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Research progress in mitochondria-targeted fluorescent probes
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Abstract: Mitochondria are where most eukaryotic cells produce energy and are involved in important

life activities such as signal transmission and oxidative stress. Abnormal mitochondrial structure or

function is an important pathogenic basis for the occurrence of cardiovascular diseases. Mitochondria-

targeted fluorescent probes, by labeling mitochondria-related analytes to study their functions, are

expected to become a powerful tool for in-depth study of cardiovascular diseases and are important to

human health.

Key words: mitochondria; fluorescent probe; cardiovascular disease

Lok IR R R ZE A M A R i 1Y 37, W]
R R (S CONE = R A AR -3 o p () S A
IRZE R S Ty Be S5 0 F e A L A it
L iR | A B R A R S R
1fil %& ¥ 9% ( cardiovasculardisease, CVD) B & A= o %¢
JEHREH R —Ph R & BERRIER . PR PTG 43
FrER, WIR T R 9O AR A R, 48

BEWH: 2= EEE R ZF w520 B (KIJYDXYB
024)

WIHIER: =4, B AT BRI, 322 N F O SRl 2 4% e
kA AVAFFIFSE Email: 1446534236@qq.com

FEFEFRIAEE: RA R, SRS, FE NS IHF
5% Email: wuys@fmmu.edu.cn

YEHZ A XIZEM, AFH4:  Email: 2632701448@qq.com

Z T AR R RN S I . BEE BOR A &
Ji, SRALPREE ) BY S GRS AT AR IC LA ) — Fol
al SR 5, 3t R L2 0 2 AR B BB R 1 e i
Fi o MR ICEOR A S 2 AT PR I T L D BE,
BHS CVD BER, X THATINR CVD A%
JEALH B NI A BB 5 S AU T BEXS
LR A=Y . B R T Ca” | IR ET A A WA
S BB 73 HAT AN DR S5 M R 5 BB
DA KA FRELE CVD A T TR N T 5%, I AT

1 K=
YRR RS A R, D4R 2 1 A IE
WAEBINRE, JFS5 A 00 AR B B M B AR


https://doi.org/10.12125/j.chj.202310015
http://www.heartj.cn/article/doi/10.12125/j.chj.202310015
mailto:1446534236@qq.com
mailto:wuys@fmmu.edu.cn
mailto:2632701448@qq.com

AL» JJE 2% 75 (Chin Heart J)2024, 36(5)

- 571 -

1.1 &M A (reactive oxygen species, ROS) £k
PARTE S AL A I 7= A = B2 iR 17 (adenosine triphos-
phate, ATP) [ [a] i, 231l i& K #& ROS. ROS Ay K
BRSNS AN T, SRS R REE . AL
PR ARG AE o TN 240 JULEH L 368 380) e ot P-4
T3, ROS WMk B2 2 T ar, i1 BUIR it 4
fb . B A A L B E 5] A LRI DNA 2878 %14 A&
A NSOk 2 B UEHE ZR B, ROS FE A5 T %38 |
37O WL AR H A= BRIy RE b oA F 2 LY, 18k
CVD E#l R 5Lokifk ROS B AR G
I, S A A M SR 2 o PR e ki 5 LA, X
%% CVD RAEKRBHARERDEE XL,

1.1.1 3%tk & (hydrogen peroxide, H,0,) {EN—
P LY ) ROS, Hy0, i — b it B AT, X A=
KEEMF 2 A B A — & R ER, 372

B A 1.3.4 0% H

ORI A 1 ATP J2& 4% Fh A i 1E 5 T AE )38
FHBEIE, 81 anco WS 46 & — > BB ot e EoR A
i, X — PR B RER A e i DL ATP BNl 4k
KR Az ATP FEIR S B SRIR A WL e i
5, AT RSO LA PR A SC A T 08055 , XoF A A L
FWAFZ W TR Hy0, F1 ATP (1 8 258
3, Wu %0 IF & B3R5 TFPUIRAEL 2, K1 2), i i 52
IF R A 3 W 3 1 P H,0, F1 ATP 97284k, B [ s
78 B A BRI ) 2 6aEE , BN 2 KA R,
NI S A N =R AR G Ul i sl S D
H,0, il ATP FHICI4HIE N ThRE

/ A% _on
N\ /4 W op
N\74 & Th
~ / -
b= il e
P
/

o g 7~
9 4
'y o
SO~
; O Q K
\ V!
4\ <HO, sATP A TR/

Neuron Mitochondrion TFP+H,0,+ATP

B2 R4 2 694 M AR T4 H0, # ATP =& AP

1.1.2 &2 (hypochlorous acid, HCIO)  IF % A= #f
ARAETS, ARAHLY 40 B A J5UA T LB HCIO %

