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INTRODUCTION 
 

In the body, the liver tissue exhibits potent 

detoxification and medicant metabolism, and thus 

hepatocytes may be sensitized to certain drug 

metabolites, resulting in potential drug-induced liver 

injury [1]. APAP, chemically termed as N-acetyl-p-

aminophenol, is a non-prescribed drug for antipyretic 

and analgesic applications. It can cause dose-dependent 

toxic effects in unconscionable use [2]. Statistically, 

APAP-associated hepatotoxicity accounts for most 
acute liver failure cases in the developed western 

countries [3]. Owing to potential intoxication of APAP, 

the self-directed use of APAP for children should be 

www.aging-us.com AGING 2023, Vol. 15, No. 17 

Research Paper 

Bioinformatics approach and experimental validation reveal the 
hepatoprotective effect of pachyman against acetaminophen-
associated liver injury 
 

Ka Wu1,*, Jingru Qin2,*, Meizhen Liu2, Xin Yan3, Chao Guo2 
 
1Department of Pharmacy, The Second People’s Hospital of Nanning City, The Third Affiliated Hospital of Guangxi 
Medical University, Nanning, China 
2Department of Clinical Pharmacy, Guigang City People’s Hospital, The Eighth Affiliated Hospital of Guangxi 
Medical University, Guigang, Guangxi, China 
3Department of Endocrinology, The Second People’s Hospital of Nanning City, The Third Affiliated Hospital of 
Guangxi Medical University, Nanning, China 
*Equal contribution 
 
Correspondence to: Xin Yan, Chao Guo; email: yanxin820627@163.com, https://orcid.org/0000-0003-0482-3314; 
guo1980chao@163.com, https://orcid.org/0000-0002-2888-1327  
Keywords: pachyman, hepatoprotection, acetaminophen, molecular mechanisms, biotargets 
Received: April 6, 2023       Accepted: July 18, 2023 Published: September 6, 2023 

 
Copyright: © 2023 Wu et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 

 

ABSTRACT 
 

Pachyman, known as Poria cocos polysaccharides, refers to the bioactive compounds isolated from Poria cocos. 
Pachyman is thought to exert cytoprotective action. However, the detailed mechanisms of pachyman action for 
hepatoprotection remain unknown. In this study, we aimed to assess the therapeutic actions, molecular 
mechanisms, and key target proteins of pachyman in the treatment of liver injury through network 
pharmacology and molecular docking assays. Furthermore, these bioinformatic findings were validated by an 
acetaminophen (APAP)-induced liver injury in vivo. Primarily using bioinformatic analysis, we screened and 
characterized 12 genes that act as potential therapeutic targets of pachyman against APAP-induced liver injury, 
in which all core targets were obtained. By using enrichment analysis, these core target genes of pachyman 
were characterized to reveal the pharmacological functions and molecular mechanisms of anti-liver injury 
induced by APAP. A molecular docking simulation was further performed to certain anti-liver injury target 
proteins of pachyman, including cytochrome P450 3A4 enzyme (CYP3A4) and inducible nitric oxide synthase 
(NOS2). In animal experiments, pachyman exerted potent hepatoprotective activities in prenatal APAP-exposed 
offspring livers, characterized by activated hepatocellular CYP3A4 and NOS2 expressions. These current findings 
have thus indicated that pachyman exerts hepatoprotective effects and may be the promising nutraceuticals 
for the treatment of APAP-induced liver injury. 
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great concern as the toxic metabolite of N-acetyl-p-

benzo-quinone imine (NAPQI) can be released [4]. 

