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ALT
AST
BSA
CBS
CSE
DDS
DMEM
DMSO
DTPA
DTT
EDC
FBS
FITC
Gal
GSH
HBSS
HEPES
ICAM-1
MALDI-TOF MS

Man
MES
MPO
3-MST
NF-4B
NSAIDs
PEG
PEG-NHS
PFA
SDS
SOD
SPDP

=h BE
1=

Alanine aminotransferase

Aspartate aminotransferase

Bovine serum albumin

Cystathionine S-synthase

Cystathionine y-lyase

Drug delivery system

Dulbecco's modified eagle's medium

Dimethyl sulfoxide
Diethylenetriamine-N,N,N',N",N"-pentaacetic acid
Dithiothreitol

1-(3-Dimethylaminopropyl) -3-ethylcarbodiimide
Fetal bovine serum

Fluorescein isothiocyanate

Galactose

Glutathione

Hank's Balanced Salt Solution

4-(2-hydroxyethyl) -1-piperazineethanesulfonic acid

Intercellular adhesion molecule-1

Matrix-assisted laser desorption/ionization- time of flight mass

spectrometry

Mannose

2-(N-morpholino) ethanesulfonic acid
Myeloperoxidase

3-Mercaptopyruvate sulfurtransferase
Nuclear factor-kappa B

Non-steroidal anti-inflammatory drugs
Polyethylene glycol

a- Succinimidyloxysuccinyl-o-methoxy polyoxyethylene
Paraformaldehyde

Sodium dodecyl sulfate

Superoxide dismutase

N-Succinimidyl 3-(2-pyridyldithio) propionate
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Suc Succinic acid
TNBS 2,4,6-Trinitrobenzenesulfonic acid

Trx Thioredoxin



e am DER

=

fifb/kBIL, RN TERFESZE CTHDL UV AX T A= - Z—F (CBS), VAXF A= y-
U7 —E€ (CSE). 3-A/L 77 N ELE Vi HIEEEESR 3-MST) ICL W EEAIND Z &l
O E 220729, BALKFITAANT, Hilglk, HioiE. MR RE DL 7 g%
BT DHZERMBNTWD, Thbb, Wifb/KEBIXIVE T4 (GSH) T 4L R¥F v (Trx)
EWV S T EE DOYRE B 9, A— —FF VA RURALZ—F (SOD) JEHEDHIK 9 12 &
DEEAEA DUV AZET 5 2 & EE STV 5, E72, nuclear factor-kappa B (NF-kB) D{E Ak
HHJ=<> intercellular adhesion molecule-1 (ICAM-1) & o 74527557 1 O3 BL&H] L, AfER O
RIT e A—=FF L —F MPO) EEZIIHIT 5 2 L IC K DRIER P ESNTND 7,
BT, DHRIET L~ 7 ACEIT DI hay R 7 OMRFRENC L2085 OREERS ),
FHIROFEL A N L AR T HHMIENO AL D AR 20925 2 & T, FFmoORE L
HZNR D BE SN TN D, 6D Lnb, fifbKkFT—MbRE, —ERITKSHE=
DH AR T F N7 & LTHEREED TG 10, LR o T, FifbKFEEZ BN LTS
Z LI X D RIERE M AERIEE 72 EOBLA N L RARBIRRA~OISAREIR S b, Lol
NG, WALKFIIT ARG THHTZOMIM HFOAEEL <, BEITEE LT, EARNThHYbKSHE
RIS 570 Ry ZOFMHRBLETHD ¥, ZIETIC, HxR2ifkET e F7 v 7055
HEINTEY, EERIBES~OICHPRA LN TE - (Fig 1),

Na,S NaHS

Sodium sulfide Sodium hydrogen sulfide

§~S
L °
N ¢
5 NH
cl cl

S
GYY4137 S-diclofenac
4\/ S N S e S W 4\/ S - S M
Diallyl trisulfide Diallyl disulfide

Fig. 1 Existing H,S prodrugs.



Thbb, KR THELHNTHiAbAKFE Z B3 % sodium sulfide < sodium hydrogen sulfide &
W T2 HERERA L DS IR S AFFE TR ST % 3619, FE 72 MK RIZ L0 Fiferl i bk 3R &
BT % GYY4137 19 X2, FA—/L & Bt Ulitfb/k 3R 2 B9~ 2 diallyl trisulfide <P diallyl disulfide
10 72 OB LAV STV D, 61T, BMKEOTKIEEHZRM L, AT r
A FPEFIRIESE (NSAIDs) OFLRIEMEMIOHIR, THE stEEisa B & LT, diclofenac (ZHit
fkFET 1 KT v 7 %&flié &7 S-diclofenac 73BA%E STV 5 17,

LINL 3o, BEFORULKE T v FT v 7 OLZ MRS+ THLZ D, N DIER
IR KR & 2RIBER A~ AT D T2 BRI+ EOW bR FE MG S a2 &R0, FEAYES
AL CHAL KR Z T2 2 & B EORE REEREL 70> TWNDH 1B, L7ei> T, hifb/KE
(2 K DRI IR 2452 T2 O1iE, Btk ORI NENRE A AG 5 LSl U, ARAEL
~H o EORMEKFEZ T 5 DDS BAIOBBNMLETHD L& 2 Hivd (Fig 2),

fiiftk3E > DDS #HIZBHFE T 5121, I OBYRIL AL ~ D30I K DR B DHR)
PRIHR O, 72 & ONTAERIEBAL A~ OIS E L HHY & LTAER R 772 & ORI
BN FTRERE % v UV T ORI AN TH L EEZXBND,

Z ZTEE BIE, bR ORI & OARANENREHIAENC X 5 03 i) e  Ie LB 2 BRI 2
ZEEEME LT, ST N TERIRICHb KRR 2 i3 2 @ a0 A bkE 77 K2
> 7 DS AT, BUbKFZET 0 RT v 7 OmsTF v V7 & LT, BRHBkD 2 7B T
o ZEMEREREATECEND T VT I U EEIR L, ZOREIIHILKFRBIEN 2/ S
52 & TR RbAKRE T r R v 7 &% Lc, £OWEMEFRIME L b N~ 7 AR
B G%ORNENRE, Wit /KFE R Z BRI 2 & & BT, LA b L RARBIRRICEB T
LEDHEMMLTFHI L7z, S ISR FEOMIDEIRN & — 7T 4 7V AT LD Z BIE L
T, R F ORI LD AN T T N7 I OIERHIE~OREEIR Z — 7T 4 7 2l AT,

LIF, ZHORRIZ N T 2 EITh- Vimk T 5,

The role of H,S H,S prodrug Development of DDS for H,S

* Anti-oxidative stress | Application [ -Release H,S in vivo |Controlled
* Anti-inflammation in vivo | - Application for delivery
* Cell protection - therapeutic use -

* Vascular relaxation *No control of tissue

* Lipid metabolism distribution

= Targeted delivery of prodrug
= Controlled release of H,S

from prodrug in targeted site
= Effective and safe approach

Fig. 2 The biological roles and targeted delivery of H»S prodrug.



FI1E TATIVEFRALEESFERLAEZE S e RS v S
(ARVZFTNTIV) OBR%

WL KB A — /=AW BT =A 7 EOTEMRRHERIT, RN CTREY O fE 8B
H.L w2 PEAE LB LEER 2R EIC K DIHEONT U ADMRIZNTND 2B LinL, ZONRT
¥ ADSAEE BRI E OISR EE SN D & | RIESR M FERREE & W o 2B b A b LA
RN ER END 262, FfbKFEITEREA b UABRRICH L, S EE ORBLEH K Y, KIE
PEAT ¢ =2 — DUERENH 2, MIIRENIR S 2 L Vo e BRI TN R A T2 2 L3
HHNTEY, EELE LTOISHPHIRFSIL TV D, TRRD - Th Hhilb/KE 2 Az
HIZR R BIRIR & BT 2 - OI2iE, Fifb/AKFBOERNENRE, BUbHEC L v | R~ &0
WAtk 2 A FTRE UL KR FE T 0 T » VT ORBENPLETH L LEZBND, LNLRNRE,
AR OISy TR AKFE 7 1 KT » 213l s 6 O IAEN 2 & | FERERALLAS Chif bk E %
T2 2 LR EOMBEARH Y . T B KEDIREIEEA~DIGH ORERE L 72 5T D 19, ik
KFETw RT w7 OENERE, 2 EB S 57201203, ifkFE T vm FT v 7OkieM
T EEMTRE R S TR KRE T 1 BT v JORBENER THD EEZBND, LLARNE,
B TRALKRE T 7 KT v 7O L, 2 ORNENRERFMNL & O BB A~IG A U7o i Flit e
VY,

MIET VT A%, MHPICEEIHAET DX 7 ETH Y REIALZEMNATRER T 2/
HEROMNVARF L EELHAE LTS 03, S50, ARERED X 0B TH D IR G
<, MHHEMER B W EOREMN G, DDSIZRBIT 2@ T3y U7 L LA EHER TS
M, ZZTEEDIIMIET AV T I ERESTX Y VT E LTRIRL, fifbkFET2 KT v 70
TRINENRERIE 72 D ONTRRAL KSR B I AN FTRE 72 0 TR LK E T e KT v 7 (AT 5 T v
7)) &A% LI (Fig 3).

RETIX, ARLIZALVT T NT I OB AR, (RINEREREE, B kB hthe
R L72, S HITELNIRERICESE, AT 3T NAT I U OEA b L ARBIRRICEBIT S

A ez Al L7,
pe—p é.!,

| | | ] Hydrogen sulfide

Bovine serum albumin Sulfide group
(BSA) (Source of hydrogen sulfide)

Fig.3  Structure of Sulfo-albumin.



-1 RANVT T NT I OERRE Y LFRHE OFHl

I-l-a ANVTZ T AT IV DERR

ANT FTNT 0%, TUMIET VT R (BSA) (SHULKEIEML TH 5 sulfide FEa1E
fifiT 22 E TR LT, 77205 BSADT X/ HKIZT AL T ¢ REARILTH % N-succinimidyl
3-(2-pyridyldithio) propionate (SPDP) % {&fifi L 7-1%. thioacetic acid & iz &2 Z & T sulfide &
(ZZEHA L7239 (Fig. 4), BSA & SPDP OJSHFHR LGS 2 Z & T, sulfide FEDEAEN 72 5 3
FEDANT T NT I/ LTe, AR LIZANLVT 3TV 7 2 D41 iE MALDI TOF-MS
THITE L7 (Fig. 5), BSA & AL T 5 TIVT I OFEBEODZENG, BSA 15315720 @ sulfide
HOEMRERH L, ZORE, RISHROBRICHEN Y TR AR L, BSA 1 5FH1-0
sulfide JEA% 5. 10, 30 2y F-#&4 L7= Sulfo (5)-BSA. Sulfo (10)-BSA. Sulfo (30)-BSA 2345 5H417=

(Table 1),

@ @
oC SPDP OC\ S N

BSA HC-(CH)-NH, ———3 ( BSA HC(CH,)NH-CO— 8~ s

HN HN P
BSA BSA-PDP

®

Thioacetic acid OQ

—_— BSA HCI?—(CF|2)4—NH-CO—/\S”SYCH3

HN (0]

Sulfo-albumin

Fig. 4 Synthetic routes of Sulfo-albumin.
(Sakai et al., J. Pharm. Sci., 2018, 107,2686-2693. Fig. 1)



I-1-b ANT 3 TNT I v OHEYLERMNE

BFEANT 4T N7 I OER, B—FEME N ENBIPEEELE, L—— Ry 7T —ik
THIE L7z, Table 1 205, FHANLT 47 /L7 I OERITK 8 nm TH Y | sulfide FOERAIC
L DREREIIR NI oTz, —J, B—Z BN sulfide FAEATEOKIZHNAICHTEL
7zo ZAULBSA O I/ HEIT sulfide A L7 Z & C, REDEEMPFHESTZTOTHD
EEZBND,

(A) (B)

60000 64000 68000 72000 m/z 61000 65000 69000 73000 m/z
(©) (D)

63000 67000 71000 75000 m/z 66000 70000 74000 78000 m/z

Fig. 5 MALDI-TOF MS spectra of (A) BSA, (B) Sulfo (5)-BSA, (C) Sulfo (10)-BSA, and (D) Sulfo
(30)-BSA.
(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. S1)

Table 1  Physicochemical properties of Sulfo-albumin

Compound Mol_eculfr su :}lil:j?gfglf;sb Diameter Zeta potential
weight (mol/mol) (nm) (mV)

BSA 66,300 0 7.29+0.42 -12.57+0.12

Sulfo (5)-BSA 67,300 4.83 9.20£0.06 -19.47+0.78

Sulfo (10)-BSA 68,100 9.72 8.24+0.68 —-22.23+1.37

Sulfo (30)-BSA 71,900 30.9 7.2140.70 -30.87+0.75

2 Molecular weight was measured via MALDI TOF-MS.

®The average number of sulfide groups was estimated by measuring the molecular weight via
MALDI TOF-MS. Results are expressed as the mean + S.D. of 3 experiments.

