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Diabetic wounds exhibit retarded and partial healing processes. Therefore, patients are
exposed to an elevated risk of infection. It has been verified that Angelica dahurica (Hoffm.)
Benth. and Hook. f. ex Franch. and Sav (A. dahurica) is conducive for wound healing.
However, the pharmacological mechanisms of A. dahurica are yet to be established. The
present study uses network pharmacology and in vivo experimental validation to
investigate the underlying process that makes A. dahurica conducive for faster wound
healing in diabetes patients. 54 potential targets in A. dahurica that act on wound healing
were identified through network pharmacology assays, such as signal transducer and
activator of transcription 3 (STAT3), JUN, interleukin-1β (IL-1β), tumor necrosis factor
(TNF), and prostaglandin G/H synthase 2 (PTGS2). Furthermore, in vivo validation showed
that A. dahurica accelerated wound healing through anti-inflammatory effects. More
specifically, it regulates the polarization of M1 and M2 subtypes of macrophages. A.
dahurica exerted a curative effect on diabetic wound healing by regulating the
inflammation. Hence, pharmacologic network analysis combined with in vivo validation
elucidated the probable effects and underlying mechanisms of A. dahurica’s therapeutic
effect on diabetic wound healing.
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INTRODUCTION

A wound heals in a natural reparative process. It is the process through which the body responds to
tissue injuries. Wound healing comprises four main continuous and overlapping stages, namely
homeostasis, inflammation, proliferation, and tissue remodeling (Gurtner et al., 2008). However,
failing to advance these four stages in an orderly manner results in impaired wound healing,
representing one of the primary causes of fatalities associated with diabetes. It affects nearly 25% of
diabetes patients (Armstrong et al., 2017). Such wounds often become points of entry for bacterial
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infections that could result in sepsis and lower-extremity
amputation (Morbach et al., 2012). Staggeringly, lower-
extremity amputation cases exhibit a five-year mortality rate of
nearly 50% (Gregg et al., 2014). Considering the increasing
number of diabetes patients, the prevalence of wound
complications is most likely to rise substantially, posing a
massive financial burden on patients and the worldwide
healthcare system.

The systematic complications associated with diabetes
potentiate the challenges involved in designing a suitable
treatment strategy (e.g., tissue hypoxia, impaired inflammatory
response, and reduced collagen generation) (Wong et al., 2015).
Generally, the protocol for treating a chronic wound entails
debridement of necrotic tissue, controlling the infection
through the use of topical antibiotics, and applying a dressing
on the wound. (e.g., films, fibers, and hydrogels) (Powers et al.,
2016). Health care professionals combine these medications,
often with less than satisfactory outcomes. Thus, it is clinically
significant to develop efficient therapeutic strategies. The best
method is to identify new effective medication, which would
promote wound closure and improve the prognosis of patients.

Angelica dahurica (Hoffm.) Benth. and Hook. f. ex Franch.
and Sav (Bai-zhi in Chinese, A. dahurica) is a popular plant. It is
edible and has medicinal qualities. It is in abundance in northern
China. Besides its consumption as a dietary supplement, A.
dahurica is also effective for treating pain, abscesses, and
furunculosis (Hou et al., 2017). The multiple benefits of A.
dahurica have been verified, including anti-inflammatory,
proangiogenic, and cell-stimulatory activities (Guo et al., 2020)
(Pereira and Bártolo, 2016). A previous study revealed that A.
dahurica blocks excessive proinflammatory cytokines, such as
interleukin-1β (IL-1β), interleukin-6 (IL-6), and interferon-γ
(IFN-γ) to provide protective effects against periodontal
diseases to alleviate inflammatory responses (Lee et al., 2017).
Our group indicated the promoted benefits of A. dahurica with
regards to accelerating wound healing via its effects on
neovascularization in excisional wounds in diabetic mice
(Zhang et al., 2017). However, the curative effects of A.
dahurica that regulate inflammation in diabetic wound healing
remain unclear. Meanwhile, there is evidence that macrophage
polarization plays a crucial part in the inflammatory state and
angiogenesis of wound surface (Wynn and Vannella, 2016).
Therefore, we speculated that A. dahurica could promote
diabetic wound healing by regulating macrophage polarization.
Besides, A. dahurica has an intricate composition with over 70
biologically active metabolites, including imperatorin,
isoimperatorin, oxypeucedanin hydrate, and more. (Zhao
et al., 2016). Given that studies have not reported the
underlying pharmacological processes of A. dahurica and its
active ingredients clearly, it is crucial to discover innovative
methods to recognize the potential treatment goals and active
compounds in A. dahurica. Network pharmacology analysis is an
advanced method. It combines drug half-life (HL) and drug-
likeness (DL) calculations, multi-target prediction models,
network analyses, and bioinformatics to identify active
ingredients and therapeutic goals of traditional Chinese
medicine (TCM) (Liu et al., 2013). Since network

pharmacology aims to explore drug interference or effect on
diseases and demonstrating the molecular level synergism law of
multicomponent drugs, it aligns with the idea of TCM and may
have potential use in investigating multi-target, complete
interventions using TCM as a basis. This study involves an
integrative study based on the examination of the complete
formula up to the active constituents to facilitate an
unequivocal interpretation of the therapeutic effects of A.
dahurica in diabetic wound healing. The study combines the
network pharmacology method and in vivo validation.

METHODS

Screening of Active Compounds
Each active compound in A. dahurica was obtained from the
Traditional Chinese Medicine Systems Pharmacology
database and Analysis Platform (TCMSP, http://tcmspw.
com) and literature review. TCMSP refers to a specialized
systems pharmacology platform dedicated to Chinese
traditional herbal medications. It contains the associations
between medication, targets, and illnesses (Ru et al., 2014).
Oral bioavailability (OB) is a fractional dosage that reaches
the circulatory system and is significant in the discovery of
most oral TCM. Drug-likeness (DL) refers to a qualitative
examination technique for drug design and is widely utilized
to assess the suitability of a compound to be used as
medication (Wu et al., 2020). Since a majority of the
compounds in TCM lack sufficient pharmacological
features, the compounds cannot bind explicit cell protein
markers effectively. Numerous scholars have suggested that
molecules with OB ≥ 30% and DL ≥ 0.18 could be regarded to
possess improved pharmacological effects and are suitable
candidate compounds for extensive examinations (Yu et al.,
2018; Kim et al., 2019; Ma et al., 2019; Wang et al., 2019).
Thus, the present empirical examination utilized this
technique for screening compounds and identifying ones
suitable for additional analysis.

Identification of Wound Healing Targets
The authors searched the following databases to identify the
therapeutic targets for treating wound healing: a) Gene Cards
database (https://www. genecards. org/, version 4.9.0) (Safran
et al., 2010); b) Online Mendelian Inheritance in Man (OMIM,
http://omim.org/) database (Hamosh et al., 2005). The present
research adopted the “Wound healing” as the keyword to search
the databases. The corresponding genes for diseases linked with
wound healing were obtained accordingly.

