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ARG L7 MR

ACE: angiotensin converting enzyme

Akt: serine/threonine-specific protein kinase, protein kinase B
ALB: albumin

ALP: alkaline phosphatase

ALT: alanine aminotransferase

AMPA: o —amino—3-hydroxy—5-methyl-4-isoxasole propionate
AMY: amylase

AUC: area under the

BBB: blood-brain barrier

BUN: blood urea nitrogen

CBF: cerebral blood flow

CMC: carboxymethyl cellulose

CPG: central pattern generator

Cr: creatinine

DHE: dihydroethidium

DPPH: 1, 1-Diphenyl-2-picrylhydrazyl

eNOS: endothelial nitric oxide synthase

FA: ferulic acid; 4-hydroxy-3-methoxycinnamic acid

FAD: ferulic acid derivative

GLU: glucose

GLUB: globulin



H,0,: hydrogen peroxide

i.p. ! intraperitoneal

MCAO: middle cerebral artery occlusion
MTT: 3(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2/#tetrazolium bromide
NMDA: N-methyl-D—aspartate

* OH: hydroxy radical

+ 0, : superoxide

PC12: pheochromocytoma—12

PSA: topological polar surface area

p. 0. . per os

QOL: quality of life

Re: reperfusion

ROS: reactive oxygen species

SD: Sprague Dawley

SP: substance P

TBIL: total bilirubin

TH: tyrosine hydroxylase

TP: total protein

t-PA: tissue plasminogen activator
TTC: 2, 3, 5-Triphenyltetrazolium chloride
vWF: von Willbrand factor

WHO: world health organization

2V0: ligation of bilateral common carotid arteries
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JiAE L, HRRRICIRIT DR OFEULTH Y | Fkx RBEBIEL I S 2§

e

5
BREBETHD [1], 20504F 28T 2B E D65 Lo N RIE, #HRT
RbE< 2D MRS TEY [2], & LR5@BEEMEICHE, At B
SHBEMT D EB2 LTS, EMEFIX, BIER, KM 7 %EEN
WD e NHEFIRE e DBEESMOBREB L i L TRbZ» [3], K
AR OR b RBBIEICIE, BEAVESCSERE R & O @k MRS . R 7R

EOEFEE, BN EDRTIEE., WFEENRTOND [4], 720
THHETREE T, REREOEASLCAE~DOHEOKTIZ L > THREDquality of
life (QOL) 2METFF21E00 T RBRBHMEMIR DS HFRPER DY 27 5 EH-
THZEND, ARICHLLIEERZEETHD [6-7],

BIE, AR PT 2 I 1 AOBETRIEL TS LD [8], 72
INTH ML, AR E DR 6 FlE Ko a2 o Tnd, TOFRMET,
FERHNELDZ END, WEOBNZ LD EERFEL, MM TEGLET
HEERBBIEL S| S 23, MEIEICKT 2R b ARRIAREIL, 2005 FITK
RENT M7 7 A ) — 7 IR T (tissue-plasminogen activator:
t=PA) & AW ARV ARFRIEIC K D ] e e Mt B ALE Th 5 [9],
2012 £ 20, t-PA OO AT RERFIE] DS I EEFEFEAE TR 3 BFfHI AN~ & 4. 5 BfHI LAY
NEPER LT, 2N THEBICHIE TE 2 BEIIREROK 3% Z< HTAT
H5 [10], MOEEEE LT, FVANVAIRC Dy —ThHTHE TR L
DI, T A Y >y T ha Ui SIS L5 P Mg L3
HDHN, T OHFNIBREESCH MR EOBEBRZAERY A7 26> [8, 11],



T TEHIL. 2O XD NSRRI OBUR & MR A B E &, IR SERE TR
ZHOBELEME, FERIE EOAEHIBERBEELZ Y-y e L, 8
PERE S L FIERTD D O PR 512 £ o THIEIEFRAE O B E RIS 7T HE 72 T 5
RIRIEDBRR N NE TH D B 2 1=, ZOEMEFREL BMEL THRET5
Tl o T, BBIEDO T B I OUHESIFFTE 2,

Fig. 1 2@ MBEFED A I = XA L2 OIREEOME 273, I LS
M FEEF L, =X —REEFIC LD RN R 7 0 — v A8 4 U 5 i
R & HRERBE E AN IR TR 7R TR M=V ARE U B3 v T T I
b oinsd [12], t-PAZHAWZMBEOHERIX, 2 THEEOIEREHE, )
YT IHEMERET Db, BIREOARRIGRIETH S, —J7, MED
FREVR T, LSO~ D B2 B R URZ K DIE MRS FE (ROS) DPEAME K%
SIS L, NP U7 IHEBICBIEA LV RAICE D TR b=V AEFHR L THE
RSS2 L RHESN TS [13], 2k TORBFZERIL, EicZ ol
T U T IHEBORE AR —T vy e L, 7=V WEEER [14] R
&N REEN [16], MEIEIEM [16-17] 273 2 OF M2 K
AEL7TE b DONEL OIS, FTTFETIE, RROFIECWE 25 L7kt
R < RE S TWD [18-19],

7 =)V Tl (ferulic acid: FA) 1T, MM ERKIZEENDLRARD T = / —/v
PALEMO—FETH Y | BwIENMES BIE, BB FCRAE O TR 2 B #Y
ELEYT U A RELTHOLARTWD, 2 E TORMBMZEN L, FAILH
BAALIER 200 L7t 7 AR b —o 2 gh e [20-22], &N EOREMER [23], I
YRR [24] o7 AT v RS (ACE) FHEIEM [25] 12K D E

IRZE SO ENRE SN TND, ZNDLDOEMIL, MEZEDTHF R O



HIREIZA N TH D Z L b, FAIZ, PRIRBRED > — F & U TRERIEN
HLZHANIHHERZ TWDHEBZBND, £ I TAMZETIL, FAZ v — NMEE
Wyl LT, MAEZETRAE AT O FEAER 1B M ] & C OMkfe I 5- 73 ATRE 72 T B HITRIE
BhRAEH T HFAFEIR (ferulic acid derivative: FAD) {LA#OAIH % HiR
L7,

AW OEIFETIL, FAZ v — RMEAY L CTHIRBLIEMES PR T O 1 i 4
HEJE LTHOFT VA v LIZISFEEOFADIZOWT, il biEME 2 FiEIC /2 7
AL A DA 7 ) —=2 7 ZATU, BIE L72FAD012IZ DT, B2 a2 1
Wizt L OO REN R OMF 21T o 72, WV TH2ETIL, BEHifbEm o
FNHFADOI2 A E L, AT L LTS TS T v K
NMEIARPHZE/ FREEVE (MCAO/Re) BT /L% AV, MMy (CBF) CHRAER, X
FEFEE DR 6 A FADO12 DN A SO W TR 21T o 72, H3E T, 18
BT HHENEEFEET L E LTHOW O EBMENIRERE T V2 Ay, Bl

& DT SRR T 259 2 FADO12 D %) 5 % SR PRI TARGIE L 72,
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| Vasodilation

' Formation of thrombus

| 1 Blood clot
|

Thrombolysis Decrease in CBF

ATP starvation

Necrosis

Ischemic penumbra - °E [OA A — = N = = = = .

™ Vascular endothelial
Edaravone J)— SIRE dysfunction
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Inflammation Lipid DNA damage Edema

I

I
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|

peroxidation |
v I
I

I

|

|

Neuronal injury

L Apoptosis

Fig.1 Mechanisms of ischemic brain damage.
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55 15 FAD OFURRILIE T, MIaREDN R ORI (in vitro) 36 K OFEMERHM (in

vivo)

ARG (WHO) (T X2 & fEREEamIE, H & AR ICHIBR 72 < fEREAIZ
TELHMEER SN TRY . EAETTEE BHEE S DR O & B &
L7z TMEFEAAR 2L (BB 2R) ) ik, AIEEERICKT 23Rk, EROFE
NHERZHESNTWD [26], RN THMAERIZH T D3 E LT, Tk
BB ORIEDREIRK F & 72 5 @ MEOBENW N RERFIEOHD L. Zih
SORBIZEDHELROROELZAEL TS LINT0E, 20X I RED
BORSCERO®N T AT 45—y a VE#ROK E2ERIC, TFE T, f#EFEO
REFEEZ BAICH O DTV D REFERL Z G L 7o AU ER S TRIER A~ D
LN EE->TND,

FA IZHRBLIER 2 BT 5 2 LR HNTERY . TIVE THZE < O EFFFEN
EDHNTND [27]), TV ~—I{ET VEMITH T2 FA OHERLIEN
A LI BEH UGER RIS HOW T, BN OZEO®EN A B D [28-30],
Nakamura & (2008) [31] &, 7/ Y A ~—JRBEITH T D EEHERBRICL Y,
FA DFZMEZENTHIO TEFEL TRV . BIETIX, FAIZT VY A v —JR iR
FORAERRIEL BN E LTI A e LTHWORD L) IZoTz,
FA 13, U HHBAEM [32] CMbEle TEM [33]) 72 &, ST E 2 3PS
WEAETHZENRESNTND, ZORNPTHERIL, & ITHBEER %
I LTzdi 7 AR b= 2 R [20-22], A& PR AN 5L (23], & HRaR e [24]
B L OVACE FHEMEH [25] (28R Lz,

ARETI, FA Zo— FMeaE LT, JUBbiENESS P BATE O B4 HiE
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ELTHFTHA L LI FAD IZOWT, invitro (2B B BB LIEMF L OVACE
FHETEME A R IR L a2 RR Lo, S BICEE LT EMEE Iz O T
BRI 2 TRt ds KOS ORGE D R 2 3 L 7=, E 7o ik e DR
XY 2 TG EZEE LT in vivo 7 v ORI OEGIZ X 5 EERRE
1TV, EENIZEBIT 2222 IREE LTz,

% 1H1 FAD OHERLIETER X OVACE IREIEMEZRIEIC LAV —=0 7

23 MARRRIZFA D & ROS B LT U —F AV EA S I, MfE Y A5
B, EEE., DNA 2 EDEELZT, MRSHIER G S Z SvDH, ROS 12,
A—R—F XK (+0,), BEEAFE (10) BEIOE FafxrIvhL (-
OH) BZETF Hhsd, &<, « OH IO TRISHEREWZ ERmbNTEY, E
BLOGT D2 &Ik 0, miRbiEE 24k T 5, EBBLIEE X, MiIaics

T

Zh-Z, Mgt a gl & 279, MEEZESMESNCIE, t-PA R EEZ HWTIBRIZ X
2 MFRAFBAIC &L 0 | ROS DEEAE ORI AL BT 2 e LI B 3 P A S
DL ENRHLNERSTWD [13, 34], ITHETIE, TOIHEEITEBV T, ROS
HEERSCWBRLIEE O EAMMGEHER 2 A5 2 5L E OISR A 5T
W5 [35], 7V = U HNHEENEGT D24 TR L, DHREOHKRE
T2 IS ST 31T DRI T H 0 | N i R R LS A2 il S U 5 ROS
whrREL, bR b LRI X HMifabE®E 2P SIRER E L THW LR TV D,
A CELTHMBND T AT R (Fig. 2A) 1. PUBRLIER %2 & 273,

ZHUCIIREE |, HO-C=C-0H: = A — I EENEE THILIEEZ LN TWND,
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TAANEUERIT, ROSICEF MG L, BOIEXT U700, HIBICKY
LZEMSNDZ LT, TFVNNVOEERISEI ST LR TES [36], £l ¥

IVE ThHdHa-bavzu—/b (Fig. 2B) I&, 7=/ —/HKEREEIZ L > T
TU—TPHNEREL, BERT Vh N Lo THIBIZLVLZELLEIND
[37]. FA &, 7= /) — AEKIERKIC L > CT V=T OB T 25352
ECHIRILERZ TR~ T B2 b TWnD [20-22, 27], L22L, FA ZOH DD
PURBRLIEMEX, SIZEROBOTIERY, £2 T, FA 2y — NMEEWIZA b %
VHLRATFNVEE, ~a 2B AL, Sl kiRl K ONEEE 2 D, P
T B EM 2500 5 2 & & B 7 A - L7z FAD &K
FRZPBERFFERE R e, AR B K 0 2k L T e 7i vz,
{GAfi b &4 > FADOO1~FADO13 D&% Fig. 3 |2/~ L7z, FADO01~FAD005 (%,
BAHEETHDLA XV EERNUPUBROMA RAEICEAL, BEFEEL
LBz & THERMEIETE A TR, FADOOT~FADOLL (X, A h¥ iz m iz
Ez., lBEMEZEOD X O T A I TW5h, £72 FAD006 X FADO12 |%, A
FNEEFHATLZLICKY, S Gt SEoo, Bt aA+2 X
ITHA L ENTVD,

