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 Background: Intracerebral hemorrhage (ICH), a fatal type of stroke, profoundly affects public health. Yi-Qi-Huo-Xue decoc-
tion (YQHXD), a traditional Chinese medicine (TCM) prescription, is verified to be an efficient method to treat 
ICH stroke among the Chinese population. Nevertheless, the pharmacological mechanisms of YQHXD have been 
unclear.

 Material/Methods: We used a strategy based on network pharmacology to explore the possible multi-component, multi-target, 
and multi-pathway pattern of YQHXD in treating ICH. First, candidate targets for YQHXD were identified using 
the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP). Then, these 
candidate YQHXD targets were used in combination with the known targets for the treatment of ICH stroke 
to construct the core network (cPPI) using data on protein–protein interaction (PPI). We calculated 5 topologi-
cal parameters for identification of the main hubs. Pathway enrichment and GO biological process enrichment 
analyses were performed after the incorporation of the main hubs into ClueGO.

 Results: In total, 55 candidate YQHXD targets for ICH were recognized to be the major hubs in accordance with their 
topological importance. As suggested by enrichment analysis, the YQHXD targets for ICH were roughly classi-
fied into several biological processes (related to redox equilibrium, cell–cell communication, adhesion and col-
lagen biosynthesis, cytokine generation, lymphocyte differentiation and activation, neurocyte apoptosis and 
development, neuroendocrine system, and vascular development) and related pathways (VEGF, mTOR, NF-kB, 
RAS/MAPK, JAK/STAT and cytokine–cytokine receptors interaction), indicating those mechanisms underlying 
the therapeutic effect of YQHXD.

 Conclusions: The present results may serve as a pharmacological framework for TCM studies in the future, helping to pro-
mote the use of YQHXD in clinical treatment of ICH.
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Background

Intracerebral hemorrhagic (ICH) stroke is a fatal disorder asso-
ciated with high morbidity and mortality rates, accounting for 
about 15% of all stroke-related mortality [1,2]. Post-ICH cere-
bral damage is a dynamic process involving a series of compli-
cated pathological pathways, with metabolic and biochemical 
events. Such events are classified as blood flow decline, free 
radical injury, apoptosis of neurons, vasogenic and cytotoxic 
edema, hemorrhagic neuroinflammation, and brain herniation, 
as well as intracranial hypertension, leading to serious cerebral 
damage as a result of repeated strokes [3–9]. However, surgi-
cal treatment to remove a hematoma cannot significantly im-
prove the long-term prognosis, and there is also no efficient 
treatment to manage hemorrhagic stroke [10,11].

For thousands of years, traditional Chinese medicine has played 
an important part in maintaining health. In TCM clinical prac-
tice, formulas that integrate distinct botanical, mineral, or an-
imal medicines are commonly used in treating different dis-
eases [12–15]. Yi-Qi-Huo-Xue decoction (YQHXD) has been 
frequently used in TCM for the treatment of ICH stroke. It con-
sist of a combination of 11 herbal medicines: Astragali Radix 
(Huangqi, HQ), Angelicae Sinensis Radix (Danggui, DG), Persicae 
Semen (Taoren, TR), Carthami Flos (Honghua, HH), Pheretima 
(Dilong, DL), Paeoniae Radix Rubra (Chishao, CS), Chuanxiong 
Rhizoma (Chuanxiong, CX), Angelicae Dahuricae Radix (Baizhi, 
BZ), Glycyrrhizae Radix et Rhizoma (Gancao, GC), Asari Radix Et 
Rhizoma (Xixin, XX), and Hirudo (Shuizhi, SZ). YQHXD I a pro-
tocol prescription formulated by the Neurosurgery Department 
of Jiangsu Provincial Hospital of TCM in accordance with the 
classical theories of TCM. YQHXD plays an important role in 
the treatment of ICH through promoting hematoma absorp-
tion, mitigating neuroinflammation, and alleviating nerve inju-
ry (related data are currently under submission). Some single 
herbs in the YQHXD prescription are important in other TCM 
formulas used to treat ICH, like DL and CS in Liangxue Tongyu 
Prescription [16], as well as SZ in Poxue Huayu and Tianjing 
Busui Decoction [17]. However, the clinical efficacy and pharma-
cological effects of YQHXD on ICH have been largely unknown.

