDOAHBIBIFRAN b AL, e (Figure 37¢ ) 28b - &b S\ O HES
BtRZR U7, 2. 6 IRpf (ECRR) DEEIZ, BRAIRABRSBIVE L HUR, fidiEe T 2, 6. 24, 48 K[ () &0
BABLTHT, T 24 RALVIDT —EBHYVEE TIL 23 ALK (Figure 37a) THDHH, (x, y) =
(69, 24)IZF\NT 2 DDEMENRZFELT-,
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Figure 36 Temporal changes in mAChR occupancy following scopolamine administration.
The brain regions are: pooled cortex (a), thalamus (b), brainstem (c), and
striatum (d). Statistical differences were established using two-way repeated
measures ANOVA (P < 0.05) with dose and time post scopolamine as factors.
Bonferroni tests confirmed a significant difference at *, < 0.05 and **, P<0.01
compared to post 48 hr scan. Bonferroni tests also confirmed significant
differences at each time point at #, P < 0.05 and *#, P < 0.01. Values are
mean + S.D.

58



a) Pooled Cortex b) Thalamus

100 7 == P<0.001 100 7 == P<1.0x10*
===P<1.0x107 === P<1.0x 107
80 80 -
(o} (o}

60 60 -

40 H 40 ~
~ 20 4 20 -
X
*é °F 1 I_M ) T T i
£ -20 20 40 60 80 100 -20 20 40 60 80 100
= -20 - -20 -
<
(=5
E  ¢)Brainstem d) Striatum
N
z - -
-E 100 — P<1.0x107 100 —_— P<(.05
=0)] —— -12 —— -5
8 80 - P<1.0x10 80 - P<1.0x10

(o]
60 - 60 -
o (o]
40 - 40 - o
(o]
20 - 204 ©%g77” S0
T ﬁl T T T T 1 I_?Q/;Ij&)n T T T 1
-20 20 40 60 80 100 -20 20 40 60 80 100
-20 - -20 -
mAChR Occupancy (%)

Figure 37 Relationship between the each mAChR occupancy and cognitive impairment.
The brain regions include: pooled cortex (a), thalamus (b), brainstem (c), and
striatum (d) were assessed by using of data obtained from 2 and 6 hr
post-scopolamine administration in doses of 0.01 and 0.03 mg/kg. Regression
line was drawn through the data points of 2 and 6 hr (solid line), and 2, 6, 24,
and 48 hr (dashed line).

59



Table 3 BPxp value and mAChR occupancy in each monkey.

Pooled cortex Thalamus Brainstem Striatum
0.01 mg/kg  0.03 mg/kg 0.01 mg/kg 0.03 mg/kg 0.01 mg/kg 0.03 mg/kg 0.0l mg’kg  0.03 mg/kg
BPyp (Occupancy (%))
Monkey A
Pre 2.29 2.22 1.49 1.58 0.47 0.47 4.05 4.11
2 hr 1.08 (53%)  0.33(85%)  0.72(52%)  0.45(71%)  0.21 (55%)  0.11 (76%) 3.17(22%)  0.71 (83%)
6 hr 1.24 (46%)  0.69 (69%)  0.98 34%)  0.81 (49%)  0.30(37%)  0.26 (45%) 3.08 (24%) 1.35 (67%)
24 hr 1.75 (23%) 1.77 21%) 1.19 (20%) 1.25(21%)  0.49 (-3%) 0.50 (-6%) 322 (21%)  2.77 (33%)
48 hr 2.27 (1%) 2.26 (-1%) 1.57 (-5%) 1.50 (6%) 0.48 (-2%) 0.47 (0%) 3.95 (3%) 3.99 3%)
Monkey B
Pre 3 3.08 1.89 1.72 0.71 0.77 5.5 5.54
2 hr 1.24 (59%)  0.49 (84%)  0.84(56%)  0.51(70%)  0.34 (53%)  0.27 (65%) 3.63 (34%) 1.12 (80%)
6 hr 1.38 (54%) 1.08 (65%) 1.12 (41%)  0.93 (46%)  0.42(41%)  0.44 (43%) 3.46 (37%) 1.81 (67%)
24 hr 233 (22%)  2.37 (23%) 1.52 (20%) 1.44 (16%)  0.69 (3%) 0.74 (3%) 4.12 (25%) 3.95 (29%)
48 hr 3.08 (-3%) 3.08 (0%) 1.74 (8%) 1.74 (-2%) 0.74 (-4%) 0.71 (7%) 5.54 (-1%) 5.82 (-5%)
Monkey C
Pre 1.87 2.11 1.09 1.21 0.37 0.37 3.63 3.34
2 hr 0.77 (59%)  0.24(89%)  0.58(47%)  0.26(79%)  0.21(43%)  0.05(88%)  2.97 (18%)  0.39 (88%)
6 hr 1.10 (41%)  0.66 (69%)  0.83 (24%)  0.56 (53%)  0.28(26%)  0.23(39%)  2.78 (23%)  0.94 (72%)
24 hr 1.57 (16%) 1.73 (18%)  0.96 (12%) 1.05(13%)  0.36 (3%) 0.36 (4%) 3.15(13%)  2.88 (14%)
48 hr 1.95 (-5%) 2.01 (5%) 1.16 (-6%) 1.21 (0%) 0.36 (3%) 0.37 (0%) 3.79 (-5%) 3.25 (3%)
4-4 HEE

KIS TIL, DAIN VAT AEFEPRSBEDV G > TETWHTEARLTE, F14X mAChR
D EAREAARIINCI DRI E & — R RO7RBIFRIT, PET LEEEH /L2 L5 T-DMS Z VTR L
Too ATRTINT, HEERFINHK 5% 2 FEfE T mAChR % (56 L7z, sRiEd FICKRER CHEKFRIZ
FLLEESNIZ, AaRTIACLHEEREEI, 6 R E TR, & S aTORIEEX CR2ICmIE TS
DIZ 24 FEFILL EDpoTe, LnLRA D, ZAaRT7I128% mAChR (S 1IN A BRUZE AL DIEALIC
FBUNT 24 IR THIE - T, T-DMS IZE DR EO MR, 2ot —/b ARTFIATEHE T, A
ARTIAHE - 24 R % O [E1E (Figure 33b) C 3 BHOW /L CRIBRDFE R Th o7z, AaRIIL 2 il
2 IR 12 B 1T DITEN AT — Z 1. Hudzik and Wengner, 1993 O & —F LTV iz, ABFZECTliA=z
N7 simultaneous matching accuracy task (the delay interval = 0 sec) THI& FL, B/~ 7=fE R TH
-7z, Hudzik and Wenger |$IRWIDORTAT LT 3 BORIEZE AL, BIORI AT /LC simultaneous
matching task 21772, 4250 simultaneous matching accuracy task (3. AHFFED F )0 B AE K i i RE
DITAT MBS T 5, Fex DAV IUNIATRTI B G55 THIRYIIONTAT VTR L 72072,
Buccafusco et al., 2002 (ZE 28 & TIE, VKR ADOV L THRRDIERIERFHE T 35-48 B TH -7z, Fex D
YLD FRRIERFIIX, 22 FTRUTRN o7, Fox DFEBRTIXIEMDN 25 % (4 DOBPR) 12K LT
W H1E50% (2 DDOIEREL) Tho7=ZE3, 1 DO O AREMED DD, AMFFETITE T DIENDRH DT
D A T-DMS (T, AARTIATLLREEF 25123, boLbill THHEBEZHILD,

