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Synthesis and imaging application of ratiometric fluorescent
probe for hydrogen peroxide
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Abstract: Two-photon fluorescence probe, 6-methoxy-2-[6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)quinolin-2-yl]benzo[d]thiazole (MQH,0,), was synthesized from 6-methoxybenzothiazol-2-hydroxyquinoline
as fluorescence moiety and borate ester as hydrogen peroxide (H,O,) recognition moiety, and characterized
by '"HNMR, *CNMR and HRMS. The response sensitivity of MQH,0, to H,O, was evaluated by
fluorescence spectroscopy and two-photon fluorescence spectroscopy. The results revealed that the probe
MQH,0, displayed good H,0, ratio [(/535/1465, herein, Is35 and I,65 are fluorescence intensity at wavelength
535 and 465 nm, respectively) response enhancement of about 25.4-fold than that within 30 min and
detection limit as low as 38.6 nmol/L] and proficient two-photon properties, with a maximum two-photon
fluorescence active cross-section of 150 GM. Finally, data from cell and brain tissue analysis conducted by
two-photon confocal imaging proved that the probe was capable of accomplishing in situ imaging analysis
of oxidative stress caused by stroke.
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HEEE L, ZEaiks: (TLC) [JRFF VA MmE) : M(CRE

XN 2R A UG AR Sy B B i 52 W 1)
WG Z —, AMULBHEE R, & BEAH 550
% R B 25 A3 W L R A0 /0N i A o 01O I A Ok
WL, FORAIDOERE HA AR ERES, ReigT
R b3 & e sh . RENREE AR L . NSRRI =
FENLFAE O JE T OB (R I R g asl 12,

R, ASCHEUFIH T N s 5 (ICT ) #LEE
Wit— B H TR H,0, B AR RSOE T2 B e
{6-H1 48 3k-2-[6-(4,4,5,5- DU H 3E-1,3,2- S 24 3R 1%
ot -2- 5 ) W Wk -2- 3 TR O [d]WE kL ( MQH,0, ),
MQH,0, LU 6-H 48 R I HEmg-2- 2 s whf Ry BOE
PG, MIRRES N HaOo PRI, FHF 40 A A/ R
KM LUK A5, DA S0 i 4 v 75 S 40 i 4
AR COE RS AT

1 SEEES

11 KFIE5NEE

H,0, (JF R4 30% ). XARMEEE A 1l . &
FRET (KOAc ). 1,1'-X0 A 5Lk — /e ik — St
( Pd(dppf)Cl, ). —784LAl (BBr; ). ¥ F1H 6G. ¥
FFOA B, MEREEE (MTT ), #B3%HE (PMA ), N-£ -
L-2E %k (NAC ). Apocynin ( APO), Jr#r4di,
iR T AR AR B A FRA Rl ; DMEM 4 i %
FiH, Gibco 2AH]; PCI2 4 (B R 40 e
Y ), JEI TR R AR A R/ F]; CSTBL/6 HEPE
NEL, IR TS IR SR S A R A F] s AR ZE AT
FERE (200~300 H ), Ak AR My B 25 B A BRA
Al BT R b el 1 254 R 2EE R A PR
oNEl e A R ARGt — 2 aifl, LI
VoS VR4 ol P R 2l /K L

UV-2550 B EEA0-1] ULA356GEE T . RF-6000 %Y
DA 6EEE T, H A Shimadzu 23 7] 3 LSM780 NLO
RIBSOEF WO R AL BT, 15 E Carl Zeiss A ;
6230 TOF %Y it 15§ %5 - g 43 B[] B 3354 ( ESI-TOF ),
[ Agilent /A7) ; Ascend 400 MHz R HL R Ik
A, fH [ Bruker 23 A ; Vector 22 AU AR i 21
ANEIEAY . Multiskan FC HIE#FRIY, 25E Thermo
Fisher Scientific 2 7 o
1.2 #HEFHZE
1.2.1 2-BA-S-FRAEFAE (] ), 6-1£-2-F %

gk (1) Fo 6-58-2-FEsHokak (1) &4 &

WEY 1~ A RS BOCHER[13] 5

1.2.2  2-(6-ifvhopk-2-2)-6-F A ALK F[d]EL (V)
4 ) &

] 25 mL F 08 JE B B i A 468 mg
(2.0mmol) T, 236 puL (2.2 mmol) I, 5.0 mL
R (DMSO ), FHREZE 130 C Y 2 h,