For most TCM medicines, their efficacy is usually modulated 
through various pathways and targets, since there are complex 
active ingredients in TCM. As a result, it is difficult to precisely 
determine these active ingredients by conventional methods, 
making it urgently needed to formulate new and suitable ap-
proaches. Historically, in vivo experiments are usually recog-
nized to be the only approach for discovering the pharmaco-
logical effects of candidate drugs [18]. With the development 
of pharmacology, biochemistry, and molecular biology, the as-
sociations of drugs with molecular targets of human disorders 
can be determined in silico [19]. Network pharmacology contrib-
utes to exploring signal transduction pathway regulation using 

several channels, enhancing therapeutic efficacy, elevating the 
clinical trial success rate, and decreasing drug discovery costs. 
It has been applied study of biological mechanisms for sev-
eral formulas, herbs, and related ingredients [20]. As a result, 
the network pharmacology method was used in this study to 
explore the baicalin biological mechanism at the systems level.

We used a comprehensive approach combined with active com-
pound prediction based on a series of pharmacokinetic pa-
rameters, mining of multiple drug targets, and network anal-
ysis (by using these databases), to elucidate the synergistic 
effects and underlying mechanisms of YQHXD on ICH stroke.

Material and Methods

Mining known ICH stroke-related targets

Five publically accessible databases – DrugBank, MalaCards, 
Online Mendelian Inheritance in Man (OMIM), Genetic 
Association Database (GAD), and Therapeutic Target Database 
(TTD) – as well as related references, were retrieved to find 
targets for ICH stroke [21] using the keywords ‘intracranial 
hemorrhage’ and ‘hemorrhagic stroke’. As a result, 1558 ICH 
stroke-related featured targets were extracted (shown in 
Supplementary Table 1).

Compounds in YQHXD

We collected compounds of all ingredients in YQHXD from 
TCMSP as well as relevant studies, which produced a total 
of 1194 compounds in YQHXD. There were 87, 125, 66, 189, 
119, 189, 223, 192, and 280 compounds in HQ, DG, TR, HH, 
CS, CX, BZ, XX, and GC, respectively. Nevertheless, no com-
pounds were detected from the DL except for lumbrokinase 
and SZ except for hirudin.

Oral bioavailability (OB) and drug-likeness screening

OB is the percent of the drug reaching systemic circulation af-
ter oral administration, and it also represents the ADME con-
vergence process. A high OB value can be an important index 
for determining the drug-like properties of diverse bioactive 
molecules [22]. Drug-likeness qualitatively assesses compound 
structural similarity to a variety of clinical medicines using the 
DrugBank database. It is also a qualitative way to estimate the 
extent of “drug-likeness” for a typical molecule during drug 
design, which facilitates the optimization of pharmacokinetic 
and pharmaceutical characters such as solubility and chemi-
cal stability [23]. In line with the TCMSP database recommen-
dations, an OB of 30%, together with a drug-likeness index of 
0.18 (mean value for all molecules within the DrugBank data-
base) [24], was used as the cut-off value for selecting candidate 
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compounds [25]. In this study, these cut-off values helped to 
efficiently and maximally collect data from YQHXD using the 
least components, and the pharmacokinetic data reported may 
account for this [26]. In addition, additional compounds, such 
as lumbrokinase, hirudin, calarene, oleic acid, caffeic acid, and 
linolenic acid, were first excluded in accordance with the above 
screening criteria. However, they were then identified to be 
possible compounds for analyses, as indicated by the widely 
accepted pharmacological activities [27–32].

Drug target prediction for YQHXD

Identifying the target is a key step during the development 
of medicines. In this study, we used the systematic medicine 
targeting method of Yu et al. [33], which can precisely identify 
putative targets for medicinal compositions. The present sys-
temic medicine targeting approach was conducted on 2 levels, 
and it represents a systemic target-predicting approach to in-
tegrate several algorithms. (1) The HIT database was applied 
in collection and retrieval of the drug-target interactions veri-
fied in experiments. (2) The SysDT model was used to predict 
the putative compound targets that have not been validated in 
experiments, and high sensitivity, specificity, and consistency 
were attained in the prediction of drug-target interactions [33].

