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L-amino acid decarboxylase

AADC
AlMs abnormal involuntary movement scale
ANOVA analysis of variance
BSA bovine serum albumin
BBB blood-brain barrier
CMC carboxymetyl cellulose
COMT catechol-O-methyl transferase
DA dopamine
DBS deep brain stimulation
GDNF glial cell line-derived neurotrophic factor
iCBI intracerebral brain infusion
Levodopa L-dihydroxyphenylalanine
LID levodopa-induced dyskinesia
MFB medial forebrain bundle
mGIuR metabotropic glutamate receptor
MAO monoamine oxidase
MMT memantine
MPP* 1-methyl-4-phenylpyridinium ion
MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydoropyridine
MSN medium spiny neuron
NMDA N-methyl-D-aspartate
PB phosphate buffer
PD Parkinson’s disease
PBS phosphatate-buffered saline
ROS reactive oxygen species
S.E.M standard error of the mean
TH tyrosine hydroxylase
TSA tyramide signal amplification
6-OHDA 6-hydroxydopamine
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N—=F Y 9 (PD) IR KRFRFIRER, MG, MEE), BERHEED 4 DDk
M2 A DETHEOHIR AR AR B TH D, 7o, ik &0 B EMRER, &,
MEARPE S . SRAVIE /R & OIEEEER 2 S IR T 2 2 RRETH S, PD I3,
JNERISEE S MR B O R T, 7Y A = —JRICRWNTEEE N L P KT
DEFRHEIL 100-180 A 10 HAEINTWER, M bRIEICEHET D52 M6,
e b 202 D ARMIZBNT, SHICEBEHPERA L2 2R THRIEND,

PD OJREFAIFEIT, BE-BRRIRD /X ARSI S 28, g LT, &k
DBEAET RERIVENRBOT L2100 BEEREZ 2T 5L EZ2 05N TW5
DO REIC, RS AFE AR N B T 50-60% 8 L. ZAUICHELERSS
ko KA BN 70-80% W5 & PD JERE RT X D125 Y,

E B B W M v PD £ 5 /A o fE m & 1T .
1-methyl-4-phenyl-1,2,3,6-tetrahydoropyridine (MPTP) <X> . 6-hydroxydopamine
(6-OHDA) 72 E Dtk # N AWV B D, MPTP (X2 & 512 X 0 A5 ki BE M &
EEL, 7V 7TMEICEY AT, BT 2 CEE{EEEE monoamine oxidase (MAO)
OFALIERIZ XL Y 1-methyl-4-phenylpyridinium ion (MPP™) (2 #iX41, K83 > b
TFUAR=LZ =% LT RN AR IR Y IAE R, I har RU 7RO
complex 1 ZFLET 2 2 LIC LV At L 5 X 24 %, —J7 6-OHDA i
M BAMT A 0808 T & 727 oo IRNICESER 532 2 & T RN Ufpigiadks KO v
7 R U AR A & HIZENE, M SEL8,. AT FLT U U AT

FAEOAT 22 L1280 RN AR R R (o6 L TRrEERAICIE T %,



ZHUZEY 6-OHDA (X, RNV RT U AR—=F =% LT R8I AR HY
DiIAEIL, MPTP E[REAERICS b R U TIEREED complex 1 ZBHE L, 1EMfeS
ff reactive oxygen species (ROS) DEAEIZ LV ER(LA N L AN L CTHiieHiIE AL
MBIEHIENDZERMBNATNS Y, 2Dk 57 PD 7 AEWIL, PD Ok
FRAT-CHT LRI « IRFRIEDORIERAFHER & L TEETH D,

BIfE, PD OEAT 2 M 2 R RESKITAR SN TE 6T, EWRELZ L E L
T XHERIENMTON TV D, EYRETIETEE LT, R332 UHIBRMATH 5 levodopa
&L EDONIREME LHIXBITE®mDH I EEHE L MAO BRERS T T 22—
b— O =A F VRS catechol-O-methyl transferase (COMT) BHEAIZNOFH S i
B, Eloy RN 2 D2 ZFET T=A FHigEHELE L THW LTV D, Levodopa
FIEIX PD OEBERICK L TERNTH 2 &b, BIETHEMRIEDO T —/L KR
ZUH—RTHDHN, BEHBEIX, ON-OFF &7 IRIFEHROREL &0, REE
EIPEORWEH TH LV AF AT 25l I L, PD 8D QOL & LTS
WD O, FREVARROTIEERRESND LUEET D Z Lidnl BlkT o
T, Tokw, 2D ORM A R D H IR, R TEOTREE - B

TENME L SNTND,



B FE

BT A—=)VT RO DO THDH 6-OHDA [, FEEREMIIMN O BE | #REIK,
F 7213 F DO & fE SRR TdH 5 medial forebrain bundle (MFB) % FZH\C E HE#%
H3%5& PDIEREZETHZE0B PD OFEFMMRE L THIAOMHEHINT
W22 B O Il 6-OHDA #5877 /LTl S~ [ JalH5ER) 4 5% L
ZOEESEENT RN VAR T =2 D apomorphine ° R /% I R {A
levodopa 12 &V [#ET 5 2 & VBRI O— 2> TH B I, Eie, HilkickNn
LfEHEOEE S LT, EARKOERBEE LIS 5 ) 0 F—FT A MPAT v B
JTARNPHNLENTE DO Z b0t PD JAFRIEOIGFHMICHIA S h
TNB, T RET N~ ART v FOBRICENDEEICEL TXF e A
EEMT D 72 SN THE LT, RO ZRIT > Ty, PD BE D FEIZERN
HIEBEEE AR O 2> THH L 25X 5 L2 Ffll PD €5 /L~ 7 ADH%
Bl ENDEFED, PD EEER & LRI OFIRIZ R0 5 2 Z L ABIfF s D,

PD HWpRiED T —)L RAZ X — L LTHMbN5 levodopa 1%, Ki&E3 5
EMIEMNERFT 2 L, R R L-7 X Wik EER%3E L-amino acid decarboxylase
(AADC) 1T XY RN IS I, SRR TARR LT R UM AT D72 0IZ)A
SHEHINTWD, UL, REFIORBIRIZ O 2L, AlEEEZMEORIEM
TdH D levodopa #FRMET AF 32T 7T (LID) o, FLHARZE TR VilgE & Rig
DIRREZ VKT ON-OFF HG/2 L& 51X 242, LID 1%, 5 4Ll LR
I~ levodopa 13 % %77~ PD ED 5L 80% LI ETHEREZ RT3 5%, LID 2%

fit L7z PD B ITK LT, B IMEEEHIIE deep brain stimulation (DBS) %13



ERNT 0N REMO 7 + v —7 v ZIKIUEE O RITIRE I, — KA QOL
IIHTRTA T £ TR T35, L7225 T, LID X PD OIEEEOIBN /2 5
OFF WREEAZUGET 2 L 57, Bl RIBIEIIN ATEZRTT 5 2 & 25, PD {RIED
EH & 725> TS,

