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Abstract 

Background: Hepatocellular carcinoma (HCC) is one of the most prevalent cancers in 

human populations worldwide. Conversely, Huanglian Decoction is one of the most 

important Chinese medicine formulas, with the potential to treat cancer. 

Methods: To identify differentially expressed genes (DEG), we herein downloaded 

gene expression profile data from the TCGA (TCGA-LIHC) and GEO (GSE45436) 

databases. We obtained phytochemicals of the four constituent herbs of Huanglian 

Decoction from the traditional Chinese medicine systems pharmacology database and 

analysis platform (TCMSP). We also established a regulatory network of DEG and their 

drug target genes and subsequently analyzed key genes using bioinformatic approaches. 

Furthermore, we explored the effect of Huanglian Decoction by conducting in vitro 

experiments so as to verify the prediction. In particular, the CCNB1 gene was 

knockdown to verify the primary target of this Decoction. 

Results: Based on the results of network pharmacological analysis, we revealed that 

there are 5 bioactive compounds in Huanglian Decoction acting on HCC. In addition, 

our findings confirmed that CCNB1 was the primary key gene, which can be highly 

expressed in tumors and was significantly associated with a worse prognosis (P = 0.002) 

according to PPI network analysis of the target genes of these five compounds, as well 

as expression and prognosis analyses in tumors. We also noted that CCNB1 can be used 

as an independent prognostic indicator of HCC (P < 0.01). Moreover, in vitro 

experimental results demonstrate that Huanglian Decoction can significantly inhibit the 

growth, migration, and invasion of HCC cells. Finally, further analysis showed that this 

Decoction may inhibit the growth of HCC cells by down-regulating the expression level 

of CCNB1. 

Keywords: Huanglian Decoction (Coptidis Rhizoma, Zingiberis Rhizoma, Folium 

Artemisiae Argyi, Mume Fructus); Hepatocellular carcinoma; TCGA; GEO. 
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Running Title: Effect of Huanglian Decoction on HCC 

 

1. Introduction 

Hepatocellular carcinoma (HCC) is the most frequent primary malignancy of the liver 

and the third leading cause of cancer mortality worldwide [1-3]. Current treatment 

options for liver cancer primarily include surgery, local treatment, biological treatment, 

and other different methods. Recently, molecular targeted therapy has been used to treat 

patients with advanced liver cancer to a certain extent, but because targeted drugs are 

relatively expensive and carry side effects, they have not been fully utilized [4-6]. In 

the past few years, there has been growing research attention in traditional Chinese 

medicine (TCM). Previous studies have been established that TCM can improve the 

clinical symptoms of patients, especially for those with advanced liver cancer by 

prolonging their survival period, and also the price is relatively cheap. In particular, 

TCM formulation contains a variety of chemical components that act on multiple 

targets and diseases [7-9]. However, the complexity and diversity of traditional Chinese 

medicine components have made our understanding of the specific molecular 

mechanisms of Chinese medicine are still largely unknown. This, therefore, limits the 

development of Chinese medicine. Nevertheless, the recent development of computer 

technology has allowed us to analyze the components of these medicines using 

computers and also systematically analyze their effects on diseases through network 

pharmacology, which has greatly promoted our understanding of the molecular network 

of Chinese medicines and their nature [10-12]. 

 

Huanglian Decoction is one of the classical Chinese medicine formulas, which has the 

effect of clearing heat and treating abdominal pain [13-15]. This formulation was 

originally recorded in the classic Chinese medicine book “Treatise on Febrile Diseases” 

(Chinese name: Shanghan Lun). In this study, we obtained the formulas of Huanglian 

Decoction from the ancient Chinese medicine book (Sheng Ji Zong Lu), which is one 

of the most classic recipes. The formula consists of four Chinese herbal medicines, 

namely, Coptidis Rhizoma, Zingiberis Rhizoma, Folium Artemisiae Argyi, and Mume 
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Fructus. In addition, this Decoction plays a pivotal role in the field of TCM due to its 

various values such as treating colds, white diarrhea, and abdominal pain [16-18]. In 

some Asia-Pacific regions, this Decoction is used as an auxiliary medicine for the 

treatment of liver cancer in folk. However, very few studies have investigated the 

treatment of HCC with this Decoction. Thus, in this respect, we herein aimed to explore 

and prove the therapeutic potential of Huanglian Decoction for HCC treatment. 

