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10t
=l

FRAE T, SR O R LR IR W TRAE A L TV SRR - H2mRETH Y |

2013 FE DA AR L 5 & 2EORAEARE LI 439 A (GF

% 22 4F) CHERFSNLTW DL FREVEDJRIN & 72 D FARERIZIE, TV NA <R,

JR LB HERR R . L B/ IMERIZRHIED N 8 2 23, £ DT TH IR BBENEW S DT v

INA = —JF{THDH L Sh, BHIERERD 40~60%% HHTWD. TV A ~—IFH

D TR EFERIRF I, MR ARRERRRAEZ L, 7 I v A FEEOREG O & |

2 U AEERMEARRR O AN L Z DB O a b = AR LN LT LY

TEEHEARR O LM THD. TEF Ll v (ACh) ZHREEWE &322 ) AEEE

FREE T, A R ORI AR R IC I W CEEREZ R7Z L RIS, PHARRERICEBWN T

IR, BOE. R CORASREIC BT A TEHSEEZ o TWA Z b, al)

AR DML T VY oA = — IR ORI IR e, Rk,

HWE Sk an) ORBUCELS B35 &E 2 51 (Kasa, Rakonczay, & Gulya, 1997;

Schliebs & Arendt, 2006; Terry & Buccafusco, 2003). EgEEAICIZ, T®FLa ) oo

srfiRl#dE (ChE) BREHZR L. =) AFEMEr S RE 2 ST DWER T VY A < —

IR E OFRAERE IR FOBFIZ AW SN TW5S. ChE FHESKIT. ACh O fEEZIMx 5

ZLT, UFTRACKITLAChIREA®mDLBE 2+ 5. AD B& BT, ChE FH



FHEIT, BRRBTERD H D BEEM 242, TORRITRENTH Y | HLEHER Z

T LT HRIEHOREIDN, ROVIBFRBIHICEWTIREa > 7T 47 o ZADETITHe R

5> TW5% (Terry & Buccafusco, 2003). 1it-> T, AD BEDIRWEIC, L0 AT, AR

LT WEMRRIE DR RO BN TN 5.

MEKC-231 (INN: coluracetam, CAS:135463-81-9) L. T /LY A ~—JRIGEI L L

TR SN =2 ) AR AR IRTE R TH S . ChE BAEFED X 91T 7 AMK T

ACh D43 figz 3% D TIE7R < | R RIZE W T ACh SRDOHEEBETHD ~ 7

VAR—=Z =% LT EBRME 2 U CELY iAZA (HACU: High-affinity choline uptake)

ZfeE L, ACh AREEZ MmO D Z & T, MRHRZERFIZ BT DARREHORN B E N5

ACh BEZMRIELZLAABLEFEATH L. 2 ) AMEEMMRE~OEEEROH

Lk EE AF64A ZMENLE LT v POl L7zifie T 7 F Y — L2 T

HACU {2 E 2518 LA U —= 72k 0 & 7-. AF64A 1%, =V 1k

BRI LR BIRME D s WA TH D | IENER G L REIFIC Oz - TS

» HACU K OY ACh HZEET L Z ENHEINTEY (Fisher, Mantione,

Abraham, & Hanin, 1982), = U AEEMEMRR ORI T &5 AD D& 2 Al 2 )<

L7711 E LTEZLNTWS (Hortnagl, 1994; Jarrard, Kant, Meyerhoff, &

Levy, 1984). MKC-231 225\ T, TN FE TIZ, Fx 0P LIERET T LEY

(AF64A QUEET V8 (T v F. <~ T R) ElnT v b BIMEESRBE S » ML) T



ITEIEE 72 5N 2 U AREN R O b PR 22 f5AE (HACU, #ifk+ ACh & &7
L) OUENHAE ST D (Bessho et al., 1996; Murai et al., 1994). L»»L, £ ®
SCEVER ORI I oW Tk, HACU OFFEIHEREZ O & DITRIRIA #5038 % < |
AR 7RI R SN TR o 7o, ZOEMEF 2 A EZ T 5 2 Lid. MKC-231 O
Wit EOBEFREZE 25 ETEETHSHIEND T/ <, HACU %4 Liz= U AAEEhE
PR OVEMEREI S A ITAT DN TV D N Z T2 ETHERHETHL LB N, £
2T, AWFFETIE, MKC-231 @ ACh #fRDIRIEIEH OFEMIZ OV THRGETT 2 & &b

(o, TOEMEF Az B LT,



E2E ACh&RE ACh B IZx 3 2ERADRET

21 #E

AREIZBWTIE, AF64A L& 7~ MIBWTIE T L7z ACh &5k O ACh fHHEIC
b2 %5 MKC-231 O¥2%  WE> T 7 NV —2u, WHEATA A in vivo TOTZ v |
WS % O CTRET 21T o 72, RiHc M7z - Tk, #FHR3E L LT ChE FLEHK D tacrine
RV, T OB RAERA OMEIZOWT b iET Lz.

MOIZ, WE>F 7 MY —2EHW, Ch ORViAAZ L, s &< ACh DAL
HIZkE 32 MKC-231 OfEfA 2 Bt L, HACU OEHENR >+ 7 2281 5 ACh Hilile
B, ACh i HIC 5 2 AR BIZOWTH G2 Lz, WIT, AF64A ALE T » ks O A
T A A& HWTZRET, BRI ARV K E D 2 & T ACh i AME T35 2 &4
WE SN TS Z LD (Leventer, McKeag, Clancy, Wulfert, & Hanin, 1985; Potter
& Nitta, 1993), ¥EE AT A A &40 IR Uik B Kot (high-KHRIB) % Afr
TELEBRAREBRL, #ERKIZEIR S5 ACh EOK FIZxd 5 MKC-231 DA
O LTz, %I, invivo OEE ACh JREEIZXxHT 5 MKC-231 OER % fiatd
LT, WEET, IEMER, AOEHETICTinvivo v A 70X AT U AZT0,
B DORLECIRAED ACh SR %92 MKC-231 #5112 L 2B A M L=, Z O, ACh

DEZICIE, GERETCOWUENRARTHDL T VA A LT viA (RIA) IE



(Kawashima et al., 1994) |2 T{T-o7=.
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22 MEEIVAZE

221 &
FEERIZIE Witar REEET ~ b (EARERFZEIMEMFIEAITER) 2 AW, 7 v M
12 W 2 & OB A 7 VOB T T, fEKITHBICERE . #ERIT. H

) = 2= RUEKENY) TR T B2 O E D L fm B EHIE - THEE S vz,

222 HE
N-(2,3-dimethyl-5,6,7,8-tetrahydro-furo[2,3-b]quinolin-4-y1)-2-(2-oxo-pyrrolidin-1-
yDacetamide (MKC-231) } O} ethylcholine mustard aziridinium-picrate (AF64A i
BRP) ) 130 =2 RIERE) ORI [c THEm Sz b 0% vz, BHI-Ch KO
Permafluor scintillation cocktail I, PerkinElmer (Wellesley, MA, U.S.A.) XV,
[BH]-ACh (% Amersham Life Science (Buckinghamshire, U.K.) X ¥ . y-globulin %
Miles Inc. (Kankakee, IL, U.S.A) L VA LTz, ZOMORIEIZHONTH, Al %

AL CHUW-.

2.2.3 AF64A DA
AF64A T Fisher 5 ® 51 (Fisher et al., 1982) 2V, ZDHIEEME TH 5

11



ethylcholine mustard mustard aziridinium-picrate X ¥ R Z & IR L 7=, B4R

ML, AR EIZE DT ethylcholine mustard mustard aziridinium-picrate @4

FiE A /ER R KIC QR L. Z O % NaHCOs Z W T pH 7.4 (26, 1K

MRS THBERIS S Y06, 5% NaHCO: # W T pH 7.4 I8 b® 5 2 & Tl

L7, R U723 miL, FNcBWTHERT 2 £ TOKRICTR L.

2.2.4 Fif

AF64A WLEEN) OVERLIRIFET 5 D 575 (Bessho et al., 1996) (25 - 7=. Wistar R/

M7 b (180 g-200 g) ZX» b L X —/LEEET (50 mg/kg, 1.p.) (& CHMENH

EHEE (SM-15, A5 ICETE L=, 7 v MEEE 2 Y L CEE S % # 1 S ¥, Paxinos

and Watson DOMXFE (1986) 12> THRIMEICA ¥ =7 v a = a— L DY

A< L9, bregma LV EMIC 1.0 mm, FMANZ 1.4 mm (28R KU U2 TIVE R

PR, 2 OBELVIERNIC 3.6 mm DN EICA P27 varh=a—LDOEkiEEE

> kb LMl Z AF64A (3 nmol/ 3 ul per brain) & #45- L 7=. #4513, ¥t 0.5 pl/min

T~A Ay a7 (CMA/100, Carnegie Medicine AB) (2 CTfTvy, %

G TH 3, /1>y var=ma—LVEFELIEEZ, ©o< D L[ EHk.

INBEITHERIHE A TS BHE A L BYYEDRS LD 7= H_=21U > 20,000

BN &2 FEMICTRES L. ZOFETHWEZ AF64A O 5 81X, MO R~D

12



BHEOREN/NINEN) ZERHMESNTWDLHETH D (Chrobak, Hanin,

Schmechel, & Walsh, 1988; Gower et al., 1989). 7 v ~iX 10 H EIFLE O IE AR % &

Wi=Dbh, ERICE L. In vivo~vA 70X AT UV ADOFERTIE, IHICHEIC~

A7 AT ) RTa—T EHOIATL BN &1T o 72, J7i41X Kawashima 5 D 54T

#: U 7= (Kawashima et al., 1994). BARR9IZI1E, T ~ b ZMENCE L E (SM-15/S, ik

) ICEELTEREBHL, CMA/12 v A 7 XA 7 ) 2A7a—7 (EE 3.0 mm,

4} 0.5 mm, Carnegie Medicine AB) % /=R (2% L CHEE L U 10 & O = THIA

S, =T OEOEERE) . bregma X Y BEMIZ 5.2 mm., SMANZ 4.0 mm. JE{HIC

8.0mm D EIZRALHIICEEL-. ZOFu—T%, BRI T=T o T—HD A

7V a—hRUCEEBIT, WRAE A MITRHEE L. Fiiitk 2 AR, E@5]7—1cT

MIEMHEAEN O, ERICHE L.

