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5510 E RGOSR RO 12X D7 O WIS BERA L R BIE F GEBIRERERSE) OFREHLICH
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methyl]-2-hydroxy-3-iodo-6-methoxybenzamide (['*T|IBZM) *'*? D il N 4 Eh AL ~ D EFE B %, B)
WIS 7 v 7 N g e i (B FHSPECTHE ) & Fl W C— @RI T SICllE L=, D
FER ARO[ PIBZMORE RAVERE B3 5-B4A 1 A LI CH BISHIIMULIZDIZHL
['LB-CITOHE R A BN LT, e, ERNEE B RS DRI L7 H 1T BhoD B3 3%
H.BRG 2 ~3 o A B DBIEESIVIGD | ZOBEEIT 6 7 A OF G- HIRIC W TN ULEHT 72, — .
FEFEMEE RN RE PR OB MR ALV E YR R B RETIEZO IO R ITR D b7,
ST, NEARYR =V 6 A G528 I EEE R E 2 R BLILI- ROV CZ DR S-
Zib L GlERER SR ERRE ORI E kRt L7 L ZA K3 8 » H R ITITARRIR
[ PIIBZMAERT B ORI A K &SI L7201 L [ P1B-CITHER RO A L FEs L 7=, 7
TN AT R T Zhhed &3 DR FENEEEIEREREE 2N UL U vl B9 ST 9D LW D BRI
RPN Z | AFTRICBITDRIORBHITIX, H~E_RUR— L2 5L THIEROFE B AR
DR TARIZ IS T, BREAEA~O[ P IBZMOEREREASER 2T BT (8 R L AL
ZD— T T[PNP-CITOER BT LA LA o122 b A~ _RUR— LD B 52 X5 5
PEIEENFEREFE T DI BLUZIL, RIS T 7 AR, TR0 bR RN 70 BH —#i5%
KBS R ASUARRR DM B G- L TS AT REMEAVRIRS VT,

ZOMRREMEDIRIRNZ OWT, A~ _RYR— L OREHD—-D>TdH% 4-(4-chlorophenyl)-1-[4-
(4-fluorophenyl)-4-oxobutyl]pyridinium ion (HPP") 23/ $—3 2/ i a6 FE M\ 270 I BEME 230D
EDin VitroEBR TORANHE B L, HPP O 52 W51 25 BT, ZOHEMER L OMEN
BREA AT LT, T OFE R, HPP S R/ SSUARRAIIE IR L TRV 2 B3 5247805
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FRLTZR /SRR DRRIFH L2 | AL AN IV B SN2 O ThD FIREMED RIZS I
oo Eio, NEVREOFEMA S . HPP XA RN T E I CAER T8 SHLICMBITIES
3 HZEERM LTz, — ), HPP'ORFER SR ML ~ DO BUA Z- 1 XDATILE I TH 5
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~OFERERFLIZ, ZORER, HPPIIAT = AR L TBFIEEZ A L, D OZ DA 1L T i Y
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ZHRTEREPY, Lol —FH TREIRD,RE B A RIE I O R HE O BNAR B 2R 7 &
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IOV THEMICHRE LT,
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PEMRSMEIEAR A S TR BISE o m RN — VA RN U T, $70, D72 ~a YR —
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['PIINallZ A AAY T 427 24X 0FEHE S L, PHIGBR12935 3 L U PH]AE 0 [ZINEN
Life Science Productstt L0 A LT, "PIOMUNEEIL, CAPINTECH % =) —#—% (CRC-7B) %
721ZPackard 4L FINal(T) > > F L —3 a> B & (Packard Auto-Gamma 500) % VW CTHIEL
720 "HO Ji 5 B8 13 Packard #: i & > F L — 3 a2 A7 # (Tri-Carb Liquid Scintillation
Analyzer) Z W CRIE L7z, #E7a~hr 77— (TLC) IZiZMerck L8 VU B 7 V7L —h
(Merck Art 105553) i FL7=, mdiikr v~ r~r' 77 +— (HPLC) I3 B AL B E AR 7
(LC-6A) 1243 YL EE R g (SPD-6A UV) BE U Alokatt DAL T AU Nal(Th)o > FL—a
B 25 (Aloka NDW-351D) Z44f6t L7= %% FV /=, SPECTICK D MG DIV, A2 AT (=2t
RIEN ) 1] SPECT % (& (SPECT2000H-40) % FH N TIT VN, 7 — Z O QLER 3 [ 4 0 ff A 4
(RW-3000) %A FH U 72, BZR8 5 e BT 1 1% (Magnetic Resonance Imaging: MRI) (3 Varianff: %

NMR#E (UNITY plus 300WB) (2 Thaf T L7, sl 34 TRGASE 20 FH L 7=,

NFEARERSICRIER T ESHERETET LEYO/FR

BB H AREDMAL L s & 7-2 8 ~—F &~ (Callithrix jacchus) (Figure 1-1A)
Wz, FEERBIRAREIC IS D H i 17 ~ 41 » 1 ARTEIT 340 ~ 410 gTh-oT-, KEEIC
1.25 mg/kgD/~\-~XUR—/L (Research Biochemicals Internationalfl:) (Figure 1-2A) &2\ % 120
mg/kgDA/LVEVR (Sigma Chemicalth) (Figure 1-2B) % 0.5%AF/L-E/L 1 —AFFIRIZERE L | i 2
Al H G- LT, 2O &iT, $ERANERENEH OB EEIERED — > THLVAM=T
SERA R E RIS BT, FukuokabOMEDEH LI, TNENOBKHARED 10 fF&I

RELT, o, F—lDaEr ~—Fty Mt EEL L, 0.5%AT Lt/ m— RSk 2 RARI i
B U7, 8513 6 » H kR L=,



BB REIEE D ITBI B F AT

FEY—E Ry MOTEOBRITIY B G EATE, £5- 2 Fefd], 4 Befd], 6 el 8 Wefilds &
O 24 FEI#2 AT o 72, & TOMEEIZOWT, BIEIEIIX 5~7 0 ThoT,

W T DATEVBLE SRR I D & | RO RN BAEIR DR BUHFE A fedk LT, T72bb
HEARIM IR IZ B BT (LA F2B0E), B TEh (BE, R, RAICHZML2T5
), BRRE (s, WL B, RO RFITE (WE LFIEDI, B%), MO,
S — G O RH (RIS, SO RE EE) (R2%), nREABAORE (EFo%t, Wik, 7—
DT %  Figure 1-1B) DI B IZHI P72, FEIRD A7 (1T, 0:#8fge7a L, 1 BLEERFfH T
(1 EHERASFE B, 2 BRI AR I USE IR ST B, 3 - BLESIER] A I fE L CHREIR 23 56 B
L7,

LA TEN R L A2 AR L LT RIS, DAL T —, BRI, PR, B EB 04 %, B
BH OGS FIRHIBER LT,

[NB-CITE[*1IBZMDAZ A B
[*21]B-CIT

DATV > K D[ '21]-2B-carbomethoxy-3p-(4-iodophenyl)tropane ([ *I]B-CIT) I, Zea-PonceH D
FE®E2 B [PNaUK R R IZHTER D 2p-carbomethoxy-3p-(4-trimethylstannylphenyl)
tropane (Research Biochemicals Internationalfl:) 50 pg/150 pl@™% /—/L¥EHE, 1 M U B KIRIR
100 ul, 0.6%iEEEL/AKFEK 100 plZNEREML, 30 /3 M =BIRIC TSI ELIEIZLVET
(Scheme 1-1A) ., ["PIIB-CITOREHRLIF, SISIR A% Waters £18.Sep-Pak C g7 — o IZi@ L
TNEREEUK YRS LT, =&/ — L C[PIB-CITRE 35 Z 8T T~ 72, b S il
IFNEFATLCR LOWIFHHPLCIZ CHIE L7, TLCOEBIALLE 1 —~FH o v oF Lo —7 )L
N ZF T I AR E (60:40:3.5) THZE TIERIL (RFE 0.88) . E7=. HPLCWHAHAD T LT3 A
2418 Chemco Pak LICHROSORB RP-18-5(300X 7.5 mm) %, BEIHFHIZIE 0.2%DR =F /L7
VEG LAY ) — )V EREROK D 75:25 (vv) IR G VIR A L7z, HEIT 1.5 ml/min, &7 AR
30°CEL, 43 HOEERHIZE O IR Bl T 254 nmlZ @ B L7z (R R 30 47),



Figure 1-1. Common marmosets (Callithrix jacchus) (A) used for experimental animal model to
evaluate tardive motor dysfunction caused by antipsychotics. Under lengthy treatment with

haloperidol, animals exhibit symptoms like oral dyskinesia, an abnormal tongue protrusion as shown

in (B) Y.



(A) Haloperidol (B) Sulpiride

®) N\Q
o OH N
=
H,NO,S

Figure 1-2. Chemical structures of antipsychotics: (A) haloperidol, a potent D,R blocker in clinical
use that elicit extrapyramidal syndrome with high frequency, and (B) sulpiride, a more moderate

D3R blocker with lower frequency of adverse effect.

