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1.1. ¥

FARIE FLED ) O A AR R 23 B BT AEN TE R0 &V O SR, BRI
IZBWTHCHERERS LRI RO =a—w TA buada b VA
T RaYA FO 3 OOFEEAMIT /T D RE I DNRHE T & D AR R R/ AN
fi (neural stem/progenitor cells, NPCs) D3 R4 (Z MM < 417= (Taupin et
al., 2002) ., b & ETMFLEMW ORAEMICIX, RO Tldd 223, ik
RERIERHIRAFE L, ARV T =a—n UFiENREE WL 2 L
B BNERY . Z ORI ZREALME = O MK =E T4 (subventricular
zone, SVZ) & ¥# /& 4k A1 (dentate gyrus, DG) o F8 ki Hil fu J@ T
(subgranular zone, SGZ) T&# % (Kuhn et al., 1996), fHIfM= T CHi%E L 7=
PR R R BR A X, RN SR T Ay & MRER 2 SR TH D rostal migratory
stream (RMS) & FEIEALHAEE 2 R CIRER~ & B E) L, RLER O BERIHEIE o6 %
BRI DO E = = — 1 Ui~ &b 5, F7o. g sk el o BEkoii L &
IR BT o0 B2 SRR T b 2 BRI T A7 CHYTE L 7oAt R/ A EE Al X, v
F5 D CAS fEIRICH R A X L, siREl ok fiaE (granule cell layer, GCL)
~ERBENL, kA2 T 2 BRI~ & 43k T 5 (Hastings et al., 1999) .
PRI RE T OB R AL, 7Y T la ke EE AE (glial
fibrillary acidic protein, GFAP, 7 A ha¥ A FO~—n—) BREHALTN\DHZ
D, BERIAINNE FEICIZEE OT A bt A b &I D GFAP Bt i
DFAE L, BRI S - 7= = —a v G T 2 4R CR s R BRI & LT
BNTND Z EMBABMNE 72572 (Seriet al., 2001) , BERHIILE THAZHIT 5
PR SRR AT BEAR AR D FEREIZ DWW TR TZFE MO RHITFE SN TN DD, ==2—
2 ~OSH BRI IT I T D BB FRIREOFR B 7 OHEEN D Type 1 i,
Type 2 #Hld, Type 3 M@z S5 (Fig.1) ., Type 1 Mifldid, FEkrfiakE

TG L2 GFAP BGOSR D22 %2 Sl T, e MR <, Bl
k27U 7HIE (radial glia-like cells) & FEZALTER Y | @R IS VHIIE & 55 2



bb, F7=. Type 1 Mifaix, MIFEMAEAE (brain lipid binding protein,
BLBP, ik 7V 7 d~—74—) | nestin, SOX2 (@flifnD~—h—) %38
LTWa, Zhbofilaix, TEhofiafE 2808 L, £ISiaE B A £
5, Type 2 AL, A FE 723K ERBEWELEZ ORIR T, sHEOEW
—IEPEHEFEAN & B 2 5TV D, Type 2 fifdld GFAP [T, nestin 35 &
N SOX2 1T E R L, Type 2a fif (i) LU Type 2b Hfa (£H)) (2
T BiD, Type 2a MifiL, Type 1 MICHRT 2 & TR0, HMifLEH]
IZEDZ|iAEND, Type 3 Mfi%, BE#ELZ L O >=2—17 77X T,
TR faE ~BER O SHREL RSTERA=2—r 2 THY | BEIZRIZKA=
a—nar~&5 k3% (Duan et al., 2008; Garcia et al., 2004; Seri et al.,
2001; Steiner et al., 2006) .

Dentate gyrus

Molecular layer Hilus

" Mature
Type3 | neuron

Division
GFAP Migration
BLBP. Pax6 Differentiation

Nestin, Sox2 NeuN
DCX, PSA-NCAM

Granule cell layer: GCL

Subgranular zone: SGZ

Fig. 1. Adult neurogenesis in the hippocampal dentate gyrus.

In the subgranular sone, neural stem/progenitor cells (NPCs) are generally classified
into 2 different cell populations. One is the radial glia-like cell (type 1 cell), which
expresses fibrillary acidic protein (GFAP), nestin, brain lipid-binding protein, and the
SRY-related high mobility group box transcription factor SOX2. The other is the
amplifying progenitor (type 2a cell), which expresses nestin and SOX2 but not GFAP.
The type 2a cells are proposed to be derived from the type 1 ones.

FILE I 351 B ARG 0 = = — 1 VBRI, SEBN e SR O\ R
(van Praag et al., 1999; Kempermann et al., 1997; Brown et al., 2003) Jlfis
(Brown, 2003; Kempermann et al., 2002) & - 72544 T3 2 4P R/ fi
BEAI OHFEIC K - THIE SN TV D, T b ORFZERRIT, TRERERIZE
WTC = a— v T ENEMER MBS ARG LTS LRl S Tnd 2 &
R LTND, Eo, APPSR ZEMICINZ T, 20 A S LA (Gould



et al., 1997; Jacobs et al., 2000) . 7{f (Parent, 2007) L OMH D == —n
# (Bingham et al., 2005; Ogita et al., 2005) & o 2R BRZ2RY Stk D 28
ﬂ:z’» MHERENCB TS5 =2 —n AR EZ LT TZ & bMmbhTnd
A% A X{EA%@*@’C“S@ HHAL B Y AF LA X (trimethyltin chlorlde,
TMT) X, & FBXOT o lEEICE W THEECHURIE, HE., Rk, M
REOFRMERIC =2 —r VEMEEFERT DL EBAMHN TS (Balaban
et al., 1988; Chang et al., 1982; Reuhl et al., 1983) , Mz T, ¥ 7 A~ TMT
LEIZ XU TMT 2> Rua—A LI 528, Rk, Bo B ER X OB
DOTCHER EOITENVEENE Z 5 2 &L b ST 5 (Ogita et al., 2004) ,
512, TMT OHEBREIC K 5 =2 —n VEEOEREIL, 7 v b &~ T ZA[HTH
END D, 7 v MTBWTIE, TMT (2 X 28523 sk Bl o FEkiiifuds L O CAL,
CA3c/CA4 fElk D $EARIAD (Oderfeld-Nowak et al., 1998) THDHDIZx L, ~
U AZBWTEOBEET, IR EI ORI IRE L T % (Fiedorowicz et al.,
2001; Ogita et al., 2004; Nagashima et al., 2010; Nguyen et al., 2011) , ¥ 7
IZ TMT %545 LS dikmElicsun <, TMT #&5-4% 1-2 B B IR
JE DBLIEDFRD LD, D% TMT RULiE~ 7 A L [RIFREICE CTHIE L,
Ko OFAENRH LN E o7 (Fig2) . £/, vV R TMT 285325 L
*Efﬂﬁ AR/ HTBSHEIE O~ — 51— FE C & % nestin (2 5 2 HIE 23tk 8] CHE N
. TMT $¢5-% 3 HCTHE L7-Mifass 2 BRI A =2 —a rO~—0—
X N7 'EToh %D neuronal nuclei (NeuN) ZHBLT 252 ERHEINTEY
(Harry et al., 2004) . TMT L& 23 BRI g O A O 7= DI RIS 1T 5 =
2a—B UHAEDOREZE LIGIEEITZE LA TS (Ogita et al,
2005) , ZHHiBEEOHFIERERIE, TMT B#E~ v AET L0, WIRENCEIT 5
ma—u ENBEO= a2 —a CEAICET ORI L o THE I DH 5 E
THNTHDHEN) ZEERBELTNS,
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Fig. 2. Neuronal loss and regeneration in the dentate gyrus following TMT treatment.

Animals were given PBS or TMT (2.8 mg/kg, i.p.), and then fixed for preparation of
coronal sections from paraffin-embedded brains at various times after the treatment.
Immunohistochemical analysis using an anti-NeulN antibody wascarried out indicated
times after an injection of PBS and TMT. Scale bar = 100 um. Animals were injected
with PBS or TMT (2.8 mg/kg, i.p.), and then prepared homogenates from hippocampus
at various time points indicated, in order to test the level of NeulN by mean of Western
blot analysis. Values are the mean = S.E. from 4-5 separate animals. */7<0.05,
** P<0.01, significantly different from the control value obtained for PBS-treated
animals (Day=0).

TV onA < —9p (Alzheimer disease, AD) . /X—F > Y L ¥% (Parkinson
disease, PD) . ﬁ*ﬁ%ﬁ‘ﬁ’%ﬁl FHLAE (amyotrophic lateral sclerosi, ALS) 73 &
D= a—nu CEMREI, BRER CIEEMRER IR | — R T 28
%ﬁé:kbﬂﬁéﬁ\:l—uyxﬁ@@ﬁmﬁw@%%% IR HE DK
T%E’B?‘: L. BEDOERDOE (quality of life, QOL) # K FX®%, ZD L)
BB WT, MR L= a—a r OFAEEZETH D WIS LMk HAe
éﬁé:&ﬁﬁ%ﬂi\M%@QOL%ﬁhﬁéT PERB 2 B, BER L T
LR BAFZERNEANATEI TN S,

Zao—n UEMRE L RRRIC, PARMRRRICKRE RBEE 5 2 DREBIT, K
Hjiﬁlio F O E O RN T b D, Iasdix, B, EEE

HIZ 3 REENRICE A BAL, TOFRCRIIENTH AN THD (FAL 23 FIE
é%@J%‘)\D%ﬁﬁE%ﬁ%ﬂ Flo, Bl DVONMENLE Lo T2 ERRIRER O



BLALE RS TEY ., B S 2l 2 ERE OB MARKE RMEE 72> T
L4 BIZBWT, ENERE OIS ERKF~OAM LD 5 5, MEFOR%
BAEIC & D IEE R 72 & OMRE B IXIEMERNC 2 o T BIeEN#H LS, &
FHD QOL ICEMET HIERTH D, Lizii-> T, 2SI 2R IERR & D
BENRKHEFELE SN TS (Tanaka et al., 2002) . JMIHZEZ: & T2 idHa
25&E, V= TVINNRREL, MHRICEEEXER S, 7V —7 V0
AREO B E L X 292 &2k v, Bl MEMEE~ES L T»
L ENMENTWS (Flamm et al., 1978) . MANICIZT 7% Fomg (AA) X
HRO— (L EFHE (nitric oxide, NO) & k%F% (nitric oxide synthase, NOS)
REDT V=T DHINVEAERPAE L, TS DMNE L& 2\ LB I ZIE
PEfEL, 7V =TV NVEFEATDHZ L CIREEENGI SR ShD 2 &0 H
Sk 7o TE 7= (Fig. 3) (Lewen et al., 2000) , T8, DX H RN T U —
FUNNEEHRIE C=a—n UEELZG & ZIIMEENRKES (Dash. et
al., 2001) °EEIN (Jialing et al., 1998; Kee et al., 2001; Gu et al., 2000; Jin
et al., 2001) |2 X > T, HRRIENZ B THRE R/ BIBEAAL 2 — @ PE 8N4 %
ZERHLMNERSTE, L LD, BMEMIZIHWTIAET D MR
BRI M TH Y | R = a—a UMb LN ZE 2 Hb, =
D &5 7o ARE AR SN 2 AR R AT O HYGE 2 S O ITEHEH 5 VTR
fFEfERFcEE, B X2 FROMESCSIEREZ S Z LN TE 5 HEE
MDD 5,
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Fig. 3. Major Pathway of Free Radical Production in Ischemic Brain
NMDA-R, N-methyl-D-aspartate receptor; *Oz-, superoxide anion; *NO, nitric oxide
*HO, hydroxyl radical; ONOO-, peroxynitrite .

Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) (%, MiEMMEIF 2 & 512
Wil HES TR (TR 174200 D7 V=TV HLAIR VX —ThHY
(Yoshida et al., 2006; Watanabe et al., 2008) . HERT U h N ZHEEE(|T
52 & T, MEME D=2 —o R NI ORR LIRS 2 B < R4 0 ik
RIEAIE LT, 2001 4F 4 HIZODETHEGR I N, EZEaMEMIcEH S,
J MARIE D 72 & FRRFERIEIC B TE 5 Z &b AREBIZHB T 21REIED
BIRADNIEN D Z &I ST 5 (Watanabe et al., 2004) . Edaravone
[IMAEFVRIET A KT 4 22009 IZBWC, /' L—RBUATH KH@IDHHND) (T
T I, IEFEZERERS 24 FERIDINICHR 524 L, 1 [FI 30 mg DHEZ 1
A 2 F 30 ;I CrdfrE L, &EHMIX 14 AffETEShTn5, £/,
N D i ZE SRR DO BLG CIIMNRERIEICH WO EHR L LTEA L TR,



It ZE O FELSEIR T D epReiERE, AW ATEEIERE I L UM S 2 865+
Do

Edaravone OFUIMIFEIEIERIZOWTIE, il fids & X0 B ukEENER &
EZ D EIMFABEIZE ) FEOEEL LT 2R EN RS T WD,
b, ML E VDT BB TT 7% F B ARERIEMEL R 21
XM+ 70— DN OBENSIMIEMBEF (blood brain barrier,
BBB) ##Ei3 5 NEMIaZSF5 Z & C, (iR oo dE i T e % [ X N
JEFEALZBIIET 2 B2 6 TWD, F7o, MEEIEICHW T, MBI HLE & E
HEEAL O R (M ELE) (SRS 53T 0 7 ZHICIE, MEICELET
RFAORE T 23 0 . RHEIEEMIRIE S 2 WIXHBERIEIC L > TRIEWRETH D
DI L, REMFABNLIS & - T FBIE & I M- = kL & — 23 EIEIE R 12 E]
BLIZIZH b BT, ZO%IR 2 IR T 2 MR OFAEDS LART & & D AL
TW% (Kirino, 1984) , Z OFEDMNLIEITHE L & 2 VM EFF @ BN %
TIV—=FG TN E>THOENLOT BT TLAINTEY, ZOREHNZHOD
& U C— MR L% (215 C4E U 2 SIS O BRI SE R 21T B b,
Edaravone (3 mg/kg, i.v.) 137 » NHIN 10 438 0> 5 i F5-BR 18 14 % 5- C e 55 ek
TO - OH OHEMZMEI L, & 512 72 FifE% CEBMMIE b H 42 2 & 28
WE XN TW5D (Yamamoto et al., 1997) . LLED K 9 7e, MEMH 2 W I HER
HIZ K> TH & Z SN okkx 2 AEA X MIX LT edaravone OfRERNE
MIRINTWVDN, ZNHIEFETRTT7 I —F P HEEERICE S b0 LE
PR TIEBE A BTV D,

Edarvone ® 7 U —7 U W EERE & L CTlL, edaravone HH N7V —TF ¥
T EFEET DRI TIEA < EBZM T T edaravone D) 50% 73T =F
ELTHIEL, BaxDT U NICE T EZMET B GRTHY , EFith
BIZBWTHAERT 5 edaravone HI2KT U VHRITERL ) 2 Ffl- T, &&RIIC
2-0x0-3- (phenylhydrazono) -butanoic acid (OBP) (2725 & D L HEE I LT
Lo ZOXIEEIZL Y, edaravone [IAN—FFH A KT =4 T 0L
Oz ») RE RFeFZ7 U0 (-0OH) 2EEL, BEXLVAEXZTT UL
(LOO +) OPEAZ BN E XN T 5, £z, —BILERAHESR
(NOS) #4252 & T—MILEREGREIH L TALAXTF A T4 |
(ONOO") DEAGLIMHIT L7 L WEAWHIIRIEEEZ AT 2 (Figd) .
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Fig. 4. Targets of edaravone in the generation process of free radicals.

Free radicals include superoxide anion (+Ogz-), hydrogen peroxide (H202), hydroxyl
radical (* HO), nitric oxide (* NO), and peroxynitrite (ONOO-). Edaravone is capable of
scavenging most of these free radicals. Edaravone provides the desirable features in
NOS expression. That is, edaravone increases the expression of NOS3 (beneficial NOS
for rescuing from ischemic stroke) and decreases NOS1 and NOS2 (detrimental NOS).
LOOH, fatty acids; LOO*, lipid peroxides.