225 BEIFITrFY—LERAWN-{ERADOKE

7 v b ERWEEE N2 eI L TOKm LI AT =Y R TR 280 H L.

0 H U7 E L, S0 OKE L2 10 58D 0.32 M sucrose Wik CTH 7 A-7 7 1

VIREVTA Y —IZL o THREVFA AL, mHE L EE (4 °C, 1000 X g, 10 43

D% EEE LY I HICHEEELOSEE (4°C, 20,000 X g, 15 0[] L7z, &SIkl

P27 77 vay) #1OmESEH7- v 4.2 ml ® 20 mM Tris-phosphate buffer (¥

13



% (mM): NaCl, 118.5; KCl, 4.5; MgCls, 1.2; CaCls, 1.27; dextrose, 10.0, pH 7.4){ZC

HREL, WET TRV —2aE L THW-.

WHE 7 FY—2A 02 ml # 1.6 ml OFEERIE T EE A2 N %272 20 mM

Tris-phosphate buffer (212 37°C 12T 30 i, 7L A v FaX—Tar L. DO

E1%12 0.2ml ®O[BH]-Ch &% (5 Ci/mmol, 1 pM) Mz, X512 10 DA %=

R— g &IV, 7~V —A~[BH]-Ch OE Y iAHZ{THH7=. [BH]-Ch DHY

PRI L 0EIE L, WAL BE (4 °C, 20,000 X g, 5 min) (Z T 7 kY —

AZEIEIZENL L7-. % 0.5 uM @ eserine % & 20 mM Tris-phosphate buffer

2T 2 [EPEA L, EEEED 0.4 mg/ml 12725 K 5 ICHEE L7-. HACU iZ, [*H]-Ch

ERVIAERIZWEE ST 7 F Y —25100 Wl %2 ACS-2 > FL—a B 7 TV ERE

IR L TR DAL REOMEM 2 & . FERFREGIY AT (ERBFMEIR Y A7 2 5 Tp)

& LT, 20 mM Tris-phosphate buffer O#ik T NaCl % sucrose (237 mM) (Z (& & i

% 7= Na-free buffer %z >, 10 pM hemicholinium-3 (HC-3) f#7£ F T [*H]-Ch H Y

ABEATOETWEH LT 7 b Y — B CORMGFREORER 231 < Z L h BRI Lk

ACh JgtHoEBRTIX, [BHI-Ch #EVAFHWER L7 hY—24 100 Wl %,

eserine 0.5 uM Z# & A 72 900 ul @ 20 mM Tris-phosphate buffer (Z/1% 5 47

37°C TAvFaX—varaffolz. ZdO&E, 20 mM Tris-phosphate buffer |37

U hA KT PEEIZONT, EF 4.5 mM) &b U vasAr (high-K) #liEH

14



(35 mM) %M\ /=, High-KTREH D/ > 7 7 — Dk (mM) 1ZLLFO@ v (il L

725 NaCl, 88.0; KCl, 35; MgClz, 1.2; CaCls, 1.27; dextrose, 10.0; Tris-PO4, 20, pH 7.4.

Ao Far—ya VR TR EBICT v A T 2—7 % HHELHE (4°C, 20,000X g,

5 min) L. ki 200 pl {ZxF LT 50 pl @ 50 mM Glycylglycine buffer (12.5 mM

MgClz, 10 mM ATP, 0.01 unit/ml choline kinase %47, pH 8.5) %12 C 37°CIZT 15

PREIDA F 2= g %{T-> T, Ch % phosphocholin & L7z, RS T,

tetraphenilborate sodium salt (10 mg/ml) &4 L7= 300 pl @ butyronitrile & O

500 pl > FL—v a7 T7v (3.8 %D Permafluor scintillation cocktail @ kL

TURIR) Nz, L IRFI L7tk @EhE O BE (4°C, 15,000 X g, 2 4ff) (2T,

Mg eKEEsBEL, Mo rEicEI sz FHI-ACh OfdteEz v F L

— ar Ay —IZTHE L. o7 roEAREIL, DC Protein Assay reagents

(Bio-Rad Laboratories, Hercules, CA) Z# H 7= 7 THIE L7=. MKC-231 1%,

dimethylsulfoxide (DMSO) (2T, DMSO #&JEEA 0.01 M 122D X2 ET D

VEREIZIRME L, assay buffer CAPRGHEL L CHWW=. RSB CTIL, MKC-231 (%, HiL

& XL high KTHIJDO X A I 7 TT v NNy 77 —IZML TUOLE L.

[BH]-ACh k4% MKC-231 OfEHIZ = >D 7 a2 b a— /L THE &, &0 7

B k3 —/L Tk MKC-231 1% [BH]-Ch BtV iAZORIALE & Y IARRHI S F 7 kY —

LHER &, “oHO 7 r b 2—/L X high- KT RFEF O 2>+ 7 b v — LIZ/EH

15



¥ BEOTa ha— T, V7 Y —A~D[BH]-Ch BV AL D At A WER

HEWIRER CTHIZ 2 BERH 72D T, BHI-ChRViALE Yy FZTEICE LD TT-

226 Sy rBERXRSAREZHAW-{ERADKEET

7 v b a W% M2 eI LT OKMm LI AT — Y RIc TR 280 L.

Z %, Mcllwain tissue chopper (The Mickle Laboratory Engineering Co.,

Gomstall, UK. (2T, JE& 300 pum DAT A A L=, MEREAT A ADRERS

HELZOL, AT 4 A% 02/C0O2 (95 %/5 %) DRSS T A ZBR S~ AN TINEEREIR

(ACSF, #p% (mM): NaCl 139, KCl 3.4, NaH2PO4 0.6, NaHCOs 21.0, CaCls 1.26,

MgCl: 1.15, glucose 10) (2T 37°C . 30 DA o FaX—T g 0 &f7To72. KRIZ,

AT A A%&IERH) ChE [HEHTH 5 paraoxson % 10 pM &T» ACSF (2 L T,

37°C . 30 iAo ¥ a2 X— g ATV, WNIEMED ChE I 2 E R S 72, MK T

X, AT A ADmLBEBEIZ K 0TV, RUSNEZE MO T =2 — 7 M LRV =%, ACSF

T2, EEiTo72. 1y FOFEREITIIZHIZ-> T, BLZL 100 mg DEHE AT

A A%, v r7uaFa—TR7 GRERER (o) arFa—7 (B 1.5 mm)

TORMPOTERFE L ml OFERF v 3—Zky b L7z, ERKIL., Fv o /3—0 B

MG FENZ D> THALD X 9 I8k U, FitdlE 0.2 ml/min & U7-. IR M OE
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TRT v o3 =%, EBRZE L T 37°CITfho7-. £/, #ERIEIZIEL choline (10 pM) %

WhN L7z, High-K %, #EE A% © ACSF 25 high-K filJH ACSF Gk

112.4 mM NaCl, 30.0 mM KCl, 0.6 mM NaH:PO4, 21.0 mM NaHCOs, 1.26 mM

CaClg, 1.15 mM MgCl: and 10 mM glucose) (IR EEDH Z ETAT A AZAM LTz

SO DT8O DWEFR ZAT > 721, WHE A 7 A4 2% normal-K+ & Y high-K*

-ACSF CTZRZAIZHENT L7, AFB4ALE T » M X 0 L L7-1gfis 2 Z A 2% ACSF T

Tt L. BER A 8 /R ImI L7z, High-K #IIHH ACSF (ZHEMRIR & S L1277 F 7

TarnbWnWT 3777 v a rORETIEO ACh E8% ., high- K HlI%ic LV iE¥ s

Al ACh il 2 42 b0 & UTHIE L7z, ) high-K filE D& » 29 > THl

ESNTZ ACh &% S0 & LTHIE L., WRICEY T EE 2 REFHIZHIN L high-K*

A A st Ay L ClEI S iz Yo 70 Z& S1-84 & LC, BEtikIC B S 172 ACh &

ZS1 6 84D S0 IZxtd 2EIA L LTRIE L., ACh OREIX., #EWiik% 0.45 um

disk filter (Millipore, Billerica, MA, U.S.A.) (2 ClEiE#% . EicomPak AC column

(AC-GEL, = A =) & %+ 7 & (AC-Enzymepak, =1 = A) ZH 7=

HPLC-ECD v A7 A2 X - THIE L=, BEIFHIZIE 0.89 mM 1-decanesulfonic acid

sodium salt & 0.59 mM tetramethylammonium chloride # & A 4% 0.1 M

phosphate buffer (pH 8.5) % A\, #ifi#I%L 1 ml/min & L7z, BEE N T LA OBIERFIC,

ACh 23 7 LAWNIZEE & 417- ChE & X choline oxidase |2 X ARG E ST EASND
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W vKFE 2 s (BALA2+450mV IZE Y ) X VH L. NEmE L LT

Ethylhomocholine % Vv 7.