PD JEMRIT. BEIRITIBNT, BE-BRAE RN AR & BOE-ERIR D 7L
B3 UBIRATIONRTG ARG T L TAEL S B2 BB AR RS g
IR DZEVERLH X, BREIEA~D R X U AN & WD S, AR TR R E-
MERT N I VAT EE D, BRIV I VBATNTREI R &0 7
AIEMEZFER L. 24X LID BIEDRIKIZH H A W= L L LTLIFEES T
%30, LID OFEIIT, BEEPRA BRI medium spiny neuron (MSN) (2
FHELLTWNWD RNy D1 =B E 7 VE I VS RIRNFEAEICERLTEBY, #£
FHDOHTIIHFIC N-methyl-D-aspartate (NMDA) &K E A X R ha vy 7 (R
fif) Z A8 2 URRROBERE 2 b TS 0% s NMDA ZARE
TAZAZR vy 7 s I VSRR (MGIuR4, mGIURS) Z KR FER & L
7% OB 5 IRANC X 5 BRRERBR A i ST % 32, Hi/E PD & LID I8 OEKR T
IZ. NMDA ZRET v 2 A=A FThDT v Z P ORAERER, PD £ 0 LID
SERZ WIS DR EET D ENOBAEZHER SN TN D P, Lol Z ORI
RITIELS, T THA REWER L 2725 Z £ B EK EOEHANEIR S5,

IR BB 39 2 FEMRETE Tk, —IXBIICERN DR OG-0 THOiL TV D 53, ik
E4F9 blood-brain barrier (BBB) i 12 & - TIIMMANBITENMERN 2 & 2F ORI
TERPRREICR D Z L b2, ZEEHES 5 HEO—D2IZ, IMNA 72— a v

F#fF intracerebral brain infusion (iCBI) technique 232817 B35, Z O F1ETIEMAIC



FH A EHERGT2 280, BBB 235 ET 5 0ENES | 2 MEORIEM I B
THREHL DR T BTN =R T EOERYE LT N, A E L
L. EHIUClE S BOHESCEMEE AT 2 AR CoELH Y . 2 ETEM
LN REETH > 72, PD IREAFZEICER T S iICBI HiffioMahE, EBREIM < b B EMF
LB THREWVELRH D 3%, Fap, #[EO Whone Hix, PD #B&HIIH LT
70 T M B SRR S 2 R glial cell line-derived neurotrophic factor (GDNF) % [#]
RENTHERENTEANT B RG-S A T L OURIR i FBF e D% R % s L7 %7,
Z DI, GDNF O RITFED el b DD T8, ADLA
PERCH EHQRE e LI K E 2 M) - 72, PD %5 T REEEEBIE OTRRICE
WU FRE DI AR EE 2 B2091C L7z DBS JRIENILA > T\ Z L 225 DBS &
W2 SR = = — VIZEH LT FEH 2 N R T I OER R 2D AT AR B TR G- L
THIFERAT HATREZe, HT L ICBI HIFOEALICHIFE AR £ - T\ 5,
% ZCAFRILTIX, 6-OHDA il PD E7 /L~ 7 AIZHTFHH LU iCBl 7 /354 A
TSR O ERRAEEZ B & LT, BLF ORI R 2 ®ET 5, 1%
Uiz, 6-OHDA Jifill PD 7 /L~ AD%RMICENDIEEZ £ 7 AR LBIEE L,
PD EEEIL & levodopa (2 X 2 3R OGN FEIE 2 1T B TR ITHESL L7, fivV T
[FET /L~ 7 AT levodopa % B 5 LT LID BEIERZFBL S, #H LV iCB
FRA AL LT, FEEMTS RS 2092 iPRECIO™ brain infusion system 7% i
BL7e, ZOTNAA 2% LT, RBAERRE L L THKRESS LTS NMDA %

FART BT he A F o (MMT)®®) ZEeiIc# 5 L, LID #&5Ek e PD

)
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2-1. FHEW

AW ClE, 8 WO KEME C57BL/6 ~ 7 A (Nihon SLC, Shizuoka, Japan) % A
W, BB ERBEIEX IR 25 CIRE 50+ 10% ARG+ 71 12 FEfE (8:30-20:30 A%
) &L, HHEER, HHEUKE L, 2 ToEmERIT, S RFHHEREES

INE O T FBREVMIEEHI IR > TIT bz (ZERFFAIE S  T28-65, T2019-58),

2-2. 6-OHDA H il PD EF N < 7 ZDVERR

JNVT RV F YV N AR—Z—HEEN 2T 2 8RR D O
desipramine hydrochloride (Wako, Osaka, Japan) &. €/ 7 I VR LB ELEIK T
& % pargyline hydrochloride (Sigma-Aldrich, St. Louis, MO, USA) % saline (Zi&7)>
L. ZhZENn%E 1mglkg BXO 2mglkg OHE T~ U AEENEK S L=, &5 15
D, ~ U A% 2% isoflurane (Sigma-Aldrich), 70% N.O. 30% O, DiEA%AE % H
W TR ARREE 24T o T2, RIS F 32\ e~ U X 2 MERL[E E%E# (Narishige,
Tokyo, Japan) (Z[EE% . Bregma (Z%f L, AP: -1.2 mm, ML: +1.1mm, DV: 5.0mm (Z
(&4 54 MFB 221y & L7 %, 6-OHDA-HCI (Sigma-Aldrich) 1% 0.2 %
ascorbic acid % & ¢ saline [ZIEE 15mg/mL 2D KoL, ~A/ 7)oy
(Hamilton, Reno, NV, USA) L &E#i~ A 7 v A 2 =27 % — (Narishige) z Tt
# 0.24 pL/min T 0.2 uL FEAL7=, #54% 6-OHDA ZVEAFNLASIEH S H 57
O 5 HE L THDIEASt R E . SR AZEG R THRGHR., MENEELERE D S5t

L7,



Behmn 2 %, ~ U A% 2L B —F—IZ AN T 30 i H I8 mllsES) & 8152
L. HEHEE O 80% LL EBNEHEM G M ~OEEETH Y . 72> 0.5 mgkg D
Apomorphine (Sigma-Aldrich) BEFERN$EG-IZ L 0 [R5 [ A3l ~KHs L 7=~ 7 A

Z, Al PD £E7Lv~D A& LTLABEOERIZEM L7z (Figure 1A-C),

2-3. BRRICTERN S EEDOFM

¥ U A% 600 mL E—F—I{Z Ak, BEMREKDOAT v 7% E— I — O
S0y E 5 4y e AEkE L, VLC media player % VY 0.3-0.5 {5 DK TR L
BIRD, EAETNENOBAT v 7 8ak Ty v b LIo R OEBEE L, EP#ELE
12X 6-OHDA (2 L B fEEM (ipsilateral, £7) & @5 Ml (contralateral, /&)
WEAYI L TRNLD Z b, EAETNENORIEAT v 7HEGH L THRAT v

THE L, Zhucxd 5 Bl (contralateral, /£) O AT v T AR L=,

2-4. Levodopa/Benserazide 5

K+t AADC [HEI CTH 5 benserazide HCI (Sigma-Aldrich) (% saline 2,
levodopa % 0.5% CMC A Y @ saline (ZZNZEWEMELT-, Wl PD T L~
ZIZH LT 21 HRfH., 125 mg/kg @ benserazide HClI # 5L, = ® 20 /3#
\Z 15mg/kg @ levodopa % HENEN& G- LT,