SHIT, A FR LT VAN (LOO ) ([ZED ALY UEE YR Y — LD
At SOSITx 9% edaravone OIHNEMEIZAKEM &H 2 WITNEEHENTNUOR T
HBIZIFFE CTH Y . ZORPEZZN TN OIEBRALFISIZ I\ TEIR B 72 M 1
M%7~ 7 vitamineC X° vitamineE &I L NCHE 5 Z ERWME SN TS
(Watanabe et al., 2004) ., Z D X 912, edaravone IZIEAWT7 Y —F O L%
HETHZ e, IRERBEISTS L TE ORI bS8 T 58
BoRTHHER 2 RT L HETE S, MR T, edaravone ONEEEER{bHNH]
EMEIIKREES 2 WIEREECTNORRE T CTCHLEBE T2 L ix7ke <,
vitamineC 35 LK O vitamineE OWHEEZHT 57V —7 U HIVIHER L T 2 5,

R UL 912, BiET MIZEBWT edaravone 1 ZEIMMERE SUEE LB X
DCRMEED =2 —a a2 R#ET 5 2 Rl ST b (Yamamoto et al.,
1997; Mizuno et al., 1998) . F7=, T RIMENIRO PAZE/FEALE T » M2V
T. edaravone [XIEMEREERE DWWV 28 L CORMMAEEEN D =2 —a v 2 {R#



T ORI ZFFo TWDH O & FEIERIT, MM TR I3\ TRl G FE o1 SR v /A
BRAMAR 209 HHE ) b EF> T\ % (Zhang et al., 2012) ., in vivo EBHR DT —
ZNIMA T, ~ v AERHEE B R OB =R G 2 Nz in vitro FEBRIZH
W, 50 uM edaravone OEEIRMD, NRHIZAE L7 ) —F VU NEHE
T5HZ LI Lo T, MPRREATEHAE O HE5E %2 #1 2. 5 (Yoneyama et al., 2010a)
EVIHIEIL, ma—r U BERICED OGN = 2 — 1 UHAEE ST 5 AT EE
WNRdH D729, edaravone HIETIER VDD LILEWI L A/RIB LTS,
L LS, EWREICBIT A =2 —u VHEHRO = 2 —a VAR
%4 % edaravone O in vivo ZFIRIZEAT HWFEHRE LD 720,

BED QOL Z{X NS ¥ L HEME LT, MERMIESHE,: O D e &2 FEH N
BIANZ & D, FARIIEIL, EIERFERENAAAD 0.75~ 1% 250 5%
AR BTH D . RO R8I AFENMERRRE O R FNEE) 2 D E 725K 23
HbHEEZ LTS (RN R . WEICIE, ERPURHREE LT
chlorpromazin # & & L T haloperidol 72 & D K/ /XX > De KT 2 2=
A MERZATHEAP S BB I N, Ll 26 O3EAITHE KM
JEDIER DT T, LR, = L ONRGHEE LB 72 & OREMEERIT LT
R o DR, IO FAAE, BEEESIE 28 0 I XL ONEEER 2 Eovb
D B REMEERIT L TIEER N, 7o, ZRMEOmTIX, THh U7, ¥
A N=T . N—F Y URRGEEIEE R EO#EA R REERN S e T
7 F CIMSEDFEIZ 2> T, 1990 FFRIZ A - T, FEERIFURE R OB
% T ¥ 7= clozapine (Zfi < olanzapine DBA¥E. risperidone 1 &35
serotonin-dopamine antagonist (SDA) D% 7s & T, Joub U7 ERIHUREIE
FEDR B O THRAICHERIMNE REER 28 5 Z L T& 7z, LanL, FEE
TR E O L RITER & LT, REHIN, IEEAERE . mEsEm. O
g QT MFRIER 2 EN 7 0 — X7 v 7S, K02tk W Romm TR
HARDHUEHIRIE DO BRI F - Tz,

Aripiprazole L. #EKRFIED KX ABRUEFIZD - & D BIFE S vz RoX
U Dy EEERS T T=A b & L TR THID TOHREMHIREETH %, Bfrse
X7 RN UAEERAR IR L GREFEERIRIEOS A 121X, R3I v
Dy KD T 2 T=A M UTIEH L, R AFEMEMRRR S ZEME T LT
WABGAITIE, RV Dy ZBFEROT T=A M LTERT S RS- v
T LAHXE T AP — (dopamine system stabilizer, DSS) & L CTi< Z & &V
R OBUREMREIE & U CHHE SHvTUW b, Aripiprazole X, 2006 41 A IZ#t



BRIPEDIRFIE L LT, 20%, B~ Y — FELFRAMZ Y —Fx
U7 B0 T AR B Tk L CA R RS S 4. 2012 48 1 T3 EFE
FZBIT HEEROUEK L U CTRRB I NI IEERPUREHRETH L, £,
Tt B PAREIZ 31T 5 BETER OMBIFER & L THWLR S,

Aripiprazole |Z, Table.1 (Kikuchi et al., 2005) (Z/RL7= X 912 K783 > De
BIXO Dy &K, 5-hydroxytryptamine (5-HT) 5-HT1a 3 K OF 5-HToa Z K
WZEWBFEZ R L, RN DyFIR, e b= 5-HTc B, an 7 R
LU U R B A S X Hy S RRICHEE OB M2 777 (Shapiro et al.,
2003) , MNZ T, aripiprazole | /X2 v DeZ AR EB L b= 5-HTia
SZREOEST A=A ML LT, £/2ke b= 5-HToA S ABEDOT 2 =R
Ne L THERET 5, LavL. BEfFD SDA REUHEMHENETHEr b=
5-HToa MK T 2BFIMEN RN Dy ZBEOZNL Y b Emn b9
FFEUIA L TWh7Ruy,

Table.1. Receptor binding ability of an antipsychotic

Receptor Aripiprazole Clozapine Risperidone  Olanzapine  Haloperidol
D: 265 290 580 52 120
Dq 0.34 130 2.2 20 1.4
Ds 0.8 240 9.6 50 2.5
D4 44 47 8.5 50 3.3
5-HT1a 1.7 140 210 2,100 3,600
5-HT2a 3.4 8.9 0.29 3.3 120
5-HTsc 15 17 10 10 4,700
5-HTs 214 11 2,000 10 6,000
5-HT7 39 66 3.0 250 1,100
a 57(rat) 4.0 1.4 54 4.7
a 791(rat) 33 5.1 170 1,200
Hi: 61 1.8 19 2.8 440
M, >10 uM

(1050, bovine) 1.8 2,800 4.7 1,600

FRL L7 WBRY . B MEBLRSZAEICE T2 Kifd M) 27R-7,
Kikuchi T et al. Jpn J Clin Psychiatry 34(4), 461-468, 2005 (—#BikZy)
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PURHIR S D = = — v AT D ERIC OV TR, R283 2 Dy AR
Wk Cd 2 haloperidol (2 L C—E DN H TV D DI TIEARWA, £< D
WENLSHND (Malberg et al., 2000; Wang et al., 2004; Wakade et al., 2002;
Keilhoff et al., 2010) , L2>L7223 5, aripiprazole D= = —1 »HAIIxT 5
BRI DN T OEEITD 720,

Z TR IR, WREREICB T A=a— v BEZD=a2—a L
\Z%F 9% edaravone ¥ K O aripiprazole DR A BH 5T 572012, BEE
ZTTOROWEIRENZBIT 5 =2 —a VAR L OERE = 2 — o s/ A
EFETNAT VAV THRKRE =2 —n URE RO =2 — UEAIKT D
edaravone ¥ & ON aripiprazole D2 DWW TR L7,

1.2. FHED

Edaravone (X M0 =2 8K (KD o< L THW,
Aripiprazole |, REREERA S (EE) 2o <324k L TIAV /2, Dulbecco’s
modified Eagle’s medium (DMEM) : Nutrient Mixture F12 (1 : 1,
DMEM/F-12)iZ% Invitrogen Co. (Eugene, OR, USA) LV EEA L7z, bRz MRS
JEIR F- (EGF) & PR HE 25 A B sl = (B4 %) K - (bFGF) (X Peprotech
(Rocky Hill, NJ, USA) L 0 A L7, ¥ > la{Fifi& (FCS) 1= JRH
Biosciences (Lenexa, KS, USA) X WA L7, Poly-L-ornithine, ~ 7 At
glial fibrillary acidic protein (GFAP) €/ 7 u—F L HiiKEB L O 4t
GFAP RV 7 v —F W HiiRi1L Sigma-Aldrich Co. (St. Louis, MO, USA) X v It
ANL7. 7 v FHl 5-bromo-2-deoxyuridine (BrdU) & / 7 1 —JF L HiiKi
Abcam Ltd. (Cambridge, UK) X VIEAL7=, =7 AH( nestin €/ 7 m—F /L
FUA 1L Millipore Co. (Boston, MA, USA) L WA L7z, ~ 7 AHL B-tubulin III
LR B L '~ 7 A 5 neuronal nuclei (NeuN) € / 7 v — F L H KX
Chemicon International (Temecula, CA, U.S.A) LKV AL, ¥ XH
doublecortin (DCX) 7~V 7 o —J L Fi{kiL Santa Cruz Biotecchnology (Santa
Cruze, CA) X VEA L7, FITC £&i#% v X¥$Hi~ v & IgG I% Molecular Probes
(Eugene, OR, USA) L VWi A L7z, FITC Eiv ~$Hiv X IgG 1L Jackson
ImmunoResearch Laboratories £ Y fiff A L7, Alexa Fluor 594 t&£ikY L7
v b IgG. Texas Red %V ¥Hi 7 ¥ IgG, Alexa-Fluor 488 #i#k-¥ Xhiv ¥
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x IgG B L Alexa-Fluor 488 &V ¥Hi~ 7 A IgG 1% Molecular Probes
(Eugene, OR, USA) Xk V& A L7, VECTASHIELD Mounting Medium 35 X
O F1E# 7% 1% Vector Laboratories Inc. (Burlingame, CA, U.S.A)) X 0 i
A L7-, 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT),
penicillin, progesterone, streptomycin 3 X N Hoechst33342 (377 7 14 7 7
AR S G L VEEAL7-, 79 H ionized calcium-binding adapter
molecule 1 (Ibal) "V 7 o —JF /LF{K, carboxymethyl cellulose sodium salt
(CMC). trimethyltin (TMT) 3 X O® Protein Assay Rapid kit Xyl T2
PR (ORI KA L7z, ZoMmofbsEi, MO 26 H Lz,

1.3. B%:E
AESCIERA L-EEEIX L T oY Th b,

bFGF: basic fiboblast growth factor

B-Tubulin III: beta-III isoform of tubulin

BLBP: brain lipid binding protein

BrdU: 5-bromo-2’-deoxyuridine

CA: cornu ammonis

DCX: doublecortin

DG: dentate gyrus

DIV: day in vitro

DMEM/F12: Dalbecco’s modified eagle medium: Nutrient mixture F-12 (1: 1)
Edaravone: 3-methyl-1-phenyl-2-pyrazolin-5-one

EGF: epidermal growth factor

ELISA: enzyme-linked immunosorbent assay

FCS: fetal calf serum

FITC: fluorescein isothiocyanate

GCL: granule cell layer

GFAP: glial fibrillary acidic protein

Hoechst 33342: bisbenzimide H33342 Fluorochrome Trihydrochloride

Iba-1: ionized calcium binding adaptor molecule 1

12



ML: molecular layer

NeuN: neuronal nuclei

NO: nitric oxide

NOS: nitric oxide synthase

NPCs: neural stem/progenitor cells
PBS: phosphate buffered saline
PFA: paraformaldehyde

ROS: reactive oxygen species

SGZ: subgranular zone

SOX2: SRY-box containing gene 2
SVZ: subventricular zone

TB: Tris buffer

TBST: 0.03%Tween 20 in Tris-buffered saline
TMT: trimethyltin chloride

1.4. BYRERTEG

AN BT 2 FEEREMW OB P T, 3T H ARS8 ZERIEEHC
HIY | R KIS ERICET I HEICE IS, KBob L, BEE BT LT
S>Tc, EHT28MITR/NRIZE EO, BICEREZ 5 270V & D RKIRS )
L. in vivo FIEIZROD FEEZFIAT A L5 LTz, X TOEBREYIIAH
BRE-BKT, QU 23.0 £ 2 °C B LNEE 55% T, 12 REHOBKE YA 7 LT
THH LT,
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2K
BRERE = 2 —m VU RERE D= o —a VHFEITH
3+ % edaravone DOFHHE

2.1. X

b N B CEILEMW ORI, RONZHERTIZd 208, MR RE/ AR
AR L, FJEICDIE VMR F=a—a VAN E TWD Z ERH 60
Lo TS, EOREARIBALMMNE OMIINE T (SVZ) LS #REIO
PekfpaE T (SGZ) TH D (Kuhn et al.,, 1996) , M= T CHEFE L 7245
18 R AT EEA A 1T, (AN Ty & ER & 45 S8 T & 5 rostal migratory
stream (RMS) & FEEALHAEE 2 R CRRER~ & B @) L, RLER O BEhIHEIE o6 %
BRI DI E = = — 1 Ui~ &b 5, F70. Mg sk E o BEkoiiiL &
BIR BT 00 B2 SRR T b 2 BORLHENG S T 7 CHYTE L 7oAt R/ A B X, i
5D CA3 fEIRICHh R Z X L, #iREIofERMlaE (GCL) ~CBEhL., #k
[A] 2 R a3 2 BERHI ~ & k3% (Hastings et al., 1999) . WiFLEWMIZEB T
DRSS O = o —a VAT, EE e SR O 2O EREESC(van Praag et al.,
1999; Kempermann et al., 1997; Brown et al., 2003) Jifi (Brown, 2003;
Kempermann et al., 2002) & o 72550 CTAEbL T 2 ik SR/ Al ARIE o B3
(Lo THIEI SN TV D, ZHbOWFZERRIT, PRI T=2—n
VT AEDEHETR AN IRIE T L TEIS LRI ST s 2 & 2R LT D,
T, AEPNEMEIINZ T, BIE0EAA LA (Gould et al., 1997;
Jacobs et al.,, 2000) . ¥{E (Parent, 2007) B L OMEE D =2 —1 &M
(Bingham et al., 2005; Ogita et al., 2005) & V-5 725K BRSO AL D
RENCBT D =a—am UHIEICEEERT T EbmbN TN,

HHA LG O —FETh /b F U A F /LA X (trimethyltin chloride,
TMT) 1%, & FBELRT > HWEEICB W CTREECHURIE, HE. RPA, g
REDOHIBMRRIC = 2 —a VEREFET LI ERMLN TS (Balaban
CD., et al., 1988; Chang et al., 1982; Reuhl et al., 1983) ., TMT ® H[a|BgFZ|C
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L2=a—m EROFREIZ, 7y MU ABTHERDH Y, v U RIZHBW
TEOHEE L, #IRE ORI IR LT\ 5 (Fiedorowicz et al., 2001;
Ogita et al., 2004; Nagashima et al., 2010; Nguyen et al., 2011) , £7=. ¥ 7
ZUZ TMT % %592 & AR R/ O~ — 7 —E AE TH % nestin (T
PEZ2 IR 2N SR ENZIEN L. TMT $ 5% 3 B [#CHEIAE L 7o/ 23 2 38 % 1 2Rk
Am—a—m o O~v—T1—F N JETHDH NeuN ZRHIHTLHZ LRHEINT
Y (Harry et al., 2004) . TMT L 2 FER AR E O LD 7= DIk ENCES
FH=a—nrHAOREZE LIGISEIT I LIRS TWS (Ogita
et al., 2005) , ZAHIBEOHIERERIL. TMT BRE~ 7 AET /L0, HRENIC
BIbd=ma—n ENEGEO= 2 —1 U BAICET 2RI L o CIHEFITHE O
HLET N THDLEN) ZLZRELTVD,

TV NA <=9 (AD) | S—F > Y v (PD) | 5 2 0 SR A L SE
(ALS) 72 E D=z —nm CEMRE LRI, PRMRRICRE 2B 525
PRI, MM I K OVKAEZEZ E DA AT b D, MEEZER & Ciliias
Wiz D L. AREFEFFOICEDTRNT U —F DI VR AE L, Mz
W 2 U UIRE R OREFNENI R A miR b L TROEELSI L, 20
P S EGHAYICHEAT LT, VRIE, MEZE, = o —nm UEEICRFER S 5 I i fE
EEFL EENTWD (Chan et al., 1985)

Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) %, MI&AMEEIM 255 1C
WIET AR FEDO TV —FT DN ARy —THY (Yoshida et al.,
2006; Watanabe et al., 2008) . A ERT VNV EHERENTHZ LT, KE
Mt D=2 —nr M NI OB RS 2 B SR oM IRER & LT,
2001 4F 4 HIThDETAR I NIz, MEZESMERICE M S v, IMnARAE D 472
O MMERIEIC B TE 2 2 &b ARBIZE T DIREIEDOBIILDIR N D
ZEREIFF STV 5 (Watanabe et al., 2004) , T4, 2O XK 5 RN T U —
FONNEEWERIE C=a—n U EELS &R ZTIMEMERES (Dash et
al., 2001) <°HMZ M (Liu et al., 1998; Kee et al., 2001; Gu et al., 2000; Jin et
al., 2001) (Z& > T, WIRENZ I THIBGRER/ AT S — @M 2 Z
ERIBMNEZRoTET, LLARDBL, MEMIZIWTIHAT L MR R/
ERAIII G TH Y | R = —a L Zi3ME LN ZE 2 55, O
&9 7l A% L 2N 2 AR R i AT A DS 2 S O IR & 2 W IT S
EFF CE L, R XD FROMHELFEREE LN S Z LN TE S AHerE
Wb, £Z T, BHEERENCBIT 2 =2—n AAERO =2 —1 HAITK
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Té edaravone ODZNEZH LN T 572012, TMT 58 M= 2 —1 U EZIC
— @A EE N T B AR = R K (8] ke AR R R/ AT BERE i 2 VT
edaravone @ in vitro 3 XN in vivo WL DRI Z DWW TR LT,

2.2. Fik

2.2.1. EMHERE

TR OHLY P L, R R TFEFERRICET OHEICE S X, KEOD
EHREARESF L CITo 72,5 Bl ddY Rt~ 7 2 (Std-ddY) (26-28 g) %
HHERR L OYEK T, iR 23£2 °C B OVRE 55% C, 7E G 19 BFFE T
ORI L 19 K635 7T RFE COREH A2 & DKV 7 L T CTRE LT,

2.2.2. Ky&E

2.2.2.1. TMT #5

TMT (% 2.8 mgkg OHE T~V AZEEAKEG Lz, EHY A
phosphate buffered saline (PBS) (Z&f# L7-% ., AHE 10g 729 0.1 mL ®
HETEENKRE LT,

2.2.2.2. Edaravone &

Edaravone % 1 M NaOH |2 S+, pH7 12705 X9 1 MHCI CiiiE L
77 ALK Z 3 mg/mL 12725 X 9512 PBS THAR L7, TMT % 2.8 mg/kg ™
R T~ U REENES L, £ O 48 %2> 5 PBS %721 edaravone (30
mg/kg) & 12 Rl Z L2 4 \lH L < 14 B CEENE S Lz, £2To
HY)IIIRE 10 g H7-Y 0.1 mL OFES THEENES LT,

2.2.2.3.  5-bromo-2-deoxyuridine (BrdU) &5

BrdU (50 mg/kg) 1% TMT #5-% 72 BEf# 25 12 BFE Z & 12 2 [H]HifE ©
JERENIE S Uiz, &2 TCOEMITIARE 10 g H72 0 0.1 mL OEE THEENE S
1/77:_0
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2.2.3. MEOEE L DHE