 

In this work, we first identified the main target of Huanglian Decoction for liver cancer 

using network pharmacology and bioinformatics analysis. We then verified that this 

Decoction can inhibit the growth of HCC cells through in vitro experiments. 

Additionally, by knocking down the expression of CCNB1 protein in HCC cells, we 

confirmed that this Decoction mainly regulates HCC cells by inhibiting the expression 

of CCNB1. The detailed flow chart of this study is depicted in Fig. 1. Altogether, this 

study provides novel insights into the mechanism of Huanglian Decoction treatment for 

HCC. 

2. Materials and methods 

2.1 Data collection and cell culture 

For this study, we downloaded the gene expression profile data of HCC patients from 

the TCGA database (https://portal.gdc.cancer.gov/). This dataset includes 347 tumors 

and 50 non-tumor samples. GEO (https://www.ncbi.nlm.nih.gov/geo/) is a public 

functional genomics data repository. The GSE45436 dataset contained 93 HCC tissue 

samples and 41 non-cancerous samples. We retrieved data from publicly available 

databases, hence it was not applicable for additional ethical approval. Then, we selected 

PLC/PRF/5 and HepG2 cells for the following experiments. Specifically, cells were 

purchased from the Chinese National Infrastructure of Cell Line Resource (NICR). The 

culture media was DMEM (Thermo Fisher Scientific, Waltham, MA), supplemented 

with 10% FBS. Finally, the cells were placed in an incubator (37 °C; 5% CO2) as 

previously described. 

2.2 Identification of DEGs  

Here, we screened DEGs between HCC and non-cancerous samples using the "limma" 
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R package. The log2FC (fold change) > 1 or < -1 and adj. P-values < 0.05 were 

considered statistically significant. To identify the differential genes shared by TCGA 

and GEO databases, we used TCGA data in the experimental group, while that of GEO 

was applied in the verification group. Afterward, the data results of the intersections 

were obtained and visualized using an online website 

(http://bioinformatics.psb.ugent.be/webtools/Venn/). 

2.3 Identification and screening of bioactive components 

For this experiment, we retrieved all phytochemicals of the four components of 

Huanglian Decoction from the Traditional Chinese Medicine System Pharmacology 

Database and Analysis Platform (TCMSP) (http://tcmspw.com/tcmsp.php). Based on 

the standards recommended by the TCMSP, we selected an oral bioavailability (OB) 

index ≥ 30% and drug-likeness (DL) index ≥ 0.18 to determine the pharmacological 

properties of the compound. Notably, compounds that meet all these criteria were 

considered biologically active ingredients [19-21]. 

2.4 Construction of the network  

To comprehensively understand the molecular mechanisms of Huanglian Decoction, 

we collectively analyzed DEGs and active ingredients of the drug. Using Cytoscape 

version 3.7.2, we constructed Huanglian Decoction-compound, compound-target genes, 

and target gene-disease networks [22-24]. In addition, to further understand the 

relationship between target genes, we constructed a protein-protein interaction (PPI) 

network according to the information retrieved from the Search Tool for the Retrieval 

of Interacting Genes (STRING; https://string-db.org/) online database.  

2.5 Prognostic analysis of key genes 

Key genes in the network were extracted, and survival analyses were performed using 

R software ("survival" packages) to identify genes associated with prognosis, followed 

by univariate and multivariate COX analyses of genes associated with prognosis. 

