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A Y — Pl ALy, AT AR MIRT/D G LR SE
T AR K Lo D BE™ o AR R B JUL A0 i ik 480/ 52 48 (hy-
poxia/reoxygenation, H/R) B AU ff  NGR1 A 44 =5 K B
O JUUAH L A8 93% g, ks 2 R (AT 2 D20 JUL 4 i
PAT= 0 A SGE AR AP SRS NGR 12 753 1o 4
FELORLAR 05 A/ HYR 5 1B 180 JULEH L 453 49 32k T
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1 #R57FE

1.1 4R AC16 20 ST M BE R0 T, 4l i
(CEREAWER Y E s

1.2 ZEM5EiRkF  NGRIARMES: Lo A e A7 4
W) & JC-1 (AL R ERARA A, 585
SN8230.€2003S) , DMEM %% 3% 3£ | 1x0. 25% Trysin-
EDTA (3£ [H Gibeo 22 H]) , i 4 L3 (LA 5,51 Biologi-
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cal Industries 22 7 ) , P62 . LC3 I A/B. Parkin ( 3 [H
Cell Signaling Technology INT, BRS 5114, 12741,
4211), Pink1 (€ [ Santa Cruz Biotechnology A ] , 7%
5 SC-517353) , B-actin ( # I = J8 A= W £ R A BRA
A, 575 66009-1-1g) , 21 o 48 5 5 7% PG (CCK-8)
ik 7 & ( 3& E APExBIO Technology 2y 7 , % 5
K1018) , RNA PRt 42 Bt & ( LI ZE2 A
% 5 RNOO1) , Premix ( H 4% Takara 2 7l , 8 5
RR820) , HL B3 [ 2 Y ( 5 4N SR e A= 3 7], 485
B0012) , R ([ [ 25 4 A Ak 2=l R A BR A | L %
= 10000418) , £33 ) ( 2 [# Structure Probe Incorpo-
rated A W], 5745 90529-77-4)
1.3 & B (HARBEMREAE), COHEIR
BigRAe R el SRR G IR R AR
I7 IR A BRA R, AR A RNA R 8 I 24 Ak~
RIACHAG R G (LR AEA T, PCR AL HL K I
B RRA (£ [E Bio-Rad 22 Al ) , I /=1 3 25 0o L (LT
K H v A R 1E R A JE v CF N TS R R
J7) V1A ML (FE [ Leica A 7)) , & 41 V1 A T (i +
Daitome 22 ] ) , 25 4 HL F B f58 ( H A JEOL /A7) ) o
1.4 HREZHNEFBEEHEXERMNGES S
i F GeneCards %% 415 J& (https://www. genecards.
org/) , LA “Hypoxia Reoxygenation” i JCHE TR 17K 2R
(MHOCEE> 5) , BRI H/R $54 43 40 ¢ L A 5 fiff ] Mito-
Carta 2 ¥ £ (https : //www. broadinstitute. org/) , 3 H
LRI PR DGR TR, 5 BOSE 4 , 31045 H/R 540k
TR AR DG A
1.5 EEFZE  BOTEA KB AC16 21 i H2
)6 FLMR G FE, W FEIH B 3R 5L, A A K W Uk 2
K, A TCHE DMEM 15 35 58 5 1 4 i & — U5 57
A, BHORE 3%0,,5%C0,,92%N,,37 °C, B4 6
h G o8 AR R BT IE R B 3240 37 °C 5%
CO,ARZEHGF7 24 h, W50 B8 5 AR S 5 SL S S48k o
1.6 CCK-8E#& A iR E NGR1 X AC16 ZHAa
AR PO B KR ACT6 41, L) 3 000
AL T 3] 96 FLAR H , 4 41 L 43y % BR2H (Con-
trol) BEFIL] (H/R) , gl B 6 N2 FL. H/RAH
100 pL & &M~ 0.6.25.12.5.25.50,100,200,
300,400,500 pmol/L A NGR1 2L B4 24 h, ik
BN TE RS NS BR & 2535 58 0, &L A 100
uL 9 0. 5% CCK-8 IR, ¥ 1 hm , FH B bR A0 &
450 nm Ab 25 FLIROGRE T i MLAATE %
1.7 RpEERBAKN BT A KB ACIe 4
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L, DA IX10° A /FL 1Y) %5 BE 4D T 6 fLAR T, 4 it 5321
Sy % BB ZH (Control ) A5 1 2 (H/R) | %4 25 4 (H/R+
NGR1 100 .200,300 pmol/L) . & #%5¢ i 5 in A 1
mL JC-1 JL 4 TARW , L4 IR S, 4 A 37 °C
¥ E 10 min, JC-1 YL (A 52 bl PE U 2 IR, T4t 1l
i AR,

