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ISR 2Kl 5 5 H/R 4 L, NGR1 45 25 5 SR A 285 H R DR B0 R IR 4R 25 L B0 A ol 3% . 4548 NGRI1 AT DI H/R
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O I AE I S 4 BR R 238 i BE 48 d ey ) %
g, R T EL ORI {E R e e ARt H i DL A
0 LA BE (acute myocardial infarction, AMI) £z &
B, AMIAIRYT T O PR I is E A, RS PR &
SeE K L IAE , DAL p O I 43 45 O WLFREE VR
I 0 O JUUARE it 4 [ ) A B — 22 5 3 A4 B
IOE B A5 b AR SN AR AE N A T RE R 55, Fe
Je H BN T 33 ) 240 A 5 L R IRAE X — o B AR
k0 LR il P9 1 454 495 (myocardial ischemic reper-
fusion injury , MIRT)"“'s MIRI LI 5 K Z 5 1, 4n
BNE KL W AL N AR TR T AR
ZROBLIA S 2 MIRT Y E 2 BAL AR, S Bk A
T8 0342 & AN g 20 JUE 45 4 1 21 BE 408 ) o B

2025 - 10— 17 $%£Uk
FEETH : FE 5K A KRR A 1 XI5 H (45 :82260987)
TR Ry REWE , 2, B ge
XS 5 A A S0 S E R, E-mail :
2360040895@qq. com

WERZ—o BP9 s G2l MIRT S 72 v A i JiE 4%
KR EL g, m T LA kO LA MR T, PR BP0 DR
— & 24 R1 (notoginsenoside R1, NGR1) & —-E
FEAT B —Fh i o3, il ARk MIRT/S LG LA AE
AR B Dy e o 7R R B L2 i sk 480/ 52 48 (hy-
poxia/reoxygenation, H/R) B Ff  NGR1 1 # 55 K Fil
O WLAR BRI g, B0 ORI TR 28, B O UL 4
JAT s % SCE S RSN FE NGRS 75 38 i
PR L LD HYR 5 R 1 LA i 453 45 2 T
U2 MIRI,

1 #MREFZE

1.1 R ACI6 Ut 3 M ERL R T, 4 i
e 3G AT G230 .

1.2 ZAM5iKF]  NGRI1FRES: LR A A6
MR & JC-1 (AL R ERHEARA AL 75
SN8230.€2003S) , DMEM #% 5% % | 1x0. 25% Trysin-
EDTA (3 [ Gibco A ] ), i34 135 (LA 2.3 Biologi-
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cal Industries 2 @] ) , P62 . LC3II A/B. Parkin ( 32
Cell Signaling Technology 2~ ) , 5% 5 5114 12741 ,
4211) ,Pink1 (3£ [# Santa Cruz Biotechnology 23 F) , 47
45 SC-517353) , B-actin (BRI = J& A W) 5 AR A BR A
A), 55 66009-1-1g) , i g3 58 5 16 AL (CCK-8)
i # & (€ B APExBIO Technology 2% ] , 18 5
K1018) , RNA i $72 HUan] & (_ L g2t wl,
1% %5 RNOO1) , Premix ( H 7K Takara 2 6] , 18 5
RR820) , H 455 81 7 W ( 5t M SURTié A= W) A W) L B 5
B0012) , PR (v ] [ 245 £ P A 3 n A7 BR A W), 8
5 10000418 ) , B33 5 (2% [ Structure Probe Incorpo-
rated 23 F] , 555 90529-77-4)

1.3 {U2F Dl (HARMKELHAFR), CO, IR
P S NG EL /R ooy ENR B L 1 [ G R (2SN 7] S
7 IR A BR2SH1)  BEAR AL RNA Y 3 I 1 A2
RIACHAR R G (L HAE) , PCRAIL | HL UK A % g
([ Bio-Rad 22 7)) , {0t g 2 2 o L (98 S T
v A BRAA R L TE IR A JE v O N TT IS R ) . 8]
R HL(PEE Leica A w)) , B4 Y1 1 J1 (i Daitome 23
Al BES T BAEL(H A JEOL A A .

