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WiALKFIL, FPEOBINRZETHWHENORRZE L CEDOFELMRT 52 LN T
EDLHATHY  KILRIRR 2 ERRITHEET D, BARFUTMA . BA/KR A R R
AT EOPFEEMMIC L2 5H, S5ICIE~ A=A NOHKETHLRAELTEBY .,
N& DAETEIZH TR T ATHSD 13, ZORKFIEHRBTAO—D2THY | EIREOEREE
WLV RMEPHEZGIZEI L, ExCEFHII OR8> TnD, Fifl/kSEHE#EOFREBL A
H=AnE LT, BUAKERI har FUTDY 7 ah ¢ %2 —F (CeO) ITHEE L,
BV RENRE S, BELFH Lo L —EA (ATP PEAE) DM IET D5, Hen
IR & Z & d 4 (Fig 1), BIEOLE X, HF W, EEREE2 5 &
L. HE CIEE R A ORI 5 (1 2 CRARACIEICE D, FEBIC, FEREAN LI A
DO FAMFEZEE N~ R — LN TR AL TR L TWD Z LR, 2008 4E 12 IXAERH] 1000 14
U EOBETFEE LTCHAAShTEY, RERMESMEL 2o TND 56, L LG,
BURGAL AR P53 2 KGR 2 2 T 1o m Al I —UMFEE L TR b33, A2 LK
FhRfR A ORISR EEN D,

H,S

(i) Oxygen consumption
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VPR 2H" + 26 (iii) ATP production
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N~ X
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(ii) Membrane potential

=————a

Fig. 1. Overview of the toxic mechanism of hydrogen sulfide

WAk FIFIR ) 22 @S EH STV DA, ITFEOHEIZ BV TIE RS B KN T
EINTHWD ZENRESNET, AENICBWTHALKRIZZ AT A A F A= L
SR 28507 I 7 BE2FE e L CEESE (cystathionine y-lyase, cystathionine B
synthase, 3-mercaptopyruvate sulfurtransferase) % 71 L CpEA S 4L, M4 BT O slikz-ompie
Wiz L 7t L LTEREFEEOMERICH G LT D ¥, LRy 7 U niElk
D I72 5 FHALK TR IIHRRACAE S AIENE M 72 EL R R ABNEMER 2/ L Tk 10
MR 72 AL KSR OIRIR ERESBR LA N LA DML 2 (8 U, R I B i b o O R
PR EORIBEL — XL LTHARTHD Z ERWESNTND M2, 25 LEeFEEN
O, AL ARRRA OB N HED TRV . £ O —HILEERKRRD Ef S 1% &F
KR BIFE~DOFIAD R E S HIFFS TN D B, BUE, BbAKFIIBEAFDER T A O
JE A A U T2 i bk SRR ARVE IR SE T I U 7 s (NaHS) 72 & OIRSy F-hitf bk E k5
WEFIHT 5 Z & THEBNITHFE SN TWD, — T, W AIRECR 184 Ttk
PEDNE S RIS 5 2 L1z, WMASFRIEICE L TIRAR OGN TH D Z LR
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o FRFNTRIN DN T &7 & Rl 2R i b K SRR A 2R T D 72 %E&ﬁi
7= i%ﬁﬁﬁ'ﬂl%%%kﬁ—é ENG 116 g vivo ~DOIGHIZEE L TWb, £2, fiab
D XD ITHAL KB ITAEFEHAERA T TRR<< M Nem s/ LTV E 70, BRESCKE
Be b BRI G A21T O 2 X TE RV, 2O X DT, EHAEMERBEIRE I AT ik
IKRFERANDOBHFE N HED HILTWD D, HibKFEDOEIRL~OFHIZIZRE 72— RADRF
TET D70, RIEALRIGE S AT LOHBEIZIIE->TELT, FileRT AT L0 -
RN EEND,

A R~EZ B EY (metHb) (F~EZ m B (Hb) WEHRT D MO NLERN =iz /2 72
(b Hb ThH Y. Hb 4T % 4 oD 7 u B U882 1 T o=~ 5 H T 55 64
MM@AA&VN7T%6OEWWTm\Eﬁ%%rﬁﬂﬂn@ﬁ’ﬁf%#éﬁézk
T Hb NG FHRE~DOERFEEM 2 1> TV D DIZK L, metHb IZIXBERFEAREN 22\ 72
7»&%?V@$D@Zﬂ%y7iFT?%/VR7Vﬁ%%®mmnkwot$¢W§
TEVBIZ K> THEHIL 0.5%LL TS ICHIE S Tun 2 1, — 5 THIBRIRWAE L LT,
metHb (IALAKTE EBWVREGBIRMEZ G T2 8, 202 &b, metHb & Hifb/KSE O
WIERT 570, #ifEliET Y 7 A (NaNO,) 2357 & U CERR TR S 4 5 35 m 03MEE
T2 19, ZiuE., NaNO, 23 H Clig{b#l & LT Hb 2 metHb (ZZ8H L, CcO IZFEAT DIk
{EARFZFFEHIT metHb IR S 2 Z & CFEZRA TS, Lk, NaNOy (FT 7
HEEAE LT AU A EMERSR (FDA) XV ARINTEY . FbAKEN T Rk
IZ CcO ZHET D2 L Tl pmMEER"T 28, 72, metHb EEmWBFMEEZHET L2 &
W2, NaNOo I bR E R EmofmE I b AN TR S TWnd, LLZed s, Hb D
A MUK & 252 NaNO» 132tk d e 2 3 b K F ISk L TR R A+4rTh 2l
WNIEET 5, 72, NaNO, [FELFEEWICHIH L T AHNERMED Hb 0O —H % k35 #Eik 0 8
Y metHb IZE T 5720, IKBRIIELZ AR T 5 L W EBRREWEH bFET S 2, %
D7= . NaNO, ZfEF AT 23 F O metHb BEZFICET=X Vo J LR L&k E

ZIE L e o3, 2R R EA ORI RICITIER IR ERIT A L D, o
DX AT, EERTOEERFLAD RN O HERAREOEIEN /) 27 PFEET D70
NaNO» [ I bR FEFEOMRA & L TERBIN TRV ONRTIRTH D,

ZIVE TIZ metHb OFEERHEICBET 2R THON TR Y, FiAbKFZCT T U idmnEl
% b > THRIAT 25—, ZOREA1T pHIKERI 22 vl it 2= U, M pH BRES OB
I Z LDVRINTWD 2, ZOFEEIZEH L, metHb 235 E DRt /K R IRERHI AL
KFELREE LTI 2 ThifbkFEhaffaAl) & L THRET 5 & & BT, metHb (Zhik
IKFE AN L 72K SEARE B78 metHb (3R /KB OfFEEAFIR L7z THiAbAKEEER] @
ﬁ%&7%97wkbfﬂ%?%é CIZEM LT, Lo L7222 S, metHb % HLK THi L
IRFREEBICFIAT H7011E 2 POBEBKRBEEPFET S, —2ANBEEOEE TH
% 2, Hb [T#0mnI 2$¢_%%L N CARERIRIER A 52T D, RERIRICER Lo~ A
IXIEMERERTE (ROS) #E L, BEENGIEEZISND, Z2HIZ, BIBRETH D,
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metHb % & 72 Hb [/ ERPNICHEIK TIEE LT A . 37 b7/ e v LA LTF
B IXN D Z & TN SBREISND D, MR (~2 h), 2D XD 7otk
X, I £ CARMER (RBC) 725 Hb A L72LE THHEenzimfns 7 V77 v
A SFu, BEEEN AL S LD ERDEERE & LT L T D28, metHb ORAFIFIH & L
TIHADWE LD, ZOZEMNnD, metHb ZAIEE~T U 7L & LCTHIAT 21X A0m
IRNETH D,

INETIZ, RV =F L7 a—EfR Hb LSEAS Hb, Hb AEY RY —Aa l
Bz 72 Hb 22 5 & LT N LREREMIA DB HED 51T\ 5 28, Z0DH HLD—DIT,
Hb DAt MILET VT I THWBLIE~T/ OB =TIV T I 07 T AL — PN ITAER
I ¥, ~ET7u =T AT I TAF I, MFEPICR DS AFET DX X
JETHLTNT I %) —%A LT HbICHEST D Z & T Hb AR H CORBEAT
oL MPHREEDOEI ROEEEDOFEHKAZUEZEL TN D P20, Fio, ARk 3y
BBl ERL L TWDHed, EEEEGENE S ZEMEICENL TV DA bR —D2TH
5, ZOart 7 MIEMRERGT, Hb TiEZR<, metHb 7 /L7 I THEB LA bE
JIuavry—7NT I T A — (metHAC) Z{E T IX, ~E/ner—T7TAr7 107
T A B —[AARAZ I i B oD A X RORE PR 2 (B L 728172 72 metHb AT 72 2 O Tlde v
MmEEZ T, BRI, Thifb/KkFEEES & LTOFHICEE L, metHAC |E metHb % H
B G-3 5729, NaNO, FIlFl CRIRE & 72 5 metHb O PEAIZE T 2 RFEIISL T /2 < ke
fRFES FTREIC 2 2 CHERI S D, E72fifb/kFRE A metHAC (HaS—metHAC) @ [fifbk
FILER] & LTORMIZEB VT, HS-metHAC [ZBEFEDOREAKFE K — D5 bk
FOEERA & E LT, KpHEALIZR L TR b KR 2R ETE D B2 6N15
(Fig. 2),
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Fig. 2. Structure of metHAC and its promising functions.



ZOX IR FEDO T, A TIEHH metHb A TH 5 metHAC Z/ER L, [HifbAkFEH
HIREA O THifb/KEEREER] & LToRMAMEZFHE L2 (Fig. 3). £TH 2 2B\
T, metHAC ZER L, Hifb/KEPEMES & L COFMMEETE L, o, #BF~Y
A% AW TR ENRERL L A MERTAL & i L7, RIZEH 3 B CTIE, R ZRERIK~DISH %
2 T metHAC OHIFIE L COREMZEN 2 G027 Lz, S 51258 4 =TI,
metHAC OfF#H & L TCOMIGEILRZ HEE L, 7 U haEicxt3 28 AEIC OV TRt
L7z, %5 FETIE, metHAC OFifb/KFEEZEMR E L TORFEMEZRETT 5 <<, metHAC |2
Wit R Z AN L7z HaS—metHAC Z A8 U, BUAIRHE M OV R i A iP5 L a3 5 A
PEFIAG 2 5206 L=, A TFICEon - RE2 k45,

metHAC H,S-metHAC ‘s —
" . =/
@ @ = 4
fESL - IR in vitrol< & % Sl BWETVIC L 2REM - AWIEFE

Fig. 3. Schematic diagram of the study.



% 2E metHAC DIER KR ORLKRHEMRER & LA MG

I

WLKFEOFIEIIANZHER CHC SEDIFEEFITHRNDTHLI2HL 2 0b 5T, ik
KFEDFAEP DBEND Z & OB#ERE ST 570 & LTz 2 [a1kE3 2 SN H 27 bt
LARFEFFEO TR FEIIFE L RN LISz, FERBIER OIEH - HEE B L LK
AREHEMIE—EFE L2 5,

metHb [ 3HiLAKE & @O BIAIMEEZ AT 2 Z E0NHE SN TRY . FifbkFE T EiEeE
FlE LTORT ¥y v EAT D, metHb Z AT 5 NaNO, 1E, ARSI N ik e <,
TERERPURFAE L 72 WBRRICRB W T, #2235 S BeNBAl & U CThitfbk R iR
OIEFAE A SNTIEGI B IFET D 728, L LR 5, NaNOy 1A MEiz — &R & 2
T 572 B AMEENE A R TR L KE R EOME BN U CTHEME T35 KA
FAET %, MMZ T, NaNO2 % RBC H1 Hb % BEFREMAE D72V metHb (ZF(LT 5 Z L b,
KREFIME 2 2ET2BENHHH T, 2 bar R 7 OBRBNAREZ KA LT 5hik
RFEFEVEICHIN U TR & HIZBEME T 2 AREMEA H 0 | e Hic b EE x T
%, NaNO; TiI72 <, metHb DEFEHILFIHAHZE X 657, metHb K TIINT F 7w
EUICHIEEND Z & T E D LEOMNIRE ST LE S Ao g EIC L0+
SITRIBFN RPN IIFF T E RN &N A, BB CHRERIRIERE 252 1T 2 18R T LSRR L
T EEAFHRET DB RSEET D 2

NEZ Uy =TT 2T T A — T Hb @S D I R R A O R S % T
kL7 Hb WA TH D, ZORHEAETENL T, Hb TiZ72< metHb &7 /L7 I CTHEL -
metHAC %%t « /ERI9HUiE, NaNO, X° metHb ORI A & ek L7 H7- e Al & U iR
T5 2 ENTE, KRB ENTIRERDIEAE LR WBAL KR F 8k 2 1R KOs
RN BHEEZT,

ZZTAETIE, £7 metHAC ZAIR L, WEYL R 2 5 0 7o R AT 2 OY UV-Vis.
ALY NV XD BALKBERE 25 F M L, Brlisl & U CoRE2BEET 5 & L b
(2, FAbAKEPEERAE LTORT v VAR Lz, RIS, BAbKENRI har R
U7 ZEST 22 L THEMRBT L2 L A2BE L., MIERIZI UV Tk RIRE I3
% metHAC fF/E FTOI M R 7T EHREIR#E A I Lo Ml A7 R~ D % 52 57 L 7=,
F 72, in vitro TOFRERENFEEEOEMRIZEIT DHLKFZHERRIE T CREREL BIET L2 &
MRS B2, BIEHIR L AKE P EREEO~ 7 2 2 W THULKE P HEMER & LTo
metHAC DA ZIEZ ETFRRL CcO IHEMERH#ED B S metHb HLASS NaNO, & Hleiiiat L
7o BT, metHAC DRtk afifaz i) & LTI IC L metHAC DIRNEIRER:
PER LM A MR AT A /RT A —52 L3 T X —H L ONRRRYLE 7e &0 DA B R
L7z,



H2f KR

2-1. metHAC DIERLKR OBV 2R S M 3T

TNT I AL EHDOT AT A VERERLTEBY, 2NN 17T lOSFNYALVT 4
NG ZMR LT\ 5, ME—ilEiET 4 —1 (SH) A2 AT 5 34 (LD AT A UFRIITx L,
7 v A v —"Té % N-succinimidyl 3—maleimidopropionate (SMP) % /1 L C Hb D FE H I[N
BTV UVEREEHETHIET, "B/ ub T T I 7 A= FTERENT
Wb, ZONETa T NT I T T AX =T NaNO, Zifs$ % Z & C Hb % metHb |Z
fe{t L. metHAC % {E#L L 7= (Fig. 4).

LS A

9 )
SMP Nﬁrvz?
eL smp

I metHb ’,/V\NLE& /\‘ Albumin

SMP/Hb=15:1 Lys-NH, Cys-34

carbonyl Hb SMP-conjugated
carbonyl Hb NaNO,

v b .

HSA/SMP-Hb=6:1 oxidation

HSA Hb-albumin clusters metHb-albumin clusters
(metHAC)

Fig. 4. Preparation process of metHAC.

metHAC (INEZ b T T Iy T AL —Z 3L UCkGt - 1ERL S L= LA
Thd, TDH, #HiExZ DIz metHAC [EA OB PR Z G 2 L ERH D, Z
DT L BHERT L HEEABLE D metHAC OWPIMLZREZ 3 L=, £9°. 8
FEHLELIE (DLS) 2 W T BRI 34 70 B . metHAC 13R85 14.27 £0.17 nm, 571K
FE% (PDI) 0.12 £ 0.02 OHESETH Y . ¥)—0F 7 WHKITH - 7= (Fig. 5a, Table 1), £7-.
metHAC DL SR OB — X ENIXT V7 2 o oFREFE & FEEL L Tz (Fig. 5b, Table 1),

a) b)
_ (p1)
25 =2 —metHb-albumin clusters 83 [=
metHb 7.8 ;
20 | —HsA
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& 15 6.9 |-
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£ 10 1 60 |=
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5 | 52 -
45 |w»
42 | ™~
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Fig. 5. a) Size distribution and b) image of isoelectric focusing (IEF) of metHAC, metHb, and
HSA. HSA; human serum albumin



Table 1. Physicochemical characteristics of metHAC, metHb, and HSA.

Diameter (nm) PDI {—potential (mV)
metHAC 14.27 £0.17 0.12 £ 0.02 -3.19+0.25
metHb 6.43+0.21 0.13+0.03 -5.45+0.17
HSA 7.36 £0.11 0.09 +0.03 —2.83+£0.05

PDI; polydispersity index, HSA; human serum albumin (n = 3, mean + S.D.)

metHAC [ZHMINLET D metHb (IZV I —Z2 A LTT AT I URfEE S5, fE
L7 metHAC %% A XHEBRZ v~ 77 7 ¢ (SEC) (2 L 0 #Ffl L7255, v —2
ZRT 70~ NI ANELI. FRHIET LT I CHEERL metHb HADO B — 27 LT —%
L72/o 7= (Fig. 6a), F7=. WU T 27 VLT I R7IVESIKE) (Native-PAGE) #17->7- & =
5. SEC OFERFEIRRICEID N ROBHER S, metHb IZREGT 27 V7 X O R
HDRIFPRAIRETHFEL TWD LB LN, FTC FOMEDD, 1 571D metHb
WZT VT IUB TR KT 6 0 FRERME L TW\D EHEE S/ (Fig. 6b), S HIZ,
M &M (CD) A7 MLV ZERIE L 7GR, metHAC X 1 531 @ metHb (2 V)T 3 451D 7T
NT I URESE LTV D LB x bz (Fig. 6¢c),

a) b) <)
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HSA 669 0
£
H -20
a8 232 " o 2 a0
© ©
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'g o -60 \ 7 metHb
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Fig. 6. a) Representative SEC profiles, b) image of Native—PAGE, and c) CD spectra of metHAC,
metHb, and HSA. HSA; human serum albumin



2-2. metHAC DORifbLARHEM (’EEt) PG

metHb Z fitfb/KFE P EMEAl S LTRHAT a7 NI, metHb 237 2 ZAlio#kD
NOICHAL KB EREE S D Z & TREmERAD Z & THD, metHAC @ metHb 13U ¥
BEAENLTCTNATIVDVATA VERE U —IZLORELTWD D, i
TR L LR DNLDOREEITHE LR, L LR b, 7wfiymi5j%P%%%
H L2 WIRFDIFEIZ L D metHb L HiLKFEOFEALE BRI D, metHb IX, ~AIC
WALKFEDFES T H ERIRNARY MUREL L, FEEWEIZIE U CTHEA OWIIUER K &%
RIMWEERT D, £ T, BifbkFE RF—THDH NaHS ZH T metHAC & fiitfb/kFED
i A RHEZ UV=Vis. A7 b VZE(RIZ 0 3l L7z, metHb (2 NaHS Z IR0 L 725 R, B —
7 BRI 406 nm 5 426 nm \Z 7 b Lz (Fig. 7a), [AEED A7 VLAY metHAC (25
W T H R S AL, metHAC IZF LK FREEREEZREFL TV D 2 EAVURE Lz (Fig. 7b), 24U
b ORI 2 ERBCEMT 5720, A7 MABEZFIA L TRER/ST A—% (F
EHK, b RS n) ZHH L7- (Fig. 8), T OHEH. metHAC @ K KT n 1 metHb (A L Y
HOTITNEVMEE 7p 572 (Table 2), 7V7 X UBNFEIET D 2 L1 X BFEE ~D B0
ZZ2 N2, metHb IZ7 V7 I U &G ST, metHb BRI 3 fFEALLOT LT
v EIRG LTZWIR (metHb+3HSA) IZB W T HRET 21T o723, A7 ALK O A /N
7 A —H# ¥ metHb BARDHE R L 11T —# L 7= (Fig. 7c, 8, Table 2),

bk 38 g B IR AR T, ﬁ‘:éﬁ%?y R — 3 ZDHELTIC L0 AR AME pHERBEIZ 2L
THZENTPREND, £ 2T, KpHEREIC T metHAC Db KB EGTEEZFME LT, =

DFESR, pH6.8, 6.2 DK pH EHE Tl pH7.4 é:ttix L T metHAC OFEAERMNMETF L7z, Z
DK T L. metHb BAKK Y metHb+3HSA (28T b FARICHER S 4. metHb (2[R9 5 FF
MTH D LBz ST (Table 2),

a) Abs. b) Abs. C) Abs.
1.4 14 1.4 -
406
1.2 1.2 1.2 4
1 1 1+
0.8 0.8 24 0.8 4
0.6 0.6 0.6 4
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0.2 0.2 0.2 o
T —
0 T T T J 0 T r - — 0 —
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Fig. 7. UV-Vis. spectral changes on addition of NaHS solution.

Representative UV—Vis. spectra changes of a) metHb, b) metHAC, and ¢) metHb+3HSA (metHb with
three—fold molar human serum albumin) after gradual NaHS addition. All samples were adjusted to 2
uM as metHb in 100 mM phosphate buffer at pH7.4 and NaHS solution was gradually added at a

molar ratio of 0.2 to the samples.
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Fig. 8. a) Equilibrium curves and (b) Hill plots of metHAC, metHb, and metHb+3HSA with

hydrogen sulfide at pH7.4.

Table 2. Binding characteristics of metHAC, metHb, and metHb+3HSA with hydrogen sulfide.

Kx10° (M) n
metHb metHAC metHb + 3HSA metHb metHAC  metHb + 3HSA
pH 7.4 0.26 £0.01 0.13+0.01 0.23+0.01 1.30 £0.02 1.08 £0.01 1.25+0.03
pH 6.8 0.18+0.01  0.08 +£0.004 0.20+0.01 1.16 £0.01 0.91+0.04 1.18 £ 0.004
pH 6.2 0.09+0.01  0.04+0.002 0.09£0.01 0.99+0.01 0.81 +£0.02 1.01+£0.01

K; equilibrium constant, n; Hill coefficient, metHb+3HSA ; metHb with three—fold molar human serum

albumin (n = 3, mean = S.D.)



2-3. NaHS BREIZXT 2% metHAC DOHfRRELIR

&  RRAETFRIMEIC X 5 metHAC ORI ED R OB

ALK FEOFMERBIL, MIENIIRALT hay RY THBEIZEET S CcO IfEET
HZ MR ERD, CcOIE metHb FIERIZ =AOEEZ EHTLH~LFZ X7 THY | Hifk
KFEEBFPEDE, FAEKFOREAEIZ L D CcO DFLE X Complex IV TOE {riE & HE
L. BEFAHMEIESND, TNICHESTT e hOBIINHIREINDZETI ha s R
U T BREMAMAET L, ATP EANHEIND Z & THIRESFESND, T2 T, £7T
NaHS #1253 % metHAC 17(E F COMMRATREZ M LT-, TOMEE, |FET 5 NaHS
DI FEARAF LT ABIRSED R SN 7= DIZ%F L, metHAC DAF(EIC K » THIIAE(EZER D |
U7z, £72. metHAC OUHNEE DRI U TR RIT K E < 257 (Fig. 9), BEfF
® NaNO, & 7= fi# 7 TIZAERKN® RBC WD Hb % metHb (ZAH: L 7= A MEARIMER
(metRBC) ZfE#Al & LTRIHLTWS, 2T, R¥TF 47 ar bhr—/Ld LT metRBC
EWMULITZE Z A, metHAC OFMAR{EEDRIL metRBC [F4%: CTHh - 7= (Fig. 10a—), F 7=,
FHT 4T A ba— L THAEINEIT O LTIV T I T TAE—FHEORERND,
metHAC OFIALREZNRIZT V7 I TiE72< metHb ICHR LD THL Z L HREN
7= (Fig. 10a—c),

120 -

I BINaHS alone
:E - 00.625 g/dL
100 { L Ty I B@1.25g/dL | metHAC
B25g/dL
— 80 A sk
g * %
c
S 60 - *
“6 *
R 40 +H++
* %
0 T T T T T "
0 5 10 20 40 80

NaHS (mM)
Fig. 9. The viability of NaHS—exposed H9c2 cells in the presence of metHAC in a dose—dependent
manner.
NaHS solution and various concentration of metHAC solution were added to each well and incubated
for 1 h (37 °C, 100% air). Cell viabilities were determined by methylene blue assay. (n = 3, mean +
S.D.) *p <0.05, *p <0.01 vs. NaHS alone, **p < 0.01 vs. 0.625 g metHb/dL.
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Fig. 10. The viability of NaHS—exposed H9c2 cells in the presence of metHAC, metRBC, or Hb—
albumin clusters.

NaHS solution in the presence of metHAC, metRBC, or Hb—albumin clusters at a) 0.625 g/dL, b) 1.25
g/dL, ¢) 2.5 g/dL was added to each well and incubated for 1 h (37 °C, 100% air). Cell viabilities were
determined by methylene blue assay. (n = 3, mean + S.D.) p < 0.05, “p < 0.01 vs. NaHS alone, *p <
0.05, #p < 0.01 vs. Hb—albumin clusters.