222\ THEY PG HIToTo~ U RZHAK 7 77—/ (500 mgkg) #[E
VERNEEE L, &HMEEiE Lz, BiEZkl L., AO0FZ20RE%ICLROL
MOIELEIZRA LTZERE NG, NY A2 R 7% D CTABEEKZ s
#) 8 mL/min TR S E 70, Miiffz, ¥R % 0.1 M sodium phosphate buffer
(pH 7.4) TI&fi# L7~ 4% paraformaldehyde (PFA) (2234 L, {AHE 10 g 247-9
15 mL OFIE THR Lz, b2zt U, fia B 4% PFA (2R
L 4°C T—Wt, BREEZIT o7, MEMAIEAZME L, WKkEEZ 1 REIT- 72
%, TEMACEIRTBHR L, BARQLELZIT 57, MY) L7 AR A I TR D
T, =% 7 —VBAKERS] (70-100%) Zi@ L, v Lo THME, 771 0%
21 SHAMABL 21T 572, NT 7 0 eI RAEEXI 7 e b—2 %
AV, 3-5um OE S TEY Lz, YR IIMREZICEAKMS 7 a—FT 1T A
FA KT T A (MR L3RRS, KR IR Y 117, 40°C C—BRizk S
EAY /N

2.2.4. SEHEBILFE

2.2.4.1. Neuroral nuclei (NeuN)

223U THER LAY R 2% v LA KON T 7 ¢ VLB LT
e, =&/ —/ RS (100-50%) (ZNEVRIE L TEUKAL S 7z, 288K TR
10 mM 7 = U gfEfER (pH 7.0) 1T, ~A 7 v U x—7I2 X 59
B A AT > 7=, EiEFE THEI%Z. 0.03% Tween 20 in Tris-buffered saline
(TBST) T#if L. TBST TAMR L7z 5%V FIEH M5 CER 1 R0~ 1 >
X7 EITV, w7 AP NeuN £/ 7 1 —F 40K (3 pg/mLl) #EA LT,
4°C T—HppOE &7, TBST THE% . fluorescein isothiocyanate (FITC) %
Wy Xhi~ v X IgG (H+L) (3 ug/mL) % TBST THAIR L., =& - #YET 28
MR S E T, £Di%, TBST THEE L. VECTASHIELD mounting medium
ZHWTEAZITo T,

2.2.4.2. Nestin

223 L TER L ZEARU R 2 XV L X VBT 7 0 LB LT
%, =% 7 — /%50 (100-50%) IZNERIZ L TRA(L S W70, KK CTUeif4.
10 mM 7 = kiR (pH 7.0) 1 C, v~ 7 v v =—7\2 X2 HRRIEL
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MR 21T 572, L E THAI%, TBST THyg L. TBST THMR L7z 5% 7%
IEF MG CER 1Mo 7 r v % 72170V, v U Afinestin £/ 7 1 —F
AFUE (1 pg/mL) #iRA LT, 4°C T—Bus SH 72, TBST THe#%., FITC
WY S~ 7 & IgG (H+L) (3 pg/mL) % TBST TR L, =il - #EXT 2
REfl s S ¥ 7z, D%, TBST TUk# L, VECTASHIELD mounting
medium #HWTEAZIT- T,

2.2.4.3. BrdU

223 CHEC THER L BRI 22X L AT KON T 7 0 VILE LT
%, =% 7 —/%R5 (100~50%) (ZIAVKIE L CRIAL & 70, 7B K CUef4,
2MHCI (2 35°C T 30 4r[ISUs S E 72412, 0.1 M A U2 (pH 8.5) TUEH: -
FFIL7z, S HIZ, TBST THE#. 0.03% I L/KFEKEZET 100% A #
J =)V TSV A F o X =BT 57 0y F 7 %17 -7, TBST Tk
1% TBST THM L 72 5%V FIEF MG THEIR 1RO 7 2 v X 72170,
antibody diluent THMR L7=Z » hHt BrdU £/ 7 7 —F L HiK (3 pg/mL)
Z 4°C T—Ms ¥/, TBST TUeE#. TBST THMR LIz 4F A1b¥
o7 v b IgG H+L) Z ER T 30 mRIXKE S HE, KW T,
streptavidin-biotinylated peroxidase complex kit % ZE i T 1 B Ot S H 7=,
Ul % TBST CT¥4 L7-%. simple stain DAB solution % iV TH A L,
PREK TEHHIT, ~~ bR AT REAEZITV., =X ) — VBiKHR
5l (70~100%) & &L WAL, F L 2 X 2EHd L OV ENTELLAN new
ZHWTEAZITo T,

2.2.5. BEERT 4 v ORILE

5385 4 v v = (24-well dish, Nunc, Denmark) ?% well |Z poly-L-ornithine
MMz, 37°C . 5% CO02/95% air, COz A > ¥ =2 ~X— & — (SANYO #t,
MCO-17AIC ) WTA7< &b 2 RffEliE#E L7, poly-L-ornithine =—7 ¢
Tt IRE R BRE | BREREROK T 1 [FIP%EH L, medium with serum [Dalbecco’s
modified eagle medium: F-12 nutrient mixture (1: 1) (DMEM/F-12)
containing 10% fetal calf serum (FCS) , 0.12 % sodium bicarbonate, 100
U/mL penicillin, 100 pg/mL streptomycin, 16.5 mM glucose and 250 uM
N-acetyl-L-cystein] TE#LL. 37°C . 5% CO2/95% air, COg A > F 2_X—H
— T 4 FFELLRERE L7,
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2.2.6. iR~ v 2 ¥5E IR E] B SRR R R ATBRHIIE DB

2.2.6.1. BRIE~ U GRS IR B H Sk R/ BiTBRAE i o BLEE

W% Fig. 5 1R LTc, TMT RLE~ T A H 50 NF 2.2.2. 1128 C T TMT
G LT~ 22O T, TMT #5#% 3 HH S L<IiE4 A RIZKAZEI Y H
L. 2°C OAMERRICR Lz, 0%, BEME N CHREIZ HEET 5729,
0.5 mm OKEI T ZFHE L7, HEEL 72t kE]Z medium with serum T
1,000 uL O By b= A2 X 0L, 1,100 rpm, 5 SrfiiEO Lz, BiE%
W51 . 2 pg/mL papain, 500 ug/mL DNase 3 KT8 180 ug/mL neutral
protease % PBS-special (Dulbecco’s phosphate-buffered saline containing
100 U/mL penicillin, 100 pg/mL streptomycin and 33 mM glucose) (ZI&fi#
U 7B RN T 37 °C, 5 3ff]. ML KIRENSHERNHA U FaX—F L,
MR OREE 2 LTz, 26 O/ NIz onW T, 1,000 L O Xy K
~UAZKY 50 EIE Ry T 7 U B AL & A& D medium with serum
A, B #L, 1,100 rpm, 5 ZyfliE i L7z, 13 2% 51#% . medium with
serum Z Nz, & L. 1,100 rpm. 5 pfEO L7z, EEEWS# . growth
medium [DMEM/F-12 containing 0.12% sodium bicarbonate, 100 U/mL
penicillin, 100 pug/mL streptomycin, 16.5 mM glucose, 20 nM progesterone,
30 nM sodium selenite, 60 uM putrescine, 25 pg/mL insulin, 100 pg/mL
apo-transferrin, 20 ng/mL basic fiboblast growth factor (bFGF) and 20
ng/mL epidermal growth factor (EGF)] #/lx. %% L. 1,100 rpm, 5 43 fH
mEOLZ, 26 OHALIZ OV T, trypan blue Yeta % W CAEMBOEIA %
B L7,
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Naive or

Dissociation in

Day 3 after TMT Dissection of the :
injection mice hippocampal enzyme solution
dentate gyrus
’ =
N
Culture Washing and
medium centrifugation
i Culture
Suspension Trypa_n blue FCS()
exclusion test EGE. bFGF .

37°C, 5% CO,

Fig. 5. Experimental procedure for the culture of neural progenitors in the
hippocampal dentate gyrus of adult mice.

Cells were prepared from the hippocampal dentate gyrus (DG) of naive or
TMT-treated mice on day 3 post-treatment. Hippocampal DG were isolated from
mice after TMT injection and then suspended in enzyme solution by a 5-min
treatment. Cells obtained were washed with DMEM/F-12 supplemented with 10%
fetal cow serum (FCS) and subsequently centrifuged at 1,100 rpm for 5 min. The
cells were plated at a density 30,000 or 100,000 cells/mL and maintained in the
growth medium containing 20 ng/mL EGF and 20 ng/mL bFGF. Cultures were
always maintained at 37 °C in a 5% CO2/95% air-humidified incubator.

2.2.6.2. Neurosphere 7%

2.2.6.1.1CHE U CHEELZZMMICOWT, B#ET 1 v = kT 30,000
cellssrmL. THlfnZ#%fE L. growth medium W CIZIFEERICL VEFE L,
neurosphere Z R S H7-, T b OfflL, ERICHNWNDSET37°C | 5%
C02/95% air, COz A > F 2 X—F —NITHE L7z, 72, medium OAHLI
4 HiE X2 EE%2H LV growth medium & 2&8#: L CT1T o 7=, fliEi, growth
medium HC 1-30 HMEEEZIT- 72,
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2.2.6.3. Mono-layer ¥

2.2.6.1.1% U CHEEL 72MIIZ DV T 2.25 12U TIERI L 728588 7« v
3 21T 100,000 cells/mL Tz #FE L . growth medium H THEEG# R
FVHBEREZITo, Zho0Mdix, ERIZHWSET 37°C | 5%
C02/95% air, CO2 A > F 2 _X—HX —NITHE L=, 7. medium DOIIHIT
4 AE X0 EEA2H L growth medium & 28#2 U THT - 7=, #lIE, growth
medium H°C 1-28 HREEEEZIT -7,

2.2.7. EYHE

2.2.6. 1.2 HE U CHEE L 72 MIfgIlc DWW T 2.2 500 U TIEREL 7285388 7 1 v v
=12 30,000 cells/mL CTHifdzZ+&FE L, growth medium 1 CHAELERITLD
HIg# 21T o 77, FEME. HBFEERIC edaravone % 10 pM ® 5 ME 10 nM
DIRFEIZ/2 2D K 9 growth medium HOEFMIIRTE L=, 245 ORI,
FERIZHWD ET37T°C . 5% C02/95% air, COz A ¥ ¥ 2 ~_X—X —NIZFHE L
oo Flo, FEYPRIE, medium DA L RIRFIZH72121T > 72, medium DAL
Bilx 4 HEXIZ, FE42H LV growth medium & &#: L TITo 72, ML,
growth medium # T 1-14 HREIEEE Z1T o 72,

2.2.8. Neurosphere assay

2.2.62./2#E LT 5, 9, 18 B LV 30 HHEFE Loz T, 1 DT 4
v 2NOEAFD 2 well (2250 T 50 um LL_E O neurosphere % BAEL Tt
ML, Z2OFEEZ 1 HlE Lz, 7o, REBRICBWT, fMild 1 HoRE S5
10 um TH D Z & #EfE L7z LT, neurosphere |THEIOMIE LA 72 L T
WHZ E LY, 50 um UL EOHIfEEE A neurosphere & L TiEH LT,

2.2.9. HEHNRLEE

2.2.9.1. Nestin/glial fibrillary acidic protein (GFAP)

2.2.6.1.1CHE T CHEE L 72/ %2 2251080 CTERLZEET v 2l
E L, 20 2 R oMz vz, H50E 226312 TC T, 7, 14
B LU 28 HMEEE L-Mlaz Az, 4%PFA %2 T, 20 43f, 4°C THE
fa % [ & L7=1%. TBST T L. TBST TR L7- 5% ¥ ¥ [E & ML C=iE
1FEo7Ta vy 7 52To7-, i\ T, ¥ 7 AHL nestin £/ 7 a—F /)LHL
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K (1 pg/mL) BLOUHXH GFAP AU 7 n—F ik zRA LT
antibody diluent THB L. 4°CT W& &7, TBST TH#%. TBST
THR L7 FITC ik v XHi~ 7 A IgG (H+L) (3 pg/mL) ¥ L Texas RED
WY ST Y IgG (H+L) (3 pg/mL) #EA L. =i - #ET 2 B UG
7z, ZD#%, Hoechst 33342 % TBST CTAM L., =i - T 20 43K
i STz, £ D%, TBST T 2 [Fl¥iF L, VECTASHIELD mounting medium
(Hard set) =MW\ CTEAZITH- T2,

2.2.9.2. Nestin/BrdU

2.2.6.3.1CHE T T 12 HHREFE L7-MIfLIZ BrdU % 10 WM IEFE L, £ 48
REfEI£ 1T 4% PFA Z W T, 20 7l 4°C THEE L7z, D% TBST THEHE
L.TBST THI L7z 5% v ¥ IEHF MG C=ER 1RO r v ¥ 721757,
HWT, ¥ APl nestin €/ 7 2 —F PR (1 pg/ml) BELOT v ~t
BrdU &/ 7 v —7F A$ifk B pg/ml) #EA LT, 4°C TR S H 72,
TBST T4, TBST THIN L7z FITC kY ¥Hi~ v 2 IgG (H+L) (3
ug/mL) 35 X Y Alexa Fluor 594 2% ¥ 17 v b IgG (H+L) (5 pg/mL) %
BE L., Fil - LT 2 FriGSS 72, £k, TBST T 2 [RIPES L.
VECTASHIELD mounting medium (Hard set) %\ CE AZIT 572,

2.2.9.3. Nestin

2.2.6.2.(ZH#E T 30 HI#EF# L T 54172 neurosphere % 4% PFA %\
T, 20 53f#], 4°C CTHEE L7z, £ D% TBST THef L, TBST THMR L 5%
VX IEFMECRIE 1FEHO T v X 7 21T 72, il T, ¥ 7 AL nestin
£/ 7a—F A8k (1 pg/ml) % 4°C T—Bis S w72, TBST THEE&.,
FITC =% ¥ hi~ 7 % IgG (H+L) (3 pg/mL) % TBST TR L., =i - &
NC 2 BRSO &/ 72, D%, TBST T 2 [\¥E4 L, Tris buffer (TB) Ti&
L7,

2.2.10. Enzyme-Linked ImmunoSorbent Assay (ELISA)

HifaHEsE OFEIE, ELISA 12X 0 BrdU OBV AR EZRJIET 5 Z & THIE
L7, 2.2.6.3. 12 U Tl L 72558 MIpRIC DWW T 0 EE% 225 0.1 uM BrdU
EUINLT2, 1, 14 B X028 A&, 300 x g, 10 43 H Ot Loy L 72
(2. EEzBRE®. 60°C T 1 KFHzE S 7z, oSzl Cell

22



Proliferation ELISA, BrdU (Roche Diagnostics, Germany) @ 200 pL/well &
Fix Denat T, =i 30 77 flfife % [E & < ¥ 7=, Fix Denat Z[r %%, 200 pul/well
® anti-BrdU-POD KSR 230 L, =R C 1 KOS & €72, Anti-BrdU-POD
FOGK Z Br %1% . 300 pL/well DY FHFEEK C=iE., 5 /MOt % 3 BT -
7o Vel ZbrE%. 200 ul/well OREHKR A2 N4 T, ZiE T 10 G &
7112, 25 uL OISEIER (HeSOs) ZWHIL, 1 Lz, £0t%, 5
FLURIZ 96-well 7L — KhZ 150 uL. # L. enzyme-linked immunosorbent
assay reader (Z XV, 405 nm ORI R Z2HIE L7,

2.2.11. T—XfET

FERIT A ORI T EERERR 2= CRIAR L, W FIA B 21X Welch's ¢ - test 35
L O Dunnett’s test THIE L7,
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2.3. MR

2.3.1. FuE~ U SR e SRR R/ RTBEAIRG D BLEE - 358

TMT 5% 0O~ 7 AMEHIRFEIC=a —a U IEZICEELT 5 nestin B5iE
AR ORI 2L 2 e 9 572, TMT (2.8 mg/kg, i.p.) &K ELI=~T AD
Bz DWNT 48 B ERRIE % (AR O B e 36 L OV 21TV S O R A %
ERL LU 7=, Z OFEAR%EZ Z LI nestin (23T D HUK % FH W CTHEE it 95
Z LI TMT 8 5% O#RIENZ 31T 5 nestin F8EL ORI AL 2 HIE LT
(Fig.6) .

Nestin

Day post-TMT treatment

Fig. 6. Dramatic increase in nestin (+) cell number during neuronal degeneration and
regeneration in the dentate gyrus following acute treatment with TMT in vivo.

Animals were given TMT (2.8 mg/kg, i.p.) and then killed on the indicated days
post-treatment for preparation of hippocampal sagittal sections, which were used for
immunostaining for NeuN and nestin. These experiments were carried out at least 4
times with similar results obtained under the same experimental conditions. GCL,
dentate granule cell layer; Hilus, dentate hilus; ML, dentate molecular layer. Scale
bar = 200 pm
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Z OfE R TMT # 5% 3-5 H H OERIENZ BV TEI 72 nestin DIFETA A2 5
. TOFEHIL, TMT #54% 10 B B LET TMT RALE (naive FF) L-ULE
TIZRE 272, £72. NeuN (ZxT 2 Hiik 2 W oz deta Tk, TMT $#:5-4% 3-5
A B CHREIERIE I B W TR/ = 2 —r SR Z v . TMT 5%
30 A H CiXHhoiifiag OFMRREER A OND T ERHABNE RS T,

Fig.6 105 L5 — # 12 5T TMT RAES £ O TMT (2.8 melkg, ip.)
EERE LT~ U A0 BALER 3 B BIZHEIREIZ B L | poly-L-ornithine THIjL
BLT-H#T v v alCEI L, 20 2 K412 Hoechst33342 % HW Ttk
Yett 4% L L H1Z, nestin B L GFAP (ICxT P2 AW Tt —ERAE
1To7lz, £7-. AFE 2 £ 5720, #% trypan blue Z W TYE L
Teo £ DFER naive FEO~ U7 A L L 72l TlX. nestin [2ME/GFAP B4
AR FS L O nestin/GFAP MM N BRSNS Z ERHLNE RS T2
(Fig.7a) ., TMT %##5 L=~ 7 A L8 L7/l ClL. nestin/GFAP Bt
AN 2 T, nestin BPE/GFAP [P A BTz, #IREID B8 b7z 4
fFABIR ORI L naive FEIZHLAR TMT & 5 CHREICEZ < Aoz (Fig.7b)
S 512, TMT #&5-#£1%. naive Bf & iz L T nestin [5H/GFAP FaMillatids
& O nestin/GFAP i e a3 3 B H#9N L Tz [Fig.7c, nestin (+) /GFAP
(-) cells (% of total cells) : naive (n=4), 1.17 + 0.06; TMT (n=5), 21.1 £ 6.0
(P<0.05) : nestin (+) /GFAP (+) cells (% of total cells) : naive (n=4) , 3.35 +
1.18 TMT (n=5) , 13.2 + 3.2 (P<0.05)] . F£7=. GFAP Bt DieHilaE TIT,
naive #f & TMT 58 CERZEIZA B> 7o), il x4 2
nestin F2ME/GFAP B DOEIGIE, TMT & 5-FEZ W TEA L Tz [nestin ()
IGFAP (+) cells (% of total cells) : naive (n=4), 18.4. + 3.1, TMT (n=5) , 6.73
+2.74 (P<0.05)] .