2.6 Gene Set Enrichment Analyses 

To explore the potential molecular mechanisms of key genes, we performed a Gene Set 

Enrichment Analysis (GSEA) using the GSEA software version 4.0.3. The number of 

random sample permutations was set at 1000, while the significance threshold was set 

at P < 0.05 [25-28]. 
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2.7 Preparation of Huanglian Decoction aqueous extract 

The formula of Huanglian Decoction used in this study is different from the previous 

one. This formulation comprised of 50 grams of Coptidis Rhizoma, Zingiberis Rhizoma 

(25 grams), Folium Artemisiae Argyi (25 grams), and Mume Fructus (10 grams). All 

the above herbs were acquired from a Chinese TRT pharmacy. Briefly, to begin with, 

mix all herbs, then boil them in 1000 mL of distilled water for 2 h, and eventually 

remove the supernatant. Subsequently, centrifuge supernatant at 8000 rpm for 30 min 

and repeat the whole procedure twice. Lastly, redissolve the precipitate with distilled 

water to 10 mg/ml. 

2.8 Wound-healing and transwell invasion assay 

For wound healing assay, we treated cells with different concentrations of Huanglian 

Decoction (50 and 100 μg/mL for PLC/PRF/5 cells, 150 and 300 μg/mL for HepG2 

cells) and then analyzed wound healing [29-31]. On the other hand, for transwell 

invasion assay, we treated HCC cells (1×105 cells/well) under different conditions, then 

fixed them with 4% paraformaldehyde for 2 h, followed by staining the invaded cells 

with crystal violet solution for 30 min. Finally, we counted the stained cells under an 

optical microscope. 

2.9 siRNA transfection 

siRNA targeting CCNB1 (CCNB1-siRNA, GAAUUCUGCACUAGUUCAA), was 

designed and synthesized by Nanjing InvivoGene Biotechnology Co., Ltd (Nanjing, 

China). We then performed siRNA transfection when the cells reached 70 - 80% 

confluence using Lipofectamine 2000 (Invitrogen, USA) as per the manufacturer's 

instructions. 

2.10 Cell apoptosis analysis 

To identify apoptotic cells, HCC cells were treated under different conditions. Using an 

Annexin V-FITC Apoptosis Detection kit (Thermo Fisher Scientific, Waltham, MA) 

after 48 h, we performed Annexin V and PI staining. The cell apoptosis was detected 

using a flow cytometer (ACEA, NovoCyteTM). 

2.11 Western blotting analysis 

Here, HCC cells in the logarithmic phase were seeded in a 10 cm dish. When the cells 
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occupied 80% of the dish, cells were then treated with Huanglian Decoction for 24 h in 

a culture media containing 10% FBS. Then, the harvested cells were disrupted, and the 

protein concentration was determined using a dye-binding protein assay kit according 

to the manufacturer’s instruction manual. After centrifugation for 30 min, the 

supernatants were collected for protein measurement. After immersing the samples in 

95 °C water for 10 min, the proteins were separated using gel electrophoresis and 

transferred to a membrane. Thereafter, the membranes were incubated overnight at 4 °C 

with primary antibodies (Rabbit monoclonal [Y106] to Cyclin B1, ab32053, 1/30000 

dilution, Abcam, USA), and then further incubated with secondary antibodies (Goat 

Anti-Rabbit IgG H&L (HRP), ab205718, 1/5000 dilution, Abcam, USA) and eventually 

visualized. 

2.12 Statistical analysis 

Based on three independent experiments, data are expressed as mean ± SEM. All 

statistical analyses were implemented using R software version 3.5.0 (R Foundation for 

Statistical Computing, Vienna, Austria) and GraphPad Prism version 8.0.1 (GraphPad 

Software Inc., USA). If not specified above, a level of P < 0.05 was considered 

statistically significant. 

3. Results 

3.1 Identification of DEGs in HCC 

We conducted this study as illustrated in the flow chart (Figure 1). To identify the 

common DEGs in the TCGA and GEO datasets, we performed differential gene 

analysis on the two datasets. We identified a total of 7667 differentially expressed genes 

at the mRNA level in tumor tissues (n = 374) compared with normal tissues (n = 50) 

based on the analysis of the TCGA dataset (Figure 2A). On the other hand, we identified 

a total of 1299 differentially expressed genes at the mRNA level in tumor tissues (n = 

93) compared with normal tissues (n = 41) according to the GEO dataset analysis 

(Figure 2B). In summary, these results show an overlap of 838 DEGs (Figure 2C), 

between the TCGA and GEO datasets. 