~ 7 AlX 6-OHDA %5 L Tkt 6-OHDA (-) #f &, [RlisES) & Fik o

HEAT v A0 Al PD £7 VOG- L7z 6-OHDA (+) B T L 7=,

2-5. Levodopa R Y XA XX T OEHfi

10



Levodopa #FFH Y AF 1T OFHEIZIE, AIMs A= 7 Z iz, AIMs A= 7 (&,
levodopa #%5-%47>T/6 10 43f#iC 150-180 4yflitsk L7- O AIMs = =271,
axial (FEFEMOSHA (EFE D (Sihyo TE & B Ao 7288, forelimb (fE7F
M ORI D B B & | /BE M O®ZEAET X 5 REhx), BEL O orolingual (FADOHE)
. FREFEEENT28HE) O, i 3 DORRDHNRTA—F—EBLE L ATk
L7=boDEFH&ESE G5 (Figure 1D-F), 2 H DT A—H —X, LI OHHUE
(ZHE-> T, TNEN 0 2B 4 © 5 BECTAaT(kL 1 0, RERBEHERE
By 1. BIRIFE O AR 5 2, BIERHIO¥2L L ;30 HiAThbnTnb

PRIICEVIEED 4, FIATOATEY . AL > TIEE B2,

2-6. [A]EsES) DR

LID &5/~ 7 RICHIT 5 AR EEEESIT *Y, levodopa #45 6 Kif#E#%, 2-3 IC
R L7251 & RARICRE B~ D EE=R (2 X 0§l L7z, F£7= apomorphine #%&[H]
HAEE) G [FARIC, levodopa 5 6 KEfil#%(Z 0.5 mg/kg @ apomorphine % JEEN

(ZF G LR~ [BIEEU S K0 §FAm L 72,

2-7.iCBl T34 ARE L MMT D& 5

~ U A% 2% isoflurane (Sigma-Aldrich). 70% N2O. 30% O, DiEASMAEE FHWT
W AN JFRER L 7-#% . iIPRECIO™ programmable micro infusion pump (Model SMP-300,
Primetech Co., Tokyo, Japan) % JE#( & TIZH A A 72, Infusion cannula I
Bregma (Zxf L. AP: +0.3 mm. ML: +2,3mm. DV: +3.0mm [ZAzfE5 2 39 4

(6-OHDA FE5Ell) #i4eik# = I27%@ L 7=, MMT HCI (Wako) X, 0.01 M PBS 2

11



R L, infusionpump U — N—ZRE LTz, £70, BEILICERD MMT AR
VY= N—NIC TR - S L7z, ICBl /354 2D 717 F A%, iPRECIO®
Management Software IMS-300 Z I\ T., &4 ID (53 2 3AIFE, EhpofEIk
No. 72 &) | &EGEHEALLE (1 ulhr), &EGH% (12 A) 2 A0 - REL, 7
77T N UL, WIi-Fi (220 0CBlI 7351 XZiiniE LT, & BIZAR Y 73 EH)
LTRELLETm 7T LBICELIELESNTNWD D, 6 K#mEIZ Wi-Fi T iCBI
THAA 2O n 725 LT PC LTHER Lo, £ 5RED MMT &%, 3

H S e - S L7z,

2-8. REEHARRILSFRIEAT

2-8-1. B DYERK

Levodopa & 5. ~ v AT sodium pentobarbital ¥A#Z (50 mg/mL) % 0.1
mL JEENE G L RER 21T o 7, RIS T AD DDA LEICH =2 — LV EFRA L,
0.9% saline Z ¥ L CI#K Z k% L 7=% 2. 0.1 M phosphate buffer (PB,
NaH,PO, - 2H,O 0.02884mol, Na,HPO4 - 12H,O 0.09004 mol) (&R L 7= 4%
paraformaldehyde ¥#ikIZ CTHREVEEE Lz, EE®, 2Ma R L CR—FEEKRN T
— k& L 7=, Sucrose #EE% 20% — 30% DJEIZ E&F X7 sucrose/0.01 M PBS
I 1 BPoRIE LK. BRSNS bregma 0.38~0.74 mm DOFIPAT, 7 T4 4 A
Z MITEEZ 16 pm OU /R ZERk L, Jetid %5 £ T 0.05% NaN; # %1 PBS T

4 °C T TIRAFE LT,

2-8-2. FEHOLYLA

12



Individual Indirect Reagent Pack (Perkin Elmer, Shelton, CT, USA) % f 7= 42, A
1EVE peroxidase DIEYELZMH]T 2572912, 0.6% hydrogen peroxidase % & ¢
PBS T 15 #ff/LBE L, 0.01 M PBS T 5 4l off 3 |EI¥EE L7z, LLT., Yk
DY, 2 TR—FKMFETITo 72, WRIZ 3% BSA/PBS T 60 ZpfflA v F=—hKL
Ty X 7% AR AR L — IREUAEHE (anti-tyrosine hydroxylase (TH)
antibody, Millipore, 1:200,000) % T *2 ={E T 18 Bl > % =2_X— k L7z, Y]
R %P L, Histofine Simple Stain HRP #55% ® 7k Hifk (Nichirei, Tokyo, Japan) #
HAWT 45 5514 »F 2_X— L7z, BIR & L. Fluorescein Amplification Regent
% Amplification Diluent T 1:100 (ZAR L, #H L TEIE T 15 oA F 2 X—

U7z, UIR &gk, A7 4 FA T A0 A7z,

2-8-3. Nissl Zufa

I EEE T ABESE7%.01% 7 LI A F Ly MKEIKIZ 10 43
L, 95% =&/ — L EHWCHEA L, @Ml fkagnionsd koL,
100% EtOH SR L, ¥ L 5 TR 2 BRI AT o7z
B2, ATA R T AEWE T T T 0 = o —BAMEE AR AK] (Merck

Millipore, Darmstadt, Germany) & & $IZE A L7,

2-8-4. RELER

Olympus BX51 #Af##% (Olympus, Tokyo, Japan) (2 C#l%%, %% L. Adobe

Photoshop CS4 # MW T, @i, 2 N7 A N, AL IR EE2FHE LT,

13



FTo, BEE TH GIERMERS E OFHINE, & 7 & (WinRoof Ver.5, Mitani

Co., Fukui, Japan) z=Hu 7z,

2-9. HEEHAENT

2 TOfEIX mean+S.EM TH L, “HEMLEIZIX paired two-tailed t-test 3 L <
¥ Mann-Whitney U-test % v 7=, ZEI#X, one-way analysis of ANOVA % L
< IZ two-way analysis of ANOVA |2 X DT 21TV, ZhuiZfe = Scheffe’s post hoc
test, Fisher's PLSD test & 721 Bonferroni’s post-hoc test |2 X 0 HEERE EITV.
BEAKMEZ 5% RiICaxE Lz, HEHENT & ME2id, GraphPad Prism 7 software