T —F 7 ARV —E, (T XV LI L CIRY | LR R -FRER IR, Y- B ~ D%
0 bbb HETHD (Floresco et al., 1999), HK, BB MM VKX, 2V ARRIZED AT
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FORIPE SIS (Mesulam et al., 1983; Warren et al., 2005), #2/K& (Mitchell et al., 2002) . Rij5EZE
(Broersen et al., 1994; Herremans et al., 1996), ##% (Ohno et al., 1992) ~DAZRFIL DERIHIE G-
BREEIR DY Ak DT (Kitabatake et al., 2003) 1%, V—F > 7 AT —OREFEL G| &I T, K%L
E ZNBORERE LTS RGOz, Ll FRlEREEORE X, IM# D mAChR &b oEHHH

BALL CWAZEN R I T, IEe I T RIIN LS & RAR ISR Z R L, B fED = ha— v (o
B { : Matsumura et al., 1997, iR #E)X : Kobayashi et al., 2002) . ¥ /) (Kobayashi et al., 2002; Kozak
et al., 2005; Rostron et al., 2008) , EF X —3 = (Bechara et al., 1989; Stefurak and Kooy, 1994) %479
LD — 2> THH D, MO ARROFEE L, {3 /1D K (Inglis et al., 2001) , TF<—Ta>D
{F (Steckler et al., 1994) # #5535, Steckler et al.i%, EF_X—Ta O NV —F 7 A€ —(ZH
PR B R 5.2 TOBLRIBL Cnd, ARIIUVICLAFEEE L, 7 —F 7 AE)—DHEI T
LAENME, EE ), BT RN—2ar O FICEDEB X B R 5, #ARIRIZIIT5 mAChR @ 80 UL L (HH
I BRI TERERRNEZ L TS 282" L THY (Alexander and Crutcher, 1990) , A=7RTI
> 0.03 mg/kg DL 2 R I ALbI T, Lol AR T 5.4 TROCRFMIZIT B4 5 2 T
/3o 72 (Figure 33b) WL~ UL TOLABYARRED T 1007 T | BIE~DE 720 (Miller and
Hiley, 1974) Zk&, —%9%, mAChR D7 1y 71X, MEIKDAMIRDO DA, . DA, ZHRIKDOIELE{E
e L (Tsukada et al., 2000, 2001a) , F—/ XU FRD L EF I L > GEES B FHRG L UEESED
(Haraguchi et al., 1997), ABFFECITFREREE T, BIEREICER L2WZ e RSNz, A5
JWiE, AR T O RBEE R 0.03 mgkg IZBWTHOERBERFB TORTA TV T, IAZ LT
(Figure 33a), ZOZHTEENFHREIN T, EF X—al bR FLAWIEZRIEL TWD, AR
IUNCEARREREE L, BE, R, BT X ar BT, U—F L AT — LA T B, fKER
TOIVARRIL, T—F L T A — LU COEBERTNL THDHIENRIBS L,

mAChRs (M5 receptors)D Y7 %A 71351 rm—= 7 LIl o> ClRESHZ (Kubo et al.,
1986) . My, My, My ZAKIE. IO ORI LD B 72 o7 EIA TEIL Td, S fiik i & g
HrC My My, My ZBEBOFIEIE, B WS TENAEI 60, 20, 20% THY, FREAETIT 30, 20,
50 % (Flynn et al., 1995) Téh-7-, CHO-K1 #lainbora—=7 eNZRRIZEIT5H(+)3-MPB O
Ki fEIZ. M, 2>5Ms DJIEIZ 1.34, 1.17, 2.82. 1.76. 5.91nM T& 7= (Unpublished data) , &4 D#EET
%, AaRT342k% mAChR SA 1T, REICBWTEIL M, ZHEKRE, BEKR T My A5 ka2 54
L. FEBERAY mAChR 7o X T =AML TESDHEST, FUBHEERICIITD MMy RO T =D
TRIEZN AN, AD, #A JCHHSE (Bodick et al., 1997; Shekhar et al., 2008) BB TREDHILTZ, ARFFEDHE
REINODFERE—HE LT, My ZZEKITHIRTHI 50%. M TKI 80 %&EAL T, o+ 7 Z 4713
FAER | NS T 20 %L FTH 5 (Levey et al., 1991) ZEM 5, HEE ., IMEETHD mAChR 54 1L, £ M, %
REEHTHLHZ LA RBL TN,

T—F 7 AEY—IZBL T, KB, MEICEITS My A RO EEMET, EEER, B R0
TN Lo RSz, FEEIIBITE TIL, My S BIRT 2T =AM ACh DA IS, EET Vb
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DFLNE/ T —~ A% UGELT=Z % 7R LT2 (Quirion et al., 1995; Rowe et al., 2003; Vannucchi et al.,
1997), — . My Z R BROBE - KBIZEDT —F 7 AF) — D[ EN ALHiL7- (Bainbridge et al.,
2008; Seeger et al., 2004; Tzavara et al., 2003) , M5 A ABEREO B EMEIT, FLIEICHBIT D) AR i
WRABICHERF 95 2L Td % (Bainbridge et al., 2008) ZL73, U —X 7 AR —(ZBITH M, ZEED
Ty B KENSDD -T2, Bainbridge et al.ld, My, ZRIKT L H T =ANZLED Ach JLHDN, I8
DUV AR R T HZ L a R LTz, AV AREAME FL QA EE | BB FRIBIZED My
REEJIT, Ach iWFRIZSR7-L | FLIBHERR ICA Feil RAIEH T, Bx ORI, ZhoORE RESS
IZHERL, T—F U 7 AR —IZBITDHUR, D M, ZRRNEE CThHHILARR LT, ZOMBIL,
BRI M, Z BT v 2T = AR e My % 255K PET 71— 7 ["*F]FP-TZTP (Podruchny et al., 2003) % 1E 7
B aflioC, EBRTHILICKRTIENTELEE Z TS,

B gD My Z BT 1y 71285 Ach DT, ['CI(+)3-MPB &I EEE 52 A2
LEIRELTND, ZIUTI~A7uZ ATV ADRERED | IR IZ BN TAIRTIUITEY Ach DlFHED
L&t (Baghdoyan et al., 1998) ZE b5 2 HiL5, LasL, 2 BETRLEZERY, ['CI(+H)3-MPB (XA
PE ACh EBEE LN & A /RLT,

RO T = VAL, ATRTIVEE 24, 48 R CIIEESN QR o7, FE . HUR,
Jib#ERZ 412 710D mAChR (54 LB E O EIFERRITISUT, 2, 6 FFFDORA LN TRDOIZHDLE, 2, 6,
24, 48 W DRA LN TRO TR LD BENAET DL RENT2, ZOMRIZ, Fox DSEDOWFFE
(Tsukada et al., 2000b) T, E#iP /1 (19.0 + 3.3 5%) . /L (5.9 + 1.8 5%) 2 [''C](+)3-MPB O
PET 7 &, BHRERIMIC L5 Logan fRATH D3RO - ATEATE, (AISALE, 14 0HTE, VB, BLK. I BPyp
P 30-40 Yol & —FH L TD, EliH L (20.3 £2.6 %) 1T —F 7 AE)—D/RT p—< U AL T A A
5, AChE PLESR THHR FAAD L TR T 4 —< o AT EN BS47- (Tsukada et al., 2004) , ARF5E
LHDOETERDE ZARTIUNT, BIELIMERIFRE  £72132% <D mAChR & G A LitEEE L &
FZLTWWHEE X BHiILD, mAChRs (5 FEEMEEZ 5 SEZ T BIEAZERICHE T 20 ENHD,
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BswE TEFLIV NI AR —Z—& iR 958 PET 7 02— [1CI(R, A HAPT O 5%

