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Abstract

Hepatitis poses a significant global health challenge, frequently progressing to liver
cancer. Lithospermum officinale has been reported to have antiviral and anti-
inflammatory effects in the treatment of hepatitis. However, its potential mechanisms in
hepatitis treatment remain unclear. In this paper, based on network pharmacology, we
explored the role of Lithospermum erythrorhizon in hepatitis treatment. The results
showed that venn diagram analysis identified 161 common targets between the active
components of L. officinale and hepatitis. PPI network analysis indicated that AKT1,
PPARG, ESR1, HIFla, EGFR, PTGS2, SRC, MAPK3, and BCL2 exhibited the highest
centrality among all target genes. GO enrichment analysis demonstrated that these
targets were primarily involved in key biological processes such as regulation of
phosphorylation, inflammatory response, and apoptosis. KEGG pathway analysis
revealed that these targets were mainly associated with cancer-related, metabolism-
related, and signal transduction pathways. Survival analysis using the Kaplan-Meier
plotter indicated that the expression levels of key targets such as EGFR, ESR1, BCL2, and
AKT1 significantly impacted the disease-specific survival rate of liver cancer patients
with chronic hepatitis infection. This comprehensive analysis identified key targets and
pathways through which L. officinale may exert its therapeutic effects in hepatitis
treatment. Survival analysis underscored the prognostic significance of these targets in
hepatitis-induced liver cancer, indicating their close association with clinical outcomes.
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1. Introduction

Hepatitis is a serious global public health issue that constitutes a considerable threat to
individuals' physical and mental health. It not only causes extensive liver damage but can also
lead to severe complications such as liver cirrhosis, hepatic decompensation, and
hepatocellular carcinoma, thus markedly diminishing patients' quality of life and life
expectancy [1]. In recent years, with social progress and advancements in medical technology,
awareness of and control measures for hepatitis have improved globally. However, the
incidence and mortality rates of hepatitis remain high, especially in the Asia-Pacific region,
where the majority of patients are infected during the perinatal period or early childhood
[2].China is one of the countries with the highest burden of viral hepatitis worldwide, with the
proportion of diagnosed viral hepatitis patients increasing significantly from 2016 to 2022.
During this period, the proportion of hepatitis B (HBV) patients rose from 19% to 24%, and the
proportion of hepatitis C (HCV) patients rose from 22% to 33% [3]. The main treatments for
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hepatitis include antiviral drugs, immunomodulatory therapy, supportive care, and lifestyle
adjustments; however, some patients derive minimal benefit from standard treatments,
resulting in drug resistance or relapse [4]. Therefore, finding new treatment methods remains
a pressing issue.

In recent years, the application of traditional Chinese medicine in the treatment of hepatitis has
received increasing attention [5, 6]. Lithospermum officinale is derived from the dried roots of
Arnebia euchroma (Royle) Johnst and Arnebia guttata Bunge, both members of the
Boraginaceae family. According to the "Shen Nong Ben Cao Jing," it is described as sweet, salty,
and cold, affecting the heart and liver meridians, and possessing functions such as anti-tumor,
anti-inflammatory, antioxidant, antiviral, antibacterial, and immunomodulatory effects [7-10].
Moon et al. demonstrated that acetylshikonin inhibits the proliferation of hepatitis B virus X
protein (HBX), effectively promoting apoptosis in hepatitis B virus-infected cells [11]. Network
pharmacology, an emerging research method that combines systems biology and computer
technology, comprehensively analyzes the complex mechanisms of action of traditional Chinese
medicine components, which share many commonalities with the core principles of traditional
Chinese medicine [12]. Through this approach, researchers can systematically explore and
understand the multi-component, multi-target mechanisms of Chinese medicine, thereby
effectively addressing the challenges of combating complex diseases such as hepatitis [13].
Huang et al. used network pharmacology to reveal and validate the potent therapeutic effects
of Costunolide on autoimmune hepatitis (AIH) through SRC and IGF1R [14]. Zhao et al. used
network pharmacology and gut microbiota analysis to reveal the mechanisms by which the
formula Le Cao Shi (LCS) and its single herbs exert antiviral effects against hepatitis B [15]. In
this study, we used network pharmacology methods to construct a drug-target-disease network
and conduct gene ontology and pathway enrichment analyses to fully understand the complex
interactions between active compounds and target proteins, and to reveal the role of L.
officinale in the treatment of hepatitis.