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Table 1)



-2 ANVTFTNT I OENERE
HIETE TIZ, AVT T T 2 OYBYLFREE 25t L, F W, FEANLT T
2 D~ 7 AFIRNR 514 DIRNEIEEIZ SV CREM L 7=,

I-2-a FREANLT +TIVT I 2D~ T AR E% DIRNEIEE

AT F T VT AT Min ik A i U, iR & Ofias T~ OB TR 2 IE L7239, £0
FER, HERSHHR T d 2 AKRMEA/T BSA 1FEROWAEY | Sz R~ L, lash o~
NWEBFE L0723 (Fig. 6), —J7. ANT 77 2 0 sulfide ZeD BB RITLEN,
s DVERDH L 72 0 I~ OBATEIE R L, FRC, sulfide FEOBE% R B2\ Sulfo
(30)-BSA IXEIRIN I 5%, 0TI HIER L, 530 2 ICIFERG-EOK) 80% 3~
BAT L7, #eu T, Sulfo (30)-BSA ICUTARIMEHN: 7 7 — 7 T % VivoTag 800 A4k L, ~ T A&
FRIRNIE 514 D Ex vivo 86A A—T 0 TEBEBIE LT D, ZOBIENG b, i) HiRy v
HWNRBIERINT-Z L5, Sulfo (30)-BSA IIATFEUZEAT L T D Z & 23R S/ (Fig. 7). Sulfo
(30)-BSA DfiFiuiRAI 72 ARNENEI L, IO LA b L RRBIRRISH TE 2R H 5 2
EMG, LIFROIEERIT Sulfo (30)-BSA % FHV iz,



(A)

100

80
—_

60
A

40
20 0
0 ° —0

0 60 120 180 240 300 360
(©)

10 1

240 300 360

S N AR SN G0
1

240 300 360

Plasma concentration (% of dose/ml)
Tissue accumulation (% of dose)

10 10 -

S N SN ®

£i2 =:

0 60 120 180 240 300 360 0 60 120 180 240 300 360

S N A SN ®
1

Time (min)

Fig. 6 Plasma concentration and tissue accumulation of "'In-BSA and Sulfo-albumins after
intravenous injection in mice at a dose of 1 mg/kg (A) Plasma, (B) Liver, (C) Kidney, (D) Lung, (E)
Spleen and (F) Heart. The results are expressed as the mean * S.D. of 3 mice. o, BSA; g, Sulfo
(5)-BSA; A, Sulfo (10)-BSA; e, Sulfo (30)-BSA.

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 2)



Epé-flucrescence
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Color Scale
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Fig. 7 Ex vivo fluorescence image of VivoTag-Sulfo (30)-BSA. Liver, lung, kidney, spleen and heart
were excised 180 min after intravenously injection in mice. Fluorescence image was acquired by IVIS

imaging system.
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I-2-b Sulfo (30)-BSA DFFIgPN537H
FFlE I, TRRa D & 70 2 SEEMIA & . A8 PN BGHIES Kupffer #ila (F~27 v 7 7 —2)

ML LIEREMEN OB SN TND Z ERNHLNTND ¥ 0, 22T, "n-Sulfo
(30)-BSA %~ 7 AZEIRNE 54, IFBC = 7 7 — R 5 L, FF9&Eiie, JESEE Mm%
SHEL, SBATEEZIIE L 49, ZORESL, Sulfo (30)-BSA IZATlEOFEFZE MBI 5y
FHLTWABZEBRHLNERST (Fig 8), —MIC, AICHEE L&D 04 37 Bk,
O Kupffer fifi7e EIZHBLG 2 AN R0 VX —ZFKE 0 LT, TFRIEFEMI~ 925 2 &
DHIDIVTND B4, ZDZ Eh b, AICHET 2 Sulfo (30)-BSA I, [AFkOMEIC L v IEFE
A~ LT B2 b5,

=]
)

Amount recovery (% of dose/107 cells)

PC NPC

Fig. 8 Intrahepatic distribution of '''In-Sulfo (30)-BSA 30 min after intravenous injection in
mice at a dose of 1 mg/kg. The results are expressed as the mean + S.D. of 3 mice. PC,
parenchymal cells; NPC, nonparenchymal cells

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 3)
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I-2-¢ Sulfo (30)-BSA DFFEFTIHERER

AR o> L 912, Sulfo (30)-BSA IFEICHEL TWH2D, AR Dy —ZFIKEI LIFED
HREMA~BAT LI BEZADND, TI T, AR Uy —ZREOIE Th % 27 BEER
BSA (Suc-BSA) %~ 7 AIZHIALET H Z & TR E IS E7-1%. "'In-Sulfo (30)-BSA %% 5-
L. RATHEDME N T 200 &5Hl L7z ¥, ZDOFER, Suc-BSA ARULEFRE & H#E L, Suc-BSA ALE
21T 5 Mn-Sulfo (30)-BSA DTl ~DBATEIZIAZ IR T L, ME PR Lz (Fig. 9),
LLEDOFERS . Sulfo (30)-BSA 1~ U AFRIRNI 5%, AUy =SB IR % L CiFlED
FHEREMMLA~IATT D 2 EARIB STz,

100 -

=]
[—]
1

= [=2)
< [—
1 1
—

()
[—]
1

Plasma concentration (% of dose/ml)
Tissue accumulation (% of dose)

, | B

Plasma Liver Kidney Spleen Heart Lung

Fig. 9 Biodistribution of 1!In-Sulfo (30)-BSA (1 mg/kg) 30 min after intravenous administration in
mice. Just before ''!In-Sulfo (30)-BSA, 20 mg/kg of unlabeled Suc-BSA was intravenously injected
into mice. The results are expressed as the mean + S.D. of 3 mice. Closed bar, without unlabeled
Suc-BSA; Open bar, with unlabeled Suc-BSA.
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-3 ANVT T NVT I v ORALKEKRHREDFHE

RIET CIISEANL T 3 T VT I U OERNEREZFET L, Sulfo (30)-BSA 23HRATIEICEL TR
0., HFEEBRASCH R Th D AT RE ST, KtV T, AT+ T VT I U OhifbkFE
BB DUV TR L7,

I-3-a GSH HIZ31F DR LK HRE DR

B LTEANVT T V7 I UEFig 10 DX 1T, GSHRV AT A b WoleTF A —/b &k
UMb RSZE LR L EZBND D, ZZTALTFTNAT I &, MANERELZEE LS
MM GSH H1 CiUG S8, fRIFRICIHE SNTehiifbkFE 2 A F Lo 7 —ETER LT 99, BifF
DAL TR bKFE 7 1 R > 7 CTd 5 HoS Prodrug 81 (Fig. 11) 1X. ZiE TOHED@EY GSH
& U Ui bk S8 2 JikH L 7= ) (Fig. 12), F 7=, Sulfo (30)-BSA 1% GSH % & & 72\ PBS H Tl
{bARFZE BT, GSH & & e PBS H Chit{ kKR 2 JikH L 7=,

P EDFERINS AR LIZ AV T T 7 2 UATHIRNERBE T2 487E L 7= 5 mM GSH 1 Chifik
KRFBERMT 2 Z LR EnTe,

R-SH
o 0
‘EJV\S’SY°“3—~ ‘J\/\ w¥ — HS
o

Fig. 10 Mechanism of H,S release from Sulfo-albumin

O
H
N

S_SY

@)

Fig. 11  Structure of H,S prodrug 8l.
(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 1)
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H,S concentration (uM)

0 10 20 30 40 50 60
Time (min)

Fig. 12 H>S release from Sulfo (30)-BSA or H,S prodrug 81 in PBS and PBS containing 5 mM GSH.
H,S concentration in the solution was measured by a methylene blue method. The results are expressed
as the mean + S.D. of 3 experiments. o, Sulfo (30)-BSA + GSH; e, H,S prodrug 81 + GSH; m, Sulfo
(30)-BSA without GSH

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 4)
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13-b MTARRENE. [YEHIC B B HLASRRHRE DA

RRED & 92, AT T N7 0% GSH & RS UERMLKAZ 3% Z LavRaniz, &
ERNIZEBW T, Eo GSH ITHIENICE EICFEL TV D Z LM HALTND 9, Z 2 THK
P DRALKFHRE 2 FFl 92 720, MR L O 10% ~ 0 ZMEEFIZIs0T SRk
SHIHEIE LT, ZORE, Sulfo (30)-BSA 75 DRELASHHIL, MBI CILR b
EHOO, 10% ~ 7 AMBEP TR ONRN-T2 (Fig 13) E7z, BT TH 5 REH BSA
T RO EREAT 1208, FHLAKROBIIER b h o1z,

PLEDFERD G, ANVT T T I ATAEERNIZIEW T, A TlImifbAKE 2 i3, Ml
PEBREE T CORRILKE AT 5 = L AR Sk,

H,S concentration (uM)

1 N.D. N.D. ND. ND.
0 A T
Cell lysate 10 % plasma PBS

Fig. 13 H,S release from Sulfo (30)-BSA (closed bar) and BSA (open bar) in cell lysate and 10%
plasma. H>S concentrations in samples were measured 20 min after incubation. The results are
expressed as the mean + S.D. of 3 experiments. N.D., not-detected

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 5)
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-4 R)VT7 T VT I ORI T DR LA RHRED M
HIEIN G, ANVT TV T UM GSH &R L, AaNEREE T ChifbkEBZ T 5 2 &N
BN E 7o T, Ba T AHIaRICBIT A AL T + T IVT I v OFbAERHBE 2 31 L7,

I-4-a Z)VT 3T )VT I 2 OFFEAER Y IAHBEDFEAR

TP, AT T AT I BN AEND D ENE, BB FETHD fluorescein
isothiocyanate (FITC) fFikiAZ HWCFHi L7, v~V A~ 7 n 7 7 — UMK T 5, RAW
264.7 #Hf@IZ FITC-Sulfo (30)-BSA Z4LIE L, ARIFAIC S CBIMEE CHIZE L=, ZOREE. HilaN
D5 DOE N RFRAFAZHER L= Z & 5. Sulfo (30)-BSA 7% RAW 264.7 Hiia~H v A E i
Z &R STz (Fig. 14),

