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A novel microbial and hepatic et

biotransformation-integrated network
pharmacology strategy explores the therapeutic
mechanisms of bioactive herbal products

in neurological diseases: the effects

of Astragaloside IV on intracerebral hemorrhage
as an example
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Abstract

Background The oral bioavailability and blood-brain barrier permeability of many herbal products are too low to
explain the significant efficacy fully. Gut microbiota and liver can metabolize herbal ingredients to more absorbable
forms. The current study aims to evaluate the ability of a novel biotransformation-integrated network pharmacology
strategy to discover the therapeutic mechanisms of low-bioavailability herbal products in neurological diseases.

Methods A study on the mechanisms of Astragaloside IV (ASIV) in treating intracerebral hemorrhage (ICH) was
selected as an example. Firstly, the absorbed ASIV metabolites were collected by a literature search. Next, the ADMET
properties and the ICH-associated targets of ASIV and its metabolites were compared. Finally, the biotransformation-
increased targets and biological processes were screened out and verified by molecular docking, molecular dynamics
simulation, and cell and animal experiments.

Results The metabolites (3-epi-cycloastragenol and cycloastragenol) showed higher bioavailability and blood-brain
barrier permeability than ASIV. Biotransformation added the targets ASIV in ICH, including PTK2, CDC42, CSF1R, and
TNF. The increased targets were primarily enriched in microglia and involved in cell migration, proliferation, and
inflammation. The computer simulations revealed that 3-epi-cycloastragenol bound CSF1R and cycloastragenol
bound PTK2 and CDC42 stably. The In vivo and in vitro studies confirmed that the ASIV-derived metabolites sup-
pressed CDC42 and CSF1R expression and inhibited microglia migration, proliferation, and TNF-a secretion.
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Graphical Abstract
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Conclusion ASIV inhibits post-ICH microglia/macrophage proliferation and migration, probably through its trans-
formed products to bind CDC42, PTK2, and CSF1R. The integrated strategy can be used to discover novel mechanisms
of herbal products or traditional Chinses medicine in treating diseases.

Keywords Herbal products, Gut microbiota, Biotransformation, Liver, Network pharmacology, Astragaloside 1V,
Intracerebral hemorrhage, Cycloastragenol, 3-epi-cycloastragenol, Microglia
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Introduction distribution, metabolism, excretion, and toxicity

Herbal products are compounds produced by herbs.
These ingredients are the primary sources of drugs.
Statistically, herbal products or their derivatives con-
stitute ~ 34% of all the Food and Drug Administration
(FDA) approved small-molecule drugs [1]. Besides the
approved natural medicines, numerous herbal products
exert therapeutic effects on diverse diseases through
varying targets [2]. However, the therapeutic mecha-
nisms and targets of most herbal products remain
uncovered.

Network pharmacology is often used to explore
the potential targets and therapeutic mechanisms of
herbal products or formulae [3, 4]. This method screens
the potential targets primarily based on the direct
ligand-receptor interactions [4]. However, absorption,

(ADMET) properties of many herbal products are too
poor to bind the putative targets in the lesions suffi-
ciently, especially in the brain [5-7]. In this regard, most
studies exclude the ingredients with low oral bioavail-
ability (OB), drug-likeness (DL), or blood—brain barrier
(BBB) permeability to reduce the false positive results
in network pharmacology [8—12]. However, this strategy
ignored the therapeutic effects and mechanisms of the
low-OB compounds. In addition, some studies manually
re-enrolled the reported functional compounds as input
[8-10]. This method considered the limited compound-
target interactions, but it may overstate the actual actions
of the scant complex. Therefore, it is critical to establish
a new strategy to tailor the input of low-OB herbal prod-
ucts in network-pharmacology studies.
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The rapid development of microbiology in recent years
has highlighted the roles of gut microbiota in transform-
ing unabsorbed herbal products [5-7]. When orally
administrated, the low-OB herbal products may una-
voidably come into contact with and be metabolized by
the gut microbiota. Some resulting products can access
the bloodstream and the targeted organs sequentially
[6]. For instance, ginsenoside Rb1l works only after the
gut microbiota metabolizes to hydrophobic ginsenoside
CK [13]. Moreover, many compounds undergo hepatic
metabolism before entering their targeted organs [14].
Thus, microbial- and hepatic-biotransformation analyses
may add information to explain the actions of the poorly-
absorbed herbal products.

Intracerebral hemorrhage (ICH) is a notorious subtype
of stroke. Though representing only 15% of all strokes,
ICH accounts for 50% of stroke-related deaths, leaving
enormous social and economic burdens [15, 16]. Worse
still, few therapeutic methods are currently proven effec-
tive in ICH patients [15]. Fortunately, several herbal
products and traditional Chinese medicine (TCM) have
shown considerable efficacy in preclinic studies, such
as Astragaloside IV (ASIV) [17, 18]. However, the BBB
hampers drugs from accessing brain parenchyma. The
discrepancy between the significant efficacy and the low
BBB permeability makes it necessary to consider other
ways like microbial and hepatic biotransformation when
exploring the therapeutic mechanisms of herbal medi-
cines in ICH. ASIV is one of the main bioactive ingre-
dients in the widely prescribed TCM, Astragali Radix,
in ICH patients [17]. Previous studies have revealed the
neuroprotective effect of ASIV in ICH and other neuro-
logical diseases [17, 19, 20]. However, the reported OB
of ASIV is low, 2.2-3.7% in rats and 7.4% in dogs, and
the gastrointestinal permeability is also weak [21, 22]. It
suggests that ASIV may act in specific forms other than
the original conformation. The oral-administrated ASIV
can easily contact gut microbiota and then be trans-
formed into secondary metabolites such as cycloastrage-
nol (CA) and 3-epi-cycloastragenol (iso-CA) [21, 22].
The absorbed parts undergo liver metabolism. There-
fore, some metabolites are detected in blood [21, 22] and
exert neuroprotective effects in post-stroke mice [23, 24].
Thus, the microbial and hepatic biotransformation shall
be taken into account for ASIV to treat ICH.

In this study, we choose ASIV as an example to explore
the therapeutic mechanisms of low-OB herbal prod-
ucts in neurological diseases using a novel network
pharmacology-based strategy. In this strategy, the gut
microbiota- and liver-transformed metabolites of herbal
products are inputted into the network pharmacol-
ogy scheme. As a result, biotransformation-added tar-
gets and biological processes are found. Moreover, the
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biotransformation-enhanced effects are further verified
by molecular docking, molecular dynamics simulation,
and cell/animal experiments (Fig. 1).

Material and methods

Inclusion of the potentially effective compounds of ASIV
The detectable derivatives of ASIV in the bloodstream
were enrolled according to the literature [21, 22, 25],
including ASIV and the products after gut microbial or
hepatic biotransformation.

Prediction of ADMET properties

The ADMET properties of the candidate effective com-
pounds were predicted by admetSAR2.0 (http://Immd.
ecust.edu.cn/admetsar2/) [26] and SwissADME (http://
www.swissadme.ch/) [27]. SMILEs were loaded into these
databases. Lipophilicity was predicted by the iLOGP
method [28]. Gastrointestinal (GI) absorption was cal-
culated according to the white/yolk of the BOILED-Egg
[29]. BBB permeability was obtained from admetSAR2.0
[26]. In addition, DL was judged by the Lipinski rule [27].

