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34) [k, AN BEFEAR VEGE-A AT HIF-1a 7K. Western blot 7047 45 B3t — 35 R, 78 GZFLW V597 )5, BB T4
KR AV B AR F R 7 57 11 (solute carrier family 7 member 11, SCL7A11) F145 it H ik i A AL ¥ 4 (glutathione
peroxidase 4, GPX4) {138 1% & 2 FRAIK, M pS3 MRIA B EF A w56 0045 8, GZFLW 1] e i ¥R 2 p53/
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Abstract: The objective of this study was to explore the therapeutic effects and underlying mechanisms of
Guizhi Fuling Wan (GZFLW) in the treatment of hepatocellular carcinoma (HCC). Firstly, the therapeutic effect of
GZFLW on HCC was evaluated by constructing a subcutaneous xenograft mouse model of H22 hepatoma cell line

and combining with cell experiments. Liquid chromatography tandem mass spectrometry (LC-MS/MS) was used
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to analyze the drug components of GZFLW, and network pharmacology and transcriptomics methods were
combined to screen out the potential core targets and signaling pathways of GZFLW in the treatment of HCC, and
the core targets were verified by molecular experiments. Bioinformatics analysis results showed that, GZFLW may
regulate p53, vascular endothelial growth factor A (VEGF-A) and hypoxia inducible factor-1oo (HIF-1a), which
may play an important role in the regulation of GZFLW. HIF-1a and other key targets, which have a certain impact
on angiogenesis and ferroptosis in HCC. The results of in vitro and in vivo experiments showed that GZFLW could
significantly inhibit the growth of subcutaneous transplanted tumor, and the serum containing GZFLW could
inhibit the proliferation of H22 cells in vitro. The results of immunofluorescence and immunohistochemistry
showed that GZFLW could down-regulate the expression of vascular endothelial markers cluster designation 31
(CD31) and cluster designation 34 (CD34). It also reduced the levels of VEGF-A and HIF-la. Western blot
analysis further showed that after GZFLW treatment, the expression of ferroptosis-related proteins solute carrier
family 7 member 11 (SCL7A11) and glutathione peroxidase 4 (GPX4) was significantly decreased. However, the
expression of p53 was significantly increased. The comprehensive analysis results suggest that GZFLW may
induce ferroptosis in HCC by regulating the pS53/SLC7A11/GPX4 signaling pathway, and inhibit tumor
angiogenesis by inhibiting the expression of HIF-1a and VEGF-A, thereby effectively inhibiting the occurrence
and development of HCC. This experiment has been approved by the Animal Experiment Ethics Committee of
Shaanxi University of Chinese Medicine (ethics approval number: SUCMDL20230915001).
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Figure 1 Total ion chromatogram of the components in Guizhi Fuling Wan (GZFLW). The first column presents the total ion current plot

in negative ion mode (upper-level diagram). Meanwhile, the second column showcases the total ion current plot in positive ion mode (lower-

level diagram). The small arrows indicate the peak time of the nine active ingredients
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Table 1 Chemical composition identification information of GZFLW
Compound Mler?zzi:r Mas]s)zrror/ ?;i:;vn?s/ Mas(sr/nc/}zl';lrge E;t:;lrs:; Secondary fragments (m/z) Mode

Gluconic acid CH,,0, -46.0063  150.052  195.05 1.364 75.007 3, 129.018 1 [M+FA-H]

D-Malic acid C,HO, -0.00125 134.02 133.013 1.77 71.012 3, 115.002 3 [M-H]

Citric acid CH,0, -0.000 77 192.026  191.019 2.781 85.028 0, 87.007 3, 111.007 4 [M-H]

Hydroquinone CH.O, -0.00131 126.03 125.023 5.236 125.023 1 [M-H]

D-Tryptophan C,H,N,0, -0.00057 204.080 203.082 7.326 116.049 2, 125.023 1, 141.054 5, [M-H]
159.091 7

Salicylic acid C,HO, -0.00121 138.03 137.023 8.455 137.023 1 [M-HJ

Gallic acid C,H,O, -0.00097 170.021  169.013 9.118 125.023 1 [M-H]

Amygdalin C,,H,,NO | 0.00043 457.159  502.157 10.267 59.012 3,71.012 3, 89.022 9, [M+FA-H]
101.023 0

Albiflorin C,,H,.0, -0.00037 480.163  525.161 10.863 121.028 1 [M+FA-H]

