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INTRODUCTION 
 

ALF is a life-threatening disease frequently exhibiting a 

fulminant progression [1]. ALF patients have a high 

mortality rate, and approximately 30% undergo liver 

transplantation [2]. Despite improving survival rates, 

ALF remains a devastating disease having a high 

mortality rate. Hepatitis virus, ischemia-reperfusion 

injury of the liver, drug overdose, and toxic substances 

are some of the most common causes of ALF [3]. Only 

limited pharmacological treatment options are available 
for ALF, including corticosteroids, antiviral drugs, and 

immunosuppressants. However, the long-term options 

for using these drugs can cause severe side effects and 

liver damage [4]. Therefore, it is necessary to identify 

new agents to treat ALF effectively. 

 

Recently, traditional Chinese medicine (TCM) has 

become more popular due to its multi-ingredient, multi-

link, and multi-target benefits [5]. The global distribution 

of 170 species of Swertia is found in the Gentianaceae 

family, comprising 87 genera [6], most of which have 

been widely utilized by TCM for liver disease. 

 

Swertia cincta Burkill is an annual herb from Swertia of 
Gentianaceae that can clear the liver and gallbladder’s 

dampness and heat [7]. It is mostly available in 

Southwest China, such as Sichuan and Tibet. Meanwhile, 
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ABSTRACT 
 

Swertia cincta Burkill is widely distributed along the southwestern region of China. It is known as “Dida” in 
Tibetan and “Qingyedan” in Chinese medicine. It was used in folk medicine to treat hepatitis and other liver 
diseases. 
To understand how Swertia cincta Burkill extract (ESC) protects against acute liver failure (ALF), firstly, the 
active ingredients of ESC were identified using liquid chromatography-mass spectrometry (LC-MS), and further 
screening. Next, network pharmacology analyses were performed to identify the core targets of ESC against ALF 
and further determine the potential mechanisms. Finally, in vivo experiments as well as in vitro experiments 
were conducted for further validation. The results revealed that 72 potential targets of ESC were identified 
using target prediction. The core targets were ALB, ERBB2, AKT1, MMP9, EGFR, PTPRC, MTOR, ESR1, VEGFA, 
and HIF1A. Next, KEGG pathway analysis showed that EGFR and PI3K-AKT signaling pathways could have been 
involved in ESC against ALF. ESC exhibits hepatic protective functions via anti-inflammatory, antioxidant, and 
anti-apoptotic effects. Therefore, the EGFR-ERK, PI3K-AKT, and NRF2/HO-1 signaling pathways could participate 
in the therapeutic effects of ESC on ALF. 
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as the Dida in Tibetan medicine, Swertia cincta Burkill is 

utilized as folk medicine by Hani and Tibetan to treat 

hepatitis, icteric hepatitis, and other liver diseases [8]. 

Pharmacology studies have revealed that ESC possesses 

hepatoprotection against CCl4-induced liver injury  

and HBV [9, 10]. In addition, reports have revealed  

that the ESC against α-naphthylisothiocyanate-induced 

cholestasis in rats regulates the hepatic transporter and 

metabolic enzyme expression [11]. However, in the 

Chinese Pharmacopoeia, only Swertia mileensis, a plant 

from the same genus, has been included as an anti-

hepatitis drug. Extensive research has depicted that the 

two species have similar phytochemical ingredients, such 

as swertiamarin, gentiopicroside, sweroside, and 

mangiferin [7, 12]. Altogether, Swertia cincta Burkill 

could be a promising hepatoprotective agent, warranting 

further research into its mechanisms. 

 

Network pharmacology is an emerging, interdisciplinary, 

and cutting-edge discipline, emphasizing the elucidation 

of disease and drug mechanisms from a holistic 

perspective. [13]. Previous studies have shown that 

Chinese herbal medicines (CHM) contain a complex 

composition, and their pharmacological actions may be 

due to their synergistic effects on multiple ingredients 

[14]. Fortunately, since network pharmacology emerged, 

it has become a powerful tool for CHM. Therefore, 

network pharmacology had been used by researchers to 

investigate drug targets and efficacy in CHM. In recent 

years, there also had been more and more studies to 

investigate the mechanism of CHM in the treatment of 

ALF by network pharmacology [15]. 

 

In this study, using the network pharmacology strategy, 

the main targets and signaling pathways of the protective 

effect of ESC on ALF were predicted and verified by  

in vivo experiments as well as in vitro experiments, 

which is expected to provide a scientific basis for the 

development and pharmaceutical value of ESC. 

 

RESULTS 
 

The identification of components in ESC 

 

As shown in Figure 1, a total of 41 compounds were 

detected from ESC, including flavonoids, alkaloids, 

iridoids, miscellaneous, and terpenoids. The detailed 

information is listed in Supplementary Table 1. All the 

compounds show a deviation between the theoretical 

and measured m/z of fewer than 5 ppm. 

 

Screening for active components of ESC 

 
We set a condition to screen the components of ESC. 

First, compounds obeying at least three criteria were 

considered to adhere to Lipinski Rule. Second, the 

Bioavailability Score is ≥0.55. The compound was 

eliminated from the candidates when the above  

two conditions were violated simultaneously. This 

screening yielded a total of 32 candidate compounds 

(Supplementary Table 6). The toxicity of candidate 

compounds was predicted with the ProTox-II server, 

and the results have been summarized in Figure 2. The 

results demonstrated that most candidate compounds 

(31/32, 97%) showed no measurable hepatotoxicity 

except ursolic acid. 

 

Identification of candidate targets in ESC for ALF 

treatment 

 

383 targets were obtained from SwissTarget, Sea, and 

Herb to determine the ESC-associated targets. After 

searching ‘acute liver failure’ and ‘acute liver  

injury’ in DrugBank, Genecard, TTD, OMIM, and 

PharmGKB databases, 547 disease targets were 

associated with ALF. Then, we took the intersection of 

the two prediction results to secure high-confidence 

ESC against ALF targets, and a total of 72 potential 

targets were retrieved (Figure 3A). These targets are 

detailed in Supplementary Table 2. Next, 72 identified 

proteins were categorized into 14 protein classes based 

on the PANTHER Classification System (Figure 3B). 

Protein modifying enzyme (25%), metabolite 

interconversion enzyme (22.5%), transmembrane 

signal receptor (14%), transporter (10%), and gene-

specific transcriptional regulator (10%) were the top 5 

protein classes. Non-receptor serine/threonine protein 

kinase was the primary type in protein-modifying 

enzymes, such as AKT1, MTOR, MAP2K1, and 

BARF. Three protein types mainly exist among the 

metabolite interconversion enzyme: oxidoreductase, 

dehydrogenase, and oxygenase. 

 

PPI network and screening of core targets 

 

We constructed candidate targets involved in PPI 

network by using the STRING database, as shown in 

Figure 3C. Ranking by degree, we selected the top 10 

predicted targets in the PPI network as the network 

core target in ESC for ALF treatment. In order of 

degree scores from high to low were as follows ALB, 

ERBB2, AKT1, MMP9, EGFR, PTPRC, MTOR, 

ESR1, VEGFA, and HIF1A (Figure 3D). The result 

suggested these core targets could be critical in the 

therapeutic effects of ESC for ALF. A network of 

ingredient targets was constructed for each of the  

72 intersection targets to provide a general overview 

of interactions between herbs and ingredients  

(Figure 3E). The number of associated targets was 
used to rank each bioactive ingredient. The top 6 

compounds were: luteolin, kaempferol, kaempferide, 

3,4’,5-Trihydroxy-7-methoxyflavanone, genistein, and 
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eriodictyol (Figure 3F). This could hint at the positive 

role of these ingredients in ESC for ALF treatment. 

 

GO function and KEGG pathway enrichment analysis 

 

In the GO enrichment analysis, 3 aspects were 

included: biological process (BP), cellular component 

(CC), and molecular function (MF). These validate 

that ESC was enriched in various BP terms, including 

“peptidyl-tyrosine phosphorylation” (GO: 0018108), 

“peptidyl-tyrosine modification” (GO: 0018212),  

and “phosphatidylinositol 3-kinase signaling” (GO: 

0014065). The term CC was enriched in the vesicles 

like “vesicle lumen” (GO: 0031983), “secretory 

granule lumen” (GO: 0034774), and “cytoplasmic 

vesicle lumen” (GO: 0060205). The MF term was 

primarily responsive, including “protein tyrosine 

kinase activity” (GO: 0004713) and other 

“transmembrane receptor protein tyrosine kinase 

activity” (GO: 0004714). These are briefly listed in 

Supplementary Table 3 and visualized by SRplot 

(Figure 4B). 

 

 
 

Figure 1. TIC chromatograms of ESC. (A) Negative mode. (B) Positive mode. 
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After KEGG analysis, the top 20 enriched KEGG 

pathways were reported (Figure 4A). The detailed 

information is represented in Supplementary Table 4. 

“EGFR tyrosine kinase inhibitor resistance” and 

“PI3K-Akt signaling pathway” were two critical 

pathways associated with ESC against ALF. In  

the following study, we further examined the  

key signaling molecules in these two downstream 

pathways (Figure 4C). 

 

Expression of key genes in ALF liver tissues in GEO 

database 

 

GSE datasets were selected from GEO (GSE38941) to 

verify these core targets. The volcano plot revealed that 

1088 downregulated and 984 upregulated genes were 

found in the ALF group. The cut-off criteria were |log 2 

(FC)| ≥ 2.0, p-value ≤ 0.05, and FDR ≤ 0.05  

(Figure 5A). In addition, the expression of 10 key 

targets in liver tissues were compared between ALF and 

control groups. The livers of patients revealed a 

significant expression of eight of ten target genes than 

those of control livers (P < 0.05). In the ALF group, 

PTPRC, MMP9, and HIF1A were significantly over 

expressed than in the control group. In contrast, EGFR, 

AKT1, ESR1, VEGFA, and ALB expressions had been 

reversed (Figure 5B–5I). The expressions indicated that 

the key targets were associated with the ALF process. 