PPI network establishment

The BisoGenet plugin of Cytoscape was used to analyze the PPI 
network through combining the data presented in 6 PPI datas-
ets, including the Biological General Repository for Interaction 
Datasets (BGRID), Database of Interacting Proteins (DIP), 
Biomolecular Interaction Network Database (BIND), Human 
Protein Reference Database (HPRD), Molecular Interaction 
Database (MID), and InAct. Supplementary Table 2 summariz-
es details about these PPI data sets. Cytoscape software was 
subsequently used for the establishment and visualization of 
2 PPI networks by enrolling putative YQHXD targets as well as 
defined ICH-related targets, followed by constructing a core 
PPI (cPPI) network by merging the above 2 networks based 
on PPI intersection data.

Network topological characteristics analysis

The following 5 parameters were calculated to analyze the to-
pological characteristics of all nodes in the cPPI network with 
the Cytoscape plugin cytohubba [34]: ‘degree’, ‘betweenness’, 
‘closeness’, ‘radiality’, and ‘stress’. The definitions and corre-
sponding computational formulas for these parameters were 
reported in previous studies, and they represent the network-
based node topological importance, in which higher quantita-
tive values indicate greater importance.

Gene ontology (GO) and pathway enrichment analyses

A total of 335 candidate targets for YQHXD were obtained 
thorough GO analysis using Omicshare [35] to examine their 
effects in 3 categories: Molecular Function (MF), Biological 
Processes (BP), and Cell Component (CC). P<0.05 was the sig-
nificance threshold to identify those enriched GO terms in hy-
pergeometric testing.

The enrichment analyses for those 16 putative YQHXD tar-
gets for ICH stroke were reflected using ClueGO [36], which is 
the Cytoscape plugin used to visualize non-repetitive biolog-
ical terms of great gene clusters within the network grouped 
functionally. The results were categorized into 2 large clus-
ters: biological processes/molecular functions, and the signal 
transduction pathways. In addition, the ClueGO network was 
constructed using kappa statistics to present the associations 
among terms based on related gene similarity.

Results

Candidate compound screening for YQHXD

Finally, a total of 182 active ingredients were extracted from 
YQHXD and were identified as significant by selecting OB com-
bined with assessing the drug-likeness. We found 59 compounds 
that had relatively low OB or drug-likeness value, exhibited great 
pharmacological effects, and were herbal medicinal components 
(identified in previous studies), and these were the putative ac-
tive ingredients. At last, 241 compounds were collected from 11 
herbs, which were identified to be the “candidate compounds” 
(Supplementary Table 3). Specifically, the candidate compound 
numbers of DG, HQ, HH, TR, CX, CS, XX, BZ, SZ, GC, and DL were 
5, 20, 28, 20, 20, 26, 17, 53, 1, 97, and 1, respectively. Among 
them, 28 were detected in more than 1 herb in YQHXD, and 
they were verified to possess a variety of biological effects. For 
example, beta-sitosterol was distributed among 5 herbs (TR, 
DG, BZ, CS, and HH), and it has strong antioxidant, anti-plate-
let, anti-inflammation, and anti-tumor activities [37]. Similarly, 
quercetin, stigmasterol, oleic acid, and kaempferol, which were 
detected in at least 3 YQHXD herbs, possessed numerous phar-
macological activities, and they were involved in regulating sev-
eral physiopathological processes, like blood-brain barrier (BBB) 
dysfunction, ICH, immune response, and inflammation [38–41].