1.4 HREZKEEEHEXERNRKES S
fifi F§ GeneCards %% #i% J& (https://www. genecards.
org/) , L “Hypoxia Reoxygenation” A B 1Rl 17K R
(AHSCRE> 5) , 4R U H/R 458 05 AH DG B& ] ; i ] Mito-
Carta B2 (https . //www. broadinstitute. org/) , HRER
RLR A WA OCHE PR, P OCE 4R L3R5 HYR 5 40k:
A A WA G

1.5 E&AFE  BOSEUCE R ACT6 40 it 12 7
F 6 FLAT R F7 , W I IH B 95 2 A R K 0 Tk 2
U, IATERE DMEM B 97 5 5 0 40 i T — Ui 57
Firh B HOEE :3%0,,5%C0,,92%N,,37 C, 4 6
h 5 BB SE B R AL B T IR W B 346 T 37 C.5%
CO,AREN TR 24 h, HERLSE L IR AR S5 S R A
1.6 CCK-8 &4l A [EiR B NGR1 3f AC16 48 f1
EMERRNE  BOSBUE KRB ACTe 4, L 3 000
AL E] 96 LA K 41 i 3 O X BR 21 (Con-
trol) BRI (H/R) , BRI E 6 N fL. H/RAH
100 pL & & E R 0.6.25.12.5.25.50,100,200,
300,400,500 umol/L ) NGR1 AL FEAH it 24 h, fFik
BN HUE ]S, O BR & 25 53R 5, & FLIIA 100
UL 0. 5% CCK-8 VAW, ¥ & 1 h ) , FH b0 5
450 nm Kb FLIROGEE , THE AL TG R

L7 SREREBAEN  BOs R K ACT6 41

JL, LA X 10° /L %) %% B2 4570 T 6 LR, 4t i 4320
Sk X BE 4 (Control) (BRI ZH (H/R) | 45 245 4 (H/R+
NGR1 100 200,300 pmol/L) . & 5¢ i 5 hil A 1
mL JC-1 Y40 TAEWE , 7850 IR ), A% R4t 37 °C
JEF 10 min, JC-1 JL .22 il P4 2 UK, T i
BE T AR

1.8 RT-qPCR i 15 2% o0 J 4 B 45 41 40 i 7Y
RNA, Fifi J5 ¥ RNA i 17 3 % 5% i cDNA, 12 )7 /2
42 °C (15 min, 2Z J5 $% B R SUl DI FEAS S 5]
51 A W3 1) | Premix 25 38 50 1R & il 45 1%
PCR W 4T PCR RN, W 4514« AR #: 95 °C.
30 s, 2894 95 °C .5 5,60 °C.30 s, k95 °C.5s,
60 ‘C.60 s, 221k 2 iR KL PG ER 409K o R 45
JEI0 S BUE , VL B-actin NS MR 222148
o IR il A ARG ik i o

*1 s19F%
Tab. 1 Primer sequences
Primer Sequences (57-3")
o F: GCAGCCTCAAGAAACCATCAAG
R: TTCCACTCGCAGCCACAGTTC
) F: GGAGTATGGCAGTCACTTACAG
wi R: AGCAGCGGCACGGAAGAG
F: GAGTCGGATAACTGTTCAGGAGGAG
VA R: CTTCGGATTCTGGCATCTGTAGGG
) F: GGCCAACCGCGAGAAGATGAC
Practin R: GGATAGCACAGCCTGGATAGCAAC

1.9 Western blot &l & #I K B X EH RIE
B Bt TR K ACI6 4, L 1x10°~ /4L
BT o fL Ak, 40 i A A1 e b 3 Ty ST
1770 B o AL M R R SR A 1 mL AR
H 2RO PR S H . R SDS 22 M 10% R
W e e BE R ML UK B 1, R AT R T I iR e R &
PVDF & b, i H 5% Wi A W5 83 & i 3 1 1 he A
Fi B J5 9 B-Actin (1:20 000) \P62(1:1 000) \LC3 II
A/B(1:1000) . Parkin(1:1 000) .Pink1(1:500)—%t
4 “CHEE 1, TBST BE 4% 3 U, A GE HI AL A B 9L
(1:6000) % &M E 1 h, TBSTYEL 3K, & T ECL
5 30 s, IS KOS RGE ST, Image)
A AT 45 B A5 T S BE AL