Targets screening of potentially effective compounds

The targets of potentially effective compounds were pre-
dicted by Similarity Ensemble Approach (SEA, http://
sea.bkslab.org/, threshold: Max Tc>0.57) [30], SwissTar-
getPrediction (http://www.swisstargetprediction.ch/,
threshold: known actives (2D/3D)>1) [31], and Pharm-
Mapper (http://www.lilab-ecust.cn/pharmmapper/,
threshold: fit score >2.0) [32]. Then, the resulting targets
were uniformed to gene names by UniPort (https://www.
uniprot.org/). The non-human genes were removed.
Next, a compound-target network was constructed by
the Cytoscape software (Version 3.9.2). This network dis-
played the shared and additional targets after microbial
and hepatic transformation.

Screening of ICH targets

The ICH-related genes were gathered by searching
“intracerebral hemorrhage’, “brain hemorrhage’, “hem-
orrhagic stroke”, “cerebral hemorrhage’, and “stroke,
hemorrhagic” in OMIM (https://omim.org/), DisGeNET
(http://www.disgenet.org/, threshold: GDA score>0.1)
[33], Genetic Association Database (GAD, http://genet
icassociationdb.nih.gov/) [34], and GeneCards (https://
www.genecards.org/, threshold: relevance >10) [35]. The
maximum scores were selected for genes with multiple
results in each database.

Protein—protein interaction (PPI) network

The intersected targets of compounds and diseases
were imputed to STRING (https://string-db.org/) with
the default parameters. The resulting networks were
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Fig. 1 Comparison of the new strategy with the classical scheme. Gut microbial- and hepatic-biotransformation analyses are performed before the
target prediction of herbal products. Next, the ASIV targets after biotransformation are intersected with that of ICH. Then, GO and KEGG analyses
enrich the related biological processes. At last, molecular docking, molecular dynamics simulation, and cell and animal experiments confirm

the transformation-added targets and pathways. ASIV Astragaloside IV, ICH intracerebral hemorrhage. Solid circle: intersected; hollow circle: not

intersected

uploaded to Cytoscape for further visualization. Three
networks were constructed, including the ASIV targets-
ICH, post-transformation targets-ICH, and increased
targets-ICH networks. Then, the subnetwork was ana-
lyzed by the MCODE plugin in Cytoscape.

Pathway analysis

To further explore the importance of microbial and
hepatic transformation in treating diseases, GO enrich-
ment and KEGG pathway analyses were performed
using DAVID (https://david.ncifcrf.gov/). The biotrans-
formation-added ICH targets were analyzed. The top
10 (ranked by P value) biological processes, cellular
compounds, and molecular functions from GO and the
top 30 pathways (ranked by P value), “Human Disease”

excluded, from KEGG analyses were displayed. The
results were visualized by the SangerBox website (http://
sangerbox.com/).

The cell-specific gene distribution analysis

The biotransformation-increased targets were input-
ted into the Brain RNA-Seq database (http://www.brain
rnaseq.org/). Then, the Fragments Per Kilobase of exon
model per Million mapped fragments (FPKM) of all
inputs in Homo sapiens were added to obtain the primar-
ily enriched cell types [36].

Molecular docking
The SMILEs of the potential active compounds were
gained from Chemdraw (Chemdraw Ultra 8.0, Cambridge
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Soft, USA). Then, Chem 3D Pro was employed to mini-
mize the energy through the molecular mechanics-2
force field. Protein structures were gathered from RCSB
Protein Data Bank (www.rcsb.org). Water and hetero
molecules were removed, and hydrogen atoms were
added by AutoDock tools (1.5.6). The active center of the
protein was predicted by DeepSite (https://playmolecu
le.com/deepsite/). A 30 x 30 x 30 A (%, v, z) grid was set,
with a grid spacing of 0.375 A. Then, autoDock vina was
used to analyze the binding mode between ligands and
receptors. The conformations with the lowest binding
free energy were selected as the most potential binding
models. At last, the docked structures were analyzed and
visualized by PyMol 2.3.0 (http://www.pymol.org/) and
Protein—Ligand Interaction Profiler (https://plip-tool.
biotec.tu-dresden.de).

Molecular dynamics simulation

GROMACS (version 2019.6) was used for molecular
dynamics simulation. The AnteChamber Python Parser
interface in AmberTools was adopted to parameterize the
topologies, atomic types, and charges of small molecules.
Amber99sb-ildn force field was applied for all simula-
tions. SPC216 water molecules were added to the dodec-
ahedral box. Then, Nat and CI~ were added to balance
the charge to neutral. Afterward, energy was minimized.
And the system was heated to 37.0°C with a time step of
1 fs during the 200 ps-simulation in a constant Number
of particles, Volume, and Temperature (NVT) method.
Then, in the 100 ps-constant Number of particles, Pres-
sure, and Temperature (NPT) simulation, the system was
balanced to one atmospheric pressure with a time step of
2 fs. The pressure and temperature were adjusted by the
V-rescale thermostat. The pressure was also adjusted by
the Parrinello-Rahman. The molecular dynamics simula-
tion was run for 80 ns with time steps of 2 fs. The 10 ps-
interval trajectories were saved for analysis.

The binding free energy was evaluated by using the
molecular Mechanics-Poisson-Boltzmann/surface area
method. The 20 trajectories from the 50-55 ns of simu-
lation at intervals of 250 ps were chosen to calculate the
free energy using the g mmpbsa method.

Cell culture

BV2 (YBCO061, ybio Biotechnology, Shanghai, China),
a mouse-derived microglial cell line, was cultured with
high-glucose Dulbecco’s modified Eagle’s medium
(DMEM, C11995500BT, Gibco, Grand Island, NY, USA),
containing 10% fetal bovine serum (SA211.02, CellMax,
Beijing, China), 100 U/ml penicillin, and 100 g/ml Strep-
tomycin in a 5% CO, incubator (37 °C).
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Cell viability

Cell survival was assayed by cell counting kit-8 (CCKS)
according to the manufacturer’s instructions (C0038,
Beyotime Biotechnology, Beijing, China). For toxicity
detection, five thousand cells were plated into 96-well
plates. Then, the logarithmic-phase cells were treated
with ASIV (0, 5, 10, 20, 40, 80, or 160 uM) or CA (0,
0.2, 1, 5, 10, 20, or 40 uM) for 6 h. For proliferation
assay, two thousand cells were plated into a 96-well
plate upon logarithmic growth phase. LPS (1 pg/ml),
LPS+ ASIV (10, 20, or 40 uM), or LPS+CA (1, 5, or
10 uM) were added for 6 h. Then, CCK-8 solution was
supplemented to each well. A 1-h incubation at 37 °C
was proceeded before measuring the absorbance at
450 nm with a Microplate photometer (Thermo, USA).