227 Invivo X405 47 RE=RAWN=1ERADOKE

Ty MRIZ~A 7B AT VAT =T 2 WDIAALT 3 BRI, 7y %

2-channel swivel (=1 = 2) {2272 X Ringer’s solution (fi%(mM) : NaCl 147, KC1

4.0,CaCl22.3) 24 AT VALY VRV T (24 2 4) ZHANT2pL/min Of

WTHE L7z, A 7 uFa—T78Hi%. 1 RO TR RERZ1T - 1otk MR

0L, 7F 7 varal A —Zkty LY U TNV TF 2—T12 4°C OSFMTlE

WLz B SN/ ACh WS D Z & aMA DT 2a—7123dH 52 U 35 ul

® 0.01 N Hel 2 i U7z, BRI G130l Ty, MKC-231 OREEIZ1X 0.5 %

Tween 80 Z U 7=. tacrine (LR /KICEAMEL CTHUNM-.

FIN U7y 7 hicEag 5 ACh OEORHITEILX, Kawashima © D J7iE

(Kawashima et al., 1994) [Zf\» Radio Immuno Assay (RIA) 12 T{7-7=. RIA 214,

choline hemiglutarate-bovine serum albumin conjugates ZHURICH SN2 7 FD

YU & . [FH]-ACh (2.85 TBg/mmol) % A\ 7=, Z @ RIA 1 ACh O B2 8

< Ch, phosphatidylcholine, phosphorylcholine (Zxf9 22 Z=MIZWF 1 0.012 %

LUUFTHY, £7- ACh OHIERE L 3 pg/tube (FJ 20 fmol/tube) £ TH 2D Z & NI
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BIZE o THESNTWA. 30 5HIDE 7T 72 a o THED B HERIEIZ. 100 pnl @

0.15M Tris-HCl buffer (247 S 4172 [8H]-ACh chloride & (%7000 dpm), 100 ul @

0.4 % y-globulin (Z AR & 7= (1:1200), 100 pl @ 0.15 M Tris-HCI buffer, pH

7.4) ZMA, 4 °C TS SE72. BR | WA Z 28T 2170, FukizkE L

72[3H]-ACh #7738 L . [BHI-ACh &ZiRIK> > T L —a v o Z—I12 X2 BUR6ER

ELVREHLE. WERDTZ 7 & LT, #iitt 7N L REOHERKE V-, &

7 v NOZRERTO ACh #iX, W Z G LR (time 0) IZXT 2 #HEE LT%

THERLT.

2.2.8 T—HREHT

WA I OWTIZ HEE 7 NV — A xR W FEBR Tl HACU K VACh ik

HIZ DWW T EHT 2 two-way ANOVA (sample X dose) TITWAE TH AT

Dunnett’s multiple comparison test (vehicle vs. drug treated groups) (2 CHEAE%

Bt L7e, B AT A A2 AW ER T, EWLER D ACh &EIZHOWTHBIIT %

ITWAE TH-7-5A 12 Dunnett’s two-tailed test IZ CHEZLZ M L7-. In vivo <

A7 B AT IVVADRBRTIET —X 2 MBS HEAIOX A X7 (time 0) T

ACh EDfEZ 100 % & LIZARHE(E 24T B 512 L 5 ACh EISH ¥ 2 EIZOW

THBST ZITWAE Th - 723412 Dunnett’s test ZFEE L7-. WO TEIZE W

19



TbH. AE/KUETP<0.05 & L7,
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2.3 R

231 BEIFITbY—LERVERADEE

AF64A W& T v  OEks HACU (ZIEFEMICEE: L TR T2 MRS Sz, AF64A
e Z > b X FRB U 72 > b Y — A, BEEREK A piLiE & OVBH]-Ch B Y A A
REZ B W CER S B 7245 R, MKC-231 (10 and 107 M) 13##5 HACU %A &N
&#7- (Fig. 1a). Tacrine (109 - 107 M) (213 HACU (2% 5 EMIZR b2 h -T2
(Fig. 1c). IEFE#W L VAR L72EHE > F 7 b Y — 2BV Tk, MKC-231 % tacrine
t HACU 129 A EAIZ A e o7 (Fig. 1b,d). ZHLHDTF7 Y — A& HN
7= normal K* (4.5 mM) K O* high-K ##% (35 mM) Ff[3H]-ACh fitHi &%, AF64A
EWZ L VIR TABE S, 20K T highKTHIERFIZBWTHE TH - 7-.
MKC-231 (10° - 107M) %, normal K+ CToO[BH]-ACh ik IZIZFEEE 5 2 2o 7208
(Fig. 2a, left). 108 K} 107 M (28T high-K #ili4# > [BH]-ACh Jit ] A A & 121
&7~ (Fig. 2a, right). Tacrine (%, normal K* (4.5 mM) M O® high-K™#l#% (35
mM) D WFHUZEBNT S BHI-ACh iz k3 2 8 B2 ERIT A b e - 7= (Fig. 2b,
DIE T 7 b Y — ATk L TR IE % [BH]-ACh it O RIIREZ O A EH S w7856
(21X, MKC-231 (109 - 107 M) % tacrine (10° - 107 M) %, IEH &N AF64A ML Z
v MOFTRA SR LR ST 7 b Y — ADBHI-ACh Fiticxt LT hAE 2 ERIX
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Aoizenoi (Fig. 3 a-d).
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AF64A-treated rat Normal rat
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3
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Tacrine (-logM) Tacrine (-logM)

Fig.1 Effect of MKC-231 on HACU in hippocampal synaptosomes of normal
and AF64A-treated rats. Hippocampal synaptosomes were incubated in the
absence (vehicle) or presence of the drugs (varying concentrations from 10°M to
10"M) during the pretreatment period (30 min at 37 °C) and [3H]-choline uptake
period (10 min at 37 °C). HACU was calculated by subtracting the uptake counted
in the sodium-free buffer with 10 uM HC-3 from total uptake. Values are shown as
mean+S.E.M. (n=9). *; p<0.05, vs vehicle (Dunnett’s test)
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a) MKC-231 (AF64A-treated rat) b) MKC-231 (Normal rat)
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Fig.2 Effect of MKC-231 and tacrine on ACh release in hippocampal
synaptosomes of normal and AF64A-treated rats. Hippocampal synaptosomes
were incubated in the absence (vehicle) or presence of the drugs (varying
concentrations from 10°M to 107M) during the pretreatment period (30 min at
37 °C) and [*H]-choline uptake period (10 min at 37 °C). Basal release (4.5 mM of
[K*]) and high-K* (35 mM of [K*]) induced [(H]-ACh release was measured. Values
are shown as mean+S.E.M. (n=9). *; p<0.05, vs vehicle (Dunnett’s test)
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b) MKC-231 (Normal rat)

a) MKC-231 (AF64A-treated rat)
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Fig.3 Effect of MKC-231 and tacrine on ACh release in hippocampal

synaptosomes of normal and AF64A-treated rats. Hippocampal synaptosomes

were incubated in the absence of the drugs during the pretreatment period (30 min
at 37 °C) and [3H]-choline uptake period (10 min at 37 °C) after which basal (4.5mM

of [K*]) and high-K* (35 mM of [K*]) induced [2H]-ACh release was measured in the

absence (Vehicle) or presence of MKC-231 (varying concentrations from 10'M to

106M). Values are shown as mean+S.E.M. (n=8).
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232 BEXSARZAW:-{EADEST

AF64A JLE T » b L 0 FHRL L7213 A T A A2V T, high- K il £ 5 ACh ik

HE, 80k LY (Fig. 4a) OEIEICHES> TIRF L2, 2O FIcxt LT, #RiR+

IZ MKC-231 (108 &Y 10"M) Z s U/ERH &% Z & T Vehicle (2% L THE R K

FERAN R S5z (Fig. 4b). S1 7205 S4 IZBWTHIL &7z ACh EDOIEHEIZ BV T

g L2 A BT, MKC-231 (108 T 107 M) X Vehicle (2% L THE L

FEAZR L7 (Fig. ba). —J . tacrine (109 - 107M) (21X, Z® ACh DK FIZH

T Vehicle 12k L THEZREAIZR 5T (Fig. 40).  S1 75 S4 12\ CHILE

7= ACh EDFHEIZFB N T b RERICHEZREHIZR 6z~ 7- (Fig. 5b).
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a) Adding the test compound into the perfusate
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Fig.4 Effect of MKC-231 and tacrine on ACh release in hippocampal slices
of AF64A-treated rats. Fig.4a shows resting and stimulating procedure with
alternating normal and high-K* ACSF. The perfusate was collected every 8 min
(0.2 ml/min) and the content of ACh in the perfusate of the successive three
fractions after applying high K* stimulations measured and summed as SO to S4.
The addition of drugs to the perfusate was started 24 min before the S1 fraction.
ACh release induced by the high-K* stimulation was expressed as a % of SO in S1 to
S4 under incubation with MKC-231 (Fig. 4b) or tacrine (Fig. 4c). Values are shown
as mean+S.E.M. (n=9 in MKC-231, n=8 in tacrine). *; p<0.05, **; p<0.01 vs vehicle
(Dunnett’s two-tailed test)
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a) MKC-231 b) Tacrine

Vehicle 9 8 7
MKC-231 (-logM) Tacrine (-logM)

Fig.5 Effect of MKC-231 and tacrine on ACh release in hippocampal slices
of AF64A-treated rats. ACh release induced by high K* stimulation was expressed
as the mean of S1 to S4 under incubation with MKC-231 (Fig. 5a) or tacrine (Fig.
5b). Values are shown as meantS.E.M. (n=9 in MKC-231, n=8 in tacrine). *;
p<0.05, **; p<0.01 vs vehicle (Dunnett’s two-tailed test)
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233 Invivo ¥4 705471 R ERW-ERD&E

AF64A ALE F ~ b O FEERIEICHERIEICEIL S 72 ACh &I, time 0 hr (2B T
Vehicle #£ T 62.9 + 17.0 fmol /30 min (MKC-231 # 5-7&6#, Fig. 6a) &1 71.6 + 13.3
fmol/30 min (tacrine $¢5-7%%%, Fig. 6b) TH -7=. MKC-231 (1 - 10 mg/kg, p.o.) D
Hizk v, EEREIZIEN S 7z ACh BI3HEM L, 10 mg/kg, p.o. (2B TIIpBRski
BB OEADT T 72 a ATBWTHRERED 263 %IZEL, ZOEMITAETH-T-.
S 512, MKC-231 10 mg/kg, p.o. (%, B&H#H&D 2.5 FEfIZ 7 0 FEVIRIZENY S 7z
ACh #|Z3\ T Vehicle £ 5-#EIZx L CaifEz = L7= (Fig. 6a). Tacrine % 1 mg/kg,
p.o. Tl Vehicle AfIZ bl U CHEFIZICIEIN S 4172 ACh &ICH BERIMFEMIZR /s
57273, 3 mglkg, p.o. ICBWTIEEGH 1 R ICEIECRIED 345 % (ZE THIML .