AHEITIE, FFEROHERLIENMEZ DPPH 7 ¥ B ViE EGER X ONEER (LI PE
ANHIRE AR EEICRTEM L 72, & SIC ACE PRETEM: 2, RIS EZMM LT
ME L7 (Table 1), DPPH 7 VB EREIZOWTIL, 7 A /L E Uk & K
PEE 4 22 EBEIRTH D Trolox (Fig. 20) @ ICMEIZ. ZNEH 74.9 pM,
7.4 WM THY |, FAIZZNS LIZIFFFOM (76.6 uM) &Lz, —J7, g
TWIEE PEAEINHIBEIC DWW TIEL, 7 A L B U ERD 10, fE1E 1850 uM T 1 |, Trolox

? 32.1 pM & el U CIEFIZHG o 7225, FAIL29.2 pM TH D | Trolox & [F%

13



DR %R Ui, T AL E R Trolox 38 X ONFA O FIERLIEME 2 HYE L L <,

FAD OJF M % HeleaTAfi L7= & & A, FADOO7, FADO11 35 X OVFADO12 {%, DPPH 7 ¥
HANAHERE, BERLIRE FEAIHIRED &5 D22 T HIRWIEMEDGRD B,
—J5. ACE FLETEMEIZOWTIX, B 7 R 7 UL (Fig. 2D) @ ICflEAs 0. 1 uM LA
TTholDIZH L, FAD ITIEFEOEEZ T b DIER<, kbR oTe

FAD005 T% 33.4 uM TH ~ 7=,

(A) (B)
HO
CHs
O o HO
HO CHa CH3 CHs
. \‘\CHa
HO OH HsC (0] CHs
CHa3
(©) (D)
CHs H CHs
HO 0 Hs A0
OH N SCOQH
HsC 0~ “CHs Q-H
CHs

Fig. 2 Structures of ascorbic acid (A), «—tocopherol (B), Trolox (C) and

captopril (D).
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Ferulic acid: FA

FADOO1

FADO02

FADOO03

FADO04

FADOO5

MeO COOH

HO

MeD COOH

R

R

HO
OMe

HO COOH

E

MeO
OMe

OMe
COOH

2

HO OMe

MeO N COOH
HO
OH
N COOH
HO OMe

OMe

FADOO7

FADOOS

FADO09

FADO10

FADO11

MeO COOH

X

HO

MeO COOH

SRR

HO Br

MeO COOH

HO

MeO COOH

HO

R

Cl

MeO COOH

E

HO
Br

Fig. 3 Structures of FA and FADOO1-013.
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Table 1 Antioxidative activities and ACE inhibitory activity of FADs.

DPPH radical Lipid
scavenging peroxidation ACE inhibition
activity inhibition (ICs)
n=3-6 (ICs0) (ICso) (uM)
Sample Mw (uM) (uM)
e FAL 19418 766106 . 292 . .....13%2
________ Trolox 25029 714 821 T .
_____ Vitamin G 176.12 749 . 1850 T ..
______ Captopril 21729 - T .20l
______ FADOO1 22421 655 249 23341
_______ FADO02 22421 37 . 384 >1000
_______ FADOO3 22421 622 321 .. . . 22245
_______ FADOO4 21021 485 ... .12t ... .1298
_______ FADOOS 22421 . 6/9 . .97 ... ..334
______ FADOO6 19221 1370 .. ... 223 ________.A181
______ FADOO7 21217 ... 695 ... . 244 . .3/83
_______ FADOO8 27308 116 . .885 . . .5014
_______ FADOO9 21217 757 ... 219 ... .2I181
_______ FADO10 22862 733 . . ._..204 _ _____.3012
_______ FADO11 27308 687 199 . .8195
______ FADO12 19221 682 . . .236 _ 1520
FADO13 248.15 >30200 268 128.7

5T, FAD o418, (b FiiEs b Lo, mghKBar (BBB) @id LXod
S A PERAICHE M Lo, s F &, 450 LU Toh v BBB T E 721=35 03 i
HTEDEEINTND[3T), i, A7 & 7 — /v KBRS D H XA clogP
X, IBEEDEAWAE/RLTEY | topological polar surface area (PSA) I,
MMEZ TV D FOREFE LT, Ehimko FRICEN S DT A—

2 CTohbD, MFOPHRMEEROIE YD < 1X, clogP 23 2 3T, PSAIL 70 LLF
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ThdrZenPEsn TV [38], ZNHDfEERETLI2E Z A, FADDITE
Au E)3 BBB J@I I L TN 23 FLBR TGS 587> - 72 FADOO7, FADO11, FADO12
DT, 1.5<clogP<2.5, 3L TNPSA<60 D&t & 7-4{b-A&Mi%, FADO12
DH T -7 (Table 2), LA EDOFERICESE | FADOI2 23 7E L, FiEMias

iz atts O fGEN R 2T+ 5 2 & & L

Table 2 Structural profiles of theoretical blood-brain barrier

permeability of FADs.

MW cLogP PSA (A2)
o FA 19418 142 66.76
_______ FADOO! 22421 120 70
_______ FADO0O2 22421 110 8699
_______ FADOO3 22421 170 716
_______ FADOO4 21021 0838 8699
_______ FADOOS 22421 110 76 .
_______ FADOO6 19221 257 91983
_______ FADOO7 21217 179 ______ 66.76
_______ FADOO8 27308 251 _ 66.76
_______ FADO09 21217 189 . 66.76
_______ FADO10 22862 203 6676
_______ FADO11 27308 223 . 66.76
_______ FADO12 19221 247 8183
FADO13 248.15 2.53 66.76
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o281 RG22 AV FADO12 O 7T & O fR 20 A o0 FF A

RITENC B W CRE L2 FADOI2 (22WT, 7 v b B BEE 48 (i i b sk o
PC12 flifid & VN CHER Btk 2 5 A U 72, M4 2 H fiE528 L. FADO12 F721% FA

(0.001~3000 pM) Z¥RINL7-, 24 BEfEE#% . Mifa o ATP B2 a2/
AP Z RO, TOREF, FA ZWIL7-MAETIEL, 1000 M O EREICB
TH M AETFRICEBIIA SN2 -T2, FADOL2 § FA & [RIERIC, Ml
WL ootz (Fig. 4, ZOZ &b, FADOI2 OMIEIZRHT 5 Bk, FA
ERIFITENZ ERH LN E 25T,

BV TUERIEA b L AREEIT)T 2 FADO12 O AL R\ CREA L 7=,
H0, ZH5HUTININT 2 Z LI Ko T, B IZ 31T DA b L ARREE & 5538 1
BEZ W THEEIRIIC 8L L 72, PC12 Mf@IZ FADO12 % 721% FA (0. 001~1000 pM)
AWML, 1R IC B0, Z WL, S 51T 4 FEEIF I MTT assay (& CHIBAAAF
Rl U7z, H0, AUEIZ L0 | HIIAEFESRIT 60%2L FITET Lzolzxt L,
FADO12 Z N L 7- 856 OAMISAEAFSRITA) 80% L . FA ZALE L725E L0 bEn
AfFRE R LIz (Fig 5), BLEORERS . FADOI2 (X, B MiRlcxt LT, #
PEAME L . 230, b A b L AREEIC L D MBESERIHIZh A FA L0 bR 2 &

MBI o T,
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(A) (B)

100 100-IIIIIIIIE‘[—*
80 80 -
Z 60 60 |-
8
S 40 40 |
20 20 -
0 S S NSNS 0 S & & N &M
AT G eT AT ST e FAT T 9T AT eV VAT o
FADO12 FA

Fig. 4 Cytotoxicity of FADO12 on PC12 cells. PC12 cells were plated and
grown for 2 days in culture medium. For assessment of cytotoxicity, cells
were treated with FADO12 or FA for 24 h. The viabilities of cells were
determined using ATP method. ™ P < 0.001 compared with control.
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Kok %ok OFA

80 | * B FADO12
= M Trolox
>
= 60|
o)
©
s

40 |-

0

cont 0 0.001 0.01 0.1 1 1

H,0, (75 uM)

Fig. 5 Protective effects of FAD against oxidative stress on PC12 cells.
PC12 cells were plated and grown for 2 days in culture medium. For assessment
of cytoprotective activity, cells were treated with FADO12 or FA 1 h prior
to induction of oxidative stress by H,0, (70 uM, 4 h). The viabilities of
cells were determined using MTT method. ™ ™ P < 0.05, 0.01 compared with
H,0, (n=5-6).
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3T FADO12 @ in vivo \Z3\T % ML

BERMIAIZ 35U T LFADOL2 DR ENERS L OVEMEDNHER TE /272D, S 61T,
FADO12 O TPi#GZ#4BEL, 7 v F&2HWWT FADOL2 ORMIRA#KGIZL D in
vivo MR Z 1T > 7=, 11 BEROHENE Sprague Dawley (SD) 7 v hIZ FADO12
(50 mg/kg) FEIIXEBETH S 0.5% carboxymethyl cellulose (CMC) % 10 i
M, ARG L%, MiRZERIRL CTHE{bPREEIT> 7 (Table 3), F
(T, PEZERS L OO T OIEIE TH L7 /v 7 I (ALB), 7AW U 7+
A7y H—€ (ALP), 77=7I /) 7 A7=7—E (ALT), 7I7—E
(AMY) ., #8E U L E Y (TBIL) BEL UK 737 (TP) (2D TR L 7265 2R,
FADO12 B ClL, OMC Z#¢5- L7z Vehicle #E & Hhfe LT, ALP O A4 ERMEM AR L
Tz, NFlg7e & OISR EENH 556, ALP & & HIZ TBIL 72 8D LR R A LD
N, THHOEICH T~ LN T, BEEOHEETHLMFEY LY
> (BIN) 7 L7F = (Cr) IZ2WVWTHEIALNT, ERERTLADLN
minofe, LD Z &G, FADOI2 ORMIRAKGIZL ST v F Otk

YianEEZ BN,
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Table 3 Blood chemical analysis in rats with long—termoral administration

of FADO12.

Vehicle FADO12 (50 mg/kg)

Relative Body Weights (%) 156+4.6 144+0.6
Inspection Item

______ abumin(ALB) 48*02  54*01
..... alkaline phosphatase (ALP) ~ 184*147  2946%629
..... alanine aminotransferase (ALT) ~~~ 525*+04  673+210
______ amylase (AMY) ~ 8575%755  9926+1293
___total bilirubin(TBIL) 03 03
..... blood urea nitrogen (BUN) ~ 23+08 18%x06
______ phosphorus®) ~ ~~~~~~~~~~~ 605*03 ~ 67*x03
______ creatinine (Cr) 05501  04*01
..... glucose (GLU) ~~ ~~ 1985*118  1546*+53
___total protein(TP) 755+02 78+04
______ globulin(GLUB) 2701  24*02
..... Na* M 139318
..... K .60  62*02

Ca?* 10.6 10.3+0.1
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A ARFEO/NME

1. FAZ i — FMEA¥ & L7z FADL3 FJHIC-OW T DPPH 7 2 0 /W{HERE, iEfE(b
TR PEAEIHIGE, 36 X OVACE BRETEMEA IR Lo R 7 ) —= 0 T &AT o 12
FESE. FADOI2 (X7 A /LB VER, Trolox 3 L OVFA X 0 & W Bl LiEME &
~LTz,

2. BBB@IBOFEIE L 7250y 1B, clogP, PSA ZHH L7=fE58, FADOI2 (%, H
AT BBB I 23 L 72 E Td D Z & AR S LT,

3. REFMIIG & FAV CEMEREM 24T o o REH. FADO12 13 FA & FIRRICHIIREEADS
RN Z &R STz,

4. FADO12 I, H,0,IZ K DM (bR b L ABEEIZKR LT, FA L0 &R Mlfa R
hEE R LT,

5. THiRE G- ZAE L7z FADOI2 DT v MEMER A& 51T & 2 B el of5 &,
FADO12 %, AEMAENIZE W TS mIENMEW 2 & 23 Esd S vz,

Vb, RED in vitro fHMADFER LV | FADOI2 1T, KEMETH Y, 7> FA
X0 bROHIRREDRE G T L EBP LN eolz, I HIT, FADOL2 O F
v MR D AEERNEMEZ G L 72f R, RN THRGPAIETHDL Z L
DR ST,
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2 MR T~ b & H\V 72 FADO12 ORMIRTEN R BT 5 Mt