APAP is typically safe within the recommended dosage 

as it is metabolized by the hepatocytes before 

physiological excretion [5]. However, overdosage use 

of APAP may trigger potential hepatotoxicity via 

inducing underlying pathological events including 

oxidative stress, microsomal dysfunction, and 

inflammatory impairment [6]. In clinical application, N-

acetylcysteine (NAC, a strong antioxidant) is prescribed 

for treating APAP-caused hepatotoxicity. In addition, 

therapeutic effectiveness of NAC may be achieved 

through enhancing hepatocellular glutathione content 

and reducing NAPQI expression [7]. NAC can 

effectively treat acute overdose of APAP; however, 

APAP-induced hepatotoxicity may be chronic and lead 

to liver failure over time. Moreover, intravenous 

injection of NAC can cause the appearance of urticaria, 

itching, or other side-effects [8]. Thus, there is an urgent 

need to explore and identify the bioactive ingredient 

sourced from natural products that is use for managing 

APAP-triggered liver injury. Poria cocos, known as 

“Fuling” in Chinese, is a nutraceutical supplement that 

has been used as a Chinese folk medicine [9]. Poria 
cocos is commonly used to manage some hepatobiliary 

disorders, such as hepatitis and cholestasis [10]. 

Pachyman, an extract of Poria cocos plant, comprises 

functional polysaccharides characterized with beneficial 

effects, including anti-cancer activity [11], immuno-

stimulatory action [12], and positive metabolic 

modulation [13]. A previous report showed that 

pachyman suppresses alcoholic liver impairment in vivo 

by regulating cytochrome P450 2 E1 (CYP2 E1) 

expression and inactivating the NF-κB inflammatory 

pathway [14]. Our early findings suggest that 

pachyman, a group of Poria cocos polysaccharides, 

achieved antihepatotoxic benefits against APAP-lesioned 

liver cells in vivo and in vitro. More interestingly, the 

underlying anti-liver injury mechanisms are found with 

the involvement of inhibiting cell death, suppressing 

hepatic inflammatory reaction, and modulating heat 

shock protein 90 activity [15, 16]. However, more 

detailed mechanisms regarding pachyman against 

APAP-associated liver injury remain unrevealed utterly. 

Therefore, it is of great necessity to define the new 

pharmacological targets of pachyman against APAP-

induced liver injury. Frontier bioinformatics analyses 

including network pharmacology and molecular 

docking have highlighted the systematic strategies to 

detail multiple targets and molecular mechanisms of 

bioactive agents in the treatment of clinical disorders 

[17]. Based on network pharmacology-obtained 

findings, the therapeutic biotargets of natural candidate 
products against diseases have been revealed, including 

those of calycosin against cerebral ischemia/reperfusion 

injury [18], calycosin against osteosarcoma [19], and 

licorice against COVID-19 [20]. More attentively, our 

previous report by using network pharmacology 

approach has been revealed the pharmacological targets 

and mechanisms of curcumol for treating interstitial 

cystitis [21]. In this study, network pharmacology and 

molecular docking analyses were performed for the 

stepwise revelation of key targets and molecular 

mechanisms of pachyman against APAP-induced liver 

injury in detail. Furthermore, APAP-exposed livers in 

pregnant mice were used to identify the pharmaco-

logical actions and biotargets of pachyman. 

 

MATERIALS AND METHODS 
 

Drug (pachyman) target gene collection 

 

The three available databases including Swiss Target 

Prediction (http://www.swisstargetprediction.ch) and, 

SuperPred (https://prediction.charite.de/index.php) 

PharmMapper were employed to screen out the putative 

genes of pachyman. These putative targets were 

reviewed in the Swiss-Prot/UniprotKB database [22], 

and the repetition genes were removed by exclusion 

setting. 

 

Disease (APAP-induced liver injury) target gene 

selection 

 

Following an earlier study, the keyword of “APAP-

induced liver injury” was imported to Online Mendelian 

Inheritance in Man (OMIM, http://omim.org/), 

GeneCards (http://www.genecards.org/) and Pharmaco-

genomics Knowledgebase (PharmGKB, http://www. 

pharmgkb.org/) databases to obtain liver injury-

associated target genes. Finally, Venn mapping analysis 

[23] was performed between the target genes of 

pachyman and APAP-induced liver injury to identify  

the common genes. Species was limited to “Homo 

sapiens”. 

 

Gene ontology (GO) function and kyoto encyclopedia 

of genes and genomes (KEGG) pathway analyses 
 

Functional annotation, enrichment analysis, and 

visualization in these target genes were achieved using 

the “ClusterProfiler”, “org.Hs.eg.Db”, and “ggplot2” 

tools in R-language packages [24]. Enrichment data 

with p-value of less than 0.05 was used for figure 

plotting. 

