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Objective. Acute respiratory distress syndrome (ARDS) is defined as the acute onset of noncardiogenic edema and subsequent gas-
exchange impairment due to a severe inflammatory process known as cytokine storm. Xuebijing injection (hereinafter referred to as
Xuebijing) is a patent drug that was used to treat ARDS or severe pneumonia (SP) in China. However, its efficacy andmechanism of
actions remain unclear. In this study, we used meta-analysis and network pharmacology to assess these traits of Xuebijing.Methods.
We searched PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI), and Wanfang databases for
randomized controlled trials (RCTs) that evaluated Xuebijing therapy for ARDS or SP. The outcomes were total mortality, intensive
care unit (ICU) stay time, and TNF-α and IL-6 levels. We performed a meta-analysis using RevMan 5.3 software. The putative
targets, top 10 proteins, and possible pathway of Xuebinjing on ARDS were analyzed by network pharmacology. TNF-α and IL-
6 were further docked with the six main active components of Xuebinjing using AutoDock 4.2.6 and PyMol 1.5.0.3 software.
Results. Fifteen RCTs involving 2778 patients (13 ARDS and 2 SP) were included. Compared with the control, Xuebijing
treatment significantly reduced the mortality rate (risk ratio, 0.64 (95% credible interval (CrI), 0.54–0.77)), reduced the ICU stay
time (mean difference (MD), -4.51 (95% CrI, -4.97–-4.06)), reduced the TNF-α ((MD), -1.23 (95% CrI, -1.38–-1.08)) and IL-6
((MD), -1.15 (95% CrI, -1.52–-0.78)) levels. The 56 putative targets, top 10 proteins (MAPK1 (mitogen-activated protein kinase
1), MAPK8 (mitogen-activated protein kinase 8), RELA (transcription factor p65), NFKB1 (nuclear factor NF-kappa-B p105
subunit), JUN (transcription factor AP-1), SRC (proto-oncogene tyrosine-protein kinase), TNF (tumor necrosis factor), HRAS
(GTPase HRas), IL6 (interleukin-6), and APP (amyloid-beta A4 protein)), and possible pathways (Ret tyrosine kinase, IL2-
mediated signaling events, CD4+/CD8+ T cell-related TCR signaling, p75(NTR)-mediated signaling, CXCR4-mediated signaling
events, LPA receptor-mediated events, IL12-mediated signaling events, FAS (CD95) signaling pathway, and immune system) of
Xuebinjing’s action on ARDS were obtained. The molecular docking results showed that all the six components of Xuebinjing
docked with TNF-α, and two components docked with IL-6 got the binding energies lower than -5. Conclusion. Our results
recommended Xuebijing treatment for patients with ARDS. Xuebijing has therapeutic effects on ARDS patients partly by
regulating the immune cell/cytokine pathways and thus inhibiting the cytokine storm. TNF-α is the cytokine both directly and
indirectly inhibited by Xuebijing, and IL-6 is the cytokine mainly indirectly inhibited by Xuebijing.

1. Introduction

Acute respiratory distress syndrome (ARDS) always occurs
after a precipitating factor, most frequently of pneumonia,
shock, aspiration of gastric contents, sepsis, or trauma [1].

Patients with ARDS exhibit a high mortality rate (50%-
60%) because of complications such as sepsis, multiorgan
failure, refractory shock, and refractory hypoxemia [2]. Sur-
vivors of ARDS patients often suffered from chronic adverse
outcomes such as fibrosis, tracheal stenosis, pulmonary func-
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tion decline, muscle weakness, ambulatory dysfunction, and
overall poor quality of life [3, 4].

ARDS is a complex clinical syndrome characterized by
acute inflammation, microvascular damage, and increased
pulmonary vascular and epithelial permeability [5, 6].
According to the understanding of the pathogenesis of
ARDS, the immune system is a very important participant
[7]. The levels of serum cytokine and chemokine in ARDS
patients correlated with the severity of lung injury [8].
Infected epithelial cells produce cytokines that attract leuko-
cytes, macrophages, and adjacent endothelial cells to further
infiltrate and induce a higher level of cytokine and chemo-
kine, and the symptom often called cytokine storm [9].
Although considerable progress has been made in under-
standing the pathogenesis of ARDS, little progress has been
made in the development of specific therapies to combat
the inflammatory injury of ARDS. Thus, drugs for the treat-
ment of ARDS, especially the inflammatory injury of ARDS
are urgently needed.

Xuebijing injection is a patent drug produced by Tianjin
Hongri Pharmaceutical Company (China) that has been used
for treating ARDS, SP, sepsis, and MODS [10–13]. Addition-
ally, Xuebijing has recently been approved for treating
COVID-19 in China [14, 15]. However, the efficacy of Xue-
bijing in the treatment of ARDS is not fully understood,
and the mechanisms of action remain unclear. In this study,
meta-analysis and network pharmacology were used to
unveil these traits of Xuebijing on ARDS.

2. Materials and Methods

This article was prepared in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and a previously published protocol
(PROSPERO: CRD42020173346).

