frgesE (4000 F)

FRfL 2 b L Ri3EAl, WREZES X OVOREZE 7 & DRI - FHEVG S, AiZeimtEmisRaE (it
fE (ALS) 72 & OMFRBICECEE L T3t EZ N TS, BIEA ML X34 0%
RCAEENTHET 2 1EMEEERH (Reactive Oxygen Species; ROS) IC X - THZiZ &1
5. ZOEKNDO—DICRIERD 5. RIERFICIZFHER2 L Izt X—+€ (MPO)
B X, ROS o—fE<dh 3 KHFEREA 4 (ClIO7) ZEKT S, Ioic, KL
ClO~ %5 —HIEESHE (10, AT 2. L7z28> TRAEICIE, @FEIcFAE L 72 ROS %
ET 2VIRRICE 27 IRRLERER G CTH 2 LR I N 5. AW TIX, BifE, MNE
2O RER B L O ALS B3 L L CHERICH S LT 2 B bE O = 47 R v
CHEHLZ. 2L T, MPO HisED CIO~ % 10, icxtd 2 filgfeintt, MIGERY), IO
ZFOERA S =X LD CEEIC ST L 7=,

FE1ETIE, AFEOTREMEN, T2 2 AR OHWZRR L 72, i DO
e DEIEA % CME SN TV AL A P L RI1E ROS ICX->THIERRZ I3, HKED
ROSICIZA——=FFH 4 F (0,7), e FrFv 7Y hn (HO.), @kt (H.0,),
—HIEHMER (102) BEFENE. LA P L ADEEG L TW3 EFEZ LN T B HFICHTT
ipiEEklE, b ROS it LiHE-WHE(L T2 2 & Th 5. Pl ofiEE L <k ROS
DHFTHIFVAAMEICERHL, ZVArENLEWIBLiEEZ R"Te L Iy E ZHVEN
NiBE23% S EfE I L7z, Lo Ladi s, TPHMIRSCIEIRGGESRIZA O b oD, HifE
LTI ORI/ O N Ty, BIMFFEREEE - RIEE & T» 5 BHFERNT
i3, $kFED ROS ofth, ~—FF>F A+ 74F (ONOO), KfiHiFEmEA 4~ (CIO-)
HERLTVWEETHINE, LERoT, Tid ROSICHT 2 00LED F 2 2 0ERH
%,

2001 SEICBHF SN AT OPMIME TH 2 =X 78 /13, MEEL2EHOBERL LT
A FIHE T B, B - FERER M CRET 2HER 7Y — 7 VL2 HER
EZL, FERICHE BIUEEL OHET 5 2L CTROEREZRBICKETZ LI
Twb, ¥z, BIETIX ALS {3 e L CHERRICH I N T 5. IMFESE % FHE L 72 B3
D] 8 BB FHAEL bk, TX IR VEEICLY ZoF&IXKRECHD L, #6E
DEEDOFENRL 2 e BBICHEIh T3, 7, BHEREEE T VICNT 3
IXTRVEE TR, =X 7R VIREKEN RIS O 234 5 i, IiEZEE 7 it
T2 X7 R G TN B R IMFIIR SR I N2 Y, TX TRV ORI
RENEIRDONT WS, £/, MEEICX2E /7 3 v R0 RE R RB W,

EEERLICN T A ISR A L ME I N T WS, T X TR VITKEN, IBAES Y Ar
EbL LI LThEWIGE% R L, 2-oxo-3-(phenylhydrazono)-butanoic acid (OPB) % 4=
KT 5 EBBECHL IR > TWna, 72, TX 7KV ONOO IZR L Th g



LREZ R T Z LB HE INT WS, 2D h b, 2B FIBHICHT 2 ot b fFE
2. Z0XHC, BILAPLABEELTWE EEZLNLHERTIE T Y AU D
ONOO™, CIO, 10, b AERLTE EEZ LN, T ROSITHN L COXNULELEE
25 FETZ X IR VIR ICHFFCE 28/ ThH L. LA LA, CIO ® 1013 3
FOSHEDMEH IR I N TR, 2 TCARIIETIEZENLS IO W TR 21T .

F2HETIE, =X 7Ky D ClOICH4 2 I, RICERVIOFEE, L UORIGA =
R BT DWTHRET L 7=,

¥9, XTI RvE, ClIO L DORIGHEEBDBHO 0 mINRFA Y, Y AT AV, X
FAZ VB LVRE L OBFSOCEITY, 20O ODEEL L X F Ky L CIO ofE—
RIDEEER % 100-10" M s FREE & RED - 7-.