¢ BRHEEBEEFMICL S metHAC DI by R TIREDR OB

NaHS IE#E 247 5 metHAC DM EFR EAN I har N 72 ki#ET 5 2 & CHllafk
R AR L T D0 EFHET 272, NaHS B L= fMiaoiREH e B2 b2 Ret L
7oo FOFER, NaHS OHMIREE R N~NEZ 0 BT A7 I 07 T A2 —RINEEClIfEE
HENRKESIHI SN TWBE DT L, metHAC K T metRBC FRANEE TiE NaHS B L T
72\ Control £ & [FISEFREEICEEBHE N TOIL TV D T & MR S 7z (Fig. 1la, b),

a) b)
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Fig. 11. a) Oxygen consumption profiles and b) calculated slope of NaHS—exposed H9c2 cells in
the presence of metHAC, metRBC, or Hb—albumin clusters.

Cells were exposed to 2.5 mM NaHS in the presence of metHAC, metRBC, and Hb—albumin clusters
and incubated for 1 h (37 °C, 100% air). The samples of metHAC, metRBC, and Hb—albumin clusters
were set 2.5 g/dL as metHb or Hb. (n =3, mean + S.D.) “p < 0.01 vs. NaHS alone, #p < 0.01 vs. Hb—

albumin clusters.
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& [EEMFMIZL S metHAC DI 2y U THEHROKRE

T by R YT BEBAIC N T B L7 iR, BRI R ORE R L AR NaHS o
MIRFE K ONES B LT AT I 27 AL —FRIBECIIBBRMEARE ETLTHS
DIZXF L, metHAC } O metRBC #NEE TlXZ DR T 23l STz (Fig. 12), 2 H D
MMERICBIT AR ERET S &, NalHS BBFTICxIT 25 metHAC Ol o £ 5 2h F 1%
metHAC @D metHb Hifb/KFEEZHIE L, MEEZHE LN bar FU 7 OEMEZ#HE
FFSE5HZ LT, ATP EEAOEZ IR L, HIFAFEROIK FIZ-27203 5 Ml fREN R %
B LB 2O,

8325 mM

NaHS
120 - @5mM

100 = HiHE
*xkx # HE

% of Control (Red/Green)
p o ®
& © o

N
o

Fig. 12. Mitochondrial membrane potential of NaHS—exposed H9c2 cells in the presence of
metHb-albumin clusters, metRBC, or Hb—albumin clusters.

Cells were exposed to 5 mM or 2.5 mM NaHS in the presence of metHAC, metRBC, and Hb—albumin
clusters and incubated for 1 h (37 °C, 100% air). The samples of metHAC, metRBC, and Hb—albumin
clusters were set 2.5 g/dL as metHb or Hb. (n = 3, mean + S.D.) *'p < 0.01 vs. NaHS alone, “p < 0.05,

#p < 0.01 vs. Hb—albumin clusters.
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2-4. WALKEHRBET N~ 21T 3 metHAC DISEEHE

¢ NaHS BEEEORE

9 Wfn ddY RMEME~ 7 2 & F T NaHS iR TGl 2 BUEEZ M LT, £ D
FERL 30 mg/kg (2T 90%LL EOEARNIEL L7z (Table 3), Z DOFER LV, NaHS IAK &
T BEE-T 30 mgkg BEG- Lz~ U A BOEHIRMLKFE R HEET L~ U A E L THERTHZ
Lz,

Table 3. Determination of Lethal Dose of NaHS solution subcutaneously administered in mice.

Dose (mg/kQg) n Alive Dead Mortality (%0)
17 5 5 0 0
21 5 3 2 40
25 10 6 4 40
27.5 10 6 4 60
30 17 1 16 95

¢® BENFALKRZFRHFEET N~ U RICHT D metHAC DEE R 5-BEORE

metHAC #hifb/kFEFafigaiAl s LCRAT2ICH0 . T REER G EE2 ML,
BIEMRALAKFE R FHET L~ 7 AT metHAC Z{REEKE L THRE Lz & & OAETFREZ M
L7z, ZOfESR, Saline # 58 TIX 100%23E 1 LDk L, metHAC 58 Tl 55
IRAFY 72BN R R S . 500 mg metHb/kg (238U T 100% DA 173 4 71% L 7= (Fig. 13).
Z DFERD S 500 mg metHb/kg % i £ G- B HE L=,

*% &&

100 2
80 - —8— 500 mg/kg
g 250 mg/kg | metHAC
< 60
> —8— 125 mg/kg
>
2 40 A - Saline
i) |
20 4 o
0 L] : L] L] L] T 1
0 10 20 30 40 50 60

Time after NaHS administration (min)

Fig. 13. Determination of optimal dose of metHAC in lethal hydrogen sulfide poisoning mice.
At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline or various dose
of metHAC (125, 250 and 500 mg metHb/kg) was injected in lethal hydrogen sulfide poisoning model
mice (n = 10/group). “p < 0.05, “p < 0.01 vs. Saline, ¥¢p < 0.01 vs. 125 mg metHb/kg of metHAC.
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¢ ATFRFMIC L D metHAC DFEMEDOKRE

metHAC DO NMEZ BT 5720, xfHEEEE LC metHb HARE, NaNO B, ~E/n bt
YTNT I TAL—EERE L, BOERIRULAKFE PEREO~ 7 RITTREIE E LT
BH LTl EDEFREFM LTz, ZORRK, X AT 47 a2 br—LTHL~NESRE
YT NT T T AL — (500 mg Hb/kg) FEIZEB W TIZAFRDN 10%E o7z, £,
metHAC (500 mg metHb/kg) & metHb O #1552 4ii 2 7= metHb (500 mg metHb/kg) HAKHEE Tl
30%DAEMFIZE EF D AR T metHb % PE4ET 2 NaNOL BEIZEB W TH 10%DEFHE L 7
7~ (Fig. 14),

*% $S AN ++

100
80 A
= —— metHAC
§ 60 —&— metHb
% ﬂ —#— NaNo,
; 40 X {— Hb-albumin clusters
i = @ Saline
20 - (]
B
0 i T T T T J
0 10 20 30 40 50 60

Time after NaHS administration (min)

Fig. 14. Survival rate of lethal hydrogen sulfide poisoning mice after treatment with metHAC.
At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline, metHAC (500
mg metHb/kg), metHb (500 mg/kg), NaNO> (8.5 mg/kg), or Hb—albumin clusters (500 mg Hb/kg) was
injected in lethal hydrogen sulfide poisoning model mice (n = 10/group). **p < 0.01 vs. Hb—albumin
clusters, “'p < 0.01 vs. metHb, “p < 0.05, **p < 0.01 vs. Saline, *'p < 0.01 vs. NaNOx.
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&  CcO FHEMFHMIZ X 5 metHAC DA DTS

fifbkFEHREIL, FAEKED CcO ITHEA L TEDIEMEILET D 2 & THENHET 5,
Z 2T, BUEHIRLAKFE D HEET T L~ 7 A2 metHAC IR L L TG L, TEERO
CcOVEMEZFHME L=, ZD#5E5%. Control # & bk L C NaHS BgFE#% (3 min) OIEMEITIK T L
THY ., BEREEOR Saline FETIEA BIRHE L7 T X TOBEIZIB W TEMD & 12K
T LTCWWe (Fig. 15a—€), — 5 T, metHAC &5 TITIEMEDHERF S LTI . FRITONE,
fiti, BB WTHE CTH - 72 (Fig. 15c—), T2, T35 OGN FRIL NaNOL A L » LN
TEY., Fig 14N LEEAEFRORREE B LT,

a) b) c) d) e)
G120 g0, g 120 g 1204, §120 q 4+
< 110 2 110 £ 110 o 110 * * £110 { ** o
o c © < J
=100 T 100 2 100 3 100 S 100 M
£ - = £ £
> 90 £ 90 S 90 > 90 > 90
3 Z z & £
§ 80 E 80 E 80 § 80 § 80
o 70 S 70 s 70 o 70 o 70
8 Q 2 8 8
60 S 60 S 60 60 60

Fig. 15. CcO activity in the a) liver, b) kidney, c) heart, d) lung, and e) brain after antidotal
treatment in lethal hydrogen sulfide poisoning model mice.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline, metHAC (500
mg metHb/kg) or NaNO: (8.5 mg/kg) was injected in lethal hydrogen sulfide poisoning model mice.
5 min after administration of each antidote, the mice were euthanized and specific organs (liver,
kidneys, heart, lungs and brain) were collected. Two NaNO,—treated and three saline—treated mice
died before sample collection. The organs from dead mice were collected immediately after the
confirmation of death. (n = 5, mean + S.D.) "p < 0.05, “p < 0.01 vs. Saline, *p < 0.05, *'p < 0.01 vs.
NaNO:..
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& REHET ¥ F— U ZFHEIC X 5 metHAC DFZIMEDORKE

Wi b AKFHETIEL, CcO BWRIET DL, I har R TOEFREMELT L0, B
REFH LI RB =R X —EAEDNREIN D, ZHUIE> T, BB EIERZ T L
TARRRIEIZ L D =)V F—pEE TR 2 ME O &3 2 RIEFE S TLET 5, B A
FERTlE, RBIEY TH D3 (lactate) DEFEIC LV MRS EEMEREBICH <, 22T, 83t
HIRA LK FE T #ET L~ U ZAUIZ metHAC ZIRHHE L LTIREG- L, T v F—2 25
BEL 72 DM IT A/RNT A—F 7 i Lo, ZEOREH, NaHS Z# 45 L TV 72\ Control #f &
Fege U C metHAC O#% 5-E R (3 min) R TIEX, pH2ME T 5 & & HI2, 1 lactate J25
2 EFR U7z, ZofANE Saline B TS HICTLHE L TW=DIZ% L, metHAC #ECIERIEIC
U L7- (Fig. 16a, b), £, MOMREHET ¥ F— A& KRS DT A—Z THDHT =F4
> ¥ % 7 (anion gap), HKIEA 4 (HCO>), ~X— AT & (base excess) (2D T b [A]
KRB 23RBS 41, Fig. 151278 L7z CeO iEMEDREFE & —E L 7= (Fig. 16c—e),

A (9]
O
SIS
& S ES
a) ++ + b) ) d) 2 + e) & ’b& P &L
*x *k 40 * 0
75 v P 12 = it oy
1044 * = Z20 S
7.3 M s wxl g 30 I 3 1 £ 10
E 8 1um + H T £ 15 T E
£71 £ 6 * 220 * £ 015  ++
x .
6.9 2 5 10 g Rl K
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Fig. 16. Metabolic acidosis parameters in blood after antidotal treatment in lethal hydrogen
sulfide poisoning model mice.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline, metHAC (500
mg metHb/kg) or NaNO:> (8.5 mg/kg) was injected in lethal hydrogen sulfide poisoning model mice.
5 min after administration of each antidote, the mice were euthanized and venous blood was collected.
Two NaNO>—treated and three saline—treated mice died before sample collection. The blood from dead
mice were collected immediately after the confirmation of death. Parameters of a) pH, b) lactate, c)
anion gap, d) bicarbonate (HCO?"), and €) base excess were measured. (n = 5, mean + S.D.) “p < 0.05,

*p <0.01 vs. Saline, p < 0.05, *'p <0.01 vs. NaNOs,.
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2-5. metHAC D&NENREFEM

& [MEFHREHE

Z ZF TOFE T, metHAC (X metHb HLRD £ 5 TIXEM T WV EN - filb/kFEH
DFREFNE (BE) 2 RE L, ZOFIMEOEVERAL 2 2 FEARERKDO—>L LT
FRBRHEOIBEVWABR L TN D B2 b5, FEEIZ, metHb BRI AN THLH
AT b7 m B AR S AUTHIFIRICE TN D 2 LTz, BIC I TRERRIEH 2%
J 57, AR AT ICE N ERRERFETH D, T T, BE T RIZEBT
% ENENORNENRERHMN 2 FEhE L7z, Z OFES. metHb HARITHCMI I A2 HIHK L,
IR (Thp) S OV R (MRT) 1322 2h, 1.3h EEB SRz, —J7 T,
metHAC O i F1F B ME X metHb BLAR & b U CIER IZm L L, Tipld 15h, MRT (X 21.8hiZ
MEE L7z, £72. metHAC DM HEEMIZ T V7 I VEER L i L T HiERE L7 (Fig. 17,
Table 4), —77C, 5 72 FFfE# £ TITIFZRER s/ 23 A 2> HH K L Ty 7z (data not shown),

—@—metHAC
Q©—HSA
—@—metHb

40

% of dose in plasma

20

©)

(] . ' O T T O
0 4 8 12 16 20 24
Time (h)

Fig. 17. Time course for the plasma level of metHAC, HSA, and metHb labeled with CyS5.
The samples were intravenously injected into healthy mice (Cy5-labeled metHAC: 500 mg metHb/kg,
Cy5-labeled metHb: 500 mg metHb/kg, Cy5—labeled HSA: 1547 mg/kg). (n=3, mean £+ S.D.)

Table 4. Pharmacokinetic parameters of Cy5-labeled metHAC, HSA, and metHb.

metHAC HSA metHb
T (h) 15.0 115 2.0
AUCo_x ("% dose/mL) 1986 1019 114
Vg (ML) 1.1 1.6 25
CL (mL/h) 0.05 0.10 0.87
MRT (h) 21.8 19.0 1.3

Pharmacokinetic parameters were determined using a non—compartment model by Phoenix®

WinNonlin® (Version 8.2, Certara, USA) from the results of Fig. 17. T1; biological half-life, AUC;
area under the blood concentration curve, V; distribution volume of central-compartment, CL;

clearance, MRT; mean residence time. HSA; human serum albumin.
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& O

MR EHERS OFE 75 . metHAC & metHb BLAR T FEIEEA K& < B7p 5 Kt &
AL, TSRO OZERITKFE L TWD Z ENBES N, £ 2T, FP&MTIc
B35 % metHAC D43Af & AR A Kol GRRAR—MAER 3 BARE) TRl L7z, 2 0fk
F. metHb BED Ky EIXBICE W TEWEIG AR L, BEIH XV mfEh ) o Big~o
BATHED IR LT D Z & AR S L2 (Table 5), L L7 b, K, fEIThEes & migEh o
DA EOMERETH Y | fREs oA O EEZFMT 2 2 LT, T2 TRIZ,
metHAC DAFEEF~ DRI 72 34T DOW TR ET L7z, £ ORES. metHb BRI &L O
BRI B WEIES T LT =0izx L, metHAC TIXBHR~D @Al eiE S hu,
g2 < oA LUz (Fig. 18), £72. T OMEBNIT VT 2 o OBRERRE: &L L T
(Fig. 18a—e), — /5 T, ZOEWEIATOHERIZ, 7 HZIZITS%LLTF L7220 14 A E Tl
IE5E2IZIH L L7 (data not shown),

Table 5. Tissue to plasma partition coefficients (Kp) in liver, spleen, kidney, heart, lung, and brain

after administration of metHAC, HSA, and metHb at 1 h.

Time (h) Organ metHAC HSA metHb
liver 0.65+0.10 0.71 £0.08 1.60+0.30
spleen 0.26 £ 0.04 0.14+0.09 0.38+0.22

ih kidney 1.02+0.22 0.67+0.21 4.75+0.32
heart 0.49+0.10 0.50+0.24 0.66 =0.08
lung 0.68+0.11 0.52+0.11 2.29+0.33
brain 0.07+0.01 0.04 £ 0.01 0.08 +0.01

The samples were intravenously injected into healthy mice (Cy5—-labeled metHAC: 500 mg metHb/kg,
Cy5-labeled metHb: 500 mg metHb/kg, Cy5—labeled HSA: 1547 mg/kg). (Each point: n=3, mean +
S.D.)
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Fig. 18. Tissue distribution of Cy5-labeled metHAC, HSA, and metHb at a) 1 h,b) 3 h, ¢) 6 h, d)
12 h, e) 24 h, and f) AUCy—24 1 in each organ.
The samples were intravenously injected into healthy mice (Cy5-labeled metHb—albumin clusters:

500 mg metHb/kg, Cy5—labeled metHb: 500 mg metHb/kg, Cy5-labeled HSA: 1547 mg/kg). (n=3,
mean + S.D.)
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2-6. metHAC D&M

&  metHAC DK S

ZZETORBNS metHAC DOALKFER KT 5 ok GoMErmR sz, —F
T, Bz 72hifbkF R EfiEwEAl e UCTHERT 5 72010E, A2z THoakedattn
R INDLENDH D, £ 2 T metHAC OZZEMFHE LT, £7 metHAC 512 X 554
BlLEARBREZAL AT L, f% ~ 7 2|2 500 mg metHb/kg ® metHAC Z#¢5- L, 14 H#% %
TREZALZ B LR, BEITEREL AL, BEKBERIZAE O RERD IR
U9, Saline # 5-HE & RIS H BRI L 72 (Fig. 19), £7-. metHAC #5-% Of% H
172 T B e O B EZEABIC DWW T BRI L7225, Saline #5BEL A& TH Y, BE AL
I SHERR X7 D> 7= (data not shown), Z L6 FEEEER DILHEFHIZ LA HE Yefa L 7= k%
W2 XD EHIE L7223, metHAC £ 512 X 2T REM) 70 B 1 3ERE S e > 7= (Fig. 20),
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Fig. 19. Change in body weight after administration of metHAC and saline.
500 mg metHb/kg of metHAC was administered to healthy mice (n = 20). Four mice each were
sacrificed, and biological samples were collected on day 1, 3, 7, and 14. Mice in the control group
received saline and were sacrificed on day 14 (n = 4). Body weight of all mice was measured every
day. (n =4-20, mean + S.D.)

liver kidney heart lung spleen

metHAC

Control

Fig. 20. Micrographs showing the organs at 1 day after metHAC administration in healthy mice.
500 mg metHb/kg of metHAC was administered to healthy mice. At 1 day after administration, organs
(liver, kidneys, heart, lungs, and spleen) were collected. Saline was injected to the control group.

Morphological changes were evaluated by HE stain. (x200 magnification)

20



€  metHAC & 51T X 5 A EAEgER ~ D&M

metHb BRI & OB g2 @ < 2945 L7 DIkt L, metHAC [3AFI&IC @ WA 2o L
7. 2T, metHAC $5-% OfFhg & OB IR OFEEE & A LT /3T A —ZIZ X0 i 24T -
Too TOREHR., HHERBROIIEL RD T ANTGXU@BT I ) b7 A7 27— (AST) K
TI=2T ) T AT =T —F (ALT) DR 72 BRIIHGR S0y 7= (Fig. 21a, b),
72, BHEEORIECTH D MPIRFEZEFE (BUN) KN LT F =2 (CRE) IO\ T H A ER
AR S /e dvo 72 (Fig. 21c, d)y ZHNUHDOZ D, metHAC OF 513N & OV g
DOSREIC B EZ MF S W E B X b,
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Fig. 21. Biochemical parameters in plasma reflecting liver injury and renal function.

500 mg metHb/kg of metHAC was administered to healthy mice. Blood samples were collected on
day 1, 3, 7, and 14. Mice in the control group received saline and were sacrificed on day 14. Body
weight of all mice was measured every day. Plasma levels of a) aspartate aminotransferase (AST), b)
alanine aminotransferase (ALT), ¢) blood urea nitrogen (BUN), and d) creatinine (CRE) were

measured. (n =4, mean + S.D.)
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€ metHAC RE#RDOBREROTE (T /LT IV)

TIT I ATMEEF Z NI ED 60%LL EE D TR, MRERLE LTI AT IR
FIFH STV D metHAC OEHIZ X - T, MEF O & v X7 BT SCEEIE DN T A
EE L WS BENH D, T 2T, MBERO X LRy G AR LIRS, metHAC K 5-1 H
BIZBW TR VNV EREROT VT I RENER L, —J7 T, 3 HALKIZ=
Fo—L e RSARAEL 2D . LTI/ a 7 ) o (A/G ratio) IZBWT HAENIR LA
727 o7z (Fig. 22a—), F72. metHAC &% 513 MEDREITE I ELE 5 2 72 - 7= (Fig. 22d),
T ORER L RNEIEORE R AL 2 AT, metHAC &5 1| ARICHER SNIZ/3T 2
— X O EFITMIETIFEFT D metHAC THDH OO, MiEd & o R EOHFIEICEEE
FIEE RN EB 2 T,
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Fig. 22. Protein-related parameters in plasma after the administration of metHAC to healthy
mice.

metHAC 500 mg metHb/kg was administered to healthy mice. After administration, blood was
collected at the point of 1, 3, 7, and 14 days. Mice in the control group received saline and were
sacrificed on day 14. Biochemical parameters of a) total protein (TP), b) albumin, ¢) albumin/globulin
ratio (A/G ratio) and d) osmotic pressure (mOsm) in plasma were measured. (n=4, mean + S.D.) "p <

0.05, *p < 0.01 vs. Control.
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¢ metHAC HEZOEREROF (X P~NET2EY)

metHAC Z %9 %5 metHb 3 EENAH - PRt S WGEE . ~AEH O EREI A4
RNICER L, 7> bR 812X - T ROS ZEAT S Z L ClgiskEa®E 2 20+ 5 7]
REPER B D, £ 2T, metHb K OBKDHBIH T X — X 23 L7z, 7. metHb DX
#HTHLHEY LB UREHEANT A—& [EHEE Y Ve (D-BIL), f#EE U/ (I-BIL)
KO E UL EY (T-BIL)] (X, metHAC $¢5- 1 B2 metHAC OfRHHIELIN L C—id iz
B ULER, mEEFNS metHAC 2T EAETERLZHRE 3 B HUBFIZEBWTEN LA
{LIXFERR S e~ 7= (Fig. 23a—<), F7o. BB E T XA —X O MiEEk (Fe), AAafngk
fEOBE (UIBC) K OMREFEABE (TIBC) IO W Th v hr— L L A% AKHETHRE LT
(Fig. 23d—f), ZNHDFEFEI S, metHAC @ metHb 1%, YN CH - PR S D B2 D
i,
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Fig. 23. Evaluation of serum parameters representing the metabolites of metHb and iron after
the administration of metHAC to healthy mice.

metHAC 500 mg metHb/kg was administered to healthy mice. After administration, blood was
collected at the point of 1, 3, 7, and 14 days. Mice in the control group received saline and were
sacrificed on day 14. Biochemical parameters of a) direct bilirubin (D—BIL), b) indirect bilirubin (I-
BIL), ¢) total bilirubin (T-BIL), d) serum iron (Fe), e) unsaturated iron binding capacity (UIBC), and
f) total iron binding capacity (TIBC) were measured. (n=4, mean + S.D.) p < 0.05, *p < 0.01 vs.

Control.
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€ metHAC 5T X 5E{LR b U A ~DEEFHE

metHAC 5% OREEYM TH D ~LHEDOERIZ L - TRE SN DL T A TBARS 7
v EANC KD FEERIC BT D IRE I LA TN L7z, £ ORER. metHAC # 514 O Il
WZBWT~a Y7 T K(MDA) EARALRTZHOD, —@kEo ERICE EEn L b
HIT, D FEAMEECIT D BE R ERIIMR I T, LA b LRI X DTN
Z L AVREE S LTz (Fig. 24a-g),
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Fig. 24. The amount of MDA in each organ after administration of metHAC.

metHAC 500 mg metHb/kg was administered to healthy mice. After administration, blood and organs
(heart, lung, liver, kidney, spleen, brain) were collected at the point of 1, 3, 7 and 14 days. Mice in the
control group received saline and were sacrificed on day 14. Oxidative stress of lipid peroxidation was
measured by TBARS assay. a) heart, b) lungs, ¢) liver, d) spleen, e) kidneys, f) brain, and g) plasma.
(n=4, mean + S.D.) *p < 0.01 vs. Control.
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¢  metHAC B 5T X 2 5IEDOFHME

metHb 7> b S 2~ A TIERER R CRIFMAES 256, ROS ZpEAT 5 2 L1
X CRIEVEY A NI A LV OFEELZTFET HZ LA HESN TS ¥ £ T, metHAC #
H-ORNE SN DV TR L7z, metHAC 5% D RIEMES A M1 A > T % interleukin—
1B (IL-1PB). interleukin—6 (IL-6), interferon-y (IFN—y), tumor necrosis factor—o (TNF—a) O Ifi#E
HRREE 2 E L7 S, A RIRHE L 72 RIEM: YA A O EFIIHEGR S e o 72 (Fig.
25a-d), ZALHDZ END, metHAC 5 HZICRKIEITFEI NV EB 2 biLT,
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Fig. 25. Inflammatory cytokines of a) IL-1p, b) IL-1B, ¢) IFN-y and d) TNF-a after
administration of metHAC.

metHAC 500 mg metHb/kg was administered to healthy mice. After administration, blood was
collected at the point of 1, 3, 7 and 14 days. Mice in the control group received saline and were
sacrificed on day 14. Inflammatory cytokines in plasma were measured by ELISA. (n=4, mean + S.D.)

*p < 0.05 vs. Control.