$ 5 3 R§ffl#% £ T, Vehicle BEIZX L CTHERBIEM &7 L7z (Fig. 6b).
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Fig.6 Effect of MKC-231 (a) and tacrine (b) on the ACh content in the
perfusate from the hippocampus of conscious, freely moving AF64A-treated

rats. Values are shown as mean+S.E.M. (n=8 in MKC-231, n=6 in tacrine). *;

*

p<0.05, **; p<0.01 vs vehicle (Dunnett’s two-tailed test)
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24 EE

ZHETIZ, MKC-231 132 U AAEEMPEARRRRE DR T LB 7 L EIMIZ IV TFH
RUIEREEUGEIEN AT 2 2 U AREMERRIE LR & U TR DS ST & 7208,
Z DFAAERBEFIZOWTIIARH O E E TH -7 (Bessho et al., 1996; Murai et al.,
1994). = ® MKC-231 @ pro-cholinergic 7e/EF D A 1 = X L& 52T 5 HIU T,
%79 MKC-231 ® ACh A1 & ACh I 2 1R Z2 BE/lI s L7z,

BANT, AF64A BT v ORI LIZWR ST 7 Y — A& Wi 2170,
MKC-231 28 HACU %12 L, #&&EKNTO ACh GllE e H1ER &> 2 & &
L7z, #i-icBm &z ACh i3 [BHI-ACh & L THIE S5 28, high-KHZ X 2 i/
FIZ Ko Tl SN2 2 Lind | SRR NIZ B W TR IS ZE T %5 ACh D figHH
KIUZEZ DN TWD Z ERHLMNI R -7=. £72, MKC-231 1%, high-K HIFH S >
7 7 —IZORE SN ZHAE, BHIFACh HEICIFEREZ RS R o 722 b,
ACh D7 rEAZDEDITK L TTHEL TWRWNWZ ERRBEINTZ. Zb0
EBRAER DD MKC-231 OBET MR T 558 g E B EA ORI,
HACU OEHEMEAZ N L THfHERNT ACh AR, MRRZEOTEELICHE S
ACh N EAHRIEDL Z &N . ZOWTE L THET 5 Z LRS-, Mural &
Ot (Murai et al., 1994) TiE, B8R G2 L0  AF64A 5~ 7 Ak CD ACh
BEROHMARESNTEY, 20 ACh A EEFERNITERT L b0 LEZLND.

31



ARy 7e AChE FEHITH % tacrine (213, HACU < high-K' Iz L » THit &

% ACh BIZOWTHBREEIIA LN T, MR TO ACh OFHLE RS> ACh i

HEZECTERITR < 2 U AREMEMRSR IS S /EAIC DV T MKC-231 & Off

WIZ, AF64A 5E T v M X VR L72iE 2 7 4 2 &2 Wz kE Tk, MKC-231

S

I, A0 LA SV ifiligic £ 5 ACh M E DR T Ik LT, AERUGEE
M#Z7RL7. Tacrine ([JIZZ DX I REMITA ORI oT2. ZOREBRIZE W T,

T T ARBUCHH S ACh O REMZ D7=0, HHAT A AZH 6N EH, I
") 7¢ ChE BHLEHITH 5 paraoxson (2 J - THLEE X4, BEFIK IR AT A A
([ZBT DHHLZR ACh B DIZDIT 4372 E D choline & ., HH D ACh &hk
DIE &L Lz, ZOEREMH T, ERIKICCTHIE SN D ACh &%, MEA 71 A
7% ACh BEEA KT 56D THD LBEALIL, HELT T Y —HIkT 5 EER
THARLZE D12, MKC-231 13 ACh &z @, Blofilitic & 25 ACh fi & % 1
RLleboeE2bh. Ch RXRZ LIREBIZBIT S, H#HO ACh &kl
phospholipid @473 fEIC X % Ch Offtfg Lo THEFF S, > F 7 XEIZEIT S
phosphatidylcholine ©3fiFZ5\F 25 Z ERHRESNTEY . ZO L5 RIEOHKEZE
7295 KXo AR, MREOATEOHIEICH K& EE LY 5 2% (Buyukuysal,
Holmes, & Wurtman, 1991; Ulus, Wurtman, Mauron, & Blusztajn, 1989). MKC-231
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(Z &0 HREER THllaSk D Ch ORHAREZmD D ZERTENIE, VT 7 AFED

phospholipid D43, MAMRHEICH < Z L NPT b0 LEZLND.

%2, AF64A L& T v kO TOREE FIMESKMEDO~A 7 a A4 7 U v AT

BWT, MKC-231 OfEfZ#Hat L=, > F ARV T ChE 1ZIEF 12T

ACh 53+ 5720, ACh ZHET 5 invivo v~ 7 a X A7 L Z2ZEBWTIL ChE

PHE S Z 2 OFERIKTIZE EE 2 2 &%, Lo, R~ ChE FHEZHEOEIN

(. artificial 7g = U AREMEMREOTEMALZ S| S Z L, £ ORMET TOEYOIEH

it & K#E2 3% (de Boer, Westerink, & Horn, 1990; Kawashima et al., 1991). = ®

7o, ZOERITEWTIE, @EKED RIA 2 ACh O#TIcHnsd Z & T, ChE i

WAL PIZIRINT 52 & ~A 7 uZ ATV I RA&AT o7, RERIRIZEIN S 4L

% ACh &EIT IEHEWICHIA S 7 v — T O OMIIMRE 2 R L T\ D b O

EEZOND. ZOFRETHEIND REIERED ACh &1L, Kawashima 5

(Kawashima et al., 1994) |2 X W IE% 7~ FT103.1 + 3.6 fmol/30 min & A& ST

W5, Fxr OFERTIEZ, AF64A WLET v MIBWT, 629 £ 17.0 fmol/30 min

(MKC-231 O#iat T vehicle #£) & 71.6 + 13.3 fmol/30 min (tacrine OFREFTD

vehicle #f) THV . EHT7 v P THREIN TWAEND 30-40 %IEVME L 72 - 7=,

MKC-231 Of O #EIc X v | $EE%D 30 4 CHERKE T Ic N &5 ACh &8

BRI L, ZDO/EMIE 10 mg/ke, p.o &5 TIIHETH-7-. MKC-231 @
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TERITERH O — 7 272 b O TH L8, £ D% 10 mg/kg, p.o. &K 5HETlX, KK
RAED ACh BIZIBW TR L7z LV & HERF L 72, Tacrine (%, #EVRIR PRI S
N5 ACh BICB L MKC-231 (2 bl L C & v 5 < | Fifse 72 1E A 278 L, 3 mg/kg, p.o.
DEGIZEWTEDIERITAEE Ch 7. AEOKE LY. tacrine @ ACh &IZxd
HYEAILAME CH D03, tacrine 1T AF64A L& T v F OGRS EREEICT LTl
EMZ /R &3 (Bessho et al., 1996), AF64A fLiE~ 7 AITBWTH, EKEFEITH T
HIEEIZ R L CREBIERAZ RIS 2o 722 ENIRE SN TS (Murai et al., 1994).
F7-. ChE PHFHIT, AF64A |2 X - Tii% Shviz 2 U AFEMHR OMEEIK FE7 v
BN TIFRDR I E DHRE S H D (Smith, 1988).

KRENZRIT HHEHERD S, MKC-231 1%, AF64A ALiE T > h OMREHERIZIB N T
TV T T AN OMRIEE DA 7L ZDRNEIRD DIEM R H LD EEZ BN
7z. —7JC. ChE [HFHEHETIL, AF64A LE T v N OMEHERIZIB VT, ChE OFHE
12X > TRITIREED ACh B2 BRENCED TND Z ENRE X L. AF64A WLETY)IC
BOWTE, TV T T ADEENRBEETHDH L ENTEY, ZOETIMIBIT DEED

WEIZIX T LT T ADOIEMALN L D L2 7 ETH D RN E 2 HhT-.
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25 EH

MKC-231 7% ACh fGHEIHAIC MIF T RHEL A ST 2 AT, AFB4A LE T v |k
Z AT, ACh &t & ACh Iz 5 MKC-231 DIE et L. B>+~ b
V=L MR ATA A invivo v A 70X AT VAL DHER)IS, MKC-231 (34f
AR D HACU OfEi% N LT, ACh OF LA A RO, MfEHKIZIEE T 5 ACh
BHEOIK T 28 ET 2ERAEZRT RN o7z. RFHZEE U TR L 72
AChE [HEHITH % tacrine |&, ¥ F 7 A D ACh IRE 2 mD H1EARH LD - DD,
MREERIC IV T ACh B A 10D D EFRCAMIC IS U Tt 415 ACh B AR s &
DERITELS . 202 £, ZOET NV E AWVI-ATENEEER T MKC-231 & tacrine

OB E EESEEH OFHEDO— SO TH 5 AlHEHENE 2 bz,
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£ 3E HACU REERD A H =X LDREM

31 #E

AREIZEBWNTIE, 5 2 BBV TR S 7z MKC-231 @ HACU REMEH D A 71 =
RXBZHONWT, BEOFEEAVRE, B8%21To7.