ZBITDMFEZEDK) T FllX, FRIMENROPAZEIC L Db D TH D, &<
(CEMIREL ARG O BAZE T, M RHPRIC KON, EEOHEBEE, BHEESCS
BEELZLELL, IRV EOTGEICS . KE S O BE IR B FRAT
L, ARICKEZ E S RWIEERINICEES 2 2 3 2<MmTH L (6], E
R TTIE, RIMECEIZ BT 2 i & (CBF) 1349 70 mL/100 g/min T % 23,
SIS HEMARABIZFA Y . 6 mL/100 g/min LR E TIRTF42 &, Mlaicx s m—
AN D, LAL, CBF 23 6-15 mL/100 g/min OJHHAETIx, Fhfia o B
(EBENEMN OFAE) 1XEIEL TV D2, IREN & HERFT 2 72 O f kb
Rz THY | Astrup & (1977) [39] 1, ZD X 5 ka7 7 ik &
TOMERARE Lo, X7 ZHEid, FFRREE & bICT R = AR4E
U CHZERNZER IS, RO MA@z S L0 R e Tod D4
M EFRSh [40], IBEDOERY —F v Mo T D, EEE, MM
([ZFT D t-PAIC X 2 MURHFBIALE L, FIERR DN ROERT 51T LR
MRFRAREIFFCE RN ENZ ERRESNTND [41], LrL, t-PAD
TR FTRERF L, HIER 4.5 RERILIN RO TR Y | ZERMITIE Z 2 IMFFZE
RAEREICxHGT 5 Z ERREETH DL E8E < EEICHIE T 2 B
BAROK) 3%E Z< BT THD [10], ZOXIRWEND, t-PA ITRDDH%
RV Z B <0 BFERNTERITATON TV D28, T4 Tk, NXY-059
INTH TR ATRD D HHRPIREI L LTI SNz, BREERER D S 2012
R ST BB AF IS, 7T X bat A N OTEMEEZ T % 0N0-2506
bR L 0 AR SN2 0T, 2O K 9 ICHAEDMIEIEIRIRICE
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T2 BN ORESE D BAFE 1T > TV DIRPLTH U | Hi7 b B4 D BRFE > Wi fF
INTWD [8], 1986 412, Koizumi & [42] |ZJ& > T, MCAO/Re ALEIZ L 5
—IEMERMER I T > b A H ORI BN IR 46358 oD PAZEIT & 2 i B T ds L UM i F5 B
(ZPE D FERIE S A2 8 Lo MR E T L E LTHEHTH D Z 3RS
. BUE, ZOETAPEEIGECAASA TS, £2 T, AETIL, AiE
TI®&E L7 FADO12 OMAEZESMEINC I 5 TRHIMIRESI R ZRGET 5729,

MCAO/Re ALiE 7 k% FW T, 3BT 21T - 72,

% 1ET - AR (S 38 1 2 b i e B oD AEA

FBRT YA % Fig. 6 1R LT, 11 @M SD 7 » M2 FADO12 (10 £ 721
30 mg/kg) % 1 @ERIFR DG L=, MCAO/Re AL % Jifi L7z, bl E LT,
FA (10 F£721% 30 mg/kg) FITEEETH S 0.5% OMC Z 5L, [FIEROALE %
fTo72, £ MCAO/Re ALMEIZ L > TRMBERIEIZH TS5 CBF &2, L—H—F
> 77 — R 2 O TREFFZHE L 7o, £ DOFER  CMC 2 $¢5- L 72 Vehicle
E CI3. CBF /X MCAO L& 12 - T 57. 5% E TR T L. 2 R§f#] 0D MCAO AL7E H11Z 49. 4%
FETHRAIIET Lz, £DH%D Re AEIZ LV | CBF OERREBHEN LT,
FA (30 mg/kg) HED CBF (%, MCAO ALMEEZ (ZISUNT 58. 3%, ALE 2 FFfH % Tl
48.4% & | Vehicle #f & RIEROHER AR L7z, —J7, FADO12 (30 mg/kg) AETIL,
MCAO 4L [E.#% 0 CBF 1% 64. 3% T& 1 | Vehicle & & kil L C CBF O 284 &
A7z, F72 FADO12 > CBF K MMl /EM 13, 2 RfE] o> MCAO &&L{E Hr | £ffge L 72 (Fig.

7A), MCAO AL H > CBF 0 H B H U7z s (AUC) 1%, FADO12 (30 mg/kg)
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BETIX. Vehicle Bf & LB U CREEHEMIICA B & E %2 78 LT=, FA BElX Vehicle

BEL 232 vo 7= (Fig. TB),

Animal: SD rats (11 week, o)

Group Treatment Operation
@ Sham 0.5% carboxymethyl Sham
@ Vehicle cellulose (p.o.) Middle cerebral
artery occlusion
3 FAD FADO12 (10 or 30 mg/kg, p.o.) and reperfusion
@ FA FA(10 or 30 mg/kg, p.o.) (MCAO/Re)

Measurement of CBF

MCAO Re
L 1 week__ L 2h | 24h_
I | | 1
FADO12 or FA B »/\ Re 24 h
Oral administration » Neurological deficits (Score)

> Infarct volume (TTC staining)

Fig. 6 Experimental protocol of in vivo study to evaluate

cerebroprotective effects of FADO12 using MCAO/Re rats.
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(A) Pre MCAO (120 min) Re

™
~ i [L
% 80 1 FADO12 (30 mg/kg)
= | FADO12 (10 mg/ke)
3
S 601 FA (30 mg/kg)
f FA (10 mg/kg)
©
s . Vehicle
-03 40
(5]
o
201
0 1 1 1 1 1 1 1 1 1 1 ]
0O 20 40 60 80 100 120 140 160 180 200
Time (min)
(B) 1201

AUC (%)

i
1007
801
** **

60 i ** I
401
201
O -

Vehicle 10 30 10 30 (mg/ke)

Sham FADO12 FA

MCAO/Re

Fig. 7 Effects of oral administration of FADOl12 on temporal change in
cerebral blood flow (CBF) in MCAO/Re rats. CBF was measured in cerebral
cortex supplied by the middle cerebral artery using a laser Doppler
flowmetry. Values of CBF represented by means of pre-MCAO (A). The area
under the curve (AUC) for CBF was determined in each group (B). The data
are represented as means = S.E.M. ; n=4-5 in each group. ™ P <0. 01 vs Sham,

TP <0.05 vs Vehicle.
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%5 2 81 FADO12 O MRz okt

FADO12 DM R Z RS D72, Re ALE 24 FE% DT » b OFFFRIEIR
EAAPREFRI R A 2 TIZ LV FHME L7z (Fig. 8). Vehicle HEDMHRRFRYKIA A
271, 8.6£1.3 THoZDIZKF L, FADOI2 (30 mg/kg) #ETIL3.6%£2.3 TH
D AERMRIEROUEN L DI, Re ALE 24 BRI O NI ZE B R O FEA
W TTC Yl K> TRili L7z & 2 A, Vehicle BED T v FTld, bregma +4 mm
/1 B-4mm £ TOJRFHIHEZERDIERA I B, R KIMBUE D 6 B AR D [
ENPEE T o7z, —J7, FADO12 FECIE, FIZEBIIMGER DO —EOZIZRE L,
KB B W T IEDOIAITIE & A EBbieiro 7o, Vehicle BEDXFHIE
BAARIE, 29.5E22. 3% CTHo7=DIZKkF LT, FADOI2 BETIE 6.3E3.5%TH Y,
MZERMAREN A BICHH sz (Fig. 9), FARETIE, BOUEFEBOREIETER O
flTA o lc, HiibED, GO RERET D &, FADOL2 DT
e 5%, MCA PAZEREIZ CBF ZMEFF 32 Z L2k KIMREZ PO L Lo~y
77 SRl D MR BB A R L . A ZE B DT R dS K ORI R D8 B A il L
leeEZOLND,
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o)
2 o)
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Vehicle
FADO12 FA
MCAO/Re

Fig. 8 Effects of FADO12 on neurological deficits induced by MCAO/Re in
rats. Neurological deficits were evaluated using an 18—point scale at 24
h of reperfusion after MCAO. The data are represented as means = S.E.M. ;

n=4-5 in each group. ™ P <0.01 vs Vehicle.
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(A) MCAO/Re

Vehicle FADO12 FA
(30 mg/kg) (30 mg/kg)

Bregma (mm)

B)

40 **
5
(0]
E 301 1
B
>
20
S
RS

10-

0

10 30 10 30 mg/kg

Vehicle
FADO12 FA

MCAO/Re

Fig. 9 Infarction inhibitory effects of FADO12 in MCAO/Re rats.
Representative photographs of TTC staining of coronal brain sections of
each groups at 24 h of reperfusion (A). Infarct volume in ischemic

hemispheres (B). The data are represented as means = S.E.M. ; n=4-5 in each

group. ™ P <0.01 vs Vehicle.
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B3HT 2 ot L — Y — M EGEE E & F V72 FADO12 0D fijd L it #E 7 E F O fight

FADO12 @ CBF #ERFEMIZOWT, 2 ot b — W — M i g & & M TREM
(CHGELT., 7 v FOBEFICERAZER L, KRIMEERE 28 H S8 MCAO
WLIER# O CBF D284k Z Wifg{k L7=, MCAO AL{E R[> CBF MifIZ3u T, MCA J#
Ttk O EREBARIT MR RS\ T2 ORI, L OMBIIRIL T & A 7 <
A DREOOAG L 72> 72 (Fig. 10A),MCAO ALE FT O E {42 >V Tlid, Vehicle
B & FADO12 BEDRNZ XA B2 D > T2, MCAO AL 4 > CBF {4 (X, Vehicle
FETIE, MCA EREIIRZ OISR AN B FAICE(L L, JRHPHIZIO 72> T CBF @
WD S HER ST, —J7, FADO12 BETi, MCAO ALiE o> 120 43, FErERE
& OVE I OHIENIRIE 5 (o~ AR AT PR 72 4L CBF 23kfse L CHERF S 7z (Fig. 10B),
CBF Z%fifift L= & Z A, Eiffid CBF OffaxkHiEiX, Vehicle #fds L OF FADO12
OB T A L N2> 7 (Fig. 100), F7=. MCAO ALt D CBF l %, i
MAT% 100%& Li=BIATY T 7{bLiz L Z A, Vehicle BEOFHFEFEIL TIL, MCAO
ALELZ X0 CBF 239 60% % CTIX T L7=DIZ%f L, FADO12 B ClE 70-80%Z HEkF <
*u, Vehicle #f & bl L C CBF O AR &7 (Fig. 10D), F7o,
Mt R 2 TR0 v 7223, FADO12 BETIL, Vehicle Bf& iz L C,

FEREZESEIRIZ 33\ T % CBF OHINME A 23 2 B 47,
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(A) Rostal

A0,

Caudal
Post-MCAO

®) Pre-MCAO 20 min 40 min 60 min 80 min

FADO12
(30 mg/kg)
(o)) (D)
or MCAO FADO12-contralateral
- 110 -l
o 100 [
B s
_% 90 Vehicle-contralateral
30 | “_;
3 | S sof
o % —
2 F @ 70 b FADO12-ipsilateral
5 3 *
60
or 50 | Vehicle-ipsilateral
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
Vehicle FADO12 Pre 10 20 30 40 50 60 70 80 90 100 110 120
ipsilateral Post-MCAO

Time after MCAO (min)
Fig. 10 Effects of oral administration of FADO12 on temporal change in CBF
after MCAO. CBF was measured in the cerebral cortex supplied by MCA using
a laser Doppler flowmetry. Representative images of CBF at the indicated
time points pre and post MCAO in Vehicle and FADO12-treated groups (B).
Absolute values of CBF before MCAO in Vehicle and FADO12-treated groups
(C). Temporal changes of CBF in Vehicle and FADO12-treated rats after MCAO.
Values of CBF were represented relative to pre—-MCAO corresponding to each
groups (D). The data are represented as means = S. E. M. ; n=4-5 in each group.

