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NR—=F V9 (PD) 13RS KO R OERE &2 FERIERE L, T Ay g < —
RN THIR T /R BICBE RO LV HREMRE TH S (1), PD XA BEH
DRRRRIZEST T 5 R Uil D&M LOEEIZ LV BIET 5B 6N T
W5, PD BEDOEED R8I AMRHIIICIE, Lewy /MA & IEIEHL 2 MIBQE PN &
WEIZEIND, A0 10 T AN4720 @ PD BEEIEL, 50~59 5 T 17.4 A, 7T0~T9 5% T
93.1 ATHY, AFEICBITHRIEY A7 1L.5% EHEESNL TS (2, 3), PD 457
DiEEEAER OHERICHEEINT 5 L B2 5 TEB Y 12 TR O @O EI
DAFAE LW Z DO NS LEN TV D, 7235, PD ITHEARMICIZIFEME
DFBTH LM, BIEDOG &4 & 72 BRI T DSEH R 272> TV D (4-6),

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) |~ A VK {EMZ A5

A ERSEO RGBT DEIEY & L CT19828FE I KE TR A SN (7-9), LRlArk
RIFED P BHE O — IR OPDEF IR LRSI S 2 L o R
DB, MPTPOEIUZ LV R8I i EE S 2 L8P L7z (10-12),

RS UHRRITEER ORI L OFEHICHD 2R Th 0 MR EME L L TTFr
ombFu KR bEER (TH) (KD ERESNTZE/ T IVO—fTHD R332
YEMOVTWD (1,18, 14), R38Rl Iafil sz AR L 0 B Sz R v o—
IR BED RS e FIZRELS 5 RN T AR —4— (DAT) Z/r LT
FRLPIC D A E TR S, 12— RN ML O T A ke 7 ) T

AICHRVIAENTE 7 3 UELEEE (MAO) -Bic kv 4fiRsns (Fig. 0-1) (15,
16),

C57BL/6~ 7 A%ED EREWICMPTPZ % 59 % & . MPTPIIiLiR-HEIM (BBB)



Zowum L CHARMRRICAY , 7A e 7 U 7MY IAE L, MAO-BIZ XD
1-methyl-4-phenylpyridinium (MPP+) (2@ & 415 (17-23), MPPHIDAT & &V Bl
T2 BT 5720 R8I RN A > TERB L. BEA FLAIZKD I hav R
U7 ORERSEE G IR A 5% LISt 2 5l &k 23 (Fig. 0-2) (24-33), MAO-B
FREOT X hath A 2T Tl < IR LS OEAL T HIILL TWNWDH Z &n b,
I HZIZMPTP72 (F Tid22 < . 2 5MAO-BIZ X - TMPTP» bR & 7= MPP+ & 77
1E£9% (34,35), LiL, MPPHIKIEENF < BBBZ i T e osd, KX o4
PR 1555 2 DI CTMPTP 2 bR S TA L7ZMPPHThH D LB X HAL TV
% (36, 37),

MPTPIZ L 5 e g ot 3 D S MEIZ DWW TIIEEN RELS, B b, B X
OC—DRFD~ T ANEZMEEZGT H—F. 7 b NARZ—B LOKE OFRH
DO~ 7 AFPMETH D (38-43), FZMEOFZER L USRHZED K E WEEHIFEI S
TWewy, MPTPH# G~ 7 A IPDIRIRIEDOLRRITZEIC W 6 1 2 RE 22E 7 LB
ToH Y Fd L7z X D@ WERMEE2 AT 2 %D —>Th HCHTBLI6~ 7 ANLH] S
NTW5 (44-48), F72, MPTPOFE Hidal X 7 LA VEEMEOMIENERHENE 2 o Xy
BEH MO AFET S Z L0006, ZOET IVEM A 720213 PD O 38 EAE Frfif
AR B2 BN TS (49, 50),

PDZRIE S B HBEENT- & LT, BRICAVOR TS AT a—rBL0eT
YRBHD (46), BREDIRIIC Lo TE IO ORI RO BERED & B g X 5 ATREM:
WD Z Db, PDOET MZONWTIE, AERZT TIRIE< BB KO A2 Hn
TFMRLEETHL B bND, L L, MPTPO H I SE D% A KN
BN~ T XA & AW TER D | PR SR 2 e 7 KO AEF~ U 2 2 W5
T LA EITON TN, ZAE TOMRIZEBNT, HR6H B22H15H H O~

AIMPTPZ #5-¢4 % LIaF O E, HAROEE)R LT RS it fa ko fid



B LN (B, —J7, HER1TH B O~ 7 AICMPTPA#5 L T b #5241 [
DB L OHABROH AEF~ 7 A TIIMND RN REICEMA R bR o7
(62), ZD &I, hfIF LUHE S~ U ATHT 2MPTPO HARARRFEMEIZ SV T
WRFEB AR D 72N 2 EITINA TR E LTS RDRZT b D70 & R 72 03220,

F7o, A, BkER C57TBL/6 ~ 7 AT H i/ MPTP S IVE I L UWRSMAED FX3
R A EET D720 T MIINEICHET 5 HITH 5 subventricular zone

(SVZ) OMREIFEMAIZH LTHT RN A 2FERTHIE0NHLNERS T
(53-58), MREIFEHINID T AR F— 21X, MAO-B PHEHIORTALEIC X 0 il S5 28,
Bk~ 7 2D SVZIZ1E DAT ORELARD 50§ DAT LERI ORI TIZ 7 A h—
AR S 72N &b MPTP IZ X% SVZ O3l x4 28 ME, RN
VARRHIMIC R T B RIE S IZ B AR BHFICE A LB BN TWS (59), LaL., 7
IIARHATH Y FrZ, MPP*Z Ml A~ AT IR CH 2, 612, BB
F A+~ 7 A TMPTP 2 K % SVZ OFREEFMRIZ 64 2 7tk 2 57l L 72 pF 9813 A
Bl= B0,

SVZ ORI ENE E L < HHAPR R OEFICEE LA MRz /51 L T
BEMAA~TEET D ERMBNTND (60, 61), PD X R8I AR OB IC
ELK U CHIET D25, INESISPE S SVZ HRAEHIIL D AT & FIEICE G- L T\ D
AREME B R SN TV D (62), - T, MMM S E (LT D AlmEI 2 v
T PD BIEDF| & & &R DERER T O KNI R LN SVZ ~DEEBER~5 2 &
I%. PD BIEDOKT OMIIIEFICAEMN THL EEZXDINLD,

AWFFETIL, BBEERFIZ LD PD BIEOKF AT 2—B1& LT, AR LA F~
U A% MPTP |2 758 S W AR ~DRBIZ DWW TR L7, £ 37, ik~ ¥ 212 MPTP
a5 L. BT~ U ZAOHPRIZ T 2 w2 skl L7z, 2T, BBB 23 RpEAT

b AT~ A& v, MPTP (22 THGER Tid BBB Z i@t T & 7eVy MPPHO#: 5



HAT 9 2 & T.MPTP B8 X O MPP*OJla 3 K O A~ 7 A%t 5 mtE Bl o A
BLOBFE M L7z, £72AbE T, MPTP B X O MPPHZ L % SVZ O IEHIIIC
KT BHEEIZONTHEHME L7,

£, BT TIE. MPTP B L O MPP*O 3 L O 4+ C57BL/6 ~ 7 2 D it
1 E DO HIZ O T, RT-PCR, Western blotting 35 & O K78 U EE I E 4% D A=
PR FEEZ AWV TCEHME L7z, WRIC, F = TIE, BFBLOHETF~UVROERE, B
ZMkF LN SVZIZHI$ % MPTP 35 L O MPP+O #MEIC DWW T RIS sk b 5
EEHOCTHM Lz, B=21F, R8I0 E T~y AOEE, BEEB LD SVZ
(2%t %5 MPTP 35 X U8 MPP*O #HE S BLOMEFIC DUV T, Bk &[RRI MAO-B 5 &
O DAT 23B5: L TW D B0 2 S b PR FIEIC KV BRER Ls, &#%IC, FUE
T F—ENOFE "EOMRLMETL2HNT, b~ 7 RAZBWTHMERBLICEE
7ot A BT LT D IREIZ OV T MPTP 38 X O MPP#: 52 K 5 284 S g ffkb

S REA L.



Fig. 0-1 Schematic drawing of the function of the dopamine neuron.
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Fig. 0-2 Schematic drawing of the toxicological mechanism of MPTP to the

dopamine neuron.