Mo mEfEa ) v N T AR —ORR Y 2 R TH S BHI-HC-3 % V-
WEHEY B FiEGRBRZ21To72. HC-31XvF 7 by —2oEKHEIIHL2Y U bT
VAR—H—IHEGTH. £ 2T, MKC-231 #4E L=y 7 bV — 2% HNT
[BH]I-HC-3 #5 &#BR 21T\ E DIEM 2 MFHd 5 & & £ 12, Scatchard plot (2L ¥ Kd fE
KOY Bmax fEz2FH L, /B, #aV A MoBLEbZOERRAE B L
7z

HC-3 1B ZMEOH5@mE =) o I AR—=%—L LT, CHT1 RFEE ST
% (Okuda et al., 2000). & Z T&IZ, MKC-231 #% CHT1 (ZxF L CEZEH 72 A H A
PEZFEORREMEIZ DUV C, CHT1 & %81 L 7= COST ffafE % v ¢, [BH]-MKC-231 ##

Bl & O, Biacore 5% W Iofs BB RBR 21T > 7.
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32 MMEBIUAE

3.2.1 i
FEERIZIE Witar REEMNET ~ b (EARERSZEIMEMFIEATER) 2 AW, 7 v MX
12 WK 2 & OB A 7 VOB T T, L KITHBICERE S, #iERIT, #H

) = 2= RUEEEY) R T B2 O E D L fm BREREHIIE - THEME S vz,

3.22 HE

MKC-231, M-MKC-231 (MKC-231 ® 7t 3 A T{#%; N-(2,3-Dimethyl-5,6,7,8-
tetrahydro-furo[2,3-blquinolin-4-y1)-2-(2-hydroxy-5-oxo-pyrrolidin-1-yl)acetamide),
ethylcholine mustard aziridinium-picrate (AF64A OHIERYE) 1%, Hi =ZEREK | C
AlRENTZbLOE AW, MKC-231 &Y M-MKC-231 OfERX % Fig.7 (IR L7T-.
[PHI-MKC-231 13, #—bLFEMmITHEK L2 b D&z, [BHI-Ch, [*H]- HC-3 1
PerkinElmer (Wellesley, MA) X » . HC-3, Dulbecco’s Modified Eagle Medium
(DMEM) i%. Sigma-Aldrich (St.Louis, MO) & » . Fetal bovine serum (FBS),
pcDNA3.1 (+) I%. Invitrogen (Carlsbad, CA) £ ». The Rat Brain Stem-Spinal
Cord Lambda cDNA Library (%, Stratagene (La Jolla, CA) X V. TransIT-LT1 (%,
Mirus Bio Corporation (Madison, WI) £ V. 7 v hAR VU 27 mn—F Lt CHT1 Hifk
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(AB5966) (% Chemicon International, Inc. (Temecula, CA) X Y . ECL western
blotting detection reagent (% Amersham Pharmacia biotech (New Jersey, USA) X

DEEA LT, FOMORIEIZHONTH., Tl AEEA L THWLE.

b)
OH
O | N
QJ&N _
O H —_
H3C Hs

Fig.7 Chemical structure of MKC-231 (a) and M-MKC-231 (b)

Hs

3.2.3 AF64A MDA AE

AF64A OFHELL. 2.2.3 1R L= HIEICE VIToT-.

3.2.4 Fiif

Z v MZKxET 5 AF64A ORMENE G FIiL, 2.2.4 (R LI HIEZ L VITHo 7=,
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3.2.5 M-MKC-231 ® HACU ~D{EFA D&t

HACU ®O#|7E 1%, Simon and Kuhar @ 5 (Simon & Kuhar, 1975) (Z# U T{T-

IS

.7y PERWERR, MEEPNIRH LT KM LA T =Y R TlEE 2T L

a@

. T MBS OWEREZ 2.0 ml OKE L7- 0.32 M sucrose 8K T, H T A-T7 781

REVTAY—ICL o THREVTA XL, B HELIBE (4 °C, 1000 X g, 10 47[#) @

% EEE LD, IoI2HAERRELEE (4 °C, 20,000 X g, 20 77H) Lok (P2

773 ay) Z 1.5ml OKE L7 0.32 M sucrose IRE CHISRE L7 b DA VBE YT

TRV —AE LT TOERICHWZ. HACU ORIEIZIZ, 100 pl OHEE >+ 7

— 5% 800 ul ® 15.8 mM Na*-K* phosphate buffer (pH 7.4; #i% (mM): NaCl, 126;

KCl, 4.75; MgCly, 1.42; CaCls, 1.27; dextrose, 11.1) (Z#NL. 30 43, 37°C D7 L

AU Fax—TarE{Tol%, 100 ul @ [BH]- Ch &K % RS O FA& IR EE A 0.1

uM (2722 KoL, 87 °C 10 4rffl [BHI- Ch BV iAHZ{ToE 2. RIGIE,

KBIZTHZ ETEIESE, &51C 2 ml OkE L7z 15.8 mM NatK+* phosphate

buffer % ISR ICMZ 7. Z O T it —~2%— (BRANDEL,

Gaithersburg, MD) % A\ T, GF/B filters (Whatman International Ltd., Maidstone,

KY) EIZIEEL T, 4 ml OXK& L= AR KICT2RIEESE L, 7 4 V% — Lot

ARk v TFL—a vy Z—ICCHIELZ. HACU . 2o L {HENT-

[BH]-Ch OV iAZ& &5, 10 uM HC-3 Z ¥4 L 7= sodium-free buffer To [3H]-Ch
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MViABmEZF < Z ETHM L. Sodium-free buffer /3. 15.8 mM Nat+K*
phosphate buffer @ #ij% 7> &, NaCl & Na:HPOs % sucrose (252 mM) &
Tris-phosphate (15.8 mM) 2 X #i2 7= 6 D TH 5. M-MKC-231 (% DMSO |2 T
kL. 7 vtA 3y 77 —HIZ DMSO ORI 0.01 pM (2725 K Szl 7-.
F TNV DOEAEEEIL. DC Protein Assay reagents (Bio-Rad Laboratories,

Hercules, CA) % /= HF1ETIT- 7=,

3.2.6 [PH]-HC-3 #E&HRERIC K D&t

[BH]- HC-3 fA#BRIL. Quirion ™ J7{%(Quirion, 1987) (ZHEL TiT o7z, 4D 7
v b SR L72HEE A 8.0 ml 7KK L 7= 0.832 M sucrose I8 CH 7 A-T 7 1 L iRkE
TFAPF Ko THREVFA XL, HELHEE (4°C, 1000X g, 10 5 H) D% Lib
ALV, SLICHERELSEE (4 °C, 48,300 X g, 20 43 LELnIbE P2 752
g ) & 9.0 ml DK L7- 15.8 mM Na*-K* Phosphate buffer (pH 7.4) = B L
TebDEWES T T N =L LTUTOERICHW. WEL 7~y —25% 37°C
TI10 M, LA v Fax—v a3 Lzdb, 15.8 mM Nat-K* Phosphate buffer (pH
7.4) \ZER LT MKC-231 ST A HBRIREICHDETHRIML, 512 30 43,
37°C TA v Fax—Tar Liztk, dEELIHE (4°C, 48,300 X g, 20 47ff) 12X
D OGS EAEIE S, BNz ik#ES 300 mM NaCl # &A% % 50 mM Tris-HCI
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buffer (pH 7.4) IZC1EIFESHLI-OL, HBEZITOVEE, WBEYT7 Y —2%5

7. [BH]-HC-3 f5A# B TiX, 300 mM NaCl # & A 3% 50 mM Tris-HCI buffer (pH

TD%T vEA RNy T77—L LT, 250 pl DUWFEFETF 7 h Y —5H12200 pl OF v A

Ny 77—%& 50 ul OBHI-HC-3 #ikAMAT 500 ul & L TRIEETT -7, [BH]-

HC-3fE4 1.0 nM 75 32.0 nM (Z3E» CTiES 423t L. 8 nM ©. MKC-231

(1012 - 108 M)DEEEHREF LT~ £ FaX— 3 0% 4°C T—HriTV., BH, B

IN—RALZ—Z VT, 0.1 % polyethyleneimine (Zi& L 72 GF/B filters L2 7

NWNERILT, AamlDOKG LT vBA RNy 77— TCAEWEH L. 7 4 V2 —ED

FARRITRERY v FL— a2 —ICCHIE L, BH]-HC-3 O EAES 1T, 10

uM DOIELER HC-3 /7 F TOME 2R MEE L LTREELVEIKCZEICEVE

HL7-. BHI-HC-3 @ Kd fii, Bmax fE(%. Scatchard plot analysis (Z X > TR 7-.

