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activates adipogenic and suppresses osteogenic programs
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Salidroside protects coronary endothelial cells against ischemia-reperfusion injury by regulating
mitophagy

LIANG Zheng, HUANG Yao-ying, WEN Wen, ZHONG Jian-feng, MO Shao-men, HOU Gao-xing, LI Ming-liang
(Affiliated Hospital of Guangdong Medical University, Zhangjiang 524001, China)

Abstract: Objective To investigate the modulation of salidroside (Sal) on mitophagy in coronary endothelial cells
(CoECs) after myocardial infarction. Methods CoECs were divided into normal control, negative control (PBS), Sal, and
Sal + Chloroquine (Sal+CQ) groups; Control group was treated with normoxic condition, while the other groups with oxygen/
glucose deprivation and reperfusion (OGD/R). Cell viability, apoptosis, mitochondrial-lysosomal colocalization (MLCL),
mitochondrial membrane potential (MMP), ROS, and autophagy-related protein levels were detected using CCK-8, fluorescent
probe, and Western blot. Eighteen C57/BL6 mice were randomized to Sham, ischemia-reperfusion (MIRI), and MIRI+Sal
groups. MIRI or MIRI+Sal group was intraperitoneally injected with normal saline or 50 mg/(kg-d) Sal 28 days before and
after LAD ligation. Ejection fraction (EF), left ventricular fractional shortening (FS), myocardial fibrosis, and expression of
autophagy-related proteins in infarcted coronary arteries were determined by small animal ultrasound imaging system, Masson
stain and Western blot. Results Compared with PBS group, cell viability, MMP, MLCL, and expression of PINK1, Beclinl,
and Parkin were increased (£<0.05), while apoptosis, ROS content, and expression of Mtfrl, P62, and LC3 II/I decreased
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in Sal Group (P<0.05). Compared with Sal group, cell viability, MLCL and expression of PINK1, Beclinl, and Parkin were
reduced (P<0.05), while apoptosis, ROS content and expression of Mtfrl, P62, and LC3 II/I elevated (P<0.05) in Sal+CQ
group. Compared with MIRI group, FS, EF and expression of PINK1, Parkin and Beclinl were increased in infarcted coronary
arteries, while myocardial fibrosis and expression of Mtfrl, P62/SQSTM1 and LC3 II/I decreased (P<0.05) in Sal+MIRI group.
Conclusion Sal is protective for OGD/R-induced CoECs and infarcted coronary arteries in MIRI mice by inhibiting oxidative

stress and promoting mitophagy.

Key words: salidroside; ischemia-reperfusion injury; oxidative stress; mitophagy; apoptosis
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CoECs Il [ 8 ¥ v #8€ A i BB A7 PR A A,
DMEM K5 723 Jif 4 1L 4 A 2 [ Hyclone 23 /],
ECM %72 3 B 26 [E Sciencell A7), 215 K H 4
WM [ 5% [ Sigma 2\ 7, Parkin $T 14 . P62/SQSTMI
YUK . BeclinHifA . LC3 VITHFLIARN [ 5% [ CST /A H],
PINK1 Hiikil {3 e (1) 52 A RA R, Mtfrl
ik [ R DOWRHE A YRR BR A ], AR
DRI AT & i RN R &5 . Mito-Tracker Red
CMXRos/MitoTracker Green %41 . Masson 4t 2,35 &5
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SO, VERTIE S-S SYXK () 2020-0147, ]
FT) RERKF Y 0 SPF BRERIAEEI N, AT
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122 #5 OGDR M 553040 4~6 f{1#%) CoECs
KB AN 80 %I,  FHA & I3 I
DMEM % 35 Ab 3 CoECs 16 h#ATHURALAL BT,
CoECs /A 4 4« 1EH X HEZH (Control 1), A XS HE
ZH(PBSH). £l K4l (Sal4l), 415 KA + s
(Sal+CQ41) . Control 41 & T — A bl EE 3240 i 77
(37 °C, 21 % O,, 5 % CO,) ; B4 2 hfF 5 IR
W R B 58 ARG IR AL, I BT AR BT IR AR h 4k
L3RR 24 ho J3Ab 3 ZHI 5300 45T PBS . 100 pmol/L
Sal Al 100 pmol/L Sal 45 50 umol/L CQALHE, 4524 )
AT OGD/RALIHL . AT 50031 5 (1% 240 Jf S 4 g AN 5
ML B JCHE DMEM KR 3538, B T = A5 340 rh B e s
3 (37°C, 1% 0,, 5% CO,) .

