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 E: BW WAMKEWE (Lycium barbarum polysaccharides, LBP) JH#EA% K F E2 #2<[AF 2 (nuclear factor E2 related
factor 2, Nrf2) /A H it =LY 4 (glutathione peroxidase 4, GPX4) JHEEX 64/ R A (hypoxia/reoxygenation, H/R)

FHFOLOIAIEIE T . Faik WEXTIRA, BRA K LBP k. F. &fl&E (25, 505 100 mg/L) ZHF1 LBP (100
mg/L) +Nrf2 #%5] ML385 (5 umol/L) 4. % H9c2 4/l H/R #i%Y, JEe4FAHIR 254Ab 38 . KA CCK-8 £ I 40 B iE 771
KFH TUNEL $ R A iEia T RARFIEARMAE Fe2s B H K (glutathione, GSH). A 4 (malondialdehyde, MDA)
I e A I A (lactate dehydrogenase, LDH). #BEALYEALEF (superoxide dismutase, SOD). T A (catalase,

CAD) H; R =& 4% (dihydroethidium, DHE) Z¢JGIREMRTIIAN A TE 44 (reactive oxygen species, ROS) 7KF; R
B W) B SR A i R AR TS s SR Western blotting #1348k 85 4 521K 1 (transferrin receptor 1, TfR1). W& )8 & Fiia
A 1 (divalent metal transporter 1, DMT1). k&I #EHE 1 (ferritin heavy chain 1, FTH1). BEIEHEG A A UK 5 5% Ak
1 4 (acyl-CoA synthetase long-chain family member 4, ACSL4). Kelch ¥ ECH #H5<%H 1 (Kelch like ECH associated protein
1, Keapl). Nrf2. M KA EE-1 (heme oxygenase-1, HO-1). ¥FHAMEKE 7 i 11 (solute carrier family 7 member 11,
SLCTALD). GPX4 HEHKIE. R  LxHHAILLE, BRAANNE /) 53 F# 8 (P<<0.001), Fe*'. MDA. ROS 7K~F-#il LDH
WPERE TR (P<0.001), GSH 7K°FHI SOD. CAT VT RE L (P<0.001), ZRRIARGRR . f5% 3wy B Ko b,
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HO-1. SLCTAll. GPX4 FEHFIXKTFEETE (P<0.01. 0.001), DMTI. FTHI. ACSL4. Keapl & 43k /KT i % K
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A REIE L Nrf2/GPX4 #2508 H/R 7S LR AL T o

KRR BRE/EE ONAENE; VIR R MRS 2 BE; Nrf2/GPX4 @R BT

FESHES: R285.5 NHRFRERE: A NEHS: 0253 - 2670(2025)10 - 3568 - 09

DOI: 10.7501/.issn.0253-2670.2025.10.015

Effect of Lycium barbarum polysaccharides on hypoxia/reoxygenation-induced
ferroptosis in cardiomyocytes based on Nrf2/GPX4 pathway

HUANG Wei, LI Qian, ZHU Jitian
Department of Cardiovascular Medicine, Suzhou Hospital, Anhui Medical University, Suzhou 234000, China