Compounds-Genes Network Construction
Firstly, the attained drug targets were intersected with the disease
genes to obtain the intersected genes. Afterward, according to the
interactions between the compounds and target genes, a network
of complex information was established. Next, the Cytoscape
3.7.2 software (https://cytos cape. Org/index. html) (Shannon
et al., 2003) was employed to conduct a visual analysis of the
“Compounds-Genes Network.” The Cytoscape 3.7.2 software is a
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dedicated graphing display, network analysis, and editing
software.

PPI Network Construction
Data corresponding to the protein-protein interactions was
collected from the String database (https://string-db.org/,
version 11.0, updated on January 19, 2019) (Hsia et al., 2015).
Once all the related ingredients and their probable targets were
obtained, the data was exported onto the String database to locate
the likely intersecting points and establish the association
between the targets. Afterward, the output files were used as
input to the Cytoscape software to obtain protein-protein
interaction (PPI) complex diagrams in a representable form to
characterize the association between A. dahurica and wound
healing intersection genes.

Network Analysis
Gene ontology (GO) enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment were carried out by connecting targets to the
Metascape database (https://metascape.org/gp/index.html#/
main/step1). In the GO evaluation, the GO term “biological
process” was highlighted. P- values were derived from the
Metascape database and allocated to below 0.05. The smaller
the p-value, the higher the enrichment.

Chemical Identification and Murine Model
of Wound Healing.
The herbal concentrate granules of A. dahurica were purchased
from Yifang Pharmaceutical. INC. (Guangdong. China). Lot
number: CG1802003.

Concentrated granules containing 100 mg of A. dahurica were
mixed with 1 ml of 50% methanol. Ultrasonic extraction was
conducted for a duration of 1 min. Next, the samples were
centrifuged at 10,000 rpm for 10 min at a temperature of 4°C.
The filtrate was diluted at 0.2–1 ml, and mixed with ultrasonic for
1 min. Next, the sample was once more centrifuged at 10,000 rpm
for a duration of 10 min at a temperature of 4°C. Next, 1 μL of an
aliquot of the supernatant was injected into the UPLC-QTOF/MS
system.

UPLC-Q-TOF-MS analysis was separated on a Waters
ACQUITY UPLC BEH C18 (2.1 mm × 50 mm, 1.7 μm)
column, eluted with acetonitrile-water gradient elution. The
flow rate was 0.25 ml/min. The volume of the injection was
1 μL. The column oven’s temperature was set to 30°C. The
UPLC/Q-TOF-MS system had an electrospray ion source that
operated in a positive ESI mode. The following MS parameters
are related to the process: source temperature of 100°C, 250°C for
desolvation temperature, cone gas flow of 50 L/h, desolvation gas
of 600 L/h, 3.0 kV for capillary voltage, and collision energy of
30–50V, respectively. The chromatogram ofA. dahurica extract is
shown in Supplementary Figure S1.

This study used db/db (C57BLKS/J-leprdb/leprdb) male mice
aged eight weeks as a model for Type-2 Diabetes Mellitus
(T2DM). The mean fasting blood glucose (FBG) of db/db
mice was 27.41 ± 1.02 mmol/L. Meanwhile, the control group

comprised heterozygous control db/m mice. The FBG of db/m
mice was 7.45 ± 0.14 mmol/L. The present study was approved by
the Experimental Animal Ethical Committee of Tianjin Medical
University. Before the tests, the mice were kept in specific
pathogen-free settings. The Leprdb/db mice were randomly
allocated into two groups, assigned to the experimental control
group (db/db, n � 18) and experimental group (db/db + A.
dahurica, n � 18). The mice in the experimental group were
treated with concentrate granules of A. dahurica dosage of
1.8 g/kg by gastric gavage per day. Meanwhile, Leprdb/m mice
(db/m, n � 18) and db/db experimental control groups were
administered with equal amounts of physiological saline once per
day. After anesthetizing the mice with an intraperitoneal injection
containing sodium pentobarbital, the dorsum was shaved and
sterilized with antiseptic wipes. Two full-thickness wounds that
were 6-mm in diameter were excised. Post-injury, six mice from
each group were euthanized using an intraperitoneal injection
containing sodium pentobarbital on day 4, and six were
euthanized on day 7. The wounds were excised using scissors.
One tissue from each mouse was treated with formalin and
processed to use for histological analysis, and the other was
snap-frozen at a temperature of −80°C.

On days 0, 2, 4, 7, and 14 after wounding, the mice were
anesthetized with an intraperitoneal injection of sodium
pentobarbital. The wounds were photographed to monitor the
healing process. The area of the wounds was analyzed by tracing
the wound margin with a fine-resolution computer mouse in an
NIH ImageJ analyzer to calculate the pixel area. The following
equation was used to determine the wound closure: wound
closure (%) � (A0—At)/A0 × 100, where A0 denotes the area
of the wound immediately after the surgery and At represents the
wound area on days 0, 2, 4, 7, and 14 post-surgery.

Histology and Immunofluorescence
Staining
Skin ulcers and surrounding tissues were collected from the mice on
day 4 and day 7, and treated with 10% formaldehyde and fixed in
paraffin. Small sections from the wound (4-μm thick) were
deparaffinized with xylene and rehydrated through a graded
ethanol series and stained with H&E (hematoxylin and eosin).
CD31, an indicator of the expression of endothelial cells in
preliminary vascular development, was utilized to distinguish
newly formed blood vessels. Immunofluorescence double-staining
of CD68 and inducible nitric oxide synthase (iNOS), a marker of
pro-inflammatory M1 phenotype of macrophage and
immunofluorescence double-staining of CD68, and Arginase-1
(Arg-1), a marker of anti-inflammatory M2 phenotypes of
macrophage, were utilized to identify the phenotypes of
macrophage. Regarding immunofluorescence, the skin sections
collected on day 4 were heated with Tris-EDTA, perforated with
1% Triton x-100, and blocked with 5% BSA. It was followed by
overnight incubation at 4°C with primary antibodies: anti-CD68
antibody (1:50, ab955, Abcam, United States), anti-iNOS antibody
(1:50, ab15323, Abcam, United States), anti-Arg-1 antibody (1:50,
ab91279, Abcam, United States), anti-CD31 antibody (1:50,
ab28364, Abcam, United States). Alexa Fluor 488 conjugated goat
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anti-mouse IgG second antibodies and Alexa Fluor 594
conjugated goat anti-rat IgG second antibodies (all 1:200,
Sungene, Tianjin, China) were included on the specimens for
a duration of 1 h at room temperature (RT). Besides, the
specimens were stained with 4′, 6-diamidino-2-phenylindole
(DAPI) to visualize the nuclei. Fluorescence signals were
detected with a light microscope.