 

Core target gene identification and network 

construction 
 

All core genes associated with pachyman against 

APAP-induced liver injury were identified using the 

Network Analyzer plug-in of Cytoscape software 

http://www.swisstargetprediction.ch/
https://prediction.charite.de/index.php
http://omim.org/
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(3.8.2 version) and previous procedures [25]. Another 

protein-protein interaction (PPI) network was constructed 

via the String database for visualization of analytical 

data [26]. 

 

Molecular docking determination 

 

The chemical structure of pachyman was harvested  

by using the PubChem database (https://pubchem. 

ncbi.nlm.nih.gov). In this design, the top 3 core target 

proteins were selected for molecular docking 

verification, and the corresponding protein structures 

were obtained from the Protein Data Bank database 

(http://www.rcsb.org/pdb/). The force field was 

optimized using the three-dimensional structure of the 

compound downloaded by the ChemBio3D Draw 

module in the Chem Bio Office2010 software [27]. The 

AutoDockTools (1.5.6 version) in AutoDock Vina 

software [28] was used to process the core target 

proteins for hydrogenation, and Gasteiger charge before 

merging with non-polar hydrogens. According to the 

root mean square deviation (RMSD) of the docked 

ligand molecule and the original ligand molecule, the 

rationality of the docking parameter settings was judged 

reasonably. 

 

Animal study and treatment 

 

After seven days of adaptive acclimatization for adult 

C57BL/6 mice (Hunan STA Lab Animal Company, 

China), male and female mice (1:1) were caged for 

breeding, and then the vaginal plug status of female 

mice was checked in the next morning. The female mice 

with obvious vaginal plugs were selected as pregnancy 

[29] before being kept in clean cages alone (the 

pregnancy time was calculated as E0.5 at this time). At 

E11.5, the offspring mice were randomly divided into 

different groups (n = 5). And a prenatal APAP exposure 

group were given 300 mg/kg concentration of APAP 

dissolved in sterile physiological saline solution every 

week for 3 weeks; The pachyman (Yuanye, Shanghai, 

China; dissolved in sterile physiological saline solution) 

treatment group in prenatal APAP exposure mice was 

given 400 mg/kg by gavage every day for 21 days (the 

entire pregnancy). The dose of APAP used in this 

experiment was lower than the clinically recommended 

or commonly used dose. And the treatment dose of 

pachyman was referenced as our previous study [15]. 

Fetal mouse liver tissue was collected at E12.5, and 

E18.5 time periods (critical period of liver 

development) during pregnancy, and the liver sections 

were tested with immunostaining examination. Other 

pregnant mice were reared until parturition, and liver 
tissues from the neonatal mice (PND1; postnatal day 1) 

were harvested and prepared as sections for subsequent 

immunofluorescence assays. 

Immunostaining procedure 

 

In brief, the liver specimens from E12.5, E18.5 and 

PND1 were isolated for preparing paraffin block  

before performing microtome section. Subsequently, 

5 μm paraffin-embedded sections were subjected to 

deparaffinization and gradient dehydration. After being 

blocked with fresh bovine serum albumin buffer (5%, 

v/v), the dewaxed sections were hatched with primary 

antibodies against Cyp4a, p-AKT, mTOR, IRβ, IGF-1R, 

FGF21, CYP3A4, and NOS2 (1:150–200 dilutions; 

Bioss, Beijing, China) at 4°C overnight. After being 

washed with neutral phosphate buffered saline buffer, 

the sections were re-hatched with secondary antibody-

coupled fluorescent dye (Beyotime Biotechnology, 

China) under light-free conditions for approximately 1 h 

at indoor temperature. Subsequently, 4′,6-diamidino-2-

phenylindole (DAPI, Beyotime, China) dye was used 

for nuclear staining, in which the positive cells were 

identified under different magnification view and 

counted for statistic determination, as previously 

reported [30]. 

 

Statistical analysis 

 

All final data were denoted as the mean ± standard 

deviation (SD) and were processed by using Statistical 
Product Service Solutions 21.0 (Chicago, IL, USA). 