B BFBIOCHFEF~TVRIIEBITS MPTP BLW
MPP+H X tbfeE 14 0 ZE L S B R

s

MPTP %~ U RZHEET 5 & 3 il 2 55 L, 2 OfE 58 PD & FEE L 72dE
WagIEE 29, £/, MPTP (X SVZ ORI L ThHEL AT 5 2 &3
B L7z, BBk~ D 212x9 2 MPTP o i stas !t 2 3 U 72 pFsei38z < s h
TWDD,EF & D WITH AT FEO TR DKL~ 7 AL KR L LRI
LA ETTDITO R, RFETIE, MPTP £72132 OR@ED TH D5 MPP 215 5
WIEHHE T~ 7 A LTZBR ORI 31T 5 DAT, TH, MAO-B # LU MAO-A D%
HE, R L Z2ORBEYM TH 5 3,4-dihydroxy-phenylacetic acid (DOPAC) ¥
J 0 Homovanillic acid (HVA) D ORRRHOZALIZOW TR L 72, B -3 L 0%
EF~ U ASD MPTP & % )T MPP+O BRI G 6~12 Kf##12, K33 DOPAC
BELOHVAREOREAD, DAT X' TH @ mRNA 35 LN > X7 EIE B & O 21
RO LT TS ORI G 24 R ZICBEREIE Lz, 7€-> T, MPTP B LU
MPPHIE T~ U ADRBEE L OHAETF~ 7 AD BBB il d 52 LR onE 7o
72o £72 . MPTP 3 L O MPPHIK 136 LU A+~ U AR EME L R~ b 00,
INOOHEFEGICIHHEET KN THY, BEARETHL EEZ N, B,
MAO-B 5 LT MAO-A ® mRNA B L OV v 7 BRBEIIIA 7B LA+~ 7 A

IZHBEWT, MPTP B L O MPPrOWTIOEREGTHLZEL Lo Tz,



)?

fEam Tk ~7= X 912, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) % #%
Hanhtz~wovAa, atr~v—Fty b (42 BIOI=7 AP 43) RENS—F
Y 9E (PD) E7/VEME LTRRF S, IGRIEOERRMTBICHO ATV D, FFiZ
C57BL/6~ U AXRWEZ A HT 27120 H I T\ 5 (44-48), LirL, MPTP®D
HR AR MEIC O W T ORI, 1Z2E A EDRRER~Y 7 ZAZ Wb DO THY | JhFB &
O3, FARFRER DR~ U 2SR D FEITNE & A E1T DT,

CHETOMZEICL Y, EIR6 A B2 5150 BT T~ 7 A ICMPTPZ #5745

fa1 DR, AR OEBMES X OMERERO R8I it s R B RLO%
DOARHEY) T d % Homovanillic acid (HVA) RENBED T2 (61) Z &, BLOUTEE
17H H Dot~ 7 ZIMPTPA#% 5. L TH &K G240 MEZ O~ v A & /2483 #
14H %P L O28A B D AT~ 7 A THEED RN REICEER R B0 (52)
ZEBHMBNTVD, LL, 26 ORI FHICMPTPIC 28 S o e a2 A
BOFAEF~ VAT LR TH Y | o FB LA F~ 7 AICMPTPZ & 5 LT-

P4 DR % FHAM L 7298 TlI 22w,

AETIE, BFBEIOHAET~ 7 AT 5 MPTP ORZEOFEALFAMMT 22 L%
Hiy& L, BBB 23R TH D13 LU EF~ 7 R, MPTP 7217 T72 < BERT
IZ BBB % i#ifi T & 72\ 1-methyl-4-phenylpyridinium (MPP*) &#%5 L, MPTP ®
BT BT~ U AT 2@ HERBUC OV TR Lc, 77205, RXI apfk
IZB VT MPTP OR#HICBET 2N FTH D KX v b T v 2 K—%— (DAT), 1
Kb (TH) . £/ 7 I Ukl (MAO) -B B XL T-A @ mRNA B LU0

YRV BERBELM LT, S 62, R UMBROERZ T 5720, HiETv T



ADHINE LOBEIET, R Z20REEY TH 5 3,4-dihydroxy-phenylacetic

acid (DOPAC) B X U'HVA #HlIE L7z,



ML L J5 ik

Y OERE . WRIE OB GR X OO H

AARF ¥ —/L A« UX— (#E)I) XA LR 11 B B oM C57BLI6 ~ U 233
FOVE% 8 H HOMERE C5TBLI6 ~ 7 AZ &R — Y TE Lz, fE=RILER 21~
26°C. 1% 50~60%. MR 12 FE[/H (8~20 Kf) ICR%E L7-, B iX B (MF;
FV = ZOVEERE, BOR) B R UVKIEKRE B HICERSE, HAR% 24 FREBHE L
%, U A% 3BT (BRE MR~ T 21X n=4, HETF~ T AT n=6 (3 ik
FOME 3 1)), Zhehisit (EEafAK) . MPTP-HCL (Sigma, St. Louis, KE) %
L < 12 MPP-Todide (Sigma) % 10 mL/kg (% & CHEIEHEANE S L7-, MPTP-HCI
& %ML MPP-Todide %~ U A IZHEIMEIENEE G L 72 2 E TOMFSE TIE MPTP-HCL
I% 30 mg/kg Rt (63, 64). MPP-Todide % 12.5-25.0 mg/kg (65, 66) DHETH 7=,
TlEtito 72, MPTP-HC1 1% 50.0 mg/kg %, MPP-Todide I3 34.2 mg/kg % i fHl
BELTAk 2 THA3HELZIITR~Y 7 AICE Le (%8 n=2) %, ke HEHT
TN EGERICET Lz, —J7, &AEH &R TIEMPTP-HCl £ 5- L7z 1 # % Bk
STAEDN A LN o122 L 0vs, MPTP-HCI 1% 25.0 mg/kg % . MPP-Todide 13 17.1
mg/kg G AL Lo, #5 6, 12 B L0 24 B IC V=T VT —T U L DK
BT ORI X 02258 L, R~ A0 BIX 1 IEH 720 6 IEOMR T4, HiE T~ 7 A
POITM A BRI L 7o, S HIT, KM LN BIRFbITEE %, FrE 70 b3 (Fig.
1-lc) %, #RGiRE LOMRSMRICHEET 2 MR L OWhs (Fig. 1-1d) 28 L7, 7
B, AFEBRITHGR PR FF R P AEMBI AR EREBMEBSOKREG T, FHE

BROEEHINE > T L7z,
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Total RNA D+ & O Reverse transcription (RT) -PCR

Total RNA fith D728, ik~ D X 1 L7 3 IO DIHER, B8 L OHEF~
U ADHREOFINE, BREES L OSSR T 22 KO RE vz, kv
ADR, BT~ 7 ADHE L O¥SAZ ISOGEN il (AARY—, HH) IZA
AL, Tissue-ruptor (Qiagen, Valencia, K[E) THREVF A AL, REVF A XL
#fkZ 7 ARV ATRE L, RNA 24 Y 7 a/X) — LTS, 5% % /) —L
THerg L7212 RNase-free /K CIEfiE L, -80°C TIRIE L 7=,

i L7 RNA O##r 5 R 3 OV e DNA &%, PrimeScript RT reagent kit (% 7 Z
INA T, W) AW T T 72, #9 2ug @ RNA |2 PrimeScript /N 77—, 4 U = dT
77 A4 ~—,dNTP X > 7 A PrimeScript RT E#5% % J U RNase-free 7K Z i1 2., 50 uL
LTz, ZNHDIRGWE 42°CT 50 iUk S ¥2tz, 7T0CIC L TRIS &1 STz,

RT-PCR i Ex Taq Enzyme Hot Start PCR kit (¥ 7 /34 4) O7'a ha—/L(Z
P> TH U7 N &FHE L, Takara PCR Thermal Cycler MP (¥ 5 7 /34 ) % W T
1T>7, 1ug ® cDNAIZPCR Ny 77— dNTP X v 7 X EX Taq li#5%. RNase-free
KBIONT T4 ~—%MMz2T50 pL & L, 94°CT 2 R FEL-1%. 94°C 30 D%
P, 40 BoOT7 ==V 7BLWV 72C 1 5OMEDOY A 7 L Z# ik L T DAT

(GenBank Accession No. AF109391.1) . TH (GenBank Accession No. AK139568.1) .
MAO-B (GenBank Accession No. AK054050.1) 3 &£ P MAO-A (GenBank Accession
No. AK164457.1) ® mRNA ¥H &4 EBHIIFHN L7z, 77 A ~— D8, OO
A I NVEBLOT ==Y 7 OIRE% Table 1-1 IZ5C#k L7z, RT-PCR O, 2%7 4
H—=Z2TNVEBRLOF VT AT u~ A FeWIZERKE 21T, NEMEETH 5
glyceraldehyde-3-phosphate dehydrogenase (GAPDH. GenBank Accession No.
AK140794.1) FHL & DR L KD T, 703, DAT, TH, MAO-B, MAO-A ¥ L U GAPDH

® PCR EM DY A XiE, ZEH 723 (67), 637, 541 (68), 646 (69)F5 I 1F 983 bp
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Th-oT,

Total % > /37 'E O F L U Western blotting

LR EHMOTED | R~ T A 1IEHT7- 0 3ICDOR DM, B XA~ T A
DEERED NN, BRI L OSBRI EET IR B L ORE Wi, i~ A0
W, S~ U 2D PRE L OWREEZ 150 mM ik U v A 1 mM EDTA, 1%
NP-40.10 mM 7 v fb7 F U 7 A 2 mM NasVO4 3 K O Proteinase Inhibitor Cocktail

(Roche Applied Science, Penzberg, M [E) % &» 10 mM Tris-HCI buffer (pH 7.8)
IZ AL, Tissue-ruptor (Qiagen) THET T A AL, 4°CT 20 47 12000 x g Tiz >
SHELTZ, RBICEEND X /N7 HOPRE% Lowry protein assay kit (Bio-Rad,
Hercules, >k[E) TH|E L., -80C TR LT,

