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Abstract
Ethnopharmacological relevance

Gentiana veitchiorum Hemsl. (GV) has a long history in Tibetan medicine for the treatment of the hepatobiliary disease, cholestasis.
However, the mechanisms mediating its efficacy in the treatment of cholestasis have not been determined.

Purpose

To elucidate the mechanisms of action of GV in the treatment of cholestasis, an integrated approach combining ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) analysis with network pharmacology and molecular docking was established.

Materials and methods

A comprehensive analysis of the chemical composition of GV was achieved by UPLC-MS/MS. Subsequently, a network pharmacology
method that integrated target prediction, a protein-protein interaction (PPI) network, gene set enrichment analysis and component-target-
pathway network was established. The network pharmacological results were validated through molecular docking analysis.

Results

The UPLC-MS/MS analysis identified twenty compounds in GV. Network pharmacology identified 299 targets for the components of GV and
2999 targets for cholestatic diseases, from which 103 intersectional targets were obtained by Venn diagram. A PPI network was constructed
to screen the following core proteins: AKT1, GAPDH, TNF, IL6, VEGFA, and CASP3. Gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses results suggested that GV may treat cholestatic disease through biological pathways related to
proteolysis, cytosol, caspase complex, enzyme binding, and pathways in cancer, lipid and atherosclerosis, HIF-1, TNF, IL-17 and other key
signaling pathways. The results were validated by molecular docking studies, which indicated good binding affinities between core
compounds and targets, with similar binding energies to those of the positive control drugs.

Conclusions

In this study, UPLC-MS/MS analysis and network pharmacology were used in conjunction to provide potential mechanisms of action of GV
in the treatment of cholestasis.

1. Introduction
Gentiana veitchiorum Hemsl. (GV) is a plant from the genus Gentiana (Tourn.) L. in the family Gentianaceae, mostly found in forest margins
and alpine grasslands at altitudes of 3200–4700 m, and is abundant in the southwest and northwest of China [1, 2]. As recorded in the
Tibetan Plateau Medicines Illustrated and Gansu Herbal Handbook [3], GV is usually used for heat-clearing and detoxification, and mainly
for treating smallpox, bronchitis, cough, headache, pharyngitis and damp-heat jaundice. Numerous studies have suggested that GV has
multiple pharmacological effects, including anti-microbial, anti-oxidant, analgesic, liver-protective and anti-inflammatory properties, and it is
clinically effective in the treatment of hepatobiliary diseases [4].

Cholestasis is a clinical syndrome that is characterized by impaired formation and circulation of bile acids [5]. In the absence of appropriate
treatment, it may eventually lead to acute hepatotoxicity accompanied by a range of exacerbating outcomes, such as primary biliary hepatic
sclerosis, hepatic failure, and biliary hepatitis [6]. The complicated etiology and complications of cholestasis have greatly hindered the
development of new medicines, such that there are currently few effective treatments [7]. At present, the most effective drugs approved for
the treatment of cholestasis include ursodeoxycholic acid (UDCA) and obeticholic acid (OCA) [8]. However, their efficacy and safety are
unsatisfactory, and more than 40% of patients do not respond to UDCA [9, 10]. In addition, approximately 90% of patients taking OCA exhibit
a variety of side-effects [11]. It is therefore highly desirable to determine the underlying mechanisms involved in cholestasis to facilitate the
search for new therapeutics.

Network pharmacology is a promising discipline for analysis of biological systems and selection of specific signaling nodes for multi-target
drug molecule design. This methodology is an emerging strategy for comprehensive assessment of herbal compounds based on
multidisciplinary techniques [12]. 'Network targets' play a central role in traditional Chinese medicine network pharmacology [13]. Biological
networks are used to construct interactions between drug components, targets and diseases, to systematically interpret the
pharmacological mechanisms of action of Chinese medicine formulations. The results provide potential new ideas for clinical treatment of
diseases with Chinese medicines [14, 15].
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The development of new medicines to treat cholestasis with good efficacy and few side effects is crucial and urgent, and intensified studies
on the active ingredients of natural products are uniquely advantageous. Therefore, we constructed a network pharmacological method
using data from ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) to probe the pharmacological
mechanisms by which extracts of GV affect cholestatic diseases (Fig. 1).

2. Materials and methods

2.1 Plant material
GV, a perennial plant of the genus Gentiana (Gentianaceae), was harvested in Yushu, Qinghai Province (97.12428E, 32.80899N). The
material was identified by Associate Researcher Xiaofeng Chi and the specimens were preserved at the Northwest Institute of Plateau
Biology (Xining City, Qinghai Province, China). Loganic acid was purchased from Yunnan Xili Biotechnology Co., Ltd (Kunming City, Yunnan
Province, China). Swertiamarin, sweroside and gentiopicroside were purchased from Nanjing Spring & Autumn Biological Engineering Co.,
Ltd (Nanjing City, Jiangsu, China). Isoorientin and isovitexin were purchased from Shanghai Yuanye Biotechnology Co., Ltd (Shanghai,
China).

2.2 Preparation of sample solutions
The dried GV was sonicated three times in methanol (1:5 solid:solvent ratio) at ambient temperature for 30 min each time and then filtered.
The combined filtrates were concentrated, dried under reduced pressure and stored in a refrigerator at 4 ℃. The GV extract powder obtained
by freeze-drying (5mg) was dissolved in methanol (to 10 mL in a volumetric flask) by ultrasonication. The resulting GV extract solution, at a
concentration of 0.5mg/mL, was filtered through a 0.22 µm microporous filter membrane and stored in a refrigerator at 4 ℃. The standards
(isovitexin, sweroside, swertiamarin, isoorientin, gentiopicroside, and loganic acid; 5 mg each) were dissolved in methanol (10 mL) in a
volumetric flask to obtain standard solutions (0.5mg/mL). All standards were filtered through a 0.22 µm microporous membrane and kept
in a refrigerator at 4 ℃.