One-way analysis of variance (ANOVA) followed by 

least significant difference (LSD) post hoc test was 

employed to compare the statistical difference within at 

least two groups, characterized with statistical 

significance when a p-value less than 0.05. 

 

RESULTS 
 

Pachyman-liver injury target identification data 

 

The putative target genes in pachyman were collected 

from the respective databases, and 152 genes of 

pachyman were identified. Meanwhile, 383 APAP-

induced liver injury genes were obtained. By assaying 

the intersection of the drug and disease targets, a total 

of 12 common or overlapping genes were acquired 

from the Venn mapping analysis: CYP3A4, ABCC1, 

NOS2, NFE2L2, TYR, EPHX2, RNASE2, PYGL, 

IL2, MME, PTPN1, and CYP2D6, as shown in 

Figure 1. 

 

Enrichment analysis reports 

 

R-language software was used to conduct GO and 

KEGG assays to disclose the beneficial functions and 

mechanisms of pachyman against APAP-induced liver 

injury. All top biological processes (BPs), cellular 

components (CCs), and molecular functions (MFs) in 

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.rcsb.org/pdb/
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GO annotations were illustrated in Figure 2A–2C, 

respectively. Other main signaling pathways in KEGG 

enrichment were presented in Figure 3. As per KEGG 

findings (p-value < 0.05), the pachyman-exerted anti-

liver injury action against APAP might mainly involve 

chemical carcinogenesis-reactive oxygen species,  

drug metabolism-cytochrome P450, metabolism of 

xenobiotics by cytochrome P450, peroxisome, insulin 

resistance, insulin signaling pathway, arginine 

biosynthesis, renin-angiotensin system, chemical 

carcinogenesis-receptor activation, vitamin digestion 

and absorption, linoleic acid metabolism, antifolate 

resistance, tyrosine metabolism, and starch and sucrose 

metabolism. In addition, BPs were largely related to 

secondary metabolic process, cellular response to 

xenobiotic stimulus, organic cyclic compound catabolic 

process, toxin metabolic process, PERK-mediated 

protein response, oxidative demethylation, cholesterol 

metabolic process, integrated stress response signaling, 

and secondary alcohol metabolic process. CCs were 

mostly involved in peroxisomal matrix, microbody 

lumen, peroxisome, microbody. MFs were chiefly 

implicated in monooxygenase activity, oxidoreductase 

activity, acting on paired donors, with incorporation or 

reduction of molecular oxygen, NAD(P)H as one donor, 

and incorporation of one atom of oxygen, heme binding, 

tetrapyrrole binding, steroid hydroxylase activity, 

reduced flavin or flavoprotein as one donor, and 

incorporation of one atom of oxygen, iron ion binding, 

carboxylic acid binding, and retinoic acid 4-hydroxylase 

activity. 

Core targets’ identification 

 

We used Cytoscape software to calculate the 

topological parameters of pachyman against APAP-

induced liver injury targets and function-related 

protein interaction network. The median degree of 

freedom of these targets was 2, and the maximum 

degree of freedom was 2. Based on parametrical 

analysis, all 5 core targets were finally obtained, 

including ABCC1, CYP3A4, CYP2D6, NOS2, and 

IL2 (Figure 4). 

 

Molecular docking results 

 

The interaction and binding models of core target 

proteins and pachyman can be characterized at the 

molecular and spatial levels. We discovered the 

findings including CYP3A4 (TPF-6MAT: ARG-106 

(2.7 Å), SER-119 (2.1 Å), free docking score: −6.5 

Kcal/mol; Pachyman-6MAT: GLU-374 (2.8 Å), ARG-

375 (3.2 Å), ARG-105 (3.1 Å), ARG-440 (2.8 Å), 

ASN-441 (2.6 Å), ARG -130 (2.8 Å), ILE-443 (3.0 

Å), free docking score: −7.4 Kcal/mol) (Figure 5A) 

and NOS2 (H4B-3E7G: RG-381 (2.8 Å), VAL-465 

(2.4 Å), ILE-462 (2.2 Å), free docking score: −5.6 

Kcal/mol; Pachyman-3E7G: ARG-381 (2.8 Å), ASP-

382 (2.1 Å), ILE-462 (2.3 Å), free docking score: 

−6.5 Kcal/mol) (Figure 5B) resulted in potent binding 

sites in the target proteins. These in-silico data 

suggested that pachyman could bind tightly to 

CYP3A4 and NOS2. 