* P <0.01 vs Vehicle-ipsilateral.
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o5 4 Fi FADO12 OO RN EAHERFE A 1 = X L OffA

A CORMBABE 2. BIMFEFCISIT D FADO12 O CBF #EFFEA A 7 = X L
ZREET L7z, FADOL2 |&, IEWRFOKRIMEIE O CBF (ICITHEE T, BIMIRIEIC
WCHRRIZ CBF MERFMER Z RIS 5 2 LD, REEFIRABIZISE L T
NS E L b0 L HERINT, MIERIT, fx OMILEEH AT  =—F %
LTI SN D2, MEIRIIEZEELS bDE LT, WAMEDAT 4 =—X
Tdh o —MibKFE (C0) L—m{LEHE (N0) BNETFbhDd, Zhbid, £bHh
H M IR s S T =gy 7 T —¥ a2 —47 vy b e L, MilaNy 7L
Td D cOMP _EHZ A LT cOMP &AM T —8 2R L, IR AN O Ca*
BIEZBD SE 5 2 L CTEILRIER 277, LA L CO D fMESLRERIZ. NO
DHOT 1DFRE LnZe < HAIIN 2 L RHRE SN TWD [43], NO IX
NO BpkilEsE (NOS) (2 & - TR & L-arginine 2> HLEEA S, MAEHLIE A il
+ %, —J7. Koh & (2012) [23] i, FA A3 MCAO/Re EF /LT v b D KMMFZE T
FBUNT, MCAO ALE 24 B¢ #2 O MLE N BKAFRI NOS  (eNOS) DI il 9~ % =
EEPLMILTWD, Eio, FEHROFBHREDOIATHIFE CFAL 29 4B A 3K

FIEERP R A SREE) 1B\ T, v U AEKREIIRIEAIZ, NOS FH
EITH D N nitro-L-arginine methyl ester (L-NAME) BIX O/ T =gy
7 5 —PHEHK 1h- [1, 2, 4] oxadiazolo [4, 3-a] quinoxaline-1-one (0ODQ)
ZH G- L, FADO12 OFEM AR L 725 R. Zh b ORFERIC L - T, FADO12
DM EIEEERANERT D Z EBH LTSN TS (Supplemental fig. 1),
INHDZ LG, FADO12 DIMEILRIIGIZIE, NO BARREEAES LTnb 2

EMMEZ LD, 2T, AKHEiTIL. FADO12 @ CBF #MEEMEH 23 eNOS D FEER 54

33



T 5 AREPEIC DWW T, KIMEEICEIT 2 eNOS FHEOMGRFMFEMIC £ > T,
WEET % Z & & L7z, FADO12 |2 & % CBF HERFAMHERS S 4172 MCAO ALiE 120 4374 @
KIMBE G F ZAFR L, eNOS & & N~ — A —Td % von Willebrand factor
(VWF) O&PuEE AW ZEYPta s 1T o7, #ER% Fig. 11 IZ”d, Vehicle
BECIX, FZEFIRICH W T, MENRIZIRIET 5 eNOS OFBLNBAE ITIKT L7z
25, FADO12 FECIIAHZEE D eNOS FELMERF S /e (Fig. 11A), —J7. VIF
DIBUNEL, MFETEDNRBOLNRN-72Z & 026, Vehicle FEIZEIT D eNOS
REOMRTIE, WEIROBIEIZ L2 DO TIERWEB 2 bivk, Lg%
7' 7L U455, FADO12 BEClE, Vehicle BEE Ml L C, FHZEMERICBIT S
eNOS FEHL B DIV N I FEREIK & [F] L~V THEICHH Sz (Fig. 11B),
IINHDORERNS FADO12 OREMIFIZIS 1T % CBF #ERFERIITIZ eNOS FEHL &K T
OIMHIH G- % AlRetE s r S iz,
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(A) (B)

50
FADO12(3x 10™*M) 40 -
12
S 30T
®
E % K%
&€ 20 T LT
J 05¢g
Control A obQ A L-NAME A | 10k
PE (1% 107 M) > min

0 (11) (3) (5)

Control ODQ L-NAME
FADO12

Supplemental fig. 1 Dilative mechanism of FADO12 in mouse aorta.
Representative  recordings of  FADOl12-induced vasodilations on
phenylephrine (1X10° M)—-contractions in mouse aortic segment pretreated
with ODQ or L-NAME (A). Values of vasodilation caused by FADO12 were
represented relative to those of phenylephrine—contractions (B). The data
are represented as means * S.E.M.; n=3-11 in each group. ™ P <0.01 vs

Control.
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(A)
Ipsilateral eNOS vWF Merge Contralateral

Vehicle

FADO12

(B)
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®
c
o)
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=
)
c
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o

0 , .

Cont Ipsi Cont Ipsi

Vehicle FADO12

Fig. 11 Double immunostaining of endothelial nitric oxide synthase (eNOS)
(green) and von Willbrand factor (vWF) (red) in the cortex 2 hr after MCAO
(A). scale bar = 100 um; Fluorescence intensity of eNOS was quantified using
imaging software focused in the relevant areas (B). The data are represented

as means = S.E.M.; n=4 in each group. ™ P <0.01 vs Vehicle—contralateral.
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5 ARED/NE

1. MCAO/Re ALIEE T /b Z HIVNC | I ZE RN 35 1T 2 PR 5 1264~ % FADO12
DFPRIRHEGAZ K DK% FA & HLEHRE L7z,

2. FADO12 |%, MCAO {Z & % CBF DA 28l Lic, ZO#RIL, [WHAED FAIZ
ECALINSY (AN

3. FADO12 [&, MCAO/Re (T X D #fRAEIR 2 FA L0 & 50 < 4] L 72,

4. FADOI2 %, MMREZEELDTERLZ FA L0 & 50 < il L7z,

5. 2ot b — W — M EHGHERE I X HMEEDR R, FADO12 (T, IEH KO CBF (2

ITFCEATT, MCAO Bfod MCA EepEhfiids 1 OV o JE1 o Al B IR oD HIL i & 4 #E

BtoZenHbLnERo T,

6. FADO12 1. KMAZE ML R EZIZ 380 T, MCAO (2 & % eNOS FEERL AR R 4 4l

L7,

PLEDZ L6 FADOI2 1X JEIMED eNOS HELDIE T2+ 5 2 12k v,
CBF ZHERF L, IR ZESL DI Ak 2 #ifl] L ARRER 2885 2 L D RIB ST,
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B3I BMEREEEE T v R & BV FADO12 OME T i i s =tk #E4h BACB T 5

RS

U ZE DB 351 D HIBE & LT, RRAVE, KaE7e & 0 @ IR IMHERERR |
FURRIEL 72 & ORI E | B, AR E ORGEREE, WE T EE 2 3 mEEIC
AT 5 [44], Martino & (2005) [45] O#EIZ IR, IMEZEELE D 29-67%
ICHETREERR DL, & BB Rt & 2 G0 2 5K & 72 5,
Schmidt & (1988) [46] I, RABEMENTJ 2 FAETR. 1 FELINIC 20% L B oD /A A3
FELLTWDEHMELTWD, 2O XD IZIMEZEIC K 20 FEEIX, REED
RINTH EICHETH DN, BUE. ARTY) - IBREIIFEE T, Zoxt
ROBILREH TH D,

RGHPEDOHET I, WAMREDRIRIZ /340 3 2 LMEEammRRds K OVE ARG DR A
FNZ XK o TIERED TR N2 — 38 ds (CPG) 28BREN L, Fife S D, CPG T,
W N BT I XX — Al ST O UG & R BT D R R MFEE L TR D |
e FIEB O M N AERICEE L TWA Eand [47], KEIMFEEICE T 5 BE-
FREARARRIT, WEF A ZEEST D MY T —FRO e L TEERER %
R LTRY . KM N BT & 72 2 I TE I K 2 e T FRE OTRE & —
Py bbb EZLNATND [48], —J7, WEFKHIZIZ, RATICBITS
N U= & L CHAMESE SR O A AR R D D i & o T A X R P
(SP) WHEHETH D [49], M FREETIX, BE-BEERITBIT D R VEE
AR BPERMEE R L, 24U X0 WAMEER SP 2315 Z E v STV 5 [50],
Kajii © (2002) [51] 1%, MiflieSHEIIRZ KAREET 5 Z LICK W ERL 728

PERAEHEE Z > R A, ERCORHEA I = X AICER L7 FEEL 5 & 25
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[EEETLELTANTHLZ L 2MELTWD, £2 T, KETIE, Wik
SHEDROK ARG 2, (2V0) ALiE Z Bt L 72 B PERERETT 7~ MZd 1T S T OB RE

FE2E |2 %95 FADO12 DOZh AT DWW C OB IR T 21T - 7=,

o5 181 FADO12 OEMEAMIEHEDR = ~ b DMt BeAK T (63 5 B R O FF

FEBRT YA % Fig. 1318 L7z, FADOI2 (3 £7-1% 10 mg/ke), FA (3 £7=
1% 10 mg/kg) . XL LT 0.5% CMC % 2V0 ALiE o —@E M HE B 0 # 5 L
7o BRERET, 7 v BT 2V0 AEZATV, AR 2 BEOAGFEEZFM Lz, &

DGR, Vehicle FED T » M, 2V0 ALE R 24 FFELINITHK) 30%23EIMLIZ K-> T
FEL L, 2 BB OEFRIL, K65%ThH o7, FA (10, 30 mg/kg) &G L7
7y bBRIEOFETCETH o7, —J7, FADOI2 BED T » ME, 2V0 AL 24 K¢t
% TIT 0% EVEF L TR Y (2 H[E% BRI L | mWAEFRN A LI (Fig.
14),

eV T, 2V0 ALE R O CBF Z 5l L7, 7 v NEHZEE O bregma 7> HHIH 1,
3mmnBRUES 3, b mn, FNEALEL 1.5 mm DFF 8 DT KM EEKEICE
7% CBF %, L—¥— v 77— ififiatZ VT, 2V0 ALERTA D 2 W £
THkfE L CHIE L7z, Fig. 15A ® 2 71X, REIMATO CBF % 100%& L 7= i -5k
O CBF D4 % 7=~4 73, Vehicle BEOD CBF 1%, HIE L7294 TOEBALIZIBVT,
2VO WLE B 12K 50% FE Tl L7 FAREIC I W T H RERDFER & 7p o 7o, — 5,
FADO12 £ TId, 2V0 ALEE D CBF O AT ICHH S e, T ORRIT

2V0 ALiE 2 F 1% £ Tk L TA LIV, S HIZ, 2V0 ALERTA b ALE 2 MfE 1%
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FTOMCBFEA B L7z & 2 A, Vehicle BETIE, 9T DEL TH CBF fE
) T0%E THAD LIk LT, FADO12 BEClE, # CBF O HD 234 E (4]
Ehie (Fig. 15B), %5 2 TR\ T, FADO12 (FAZ M 2t > CBF DK T %4
#9252 L BEFELZD, AREORER D, FADO12 Offkfif 513 2V0 I X 54
i DEMERT 72 CBF AR IZx L CH &R Z2 7w L, B#EINZHO72 - T CBF ZifEfy

THZLENHELENIRoT,
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Animal: SD rats (11 week, ")

Group Treatment Operation
@ Sham 0.5% carboxymethyl Sham
®) Vehicle cellulose (p.o.) Ligation of bilateral
common carotid
@ FAD FADO12 (3 or 10 mg/kg, p.o.) arteries
@ FA FA(10 mg/kg, p.o.) (2v0)

| Measurement of Cerebral blood flow |

H | |

Cerebral hypoperfusion by 2VO Measurement of
I ] swallowing
=1 0 A 1 week
FADO12
or After 24 h of 2VO After 2 week of 2VO
FA cerebral cortex Striatum
Oral administration » Dihydroethidium (DHE) staining Immunohistochemical staining
> Nissl staini » Cleaved caspase-3
g » Tyrosine hydroxylase
» Substance P
Laryngopharyngeal region| > Substance P
Fig. 13 Experimental protocol of 71n vivo study to evaluate

cerebroprotective effects of FADO12 using 2VO rats.
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8 80 F FADO12 (10 mg/kg)
&
< 7/0F
S Vehicle
g 60
(] FA(10 mg/ke)
50 f
1
0 '] '] '] '] '] ']
0 1 3 5 7 14 days