5-1 J¥

AD 1T, TInAR-BONEHELT- % NBEOIFLE , B LOF e 2 5 Th 28 | KD R R R 1
Fo TR L A9 RS 1T B T8 Y (Katzman, 1986, Selkoe, 1990) | [1'CIPIB (Klunk et al.,
2004) . [11C]PBB3 (Maruyama et al., 2013)?> PET HAIIC LV Eifg LS TW5,

— 07 BERLEICEB T, U ARRO T L U T AR A E BB T DL, WEE P
DN TWDIREETH D, VAR D /ST A—ZOHT | HFEAHEE (CNS) IZH81F5 Ach /NMahZ AR
—4%— (VAChT) 23, 2V AR DTV F T AD~—T1—L7eHE %2 7-, VAChT 137 Va7 vrA
> T Ach 7L F T NERIZHY  HOTATAEG RSN Ach ZHIIAE O/ NaNIZE AT
2-(4-phenylpiperidino)cyclohexanol (“X#3=—/1) %, VAChT (2@ W BlFE%2 A 3% (Bahr and
Parsons, 1986; Marshall and Parsons, 1987), ~<#3I2— L% VAChT O_XH%Ia— L&KL Ach
EIEFARNCHE AL, 2V MR ORI A APEEZ A L TW% (Prior et al., 1992), ChAT &
VACKhT D% A MefERERIV 71X, IEH LR EZFR#E L T 5 (Giboureau et al., 2010).,

AD THET VT TAOEENEZLHEEDLNTNDLIEND, 7Ly 72D VAChT #IRHY
PET 7'u—71% AD OZHIc KEHR HTHY, CNS @ VAChT %HE#{L3 % PET 7'mn—7 B3 S

o
=

T3 (for review, see Giboureau et al., 2010), (+)-p-[18F]Fluorobenzyl spirotrozamicol
((+)-[18F]spiro-FBT)IZ, 7 MMIZISUN TR ARRAERITIE IR T 203, O RN LN,
P ICB W CIE#EL7ZEREEZ 7L TV (Efange et al, 1999) ., (1R2R,4S)r4-
([13F]Fluoromethyl)-2-(4-phenylpiperidin-1-yDeyclohexanol ([IBFIFMV)iL, 7w MIE T~
EHERET D, WRDBOZD EHFISETHDIC 70 43735 (Widen et al., 1992), ~H3I=m—/1
DI LTIV SFIFMV O ~OEFEITRA T 278, LT BSREIL, XY Ia— /L DORARF
T ARG THEHTET, ZHUIIE AR 54" L T % (Widen et al., 1992), ZOEEBIL
JITEIC ED MM DB D 7= VAChT OEBALIFEEL WL EfETRL Ta,

Y12 —/LX VAChT ITHEE T 5 —F ., 7 <% 551K (Efange et al., 1995; Custers et al.,
1997; Shiba et al., 2006) , FE/NEPESFIa—LfEG 2 2 327'E (Hicks et al., 1991) IZF56 9528
WHIBIVCWD, VACKT FEA R RME EiF572® ., (-0 [11Clmethylvesamicol ((-)-[''CJOMV)73
BEFE AL, REE Y VAMIC )L CEIZ VACKT fEG Thotoid, v ~-1 R RA~ORE G BT 528
N T x 2 o 7= ( Kawamura et al, 2006 ) . x M B (<
(2)-(2R,3R)-trans-2-hydroxy-3-(4-phenylpiperidino)-5-(2-[18F]fluoroethoxy)-1,2,3,4-tetralin
(O-[FIFEOBV)D BN /34 1%, (F > LEMIZ BN\ Toa XU R —)b | (+)-3-PPP ORITLE IZLVET
DEALD LB, OSSP I — VEEUE A0 (O)-[ISFIFEOBV IR —/ XU S BEC 7~
~1 ZHRE in vivo TREG LAeWZEAVRENTZ (Mulholland et al., 1998), LA L()-[1SFIFEOBV /%,
RIZENFNRED T80~ AR I TR I TIE T D001 180 2 Z L (Mulholland et al.,
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1998) | JHRER T VL ORREIATIZ 90 3 INIZEE LTI L 227> 72 (Kilbourn et al., 2009) . <
FERWRYENRE LT, AR D BB A A= 71T L Ty (Farde et al., 1989; Koeppe et al.,
1994; Logan et al., 1994) . %I B 19 (2 4-(4-['8Flfluoro-benzoyl)-7-hydroxy-6-(4-phenyl-
piperidin-1-yl)-octahydro-benzo[1,4]loxazine (SFIFBMV)iZ. PET =157 B VACKhT ZHilicH
SEHiEL TS (Sorger et al., 2009), 2L gk 45 F.<iEY, VAChT ¢cDNA Bz EA
PC12 #ifldz FVChEELT: VAChT (2@ Bt CRIIICRGE AL, 230, Al EIEZ = L7z
(Sorger et al., 2009) , in vivo C[I8FIFBMV ® VACT |2k 5 IERFRAFE RS PET 7 o—7LL
T DDORLKEFEThHD, 7y heT FUOD | BRERIE AR B o7 VAChT DZ W ERL~DOEEFH
IZBWTC, XY Ia— UKo TIVRTIHERIT, 7 HRRRIRTIE 60%F2E R EXIL7- (Sorger et al.,
2009) . EMMUADO TR Z W T, BRI AR HL L2 SDITRTRERDH D,

AAFFE T, FRFITHWT, VAChT (IZ@m W EifiEa A L7z VAChT @ PET 7mu—7:L T
C-11 #5% (R, R)trans-8-methyl-2-hydroxy-3-[4-[2-aminophenyl]piperizinyl]-tetralin ([''C](R,R)HAPT) . &
ZOHFRNER[UC] (S SHAPT %5 EE 410 PET §HIZATVY, 3FAliL 72, VAChT BL U7 ~-1
2335 (R,R). (S, SHAPT OBFNMESEIR LT Mk A WGl L 72, ZH oDk &Y 5344
LENREDFENTIZ PET A% v 7 — (Hamamatsu SHR-7700) (Watanabe et al., 1997) % TiT-7=,
in vivo [ZEB\WTKRERD B e M7 012 Wi &= J7 1k (Tsukada et al., 20005 2001a, b) (2
T, BEEH IV OFHAIZAT -7, In vivo (285175 [1CI(R,RHAPT DML VACKhT 7= =
Z b T ®» %5 (- )vesamicol . ¥ / = -1 = F MK 7 2 = 2~ T b 5
1-(3,4-dimethoxy-phenethyl)-4-(3-phenylpropyl)piperazine (SA4503) (Matsuno et al., 1996) %
A G- HZ LTIV L7,