Fig)=3 : 1IRAWT ) SCIE W & 52 0y 56 42 o K I
WRHRER, A APERER, AIFAYUEIE T
12 h, WSS, R VAN V(R ER)=8 -
VIRGIA R VR, AE 20T 4 2545 2] 1 fE 4 200
mg, FEE29%, M 101 °C., "HNMR (400 MHz,
DMSO-d), d: 8.19 (dd, J = 8.0, 2.2 Hz, 1H), 8.08 (t,
J=12.2Hz, 1H), 8.03 (d, J= 7.8 Hz, 1H), 7.94 (d, J =
8.2 Hz, 1H), 7.77 (dd, J = 8.3, 1.9 Hz, 1H), 7.68 (d,
J=17.9Hz, 1H), 7.32 (d, J= 2.2 Hz, 1H), 6.96 (dd, J =
7.8, 1.9 Hz, 1H), 3.82 (s, 3H), *CNMR (100 MHz,

DMSO-dy), d: 166.06, 156.73, 148.39, 148.02, 146.88,
135.83, 134.98, 132.48, 129.96, 129.83, 129.80,
122.87, 120.19, 116.13, 114.20, 107.34, 54.73, HRMS
(ESI), C,7H,BrN,0S",m/Z: [M+H] 1151H 370.9854;
MR 370.9813,
1.2.3 444 MQH,0, # 4] &

¥ 200 mg( 0.54 mmol ) IV, 280 mg( 1.1 mmol )
TRA M OHWEEE5) . 100 mg ( 1.82 mmol ) Z&
B 39.51 mg (0.054 mmol) Pd(dppf)Cl, #1 20 mL
ToK 1,4- A8 SHVE T 50 mL B0 i, FHis
IRE % 80 °C, S 24 h, TLC [ JBIFH V(4 k)
V(CTRETiR)=2 + 1 IRAH ) SERF I, ff J5ORk A
R, RN, B RN B, R,
KH VOAINES) © MCRROER)=8 = 1 IRA T e
A, AR A AR 119 mg, 7% 60%. #
M. 133~134 °C, '"HNMR (400 MHz, DMSO-d;), 6:
8.69 (d, J = 8.1 Hz, 1H), 8.50~8.35 (m, 2H),
8.19~7.99 (m, 3H), 7.78 (s, 1H), 7.20 (d, J = 7.9 Hz,
1H), 3.88 (s, 3H), 1.32 (s, 12H), *CNMR (100 MHz,
DMSO-dy), 6: 198.00, 155.75, 154.99, 153.95, 143.24,
136.15, 128.45, 127.88, 123.76, 122.44, 121.41,
119.89, 66.00, 47.19, 29.73, 26.96, 26.87., HRMS

(ESI), C3HpuBN,OsS', m/Z: [M+H]" i} & H
419.1601 ; W ik {4 419.1643 . FTIR (v/em)) :
1250~1750 ( MEBRFIZR I HEmE h C—N 4 (1) fif 4
3l ); 1350~1310 (BERHR o B—O HR4adRzh );
1225~1060 ( & Hd C—0—C BERMi4ERsh ).
1.2.4 2-[6-(3F B ) ok-2- 2 ]-6- 7 B A K S [d]E e