Abstract: Objective To investigate the effect of Lycium barbarum polysaccharides (LBP) on ferroptosis induced by
hypoxia/reoxygenation (H/R) in cardiomyocytes by regulating nuclear factor E2 related factor 2 (Nrf2)/glutathione peroxidase 4
(GPX4) pathway. Methods Control group, model group, LBP low-, medium-, high-dose (25, 50, 100 mg/L) groups and LBP (100
mg/L) + Nrf2 inhibitor ML385 (5 umol/L) group were set up. H9¢2 cells H/R model was constructed and treated with corresponding
drugs. CCK-8 was used to detect cell viability; TUNEL staining was used to detect cell apoptosis; The reagent kits were used to detect
levels of Fe?*, glutathione (GSH), malondialdehyde (MDA), as well as activities of lactate dehydrogenase (LDH), superoxide dismutase
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(SOD) and catalase (CAT) in cells; Dihydroethidium (DHE) fluorescence probe was used to detect cellular reactive oxygen species
(ROS) level; Transmission electron microscopy was used to observe the mitochondrial morphology of cells; Western blotting was used
to detect the expressions of transferrin receptor 1 (TfR1), divalent metal transporter 1 (DMT1), ferritin heavy chain 1 (FTH1), acyl-
CoA synthetase long-chain family member 4 (ACSL4), Kelch like ECH associated protein 1 (Keapl), Nrf2, heme oxygenase-1 (HO-
1), solute carrier family 7 member 11 (SLC7A11) and GPX4 protein. Results Compared with control group, cell viability in model
group was significantly reduced (P < 0.001), levels of Fe?*, MDA, ROS and LDH activity were significantly increased (P < 0.001).
GSH level and activities of SOD and CAT were significantly reduced (P < 0.001), mitochondria was shortened, membrane density was
increased, and the number of cristae was decreased, the protein expression levels of TfR1, Nrf2, HO-1, SLC7A11 and GPX4 were
significantly reduced (P < 0.001), while the protein expression levels of DMT1, FTH1, ACSL4 and Keap1 were significantly increased
(P <0.001). Compared with model group, cell viability in LBP group was significantly increased (P < 0.01), Fe?*, MDA, ROS levels
and LDH activity were significantly decreased (P < 0.05, 0.01, 0.001), GSH level and SOD, CAT activities were significantly increased
(P < 0.05, 0.01, 0.001), the morphology of mitochondria were relatively regular, protein expression levels of TfR1, Nrf2, HO-1,
SLC7A11 and GPX4 were significantly increased (P < 0.01, 0.001), protein expression levels of DMT1, FTH1, ACSL4 and Keapl
were significantly decreased (P < 0.05, 0.01, 0.001); ML385 could inhibit the improvement effect of LBP on cell ferroptosis (P < 0.05,
0.01, 0.001). Conclusion LBP may improve H/R-induced ferroptosis in cardiomyocytes by activating the Nrf2/GPX4 pathway.

Key words: hypoxia/reoxygenation; cardiomyocytes, myocardial ischemia-reperfusion; Lycium barbarum polysaccharides;

Nrf2/GPX4 pathway; ferroptosis
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BIRAF]; Nrf2 #5171 ML385 (Jit*5 HY-100523)
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I3 IAEIRIIAR R 254 () DMEM 15 97 Jk v 4k 4l 1 9%

24 h, YCEELHHIfEI .
2.2 CCK-8 JE#NZmARE S

B 100 pL H9c2 4HfI L 1 X 10* N/AFLEEFTT 96
bR, RREAEMARA ST A, &
H/R KZi)FHi)E, 7 B3, A 10 uL CCK-8
TR i RE 7R 0L, 37 “CHFE 4 h, BRI 450
nm ARG (4) {8, HHEMMRE .

MPIE ST =(A 5= A w6)/(A wm—A =)
2.3 TUNEL 34N AR T

WA A, FFERIEAARIE , TR HA
4%% & F I [E] % 30 min, PBS ¥E15%, € F7i#E47 Triton
X-100 %4k 5 min; PBS ¥E¥, I TUNEL B3
F 37 CHOLME 1h; PBS ¥t M Hoechst %t
T =REEHEE 15min; PBS Pk, FHPOLE
B WL AR T L
24 KFIERNMA Fe*. GSH. MDA KR
LDH. SOD. CAT ;&4

WAL, 12 000X g B50» 10 min, 735
YA AIRE 7R RIS F BRI & Ui, (A WST-8
R FE FIEWh LDH & TE. g0 A2
ZNEE, 12 000X g B0 10 min, 43 E55H L
TER, F IR & a8 B kA il Fe 7KF,
5,5- IR Q-FHZE R HER) A GSH 7K, BiAR
B LG Z R A il MDA 7K1, WST-8 4wl SOD 7%
P, AT OB THEAS I CAT y5 1 .
2.5 DHE ZREEREHEMZEA ROS 7K

