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Design, Synthesis and Photodynamic Therapy of a H,O,—Activatable
Near Infrared Borondipyrromethene (BODIPY) Photosensitizer

Lv, Xin Wu, Yi Zhang, Boran Guo, Wei*
(School of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030000, China)

Abstract In this work, a borondipyrromethene (BODIPY)-based activatable photosensitizer FP-IBDP was designed and
synthesized, which has absorption and emission wavelengths in the near infrared (NIR) region. The maximum absorption and
emission of FP-IBDP are 681 nm and 740 nm in acetonitrile. The fluorescence quantum yield and singlet oxygen yield of
FP-IBDP is 0.01 and 0.09, respectively. After activated by H2O2, FP-IBDP was transformed to photosensitizer IBDP, which
has maximum absorption and emission peak at 661 nm and 701 nm in acetonitrile. Compared with FP-IBDP, the fluores-
cence quantum yield and singlet oxygen yield of IBDP are much increased, up to 0.11 and 0.48 respectively. It is demon-
strated that FP-IBDP can respond H20: sensitively in cancer cells and has the ability to distinguish cancer cells from normal
cells by a fluorescence enhancement way. Reactive oxygen species (ROS) detection indicated that FP-IBDP could be acti-
vated by the endogenous H20: in cancer cells and produce highly toxic singlet oxygen under 660 nm light excitation with
dichlorodihydrofluorescein diacetate (DCFH-DA) as ROS indicator. Tetrazolium (MTT) assay indicated that FP-IBDP has
good biocompatibility and low dark toxicity to both cancer cells and normal cells, while phototoxicity test and living/dead
cell double staining experiment proved that FP-IBDP has higher phototoxicity to cancer cells than to normal cells. Besides,
wounding healing assay confirmed its good ability to inhibit cancer cell proliferation. Fluorescence localization and lysosome
disruption assays further indicated that FP-IBDP was specifically located in lysosomes of living cells and the produced sin-
glet oxygen could induce cancer cell death in a lysosome disruption associated pathway. These features are expected to lay
good foundation for the application of FP-IBDP in imaging guided photodynamic therapy under NIR excitation.
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therapy; fluorescence imaging
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Scheme 1 The chemical structure of photosensitizer FP-IBDP and the proposed activation mechanism
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Figure 1 (a) Normalized absorption and fluorescence emission spectra of IBDP (2 umol/L) in CH;CN. (b) Normalized absorption and fluorescence

emission spectra of FP-IBDP (2 umol/L) in CH;CN. A 630 nm
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Table 1 Photophysical properties of IBDP and FP-IBDP in CH;CN

Emax/

Photosensitizer  Aqpy/nm Aem/NIM (Lemol *+cm™) X Db
IBDP 661 701 1.01X10° 0.11 048
FP-IBDP 681 740 0.91X10° 0.01 0.09

@ Relative fluorescence quantum yield determined using Cy5.5 as standard
(#r=0.23 in phosphate buffer saline (PBS) at pH 7.4). ® Relative singlet oxy-
gen ('0,) quantum yield using methylene blue (MB) as standard (@»=0.52 in
CH;CN).
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Figure 2 (a) Time-dependent absorption spectral changes of DPBF in the presence of IBDP (2 umol/L); (b) time-dependent absorption spectral changes
of DPBF in the presence of FP-IBDP (2 pmol/L); (c) time-dependent absorption spectral changes of DPBF in the presence of MB (2 pmol/L); (d)
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Figure 3 (a) Fluorescence spectra changes of FP-IBDP (2 umol/L) in PBS (10 mmol/L, pH=7.4, containing 50% CH;CN) upon addition of
H,0, (100 pmol/L) for varying time intervals (0~60 min); (b) absorption spectra of FP-IBDP (2 umol/L) before and after reaction with H,O,
(100 umol/L), and the absorption spectra of IBDP
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GEEE, REEE 1 h, AEOLILRE BAETIET — )0
5, ICFENAI S 2 h, 30, 4 h F1 5 h A9 EIME, 450
WEl 7 frs. B 0% B B T I ZE K, HeLa i1, HCT116
4 i LA S HepG2 40 A I LT (58 Y B i o, %8 S h
J 0T LA P R 5% B BE 43 i G 5 T 2.8 £ 3.1 15 4.0
. MHECZ R, HL-7702 4HHaF0 COS-7 4 M A 172 6L
P wE 2. LU RS RERYIDGEGT FP-IBDP Ref%
Wi NI RIA I Ho00 B0, FEReIEE 98 e i AR
A IX 53 e 210 R T 5 4 .