1,2,3,6-Tetra-O-galloyl-p-D-  C, H,.0,, 0.00042 788.108  787.1 11.406 125.023 1, 169.013 3,313.056 9 [M-H]

glucose

1,3-Phenylene glycol CH,0, -0.001 19 152.046  151.039 12.017 151.038 9 [M-H]

monoacetate

Kaempferol-3-O-glucoside C,H,0, 0.00026 448.101  447.094 13.746 227.034 4,255.029 8,300.027 6  [M-HJ

Benzoic acid CHO, -0.001 66 122.035 121.028 14.763 121.028 2 [M-H]

3,9-Dihydroxy-2- C,,H,,0, 0.000 13 324.136  323.129 16.773 133.064 6, 145.065 0, 147.044 1 [M-H]

prenylpterocarpan

Arachidonic acid C,H,0, 0 308.272  307.264 21.399 289.254 1,307.264 4 [M-H]

Choline CH ,NO 0.0004  103.1 104.107 1.33 104.107 2 [M+H]"

a-Lactose C,H,,0, 17.026 17 359.142  360.15 1.521 85.028 9,97.028 7, 127.038 9, [M+H]
145.049 3

Mussaenosidic acid C,H,,0, 17.026 4 393.163  394.171 3.244 133.064 6, 151.075 0, 179.069 9 [M+H]"

Adenine C,H,N; -17.026 6 118.028  136.062 4.558 119.0352 [M+NH,]"

4-Indole aldehyde C,H,NO -0.000 04 145.053  146.06 7.321 118.065 2 [M+H]"

Ethyl acetoacetate CH,,0, 0.0003  144.079 177.112 8.272 71.049 8, 99.044 4, 127.038 9 [M+H+MeOH]"

Catechin C,H, 0, -0.000 18 290.079  291.086 9.099 109.028 1, 125.023 1, 151.038 9, [M+H]"
179.034 0

Vanillin CH, 0, -0.000 16 166.063  167.07 10.139 121.064 8, 125.059 7, 149.059 5 [M+H]"

Carvone C,H,O 0.000 02 150.104 151.112 11.239 105.073 4 [M+H]"

Coumarin C,H.O0, -0.000 14 146.037  147.044 12.23 91.054 6, 103.054 5 [M+H]"

trans-Cinnamaldehyde C,H,0 -0.000 03 132.057  133.065 12.607 79.054 8, 105.070 0, 115.054 3 [M+H]"

Kaempferol C,H, 0, -0.000 02 286.048  287.055 14.279 121.028 4, 153.017 9, 165.0179  [M+H]"

Quercetin C.H, 0, -0.000 04 302.043 303.05 14.839 121.028 2, 151.002 6, 178.997 7, [M+H]'
185.023 7

Arachidonic acid C,,H,,0 -0.00042 304.24 287.237 21.433 81.070 4, 85.065 3, 95.085 9, [M+H-H,0]"
121.101 1

Estrone C,H,0, 219824  292.144 293.153 16.995 105.070 1, 119.085 6, 149.095 9, [M+H]"
151.1115

a-Linolenic acid C,H,0, -0.000 59 278.224  279.231 19.498 67.054 9, 81.070 4, 95.085 8 [M+H]

Oleanolic acid C,HO, -18.0112 438349 439.356 21.943 95.0859, 109.101 4, 123.116 7,  [M+H]"
137.1322

Ergosterol peroxide C,H,,0, -0.00025 428329  429.336 24.501 81.070 4, 95.085 9, 109.101 3, [M+H]"

119.0857

) Jii A% O ¥R IT BE . 25 R OR, TPS3 78 T AE W 4%
WAk T oGRS RS i = (degree: 39), $En iz Al
RUATRETE GZFLW JLHCC it fe b R FEAZ O VRS AE A -

24 GZFLV-HHEBREESNMETAYEEER
FimpmiEE  MEE R SN HFENZESE  FIH
R AN 249 N2 S HE m AT GO B & 4, BP &

SIE g, Horb 3 B PIBK-AKT {5 538 4 \MAPK {5
538 ¥ VHIF-11% 538 % . VEGF {5 58 % . p53 15 S il
PR A o N PAE I %, 0 B R A G B AR T
B, XA FERT I 10 46 B2 5% H AT AT AL (B12B).
R U GZFLW Tl e 1E 2 MEW L R 2 AME 5l
(IR 7 LN REEHTHCC FEH .

