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[Abstract] Objective To investigate the mechanism by which Biejiajian Pill (BJJP) regulates ferroptosis in
hepatocellular carcinoma (HCC) cells through the p62/Keap1/NRF2 pathway and to provide an experimental basis for its
application in the prevention and treatment of HCC. Methods Huh7 HCC cells were divided into a normal control
group, a BJJP drug serum group, an erastin (a ferroptosis inducer) group, a BJJP drug serum + erastin group, and BJJP
drug serum + ferrostatin-1 (Fer-1) (a ferroptosis inhibitor) group. BJJP drug serum was prepared with animals treated
with BJJP and CCK-8 assay was performed to determine the optimal concentration and duration of BJJP intervention. The
levels of intracellular iron (Fe), reduced glutathione (GSH), lipid peroxides (MDA), and reactive oxygen species
(ROS) were measured. Western blot was performed to determine the expression levels of FTH1, GPX4, xCT, SLC40A1,
Keapl, p62, and NRF2. JC-1 staining was performed to measure mitochondrial membrane potential, and cell
immunofluorescence was performed to determine the expression of p62 and Keapl. Results  According to the CCK-8
assay results, the cell inhibition rate was highest when BJJP was administered at a high dose of 2.2 g/kg (P < 0.001).
Furthermore, the inhibition rate of Huh7 cells was highest when Huh?7 cells were treated with high-dose BJJP drug serum
for 48 h. Therefore, the serum concentration of high-dose BJJP and 48 h were selected as the treatment dose and
duration for the subsequent experiment. Compared with the control group, the BJJP drug serum group, the erastin group,
and the BJJP drug serum + erastin group showed increased iron content, decreased GSH content, increased MDA levels,
increased ROS aggregation, decreased FTH1, GPX4, xCT, SLC40A1, p62, and NRF2 contents, increased Keapl content,
and decreased mitochondrial membrane potential (P < 0.05). Conclusion  BJJP regulates ferroptosis in Huh7 HCC cells
by inhibiting the p62/Keapl/NRF2 pathway, demonstrating potentials as a therapeutic agent for HCC.
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Table 1 Inhibition rate of Huh7 cells treated with BJJP at different

doses and duration (¥ +s,n=6)

Group Dosage/(g/kg) 24h/% 48 h/% 72h/%
NC 0 0.00+930 000647  0.00+4.15
BJJP-L 0.55 25994356 33.37+4.80  64.47+6.42
BJJP-M 11 37.56+4.037  46.19+3.87  62.57+3.72"
BJJP-H 22 435242917 57.28+3.82"  63.25+6.60

NC: normal control; BJJP: Biejiajian Pill; BJJP-L: low-dose intervention of
BJJP; BJJP-M: moderate-dose intervention of BJJP; BJJP-H: high-dose
intervention of BJJP.” P < 0.001, vs. NC.
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Table 2 The effect of BJJP on the content of characteristic cytokines of

ferroptosis in HCC (¥ +s,n=6)

Group Fe/ (pmf)l/g MDA/(nn-ml/mg GSH/ (pr-nol/g
protein) protein) protein)
NC 315.89+41.49 4.40+0.72 83.74+3.03
BJJP-H 9185448871 11374035 55.88+2.86
Erastin 1133.98488.89"  1220+0.85  50.55+2.50

* % *, g

BJJP-H + Erastin 1439.68+24933" % 17.4240.727" " 26.78+1.44”

A A

397.04£152.22°%%  504+1.14°%% 84.76+8.72°°%

BJJP-H + Fer-1

Fer-1: ferrostatin-1; the other abbreviations are explained in the note to

Tab1.” P<0.001, vs. NC; * P < 0.05, vs. Erastin; *" P < 0.001, vs. Erastin;
A48 p 0,001, vs. BJJP-H.
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Fig 1 The effect of BJJP on the intracellular reactive oxygen species content of Huh7 cells (n = 3)

ROS: reactive oxygen species; the other abbreviations are explained the note to Tab 1 and 2. "p< 0.001, vs. NG; "pP< 0.05, vs. Erastin; Sp< 0.05, vs. BJJP-H.
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Fig 2 The effect of BJJP on the mitochondrial membrane potential of Huh7 cells (n = 3)
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Fig 3 The effect of BJJP on the expression of ferroptosis proteins in Huh7 cells (n = 3)
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Fig 4 Effect of BJJP on the expression of p62/Keapl/NRF2 signaling pathway proteins in Huh7 cells undergoing ferroptosis (n = 3)

A, Western blot images of p62/Keap1/NRF2 signaling pathway proteins and the

relative protein expression; B, immunofluorescence and relative expression level

statistics of Keapl; C, immunofluorescence and relative expression level statistics of p62. "P<0.05 " P<0.01,”" P<0.001, vs. NC; * P < 0.05, vs. Erastin; “ P < 0.05, vs.