Putative target prediction for YQHXD

Generally, TCM formulas exert great therapeutic and preven-
tive efficacy in complex diseases, and they totally depend on 
the synergy of different compounds and targets. As a result, 
therapeutic targets should be further investigated, apart from 
illustrating the possible active ingredients of YQHXD. In this 
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study, pharmacological, chemical, and genomic data were in-
tegrated to predict the putative compound targets. A total of 
261 putative targets were predicted for those 338 compounds 
(Supplementary Table 4). The numbers of putative targets linked 
by HQ, DG, TR, HH, CS, CX, BZ, XX, GC, SZ, and DL were 229, 73, 
72, 277, 154, 93, 135, 125, 240, 2, and 4, respectively. Obvious 
overlaps were observed in 11 herbs, although each herb has 
different targets. This means that different components in 
YQHXD can exert congenerous effects, probably by regulating 
similar targets. For instance, both CX and BZ are proved to af-
fect the occurrence and development of multiple cerebral inju-
ry by decreasing BBB leakage and brain edema, reducing neu-
ron loss, activating microglia and astrocytes, and increasing 
neural stem cells (NSCs) proliferation [42,43].

To better investigate the effects of candidate targets involved 
in different MFs, CC, and BPs, we conducted preliminary GO 
analysis using Omicshare, the DAVID-based public database. 
We found that the candidate targets were responsive to vari-
ous stimuli (e.g., inflammatory, chemical factors, hormone, and 
ROS), biological adhesion, immune systems, inflammation, cell 
proliferation, and metabolism, and all these participate in the 
ICH stroke pathological process (Figure 1) [3,44–47].

To comprehensively understand the component-target network 
in YQHXD systemically and holistically, Cytoscape was utilized 
to establish a network map, including 5798 edges and 626 
nodes (Figure 2). Specifically, the node degree stood for the 
target or edge number related to the node based on topologi-
cal analysis. A total of 145 possible components were found in 
the as-established network to have a median of ³17 degrees. 
Of these, quercetin, kaempferol, and luteolin acted on 166, 74, 
and 68 targets, respectively, and they were then recognized to 
be the vital active components of YQHXD. Quercetin promotes 
behavioral and neuronal recovery through inhibiting apopto-
sis and inflammatory response [48] and protects against ce-
rebral edema and oxidative stress (OS) [49], and this in turn 
regulates ICH stroke. These results can explain the multiple 
effects of TCM herbs.

Collection of known ICH-related targets

ICH has been recognized as polygenic genetic disorder, and its 
pathogenesis may be revealed through investigating the in-
teractions between genes and between genes and the envi-
ronment. We collected 1558 targets related to ICH based on 
those 5 available resources. In addition, 199 of our detected 
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Figure 1.  Gene ontology analysis of the putative targets of YQHXD. Candidate targets for YQHXD were analyzed based on Omicshare 
to shed more light on their possible roles in diverse biological processes (denoted in red), molecular function (denoted in 
blue), and cell component (denoted in green). The significance threshold was set at P£0.05, and those GO terms enriched 
were identified by hypergeometric test. Thereafter, those terms in the same category were ranked based on their P-values, 
with those on the left being of higher significance. The gene number involved in each term is presented in the y-axis.
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putative YQHXD targets were recognized as the targets related 
to ICH (or therapeutic medicines), which suggests the formu-
la has potential therapeutic effects (Supplementary Table 5).

To examine the underlying pharmacological effects of YQHXD 
on ICH, those 199 targets underwent KEGG and GO enrich-
ment analyses (Figure 3A, 3B). A series of related targets 
were found to independently belong to coagulation cascade 
(33/199), death (109/199), oxidative stress (54/199), immune 
response (102/199), BBB destruction (43/199), neurotransmit-
ter (24/199), cell proliferation (100/199), and differentiation 
(119/199), as well as metal ion overload (21/199), suggest-
ing YQHXD compounds were likely to participate in multiple 
pathogenesis mechanisms of ICH, including apoptosis, immune 
function, neurologic function, thrombosis, and oxidative stress. 
For example, coagulation factor VII (F7) and prothrombin (F2) 

have been recognized to be the critical coagulation factors 
during the process of thrombosis, which are triggered by in-
jury in various reactions, resulting in thrombosis generation 
by causing coagulum development, and multiple compounds 
in YQHXD appear to modulate coagulation factors for their 
subsequent effects.

