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BIW F OB

MEFZE I SR o d 1 | S 2 B0 EEE, EER L O GR¥O ST &

EIoT, Bof, WHYE, TELv S T ETLHRBOTHIRHR L LoTW 2

DHFFRTH 5, HOBMELEZSREOHMIT. EFENL, BICIZHEM 2 EEO R ®
KELLLTHDE L TMFEN TS, HIC, RO RSB OFRIL = o -
DaryEa—F—2ERMITTREELAL TV2, BFEOEEHICOVWTIRSE6E
NHEETHLL, 10FEECHICT 2 ) AERE TR, UBEOT v ¥ 2 KFHIC L h2oit
RRAEOI0FEZ MO0 & L TIHFRZHEEL L9 L v ) EROFHIRESH, Th
R THARTH 2R EZRMOBRICL L5 L v EBIED EFoTWwE

0L RRFFREREEL L) LB X OEMIZIE, EAOBMICHT 3RS TE
£d 5%, L 2D ETAEWBLTENT 5. ElLLiZ, EDEEOMRHY
% 4 7R

RIS E LD AT S ET CH LM, EPIcL o TEVSEZ LIE S
NICHLDRHDOZILETHY, TLBMY ETHEORRET HICIERMCTH o7 £ O
LR EZ B R B 128> T, BkEICBI 2EMBEOGTBHTOR D KX %
EOVEDL LT, ZBEROBMMIIHNT 2R RN 27 0—-X7 v 78h, FnLFEEICH
SHFOERICIDELLV) SOFHENICRIONZ L5122, ELHEOH#
MRRVMFEND L) ko TR, FHPRIZ IO TSI TREFLEL LD 57
PHVBFALTHIREALER SN AR > bW 2 EARIEML, IO —3
TR WIS PORETHEL T2 7y —ANHLD L J 2% o 70 AHEHINLARE
EXZTTRICEL WAL MBREMRBE T, 205 bofEMHE—2d/5—F 2 v
YHThHD,

I8—F 2V R 1817 4 ¥ A OFERfiames ParkinsonlZ & o THIH THE 2 h

724 (tremor). [E#7 (rigidity). %) (akinesia), BEFMNEEL 4 KiEikL + 238

L) Rig:

ELMHRBTHY (Parkinson, 1817), FOHMEOMMA I —0 v NOFLFETEOR




FITHo T Lh b, YMIZEFHEREY X 2BHHRICIZ0TREV»EVDR,

—RALIRFE, v H v, Zhidbik

« KRFOMA LWUFRERE LTDR, L2
L. BIEEGIEr o 2t BRE LD 2, SIBEEREINT, MO LIRIR
bhedh ol

N=F V) VIROBURENFBEINLDIZ, m—F I Il L2B008 5,568
1005E % D19194F- D = & T % (Tretiakoff, 1919)e = DA LHTO19134F 1= Lewyld Al 2L i
% (basal ganglia) D40 (Meynent®) (2% 7 A OMBNH AT R R LTS Y (Lewy,
1913), COHAERKZICLewy/MEE £ffT b, BETIR, BEHRTRE
(substantia nigra) I OKE K U Lewy/MED 2 SATED LB Z L HN—F 2 ) VKD
EFEL>TWD, TNHDREPON— ) VHOMHRRBEILE oL o T
B,

ENDLFEL o, F— IV PRAICHFEL., EBABRICSVIENIRER

&M (Carlssonetal., 1958), ¥ FOHFI— V7 I VORAGHLBELEZLEZ S, /1
IERTYVVOFHE F—RI 2 OGHHBLL B oTWAE T LAibh -7 (Sano et al.,
1959) M, F— 83 Vi /NI 37) YONMBKICTEZVwE L bR TVED

T, ORI TFENTH o7, F—/83 VIZRIRH (caudate nucleus) & 4 (putamen)

26 7% B (striaum) (2 BV TRIREICHFEL, BH, $RER (globus pallidus) I H

Bl Dotz BT, N—FV VY VRBZEORBRDOHT 3 — LT $1 - aAD
F—=s33 Y @A L o 18O B TR A H & N7 (Sano, 1960), Hic, MRk B
BIHD, MEECEIL TV F—83 V2 HRGEM R L T2 A FEL, S0
HRENTEEICEEE L TwB e MEDE B ot BUETIRBEHEHO F—33 v 1
Bid, EREODZRRETT F L) YEICHEH L TVW A MlitREcH 2 =
LRGN TS,

N=F Y ZHICBT 5 BREOBROLEOFEICH LTIk, REEHRICE 2 h#E

O, T4 VAR, BEREN D 245, ROOFED 5200455 € 720724 b FHEHAH
KELRELRFHDL Y ZED TR,




R i & 3 2
ARV BRBEORULE

D, EROBEDOR

WThHo 1-methyl-4-phenyl-1,2,3 6-tetrahydropyridine (MPTP) 252 A

127:86TH % Z LHDH 5 7= (Langston et al., 1983), MPTPIL i e

% 38  BAROYY) THIRO—BTH2ZTA o4 FOBREI 73 > 31, =3
(MAO-B) I=& UMPDP %% T, I-methyl-4-phenylpyridinium ion (MPP+) % 7 0 _ dopamine

e e~

% L %3
transporterD R & e o TF—233 »

