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Research Progress of Small-Molecular Hydropersulfide Donors
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Abstract The unique chemical structure endowed small-molecular hydropersulfides (RSSH) with unclear but fascinating
biological activities, which have been attracted much attention. The donors that could release RSSH smoothly in situ under
physiological or pathological conditions will become powerful chemical tools for exploring the physiological functions,
mechanism of action, and potential therapeutic benefit of RSSH. Over the past five years, a substantial breakthrough had been
achieved in the design and development of RSSH donors, which is summarized in this perspective. According to the activation
patterns, the existing donors are divided into five categories, namely esterase-activated donor, ROS (reactive oxygen spe-
cies)-activated donor, pH-dependent donor, light-activated donor, and nitroreductase-activated donor. All kinds of donors
played ideal roles in improving the oxidative stress at the cellular level, part of which also show a positive therapeutic effect in
the context of myocardial ischemia-reperfusion injury. Besides, the related release mechanisms and the proof of concept of the
donors are briefly introduced. In the next five years, waves of novel donors are emerging. On one hand, diverse donors, with
stable and controllable release rate, clear release process, and identified release components, will be designed. On the other
hand, the indispensable toolbox of donors will be fully assembled for more in-depth and comprehensive biological activity
researches.

Keywords hydropersulfides; donor; oxidative stress; esterase; sulfane sulfur
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Figure 1 Chemical properties of RSSH

NAE RS A W] 53 R /N o 1 A AR )
(RSSH)FIE A it L B AL #1(PSSH). i ULFY RSSH 145
S R AT AL Y0 (CysSSH) . 23 bk H Ak S iR AL 4
(GSSH)&. fE N5 /NI, GSSH M EE T IA %] 150
pmol/L, 7EFHAhFZA T HIHIKELN 50 pmol/L; 1M
CysSSH /N R FEIHLAFIREEZIY 1~4 pmol/LIS.
CysSSH 1] YR PEAE 1290 Je = Fhilg: BEamEE-p-5
FilE(CBS) WEhn Bk-p-Z4 i if (CSE) LA A2 2K ok S BE-tRNA &
B (CARS)T-SL A4 2= Bt 2R (Cys) 48 S8 A A AR bt
W2 (CysSSCys), JF7E CBS/CES 1F i F42p CysSSH.
MM T Cys BETEFIEHE-RNA & EF(CARS)S
TR TR % TS ()4 T 2B 1k CysSSHI®!. GSSH [/ sl i ]
AEk H T CysSSH 575 bk H IK(GSH) 2 IH] & A= i it
e M. tbAk, GSSH W54 B H Ik itk ¥)(GSSG) &
AR NAS B Z i), Z A ST EA B H IR S B
YEFH N B AE A GSSHIT,

WM RSSH MA9r2Ee X H i A I, K5
HoS MIAEBED)REAAE— €M B 58 &, —J7 1, RSSH
Bl Ase HoS IRTA, Y2 HoS 7= AR AR BN A 1T g
U5 RSSHUL 111 53— J7 1, RSSH 2 B b A4 fint e Ak ik
i E R, BER A IE R ERE % DL GSH 1A
sz, 4k HoS #64k A GSSHI'Y. jHh4h, RSSH ik A DL
HEZ 54 RENIE RSP0 B, 8-fy-
cGMP & NO/ROS SEALIE S S iEs h EEAE (5
fii, T RSSH EAGHARM L FUE M opAZ e, RERSELAR 8
Prfg3E, JEE— DR 8-3idE-cGMP, H ik EHME S
& 121,

SRR 2 IR AR, B A S BRAE TR AR
Thieh e 2 EZAEA. Cys BRI MR E &M S-ik i
BN B PSSH IR ERE. Mlr i ek M,
CysSSH 1] f Bl CARS 4= ji S-id AL 21 B 2 B -tRN A, JF:

HEZ 5L RE, RESmAMEARS. BEin—
RNy AU BRI AR ORI U R AT 2508, B KR
HR A A O Y 2R F5 458 5 SOk, 7RI FEE
3‘2'3[13]'

