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Abstract: Liver fibrosis is a common stage in the progression of chronic liver diseases, yet there is a lack
of clinical drugs against liver fibrosis globally. Gynostemma pentaphyllum has the name of "Southern ginseng",
commonly used in folk prevention and treatment of a variety of chronic liver disease, there are also reports of its anti-
hepatic fibrosis. However, there are fewer relevant scientific studies. In this study, we used LC-MS metabolomics
analysis to investigate the effects of Gynostemma pentaphyllum ethanol extract (GPE) on liver fibrosis in carbon

tetrachloride (CCl,)-induced mouse models and its potential mechanisms. All animal experiments were approved
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by the experimental animal ethics committee of Capital Medical University (DWLLGZR202202204). The results
showed that GPE could significantly reduce the inflammatory cell infiltration and collagen accumulation in the
liver of model mice, significantly reduce serum alanine transaminase and aspartate transaminase activity and
hypoxanthine levels in mice, and could effectively inhibit the gene transcription and protein expression of collagen
1A1 (COL 1A1) and a-smooth muscle actin (a-SMA). Non-targeted metabolomics analysis of the liver showed that
GPE mainly affected 47 differential metabolites; KEGG pathway enrichment analysis indicated that the differential
metabolites were mainly enriched in the fructose/mannose metabolism and aromatic amino acid metabolism pathways.
The targeted metabolomic assay was further used to validate a total of 13 differential metabolites of D-mannose,
mannose 6-phosphate, D-fructose, fructose 2-phosphate, D-sucrose, trehalose, glutamate, phenylalanine, tyrosine,
L-2-amino-3-oxobutyric acid, lactate, 2-hydroxybutyrate, and taurine, which may be important metabolites related
to GPE's anti-fibrotic effects. This confirms that GPE's anti-liver fibrosis effects may be closely related to the
regulation of the fructose/mannose metabolism pathway and the aromatic amino acid metabolism pathway.

Key words: Gynostemma pentaphyllum; liver fibrosis; metabolomics; fructose/mannose metabolism; aromatic

amino acid metabolism

VGt S BRV  PEREE S0 T TF AR S AN HE
it 200 771, WEN AR L, AL 440 N EA % F
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Table 1 Sequences of RT-qPCR related primers. 7, : Melting

temperature
No.  Gene name Sequence (5’ to 3") T /°C
1 M-a-sma-F  GGCACCACTGAACCCTAAGG 20
2 M-a-sma-R  ACAATACCAGTTGTACGTCCAGA 23
3 M-Coll-F TAAGGGTCCCCAATGGTGAGA 21
4 M-Coll-R GGGTCCCTCGACTCCTACAT 20
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7 M-I-6-F TAGTCCTTCCTACCCCAATTTCC 23
8  M-II-6-R TTGGTCCTTAGCCACTCCTTC 21
9  M-Tnf-a-F CCCTCACACTCAGATCATCTTCT 23
10  M-Tnf-a-R GCTACGACGTGGGCTACAG 19
11 M-p-actin-F  CCACAGCTGAGAGGGAAATC 20
12 M-f-actin-rR  AAGGAAGGCTGGAAAAGAGC 20
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(IDA) B TR/ R0 . X PR, SRS ELL
PR RS . ESTIRA MR E N B2 EIREA
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Figure 1  Effect of Gynostemma pentaphyllum ethanol extract (GPE) on histopathological features of carbon tetrachloride (CCl,)-induced

hepatic fibrosis in mice. A: Modeling method of CCl, induced liver fibrosis in mice; B: Hematoxylin and eosin staining (H&E) and Masson

stain representation (1 = 3). Scale: 100 pm; C: H&E and Masson staining statistics. n = 3, x £ 5. "P < 0.05, ”

P < 0.01; D: Serum alanine

aminotransferase (ALT), aspartate aminotransferase (AST) and hydroxyproline (HYP) levels (z = 5); E and F: Protein and gene expression

levels of collagen 1A1 (Col Ial) and a-smooth muscle actin (a-sma) in mouse livers. n =5, x £s. P < 0.05, "P < 0.01; G: Gene expression

levels of interleukin-1/ (II-18), interleukin-6 (//-6) and tumor necrosis factor-alpha (Tnf-c;) in mouse liver. n =5, x £ 5. "P < 0.05, P < 0.01
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Figure 2 Total ion flowchart and multivariate statistical analysis of metabolome data of liver tissue in mice. Total ion flow pattern of
mouse liver tissue samples in positive ion mode (n = 5), CCI, group (A) and GPE group (B); total ion flow pattern of mouse liver tissue
samples in negative ion mode (n = 5), CCl, group (C) and GPE group (D); scatter plots of PCA scores in E and F for positive and negative
ion modes; scatter plots of OPLS-DA scores and permutation test plots in G and H for negative ion mode; scatter plots of OPLS-DA scores

and permutation test plots in I and J for positive ion mode
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Figure 3 GPE interferes with biomarker screening and metabolic pathway enrichment in CCl, liver fibrosis mice. A: Heat map of liver
tissue after GPE treatment compared to CCl, model group (n = 5), blue represents down-regulation, red represents up-regulation; B: KEGG

pathway enrichment map of differential metabolites in GPE group and CCl, group in liver tissue
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Figure 4 Changes of differential metabolites in mouse liver. n > 4, x+s. 'P<0.05 "P<0.0l. A: D-Mannose; B: Mannose 6-phosphate;
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Figure 5 The enriched KEGG pathways associated with GPE against liver fibrosis
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Table 2 Potential differential metabolites in the liver of mice with liver fibrosis. VIP: Variable importance in the projection; GPE group:

Gynostemma pentaphyllum ethanol extract group; CCl, group: Carbon tetrachloride group

. Ion FC (GPE group
No. Metabolite HMDB ID mlz VIP
mode vs CCl, group)
1 Montecristin HMDBO0029795  POS 5755037  1.34898 5.733 3
2 PC(35:3) HMDBO0007947  POS  770.5676  1.770 6 2.669 1
3 PC(18:3(62,92,127)/15:0) HMDBO0008165 POS 7425361 1.87732 32425
4 PE(18:1(112)/18:2(9Z,12Z2)) HMDBO0009027  POS  742.5361 1.87732 32425
5  PC(18:1(92)/P-16:0) HMDB0008126 ~ POS 7445927  1.15139 6.3347
6  Ethyl glucuronide HMDB0010325  NEG 221.0665 19.7145 158.64
7  Nobiletin HMDBO0029540  NEG 401.1282  7.564 67 281.49
8  Ascorbic acid HMDB0000044  NEG 175.0248 2.733 84 9.929 2
9  N-Acetylmethionine HMDBO0011745 NEG 190.0539  2.78797 2.1477
10 2,2-Dimethylsuccinic acid HMDBO0002074  NEG 145.0506  1.509 26 29.53
11 Pentadecanoic acid HMDBO0000826  NEG 2412167 12932 1.742 6
12 4-Nitroaniline HMDBO0246529  NEG 137.0354 1.116 37 0.167 88
13 N-Acetylphenylalanine HMDB0000512  NEG  206.082 1.647 33 27156
14 PC(18:0/18:1(92)) HMDBO0008038  POS  788.6097  3.82521 0.514 82
15 Acetylleucine HMDBO0011756 ~ NEG  172.0978  1.4657 1.9499
16  Cer(d18:1/16:0) HMDBO0004949  POS  520.5072  1.18738 0.591 63
17 Bathophenanthroline HMDBO0246617  POS  333.1328 1.107 16 25711
18  Doxycycline HMDBO0014399  NEG 443.1403 2.578 83 178.88
19  Buprenorphine HMDBO0015057 POS  468.3073 1.88329 1.5272
20 Glucose 6-phosphate HMDB0001401 NEG 259.0219 1.78133 1.9851
21 Mannose 6-phosphate HMDB0001078 NEG 259.0219 1.78133 1.9851
22 Fructose 1-phosphate HMDBO0001076 ~ NEG  259.0219  1.78133 1.985 1
23 Mannose 1-phosphate HMDBO0006330  NEG  259.0219  1.78133 1.985 1
24 Sorbose HMDBO0246950 NEG 179.0561 191827 22001
25  Mannose HMDBO0000169  NEG 179.0561 191827 22001
26  Fructose HMDB0000660  NEG 179.0561 1.918 27 2.200 1
27  Castamollissin HMDBO0038888  POS  469.0961  1.650 57 2.170 1
28  Trigoforin HMDBO0029495  POS  189.0869  1.51057 1.8277
29  N-[(4E,8E)-1,3-dihydroxyoctadeca-4,8-dien-2-yl]hexadecanamide =~ HMDBO0035480 POS  536.504 1.134 28 0.503 58
30 N-Acetylglutamine HMDBO0006029  NEG 187.0719  2.388 84 1.7879
31  N-Acetylhistidine HMDBO0032055  NEG 196.0726  1.082 1.694 4
32 Dehydroascorbic acid (oxidized vitamin C) HMDBO0001264 ~ NEG 173.008 7  1.53582 1.602 5
33 Ribitol HMDBO0000508  NEG  151.061 1.15299 1.79
34 Tyrosine HMDBO0000158  POS  182.081 1  6.640 24 1.684 9
35 O-Tyrosine HMDBO0006050  POS  182.081 1  6.640 24 1.684 9
36  Heptadecanoic acid HMDBO0002259  NEG 269.2478  1.25936 1.516 6
37  Methylimidazoleacetic acid HMDBO0002820  POS  141.0656  1.402 39 3.0258
38  PC(14:1(92)/16:.0) HMDBO0007902  POS  704.5227 14515 24559
39  Mangiferdesmethylursanone HMDBO0036018  POS  429.3725 1.18226 0.591 78
40  Allantoin HMDB0000462  NEG 157.0362 3.727 13 0.607 9
41 Chromone HMDBO0032938  POS  147.0441  1.069 52 2.1842
42 Isovalerylglycine HMDB0000678 NEG 158.0821 1.13326 0.518 85
43 2-Hydroxyethanesulfonic acid HMDB0003903 NEG 1249913 1.966 18 0.297 07
44 Cytidine 5'-diphosphocholine (CDP-choline) HMDBO0001413 POS  489.1135  1.08265 1.648 2
45  Glutathione HMDBO0000125  NEG  306.076 4.332 64 1.860 4
46  Fagomine HMDB0033453 POS  148.096 6  1.714 51 19185
47  PC(20:1(112)/15:0) HMDB0008297 POS 7745976  1.706 96 2.003 6
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