3.2.7 CHT1 %38 COS7 fifamsE&!

mEfE= Y v v Z AR —%— (CHT1D® cDNA % rat brain stem-spinal cord

lambda cDNA library KV HEEL., F T A7 =27 v a b HAORBERI X —TH5H

pcDNA3.1 (+)-CHT1 3% L7=. COS7 #ifidiL. Dulbecco’s Modified Eagle Medium

(DMEM) (Z 10 % FBS # /% 7=, poly-L-lysine =— k L72 100 mm D77 A

TAYIT 4y a2l THE L. COST #ldi Trans IT-LT1 % MW T pecDNAS.1
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(+H-CHT1 D+ T2 A7 =7 a7, 2 BEEZEO%, EIar 7 L2 FolREE

272572 2AT, PBSICEVMilaRimiz) AL, -80°C IZTCT 4 v+ aleT vy

TAETRGFEL. DX, "I AT T g EThrew COST At [FE

HELTCUTOERDO=a hr—/L e LTHWZ. COST fifdizisif 2 CHT1 OF3EL

X, Pt CHT1 ik TH % AB5966 % V7= v =A% 71 v k& [BHIHC-3 binding

assay ICL VB LTz, V= AZ 7y hCIE, MlaoFREY R — h% Laemmli

sample buffer (1 % SDS, 31.3 mM Tris, pH 6.8, 5 % glycerol, 200 mM

2-mercaptoethanol) (2T 37 °C, 15 MOt TEAELME ST, FiEITXY

SDS-PAGE (Z CTJEB#%% polyvinylidene difluoride (PVDF) & LEic7 v > F L7z, 55

L7 PVDF J&iX, 5% AF¥ AL I/07, 0.5 % Tween-20 5 ¢ TBS-T (I2CT7 2y ¥

7 HAT, 1 REUAE AB5966 13 0.5 % AF A 317, 0.5 % Tween-20 # & ¢e TBS-T (2

T 800 fE7A R L CALE L, —WBipin S8/, 1 kPR omHIicix, 2 kiiE (2500 fE47

FRD horseradish peroxidase-conjugated) % F\ 7=. PVDF f% TBS-T (& T4,

ECL kit & AW CHRERGHEZ R LTZN RET v b A—X—T® % LAS1000 (Fuji

Photo Film, Tokyo, Japan) THii L. Science Lab 2001 Image Gauge software

(Version 4.0; Fuji Photo Film) (ZC#Hr L7=. CHT1 O3EBLOMZEIZ OV TIE, 3.2.6

(ZHE U 7= [BH]- HC-3 #E&Bric L~ ThiTHo 72,
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3.2.8 CHT1 HIFMIEIZH TS [PH]-MKC-231 #E&HER

[*H]-MKC-231 f&#BRCiX, 7 v kA /Ny 77 —L LT, 300 mM NaCl Z&H
4% 50 mM Tris-HCl buffer (pH 7.4) % V7=, BfERAF L7- CHT-1 J8HLML Dk
MiZ 500 ul OF vtEA Ny 77 —%Mz, BVAT LA NR—THIRZNEHEDT, 5
MAzaEELHT, FI7AT 70 REDTF—IZTI0E, ©o< Y EFRETFA AL
7o, T OFMIREIEKE 2 Tris buffer TARL T 3.2ml & L CHT1 ZBUEEE M & L7z,
CHT1 #BLE 250 Wl 27 v A RNy 77 —THNRL T, BEHIHZIK -
[BHI-MKC-231 /L, 500 pl £722 X512 L7, KtiE 4 °C T—BEAT720 . 0.1 %
polyethyleneimine ¥&#RIZ & & 7> Uiz L= GF/B filter LICIEET 5 Z & C Kbk %15
IEL, 74 0¥ —134ml OXKGB LT vBA Ny 77 —ICC3EWEGF L. 74 VH
— LOBPEEITRIR Y v F L= a U T X —ICTTHE L. BRRE S REA
5. FEEFRD 10 pM MKC-231 f77E F COREGEFI< Z & TRd7-. Scatchard plot

analysis (ZX Y, Kdffi XU Bmax fEZ R L7,

3.2.9 Biacore EFZE ALV IEEHRMMEAER

EIar 7Ly MIEE SN CHT1 %38l COST Millu4  55&MH7- Y 2ml & 30
mM HEPES buffered saline (150 mM NaCl, pH 7.4, 4 °C; HBS), 10 pl ® 200 mM
phenylmethylsulfonylfluoride (PMSF) &AWL T, BV A7 LA N—TREED
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7. A OMREE LD THIA-T 7 R EYFTHF—ICTI0H, o< Y ERE

VI A XU TR 2 R L CHT1 3RS & L7z, CHT1 FEHBAE 1355

\ZEEH 35 & T80 °C I THRAF L7=. #iBR 3 CH 5 MKC-231, M-MKC-231 & O HC-3

I3 HEPES-Buffered-Saline (HBS) (Z THfi# L. HC-3 Z MR L L THIW .

Biacore assay (%. Cooper ©® J5{%:(Cooper, Hansson, Lofas, & Williams, 2000)(Z %

U CT{7-7=. BIACORE X (Biacore AB, Neuchatel, Switzerland) {Z Sensor Chip L1

(L1-chip) #%£35 L. surface plasmon resonance (SPR) response % /€ L7-=. L1-chip

IR A O GHEBMNICHE SNt o —F v 7T MlROBAE %2 & o — EIZhE

B EBE UCHEMRR, BETAHAZENTES. HBS ZB#EHHE LT 2 pl/min O

O L, AR O B EIZ BV T ML 2 2 pl/min Tt L CEE L7z, Ll-chip

i, =777 X2 & LT40 pl @ 20 mM octyl glucoside (OG) % U THLERE L

7et%. 80 pl @ CHT1 ZEILAMNM#E A EA LT, Ll-chip BIZIEE —HEEENL5

Li1-chip (CHT1 sensor) i L7=. NI A7 =7 v ar&iTbvy COST Mfus

OB U7 M ik & R oo =2 > e — L & LTHW, BIld Ll-sensor chip EiZ[A]

FRICIEE L7- (Reference sensor). SPR OGN LEE LTz & 2 AT, WK 2 & Hoinik

% CHT1 sensor K U® Reference sensor (Zx%f L CIHEAL7ZZ. SPR OJHMIDUWNT,

Li1-chip (9% #REE DR G ik, MREEHIHR & | PEREEOTEARITR TD SPR OKIE

D7 (ARU) ZFHA L 7=
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3.2.10 T—AfEM

Scatchard plot {2 X BT L V. [BHI-HC-3 54, [BHI-MKC-231 #54 o Kd 5 M

O Bmax fE&EH L. BH]I-HC-3 A I12o0WTE. Km & O Vmax (I 5 ¥t

A E7#% ttest (Normal vs. vehicle) KO, DO TEE TH-2HEIC

Dunnett’s multiple comparison test (vehicle vs. MKC-231 treated groups) (& CHift

L7-. BHI-HC-3 #&& 128 T MKC-231 OfEA # it L 723 Cld, Mt aEE%

t-test (Normal vs. vehicle) &' sample X dose two-way ANOVA TH E72GH

Dunnett’s multiple comparison test (vehicle vs. drug treated groups) THigtL7=.

Biacore {£I1Z X 2087 Clk. 4 OFEERTHE L7 #ERFEY D SPR OfEA k5 ka

i K% O kd fE % BlAevaluation 3.0 (Biacore AB, Neuchatel, Switzerland) % H\ T

simultaneous curve fitting (5 CHEH L7=. fi#TIIZ O FIEOKEDORAZE[E L T,

ARU 7 10 RU L ETCTHABEAITBWTOIRITo 1=, HERIK L& o —BIFMEIT.

Kdfie LTU TR L VEHENS: Kd=kd/ka. fEEatEo7 4 v 40 712B

WTHE LN D FBRETH 5 Chisquare I£, 7 A XOFEEEEZ R LTEY

T4 TAYTOETUIEYOREEZTIHEETH L. BETOER LN T v s

IZH#L5 & Chi-square 2% 10 U FTHDLZ ENIWVWERFETHD L ENDH T LN

#HINTEBY, AEORBRIZBWVTE Chi-square 725 10 LLF TH LN 7-EEE R 2 E

WD LH R,
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3.3 #ER

3.3.1 HACU QAIE

AFG4A JVE Z ~ NEB 7 bV — A2 5 HACU 1233 % MKC-231 O 7 &
REREHW TH D M-MKC-231 O 285 L7z (n=6). AF64A ALE(Z &Y, HACU
1% 50%LL FICK T L7228, M-MKC-231 (1012 - 105 M) 1, WINOHAEIZB W TE

VER 2R & 72 )v» 7= (data not shown).

3.3.2 [PH]-HC-3 #£&HRERIC KL D&t

7 v MEBIZEIT % BHI-HC-3 fi&1c k1) 5 MKC-231 OEH Z kKt L7- (Fig. 8).
HC-3 [T mWEmBftE= ) o 7 VAR —F —OHEEKELE NG TH
%. IEFEYTIE, MKC-231 (1072106 M) [X[BHI-HC-3 f5 &2kt L TR ERIER &2
&Moo 72 (Fig. 8a). AF64A ALEENMIZHB W TCix, BHI-HC-3 # A IX IEFEM O 50 %
BEAEIZIET L, MKC-231 (1012106 M) /%, 2O TICx L CEFEYD 70 % 2
EEToEELRL, FOEMIE 1010-106 M IZBWTAHE Th - 7-(Fig. 8b). Table 1
IZ Scatchard analysis OFER AR L7z, MEHE YT 7 K Y — A28V T AF64A ALEIZ K
V. Bmax ZAERETZRTOICK LT, Kd BICITEZZITR R T.
MKC-231 (10® XUt 106 M) /% Bmax [EZ A EICHEMSELEHERL, 20L&,
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Kd EIZAE TIERWPMEN KR E < R o EN LT,

25
= 201 T
‘©
2 £ 15
'E =%
= oo
‘?% 10
3 s5¢
&
0
Vehicle 12 10 8 6 Normal Vehicle 12 10 8 6
MKC-231 (-logM) MKC-231 (-logM)
AF64A-treated

Fig.8 Effect of MKC-231 on hemicholinium-3 binding in hippocampal
synaptosomes of normal (a) and AF64A-treated rats (b). Rat hippocampal
crude synaptic synaptosomes were incubated (37 °C, 30 min) in the absence
(vehicle) or presence of MKC-231 (varying the concentration from 1 pM to 1uM).
The aliquot of the synaptosomes was washed once and [3H]-HC-3 binding assay was
conducted at 8nM of [3H]-HC-3. Specific binding was calculated as the difference in
radioactivity bound in the presence and absence of 10 uM unlabeled HC-3. Results
are shown as mean+=S.E.M. (n=6 for normal rats and n=9 for AF64A-treated rats).
#; p<0.05, vs vehicle (t-test), *; p<0.05, **; p<0.01, vs vehicle (Dunnett's test)
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Table 1 Effect of MKC-231 on [3H]-HC-3 binding in AF64A-treated rat
hippocampal synaptosomes