1 INGFEAREDEEHARGTR

RSSH HIAEMIEVE R HLHIBE T I7 MR, anfiy e it
FasE AT M) RSSH 70§ IR OIS . AiEPE RSSH
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NGy oy & aith, MM CAEAT R ik, T m] o) B Aifh )
RSSH fEAE& A KA eI EUR, K= HAR e A
FHARDA, XUk =L YI(DATS) Wy RSSH k44, {H
Hr= AR E A4y 2 4050 ik, BF5t RSSH A4
ZEDIREN — KB 2 6 = (2 T H7, w42
ifﬂm#?%ﬁi%ﬁﬁ%ﬁ%R%Hﬁ%%ﬁ%%
1% — 7] L P D .
1.1 ERESRUEE ST Ha

FHURE P T4 0 0 2R RSSH A B 7E A2 B A4 R (R Fr
FooE, TAEREE M (E A SR RSSH. 2017 4, FJAAH
[ AL OV B 2= 2 W F B et E 1 AR 1 A 2(F 2). (it
1 5% 2 7EXE T HEBS(PLE) AL N AR oG TR (AR A A
H RS IR — 0 iy B k—o 1. ifE
BEBUE RN N-CBEREFR(NAC) RE# K B ATk
WA IR C, IR — 2 F HaS. 1ZAf 7t HPLC
P C S A A it AT e M e =T, I F I H
FREVERI HoS, #a7n T HHARIREIEN 715, IR,
HERRERE A AR RSSH, Tin (NN 12 & 145 5. BiiJE,
W E SR 2,4- WL H K (FDNB)# SR B L =4 B,
ST X B EEEE

—CHO
~~p3 PLE [ 1
0~ "R R
R2 QJS ]
RZJ\S/S Rﬂ/\ SH

1 R'=Ph, R2 = Ph,

R3 = Me, Et, 'Pr, ‘Bu or 'Bu HS COOH
2 R' =Me, R? = Me, R = Et K NAC NHAc
' NO, HoS
s o. 0 ! R1\/S\ COOH
' N H S
/S\O/ h
NO, ; o NHAG
FDNB MMTS H
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Figure 2 Donors 1 and 2, their mechanisms of release, and the
trapping agents

LR T BE(MMTS) ¥ A A& —Fh RSH e £ 11
B BT AT RSSH WA UA RECHE , T3
MMTS /& 7 Al f7 44K RSSH — BLAFE 4. T A A2
fEBEE 1 UE T MMTS RERSTE AR HE2AF F %F RSSH
HEAT B AL

PR 2 KVE IR HLEsdR, FAE ikt &
WDAE O UL I P E LR (MIVR) R I T AR PR
SEHG L P 2E A e R BN IR (LCA) 5 3/ BRC LR AL B3R
1 45 min J5 SEREFRREVE, (44 2 PEBE R REE 4 2,
£ 24 h J5FHXAIZE LCA, JFH] Evens Blue & =K%Y
MESALYN(TTO)R LR G,, BAVEHT 2 XSGR X (AAR)
SAEAEHAR(NF) IS0, WS4 SRR, ST T AL
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ot FE ZH F 4 B8 XU (INF/AAR) S22 25 A% b4k, 3@t Lk
XS WU ZERR XS & A 1 (cardiac troponin 1)
WFEFIFELRAE 7 2 5 MR FI£RSFF.

GSSH &AM T & & FEE M/ RSSH.
2018 4F, EANFAEREAHNIH R T H A GSSH fihfk 3
(BW-GP-401, [ 3). 3 & PLE 7K A R TR T B8
Myt S W =40 Thorpe-Ingold WV 5k
By AFRAL, B GSSH 1 [R]INA2 s ] BE B = 4. WF
FE R N EEF=3E T HPLC E & LTI GSSH KR
WA RM, BHATET PLE MORERR EL 220 (PBS) H {55
FaxE; MM PLE J& N B8RSR AE 30 min P AL F]
80%. Fifi i) FDNB ffizksea ., W9t kI GSSH 1)
FIEA = R AR, X HT GSSH B A it
FHH 5 BAL DL R S BB NAC) IR I, & T8
HoS. LAY GSSSG & GSSNAC (=4, MR
REFE AR ) HoS #E47 &5 K, PLE A& HaS BT
DAEZAE, TN NAC B FT HoS PG AR L.

o NN
)ko 0 E}/@i@gs/se GSSH
gl
foul
B3tk 3 KRS

Figure 3 Donor 3 and its mechanism of release

H I - 3- T I i S B (GAPDH) A& 20 i 11 W 8% At iy,
B =A Cys BRAE, 70518 C152, C156 J¢ C247, Hrp

3, BW-GP-401

A AL EGE R A 2 S BN s, ek
) R Tt B A D g O 12 3 Pl P A2 MO8, DRk, A
SERAT 3 X GAPDH JEPEMFZm. W 7R, 3 X
GAPDH [ F 20 i, HAE il s
7 DTT BI/EFH kg5, KIEnr LAEN GSSH @it Cys
BRI R ALAE FI 404 GAPDH TG Y. 78 HaO, 155 1)
HOC2 Lo LR S AL SR A, 3 (50 pwmol/Lol/L)Fr ™
AT 20 B AR B R 2R T NagS (150 pmol/L)
GSH (150 umol/L), H. 5 FE M.