BJJP-H.
OIS, 78 i FE Hp62/Keap 1 /NRF215 51 i 52 2411
i, & F BUALXS Erastindfs SR FE T 7 A= S A0 N A B3 [R]
YEFH, Fer-1 il ¥l s HY R ILIZS SR A0 T3 i) LA R 33 o
g5 TR, WY R AL T R S 3 o 41 ) R A A Y
p62/Keap1/NRF2{ 7 18 ##% 6 5 BRA QI SE B BT AT 1
AT BRI T A LR 25V R S AR B
FEGl, Sy HLG PRI P AT 2= & B A LR . A

WFFE AL M p62/Keapl/NRF2{5 53l % I F g/ &k
{0, ek VHY R AL 928 P98 4 LK S T 8 R O s R AL
A Rt — AR5

*

% %

YEBETRAI  BRADCH TR SO BFFE 7 IR S 1k, 7R A
XU TR R A AT WAL, SO RN 51 ST i R I B R 5,



1

R4 2% B FV R HL3E 5 p62/K eap 1 /NRF215 5

B A 4 P e M K B T R4 P LR 57

MR B 5 53 LE ST AR, Bk 2 TR S 05 3 I , BRRA L
ATTAFAAL, WP H T RTINS S AR S . T AR
B 28 [ B SO PR S AS T, FLVRHE B R RRAS AT e 28 S i, HF 1)
X TARRYBTA T R 55T

Author Contribution CHEN Weiguang is responsible for
conceptualization, methodology, and writing--original draft. HE Chunyu
and LIU Yang are responsible for validation and visualization. WEN Bin
and SUN Haitao are responsible for data curation and supervision. YANG
Xuemei and CHEN Weicong are responsible for formal analysis and
software. ZHONG Binglian is responsible for methodology and validation.
HE Songqi is responsible for funding acquisition, project administration,
resources, and writing--review and editing. All authors have agreed to
submit the article to this journal, finally determine the version to be
released, and agree to take responsibility for various strands of the work.
IR FrAEE LA AT 2 rh

Declaration of Conflicting Interests All authors declare no competing

interests.

2 % X #t

(1] HhIBPT, SOHE, PN, 4. 4P A AL 5 N - B 5388 S PP 40

b B WA AR FIALED. P ESEg )5 )2 2, 2022, 28(1): 24-32.
doi: 10.13422/j.cnki.syfjx.20212421.
ZHONG X D, WEN B, SUN H T, et al. Mechanism of Biejiajian Wan
against EMT of hepatocellular carcinoma cells through NF-kB signaling
pathway. Chin J Exper Trad Medi Formul, 2022, 28(1): 24-32. doi: 10.
13422/j.cnki.syfjx.20212421.

[2] GANESAN P, KULIK L M. Hepatocellular carcinoma: new developments.
Clin Liver Dis, 2023, 27(1): 85-102. doi: 10.1016/j.c1d.2022.08.004.

(3] Wi, g4k, /M, 45 F2 AT I Y NCR2/SLCTALL/GPX4{S 5l

o v O /NI AR I AR AT T R . TR E 2500, 2022, 25(11):
1878-1883. doi: 10.19962/j.cnki.issn1008-049X.2022.11.002.
GAO S L, CAI Q Q, JIN X J, et al. Effects of icariin on
Nrf2/SLC7A11/GPX4 signaling pathway on iron death induced by high
glucose in microglia. China Pharmacist, 2022, 25(11): 1878-1883. doi: 10.
19962/j.cnki.issn1008-049X.2022.11.002.

[4] YUAN H, NIU Q, SHANG X, et al. Impact of traditional Chinese
medicine on orognosis of patients with hepatocellular carcinoma: a
retrospective cohort study. Integr Cancer Ther, 2023, 22:
15347354231170536. doi: 10.1177/15347354231170536.