(A) (B) ©)

Fig. 14 Fluorescence image of FITC-labeled Sulfo (30)-BSA in RAW 264.7 cells. Cells were
incubated with FITC-labeled Sulfo (30)-BSA (1 mg/ml) for (A) 0 h, (B) 2 h, and (C) 4 h. Upper panel
and lower panel show fluorescence and bright field image, respectively. Scale bar = 50 um

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 6)
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I-4-b R)VT + T NT I ORIBENIZBT B Hib AR KRHEEDOFHT
eV T, RAW 264.7 fIIPNICEIT 5 AL 7 TV 7 2 v Ofiffb /K FE L BE 2 57l L 7=, fiftfbk
FOENT v —T T2 HSip-1* Z VT, Fllas & B S 7Rtk 2 BRI SR Lz,
ZDOfER. Sulfo (30)-BSA ALEHEIZI51T 5 HSip-1 IR OBOEHRE DS RIFIOICHE R L 7= (Fig. 15),
PLEORERD G, Sulfo (30)-BSA IE~ 7 17 7 —UMIRICE D IAE N T, Wifb/KFEZ B+
HZEDBHLMNEIRST,

— 14000 -
£ |
n i
£ 12000 1
S
> 10000 -
e
=
5 8000
-E
o 6000 -
& b
= T
S 4000 A
et
§ 2000 -
&
0 — |_I_| <

60 120 240 360
Time (min)

Fig. 15 HasS release from Sulfo (30)-BSA in RAW 264.7 cells. Cells were incubated with HSip-1, a
H,S fluorescence probe, in the presence (open bar) and absence (closed bar) of Sulfo (30)-BSA. The
results are expressed as the mean + S.D. of 3 experiments.
(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 7)
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I-5 RVT 3T NVT I v OIFEEWHIZIR

ZIETORREN G, Sulfo (30)-BSA ILHNRANE 5% TIE~BIT L. HigDo~27n7 7 —YUK
THUbLKFEZ T 5 2 LR STz, & 2 C Sulfo (30)-BSA DA TIEEZFIA L, IR EE
bA b U 2R~ OIS 257 T, TR TR TR CYP2EL TREt S, FU 7 mm A
FNT AN EEAET D Z ERADBILTND 050, S 512, IEMERRFEREOBEK D, 5 Ot
), MR OBUE 2 I EREERT D7D, HIROB(EA b L AREBET L E LTHOW LT
%, & Z CIHEALREFHRIATREEET L~ 7 2 2/ER L. Sulfo (30)-BSA (2 X % TREEHI%)
RA T L7z,

I-5-a WIELIRBEFRMFREEET L~ U XZBIT 28t 7 027 I F—BiEH oA

MEEET L~ 7 A%, W bREE ~ U AEENER G5 2 & TER L7z, [FIRFIC PBS,
H.S prodrug 8. Sulfo (30)-BSA % &k G- L7z, ITFEFOHFIE L L CTilfEd aspartic
aminotransferase (AST). alanine aminotransferase (ALT) JEMEDRIEETT 7, T OSSR, U LR
FOMER 24 FFRIIZ BV TILSEH AST, ALT IEMSBESICHR L2 Z &b IS EE S
iz Z LR &= (Fig. 16), HoS prodrug 811X AST, ALT JEPEDEE K A4l L 720> - 7223,
Sulfo (30)-BSA X AST, ALT {EH:DIE K ZA E I L7z,
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Fig. 16 Effect of Sulfo (30)-BSA on plasma (A) AST and (B) ALT activities 24 h after intraperitoneal
injection of CCls in mice. Sulfo (30)-BSA or H»S prodrug 81 (3.5 umol H,S/kg) was intravenously
injected to the mice just after administration of CCls. The results are expressed as the mean + S.D. of at
least 5 mice. **p <0.01, significantly different from PBS group.

(Sakai et al., J. Pharm. Sci., 2018, 107, 2686-2693. Fig. 8, revised.)
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I-5-b TRV IRBEFREATREEET L~ 7 BT 3 RO E 22
EBAE TR OIFIRE R L. PO % HE e Uiz, fRPBIsR 21T 72, U LREIX
FHIgIZ W T, i EL O FEMRICREL S SE 72 LA T D ™, FEREIC, MUk
PREEAVEIZ L0 | M EFAOMI DL, %7 v — A RIEMAIIOBEE N BIE Sz (Fig 17).
—75. Sulfo (30)-BSA AL{EREIL Z 115 DFEEZHIH L TV 5 Z & MRS L,
PLEDOFER G Sulfo (30)-BSA IZFIBOIELA R L ZEBIRRIZBWTHHTH D 2 & 3
Hinkieols,

() - (B)

Fig. 17 Histological micrographs of the liver in CCls-induced hepatitis mouse model after intravenous
injection of various solutions. (A) Naive, (B) CCls;+PBS, (C) CCls+H.S prodrug 81 and (D) CCls+
Sulfo (30)-BSA. Black arrows indicate damaged area. Scale bar: 100 pm.

(Sakai et al., J. Pharm. Sci., 2018, 107,2686-2693. Fig. 9)

-20-



-6 &£

RETIE, fifbRkFETw BT v 7 OENEREHIE, X OBbKEOKIEHIEZ B L. &1
RIGLAKRE T 0 RT v T THDLAN T+ TNAT I 2R L. ZOWBYLFAIIEE . (KNSR,
FAL K FHAHRE R O L A b L A BT~ O M2 35 L 7=,

BREANT T NVT I OB FRIMEZRHME L7 & 2 A, RIEM BSA LHELTALY
+ T VT 3 0, sulfide BB DO EERITLENRITEE LT~ —RICZ o\ B ORI BRI

EEEMEATD2I V., TAFX=r, ABMERT LT ANTI UM, IV I UBOBIZLY
KRLEND 559, 2T T N7 IO sulfide £iX, BSA DY D7 I HITHEELTWD
7o, ARIER BSA &l U CRBEMMBER LI EB I HILD,

BREANT + T INVT I DO~ AFEIRNE 5% OKRNEREZ | Mn FFRRA 2 W CRHl L7z &
A, EIHBA~BATT A Z BB LR oo, £, IHBR~OBATEIT sulfide DO EA% &
5 < FEBA L. HFIC Sulfo (30)-BSA ILFHIRNEE 515, #5-2EDK) 80% DTl ~FEAT L7z, &1
X U7 ORNETRRIL, FICY A XL RIEMIZESIND, TBOIEFFEMIUATA D~
Y —ZREBHBLLTEBY , ABMERT DD T2k DIEENTET H B9, i, @
TXy U TIZanyig (Suc) T 2=y MNle EO IR F VA LRHEMT D 2 & TAER
MEER L, HFIRBA~OBATMEESILD Z ERMLI TN D %5, Lizii-> T, Sulfo (30)-BSA IX
MOVEEMEZAT DL LD, [AHEOEECE~BIT LIz EX 6N5,

eV T, Sulfo (30)-BSA DIHFEAT A 1 = A L% 7 L7-, Sulfo (30)-BSA OIFfisr534f % FEAf
Lo & 2 A, FEBRITHIROFEFTE IR /M L TN D Z DR ST, o, v T X
[CAI R P ¥ —ZRIKDOFE T 5 Suc-BSA (20 mglkg) ZHRNE G- L, AN P v —% K
K& fafn <72, "n-Sulfo (30)-BSA (1 mg/kg) DIRANEIREZ FE L7= & Z A, "In-Sulfo
(30)-BSA DRFg~DREA TN 4172, L EDOFE R 5 | Sulfo (30)-BSA I L# RN 5-1% .

BBEMERHRT D AR Dy —ZRBREN L CFRO RGBT 5 2 L VRB S
77

AT FTIIT b ORMEKRFERIL, sulfide Z2D DIVR=)VRFEIZT AT A X GSH
REDTFF—=NPREET HZETREIND EBZ XD, BREICALVT AT AT I U0X
PBS H Tl bk 2 i3 K0 7R b kE 7 1 KZ » 7T D HoS prodrug 8l & [RIERIC
HIRINERSE A A8E L72 5 mM GSH 77E FCRUb/KBZ i LTz, 2D Z &k, sulfide 2% 5
SFFx VT ThD BSA ITALHES L7tk b, Fifb/KEHEEZRRFFL T D 2 LR S
720 AERPNIZISU T, GSH ITHIAEPNIC B E L TR 0 IR (1-10 mM) (X E (2 pM)

WX LB E DO BT EERETH L Z DML TWNDE D, Lo T, AT+ TV T7 I 0%
ARRIZIN T, MIBINBREE T CRMbKFEZ T 5 L E 2 bDd, FEBRIC, AVT+T AT R

TR T TR KR 2B L7273, ~ 7 AMHEh TIERRFE 2 it e 7o, Th
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SOFERMNG, ANT T NVT I ATERNICEW T, IH TR bkSE 2 w9, MEmic
BAT LT BRITHAL AR R 2 T2 2 LAV Sz, BEFORbKFE 7 v KT v 7 & BRRIRFRIC
ISR BBEOR R E LT, e E ORI LIS CHRALKR Z i35 2 L 3T bivd, —
Jie ANT x T NT AT 72 ALK TR RN 2R L2 2 L n | (RINERREZ HilfE 9~ 2
T & CIEREAL R R 2R B KR DB ATRRIC 2 2 b D LB 2 B D,

Sulfo (30)-BSA IO IEFTEMIE~BIT LI Z LD, AR Dy —ZRIRE RIS 5
RAW 264.7 #5602 IEFEHIMAOTT L E L TRV, MIRERNICE T R bAKFE R 2 50 L
2o BALKBIIRLEIRT AR FTHDH Z b, FIKEN THh2 (S SR bk B IR
2R b2 T BT, MIRNOIRIRE ORtkFEE A T Lo T A—IETRINT 5 Z LIZREETH
%o —J7C KB ITHIIEE 2 BT 5 2 &b AFHBIZ I iEsb -~ S TR bk E %
X VAR DR KT A ATRE R0 7 1 — 7 Cdb 5 HSip-14 TRt L7z, Sulfo (30)-BSA (%
RAW 264.7 il ~RFRIKAFANZER D A F ., b AKFEZ L TS Z e bnE o7z, L
72H35 T, Sulfo (30)-BSA IXFHIRINER G4, P AFIROIEE Ma~H 0 A -4, Ml
NTHALKFRZ T2 b D EBE 2 HiLd,

B A LA, MRIEOTERERS A SN D Z SIC L0, Mfkomb, JAEME
DHERE, JIEMEY A M hA U OBMERLH R EnDEIE R Z S D 09, FifkkFEIL, GSH, Trx
72 EOPEACHE DYRIE LS RIEVE A BB A > O 2 £ O SR EEEEIC X0 gL
A b L AFEE LIS 56667, L7255 T, Sulfo (30)-BSA DTSN 72 (AN EHRERF: . Hilia
PUEIRBI 2B LK E R, FIROBME A b L ARBIBRICBWTERTH D B2 bR D,
Z 2 CIEMERR SR MW REIZ B -9 2 TUHEA b R FEFH FE MR (263 % Sulfo (30)-BSA DA Ml 27
i L7=. H.S prodrug 81 1%, PUME{LIRSBALEIC & 5 M AST, ALT IGPEOHIK Z4MH] L7227k >
7z —J5C. Sulfo (30)-BSA (L8 AST, ALT iEMEDEK A BEZ IR L. IFIROAAREFAORE
BN T HATFREEZIH LT-, ZDOZERE LT, K55+ T D HyS prodrug 81 1 ZERIRIN R 5-1%
BEADAAT D120, FETH D~ EORLKE 2 AT & 22 - 7243, Sulfo (30)-BSA
(TP~ CREAT UMLK FE 2 5 2 & © i~ T BEORIbAFEEZ G Lz L&
HIVD, PR ER SR TR D S M O S AL, =IO FEE Al 2 5 2 A 5 23, Sulfo
(30)-BSA [ IO IEFZEAL CTHUL KB E BT 2 & B X b b, MUb/KFRIIAIEEA B #1235
WY 5728 0 FEFLEAMAL CREAR SITRb/RFEDMER L . JEEE O FE M ~AT LI R %
W LIZEZ 2 BID,