2.3 Chromatography and mass spectrometry conditions
The extracts of GV were analyzed on an Acquity™ ultra performance liquid chromatography instrument (Waters, USA), and Triple TOF 5600 
+ time-of-flight mass spectrometer with electrospray ion source (AB SCIEX, USA). The chromatographic column consisted of a Waters,
Acquity UPLC HSS T3 column (1.8 µm, 2.1 × 150 mm). Formic acid (0.1%) in water was used as mobile phase A and formic acid (0.1%) in
acetonitrile was used as mobile phase B. Linear gradient elution was as follows: 0 min 5% B; 15 min 30% B; 20 min 95% B; 22 min 95% B;
the flow rate was 0.3 mL/min; the column temperature was 50 ℃; the detection wavelength was 254 nm and the injection volume was 3 µL.

Full mass spectra were recorded at an m/z range of 100–1500 in negative ion mode. The MS parameters were set as follows: nebulizing
gas:55 psi; curtain gas, 35 psi; ion source temperature:550°C (negative); ion source voltage, 5500 V (positive) and − 4500 V (negative);
primary scan: declustering voltage, 100 V; focusing voltage:10 V; secondary scan: MS data acquisition using TOF MS ~ Product Ion ~ IDA
mode with collision energy of ±40 eV.

2.4 Component identification analysis
The results of the GV extract analysis were summarized to obtain the chemical components and their corresponding mass spectrometry
data within the retention time. The basal peak plots were compared with the control substances and their literature data to confirm the main
chemical components of the GV extract.

2.5 Identification of relevant targets for the chemical components of GV
Several online databases were selected to predict relevant targets for the treatment of cholestasis. The PubChem
(https://pubchem.ncbi.nlm.nih.gov/) database (an authentic chemical database containing thorough chemical information) was first used
to search for molecular information on all identified chemical components, including molecular formula, 3D molecular structure and smiles
structural data. SwissTargetPrediction (http://swisstargetprediction.ch/), TCMSP (https://tcmsp-e.com/), SEA (http://sea.bkslab.org/) and
STITCH (http://stitch.embl.de/) databases were then used to obtain relevant potential targets for components of GV. Associated genes were
then standardized using the Retrieve/ID plotting tool in the Uniprot database (https://www.uniprot.org/uploadlists/). Finally, the targets
acquired from the four databases were pooled and de-duplicated using Microsoft Excel (USA)to obtain compositionally relevant targets.

2.6 Collection of cholestasis-related targets
Keywords such as 'cholestasis', 'cholestatic hepatic injury', 'cholestatic liver injury', 'primary biliary cirrhosis' and 'primary cholangitis' were
searched in the GeneCards (https://www.genecards.org/) database [16]. From the search results, 'protein coding' was selected as the
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criterion in the 'category' column to obtain disease-related targets, and then Microsoft Excel was used to remove duplicates.

2.7 Protein-protein interaction (PPI) analysis
VENNY 2.1 software (Venny 2.1.0 (csic.es)) was used to determine the overlap between GV component-related targets and cholestasis-
related targets. The overlapping targets were entered into STRING 11.0 (https://string-db.org/) for PPI network analysis, and the interaction
results were input into Cytoscape 3.8.2 for visualization and analysis. The degree data were imported into Bioinformatics
(bioinformatics.com.cn) to produce pencil histograms.

2.8 Pathway enrichment analysis
The intersection targets were imported into David (ncifcrf.gov) for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses. In GO, 'Biological Process' (BP), 'Cellular Component' (CC) and 'Molecular Function' (MF) were
chosen in turn. These three options, respectively, describe the molecular function that the gene product is likely to perform, the cellular
context in which it is found, and the biological process in which it is involved. Enrichment of KEGG pathways was also analyzed. The
precision of the two approaches was set to 'Medium', and the data obtained were summarized and processed in Microsoft Excel. Finally,
visualization and analysis of the outcomes were performed in Bioinformatics.

2.9 Components-targets-disease-pathways network construction
In this study, the network visualization software, Cytoscape, was used to model the network in order to systematically evaluate the intricate
interrelationships between compounds, targets, and diseases. The node degree is defined as the number of direct connections made
between a specific node and any other node in the network. A conforming network of major components of GV acting on targets and
pathways associated with cholestatic liver injury was constructed after entering the selected targets and data into Cytoscape.

2.10 Molecular docking simulation
To further assess the validity of the network pharmacological data, molecular docking was used to evaluate the binding energies and
potential binding modes of components with targets. Components with the highest degree of freedom in the 'drug-component-disease-
pathway-target' network were selected for study. Meanwhile, the positive control drugs, UDCA and OCA were included for comparative
analysis.

The 3D structures of the small molecule compounds were obtained from the PubChem (https://pubchem.ncbi.nlm.nih.gov/) database in
sdf format. Hydrogen atoms and charges were added using AutoDock Vina software [17], and the structures saved in pdbqt format as
ligand files. The macromolecular protein target receptor pdb format files were downloaded from the RCSB PDB (https://www.rcsb.org/)
database. Molecular docking simulations were then performed using AutoDock Vina to analyze the binding of each protein to ligand and
obtain a docking score. Finally, the generated protein–ligand complexes were imported into PyMol for visualization. The structures of
complexes was checked using the Proteins (https://proteins.plus/)website and the interaction force between protein and ligand was
analyzed using the PLIP (https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index) website. Proteins with lower binding energies were
considered to mediate the efficacy of GV against cholestasis.

3. Results

3.1 Identification of chemical components in GV by UPLC-MS/MS
The UPLC-MS/MS total ion chromatogram of GV extract in negative ion mode is shown in Fig. 2. The molecular formulas and mass
fragments were matched to known components reported in the literature and cross-referenced with controls to initially identify 20
compounds, including nine iridoids, nine flavonoids and two other compounds (Table 1).