TREBICY AT -

h, 3 barky ""IlU,'zSﬂb‘?(‘umpLxl’” # L. ATPEA:
JE

:FHT F—783 o4

£ 5 L¥ 2 (Chibaetal., 1984a; idem, 1984b: Ramsayetal., 1984), D A% — 43

KICMPTPR b — 1) — LIFHIENTW 2 (Fig. 1-1),

3

ENFPL -1 4

MPTPA/S—% ) “X AR RET 5T LM S N TUE, MPTPIZH

DRI EEWA =% 2V VRBEPR E LTEB RO TES, =% Ve

EBWTHEH ISR L, MPTPRMPP'IC & - THE S 13 F U Y v kB ERE R H 1 %

1t

ISR 2 ) == 7 %47, 1,234- tetrahydroisoquinoline (TIQ) A ffi £ # T & 2 ] ikt

% LI L 7= (Nagatsu and Hirata, 1987),

RADTNV—TTI}, BERT V7253 DALY D

< FHZTIQ A TF 1-methyl-TIQ

(IMeTIQ) % 7 » FNA 548 1 L (Kohno et al., nookemi, ek,

23, 77 b TOAD, BEEUHE4ORBIC

£ %R L7z (Ohtaet al.,

1987; Makino et al., 1990a; Tasaki etal., 1991), %0 E FEATIQE X /¢
FYVRBHIBVWTERL TS LML L2 (Nivaet al, 1987) 4%, L4DTN—F
i, TIQER/NS—F Y B ELREAOMIE EE LD o A IMeTIQRE A/ — ¥

VI VIRBETHE

v Z &% B L 72 (Fig. 1-2; Ohtaet al., 1987)

B TIQRE (4 > VI IIE 6D & ) WA e d o7 ERTIEL T 2, 3 75y
IMETIQIXIIMGIZ & > THMAT 2 Z EHHEh L 22 o7 (Fig. 1-3; Ohta et al., 1987; Ayala

etal, 1994); IMeTIQiE, /i—F> v >

HDALZL T, MBEOMPTP %455 | 7:2%-
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Fig. 1-1 Structures of MPTP and TIQ derivatives
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Fig. 1-2 TIQ and IMcTIQ Contents in Human Brain.
(Ohta et al., 1987)
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Fig. 1-3 Relationship between Aging and Contents of TIQs.
(Ohta ct al., 1987)




L7z (Tasakietal., 1991). = #

5, IMeTIQIZ /S

DR B3 50121

YV ZXLH, IMTREHZST A EICENSE

1 7

= (Fig. 1-4; Tasaki et al.,
1991)s TIQ & IMeTIQHE 1 fif1C 2 F W Asd A D VA DWW T TH 245, ZOH ik

LD R KA OR R A M L TWE S L EREIEV, IMeTIQIE 1 {7

A F NIEDAL

L& o THFRIEERE LTIHES 2205 ZOXS

RYEETFAEIE 2 ¢ M,

) MRERURMTHARL LIS, £TSKOHH% { F4E L 72 (Makino et al., 1990a)

70, IMETIQDAEAHICB L THE

BLINT

s P22 XRFNMTIHLE

B OIMeTIQA AR T AMENI Pa v FY T+ F T/ — Al

SFHB AN TS (Yamakawa et al., 1997)

L7 V—T712, TIQOERFY X4 LOKRELETH )., 204BWiZDAT ~ b

DAV A TR TH R

PLTWAZ &, RUTIQA M A 4 th THFEIZH
MLTWAHZ EHRML T2 (Ohaetal, 1990), DAT v DL 77 ) ¥ & > @ poor

metabolizerDE 7NV & LTHIGNTE Y, 77 VF ZBTIQH#EAALTWS Z &+

Mo, HFRT OMBEEDECEORE PR FIl¥E b ISTIQAHEM L Twad & #

77 V& AAUMEEE (CYP2D6) DBEMREE S, 1$—F 2V H{ick o

WATF—FLEDETERATHILERDHIHERTH L. TIQ. IMeTIQiE, # 7

I—VEREF kv

B ¢ |

L% (Kikuchi et al., 1990).

PDEDEENIS, TIQERKIZ/ —F

ft&mThh, &
IHEAZRASMFE SND, T2, A= F Y/ RBEORFEMED, 5F810,000L
FOGWICIE, HlE =783 OB 2 T 2PEVGTRATVA LI
&Y (Haoetal,, 1995a), /8—F 7 Y fil2 B CHEE M 4T 5 A EMHIES FLa
PEHEh TS,

FRBERLEH I, N=F VY Y HREDRERHTD 5TIQ.
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Table 1-1 Dosage schedule for the pole test

Group First treatment Second treatment
Afa=6) Nore
Bin=6 TIQ B0 mg/kgfing , 2 inj /day. 5 days
Cin=17) 1 inj/day, § days
Din=7) B0 mg/hgfing.. 2 inj fday, S days
E(n=6) Safine 2 inj./day, 4| days
Fin=6) 1-McTIQ 80 mp/kefini.. 2 inj jday. 4| days TIQ 80 meshgfing.. 2 injJday. 4) davs

There was 3 2-day interval between the first and the second Ireatments

A: Control H
B:1MeTIQ+Saline | = H+
c: saline+MPTP
D: 1MeTIQ+MPTP |35

E: Saline+TIQ
F: 1MeTIQ+TIQ

T turn (sec.)

A: Control H
B:1MeTIQ+Saline [T H*
C: Saline+MPTP 1 /A =

D: 1MeTIQ+MPTP TR

)

F:  1MeTIQ+TIQ [R

TLA (sec.)

Fig. 1-4 Effect of TIQ and 1McTIQ on parkinsonism (bradykinesia).
+, not significantly different from control. *p<0.01, **p<0.001.
(Tasaki et al., 1991)




HEHTH L IMETIQIE, 7= FUTIVECL QQ1=y bhb%E

Bo =hiv 72 RFNTIVET2Z VT HPTAFE FAREBE TS &,

1-benzyl-1,2,3,4-tetrahydroisoquinoline (1BnTIQ) %%

THIEHKEZLND (Fig. 1-5)