(GraphPad Software Inc., San Diego, CA; USA) % fEH L 7=,

14



=5 ERRR

3-1. il PD 5TV <U XDIER E BRICEN D EEM® R T v 7O

~ 7 Al MFB 12 6-OHDA Z#:5- LT 2 %, 1TEEEE AR X OV %E
MM LM E Y . Rl PD £7 L ~D AL L TOZYMERGE LT, R
(contralateral) ~ H R [Al#EF) X, 6-OHDA % &5 L T\~ ATk 50% 2
ETHHDIZR L, 6-OHDA &G L7~ VATITAEBIETLTEY, 2O TR
IZ 0.5 mg/kg @ Apomorphine % 5.9 % & RIS AL ES L, f@EH I~ [alfii =R
(A E RN R 57z (Figure 2A), Figure 2A T S 72 [BIERROFE HIZ W=,
B~ U AOMEEE Z i L7z & 2 A, 6-OHDA 50 A T EIHAEIZ 221
SiLZe-o72h, Apomorphine % 5-RE TIIMORE & bb#k L CHiat EA R ICREIHEEL
D3N L 72 (Figure 2B), F 1 7Kg {k%3 tyrosine hydroxylase (TH) | /XX
BROHEFEHRTH Y . RN UARREHIE~——L LTHON TV D, ZORERIC
X9 R R ATUAR 2 W 7o E Rk L T 21T o 7o & 2 A, 6-OHDA Z x5 L
7ZFEEM (lesion side) (2315 TH GMEMMERE N, &5 %2 L TV 7R SORHA
(non-lesion side) LG L TR FL TRV, ZhExERELLE ZAKIOIL X2
30% FEE £ THEIZHA LWz (Figure 2C, D), L7=23->T, KEFT /L~ A
FlPD €7 vE LTRYETHD LHBrEnT,

X o7 PD £F /4~ R|Z, saline &%\ levodopa (1 mg/kg LT
3mglkg) ZEIENEG L CBEA Y — I —I AL 10 5% 05 5 e T 4
UL HTE 2-3 ICRE#E L FIBIC R W EABREO B AT v 7% IE LT (Figure

3A), ¥ U ARID 5 ZEODIAT v 7HIL, 6-OHDA x5 DOHFIC L 5751375

15



72 o723, levodopa DO GHETIX, HEMKFANCHEIM L, 3 mg/kg 58 Tl
control B LY 6-OHDA BEOWT & i L CHLAREICHI L= (Figure 3B), #¢
WCL M (contralateral) 2O B 2 A7 v T HICx T 58 G E LTHEIBL
=& 25, 6-OHDA #x 5~ v ZDEM D% B O I IL control #F & bl L TH
B L TR Y, Z1UZ levodopa % #4592 & HEKGFHIORE LA EICRIE
L 7= (Figure 3C), & 5241 (ipsilateral) %I O HSEE & [FARICHAT L7z & 2 A,
6-OHDA # 5.~ 7 A TILAI# I & 1331T control Ff & il L CHEICHINL Tk
h . ZhIZ levodopa &G4 % & I EKAOHGEE LA EICHEAD L7 (Figure
4A), £7z 6-OHDA # b5~ U X D#KIkEBIER, BHEIZLELLZHDAT v 7B, A
MO AEGE L7 S LI LIEAR LN Z &0 D, T OREMA YT Uiz, ARk
> 2 [l L7~ 27 ~ 7 (Figure 4B) B X% 3 [aldifi L7- A7 v~ (Figure 4C)
L. WL h 6-OHDA BETHIIML CTH L, 633t levodopa HHIZ & -
TH EMAFI I8 L= (Figure 4B,C),

B DOREFEMATICHE Lz 7 AWe 2 VT, Fl—SfF T olalisiEsh 2 fghr L7z
&2 A, 6-OHDA #5-8ETix, control #EIZ i L CHEF M (contralateral) -~ [aliz
KNELIEKTFTLTEBY, 2T levodopa #5127 Lk » CHEKFMICEE LT
(Figure 5), UL EO#SEN S, AECTHEF L7 6-OHDA Ji{il PD EF /L~ 2D
BN DIEEFEEAT v 713, PD EHIfEE & KR OB/ 245E L L TR TH

D2 ERENT

3-2. LID EFNVDERR L iICBl T3 RIZ X5 MMT DIEShFFAT

16



AIETIX,.6-OHDA Ffill PD &7 /L~ % & LT, H3EHLES), apomorphine 7
FEEASER), F6 X ORTHEIC THENL L2 DBEEMER T v 7D 3 SORHi M % 4
Tz Lz~ 2%/ L7-, Figure 6A ([ZFEBRA 7 ¥ a2 —/L&Rd, Hifi 2-5 I
R LT HEIZES T, Al PD 7 /L~ 7 A2 15 mglkg @ levodopa # 21 Hf
FE5 LT, AIMs A7 OFHHiA5 LID £ /L~ A&, L=, Figure 6B |Z/R
TV . A PD £F /v~ 7 A ZHWT levodopa #&5-BE~D 21 HEIZ, &5
#% 10 oD AMs A= 7 % 180 il bi=-> Titdk LT L7= & Z A, levodopa
B5-10 531% 5 AlMs A 3 7 38N L C 60 rLh E@iVv ON REENBIZE S, #
D% 120 HEB25E AMs A= 7 13i% L= (Figure 6B), FHHIFER 180 4y
AMs 27 Z5H L CTHEI Lz & 25, 6-OHDA EEHCTHELIMEML TS Z &
3MifERS S 417z (Figure 6C), Levodopa #&xG(Z L - T, 2D X 57 AlMs A =7 DA
ERWNAE R LT~ A%, LID BTV~ AL LT,

—7J7. levodopa #5725 6 Hi## D LID £F /b~ AL, R332 Ukkie % RO
L7- OFF YkfEIC72 Y . Figure 7A-7C (2R3 X 912 PD EBEYEIRNBIZR S iz,
Figure 7A |2~ 3 B IS RIELGESB) L, B2 EHER~D RSN A EIZ EFA- L Figure
7B 277 Apomorphine #%5%8 [EliRESE) X H & [EHREB) ) & Slin L TRV~ Bl
BOA BT L, Figure 7C (-9 #0257 » 713 /EM (contralateral) o fi =&
WA B Lz, T72b BRI TRET L7z PD EBEERD 3 &4 2Tz L
Tz,

ZOXHIT LID JEdkE PD EENERZ 2 Lo~ U A O REEMT ARSI 2 18
(2. AHTEN 2-7 \ZR LT HIEIC X » T ICBl 734 2 &% & L7z (Figure 8A), {THEh3E

B 70 SRS T RISBRERISHRR O i 2 AFpk L BBl L7c & 2 A, Figure 8B

17



(RT & RRR, EBRIC ) = 2 — L OFIRDPSIREENE TEL TV D Z EAHERE S

7= (Figure 8B, C), 7=, ZOfMkYIF % Nissl Yeta L7 2 A, H==— LIEMEI
DEL L 7 VA= 2 Bbh 5MlaEs zBro T, FICHkOBREIT R b
-7z (Figure 8D),

e AR R SR AR 2 AU ICBl 73 A &R E L 7o~ 7 A2V T control B
12 0.01 MPBS %, MMT #£iZ. MMT % 0.28 ng/uL (very low), 1.12 ng/uL (low).
4.48 ng/uL (medium), 17.93 ng/uL (high) @ 4 SORFERE T, %4 3 HET O,
Jiti# 1.0 pL/hr (2 THEEF 12 BEF ISR G2 Lz, MMT OFgisk 554G & (A
K2, 1 H 1 [FlO levodopa 5 O FBH L7= (Figure 6A),