[*Z1IBZM

D,RY A > K D ['#1]-(S)-N-[(1-ethyl-2-pyrrolidinyl)methyl]-2-hydroxy-3-iodo-6-methoxybenza-
mide (["ZIIBZM) %, Kung® ® J5 # N2 5EW | [P1INal K % i 12 i1 B £ © BZM (Research
Biochemicals Internationalt) 50 pg/50 pl=4 ) —/L¥i% &chloramine T 60 pug/100 pl 0.4M UL fig
FEMEE (pH 3.0) ZNERERMNL ., 2 7 M =IEIC TGS EHZEI2LD4572 (Scheme 1-1B) . SUGE
1R HERE =T L O PIIBZMA & DB Ay A i L, A% ) — VD BLTZ 16, T HTATAY
FEEL R 5 A COSMOSIL 5C18-300 (250 X 10 mm) % f VW CHPLC THE L L 7=, BEIFEIC
02% DN TFNTILEFETe AL ) — /L EFERIKD 70:30 (vv) IR G R ZE L wiElE 3.0
ml/min, 777 AR 30°CE L7z (B R 12.5 47) o BGHMEFROMES I, BRI A 7 mark v
L H )=V 28% T =T K (80:20:2) EFHTLC (RFE 0.19) , BN 747 A7+
717 5COSMOSIL 5C18-AR-300 (150 X4.6 mm) Z HV 7=HPLC (&3# 1.0 ml/min, flLl3R5RE (R
— ) ICTRIE L2 (R IR 6.2 47) .

['21B-CITY[ IIBZM (E AR GAZBEL  (TTALE 5% Tk ) — L% G o B K S i
SH,

SPECT &%

Dynamic imaging

T a e G LT EIRREL R H s ~—F By MI, 7230 —F U TV ARGTIK (45 20
mg/kg, 3 mg/kg) ZHRINEEG-L, RUNT 20 mg/kgD U ML e X — )V EEEN G352 8T
R 7=, D5 [P1B-CITH DV N[ PIIBZMZ UL E 4 150 MBqZ (RTE##HIR7) > Sbolus 5-

-



(A)

H;C N 193 HC N
COOCH; [ I]Nal COOCH,
Sn(CHa), Hydrogen peroxide 129
(Room temperature, 30 min)
[*Z1B-CIT
(B) " g
\Q [*=1]Nal \Q

CONHCH, CONHCH,

HO OCH . HO OCH
\©/ : Chloramine T :©/ *
123|

(Room temperature, 2 min)
[*Z=11BZM

Scheme 1-1. '"*I-Radioiodination of (A) B-CIT and (B) IBZM. ['*I]B-CIT prepared by reaction of
the precursor with ['*I]Nal and hydrogen peroxide. ['*I]JIBZM prepared by using chloramine T as

oxidant.

L. 2R KVE Y H SPECTHE & 2 V| 5B B #E 43 47 B {5 O £ (40 sec/frame X 32

frames) Z LI AT 7=, FHNIEBRICOWT, BICHRE L-MRIETEG A LI, S

FIEBNZBID DR/ SR O AT N BB L AR T DMRRIRE L REREL TR SRR 03

Z LUV B B A 3% E L (Figurel-3) | 45 BEIKIC 3810 D I BE D AR R B Acy, (2 A R

FRARTOFLHE, % Injected dose/ml), Ace (/IMiK, % Injected dose/ml) DFRRFAYZEALZHIE LT,
ZHELEIT, BEAKDATSH HVNED,RA~DY H o Rk A AE4 Binding Ratio (BR) IZ TEH L,

BR = Acst — Acee _ Acst -1

Static imaging Acce Acce

PURS AR R G- R SRR R RE D 2T, BB ARRT, Jo L OMRIEBAA 1
A,2 71,6 rA1RIZ, TN OFEY Z—FHRIEL 72 L TSPECT#RfG a17o ZLIZXVIEL T,
dynamic imaging& [RIERDEAFIZIVaE ~—F vy M RRBL7Z% ., £ 150 ~ 200 MBq?D
['"PIB-CITZARAEHR) Sbolus#é 5-L . #¢5- 240 43# 1T 40 sec/frame X 32 frames?D SPECTH# {4 %
1TV, BRSO BUN B0 AT B 21572, 20 1% RN DD ST REDE KA fEei8 L7z - CIH
BEIZ 150 ~200 MBqD['P1IBZMA#¢ 5L, #%5- 60 43 #% 1 ZSPECTE{E A UL EE L T-,

N ENoTF—a2m5 LBNR.CITR FINPIIRZMORR A28 Hil 7~




Figure 1-3. Representative images of common marmoset brain. (A) Sagittal SPECT image from
dynamic scan post administration of 150 MBq of ['*I]B-CIT (229 to 251 min). (B) MR image for
defining regions of interest (ROIs) in the striatum (St) and cerebellum (Ce). (C) SPECT image (A)
superimposed to MR image (B). Striatal uptake clearly depicted as indicated by arrow head ( = ).

Similar images were obtained after ['*’1]IBZM injection.

In vitro NA T4 T T7ytA

27 AE Gy DL

NalYR— LD 5% 6 » ARG LT-a R~ —F vy R NAER L BREE, Lo XK,
BROVNEABBELTZ, 7o, HBEEL CHELZFE —koaEr ~—E 'y MIOWTH[AER
DEVEE L . 155Nk Z—-80°C THURS IR IE LT, BergersD J7 B NTHEW Y BRI DA HfE

-10 -



(R B 20 525 0.32 MAYZ B —RPIR A UL . K T Potter-Elvehjem7sE A —|2T
AL T2, 2404 1,000 gC 10 43 s DA BEL | 54172 RIEE2 S5 25,000 g, 20 43[R D04y
HEERAE SN T T, TRIELZ 100 5 O R A — Ha R #E K (50 mM Tris, 120 mM NaCl, pH 7.7) Z /0
Z.\ K T Polytron CHHEMH L . —80°CIZ CHUAEIRIFEL T2, Bof& & A # 0 /7 IR EE DT T Lowry
SOOI PN IS EBIRIER ATV, RSB IC 500 pg protein/mla /AT 42 7T vt A
WZREEF LT,

Saturation assay

DAT# JE DHITE L, JanowskySD 7 Nt~ T2, T7205, 0.2 ~ 8 nMO[’H]GBR12935 &4
VRZEITLT 50 pgllhl Y 53 7 R 43 & F Lo M)A — AR TR (50 mM Tris, 120 mM
NaCl, 0.01% BSA, pH 7.7) % 25°CT 45 73 [HA ¥ aX—hUiz, ZD%  KHFEEHL TR A
1L, Whatmant:8GF/B7 4 /L5 — LT 5 I EL ., Ve LTz, 2D 7 /v 2 —|Z Amersham#tHl
ACSTZMx T @ LT, k> v FL—rar v X TR EEEZIELR,
PHIGBR12935 D4 HATHKE A1 H-S ST HEIL, 50 uMDGBR12909 (Research Biochemicals
Internationaltt) Z [FIREIZ N2 HZ & THIE LT,

DR E DORJE L, Farfel D 51Nt ~72, 77205, 0.1 ~ 8 nMOPHJAE = 2003
7 EICLT 50 pgllhS 35 T 7R E Sy, BLOPHIAE Ny Ot ubh= 5-HT, % BRIk
DA EIETHHMT 10 pMDOIT U (Research Biochemicals Internationalth) % ¢ pk%
Eii% 37°CT 45 2RIAFa~x—hL7=, PHIAE Rur OFR: REHE AT HS<HETREIE, 10
UMD ANVE YR Z [FRFIAINZ 528 TRIE LT,

DT — & % Scatchard @ HT L, 45 JESHPEY 12 R O Kb 6 8 (Bmax) EFREEE S (Ky) %
L,

et

T AR R A TR L, AEEMREIL, SPECT TIdEEM B 5-Bltaai L G- 4a
HOBREZDOUNT paired Student’s t-test ZfEfTL72, £72, 7 ATiX unpaired independent

Student’s t-test Z47V >, fEREE P fE2S 0.05 RS OLGAICHEBEEZHV LT,
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REARER S ROMIENIRREIERADHIER

TP 5% DBIEEND, "R — L2 VBV RO a5 LTcaEr ~—FE By TH R
IS Dy B RO IR IEAEZ O N L BMEEIIEREfEF (RS Z LT —) OFEEN
ROLIIZ, ZORIWE AT E I ERRBILAE % L0 | Bt B I Bl s,

— 7 EEEREIEE OFRIRL L CTHE LI EEDS L | SRRSO SO H IO
TUIAERYR =GB N T, &G ERERERLZETRIAZRO LI, ZHICH
L Tid SPECT EBR O &P TRLik 32 (Figure 1-5),

[*21B-CITE[*PIBZMDE & X

['"PIB-CITITUL R 55%, MEHLFAIRE 95% L BIZTHEbT-, £7-. HdrElx 0.185
TBq/pumolLL ECTH-7-,
["PIIBZMITIN R 30%, HEHEFRIFEE 95%LL FIZTHEBIL-, HUHREDOFEFEIL 8.88

TBq/umol TédH -7z,

ST F DRNR B &

PREIR IS LOVIMIMIZ IS 1T DA U PEY 77 REEFE DR IRF R 22T DU T, —fiil & Figure 1-4 1T
R, [PLB-CIT (A) DI~ DER L (Acy) 1HHE 5% FBLITHIINL 7228, /N~ D EERS
B (Acee) I ER U8 thx (2R LTz, — 7, [PIIBZM (B) 1T O FEIRIC IV Th
P 515 DA B SRR A RO 1205, AR TIRS AR~ < EERE LT,

['Z1)B-CIT & ["P1IBZM @ Binding Ratio (BR) IZ-OVNT ., 45 3HHIIRF [ T Ol A 3K 6 72 i 5
['PIIB-CITTIE #5240 734, ['PIIIBZM TR G- 60 5314\ DL —E LD T LA HEB LT,
o T, IO TR TIIR VA RO 5% N HORFHEICSPECTZ kg L. BREFE T 5244
L7z,

PR BRAARTIC BT B[ PB-CIT, [PIIBZMZ N Z D Acy, Ace 3L UBRAEZ Table 1-1 1245
D, 228, BEHEV T R OBEIEA~DEEEITELAZTROONRD DT80, AcylTLEA
DBRERARD T A VT,
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% Injected dose/ml

(A) [*IB-CIT (DAT) (B) [*¥1]IBZM (D,R)

0 1 1 1 1 0 1 1 1 1

0 50 100 150 200 0 20 40 60 80
(min) (min)

Figure 1-4. Time-activity curves of brain regional accumulation in normal common marmoset.
SPECT imaging acquisitions performed repeatedly from 15 min to 240 min ([IZSI]B-CIT) or to 80
min (['*I]IBZM) after injection with a dose of 150 MBq each. (A) ['*’I]B-CIT accumulation
increased in the striatal region (#), and washed out fast from cerebellar region (@). (B) [*’I]IBZM

accumulated immediately after injection, with gradual decreases in both regions of interest (ROIs),

striatal (@) and cerebellar (@) region, defined in Figure 1-3.