PLE, ARFETIE, BSA IT sulfide FE&H5G S Homa TR bKE T2 K7 v 7 ThHHANLT
G TVT I DORFICEE) LTz, fe T, 2 OB PRI, AR RNEIRE, MIlaNEREE
TORALKB LT 5 Z L 2B E Lz, 61T, Sulfo (30)-BSA 23 ITFHEGEIRAI 72 AN ERE
oL, RO A N v ARBIBFRIZIIT 5 HAEEZ G L,
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ENE EYEEFERALEALT T AT I v ORBGRR
B—TFTFavd

551 E T, M CRIRAICH KRR 2R3 2 @ bk Rz 7 e R > 7 Th 5 AL
TFHTINT IR LT, AT 5T IVT 0T sulfide OB AKAE L CERIRPI R 5407
IEA~AT L7273, ZHUT BSAIALAERTT 5 Z &2 & D BSA OMIMEZE I L v . RFlg~FHpr i
BICBAT LT LB R bND, LLAERG, ifbKkE T e FT v 7 2ERERLE LTHWDEE %
RO K OFEIWER OB & 5 BLEDS | RIS R RIS EE ST 2 7 7T e —F AT
HDHEBEZ DD, FHRIAA~OBREEZICIL, SAEEEN Licy R A b — 2 2 OF|
ABNENTHD EBEZDLND, T T, AT 4 TIVT I ANAERULRE T2 E/MTH 2 LT, 1=
IR ~DBEBN & — 7T 4 TV AT DR Z AT,

IR LT, FRIRE Y & 72 2 FEEAIRE & | /& P EGRIAS> Kupffer AfaZ: &7 572 2 IEFZE M
B BAERL S LTS 240, BBIZ X 0 ZR TN OMIlIER e o 7oRiE 2 R 3720, 3% T
DIFE MM, FIITFEFE M IBIRANTEET D 2 & THRFESIR RS EDL Z &b T
W5, 57 —EX SOD 72 EOHRLEEREIZ, v/ —A (Man) X Suc & {bHER LIETZEH
fa~kET 5 2 LT B AHEREE 2R R HHIFTRETh 5 Z LA S TnD 29, £
I, TOURET TPy BWCH TV b—R (Gal) ZALHER L, FEMIE~5ET 5 2 & T,
BPEAFR 2R B HIHI L7722 LA S TWD 0, IFIROFTEAIN, £ 72I3EFEMa~D
=T 4 TV AT AORRIZEBW T, BRI T 22 BIEOENEFIH LA b FE 1
DALHER NG CTH 5, FEREMILITIEL, Man (EAf SUTZE 0 T 2585 Man SZEKRSC,
BB T Z R A TN D —Z BRI TV D T2, £ 2 TaEsrFF+ Y 71 Man
R Suc ZALFHERT D Z & T, HEW A RIEEE ML ~EET D Z ENARETH D Z &G S
IWTWD 2P, Fio FEEMIICIE Gal Bffi SNo@maFailik T 57 > 7 afEiy R U8
ZREPREH L TWDHD, ESTF v U TIC Gal ZALHERIT 5 2 & T, YOI E R
NEEARRTHDH Z ENMEINTND ), 22T, AEELFIH LAV T 4T LTI 0O
FIEIRA & — 77 ¢ L 72 LD | WAKET 1 BT v 7% T30 2 TR B R S AT EElC
RHEZEZOLND,

RE T, ALHER AN 7 4 T VT A2 K DHALKE ORISR 2 — 7T ¢ 7 H ik iz,
HENLE T AR L CEMO X —7 T 4 VT ERATORE, MO X —7T 4V IRRITeH 7 VT
T VAR EREHUCRE T OZBEA~OBRNED T o 2 A S5 707, 8 1 EORNEIRERERO
FERND, b EH 7 VT 7 ADNE L, EWIiL M % 7~ L7z Sulfo (5)-BSA (2., Suc &
fifi L 7= Sulfo-BSA-Suc ZBA%3 5 Z & T, Mifb/KFEOIIEIEEEMAL~DREERY & — 7T 1 7
%, Gal Z{Effi L7z PEG-Sulfo-BSA-Gal % Bi%4 % Z & T, Hifl/KFE DONFIEIZE A~ DREEIHY

2 =T 4 7 kAT (Fig. 18),
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Fig. 18 Targeted delivery of Sulfo-albumin to liver parenchymal cells and nonparenchymal cells.

-1 fL22EM AL 7 4 T VT 2 v DARR & B2 R MR O RAT

II-1-a  Sulfo-BSA-Suc DAFL

Sulfo-BSA-Suc (%, Sulfo (5)-BSA IZ Suc ZEAiT 2 Z & THAKLTZ, £3. BSAIZ SPDP % f&
fifi L 7= BSA-PDP |, #/K =27 f & it & H 7= PDP-BSA-Suc % &% L 7=, & D% thioacetic acid
% i S, Sulfo-BSA-Suc %Ak L 7= (Fig. 19), TNBS £ 7 C Suc DIEAfiEHH L7z & 2 A,
BSA 1315721 Suc (359 20.7 /3754 L7= (Table 2), Lhi#oefifil LC. Suc {&fifizfii L TV 7R
UV Sulfo-BSA # Ak L7,

Succinic acid (Suc)

Fig. 19  Structure of Sulfo-BSA-Suc.
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11-1-b  PEG-Sulfo-BSA-Gal D& 1K

PEG-Sulfo-BSA-Gal %, Sulfo (5)-BSA |2 Gal Zf&ffid 5 Z & TR LT, £72. Gal (EffitZD
LEM, WRER EOT-d, R =F L 7Y a—)L (PEG) Z&ffiL7-, £, BSAIZPEG %
{&Afi L 7= PEG-BSA (2, SPDP % J<)i» ¥ 72 PEG-BSA-PDP # Ak L7=, i\ C, 72 /a7
% Gal FHE AR ZHE A S 72 PEG-PDP-BSA-Gal |2, thioacetic acid % <& & PEG-Sulfo-BSA-Gal
Z 4R L7c (Fig. 20), MALDI TOF-MS T/ &2 HIE L7 S, BSA 141872V PEG 1347 6.9
DTG Uiz, Galfgfiifiia 7 o Am L AE™ TRIELZE 24, BSA1 0 F&H72 ¥ Gal 1349 19.1
A LTc (Table2), b E LT, Gal{EfifiZ i L 72\ PEG-Sulfo-BSA Z &R L7-,

ool e

Polyethylene glycol (PEG)

RPN S o

Galactose (Gal)

Fig. 20  Structure of PEG-Sulfo-BSA-Gal.
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-1-c ALHEMI AN 7 + TNV T I 2 OB FAE

BFEANT 4T N7 I OER, B—FEME N ENBIPEEELE, L—— Ry 7T —ik
THIE LTz, TOFEH, FFEANT 5 T )VT I OEALE 7.3-10.7 nm T - 7= (Table 2), MALDI
TOF-MS T/ 1 &4 HIE L7=A5 5%, Sulfo-BSA-Suc D47 713 70100, PEG-Sulfo-BSA-Gal D%
TEITK) 87200 ThHho7o (Fig 21), FLBKFANLT AT NAT I VTHAEMEALTEY .,
Sulfo-BSA-Suc (% -38.6mV &b AICHE LT,

Table 2 Physicochemical characteristics of various Sulfo-BSAs

Molecular Modification degree (mol/mol) Diameter Zeta

Compound weight® Sulfide  Suc® Gal PEG* (nm) Potential

groups” (mV)
BSA 66,900 - - - - 57£0.5 -95%1.5
Sulfo-BSA 67,100 5.7 - - - 73£03 -16.6£0.3
Sulfo-BSA-Suc 70,100 6.1 20.7 - - 84*X19 -38.6F1.5
PEG-Sulfo-BSA 79,900 5.3 - - 6.0 103*£09 -184=%07
PEG-Sulfo-BSA-Gal 87,200 6.3 - 19.1 69 10713 -11.5%05

* Molecular weight was measured via MALDI TOF-MS.

® The number of sulfide groups was determined by measuring PDP concentration.

¢ The number of Suc was determined by the TNBS method.

4 The number of Gal was determined by the anthrone method.

¢ The number of PEG was determined by measuring the molecular weight via MALDI TOF-MS.
BSA, bovine serum albumin; Suc, succinylated; Gal, galactosylated; PEG, polyethylene glycol
Results are expressed as the mean = S.D. of 3 experiments.

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Table 1)
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Fig. 21 MALDI-TOF MS spectra of (A) BSA, (B) Sulfo-BSA, (C) Sulfo-BSA-Suc and (D)
PEG-Sulfo-BSA, and (E) PEG-Sulfo-BSA-Gal.
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-2 {LHEEG RNV 7 3+ TV 2 v OIRNERE

12-a ALRBHANL T + T NVT I v D~ ABIRNBE G5 DENSBIRE

CFHER AN T 5 T NT I v D~ 7 AFRIRNEE G ORNETREA | M A4 2 TRl L
72, Sulfo-BSA [ZFFARANT 54, M HAMEZ IRFF L TR Y | I~ DOBATEITHKI 20% Th-oTo
(Fig. 22), —77. Suc Z{&fifi L 7= Sulfo-BSA-Suc 13% G4BTI F 2 HIEK L, 30 23113
HROK) 80% M FIE~E1T L7, F7=. PEG-Sulfo-BSA % Sulfo-BSA L IFIE[FEEDOANEIREZ
RUT-, —5 T, Gal Z{EHi L 7= PEG-Sulfo-BSA-Gal |38 548 30T M hn Bk L, 30 437%
(I HEDOR) 90 % HAFIE~E1T LT,

VIEDHERNS, ANVT 3T N7 02 Sue KO Gal 2 i+ 2 2 & T, fFlif~D2—77 1
VTR LT,
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Fig. 22 Biodistribution of (A) 'In-Sulfo-BSA, (B) "In-Sulfo-BSA-Suc, (C) '"'In-PEG-Sulfo-BSA
and (D) ""In-PEG-Sulfo-BSA-Gal (1 mg/kg) after intravenous injection in mice. Results are expressed
as the mean = S.D. of 3 mice.@, plasma; O, liver; A, kidney; A\, spleen; B, heart; [, and lung.
(Sakai et al., Biol. Pharm. Bull.,2019, 42,273-279. Fig. 1)
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11-2-b ALZEEHIRN T + TIVT I v OFHENS A

Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal |ZFHIRN K G- Tl A~BAT L7 2 LD 5 1 B & [AERIZ,
Tl = 7 7 —RRER A e U, IFREMIE, Mz Bt L, Sla~oBITEAHIE L
720 EOFER, Sulfo-BSA-Suc IFIESFEHAL~, PEG-Sulfo-BSA-Gal | 3ZE M EIRAIZ /04 LT
(Fig. 23),

