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Abstract

Background Ulcerative colitis (UC) is a common type of inflammatory bowel disease. Due to the elusive pathogene-
sis, safe and effective treatment strategies are still lacking. Fraxini Cortex (FC) has been widely used as a medicinal herb
to treat some diseases. However, the pharmacological mechanisms of FC for UC treatment are still unclear.

Methods An integrated platform combining network pharmacology and experimental studies was introduced to
decipher the mechanism of FC against UC. The active compounds, therapeutic targets, and the molecular mecha-

nism of action were acquired by network pharmacology, and the interaction between the compounds and target

proteins were verified by molecular docking. Dextran sulfate sodium (DSS)-induced colitis model was employed to
assess the therapeutic effect of FC on UC, and validate the molecular mechanisms of action predicted by network

pharmacology.

Results A total of 20 bioactive compounds were retrieved, and 115 targets were predicted by using the online data-
bases. Ursolic acid, fraxetin, beta-sitosterol, and esculetin were identified as the main active compounds of FC against
UC. PPI network analysis identified 28 FC-UC hub genes that were mainly enriched in the IL-17 signaling pathway, the
TNF signaling pathway, and pathways in cancer. Molecular docking confirmed that the active compounds had high
binding affinities to the predicted target proteins. GEO dataset analysis showed that these target genes were highly
expressed in the UC clinical samples compared with that in the healthy controls. Experimental studies showed that
FC alleviated DSS-induced colitis symptoms, reduced inflammatory cytokines release, and suppressed the expression
levels of IL13, COX2, MMP3, IL-17 and RORyt in colon tissues.

Conclusion FC exhibits anti-UC properties through regulating multi-targets and multi-pathways with multi-compo-
nents. In vivo results demonstrated that FC alleviated DSS-induced colitis.
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Background

Ulcerative colitis (UC) is a chronic and recurrent
bowel disease, seriously impairs the quality of life,
and aggravates the economic burden on patients [1].
In the last two decades, the incidence and prevalence
of UC have continued to increase globally [2, 3]. The
causes of UC still remain unclear, but the occurrence
and progression of UC involves interactions among
genetic, microbial, auto immune and environmen-
tal factors, making it challenging to develop effective
drugs [3, 4]. Although several different types of drugs,
such as 5-aminosalicylic acid, TNF-a blockers, and
glucocorticoids, have been commonly used to treat
UC [5, 6]. But these drugs are usually associated with
high recurrence rates and adverse effects. Therefore,
developing novel and safe strategies for UC treatment
is urgently needed.

Fraxini Cortex (FC) is the dry barks of Fraxinus
rhynchophylla Hance, Fraxinus chinensis Roxb, Fraxi-
nus szaboana Lingelsh, or Fraxinus stylosa Lingelsh [7,
8]. It has been used as Chinese herbal medicine (THM)
for various medical disorders due to its anti-inflamma-
tion [9, 10], anti-apoptosis [11] and antifibrotic effects
[12]. Accumulated evidences have highlighted the ben-
eficial roles or its ingredients of FC on prevention and
treatment of UC [13]. In a previous study, the etha-
nol extract of FC was shown to exhibit anti-diarrheal
function by affecting the transport of chloride ions in
the rat intestinal epithelia [14]. Fraxinellone, a natu-
ral compound isolated from FC, was demonstrated to
reduce weight loss and diarrhea in DSS-induced colitis
mice, suppress the activities of myeloperoxidase and
alkaline phosphatase, and increase the levels of glu-
tathione in colitis tissues [15]. Besides, this compound
also decreased the colonic levels of IL-1p, IL-6, IL-18
and TNF-«, and inhibited CD11b (+) macrophage
infiltration [15]. Moreover, aesculin and aesculetin,
another two natural compounds of FC, were proved to
relieve the symptoms of DSS-induced colitis, restrain
the secretion of TNF-a, IL-1p through inhibiting the
activation of NF-kB and MAPKs pathway in colonic
tissues and macrophages [16, 17]. However, the mech-
anisms of action of FC on UC treatment still remain
elusive.

This study aimed to uncover the pharmacological
mechanism of FC for UC treatment through a sys-
tems approach. Firstly, the active ingredients of FC
were screened out based on the existing databases and
pharmacokinetic characteristics. Then, the targets of
the compounds, and the compound-target interactions
were identified using comprehensive methods. The
hub targets of FC against UC were obtained through
the PPI network analysis. GO and KEGG pathway
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enrichment analyses were performed to predict the
potential function of hub genes. Molecular dock-
ing and GEO microarray dataset were further used
to identify the core targets, and in vivo studies were
performed to assess the therapeutic effect of FC on
DSS-induced colitis and validate the results of network
pharmacology. The schematic overview of the process
is summarized in Fig. 1.