52 BRI 1k
5-2-1  FEREY

PET BRI 5 SHOIKTE 4-6 kg OATMRARIEN:T 17V (Macaca mulatta) % i\ -, fiE
BB IO ELE E DT IEL 1-2-1 LARRITAT o T, TNTOY /I~ ULE X — /L THEE T
T, 3D-Spoiled Gradient Echo (SPGR) % T, 3.0 T MR #:i& (Signa Excite HDxt 3.0 T, GE
Healthcare Japan, Tokyo, Japan)iZ T, @il ((176 slices with a 256 x 256 image matrix, slice
thickness/spacing of 1.4/0.7 mm, TE: 3.4-3.6 ms, TR: 7.7-8.0 ms, TI: 400 ms, and flip angle,
15 deg) MRI #457-,

5-2-2 AU
Tris(dibenzylideneacetone)dipalladium(0). tri-o-tolylphosphine, tetrahydrofuran (THF),
N, N-dimethylformamide (DMF) . ( - )-vesamicol . (+)-pentazocine . haloperidol (&
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Sigma-Aldrich (Milwaukee, WI), Potassium carbonate ., hydroiodic acid (HI) |% Nacalai
Tesque (Kyoto, Japan), Lithium aluminum hydride (0.1 M in tetrahydrifural: 0.1 M
LiAlH4+/THF) % ABX Advanced Biochemical Compounds (Radeberg, Germany). [11C]&,R),
(S, SHAPT O FiEX &&= % 5% Nard Institute Ltd. (Amagasaki, Japan). SA4503 (X M's
Science Corporation (Kobe, Japan) . [BH]Aminobenzovesamicol . [3Hlpentazocine (%

PerkinElmer Life & Analytical Sciences (Boston, MA) X% AL7=,

5-2-3  HrEifRE(logD7.) DHIE

BEZ 3 mg DT EIURD HAPT % 750 pL OA 75 ) —/VIZEEEL, 250 ul 32 3 55 Liz,
0.1 M UV EeiEiR (pH 7.4)% 250 puL INZ ., 5 /3 [ERFE L7, 9,510 g, 5 sy DLy BfEts . 2 825y
(F7=s A2 % 7—/VIEIE CHsCN T 10 577 R L, HPLC 2 flW UL A OB 2 2 L=, logD7.4% 74
U2 ) —IVIREEIE D XEEE L TRD T,

524  TEFNAVINEANT VAR =L — T -1 ZFERICRT DE T

(RR) . (S, SHAPT ® VACKT, >/ ~-1 SRR T 28 FMET, @5 Sz 715 (Shiba
et al., 2006) Z & HEIEL . T MMHHARIEZ VTR &7 > A1 TRD T,

VAChT 54 7 vt A%, 10%DMSO %57 50 mM Tris/HC1 #&@Ei (pH 7.4)% >, M
e s X278 (5 mg) & . [BHlaminobenzovesamicol (4.82 nM), BL UK RE D (R.ER) .
(S,SHAPT ZFML 25 °C T 60 AL FaX—hLITolz, VI ~vZR/IKE~ A7 § 5120
100 nM haloperidol ZHMUL7z, F7-, FERFRAVFE A2 RDDERZIE, 10 pM D(-)-vesamicol Zif
mecirotz,

V1 ZRIROT A%, 10%DMSO0 %5 T 50 mM Tris/HCl #&E#E (pH 7.4)% W,
ISR D 78 (5 mg) L[3H]pentazocine (3.80 nM) &R EDILEW% 25 °C T 60 53 A%
2_X—RL T To 72, FERFRAFE &2 RODEERIZIE, 10 pM (4)-pentazocine Z¥RMIL Tz,

A FaX—varDthk, BET7 4 )VH—2 A7 5 (M-30R, Brandel, Gaithersburg, MD)
through glass-fiber filters (GF/C, Whatman, Kent, UK) (2T, 7527 (/L% — (GF/C, Whatman,
Kent, UK) TAL ., #& & L7c BURREAEBED U RE D AR T2, 7402 —1F 3 ml DK 50 mM
Tris/HCl #&Eik (pH 7.4)T 3 EVU AL, 74 NVZ—D B BRI v FL—ar s 2 —
(3100, PerkinElmer, Shelton, CT)\ZTHIE L7z, FrRAFE S A LB ORI L TT ry L,
50 %P EAC)EEZ KD, ZOfEH S, Cheng and Prusoff . (Cheng and Prusoff, 1973) 2t
WP ES (Ki) &3k,
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525  [CUER#ALAmOE R

[MCIR.R) . (SSHAPT I3A1BEAL palladium(0)$5 (A 17 £ T T O i AF ALK (Doi
et al., 2009) (T THERRL 7=, [1C] ITALAT L& 1-2-2 LIRBRD F LT, [UC] VAT L ZH LA
¥ 4.6 mg (5.0 pumol) @ tris(dibenzylideneacetone)dipalladium ., 6.2 mg (20.4 pmol) ®
tri-o-tolylphosphine O¥EfEL7- 0.3 ml DMF % AL7=UGas 28 A LT, [UC] Ik AT LHidE
#%. 2 mg (4.5 umo) D RIEF{AL 1.4 mg (10.1 pmol)? potassium carbonate %5 A 72 0.3 mL DMF
ERGEHIEALT, 70 °C. 5 7RIS L, BRI ZFRE S DTS RISEE S TAT V2 —|Zil
L. HPLC v A7 AZEALT-, 478 HPLC > A7 A%, Megapak SIL C18-10 774 (7.6 mm x
250 mm, Jasco, Tokyo, Japan), PU-980 7. 7 (Jasco, Tokyo, Japan), UV-970UV #i i 25( Jasco,
Tokyo, Japan), S-1729 [EAkxS1ER H#5( Ohyokoken Kogyo, Fussa, Japan)% i\ 7=, 8IS
CH3CN/30 mM CHsCOONH4/CHsCOOH (450/550/2)% V>, ¥t 6 ml/min (2 CToyELL , IEEEE
E1% 3 mL OB R CIELT,

[MCIR.R) . (SSHAPT DA77, BAHEFRIZHTIZLL T D HPLC v A7 AT TITo7,
Finepak SIL C18-S #72. (4.6 mm x 150 mm, Jasco, Tokyo, Japan). CCPM 7> 7 (Tosoh,
Tokyo, Japan), UV-8010 UV #i H 25(Tosoh, Tokyo, Japan), RLC-700 Jiz$#EH#: Hi#5(Aloka, Tokyo,
Japan) % H\ /=, T CHsCN/30 mM CHsCOONH4/CHsCOOH (500/500/2) % F V. it i
2 ml/min (2 CHOMTLI=,

[UCl(R,R) . (S,SHAPT DN FAMEEIXLL Fd HPLC v A7 AIZT{T-7=, Chirobiotic V 77
2 (4.6 mm x 250 mm, Astec, NJ, USA), DP8020 7.~ (Tosoh, Tokyo, Japan), UV-8020 UV
1 %% (Tosoh, Tokyo, Japan), TCS-713 Jiifrefiti#s (Aloka, Tokyo, Japan)% FH\ 7=, ¥A#EIE
CH30H/CHsCOOH/(C2Hs)sN (1000/0.3/0.1)Z v, Jiti 1 ml/min (ZTHHrLT,