FEK: RSSH B - T8 BN 1 98 RE AT B AE AR R
fER. 3T I, Matson ER@EZHIVF 2020 4F 1T T BEAF
TR A 4 DU 5 iR B SR AR I R 2 S Ak S
4), ¥RFE T HEK RSSH RN (8] B = A= 1) AR A 2 05 1

4 WIREK RO I S 1, BEE A “1,6-1H
Br” BRI N- e It R A AL (NAC-SSH). 1R
# UL PLE BG4, 0L FDNB /E NHi3R7, & 5eiIE
THHA IR HPLC 7044 R R, 4 7€ PLE /EH T iZ
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WM RE, IR NAC-SS-DNB iZ# A= B, Atk 5 2%
1A 4 5 poly(HEMA-co-OEGMA)Z: &1 ik, HAE 'H
NMR BB S 3 128 36 h, 2tz KTk AA 4 R
T HA(1.6 h).

AcHNC

/SICOOX l;JHAc

oSN
s I il i\/©4\3 COOX
0
%1,6-‘)?]%
0
>\—o < > © NHAC

4 X=H aM s~ S"Scoox

5 X = poly(HEMA-co-OEGMA) NAC-SSH

B4 ka5 5 KHERBEBALS]
Figure 4 Donors 4 and 5, and their mechanisms of release

o S 1 SR B R, BE AL e R R AAA R B
H,0, 1 HOC2 LA BA R EF, 45 R ER%
I A AT 2T B, B AR 4 258 Tk
ik 5. S-FUREENE(SFUYBEIA 218 MR ROS #5571,
FORIB HOC2 41l 4 h J5 S E4HMAEIE 2 R I%, 10 S e
Bl bR, HA8UET 4. (E/ERME, W
B TR ZE SFU X MCF-7 4= i1k, 1
HHEN RSSH AL 3 507 25 MBA 26, TEA
IR SRR b, BRARAL ST 25598 A A B IR AL
1.2 ROS BB SR LA

2018 4F, Matson AP R T —Sik B B
ROS [#) RSSH 44 6 (BDP-NAC). %Ak 25 4 o i) 55 i
R ARG 5 HOO™ 456 J5 K 4 Baeyer-Villiger EHF,
AR SRS T 1,6-THER BRI NAC-SSH(E
5)2U, 5t R R B (LCMS) &% '"H NMR KL, 6
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Figure 5 Donor 6 and probe 7, and their mechanisms of release
1 HaOo 1E F R IZ W AR, HAEBE NAC-SSH S X #5228
HBE R AE . oAk, fEF IR IR & R T ROeEREr 7
(BDP-Flour). 7 # H,O ¥ 5 A8 s ifb o (a4, 2
SFNIHRER 7325 G R (T-HCm). @it vk
SRR AT LUR I, 2SRRI IR IR (LR RE 88 3% HLO,
IR

E H0, 30 HOC2 40 i S AL B i (A A v
H20, (100 pmol/L)5 E 40 Ml A= A7 2[5 2229 30%; 1M 6 R
8 R 77 R R4 R R B ), 4524 200 pmol/L J5
YU AF R TEE 100%. [FEIFEAAET, P LTI NAC,
H,S 4K Na S K GYY4137 H AR fe R I FEAR - 37 15
F. AFE& 3505 NAC-SSH b HoS B At 4457 4 Jfa 1)
A JFARES. R IUTAESRAE T RSSH AR ) 4 i =X,
NG SRR 7L RSSH A S AR 2= D R iR 4t 1 vt JEL .