K2 D MMT BEOESHEEBIZ AIMs 227 237 fi L, LID (&7 2% MMT @
iz et L7z, Verylow BL W low TiX, PBS # & MMT BEORIC 10 752 &
D AMs ZaT7DEIFTELAT, 60 L E AIMs 227 o L PBEINT
(Figure 9A, B), Medium TiZ, PBS #£® AlMs A= 7/3 levodopa $51% 120 4y
FTEFLTWLOIZR L, MMT #5HTiL PBS BEL D <A L, 90 7%
TIT L A LWk L (Figure 9C). high Tit., FHHIMRIATEZB®LET 10 H 2L D
AlMs 2 =77 PBS BELVELIKTFTLTERY, Aa7ov—2fHL 7T h—HHD
20 Db 60 pHRIZEBW TS PBS BEOB L E 50% BEE THA L TV
(Figure 9D), ZHHIIRT 180 23D AIMs 2 a7 2 4B L CHE L= & 2 5, very low
BEWQ low TiE PBS HE& MMT BRI T #al EAEZEITR SN0 o T2D,
medium 7>5 high TiZ MMT OREKFICHEAD L TEBY | high OF G &#&H
(Day 42) Zi%, PBS RBEDH72 59 verylow BL low &L CTHAEEICHE D L

7= (Figure 9E), = X 91T iCBI F /31 AT LB Ml PD EF /L~ v AL MK
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~D MMT A > 72—V 3 U3, BEERFRIC AMs 227 2 &4, LID 240
Hl+ sz EdRENTZ,

WIZ R PD £ 7 v~ D AD PD EEMERIZH 5 MMT O350 2 3 fi L 7=,
ARG, H 3 ElEsES) (Figure 10A, D). apomorphine #%%&[Hl#ixiE®E) (Figure 10B)
L ORIEOREEN 25 » 7 (Figure 10C, E) (2L V. MMT £ 54 H (Day 31)
LG4 H (Day 42) @, levodopa &N 6 FEIZICEEIENT LTz, BE
S~ E R MMT #5844 0 (very low) (2% PBS B & ORIIC3EIEH &
N2> 1208 MMT 855 H (high) (21X, PBS 0% 5-BH#A H © MMT £ (very
low) (ZHel: U CHERF A B L= (Figure 10A), 2BV TN ORERIZB N TS,
H a5 DI =T R B ey~ 7= (Figure 10D), Apomorphine #% % [l#55 ¢ |
H 3 mlisR L FRRIC, #&EBMAH O PBS #EE MMT #f (very low) ORIZZEITRS
NI o T8 R R O MMT B (high) Tid.PBS BECEE B A O MMT B
(very low) & fhi U CREFI~D RIEEHUIHEEE A RIS LTz (Figure 10B),
5T, EMER (contralateral) FEEME AT » FEMT L& 2 A, &EBBEO
PBS #tL MMT &t (verylow) BICHBEZIZAONT BEHBEENBD LT-EETH
ST, BEREBO MMT BE (high) (230 2 ZEAIE R O BT 50% F2E £
THRF LA EICEIE LT (Figure 10C), 728, WINOHIERIZE W T, £
BIO AT v T KRB OFE TR S e h -7 (Figure 10E),

ZOXHITICBl TAA RIZ LDl PD ET L~ 7 ADEMMEGEE~D MMT

A 72— a ik, PD EBYERAZ ST D Z A RENT,
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AL TiL, 6-OHDA il PD £7 /0~ U ZADRBUZA DI DREEIERT » T3,
PD EBHER & NN OMENTHARIC 72 2 2 & 29D CRd & & b, BEERTE
FREIERNTHRE LT ICBl T3, 2%/t LTIMNA 72—V 3 » L7z MMT 28,
LID ERIEIRFS K OY PD EEMER A2 WT N SIS S EHERIREEGT 22 L2410
THRE LT,

K SCTHWZ A1l 6-OHDA Ffill PD 5 /L~ 7 A%, PD 1A D SKAhFEAT I
IR S TEY ., BEREEE R L O apomorphine 7% % [RlEREE) 72 & 0 [Alix
e BHRROFHEIN A T, EAFIROEHBEE LT 5 ) V=T X FRRT
Y EL T TARRE IV IIT STV 1O v Ao %fRIc RN D REEICHE
LTEHEINETIEEAEMIT SN TR o7, PD BEOEEE ZFEMT 5
Unified Parkinson’s Disease Rating Scale (UPDRS) (2%, @hifEfgie, #H), H11iE
Hi LOEBEENTHIER ICE TN TRY P, THRORE b 8L PD ERO—
OTHDHZ b, PD ERIIWYTET LTINS T HHMBEE 295 2 &1,
T REFRATOHTHLTEIRIE < IRRIEOFFIZB N T, M Z2 RO IBEP O AEETH
HEZEZBND, KRETI/IN~TRZEBWTIL, AN MFB |2 6-OHDA Z#:5-3
5L, IERMRRZEIC L AR RICEER R DL, FOMABEENFRICET L, i
(CHERB O BEEN EF LTz, 20k 5 RELAIEGFEIL. 3% 5 < £
BOmEEEM I Lo, FUEROEREN LR LItk seEZEIbND, Fi-
DX D Itk OB A B D FERFRMEIL, levodopa (2 &Y HEAK TR fE

HENZ b, PD 7 VEWIOMATEE & LT, RimzA1E, Ml bl X
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O TG ZN T2 2 LR ENTz, 4% RIRITHEEHHL PD 1BRIETAR
FEOPREK - BRBIFIH SN D Z L HIFF SN D,

HWTZORM PD =5 /b~ RTBWT, AWFZE T iCBI technique 12XV
iPRECIO™ micro infusion pump % JH\V 72 BEE R RIS A ~D MMT B 5 %
Fhi L7=, 7R iCBI technique TlE, RFER L TR Y VIR T EDILL
HNONTEREDR, RBER S T IXEF OB G EBEEEOLWNRKETHY , U v
W VL FEREN) & IR A S 2 T DB B D Z LD EREM
DIFENZHIFR %, ZHuzxt LT iPRECIO™ micro infusion pump %, 71 75 A
TR TICERICHR TE L Z 0L ERBYOITHZHIRT L2 L2 HOHM
CORRIE LTEREOTRG A V2 — ok b8 LU G- HEIC L - T, EREATIC
FEPOAENE CTHREKGLETHY | FLETOY P—"—ITHEIZT 7 & X
TED I ENLIEOLMW, ML ARER, BT A4 2 ThsH P, LREY
TIEHEFEELTRETHHA S, KA TLAZMHEH L ICBl T2k Ta<kEIN
TELT, KRB TOH L 72D,