1.10 EBEMENEEHED WHEOEMA
HLAE [ E W 4 CIESE 4 h, PBSTEVE 3G & T 1% 1Y
IR % R 1 2 b BB BE IR K BB 7K, 3 60 °C
RA 48 h, U Bl AL (0 B 5 L B g .
1L.11 St i f GraphPad Prism 8 FX {4 X}
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SRR AT G T, LR AR A R x + s il
K, 2 Z BB EL R FH PR R R 7 2243 BT, P<0. 05
HESAGIFEL,

2 #R

2.1 HREZNEBHEHEXEERSHT #id Gen-
eCards B0 4 i € , FL3R15 653 4~ H/R 451475 41 ¢ J&
;18 3 MitoCarta B4 PEFRAS 14 A2 B A G
FEDA, PR 2 B s B AT AR AR 34 H/R 5 40k A W A
F:HE[H : Pink1 FUNDCI .PGAM5, K 1.

H/R injury Mitophagy

PINK1
FUNDCI
PGAMS
650 3 11

1 ZuFARS I/REXERNGZE
Fig. 1 Mitophagy intersects with H/R-related genes

2.2 NGRI1 g2 # H/R & B T AC16 4B & /1
5RZ H/R K NGR1 Ab BE (1) X} B F 4, H/R 55 7Y
ZH AC16 4 M7 7 B I R R, 1 5 H/R BE AU L3,
100 pmol/L 2 LA (% NGR1 A 2 %5 AC16 40 je 1% H1
(F=140.0,P<0.01)., VLK 2,

1501

100f
PR

H H

kk

Cell viability (%)

50r

0
H/R - + + o+ + o+ + O+ + o+ +

NGRlI 0 0 625125 25 50 100 200 300 400 500
(umol/L)

El2 CCK-8#ill NGR1% H/R AC16 iR f) %M
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.

2.3 NGR1ZMZERERBA i JC-1 G2 il
A AT K BRI EI AR AL, AT DL Sz 20 Jf 2 b
R R R (i) Y B . X IR 2 21 (R 58
SR T 2% 68,5 0 55, G Ry 2R A E R R B LA 5
X REZE AR LG, HYR 2H 2% 5,5 ' I i 19 0, 21 ta/4g (4
PEEHY HEAE A s/ (P<0. 01) , 2 WIFE H/R J 40 il
AR I R 5 H/R 4H b4, NGR1 & T2
21 sk 0, 9¢ O L (E 34 B B 3G K (F=44.77, P<
0.01), UtH NGR1 AT LLA &% 2k 3% i H/R Bt i B 1Y
AC16 0L b AR FL A 1 Bt fb . LI 3.

2.4 NGRIZMmZEHFEEMEXEBNETRK
T i RT-qPCR WMLEE NGR1 T 1 £ ki 4 [ W
K mRNA S IEL . 5 X B4l F i, H/R 4 4ok ik
[ W AH 5E 28 1 Parkin . Pink 1. P62 i mRNA % 55 /K F-
Tt 1 NGR1 + i 5 B AR (F=101. 3, P<0. 01; F=
17.36,P<0.05; F=32.15,P<0.01), F£WH/R 7,4
H AR [ WEAH 56 25 19 Parkin  Pink1 P62 ) mRNA 2 ik
RO, NGR1 ] LA #5040 il 3 F 38 i i 34
ILIE 4,

2.5 NGRI1 i& 5T Pink1/Parkin & 3 £ i & B W
i@ 1F Western blot WX £ 2H AC16 A i & (4 515
o 55X MR A, H/R 446k AR [ W 4H 56 & B
Parkin . Pink1 . LC3BIL & [1 35 FF &5 , T P62 48 (1 32
IKRRAR , 175 H/R 40 Hb %, H/R+NGR 1 A [] 31 4 2 28
AR R 56 8 1 Parkin , Pink 1 LC3BII 2 [ 36 35
¥4 B B AR (F=12.07, P<0.05; F=8.483, P<
0.05; F=12.95, P<0.05) , 1fii P62 & [ F ik It 5 (F=
10. 50, P<0.05) . Vi i H/R 3 B A 1A 54 5
FEIRIEIN (B FEAR) 1Y A NGR1 T 15 AT LA A
M. WIS,