Table 1-1. Accumulation profiles to striatum (Acg) and cerebellum (Ace).

AcC,; iDm)® AC, (%ID/m)? BR?

[123]]B-CIT

(240 min post-injection)

1.06+:0.23 0.28%£0.06 2.84%+0.41

[123]]IBZM

(60 min post-injection)

0.59+0.14 0.34%x=0.07 0.76=%0.18

“ Each value measured at 240 min or 60 min post-injection. Mean + S.D. of fifteen common

marmosets.
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NREMREORAREICASERMTESREREDRBRELBRERADUL U FEEEDRE
is3: ke

Figure 1-5 (ZIFEEEBAA 1 7 H, 2 7 HBEU6 7 A 5D BRIZDOWT, BEIROEILBR b RTE
D FH%HE (Relative Binding Ratio: RBR) At /c DfE Crnd~, Fiz, ITENEEB I A= T A1
U7 BB RE PR O FE BB (CFEE) b RGO TFRRLI,

F G- LT 2 O FUEFRFEIZ OWT AR R— LB (B) IZHUW TO BB R V3T
HBAL, [PIIB-CITORBRIZ I 5-BA4A 2 7 H 14T 0.82+0.07, 6 7 H 1% T 0.70+0.05 &, 5B kAR
LB CENETRABICIKWMETH 72, — 7, [PIIIBZMORBRIZE 5844 2 » A% T
1.33+0.10, 6 # A T 1.66+0.11 L7320 K GBHARRTLVH A BTN 2, SHIZ, ZhEWATLT
T TATENSR B AORHM Tl BEG-BHAAD 2 ~ 3 7 A5, B 5% BT DA MERITNZ .,
B M EN R REFE T (BERE TTHESE) MBI SR 1o, T OB ITRE DML LI LA LY
F. EBROBHITIINmNIR— L O 5% FICEBZRODITEST,

ANEARYR— LSRR ZVEYR B GRE(C) Tk, BPEOSEERIMEIERITRER S 8, 7
FEPEEERRE IR F I IB RSN T, £, RV RO BB BLIRD T2, 785, 0.5%A
F NN —AD I 5 LT FRRE (A) 12OV TIE, FTEIE R/ SSAiRAm B RE L AT D2
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Figure 1-5. Relationship between functional changes of brain dopaminergic neuronal transmission
expressed as Relative Binding Ratio (RBR) and locomotor activity expressed as Dyskinetic Motor
Activity, as described under method. Common marmosets treated perorally with (A) 1 ml/kg of 0.5%
methylcellulose as vehicle alone (n=6), (B) 1.25 mg/kg haloperidol (n=5) and (C) 120 mg/kg
sulpiride (n=3) twice a week each. Neuronal activity measured by SPECT using ['*’1]8-CIT (@) and
['*I]IBZM (#) at pre- (0 month) and 1, 2 and 6 months after commencement of treatment. Left
ordinate: RBR (relative values to 0 month). Right ordinate: dyskinetic motor activity scoring (V). #

P<0.05; ** P<0.005, 9 P<0.001, compared with 0 month.

In vitro INA T 42T 7vtA

DATEDORDZNEFUHE BT DI E) T R NS T4 7T A DFER 1
ANYR— L B RETIIRRRED R, B OV > X AFAE T HDAT ~DY I B e Kk & &
(Bnax) 35T FREEL LG L TH BT L TERY, —F5, D,RTILA ERNAZ7R9 7= (Table 1-2),
/MM TIEZ DO LR EATRRO HiehoTz, Fiz, fEBEES (Ky) 2RO TfER, ~aUR—L
DEGFAZED | VA R OBFMEIIZEALL TpdpoTz,
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Table 1-2. In vitro binding assay.

Bmax (pmol/mgprotein)?

DAT ([*H]GBR12935) D,R ([*H]Spiperone)

Control Haloperidol Control Haloperidol

Caudate N. | 5.20+0.82 3.80+0.15" | 043+001 057+0.04"
Lentiform N.| 4.29+0.12 3.40%0.20 * 0.44+0.02 0.54+0.02 *

"Mean + S.D. of three common marmosets. # P<0.05; * P<0.01, compared with control.

NARYF—LRRRDIVAVREREDEL

AaRYR— L ORI G5 IZLODAT, 8L UD,R TR LN EA ARG 2 BT,
RS [P1]B-CITE[PIIBZM, EHENDBRICKIFE #8470 ~7- (Figure 1-6) ,

AIELERARD FIEIZ TN XY — Va2 B LT-aEr~—F 'y NMIDOWT, 6 A HERRIX
Bk, 5 & K& SPECTHRE AT o725 5. [P1]B-CIT (A) ORBRIZHG-H1 LD 8 # H [
TEALN 2D o7 (B 5 6 2 A #:0.73£0.03, (KIEBIAA 8 » H #:0.79£0.01) DIZxL .
['PIJIBZM (B) DRBRITERE ¢ G- 6 7 H OB AL LT, 59 1k 8 7 A% TIXF DN A &
AR T U7z GEfged 5 6 4 H 14 1 1.6620.08, IREEPHLG 8 # A #£:1.21£0.10),

1. 1. 8. #=,

EFREMEBPEEEREE ORIUK T DR IR O BREMTT T OHM T, 25y ~—F
Ty MG T HHUEMHIR I, BRRICI T 2B I E B RERR T O RIS N 0D 2 1l

DD RAEEWHE, NERYR— L2V EURZEIR LT, KEO LD | DRIk T2/ 2R —

I

JVOBFIEDIRESIIALE YR O 13 (5727550 AR a YR — L E2LEY RO 5L
7256 ChRMHEARIN IR ORBIARBD LN ZEND | B RITENENDOIEY) T3
EWEN TWebDLE R D, O ETEY) OB 5% 6 7 H [EkHEL . ITEIOBIEESPECTA
To R SRR R RE D T E AT o 7ol AL B FEME B RE R D R Bl L U'Binding Ratio
(BR) DRI A A RS CE I DIT e YR — L 5RED - T -T2 (Figure 1-5)
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Figure 1-6. Haloperidol withdrawal effects on brain dopaminergic neuronal activity measured by
(A) [123 [1B-CIT and (B) [123 [1IBZM. Common marmosets treated perorally with 1 ml/kg of 0.5%
methylcellulose as a vehicle (@; n=3) or 1.25 mg/kg haloperidol (®; n=3) twice a week, and at 6
months after initial treatment drug withdrawn. SPECT studies performed with [123I]B—CIT and
['®I]IBZM. Relative Binding Ratio, relative value to 0 month, calculated as described under

method. # P<0.05, compared with 6 month.

SPECTHMR BRIV TE R LI AR RIS I OVNMKIZIS T D B iR R, Acy&Aceld. £
ZIRRIRTOY T R OUERERE + 26 &, BEOVNKTOUT RO R+ IR AR S
HBEEZEZIOND, 22T, MEETOIT R OUERE RS L OIER R & &2 /DMKICBT5%
NHDPELFELNEE TIUE, Acg—Ace (THRERIEDATH DU MNID,RISKT DY R OKE 5
HIfE B REELTROBND, 1> T BRIZIRAIKIZIIT 28V R O R A & & L&+
M FAGRE A B0 L 720 ZdBinding Potential (B pay/Kg) (ZHEHI4 29 472055 BR
IIDATRD,REZE &, LIEK YW ROBFMEDIEIE L E 2 5115, 728, [PIB-CITidErh=1
N7 AR =S BFIEZ A T 503, MGIREIR COErh= "V AR — X DE I XDATH &
FOBIFHDIIEL | [PLB-CITO MG R~ DR BAGER RTINS R T L AR — 2 ~ DR B %R
LTCWBHEDERELES,

-17 -



NEARYR— LB G RECRRO HATZBROFERF 72 2B max 0DV MEK g DT O 2L A 7R
HLOMWERHLNCT 5720, —#HOERK TRICaT ~—T 2y MBI ZR L, in vitro/ 3o
UTAL T T A EAT o= (Table 1-2), Dk 5. DAT&H AV MID,RIZH T DB max (2 V3R
BV, — 07, KgFZEALL TR oi=Z b SPECTIZ TR LI fE b Eiz, U R oStk
DAL TIFZRKDATRPD,RE FE DAL AFHIL TV DB DEE 2 BT,