Furthermore, gene expression could be regulated by 

ESC to ameliorate ALF. 

 

Molecular docking analysis 

 

We evaluated the binding between the key targets (ALB, 

EGFR, and AKT1) and the corresponding bioactive 

compounds (luteolin, kaempferol, kaempferide, 3,4’,5-

Trihydroxy-7-methoxyflavanone, genistein, eriodictyol) 

using molecular docking based on the PPI topology 

 

 
 

Figure 2. Toxicity of ESC main components. 
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analysis and GEO dataset verification. The hot map 

indicated the binding results depending on the docking 

scores (Figure 6A). Target proteins exhibited good 

binding energies in most cases. The associated 

compound with the lowest docking score for each target 

(luteolin-EGFR, eriodictyol-EGFR, and kaempferol-

EGFR) was analyzed using receptor-ligand interaction, 

including binding site and distance (Figure 6B–6D). 

 

MD simulation to explore the interaction of the key 

ingredients for ESC on EGFR 

 

The root means square deviation (RMSD) indicates 

structural stability. GROMACS g_rmsd tool was used 

to determine RMSD. Excluding the initialization steps, 

the starting structure of each simulation is the reference 

structure. The lower the RMSD, the more stable the 

protein complex. It can be observed from Figure 7C that 

luteolin, eriodictyol, and kaempferol within 100ns of 

the simulation were constant and low for the entire 

duration of the experiment. This revealed that the ligand 

was bound to the receptor, and the complex became 

stable. In particular, the RMSD value of kaempferol 

showed a very low RMSD (< 0.2 nm), implying the 

stable binding of kaempferol. 

 

Root-mean-square fluctuations (RMSF) provide direct 

insight into the structural fluctuation and flexibility of 

proteins. The larger its value is, the stronger this protein 

residue interacts with small molecules will be. This 

residue is a critical amino acid for interacting with small 

molecule ligands. Based on Figure 7D, the distributions 

of RMSF values for luteolin, eriodictyol, and 

kaempferol were consistent. The RMSF fluctuation 

 

 
 

Figure 3. Network pharmacology analysis for components in ESC. (A) The intersection of ESC targets and ALF targets. (B) The protein 

classification of targets of ESC against ALF. (C) PPI networks of ESC against ALF-related targets. (D) The degree score of core targets. (E) ESC-
ingredient-target network. (F) Top 10 key components in ESC. 
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values of Res 861-Res 867 in kaempferol were smaller 

than the other two ligands. In contrast, the RMSF 

fluctuation values of Res 718-Res 719 and Res 984-Res 

986 were higher than the other two ligands during the 

simulation. Thus, it hinted that the binding mode and 

critical residues of kaempferol could be different from 

the other two ligands. Overall, the RMSF fluctuation 

values of all three ligands had a low level during the 

simulation. This suggested that the complexes were 

stable. 

 

The Radius of gyration (Rg) was analyzed to decipher 

the changes in the compactness of the protein. From 

Figure 7B, the Rg of proteins were all less than 2.1 nm, 

indicating a more stable, tighter complex formation 

during the simulation. Notably, kaempferol had a 

smaller Rg than the other ligands, depicting a stable 

complex with the protein. 

 

Finally, the molecular mechanics Poisson-Boltzmann 

surface area calculation was utilized to validate the 

observations from the molecular docking method. Four 

energy terms contributed to the total binding energy  

of each ligand-protein complex: van der Waals, 

electrostatic, polar solvation, and non-polar solvation. 

The results demonstrated that van der Waals was the 

 

 
 

Figure 4. GO and KEGG enrichment analysis. (A) The top 20 pathways enriched in KEGG. (B) GO shows the Top 10 of BP, CC, and MF.  

(C) Genes related to EGFR signaling pathways are represented in a mechanistic diagram. 
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predominant force underlying the binding of the 

compounds to EGFR. Moreover, luteolin and eriodictyol 

had partial electrostatic interactions. In contrast, 

kaempferol had a significantly stronger interaction with 

the protein than luteolin and eriodictyol. Therefore, the 

overall binding free energy was higher than that of 

luteolin and eriodictyol. 

 

ESC protects against LPS/D-GalN-induced acute 

liver failure in vivo 

 

After treatment using LPS/D-GalN, the ALT, AST, 

MDA, IL-1β, IL-6, and TNF-α levels in the mice 

increased significantly. However, ALB, TP, SOD, CAT, 

and GSH decreased considerably. Additionally, the liver 

index of the mice in the model group increased 

significantly compared with the control group. 

Conversely, different concentrations of ESC pre-

treatment significantly decreased the LPS/D-GalN-

induced phenomenon (Figure 8A–8L). 

 

The histological assessment exhibited a similar trend, 

and the gross appearance demonstrated the 

hepatoprotective effects of ESC. In normal liver tissue, 

HE staining revealed neatly arranged hepatocytes 

without any infiltration of inflammatory cells. There 

was the destruction of liver lobules, hyperplasia, 

inflammatory cell infiltration in the model group, 

necrosis, and blood extravasation. The number and area 

of inflammatory cell infiltration and necrosis of 

hepatocytes were significantly reduced in all the high-

dose ESC-treated groups compared with the model 

group (Figure 8M–8O). Additionally, the ALF model 

group had higher TUNEL positivity rates than the 

control group based on the TUNEL staining results. 

However, ESC decreased TUNEL-positive staining at 

ALF (Figure 9A, 9B). 

 

ESC protects against LPS/GalN-induced acute liver 

failure in vitro 

 

The effect of ESC on the viability of HepG2 was 

determined using CCK-8 assay to study the possible 

cytoprotective effects of ESC on HepG2 cells injured 

by LPS/D-GalN. As illustrated in Figure 10A, 10B, it 

showed significant cytotoxic activity toward these 

HepG2 cells at 30 mM and 100 ug when cells were 

incubated for 24 h at increasing concentrations (10-50 

mM) or (12.5-200 ug/mL) of D-GalN or ESC. 

Considering the results mentioned above, we selected 

30 mM D-GalN for modeling. Our results also 

revealed that after exposure to ESC for 24 h, the half-

maximal inhibitory concentration (IC50) of HepG2 

cells was 99.36 μg/mL. Thus, our results selected 0-25 

μg/mL ESC for the next test. The following 

experiments further explore the effect of ESC 

 

 
 

Figure 5. Validation of core targets using the data from the GEO database. (A) Volcano map analysis of ALF. The expression of ALB 

(B), AKT1 (C), EGFR (D), VGEFA (E) PTPRC (F), MMP9 (G), HIF1A (H), and ESR1 (I). 
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Figure 6. Molecular docking analysis. (A) The heat map of molecular docking scores (kcal/mol). (B) The binding modes of eriodictyol-
EGFR complex (2D and 3D images). (C) The binding modes of kaempferol-EGFR complex (2D and 3D images). (D) The binding modes of 
luteolin-EGFR complex (2D and 3D images). Results of 3 independent experiments were described above. 
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treatment at gradient concentrations (6.25, 12.5, 25 

ug/mL) in the LPS/D-GalN-induced HepG2 cell 

model. Our results revealed that the ESC groups (12.5 

and 25 ug/mL) significantly enhanced the survival 

rates of HepG2 cells more than the model groups 

(Figure 10C). Additionally, the calcein-AM/PI staining 

results were consistent with CCK-8, which showed 

that ESC could improve the survival rate of  

HepG2 cells (Figure 10D, 10J), indicating that  

ESC inhibits cell death triggered by LPS/D-GalN. 

Furthermore, the results of flow cytometry experiments 

showed that ESC was able to partially attenuate 

apoptosis induced by LPS/D-GalN in a dose-

dependent manner (Figure 10K–10L). 

 

The ALT and AST activities in cell supernatant were 

determined to examine the degree of hepatocyte 

damage. Figure 10E, 10F indicate that the model group 

represented higher cell supernatant ALT and AST levels 

(p < 0.01). However, ESC treatment reversed the 

increase in cell supernatant ALT and AST levels. 

Moreover, a similar trend was observed in TNF-α, IL-

1β, and IL-6 (Figure 10G–10I). 

 

Afterward, ROS levels were measured to determine 

whether ESC can decrease LPS/D-GalN-induced 

oxidative stress. As demonstrated in Figure 11C, 

intracellular ROS levels were significantly enhanced 

after 24 h of stimulation, hinting that LPS/D-GalN 

induces oxidative stress. Whereas intracellular ROS 

levels were significantly decreased by ESC (12.5 and 25 

ug/mL) treatment (Figure 11A), the normal oxidation-

reduction reaction state of cells was enhanced and 

restored to a certain extent. 

 

 
 

Figure 7. Molecular dynamic simulations. (A) The MM-PBSA module determined the total binding energy and the energy components. 
(B) The radius of gyration obtained in MD analysis. (C) Complex RMSD. (D) Complex RMSF. 
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Likewise, apoptosis, calcium homeostasis, ATP 

production, and ROS formation are controlled by 

mitochondria, producing cell energy [16]. Therefore, 

we examined the effect of ESC on MMP potential in 

ALF. As revealed in Figure 11D, the control group 

exhibited strong red fluorescence, indicating a high 

MMP. After being exposed to LPS/D-GalN for 24 h, 

the red/green cells reduced significantly, revealing that 

LPS/D-GalN promoted decreased MMP and impaired 

mitochondrial function (p < 0.01). MMP levels were 

significantly elevated or even reversed due to ESC 

treatment (Figure 11B). 