PLEDORER, A7 707 202 Gal i Suc ZEAiT 5 2 & T, ZIEFUVER &35 Tl
O FLE AL M OFE FLE AL ~OHILZIR A & — 7T ¢ o TN Lz,

k%

A(A) | ®) ok
3 7 7 -
= 6 - } 6 -
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g
S 5 ‘ 5 -
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Fig. 23 Intrahepatic distribution of (A) !''In-Sulfo-BSA-Suc and (B) '''In-Sulfo-BSA-Gal 30 min
after intravenous injection in mice at dose of 1 mg/kg. The results are expressed as the mean £ S.D.
of 3 mice. PC, parenchymal cells; NPC, nonparenchymal cells. **p < 0.01

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Fig. 3)
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1-2-c fLFHEMAN 7+ TIVT I v OFBITIREER

AR & 52 ALRERI AN 7 4+ T VT X v ORIMRIRK & — 7T ¢ > T Lz, £ 2T,
Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal N ZALENAT AN T —Z YK, LT 7 afis X
CEZREEENL THIBEB~BITL TW5D 223 L7~., "In-Sulfo-BSA-Suc .
n-PEG-Sulfo-BSA-Gal % 1. 4. 10, 20 mgkg DGR T~ 7 A~HIRNES L7-& 25, &
HEBEREMICHBE~OBITENIEK FLZ (Fig 24), Z DO &5, Sulfo-BSA-Suc,
PEG-Sulfo-BSA-Gal 1312, /K ZN L THIBE~BITL TV D I ENRREB I,
"n-Sulfo-BSA-Suc % 5-DOERIZ, AN T ¥ —ZFIROILE TH 5 Suc-BSA % AE L HAK
M S E 5 Z & T, Mn-Sulfo-BSA-Suc DAFIEA~DOBATA B ZHNH S 7z (Fig. 25), 72,
n-PEG-Sulfo-BSA-Gal ¢ 5-DERNC, 77 akiz L R0 B2 FSEORE Téh % Gal-BSA A 4L
B LSRR g S 1 5 2 LT 80 1 n-PEG-Sulfo-BSA-Gal Dl ~DREA THMHEZE (2] S iz,
—J57C, In-Sulfo-BSA-Suc % 5-DER{IZ Gal-BSA Z RijALE, KON "'In-PEG-Sulfo-BSA-Gal #5-
DRI Suc-BSA ZHiALE LT, Mn-Sulfo-BSA-Suc & O "'In-PEG-Sulfo-BSA-Gal i~
BATEIFXIE KT LR o7 (Fig 26),

PLEDOFER, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal %, ZIZEINAN N Vv —ZFIK, KOT
T aES NI EEZAR TN USIBR~AT L TV D ZE BB N 25Tz,
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Fig. 24 Biodistribution of (A) !''In-Sulfo-BSA-Suc and (B) '''In-PEG-Sulfo-BSA-Gal 30 min after
intravenous injection in mice. The results are expressed as the mean + S.D. of 3 mice. Closed bar, at a
dose of 1 mg/kg; Gray bar, 4 mg/kg; hatched bar, 10 mg/kg; Open bar; 20 mg/kg.
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Fig. 25 Biodistribution of (A) "'In-Sulfo-BSA-Suc and (B) ""In-PEG-Sulfo-BSA-Gal (1 mg/kg) 30
min after intravenous administration in mice. Just before !"'In-Sulfo-BSA-Suc and
Mn-PEG-Sulfo-BSA-Gal injection, 20 mg/kg of unlabeled Suc-BSA or Gal-BSA were intravenously
injected into mice, respectively. The results are expressed as the mean £ S.D. of 3 mice. Closed bar,
without unlabeled Suc-BSA or Gal-BSA; Hatched bar, with unlabeled Suc-BSA; Open bar, with
unlabeled Gal-BSA. **p < 0.01

(Sakai et al., Biol. Pharm. Bull., 2019, 42,273-279. Fig. 2)
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Fig. 26 Plasma concentration and tissue accumulation of (A) '"In-Sulfo-BSA-Suc and (B)
Mn-PEG-Sulfo-BSA-Gal 30 min after intravenous injection in mice (I mg/kg). Just before
n-Sulfo-BSA-Suc and '""In-Sulfo-BSA-Gal injection, 20 mg/kg of unlabeled Gal-BSA or Suc-BSA
were intravenously injected into mice, respectively. The results are expressed as the mean = S.D. of 3
mice. Closed bar, without unlabeled Suc-BSA or Gal-BSA; Open bar, with unlabeled Gal-BSA;
Hatched bar, with unlabeled Suc-BSA.

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Fig. S1)
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11-3 {LREM RN 7 4 7 VT I v OFiAbK R B RE DRl

#otv > T, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal DHiif /K& HHFEIC SV TRl L 72, Sulfo-BSA-Suc,
PEG-Sulfo-BSA-Gal % PBS, 10% ~ 7 AI#E, 5mM GSH H TG S8, i S itk
JE& AT L7 —ETHE Lic, 055, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal i PBS, 10% ~
o A MAER CIER bR FE i L7222 > 7228, 5 mM GSH H Chib/kE 2 it L 7= (Fig. 27). #¢
W, 5SmM GSH 1T 31F DRl /K R 2 #R RIS HIE L7z, £ Of5%. Sulfo-BSA-Suc,
PEG-Sulfo-BSA-Gal |% GSH & i L, 1 =e0Thi b /K3 2 Bt L7- (Fig. 28),

PLEDFER DS Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal 1355 1 3D AL 7 7 L7 2 v L [ERRIC
WAL KFRUHRE AR PR RE L TR Y | MIlINEREE F 2487 L7- 5mM GSH 1 ChffbkFE & i35 =
EPITRENT,

(A)
50 -

40

30 A

20

10 -
N.D. N.D.

0

(B)

PBS 10 % Plasma GSH

H,S concentration (uM)

30

20 A

10
N.D. N.D.

PBS 10 % Plasma GSH

Fig. 27 H>S release ability of (A) Sulfo-BSA-Suc and (B) PEG-Sulfo-BSA-Gal in PBS, PBS
containing 10% mouse plasma and phosphate buffer containing 5 mM GSH after 20 min-incubation.
The results are expressed as the mean &= S.D. of 3 experiments. N.D., not-detected.

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Fig. 4)
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Fig. 28 H,S release rate from Sulfo-BSA-Suc and PEG-Sulfo-BSA-Gal in phosphate buffer
containing 5 mM GSH. @, Sulfo-BSA-Suc; O, PEG-Sulfo-BSA-Gal. The results are expressed as
themean * S.D. of 3 experiments.

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Fig. 5)

-4 {LZHERIAN T + T VT I ORBENIZR T 2 HiftAK R RE DT

AEClX, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal 23 AL kFEiLHHAE R FREF L CTH Y . HIIANEREE
TOHALAKRFEEZRT D22 RN E RS, VT, AEMilaHicisiT % Sulfo-BSA-Suc,
PEG-Sulfo-BSA-Gal Ofiift /K F i HiaE 2 7l L7,

l1-4-a {LHER AL 7 + T T I 2 OHIFNER Y IAZREDFHT

FT. ANTFT AT I PRSI IAEN D0 EDE, ENEAHETH D FITC iz
HWTEHI LTz, v~ U A~ 27 1 77— UHEHIaK Cd 5 RAW 264.7 il (A 7~ ¥ v —S2 454K
FEBLMNE) - |2 FITC-Sulfo-BSA-Suc 2 ALE L | HOGEAMEE CRERFICEBIZE L7, T ORI, Ml
BN 2> & OENEDRFRRTFRNCIER Lz Z L 235 Sulfo-BSA-Suc 7% RAW 264.7 A~V jA E
Nz LR SN (Fig. 29), F7=. b MR TH D Hep G2 il (77 apEX
YR G RS HEAND) 8D | FITC-PEG-Sulfo-BSA-Gal ZXUE L., /eSS CREBFNICEIZR
L7z, ZDOREF, HIREND D O RERHKAFRINIE R L= Z & 225 PEG-Sulfo-BSA-Gal 7% Hep
G2 il ~HL D IAENT- Z L3RR S T,
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Untreated

Untreated

Fig. 29 Fluorescence images of (A) FITC-labeled Sulfo-BSA-Suc in RAW 264.7 cells and (B)
PEG-Sulfo-BSA-Gal in Hep G2 cells. Cells were treated with FITC-labeled Sulfo-BSA-Suc and
PEG-Sulfo-BSA-Gal (0.5 mg/ml) for 4 h. Upper panels, fluorescence image; Lower panels, bright field
image. Scale bar indicate 100 ym.

(Sakai et al., Biol. Pharm. Bull.,2019. 42,273-279. Fig. 6)
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11-4-b {LFHEMAN T + T V7 I v OMBNICISIT B HifbAKFE BB O

BN TH 1 23 L [ARRIC, HIBNIZISIT D Sulfo-BSA-Suc & Y PEG-Sulfo-BSA-Gal 7> 5 Dtk
Fht A, w7 'm—7"Th 5 HSip-1 & FHVTEHl L7z, RAW 264.7 #ifalZ Sulfo-BSA-Suc % 4L
&, & Hep G2 #ifulZ PEG-Sulfo-BSA-Gal Z4LiEd % Z & T, HSip-1 H1KDa TR A 2SRRI
(2K L7z (Fig. 30),

PLEDOFERD S Sulfo-BSA-Suc K OF PEG-Sulfo-BSA-Gal (3% 4141 RAW 264.7, Hep G2 #ifig
IRV IAENT %, FALKBEEZRT D Z EBHENE o7z,
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=
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Fig. 30 HaS release ability of Sulfo-BSA-Suc and PEG-Sulfo-BSA-Gal in RAW 264.7 cells and Hep
G2 cells, respectively (100 uM sulfide group). Cells were treated with HSip-1 (50 uM) and
Sulfo-BSA-Suc (closed bar) or PEG-Sulfo-BSA-Gal (open bar). The results are expressed as the mean
+ S.D. of 3 experiments.