 

 
 

 

Figure 1. Bioinformatics and Venn mapping analyses showed 152 and 383 respective genes in pachyman and APAP-induced liver injury, 
and 12 intersection genes were identified and gene interaction network diagram of 12 potential targets was visualized. 



www.aging-us.com 8804 AGING 

 

 
Figure 2. The data from GO functional analysis were sorted in ascending sequence of p-value, and the top annotations were highlighted 

accordingly in bubble diagrams, as showed in biological process annotations (A), cellular component annotations (B), molecular function 
annotations (C). 
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Figure 3. All main signaling pathways were exhibited through KEGG pathway analysis. After ordering based on the p-value, the top 

molecular pathways were presented for mapping. 

 

 

 
Figure 4. All core target genes from pachyman against APAP-induced liver injury were showed in connection diagram. 
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Pharmacological activities of pachyman against 

APAP-related liver injury 

 

We established a prenatal APAP exposure model to 

validate the pharmacological activity and hepato-

protective action of pachyman. It was observed that  

the pachyman-treated APAP-exposed mice showed 

increased positive protein expressions of Cyp4a, 

p-AKT, mTOR, IRβ, IGF-1R, and FGF21 in the 

offspring livers (E12.5, E18.5, and PND1) when 

compared with those expressions in APAP-exposed 

controls (P < 0.05) (Figure 6). To further validate the 

in-silico docking findings, reduced intrahepatic positive 

protein expressions of CYP3A4 and NOS2 were 

detected in prenatal APAP-exposed offspring mice (P < 

0.05), and pachyman-treated livers (E12.5, E18.5, and 

PND1) showed elevated positive protein expressions of 

CYP3A4 and NOS2, when compared to the controls 

(P < 0.05) (Figure 7). 

 

DISCUSSION 
 

Drug-induced liver injury (DILI), such as APAP-

induced by DILI, is one of the leading causes of acute 

liver injury induced by hepatotoxicity in long-time or 

high-dose use of medicine [31]. Statistical data show 

that the incidence of DILI in mainland China is elevated 

in recent years and the reported cases are greater than 

those in Western countries [32]. Some clinical 

medications such as ursodeoxycholic acid, silymarin 

and glycyrrhizin are used previously for DILI treatment, 

and the treatment for acute DILI can be prescribed with 

NAC [33]. DILI-associated pathological outcomes may 

include inflammatory infiltration, oxidative stress, 

hepatic apoptosis, and necrosis, eventually resulting in 

liver dysfunction or liver failure [34]. APAP, a classical 

antipyretic/analgesic medicine, can trigger life-

threatening liver injury when overdosed or long-term 

use [35]. Clinical antidote NAC is prescribed for the 

therapy of DILI, including APAP-caused cytotoxicity 

[36]. However, NAC administration may affect the 

overall therapeutic effect when DILI worsens or 

becomes chronic. Thus, some of potential agents should 

be further explored and identified for management of 

DILI. In China, pachyman, the bioactive ingredient of 

Poria cocos, has been used for hepatoprotection based 

on the beneficial mechanisms of anti-oxidative and anti-

inflammatory actions [37]. However, more in-depth 

anti-liver injury mechanisms of pachyman remain 

unrevealed. By screening out all core targets for GO-

functional and KEGG-enriched analyses, we identified 

that the hepatoprotective mechanism of pachyman 

might be associated with the regulation of metabolism 

of xenobiotics by cytochrome P450, insulin resistance, 

and the insulin signaling pathway. In APAP-induced 

liver injury model of mice offspring, we found that 

 

 
 

Figure 5. Docking features in pachyman and core target proteins, and interaction between pachyman and target proteins of CYP3A4 and 

NOS2, accompanied with the binding site of 6MA7 (A) and 3E7G (B). 
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pachyman-treated prenatal APAP-exposed offspring 

mice (E11.5, E18.5, PND1) showed increased Cyp4a,  

p-AKT, mTOR, IRβ, IGF-1R, and FGF21 protein 

expression in the liver sections. These altered molecular 

protein expressions suggested that pachyman exerted 

direct benefits against APAP-associated liver 

impairment via improving the functions of metabolism 

and molecular hormone. It is found that supplementary 

FGF21 may protect against iron overload-caused 

mitochondria dysfunction in liver cells, and liver 

damage through suppression of ferroptosis [38]. 