30 ug DX NI FhETeY T NVERIRIZIRED 5% A VT 7 v =& ) —)L[Laemmli
Sapmle Buffer (Bio-Rad) #/llZ. 10% SDS-PAGE %~ /L C 30 /rffl&ESvk#E L. 25V
OFEET PVDF I (Bio-Rad) (285 L7z, PVDF 5% 0.1% Tween-20/Tris-buffered
saline (TBST) BLUAFAINZICXY=IET 1 RHUESR L&, AFLINVZI
iR U= o £H MAO-A $if& (Santa Cruz Biotechnology, Santa Cruz, K[E)., ¥
HLMAO-B Htfk (Santa Cruz Biotechnology) . 7 = k1 DAT #i{& (Millipore, Temecula,
KE) . 75 TH $iik (Millipore) 721X % XHB7T 7 F o Huk (Cell Signaling
Technology, Danvers, K[E) & 4°C T 18 R &7, WU\ T TBST IR L7
TIRPUA &SR T 1R AOS S 72 1% DAT 38 X OV TH (2950 Tl ECL Plus Western
Blotting Detection Reagent (Amersham, Amersham, #[E) %M\ T, MAO-BFE X
M MAO-A (Z2W\W Tt ECL Prime Western Blotting Detection Reagent (Amersham)
ZHNWTHZ X EDON REAffb L, ChemDoc XRS-J (Bio-Rad) (ZX VL

7’9—
—o
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PURSEOFER, T2 (94°C. 5 57) OF R L OHAW =R O AL =T Table 1-2
IZRLH LT, X N BEORBLEIX, RV T NVORT 7 F B "I EODENE

DR THEH L,

Rk v~ N7Z7 00—« ZoT7 NEESHT (LC/MS/MS)

K33 v, DOPAC 53X ONHVA OEEDT-O, HE T~ ADOHINE LORSKE
KETHHL, EEEZHE LZRICHESHIT-80°C THRAF LIz, &7, £
NZEN 9 fEE (285~785 uL) @ 0.1%XEe% 4. Shakemaster (bms, H3{) %
WTAHREY ST A A LT,

50 uL OFRE V3R — b &, WEBEHEZ G T 0.1%FHR T 300 uL I2A R L7z, KR
&MY > 7 % Restek Ultra PFPP 7 7 A (1.9 um, 50 x 2.1 mm) (Neta scientific,
Hainesport, X[E) %MV ., DOPAC ¥ L O HVA #ilEH ¥ > 7 /v Waters HSS T3
#7172 (1.7 pm, 50 x 2.1 mm) (Waters, Milford, k[E) %M\ T, 60°C T Captiva
NDlipids 7 (/L #—71L—h(Varian, Palo Alto, K[E) 12X v JEi#E L7,

it Y 7 v A HPLC v A7 2 (Acquity UPLC System, Waters, Milford, K[E)
IZEA L. mobile phase & LT R/X3 HIEMICIE 0.1%FFRKIEHKI0.1% X EE T & |k
= h UL Z . DOPAC 5 L O HVA JIIE FICIE 0.1% K HERR /K IAHE/0. 1% K ERR 7 &
b= MU AR ZCTHE L7z, RS AIEROY 7 A&EIL 5 ul, DOPAC
BLOHVA JEMIL 5~10 uL & L, BEFEOFEMZ2 A Table 1-3 [Z5C# L 72,

LC/MS/MS (MDS Sciex API 4000, Applied Biosystems, Carlsbad, k[E) % HT
Wik a~ N7 77 =2 DR Se K233 DOPAC B L UVHVA 2 E& L72,
RN VM3 IEA A — R T, DOPAC B8 L WHVA i3 A 42— FTA
2 —T7 2 —A%EIEL, 550 CICRRE LT, BT rLX—iX, FXI 7% 35 V,

DOPAC 5L UHVA #TiE-16 V&L, 77 TRAZ YV U ITRT v ud, F3Iy

13



Z5H11% 40 V. DOPAC B X OHVA /#r1%-33V & L7-,

T LB

mRNA B L OV 37 B D3 H 1T Image J (NIH, Bethesda, *K[E) % A TEHI
L7, FERITFAME + RS (SE) TRR LTz, £, B IREE & &G REH OHE
FHERIREIZ X Ftest, Student’s £test 33 1 OY Aspen-Welch test % FV Y, A E/KUEIE

P<0.05 & L7,

14



i A

faf~v A
BT~ U ADRTIE, MPTP %7213 MPP+#%5-0> 6~24 F§f]# (2 DAT mRNA D%

BN U, 5 12~24 W% CIIE T IREE L it L CHE Ch o 7= (Fig. 1-2a)
2, DAT % > R G ORBUT R 57 h > 7= (data not shown), MPTP & 7-iX MPP+
#5-0 6~12 KifH]# (2 TH mRNA OF B &) A R & ol U TR EIZED L (Fig.
1-2b) . 12 KR TH # o /37 B OFEBLED EEBOIREE & el L TR RIS Lz

(Fig. 1-3a), MPTP 7= MPP+# 512 & 5 MAO-AmRNA (Fig. 1-2c) BL ¥
7% (Fig. 1-3b) ORBIEDZE(CITED &7enro7-, MAO-B mRNA O3B &%
MPTP F /=13 MPP*O#: 5 CTiraZ b3 (Fig. 1-2d). MAO-B % > /X7 B O3B EIT

HEIDBETH e, EREHOEZIT O Z &N TEh o7z (Fig. 1-3¢),

BEF~D A

HK T I MPTP & 7213 MPP+ 0 £ 5 12 5 4 (S PR Bk BRI & ek L T DAT mRNA
FHHEOBAEM D R ), AEEITRO bR -7 (Fig. 1-4a), DAT # /8

BoRBEIL, &5 6 RFM% RGOS IEE & i U TR Lo i, 12 FFE %
ICEBEICHD L, 24 FERI# 21X ME L= (Fig. 1-5a), TH mRNA ¥ 5 &% MPTP %
721X MPP+#% 5 6 %12 (Fig. 1-4b) . &# /8 7 B3 B B 3% 5 12 FRf#% 12 (Fig. 1-5b) .
VIR R & Ll U CAHEIZD LTz, MPTP & %5\ % MPP 512 k5 MAO-A @
mRNA (Fig. 1-4d) B L % > x7'H (Fig. 1-5¢) BEEOZELITFRD o7z,
F7-. MAO-B mRNA %8 & 281k L7eh~7= (Fig. 1-4c), 728, MAO-B % > /X7

BITRBEDIEF (Do o lod GERFM 21T 9 2 & 1T TE el o 72 (Fig. 1-5d) .

15



2B, FHEOMTIZIEE R MAO-B ¥ > 7 EORBENHER SN (Fig. 1-5d).,

MPTP #EHEDO PR TIE, Hh5 6~12 FFEIZICHT T R332 38 LU DOPAC iR
A U, 24 BRI (a8 L7~ (Fig. 1-6a and b), —J7. MPP*&ERETIE, R
SRR VBEOEGITR SN0 T2, DOPAC BEEITH G 6~12 BRI LZAs,
24 FRR I I IA Mo FRRE & Hel L CA E (8N L 72 (Fig. 1-6a and b) , HVA 2T,
MPTP & %\ \d MPPH 512 X 22 kiT R beh o7 (Fig. 1-6¢).

Ak TIZ, MPP+#5- 6 H##% 2 DAT mRNA 7384 L. MPTP % 7= (% MPP+# 5
12 WEIRIER T (TR et HRHE & Lhi L TR RIS L. (Fig. 1-Ta), DAT # v /R 7 B
MPTP 35 L OV MPP+H¢ - 6 W[ #212I80 L, & 51T 12 ReiB I I ia oot IR & i L
THEIZHD L7z (Fig. 1-8a), TH mRNA (X MPTP #5- 6 Wi #4 (CVASER IREE & b
i L CHEIZEA L, MPPHR G T H 5 6~12 FFH#Z I T TRUMEM 23 /. b7z

(Fig. 1-7b), TH % v /7 E58 813 MPTP % /=13 MPP+#% 5. 12~24 FRfi#4 298
A2 R S, MPP &5 12 Refi)# 12 IR B BRRE & bl L TR EICA LT (Fig.
1-8b), MPTP & %\ \iZ MPP+# 5.12 . 5 MAO-A ® mRNA (Fig. 1-7d) L% %
78 (Fig. 1-8¢) IZOWTHBEDOEITFRD bR >7c, £72. MAO-B mRNA
OFBEEB LN L ed o7 (Fig. 1-7¢), 723, MAO-B # X7 EITHBLENIEF I
Wleholofed, BEMNZIT Y Z EIXTE oz (Fig. 1-.8d), —F . RHADKT

ITEE

Eﬂ}

72 MAO-B O3B0 R s 7= (Fig. 1-8d).,

MPTP £ 5HEOMEMAETIL, 25 12 FEHIRIZ /8 U IREE DS RRE & Hei L T
AEICHAD L, 24 BR#%ICEE L7z (Fig. 1-9a), £7-. DOPAC JEEE13#% 5 6~24 I
[ 12N TR FREE L 0 A RIS L7z (Fig. 1-9b), HVA REII#E L 6~12
IR \ IR FREE & bRl U CH I L2203, 24 Bf#I2aE L= (Fig. 1-9¢), Z
AUTHKE L, MPPHEGRETIEZ, RR R L~ 7= (Fig. 1-9a) 23, DOPAC