TFxZNNWTEFTVTFE FR 7R F VT I YOMAOBIC & 54%3

25 IBnTIQFNNTEME 7 I » TH B 7T

EMEATREENTW A, 44

TAHE, TIQ. IMeTIQE FIBRIZ, =% 2V VRBIEL FVMMENS S Z LA FHE L

o TIT, KM TCOIBTIQD 1E %

o

L. IBnTIQD/S—% ¥ v YiFREIZ A 2

E

W IV TR, 8= F 7Y VI LIBTIQOMFE IOV THL I L LS L v

I DN AEOBHMTH 5,




CHCHO ——— o
m”2 ¥ s NH

2-Phenylethylamine iMeTia  CHa

2'Phenyle(hylamme\ H
MAO-B
1BnTIQ

Phenylacetaldehyde I

Fig. 1-5 Biosynthetic pathways of IMeTIQ and 1BnTIQ
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%2

= IBnTIQD 4 4A

TIQ IMeTIQiZ fill 4 D TR M Wil Fi <#L T3 (Kohno et al.,
1986; Niwa et al., 1987; Ohta et al., 1987; Makino et al., 1990a; Tasaki etal., 1991), i 5D
FAE RS S, WILAWRI A —F VY UHREC BV TEEL B A R LTV HE
D) XD LAL, N—FV V=X LA%2BRTHIEEHELTL LA TWA
TIQIX, NN—F XV HBEEEZRICBWTOHELHMIZOH LY, 4, BAR

EDNR—FV VI UHREELD E

4k & L Tretrahydropapaveroline (THP) 7°% 1) (Fig. 2-1). CO{L&WIZ4H 6204 LS

Wi, LDOPAMEME N TV AN —F Y v HBEORBPALRIBLER TV
(Sandleretal., 1973)0 ¥ 7Z=EALZFMWFATIZ, THPIE F—/83 YOI AARU I b 2
7 B 7S O Complex 1% BLES 2 2 LA S il o T A (Heikkila etal., 1971;
Alpers et al., 1974; Suzuki etal., 1990); THPIE F—83 >k, F—213 YOMAOIZE A1
%% T & 2 3,4-dihydroxyphenylacetaldehyde2* i & L T TEX (kAW TH 5. 1BaTIQIE

THPE

TIQH#KZA L. MEOHEEDOHMIE 4

AKEEDAKATSH 57:%, 1BaTIQ

ETHPDEEWICHET

1 =7 AEAD 5 O 1BnTIQD Hi

TFODI, ERNICTFETZLZ 502 1BITIQD, ¥ ARAL L DB EIT-




H
Dopamine \ HO OH
MAO-B O

o THP
HO

3,4-Dihydroxyphenylacetaldehyde

mHZ O NH
2-Pneny\elhylamme\ H
MAO-B
1BnTIQ

Phenylacetaidehyde

Fig. 2-1 Biosynthetic pathways of THP and 1BnTIQ




Ca 5 IBnTIQOEHIE, X

/i (Gray etal., 1989) #—3§

AFNTIZEToNTEFLNIOT54 FPLT I FEDY TRl
TCTELAIVRAEEKRYFEF VY DAT T /= (Fig. 2-2). &

IBnTIQIZIE(L AR E MM T — 7 VICTIBaTIQMRSE L L, Y270uAr s b7 b P
LGRS E DR ETWRIFL, LEICE U CERBERICRE L THH LA

YIARDY T Wik, Bh DT N— 7 TLNZHET L7275 ¥ (Fig.2-3; Kohno et al.,
1986) =Tt > T L7z CSTBL™ 7 AL %41 L 72 #. 0.05 % (wi/vol) EDTA., 0.05

% (wijvol) 7 A IV E 7 [, 0.02 % (wyvol) 2 3 VI35 F

BDA - 7204 MBI IEFE

BEnz Tk

F4 XL, By V282 LTHEEN

5% fitt A aT TS
TA4—[RAARZ P U2 M) —(GC-MS) i & WM+ 5 709, BEES 7 Middhic

IEANT% 7+ Of§RR (HFB) 2K X ) 8L, 1BaTIQ-HFBk X LT

.

MA A VBT ERE RUBA T b4 4 ALECI VB AART P L R

Fig. 2417”3 . M4 4 VBT R L, EFC L DVEEL5 2 THT44 4 Abs 4,

f A 4 ¥ 2BINT 2HET, RS —ROCHVERTWS, 84 F > {4 Lkt

By AFVRA4VTIV, TVESTHOHA (CTTRAZVEHWTWS) 2k
TAF s, A F /2 HlliT 2

24 FETHY, Bty s

%, EHESITIE, myz359, 379,
393K DFFRN L E— 7 DR LNBEEA A LA F AL N fio7:

MR EFig. 25127°7F o BEA A AE¥EA & LE 2B W T, IBaTIQ-HFBEDm/z 359
379, 399DIKND Y — 2 HHES L2y APWDY ¥ FVDW H b, < RO

TNVDIRDE— 7 Wl VIR IR0 F R E—B Lo F 70, BRE<Y AR

DY TV E—BIEALLEI S, ¥—2BRL2ZL2bhol:

43
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[mouse brain or human CSF]

homogenization with 0.4N HCIO,4
centrifugation (12,000 g x 20 min)

<—— (addition of DBA)
pH adjustment (pH=12.0)

extraction with CH,Clo

extraction with 0.1N HCI’

pH adjustment (pH=12.0)
extraction with CH,Clo

evaporation

derivatization with HFB

GC-MS(GC-SIM) measurement

Fig. 2-3 Analytical procedure for the detection of endogenous 1BnTIQ.
*These solutions contain 0.05% (wt/vol) EDTA*4Na, 0.05%
(wt/vol) ascorbic acid and 0.02% (wt/vol) semicarbazidesHCI.
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Fig. 2-4 Mass spectra of the authentic HFB-derivatized 1BnTIQ. (A) negative CI mode. (B) positive EI mode.
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Authentic 1BnTIQ-HFB

Mouse Brain Sample
m/z 399 /f‘"g
— v o b i Lo N L e
\
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m/z 359 e XL AT Ty |

e NG L e
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19

Fig. 2-5 GC-SIM chromatogram in the negative CI mode of 1BnTIQ
from the mouse brain sample.
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T ——