A i A EARRTEYY . ARV, H,0,
1) SR 3k A A R B ot v T BB 3R CVD R
QE[ZNHO

TATE M, REFH T KO (aggregation-induced
emission, AIE) 1] DLkt 60 SR AL 5 1L (R 5 B 1K, X F
SR E N R VT I R s N - O Wi &
VET —FiBr AU ST VUK 20644 9 H 2 AIE $§
PERZO IS TPE-HRET 1, Bl 1), AT LAFE CH;0H/
H,0(v/v,2/8, PBS 20 mm, pH=7.4) {7 1 4% 5 1k
WU HyOno TRIREFEXT HLO, ARSI J7 T, 280
PrHHEaE SR, & pH JER9E (7 ~ 13) . K H FRAK
(1.77 x 107 m) FFfL i o I ERET R ALE Rtk fgxt
TR Hy0, AT UE, I H AT LR [ 5l
TR R, FRIZIREHTE CVD &4 & R
WF5E B R LY A

R, 5 AN T, 76 5% R G Y A A OA S Y
A ERR S REEZEH . WERAT, HCIO i
O A0 M A B AR, = 23l ik ok A A Ak
(atherosclerosis, AS) F1.U> JL4H 51 4551012, 2R ki
J& HCIO AY 5= H, X2 KE 1R HCIO 7K Y W%
WF5E AT LA e b 3638 CVD SRR T EAR /Y
A B B AR

A YR — R 2T 4O K& A, 554
AT UL X B U R SR AR L, BT ik
PENAF S WD CIRE A HA B MR ADGIE [ RO8
AR L BTN, Jiang U B IF R T R
3 D), EBRE A I AR TR &G, & 5%
K BIAE 780 nm H1 449 nm, 78 ] T HE i) 4R 446
NS5 240 i A JEE A0 SR PE HCIO J if, BT A
5 . O 7 B )RR e (<10 s) 5 @A H BB K (22.6
nm); @EREME T ; YT TIeRE s . A6 F 6 Ak
B ARG S R, TEF 3 REIEXHE /N BUA Y
HCIO #E17 4= ) 1%, A B THF 98 5 HCIO A K1Y
CVD,

BEAR, 55— Ry T 15 20 A S /)N BRAA P PN DR P



- 572 .

> JJE 2% 75 (Chin Heart J) 2024, 36(5)

HCIO 1Y %¢ 3t iU AZ R 58U ML 1 (boron-dipyrrome-
thene, BODIPY ) &5 6 e BL A 111 A= W) BAT VF 2400
RN OYGEF EEGE, TR AT AN G K @06
e MEESR, (RELTE SIS 5 R E , N 1Eak
53 B 3k 2 v A2 R O BE ST DG B ik s DO B P
FE RGN 2R3 AR &, AR T AR AR ) Ry T
I o BT, Duan 551 & T — R i 5 T
BODIPY & (a1 L MO EREE 4(& 1), %K%
Hh A7 R R B Bk S AT, 5 HCLO J )y J A8 S AR
FEPH, 2R BT — SRR R RHE, 3 O ot
SR, m s AL, FOBRRE MR QR BRAK
% 59 nm, TEA[F pH th 2G5 S Aa e, HLwa 1 i H]
12 30 s; U PG F11E; IR sk @4
YIABZSPE RAF . 3K 26 o ik B 2 R T Be N T
T 4 A K/ B 9 N TR AE HCLO 19 6 A%, S
T HCIO JK ¥ 1y SE S W, XJ #1525 HCI0 A G 1Y)
PRI AN A LSRR B S

1.2 &M (reactive sulfur species, RSS)  RSS
[ R Lo A Tl L B AR ™ ) 2 —, A48

Mitochondrial
targeting group

non-fluorescence

B3 345 AT H,S A fo g2

2 &RBEF Ca™

Ca™ 1E Ry FZ W58 A5 1, X8Rk T g Fn i
i A8 LT VG A SRR P VR, LR AR Ak T L)
AT O LA 0 A A s 2, LG AR RR L .
PHT-EP2 ) 2Rk Ca” RS W R RR T RE
TR B 2R, R E/ FEE ST O NUEE., 0T
735 (heart failure, HF )45 CVD 3 [5] iy B A B2 J
B2, B EHE 7% 7R 8 5 F AN L3R Ca™ AR 1k,
{2 SR £ b (A B 1] Ca® A A 7 B2 EL 4 AH I 1Y R
BRI R 2 M M Y, SO T R 1B B kL IR
B, R Ay WL PN S ) 40 25 4 Ca®* 7K SF-4b 7E B
Az, LRk & JEE T Ca 5 £ 8 CVD
() K R HL I DA O, 5 2Z A S MRt e RR 2 T
K,