2.5 ELISMEAR =AM S8 FP-IBDP = 4R Y
KENIVETRR

T BAEGEGT) FP-IBDP (E3E 40 /KF #1635

JIRITIE I, B R A AL TE AR R —E A
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Blank FP-IBDP FP-IBDP+ H202 FPBDP+PMA  FP-IBDP+PMA+NAC
(b) (©)

Bl 6 HeLa 4 7E A R LB T HIFLE DO EIE: (a) HeLa ZH5; (b) FP-IBDP (2 umol/L)Y5 HeLa 23L& 2 h; (c) H,0, (100 wmol/L)Ab3#
HeLa 41}l 1 h J5 Fi5 FP-IBDP (2 pmol/L)JLi# & 2 h; (d) PMA (2 pg /mL)4bFE HeLa ?EHHE 12 h J5 5 FP-IBDP (2 pmol/L)FL0 & 2 h; (e) PMA (2
pg/mL)4bFE HeLa 41/ 12 h 5 H NAC (2 mmol/L)&b¥E 1 h, 5 FP-IBDP (2 pmol/L)IEWFE 2 h; (ai~er) KIEER(a)~ ()X LML EE. Bk
WA 633 nm, WGy 650~750 nm. #7/T: 20 pm

Figure 6 Confocal fluorescence images of HeLa cells under different treatments. (a) Blank HeLa cells; (b) HeLa cells incubated with FP-IBDP (2
umol/L) for 2 h; (c) HeLa cells treated with H,O, (100 pmol/L) for 1 h and then incubated with FP-IBDP (2 umol/L) for 2 h; (d) HeLa cells treated with
PMA (2 pg/mL) for 12 h and then incubated with FP-IBDP (2 pmol/L) for 2 h; (e) HeLa cells treated with PMA (2 pg/mL) for 12 h and then treated with
NAC (2 mmol/L) for 1 h, further incubated with FP-IBDP (2 pmol/L) for 2 h; (a;~e;) the corresponding bright field of images (a)~~(e). The emission
was collected at 650~750 nm with excitation at 633 nm. Scale bar: 20 um
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Bl 7 (a~e))6H5 FP-IBDP (2 pmol/L)%> %5 HeLa, HCT116, HepG2, HL-7702 UL & COS-7 TiFtZHMi##E 2 he 3 he 4 h. 5 h FHIZECEIE; ()

PRIGEIZ (@)~ (e) W IAIXT 26 B0 EE. WORIE KA 633 nm, YTE&EVEHEY 650~750 nm. #7: 20 pm

Figure 7 (a~~e) Confocal fluorescence images of HeLa cells, HCT116 cells, HepG2 cells, HL-7702 cells and COS-7 cells after incubation with
FP-IBDP (2 pmol/L) for 2 h, 3 h, 4 h and 5 h, respectively; (f) relative pixel intensity from images (a)~~(e). The emission was collected at 650~750 nm
with excitation at 633 nm. Scale bar: 20 pm

Wt FE LRI (DCFH-DA)BEAT T 40 i P H 28 25 Wik 8 Fizr, ¥ HeLa 4/ 5 FP-IBDP 71 S BE 261 T 3

R4 525, DCFH-DA H & HAER%, 1R A4 ¥ E 5 h J5 5 DCFH-DA 0 E 20 min, 7EILEE
JE K A i — R ARG R (DCFH), J& 7 Reti 4t i BB A B EIE NS ER A SRR A ek, M
R MR R A R 3R (DCF), BRI S 5 . SR OGS LA R %O MEAH R AL &4 R,
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o F 5 R

Fl 660 nm J:(10 mW/em?) I 5155 &4 FP-IBDP il
DCFH-DA ff] HeLa 408 5 min, 7E %% {05 6318 a] Wi
F|5% H DCF HIRHIEZR 476 %, 23 FP-IBDP 7£ 660 nm
WK N BEMETE SR A I 7= AR LR AL A, TR RN
B5 TN IE T LI B R RS ) HeLa 40 28 T 72 A48 7 B 210
R, BoR T A TR R A

FP-IBDP DCFH-DA Overlay

B8 &1 FP-IBDP (2 pmol/L)fl DCFH-DA (10 pmol/L){] HeLa
AMAE 660 nm JEIRIHT G RIS K R; FP-IBDP XSS
633 nm, IEETE RN 650~750 nm; DCFH-DA X B TR K H 488
nm, YHETEREN 500~550 nm. F7/: 20 pm

Figure 8 Fluorescence images of FP-IBDP (2 pmol/L) and DCFH-DA
(10 umol/L) co-incubated HeLa cells before and after 660 nm light irradi-
ation. The emission was collected at 650~750 nm for FP-IBDP under
excitation at 633 nm and 500~550 nm for DCFH-DA under excitation at
488 nm. Scale bar: 20 pm

Light (-)

Light (+)