(Sakai et al., Biol. Pharm. Bull., 2019, 42, 273-279. Fig. 7)
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11-5 &%

RETIE, fifboksE 2 OB SRR e REBIBRIE D LB e b ONTER 4 7elifidn 2 x5 & Lo R
IBRA~OISHZ AREIC T D720, fifbkFE T 1 KT v 7 ORI SEE O 23272,
bbb, AT FTIIVT I UAER & T DA RIS S AR LR T AL HER T 5
Z & T FERHIIEAS ORI KFEOREBIN X — 7T v 7V AT AOB%E B LT,

FFI D FEFERIA~D 2 —7F 4 7L LT, AAR P v —Z /R K DB ERES T DR
R AR L. ALT 4TIV 20T Sue AL FEST L 7= Sulfo-BSA-Suc & BRI L7z,

Fio, WROFEMIA~DOX —7T 7L LT, T T alEs L BRI X 5 Gal &
ity 1 ORI R L, AV 7 4 77 2 1 Gal L&A L 7= PEG-Sulfo-BSA-Gal %
B%E L7z, BSA (Z Gal 2O sulfide ZE& &6 L72BE. R COLEMME T L7228, PEG %15
fifid 5 = & CREMMNA E LT, Ziud, PEG EfIC X B AKEEDR B, SHAREEIZ LY BSA
I LOEENIH SN EICL 2D EEZ L N5 8289,

Yamasaki, Nishikawa 513X Z#1E T2, Gal 7213 Suc % BSA 143+ H7- 0 L1 10, 20
S TERTT D Z LT, MBSO e 2 — T 4 T RARETH D Z L EALMI LTINS #
84) % Z T Sulfo-BSA-Suc K U} PEG-Sulfo-BSA-Gal @ Suc, Gal DIER%A K 20 50+ L725 X 9
WZRREH LT, BEANLT 3T NVT IO~ U AFRNEG#OKRNEIBZ TG L& 2 A,
Sulfo-BSA., PEG-Sulfo-BSA |3 AT S < o ITIEA~OBATRITHI 20% BETH o7z, —77
T, AL T &6 L 72 Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal |Z, H-=C/ iz biEk L, #
HBORAEPHLNITHFIRA~EAT LT D 2 E R SNz, —IZ, PEG Bffi % v /7 &%
HIFRETEDE R L, IS ~OBA T S5 Z E MBI TS 55, Lol Sulfo-BSA &
PEG-Sulfo-BSA M [RIERDIANENEZ /R L7= Z &, PEG-Sulfo-BSA-Gal 23072l i HIER L
T Emn, RFEBRTHWZ PEG Bk TlX, AL T 5T NVT I U OERNEIE~NTIFEA L
B Ien o7z & 2 Hivd, Sulfo-BSA-Suc, & N PEG-Sulfo-BSA-Gal 23Tl ~BAT L= Z &b,
Z ORI AR &Rt Uiz & 2 A, Sulfo-BSA-Suc 13FEFEEH~, PEG-Sulfo-BSA-Gal |3 3E Ml
REBIRAIZ AT LTz, S D2 LM HEXEHEAY | Suc, Gal (EAfIIZ XL W AL 7 4 7V I v OFER
RI~DEIRAZ — 7T 4 o I LTz, S HIT, AR Vv —Z RO IE ThH S Suc-BSA
ATALELZ XV . Sulfo-BSA-Suc DT ~DATEITBE IR F L7273, Gal-BSA AiiLE CIXIHE
RIEMIZR N oTo, £, TV T alil X G RIKORE T 5 Gal-BSA FiIiLE IS &
Y PEG-Sulfo-BSA-Gal Dl ~DRATEITFAZ TN T L7275, Suc-BSA RifUE CTIXBAZE 22 kiX
RHNRnotz, ZRHOREEN S, Sulfo-BSA-Suc % Suc Effilc L 2 EBRIENICEIY, AH
NV X =AU IS M~V JAE D Z & PEG-Sulfo-BSA-Gal (%, Gal &
Bl L0 T T a S LN R E N U RS M~ A END 2 LRI ST,

Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal 1%, | BEDO AL 7 T L7 I v LEEEIZ GSH & KOs L
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EARFE 2 U7e2s, i TlImifbkBZ 2 it Lo 7z, 20 Z &5, Sulfo-BSA-Suc,
PEG-Sulfo-BSA-Gal |32 ERGR b Afb/AKEHREA PrFr L TR 0 . MfEP Thitlb /KR &2 it 9
B ENRBENT, £, IFBROIEFEMEOTT L E LT, ARV vy =B EERET
% RAW 264.7 Hifi %60 (233 T, Sulfo-BSA-Suc [TRERFAICHIAIN~ER W A F v, Bifb/ksE % ik
U7z, RSO SZEMADOET V& LT, 77 alEd v 37 B 54K % 5819 % Hep G2
M@ 8D 123 T, PEG-Sulfo-BSA-Gal [ EARRFAICHIfAN ~EU D A E 4, FifbkFE2 it Lz, =
B OFERN G, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal 3R 5%, T ZHUEN & L7l
DIEFE MK O FEHL~EAT LTtk KR E BT 50D TH L LHREIND,

VLl AETIE Sue 2FM LB EEEMIR Y —7 7 0 L IBRIANVT 70T I & LT
Sulfo-BSA-Suc %, Gal ZFIM LIZIFEEL MY —7 T 4 7 RALVT T VT I L LT
PEG-Sulfo-BSA-Gal DBRFEICHII L7z, & 51T, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal |J#FHY &7
HHINAN THALKRFE Z 35 Z LR sz, ULEDX ST, AVT+TIT I AR
T wEHTT D 2 & CTIEAMIIEA~OREEBNN Y — 7T ¢ VTV AT AOBRICEE LTz, 54, *F
B LT HHRBICAEDETENLE T E2RIAT 5 2 & T, #hx 2allasz 65 & Uitk E ORI
HIE P BIBIR N ATRRIC A 2 b D LB Z biLD, T L DOFIRIE, Fifb/KFEOHINLEIR 72 &
=TT 4 UL DA N U ARBIGRIEORBICH AR et s b0 B2 bNn D,
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e A

VLB, FHDIT 2 EICOY , fifKkFET 7 BT v 7 ORNERERIEIC ] 2 Bl ERE OB
LR LT, MUbKET T BT v 7 ORNEIREHIE, Bl rTRe e s+ kR 7 m
RN v 7 OBFZITV. LT R & 1372,

. TATIVEFIALEERFEBILKRE T e R7 v T (AVT+T AT IV) OBR%

U UIMIET VT R Y (BSA) ICHALKERHICTH S sulfide FAAEHT 25 Z & T, @y 10k
IWKFET 0 RT 7 (AVTATNANTIV) ZBRFE LI, ANVT4+TNT IO~ 7 AFEIRNE
B ORNEIBEZ S L 7= & = A, sulfide EOEHBUITMETE L CHIB~OBAT R LT,
\ZBSA 157 7&7- 0, sulfide 523 30 43 1-#& & L 7= Sulfo (30)-BSA [ ZTIEGEIR A 70 (RPN ERE
L7z, Sulfo (30)-BSA Ofitfb/KFEHBEZ M L= & 2 A, MIRNEREZME L7- 5 mM GSH,
FMARSREIR b KR & L7223, g Cidoictt L7e - 72, F 7=, Sulfo (30)-BSA (& RAW
264.7 AERIZER W A FE 4L, MK THAEAKEZ i L7z, 2 b OfEE2 5 Sulfo (30)-BSA 1A
RNBE G, P TR bR Z T, IR ChbRR 2 i+ 2 2 L3Sz, 22
T, MEALIRFIC L DIFIROBMEA b U ABBIRFEA~OGAEEZTHME LIz & 2 A, BEFORS 1
A7 a KT w7 L il UCiiEh AST, ALT i&1ED LR 2 BEE I HIH| /TRETH - 7=,

. ERERTFERA LA T + TV T I v OMBER 5 — 7T 4 v 7
ifbARKFE T 1 BT 72 RERFRICNOW DB, AR etz m LS 5720, fibkHE
AR IR A IG5 DDS OB PAHTH L EEZXBND, €I T, AVTHTILT
TR T AALTHER T D Z & T, RIS OBR & — 7T o o TV AT L O
ATz, NFIRO SR & OFESREMIRIZIE, 2N Gal (& o a8k 57 v 7 akEs
VR EEIARD, RBR OB THBH#T DA DV —ZHFEREBHA DA Dy —
SRR 5, £ 2T, BIEICE VLA RIZED & | A EZ R LT % Sulfo
QHBAKm?%%%%?:&T\xw7j7w7iV®HMW%ﬁ®%ﬁ%ﬁ#toHm#%
B ~D % —77 4 7 & LT Suc & fEffi L7z Sulfo-BSA-Suc %, FEEME~D X —5F 1
7" & LT Gal Z{&fifi L 7= PEG-Sulfo-BSA-Gal &% L 7=, Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal /%
v 7 AFARNE 5%, DT L ECICEGEEOK 80% UL ERFIICBIT L, Fiz,
Sulfo-BSA-Suc (XA B ¥ ¥ —ZF IR L THFIROFIEFZE M~ PEG-Sulfo-BSA-Gal (X7
T alES Ry B ER T U TCHHIRO SFEMIA AT LTS Z E BN E o7, Tz,
Sulfo-BSA-Suc % U PEG-Sulfo-BSA-Gal I1ZZ 111, IFIEEEHIINET /L ThDH RAW 264.7 Hifid
2, FEEHINET L Cdh 5 Hep G2 AIBRIZHL Y IA E UM LKB A T2 2 L3R sz, 2

NHDOFRERN G Sulfo-BSA-Suc (AT OFIEFZEMINE T, PEG-Sulfo-BSA-Gal |3 ATl SZ& fiifa ¢
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/KR AT 5 2 & AR STz,

LB, RNEREHIE, Bl SR OB HIEDS FTRE e &/ T o bKE 7' r KT » 7L LT, &
NT FTINT ORI Le, ANVT 5 T V7 2 Ot iEEFIH L, FHgORL
A NV RARBIBREA~OREAMEEZA BN Lz, S HIZ, AVT 4T NVT I UAUERHEHR T 20T
Efi9 25 2 & CHENRII~OREBIN & — 7T 4 L T ISHRETH D Z L ZHLMNE Lz, Zhbd
BT, BALKFET 1 KT > 7 ORNEIERIEENC X 2 FRR BIRREORIIC BT, ARRE
HwERtrsboThHs EEZLND,
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EEROH

BIE EROE

l-a AVT T IVT I VDR
[EK]
BSA % Sigma Aldrich ££:2> 5 A U 7=, SPDP [ X[FH—ALAWFZEHT > B L 72, Thioacetic  acid.,
dimethyl sulfoxide (DMSO) 1FFDEMEE TN BHEA LTz, £ OMMOFREEITE U CTlIknladdiz H]
Y/

[ZLT7 4T VT DA

Sulfo (5)-BSA. Sulfo (10)-BSA. Sulfo (30)-BSA I%. BSA (= SPDP % thioacetic acid %, %72
LR TGS ETAR L7z, Sulfo (30)-BSA OARLIZEI L CTiZ, BSA(B0mg) % 5mL 0.1 M
U L FRREET (pH 7.4) \ZIAfE 7=, iV T SPDP (8.48 mg) % 50 uL @ DMSO IZ¥f# L. BSA
PRI~ USRI C 2 iR L7, WRIZ 9.57 uL @ thioacetic acid ZUSII L, & 512 1.5 K§fH]
PR L7239, RO % 15,000 MWCO @ RC iBATHE (Spectrum Laboratories, Inc., Dominguez, CA) (Z
THARBEKPTEN LT-tk, /K CRRAMEE (vivaspin molecular weight cutoff: 10,000, Sartorius,
Geottingen, Germany) % 5[E{T 95 Z & TR ZRE LT,

1-b ANVT 4T NVT I OYEE R
[FAFE]
3-Indoleacrylic acid | ZFIEATEE TR DIEA LT, £ OMOFREKICE LU Cldsnialdi 4
e,

[E5051%4]

BFEAN T T VT I, BSA O &%, &FY 7L E 3-indoleacrylic acid & iRFNL .,
MALDI TOF-MS (Microflex; Bruker Daltonics, Billerica, MA) i€ L7= %), BSA 1 0 FH7=0 D
sulfide FLEAEUT, BSA & AL T T AT IO TEOENGREM L, £/ 7 VOB
N OV — & B Zetasizer Nano (Malvern Instruments Ltd., Worcestershire, UK) % VT, ZiLE4
BRDEHGELE, KO L —Y— Ry 7" —ETHRIE LT,

2o BHAN 7 47 V7 3 o O 9 AGMRAEE 550 e
[345)

Diethylenetriamine-N,N,N'.N" N"-pentaacetic acid (DTPA), dianhydride |Z[F{—ALFFSTATH O BEA
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L72, VivoTag 800 (& PerkinElmer fE2SHEA L7z, "In-CLIZAARA 7 4 7 2B S
Teb D% Wiz, ZOMMOREEIZE U Cldkskatil s vz,