2.1. Search Strategy. A systematic search of MEDLINE,
Embase, Central, China National Knowledge Infrastructure
(CNKI), and Wanfang databases was performed from incep-
tion to April 10, 2021, with no language restriction. Unpub-
lished trials were also identified from clinical trial registry
platforms. The reference lists of the included studies were
searched manually for additional studies. Randomized con-
trolled trials (RCTs) consisting of medical subject headings
(MSH) and free texts with patient relevant terms (ARDS or
SP) and intervention relevant terms (Xuebijing injection)
were included.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (1) RCTs, (2) Xuebijing treatment versus
control, (3) patients with ARDS or SP aged 18 years or
older, and (4) parameters of mortality, intensive care unit
(ICU) stay, IL-6, or TNF-α. The exclusion criteria were as
follows: (1) patients with mild or common pneumonia
(nonmechanical ventilation or oxygenation index PaO

2
/Fi

O2 ≥ 300mmHg according to the exclusion criteria for
ARDS in Berlin 2012 [16]); (2) lacking literature data
(e.g., nonpaired studies); (3) study design, not RCT; (4)
duplicate publications; (5) conference reports, system

reviews, protocols, or abstracts; and (6) RCTs with small
sample sizes (n < 40; Figure 1).

2.3. Data Extraction and Quality Assessment. After the
removal of duplicates, the titles and abstracts of search
results were screened for relevance by a single author (Y.
Zhang or YM. Liu). The full texts of the remaining results
were independently assessed in duplicate by two authors
(Y. Zhang and H. Yang) for inclusion. The final list of
included studies was decided based on a discussion
between the authors with full agreement. Data were
extracted using a unified data collection form indepen-
dently and in duplicate by two authors (Y. Zhang and
XH. He). The data extracted from each report included
study characteristics (author, year of publication, random
method, and sample size), population characteristics (age,
sex), intervention characteristics (intervention dosage,
duration), and outcomes. RCTs were evaluated by
researchers (Y. Zhang, H. Yang, and G.J. Wu) based on
the Cochrane risk bias assessment tool [17]. The tool
included six domains: random allocation, allocation con-
cealment, blind method, missing outcome data, selecting
result report, and other bias. The assessment included
assigning a judgment of yes, no, or unclear for each
domain to classify as a low, high, or unclear risk of bias,
separately. The study was deemed as having a low risk
of bias if less than one domain was assumed as unclear
or no. If more than four domains were regarded as
unclear or no, the study was deemed as having a high risk
of bias. The study was regarded as having a moderate risk
of bias if two or three domains were considered no or
unclear [18]. Review Manager 5.3 (Cochrane Collabora-
tion, Oxford, UK) was used to carry out the quality assess-
ment and investigation of publication bias.

2.4. Data Synthesis and Statistical Analysis. Dichotomous
data were reported as risk ratios (RRs) with 95% confidence
intervals (CIs). Analyses were performed using Markov-
chain Monte Carlo methods. Continuous data were calcu-
lated as the standard mean difference (SMD) or mean differ-
ence (MD) with associated 95% CIs using Cohen’s method.
Consistency (I2) was measured for each meta-analysis, and
I
2
< 50% was considered with low heterogeneity.

2.5. Network Analysis. The main active components of Xue-
bijing were retrieved from the database and literature. Saf-
flower yellow, danshensu, ligustrazine, paeoniflorin, ferulic
acid, and protocatechualdehyde were identified based on
quantitative analysis of bioactive constituents using
ultrahigh-performance liquid chromatography coupled
with high-resolution hybrid quadruple-orbitrap mass spec-
trometry (UPLC-LCMS) [19]. Danshensu, protocatechual-
dehyde, paeoniflorin, and safflor yellow A were identified
as potential anti-inflammatory components based on a
bioactivity-integrated UPLC-Q/TOF assay system [20].
Finally, by verifying on the TCMSP database (https://old
.tcmsp-e.com/tcmsp.php), the six active components: saf-
flower yellow A, danshensu, ligustrazine, paeoniflorin,
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ferulic acid, and protocatechualdehyde, were considered
main active components of Xuebijing.

The targets of the six active components of Xuebijing were
searched from Pubchem (https://pubchem.ncbi.nlm.nih.gov/),
STITCH (http://stitch.embl.de/), SwissTargetPrediction
(http://www.swisstargetprediction.ch/), and SEA (http://sea
.bkslab.org/) databases. The genes related to ARDS were
searched from the Therapeutic Target Database (https://db
.idrblab.org/ttd/), DisGeNET (http://www.disgenet. org/-
search), and Genecards (https://www.genecards.org/) [21].
The putative targets of Xuebijing on ARDS were obtained by
overlapping the targets of Xuebijing and the ARDS-related
genes and visualized by Cytoscape 3.2.1 software.

The putative targets of Xuebijing on ARDS were fur-
ther analyzed with internal interaction by String (https://
string-db.org/), and the score > 0:9 key node network was
constructed by Cytoscape 3.2.1. The top 10 proteins and
related genes were selected by cytoHubba, a plugin of
Cytoscape [22]. The possible pathways were analyzed by
FunRich software (version 3.0) [23].