5-2-6  PET 3+l
PET FHllIE 1-2-8 L[RIERO FIETITV, T —F 2L LT,
[MClI(R,R) F7-1Z(S,SHAPT $t5:% 60-91 /3D FT —HX&FEHE LT, 10 #HT UMK, WS Rk,
ATEATE BE | MG EE S B BB E ST UK Bl . B RAZ . #74R[A1) © ROI % BrainMaps.org
(Jones et al., 2011)&Z M2, MRI Eifg FlZ~v==27 /L TIZ#EELT, MRI Lo ROI %, PET Eif4ic
HiabbdE, ROI LD TAC %Ko, ByREfEMTIC 7z, fi##ri PMOD Y7y =7 (PMOD
Technologies Ltd., Zurich, Switzerland)% A\ TiT-7=,
FLEEER T, VAChT 7> #2=ANCH5(-)-vesamicol (1 mg/kg)%[11Cl (R, RHAPT #5-
30 AN, V7 -1 ZRRTI=ANTHS SA4503 (0.1 mg/kg)%[11Cl (R, RHAPT #:5- 10 /7l
BeHLTZ,
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5-2-7  EhREMEAT

~OMCIR.R) | £121% (S, SHAPT O AN BIEARET 572010 B Z, bL—P—#% 5
RIC 8 BWinh 64 ET 8 FHTL, 21T 90, 150 B, TDEREHIC 4, 6, 10, 20, 30, 45, 60, 75 BL
V90 1% ITH572, 1m0 BELIMAEZ S, HEARIEL  BEREZRIE Lz, [Tl iz
T )= (TN B )= =12) AL ELS L, BiEEEE /e~ 7L —h (AL SIL
G/UV, Whatman, Kent, England). B #)#H!Z dichloromethane:diethyl ether:triethylamine =
100:40:1 ZM\WCRELIZ, #ifE7n~brT77 4— EORZALHR LB ORS e A A= 7T
—RMFLA-7700, Fuji Film Co. Ltd., Tokyo, Japan) Tt/ M. Z 2 OER ML) C I 42 ik
SR (REM+ ARG (T DR O LR A LT,

52-8  UTT7 v fENT

71— T T, pixel-wise kinetic modeling (PMOD) Y7 k7 =7 (PMOD Group, Zurich,
Switzerland)Z N CEEMNT U=, (i EL7-BhkiZ A J) % L7- time-activity 7 —7 % H
WT, [11CIS.S) | (RRHAPT D=2 T A AN E a—varRla—A (Vi) ZRbdie, n—AT 7 ay
M3, 1-2-5 DRI DN,

«

5-2-9  FREMENT
F—HZ% mean + SD Z/RL., WIATF 2—F b £HEIC TR AT -7, #alI% 5%

(P<0.05)L7-,

=11}

5-3 it e

HAPT 1355 T-PICRFFIRFED 2 DTFLETDHIEND 4 DO BYERBIFET HI LD, AHFIE
TliX, AP — L I0FEsNLEEE A T5RE) | (SS)EMEEEZRL, kL= (Figure 38A),
VAChT BEO 7 -1 ZE I T 5 K EAR T 572012, Ty MEAREY R — M AW in vitro
T» RR) . (SSHAPT ® ICs %ZRK®7-, VAChT (2L T (R RHAPT(Ki = 27.5 nM) i
(S,SHAPT (Ki = 699 nM) L 0 FEHIZ@mWBIAIMEZ R LT, — 7, 7 <1 ZHFEICFIL TELLH K
R EAMEKL > 1000 nM) Téh 7=, HAPT @ logD74 1% 3.47 TéHh-oT=,

Figure 38B %[11Clmethylation 2L 5[1ICIHAPT A iiL ThD, Figure 39 1%, L2, Kkt
b0 T ofE Fa 7~ L, [11CI(R,RHAPT #3(A), [MCI(S,SHAPT »° (B)ThHoD, (CNTHF5H
FERA R QD B O R REIZ [ Cl (R, RHAPT 73 1.80GBq. [''C] (S,SHAPT 7% 1.98 GBq
THY., LEEIZZNEH 86, 60 GBq/umol Tih-o7=, HFMEEIX[MCI(R.R) . (S, SHAPT L,
100% T -7 (C),
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Figure 38 Chemical structures of (R,EHAPT and (S,SHAPT (A) and radiochemical
syntheses of [11C] (R, RHAPT (B).
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Figure 39 Chemical, radiochemical, and enantiomeric purity analyses of [1'C] (R, RZ/HAPT
(A, ©) and [11C](S,SHAPT (B, O).

Figure 40 1%, #R)72 MRI @it L, HEEV ICEBITA[MCIR.E) | (S, SHAPT » PET [
Th b, PET B Z AT Lz iz A Bk L TR\ a— 757 o7 7 ay NCR L
B Ch s, [MCI(R,RHAPT O4AilL, #k Thebm<, B Tad, R, WA CHRREE, AifgalE
B8 RITHTE R | R BABERVE | AR E] MRS TR /NI e b 1Ko 72 (Figure 40A) . xREAYIC
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[11C] (S,SHAPT DL ~)UF 2 TOENIZIBWT[Cl (R, BHAPT L&) -7- (Figure 40B),

Figure 40 Typical MRI and PET images of [11C](R,RHAPT (A) and [11C](S,SHAPT (B).
PET scans were performed for 91 min, and each PET image was generated using
a Logan graphical plot with metabolic-corrected plasma input.

INBIZ BT BMCIRR) | (S, SHAPT @ time-activity 7 — 713, IFEA LR T, & 5%
yTCROREZRD B EEH I L Tuo 7z (Figure 41A 8L OV B), #5%~D[1Cl (R, RHAPT ®
ERTE L% 20 9 ChRRERD, ZDHER % 2D L7z (Figure 41A), —J5, [1CI(S,SHAPT o
TAC T2 TOEALTIZEALRU T, MK, FEIZBW T TSRS /MM ERIRRICE 57 10 4> CE
— 7 L7201/ L o7z (Figure 41B),

MAEIZIBNT, ICI(R,R) | (S, SHAPT O ShEIL, %514 30 BT —24RL, TO%A
I Lz (Figure 41C and D), TLC (ZE2AREHfEHT CIX[MCIR,R) | (S,SHAPT 134k % I
RUTERD (7 — 3R L TR W) R D s MBI IR S 72, [MCI (R, RHAPT 134k % ([AUHE
. KA OEIEIE 45 45T 34 %, 90 43T 24 % Tdh-7- (Figure 41C, inset), [11C](S,SHAPT
DORAFHDOEIEIL 45 53T 24 %, 90 43T 21 % ThH 7= (Figure 41D, inset)

VACHT (Zxt35[MClR,R) . (S, SHAPT O &fifttz , {RHHH E Ltz A BE%sLin
— BT TT 4 IIRFTIC LR D 7=, [MC1(R,RHAPT O Vt i1 3% Chebmd, BIREE TEL, R
MR CT AR | ATEASE R | (B SE R R BHIERCE AR [E] VS TR /N2 e b AR o 72

i
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(Figure 42), —J5[11CI (S,SHAPT @ Vt {i%, & TOEI TIEEALFU T, [1Cl(R,RHAPT vk

M7= (Figure 42)
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Figure 41 Time-activity curves of [11C] (R, R/HAPT (A and C) and ['C] (S,SHAPT (B and D)
in the brain (A and B) and arterial plasma (C and D) of monkey in a conscious
state. PET scans were performed as shown in the legend for Fig. 3. A and B:
Regions of interest (ROIs) were identified according to MRI of each animal. The
following regions are included: hippocampus (A), amygdala (), frontal cortex
(@), temporal cortex ([J), occipital cortex (A), thalamus (), putamen (O),
caudate (x), cingulate (+), and cerebellum (H). C and D: Total radioactivity (O)
and the unmetabolized level (@) of [1'C](R,EHAPT (C) and [1'1C](S,SHAPT (D)
were shown. Unmetabolized [1'C](®&,RHAPT (inset of C) and [1'C](S,S/HAPT
(inset of D) were calculated as the ratios of unmetabolized to total radioactivity
at each time point.