Western Blot Analysis
A RIPA buffer (Solarbio, China) was used to extract proteins
from skin tissues per the manufacturer’s instructions. Moreover, a
BCA protein assay kit (Solarbio, China) was employed to obtain
the protein concentrations. The proteins from each empirical
group were separated by SDS-PAGE gels, shifted onto
nitrocellulose (NC) membranes, blocked with 5% defatted
milk for 2 h at RT, and incubated overnight at a temperature
of 4°C with the following primary antibodies: anti-iNOS antibody
(1:500, ab15323, Abcam, United States), anti-Arg-1 antibody (1:
500, ab91279, Abcam, United States), anti- IL-1β antibody (1:500,
ab9722, Abcam, United States), anti-TNF-α (1:500, ab1793,
Abcam, United States), anti-VEGF (vascular endothelial
growth factor) antibody (1:1000,19003-1-AP, Proteintech,
China), anti-CD68 antibody (1;1000, ab955, Abcam,
United States), anti- prostaglandin G/H synthase 2 (PTGS2)
antibody (1:500, sc-1747, Santa Cruz Biotechnology,
Germany), anti-transforming growth factor-beta1 (TGF-β1)
antibody (1;1000, ab170874, Abcam, United States), anti-IL-6
antibody (1:1000, ab9324, Abcam, United States), anti-signal
transducer and activator of transcription 3 (STAT3) antibody
(1:1000, 4904, Cell Signaling Technology, United States), anti-
JUN antibody (1:1000, 24909-1-AP, Proteintech, China) and
anti-GAPDH (1:4000, 60004-1-Ig, Proteintech, China). After
washing, the HRP-conjugated secondary anti-rabbit/mouse
antibody (Sungene Biotech, China) was utilized at a 1:3000
dilution ratio for a 1-h period at RT. A visualization of the
bands of protein was obtained using an enhanced
chemiluminescence (ECL) kit (Advansta, United States). The
ImageJ software was used to quantify the densitometry
analyses. The housekeeping protein GAPDH was utilized as a
loading control.

Statistical Analysis
The representation of data takes place in the form of mean ± SD.
A one-way analysis of variance was used as the basis to evaluate
the significance of the results using Prism 8.0.1 (Graphpad, San
Diego, CA, United States). p < 0.05 was regarded to be significant.
We repeated each test for a minimum of three times.

RESULTS

Screening for Active Compounds and The
Related Targets of The Compounds in A.
dahurica.
The TCMSP database lists 223 compounds of A. dahurica. Out of
these, 20 compounds possessed an OB higher than 30.0% and a

DL exceeding 0.18, which were consistent with the inclusion
criteria of the study. Table 1 lists the 20 active ingredients from A.
dahurica and their corresponding predicted OB andDL. Once the
compounds were collected from the TCMSP database, they were
converted into the UniProt database and the redundant items
were deleted. Ultimately, we obtained 74 targets related to the
compounds.

Collecting Identified Therapeutic Gene
Targets for Wound Healing
Overall, 4,129 identified therapeutic markers for wound healing
were obtained from the Gene Cards database. Additionally, five
more therapeutic targets were identified for wound healing were
collected from the OMIM database. Once the superfluous targets
were eliminated, a total of 4,134 known therapeutic markers for
wound healing remained, which included STAT3, PTGS2, TNF
and IL-6, etc.

Compounds-Genes Network Analysis
Overall, 54 overlaps exist between the 4,134 disease genes and 74 drug
genes. It means that these 54 overlapping genes could be instrumental
for treatingwoundhealing usingA. dahurica. The “Compounds-Genes
Network” shown in Figure 1 was constructed using the Cytoscape
software to elucidate the likely mechanism of A. dahurica acting on
wound healing. Since the target of the compound BZ6, also termed
ethyl oleate, did not intersect with the target of wound healing, it was
excluded. It was observed that out of the remaining 19 compounds,β-
sitosterol (BZ12) interacts with the largest number of targets, such as
IL-1β, PTGS2 and TNF. Additionally, as one of the main active
ingredients of A. dahurica (Mi et al., 2017), it was speculated that
imperatorin (BZ3) was related to PTGS2, IL-1β, IL-10, IL-6, etc.
Notably, PTGS2 was the most important target node, it could be
the target of numerous compounds.

PPI Network Analysis
This study devised a PPI network of overlapping targets. As
illustrated in Figure 2, the network is comprised of 42 nodes and
166 edges. Accordingly, proteins are connectable with other proteins.
Moreover, the proteins exhibit a higher number of interactions
between themselves than predicted for an arbitrary group of proteins
of identical size drawn from the genome. The enrichment is an
indicator that at the very least, the proteins are partly linked
biologically as a group, and the four proteins STAT3, TNF, JUN,
and IL-1β are located at the core position.

A. dahurica Improved Wound Healing in
diabetic Mice
As shown in Supplementary Figure S2A, on day 14 after injuring
the mice, the wound regions treated with A. dahurica were
remarkably narrower than those in db/db mice. Additionally, as
shown in Supplementary Figure S2B, A. dahurica treatment
advanced wound closure in db/db mice at a faster rate than that
of db/db mice. As illustrated in Figure 3, in contrast with day 7, the
H&E staining related to each wound bed on day 4 exhibited
noticeable infiltration of the inflammation. In contrast with the
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db/db group, there was lesser inflammatory cell infiltration and
higher neovascularization in the A. dahurica group on day 4.
Moreover, H&E staining related to the sections of the wounds
exhibited a higher thickness of the granulation tissue in the A.
dahurica-treated group on day 7 when contrasted with the db/db
group. Supplementary Table S1 describes the physical and
biochemical parameters of experimental mice after the intervention.

A. dahurica regulates macrophage
polarization, reduces inflammation and
promotes angiogenesis in vivo.
Furthermore, this study also inspected the protein levels of iNOS
and Arg-1, they are respectively important markers of M1 and
M2 macrophages. According to the Western blot analysis,
compared with db/db group in skin tissue, the protein levels

TABLE 1 | Showing the 20 active compounds from A. dahurica and their corresponding predicted oral bioavailability (OB) and drug-likeliness (DL).