THP U O A EETIQ ML L Tid ., TIQ. IMETIQ . Salsolinol .
7-hydroxy-TIQ-3-carboxylicacid (HTIC), 6-hydroxy-7-methoxy-TIQ-3-carboxylicacid (HMTIC)
6-methoxy-7-hydroxy-TIQ-3-carboxylic acid (MHTIC) (Nakagawa et al, 1997)
1-(3',4"-dihydroxybenzyl)-1,2,3 4-tetrahydroisoquinoline (3',4'DHBnTIQ), 1-benzyl-

6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline (6,7DHBnTIQ) (Kawai et al., 1998) 7

Hi
% (Fig. 2-6)0 COPTRHFL (RSN TV A DidSalsolinol TH A I

Salsolinolid, L-DOPASG D/ —F 2 VB ERBDICTHP & A fFAESHE S
727 NH 0 4 FT (Sandler etal., 1973), 7 VI —VhEZTHMLTVEZ LH5LT L
I-NVEURORETHIMREFIFTBRENTVEZ L S THKEI AN, BIE%h

T &7z, Salsolinoll2L-DOPA i

ZFTOVRWA—FD IV EBEDORETIE, RE

ADES FD1ICEI T 24, LDOPAESICL N LRT 2, 2020, F—si3 o8

QA= PR THRLLELEIOGNBEEWT, »72—LT7 3 Y ROBREED K
EDMEOTWES S, F—NIVR /) VIR 7Y YD TFus e LTOTEeHRA
AHNTWAS, Salsolinolid, #FI—L7 I Y OWYAHEMIZL YW ATHhEZ &

REBF—NIVR ) NIERT7) YOW)ARAEFE, it 012 catechol O-methyl

transferase (COMT) ®* MAOIZ 3 4" Z B it A &5 & L Twv & (Heikkila et al., 1971;

Collins et al., 1973; Cohen et al., 1974; Alpers et al., 1975),

IBnTIQA* 4 F CHEAHNPLBRIEE ATV h o

I-LEEERo TV

TV LTHSS
SHEHARLTTNIQBUIC R 225, 73— LERLE

ZAEBWRMRL 2 VERELTWA (Davisetal., 1982), 7232 F VT IV L, 7x &

FNT I AHORMDATHERES L 22 L # 2 G2 IBaTIQA AN V= fiAE+ L,

72 AFNT I VEAMIHiIiCla = g b B Wik =y b AMGE L i b

BWTIQR IMeTIQ& LWL TH, L&MW THLEVE B,




HO. HO
mH O NH
HO HO
CHy OH
Salsolinol THP O o
H

0
HO
I OH

OH

W

3'4'DHBnTIQ 6,7DHBnTIQ

9,

NH
CH,
TIQ 1MeTIQ 1BnTIQ O
COOH HO. COOH H5CO, COOH
nom Hacom HO' hd
HTIC HMTIC MHTIC

Fig. 2-6 Endogenous TIQ derivatives




2 =7 ARAIBnTIQDE &

O IBnTIQ

% 12¥, CSTBLY 7 A %l W TIBaTIQ i

EGC-SIME % iV THllE L 7

Hr T VOREY, el

728N T
F DR, CSTBLY 7 ARH D 1BnTIQHL X, 7.67+1.60 ng/g wet brain (meantSEM, n=5)

Thole 7xF3FNT I VETYALRMDY 7 7 WL CHEO M BEE 170,

T—=747727 beBHLALEZA, IBaTIQHFBD ¥ — 7 WM iz & A LH

IV OBBOBRETT

R4 DI V—FTit, CSTBLT Y ZADOTIQHR. 1MeTIQ

Z L F1.140.8 ng/g wet brain, 9.840.7 ng/g wet brain
(meantSEM) ThH A Z LA M SN TV (Tasakietal, 1991). FLTIQ %5, s

MNCIER KR (MSTIQ, IMeTIQ. 1BnTIQ? 3 EHEREORFHET AL v

) =

n

1+
(9N

ChOPFESHERBICBVWTERICHATVL 2T ENETRET 5,

3 =7 ARMNIBnTIQM Y%

IBnTIQIZ 1 fLIZAH

7T, —F 7

Tdh 5 IMeTIQD 4 &}

FHEEFBERONTE D, IMTIQREGHTIRSEOFHE L FhET B Lo

T % (Makino etal., 1990a). 1BnTIQIX, A THRRELSKDOLE LFE(HE
LTW2DTHE ) de THEBRDLDI, FINVLFEAFNEMVCT, =7 REA
IBnTIQO H: SUMEARAEAE He % GC-SIMEE LS X D il L 7.

FF, B L 221BTIQ% 4 AL TR O K40 %% 5 ACHIRALCEL O %4di 5 T

HPLCTRZGBIL - 25, 2RDELFMTELE -2 bhi-0T, 2hEh

T




LR TE LSRN

EMECSTBLY Y A 4% 6

& 723 ¥ 7 WA ()-perfluoro-2 propoxypropionyl

(PPP) chloride % FRIEA R %

v GC-SIMEEIZ L b |

BLDIC, GOMSIZE N TRARY b WV EME L (Fig. 2-7)0 SO MER AT,
REFRFEORVWE— 7D RE, BOE— s RS HhTH o7, IBnTIQ-PPP&IX Rk, S
fhE b IZm/z444 | Zbase peak X O S L AW b E R D, = Dmizddd% =% — LT

GC-SIM%47o 7= (Fig. 2-8) TO#E, ESTI

REFIE OB ¥ — 2 0 [H / (1585
MOENE— 7 Dffiffi, 2% YRS=0.560TH Y, <

Hole TTABOBEREEGOBRTHETS L,

IZwlikst ETHELTwEZ L

IBnTIQAE S AR OB MBI EMERS THE I LA RELTWS

= THOTIQO EFREAFEIL IOV TRRV, # 7 3 — 4

Salsolinolid, RIADRBICBWTREN S it 2. —HRAG T
TSHEA% { | Salsolinol% ¥ EIC &L &ML 2278+ F ICIRS = ] DYETHET 5,
L-DOPATEF & M S LTV A8 =% 20 ViM%, RUFLDOPA%H5 S Wi B AD )
HTERS=1THBI LN, N TAME L5 Salsolinol iR RIETH 5 = & A5