(€UEZ)
LD~ T OB FERIL, HARFZBMERASHENDIEA LT ddY Bt~ T X (25g) &1l
M UTe, o, BRI TP B 2B FMMUE (- 72 %9,

(=55 15]

KFEANT 5T V7 I KO BSA (%, Hnatowich &M 5L T Win A2 L7z 30, "Mn-A /L7
TNT IV ONMN-BSA &~ 7 ANERNE G- LTz (1 mgkg), BRI T CRAEFRIIC T KEFIRD &
BRI L., 10,000 g TS5 ofmid 22 & ClEEsm LTz, £z, v~ U RAEBLREFE STk, ITF
fige, FEiR, FEFMRR, (OO, M A U7z, Alsgs R R OISR O BRI A T o~ T 2 — (1480
Wizard; PerkinElmer, Boston, MA) THlliE L7z, F7z. BSA % VivoTag 800 & &GSt 5 Z & T,
VivoTag-BSA # &k L. % I & 1-a L [REERD FET VivoTag-Sulfo (30)-BSA %Ak L 7=,
VivoTag-Sulfo (30)-BSA %~ 7 AIZERIRINEL G- L T 180 43tk A L= b RILER 21T 72, £
%5 ides 2 5 H L. VIS Lumina XRMS Series IIT (PerkinElmer, Boston, MA) C Ex vivo #3561 A —
UV R A TG LT,

2-b Sulfo (30)-BSA DAFEN 4
[F5]
Collagenase Type I, trypsin inhibitor, from soybean &, FIYEHRE TR0 HIEA L7, Hank's
balanced salts | Sigma Aldrich :72>GHEA L7, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) (Z[FHALSAZERT D BIEA LTz, £ OfoOFAEIZE U Tldkmladdiz vz,

[EBr15]

Sulfo (30)-BSA Ol AiIL, FFlBZ =7 7 —B 2T 5 2 & T, FEMi & JEFEH
flel 2oy . SR YED HIRIE L7z 449, < 7 22 n-Sulfo (30)-BSA (1 mg/kg) Z RS- L
720305074 .~ U A& il T CBAME L. FREIRD O RIEGTHIR (10 mM Ca?'-Mg?'-free HEPES buffer,
pH 7.2) % 2 mL/min OFEMEE TR 10 S RIHERE L7z, F72. HERBIAAELIC T REMRZGINT L7,
iV C. 10 mM HEPES buffer (5 mM CaCl,, 0.05% collagenase, 0.005% trypsin inhibitor &4, pH 7.5)
% 2 mL/min OHE TR 10 S [N LT, D%, g i L. Hanks-HEPES #%fE#K (pH 7.2)
T LBy T o I LD MR B LT, AR A IR L, IR S0xg T 1
Sy Uiz, TEB LM%, & 5HIC 48] 50xg T 1 RHE0T 5 2 & T, FEMA R L

Too Fo, BHIOBEOLEZEO HEICE ENHMaE, X512 4 [\ 50xg T 1 4o LT G
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I U7z, fEVNT 3[R 200xg T 2 spfifiz iy U, PR U7 FEFEEMIR 2 B L7, 15 b7 328
K OFEFE MR AZ 2.0 mL @ Hanks-HEPES R Clgd L, Mflafia X7 v Ao o4 —
(NC-100; Chemometec, Allered,Denmark) THIE L7z, F7=, BAHEHEET o ~h 0o 2 —CTHlE
L7z, BHIE~DOBATEIX, % of dose/107 cells THEA L7=,

2-c Sulfo (30)-BSA DT T I8k
[F]
Succinic anhydride | ZFIEAISEE THEEXSATNDIEA LTz, ZOMOGRIRICE L CI3fpkitsi s
Huie,

(=5 51%4]
Suc-BSA |, BSA & succinic anhydride % 0.1 M 7~ 7 BEFEEHE (pH 8.5) ChUis S 72%%. vivaspin
(molecular weight cutoff: 10,000) TRAMEIR AT 9 Z & THM L2 Y, Suc-BSA 20 mgikg) &~V
ZER RN G- L 72 B2, M In-Sulfo (30)-BSA (1 mg/kg) % FRARPNIRS- L7=, 30 237, "'In-Sulfo
(30)-BSA DIHEPHRIE K Oliganf TRz, 9§51 F-2-a & AR T71ETRIE L7z,

3-a GSH HZ B B it /KFEHHHAE DRFAM

[RK]

N,N-dimethyl-p-phenylenediamine, zinc acetate, Iron(IIl) chloride |TFIYEHIFE T2 DIEA L 7=,
Sodium sulfide, H,S prodrug 81 (F[FEN-ALFHFFERT D> HHEA L7z, GSH % MP Biomedicals 17> B
ALTe, Z OO U CIdRmladdiz fv e,

(28R 071%4]

Sulfo (30)-BSA % PBS, £721% 5 mM ® GSH &4 PBS T sulfide J£75 150 pM & 72 % X 95 (21 H#
L7z, RREFIZ, FALAKRFRIREZLL T DO A F Lo 7 —IETHIE L7z 44, %71 100 uL, 1%
zinc acetate 120 pL, 20 mM N,N-dimethyl-p-phenylenediamine (7.2 M HCI) 20 pL, 30 mM Iron(III)
chloride (1.2 M HCI) 20 pL Z %> 7Y 7 F 2 —7 TR LTz, 30 A o F a~X— K L721%,
200 pL % 96-well plate (ZHNZ, 670 nm DOWRIZBITDWOLEZ~ A 7 v 7 L— K —&—THl
7E L7z (Powerscan® HT; DS Pharma Biomedical, Osaka, Japan), > 7 /L ORAL/KIE O
sodium sulfide % 7o ERR D BFHR LT,

3-b MRk, AT B DK EE DRl
[345)

Dulbecco’s modified Eagle’s medium (DMEM), antibiotic-antimycotic mixed stock solution (X777
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AT AT RS BHEA L7-, Fetal bovine serum (FBS) (%, Biosera fLSHEA L7-,
Giilih)
RAW 264.7 fificli%, DMEM (10% FBS. 1% antibiotic-antimycotic mixed stock solution (10,000 ITU/mL
penicillin, 10 mg/mL streptomycin, 25 mg/mL amphotericin B)) #C, 37 °C, 5% CO, §=ff: | CH:#
L7z,

[ B T71%4]

RAW 264.7 #ifiazE /A7 L—r3—"CTH[7 L, PBS T 3 [HI¥F L7, MiiaskAs 2 X 107 cells/ml
L7025 X 9T PBS CIRE L, IIRZEFHE LN 37 °C OIEIEMEC 3 [Alsfb@lis L=, 2ok, i
WC X VBRI ZFRET D 2 & T, MlaRER AR Lz, £72, ~ 7 ADIE%E PBS THAIT D
ZET10% ~ 7 AMAEZFRELL 7=, Sulfo (30)-BSA M UNAIESf BSA % . PBS. AMIRRENE. 10%
~ U AMBEF T sulfide FE23 400 pM & 7225 X D IZIRMR LT, 20 704, Wifb/KBIREZ2HE 1% 3-a
ERIEEA F Lo T —IETHIE Lz,

4-a ANVT 5T IVT X ORBANERY IALRED A
[RK]
FITC isomer I (% Sigma Aldrich ft:7> BIEA L7z,

(=85 15]

BSA & FITC isomer | )i &, FITC-BSA Z G L72 %, ZD%, H1E l-a LEKOHE
C FITC-Sulfo (30)-BSA % &% L 7=, 24-well plate |2, RAW 264.7 fifid% 1.5 X 10° cells/well T
i L. DMEM H C—W55#8 L 72, DMEM %[&Z L, FITC-Sulfo (30)-BSA (1 mg/mL) % % DMEM
ZALE LT, 2-4 Bifl%%. DMEM % FRZ5 L, PBS T3[RV L7z, TO%, SCBEMEE CHOLE
%A B152 7= (BZ-8000; Keyence Japan, Osaka, Japan),

4-b AT FTINVT I U ORMIEPNIZ IS T Dbk R RE DR
[RK]
HSip-1 (XFE{ AR H> HEEN L7=, Hanks’ balanced salt solution (HBSS) (%75 74 7 A~
HNBIEA LTz, £ ORI U Clasmlkad gz vz,

[ T8 5]
RAW 264.7 #ifid % 96-well plate {Z 1.0 X 103 cells/well THEFE L, DMEM 1 Tl L7-,
DMEM %2 L. Sulfo (30)-BSA (Sulfide 3 & LT 200 uM). Tt HSip-1 (50 uM) %3¢ HBSS

ZRLVE LTz, RREFAIC, HBSS MO YCTRAE %2 LR 485 nm, # IR 528 nm OS5 T~
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A7a 7 L— Y —F—%HNCHE L7 (Powerscan® HT; DS Pharma Biomedical, Osaka, Japan),

5-a WHHLRBFRIITFREEET L~ U AZBT L MfEd b7 27 I —BIEMEOFH
(3456)
Carbon tetrachloride, N7 > A7 I+ —E Cll 7 A MY a2 —{[TRDEHEE T#EERASHENOEA L
Teo EOMOFAIKIZE] U CTIIpkatdi s v iz,

[EBR71%:]
=il CABR L 7= carbon tetrachloride (0.9 % v/v) 150 pL %~ 7 A JEMENT 595 Z & T, ik
EET )L~ A BV L7z 9, [, PBS, HyS prodrug 81, Sulfo (30)-BSA Z RN 5 L7= (3.5
umol sulfide group/kg), 24 IffE#%, HREE T C FREIRD HERIL L, #0508 2 2 & Tz (A
W L7z, ImSEH AST, ALTiEMZEZ F T A7 25 —E Cll 7 A U a—THIE LT,

5-b PUHEAVRFAFAFEIATREE T /L~ U A D B/ BIEE
[Z282771%4]
FRIET RO~ T ZADFEEME L, 4% TRV LT VT e R (PFA) T Clidds 2 EE LT,
Z D%, JEE 3 um OIFEIR ZER L, HE YLt 217 o 7o %, BAMER CTHlEE L 72 (BZ-8000; Keyence
Japan, Osaka, Japan),
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FBNE FEROH

1-a Sulfo-BSA-Suc DEFK
(345]
BSA (% Sigma Aldrich ££:2> B A L7, Thioacetic acid, DMSO, succinic anhydride |%, Ftif
TN OIEA LTz, SPDP [FIAGFULA TS Bl A Lz, OO L TI3%r
MRS A U,

(=85 15]

BSA (30 mg) % 6.0 mL ® 0.1M U RfEEHR (pH 7.4) (Z¥f# L7-, SPDP 1.0 mg % 60 puL @
DMSO (Z¥AfiE L. BSA IRIRICHIN L C=IE T 2 B L7, SOSHE A BEHUK T 5 [mIBRAMNESH
L (vivaspen MWCO:10,000Da, Sartorius, Gottingen, Germany) 5. {8 L 7= (BSA-PDP), BSA-PDP
(30mg) % 3mL @ 0.1 M 7R 7 kR (pH8.5) |Z¥f# L7, Succinic anhydride (3.1 mg) % 30 uL
7 DMSO (2R L, BSA-PDP IER~ISN L, T 1 RFRIREE L72 8, Z20%, RIGEIR %
fiK T 5 BRSNS L, SRS L7 (PDP-BSA-Suc), PDP-BSA-Suc (30 mg) % 6.0 mL @ 0.1 M
U UERAEERR (pH 7.4) ([CEME L. 1.1 pL O thioacetic acid Z¥RANL 1.5 Bef#E#E L=, fiV T,
PSERTR % K C 5 [RIFRAMIEE L, #ofER2E: L C Sulfo-BSA-Suc % 1537z, Hise & LC. Suc
ZAERR L TR0 Sulfo-BSA & RIERICH L LTz, 43T #1X MALDI TOF-MS (AXIMA performance,
Shimadzu Corporation, Kyoto, Japan) T, 2 1 & 1-b & [AEED H{ETHIE L7z,