Wk S U4, 2200 PBS BRI )5, IIN 5 umol/L
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YN i K 45 41 DHE, B J5 I\ DAPI 44 4L €4
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2.7 Western blotting #M4HfE TfR1. DMTI.
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0.001); SR UL, Hfd 2 05 &35 2 4H 40 s /)
B2 TH (P<<0.01), TUNEL FHM: 3R B B AR (P<
0.05. 0.01. 0.001); SHfc ZHEEFIEAH LI,
o 22 4% +ML385 4 i /) B B FEAIK (P<<0.05),
TUNEL FHEZFR B R FAmE (P<0.01),
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YR A 25 50 100 LBP-+ML385
LBP/(g'kg™")
LBP 50 mg-L™! LBP 100 mg-L™! LBP+ML385

A-ZHAEI% /7; B-TUNEL 4eff (X200); C-TUNEL FAtE%, SXHIELHLLE:: ##P<0.001; SHAIAHELE:: *P<0.05 *P<0.01 ™P<0.001;

LBP-HIfC 2 B SHifd Z s msaltbis: 4P<0.05 44P<0.01 244p<0.001, &,
A-cell viability; B-TUNEL staining (x 200); C-TUNEL positivity rate; ##P <0.001 vs control group; "P<0.05 P <0.01

LBP-Lycium barbarum polysaccharides; 2P <0.05 24P <0.01 424P <0.001 vs Lycium barbarum polysaccharides high-dose group, same as below

**P<0.001 vs model group;

figures.
1 &4H H9e2 HRE NFUATREER (X+s,n=3)
Fig. 1 Comparison of cell viability and apoptosis of H9c2 cells in each group (X s, n=3)
3.2 FLALHRE ROS FRERUT | MK FELER GSH 7K-FHl SOD. CAT 7 I {2 F#{I% (P<<0.001);

WK 2-A. B filr, SxtiB4LERE, AAIZH40
Jfl ROS ZOGERFEE Tt = (P<0.001); SHEAIAH
Eeds, Ml ZRES IR ROS WOLsRE
AL (P<<0.05. 0001); Stffc 2% st A Lh A,
Mitc 2 B% +ML385 A4l ROS % )t58 B B i
(P<<0.01). Wi 2-C iz, SXTHRZH ELAL, A2
4f il MDA 7K~F-#1 LDH 354 B B F 5 (P<0.001),

5B AL, ffc 2 08 &R =4 41 MDA 7K-F
A1 LDH % B R (P<<0.05. 0.01. 0.001),
GSH /K*FF1 SOD. CAT &% B & & (P<<0.05.
0.01. 0.001); Stfc ZHE =R EAHLLE, Mid®
B+ ML385 440 il MDA 7K>F- Al LDH 3% 14 B & 7F
m (P<<0.01), GSH /K*FAI SOD. CAT &L E
FAk (P<<0.01. 0.001).
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E 40 2 100- 2 404
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PR R 25 50 100 LBP+ML385
LBP/(mg-L™")

SR B 25 50 100 LBP+ML385
LBP/(mg-L™")

AR R 25 50 100 LBP+ML385
LBP/(mg-L™")

A-DHE ZOGIRE 4t (X400); B-ROS 7K*F; C-MDA. GSH /K“F-#1 LDH. SOD. CAT jifitk.
A-DHE fluorescence probe staining (x 400); B-ROS level; C-MDA, GSH levels and LDH, SOD, CAT activities.