IR 134 G 24 BRI E2 IS Ioet BREE & Pk L TR EICI L 72 (Fig. 1-9b), HVARE
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I%. MPTP &5 6~12 Kifil#4 3 LU MPP& 5 6 HFE& IS H et BRRE & bl L TR E

(I LTehs, 5 24 BRI ThlEMm 27~ L7 (Fig. 1-9¢).,
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ArBIOEAE T~ 7 ZADOMTIX, MPTP XN MPP#¢ 5. 6~12 K% 12 PAmExt
MARE L iz LT, DAT & TH @ mRNA & % L 87 BIBENHD L, S ICHETF~
U ADITIE F/RI v & ZDHFEEY Toh 5 DOPAC & HVA DR G L7z, DAT
BELOTH % XV EORBREL L O NXI L Z2OGPEY OR IR S 24 FEE#4
(ZIIEREE L7, 6> T, MPTP ¥ X O MPPHI M -IaAE RS (BPB) I X OMi4:
T~ 7 AD BBB Z i L R8I ARk L CEEEZ RT 00, 2085 —
P T D RIERTRE T & LHEZ S vz, — 7T, MPTP OR@IZEEH % MAO-B &
L O'MAO-A OFBLRIZZEITIRD BTz,

Rk~ 7 A MPTP % KIE#GT 2% & RS Ui Il MEE S d 2 L3k b i
TW5 (17-33), iz, FHAIZ MPTP % #5325 &L 10 TH OIEH A3
HZEBHBILTND (70,71), EHIT, IHE~ Y 2% W% (72) Tik, MPTP
b 4 BERRICHR T~ 7 ADOMT DOPAC X O HVA JBENKE <D T 508, 24
RE RIS REIE L s WO HE b H D, Z Ol T, #lEo MPTP #5255 24
W% I MPTP %59 % & DOPAC 3 L O HVA JREIIW]EI# 5% & [FEkOHER
B LIZA, ZOREIIYIEE 5% ORE XY bk o72, £7-. 3 ARk < MPTP
iR~ U A GT 5 L Bk G 5 HEOKRT~ 7 ZAOMO DOPAC k5 XU HVA
TERE L, TR PREE L R L CHBICEWE £ Th o2, 205 OIS & KO
REV, BBF~T 2D R idiE, B E To MPTP 512 X 2550513 E1E
LG50, BEGRENREL 25 L RERREREELZZ T B b, £7=, MPTP
(2K T DI ET R~ U A LD BB~ T ZADHEPMMRNEZEZ BTV D (73, 74), K

EIZBW T MPTP B L O MPPH# 512 X 2 iR EE Pl K 0 s L7 ls 38 KOV
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AT~ A DAT BELOTH 4 2 37 EHRBLEL RN 8 L OZ ONRGHED IR
24 K12 ICEE L7 DlE, IR 736 KOS A~ 7 A3~ 7 AZH~T MPTP (2%t
L CRES M TH D Z LICERT S RSN,

REDHFIETIE a7~ 7 A0 TH 3 LOH 4~ 7 20 DAT 5 L ' TH © mRNA
Bl &L MPTP & X O MPP+x 5 6~12 FFH 2 ICIRk b LIzoixt L, 2o
R R BLEITEE G 12 R ISR I Lz, 2D 1E, mRNA BB EOZE LA ¥
VRN ERBBEOEICTATTHE VI B I A RT~ICFELARWEREEZD
e,

Fo, HETF~ T ADEA, FMTIE MPTP #5 6~12 FE#ic, LA T 12
RFff#C, TH # X7 BRBIEB LR NI RENRED Lic, RARI VA THIZ X
STHMEEND Z Lint, TH Z /37 ERBEOHD 1T RS RO SATT
L ETRENTEN, TORBITITREITR R > TV, FRROMERITZINE TOHE
(72, 75) TH RS54, C57BL/6 ~ 7 A MPTP #4545 & 4~5 Kififkic /83 v
BLOEORHEYM TH S DOPAC B L HVA IRENKE A L-olcxt L, TH
BB ORBIEITEY 24 R E TR Lo Tz, - T, MPTP # 5%
TH % > /37 BRBLEOWRDZHATT 288872 K233 2 DOPAC 5 LU HVA OjEid
X, FHLO KR v B OEORBMIEMOFELENRD LIz TIER < R8I AR
R DIEVEAX T & 5 ML MPTP & MPPHIAGE L72 2 &1 k2 MAO-B IEM D (76)

ICERT SO LRI,

. S ZOMRERIRIC I T 5 DOPACHEEE O A IIMPPH 5B LV £ MPTP
BHBETHEE Th 72, MAO-BOIGEMEIZMPTPZMPPHICR#§5 2 & TR T 5
(77) Z L. BELUDOPACIE F /32 U AMAO-BTHRE SN THEASND Z ENMLR
TW5, §it> T, MPTP#EGRECH T 52 DOPACHEE O K X 72 1%, MAO-BIE AN

MPPH GRE L B L TRELSTHAD L7 LIZX b b eEZ bR,
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F7. RETIE, FMB L UREKICIB WV TMPTP® % W EMPPH 524 [ # 12
DOPACH K U HVAJR E DAL L 0 A RIS L7z, 2 E TOMFETH RO
BEME SN TS (712) 23, AT RS2V RERD OMREMERIG &5 2 B,
DOPAC % HVAIZ ft#3 % catechol-O-methyl transferase DIk ® 2 L TV 5 L
g3nt,

REOWHEOFES, MPTPH 5\ MEIMPPHIAEFEIEICIE 7B L OWiE T~ R K
NI U EEZ R T LD, TG OHEBIFREIC K 5 @mEIT RN b0 TH Y | [H

BEARETH D LR ST,
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Gene Sense primer (5’-3’) Cycle number Annealing temperature

Antisense primer (5’-3’) (°C)
DAT AAGATCTGCCCTGTCCTGAAAG 37 (embryo) 60
CATCGATCCACACAGATGCCTC 32 (midbrain of newborn)
o 35(striatum of newborn)
TH GAAGGGCCTCTATGCTACCCA 32 (embryo) 58
TGGGCGCTGGATACGAGA 30 (midbrain of newborn)
32 (striatum of newborn)
“““ MAO-B GTGGTATGTGAAGCAGTGTGG 33(embryo) 54
. JCAGTGCCTGCAAAGAAAATC 30 (newborn) e
MAO-A TCAATGTAGCCACTCCACTGT 33 (embryo) 54
TTGGGGATAAAGTGAAGCTGA 32(newborn)
GAPDH TGAAGGTCGGTGTGAACGGATTTGGC 28 (embryo) 54
CATGTAGGCCATGAGGTCCACCAC 24 (newborn)

Table 1-1 Primers and conditions for RT-PCR.
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Detected Heating before Concentrations of Dilutions of

proteins SDS-PAGE skim milk (%) First antibody Second antibody
DAT {—) 5.0 1: 900 (Newborn midbrain) 1: 5,000
____________________________________________________________________________________________________ 1: 2,500 (Newborn striatum)
TH (+) (Embryo) 5.0 1: 4,000 (Embryo) 1: 5,000
(—) (Newborn) 1:18,000 (Newborn)
MAO-A () 50 1. 80 112500
MAOB () 08 1. 100 1:20000
[-actin Same as above, 5.0 1:20,000 (Embryo TH) Same as above,
respectively 1: 3,500 (Newborn DAT and TH)  respectively
1:26,000 (MAO-A)
1:30,000 (MAO-B)

Table 1-2 Antibodies and conditions for Western blot.
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_____________________________ Dopamine  _ DOPACandHVA
Run time Mobile phase ratio (A/B) Run time Mobile phase ratio (A/B)

0.00-0.50 min 100/0 0.00-2.50 min 100/0-75/25
0.50-2.60 min 100/0-70/30 2.50-2.60 min 75/25-5/95
2.60-2.70 min 70/30-10/90 2.60—-3.21 min 5/95
2.70—3.30 min 10/90 3.21-3.30 min 5/95-100/0
3.30-3.31 min 10/90-100/0 3.30-4.00 min 100/0
3.31-4.00 min 100/0