Methods

FC active ingredients collection and screening of FC-UC
targets

A Traditional Chinese Medicine Systems Pharmacol-
ogy Database (TCMSP, version: 2.3) was used to col-
lect the compounds contained in FC. The name and
molecular structure of the compounds were verified
by PubChem database. Predicted targets of all com-
pounds were collected from Swiss Target Predic-
tion and TCMSP databases. The official target names
were standardized by the UniProt database (release
2022_02), and duplicates were excluded to obtain
potential targets of FC against UC.

UC-related genes were collected from DisGeNET
database (version 7.0) and GeneCards database (Ver-
sion 5.8) with the keyword “ulcerative colitis, UC’, as
our previous studies [18, 19]. The therapeutic targets
of FC for UC were obtained by an intersection between
FC potential targets and UC-related genes, and a Venn
diagram was achieved by Venny 2.1.0 software.

Protein-protein interaction (PPI) network construction

PPI network of the FC-UC targets was built via STRING
database (version 11.5), and visualized by Cytoscape soft-
ware (version 3.8.0). The topology analyses of the net-
works were conducted using CytoNCA plugin. The hub
targets were obtained based on three topological param-
eters, including degree centrality (DC), betweenness cen-
trality (BC) and closeness centrality (CC), according to
network pharmacology evaluation method guidance [20].

Gene ontology (GO) and Kyoto encyclopedia of genes

and genomes (KEGG) pathway enrichment and analysis
GO function and KEGG pathway enrichment analyses
of hub genes were conducted on the online platform
of DAVID 2021(https://david.ncifcrf.gov/home.jsp) to
uncover the detailed events of these genes involved
in UC pathogenesis. The inclusion criteria was set as
p-value <0.05.

Molecular docking

Four key pharmacodynamic molecules including urso-
lic acid, fraxetin, beta-sitosterol, and esculetin were
selected to dock with 22 targets (degree score>5).
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Fig. 1 The framework of this study for exploring the pharmacological mechanisms of FC against UC

The SDF format of compounds were obtained from
the PubChem database (2021 update), and the tar-
get molecular structures of the proteins were derived
from the RCSB protein database. The docking study

was employed with a semi-flexible docking system, and
conducted via AutoDock v4.2.6. PYMOL (version 2.5.4)
was used to generate docking conformation, and ana-
lyze the lowest binding energy.
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Gene expression omnibus (GEO) database analysis

To study the expression levels of FC targeted UC
genes, the expression profiling data from GSE22619
[21] and GSE37283 [22] were downloaded from the
GEO database. The LIMMA package in the R soft-
ware was used to filter the differentially expressed
genes (DEGs) with the criteria of |[Log2FC| >1 and the
p-value<0.05. The expression distributions of DEGs
in different tissue were showed as box plots. Statisti-
cal difference of two groups was analyzed by Wilcox
test, and a p-value<0.05 was considered statistically
significant.

Fraxini cortex extract preparation

Fraxini cortex extract was provided by Xi'an Quanao
Biotech Co., Ltd. (Xi'an, China), and prepared as fol-
lows: Fraxini Cortex was chopped and grinded into small
pieces, then extracted in 50% ethanol (v/v) with a ratio of
1/3 (g/mL) at 80°C for 30 min twice. The extracts were
centrifuged at 3500rpm for 20min at 4°C, and concen-
trated and dried at 65°C for 8h to obtain powder. The
contents of esculin and esculetin were 46.87 mg/g and
16.05mg/g, respectively, according to the quality control
report from the manufacturer. The power was redissolved
in distilled water at various concentrations for animal
experiments. The drug concentration was set based on
a previous study [23] and our preliminary experimental
results (Fig. S1).