2.6. Molecular Docking. The structures of the six active com-
ponents of Xuebijing: safflower yellow A, danshensu, ligustra-
zine, paeoniflorin, ferulic acid, and protocatechualdehyde, and

proteins (TNF-α and IL-6), were obtained from the databases
of PubChem and Protein Data Bank (PDB), respectively.
Molecular docking was performed using Autodock version
4.2.6 software (Sousa, Fernandes & Ramos), based on the
Lamarckian genetic algorithm, which combines energy evalu-
ation through grids of affinity potential to find a suitable bind-
ing position for a ligand on a given protein [24]. All hydrogen
atoms were added to the protein targets, and Kollman united
atomic charges were computed. The grid box was allocated
properly to include the active residue in the center. The genetic
algorithm and its run were set to 1000, as the docking algo-
rithms were set on default. Finally, results were retrieved as
binding energies, and dockings with binding energies lower
than -5 were selected as significant binding events and were
visualized using PyMol version 1.5.0.3. software [25].

3. Results

3.1. The Efficacy of Xuebijing on ARDS

3.1.1. Overall Characteristics of Studies. In total, 15 RCTs (13
ARDS and 2 SP) involving 2778 patients were included [20–
28]. The male participants were (1140; 41.03%), and the
mean age ranged from 38.6 to 65 years. The detailed
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Figure 1: Summary of study retrieval and identification.
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Figure 2: Risk of bias graph for all the included studies.
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demographic and clinical characteristics of the included
studies are shown in Table 1.

3.1.2. Risk of Bias and Publication Bias. Of the 15 included
studies, five (33.3%) had a low risk of bias, six (40%) had a
high risk of bias, and four (26.7%) had a moderate risk of bias
(Figure 2).

3.1.3. Total Mortality. For total mortality, eleven studies had
enrolled 1486 patients with ARDS or SP. There were 305

deaths, including 143 (19.19%) of 745 participants treated
with Xuebijing and 219 (29.55%) of 741 patients in the con-
trol groups. Compared with the control groups, Xuebijing
treatment (RR, 0.64 (95% credible interval (CrI), 0.54–
0.77)) was associated with reduced mortality rate (Figures 3).

3.1.4. ICU Stay Time. For ICU stay time, thirteen studies had
enrolled 1692 patients with ARDS or SP. Compared with the
control groups, Xuebijing treatment (MD, -4.51 (95% CrI,
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Table 2: The main active components of Xuebijing.

Main active components of
Xuebijing

Canonical SMILES

Safflower yellow
C1=CC(=CC=C1C=CC(=O)C2=C(C(C(=C(C2 =O)C=C3C(=O)

C(=C(C(C3=O)(C4C(C(C(C(O4)CO)O)O)O)O)O)C(=O)C=CC5=CC=C(C=C5)O)O)
(C6C(C(C(C(O6)CO)O)O)O)O)O)O

Danshensu C1=CC(=C(C=C1CC(C(=O)O)O)O)O

Ligustrazine CC1=C(N=C(C(=N1)C)C)C

Paeoniflorin CC12CC3(C4CC1(C4(C(O2)O3)COC(=O)C5 =CC=CC=C5)OC6C(C(C(C(O6)CO)O)O)O)O

Ferulic acid COC1=C(C=CC(=C1)C=CC(=O)O)O

Protocatechualdehyde C1 =CC(=C(C=C1C=O)O)O
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-4.97–-4.06)) was associated with reduced ICU stay time
(days) in the hospital (Figure 4).

3.1.5. TNF-α Level. For the outcome of TNF-α, eleven studies
had enrolled 872 ARDS patients. Compared with the control
groups, Xuebijing treatment (SMD, -1.23 (95% CrI, -1.38 to
-1.08)) were associated with decreased the TNF-α levels
(Figure 5.).

3.1.6. IL-6 Level. For the outcome of IL-6 levels, eleven stud-
ies had enrolled 837 ARDS patients. Compared with the con-
trol groups, Xuebijing treatment (SMD, -1.15 (95% CrI, -1.52
to -0.78)) were associated with decreased the IL-6 levels
(Figure 6.).

3.1.7. Safety. No serious adverse effects of Xuebijing treat-
ment were reported among the included studies.

3.2. The Mechanism of Xuebijing on ARDS

3.2.1. The Six Main Active Components of Xuebijing. The six
main active components of Xuebijing: safflower yellow A,
danshensu, ligustrazine, paeoniflorin, ferulic acid, and proto-
catechualdehyde, were retrieved as the main active compo-
nents of Xuebijing (Table 2).

3.2.2. The 56 Putative Targets of Xuebijing on ARDS. The 573
targets of the six active components of Xuebijing and 885
genes related to ARDS were obtained. Danshensu had 47,
ferulic acid had 54, ligustrazine had 29, paeoniflorin had
69, and protocatechualdehyde had 47 targets. Among
them, ferulic acid and ligustrazine shared 5 targets (TNF,
MAPK3, MAPK1, PTGS2, and CFTR), and ferulic acid
and protocatechualdehyde shared 9 targets (TYR, GLO1,
G6PD, CA1, CA5B, sssIM, CA2, CA9, and CA12) (Fig
S1). The 56 putative targets of Xuebijing on ARDS were
obtained by overlapping (Fig S2). The active compo-
nents-targets-ARDS-genes network of Xuebijing on ARDS
were constructed by Cytoscape 3.2.1. (Figure 7).