3.2 Identification of bioactive compounds in Huanglian Decoction 

The four main active ingredients in Huang Ren Tang are Coptidis Rhizoma, Zingiberis 
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Rhizoma, Folium Artemisiae Argyi, and Mume Fructus. We retrieved the main 

chemical constituents of the four components from the TCMSP analytical platform and 

selected OB ≥ 30% and DL index ≥ 0.18 so as to determine the druggability of the 

compounds. Overall, we identified 765 bioactive compounds of the four main herbs, 

which were reduced to 24 after deleting duplicates (Supplementary Table S1). 

3.3 Huanglian Decoction network analysis and PPI network analysis 

To further understand the target genes of Huanglian Decoction, we constructed a 

regulatory network. First, the DEGs of disease and the target gene of Huanglian 

Decoction were subjected to intersection analysis, and 19 common genes were found 

(Figure 3A; Supplementary Table S2). Then, we constructed the Huanglian Decoction-

compound, compound-target genes, and target gene-disease networks. As shown in 

Figure 3B, we uncovered 5 biologically active substances (Quercetin, Stigmasterol, 

beta-sitosterol, Worenine, and kaempferol) and 19 target genes (HSPB1, CCNB1, 

CYP1A2, BIRC5, NQO1, CDK1, FOS, CHEK1, TOP2A, E2F1, CHEK2, MAP2, 

SERPINE1, ADH1C, AKR1C3, IGFBP3, CYP3A4, MMP9, and PARP1). Finally, we 

constructed a protein interaction network for these 19 genes (Figure 3C) and screened 

the top 10 genes according to the number of nodes (Figure 3D). 

3.4 Analysis of expression levels and survival of hub genes 

In total, 10 genes were identified as hub genes. The survival analysis of the hub genes 

was evaluated using the Kaplan-Meier curve (Figure 4). Overall, we identified 7 genes 

that were significantly associated with prognosis (E2F1 (P = 0.005), MMP9 (P = 0.014), 

CDK1 (P = 1.36e-04), CHEK1 (P = 7.838e-04), CCNB1 (P = 0.002), BIRC5 (P = 

4.06e-05), and TOP2A (P = 0.001)). We then analyzed the expression of these genes in 

tumors and normal tissues and found that most of them were highly expressed in tumors, 

except for FOS. 

3.5 Identification of key prognostic genes in HCC 

To further examine the role of key genes in prognosis, we herein conducted univariate 

and multivariate COX analyses of these genes. Among the results of the univariate COX 

analysis, we noted that CCNB1 (HR = 1.467, 95% CI = 1.252 - 1.719; P < 0.001), 

CDK1 (HR = 1.421, 95% CI = 1.207 - 1.673; P < 0.001), CHEK1 (HR = 1.919, 95% 

CI = 1.436 - 2.564; P < 0.001), E2F1 (HR = 1.134, 95% CI = 1.083 - 1.418; P = 0.002), 
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MMP9 (HR = 1.134, 95% CI = 1.023 - 1.256; P = 0.017), TOP2A (HR = 1.293, 95% 

CI = 1.133 - 1.476; P < 0.001), and BIRC5 (HR = 1.342, 95% CI = 1.171 - 1.538; P < 

0.001) were all associated with poorer outcomes (Figure 5A). In the results of the 

multivariate COX analysis, we found that only CCNB1 (HR = 1.040, 95% CI = 1.011-

1.070; P = 0.007) was associated with a worse prognosis (Figure 5B). These findings 

revealed that only CCNB1 can be used as an independent prognostic gene. 

Subsequently, we noticed that CCNB1 promotes tumor development (Figure 5C) and 

is associated with multiple biological pathways (Table 1; Figure 5D). Lastly, we 

performed GO (Supplementary Figure S1) and KEGG (Supplementary Figure S2) 

enrichment analyses on CCNB1 using R software. 