1.8 RT-qPCR i 5 45 0 J5 £ B4 41 40 i 19
RNA, Fifi J5 ¥ RNA i 17 ¥ % 5% B cDNA, #2 )7 /&
42 °C .15 min, Z J5 & B K S Ui AR AR JER 5
Y (519 7 5] W3 1) | Premix 25 78 40 1R & 1 45 %
PCR W 4T PCR L, SO 554 - T8 14 95 °C.
30 s, 2EPE95 C.55,60 C.30s,iB k95 °C.5s,
60 C.60 s, M2 R KIS PRI 40 X 4G
JE1C A EUE , DA B-actin N NS AR 4 222 Cr g 144
TR DA i B FEDG e 38 1

*1 5lMF3
Tab. 1 Primer sequences
Primer Sequences (5'-3")
Parkin.F F: GCAGCCTCAAGAAACCATCAAG
R: TTCCACTCGCAGCCACAGTTC
) F: GGAGTATGGCAGTCACTTACAG
Pinkl R: AGCAGCGGCACGGAAGAG
F: GAGTCGGATAACTGTTCAGGAGGAG
roz R: CTTCGGATTCTGGCATCTGTAGGG
) F: GGCCAACCGCGAGAAGATGAC
p-actin R: GGATAGCACAGCCTGGATAGCAAC

1.9 Western blot ¥l & fI Kk B IEHE X EH RIE
BBt TRECE R ACI6 4, L 1X103~ /4L 1Y
RN T 6 LR, 4 A A A K b 3 TR 1. 7
T KA o 2H A A R SR S AL mL AR M
LR RS H o A SDS 25 1 109% 5 N
Pk e BE S HL VK B L SR AT R M EE R R R
PVDF JE -, {11 5% B W3 43 2 iR B P 1 he fiA
Fi B J5 1 B-Actin(1:20 000) . P62(1:1 000) \LC3 II
A/B(1:1000) ,Parkin(1:1 000) ,Pink1(1:500)—#7
4 CHFE R, TBST VR 3 YK, I AGH F R B4t
(1:6 000) % &% 1 h, TBSTYE 3K, & T ECL &
3 30 s, Ab2E kAR R G HATHR, Image)
BRA 3 W7 45 LB 1 4R TR S8 A

1.10 BENKRAEBMEN MHECEMA
AR [ W 4 °CIEI A2 4 h, PBS IR 3 R G & T 1% 11
B2 w0 2 h BREE K 38 B i, L 60 °C
KA 48 h, Ul Al ALt B S L B g .
1.11 %t 438 {4 GraphPad Prism 8 F 4%}
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eCards B9 5 07 1% , L 3R45 653 A~ H/R $ 43 AH DG 5L
31832 MitoCarta B4 FEAR TS 14 ZR0 A4 F IWEAH G
LR, PR L O 4 mT R A 34 HYR 5 4okt 1 0 A
KK . Pink1 .FUNDC1.PGAMS5, &1,
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Fig. 1 Mitophagy intersects with H/R-related genes

2.2 NGRI1 &R # H/R # 8 T AC16 AR iE 1
5 R 2 H/R S NGR1 Ak %) 6 AR 20 L4, H/R A Y
20 ACT6 21 TS 1 W1 R R, i 5 H/R BEAIZE Lk,
100 pmol/L & LA E () NGR1 nf $2 & AC16 41 g i /1
(F=140.0,P<0.01), VLK 2,

