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Abstract

Background: Non-alcoholic fatty liver (NAFLD) is a chronic disease worldwide, which
poses a huge threat to human health. Xiaochaihu decoction is a well-known
traditional Chinese medicine prescription. It has been proven effective in treating
NAFLD but its mechanism is still unclear.

Objective: Multiple mechanisms of Xiaochaihu decoction are explored by identifying
and connecting potential targets and active ingredients in the treatment of NAFLD.

Methods: Active ingredients and related targets of seven herbs were collected from
TCMSP database. The related targets of NAFLD were obtained from Genes cards
database, TDD and OMIM database. The intersected targets of disease targets and
drug targets were input into STRING database to construct protein-protein
interaction network. DAVID database was used for GO enrichment analysis and KEGG
enrichment analysis.

Results: After screening and removal of duplicates, a total of 145 active ingredients
and 105 potential targets were obtained. PPI network manifested that AKT1, IL6, JUN
MAPK8 and STAT3 were the key target proteins. The results of GO enrichment
analysis mainly involved cytokine receptor binding, cytokine activity, and heme
binding. The results of KEGG analysis suggested that the mechanism mainly involved
in AGE-RAGE signaling pathway in diabetic complications, Hepatitis C, fluid shear
stress and atherosclerosis. The signaling pathways were further integrated as network
manner, including AGE-RAGE signaling pathway in diabetic complications, Fluid
shear stress and atherosclerosis, Insulin resistance, HIF-1 signaling pathway, Th17 cell
differentiation and IL-17 signaling pathway. The network contained immunity
regulation, metabolism regulation and oxidative stress regulation.

Conclusion: Xiaochaihu decoction plays a key role in the treatment of NAFLD with
multiple targets and pathways. Immunity regulation, metabolism regulation and
oxidative stress regulation consist of the crucial regulation cores in mechanism.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) referring to the excessive fatty liver accumu-

lation, is one of the most rapidly increasing liver diseases all over the world [1]. In de-

cades, with the increase of obesity and other related factors, the incidence of NFALD

has shown explosive growth, which makes it a cosmopolitan chronic disease with com-

plicated manifestations [2, 3]. However, it stays unknown to reveal the mechanism of

NAFLD due to the complicated process. Second-hit theory of the pathogenesis in

NAFLD is currently recognized. The first hit refers to the accumulation of large

amounts of fat in the liver’s parenchymal cells, which is related to insulin resistance. In-

creasing the concentration of insulin will cause the decomposition of peripheral adipose

tissue, which causes the liver to take up more free fatty acids from the blood. At the

same time, the β-oxidation of free fatty acids will be inhibited by the increase in insulin

concentration, causing peroxidation and oxidation stress increased. Lipid peroxidation

and oxidative stress are the second hit, which will escalate NAFLD into NASH (non-al-

coholic steatohepatitis), and finally a series of changes will occur in the liver, such as

liver fibrosis, hepatitis and liver cancer [4]. Another study found that T cells and B cells

participate in the progression of NASH to liver fibrosis and hepatocellular carcinoma,

which indicated that oxidative stress in liver cells triggered an immune response [5].

Currently, there is a lack of effective drugs for NASH, so new drugs need to be

developed.

Xiaochaihu decoction comes from ShangHanLun, a well-known book in traditional

Chinese medicine and is widely used in clinical practice with the effect on liver protec-

tion [6]. Many researches have demonstrated that Xiaochaihu decoction has significant

effects in the treatment of NAFLD but its mechanism needs further exploration [7, 8].

A study from Qiu found that Xiaochaihu decoction could reduce the serum levels of

AST (aspartate aminotransferase), ALT (alanine aminotransferase) and TC (liver tissue

total cholesterol) to achieve the therapeutic effect in NAFLD rats model [9]. In attempt

to systematically investigate the interaction between Chinese medicine and the compli-

cated human body, network pharmacology has emerged on the basis of the rapid devel-

opment in systems biology. This tech does provide a novel method for exploring the

mechanism of traditional Chinese medicine in deep sight [10, 11]. Therefore, network

pharmacology is used to reveal the mechanisms of Xiaochaihu decoction for treating

NAFLD in this study. This study aims to provide a solid scientific basis for Xiaochaihu

decoction to treat NAFLD. The method is through screening active ingredients in Xiao-

chaihu decoction and potential targets in treatment for NAFLD in order to establish

the network of ingredient-target-disease and conduct GO as well as KEGG analysis.