3.1.1 Iridoids
Iridoid glycosides are the main active compounds found in the Gentianaceae family, of which loganic acid, gentiopicroside, swertiamarin,
sweroside and their derivative glycosides are common parent nuclei [18]. The iridoid substructure is unstable, undergoing dehydrogenative
cleavage to produce the excimer ion peak [M − H]− at low energies. Removal of functional groups from the parent ring, accompanied by loss
of neutral H2O, CO2, CH3OH, CH3COOH and glycosyl groups, occurs at higher energies [19]. Addition of 0.1% formic acid to the mobile phase

improved peak resolution, eliminated peak dragging, and produced the adduct [M − H + HCOOH]−, which helped to confirm the deprotonated
[M − H]− (Fig. 3).
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Compounds 1 and 3 gave rise to similar deprotonated ions [M − H]− at 3.219 and 5.196 min, with the same molecular formula C16H24O10 at

m/z 375.1300 and 375.1295. Compound 3 yielded secondary characteristic fragments at m/z 213.0764 [M − H−Glc]− and 169.0865 [M − 
H−Glc − CO2]−, and comparison with the mass spectrum of standard identified it as loganic acid, one of the major iridoid compounds found
in the Gentianaceae family [20]. Compound 1 was an isomer of loganic acid, which might be formed by attachment of the sugar to the
hydroxyl group through different positions, and was identified as 8-epiloganic acid, which has been reported in iridoids isolated from Linaria
cymbalaria [21]. Compound 17, with a molecular formula of C23H28O13 and a molecular ion peak of m/z 511.1475 [M − H]−, had an
additional fragment ion (dihydroxybenzoyl, molecular weight 137) compared with compound 1, and was presumed to be 2'-(2'',3''-
dihydroxybenzoyl)loganic acid based on the spectral peak information [22].

Compound 11 appeared as an adduct [M − H + HCOOH]− at 7.542 min. The molecular formula was C16H20O9 and secondary fragment ions
included m/z 193.0488 and 179.0550. By comparison with the retention time and MS fragmentation modes of the standards, the structure
of this compound was tentatively identified as gentiopicroside. Compound 6 at 6.374 min yielded an adduct ion at m/z 563.1626 [M − H + 
HCOOH]−, with the molecular formula C22H30O14, and fragment ions at m/z 341.1100 [M − H−OGlc]− and m/z 161.0456 [M − H−Glc-O-OGlc]−,
which suggested the presence of two glycosyl groups. Compound 6 was presumed to be 6′-O-β-D-glucosyl-gentiopicroside according to the
cleavage pattern [23].

Compound 7 was cleaved in a similar manner to compound 12. At 6.687 min there was an adduct of compound 7 [M + HCOO]− with m/z
419.1197 and a molecular formula of C16H22O10, which was a typical iridoid compound with secondary characteristic fragments at m/z

211.0612 [M − H−162]− and 141.0195 [M − H−Glc − C2H3-CO]−. Based on comparison with the standard mass spectrum, compound 7 was

identified as swertiamarin. Compound 12 was present at 7.890 min with a peak at m/z 403.1239 [M + HCOO]− and a molecular formula of
C16H22O9, which was identified as sweroside by comparison with the standard.

The spectrum of compound 18, with the molecular formula C22H32O14, contained an adduct of m/z 565.1611 [M − H + HCOOH]− at 6.530

min. The presence of a fragment ion of m/z 195.0658 [M − H−162 − 162]− indicated there were two glucose groups, so it was tentatively
identified as swertiapunimarin [24].

The spectrum of compound 20, with molecular formula C16H24O9, contained a peak at 4.720 min with m/z 405.1411 [M + COOH]−. The

fragment ion of m/z 179.0544 [M − H−C6H10O5 − H2O]− could be explained by loss of one molecule of glucose ligand and one molecule of

H2O, which went on to generate a fragment ion of m/z 119.0338 [M − H−C6H10O5 − H2O−CH3COOH]− by loss of a CH3COOH fragment.
Therefore, the structure of the compound was preliminarily identified as plantarenaloside [25].

3.1.2 Flavonoids
Flavonoid glycosides contain sugar groups, particularly glucose, galactose, rhamnose, and rutinose, that produce [M − H−162]−, [M − 
H−162]−, [M − H−146]−, and [M − H−308]− fragment ions, respectively; [M − H−132]− is the fragment ion corresponding to loss of one five-
carbon sugar, such as xylose. The hexasaccharide carboside of flavone C-glycoside produces [M − H−60]−, [M − H−90]− and [M − H−120]−

fragment ions (Fig. 4) [26].

The spectrum of compound 14, with formula C21H20O11, contained a deprotonated ion peak at m/z 447.0953 [M − H]− and fragment ions

included m/z 357.0629 [M − H−90]−, 327.0517 [M − H−120]− and 285.0409 [M − H−162]−, resulting from partial or total loss of the C-glucose
group. The compound was presumed to be isoorientin, which has previously been found in Gentianaceae [27, 28]. Compounds 8 and 5 were
very similar to the glycoside ion of compound 14. The molecular formula of compound 8 was C27H30O16 and the deprotonated ion peak at

m/z 609.1489 [M − H]− was observed at 6.774 min. The fragment ions at m/z 447.0971 [M − H−162]− and 429.0861 [M − H−162 − H2O]−

were attributed to loss of a hexose unit. The strong peak at m/z 327.0522 [M − H−162 − 120]− indicated that the hexose was C-glucosyl,
tentatively identifying the compound as isoorientin 4′-O-glycoside [29]. Compound 5, with molecular formula C33H40O21, exhibited a

deprotonated ionic peak at 6.613 min with m/z 771.2011 [M − H]−. The fragment ion at m/z 447.0967 [M − H−2Glc]− could be due to loss of
two O-glucose groups and the strong peak at m/z 327.0751 [M − H−2Glc − 120]− demonstrated the presence of a C-glucose group. Thus,
compound 5 was initially identified as isoorientin-4′-diglucoside [30].