B2 & H9c2 ZBff ROS RS FUL S LKFLLE (X£s,n=3)
Fig.2 Comparison of ROS and lipid peroxidation levels of H9¢2 cells in each group (X £ s, n=23)
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2 14 0 s Hi e ek >
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PR (P<<0.001); SERYZH LLES, Mok 2857 &
HANML Fe* /KA1 DMT1. FTHI. ACSL4 HEAFE
KK R % (P<<0.05. 0.01. 0.001), TfRI1 &
H# AR RIS (P<<0.01. 0.001); S5Hifd%
Wi AL L, MAc 20 -+ ML385 44 Fe?t/K
SR DMT1. FTH1. ACSL4 A RIEKT-IHE T
1 (P<<0.01. 0.001), TfRI & ([ ZREAKFBH & R
(P<<0.001).
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sk

AR A

FTH1
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LBP 25 mg-L"!

FTH1 s — — e — 2.0X10%

TIR] G — — - G = 75X |(*

DMT] = = oo w— e e = (X ]0*
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YR R 25 50 100 LBP+ML385
LBP/(mg-L™)
&8 LBP 50 mg-L™!
= LBP 100 mg-L!
@ LBP+ML385

A-LRRIRTEA (X20 000), ZLEHSIRRIER BRI, W OF KRR B &Rifk: B-Fe?/KF: C, D-Western blotting &1l TfR1. DMTI.

FTHI. ACSL4 EAFEIA.

A-mitochondrial morphology (x 20 000), red arrows indicate normal mitochondria and blue arrows indicate shortened mitochondria; B-Fe?* level; C, D-
TfR1, DMTI1, FTH1 and ACSLA4 protein expressions detected by Western blotting.

3 B4 H9c2 WAL R AR FERIE TR KAEARFIALL R (X £5,n=3)
Fig.3 Comparison of mitochondrial damage and expressions of ferroptosis related indicators of H9c2 cells in each group
(X+s,n=3)

34 KA Nrf2/GPX4 BB A EARIALLR

WK 4 FroR, SR, R4 HOc2 4
Jfi Nrf2. HO—-1. SLC7A11. GPX4 & &IiA/KTH
L (P<<0.001), Keapl & A FIAK I BT
(P<0.001); SHAALE, MicLhEsm=da
Nrf2. HO-1. SLC7A1l. GPX4 & [ #i&/KT 1 &
FHE (P<<0.01. 0.001), Keapl &Rk /K -0 &
BEA% (P<<0.01. 0.001); EHyfc 25l w7 i 2i L,
MiAd Z 9% +ML385 4 Nrf2. HO-1.SLC7A11. GPX4
A RL K EFEIT (P<0.001), Keapl EAE
LK R T (P<0.001).
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M A T, B 51 RS RO R 5 Rk
R, AMRERER HR %S5, Hc2 4
MvE 7P 4K, TUNEL BHPEZT R, FeX /KA,
TfR1 FiLF#K, DMT1. FTH1. ACSL4 EiLThE,
41l ROS. MDA 7KF-F1 LDH 34T+, GSH /K
SPAT SOD. CAT JEMEFFAIK, #E—PIESE T H/R 2%
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[ LBP+ML385

1L

SLC7Al1 GPX4

4 & H9c2 4AAR Nrf2/GPX4 BIEIAXEBFTIALLE (X+s,n=3)
Fig. 4 Comparison of Nrf2/GPX4 pathway related protein expressions of H9¢2 cells in each group (Xt s, n=3)
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SRR E AV W P2 AEE 2 (1) ROS, ROS JEii
IR R BB I U SR B, e 2 80k
TR AR, RREFEEE] H/R 555, HO2 4iff
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Fig.5 Lycium barbarum polysaccharides inhibit H/R-induced ferroptosis in cardiomyocytes by regulating Nrf2/GPX4

pathway



F8 B 2025858 $£56% B10H  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10 « 3575

27 b, Mt 2 BERE IS 008 H/R 753 A0 WLAE AR
BREET:, T REE I S Nrf2/GPX4 @ % R IFIEH
N ZRYT O LER ML FREE B IR B T AR L.
B H AT FCAAFAE — LA 2, AHSCHIETE I RAE 1A
WHETIRAE. AR TR e BAR NS, Jf
IR HEFEAAC Z2 BEE IR PR IRL AT, PAA T PPt
A2 2 BEAE OO LR T P FE 40405 o )7 RORT 22 4tk

FAFR PIAEEHFARELEF G R

&3k

[1] DaiEY, Chen X, Linkermann A, et al. A guideline on the
molecular ecosystem regulating ferroptosis [J]. Nat Cell
Biol, 2024, 26(9): 1447-1457.