AR (sulfur dioxide, SO,) K HATAE Wy i Ak &
( hydrogen sulfide, H,S) . W & fiR & £k ( bisulfite,
HSO3 ) FF i {5 £k (sulfites, SO ) %5 . BEA:AYHFSY
T, FEAE BB BT, LA N SO, KH:
T A 0 HL AT T 9k i A 7 T LR B AU AR Y T g
RSS F1 ROS il # 4b F sh A - MR AU, i 76055 2
ARZET, RSS Al ROS /K- B i FE#RAS, i F
SEAL R, i A HoS . HSO;Z AISO3™ 1l i 455 | e i
W R G0 #1222 G0 R0 I 2R 10 22 Rl g 1820,
PRI, A B e R ORE R S TR SO, K H AT A4 HL
B ) S HRET, Re S SEEN BRSO, KA A
I AT RRAR W, % CVD BTG A2 G 4k 5 &
B, 2021 4F, Gong 5P G BT — R 8 2 b A
[ BT 2T AN GRS MI-H,S (BR%T 5, 18] 3), A=Wk
QA5 WoR, AR 5 HAT R AT SR A ) 5 T Al
) LB AR R, TR H,S . IR AT AR
TEARBRAE BERSTE 663 nm &b =1 HAT W e Bk F e
REER DN “on™ (55, I SEHL T A FE LKA
HXT H,S APl

Em 663 nm
Stokes shift 141 nm

strong fluorescence

2.1 LR CPIRATE AR RRA Ca¥i
AR HE LR AR oy 24 | AL IR Ik . — R IR TG
PRITI B B 7O L Z2 A ROS s 72k, i kA
AT, SRR HE L AEPY, Rhod2-AM 2% H
B LR R Ca L2238 /R F . Rhod2-AM i A 4 fitg
Jei , WSO B T AT A I 4 200 B A T Tl 2 T Ak B
M IE LT AY Rhod2., Rhod2 it s £ Rk Ca? 8 28,
PKP2cKO /)N EUA7 0 & LA b /R 2Bl F & Ca™
AT I LR E R 2 S E L st
R O UL 2% R RE A2 A 2 o B R i O A
W, GBIk Ca¥ % mtRCamplh(35£T 6, & 4) % H
T I R A 2 W A B S A LR AR Ca® i 3
R, A 6 ek BoR b A d Ca? b, IF1E
BRRAREE T A FAAL



AL» JJE 2% 75 (Chin Heart J)2024, 36(5)

- 573 .

| EGFP (1-144) I CaM

-

B4 R4 6 ey

22 ZEIR Ca¥ KA HE  kifkrhifr 210t
AT Ca™ LT, Q0P I R 0 S L e A A5 1R o S il
T - 13— TR 8 U, i Ca il Ry Sk AR Ty BB 1) E
AR, W HF BB ES 5. HF FlE
PR O EEN, A S HFY, fERR
HF BRI 2R fK Na'/Ca® 38 4 22 Ge i M (R 36 n 2=
FEEAAR Ca> P, DIV TN, ek ik
Ca” W BE SR T =R IRIE R A 3& M, B4 T ik
R T KSEF ATP A5 A, fREHE AL . R
i 2of AR AL LA B OR T, 760 B O UIE JE 1) 4 e
b A HE SCBEAE HIPY. Miranda-Silva 5P 35 H
LRI [ R % 4mtD3cpv, RN 2 & M43 B0 B4
Pk HF K EUBIAL P ARk Ca® i35, 487 5 1 53
AR HF 5Z0kiR Ca® 347 X,

23 LRk CaE 45 AS kiR Ca i
LR AR E L A T 2% | ROS 33 B 72 A DL R 4 i (5 =
C R, ¥ N AN P = I BN 2 i T
AS KRR HEERIGA TR, Charoensin 250 % #H,
AR Ca™ SRR Y Z R0 N Fz g Dy g, O Hid 5
— AL E R A O, RAR Ca” RO 3 1 5
PN Bz 4 v — 2R A AU R, 2 TS e — S AL AU
AR, TE AS A BB R R L (HasEny 2, BT
B E AS FERILRIR Ca> H-ET N H TR IR

Coumarin system

3 ERRIAIAE

SRR, QRS EE | AR | TR LA pH 5%,
XM DI RE Y A O T B AR BOR BT
5 AS| HF, @& IilLE4F1F2 CVD Wk R SR ]
K
3.0 AR AMENREAES L AR T
HARM . BT AT B i R R
T o SRR 2 ) S 728 A 2 52 i 240 L B 7 R
PR, B2 5 R L SURIBLAR Y S B, M-S 2
CVD [ KA K 8 o PRI, X 1% 248 L 3801 2 %5y
T, AT DRI E T A AR 915 R, W BhIRAT T
figk AN S LA RN P AT