25



€  metHAC &5 O MRFHIRE

metHAC 5% OAMRIZE T L8N 4 MR FRIBLE b bRkl L7z, £ 7 imEkEiz-o
WC, AIMER (WBC) K QML MK (PLT) 28 —@PEICEAD LTz b oo, #4514 B# £ CTlzlaliE
T 5 &L HIZ, RBC BE# ST 2 — X OB{LITHER I 72~ 7= (Fig. 26), Tz, MmEF O
FELEMETHLT R TUL Na) 7274 R (CH), #V UL K)REREIZONT
b B IR AT ERR S L2 v o 72 (data not shown), & BT, BEFORML/KE#EE CHIH &
1% NaNO, I RBC 10 metHb &K I W 5708, (KFEFE IMIE % B 32 rREME 2 fRE
REINTWD, £ T, metHAC 55 OfEFE(E Hb FIG-OWEHR /7, BRI 7 & Ofg
FEOEELFM L2 2 A, MPOBEBEREITFD LT, £/, mMEPITHFET D
metHb £ D HE K & iR S 172> > 7= (datanot shown), Z AL 5 DFEFI S metHAC (% NaNO;
O¥ETHEE R DENER A BET A0 <, BbKFERENREDOILD B I3 LT
EERSFIHTE D Z LRI T,
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Fig. 26. Hematological parameters of a) white blood cells (WBC), b) red blood cells (RBC), ¢)
platelet (PLT), d) hemoglobin, and e) hematocrit after administration of metHAC.

metHAC 500 mg metHb/kg was administered to healthy mice. After administration, venous blood was
collected at the point of 1, 3, 7 and 14 days. Mice in the control group received saline and were

sacrificed on day 14. (n=4, mean + S.D.) "p < 0.05, *p < 0.01 vs. Control.
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FEIf BE

AL ARFFRIFZBIEELR B WIC S 0 b b, AR SN MEA I EE T, H3Eam
NOIEFEIRFFEHITDO TR, fifb/AKFE T metHb & @mWAEEEAMEZ A5 Z & 2VA
BNTWb, ZOWEZFM LT, £ENO Hb 2 metHb [CAWAT 52 LT T U HED
figFEA & L CRIH ST & 72 NaNOy 3t bok B BB A 10k L CH BB Sh T
723, ZOZEND, RO LTH D metHb ORfL/KEFHEMEAI~OFHITHE
THDHHOD, metHb HAKTEERNICEE SN HE T HFREENMEWNZ LTz T
FEEAEET BN, ZOEERATERY, KETIXIND metHb OFFH % rfik
THZEDHFCEDLNETI BTN T IV T TAE—%HE L LT metHAC Z/ERL L |
Bric 7 KB R R R Al & L C OB 21T o 72,

metHAC I I~EZ B BT VT I 7 T AL —CALAITH 2 NaNO, ZiRINT 5 Z & T
Hb % metHb [ZFR{L L CIERIL 7=, ~E/ B EL-T VT 07 T AL —RFRIC PO E
T5 1570 metHb IZxf L CTEE T3 DT VT I UREE LTEEER L TEY, fit
{EARFEH R & U Cie b EE e b /K RN 2 fREF L T 7z, metHAC (X metHb |2
WETHTATIVERERDIBEHRTHLN, ~E/ 0TI IV T TAZ—D
BEBEFECBN T, 1 FO D ICHAET AT VT IR 1L 016 40 FETENT
NHBEL7Z b O R DIRERITIETREOMBERIMEL RT Z ERMEINTERY 3132,
metHAC ([ZBWTH 77 2 UEFA IS b S T RIZDORLAZ a2 R+ 52D
N5, —JF T, metHb HER L ik LT metHAC OFALKEREES HOIK TFNA LI, 7T
2 N KD metHb OFEMNRIK &5 %2 Hiviz (Table2), ZNETIZ, ~E/ b -T LT
VT TARE—ITBWTHbD U ¥ UEREDOLFEMA Y7 =y NI T D UkigEDZE
{bZ4mifl L, Hb B & el L T EE A OWEMEME T T3 2 LR ST g 3,
metHAC {28V TH metHb U VU Y Vb — 2 BT 5 Z LI L DHifbKkE L OfES
R OREEZACIC B Z RIT LT REMEDR B 5, F7-. K pHBREE Tl pH74 BRIE & Lhilk L C
metHb } Y metHAC DHifbK &/ A ME DR T 23fEs8 S 4u7- (Table 2), Hb ik, EEsEE D
B ROREE & BURIPEDRU Y THRRED 2 REEZ Y | R~ R ARRINIR 7 OB IR LTk
RS 5, RIS, IKpHEREIGE L CHb AT 1 hAbE&nbd Z & TTIREIZZE{EL T
MR BAPEDME T L (Bohr Zh5) 34, MARRAELS 72 & 0 BN AN £ CREFR M2 rIHEIC LT
WHZEEEETHE, metHb KON metHAC (28T HIK pH BREE COMEE LA #H] <
. WifbAKFEEOREMET Lz LR SRS,

WALAKFEFHETIE, 2 har FUTHBED CcO BNERT H~LMIHILKEREET D Z
ETCEBEELROBBHEEMEILL, 2 bay R TEEMAER SN R KL LT
FNX—PEAENE S, REHICHIAEIZED L Sivd 4 metHAC DRtk & w5
F& LToFEMEEZBTT 5720, £ NaHS ZIBH%E L 7-hifb/KF P Emomiaz Ay
P L 72, EOFER, metHAC ININBEIZIRRHE KO ko R U 7 EEA OIR T 2 [H]kE
L7223 DA AEAE R B LTl v | EEIICH L AKE R REFEER & L TERA ST D
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NaNO, Z it L7z metRBC #EIZIB W T HREERDFER & 72 572 (Fig. 9-12), ZDZ &0 b,
metHAC 1% NaNO, & [AlEkD 2 J1 = XA X0 fidbk FHEIcx Ui iR a4 S f8E
S, metHAC @ metHb 23ift/AKFE 2R L, I b= FU 7 O (BRBEE LI b=
VR TREMEHEER) I XKD, =X —FEAORENERE S D 2 & TR ER R
ool ni, EBRIC, BEMNFILKFZEFREET LT RITEWVTY
metHAC OB RITHER S, i FCTOBRKIKE L TOREIZBWTHIKTT 5 CcO
[EMEZEIESETEY | KIEREFERD LFAIZHLE L TWD EE X b (Fig 14, 15), —
J5C. NaNO; $5-1% metHAC DA 7253 metHb HA L bl L CHIRWAEFER E 72 o7,
NaNO, OfiEFEF#EIX RBC H' Hb % metHb (ZZEHAZ ICMREIEM 28 L, TRIE G ClIfifas)
ERHEONTWLIMEEZEBET L L ¥ BEERMHPIRE T T A MuICR M2 2 L CigE
DIEENTZZ & T, CcO {EMEZWETETICHaRMEIRENBEINRhoTcE X DR
Do ZHHDORERND, metHAC & L TOEHAYZ: metHb OF|HI 7S NaNO, & [FER O fif A
7 = ALIH 6 b NaNO, DFFFEEIEZ iR L, SMHEIR &2 7~ T hi bk FEh 323 TRl
IRRFRICDIR N S T Z E R E NS, fL/KETRIZE D CeO IHMEDEF L UEHAE T
B HIRFERDOTUEITLE D RBET & F—2 AT 5 2, metHAC FS & HrME DR B A%
pH T T metHAC ORifL/KERAETIDPKR T T2 Z EBHR I Tz, 7T F—T 20k
RE (Faikig) OAMRIZEB N T metHAC OfFEREME T2 Z L& INcb oo, HiE
TV =V REE L TV LARF THW R EET L~ 7 RZBW T e fifmlE %
FHELTBY, HEEE L TRHHATE S B2 o7,

metHb AT, ERPNICERE SN D EIMFICFEET D AT R ey LleniEA L
THEAKRERK L, ~/n77—VRED CDI63 M LTy R A h—vRAENDHZ &
TIHFITMPHREENBEN ERMEINTEY 236 AR CTORNENREREM S b
metHb HLARD M 2 FEf Lo 72, L L7e2d s, metHAC TR 15
RIS E CTIER L CRY ., TAT I L EhRe CRHuEd 11.5 BEM) 277 L7- (Fig. 17,
Table 4), metHAC DZR[FEM OIEEE & 70 5B — F EBACHE R EORAIREEDRE RN T
NT I UNTHERIL TS Z L 2 EET 5 & (Fig. 5b, Table 1), metHAC I T /L7 2 2LV
metHb Z#fE L7= 2 & THEENIZBW T T VT I VERICR# S, ~"T v aericks
FHEAZERE L7 ZEZ2 6N, —FH T metHAC & 77 2 U & HEET 5 & metHAC D58
M EREENBIFCThol-e ZNETIZ, 7082 v H—2HNTHERLEZT LTI D
TRASCHERIZ, T A AR T D 2L TIE S~ O R OSRERIRIC X 5 IR
S, BEEREIY MmN LT 5 2 ERAREINTND 3738, ZoZ &inb,
TINT 2 OMBIROY A XIZPEECT 5 metHAC 17V 7 2 LU B a2~ Lz
LEZOND, THETOMIETIL, in vitro IZBVWT metHb Wb /KEREEEL A L TV
DIZH b B9 29 FifbkFEFEET v b~ metHb B{AE 5T BEHH RN EF LN T
WRUN WO, F T2 AT COBIERIRLKFE T EHE T /L~ U A0 metHb BERAFK G20
TOHRRORRERLIZZ L 25T 5 L (Fig. 14), MAHEPEOR Ei%, metHb ORI
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FhEMHEA SOOI REEFH THLEEZOND, Lo T, metHAC 1%
metHb & 7 V7 X OBEERMEEZFITT 52 LT, metHb ORffL/KFREAREZ FREF L 7228
HHTNT I UEEDENAT VA E A 2 T & U TAERNTOIRESIRE RRILSE
TteEEZLND,

MO R RIZAIMEEZ D 5 — 5T, BERIERITARERESCEE RS &
HZEBIBAEEIND, ARFHIEBWVT, metHb HLAR D FFiE K OV g~ @\ oA & fiesd L
T=DITHR L, metHAC I[ZHFRRIZ @ < 5370 L7223 B b B i~ D m\ W oA mhiE S v, 7 v 7
I RO AT & 72 o 72 (Fig. 18, Table 5), Ji2K, metHb [INT N 7o v &fEAHZ, I
fECT~L L rmEelafREnTERERB SN, ~"T M IcHifi SR
metHb 28 E I IV TRERMAEE 252 1T THRt S D 4, RIS, SRERIRIEE 25217 D BRI
SN~ LREBICERET D720, BAT 284 4 ITERER L TA L ROSIZEDE
FEEOHERENDBEFIELE 25> T D 2 metHAC DZEMEFHM S . B AR E . MK 0N
HE R~ — 7 — O RIZHE N T metHAC HGZOBEEEDOIREIT R, @mnafiz L
T B W T BB ALK CMER 7 27 I —EBHEO LA RHER I N o
72 Z &5 (Fig. 20, 21), metHAC #5102 L 2 Il VB ~O BT RE < RN EE XS
Nz, 7o, BV A ECRHBEE O /RT A —% I LICIFEEBEORIEES A N A v
DI EFII o722 LB b (Fig. 23-25), ~AITENT 5 ROS D pEA K ORIEFFE
T Z > TE LT, metHAC H2RD metHb IXHEUNCAH STV D EEZ BT,

L EOFERD S metHAC 1% metHb & 7L 7 2 U DOFNEND X 237 B EA R % F
M7 % Z & T, metHb X°> NaNO, DR % Fiflk L 72 A 2 R OV MO @ i LK 36 &
fiEmfl & U CEHTE 2 REMES R S T,

29



Hati NE

%5 2 FTIE metHAC OERLL OERL Ok /K B hagifaedl & L C oA P& RHh L7
fi Fe. AR ORIR 2T,

e ANESHEUV-TNATIVITAX—|ZNaNO, ZWIN L, Hb % metHb (2R3 5 Z &
C metHAC ZEHL L 7=,

*  metHAC (X 1 53F® metHb (2 Y 1 —% I L TCEE 3 50FOT V7 I UsfES Lok
14 nm O¥i+TH o7,

o metHAC I pH RTF B 7 AL K B flifE 2 os L7z,

o HAL/KFERIEICK L, metHAC 12 b R U THEBEZ MR 95 2 & CHIIRA LR
oLz,

o metHAC IZEFEHIFAL K E TR FHET N~ 7 AD CcO JEHDEIE KT ¥ K— ZAD]H
WS ET D 2 & CAEFRE R SET,

e metHAC O A H =35 15 BT ¥ . metHb H& (2 FifE]) & bl L CRIEICAE
EL7,

e metHAC % metHb H{KCTHIZE S 15 Bl ~D @\ oAl Xahke S du, FFlgicm < oA L
Too —H T, B5% 14 HURNITIZIFHEE L, AEREEET W EE X b,

o metHAC |IEAHEE 2 BT, mWAEREENE (Lath) 2R LT,

PLEDOH A S, metHAC IX metHb OENRERHE 2 35 = & CENT-fERIERH 2 3
L. ZeMOEWbKE R EFEEA & L THEHTE 5 miEtEn s S iz,
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I

FERIK TO metHAC DOHifb/KFEhEMER & L COMEMEB 272k, MEERIZEIT D
BRNEE SN D, WILKFEFFETRS L OBCNICHETT 52 L b, —4bH BIRE
DB IR L i, BUbKR R EIRIEDOETER Y X 7 @ bs TSR o Bl ©
IR & HR 9 2 BB 2R SICREEA & A L TR < 2 ENIEFICA B —T ¢ — R AIHER
ZoRNRY, PHREFOEGFROTHROM EICKESEMT B2 005, -, Hifk
KREFFIITHTELHOTIT L, FHMARETEROICHRETHZENIZLEALETHD
L BT, FEBORIEHPMOER LB L TEL RN L2 EETH L HibkFEhE
fi7g AN LRI ATRE 7R EE CR MR CE 2 |-AITH DL Z EMEFE Ly,

BURG HL LB XL TERNC & R B RFIMRF T 6 2 LN TEHFEE LT, ki
NTNDEL O 7 ERANEH STV D B8 —55 T SRR & OV AR
PRI, Z R BICAM AT DT, R SRARME A Z ST LE S A
REMEDR D 0 440 FRMEDIK TR M2 AR LA ORI b R E 8% RIT TR
B D, BrlZmetHb E 7NV T I 0%V A —IZ XD FE LT D metHAC 1., flike/p #
YRy BB X0 SRS RV N VPR ARALER B b 7 T A X —EE DN EICHERF S LT
HERFEIL RV, T I FEMAERICFI AT 2B K o Th A &, k72 iR B
DB K FE h#EFAR & LT metHAC 2FH4 5 2 L2 MET 5 &, AFatke
B HK, 7 RO RER R Elim i 2% < . LMD WS CHIEMEA R Th D Z &
WEELNWEEZDOND, LALARNL, BHENE S WSO IT AR 2 2
ERBY ERIIN—ETTFUNNIT FUBRRKREIRG LI2GE. BEREENEZ 729,
HEI K & 7213 AR BRI K DA COFRI 21T > TR L2 W ERN IR SCE ISR S T
LA, 2o LD EnD, HREHERLEC KD metHAC ~D¥ B A M 2 L8 N H D L
& BT, RS HIERALEE UTe metHAC O PSRN O 5l 72 i I 238 E 3 5 2 & ITRRIRAE IS
T 7 ARG & e D,

INHDZ L a B E ZARTE T, BHRETEAEEL% O metHAC O RFRrEREAN & OFSER)
Wb KFERBEET L~ U RAEHWICBEROMIZ EE Lz, 0L &, HEREnRL
L7z metHAC OFFEMIITIITED @SR & U CIESHIAK, AR, 7 F Ui
arnZnHMM L, R FEMEEE AR Lc, S OfRRICEDSE, WiE R
P L7 metHAC % 1 ERICEE D RAFE L. RIIRAFR ORAIZLEME R Y in vivo 1231 2H%)
P e OVEE A % 5FAI L 72
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2-1. BFEEREER metHAC OEIRME DMK EEE

&  FAEEE K metHAC D EAMRE O WL 2 TG

F. SRR AT > - ARIREED metHAC Z B b O AR 28 i < ARFRRY 208
R Cdo HIES K, AEBRREEIK, 5% 7 R UK CTENEIEER L. B LR % 5
L7z, EDOREHE. PBS ZIRME L U CHASEE L, FHRHAKTCHEMR LY 7
(PBS FD.) M OERUK Z ¥ & U CHURS o0 U, ARSI K CHREM L2 7L
(Saline ED.) %, SRR K O\FFHASRALEE 2 L TN 72U metHAC &R7FE 45 A K ONER R 1%
EETYEME PR EIIRE Ch ot — T RRUKZEE & U CHAS IO L, 5% 7
R o BER CRAE L= 7L (Glucose F.D.) 1%, PDI AR T 5 & & bIChHFITRIES
RPN 7 b L, PRI 2E03 4 nm #fi /)N L 7= (Fig. 27, Table 6),
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Fig. 27. Size distribution of lyophilized metHAC after reconstitution in respective solvents.

Lyophilized samples were reconstituted with sterile water for injection (PBS F.D.), 0.9% sodium
chloride injection (Saline F.D.), and 5% dextrose injection (Glucose F.D.), respectively. Before
lyophilization, the original solvent (PBS) for the samples of two groups (Saline F.D. and Glucose F.D.)
was replaced with purified water. Samples without lyophilization and reconstitution process were used

as Control.

Table 6. Physicochemical characteristics of lyophilized metHAC after reconstitution in

respective solvents.

Diameter (nm) PDI —potential (mV)
Control 14.28 £0.14 0.12 £0.02 -3.34+£0.31
PBS F.D. 14.38 £0.23 0.12 £0.02 -3.35+£0.52
Saline F.D. 14.67 £0.48 0.16 £ 0.05 -3.61 £0.07
Glucose F.D. 10.71£0.22 0.26 £ 0.02 —2.60 £0.33

PDI; polydispersity index (n = 3, mean = S.D.)
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& BRI metHAC O BHIERE OIS

WG Hz I N OSFR IR AR ALER D metHAC DOAEIE 239572, SEC &% L7z, ZDiff
Fo SR, EBREEIK, 5% 7 R UHERE AL E LT REME L 7 RS LS K metHAC 13
B R N OV FHARALER 2 L TV 20 metHAC EREED 7 v~ b7 T A0 67 (Fig.
28a), F7=. Native-PAGE K OV B XIUKE) (IEF) #1772 & 2 A, B DL O 3 FHIE
fi#1% O metHAC IX[RIERD /N KR — %R L, BE R ZZRIIMER S 7e - 72 (Fig. 28b,
) 2D 9B, SEC KT Native-PAGE 23 /R THHMDOE— 27 KOS RiX 1 4310 metHb |2
FATOTNT I ORNBRRD Z LICERT 570, ENEIEBIITEHE L 72 /5 R,
5% 7 R OBERIZ L0 AR L7 metHAC 1%, EBE7 L7 2 o R°metHb : 7/ 7 I =1:1
DT NT I UFERE DI S T A Z — R 5-10%F2 LY K L 7= (data not
shown), ZDZ EMnD, 5% 7 RUMRIZEBIT 2R H-ROME/INE, —FOT VT I V3R
iRt 1C metHAC 2> BAREE L T\ 5 Z LITRINT 5 Z L AVRE ST,

a) b) metHAC c) metHAC
: a
a _ )
59 = 2 s 29 2
5 = Q I E 7 £ < B
£ wn £ < 9 0 ¥ ® w 9
Control S @ s g £ (pl) O a T €
PBS F.D. (kDa) 9.3
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£ Glucose F.D. 669 |
s | - HSA 7.1
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> 232 | 6.6
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Fig. 28. a) Representative SEC profiles, b) image of Native-PAGE, and c¢) IEF patterns of
lyophilized metHAC after reconstitution in respective solvents.
Lyophilized samples were reconstituted with sterile water for injection (PBS F.D.), 0.9% sodium
chloride injection (Saline F.D.), and 5% dextrose injection (Glucose F.D.), respectively. Before
lyophilization, the original solvent (PBS) for the samples of two groups (Saline F.D. and Glucose F.D.)
was replaced with purified water. Samples without lyophilization and reconstitution process were used

as Control.
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¢  FREREH R metHAC DEEMRE DB Y /37 B OREHE

CZETORBEIY | BN OISR ALER & R K, ABERKIZB W T
metHAC & L CORMEMEZHERF L TS B X b, MY v /37 B OIS % I
Rl T & Ty, AR Y T B O X D HEEEE, A ESCERE AR |2
ZRIET RN H DO BEETH S, CD ALY MU THAMN L2 R, TESK, A
WK, 5% 7 B UBHRZE I TR L 72 B R R metHAC |3 R2J5 K OV L
FiZ LTV metHAC & [RIERD AT MR E 72 0 | FERR Y » /X7 B 00 kA1 i
S CTuz (Fig 29), £72. ~LZRFFT 5 metHb OFEEEIGIC I D~ S5
& metHAC OFL/KERIEREN R SN/ 72 d, £ 2T, WS E O\FIRMRALER O
IR OB~ L BZFMM L2 2 A, 2 TOFEM L7 metHAC T3 b u—/L L [[%
TH o7z (Table 7), ZDZ EHD, metHAC O metHb [RS8 N ONFARRALER . &~ 4
EREMIHRFFL TS EE 2 b,
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Fig. 29. CD spectra of lyophilized metHAC after reconstitution in respective solvents.

Lyophilized samples were reconstituted with sterile water for injection (PBS F.D.), 0.9% sodium
chloride injection (Saline F.D.), and 5% dextrose injection (Glucose F.D.), respectively. Before
lyophilization, the original solvent (PBS) for the samples of two groups (Saline F.D. and Glucose F.D.)
was replaced with purified water. Samples without lyophilization and reconstitution process were used

as Control. Spectra were recorded at 0.2 uM as metHb.

Table 7. Released heme from lyophilized metHAC after reconstitution in respective solvents.
Released heme (%)

Control 0.26 +£0.01
PBS F.D. 0.68 +0.54
Saline F.D. 0.48 £0.08
Glucose F.D. 0.49+0.13
metHb 0.70+0.19
metHb + 3HSA 0.35+0.08

n =3, mean = S.D.
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2-2. BFEEIRESE metHAC DOEAMEE Ok FKHE AR
WA Rz N OV IR R ALER . O metHAC DRib/KFEREEHRELE UV-Vis. A7 K LRI

DRl L7z, F DRSS
v — 27 23 NaHS ORIz

/El\ﬁg@:lﬂé‘*%f&)%) KEXRnlZoWT% Control E[RETHY .

Lo T405nmm 705 424 nm |

SRR N O\FEAfEALERS & metHAC X Control [EIARIZ A7 kL
2k L7 (Fig. 30), £7-. Bifb/AKFEHE

E TR Y QONTERE T UB

700

metHAC DRfAL/KFFEGREICE L2\ & & % b7z (Fig. 31, Table 8),
a) b)
Abs. Abs.
1.5 ; ¢405 15 -
1 QE 1‘424 1
0.5 J/‘? ‘ 0.5 4
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Fig. 30. UV—Vis. spectral change of reconstituted metHAC a) control, b) PBS F.D., ¢) Saline F.D.,

and d) Glucose F.D. on addition of NaHS solution.
Lyophilized samples were reconstituted with sterile water for injection (PBS F.D.), 0.9% sodium

chloride injection (Saline F.D.), and 5% dextrose injection (Glucose F.D.), respectively. Before

lyophilization, the original solvent (PBS) for the samples of two groups (Saline F.D. and Glucose F.D.)

was replaced with purified water. Samples without lyophilization and reconstitution process were used

as Control. NaHS solution (a molar ratio of 0.2x heme in metHb) was gradually added to each sample.

All samples were adjusted to 2 uM as metHb.

35



2
—
(=2

—

0.9 0.9 -
= 0.8 0.6 -
g7 0.3 -
'E 0.6 E
E 0.5 ‘::- 0.0
g 047 —&—Control E 03 1 —e— Control
% 0.3 —.—PB? F.D. = 06 4 —8— PBSE.D.
:‘: 0.2 / —&— Saline F.D. —&—Saline F.D.
a1 d . Glucose F.D. -0.9 1 o Glucose F.D.
0.0 / : : : : , 12 4
1] 5 10 15 20 25 0.0 0.5 1.0 1.5
Sulfide (uM) Log (Sulfide) (uM)

Fig. 31. a) Equilibrium curves and (b) Hill plots of reconstituted metHAC with hydrogen sulfide.
Lyophilized samples were reconstituted with sterile water for injection (PBS F.D.), 0.9% sodium
chloride injection (Saline F.D.), and 5% dextrose injection (Glucose F.D.), respectively. Before
lyophilization, the original solvent (PBS) for the samples of two groups (Saline F.D. and Glucose F.D.)
was replaced with purified water. Samples without lyophilization and reconstitution process were used
as Control. NaHS solution (a molar ratio of 0.2x heme in metHb) was gradually added to each sample.

All samples were adjusted to 2 uM as metHb.

Table 8. Binding characteristics of reconstituted metHAC with hydrogen sulfide.