Materials and methods
The collection and screen of active ingredients in Xiaochaihu decoction

The constituent herbs in Xiaochaihu decoction are comprised of Chaihu (Radix

Bupleuri), Banxia (Arum Ternatum Thunb), Renshen (Panax ginseng C. A. Mey.),
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Gancao (licorice), Huangqin (Scutellariae Radix), Shengjiang (Zingiber officinale Roscoe)

and Dazao (Jujubae Fructus). The active ingredients in Xiaochaihu Decoction were ob-

tained from the Traditional Chinese Medicine Systems Pharmacology Database and

Analysis Platform (http://tcmspw.com/tcmsp.php) with the keywords Banxia, Renshen,

Gancao, Huangqin, Shengjiang and Dazao respectively. TCMSP, a unique Chinese

herbal medicine system pharmacology platform comprising of 449 herbs, is capable of

capturing the relationship between drugs, targets and diseases. The database includes

chemical substances, targets and drug target networks, as well as related drug target

networks. Oral Bioavailability (OB) is a significant pharmacokinetic parameter, which

reflects the degree of drug absorption by the body. Drug-like (DL) refers to the similar-

ity of the active ingredient with known drugs. The active ingredients with OB > 30%

and DL > 0.18 are screened for further research [12, 13].

Identification of potential targets of active ingredients and NFALD

Potential targets of active ingredients were retrieved from TCMSP database Related tar-

gets of NAFLD are obtained from Gene cards (https://www.genecards.org/), Thera-

peutic Target Database (TTD, http://db.idrblab.net/ttd/) [14] and Online Mendelian

Inheritance in Man (OMIM, https://www.omim.org/).Gene cards and OMIM are online

websites integrating the information about genes, disease and proteins and used for

finding related targets of NAFLD. In addition, UniProt (https://www.uniprot.org) is

used for finding gene names and Uniprot numbers of all targets [15].

Construction of ingredient-target-disease network

In order to identify the corresponding relationships between the active ingredients and

potential targets, we imported the active ingredients and potential targets into Cytos-

cape 3.7 to construct ingredient-target-disease network.

Construction of protein-protein interaction network

STRING (http://string-db.org/cgi/input.pl) is an online database widely used for con-

structing protein-protein interaction (PPI) network [16] STRING database will score

each interaction between target proteins. The higher score is, the higher confidence be-

tween target proteins is. Following operations are conducted, selecting “multiple pro-

teins”, inputting the target genes of Xiaochaihu Decoction to treat NAFLD, selecting

“Homo sapiens” for searching and setting minimum required interaction score to high

confidence (0.7). Finally, the top ten target proteins were input into Cytoscape to con-

struct the interaction network.

Analysis of gene ontology as well as Kyoto encyclopedia of genes and genomes

To further explore the role of the mentioned screening targets above with biological

signaling pathways, the potential targets are imported into the Database for Annotation,

Visualization and Integrated Discovery website (DAVID, https://david.ncifcrf.gov/) for

GO and KEGG analysis. The DAVID database is an online website for elucidating the

potential targets in the treatment of NAFLD in biological functions and signaling path-

ways [17]. The following operations are conducted, selecting identifier as official gene

symbol, setting list type to gene list and limiting species to Homo sapiens.
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Results
Active ingredients in Xiaochaihu decoction

A total of 1476 bioactive ingredients were retrieved from TCMSP database containing

349 types in Chaihu, 116 types in Banxia, 190 types in Renshen, 280 types in Gancao,

143 types in Huangqin, 265 types in Shengjiang and 133 types in Dazao. According to

OB > 30% and DL > 0.18, a total of 214 active ingredients were screened. It included 17

types in Chaihu, 13 types in Banxia, 22 types in Renshen, 92 types in Gancao, 36 types

in Huangqin, 5 types in Shengjiang and 29 types in Dazao. After removal of duplicates,

a total of 145 ingredients were stored for further study.

Potential target genes of Xiaochaihu decoction and NAFLD

A total of 1181 target genes of Xiaochaihu decoction were attained from TCMSP data-

base. Furthermore, a total of 1445 target genes of NAFLD were obtained from Genes

cards, TDD and OMIM database.