The mass spectrum of compound 15, with formula C21H20O10, revealed a deprotonated ion peak at m/z 431.0988 [M − H]− at 10.516 min. In

addition, scan results showed fragment ions at m/z 311.0057 [M − H−90]− and 283.0620 [M − H−120]−, indicating a C-glucosyl group, as
well as Retro Diels-Alder reaction (RDA) cleavage ions of flavonoids at m/z 161.0247, which were consistent with data for isovitexin
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previously found in Gentianaceae [31]. Compound 19, with molecular formula C33H40O20, exhibited a deprotonated ionic peak at 7.157 min.

The fragment ion at m/z 431.1007 [M − H−2Glu]− could be interpreted as the loss of two O-glucose groups. Two strong peaks at m/z
341.0683 [M − H−2Glc − 90]− and 311.0569 [M − H−2Glc − 120]− revealed the presence of another C-glucose group. In summary, these m/z
fragments were similar to those of compound 15, so compound 19 was presumed to be isovitexin 7-O-diglucoside [32].

Compounds 9 and 13 at 6.930 and 8.647 min, respectively, exhibited deprotonated ionic peaks at m/z 593.1522 and 593.1531 [M − H]− with
the formula C27H30O15. The fragment ions at m/z 503.1245 [M − H−90]−, 473.1126 and 473.1143 [M − H−120]−, 341.0686 [M − H−90 − 162]−

and 311.0575 [M − H−120 − 162]− illustrated the presence of fragmented C-glucosyl and O-glucosyl groups. The additional fragments at
m/z 282.0538, 281.0466 and 283.0622 were similar to those in the spectrum of compound 15, isovitexin. One was tentatively identified as
isosaponarin, with a cLogP value of − 0.697495, and the other as saponarin, with a cLogP value of − 0.642387. A smaller value of cLogP is
indicative of better hydrophilicity and an earlier peak time on the C18 column. Based on their peak times, compounds 9 and 13 were
presumed to be isosaponarin and saponarin, respectively, which have previously been identified in GV [33, 34].

The spectrum of compound 10, with formula C28H32O16, contained a deprotonated ionic peak at m/z 623.1638. There was also a peak at

m/z 503.1224 [M − H−90 − 30]− that could be presumed to be due to replacement of a hydrogen in isosaponarin by -OCH3, suggesting
isoscoparin-4'-glucoside [34]. Compound 16, with formula C22H22O11, produced a deprotonated ionic peak at 11.184 min with m/z 461.1092

[M − H]−, which could be attributed to generation of isoscoparin by loss of one O-glucose group from compound 10 [35].

3.1.3 Other categories
Compound 2 at 3.944 min produced a deprotonated ionic peak at m/z 301.0929 [M − H]− with the formula C13H18O8, and a fragment ion at

m/z 179.0555 [Glu − H]−, tentatively identifying the compound as tachioside (Fig. 5) [36].

The spectrum of compound 4, with molecular formula C16H22O11, contained a deprotonated ion peak at 5.989 min with m/z 389.1089 [M − 

H]−. The fragment ion at m/z 345.1209 [M − H−CO2]− could be attributed to the loss of carbon dioxide, and the fragment at m/z 165.0555

[M − H−CO2 − Glc − H2O]− indicating subsequent loss of one molecule of glucose and one molecule of water. The structure was presumed to
be secologanoside based on literature data (Fig. 5) [37].
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Table 1
Characterization of chemical constituents in GV by the UPLC-MS/MS.

NO. RT

(min)

[M-H]

(m/z)

MS/MS fragments Formula Compounds References

1 3.219 375.1300 375.1313,213.0761,169.0860,113.0233 C16H24O10 8-Epiloganic acid [21]

2 3.944 301.0929 301.0927,179.0555,121.0301,119.0355,89.0265 C13H18O8 Tachioside [36]

3 5.196 375.1295 375.1311,213.0764,169.0865,151.0761,69.0379 C16H24O10 Loganic acid [20]

4 5.989 389.1089 389.1106,345.1209,209.0457,

165.0555,121.0671,69.0382

C16H22011 Secologanoside [37]

5 6.163 771.2011 771.2119,447.0967,327.0517 C33H40O21 Isoorientin-4′-diglucoside [30]

6 6.374 563.1626 563.1677,517.1612,341.1100,251.0775,

221.0667,179.0560,161.0456

C22H30O14 6′-O-β-D-glucosyl-
gentiopicroside

[23]

7 6.687 419.1197 419.1229,355.1060,235.0617,211.0612,

179.0564,141.0195,119.0355,89.0265

C16H22O10 Swertiamarin Controls

8 6.774 609.1489 609.1542,489.1086,447,0971,429.0861,

327.0522,298.0497

C27H30O16 Isoorientin 4′-O-glucoside [29]

9 6.930 593.1522 593.1588,515.1253,503.1245,473.1126,

341.0686,311.0575,282.0538,281.0466

C27H30O15 Isosaponarin [33–34]

10 7.455 623.1638 623.1688,545.1358,533.1346,503.1224,

370.0710,341.0677,312.0643,297.0412

C28H32O16 Isoscoparin 4'-glucoside [34]

11 7.542 401.1081 401.1109,355.1045,193.0488,179.0550,

119.0348,89.0260

C16H20O9 Gentiopicroside Controls

12 7.890 403.1239 403.1255,357.1199,195.0654,125.0246,81.0365 C16H22O9 Sweroside Controls

13 8.647 593.1531 593.1580,473.1143,431.1017,341.0686,

311.0575,297.0417,283.0622

C27H30O15 saponarin [33–34]

14 9.051 447.0953 447.0958,357.0629,327.0517,285.0409,

284.0334,133.0296

C21H20O11 Isoorientin [27–28]