Treatment of Drugs Ky Bmax

animals (nM) (fmol/mg of protein)
Normal \ehicle 72+11 371+69 #
AF64A Vehicle 83+19 18.2+2.8
AF64A MKC-231 1.0 uM 12.0+35 303+59 *
AF64A MKC-231 0.01 uM 125+ 35 283+3.1 *

Rat hippocampal crude synaptic membrane preparations were incubated (37 °C, 30
min) in the absence (vehicle) or presence of MKC-231 (1.0 uM and 0.01 pM). The
aliquot of the membrane preparations was washed once and a [3H]-HC-3 binding
assay was conducted with varying [3H]-HC-3 concentrations from 1.0 nM to 32.0 nM.
Specific binding was calculated as the difference in radioactivity bound in the
presence and absence of 10pM unlabeled HC-3. Values of Kd and Bmax of [3H]-HC-3
binding were determined using the Scatchard plot analysis. Results are shown as
meantS.EM. (n=4). # p<0.05 vs vehicle-AF64A (t-test) and * p<0.05 vs
vehicle-AF64A (Dunnett’s test)

3.3.3 [PH]-MKC-231 # & ER

CHT1 %8l COST Mifa DMz 35 1F % [BHI-MKC-231 # & Z #5+ L 72. CHT1 O

fa o8z, fi CHTL Hulkz v/ e el T L7z (Fig. 9). CHT1 OGN

> FiZ 45 kDa fHLIC Ao, T LD RRmWLEIZ R S 530 B b EHER S 1

72 CHT1 ®» RFTh D EE 2 b= (Ferguson et al., 2003). [FHI-HC-3 A2k

T CHT1 RBEAMIAIZIHB T 24.2 fmol/mg of protein DA EFE AN R S+, CHT1 &
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BHIHETWARWnary ha— /Lo TIX 2.4 fmol/mg of protein TdH - 7-.
[*HI-MKC-231 1%, CHT1 #HMLiZ3 T 150 nM  [BHI-MKC-231 & F\W = #E 43
BRC 56.6 % DO EMEAZR L, Scatchard analysis IZ K> THHEN7Z KdE KO
Bmax fEiZZ N Z4I. 4.7X107 M & 134.9 fmol/mg of protein (n=3, correlation

coefficient r= -0.825 to -0.881) Tdh-7-. [BH]-MKC-231 1%, => haz—/LiBW

7o CHT1 FEF BRI IV TIE, FERFEAIXA O e o 72 (Fig. 10).

©
=
=
]
(&

CHT1

CHT1

Fig.9 The anti-CHT1 polyclonal antibody (AB5966) recognized CHT1 protein
in the lysate of CHT1-transfected COS7 cells but not in non-transfected
control cells. Western blot analysis indicates the level of CHT1 expression in
transfected COS7 cells (18.75 pg/lane). CHT1-IR Bands were shown in a duplicated

manner and might reflect glycosylation of CHT1, as reported by Ferguson et. al.
(2003).
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Fig.10 Scatchard plot analysis of the binding of [EH]-MKC-231 on cell lysates
obtained from CHT1 (+) and CHT1 () COS7 cells. The Graph shows a
representative experiment conducted with sister cultured cells. [3H]-HC-3 binding
was 24.2 fmol/mg of protein in CHT1 (+) cells and 2.4 fmol/mg of protein in CHT1 ()
cells. [BH]-MKC-231 showed specific binding only to the CHT1 (+) cell lysates.
Scatchard analysis revealed Kd and Bmax were 4.7x107 M and 129.1 fmol/mg of
protein (correlation coefficient r= —0.88).

3.3.4 Biacore EFZE A=A HMEHR

MKC-231 78 CHT1 IZ#567 52 &%, CHT-1 %3l COS7 Al a2 FHvy,
Biacore assay |Z & o CHER L7, EBRICHWZ CHT1 FEBLMAL & OFER B O
[*HI-HC-3 #5&1EL. 8 nM [BH]-HC-8 D& TE 4 57.0 £ 8.4 fmol/mg protein K
W 1.7 + 1.3 fmol/mg protein T& ~7-. Ll-chip |Z X - T Biacore assay (& CHIE X

1% SPR response @ time course % Fig.11 (TR L7z,
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HC-3 MKC-231
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T 350 350 )
()] .
w
S 250 /—‘. 250 : .
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-50 Control] ontrol
0 100 200 300 0 100 200 300
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Fig.11 Representative processes of SPR response in Ll-sensor chips in
Biacore assay. HBS running buffer was replaced by each drug solution at Time 0
and returned to the running buffer at the time indicated by the arrows. Response of
CHT1 transfected cell membranes and non-transfected control cell membranes were
recorded. KD values were calculated using the simultaneous curve fitting of
association and dissociation process of SPR response for each experiment.

MKC-231, HC-3 & Tt M-MKC-231 @ CHT1 (Zxf+ A4 E4ES 0 Kd il %

simultaneous curve fitting EICTHEMH L, Table 2275 L72. ZOFIETO HC-3 @

Kd I35 100 M A— X —Th 5 LR S, 2k, BHI-HC-3 AR BRICB W TE

HEns Kd ERBETH-7-. MKC-231 LY M-MKC-231 @ Kd fEIXF 10° M,

105 M KOV106M & ZnZEhAEH S .
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Table 2 Estimation of KD of compounds for CHT1 transfected cell

membranes.
Compounds [M] ARU Ko (M) Chi?
MKC-231 1.00 X 10 43.6 1.84 X 10° 3.61
1.00 X 10™° 48.1 4.40 X 10° 0.36
2.00 X 102 42.1 4.01 X 10° 0.78
3.00 X 10 45.2 2.01 X 10° 2.04
HC-3 1.00 X 10 94.1 5.61 X 10°® 2.33
1.00 X 10°® 18.8 152 X 10 0.24
5.00 X 10°° 24.6 7.71 X 10°® 0.33
1.00 X 10™° 13.3 1.77 X 10°® 0.11
M-MKC-231 1.00 X 10° 15.7 9.32 X 10° 0.16
1.00 X 10°® 53.0 1.65 X 10° 0.19
1.00 X 10 17.4 1.04 X 10°® 0.27

CHT1 transfected COS7 cell lysates were immobilized on the Biacore Li1-chip and
nontransfected sister culture cells were used as the control. The SPR response curve
during association (ka) and dissociation (kd) of the drug with the Ll-chip and
residual SPR response (ARU) observed after treatment with the drug solution were
measured. MKC-231, HC-3 and M-MKC-231 were estimated for their affinity
(KD=ka/kd) to the CHT1 protein from curve fitting calculations using the
BIAevaluation 3.0 (Biacore AB). Results are shown for each experiment in which
different doses of the test drugs were employed.
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34 EE

MKC-231 D7 L7 AZHIT % 2 U AEBY R IRTE VR H O 5540 224 e b &
FNCFERZATV, AR 2 DOEBERMRZ R L7z

—>HIZ.in vitro TOLLEIZ L W MKC-231 TR ETE < miftE= U > b
7 v AR—4— (CHTD) OHEEMLIIEMEH T D2 L 2P 5T Lz, AF64A ALE
7 v MEEYFT 7 vV —2E Az BHIFHC-3 #ARBRTIE N T v AR —Z —DHD
2% R"E 9 2% Bmax EOA B REMN R 6 ivie— 5 C KA EDOZMITAE TlEze <,
BAMEOZE TR RN Z R ST, EFREYOWRE T 7 Y — ATk MKC-231
XN O OEEICH L THERIERIZR AR o7, ZThETOREN G, HACU
IZBWT b7 U AR—F— DN X DHEREOITRRC, M2 & OEEN D DEIE I,
RFNCHFEZONIZ P T U AR—F =2 MIE) M C s E T2 &Ik TTD
NTWDZ &R ENT & 7=Avy, Newkirk, Karim, Mtshali, & Townsel, 2001;
Rylett, Davis, & Walters, 1993). CH1 M[EE S 7=, HACU (1%, CHT1 O
U A U AR 25 77(E L. CHT1 13 ACh &A% % ik i 77(E L C B
AR OHAI T 7 AT BITHAAEN D Z E B LIS, CHT1L O Y F 7
i ECOBOEMZIE, ACh EHOEMZMES Z LRI TS (Ferguson &
Blakely, 2004; Ferguson et al., 2003; Ribeiro et al., 2003). %£7-. CHT1 ®»= > K¥ A
= 2D 7 vt A 2L clathrin (ZBSE# L7220 THMEMEIV T 0 . CHT1 O
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ECTOFEICHIBZNZ TWD Z L HRIBIN TS (Ribeiro et al., 2005; Ribeiro et

al., 2006). = OFA) 2 FHEIRERE L. Z U FE Tlo 2 U AR MR O FEETERE I oW T

A SN TEHE, fl2 3, MREERICBT 23 ) o T U AR — 2 — ORI

SR, 2V N T AR— N T T3 Y CMRIEME O BRI AR R & P JE e

<FBAT& % (Ferguson & Blakely, 2004; Ferguson et al., 2003; Ribeiro et al., 2003;

Ribeiro et al., 2006). A E O T, MKC-231 X3 T 7 A LD F T AR—Z—D

Ha 0 LT HACU %{f LT % 2 EAVRS N2, ZOfERIE, CHT1 02

JVERIE S AT WK A FAVEA N DIANTRETH H L E 2 v, AF64A WLE 5

v N TTIE, 3 2 EORET. MKC-231 I3 s Nz 5 & ZIT/EHEHTH ACh

DI 203 2 & NEE) 5 7= Z & H 5 (Takashina, Bessho, Mori, Eguchi, & Saito,

2008), MKC-231 (% CHT1 N+ 7 AEEHE L HELD AT 58 4 BHE 3 5 Al §E

MENREZ 5D, MKC-231 ©F v h TOMRFYEHEIL 1 BELL R TH 503, AF64A

WE T v b ~OHFNBIEDOFGAZ &> T, 23 TITI oM 2> S K L2 LR, 51

2L O 48 FEZIZB W TH, fEHZFRIICRT I ERHEIN TS

(Bessho, Takashina, Eguchi, Komatsu, & Saito, 2008). AF64A #LiE~ 7 A2\ T

b, RO GIC L RIIRIC D7 238 RE O UCEEM & . 1fS ACh OIR T Ik

T 5 EEA DAL G- 20-24 BRI ICB W TR BN TS (Murai et al., 1994).