After 2VO

Fig. 14 Survival rates of each group at 14 days of ligation of bilateral

common carotid arteries (2V0).
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Fig. 15 Effects of chronic treatment with FADO12 on temporal change in
CBF in 2VO rats. Surficial blood flow at four rostrocaudal levels in the
cortex (+3.0, +1.0, —3.0, and —5. 0 mm rostrocaudal and 3.0 mm lateral from
bregma) was sequentially measured before (Pre) and immediately, 7 and 14
days after (Post) 2VO using flowmetry (A); Values of CBF are represented
by means of both hemispheres’ measurements. The area under the curve (AUC)
for CBF was determined in each group (B). The data are represented * S.E. M. ;

%, ok

n = 6-9 in each group. P < 0.05, 0.01 compared with the sham—operated

vehicle group. TP < 0.05 compared with the 2VO-vehicle group.
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28 2V0 7 v b O T R ISR 5 FADO12 DZhR DR

2VO ALIEDN D 2 WIS, BREET . T v P OMRERZEIT K E Iy = Ui a
HIR & L THEA L, BRSO N 2315 FHOMERICTHEL, %
FIRBIRIEA D & 45 FOIH] OWE T S DB KX ORRBIRIEA N BT 3 2 5 %
TOWR 2 HE TR REOFRIE L U CHMi L7z, ZDfE5E, Vehicle DA &5
L7227 v FTIE, 2V0 ALELS L - THE T OIRFAVER L, B Lz (Fig.
16A), —J7. FADO12 Z#%5- L7 7 v N Tld, Sham ED T » k & [FFREE OWET
KSR BBitz, W ORI (Fig. 16B) 35X OWRFE (Fig. 16C) &%
FNT T 7 Ta Lz, Vehicle BETIE, Sham B & bl L, FHIRIC X - Tk
FE S DT BB ISR Lz, —77  FADOL2 ¥ Tid Vehicle #f & Hhig L |
Wi T A A RIS L. Sham B & FIRRE OB T RN 3B bz, £z
Vehicle #FCI, Sham #f & i L, W FAEREOABRBMNHZ LT,
AU KF LT, FADO12 BfIX, Vehicle #E & bblr L C, AR A B LT,
FA BETIX, BETLONEFIOHT 280 RITO b AdoTe, ULEDOREND,
FADO12 O PRI G1%, 1BMEMERETRIRRE D CBF 2 RMIAYIZHER? L. MM D%
BWETHLIWEFEEL T - SE LB BND,
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(A) Water 3 mM citric acid

Sham }[ H

Vehicle ——HH—— —M—H{—

FADO12(10 mg/kg)

FA(10 mg/kg)

L |
1

| 1mv
Injection
15 sec 5 sec
(B) 95. Water Citric acid
1 mM 3 mM 10 mM
_E’ 20+
3 T .
© 15- O Sham
% it W Vehicle
S m FADO12 (3 mg/kg)
5 101 B FADO12 (10 mg/kg)
Q Tt x x %
= ¥ % o FA(10 mg/kg)
=) * ¥
= 5 * %
0 h L) T 1
(C)
14 Water Citric acid
* 1 mM 3mM 10 mM
121
— 107 O Sham
N | Vehicle
> 81
8 E FADO12(3 mg/kg)
% 6 B FADO12 (10 mg/kg)
- 4 @ FA(10 mg/kg)
2.
]

46



Fig. 16 Effects of chronic treatment with FADO12 on swallowing reflex in
2V0 rats. Typical mylohyoid Electromyogram activity with swallowing reflex
elicited by distilled water or citric acid (1-10 mM) in each group at 14
days post—2V0 (A); Effects of FADO12 on the mean number of swallowing events
(B) and latency for the first swallowing response (C) in each group. The
data are represented as means *= S.E.M. ; n=5—11 in each group. ® * P <0. 05,

0.01 vs. sham, "7 P <0.01 vs. Vehicle.
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FIH BMICKDELA N L RRBEEIZKRT S FADO12 DY FDOKET

PRI, FADO12 (2 & % Itk Omeft 2 b L AFEEFEIHIZNRIZ OV THRE LTz,
2V0 L& 24 WFER O RIMBEIC IR Db A b L AfEEH %2 HEBREO—FT
b5 0, PEAEREAIEIFEIZ, dihydroethidium (DHE) 342 L o TR FAIZ AT
Lz, ZORER, Vehicle BETIX, 2VO LEIZ L - T, FiF D 0, PEADHIK
NI BT DIZRE LT, FADO12 BETIE 0, PEAENHERB S Lie o 72 (Fig. 17A),
DHE D% Y B 2 $ Ml U 7= 6 5. FADO12 B Tld. Vehicle BE& LT, 0,7

EANABEIZIE SN2 ERAL TR -7 (Fig. 17B),
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(A) 2VO

Sham Vehicle FADO12 (10 mg/ke) FA (10 mg/ke)
(B) 20 F T
2
2 N
3
£ Tt
o 10F T
>
&
[ L
o
0
Sham Vehicle FAD FA
2VO

Fig. 17 Effects of FADO12 on cerebral cortical oxidative stress after 2VO.
Representative results of dihydroethidium (DHE) staining for superoxide
production at 24 h post—2V0 in the cerebral cortex from rats in each group
(A), scale bar = 50 um; Fluorescence intensity of oxidized DHE was
quantified using imaging software focused in the relevant areas (B). The
values of fluorescence intensity of each group are represented as means

+ S.E.M.; n=5-8 in each group. ™ P <0.01 vs. sham, T P <0.01 vs. Vehicle.

E5IT, MRAMIIAEIZ K-> ChI & Z SN A OREZ KIMEE D Nissl Y
Iz Ko TRl L7z, Vehicle FED RIMEIE Tld, OBENZHA HILIZDIZ
*F LT, FADOI2 BETIL, 1Z & A CHER SN o7z (Fig. 184), WL LI-B%
B ofiask 2 Hfitifb L= & 2 A, FADO12 BETTIE, Vehicle B & bz LT 2V0 (T

K AR F B S =2 ERBA LM -7~ (Fig. 18B),

49



(A) 2VO

Sham Vehicle FADO12(10nme FA (10 mg/ke)

(B) ol
*ok
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z 40r
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©
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°
S 20F "
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0
Sham Vehicle FAD FA
2VO0

Fig. 18 Effects of FADO12 on cerebral cortical cell death after 2VO.
Representative results of Nissl staining for neuronal cell loss at 24 h
post—2V0 in the cerebral cortex from rats in each group (A), scale bar =
60 pm; the values of cell death of each group are represented as means £

S.E.M. ; n=5-8 in each group (B). * P <0.01 vs. sham, 7 P <0.01 vs. Vehicle,
# P <0.01 vs. FA.
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%A FADOL2 DT RFFEELE A 71 = X A DT

FADO12 W TSI BERELHE A 1 = X HHOWT, MR LT, £
W N ST AR AR DI E P A 39~ 2 72 8012, 2V0 ALiE 2 S [## Dft Sk
BT 27 R b= ABHEER caspase—3 DIFMALE G YAIZ L - TR
(Figs. 19A&B), Vehicle 7 v FOMFKIZIWT, FEME(L AT 2 X—BIGPEH
RADBEIMMA I BT Z & DD | 2V0 ALEIZ L > THE T SHSRED IR T2 i
727 v b T BEEICBNTT R b= ZEROMIIER AL TN D Z &
BNIIR o7, —J5, FADO12 5. L7277 v Tk, ZHSBEEICMEl S vz
(Fig. 194), V&MEALA A R—B G A 7 7 > b L, Bl L7z 2.
FADO12 B CiX, Vehicle BEE HLEZ L T 2V0 I X 27 A b — v AMifast & A &I
W L7 2 EBNH LN E 2572 (Fig 19B), T Z &5, FADOI2 (%, 18M:M

IERHEVRIC & DRI OIS Z 3 LT\ 5 Z & AVRIZ S LT,
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(A)
2VO0

Sham Vehicle FADO12 (10 mg/ke) FA (10 mg/ke)

(B)

Sham Vehicle FADO12 FA

—_
N (2] o o
o o o o

T T T T

N
o
T

Cleaved caspase—3 positive cells

2v0

Fig. 19 Effects of chronic treatment with FADO12 on apoptotic cell death
in the striatum after 2V0O. Representative microphotographs of cleaved
caspase—3 immunostaining at 14 days post—2V0 in the striatum from rats in
each group (A), scale bar = 100 um; Quantification of the number of cleaved
caspase—3 positive cells was achieved by cell counting in the relevant areas
of the rat brains in each group (B). The data are represented as means =
S.E.M. from 3-5 rats in each group. ™ P < 0. 01 compared with the sham group.
T P < 0.01 compared with the 2V0 group.

BRERIRICE T D RS UMRER OFRE 23l 5720, R8I U O G plilESR
ThirTFri b X7 —8 (TH) ORERGEZIToT, ZOREE, Vehicle

HECIX, Sham BEEHEE L, TH BEOK TR iz, —F ., FADO12 BTl
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TH S E OIS T 25 S A, Z 0% F 1T FA BE & Heille L CTBEE Tdh - 7= (Fig. 20A),
Sham #£ TH FEHLEZE 100%E LIZHIG T 7 7L LICHREAR, FADOL2 BETIE,

Vehicle FE L LHBE L C 2V0 12 K D TH BELOK T2 A E IS L7z (Fig. 20B),

(A)
2VO0

Sham Vehicle FADO12 (10 mg/ke) FA (10 mg/kg)

T

(B) I

100

80

60

40 |

TH-positive area (%)

Sham  Vehicle FAD012 FA

2V0

Fig. 20 Effects of chronic treatment with FADO12 on expression of tyrosine
hydroxylase (TH) in the striatum of 2VO rats. Representative
microphotographs of TH immunostaining at 14 days post—2VO in the striatum
from rats in each group (A). Scale bar: 50 pm. Quantification of the
immunofluorescence was achieved in the relevant areas for rats from each
group (B). The data are represented as means = S.E.M. from 3-5 rats in
each group. * P < 0.05 compared with the sham group. T P < 0.05 compared
with the 2VO group.
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BNT, MEREIZBIT D SP B EEGERAICI > TEME L7 (Fig. 21),
T OFER. Vehicle B TlX, Sham #F L LG L., SP BE DK TAED HLILZDIZ

%f L C, FADO12 BECIL SP BEINHERF S, ZOZBRIZFAREL Y LEEFE TH -

72,
(A) VO
Sham Vehicle FADO12 (10 mg/kg) FA (10 mg/kg)
®) ol
E 15} I
2 10f
ol
0

Sham Vehicle FADO12 FA

2VO0

Fig. 21 Effects of chronic pretreatment with FADO12 on expression of
substance P (SP) in the striatum after 2V0. Representative microphotographs
of SP immunostaining at 14 days post—2VO in the striatum of rats from each
group (A), scale bar = 500 pm; Quantification of the immunofluorescence

was achieved in the relevant brain areas from rats in each group (B).
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Fig. 22 (2, WHMZEHIZIS1T % SP OE YA OR Ra s Lz, YEmiGIT R
TR LT=T > N OWRMEERFEIL O Y tafh RO MAETd 5, Vehicle BETIL, Sham
BEE LR U, HEHALIC IS T 2 SP BB BEFEITIN T L722s, —J7, FADO12 #ET
1% SP FELDOAR T 23 47z, FA BETIX, Vehicle #E & [AIFREED SP HBULT
RH BT (Fig. 22A), SP O#OETREE 2 JfEfl L 7= f& R FADO12 # Tlid, Vehicle
FES HLIE LT, 2V0 (2 K2 WHEH SP B2 A EICHHI L7 Z LA BN R o7

(Fig. 22B),
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Fig. 22 Effects of chronic pretreatment with FADO12 on expression of SP
in the laryngopharyngeal region after 2V0. Representative microphotographs
of SP immunostaining at 14 days post—2V0O in the laryngopharyngeal region
(corresponding to the area surrounded by the red frame in the upper
illustration) from rats in each group (A), arrowheads point out the dorsal
mucous membranes, scale bar = 100 ym; Quantification of immunofluorescence
was achieved for the relevant regions from rats in each group (B). The data
are represented as means &= S.E.M. from 3-5 rats in each group. ™ p < 0.01
Tt

compared with the sham group. p < 0.01 compared with the 2VO group.
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PLE®D Z &5, FADOL2 IXBMHEANIRHEST = ~ b ORRRIRIZIBNT, 0, BEEAED
HRBIOT AR b= AR ZIH T2 & &b, BT Y T—