RIZ, TXITRVEHRTCIO LG EE-E 25, 220048 H{LEY (UKL, UK2) 23
BRI, b % LC/TOFMS I Tt L7z, B b Nz B EBEBM L) b#EE S /-1t
FRAE CoHsN,OCI (UK1) ¥ X U8 C10HsN,O:Cl (UK2) Th o7-. 7, UK2D 777
AV I AF VS, UK2 32 ORBENICH AR F U AEEFEFOZ LARB I N, 2Ok
H2 5, UKL iZ 4-Cl-edaravone, UK2 [ (E)-2-chloro-3-[(£)-phenyldiazenyl]-2-butenoic
acid (CPB) & H#E5E L 7=.

>z, ClIO oI TDHO X T8 v, 4-Cl-edarabone, ¥ X Uf CPB OfREEZ b Z B Pk
L 7z. 4-Cl-edaravone |3 = % 7 K v O ITFE - TEBR L, KISHRPICIIREICHEA L7Z0
WXf L, CPB OERICIZT 724 a8 I, KICOREE THEMLET 7=, Xic, 4-
Cl-edaravone 35 X 18 CPB % H#ift L, ClO~ & )G X472z, 4-Cl-edaravone (334 L, Zh
> T CPB KL 72—, CPBIZIHRETH»7-. 2DZ &h b, 4-Cl-edaravone (3
IRV E CIO"ED—REMY)TH Y, & 51T 4-Cl-edaravone 28 CIO~ ¢ K& L T CPB
PHERT A EDTREBAINTS. F T, 4-Cl-edaravone (AR ICHE 42 D EE o NaClO KIxHE
ML= 2 A, 4-Cl-edaravone 13 NaClO OEERERN I L=, # LT, NaClO ©
&% 4-Cl-edaravone O & TR L CTLAEwE 2 Ko7 25, # 1.0 &7%2 Y, 4-
Cl-edaravone & CIO-®X)GIZ 1 57X 1 G FDORIGTH 5 T EBARBI NI, [FRICL
Tz X 7RV e ClIO DRICOMLFERFREOMET L7z 25, Thd 1.0 LRI NE
NLEDBLICILTIRVECIODHIGA N =R LEZUTDL I ICHEELZ, TXTRVD
) =3 15950 ClO ¢ G L 4-Cl-edaravone 24 K3 5. & 51 4-Cl-edaravone
b 5 195Fo ClO & Ko LA A& LT 4,4-dichloro-edaravone Z#ERK 3 5. 4,4-
dichloro-edaravone (¥ 1N-5C [ 237k 73 X 71T 2,2-dichloro-3-phnylhdrazono butanoic
acid & 72 0, R L IKOWEEZ T CPB 2347 % L L7z, 72, 4-Cl-edaravone &
CPB izmTHNICClzZELTWwWEZEnb, CIOICRENRRICESYTHY, =TXTFK
VG I AERE b 2 b ofbEYBRH T uiiE, ClIO D5 RIS



FIETHE, TXTF L 100 2 OGHEICOWTHRETL, ZoIGIcE T 3 IGE
BYIDOFRIEL X ORIGA 1 =X L DfEIA% 1T - 7=,

TP MEN, CIO~ L FMkICKEE, AF4=v, vX74v, PV T b77ve
DF ARG TGRS L 72, % OFER, B REOGHEEELE 103-10°M-1s TR & B X a7z,
¥ 7z, ZORIGEEIZERD pH T K& {KFL, =X 7R v/ —1d pKa(7.0) fHET
AWICHEM L7, 2O ERLIXTEY D IO ICn$ 2 RGHIE, 7 =4 vbic X v Rk
T2AF VP EPOLOBEBFRGICLY ERT 2T V) VEROBETHEIKGFET 20 L
i HERE I N

KIZ LC/TOFMS %#H\WC, =& 7K v ORI L TAHER L 2 AL &Y O K% e 2 B
ek, ot 7% CioHoN2Os EHEE L 72, ZOMKIZZ X TIRY & TV LMD
ICAERW) T & % 2-oxo-3-(phenylhydrazono)-butanoic acid (OPB) & [El—TH o722 &b,
OPB ¢t PHlE /-, Z ZChli@tEME HPLC 7 e~ 77 B8 XU MS A= 7 b L% EE
L7l lh, BRICHLZ Z0ZerbIXTRYE 0, & DRIETOPB 234K T 5
TEWREINS, FVANCTEL D OPBOAERA H =X L BICHRE S TE Y, HiEke
L T 4-oxoedaravone 284EK3 5. L2 L, JEE{L Tl 4-oxoedaravone IFEIE I hd, 7
ANBALROG & 13 B 2RIEL 0D L DRBEINT. 22T, ZOAN=XLELUTD X
IWCHEE L7, BZ X TRy T =F v A5MoEES LG L T4,5-AF 2 v i4E
K35, 20k 500 CO BB~T oKL TER L X—FF VT =F v EKSFD
KIGL, HO-ofiftic X v OPB 2343 5. ZoKIGIE HO™ D ii A HHEE TH b,
pH 239 ML bic/e 2 & OGEHEDR AT 22 L L d—HT 5.