 

Finally, the expression of the core targets for ESC 

against ALF was validated using qPCR. The results 

revealed that seven of the 10 core targets (AKT1, 

EGFR, ESR1, HIF1A, VEGFA, ERBB2, and MTOR.) 

significantly differed from the control group. 

However, compared with the model group, ESC  

pre-treatment significantly reversed these trends 

(Figure 12A–12G), contrary to VGEFA and EGFR 

expression in the GEO database. After this, the 

EGFR/ERK and PI3K/AKT/mTOR kinase cascade 

signaling pathways were analyzed based on the 

potential relationship between ESC and EGFR 

observed in molecular docking and molecular 

simulation analysis. Moreover, the Nrf2 protein was 

essential in oxidative stress and protects tissues and 

cells from oxidative stress. Furthermore, we studied 

the protein expression levels of Nrf2 and Nrf2-induced 

antioxidant protein HO-1. Figure 12I–12R detected 

that the p-AKT/AKT, p-PI3K/PI3K, p-mTOR/mTOR, 

 

 
 

Figure 8. ESC alleviated acute liver failure within an in vivo model. (A) Liver index; (B) serum ALT activity, (C) AST activity, (D) TP 

levels, (E) ALB levels, (F) SOD levels, (G) MDA levels, (H) CAT levels, (I) GSH levels, (J) IL1-β levels, (K) IL-6 levels, and (L) TNF-α levels; (M) The 
histopathology of mice liver (HE 400×); (N) Necrosis score; (O) inflammation degree score. Results of 6 independent experiments were 
described above, of which the significant ones were recorded as *p < 0.05, **p < 0.01 and #p < 0.05, ##p < 0.01, respectively, for the model 
group and the control group. 
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Nucle-Nrf2, and HO-1 expression in the HepG2 cells 

sample were downregulated within the ALF model 

group, and the p-EGFR/EGFR, p-ERK1/2/ERK1/2 and 

cyto-Nrf2 were upregulated within the ALF model 

group. On the contrary, ESC significantly suppressed 

protein expression. 

 

DISCUSSION 
 

ALF is characterized by rapid hepatocyte death due to 

many etiologies, such as systemic inflammatory 

response syndrome [17]. The development of efficient 

therapeutics for ALF is hindered by different unclear 

pathogenesis. 
 

An LPS/D-GalN-induced animal model of ALF is 

widely used as the model of human liver failure to study 

mechanisms and potential therapeutic drugs in treating 

ALF [18]. D-GalN is a selective hepatotoxin and 

induces liver damage similar to viral hepatitis. In 

response to D-GalN “priming”, LPS-induced hepatic 

cell injury causes fulminant liver failure within 4–6 h of 

LPS/GalN administration [19]. In addition, LPS/D-

GalN was applied to construct the in vitro ALF model 

[20, 21]. Swertia cincta Burkill had been widely utilized 

to treat various types of chronic and acute hepatitis and 

jaundice in Southwest China for hundreds of years. 

Meanwhile, Swertia cincta Burkill was anti-HBV [9] 

and anti-cholestasis [11]. However, Swertia cincta 

Burkill has rarely been reported in the study of ALF, 

and its relevant mechanism remains unclear. 

 

At present, high-quality studies related to ESC is 

limited, and the vast majority of them focused on 

iridoid, flavonoid, and xanthones constituents, and 

that’s why our study focused on the analysis of the 

constituents identified in LC-MS. Therefore, studies 

with regard to the volatile constituents in ESC, detailed 

information [22] about which were displayed in 

Supplementary Table 5 for readers’ reference, should be 

carried out in the future. ESC was analyzed using 

UHPLC-QE Orbitrap/MS, total of 41 compounds  

in ESC were detected. Some of these compounds  

were reported to possess strong antioxidant and 

hepatoprotective effects by searching the literature,  

for instance, swertiamarin [23], gentiopicroside [24], 

 

 
 

Figure 9. TUNEL histology for mice. (A) The calculated percent TUNEL-positives cells. (B) The representative TUNEL stain images (400×). 

Results of 6 independent experiments were described above, of which the significant ones were recorded as *p < 0.05, **p < 0.01 and  
#p < 0.05, ##p < 0.01, respectively, for the model group and the control group. 
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kaempferol [25], and luteolin [26]. Therefore, further 

researches on the efficacy of the material basis of ESC 

against ALF are warranted. 

 

We preliminarily identified the key targets and important 

pathways of ESC regulating ALF through network 

pharmacology to study the underlying mechanism. 

Among these core targets, EGFR was well known for its 

activity closely related to tumor growth, invasion, and 

metastasis. Meanwhile, EGFR expression is essential in 

maintaining cellular integrity and enabling intestinal 

epithelial cells to respond to injury [27]. Recently, studies 

indicated that EGFR could participate in ALF [28], 

alcohol-associated liver disease [29], and CCl4-induced 

liver fibrosis [30]. EGF and its tyrosine kinase receptor, 

EGFR, play a critical role in liver regeneration and 

transformation. The AKT kinases (AKT1, AKT2, and 

AKT3) are from the serine/threonine protein kinase 

family [31]. With over 85% homology, all three AKT 

isotypes share similar catalytic properties, can block 

apoptosis, and promote cell growth and metabolism. The 

hepatic deletion of AKT1 and AKT2 would induce liver 

injury and inflammation [32]. Simultaneously, AKT1 and 

EGFR are vital proteins in the EGFR/ERK signaling 

pathway and PI3K/AKT signaling pathway, respectively. 

Thus, we will focus on these two proteins in the future. 

 

 
 

Figure 10. ESC alleviated acute liver failure in vitro (A) HepG2 cells were treated with 0-200 μg/mL ESC for 24 h. (B) HepG2 cells were treated 

with 0-50 mM D-GalN for 24 h. (C) HepG2 cells were exposed to 30mM D-GalN and 1 μg/mL LPS. Then, they were treated with 6.25, 12.5, and 
25 μg/mL ESC medicated serum for 24 h or with blank serum. (D) Cell death percentage was determined by live/dead assay using fluorescent 
probe calcein-AM/PI. (E) The ALT, (F) AST, (G) TNF-α, (H) IL1-β, (I) IL-6 levels in the culture supernatant of HepG2 cells. (J) The calcein-AM/PI 
staining (100×). (K) The apoptotic status was measured through flow cytometry. (L) Percentages of apoptotic cells. Results of 3 independent 
experiments were described above, of which the significant ones were recorded as *p < 0.05, **p < 0.01 and #p < 0.05, ##p < 0.01, 
respectively, for the model group and the control group. 
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In addition, KEGG pathways and GO enrichment 

analysis were performed to explore the multi-

dimensional pharmacological mechanism of ESC against 

ALF depending on the predicted genes. In the KEGG 

pathway analysis, EGFR tyrosine kinase inhibitor 

resistance (hsa01521), Central carbon metabolism in 

cancer (hsa05230), and PI3K/AKT signaling pathway 

(hsa04151) became the top three significantly enriched. 

Among these pathways, the central carbon metabolism 

in cancer was not closely associated with studying ESC 

against ALF. Moreover, EGFR tyrosine kinase inhibitor 

resistance was primarily concerned with the mechanisms 

of drug resistance in cancer and anticancer treatments. 

However, the MAPK/extracellular signal-regulated 

Kinases (ERK1/2) and the PI3K/AKT signaling 

pathways were the major downstream effectors of 

EGFR. Additionally, the predicted targets were primarily 

enriched in these two pathways. Currently, there are 

several reports on these signaling pathways in liver 

disease. Feng et al. [33] observed that matrine 

derivatives bind EGFR on HSC-T6 cells. Thus, it 

inhibited EGFR phosphorylation and its downstream 

protein kinase B, protecting hepatic parenchymal cells 

and enhancing hepatic functions. It has also been 

reported that the P2Y2 receptor regulates alcoholic liver 

inflammation by targeting the EGFR-ERK1/2 pathway 

and played a critical role in hepatocyte apoptosis [29]. 

Based on the above evidence, more attention is 

demanded in the EGFR/ERK1/2 and PI3K/AKT 

signaling pathways. 

 

 
 

Figure 11. The impact of ESC on ALF-mediated oxidative stress in HepG2 cells. (A) ROS levels. (B) JC-10 red/green ratio. (C) Cellular 

ROS production was determined with the ROS probe (100×). (D) HepG2 cells were stained using JC-10. Results of 3 independent experiments 
were described above, of which the significant ones were recorded as *p < 0.05, **p < 0.01 and #p < 0.05, ##p < 0.01, respectively, for the 
model group and the control group. 
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Depending on the above studies in silico, we speculated 

that ESC may convey hepatoprotective effects via its 

anti-oxidative and anti-apoptosis properties. Moreover, 

studies in vitro indicated that the anti-apoptotic effect of 

ESC might be exerted by controlling the PI3K/AKT and 

EGFR-ERK signaling pathways. Nrf2 is a crucial 

regulator of antioxidant stress responses transactivating a 

broad spectrum of enzymes involved in antioxidation, 

detoxification, cell survival, anti-inflammatory response, 

and more upon oxidative stress [34]. Furthermore, Nrf2 

activation requires PI3K/AKT signaling pathways [35]. 

In the present study, the effects of ESC on ALF-induced 

oxidative stress were observed in both vitro and vivo. In 

addition, as previously reported by Fu et al. [36],  

α-mangostin could protect against LPS/D-GalN-induced 

ALF by upregulating the expressions of Nrf2 and HO-1 

to induce antioxidant defense, which seemed to throw 

light on that Nrf2 was involved in LPS/D-GalN-induced 

ALF. Therefore, we suspected that ESC may account for 

the Nrf2-mediated antioxidant response stimulation. 
 