Mouse colitis model construction and drug treatment

C57BL/6 male mice (20~25g) were purchased from
Hangzhou Ziyuan Experimental Animal Corporation
(Hangzhou, China, No. SCXK (Zhe) 2019-0004). DSS
was purchased from MP Biomedicals Inc. (Santa Ana,
CA, USA). MES was obtained from Ethypharm phar-
maceutical company (Saint-Cloud Cedex, France). After
adaptive feeding for 1 week, the mice were randomized
into six groups of 10 each, control, model, FC low dosage
(FC-L, 20mg/kg), FC median dosage (FC-M, 40mg/kg),
EC high dosage (FC-H, 80 mg/kg), and mesalazine (MES)
groups. The mice in model, FC, and MES group were
given 3.0% (w/v) DSS for consecutive 7 days, respectively
[24, 25]. Then, the mice in FC groups were administrated
intragastrically with specified dose of FC for 14 days. The
mice in MES group received 200mg/kg MES, and the
mice in the control and model groups were administered
with the same volume of distilled water (Fig. S2). All ani-
mal experiments were performed with the prior approval
from the Animal Ethics Committee of Anhui University
of Chinese Medicine (AHUCM-mouse-2,020,037). At the
end of the experiment, all animals were anesthetized with
pentobarbital sodium (50mg/kg, intraperitoneally) and
sacrificed by cervical dislocation. Blood samples were
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collected by removing the left eyeball of the mice, centri-
fuged at 3000rpm for 10min to obtain serum, and kept
at —20°C. The colon index and colon length of mice were
measured as previous studies [18, 26, 27].

Detection of cytokines in serum

Blood samples were collected and serum were isolated
as in our previous reports [18, 26, 27]. Enzyme linked
immunosorbent assay (ELISA) kits (MLBIO, Shanghai,
China) were used to determine the serum concentrations
of TNF-a (ml002095), IL-1p (ml301814), IL-6 (ml063159)
and IL-10 (ml037873), according to the manufactures’
instructions.

Histopathological analysis

The tissues were collected and fixed in 10% neutral-
buffered formalin for over 24 hours. Then, the tissues
were embedded in paraffin and cut into 4pm thick
sections for hematoxylin and eosin (H&E) staining.
Histopathological score (HS) was scored using colon
histopathology criteria [28].

Western blot

Total proteins of colon tissues were extracted using
Protein Prep Kit (Bio-Red, Hercules, CA, USA), and
quantified by BCA Protein Assay Kits (Thermo Fisher
Scientific, Waltham, MA, USA). Proteins were then
resolved in a 10% SDS—polyacrylamide gel electropho-
resis (SDS—-PAGE) gel, and transferred onto a polyvi-
nylidene fluoride (PVDF) membrane. After blocked
with skimmed milk for 2h, the membranes were incu-
bated with primary antibodies overnight at 4°C. The
primary antibodies, IL-1p (AF510), MMP1 (DF6325),
MPP3 (AF0217), MMP9 (AF5228), COX2 (AF7003),
IL-17A (DF6127) and p-actin (AF7018) were obtained
from Affinity Biosciences (Cincinnati, OH, USA), and
anti-RORyt (14-6988-82) from Thermo Fisher Scien-
tific (Waltham, MA, USA). After washing with PBST,
the membranes were incubated in horseradish per-
oxidase-conjugated secondary antibodies (Elabsci-
ence, Texas, USA), and the bands were visualized with
enhanced chemiluminescence (ECL) reagents. Sig-
nal intensities were quantified using Image J software
(Bethesda, MD, USA).

Statistical analysis

All data were presented as the mean +standard devia-
tion (SD), and the results were analyzed with SPSS 22.0
software (IBM, Armonk, NY, USA). Student’s ¢ test was
used for comparison of two groups, and one-way analysis
of variance (ANOVA) was used for comparison among
multiple groups. Statistical significance was defined as
p-values less than 0.05.
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Results

Screening of active compounds in FC and retrieval

of FC-UC targets

A total of 20 FC active compounds were obtained
from TCMSP database (Table S1). Although do not
meet the criterion of ADME-related properties (oral
bioavailability >30% and drug-likeness >0.18), sev-
eral compounds including ursolic acid, fraxetin and
esculetin were included in candidate components due
to their poly-pharmacology features in FC. These 20
active compounds have 115 potential targets after
remove the duplicates (Table S2). Compound-target
network showed that ursolic acid (F14) possessed
the most target genes (49 targets), followed by beta-
sitosterol (F8) with 37 targets, caffeic acid (F3) with
21 targets and fraxetin (F12) with 19 target genes
(Fig. 2A).

The UC-related genes were retrieved from the Gen-
eCards database and DisGeNet database. Then, the FC
potential targets were matched with these UC-related
genes via the Venny software, and a total of 43 FC-UC
common targets were acquired (Fig. 2B).