3.2.3. The Top 10 Proteins Related with Xuebijing’s Action on
ARDS. The top 10 proteins (MAPK1, MAPK8, RELA,
NFKB1, JUN, SRC, TNF, HRAS, IL6, and APP) related to

Figure 7: The active components-targets-ARDS-genes network of Xuebijing on ARDS. Note: the network has 1047 nodes, 1086818 shortest
paths (99%). The red round node represents active components of Xuebijing. The yellow node represents ARDS. The green node represents
the targets of the active components. The pink node represents ARDS-related genes. The blackish green node represents the 56 putative
targets of Xuebijing on ARDS.
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Figure 8: The top 10 proteins related with Xuebijing’s action on
ARDS. Note: the network has 35 nodes, shortest paths of 1190
(100%). The node color was continuously expressed from red to
yellow according to the MCC score high to low. The pink node
represents the related genes of the top 10 proteins.
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Xuebijing’s action on ARDS were obtained according to the
56 putative targets internal interaction network (Fig S3).
The MCC score of MAPK1, MAPK8, RELA, NFKB1, JUN,
SRC, TNF, HRAS, IL6, and APP are 1504, 1346, 1344,
1318, 1270, 1228, 1210, 1150, 1124, and 1124, respectively
(Figure 8).

3.2.4. The Possible Pathway of Xuebijing’s Action on ARDS.
Based on the top 10 proteins, the possible pathways of Xue-
bijing’s action on ARDS were obtained. They are Ret tyrosine
kinase signaling events, IL2-mediated signaling events, CD4
+/CD8+ T cells-related TCR signaling, p75(NTR)-mediated
signaling, CXCR4-mediated signaling events, LPA receptor-
mediated events, IL12-mediated signaling events, FAS
(CD95) signaling pathway, and immune system (P < 0:05,
Figure 9).

3.2.5. Molecular Docking of the Active Components of
Xuebijing with TNF-α and IL-6. The six active components
of Xuebijing were further docked with TNF-α and IL-6.
The molecular structure of those components and proteins
was exhibited in the supplemental material (Fig S4). The
results showed that the six components with TNF-α and
two components with IL-6 got binding energies lower than
-5 kcal/mol. Danshensu had the strongest interaction with

TNF-α (-8.43 kcal/mol; Table 3). The interaction profiles of
the six components docked with TNF-α are shown in
Figure 10.

4. Discussion

In ARDS patients, an inflammatory response known as cyto-
kine storm could lead to multiple organ failure and invari-
ably fatal [40]. Cytokine storm involves activation and
release of inflammatory cytokines such as interleukin (IL),
tumor necrosis factor (TNF), interferon (IFN), and C-X-C
motif chemokine (CXCL), in a positive feedback loop of
pathogen-triggered inflammation [41]. With the exudation
of inflammatory factors, cytokines increase abnormally in
other tissues and organs, interfering with the immune sys-
tem, causing the excessive immune response of the body,
resulting in diffuse damage of lung cells, pulmonary fibrosis,
and multiple organs [42].

Currently, there is no proven treatment to combat this
systemic response of cytokine storm. Future progress will
depend on finding therapeutics that inhibit cytokine storm,
thereby alleviating lung and multiorgan damages. In this
study, Xuebijing showed significant efficacy for treating
ARDS patients through meta-analysis. Xuebijing treatment
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Figure 9: The possible pathway of Xuebijing’s action on ARDS.

Table 3: The binding energy of molecular docking (kcal/mol).

Protein (PBD ID) Safflor yellow A Danshensu Ligustrazine Paeoniflorin Ferulic acid Protocatechualdehyde

TNF-α (6OP0) -6.27 -8.43 -6.75 -6.32 -6.68 -6.07

IL-6 (4J4L) 2.14 -3.34 -3.88 -3.03 -6.1 -5.49
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reduced the mortality rate, decreased the ICU stay time, and
reduced IL-6 and TNF-α levels when compared with the con-
trol groups.

To further study the mechanism of Xuebijing treatment
on ARDS, we used the network pharmacology analysis. The
top 10 proteins of Xuebijing’s action on ARDS were MAPK1,
MAPK8, RELA, NFKB1, JUN, SRC, TNF, HRAS, and IL6.
The possible pathways of Xuebijing’s action on ARDS were
mainly related with immune cell/cytokine regulating path-
ways, such as CD4+/CD8+ T cells-related TCR signaling,
IL2/IL12-mediated signaling events, p75(NTR)-mediated
signaling, CXCR4-mediated signaling events, FAS (CD95)
signaling pathway, LPA receptor-mediated events, and
immune system.