2.6 NGRIZM&EREBRLEH EilEH bR
NREE I 73, %l HE 2L 200 it 28 e A 52 0 BHL 78 1) 50 D sl A
BEIEAS , BA B 1 25 B, HOUUZ BB 45 48 58
BT . FE H/R A1, 2R R B R E Y
SERAT , R IARBIE K B R R AL, IR
A S A b B B2 YAk B B, 0 0 £k AR B = R
24, IS 25 R IR R A ELRAS . M
T NGR1 P4 AN E2 205 o b AR 2 ¥4 461453 , %
PR B b K s R s gk R D I 2R AL
T 290 it R R 2 A 0 R P A /R 4 3 0 . 3K
—ZE L] NGR1 X H/R i S 0 4 btk i 5 B A
R R ER . WA 6.
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SRR RS R AL B RS X400
Fig. 3 The mitochondrial membrane
potential in AC16 cells after hypoxia/
d reoxygenation under different
concentrations of NGR1 X400
a: Control group; b: H/R group; c¢: H/R+
NGR1 100 pmol/L group; d: H/R+NGRI1 200
pmol/L group; e: H/R+NGR1 300 pmol/L
e group; P<0.01 s Control group; *P<0.01 wvs
H/R group.
g 4T £2571 o 41
@ *K ‘7 .2
72} wn v
= £20 " g
o a20F =
E 3F s . % 3t *k
<
Z Z 15} # oz
~ # ~ i E i it
E 21 # = e 2r
=) # —
2 ~ 10} = #
— [=] \O
< = ~
o 1r o ERN
E 205F 2
= = 5
o) ) ~
&0 = 0
a b c d e a b c d e a b C d ¢

El4 AEREHNGRIX H/RJFAC16 AAEH) Parkin,Pink1,P62 ) mRNA R (E 5
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; ¢: 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 vs Control group; *P<0. 05, *P<0. 01 vs H/R group.
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NGR1 Ay MIRTASE RS A B0 I8 43 B0 DT i
LT S g A R R R S el A K RO LA A HYR 5
il AR B 45 R B NGR1 ¥R R 100 pwmol/L
KL E ST H/R JG 09 AC16 4TI A R ER . A
T — 558 NGR1 I AC16 41 i H/R #5345 19
IRAEFRBLE , A58 ASORLAR YT G, i — 20 %
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Fig. 5 The protein expression of 151 o 4r
S
Parkin, Pinkl, P62 and LC3BII in %‘ .
AC16 cells after H/R under different =3 r y s % a 3r R
o~ 1.0f 5
concentrations of NGR1 *qé o # b 8
= © R #
a: Control group; b: H/R group; c: H/R+ g‘ g % E 2F # #
0.2
NGR1 100 pmol/L group; d: H/R+NGR1 200 § 2 05k o §8
—_— .
pumol/L group; e: H/R+NGR1 300 pmol/L § o % LJS Ir
o —
group; ~P<0.01 wvs Control group; *P<0. 05, é
#P<0. 01 vs H/R . 0 0
" group a b ¢ d e a b ¢ d e

E6 NGRI13H/R E AC16 40 £ i (4B R 45 4 B9 520 <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; ¢: H/R+NGR1 200 pmol/L group; the portion indicated by the arrow undergoes mitochondrial ultrastructural

changes.
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NGR1 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 )

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. ACI16 cell viability was assessed via CCK-8 assay under varying
NGR1 concentrations (0, 6.25, 12.5, 25, 50, 100, 200, 300, 400, 500 umol/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 umol/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, Pinkl, P62, and LC3BII) 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 umol/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 LC3BII 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, Pink1l, and LC3BII 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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