H T HWAMEEHD SP O 24l L T D Z E RGN~ T,
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5 ARED/NE

1. FADO12 DEMEHICI T % EIERBRN R A MREET D72, BEFEFEET L
Th52V0 7 v F&HWT, CBF 35 J O T SRR DR 21T > 7=,

2. FADOI2 &, 2VOIZ LD T v FOTREET SHT,

3. FADO12 I%, 2VO (T X % CBF Db %, Z O$ 541 H1iZ 3\ Tk i 4m il
L7z,

4. FADO12 X, 2V0 T X B KRMMEE D 0,7 pEA 3 K OMRARIRSE & #1iH) L 7=,

5. FADO12 {Z. 2V0 |Z & 2 Wl T RSy D JE & s L OV [RIR D e % 4] L 72,

6. FADOI2 X, 2V0 (2L BDHREAED T R b — AR ZHI L, TH B8 X
SP SEEL & DD A 4 L7z,

7. FADO12 [, 2VO0 (Z &L B WHMEEEKEE D SP FEEL & D/ 2 il L 7=,

PLEdZ &35, FADO12 OFRI#R G- 1%, BT Z ~ b Ot S
REREE A L. 2 O IIX, W T ST E 2 BV RSR K83 o -SP f#

P8R DIRTE 2 I L 7o WAMEEE SP B DAMERF B G- L T\ D Z &R S T,
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3
B

AWFFEDH 1 ETIE, FAZ > — MuaWE LT, G L7z 13 F¥HD FAD (25
WTC, PR bR KX OVACE FHETE M A FRIEIC A 7 U —= 2 7 LTe, £ DORER,
ACE FHEFEMERERV G DX 72> 7= b DD, DPPH 7 ¥4 Vi ERER L ONEER(L

BEEAMFIREDO EH 5 LMV FAD0I2 # R L2, a-ha 7o —/L<CFA @
PUBLIETEIE, 7 =/ — W EKEEEIC L 2 b o ThH Y [52], FADOI2 b Ziuh &
FERIZ 7 =/ — AWK DI L OTEEHM  CTH D EEXbND, I HIT
FADO12 |%, FA DFFFERO A M ¥ VA A F I ERE Lo b isEa /L, 7
= ) — KB IEICE T G A R SO DIRIEEE /T 5 L9 7 A
VENTEY, BBEMD a- N3 7 o —L LRk, EERE 8 OBOKPEERSS T
L. FA K0 bR L T U NEER KO LI EAZ I cx 5 &
BEZbhD,

HARAR R RIEDAIFE TIL, BRI DBMNICBAT L, 2R EHET 5720
(2. BBB DiEIBNEEREEL 2D, I T, BEHILEMOS TR, clogP BLW
PSA 775 BBB i D L o7 & A BRGRAVIC R I L7 fE 5L, FADO12 (Zfhod FAD & b
L, febim L7oEE R LT,

PC12 #faZ N2 in vitro SEERRIZIVNT, FADO12 1 Ha0, AL 14 DB fu A
% BR-SE, FA X0 b WMITRGER R 2R Le, —@MEMME ML i, MK
FRFRIRAE & £ D% DFEENIC X 2 2R MER RS 121 > T ROS DREEAENH R L,
b A b L AREEIC L DHIBZEN R & Z Shvd, PCL2 fMEIZIs T 5 H0, AL
(T, BMIC & DE A b L RAIREEZ BREIAICHFBL L TV 2, H0, 1%, MRS
RN/ NS 2T 2 AR IR 2 3@t L, Fe®' 7o E ORI O &R/ A 4> L RS L
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TOHAEAU S [63], - OHI%, SUGHEMIEFICE < D2 L/ERIC X v
LA b LA ZHER S MO IR E R b<> DNA 854 5] & Z 9~ [564], FADO12

X, HEOHBLIERIC L > TT OB A HZE L, DNA CHIFEEDOER{L % kL R
fEENOMRARELTZEEZBND,

FADO12 @ PC12 LTkt 5 EMEIX, FA LRI, £727 v MTEH

& (50 mg/kg) & 10 HEORMIZOI- > TRAKEG LEHEITENTH, i
wmlElE A oo, FA OBMERFEMHICOVWTIL, ZhETICT v FE2H
WTHRHENTRY, BERRAOKSO LDy, BT 2445 mg/ke, METIX 2113
mg/kg THDHZ ENMESINTWD [65], £7=. ByREIEHZ FA ZRE L., 13
WG U g v cix, PR 430 mg/day (BT, ER
(REHMOMH], ALB, ALP 33 XN AMY OB EIER S Tnb [66], b
DR &AWL I T % FADO12 DA R E (<30 mg/ke) ZHiE X 5 & FADO12
DEMBGICID2FEITIEEAERVWEEBSZBND, L, FADOI2 DR
JEMEDREEMEIC DWW TIRRFI TH Y . 4%, FAETLHILEND D,

%2 B, —i@MERMEmET L E LT STV D MCAO/Re 7 v &
FNT, CBF PHRRER ., IMEEZEELIZ AT 642 FADO12 DR & kat L7z,
Z DOFER, FADO12 O PR E1%, MCAO 12X % CBF Db 2l L, Re ALE
24 WFEIFLICH1T D PRIREIR 2 B L . MR ZE BT Al 2 i3 2 2 & 238 & 2
272 o T, £ 2T, FADOI2 OREIMERCISIT 5 CBF #ERHEH 2. 2 ot L—%
— IR EE E 2 VT, FERICRRGE L7z, £9°. MCAO LR CBF % FF-Afl
L7zl Z A, FADOLI2 285 L72F » h @ CBF (X, Vehicle DHAH L LI2F
v MERIFEOEZ R Le, —J7. MCAO ALt D CBF % FAfi L 74555, FADO12

I, MCAO B D KAMEZ B30T 5 MCA FHrEhAIRES I OV D J&32 O HEh AR TEE it 5k
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O CBF % JLEAPHICHERF 32 Z LB B L 7572, FADOI2 245 L7277 v K C
1T, & <UTRMBEICR T 2 IR O RS BEE IR SNz 2 &b,
FADO12 |&, MMIEIMIC K 5~TF 7 T CTod 5 KIMZE D CBF ZffEFFd 5 2 &
T, MEZERORAMA . MRIEIRZER L2 B2 62 (Fig. 23),
MMEZ M > CBF HEFpcBb AR & LT, mMFVET VU 7, BHIME OB
ARfb, MRS XD MENMATRORER E0nH D [67], ZIvE TOHAENIZE
M, T A MaY A FOfEE [68] M N EHIIEIETEIA 7 (VEGF) ZJr L
To & HAE [59] 1T K DMRFEZN R ME SN TV D, L, KRERFER)
5. FADO12 (X, EHREO CBF [ZITR BT, M MMFIZ VT CBF HERFIZIZZ 6
< Z &Mn, FADO12 @ CBF #ERFERICIEZ, MM mioo 8 HEr) 72 VERIC & 2 ik 2
FASCRIF AT ORI G LR 59, MM RHR R A 72 L LR VEH 23
HHELTWD EEBZ DD, 3 BHICTHE L7z, FADOI2 2K 5 2V0 ALE% D
CBF HEFHEHIZOW T B [REIERD Z & 3 F 2 D, FADO12 1E, 2V0 7 v MZBWTH
CBF #MEFFEH 27~ L7278, 2V0 ALIEERTD CBF (21X FADO12 ¢ 5- D813 B b
RinoTe T L E | 2V0 ALE E# O CBF KT o4mifiliE, (REEFIRREICISZ L7z i
EBIRRIERICE b0 EZBND, 2V0 AL@E% O 2 HEIZHW\ T, FADO12 #f
D72 59, Vehicle BRIV T H CBF OFEC R EHE N B2, Zhudii
BOVET Y VIIROMEIZL > TAEULTREERE X D,
2T, M XA EERFRIREIISE L T EIRIER A RS A AAT 4 =
— X —"Td % NO DB HAZ DU THEGE L 72, MCAO ALiE# O KM B2 35 1T % eNOS
DFEBL e PR TR RN U 72 /5 2R, FADO12 1%, FE % oo K EE o> if g
[ZJRITET % eNOS B EDIK T 2K LT\ D Z E L E 72> 7=, Huang

5 (1995) [60] 1. eNOS / v 7 7 7 k=7 AITBWT, EiMHEO CBF DK T
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Ko THERMIERL, BENEETLIZL2HEL TS, £/, & Mol
BN AR T CRET D L. Rho ¥ —BiEMEDO LS. eNOS mRNA JHik X
ONOS {EMEDIR T E L 5 Z R EE STV D [61], F£72, Rho FF—E[H
EIHCTH DT 7 AVIVIE, BIMIZE D Rho ¥ —FDiEMEALZAE L, eNOS %
Ty LbFal—rvartbhIleilio T, MELREIEREZTRT Z LRHES
nTw5 [62], —JF, Rho ¥ —E &7 DMK L 1FHIZ, PI3K-Akt > 7 F /v
& A LTz eNOS DIHPE(LIZ Ko TIRERED R EZ R THEM b RES TN D
[15],

AT, MERIE 2R AT =—2 & LT, NO BISMT CORHS 72 &
HIEA SN TS, T E T Co DIMEIRIEMIZ, AR NO DDF ) 101X
ETH Y MIMEYLRIEH b5V & STz [43], LA L Morikawa & (2011)
O [63] 12 KX, MRS N GBI AFAET D CO 1, HoS A hkE%
5 cystathionine B -synthase (CBS) ZPHF LT H,S OAREMHITHI1X725
ThbH, REEFEIRFIZIT CO DR FIZLE, CBS Ol 23MEER S v, HS A3
422 Ll ko TIEIERENRBND L SNATWD

figis 2 MR M IC R BT 2 2 LIk 0 . BMLtEE & 728, Bl X O
RO EE 2T BT L a T a0 ZRBMEIZ LD,
O, FEIECOIE R s &Rk 2 Zeliigs THERR ST D [64], I HIZT w MfEE R
FAAZNNIZ in vitroBBRIZ XY BT VAT o g = 7RI NO
S HEFEFAFAE FIZBWTIHAT D2 & [65], eNOS / v 77U b~ T XD RN
EIMET MIBWTHEM T LT v a = TRNERT D 2 & NHE
ENTWD [66], ILFETIE, BMBIERNS, HONUOEAMERETHZ L
&0, FARRORE LIS THEBPH T L arT v a = IR PER S
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nTWn5 [64], MAMEEKCTHDHA Y 70T 1%, Mmethyl-D-aspartate (NM
-DA) #U3 X WV @ —amino—3-hydroxy—5-methyl-4-isoxasole propionate (AMPA)
B NE I VBRAEERETER AR L TBY, A Y TIL TR L arT
A v a = T PREMEED 7V 2 I BRI KD NMDA J5 L TUY AMPA %41 L
TR AT D 2 L STV D [67],

AHFFEIZ BT, FADOI2 (2 K B MR HED eNOS F B EERFE 23 Rho - —F¥
DFAE F 7213 PISK-Akt BRI OTEEALOWTNENT D0, HDHNTZIND EIT
R DHRBEIZ L DOMIZONTIEA LN TE o7z, 4. FADOI2 O eNOS
FEBLDMERF A T = X LR0Z OO L IEIRK F OB E-. 36 L OVFADO12 12 K 536
BT La sy T 4y a = TRIRICONWT, ESICHMICHRETT 2 LER D
Do

B3 E T, MEZEEMEINC T HME FIEEE T /L L LT, 2V ALEIC LV 1E
BLU7ASVERRVET 7 > b 2 VT, Bl SO BETEIZR 2 FADO12 DN R 2 46
AE L7z, TOfER, FADOL2 (T, 2V0 AL{ER D CBF 2 R H 7z - THERF L, 2V0
WUE 2 BM% E TOT v hOEFEE FRH SH -, FADOL2 13X, 2V0 ALE% 0 ROS
PEE B A &, TR b= AMRASE A I L=, —J7, FA b ROS BEA: & T
Hil 2@ Z7R L, FA 13, ROS ZEBEFRET 1IN, ~LAFT 7T —8,
A= NR—=FF Y ROALEZ—BRBIONZ T =B EOnBLEREFHET D
7 E BEOPBIGE ZIEELT 2 2 EBWESh T [68], 512 FA
OPRBLERIE, BMEIMZ T TR, TAYNA, v —REB L0 —F Y
BT T VRIS DMEREE b UE LD Z EAME SN TN D [27], AHF5E
TiE, THIRTERIE L L CORBEMEZREEYT S BRI T, FADO12 5 KLU FA O 5