H— KA MTT kil T FP-IBDP X HeLa
MR, K — RANKREERLEE Y FP-IBDP (0, 1.0,
2.0, 4.0, 6.0, 8.0, 10 umol/L) A %] HeLa 4% 77,
55 5 h 5 660 nm Y6(10 mW/ecm?) S 5 min, #E—5
A 12 h JEIE RS, W S6CLHHE B R,
7£ 660 nm JGHE 5 min ZPRZEAE T, HeLa 4HI7E 12h N
MAFiG 25 FP-IBDP & VR FE (1938 hin i &2 35 PRI,
M E RN 10 pmol/L B, HeLa 2 Hfa [ 7735 % (R 2
15%. JIE4F N FP-IBDP 5| 40 yE - feimad is/
FEAN A gL bR i SIS UE S, A5 38 £ & (Caleein-AM) H g
PTG, 76N AR ARt s, Tk 7 E (PT)
HAReGL (O AE4n i g iRz, KL T, Wi 9 PR,

1.2
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o
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0 1 2 4 6 8 10
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% 5 FP-IBDP [ HeLa 4H i 7E K &6 IR J LT 4= 5B 4%
Calcein-AM #ett, K H BB RIG G, MR )E
i) HeLa ZHHAHB/REME PI Yett, R HHEHIELGHOL.
PLESEEG ] FP-IBDP 7E 660 nm Y&l T RE%7E
HeLa 20N =R RS, JHA U 2w 4t M T,

Calcein-AM Pl Overlay

Light (-)

B 9 §¥&4 FP-IBDP (2 pmol/L){f] HeLa ZHMI7E 660 nm Y& (10
mW/cm?) B8 51 /1 5 i Calcein-AM/PI (10 pmol/L)4¢ & {%; Calcein-
AM Xt 7 - 455 B 500~550 nm, PSR FICSE T FE A 600~ 650
nm, RHEKN 488 nm. F7/T: 100 pm

Figure 9 Calcein-AM/PI (10 pmol/L) staining images of FP-IBDP (2
umol/L) treated HeLa cells before and after light irradiation (660 nm, 10
mW/cm?). The emission was collected at 500~550 nm for Calcein-AM
and 600~ 650 nm for PI under excitation at 488 nm. Scale bar: 100 pm

H R R T FP-IBDP Xt HepG2 AT J& 44 ff A
HL-7702 IE& M40 dte, dR i 10 Fros. 756
I 261F R, HepG2 4l iR A1 HL-7702 40 (A7 35 R HbE 5
FP-IBDP W% & ¥k 5 38 i BRI, SR, 7EAH R 16 R
KW E WP, HepG2 2 M 4735 % B AR T HL-7702
0. i, 75 FP-IBDP HIBF B IRE N 10 pmol/L,
M8 5 min ACHEZAF N, HepG2 FHMAIAETT R EEIL 20%,
AL Z T, HL-7702 A A7 35 AT A ORFRAE 80% /0 45
PLEZERE I, St FP-IBDP %t HepG2 FF 4 i
BA T mGEME, kst ES HL-7702 40 B A B
M. R gk — A s/ U A e € SR I A5
FIRAUECCRHE R, Bl ST).

BN
o
N

o
o
1

HL-7702 cell viability
o ©
5= o

S
N
h

0 1 2 4 6 8 10
Concentration/(umol/L)

B 10 (a) AR FP-IBDP 5 5 1) HepG2 HiAE 660 nm Y(10 mW/em?)IE 5T 5 min J& (4R MITERS R (D) AR E FP-IBDP §5 & 1) HL-7702 4

JAE 660 nm J(10 mW/em?) B} 5 min J5 FI4HMAETG H

Figure 10 (a) Viability of HepG2 cells treated with different concentrations of FP-IBDP under 660 nm light irradiation (10 mW/cm?) for 5 min; (b)
viability of HL-7702 cells treated with different concentrations of FP-IBDP under 660 nm light irradiation (10 mW/cm?) for 5 min
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o F F R

B, I i RIR LIS 5 7 6T FP-IBDP
Yo 4T B A PR OR, S5 RE 11 o, WE A
FP-IBDP {H /& K 28 Y6 HE ) HeLa 21 o B 5% & i () 327 14
K, 7E0FE 24 h 5 JUT T LEDHT KRR, UERATZE L%
RS OB BRI AR B B TEAR /N, LA 2 B g 41
MussE. Hifz, W EA FP-IBDP (] HeLa ZHMifEL T
660 nm JCHRGT G, JEFEAE I BIRTS, 2T 24 h 5,
11 it 25 o B ik I ELOKER 0 A TR TRAS, BB IR
ST FP-IBDP AT R4 41 o 384 .