Finally, our study identified several key components by 

molecular docking and MD (e.g., eriodictyol, maslinic 

acid) in ESC with an excellent protective effect against 

ALF. However, the effect of these components on liver 

disease has rarely been reported. Further investigations 

are required in future studies. 

 

CONCLUSIONS 
 

Our study confirmed the beneficial and protective  

effect of ESC against ALF in vivo and in vitro and 

 

 
 

Figure 12. ESC mechanism against ALF. The mRNA expression of AKT1 (A), EGFR (B), ESR1 (C), HIF1A (D), VGEFA (E), ERBB2 (F), and 

mTOR (G). And the protein expression levels of p-AKT/AKT (H), p-PI3K/PI3K ratio (I), p-mTOR/mTOR ratio (J), p-EGFR/EGFR ratio (K),  
p-ERK1/2/ERK1/2 ratio (L), Cyto-Nrf2 (M), Nucle-Nrf2 (N), HO-1 (O), and (P–R) Western blot results. Results of 6 independent experiments 
were described above, of which the significant ones were recorded as *p < 0.05, **p < 0.01 and #p < 0.05, ##p < 0.01, respectively, for the 
model group and the control group. 
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demonstrated that ESC might alleviate LPS/D-GalN-

induced apoptosis in ALF by regulating the EGFR/ERK 

axis and its downstream mediators (PI3K/AKT), as well 

as reducing oxidative stress by altering Nrf2/HO-1 

pathway and prevent mitochondrial damage. Therefore, 

we speculate that ESC could be an effective natural 

liver defender against ALF by boosting the anti-

apoptosis and anti-oxidative effects, and this effect may 

be realized through EGFR/ERK, PI3K/AKT, and 

NRF2/HO-1 signaling pathways. 

 

MATERIALS AND METHODS 
 

Chemicals and reagents 

 

Shanghai Yuan ye Bio-tech Co., Ltd. (Shanghai, 

China) supplied us with silibinin (≥98%, suspended in 

0.5% carboxymethylcellulose sodium solution) and  

D-galactosamine (D-GalN). Lipopolysaccharide (LPS) 

(O55:B5), purchased from Sigma (Sigma, USA) 

coupled with D-GalN, was dissolved in saline. 

 

The antibodies used (and their concentrations) were 

listed below: p-PI3K (CAT#4228, 1 : 1000, CST, USA), 

PI3K (CAT#4292, 1 : 1000), p-EGFR (CAT# ab40815, 

1 : 1000), EGFR (CAT# ab52894, 1 : 1000), p-AKT 

(CAT# ab38449, 1 : 1000), AKT (CAT#4691, 1 : 1000), 

p-mTOR (CAT#5536, 1 : 1000), mTOR (CAT#2972, 1 : 

1000), p-ERK1/2 (CAT#4370T, 1 : 1000, CST, USA), 

ERK1/2 (CAT#9102S, 1 : 1000), Nrf2 (CAT# 

ab137550, 1 : 1000), HO-1 (CAT# ab52947, 1 : 1000), 

GAPDH (CAT# 60004-1-Ig, 1 : 1000). 

 

Plant material 

 

The whole plant of fresh S. cincta Burkill was obtained 

from the Lotus Pond Chinese herbal medicine market in 

Chengdu, Southwest China, in October 2020. The plant 

was identified by Prof. Lixia Li from Sichuan 

Agricultural University, Chengdu, China. The voucher 

specimen was preserved in the College of Veterinary 

Medicine, Sichuan Agricultural University, Chengdu, 

China (No. 20201018-1). 

 

Sample preparation 

 

Firstly, 50 g of pulverized S. cincta Burkill (whole plant) 

were accurately weighed, and the sample was extracted 

twice with 75% (volume fraction) ethanol (w:v=1:20) 

through heating reflux twice, each time for 1h. 

Subsequently, the extract was filtered, concentrated with 

a vacuum rotary evaporator under reduced pressure,  

and lyophilized. Finally, 18.36 g ESC was obtained  

(2.72 g crude drugs per gram freeze-dried powder).  

50 mg of them was taken into an EP tube, adding  

1000μL extraction liquid (V methanol: V acetonitrile:  

V water = 2:2:1) and 20μL internal standard. Then, it’s 

homogenized in a ball mill at 45 Hz for 4 min and treated 

by ultrasound for 5min; three repetitions after, it was 

incubated for 1 h at -20° C and centrifuged at 12000 rpm 

at 4° C for 15 min. 200 μl supernatants were taken for the 

UHPLC-QE Orbitrap/MS analysis. Next, the remaining 

freeze-dried extract was prepared to powder with normal 

saline (for in vivo, the doses were equivalent to crude 

medicine amount when calculated according to the 

traditional dose for human (5–15 g/day)) or DMSO (for 

in vitro, and the concentration of DMSO is less than 

0.1%) into high, medium, and low concentration 

suspensions or solution, respectively. The sample was 

stored at −20° C until used for subsequent experiments. 

 

LC-MS analysis 

 

The following were the chromatographic conditions: 

UHPLC system (1290, Agilent Technologies), UPLC 

HSS T3 column (1.8μm, 2.1*100 mm, Waters), positive 

mode: mobile phase A was water with 0.1% formic acid, 

while mobile phase B was acetonitrile and negative 

mode: mobile phase A was water with 5 mM ammonium 

acetate, while mobile phase B was acetonitrile. Each 

sample was analyzed three times. The gradient elution 

was programmed as follows: 0 min, 1% B; 1 min, 1% B; 

8 min, 99% B; 10 min, 99% B; 10.1 min, 1% B; 12 min, 

1% B, which was delivered at 0.5 mL·min-1. Thermo Q 

exactive orbitrap mass spectrometer can collect primary 

and secondary mass spectrometry data under the control 

of XCalibur (version 4.0.27). Collision energy (NCE 

mode): 20eV, 40eV, 60eV, scanning rate: 7Hz. See 

Table 1 for detailed parameters. 

 

Collection and screening of active components 

 

The compounds identified in LC-MS were further 

screened by SwissADME (http://www.swissadme.ch/) 

and ProTox-II (https://tox-new.charite.de/) to determine 

whether these identified compounds could be  

used for analysis. A chemical structure of each of  

these compounds was obtained from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/), and the chemical 

structures were designed using InDraw (version 5.4.5). 

 

Network pharmacology 

 

See the supplementary materials for the relevant 

analysis of network pharmacology and bioinformatics. 

 

Molecular docking 

 

Molecular docking research was performed with the 
related software, AutoDockTools (Version 1.5.6), and 

the crystal structures of EGFR (PDB ID: 3POZ), AKT 

(PDB ID: 6CCY) and ALB (PDB ID: 4L8U) were 

http://www.swissadme.ch/
https://tox-new.charite.de/
https://pubchem.ncbi.nlm.nih.gov/
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Table 1. Mass spectrum parameters. 

QE Positive Negative 

Spray voltage (kV) 3.8 ESI+ 3.1 ESI- 

Capillary temperature (° C) 320 320 

Sheath gas flow rate (Arb) 45 45 

Aux gas flow rate (Arb) 15 15 

mass range (m/z) 70-1000 70-1000 

Full ms resolution 70000 70000 

MS/MS resolution 17500 17500 

TopN 3 3 

NCE/stepped NCE 20,40,60 20,40,60 

 

downloaded from the RCSB Protein Date Bank. The 

ligand structures were downloaded from PubChem, and 

the docking procedure was repeated three times. Based 

on the docking results, the best scoring docked model 

was chosen for conformation, and Ligplot+ (Version 

2.2.0) and PyMOL (Version 4.6.0) were used for 

visualization. 

 

Molecular dynamics (MD) simulation 

 

MD simulations were conducted using GROMACS 

(version 2020.6). Interactions were modeled with the 

CHARMM36 force field using the TIP3P water model. 

The simulation system involved a cubic solvation box 

with the edge length set to 1.2 and the adjoint type 

periodic boundary condition to 1 ns. After solvation, ion 

equilibration was assigned to an ion concentration of 

0.145 M to simulate the human environment and initial 

conformational equilibration. Then, the equilibration 

phase was completed in two steps: 100 ps in constant 

particle number, volume, and temperature ensemble. It 

was raised to 310 K and 1 bar, respectively, and finally, 

a 100 ns MD simulation was performed for the whole 

system. The nonbonded interaction cut-off value was set 

to 1.2 nm, and a PME algorithm was employed to 

determine the long-range electrostatic interactions. The 

time step was set to 2 fs, and the conformations were 

saved every 10 ps. 

 

Animals and experimental design 

 

Adult male ICR mice weighing 18–20 g were acquired 

from Chengdu Dashuo Biotechnological Company 

(Chengdu, China). The standard feeding conditions of 

mice were as follows: 23 ± 2° C, humidity 55 ± 5%, and 

12h light/dark cycle. The mice, taking standard 

laboratory feed and water at will, were randomly 

divided into 7 groups, including control, LPS/D-GalN, 

LPS/D-GalN + ESC (0.5 g/kg), LPS/D-GalN + ESC 

(1.5 g/kg), LPS/D-GalN + ESC (2.5 g/kg), LPS/D-GalN 

+ silibinin (100 mg/kg), and ESC control (2.5 g/kg) 

groups, with 10 animals in each group. The mice were 

orally administered ESC, silibinin, or normal saline 

once a day for 7 days. On the 7th day, after 

administering ESC, silibinin, or normal saline for 1 h, 

the mice in LPS/D-GalN, LPS/D-GalN model + ESC 

(0.5, 1.5, or 2.5 g/kg), and LPS/D-GalN + silibinin 

groups were intraperitoneally injected with 600 mg/kg 

of D-GalN and 10 μg/kg of LPS; in contrast, the control 

and ESC control groups received injections of normal 

saline alone. The study flow has been detailed in 

Supplementary Figure 1. After 6 h, all the mice were 

sacrificed to obtain blood and tissue samples. The 

plasma was collected centrifuged at 3500 g for 10 min 

at 4° C to collect the supernatant, and placed at-80° C. 