RIZ ., naive Ff & TMT #2580 otk 0] H Rt R e/ A BR M 2 S 9~ 5 720
DFERRE LT, 2.2.6.3.128 U T bFGF B L EGF # & EK T DFEET,
in vitro HIFEFE R THFEO~ U AHIREINBE b ToMiac 28 AR L
2o D%, Hild% trypan blue Yf435 L O\ nestin (X2 HufkZ WV CTHs%E
Juta U, BRI X OV nestin G OMREA JIE Lo, EOREE, K54 28
HEBIZEIT D TMT #& 58 OLIFMIE £ O nestin [ERIROREIL, naive
D 5-6 Bz THML TV (Fig7d) . £7-. % 14 HE T, #hb
% 3 %N LT /= (data not shown) .
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Fig. 7. Cell preparation from the dentate gyrus of naive or TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) or not (naive) and decapitated on day 3
post-treatment for dissection of the hippocampal dentate gyrus. Cells were then
prepared from the dentate gyrus dissected from the 10 animals of the naive and
TMT-treated groups. The cells were seeded into dishes that had been previously coated
with poly-L-ornithine. (@) The cells were fixed at 2 h after seeding for
double-immunostaining for nestin (green) and GFAP (red) with counterstaining by use
of Hoechst 33342 (blue). The panels show typical confocal laser scanning micrographs
of the stained cells. The inserts in the lower right corner of each panel show cells at
higher magnification. Scale bar =50 um. (b) Total number of cells obtained from the
dentate gyrus of naive or TMT-treated animals. The cells were stained with trypan
blue for counting the number of total surviving cells. Values are expressed as the
mean = S.E. per 1 animal from 13-19 separate experiments. (c) Percentage of cells
positive for nestin, GFAP or nestin and GFAP (Nestin-GFAP) in the dentate gyrus
obtained from naive or TMT-treated animals. Values are expressed as the mean + S.E.
calculated from the percentage of total cells from 4-5 separate experiments. (d) The
cells were cultured in DMEM/F-12 medium containing bFGF and EGF for 28 DIV, and
then fixed for immunostaining for nestin or stained with trypan blue for counting the
total number of surviving cells. Values are expressed as the mean + S.E. from 4-7
separate experiments. */F<0.05, **F<0.01, significantly different from the control
value obtained for naive animals.

INOHEERIZEVEEL TWAMERN ED X 5 Z2ilaTh 2R T D79,
TRE DR A 5 BLEE U 7241 % poly-L-ornithine THILE L7=85ET 4 v v~
= TR . 2.2.6.3.027E U T 12 AMERE L7 MIaZ BrdU % 10 pMOJRE T
R L, 2 O48IFH % IC[E E L, Hoechst33342 % WV TxiH YA 32 & & HIC,
nestin 3 X O BrdU (2% 2 HiKZ W CTHOE B2 {7-o7-, 2. Zh
IR ML OIETHEE ZIE T 572D, S BE%Z 2D BrdU % 0.1 uMIEER L | 1,
14 B XUV 28 HIFEFEE L7oMIfIZ DUV T, 2.2.10.12% U C ELISA (R X 0 1558
Mifa~D BrdU BV IARREZ I ~To, T OREE, naive #f & TMT & G5HE L b2
BrdU & K57 1%. nestin Bl ~E v iAWz (Fig.8a) . 7=, BrdU
DY AZIE, B HM Z8 L T naive BEOMIIE & bk LT, TMT & 5-#E D
JaCHI & 2328 A b7z (Fig.8b)

PR R ATERAIAE DR D 1 D& LT, HilEEERICB W TH O A Y
i L. neurosphere %95 Z LN BTV 5, % Z T neurosphere assay
AT O 7o, 2.2.6.2.(2HE U CAUEES 3 R THIREOMIRIAIZ b HEE L 7Z#ilie 2 30
HHE TH:AE LTz, £DOREE., naive fif & TMT & 58E & 612D THLYV sphere
IR L. 554 30 H B £ TREFAIIZ K & 72 neurosphere [ZkFE L. HE%E L)
7= (Fig.9a) , F7=. E£ 50 um % # x5 neurosphere (%, 5% 5 HE D
30 HHOHIMZ@E L T, naive BEL Y TMT H5RETEWALREIMMA A ST
(Fig.9b) . #e\ T, 52# 30 H H @ neurosphere {225V T, 2.2.9.3.12% U T nestin
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WX T D PR W CHOtE e a7 o 7o & 2 A, MRED stk B H ki 23
JEA% L 7= neurosphere (% & 4|2 nestin FEPEMIAE TR ST 7z (Fig.9¢) .
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Fig. 8. BrdU incorporation into cells prepared from the dentate gyrus of naive or
TMT-treat mice.

Animals were given TMT (2.8 mg/kg, i.p.) or not (naive) and decapitated on day 3
post-treatment for dissection of their hippocampal dentate gyrus. Cells were prepared
from the dentate gyrus dissected from the 10 animals of each group, seeded into dishes
that had been previously coated with poly-L-ornithine, and then cultured in
DMEM/F-12 medium containing bFGF and EGF in the presence of BrdU (0.1 pM) for 1,
14 or 28 DIV. (a) After having been cultured for 14 DIV, the cells fixed were subjected
to double-immunostaining for nestin (green) and BrdU (red) with counterstaining by
use of Hoechst 33342 (blue). The panels show typical confocal laser scanning
micrographs of the cells stained. Scale bar = 20 pm. (b) For determination of the
proliferative activity, BrdU incorporated into the cells was measured by ELISA at the
indicated times. Values are expressed as the mean = S.E. from 4-7 separate
experiments. */F<0.05, significantly different from the control value obtained for naive
animals.
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Fig. 9. Formation of neurospheres by cells prepared from the dentate gyrus of naive and
TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) or not (naive) and decapitated on day 3
post-treatment for dissection of their hippocampal dentate gyrus. Cells prepared from
the dentate gyrus dissected from the 10 animals of each group, seeded into uncoated
dishes, and then cultured as floaters for the indicated time periods in DMEM/F-12
medium containing bFGF and EGF. (a) The panels show typical light micrographs of
neurospheres cultured for the time periods indicated. Scale bar = 200 um. (b) As
neurosphere assay, the number of neurospheres at over 50 um in diameter was counted
in each well of the dishes. Values are expressed as the mean + S.E. from 5-8 separate
experiments. **/P<0.01, significantly different from the control value obtained for
naive animals. (c) After having been cultured for 30 DIV, the neurospheres were
subjected to immunostaining for nestin. The panels show typical confocal laser
scanning micrographs of a neurosphere. Scale bar = 200 pm.
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2.3.2. i F5 o K [B] 0D B 2 AR R B/ A1 BR AT IR OO BT 12K 9 D
edaravone D in vitro BRE DR

AEIC, TMT #5-% 3 B H O#IRENZIEL, #f R/ AiBEMAL AN K &IAAET
HZ L% invitro CHH LN LTz, 22T, =a—n UAEHZOwIRENZS T
2 FE R RITBE AR O HEFEIZ %35 edaravone DA T T 5720, BEEEH
il edaravone % BEEE L7-, ¥ 7 A2 TMT (2.8 mg/kg, i.p.) 5% 3 HHIZ
PR A B L, poly-L-ornithine TRIALEE L7-858 T v o 2 (TR LT-, £
i & [AHFIC edaravone % 10 pM & 5\ % 10 nM O CTHEZE L. 2.2.6.3.1 1k
CCHERERCHIZ 1. 78X 14 AREEE Lo, & BHEEEE LMo
it &2 53 572, Hoechst33342 = AW THEYm 325 & L i,
2.2.9.1.1Z%E U T nestin 3 X O GFAP 1231 2 ik & FW T “mYL 417
STz, FOFER, 10 pM & 5\ ML 10 nM @ edaravone BEFEIL, §5& 1 HH D
MBS B2 G- 2 2o 1o v B58 T B X0 14 B H ORIl 0 I 704
mz7x L7z (Fig.10a) . #HEEICINZ T, 10 pM @ edaravone BEERIZ LV |
B 7T X114 HEHIZ, 10 nM @ edaravone W#§z Tld, 1% 7 H HIZ nestin
BEPERE OB &N A EICHEIN L. (Fig.10b) , & 52 B 418 L T, GFAP
BRI O E 51T edaravone BRERIC L - TEENHA Lo 72 (Fig.10c0) .
F 72, edaravone DO FFfERFE N M AL EE T 20502 ET D720,
edaravone W& % (ZHA O Hoechst 33342 Yt 24T ->7-, TOFEFR, D7pl &
H A EIHWZIRE D edaravone WEFEIC L - T, Bl I NI EEE 2 11 O EE
AT T MIREIZ A GIZ A B2 hy> 7= (data not shown)
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Fig. 10. Effect of sustained in vitro exposure to edaravone on proliferation of the cells
prepared from the dentate gyrus of TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) and decapitated on day 3 post-treatment for
dissection of their hippocampal dentate gyrus. Cells prepared from the dentate gyrus
were seeded into dishes that had been previously coated with poly-L-ornithine and were
then cultured in DMEM/F-12 medium containing bFGF and EGF for the indicated
times in the absence or presence of edaravone at either concentration indicated. The
cells were then double-immunostained for nestin (b) and GFAP (¢) with counterstaining
with Hoechst 33342 for counting total cells (a). Values are expressed as the mean + S.E.
from 5-9 separate experiments. */<0.05, significantly different from the control value
obtained for the cells treated with vehicle alone (Edaravone = 0).
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2.3.3. i F5 o K [B] 0D B 2 pf R SR R/ R0 R AT KR 0D 38 FE IS K9 D
edaravone ® in vivo {LEDEhHR

Edaravone F/EDE#E S FIZEB W T, nestin [GPEMILOEIA 23BN L7223,
GFAP ML OB AT BN DR oTo LW ) BRI O R Z 51T, In
vivo [ZE\ T, edaravone £ 525 TMT £ 5-~ 7 A IREIZI5 1S % nestin Fﬁ'f
AIEIEIN R LT BEL 52 508 9 &gt L=, LAENZ. in vivo 2B\
T, TMT IZ X Dk~ U ZhREl = = — o Ui A8 1-2 A B %2 B — 27 [2HE
SNDH &, D%, MRRE/AERR O 2-4 ARZE—21C51 &K
EINDHZENRFEINTWD (Ogita et al., 2005) , ZD7=, AEIIE, TMT
IZE D=2 —m UIEICEEL 5 212 < < PRSI/ RTEIHE L O SE5R N

(CHBEH 2 5 B2 505 TMT (2.8 mg/kg, i.p) #5% 2 AAS 4 AHIC
23T T 12 RS 2 & 12E 4 18] edaravone (30 mg/kg, i.p.) & L < 1% PBS (vehicle
) ZJEVENE S Lz, TMT #5% 4 B BIZ 2.2.6.1.12% U CTHRREID & ik
ZEREL L. poly-L-ornithine THILEE L7=85%T « v > = (2B L, & D 2 KFf
#%12 2.2.9.1.12# U C nestin 3 L O GFAP (239 2 Hiik a2 v Tt —E Y th
AT 2T, T DORHK. edaravone K GHEIZIUVNT, vehicle HEIZX 9 % nestin
BEitE s K OF nestin/GFAP BAEMAR OFIG ABEZEIZHEM L TWD Z E R BN E
72ofm (Fig1l) ., L2xL 76, GFAP [GiEf e oA 1L vehicle #f &
edaravone ¢ G-HERICTH L RZBRITRO o7z, o, MEEOEIKE
O EEELCHile A 2.2.6.2. (28 U TSR T 6, 9B KL TN 18 AR L,
neurosphere assay % 17> 7=, Z 4L 5 ® neurosphere % 30 H 5 #1112 2.2.9.3.
(ZHEL T nestin (ZXf T D HUAZ WV THOLREREZIT > T2, TORK, K
9 BLO 18 HHEIZBWT, BRI #7- neurosphere i3 vehicle HEIZ H~,
edaravone & 5 CEAE I L T /= (Fig.12a, 12b) , £7-. WL HED
TR 32 RL L 7= neurosphere 13 & $1Z nestin BPEMlE TR ST
(Fig.12¢) . & 5T nestin BHEMIIRICINZ T, TMT # 5% 2 »5 9 HEHE T
edaravone % 14 [FLEfEE G- L7~ 7 ZAOWAREID HA5 S 72 ML TR = =
—a DV —H—HF N7 'E T % B-tubulin IIT B EL OIS 2 & 17z
[B-tubulin IIT (+) cells (% of total cells) : vehicle (n=6), 15+5; edaravone
(n=6) , 43%6 (%<0.05)] .
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Fig. 11. Effect of in vivo treatment with edaravone on the number of nestin(+) and
GFAP() cells prepared from the dentate gyrus of TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) and then injected with either PBS or
edaravone (30 mg/kg, i.p.) every 12 h for consecutive 2 days starting from day 2
post-TMT treatment. On day 4 post-TMT treatment, the dentate gyrus was dissected
from the 10 animals of PBS- or edaravone-treated group for preparation of cells, which
were then double-immunostained for nestin and GFAP. The data for antigen-positive
cells in the edaravone-treated group are presented as the percentage of those in the
PBS-treated group as the control. Values are expressed as the mean = S.E. from 5-6
separate experiments. */%<0.05, **P<0.01, significantly different from the value
obtained for PBS-treated animals. In the PBS-treated group, the percentages of
nestin(+) cells, GFAP(+) cells, and nestin(+) GFAP(+) cells to total cells were 22%, 73%,
and 20%, respectively.
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Fig. 12. Effect of in vivo treatment with edaravone on formation of neurospheres by cells
prepared from the dentate gyrus of TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) and then treated with either PBS or
edaravone (30 mg/kg, i.p.) every 12 h for consecutive 2 days starting from day 2
post-TMT treatment. On day 4 post-TMT treatment, the dentate gyrus was dissected
from the 10 animals of each group for preparation of cells, which were then cultured for
the indicated time periods in floating fashion in wuncoated dishes containing
DMEM/F-12 medium supplemented bFGF and EGF. (a) The panels show typical light
micrographs of neurospheres cultured for the time periods indicated. Scale bar = 50
um. (b) The number of neurospheres over 50 um in diameter was counted in each well
of the dishes. Values are expressed as the mean + S.E. from 5-9 separate experiments.
* P<0.05, significantly different from the control value obtained for PBS-treated animals.
(c) After having been cultured for 30 DIV, the neurospheres were immunostained for
nestin. Typical confocal laser scanning micrographs of a neurosphere from each group
are shown. Scale bar =100 um.

34



Edaravone SWE# G2 L 0 G #REl= = — v & I — 1\ PRI %
PR R HIBSAIIE A X BIZEINT 2 Z E L E 2572 (Fig.1l) ., £ 2 T,
WIS ORI = = — v I HTAE T 2 Milaic k3% edaravone IS
DI HSOWNTHNT L7z, TMT (2.8 mg/kg, i.p.) #5% 2 H H2>5 edaravone
(30 mg/kg, 1.p.) & L <X PBS (vehicle #f) % 12 W[ Z & 12 14 [RlEfE L CHEME
MEE5. L7, £7-. BrdU (50 ma/kg, i.p.) 1% TMT #2544 3 B H72s5 12 B =
£l 2 [ L7z, Edaravone D& 50 12 KR #£1C 2.2.3.10 Y U THEMR O
B E R L ONEHE ATV RO RRU A ZER LT, £nEndbli % BrdU
IZXF T B PR E W CTREY A 21T, BrdU BEMEMAa Sz 531 U7, & OfE R,
PRI AMAcRE T 2 & BRI (A7 T % BrdU BEtEMAREX, edaravone
P GEEICIB T vehicle BEICHANEEITHIN L T2, LLARN S, Ml
J& 3 L OEIREIFIIC I 1T 5 BrdU GiEfMAnENL. edaravone #%5-8f & vehicle
RERI T B2 0580 b ho 7= (Fig.13) o
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Fig. 13. Effect of edaravone treatment for 7 days on BrdU incorporation in the dentate
gyrus of TMT-treated mice.