15 10.516 431.0988 431.1034,353.0699,341.0688,311.0575,

283.0620,281.0469,268.0391,161.0247

C21H20O10 Isovitexin [31]

16 11.184 461.1092 461.1107,383.0786,371.0779,341.0670,

298.0487,297.0421,299.0570

C22H22O11 Isoscoparin [35]

17 12.736 511.1475 511.1504,153.0189,109.0301 C23H28O13 2'-(2'',3''-
dihydroxybenzoyl)loganic
acid

[22]

18 6.530 565.1776 565.1811,519.1765,323.0994,195.0658,

125.0244,81.0362

C22H32O14 Swertiapunimarin [24]

19 7.157 755.2066 755.2142,575.1452,431.1007,

341.0683,311.0569

C33H40O20 Isovitexin 7-O-diglucoside [32]

20 4.720 405.1411 405.1415,179.0544,178.4854,

119.0338,89.0244

C16H24O9 plantarenaloside [25]
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3.2 Acquisition of GV extract component-related targets
All targets of GV component compounds were obtained from SwissTargetPrediction, TCMSP, SEA, and STITCH databases, which yielded
299 GV component-related targets after de-duplication using Microsoft Excel.

3.3 Identification of targets related to cholestatic disease
The GeneCards database was used to obtain relevant targets using 'cholestasis', 'cholestatic hepatic injury', 'cholestatic liver injury', 'primary
biliary cirrhosis' and 'primary cholangitis' as keywords. A total of 2999 relevant targets were collected after removing duplicates, using
protein coding in the category column as an indicator.

3.4 Protein-protein interaction network
The GV component-related targets were combined with disease targets and imported into Venny 2.1 software to obtain 103 intersecting
targets (Fig. 6). The PPI network was constructed by importing the intersecting genes into STRING, and targets with medium confidence
(0.4) were taken for the graph. The network contained 103 nodes and 857 edges, with an average node degree value of 16.6 and PPI
enrichment P value < 1.0e − 16 (Fig. 7), which was later visualized using Cytoscape.

Cytoscape was utilized to analyze the network topological parameters. 'Degree' indicated the impact of each target to a certain extent, so a
high 'degree' value was used to determine core targets in the PPI network. According to the results, the top 6 degrees were selected as core
targets, which were AKT1, GAPDH, TNF, IL6, VEGFA and CASP3. These core targets were then used for molecular docking validation. The top
ten degree values were plotted, as shown in Fig. 8.

3.5 Gene ontology term enrichment
To further analyze the efficacy of GV extracts in the therapy of cholestasis, 103 intersecting targets were input into the DAVID database for
GO analysis. Setting P < 0.05, there were 350 items correlated with BP, 43 items correlated with CC and 92 items correlated with MF. The top
ten entries were sorted by P-value from smallest to largest, and bar graphs were plotted using Bioinformatics for visualization. The results
are shown in Fig. 9 and Table 2. It was found that the biological processes associated with GV treatment of cholestasis mainly included
proteolysis, response to xenobiotic stimulus, and negative regulation of apoptotic processes. The cellular composition mainly included
cytosol, caspase complex, and cytoplasm, and the molecular functions mainly included enzyme binding, identical protein binding and
endopeptidase activity. GO enrichment results suggested that the efficacy of GV extract in the treatment of cholestatic diseases was
mediated by several biological processes and molecular functions.
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Table 2
The results of GO function enrichment analysis

No. Category Gene Ontology count P-value

1 BP proteolysis 19 8.80E-12

2 BP response to xenobiotic stimulus 15 7.90E-11

3 BP negative regulation of apoptotic process 19 3.10E-10

4 BP positive regulation of protein phosphorylation 13 1.60E-09

5 BP positive regulation of cell proliferation 18 4.40E-09

6 BP response to hypoxia 11 1.50E-08

7 BP execution phase of apoptosis 6 1.30E-07

8 BP glycolytic process 7 1.40E-07

9 BP positive regulation of apoptotic process 13 1.90E-07

10 BP positive regulation of smooth muscle cell proliferation 7 6.70E-07

11 CC cytosol 63 3.5E-12

12 CC caspase complex 6 6.5E-11

13 CC cytoplasm 61 1.3E-10

14 CC extracellular space 30 0.000000082

15 CC cyclin-dependent protein kinase holoenzyme complex 6 0.0000026

16 CC membrane raft 10 0.000004

17 CC extracellular exosome 26 0.0001

18 CC macromolecular complex 13 0.00019

19 CC nucleus 49 0.00022

20 CC cell surface 12 0.00041

21 MF enzyme binding 19 3.1E-12

22 MF identical protein binding 31 6.4E-09

23 MF endopeptidase activity 9 0.000000011

24 MF metallopeptidase activity 8 0.00000015

25 MF cysteine-type endopeptidase activity involved in apoptotic process 5 0.00000018

26 MF cysteine-type endopeptidase activity involved in execution phase of apoptosis 5 0.00000043

27 MF aminopeptidase activity 6 0.00000073

28 MF glucose binding 5 0.00000086

29 MF peptidase activity 8 0.0000019

30 MF protein homodimerization activity 17 0.0000025

3.6 KEGG pathway analysis
KEGG analysis of 103 intersecting targets was performed using the DAVID database. Up to 127 pathways were obtained using P < 0.05 as
the screening criterion. The top 20 pathways were ranked according to P-value and visualized using Bioinformatics to draw bubble plots for
analysis, as shown in Fig. 10 and Table 3. The main pathways involved in anti-cholestatic activity of GV extract were found to be Pathways
in cancer, Lipid and atherosclerosis, HIF-1 signaling pathway, TNF signaling pathway, IL-17 signing pathway and Prostate cancer, etc.
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Table 3
The information of the top 20 pathways based on KEGG pathway enrichment analysis