2020 4F, Chen 407 & BT A 1 — POk B2 i i
(/N> F A DR Coupa(ER%T 7, B 5), AT M
LRI A B B DI RE, LA SR T 240 B b B AH LA
MK T HIOCRRG B U, 2R L R KT
i 7 (S 2 AR 5 R TR fph ) B A3, 48 7R Lo 1A
5 Tl A Fh A G 1) 2R A TORG BE 3G A . R AT
7 ik n] LA N (2 Ehric dobith . L ot
PRICI I, SCIIIRENE PO A, I AL (9O
548 JEE 22 ] R SR PR B e R g T8 TP i 14 S 3
FEJE RARE A

Rotatable C,,,-C,,

bond

- \ 4 Mitochondria
(emission~500 nm) N - o targeting

Hemicyanine system
(emission~650 nm)

Cell membrane
o @ 8 Seeseesee

)

Lysosome

B 5 MEARITHEEARAT 7 4t

32 MM TEEYRS, PRI K T L, )

BT Lok tad
N -
- i <
RSS @Q &
SO

E)
~~~~~

Mitochondria

Mitochondria cristae

PEDRRE T 8 FBORIRE 0 AH A S Pl S e 1 s



. 574 .

> JJE 2% 75 (Chin Heart J) 2024, 36(5)

B ENE . AR, Rk 2 51—, )
YRR S 3RS CVD SIS, HAS R A 5%
DV ZR, AEC WU A5 0 04 5 A= AL Hh 399 38 T 2
o ERESCR S T — R IR A AR
S 2 DR, A0 U /AR A R A U 4, DR, A
I ZRLAAR AR A 22 A X T AN ] B A R 25 22
KHE, n] IR I FATRA T i85 CVD Bk BEA:
AR

Kelley 2 URIBZL P I 4 1 Lok (R # 1] PR 4T

Micropolarity
sensor

o6 A8 a%EH

33 BAE ZORARI T E R AN N RS RN RE
M AE T Bl 0 DGR, SRR 2 7 A K A,
AR AR B AT U A R R H I g, L2 R
S TRk 1 A A S iz il 2 A A HR 2 RN Ty B 1Y R LA
b, S IR T RE S e CVD 51 2k A Th BE
3o B, DAY ~A00F 5% Al RI2 Wi 4 £ 32 SI2 i
W2 A i B2 AR Ak HL AT 8 E 2 R S, o4
Lo LAR A3 1 o HLERAE B T 7 1)

% IR BN LR Y 15 BE B AR, Huang %507 it
15— AT [E E 265 TR EE T Mito-TEM, LA
SR I s Z AT B, 3kt S B 2 SR AR S AR 1k
MR AEATRE AN E O o ZARE 2 PHI B
RHERER AL, Hoh 2 P B i 5 8 AR R RS
B, il H R FEZoRi AR v, AT 52 B U 9 R
M. Huang S22 H T 2k AR IR B2 5 500 JE bR
HEMZE . AESIR YL @000, T LR Zobr i rpg
B 1) S B A5 AL B, R 43 A it Ze TR S 3 AT
AL AN AL SR AR B2, OF 2 — 20 1 F T e S 93
T 24 AR A P W, DA AR Ay DX A0 R L
A BRSO FLR S Y T-BE . Huang 2600 JE—35 A—14%
FREF Mito-TEM #7 B2 FET Forster HLPRAERFL ML
B He ) A 4T, & Mito-TEM ¥ B8 55T 19 3 [y
it Mito-TEM 2.0 ¥ B4 5T (BRE 9, K1 7), BIRRr
LS5 B R 5 [ 2 T SRS AR 25, JB e P 2 53
W B I LR AR bt 8 7R SR N L EE AR 1k, B

[0} (0] (0] (6}
H H H
N N N NH,
N N N N sensor
H
O‘ 0 0 10 H o0
N (0)
NH NH NH
HZN’J\\JHZ H:N’J%NHZ HZN/&I;IH

MMP (841 8, 18] 6), IZIRFH 2 Ao Ik A fORS JEE XU
RO, LA R U L2 IO B 2R A4 i R 5, )
FHEAL AR 57 1 AR —— WA 28 375 IO R E A
ik LRI, FRe PR R sk RO 0 okl B
BAEFE LR A 2 3 S P i, R, PR R R ke
F 52 T i I DR B2 AR Ak, T 5 — TR0 TE R A 22
e HZ AR . SOM 2R, B T
X AR A PR B2 1 ] B

(6]
/U\:N
HN |\
JE@
N

Microviscosity

2

APARARDENE AR RS A i W DM AR £ 7 S
PR R AR Ak, SEIA R AR B A

Ex=490 nm

B 7 K49 eyt

4 LRk BELE

R LR SR 0 A B LR AR SR AR I, A AT
AE B A W G, 3 o A AR TR Bk T i 2
B A LR, DT O 2B SR 545 e R AR
e WFIE R, GoRik B e — Rk fb 1 RS 20
i e, S LR S CVD kAR R D)
G, P, TRARFIE kiR A w72 (4 2 AL
AR BT AR Ak, 1S LRk B e A= 2R B 5%
PFF B AR X TFIRA T R RS CVD BEL
S ML EL A R S, A AR G 2 4 1 i e 2 4t B
AR

Liu S 5 T LAEH R R B AT 214
TREF > T (F4ER 10, [/ 8), 23R ET BE B e LR 1A
H AR T, T LS o SR R [R] A 5 G R [ et



> JIF 4% 75 (Chin Heart 1)2024, 36(5)

- 575 -

PRI TE 4B vy S AR A A A AR . T A
530 nm /650 nm 1 710 nm /750 nm &k (¥ E/E,, B
B AN [R] A8 W AR 2 558, DAL Ikl ek d s AN [R] R 5 AT
DT B DX 3378 44 B v i 4ok A R | 5 A, MR
ERERA B R

Mitochondrion

Autolysosome

5 RESRE