Table 1-3 Gradient program of mobile phase for LC/MS/MS.
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Fig. 1-1 Coronal sections of mouse brain. (a and ¢) midbrain; and (b and d) striatum. (a
and b) Substantia nigra and striatum in the right cerebral hemisphere are enclosed by
green lines, respectively. (c and d) Quarried areas for total RNA or protein extraction

are enclosed by green line.
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Fig. 1-2 Changes of the mRNA expression in the head of MPTP- or MPP*-treated
embryos detected by RT-PCR. (a) DAT; (b) TH; (c) MAO-A; and (d) MAO-B. (a and b)
Both DAT and TH mRNA levels became low 6 to 24 hr after MPTP- or
MPP+-treatment. (c and d) No significant changes were observed in the mRNA
expression of MAO-A and MAQO-B. Values are shown as the mean + SE. *: < 0.05

compared to the corresponding negative control.
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Fig. 1-3 Changes of the protein expression in the head of MPTP- or MPP*-treated
embryos detected by Western blotting. (a) TH; (b) MAO-A; and (c) MAO-B. (a) The
TH protein levels became low 12 hr after MPTP or MPP+-treatment, but recovered
at 24 hr. (b) No significant change was observed in the protein expression of MAO-A.
(c) Representative photograph of MAO-B protein expression at 6 to 24 hr in
saline-treated control embryos. A very low level of the MAO-B protein was detected
in the head of the saline-treated embryos, therefore a quantitative evaluation was
impossible. Values are shown as the mean + SE. * P < 0.05 compared to the

corresponding negative control.
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Fig. 1-4 Changes of the mRNA expression levels in the midbrain of MPTP or
MPP+treated newborn mice by RT-PCR. (a) DAT; (b) TH; (¢c) MAO-A; and (d)
MAO-B. (a and b) Both the DAT and TH mRNA expression became low 12 and 6 hr
after MPTP- or MPP*-treatment, respectively. (c and d) No significant changes
were observed in the mRNA expression of MAO-A and MAO-B. Values are shown

as the mean + SE. *: P< 0.05 compared to the corresponding negative control.
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Fig. 1-5 Changes of the protein levels in the midbrain of MPTP or MPP*-treated
newborn mice detected by Western blotting. (a) DAT; (b) TH; (¢) MAO-A; and (d)
MAO-B. (a and b) The DAT and TH protein levels became low 6 to 12 hr after MPTP

or MPP*-treatment, but had recovered at 24 hr. (c) No significant change was

observed in the protein expression of MAO-A. (d) Representative photograph of the

MAO-B protein expression at 6 to 24 hr in saline-treated newborn mice. A very low

expression of the MAO-B protein was detected in the midbrain of saline-, MPTP-

and MPP+-treated newborns, a quantitative evaluation was impossible. In contrast,

abundant MAO-B protein expression was observed in the midbrain of maternal

mice. M: maternal mice; C: saline-treated control newborn mice. Values are shown

as the mean + SE. *: P< 0.05 compared to the corresponding negative control.
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Fig. 1-6 The levels of dopamine and its metabolites in the midbrain of MPTP- or
MPP+-treated newborn mice. (a) Dopamine; (b) DOPAC; and (c) HVA. (a) A decrease
in the level of dopamine was observed 6 to 12 hr after MPTP-treatment, but the

level recovered at 24 hr. In contrast, no significant change in dopamine levels was
observed in MPP+-treated mice. (b) The DOPAC level was decreased 6 to 24 hr after
MPTP-treatment. However, the DOPAC level was slightly decreased 6 to 12 hr after
treatment and increased at 24 hr in MPP+treated mice. (c) The HVA level was not
changed by MPTP- or MPP+-treatment. Values are shown as the mean + SE. *: P<

0.05 compared to the corresponding negative control.
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Fig. 1-7 Changes of the mRNA expression in the striatum of MPTP- or
MPP+-treated newborn mice detected by RT-PCR. (a) DAT; (b) TH; (c) MAO-A; and
(d) MAO-B. (a and b) DAT and TH mRNA levels became low 12 and 6 hr after
MPTP-treatment, respectively. The DAT and 7H mRNA levels were low at 6 to 12 hr
in MPP*-treated newborn mice. (c and d) No significant changes were observed in
the mRNA expression of MAO-A and MAO-B. Values are shown as the mean + SE. *:

P<0.05 compared to the corresponding negative control.
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Fig. 1-8 Changes of the protein expression in the striatum of MPTP or MPP*-treated

newborn mice detected by Western blotting. (a) DAT; (b) TH; (¢) MAO-A; and (d)
MAO-B. (a) The
MPTP-treatment. The DAT protein expression was low at 6 to 12 hr in the
MPP+treated mice. (b) The TH protein expression was low 12 to 24 hr after MPTP-
or MPP*treatment. (c) No significant change was observed in the protein
expression of MAO-A. (d) Representative photograph of the MAO-B protein
expression oat 6 to 24 hr in saline-treated newborn mice. A very low expression of
the MAO-B protein was detected in the striatum of saline-, MPTP- and

MPP+-treated newborns, therefore, a quantitative evaluation was impossible.

DAT protein expression became low 6 to 24 hr after

Abundant MAO-B protein expression was observed in the striatum of maternal
mice. M: maternal mice; C: saline-treated control newborn mice. Values are shown

as the mean + SE. *: < 0.05 compared to the corresponding negative control.
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Fig. 1-9 Levels of dopamine and its metabolites in the striatum of MPTP or
MPP+-treated newborn mice. (a) Dopamine; (b) DOPAC; and (c) HVA. (a) A decrease
in the dopamine level was observed 12 hr after MPTP-treatment, but the level had
recovered at 24 hr. However, no significant change in dopamine levels was observed
in the MPP*+treated mice. (b) The DOPAC level was decreased 6 to 24 hr after
MPTP-treatment. However, the DOPAC level was increased 24 hr after treatment
in MPP+*-treated mice. (c) A decrease in the HVA level was observed 6 to 12 hr after
MPTP- or MPP*-treatment, and the level recovered at 24 hr. Values are shown as

the mean + SE. *: P<0.05 compared to the corresponding negative control.
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IR TR T 7 4 LTEYI &2 10 mM 07 =g Ny 7 7 —|2i2 LT 120C T
15 53fElA— b 7 L—7WB L, 1%EER L AKFE/ A Z ) — VI & 8% A F LI V7T L
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K ORSRIR TIRIR I REE & FIARIE & A R b7~ 7= (data not shown),

BEF~D A
MPTP & %\ Md MPP+ Hi[EIEREN 5 12 Bif#e . 45 50E CIIIR B IR IC e~ T
BB TH B0 f Z D 838 - (Fig. 2-4atod), #EATIE, MPTP 5
5T MPPHR 512 & 0 IR IREE & bl U C TH B OB B A3 7L 5 72 28,
HEATIRD N>z (Fig. 2-4etoh),
TR b=y AHEEN T, BREIATIZ MPTP & 2\ T MPPH% 502 X 0 BEZF 2 HIN L
7z (Fig. 2-batod) 75, FVE CIIBBEcHHRRE & bl U CHAE R RITER O H o7
(Fig. 2-5d), SVZ TiZ, MPTP & %\ M3 MPP+# 5.1 & 0 fiiesd CHEZE I H40 L 7= (Fig.

2-6atod).
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—EB I OAREOHILIZE T, MPTPE L UMPP+O £ 51205 % 12, hTHB &
AT~ ADOBREB L OREERIZBWTTHS X7 ERBEOEAD N, B~ v
AZDSVZE L OLT EHEF~ 7 ADSVZIZBW T TR b — A0 Nt nh
Aoz, €->T, MPTPE LUOMPPHINE B L OHTAE T~ 7 A5 L, 5k & Rk
IZHVE. MR LOSVZAER & L THRMREEL S SR T B2 b,

Tl L0 . BRAEL12H B OG-~ U A TIREEIC L O THRGEM AR 23
FRERICE T OTHSG ISR b2 & h . ZOROE -~ v A0 REIZIX
BEIZ RS AR MIR 2SEAE L GRS L ook 2 LB 2 bz, LAEo#EIC
LV, 7y FTIEBRAEISHENLREIC RN RN 580 b, JEE16H BIZ
DT TSGR A~ES s (81-86) ZnMmbnTW5S, 7 hOMBAIBHAENS16
HEE~ U ADORAEIIRENH14H BIZHYS T2 (87-89) ZLhb, lBFYUATO
AT, 7y hOFTREFELRWEEZZ BN, AT, £%IHEBOHETF~T A
TlX, JRHEIZRTHR MR BVE 3 L UMREIR TR b7,

MPTP# GG ¥~ 7 A Dz TERERIIZ AT L 728t 13 72, AL 2i9icid, iR~
U ZIZMPTP% #5345 & 4Rsfil#% LB IR - D7 5 MPTPE L UMPP+3 i Hi S
% (71) Z &, BIOE~—%% Yy h~OMPTPOEBMEAEHIC X Y HATHZOH
AT-ORD RARIVBEMET T2 (90) Z &M SN TWD, RETITo - RyE
BOFERIT, TN OALTFRIZRFHEFER L — L. £7o. MPTPAE B LWL~
TR L TR EE A AT 2 2B FIICR LI D TH L LB X BILD,

%72, MPTPH L OMPP+A BPB# L Oia - & #i4: + OBBBZ il 3% Z L VR E 1

7= (44, 70,71, 90) 73, AWIFEOFERE O T, MPTPZ ¥ 5 LB B L A+~
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U 2T, MPTP® %W NEIMPP*O W OFHET Z i 5 OB Z il L 7z DI AR T
ol ALFYEOBBBEIEMEIL, T OWEOIREMEIZ K> CRESND (BT 735,
MPPHIAKEMED RN RERTIEREN & 2 W TR T#H 5 L7254, BBBA il L 7
W BT EEBZHLNTWD, LAL, FolBETIZHAR LIES <IEBBBANT L A L1
RELZRVNZ & (91-93), BL U~ U A TIFAEBRLIAM E TIE MY R T A—EFDE 5+
{EEDBR~EIERT 5 (93-96) ZENMOLNTWD, TAAY 7+ A7 7 X —LIHK
OMENEIZHEE (97) L, BBBOBHEICKLEREERE THDH Y, ~ 7 AWM TIEHA12
~24H1ZIZ, 7 v METIEHAESBERZICREI LIaD 5 (93, 981000 Z &b, 149
HEZEOHAE T~ AMTIE, BBBIZTEZLHKEEL TWineE X Hibd,