N0. Pathway P
Value

count Genes

hsa05200 Pathways in cancer 1.20E-
12

29 HDAC1, FGF1, PTGS2, FGF2, RELA, EGFR, IKBKB, CASP7, CASP8, CCND1, TERT,
CASP3, AKT1, HMOX1, MAPK1, NQO1, HSP90AA1, DAPK1, MMP1, F2, MMP9,
IL2, VEGFA, CCNA2, AR, IL6, CDK4, CDK2, NFE2L2

hsa05417 Lipid and
atherosclerosis

1.50E-
11

19 HSPA8, HSP90AA1, MMP1, MMP3, TNF, MMP9, RELA, SELP, IKBKB, CASP7, IL6,
CASP8, CD40LG, CASP6, CASP3, CASP1, AKT1, MAPK1, NFE2L2

hsa04066 HIF-1 signaling
pathway

2.10E-
09

13 ENO1, ENO2, EGFR, RELA, HK2, HK1, VEGFA, TF, IL6, AKT1, HMOX1, MAPK1,
GAPDH

hsa04668 TNF signaling
pathway

2.90E-
09

13 MMP3, PTGS2, TNF, MMP9, RELA, IKBKB, CASP7, IL6, CASP8, CREB1, CASP3,
AKT1, MAPK1

hsa04657 IL-17 signaling
pathway

5.50E-
09

12 IKBKB, IL6, HSP90AA1, CASP8, MMP1, CASP3, MMP3, MAPK1, PTGS2, TNF,
MMP9, RELA

hsa05215 Prostate cancer 7.70E-
09

12 IKBKB, AR, HSP90AA1, CREB1, CCND1, CDK2, MMP3, MAPK1, AKT1, MMP9,
RELA, EGFR

hsa05219 Bladder cancer 1.20E-
08

9 CCND1, MMP1, CDK4, DAPK1, MAPK1, MMP9, EGFR, TYMP, VEGFA

hsa04625 C-type lectin
receptor signaling
pathway

1.90E-
07

11 IKBKB, IL6, CASP8, CASP1, MAPK1, AKT1, PTPN11, PTGS2, TNF, RELA, IL2

hsa05165 Human
papillomavirus
infection

5.70E-
07

17 HDAC1, PTGS2, TNF, EGFR, RELA, VEGFA, CCNA2, IKBKB, CASP8, CREB1, TERT,
CCND1, CDK4, CASP3, CDK2, AKT1, MAPK1

hsa05166 Human T-cell
leukemia virus 1
infection

8.70E-
07

14 MMP7, TNF, IL2, RELA, CCNA2, IKBKB, IL6, CREB1, TERT, CCND1, CDK4, CDK2,
AKT1, MAPK1

hsa05163 Human
cytomegalovirus
infection

1.00E-
06

14 PTGS2, TNF, EGFR, RELA, VEGFA, IKBKB, IL6, CASP8, CREB1, CCND1, CDK4,
CASP3, AKT1, MAPK1

hsa05167 Kaposi sarcoma-
associated
herpesvirus
infection

1.30E-
06

13 TGS2, FGF2, RELA, VEGFA, IKBKB, IL6, CASP8, CREB1, CCND1, CDK4, CASP3,
AKT1, MAPK1

hsa05161 Hepatitis B 1.50E-
06

12 CCNA2, IKBKB, IL6, CASP8, CREB1, CASP3, CDK2, MAPK1, AKT1, TNF, MMP9,
RELA

hsa04210 Apoptosis 2.30E-
06

11 IKBKB, CASP7, CASP8, CASP6, CASP3, CASP2, MAPK1, AKT1, TNF, RELA, MCL1

hsa05134 Legionellosis 2.80E-
06

8 HSPA8, IL6, CASP7, CASP8, CASP3, CASP1, TNF, RELA

hsa05162 Measles 2.80E-
06

11 IKBKB, HSPA8, IL6, CASP8, CCND1, CDK4, CASP3, CDK2, AKT1, RELA, IL2

hsa04151 PI3K-Akt signaling
pathway

6.80E-
06

16 HSP90AA1, FGF1, FGF2, EGFR, IL2, RELA, VEGFA, IKBKB, IL6, CREB1, CCND1,
CDK4, CDK2, AKT1, MAPK1, MCL1

hsa04218 Cellular senescence 7.90E-
06

11 CCNA2, IL6, CCNB1, CCND1, CDK4, CDK2, CDK1, MAPK1, AKT1, SIRT1, RELA

hsa05160 Hepatitis C 8.40E-
06

11 IKBKB, CASP8, CCND1, CDK4, CASP3, CDK2, MAPK1, AKT1, TNF, RELA, EGFR

hsa05171 Coronavirus
disease - COVID-19

8.60E-
06

13 MMP1, MMP3, F2, TNF, EGFR, IL2, RELA, SELP, IKBKB, IL6, ADAM17, CASP1,
MAPK1

3.7 Components-targets-disease-pathways network construction
A 'drug-component-disease-pathway-target' network was established using Cytoscape, as shown in Fig. 11. In the figure, red nodes represent
GV, green nodes represent cholestatic diseases, blue nodes represent core components of GV, purple nodes represent key pathways of the
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disease, and yellow nodes represent common targets. Further study revealed that the top five compounds in GV in terms of freedom
included compound 11 (gentiopicroside), compound 13 (saponarin), compound 15 (isovitexin), compound 18 (swertiapunimarin) and
compound 20 (plantarenaloside), suggesting that these five compounds may be the core components of GV for the treatment of
cholestasis.

3.8 Molecular docking visualization
The binding force between drugs and target proteins can be used as an important index to evaluate the mechanism of action of drugs in the
treatment of diseases [38]. The five compounds with the highest target freedom in the 'drug-component-disease-pathway-target' network
were used for molecular docking with six core proteins from the PPI network. The positive control drugs UDCA and OCA were added for
comparative analysis.