Construction of ingredient-target-disease interactive network

The ‘component-target-disease’ interactive network was established in order to com-

prehensively reveal the possible effective ingredients and potential targets of Xiaochaihu

decoction against NAFLD. Moreover, network pharmacological analysis of the above

data was conducted to perform visual analysis according to relevant parameters of each

target. The network displayed 1515 edges and 1727 nodes with systematic 1582 targets

and 145 ingredients. The nodes which possessed greater degree value and more edges

played more significant roles of regulation in this network (Fig. 1). Accordingly, the net-

work of ingredients with common targets of drugs and the disease was established to show

the interactions between active ingredients and potential targets directly. There were 1750

edges and 250 nodes containing 145 ingredients and 105 common targets of drugs as well as

disease in the network. The 105 common targets were regarded as potential targets in Xiao-

chaihu decoction for the treatment of NAFLD (Fig. 2). Degree represented the total number

of routes connected to this node by other nodes in the network. The higher value, the more

important corresponding ingredient or target was. After analysis with the Network Analyzer

plug-in in Cytoscape software, 10 key active ingredients and 10 main targets in were listed in

Tables 1 and 2 respectively. Table 1 showed that the ingredient with the highest degree was

quercetin (degree = 384). The following compounds were kaempferol (degree = 168), stigmas-

terol (degree = 96), beta-sitosterol (degree = 90) and so on. In terms of targets, PTGS2 (de-

gree = 161) was the most interacting ligands. The following targets were ESR1 (degree = 98),

NOS2 (degree = 93), PPARG (degree = 90) and so on (Table 2). As a result, it was recognized

that Xiaochaihu decoction achieved the effect on NAFLD mainly through the active ingredi-

ents acting on the key targets above.

Outcomes of PPI network

STRING was used for constructing PPI network to explore the mechanism of target

genes of Xiaochaihu decoction for the treatment of NAFLD according to the high con-

fidence (0.7) on protein level. There were 105 nodes and 608 edges in the network

(Fig. 3). The average node degree was 13 and the average local clustering coefficient

was 0.539. The top ten target proteins with the combined score more than o.997 were
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identified to be visualized by Cytoscape. The outcomes demonstrated that the target

protein levels of AKT1, IL6, JUN, MAPK8 and STAT3 were excessively crucial in Xiao-

chaihu decoction for NAFLD (Fig. 4).

Results of GO and KEGG enrichment analysis

GO enrichment analysis

The DAVID database was used for GO analysis of Xiaochaihu decoction with the potential

targets for NAFLD. 651 GO entries in total were acquired based on P value (P < 0.05). It in-

cluded 496 of biological progress, 100 of molecular function and 55 of cellular components.

In biological progress, potential targets were mainly concentrated in response to nutrient

levels, response to steroid hormone, response to oxidative stress and so on (Fig. 5a). In cellular

components, potential targets were mainly concentrated in membrane raft, membrane micro-

domain, membrane region, transcription factor complex and so on (Fig. 5b). In terms of mo-

lecular function, potential targets were mainly enriched in cytokine receptor binding, cytokine

activity, heme binding, tetrapyrrole binding and so on (Fig. 5c).

KEGG enrichment analysis

DAVID was used to conduct the KEGG enrichment analysis of Xiaochaihu decoction

for NAFLD (P < 0.05). A total of 148 pathways were obtained. The top 20 pathways in

KEGG enrichment analysis was demonstrated according to P value (Fig. 6a). Moreover,

AGE-RAGE signaling pathway in diabetic complications, hepatitis C, fluid shear stress

and atherosclerosis and Kaposi sarcoma-associated herpesvirus infection were the rep-

resentatives. Furthermore, they were mainly involved in immunity, cancer, metabolism

and oxidative stress according to the function of these top 20 pathways (Table 3).

Fig. 1 The network of ingredient-target-disease relation (The blue triangle nodes represent possible active
ingredients in Xiaochaihu decoction, the red round nodes represent the targets of drugs and the disease,
and the green round nodes represent the common targets of drugs and disease)
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Discussion
As one of the most common liver diseases, the incidence of NAFLD is increasingly ris-

ing worldwide and its prevalence is approximately 25.24% in liver disease. Patients with

NAFLD are more likely to suffer from cardiovascular and tumor diseases and have a

lower survival rate compared with ordinary patients [18]. Xiaochaihu decoction consists

of 7 herbs, including Chaihu (Radix Bupleuri), Banxia (Arum Ternatum Thunb),

Renshen (Panax ginseng C. A. Mey.), Gancao (licorice), Huangqin (Scutellariae Radix),