[5] CHENS, HO C, LIN W, et al. The characteristics and mortality of
Chinese herbal medicine users among newly diagnosed inoperable huge
hepatocellular carcinoma (=10 c¢m) patients: a retrospective cohort study
with exploration of core herbs. Int ] Environ Res Public Health, 2022,
19(19): 12480. doi: 10.3390/ijerph191912480.

(6] KT, JRART, XUAE, 45, He FHAHLIG /K TR 53Ry T P A B AR
KEPERE W PERT 58 A e PRASCRWLEE . o I HE DX R U, 2024, 40(33): 95-97.
doi: 10.3969/j.issn.1007-614x.2024.33.033.

ZHANG Y, ZHANG C P, LIU H, et al. Clinical observation of Biejiajian
pill combined with silybin in the treatment of non-alcoholic
steatohepatitis with phlegm-stasis obstruction. Chin Comm Phys, 2024,

40(33): 95-97. doi: 10.3969/j.issn.1007-614x.2024.33.033.

(7] Zetuh, 20, HEEAR, S5, i PR SOALI 05 FF DR A0 B D5 ol A S £ 4

PERFEFIBLAL. o [ P BE 2 5 AMRHRAE, 2024, 30(4): 557-561. doi: 10.
3969/j.issn.1007-6948.2024.04.024.
ZUO Y J, LI X, CUIJ L, et al. The mechanism of Biejiajian pill in
inhibiting hepatic stellate cell activation and alleviating liver fibrosis. Chin
J Sur Integ Trad West Med, 2024, 30(4): 557-561. doi: 10.3969/j.issn.1007-
6948.2024.04.024.

[8] WU Z, KANG J, TAN W, et al. In silico and in vitro studies on the
mechanisms of Chinese medicine formula (Yiqi Jianpi Jiedu Formula) in
the treatment of hepatocellular carcinoma. Comput Math Methods Med,
2022, 2022: 8669993. doi: 10.1155/2022/8669993.

[9] CHENW, YANG X, SUN J, et al. Biejiajian pill inhibits progression of
hepatocellular carcinoma by downregulating PDGFRp signaling in
cancer-associated fibroblasts. ] Ethnopharmacol, 2023, 301: 115825. doi:
10.1016/j.jep.2022.115825.

(10 BiHsuE, SO, PGV, 5. 8 WP AL = 2 BE S0 Al e 755 00 JFFJRE %

AR BUIF L ZRIL-6/STAT3 (5 5 38 B i 52 m. h PR 2458, 2021,
62(19): 1720-1727. doi: 10.13288/j.11-2166/1.2021.19.012.
CHEN W C, WEN B, SUN H T, et al. Effect of Biejiajian pills (% FF AL )
on IL-6/STAT3 signal pathway in liver tissue of diethylnitrosamine rat
models of liver precancerous lesion model rats. ] Trad Chin Med, 2021,
62(19): 1720-1727. doi: 10.13288/j.11-2166/1.2021.19.012.

(11] fHA, X4, B4R, 46, B PRI #% EGFR/M A PK/ERKGH B Xt

MHCC-97H AT A ML B 5EIR. AE 5T BE 252224412, 2024, 47(3): 394-
406. doi: 10.3969/j.issn.1006-2157.2024.03.014.
WU M S, LIU H, TAN N H, et al. The effect of Biejiajian Pills on
regulating the EGFR/MAPK/ERK pathway in MHCC-97H liver cancer
cells. J Beijing Uni Trad Chin Med, 2024, 47(3): 394-406. doi: 10.3969/j.
issn.1006-2157.2024.03.014.

[12] SUN7J, CHEN W, WEN B, et al. Biejiajian pill inhibits carcinogenesis and
metastasis via the Akt/GSK-3p/snail signaling pathway in hepatocellular
carcinoma. Front Pharmacol, 2021, 12: 610158. doi: 10.3389/fphar.2021.
610158.

[13] PhEEES, SCMS, BT MG, 45, 3 T PI3K/AKT/GSK-3p/(5 5 1T B 17 1+ Y BT

FUIRE AT A Hep3 B B RE UM AP R 252%5K, 2021, 36(3):
1361-1365.
SUNJ L, WEN B, YANG X M, et al. To explore the mechanism of
Biejiajian pill regulating the proliferation and metastasis of hepatoma cells
Hep3B based on PI3K/AKT/GSK-3 signaling pathway. Chin J Trad Chin
Med Pharm, 2021, 36(3): 1361-1365.