FREF| iR 1,6-TH BRE| =)W F B 2R BR(QM) 7
1L 75 5| /5 1?2, Chakrapani iR#EEA I+ 2018 FF K& T —
KET 1L,4-HBRM RSSH it 8. Z AR [RIFE A IR
ek 4], 7EREAC RSSH (1 [R] BF /= A= 22 4 To 25 1) P RE 1
(K 6).
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Be ik 8 KILBERALH
Figure 6 Donor 8, and its mechanism of release

TEHHR BB TSR, BF7EEY 8 5 10 equiv.i
H,0, 3L08, FIFH HPLC il 8 FRFAA S PRI 1 AR .
PEAR R AR IS FRAT & — 3N 1%, R FH kH=53X10"2
min ;T PRI B )RR RO 2R S 2 R (4.8 X102
min ). WFFREBEE A& H FDNB KX HR —f%(mBB)
XTAE R RSSH #EATHIZR, PO B IRIE Al Y. (i1
ERENAZ, WS RSSHIR 2 KA Michael IR, X it
TR L, AU BRI GSH) 2> 5 G P b 5 P
gt &, AR UE 2 B RSSH KIFAYF T fe.

AW PERE 5 0% FH HR 28 IR K S AR B AT A2 ) (JCHD)
73 DLD-1 W diir=4: A0 ik, 20 A7is R %
i TR 25 T ARG P E, A HAF IS R B R T,
H IR, X0 RSSH KB AL 24 1 22 AR
4 M S A SLECIR S

2020 4, Lukesh FEP4FJOGESBRMIERER(E A ROS
WS A R LT, FRAE D “trimethyl lock” B 24 SR ms, %
i+ 7 —J5H 7 RSSH it14 9 (RAH393), HoBt i 2 54t
R 3 BUE 7). N T IUEX — B A B, B E
HBER R B # ol 7-HCm 538 X1 R (Resorufin), &%
T IRER 10 (RAH225) % 11 (RAH2115), H3SIREHH)
WOEY) R IELFH HoO0 Rtk BEISCELIAEH %L T A
XoF 9 R B e R B, 50 equiv. HoO, BEWSIRZN 10 76 1 h 4
BRI 7-HCm. UL R 10 X H R
HIRROR 2R, WEBH BRI 51 FF 2 2 Ol B AT R R ik
BREZE BT 1 BABRKIER R, B
48R E AT S 800 Hela 40BN TETE H,0, 2FL
IeAk, BEFE M SAREE 7 WSS, W TSR R
PEICRED 12, i P 7 6 B BE I (] 28 4k, THE
WA IR BCEZE N 60.5 min, WK HEEHN 1.2X
102 min ' oAb, fEFH R S 2 F BIE 7 IOR
TR A
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9, RAH393

Cfﬁ AXO
/
10, RAH225 11, RAH2115
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B 7 ik 9. BREF 10~12 KRB
Figure 7 Donor 9, probes 10~12, and their mechanisms of
release

T T 0 e TREN BB G IE 5256, A & A 4 35
FDNB X N-Z BB e e st AT AE 4k, @it LCMS %
Hoes, #—PEWT 9 KR 9 (200 umol/L)7E H,0,
(1 mmol/L)yFHAEAERR RN, [ 15 min J52E &L N
62.9 umol/L(F=3 31.4%). T A~ W R g 45 1) 1 %o R AL
B I ARSI BB RSSH. B8 J5 1 40 B 35 1t 9F 9% vh,
H,0, (100 umol/L) S5 HeLa 40077 TE KA ZE 33%; 1M
AT 1 h A TPHMAS, HoO, 38 ) 40 B 453473 B 2 BEAIK,
Y MAAIE B 100%.

FAMERERNAZ, 9 HAEBEII L, £
RNTREE RSH 1EH T2 5 BN mACRER. TR
H L WS VAT FE R B, 9 7E RSH 771E RiRR I N —HKH L
) HoS fEAA.

8% B T (superoxide anion, SOA){E N—3% ROS,
FEHLRAR IR AE =4 TR T R RS A 1
T8 SOA WAREPLAIR, Lﬁkéﬁﬂﬂ’@b 15251, 2020 4,
Matson RN T —35 SOA KR Em B # RSSH
fit{k 13 (SOPD-NAC, K 8). iZ MR fy b i) R IR
JBEIR S B 1T 3R SOA HKMH A M E T, JeH & 1,6-
TH BB NAC-SSH(Z L it 14 4~6).
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BZ—C‘)ys—Phe—Phe—Glu