 

Biochemistry analysis 

 

The serum levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), total proteins (TP), 

and albumin (ALB) (all from Nanjing Jiancheng 

Bioengineering Institute, Nanjing, China) were tested 

based on the operation of the kit. 

 

Hematoxylin and eosin (H&E) 

 

The liver tissue samples were excised from mice and 

fixed in 10% formaldehyde at 25° C. These tissues were 

embedded in paraffin, and 4 µm-thick transverse 

sections were cut, followed by HE staining. For each 

liver, a numerical score was assigned based on its 

degree of inflammation and necrosis. The scoring 

standard referred to previous research [37]. 

 

TdT-mediated dUTP nick end labeling (TUNEL) 

staining analysis 

 

TUNEL assay was carried out paraffin-embedded tissue 

with the TUNEL assay kit (Servicebio, Wuhan, China) 

based on the protocol provided. 
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Detection of anti-inflammatory biomarkers 

 

Serum levels of interleukin-6 (IL-6), interleukin-1β (IL-

1β), and tumor necrosis factor-α (TNF-α) were measured 

using commercial enzyme-linked immunosorbent assay 

(ELISA) kits (all from FANKEWEI, Shanghai, China) 

following the manufacturer’s instructions. 

 

Analysis of the antioxidant system 

 

Serum levels of Superoxide dismutase (SOD), 

malondialdehyde (MDA), glutathione (GSH), and 

catalase (CAT) were tested based on the operation of 

the kit (all from Solarbio Biological Technology Co., 

Ltd, Beijing, China). 

 

Cell cultures 

 

HepG2 cells, acquired from Shanghai Fuheng Cell 

Center, were cultured in DMEM complete medium 

using 10% FBS, 1% penicillin, and streptomycin. The 

cells were placed in a 37° C, 5% CO2, and 95% air-

humidified incubator. 

 

Cell viability assay 

 

Cell viability was assessed with the CCK-8 assay 

(Solarbio China), based on the methods described by Ji 

et al. [38] Briefly, HepG2 cells were seeded in 96-well 

plates at a density of 5 × 104/mL and incubated for 24 h 

at 37° C and 5% CO2. Then, treated with LPS (1 μg/ml) 

and different doses of D-GalN or ESC for 24 h, 10 μl 

CCK-8 solution was put into every well and cultured 

under 37° C for 4 h. OD value of absorbance was 

measured at 450 nm. 

 

Cell death assessment 

 

Calcein acetoxymethyl/propidium iodide (Calcein 

AM/PI) staining was utilized to evaluate live/dead 

cells. Calcein AM/PI staining was performed with a 

calcein AM/PI kit (from Shanghai Beyotime 

Biotechnology Co., Ltd, Beijing, China). The stained 

cells were viewed using a fluorescence microscope 

(Olympus, Japan). 

 

Cell apoptosis analysis by flow cytometry 

 

HepG2 cells were seeded into 6-well plates at a density 

of 5 × 104/mL and incubated for 24 h. Then pretreated 

with ESC at different concentrations (0, 6.25, 12.5, 25 

μg/mL) for 24 h, next, the cells were treated with 

LPS/D-GalN for 24 h and harvested. Afterward, the 
cells were resuspended in 500 μl binding buffer and 

stained with 5ul Annexin V (AV)-FITC, 5ul PI using an 

AV-FITC/PI staining kit (from KeyGene BioTech, 

China). The status of cell apoptosis was analyzed by 

flow cytometry (Bio-Rad, USA). 

 

ALT, AST, and inflammatory factors measurement 

 

Based on the manufacturers’ instructions, the cell 

culture supernatant cytokine (IL-1β, IL-6, TNF-α) 

concentrations were determined with a commercially 

available ELISA kit (Shanghai Hengyuan Biological 

Technology CO., Ltd, Shanghai China). ALT and AST 

level in cell culture supernatant were determined using 

ALT and AST assay kits. 

 

Intracellular ROS assay 

 

The generation of intracellular ROS of HepG2 cells was 

determined with a DCFH-DA kit (Solarbio, China). 

After LPS/D-GalN treatment for 24 h, the cells were 

stained using 10 μM DCFH-DA and incubated for 20 

min. The pictures were obtained using fluorescence 

microscopy. 

 

Mitochondria membrane potential (MMP) assay 

 

The MMP was determined using a JC-10 assay kit 

(Solarbio, China). First, the cells were treated as 

previously described within the text. Then, JC-10 

staining was performed based on the manufacturer’s 

instructions. 

 

Real-time PCR assay 

 

RNA was isolated from cells using TRIzol Reagent 

(Sangon Biotech Co., Ltd., Shanghai, China), and 

cDNA was synthesized with a cDNA Kit. The 

expression of the indicated genes was analyzed using 

qRT-PCR amplified with SYBR Green (all from 

Transgene, China). The relative expression levels were 

determined using the 2-ΔΔCq method and normalized to 

the internal reference gene GAPDH. The primer 

sequences are observed in Table 2. 

 

Western blot 

 

The cells were treated and collected using trypsin-

EDTA. The HepG2 cells were homogenized in a 

modified RIPA buffer (Solarbio, Beijing, China) using 

phenyl methane sulfonyl fluoride (Amresco, USA) and 

a 1 × cocktail protease inhibitor (Beyotime, Shanghai, 

China) to extract protein. The supernatants were 

collected after centrifugation at 12,000 rpm for 15 min 

at 4° C. Protein concentrations were quantified using a 

BCA protein assay kit. Nuclear and cytoplasmic protein 
extraction was performed with a nuclear and 

cytoplasmic protein extraction kit (all from Beyotime, 

Shanghai, China). SDS-PAGE gels were utilized to 
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Table 2. Primers’ list. 

Gene 
Primer sequence 

Forward (5’-3’) Reverse (5 -3’) 

AKT1 AGCGACGTGGCTATTGTGAAG GCCATCATTCTTGAGGAGGAAGT 

EGFR AGGCACGAGTAACAAGCTCAC ATGAGGACATAACCAGCCACC 

VEGFA AGGCACGAGTAACAAGCTCAC ATGAGGACATAACCAGCCACC 

ALB GCAGATGACAGGGCGGAACTTG ACAGTGGGCTTTCTTCAACAGTGG 

MTOR GCAGATTTGCCAACTATCTTCGG CAGCGGTAAAAGTGTCCCCTG 

HIF1A TTCCCGACTAGGCCCATTC CAGGTATTCAAGGTCCCATTTCA 

ERBB2 TGCAGGGAAACCTGGAACTC ACAGGGGTGGTATTGTTCAGC 

GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC 

 

separate the proteins, which were then transferred to 

polyvinylidene difluoride membranes. Afterward, the 

membranes were blocked with 5% non-fat dry milk in 

TBST for 2 h at room temperature. The primary 

antibody was diluted using TBST and added to protein 

samples for overnight incubation in a refrigerator at  

4° C. After being washed three times using TBST, the 

membranes were incubated using their secondary 

antibodies conjugated with horseradish peroxidase. 

Finally, the membranes were examined by exposing 

them to an ECL reagent. 

 

Statistical analysis 

 

Statistical tests (t-test and ANOVA) were performed 

using GraphPad Prism (version 8.0). The data are 

expressed as mean ± SD. Fluorescence intensity and 

gray scale values were analyzed using image J (version 

1.53n). A p-value of < 0.05 was determined to be 

statistically significant. 

 

Data availability 

 

All the data can be obtained from the corresponding 

author upon request. 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Methods 
 

Prediction of ESC targets 

 

The simplified molecular-input line-entry system 

(SMILE) of candidate compounds, previously described 

in ESC, selected in the previous step, was retrieved 

from PubChem, DrugBank (https://go.drugbank.com/), 

or ChEMBL (https://www.ebi.ac.uk/chembl/) servers 

for further analysis. After that, we uploaded canonical 

SMILES to the SwissTargetPrediction database 

(http://www.swisstargetprediction.ch/) and Sea database 

(https://sea.bkslab.org/) to predict ESC targets. 

Simultaneously, the HERB database (http://herb.ac.cn/) 

was utilized to search and predict the targets of these 

candidate compounds. Finally, the probe ID was 

converted to the gene SYMBOL name in the 

downloaded file using the R software. 

 

Predict targets of ESC against ALF 

 

Genecard (https://www.genecards.org/), OMIM  

(https://www.omim.org/), TTD (http://db.idrblab.net/ttd/), 

PharmGKB (https://www.pharmgkb.org/), and DrugBank 

(https://go.drugbank.com/) databases were searched 

using the keywords “acute liver failure” and  

“acute liver injury.” Then, the predicted targets  

were standardized using the UniProt database 

(http://www.uniprot.org/uniprot/) and corrected to 

their official gene names. 

 

Screening of intersection targets 

 

We intersected the potential targets of ALF and ESC-

related drug targets to illustrate the potential 

interaction of ESC-related targets with ALF targets. 

We obtained the intersecting targets using jvenn 

(http://jvenn.toulouse.inra.fr/), and a protein class 

analysis was performed depending on the PANTHER 

classification system (http://www.pantherdb.org/). 