SHIINABEARYR =)L ORIEDR K T R OEFEEICKIT T B AMGT L7225 (Figure 1-6)
['PIIBZMOEFEDH NS AT T 722 M0, ¥ F AR EICBIT DAL, fERBR S
TS, NEARYR— L DGR 172D, RIEWTZ L 552 R Dup-regulationZ R HDEE X HiLlz, —
J5 CIPIB-CITOHERE BT YR — L DO FE 5 AR LY B L2ahs o e 2D, SRR IRICH
BT DR ASIARRRIC DO LA EL TOD EHELZR ST,

F7=. Figure 1-7 (23R R — /L& B 5 U CH R M EEERERE A R BLL 72 > T Bl A R
T, ['PI]B-CITDRelative Binding Ratio (RBR) [3#% G- Z 8L TFEL AL ZEL LD >T-DIT
%L, IBZMORBRIZFEFEZFEBLL - EAFEL[FIFLE ETHAIL, &5 F 1k 8 » A% TIXTKRE

HIOIEIZ R~ T,

2.0 A
1.8
1.6
o
(@]
T 14 é—
o 5
D
g 1.2 =
©
£ 10 <
m S
® o8 S
= >
] 3]
X 0.6 . g
04 withdrawal =
0.4 v <
0.2
0
012 6 8 14
(mo.)

Figure 1-7. A case with absence of Dyskinetic Motor Activity: DAT related? Changes of brain
dopaminergic neuronal activity of a common marmoset measured by [123I]B—CIT (@) and

[123I]IBZM (#) as in figure 1-6, but with absence of dyskinetic behavior (V).
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TNHOREFIL, BRMEIIERERE OB L, 2L EDOKRERR SRR T T A
IR T T AR O LD 2B 5L QWD ATEEMEZ R L TD,

A EOBET, AEYREGRETIID,RDup-regulation 2358 SR~ T, L2 /KL
DB TEHK 13

koff
Ka=
Kon

TREND, kon, Kol TZIVE NI — 52 AR O AL ELK, MRBEHEE ECHDH, Hiks
IR B DKo [EILFED OFEFUZ LS TIEE —E THY, KelTkogl AT DL ME ST
5%, NaAYR— L OKAEIZAVEYR LD E /NS o TAVE YR IEID,RDHHE IS
HET 5B 2 HND0, TN AVEYREEGIZ R0 BROBERrh F (M ET R E D B)
LI TNDE DO DD,RDup-regulationz 4 U727 - 72 ZEIZBI 5L CW D ATREMED B D,

LLEORRETED A~ e YR — L0 R 0B G LB R I EEI AR RS A R B oo
~—EEYMIBW T, IR RIS TETZBRERIRD,RE E O IR, DATE DR ITEIY
LRFESNDBE — AR R SUAR O AL ZFRD | ZNHD LIS L R EB AR
DIEBLT HIENRIBINTZ,

7RF. FEMILES 2 B TR0 ARWFFEIT 31T DDATHE £ DZEAVITR /S AR D AR R 72
G E A2 RET %, BROZALIDAAED 70 ~ 80%FR DR/ SIU AR 23 AL TWD EARE T
B, A RIOBEHITIIDATOWMAN L DR S BUAZEE DR FH1D, &7 AMBEOR /S
LREIEESNOHEAREIRINTODEEZBNST, —J7, DATORMA IR/ 0
PEBGEIPHZ IR, 23 7 A% E O OIBIE BN AR HES 5 2 & TEEF M IEB AR R E )3
FHLT D REMDEZAOND,

k=110
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%28

NAXNYF—)LORAR /S H RIS TS
EEHEICE T H1RE

¥ 1 E TR eI — L ORI 5RO R RIS RE R OFEBLI KL kRIS
NTEER AU S T 7 AR AFAE T DM ARDLRE EE O A, 2T 7 AFED
DAT# D52 8% R LTz, ZIBIER A SIUMRRERRE D LA R L T3, — 7,
ANVEYRZ G U ERTE CIEZ O LSRR B AR D I8 o 7o e D AU R — L3
FIER LIRS MR R O L, THUCIBREL 7 E B RE DR E 1L, RMEEG O RIS
HRT DO DJRRPNFIET HEB 2 HID,

EBIT, AR — L DO E WG TR DAL BRERIC 1T 5[ P B-CITHER & DD H3A
FICIVEIE LR oTe 2o m BT D8 BE — BRI R SRR AT R 7R B (LS AT
TWHATREME D DD, L EOBLE DL E | RETIEABRYR— L ORI T DR/ SI AR
AIEEMEICE B L, AL OB EA B R TH2 L HIEELT,

ANERYR— WSO RBRE RSN TOD, EAbOIIEIN— BT A% UL, L
R=/VIEDETT, A FUSFEPFET DM, —EIIE XV DU R OEREAY S & AL FUGIZ XY
4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)-4-oxobutyl]pyridinium ion (HPP") Z4:4"%, HPP |3/ <—
XUV IR E DB LA EL T RSP er §- D2k # % vitro T &
WTOB™ | in VivolZEIT HR/SIUAIR R~ O P S5 TEEIEHER E ~D B 5120 T
Bl L 720 TR, 22T AR — LRI GRFCHPP MM R S AR D28 (LA
9% ATREMEIC DU C, HPP OB A d TR LT,
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b 4 A

=5 18]

NARYR—=)LORPZRSICKYERINS
AR /ANSoBEEIL I 2HPP D5

IR—=F Y IRHFE ThHMPP IIDATZ N L CIIRIZEREL . b RUT AR S5 & 14
I ONADHMK £ IEHEZ I E T H 2L CRRMICR SR A5 E T, — 7, ~aUR—
JUTAERN TIRALINCARE# S h, VY =0 A4 OHPP ~EZEHE N, ZOHPP 135 T
PICMPP' & [f] — DA Z AT T 5728 . MPP RIAR OBMEZ L TRk Ml At A R 8L 9% vl B
PEDRENTND,

AREITIE, £THPP AR RSl M ESNHZ & in vitroTiEFL, £ ET
NENRYR— VR OE ~—F 2y MYICHBIT OHPP O EZ R T D2 LITED 3 1 8T
ROHNTZR SR O A% T DHPP DO B 52 L7,

2. 1. 1. EBAHFX

HE-RE

'H-NMRIZINM-EX270 JEOL#E) & IV, TR AF L T 2 N AE B L L CHIlE LT,
B HTIZIMS-HX/HX100 A model JEOLAL) Z FIWTRITE L7, Mo fofE b ge Dbt
{RIZ1%~ 7 Ranti-microtuble associated protein 2 (2a+2b) (MAP2) antibody (Sigmatt:) 35 L O 4
anti-tyrosine hydroxylase (TH) antibody (Chemiconth) %, &4 F A& — R HLIAIZ 1T biotinylated
anti-rabbit IgG(H+L)35 X Obiotinylated anti-mouse IgG(H+L) (Vector Laboratoriestl:) z, 7= 5%
AL A —BYeta |2 T [AIFEDOVECTASTAIN ABC KIT% 24U F L7-, HPLCIX & it
FUE AR 7 (LC-10AD) (25840 AT 53 6 BE A Hi = (SPD-10A) | 38 L UM3 e HOE M &
(RF-10Ax) Z 4t L 7= e VI, R 4 CRpiRaR SR 2 L 72,

4-(4-Chlorophenyl)-1-[4-(4-fluorophenyl)-4-oxobutyl]pyridinium ion (HPP") M & BX

HPP'1%, GorrodHD 7iE N> THRE LTz, T70bh, FFRRML = T m YR —L
1.0 g& 35%3E 1 10 mIAZIRFIL ., 3.5 ReflETE L=, SOG# ., iA R, Mro s fgzali e | %
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AT E LT, A 7aaiV i A% ) — ) (8:1) BIR IR L T U DA v ra~ T 57
4=t L., MK TH D 4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)-4-oxobutyl]-1,2,3,6-
tetrahydropyridine® H {4 b 41572 (823 mg: U= 86.5%) . AMLEWZEIEENFEL | 2D 510
mgd 4 TEMER 300 mgtZ Az J—h TR T 72 BRI TR LIZ, X
TR ATEE L, JEIR AT £, FRE A 7oL b A ) —)u (5:1) B HIRIEEL 753070
NI a~ T T7 4—ZA L, HPP O S gk 2 457- (401 mg: =R 79.4%)

mp 208 ~210°C; "H NMR (CDCl;3) 9.73 (bs, 2H), 7.01 ~8.29 (m, 10H), 5.14 (bs, 2H), 3.33 (bs,
2H), 2.50 (bs, 2H); FAB-MS #5fl C, HsCIEN'O m/z 354, JIEME 354; joHESOMH FHHE

C, H sCIFN'O-CI" C: 64.63 H: 4.65 N: 3.59, JHI7EfE C: 62.59 H: 4.76 N: 3.44.