Cell migration assay

Cell migration ability was detected with wound heal-
ing assay. BV2 cells were seeded in a six-well plate.
When the cells fused into a monolayer, a 10-pl pipette
tip perpendicular was used to scratch on the bottom
of the well. The plate was washed twice to remove the
detached cells. Then, the cells were treated with LPS
(1 pg/ml), LPS+ ASIV (10, 20, or 40 uM), or LPS+ CA
(1, 5, or 10 uM) for 24 h. Images were captured at 0 h
and 24 h. The wound area was analyzed by Image ]
(National Institutes of Health). The migration rates
were calculated as the percentage of the scratch closed
after 24 h. The formula was: % scratch closed = (scratch
area (0 h) — scratch area (24 h))/scratch area
(0 h) x 100.

Animal experiments

Male C57 BL/6 mice (12 weeks) were obtained from
the Hunan Slake Jingda Laboratory Animal Co., Ltd.
(Changsha, China) and housed according to the Ani-
mals (Scientific Procedures) Act 1986. All protocols
were approved by the Medical Ethics Committee of
Central South University (CSU-2022-0168).

Mice were cohoused for one week before surgery. They
were randomly assigned into five groups: Sham, ICH, low
dose (ASIV-L, 25 mg/kg), median dose (ASIV-M, 50 mg/
kg), and high dose (ASIV-H, 100 mg/kg). ASIV was pur-
chased from Source Leaf Biological Co., LTD (S§31401,
purity: 99.8%, Shanghai, China). ICH was induced by col-
lagenase injection (type VII, 0.075 unit in 0.5 pl, C0773,
sigma, St. Louis, MO, USA) into the right globus palli-
dum (coordinate: 0.5 mm posterior, 2.0 mm lateral to the
bregma and 4.0 mm ventral to the skull surface). After
being operated, the animals were administrated with
ASIV (suspended in distilled water) or an equal volume
of distilled water by gavage daily for three days.
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On the 3rd day after surgery, the mice were sacrificed
and perfused with normal saline and 4% paraformal-
dehyde. Then, the brains were fixed in 4% paraform-
aldehyde for 24 h and cut into 3 pm coronal paraffin
sections.

Hematoxylin—-eosin (H&E) staining

The rehydrated sections were immersed in hematoxylin
(G1004, Servicebio, Wuhan, China) and eosin Y (G1001,
Servicebio) for 5 min and 20 s, respectively. Then, the
slices were sealed with neutral balsam, and the pre-hema-
toma regions were captured by an M2 imager microscope
(Carl Zeiss, Oberkochen, Germany).

Immunofluorescent staining

After rehydrated, the slices were immersed in citric
acid solution (PH 6.0) and heated with a microwave for
antigen repair. Then, 3% H,0, and 3% bovine serum
albumin+0.02% triton-X100 were used for blocking
sequentially. Next, primary antibodies were incubated
at 4 °C for 14 h. Then, a horseradish peroxidase (HRP)-
conjugated secondary antibody was incubated, followed
by a 10-min visualization using a tyramide signal ampli-
fication system (AFIHCO023, AiFang Biological, Chang-
sha, China) [37]. The primary antibodies included rabbit
anti-ionized calcium binding adaptor molecule 1 (Ibal,
microglia/macrophage marker, 1:2000, 17198, Cell Sign-
aling Technology, Danvers, MA, USA), rabbit anti-pro-
liferating cell nuclear antigen (PCNA, proliferating cell
marker, 1:1000, 13110, Cell Signaling Technology), and
rabbit anti-TNFa (1:200, YT4689, ImmunoWay, Plano,
TX, USA).

Data analysis

Statistical analyses were performed by one-way ANOVA
followed by Dunnett’s test using SPSS (version 26, IBM
Corp., Armonk, NY, USA). A P<0.05 was regarded
as statistically significant. Data were expressed as
mean =+ standard diversion.

Results and discussion

Microbial and hepatic biotransformation enhances

the bioavailability and BBB permeability of ASIV

To find out the potential effective compounds of ASIV,
we analyzed the microbial and hepatic biotransfor-
mation by retrieving literature [21, 22]. As shown
in Fig. 2, a little of ASIV was absorbed into the por-
tal vein. The rest was mixed with the gut microbiota.
Then, the xylose or glucose moiety was removed to
form 6-O-p-p-glucopyranosyl (Bra B) and 3-O-p-
D-xylopyranosyl-cycloastragenol ~ (Cyc  B), respec-
tively. Next, the microbiota sequentially degraded
the products into CA, 20R, 24S-epoxy-6a, 160,
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25-tyihydroxy-9-cycloartan-3-one (CA-2H), and iso-CA.
The six compounds mentioned above were first infused
into the liver through the portal vein and then under-
went intrahepatic conversion and biliary exertion. As a
result, only ASIV, CA, and iso-CA were detected in the
bloodstream.

The ADMET prediction indicated that the trans-
formed metabolites of ASIV processed lower molecular
weight (MW), easier synthetic accessibility, and higher
GI absorption, bioavailability, and DL (Table 1). These
results were in agreement with the previous study indi-
cating much higher OB of CA (25.7%) than ASIV (2.2—
3.7%) in rats [22, 38]. Therefore, CA and iso-CA detected
in the blood may be the additional active compounds of
ASIV. Moreover, while ASIV was difficult to permeate the
BBB, its microbial-transformed products, CA and iso-
CA, could enter the brain parenchyma (Table 1). Taken
together, ASIV, CA, and iso-CA were the candidate effec-
tive compounds of ASIV. Moreover, CA and iso-CA,
other than ASIV itself, seemed to be the major effectors
of ASIV in targeting CNS where BBB exists. Therefore, it
is necessary to add the biotransformation analysis before
the network pharmacology scheme to explore the thera-
peutic mechanism of ASIV in treating ICH.

Microbial and hepatic biotransformation increases
the potential targets of ASIV in treating ICH
To evaluate the advantage of our new strategy in dis-
covering new targets, we screened the potential targets
of ASIV before and after biotransformation. SwissTar-
getPrediction, SEA, and PharmMapper databases were
applied. These tools work differently to predict tar-
gets: SwissTargetPrediction and SEA prediction rely on
the topologic similarity to the known ligands [30, 39],
and PharmMapper is based on a pharmacophore map-
ping approach [32]. As a result, a total of 373, 339, and
335 proteins were targeted by ASIV, CA, and iso-CA,
respectively (Fig. 3). Among them, as many as 215 targets
were common for ASIV, CA, and iso-CA. It is probably
because of their similar backbones and functional groups.
The results suggest that biotransformation enhances the
abilities of ASIV to affect its targets. Moreover, 150 pro-
teins were additionally targeted by CA or (and) iso-CA
but not by ASIV. It implies that microbial and hepatic
biotransformation add new effectors to ASIV functions.
To address the importance of microbial and hepatic
biotransformation in ASIV treatment for ICH. The ICH
targets were screened out and intersected with the com-
pound targets before and after transformation. As dis-
played in the Venn diagram, 64 ICH-related genes were
also targeted by ASIV. After biotransformation, the
ASIV-associated ICH targets increased by 27 (Fig. 4A).
The pre-transformation ASIV targets-ICH PPI network
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Fig. 2 Microbial and hepatic biotransformation of ASIV. ASIV is transformed by gut microbiota to form Cyc B, Bra B, CA, CA-2H, and iso-CA. The
microbiota-transformed products are infused into the liver. Then CA is partly converted into CA-2H and iso-CA. The bile duct system exerts Cyc B,
Bra B, and ASIV. Only ASIV, CA, and iso-CA are detectable in the bloodstream. AS/V Astragaloside IV, CA cycloastragenol; iso-CA 3-epi-cycloastragenol,
Bra B 6-O-B3-p-glucopyranosyl, Cyc B 3-O-3-p-xylopyranosyl-cycloastragenol; CA-2H dehydrogenated to 20R, 24S-epoxy-6a, 163, 25-tyihydroxy-9-cycl

oartan-3-one

Table 1 The predicted ADME properties, drug-likeness, pharmacokinetic, and physicochemical properties of Astragaloside IV and its

derivates

Compounds Mw Lipophilicity Water solubility Gl absorption BBB Bioavailability Synthetic DL
permeability score accessibility