123 CCK-8 4fififli& J1 Kl  CoECs 4 Ji il 14 fk. /5
FERRT 96 FLAR, BN 5%10° 4~/ 4L, H4 6 A~
52T RN AR A PR % 259 1 , H PBS PEisk4n i
3, WFRRWUR , LA 100 puL % B J5 1 CCK-8
VSR, FRARAEI 2 h, ARG 4B BT 450 nm
A0 W

1.2.4 Tunel4ett  WEERIRULTCIK L BETH 5 o e
T 24 FLM, BT AR, CoECs 2 Mt 1k I $Eh T3¢
B b, AR 5x10° A/ BfL, B4 6 N, 4h
T AN 3 AAL PR K 25T HUS , FH 4 % 23 e
4 fifs 40 min, PBS £ 3 UK, A 0.1 % Triton X-100
F 4 PBSFH 2 min; PBS PE 3 X, JilA Tunel £
DR, 37 °CHOEMFF 1 h; PBSYER 3 K, DAPI & I
15 min, £ 5[5 EDEG AT gL .

12,5 SORARES BRI E G AR CoECs 28 il 11
fOJG HEFP FIL R ARG IR, FELN 10° AS/10L, A
10 NEE, 4T AHN AN KSR S DL PBS Y
3K, BRK 5 min, BARTERER R, A TG LT IO
DMEM 5537 345 B4 11 MitoTracker Green (100 nmol/L)

F LysoTracker Red (50 nmol/L) . 45 #4H & 30
min, PBSYEV 3 UK, BHK 5 min, FIRS TR 2 BRIRTR -

WOG L IR AR WA BE AR, A BT R R
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12.6 H M ROSERY  CoECs 48 i i 1k J5 e hh T
96 LA, B LR 5x10° 4~/ FL, 25 T A 1 AR A P R
25T S, FPBS YRR 3 ¥X, BHK 5 min, &AL
fim A 10 pmol/L ) ROS #£ £ ( DCFH-DA ) 100 pL,

37 °CH¥H 20 min, PBS VEURANNI 3 YK, BHK 5 min,
DTSRG I 25 F LA AL A 9O B

127 JC-1 AR LR R fL 17 CoECs £ JBi iy
THAL G HFp TR ARG IR, B LN 10° 4>/, 4
TR AL K B FE S, A 1 mL JC-1 Yeta T ARV,

37 °CH¥E 20 min, FHIC-1 Y28 ol (1x) Pk 3 1K,
FHZEE 0 U A T WA T HA IR Q& Ot 490 nm, &5
It 530 nm A IC-1 B4R s A8 525 nm, BHIE 590
nm & IC-1 AW .
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W5 min, IIAXS R —40, 4 CCHFE R ; LA Thst PEH
5 YK, BFK 10 min, iITAXTR A HRPARICH) 55,

FIRAHE 1 h; ThstPEE 5 WK, &YX 10 min F ECL i
IR SCEG H AT 3 YK, Image j 7M1 K EE(E

129 MHEMIRINERIS 54l 18 H 4~6 JHIE
C57/BL6 B R /N RBEAL 5> R 3 41, BT AR X R
2H (Sham 2H) e 1 -0 72 20 (MIRTZH) At i P e +
21 R4 (MIRI+Sal 41), BEAL 6 Ho /N i
7% 7 dJi, MIRI+Sal 4018 i1 5 50 mg/ (kg-d) Sal ,