MPTP& % W MIMPP* O 512 L 0 A~ U 2O BER LUOMSGAETIETHS > /%
7 BERBLEOWA B LT R b= ZAHROBEMN o olzkt L, b CIETHS
VRV ERBLENEAD LTIcDHRTHST2Z b BT~ 7 AD R8I ekl 8T
AT AD RN MR & BT 7R b= RSP D IPIER ED EHER X
iz, —JF. SVZTiE, MPTP®H % W IMPP+D# 5IZ L W R L OHETF~ 7 X T
TR b= Zla AR TEAE ITHIIN L7z, iERCHTBL/6~ 7 A Z JHW o Z AL E TOMF
FRIZHBW T, MPTPOIEREN G- (53, 59) 1 L UMPTP® 2 W IMPP+OIM == N £ 5-
(56-58) IZ LV SVZTT AR b— AMIBARNEIM LTz, 26 OfE RIS LOAREDOR R X
V. A< &b aA12 A LIBEOSVZOMFE LI ZIMPTPE L UMPPHC L Y 55 2%
5 EEZXLNT, BT, MPTPH 5 W EMPP 512 L 5SVZO 7 R F— 2 Ak
OB, BEBIOBERL 0 bFETH o7, o T, B 83 ARG & ik e
A CTIEMPTP & 2 W EMPPOMa O S L < IX 2B Ik 2 N K &
SELDEEZON, ZORKE L TEAZNDOMILIZEIT H2MAO-BdH 5 W IDAT
YN EORBER L ONEEOENHER S,

B HIEB LOAREIZBW T, MPPHGHE L Y & MPTP %58 T TH @ mRNA & %
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YRIBEORBE, NN EZONRBEYOIRENELZIZED L, 7R b— AHES
WLz, ZoBEORKRO—>L LT, MPTP I X N MPPO# G &R ENE 2 b,
KRB THWEHEL DV OLEmMED MPP+aR G545 2 LT, MPTP #&54F & [AIFEE D
BAER R SR & 5 L HESE S LTz,

KEOFRRZ ELDD L, MR~ U ZADMEENICESE LIZMPTPE: L UMPPHE, I
FBIOHAES~ T ZAD RS UM Idd L OSVZOMR S I #EE L2 R~ 2 &
WHLMNE o7, Foo R/ ARG & e 2FRA0IE TIEMPTP & 2 WM EMPP 0

MEFEIEORF b L UL T OISR DR MIEN R E < R b LR ST,
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Fig. 2-1 TH-positive cells were significantly decreased in the fetal SN of MPTP- or
MPP+-treated mice. a: Control; b: MPTP ; ¢t MPP*. d: The number of TH-positive
cells in the total area of SN was decreased in MPTP- or MPP*-treated mice. e:
Distribution of TH-positive cells from rostral to caudal SN. Significant decreases of
TH-positive cells were seen on the rostral side. Values are shown as the mean + SE.

* P<0.05; significantly different from control. Scale bars = 50 um.
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Fig. 2-2 TH-positive cells tended to be decreased in the fetal striatum of MPTP- or
MPP+-treated mice. a: Control; b: MPTP; ¢: MPP*. d: Total number of TH-positive
cells was decreased in MPTP or MPP*-treated mice, although the difference was not

significant. Values are shown as the mean + SE. Scale bars = 50 um.
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Fig. 2-3 TUNEL-positive cells were significantly increased in the fetal SVZ and LT
of MPTP- or MPP*-treated mice. a-c: SVZ; d-f: LT. a and d: Control; b and e: MPTP; ¢
and f: MPP*. g: Total number of TUNEL-positive cells in the SVZ and LT of MPTP or
MPP+-treated mice. Values are shown as the mean + SE. *, P< 0.05; significantly

different from control. Scale bars = 50 pm.
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Fig. 2-4 TH-positive cells were decreased in the newborn SN and striatum of MPTP-
or MPP+*-treated mice. a and e: Control; b and f: MPTP; ¢ and g: MPP*. White
dotted circle in a-c: TH positive cells in SN pars compacta. d: Average number of
TH-positive cells was significantly decreased in the newborn SN of MPTP- or
MPP+-treated mice. Values are shown as the mean + SE. *, P< 0.05; significantly
different from control. h: TH expression level was mildly decreased in MPTP- or
MPP+-treated mice, although the difference was not significant. a-c: scale bars =

100 um, e-g: scale bars = 1 mm.
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Fig. 2-5 TUNEL-positive cells were increased in the newborn SN and striatum of
MPTP- or MPP+-treated mice. a-c: striatum; a: Control; b: MPTP; ¢: MPP+. d: Total
number of TUNEL-positive cells in the newborn SN and striatum. Values are shown
as the mean + SE. *, P< 0.05; significantly different from control. Scale bars = 50

pm.

46



Wik 2

4y % “:_?S,, ii::‘

(o8

40
o *
>
s 30
w
(=]
o
m
2 20
=8
B
(=]
5 10
2
€
=1
Z 0 - :
Control MPTP MPP”~

Fig. 2-6 TUNEL-positive cells were significantly increased in the newborn SVZ of
MPTP- or MPP+-treated mice. a-c: SVZ; a: Control; b: MPTP; ¢: MPP*. d: Total
number of TUNEL-positive cells was significantly increased in the newborn SVZ.
Values are shown as the mean + SE. *, P< 0.05; significantly different from control.

Scale bars = 50 pm.
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B2 BIFBIUHAEF~URITEBIT 5 MPTP ik
F=ME~0D MAO-B 0L

s

HEmB LU EOMRE LY MPTP 8 XU MPPHIKERN~ 7 2721 Tld e < A1
BEOFET~T ZAD R8I ARSI KO SVZ ORI LT EttEs A
THZENHALLE RSN, ZOWTFIITFHOEE ThHoTo, AETIEH, HFBEIW
B~ A28 T2% MPTP O ff st 712>\ T, MPTP fUGHHZR T 2
MAO-B D5, ¥ X OM#EHIfE~D MPPOELY iAIZE1T 5 DAT DR 5 M3 Ak &
FERCTH LB PEFHE LT, el KO EHAEao a0y . MPTP
G LIEGRICORBRFRBIOEHAEF~ Y 207 ) 7l T MAO-B FHL&DHEN
DRIz, ZiuE, MAO-B OIENEM LT Z L IC X DRI EDZALTH 5 & HELR
INTc, Mo T, RFBLOFEF~ U X TITEE L [FEE MPTP OfGEHIZ MAO-B 23
B LTWb B2 bz, —F., DAT ORBIUIHAE T~ 7 AD RXI aidHila o
HTHRO B IETF~ T ABLOFEF~ T AD SVZ TIHRD bR oo T, 4> T,

BB IOEAE T~ T AT, KBk E FEE MPTP ORI MAO-B 23B85- LT\ 5% &

EZ BT,
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Bk C57BL/6 ~ 7 ATV T, MPTP IXHVE ) SRR IR A~EES 95 R84
fa 7207 T72 < | nestin FEPED SVZ AN S TR b —2 A &23EHT 5 (53-55),
R Rl RS L OIS IE O 7 AR b — 2%, MAO-B #INWJFLERITH LT
S U=V ORTERIC L 0 il & s 2 L2, MAO-B 134N T MPTP 75 MPP+
~ORFHZBEE LTV b EE2BND (54-55), Lo L, M IEHINZO 7 R b — A1,
DAT FREHAOFPLERCIIIE 9, FARI L EFRIUSE 7 I UMREEDE CTh
Lo h=rBIO/ VT KLU D b7 AR —2 —[ER ORTALEL T I S
e (59) Z D MPPHIRMOFIZ LV MlaNA~TVIAEND B2 B,
MPTP @ SVZ #3253 2 BElL, RS ARSI 69~ 5 gt & 135872 %
BIFICERT 5 B2 0N TV DADFEMIE A TH Y | Fric, MPPZ MR~ 1A
P IIRREACTH D, 51T, MPTPIZ LD BT X OEHE T~ 7 AD SVZ OFfift
64 2 B 2 Rl L 72AF2E & RS 72 720,

FHEBILUOE FEIZBW T MPTP B8 LU MPPHIR FB L OWAE T~ ATH R
NI UM K O R IEIRIC R L CEEE R T 2 ERB b E o7t (101,
102), KE T, BB L OHAE T~ AD R AR X ORI AR 23
% MPTP 3 L O'MPPHT K 2w BT AR & AR IC MAO-B 3 L OYDAT 7588 5- L T