2. Materials and Methods

2.1. Screening of Chemical Components in L. officinale

In the TCMSP database (https://old.tcmsp-e.com/tcmsp.php, accessed on 18 June 2024), active
ingredients from L. officinale were screened based on criteria including oral bioavailability (OB)
> 30% and drug-likeness (DL) 2 0.18 [16].

2.2. Acquisition of Targets for Active Ingredients in L. officinale and Hepatitis
Targets

The bioactive compounds of L. officinale were retrieved from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov, accessed on 18 June 2024) to obtain the ID, standardized
SMILES (Simplified Molecular Input Line Entry System), and molecular weight (MW) of each
compound [17]. The SMILES structures of these active ingredients were then imported into the
drug target prediction platform, Swiss Target Prediction, with the species limited to Homo
sapiens, to predict the potential targets of each active ingredient. Finally, all potential targets of
the active ingredients were merged, and duplicate targets were removed to compile the targets
of the active ingredients of L. officinale.

Hepatitis-related targets were screened from DisGeNET (https://www.disgenet.org, accessed
on 18 June 2024) [18] and GeneCards (https://www.genecards.org, accessed on 18 June 2024)
[19] respectively, the screening results were merged, and duplicate genes were removed to
obtain a hepatitis-related target set.
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2.3. Construction of the active ingredients of L. officinale-hepatitis target
network

The potential targets of the active ingredients of L. officinale and the hepatitis-related targets
obtained in the above steps were imported into an online Venn diagram drawing tool to identify
the cross-targets. These cross-targets were then imported into Cytoscape 3.6.1 software to
establish and visualize the network of active ingredients of L. officinale and hepatitis targets.

2.4. PPI network analysis

Protein-protein interaction (PPI) refers to the process in which two or more proteins bind to
each other through non-covalent bonds to form a complex. The String online platform database
(https://string-db.org/, access date: June 1, 2024) was used to process the common targets of
L. officinale active ingredients and hepatitis, limiting the species to "Homo sapiens" and setting
the minimum interaction confidence score to 0.900 (highest confidence), to construct the PPI
network diagram and output the TVS format file [20]. The Cytoscape 3.6.1 software was used
for visualization and analysis. Different nodes represent targets, and the size and color of the
nodes represent the Degree value.

2.5. GO enrichment analyses and KEGG pathway

Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis were performed using the DAVID 6.8 database (https:// david.ncifcrf.
gov/home.jsp/, access date: June 1, 2024) [21]. Overlapping target genes were imported into
the gene list, and the species was set to "Homo sapiens” to further predict the molecular
mechanism of the anti-hepatitis activity of the active ingredients of L. officinale. Min overlap, p
value cutoff, and min enrichment were set as 3, 0.01, and 1.5, respectively. The bar chart and
bubble chart were drawn by the data analysis and visualization online platform
(http://www.bioinformatics.com.cn, access date: June 1, 2024).

2.6. Construction of an active component-target-pathway network

Cytoscape 3.6.1 software was used to construct a "lithophane active ingredient-target-
pathway" network to demonstrate the therapeutic mechanism of lithophane on hepatitis. The
nodes in the network used different colors and geometric shapes to represent active
ingredients, target genes, and pathways, respectively, while "edges" represented the
connections between nodes.

2.7. Survival analysis

To investigate the impact of central target of hepatitis and L. officinale on overall survival in
hepatitis-induced liver cancer, Kaplan-Meier survival plots were generated using the Kaplan-
Meier Plotter (Kaplan-Meier plotter (kmplot.com), access date: June 4, 2024). Liver cancer
patients were divided into high-expression and low-expression groups based on target
expression levels [22]. Hazard ratios (HR; 95% confidence interval) and log-rank p-values were
calculated, with a significance threshold set at p < 0.05 using the log-rank test.