VA B AR I I 46 11w, 2o 1A e 4t it rh 4
A AN TR Bl i B A, TR X RO IS
IR E BOCE S W SRR R RO LA
L % PRz 40 L P L e, T L BIR S 0 1 R S,
E—ERE S5 T4 CVD AL L. %k
PR ) R SO IRET P R e, ARRE — A T R
CVD J B AE BRI AT o (HE, ZEAR N T
K CVD MRSHEIRI TR —E IR . BT, K2
B CHRE IR A 18 H FARSINSAZ, - EHFRie i
G MTI 22 R AR T ) 5 B SO B, AR TH ke = 4tk
e L N AR AT ARER . RS
(AR DI R AR TS S0 . e OB R DL,
AR SR B LR AR 1) TEOGHE A R B RN M
A AR OK A T A SRR R 0] B Inl e, L
HEShHETLARARIGYT CVD J7 i B 25 Wi & Kokl 5%
R

SE R

[1] Zhong X, Yang Q, Chen Y, et al. Aggregation-induced fluorescence
probe for hypochlorite imaging in mitochondria of living cells and
zebrafish[J]. J Mater Chem B, 2020, 8(33): 7375 — 7381.

[2] Wang S, Zhang Y, Wang TR, et al. A near-infrared fluorescent
probe based on the hemicyanine skeleton for the detection of
hydrogen peroxide in vivo[J]. Spectrochim Acta A Mol Biomol
Spectrosc, 2022, 266: 120435.

[3] Star BG, Shahlaei M, Karami C. A novel fluorescent turn-on probe
for hydrogen peroxide based on carbon dots[J]. J Mater Sci:Mater
Electron, 2021, 32: 5615 — 5623.

[4] Wei Y, Liu Y, He Y, et al. Mitochondria and lysosome-targetable
fluorescent probes for hydrogen peroxide[J]. J Mater Chem B,

[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

2021, 9(4): 908 — 920.

Zheng DJ, Yang YS, Zhu HL. Recent progress in the development
of small-molecule fluorescent probes for the detection of hydrogen
peroxide[J]. TRAC Trend Anal Chem, 2019, 118: 625 — 651.

Wen Y, Huo FJ, Yin CX. Organelle targetable fluorescent probes
for hydrogen peroxide [J]. Chinese Chem Lett, 2019, 30(10): 1834 —
1842.

Liang X, Zhang L, Xu X, et al. An ICT-based mitochondria-targeted
fluorescent probe for hydrogen peroxide with a largeturn-on
fluorescence signal [J]. ChemistrySelect, 2019, 4(4): 1330 — 1336.
WK, SRBET, 1B B, AR, — R LR AR ] U SR AL
SEERER [T]. Wil R4 (A SRBMFR), 2022, 43(2): 119 — 125.
Wu Z, Liu M, Liu Z, et al. Real-time imaging and simultaneous
quantification of mitochondrial H,O, and atp in neurons with a
single two-photon fluorescence-lifetime-based probel[J]. J Am
Chem Soc, 2020, 142(16): 7532 — 7541.

Zhang LJ, Zhao X, Yang D, et al. A new water-soluble and
mitochondria-targeted fluorescence probe for ratiometric detection
of hypochlorous acid in living cells[J]. Sensor Actuat B:Chem,
2018,276: 8 —12.

Wang W, Ning JY, Liu JT, et al. A mitochondria-targeted
ratiometric fluorescence sensor for the detection of hypochlorite in
living cells[J]. Dyes Pigments, 2019, 171: 107708.

Wang TR, Zhang XF, Huang XQ, er al. Rapid and selective
visualization of mitochondrial hypochlorite by a red region water-
soluble fluorescence probe[J]. Spectrochim Acta A Mol Biomol
Spectrosc, 2021, 247: 119115.

Zhao XJ, Jiang YR, Chen YX, et al. A new "off-on" NIR
fluorescence probe for determination and bio-imaging of
mitochondrial hypochlorite in living cells and zebrafish[J].
Spectrochim Acta A Mol Biomol Spectrosc, 2019, 219: 509 — 516.
Jiang C, Li Y, Yan L,
mitochondrial-targeted probe for imaging HOCI in vitro and in
vivo[J]. Dyes Pigments, 2022, 198: 109975.

Duan C, Won M, Verwilst P, et al. In vivo imaging of endogenously

et al. A ratiometric fluorescence

produced HCIO in zebrafish and mice using a bright, photostable
