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The Feng-Liao-Chang-Wei-Kang (FLCWK) capsule is a nationally protected Chinese patent medicine for the treatment of colitis.
However, the potential active components and the pharmacological mechanism underlying the anticolitis effect of the FLCWK
capsule remain unclear. This study aimed to reveal the active ingredients and possible anticolitis mechanism of the FLCWK capsule
using an integrated approach combining mass spectrometry and network pharmacology analysis. Ultra-performance liquid
chromatography plus Q-Exactive Orbitrap tandem mass spectrometry (UPLC-Q-Exactive Orbitrap MS) was applied to identify the
components of the FLCWK capsule. A network pharmacology study, including target gene prediction and functional enrichment,
was applied to screen the active ingredients of the FLCWK capsule and explore its potential mechanism for the treatment of colitis. A
total of 115 components were identified in the FLCWXK capsule. Network pharmacology results showed that 46 of these compounds
with good bioavailability and drug-likeness, such as 4',5-dihydroxyflavone, pinostrobin, naringenin chalcone, apigenin, and morin,
were selected as active ingredients. The active ingredients may act on 352 core protein targets, including EGFR, AKT1, PIK3R1,
PIK3CB, and MAPK1, thereby modulating relevant pathways, such as MAPK and PI3K-Akt signaling pathways, and thus alleviating
inflammation and intestinal damage in colitis. This study provided a useful approach to identify active components and the anticolitis
mechanism of the FLCWK capsule and built up a reliable foundation for its clinical treatment.

Keywords: anticolitis mechanism; characterization of active ingredients; Feng-Liao-Chang-Wei-Kang capsule; mass spec-
trometry; network pharmacology

1. Introduction

Colitis, an inflammatory bowel disease (IBD), is characterized
by mucosal epithelial damage and disruption of intestinal
homeostasis [1]. The clinical manifestations of colitis include
bellyache, diarrhea, and bloody stool, which seriously com-
promise the life quality of patients [2]. Current therapeutic
strategies primarily rely on aminosalicylic acid derivatives,

immunosuppressive steroids, and biological agents [3].
However, the long-term administration of these medications is
limited by drug resistance and toxicity, underscoring the need
for safer and more effective complementary and adjuvant
therapies [4]. Traditional Chinese herbal medicine has shown
promise in colitis management, particularly the Feng-Liao-
Chang-Wei-Kang (FLCWK) capsule, a nationally protected
Chinese  patent  medicine  (protection = number:
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ZYB2072004057) [5-8]. The FLCWK capsule containing
Daphniphyllum calycinum Benth. and Polygonum hydropiper
Linn. has emerged as a particularly noteworthy therapeutic
agent for colitis treatment [7, 8]. In clinical practice, the
FLCWK capsule is commonly administered with mesalazine,
with clinical studies demonstrating its capacity to enhance
therapeutic outcomes [6, 9]. For example, a clinical study
involving 120 patients with chronic colitis demonstrated that
combination therapy with mesalazine and FLCWK signifi-
cantly improved clinical outcomes compared to mesalazine
monotherapy. The combination group exhibited superior
clinical efficacy (p < 0.05), significantly reduced inflammatory
markers (IL-6, CRP, TNF-o; p <0.001), decreased mucosal
lesions (p < 0.001), and enhanced quality of life (p < 0.001) [6].
Similarly, a study by Hou and Gan involving 52 patients with
recurrent ulcerative colitis revealed that the combination of
mesalazine and FLCWK resulted in a higher total effective rate
(92.31% vs. 69.23%, p <0.05) compared to mesalazine alone
[9]. However, the potential active components and the phar-
macological mechanism underlying the anticolitis effect of the
FLCWK capsule remain unclear.

Orbitrap mass spectrometry (MS) is a powerful analytical
platform for characterizing complex chemical compositions
in Chinese herbal medicines, offering high sensitivity, reso-
lution, and a broad dynamic range [10, 11]. Its ability to
analyze MS" fragments enables precise structural elucidation
of compounds, making it ideal for investigating the chemical
profile of the FLCWK capsule [12, 13]. Network pharma-
cology is well-suited for studying Chinese medicine due to its
multicomponent, multitarget, and multipathway nature
[10, 14-16]. It has been widely used to investigate interactions
between herbal compounds and disease mechanisms, pro-
viding a robust framework for predicting the FLCWK cap-
sule’s active components and anticolitis mechanisms [17-19].

In conclusion, in this study, the chemical constituents of
the FLCWK capsule were analyzed efficiently and accurately
by using ultra-performance liquid chromatography plus
Q-Exactive  Orbitrap tandem mass spectrometry
(UPLC-Q-Exactive Orbitrap MS). Then, network pharma-
cology was employed to illustrate the potential active
components and anticolitis mechanisms of the FLCWK
capsule. The obtained results could be helpful to build up
reliable information on the clinical application of FLCWK
capsules in the treatment of colitis.