(14] 30, SCHE, Phaass, 6. JIFANMLE T oNBRncRNAS OB FEE. iE
ZEIE A, 2020, 36(8): 1041-1044. doi: 10.3969/j.issn.1001-1978.2020.
08.002.

ZHAO W T, WEN B, SUN J L, et al. Research progress of exosomal
ncRNAs in hepatocellular carcinoma. Chin Pharma Bull, 2020, 36(8):
1041-1044. doi: 10.3969/j.issn.1001-1978.2020.08.002.

[15] NGUYEN T, MAHALAKSHMI B, VELMURUGAN B. Funtional role of
ferroptosis on cancers, activation and deactivation by various therapeutic
candidates-an update. Chemico-Biological Interactions, 2020, 317(2020):
108930. doi: 10.1016/.cbi.2019.108930.

[16] SUNS, SHEN J, JIANG J, et al. Targeting ferroptosis opens new avenues


https://doi.org/10.13422/j.cnki.syfjx.20212421
https://doi.org/10.13422/j.cnki.syfjx.20212421
https://doi.org/10.13422/j.cnki.syfjx.20212421
https://doi.org/10.13422/j.cnki.syfjx.20212421
https://doi.org/10.13422/j.cnki.syfjx.20212421
https://doi.org/10.1016/j.cld.2022.08.004
https://doi.org/10.1016/j.cld.2022.08.004
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.19962/j.cnki.issn1008-049X.2022.11.002
https://doi.org/10.1177/15347354231170536
https://doi.org/10.3390/ijerph191912480
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-614x.2024.33.033
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.3969/j.issn.1007-6948.2024.04.024
https://doi.org/10.1155/2022/8669993
https://doi.org/10.1016/j.jep.2022.115825
https://doi.org/10.1016/j.jep.2022.115825
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.13288/j.11-2166/r.2021.19.012
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3969/j.issn.1006-2157.2024.03.014
https://doi.org/10.3389/fphar.2021.610158
https://doi.org/10.3389/fphar.2021.610158
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.3969/j.issn.1001-1978.2020.08.002
https://doi.org/10.1016/j.cbi.2019.108930
https://doi.org/10.1016/j.cbi.2019.108930
https://doi.org/10.1016/j.cbi.2019.108930
https://doi.org/10.1016/j.cbi.2019.108930

58

PR A=A (B 2D

% 5645

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

for the development of novel therapeutics. Signal Transduct Target Ther,
2023, 8(1): 372. doi: 10.1038/s41392-023-01606-1.

MOU Y, WANG J, WU J, et al. Ferroptosis, a new form of cell death:
opportunities and challenges in cancer. ] Hematol Oncol, 2019, 12(1): 34.
doi: 10.1186/s13045-019-0720-y.

CHEN G, SONG C, PANTOPOULOS K, et al. Mitochondrial oxidative
stress mediated Fe-induced ferroptosis via the NRF2-ARE pathway. Free
Radic Biol Med, 2022, 180: 95-107. doi: 1041016/j.freeradbiomed.2022.01.012.
LI Y, XU B, REN X, et al. Inhibition of CISD2 promotes ferroptosis
through ferritinophagy-mediated ferritin turnover and regulation of p62-
Keap1-NRF2 pathway. Cell Mol Biol Lett, 2022, 27(1): 81. doi: 10.1186/
$11658-022-00383-z.

YANGY, LIU C, WANG M, et al. Arenobufagin regulates the p62-Keap1-
NREF2 pathway to induce autophagy-dependent ferroptosis in HepG2
cells. Naunyn Schmiedebergs Arch Pharmacol, 2024, 397(7): 4895-4909.
doi: 10.1007/500210-023-02916-5.

WANG Y, DENG B. Hepatocellular carcinoma: molecular mechanism,
targeted therapy, and biomarkers. Cancer Metastasis Rev, 2023, 42(3):
629-652. doi: 10.1007/s10555-023-10084-4.

YANG C, ZHANG H, ZHANG L, et al. Evolving therapeutic landscape of
advanced hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol, 2023,
20(4): 203-222. doi: 10.1038/s41575-022-00704-9.

GRETEN T F, LAI C W, LI G, et al. Targeted and immune-based
therapies for hepatocellular carcinoma. Gastroenterology, 2019, 156(2):
510-524. doi: 10.1053/j.gastro.2018.09.051.