VAChT OFFEABAERITHDH(-)-vesamicol # 1 mg/kg T 30 ZrANIHIEEGT5ZE1280,
[11C] (R, RMHAPT @ VACT #i& A 13/ Mk AER -2 TOEMLIC BV TRl LE LT~ (Figgure. 44B,
and 45) , vesamicol D[ 51280 TAC (X2 TOFAL TIEEAERU T, MEMAK, REIZB W THIEL,
#54% 10 43 CE—2 L0 L Qo2 (7 —ZIRL TR , JERRIICT 7 ~-1 7T =ARThH D
SA4503 @ 0.1 mg/kg @ 10 Z3ATOHTH 512X ->Th, 2947 (Figure 43C) | Vt i (Figure 44) ([Z1ZEA
EEALD BTz,
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Figure 42
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Distribution volumes (Vt) of [1'C](R,R) and (S,SHAPT to VAChT in the monkey
brain in a conscious state. The time-activity curves of unmetabolized ['C] (R, )
and (S,SHAPT in arterial plasma were used as input functions in the brain. The
binding potential was calculated by graphical Logan plot analysis. Data are
presented as means + SD for three animals ver eroun. * 2<0.05 vs. (5.S)isomer.
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Figure 43

Effects of (-)-vesamicol and SA4503 on the binding of ['C](R,EHAPT in the
monkey brain in a conscious state. Vehicle (A) or (-)-vesamicol (B) at a dose of
1 mg/kg was administered for 30 min prior to [11C] (R, Z/HAPT injection. SA4503
(C) at a dose of 0.1 mg/kg was administered for 10 min prior to [1'C] (%, EHAPT
injection. Each PET image was generated using a Logan graphical plot with
metabolic-corrected plasma input.
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Figure 44 Effects of (-)-vesamicol and SA4503 on the distribution volumes (Vt) of
[11C](R,RHAPT in the monkey brain in a conscious state. Vehicle or
(-)-vesamicol at a dose of 1 mg/kg was administered for 30 min prior to
[11C] (R, RHAPT injection. SA4503 at a dose of 0.1 mg/kg was administered for
10 min prior to tracer injection. The time-activity curves of metabolic-corrected
radioactivity in arterial plasma were used as input functions in the brain. The
binding potential was calculated by graphical Logan plot analysis. Data are
presented as means + SD for three animals per group. * <0.05 vs. vehicle.

5-4 HE

ABFSEIL, VAChT ® PET 7'm—7" [UCl(R,R). (S,SHAPT SO T RFHDfZ 3 E L
THEFREE N C s figae PET & HW BN 7341 LB REARAT 21T > CREM L 7 BRI DA FE Tdo D

(R,R). (S,SHAPT I3/ BMEARTHY, 2D VAChT (2T HHAMENKE B DT20
C-11 i (R, R). (S,SHAPT O AR NAMIE CHEREF Lo TLD, HUH LRI AL [k
(BRSO DRI Lo TSI, BRRFORIERPDOREANS 5N TF =y 7 LR
AE7R5720, palladium(0) 1A% =@ [11Clmethylation i (Doi et al., 20091 kD127 %
ML T HZENTE, MCIR,R). (SSHAPT OIS 100 % THHZ LN, K FHT AT L%
THERTET,

VACKT I3#REAK RARAL . 9%) 1@< MMz 7220y (Efange et al., 1995), /MiplZ VAChT
IR, VACKT @ PET OfiEt+2 LT, ZOEMMEAS BRI CE L TWAZEZRIBL TS
(Gilmore et al., 1996; Weihe et al., 1996) , HEET /L ~OFRE 51250, [MClR,R). (S,SHAPT
X MEAMBE P 2 @i L, A~ D B TE R L, Z OO MA~OBA TIXIEBIC LD 054 /34— T
o7z, MCl(R,RHAPT KL IT D HBERED /AT, 4 Tlieb @<, B Tk BUR, RbkIA
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CHIRREE, ATEHEERCE . MIBHEE RO | SR EREE U, AR VRS TR MM b IR o 72, LS
BT, FERRARORIEREIL, 5% 30 T —2&R L, ZO%AMICHED L=, i<
IR LR 2 (TRBTE AL, RO @ ORI S, 24U, MM BI MA@ LT, M
BIAENDZENTERNEE 2 HND, REHHIE LM iEE A DRI AW Za—H 7 T7 o I iR
Freoh, gk Rkbmy Ve a2 R, BRI TEL /MBS RIKE THY, [1C]((R RHAPT
VAChT O# &ML COHIEdvRSTz, —J5, [UCI(S.SHAPT 1%, & ORI Hi/ 3K
— U BITRSIRMIERIZ 2D 53 A R — T LD T LD EZIZ U N THRRIFAY RPN I R LT,

N AR E . VAChT DR BT AT = A THI Y Ia— L OFi#R 512k,
[MCl(R,RHAPT OERIL, FHTREERICB W TRAICESIL, [WCl(R,RHAPT ~DHEFIL,
VAChT O~ G2 L TNDEZ TR L TWVD, BT Ia— L iFER7)Y VAChT 7217 T7e<
VIl ZRIBRAFEELTODEWHHENHS (Efange et al., 1995; Shiba et al., 2006), FEE
(-)-vesamicol T&Z VACIhT &7 ~-1 ZBFE~OFEEREIL, Z1LZH Ki = 4.4, 73.8 nM Th5S
(Shiba et al., 2006), 7 ~-1 ZAKE R FEANCLS[MCR RHAPT £RICEL TH /L2 H]
WCRHEL 72, 7 ~-1 ZRETT=AThHsD SA4503 (Ki = 50.2 VAChT, 4.4 nM V sigma-1
receptors) (Shiba et al., 2006) DL 5.2 k~>ThH, [CI(R,RHAPT @ PET it itk iz
e Anind, [MCI(R,RHAPT % VACKhT $:58197: PET 7'r—7 CThHhHZ LRI, MM T,
[1CI(R,RHAPT 13V /IO R TOIFALICINTEG% 30 4 LANIZEE PPN Z R L, xHIRAYIC
[1SFIFMV (Widen et al., 1992). (O-[SFJFEOBV (Kilbourn et al., 2009). (-)-[1C]JOMV
(Kawamura et al., 2006; Shiba et al., 2009) Tl 90 75 LANIZ I EEL TURY Y, KA R MBI &
Babo PET 7'u—7\Z&5E ®RMITIZI VT, PN T D2OERE M 2 E L 402 (Koeppe
et al., 1994) THHZELEREL TS, AT, L7 B—T DX —7 "y 1 DO FEBEE 0 ik &
DOTHRLVBWG G % 512> TIELWEE S5 172 0 (Koeppe et al., 1994) Z& & 7mEL T
%, IHIZ, [UCI(R,RHAPT O F[ifif)7eBhRIL, B MLk D2 IZx L THEFITH S (Farde et al.,
1989; Logan et al., 1994) , ZhbaFlbsr L, alifipyEhiEz ~ 9 [1Cl (R, RHAPT I%, PET ZH\ 7=
VAChT O E&MEHTIZH W TCSFIFMV (Widen et al., 1992), (O)-[18FIFEOBV (Mulholland
et al., 1998; Kilbourn et al., 2009). (-)-[1'CJOMV (Kawamura et al., 2006; Shiba et al., 2009)J:
DiENT-, AHEDHD PET 7'o—7ThHhiHrEEZLZD,