HPP DR/ miFMa St

B S S AEAIOOK 3

fintks 16 H H O Wistar/STZ > Mafr L0 SRR Z 53 BEL . R 722 0.1%% & T eHanks’ #%
T 37°C, 20 Sy MALERL 72, 24U 40%7 S IRAFIIIE & A Eagle’sts Mz N L CRER RUG A
5 IE ST 2% | KR 4 1,000 gC 5 43 s DA BEL 72, TRIEZ Ve 22 . 10% 2 e fis & A
Eagle’siF HiH1 T/ L, 100 umPcell strainer T L7z, 24L& 0.1%R ) =F L o AN THLER
LIzl /3= 712 2.0 X 10° cells/mlDF FETREREL | 37°C, 5% CO,BE5E Tl L7z, #5460
f4 H B LT 10%Y ~ I35 & A Eagle’shy HUZ A L, #Fi: 8 H B OMIKZ LA T OEMEHE
EERIZHW =,

HPP* D 542

HALHPP &AW I B R — L% AF )L ZLRF R (DMSO) ISIAfRLT-1% . 2 a B rh
[ZIRAIL, 10 ~ 120 uMOPRFEEIZFRRLU 7, 5538644 8 H B Oz e a1 REfAm, U
VR TR A 2T AL, 512 3 B RSB Ak L=,

3 B, B A TREL, 4% 2k — STV AT VT ERTER A VTR 4°C T 30 4RI
ELT, D%, 10 mM Vo BREE A LT R D ZKEHR (PBS) THEFL . 0.2% Triton X-100 PBS
W% 4°C T 30 srfERS 72, 22 TRy 7 EIZ—RHUALL T anti-MAP2 HLiEHHW T
anti-TH HLRZIRIL, 4°C T 18 RFRIFFEL 7=, PBS TR HK ., ThTho kiR T

biotinylated anti-mouse IgG 335U\ biotinylated anti-rabbit 1gG =R C 1 FEf S SH 72, PBS
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Vel . ABC vy MUSHRZ IR T 1 BpHEASE. 24 50 mM Tris #EEHE LT R T 2Ok
% (TBS) TP, X512 DAB A (3,3’-diaminobenzide tetrahydrochloride SHfEfE—= /L7 €
=ULEH TBS) % 5~ 10 IR SEHZE THEMNL, DDV NER SRz Yeta L7z,
FAY Y T NE TS ) — VTR, . ENTELLAN (Merck #1:) (2 TEPAL, 8k &R 1ERLL
7

S BEMSE A O CRUBH L R 720 O S P B, MAP2D ETHOZFH L, K/
AR O AR AR LT,

TH®
MAP2() — TH®

Survival =

NARYF—= LB EIET—F YA SLDHPP DB H

1.25 mg/kgD/ XY — L& OG- Lot ~—Fkyhnb, 3 BTG ICER L, S5
BIRONFIARH L, Igarashis D HE 22 & @ a it E &S L, 72bb, 5
1713 2,500 gC 30 Syl Dy BEL 72, E7o, BHERICIRE & 2 (548D 1.15% ALV YT LIKEE
% Nz, Polytron CHLAR ZRAL 72, ZNHEMETHOLN MR L OREY R—MNIENE N
2 (ERD 2%HEEE AR ) — AR AN Z CTvortex LT=, 2% 13,000 gC 10 4y 050 EEL . 55
iz BiE&WAHPLCIZ Tt Lz, AT 7 AT T A = Ay 4 EBYMC-Pack Pro C18 (150X
4.6 mm) &, BENVHIZIZT ER=RLE S mMD | —F X 2R T N T L& 5T 10 mMU
FEREHR (pH 3.0)  40:60 (v/v) IR B VIR A L7z, Fitdi 1.0 ml/min, 777 AL 30°CEL
o o IR AR OB I R 13 248 nm, 43 YEHOEH H 28 IR I £ 4 302 nm,
HRZ 372 nmlZENE N E LT (I HIFF] 8.5 43) 4

#ct

g ba— L REE PR U7 3 B T RER XS AR A O AR e AE A7 3R 1, ) SRR R 722 TR
L7-, A B ZEMET unpaired independent Student’s t-test 2 L, fElf=E P EA% 0.05 Al D
BICHBEEDVELT,
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2. 1. 2. #8

RS #E I X 9 HSHPP D&

ZyMEFOF L ERIL 72558 MR ICHALHPP 2 B LT &2 A RSV | 2k
T HRIRMIZRTEVEN I BLL . T OAEIFRITHPP FERMOa L hra— L L Ll LT 50 uMOJEEC
1342.1+8.2%, 100 pM Tl 18.8+3.8% & i FEIKAFAYIZAR N L7 (Figure 2-1-1) , E7o, AEEFK TR
RIATRSIEIZ IV TH L F D THIFRZEE O 1R HE 258 7= (Figure 2-1-2B)

HHRELTHE Lo m_RUR— /L O RSIUARRRAIR 592 B EIZHPP L R TRS , b
12— /L& DOFE AEFFHRIL 50 uMTTlE 94.446.9%, 100 uMCh 84.2+6.6% £ THR7-4L, filid [FlfR
FEOHPP ARFEEL L CENE A BIZHEN 72 (P<0.0001)

100

(00}
o

Survival vs. Control (%)
S (o)}
o o

N
o

0 ! ! ! ! ! !
0 20 40 60 80 100 120 (u™m)

Figure 2-1-1. Toxicity effect of haloperidol metabolite, HPP™ on dopaminergic neurons.
Mesencephalic cell cultures exposed to 10 to 120 uM of HPP" (#) for 1 hr. Haloperidol used as
reference (@). Each value represents the mean + S.D. of four experiments and is expressed as

survivability relative to control (%). # P<0.05; * P<0.01; § P<0.0001, compared with control.
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(A) Control

(B)  +120uM HPP"

Figure 2-1-2. Tyrosine hydroxylase (TH) immunoreactivity in cultured mesencephalic neurons: (A)
control and (B) post-treated with 120 uM HPP" for 1 hr. After HPP® exposure, many of the

dopaminergic neuronal axons appeared to be shortened and distorted as in (B) (arrow).

HPP D EE 7T

WFIHPLCZ VY, 1.25 mgkgD oYK — L& O & G5 LIzatr~—Etvh 3 FEf%O
I ZOHPP 244 HH L 7= (Figure 2-1-3A) . 7. RO R HPP IO 2 O Mk, R+
OB ST, FRICHFIBIC 3 W CIER IS MR FE IS AEAEL Tz (Figure 2-1-3B, Table
2-1-1),
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Figure 2-1-3. HPLC profiles of (A) brain and (B) liver extracts prepared from tissue sample of
common marmoset perorally treated with 1.25 mg/kg haloperidol for 3 hr. HPP" detected by on-line
spectrofluorometry (Ex: 302 nm, Em: 372 nm, tg = 8.5 min). Notice differential sample volume and

high HPP" generation in liver.

Table 2-1-1. Determination of HPP™ levels in tissues of haloperidol treated common marmoset.

Tissue ng/g(wet tissue) 2
Brain 8.4
Liver 600.0
Blood 24.4

* Spectrofluorometrical measurement from Figure 2-1-3.
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2. 1. 3. E=

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) | R /S AR B O FIBRM L THY . £ D
B GAZ Lo TRELEN) ATEV AN S —F U VU OIE IR Z B I B S E D2 EN BT
WBTHO Fieiot | MPTPIMA B 2B L7 1%, 7 Aha A N CBRIE /7 I MR s
(MAO-B) ([Z X&), SHICHBERIZHRILEU T 1-methyl-4-phenylpyridinium ion
(MPP") £72%, ZOMPP MR HE R DDATZ S L TR/ SRR SR IR AT B IA FaL, Ik
U RYT IR SR AR T ONADHB K HREF AL E T 52 TR EEE BB 57
(Scheme 2-1-1A), BUEETIZ, AMbAEMERL LI MEE 2RO % 2 EIC LD, RS04k
IR BUE ORI P ED HILTET,

— 05 ERICE G S 7o e RUR— UE RN — BT A AL BOS I LD & 521 503,
—EBIEE LIRS L, YV =Y A A OHPPIC AL T 5 2 L A S =D, HPPY IR
MPP" & [l — DR &% 53 FNICH 3257280 . AR5 F1EMPP AR ICAE R TR ASUUARREAG E 35
FTREME 2SR S TS ™) (Scheme 2-1-1B)

A RIOBFHZB W THIERDH AL LFIUL, HPP O AR IZ L > TR SR ME E SN
HZE%EFEHIL (Figure 2-1-1, Figure 2-1-2) . SHIZ, ~"a_XUR— LA RO G LaEy ~—F&
Y hDORN/SHPP & L 7= (Figure 2-1-3, Table 2-1-1), $7ebb ., 55 1 FOFE R LR, a2
IR =B EH%OaE ~—F By MBI DEEERERE E DR B, 2T TLI N
PR SIS EERE ORI AL B 597228, SHIZ, ZOH N —FREIREER /S Ak
DEAITHPP %/ U CAR AL IC AR S T D FTREME D REHLTZ,

ALY R =TS R a—5P450 (CYP450) 2D6 3510 3A4 (2 K0 f#t&HL, HPP L7225+,
ARETCIIHPP BRI Z<AFET HIEHALNE LD, ZAUTAFIBIC B 2 E VO CYPA50 151
ZRLTWDLDES 2 HND, ~a_YR—LINBHPP ~O R I R O R LN — Bt 7
N AL AT D720, HPP 13\ a2 _XU R — L O EREHH Ty, LrL, ~aXUR—L%
B LT=80 ., 02\ IR 53 Z405 B8 OINC MK JR>HOHPP O T £ Z <Rt
T YR — L O RN OTRFRIITF LZ 10 ~ 200 ng/g THYD, — 5 Tms
IR — VA& R 5 S BE SEA M KO R S U7 HPP ORI 1% 0.5 ~ 2.1 ng/gb\ ™)
WENRHHHMD, ZHUin vitro TORBEDVBIROIE I TRIFIIHPP ISR SN A ZEICIY, £
RIZFBWTH RS R D ZEMEDTRAR AT LGS Z L2 RR L TR AFZER 1 RS R
EXFFT LD THD,
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(A)
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i *
} <MAO-B >
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\ ]
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mitochondrial copn