AWFFENZIBNT, LID BT/~ 7 AT 2 iCBl 731 Z& Wiz MMT A » 7

—¥ a3 &, LID AER & PD O BEYEROWTICK L TH A ERIBREDIRZ R
L7zZ &Emb, RiElE, levodopa FIENEHEL T LID 72 EORHERNREIELL 72
PD WHHZHDOBEIZH L THEMITH D Z ERHIRFS D,

HER NMDA Z 75k 0B 2 iEMELiZ, LID O3E L PD EEER S Tk &
7% OFF MREEFHOWFITIES EHbo TV D LB X b TR P28 o
fERKTH, LID X PD EEERZ7RT PD BEIZHBWT NMDA ZRKT v 4 2=

Z R DT BT MMT OFRMRRE S TWS P Uinlr~r 2o
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OREOEEGIE, Ol B, 72 & ORRIES - M CRIIEAZ 295 29 %
T2HP NMDA Z2 58RI, BRERAR D I 72 &3 IRFPIZ 4340 LT 2 7" A Al 3 oD il 18]

(ZB - TS Z b, FHERLLIRE O FEL, LB R AR TR T 5
BHENEEIND 2, Tl MMT REbICT X~ X B E AT 5
L EOBRIEZ RT 2 LD, WTNL B REEGT 5 25 0aIfER IR
FRECTH 0 | K A TTRER A ESHIR SN D ), JTE, 7Y g ~—RBHIC
XD LA DA 2T T U o AR RS S, MMT Ot 5 DO EVEN R S
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PMEZRIRT DD ThiuL, MEREICH GOHERED Y A7 ZFE L TH, 3
B2 DBS D X 972 iCBI 7 /3 A% FWTZMRERIRN A~ DO BB 72 3 ki T A
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FIGURE LEGENDS

Figure 1. Representative pictures of 6-OHDA-induced hemi-parkinsonism mice.
(A-C) Rotational behaviors. (A) Non-lesioned mice. (B) Spontaneous rotations
ipsilateral to 6-OHDA-lesioned side. (C) Apomorphine-induced contralateral turns.
(D-F) AlMs test. Levodopa-induced abnormal involuntary movements in mice with
hemi-parkinsonism caused by 6-OHDA lesions. Pictures show the axial (D), limb (E)

and oral (F) behaviors.

Figure 2. Generation of 6-OHDA-induced hemi-parkinsonian mice.

(A) Rotation to contralateral side indicated as % of total counts in a 30-min test.
Values are expressed as mean + SEM (n = 5, F212 = 363.6, ***P < 0.005 vs. control).
One-way ANOVA followed by Scheffe’s post hoc test.

(B) Total number of turns in 30 min. Values are expressed as mean + SEM (n = 5,
Fz12 = 77.164, ***P < 0.005 vs. control, P < 0.005 vs. 6-OHDA). One-way ANOVA
followed by Scheffe’s post hoc test.

(C) Representative image of TH immunostaining in the striatum of a unilateral
6-OHDA-lesioned mouse. Scale bar indicates 500 pym.

(D) Quantitative analysis of striatal TH immunoreactivity (IR) indicated by density
(A.U., arbitrary unit). Values are expressed as mean + SEM (n = 5, ***P < 0.005 vs.

non-lesioned side). Two-tailed t-test.
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Figure 3. Evaluation of hind limb steps.

(A) Topological configuration of the analyzed hind limb.

(B) Total count of spontaneous hind limb steps in a 5-min test. Values are expressed
as mean £ SEM (n =5, F316 = 6.24, *P < 0.05 vs. control, *P < 0.05 vs. 6-OHDA).

(C) Steps of the contralateral hind limb, indicated as % of total counts. Values are
expressed as mean + SEM (n =5, Fs 16 = 10.2, *P < 0.05 vs. control, *P < 0.05, #pP <

0.005 vs. 6-OHDA). One-way ANOVA followed by Scheffe’s post hoc test.

Figure 4. Evaluation of sequential ipsilateral hind limb steps in a 5-min test.

(A) Steps of the ipsilateral hind limb, indicated as % of total counts.

(B) Counts of sequential double steps in the ipsilateral hind limb. Values are
expressed as mean = SEM (n = 5, F346 = 2.83).

(C) Counts of sequential triple steps in the ipsilateral hind limb. Values are expressed
as mean + SEM (n = 5, Fs15 = 7.35, *P < 0.05 vs. control, P < 0.05 vs. 6-OHDA).
One-way ANOVA followed by Scheffe’s post hoc test. Values are expressed as mean
+ SEM (n = 5, F316=10.2, P <0.05 vs. control, *P <0.05, P <0.005 vs. 6-OHDA).

One-way AVOVA followed by Scheffe’s post hoc test.

Figure 5. Evaluation of levodopa-induced rotation. Rotation to contralateral-to-lesion
side indicated as % of total counts in a 5-min test. Values are expressed as mean +
SEM (n = 5, F316 = 10.67, *P < 0.05 vs. control, **P < 0.005 vs. 6-OHDA). One-way

ANOVA followed by Fisher's PLSD test.
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Figure 6. Generation of dyskinetic mice for the intracerebral brain infusion (iCBI)
experiments.

(A) Timeline of experimentations (see “Expermental Methods” section). Dyskinetic
mice were implanted with programmable intracerebral brain infusion (iCBI) systems
equipped with iPRECIO™ micro infusion pumps at day 28. After a recovery of 3 days,
they restarted receiving daily levodopa/benserazide treatments for the next 12 days.
Simultaneously, MMT-treated dyskinetic mice received continuous intrastriatal
infusion of MMT 0.28 ng/ul at a flow rate of 1.0 pl/h for the first 3 days (days 31-33),
MMT 1.12 ng/ul at a flow rate of 1.0 pl/h for the next 3 days (days 34-36), MMT 4.48
ng/ul at a flow rate of 1.0 pl/h for the next 3 days (days 37-39), and MMT 17.93 ng/ul
at flow rate of 1.0 pl/h for the last 3 days (days 40—42). In parallel, PBS-treated
dyskinetic mice received 0.01 M PBS infusion under the same protocol. AlIMs tests for
MMT- or PBS-treated mice were done at days 33, 36, 39, and 42.

(B) Time course of the abnormal involuntary movements (AIMs) scored every 10 min
over a period of 180 min after the last levodopa administration in naive mice and
6-hydroxydopamine (6-OHDA)-lesioned mice. Data are means + SEM at each time
point (naive mice, n = 10; 6-OHDA-lesioned mice, n = 14).

(C) Total AIMs score in naive mice and 6-OHDA-lesioned mice with levodopa
administration at day 21. 6-OHDA (=) (n = 10); 6-OHDA (+) (n = 14). Data are means

+ SEM. ***P < 0.005 vs. naive mice; Two-tailed t-test.
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Figure 7. PD symptoms analyzed in dyskinesic mice.

(A) Spontaneous rotations ipsilateral to 6-OHDA-lesioned side percent of total in mice
with or without 6-OHDA lesions. 6-OHDA (-) (n = 6); 6-OHDA (+) (n = 6). Data are
means + SEM. **P < 0.01 vs. 6-OHDA (-); Mann-Whitney U-test.