NEMETH E, GANZ T. Hepcidin-Ferroportin interaction controls
systemic iron homeostasis. Int ] Mol Sci, 2021, 22(12): 6493. doi: 10.3390/
{jms22126493.

CAMASCHELLA C, NAI A, SILVESTRI L. Iron metabolism and iron
disorders revisited in the hepcidin era. Haematologica, 2020, 105(2): 260-
272. doi: 10.3324/haematol.2019.232124.

TR, B L v, X I, A BRBETT R R AR L A ST R
PR R, IR 2475, 2021, 37(6): 1454-1458. doi: 10.3969/j.issn.
1001-5256.2021.06.049.

ZHANG F Y, ADILA-YKP, ZHAO ] M, et al. Mechanism of ferroptosis
and its role in liver diseases. ] Clin Hepatol, 2021, 37(6): 1454-1458. doi:
10.3969/j.issn.1001-5256.2021.06.049.

LI Q, CHEN K, ZHANG T, et al. Understanding sorafenib-induced
ferroptosis and resistance mechanisms: implications for cancer therapy.
Eur J Pharmacol, 2023, 955: 175913. doi: 10.1016/j.ejphar.2023.175913.
WANG Q, BIN C, XUE Q, et al. GSTZ1 sensitizes hepatocellular
carcinoma cells to sorafenib-induced ferroptosis via inhibition of
NRF2/GPX4 axis. Cell Death Dis, 2021, 12(5): 426. doi: 10.1038/s41419-
021-03718-4.

LUCCI A, VERA M C, COMANZO C G, et al. Delta-tocotrienol enhances
the anti-tumor effects of interferon alpha through reactive oxygen species
and Erk/MAPK signaling pathways in hepatocellular carcinoma cells. Can
J Physiol Pharmacol, 2022, 100(5): 453-463. doi: 10.1139/cjpp-2021-0606.

WANG R, ZHU Y, CHEN J, et al. The quinazoline derivative, 04NB-03,

(31]

[32]

(33]

[34]

(35]

(36]

(37]

induces cell cycle arrest and apoptosis in hepatocellular carcinoma cells in
a reactive oxygen species-dependent manner. Chem Biol Interact, 2021,
338:109371. doi: 10.1016/j.cbi.2021.109371.
LIU Y, HAO C, LI L, et al. The role of oxidative stress in the development
and therapeutic intervention of hepatocellular carcinoma. Curr Cancer
Drug Targets, 2023, 23(10): 792-804. doi: 10.2174/1568009623666230
418121130.
AR, JAEN, IR, 45, BRIET 1% 70 Erastin T I8 ACSL4M I J1F9
AAMLAASME . 7 BB, 2024, 44(11): 2131-2136. doi: 10.
12122/j.issn.1673-4254.2024.11.09.
ZHAO P P, ZHOU Z G, YANG Y Y, et al. Ferroptosis inducer Erastin
inhibits proliferation of liver cancer cells in vitro by down-regulating
ACSLA4. ] South Med Univ, 2024, 44(11): 2131-2136. doi: 10.12122/j.issn.
1673-4254.2024.11.09.
REA, AT, MR, S5, BRIE TR A0 R K A BIRYT T oY
EJR. LRIEEF, 2024, 45(9): 1189-1192. doi: 10.3969/j.issn.1000-0399.
2024.09.023.
ZHUZY,LIY L, CHEN Y P, et al. Research progress of iron death in the
occurrence and treatment of hepatocellular carcinoma. Anhui Med J,
2024, 45(9): 1189-1192. doi: 10.3969/j.issn.1000-0399.2024.09.023.
ZHAIJ, CHEN Z, ZHU Q, et al. Curcumin inhibits PAT-induced renal
ferroptosis via the p62/Keap1/Nrf2 signalling pathway. Toxicology, 2024,
506: 153863. doi: 10.1016/.tox.2024.153863.
ZEN] 0. 3 Fp62/Keap 1 /NRF 23 H 435 [ A 78 BUF + WA
HepG24I R FET-AYVE AL K 10 915G o BE 25K 2%, 2022. doi: 10.
27138/d.cnki.ghuzc.2022.000242.
LI K X. To investigate the mechanism of Gubenxiaoji prescription's
intervention in iron death of human hepatocellular carcinoma HepG2
cells based on p62/Keapl/NRF2 pathway. Changsha: Hunan University of
Chinese Medicine, 2022. doi: 10.27138/d.cnki.ghuzc.2022.000242.
GAO X, HU W, QIAN D, et al. The Mechanisms of ferroptosis under
hypoxia. Cell Mol Neurobiol, 2023, 43(7): 3329-3341. doi: 10.1007/
510571-023-01388-8.
TR, S, B, 45 H T p62-Keap1-Nri2 {55 18 AR 1 B fUkL
XHERSPEIF 5/ RGP P RE2h, 2024, 55(19): 6588-6598. doi:
10.7501/j.issn.0253-2670.2024.19.013.
DING M L, GAO M, BAO Y W, et al. Jingfang Granules protects
alcoholic liver injury in mice through regulating p62-Keap1-Nrf2
signaling pathway. Chin Trad Herb Drugs, 2024, 55(19): 6588-6598. doi:
10.7501/j.issn.0253-2670.2024.19.013.