ASIV 78497 4.22 Moderate Low - 0.17 9.73 No

CA 490.72 397 Moderate High + 0.55 7.28 Yes

Iso-CA 490.72 428 Moderate High + 0.55 7.28 Yes

MW molecular weight, GI gastrointestinal, BBB blood-brain barrier, DL drug-likeness, ASIV astragaloside 1V, CA iso-CA CA: cycloastragenol, iso-CA 3-epi-cycloastragenol

contained 64 nodes and 663 edges (Additional file 1:
Fig. S1A). And the active compound-targets-ICH net-
work included 91 nodes and much more edges (1192)
than ASIV alone (Additional file 1: Fig. S1B). The addi-
tional targets-ICH network comprised 27 nodes and 63
edges (Fig. 4B). The core clusters resulting from MCODE
included 13 nodes. The associations of these targets with
ICH and the corresponding ingredients are displayed in
Table 2. Among them, the central nodes predominantly
included genes associated with cell migration (PTK2,

CDC42, CSF1R, HGF), proliferation (PIK3R1, HGF,
CSFIR), and inflammation (STAT1, TNF). (Fig. 4C).
Then, to uncover the targeted cell type of the additional
genes after biotransformation, we mapped the 27 addi-
tional genes to Brain RNA-Seq, a brain transcriptome
database. The transformation-added targets are primarily
expressed in microglia/macrophage (Fig. 4D).

Further functional enrichment analyses of the addi-
tional targets after ASIV biotransformation showed that
most of the top enriched pathways were also relevant
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Fig. 3 The potential targets of ASIV before and after microbial and hepatic biotransformation. There are 373 and 524 targets of ASIV before and
after biotransformation, respectively. Two hundred and fifteen targets are common for ASIV, CA, and iso-CA (purple circles). The biotransformation
results in 150 additional targets. ASIV Astragaloside IV, CA cycloastragenol, iso-CA 3-epi-cycloastragenol

to cell migration (GO: positive regulation of cell migra-
tion; KEGG: Rapl1 signaling pathway; KEGG: Focal adhe-
sion), proliferation (GO: regulation of cell proliferation),
and inflammation (GO: chemokine signaling pathway)
(Fig. 5; Additional file 1: Table S1), which differed from
the results of ASIV [17] (Additional file 1: Table S2).
Microglia is the resident macrophage in the central
nervous system (CNS). It is the primary cell to regulate
neuro-inflammation by producing cytokines like TNEF-
a. Besides, the activated microglia can proliferate and
migrate. [33]. Though indispensable in CNS homeostasis,
microglia and brain-infiltrating monocyte-derived mac-
rophage are the instigators of secondary brain injury after
ICH [34, 35]. Upon ICH, the perihematomal microglia/
macrophage is activated as early as 1 h and 4 h in the col-
lagenase- and auto-blood-induced ICH models, respec-
tively [34]. In addition, microglia migrate to the lesions
within 12 h [36]. Then, microglia/macrophage increases
8 folds in 3-5 days, exacerbating inflammation and sec-
ondary brain damage [34, 36]. Therefore, we focused on
the biological processes directly related to microglia/
macrophage activity. As a result, “GO: positive regulation
of macrophage chemotaxis” and “GO: macrophage dif-
ferentiation” were screened out, where CSFIR and PTK2,
CDC42, and CSF1R hit (Additional file 1: Table S1). As

predicted, CDC42, PTK2, and CSF1R were targeted by
CA. In addition, CSFIR was also bound to iso-CA. In
contrast, the biological processes “GO: positive regula-
tion of macrophage chemotaxis” and “GO: macrophage
differentiation” were not significantly enriched by the
ASIV targets (Additional file 1: Table S2), nor were they
reported by previous network pharmacology-based stud-
ies [17].

Molecular docking and molecular dynamics simulation

of ASIV derivatives and the additional targets.

We employed molecular docking to validate the addi-
tional effects of ASIV derivatives on ICH. As shown in
Additional file 1: Fig. S2, CA formed 5 hydrogen bonds
(H-bonds, blue dashed line) with CDC42, 5 H-bonds
and 4 hydrophobic interactions (gray dashed line) with
CSFIR, and 5 H-bonds and 6 hydrophobic interactions
with PTK2, respectively. Besides, iso-CA (Blue-green
sticks) was anchored into the active pocket of CSFIR
via 4 H-bonds and 4 hydrophobic interactions. The
lowest binding energy of CA-CDC42, CA-PTK2, CA-
CSF1R, and iso-CA-CSF1R were — 7.5, — 7.3, — 7.9, and
— 8.0 kcal/mol, respectively (Additional file 1: Fig. S2A—
D; Table 3), indicating considerable binding affinities of
the complexes.
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Molecular docking calculates the most stable confor-
mations of the ligand-target complexes statically. How-
ever, whether the putative interactions are dynamically
stable in a virtual environment remains unknown. To
address this, a molecular dynamics simulation was per-
formed. During the simulation, the atmosphere was set
at physiological conditions, including ionic strength,
temperature, and pressure [40]. In this method, root
mean square deviation (RMSD) reflects the dynamic
variations in the conformational stability of backbone
molecules to the initial state. Root mean square fluctua-
tion (RMSF) represents the stability of specific residues
in the receptors. And the radius of gyration (Rg) evalu-
ates the structural compactness of complex biological
systems [41]. The results indicated that during the 80-ns
simulation. The RMSD and Rg of the CA-CDC42, CA-
PTK2, and iso-CA-CSF1R complexes were relatively