3.6 Huanglian Decoction suppressed HCC cell growth in vitro  

Here, we performed cell viability assays on liver cancer cells and the outcomes are 

depicted in Figure 6A. These findings demonstrate that Huanglian Decoction exhibited 

time- and dose-dependent effects on HCC cell viability. The IC50 value of Huanglian 

Decoction after 48 h treatment was about 100 μg/ml for PLC/PRF/5 and 200 μg/ml for 

HepG2 cells. Moreover, the results of apoptosis analysis indicated that this Decoction 

can induce apoptosis of both PLC/PRF/5 and HepG2 cells (Figure 6B). Interestingly, 

further analysis showed that this Decoction can reduce the migration and invasion 

activity of PLC/PRF/5 and HepG2 cells (Figure 6C; D). 

3.7 Huanglian Decoction suppressed HCC cell growth in vitro by inhibiting the 

expression level of CCNB1 protein 

To explore the potential mechanism of Huanglian Decoction on HCC cells, we first 

identified the protein level. Our results highlighted that this Decoction can reduce the 

CCNB1 protein expression levels in both PLC/PRF/5 and HepG2 cells. Furthermore, 

we noticed that after adding this Decoction (100 μg/ml for PLC/PRF/5 cells and 200 

μg/ml for HepG2 cells) to the Si-CCNB1 group, the protein level did not change 

significantly (Figure 7A; B). Notably, the results of cell proliferation showed that the 

growth rate of cells was significantly reduced after transfection. Another important 

finding was that when this Decoction was added to the transfected cells, the growth rate 

of the cells did not change significantly (Figure 7C; D). Remarkably, the findings of 
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cell apoptosis analysis revealed that inhibiting the expression of CCNB1 can promote 

apoptosis of both PLC/PRF/5 and HepG2 cells, whereas adding Huanglian Decoction 

to the cells after transfection did not significantly promote apoptosis (Figure 7E; F). 

4. Discussion 

In this work, we have found that Huanglian Decoction exhibits an effective therapeutic 

effect on HCC, primarily by inhibiting the expression level of CCNB1. Based on the 

analysis of TCGA and GEO databases, we identified DEGs in HCC. Subsequently, we 

also uncovered the main bioactive compounds associated with HCC in Huanglian 

Decoction and key target genes using network pharmacological analysis. 

Simultaneously, we further screened key genes through PPI network and survival 

analyses and ultimately, selected 7 genes (E2F1, MMP9, CDK1, CHEK1, CCNB1, 

BIRC5, and TOP2A) that meet the conditions. Afterward, we executed univariate and 

multivariate COX analyses on these 7 genes. The outcomes implied that CCNB1 can 

be used as an independent prognostic indicator. Another important finding is that 

CCNB1 is involved in the cell cycle, base excision repair, RNA degradation, 

spliceosome, oocyte meiosis, complement and coagulation cascades, drug metabolism 

- cytochrome P450, retinol metabolism, primary bile acid biosynthesis, and tryptophan 

metabolism signaling pathway of HCC (Figure 5D). Previous studies have established 

that the normal process of cell division occurs through the cell cycle. However, 

dysregulation of the cell cycle would result in sustained unscheduled cell growth, 

proliferation, and eventually a hallmark of cancer. Base excision repair is a key genomic 

maintenance pathway that possesses a tumor-suppressing effect. Therefore, CCNB1 

may regulate the development of HCC through these pathways. We also established an 

in vitro experimental model. Our results show that Huanglian Decoction can inhibit the 

growth of HCC cells in vitro. Further analysis elucidated that this Decoction exhibited 

no obvious inhibitory ability on HCC cells (Si-CCNB1). Thus, we speculated that this 

Decoction might inhibit the growth of HCC cells by suppressing the expression of 

CCNB1. Collectively, these findings suggest that this formulation may have the 

potential to treat liver cancer. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 November 2020                   doi:10.20944/preprints202011.0691.v1

https://doi.org/10.20944/preprints202011.0691.v1


 

 

Multiple reports have highlighted that the Chinese medicine formula plays an essential 

role in the treatment of tumors. For instance, Ze-Qi-Tang (ZQT) can inhibit the growth 

of non-small cell lung cancer cells [32], whereas Jianpi Jiedu Decoction (JPJD) can 

inhibit the tumorigenesis, metastasis, and angiogenesis of colorectal cancer [33]. In 

addition, Huanglian Jiedu Decoction (HLJDD) can induce apoptosis and cell cycle 

arrest, as well as inhibit the migratory and invasive properties of HCC cells [34, 35]. 