3. Result

3.1. Screening of Active Ingredients and Targets of L. officinale, and Hepatitis
Disease Targets

In total, 12 active ingredients from L. officinale were screened using the above-mentioned

databases (Table 1). The potential targets for each active ingredient were predicted using the

TCMSP and SwissTargetPrediction databases. Ultimately, we identified 7 potential targets for

these active ingredients, resulting in a total of 217 targets after eliminating duplicates.
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The results from the GeneCards and DisGeNET databases indicated that 14,300 and 657 targets,
respectively, were potentially related to hepatitis. By setting the median relevance score in
GeneCards (3.04) as the cutoff, 1,831 hepatitis-related targets were identified. After merging
and deduplicating the data from these two databases, a total of 1,981 unique hepatitis-related
targets were compiled.

Table 1. Active ingredients of L. officinale

MOLID active OB(%) DL
MOL007719 Arnebin 7 73.85 0.18
MOL002883 Ethyl oleate (NF) 324 0.19
MOL001494 Mandenol 42 0.19
MOL007735 Des-0-methyllasiodiplodin 30.12 0.2
MOL007716 acetylshikonin 62.39 0.27

(6Z,10E,14E,18E)-2,6,10,15,19,23-
MOL002372 hexamethyltetracosa-2,6,10,14,18,22- 33.55 0.42
hexaene
MOL000359 sitosterol 36.91 0.75

3.2. Analysis of component-target network

Both compound-related and hepatitis-related target genes were submitted to find
overlapped/mutual genes through the Venn diagram, and a total of 161 common targets were
identified (Fig. 1). The common targets were input into Cytoscape 3.6.1 software to construct a
network diagram of the active ingredients of L. officinale and the common targets, which
consisted of 168 nodes and 321 edges (Fig. 1).
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Fig. 1 Analysis of Potential Targets of L. officinale in Hepatitis Treatment (A) Venn diagram of
potential L. officinale targets and hepatitis-related targets. (B) The component-target network
of L. officinale.

3.3. PPI network analysis

To further reveal the interaction relationship between the active ingredients of L. officinale and
hepatitis targets, we constructed a protein-protein interaction (PPI) network using the STRING
database. The PPI network in the STRING database contains a PPI network diagram with 160
nodes and 2139 edges, with a confidence greater than 0.9. Then, we used Cytoscape software
to visualize the PPI network diagram to study the complex interactions of these target proteins.
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The Centiscape 2.2 plug-in in Cytoscape was used for analysis, and Degree = 26.7375,
Betweenness = 154.0125, and Closeness = 0.003245 were set as screening conditions. The
results showed that 33 targets were marked as hub target proteins (Table S2), among which
top hub proteins such as AKT1, PPARG, ESR1, HIFla, EGFR, PTGS2, SRC, MAPK3, and BCL2

layed an important role as core targets in the treatment of hepatitis with L. officinale (Fig. 2).
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Fig. 2 Protein-protein interactions network schematic of intersection targets of L. officinale
and hepatitis. The warm color tone and node size indicate higher degree
3.4. GO Enrichment and Pathways Analysis

The PPI network analysis identified 33 hub target proteins with higher-than-average network
degree values. To understand the functions of these targets, we subsequently performed gene
enrichment analysis using STRING. GO functional analysis showed that the targets of active
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composition for the treatment of hepatitis were mainly enriched in 246 biological process
entries, 39 cellular component entries, and 71 molecular function entries. The main biological
processes included positive regulation of phosphorylation, inflammatory response, cell
proliferation, and negative regulation of apoptosis. Molecular functions involved enzyme
binding, protein serine/threonine kinase activity, protein kinase activity, zinc ion binding, and
ATP binding. Cellular components covered plasma membrane, dendrites, cytoplasm, and
membrane. Based on their p-values, the top 10 significantly enriched GO terms in the categories
of biological process (BP), cellular component (CC), and molecular function (MF) were selected
(Fig. 3).

Pathway KEGG enrichment analysis identified a total of 131 signaling pathways. The top 10
clusters, selected based on p-value, were imported into the Microbiology Online Platform to
create a bubble chart. As shown in Fig. 3, these genes are primarily involved in cancer-related
pathways (Pathways in cancer, Prostate cancer, Central carbon metabolism in cancer),
metabolism-related pathways (Lipid and atherosclerosis, Central carbon metabolism in cancer),
and signal transduction-related pathways (EGFR tyrosine kinase inhibitor resistance, Thyroid

hormone signaling pathway, HIF-1 signaling pathway, Endocrine resistance).
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Fig. 3 (A-B) depicts a bubble chart of the top 10 enriched GO terms (BP, CC, MF) and KEGG
pathways, respectively.