K (x 105 M) n
Control 0.20 + 0.01 1.28 +0.05
PBS F.D. 0.22 +0.01 1.25+0.01
Saline F.D. 0.23 + 0.04 1.27+0.03
Glucose F.D. 0.24+0.01 1.29+0.01
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2-3. RAERZEEERAL metHAC @ in vivo 8 2 FEAR

RS 57 M8 N NP AR LB D metHAC @ in vitro (231 2 BiAb /K B HETE DS RS S 7=,
in vivo IZBWTH ZOFMENBEIND Z & 2R T D70, BRSE I NE OV R L
L7 metHAC ZBBEHINULKFZTHEET L~ U RZHEKEG L, AFEREFHE LT, ZORERE,
PBS F.D.# &% O* Saline F.D.#E Tl &fA3 417 L. Glucose ED.AETIX 1 23 3E 1L L7z (Fig. 32),
INHDZ LD, BREEERAER L. metHAC 13RS K E 7 XA A K COFEM T
in vivo \ZB W T HBFEEE 21T > T2 metHAC & [RIFEE OfRHREZREFT D L £ 2D
iz,

]

o
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Fig. 32. Survival rate of lethal hydrogen sulfide poisoning mice after treatment with the
reconstituted metHAC.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either reconstituted metHAC
(500 mg metHb/kg) or saline was injected in lethal hydrogen sulfide poisoning model mice (n =

8/group). “p < 0.01 vs. No treatment (Saline).
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2-4. BHIRTEHE ORGSR metHAC OMRFEAM

* RHRFR OIS metHAC DM

metHAC IS FZBALEN F[RE T v | EHHK E 7 IFAEBEREK COB/BEMIZL - T
WS 2 P I LK ERHERA & L TR TE D B2 b, £ 2T, Wk
JRALER 72 metHAC % 1 AFMIRAF L. bk iR RA & L CORMIZEM 2 7MiM L7z,
BOETIRAT LT R metHAC \IZHER K ZRIM L& 25 5 3 UUNICIEESREE 7 &
72 SERICIAfR L7z (Fig. 33), 7o, #PRE LT 1ERERIRIE THRAF L 72 metHAC (2O
THIERRHE, Ay EAMBLOZELIX ) > 7= (data not shown),

After addition of Sterile Water for Injection

F.D. powder 1 min 3 min S min

i . A
Fig. 33. Appearances of F.D. powder metHAC after 1-year storage and reconstitution.
Appearance of metHAC after l1-year storage as freeze—dried powder formulation and after

reconstitution with Sterile Water for Injection at 1, 3, and 5 min.
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& EHIREE OB metHAC DY LR R

FP. 1 EBRGER OIS REZ RN L-, ZORER, 7RI X v BRRET
817 L 72 metHAC | Fresh (Control) & [RIZ 720104, Ri£8, (BN 2R L, WP bLSHR
PRI EE ) > 72, FTo, WHIRRET 1 AERMIRAF L 72 metHAC (238 T b 2 RITHERR S
N7eino 7= (Fig. 34, Table 9), ZAUH D Z &G, BUREEAMERAERIZ X 0 ByH L L 72 metHAC
XERICHEE L. REIBIRAEHE O PRI b EEITRE & TN 2 E R ST,
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Fig. 34. Size distribution of 1—year stored metHAC in F.D. powder and solution formulation.

Samples were stored in freeze—dried (F.D.) powder and solution formulation for 1 year at 4 °C. Control

samples were freshly prepared in solution.

Table 9. Physicochemical characteristics of 1-year stored metHAC in F.D. powder and solution

formulation.

Diameter (nm) PDI {—potential (mV)
Fresh 14.1+0.24 0.06 £ 0.01 -3.19+0.23
metHAC | Stored in F.D. powder 15.0+0.08 0.08 = 0.003 -3.25+0.24
Stored in solution 14.6 £0.13 0.07 £ 0.003 -3.54+£0.26
metHb 6.5+0.24 0.19+0.02 -5.01+£0.46
HSA 7.3+£0.02 0.09 +£0.01 -2.73£0.37

PDI; polydispersity index, HSA; human serum albumin (n = 3, mean + S.D.)
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¢ RHURFR ORISR metHAC OREERE

1 AE B RAE#% O metHAC % SEC M (" Native-PAGE (2 & 0 3FAli L7=, Z DFEF., sz
I L 0B ARIRAE CIRAE L7- metHAC X SECIC L %57 1~ 75 4} Y Native-PAGE 12 L %
/N RIZFEUNT Fresh (Control) & [AARTH -7, —FH T E L TR L7z metHAC [T K
7 DFERIZFUNT Fresh (Control) EFIZETHT=b 0D, T VT I v & —HTHE—
7 ROy RN R 10%EEEHE R L 72 (Fig. 35), ZHUHOFERN G, IEIIRIEIC L 2 R
M DOPRAFE metHAC 22D DT VT X 2 OffiE 2 5 D 1 RS HELT L TN D ATREMED /R &
Nz, —Hh. BRI X 2MARRETORMETIEIZ O X 5 2O MARERES L, X0 ZE
R RFETEDLEEZE LN,

a b
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Fig. 35. a) Representative SEC profiles, b) Image of Native—PAGE of 1-year stored metHAC in

F.D. powder and solution formulation.

Samples were stored in freeze—dried (F.D.) powder and solution formulation for 1 year at 4 °C. Control

samples were freshly prepared in solution.
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&  EHIRIFR OB metHAC DR Y v /37 D&

WK 2 > /N DRI Z CD AT bVIC K W EHli L7z, £ ORER. 1FERIRFZIZINT
b HAE LRI R IC L D RMFR L OWAIRIZ L 2 fF L IRFIERRIZD DD BT AT ML D%
{EIIMEFR X419, Fresh (Control) & [A%Cdh - 7= (Fig. 36), F7=. metHb 2> 5 it X 5 iF
BENDIZOWTHEEEIT o7& Z A, Fresh (Control) & [F% T - 7= (Table 10), ZiL5H
DZ LB, metHAC [ZTRIMRAE GRS 7 OREZRLITEE TWRnE &2 5

i,

20 -
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Fig. 36. CD spectra of 1-year stored metHAC in F.D. powder and solution formulation.

Samples were stored in F.D. powder and solution formulation for 1 year at 4 °C. Control samples were

freshly prepared in solution. Spectra were recorded at 0.2 uM as metHb.

Table 10. Released heme from 1-year stored metHAC in F.D. powder and solution formulation.

released heme (%)

Fresh
Stored in F.D. powder

Stored in solution

0.20 +0.07
0.30 +0.09
0.35+0.17

n =3, mean + S.D.
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& EHIREEOBELE metHAC ORLASRHRE A REFLAM

Wb KFE R BEHEA & L THIATE 5720120, metHb [ZALIA L 72 Atk ek 23 &
LD, £ZT, BEMT1EMBELE L metHAC I NaHS R Z I L, UV-Vis. A<
7 MVERIE LTz, EORER, BHEREMN AR R L OV CRAF L72 metHAC H10 metHb ~
WALKEBNFEET D EICED, AT MAREAIZT T b LTz (Fig 37), £7-. Wifb/kE

FEAEOIIETH D K KD n 2T Fresh (Control) & [FIZETH Y . metHAC [IRIFIEZRE
B o HEMRFE b AL AKSERHRME 2 HERF L T 7z (Table 11),
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Fig. 37. UV—Vis. spectral change of 1-year stored metHAC in F.D. powder and solution

formulation on addition of NaHS solution.

NaHS solution (a molar ratio of 0.2x heme in metHb) was gradually added to a) fresh metHAC,
metHAC stored b) as F.D. powder, and ¢) in solution. All samples were adjusted to 2 pM as metHb.

Table 11. Binding characteristics of 1-year stored metHAC with hydrogen sulfide.

K (x10° M) n
Fresh 0.21 £0.02 1.24 +0.09
Stored in F.D. powder 0.22+0.01 1.18 £0.01
Stored in solution 0.21 £0.02 1.12+£0.02

K; equilibrium constant, n; Hill coefficient, (n = 3, mean + S.D.)
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2-5. BHHRTEHE OBEEE metHAC DA O BRI 2 & 1 ETAm

UG R AR BLA & U C R ST D BRI A MR 2 2 T U, T ek g i
LINGE I C & 72 WA IIEEE LZa i AU 72 B 7a 0 & W o o e 7o i L — L DS IRAT SCE LS
RS TWD, ZauE, BRE L TR ICRRERI A RE T 2 2 & TEEMESHER TE R
K7pn L& bll, BESHIRIZ L > TRADIERIREZ LR TE R R DAIMER L 4L
PEOBLE NS HE SN TS, [FKRA 7 metHAC 0Kzt ) <, HEf EoEE) &k
SELTEL Z EEFBRKRIEH~OERIT L5, 2T, | FRHBHEEH R E L TRFL
7= metHAC % VRS K CHfR L. 24 Rt & C 6 el & & (AR O 281 4 B4 L 7=,
F9. WEALFREA TS L7 & 2 A, 24 WEER £ CILORL RO RORLE 43 A D 28 k%
e I 727> 7= (Fig. 38a, Table 12), F 72, metHAC D% SEC. Native-PAGE & T} CD
AR MJAZ K0 R L7 AE S, 24 IR b Rl— Ok 278 L= (Fig. 38, 39), S HIlT, ~
L OHE R ORI & L Cie b BB R R LAREHEIEIC OV T 24 R % F CIGR I THER
Sh7p/no 7o (Fig. 40, Table 13, 14), ZH 5 DOFERN S WHIE U CHifE R RIEE L 72
metHAC | X FVAMEL . 24 BEEILIN & CTORAII A SRS EE 2 bz,
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Fig. 38. a) Size distribution, b) SEC profiles, ¢) CD spectra of 1-year stored metHAC in F.D.

powder formulation at 6 h, 12 h, and 24 h after reconstitution with sterile water for injection.
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Table 12. Time—course of physicochemical characteristics of 1-year stored metHAC in F.D.

powder formulation after reconstitution.

Diameter (nm) PDI C—potential (mV)
Oh 15.0 £0.08 0.08 +0.003 -3.25+0.24
6h 14.9+0.03 0.08 =0.005 -3.17+£0.17
12h 14.8+0.13 0.07 =0.005 -3.53+0.44
24 h 14.8 £0.14 0.07+0.01 -3.52+0.15

Results of metHAC stored in F.D. powder formulation at 0 h are quoted from Table 9. PDI,
polydispersity Index. (n = 3, mean = S.D)
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Fig. 39. Time—course Native—PAGE results of 1-year stored metHAC in F.D. powder formulation

ata) 6 h, b) 12 h, and c) 24 h after reconstitution with sterile water for injection.

Table 13. Time—course of released heme from 1-year stored metHAC in F.D. powder formulation

at 6 h, 12 h, and 24 h after reconstitution with sterile water for injection.

Released Heme (%)
0Oh 0.30 = 0.09
6h 0.27 £ 0.04
12h 0.40 = 0.16
24 h 0.25 £ 0.06

Results of metHAC stored in F.D. powder formulation at 0 h are quoted from Table 10. (n = 3, mean

+S.D.)
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Fig. 40. UV-Vis. spectral changes of 1-year stored metHAC in F.D. powder formulation on
addition of NaHS solution at a) 6 h, b) 12 h, and c) 24 h after reconstitution with sterile water
for injection.

NaHS solution (a molar ratio of 0.2x heme in metHb) was gradually added to each sample adjusted to

2 uM as metHb.

Table 14. Binding characteristics of 1-year stored metHAC in F.D. powder formulation with

hydrogen sulfide at 6 h, 12 h, and 24 h after reconstitution with sterile water for injection.

K x 105 (M) n
Oh 0.22 +0.01 1.18 +0.01
6h 0.22 +0.001 1.13 % 0.04
12 h 0.19 +0.01 1.18 +0.03
24.h 0.18 +0.01 1.13+0.05

Results of metHAC stored in F.D. formulation at 0 h. are quoted from Table 11. K; equilibrium constant,

n; Hill coefficient (n = 3, mean £ S.D.)
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2-6. REMREFER OEAEEE metHAC O in vivo B 2N LA

ZZETORTDD, metHAC [TIFRIRRETO 1 FRIRAF TITERET V7 2 v OB RN
MRS, —EOT VT I A metHAC 2 OFEEL TWD &EE X bz, —FH T, B
BE AR X 2 RF CIIMELMLELFHET 2 2 L /AL LTHRTTE 5 AlREMEN
IRENTZ, 2T, 1 AEREHE IR0 R £ 721 30AK TRIE L2 metHAC % B5Emnifbk 35
HHRET N~ RIEE L, EFERELFMT 5 2 & CTHRERAE L TORMMEE R Lz
ZDORER, AHBHKOEE TIETRMANELE LS FIcB W Tk Bn R LT 1
EFRRAF L72 metHAC 13 100%23 447 LTz, —J7, IRIREE TPRAF L 72 metHAC 13 70% D
AFRIZE EF o7z (Fig. 41),

o

*%
100 * = 8
[1m]
80 - m
g (5] |
‘_>° 60 - (5]
2 o
& 40 1 @
20 - Saline
" Stored in F.D. powder metHAC
oaa Stored in Solution
0 L : T T T T 1
0 10 20 30 40 50 60

Time after NaHS administration (min)

Fig. 41. Survival rate of lethal hydrogen sulfide poisoning mice after treatment with 1—year
stored metHAC in F.D. powder and solution formulation.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either formulation of 1—year
stored metHAC in F.D. or solution (500 mg metHb/kg) was injected in lethal hydrogen sulfide

poisoning model mice. Saline was administered in the control group (n = 10/group). “p < 0.01 vs.
Saline.
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metHAC DAL CeO ITHEG T D Hib/KFE 2B A IS metHb 23RS 5 2 & TER N
PEAK S AU, Fresh 72 metHAC D5 TIIEIEAIRMLKFZ TR EFET L~ 7 AD CcO IEMEE R
ET OGO (Fig. 15), £ 2T, 1 FBRAF L7 metHAC % BUERIR LK FE F 3T
TN ACEE L, EEEZRO CcO IHMHEEZ M L7z, TORER, TEREOETIZEY
KT 5% CcO fEMIE, HIE L= T OB BV TIRIFEEEIC 2303 53 metHAC #%5-12
X v [R1fE L 7= (Fig. 42),
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Fig. 42. CcO activity in the a) liver, b) kidneys, c) heart, d) lung, and e) brain after treatment
with 1-year stored metHAC in F.D. powder and solution formulation in lethal hydrogen sulfide
poisoning mice.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline, 1—year stored
metHAC in F.D. or solution (500 mg metHb/kg) was injected in lethal hydrogen sulfide poisoning
model mice. 5 min after administration, the mice were euthanized and specific organs (liver, kidneys,

heart, lungs and brain) were collected. (n = 5, mean + S.D.) “p < 0.05, “p < 0.01 vs. saline.

CcO DIHEIZ L o TREET > F—= AREITT D72, CeO 1EMZ 1AM L 7= [F—{# {4
DR T A/NT A —2 25l LTz, ZOREE., pH OIKX TFTRRARDOEL, o IZfHhET 5

HIREEA A 2 O AR S v, RETET > B— 2 OHELTIXME] &7z (Fig. 43),
a) b) ) d) e)
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Fig. 43. Metabolic acidosis parameters in blood after treatment with 1—year stored metHAC in
F.D. powder and solution formulation in lethal hydrogen sulfide poisoning mice.

At 3 min after the subcutaneous exposure of NaHS solution (30 mg/kg), either saline, formulation of
1—year stored metHAC in F.D. or solution (500 mg metHb/kg) was injected in lethal hydrogen sulfide
poisoning model mice. 5 min after administration of each antidote, the mice were euthanized and
venous blood was collected. Parameters of a) pH, b) lactate, ¢) anion gap, d) bicarbonate (HCO*),
and e) base excess were measured. (n = 5, mean + S.D.) "p < 0.05, “p < 0.01 vs. saline.
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2-7. BHURFSR OB metHAC D in vivo T2 MEEEAH

& EHIRTT metHAC B 51T & B AR A~DEEFL

ZIE TORRDN S HAEZE metHAC (ZRMIFRFRZIZI N T HAEUKRFE T EITRT LT
BN REDREFE LI, T2 T, REIMRFEEZ D metHAC OZEMFHEIZ OV TH 5
fi L7=, %~ 7 212 500 mg metHb/kg O 1 4F RS 82 0 o o ONA IR B CIR A7 L 72
metHAC Z#¢5- L, 7 A & COMBL L (R B L 4B L7 R BEITEEI A2 D21k,
BAGBGRIZPE 5 (RER I THER S e b o 72 (Fig. 44),

34 -

32 -
”E;%z%s%;%g%:%E%

28

Body weight (g)

—&— Control
26 1 —@—Stored in F.D. powder

—@— Stored in solution metHAC

24

o 1 2 3 a4 5 & 7
Time (day)
Fig. 44. Change in body weight after administration of 1-year stored metHAC in F.D. powder
and solution formulation in healthy mice.
500 mg metHb/kg of metHAC was administered to healthy mice. Mice in the control group received

saline. (n =5/ group, mean = S.D.)

& EHMRTE metHAC 51 & % T Efgas~ D&

F72. MFEL OB RO R A L E HE Yl LV EHli L7z & 2 A, RIFERRIZH D
6T Saline L GHE L IZTFREFETH Y . BERPELE(IIME S e o7 (Fig.45), 20
FERE =T DI oIC, MIEPOFHERE ST A —%ThHDH AST, ALT K OBHEEE XT A —
X Td 5 BUN, CRE DZALH RS S 417272 > 7= (Fig. 46).

Control F.D. powder Solution

Liver

metHAC in F.D. powder and solution formulation in healthy mice.
500 mg metHb/kg of metHAC was administered to healthy mice. Mice in the control group received
saline. At 7 days after administration, liver and kidneys were collected and morphological changes
were evaluated by HE stain. (X200 magnification)
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Fig. 46. Biochemical parameters in plasma reflecting liver injury and renal function after
administration of 1-year stored metHAC in F.D. powder and solution formulation in healthy
mice.

500 mg metHb/kg of metHAC was administered to healthy mice. Mice in the control group received
saline. At 7 days after administration, blood was collected and plasma levels of a) aspartate
aminotransferase (AST), b) alanine aminotransferase (ALT), ¢) blood urea nitrogen (BUN), and d)

creatinine (CRE) were measured. (n = 5, mean + S.D.) *p < 0.05 vs. Control.

E BT, MIEFIREICOVWTHEM L7z & 2 A, RIFBIEICO ) D b T metHAC
IR ER S~ A JE & 72 o 72 (Fig. 47)s
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Fig. 47. Hematological analyses after administration of 1-year stored metHAC in F.D. powder
and solution formulation in healthy mice.

500 mg metHb/kg of metHAC was administered to healthy mice. Mice in the control group received
saline. At 7 days after administration, blood was collected and hematological parameters of a) white

blood cells (WBC), b) red blood cells (RBC), ¢) platelet (PLT), and d) hematocrit were measured. (n
=5, mean + S.D.)
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FEIf BE

ALK FITES AR R AEAT 2B Y TH Y, THEEFILREITIRESMTORR T
TAEGFEPBIIIR T T2 2 EDRRERFFEDO—DOTH D, fiFmE CORMEZERT S
DI, FHEBGSOT LARAE X L TOIRENER S, EAUE- TRIRFE A ATE 7k
RECOMBRORFEEN RO NS, 5F 2 BEOMRM»OMEAIOBEM & L TER L
metHAC |34 /N7 BE TR SN TUWN D, HRSHLER LI T 7 R 7 L ORPER B, &
BOWEEZRD 200 BEHBRMAETE . WIHAZRINT 28EO L THOMICHERTE 572
O, BEfED 2 7 BANDZL ATHFSEEHR L L TRESNA TN D, W &I, Z
D & O IR BRI LR FE T E R A ORI E S L TRERFETH D2, RET
X, £ metHAC DEEREIBERTH CTORAIRNE, SR ok & K O D21 %
FEAME L. RICEERAS LR & L C 1 AERICD > TIRE L, RFEBORFIREEICNZ T~
T A & T B E I OV Rl 21T - T,

metHAC ZHEK T2 metHb KON V7 2 U NIENEHBHEREEN R & L CGRIEENHIC
WiELTERY, WY T EENENOREMITIMR I TND “48, —F5 T, metHAC
[T metHb &7 NVT I ZI7 AR U A—THRELTEY, EENTOD metHAC DOREREZ 1
BT DOICITERM GO EERAR L L COREENEE L /25, HiSEAIcRs
WTHROHAMMBND DI, RN & IR LERRE O RIFLIREE N K & < £ T 5
LETho L S, BEMRICRIAT 2L 0D metHAC OGRS RANL 2 /ity
THFEERD—DIZRD EBZEZHND, ERICABRFHIIBW T, PBS M & L CHif
BEALER L TES K CHRVER L7 o 7V R OEROK 2 0 & U Colpsizdinst L, B8
BIEIK TR LTV o 7 VX RS B AL B R OV R AL BR% & SRR A HERF L Tz
DIZxt L, FERUKZ IR & U COlURE LI L, 5%~ N BV CRIRME L 7= 9> 7 vk
SRR -2/ LTz (Fig. 27, Table 6), ~E/ BB -T VT 7 T A —[LHb(Z
FAET DT N7 I BTG CTRIFRENEIL L, 7T I 450 TREEERD 148nm b7
VT I FAREGIRD 9.5 nm E THRIAW 3, 5% 7 B O BER CHafE L7256, SEC KO
Native-PAGE OF5RTlFHET V7 I v O REZRBT HRRPELNTVWDLZ LA E XA
OED L (Fig. 28). Z OFEIRI-RROZEAITIFRAMRIFIZ metHb &7 /L7 IOV > —I(Z
K OREEN—ECRRA L7 Z LITERT 2 lRetE2 @, metHAC (X metHb IZHEG S €7
U =D A I RERTILVTIVERVATA v OF =NV IKIHEET 5 TH Y
(Fig. 4), ¥ b A I R-F A — LA I3k A AR L > T L b~ A TV ROSRMAKSRIZ
KO ARLZENT D ERHRESNTND 90 HEZRERIZAHTHL DD, 7 RUfk
& O AAEMLMEMREEEED pH OZRNEE LI RN H D . 5% 7 N UHEKIC L %
WA AR metHAC O FERITRAIFEZ BT 2 ETEF LIV EEx b, &
DT LT, 5%T R U BEAIKR CHIEMAE L72 metHAC [IZB W CTIOIRIE CTHIAMR L7 b o L it
L CTIRIRZE IR PME T L2 BSEMRH b K FE P EET L~ U 22 X2 A 0O R R
5 HoREE ST (Fig. 32), LLEDZ EnD | metHAC | TBHfSEH BN A RETH D H DD
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PRI RN LETH Y | K EZIIAEIEREANEE L, 5% 7 KU ERER
OFERIHER S R nWEB X BN D,

BIF O WS HL A AR TV 2 N3 2 R B EO A THEARRETH Y 22306, K
W RRECTH V| bk FEhEffEAl & L CEANARMAIECTH S, FEFC, B
HLIER RAL metHAC IXIABEZ I L C 5 0 AN TRAICHIEMRE L TR Y (Fig. 33). St
oI LKE T ROMEAIE LCEMAMTH D, £z, MR b 24 R
FFEIE 2 HERF L T2 (Fig. 38, 39). B G-RoRMBLHFIIC L 0 2o hEHEE A
RENDILEIE, WA THONLORABLTEL ZLbARTHLIEEZDLN D,
metHAC @ HIRE(E I AIREZ2 ATIXIAIK Ch 5728, IWIRIREE CRHRGFAETH D 2 L1
WG R R BA L, FICERIR OB, L, 1 FlTbl 2 BEHRFR%IC
BWTIHIERET V7 I U RT 28 T OMIEE(ER A LD & &b, BRIkt AKFE
HIEET L~ T ADAELFRN T10%IAE T LTE Y, fREGEMNME T LTz (Fig. 35, 41), &
HAFE T CEMMMRAFET 5 2 L idmetHb E T AT I U EFEET A~ LA X F-F A —ILEA
HOMAKREZBIRET D7 950 WFILEENMET L CET VT I VR RLEES
Abid, —H T, WRERICEST 1 FEMRER b EEILE, 2 /37 ORE-Chitb
KFBFREEGFHEOZALITMERR SN TV RN NG, TAT I U OfifEEZ L > T metHAC ©
EREAEN L L, MERICERNELTEEEXOND, Fo. HERRFE D metHACIZ
X 2l aabE =5 O JBEITHEGR ST W W2 &5 (Fig. 45, 46), AR A PEDHERHZ K
52 EME DR & &K 272 metHAC Z R CT& 5 Z L VR &7z,

L EDOFERD G metHAC IFHAE 2RI X 0 BEHIRIEDATRE L 720 | BRRMEH %
EBRELTFERAEOEmObRFEPEREA S L CHHATEEE2 615,
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Hati NE