(VL) w94 &

EW V~ Vi F i #2 2: BROCHR [14] 074

M 25 mL 5.0 B B m A 530 mg
(2.0mmol) I . 370 mg (2.4 mmol ) VI#15.0 mL
DMSO, FHil# % 130 °C/ ) 2 h, TLC [ JBIFH] V(£
WEL) - M(CFROTR) = 2 1IRAIEF ) Sk &
RN TE4E o BRI M R E R, A A,
GBHAPMIETE 12 h, WIEWRYE, KA V(A
i) : M(ZTR TR = 8 : 1 IRAIEFI VMR, FAE
EHT B AR B A A 495 mg, 7EE 63%, M
117 °C, 'HNMR (400 MHz, DMSO-d;), 0: 8.10 (dd,
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J=8.0, 2.3 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.87 (d,
J=28.1 Hz, 1H), 7.68 (d, J = 7.9 Hz, 1H), 7.56 (t, J =
2.0 Hz, 1H), 7.42 (dd, J= 7.1, 1.2 Hz, 2H), 7.37~7.27
(m, 4H), 7.19 (dd, /= 8.2, 1.8 Hz, 1H), 6.96 (dd, J =
7.8, 1.9 Hz, 1H), 5.07 (t, J = 1.0 Hz, 2H), 3.82 (s,
3H), "CNMR (100 MHz, DMSO-ds), J: 166.06,

156.73, 15592, 148.39, 148.31, 143.56, 136.75,
135.83, 134.73, 130.76, 130.14, 128.55, 128.38,
128.23, 122.87, 120.22, 119.40, 114.20, 110.16,

107.34, 70.18, 54.73, HRMS (ESI), C,H;sN,0,S",

m/Z: [M+H]" 3508 399.1167; M3RAE 399.1179,

125 2-(6- 7 Ak K JF [d] K vk -2- 2 ) vk ok -6- B3
(MHQMB ) # %)%

10 °C'F, [4] 100 mL BB A 20 mL
Tok — S H S 520 mg ( 1.40 mmol ) VI, FH7ERF
2 F 2184 5.20 mL 1 mol/L BBrs i — & H ke
W 2 LR R N b, FHEE = Y 12 h, TLC

CRBIFH vk - MCROER) = 2 1 REWH
W) SR W B N e A . VKOKIR R g AL
HIHEFT NaHCO; % WCRF R iy R = i, & e
FEPOFTHE, WORET &b, R V(A hEE) -
VTR TR = 6 = VRGN BERL R, 12T 428
S A 301 mg, 2% 71%., M5 : 158~159 °C,
'HNMR (400 MHz, DMSO-d;), J: 8.38 (s, 1H), 8.06
(dd, J=7.9. 2.1 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H),
7.83 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 7.9 Hz, 1H),
7.34~7.28 (m, 2H), 7.13 (dd, J = 8.7.1.9 Hz, 1H), 6.96
(dd, J=7.8. 1.9 Hz, 1H), 3.82 (s, 3H), *CNMR (100
MHz, DMSO-dq), 6: 166.06, 156.73, 155.76, 148.39,
148.37, 142.44, 135.83, 134.46, 131.78, 131.19,
122.87, 120.26, 119.89, 114.20, 111.88, 107.34,
54.73 , HRMS (ESI), C;H3N,0,S", m/Z: [M+H]" {15
{8 309.0698; MiX(E 309.0679, FTIR (v/iem™'): 3607
(O—H SMMAEIRS ); 1250~1750 ( MR AI T
WEME C—N BRI 4R IR ); 1225~1060 ( HH 4 KL
i C—O0—C H#ER 4Rl ).