&% (Benedetti et al., 1989a; Dostert et al., 1989; Benedetti et al., 1989b)

IMeTIQIZ = ¥ A 35 W TR/S=0.60DWA TS ' BV h DD, REELE

HHEN TS (Makinoet al., 1990a)e =D T & 2 IMeTIQ D 4 4 i

BAREBMSTHL THELREL TS Y., EBICCSTBLY ¥ 2 SWOI s v—24

+H 4 P AR ETIMTIQA B EM S TR T 22 L %in vitroDEERIZ BT
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Fig. 2-7 Mass spectra of (-)PPP-derivatized 1BnTIQ in the positive EI mode.
(A) R diastereomer, (B) S diastereomer.
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Fig.2-8 GC-SIM chromatogram of (-)PPP-derivatized IBnTIQ from the mouse brain.
The former and the latter peaks were R and S diastercomer, respectively.
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Fig. 2-9 High resolution GC-SIM chromatogram in the negative CI mode of 1BnTIQ from human CSF sample.
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Fig. 2-10 GC-SIM chromatogram in the positive El mode of human CSF samples. The mass numbers used for quantitative
alysis were m/z 328 (HFB-derivatized 1BnTIQ), 302 (HFB-derivatized dibenzylamine as an internal standard).
The retention time of human CSF samples agreed with that of the authentic sample
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Fig. 2-11 1BnTIQ content in parkinsonian CSF
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Control PD

T RE F.N. M.M.

total BC*s (fmol/ml) 39 31 53 14
1BnTIQ (pmol/ml) 430 345 1.57 14.57
IMeTIQ (pmol/ml) 13.54 5.51 3.88 1.84

Table 2-1 Simultaneous detection of total BC's and 1BnTIQ in human CSF
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Fig. 2-15 Distribution of 1BnTIQ in the 1BnTIQ-injected monkey brain
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Fig. 3-1 Chemical structure of L-deprenyl
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Fig. 3-2 Effect of deprenyl on in vitro biosynthesis of 1BnTIQ. Columns
and bars show mean+SEM valucs. Heat-denatured protein was
used as a negative control. *p<0.001 vs. complete.
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Fig. 3-3 1BnTIQ and 1MeTIQ content in the brain of deprenyl-treated mice. Mean+SEM values are also indicated in the figure.
1BnTIQ content and the ratio of 1BnTIQ to 1MeTIQ of deprenyl-treated mice were significantly reduced compared
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Fig. 4-4 Inhibitory effects of 1BnTIQ on the mitochondrial respiratory chain. Glutamate + Malate and Succinate + Rotenone respiration were
measured using nonfrozen mitochondria, and Complex I and IT activities were measured using freeze-thawed mitochondria.
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Fig. 4-5 Effect of IBnTIQ on MK-801 binding site. The reaction mixture was incubated at 0 °C for 30 min in pH 7.4 50 mM Tris acetate buffer
containing 2 UM L-glutamic acid. Non specific binding was defined as that in the presence of 100 uM unlabelled MK-801
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Fig. 5-1 Method of organotypic slice culture of midbrain and striatum.
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Fig. 5-2 Time course of LDH activity in the medium of organotypic slice culture
of midbrain and striatum.
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Control 10pyM  30pM 100 uM Control 10 p!

Fig. 5-3 Effect of 1BnTIQ on mesencephalic dopamine content in organotypic slice culture. (A) 24 hr exposure, (B) 7 days exposure
*p<0.05, **p<0.01, ***p<0.005 (by Scheffe's F test).
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Fig. 5-4 Time course of dopamine reduction in organotypic slice culture by 1BnTIQ
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Fig. 5-6 Immunohistchemical study of tyrosine hydroxylase on 1BnTIQ-induced mecensephalic
slice. (A) Control, (B) 10 days exposare of 100 uM 1BnTIQ.
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Fig. 5-7 Irreversible neurotoxicity of IBnTI

*p<0.05 (by Scheffe's F test)
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Fig. 5-8 Chemical structure of D (-)-APS.
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Fig. 5-9 Effect of NMDA antagonist on 1BnTIQ toxicity.
§ Not significantly different.
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Fig. 5-10 Selective neurotoxicity of 1BnTIQ in organotypic slice culture
(A) Co-culture of midbrain and striatum, (B) Midbrain, (C) Striatum,
(D) Neocortex, (E) Hippocampus, (F) cerebellum.
*p<0.05 (by Student’s t test)
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&, FEaMOBEEDIMA SN D I L %R LTV 2 (Tasaki etal., 1991) Table 6-10 & 5
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Fig. 6-1 Pole test

Group First treatment Second treatment
A (n=4) None None
B (n=4) Saline

1BnTIQ 80mg/kg/inj.

2inj./day, Sdays

C (n=4) 1MeTIQ 80mg/kg/ini.