Animals were given TMT (2.8 mg/kg, i.p.) and then treated with either PBS or
edaravone (30 mg/kg, i.p.) every 12 h for consecutive 7 days starting from day 2
post-TMT treatment for preparation of sagittal hippocampal sections, which were then
stained with anti-BrdU antibody. BrdU was injected on day 3 post-TMT treatment.
(a) The panels show typical light micrographs of the dentate gyrus. (b) Quantitative
data for BrdU (+) cells in granucle cell layer (GCL) + subgranular zone (SGZ), molecular
layer (ML), and hilus. Values are expressed mean + S.E. *F<0.05, significantly
different from each value obtained for animals treated with saline. Scale bar = 100 um.
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2.4, BE

AR I D EE e f G & L TlE. edravone G HIRIEID = = — w1 il
BRI 5] Efe\ Tl & 2 M R/ AR OB 2 R+ 5 2 & THDH, ZD
FER LA T OFERIZIE SN TN D, in vitro TD edaravone D FEHiMETE /Y, TMT
(2 &0 FEE SRR AN SR OB AR R AL O 5 B nestin B M i o
G 2R L7 = & (Fig. 10) . ~ 7 2~ edaravone D& #5.7, TMT #%
Bz X 0 BEE SN HRENZ BV T, nestin (ZBEME 2 73 300 R /R BRI IR
X O B-tubulin I IZGMEEZRT KA = —m o OAEKRBRELZZ &
(2.3.3) , ZNHDOFERIX, edaravone MERBEGRICED NI =a—1
ENCHR IR ERT ZEERB LT\ 5, F£7-. edaravone DIMEMERNZ
B G T nestin [P E OB/ AT Z (RFET 2 LV D mEDT —Z )
51, edaravone ODH LRGN ENELF T LTV D (Ttou et al., 2009) . SNz
T, A7 =4 Tl EGF B XU bFGF 17 FITHB W T, £ L 7o iRk R /aibY
Hid~ edaravone BRFEIZ X - T, 5= M HIZ nestin GMEMIRE S EEINT 2
ZlaPOTRLE (Fig. 10) . 20 Z LT edaravone 23506 R 52/ HiBX AL O
W2 RET DR A FF > W ) AlREEZ R LT\ D, —, In vivo THIE XS
N 7= edaravone DR FIL, HR[EID = = — 11 LI AR U 7o pi R /AT
Al ORES LOHHEICER T b0 EZE X b5,

KE % 7 BRI AN FE E  [cryoinjury (Moon et al., 2004) . ablation injury
(Douen et al., 2004) % L < I% controlled cortical impact (Chen et al., 2003)]
%= T T2 RIMEE DR FIZ BT, nestin FHPEMIIE NGS5 Z &N E1 51T
WD, AFZE G, BEEIREO =2 —a U EME/FATET L E LT, TMT #5
~UAEHWE, ZOETE, TMT 5% 2 H BIZwR RO FERGHEE I3
WTBHER =2 —a UREN IV, £ 0 D= o —1 2 ¥ 1% (2 R e
EEATLEOWREICBWW (= a—a UiEMEE S NS, £2. Z0ET
I PO R R 223 BT LA, TMT %54 7 H B £ TOHAEBM
HIENT nestin 38 X O BrdU % BV 1A A TSRS DS, BIRIENZ 38 CTEIFIZHE N
THZEPHONZINTEY | RETH TMT 2% 5% 3-5 H B OHIRIAENC
BT, nestin BHEMIEEZ KIBICHEINESEL WS Z 2R LNERoT
(Fig.6) . Z@Z &3, MERRUEIOMIERR E B L TVDH D TH %,

FHRREBORHIIZ AN 2. T, TMT #5-1% 3 H B OBt iRE> 5 458 S 7=
% Tz In vitro D55 5 Tld . nestin 5 M/GFAP 2 MER I EE & N nestin/GFAP
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PRI DS R AL E B D5 5 I AN TRIEIZHEN L7225, nestin [2%: GFAP
Bﬁ fHIEE (7 A haYA b)) T LARD LTne (Fig.7¢) . ZiuE, TMT
e 58 O 1R BRI SRR ENT 38V T GFAP 36 X W nestin 2383 2 it
K7V TR (typel HMifR) & nestin FHME/GFAP F& M 72 B 5 M wif Bk HR i
(type2a MifR) O SFOEEHEMEEDL Z EEREBLTWS, L7=23-> T, TMT
BhH <~y A 3EREl = 2 — v URERICERT S typel B XN type2 & et
R TR ORI 72 ET A ThD EEZXLND, £72, TMT £ 58
FUSRILE (naive) ~ 7 ADEIREIN S HEE L 7-fifaz BWIC bz - TH#E L
7t . TMT &ﬁﬁi“( AR S KON nestin BEPEMIIRE D B 72 B8N 235890 &
ni= (Fig.7d) . Z BrdU =W T, B5EMAOHEIERERS KOV TMT (2L %
HFEREL uﬁﬁ“é%ﬁ“ u“Db‘“Cﬁ%ﬁ L7z, Z0OfE%, BrdU L nestin FEMEMaIC
BYiAENTEY (Fig.8a) . BrdU OHLY iAA (T2 H B OBEIZHEWEEN L
TV ZERHLNEZ -7 (Fig.8b) . £7-. BrdU OH Y iAZL, naive Bf
IZHARTMT 5 HICB W TAHRICHEML TnWe, ZRUHORERED | ik~ D
AWK ENCAFAE T 2 AR R & BT BRAA IXTEFE I L Tnbd 2 &, BIW
TMT #25- 3 H % O IREI TR R/ BB OHEIEANTEI L 72D | = a2 —n
VHEMEET D Z ERHERIND,

PR R R AT BRI RS 2 R ISRV CL B CUHEFE A 4 0 K L . neurosphere
ZIEAT D 2 ENFMONTEY | AHFZEIZIU T b R R TG L O 77 b 5
F Z1TV) neurosphere Z P S E7-, ZORER, TMT & 583 L O naive #
& HITEREE B OB IZ A neurosphere 3% LT 7253, nestin (2172
neurosphere [, naive B L D 30 LA TMT 5RO IREIH> 5 BEE S 7=/
NOSEIERRESND Z & &R LT (Fig9) ., 2, TMT #FRM4EO ke =

— 1 A AR R RTEI O N B BT D LV D T BRI L T D,

S HIZHIIROOIE, AFFEIZB T, in vitro TOFHGIR 7L edaravone BEEZ

3, HEEER TEE I TMT #5~ 7 2O W RIEIH R D nestin [ el
O EtE L= Z & Th D (Fig.10) . LURTOMWE T, ML OHES H kO
REHIBRANIL DR IZ BT, In vitro TOFHGIR 7L edaravone (50 pM) & L
< 1% tempol (200 pM) OBEFEAS, MR/ AIESHAEIZ 3 1T 2 NRME ORI
& (reactive oxygen species: ROS) @ L~/ &8/ &4, neurosphere Bk FH L
PR SRR HTEAI L~ BrdU OHLY AL O KIE 7280 2 51 Z #9-Z & 23FE &
AU NIEITHE ROS 23 iR Ve oo #iife SR e/ ARG O BRI RE 2 (R HE 4~ 5 & & iy S
T3 (Yoneyama et al., 2010a) . 72,10 uM KL ¥ EiEE D edaravone Tli,
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[F SEBRSE T CHlfESE 2 BNl 52 RE & & U | edaravone (X, EDREIZ L
S THRE R/ AT BE M L O FEIC ER AT OB 2 RIZ T A RERH 5,
edaravone D ANV v —hRIZHT 5 50%PHIEERE (ICs0) EOBLHID
T 5L, mIRED edaravone |2 & o THRERER/FTHEAMAL OB AN PEE STV
H01E, 7YV =T PHNOEEFERTERT 205 OR, KbHNRAGT
H5 (e RaXxo I VNIRRT DY/ —Vigia 1k dienes DR, 832.0
UM ; T v MEFAEYDR—FB IO hary R TR Dx— MIBT L 8KLT
ALEER L, % %415.0 BELW 2.3 uM ; 2 k2> KU 7O Rk AR E R L,
39.0 uM) , LM L7Zenb, REOHAF IR TIE, FEFITIKREE (10 pM B LW
10 nM) @ edaravone (T & o THIRR R/ AIERARIL O HEHE DS i 6D B AT Z & 3
bnkileolo, £ T, edaravone OFFEERE/RIBEANL O FEIEERN T 7 1
—Z VANV OEELSN O S OBEFITEE LT D &V ) RLRE B EIZ AN
UL, EFRIZ, edaravone N7 U —T VAN EEET LRI ZA T, RIEE
B, v~ Vs 2xxxuaras o —B LB XO—@EEFE (NO) @@EE%
HET D Z LT 28HENH D (Kikuchi et al., 2011) . BRmIC
edaravone 7%, RMEGHIIME (23510 2 2MEONKEEEZIZ NO 0)/\552/71&& 75:1/@
T 52 LB 5iET/XﬂﬁL®$%_ioT@éh\%;f
edaravone N\ OND=a— VEEREBIZEWCHEKRIREZ L5732
AR LTS, MAT, WERMR LOSHAED NO 2R~ 7 2Dk H
S DR R R RIS O HEFE 22 e 3 5 L v ) il E O (Yoneyama et al.,
2010a; Yoneyama et al., 2011) & [RIERD Z &A%, Flfi~ 7 2 O IR A Sk o4
T RER/AIBRANAL TR’ X172 (data not shown) . L7223 T, FRRER/AI
BXHEIR O HEFEIZ %3 % edaravone DIEERNFIL, NO OGN/t md 5 2 &
IZEoThlgRZIIND EEB A BN,

WIZ, REOFRERTIL TMT FRME= 2 —v UL, MR R /A
BRI 23 HE N9~ 2 Wi IC edaravone ZJEIENE G452 & T, TMT &514% 4
H B OMIRENZ IS % nestin/GFAP [GYEMIaR 238N+ 25 Z L LN E 70>
72, ZiUE, edaravone M EIRIAI= = — v WL E O A BRI typel
JOEEZEET 5 Z 2 L Tnd (Fig.1l) ., F7o. BilFEEEIZB VT,
% 5 117z neurosphere 7% nestin [GPEMIaEK ST 5 Z & | edaravone DfiE
PEPNFE 512 L D neurosphere B35 H OB & & HIZHEIML, HBEIB X
18 H BIZH T, vehicle FEIZ L~ TEITIINT S Z & 753‘% kol
ZDOZ L5, edaravone 28 TMT #F# M = = — v U BLIEHZ I @ MEICHEE T 5
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PR R T D AT ZHEFF L COW D A REMER H D 2 L2 RB LTS
(Fig.12) . Edaravone 23[EE%IC—10MEICIEHHT 2 iR 8 AIBHIIE O £ 15
EHEFFL TV DO THIUR, edaravone & BB 57925 2 & T, Z OMRREY
RIERHIAE &2 BRI A S D TR & 5, % 2 TRIZ, edaravone D EH
BeHIZ L DB OWTHRET LTz, TR, o riifafE R L O REIM Ci
ERIIR NI o Tohy TERCIILRE T4 2 & e fEhsffiafE o BrdU B
X edaravone B 5 CERICHEMT 2 Z ERHL N E o7 (Fig. 13) .
L7735 T, edaravone (T X % FEkififia g T & & o fkiliafg <o BrdU [
PERERREL OHENIX, MR/ AIBE I DA 2R LR E LTELONED
DEBZ LD, S DICHREWZ L2, TMT FERICEE# =2 —a D~
— =& /N7 E T 5 B-tubulin 11T GHEMAEE S . edaravone @ in vivo 4L
BEIZ XV ERENC IS W CTHEMA A B 7z (data not shown) , 2 OfEFIL,
edaravone N=a—1 U ~DOLEZRO L AIEEMEZ R L TWDH00H LILARVY,
Z @ edaravone D= =2 —u Vo KRHERNIRD, —a—w UK EO =2 —1
B DRI HERREN 2 RIZT Z LN RSN D,

RETIT, TMT FFRME= 2 —n VIR DO = o —a UFTEICKT D6 5
JEIRHILTH 5 aripiprazole DA HMEIZOWTHHTT 5,
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HIE
EEEIRE =2 —n VU REE D=2 — VALK

3% aripiprazole D% R

3.1 FFX

FSCARTET FLEN ) O I L2 PN IR O # ek SR e RIT BRI 3R 5 & 5 B ITA
< ST 5b (Reynolds and Weiss, 1992; Richards et al., 1992) . i
BT D =a—a VHAEEMANO 2 SORFERER, 372 HAUIRME ORIKE
ROV BRCIR Bl O FERL A B T CAEARMICEE Z 5 (Kuhn et al., 1996;
Taupin et al., 2002) , MR/ AT E=a—a U 2 Ak T 5720,
S, BE), bk L OVEFOWBREZ T, MO O BRI A AA £ 1
Do IHIT, BEOAHTFRIEIMT, BRIKITIW T, MRRE/ATEEIITEIC
—a—arEAENRT D, TG I R O R R/ Ei S LR EK
DI fE=a—nr L0 PRl 4 H ok O R e A BRI A L X g R Bl o
—a—nrrbid, ZhOOMBERE/MAIEMRITIEG IS LTS L, =2 —
nUEE#RIC=a—ay TA YA MBI ORAY IFT o hath g NEED
FRERMI &2 A5k % (Christie and Turnley, 2012) , #4578 R 52/ Hif BIRAM A 34
S, BEh, SbB L OAEGFE W) =a—n UEEIBROMEEA S LT, #HE=
2= BRI THIRA AR L, =a2—nr CEE% OB G/ 2 B8
THTENTE D, EERIT, MME MM T B X O ilafEg Taco=
2— B UHTARELS SR -T2 ERHRE SN TS (Arvidsson et al., 2002;
Tonchev et al., 2003; Wojcik-Stanaszek et al., 2011) , EIMIZ K> THI & Z
ENHHEEIER L O =2 —n VAR = o —a VR OMRERRE L S
TW5, =a—r U HEOEEBERE#EOHEMIT, —a2—vHEH LL
F=a—m UEMRBICERNT 2 =a—n U BEHERO =2 — 1 AMERIZKHET
bb, TN, =a—n AMAEFERREZERIELRFEIT= o —n UEMREI
EOTHMRIBE TH D Z ERHERISN D,

TMT 3t hB I ONT > HWEHO PR IC BN T =2 —n A Z 5 Sk 29
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ik #E CTdh 5 (Fiedorowicz et al., 2001) , = 7 A~D TMT Hi[al# 513 #ik (Al
MLER, R H K TR E 2 S MOR bR BN T=a—r Ui
W5l X# 24 (Ogita et al., 2004; Kawada et al., 2008; Shuto et al., 2009b;
Nguyen et al., 2011) , ~ 7 A& HW i@ EDOHFIEIZIB VT, TMT ALE D KD

DRI TR R ATEEAR IR 2 H90E S &, RElB K OMERICK T S5 =2 —n
VOB A S X 2T O bR S 7z (Ogita et al., 2005; Yoneyama et
al., 2010b; Kikuta et al., 2013) , Z i 5B EOWFIEHEF L TMT ALE~ 7 A0
Zma—nUREMAEAEETVE LT, BREl=2—n VREZRO =2 —1 A
(B3 2RI & o TIEF ’ﬁ‘LjJE’J“C“&)%) ZEETRETLEDOTH D,

Aripiprazole (3#EKFIE, PRMERE BT HEEROUGEOIRRIK L L
THAR SN IEERGUEHRETH 5, Ar1p1prazole IZ R DeBE Ds
ZRR, 5-hydroxytryptamine (5-HT) 5-HT1a 35 K OY 5-HTea Z BRI VW VELFD
HaF L, P2 DuZHIE, Er b= 5-HToc ZHFE, an 7 KLU %
BIR, B AKX IV Hi SRR ICPEEOBFIEZ 73 (Shapiro et al., 2003) .
Mz T, aripiprazole | F/XX > Do B LN v b= 5-HTia R DT
T=AMBLOEE b= BHTwaXBRDOT o T=A b & L TRIET 5

WEORETIE, RV T UV AR—F —%FD R8I ARSI R 23
Mg THAZ B W T BrdU B SAZMIAIZ 8 U CIEE L Cds v | FERfAe
J& D BrdU HV IAZMA RERRIARD FR2 =2 —w v OBREZHD
952 ENAL M ENT- (Hoglinger et al., 2004) , ZiuH OHFFERREIL., K
NIURZEDOZBFET 7T ) T BRERICBIT 2 =a—n AL RESE S
ZEETFLTWD, LML b, RAIUVERET 2 A=A NThD
haloperidol &L 1%, BRLAIALE T 231 2 #RR R/ RS IR O HEFRIZ 3 L T
WA KIE S 720 (Malberg et al., 2000; Wang et al., 2004) . 442
(Wakade et al., 2002) & L < (3¥N9 2% (Keilhoff et al., 2010a) 72 k% 723
EVRHY . FOHRIT L2V, S 512, haloperidol [XFERMHIAfE TH (23
T D ARRR AT LD AR KOOI L s L<IIma g Sk 2
TEWVWIELHD (Wang et al., 2004; Halim et al., 2004; Keilhoff et al.,
2010b) . FALilg, FUREMRENEREIO =2 —m VAL L= —r U HA
ZIES LIFAICHIET 2082 A TH DL, £ 2 TRETIE, EFEES
WRENC BT D =2 — 1 VAR LOWIREl = 2 — o U iE/AEET L~ T R
ZHAWTHIREI= 2 —r UiE%Z O =2 —r ST % aripiprazole D
BT OWTHRET LTz,
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3.2. ik

3.2.1. BMEE
5 WD ddY Bt~ 7 2 (Std-ddY) (26-28 g) %, 2.2.1.12HE U 7= J5 1k Chl
HFL,

3.2.2. EKYyEhb
WE % Fig.14 \ZR LT,

3.2.2.1. TMT &5

P53 T H TMT 1% 2.9 mglkg D& T~ 7 AZIEIENES Lz,
4 H|Z phosphate buffered saline (PBS) (Zi&fif L7-%. {KHE 10g H7-V 0.1
mL OFIE TIEENR G LT,

3.2.2.2. aripiprazole ¥ & O* haloperidol #5-

aripiprazole 0.3 mg/mL ¥ X O haloperidol 0.2 mg/mL & L <% 0.5
mg/mL (2725 £ 912 0.5%carboxymethyl cellulose sodium salt (CMC) 2/
L7, PBSH LLIETMT % 2.9 mglkg DHE T~ U R ZEENEKE L,
Z D 48 FEf#% 5 0.5%CMC F 721% aripiprazole (3 mg/kg) b L < 1%
haloperidol (2 or 5 mg/kg) % 24 Ffi] Z L2 1181 L < 1E 14 Bl CTHREREN
Bh5 L7z, £ TOEMIIMAE10g H7-V 0.1 mL OEEG THEENKE LT,

3.2.2.3. BrdU #&

BrdU (50 mg/ke) 13 TMT $2 54 48 BERI# A5 12 B[] = & 12 2 Mg T
JENVEN# G- LTz, &2 TORYIIIAE 10 g H720 0.1 mL OE|E THEENE S
L7,
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Schedule 1 (acute treatment)

Aripiprazole (3 mg/kg, i.p.)
Haloperidol (2 or 5 mg/kg, i.p.)

v
0 1 2 3 (day)
TR

PBS or TMT Brdu Decapitation

(2.9 mg/kg, i.p.) (50 mg/kg, i.p.)