WD I D R L7z,
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ML L J5 ik

Y OEE . BRI E O 53 K OYR BRI A O (R

AARF v —/L A« U N—LEEALT2AENE 11 B H O C57BL/6 ~ 7 A8 L UM% 8
H HOWERE C57BLI6 ~ U A& &@r — Y CTRE Lz, fE=EIL=HR 21~26C, E
50~60%. MEH 12 KefH)/H (8~20 Kf) |Za%E L7z, EIIZEIEEE (MF; 4 U =
VEOVERRE) BLUVKEKE BHICERS 7, A% 24 FEEBIME L7212, ~ U X%
3EEZT (BBE. R~ 7 AlX n=4, HEF~ U AT n=6 (I 3 Bl LOWE 3 #1)).
TNEIES (EFAEK) . 25.0mg/kg MPTP-HCI (Sigma) & L <% 17.1 mg/kg
MPP-Iodide (Sigma) % 10 mL/kg D% & CHIEEIENE S Uiz, #5612 FE%IZ Y
TFNT—T U L DRI T ORIMIZ L0 28 L, R~ 7 A0 BIIE 1 IEH7 D 2
VEDRGF %, FEF~U ANDIIMAHRI L, 10% T PEFEE AL~ Y o THEE L7,
FARIZHEN T 7 4 e LT, IR B L OSHA MO BE, SRS LV SVZ 25
TeRER O R I DM A AE R LTz, Feds, AREBRITHRUR RG4S E

iRt RREMEB R OKRBEGE T, REBRORINIE> THEE LT,

g

HL MAO-B Hifk, i DAT Pk L OB TH Hiikz fl 7S et 2 9206 L 7=, ik
W THNRT 7 4 L2 %Z 10m M D7 =y 7 7 —IZi7 LT 120CT 15
A= 7 V=TI 1%EER KA FZ ) — VBRI E 8% AF LIV TH X
30 RELE L CIRFRNGEZ 7 v vy X 7 Li-th, U HXH MAO-B #ifk (1:25,
Proteintech Group, Chicago, K [E). 7 > bk #$iL DAT #Hifk (1:50, Santa Cruz

Biotechnology) . ¥ X O'W#FHi TH Hifk (1:500, Millipore) # 4°C T 18 IRFfE] St &
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B, “REUAE(LSAB %+~ k. Dako) # 37°C T 1 B S & ¥ 7-%.0.05% DAB/0.03%

WK FEKRTHEIE, AT VT U — 2L D5tz L7,

MAO-B [GPERESE O HIE F L R LEE

B~ U ABIOHAET~ T AOMKTIE, MAO-B [T AR I B L T
W7e7e, Imaged (NIH) % W T MAO-B GO mAE 2 51l L 7=, /RIS
il + SE TFRiR L7z, £ B HEHE & & G- REM OREFHFAIRE I21T Ftest, Student’s

t-test 33 KUY Aspen-Welch test & AV, HE/KUEIT P<0.05 & LT,

THEf AR

MAO-B (Z2WT, Bk E FERIC 7 U 7HIFE THRIELL TW DG Z R T 5720,
i MAO-B Huik &t~ — 0 —6 L <37 U 7illa~ —h — & fuv iz ZEH s
St 2 £l LT, 7B, B~ ROV TSI T 5 LT 8K T, #Hid+~
T AN OWTEARE R L OV SVZ THMI L 72,

B> T T 7 4 LTEIR T~ U AMOBIRIZ W T RN O~ — 7
— T % ¥ ¥4t doublecortin (DCX) Hifk (1:60, Santa Cruz Biotechnology) % L <
IR ) TR D~— 0 —Td 5 7% FH nestin Hiik (1:4, /MR, FEE)
Z 3TCT1IMRERIS ST, HAET~ T ADOURIZOW TR, Eiofit DCX Hiff, i
nestin HUIK, B RAIGDO~— 4 —TH 5 7 v Ml neurofilament (NF) Hifk (1:1,
Dako) & U< IZME 7 U 7RO~ —H — T 5 %X glial fibrillary acidic
protein (GFAP) Hifk (1:40, Dako) % 37°CC 1 BFfEISG S H 7=, £ D%, Alexa Fluor
594 15k — Pk (Invitrogen, Carlsbad, K[E) % 37°CT 1 B/ SH7=,

KNT, BFOURIZIZYFHL MAO-B $itfk (1:5, Santa Cruz Biotechnology) # .

B FoO iiE ER o MAO-B ik 7213 7 ¥ FHi MAO-B fiifk (1:10,
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Proteintech Group) % %1241 4°CC 18 FFfi]f)is &7, Alexa Fluor 488 1%k I
PUk (Invitrogen) % 37°CC 1 K& 72, Vectashiels hard set with DAPI

(Vector Laboratories, Burlingame, X[E) THIA L7,
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faf~v A

MAO-B # >~ 7 B OFHIL, MH=I2HE 5 LT s TR o7z (Fig. 3-1a to ¢),
MPTP #4512 Rt (RS FREE & il U CRBLEOHINMEMA GRS b=, HE
AIRO LN o 7 (Fig. 3-1d and e), LT TO MAO-B DIEHiiX nestin FfE DA
R Y TR TR B AL (Fig. 3-2a) . DCX BAt O AR R CIEEE® Dz )
7= (Fig. 3-2b), F7=. BEBIOBSEETIZI MAO-B % "7 B ORBLULRD Hi
727r> 72 (data not shown), MMLIANTiE, & (Fig. 8-3a). &ME LfZ (Fig. 3-3b)
it (Fig. 3-3c) BLUFE (Fig. 3-3d) T MAO-B ORELNFRD LTz,

DAT % > 37 B O3BUL, WEExHREE, MPTP # 573 X O MPPHEEGREO W1

THETOlELR T bz - 7= (data not shown),

BEF~D A

MAO-B # "7 EORBUIEE TR 61 (Fig. 3-4atoc), MPTP # 5. 12 FFfE#£ (1
VAR BRAE & Phl U CHBICRBLES N L7z (Fig. 3-4d and e), 7z, MEEHTH
BHENR LN (Fig. 3-5a to ¢) 73, MPTP #4512 X 2B EDZELITR D L vz hs
>7- (Fig. 3-5d and e), 728, BE TiX., MAO-B O¥BlIE GFAP DR U 7
A TR B AL (Fig. 3-6a) . NF 51D plcrh ML CTIEFE s b v /e nr - 72 (Fig. 3-6b),

¥£7-. MAO-B % > {7 ED¥HiL, SVZ THR 6N (Fig. 3-7Tatoc), MPTP 45
12 WREERR (VAR BE BRAE & Lhil U CRBLEOBNMMEA RO b=, AEETED D
h7pino7- (Fig. 3-7dande), 723, SVZ Tix, MAO-B ®3HIE nestin kDAL

A7) T TR b (Fig. 3-8a) . DCX 5 D R ARSI TIIE8D b g ho
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7= (Fig. 3-8b),
DAT % > x7 B4 8L%, BE (Fig. 3-9a) . #5AK (Fig. 3-9b) 35 L UWE (data not
shown) T L=, SVZ TIEFRD b7z (Fig. 3-9b), 7235, DAT 5468

W, TH BEiEsEk & 13xm U Th-7- (Fig. 3-9atod),
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AEORELIY ., BFBLIOHE T~ RAOMTIE, KED—>TH5 MPTP ZH#
H L7256 03 MAO-B % o™ 7 B3 BlE O IMEM 23380 bz Z b BB X
VLT~ 7 2 TH MAO-B 78 MPTP 75 MPP+~DORHNCBG$ 5 L S 7,
MPP+Z RN~ & B AT DAT 1%, HiAEF~ v A0 RER LOBSEEOH TR
BRSO LN Z LD B R3S I T D MPP O IAZAZ 535 &
Ez b,

Rk~ 7 A (33, 103), %= (104) BX e b (105) Tik, MAO-B X7V 7HlfEic
KET L NN TS, KEORERNL, MAOB 4 v 7 HEix, Jh 1~ AT
I LT, AP, e B, e KOS T, Hid 1~ v A2 CIREE, BEIE,
WS B LORR MO 7 ) TR THRELT 5 Z LRI N, 2 bDORERIT. BT
(103, 106) B LOFAE T~ A (107, 108) 181D I E TOMEAMER L —B Lz,

MAO-B (%, JaF~ 7 A TiX LT ® nestin MR U 7 I, B4~ 7 AT
IFBRE I L OWRSRO GFAP [EERGEL 7 Y 7 Hild & SVZ @ nestin BPEARAE Y 775
N CRINRD ST, - T, WILE TIZ MAO-B % /3 7 HIZERIC b b7
U7 THREL TWD EEZ BT,

F72, AETIE, MPTP %245 L7SHAICDOA MAO-B & 287 BB E OB INE
M2 STz, BHE & 72 2 E OHINT X 2GR OFEITERNTEIS b D X
IS THD (109) Z D, RTBIOFEAET~ U RO TITEE S L7z MPTP 235
DOZRE L DFEE % LT MAO-B BB EOHMNAZTFHET 5 ATt 0 Ak b 71
MR ST, B, FAET~ T ADOREMETIL, MPTP #5125 % MAO-B #2737

BERBEEOLLIIR LN o T2, BV T HHETOERE CIX MPTP %W\



(X MPPHESC L 0 TH & o R BB RSB T LI DITxt L, SRR CIEE
REGITR N2 D o T2, TDORIZOWTIE, RS I B e D ==
— 8 OMBENREEMEET D Z &5 MPTP & % W E MPPHIR 5 2 LD EfR
FRETHY . BMEEITEE & ARUSEMENTZD Th D L HER I T,