HArb GG US4 an T e o

P S P SH
N > NH,
I

NH, N OHC_N_
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X B
Ho/© mOH Z~2>0Bn
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1.3 FFRNFEMEE®T

K HROE T 59O E MQH,O0, 76 XN i
Ja WROGF MO . B 5%, Ph 10 pmol/L % JHH] B
LN S W, #a (1) 15 %% MQH,0,
K MHQMB (5 i F 7=
b (1)

An F,
K. o TR, A R R K ARG
JE, 4 <0.05; n HEFNRPTHR; F R R
W KR G OISR AL RhR s, r 25
RRFIAE SRS W @ MBS B IR (S
W) s (071 ),

FELAE FFI 6G A9 F A W (5 pmol/L ) A Lt
VSV, M E MQH,0, 5 H,0, [ i 78 H B i
RO T I T O (A K 710~800 nm ), T3
i (2) FHEOE T2 T MR
3 SSCZZnSchr
Sl
. o AXOEFUEETEMRRE, GM (1 GM = 1x
107 cm* s-photons™"-molecule ' ); S HXIOETHEN
R @ 1773 ¢ HIFWIKRIE, pmol/L;
n NEFIPTE R Ths s, o 000 9 R AE & F 2
FLIR W5 0, S HLE TR FHIH 6G e FH I I Hh 1 3L
ST, A 70 GM,

14 SEYERFHE
1.4.1 ik

W35 BE R 1x10°4~/mL PC12 40 B 470 T & A 1k
BABHR 1% 5 %R MEERZ A 10% 4 11 1Y
DMEM 405353, F 37 °CH:3R4 (IRF %K
N 5% CO, . IRFECN 95%25 ) Rl 3% . %A
— RGN LR 2 T25 A5 5% Hp (o L i A
EIEMERE NGRS R L 2% s W ( PBS,
pH=7.4) W AHMIEVE 2 Wk, BUSREHE FROL L
B 730 nm, ZOEUREEE A 420~480 nm ( 5 (738
1) J 530~600 nm ( L (A5 E ),

142 wmfedik i

K MTT 290 2 MQH,O, i 41 i #5145 PC12
AP REFN T 96 FLA P (3R 4.5%10% /mL ),
PR E MQH,0, (0, 2, 5, 10, 20, 30 pmol/L )
S E] 100 pL & A5 %k 10% DMSO ) DMEM
LG IR R (BRI 3 41B175256 ). B ]
W BE MQH,0, bRICHT PC12 4 E 24 h 5, %

S

(2)

S
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FLEMA MTT #H (20 uL, FUEWRIE N 5 /L) 5
H 4h, SEMUGERZE LW, B A 150 uL DMS,
IR 10 min, FEEFR OGR4 A R 1E 490 nm &b
MG EE . it (3) A0 ILAE TS R

CR/%:%XIOO (3)

A CR MY MIAEIE R, %4 Fl Ao 2358 MQH,0,
SCUGZH (AUREIEEAREN AL ) R ERAL (ARG E
BWREFH ) MG
1.43  @mha sl R HyO, 894 m|

HRAARFHE (0. 10, 50, 100 wmol/L ) fY
H,0, 7+ S0 & 401 30 min J5, PBS (pH=7.4) Wik
% 2<% B 1) H,0,, A 10 pmol/L %1 MQH,0, I &
10 min, R ROETFEA I E A 730 nm, 2
W ARVE R A 420~480 nm ( W (AiEiE ) & 530~600 nm
(S (EIEIHE ).
1.4.4 OGD/R &m AL R 64 3 5

ETCRE R TCIM T  DMEM ZHuds 33k,
PCI12 4ifif s T =< IEFM (37 °C, W4t
AMEE ) WEAREE (0, 3. 6. 12h) J5, fHH
S ZHEFLYE ) DMEM 40 i 5% 35 W 246 J5i
TR, FFAE 37 CREFRM #8557 PC12 4l 12 h
A7 41 OGD/R B, Sham 2H (TR ) 540
MiA#1T OGD/R Zb3, HHI MQH,0, ( 10 pmol/L )
BEE 20 min; XFREAL M ANMEEFT OGD/R 12 h Ab#E
JGE MQH,0, (10 pmol/L) 20 min, NOX-2KD
2H R PR EE K M NOX-2 (ROS & H ) 3
Wi (NOX-2KD ) J5#4T OGD/R AbH I &
MQH,0,( 10 umol/L )20 min ; 14X} B8 2H ( Negative )
5 NOX-2KD XN, FEHMEXT IR, Ml E Ak
i DNA 258998, W TICE T4l iE % DNA
JF 51 SO0 B S B NOX-2 25 1 1 R o 40 A% 1
¥ PC12 4ififi ] PBS (pH=7.4) %Wk 2 &, WUZRAT
WG TR K BEE R 730 nm, ZIGUIEETL BN
420~480 nm( ¥ (Ll E ) & 530~600 nm( LR A3ETHE ),
1.45 MCAO ¥R ¢y3E 5