[2] Liu G Q, Xie X Y, Liao W, et al. Ferroptosis in
cardiovascular disease [J]. Biomed Pharmacother, 2024,
170: 116057.

[3] Chen B X, Fan P, Song X, et al. The role and possible
mechanism of the ferroptosis-related SLC7A11/GSH/
GPX4 pathway in myocardial ischemia-reperfusion injury
[J]. BMC Cardiovasc Disord, 2024, 24(1): 531.

[4] Wang J N, Jia N, Zhu K Y, et al. Shock wave therapy
alleviates hypoxia/reoxygenation-induced cardiomyocyte
injury by inhibiting both apoptosis and ferroptosis [J]. Anal
Cell Pathol, 2024, 2024: 8753898.

[5] SonglJJ,LiS, Zhang BY, et al. Quercetin protects human
coronary artery endothelial cells against hypoxia/
reoxygenation-induced mitochondrial apoptosis via the
Nrf2/HO-1 axis [J]. Biomed Res, 2024, 45(5): 197-207.

[6] Yao D S, Bao L X, Wang S C, et al. Isoliquiritigenin
alleviates myocardial ischemia-reperfusion injury by
regulating the Nrf2/HO-1/SLC7al11/GPX4 axis in mice
[J]. Free Radic Biol Med, 2024, 221: 1-12.

[ ECK, B, Fm. RERE T HAT N2/
SLCTAT1/GPX4 {5 5 I i 400 1 UK <5/ 2 S5 3 (0
WUAHAREFET: [J]. GBS S LN 2% &, 2024,
22(2): 267-273.

[ Zhao C Y, Li J N. METTLI4-mediated Ns-
methyladenosine modification induces the ferroptosis of
hypoxia/reoxygenation-induced cardiomyocytes [J]. J
Cardiothorac Surg, 2024, 19(1): 265.

[9] Lu Q Z, Yao X B, Zheng H, et al. SS-31 modification
alleviates ferroptosis induced by superparamagnetic iron
oxide nanoparticles in hypoxia/reoxygenation
cardiomyocytes [J]. Heliyon, 2024, 10(20): e38584.

[10] Qiu Z Y, Shi K N, Li H H, et al. CBR-470-1 protects
against cardiomyocyte death in ischaemia/reperfusion
injury by activating the Nrf2-GPX4 cascade [J]. Toxicol
Appl Pharmacol, 2024, 492: 117113.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Chen YT, MaLL,YanY Z, et al. Ophiopogon japonicus
polysaccharide reduces doxorubicin-induced myocardial
ferroptosis injury by activating Nrf2/GPX4 signaling and
alleviating iron accumulation [J]. Mol Med Rep, 2025,
31(2): 36.

TR, FRFH, e DR TT O LR R 5
& [7]. JeWIhEE, 2025, 40(4): 824-827.

BRK, B0, BEM, & BRSO AL S HIF-
1o/HO-1 38 % 0] % B6 T2 2% Ao JUL AR I, 755 VRE V- 453 4%
T [T]. BEPEHEE, 2025, 46(2): 147-152.

INICET, BN, FRAR, 5. BT E v A AT T 4R
E TR R RAEIRR (1], P EZ, 2025, 56(5):
1489-1499.

FUK, EHF. T Notch 155l B PR W M T 22 W0 PR
I3 B K B P AR I SO AR I [0]. BRPE R 220555,
2023, 52(3): 267-272.