I OFRE LB IL . MKC-231 ® ACh &R OEE & FEfE 6 Ll T %5723, CHT1
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DT T AELEOBOFHRAIEME WD B b bR TE2IEATH L EE A BT,

TOHOHERIZ. MKC-231 75 CHT1 \Zxf U CE#EM RS BMEA2E > = L s,

[BHI-MKC-231 #&& & Biacore 1EIZ X 20T CTH LM »7-2 &£ Toh 5. Biacore ¥

WZE Dok W Tid, B —F v 7L LT, Ll-chip ##R L7=. Lil-chip (%D

Kl LICEHESNTT XA N7 U EHE TR Ko TIRE B A 2 [EE

TE 5P —ThH Y | MBI &2 AR L7ZIRE “HEIRE LCTHEEST D 2 L8

FRETHDH. ZHETIZ, flx OEITHONWT, IFERE OFS M N o' P —F

v I X > THTbI T 5 (Abdiche & Myszka, 2004). 4 [E]D%EER TlX, Lil-chip IZ

L5t —%, CHT1 OFH, IERBMP OBk s LTt L THEET S 2 & T

il 2 DEERZT LB L7272, ARU [ZHW=lioa T o a oRofllc 07T vt

ANZBT DD Y —~DEEME DR B AT THRRDEER L. LML, ARU

WX, BRI Kd A0 T2 %4 5 2 3 HC-3 @ Kd fEiL. Biacore 1EIZ XL 55547

L BH]-HC-3 fEAaRER & TIRIERZEOEZ /R L7=. > T, Biacore 1£IZ XK 5 0HT1

Y PHMEZ RT D EEZ Bz, BHI-MKC-231 6 X 0 1554072 MKC-231 @

Kd fEIZ% 10" Th Y . Biacore {EIZ L2000 HHEE S vz MKC-231 @ Kd fEIZ

F1109°M ThHDH. —ODOfEOFET., —H#IZiX, ERFEOEVERKBLZLDLEEZ

bz, —ooAHetE & LT Biacore I K 20 Tldbomo—77 27 %k

T® 5 octyl glucoside ZALiE L CHEIZHE®DIA 7= CHT1 O EIFER I I Hd <
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LTWAHZENRETON, ZOZLICEVTFIA4 FThHLEWH CHTL ITHE LS

FTLROTAREMEN B 2 bivlz. BOTFREM: & LTI, Biacore Dk —F v 7 ki

JEAEE SN D Z & T, BWEEONS O T CHT1 ORIEIZHE S IZHEE DS ATEEIS

720 KR, EOWNMANZ MKC-231 OFEE&Y A b 3MFEE L7236 121%. Biacore £D

NI OFEAIITERN e o T ATREMEN B 2 b b . MKC-231 O ERGHMW (T % 1K)

ThHH M-MKC-231 OfEtt Biacore IEIZTiT-72. M-MKC-231 |ZIEE T RS

MG DN X 5k THh 5. M-MKC-231 @ CHT1 (2% % Kd f#fiX.10% - 106

M EEH SN, CHT1 ~OfEAa13 MKC-231 £ZLAKIZEL~~T 1000 fEFEET - 7-.

M-MKC-231 (102- 105 M) 22\ Tik, AF64ALE T » "B T 7~V — 4B

7% HACU ([2OW T bR 2 T 122, AEREMITA bR -7z, LUEDORR)

5. M-MKC-231 {Z2oWTIET7 B IRKDOEL LD 7 3 — BN TEH CHTL ~DOfsEE

BRI IEHE -3, MKC-231 & CHT1 O EEN LSS, T OEKZPMER A R~T LT

FEEREEZH S TWAE 2 LRI,

H 2 EORFHIBW T, MKC-231 @ HACU OIEEEREB MY > 5 A

R—2—OENNE AF64A LB T v MEBIZBWTOL R L., EFHT v MIBWTIX

BN hol-. 202 LT, 2 FETO MKC-231 @ = U AEEN RS Z~DIERIC

B2 & —E4 % (Bessho et al., 1996; Murai et al., 1994). Z D Z & Z#HT %

—ODAREMEE LT, Y F T RIZEITH ACh EOFHENEDRK EEZX HZ LN TE

56



%. HACU I ACh &R OHKEHECTH 5725, = O ACh f7% HACU % FEE A

LT, 7RI 5 ACh BEZEUNIR > TND EVWHIMENRH S (Jenden, Jope,

& Weiler, 1976). AF64A DONENFGIL, REIFICHZD | Mg ARD ACh &%

WL EXFEBHTZO, +5378 ACh MRS RICE 2 BV TV A IEFEMIC X T, AF64A 4L

B T, SEEAAREIC L > THERIA S IC T DOEEZ mD 5 Z L TE L REME

MEZ LN, -, BIOAREME:E LT, MKC-231 23, >+ 7 2K Eo CHT1 3H%

PIRIMEICARE LD, MilEICH D CHTL O7 A —EEICEEL TV D lREMEN

EZbD. DX H7T U —EH & LT, prostate apoptosis response 4 (PAR-4)

DW|ENHY . ZOEBITMHRENEOET LVE), AD X° PD 72 & OMfRZEMRBICE

WTZE DM HRE SN TS (Guo et al., 1998; Xie & Guo, 2004). CHT1 @ C Kb

4y DOECHNEHACU OFFEINCEE TH D Z & 2V S, PAR4 <° SEC14L1 (Ribeiro et al.,

2007) 2 OB EANMEEER 2D, CHT1 O 7 A BB A2 T L Tn»

LT ENHE SN TWS.

VL EofE B2 s E 2 T MKC-231 OIERET O mrietk ic >\ TR % Fig.12 12%

L.
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2) Enhance the
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Cytosolic poo

Fig.12 Hypothesis of the molecular target of MKC-231 in enhancement of
HACU

MKC-231 @ CHT1 i&MFRENC BT 2EA S OFHEM: & LTI, 1) MR S
- CHT1 O 7 > B —E A5 Ol 2) ACh F BRI D S F 7 A EA~D & Ok

3) T ARE D OFBEN~OFEE Y ABEDOILED 3 5013 %E 2 vz,
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35 E#

MKC-231 @ HACU 12#EMEH D A 1 = X LIZHOWT, IO FIEE VTR
AR OBER T2 E YT 7 b Y — A3 5 BHI-HC-3 2 W= Y 7 R
fEGakBa b HEH L7z Kd 64 O Bmax filin2 5, MKC-231 ®» HACU fR#E/EHIX, ~
FIABELEOBBRAEZ Y VR T VAR —Z — O ECTERICE S Z LR
Enie. Fo, @ERE= Y > T AR—%— (CHT1) ZFILSH7= COST Hifa L v
TR L7272 VT, [BHI-MKC-231 #5458 & O, Biacore 7:% FV /-
BEFERER 21TV, MKC-231 25 CHT1 (2% L CEHERAT 5 Z RS, £ O
EVESEB AR 22 O R B BB A Fr O W REME DS RIR S 47, CHTL I2iE, N
7 NGEREE AT LT RETE AT 2 Z i STl . MKC-231 X2 DY AT
LT 2FREERIC LY . HACU (B2 95 2 U AFBIMEAR RIS M O IRTEAEH &

RLTWDAREMENSZ LT,
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FAE ER

AD BEMICB TR, BER ST 720D & & 7 AREOIE T AHE ST
% (Coleman & Yao, 2003; Scheff & Price, 2003). =t U U EEMEMREZ DT L F 7 R
DA EITRBINFERE DFEE & IEF ICRWVELEMENRBR I TE Y (Collerton, 1986;
Rylett, Ball, & Colhoun, 1983; Sims et al., 1983), = U VHUV IAHZDHE X2 U 1E
PR R OIETE S MBI 5 2 LIRS ST\ b (Kuhar & Murrin, 1978;
Simon, Atweh, & Kuhar, 1976; Yamamura & Snyder, 1973). F7=. ARG L7
HACU KO [BHI-HC-3 #i& 1%, AD BEMICB VW THEK TFAREINL TN D
(Kristofikova, Fales, Majer, & Klaschka, 1995; Rodriguez-Puertas, Pazos, Zarranz,
& Pascual, 1994; Rylett et al., 1983). S [EIDOAFE L, B S 2272 > 72 MKC-231 @
2 AFENEARRRTEE & £ OEEEIE. ChE PHFEHSM O =2 U AR R D
ZREREE L TR RRD0THY , AD BEMICENTHELNA TV D B XL D
RERDND S T OMREBIR 2 W S, B LWIBIRFER 2RI 5 TR E 2 bh
%. HACU %425 CHT1 OFHEEMICIT, WELERMEADLNZL | A% ONTENHE
e T MKC-231 OfEREFIC OV T O HZ AR FTREIC A2 D 2 bRy, £,
WHZ CHT1 ICEHERICAEM L, HACU Z#ifiid 2 K0 T e oz L < vl &

M5, MKC-231 TOHEIRNZ OfFINCHENLTH Z L 2R L T 5.
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