smooth with limited fluctuation (Fig. 6A—D). Moreover,
the RMSFs were low, especially for CA-CDC42, which
suggested satisfactory stability of the above complexes.
In these complexes, the ligands bound to the active
pockets of their corresponding receptors and formed
0-4 hydrogen bonds during the 80-ns simulations
(Fig. 6E). The estimated lowest binding free energy
of CA-CDC42, CA-PTK2, and iso-CA-CSFIR were
— 87.675 kJ/mol, — 64.234 kJ/mol, and — 84.796 kJ/mol,
respectively. Although the lowest binding free energy
of CA-CSF1R was relatively low (— 67.632 kJ/mol), the
overall dynamic performance of the CA-CSFIR com-
plex was poor, as suggested by the sizeable RMSD fluc-
tuation (Fig. 7A), unfixed binding pocket (Additional
file 1: Fig. S3B), and limited H-bonds (Fig. 6E). The free
energy landscape and the conformations with the low-
est energy were displayed (Fig. 7A—-M; Additional file 1:
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Table 2 The associations of the core genes to ICH and the herbal products
Target Compound Relations to herbal products Relations to ICH
Swiss? target Pharm® mapper SEA Gene“ cards OMIM DisGe*NET GAD
prediction
AKT3 CA 26/0 - - 19.046 - - -
ALK CA 42/0 - - 14.515 - - -
CDC42 CA - 2797 - 10.492 - - -
CDK6 Iso-CA - 2499 - 12.655 - - -
CREBBP Iso-CA 7/0 - - 12.566 - - -
CSF1R CA 50/0 - - 18.709 - - -
Iso-CA 63/0 - -
HGF Iso-CA - 2.996 - 10.667 - - -
HRAS CA - 2.348 - 19.016 - - -
PIK3R1 CA - 3.081 - 14.633 - - -
Iso-CA - 4418 -
PTK2 CA - 2.348 - 11.550 - - -
RET Iso-CA 15/0 - - 10.987 Yes 0.1 -
STAT1 CA - 2567 - 11.556 - - -
TNF CA 4/0 - - 30.716 - - Yes

2The number of hit known actives (3D/2D) in the SwissTargetPrediction database
b The fit scores in the PharmMapper database

“The Max Tc in the SEA database

9The relevance scores in the GeneCards database

€ The disease-gene association scores in the DisGeNET database

Fig. S3A-B). Taken together, CA binds CDC42 and
PTK2, and iso-CA binds CSFI1R firmly. The results indi-
cate that the transformed products may target CDC42,
PTK2, and CSFI1R directly.

CSFIR is the receptor of macrophage-CSF (M-CSF)
and interleukin (IL)-34, whose activation contributes to
microglia/macrophage survival, proliferation, chemo-
taxis, and proinflammation [42-45]. Once phospho-
rylated, CSF1R activates downstream factors, CDC42
included, to rapidly reorganize the actin cytoskeleton
and focal adhesions, resulting in microglia/macrophage
movement [44, 46]. In addition, CSF1IR also triggers
proliferating signaling pathways, like PI3K/Akt, JNK,
and ERK1/2 pathways [44]. CSFIR blockage reduces
microglia number and inflammation [45, 47, 48]. PTK2,
or focal adhesion kinase (FAK), is one of the primary
controllers of cell mobility by regulating cytoskeletal
or cell adhesion site dynamics [49, 50]. Moreover, it
can also activate CDC42 [51]. A previous study sug-
gests that PTK2 inhibition impairs microglia migra-
tion [52]. Thus, we speculate that forming CA-CDC42,
CA-PTK2, and iso-CA-CSF1R complexes can inhibit
microglia/macrophage migration, proliferation, and
chemokine secretion after ICH. ASIV may not fulfill
these effects alone, because CDC42, PTK2, and CSF1R
are not its targets.

The orally administrated ASIV inhibits microglia/
macrophage migration, proliferation, and chemokine
secretion

To further verify the putative interactions, we validated
the additional targets and biological processes of trans-
formed ASIV derivatives on ICH. Thus, we orally admin-
istrated ASIV to mice after ICH induction (Fig. 8A). As
previously reported, ASIV delivered in this way can be
transformed by gut microbiota and liver sequentially,
resulting in considerable concentrations of CA and iso-
CA in the bloodstream [21, 22]. Then, microglia/mac-
rophage migration and proliferation were evaluated. As
predicted by the bioinformatic analyses above, these pro-
cesses might be promoted by CDC42, PTK2, and CSF1R
while suppressed by the transformed products, CA or
iso-CA.

H&E staining showed that in the ICH group, the cells
were disorganized with a looser extracellular matrix.
Inflammatory cells were under infiltration (Fig. 8B,
black circles). After treatment, the perihematomal dis-
organization and inflammation were reduced (Fig. 8B).
Immunofluorescent staining suggested that the total
microglia/macrophage and proliferating microglia/
macrophage were significantly diminished in the ASIV-
treated groups, especially for the high dose. The results
implied that ASIV alleviates microglia/macrophage
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Fig. 5 GO and KEGG analyses of the biotransformation-added targets. A The top 10 biological processes, cellular components, and molecular
functions of ASIV enriched in GO analysis emphasize cell migration and proliferation. B The top 30 KEGG pathways indicate the essential roles of

chemokines and focal adhesion on ASIV in treating ICH

Table 3 Results of molecular docking

Compounds Targets Binding energy  Hydrogen bonds Hydrophobic interactions
(kcal/mol)
CA CDC42 (4js0) —75 Asp11, Asp11, Ser88, Asn92, GIn116 -
CA PTK2 (6i82) —73 Lys485, Leu486, Ser555, Lys-561 Tyrd15, Leud49, Lys485, 1le487, 11e487, Glu500
CA CSF1R (7mfc) —-79 Asp670, Arg801, Arg801, Asp806, Asn808 Leu672, Arg782, Phe797, Arg801
[so-CA CSF1R (7mfc) — 80 Asp670, Arg801, Arg801, Asn808 Leu672, Arg782, Phe797, Arg801

migration and proliferation (Fig. 8C-E). Moreover, a
high dose of ASIV decreased the perihematomal TNE-
a, the pro-inflammatory factor mainly secreted by
microglia/macrophages in the brain (Fig. 8F-G).

As indicated by double immunofluorescent stain-
ing, the proliferation- and migration-promoting targets,
CDC42 and CSF1R, were primarily expressed on Ibal-
positive microglia/macrophage (Fig. 9B, E). They were
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significantly upregulated in the peri-hematoma brains
after ICH. CDC42 and CSF1R were compromised after
ASIV treatment (Fig. 9). It suggested that the bind-
ing of the transformed products on CDC42 and CSFIR
potentially leads to their dysfunction and degradation.
Moreover, the ASIV-reduced CDC42 and CSF1R might
be responsible for the inhibited microglia/macrophage
migration.

Our present results are supported by previous research,
which demonstrates that intraperitoneally injection of
ASIV or CA shifts microglia from a proinflammatory
type to an anti-inflammatory one after brain ischemia
[20, 23, 24]. In addition, a previous study applies a classic
network pharmacology scheme to investigate the thera-
peutic mechanism of ASIV on ICH. It reports that orally
administrated ASIV downregulates the levels of the mas-
ter pro-inflammatory transcript factor, nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB),

in the post-ICH brain [17]. In comparison, our new strat-
egy additionally suggests that ASIV can inhibit microglia/
macrophage proliferation and migration after microbial
and hepatic biotransformation.