VAChT @ PET 7'u—7 OB&EL TUL T &G TMERSHD, 1) 1in vivo L I[RlEk in vitro |2
BWTH VAChT IZFr B2 AT 55 2) )72 logDra; 3) MEFNSDRNT VT Z 0 R LRE
PE 4) A~ EWEERE 5) AN CTOmVMUZENS 6) b D o< 0 & LR EZ o720
)72 #EF (Waterhouse, 2003), [1'Cl(R,RMAPT X 1) in vivo & in vitro 2B\ Tt VACKT IZ
BERMEIX Y 7 ~-1 ZBIRD 2 A —F —E D o725 2) logDra 1% 3.47 L PET 7u—7'L L G L7-f#
Tholz 3) MIFLVRNIIT T 2% R, 90 HIZBITHRMHAEIL 24% Th-olzs 49 B —IK
Nzt SUV L 2 vENLL ETh-7z; 6) PET GHAIRFENICE — 2 277§ Al B g A /R LT,
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Ll 5D EWIMN TOMRFZ EMEITRL TR0y, [UCI(R,ERHAPT (3tho k25 7- L7
VACOhT O#18#)72 PET 70 —7 ThiHrEEZ B2 D,

[MCI(S,SHAPT DD 4 TOFMA~DERIT IFLAEFL T, ZDRAMNL =0T,
(-)-vesamicol D7 L #EIZLA[MCIHER,RMHAPT D454/ 2 — LEIEFRL Tho7-, ZNHOHE Fhid,
[MCI(S,SHAPT @ 43AT 13 IR RAIHE & LWERED 7 v — 7 WA KL TWHEBE 2 HLD, bL.
[11C] (S, SHAPT @ TAC 73[11C] (R, RHAPT OIEFFEAIFE G & EHED 7 7 —7 S B SE RITLE S
BOTHIUE, mAChR OIZEi#Al A %(+) N-[11Clmethyl-3-piperidyl benzilate ([11C](+)3-MPB) &%
DI FRMEARTHAH[11C](-)3-MPB T Sh7- (Tsukada et al., 2001b) D& [FEEIC, IHHERE R
TEMERLOL ST 2 [0 PET GHIZATH 282 k> T BIRER L4170 (2 VACKT O &R 2175
LM TEDZEZREL TND,

AD BFORERITE NBEC, MIRIFHMEEEEE LWV ST R0 iR, T RO B E, L0
FRWFHBE B D L= DIV A (Dournaud et al., 1995; Gomez-Isla et al., 1997) ., MCI O] D%
? AD DIRREIT, B ANBEDILFE | MR EREE DN 7T h—IE LI 2L E— L TR0, ZHUE,
[MCIPIB DaHAlL, FLliET AN £/ IX[SFIFDG (2 X DA DR E A 22 5 HAIL72b O 23— E L T
ZEBH 0% (Edison et al., 2007; Furst et al., 2012) , #HFRAICERCE RHHICBITAT —F 7 A
FY—EETeii BRI, PARMRRD ACh MIROREENEEL 5.2 CHZEN, PET Z AV -F%E
IZEDREN TS, ACh #i#2D H1T, mAChR DA 27 /Y oA~ — BB ENE (LR T D
(Terry and Buccafusco, 2003) , AL E TIZREEY /LTI T[11C](+)3-MPB % T mAChR D
W Z XD LA AE L= (Tsukada et al., 2001a; Tsukada et al., 2001b) ., E#pV /L DU —F 7 AE
J—D/\T7 4 —~ AL (Tsukada et al., 2004) . i iEH /11C mAChR Fr RAYHEFH THH AR
T ER G LU TEEL-H4A (Yamamoto et al., 2011) EFEEIL TV, (P EFEO BN T, 45
WREN 1L, B R VB Sz ACh DO &EIIEEIZHERIEF 2% ) ->7= (Pedata et al., 1985;
Consolo et al., 1986) , ZILHDiE i, ACh BEHEDHD A3, IEH DELS AD (2B 52U Ao
BEREARN BT D 1 D THHTLERLTND, IO PRI LD AD 1GFRIED—DLL T, =
Vs ST 8ENAH NSNS, ACh =ATT—¥ (AChE) [LFICEIVRAMKIEL L ETD
Donepezil ®# 513, ACh J8E{LAE Y THD N-[11Clmethyl-4-piperidyl acetate ([11CIMP4A)D i
BIZBITHEiALZ  HEKFIZHD S, Ziuid AChE O NZLY, IV AN ETEELS
NHZE%a R LT, Donepezil (2152 AREOEMEALIL, Zlp /L TIRFLEY —F 7 AE]
— DT p—v L A% FE LT (Tsukada et al., 2004), ZVAFRRO/NMaIZIX, 2V AREHEARD Ach
Dz ha— )L 55 7B LT VAChT 25,

VACOT-PET &, ##F00AF I 3BT, mAChR (22 AD 6 EFEOFHMmICA H ThoZEN
IREREILTUND, (4)-4[18F]fluorobenzyltrozamicol ((+)-[18FIFBT) (Efange et al., 1994)% f\ 7=tk
USNDEREFETOME—? PET #F%2TiE, VAChT L~UL73 10-37 DM HEV ME F L (Voytko
et al., 2001) , VAChT {&PEDMERBICHHBIL TEAL T D2 EAVRSNTZ, (H)-[8FIFBT (337 v 45K
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SOFEEITED | RIRPEDMEL | FERF RAUFE A VTR TEOHIPH TRV | BRIRAYIZ VACKhT DA A—
DUZITHEL TWRWERE L TS (Tu et al., 2009),

AWFFETIE, B fERE PET 7 A7 % >, VAChT 7'=—7 [1C] (R, R HAPT } OV D675k
K [1CI(S,SHAPT DN Ehfie, mAERH O MEE A LY L CREML72, RIFFRICLY,
[11C] (R, RHAPT 1% VAChT O E BLEMEICA H72 PET 7 0—7 ThAHZ LIRS,

76



=i

i

ABFFETIL, ACh TEEMM AR RE A RN 28THL PET 7 0 —7 DBR%E BL LRIV AT &
F a5 (mAChR) &1L, FEfEMEREL D BIEMEIC R L TRGR T 21T 572,

PET 72— 7 OB TIL AN 20.4 230D ''C 2 W CORES A R OB AT o7, s
20.4 GrEEINZ LD, Bk A BRI R 72 D2 8T D | AR R (BUNRR) OIR T | ELAGH BEDAK T3
BZh, ZDI=8 PET 7'u—7 OIEEA AIL, TELLTERFH TITOMERHD, — 5 CTHH 2 E
WZENE BRI AE R LY PET 7 u— 7 544 2.5 BRI ICITR O 523 Al RE T,
1 H CH3%IE PET fHUZATHOZ LN TED, 55 4 T CO PET #HHITIIRG-, 5 2 B4, 6 B %
DOFHNE 1 B TITo72, 5 5 ECTOMREAIAM TS, | HTarte— 4 1[EH ., EAAREZ 2 [EH
AT o7,