No PubChem molecule ID Molecule name OB value (%) DL value

BZ1 MOL001494 Mandenol 42 0.19
BZ2 MOL001939 Alloisoimperatorin 34.8 0.22
BZ3 MOL001941 Imperatorin 34.55 0.22
BZ4 MOL001942 Isoimperatorin 45.46 0.23
BZ5 MOL001956 Cnidilin 32.69 0.28
BZ6 MOL002883 Ethyl_oleate 32.4 0.19
BZ7 MOL005789 Neobyakangelico l 36.18 0.31
BZ8 MOL005792 Pabulenol 42.85 0.26
BZ9 MOL005800 Byakangelicol 41.42 0.36
BZ10 MOL005806 Oxypeucedanin hydrate 39.99 0.29
BZ11 MOL005807 Sen-byakangelicol 58 0.61
BZ12 MOL000358 Beta-sitosterol 36.91 0.75
BZ13 MOL000449 Stigmasterol 43.83 0.76
BZ14 MOL000953 Cholesterol 37.87 0.68
BZ15 MOL001749 Bis [(2R)-2-ethylhexyl] benzene-1,2-dicarboxylate (ZINC03860434) 43.59 0.35
BZ16 MOL002644 Phellopterin 40.19 0.28
BZ17 MOL003588 Alloimperatorin 36.31 0.22
BZ18 MOL003791 2-Linoleoylglycerol 37.28 0.3
BZ19 MOL007514 11,14-Eicosadienoic acid, methyl ester 39.67 0.23
BZ20 MOL013430 Prangenin 43.6 0.29

FIGURE 1 | The Compounds-Genes (C–G) network.
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of Arg-1 exhibited a significant increment and iNOS exhibited a
significant reduction in the A. dahurica group. Moreover,
compared with the experimental control groups, the protein
levels of CD68, IL-1β, TNF-α, and IL-6 were significantly
lower in the A. dahurica group. In contrast with the db/db

mice, the protein level of PTGS2 was significantly decreased in
the A. dahurica group. The expression level of VEGF and TGF-β1
protein in the skin tissue in the group of A. dahurica was
significantly increased than that of the db/db mice.
Additionally, compared with db/db mice, the levels of protein

FIGURE 2 | The protein-protein interaction (PPI) network.

FIGURE 3 | Representative images of H and E staining sections of wounds at days 4 and days 7 post-operation (scale bar: 500, 100 μm), n � 6 animals per group.
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of STAT3 and JUN were significantly higher in the A. dahurica
group. (Figures 4A–D). Based on the outcomes of
immunofluorescent staining in wounds of A. dahurica group,
M1-like (iNOS + CD68+) cells were significantly reduced and
M2- like (Arg-1+ CD68+) cells were considerably increased when
compared with db/db group wounds on day 4 following the
wounding (Figures 5A,B,D,E). Also, this study performed
immunostaining on the endothelial cell marker CD31 (Figures
5C,F) to observe the wound neovascularization and the density of
CD31+ expression on the surface of the wound in the A. dahurica
group was tremendously elevated compared to untreated db/
db mice.

DISCUSSION

This study indicated a novel mechanism of the A. dahurica that
accelerates diabetic wound healing through a network
pharmacology and experimental validation. According to the
outcomes of the study, there were 19 active components that
acted on key targets, such as PTGS2, IL-1β, TNF, STAT3,
respectively. Moreover, it was speculated that β-sitosterol
would be related to PTGS2, IL-1β, IL-6, TNF, SATA3, which
indicates than an exclusive active ingredient has the capacity to
act on several markers for diseases. A previous study found that
β-sitosterol stimulated the motility of the endothelial cells in the
umbilical vein of humans in an in vitro wound migration assay
(Moon et al., 1999). Besides, stigmasterol has shown effective
outcomes when used to heal wounds. The therapeutic effect of

stigmasterol on wound healing could be realized by inhibiting the
fibroplasia and inflammatory cells (Pinto et al., 2016). However,
in the present study, these two components were not identified in
the extract of A. dahurica by UPLC/Q-TOF-MS system.
Imperatorin (BZ3), one of the main active ingredients of A.
dahurica (Mi et al., 2017) could play an instrumental role in
the network. It was speculated that imperatorin would be related
to PTGS2, IL-1β, IL-10, IL-6, etc. A past research verified the anti-
inflammatory effects of imperatorin on psoriasiform dermatitis in
mice (Tsai et al., 2020), which is consistent with our network
pharmacology predication.

Meanwhile, the same target was linked to a range of active
ingredients in A. dahurica, implying that the active ingredients in
A. dahurica induce a synergistic effect when used to treat wound
healing. PTGS2, namely COX-2, is one of the predicted targets, it
could play a vital role in wound healing. Reportedly, PTGS2 is a
rate-limiting enzyme regulating the synthesis of prostaglandins
during the metabolism of arachidonic acid (Kaur et al., 2019), and
it is primarily entailed in a range of inflammatory reactions in the
body (Sharma et al., 2019). A previous study has also suggested
that the PTGS2 inhibitor normalizes the preliminary
inflammatory response and proceeds to accelerate the fate of
wound healing postinjury (Darby and Weller, 2017). According
to recent studies, selective PTGS2 inhibitors enhance the quality
of post-wounding scars (Hu et al., 2014), which aligns with the
outcomes predicted in the network.

Furthermore, the PPI network exhibited sophisticated
interactions between the 54 overlapping genes. STAT3, JUN,
TNF and IL-1β are located at the core position and had close

FIGURE 4 | (A): Representative Western blot analysis of PTGS2 (72 kDa), IL-6 (21 kDa), CD68 (37 kDa), TNF-α (25 kDa), IL-1β (27 kDa), and iNOS (131 kDa) in
mice. (B): Representative Western blot analysis of Arg-1 (37 kDa), VEGF (40 kDa), TGF-β1 (75 kDa), STAT3 (88 kDa), and JUN (40 kDa) in mice. (C): Densitometric
results of PTGS2, IL-6, CD68, TNF-α, IL-1β and iNOS in mice as determined by Western blot. Error bars represent SD. **p < 0.01, ***p < 0.001, #p < 0.05, ###p < 0.001,
*db/db vs. db/m group, # db/db + A. dahurica vs. db/db group, n � 6 animals per group. (D): Densitometric results of Arg-1, VEGF, TGF-β1, STAT3, and JUN in
mice as determined byWestern blot. Error bars represent SD. **p < 0.01, ***p < 0.001, ##p < 0.01, ###p < 0.001, * db/db vs. db/m group, # db/db + A. dahurica vs. db/db
group, n � 6 animals per group.
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interactions, this enrichment implies that in the very least, the
proteins are partly connected biologically as a group, which
regulates the advancement of diabetic wound healing (Wu
et al., 2020). Reportedly, STAT3 has central roles in healing
skin wounds, keratinocyte migration, and growth of hair follicles
(Sano et al., 2008). The present in vivo study discovered a
significant increase in the protein level of STAT3 after A.
dahurica intervention. The result indicates that STAT3 may be
the target of A. dahurica, which is consistent with the prediction
of the PPI network. In addition, in the present study, western blot
data revealed that A. dahurica significantly increased JUN
expression on the protein levels. It has been demonstrated that
c-JUN is crucial for regulating an epidermal growth factor
autocrine loop, which creates the epidermal leading edge.
Thereby, it has a critical role in the cutaneous healing of
wounds (Li et al., 2003). Another research reported by Yue

et al. found that the overexpression of c-JUN improves the
rapidity at which wounds heal in diabetic rats (Yue et al.,
2020). Accordingly, the results suggest that A. dahurica may
improve the rate at which wounds heal through several targets, is
consistent with the idea of TCM. Moreover, TNF and IL-1β also
have a significant part to play in the network, inferring that A.
dahurica may promote diabetic wound healing by regulating the
inflammatory response.