Sham ZH FI MIRT 20 Ji& Ji 2 S S A FR AR R /K . I IS T
55 28 d J5 MIRI 41 F1 MIRI+Sal 24T LAD 54L&, 1
Sham Z1/NREGFLEATTES , AR5 2 h 3 41/NREH 25
4. MIRI+Sal HARLENE 34T 50 mg/ (kg-d) Sal ,

Sham 21 Fll MIRT 41 4k SE s 10 S S AR BUE BEER 7K 28 d
PEAT R EA6 N

1.2.10  ZE0THRER FH 1 % S H 24l pRie VR,
O EM 8 F 37 °CHER AN I, AR E S,

K JH Vevo 770 5 53 BEA/ NSl Y8 7 S AR R G0
(VisualSonicsInc. ) FEATHE A RGN . $483k E TN R AN
s, 2D B R 22 = Y0 , 7L WUKSE R M
B S A D E 2 S B, M & FS FIEF,

1.2.11 Masson 44t /NERCIREAT D) R4k A —
Z51°5 min, “HZKI 5 min, “H 2L 5 min, Jo/K 25
1 min, 95% £ % 1 min, 75% B 1 min -4 7 [& & i
KJG, BT Weigert Bk R R G A 4L {7 8 min; Rtk
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LTI 3R 15 s, ZEIBK L 1 min; Masson
AR W 5 min, ZRIEK YL 1 ming IHELLMA Y0
WUEAE 5 min, $908 TAEWMUE 1 ming R e Ak
e 2 min, FERVES 1 min; 95% LFEPLEIZ I 2~3 s,
ToK P 3 WK, FRIR 5~10 s, —HI 2R3 3 1K,
R 1~2 min, FPER S E S
1212 /NRASIFE IR Bl ik 73 185 K 2 1 BT HE B
/NERALBE S5 W HE h e U0 T B R RN RS2 | 7853 % 5
JE S AR GO E , YT R AEFEERAL, AR FE B 700 2 30
TEAEFRER K BRI T AR 2 BRSO LA 21
2 100 mg 7R BB IMA 1 mLRIPA 247 1) EE A1 i
A AR Y RIPA 240 T WHES 45 50 S, AR AT
T-80°C,
1.3 %itsa

K Graphpad Prism 9.0 i1/, 118 %R
BIB bR 230N, Z 4R LSRR R R 22
M7 (One-way ANOVA ) Fl Tukey’ s #i%:, LA P<0.05
hESAEGIEE L.

2 H#HR

2.1 Sal*rOGD/R & 22 J& CoECs #9 % v

I3 45 T A [A) e B Y Sal (0~150 umol/L) kb Hi
CoECs J5 17 OGD/R At #, 55 Control 41 It., OGD/R
J& 40 TE 77 8 AR (P<0.001) o AHEE 0 pmol/L,
25~150 umol/L 4t 38 5 i CoECs 40 i1 3% 11394 ETt,
L 100 pmol/L Sal R ik 2 (P<0.001), VWA 1 A,
Sal ZH A4 40 8 15 1% PBS 4 . 2 |- 7+ (P<0.001), Tfif
SAal+CQ 21 iy 4 M7 71 %% Sal 41 1.2~ B (P<0.001),
LB 1 B, 5 Control ZHAH L, PBS ZH AU 4H L 8 TR i
FEHIIM (P<0.001), Sal 20 A9 41 HETE 1% PBS 418 B T
F% (P<0.001), Tfif SAal+CQ ZH [ 40 i3 /1% Sal 4H . 3
FF(P<0.001), WL 1 C. D,
2.2 SalOGD/R 4:#2 /5 CoECs /& & 454k B P 842 09

