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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; 2 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. 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 pumol/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, Pink1, P62) were quantified by reverse
transcription-quantitative PCR (RT-gPCR). Protein expression of mitophagy-related markers
(Parkin, Pinkl, P62, and LC3Il) was evaluated via Western blot analysis. 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 NGRI1 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 restored by NGR1 treatment (P<0.01). The mRNA
levels of Parkin, PINK1, and P62 in the H/R group were upregulated compared to the control
group (P<0.05), while NGR1 intervention downregulated their expression (P<0.05). Protein
expression levels of Parkin, Pink1, and LC3II 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, Pink1, and LC3II while increasing



P62 expression (P<0.05). TEM revealed that the mitochondrial structure in the H/R group was
severely disrupted, with fragmented and disorganized cristae, which was alleviated by NGR1.
Conclusion NGR1 ameliorates H/R-induced AC16 cell injury, and its mechanism may be
associated with modulating the PINK1/Parkin pathway to suppress excessive mitophagy.

Keywords Notoginsenoside R1, PINK1/Parkin, Mitophagy, Hypoxia/Reoxygenation, AC16
Fund program National Natural Science Foundation of China (N0.82260987)
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Table 1 Primer sequences

Primer Sequences (5°-3)

Parkin-F F: GCAGCCTCAAGAAACCATCAAG
R: TTCCACTCGCAGCCACAGTTC
Pink1 F: GGAGTATGGCAGTCACTTACAG
R: AGCAGCGGCACGGAAGAG
P62 F: GAGTCGGATAACTGTTCAGGAGGAG
R: CTTCGGATTCTGGCATCTGTAGGG
p-actin F: GGCCAACCGCGAGAAGATGAC

R: GGATAGCACAGCCTGGATAGCAAC
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iky =W Lhe IMAFREG I B-Actin (1:20 000D, P62 (1:1000). LC3II A/B (1:1000)-.
Parkin (1:1000). Pinkl (1:500) —#i 4 °CiFH IR, TBST Wik 3 X, MBI G —
Pt (1:6 000 HiAMEH 1h, TBST ¥¥k 3k, BT ECL Bt 30s, HLFERIGHIE #
GrHATHARE, Image J BAF M AT % 2H AR 11 AR O SE AL
1.10 REMLRAEMEH

P 250 JE NN FELBE ] 52 9 4 °CIE & 4 h, PBS 320k 3 WK BT 1%k IR = R [H & 2

hy BREEMGK, &, I 60°CERA 48h, Ulh, G, @EH g TS,
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PINK1. FUNDC1l. PGAMS5. K| 1.

B 1 &Rk EWE H/R AHXEE A4

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

2.2 NGR1 882 H/R AR AC16 4HM3E /)
5R% HIR }% NGR1 AbHLn B 4H s, HIR Bifl4H AC16 4HiE B S NI, M5
H/R BRI HEA%, 100 uM M PL LA NGR1 w5 AC16 4ifis /1 (F=140.0, P < 0.01).

L 2,



& 2 CCK8 Al NGR1 X4 / KE ACL6 I HIRZM
Fig.2 The effects of NGR1 on AC16 cell viability
P <<0.01 vs the control group without hypoxia/reoxygenation treatment and NGR1 intervention;
#P<0.01 vs H/R group.

2.3 NGR1 RZmi £k A i s s

AL JC-1 et LL T e 2 L ROGIARAL , T LA S W40 0 2 R A JE FEL Sy Bk (25
WAl HI AR . X R (PO R IMER (659, MU N ZRI AR IE # F R LAz 5o BRZH AR
b, HIR 1R s I AR, 21 /4R L ELE R s/ (P < 0.01), RIIEHIR &
AR RAARTE AL T F%; 5 HIR 4AEE, NGR1 &% il 4 /4t a0 S L E I B B3 K (F
=44.77, P <0.01), #iH] NGRL A LA A% H HIR Frid i) ACL6 AHH At i I FL A7
A, WA 3.



Bl 3 RAEIKER NGR1 %t H/R J§ AC16 iR B A IR >400
Fig.3 The mitochondrial membrane potential in AC16 cells after hypoxia/reoxygenation
under different concentrations of NGR1 >400

a: Control group; b: H/R group; ¢: H/R+NGR1 100 umol/L group; d: H/R+NGR1 200 pmol/L



group; e: H/R+NGR1 300 umol/L group; ““P<<0.01 vs Control group; #P<0.01 vs H/R group.
2.4 NGR1 ¥mZehiiA B AR R E A K RKF

i RT-gPCR W% NGRL T-TilJ5 Ze ki H AR OC mRNA #sgtil. 55Xt g,
H/R LR A WA < B [ Parkin. Pinkl. P62 ) mRNA # 3K F7t#&, 1 NGR1 T-7i)5
F#{% (F=101.3, P<0.01; F=17.36, P<0.05. 0.01; F=32.15, P<0.01). ¥HELE
g, LA EWEMS<E A Parkin, Pinkl. P62 ] mRNA A0, M NGR1 7] LA 24
WX A& . WE 4.

B 4 AFEVREER NGR1 X H/R J& AC16 4iffif¥] Parkin. Pinkl. P62 ff) mRNA Kz &
Fig.4 The mRNA expression of Parkin, Pinkl and P62 in AC16 cells after
hypoxia/reoxygenation under different concentrations of NGR1
A: Relative expression level of Parkin mRNA,; B: Relative expression level of Pink1 mRNA,; C:
Relative expression level of P62 mMRNA,; a: Control group; b: H/R group; ¢: H/R+NGR1 100
umol/L group; d: H/R+NGR1 200 pmol/L group; e: H/R+NGR1 300 pumol/L group; ““P<<0.01 vs
Control group; *P<<0.05, *#P<<0.01 vs H/R group.

2.5 NGR1 #id PINK1/Parkin J&2 ghiik B
ik Western blot M %%%2H AC16 AR F A ENL . SX A A, HIR HEHK ik H
WEAHSCE 1 Parkin, Pinkl. LC3II & FARIET I, 1 P62 R ARIEFFL, M5 HIR AHEL,
H/R+NGR1 AN [R5 & 4 2R i [ W AH G B (1 Parkin., Pink1. LC311 25 [ 3RIA Y B PR (F
=12.07, P<0.05. 0.01; F=8.483, P<0.05; F=12.95, P<0.05), Ifii P62 & HKZEHH
(F=10.50, P<0.05. 0.01). UiHHEHAFH H/R i F WA 2 8 (R IA RN (5% 1)

FAE NGRL 1 il ARCA R . WK 5.



B 5 ARKRER NGRL Xt H/R J& AC16 48K Parkin, Pinkl. P62, LC3Il EHRIAKK
My
Fig.5 The protein expression of Parkin, Pinkl, P62 and LC3II 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 vs Control group; *P<<0.05, #P<<0.01 vs H/R
group.
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BEWR. X —45REY, NGR1 X H/R % FHIZR A5 75 B A B BRI EH . WL 6.

B 6NGR1 X H/R J& AC16 4l LR RAARBIM L HIZZM <10 000

Fig.6 The effects of NGR1 on the ultrastructure of mitochondrial in AC16 cells after

hypoxia/reoxygenation <10 000
a: Control group; b: H/R group; ¢: H/R+NGR1 200 umol/L group; the portion indicated by the
arrow undergoes mitochondrial ultrastructural changes.
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