In general, lower binding energy of the ligand to the receptor indicates that the binding conformation is more stable. The docking results
revealed that the five principal components of GV bound well to all six protein receptors. Among the compounds, swertiapunimarin and
isovitexin gave slightly better docking scores than the positive control drugs with AKT1, GAPDH, TNF, IL6 and CASP3, and saponarin had a
similar binding effect to the six proteins as the positive control drugs. Different binding sites may affect the binding affinity of the main GV
compounds to target proteins, and thus play a role in regulating cholestasis. Swertiapunimarin and isovitexin exhibited strong affinity for
TNF, binding to LEU-57 and ILE-155 through hydrophobic interactions and to SER-60, SER-9 and TYR-151 through hydrogen bonding, in
addition to making π-bonding interactions. Saponarin exhibited strong affinity for AKT1 and bound mainly through hydrophobic
interactions with TRP-80, LEU-264 and TYR-272, hydrogen bonding to ASN-279, TYR-18 and ASP-274, and π-bonding interactions. The
interacting residues are shown in the appendix, the binding energy magnitudes are shown in Table 4, the molecular docking model is shown
in Fig. 12 and the 3D docking structures are shown in Fig. 13.

Table 4
Binding energy results of molecular docking

Ingredient Binding energy(kcal/mol)  

  AKT1 GAPDH TNF IL6 VEGFA CASP3

Plantarenaloside -8.6 -7.2 -9.3 -4.3 -7 -7

Gentiopicroside -8.6 -7.3 -9.2 -4.7 -6.7 -7.3

Swertiapunimarin(L18) -9.8 -8.4 -10.2 -5.4 -7.2 -8.2

Isovitexin(L15) -10.2 -8.6 -10.6 -4.9 -7.5 -8.1

Saponarin(L13) -10.3 -8.5 -9.1 -5 -8 -7.9

OCA -10.3 -8.3 -8.4 -4.7 -7 -7.4

UDCA -9.9 -8 -7.9 -4.9 -8.3 -7.4

4. Discussion
Cholestasis is a clinical syndrome caused by defective secretion, absorption, and flow of bile, resulting in retention of bile components in
the liver and serum [39]. The condition, which is most commonly seen in patients with liver diseases such as primary cholangitis, primary
sclerosing cholangitis and viral hepatitis, may be caused by a variety of factors, including toxic compounds, drug-induced liver injury,
disease (viral hepatitis, bile duct obstruction, sepsis, cholelithiasis), genetic abnormalities (progressive familial intrahepatic cholestasis) and
disorders of the intestinal microbiota [40]. The clinical symptoms are usually jaundice and pruritus [41]. Although development of new
drugs for treatment of cholestasis is severely hampered by the complex pathogenesis and mechanism of injury, the search for drugs to treat
biliary liver injury has been a focus of research in recent years.

As the concept of multi-component and multi-target treatment in traditional Chinese medicine has developed, current treatment of chronic
metabolic diseases involves the use of single or compound preparations. At the same time, because of fewer adverse reactions and
relatively weak drug dependence, traditional Chinese medicine has attracted increasing attention [42]. In this study, GV was the focus of
research, and an extract of GV was obtained using ultrasound. The main chemical components were identified using UPLC-MS/MS. The
major compounds included nine iridoid compounds and their glycosides (1, 3, 6, 7, 11, 12, 17, 18, 20), nine flavonoids and their glycosides
(5, 8, 9, 10, 13, 14, 15, 16, 19) and two other compounds and their glycosides (2, 4). Among the 20 compounds resolved from the GV extract,
compounds 2, 3, 5–9, 11, 12, 14–16 and 19 have previously been found in GV [43–47]. It was of interest that compounds 1, 4, 10, 13, 17, 18
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and 20 had not been reported in the literature to be present in GV extracts and were identified from this plant for the first time. The main
compounds identified were subsequently investigated to validate GV for the treatment of cholestasis in the field of traditional Chinese
medicine and to promote the development and utilization of traditional Tibetan medicine GV.

Network pharmacology has become a promising tool for understanding complex Chinese traditional medicines [48]. A 'drug-component-
disease-pathway-target' network was constructed using Cytoscape software, in which the five compounds with highest freedom were
mainly iridoids (compounds 11, 18 and 20) and flavonoids (compounds 13 and 15). Many studies have shown that these two types of
compounds are useful in the treatment of cholestatic diseases [49]. Han et al. [50] discovered that gentiopicroside had a therapeutic effect
on cholestasis induced by α-naphthol isothiocyanate (ANIT) in a comprehensive proteomic and metabolomic study. Ginsenoside Rg1
showed significant hepatoprotective activity in ANIT-induced cholestatic rats, which may be correlated with action on the Sirt5/Nrf2
pathway as well as NF-κB protein [51]. Shi et al. [52] found that the iridoid glycoside swertiamarin reduced ANIT-induced cholestasis by
activating the farnesoid X receptor and bile acid excretion pathways. Hua et al. [53] confirmed that an iridoid glycoside, the main active
component of Veronica ciliata Fisch., protected the liver from cholestatic liver injury by regulating oxidative stress, inflammatory response,
and bile acid transport, thus playing a hepatoprotective effect. Wang et al. [54] showed that geniposide, one of the major iridoid glycosides
isolated from Gardenia jasminoides Ellis, alleviated ANIT-induced cholestasis in rats by regulating bile acid homeostasis transporters and
enzymes. Xiang et al. [55] reported that the isoflavone tectorigin reduced the activity of hepatic macrophages by activating expression of
PPARγ to reduce the inflammatory response, and enhanced the efflux of bile acids to prevent the accumulation of bile in the liver, thus
exerting therapeutic effects for the treatment of cholestasis. Zhang et al. [56] proposed that the flavone glycoside hesperidin, which is
abundant in lemons and oranges, exerts protective effects against cholestasis in vivo and in vitro by activating the FXR receptor.