Construction of PPl network

A network with 43 nodes (FC-UC common genes)
and 459 edges was constructed basing on the results
of the protein-protein interactions (PPI) analyzed by
STRING database. According to topological analy-
sis and the criteria of 2-fold median of DC, CC and
BC, a core network with 28 nodes and 318 edges was
generated (Fig. 2C). TP53, CASP3, IL6, PTGS2, TNE,
IL1B, STAT3, MMP9 and NFKBIA have higher degree
scores, which indicated that they might be the core
targets of FC in UC treatment. Besides, these 28 key
targets regulated by 16 compounds of FC (Fig. 2D).
Among them, ursolic acid had the most targets, fol-
lowed by fraxetin, beta-sitosterol, and esculetin, sug-
gesting their potentially important roles in anti-UC
function (Fig. 2E).

GO and KEGG enrichment analysis

GO enrichment analysis of 28 hub genes in the core PPI
network totally got 269 GO items, including 214 items
related to biological processes (BP), 15 items to cellu-
lar components (CC), and 40 items to molecular func-
tion (MF) (Table S3-S5). In the BP category, the genes
were mainly enriched in cytokine-mediated signaling
pathway, positive regulation of apoptotic process, and
inflammatory response. In the CC, these genes were
primarily enriched in cytosol and nucleus. In the MEF,
they enriched in enzyme binding and identical protein
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binding (Fig. 3A). KEGG pathway enrichment analy-
sis showed that these hub genes highly participated
in IL-17 signaling pathway, TNF signaling pathway
and Pathways in cancer, indicating the multi-targets
and multi-channels regulation of FC in UC treatment
(Fig. 3B and Table S6).

Compound-target-pathway network construction

A compound-target-pathway network was built by
matching the nine key inflammatory and immune
response-related pathways with the hub genes and
FC components. This network consists of 35 nodes
(4 compounds, 22 targets, 9 pathways) and 117 edges
(Fig. 4A). Specifically, 10 major targets of FC against
UC were identified with a higher degree>5, i.e.,
MAPKS, IL6, RELA, TNF, IL1B, NFKBIA, CASP3,
FOS, PTGS2 and TGFB1(Fig. 4B), and IL-17 signal-
ing pathway was discerned with the highest degree
(degree=14) (Fig. 4C). The results provided a poten-
tial direction for molecular docking and future experi-
mental validation.

Molecular docking analysis

The molecular docking analyses were conducted
between the four main compounds and the 22 target
proteins. A binding energy less than —5.0kcal/mol
indicates strong binding activity [29]. In present dock-
ing study, 35% (31/88) targets had a binding energy
less than —5.0kcal/mol (Fig. 5). Ursolic acid binds to
PTGS2 with a binding energy of —7.98 kcal/mol, binds
to IL1B at —7.86kcal/mol, and FOS at —7.73kcal/
mol. Fraxetin binds to PTGS2 with a binding energy
of —5.31kcal/mol. Beta-sitosterol binds to PTGS2 at
—5.45kcal/mol, and CASP3 at —6.39 kcal/mol (Table
S7). The docking views showed that hydrophobic and
hydrogen bond interactions are the primary modes of
binding between compounds and proteins (Fig. 6A-D).
Thus, we proposed that targeted regulation of these
genes may be the mechanism of action of FC for UC
treatment.

The expression patterns of FC target genes in UC colonic
tissues

The mRNA expression data from two independ-
ent datasets (GSE22619 and GSE37283) were ana-
lyzed after normalization and batch removal (Fig. S3).
A total of 164 differentially expressed genes (DEGs)
were identified in UC colonic samples compared to
the normal mucosal tissues, with 114 up-regulated
and 50 down-regulated genes (Fig. 7A-B). Among of
these DEGs, IL1B, PTGS2, MAPK8, MMP1, MMP3,
and MMP9 were highly expressed in the colonic
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tissues of UC patients compared to that in the heathy = pathway (Fig. 7C), which implied that these genes and
controls (Fig. 7D-I). Notably, these six genes are the IL-17 signaling pathway may be the targets of FC for
FC-UC common genes and enriched in IL-17 signaling  UC treatment (Fig. 8, Table S8).
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FC attenuated DSS-induced colitis FC. In comparison to the control group, mice induced
To explore the therapeutic effect of FC on UC, a  with DSS had significant shortened colon, increased
mouse colitis model was established and treated with DAI and colon index, and higher histological score
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(Fig. 9A-D, S4). The colon tissues had obvious edema
and epithelial destruction in the model group com-
pared with that in the control group (Fig. 9E). How-
ever, these colitis symptoms and pathological changes
were mitigated after FC treatment. The DAI, histologi-
cal score, and colon length shortening were lower in
FC-M and FC-H groups than that in the model group
(Fig. 9A-D). All of these data suggested that FC ame-
liorated DSS-induce colitis.