Macrophage polarization assumes critical regulatory roles
during inflammatory and in the initial proliferative phase of
wound healing (Witherel et al., 2021). The chief human
macrophages were polarized to distinct phenotypes, which
include pro-inflammatory M1, pro-healing M2, and a hybrid
M1/M2, all are produced through the simultaneous exposure of
macrophages to M1-and M2-promoting parallel stimuli.
Generally, the inflammatory phase of normal wounds takes

FIGURE 5 | (A): Immunofluorescence staining of iNOS (red) and CD68 (green) in the wound bed (scale bar: 50 μm). (B): Immunofluorescence staining of Arg-1 (red)
and CD68 (green) in the wound bed (scale bar: 50 μm). (C): Immunofluorescence staining for CD31 in the wound vessels (scale bar: 50 μm). (D–F): Quantification of
iNOS + cells, Arg-1+cells, and CD31 + cells in diabetic skin wounds. (n � 5 in each group). ***p < 0.001, ##p < 0.01, ###p < 0.001, * db/db vs. db/m group, # db/db + A.
dahurica vs. db/db group.
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anywhere from several hours to 3–4 days (Hesketh et al., 2017).
However, the diabetic wound environment is characterized by
pro-inflammatory M1 phenotype hyperpolarization and
extended inflammation due to the inhibited advancement in
the healing process and then cause the development of
diabetic foot ulcers in humans (Ganesh and Ramkumar, 2020).
A previous study reported that A. dahurica inhibited the
expression of PTGS2 and iNOS in lipopolysaccharide (LPS)-
stimulated RAW264.7 cells (Lee et al., 2011). Having said so,
the exact underlying mechanism of A. dahurica that acts on
macrophages in diabetic wound healing is yet to be fully
established. Therefore, this study conducted in vivo
experiments to ensure the validity of the prediction to a
certain degree by verifying the role that A. dahurica plays in
regulating the polarization of macrophages. The present study
found that A. dahurica therapy advanced excisional wound
healing in a full-thickness cutaneous wound healing model in
db/db mice. Also, A. dahurica inhibited M1 polarization of ulcer
tissue macrophages in db/db mice and promoted M2
polarization. M1 macrophages are a critical source for a range
of inflammatory factors in wounds. Following A. dahurica
treatment, the secretion of inflammatory factors, such as IL-
1β, TNF-α, and IL-6 also reduced significantly, which is of great
significance to diminish wound inflammatory cell infiltration.
This finding is consistent with previous studies that indicated A.
dahurica decreased inflammatory cytokines levels, such as TNF-
α, IL-6, and accelerated wound closure in rats (Yang et al., 2020).
Furthermore, a recent study reported that A. dahurica decreased
the mRNA expression of IL-6, IL-4, and TNF-α in the tissues of
mice skin. It generated beneficial effects of atopic dermatitis (Ku
et al., 2017), which conforms with the findings of the present
study related to the anti-inflammatory effects of A. dahurica.
Moreover, there was a significant reduction in the level of protein
of PTGS2 following A. dahurica intervention, which was
consistent with the network pharmacological prediction.
Similarly, numerous studies have reported the anti-
inflammatory effects of imperatorin (BZ3), a main bioactive
component of A. dahurica, such as reduced iNOS and PTGS2
expression, as well as IL-6 and TNF-α production (Huang et al.,
2012; Li et al., 2019; Wang et al., 2021), which is consistent with
our network predication. Guo et al. also discovered that
imperatorin significantly reduced the TNF-α levels induced by
LPS, IL-1β, and IL-6 in RAW 264.7 macrophages in a
concentration-dependent approach (Guo et al., 2012). In
addition, as reported by Moon et al. (Moon et al., 2008),
isoimperatorin (BZ4), another active ingredient of A. dahurica,
inhibits the PTGS2 generation in bone marrow-derived mast cells
(BMMC). Therefore, it could be a novel anti-inflammatory drug,
which is consistent with the results projected in the network.
Besides, our network pharmacology results are also consistent
with a study that showed the anti-allergic inflammation effects of
oxypeucedanin hydrate (BZ10) in RBL-2H3 cells (Li and Wu,
2017).

Moreover, A. dahurica treatment also exhibited a clear
enhancement of angiogenesis to accelerate wound closure.
VEGF refers to a highly specific growth factor that promotes
vascular endothelial cell growth secreted by M2 subtype

macrophages (Ning et al., 2019). The present study also
found that after A. dahurica gavage, M2 subtype
macrophages of db/db mice secreted a significant amount
of VEGF in the later stage of inflammation, as a result, it could
advance the proliferation, migration, and angiogenesis of
endothelial cells in granulation tissue. Likewise, a recent
study by our group demonstrated that compared to
untreated mice, A. dahurica-treated diabetic mice had a
higher number of freshly formed vessels during the
proliferative phase (Zhang et al., 2017). Additionally, the
present study also indicated that compared to the db/db
mice, the TGF-β1 expression was remarkably higher in the
group treated with A. dahurica. It suggests that wound healing
necessitates TGF-β1, a cytokine that effectively triggers
fibroblasts (Gan et al., 2019). Besides, in patients with
diabetes, the resting skin is thinner in the panniculus
adiposus layer and hair follicles are reduced (McBride
et al., 2014). However, our research primarily concentrates
on the inflammatory response related to diabetic wound
healing, which primarily occurs during the initial phase of
wound healing. In future research, we will extensively
examine the effect of A. dahurica on the skin and hair
related to wound healing in diabetes. The results of this
study collectively demonstrated that A. dahurica shows
potential therapeutic benefits on wound healing. Besides,
the inhibition of inflammation is most likely to be one of
the preferred approaches to accelerate wound healing,
particularly by regulating the polarization of macrophages,
which aligns with the targets projected in the network.

CONCLUSION

In summary, this study provided beneficial fresh insights to
advance our comprehension of the mechanism underlying the
action of A. dahurica accelerating diabetic wound healing.
Using network pharmacology and in vivo experiments, this
research systematically revealed that A. dahurica may have
the capacity to effectively improve the inflammatory response
in the diabetic wound healing process. Therefore, the
preliminary conclusion is that A. dahurica is useful in
the treatment of diabetic wound healing by regulating the
polarization of macrophages, which paves the path for the
specific molecular mechanism of active components in A.
dahurica. Additionally, the network pharmacology
framework explained in this study has the potential to
provide a novel platform to treat diabetic wound healing
with TCM and for the development of novel and safe anti-
inflammatory medication for treating wounds in diabetic
patients.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 6787139

Hu et al. Pharmacological Mechanisms of Angelica Dahurica

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


ETHICS STATEMENT

The animal study was reviewed and approved by Experimental
Animal Ethical Committee of Tianjin Medical University.

AUTHOR CONTRIBUTIONS

CP designed the study. YH and SL completed systemic
pharmacology study. YH and ZY completed in vivo
experiments. All authors participated in drafting of the
manuscript and approved the final manuscript.