(2024 - 11 - 265k, 2025 - 01 — 13f& 1))

Hihk W

FERBARI A SCH R AU 8 A — Rl
4.0 bR AT PML(CC BY-NC 4.0), PEAI{E BV

https://creativecommons.org/licenses/by-nc/4.0/,

OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by-nc/4.0/.
© 2025 {PUJIRAF 2741 (R 2RI V4o

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1016/j.freeradbiomed.2022.01.012
https://doi.org/10.1016/j.freeradbiomed.2022.01.012
https://doi.org/10.1016/j.freeradbiomed.2022.01.012
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1186/s11658-022-00383-z
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s00210-023-02916-5
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1007/s10555-023-10084-4
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1053/j.gastro.2018.09.051
https://doi.org/10.1053/j.gastro.2018.09.051
https://doi.org/10.3390/ijms22126493
https://doi.org/10.3390/ijms22126493
https://doi.org/10.3324/haematol.2019.232124
https://doi.org/10.3324/haematol.2019.232124
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.3969/j.issn.1001-5256.2021.06.049
https://doi.org/10.1016/j.ejphar.2023.175913
https://doi.org/10.1016/j.ejphar.2023.175913
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1038/s41419-021-03718-4
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1139/cjpp-2021-0606
https://doi.org/10.1016/j.cbi.2021.109371
https://doi.org/10.1016/j.cbi.2021.109371
https://doi.org/10.2174/1568009623666230418121130
https://doi.org/10.2174/1568009623666230418121130
https://doi.org/10.2174/1568009623666230418121130
https://doi.org/10.2174/1568009623666230418121130
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.12122/j.issn.1673-4254.2024.11.09
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.3969/j.issn.1000-0399.2024.09.023
https://doi.org/10.1016/j.tox.2024.153863
https://doi.org/10.1016/j.tox.2024.153863
https://doi.org/10.27138/d.cnki.ghuzc.2022.000242
https://doi.org/10.27138/d.cnki.ghuzc.2022.000242
https://doi.org/10.27138/d.cnki.ghuzc.2022.000242
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://doi.org/10.7501/j.issn.0253-2670.2024.19.013
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 材料与方法
	1.1 实验动物和细胞系
	1.2 药物和主要试剂
	1.3 细胞实验分组
	1.4 制备含药血清
	1.5 CCK-8检测细胞抑制率
	1.6 试剂盒检测细胞铁含量、谷胱甘肽（GSH）含量及脂质过氧化物（MDA）水平
	1.7 活性氧（ROS）荧光法测定细胞内ROS
	1.8 JC-1检测肝癌细胞线粒体膜电位
	1.9 Western blot法检测铁死亡和p62/Keap1/NRF2信号通路蛋白的表达
	1.10 细胞免疫荧光检测p62、Keap1的表达
	1.11 统计学方法

	2 结果
	2.1 CCK-8实验筛选鳖甲煎丸最佳药物干预浓度及时间
	2.2 鳖甲煎丸对肝癌细胞中铁死亡特征细胞因子Fe、MDA、GSH含量的影响
	2.3 鳖甲煎丸对肝癌细胞中铁死亡特征细胞因子ROS含量的影响
	2.4 鳖甲煎丸对肝癌细胞线粒体膜电位的影响
	2.5 鳖甲煎丸对Huh7细胞铁死亡标志蛋白表达的影响
	2.6 鳖甲煎丸对Huh7细胞p62/Keap1/NRF2通路蛋白水平的影响

	3 讨论
	参考文献