/@/\S/S
Ph. P

by 14, SOPD-Pep

B8 k13514
Figure 8 Donor 13 and 14

H B RRRENS B R T AN K S5 M SRR, HA TR
R AR AR, ST Matson &5 CL ALY
¥ HoS ik 5 H ARG A, WHFLE K SOPD 454 &
% [ 4 %5 Ik (Bz-Cys-Phe-Phe-Glu) 43 | 47 ik i & 14
(SOPD-Pep, Kl ), LAHAE KV PE A A Mg ) 1. %
T EA PR, 55 B M 22 R I AR B R
KAy, B ERAR A0 B R

AEE R i, B R T R R - AR i
FE¥E HOC2 41 i 9 GSH DA% 55 SOA 7K, [FIHT 25 T HaS
PREF WAP-5 DL S A4 13 81 14, Z5R B, 14 T Hidl%
JER B B, Ui SOA it T RSSH HIREI. 1M [RIA 2%
P, B e RET BBy A L€, DAFE R B AR
WK, iR EoR, B4 ROS & &I 5 & T AT
. BESE, 1FF MR EE-12-+ DU R ER-13- Z IR B &
753 RAW 264.7 EREGH ™4 R Vi, TEs s 45 7
BEARREDS 1225 OB A M A7V 6. b b, R4 1 R
FHEHZAR T HoS Bk GYY4137 & NasS.
1.3 pH KRB ST BRI R

2013 4F, Galardon 5PV B Z.BE —WRACYIRE NS 5
RS T LI FERE, R OB Bifb Y AcSSH
(B 9, box). 7ELIEAE I, ZIRARIT 2014 FERIE T
RSSH #4415, 7£ Tris Z2B(pH=7.4)", fi44k 15 B2
FEERTR SRR B, SEAZ MR A B RO R
AT F NN B TH B OBE, SEEL N-H R BRI e 5 - 2
#E RG], ZEER RS pH EZE VI, it
X LLAATLE pH N 8.5, 7.4 K 6.5 B HIRMIE R HBUR
B, B Rk R, R SO AR T A A A R 1 % i R
(pH=2.7)F tbiA25E, 120 min PAXFFMEAE] 5%. LEAk,
e 15 (9 N- ST AP e300 25 H O B A R ], E
B FR SRR B8 2 bR R HEAE I O, T Al
SERFE KR, W7 N- 2,35 DR BE T (NEM)E A
R, 5B LCMS #iE 743874 RSS-NEM [ 45 14).
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15 l
o RNH, o JOL
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B9 ftik 15 BB
Figure 9 Donor 15 and its mechanism of release

SO —RALE G5, FEFCN ORI A
15 Bud it Rl G, 2Kk E RS ZRRM; (AERE
A, A 15 RETHE S 100 mmol/L J&, A
B HoS MR B EZ5 R—J7 kR 7 il mitk 2 412 B
S AaTFE A, — 5T UL 15 BERE i HoS T4k, i&E
AT ARSI AL 220 BE 5 s PR 7
15 RELUE R ISCR S 8-l 2E-cGMP #44bK 8- dE-
cGMP. A, 15 Al = Bhai it R C e m L v Ik
Ut Z C, T4 M B EE Q1 GSH 38X 5 8% i U TG 2 S B
X — 2, AL RSSH 2 —RAWk A & 20 B 138
Ji 7).

2018 4F, Xian WP K T —RIIEH O-FEhi
) RSSH fifk 16, HALH S5 HEA 1 KWL, WEET
1,2-O,S-VH BRMLEIRE (B 10). B FER M 26 2F T ikl 25
SRS, RN ST AE pH F RSSH IR BGE R HE47
THER. PR, ARG R 2 pH (E K, pH
(B ARG DR O 2 b, B = AR R BE (TMS) ) it
16 53R M 25 (pH=5.0/6.0) N R RI B 1i/E pH=17.4
R GHE R AR 1S, [AI 75 3 AL B = A iR &
. B = B RL(TES) A AR X Fe 2, fEAIE pH
SR RS I TC W R

Ak, BEREIEHEE T 16 ERE T(KE)EE R
IR, & TES MHMATE RS TAA(E PR R RN, H
O ZE /N T2 TMS [ A,

OLO H=74 )
s e, J s. - RISSH + R2ZCHO
R? “s”TUR! R? (S"°R!