CA but not ASIV suppresses microglia proliferation

and migration in vitro

The in vivo study indicated that ASIV inhibited micro-
glia/macrophage proliferation and migration after
gut microbiota and liver biotransformation. However,
the results could not distinguish the effects of the
absorbed ASIV from those of the transformed prod-
ucts. Thus, we treated the microglia cell line (BV2)
with ASIV or CA, one of the commercially available
transformed products. The concentrations of ASIV
and CA were determined according to the in vitro tox-
icity assay (Additional file 1: Fig. S4). Under LPS stim-
ulation, CA but not ASIV suppressed BV2 proliferation
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Fig. 8 The effects of orally administrated ASIV on microglia/macrophage proliferation, migration, and chemokine secretion after ICH. A Flow chart
of the animal experiments. B H&E staining suggests that ASIV alleviates brain disorganization and inflammatory cell infiltration. C The statistic graph
of Ibal immunofluorescent suggests that ASIV dose-dependently reduces the number of perihematomal microglia/macrophages. D The statistic
graph of Ibal and PCNA double staining suggests that ASIV reduces the number of proliferating microglia/macrophage (green cells encircles red
nuclei). E The representative images of Iba1 (green) and PCNA (red) immunofluorescent. F The representative images of Ibal (green) and TNF-a (red)
double staining indicate that TNF-a is predominantly expressed by microglia/macrophage. G The statistical graph of TNF-a immunofluorescent
suggests that a high dose of ASIV declines TNF-a production. Dashed line: hematoma (B, E, F). Data are expressed as mean 4 SD, n=5. *P<0.05,

**P<0.01,***P<0.001, ****P<0.0001. Scale bar=50 um

(Fig. 10A-B) and migration (Fig. 10C-F). In addition,
CA also reduced the expression of CDC42 and FAK in
a dose-dependent manner (Fig. 10G-K).

Conclusion

This study highlights a novel strategy that adds microbial
and hepatic biotransformation analyses to the network
pharmacology program. The new approach uncovers

that the post-biotransformation products possess higher
bioavailability and BBB permeability than the original
form. Moreover, microbial and hepatic biotransforma-
tion enhances the efficacy of low-OB herbal products on
their intrinsic targets and adds novel targets and biologi-
cal processes. The transformed products may be the pri-
mary active compound of low-OB herbal ingredients in
treating neurological diseases. Based on this strategy, the
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study reveals that ASIV inhibited proliferation, migra- interactions need to be proved in the future. This new
tion, and chemokine secretion of microglia/macrophage  strategy may help to explore the therapeutic mechanism
in the brain after ICH by its microbial- and hepatic-  of low-OB herbal products and TCM more systemically
transformed products, through binding CDC42, PTK2, and thoroughly.

and CSF1R. However, the putative direct ligand-target
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Fig. 10 CA suppresses BV2 proliferation and migration, but ASIV does not. A CCK-8 shows that CA inhibits BV2 proliferation. B CCK-8 shows that
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Hu et al. Chinese Medicine (2023) 18:40

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513020-023-00745-5.

Additional file 1: Figure S1. PPl network of AS IV targets for ICH treat-
ment before and after microbial and hepatic biotransformation. (A) PPI

of intersected targets of AS IV and ICH. (B) PPI of intersected targets of

ICH and potential effective compound after biotransformation. Figure
S2. Molecular docking of AS IV derivates and the additional targets after
biotransformation. (A) CA (purple) formed 5 hydrogen bonds with CDC42.
(B) CA formed 4 hydrogen bonds and 6 hydrophobic interactions with
PTK2. (C) CA formed 5 hydrogen bonds and 4 hydrophobic interactions
with CSF1R. (D) Iso-CA formed 4 hydrogen bonds s and 4 hydrophobic
interactions with CSF1R. Blue dashed line: hydrogen bonds; Gray dashed
line: hydrophobic interactions. Figure S3. Molecular dynamic simula-
tion of iso-CA-CSF1R. (A) Free energy landscapes CA-CSF1R during 80 ns
molecular dynamic simulation. 2D graphs projected on the first two prin-
cipal components (PCT + PC2). Blue spots indicate the energy minima. (B)
Overlapped graph of CA-CSF1R before (green) and after (blue) molecular
dynamic simulation. Figure S4. In vitro toxicity assay of CA and AS IV on
BV2. (A) Cell viability of BV2 after CA treatment. (B) Cell viability of BV2 after
AS IV treatment. Data are expressed as mean =+ SD, n = 3.* P < 0.05, ** P
< 0.01, compared with control group. Table S1. Functional enrichment
results of the biotransformation-added targets. Table S2. Functional
enrichment results of the overlapped targets of ICH and AS IV.

Acknowledgements
We thank Professor Jun Zhou for her technical support in brain
histopathology.

Author contributions

EH: investigation, resources, funding acquisition, validation, visualization,
and writing-original draft; ZL: investigation; TL: investigation, visualization,
and writing—review and editing, funding acquisition; XY: investigation; RD:
investigation; HJ: investigation; HS: investigation, funding acquisition; MC:
investigation; ZY: investigation; HL: investigation; TT: data curation, method-
ology, funding acquisition, software, supervision, and writing—review and
editing; YW: conceptualization, data curation, funding acquisition, software,
supervision, and writing—review and editing. All authors read and approved
the final manuscript.

Funding

This work is supported by the National Natural Science Foundation of China
(81874425, 82174259), the Hunan TCM Scientific Research Program (2021032);
Hunan Provincial Key Research and Development Program (20225K2015); the
Fundamental Research Funds for the Central Universities of Central South
University (2021zzts0351, 20212zts0341, 202277750878), the Excellent Clinical
Talent Training Project of SATCM (2022-543313), the Leadership Training Pro-
ject of HNATCM (2022-24), and the Shennong Young Scholar project of Hunan
province. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the funding agencies.

Availability of data and materials
The data generated in this study are available from the corresponding author
upon request.

Declarations

Ethics approval and consent to participate

All animal experiments follow the Animals (Scientific Procedures) Act 1986.
Furthermore, all protocols are approved by the Medical Ethics Committee of
Central South University (CSU-2022-0168).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing financial interest.

Page 17 of 18

Author details

!'Department of Integrated Traditional Chinese and Western Medicine,
Institute of Integrative Medicine, Xiangya Hospital, Central South University,
Changsha, Hunan, People’s Republic of China 410008. 2National Clinical
Research Center for Geriatric Disorders, Xiangya Hospital, Central South
University, Changsha, Hunan, People’s Republic of China 410008. *Hunan Key
Laboratory of the Research and Development of Novel Pharmaceutical Prepa-
rations, Changsha Medical University, Changsha, Hunan, People’s Republic

of China 410219.

Received: 16 December 2022 Accepted: 2 April 2023
Published online: 17 April 2023

References

1. Newman DJ, Cragg GM. Natural products as sources of new drugs
over the nearly four decades from 01/1981 to 09/2019. J Nat Prod.
2020;83:770-803.

2. Alomar HA, Fathallah N, Abdel-Aziz MM, Ibrahim TA, Elkady WM. Gc-ms
profiling, anti-helicobacter pylori, and anti-inflammatory activities of three
apiaceous fruits'essential oils. Plants. 2022;11:2617.

3. LiS, Zhang B. Traditional Chinese medicine network pharmacology:
theory, methodology and application. Chin J Nat Med. 2013;11:110-20.

4. Kibble M, Saarinen N, Tang J, Wennerberg K, Mékela S, Aittokallio T.
Network pharmacology applications to map the unexplored target
space and therapeutic potential of natural products. Nat Prod Rep.
2015;32:1249-66.

5. Cardona F, Andrés-Lacueva C, Tulipani S, Tinahones FJ, Queipo-Ortufio MI.
Benefits of polyphenols on gut microbiota and implications in human
health. J Nutr Biochem. 2013;24:1415-22.