1501
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Fig. 2 The effects of NGR1 on
H/R AC16 cell viability detected by CCK-8
P < 0.01 vs the control group without hypoxia/reoxygenation treat-

ment and NGR1 intervention; #P<0. 01 vs H/R group.
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2.3 NGR1ZMmZHERBA il JC-1 G AL
AT K BT AR AR, T LA e 4T it 2
PR BB LA B (e fb) At R . X BB A 41 (9
55 1117 S €0 ¢ G 55 , R SRy Lok AR IE B A B R 5
XTREZ AR L, H/R 2 2% (596 B B 9 5 | 21t/ (1
PG FLAE A B0/ (P<0. 01) , ZEWA7E H/R Ji 40 i
AR FL A R 5 H/R 2H L4, NGR1 & T4
21 B /%% {5 ¢ O L H X B B 3 K (F=44.77, P<
0.01), LB NGR1 1] LLA &4 240 36 i H/R T 1 % 11
AC16 4 a2 ki (AR fa A i i Ak . LI 3.
2.4 NGRIZMENEEEHXEANERK
T @it RT-qPCR WLEENGR1 T 15 £ bk [ mAH
K mRNAF S IE0 . 5% R4l oA, H/R 04k {4
F W AH 6 2 [ Parkin . Pink 1. P62 ) mRNA % 5% /K V-
Jt &, M NGR1 F 5 B#EAIK (F=101. 3, P<0.01; F=
17.36,P<0.05;F=32.15,P<0.01)., #£WHH/RJF .4k
AR H WA C 8 H Parkin  Pink 1, P62 ) mRNA ik
B, M NGR1 AT LA 5040 il 35 i 8 im0 A s 4
UL 4.
2.5 NGRI i# 1T Pink1/Parkin J& 12 £ %I ik B I
18 1 Western blot Wi %4541 AC16 40k £ A 1E
Mo 5 XF R A, HIR 2H 2B AR [ Wkl 6 &
Parkin ,Pink1 . LC3B Il & [ AT+ 5, 1M P62 £ 138
KRG, 5 H/R 4L e, H/R+NGR1 AN [R) 1) 4 £
AR A W AH 5C 2 14 Parkin , Pink1 . LC3B II # (% ik
¥4 B R K (F=12.07, P<0.05; F=8.483, P<
0.05; F=12.95, P<0. 05) , ifif P62 #& [ & ik Tt = (F=
10. 50, P<0. 05) . UiHH i1 H/R i 5 E WA C 5 A
FEIRBG N (EEFEAR) A $4AE NGR1 T TS AT AR AT
WM. WIS,
2.6 NGR1ZM&LREBREN miliEHEs
NLEE 71N, Kol HE 2 200 b 2 o A 22 gL L 7R (9 [58) J  A
P IE A, HAT 5 im0 i L 725 8, FERUZ 4544 52
BN . FE H/R A1, 28R B R Y
SR, R ARFIE K B R R AL I
HH S 170 ik Bl B 25 v Ak 1 B2, 38 20 4k A L
24, s g b R B R A= FUR S . M
T NGR1 4 AN 52 515 o3 Zeobr AR 25 ¥4 461457 ,
B B o K s R s gk e D I 2R 2L
L 0 8 A 25 R 403405 R i HU/R 4 B 3 0 . X
—ZER L] NGR1 A} H/R 5 S (0 4R AR 0 05 BLA
R R E . WIE 6.
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Fig.3 The mitochondrial membrane
potential in AC16 cells after hypoxia/
d reoxygenation under different
concentrations of NGR1 %400
a: Control group; b: H/R group; c: H/R+
NGR1 100 pmol/L group; d: H/R+NGR1 200
pmol/L  group; e: H/R+NGR1 300 pmol/L
e group; ~ P<0.01 vs Control group; ™P<0.01 wvs
H/R group.
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4 AEREHINGR1X H/R 5 AC16 48HaHY Parkin (Pinkl P62 i) mRNA Rix 1§35
Fig.4 The mRNA expression of Parkin, Pinkl and P62 in AC16 cells after hypoxia/reoxygenation under different concentrations of NGR1
a: Control group; b: H/R group; c: H/R+NGR1 100 pmol/L group; d: H/R+NGR1 200 pmol/L group; e: H/R+NGR1 300 pmol/L group; ~“P<