ratiometric fluorescent probe[J]. Anal Chem, 2019, 91(6): 4172 —
4178.

Taylor SL, Higley NA, Bush RK. Sulfites in foods: uses, analytical
methods, residues, fate, exposure assessment, metabolism, toxicity,
and hypersensitivity [J]. A4dv Food Res, 1986, 30: 1 - 76.

Mcfeeters RF. Use and removal of sulfite by conversion to sulfate in
the preservation of salt-free cucumbers[J]. J Food Prot, 1998,
61(7): 885 — 890.

Chan J, Dodani SC, Chang CJ. Reaction-based small-molecule
fluorescent probes for chemoselective bioimaging[J]. Nat Chem,
2012, 4(12): 973 — 984.

Reist M, Jenner P, Halliwell B. Sulphite enhances peroxynitrite-
dependent alphal-antiproteinase inactivation. a mechanism of lung
injury by sulphurdioxide?[J]. FEBS Lett, 1998, 423(2): 231 — 234.
Sang N, Yun Y, Li H, et al. SO, inhalation contributes to the
development and progression of ischemic stroke in the brain[J].
Toxicol Sci, 2010, 114(2): 226 — 236.

Gong S, Zheng Z, Guan X, et al. Near-infrared mitochondria-
targetable fluorescent probe for high contrast bioimaging of H,S[J].
Anal Chem, 2021, 93(14): 5700 — 5708.

Pathak T, Trebak M. Mitochondrial Ca* signaling[J]. Pharmacol
Ther, 2018, 192: 112 — 123.

Spat A, Szanda G. Mitochondrial cAMP and Ca>" metabolism in
adrenocortical cells [J]. Pflugers Arch, 2018, 470(8): 1141 — 1148.

(F#% 580 M)


https://doi.org/10.1039/D0TB01496F
https://doi.org/10.1016/j.saa.2021.120435
https://doi.org/10.1016/j.saa.2021.120435
https://doi.org/10.1007/s10854-021-05283-0
https://doi.org/10.1007/s10854-021-05283-0
https://doi.org/10.1039/D0TB02440F
https://doi.org/10.1016/j.trac.2019.06.031
https://doi.org/10.1016/j.cclet.2019.07.006
https://doi.org/10.1002/slct.201803185
https://doi.org/10.3969/j.issn.1673-0569.2022.02.004
https://doi.org/10.3969/j.issn.1673-0569.2022.02.004
https://doi.org/10.3969/j.issn.1673-0569.2022.02.004
https://doi.org/10.3969/j.issn.1673-0569.2022.02.004
https://doi.org/10.3969/j.issn.1673-0569.2022.02.004
https://doi.org/10.1021/jacs.0c00771
https://doi.org/10.1021/jacs.0c00771
https://doi.org/10.1016/j.snb.2018.08.071
https://doi.org/10.1016/j.dyepig.2019.107708
https://doi.org/10.1016/j.saa.2020.119115
https://doi.org/10.1016/j.saa.2020.119115
https://doi.org/10.1016/j.saa.2019.05.001
https://doi.org/10.1016/j.dyepig.2021.109975
https://doi.org/10.1021/acs.analchem.9b00224
https://doi.org/10.1016/s0065-2628(08)60347-x
https://doi.org/10.4315/0362-028X-61.7.885
https://doi.org/10.1038/nchem.1500
https://doi.org/10.1016/S0014-5793(98)00099-4
https://doi.org/10.1093/toxsci/kfq010
https://doi.org/10.1021/acs.analchem.0c04639
https://doi.org/10.1016/j.pharmthera.2018.07.001
https://doi.org/10.1016/j.pharmthera.2018.07.001
https://doi.org/10.1007/s00424-018-2157-5

- 580 -

> JJE 2% 75 (Chin Heart J) 2024, 36(5)

[32]

[33]

[34]

[35]

[36]

[37]

Pharmacol Sci, 2020, 24(20): 10307.

Lemoine KA, Fassas JM, Ohannesian SH, et al. On the PHLPPside:
emerging roles of PHLPP phosphatases in the heart[J]. Cell Signal,
2021, 86: 110097.

Surma M, Wei L, Shi J. Rho kinase as a therapeutic target in
cardiovascular disease[J]. Future Cardiol, 2011, 7(5): 657 — 671.
Wang H, Xie Y, Guan L, ef al. Targets identified from exercised