Dopaminergic neuron
plex | ¢

Cell death

* Monoamine oxidase-B

(B)

Haloperidol

o OH
F

'} < Cytochrome P450 >
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o]

F J—
24
Inhibition of mitochondrial complex | and II
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\
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Scheme 2-1-1. Dopaminergic toxicity of haloperidol: a proposal. Dopaminergic neurotoxicity of

haloperidol via the pyridinium metabolites: (A) Model mechanism of MPTP metabolism by

monoamine oxidase type B (MAO-B), and generation of pyridinium metabolite, MPP" by

non-enzymatic oxidization in the astrocyte. MPP"

transported selectively into dopaminergic

neuronal cells by nerve terminal DAT, induced toxicity by inhibition of NADH dehydrogenase of

complex I in the mitochondrial electron-transport chain ">*". (B) Proposed neuronal mechanism of

haloperidol toxicity induced by cytochrome P450 catalysis, with biotransformation to the

corresponding pyridinium metabolite, HPP". As with MPP', HPP" might inhibit mitochondrial

respiration leading to neuronal cell death **"*7.
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280

HPP* D & 1T1%&

RTEIOHPLCZ AW MRS, ~a R — L2 G LT-aEr ~—T o b L0 U=/
[ D L2 35U T HPP AT I 3 IS il B I CAFAE T2 ZEMBLI Lo, ZORERITY
~rm—2P450 FEROFRBLEDZEITERL TODLOLE X HAHT-0  HPP L2 O K43 3T
I CA R T DI EDRIESIT, HEo T, MR SR 25 53 HAHPP I, Il T s
UR—V IS, 220K M 2 2 L7253 7053 E T D aTREM D B 2,

ARETIE, ETHPP O 1 —A 7% — )V VA BREER R TOHEREENETHZETED
NEAPEARFIL . SOIZ8MW % I\ CTHPP O R ML~ OB T2 B L 7=,

2. 2. 1. EEBAHFZX

S

[*H]/~ 2 ~J R — L JZNEN Life Science Productstt:J:¥ . ['*C] 7 # / — /|3 Amersham
Radiolabeled Chemicalstt &V, ZIEHUEA LT, REIZIHBITHMORIE, i, 51 EBIO
%2 B 1 HiERICb O AL,

NARYR—JLMNSHPP ADZE N EDIn Vitrofl

i3 FONTNED HOI 7 v — L 7y O i

WistarZ > hO, &5V MEATFIgHOI27 1 — Al 4313 Gorrod S0 J7 1% v Kid Iz
L7z, Tebb | 24 FERIMERSET=T v M Wia sk | Mzt L7z, £7o, HRIZ AR a k%
FEF T DL THIMALER L 7= 14 12/ N EA B0 LT, BRI 1.15%D b D 2K (pH
7.4) % 2.0 ml/g tissue THANL . Potter-ElvehjemAsE YA —|Z CTHARL 72, Z41% 10,000 gC 20
SyfiE O BEL . BT 2S5 140,000 9T 80 47 Dz DA EIZNT 1o, TRIEZHEAL YD LOKER
HCHEE L, B0 140,000 g°C 60 ZyfElE D orBEL 7214 ALY 2OKES T2 0.26 g original
tissue/500 plD I JEE TPolytrontZ TREVEL . —80°C CHUFEIRTEL T,
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ny — LGy A LI ~xa YR — L O

M L ORFIA SR 72372 — Al 53 % IV ZHPP O£ RE, Fang b0 J7 IS0
TTol, B=aF o 7IRT T =0 VXL A F R E—F N L (NADPNa) 2 umol, p-7 /b=1—
Z 6 Vo E—7F 17 4 (G6PNa) 10 pumol, 7 /Lva—2 6 UL gl k #B% 3 (G6PD) 5 units, H{t~72
AT A 20 umolzE T 2.0 mlDY L EEFEE K (pH 7.4) 2 37°C TS il 7 LA FaX—hL, 2
(2 a_UR—/L 100 pg/10 pl DMSOAE#E 0.25 g original tissuefH 4 DI 7Y — AES3 A TRIIL
720 30 234, 3.0 mlDO T Eh=RIWZ TRIGEIEIEL, 4°CT 30 /o fEiEE L=t . 1,500 gT 15 57
[ DB L7, 55 2 B8 1 SO 5 HT OBUCFEHL7ZHPLCE[RI LR IZ T EyEE 5 HTL

HPP ZE&ELT-,

PHIHPP* D& R

PHIHPP I3, JEEEREHPP DA LABRIC, BERERIC AR LTZ, T72 5, NADPNa 2 pmol,
G6PNa 10 umol, G6PD 10 units, #i{l~7 %7 A 20 umol% & TeV) FEAFEMEIK (pH 7.4) R
PH N a2~U R — L STl L OIS 72370 — A4y 2 TN, 37°CT 2 BEfRGS T, RS
{52 1L 4 SRS TR 2 T80 E T IR L . WiAEHPLCZ W CPHIHPP 245 8L 72, HPLCAE & 1355 1
B LEUH DA LT, WA AT 2T T A T 4 HYMC-Pack Pro C18(150X4.6 mm) %,
BEVEIZIZTBEh=RNLE 5§ mMD 1 —F 72 ZVRVERFNID L &G Te 10 mMU > FEFEREK
(pH 3.0) D 37:63 (v/v) IRE VAR A A LT, JiiiEiX 1.0 ml/min, Z7 AL 30°CIZREELT
(EHIRER " XUR—)L 12,5 43, HPP'18.0 47) . VA H1IRA 30 FPIFR Tl . =D —HhAikik
UFL—ar U A TIE, R RE v~ N T AEARERLLTZ, ZZ CPHIHPP ISR A
GyE R, REMEL . BBIA LA 7 aad L b A% ) — )L (5:1) EFAHTLC (REfE 0.30) (2Tl
FOMEE 2 B LT,

1—=F 952 /—IL /KD ERFHDAE

SYBCARER D IE 1L Sajis D TN ~T2, % 2.0 mlDd 1 —F 278 ) —/ve 0.1MY R ETR
(pH 7.0, 7.4, 8.0) N A-T-#BRE 1T 5 plOPHIHPP 2 & Tt A A . 1 43 [ X 3 [EdDvortext%
25°CC 20 Hy[FEHE 9D #EZ 3 [BIERDIEL, 1,000 gT 5 2l OBl 7=, 2 @05 800 pld
OEBRBUIE ., TNENOIEEREZRIE L., | — A 24 ) — )V / FEER O FFRE L5 2 B bR
BaRdi-,
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Brain uptake index (BUI)®AIE

Brain uptake index (BUI) /%, Oldendorf® /7 1:°9% 2 & 2 IE LTz, T7ebb, ~u ke 4
— JVIFRERE T, Wistar7 > b — 5 O SHENREY 14.8 KBqO[C]7 % /—/LL 11.1 KBq®D
CHIHPP' 18 A LIz A FR A /K 200 plZbolus 5-U, $5- 15 FO#4 ICWTEA ., $5% 5L [RIRI D K iz
'EBATH — IBRER 2 Il o0 CER I U 7o, M 27 L VAL CEsfift , iR v F L —av
v A% G THCE HO bt e FRFFHAIL . U CBUIZ B HIL =,
(*H/'*C) dpm in brain tissue

BUI (%) = x 100
(*H/'*C) dpm in injectate

R ELI=HPP' D X~ DA #

ddY~7 AD RENRE 0.5 pug (~1.3 nmol) DYELHPP % AFEAIEK 100 pllIIFfESETH
HL, —ERF R % ICWEaL 7o, ki JOMNAZ I L | &2 E %, HPLC/HT H OFE
ZERILT-, # R, 55 2 355 1 iR LT-a 8 ~—T 1y Mk b O A H 515 IR/t -

7. £72. HPLCH 2 355 1 Bl Rl — D& ThiifTL . HPP 2 E L7,

et

SEREL, BUIORIE T — 213 IR R 22 TR U, A 722 E X unpaired independent
Student’s t-test 2 L | fElR=E P fEAS 0.05 RiiOHEICHEEHVELT,

2. 2. 2. B2

HPP*®Min vitro& B

Ty, HDHVIIFIEEIDERIL 7237 0 — A4y % T zin vitroD & IZ B W T, ~a UK
— ILIBHPP ~DZEHA SR K& 7275 %3R8 7= (Table 2-2-1), T7205, 30 SO KIIZED 100
ug (0.27 pumol) D /NEARUR—/LNBIGLIVZHPP 1, 70y — A5y % V23547 0.10 pg

(0.28 nmol) | A&7 2> — LE 4y Clid 4.6 ug (13.0 nmol) THh -7z,
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Table 2-2-1. Differential haloperidol-HPP™ biotransformation efficiency yield (%6).

Tissue Yield (%)
Brain? 0.1
Liver? 4.8

a . )
microsomal fraction.