Shengjiang (Zingiber officinale Roscoe) and Dazao (Jujubae Fructus). To date, many

Fig. 2 The network of ingredients and common targets of drugs and the disease (The blue triangle nodes
represent possible active ingredients in Xiaochaihu decoction and the green round nodes represent the
common targets of drugs and disease)

Table 1 Active ingredients of Xiaochaihu decoction in the treatment of NAFLD

Molecular ID Ingredient Degree Source OB(%) DL

MOL000098 quercetin 384 Chaihu, Dazao, Gancao 46.45 0.39

MOL000422 kaempferol 168 Chaihu, Gancao, Renshen 41.88 0.26

MOL000449 Stigmasterol 96 Banxia, Chaihu, Dazao, Huangqin, Renshen 43.83 1.44

MOL000358 beta-sitosterol 90 Banxia, Dazao, Huangqin, Renshen, Shengjiang 36.91 1.32

MOL000173 wogonin 48 Huangqin 30.68 0.79

MOL000354 isorhamnetin 48 Chaihu,Gancao 49.6 0.31

MOL002714 baicalein 48 Banxia,Huangqin 33.52 0.63

MOL004328 naringenin 42 Gancao 59.29 0.28

MOL000392 formononetin 32 Gancao 69.27 0.21

MOL002773 beta-carotene 32 Dazao 37.18 0.58
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studies have discovered that Chaihu and its prescription bring out positive therapeutic

effects on NAFLD [19, 20]. Ginsenoside Rg1 from Renshen is confirmed to treat NAFL

D via suppressing inflammasome activation [21]. In addition, baicalin and Paeoniflorin

from Huangqin are also appeared to ameliorate NAFLD [22, 23]. In order to explore

the multiple mechanisms of Xiaochaihu decoction, TCMSP database was used to ob-

tain the effective active ingredients and potential targets in this study. Moreover, the

NAFLD related disease targets were searched in the Gene cards database, TTD and the

Table 2 The main targets of Xiaochaihu decoction in the treatment of NAFLD

UniProtKB Target Degree

P35354 PTGS2 161

P03372 ESR1 98

P35228 NOS2 93

P37231 PPARG 90

P07477 PRSS1 88

P07550 ADRB2 73

P49841 GSK3B 67

P19793 RXRA 62

Q15788 NCOA1 45

P22303 ACHE 38

Notes: PTGS2 Prostaglandin-endoperoxide Synthase 2, ESR1 Estrogen Receptor 1, NOS2 Nitric Oxide Synthase 2, PPARG
Peroxisome Proliferator Activated Receptor Gamma, PRSS1 serine protease 1, ADRB2 Adrenoceptor Beta 2, GSK3B
Glycogen Synthase Kinase 3 Beta, RXRA Retinoid X Receptor Alpha, NCOA1 Nuclear Receptor Coactivator 1,
ACHE Acetylcholinesterase

Fig. 3 PPI network of potential targets of Xiaochaihu decoction for the treatment of NAFLD
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Fig. 4 The interaction network of identified targets (AKT1: AKT Serine/Threonine Kinase 1; IL-6: Interleukin 6;
JUN: Jun Proto-oncogene; MAPK8: Mitogen-activated Protein Kinase 8; STAT3: Signal Transducer and Activator
of Transcription 3; PTGS2: Prostaglandin-endoperoxide Synthase 2; CXCL8: C-X-C Motif Chemokine Ligand 8;
CCL2: C-C Motif Chemokine Ligand 2; IL1B: Interleukin 1 Beta; VEGFA: Vascular Endothelial Growth Factor A)

Fig. 5 The top 10 of GO enrichment analysis (A Representative bubble plots of biological progress of core
targets. B Representative bubble plots of cellular components of core targets. C Representative bubble plots
of molecular function of core targets. Gene Ratio = count / set size)
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Fig. 6 Results of KEGG Analysis. a The top 20 signaling pathways from KEGG analysis; b The disease-
pathway-target interaction network of Xiaochaihu decoction for NAFLD (The purple node represents NAFL
D, the yellow nodes represent pathways related to oxidative stress, the red nodes represent pathways
related to immunity, the blue node represents the pathway related to metabolism and the green nodes
represent targets)