heart: killing multiple birds with one stone[J]. NPJ Regen Med,
2021, 6(1): 23.

Bei Y, Lu D, Bir C, MiR-486 attenuates cardiac
ischemia/reperfusion injury and mediates the beneficial effect of
exercise for myocardial protection[J]. Mol Ther, 2022, 30(4):
1675 - 1691.

Fernandez-Ruiz 1. Exercise protects against cardiovascular disease

et al.

by modulating immune cell supply[J]. Nat Rev Cardiol, 2020,
17(1): 5.

Bird L. Exercise lowers leptin and leukocytosis[J]. Nat Rev

[38]

[39]

[40]

[41]

Immunol, 2020, 20(1): 2 - 3.

Frodermann V, Rohde D, Courties G, et al. Exercise reduces
inflammatory cell production and cardiovascular inflammation via
instruction of hematopoietic progenitor cells[J]. Nat Med, 2019,
25(11): 1761 — 1771.

Otaka N, Shibata R, Ohashi K, et al. Myonectin is an exercise-
induced myokine that protects the heart fom ischemia-reperfusion
injury [J]. Circ Res, 2018, 123(12): 1326 — 1338.

Li Q, Tuo X, Li B, ef al. Semaglutide attenuates excessive exercise-
induced myocardial injury through inhibiting oxidative stress and
inflammation in rats[J]. Life Sci, 2020, 250: 117531.

Sharma AK, Kumar A, Sahu M, et al. Exercise preconditioning and
low dose copper nanoparticles exhibits cardioprotection through
targeting GSK-3p phosphorylation in ischemia/reperfusion induced
myocardial infarction[J]. Microvasc Res, 2018, 120: 59 — 66.

(Yickii H 3. 2023-02-09; 3257 H #1: 2023-06-14)

(E#% 575 1)

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

Rossi A, Pizzo P, Filadi R. Calcium, mitochondria and cell
metabolism: a functional triangle in bioenergetics[J]. Biochim
Biophys Acta Mol Cell Res, 2019, 1866(7): 1068 — 1078.

Arduino DM, Perocchi F. Pharmacological modulation of
mitochondrial calcium homeostasis[J]. J Physiol, 2018, 596(14):
2717 —2733.

Ham PB 3rd, Raju R. Mitochondrial function in hypoxic ischemic
injury and influence of aging[J]. Prog Neurobiol, 2017, 157: 92 —
116.

Bernardi P, Rasola A, Forte M,
permeability transition pore: channel formation by F-ATP synthase,

et al. The mitochondrial
integration in signal transduction, and role in pathophysiology[J].
Physiol Rev, 2015, 95(4): 1111 — 1155.

Pendin D, Greotti E, Filadi R, et al. Spying on organelle Ca*" in
living cells: the mitochondrial point of view[J]. J Endocrinol
Invest, 2015, 38(1): 39 —45.

Bonora M, Wieckowski MR, Sinclair DA, et al. Targeting
mitochondria for cardiovascular disorders: therapeutic potential and
obstacles[J]. Nat Rev Cardiol, 2019, 16(1): 33 — 55.

Zhou T, Prather ER, Garrison DE, et al. Interplay between ROS and
antioxidants during ischemia reperfusion injuries in cardiac and
skeletal muscle[J]. Int J Mol Sci, 2018, 19(2): 417.

Kim JC, Pérez-Hernandez M, Alvarado FJ, et al. Disruption of Ca";
homeostasis and connexin 43 hemichannel function in the right
ventricle precedes

overt arrhythmogenic cardiomyopathy in

plakophilin-2- deficient mice[J]. 2019, 140(12):
1015 — 1030.

Hamilton S, Terentyeva R, Martin B, ef al. Increased RyR2 activity

Circulation,

is exacerbated by calcium leak-induced mitochondrial ROS[J].
Basic Res Cardiol, 2020, 115(4): 38.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Miranda-Silva D, Wiist RCI, Concei¢do G, et al. Disturbed cardiac