5 Control ZH #H Ft., PBS £H 4H fifd £k 7 A4 i v, Ay i
FEFEAL (P<0.001), Sal ZH 1) 40 fif £ s 14 55 i 137 44 PBSS
20 F T} (P<0.05), {5 Sal+CQ 41 (i 41 i ki A4 it oL A7 55
Sal A b 25 57 oGt i 24 L (P=0.4636), LK 2 A
B. Mito-TrackerGreen fil Lyso-TrackerRed ¢ YR £ 45
HANE 2 C. DFfi7n. 5 Control ZHAH LY., PBS 2H 4 fitdi%
il A / 0 L A7 38 i ( P<0.05 ), Sal 21 A% Bl 4 / 2%
HEAA L)% PBS ZH48 1 (P<0.001), 1fij Sal+CQ ZH (I 21
i35 BFAA / 2R LU 9155 Sal 4H 3 T & (P<0.001) .
4, DCFH-DA (ROS#4t) kuill2h A ani&l 2 E-F iy
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(P<0.001), Sal 441 ROS % fE 4% PBS 20 It 3 T
(P<0.001), Tfij Sal+CQ 41 i 4HJifd ROS & 545 Sal 41
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Western Blot 5 I £ A 44 F W5 AH OC 2K 11 Mitfrl

PINK1, Parkin, P62/SQSTMI ., Beclinl #1 LC31II/LC3I

HERIE, 45K 3 A~G s, 5 Control A AH LL,

PBS 2 Mtfrl 33k 7K F i 3 35 i ( P<0.001) , Sal 41

B Mtfrl ik K SE % PBS 4H i 2% T [ (P<0.001), i
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Sal+CQ ZH 1Y Mtfrl K3k /K-F-44% Sal ZH 35 /11 (P<0.05),

ULIE 3 B, 4 Control 1AL, PBS 2 P62 FKik/K V-1
FHAIN (P<0.001), Sal 4 P62 & ik7K-F4: PBS 41 ik
Z TR (P<0.001), 1Mij Sal+CQ ZH Y P62 ik /K F-4% Sal
ZHE TN (P<0.05), WL 3 C. 4 Control HAH L, PBS4H
PINK1 kK41 (P<0.05), Sal 41 A9 PINK1 £ ik
7K P-4 PBS 43 i ( P<0.05), i Sal+CQ 4H iy PINK 1
Fe1k K4 Sal 4 TR (P<0.05), WL 3 D, 5 Control
ZHAH [, PBS 4H Beclinl 2k 7K 34 i ( P<0.05), Sal



5 41 OB, S LRRIRELORAR A RS UEAR Sk A B AR MR P 379

A B Control PBS Sal Sal+CQ
DAPI
3 o
aNa]
;& —~
o % 2 . Jc-1
P2 aggregates
&
Bl
JC-1
0 monomer
(o =
Merge
C D Control PBS Sal Sal+CQ
% DAPI
20 - Heokok
§ = 15
& 5] Mito-
I 12[ Tracker
R
g5
Lyso-
0 Tracker
N
& & & &
o°° &
Merge
E F Control PBS Sal Sal+CQ
kkk
0.8 . DAPI
X sksksk
% X 0.6 *oksk
K 04 ROS
5F
2 02
0.0
&@\ Qq’% > XQQ Merge
N NS
@ P

AL B. JC-1 5% £ ki 74 I A7 (600 ) 5 C. D. Mito-TrackerGreen il Lyso-TrackerRed ¢ Y642 £1 K6 1 £& 7 4 125 il 4 5 137
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1Ml Sal+CQ 41 Y Beclinl & ik 7K V-4 Sal 41 W & T & ZH 1) LC3I/LC3I KRB /KT8 PBS 41 T (P<0.05), 1M
(P<0.01), VL&l 3 E. 5 Control A4 [, PBS £H Parkin Sal+CQ 4 ) LC3T/LC31 £ 1A 7K 55 Sal 2H B & 34 jin
FEIR K8 (P<0.05), Sal ZH Y Parkin 2 35 7K S48 (P<0.01), WL 3 G,