The core target proteins AKT1, GAPDH, TNF, IL6, VEGFA and CASP3 were predicted to be highly correlated with cholestasis. For example,
AKT1 has been reported to be associated with the regulation of hepatocellular carcinoma and the progression of cholestatic liver disease
[57, 58]. In addition, IL6 and TNF are inflammatory biomarkers of cholestatic liver injury, and TNF signaling may be a significant anti-
cholestatic mechanism [59, 60]. Yang et al. [61] showed that expression of Pescadillo homolog 1 (Pes1) was reduced in mice with
cholestatic liver disease. The low levels of Pes1 resulted in inactivation of PI3K/AKT/GSK-3β signaling, decreasing levels of phosphorylated
PI3K and AKT proteins and subsequent signaling, ultimately downregulating expression of phosphorylated GSK-3β. This reduced the
inhibitory effect of phosphorylated GSK-3β on hepatocyte apoptosis and attenuated cell damage, thus aggravating the process of
cholestatic liver disease. Brandes et al. [62] demonstrated that taurine deoxycholic acid, a drug approved for cholestasis, promoted
expression of related proteins in human hepatocellular carcinoma cells by inducing activation of AKT1, demonstrating for the first time that
the bile acid signaling pathway could affect the expression of Rho proteins. Yao et al. [63] found that dioscin conferred good resistance to
ANIT-induced acute liver injury, potentially mediated by the PI3K/Akt signaling pathway, inhibiting the expression of inflammatory factors IL-
1β, IL-6 and TNF-α, and playing a role in anti-inflammatory, antioxidant, anti-apoptosis and lipid metabolism regulation.

Liu et al. [64] showed that isovitexin inhibited the cisplatin -induced inflammatory response by inhibiting production of TNF-α, IL-1 and IL-6
in renal tissue, thus playing a protective role in renal injury. Wan et al. [65] found that leflunomide and/or methotrexate combined with
gentiopicroside exerted hepatoprotective effects by decreasing expression of NF-κB, TNF-α, IL-1β and IL-6 to reduce the inflammatory
response. Wei et al. [66] found that extracts of herpetospermum pedunculosum inhibited NF-κB signaling and restored normal levels of
inflammatory factors TNFα, IL-1β, IL-6 and IL-10 to attenuate the inflammatory response and relieve cholestatic accumulation in rats.
Glycyrrhetinic acid has been reported to have a protective effect against ANIT-induced cholestasis and may reduce hepatotoxicity by
inhibiting NF-κB signaling and reducing serum TNF-α concentrations. The compound is considered to have potential for the treatment of
cholestatic diseases [67].

In summary, based on our study of 9 iridoid compounds, 9 flavonoids and 2 other compounds identified in GV by UPLC-MS/MS, compounds
11, 13, 15, 18 and 20 are responsible for the activity of GV in the treatment of cholestasis. This study analyzed 299 GV component targets
and 2999 targets potentially involved in cholestasis using network pharmacology. The results revealed that GV may act through biological
pathways such as proteolysis, cytosol, caspase complex, enzyme binding, as well as Pathways in cancer, Lipid and atherosclerosis, HIF-1
signaling pathway, TNF signaling pathway, IL-17 signaling pathway and other key signaling pathways for the treatment of cholestatic
diseases. The molecular docking results validated that the predicted major chemical components and key targets had good binding affinity
and the binding energies were similar to those of the positive control drugs, supporting the predictions made in this study. However, the
relevant target pathways need to be validated in vivo and in vitro and the specific mechanisms have yet to be elucidated.

5. Conclusions
In this study, the main chemical components of GV extract were analyzed by UPLC-MS/MS. Mechanisms of action were predicted by
network pharmacology, and the results were verified by molecular docking. This study lays a foundation for further research on the
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mechanisms of action of GV, providing suggestions for consideration. Our research group will next carry out cell and animal experiments to
explore the therapeutic effects of GV extract in the cholestasis model. Reverse transcription polymerase chain reaction, western blotting and
other methods will be used to further verify the key targets and pathways predicted by network pharmacology. In a nutshell, this research
provides potential therapeutic approaches for the treatment of cholestatic liver disease with GV extract, and is a basis for further research
into the treatment of cholestatic diseases with traditional Tibetan medicine
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Figures

Figure 1

The mechanism of GV in treatment of cholestasis based on the UPLC-MS/MS and systematic pharmacology strategies.
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Figure 2

UPLC/MS total ion flow diagram of GV extracts
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Figure 3

Structural analysis of Iridoid compounds

Figure 4

Structural analysis of flavonoids
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Figure 5

Structural analysis of other types of compounds

Figure 6

Venn diagram of targets’ intersection of GV's extracts and cholestasis.
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Figure 7

Protein-protein interactions network diagram. The PPI for the 103 major pivotal or core key targets of GV for cholestasis are sorted by color
and size according to degree, from large and blue to small and green.
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Figure 8

Histogram of key target proteins of GV in the treatment of cholestasis.
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Figure 9

The bar graph of Gene ontology (GO) function enrichment analysis. Biological process (BP) refers to the process that is completed through
a variety of molecular activities; Cell composition (CC) refers to the position of the cell structure where the gene product performs its
function; Molecular function (MF) refers to the activity of gene products of target genes at the molecular level.



Page 23/26

Figure 10

The bubble chart of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
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Figure 11

The network diagram of 'drug-component-disease-pathway-target'. In the figure, red nodes represent GV, green nodes represent cholestatic
diseases, blue nodes represent core components of GV, purple nodes represent key pathways of the disease, and yellow nodes represent
common targets.
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Figure 12

Molecular docking analysis of interactions between compounds and protein receptors.
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Figure 13

The 3D docking structures between the compounds and protein receptors.

Black dashed line denotes hydrophobic interactions, blue solid line denotes hydrogen bonding, and green dashed line denotes π-stacking.
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