B2 IR ED 10 mg/kg & L CTHFEI L7272, FA OB 5072 [ 3 IEIXE5ERE
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TERM-oTN, FEHDIX, FA % 30 mg/kg DR TTRIHEE LIZEAICIE,
2V0 7 v b DOHFEE OINHIN R B v, BE T N EE SR SN D 2 & 2l
LTW5 [69], 7272L. FA @ CBF #EFRHEMIZEAE TI3Ze <. FA OMRELDNR
TEE L THMLERIC L2 b0 B2 b5, —J7, FADOI2 O T BirTEH# %)
FIZOWTIE, HiEIEA XY b CBF MEFHERHOF LR REVWE B X b d,

2VORLIE T » b TR, AKBLOMERIRE (1 £721E3mM) D7 = Ui L -
THAFE S DWE T SO DS BERE IS 2 2 & AR S A7z, MM SE AR O H ik
b L TR K- THF S DA AT, IERE CPC DTGB A />
L. SKHAICHET 255% % [69], 10 mM DR 7 = U EERIHIE, 2V0 AL
7 v MZEBWTS Sham WE T v b ERIFOBET AN ZFHEIHET L2 LG, 2V0
RUEIZ L% CPG ~D BT 7 < o W SO PEF I RME RN 2 IR LT
LbDEEZBND,

ZIVE T, KIMFRERIC BT 2 BERRSIAR R/ 2 —SP ikl O R 5 & e
TREEOBEMAENH LN SN TWD, BRIZBWT, RN UMk EE %
HIebTN=F Y BB NWETIEELZ L, NS AR RCR & kTS
THNR—=F Y UIRIRIRE DT ~ X U0k, W PR EE R BT D 2 &8
RENTWD [T1], F7o, BEMBREIRD SP #5135 & WHMEIEREE O SP & &
MHELTWD Z ERRESN TS [72-73],

ABFFEIZ IS T, FADO12 DRk G-13. 2V0 ALIE T & Dl T S5 DI IF O AE
BB IO FEBEOME T EMmEI L, WEFEELUE L, S HITHREE F33
AR R DFETE 2 AR RIS L 7oA 2R, FADOL2 13, 2V0 12 K D4/ TH &5
KO SP DFBLOAKR T 20 L7z, W TSN E R 5-9 2 WAMEER R D SP 3§
L% $ARR AR IRGE U7 R, FADO12 13X, 2V0 |2 K 2 WAMESERGNE R Ic k1T 5
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SP DWW 2 HHI+ 5 2 & 2SN Uiz, BEMSM DA-SP fhi Bt ok
AR Z AT HMEERFICBNTS, WHEHICKITH SPEMETFL TS Z &
WDHESNTEY [64-55], 2D b, RERET ML, KIMEEZD
PR AL IR U o IR ZE 12 MR ol TR 2 AR EL L Tk v . FADOL2 (F, W R At
(ZHE R/ -SSP MR O R 2T L CHE TR 2 BB LTz 8 B %
HbIb, ZHIETIZ, BEFD ACE FHEIHKTHL Y U FT U ALK AR YT A
TI7—FMEEETHDL R AZ Y — LR, 2V0LET v MZEBWT, R v
—SP MR DR A A L CHE TREE A BT 5 2 L A WE ST Y [74-75],
D DSEATHIRIL, AWFFERE R 2 3R %, UL EDORER ARG 5 & FADO12
1T, BEAFOHE T IEEUER & IXR R Y | BIE) S ORWIMZR CBF #Rrz T L
THREMSEMA F/83 -SP bt 2 frite 9~ 2 Z & T WHEH SP Db 24l L

W T EEAZBRB L= EExbNnD (Fig 24),
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Fig. 23 Effects of FADO12 in the acute phase of cerebral ischemia.
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Fig. 24 Effects of FADO12 in the chronic phase of cerebral ischemia.
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AHFIETIE, FA 23— NMEAM & LTEB L7 FAD 25t bid s K OY ACE
PHETEMEZREEIC A 7 U —= 7 Lz, FADO12 2387 L, REEMlEZ H\ - in
vitro FEHCRIZ X D@l KOtk N R Mat Lz, £72. invivoT v b
DEME O L HERREZIT o7, MEESMEHET L E LTS
TW5Z v b MCAO/Re &5 /L% FVN, CBF CHRRGIER, AMFEZELIE ARIC %45

FADO12 DEIRIZOWTHE 21T o7z, £ LT, BT 2 FEEET L

i

ELTHWOLNDEMEMSER T ~ &2 V., Bz X 28T S Rek=
%925 FADO12 DOZhFZ FEE L 7=,
AKWFFEICEBNT, LT OEREHLNNZTH I ENTET,

. 27U —= T OE, 7 2a/Lbe i, Trolox BLOFA LV & VHIE
fbiEtEZ R U Bem b BATF 72 PHXBAT RS 145 T & 2 FADO12 & R L 7=,
BEFR MG 2 AN in vitro SEBRRIZISUVNT, FADOL2 1%, FA & [RISFIZEME
MK BB A b L ABREICR L CLUFA L0 S oRWHIIaRGE IR 2R LT,
EHIZ, invivo 7 v FOEMRAKREGIC L 2EERBRICE W TH #BHENME
W E DR S LT,

2. FADO12 O Fh# G, 7 v F OMMEZERMHIC IV T, EIMEFD eNOS FE 8L
HIK T ZIE L, CBF 2R L7z, ZAUZ XV, M sHER: S iz KIKECE
AHLE LIc_F 07 7 IR O IEPE R 2 B0 L, IMEEZE R /N s KO
PRI R 2 R L 72

3. 1BMEHICISIT D FADOL2 DMk 51k, MM~ D O B W 72 CBF MEFF 2 40
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L CEERSIR KX L —SP fhiiiiid & (R L. WHMEEE SP O & il 4
B2 BT K o THETT SO E A R LT,

VLE. AR, BEZEIRHRIC I\ T, FADOL2 75, BEFOHITIT A7

THIRGRIEE L TORREMEZ b LEMTH DL L AR LT,
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A

AMFFRIZER L T, RIES LWHET —~ &2 52 T2 < & RITHkah T3R8
725 THEIW N ZHifEZ D0 £ L. B RFPRPGER AR ik

e W RO BRI A ME AR LET

AWFRICEE L, 7 = VI BHERDO STV A . BB LY 7Lt
HLTWEEEE L Wl RERFEEEUZER EEMMEEEE R
R ZRICEER L EEERLET,

ABFFETER L, #&05 TRRE R 5 TRV N ZHifEZ B Y £ L7 SR
REFEHFANIER  ARDEERE B R BRICRERL2#EZ R
LEJ,

ATz ZATT DD~ T, THRELV I ZBEZHY £ Lz WK
REFPeEAOER LT Tk ez s 2d%, FRFFCK A ER
AT RE 2 R BERICIRERIHE R L ET,

KX OFEEWNCERHRLTERAZBY £ L2 W RFEREGE A TER
AR ONE EZ BdR. FRSEREANIER BOEERRRE Y
B A, WONCRIRZEGCRANIER BT AR E MR IH BRI
R DHEERLET,
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EBREATTHICHIZD | BIGE R TIE 2 WIZIZ& £ Uil R
MR KAERSEIIEE Rl AR B ERRMESFEE X Gk
F72 b NCFIREREE ER AR AR AR EE M it 4
Bz, AW EE T O CEERLI#EERLET,

R, WP RFERFGCEANIER  ERG S R¥bed g 1F
b A W R RIRFEEERER AR ER R EE R 5 DN
[FIREEREETRE SRR R AERBEZEIT IR DRk D T ) O T IR E %
ZATCEE LI Z L2 L £7,
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ik

%13 FAD OFBEEMFHE (in vitro) 3 X OFMFHE (in vivo)

DPPH & 2 H LW ERED | E

1, 1-diphenyl-2-picrylhydrazyl (DPPH) (FnYefidE 3£, KPR) 1%, 525 nm
IR KRB E RS B OREE DT VIV THY | (LAY b OHiEE
EAERIZ X0 DPPH 7 U v ishiitt & nd 2 & TR 5, WL DK T & 4547
(PTG TE &2 33l L 7=, 0.2 mg/mL  DPPH ¥4 (C FAD i b AW £ 72137 2 =
JL B g (RO T3 RFR) | Trolox (FyEaliE T3¢, KF) | FA (Sigma—Aldrich,
st., Louis, MO, USA) #{EA L. 25°COIRIR T 30 /MG S H 7%, 525 nm

DWSCIE ZRE LTz, PURIbLIETEDR S & 50% MR (1Cs) Tk L7,

e P 1 5 B A= 4 il RE oD 1

WRLIEE AR ChHH~Rr T AT e RET AL EY — VRO ST
R0 AR IS D AR EHES RO SR A R SRR LIS TR 2 R L7z, U
—/ulg (5 mg/mL) (FOGHIEEE T 26, KBx) & FAD Z{EA L 80°C. 60 3 SUG &
Hiz, 7F e Fady hrxy (20 mM) (FesisR T2, KB kv 5
b ZfF1b L, 8%7 7 U VEiEE T h U v (FOEHBE TH, KMk, 7K, 0.67% F
Fv ey —) Ul (Sigma-Aldrich, St. Louis, MO, USA) %0z, 95°C, 1547
MU 7242, ki LR & 1k 7z, BT /L (FOEMZE T, Kk &Mz,
2,000 rpm T 10 43R0 L7214 75 O e 2 30 e e BERHC X 0 JIIE L7,
PURBALIRTE DBR X % 1C5, THB LTe,
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BE e

AX, 7 v MRIBSESAMRESR RO PC12 ik (HS MFE&EIHE/ N 7 K
F) 2z M7=, %, poly-D-lysine T=— F L72 100 mm dish ([ZHEFE L. 10%
JFEE LS MG (HS, Biological Industries Ltd.,Cromwell, CT, USA). 5% FE
B4R R imyE 7 v~ < > (FBS, Biological Industries Ltd.,Cromwell, CT,
USA) . 24 mM NaHCO, (FnyeffizZk T35, KPx). Antibiotic—Antimycotic 100 unit/mL
penicillin, 100 pg/mL streptomycin, 0.25 pg/mL amphotericin B (¥—F =7
AT =Y AZT 47 47 B ZIRINL7IZ RPMI1640 H5i (GIBCO;
—ET A=Y AT AT 4 w7 FIR) T, 3TC, 5% CO,OFMFTFT

EEL,

Al EE AR

HIRENOFET D ATP X, BERTHHNL T 72T —BR LGS ED L
IR VRIET D, ZORMEITATP BERZWIIERICENHET, Z ORI EZF]
A LT, K538 L72 PCL2 fific, FAD (0.001 pM~3000 pM) Z#EshiL. 2 HEE:
& L7t ATP 33K (CellTiter—Glo Luminescent Cell Viability Assay; Promega,
Fitchburg, WI, USA) Z#JNx. FtEA RIS, MO ATP B4 KD, Al

w2 Rl L7z,

M E 17K O FEAfh

B2 U7~ PC12 AL, FAD (0.001 pM~3000 puM) Z¥nU7-. 1 Befilfe. #
PIHIER LA F LA & LT 200 pM H,0, (FiyefliZk T3, Kfi) #x. 6124
FFfE]A > % =2 _X— b L7,
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3-(4, 5-di—-methylthiazol-2-y1)-2, 5-diphenyltetrazolium bromide (MTT) (Fn
JAI T KPR U L72, Dimethyl sulfoxide (FIYGHESE T, KPk)

ML, 10 5, ~A 7w %4 —CHEM S, 540 nn & 630 nm OWSLE
<NV FT~YL7L— ) —H&— (1420 ARVOsx, Wallac; /X\—F o m)l~v—

Yo MR 2 O TRIE Lz,

ESiELY)