FUNDING

This work was supported by the National Natural Science Foundation
of China (No. 81873304) and the Tianjin Health Commission Science
and Technology Talent Cultivation Project (No. KJ20022).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.678713/
full#supplementary-material

REFERENCES

Armstrong, D. G., Boulton, A. J. M., and Bus, S. A. (2017). Diabetic Foot Ulcers and
Their Recurrence. N. Engl. J. Med. 376 (24), 2367–2375. doi:10.1056/
NEJMra1615439

Darby, I. A., and Weller, C. D. (2017). Aspirin Treatment for Chronic Wounds:
Potential Beneficial and Inhibitory Effects. Wound Repair Regen. 25 (1), 7–12.
doi:10.1111/wrr.12502

Gan, J., Liu, C., Li, H., Wang, S., Wang, Z., and Kang, Z. (2019). AcceleratedWound
Healing in Diabetes by Reprogramming the Macrophages with Particle-
Induced Clustering of the Mannose Receptors. Biomaterials 219, 119340.
doi:10.1016/j.biomaterials.2019.119340

Ganesh, G. V., and Ramkumar, K. M. (2020). Macrophage Mediation in normal
and Diabetic Wound Healing Responses. Inflamm. Res. 69 (4), 347–363.
doi:10.1007/s00011-020-01328-y

Gregg, E. W., Li, Y., Wang, J., Burrows, N. R., Ali, M. K., and Rolka, D. (2014).
Changes in Diabetes-Related Complications in the United States, 1990-2010. N.
Engl. J. Med. 370 (16), 1514–1523. doi:10.1056/NEJMoa1310799

Guo, J., Hu, Z., Yan, F., Lei, S., Li, T., and Li, X. (2020). Angelica Dahurica
Promoted Angiogenesis and AcceleratedWound Healing in Db/dbMice via the
HIF-1α/pdgf-β Signaling Pathway. Free Radic. Biol. Med. 160, 447–457.
doi:10.1016/j.freeradbiomed.2020.08.015

Guo, W., Sun, J., Jiang, L., Duan, L., Huo, M., and Chen, N. (2012). Imperatorin
Attenuates LPS-Induced Inflammation by Suppressing NF-Κb and MAPKs
Activation in RAW 264.7 Macrophages. Inflammation 35 (6), 1764–1772.
doi:10.1007/s10753-012-9495-9

Gurtner, G. C., Werner, S., Barrandon, Y., and Longaker, M. T. (2008). Wound
Repair and Regeneration. Nature 453 (7193), 314–321. doi:10.1038/
nature07039

Hamosh, A., Scott, A. F., Amberger, J. S., Bocchini, C. A., and McKusick, V. A.
(2005). Online Mendelian Inheritance in Man (OMIM), a Knowledgebase of
Human Genes and Genetic Disorders. Nucleic Acids Res. 33, D514–D517.
doi:10.1093/nar/gki033

Hesketh, M., Sahin, K. B., West, Z. E., and Murray, R. Z. (2017). Macrophage
Phenotypes Regulate Scar Formation and Chronic Wound Healing. Int. J. Mol.
Sci. 18 (7), 1545. doi:10.3390/ijms18071545

Hou, M., Tang, Q., Xue, Q., Zhang, X., Liu, Y., and Yang, S. (2017).
Pharmacodynamic Action and Mechanism of Du Liang Soft Capsule, a
Traditional Chinese Medicine Capsule, on Treating Nitroglycerin-Induced
Migraine. J. Ethnopharmacol. 195, 231–237. doi:10.1016/j.jep.2016.11.025

Hsia, C. W., Ho, M. Y., Shui, H. A., Tsai, C. B., and Tseng, M. J. (2015). Analysis of
Dermal Papilla Cell Interactome Using STRINGDatabase to Profile the Ex Vivo
Hair Growth Inhibition Effect of a vinca Alkaloid Drug, Colchicine. Int. J. Mol.
Sci. 16 (2), 3579–3598. doi:10.3390/ijms16023579

Hu, Y., Zhang, Y., Zhang, Y., and Yao, M. (2014). [Effects of Cyclooxygenase 2
Prostaglandin E2 Induced by Reactive Oxygen Species on Wound Healing].
Zhonghua Shao Shang Za Zhi 30 (3), 254–257.

Huang, G. J., Deng, J. S., Liao, J. C., Hou, W. C., Wang, S. Y., and Sung, P. J. (2012).
Inducible Nitric Oxide Synthase and Cyclooxygenase-2 Participate in Anti-
inflammatory Activity of Imperatorin from Glehnia Littoralis. J. Agric. Food
Chem. 60 (7), 1673–1681. doi:10.1021/jf204297e

Kaur, B., Kaur, M., Kaur, N., Garg, S., Bhatti, R., and Singh, P. (2019). Engineered
Substrate for Cyclooxygenase-2: A Pentapeptide Isoconformational to
Arachidonic Acid for Managing Inflammation. J. Med. Chem. 62 (13),
6363–6376. doi:10.1021/acs.jmedchem.9b00823

Kim, S. K., Lee, S., Lee, M. K., and Lee, S. (2019). A Systems Pharmacology
Approach to Investigate the Mechanism of Oryeong-San Formula for the
Treatment of Hypertension. J. Ethnopharmacol. 244, 112129. doi:10.1016/
j.jep.2019.112129

Ku, J. M., Hong, S. H., Kim, H. I., Seo, H. S., Shin, Y. C., and Ko, S. G. (2017). Effects
of Angelicae Dahuricae Radix on 2, 4-Dinitrochlorobenzene-Induced Atopic
Dermatitis-like Skin Lesions in Mice Model. BMC Complement. Altern. Med. 17
(1), 98. doi:10.1186/s12906-017-1584-8

Lee, H. J., Lee, H., Kim, M. H., Choi, Y. Y., Ahn, K. S., and Um, J. Y. (2017).
Angelica Dahurica Ameliorates the Inflammation of Gingival Tissue via
Regulation of Pro-inflammatory Mediators in Experimental Model for
Periodontitis. J. Ethnopharmacol. 205, 16–21. doi:10.1016/j.jep.2017.04.018

Lee, M. Y., Lee, J. A., Seo, C. S., Ha, H., Lee, H., and Son, J. K. (2011). Anti-
inflammatory Activity of Angelica Dahurica Ethanolic Extract on RAW264.7
Cells via Upregulation of Heme Oxygenase-1. Food Chem. Toxicol. 49 (5),
1047–1055. doi:10.1016/j.fct.2011.01.010

Li, D., and Wu, L. (2017). Coumarins from the Roots of Angelica Dahurica Cause
Anti-allergic Inflammation. Exp. Ther. Med. 14 (1), 874–880. doi:10.3892/
etm.2017.4569

Li, G., Gustafson-Brown, C., Hanks, S. K., Nason, K., Arbeit, J. M., and Pogliano, K.
(2003). c-Jun Is Essential for Organization of the Epidermal Leading Edge. Dev.
Cel. 4 (6), 865–877. doi:10.1016/s1534-5807(03)00159-x