Determination of potential anti-ICH targets in YQHXD

Recent evidence from network biology reveals the absence 
of complete functional isolation between proteins and genes. 
Instead, they function in interconnected pathways and molec-
ular networks on multiple levels. Since the basis of most life 
processes involves PPI networks, relevant studies may reveal 
the properties and behaviors of biological molecules. Therefore, 
PPI data of these genes were first used to establish a putative 

HQ
DG
TR
HH
CS
CX
BZ
XX
GC
SZ
DL
Targets

Figure 2.  Construction of the YQHXD compound-putative target network. The active compounds (compounds ID) collected based on 
diverse herbal medicines were linked with corresponding candidate targets to construct the compound-target network, in 
which a node indicates an active compound (the various colored triangles stand for diverse herbal medicines) and the target 
(red dot). HQ – Astragali Radix; DG – Angelicae Sinensis Radix; TR – Persicae Semen; HH – Carthami Flos; DL – Pheretima; 
CS – Paeoniae Radix Rubra; CX – Chuanxiong Rhizoma; BZ – Angelicae Dahuricae Radix; XX – Asari Radix Et Rhizoma; 
SZ – Hirudo; GC – Glycyrrhizae Radix et Rhizoma.
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target network (529 nodes and 39798 edges) and a well-defined 
ICH-associated target network (2317 nodes and 287016 edges). 
These 2 networks were then merged to obtain the core pro-
tein–protein interaction (cPPI) network, which consisted of 
16232 edges and 241 nodes, with the final aim to reveal the 
pharmacological effect of YQHXD on ICH. Then, these possible 
YQHXD targets for ICH stroke were identified based on cPPI to-
pological features. As reported previously, a node whose degree 

exceeds the median value (136) for all nodes within the net-
work is identified as the hub node [50]. As a result, there were 
119 hubs in the cPPI network for YQHXD against ICH stroke. 
Using the widely applied plugin cytohubba, 5 topological fea-
tures – ‘degree’, ‘betweenness’, ‘closeness’, ‘radiality’, and 
‘stress’ – were selected to identify the main hubs. In this net-
work of significant targets, the median values of ‘degree’, ‘be-
tweenness’, ‘closeness’, ‘radiality’, and ‘stress’ were calculated 
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Figure 3.  Candidate targets identification. YQHXD shared 199 candidate targets with the identified targets for ICH related to the 
pathological process. The targets that overlapped were identified based on Omicshare and show their roles in various GO (A) 
and KEGG (B) terms. The significance threshold was set at P£0.05, and the terms enriched were identified by hypergeometric 
test. (C) Flow chart showing the process of selecting potential targets. In the cPPI network, hubs with higher degree than the 
median among all network nodes were extracted. In addition, main hubs (candidate targets) were mined by calculating 5 
topological features.
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as 175, 145.06518, 207.85, 2.74583, and 8616, respectively. 
Therefore, 55 candidate targets (main hubs in the cPPI net-
work), with ‘degree’ >175, ‘betweenness’ >145.06518, ‘close-
ness’ >207.85, ‘radiality’>2.74583, and ‘stress’>8616 were iden-
tified. Figure 3 shows the flow chart of screening the candidate 
targets. Supplementary Table 6 displays details about cPPI to-
pological characteristics and 55 candidate targets.

Enrichment Analysis on candidate targets for YQHXD 
against ICH

To illustrate the possible effects of these 55 candidate targets, the 
associations between different functional groups and the poten-
tial scientific connotations in the biological networks were iden-
tified using the Cytoscape plugin ClueGO, and were then divided 
into GO biological process and the signaling pathway (Figure 4), 

which were mainly involved in regulating redox equilibrium, cell–
cell communication, adhesion and collagen biosynthesis (BBB), 
cytokine generation, lymphocyte differentiation and activation, 
cell apoptosis and development (neurocytes), neuroendocrine 
system, and vascular development. The KEGG pathways were 
mainly associated with neurotrophin, autophagy, lymphocyte dif-
ferentiation, and immuno-inflammatory responses. According to 
the P value of enriched pathways and their correlation with ICH 
stroke, 6 representative signal pathways most attracted our in-
terest: VEGF, mTOR, NF-kB, RAS/MAPK, JAK/STAT, and cytokine–
cytokine receptors interaction. These KEGG pathways are asso-
ciated with the intrinsic mechanism of ICH, which indicates that 
the pathological process of this disease is extremely complex, 
and this may serve as a critical anti-ICK stroke pharmacological 
mechanism in YQHXD. Our results suggest a new strategy for 
pharmacological treatment of ICH stroke.