REOFERND, BHRICEE Sl MPTP (3G FICB T L., I Okkx 72560 T
MAO-B (2L - T MPTP 75 MPPHIR#H S D EEF X Hnd, Ja O ic
DAT % ™7 BRBIIRO bNRDoTc, ZHETONFRICENTH, vV RAEFT
DAT % > R 7 BRBIRRO LD DOIFNRAE 14 BUETH Y (110, 111) Fh4E 12 B TIX
DAT mRNA BB DA LGB Hi7evy (112) Z b, v T AT O KX U iRE
F O SVZ D ARMFARRSHIIEIE MPP+2SHL Y IA LN DB IR AI D E E Th o 72,
L, BiET~ T AT, MPTP 12X % R3S AR~ R, Bk
FIFFBE T, MO MAO-BIZ & 5 MPTP @ MPP+~D {35 L O'DAT %4 L 7- MPP+
DIFFEAIN SOOI IARIC L > THIERZ ENDHEBZx bz, LirL, SVZ Tl
DAT ORBADFRD LN oT=Z L h . SVZ OREFIREHIIZIZ MPP+AHLY 1A
NOMFIL., FrEFTHOARHOEETH T,

faf~ v 2D PR (113) B X OHAER D~ 7 20D SVZ (105, 114) (ZITZE DA
FRBIHIARNFET 2 2 MO TN D, £, AFERICBWTH, st &
P DRER, T~ ARG, BEEK, SVZ B LA~ 7 A0 SVZ OfhitHl
I¥ nestin B ORI TH D Z LARI Nz, LML, 2 b OMaix DAT
ZHBLLTWRW®, REFRHIALIZ X DAT 20 X720 AR H10 MPPHELY A 28
WOEAET 2 AlRetE s HEER S T,

MAO-B # v /3 7 B3 BL R DOWEINZ 3 — O AL FBFHE CITM T E 2o 72 A3,
AREDFHELFHFHI T C& 72, ZORKE LT, JWEFRRHIE I EBE. %

B3 LN SVZ D% 4T DO TH R ERB R AT TX 72— T, A3

56
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Fig. 3-1 MAO-B protein expression was increased in the LT of MPTP-treated
embryos. (a) Control; (b) MPTP; (c) MPP+. (d) Mean = SE of the MAO-B expression
level. Values in the parenthesis. (¢) MAO-B expression level was increased in
MPTP-treated mice, although the difference was not significant. Values are shown

as the mean + SE. Scale bars = 50 pm.
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Fig. 3-2 MAO-B protein expression in immature glial cells in the LT of
MPTP-treated embryos. Green fluorescence indicates MAO-B expression, and red
fluorescence does nestin (a) or DCX (b). MAO-B was expressed in nestin-positive

immature glial cells (a), not in Dcx-positive neuroblasts (b). Scale bars = 20 pm.
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Fig. 3-3 MAO-B protein expressions in mouse embryonic tissues other than the
brain. MAO-B expression in the liver (a), nasal epithelium (b), neural tube (c) and

epidermis (d). Scale bars = 50 um.
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MAO-B expression (pixel)
Control 17612.6 = 7742.5(33799.7,27152.4, 542.3, 8955.9)
MPTP 59239.2 = 7778.4(77025.2,66314.1,41777.9,51839.7)
MPP"  20557.4 & 11054.0 (51845.6, 18123.4, 11836.6, 423.8)
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Fig. 3-4 MAO-B protein expression was significantly increased in the SN of
MPTP-treated newborn mice. (a) Control; (b) MPTP; (c) MPP*. (d) Mean + SE of the
MAO-B expression level. Values in the parenthesis. (e) MAO-B expression level was
significantly (P< 0.05) increased in the SN of MPTP-treated mice. Values are shown
as the mean + SE. Scale bars = 100 pm.
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Fig. 3-5 MAO-B protein expression was not changed among the striatum of control,
MPTP- and MPP+-treated newborn mice. (a) Control; (b) MPTP; (c) MPP+*. (d) Mean
+ SE of the MAO-B expression level. Values in the parenthesis. (e) No change of
MAO-B expression level was seen in the striatum by MPTP or MPP+ treatment.

Values are shown as the mean + SE. Scale bars = 50 um.
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Fig. 3-6 MAO-B protein expression in mature glial cells in the SN of MPTP-treated
newborn mice. Green fluorescence indicates MAO-B expression, and red
fluorescence does GFAP (a) or NF (b). MAO-B was expressed in GFAP-positive
mature glial cells (a, arrowheads), not in NF-positive neuroblasts (b). Scale bars =

20 pm.
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d MAO-B expression (pixel)
Control  19965.5 + 1216.4 (19467.4, 21368.8, 22263.0, 16762.7)
MPTP 35306.1 = 4962.6 (25654.6,41822.5, 45675.7, 28080.5)
MPP * 22966.1 = 1357.7(22009.1, 21016.1, 21852.9, 26986.2)

e 50000
(] &
5 P=0.058
= 40000
g —
G g 30000
v Q
aw—v
2N 20000
)
@
o 10000
<
=
0

Control MPTP MPP*

Fig. 3-7 MAO-B protein expression was increased in the SVZ of MPTP-treated
newborn mice. (a) Control; (b) MPTP; (¢) MPP*. (d) Mean + SE of the MAO-B
expression level. Values in the parenthesis. (e) MAO-B expression level was
increased in MPTP-treated mice, although the difference was not significant. Values

are shown as the mean + SE. Scale bars = 50 pum.
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Fig. 3-8 MAO-B protein expression in immature glial cells in the SVZ of newborn
mice. Green fluorescence indicates MAO-B expression, and red fluorescence does
nestin (a) or DCX (b). MAO-B was expressed in nestin-positive immature glial cells

(a, arrowheads), not in Dcx-positive neuroblasts (b). Scale bars = 20 pm.
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Fig. 3-9 DAT protein was expressed in the SN and striatum of newborn mice, and
co-localized with TH. (a and ¢) SN; (b and d) striatum and SVZ; (a and b) DAT
expression; (c and d) TH expression. DAT was expressed in the SN and striatum,
but not in the SVZ. Scale bars = 100 um.
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E7o. WMTA{E DNA 2587 N h— ZAMif A BT 5720, EiEICE> T NT 7
#4 > L7281 2 AW T TUNEL Yefa %2 3206 L 7=, Ytaid ApopTag Peroxidase in situ
Apoptosis Detection kit (Millipore) @71 h 2 — LI THEEL, AF LTV —2

(2 & D RPEE e 2 i LTz
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MPTP & L < i3 MPP+x 5 12 §fili% ORI BB R ZIT R bz~ 7z (Fig.
4-1) , TUNEL S L < IZ Cleaved Caspase-3 5D 7 A b — o A G S AL RAE
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W bivZe o7z (data not shown),
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). FLEHE TIREMIR R It L O RERMIL T (Fig. 4-2dtof) S® b7, &K
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4-3atoc). MPTP % L < X MPP+&5\Z L 0 BB & W L2 (Fig. 4-3d), — 5. k&

JEJE T MAO-A ¥ /X7 DORBULIRD b7z h - 7= (data not shown),
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MPP+¥5 X OBEHAT MPTP 2> B0 S 47z MPPHIS#C T 2@l L, B~ v &
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Labyrinth zone
Basal zone

Fig. 4-1 Histopathology of the placenta. The boxes in the placenta (a) indicate the
sites shown in (b) to (g). No morphological changes were observed in the placentas of
mice treated with either MPTP or MPP*. Control (b and e), MPTP-treated (c and f)
and MPP+-treated (d and g) mice. Labyrinth zone (b, ¢ and d) and basal zone (e, f
and g). Scale bars = 1 mm (a) and 100 um (b-g). HE stain.
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Fig. 4-2 Changes of MAO-B protein expression in the labyrinth zone and basal zone
of mice treated with MPTP or MPP+. MAO-B was expressed in the trophoblasts and
capillary endothelium in the labyrinth zone and in the spongiotrophoblast and
trophoblastic giant cells of the basal zone. Control (a and d), MPTP-treated (b and e)
and MPP+-treated (c and f) mice. Labyrinth zone (a, b and c¢) and basal zone (d, e
and f). MAO-B expression was significantly increased in the labyrinth zone of MPTP
treated mice (g), but was significantly decreased in the basal zone of the mice
treated with MPTP or MPP+ (h). Scale bars = 100 pm (a-f). Values are mean + SE (g
and h). *P< 0.05.
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Fig. 4-3 Changes of MAO-A protein expression in the labyrinth zone of mice
treated with MPTP or MPP*. MAO-A was expressed in the trophoblasts and
capillary endothelium of the labyrinth zone. Control (a), MPTP-treated (b) and
MPP+-treated (c) mice. MAO-A expression was significantly decreased in the
labyrinth zone of MPTP- or MPP+-treated mice (d). Scale bars = 100 um (a-c).
Values are mean + SE (d). * P< 0.05 (d).
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Fig. 5-1 MPTP and MPP+ toxicity in the nigrostriatal zone and SVZ of embryo (a)
and newborn (b) mice. (a) MPTP is metabolized to MPP* by MAO-B in the
maternal body, placenta and embryonic organs including LT, and injures the
embryonic CNS. (b) MPTP and MPP* pass thorough the immature BBB, are
metabolized to MPP* by MAO-B in mature and immature glial cells either in the

J

nigrostriatal zone or SVZ, and injures the newborn CNS.
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