1-b PEG-Sulfo-BSA-Gal D £k
(3]
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC), 2-(N-morpholino)ethanesulfonic
acid (MES) 1 Z[FM-AL2AFERT 0 DI L7z, 4-aminophenyl f-D-galactopyranoside (X H LAk T3
At B A L7z, @ -Succinimidyloxysuccinyl-o-methoxy-polyoxyethylene (PEGaon-NHS,
average molecular mass, 2000 Da) 13 H RS2 BREA L7z, £ OMOFIEIZEY U CIIppkatse
Z VT,

(B 71%4]

BSA (30 mg) % 3.0mL @ 0.1 M U U EEFRER (pH 7.4) (ZIAM# L7, PEGaowo-NHS (10.6 mg) %
BSA RIKIZHIN L, SRIRC 2 RERIFEIE Lie, Ttk RNAERZ @K T 5 BIRRMNES L, H
Wit L7= (PEG-BSA) , RIZ. PEG-BSA (30 mg) % 3mL ? 0.1 M ® MES #&fi#% (pH 5.0) IZ¥&
fi£ L, EDC (14.1 mg), 4-aminophenyl -D-galactopyranoside (19.9 mg) %/l %, =R T2 ReffHEFR L

Too D%, BOSEIRZ BRI T 5 BIRAMNEDR U, @528 L7z (PEG-BSA-Gal), &KIZ,
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PEG-BSA-Gal 30 mg) % 6.0mL @ 0.1 M U U FEfEEiK (pH 7.4) (Zifi# L7, SPDP (1.1 mg) % 60
uL @ DMSO (ZIAfiE U CROSIRIRICIN Z, SRR T 2 BifEER L7z, #tVC. RUSIRIRZ Bk T
5 [EIpRAMEE L, wkEEzH: L7 (PEG-PDP-BSA-Gal), ¥kiZ. PEG-PDP-BSA-Gal (30 mg) % 6.0 mL
D 0.1 MY UEREEER (pH 7.4) (AR L. 1.2 pL O thioacetic acid Z Nz, IR T 1.5 BEEHE#E
Lz, 0%, BROSERZ BHK T 5 BIRSNES L, BfERE LC PEG-Sulfo-BSA-Gal % 1372,
Lol i & U CL Gal (& A47 > T 72\ PEG-Sulfo-BSA Z [RIEED L CTAKR LTz, 0 FEIXE
1% 1-a & AR CTRIE Lz,

1-c ALHERMI AN T 3 TV T I L OB E
[FR3E]
Trinitrobenzenesulfonic acid (TNBS). dithiothreitol (DTT), anthrone, &, FYAlE T 3EkkAS4E
MOEEAN LTz, ORI R U T3 2 v,

(28R 15]

Sulfo-BSA-Suc 1 73 F-&72 ¥ @ Suc BT, LD TNBSIETHEM L7 ™, BHUKIZEM L
7=H 70 100 uL %, 4% NaHCO; (pH 8.5) 100 uL, 0.1% TNBS 100 pL &{EF1L7=, 40°C T2
REfE A > % = X— b L, 10% sodium lauryl sulfate (SDS) 100 uL, IN HCI150 pL Z Nz 7=, & D%,
~A 7 u7L— K —%—T 335 nm ORI DWNEERE L=, RIEAM BSA THIAE
DFBRAEATV, T X ORI S Sue DEMHERL Lz, F£72. sulfide FEMEIILAT
DiE Y, BSA-PDP & DTT ZLJ&S S, 343 nm (2R 2L BEH L= °, BSA-PDP % it
FKCEMEL, 0.1 M VU UBERRER (pH 8.0) (ZI8Mi# L7= DTT &iBFI L7z, 343 nm (2351 DWW
BE o, WEBE L 72 2-mercaptopyridine & E B9 5H Z & T PDP Effik A BE M L,
PEG-Sulfo-BSA-Gal ® PEG &fififti%, BSA & PEG-BSA D7y T EDENLREH Lz, Gal (EAfi%k
(LU N @ anthrone {2 CHLH L7= ™), @BMUKIZIESR L 7= 7L 40 pL % 0.2% anthrone (H,SOx) 80
uL LIRFIL72, 90 °C T 16 /%, ok ECadm Lz, 100 uL % 96-well plate |27 L, 625 nm
(BT DWEE S Gal JEEEZJIE LT, Sulfide J&Effi%E, PEG-PDP-BSA-Gal & DTT % L
WOBY G ESEDHZ ETHRE Lz, &Y 7 NVOBERKL O — X ENIL Zetasizer Nano
(Malvern Instruments Ltd., Worcestershire, UK) % H\ T, I ZNENEELE, KO —H— R
> 77 —IETHRIE LTz,

2-a (BHEMI AL 7 4+ T IVT I LD~ 7 AR 5% OB EE
[EK]
DTPA, dianhydride {Z[F{ALEHFZEAT N BIEA LTz, "In-CLIZHARRA V7 ¢ 7 240Dt &

N bOxE AW, FOMORIEICET U I3tk 2 v,
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[5271E]

Sulfo-BSA. Sulfo-BSA-Suc, PEG-Sulfo-BSA, PEG-Sulfo-BSA-Gal |%, % I & 2-a & [AlERD ik
T Wn 5% L7z, &Y 7N oEhRE, SHEZFATEONEIL, 615 2-a L FEROTIE
TiTo7,

2-b ALHHER AN 7 4 T NT 3 v OIS
(R3]
Collagenase Type I, trypsin inhibitor, from soybean | %, FIyEfidE T3S 4E0 HIEA L 72, Hank's
balanced salts % Sigma Aldrich fE2>BHEA L7z, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) [Z[FE{ALFMFERT D BHEA LTz, Z DOMOFRIEIZES U ClIrslat 3t 2 v e,

[551E]
n-Sulfo-BSA-Suc, '"'In-PEG-Sulfo-BSA-Gal %~ 7 AT | mgkg D58 TEIRNE G- LT,
DIt OFEBRIT, #5135 2-b OER &[RRI T 72,

2-c ALSHERI AN 7 4 T IV T I ORFBATILE 5
(=85 15]

M n-Sulfo-BSA-Suc & U8 MIn-PEG-Sulfo-BSA-Suc % 1, 4, 10, 20 mgkg DFHET~ 7 X (22
HRANE G- LTe, 30 /3t MAERIRE, S TRONEL, 5 1 5 2-a & [RERO 1L TIT
272, Suc-BSA (X, H1E 2-¢c L [FAERDOTETER L7, Gal-BSA [ZBSA % 0.1 M ™ MES #k#
W (pH 5.0) #°C, EDC, 4-aminophenyl B-D-galactopyranoside & =il C 2 Fefijfi¥E L. @HiAKTS
[IFRAMEE T 5 = & TAR L72, Gal-BSA (20 mgkg) %~ 7 AZEARNIERS L 00, EHHEIZ
p-Sulfo-BSA-Suc & 7213 "In-PEG-Sulfo-BSA-Gal (Img/kg) %5 L7-, [RHEIZ Suc-BSA (20
mg/kg) %~ ATERIRNEES- L 9, B4 "In-Sulfo-BSA-Suc % 721% "In-PEG-Sulfo-BSA-Gal
(Imgkg) ZF5H-Liz, 30 43f%. "'In-Sulfo-BSA-Suc, '"In-PEG-Sulfo-BSA-Gal D IfHEHJREE, &
FEEEA T EOWE 2 R o5 1ECRIE LT,

3 ALFHERI AN T 4 TV T XV ORbKE L RE DR
[FAFE]
N,N-dimethyl-p-phenylenediamine, zinc acetate, Iron(IIl) chloride |TFIYEHIFE T2 BREA LT,
Sodium sulfide (X[FM=ALFBFZEFT HHEA L7z, GSH Id MP Biomedicals tE72>HiEA L7z, Z DA
OFRFEITE U IS 2 T2,

.49-



[ 28 515]

Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal % PBS, 5 mM @ GSH &4/ 0.IM U VAR (pH 7.4).
10% ~ 7 AM4EH (PBS) 12, sulfide JE728 150 uM L7225 K 52V 7Y v 7 F o — T NICIRSE
L7z, 20 53t%. WAb/KBIREZHE 1 8 3-a LEFRICAT LU 7 A—IETRIE LTz, £7-,
Sulfo-BSA-Suc, PEG-Sulfo-BSA-Gal % 5 mM O GSHE A 0.1 M U U e (pH 7.4) H1iZ, sulfide
EEDN150 pM & 725 KO ITHSRE LTz, BRI, BUb/KSRIREE 2 B0 HF1ECRIE Lz, £z,
W7V 1% zinc acetate, 20 mM N,N-dimethyl-p-phenylenediamine, 30 mM Iron(III) chloride % {%

g, BEEEMI30E NS ThRE L OB Z2HIE L7z,

4-a AL HERAN 7 4 7 VT 3 2 OMBAPNIR D SAZBE D

[F%]

DMEM, HBSS, antibiotic-antimycotic mixed stock solution |X7F % 7 A 7 A 7 XS4 HREA
L7z, Fetal bovine serum (FBS) 1%, Biosera f1:7> B A L7z, FITC isomer I /& Sigma Aldrich £1:7> 5
HEA LT, EOMoEKICE U Cldkslatsi sz iz,

[E8R514]
RAW 264.7 #ificl, Hep G2 AMfRIEE 1 72 3-b & [AERD 1L THAFE L2,

[FAFE]

BSA & FITC isomer I % /)i~ &, FITC-BSA /KL%, & 1 F l-a E[REEDHIET
FITC-Sulfo-BSA-Suc % &% L 7=, FITC-PEG-Sulfo-BSA-Gal I, PEG-Sulfo-BSA-Gal & FITC isomer
[ 2GS ED 2 & THEM LTz, 48-well plate (2, RAW 264.7 il % O Hep G2 #ifid% 1.0 X 10°
cells/well TH;fE L, DMEM H T—Wpk53% L7=, DMEM % [RZ%E L. RAW 264.7 #i il iC
FITC-Sulfo-BSA-Suc (0.5mg/mL) % & %r DMEM % . Hep G2 #i}alZ FITC-PEG-Sulfo-BSA-Gal
(0.5mg/mL) Z e HBSS Z4LiE L7z, LAREDFEERIT, 515 4-a L FRED HIETIT o7,

4-b ALHEREAN 7 5 TN T v ORBENIZ BT B itk A HHEED FFHf

[F3E]

HSip-1 (XEALFIEFT O DEEA LTz, HBSS 1XFT 7 74 7 A7 (BN LTz, ZOftho
FRIKIZBE U CIdpflatdi a2 v vz,

[528r7515]

96-well plate {Z, RAW 264.7 #flifil, Hep G2 #lifdz 1.0 X 10° cells/well THEfE L, DMEM HC—
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WEE5#E L7, DMEM ZfRrZE L, RAW 26F4.7 il Sulfo-BSA-Suc (Sulfide & & LT 100 uM), K&
OV HSip-1 (50 uM) % & de HBSS 24L& L7=, 7=, Hep G2 llfilZ PEG-Sulfo-BSA-Gal (Sulfide J&
& LT 100 uM), K OVHSip-1 (50 uM) % &t HBSS Z4LE L7z, LIBEOIFEERIL, #5135 4-b LA
BOHETITo T,
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