B 8~10 JEWEI) CSTBL/6 MEME/N BRI FRAE (22+
2) °C . XTI 50%+10%5514 T, Gt— MRk
£ (AIN-93M ), 12 hl/ms EaEfT 2 J& A0 iy
WEFE T 0 SE I A0 BR A S 56 B P 4 SR A 4
Bg: 45\, ISBN-10: 0-309-15396-4, kil K2
FYE T B2t ( No. WDRM-20170504 ),
MCAO LAY () g3 37 R4 SCHR (151454 o

2 HR5H®

21 HFE MQH O, MER T E . MEHNIEBERZEEZ
HKIEL (DFT) HFHEE
MQH,0, 5 H,0, BiRFNHLERINE 1a Prx. H

K 1a 71, MQH,0, AR LS4 5 Ho0, N 5
TR BRI Y% , Bl 6 MHQMB (B TIRAE ). N
T f# MQH,0, X} H,O, MWy K A HL ¥ , 7
B3LYP/6-31G(d)7K~F-, F| I DFT 5 % T MHQMB( 42
FEPPRIRS B IR, KRBT ) fl MQH,0,
FHE (b)), 458 %78, MQH,0, 5 MHQMB
(FP YRR ) TR MR (e = o5 4l 43 F $iE( HOMO )
AR A 4 FHUEE (LUMO) 0k i E Y fe
W) WZmAT, HE¥H MHQMB (B FIRAE ) 4
FREMR , BRAZD T RAESTWHEMERE (ICT),
A REUTF et 2 kAR, SCH b Rl 2
g, BEAh, ZRIFEEE R B AR N T MQH,0,
TR, 25 T #%4 HOMO #1 LUMO By R FRPE,
NIRRT = 0P o5 a8

b
H
MHQMB MQH,0, #
ETRE) (P HIRE)
A
Yo T “"
. ad.:. %0 0fp°
‘ ""Lumo'.‘gmo
d "-‘"‘o‘.':“o AERH3.65 eV fiEBi3.61 eV
gg T ﬁnglz‘:;M‘(l) ——HOMO n " HOMO
N c C 2 .
- HOM("'""‘"", 4‘.“).‘4".
.

43 F WA

Bl 1 %% MQH,0, 5§ H,0, MM HLH (a); fhfk
MHQMB ( & TIR#A& ). MHQMB ( iR E ) K
MQH,0, #J DFT 43 F#LiEEl (b)
Response mechanism of probe MQH,0, and H,O,
(a); DFT molecular orbital diagrams of optimized
MHQMB (anion form), MHQMB (neutral form)
and MQH,0, (b)
2.2 BREFHSENm R
221 BMAFRAERAG

IR 1.3 WSk, A XOE iSOtk
W€ JF 1 B/ MQH,0, ( 10 pmol/L ) 5§ H,0,
(200 wmol/L ) 7E 5 Hif J& B B9 G TE 8 T
WA 2 s,

Fig. 1
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160 - - MQH,0,+H,0, 2.2.3 MQH,0, 5 H,0, *f % & [8] #7]
S 140} —*-MQR;0; MQH,0, 5 H,O, M i ] AN e 45 R A 4 fis
EH120F g
EIOO L L -s— MQH,0, —o— MQH,0,+H,0,
g 80 6l
K 60+ L
H.,u: 40 g
3 " S
B a0t Sy
0 L ! L L L 2t
700 720 740 760 780 800
Pe/mm 1k
Bl 2 MQH,0, 5 H,0, Wil i BOEF 21 P oL, : . . . .
Fig. 2 Two-photon fluorescence active cross section of 0 10 zgﬂﬁ /mi3n0 40 30