PET 7'm—71%, FA7ubnl TOMBUSHE T 30-45 73 TIRASTERN E L TR 2L TE T,
—IEANTIE, OB A R B TR R A R A TO T I[N CIET AT T LD, N-, O-AF /LG %
1T TW%, AFZETIL, [NClE A F A I RIS Z LW Clavib=F v, [M'Clavfb 7 e Lic
FOMEHA R EAT T2, ['ClavibmT L, [Clavib 7 e S KA A AU CICO, L7V =% —1
RIEEDREE 1 BEFSBINL, SHICHRIZa~ 57 4—Z LB CIav b AT L ED 43 EERAT > Thb,
TR A S ZTTO[NCI(+)3-EPB & [M'CI(+)3-PPB %157-, ZHOIEAT Y7 OB L->Th, A
FIAVIC EAIEFRA B O B RTIC 12-15 43 DIBHND 45 53 AN TITHIZ LN TE 7=, ['C)(+)3-EPB,
['CI(H)3-PPB DEAAEFERIHK T LImb 0D, PET FHINC B2 B HE 155 2 LN T 7=, E7-, N-
T IV IALEISIZH LT, C-C FEBETE T DAT AV S EATO T 'CIHAPT DRGSR E1T -7,
N-=F )V N-7rE /LG, C-C fEBETR T DR G A AN TEIZZ LIk, S %S TED
PET 7'0—7 D4y FHEIEITRE T 205 FHEEFH DN A DS o o ZEAREBE T,

1 BT FRAADAET B F Ll i m kT u—7Th 5 ['CI(+)3-MPB Z D
2 FMER[C)(-)3-MPB %, [''C]4-MPB %5 AL U CHEFRERD 7 47 YL C PET f#ATIC LG L 7=,
LATVAET B F N AR R ER CTHDL AR TIL OB I T, /MRS O 2 TDHS
AT CI(+)3-MPB &['CJ4-MPB D U REEFE I L 7= 2 &735, [M'C(+)3-MPB &[''C]4-MPB (A%
VAT T F L) R IR B TRE A L CODZEAVRIBE N, #:Z['C](+)3-MPB (X PET
SHRERNICERE O — 7R RS, AIHIC LA 2 BIRERE B L CVAZEN RSN, Zh
X[ CIDHETEAY 20 4> LFNZ NSRBI PET 2HAIR R TR 21792 L 1C kWi L7= PET 7 'm—
T ThHHIEDIREI NI,

% 2 BT FHHOMNLAD AL T B F LTV K PET 70— ''C)(+)3-EPB &
[''CI(+H)3-PPB Z B3 L["'CI(+)3-MPB & Lb#giL7-, ['CI(H)3-MPB &b LT ['C)(+)3-EPB &
["'CI(+)3-PPB Dkt REBY BT VIR OB — 7 N b4, MRS B < MM Tt BV
[MCI7 L U CRERR S N2 b DIE RO EURME (BP=k3/kd) Th -7z, 7T /L=l fiii 3 P E Al
THHRF_NOEHIZED, ['CI(H)3-PPB DZEE~DOFEAIINAET £ F L a) La L TK
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T U7z NIRMERRAGEYE D2 k%, PET 2= in vivo TOFHIEA FTRE THHZEDRIBES NI,

5§ 3 BCIL, AAN T v F Al FARO BT I B A | BRI Jo L O i L
Jitiz PET 7 1—7"'C] (+)3-MPB % PET % ATl 5 Z L TR L 7=, Z Ak A%, Bl
e~ iYL TREE B BT DD N A BT, Fo, RO B i 6 KO T L2 e 8L
TMNT BEF LV AEBI MR R ISR T2, RSV ED, BT B F val o o iR
(AChE) [ OB A RETUT-, IRERIEB) 2 TR C U7 B AL SO Z A2 L DRI ClE, Bt v i3
fn L LR L CT — R VAR UEREAME T L TEY ., F2V —F o 7 AT —OREREIK T IR r <o n
(Zd&% AChE BAFIZ LD AEEPERRRE R DIEHED T2 D IH /3 BIC BEE ST,

4 BT AN LAY SR (mACKR) Z PR E T 2281080 BIESU SO RN — =27
ERSNIZ Y A — R SRR R S 2 5 [ SR 23 3EKAI L L TAaR T2 v R PE mAChR A %
CBSIBERERE E L O BIRZ R 72, mAChR (2R BAVICAE AT D FHESRA] ['C 1(+)3-MPB % iV 7=
PET #Hll%&, 2R3 0.01, BLD 0.03 mg/kg DEEHT, 2. 6, 24 W% IZFHHIZ1T-7-, mAChR
A ERIE, AT ARG 2 BRI CROR Ao T, FUEREEITIATRTIL G 24 BRI ICTE R LIS,
ATEEEE  BURIZH VT mAChR (573D 11-24 %k > T ek | il Tldik-> TWieholz, Zibd
fiti KD, AARTINZLD mAChR HADRRIEEF LG SEIL, U—F 7 AF) — M=) 4
B> T2 e RSN T,

55 5 #CILL ['CIRRHAPT LZ D BAEIR[CI(S,HAPT 27 & T Lay AffED7 L)
T AT B/ R T AR — S — (VAChT) %G 3288 PET Vo —7 L CRIR LI,
["'CI(R RJHAPT DU REBNREI . R LM% Tl 5% 20 5y TE—2%RL, TRLIS DL T
Ix 5 LNICE—22F b, [CIRRIHAPT D43l Bt fid . RIREE T bk,
YRR AR T PR, HRIRIE], BTEEEE, 14 PHIE TR MM R B IED 72, — 7, ['CI(S,S)HAPT Dk
SHREBNAEL 3 A 1L, FRREREN b2 572, VAChT O7 = =ANTH5(-)-vesamicol (I mg/kg)
(120, ["'CI(R,RHAPT DEFEIL, /IMNMABRE S TOEA TIES, — 77 sigma-1 ZEET T =T
% SA4503 (0.1 mg/kg) TIXFLESID -7=28h 5, ['C(R,RHAPT I3 sigma-1 Z A~ 1L &8
. VAChT ITfE B LTV A ERBENT-, ["CI(R,RHAPT (%, AEX7-MI2351F75 VAChT DIFREAIC
ERTES PET 7u—7 ThHIENRIESNT-,

PAEEY | ARAFTETIE, ACh {EEN AR RE 2R 3 28T K PET 7' — 7 OBH%E | I L LAY
TEF Al KR (mAChR) L AL, FLIBREREL OBTEMEZ /R T 223 TETZ, EHIZ VACKT @ PET %5
T HTLINTE,
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ARFFENZ BV CTHRE A G0 E U7 # b SRR TERE BB AER IS DRV EH L B ET,
Fio, Aae LTI E 2B U R RS R E EEAR,. REEREER. B L
BB LA L LT ET

ABFFEDBATICH T | #AAA 70 T E L TR a THE LR b= Akt R pF5erT
PET b2 —K HHFREHITHRIEHN-LET,

ST, BFFEDBATICH T HANI SR B L O i87e TRt & TEE ELI AR b= AR A4
RAFFEFT PET B —0> AR 1| REEIMTIE £ 5 SO £ LA SEd b T RIK, Ria
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