Sprague-Dawley REEMT > & (10 M, AARTZAx)L— FiE) Ak
23+0.5C, 1BJE 55+10%, MRV 7/ 12 BRI (B : 7:00~19:00) DBREE
T, BEEECE-2 (HAZ L7, B BLOKEZHHBICERSEHE L, 1
BHEOTHEAER. 7 v MIFADOLI2 (50 mg/kg). & L ITEBETH D 0.5%
carboxymethyl cellulose (CMC) (FRYGHEHE T3, KBx) Z 108, HHRE N
B Lz, T XCTOHPYERIT, REFO [SEREW OfFE &K ORE ST
LHIEUE ] ITHED & BT, AMERRI OB ERET BRI L DFERMERICED
WP RAAR AT IR R FE ERBLUE | (S0 -> THEME LT,

B 5-12 K 5 AR EEETAfh

11 Bt SD 7 ~ M2 FADO12 (50 mg/kg) % 10 @[, BEHBEOEE LT,
B U7z, migZ8m L., SHBERILFZ O EEX N AX Yy (wvTF e

—& —1I; ABAXIS, Union city, CA, USA) ZH\WTHIE LT,

e e AL E

T—2E, EHEEEERELS LTRRL, MEMERAEEIL. o8By
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HT (ANOVA) 7% | Tukey—Kramer {4 D 2% B LLBZ I & 0 fi#HT L 7=, BEN D LI, paired
t—test Z W=, BMEIZBITAHEEKAE LN E LT-,
HoE —RBMENEIL T > & FAD O NI B A MaEt

EX ek

EBREMOMGFIL, 1 EEFERICAT o7, MEMESD T > b (11 #s) AL
Fff (Sham) #E. 0.5% CMC $¢5- : Vehicle B, 10 mg/kg FADO12 $45. : FADO12
(10) #F. 30 mg/kg FADO12 £ 5- : FADO12 (30) Af 10 mg/kg FA # %5 : FA (10)
R L OUD 30 mg/kg FA#H 1 FA (30) FEDFF 6 BRI T Tz, TNEHLOHY

L. MCAO/Re ZLi& ™ 1 BRI HE#E AR ARG LT,

WP I EIREA 28/ FEERE (MCAO/Re) £ T /L DYERL

Ty haA Y TNT (AT REE B FREE T GEA 5%, #EFRF : 1. 5-2. 0%)
IENALIC B E# . SHE &2 IEH BB L. A SHEDIRA> & PN SHEN RS> I 50 4 85 1 L
ENEIREE LTz, S OICHSEENRE 0D HZ Atk Lo, 404 T 1 =k
(A A ERTE, HR) ORiizE L T - TR 2 RSB 5N
SHEDJIR 2 8 C AP ORAMENIRAC AAHER £ TR L, & 2 PHZE L7z, MCAO AL{& 120 5y
BICTERAR 2G| R 2 LT X0 | M & ABE S AR L 7o, #ELULE (Sham)
FELZIT LA ORIBED 2 21T > 72,

LY Ky 7T — il 4 A 72 B e D

FRFE T, 7 v MEEFZ@RH S, AUEEF ISR T D TR E IR

MHEHD e —72#-E L, L—Y— Ky 77 —XMfst ATBF-LC1 (2 =—
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U AT 4 Fv B Tk Y. KIMREREICIT B CBF ZHIE L7z, CBF i3,
MCAO #LiE 20 43R 6 . Re ALE 60 73tk £ TOFF 200 43, FREFICHIE L7z,

MCAO #LiE | & % CBF D284k MCAO AL [E.Hj D CBF % 100% & L7=E| A& TR 7=,

2 IRTC b — — I it i {4 2 P~ 7 b ot i 2 0D (I A

WMEER, 7 v MEEEBZHFE L I, BAEE L=, 2 oo b —Y — I m{g s E
07-2 (FAH T = —7 L) Z T, MCAO ZLE RiTH> B ALE# 120 43R, bregma

0 mm 2255 4.5 mm O#FIPHIZISIT D CBF ##lE L7,

FERE IR 2 2 7 ORE

Re L& 24 WfEI#21Z, DL ORI EAEICE DS & | MRUEIRZ KK 18 i TA =
T UTe, EEhgRERER (RIS U< I3 mlh, & 1 8) . 1T8hRB (Eik
BATARH L, A~ oEES : 2 8, T I~ORRE : 3 5) BERBR (R
U <IETEBE . A OB, SEORE, & 1 8) ., N7 AR (13
BEanotEkbd:2 S 2B H L <X 90 BUNICHEERE T2 :3 A,
60 FPLAIWICHRDNE F 9% 1 4 ki, 40 PURICH AN F9 % 1 5 5. 20 UL
PICH RPN E TS5 06 50 R, 1TEIRE (B, IR~OREICRUS LR,

FLITHEITE LRV, &1 )

N ZE B ARAR O P

Re ALiE 24 BEREI#2IZ T v M &2 REZ L OS2 HH L, A7 L Ax®T 1L 10
~ kU w27 A (World Precision Instruments, Inc., Sarasota, FL, USA) %

AWT, 2mm EOMYI A 2 ER L7, MEERBLZFTET 5720, 2%2, 3, 5= b
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V7 x=1T hTY VL7 1F4 R (T1C; Sigma—Aldrich, St. Louis, MO, USA)
e PBS MG & 37°C, 6 il A v Fax— kL7, TICYE LU %
4% NTBRNLT T e B (FOGHEE TS, KBR) T 24 BFfE], RIEEEL. 7
DVEANTIA T (SH-1; AV A B IS0 G iy L, YA
D Ay A R SEREIR & U CIlig T~ 7 b (Image J; National Institutes of
Health, Bethesda, MD, USA) % FH\WTH-UIA OWlds K OVEA o i i O 1 2E

FEAGHAIL, BEAEE L, SR OEREE L G5 L, I AR 2 7 L 72,

KNI BT D eNOS D HuE Yuth,

MAEYLRIZEE G- % eNOS DIEHL & 2 3§~ 2 72 8, MCAO L& 120 731127
NEEREL, KIMEEZRIUER Lz, 7 VA A% v b (CM3050S, Leica,
Bensheim, Germany) Z W TES 10 um ORI 2AFR L7z, * % 7 —/L (B0
AT, KBk) T1oMEEL, 7ryxF 78 (Try /72— DS7
7= NAFATF 4 H. KBR) T2 BERIALE L. 1 ELA NOS3 antibody (1 :
100; Santa cruz biotechnology, Santa Cruz, CA, USA) & vWF antibody (1 :
200; abcam, Burlingame, CA, USA) % 4CTA—/N—7F4 h L. 2 &KPIA Cy3
CHEGR X317~ secondary antibody (1:100; Chemicon International, Billerica,
MA, USA) & FITC CHE# X 4172 secondary antibody (Invitrogen, Carlsbad, CA,
USA) ZENEHEIR T 2 FEfH], RIGSETZEHEREE LT, 80% 7Vt Y o TH
AL, VAT LAEMBEMEE BX63; AU /82, HA) THEZ L7, eNOS
X, fi#HT >~ 7 b MetaMorph (Molecular Devices, San Jose, CA, USA) % T,

Cy3 BLFITC O iR E DEES SR EAF LT,
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A
T—2%, FHEERERRE L U CER L, HEFEAEEZEIL. — ey
B (ANOVA) #% | Tukey—Kramer D2 B L8 IZ K 0 fif#HT L T=, BEN O L IL, paired

t—test Z W=, BEIZRBITH2AEAKLEILNE LT,
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B3I BMEREEEE T v R & BV FADO12 OME T i i s =tk #E4h BACB T 5
Rt

ESELY)

FEBREW OFREIX, 1 EEERICIT o7, BEPESD 7 v b (11 ) 252
T4 (Sham) B, Vehicle B, 3 mg/kg FADO12 #45- : FADO12 (3) A, 10 mg/kg
FADO12 $¢5- : FADO12 (10) #EIS KON 10 mg/kg FA B&5- : FA (10) #EDF 5 BRI
4372, FADOI2 B8 L TNFA L, 0.5% OMC TIAEL. T v MIC 2V0 ALE D 1 #

AiZNG 2 A% FE o 3HEM., EHROKRE LT,

A SEENIROK AAE 2L (2V0) 7 VD ER

Ty "eEA Y TT UEET GEA 5%, #HERF: 1.5-2.0%) . EMZIZE E .
SEE A B OB L, ARSHENRZ KRS LTz, b otkIC SN IR & fE Rk L
2V0 T VA AERL LU 7=, F 72 Sham FEIZ 1L, MSEENARGS 25 LIAL 2 [RIRR I /L& L 7=,

JIi 1. 7 0D I 7

BRELT, 7 v NEAZSE A TR S bregna 2> HATHIC 3, 1mm, #7712 3, 5 mn,
A 1.5 mm OALEICIS U D KIMEEERIE O CBF & L —H'— K v 77 — it st
ATBF-LCl1 (=—27 AT 4 F)b, BIK) XV HEIE L7=, CBF OHEIEIX, 2V0 4L

ERTR, AER 1, 2 R OKRT, SERFRICHEIE LT,

e I SO B BE O I E

2VOALIE 2 %, 7 v M v L ¥ 2 (FOGHIEE T3, KIR) FE T (1.0 g/ke,
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i.p.) . SHERZ LT OIBA L MR G360 5B & Dl T SO 2 R < 720 BHR R,

ﬁ

E A2 &R A2 ES A A (Geiger Medical Technologies, Council Bluffs,
IA, USA) (2 THEI L7e, MRRHMERFD T2, QUETRE 217\, A LT HIEIK %
RO T2DDOH =2 — LA fEICHA LT, FREANTF = —7 2 IHei N
EOWNBAZ TR A L, IR E L OKEIT7 =i (FoehisR T3, K
PR) (1. 3F7=iFx10mM) &, VIR TEHNTHEAL (3.3 pl/sec, 50
ul, 15 s), WETRINAZFHF Lz, WETRRFHER IND £ TOERE, I L O
WENTN S 45 RO O T I A SHE B i IS LB AT > L AU A ¥ — S
LT, BRI TReE Lo, MERIE, HHES: (MEG-5100, HAADGE. W
) %I L C, PowerLab (AD Instruments, Castle Hill, Australia) # H\>

Trogk L7,

KIMEZEIZ 8 1S 5D dihydroethidium (DHE) ¥ufh

2V0 L& 24 WER % O KIMBVEIZ R 5 « 0, DPFEA % DHE Y02 K- TR L
7=, DHE (10 umol/L Sigma-Aldrich, St., Louis, MO, USA) % 10 mM PBS T
WRE L, 37°C. 30 04 v F=a_X—F L7z, Yetatd., 4 —ILA U 3G

$ (BZ-X700; F—= 2 A, Kf) ZHWTEILRLT,

FREIRICEBIT D cleaved caspase-3, Fu v b Fux o 7—FBIWNY T A X

> A P pEyutn

VO MLE 2 W1, 7 v FEEHR L, MR EZERILLEBRE Lz, 7 U4 AX v b
ZHAWTEE 30 um ORI T Z2/ER L, IE%E VMg (S-1000, Vector

Laboratories, Youngstown, OH, USA) T 1HffH], |IE T/ avx 7 L7, 1
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WHiik L LT, anti—cleaved caspase—3 rabbit monoclonal antibody (1 : 100 ;
#9664, Cell Signaling Technology, Danvers, MA, USA). anti—TH antibody (1 :
1000; AB152, Merck Millipore, Darmstadt, Germany) F7=i% anti—SP antibody
(1:6000; 20064, ImmunoStar, Wisconsin, USA) ZHW\T, ZhEi—M1
Fa2_X— kL7, 0.3%PBST T L7-#%. Cy3 THE#k S 4172 goat anti-rabbit
IgG (H + L) labelled (1:100; life technologies, DriveRockville, MD, USA)
T 1R, SR TRUS S 7, S EOGIE, A — /1A U I HOBBAREE (BZ-XT700;

F—xz R, KR) ZHWTEBIELE,

AL ALEE
Tk, PEE S EERERE L LU CERAR L, MEFFRIIA B, oo AT
(ANOVA) #% . Tukey—Kramer JED % EHERIZ L 0 M L7T=, BEN O HLEEIL . paired

t-test Z V=, MEIZBITAAEEKEILSNE LT,
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