3.5. Component-target-pathway network analysis

Next, we constructed a component-target-pathway network and visualized the relationships
among components, hub anti-hepatitis targets, and their corresponding pathways (Fig. 4). The
network contained 50 nodes and 191 edges, connecting 10 pathways, 32 targets, and 7 active
compounds. Twenty targets were connected to the "Pathways in cancer"” signaling pathway and
7 active components. "Chemical carcinogenesis - receptor activation" was connected to 13
targets, which were then also connected to 7 active components. These results suggest that
these pathways may be regulated by the active compounds of L. officinale and may play an
important therapeutic role in the treatment of hepatitis.

By comprehensively analyzing the KEGG hepatitis pathway targets, the central targets from the
PPI network (Fig. 3), and the component-target-pathway network (Fig. 4), the potential core
targets of L. officinale for treating hepatitis were identified: AKT1, EGFR, SRC, BCL2, MAPK3,
and JAK. These potential targets occupy key positions in the KEGG hepatitis B pathway
(map05161) and hepatitis A pathway (map05160) and play significant roles in these pathways

(Fig. 4).
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Fig. 4 (A) Component-target-pathway netwdnr:l; Sf potential pathways of L. officinale for
hepatitis therapy. (B) Full image of KEGG hepatitis B pathway (map05161) and hepatitis C
pathway (map05160). AKT1, EGFR, SRC, BCL2, MAPK3, and JAK related proteins are colored

pink.

3.6. Survival Analysis

KEGG enrichment analysis results indicated that these signaling pathways are primarily
involved in cancer-related processes. Therefore, we examined the prognostic significance of the
9 hub anti-hepatitis targets derived from PPI analysis in liver cancer patients using Kaplan-
Meier plotter. Hepatitis virus infection was considered a risk factor, while the effect of alcohol
consumption was excluded. Comparing the survival status of the high-expression and low-
expression groups revealed that the reduced expression of 4 of the 9 genes (i.e., EGFR, ESR1,
BCL2, and AKT1) significantly decreased the disease-specific survival rate (DSS) in liver cancer
patients with chronic hepatitis infection (Fig. 5). Furthermore, elevated expression of SRC,
ESR1, and HIF1la is associated with worse prognosis of DSS in patients with hepatitis-related
hepatocellular carcinoma (HCC).
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Fig. 5 The Kaplan-Meier survival analysis for key hub genes, including (A) AKT1, (B) EGFR, (C)
SRC, (D) BCL2, (E) MAPK3, (F) PPARG, (G) ESR1, (H) HIF1A, and (I) PTGS2. In each plot, the
red line represents patients with gene expression levels above the median, while the black

line represents those with expression levels below the median. The term HR refers to the
hazard ratio. p <0.05 indicates statistical significance.

4. Conclusion

Hepatitis poses a significant threat to global public health, causing extensive liver damage and
severe complications that substantially reduce patients' quality of life and life expectancy.
Hepatitis can lead to serious complications such as cirrhosis and liver decompensation, and it
greatly increases the risk of the disease progressing to liver cancer [23, 24]. Existing treatments
for hepatitis primarily include antiviral drugs, immunomodulatory therapies, supportive care,
and lifestyle adjustments. Although some patients benefit from these standard treatments, the
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effects vary, and issues like drug resistance and recurrence remain common. Thus, hepatitis
treatment faces many challenges, making the discovery of new treatments a pressing issue.

Over the past few decades, natural products have emerged as a crucial resource for drug
research and development, especially for hepatitis treatment. For instance, it has been reported
that 3-sitosterol shows potential anti-hepatitis C virus (HCV) activity [25]. Ho et al. established
an in vitro model of HCV using the centrifugation promotion method and assessed the anti-HCV
activity of 4 Chinese herbal formulas and 15 ingredients [26]. It was found that L. officinale
exhibits significant anti-HCV activity. However, the specific role of L. officinale in hepatitis
treatment remains unclear. Therefore, network pharmacology was employed to investigate the
therapeutic targets associated with hepatitis treatment using L. officinale, and GO, KEGG
pathway analysis, and PPI network analysis of these targets were conducted.