6. FengW, Ao H, Peng C, Yan D. Gut microbiota, a new frontier to under-
stand traditional Chinese medicines. Pharmacol Res. 2019;142:176-91.

7. ZhaoY, Zhong X, Yan J, Sun C, Zhao X, Wang X. Potential roles of gut
microbes in biotransformation of natural products: an overview. Front
Microbiol. 2022;13: 956378.

8. Sunl,Yang Z Zhao W, Chen Q, Bai H,Wang S, Yang L, Bi C, ShiY, Liu
Y. Integrated lipidomics, transcriptomics and network pharmacology
analysis to reveal the mechanisms of danggui buxue decoction in the
treatment of diabetic nephropathy in type 2 diabetes mellitus. J Ethnop-
harmacol. 2022;283: 114699.

9. ZhaoY, CaoY,Yang X, Guo M, Wang C, Zhang Z, Zhang Q, Huang X, Sun
M, Xi C, Tangthianchaichana J, Bai J, Du S, Lu Y. Network pharmacology-
based prediction and verification of the active ingredients and potential
targets of huagan decoction for reflux esophagitis. J Ethnopharmacol.
2022;298:115629.

10. Zhong, Luo J, Tang T, Li P, Liu T, Cui H, Wang Y, Huang Z. Exploring phar-
macological mechanisms of xuefu zhuyu decoction in the treatment of
traumatic brain injury via a network pharmacology approach. Evid Based
Complement Alternat Med. 2018;2018:1-20.

11. Liu X, Zhang H, Yan J, Li X, Li J, Hu J, Shang X, Yang H. Deciphering the
efficacy and mechanism of astragalus membranaceus on high altitude
polycythemia by integrating network pharmacology and in vivo experi-
ments. Nutrients, 2022; 14.

12. Zhang S, Hou Y, Liu S, Guo S, Ho C, Bai N. Exploring active ingredients,
beneficial effects, and potential mechanism of allium tenuissimum |.
Flower for treating t2dm mice based on network pharmacology and gut
microbiota. Nutrients. 2022;14:3980.

13. WanY, Liu D, Xia J, Xu J, Zhang L, Yang Y, Wu J, Ao H. Ginsenoside ck,
rather than rb1, possesses potential chemopreventive activities in human
gastric cancer via regulating PI3K/AKT/NF-kB signal pathway. Front Phar-
macol. 2022;13:977539.

14.  Almazroo OA, Miah MK, Venkataramanan R. Drug metabolism in the liver.
Clin Liver Dis. 2017,21:1-20.

15. Kirshner H, Schrag M. Management of intracerebral hemorrhage: update
and future therapies. Curr Neurol Neurosci Rep. 2021;21:57.

16. Feigin VL, Vos T, Alahdab F, Amit AML, Barnighausen TW, Beghi E, Beheshti
M, Chavan PP, Criqui MH, Desai R, DhammindaDharmaratne S, Dorsey ER,
Wilder Eagan A, Elgendy Y, Filip |, Giampaoli S, Giussani G, Hafezi-Nejad
N, Hole MK, lkeda T, Owens Johnson C, Kalani R, Khatab K, Khubchandani
J,Kim D, Koroshetz WJ, Krishnamoorthy V, Krishnamurthi RV, Liu X, Lo


https://doi.org/10.1186/s13020-023-00745-5
https://doi.org/10.1186/s13020-023-00745-5

Hu et al. Chinese Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

(2023) 18:40

WD, Logroscino G, Mensah GA, Miller TR, Mohammed S, Mokdad AH,
Moradi-Lakeh M, Morrison SD, Shivamurthy VKN, Naghavi M, Nichols E,
Norrving B, Odell CM, Pupillo E, Radfar A, Roth GA, Shafieesabet A, Sheikh
A, Sheikhbahaei S, Shin JI, Singh JA, Steiner TJ, Stovner LJ, Wallin MT, Weiss
J,Wu C, Zunt JR, Adelson JD, Murray CJL. Burden of neurological disorders
across the us from 1990-2017. Jama Neurol. 2021,78:165.

ZhengY, Li R, ZhouY, Zhang S, Fan X. Investigation on the potential
targets of astragaloside iv against intracerebral hemorrhage based on
network pharmacology and experimental validation. Bioorg Chem.
2022;127:105975.

DuanT,LiL,YuY,LiT,HanR, Sun X, CuiY, LiuT, Wang X, Wang Y, Fan X, Liu

Y, Zhang H. Traditional Chinese medicine use in the pathophysiological
processes of intracerebral hemorrhage and comparison with conventional
therapy. Pharmacol Res. 2022;179: 106200.

Xia ML, Xie XH, Ding JH, Du RH, Hu G. Astragaloside iv inhibits astrocyte senes-
cence: implication in Parkinson's disease. J Neuroinflammation. 2020;17:105.
LiL, Gan H,Jin H,Fang Y, Yang Y, Zhang J, Hu X, Chu L. Astragaloside iv pro-
motes microglia/macrophages m2 polarization and enhances neurogenesis
and angiogenesis through ppargamma pathway after cerebral ischemia/
reperfusion injury in rats. Int Immunopharmacol. 2021,92: 107335.

Zhou R, Song Y, Ruan J, Wang Y, Yan R. Pharmacokinetic evidence on the con-
tribution of intestinal bacterial conversion to beneficial effects of astragaloside
iv, a marker compound of astragali radix, in traditional oral use of the herb.
Drug Metab Pharmacokinet. 2012;27:586-97.

JinY, Guo X, Yuan B, Yu W, Suo H, Li Z, Xu H. Disposition of astragaloside

iv via enterohepatic circulation is affected by the activity of the intestinal
microbiome. J Agric Food Chem. 2015;63:6084-93.

ChenT, LiZ LiS, ZouY, Gao X, Shu S, Wang Z. Cycloastragenol suppresses
m1 and promotes m2 polarization in LPS-stimulated BV-2 cells and
ischemic stroke mice. Int Immunopharmacol. 2022;113: 109290.

LiM, Li S, Dou B, Zou Y, Han H, Liu D, Ke Z, Wang Z. Cycloastragenol
upregulates sirt1 expression, attenuates apoptosis and suppresses neuro-
inflammation after brain ischemia. Acta Pharmacol Sin. 2020;41:1025-32.
LiQ WuT, Zhao L, Pei J, Wang Z, Xiao W. Highly efficient biotransfor-
mation of astragaloside iv to cycloastragenol by sugar-stimulated
3-glucosidase and B-xylosidase from dictyoglomus thermophilum. J
Microbiol Biotechnol. 2019;29:1882-93.

Yang H, Lou C, SunL, Li J, Cai Y, Wang Z, Li W, Liu G, Tang Y. Admetsar 2.0:
web-service for prediction and optimization of chemical admet proper-
ties. Bioinformatics. 2019;35:1067-9.

Daina A, Michielin O, Zoete V. Swissadme: a free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of
small molecules. Sci Rep. 2017;7:42717.

Daina A, Michielin O, Zoete V. iLOGP: a simple, robust, and efficient
description of n-Octanol/water partition coefficient for drug design using
the gb/sa approach. J Chem Inf Model. 2014;54:3284-301.