2h ~24h

Light (+)

B 11 (a) FP-IBDP (2 pmol/L)TEFERT, TN T 24 h RIIR
JRZ: (b) FP-IBDP (2 pmol/L)ZFERS, F 660 nm J65(10 mW/em?) 85
5 min J5 24 h WRIRIDIRES. #7200 pm

Figure 11 (a) Scratch state within 24 h without illumination in the
presence of FP-IBDP (2 umol/L); (b) scratch state within 24 h after illu-
mination with 660 nm light (10 mW/cm?) for 5 min in the presence of
FP-IBDP (2 umol/L). Scale bar: 200 pm

2.6 IELISMERAR RIS ST FP-IBDP AYYE 4R RE 1L
B SAsh e AL

T 4B RGEGR FP-IBDP 7E V41 i /K~ 1 (11563
JIRIT AL, B RH R G E M sL A 1
FP-IBDP 7EAHJfI N ()5 41, +4 FP-IBDP 5 HeLa 4HJfi7E
R T IEME 5 h, RIE 005 R ki
Fe 4Lkl Mito Tracker Green FM FIVEBFARZE Y6 YLk} Lyso

Bright field FP-IBDP

(C)

(b) Bright field FP-IBDP

Lyso-tracker

Mito -tracker Overlay

Tracker Green DND-26 0% & 20 min. @& 12 fios, &
S hRE G, EABRGIEIENA T R ER
¥, FKUEEGT FP-IBDP # 6 2080E. RN, Z@iEN
ML 5 IR A YR N S O L e A, X
NI R FRA S R BAF) 0.88; MIx, ZIHIE N A
WG RAA YR sR R R A/ EES, KRR
KEHANR 032, DL ESSRERHEE S FBGH R 2 s
LT A B A .

A BT A AT IR, A BHAEE
B T R S 2T, S R TS P K AR T 1 40 R
1 D B R A DG (A B AE TS O T I B R IR R
FP-IBDP 5 3 40 A0 T 5 W B AR 3 AR OC, SRAHY
WE P (AO) %G G RHS I 1 D68l J3 16 97 i 72 H V7 Tl 1k st
e s, lE, AO EMIBTH oRgk (i , TV i
PRRR I PR R B IR AL, A VA B A LA SR A R R
LR i 13 Frs, JGRBIUIF E A AO I HeLa
MIBELE# AO 5 FP-IBDP L E, 1E5¢ 6 R T
DUE A H N ISR (58, RN (Bl 5 R BB AL 6k,
RONEBEA R EUFYE; K E A AO 5 FP-IBDP 141
HHATCIR G, 4088 A B2 B 5 JLT- A3 2%, UM
PG5, £ FP-IBDP % 577 A4 () BA LR S E AL 8
Tl VR 24 A A 3 B0 B A A DG IR 4l B e T

3 g

AR TAERGEE 7 — T (6 05 B30T 21 40 B — i s
JeER FP-IBDP, F£44 3L 8 F T4 K7 L33l 7
YRITHEFC. FP-IBDP EA UL 2040 X IR KR & B i K,
fEZHEH R 681 nm Al 740 nm, SR T RN
0.01, FLLRERAEN 0.09. 44M525E B FP-IBDP A
gt M0, EFEVEOE, Aot BGR IBDP, JLAE 2+
MKW KR 661 nm, B KRS A 701 nm,
RIS E TR 0.1, BLEREIEN 0.48. 154

Overlay Co-localization

Co-localization

B 12 (a) FP-IBDP (2.0 pmol/L) 5 A4 4k} Lyso Tracker Green DND-26 (1.0 umol/L)3L % & HelLa 4 [17% Y6 El#%; (b) FP-IBDP (2.0 umol/L) 5
LR pi R Ykl Mito Tracker Green FM (1.0 pmol/L)3L0% & HeLa 41172 B ; FP-IBDP X B [13UR KN 633 nm, WL 650~750 nm; £k
A4 Rl T VA AR Gl 3o L R 1 K A 488 nm, YR AETE N 500~550 nm. 4%/<: 20 pm

Figure 12 (a) Fluorescence images of HeLa cells co-stained with FP-IBDP (2.0 pmol/L) and Lyso Tracker Green DND-26 (1.0 umol/L); (b) fluores-
cence images of HeLa cells co-stained with FP-IBDP (2.0 pumol/L) and Mito Tracker Green FM (1.0 umol/L). The emission was collected at 650~750
nm for FP-IBDP under excitation at 633 nm and 500~550 nm for Mito Tracker and Lyso Tracker under excitation at 488 nm. Scale bar: 20 pm
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AO
Light FP-IBDP

FP-IBDP + Light

Bl13 07 H AR (A0)ROLAEL(10 pmol/L) i HeLa 4 LAEA ] 4
HEM T ER. A ETOCBIERRETERA 600~650 nm, £t
5 IBIE A TT Y 500~550 nm, R BAKN 488 nm. #5320
pm

Figure 13 Confocal fluorescence images of AO (10 pmol/L) treated
HeLa cells under different treatment conditions. The emission was col-
lected at 600~650 nm for red channel and 500~550 nm for green
channel under excitation at 488 nm. Scale bar: 20 pm