The generation of CD4+ and CD8+ T cell lineages from
CD4+ CD8+ double-positive (DP) thymocyte precursors is

a complex process initiated by engagement of major histo-
compatibility complex (MHC) and T cell receptor (TCR)
[43]. CD4+ T helper (Th) lymphocytes are divided into
Th1 and Th2 based on their profile of cytokine produc-
tion. Th1 cells, which produce IFN-gamma, IL-2, and
TNF, evoke cell-mediated immunity and phagocyte-
dependent inflammation. An imbalance of CD4+/CD8+ T
cell can lead to a hyperinflammatory condition (cytokine
storm), leading to compensatory anti-inflammatory response
syndrome (CARS), and, above all, an immune paralysis stat
[44]. p75 neurotrophin receptor (p75(NTR), or aka CD271)
signaling is expressed by certain innate immune cells.
p75(NTR) was upregulated upon infection and affected
innate immune cell behavior to producing the cytokines:
IL-10, IL-6, and IL-1α [45]. The CXCR4 is a receptor of its
natural ligand (chemokine CXCL12). Activation of CXCR4

A B C 

D E F

Figure 10: Interaction profiles of the six components docked with TNF-α. Note: the six rectangle areas of docked sites were enlarged. (a)
Danshensu docked with TNF-α (-8.43); (b), ligustrazine docked with TNF-α (-6.75); (c), ferulic acid docked with TNF-α (-6.68); (d),
paeoniflorin docked with TNF-α (-6.32); (e), safflor yellow A docked with TNF-α (-6.27); (f), protocatechualdehyde docked with TNF-α
(-6.07). The sticks represent components of Xuebijing, the cartoons represent the secondary structure of the protein, the pink lines
represent surrounding residents, the yellow dotted lines represent polar contacts, and the labels are the lengths of the contacts.
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results in a long chain of intracellular and extracellular
events, including the release of the proinflammatory cytokine
TNF-α and prostanglandins [46]. FAS (CD95) is a member
of the TNF receptor superfamily. FAS are known to nega-
tively regulate LPS-induced proinflammatory responses and
reducing the production of TNF-α, IL-8, IL-6, and IL-12,
implicated in immune homeostasis and immune surveillance
[47, 48]. Under acute and chronic inflammatory conditions,
LPA concentration was significantly increased and induced
the secretion of IL-6, TNF-α, IL-1β, CXCL10, CXCL2, and
CCL5 [49].

Based on these results, we deduced that Xuebijing has
therapeutic effects on patients with ARDS partly by regulat-
ing the immune cell/cytokine pathways, such as maintaining
CD4+ and CD8+ T cell balance, inhibiting p75(NTR) signal-
ing, inhibiting CXCR4 and LPA signaling, promoting FAS
(CD95) signaling, and thus inhibiting the producing and
releasing of cytokines and chemokines.

IL-6 and TNF-α were believed as the pivotal cytokines
related to cytokine storm [50]. We docked the six main active
components of Xuebijing with IL-6 and TNF-α. The results
showed that the six components with TNF-α and two com-
ponents with IL-6 got significant binding energies. We
deduced that TNF-α is the cytokine both directly and indi-
rectly inhibited by Xuebijing, and IL-6 is the cytokine mainly
indirectly inhibited by Xuebijing.

5. Conclusion

In conclusion, our results supported the use of Xuebijing
treatment for patients with ARDS. Additionally, we found
that Xuebijing has therapeutic effects on patients with ARDS
partly by regulating the immune cell/cytokine pathways.
TNF-α is the cytokine both directly and indirectly inhibited
by Xuebijing, and IL-6 is the cytokine mainly indirectly
inhibited by Xuebijing.

Abbreviations

ARDS: Acute respiratory distress syndrome
SP: Severe pneumonia
RCTs: Randomized controlled trials
MSH: Medical subject headings
MAPK1: Mitogen-activated protein kinase 1
MAPK8: Mitogen-activated protein kinase 8
RELA: Transcription factor p65
NFKB1: Nuclear factor NF-kappa-B p105 subunit
JUN: Transcription factor AP-1
SRC: Proto-oncogene tyrosine-protein kinase
TNF: Tumor necrosis factor
HRAS: GTPase HRas
IL6: Interleukin-6
APP: Amyloid-beta A4 protein
TCR: T cell antigen receptor
p75(NTR): p75 neurotensin receptor
CXCR4: C-X-C chemokine receptor type 4
LPA: Lysophosphatidic acid
FAS (CD95): Tumor necrosis factor receptor superfamily

member 6.

Additional Points

Strengths and limitations of this study. Patients with severe
acute respiratory distress syndrome (ARDS) present a formi-
dable treatment challenge. The high mortality and disabling
complications of ARDS highlight the need for research on
treating ARDS. Xuebijing treatment significantly reduced
mortality rates, ICU stay time, IL-6, and TNF-α levels. Over-
all, our findings make a significant contribution to the litera-
ture because they support the use of Xuebijing treatment for
patients with ARDS. Additionally, through network analysis,
we found that there are 56 putative targets, top 10 proteins,
and immune cell/cytokine regulation pathways of Xuebijing’s
actions on ARDS. TNF-α is the cytokine both directly and
indirectly inhibited by Xuebijing, and IL-6 is the cytokine
mainly indirectly inhibited by Xuebijing. One limit of this
study was the high heterogeneity with regard to the outcome
of TNF-α and IL-6 (I2 > 80%). Additionally, our analysis
lacked high-quality RCTs, particularly those with large sam-
ple sizes. Thus, further analyses may be required to confirm
the possible benefits of Xuebijing for treating ARDS. The
other limit was the mechanism of Xuebijing on ARDSmainly
based on review and network analysis, lacking experimental
validation.
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Figure S1: the shared and specific targets of the active
components of Xuebijing Danshensu had 47, ferulic acid
had 54, ligustrazine had 29, paeoniflorin had 69, and pro-
tocatechualdehyde had 47 targets. Among them, ferulic acid
and ligustrazine shared 5 targets, and ferulic acid and proto-
catechualdehyde shared 9 targets. Figure S2: the overlapping
map of the components targets and ARDS-related gene C
targets represent the targets of the active components of
Xuebijing; ARDS DE genes represent ARDS differential
expressed genes; the 56 putative targets were obtained as
Xuebijing’s action on ARDS. Figure S3: the internal interac-
tion network of the 56 putative targets. Figure S4: the molec-
ular structure of the six components and two proteins.
(Supplementary Materials)