mitochondrial and cytosolic calcium handling in a metabolic risk-
related rat model of heart failure with preserved ejection
fraction[J]. Acta Physiol (Oxf), 2020, 228(3): 13378.

Oldield CJ, Duhamel TA, Dhalla NS. Mechanisms for the transition
from physiological to pathological cardiac hypertrophy[J]. Can J
Physiol Pharmacol, 2020, 98(2): 74 — 84.

Yu S, Zhang L, Liu C, et al. PACS?2 is required for ox-LDL-induced
endothelial cell apoptosis by regulating mitochondria-associated ER
membrane formation and mitochondrial Ca*" elevation[J]. Exp Cell
Res, 2019, 379(2): 191 —202.

Charoensin S, Eroglu E, Opelt M, et al. Intact mitochondrial Ca*
uniport is essential for agonistinduced activation of endothelial
nitric oxide synthase(eNOS)[J]. Free Radic Biol Med, 2017, 102:
248 —259.

Chen Q, Fang H, Shao X, et al. A dual-labeling probe to track
functional mitochondria-lysosome interactions in live cells[J]. Nat
Commun, 2020, 11(1): 6290.

Jiménez-Sanchez A, Lei EK, Kelley SO. A multifunctional
chemical probe for the measurement of local micropolarity and
microviscosity in mitochondria[J]. Angew Chem Int Ed Engl, 2018,
57(29): 8891 — 8895.

Huang Z, Li N, Zhang X, et al. Fixable molecular thermometer for
real-time visualization and quantification of mitochondrial
temperature [J]. Anal Chem, 2018, 90(23): 13953 — 13959.

Huang Z, Li N, Zhang X, et al. Mitochondria-anchored molecular
thermometer quantitatively monitoring cellular inflammations[J].
Anal Chem, 2021, 93(12): 5081 — 5088.

Liu Y, Zhou J, Wang L, ef al. A cyanine dye to probe mitophagy:
simultaneous detection of mitochondria and autolysosomes in live
cells[J]. J Am Chem Soc, 2016, 138(38): 12368 — 12374.

(Yscki H 199 2023-10-08; 3252 H 1: 2024-03-06)


http://dx.doi.org/10.26355/eurrev_202010_23363
http://dx.doi.org/10.1016/j.cellsig.2021.110097
http://dx.doi.org/10.2217/fca.11.51
http://dx.doi.org/10.1038/s41536-021-00128-0
http://dx.doi.org/10.1016/j.ymthe.2022.01.031
http://dx.doi.org/10.1038/s41569-019-0311-1
http://dx.doi.org/10.1038/s41577-019-0253-1
http://dx.doi.org/10.1038/s41577-019-0253-1
http://dx.doi.org/10.1038/s41591-019-0633-x
http://dx.doi.org/10.1161/CIRCRESAHA.118.313777
http://dx.doi.org/10.1016/j.lfs.2020.117531
http://dx.doi.org/10.1016/j.mvr.2018.06.003
https://doi.org/10.1016/j.bbamcr.2018.10.016
https://doi.org/10.1016/j.bbamcr.2018.10.016
https://doi.org/10.1113/JP274959
https://doi.org/10.1016/j.pneurobio.2016.06.006
https://doi.org/10.1152/physrev.00001.2015
https://doi.org/10.1007/s40618-014-0178-2
https://doi.org/10.1007/s40618-014-0178-2
https://doi.org/10.1038/s41569-018-0074-0
https://doi.org/10.3390/ijms19020417
https://doi.org/10.1161/CIRCULATIONAHA.119.039710
https://doi.org/10.1007/s00395-020-0797-z
https://doi.org/10.1111/apha.13378
https://doi.org/10.1139/cjpp-2019-0566
https://doi.org/10.1139/cjpp-2019-0566
https://doi.org/10.1016/j.yexcr.2019.04.002
https://doi.org/10.1016/j.yexcr.2019.04.002
https://doi.org/10.1016/j.freeradbiomed.2016.11.049
https://doi.org/10.1038/s41467-020-20067-6
https://doi.org/10.1038/s41467-020-20067-6
https://doi.org/10.1002/anie.201802796
https://doi.org/10.1021/acs.analchem.8b03395
https://doi.org/10.1021/acs.analchem.0c04547
https://doi.org/10.1021/jacs.6b04048