Ff KT b ¢ 't B 1% 25 B FP-IBDP X 48 i A ) HL0,
HA R R, I HE 0% 8k B 5 1) 5 638 55 A8 (sl
JeE 2 M 5 IE S L X . 4R _E G Eh S i
Foit— 3R 3] FP-IBDP G818 40 41 i N i R IA 1T Ho0,
WOg, TEITZLAMEHRES T, 7= A8 1 2 2 S0l o il R
41 B I B R T BOA B AR DS AR IR T, TR I 4H
M B AR 3 4545, 1B v —Fiosr s Bk 404k
B, FP-IBDP £ 6 RUG 38 168 117697 7 T B A
BOK R 1 AaR FUm A8, 3 — S0 AT 7E 4k 8224
S

4 SKIERSY

4.1 BURBEHET FP-IBDP B4 A%

E 1.2 F1 3 AC AL EY), TR ESCIRRIE 1T
G 3438,

A& IBDP &G HAEY 2 (577 mg, 1.00
mmol)FLEH 3 (1.07 g, 4.00 mmol)¥&f# T 50 mL T
FZEdr, ARG INVKEERR(1.0 mL), WRAE(1.0 mL), JB&
YIPE RS B N ] Dean-Stark 25 & MR M 6 h, A5
TR BRI, BRI RDEMAET 100 mL & H e,
F &AL BN KRS0 =R, WEE LA, FJC/KBRER N
THE, U8, BEZERR L. RS DA b/ A
(RN 50 @ D) AT EHAT A E M aiie 15 2R 2k
il /4454 IBDP (388 mg, =% 36%). 'H NMR (CDCl;,
600 MHz) §: 8.84 (d, J=6.0 Hz, 2H), 8.18 (d, J=16.8 Hz,
2H), 7.61~7.57 (m, 6H), 7.41 (d, J=4.2 Hz, 2H), 6.98 (d,
J=8.4 Hz, 4H), 4.20 (t, J=4.2 Hz, 4H), 3.90 (t, J=4.2
Hz, 4H), 3.77 (dd, J;=4.2 Hz, J,=3.0 Hz, 4H), 3.71 (dd,
Ji=4.2 Hz, J,=3.0 Hz, 4H), 3.67 (dd, J1=4.8 Hz, ,=3.0
Hz, 4H), 3.57 (dd, J1=3.0 Hz, J,=4.2 Hz, 4H), 3.39 (s,
6H), 1.47 (s, 6H). *C NMR (CDCls, 150 MHz) ¢: 160.26,
151.31, 150.21, 144.86, 139.97, 131.71, 129.60, 124.08,
116.56, 115.10, 71.98, 70.92, 70.69, 70.60, 69.69, 67.65,
59.01, 17.81. HRMS: m/z calcd for C46H52BF212N303 [M+
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MR
H]" 1078.1978, found 1078.1991.

144 FP-IBDP ()4 i L&) IBDP (216 mg,
0.20 mmol)FH 4-(E F )KL (160 mg, 0.75 mmol)¥
fiR7E 30 mL ZJEIEHT, INARENR 24 he Ff N IRE )
AHBREIRE, I8, EUH R BRI L. WE
WOR, HATET T, SERZENEELED
FP-IBDP (232 mg, /%% 90%). 'H NMR (DMSO-ds, 600
MHz) 8: 9.43 (d, J=5.4 Hz, 2H), 8.53 (d, J=4.2 Hz, 2H),
8.19~8.13 (m, 4H), 7.89 (d, J=7.2 Hz, 2H), 7.61 (d, J=
7.8 Hz, 4H), 7.47 (d, J=15.6 Hz, 4H), 7.09 (d, J=7.8 Hz,
4H), 5.99 (s, 2H), 4.18 (s, 4H), 3.77 (s, 4H), 3.60 (s, 4H),
3.54~3.52 (m, 8H), 3.43 (s, 4H), 3.23 (s, 6H), 1.44 (s,
6H); *C NMR (DMSO-ds, 150 MHz) d: 160.77, 151.51,
146.84, 140.36, 136.35, 135.36, 131.40, 129.84, 129.67,
128.95, 127.72, 116.27, 116.24, 115.92, 71.76, 70.46,
70.28, 70.09, 69.32, 67.98, 58.52, 18.45. HRMS: m/z caled
for Cs3HeoB2F2I,N3019 [M]" 1212.2517, found 1212.2544.
4.2 PRSI IEAR

SZH6 BT X HeLa 4010, HepG2 4HJifd, HCT116 £HJi,
HL-7702 4fi 1 A & COS-7 4H i ¥2)ii 2 ATCC #ifE, I
KHAEH 10% 64 M35 AL IR e R 35 77 25 (Dulbecco’s
Modified Eagle Medium, DMEM)i4T0¢ & . SLIGHT, ¥
dIME T 5H 5% CO, MM+ T 37 CTWHE, 1+
MAAK 24 h )5, AR LR AR TR I, AR
B FEAE 4k 485 97 12 h

“H FP-IBDP (W41 5= MR & A 7Eit
ITH AN B 56 FP-IBDP 8 7 ISR AE £ 5 va 77 o
Bt B R BE A 2 mmol/L FRIRERR, #RJEHL 2 pL BRI
#|2 mL DMEM 532560, fE G RE 512 J5 FH LA & 4H .