2inj./day, Sdays

D (n=5) Saline
2inj./day, Sdays

2inj./day, Sdays

1BnTIQ 80mg/kg/inj.
2inj./day, Sdays

1BnTIQ 80mg/kg/inj.
2inj./day, S5days

treatment with carbidopa 10mg/kg

L-DOPA 100mg/kg

Table 6-1 Injection schedule for the pole test. Mice were intraperitoneally injected.
There was a day interval between the first and the second treatments,

The pole test was carried out in a dimmed room 2 days after the last injection.
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Fig. 6-2 Effect of 1BnTIQ on parkinsonism (bradykinesia).
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MATERIALS AND METHODS

CHAPTER 2
Chemicals
EDTA*4Na*4H20 was purchased from Dojin  (Kumamoto, Japan).
Dibenzylamine (DBA), heptafluorobutyric (HFB) anhydride, and other chemicals

were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan)

Biological materials

Male C57BL/6] mice, 7 weeks old, were purchased from Nippon Biosupply
Center (Tokyo, Japan)

Human CSF samples were the generous gift of Dr. Mizuno (Juntendo
University School of Medicine). There were 18 samples from parkinsonian patients
(age, sex; 75, M; 70, M; 65, M; 63, M; 61, M; 59, M; 57, M; 55, M; 45, M; 40, M: 39,
M; 73, F; 72, F; 67, F, 62, F; 60, F; 58, F; 57, F) and 11 samples from neurological
controls (clinical diagnosis, age, sex; Binswanger disease, 79, M; meningitis
carcinomatosa, 72, M; diabetic oculomotor palsy, 68, M; cervical spondylosis, 61, M;
motor ncuron discase, 60, M; post-cerebrovascular disease abnormal involuntary
movement, 55, M; cervical disk hemia, 51, M; postencephalitic monoathetosis, 28, M;
pituitary tumor, cerebrovascular parkinsonism, 73, F; olivo-ponto-cerebel lar atrophy,

51, F; cerebral palsy, 15, F).

Organic synthesis

Authentic 1BnTIQ was synthesized by modifying the method of Gray et al.
(1989) as follows. Phenylacetyl chloride was added dropwise to PEA in
dichloromethane and pyridine at 0°C. The solution was stirred for half an hour, and

usual work-up afforded N-phenylacetyl-PEA, which was recrystallized from ethyl




acetate. An anhydrous toluene solution of the amide with diphosphorus pentaoxide
was refluxed for 2 h. Cold water with crushed ice was poured into the resulting
solution and the aqueous layer was separated after mixing. The aqueous layer was
extracted with diethylether three times and the whole ether solution was evaporated
after the usual work-up to obtain 1~bv:nl.y|-.‘.4~d|h)drquumolmc IBnTIQ was
obtained by refluxing 1-benzyl-3 4-dihydroisoquinoline in ethanol with sodium
borohydride for 14 h. IBnTIQ hydrochloride was obtained from a mixture of the free
amine and ether saturated with hydrogen chloride, and was recrystallized from
dichloromethane and acetone (m p. 165.0~166.5°C). Its structure was confirmed by
'H NMR. IMeTIQ was synthesized by means of a modified Bischler-Napieralski
cyclization (Kessar et al., 1971; Tasaki et al., 1991). IMeTIQ hydrochloride and DBA
hydrochloride were obtained and recrystallized by the same methods as IBnTIQ
hydrochloride. Each salt was converted back to the free base when necessary. A

solution of each compound for injection was prepared by dissolving the hydrochloride

in water.

Sample preparation from the mouse brain
Samples were prepared according to the method of Kohno et al. (1986). The
mice were killed by decapitation and their brains were quickly removed. Each brain
| was weighed, placed in an ice-cooled Potter-Elvehjem type homogenizer, and
| homogenized in 0.4 M perchloric acid containing 0.05% (wt/vol) EDTA4Na, 0.05%
(wtivol) ascorbic acid and 0.02% (wt/vol) semicarbazide hydrochloride. The
homogenate was centrifuged (12,000 x g for 20 min at 4°C) and the supernatant was
separated. A constant volume of DBA was added to the Supernatant as an internal
standard for quantitative analysis. Every supernatant solution was adjusted 10 pH 12.0
and extracted with dichloromethane. The organic layer was extracted with 0.1 M

hydrochloride containing 0.05% (wt/vol) EDTA*4Na, 0.05% (wt/vol) ascorbic acid




and 0.02% (wt/vol) semicarbazide hydrochloride. The aqueous layer was re-adjusted
to pH 12.0 and re-extracted with dichloromethane. The organic layer was dried with

anhydrous potassium carbonate and the filtrate was evaporated down to 200 pl.

Sample preparation from human CSF

Human CSF (3~10 ml) was added to 0.4 M perchloric acid containing 0.05%
(wt/vol) EDTA*4Na, 0.05% (wt/vol) ascorbic acid and 0.02% (wt/vol) semicarbazide
hydrochloride. The mixture was centrifuged (12,000 x g for 20 min at 4'C) and the
pellet was discarded. A constant volume of DBA was added to the supernatant as an
internal standard for quantitative analysis. After that, the procedure was the same as

for the mouse brain.

Derivatization with heptafluorobutyric anhydride

The solution after extraction and concentration was placed in a | ml glass
ampoule. The HFB derivative was prepared by the addition of 10 pl anhydrous HFB
to the ampoule, which was scaled and left in a water bath for 30 min at 70°C. Ethyl
acetate (5 pl) was added dropwise to form homogeneous solution, This solution (1 ul)

was injected into a gas chromatograph-mass spectrometer (GC-MS) for analysis

GC-MS conditions for HFB-derivatized 1BnTIQ

For GC-MS, we employed a gas chromotograph (Hewlett Packard 5890 Series
Il), double-focusing mass spectrometer (JMS SX102A) and mass data system
(Complement Data System). GC analysis was carried out on a J&W 30 m x 0.25 mm
(i.d.) bonded-phase DB-S5 fused-silica capillary column operated in the splitless mode
with helium as a carrier gas. Initially the oven temperature was programmed from
60°C (1 min) to 150°C (10 min) at 20°C/min, and then from 150°C to 250°C (10 min)

at 30°C/min (method A). In later experiments we used improved conditions: the oven
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lemperature was programmed from 60°C (1 min) to 150°C (7 min) at 15°C/min, and
then from 150°C to 250°C (5 min) at 30°C/min (method B) Injection temperature,
electron energy and ionizing current were 220°C, 70 eV and 300 HA, respectively
IBnTIQ was detected by the GC-selected ion monitoring (SIM) method. The mass
numbers used for characterization were m/z 359, 379, 399 (HFB-derivatized 1BnTIQ,
resolution=1,000) and m/z 359.093, 379, 100, 399.106 (HFB-derivatized 1BnTIQ,
resolution=10,000) in the negative ion chemical ionization (negative CI) mode using
methane. IBnTIQ content was also determined by GC-SIM. The mass numbers used
for quantitative analysis were m/z 328 (HFB-derivatized 1BnTIQ). 302 (HFB-

derivatized DBA) in the positive ion electron impact (positive EI) mode.