Daina A, Zoete V. A boiled-egg to predict gastrointestinal absorption and
brain penetration of small molecules. ChemMedChem. 2016;11:1117-21.
Keiser MJ, Roth BL, Armbruster BN, Ernsberger P, Irwin JJ, Shoichet BK.
Relating protein pharmacology by ligand chemistry. Nat Biotechnol.
2007,25:197-206.

Daina A, Michielin O, Zoete V. SwissTargetPrediction: updated data and
new features for efficient prediction of protein targets of small molecules.
Nucleic Acids Res. 2019:47:W357-64.

Wang X, ShenY,Wang S, Li S, Zhang W, Liu X, Lai L, Pei J, Li H. PharmMap-
per 2017 update: a web server for potential drug target identification
with a comprehensive target pharmacophore database. Nucleic Acids
Res. 2017,45:W356-60.

Tan L, TuY, Wang K, Han B, Peng H, He C. Exploring protective effect of
glycine tabacina aqueous extract against nephrotic syndrome by net-
work pharmacology and experimental verification. Chin Med. 2020;15:79.
Becker KG, Barnes KC, Bright TJ, Wang SA. The genetic association data-
base. Nat Genet. 2004,36:431-2.

ShiM, MaY, Xu P. Evaluation of the mechanism of rujiling capsules in the
treatment of hyperplasia of mammary glands based on network pharma-
cology and molecular docking. Indian J Pharmacol. 2022;54:110-7.
Sadler R, Cramer JV, Heind! S, Kostidis S, Betz D, Zuurbier KR, Northoff

BH, Heijink M, Goldberg MP, Plautz EJ, Roth S, Malik R, Dichgans M,

Holdt LM, Benakis C, Giera M, Stowe AM, Liesz A. Short-chain fatty acids
improve poststroke recovery via immunological mechanisms. J Neurosci.
2020;40:1162-73.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

Page 18 of 18

Hernandez S, Rojas F, Laberiano C, Lazcano R, Wistuba |, Parra ER. Multiplex
immunofluorescence tyramide signal amplification for immune cell profiling
of paraffin-embedded tumor tissues. Front Mol Biosci. 2021,8: 667067.

Ma P,Wei B, Cao Y, Miao Q, Chen N, Guo C, Chen H, Zhang Y. Pharmacokinetics,
metabolism, and excretion of cycloastragenol, a potent telomerase activator
in rats. Xenobiotica. 2017;47:526-37.

Gfeller D, Grosdidier A, Wirth M, Daina A, Michielin O, Zoete V. Swisstarget-
prediction: a web server for target prediction of bioactive small molecules.
Nucleic Acids Res. 2014:42:W32-8.

Vidal-Limon A, Aguilar-Toald JE, Liceaga AM. Integration of molecular docking
analysis and molecular dynamics simulations for studying food proteins and
bioactive peptides. J Agric Food Chem. 2022;70:934-43.

Shahbaaz M, Nkaule A, Christoffels A. Designing novel possible kinase inhibi-
tor derivatives as therapeutics against mycobacterium tuberculosis: an in silico
study. Sci Rep. 2019,9:4405.

Smolders SM, Kessels S, Vangansewinkel T, Rigo J, Legendre P, Brone B. Micro-
glia: brain cells on the move. Prog Neurobiol. 2019;178: 101612.

ChituV, Biundo F, Stanley ER. Colony stimulating factors in the nervous system.
Semin Immunol. 2021;54: 101511.

Stanley ER, Chitu V. CSF-1 receptor signaling in myeloid cells. Cold Spring Harb
Perspect Biol. 2014,6:a21857.

Barca C, Kiliaan AJ, Foray C, Wachsmuth L, Hermann S, Faber C, Schafers
M, Wiesmann M, Jacobs AH, Zinnhardt B. A longitudinal PET/MRI study

of colony-stimulating factor 1 receptor-mediated microglia depletion in
experimental stroke. J Nucl Med. 2022;63:446-52.

Cammer M, Gevrey J, Lorenz M, Dovas A, Condeelis J, Cox D. The mecha-
nism of csf-1-induced wiskott-aldrich syndrome protein activation in vivo.
J Biol Chem. 2009;284:23302-11.

Li X, Gao X, Zhang W, Liu M, Han Z, Li M, Lei P, Liu Q. Microglial replace-
ment in the aged brain restricts neuroinflammation following intracer-
ebral hemorrhage. Cell Death Dis. 2022;13:33.

Li M, Li Z, Ren H, Jin W, Wood K, Liu Q, Sheth KN, Shi F. Colony stimulat-
ing factor 1 receptor inhibition eliminates microglia and attenuates

brain injury after intracerebral hemorrhage. J Cereb Blood Flow Metab.
2017;37:2383-95.

Mitra SK, Hanson DA, Schlaepfer DD. Focal adhesion kinase: in command
and control of cell motility. Nat Rev Mol Cell Biol. 2005;6:56-68.

Parsons JT, Martin KH, Slack JK, Taylor JM, Weed SA. Focal adhesion kinase:
a regulator of focal adhesion dynamics and cell movement. Oncogene.
2000;19:5606-13.

Rong Z, Cheng B, Zhong L, Ye X, Li X, Jia L, Li Y, Shue F, Wang N, Cheng Y,
Huang X, Liu CC, Fryer JD, Wang X, Zhang YW, Zheng H. Activation of fak/
rac1/cdc42-gtpase signaling ameliorates impaired microglial migration
response to a42 in triggering receptor expressed on myeloid cells 2
loss-of-function murine models. FASEB J. 2020;34:10984-97.

Choi |, Kim B, Byun J, Baik SH, Huh YH, Kim J, Mook-Jung |, Song WK, Shin
J,Seo H, Suh YH, Jou |, Park SM, Kang HC, Joe E. Lrtk2 g2019s mutation
attenuates microglial motility by inhibiting focal adhesion kinase. Nat
Commun. 2015;6:8255.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	A novel microbial and hepatic biotransformation-integrated network pharmacology strategy explores the therapeutic mechanisms of bioactive herbal products in neurological diseases: the effects of Astragaloside IV on intracerebral hemorrhage as an example
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Inclusion of the potentially effective compounds of ASIV
	Prediction of ADMET properties
	Targets screening of potentially effective compounds
	Screening of ICH targets
	Protein–protein interaction (PPI) network
	Pathway analysis
	The cell-specific gene distribution analysis
	Molecular docking
	Molecular dynamics simulation
	Cell culture
	Cell viability
	Cell migration assay
	Animal experiments
	Hematoxylin–eosin (H&E) staining
	Immunofluorescent staining
	Data analysis

	Results and discussion
	Microbial and hepatic biotransformation enhances the bioavailability and BBB permeability of ASIV
	Microbial and hepatic biotransformation increases the potential targets of ASIV in treating ICH
	Molecular docking and molecular dynamics simulation of ASIV derivatives and the additional targets.
	The orally administrated ASIV inhibits microgliamacrophage migration, proliferation, and chemokine secretion
	CA but not ASIV suppresses microglia proliferation and migration in vitro

	Conclusion
	Anchor 32
	Acknowledgements
	References