Schedule 2 (chronic treatment)

Aripiprazole (3 mg/kg, i.p.)
Haloperidol (5 mg/kg, i.p.)

. 4
0 1 2 3 15 30 (day)
I i i —t
o 4
PBS or TMT BrdU Decapitation
(2.9mg/kg, i.p.) (50 mg/ke, i.p.) Behavior test

Behavior test

Fig.14. Experimental schedules.

In both “Schedule 1” and “Schedule 2”, animals were given either PBS or TMT (2.9
mg/kg, i.p.), and then received 2 consecutive injections of BrdU (50 mg/kg, i.p.) every 12
h on day 2 post-TMT treatment for labeling mitotic cells in the dentate gyrus. To
examine the effect of an acute treatment with aripiprazole and haloperidol on
proliferation of neural progenitor cells at early time window following neuronal loss in
the dentate gyrus of the TMT-treated animals, we carried out experiment under the
condition of “Schedule 1”. To examine the effect of a chronic treatment with
aripiprazole on survival and differentiation of the newly-generated cells in the dentate

gyrus of the TMT-treated animals, we carried out experiment under the condition of
“Schedule 2”.

3.2.3. Mo EE & EHE

3.2.2ICHE L THMEE AT~ 7 ADM A, 2.2.3.124 U T O E &
AT T,
NT T 4 R R ERX I 7 e b—2a 2 v, flm s 0.9 mm-1.6
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mm OFiH A 100 um HfFE T 3-5 um OJE S THEHYIY L7, Y1 13 EZITEK
P Tora—T 40 TATA RT TR (RIE 7 L3RS, KR ICAEY £
7. 40°C T—MeRatp S H7z,

3.2.4. MR FTE

3.2.4.1. Nestin/BrdU

3.23.CHEL TR L7ZHEAUI A 2% L L T K VST 7 ¢ AL L 72
%, =& 7 —/LRF (100-50%) [ZNEVIR L CRUK(L ST, ZREK THEEE.
10 mM 7 = ViR (pH 7.0) F1C, vA4 7 v v x—7 2 X5 PERIE(L
IR 24T~ 7~ B E THEI%. TBST T L. TBST CTHIR L7- 5%
B IME C=IR 1RO e v X 7 %27V, ¥ 7 Afinestin €/ 7 o —F
AAUER (1 pg/ml) BELOT v ML BrdU €/ 7 v—F bk (8 pg/mL) %
BE LT, 4°C CT—Ban S8 7-, TBST TP, Alexa Fluor 488 1% v
Pt~ A IgG (H+L) (5 pg/mL) 3 X Alexa Fluor 594 /£ Y XH7 » b
IgG (H+L) (5 pg/mL) Z{EA LT TBST TR L., =i - #)E T 2 BR UG
W7, 0%, TBST T L. VECTASHIELD mounting medium %
WTEAZITo T2,

3.2.4.2. NeuN/BrdU

323 NTHEC THER LIEARU R Z2F v L IS L BNT 7 0 VB L -
. =% 7 —/LRF (100-50%) (ZNETKIR L TBUKIE S8 7o, 788K THRH 4.
10 mM 7 = U EEfEfEHR (pH 7.0) T, ~A4 7 0 v = —72 X 5 HUFRIE b
PR Z 4T > Tz, =R E THHI%L, TBST THEg L. TBST THRN L7z 5% Y X
IERMIE C=IR 1RO 7 1y X 7 %2170, v U AHi NeuN £/ 7 m—F
AR B pg/ml) BEL T v ML BrdU €/ 7 v —J btk (38 pg/mL) %
BAE LT, 4°C T—Wepi S ¥7-, TBST THEE#. Alexa Fluor 488 &Y
Fhi~ v A IgG (H+L) (5 pg/mL) I LT Alexa Fluor 594 1E#% v XH17 v b
IgG (H+L) (5 pg/mL) Z{EA LT TBST THAR L. =i - #E T 2 B
S¥7, 20k, TBST THe# L, VECTASHIELD mounting medium % H
WTEAZITo T,
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3.2.4.3. GFAP/BrdU

323 ICHEL TER LAY 2 X LT KO HART 7 ¢ E LT
%, =% 7 — /%50 (100-50%) IZNERIE L TR S W70, KK T4,
10 mM 7 = gfEER (pH 7.0) T, ~A 7 v U x—7I12 L 55uEIE L
PR A FT > Tz, IR E TH A%, TBST TP L. TBST THAR L7z 5% Y X
IEFIE TR 1 o7 e v 72170, U AP GFAP £/ 7 u—F
AHEB LT v M BrdU & / 7 v —F AFiE (3 pg/mL) #EES L T.4°C
TS S 7z, TBST THEE#4, Alexa Fluor 488 #5i#% ¥ ¥Hi~ v X IgG
(H+L) (56 pg/mL) X Alexa Fluor 594 i v x$H17 v b IgG (H+L) (5
pg/mL) Z{EA L C TBST THR L., =i - T 2 BrIS &7z, 2D
#% . TBST T¥ii¥ L, VECTASHIELD mounting medium % W CTE A 1T

ST,

3.2.4.4. Ibal/BrdU

323 AL TR L AU A Z2F L L AR O BN T 7 0 VILER LT
%, =% 7 — /%450 (100-50%) ZNERR L CRIAKIL S 7z, K4 K CHs#,
10 mM 7 = Vg ER (pH 7.0) 1T, ~A 7 v U =—7Z X 5H5URRIE
R 2T o 7=, IR FE THEIEL. TBST T L. TBST THIRL7Z 5% 7%
EFMECEIR 1ROy X 72170, UvHXHiIbal AY 7 v—F 1
Pk (1 pg/ml) BLOT v bt BrdU €/ 7 v —F A4k (3 ug/ml) %k
AL T, 4°C TS SHE72, TBST THy##%. Alexa Fluor 488 15k v =%
Lo % IgG (H+L) (4 pg/mL) 3L Alexa Fluor 594 #Zi#v XH7 » b
IgG (H+L) (5 pg/mL) Z{EA LT TBST TR L., =i - #E T 2 B UG
Sz, D%, TBST T¥e% L, VECTASHIELD mounting medium % H
WTEAZIT 2T,

3.2.4.5. DCX/BrdU

323 YL TERI LA R 22X L SR OB T 7 0 VLB LT
%, =% 7 — /%5 (100-50%) IZNERIZ L TRIA(L S W70, 7&K TUeif4.
10 mM 7 = VU FEfEfERR (pH 7.0) 1T, ~4 7 v v =—712 X 5P IE L
AT > 7, BIRE THEI%., TBST THei% L. TBST THIRLZ 5%V~
EFIMECEIR 1 MO 7T a v 7270, PXHLDCX A Y 7 v —F Lt
& (0.6 pg/mL) BLR7 v bt BrdU €/ 7 v —F ik (3 pg/mL) %R

45



& LT, 4°C T—BepUt Sz, TBST Tk, FITC Hi#k v ~Hiv ¥ IgG
(H+L) (8 pg/mL) % =ik - #E T 2 FE RS S ¥ 72, TBST T4, TBST
THIR LT 5% Y X EFIME C=RIEL 20 DO 7 v v x 72470, Alexa
Fluor 594 =Y X517 v b IgG (H+L) (5 pg/mL) %ZEA L T TBST THAMH
L. S5 - M T 2 B SO S 872, £ D%, TBST T¥i#4 L. VECTASHIELD
mounting medium Z W\ TEAZIT - 72,

3.2.5. ATENMFAT : TRHIAKPKEER

Eff18 cm, B 26 cm DT AF v 7#lo TPX £ — 74— (SANPLATEC)
IZ25°C D/KZE & 18 em £ TAML, 3.2 2L THEMIE H 24T Tm~ T A—
VL% 5 Syfivk 3, 7Kk R o SEShIRE ] 4 I E L7z,

3.2.6. E®/T 4 v ¥ a2 DREILE

BT 4 v = (6-well dishes, Greiner bio-one, Germany) D4 well (Z 15
pg/mL poly-L-ornithine 3 X 05 pg/mL Laminin (Invitrogen) % /1%.37°C .
5% CO02/95% air, COz A » F =~~—%— (SANYO £, MCO0-17AIC #Y) ;T
e 2FFMFE LT, 2 —T 0 7%, WA BRE, WEREOKT 1 [
e L. Neurobasal A medium TEH#L L, 37°C . 5% C02/95% air, COz A1 >
X a_X—F—NT4 KM EFE L,

3.2.7. HUE~ U ARl SRR/ AT BN D Bl - 35
TMT RILE~ T 28 DT 8.2.2. 1L TTMT 2% 5 L7~ 7 X250V T,
TMT $:5-% 3 HEHIZMZUID H L., 2°C OABEEIRIR Lz, D%, K
BT CHIREIZ HEET 5729, 0.6 mm OG22 FRE U7z, HEEL 7= deiknlz
Neurobasal A medium PN C 1,000 pL D By b= 2 X WL, 200x g, 5
el Uiz, BiG&E eI, 56721 v b % 2 ug/mL papain. 500 ug/mL
DNase 3 & OV 180 pg/mL neutral protease % & ¢ 4 mL Neurobasal A medium
TR L, 37 °C, 50, WMILIREISERNHA U Fa— KL, BEEMIC
MR DRSS 2R L=, 26Ok Fric>n T, 1,000 pL D2y b~
NZED B0 Ry T o 7L, BERAERYE & [F & O Neurobasal A medium
ZIRA L. 200xg Th o bmBEL7-, BiEEWs#%, /oLy b &
5 mL Percoll &% (3.9 mL Neurobasal A, 990 pL Percoll, 110 pL 10xPBS)
TR L, 400 x g T 15 pfiE OBt L. # D% Neurobasal A medium T 3
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[EIYEE L7-, f&t%IZ. growth medium (Neurobasal A medium containing B27
supplement, 2 mM Glutamax, 100 U/mL penicillin, 0.1 mg/mL streptomycin,
20 ng/mL bFGF and 20 ng/mL EGF) W CHIlEZ&E L7, 2 bOMMias
trypan blue Yol TAHMMEZHIE L7-%. 3.2.6. 12U TR L7858 T «

> 3212 100,000 cells /mL Ol TREFE L7z, medium A2#13, MR
DOFHIZA2EEH LV medium & AHL L, growth medium 1 C 24 KRG L
770 ZTDH%IT 2 HIEXIZ, 75%% # LU growth medium &AL L7Z, 260
ML, FEBRICHWS ET37T°C . 5% C02/95% air, COz A ¥ F 2X—F —N
(e U7z, M. wftEEE & L C growth medium H7C 12-14 HEE#E L.

FoNizMifaz B~y 7 4 7L DRI L 72, 08 L S o cfilidz 3.2.6.
(ZHE U CTHERR L 728588 7 ¢ & =12 30,000 cells/mL OOl & CHERE L, kL
HRATol ([FREEE 1 RIA) . 2h b0z &E 6-8 ARICE Ny T 4
ZWEVEIRL, BOFESE LT 326 TERLIEEET 4 v 2l
30,000 cells/mL OfffaE CHEFE L7 (kU528 2 BIH) . ARIFZETIEL. RIS
FRIENRWEE, 2 BB ICHEARR L7oMilaZ W TERZ1T - 72,

3.2.8. Ry

3.2.7. |\ZHEU THIHE L 72AIIZIC DWW T, 3260 L TR L 2% T (v &
=12 30,000 cells/mL CTHifdz&FE L, growth medium " CHEAEERIZLD
HEEEZIT o7, EWIL, aripiprazole # 1 pM, 25 M B L5 uM & L <
I% dopamine % 1 pM, 10 pM 3 X TV 100 uM OREEIZ/2 5 K 9 growth medium
T OERMILITITRE L2, o0, ERICHWDSET 37°C | 5%
CO2/95% air, CO2 A > F =2 _"—F —NIZHE LTz, 72, EHIL, medium
DA & RIRFICH 721217 > 72, medium OARHEIE 2 HEXIZ 75% % H LW
growth medium & &&#: L T1T7o7-, #fdiX, growth medium T 6 H[AiEE
AT o7,

3.2.9. MTT assay

AR EESE 2 Rl 9 5 72D, MTT assay & W CTAEFMBEORIE Z1T - 77,
3.2.8. 1Y U CHM AP L 7= 858 % 6 H i1EEE L. % well IZ MTT #&# (0.5
mg/mL MTT 3-[4,5-dimethyl-2-thiazol]-2,5-diphenyl- tetrazolium bromide
in PBS) /%, 37 °C. 5% C02/95% air, 2 KA > ¥ 2 ~_X— k Liz, T D,
ARIRIC XD MTT Otk KO MTT &l L bR /v~ ek ETFH5 L,
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WA, MTT A7 & [FlE O n[E ik (0.4M HCl in isopropanol) % /1% . Model
680 Microplate Reader (Bio-Rad Laboratories, ¥ ) (Z X W BT DR/~
YD 570 nm ORI R 2 ]IE L7,

3.2.10. T —ZfRHT

FEFII R TREME T EERR 2 TR AR L, WAMRE Student ftest, one-way
ANOVA with Bonferroni/Dunnett post hoc test ¥ XY two-way repeated
measure ANOVA THE L7z,
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3.3. #EFE

3.3.1. ¥ER/ERE == —n UBiER D BrdU Btk DR B
IZ*%t4" 3 aripiprazole 2ME# 5 DRI R

~ 7 ZAIZHBWT TMT 0)’%‘@&5%@%@“ 2 A B CTHIREIBERATR O BIRY) 72 =
a—u Ui EFRASREREE A S SR o 2 b 2. TMT 23553 L=kl
= a—n U] %m% . BrdU B 0 Az dids L V= o —m g AR I B
L72~—7%—T& 5% nestin, NeuroD % L < {3 DCX [GH:AMREL D2 LU EIN
HIREICHA BN D Z ERHESN TS (Ogita et al,, 2005) , =2 T, TMT

FHEMEOWIREI = 2 — v VEMW/HAET AL EZHANT, =a—n U EREDO =2
—nu U FAICKTT 5 aripiprazole DB ZFHET 5 & L LTz,

F9. TMT RALEB L O TMT 285 Lo~ 7 2AOEIREITO BrdU H Y A
FAAILDFEBLZ X T 5 aripiprazole SR 5 OB ZFHL T 572D, Fig.14 ®
Schedulel (Z#E U C, ~ 7 A|{Z PBS (naive #f) % L <X TMT (2.9 mg/kg, i.p.)
e L7= 2 H#%IZ BrdU (50 mg/kg, i.p.) % 12 FFff] Z & 128 2 [BlE G THR 5
L. BrdU #5- 1 [ H & [A#FIZ 0.5%CMC (vihecle #%) % L < 1% aripiprazole (3
mg/kg,i.p.) & 15 Lz, TMT #5654 3 H HIZMEZRY 72 L, 3.2.3.12%EL
THIRR D EEF LI ZTW, WHEORRIA 2R L., At noth %
BrdU 2419 D52 W CaotfiE e 217 - 72 (Fig.15) . £ DOfEE. BrdU
BEPERIAR X, TMT & 5-#E IS\ CRIRCI g T8 4 & etk g T2 < &
vz, LarL., aripiprazole ZME#¢ 513 naive #£3 L OV TMT #5-EEO LT
ORERAIE T 4 & g 123 1T 5 BrdU BRI OREL 2 28 S
72 hy o 7= (Fig.15a, 15b) [(relative level to naive) : vehicle, 8.61 + 1.10;
aripiprazole, 9.80 £ 0.75 (not significant)] .
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Fig.15. Effect of aripiprazole on BrdU incorporation following neuronal loss in the
dentate gyrus.

Animals were given either aripiprazole (3 mg/kg, i.p.) or vehicle with BrdU on day 2
post-treatment with PBS or TMT, and then decapitated on day 3 post-treatment for
preparation of sagittal hippocampal sections, which were then stained with anti-BrdU
antibody (Schedule 1). (a) Fluorescence micrographs show BrdU(+) cells in the dentate
gyrus of the 4 groups (naive/vehicle, naive/aripiprazole, TMT/vehicle, TMT/aripiprazole).
Scale bar = 200 um (b) The graph denotes the number of BrdU(+) cells in the
GCL+SGZ of the 4 groups. Values are expressed as the mean = S.E. calculated from
4-11 separate experiments. **/<0.01, significantly different from each value obtained
for naive animals. GCL, dentate granule cell layer; SGZ, dentate subgranular zone;
Hilus, dentate hilus; ML, dentate molecular layer.

WIZ, naive BER L OV TMT £ 5-8E 0 stk [l 4h 2 g AL O B X2
aripiprazole SWEH G- OB LM 572 DI PBS B L O TMT ## 5 L1~
U ADOHURENZIS 1 5 nestin/BrdU BitEflla% s HE L7z (Fig.16) ., Fig.14
® Schedulel IZ#E LT, =7 AT PBS & L <X TMT (2.9 mg/kg, i.p.) &#&5
L7-2 H#1ZBrdU (50 mg/kg, i.p.) % 12K Z & 125F 2 [BhE K T S- L, BrdU
#4511 H &R 0.5%CMC % L < 1% aripiprazole (3 mg/kg, i.p.) % 1 [F4%
5 U7z, TMT #54% 3 HRICHKZID 720, 3.2.3.12H L THROEE R LT
ATV, WEORIROIF ZER L. ZNZh O/ % nestin 3 LT BrdU
T PR W THOt “BHY A AT o7z, £ OR R, naive FEZIHBWNT,
aripiprazole MR 51T BRI E T 2 & D ERGHIALE T nestin/BrdU [
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PERIREIC B2 G- 2 702 ER LN E o7z, L L7en s, TMT & 58
IZ8 VT, aripiprazole SPER G XA MR fE T 2 & A MRfE co
nestin/BrdU FGEMRE 2 A &2 S 72 (Fig.16a, 16b) , £7-, TMT #5-
H D nestin/BrdU [l E O HNEIA 1L, vehicle F£IZ -~ aripiprazole # 5-
HECTE <L 72> Tz [nestin (+) /BrdU (+) cells in the TMT-treated animals
(relative level to naive): vehicle, 8.71 + 0.79; aripiprazole, 14.2 + 1.01 (P<0.01

vs. vehicle)] .