FP-IBDP 544 41 i /M5 Ho0, 5256 K5 HeLa 2L
5 Hy0, (100 pmol/L)7E 37 “CRI¥FE 1 h. I PBS Z27i%
(10 mmol/L, pH=7.4), BE#4M 3 K5, ¥ Lk
F# 4 2 umol/L FP-IBDP I35 R 54k 407 H 2 h. 5%
IR ARG, F PBS G2ifid i veisR A 3 IR, SRJE1EILER
FE B AT R4, WA L P 2 AR AT D

FP-IBDP 5414 41 Py Y57 Ho0, 5256 K5 HeLa 2L
L ER(2 ng/mL){E 37 CRUFE 12 h. H PBS Ziiia
WG 3 wE, B LEARMBEAEEH 2 umol/L
FP-IBDP (357 B4k 407 E 2 h. A AER#EE, A
PBS ZZ AR BE AR AN 3 IR, SRJGIEILIR AL B Tt
ITHAEE, WLILH M A AR L.

YA IR YE Ho0, TEBRSESG: K HeLa 4H -5 0 9% 5
(2 ng/mL)fE 37 C FIFE 12 h, HEHSH R FRIEIEH 2
mmol/L ] N-Z 1L~ Pt A R4k 2207 5 1 h. H PBS Zfr
e 3 W, B EARMEASH 2 umol/L
FP-IBDP [fj357R k40 E 2 ho AR #REE, H
PBS ZZ MR TRE IR AN 3 IR, SRIG/EIL A e N it
TR, LI A AR L.
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FP-IBDP T [X 75 i 24 Hfo A IF o5 20 M S 06 o 52
56 A 4B &4 2 pmol/L FP-IBDP {133 50 &
2 h. FERFEE, H PBS ZErEmtEmmp 3 Ik,
SRJE IINHT () DMEM 8577 364k 420 5, 7ERS[A] 258 2 h,
3 h, 4 h F1 5 h BRI T IR A G, W
N O PAR R e N =R A

WEPEEAS IR DCFH-DA A% I 40 B P 355 1 480 52
36 B SLe AT Y HeLa 408 H &4 2 umol/L FP-IBDP
MR FRETHEERETHE 5 h FEE#RER, A
PBS ZZAWGEVEAIM 3 Kk, ARG IR FRILF NN 10
pmol/L [#] DCFH-DA #87~7, 4820 & 20 min. B EiR
—HAIMIFH PBS ZZMiATRIEDE 3 K, RIEE THEKN
660 nm, Y38 A 10 mW/em? ) LED Y65 K B4 5 min.
PAZ IS [ RE 0 B A ER S OGR4 —4H HeLa 41/
PERXTHR. B RO 2n i B T 4 2R A B N TR,
VURIE SER TR NS e

EGLM Lt SE . H & 2 pmol/L FP-IBDP
REFRIE T BB N E L R4 5 h, 38
G PBS R TIEVEAM 3 IR, KSR ZH 40
BTHEKA 660 nm, SG5REZHN 10 mW/em? ) LED SGiE
TS 5 min. K EE i FIRERT S S AHE AR E e HE 6T RE
ZHM M E T HERE IR RS . 40— [m) X HE ZH AN S 86 2H A i
NHE S 10 wmol/L [ Calcein-AM A1 PI, F 37 ‘C4k
420 20 min. F PBS G uE Dedii 3 s, BT
WOt LR AR B N AT, WAL (R i
PRIk,

MR S5 K HeLa 2 P b T4 o 455 55 1L
ML) B A Ja, PR Es I Sk T8 S I 40 AN
X REZH R BRI — 25 B PAT I RIR, 285 ) e ZE 40
¥IIAN FP-IBDP (2 umol/L), FF BEEHEE FiEH 5 h.
W LI B 660 nm PEA L HRSS 5 min, XFHEZH
AN AN AL B, 4R o 5 ZE 40 B BT 55 97 4 b 4k s
7, LOGHRJS I AR S, 7EFE 12 h 124 h RA
EVOS FL Auto %) AU Be 24 fi A KA .

WAL F HeLa 4UM0F & 2 pumol/L
FP-IBDP [f] DMEM 15772 T ARSI R E 5 h, 7
ZEFRAE, SRJE H PBS B4t 3 IR, EEFRILAH I H
HIE: 37 3, A RN kiR bRid ek} Mito Tracker
Green FM (1 pumol/L)BUiEEFAFRIC Sl Lyso Tracker
Green DND-26 (1 pmol/L), B T¥57RFH kLT 20
min. ] PBS Zerfis s vediie 3 on, BT ROEIEER
RS N TR