10 BioMed Research International

http://www.editage.cn
http://www.editage.cn
https://downloads.hindawi.com/journals/bmri/2021/8824059.f1.docx


References

[1] E. Estenssoro and A. Dubin, “Acute respiratory distress syn-
drome,” Medicina (B Aires), vol. 76, no. 4, pp. 235–241,
2016.

[2] N. Sharif, M. Irfan, J. Hussain, and J. Khan, “Factors associated
within 28 days in-hospital mortality of patients with acute
respiratory distress syndrome,” BioMed Research Interna-
tional, vol. 2013, Article ID 564547, 5 pages, 2013.

[3] B. DiSilvio, M. Young, A. Gordon, K. Malik, A. Singh, and
T. Cheema, “Complications and outcomes of acute respiratory
distress syndrome,” Critical Care Nursing Quarterly, vol. 42,
no. 4, pp. 349–361, 2019.

[4] M. S. Herridge, C. M. Tansey, A. Matté et al., “Functional dis-
ability 5 years after acute respiratory distress syndrome,” New
England Journal of Medicine, vol. 364, no. 14, pp. 1293–1304,
2011.

[5] M. Confalonieri, F. Salton, and F. Fabiano, “Acute respiratory
distress syndrome,” European Respiratory Review, vol. 26,
no. 144, 2017.

[6] V. J. Patel, S. B. Roy, H. J. Mehta, M. Joo, and R. T. Sadikot,
“Alternative and natural therapies for acute lung injury and
acute respiratory distress syndrome,” BioMed Research Inter-
national, vol. 2018, Article ID 2476824, 9 pages, 2018.

[7] R. Channappanavar and S. Perlman, “Pathogenic human coro-
navirus infections: causes and consequences of cytokine storm
and immunopathology,” Seminars in Immunopathology,
vol. 39, no. 5, pp. 529–539, 2017.

[8] J. Villar, H. Zhang, and A. S. Slutsky, “Lung repair and regen-
eration in ARDS: role of PECAM1 and Wnt signaling,” Chest.,
vol. 155, no. 3, pp. 587–594, 2019.

[9] J. Chen, J. Ye, H. Li, Z. Xia, and H. Yan, “Changes in the clin-
ical characteristics of 62 patients who died from coronavirus
disease 2019,” BioMed Research International, vol. 2020, Arti-
cle ID 3280908, 5 pages, 2020.

[10] F. Qi, Z.-x. Liang, D.-y. She, G.-T. Yan, and L.-a. Chen, “A clin-
ical study on the effects and mechanism of xuebijing injection
in severe pneumonia patients,” Journal of Traditional Chinese
Medicine, vol. 31, pp. 46–49, 2011.

[11] S.-q. Liu, R.-q. Zheng, M.-q. Li et al., “Effect of Xuebijing
injection treatment on acute respiratory distress syndrome:
a multicenter prospective randomized control clinical trial,”
Zhonghua Yi Xue Za Zhi, vol. 92, no. 15, pp. 1017–1022,
2012.

[12] H. Shi, Y. Hong, J. Qian, X. Cai, and S. Chen, “Xuebijing in the
treatment of patients with sepsis,” The American Journal of
Emergency Medicine, vol. 35, no. 2, pp. 285–291, 2017.

[13] J. Gao, L. Kong, S. Liu et al., “A prospective multicenter clinical
study of Xuebijing injection in the treatment of sepsis and
multiple organ dysfunction syndrome,” Zhonghua Wei Zhong
Bing Ji Jiu Yi Xue, vol. 27, no. 6, pp. 465–470, 2015.

[14] C. Y. Zhang, S. Zhang, W. Wang, and X. Q. Jiang, “Clinical
observation of Xuebijing in the treatment of COVID-19,” Chi-
nese Journal of Hospital Pharmacy, vol. 2020,, 2020http://kns
.cnki.net/kcms/detail/42.1204.r.20200409.1637.002.html.

[15] J. Wang and F. Qi, “Traditional Chinese medicine to treat
COVID-19: the importance of evidence-based research,” Drug
Discoveries & Therapeutics, vol. 14, no. 3, pp. 149-150, 2020.

[16] J. P. Reilly, C. S. Calfee, and J. D. Christie, “Acute respiratory
distress syndrome phenotypes,” Seminars in Respiratory and
Critical Care Medicine, vol. 40, no. 1, pp. 019–030, 2019.

[17] X. Zeng, Y. Zhang, J. S. W. Kwong et al., “The methodological
quality assessment tools for preclinical and clinical studies,
systematic review and meta-analysis, and clinical practice
guideline: a systematic review,” Journal of Evidence-Based
Medicine, vol. 8, no. 1, pp. 2–10, 2015.