PBS 4134 fin (P<0.05), Tfij Sal+CQ 4 () Parkin %35 7K 2.3 Sal & MIRI A R 49 %

45 Sal 41 T [% (P<0.05), ULIKI 3 F. 5 Control 41 4H WK 4 A~Bfin, 5 Sham 41/ A H, MIRT
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B 3 SalX} OGD/R J5 CoECs H WEAHICHE FH WF2IN (*P<0.05, **P<0.01, **#P<(.001)

2 F1 MIRI+Sal 41 /)N B (1% 72 % FS Fl EF & 3% [ fiK

(P<0.001) , {H MIRI+Sal £H /> B9 22 25 FS #1 EF %%
MIRI 4] | F (P<0.05) . AN, Masson 4L 25 IR,
55 Sham 2H/)NUAH [, MIRTZH A1 MIRT+Sal 44/ Bt UL
2 YAl i R I B0 (P<0.001), 1l MIRT+Sal £H it /s
SO ULET 24k T A4 MIRT ZH /) BB . F % (P<0.001),
UL 4 C-D.

5 Sham 28 /N UM H, MIRT 21 /N BRUeE IR 30 ik i)
Mtfrl 3R B0 (P<0.01), {H MIRI+Sal 4/ FUid
SR B K B Mitfrl 2% 35 %8 MIRI 2H B 52 F [ (P<0.01),
ULIE 5 B. 5 Sham 41/)NERAH E, MIRTZH /) ERUeEIR 2
Jik 1) Parkin 2 35 34 il ( P<0.05) , MIRI+Sal £H /)N il e
AR B K % Parkin 22 3588 MIRT 2138 i (P<0.05), W&l
5 C. 5 Sham 41/ EUM H, MIRT 41708 BUEEIR 30 ik
Beclinl k3411 (P<0.05), MIRI+Sal ZH /)N LU IR 3
[k Beclinl 22355 MIRTZH 4 i1 (P<0.05), WL 5 D,
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55 Sham ZH/INRAH EE , MIRTAL/N FRUGEER 3 Bk i) p62 3
A4 i (P<0.05) , MIRI+Sal 21 /)N B 5e R 2l Jik (1 P62
FIR 8 MIRIZH F % (P<0.05), ULIEl 5 E. 5 Sham 4
/INERRE B, MIRT 20 /)N Bt >tk 30 ik 1) Parkin 2 34 35 Jin

(P<0.05), MIRI+Sal Z1/)NR ek sl ik ) Parkin & 1555
MIRI ZH B 38 (P<0.01), VLIl 5 Fo 5 Sham ZH/]N i
HIEG, MIRTZ /D BUEAR Bk 19 LC3I/LC3I ik i %
#47m (P<0.001), MIRI+Sal 20 /> il 5 IR 20 ik ¥ LC31/
LC3I KA MIRIA] T [ (P<0.05), WA S F.,

3 itig

LA PAY B S8 HLPEF-PEE 0T DA B 4 s Jl A T il e
AR, SI A OIIRE R LG O HR T, O B
ST d A P A TS FE U . ROS 1 2 FIZRL A
YR WA DAY B2 0 e P A 00 10 = B
1EROSIEZ | LKA RERARHUMEHT T, 2 S Ehs
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A DNA (mtDNA ) ZA55 7 SR, i 23 4 il PN Ze ki
AR AT REEATC R Al AR 405 7 SRy T o (AR A
WIS , B 1E SZ A LR AT s L, 15 0 i bR e
SRR A A O SR ARG, DI 58 G e
PRI, XA RERR LR R [ ™ SR A Lok
A [ 530 3 AR A 2 08 ) 2R AR T A B B R AR R T
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