RZICMPO IC X B =X TRy DMt ZfT o7z, ZDFER, =X 7R v odicttsT,
4-Cl-edaravone & CPB, OPB O A4 A EZR X /=, 2D Z & 55, 4-Cl-edaravone & OPB
DFEEHIE MPO G~ — A — 2 V55 Ll a3,

BABTII L TR VBLEBYZBRILA L 2~—A— L LTHY, =X 7RV
Ha i ALS BEMBEDO T 2T o7, MEFH O X7 R v REPILIEE KRR TS 5
ETRREIND 20, TR - EnERESARF T 5 LC/MS/MS 2322 L &
L, ZO0WR %ML LT, COREHWTALS BEMELZ LA, ZXTHR Y,
OPB, 4-Cl-edaravone 23t 7, ALS EB#FAENFTD CIO™ % 10, DERBRE I 1L
72. T35 ROS REE~ED X H IG5 L T2 08Bk S 7215,

FHOETRMEL LT, =X 7K DIKRICHDIERICHN T 2 ife 2 kam L 72, B4 7%
ROS L &EWRIGHEZ R T T X 78 VI MREIES ALS D A 7e b3, BUMfEZ: & OJFIEIC b IG
MBHEEZZ e E 2T b. £, Z ORRALERYIE ROS 1) U TR 72 SIS AR % 5
2%, TX7RYBPEREGEINTZEFEOEEME T2 2 8T, ERNTHREL TS
ROS DIRIFEAFREIC 72 5 LI a5,



(4227 1)



HRHEE (300 3
Mechanism for hypochlorous anion and singlet oxygen scavenging activity of a clinical

antioxidant edaravone.

Oxidative stress, intimately related to various diseases is caused by reactive oxygen
species (ROS). For example, in the case of ischemic reperfusion injury and inflammation,
ROS such as peroxynitrite (ONOO ~) hypochlorite (CIO ), singlet oxygen ('0.) are thought
to be formed. Therefore, treatment with antioxidant can be beneficial for these injuries.

3-Methyl-1-phenyl-2-pyrazolin-5-one (edaravone) is a synthetic antioxidant that has
been applied for treatment against acute phase cerebral infarction since 2001 in Japan. The
edaravone scavenges free radical to produce 3-methyl-1-phenyl-2-pyrazolin-4,5-dione (4-
oxoedaravone) as an oxidation product and it is subsequently hydrolyzed to 2-oxo-3-
(phenylhydrazono)butanoic acid (OPB). Edaravone also reacted with two-electron oxidants
like peroxynitrite, yielding predominantly 3-methyl-4-nitroso-1-phenyl-2-pyrazoline (4-NO-
edaravone). However, the reactivity of edaravone with CIO~and 'O has not been clarified.

We evaluated the reactivity of edaravone toward CIO~ by competitive reaction with
established CIO - scavengers such as reduced glutathione (GSH), cysteine (Cys),
methionine (Met), and uric acid (UA). From the results, a rate constant of edaravone was
estimated as 106-107 M-'s* whereas those of references are 10°-108 M-'s"! suggesting that
edaravone shows comparable reactivity to these antioxidants. Furthermore, two reaction
products were identified. 4-Cl-edaravone was formed as a primary oxidation product by
edaravone oxidation, which was then further oxidized to (E)-2-chloro-3-[(E)-phenyldiazenyl]-
2-butenoic acid (CPB).

We also evaluated the reactivity of edaravone toward 'O, in comparison with
established 'O, scavengers such as UA, histidine (His), Met, and tryptophan (Trp).
Edaravone showed higher reactivity than the reference antioxidants, and the rate constant
was estimated at 108-10° M-'s™'. We then identified that this reaction produces OPB.

The source of CIO~and 'Oz in vivo is considered to be the myeloperoxidase (MPO)
system. We conducted MPO-induced edaravone oxidation. In addition to 4-Cl-edaravone and
CPB, OPB was formed with edaravone degradation, indicating that 'O, generated from the
MPO system reacted with edaravone to produce OPB. Edaravone was also oxidized by 0.
formed from MPO, indicating that edaravone treatment may be beneficial for MPO-related
injuries such as inflammation. A combination of OPB and 4-Cl-edaravone detected from

patient samples treated with the drug can be a marker for MPO activation.
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