[18] S. S. Craig, S. R. Dalziel, C. V. E. Powell, A. Graudins, F. E.
Babl, and C. Lunny, “Interventions for escalation of therapy
for acute exacerbations of asthma in children: an overview of
Cochrane Reviews,” Cochrane Database of Systematic Reviews,
vol. 8, 2020.

[19] L. Zuo, Z. Sun, Y. Hu et al., “Rapid determination of 30 bioac-
tive constituents in XueBiJing injection using ultra high per-
formance liquid chromatography-high resolution hybrid
quadrupole-orbitrap mass spectrometry coupled with princi-
pal component analysis,” Journal of Pharmaceutical and Bio-
medical Analysis, vol. 137, pp. 220–228, 2017.

[20] M. Jiang, M. Zhou, Y. Han et al., “Identification of NF-κB
Inhibitors in Xuebijing injection for sepsis treatment based
on bioactivity-integrated UPLC-Q/TOF,” Journal of Ethno-
pharmacology, vol. 147, no. 2, pp. 426–433, 2013.

[21] G. Lu, D. Rao, M. Zhou et al., “Autophagic network analysis of
the dual effect of sevoflurane on neurons associated with
GABARAPL1 and 2,” BioMed Research International,
vol. 2020, Article ID 1587214, 12 pages, 2020.

[22] Y. Zhou, L. Yang, X. Zhang et al., “Identification of potential
biomarkers in glioblastoma through bioinformatic analysis
and evaluating their prognostic value,” BioMed Research Inter-
national, vol. 2019, Article ID 6581576, 13 pages, 2019.

[23] L. Wang, B. Wang, J. Liu, and Z. Quan, “Construction and
analysis of a spinal cord injury competitive endogenous RNA
network based on the expression data of long noncoding,
micro and messenger RNAs,” Molecular Medicine Reports,
vol. 19, no. 4, pp. 3021–3034, 2019.

[24] G. M. Morris, R. Huey, W. Lindstrom et al., “AutoDock4 and
AutoDockTools4: automated docking with selective receptor
flexibility,” Journal of Computational Chemistry, vol. 30,
no. 16, pp. 2785–2791, 2009.

[25] R. E. Rigsby and A. B. Parker, “Using the PyMOL application
to reinforce visual understanding of protein structure,” Bio-
chemistry and Molecular Biology Education, vol. 44, no. 5,
pp. 433–437, 2016.

[26] K. Fang and X.-L. Wang, “Treatment of multiple organ dys-
function syndrome by XuebiJing injection:a clinical research,”
Zhongguo Zhong Xi Yi Jie He Za Zhi, vol. 33, no. 2, pp. 205–
207, 2013.

[27] Y. L. Song, C. Yao, Y. M. Yao et al., “XueBiJing injection versus
placebo for critically ill patients with severe community-
acquired pneumonia: a randomized controlled trial,” Critical
Care Medicine, vol. 47, no. 9, pp. e735–e743, 2019.

[28] R. Chu, “Clinical observation on Xuebijing injection combined
with anticoagulant therapy for treating acute respiratory dis-
tress syndrome,” Chinese Journal of Thrombosis and Hemosta-
sis, vol. 23, no. 3, pp. 445–448, 2017.

[29] Y. Q. Gao, H. Zhang, J. L. Chen, G. X. Sun, and Y. J. Ren,
“Effects of Xuebijing injection on serum IL-6, IL-10 and
TNF-α in patients with severe pneumonia,” Evaluation and
analysis of drug-use in hospitals of China, vol. 14, no. 10,
pp. 881–883, 2014.

[30] Q. Huang, R. G. Lao, Q. D. Ye, and X. M. Li, “Clinical observa-
tion of Xuebijing injection therapy on acute respiratory dis-
tress syndrome,” Journal of Guangdong Medical College,
vol. 26, no. 6, pp. 630-631, 2008.

11BioMed Research International

http://kns.cnki.net/kcms/detail/42.1204.r.20200409.1637.002.html
http://kns.cnki.net/kcms/detail/42.1204.r.20200409.1637.002.html


[31] L. Tian and H. Sun, “Efficacy of Xuebijing injection for acute
respiratory distress syndrome,” Evaluation and analysis of
drug-use in hospitals of China, vol. 12, no. 3, pp. 244–246,
2012.

[32] Y. X. Liu, C. X. Qu, L. H. Wang, S. R. Deng, Y. P. He, and G. N.
Gan, “Efficacy of Xuebijing Injection and blood purification in
the treatment of moderate and severe acute respiratory distress
syndrome,” Journal of Guangxi Medical University, vol. 33,
no. 5, pp. 855–857, 2016.

[33] H. Wang, “The clinical observation of Xuebijing injection in
the treatment of acute respiratory distress syndrome,” Henan
Medical Research, vol. 26, no. 10, pp. 1863-1864, 2017.

[34] X. L. Wang, “The clinical observation of Xuebijing injection
combine mechanical ventilation in the treatment of acute
respiratory distress syndrome,” Jilin medicine, vol. 40, no. 5,
pp. 1026-1027, 2019.

[35] Q. H. Chen, R. Q. Zheng, H. L. Wang et al., “A prospective
random-control clinical study of the effect of Xuebijing injec-
tion on the pulmonary function in treating acute respiratory
distress syndrome patients,” Chinese Journal of Traditional
Chinese Medicine and Western Medicine in Critical Care,
vol. 17, no. 3, pp. 145–147, 2010.