Li, Y. Z., Chen, J. H., Tsai, C. F., and Yeh, W. L. (2019). Anti-inflammatory
Property of Imperatorin on Alveolar Macrophages and Inflammatory Lung
Injury. J. Nat. Prod. 82 (4), 1002–1008. doi:10.1021/acs.jnatprod.9b00145

Liu, J., Pei, M., Zheng, C., Li, Y., Wang, Y., and Lu, A. (2013). A Systems-
Pharmacology Analysis of Herbal Medicines Used in Health Improvement
Treatment: Predicting Potential New Drugs and Targets. Evid. Based
Complement. Alternat Med. 2013, 938764. doi:10.1155/2013/938764

Ma, C., Zhai, C., Xu, T., Lu, F., Zhang, S., and Li, C. (2019). A Systems
Pharmacology-Based Study of the Molecular Mechanisms of San Cao
Decoction for Treating Hypertension. Evid. Based Complement. Alternat
Med. 2019, 3171420. doi:10.1155/2019/3171420

McBride, J. D., Jenkins, A. J., Liu, X., Zhang, B., Lee, K., and Berry, W. L. (2014).
Elevated Circulation Levels of an Antiangiogenic SERPIN in Patients with
Diabetic Microvascular Complications Impair Wound Healing through
Suppression of Wnt Signaling. J. Invest. Dermatol. 134 (6), 1725–1734.
doi:10.1038/jid.2014.40

Mi, C., Ma, J., Wang, K. S., Zuo, H. X., Wang, Z., and Li, M. Y. (2017). Imperatorin
Suppresses Proliferation and Angiogenesis of Human colon Cancer Cell by
Targeting HIF-1α via the mTOR/p70S6K/4E-BP1 and MAPK Pathways.
J. Ethnopharmacol. 203, 27–38. doi:10.1016/j.jep.2017.03.033

Moon, E. J., Lee, Y. M., Lee, O. H., Lee, M. J., Lee, S. K., and Chung, M. H.
(1999). A Novel Angiogenic Factor Derived from Aloe Vera Gel: Beta-
Sitosterol, a Plant Sterol. Angiogenesis 3 (2), 117–123. doi:10.1023/a:
1009058232389

Moon, T. C., Jin, M., Son, J. K., and Chang, H. W. (2008). The Effects of
Isoimperatorin Isolated from Angelicae Dahuricae on Cyclooxygenase-2 and

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 67871310

Hu et al. Pharmacological Mechanisms of Angelica Dahurica

https://www.frontiersin.org/articles/10.3389/fphar.2021.678713/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.678713/full#supplementary-material
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1111/wrr.12502
https://doi.org/10.1016/j.biomaterials.2019.119340
https://doi.org/10.1007/s00011-020-01328-y
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1016/j.freeradbiomed.2020.08.015
https://doi.org/10.1007/s10753-012-9495-9
https://doi.org/10.1038/nature07039
https://doi.org/10.1038/nature07039
https://doi.org/10.1093/nar/gki033
https://doi.org/10.3390/ijms18071545
https://doi.org/10.1016/j.jep.2016.11.025
https://doi.org/10.3390/ijms16023579
https://doi.org/10.1021/jf204297e
https://doi.org/10.1021/acs.jmedchem.9b00823
https://doi.org/10.1016/j.jep.2019.112129
https://doi.org/10.1016/j.jep.2019.112129
https://doi.org/10.1186/s12906-017-1584-8
https://doi.org/10.1016/j.jep.2017.04.018
https://doi.org/10.1016/j.fct.2011.01.010
https://doi.org/10.3892/etm.2017.4569
https://doi.org/10.3892/etm.2017.4569
https://doi.org/10.1016/s1534-5807(03)00159-x
https://doi.org/10.1021/acs.jnatprod.9b00145
https://doi.org/10.1155/2013/938764
https://doi.org/10.1155/2019/3171420
https://doi.org/10.1038/jid.2014.40
https://doi.org/10.1016/j.jep.2017.03.033
https://doi.org/10.1023/a:1009058232389
https://doi.org/10.1023/a:1009058232389
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


5-lipoxygenase in Mouse Bone Marrow-Derived Mast Cells. Arch. Pharm. Res.
31 (2), 210–215. doi:10.1007/s12272-001-1143-0

Morbach, S., Furchert, H., Gröblinghoff, U., Hoffmeier, H., Kersten, K., and
Klauke, G. T. (2012). Long-term Prognosis of Diabetic Foot Patients and
Their Limbs: Amputation and Death over the Course of a Decade. Diabetes
Care 35 (10), 2021–2027. doi:10.2337/dc12-0200

Ning, J., Zhao, H., Chen, B., Mi, E. Z., Yang, Z., and Qing, W. (2019). Argon
Mitigates Impaired Wound Healing Process and Enhances Wound Healing In
Vitro and In Vivo. Theranostics 9 (2), 477–490. doi:10.7150/thno.29361

Pereira, R. F., and Bártolo, P. J. (2016). Traditional Therapies for Skin Wound
Healing. Adv. Wound Care (New Rochelle) 5 (5), 208–229. doi:10.1089/
wound.2013.0506

Pinto, N. C., Cassini-Vieira, P., Souza-Fagundes, E. M., Barcelos, L. S., Castañon,
M. C., and Scio, E. (2016). Pereskia Aculeata Miller Leaves Accelerate Excisional
Wound Healing in Mice. J. Ethnopharmacol. 194, 131–136. doi:10.1016/
j.jep.2016.09.005

Powers, J. G., Higham, C., Broussard, K., and Phillips, T. J. (2016). Wound Healing
and Treating Wounds: Chronic Wound Care and Management. J. Am. Acad.
Dermatol. 74 (4), 607–625. doi:10.1016/j.jaad.2015.08.070

Ru, J., Li, P., Wang, J., Zhou, W., Li, B., and Huang, C. (2014). TCMSP: a Database
of Systems Pharmacology for Drug Discovery from Herbal Medicines.
J. Cheminform 6, 13. doi:10.1186/1758-2946-6-13

Safran, M., Dalah, I., Alexander, J., Rosen, N., Iny Stein, T., and Shmoish, M.
(2010). GeneCards Version 3: the Human Gene Integrator. Database (Oxford)
2010, baq020. doi:10.1093/database/baq020

Sano, S., Chan, K. S., and DiGiovanni, J. (2008). Impact of Stat3 Activation upon
Skin Biology: a Dichotomy of its Role between Homeostasis and Diseases.
J. Dermatol. Sci. 50 (1), 1–14. doi:10.1016/j.jdermsci.2007.05.016

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., and Ramage, D.
(2003). Cytoscape: a Software Environment for Integrated Models of
Biomolecular Interaction Networks. Genome Res. 13 (11), 2498–2504.
doi:10.1101/gr.1239303