(a) (b)
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4 g Bl Aripiprazole
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%)
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=
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Fig.16. Effect of aripiprazole on proliferation of nestin(+) cells following dentate
neuronal loss in the dentate gyrus.

Animals were given either aripiprazole (3 mg/kg, i.p.) or vehicle with BrdU on day 2
post-treatment with PBS or TMT, and then decapitated on day 3 post-treatment for
preparation of sagittal hippocampal sections, which were then stained with antibodies
against nestin and BrdU (Schedule 1). (a) Fluorescence micrographs show nestin(+)
cells (green) and BrdU(+) cells (red) in the dentate gyrus of the 4 groups (naive/vehicle,
naive/aripiprazole, TMT/vehicle, TMT/aripiprazole). Scale bar = 200 um (b) The
graphs denote the number of nestin(+)-BrdU(+) cells in the GCL+SGZ of 4 experimental
groups. Values are expressed as the mean * S.E. calculated from 6-12 separate
experiments. **/<0.01, significantly different from each value obtained for the naive
animals. #P<0.01, significantly different between the values obtained in vehicle and
aripiprazole groups of the TMT-treated animals. GCL, dentate granule cell layer; SGZ,
dentate subgranular zone; Hilus, dentate hilus; ML, dentate molecular layer.
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3.3.2. MRWREI==—r UBEKICHEER L BrdU BiEHEO
ATFIZRT B aripiprazole REIR 5 DOZHE

ATETC TMT #5012 K DR El = o — 1 B (2 HhR B O FER D JE T 5
o R E IC BT, BrdU Z VAT EMT 522 L, 61T
aripiprazole M 528 TMT £ 5-8E O #RIENZ 51T 5 nestin/Brd U Byl e £
ZEPFNCHEIMSE L Z L2 LT Lc, ZAVBHE U IR aT BRI L D A= 17

RS LT —n BN BEO =2 — 0 UHAEICEHETH D &%26;}%
%o ZORMITEESNT, KIT naive BEB LY TMT #5EEO B IRENZ
BrdU o A1 5b4 5 aripiprazole O Hi#k 50 52 %S4 L/to fﬂiﬂ’j
DOAEFMEIT PBS & L< & TMT # 54 30 H H ORIz A3 5 BrdU Btk
Rz El L T, Fig.14 @ Schedule2 (Z#E U T, ~ 7 A2 PBS & L< I
TMT (2.9 mg/kg, i.p.) Z# 45 L7z 2 H#IZ BrdU (50 mg/kg, i.p.) % 12 Kffi] 2

EAZEE 2 mhdRETHRG L TMT # 54 2-156 A HET 0.5%CMC & L <%
aripiprazole (3 mg/kg, i.p.) & 1 A 1[0, At 14 BIEENE S Lz, TMT £
5% 30 HHEIZMZRY 721, 3.2.312H U CHARDEER L OVEIZITV, 1
JBORKOA 2B L, ThZnodliz BrdU (239 2 FikZ v CTaoii
Ytz T o7 (Fig.17) . ZORER. oK RICK T 2 BhoiiafE T4 & e
PRI 2 A 7T %5 BrdU Bl naive B & bLig L C TMT $ 58 T2 4K
itz (Fig.17a) . AR Y . 2-15 H B £ TO aripiprazole £ H# 523, TMT
BHFEOBRAMIE T A2 & R E 23 1T 5 BrdU BERIRus 2 EHIC
WIMSHE2 2 & AR CE 7z, 7z, TMT &58£0 BrdU BV 084 nEl
A1Z. vehicle # L ¥ aripiprazole & G- CEMITEm LS 2D Z NP LN E 2o
7= (Fig.17b) [BrdU (+) cells in the TMT-treated animals (relative level to
naive): vehicle, 2.61 + 0.27; aripiprazole, 3.83 + 0.20 (P<0.01 vs. vehicle)] ., &
£ LT % BrdU Bl i TMT $¢ 5-8F O Rk la g 4 2 5 Eofniin o=
WZINZ, 47 TRl g I3 T 6 vehicle #f & bz L T aripiprazole $¢ 5-8% T H]
et A btz (Fig17e) . L L7225, #RIEIFCiX BrdU IR
I% vehicle #f & aripiprazole & G-HERICE L IT A DR o T,
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Fig.17. Effect of aripiprazole on survival of BrdU(+) cells generated following neuronal
loss in the dentate gyrus.

Animals were given either aripiprazole (3 mg/kg, i.p.) or vehicle with BrdU on day 2
post-treatment with PBS or TMT, subsequently given either aripiprazole or vehicle up
to day 15, and then decapitated on day 30 post-treatment for preparation of sagittal
hippocampal sections, which were then stained with anti-BrdU antibody (Schedule 2).
(a) Fluorescence micrographs show BrdU(+) cells in the dentate gyrus of the 4 groups
(naive/vehicle, naive/aripiprazole, TMT/vehicle, TMT/aripiprazole). Scale bar = 200 pm
(b) The graph denotes the number of BrdU(+) cells in the GCL+SGZ of the 4 groups.
** P<0.01, significantly different from each value obtained for the naive animals.
# P<0.01, significantly different between the values obtained in vehicle and aripiprazole
groups of the TMT-treated animals. (c) The graph denotes the number of BrdU(+) cells
in 3 subregions including the GCL+SGZ, molecular layer (ML), and hilus of vehicle- and
aripiprazole-treated TMT-treated animals. Values are expressed as the mean + S.E.
calculated from 4-6 separate experiments. **/<0.01, significantly different from each
value obtained in vehicle group of the TMT-treated animals. GCL, dentate granule cell
layer; SGZ, dentate subgranular zone; Hilus, dentate hilus; ML, dentate molecular
layer.
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3.3.3. MRWREI==—r UBEKICHEIR L BrdU B O
4HBIZRE9 5 aripiprazole R#I# & DzhHE

=Za—n UBEEROEIRENZ IS W TR A LcMilaoEam i+ 5720, <
7 ZIZPBS & LL X TMT Z#45- L7 30 H B O fRENZ>WT BrdU &0
KOMD=a—nr~v—7h—7% _Higm L7, Fig.14 ® Schedule2 (Z#E L T,
~ 7 ZIZPBS b LLIETMT (2.9 mg/kg, i.p.) Z#&5 L7= 2 H#%!Z BrdU (50
mg/kg, i.p.) % 12 FE#] 2 L ICFEF 2 [l TG L, TMT #5:% 2-156 HH £ T
0.5%CMC % L < IZ aripiprazole (3 mg/kg, i.p.) % 1 H 1[8], &FF 14 [FIAGFEN
Bh- Uiz, TMT #5:4 30 H BICZ Y 721, 3.2.3.12% U CHRDOREE R &
WEHZITW, EOFRROIF ZER L., TnEhobdli % BrdU &&fi==
—nr~<—75— NeuN (A —==—r>) | DCX (R ==—nru>) . GFAP
(TAxAFraHA ) BEWIbal (7027 U 7) 1T 558 Z2 HWTEE &
Yutt 47 o 7= (Fig.18) . T DfER. vehicle AL d naive FER L OV TMT # 57+
[T NueN/BrdU [tEfliflask z el 42 & . PASMC IR MIafE T4 2 & el
BB CRIZ S D 20 OMIIZH e BT A b o T, —75,
aripiprazole 1 51X TMT $ 5- £ O BRI S T4 & & S bl g s
T NeuN/BrdU Btttk 43 L < #n s w7 (Fig.18a,18b) . LinL7edi b,
aripiprazole £ H# 513 naive #EORRMIILE T4 4 & b E 210 5
NeuN/BrdU [GPEMIRRER D ZAITITRE L 5 2 72> T2,

WIZ, BREl =2 —m ViR D= a—a UETEE R DT, TMT 5O
BREI DA EALTF5 1T D NeuN/BrdU ftds L N DCX/Brd U B thAlifa 2 5 L
2o EDOFER, aripiprazole £H# 512 & 5 NeulN/BrdU [5H: AR O HEINIX
BRI R R 8 A & T BRI (IR A A DAL, A Rl E B L OV ﬂ(lﬁl
fClL NeuN/BrdU FGPERERE S A B 72N Z E N B2 5 7= (Fig.18c,
18d) . [AIKEIZ. aripiprazole i3 1D DCX/BrdU [othAlfa g oo in,3 TMT #
G ORI RE T 2 & BRI E 2 W TR A B v T,

IHiz, WRFEl=a—m UHEZOT A hat A FEBEIOI 7 v 7 ) 7l
DFEZEH DT, TMT &G OHIRENZF T S GFAP/BrdU Bitd L O
Ibal/BrdU FtEilfE 2 M E L7z (Fig.18¢c, 18d) . = DOfE%, GFAP/BrdU ik
AT o R d L ORI A T 2 & T BRI e g O T 7 12 3BT
vehicle HEIZEE~T aripiprazole 58 CHEREMPFE D b, -,
Ibal/BrdU GEMIQIT IR 0D 3 Gl 3~ TIZF\W\ T, aripiprazole R H# 5
(2R EINTEIN L7,
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Fig.18. Effect of aripiprazole on neuronal and glial differentiation of BrdU(+) cells
generated following neuronal loss in the dentate gyrus.

Animals were given either aripiprazole (3 mg/kg, i.p.) or vehicle with BrdU on day 2
post-treatment with PBS or TMT, subsequently given once a day either aripiprazole or
vehicle up to day 15, and then decapitated on day 30 post-treatment for preparation of
sagittal hippocampal sections, which were then stained with antibodies against NeuN,
DCX, GFAP, Ibal, and BrdU (Schedule 2). (a) Fluorescence micrographs show
NeuNH#) cells (green) and BrdU(+) cells (red) in the dentate gyrus of the 4 groups
(naive/vehicle, naive/aripiprazole, TMT/vehicle, TMT/aripiprazole). Scale bar = 200 pm
(b) The graphs show the number of NeuN(+)-BrdU(+) cells in the GCL+SGZ of the 4
groups. Values are expressed as the mean * S.E. calculated from 6-12 separate
experiments. **/<0.01, significantly different from each value obtained for the naive
animals. ##P<0.01, significantly different between the values obtained in vehicle and
aripiprazole groups of the TMT-treated animals. (c) Fluorescence micrographs show
BrdU+) cells (red) with NeuN(+) cells, DCX(+) cells, GFAP(+) cells or Ibal(+) cells
(green) in the dentate gyrus of the 4 groups. Scale bar = 200 pm (d) The graph denotes
the number of double positive cells in 3 subregions including the GCL+SGZ, molecular
layer (ML), and hilus of vehicle- and aripiprazole-treated TMT-treated animals.
Values are expressed as the mean + S.E. calculated from 4-6 separate experiments.
** P<0.01, significantly different from each value obtained in vehicle group of the
TMT-treated animals. N.D., not detectable GCL, dentate granule cell layer; SGZ,
dentate subgranular zone; Hilus, dentate hilus; ML, dentate molecular layer.
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3.3.4. WERBMRE= = — v VL% O BrdU Bt 058
IZ%t9" % haloperidol @M #& &5 D%hE

Aripiprazole & [AIERICHE A RFIEDTHRIEE L THWBL, 7R KNI v
De ZRERVER 243 % haloperidol O2WMER 523 TMT 51 D FERI A
J& T & E e R 1231 5 BrdU B iAAHAZ OB L TED X9
TR R h AT O & L7-, Fig.14 @ Schedulel (Z# L T, ~ 7 A2 PBS
t L <IX TMT (2.9 mg/kg, i.p.) ## 5 L7 2 H#%IZ BrdU (50 mg/kg, i.p.) %
12 W[ & L 123 2 Bl T 5 L, BrdU #45- 1 [ H & FIKFZ 0.5%CMC & L
< % haloperidol (2 3 L5 mg/kg, i.p.) % 1[EIFEH L7z, TMT $ 5% 3 H H
WA B 720, 3.2.3.02%E U CHLRR D [EE F6 L OVE I 24TV VS O RAREDF
ZVERL LTz, ENENDOYIN % nestin 3 X O BrdU (233 5 Huik %2 W Tatt
REY B ATV, BRI IAE T 2 S BRI E o BrdU Btk IO
nestin/BrdU [ 23 L7e, ZORER, 2 BEXO5 mgkg EHHDH
& haloperidol & BrdU [GPEMIREICEE L 5 X o0, @iEE
haloperidol (5 mg/kg) 1% nestin/BrdU FPEMIfE%L 2 &I 72 (Fig.19)
[BrdU (+) cells (% of control): 2 mg/kg, 93.2 + 14.9; 5 mg/kg, 74.6 = 11.1:
nestin (+) —BrdU (+) cells (% of control): 2 mg/kg, 116.9 + 23.5; 5 mg/kg, 58.7
+ 6.1 (P<0.01)] ,
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Fig.19. Effect of haloperidol on proliferation of nestin(+) cells in the dentate gyrus
following dentate neuronal damage induced by TMT.

Animals were given either haloperidol (2 or 5 mg/kg, i.p.) or vehicle with BrdU on day
2 post-treatment with PBS or TMT, and then decapitated on day 3 post-treatment for
preparation of sagittal hippocampal sections, which were then stained with antibodies
against nestin and BrdU (Schedule 1). The graph denotes the number of BrdU(+) cells
and nestin(+)-BrdU(+) cells in the GCL+SGZ of vehicle- and haloperidol-treated
TMT-treated animals. Values are expressed as the mean + S.E. calculated from 4
separate experiments. **/F<0.01, significantly different from control value obtained in
vehicle groups (Haloperidol = 0)

335 WBEERE=—=z—a /BRERD S DRITHNICHT S
aripiprazole ¥ X UF haloperidol D EH##E 5 DZhHE

LIRTZ, =7 A2 TMT (2.8 mglkg) #5325 &, 5% 24 FEE T 70%
D~ A TRHEORE] A6, ZOWREIIR 5% 3 HREIZHIZ Y Fift
THZERRESNTND, ED 30%D~ 7 AL [HEEOEE | &0k 5%
ZN 72 RRICHET D2 8 ILICTMT #5280 X CTO~ 7 AR/
HZEBLHMOBNTND, LnLans, TMT &51CEK Lz ERRofT8hZ kX
TMT &% 5% 4 H H T L7= (Kawada et al., 2008; Ogita et al., 2004; Shuto
et al.,, 2009a) , AL HDOITERFIZINZ T, TMT $51% 4 H BICH] 0720
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WRRHGLBREEN AL N DN, 14 HURIZITHER A DD (Ogita et al.,
2005) .

ZOMOEFEITEN E LT, TMT #5112 L5 IREl= = —a UIE%ICBIT S
PFERMED 5 SERITENCE R EZ Y T, w7 A2 PBS b L<IL TMT (2.9 mg/kg,
1Lp.) &5 L7k, 16 3L 30 H HIZHHIKIKAEBRZIT o7, F£72. #RE
= a—n UREEZ D 9 SEITENI X % aripiprazole % L < | haloperidol D
W5 DR BAE TG T 5720, TMT (2.9 mg/kg, i.p.) Z## 5 L=t 2-15 A H %
T 0.5%CMC. aripiprazole (3 mg/kg,i.p.) B L < i haloperidol (5 mg/kg, i.p.)
%18 1, A5k 14 BEIEENEE- L, 16 38X 30 B B IZHREIKUKRER 21T >
Teo TOREHR, TMT #5-8E TIE TMT #5-4% 16 3 LU 30 A H & & (T HEB)RFfH
MEFELIER L7z (Fig.20a) . LoxL72aR 6, [REICE T 5 TMT 51 0 H
) IF M D IE K 13 aripiprazole R & 52 LV FHRLEFBNR O b
(Fig.20b) ., L/ L7235 aripiprazole £ 5-#F & [k D 5E2ER 444 T, haloperidol
(5 mgkg) BHIH L 1T TMT EHEHEDO S SHITH 2 X ECTCE 0ol
[Immobility time (% of vehicle) : day 16, 82.1 + 20.5; day 30, 87.7 = 22.2] ,
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Fig.20. Effect of aripiprazole on TMT-induced behavioral abnormality in the forced
swimming test.

(a) Animals were given either PBS or TMT (2.9 mg/kg, i.p.) for forced swimming test
on days 16 and 30 post-treatment. **F<0.01, significantly different from each value
obtained for naive animals. (b) Animals were given either aripiprazole (3 mg/kg, i.p.)
or vehicle on days 2 to 15 post-"TMT treatment for forced swimming test on days 16 and
30 post-TMT treatment (Schedule 2). **P<0.01, significantly different from control
value obtained in vehicle group of the TMT-treated animals. Values are expressed as
the mean + S.E. calculated from 4-6 separate experiments.
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3.3.6. g HRIRE] F SRR R B RIBRAIRR DHEFEIZ X5
dopamine ¥ X ¥ aripiprazole @ in vitro BREE DEE

TR K5 B PR 1] H R 0D i L 72 A R TSI 2 S B 5 720 . B fR[EI DN B B
HEL7-MIf A2 3.2 702 U CTHMUESER 21T o 72, MR U 72 0P8 R i i 2
growth medium 9T vehicle &EH 5T 1 uM, 10 uM B L 100 M
dopamine & L < (X1 uM, 2.5 uM B X' 5 uM aripiprazole & L2, 37°C |
5% C02/95% air, CO2 TA »FaX— kL, 6 AMKE L1, 2Ok, &M
Fall T e 2 E 3 5720, MTT assay #17-7- (Fig.21) ., T DOFER., ik
L7 £ R 12 &7 growth medium W CHf )72 BE5EEME 2R L7z
(Fig.21a) , X CTOMIZT nestin NI L TWDHDIZxf L, GFAP (FHika D
9 T%IZ LI L T hyo 7= (data not shown) ., MTT assay DOfER Tl
6D C R dopamine (100 pM) O ~DOBRFEIL, R ﬁ%/ﬁu%ﬁﬂiﬂ’@@i
FIEMEZZ L0 NINBO 6 (Fig.2lb) . L Lans, KiEE
dopamine (1 & L <% 10 pM) 1EFISMH T, AR ATBHIIE O HE R - 2 %
KIFE & 72/~ 7=, F7=. aripiprazole (1-5 uM) OBEFRIL, i L7z K ORI
FUNT b AR R R/ B O S P 2 A IS FLE L7e (Fig.2lo) o
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Fig. 21. Effect of in vitro exposure to aripiprazole and dopamine on proliferation of
neural progenitor cells derived from the dentate gyrus.