0. 01 s Control group; *P<0. 05, #P<0. 01 vs H/R group.
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MIRT A oy fife i P4 00 IS5 96 97 2o 2 v 11 G S
R, H AT = A 200+ T BEM 259 il
IRIGYT v B 24 A O FLR TR R TR T Il
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MIRT 5120 ULAT L K 0B A3 403 , DI 52 .0
JIEIE H A B RE . R AR SE A oY1 B 4IRS
NGR1 7] ki 4% MIRT A2 K BR (1400 E 453 405 B2 0o Dy g
LT 38 3 R LR AR RS S el K RO LA L HYR 5
Bt ARG S5 R, NGR1 ¥R 4 100 pumol/L
KL XS HR J5 09 AC16 400 A - /E . il
T — B H9T NGR1 W% AC16 21 il H/R 4 4 (1 2
TRAE FBLE , B 58 AR S DI A S, i — 20 %
SRR 25 ¥ B D REAH SEFR AR HEAT A . JC-1
DGR K I LR 4% JEE i 07 14 A5 FR 17 0, H/R 411



ZEAKRFFIR Acta Universitatis Medicinalis Anhui

2026 Jan;61(1) « 57 -

o [ %71 B

a b ¢ d e L.5p 2.0p
Parkin 50 S — ok
Pink1 s E£E - £ E 1.5}
P62 o0 =2 Lo 2y
=2 o = o
LC3B [ 16 28§ ## 23 1.0F
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RIAHRNT
Fig.5 The protein expression of L.5r o 4r
S)
Parkin, Pinkl, P62 and LC3B1I in i .
AC16 cells after H/R under different = P g ; 3+ o
. o 1.0 # 50
concentrations of NGR1 3 5 s .
— =
a: Control group; b: H/R group; ¢: H/R+ g g % i 2F # #
2.9
NGR1 100 pmol/L group; d: H/R+NGR1 200§ % (5| - %8
— .
pmol/L group; e: H/R+NGRI 300 pmoll. 2 & 5 fs 1F
o —
group; “P<0.01 vs Control group; *P<0. 05, &
#P<0. 01 vs H/R group. 0 0
s group a b c d € a b C d §

E6 NGRI3H/R /5 AC16 AL KRB LE MBS <10 000
Fig. 6 The effects of NGR1 on the ultrastructure of mitochondrial in AC16 cells after hypoxia/reoxygenation x10 000

a: Control group; b: H/R group; c¢: H/R+NGR1 200 pumol/LL group; the portion indicated by the arrow undergoes mitochondrial ultrastructural

changes.

Y21 /245G LU BRI, R T JC-1 NZki I BT 22
LT, 2R AR B HL AL T B 5 I NGR1 T, £1/4¢%
PG FUAB i 3% T i 5 U B NGR1 T 1 g A Rk 5%
AC16 4 TR 2 A RS ) AR AL B G . A oh 1
By 58 X 2R AR S5 A TEA T LSS, (8 HYR 2 I 2ok
PRZEF 18 57 B IR 2O AR I K 2% DRy 2447 10 B8 Ry
S 5 I NGR 9l Ji 2 b AR 25 44 L H/R 21 A7 B I
M, R WINGR1 REWES 1 H/R 51219 AC16 41 A1)
SR IRLN LI

LR AR 1 s ) R A B B ) ML AR
17 Q111K R N R e R LN SN P S ebu i)
T R A W /A, /MR 55 3 Bl AR 285 5 T2 B Wi
it 1A, %k A2 SRR HE AT R i T Y 2 b A
B I U] 4 g — 25 A SV A G . WA R
PR PR A [ W AT k3 MIRT, SR 10 ASHF 55w, 30
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SRR A ] Js O WLAR B, BLREAE RO 2R
W] MIRI & A= 3 8 v S ki AR i FE 1 W, MIRT 5 5
ORI [ W B S T BRI BE AR R A, 2 —
A5 O ILZH 20 % 40 B 483 405 3 3500 J0E T RE R A
Pink 1/Parkin 18 [ 2 2R 1A 17 W05 A 25 ML fi , Zehr 1A
AU B AT BT 6 Pink 1, #E 7 48 5% Parkin &
LR, Parkin 4 R AR SN B iz ik b £
Rz R85, P2 FHE NG 2 Rz K5k, 5 1.C3
FHES G R HF A RERIE B . BFFES 3R B MIRI
H Pink 1/Parkin 38 #6580 , Zehi iR 1 w1 38 m
1138 32 10 1) Pink 1/Parkin 4\ 5 (8 R0 44 5 105 0] 5E BH
B ZEf# MIRL, [RIFE, ARSI 25 A o , 5 1E % 4
JAH e, H/R 4140 il Parkin \Pink1 . LC3B I A 321k &
0 S T 5 H/R ZM 1, NGR1 T HUS Hige ik 4y
B b . DA B WEAH DGR (25 T LA Y H/R AT
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B UG . SR, 45 A BEAE X NGR1 BYRFSE KA
SEYGAIFST , 1 TG T U I L AT B R s Lok A Wk
1717 A 35 4 M 458 405 , NGR1 X ok A4 (5 w6 98 2 AL ol
AT RABFIT o