(B) Counts of apomorphine-induced contralateral turns per 30 min in mice with or
without 6-OHDA lesions. 6-OHDA (-) (n = 6); 6-OHDA (+) (n = 6). Data are means +
SEM. **P < 0.01 vs. naive controls; Mann-Whitney U-test.

(C) Counts of hind limb steps. Steps of the contralateral hind limb as % of the total
count in the naive controls (n = 6) and Hemi-PD mice (n = 6). Data are means + SEM.

*P < 0.05 vs. naive; Mann-Whitney U-test.

Figure 8. Implant of iCBI device and tissue image in mice.

(A-D) Schematic representation of the iCBI system, in which the pump and tubing
were implanted completely under the skin (A). The infusion cannula implanted into the
dopamine-depleted striatum (B), together with the image of striatum after fixation and
removal of the cannula (C), and with a Nissl-stained image (D). Scale bars show 0.5

mm in (C) and 100 pym in (D).

Figure 9. Effects of intrastriatal memantine (MMT) infusion on levodopa-induced

abnormal involuntary movements (AIMs) in dyskinetic mice.
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(A-D) Time-sequential changes in the AIM scores every 10 min over a period of 180
min after the last levodopa administration in mice with intrastriatal infusion of PBS (n =
7) or MMT (n = 7) at day 33 (A), day 36 (B), day 39 (C), and day 42 (D).

(E) Total AIMs score in mice with intrastriatal infusion of PBS or MMT at days 33, 36,
39, and 42. Data are means + SEM. A significant effect of the MMT infusion treatment
is found [two-way ANOVA: Fgroupxdose)3 .48 = 5.856, P = 0.0017]. Bonferroni’s post-hoc
test: PBS day 33 vs. MMT day 33, not significant (N.S.); PBS day 36 vs. MMT day 36,
N.S.; and PBS day 42 vs. MMT day 42, ***P < 0.001. Significant differences in the
severity of AIMs at days 33, 36, and 42 are found (Bonferroni’s post-hoc test: MMT

day 33 vs. MMT day 42, #P < 0.01; MMT day 36 vs. MMT day 42, P < 0.01).

FIGURE 10. Effects of intrastriatal memantine (MMT) infusion on parkinsonian signs
in the dyskinetic mice.

(A) Spontaneous rotations ipsilateral to the 6-OHDA-lesioned side percent of the total
in the groups of PBS infusion at day 31 (PBS day 31, n = 7), MMT infusion at day 31
(MMT day 31, n = 7), PBS infusion at day 42 (PBS day 42, n = 7), and MMT infusion
at day 42 (MMT day 42, n = 7). Data are means + SEM. A significant effect of MMT
infusion [two-way ANOVA: Fgroupxdose)124a = 10.25, P = 0.0038] is observed.
Bonferroni’s post-hoc test: not significant (N.S.); MMT day 31 vs. MMT day 42, **P <
0.01; PBS day 42 vs. MMT day 42 **P < 0.001.

(B) Counts of apomorphine-induced contralateral turns per 30 min in the groups of

PBS day 31 (n = 6), MMT day 31 (n = 6), PBS day 42 (n = 6), and MMT day 42 (n = 6).
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Data are means + SEM. A significant effect of MMT infusion [two-way ANOVA:
Fgroupxdose)1,20 = 9.608, P = 0.0056] is found. Bonferroni’'s post-hoc test: not
significant (N.S.); MMT day 31 vs. MMT day 42, *P < 0.05; PBS day 42 vs. MMT day
42, "*p < 0.001.

(C) Spontaneous contralateral hind limb steps as % of the total in PBS day 31 (n = 5),
MMT day 31 (n = 5), PBS day 42 (n = 5), and MMT day 42 (n = 5). Data are means *
SEM. A significant effect of MMT infusion [two-way ANOVA: Fgroupxdose)1,16 = 7.891, P
= 0.0126] is found. Bonferroni’s post-hoc test: not significant (N.S.); MMT day 31 vs.
MMT day 42, ***P < 0.001; PBS day 42 vs. MMT day 42, *P < 0.05.

(D) Total number of turns in spontaneous rotations summed with both ipsi- and
contra-lateral directions. Data are means + SEM. No significance was observed
[two-way ANOVA: Fgroupxdose)1,24 = 6.507, P = 0.0434].

(E) Total number of steps summed with both ipsi- and contra-lateral hind limbs. Data
are means + SEM. No significance was observed [two-way ANOVA: Fgroupxdose)t,16 =

0.3957, P = 0.5634].
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Lesioned Lesioned

Figure 1

Representative pictures of 6-OHDA-induced hemi-parkinsonism mice.

(A-C) Rotational behaviors. (A) Non-lesioned mice. (B) Spontaneous rotations
ipsilateral to 6-OHDA-lesioned side. (C) Apomorphine-induced contralateral turns.
(D-F) AlMs test. Levodopa-induced abnormal involuntary movements in mice with
hemi-parkinsonism caused by 6-OHDA lesions. Pictures show the axial (D), limb
(E) and oral (F) behaviors.
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Figure 2

Generation of 6-OHDA-induced hemi-parkinsonian mice.

(A) Rotation to contralateral side indicated as % of total counts in a 30-min test.
Values are expressed as mean + SEM (n =5, F, 1, = 363.6, ***P < 0.005 vs.
control). One-way ANOVA followed by Scheffe’s post hoc test.

(B) Total number of turns in 30 min. Values are expressed as mean £+ SEM (n = 5,
F, 4, =77.164, **P < 0.005 vs. control, ##P < 0.005 vs. 6-OHDA). One-way
ANOVA followed by Scheffe’s post hoc test.

(C) Representative image of TH immunostaining in the striatum of a unilateral 6-
OHDA-lesioned mouse. Scale bar indicates 500 ym.

(D) Quantitative analysis of striatal TH immunoreactivity (IR) indicated by density
(A.U., arbitrary unit). Values are expressed as mean + SEM (n =5, ***P < 0.005
vs. non-lesioned side). Two-tailed t-test.
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Figure 3
Evaluation of hind limb steps.

(A) Topological configuration of the analyzed hind limb.
(B) Total count of spontaneous hind limb steps in a 5-min test. Values are
expressed as mean + SEM (n =5, F; 44 = 6.24, *P < 0.05 vs. control, ¥P < 0.05 vs.

6-OHDA).

(C) Steps of the contralateral hind limb, indicated as % of total counts. Values are
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expressed as mean + SEM (n =5, F; 44 = 10.2, *P < 0.05 vs. control, #P < 0.05,
##P < 0.005 vs. 6-OHDA). One-way ANOVA followed by Scheffe’s post hoc test.
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Evaluation of sequential ipsilateral hind limb steps in a 5-min test.

(A) Steps of the ipsilateral hind limb, indicated as % of total counts.

(B) Counts of sequential double steps in the ipsilateral hind limb. Values are
expressed as mean + SEM (n = 5, F3 44 = 2.83).

(C) Counts of sequential triple steps in the ipsilateral hind limb. Values are
expressed as mean + SEM (n =5, F3 4 = 7.35, *P < 0.05 vs. control, #P < 0.05 vs.
6-OHDA). One-way ANOVA followed by Scheffe’s post hoc test. Values are
expressed as mean + SEM (n =5, F; ,=10.2, "P <0.05 vs. control, #P <0.05, ##P
<0.005 vs. 6-OHDA). One-way AVOVA followed by Scheffe’s post hoc test.
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Figure 5

Evaluation of levodopa-induced rotation.