16

B 10 A 16 SRS
Figure 10 Donor 16 and its mechanism of release
Toscano VR BT 2018 4F4iE | —2H 8 RSSH
HAK 17, 7 BRI S R 45 4 A 50 B S I RSSH AR
(1), F7eE A NEM A ST AR, @it LCMS
S TH NMR XH##i3k7=#) RSS-NEM HEAT & &, PAHFIT
RSSH JREIAE . S BT AL AN & (8 3,
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B s kb o S Rl ESIN SR Tyasty/ NP e oY A ey
FEY), B =6 AP (RSSSR) S5 i A QL A B 1 (RS(O)-SR).
B o R AR ZE Ry b 5] N % — FI 3L, RSS-NEM [~ K1
BN, fEd— PO RIRE T, REFREM5IN R
SRUED 7RI RS(O)SR HIAE A%, {HARBEHS N RSSH )
B MAE ARG R 5IN N-F 35, RSS-NEM (1)
FERNEE, BANPERE K& R4 RS(O)SR A .

methyl ester,

0
RSSH yield < 50% | AcHN
0 ¢ OH ..
PH=74 S _ENH
OH — S
NH

without dimethyl, N ~ -HCI B
no RSSH was S/S\I?NHz cl 17¢ R
detected; with (o] R =Ph
dimethyl, RSSH r-NH ( )
increased 4 AcHN OH %
17 _SH
S
H
R—N—C=N

R = methyl, RSSH decreased;)

R = phenyl, phenyl with electron-withdrawing group,
the RSSH yield > 90%;

R = 4-Methyloxyphenyl, the RSSH yield = 75%

B bk 17 LRI

Figure 11 Donor 17 and its mechanism of release

MIESF BRI 5IN N-R S, RSS-NEM [1)7=
RIEEFTE, 16 RMNARR AR E] RS(O)SR. B JH,
W T X RN BRI AT B 52, IF AR € & 1) 77 V5
B 7 RSSH M7= 2 OB 2 . e SRR, oK
AW TR, RSSH %358 KT 90%, B
FREHARER; T Y RIS B A A RS, RSSH 23
TR 75%, BERCE A 4 .

EAFEENE, SAERROEFEH R E] N-2RE:
IR, TR K E AR R A R, LW 11 s, R
T IR 25 7E H 1 % i il AR B 20 e Ak i S T S A
17F, ZH RS D3 bR I B A 2 2R FE F UK & RSSH. 4
K EEH A RPN, 17 EZ MR AL N 17F 1)
FREEEPRAR, PIMIREO™ 2 T F; MR E: B &G+ 2
HIEE, 17F TREOUN B A 5 R A VE B IROBE, BRI - 52
B

F R ZHE AT LE AR G R R S, RIS
FEREZEE pH WA LRSI RSSH. BRI 1) S 6.
2020 4, Toscano i@ PHiIE T HA AR Z I H IR ES
SEFYI RSSH 44 181 12). ARSpAZ v it sh7e AR 7 4%
BN EH=74)2 AR AR, FE0 TN L-Hk
T RSSH.
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without N-methyl,
CF3COO_ RSSH release l

slowed

+ o
™ON : :
n H, with a longer linker,
RSSH release l
slowed

without dimethyl,
trisulfide was the
main product;
with dimethyl,
the ratio of RSSH

was increased.

OH
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RSSJLNNQ‘TRSS Rs Sty
H o}

RSS-HPE-AM HPE-IAM

RSSSR + COS

B2 ik 18 KB
Figure 12 Donor 18 and its mechanism of release

WEFLE PR 18 AT TR R T, Uitk
Uit B R IR LG — H L 45 MR, RSSH LA NAC-SSH 2
BN, 5 HPE-IAM 3841 (3R 18, A = /i
RSSSR N E =), T HEAR AR IR R AT AR H5 (%
T RIJEZER, RSSH 5 18 MRt R %, RSS-HPE-
AM BN EFEY. MBS N-FIE S, (ARCEZRE
BEAG, B RSSH I ZAL /N, PGSR 2 18] 1B
WEKSE, 7 FWIAGEIHERESE N, B RSSH #R 2t
— IR, O RIR TR RE O fRIE RSSH F= 2
T 90%, TRAY:IE AT LS g5 MUE AT IR, iX
NG AR R B SO A IR M T S

WAL, F R 2 bR, AR 18 TEIERE K RSSH;
B E B TRSZ IR TR NN 5 equiv. i IE T %, AR RER
EAFAE. ERFEREMNZ, MM NAC G, BAREE R
BiE 25 A0 HE AT I AR BRI, T2 A2 T HoS M RT AR 5
ALK (COS). COS =4 £EH LT RSSH MR
We? YE# B LCMS Rl fEAEY) 18a J5 BB, M patiARe
ORI, RSSH BRI Z AR B () T4, 1M
BABKRECE = S AR, F RSSH RO 22 0] B &
BEA. 3 oh, 12 5000 4 1 Bh Sk A 5 1 1 (MIMS)
XA R COS HHTE R, LIRS FiR—3.