Table 3 Information of potential targets and signaling pathways

ID Pathway P value Counts

hsa04933 AGE-RAGE signaling pathway in diabetic complications 3.12E-25 24

hsa05160 Hepatitis C 7.08E-18 22

hsa05418 Fluid shear stress and atherosclerosis 1.16E-17 21

hsa05167 Kaposi sarcoma-associated herpesvirus infection 2.70E-17 23

hsa05222 Small cell lung cancer 5.79E-16 17

hsa05162 Measles 2.88E-15 19

hsa04657 IL-17 signaling pathway 1.75E-14 16

hsa05163 Human cytomegalovirus infection 2.20E-14 22

hsa04932 Non-alcoholic fatty liver disease (NAFLD) 1.72E-13 18

hsa05145 Toxoplasmosis 3.04E-13 16

hsa05161 Hepatitis B 7.49E-13 18

hsa05142 Chagas disease (American trypanosomiasis) 1.15E-12 15

hsa05210 Colorectal cancer 1.63E-12 14

hsa05164 Influenza A 1.73E-12 18

hsa05169 Epstein-Barr virus infection 3.02E-12 19

hsa04066 HIF-1 signaling pathway 3.13E-12 15

hsa05212 Pancreatic cancer 5.57E-12 13

hsa04659 Th17 cell differentiation 3.54E-11 14

hsa05215 Prostate cancer 1.38E-10 13

hsa04931 Insulin resistance 5.44E-10 13
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OMIM database. Common targets were obtained through gene mapping. The ‘ingredi-

ent-target-disease’ interaction network was constructed by Cytoscape software.

Analysis of active ingredients

In the network of ingredient-target-disease, key ingredients with higher degree in-

cludes quercetin, kaempferol, stigmasterol and beta-sitosterol. Quercetin is a widely

existing flavonoid in nature. A recent research showed that quercetin had anti-

oxidant, anti-inflammatory and immunomodulatory effects in NAFLD treatment

[24]. A clinical trial found that treatment with quercetin could change the

hematological parameters of patients with NAFLD with increasing of RBC and de-

creasing of ferritin [25]. Kaempferol has a variety of pharmacological effects such

as anti-cancer, anti-oxidation, anti-viral, anti-inflammatory, antibacterial activities.

It can also enhance the immunity and attenuate liver fibrosis via inhibiting activin

receptor-like kinase 5 [26, 27]. Both beta-sitosterol and stigmasterol are compo-

nents of phytosterols, have a wide range of pharmacological effects such as anti-

inflammatory, antibacterial, analgesic, and anti-cancer. Moreover, beta-sitosterol

and stigmasterol were proved to be effective in NAFLD mainly by regulating lipid

metabolism [28].

Analysis of potential targets

The target with the highest degree was PTGS2. The following targets were ESR1,

NOS2, PPARG in the network of ingredient-target-disease. PTGS2 is an oxidative

stress-related factor related to prostaglandin biosynthesis related to inflammation and

mitosis. He found that down-regulation of PTGS2 mRNA was related to the repair of

drug-induced liver injury in mice [29]. ESR1 is an estrogen receptor expressed by hepa-

tocytes. NOS2 is an isozyme of NOS which plays an important role in inflammation,

tumor and cell damage. PPARG could not only inhibit the expression of inflammatory

factors such as TNF-α and IL-1, but also regulate adipocyte differentiation as well as

lipid metabolism. This activity might contribute to the prevention against NAFLD [30].

Above all, the key ingredients containing quercetin, kaempferol, stigmasterol and beta-

sitosterol might be closely related to the regulation of PTGS2, ESR1, NOS2 and PPARG

during Xiaochaihu decoction treating NAFLD.

Analysis of PPI network

The target protein levels of AKT1, IL6, JUN, MAPK8 and STAT3 were excessively

expressed in PPI network. This result indicated the series of targets of Xiaochaihu de-

coction treating NAFLD. An animal model research has proven that the decreased ex-

pression of AKT1 resulted in FoxO1 inhibition and further achieved the effect of

ameliorating NAFLD in diabetic rat [31]. Another research also suggested that the in-

hibition of AKT1-mediated ROS production suppressed the process of NAFLD to liver

fibrosis conversion [32]. IL-6 is an important pro-inflammatory factor and its produc-

tion has been shown to be positively correlated with the occurrence and development

of NAFLD [33]. JUN including JNK, JUN B and JUN C belongs to the AP-1 family of

transcription factors. The research from Yan indicated that JNK participated in mediat-

ing the process of liver inflammation and fat accumulation during NAFLD [34].
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Moreover, MAPK8 was confirmed to be related to liver regeneration in mice [35]. It

might contribute to the prevention against NAFLD. Yu’s study has found that up-

regulation of the NF-kB and STAT3 signaling pathway could promote insulin resist-

ance in liver cells which was potent for NAFLD prevention [36]. As a result, the com-

prehensive regulation of AKT1, IL6, JUN, MAPK8 and STAT3 was potential for the

therapeutic effect on NAFLD with Xiaochaihu decoction.