MQH,O0, before and after reaction with H,O,

d & 2 a] A1, {E 710~800 nm JELFE N, MQH,0,

5 H,0, W BT RO F oG TG R /0N, 78 740 nm

A 76 GM, 115 H,0, OV JFTE 740 nm &bt 3R

e RIROE TG, Ak 150 GM, #m T

74 GM, FIIZHE YR RO F DL TE R ok,

HA B MBOETHERE, nlE N A F 0BT 368
g

2.2.2 MQH,0, 5 H,0, % kv 5 # |

MQH,0, 5 [F) ¥k B HoO, Wi B 5 1Y% 0 A 5 i
L 3.

700

600

5 500+

;ﬁ 400

E: 300

# 00l

100

300 umol/L

0 pmol/L

5(I)0 55IO 6(I)0 65IO
P K/nm
Kl 3 MQH,0, 5 AW E H,0, N5 156 K B ik

Fig. 3 Fluorescence emission spectra after reaction of
MQH,0, with H,O, with different concentrations

HE 3 ATAL, B HaOo e BE AT i, g
R R TE 535 nm AL 5EEHRE( Is;s R WTHE5E , 465 nm
IR DEICTRSE (Lyes ) ANWIRFRAL, TE R L A 7
JInA Hy0, (300 wmol/L ) b A&l HoO4 ARSI 1) 5
R B (Is3s/laes ) TE 30 min PNIEINT 25.4 %,
H,0, #EE (y, 0~300 pmol/L) 5 Isys/lgs (x) [
&R y=0.02534x+0.01356, FHXLZRE (R*) H
0.998. H 3ok ITHEMSHK KR (LOD) K
38.6 nmol/L, i/ : o 24 11 4 MQH,0, V& TR 1E Is3s/Laes
bR ENR 22 5 k S MQH,O0, it & ik i 2k e ety
FINRRER, 850K, BE MQH,0, AR &M
A AR

450

El 4 R[E A MQH,0, 5 Hy0, SN TG Isss/laes 284K
Fig. 4 Change of Is35/l;65 before and after reaction of
MQH-0, and H,0, at different times

HE 4 7 )L, MQH,0, 5 H,0, 7t 30 min WL
NEoEA, RIS BA B mE NG ), &M T
H,0, WAL AR 54T
2.2.4 MQH,0, #F H,0, # it # M 4= pH 422 1

i+ T 10 pmol/L MQH,0, %} 14 Fp A& 44
(HPEHI A 100 umol/L () Fe*™, Mg*", Ca®", zZn*",
Cu®; WeBEHH 300 pmol/L () HCIO. ONOO ™,
LAEA ('0y). <055 WHEEHA 500 pmol/L 4 NO;
NO; WEFH 1.0 mmol/L BIFMAmE (Cys). 4
BEH K (GSH). w2tz (Hey ); 300 pmol/L
H,0, ) BYmL, Z5RANEl Sa Fis .

La

0
S 3 O
B FFoF SN PO TRASAS
7
61> —=MQH,0,
+MQH202+H202
5 L
) 4 i
S3t
~ 2 L
1 L
0 L
_1 1 1 1 1 1 1 1
50 55 60 65 70 75 80
pH

5 MQH,0, % Hy0, BiL#EM: (a); MQH,0, 5 H,0,

TR pH T INIHTIG Is3s/Laes 19754E (b)
Selectivity of MQH,0, to H,0, (a); Change of
Is35/1465 before and after reaction MQH,0, with
H,0, at different pH (b)