Rotation to contralateral-to-lesion side indicated as % of total counts in a 5-min
test. Values are expressed as mean + SEM (n = 5, F; 6 = 10.67, *P < 0.05 vs.
control, ##P < 0.005 vs. 6-OHDA). One-way ANOVA followed by Fisher’'s PLSD
test.
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Figure 6

Generation of dyskinetic mice for the intracerebral brain infusion (iCBI) experiments.
(A) Timeline of experimentations (see “Expermental Methods” section). Dyskinetic
mice were implanted with programmable intracerebral brain infusion (iCBI) systems
equipped with iPRECIO™ micro infusion pumps at day 28. After a recovery of 3 days,
they restarted receiving daily levodopa/benserazide treatments for the next 12 days.
Simultaneously, MMT-treated dyskinetic mice received continuous intrastriatal
infusion of MMT 0.28 ng/ul at a flow rate of 1.0 ul/h for the first 3 days (days 31-33),
MMT 1.12 ng/ul at a flow rate of 1.0 ul/h for the next 3 days (days 34-36), MMT 4.48
ng/ul at a flow rate of 1.0 ul/h for the next 3 days (days 37-39), and MMT 17.93 ng/ul
at flow rate of 1.0 pl/h for the last 3 days (days 40—42). In parallel, PBS-treated
dyskinetic mice received 0.01 M PBS infusion under the same protocol. AlMs tests
for MMT- or PBS-treated mice were done at days 33, 36, 39, and 42.

(B) Time course of the abnormal involuntary movements (AlMs) scored every 10 min
over a period of 180 min after the last levodopa administration in naive mice and 6-
hydroxydopamine (6-OHDA)-lesioned mice. Data are means + SEM at each time
point (naive mice, n = 10; 6-OHDA-lesioned mice, n = 14).

(C) Total AlMs score in naive mice and 6-OHDA-lesioned mice with levodopa
administration at day 21. 6-OHDA (=) (n = 10); 6-OHDA (+) (n = 14). Data are means
+ SEM. ***P < 0.005 vs. naive mice; Two-tailed t-test.
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Figure 7

PD symptoms analyzed in dyskinesic mice.

(A) Spontaneous rotations ipsilateral to 6-OHDA-lesioned side percent of total in
mice with or without 6-OHDA lesions. 6-OHDA (-) (n = 6); 6-OHDA (+) (n = 6).
Data are means + SEM. **P < 0.01 vs. 6-OHDA (-); Mann-Whitney U-test.

(B) Counts of apomorphine-induced contralateral turns per 30 min in mice with or
without 6-OHDA lesions. 6-OHDA (=) (n = 6); 6-OHDA (+) (n = 6). Data are
means + SEM. **P < 0.01 vs. naive controls; Mann-Whitney U-test.

(C) Counts of hind limb steps. Steps of the contralateral hind limb as % of the
total count in the naive controls (n = 6) and Hemi-PD mice (n = 6). Data are
means + SEM. *P < 0.05 vs. naive; Mann-Whitney U-test.
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Figure 8

Implant of iCBI device and tissue image in mice.

(A-D) Schematic representation of the iCBI system, in which the pump and
tubing were implanted completely under the skin (A). The infusion cannula
implanted into the dopamine-depleted striatum (B), together with the image of
striatum after fixation and removal of the cannula (C), and with a Nissl|-stained
image (D). Scale bars show 0.5 mm in (C) and 100 pm in (D).
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Figure 9

Effects of intrastriatal memantine (MMT) infusion on levodopa-induced abnormal
involuntary movements (AIMs) in dyskinetic mice.

(A-D) Time-sequential changes in the AIM scores every 10 min over a period of
180 min after the last levodopa administration in mice with intrastriatal infusion of
PBS (n=7) or MMT (n =7) at day 33 (A), day 36 (B), day 39 (C), and day 42 (D).
(E) Total AIMs score in mice with intrastriatal infusion of PBS or MMT at days 33,
36, 39, and 42. Data are means + SEM. A significant effect of the MMT infusion
treatment is found [two-way ANOVA!: Fgqpxqose)s s = 9-856, P =0.0017].
Bonferroni’s post-hoc test: PBS day 33 vs. MMT day 33, not significant (N.S.);
PBS day 36 vs. MMT day 36, N.S.; and PBS day 42 vs. MMT day 42, ***P <
0.001. Significant differences in the severity of AIMs at days 33, 36, and 42 are
found (Bonferroni’s post-hoc test: MMT day 33 vs. MMT day 42, #P < 0.01; MMT
day 36 vs. MMT day 42, $$P < 0.01). 48
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FIGURE 10

Effects of intrastriatal memantine (MMT) infusion on parkinsonian signs in the dyskinetic mice.
(A) Spontaneous rotations ipsilateral to the 6-OHDA-lesioned side percent of the total in the
groups of PBS infusion at day 31 (PBS day 31, n = 7), MMT infusion at day 31 (MMT day 31, n
=7), PBS infusion at day 42 (PBS day 42, n = 7), and MMT infusion at day 42 (MMT day 42, n
= 7). Data are means £ SEM. A significant effect of MMT infusion [two-way ANOVA:
F(groupxdose)1,24 = 10.25, P = 0.0038] is observed. Bonferroni's post-hoc test: not significant
(N.S.); MMT day 31 vs. MMT day 42, **P < 0.01; PBS day 42 vs. MMT day 42 ##P < 0.001.
(B) Counts of apomorphine-induced contralateral turns per 30 min in the groups of PBS day
31 (n =6), MMT day 31 (n = 6), PBS day 42 (n = 6), and MMT day 42 (n = 6). Data are means
+ SEM. A significant effect of MMT infusion [two-way ANOVA: Fyopxdose) 1,20 = 9.608, P =
0.0056] is found. Bonferroni’'s post-hoc test: not significant (N.S.); MMT day 31 vs. MMT day
42, *P < 0.05; PBS day 42 vs. MMT day 42, ##P < 0.001.

(C) Spontaneous contralateral hind limb steps as % of the total in PBS day 31 (n = 5), MMT
day 31 (n = 5), PBS day 42 (n = 5), and MMT day 42 (n = 5). Data are means £ SEM. A
significant effect of MMT infusion [two-way ANOVA: Fyoupxdose)1,16 = 7-891, P =0.0126] is
found. Bonferroni’s post-hoc test: not significant (N.S.); MMT day 31 vs. MMT day 42, ***P <
0.001; PBS day 42 vs. MMT day 42, #P < 0.05.

(D) Total number of turns in spontaneous rotations summed with both ipsi- and contra-lateral
directions. Data are means £+ SEM. No significance was observed [two-way ANOVA:
F(groudeose)1 24 — =6. 507 P=0. 0434]

(E) Total number of steps summed with both ipsi- and contra-lateral hind limbs. Data are
means + SEM. No significance was observed [two-way ANOVA: F g upxdose)t 16 = 0.3957, P = 49
0.5634].