Derivatization with (-) perfluoro-2-propoxypropionyl chloride

Six CS7BL mouse brains were gathered and the sample was prepared according
to the same method as the sample preparation for HFB. -derivatizing. In order to the
proportion of R and S enantiomers of 1BnTIQ, 100yl of a chiral derivatizing reagent,
(=) perfluoro-2-propoxypropionyl chloride (PPPCI) was added to the sample. The

mixture was heated at 80°C for 30 min to be derivatized

S conditions for (-) PPP-derivatized 1BnTIQ

The GC program was carried out from 60°C (1 min) to 170°C (3 min) at
20°C/min, and then from 150°C to 250°C (2 min) at 5°C/min. The mass number used
for detection was m/z 444 (PPP-derivatized 1BnTIQ). The other conditions were the

same as the HFB-derivatized sample.

Sample preparation from the 1BnTIQ-injected monkey brain
The monkey brain sample was the generous gift of Dr. Yoshida (Jichi Medical

School). 1BnTIQ*HCI (22mg/kg) was injected to a monkey for 66 days to observe the




acute, and the chronic effect inc g parkinsonism. After 5 days passed, the monkey

was Killed and decaptated. The brain was quickly removed and was separated into
cach section, which was cortex, cerebellum, striatum, basal ganglia (except for

striatum), thalamus, hippocampus and spinal cord. These sections were weighed and

the samples were prepared and analyzed with GC-MS cording to the same method

for the mouse brain

CHAPTER 3

Effect of deprenyl on in vitro biosynthesis of 1BnTIQ

Nontreated CS7BL/6j mouse (7 week old, male) was killed by decapitation
and the brain was quickly removed and homogenized in 5 ml of 0.32 M sucrose in a
Polytron. The homogenate was centrifuged at 900 g for 10 min at 4 °C, and its
supernatant was used as the enzyme source in the experiment. Deprenyl (10 uM)
was employed as a MAO inhibitor. Two ml of the assay sample contained 1 mM
phenethylamine (PEA) as a substrate and 5 mg protein in 100 mM sodium phosphate
buffer (pH 7.4). After preincubation for 5 min, the assay was initiated by the
addition of phencthylamine and the mixture was incubated for 60 min. The reaction
was terminated by adding NaOH. The homogenate was centrifuged (12,000 g for 20
min at 4 °C) to precipitate protein, and dibenzylamine was added to the supernatant as
an intemal measurement standard. The basic fraction was extracted and derivatized
with heptafluorobutyric anhydride, and the contents of 1BnTIQ and IMeTIQ were

determined by the gas chromatography-selected ion monitoring method

Quontitative detection of IBnTIQ in deprenyl-treated mouse
Deprenyl 5 mg/Kg in saline was intraperitoneally injected into C57BLJ6j mice
(7 week old, male) twice daily for two days. The animal was handled in accordance

with Guide for Animal Experimentation, Faculty of Medicine, University of Tokyo.
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The brain was quickly removed 2 h after the last injection, and homogenized with 0.4
M perchloric acid in a Polytron.  The subsequent procedures were the same as in

the in vitro study.

CHAPTER 4
Effect of 1BnTIQ on act

ities of enzyme complexes in the electron transport
system

The following method was a modification of the method described previously
(Mizuno et al., 1987a; Mizuno et al., 1987b; Mizuno et al., 1988). C57BL mice, 6~8
weeks old, were killed and brains were immediately removed. Three brains were used
on each experiment. The mitochondrial fraction was prepared according to Ozawaet al.,
(1966). Brains were homogenized in 20 ml of 0.3 M mannitol adjusted to pH 7.4 with
KOH using 30ml ice-cooled Potter-Elvehjem type homogenizer, and then they were
homogenized with 10 ml of 0.3 M mannitol for wash. The homogenate was centrifuged
(600 g for 8 min), and its supernatant was centrifuged (10,000g for 10 min). A flufft
layer was removed and was washed 5 times. The pellet was suspended in 1.0 ml Chance,
of which 20 pl was used for total protein assay according to Bradford (1966). A part of
the suspension was freezed, and was thawed when necessary. On the experiments,
nonfrozen and freeze-thawed mitochondria were used.

Oxygen consumption was measured polarographically using a Clark-type
oxigen electrode in the same medium used to suspend mitochondria, Glutamate +
malate, and succinate (with rotenone) served as substrates. ADP was added, 4~5 min
after the addition of substrates. Oxigen consumption in state 3 (ADP and subatrate-
dependent) respiration was calculated from the recording made shortly after the
addition of ADP. At the end of poralography, an aliquot of the suspension was
transferred to a 1 ml cuvette, and activities of Complex [ (NADH-ubiquinone

oxidereductase ) and Complex II (succinate-ubiquinone oxidereductase) were assayed




according to the method of Hatefi (1978). All the assays w ere performed at 37°C. Molar
extinction coefficients for NADH of 6,270 at 340 nm was used for calculation of the

enzyme activities,

Binding assay for ['H] MK-801 binding site in the mouse brain
The following method was according to the method described previously

(Yoneda and Ogita, 1989; Tasaki 1994).