In the current study, active components and relevant targets of L. officinale were screened from
the TCMSP, PubChem, and Swiss Target Prediction databases. Target information related to
hepatitis was obtained from the DisGeNET and GeneCards databases. By intersecting the active
components of L. officinale with hepatitis targets, overlapping targets were identified, revealing
161 potential target genes. Further analysis using PPI networks and setting a degree threshold
identified 33 hub genes.

GO functional enrichment and KEGG pathway enrichment studies indicated that the targets of
L. officinale’s active ingredients were predominantly involved in significant biological processes
and signaling pathways. These include the regulation of inflammatory responses, cell apoptosis,
cell proliferation, and phosphorylation processes. Particularly, certain critical signaling
pathways, such as the EGFR tyrosine kinase inhibitor resistance pathway, could be pivotal in L.
officinale’s treatment of hepatitis. EGFR plays a crucial role in hepatitis virus infection. EGFR
has been identified as a cofactor for HBV, HCV, and HEV to enter host cells [27-29]. Lupberger
etal. demonstrated that inhibiting EGFR kinase activity markedly reduced infection by all major
HCV genotypes and viral escape variants [30]. Furthermore, EGFR activation triggers a cascade
of downstream signaling pathways, including the PI3K/AKT pathway [31]. Activation of AKT in
hepatocytes frequently exerts a protective role, but recent reports indicate that AKT activation
in hepatocytes promotes viral hepatitis [32-35]. For instance, studies have shown that the
hepatitis B virus core protein (HBc) downregulates C-terminal Src kinase (Csk) and activates
the Src 1A promoter via an Spl-dependent mechanism. This process enhances Src kinase
expression and activity, thereby activating the Src/PI3K/Akt signaling pathways to promote
tumorigenesis in liver cancer cells [36].

Network analysis suggests that the diverse active ingredients of L. officinale may exert a
comprehensive therapeutic effect in hepatitis treatment by synergistically targeting multiple
pathways and targets. Key targets such as AKT1, EGFR, SRC, BCL2, and MAPK3 hold significant
positions in this network. These targets are crucial in KEGG pathways related to hepatitis B,
hepatitis A, and hepatitis C, as well as in cancer-related pathways, underscoring the potential
of L. officinale in preventing hepatitis progression to liver cancer. Research indicates that the
hepatitis B virus X protein (HBx) displaces Akt-bound "C-terminal regulatory protein,"
activating Akt and enhancing Cyclin D1 and Bcl-XL gene expression, which plays a critical role
in cell proliferation, apoptosis inhibition, and tumorigenesis [35]. Kiat Ninio et al. discovered
that hepatitis C virus (HCV) infection persistently activates the epidermal growth factor
receptor (EGFR) via its NS3/4A protease, thereby promoting hepatocellular carcinoma (HCC)
invasion and metastasis [37]. Furthermore, recent research indicates that certain
hepatocellular carcinomas (HCCs) resist Fas-mediated apoptosis by direct expression of HCV
proteins or indirect upregulation of Bcl-2 family members, contributing to cancer progression
and pathogenesis. Consequently, further analysis of liver cancer patient survival revealed that
elevated expression of targets such as AKT1, EGFR, and BCL2 correlated with poor disease-
specific survival (DSS) [38]. These findings suggest that active ingredients in L. officinale
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possess potential for inhibiting viral replication, modulating immune responses, and
potentially enhancing hepatitis patient prognosis through multifaceted interventions.

This network pharmacology-based study systematically revealed the potential mechanisms of
L. officinale in hepatitis treatment. We discovered that L. officinale exerts its anti-hepatitis
effects through multiple active components, regulating several key targets and signaling
pathways. These findings not only provide scientific evidence for the application of L. officinale
in hepatitis treatment but also offer important insights for developing new therapeutic
strategies in the future. However, further experimental validation is needed to confirm the
actual effects of these active components and targets in both in vivo and in vitro models.
Additionally, future research should incorporate clinical data to gain a more comprehensive
understanding of the efficacy and safety of L. officinale in hepatitis treatment.
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