95 3 B CIIMAE H2 AL ERIZ K D metHAC DRifbksE hEfigaAl OfAI & L CoIGH & 57F
i L7efE %, LR E2157,

o metHAC | TGRS HLIR M O PR IR AL A% & BRI AR 2 i Fr L Ty,

o URAEHCMRALER U 72 metHAC 1ZVES /K (PBS) £ 7213 AFIAE K CHISM TS Z L NL
FLL., 5%7 FUBRRIC X 2 HERITHR SN E 2 b,

o metHAC |JHRS FLIR M OB AR AL RS & iR e 2 fiERr L T,

o SRR RIREET 1 AERIEAE L72 metHAC 130N AR ATRE TH 0 . PR
b BUFIRRE 2 HERF L TN,

o SRR RIREE T 1 AERIRAFE LT metHAC IZFHAMRE D 72 < & b 24 W RS R
EHERF L T,

o SRR RIREET 1 AERIRAFE L72 metHAC IZEFEMIRUL KB T HRETT L~ 7 RITE
W EWRERRREZ R LTz,

o IFEMRTE L7Z metHAC IXRERIEE 2~ B ST, mUWAEKEAM (Lt 27/ Lz,

PLEDFE NG, metHAC OEASE R Kb LV BEHIERAEDS [ RE 2 Wit b /K 35 Hh 75 fif 73
Kl LTRIHTE D EEZBND,
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B4 FESIERICHEIT 72 metHAC DT 7 U HhEMER & LTOESMESEMm

I

T PR, ALK FERFERRICS T USMEANI har R THO Co LREA L,
HifaoOmB B2 ERENET I LIk THlERZ a5 5 ZORAEERIIZIGICH
72, BERHPRT I X AEHERTOHRE., SHIITAKRIZEIR)I v LE T 7
Ur=hU i EERHEOREECRAE LT TV T AOBERKERDRATHIEALTND
25 pBETHIUE, NRBICEET DV 7 ViREREOn ¥ x—BIlcL v, KHEEOF
T T AW D L NTARETH DAY, WUERRE /AN DIER DI TIZ RS . 25 0
MNEEREL 25700, A B RVEROBRBALEL SND, ¥ 7 o HEICIEBEFD
fEEFAINAAAE L, diAEEERIE (FEEE T 2 LX° NaNOy) & T A Ml Y v A0, 7=
X, B Ry angIvRERIh TS ¥ iR E FAHEET Y 7 AOPHH
T, £PHASEE2 RBC D Hb 2 metHb ICZEHA L, CcO ITHER L= T v & BFED X
D@V metHb ICBAT SH, CeO OREREZ MIE S5, RIT, metHb & 27 » OfEEIE A
M TH DD, metHb NOIRBEL 727 NI FAHiEET Y v A2 0T 52 L Tr & x
—BAEHR LS, EaRET 5 ZBREOMEET Lo Tnd 5, —FH T, HififieR
HIZE D HbD A MEIZIZ—ERE 2B 5720, HONICEmERIT 5 7 v hEOfE
AR TLE S Z &X°, RBC OREHEMREZ LE T 2 72 OIKEL R MUE 2 &5 7 2 "l hE
PES @ <L PR R EES— R L IRRE T B A PR T 2 KRR O o7 R I T E A
W 1956 F e FAREET N Y U ALK D e X R —EOIE LI A BT 50, H
FDOIHTOMEHTITANMETRIAD R, —FH T, fEmAlé LToe Redyans Iy
OFIRIE, G EEDEEIEL BT 5 & & HIZ, RBC OREEERIIT R EZ LT
SNz, BROH MR REOMES A BT 5 Z LN TED, LLens, K51
B (Mw = 1,346) TH 5D Z EITRK LTt o X o7 g EfEE L, fFaRens Kig IR
T+5 LWV mBERRMBAENTEET D (X /37 83 95%LL 1) 578, ooz L
5. BEAF O mFEN R BRI TH D LIXE X RWBLRTH 5,

Z DX D RN BEALKFE P E & RO BMEFEERT & O metHb & @ \WEES BRI %
AT 237 oPEIcx LTH metHAC 23REH & LCHRIARRETH D EEZ B, 7T
yEREAlE L TORBICEWTHHENERIIRENWEEZOLND, £ TARETIE,
metHAC D> 7 o HhEfigmEAl & L Cofa AL MR LK OB ER > 7 VU HEET L~y
A% AWTCEHMET L. metHAC O #fE7EAl & L COmNILR DO ATREME & et L7z,
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H2f KR

2-1. metHAC D ¥ 7 Vit (&) 34

Witk #E MR & L TO metHAC 1X, metHAC H1 metHb 23Fifb/kE &2 HliE T 5 =
LAl LTHRES 22087 hThH D, VT v blifbAkSE & FERIC metHb 23F 9
L O~ LEREBFMEE AT D2 AL TEY . #Hig LiE metHAC 23> 7 >
FBOfHEAE L TRIATE B AREMEZ MO T\ D, £ 2 T, metHAC WiRIZ> 7 b7 b
U 7 2 (NaCN) IR AT L7= & & D UV-Vis. A7 "V OEA 27 M LTz, Z DOf5 R,
metHAC (TSI 5 NaCN & (2477 L T 406 nm 2> 5 420 nm ([ B — 7 EN/HRE LZ, =0
21X, metHb & [FEEDZEECTH 7= (Fig. 48a, b), Z DI NS, metHAC O 7 e
PER RSN, Fio, HEFMEZEEMNICTIT 52720, A7 MZELEFIH L TS
NI A=FEHEH L2, ZOREE, metHAC ® K KW n iE metHb XV H/hSUVMEE o7z
(Table 15), 77 2 UV DIFEIZ LY metHb D7 > & DFEANILE STV 5 Al HEMEA %
R BT, metHb IZT7 V7 I V&SR ST, metHb & 3 [5FEAHOT VT I &R
A LT2IAHR (metHb+3HSA) IZBW T HRET 21772 & 25, metHAC X° metHb & [FIfkD 2
7 MV HERR STz (Fig. 48¢), Mia/3T7 A —# X metHb & LG L CTh3no/hawn
fEL o7t DD, metHAC LV KREWFER & 720 | metHAC D> 7 UFEEMEDIK NIL T v
T IR LW E E 2 Sz (Table 15), EFRO#E 25, metHb & i L T metHAC
X7 U OREEENRNMEE /T D2 LRI N0, FIAGEEEE LY TV
EEEAl & LT metHAC 2 #ENLT DN H DH EF 2 L,
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Fig. 48. UV—Vis. spectral changes on addition of NaCN solution.
Representative UV—Vis. spectra changes of a) metHAC, b) metHb, and ¢) metHb+3HSA (metHb with
three—fold molar human serum albumin) after gradual NaCN addition. All samples were adjusted to 2

puM as metHb and NaCN solution was gradually added at a molar ratio of 0.2 to the samples.
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Table 15. Binding characteristics of metHAC, metHb, and metHb+3HSA with cyanide.

Kx106 (M) n
metHAC 0.58 +0.04 1.48 +0.05
metHb 1.76 £ 0.12 1.81 +0.04
metHb-+3HSA 1.58 £0.16 1.61 +0.07

K; equilibrium constant, n; Hill coefficient, metHb+3HSA ; metHb with three—fold molar human serum

albumin (n = 3, mean = S.D.)

2-2. NaCN BREIZx3 % metHAC DRAIRER

& RRRATE SRV

T OEFEMEREBUL, KR RBRICHBANIREALTI har R TABICHEET S
COREBT DI ENERLERD, T UFERIZED CcO DILFEIZL Y EHmENHES
., BEFAMEIEESND, 20L&, 2 bay N 7 ORBEEN K OMET D EESME T
L. BAEAICHIRERFFE S D, £ 2T, £7 NaCN REFEIZXTT 25 metHAC fF(E F TD
MR AE TSR 2R L7z, ZOREF, BFTET 2 NaCN OO RIC X 0 M AEFENMET
LTEBD, ~EZRbE-TNANT I T7AZ—ORMTIIRENRITMR I o7
DIz L, metHAC & O metRBC FRINEE TIELE DK T 285 ERAFH P S 7z (Fig. 49).
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Fig. 49. The viability of NaCN—treated H9c2 cells in the presence of metHAC, metRBC, or Hb—
albumin clusters.

NaCN solution in the presence of metHAC, metRBC, or Hb—albumin clusters at a) 0.625 g/dL, b) 1.25
g/dL, ¢) 2.5 g/dL was added to each well and incubated for 1 h (37 °C, 100% air). Cell viabilities were
determined by methylene blue assay. All experiments were conducted in triplicates. The data are
represented as mean + S.D. p < 0.05, *p < 0.01 vs. NaCN alone, “p < 0.05, #p < 0.01 vs. Hb—albumin

clusters.
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& BRMEEEFMIZ LS metHAC D NaCN BB 25 MR #ER R OBt

FEsR I E EOBLE) D, NaCN BREEIZ 3T 2 RED R A MG L2/ R . NaCNRINC LY
TR EEEIIRIBICIE T L7, —HF T, metHAC KT metRBC ImMEEIZB W ClZov b
—VRE & [RSEFR R ICHERF S U Tz (Fig. 50),
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Fig. 50. a) Oxygen consumption profiles and b) calculated slope of NaCN—treated H9c2 cells in
the presence of metHAC, metRBC, or Hb—albumin clusters.

Cells were exposed to 2.5 mM NaCN in the presence of metHAC, metRBC, and Hb—albumin clusters
and incubated for 1 h (37 °C, 100% air). The samples of metHAC, metRBC, and Hb—albumin clusters
were set 2.5 g/dL as metHb or Hb. All experiments were conducted in triplicates. The data are

represented as mean + S.D. “p < 0.01 vs. NaHS alone, #p < 0.01 vs. Hb—albumin clusters.
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¢ I bay R 7EEIC K D metHAC @ NaCN BRERIZ R 5 MR R L R O Et
NaCN BEFIZ KX 558 % I ba v RY 7PEEM K ONEPEIC XV 3 L=, & ORR.
NaCN U 3R & < B 2K T S 72 DI2%F L, metHAC & O metRBC IRINERIZ B\ T2
O F 23l &7z (Fig. 51) ZOMHANLI b2y KU 7IEEOMKREE—FH L TE Y (Fig.
52), X bar RUTEEMOEK TG S & T hay B TIEEOK T 25 R S
o, MR EREE EH S CHilatRED R AR L& B 2 b D,
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Fig. 51. Mitochondrial membrane potential (MMP) of NaCN-treated H9¢2 cells in the presence
of metHAC, metRBC, or Hb—albumin clusters.

Cells were exposed to 5 mM or 2.5 mM NaCN in the presence of metHAC, metRBC, and Hb—albumin
clusters and incubated for 1 h (37 °C, 100% air). The samples of metHAC, metRBC, and Hb—albumin
clusters were set 2.5 g/dL as metHb or Hb. All experiments were conducted in triplicates. The data are

represented as mean + S.D. “p < 0.01 vs. NaCN alone, *p < 0.01 vs. Hb—albumin clusters.
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Fig. 52. Mitochondrial activity of NaCN—treated H9c2 cells in the presence of metHAC, metRBC,
or Hb—albumin clusters.

NaCN solution in the presence of metHAC, metRBC, or Hb—albumin clusters at a) 0.625 g/dL, b) 1.25
g/dL, ¢) 2.5 g/dL was added to each well and incubated for 1 h (37 °C, 100% air). Mitochondrial
activity was determined by CCK-8. All experiments were conducted in triplicates. The data are
represented as mean + S.D. p < 0.05, “p < 0.01 vs. NaCN alone, “p < 0.05, #p < 0.01 vs. Hb—albumin
clusters, *p < 0.05, **p < 0.01 vs. metRBCs.
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2-3. VT UHEBETICTRIEIT S metHAC DIGELE

& ETFESRIFMEIC X 5 metHAC DAEZEDORES

metHAC % BUEH) e fiifbok FEhEIox L CigmsAl & LTI DRI, mHEET L~ Y
ATClE 500 mg metHb/kg Dt G- & Th 5 EfbimftiT T, AoEimzs TLetts
R LIREETHERT 22 LN TE S, 220, S TEENRS T U HEET L~ 7 X
500 mg metHb/kg T metHAC Z#¢5- L, AfFR &5/ i L7z, ZOfE, EHEEKOFKE T
EHNIETT DM T T, metHAC #58E1E 40%03E1F LTz, [ RO metHb B 5
T 10%DAEMFICE EF o722 £, metHAC 1 ZAEGFERO FRICHEEST b 00,
DOEMNRH D EH 2 DI, BUTORBIETIE, 7 Y HEICK LT NaNO, & F A hili 7
U T AOGERFRENFIH STV D, NaNOy IEER{b#Al & LT RBC 1™ Hb % metHb (24
B, metHb NS 7 VU ZHIET D 2 & CUT UREICEINT D, — T, FAEET RV
U LIERNT T iR O R X X — B ETEE LT D 2 & T metHb M OMREL 72T
HIRFNEDF AL 7 NEBEHET DR ST F T T B A O, metHAC &7
Y OFEETEFHOFE RIS . metHAC IX metHb & Hbilg U CHEAMRBEIE S mWN 2 & 2Bk E D
&L metHAC IZF A G b U L& HHT 52 L CIREIREmO L LN TEDLH LE
b, 2T, BT UREET L T AR LT metHAC ([ZF A Hilig ) U ¥
LEPAI LT L 24, 100%DAEMFRE 2D | BIATONaNO, & FAilET F U 7 LD fFHIC
X DIEHENE (50%) & bl L C b= R4 L7z (Fig. 53).
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Fig. 53. Survival rate of lethal cyanide poisoning mice after treatment with metHAC.

At 5 min after the oral exposure of NaCN solution (12 mg/kg), either saline, metHAC (500 mg
metHb/kg), metHAC (500 mg metHb/kg) + Na»S,03 (61 mg/kg), metHb (500 mg/kg), or NaNO, (8.5
mg/kg) + NaxS>03 (61 mg/kg) was injected in lethal cyanide poisoning model mice (n = 10 / group).
*p <0.05, “p <0.01 vs. saline, p < 0.05 vs. NaNO3 + Na,S,03, #p < 0.05 vs. metHAC, %%p < 0.01 vs.
metHb. NaS,03; sodium thiosulfate.
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&  CcO FHEMFHMIZ X 5 metHAC DA DTS

VT UL CcO DRAFEIZ L > THEIND -0, BT T VTR ET L~ U A i
FI 5% D CcO IEMEZFHM L2, ZDOf5%, NaCN HgEE N TRl L 723X T Dfidias
TIEEDMET L TWD DI L, metHAC OFEIZ I D £ DOIEMIZRIE Lz, £z, F4
Wil b U 7 AOGAIC LY ZOREIX S HICEtE S A BH A i, NaNO, & F 4 hft
) U U AOGFHLL EOR R AR LT (Fig. 54),
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Fig. 54. CcO activity in the a) lungs, b) kidney, c) liver, d) heart, and e) brain after antidotal
treatment in lethal cyanide poisoning mice.

At 5 min after the oral administration of NaCN solution (12 mg/kg), either saline, metHAC (500 mg
metHb/kg), metHAC (500 mg metHb/kg) + NaxS>03 (61 mg/kg), or NaNO:> (8.5 mg/kg) + Na,S»03
(61 mg/kg) was injected in lethal cyanide poisoning model mice. 10 min after administration of each
antidote, the mice were euthanized and specific organs (lungs, kidneys, liver, heart, and brain) were

collected. (n =5/ group). “p < 0.05, ““p < 0.01 vs. saline, “p < 0.05 vs. NaNO; + Na>S>0s.
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& REMET Y F— AFEIC X % metHAC DA ZIEDOKET

CoC ZMIET 227 v i Ok, VB IOL ¥ — AR C b 2 B HOMRRE R 03 Lt
T 5, BIEMTHHIMOBERIC L > TRAMET & R AR L AR D720, MIEA A3
FA =R L VIRFEREEZ DT F— AR EBEFME L=, FORE., BT 7 o
TR CILTRERA 4> DRI CIBOMK A & BIEORBHET & F— 3 2 DHEAT
LTWDDICH L, metHAC BB G-BE K T ARl b U o A OFHBECILARHET &
— U ADFENIH S 7z (Fig. 55),
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Fig. 55. Metabolic acidosis parameters in blood after antidotal treatment in lethal cyanide
poisoning mice.

At 5 min after the oral administration of NaCN solution (12 mg/kg), either saline, metHAC (500 mg
metHb/kg), metHAC (500 mg metHb/kg) + NaxS>03 (61 mg/kg), or NaNO:> (8.5 mg/kg) + Na,S»03
(61 mg/kg) was injected in lethal cyanide poisoning model mice. 10 min after administration of each
antidote, the mice were euthanized and venous blood was collected. (n =5 / group). “p < 0.05, *p <

0.01 vs. saline, #p < 0.05, *p < 0.01 vs. 5 min, ¥p < 0.01 vs. metHAC, *p <0.05, "'p <0.01 vs. NaNO»
+ NazS,0s.
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¢ BNV TUHBET NV RIZEIT S metHAC D7 LR

metHAC (ZAENICIFET D 2T % metHAC OHLMNINLE T 5 metHb 23952 & T
fREEEITHO>TCWVDHEEZLND, £ 2T, metHAC HEHLDOIMF DT T L PRE K NF A
TUREEIE LZ, TOME, VT UBREICE > TRBCHFOVT VBEIIE AL, —
75T, metHAC HMF GHE CITAPR AR G- & it LT RBC 10> 7 AARED A L
Teolzxt L, MEHICIIT 5 07 RENIEFICRKE <720 . RBC (2B W CImAEHIZ /54
T 5 metHAC BNEL DU T U EFIR LTV D EE 2 bz, 72, metHAC ~OF A Hifig
F R U AOOFHTIRMER > 7 AARENEA L, FAYT VREOHEKICE(LLIZZ &
26, metHAC DMfHE L7c> 7 U 2 FAMEET N Y U LABNEINCT AT TEH LT
WD ZEWRBENT, TA T REOHINIEL NaNO ICF A i) sV v A& L7
FEICB W T B AR S 4L, NaNO, H13K D RBC H metHb M L7277 v & F A4 7 AT
LTW5 EEz b7 (Fig 56),
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Fig. 56. Cyanide (CN") and thiocyanate (SCN~) concentrations in blood after antidotal treatment
in lethal cyanide poisoning mice.

At 5 min after the oral administration of NaCN solution (12 mg/kg), either saline, metHAC (500 mg
metHb/kg), metHAC (500 mg metHb/kg) + Na»S»03 (61 mg/kg), or NaNO:> (8.5 mg/kg) + Na,S>03
(61 mg/kg) was injected in lethal cyanide poisoning model mice. 10 min after administration of each
antidote, the mice were euthanized and venous blood was collected. Na2S,03; sodium thiosulfate (n =

5/ group, mean + S.D.)
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FEIf BE

T R TEIER LK FE R R L FERIC CcO ZHET 2 2 & THEEBIET H & S, 7]
HOZRERTHHEGEEIL TW5D, metHb IZFALAKEDOHRZR ST, 7 & @
f A A2 A9 5720 39 Bk FEh afifasl & L TER L2 metHAC 2327 g
DOffEFEAIE LTHRIHATE 2RHIIKRWICHFEET 5, BUR, 7 o hFEOMHEHE LT
NaNO, & FAHifE7) b U v AOPFRABER CHEHA I TWbH, NaNO, I RBC 1 Hb %
metHb (ZZ5#2 LT metHb (237 V 4R S B A &E 2V, Z @ metHb 2 HAEEEL 7227
VERT AT N U AN EERNRERERE Ch O X x—BiEE &, KEEOT 4
T ANTEBREEZ T o TND O Z DK 9 ICERR DEAEFORK 205 2 & TIHKE
RO ZIE>TEY . metHAC IE metHb & L COMBEL B4 2 & 025 NaNO, & 5
DORFREL LTHATE 2NN H D, AFETIL, metHAC O 7 s haEgeE#l & LTo
HISTERZ B L, Mk OBSERT 7 o HEET A~ U R0 EOFEIMEE R LT,

BEAF D ik Th D NaNO, & FARiET NV U 200G TIE, B —BElE LT
NaNO, 12 X W B S 7= metHb 2N EEN DS 7 » 4T 2890 bfm RSBk S5,
L2yL7228 5, NaNO, 1% RBC H10 Hb % metHb (9~ 2% £ TIEHENBA Sz,
metHAC & FLl U TR DIERENS WA F 4L, Bt o MimEAl s L Tidns L Kl Tl
720N, E7-. metHb ICITMEFEARENIEN =D, RBC DOFEHEEMZ E T HIRIHIEDHE
WS MR BFELTWA, —J T, FAHEET b U U A% NaNO, 23 % % {KHE R
JEDERL T2 < | LR 2ICFIATX 2 RUITEFICRIRDPREVLOD, XX —ED
TEMEABICIZ Hb D A MELL EICHE 2 4 5720, B cofl AT AER A £ ol
ARRFFTIE, metHAC 7% metHb O & L THERET 5 Z & 2 4E L TH Y, metHAC 1L
TURMR L, YT UEORT U L EA L TWD L AR Lo (Fig. 48), FERRIT,
BIER T T U BET L~ U AZBWT metHAC OEMBEE CAFERNLELTEBY, F
FHilEST U U LAOFHIC LV EDOENERILS LTV (Fig. 53), Ziuik, NaNO; &
FAWERT N U U LAOPFHE GO FEE KE S EE-THEY . metHAC 7 NaNO, Dfif
PBEAEZ R L. WIRPE metHb OfRFRE L THEREL CWAH Z & Z/RIE L TH Y . metHAC #
HRICBIT 2 MEF 7 VIREORE S H b EAT 541D (Fig. 56). metHAC O > 7 Hififie
kY, S har R TEEDMEESNTOD Z SITHRERY 7 o hETT L~ 7 AT
BT D CcOTEMEDRIECAHNET > F— ZAFIED TR b bR TE TE Y (Fig. 50-52,
54). metHAC @ NaNO, Z###3 5 FA & L TR TE 2 rRiERE 2 bh b,

VL EDFERMN G | BALKE T M EA & L CTERLL 72 metHAC 1337 > HE Off Al &
L CHMISMERAARETH U . NaNO, ORFFRAI & L CTTF AHiET ) v AL OfFRIC K
DfFmNEN RIS EEBEZ BN,
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Hati NE

4 =TI metHAC OMJSIERICENT 723 7 Ui & U COBE LM% 23540 L 755 5.
AT omR a5,

e metHAC X7 UHifEtEZ R LT,

o UTUBRBEICK L, metHAC X2 F 3y KU TIHMER OMEEME 2 MR 5 2 & THl
RafREN R R~ LTz,

*  metHAC (FBSEHIS 7 U HBEET N~ U ADAFREE LA S, FAWMBT ) 7 A
PR D 2 L TN EF L,

e metHAC & FAHEET MV v AOOHFIMIZ, BRI T U HEET L~ U AITEWN
T metHAC N7 U2 LR S, FARERT N U U ANTF AT o~ AL
H#EL, CcOTEM% Rl &7,

VLEDRAN G Bifb/KFE hEiEaAl & L TER L metHAC (ZRIBROFHNEA I = 2 2

EHETLHYT o EOMREAE L TOESIERAAETH Y . FARMBRT b U 7L LG
FMMAT 2 2L TEORP RSN D LR ST,
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B/S5E H:S-metHAC OFfbAREZR L LTORH

FE18 P

fiitfb/k8 1%, 1713 4+ Bernardino Ramazzini (2 & > CTH]& TE DR N A ST
LR, REICDIE > THET AL LTRMSNTERE % LaLenb, 1989 FIChifbkE
DIZAFAET D 2 & P SAUCTUIRE 2 Bk /KRB D AERNIT IS W TRE 2 23 B N RIEYIZ
PEAR S A, IS i O s oI E e & v & U TCAERIEE ORI E 5
LTWDZ ERMHRWTHE SN 8% Flo, T FAnfe LTHIETL20HR2 5T,
WAL KFE DRI Z B A B L A BIR#ET 5 2 AR S, MR & LTo
BEREDS R S 47z, 29 Lhifb/kFE ORI, MR ZREBEIZ L > Th b, KEIRE
DRNFES — XL U ThEA 728D S0 TUN D 6567 BT RIENE IS H 66 oMl [R g 6869
FERIFHIEMERE R 670 722 E L2 2 BEA MR I L TEMY L1 TOHMED R
. SBOICHAPHIR SN TWD, 22T, Bl AREREE IS L TEEm L~ Tco
BTN Z . BRSNS A X 2 FATIRE 0D Lo 1 PR P 35 L2 Fo W CRR PR BUBR 23 32 S v %
FEEFETITHEEBENED N TWD 7 Bl HEEREEFIT, @t & % D% o
FEENEA~OUAGFIBARFIZAE U 2EETH U | BRIR TIT DA ZEMIMAEZE & o 7o R
1544 SO AP IR 72 & OABILERZIZAH HILD Z EREV, EORIE L ERIZ ROS
RRIETR EOEEHIERBEAE L TWD b0 74 R FERREE IS L TORR SN
BRI T T, BRR BT N EEERE L 2> TN D 75,

WAk AKRFE DN ~OEE- & LT, FifbAKFEDOBRALHALAKFE M EAR DTN H R S 41
TW5, BfbARFEOWANIZ, AL L THRNLEIVIAEEL0, JEMET X TH 5k
IR T [EAE NIRRT 5 T IEIIR LK SR R — O FIRN$ G- & brig U CRIBRITEE RIS
KV MHIARCRUE 3, BRI RIERIG 2 £ U, MEREGR~OAENKREWRERH D 7,
ZD7H, FMHBEORLKBZPLERIGERE, A EEEEICT 52 &I3IEFICHRET
b5, £lo, AHOEIL0.003 ppm LA ETHEINE Z T 5720 77, KR D72 5 W AMK
fe a0 IR OIIARIET FeT7 7 o ZADARREGI SR It bmv, £72. fifbKk#E
R —OFIRNE G13 G mE oy br— L LT <, BE~OABRLBREIND L5 2
Hbivd, Ll b, NaHS ROfifkT MU 7 A7 EORifbkFE R —I%, BERFEERICH
L THALAKRFE Z UL T 2@ TH 0 | 10RO CEBIEVY) <2 78, LAk
EARFRE DR EFAIC LV b KRFEPEEZRIET DBMENFETD P, 2ok oiz, RE
ALIRAKFIEEY AT LOBEIITE > TEL T, Hepv AT LAOBSE - BRENH
<EEND,

F2EOMRAEE 2| ik FEPEMEEA & U THRIA L7z metHAC 134K pH BREE TR
A ALK R 2 fREET 5 &5 2 B, metHAC (ZHifb/KE Z 01 L 72 HoS-metHAC [ EAitfb
KBIEZERE LTHEET DB 2 b d, Fo, MbKBRARER OB Otk FE K
T —DORRERTH DR ER DA metHAC O3 72l hiE . Ko /a5 80O
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I PEBERER IS & TSNS, MZ T, metHAC DOIFEIZ &V Z R L
TARNENEDRER 2 BB 2 & IO TR pHAL 2 T T4 5 R ABIZ BV T metHAC O
Rt A G DN U T2 2R ek R E L L TE D L B XA bV D,

Z 2 TARETIL, metHAC DHifb /KB EERE L TORRBEELRFT 272D, £F
metHAC (ZHifb/KE 230 L7z HoS—metHAC % Fi7- (C/ERL L, Bk T HitE % & o 7= 8
B PEZFHE L7z, RIS, BEICHUbKE DR ZMENRHER I TIH Y | JWRE T TR pH 2V FHE
SNOHEAE U CRMAERREEZ IR L, R AERESE 7 L~ U Rk LT HS-
metHAC DFiL/KFEEZEER L L CORIEEZ MG Lz, &, B~ 7 2% H0T HS-
metHAC 7> 5 it S DB KZEDFEIZHOWT B E L, metHAC O ifiEass o 72
59, BiAb/KFEEA L LCORAEZHE L 72,
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H2f KR

2-1.  H:S-metHAC DAERE U E L 2R R Rl

metHb 23 b7k & ATRIICHE ST o ME AR L, 5 5 C/ER L72 metHAC (ZHifk
KFERFT—TH2D NaHS ZIRMNT 5 Z & Thitflb/KFE#E AR metHAC (H.S-metHb-albumin
clusters: HoS-metHAC) % {EHL L 7= (Fig. 57),

NaHS
H,S adduct
metHb-albumin clusters H,S-metHb-albumin clusters
(metHAC) (H,S-metHAC)

Fig. 57. Preparation process of HS—metHAC.