[36] Y. L. Xu, H. Zhou, and R. Li, “Analysis of the effect of Xuebij-
ing injection in treatment of patients with ARDS,” ChinaMod-
ern Doctor, vol. 52, no. 28, pp. 40–42, 2014.

[37] Z. Zhao, W. C. Luo, H. Zhu, Y. M. Li, and G. X. He, “The effi-
cacy of Xuebijing injection in treatment of patients with
ARDS,” The Journal of Practical Medicine, vol. 26, no. 17,
pp. 3210–3212, 2010.

[38] J. Chen andW. F. Li, “Efects of Xuebijing ection on inflamma-
tory response in patients with acute respiratory distress syn-
drome,” Chinese Journal of Primary Medicine and Pharmacy,
vol. 18, no. 1, pp. 6–8, 2011.

[39] H. Y. Wang, Y. F. Hu, S. S. Zhou, L. L. Zhang, and B. Liu,
“Clinic study on XuebUing injection in treatment of patients
with acute lung injure/acute respiratory digress syndrome,”
Anhui Medical Jounal, vol. 32, no. 6, 2011.

[40] G. U. Meduri, A. S. Headley, E. Golden et al., “Effect of pro-
longed methylprednisolone therapy in unresolving acute
respiratory distress syndrome: a randomized controlled trial,”
JAMA, vol. 280, no. 2, pp. 159–165, 1998.

[41] K. Laky, C. Fleischacker, and B. J. Fowlkes, “TCR and Notch
signaling in CD4 and CD8 T-cell development,” Immunologi-
cal Reviews, vol. 209, no. 1, pp. 274–283, 2006.

[42] S. Romagnani, “T-cell subsets (Th1 versus Th2),” Annals of
Allergy, Asthma & Immunology, vol. 85, no. 1, pp. 9–21, 2000.

[43] N. Gulzar and K. F. Copeland, “CD8+ T-cells: function and
response to HIV infection,” Current HIV Research, vol. 2,
no. 1, pp. 23–37, 2004.

[44] P. Patricio, J. A. Paiva, and L. M. Borrego, “Immune response
in bacterial and Candida sepsis,” European Journal of Microbi-
ology and Immunology, vol. 9, no. 4, pp. 105–113, 2019.

[45] H. P. Düsedau, J. Kleveman, C. A. Figueiredo et al., “p75(NTR)
regulates brain mononuclear cell function and neuronal struc-
ture in Toxoplasma infection-induced neuroinflammation,”
Glia, vol. 67, no. 1, pp. 193–211, 2019.

[46] C. Calì and P. Bezzi, “CXCR4-mediated glutamate exocytosis
from astrocytes,” Journal of Neuroimmunology, vol. 224,
no. 1-2, pp. 13–21, 2010.

[47] J.‐. P. Guégan and P. Legembre, “Nonapoptotic functions of
Fas/CD95 in the immune response,” The FEBS Journal,
vol. 285, no. 5, pp. 809–827, 2018.

[48] K. Brennan, C. Lyons, P. Fernandes, S. Doyle, A. Houston, and
E. Brint, “Engagement of Fas differentially regulates the pro-
duction of LPS-induced proinflammatory cytokines and type
I interferons,” The FEBS Journal, vol. 286, no. 3, pp. 523–
535, 2019.

[49] I. Plastira, E. Bernhart, L. Joshi et al., “MAPK signaling deter-
mines lysophosphatidic acid (LPA)-induced inflammation in
microglia,” Journal of Neuroinflammation, vol. 17, no. 1,
p. 127, 2020.

[50] S. F. Pedersen and Y.-C. Ho, “SARS-CoV-2: a storm is raging,”
Journal of Clinical Investigation, vol. 130, no. 5, pp. 2202–2205,
2020.

12 BioMed Research International


	Analysis of the Efficacy and Mechanism of Action of Xuebijing Injection on ARDS Using Meta-Analysis and Network Pharmacology
	1. Introduction
	2. Materials and Methods
	2.1. Search Strategy
	2.2. Inclusion and Exclusion Criteria
	2.3. Data Extraction and Quality Assessment
	2.4. Data Synthesis and Statistical Analysis
	2.5. Network Analysis
	2.6. Molecular Docking

	3. Results
	3.1. The Efficacy of Xuebijing on ARDS
	3.1.1. Overall Characteristics of Studies
	3.1.2. Risk of Bias and Publication Bias
	3.1.3. Total Mortality
	3.1.4. ICU Stay Time
	3.1.5. TNF-α Level
	3.1.6. IL-6 Level
	3.1.7. Safety

	3.2. The Mechanism of Xuebijing on ARDS
	3.2.1. The Six Main Active Components of Xuebijing
	3.2.2. The 56 Putative Targets of Xuebijing on ARDS
	3.2.3. The Top 10 Proteins Related with Xuebijing’s Action on ARDS
	3.2.4. The Possible Pathway of Xuebijing’s Action on ARDS
	3.2.5. Molecular Docking of the Active Components of Xuebijing with TNF-α and IL-6


	4. Discussion
	5. Conclusion
	Abbreviations
	Additional Points
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