Analysis of signaling pathways

DAVID database was used for conducting KEGG analysis and GO analysis. The result

of GO indicated that potential targets were mainly enriched in response to nutrient

levels in biological progress, cytokine receptor binding in molecular function and mem-

brane raft in cellular components. In addition, the results of KEGG were directly re-

lated to the NAFLD pathway. We retrieved six pathways related to liver disease as core

pathways from the top 20 pathways of KEGG enrichment analysis and divided them

into three aspects: metabolism, oxidative stress and immunity. As shown in Fig. 6b, the

‘disease-pathway-target’ interaction network demonstrated that active ingredients in

Xiaochaihu decoction played a multi-targets and multi-pathways role in regulation of

NAFLD. Furthermore, Fig. 7 demonstrates the distribution of the target proteins of

Xiaochaihu decoction on the predicted pathways. The pathways related to metabolism

included AGE-RAGE signaling pathway in diabetic complications, Fluid shear stress

and atherosclerosis and Insulin resistance. According to previous statistics, NAFLD is a

common complication of diabetes [37]. The accumulation of fat caused by NAFLD will

Fig. 7 Distribution of the target proteins of Xiaochaihu decoction on the predicted pathways (The red
nodes are potential target proteins of Xiaochaihu decoction, while the orange nodes are relevant targets in
the pathway)
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increase insulin resistance, which will affect the liver’s export of hepatic glycogen. This

process will eventually lead to disorder of lipid metabolism and aggravate the condition.

Asadipooya Kamyar found that AGE-RAGE interaction could promote the fat accumu-

lation in the liver. It will cause many complications in NAFLD including inflammation,

fibrosis and insulin resistance [38]. The pathological basis of atherosclerosis is the dis-

order of lipid metabolism. It often occurs together with NAFLD and makes the condi-

tion worsen. A study revealed that the occurrence of NAFLD was closely related to

atherosclerosis [39]. The pathways related to oxidative stress is HIF-1 signaling path-

way. The second-hit theory, a currently recognized theory revealing the pathogenesis of

NAFLD, stated that oxidative stress could accelerate the conversion of NAFLD into

NASH. A new research also found that patients with NAFLD had significantly higher

expression of HIF-1 in peripheral blood and Th17 cell differentiation compared with

healthy people. Moreover, the joint examination on HIF-1 and Th17 cell might be help-

ful for the early diagnosis of NAFLD [40]. The pathways related to immunity include

Th17 cell differentiation and IL-17 signaling pathway. A study from Su demonstrated

that the levels of Th22 cell and Th17 cell were positively correlated with the degree of

liver lesions in NAFLD model mice and involved in the occurrence as well as develop-

ment of NAFLD [40, 41]. Generally speaking, patients with infection-induced immuno-

deficiency are more susceptible to NAFLD. Overall, the above pathways and their

interactions may be closed relevant to NAFLD.

In this study, network pharmacology systematically uncovered the key targets, active

ingredients and the crucial signaling pathways of Xiaochaihu decoction for the treat-

ment of NAFLD. It also provided a direction and evidence for future researches. None-

theless, there still exists the limitation in this study. The source, performance and

dosage of traditional Chinese medicine in actual application are not considered in this

study. This is whatever so important during research. Moreover, there are many other

variable factors should be noticed including NAFLD models in different species. In

addition, network pharmacology is based on the data in the existing literature. In other

words, if the data in the existing literature is biased, the results of network pharmacol-

ogy will be inaccurate, which is the limitation of prediction. The treatment of NAFLD

by natural products is often achieved through multiple targets and multiple pathways.

Therefore, more researches approaches are ought to carry out in the future to further

reveal the mechanisms of well-known formula and the compounds derived from these

for various liver diseases [42].

Conclusion
In summary, Xiaochaihu decoction plays a key role in the treatment of NAFLD with

multiple targets and pathways. Immunity regulation, metabolism regulation and oxida-

tive stress regulation consist of the crucial regulation cores in this mechanism.
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