PHIHPP* D& X

T MFIES 7 1Y — A5y 2 O CPHI AN 0~ R — L 2 B R AL L 7= 55 8. PHIHPP &Y
R 4.1%TH7= (Figure 2-2-1) o HEHE2RORIE 1T 95% 2L L Tdh-7-, PHIHPP 13 4°C T 1 18 [B11%
BLTOREICHFEL N,

A
[*H]Haloperidol
P
=
0
@
Q
©
ol
14
[BH]HPP*
s
_/\w_/
0 10 20 (min)

Figure 2-2-1. Preparative HPLC radiochromatogram of biosynthesized [*HJHPP'. [*H]HPP"
prepared from [SH]haloperidol in a manner similar to that describe for non-radioactive HPP" (tg =

[*H]haloperidol: 12.5 min, ["’H]JHPP": 18.0 min).
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1—FA598/—)L/ KD ER{ZREk

HEVATEDFEEE L U TR L= R O 5 B fili % Table 2-2-2 (Z5R9, PHIHPP OEIZ[*H]
ARYR — /LSRG L TR 7223, ZOEIEAR LA OREEE M2 e 3~ D IC 8o 72,

Table 2-2-2. Comparative partition coefficient (PC) data, at variable pH.

PC?
pH 7.0 pH 7.4 pH 8.0
[BHJHPP* 0.67+£0.03% 0.81+0.04° 0.95+0.01°

[*H]Haloperidol  1.27+0.00 1.37=0.01 1.36+0.00

*1-Octanol/0.1 M phosphate buffer partition coefficients (logarithmic value). Mean + S.D. of three

experiments. § P<0.0001, compared with [*H]haloperidol.

HPP DX 1T1%

ZyhBUIHIE DfEF . PH] N2YR— L XA BRSO O, PHIHPP MM~ERIA £h
HZ &% T (Table 2-2-3)

F72. 1.3 nmol DIEALHPP &~ 7 A B FHlRED e 5- L 7= 1% . HPLCZ FVTIMNHPP 4 & &L 72
i A Figure 2-2-2 (RT, HPPIEIHEONITIMA~EBITL, B 5 1 4314 Tl 57.8+13.2 pmol/g
brain® BUAZ A TR LT, Fiz, TORITREFANIAD L, #5530 5 R IS R #1320.5+4.8
pmol/g brainlZ £ TIE F L7,

Table 2-2-3. Brain uptake index (BUI) of [*'H]HPP* and [*H]haloperidol.

BUI?
[PHJHPP* 9.0+2.1°8
[*H]Haloperidol 97.1+6.5

* Uptake into the brain relative to [14C]butan01. Each value represents the mean + S.D.

of four experiments. § P<0.0001, compared with [*H]haloperidol.
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Figure 2-2-2. Time course of HPP" in the mouse brain. Mice injected via the tail vein with 0.5
1g/100 pl saline (~ 1.3 nmol/100 pl saline) of HPP'CI, and then decapitated at 1, 5, 15 or 30 min
post-injection. HPP" accumulation determined by HPLC analysis of brain tissue extract. Each time

point represents the mean + S.D. of five mice.

2. 2. 3. E®

T hma—P450 (CYPA50) 1372 5 60 T2 N7/ Ak 2 DA EA TR 203 FRIZIFIBIC 3
FHRBLEDR S, I T, BIHEIOR REREET 272012, £ 7y OB LORFIEAEY R —
REVFARLL7-CYP450 & & te s/ — A 53% O, in vitro T/ e~ XU R — W2/ S & CHPP'
DAERBEEHERLT-EZAH, Na_RUR—)LBHPP ~DZE RN RITATIRD 3 L0 b B L2 50
BRWZENRABALIR o7 (Table 2-2-1) o SRIZHRINL 727 7Y — IH 43 O Bl 2An b ALK Ak
HEHVICHREL GRRL-O T, ZOAEREOZITP4S0 BHEOHEEZRL TWHLOLE
ZHND, TR MICIITHPA50 DFBLEITAFIED 1 ~ 10%FEEEEDWMENHY | A E O RiL,
ZHEIL—ET DD ThHoT,

MPP IR DO A~DBATIENZ LN, 65T, MPP ERICE Y Y = A4 AL THD
HPP' F7- ML i B P 232538 C & AW EHEERE L THRY , HPP ORI B L TN T ey
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R—= BRSO KT HEZZ DI TET, LA, ZTITRLTZ LS IZHPP O F A AL
LA T DT &, FIZHPP I FHHPLCA 7 AIZ LR RS 722 & (Figure 2-1-3) 5 8L .
K FIIAENT AL THOHLDODIREEZ AL, RIFEVIEA~EEESND TR HHEE X
LT ICkRE L7,

MIEpHATIT, 72 bpH 7.4 (2865135 1 =A% ) —v Vo FEE BRI R L, HPP 43 £
BOFHAEIE 0.81 TH 7273 (Table 2-2-2) . ZAUIMPP T A SAE, —1.23°X0H &V H O
2ol Fo ALE MMM 2 B BICEE LAFSFREEEL T 0.9 ~ 2.5 LW ED VRS TN
5O LB EE T HE HPP XD HREEDIRIEEZ AL, MA~BAT T D AT REMEA RS-, HPP'
DIEIEZZ 21256 EVV U BRERIE EOISLE 3T FREMEICERERZRO T, BV =
ULAF LT T TR EL TUIEFREL TORMERE LRI TNVD, SHIZHPP 13551
RICUPU B 2 SH A0, BF A Th b i s SR 2 L TV D
DEEZ LD,

ZHUCHKEE | KVEHEICHPP OB TIEZ 3157200, [MC17 4/ — V2 L L LT
brain uptake index (BUI) ZlI5E L7=#& B/, PHIHPP DR ~DBGAZRIL 9.0£2.1%E720, =
MUTHRBATIEICZ LW PH] = > = b= LSBT A0, 1.6+0.3%' 'V E0H 1350 2@ W ETH -7,
F7o. IEERAAZ KA LV~ AT 5 LT EEBR CHHPP M D S dL, SRER, B 5 &l
DME~DIA B R a2 F L2 A, BN ET Lo S e o FE g 7 v 7 v
([PRISA') Ll LTV M TIEZ R LT (% 5 5 298 TOBUAZER - HPP'Cl™ 3.4£0.8%
Injected dose/g, [*'TJRISA 0.64+0.05% Injected dose/g) , ZALHDE Fer b HPP LI F17) 5 i~
ERBAT T DD RS,

LI b ARETCHE, ~aUR— LRI CHPP IS . ZOHPP S ~EBAT 35 ]

REMEIZ DWW THRETL T2, ZORER, HPP' 2 R L0 5 LI 6 | I~ IiAEN S Z L
MHALNETRD ~a_YR— L 55 BNIZ BV TR SR IS E % 5 2 2HPP O —H )3
KA MR BA RS 20 LT 5 ISR 5 2 EAVRIB ST,
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Irlr3/l'h'

5O Hl

R/SS 5B R ITHPP S O IR

AREICBITDINETOMIERRND, RN — L BRI G L5 . £ OREH O
— DO THHHPP MU A~EREL | RS Ak D5 F AR 328, BRI 204 7<
EH— IR N DU~ EBAT LI 0 73S D REMEDN D HZ & R LTz, 22T, KHi
Tl EHICHPP O FEANR S AR A SR I8 B3 DM A2 B DS T 5 2 LA FHEL
7

F9 HPP L[RILE VY =0 A4 OMPP ADATE I L CHIIN ~EFE T 52 LIc LR /83
AR IR A 22 B E 2 S8 BT D 2 85, HPP G [RIARICDATZ A L CR /S AR L SR A
LISDa Lz,

ST, FSUMRICIE =2 — AT = BB BIAET D28, Fo, AT A Thoit~
FUT IO anF L PNAT = ATKEE T HEOWE PRHHZEICE H L, HPP =2 —nAT =
(ZHREE L TR SR P IS E BT 2 T REE I W Th R 21T o7,

2. 3. 1. EBAHFZX

B
R SEBRICITE 2 3 1 SR URELRHH L, SR o oI —/L BLOHPP L,

H SEARBL S e B B (U-2001) & B AL B4 S8 6 Y6 2 5 (RF-5300PC) 2 W CEIVEFUE &
U7, REKIT AT 5 2 BRI LR U AR A L 7=,

DATHEEZE(CKHHPP HilAZE D IRE/ER

W2 B 1 EiERARICERLL 72 RS Al g B #2852 12 . DATFHEFK DO GBR12909 % 1
uMT 30 o MIVER S, 2228 i & (LHPP % 1 BRI AR LT, T OB ITFH RO EEL
ML, RSUARRia DAEfF R AR DT,
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BRASZVICHT HHPP DFEEE

HPPHf: & B OB K LEE

1.0 mlDY > FEAREZ (67 mM, pH 7.0) H', 10 pMOHEILHPP & 100 pgd A kA7 =2 (Sigma
Chemicalth) & 37°CTAYFaX—hL7-, —ERMBIRB L% . KoiREZaI AT F A AT 4)VH
—W (0.45 um: F BT AT A7) (U, IR OHPP 248 e R HC TRIE L=,