 

Network construction and analysis 

 

Among these potential targets, the protein-protein 

interaction (PPI) was constructed with the STRING 

database (https://string-db.org/). The species was 

limited to “Homo sapiens” with a confidence score 

>0.4. Consequently, the STRING network was 

exported to txt format and imported within  

Cytoscape (Version 3.8.0) for network visualization 

using available tutorials for implementing  

Cytoscape (https://cytoscape.org/). NetworkAnalyzer 

(http://apps.cytoscape.org/apps/networkanalyzer) was 

used to analyze degree distribution, clustering 

coefficient, and edge betweenness centrality using 

Cytoscape plugins. A higher degree value node 

depicted putative crucial targets of ESC against ALF 

in the PPI network. Finally, the top 10 targets of 

intersection targets were selected for the subsequent 

study. 

 

Analysis by gene ontology (GO) and the Kyoto 

encyclopedia of genes and genomes (KEGG) pathway 

 

GO and KEGG pathway enrichment analyses were 

performed using R software (Version 4.1.1) through the 

“clusterprofiler” package. GO terms and relevant 

pathways were selected as significant signaling 

pathways with a P value<0.05. Using an online tool, we 

visualized the top 20 significant terms for GO and 

KEGG analysis (http://www.bioinformatics.com.cn/). 

 

Verification of key targets in gene expression omnibus 

(GEO) database 

 

The expression of the key genes screened from  

PPI was verified using the GEO database 

(https://www.ncbi.nlm.nih.gov/geo/). The keywords 

were set as “acute liver failure,” “acute liver injury,” 

and “homo sapiens.” The tissue type was limited to 

liver tissue. Depending on the filter criteria, the 

expression data of GSE38941 were downloaded. 

GPL570 was the platform of the dataset, which 

included 17 ALF samples and 10 controls. The probe 

ID was converted to a gene symbol with the R 

software for further analysis. 
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https://www.ebi.ac.uk/chembl/
http://www.swisstargetprediction.ch/
https://sea.bkslab.org/
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https://go.drugbank.com/
http://www.uniprot.org/uniprot/
http://jvenn.toulouse.inra.fr/
http://www.pantherdb.org/
https://string-db.org/
https://cytoscape.org/
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http://www.bioinformatics.com.cn/
https://www.ncbi.nlm.nih.gov/geo/
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Supplementary Figure 
 

 

 

 
 

Supplementary Figure 1. Animal experimental procedure diagram. 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Table 6. 

 

Supplementary Table 1. The ESC freeze-dry powder qualitative analysis results. 

No. RT(min) Identification Observed(m/z) Adduct Diff.(ppm) Formula Chemical class 

1 2.67 Geniposidic acid 373.1127 [M-H] 3.45 C16H22O10 Iridoids 

2 2.78 Gentisic acid 153.0194 [M-H] 2.87 C7H6O4 Xanthones 

3 2.83 loganic acid 375.1301 [M-H]- 2.97 C16H24O10 
Organic acids and 

derivatives 

4 3.49 Asperulosidic acid 431.1186 [M-H] 0.94 C18H24O12 Iridoids 

5 3.51 Swertiamarin 419.1189 [M+HCOO] 0.17 C16H22O10 Iridoids 

6 4.09 Gentianine 176.0704 [M+H]+ 2.08 C10H9NO2 Alkaloids 

7 4.25 Isomangiferin 421.0775 [M-H] 1.14 C19H18O11 Xanthones 

8 4.41 Sweroside 403.1243 [M+HCOO] 0.80 C16H22O9 Terpenoids 

9 4.96 4-Methylumbelliferone 175.0399 [M-H] 0.75 C10H8O3 
Coumarins and 

derivatives 

10 4.98 Homoorientin 447.0921 [M-H] 1.96 C21H20O11 Flavonoids 

11 5.05 Gentiopicroside 357.1170 [M+H]+ 0.03 C16H20O9 Iridoids 

12 5.57 Rutin 611.1586 [M+H]+ 2.34 C27H30O16 Flavonoids 

13 5.62 Isovitexin 431.0990 [M-H] 2.38 C21H20O10 Flavonoids 

14 5.63 Apigenin-8-C-glucoside 433.1127 [M+H]+ 0.68 C21H20O10 Flavonoids 

15 5.66 Hyperoside 465.1029 [M+H] 2.02 C21H20O12 Flavonoids 

16 5.89 Verbenalin 433.1342 [M+HCOO] 1.96 C17H24O10 Iridoids 

17 6.06 
kaempferol 7-

neohesperidoside 
595.1669 [M+H]+ 1.59 C27H30O15 Flavonoids 

18 6.56 4-Methoxysalicylic acid 167.0349 [M-H] 0.40 C8H8O4 Phenols 

19 6.65 Luteolin-4'-O-glucoside 447.0932 [M-H]- 0.51 C21H20O11 Flavonoids 

20 6.66 Isoorientin 449.1073 [M+H]+ 1.61 C21H20O11 Flavonoids 

21 6.72 
3-hydroxy-4-

methoxyxanthen-9-one 
243.0650 [M+H]+ 0.20 C14H10O4 Miscellaneous 

22 6.78 

(2R,3R)-3,5-dihydroxy-2-(4-

hydroxyphenyl)-7-methoxy-

2,3-dihydrochromen-4-one 
303.0865 [M+H]+ 1.57 C16H14O6 Flavonoids 

23 6.92 Iridin 521.1293 [M-H] 1.37 C24H26O13 Flavonoids 

24 7.09 Amarogentin 587.1769 [M+H] 1.49 C29H30O13 Iridoids 

25 7.15 Dihydrokaempferol 289.0702 [M+H]+ 0.81 C15H12O6 Flavonoids 

26 7.79 Syringaresinol 419.1708 [M+H]+ 1.99 C22H26O8 Phenylpropanoids 

27 8.41 
(3-hydroxyphenyl)-(2,4,6-

trihydroxyphenyl)methanone 
247.0598 [M+H]+ 0.82 C13H10O5 Miscellaneous 

28 8.45 Luteolin 287.0554 [M+H] 1.38 C15H10O6 Flavonoids 

 8.53 Kaempferide 301.0708 [M+H]+ 0.56 C16H12O6 Flavonoids 

29 8.97 
1,5,8-trihydroxy-3-

methoxyxanthen-9-one 
275.0546 [M+H]+ 1.38 C14H10O6 Miscellaneous 

30 9.84 Tetrahydroxyxanthone 259.0252 [M-H] 0.94 C13H8O6 Flavonoids 

31 9.84 

(2S,3S)-2-(3,4-

dihydroxyphenyl)-3,7-

dihydroxy-2,3-

dihydrochromen-4-one 

289.0704 [M+H]+ 1.46 C15H12O6 Flavonoids 

32 10.24 trifolirhizin 469.1120 [M+Na]+ 0.02 C22H22O10 Isoflavonoids 

33 10.44 Oleanonic acid 455.3511 [M+H] 2.03 C30H46O3 Terpenoids 

34 10.51 Eriodictyol 289.0704 [M+H] 1.25 C15H12O6 Flavonoids 

35 11.27 Maslinic acid 473.3626 [M+H]+ 0.82 C30H48O4 Terpenoids 

36 12.06 Kaempferol 285.0402 [M-H]- 0.64 C15H10O6 Flavonoids 

37 14.87 Oleanolic acid 455.3527 [M-H]- 0.74 C30H48O3 Terpenoids 

38 16.05 Genistein 269.0455 [M-H]- 2.01 C15H10O5 Flavonoids 

39 16.81 3-Epilupeol 427.3941 [M+H]+ 0.13 C30H50O Terpenoids 

40 18.00 Betulinic acid 455.3527 [M-H]- 0.61 C30H48O3 Terpenoids 

41 21.63 Ursolic acid 439.3562 
[M+H-

H2O]- 
1.81 C30H48O3 Terpenoids 
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Supplementary Table 2. The targets in ESC for ALF treatment. 

Number Gene ID Protein description Gene symbol 

1 2147 coagulation factor II F2 

2 213 albumin ALB 

3 4233 MET proto-oncogene, receptor tyrosine kinase MET 

4 5788 protein tyrosine phosphatase receptor type C PTPRC 

5 6554 solute carrier family 10 member 1 SLC10A1 

6 975 CD81 molecule CD81 

7 3717 Janus kinase 2 JAK2 

8 7297 tyrosine kinase 2 TYK2 

9 5468 peroxisome proliferator activated receptor gamma PPARG 

10 3558 interleukin 2 IL2 

11 3643 insulin receptor INSR 

12 1956 epidermal growth factor receptor EGFR 

13 7422 vascular endothelial growth factor A VEGFA 

14 6772 signal transducer and activator of transcription 1 STAT1 

15 2322 fms related receptor tyrosine kinase 3 FLT3 

16 7015 telomerase reverse transcriptase TERT 

17 3815 KIT proto-oncogene, receptor tyrosine kinase KIT 

18 5290 phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha PIK3CA 

19 25 ABL proto-oncogene 1, non-receptor tyrosine kinase ABL1 

20 1557 cytochrome P450 family 2 subfamily C member 19 CYP2C19 

21 4353 myeloperoxidase MPO 

22 5054 serpin family E member 1 SERPINE1 

23 5243 ATP binding cassette subfamily B member 1 ABCB1 

24 20186 nuclear receptor subfamily 1, group H, member 4 NR1H4 

25 4318 matrix metallopeptidase 9 MMP9 

26 18126 nitric oxide synthase 2, inducible NOS2 

27 1991 elastase, neutrophil expressed ELANE 

28 217 aldehyde dehydrogenase 2 family member ALDH2 

29 5781 protein tyrosine phosphatase non-receptor type 11 PTPN11 

30 2168 fatty acid binding protein 1 FABP1 

31 596 BCL2 apoptosis regulator BCL2 

32 1080 CF transmembrane conductance regulator CFTR 

33 383 arginase 1 ARG1 

34 7276 transthyretin TTR 

35 5836 glycogen phosphorylase L PYGL 

36 5747 prostaglandin-endoperoxide synthase 2 PTGS2 

37 3716 Janus kinase 1 JAK1 

38 207 AKT serine/threonine kinase 1 AKT1 

39 4193 MDM2 proto-oncogene MDM2 

40 2321 fms related receptor tyrosine kinase 1 FLT1 

41 3091 hypoxia inducible factor 1 subunit alpha HIF1A 

42 3465 peroxisome proliferator activated receptor alpha PPARA 

43 2539 glucose-6-phosphate dehydrogenase G6PD 

44 23411 sirtuin 1 SIRT1 

45 2475 mechanistic target of rapamycin kinase MTOR 

46 5327 plasminogen activator, tissue type PLAT 

47 5159 platelet derived growth factor receptor beta PDGFRB 

48 2629 glucosylceramidase beta 1 GBA 
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49 5340 plasminogen PLG 