Feng Y Q, Song Y T, Zhou J, ef al. Recent progress of
Lycium  barbarum  polysaccharides on intestinal
microbiota, microbial metabolites and health: A review [J].
Crit Rev Food Sci Nutr, 2024, 64(10): 2917-2940.

Gao Y, Li H G, Que Y K, et al. Lycium barbarum
polysaccharides (LBP) suppresses hypoxia/reoxygenation
(H/R)-induced rat H9C2 cardiomyocytes pyroptosis via
Nrf2/HO-1 signaling pathway [J]. Int J Biol Macromol,
2024, 280(Pt 4): 135924.

Yang H, Ding L Y, Xu B, et al. Lycium barbarum
polysaccharide alleviates ferroptosis in Sertoli cells
through NRF2/SLC7A11/GPX4 pathway and ameliorates
DEHP-induced male reproductive damage in mice [J]. Int
J Biol Macromol, 2024, 282(Pt 5): 137241.

ook, sk, $AF5IR, . MIAC 2R/ BRI DA T
21 0 2R S R S O R AP 1 B HLRI BT A (0], 25
PRI AT, 2020, 43(4): 683-687.

A, ANSEUT, WIANAE, . MR LT Nrf2/
HO- 1 38 P % B4/ 52 S8 451195 HOe2 /Lo LA B R BT 12 1 5%
M [J]. R GIGIR, 2024, 40(1): 16-23.

Wang Y W, Qiu J R, Yan H, et al. The Bachl/HO-1
pathway regulates oxidative stress and contributes to
ferroptosis in doxorubicin-induced cardiomyopathy in
H9c¢2 cells and mice [J]. Arch Toxicol, 2024, 98(6): 1781-
1794.

Gao D X, Wu Y T, Zhan Y, et al. Chronic hypoxia drives
the occurrence of ferroptosis in liver of fat greening
(Hexagrammos otakii) by activating HIF-lo and
promoting iron production [J]. Ecotoxicol Environ Saf,
2024, 285: 117135.

Ahola S, Langer T. Ferroptosis in mitochondrial
cardiomyopathy [J]. Trends Cell Biol, 2024, 34(2): 150-



» 3576 «

FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

[24]

[25]

[26]

160.

Zhao L, Shi H T, Zhang F, et al. Hederagenin protects
against myocardial ischemia-reperfusion injury via
attenuating ALOXS5-mediated ferroptosis [J]. Naunyn
Schmiedebergs Arch Pharmacol, 2024, 397(5): 3411-
3424.

Wu F, Dang B R, Hu L M, et al. Lycium barbarum
polysaccharide inhibits blue-light-induced skin oxidative
damage with the involvement of mitophagy [J].
Photochem Photobiol, 2024, 100(3): 604-621.

Li Y Q, Yang B, Zhang X P, et al. Lycium barbarum
polysaccharide antagonizes cardiomyocyte apoptosis by

inhibiting the upregulation of GRK2 induced by I/R injury,

[27]

[28]

[29]

and salvage mitochondrial fission/fusion imbalance and
AKT/ENOS signaling [J]. Cell Signal, 2022, 92: 110252.
Wu H L, Liu Y J, Hao Y, et al. Lycium barbarum
polysaccharide protects cardiomyocytes from hypoxia/
reoxygenation injury via activation of SIRT3/CypD
signaling [J]. Ann Transl Med, 2023, 11(2): 72.
Li C, Wu Z Y, Xue H, et al. Ferroptosis contributes to
hypoxic-ischemic brain injury in neonatal rats: Role of the
SIRT1/Nrf2/GPx4 signaling pathway [J]. CNS Neurosci
Ther, 2022, 28(12): 2268-2280.
J i, WA, ERM. R ROR A B s
AMPK/Nif2 {55 il sk S/ 2 405 S O LR R Bk 5
TS [7]. TRZ45H1, 2023, 46(12): 3091-3096.

[FiEshit 3 E4)