TABEAR RS 78 B PEART I S2 56 #5 SEERZH ) HeLa 40H0
4 2 umol/L FP-IBDP ] DMEM #4325 T B RS PR 1
TWFE 5 h, FEREFREE, )5 PBS S iEin gl
3 ¥k, BEEN 10 pmol/L ) AO 87R71, F 37 ‘C4k
LE0EE 20 min. K AR PBS SETRIEYE 3 IX,
RIGHILE T KN 660 nm, JIREEH 10 mW/em? (]
LED Y¢J8 F &4t 5 min. [, LA & A FP-IBDP Al AO
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PURME AR Z B HeLa 40 M LA X HF & AO [ HeLa
Y HAE X R K S0 2H 5 R ZH A e o J B 0 3t
RAEDMEL NPT, O 68 IE F 4k a5 6
IHTE N AR

References

[1] Li, X.; Lee, S.; Yoon, J. Chem. Soc. Rev. 2018, 47, 1174.
[2] Luby, B.; Walsh, C.; Zheng, G. Angew. Chem. Int. Ed. 2019, 58,
2558.
[3] Pham, T.; Nguyen, V.; Choi, Y.; Lee, S.; Yoon, J. Chem. Rev. 2021,
121, 13454,
[4] Zhou, L.; Lv, F,; Liu, L.; Wang, S. Acc. Chem. Res. 2019, 52, 3211.
[5] Yan, T.; Liu, Z.-H.; Song, X.-Y.; Zhang, S.-S. Acta Chim. Sinica
2020, 78, 657 (in Chinese). (E¥, xR, RITH, 5kHBF,
2231, 2020, 78, 657.)
[6] Bu, Y.; Zhu, X.; Wang, H.; Zhang, J.; Wang, L.; Yu, Z.; Tian, Y,
Zhou, H.; Xie, Y. Anal. Chem. 2021, 93, 12059.
[7] Chen, D.; Wang, Z.; Dai, H.; Lv, X.-Y.; Ma, Q.; Yang, D.; Shao, J.;
Xu, Z.; Dong, X. Small Methods 2020, 2000013.
[8] Chen, L.; Yang, Y.; Zhang, P.; Wang, S.; Xu, J. F.; Zhang, X. ACS
Appl. Bio Mater. 2019, 2, 2920.
[9] Feng, L.; Betzer, O.; Tao, D.; Sadan, T.; Popovtzer, R.; Liu, Z. CCS
Chem. 2019, 1, 239.
[10] Triesscheijn, M.; Baas, P.; Schellens, J. M.; Stewart, F. A. Oncology
20006, /1, 1034.
[11] Gross, S.; Gilead, A.; Scherz, A.; Neeman, M.; Salomon, Y. Nat.
Med. 2003, 9, 1327.
[12] Master, A.; Livingston, M.; Sen, A. J. Control. Release 2013, 168,
88.
[13] Cao, H.; Wang, L.; Yang, Y.; Li, J.; Qi, Y.; Li, Y.; Wang, H.; Li, J.-B.
Angew. Chem. Int. Ed. 2018, 57, 7759.
[14] Wang, S.-B.; Han, K.; Lei, Q.; Zhu, J.-Y.; Zhang, X.-Z. ACS Nano
2015, 9, 10268.
[15] Zhai, W.-H.; Zhang, Y.-K.; Liu, M.; Zhang, H.; Zhang, J.-P.; Li,
C.-H. Angew. Chem. Int. Ed. 2019, 58, 16601.
[16] Tian, J.; Ding, L.; Xu, H.; Shen, Z.; Ju, H.; Jia, L.; Bao, L.; Yu, J. J.
Am. Chem. Soc. 2013, 135, 18850.
[17] Ling, D.; Park, W.; Park, S. j.; Lu, Y.; Kim, K.; Hackett, M.; Kim,
B.; Yim, H.; Jeon, Y.; Na, K.; Hyeon, T. J. Am. Chem. Soc. 2014,
136, 5647.
[18] Tian, J.; Ding, L.; Ju, H.; Yang, Y.; Li, X.; Shen, Z.; Zhu, Z.; Yu, J.;
Yang, C. Angew. Chem. Int. Ed. 2014, 53, 9544.
[19] Zhang, Y.; Li, X.; Huang, L.; Kim, H.; An, J.; Lan, M.; Cao, Q.;
Kim, J. Chem. Commun. 2020, 56, 10317.
[20] Xu, F.; Li, H.; Yao, Q.; Ge, H.; Fan, J.; Sun, W.; Wang, J.; Peng, X.
Chem. Sci. 2019, 10, 10586.
[21] Guo, Z.; Park, S.; Yoon, J.; Shin, I. Chem. Soc. Rev. 2014, 43, 16.
[22] Chen, X.; Lee, D.; Yu, S.; Kim, G; Lee, S.; Cho, Y.; Jeong, H.; Nam,
K.; Yoon, J. Biomaterials 2017, 122, 130.
[23] Tian, R.; Sun, W.; Li, M.; Long, S.; Li, M.; Fan, J.; Guo, L.; Peng,
X. Chem. Sci. 2019, 10, 10106.
[24] Awuah, S.; You, Y. RSC Adv. 2012, 2, 11169.
[25] Bessette, A.; Hanan, G. Chem. Soc. Rev. 2014, 43, 3342.
[26] Liu, B.-D.; Wang, C.-J.; Qian, Y. Acta Chim. Sinica 2022, 80, 1071
(in Chinese). (X EL3, TR, M, L FiR, 2022, 80,1071.)
[27] Yogo, T.; Urano, Y.; Ishitsuka, Y.; Maniwa F.; Nagano, T. J. Am.
Chem. Soc. 2005, 127, 12162.
[28] Atilgan, S.; Ekmekcei, Z.; Dogan, A. L.; Guc, D.; Akkaya, E. Chem.
Commun. 2006, 4398.
[29] Awuah, S. G; Polreis, J.; Biradar, V.; You, Y. Org. Lertt. 2011, 13,
3884.
[30] Batat, P.; Cantuel, M.; Jonusauskas, G.; Scarpantonio, L.; Palma, A.;
O’Shea, D.; McClenaghan, N. J. Phys. Chem. A 2011, 115, 14034.
[31] Nguyen, V.; Yim, Y.; Kim, S.; Ryu, B.; Swamy, K.; Kim, G.; Kwon,
N.; Kim, C.; Park, S.; Yoon, J. Angew. Chem. Int. Ed. 2020, 59,
8957.
[32] Dong, Y.; Dick, B.; Zhao, J. Z. Org. Lett. 2020, 22, 5535.
[33] Raza, M.; Gautam, S.; Howlader, P.; Bhattacharyya, A.; Kondaiah,
P.; Chakravarty, A. Inorg. Chem. 2018, 57, 14374.
[34] Li, M.; Tian, R.; Fan, J.; Du, J.; Long, S.; Peng, X. Dyes and Pig-
ments 2017, 147, 99.
[35] Liu, Y.; Xu, C.; Teng, L.; Liu, H.; Ren, T.; Xu, S.; Lou, X.; Guo, H.;