Materials

(+)-[3-3K-801 (24.0 C¥/mmol) were purchased from Daiichi Pure Chemicals Co.
Ltd. (Tokyo, Japan). The other unlabelled compounds were purchased from Research
Biochemcals Inc. (Natick, USA) and other inorganic salts were from Wako Pure

Chemical Industries Co. Ltd. (Osaka, Japan)

Tissue preparation

The male C57BL/6] mice were decaptated and the brains were quickly removed
into the ice-cooled homogenizer and homogenized in 10 volume of ice cooled 50mM
Triseacetate buffer (pH 7.4). The buffer was always prepared freshly by diluting
500mM Triseacetate buffer (pH 7.4), and were filterated through a nitrocellurose

membrane filter with a pore size of 0.45um. The homogenate was subsequently

centrifuged four times (50,000 g for 20 min at 2°C) by repeating the resuspension of the
resultant pellet in S0mM Triseacetate buffer. The final pellet was suspended in 0.32M
sucrose, filterated through the membrane similarly, and the proteins were determined by
the method of Bradford (1976). The suspension was stored at -80°C. On the day of the
binding assay, frozen suspension (8mg protein) was thawed and treated with 0.04%

Triton X-100 in a total volume of 0.25ml of Trissacetate buffer at 2°C for 10 min with a

gentle stirring. This treatment was terminated by the centrifugation at 50,000 g for 20




min and the resultant pellet was washed by the SOmM Trissacetate buffer and
centrifuged again. The final pellet was resuspended in the Trissacetate buffer, and the

protein of the suspension was determined again by the method of Bradford (1966)

Binding conditions for PHIMK-801 binding site

The assay sample contained 300mg protein of the tissue preparation and various
concentrations of cach compounds in SOmM Triseacetate buffer (pH 7.4). The
concentrations of protein in this assay was determined by the same incubation with
several concentration of protein as described below. The binding reaction was initiated
by addition of the final 5nM [3H]MK-801 and the total volume of cach sample was
0.5ml after the preincubation for 2 min. Incubation was for 30 min at 30°C, and
terminated by rapid vacuum filteration, used by Brandel harvester, over Whatman GF/B
filters prewetted with 0.5% polyethyleneimine. The filters were four times with 3ml of
ice-cooled Triseacetate buffer which was the same in incubation and their residual
radioactivity, after dissolved inethanol, was measured by conventional sintillation
counting. Nonspecific binding, defined as that present after addition of 100uM

unlabelled (+)MK-801, was subtracted from total binding to yeild specific binding

CHAPTER 5
Chemicals
NADH, sodium pyruvate, perchloric acid, ascorbic acid, semicarbazide hydrochloride
and isoproterenol hydrochloride was purchased from Wako Pure Chemical Industry Ltd.
(Tokyo, Japan). Dopamine hydrochloride was purchased from Tokyo Kasei (Tokyo,

Japan). EDTA-4Na was purchased from Dojin (Kumamoto, Japan).




Organotypic Slice Co-culture

Ventral mesencephalic slices were prepared from E16 Wistar rats. Forebrain of
newborn rats was cut into 400-pm-thick slices with a Microslicer, and the striatum was
separated. Mesencephalic and striatal slices were put on a dish consisting of collagen
coated membrane at a separation of 500 pm. DMEM/F-12 was employed as the

culture medium

Measurement of LDH Activity in the Medium

The activity of lactate dehydrogenase (LDH) in the medium was measured at intervals
as an index of cell death, to determine the time course of cell death in this organotypic
culture system. The medium was added in the presence of NADH and sodium
pyruvate, and the decrease of absorbance at 340 nm was measured. After exposure of

the slices to 1BnTIQ, LDH activity in the media was determined on day 0, day 4, day 7

and day 9.

Measurement of Dopamine Content in Mesencephalic and Striatal Slices

The slices were cultured for about 10 days, then 1BnTIQ was supplemented in the
medium for 24 h or 7 days. Mesencephalic and striatal slices were scparated, and each
mesensephalic slice was homogenized by the use of a sonifier with 0.4 M perchloric
acid containing 0.05% (wt/vol) EDTA -4Na, 0.05% (wt/vol) ascorbic acid, and 0.02%
(wt/vol) semicarbazide hydrochloride. The homogenate was centrifuged (20,000 g for
15minat 4 T). Isoproterenol was added to the supemnatant as an internal standard, and
the solution was filtered through a 0.45 pm pore disposable filter (Millipore, Tokyo,
Japan). Dopamine content was assayed by high-performance liquid chromatography
with an electrochemical detector (HPLC-ECD). The detection voltage of ECD was

+700 mV.
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CHAPTER 6
Measurement of bradykinesia induced by 1BnTIQ in mice

To measure the degree of bradykinesia, a typical symptom of parkinsonism,
the pole test was employed (Ogawa et al., 1985; Tasaki et al., 1991). The dosage
schedule for mice is shown in Table 1. Mice for this test were classified to 4 groups:
(A) non-treated control (n=4), (B) saline treatment 2 injections/day x 5 days
before 1BnTIQ treatment 80 mg/kgfinjection, 2 injections/day x 5 days (n=4), (C)
IMeTIQ treatment 80 mg/kg/injection, 2 injections/day x 5 days before 1BnTIQ
treatment 80 mg/kg/injection, 2 jections/day x 5 days (n=4), (D) saline treatment 2
injections/day x 5 days before IBnTIQ treatment 80 mg/kg/injection, 2 injections/day
X 5 days, and carbidopa, peripheral L-aromatic amino acid decarboxylase inhibitor 10
mg/kg and L-DOPA 100 mg/kg treatment 1 h before the pole test (n=5).

The interval between the first and the second treatments was one day. The pole
test was carried out in a dimmed room 2 days after the last treatment. The mouse was
placed grasping a rough-surfaced pole (diameter 8 mm, height 55 cm), and Tturn was
defined as the interval from the time at which the mouse released either forefoot from
the pole to turn downward until it turned completely downward. TLA was defined as the
interval from the beginning of measurement of Trurn until all four feet of the mouse
reached the floor. This test was carried out five times successive ly for each mouse, after

one successful practice test.
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