B LNy AR IR A SR CC R 2 2.5 “ZHHEM R 1E RS- SE SRR " S T AL AL
M AR Ah A A 4 MF 2 2098 RV VR LIE IR R SR W3 s, B 980 %4 . 238 1Y

g ¥ 1 R KA B VR S5 4> T D RE (B 2A). KEGG 43
AU B e 1R 4 PR B B SR LI I AR RS

R R B = AR GZFLW H R P oy (M
AN AT25 AR Mt B2 LA R MER AR L e 2R
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Figure 2 Gene ontology (GO) enrichment analysis (A) and KEGG pathway enrichment analysis (B) are presented. The GO analysis
encompasses three major categories: biological processes (BP), cellular components (CC), and molecular functions (MF), with the top 10
significantly enriched terms displayed for each category, respectively. The KEGG analysis reveals the top 10 signaling pathways

significantly enriched in the target gene set
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Figure 4 Transcriptomic profiling of subcutaneous transplanted tumor tissues. A: PCA principal component analysis diagram, green dots

represent 3 samples from the control group, red dots represent 3 samples from the treatment group; B: Differential gene volcano map, red

dots represent up-regulated genes, green dots represent down-regulated genes, and rectangular boxes represent genes related to ferroptosis

Table 2 Genetic information related to programmed cell death differences

Gene name Full gene name Fold change P-value
Gpx4 Glutathione peroxidase 4 -0.363 4.19E-05
Acsl4 Acyl-CoA synthetase long chain family member 4 0.393 1.91E-06
Trp53 Tumor protein p53 -0.181 0.005 674
Cisdl CDGSH iron-sulfur domain containing 1 -0.381 1.22E-06
Vegfa Vascular endothelial growth factor A -0.5 1.16E-08
Slc3a2 Solute carrier family 3 member 2 —-0.663 2.29E-11
Ncoa4 Nuclear receptor coactivator 4 0.378 2.92E-12
Lox Lipoxygenase 1.535 0.010 796
Casp8 Caspase 8 0.155 0.041
Casp3 Caspase 3 0.099 0.131
Casp9 Caspase 9 0.286 0.028
Bel2 B-cell lymphoma 2 -0.189 0.109
Bax Bcl-2-associated X protein -0.546 7.58E-12
Parpl Poly (ADP-ribose) polymerase 1 0.294 7.05E-08
Fas Fas cell surface death receptor 1.25 0.013
Cycs Cytochrome ¢ -0.314 2.64E-08
Becnl Beclin 1, autophagy related -0.205 0.003
Mapllc3a Microtubule-associated protein 1 light chain 3 alpha 0.876 0.226
Mapllc3b Microtubule-associated protein 1 light chain 3 beta -0.081 0.327
Sqstml Sequestosome 1 (SQSTM1/p62) -0.193 0.082
Atg5 Autophagy related gene 5 -0.074 0.31
Atg7 Autophagy related gene 7 -0.057 0.651
Ulkl Unc-51 like autophagy activating kinase 1 0.124 0.101
Mtor Mechanistic target of rapamycin 0.251 8.31E-05
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Figure 5 GZFLW induces ferroptosis in H22 cells. A: Cell viability of H22 cells after 24-h intervention with 10% drug-containing serum

from various GZFLW dose groups and the sorafenib group, presented as a statistical histogram; B, C: Proliferation of H22 cells treated with

10% drug-containing serum from the high-dose GZFLW group or sorafenib group for 24 h, assessed by EdU assay, with statistical analysis

of red-positive signals (magnification: 400%, scale bars: 20 um); D, E: Changes in intracellular ROS levels in H22 cells treated with 10%

drug-containing serum from the high-dose GZFLW group or sorafenib group for 24 h, analyzed via green fluorescence intensity

(magnification 100x, scale bars: 200 um); F, G: Western blots of p53, solute carrier family 7 member 11 (SLC7A11) and glutathione

peroxidase 4 (GPX4), respectively, and histograms of statistical analysis of their protein expression gray values. n =3, x £ s. "P<0.05 "P<

Hhx

0.01, P <0.001 vs model group. NS: No difference
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Figure 6 GZFLW inhibited the growth of the H22 tumor. A: Diagrams of subcutaneous tumours of animals at the termination of animal

experiments; B, C: Changes in tumour volume (B) and subcutaneous tumour weight (C) after 16 days of drug intervention; D: Diagrams of

HE pathological sections of subcutaneous tumors, with light pink areas (indicated by red arrows) indicating necrotic areas; E: HE pathology

sections of liver tissues after 16 days of drug intervention. Magnification: 100x and 200x, scale bars: 50 pm. n =3, X +s. "P < 0.05, "P <

0.01, ""P<0.001 vs model group
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