H>S-metHAC |3 metHAC @ metHb (ZHLAKFED I L7REETH W . B — 7 R D 405
nm 72> 5 423.5nm (2 AT FAAREL L TV D 2 & bR L7 (Fig. 58a), HaS-metHAC O
WIS PR A B9 2728, HoS-metHAC OWBLFRE AT L7z, £ DOfER. HaS-
metHAC 13 metHAC &[RRI A 2R & & bIZ, RLFAI3A) 14 nm & 720 | fitfkk
FAIMITREERED Z LI2 K D metHAC OEESHIRITE S T o7z, £72, metHb B
RIZHAL KT 2000 U 7=l /K E #5578 metHb (HoS—metHb) (23T % metHb & [A%: THh
- 7z (Fig. 58b, Table 16),
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Fig. 58. a) Size distribution and b) UV-Vis. spectrum of H,S—-metHAC.
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Table 16. Physicochemical characteristics of H;S—metHAC.

Diameter (nm) PDI C-potential (mV)
H>S—metHAC 13.9+0.05 0.04 £+ 0.006 -3.11 £ 0.11
metHAC 14.1+0.10 0.04 + 0.005 -3.07 £0.09
HSA 6.8 +0.04 0.02 +0.002 -3.20+£0.33
metHb 5.9+0.04 0.12 +0.005 -4.98 +0.44
H>S—-metHb 6.0+0.16 0.12+0.026 -491+0.37

PDI; polydispersity index, HSA; human serum albumin (n = 3, mean £+ S.D.)

HaS—metHAC DA 1E Z FEMIZ -3 2 72, SEC XU Native-PAGE % % L7z, £ D
H. HaS-metHAC @ SEC 7 v~ 7 7 AlE metHAC OFEK E L —&HT 5 & &bz,
Native-PAGE 123 T % HS—metHAC 1E metHAC & REED /¥ — L Zor L, &I
{EAKFBAMBE BHERF STV D EFE 2 BT (Fig. 59a, b), = 2T, W 3780~k
& A BT CD A7 ML Z& 3G L7253, HoS—metHAC & metHAC [L[EEED A7 |k
JVIBIRE 720 . F 72 HaS—metHb & (X metHb & —# L 7= (Fig. 59¢), ZiuHDZ &b, Fifk
IKRFEATINT K % metHAC DAEIEIZZKIT72 <. HaS-metHAC (X metHAC & [R5 DR

EHTDHLEHEALNIZ,

a)
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Intensity at 280 nm
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Fig. 59. a) Representative SEC profiles, b) Image of Native-PAGE and c) CD spectra of H,S—
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2-2. H;S—-metHAC 2> b DAk ik H M

HaoS-metHAC 23 b/KEE AR & L CHRET 272 121E. metHAC IZH5A S H 72 hitfbk
FORMREEL TR SN 20BN H D, £ 2T, HoS-metHAC DAY MVEAL AT T 5
Z & T metHAC ITHEA S ET2fifb /KB OB Lz, £ OREER, HoS-metHAC 725
DFERFE 22K TR D SRR S v, pHT7.4 ORISR T Tl 3.69 £ 0.24 BE T 50%74°3
B 472 (Fig. 60, Table 17), E72, EORHEIA X pH OIK I U TEES Lz, 20D
FER LV | AEATEALIZ W T RFTAYZL pH AR T &2 £F 9 B AIZXT LT HaS-metHAC DOHifbK
FREERE L CORABEN TH D ATREMENEWEE LT,
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Fig. 60. Time course of sulfide release from H,S—-metHAC at various pH conditions.
H>S—metHAC was diluted to 0.5 g metHb/dL in 100 mM phosphate buffer at pH7.4, 6.8, 6.2, or fetal

bovine serum (FBS), respectively. Then, samples were incubated at 37°C and change in UV-Vis.

spectra at 423.5 nm were observed. (n = 3, mean £+ S.D.)

Table 17. 50% sulfide release time from HS—metHAC at various pH conditions.

Condition hr.
pH7.4 3.69 +0.24
pH6.8 2.73+0.22
pH6.2 2.18 +0.46
FBS 3.36+0.17

n =3, mean £ S.D.
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2-3. H,S-metHAC B KiHFAEDRE

ALK F TP E P SIEE T 722 & DA BRIE MR 2R+ — 5 T, ERETo &R
FERRER IR F R BRERIE L, REOHAIIICE D, WifbkFE P2 L2 arts
AR L72 HoS-metHAC ORI ZEK T 57201213, FPRARMAEZRET HLELND D,
% 2T, MO/ SE R —Toh % NaHS & iz L7223 5 HoS-metHAC O fig Kifit &%
P L7z, OFER, NaHS O#5- Tl 1.74 mg/kg (2T 5 BH 161 (20%) DFE 1 D3RS
Eh, 2.09 mgkg TIXEFINELE Lz, —FH T, 1.74 mgkg NaHS & [R5 EORiLAKTE %2 H
F#9 % 500 mg metHb/kg @ HoS-metHAC 5 T TIIMR ST, & 512 100 mg
metHb/kg 4 & L 7= 600 mg metHb/kg (2.09 mg/kg NaHS #H24) (23 T H 100%4 17 L 7= (Table
18), metHAC (T K 5 g metHb/dL (¥ > /327 8L LT 20 g/dL) THERIL TH V| 600 mg
metHb/kg BL EOFH TIIRGAREOEMIZ > TLMER~OABPERLES> Z & £
7o, KRB D 5 g metHb/dL LA EO S 572 2 AE XA MEILIC L W REETH 5720,
AR CIE HaS—metHAC @ f Kifi H &% 600 mg metHb/kg & Pe7E L 72,

£ [a], NaHS 35 J O HoS-metHAC #¢5- 24 IRefti) % O A EIRIZ 35 1T 2 B RE 3 K OV 1 RE
BT DA FENT A= Z IO TRl Z T o722, B ERIIMR I e ol
(Fig. 61), 2N HDZ D25, HaS-metHAC IFRATAIICHALAKRFE 232 2 & Thitfb kSR
Hi#E & [EE L C NaHS THEEm CE 20 @A EOR KR EREL ATREICT 2 & B X b,
i R B BE OHEATIZIS U CE A EDOFILKENR LI L SN D HAT NaHS Ll EIcZ 4
WA TE D Z LR SN,

Table 18. Survival rate after intravenous administration of NaHS and H.S-metHAC.

Dose n Alive Dead Survival (%)
Control Saline 5 5 0 100
0.35 mg NaHS/kg 5 5 0 100
0.69 mg NaHS/kg 5 5 0 100
1.05 mg NaHS/kg 5 5 0 100
NaHS
1.39 mg NaHS/kg 5 5 0 100
1.74 mg NaHS/kg 5 4 1 80
2.09 mg NaHS/kg 5 0 5 0
100 mg metHb/kg (Equivalent to 0.35 mg NaHS/kg) 5 5 0 100
200 mg metHb/kg (Equivalent to 0.69 mg NaHS/kg) 5 5 0 100
300 mg metHb/kg (Equivalent to 1.05 mg NaHS/kg) 5 5 0 100
H>S-metHAC .
400 mg metHb/kg (Equivalent to 1.39 mg NaHS/kg) 5 5 0 100
500 mg metHb/kg (Equivalent to 1.74 mg NaHS/kg) 5 5 0 100
600 mg metHb/kg (Equivalent to 2.09 mg NaHS/kg) 5 5 0 100
metHAC 600 mg metHb/kg 5 5 0 100
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Fig. 61. Biochemical parameters reflecting liver injury and renal function at 24 hours after
administration of NaHS and H.S-metHAC.

Healthy mice received various dose of either NaHS or H.S-metHAC. At 24 hours after administration,
blood was collected and biochemical parameters reflecting liver injury [a) aspartate aminotransferase
(AST), b) alanine aminotransferase (ALT)] and renal function [¢) blood urea nitrogen (BUN), d)
creatinine (CRE)] were measured in survived mice. Saline and metHAC (600 mg metHb/kg) were

administered to control mice, respectively. N.D.; Not determined (n = 4-5, mean + S.D.)

2-4. FFERMBEEREEICT D HS—metHAC O A IPEFAT

¢ FRLBEREEET L~ v AOERM]

HoS-metHAC DT M ARV IEE x4 H16WE & L CORMM a2t 5720, LITIC
A FNECIFE M EREEE T L~ 7 AZER L7 (Fig. 62), ~ 7 AZIEFEIB L, [
R % FAZ TN 27 U 7% FD T~ O MR A 215 11 L7 (0% 1), & MREEZ 45 5>
MlCHOl D fkkik, 7 U v 7 %25 LT 6 RPN L7z, HaS-metHAC #3723 X ToD
BT MBALAD 30 yATic& G L, A E 310 L 7=,
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Fig. 62. Schematic illustration of the surgical procedure of hepatic ischemia—reperfusion injury
(IRI).

Mice received test samples via the tail vein. After 30 min of administration, midline laparotomy was
performed and hepatic triplet (portal vein, hepatic artery, and bile duct) was clamped with an
atraumatic clip to achieve 70% hepatic ischemia. After 45 min, the microvascular clamp was removed

and reperfusion was continued for 6 hours.

¢ H:S-metHAC B 5 BORE

JF R I R VR PR (S %9 % HaS—metHAC Dfgi# G- &2 Wit 572, Bk o PRz i
FEREE T T L~ 7 A4 58 (100, 300, 600 mg metHb/kg) (Z7% & L 7= HaS—metHAC % #
5 U, BERGE THOMEEEZFMM L7, £ 0%, Saline # 57 & Hlg LT HS-
metHAC O G2 LV MAEH F 7 27 I —BMEIFME T L. 300 mg metHb/kg B 5-FEIZH
Wl b TR E 2 30 L7= (Fig. 63), 2O Z b, ARFHIE TS HoS—-metHAC D
e 55 % 300 mg metHb/kg |ZIR7E L 7=,
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Fig. 63. Determination of optimal dose of HS—metHAC in a mouse model of hepatic IRI.

Mice were administered either saline or various dose of H>S—-metHAC (100, 300 and 600 mg
metHb/kg). Then, mice received IRI treatment according to the protocol in Fig. 62. Mice in the sham
group received only a midline laparotomy without clamping the hepatic triplet. Plasma levels of a)
aspartate aminotransferase (AST) and b) alanine aminotransferase (ALT) were measured. (n = 6/group,

mean + S.D.) *p < 0.01 vs. sham, "p < 0.05, *'p < 0.01 vs. Saline.
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¢  H;S-metHAC DA B M

AITE CIRE L7z il 5 B2\ € PR M AR E 12645 HaS—metHAC OAT 0
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Fig. 64. Protective effects of HS—metHAC in a mouse model of hepatic IRI.

Histological image of liver tissues after IRI treatment. a) Top: Gross photographs of liver. The dotted
lines indicate the boundary of damaged sites. Bottom: HE-stained liver tissues. Plasma levels of b)
aspartate aminotransferase (AST) and ¢) alanine aminotransferase (ALT). (n = 6/group, mean + S.D.)

*p <0.01 vs. sham, **p < 0.01 vs. Saline, #p < 0.01 vs. metHAC.
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DI S TI Y, NaHS BHGHEEL D bENTZIR TH o7 (Fig. 65a), £7-. GSH (32
b, BB 72 F 4 (GSSG) 122 kT 572, GSH &' GSSG DIt (GSH/GSSG)
M L7 & 2 A, GSH & & [FAREDOME R %2 7~ L= (Fig. 65b), F£7-. MM E#EREETT
L= 7 ZZB W TCEBICHIBMLREZ J8HE L TV 5 2 & 25T 5 7=, ATk oo 5 2 il
FRb 2R L7z, 2 OfES, Sham B & Lol U CHFRE M FFETTALERIZ L W MDA B K E <
AR L7=DI12%f L, HaS—-metHAC DO 5-13 MDA B OB K 3] &, B bk 2898 L T
VW= (Fig. 65¢), ZHHDZ &, NaHS & Hlg LT HaS-metHAC [ Z2h =AY I HFIR~ D Hi
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Fig. 65. Oxidative stress levels in a mouse model of hepatic IRI.

Mice received IRI treatment according to the protocol in Fig. 62. After the liver was harvested, a)
reduced glutathione (GSH), b) GSH-to-oxidized glutathione (GSSG) ratio (GSH/GSSG) and c)
malondialdehyde (MDA) levels in liver were measured. (n = 6/group, mean + S.D.) p < 0.05, *p <
0.01 vs. sham, **p < 0.01 vs. Saline, "p < 0.05, “'p < 0.01 vs. NaHS, #p < 0.01 vs. metHAC.
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Fig. 66. Inflammatory cytokine levels in a mouse model of hepatic IRI.
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Mice received IRI treatment according to the protocol in Fig. 62. Plasma levels of a) interleukin—1f
(IL-1B), b) interleukin—6 (IL—6), ¢) tumor necrosis factor—o (TNF—a), and d) interferon-y (IFN—y)
were measured. (n = 5-6/group, mean + S.D.) p < 0.05, “p < 0.01 vs. sham, p < 0.05, *p < 0.01
vs. Saline, "p < 0.05 vs. NaHS, #p < 0.05, #p < 0.01 vs. metHAC.
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Fig. 67. Inflammatory chemokine levels in a mouse model of hepatic IRI.

Mice received IRI treatment according to the protocol in Fig. 62. Plasma levels of a) chemokine (C-
X-C motif) ligand 1 (CXCL1), b) chemokine (C-X-C motif) ligand 2 (CXCL2), ¢) monocyte
chemoattractant protein-1 (MCP-1) were measured. (n = 4-6/group, mean + S.D.) “p < 0.05, *p <
0.01 vs. sham, "p < 0.01 vs. Saline, “p < 0.01 vs. NaHS, #p < 0.01 vs. metHAC.
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MPO [ HaS-metHAC #5012 X Y - L, NaHS LU LD F% 7k L7z (Fig. 68),
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Fig. 68. MPO levels in a mouse model of hepatic IRI.

Mice received IRI treatment according to the protocol in Fig. 62. Plasma levels of a) myeloperoxidase
(MPO) levels were measured. (n = 6/group, mean + S.D.) “p < 0.01 vs. sham, *'p < 0.01 vs. Saline,
#p <0.01 vs. metHAC.
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2-5. HS-metHAC DRI

¢  H,S-metHAC BUHARALAKTRIC X D AR~ FEFH

H,S-metHAC OF|FIZHB VT, HoS—metHAC 2> 5 fitH & B Wik /K BTN L7z H e
WOFERN, KOBEEINLIFHETH D, £ T, ¥~ 7 A2 300 mg metHb/kg HoS—
metHAC (1.05 mg NaHS/kg & Z&4ffi) $5-4 O CcO iHIME N QAR A A /8T A — 2 OELE I B
LAKRFEHFIERE T L2, TR, X TORIICBWThE#EEO T LE/R D CcO
IEEOIK T IIMR SN h -7 (Fig. 69), F7-. fifb/kFEHHE F CIIBEFHNEE S,
RBZ AN X —FEAIC L > TREET & R—o 2R MITT 570, M7 v K— 2B
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RT A= HBACIIMERR S /e o 7o (Fig. 70), & HI2, MRS RFFT 2R B ORE & 72
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Fig. 69. CcO activity after administration of H;S—metHAC in healthy mice.
300 mg metHb/kg H>S—metHAC was administered to healthy mice, and organs were collected at 10-,
30-, 60-, and 180-min. CcO activity in a) heart, b) lung, c) liver, and d) kidney and e) brain were

measured. (n =3, mean + S.D.)
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Fig. 70. Metabolic acidosis parameters in blood after administration of H;S—metHAC in healthy
mice.

300 mg metHb/kg HoS—metHAC was administered to healthy mice, and venous blood was collected
at 10-, 30-, 60-, and 180-min. Metabolic acidosis parameters of a) pH, b) bicarbonate (HCO3"), ¢)

lactate, and d) bae excess were measured. (n = 3, mean + S.D.) “p < 0.01 vs. control.
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Fig. 71. Blood oxygenation parameters after administration of H;S—-metHAC in healthy mice.

300 mg metHb/kg HoS—metHAC was administered to healthy mice, and venous blood was collected
at 10-, 30-, 60-, and 180-min. Oxygen related parameters of a) oxygen saturation (sO), b) partial
pressure of oxygen (pO-), ¢) oxygen affinity (p50), and d) total oxygen concentration in blood (ctO>)

were measured. (n = 3, mean + S.D.)

¢  H,S-metHAC D ARG A- M

B EOEND metHAC O+ 72 B el L T 5d, — 5T, metHAC (ZHifb/K

REfMNT 5 Z & T, bRFEFRFEOFILUIMNE S KD HoS-metHAC (ZHEAEZ 7~ Al RE
BBV ENARY, £ 2T, /%~ 7 2|2 300 mg metHb/kg (1.05 mg NaHS/kg k**{ﬂﬁ) %)
HoS—metHAC Z#5- L, 14 B £ TIREELZ B L7525, Saline & 5.8 & RIS ICHE
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Fig. 72. Change in body weight after administration of H;S—-metHAC and saline.

300 mg metHb/kg of HoS—-metHAC was administered to healthy mice (n = 20). Four mice each were
sacrificed, and biological samples were collected on day 1, 3, 7, and 14. Mice in the control group
received saline and were sacrificed on day 14 (n = 4). Body weight of all mice was measured every

day. (n = 4-20, mean = S.D.) “p < 0.05 vs. Control.
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H,S-metHAC

Control

mice.
300 mg HoS—-metHb/kg of metHAC was administered to healthy mice. At 1 day after administration,
organs (liver, kidneys, heart, lungs, and spleen) were collected. Saline was injected to the control group.

Morphological changes were evaluated by H&E stain. (X200 magnification)
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Fig. 74. Biochemical parameters in plasma reflecting liver injury and renal function.

300 mg metHb/kg of HoS—metHAC was administered to healthy mice. Blood samples were collected
onday 1, 3,7, and 14. Mice in the control group received saline and were sacrificed on day 14. Plasma
levels of a) aspartate aminotransferase (AST), b) alanine aminotransferase (ALT), ¢) blood urea

nitrogen (BUN), and d) creatinine (CRE) were measured. (n = 4, mean + S.D.) “p < 0.05 vs. Control.
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Fig. 75. Protein-related parameters in plasma after the administration of metHAC to healthy
mice.

300 mg metHb/kg of HoS—-metHAC was administered to healthy mice. After administration, blood
was collected at the point of 1, 3, 7, and 14 days. Saline was injected to the control group. Biochemical
parameters of a) total protein (TP), b) albumin, ¢) albumin/globulin ratio (A/G ratio) in plasma were

measured. (n=4, mean + S.D.) *p < 0.05 vs. Control.

79



¢ H:S-metHAC &2 5% ORBREROFM (X h~ESBEY)

metHAC O - PEtICE R L2 BMEE T 2729, metHb OfUHBIE T A —& %

FHI L7z, £9. metHb 2O SNANLORFW TH L E U L E L NZDONT, metHAC
5% 1 B HLURBRICB O TR 22T S e o 7= (Fig. T6a—c), F7=. SCHEDE
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Fig. 76. Evaluation of serum parameters representing the metabolites of metHb and iron after

the administration of metHAC to healthy mice.

H>S—metHAC 300 mg metHb/kg was administered to healthy mice. After administration, blood was
collected at the point of 1, 3, 7, and 14 days. Saline was injected to the control group. Biochemical
parameters of a) direct bilirubin (D-BIL), b) indirect bilirubin (I-BIL), ¢) total bilirubin (T-BIL), d)
serum iron (Fe), e) unsaturated iron binding capacity (UIBC), and f) total iron binding capacity (TIBC)

<)

T-BIL (mg/dL)
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TIBC (pg/dL)

in plasma were measured. (n=4, mean + S.D.) “p < 0.05 vs. Control.
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€  H;S-metHAC # 5% O MR FEAIRE

HoS-metHAC $5-% OARIZE T 5 L2 et & MR FEa» b balli L, OkE,
—IEPEIC MERBUI A L2 b 0D, #5 14 B £ TIZEE L (Fig. 77). HaS-metHAC #5-
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Fig. 77. Hematological parameters of a) white blood cells (WBC), b) red blood cells (RBC), c)
platelet (PLT), and d) hematocrit after administration of metHAC.