25 iR ,NGR1 7] 18 1 ###% Pink 1/Parkin i@

B HYR 51 A0 0 LA A Al 2R A (I, 0 i
PP LA , 5 208538 1 MIRT ) 955 5 ik — 5 56
UENGR ARG LA F A B L LR JE f L -
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Notoginsenoside R1 modulates mitophagy in human cardiomyocytes via
the Pink1/Parkin pathway after hypoxia/reoxygenation

Xiong Xiaoman', Wu Huan', Lu Shanglin*, Wang Yong', Zheng Yuhua', Xiang Yi', Zhou Haiyan®, Liu Xingde

(" The Second Clinical Medical College of Guizhou University of Traditional Chinese Medicine , Guiyang 550025

* Department of Cardiovascular Medicine , The Affiliated Hospital of Guizhou Medical University , Guiyang 550004 )

1

Abstract Objective To investigate the mechanism by which Notoginsenoside R1 (NGR1) ameliorates hypoxia/
reoxygenation (H/R)-induced injury in AC16 human cardiomyocyte cell lines through the regulation of mitophagy.
Methods Common genes linked to hypoxia/reoxygenation injury and mitophagy were identified by intersecting
data from GeneCards and MitoCarta databases. AC16 cell viability was assessed via CCK-8 assay under varying
NGR1 concentrations (0, 6.25, 12.5, 25, 50, 100, 200, 300, 400, 500 pmol/L). AC16 cells were divided into
the following groups: control group (Control) , model group (H/R), and treatment groups (H/R + NGR1 at 100,
200 and 300 pmol/L). Mitochondrial membrane potential (A¥m) was measured using 5,5', 6, 6"-tetrachloro-1, 1",
3, 3"-tetraethylbenzimidazolylcarbocyanine iodide (JC-1) staining. Transcriptional levels of mitophagy-related
genes (Parkin, Pinkl, P62) were quantified by reverse transcription-quantitative PCR (RT-qPCR). Protein ex-
pression of mitophagy-related markers (Parkin, Pink1, P62, and LC3B Il ) was evaluated via Western blot analy-
sis. Mitochondrial ultrastructure was visualized by transmission electron microscopy (TEM). Results Compared
to the control group, cell viability in the H/R group significantly decreased (P<0.01). Treatment with NGR1 at
concentrations above 100 pmol/L significantly enhanced the cell viability of AC16 cells compared to the H/R group
(P<0.01). H/R induced a significant decrease in mitochondrial membrane potential (P<0.01) , which was re-
stored by NGR1 treatment (P<0.01). The mRNA levels of Parkin, Pink1, and P62 in the H/R group were upregu-
lated compared to the control group (P<0.05) , while NGR1 intervention downregulated their expression (P<
0.05). Protein expression levels of Parkin, Pinkl, and LC3B II in the H/R group significantly increased, while
P62 expression decreased compared to the control group (P<0.01). In contrast, different doses of NGR1 treatment
significantly reduced the expression of Parkin, Pinkl, and LC3B Il while increasing P62 expression (P<0.05).
TEM revealed that the mitochondrial structure in the H/R group was severely disrupted , with fragmented and disor-
ganized cristae, which was alleviated by NGR1. Conclusion NGR1 ameliorates H/R-induced AC16 cell injury,
and its mechanism may be associated with modulating the Pink 1/Parkin pathway to suppress excessive mitophagy.
Key words notoginsenoside R1; Pink1/Parkin; mitophagy; hypoxia/reoxygenation; AC16
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