A

B

Figure 4.  Enrichment analysis based on ClueGO and labeling of vital terms of the group. Partial overlaps were observed in groups that 
are functionally related. Typical interactions among biological processes or pathways are enriched (P<0.05) across the major 
targets of YQHXD. (A) Possible enriched targets of YQHXD in typical biological processes. (B) Possible enriched targets of 
YQHXD in typical signaling pathways.
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Discussion

In this study, the anti-ICH stroke mechanism underlying the 
effect of YQHXD was explored using network pharmacology 
through data mining and subsequent computational model-
ing. It was noteworthy that our findings partially elucidate the 
complex anti-ICH mechanism in the YQHXD formula, and they 
provide insight into the integrated understanding of the ther-
apeutic efficacy and pharmaceutical activity of YQHXD. First, 
a total of 182 active ingredients were extracted from YQHXD, 
and these were shown to be significant by screening OB (³30%) 
combined with assessing the drug-likeness (³0.18). Thereafter, 
these possible YQHXD targets were mined using the TCMSP 
database. PPI data were used to construct the core PPI network 
(cPPI) associated with the correlations of 338 putative YQHXD 
targets acquired by the systemic drug targeting method with 
the1558 known anti-ICH stroke targets. Then, 55 candidate 
anti-ICH targets of YQHXD were identified as the pivotal hub 
genes in the cPPI network according to the specific topologi-
cal importance (with ‘stress’ >8616, ‘radiality’ >2.74583, ‘close-
ness’ >207.85, ‘betweenness’ >145.06518, and ‘degree’ >175).

In addition, GO and KEGG pathway analyses were carried out 
to demonstrate the candidate target biological significance 
after the pivotal hub genes were incorporated into ClueGO.

ICH injury is classified into 2 stages: primary and secondary. 
Primary injury starts from hemorrhage and ultimately results 
from cerebral vascular damage [51]. Secondary injury can oc-
cur in various pathological pathways, including oxidative stress 
(OS), inflammation, BBB disruption, blood cytotoxicity, necro-
sis and apoptosis of neurons, excitotoxicity, autophagy, and 
endoplasmic reticulum stress (ERS), and this inevitably results 
in the death of neurons [52]. Among the 55 candidate targets 
mined in YQHXD to treat ICH stroke, some exerted vital induc-
ing roles (risk factors) in the above-mentioned pathological 
processes, whereas some reversed the pathological changes in 
some diseases (protective factors). Cytokines such as ILs, TNF, 
IFN, and TGFB1 have been verified to be important factors of 
secondary neuronal injury and neurological dysfunction after 
hemorrhage, which affect the activation and function of mul-
tiple immune cells to regulate the synthesis of multiple cells 
(e.g., white blood cells and endothelial cells), surface adhesion 
molecules (e.g., ICAM1 and CDH1), and the release of inflam-
matory metabolites and oxygen free radicals, changing BBB 
function and integrity, and thus jointly affecting the disease 
process. In contrast, TNF-a, IL-6, and IL-1b seem to aggravate 
cerebral injury, while TGFB1, IL-10, and IFN are neuroprotec-
tive [53–56]. In addition, MMPs (e.g., MMP2 and MMP9) are as-
sociated with hemorrhagic transformation after thrombolysis 
following cerebral infarction and BBB injury, and are closely as-
sociated with poor prognosis in post-ICH stroke [57,58]. NOS3, 
CAT, and SOD1 are important antioxidant enzymes in the body 