Sharma, V., Bhatia, P., Alam, O., Javed Naim, M., Nawaz, F., and Ahmad Sheikh, A.
(2019). Recent Advancement in the Discovery and Development of COX-2
Inhibitors: Insight into Biological Activities and SAR Studies (2008-2019).
Bioorg. Chem. 89, 103007. doi:10.1016/j.bioorg.2019.103007

Tsai, Y. F., Chen, C. Y., Lin, I. W., Leu, Y. L., Yang, S. C., and Syu, Y. T. (2020).
Imperatorin Alleviates Psoriasiform Dermatitis by Blocking Neutrophil
Respiratory Burst, Adhesion, and Chemotaxis through Selective
Phosphodiesterase 4 Inhibition. Antioxid. Redox Signal. doi:10.1089/
ars.2019.7835

Wang, N., Wang, J., Zhang, Y., Zeng, Y., Hu, S., and Bai, H. (2021). Imperatorin
Ameliorates Mast Cell-Mediated Allergic Airway Inflammation by Inhibiting
MRGPRX2 and CamKII/ERK Signaling Pathway. Biochem. Pharmacol. 184,
114401. doi:10.1016/j.bcp.2020.114401

Wang, N., Zhu, F., Shen, M., Qiu, L., Tang, M., and Xia, H. (2019). Network
Pharmacology-Based Analysis on Bioactive Anti-diabetic Compounds in

Potentilla Discolor Bunge. J. Ethnopharmacol. 241, 111905. doi:10.1016/
j.jep.2019.111905

Witherel, C. E., Sao, K., Brisson, B. K., Han, B., Volk, S. W., and Petrie, R. J. (2021).
Regulation of Extracellular Matrix Assembly and Structure by Hybrid M1/M2
Macrophages. Biomaterials 269, 120667. doi:10.1016/j.biomaterials.2021.120667

Wong, S. L., Demers, M., Martinod, K., Gallant, M., Wang, Y., and Goldfine, A. B.
(2015). Diabetes Primes Neutrophils to Undergo NETosis, Which Impairs
Wound Healing. Nat. Med. 21 (7), 815–819. doi:10.1038/nm.3887

Wu, W., Yang, S., Liu, P., Yin, L., Gong, Q., and Zhu, W. (2020). Systems
Pharmacology-Based Strategy to Investigate Pharmacological Mechanisms of
Radix Puerariae for Treatment of Hypertension. Front. Pharmacol. 11, 345.
doi:10.3389/fphar.2020.00345

Wynn, T. A., and Vannella, K. M. (2016). Macrophages in Tissue Repair,
Regeneration, and Fibrosis. Immunity 44 (3), 450–462. doi:10.1016/
j.immuni.2016.02.015

Yang,W. T., Ke, C. Y.,Wu,W. T., Tseng, Y. H., and Lee, R. P. (2020). Antimicrobial
and Anti-inflammatory Potential of Angelica Dahurica and Rheum Officinale
Extract Accelerates Wound Healing in Staphylococcus Aureus-Infected
Wounds. Sci. Rep. 10 (1), 5596. doi:10.1038/s41598-020-62581-z

Yu, G., Wang, W., Wang, X., Xu, M., Zhang, L., and Ding, L. (2018). Network
Pharmacology-Based Strategy to Investigate Pharmacological Mechanisms of
Zuojinwan for Treatment of Gastritis. BMC Complement. Altern. Med. 18 (1),
292. doi:10.1186/s12906-018-2356-9

Yue, C., Guo, Z., Luo, Y., Yuan, J., Wan, X., and Mo, Z. (2020). c-Jun
Overexpression Accelerates Wound Healing in Diabetic Rats by Human
Umbilical Cord-Derived Mesenchymal Stem Cells. Stem Cell Int. 2020,
7430968. doi:10.1155/2020/7430968

Zhang, X. N., Ma, Z. J., Wang, Y., Sun, B., Guo, X., and Pan, C. Q. (2017). Angelica
Dahurica Ethanolic Extract Improves Impaired Wound Healing by Activating
Angiogenesis in Diabetes. PLoS One 12 (5), e0177862. doi:10.1371/
journal.pone.0177862

Zhao, A. H., Zhang, Y. B., and Yang, X. W. (2016). Simultaneous Determination
and Pharmacokinetics of Sixteen Angelicae Dahurica Coumarins In Vivo by
LC-ESI-MS/MS Following Oral Delivery in Rats. Phytomedicine 23 (10),
1029–1036. doi:10.1016/j.phymed.2016.06.015

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Hu, Lei, Yan, Hu, Guo, Guo, Sun and Pan. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 67871311

Hu et al. Pharmacological Mechanisms of Angelica Dahurica

https://doi.org/10.1007/s12272-001-1143-0
https://doi.org/10.2337/dc12-0200
https://doi.org/10.7150/thno.29361
https://doi.org/10.1089/wound.2013.0506
https://doi.org/10.1089/wound.2013.0506
https://doi.org/10.1016/j.jep.2016.09.005
https://doi.org/10.1016/j.jep.2016.09.005
https://doi.org/10.1016/j.jaad.2015.08.070
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1093/database/baq020
https://doi.org/10.1016/j.jdermsci.2007.05.016
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1016/j.bioorg.2019.103007
https://doi.org/10.1089/ars.2019.7835
https://doi.org/10.1089/ars.2019.7835
https://doi.org/10.1016/j.bcp.2020.114401
https://doi.org/10.1016/j.jep.2019.111905
https://doi.org/10.1016/j.jep.2019.111905
https://doi.org/10.1016/j.biomaterials.2021.120667
https://doi.org/10.1038/nm.3887
https://doi.org/10.3389/fphar.2020.00345
https://doi.org/10.1016/j.immuni.2016.02.015
https://doi.org/10.1016/j.immuni.2016.02.015
https://doi.org/10.1038/s41598-020-62581-z
https://doi.org/10.1186/s12906-018-2356-9
https://doi.org/10.1155/2020/7430968
https://doi.org/10.1371/journal.pone.0177862
https://doi.org/10.1371/journal.pone.0177862
https://doi.org/10.1016/j.phymed.2016.06.015
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Angelica Dahurica Regulated the Polarization of Macrophages and Accelerated Wound Healing in Diabetes: A Network Pharmacolo ...
	Introduction
	Methods
	Screening of Active Compounds
	Identification of Wound Healing Targets
	Compounds-Genes Network Construction
	PPI Network Construction
	Network Analysis
	Chemical Identification and Murine Model of Wound Healing.
	Histology and Immunofluorescence Staining
	Western Blot Analysis
	Statistical Analysis

	Results
	Screening for Active Compounds and The Related Targets of The Compounds in A. dahurica.
	Collecting Identified Therapeutic Gene Targets for Wound Healing
	Compounds-Genes Network Analysis
	PPI Network Analysis
	A. dahurica Improved Wound Healing in diabetic Mice
	A. dahurica regulates macrophage polarization, reduces inflammation and promotes angiogenesis in vivo.

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