H>S—metHAC 300 mg metHb/kg was administered to healthy mice. After administration, venous
blood was collected at the point of 1, 3, 7 and 14 days. Saline was injected to the control group. (n=4,

mean + S.D.) *p <0.05, “*p < 0.01 vs. Control.
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HEPEIND P, 2O b, R bKBHHG T EEE G RN 720 | B
ERHRICBIT2AERAREV, £72, MAROHLAKENERSNIHEAICBVTHIEE
EEE LV, ARRFHZI W T HaS-metHAC 13 NaHS 72 & & bl U TR 722 % @h 28 LT
Y (Fig. 60), AHEIE G OAHITENE T X 5 alRetEn @m0 2 LIz, NaHS H[R[HE G TldE
et & 7 DAk K HE & — FEIT ARG T2 2 & b ATRE T o 72 (Table 18), FEERIZ,
HoS-metHAC #% 514 O B R OFFIE & 72 5 CcO IEHEDIR FOREBIET > R—v 2058
IE—UIER SN0 o722 & b (Fig. 69-71), HaS—metHAC DRl /K E L G4K & L T ORGRE
i EOBMIEE R T D L EZ D,

JHF R i PR P 5 I T A O 2 R 3 BAfR 52 £ O D ROS DIlRIFEAE 2 sl & L ClifkE
EERIFTEIND, BIMIZEDIKEFRIETIX, ATP B bOETIZL VAT B RFH

82



YFUMFH T AR H =B EN L TEF T T BB ENDERCA— = F VR
MEEASND 2, -, KBREREICLIVHEOEI LI hay KU 7T ~OF#ERIC X
B EROMBIZLY . ETORHICHESTROS BEASND Z EbEEINTND
82, ALK SR I RE L PR P 5 Lk U TR il 2 R 3 82 < |l S Tas . 1174808386
AN D FZE R HREME ThH D GSH DFEE R DT AF DN T U AR—F— (VAF
VITNVEIVEEN T VU AR—=Z—) K INGSH GIER T D v VE IV AT A U ERK
s 2IEM b L. GSH a2 1EtET 5 Z &S ST D ¥, F£7-. Keapl-Nrf2 £ %
EEET 52 &b 002> T %8, Keapl WATHV AT A D SHENRANLTE R UL
EN5BZET, Keapl EHEAEREIZA L TV Nrf2 2MEEEL . EN~OBITZEtEd 5 &
EZ BN TS O Nif2 I3HBILRED~AZ —L X2 L —F—L LTHEEL TED .,
GSH Al HZE LA F U7 —F, 4L RF v o POk o X7 EORBGFE
T Z LT BALKEREENORE e BILOSE w5 & Sivd 30, EREIZ, K
Bz B W CTERL L 72 HoS—metHAC D51 IHF R M FRETRIEE T 7 L~ 7 2281 2 Mk
EEGENNS L, T R T AT I F—BEOBREIH L Tz Z L BIFREEZ
Pl LT 72 (Fig. 64), F72. HS—metHAC #5-1% GSH & DK T & O MDA & D HE K % #)
fILTWD &L bz, FEEOHILKFELEAT D NaHS OEL LKL TH 2Oz RIT
K Z < (Fig. 65). metHAC DO ~DNEA 22— T 4 > 7 B pH BREEIZ IV Thie
fEARFBORMMMEE S, PURILERZRE L B2 b, b2, FRICFEET S
Kupffer ffaI TR M L 2 KEEFE T D ROS (2 LT NF«B Z7EME L L, ROS O%E M
A bIA . TEIA EBH LU TEEBAN TORIERIGSOEKICEGET 5 L En5 092
RIEVEY A M A VRO ENA NTFF RS~ 7 v 7 7 — Ve EOREMOEE % S
SITIEHET 5, FFICAFTERIT NADPH 4% & 4 —EI2 LV ROS ZENZEAT D728, K
JEFL COEEZ S DIRET L B2 6N TWD B, SE, REBEWLRREETA U4
> T D IL-1p° IL-6, TNF-a, IFN—y OFEAENIHIT DR A2 172 2 L2 Z (Fig. 66).
TEIA HEADOI (Fig. 67) Y MPO JEHEIZOWTHAH ST Y (Fig. 68), HaS—
metHAC 7> 5 Zh =B IFIR I o S 7 ff bR BT EA 2R U, MRS L (55 2 8
BWLI=Z & T, SORDIFIERCOITLEZ MG L7z & &2 b,

LLEDFERDN S | HoS—metHAC [JAFHE M FFREBRIEF 1 o6F L TR S 2 fifbk B A3 fule
EAER R OMRIEMER 2 R84 95 2 & THRMEZ R Lo, BEFOREKFER A ORBE R %
gGE L, ERRMHZ B8 L 7oz Zehifbk$E K — & LT HoS-metHAC DJSH AR S 4
Do

83



Hati NE

% 5 BTl HaS—metHAC DRffb/AKFELER E L ToFAMEZFHE L 7-fE R, UL FOmmA
o = e

e metHAC (2 NaHS Z ¥/ L. metHb [ZAfL/AKFEZ I35 Z & T HoS—metHAC % {EHY
L7,

*  HyS-metHAC (349 14 nm DR ThH U | metHAC & [RIEORAFEZ A L Tz,

o HoS-metHAC IFHiAL/KFE A it U, K pH BREZIC CTHOHH 2MERE STz,

o HaS-metHAC [IMRABNCTHRALKZ 2L U, Bitdb/K 35 HH 7 O FIE 2 [m18E L7223 & b 44
IR U CEBEORMLKEE ARG ARETH > 72,

*  HyS-metHAC 1%, HUBRLAEM K OFURIENETIT K o TP i AR e o 2 i) L7z,

o HaS-metHAC [ JFRE M FAEpALE 1 b FiBC 351 5 GSH &AM L TR0 | HflE~o
BRI L KB EZE A R L TWD EE X b,

*  HyS-metHAC (IHifb/k R O EREEIC X 0 A8 S 2 R adi ke 18 o JR B3R S v 7s
MoT-,

e HyS-metHAC [ZIf#RFEE 2 209, metHAC & RAERICE WAEKEAME (Lt 28
L7,

LLEDF RS HoS-metHAC [FAFHE M ARERIE T IS 6T 2 A4 R L, Fitdb/kFE ik
RS LTCORREMEZ R L, FIBRLIER LK OWIRIAEIE 2 3833 2 bk 1L, i
FEVRBEEFE DA 53, ROS RKIEZ R & 2 #HRtER BRI T 2 A9 iE S T
0. BEFIEOTFAE LR WRIAWE BA~O 72 72 Rk k& K — & LT HaS-metHAC OJi A
BHIfFE LD,
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FOE MBIE

WAL AT T, KU ARIRIR R ERRITEET D & & bIT, v A=A WNRHKIETDH
FELTEY, AxDAEEICERE L THIET2HERITATH D, ZOMKFEIIAREY
ZD—oL LTRAS L., MmIEEDOIRTRIC L > CTHllaNZ 848 X - LAMTELHR
L7 EROEAREEL TS, L LR, K% i bk R hEfg Al
Kz B LCTHUHFE LRV, —F, IIEOHEICB W T, ffbAKESERN THEERIC
PEAR S, (RIREE Clgeniiit e K SR R ARG MEAER (BIBEIEA - SURIEER 2 &) &oR
TZEBHLMNERSTND, 2D b, FifkKkEZEIEMERBIRE R & DERE~D
IR Z B LICHFEDED G TND D, RIEALERIEEV AT LAOBEIZITE->TEDL
TRV AT LORS  ERERPBSEENTND,

metHb | A bk L RHICHEAT 25— T, ZOMEILAWHTH Y | KR pH BREE T
XRS5, ZOFEFEICHEH L, metHb 23 E R ORLKEIRTE R ICHLAKTE & &
A LT 2 THifbkFEh#HmES & L THIET S L & HI2, metHb 125 5 Uil
KRFZATN U7t FREA R metHb 12 MK pH ISE AL KFEEZER] & LTHHRFT
XDLHLER~T VTN D EEZ T, L LMD, metHb HRIIAR 14 72 i Ao i A PE
CE#E) Iz, BEER EOEEREIWER (Zath) 2FRT 280506 /AN T2
Thbd, £ T, metHb ORJER A LE LicHiizeflAl L L TA~E B 2T LT IV
THWELIA~E/a - TAT IV TAX— %ML Uiz metHAC B L=, AWF5E
T Thitfbk BhEfEEAl KO MR pHSE R KSEEEAR ) & LRI R % w]
HE& 15 metHAC DAIRLAZITV, TN OYPERMI AN 2 TR &L O8I % VA A
PEREAR 2 506 L 72,

IFIZA bRz RiET 5,

1. metHAC DOER K Uitk FEhafige Al & L C oA AR (GF 2 %)

metHAC (I~NEZ B BTN T I 7 T AKX —|Z NaNO, ZUsINd 25 2 & TIERIL 72, 1
3O metHb 12V > B —% 5 L CHEYE 307D T V7 I U EE L2 14 nm ORFITH
V. metHb ORI TH DHALKFEMIIMEZ R LT, Z OFLKFZRHIEMEIZ L Y . metHAC
IBFEIFALKFE T HFZET L~ T AD CcOJEWAZRE LI Far NI T 2R%#T52 LT
i PR &, £72. metHAC X7 V7 I U CHET 5 2 & T metHb ORIESTH
DRI A E A g U, iR A 7.5 (FICHER Lz, S 612, @V ARE A
A L. AR OO mOE b KRFE P EMEAN L L THEATE2 B2 b7,

2. BUREHZIRAVER|Z X% metHAC ORibL/KFE PR EAIORA & LColsH (5 3 &)
HAEHLEE metHAC 1X7ES /K (PBS) % 72134 FRAHE /K CRIAMALELE (2 T b TUAIHE

PER OFREFRE AR L QN 2, — Ty 5% 7 R BHAIRIZ IR OIREE & L CHEE S e
o7z, metHAC Z RS AR & LT 1AERRE LIZGEITB N ThH ., HEfiRE 24 RFH
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FCIFRAIRAE AR L Q0 e, F72, BOERLKRFE T HET LV~ 7 AD CcO {EHEDA]
WEAEWAEFRE EHIE T2 b, REFRICBWTHMHERIME T LN &R
Lz, S DOICESREFELZEEE T, MOWEREEGH (Zeth) ZH#RFL 0z, Zhbo
FERN D metHAC 1R LB ARARIT & 0 FIMEME O @ W R IR T FTRE 22 i bk 58 P i
BAlIE LCRIATCE D LB 2T,

3. WEISHERICIHNT 72 metHAC D2 7 UEFER & L COALWMEEAR (4 4 3)

metHAC (IR bksE & RIBRIC v 7 U fietE 2 R Uiz, Fio, U7 UIREBEMIICR LT
metHAC XX h = R U PIEPE R ORI E 2R+ 2 2 & CIREDREZ R LT, BEfFD
T R RS (NaNOy & FAREE T R U 7 A30FH) 245 L T, metHAC & T A Hilg
F MU U LOOFHEEIC L DR ER AT L2k R, BOER Y T VR EET LY U AD
CcO {EMZFIE S, AfFR%E EH S, 20 &b, kB EfEEA & LTE
B 72 metHAC (X7 VB OMEREAl L LT HMISERNFARETH H 2 LR ST,

4. FifbAKFEFEET metHAC Ofitfb/kKFEEZEA L LTOEH (5 5 %)

H,S-metHAC IE metHAC {Z NaHS Z#I L, metHAC O HFNIALE T D metHb (ZHifk/K
FaRANT 252 & TER L2, HS-metHAC 1X metHAC & [RIZEDORAIFMEZH L TRY
F7o. RpHEREIZISE U TIRIICH LK ZE 2 i Lz, £ 2T, JWEE T TRPTHIZ2 /%
R pHALSFHRE S 41, R/l /K DA ZPEDSHERR S AV TW D FBRE & U TR i F i i e 5 A i3
R L. HoS-metHAC DRtk K —& LCORMEE BT Lz, TOREER, fifbkED
AT D HRACAER K OHRIEE R I K > TR ML AERIEE T 7 L~ 7 2O FEE OFIE
LERZIH LT, £, ZOMRITBAFORUEAKE FF—X 0 ERLTE Y. 2R
BB ORZEIZ LD b D LB b, —H T, THEERFE/BREINTRE, £h
B DOIREITHEGR 4T, metHAC & [FERICE W AERESE (Z2Mk) A LTz, Lo T,
HoS-metHAC (38172 72 fiift k3 K — & LSRR SN 5,

LI EDOFERMN S AHFFECIERL L 72 metHAC [3Rifb/KFE T 7L O 7 i O iA &
LCHIATE, Wi RIbd 2 2 & CAMORRERICHR L CHE Lo EZmiR L
ERAMEOBEWFERAE LTERATE D L E2 5N, £72, metHAC ITHALAKFEZ AL
7= HoS—metHAC 1% metHb [EH OF M2 1E LT3 2hifbkE#E R —¢& L TIEH T, &
RIEDLFAE L2 WIFE M AEREEOIREIE . LTRIATE 2B 2 b, Zhb
D LB, metHAC [TPLAMED & < RS < IS ATREZ2 84 & L TR T& 2 2 L 2VR
X7z, A%, metHAC [XaME @M aAl o 272 b3 M R R E 2 5 D 7o hitfb K 3
DA REN TOWSEBIRRRE E L THRICFESh D Z LR s 5,
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RERDER

EL v

TNT I TERMLT VT I (RN A —iFEEE AN B A M A 2 LT,
Hb 3OSl RSt RV A L2 e o IR O R R L2 b o2 Lz, ~
T/ -TIINT T T AL TEERIC L W ERLS L, PBS (pH 7.4) ICIEfRLI-H D%
H R KSR E T2 M S 2 Bz Dt B & 7e 3, o, BRSO L T AR L &
L. I L LT oKITHEHK (RFU424TA; 7 RR0 T v 7 BPERRREAD) 21 LT-,

W ET AT

FBRT — 21, I R TR Lz, A EZEREICIT 2 BE# TIX Student’s t-test %
MW, 3B EoTF =250 TliE, o (ANOVA) % T Tukey-Kramer 1% &
7213 Dunnet 512 K W ZHEHRE 21TV, EAVEIVERIE 0.05 LLF D & EITHEHFRIA E
ThoErHm LT,

52 BEITEET 5B

metHAC O {ER

metHAC (3 ~E7 n -7 VT I 7 7 AZ =T L, @EED NaNO, ZiRE L, i
L2285 18 BERRIATE CRUS SH T, ST JEEEERT (UV-1900i; BRAHE REidfE
AN 12X 0, UV-Vis. A7 F LB metHb G728 95%LL B & o 23k LT L
720 RGO NaNO, % 7 /Vigi 7 v~ k77 7 4 (Sephadex G-25 Superfine; GE Healthcare,
UK) IZ LV ErEL, FRAMELE (Amicon Ultra-15; 10 kDa MWCO, Merck Millipore, St. Louis, MO,
USA) (2L Y 5 g metHb/dL (29 L 7=,

W IR bR E O FFAM

metHAC, 7 /v 7 X | metHb O¥ER 2RI PBS (pH 7.4) TH /X7 & &L LT 10 uM
WCAHARL, LB 02 um DY 27 4 v X — (DISMIC®; 7 RN T w7 HERASH) &
MWL72DbH, DLS I TR A, kL2 % O PDI % IE L 7= (Mobius; Wyatt Technology
Corp., Santa Barbara, CA, USA), (—FENLOHIEZ1E ELSZ2KOP (KEFE TS 1th) 2 L
77

IEF

IEF & pH 3-10 IEF Protein Gels (Invitrogen™ Novex™; Thermo Fischer Scientific, Waltham,
MA, USA) Z i LT 5 uL % > 7L (metHAC 1L 2 uM, 7 /b7 2 > O metHb 1% 3.5 uM)
ZVkEh L7=, VkEITR. Native-PAGE & [AIEED#EIEET - 7=,
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SEC OH|E
SEC (X% > 7 /W& PBS TH /87 L LT10uMIZAIR L, LLFOLMICTHIE LT,
717 2 : YMC-Pack Diol-300 (8.0 mm x 300 mm, 5 um, #4474 = A 1)
HEAE 10 uL
BEFE : 50 mM U “ERFEFERE (pH 7.4)
i : 0.5 mL/min
WEP R« 280 nm (Rt BE AR
Ry 7 LC-20AD (Rt BBl ERT)
s © SPD-20A (Rt BB ERT)
71T LA —7" 1 25°C, CTO-20A (KRNt B BfERT)

CD A~7 MVORIE
CD A7 hUFH > 7V % PBS TH /X7 &L LT 02 uMIZAIR L, LA FOEMAIZT
ME L, £72. BONIEARY MR L—D w0 ZRIEARR A2 Eifi L7T-,
i FBERR © J-1100 (H A ek th)
CD A /7—/V : 200 mdeg/1.0 dOD
L AR A (DLT.) : 8sec
7 — 2 BUARIRE : 0.5 nm
AR : 10 nm/min
FEAEK 2 1

Native-PAGE

Native-PAGE (X 6% DA U 7 7 U /LT I R /L (SuperSep™ Ace; & 17 A /b A FEHISRE
X&) 2 LT 10uL O3 > 7L (metHAC K ONT /L7 2 20 5 uM, metHb (% 8 uM) % ¥k
#) L7z, 7 /ViE Coomassie Blue R-250 (CBB Stain One Super; 7% 7 4 7 A 7 ik tth) &2 fE
A LTYf L, Amersham Imager 600 (Cytiva, Marlborough, MA, USA) (Z CTHrE L 7=,

UV-Vis. A7 h )LD RIE

UV-Vis. AX7 huiE, HEEE 10 mm OA %L 100 mM U > BREEMETIR (pH 7.4) T
metHb & L T2 uMIZAIR L7242 71 3500 uL 2 Fedi L, pH 12 (ZFRHL L 726 Rk ©F
fi# L7~ 2.8 mM ¢> NaHS (Sigma-Aldrich, St. Louis, USA) ¥&ii % 2 uL $">iREA& 1% D2 k% SH-
9500Lab (= 1 FEEAMEA S ) 2 W CHRIE L2, metHb+3HSA (X, metHb (Z%f LE/LELT
3MHEREOT VT I U ERAE U CRHME LT,
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fE A E O
ATEE (K) XA FoX 1) L LTEEND,

[L-R]
=—— (1
[RIL] (1

KA D RIE metHb £ 721 metHAC, L 1IFifb/KksE, L-metHb 1IHL/KERE S metHb F 721X
Wik AKERE S metHAC 2459, K (1) 1L, A7 MAZEZFIH L7 Q) BB fETH
D, UTFICESEEH L=,

A4y A—d,
dp—a BT

v, - (2)

Aol NaHS Z I3 2 ERTO 425 nm 12381 2 WILEE (100% metHb £ 7213 100% metHAC),
A1 NaHS K HIN% D 425nmm (281 5 '&7’5# Aol TIE T E D NaHS W% D 425 nm (233 1F
%W HEEE (100% L-metHb & 7213 100% L-metHAC) %37,

FEARFEITILLTFOR Q) ICESWTHEI Lz 2,

[L-R] B —B

Y= =L 3y

[R]+[L-R] By — Bx

By ¥ NaHS Z¥RI19 2 ERTO 405 nm (Z381F WY (100% metHb F 7213 100% metHAC),
B X NaHS &M% D 405 nm (Z351F 5 %’zf“ Bl X8 #0> NaHS ¥4 D 405 nm (235 1)
LW IEEE (100%L—metHb F 7213 100%L-metHAC) 2 3£7, b /URE (n) 1%, FEERFME DX
Y & Lol &?D Log (YN1-Y)) Zftfl, NaHS FINE Oz Ml -7 & S DX &
LCHEH L,

metRBC D {E#
ddY v~ U A (ZH 7 AP —ER4h) X0 ~R U LB U7 IS Tl A2 B L, s
538 (3,000 rpm, 20 min) {2 & ¥ MHE R OVE MERREZ B0 Bz, 15 54072 RBC X & D4
BRA /K PR S, 100 uL @ 1M NaNO» & % 5 mL @ RBC SEIRIZIRINE ., 10 43[H
RO L metRBC Z/ERLL7= %, 2Dk, AFAHE/K TG L O LEL 2
WL THef metRBC Z{F8 L, DMEM (Z¥fiE LAEH L7z, 7235, metRBC ORI, BEE
TR TFEWYERE BT LV RREZZ T THE L7 GRRE 5 A2021-025),

o £ 7

Z v MUIEEEECT B 2 T & 5 H9c2 A% American Type Culture Collection (Manassas, VA,
USA) L 0HEA L. FE@L L7z 10%FBS X OWiAEWE («+X=3U > 100 unit/mL, A kL7 k
~A 2> 100 ug/mL) &4 DMEM (L F. DMEM (+)) ZHAWCHIRAT ¢ v > 2 (S L,
37°C, 5% COEE FCErER &R Lz, BIary 7y MIELEMIERNY 72 B
10 (1,000 rpm, 5 min) ZLEEF% . DMEM (+) CHER¥ L. #E L 7=,
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ARG AE A7 SR BT AT

H9c2 #AEIE 96-well culture plate (2457 =/ 100 uL T 2x10* cells/well {2725 & 5 [ZHEHE
L. —WEsas U O S8, A RER, SREICHE LM ER%Z 50 uL 3 o%
well .IZIRAIN L7, EIZ DMEM (-) (ZIfE LA IR ISR S L 72 NaHS &1 (0, 10, 20, 40, 80,
160 mM) % 50 uL ¥SHN L (k& NaCN #2EE 0, 5, 10, 20, 40, 80 mM), 37°C, 100% i Ze5 T
T 1 BEREIESSE L7-, 553814, NaHS R OEHAFIORATKRZFRE L, DMEM (-) TV = /LVIN%
Vet Uiz, BEEMIEIIATF LT A—T v A X VI Lz %, BARAICIE, 1%AF
L7 —EA 0.01IM 7R 7 BRFEER (pH 8.5) Z Mz, 30 0MEE CTA v FaX— kL7,
FiEEREL, 0.01IM & 7 EERFEER (pH 8.5) T 4 [MIPF#. 0.1M M-~ % / — LR
(0.1 M ¥ : =% 7 —/L=1:1) Z 100 pL/well M %, 10 fE#E & 5 L, Infinite® M200
(TECAN) T 660 nm DWE I 21 E L 7=,

e R VH e B O HIE

H9c2 #iflix 96-well culture plate (2 5x10* cells/well (2725 K 5 ICHEFRE L, —WabssE L (82
W, KA FRESL,. DMEM (-) (AR L S mM IZFHHL L 72 NaHS 5 % 75 uL 3°24%
U VSN LT, B S EA] (5 g metHb/dL) % 75 pL @A L T4 = /L78 150 pL iZ
70D X OICERE LT, MRFIHE B 1L Extracellular Oxygen Consumption Assay (ab197243;
Abcam, Cambridge, UK) Zfi ] L THIE L7z, BARAYIZIZ, Extracellular Oxygen Consumption
Reagent % 10 puL/well THMNZ, 3 A<°2°Z High sensitivity mineral oil Z#s1 L T, 37°C,
delay time 30 ps. integration time 100 ps, 60 7> OFKMFET~A 7 n 7 L—FY —X—Z W
C Excitation / Emission = 380 nm / 650 nm (Z & % K /0 fga el E 247 - 7=,

2 b=y R 7R R

H9c2 i i% 96-well culture plate (2 2x10* cells/well (2725 K 9 (ZHEFE L, —Buksss L C#2
B EET, B E RIS, SMEFA] (5 gmetHb/AL) Z 50 pL 7N L. %2 DMEM (-) T
fiE L7z SmM E721% 10 mM IZFREE L 72 NaHS I %4 S0 uL 3" 2% 7 = /MIZIRI L 7=, 37°C,
100% MiZ250 T C 1 FEffE5 8%, NaHS X MR @EAIDOIRGIKZRZE L, DMEM () TV =
NNETE L7=DbH, JC-1 MitoMP Detection Kit (Fkz2i& 1t [F AL 2AFFEAT) 2 L T2 b
2y N 7EEMAZRE Lz, BRI, 2 pmol/L IZFHEE L 72 JC-1 Dye % 100 pL/well T
WML, 37°C, 5%CO, T300MA v FaX—h L7z, EEEZREL. DMEM(-) TV =/L
W% 2 [P L7z, Imaging Buffer # 100 uL/wellisIIL, ~A4 27071 — ) —&—TZh
Z ¥ Red (Excitation / Emission = 535 nm / 590 nm) /% O* Green (Excitation / Emission = 485 nm /
530 nm) Z @ GHIE L, 8L (Red / Green) #HiH L7,
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8 WlhD ddY RMENE~ 7 2% =5 R — AR L VA L, 12 B O BR A
JNVEEE T 1 BETHETE Lo, B ESITIBIERBRFEY ERZ BT X0 &E
AT CEE N L 72 (KERE 5 A2021-025),

BIERIR LK E R BT TV~ 7 A K B AT

~ 7 A H A K ISR L 72 30 mg/kg NaHS 1454 (10 mL/kg) % BERREE T TR 5L,
3RITA Y T T AR T IZ350) T metHAC (125, 250, 500 mg metHb/kg), NaNO; (8.5
mg/kg)., metHb (500 mg metHb/kg), ~E 7/ 0 &2 -7 V7 I 7 T A K — (500 mg Hb/kg), F
ToITABEEKRE BEARE 0 5 L, 2 DO%OAAFREZTAM L7,

BEERIBL AR E P #E TV~ U ZADY o FIVEIR

~ 7 AT 30 mg/kg NaHS ¥&1K 2 MERRIE N TR G- L, 3 31&ICA Y 70T VIR AR T
{23 T metHAC (500 mg metHb/kg), NaNO: (8.5 mg/kg) F 7213 EB IR A Bk L D %
Uiz, &5 5 5. TREFIRE O MIRAZEREIL, MR AT AT A —5 % MLIE AT A 5T
& (RAPID point® 500; > — A LV ANIVATT « AT T ) AT 4 v 7 AF5) 12X 0 3N
HE LT, 7z, sy (O, M, AT, Bl fid) (COWTHERR L, CcO &M DFH
WA L7, 9o 7VEIOERTNICFEC L2 @ (NaNO, #-5-8F; n = 2, AP A IR 57,
n=3) OV TiX, HLNTY U T AERREITV, K A=,

CcO &P D

Spinazzi & DG A SZIZH N U712 %, ~ U ALV figgs (O, ffi, K, Bie, IX) 254§
., AEAE K CMEEESFL OB LIEAZ B —AKREYF A ANy 77— (20 mM
Tris, 40 mM KCI, 2 mM EGTA, 250 mM Sucrose, 0.05 % n—dodecyl--D maltoside, pH 7.4) % 4%
fg e B )t L TR (L 60 15, fifi: 20 £, IF: 40 %, B&: 40 %, id: 20 £5), FEFA X
(POLYTRON® System PT 2500E; KINEMATICAAG) L7z, HREYF— b &4k (600 g, 10
min, 4°C) L7z, 72, 125mg Dby v albcx20mM U Ul Vo A3y 77— (pH
7.0) | mLIZEfEL, HBERNICHE ST AT N ULAZMA TEILY N7 v b o WikE
iz, £O%, AXEFX 2y MI435uL OFRFRIK, 100mM U Uil Y 7 L3y 7 7 — (pH
7.0) 2 500 uL, 1 mM BT b7 b @ik Z 60 uL s L, Sul @ B 7z <
HRNNTIRFIE . 550 nm (2851 5 2 43 OWSEEE DANT K 0 CeO VM2 7 L 72,
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Cy5 ikt o 7 v D ER