50 4282 macrophage migration inhibitory factor MIF 

51 6403 selectin P SELP 

52 4311 membrane metalloendopeptidase MME 

53 2260 fibroblast growth factor receptor 1 FGFR1 

54 22259 nuclear receptor subfamily 1, group H, member 3 NR1H3 

55 598 BCL2 like 1 BCL2L1 

56 4363 ATP binding cassette subfamily C member 1 ABCC1 

57 2099 estrogen receptor 1 ESR1 

58 3251 hypoxanthine phosphoribosyltransferase 1 HPRT1 

59 7498 xanthine dehydrogenase XDH 

60 100 adenosine deaminase ADA 

61 3791 kinase insert domain receptor KDR 

62 6850 spleen associated tyrosine kinase SYK 

63 673 B-Raf proto-oncogene, serine/threonine kinase BRAF 

64 4153 myoglobin MB 

65 116085 solute carrier family 22 member 12 SLC22A12 

66 9429 ATP binding cassette subfamily G member 2 ABCG2 

67 6555 solute carrier family 10 member 2 SLC10A2 

68 5319 phospholipase A2 group IB PLA2G1B 

69 2064 erb-b2 receptor tyrosine kinase 2 ERBB2 

70 5604 mitogen-activated protein kinase kinase 1 MAP2K1 

71 351 amyloid beta precursor protein APP 

72 6469 sonic hedgehog signaling molecule SHH 
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Supplementary Table 3. The top 10 GO terms of BP, MF, and CC. 

ONTOLOGY ID Description geneID Count 

BP GO:0018108 
peptidyl-tyrosine 

phosphorylation 

MET/PTPRC/CD81/JAK2/TYK2/IL2/INSR/EGFR/VEGFA/FLT3/KIT/ABL

1/PTPN11/JAK1/FLT1/MTOR/PDGFRB/MIF/FGFR1/KDR/SYK/ERBB2/M

AP2K1/APP 

24 

BP GO:0018212 
peptidyl-tyrosine 

modification 

MET/PTPRC/CD81/JAK2/TYK2/IL2/INSR/EGFR/VEGFA/FLT3/KIT/ABL

1/PTPN11/JAK1/FLT1/MTOR/PDGFRB/MIF/FGFR1/KDR/SYK/ERBB2/ 
 

MAP2K1/APP 24    

BP GO:0014065 
phosphatidylinositol 3-

kinase signaling 

F2/JAK2/INSR/EGFR/FLT3/KIT/PIK3CA/AKT1/FLT1/SIRT1/PDGFRB/SE

LP/FGFR1/KDR/ERBB2 
15 

BP GO:0071902 

positive regulation of 

protein serine/threonine 

kinase activity 

PTPRC/CD81/INSR/EGFR/VEGFA/FLT3/KIT/ELANE/PTPN11/AKT1/FLT

1/SIRT1/PDGFRB/FGFR1/SYK/PLA2G1B/ERBB2/MAP2K1 
18 

BP GO:0043406 
positive regulation of MAP 

kinase activity 

PTPRC/CD81/INSR/EGFR/VEGFA/FLT3/KIT/ELANE/PTPN11/FLT1/PDG

FRB/FGFR1/SYK/PLA2G1B/ERBB2/MAP2K1 
16 

BP GO:0045834 
positive regulation of lipid 

metabolic process 

F2/CD81/PPARG/FLT3/KIT/NR1H4/FABP1/PTGS2/AKT1/FLT1/PPARA/M

TOR/PDGFRB/NR1H3 
14 

BP GO:0048015 
phosphatidylinositol-

mediated signaling 

F2/JAK2/INSR/EGFR/FLT3/KIT/PIK3CA/AKT1/FLT1/SIRT1/PDGFRB/SE

LP/FGFR1/KDR/ERBB2 
15 

BP GO:0048017 
inositol lipid-mediated 

signaling 

F2/JAK2/INSR/EGFR/FLT3/KIT/PIK3CA/AKT1/FLT1/SIRT1/PDGFRB/SE

LP/FGFR1/KDR/ERBB2 
15 

BP GO:0014068 

positive regulation of 

phosphatidylinositol 3-

kinase signaling 

F2/JAK2/INSR/FLT3/KIT/PIK3CA/FLT1/SIRT1/PDGFRB/SELP/FGFR1/K

DR 
12 

BP GO:0071900 

regulation of protein 

serine/threonine kinase 

activity 

PTPRC/CD81/INSR/EGFR/VEGFA/FLT3/KIT/ABL1/ELANE/PTPN11/AK

T1/FLT1/SIRT1/PDGFRB/GBA/FGFR1/SYK/PLA2G1B/ERBB2/MAP2K1 
20 

CC GO:0031983 vesicle lumen 
ALB/EGFR/VEGFA/MPO/SERPINE1/ELANE/ARG1/TTR/PYGL/PLG/MI

F/ADA/APP 
13 

CC GO:0060205 cytoplasmic vesicle lumen 
ALB/VEGFA/MPO/SERPINE1/ELANE/ARG1/TTR/PYGL/PLG/MIF/ADA/

APP 
12 

CC GO:0034774 secretory granule lumen ALB/VEGFA/MPO/SERPINE1/ELANE/ARG1/TTR/PYGL/PLG/MIF/APP 11 

CC GO:0045177 apical part of cell 
EGFR/ABCB1/FABP1/CFTR/PDGFRB/ABCC1/SLC22A12/ABCG2/SLC10

A2/ERBB2/APP 
11 

CC GO:0031091 platelet alpha granule ALB/VEGFA/SERPINE1/PLG/SELP/APP 6 

CC GO:0045121 membrane raft PTPRC/JAK2/INSR/EGFR/MME/KDR/ABCG2/APP/SHH 9 

CC GO:0098857 membrane microdomain PTPRC/JAK2/INSR/EGFR/MME/KDR/ABCG2/APP/SHH 9 

CC GO:0031093 
platelet alpha granule 

lumen 
ALB/VEGFA/SERPINE1/PLG/APP 5 

CC GO:0016324 apical plasma membrane 
EGFR/ABCB1/CFTR/PDGFRB/ABCC1/SLC22A12/ABCG2/SLC10A2/ER

BB2 
9 

CC GO:0009897 
external side of plasma 

membrane 
F2/PTPRC/INSR/KIT/ABCB1/PLG/SELP/ADA/ABCG2 9 

MF GO:0004713 
protein tyrosine kinase 

activity 

MET/JAK2/TYK2/INSR/EGFR/FLT3/KIT/ABL1/JAK1/FLT1/PDGFRB/FG

FR1/KDR/SYK/ERBB2/MAP2K1 
16 

MF GO:0004714 

transmembrane receptor 

protein tyrosine kinase 

activity 

MET/INSR/EGFR/FLT3/KIT/FLT1/PDGFRB/FGFR1/KDR/ERBB2 10 

MF GO:0019199 
transmembrane receptor 

protein kinase activity 
MET/INSR/EGFR/FLT3/KIT/FLT1/PDGFRB/FGFR1/KDR/ERBB2 10 

MF GO:0051427 hormone receptor binding 
JAK2/TYK2/PPARG/STAT1/FLT3/NR1H4/PTPN11/JAK1/HIF1A/SIRT1/ES

R1 
11 

MF GO:0043560 
insulin receptor substrate 

binding 
JAK2/INSR/PIK3CA/PTPN11 4 

MF GO:0019902 phosphatase binding MET/PPARG/EGFR/BCL2/JAK1/AKT1/PPARA/SYK/ERBB2 9 

MF GO:0019838 growth factor binding INSR/EGFR/FLT3/FLT1/PDGFRB/FGFR1/KDR/ERBB2 8 

MF GO:0032052 bile acid binding NR1H4/FABP1/PYGL/PLA2G1B 4 

MF GO:0008201 heparin binding F2/PTPRC/VEGFA/MPO/ELANE/SELP/FGFR1/APP 8 

MF GO:0005539 glycosaminoglycan binding F2/PTPRC/VEGFA/MPO/ELANE/SELP/FGFR1/APP/SHH 9 
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Supplementary Table 4. The top 20 enriched KEGG pathways. 