http://sioc-journal.cn 369



o F 5 R

Yuan, L.; Zhang, X. Chem. Commun. 2020, 56, 1956.

[36] Teng, K.; Niu, L.; Kang, Y.; Yang, Q. Chem. Sci. 2020, 11, 9703.

[37] Lv, X.; Han, T.; Wu, Y.; Zhang, B.; Guo, W. Chem. Commun. 2021,
57,9744,

[38] Yuan, B.; Wang, H.; Xu, J.; Zhang, X. ACS Appl. Mater. Interfaces
2020, /2, 26982.

[39] Zeng, Q.; Zhang, R.; Zhang, T.; Xing, D. Biomaterials 2019, 207,
39.

[40] Liu, H.; Hu, X.; Li, K.; Liu, Y.; Rong, Q.; Zhu, L.; Yuan, L.; Qu, F.;
Zhang, X.; Tan, W. Chem. Sci. 2017, 8, 7689.

[41] Chen, H.; Tian, J.; He, W.; Guo, Z. J. Am. Chem. Soc. 2015, 137,
1539.

[42] Abouelmagd, S. A.; Hyun, H.; Yeo, Y. Expert Opin. Drug Del. 2014,
11,1601.

[43] Hamblin, M. R.; Miller, J. L.; Rizvi, L.; Ortel, B.; Maytin, E. V.; Ha-

370  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

fFzRIL L
san, T. Cancer Res. 2001, 61, 7155.

[44] Sahoo, S. K.; Sawa, T.; Fang, J.; Tanaka, S.; Miyamoto, Y.; Akaike,
T.; Maeda, H. Bioconjugate Chem. 2002, 13, 1031.

[45] Rapozzi, V.; Zacchigna, M.; Biffi, S.; Garrovo, C.; Cateni, F.; Stebel,
M.; Zorzet, S.; Bonora, G. M.; Drioli, S.; Xodo, L. Cancer Biol.
Ther. 2010, 10, 471.

[46] Narayanaswamy, N.; Narra, S.; Nair, R.; Saini, D.; Kondaiah, P.;
Govindaraju, T. Chem. Sci. 2016, 7, 2832.

[47] Reja, S.; Gupta, M.; Gupta, N.; Bhalla, V.; Ohri, P.; Kaur, G.; Kumar,
M. Chem. Commun. 2017, 53, 3701.

[48] Guicciardi, M.; Leist, M.; Gores, G. Oncogene 2004, 23, 2881.

[49] Kroemer, G.; Jaattela, M. Nat. Rev. Cancer 2005, 5, 886.

[50] Chen, H.; Xiao, L.; Anraku, Y.; Mi, P.; Liu, X.; Cabral, H.; Inoue, A.;
Nomoto, T.; Kishimura, A.; Nishiyama, N.; Kataoka, K. J. Am.
Chem. Soc. 2014, 136, 157.

(Cheng, B.)

Acta Chim. Sinica 2023, 81, 359—370




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