FC alleviated DSS-induced inflammation

The serum contents of TNF-a, IL-1B and IL-6 were
higher in the model group than that in the control
group (Fig. 10A-C). While, the level of IL-10 was
lower in the model group compared with that in the
control group (Fig. 10D). After FC administration,
the serum levels of TNF-a and IL-6 were decreased
in FC-H group, and IL-1B was downregulated in
FC-M and FC-H groups. Besides, IL-10 was upreg-
ulated in FC-H group compared with that in the
model group (Fig. 10A-D). These results suggested
that FC alleviated DSS-induced systemic inflamma-
tory response in mice.

FC modulated the expression of FC-UC common genes

in colitis mice

Several key targets including IL1p, COX2, IL-17, RORyt,
MMP1 and MMP3 expression levels were validated by
western blot. The protein levels of IL1p, PTGS2, IL-17
and RORyt were obvious decreased in FC-M and FC-H

groups (Fig. 11A-D), and MMP3 was reduced in FC-H
group (Fig. 11E-F), compared to that in the model group.

Discussion

UC is a chronic, recurrent intestinal disease threatening
the health of people worldwide [1]. Unfortunately, there
is still no effective treatment to cure or prevent this dis-
ease. Traditional Chinese medicine (TCM) has been used
in UC prevention and treatment over thousands of years
[31]. Recently, it has drawn more attention to develop
potential new UC therapeutics, attributing to its efficacy
and low side effects [32, 33]. As one of the commonly
used TCMs, FC is usually applied for treating diarrhea,
bacillary dysentery, arthritis and cancer [34]. Identifica-
tion of the pharmacological mechanisms of FC against
UC will facilitate the development of novel therapies in
UC treatment.

In this study, we used systems pharmacology to
uncover the active compounds and potential targets of
FC, and establish compound-target and target-disease
relationships. Then, an in vivo animal experiment
was used to validate the reliability of findings in the
network pharmacology and molecular docking [35].
As the results achieved here, 16 active compounds
and 28 hub target genes were identified, suggesting
that FC exerted its anti-UC effects through multi-
compounds and multi-targets. Ursolic acid, beta-
sitosterol, fraxetin and esculetin were identified as the
pivotal components with the highest degrees. In pre-
vious studies, ursolic acid has been proved to relive
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DSS-induced colitis in mice by reducing the content [36]. It also could attenuate experimental colitis by
of malondialdehyde, IL-1p and TNF-a and increasing restoring intestinal flora homeostasis and regulating
superoxide dismutase activity in mice colon tissues fatty acid metabolism [37]. In a Drosophila ulcerative
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colitis model, ursolic acid is demonstrated to restore
the proliferation and differentiation of intestine stem
cells and prevent intestine injury via inhibiting the
JNK/JAK/STAT signaling pathway [38]. Beta-sitos-
terol is reported to alleviate microscopic appearances

of DSS-induced colitis and increase the expression
of antimicrobial peptides [39], and it could promote
tissue repair by enhancing antioxidant defenses [40].
Fraxetin has been confirmed that it exhibits its intes-
tinal anti-inflammatory activity through antioxidant
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and under the permission of Kanehisa Laboratories

property [41]. Esculetin has been demonstrated to
ameliorate TNBS-induced rat colitis, and attenuate
the expression of pro-inflammatory mediators TNF-a
and IL-1pB [42]. Overall, FC has a variety of active sub-
stances, and its anti-UC effect may be achieved by a
variety of active ingredients acting on multiple tar-
gets, which is worthy of further study.