Fig. 5



© 2426 ¢

A% 4m 4 T FINE CHEMICALS

540 &

MK 5a AT 0L, BR H,0, A, THEW A Al
MQH,0, B Is3s/lies KA AR, FBIRIRE XT
H,0, AT TR SRR . BeAk, #8585 T MQH,0, 5
H,0, (300 pmol/L ) 7EA[A] pH & 30 min Hijf5
Is3s/Lies B4, 25 9L 0L S5b, IR Sb W LIAEH,
RfiF pH AT, MQH,0,+H205 R R 1Y I535/1465
WEW M, Xt T s SR
MQH,0, 2 LI FARESAFALE, MiE bR s b ]
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Fig. 7 Two-photon laser confocal imaging of MQH,O, and
different concentrations of H,O, (0, 10, 50, 100
umol/L) in cells (a); Is3s/146s of green channel and
blue channel in each group of cells in Fig. 7a (b)

H L7 AT, BEE HLO, VREEMIG N, 4 (48 1H
DB WIS , T (A DEOE B R ES , ak
T 50 R IE 1Y Isys/Les AR REIE N, RWNZIRE 7T
SIE v BRI 4 it R A HL0,.

2.4.2 i A R H0, 89 4m

H T VRS MQH,O, Rl 41 A IR H,0, 1Y
BE41, FIFH PMA HIE40 A= E H,0,, 3 H NAC ¥
BRANAEIN HoO,, PPARERENXT T M H0, ARG
fedy, SR E 8 Frn. MK 8 AN, ARAFRAILH
Mo (XFHRZE ) RS MQHL0, 1 5 I W (638 1 7¢
JeRoE, SR LA B I v
92 mg/L PMA WAbERJS, W2 41 i P 2 (0 38 i
D R S R R B ) e LD P = B O A
PC12 #ffI7E PMA B3 T =4 Kit Hy0,. UL, %
{038 38 5 W OB I A Ls3s/Lies A W 3G,

o HHEH PMA PMA+NAC

SimiE i EiL7

1535/1465




5511 WAl

AL

S TOCIRET 1953 L A5 1 . 2427 -

N
Y

Lsss/lss
= g
W =)

—_
(=

o
n

X RRZH PMA

PMA+NAC

Kl 8 MQH,0, 54l N IEIE H0, AU FHOLIL R M
WAL (a); &1 8a £ 2H 20 v ¢ (2 38 5 i €530 18
[ Is3s/lses (b)

Two-photon laser confocal imaging of MQH,O, and
endogenous H,0, in cells (a); I535/l465 of green

channel and blue channel in each group of cells in
Fig. 8a (b)

Fig. 8

20 M A o MR 2 mg/L ) PMA Fiii4b B
48 1 h 5, MBTEEKESH 2 mg/L 1Y NAC (H,0,
THERA ) AbHANNE, SEEEVOCHRIER, i
W IE 5 W OE T B 9OC I U B B RRAIG, HART
XTHRZH (PC12 4ERIFHE PMA Fil NAC, HEES
MQH,0, 5 ), 8] NAC Al W4 B Hifd 45 PMA H138
AR TR NI Hy0,, FE4UESEE % MQH,0,
ARG 20 A N TR H,0, B9 K AR AL
25 OGD/R #E th )20 B RY 15

fifi FHH OGD/R SRABE4DI i A v i 72, 8 22 i A4 ik
%%EP H,0, & E‘E(J/E/f’ho fn%ﬂn. 9 Fi7R o

i 9 mI%0, AT Sham 41, XFHRH Is3s/Ls6s
HEHNPA 5 FAPEXT BRELAY Iss3s/lses LT NOX2KD
A B T, S5 AT W B SRR S Ha0, 1Y
HARIFEG . i — 2 UESE RS MQH,0, AT LA
OGD/R i #EH H,0, B& =251k,

OGD/R
Negative

* R

NOX2KD

W EEIE Uik

SEEE

1535/1465

3

[\
T

1535/1465

—
T

Sham  XJf84l  Negative NOX2KD
(OGDR) (OGDR) (OGD/R)