ID Description GeneRatio geneID Count 

hsa01521 
EGFR tyrosine kinase inhibitor 

resistance 
15/70 

MET/JAK2/EGFR/VEGFA/PIK3CA/BCL2/JAK1/AKT1/MTOR/PDGF

RB/BCL2L1/KDR/BRAF/ERBB2/MAP2K1 
15 

hsa05230 
Central carbon metabolism in 

cancer 
13/70 

MET/EGFR/FLT3/KIT/PIK3CA/AKT1/HIF1A/G6PD/MTOR/PDGFRB

/FGFR1/ERBB2/MAP2K1 
13 

hsa04151 PI3K-Akt signaling pathway 22/70 

MET/JAK2/IL2/INSR/EGFR/VEGFA/FLT3/KIT/PIK3CA/BCL2/JAK1/

AKT1/MDM2/FLT1/MTOR/PDGFRB/FGFR1/BCL2L1/KDR/SYK/ER

BB2/MAP2K1 

22 

hsa05205 Proteoglycans in cancer 17/70 
MET/EGFR/VEGFA/PIK3CA/MMP9/PTPN11/AKT1/MDM2/HIF1A/

MTOR/FGFR1/ESR1/KDR/BRAF/ERBB2/MAP2K1/SHH 
17 

hsa05215 Prostate cancer 13/70 
EGFR/PIK3CA/MMP9/BCL2/AKT1/MDM2/MTOR/PLAT/PDGFRB/F

GFR1/BRAF/ERBB2/MAP2K1 
13 

hsa04066 HIF-1 signaling pathway 13/70 
INSR/EGFR/VEGFA/PIK3CA/SERPINE1/NOS2/BCL2/AKT1/FLT1/H

IF1A/MTOR/ERBB2/MAP2K1 
13 

hsa04014 Ras signaling pathway 17/70 
MET/INSR/EGFR/VEGFA/FLT3/KIT/PIK3CA/ABL1/PTPN11/AKT1/F

LT1/PDGFRB/FGFR1/BCL2L1/KDR/PLA2G1B/MAP2K1 
17 

hsa05212 Pancreatic cancer 11/70 
EGFR/VEGFA/STAT1/PIK3CA/JAK1/AKT1/MTOR/BCL2L1/BRAF/E

RBB2/MAP2K1 
11 

hsa01522 Endocrine resistance 11/70 
EGFR/PIK3CA/MMP9/BCL2/AKT1/MDM2/MTOR/ESR1/BRAF/ERB

B2/MAP2K1 
11 

hsa04630 JAK-STAT signaling pathway 13/70 
JAK2/TYK2/IL2/EGFR/STAT1/PIK3CA/PTPN11/BCL2/JAK1/AKT1/

MTOR/PDGFRB/BCL2L1 
13 

hsa05235 
PD-L1 expression and PD-1 

checkpoint pathway in cancer 
10/70 

JAK2/EGFR/STAT1/PIK3CA/PTPN11/JAK1/AKT1/HIF1A/MTOR/MA

P2K1 
10 

hsa05226 Gastric cancer 12/70 
MET/EGFR/TERT/PIK3CA/ABCB1/BCL2/AKT1/MTOR/BRAF/ERB

B2/MAP2K1/SHH 
12 

hsa05206 MicroRNAs in cancer 16/70 
MET/EGFR/VEGFA/PIK3CA/ABL1/ABCB1/MMP9/BCL2/PTGS2/M

DM2/SIRT1/MTOR/PDGFRB/ABCC1/ERBB2/MAP2K1 
16 

hsa05218 Melanoma 9/70 MET/EGFR/PIK3CA/AKT1/MDM2/PDGFRB/FGFR1/BRAF/MAP2K1 9 

hsa04015 Rap1 signaling pathway 13/70 
MET/INSR/EGFR/VEGFA/KIT/PIK3CA/AKT1/FLT1/PDGFRB/FGFR

1/KDR/BRAF/MAP2K1 
13 

hsa04072 
Phospholipase D signaling 

pathway 
11/70 

F2/INSR/EGFR/KIT/PIK3CA/PTPN11/AKT1/MTOR/PDGFRB/SYK/

MAP2K1 
11 

hsa05219 Bladder cancer 7/70 EGFR/VEGFA/MMP9/MDM2/BRAF/ERBB2/MAP2K1 7 

hsa05167 
Kaposi sarcoma-associated 

herpesvirus infection 
12/70 

JAK2/TYK2/VEGFA/STAT1/PIK3CA/PTGS2/JAK1/AKT1/HIF1A/MT

OR/SYK/MAP2K1 
12 

hsa05160 Hepatitis C 11/70 
CD81/TYK2/EGFR/STAT1/PIK3CA/JAK1/AKT1/ 

PARA/NR1H3/BRAF/MAP2K1 
11 
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Supplementary Table 5. Volatile components in ESC. 

No. Name MW Results 

1 3-methyl-cyclopentanol 100.16 Accepted 

2 4-hydroxy-4-methyl-2-pentanone 116.16 Accepted 

3 (Z) -3-hexen-1-ol 299.99 Accepted 

4 ethyl benzene 106.17 Accepted 

5 2,4-Hexadienal 96.13 Accepted 

6 1-methylethyl-benzene 120.19 Accepted 

7 1-octen-3-ol 128.21 Accepted 

8 pentanoic acid 102.13 Accepted 

9 octyl aldehyde 128.21 Accepted 

10 (2E,4E,6E)-octa-2,4,6-trienal 122.16 Accepted 

11 Phenylacetaldehyde 120.15 Accepted 

12 (-)-Linalool 145.25 Accepted 

13 nonyl aldehyde 142.24 Accepted 

14 L-α-terpineol 154.25 Accepted 

15 decanal 156.26 Accepted 

16 Bicyclo[5.2.0]non-1-ene 122.21 Accepted 

17 3-Ethyl-4-methyl-1H-pyrrole-2,5-dione 139.15 Accepted 

18 Cyclohexane 124.22 Accepted 

19 geraniol 154.25 Accepted 

20 swertiol 154.21 Accepted 

21 1-nonanol 144.25 Accepted 

22 3,3,6-trimethyl-1,5-heptadien-4-one 152.23 Accepted 

23 Bicycle[3.2.1]octan-3-one 124.18 Accepted 

24 ( Z) -2-pentadecen-4-yne 206.37 Accepted 

25 ( Z) -9-hydroxy-4-methyl-7-nonenoic acid lactone 168.23 Accepted 

26 1-undecyne 152.28 Accepted 

27 4-vinyl-2-methoxy-phenol 150.17 Accepted 

28 (E, E) -2,4-decadienal 152.23 Accepted 

 2,3-dihydro-4H-1-benzopyran-4-one 148.16 Accepted 

29 1,2-dimethyl-1,5-cyclooctadiene 136.23 Accepted 

30 2-methoxy-4-( 2-propenyl) -phenol 164.20 Accepted 

31 nerolic acid 162.18 Accepted 

32 1-dodecanol 186.33 Accepted 

33 cyanic acid-2,4-dimethylphenyl ester 147.17 Accepted 

34 ( E) -6,10-dimethyl-5,9-undecadien-2-one 194.31 Accepted 

35 ( E) -2-methoxy-4-( 1-propenyl) -phenol 164.20 Accepted 

36 2-methyl-decane 156.31 Accepted 

37 1,3,5,7-tetramethyl-adamantane 192.34 Accepted 

38 2-methyl-5-( 1,1,5-trimethyl-5-hexenyl) -furan 206.32 Accepted 

39 pentadecane 212.41 Accepted 

40 3-decen-5-one 154.25 Accepted 

41 cis-hexahydro-8a-methyl-1,8( 2H,5H) -naphthalenedione 180.24 Accepted 

42 benzoic acid-4-ethoxy ethyl ester 194.23 Accepted 

43 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-2( 4H) -benzofuranone 180.24 Accepted 

44 octadecane 254.49 Accepted 

45 cedryl propyl ether 264.44 Accepted 

46 2-( acetyloxy) -1,4-benzene-dicarboxylic acid-dimethyl ester 252.22 Accepted 

47 3,4-dihydro-1-oxo-1H-2-benzopyran-5-carboxaldehyde 176.17 Accepted 
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48 tetradecanal 212.37 Accepted 

49 heneicosane 296.57 Accepted 

50 ( Z) -10-methyl-11-tetradecen-1-ol propionate 282.46 Accepted 

51 isopropyl myristate 270.45 Accepted 

52 5,9,13-trimethyl-4,8,12-tetradecatrienal 248.40 Accepted 

53 6,10,14-trimethyl-2-pentadecanone 268.48 Accepted 

54 tetrakis( 1-methylethylidene) -cyclobutane 192.34 Accepted 

55 dibutyl phthalate 278.34 Accepted 

56 nonadecane 268.52 Accepted 

57 1,2-benzene-dicarboxylic acid-butyl-8-methylnonyl ester 362.50 Accepted 

58 [(E,E) -3,7,11-trimethyl-2,6,10-dodecatrien-1-yl]esterbenzoic acid 326.47 Accepted 

59 methyl 13-methyltetradecanoate 256.42 Accepted 

60 ester with butyl Glycolate-butylester-phthalic acid 336.38 Accepted 

61 hexadecanoic acid-ethyl ester 284.48 Accepted 

62 eicosane 282.55 Accepted 

63 docosane 310.60 Accepted 

64 pentacosane 352.68 Accepted 

65 phytol isomer 296.53 Accepted 

66 (E,E,Z) -1,3,12-nonadecatriene-5,14-diol 294.47 Accepted 

67 trans-2-nonadecene 266.50 Accepted 

68 hexacosane 366.70 Accepted 

69 tricosane 324.63 Accepted 

70 1-dotriacontanol 466.86 Accepted 

71 ( Z) -14-tricosenyl formate 366.62 Accepted 

72 pentatriacontane 492.94 Accepted 

73 phthalic acid-diisooctyl ester 390.55 Accepted 

 

Supplementary Table 6. Evaluation of ADME properties of compounds in ESC. 

 