These results further support the idea of the TCM formula as a potential agent of 

complementary and alternative treatment for cancer. Nonetheless, our literature search 

found that most of the TCM formulas related to Huanglian include Huanglian Jiedu, 

Huanglian-Wendan, and Huanglian-Renshen Decoctions, and thus there are paucities 

of studies on Huanglian Decoction. Interestingly, a recent article has reported that 

Huanglian Decoction possesses a certain therapeutic effect on diabetes, but the formula 

source of this Decoction is somewhat different from the formula in this work, so it may 

not have a reference value. However, it is important to note that the differences between 

different formulas and the potential medicinal value may be the next step to be explored. 

This is a critical area for future research that needs to be addressed. 

 

CCNB2, also known as cyclin B2, is a member of the cyclin family. CCNB2 was 

reported to regulate the cell cycle by activating CDC2 kinase in eukaryotes, and 

inhibition of CCNB2 induced cell cycle arrest [36-38]. CCNB2 was overexpressed in 

multiple tumors, including gastric cancer, prostate cancer, and bladder cancer [39-42]. 

In this study, we found that CCNB1 is significantly highly expressed in HCC patients 

and is significantly associated with a poor prognosis. The inhibitory effect of Huanglian 

Decoction on HCC cells is mainly achieved by reducing the expression of CCNB1 

protein. 

 

Admittedly, our research also had some limitations. First of all, the paper does not carry 

out further research on the mechanism of CCNB1 in HCC. Moreover, it would be better 

if in vivo experiments were performed to validate our findings. 
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In summary, this study demonstrates that CCNB1 is an independent prognostic 

indicator for HCC and was significantly associated with a worse prognosis. We also 

confirmed that Huanglian Decoction suppressed HCC cell growth in vitro by inhibiting 

the expression level of CCNB1 protein. Therefore, this information may help in the 

development of HCC treatment. 
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Fig. 1. Flow chart. 
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Fig. 2. Volcano and Venn diagrams of DEGs. (A) Differential gene analysis of TCGA datasets. (B) 

Differential gene analysis of GEO datasets. (C) The TCGA and GEO datasets show an overlap of 

838 genes. Upregulated genes are marked in red; Downregulated genes are marked in light blue. 
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Fig. 3. Identification of key genes. (A) 19 genes overlap between DEGs of disease and drug target 

genes. (B) Herb-Compound network of potential bioactive constituents for Huanglian Decoction. 

The circles on the left are the drugs and their bioactive compounds, while the circles on the right 

are the target genes. (C) PPI network for target genes. The edges represent the interaction between 

them. (D) The top 10 genes according to the number of nodes.  
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Fig. 4. Survival and expression analyses. (A) - (J) The survival analysis of the hub genes. (K) The 

expression analysis of the hub genes. A level of P < 0.05 was considered statistically significant. 
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Fig. 5. Identification of key prognostic genes in HCC. (A) Univariate COX analysis. (B) 

Multivariate COX analysis. (C) CCNB1 found to promote tumor development. (D) The GSEA 

analysis reveals the biological pathways and processes associated with CCNB1.  
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Fig. 6. Huanglian Decoction suppressed HCC cell growth in vitro. (A) Time- and dose-dependent 

effects of Huanglian Decoction treatment on the viability of both PLC/PRF/5 and HepG2 cells. (B) 

Huanglian Decoction can induce apoptosis of both PLC/PRF/5 and HepG2 cells. (C) Huanglian 

Decoction can reduce the migration activity of both PLC/PRF/5 and HepG2 cells. (D) Huanglian 