K9 HAMPRIXOL T RO RERG (a); K 9a 5
ZH A P R (0 T8 5 W OO T Y Ls3s/Lues (b)
Fig. 9 Two-photon laser confocal imaging of cells in each
group (a); Is3s/l465 of green channel and blue
channel in each group of cells in Fig. 9a (b)

2.6 MCAO AR AR 1%
FIH z-Stack HiA, WEHE MQH,O0, 7E M
AU RN [RIRBE A%, S5 58 10 Fis

BE@BIEJEO 25 50 75 100 125 150 175 200 225 pm

K10 R4 MQH,0, B2 4UAR % i3 IR
Fig. 10 Tissue imaging penetration depth of probe MQH,0,

HI Pl 10 FIAHT, ARSI BUSRUR BE W] 34 225 pm,
TR Z AR ET T 52 3R BSOS T30 8 B iR
HREL L) HyO, 4T AR 5347 -

Bifi 5 4 I 1.4.5 WRE TS, ilid MCAO ALY)
/DU A R, Ay SRR /NN LS A
1 % 3d 3 Fi/NERABHY K /N BUBSRL S S WL, X Jid
ZHF APO ( Apocynin, NADPH 4 fLEEHIF] ) 4H,
XiF B8 ZH A /N BROBE D A A S 4 R W K O A R A
MQH,0,; APO A7E/NRBIRI TS, SeiEST APO
( 10 mg/L, 200 uL ), 30 min J5 F- 1 $H4% 4 MQH,0,
(10 pmol/L ), Ff-43 %t Hilt 47 BOLFHOBIL R £
BAG . WG] AR Al 11 s

MCAO

__Sham _3d

WAL APO Tﬁﬁzﬂ APO X4l APO
i
2,
g
i
i
=
g
&
R



© 2428 « 4% @m /& T FINE CHEMICALS 540 35
S F P LT, B AP A RS | X R
5 141 S T SV M T4 03 3 O 7
ar AR o3 (Lsys/lags ) W15 S BEZ 3N, T 7E 4T APO
3l J . GBSO B, T RN R B A
S BN, R sE R S AN S — 8, BRE T
w25 HL0, W B FOMEAR T S R A5 k. e B4R MQHLO,
A AT 523/ BRI et o 0 JEL S B AT
. . ' 27 IR4TMERELL B

Sham 1d (MCAO) 3 d (MCAO)

MORTR AR TOCERET | RO XL
R S0 XoF IO ) e R A A Aot/ Aema + ZRAESE L |

BT 85T MQHLO, FERRAS Ut B I BOEFALBUUR e 20 B 5 7 B4 MQHL0, 5 4F 3k
(a); B 1a AP QIS QI 2l gy — e B2 i H,0, SEOICHREHIET TR L L X o2
o dsdle (B) o RAMREREEEINER | ME 12 PR, R AT, A
Fig. 11 Two-phototll tissue imaging of probe MQH,0, during BFFC AT 2 T R e . MC R . HLAS bR
stroke (a); Is3s/l4ss of green channel and blue . . o
channel in each group of cells in Fig. 11a (b) FEREAIR,  DRT IO TN 4 7 0 22 1
1 HO0, FE X LS R
Table 1 Comparison results of probes for H,0,
A ST H R Jemt/Aema/mm  ZRHEJL R/ (umol/L) TR AR KL LOD/(nmol/L) EEPCN
1 = 667 0~50 0.995 370 [16]
2 = 625 0~40 — 21 [17]
3 7 550 1~40 — 15000 [18]
4 = 520/610 0~50 0.997 7000 [19]
5 7w 470 0.4~10 — 68 [20]
6 = 699 0~25 0.996 72.48 [21]
7 P 484/562 0~200 — 570 [22]
8 P 593/642 0~100 — 32 [23]
9 5 665 0~30 — 1670 [24]
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Fig. 12 Chemical structural formulas of probes 1~9
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