Cy5 1% metHAC (Cy5—-metHAC) |, metHAC (2 Cy5-NHS #{E&9 5 Z & TER L=, 2
mg @ Cy5-NHS % 100%T % / —/L 200 puL (Z¥AfFE L, HEHUK 800 pL Z/nz T4k 1 mL &
L7-, £ZIZ, 5mLmetHAC (5 g/dL) ZiEE L, 4°CT—BfiEPE Lo, BOCEE, KRG
@ Cy5-NHS % PD-10 it %7 7 L (Cytiva, Marlborough, MA, USA) IZ L D ERE L., [RANEE
(Amicon Ultra-15, 10 kDa MWCO) {Z X ¥ 5 g metHb/dL (2785 L 72, [FIEED 715 T Cy5 ik
metHb (Cy5-metHb), Cy5 &7 /L7 I > (Cy5-HSA) b {ER L 7=,

(RPN EhREEF AT

<7 RHHE R, AV TNT R FICB VLT, 4% CyS Rk > 7L (Cy5—metHAC: 500
mg metHb/kg, Cy5-metHb: 500 mg/kg, Cy5-HSA: 1547 mg/kg) = C I ZIVBEHIREL U #5- L7,
5.4 5 min, 10 min, 30 min, 1 h, 3 h, 6 h, 12 h, 1 day, 2 days, 3 days, 7 days, 14 days (& F KAk
KO~ XY ALPR 72 R R TR A B L, 358047 BE (3,000 rpm, 15 min) 4, MAE A 1572,
Fo, MIREIR I ARRE (OB, Al NS, B0, R, AX) &R L 7o, HRRRE Rt
L 10 f&& PBS ZWIML THREY T A AL, MY 7257, iR OS> 7
200 pL izt L, 3f5&ED 10% 4 A F— A% (AELKKNSH) 218G L. 37°CT 24 e
(200 rpm) L7z, Sinfh, MBEICHRIL 7 fF&D 100% T % / —/L 2%, K<HE#ELE,
SHIZ, TEEDZ RV AZERMU THERELZOL, #0558 (4,000 rpm, 5 min,
4°C) LC2J8IZmBEL7-, FE%Z 1.2 mL Z8H L, #O0=/ R L —4%— (CVE-3110 &,
NVP-1000 %Y; BURHEIRHEZI RS AE) 2 AV TSR L7z, H2[E LT S 7= fdh i 500
uL =% J — )VIZEfiE L, ~A 7 v 7 L— K U —%— (Cytation™5, Agilent Technologies, Santa
Clara, CA, USA) |2 T Y58 % (Excitation / Emission = 642 nm / 662 nm) % | E L 7=,

IRNEHREFRHTIZ K 2 BN AE R T A — & J OV K, IED F

RN ENREM#HT X Phoenix® WinNonlin® (Version 8.2, CERTARA, Princeton, NJ, USA) Zf# /i L
THEYEREART A =2 2R M L, £72, FE&HEO K HEiX, K=C/Cp (Ce #fikH Cy5 IREE,
Cp: MAEH CySIRED) IRV R LTz,

metHAC DZ AP 351 5+ 7 /LAY

it~ 7 A2 metHAC 500 mg metHb/kg 2 #5- L, #& ISR EZAIE Lz, &5% 1,
3. 7. 14 HTEREN U AL OEM L, 22T 5 mERE L Mg T A /T A —H %
BEH, = OEE (3,000 tpm, 15min) (2 XY, MAE T NEGT-, £z, KRR (O,
Jifi, FPDRE, ERRE. ENE) b L. AEFEAK CERAMKRE TS LY I RS, 2
b= =y AE, AR ER S L, 14 BRI I ABEIREITo T, 7R3, H
U722 7 UVERIE £ T-80°C THRAF L 72,
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IMAEF AR N T A —Z DRIE
MAEF AR ANT A —=21F, AV = ZVEER TR RiETYS Rk 79 (=
YATHRT FY—IZEFEL, HAL 7180 Y B #i oy AL E & IV THIE L7z,

MERE D RE
MERE T4 A BN ERF s L % v 7 o (MEK—6558; H A7 T 3EkaE ) &2 v Tl
ELT,

I PRAR AR A B AT K OF HE Yuth

Bligagn DV T IVENE . 10% P HEE R L~ U ISR L, NT 7 4 SR LT,
ZDH%, BS4um DY LR DI IICATA AL, RXT7 0 oAy 2 ER L=, Y
DORLNT 7 4 BT 2%, ViEAKKEE L, Mayer’s Hematoxylin % (1.5 5515, R LS
) T M RIY L LTz, IBAKTAKIELTED D, 1% A4 kK (B LR RS Tt L
7o KVERR, WK, &, EALZOL, BEMEE (BZ-X700; Rt —x 0 2) (2T 200
GRTHMRG B LT,

MR A S AA > DRIE
MAEF A - A > OREEIL, Quantikine ELISA Kit (R&D Systems, Inc., Minneapolis, MN,
USA) Zf il U7z, Bt #1206 > T IL-1p. IL-6, IFN—y, TNF-o Z & L7,

fE{b A~ L ADHlE

TBARS Assay Kit (Cayman Chemical, Ann Arbor, MI, USA) % {#i f§ L C MDA &% ET 5 =
& TP ARE R L & 5 L7, BEgs O MDA &3, MR I LT 10 52D RIPA
buffer Z M L THE VT A AL, @ OAEE (1,600 g, 10 min, 4°C) |2 & - TH7z BiE% k
FEO MAEY 7L & Rk D L THIE L,

LERE AN RS

B LR YE O R
FURBECHIRIR L=V 7L, FIEBECH v X7 e LT 10 uM IZAHIR L, LIk
35 2 O B E PR EOFAL ) OJFEICHE L T LT,

SEC OHIE
28D [SEC OHIE] OFEICHE L THEM LI,
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CD A~ L DlE
BRPECHIRMRE Lo 7 E, BIEEECH VX7 B L LT02 pMICHIR L, LI
T 23D [CD A7 "MVORIED L] (UL THEME L7,

Native—PAGE
% 23D [Native-PAGE| D FiEIZHE U THEM L7,

IEF
23D [IEF) OFIEICHEL THEE LT,

UEHE~ L D JE B

Yo T VATAEIET 0.2 gmetHb/AL (2R L, FRFUEE (Nanosep® 10 K Centrifugal Device;
Pall Corp., Port Washington, NY, USA) (Z & ¥ JiE ik 21572, K+ OiFsE~ 213 Heme
Assay kit (Sigma, Burlington, MA, USA) Z W CE&RE L7z,

UV-Vis. 27 ~LOHIE
F2FED [UV-Vis. A7 FLORE ] ([CHELC THEI L., A1 56 E T (UV-1900i;
A att BERUERT) 2 W CHlE Lz,

fE O EER DB
F2ED FEAEROE M [CHEL CTHEE LT,

metHAC DU Hz AL PR

PBS |Z¥fi# L 7= metHAC (5 g metHb/dL) 1%, (i) = > ke —/ L (ii) PBS F.D., (iii) Saline
F.D.. (iv) Glucose FD.® 4 #{Z R E T 572D 3 vy T, 12{HD T 7 AL T 57T
7o (1) KX (i) DY > 7L, metHAC 73 PBS ICIME L7 £ £ L=, (i) KO (iv) DY
7T, [RAMEE (Amicon Ultra-15, 10 kDa MWCO) 12 X U 1A% PBS 7> 5 A HI/K 12 B #2
L7z, TD, (i)~(iv) DT XTOH T /TEEMAK T 2 g metHb/dL IZAIR L, HRIAZEFHE
THAER ., FDU-1200 R ERRME SR NS ) 2 L T45°CORITEREE N C—BhsiE iz
BRVER U7, Y 7L, 4PCITRRE LT BN Tl T C LB LTz, () D=
r =B 7E, 2 g metHb/dL ~D AR M ONHURS Rz ALEE 2 W3 | SRS W LBl L 72
YU T VERRICRAE LTz,
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RS LR ALEE metHAC 0D i i 72 PRI D 3384R

BOREREIAUEE U 7= (i) PBS F.DITVER K (REZEE K, KIERIETY,) | (i) Saline F.D.IZ
AEFATROK (REA R, KIEREK T, (iv) Glucose F.D.IE 5% 7 R UMK (KEWIR 5%; K
BREET ) TZNEN 5 gmetHb/dL 1272 5 X 9 ICHIRME LT-,

metHAC O EHIRTF

PBS (ZAfi# L 72 metHAC (5 g metHb/dL) 1%, 6 fHDH T A4 73T, i 3 i
T TG EECORERAY 7V & RIRIKEECTORGERY 7V & LTz,

MRS R RE C ORI T > 7L ) 1Z PBS ZVEME & LT, BHMI/KT 2 g metHb/dL IZA7R
L. metHAC OWFERLERALEL ] O IFIEICHE > CHAEERAEE LT, TAERIKRIE T OB
BTV TR O FSLERIE T T, PBS 2L L LT 5 g metHb/dL O F FRAF
L7z, B2TOH T 4°CISRRIE LI RN CEDE T T 1 IR Lo, RAFE.

MRS LR BB C ORI T > 7V ) 1T K (REZERK) T 5 g metHb/dL (2725 & 9
W LT,

WUk H AL EE metHAC O FRIRMRTS 022 e VR

V&% 0, 6, 12, 24 REEIZ 31T 2 B L 74, SEC, CD A~XZ kL, Native-PAGE, %
Bt~ UV-Vis. A7 ML OFER BRI L7z, BiR#% O metHAC 1345 % A LA~ B
TOMEDERTE T 4°COMBE T TIRAFE LT,

9 2 BEOFHEICHE U CTEREMM A B 1, BERBAR TN FEREESIC IV AR
ST TR L7z (KRR A2021-025),

BOEHINAL AR FE T ET L~ U AT K L A FRH

52w BRI FEREFEETT L~ U AL D EFFEFN) IHECTEmLZ, &
BECRAFIEREIZ 02D 57, metHAC 1 £42 T 500 mg metHb/kg TG L=, X AT 47
h o — IS AER R K E KRG L,

CcO IETEDFEAR
FH2ED [CcOTEMORAM ) 2% U T3 L7z,

EHORAF metHAC D2 MR 31T 5 % > 7 /1Al

#2 mO TEEMFHEICRT 23 7 VB ICHE T TER L7z, f#FE~ 7 ACAERRE
WK E I REIC X 59 1 ERERAF L 72 metHAC 500 mg metHb/kg 2 5- L, 7 H&IZH
TR LT,
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MR AR ST A — 2 OHE
MAERAALFEART A—=F X, BLRTA 7L 70000 (8 L7 A VLR 2 LT
HIE LT,

93 B AR 2RO AR A ) O HE e 4
F2 B HHHMA A A N O HE Yttt ([2HE U THEM L7,

MERE D RE
FH2EO TMERBOWNE] ([CHEC THEhE L7,

5 4 BEITBET 5B

UV-—Vis. A7 hLDOHITE

%2 8D TUV-Vis. A7 bV ORIE] IZHE L THEME L7z, pH 12 ([ZFHR L 72 RROK T
fiE L7= 1.4 mM @ NaCN (5 7 A 7 A7 B E ) Wiz 2 uL oV > 7 uicdsine ., &
B DAY bV L E SH-9500Lab (= 2 FERMAE) 2 AW CHlE L7z,

FEAEHOEH

%2 EO FEEEEOEL] [T TEM L, M{bKZREZERTHYZ2 T v
TEEEICAE L, 421 nm IZBT 2WNELLEZRAT L2 TOT B AREER Y
H17,

metRBC O {EH
%2 %D [metRBC OFERL) [CHEU THEM L7, 723, metRBC OIERT, BEEFRIAKRT:
B EBRE B 2 L0 KGR & =T CHEME L7z UKEERE 5 A2021-026),

e 4%
H2rEo [Hifaki®) (ST THEm LT,

A e A A 2R B A
#fREEA (1.25, 2.5, 5 g metHb/dL) & U NaCN YA (0, 5, 10, 20, 40, 80 mM) % % #1241 50 uL
TOKT = VZIRINL, 28O TIRAFESRRHME ] OFIEICHE L T L7,

P T e T O I E
KR e (5 gmetHb/dL) K2 (N NaCN A (5 mM) & Z L E4 75 uL 904 7 = JWZHI L,
F2EO BB EOWNE ] OFEICHEL THEmE LT,

96



M b=y B U 7 AREHE TR

H9c2 il 96-well culture plate (= 2x10* cells/well (2725 K 9 ICHEFE L, —Wabi#E L T8
ST, BHAERES, FREICRE L& MEEAlZ 50 uL 370% well IZIRINL 72, E
|2 DMDM (—) (Z¥AfR U4 B IR L 72 NaCN Y& (0, 5, 10, 20, 40, 80 mM) % 50 puL ¥R
L. 37°C. 100% {miMZ25 T C | Refilbsa8 L7, 85881, NaCN L OMEFEAI OIR G IR & br2s
L. DMDM () T¥ =/LIN% 3 [P L7z, 47 =/LiC 100 uL & DMEM (-) % iM%,
CCK-8 (FRU&tt [RUALHFZERT) & 10 pLiwell I L, 2B #Z L C~A( 7 27 L — |
Y — & —"T 450 nm QWL ZHIE LT,

2 by B Y 7B A
AR5 (5 g metHb/dL) & OY NaCN A (5, 10 mM) Z Z 4 50 pL §°24% 7 = JLIZ N
L. 28D [I b=y RY TIREMHE) OFEICHE T THEIE L7,

FEEY)
%2 BEOFIEICHET TERBM LI F, BEZBRTFEMFEREE XLV KR L
ST TR L 7z (KRR A2021-026),

BIEH L 7 BT T VL~ 7 A K B AT

~ 7 A A F A KR L 72 12 mg/kg NaCN Y% (10 mL/kg) % #EHfEL T & 0 & 5
L. S ORICEMRER Lo~ U A THRRFE T 1230 T metHAC (500 mg metHb/kg), metHAC
(500 mg metHb/kg) + F A Fiile 7~ kU &7 A (61 mg/kg)., NaNO; (8.5 mg/kg) + F A filig7 kU o
2 (61 mg/kg)., metHb (500 mg metHb/kg), F72ITEBBEKZREHIRE VL L, TO%D
AR % AT L 72,

BT TV HBET IV~ T ADY TV AL

~ 7 A AR KIZEEAE L 72 12 mg/kg NaCN % (10 mL/kg) % B T & 0 # 5
L. S ORICEMRER Lo~ U A THRRFE T 1230 T metHAC (500 mg metHb/kg), metHAC
(500 mg metHb/kg) + F ARt 7 ~ U & A (61 mg/kg), NaNO; (8.5 mg/kg) + F A iz 7 ~ U &
I (61 mgkg), TIIIAFAKEZREIRE D B Uiz, #5100k, FREIRE Y Mk
AEEL, BONICMIERHT ANRT A —=Z 2 [E Lz, BELRIZS T oA 4 RE, T4
VT AT REOREICHIAE Uiz, 7o, SlEaEs (OB B, . B, ) [2onT
HEEL L, CcO IEMEDRHmIZAE A L7z,

CcO IETEDFEAR
FH2ED [CcOTEMORAM ) U U T3 L7z,
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T PR ORIE

RBC W7 R, Brenner H DG4 B Z ITMEILHTIEIC LV RIE L 77, 20
mL Y TNVERRO P RNETIC ST A2 L 2 mL v A/ n T a—THBEE, Fa—7
WEBIZ 0.1 N NaOH % 1 mLIRIM L7c, F7=, ¥ 7 VERNE (T = — 7 4N8) 1215 10% b
UZoafifg ] mL & 200 mM L-7 A2 /LE VR 1 mL 2 NNz %, =7 A L0
&A%, MHE L MERR T B LY T v e b 7 aafiigl L-7 A=av
B UBEDOIRAMRIZINZ CGHROMNZER L, 37°C/KIBHIZIV T 160 rpm T 3 BRI L 7=,
T O LT NaOH 300 L 247 H L, KM FT60puL 7 =27 I - U UK (0.25%7
27 IVTHR : IMY VBT FU T AD 13RAKR) 22 T2 0RkE L7z, D%, 900
pL BV e BT Uk (027 g7 U T —%E Y V2 20 mL ZIERE ., RERK
100 mL &iRE) 22, 40 /3B ZEIE THAEZ T 620 nm (2331 2 WO EE 2 J1E L7z,

MFERTF A>T A A REORE

MERFF T oA F BT, FALT oA F 2T BT % 2 & THIE L
9 10% Y 7o 1 mL & 0.0l M~ Aol U wa ]l mL TRESN-Y L
ERANES (T = — 748 ([l 7 v ainz, fido [ 7 REORHIE] ICHET THE
it L 7=,

5 HICHT o FEBR

H,S-metHAC D1EHL

% 2 % [metHAC OERL (Z#E U CYERL L 7= metHAC (i £ D PBS (2% L 7= NaHS
WIREIRAET 52 & Thidk/AkKFEZM L TER L7z, metHAC %A metHb 7% 95%L2L F HaS-
metHb ([ZAEHE I LTV D 2 & 28 Al L EERE (UV-1900i) 1285 UV-Vis. A7 kL
BAL SR LTz, metHAC & i L7eny o 72 4% NaHS (%, [RZME# (Amicon Ultra-15; 50
kDa MWCO) (2 X v BrZE L7z,

W EA b R O R ATl
F2EO WYL ERAE ORI ) O JFIEICHE C TN L7,

SEC OHIE
28D [SEC OHIE] OFEICHE L THEM LI,

CD A~ hILOHIE
H2ED [CD A7 MLVORIE] OIFEICHET THEm L 7=,
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Native—PAGE
%2 # D [Native-PAGE] D FIEIZHEL THEE L7-,

Tttt K A R

H,S-metHAC DRiAbL/KZFE K HHFBRIL, UV-Vis. 2~X2Z kL (UV-1900i) % F\CRFAf L 7=,
H>S-metHAC (5 g metHb/dL) % 9 &M 100 mM U > ERFEE I (pH7.4, 6.8, 6.2) %7213 FBS
(Thermo Fischer Scientific, Waltham, MA, USA) IZ{E& L. 37°CTA > FaX— L7z, HE
R A > F 2 _X— MME, KR 10 mm OFHEE/VICHE pH IZHHEE L72 100 mM U > EERETE
T metHb B & L T2 pMIZAIRL (FBS 1X pH 7.4 @ 100 mM U > ERFEMER CAIN). 423.5
nm (28T DL LA RIE LT,

6 WD ICR R~ 7 2% =7 AV —EARASFE LV BEA L, 12 e OB 1
JNVERETTC 1 EEPHEAE L, B ERIIEBERBRTFEHMIEREERICT L ARE
ST TR L 7z (KRR A2022-347),

H,S-metHAC i Kifit H & D i

fd i~ 7 A2 NaHS #&i1% (0.35, 0.69, 1.05, 1.39, 1.74, 2.09 mg NaHS/kg) M OV @ NaHS
& RSB OREAKFE A EH T 5 HaS—metHAC (100, 200, 300, 400, 500, 600 mg metHb/kg) % &
BIREVHFE L, AHFERZFMLEZ, 2> bo—Lo< T 2 2iF, AFBEEHEALNY
metHAC (600 mg metHb/kg) & ZiLENHE G LTz, 24 FEMZICHB W TAFE LT~ U AD MK
ZEUL L, MAERAALT T A—2 28t KT A 7 L 70001 (2 CTRIE LTz,

JHERE (i PRI B 7 L~ U A DER

HFRE ML FFRE TR 7 L~ 7 AL, Abe HOWMEEZBEZIT/ERIL - 100, —Biifa Lz~
U R%A Y TNT CRREETICTC, A ERUIRE L, IEHREAN S Y v 7 (C-17-35-1 35 mm
W HRUA A E B RUERT) TPMNRE 2 T 7 Lis, ZORE EMmEAL (IEPEE, EAMUZE)
DECIRIRE G ARBEIZAL L, SN TWD Z 2R LT, £, EimeEd
B A D /-2y U THEV, BE—F—~ v b (KN-475-3-40; HEX&4E 52 B RUER)
FICTIMEMZIZ Lz, 45 B OEING . 7 7 > 7 O & OBIEA OREA 24T\, AR
BHK (300 pL) ZREWENEL - Uiz, ik o BREF T 6 Rkt < 7=,
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JHE R i PR VR 25 7 /L~ 7 Ak 2 HoS-metHAC DA ZhEEFAfl

< ARA VT IVT EREE FIZ T HoS—metHAC (100, 300, 600 mg metHb/kg), NaHS (1.05
mg/kg), metHAC (300 mg metHb/kg) £ 72T BEKEZ BEIRE D 5L, 30 502 ThT
2 M RS T L~ 7 ADOIERL) 12hE > CHPE MALTE 2 BRde U7, M T 6 e
%, MR ONFIEZ B L7z, Sham ~ 7 A%, FIRD Z 7 > 7 %#krE, XTI IRIET
V= TR & [RRRODIE & 52 T T,

Mg P AL R T A — 2 OHIE
H3EO MR AT T A —2OWRIE] YT THEM L7,

I PR AR AR A X OV HE Yeth
H2EDO RO A & OV HE Yeta) (S8 U CT3HE i L7,

JFl GSH & O GSH/GSSG DI E
GSSG/GSH Quantification Kit (#k X345 R ALSAAFSERT) 2 H L CHlE L7,

MEFRY A S A DOHIE
woED TMiEFH A4 N4 OHE) 1T THEME LT,

[l MDA & O HIE

FHAREE BTk L C 10 f & RIPA buffer Z s L CHREY A AL, = OMLE (1,600 g,
10 min, 4°C) |2 X > CTH37= LiE% TBARS Assay Kit (Cayman Chemical, Ann Arbor, MI, USA)
WZEDHEE LT,

mAEH 7 Eh A > ORE
Quantikine ELISA Kit (R&D Systems, Inc.) Zf#H L T CXCL1, CXCL2, MCP-1 ##lE L
77

14 MPO OHIE
Mouse Myeloperoxidase ELISA Kit (ab275109; Abcam, Cambridge, UK) % fifi f L CHIE L 7=,

H,S-metHAC 7> & Hett S % bk 38 Oz MEEEATR

i~ 7 A2 HoS-metHAC 300 mg metHb/kg Z#5- L, 10, 30, 60, 180 3f&IZ~ T A |
KEFIRE DRI L, 55 2 BOFIEICHEL TR AT A —2 ZlE Uiz, £, &k
CLige, fifi, e, BIE. M) HEI L, 55 2 B HIEICHE > T CeO G2 7 L7z,
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H,S-metHAC D22 MEFHIiIZ 81T 5 5 7V [AIY

%~ 7 A2 HoS—metHAC 300 mg metHb/kg & $¢5- L, & ARNCARELZNE LT-, &5%
1. 3. 7. 14 HiZ~wv AKX 0 L, 225 mEkEE R ER, =040 (3,000 rpm,
15min) (IZ XV MBI 2G70, Fio, ARk (O, I iR, B ) & EY
L7z, 2y br—LO~7 AL, ABREEKERE L, 14 HRRICREERIZT > 7 vEiE
1T-o7,

LRI 3T D i A R N T A — 2 ORGE
MAEF AL ANT A—=21F, AV = ZVER TERASE RiETYS RiET A 794
YATHRT MY —IZEFEL, HAL 7180 B B #i oy AL iE & IV THIE L7z,

MERE D HIE
FH2EO TMERBORNE) ([CHEC THEhE L7,
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i

ARWFFERAT DB L. #&06 T2 SRS, WL £ L7 BIERBIR IR
TN AT — B ZARICIRIE R DI OB R LE T,

AWFZEITER U, RAREFRE LB ) 2 05 0 £ U T2 BB AR AR ER ST 5
HANBA HEBER 720 & DNIHE A #ie BERBAT IS TR L £

KL OFAEIZHTZY . ARAEINE LR ELG Y £ LI BERBR IRy
ML SR e fER fi BB 2 72 & QN AR A B b i w71 RS SR Am (R < AL
L EFES,

AFFEDOERIZEE L, NI BT INT I 7 T AL —Z {72 & | &A1
HE C 2 D £ Lo P I RFE T /e Rz BaRICELS B OB AR LET,

AWZEDTATICER L, A E 2B Y F U7 RSB T A i 1172 HONT
HIH KA ISR OBEZR LET,

KIFFREAT OIS0 . BRI D812 W27 & F LT BB BT 37 Jh T
FAEPEDFE AL DN LET,

BB, TNETHZ XA T IEER, KNP BEH#VZ LET,

SF64E3 H
iR &)
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