(a) Cells were cultured for the indicated periods in the growth medium. Scale bar =
100 um (b) Cells were cultured for 6 DIV in the presence of vehicle, dopamine or
aripiprazole at the different concentrations indicated in the growth medium, and then
subjected to MTT reduction to determine cell proliferation. Values are expressed as
the mean + S.E. calculated from the percentage of each control value from 4-5 separate
experiments. */<0.05, **FP<0.01, significantly different from each control value
obtained in the presence of vehicle alone (0).
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3.4, BE

AMFFEIZ I aripiprazole (FYBEH IREIO = o — v UHEZITSI EfEW T
BED=a—nm UHIAEDOREL ST U THRER R RET 2 TaEED RIE S
iz,

Kk & 72 BB E [eryoinjury (Moon C et al., 2004) . ablation injury (Douen
AG et al., 2004) % L < I% controlled cortical impact (Chen S et al., 2003)] %
AT T KN E ORI IV T, nestin FBEPERIARAS G55 2 & 2350 540 T
%o AR TIE, EEIREO= 2 —a VEMW/HAETTAEYE LT TMT #
<o 2%z, TMT 5~ 7 2 TlL, TMT 5% 2 H H CHEE &R HE
PR IZ W TERR= 2 —r Ui A Hiv, TMT #5% 30 A H TidA
T _EORERRE OFAENRA LD (Ogita et al., 2005) , TD==—1 i

V% (FZER) Wi MRS Bk ENC 500 C BrdU B Y IAZ ML, nestin B HfE
DCX BatEAA D FE R R BB RN A b5, £7o, TMT #54% 30 H H Tl
NeuN/BrdU [ ia 23 R iafg 2 i S, = = — o U2 (8 A L 7
TR ATEEAAE N = 2 — e N LTV D Z E R HERIN D,

EHIT, RET N~ T ADBHABERICOWTHT L7 L 25, TMT &5 EH%
(TFRFBERE DR T A BT A . £ DORITFRIERED B b 222 BHE MBI EE &
7= (Ogita et al., 2005; Shuto et al., 2009a) . L/ZL2RN 5, AETREINTZ
L9212, D OBATENIC OV TS IR [Pl = = — v PR DR DO A7 54
R MR E DB IN 2 e, RETNICBIT A =a—8 UV EAR
+ TR WZ ENRHER I N D, ARFEIZEBW T, aripiprazole 2% 9 DRI TE) & H]]
i L7-#5 (Fig.20) X, aripiprazole 23 E# O AR A (LT 5 &

DL EXRTHRHLTH B,

AFETIE, ==—8a VHAIRFEICE T 5 aripiprazole DR LT L2, =

2 —u /ﬂ@ﬁi BRI, VI Bk K [T SRR A e i 1 7 oD el ST e/ AT ISUE A Y oD B B
EFEBIR=a—nm o ~D% 4K75>§)5 FDO=a—nm CFEREIIHT D
aripiprazole DR Z T T H 12O AETIL 2 FEEOERA T V2 — V%2 H
Wi, Tb b, MR R AT %l:fﬂﬂﬂ@@imﬁ \Zx9 % aripiprazole 0 82%E % fif ki
T L0, #EHIRA =2 —r UEFEERIC BrdU 2810 A A/ TO
nestin [GPEMIAE D FEBUZ X2 aripiprazole DZh L % fEAT L 7= (Schedule 1,
FAEMBROAEFE = a—1 OIS T 2R Mt 572 0l2, TMT #
H-4% 30 H H T® NeuN/BrdU [tEfifu%ds L O DCX/BrdU [ ﬁ‘f‘lﬂﬂﬁiﬁ X
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% aripiprazole £ 5O FIZ OV THENT L7= (Schedule 2) , Z 415 D5
BRA Y 2 — T\ T, aripiprazole 2MEEN R EZ T2 L b REY)IL=
22— HEDOT R TOWRBIZH L THERRIEZ 72 63T RS R S
X8

IEF B ORERMERE TSI T 2 MR L, =2 —r 2~y
{LIRFRIZ 31T 2 IR A RHEC B0 T DOFIEE D S Type 1 flifd, Type 2 #
fid, Type 3 Al EE LD (Fig.l) . 3725, Type 1 #lild (radial glia-like
cells) 1%, FERIAMALIE FH 2040 L 72 nestin/GFAP [GMED Gk D ZEE % ¢
AT, REEMEV IS T WML, Type 2 MildiX, nestin BME/GFAP
Pt Dy ARe D m O —m AR, Type 3 MifdlX, BEgELZ b o=a—n >
T A NT, R ~BER O SHELZ K STER =2 —r U ThY | Bl
BT = 2 — 1 v~ &3k 9 5 (Garcia AD. et al.,, 2004; Seri B. et al.,
2001; Steiner B. et al., 2006) , 2 F|(Z3\W\C, TMT #5-% 3 B H OWFEE IR
[B17> 5 43 Bl S 7= #Ba I, nestin B14/GFAP FEMEMAR 4R X OY nestin/GFAP |5
PO S0 RALE BNV O A I b X TTRIE R BEIN A A 5 3u7= [Fig.7c, nestin
(4+) /GFAP (-) cells (% of total cells) : naive, 1.2; TMT, 21.1: nestin (+) /GFAP
(+) cells (% of total cells) : naive, 3.4; TMT, 13.2] . —J7. nestin [&1%/GFAP
BEtERAE (7 A hat4 b) 1 TMT 858 Tl LTz [nestin () /GFAP
(4) cells (% of total cells) : naive, 18.4; TMT, 6.73] . Zi#LHDOFEE(L, TMT &
@ o i ABRBEOIENCIL, S EIRENZIBNTT X had A MIZEEr 5
25 Z &7 < Type 1 il (nestin/GFAP BMERIfm) & Bt piEkAmia Type2 fil
i (nestin B5M4/GFAP EMEMIIE) Z¥MsE5 2 & &/RL TS, £/, TMT
EHEHETOMMPBEIBZLEOFPBHETL DL, AEICE W TIL,
nestin/GFAP/BrdU O [FIRFY A 134T > TV 72 WA BrdU HU Y JA B DS HEFHEE & 7~
T LB L OHIEIEIEREAY Type 1 ML Y & Type 2 MEAEmNZ &b,
nestin/BrdU FGEMIRIE, Type 2 Z# XKML TWA B2 bILD, L7TEdi-> T,
aripiprazole | TS5 iR Al = = — v P % ORIEIEFEIZ I T Type 2 Hifldd
WA T D 2 L DR S V5, — . aripiprazole [IRAEEIIZ I i
FEH R BRI AN E O BrdU BV AT EE 2R SR T2, 2 FEICBIT DR
RLBREN ) O YRS B R B2~ © S B S AU 7o MR Type 2 fifid X 0 & Type 1 #fifig
NN E ) FHE [nestin (+) /GFAP () cells (% of total cells) : 1.2; nestin (+)
IGFAP (+) cells (% of total cells) : 3.4] 2>5 %, aripiprazole 7’ Type 2 g1
FERE A2 IRNPYICTEM (L S D Z 3RS d,
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TMT #&5-8ICBW T, 6 IR E = 2 — v 2 % E 5% o Bk Ia g O
BrdU Ht Y A (% aripiprazole |2 KV HE R ZALNRO o 720
(Fig.15) . TMT #5-% 30 A H ® BrdU H Y iAZ MR E I aripiprazole (Z XV
itz Figl7) . 2 b OHEZEL, aripiprazole [XFERMIIEE O BrdU H Y
NI DO AELFERET D Z ENHER I NS, X 51T, aripiprazole 1%, ¥EEH
WAl = 2 — v V% PR 10T 28 L 7ol O R = = —nr - (DCX
Bt | = = — = (NeuN BAPEMIE) . 7 A ket M (GFAP B EH
fa) . 27w 7 U7 (Ibal ML) ~OobzfetEd 22 & AHB L
(Fig.18) . #FlT. RAE « = 2 —no oAl (DCX/BrdU [HiEHmia,
NeuN/BrdU BtEfAE) ASEERLAIILE [ RIRIC L S e 2 & 0E, Hidb == —
a2 N R I AIAE NS Z E AR LT D, E 7o, aripiprazole
KEHEMIZBNTHAE=2—1 > (NeuN/BrdU [i:flifE) A3 naive Bf &
TMT #% 5/ CELEDA LI - - FEIX, aripiprazole K 58 Tl
RHEENAR+ I THDLZ L ERTHDOTH D, FE, aripiprazole £ 5-#4)
LFEERN 72 O DFATEI DN AN TR Y . 2O D SEEITENN aripiprazole (2 X
DHflS D Z &t aripiprazole DFRCREAEERICAN THH Z L 2R T HE
AL TH A 9,

Aripiprazole & 5\ X K733 V%ﬁ%ﬂ?)@fl%@@?ﬁ%@ﬁ@@: a—n A

WX T DD RANT DN T OFEITLLFNZIZIZ & A EH S0 A, haloperidol ™
W= 2 —n VAT 2 ERIC O W TIEZE L ofERA NS (Malberg
et al., 2000; Wang et al., 2004; Wakade et al., 2002; Keilhoff et al., 2010) , L
MLRNG, TNEOWEITIT—EDOR N TTVDLDIT TIEARY, KETH
WS ERIAl = = — v Ui % O BdrU B Y IA A2 %9 5 haloperidol 2 50
NPT LT & 2 A ARFEBRSAN TIS s I R AR g O #hie R it/ AiTIE
flﬂﬂ’ﬂ@imﬁl_ﬁ>?fﬂﬁiﬂ IND T EDURE X7z, Aripiprazole 28 K33 U Do Z /K
WO RMIER Z S > Z &6 aripiprazole D = = — 1 U HIAEMRHER 1T KX
2V Do BERHIAERIZ L 5706 LivZevy, —J5, aripiprazole i(d&w h=>
5-HTia X BEHNSIER B L O o = 5-HTea ZAEMIERER bRf> T 5
Ll o W% ¢k, v b = v 5HTw % F & il #% 3K
8-hydroxy-2-(di-n-propylamino)tetralin Z$¢ 53 % & . & IRkl BrdU Ht

DIASRAEEINT 5 Z E R L E 72> T D (Arnold and Hagg, 2012) .

F7-. v b=r 5-HT/5-HTis X BKD ) v 77 v b~ '77\ ZRBWT, 5
BRREID = 2 — v UEFHENIH & D Kia et al., 2012) . FRRR A ERA
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OO ERRZHOWIEHRIZEBNT, M) 7 N7 7 KB b EE SR BH & 3K
pchlorophenylalanine (2L 5w h =2 GakBEIL, & OHIHEGE 2 #H] L.
& T CTer =232 oM %A1 7 %5 (Benninghoff et al., 2010) , Z i
b OFEFEIT, KED aripiprazole DR R332 Do B Z I L7 b Tl
< LAt r =2 5 HT ZFEHEERICENT 20 b Ll & &
XFTLHHDOTH D,

ARETlX, aripiprazole ORI/ FIBRHIIE~O EEER Z i+ 5 HAU T,
TMT #¢5-~ 7 AUERHIREI D> & 5B U 7R R st R BRI O B 38 5% 2 FH W e,
AL TR TR WIEAERE L © B, nestin BMEMRTH 72, £z, 2k
FEIZLV=a—a BLOTA Mt A MIETHZ 2B L TWVD
(data not shown) ., AEEFEMMALIZ aripiprazole & 5\ M dopamine & il L 7=
LA oMl AR s e Fig2l) . Zh b0 ERFRIT
aripiprazole & 5- @)% H\\72 in vivo FZERR EFJETHHLOTH Y, ZOFJF
IZIZIRD 2 ODIERNTE H EFE X HILDH, — DX EEEMAR %2 HW 72 in vitro
KRR E In vivo FEERR L OFEWIZ I A0 LivZewy, )57 Tld, aripiprazole
DARE T PR GE O (R 20 J S AR SR wi TSR e~ O TR Tl W T e 23
HD, IKIIFERESD T OIS BROER DT B METH D,
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F4E
B IZ

WHE, @ IR T VY oS <~ —JF (Alzheimer disease, AD) , /X—F
v 9% (Parkinson disease, PD)72 & D = = — 10 U8 PEPR BRI L OMVIM 2~ o f R,
FREIML TS, £, MEKESE: > DWR EORMREL =a—1
MR E L FRRICEEED M LEIT CW0D, Ll b, ZhbOE~EIE
B CIEEEMIEIE 7 Sl L, —FICETZELEL 2 LTET, =
o— 1 CEMEDOEITI L O EEIFERE LR B RE DR T I3 D IRAR) 22 VB R TE
DOBRFENEEN TN D, T O FRARRIERIZIBW T, NTEMEO MR R ER/ATER
AROEEE L= —a Ui RET S Z LIV EEINc=a—r
O ZENTENX, BHIRE & AL D DL D EmWIRE FIEIZ 72D
5%,

AWFFETIX, edaravone 3= = — 1 U FEERZ I — WM I HIGE 9 2 PR /A
BRARR OHITE 2 e A ATREME 2 R LTz, AT, 35 OMla D A7 % HEFr
L, &hil=a—ar~OpbZRE L T D AREMEN R I N7, [FAERIZ
aripiprazole 7= = — 1 FEERITHRRE/ AT OEIE, A7 LU0k
RS R A RS 2 b, =a—a Y FAEOT X TOBRBRITK L THAE %)
R bl bTAEEEDN R I N, AFETH LN L= a—r UEERIC
LD =a—u  HEICkd 5 edaravone 35 LK O aripiprazole OE#ERN F1x .
Za—n VEMRBOIRKICAR TH L RN &SV, LLRBL, EoX
IRVEA C=a—a VAL REL THDONERERFATHY, 5% bER
LBV ETHDL, TN O AET Z & T, edaravone B LT
aripiprazole D =zo—n VEWREBIZBIT o =a—r VEERO =2 —81 ¥
AREERDN I VAL E 720 | B = 2 — v A REIEO BT 227
NHZ &R 5,
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«

hul

5%

3

- TMT ¥ 5% 3 A B OWFE HiREI 2 & 438 L7~ #ii2 38 T, nestin/ GFAP

Bt (Typel) #fnZds L O nestin B/GFAP et (Type2) #liaZi s 0
WIS 5,

- TMT #:5% 3 HH OWEHEIRED S48 L 7- o EHEEEE IC B VT

MM 2 ds KO8 nestin MO EN Z IR ICHINT 5,

- TMT 5% 3 H H O skEI2 5438 U 7= #2384 T, BrdU |4 nestin

P EAARIZ BV A E 4, 5558 A O#aE & & H12 BrdU O Y IAZNFHIC
35,

- TMT %54 3 H H OWgEE RRE D 5408 L 72z VT Bia BB Ok

MWIZE- T, Bk S35 neurosphere 23 EHIZHEINT 5,

< HARIEl = 2 — w2 VR 1R 00 B IR [B] R SR oD B R AR RE SR R /AT B e~ o

edaravone [EHIRFE X, nestin BEMIRE 2 IS 5,

- Edaravone 2 H1X, #REI= = — 1 7% % O HR A Sk O fhiRk R R/

RIS (Z 3V T nestin/GFAP 51t (Typel) Mifaia IS E 5,

- Edaravone @WER 513, #IREl = o — v % O sk R Sk O Rk R

ER/ATBAAIIE I VT, 553 BB ORBIZFE > T, B S 415 neurosphere %(
FEPICHEINEE S,

- Edaravone EH#$ 5-1%, thiklE = = — v iy O Bk idfE T & & oA

KLl E 128 T BrdU BitEifiath 2 Z I S ¥ 5,

- Aripiprazole SE#& 5%, #IKEI= = — o V&% O EIKEIZISV T BrdU

PRI I R LR,

- Aripiprazole T GIE, #IREI = 2 — o B % EZ O EARENZ B W T

nestin/BrdU FGPEiia % 2 E I & # 5,

- Aripiprazole EHI# 513, #IkFEl= o —v U PiEZ O WKW TAEET

% BrdU Bttt 2 Z IS ¥ 5,

* Aripiprazole EH# 513, kAl =2 — o UREE O EIRENS IS VT,

NeuN/BrdU 514, DCX/BrdU [5th:. GFAP/BrdU G435 KX O8N Ibal/BrdU [
MO Z ZEITHENESE 5, £72. NeuN/BrdU [5t%t:., DCX/BrdU B5t
DOFMfAEL OEEINE, TR LfE T 1 2 & Ce kA g (2 IR A B LD,
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- Haloperidol 2513, #REI= 2 —r Ui % O #IRIENZ BV T, BrdU
BRI B L7220, EiRE (5 mg/kg) Tl nestin/ BrdU Bl in %k &
FEICREAD S D,

- Aripiprazole B 513, #RFEl= 2 —nv % O~ U 2121 S5 K
PR D BEB NP D IE R 2 E IR IC U LT,

dopamine O EEIRFRIL, FEE (100 uM) THIRFEI= = —1 Uitk Ot
HR 1B H e D BE AR R TR0 e D FEFETE M 2 BB 3 5,

- Aripiprazole O EHEEFIL. FH L7297 X TORE (1. 25 8L 5uM) T
PR = = — v U EE % O IR [E] R D B 2 R /i BIKHE A oD HE B TE P
ZEPCHHIT 5,
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AL ADITHIZY | AR EZBITT D 9 2BV TRIGEIZRY) 2 5 T
HeZTHiIBEZ B £ Lc, BRI RS - KA ER-EERIE @ILH L L
TET, o R LZED HICHTVEERER D THEE L THifEZ B £ L
T2 @RRFRZ e B AP AT TR « KW SEfEEdR 72 b NS R — R R
HFLE L BT ET,

AWFFEZHED HIZHT 0 B R D T & TR ZTAE £ Lo fEm R
- ORILHERCRERT 70 & N E BV BU TR W2 LE T, S 61T, AUFEET
(CHTY THHTHE F LB R R A I A NI OB RRITEH N 72 L &
B
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