The PPI network analysis revealed that TP53,
CASP3, IL6, PTGS2, TNF, IL1B, STAT3, MMP9 and
NFKBIA were the core targets of FC. Ursolic acid
was proved to exhibit anti-inflammation activities by
acting on CASP3, ERK1 and JNK2 targets, inhibiting
activation of inflammation-associated downstream
factors ERK1, NF-kB and STAT3. It also downregu-
lated the activities of IL-1p, IL-6, and TNF-« as well
as expression of caspase-3 and caspase-9 [43]. Beta-
sitosterol was demonstrated to reduce the expres-
sion levels of PTGS2 and NF-kB, and downregulate
TNF-a, IL-1B and IL-6 [44]. Fraxetin was reported

to mitigate the levels of IL-1f, IL-6, TNF-« and pros-
taglandin E2, improve the content of superoxide dis-
mutase (SOD) and IL-10 in rats with enteritis [45].
Esculetin could attenuate iNOS and COX2 protein
expression by inhibiting NF-kB pathway, and reduce
LPS-induced elevated levels of IL-6, IL-1p and TNF-a
in mice [46].

GO analysis revealed that FC was primarily asso-
ciated with the biological processes of cytokine-
mediated signaling pathway, positive regulation of
apoptotic process, and cellular response to lipopoly-
saccharide. KEGG pathway enrichment analysis
showed that FC exerted its therapeutic effects on UC
by regulating IL-17 signaling pathway, TNF signaling
pathway and Pathways in cancer. IL-17 is a proinflam-
matory factor in intestinal inflammation and is closely
related to the pathogenesis of UC [47, 48]. IL-17A is
the most important factor in the IL-17 family, which
were highly expressed in biopsies of UC [49, 50].
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IL-17A acts on immune and non-immune cells [51],
actives NF-kB, MAPKs and C/EBP cascades [52-54],
which induces the production of chemokines, inflam-
matory cytokines and acute phase reactive proteins,
thus promotes the occurrence of inflammation. Inhi-
bition of IL-17 signaling pathway by multi-targets and
multi-channel inhibitors is an important approach for
the treatment of UC [55].

In present study, IL-17 pathway was identified as
the crucial pathway of FC in the UC treatment with
the highest degree score via the compound-target-
pathway network analysis. Molecular docking spec-
ulated that FC main components had high affinity
with IL-17 signaling pathway related genes, and six
of them (IL1B, MAPKS, PTGS2, MMP1, MMP3 and
MMP9) were highly expressed in UC clinical samples
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validated by analysis of GEO expression datasets.
Previous studies also demonstrated that THMs con-
quer UC via interfering IL-17 signaling pathway. For
example, Qing Chang Suppository Powder improved
DSS-induced colitis, and modulated the expression
of mediators in IL-17 signaling pathway [56]. As the
main components of FC, ursolic acid was previously
reported to ameliorate the symptoms of autoimmune
myasthenia gravis via inhibiting IL-17 and shifting
Th17 to Th2 cytokines [57]. Ursolic acid also could
alleviate autoimmune arthritis, decrease the levels
of inflammatory cytokines, and reduce the number
of Th17 cells [58]. Moreover, esculetin relived the
lipopolysaccharide-induced acute lung injury, and
inhibited the activation and/or expression of IL-17,
AKT, ERK and RORyt [59]. In line with the results
of network pharmacology approach, in vivo stud-
ies confirmed that FC alleviated DSS-induced coli-
tis, reduced systemic inflammatory response, and
diminished the expression of IL-17 signaling pathway
mediators, IL-17A, RORyt, and tissue remodeling
factors MMP1, MMP3 and MMP9.

Recently, network pharmacology has been widely
applied to explore the action mechanism of THMs on
various disease. This approach can be used to screen
active compounds, describe the interaction between

compounds and targets, and predict the molecu-
lar mechanism of THMs [29]. In addition to network
pharmacology approach, we also used molecular dock-
ing and experimental studies to validate the predictive
mechanism of FC for UC. However, there are some
limitations in this research. For example, the predictive
research relies on the various databases which maybe
result in missing of important compounds and targets.
The FC active compounds were retrieved from data-
bases which are probably inconsistent with the ingre-
dients in blood of UC patients. In addition, there are
multiple targets and pathways were predicted in this
study, but only IL-17 signaling pathway and related
targets were validated in vivo studies. Therefore, the
experimental studies for verification of the predicted
molecular mechanisms of FC against UC are needed in
future researches.

Conclusions

In this research, ursolic acid, fraxetin, beta-sitosterol,
and esculetin were identified as the main compounds,
and MAPKS, IL6, RELA, TNF, IL1B, FOS, PTGS2, and
MMP3 were considered as major targets of FC in UC
treatment. Molecular docking verified that these com-
pounds showed good binding interaction with these
target proteins. FC exerted its therapeutic effect on UC
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