that can scavenge multiple reactive nitrogen species (RNS) and 
reactive oxygen species (ROS), thus protecting tissue and lo-
cal lesion neurons from OS injury, and their activities and up-
regulated expression contribute to disease recovery [59–61]. 
Signaling molecules such as TLR4, STAT3, JUN, FOS, and mTOR 
have been verified to be significantly upregulated in local ICH 
lesions, which promotes the occurrence of pathological changes 
like inflammatory response (combined with multiple cytokines 
and downstream PTGS2 synthesis) and local neuron apopto-
sis (through affecting Akt- or MAPKs-mediated caspases cas-
cade reaction, HSP5-mediated ERS, and the downstream level 
of apoptin BCL2L1) [62–64]. The GSK-3b/b-catenin (CTNNB1) 
pathway has been verified to participate in maintaining the 
viability of neurons (CCND1- and CDKN2A-mediated), and up-
regulates BDNF and VEGF to promote angiogenesis, neurogen-
esis, and BBB repair (KDR- and EGFR-mediated) in ICH [65,66].

The present study is the first to use network pharmacology 
to investigate the anti-ICH pharmacological mechanism un-
derlying the effect of YQHXD. This study elucidates the anti-
ICH mechanism of YQHXD in accordance with the “multi-tar-
get, multi-component, and multi-pathway” concept. YQHXD is 
suggested to exert a comprehensive role in ICH through mod-
ulating the redox balance, intercellular adhesion and commu-
nication, cytokine production, collagen synthesis, activation 
and differentiation of leukocytes, development and apopto-
sis of neurons, and development of vascular and neuroendo-
crine systems via corresponding pathways (JAK/STAT, mTOR, 
VEGF, RAS/MAPK, NF-kB, and interactions of cytokine–cytokine 
receptors). These 6 signal transduction pathways are verified 
to participate in the diverse pathological changes mentioned 
above [3,67–73]. Additionally, lymphocytes and cytokines are 
reported in numerous studies to play important roles in ICH 
progression [74–76]. The present findings suggest that sever-
al critical signaling pathways are involved in lymphocyte acti-
vation, differentiation, and proliferation.

In summary, this study focused on 3 aspects. Firstly, the com-
mon anti-ICH targets of YQHXD were mainly enriched in the 
development of blood vessels, BBB (intercellular adhesion and 
communication, collagen metabolism), and intracellular path-
ological changes in redox balance. Secondly, in line with the 
enrichment analysis, the regulatory effects of YQHXD on the 
differentiation and activation of lymphocytes and cytokine pro-
duction were responsible for the primary anti-ICH therapeutic 
mechanisms (inflammatory and immune responses). Thirdly, 
neuroprotection and neuroendocrine regulation were identified 
as the crucial effects of YQHXD in the treatment of ICH stroke.

Nonetheless, some limitations should be noted in this study. 
First of all, certain metabolic and prototype compounds of 
YQHXD herbs were ignored due to the insufficient data ac-
quired from the available laboratory results and databases. 
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In addition, clinical trials and animal assays to validate our re-
sults are lacking for the time being. Additionally, it is difficult 
to directly evaluate some crucial active ingredients and specific 
targets collected due to the chemical and conceptual complex-
ity of TCM medications. More research is needed to discover 
the metabolic and prototype compounds from YQHXD on the 
basis of pharmacokinetic and pharmacodynamics experiments. 
Compound interactions can be classified as antagonism and 
synergy. More systemic studies are needed to study the syn-
ergy of multiple components in YQHXD in a dose-dependent 
manner. The candidate compound targets of YQHXD should 
be enriched to identify numerous signaling pathways to ex-
plore the intrinsic complex anti-ICH mechanism of YQHXD.

Conclusions

The present study illustrates the systemic “multi-compound 
and multi-target” efficacy of YQHXD against ICH. In addition, 
proteins, genes and pathways possibly related to biological 

processes were selected and examined. Moreover, this study 
also provides a theoretical basis to determine the synergistic 
effects of TCM in treating diseases and the role of systematic 
network pharmacology in elucidating the potential mechanisms 
of action of TCMs. However, as this study was based on data 
mining and data analysis, further validation studies are needed.

Availability of data

All data supporting our findings can be obtained from the au-
thors upon request.
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