TEANHE G- E F R 72, HOC2 4H & A i ik
2 h G, BT H0 02 h, 5ZA4ML, 4254
RS B AR T IR TE 2. £ SO0 Langendorff
FREAL e L BEBRIT 20 min J533E4T 90 min FREVE, 1T 7
min FHEEVECERESS T 18 B KH 220, FRREVESS o 5 ff
F TTC Gtk I, KH S isEmA Ny 42%, Ttk
Y824 JE R AL T AN 2 16%. 18 FIH BT I AL N
WAEH, FEREdE MI/R.
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1.4 REGER SRR

TS TG T AT P 3B A B e, AN TR A5
B B & SR A R A] SEL AN 7 7 IR ARAH 2R
F(ONB)E W& BRI ORI, MY AN LI B T
K&, BEA—E MO THORRE; FAEPOE R [H
WA= BRI ). BT ONB BDGHUREE, Singh
BOB2TF 2019 FH K T EAHEEEE RSSH 44 19(&
13. ONB SR e KO 7 Ja, IR 2 =47,
RS R SR PIE K aci-ilE; f5#HIR
IR e mEe A4, B S T s PR R AR D R T T A
FHRE TR H B 2 2 4] NAC-SSH.

R' NHAc

o NO, 0 R
19a, R'=H NAC-SSH + - .0
h\'l 19b, R = Me ¢ N~

(o) iy T T R’ SSR
4o - /
~0 N/OH ~o \;\rrOH ~o N\
& & o

H

B 13 Ak 19 J R
Figure 13 Donor 19 and its mechanism of release

W 14 5eiE T A 19a 5 19b 765 10%5 4 1L
BB 10 equiv.BREE(NAC 5 GSH) TR A A (L /PBS,
Vi.v=3:7, pH=74H%HHE RIiFMferE. MiE,
23 3IFH HPLC f "H NMR B6iE 7 #HA7E 365 nm #%
TR FAEEGAILR, FHAEBI LCMS i3k 2] 1 k™
Y. AR 19a 5 19b OGS T~ 245515 0.07 5 0.36;
1M 19a (X0 TR UL T 294 0.033 GM, 730 nm XU
WK T HOGIEE ZEHEHON kops=6.1X1074,

& RSSH i3k =256H, FIH mBB i 3R A 7] B[] £
TR NAC-SSH, [l 25 JE I [A] (1) 184K, 455 nm FFAE 1
DGR LI N, LA FDNB i #7500, 305
NAC-SS-DNB #5ifE i, FFH HPLC % RSSH HIBE IU2EAT
€&, HULIFEIN, FDNB 43k NAC-SSH (i #2145 71
% A2 % il ¥ (ON-OFF), SZu6 25 B il R A e A
REJE i NAC-SS-DNB.

HHESLESH, HeLa 4045 25 T 44 19a. 19b.
GSH. NAC. HCys % Na,S, BfiJ5 Fi#t1T H0 fillF. &5
KR, AR R s I T HEn 4. sk,
AU R 2R R (DCFDA ) 1 48 e S 06 [ R 36
WET Lidgsit.

1.5 WELREHER SIS HREE
BRIk 22 (1) SEES IR YR R B, I AR Y A (gut mi-
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Figure 14 Donor 20 and its mechanism of release
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#JR) A NADH [ PBS ¥ #i(pH=8.0)F5iE | NAC-
SSH [RGB Ja, FIF 'H NMR 552 T Ak 1 g 3
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0, ASFZ I K AR BOVE 13, B R 77 B AR P 4
il PR 8 25 AR B0 TR [ R TR TR (L. monocytogenes) J 4
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/NERISEGHBE f5 R IL, 5 PBS AAHLL, 45254 AR Fh2E
RA YA T8I SO £ T o A AR AR A A
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KRN, Bin, R 7 8 F BT i FE b
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P
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