Additionally, FGF21 may reduce the acute liver injury 

(ALI) via activating the sirtuin type 1 (SIRT1)-

autophagy molecular pathway [39]. Current bio-

chemical data suggested that the hepatoprotective action 

of pachyman might be attributed to the enhanced 

detoxification ability and metabolic efficacy, in which 

these findings were consistent with the results 

mentioned above. Bioinformatic analysis using network 

pharmacology and molecular docking approach was 

 

 
 

Figure 6. Pachyman-treated APAP-exposed mice in utero showed increased Cyp4a, p-AKT, mTOR, IRβ, IGF-1R, FGF21 positive protein 

expressions in E12.5 livers (A), E18.5 livers (B), and PND1 livers (C). Abbreviation: PCM: pachyman treatment. 

 

 
 

Figure 7. Pachyman-treated livers from prenatal APAP exposure resulted in elevated positive expressions of CYP3A4, and NOS2 in E12.5 

livers (A), E18.5 livers (B), and PND1 livers (C). Abbreviation: PCM: pachyman treatment. 
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applied to identify the key pharmacological proteins 

(targets) associated with pachyman against APAP-

induced liver impairment. These core pharmacological 

proteins included CYP3A4, and NOS2. CYP3A4, 

mainly occurs in the liver and gut, is involved in the 

metabolism of drugs [40]. It is reported that hepatic 

drug-metabolizing enzymes, such as CYP3A4, can 

catalyze the biotransformation of APAP for biological 

detoxification [41]. The marked suppression of 

CYP3A2 mRNA expression can be achieved in the 

extracts of Poria cocos [42]. NOS2, a nitric oxide 

synthase expressed in the liver, may assist macrophages 

in the immune system to fight against pathogens via 

regulation of oxidative stress of nitric oxide (free 

radicals) [43]. In addition, NOS2 may be used for 

suppressing APAP-induced hepatotoxicity through 

reducing the inflammation in activated neutrophils [44]. 

Additionally, NOS2 can be activated in mouse 

macrophages following Poria cocos polysaccharide 

[45]. Therefore, we speculate that CYP3A4 and NOS2 

may be the pharmacological targets of pachyman 

against APAP-induced liver injury based on molecular 

docking analysis and reference report. Our in vivo data 

suggested that prenatal treatment of pachyman elevated 

hepatocellular CYP3A4 and NOS2 expressed activities 

in the mice offspring exposed to APAP in utero. 

Prenatal drug exposure is an effective research model 

for functional assessment in organs [46]. These 

experimental data suggest that detoxification and anti-

inflammatory action were achieved by pachyman 

against APAP-associated liver injury. Collectively, 

these preclinical data indicate that pachyman 

strengthens the detoxification function and immuno-

regulation activity via activating key protein 

expressions of CYP3A4 and NOS2 in liver tissue. Thus, 

it may be within reason to conclude that the anti-liver 

injury action of pachyman against APAP-induced 

hepatotoxicity is associated with the enhancement of 

hepatocellular detoxification and immunologic function. 

However, several other in vitro and in vivo experiments 

also need to be designed and conducted to validate the 

current bioinformatic findings before clinical evaluation 

for pachyman use. 

 

CONCLUSION 
 

In the current report, the pharmacological mechanisms 

of pachyman were revealed through bioinformatic 

analysis and then partly verified by inducing liver injury 

with APAP in offspring mice from pregnant models. 

We detected experimentally that pachyman might 

meliorate the detoxifying function via activating Cyp4a, 
CYP3A4, metabolic function via activating AKT, 

mTOR, IRβ, IGF-1R, FGF21, and immunity function 

via activating NOS2. Therefore, we conclude that 

pachyman, the bioactive ingredients of Poria cocos, 

may be effectively used for the potential treatment of 

APAP-induced liver injury. 
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