Decoction can reduce the invasion activity of both PLC/PRF/5 and HepG2 cells. Asterisks shows 

the levels of statistical significance: * = P < 0.05, ** = P < 0.01, *** = P < 0.001. 
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Fig. 7. Huanglian Decoction suppressed HCC cell growth in vitro by inhibiting the expression level 

of CCNB1 protein. (A and B) Huanglian Decoction can reduce the expression level of CCNB1 

protein in HCC cells, but has no significant effect on the transfected cells. (C and D) At 24, 48, 72, 

and 96 h after transfection, cell proliferation was determined using the MTT assay. (E and F) The 

level of cell apoptosis increased significantly after transfection, and Huanglian Decoction exhibited 

no significant effect on the cells after transfection. Asterisks indicates the levels of statistical 

significance: * = P < 0.05, ** = P < 0.01, *** = P < 0.001. 
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T A B L E 1 GSEA analysis 

NAME ES NES NOM p-val FDR q-val 

KEGG_CELL_CYCLE 0.78 2.24 0.000 0.000 

KEGG_BASE_EXCISION_REPAIR 0.82 2.23 0.000 0.000 

KEGG_RNA_DEGRADATION 0.76 2.17 0.000 0.000 

KEGG_SPLICEOSOME 0.81 2.16 0.000 0.000 

KEGG_OOCYTE_MEIOSIS 0.66 2.14 0.000 0.000 

KEGG_COMPLEMENT_AND_COAGULATION_CASC

ADES 
-0.80 -2.27 0.000 0.000 

KEGG_DRUG_METABOLISM_CYTOCHROME_P450 -0.72 -2.17 0.000 0.000 

KEGG_RETINOL_METABOLISM -0.73 -2.16 0.000 0.000 

KEGG_PRIMARY_BILE_ACID_BIOSYNTHESIS -0.92 -2.09 0.000 0.000 

KEGG_TRYPTOPHAN_METABOLISM 0.73 -2.09 0.000 0.000 

NOM p-val < 0.01 has statistically significant. 
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T A B L E S 1 Composition in Huanglian Decoction 

Drug MolId Compounds Name 

Folium Artemisiae Argyi 

Coptidis Rhizoma 

Mume Fructus 

Folium Artemisiae Argyi 

Zingiberis Rhizoma 

Mume Fructus 

Zingiberis Rhizoma 

Mume Fructus 

Folium Artemisiae Argyi 

Mume Fructus 

Coptidis Rhizoma 

Coptidis Rhizoma 

Mume Fructus 

Folium Artemisiae Argyi 

 

Mume Fructus 

 

Coptidis Rhizoma 

Coptidis Rhizoma 

Folium Artemisiae Argyi 

Zingiberis Rhizoma 

Zingiberis Rhizoma 

 

 

 

Zingiberis Rhizoma 

Coptidis Rhizoma 

Folium Artemisiae Argyi 

Coptidis Rhizoma 

Coptidis Rhizoma 

Coptidis Rhizoma 

Coptidis Rhizoma 

Coptidis Rhizoma 

Mume Fructus 

Mume Fructus 
 

MOL000098 

MOL000098 

MOL000098 

MOL000358 

MOL000358 

MOL000358 

MOL000359 

MOL000422 

MOL000449 

MOL000449 

MOL000622 

MOL000785 

MOL000953 

MOL001040 

 

MOL001040 

 

MOL001454 

MOL001458 

MOL001494 

MOL002464 

MOL002501 

 

 

 