Saturation assay

1.0 mlDOV AR, 5.0X10° ~1.0X10° MOYE(LHPP L 10 pgD A AT =0 LEIRAL
37°CT 1 B§A L F 2 —RL 7o, G2 2,500 gC 10 4y DoyBEL . _EiEICE £NDHHPP O
WA BN EHERAOTHE L, 22 THRLILET —40°b, Scatchard 4T 12 THPP' i
BEER (Kg) 2B LT, £720 1.5X10° ~ 1.0X 107 MOAEARYR—/LZ DWW T RIBEDO #HEE
TV 3 REEIA L a X — 2 a B ORIR TR 2 R CE LI,

A7 = —HPP AR LOHPP OIEH

StepienH D J7 1 NTHEVY, AT = ATHEA LIZHPP T DU TRl &4 DVEIE~D R A3 7 7=,
1.0 mlDOV U EEARER . 10 uMOYEALHPP L 100 gD A A7 =2 % 37°CT 1 BEf A F=2X—
N CATZ=UNCHPP &S A ST 1% . UG A Comingtt AL a—27 42— (0.20 pm)
(T3 T2, 220 67 mMOV U FEFEERR A 5.0 mIT DL, ZALEFLOTEHK T OHPP 4
SEEEFHTHIE LT, HPP O HARRSO B/ ig o7z 2ATH kA 4 MEALT NI LKESIR

ICEH LT, SHICFEBROEIER, =4 /— L THPP 2 H L, WIDICAT = EFEA LTV
HPP 1%}~ 2 & 3 KT 43 ~ ORISR 2 3R 6D 7=,

2. 3. 2. B

HPP DR /S iR M S (I T ADATIHEED

DATPHZESK THAHGBR12909 DAFAE T . B2 M ~DOHPP DA AIT-T-75, 55 2 555 1 fi
LIRS DO FIPHOHPP JE E Cld. GBR12909 Wi,/ FEUSHINEER TR S AR D A FRICH
BEITRO LN -7 (Figure 2-3-1)
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Figure 2-3-1. Effect of DAT inhibitor on HPP" toxicity to dopaminergic neurons. Mesencephalic cell
cultures pre-treated with 1 uM GBR 12909 (DAT inhibitor) for 30 min, and then exposed to 50 ~ 150
uM HPP" together with GBR12909 for 1hr. Each value represents ( [ll ) GBR12909 (=) and ( [])
GBR12909 (+) the mean = S.D. of eight to twelve experiments and is expressed as survivability

relative to control (%).
BRASZUIZHT HHPP D#EE

Figure 2-3-2 |ZiZ. A7 =0 ~OHPP OFE BT HA 0 Fa_X— gl B DO B8 Z R, A
Z =2 —HPP R DFEAITEL/ITHEITL . A FaX—a Btk 60 /5% I TIE Pl EL-
ZEDD, UBEOFEBRTIIA L FaX—Ta W% 60 7y EEDTz,

HPP DAL T4 7T oA LT 2 &I VERIL 72 Scachard B R 1% —#H E2 R L 7=
(Figure 2-3-3A) . & JEAREAF T O BhAROMEE A EARITEIL | fRBEE S A KDL A HPP O &
BUNMERS G231 DK GfEIE 20.245.0 nM, ABFIHERS & TlE 4.041.2 pM T o7z, 73, Ll
72N AYR— U ZDOWNTH T v EAZ{To72 03 22T [RIERIZ —FHME 0D Scachard i #2157
(Figure 2-3-3B) . fRHEE BT m e MR MR & I W TENLT I 1.4440.36 pM,
12.6£0.80 uMT&H Y, HPP D J7 2N ED0NTIRWB M E R A 52 RSNz,
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Figure 2-3-2. Effect of HPP" binding onto synthetic melanin. 100 pg of melanin incubated with 1
ml of 10 uM HPP'CI™ solution (67 mM phosphate buffer, pH 7.0). Each point represents the mean =

S.D. of three experiments.

(A) HPP* (B) Haloperidol
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@
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0 | | | | 0 | | | |
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Bound HPP* (nmol/mg melanin) Bound haloperidol (nmol/mg melanin)

Figure 2-3-3. Scatchard plot of (A) HPP" and (B) haloperidol binding to synthetic melanin.
Concentrations of HPP" ranged from 5.0 X 10 to 1.0X 10> M and haloperidol from 1.5X10°° to
1.0X 10" M. The abscissa represents bound HPP™ in 1.0 ml with 10 pg melanin or bound

haloperidol in 1.5 ml with 5 pg melanin.

-39.



AS = —HPP ESHENSDHPP DIBRH

1 REEI DAL F 2= a3 NCEVAT = LA LIZHPP O BRI, 3 T OB CIER B
H 3 2 & TR IR IR E 53 (2 [ S AV HPPT O EI A % 2k 7= (Figure 2-3-4) , FfEHIIZIZ 2R T
56.7%DHPP S [N S 7228, R EILEIC 5O 2% A HIKIC L HHPP O B, Vo FR ik
% :84.1%, Y LT NI LKIRHE 1 1.2%, =H ) —)L: 14.7% CTHY | IEHE R CRICRIC K& e
Tz,

20.0

18.0

16.0

14.0

12.0

10.0

8.0

Eluted HPP* (%)

6.0

4.0

2.0

20

1 10
Fraction Number

Figure 2-3-4. Release of melanin-bound HPP" after washings with ( ll ) 67 mM phosphate buffer,
( [J) 4 M sodium chloride and ( [] ) ethanol. Each value represents the mean = S.D. of three

experiments and is expressed as the proportions of eluted HPP" to that initial melanin binding.

2. 3. 3. EE

DATFH 22 3 ZMPP™ D R /S iR M B T ME A IS A Z LR S TN RIS 2 -
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MPP'[Alfk, HPP'IZ LD R/ SRR IR A 72 B O FE B DAT 29 L7 Al N~ ORI AR A7
T4 A REME A 578 . DATFLEZEDOGBR12909 ALBEASHPP B R O R /S i Al o 4
TR RIET B MA LT, Ll RETIER SRR O A (FRITLEAL LR > T2 8D
& (Figure 2-3-1), HPP'IEDATIZ KO RS APEHIIAIZ A D2 i3 neEx bz, Z0
FEHIT, HPP ASE ) 7 UAFBMEAF R~ OIS Z Y B O BUA S & FLE T 22810, Zh B IRIX

H LTI ~EDIA EN RN DLV E O L — 85,

#EoCL HPP R E D R /SR ~ O BRI I~ D EBUA B LU O FRIZ 38U TH
B3pLEZOND, 22T, RASRUAMRICIT = a2 — AT =V NEEIFETHIEN LN TR
0, EAENTF AL ThHBIARX L HDHVIEIMPP BAT =BT HEOME RN HH LN
10 18D PPN T UK A L CHIINICE RS T 2 T 2 B 2 | AR AT =% UV TZHPP'

DG FEEREAT T2, WMEITHRFTSI T T AT = AT L 2 HEO GBI EZ A5
ZEDPIRENTODN, AEITHIER L 7=Scachard #i#R23 “HPEE R U722 805 (Figure 2-3-3A)
HPP b E72, D7 bbb Bied 2 OB EEN L AT = UIRFRS D ZEAVRIBS LT, Bl
PERE A OfRBEERIE 20.245.0 nMTH-208, ZOMEIZFRIERIC ~Na VR — /L TR T fiRBEE 5K
LA LTD e 50 (5L B E VBRI A R L CTERY  HPPT O R BLZIX, ~a UK —1
ELTHIBBIZ IR FFS L, Z2MBHPP SR SN LI E L0 HPP 4 F- L L TR /SR Al i
BT DL ENRENEEZHID,

HPP O FEIEIIINa U R T WIBEICAFAE T DR EHE AR D T LT ZPRLETHIEITLD %
HEHLEZLNTOEINY 20703 har NUT AR Bl RIFRL20, Shar R 7
IMELTAR 73 F- oA A AT B HIZEIE T 2505, @9 F CTHOHAT= OFZBII AN TR THEND
ZEMB ZORMEDORBUTIL, AT =0 LOFREE DMRBEL 724 IZHPP 233b=a RUTIT/ER 975
WENBD, 22T, e HLUEBRICEWHPP & AT = L OfE G OFEA ML 7= (Figure 2-3-4),
Tebb | VU RRRRER, WAk U LK, =% /) — /L TOWWHLIZIY ., ThEhs M

ZEDHER, A4 UREE, BUKMEREA OB A2 i ~7223 HPP I3V VIR ik > % /) — /L C
RHTNHSNTZEZBEL, EDOREE OVl —5ILm 1M /1o BUK RS & 03B 57
HHEVIRII TRV DT, —[EAT = LG L TOHPP 1L AL IR L 155 2 LAVRS
7o

LIk, REEFLD | HPP DI R /S AP i 4 3 R A 25 5 - D #4#% 2- Scheme 2-3-1 12
o9 2,
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v Gradual release
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Inhibition of mitochondrial

complex | and Il
Y

Liver

Dopaminergic neuron Cell death

Scheme 2-3-1. Plausible model for dopaminergic neuronal haloperidol toxicity. HPP" molecules
in the brain originated from partial haloperidol biotransformation in the liver, presumably enter
dopaminergic neurons by passive diffusion due to HPP" lipophilicity. There, HPP" ( 4 ) reach toxic

concentrations in dopaminergic neurons due to its high affinity binding to and slow release from

neuromelanin ( A2 ). Thus, long-term treatment with haloperidol might induce lengthy exposure
to HPP" leading to selective lesion of dopaminergic neurons, considered responsible for tardive

motor dysfunction.
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