MOL002514 

MOL002668 

MOL002883 

MOL002894 

MOL002897 

MOL002903 

MOL002904 

MOL002907 

MOL005043 

MOL008601 
 

quercetin 

quercetin 

quercetin 

beta-sitosterol 

beta-sitosterol 

beta-sitosterol 

sitosterol 

kaempferol 

Stigmasterol 

Stigmasterol 

Magnograndiolide 

palmatine 

CLR 

(2R)-5,7-dihydroxy-2-(4-hydroxyphenyl) 

chroman-4-one 

(2R)-5,7-dihydroxy-2-(4-hydroxyphenyl) 

chroman-4-one 

berberine 

coptisine 

Mandenol 

1-Monolinolein 

[(1S)-3-[(E)-but-2-enyl]-2-methyl-4-oxo-1- 

cyclopent-2-enyl](1R,3R)-3-[(E)-3-methoxy-2- 

methyl-3-oxoprop-1-enyl]-2,2- 

dimethylcyclopropane-1-carboxylate 

Sexangularetin 

Worenine 

Ethyl oleate (NF) 

berberrubine 

epiberberine 

(R)-Canadine 

Berlambine 

Corchoroside A_qt 

campest-5-en-3beta-ol 

Methyl arachidonate 
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T A B L E S 2 Composition in Huanglian Decoction and the target gene 

Drug MolId MolName Target 

Aiye MOL000449 Stigmasterol ADH1C 

Wumei MOL000449 Stigmasterol ADH1C 

Wumei MOL000422 kaempferol AKR1C3 

Aiye MOL000098 quercetin BIRC5 

Huanglian MOL000098 quercetin BIRC5 

Wumei MOL000098 quercetin BIRC5 

Aiye MOL000098 quercetin CCNB1 

Huanglian MOL000098 quercetin CCNB1 

Wumei MOL000098 quercetin CCNB1 

Aiye MOL000098 quercetin CDK1 

Huanglian MOL000098 quercetin CDK1 

Wumei MOL000422 kaempferol CDK1 

Wumei MOL000098 quercetin CDK1 

Huanglian MOL002668 Worenine CHEK1 

Aiye MOL000098 quercetin CHEK2 

Huanglian MOL000098 quercetin CHEK2 

Wumei MOL000098 quercetin CHEK2 

Aiye MOL000098 quercetin CYP1A2 

Huanglian MOL000098 quercetin CYP1A2 

Wumei MOL000422 kaempferol CYP1A2 

Wumei MOL000098 quercetin CYP1A2 

Aiye MOL000098 quercetin CYP3A4 

Huanglian MOL000098 quercetin CYP3A4 

Wumei MOL000422 kaempferol CYP3A4 

Wumei MOL000098 quercetin CYP3A4 

Aiye MOL000098 quercetin E2F1 

Huanglian MOL000098 quercetin E2F1 

Wumei MOL000098 quercetin E2F1 

Aiye MOL000098 quercetin E2F2 

Huanglian MOL000098 quercetin E2F2 

Wumei MOL000098 quercetin E2F2 

Aiye MOL000098 quercetin FOS 

Huanglian MOL000098 quercetin FOS 

Wumei MOL000098 quercetin FOS 

Aiye MOL000098 quercetin HSPB1 

Huanglian MOL000098 quercetin HSPB1 

Wumei MOL000098 quercetin HSPB1 

Aiye MOL000098 quercetin IGFBP3 

Huanglian MOL000098 quercetin IGFBP3 

Wumei MOL000098 quercetin IGFBP3 

Aiye MOL000358 beta-sitosterol MAP2 

Ganjiang MOL000358 beta-sitosterol MAP2 
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Wumei MOL000358 beta-sitosterol MAP2 

Aiye MOL000098 quercetin MMP9 

Huanglian MOL000098 quercetin MMP9 

Wumei MOL000098 quercetin MMP9 

Aiye MOL000098 quercetin NQO1 

Huanglian MOL000098 quercetin NQO1 

Wumei MOL000098 quercetin NQO1 

Aiye MOL000098 quercetin PARP1 

Huanglian MOL000098 quercetin PARP1 

Wumei MOL000098 quercetin PARP1 

Aiye MOL000098 quercetin SERPINE1 

Huanglian MOL000098 quercetin SERPINE1 

Wumei MOL000098 quercetin SERPINE1 

Aiye MOL000098 quercetin TOP2A 

Huanglian MOL000098 quercetin TOP2A 

Wumei MOL000098 quercetin TOP2A 
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Supplementary Fig. S1. GO analysis results. 
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Supplementary Fig. S2. KEGG analysis results. 
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