2. Materials and Methods

2.1. Reagents and Materials. The FLCWK capsule (0.37 g per
capsule, lot number: 221103) was produced by Haikou Qili
Pharmacy Co., Ltd. (Haikou, China). The 99 reference
compounds of the FLCWK capsule were purchased from
Chemexpress Co., Ltd. (Shanghai, China) and Sigma-
Aldrich (St. Louis, MO, USA). The purity of all standard
compounds was determined to be higher than 98%. The
name, molecular formula, batch number, and company of
each reference compound are shown in Table S1. Aceto-
nitrile, methanol, and formic acid were HPLC grade and
purchased from Thermo Fisher Scientific (Fair Lawn,
NJ, USA).
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2.2. Analysis of the FLCWK Capsule Chemical Components

2.2.1. Preparation of the Sample Solution. Precisely 0.4 g of
FLCWK capsule contents were weighed and transferred into
a 50-mL volumetric flask. Subsequently, 40mL of 80%
methanol was added, followed by ultrasonication for 20 min.
After cooling to ambient temperature, the solution was
brought to volume with 80% methanol and homogenized by
thorough mixing. A 2-mL aliquot of this solution was then
quantitatively transferred and diluted to 10 mL with 80%
methanol. The diluted solution was filtered through a 0.22-
pum microporous membrane. For final preparation, 1 mL of
the filtrate was mixed with an equivalent volume of 80%
methanol to obtain the test sample solution. The prepared
sample (5uL) was subsequently injected into the UPLC-Q-
Exactive Orbitrap system for analysis.

2.2.2. UPLC-Q-Exactive Orbitrap MS Conditions. UPLC
analysis was carried out on an ACQUITY UPLC I-Class plus
system (Waters Co., Milford, MA, USA). The separation was
performed on an ACQUITY UPLC HSS T3 column
(100 x2.1mm, 1.8pm) maintaining a flow rate of
0.35mL/min at 45°C with a 5-pL injection volume. The
mobile phase consisted of A (water with 0.1% formic acid)
and B (acetonitrile), with the following elution gradient
program: 0.0min A:B (95:5) — 2.0min A:B (95:5) —
4.0 min A:B (70:30) — 8.0 min A:B (50:50) — 10.0 min A:
B (20:80) —> 14.0min A:B (0:100) —> 15.0min A:B (0:
100) — 15.1 min A: B (95:5) — 16.0 min A:B (95:5).

MS analysis was performed on a Q-Exactive Orbitrap MS
(Thermo Fisher Scientific, Fair Lawn, NJ, USA) connected to
an electrospray ionization (ESI) source operating in both
positive and negative modes. The mass range was
100-1200 m/z, the nitrogen sheath gas flow rate was 35 Arb,
the auxiliary gas was 8 Arb, the capillary temperature was
320°C, and the spray voltage in the positive and negative
mode was 3800 and —3000 V, respectively.

2.2.3. Compound Identification. The raw data were acquired
using the Xcalibur 4.1 software (Thermo Fisher Scientific,
Fair Lawn, NJ, USA), and all obtained data were processed
by the Compound Discoverer (CD) 3.0 (Thermo Fisher
Scientific, Fair Lawn, NJ, USA) and Xcalibur 4.1 software
packages. The compounds were identified by comparing the
chromatographic feature, empirical molecular formulas, and
characteristic fragment ions with those of reference com-
pounds or published known compounds in the HERB da-
tabase (https://herb.ac.cn/).

2.3. Network Pharmacology

2.3.1. Screening of Active Ingredients and Potential Targets of
the FLCWK Capsule. The absorption, distribution, meta-
bolism, excretion, and toxicity (ADMET) profiling of the
identified components from the FLCWK capsule was esti-
mated using the SwissADME online server (https://www.
swissadme.ch/) [20]. The screening of the active ingredients
was based on the following characteristics: (i)
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gastrointestinal absorption (GI absorption) was “High,”
indicating good oral bioavailability and absorption of the
ingredient; (ii) at least two of the five categories (Lipinski,
Ghose, Veber, Egan, and Muegge) were set to “Yes”, in-
dicating that the compound has good drug-like properties
[20, 21]. Although some of the ingredients did not satisfy the
above criteria, they were still included if their good phar-
macological properties were confirmed through a literature
review. Finally, the canonical SMILES of the collected active
ingredients were entered into the SwissTargetPrediction
database (https://www.swisstargetprediction.ch/) to obtain
the corresponding target genes. The criterion for target
screening was top 100 with a probability greater than 0.1.

2.3.2. Colitis Target Prediction and Intersection With the
Targets of the FLCWK Capsule. Information regarding
colitis-associated target genes was obtained from the Dis-
GeNET  (https://www.disgenet.org/) and GeneCards
(https://www.genecards.org/) databases by entering the
keyword “Colitis”. The targets of the FLCWK active in-
gredients and the colitis-related targets were intersected by
the Venny 2.1.0 software (https://bioinfogp.cnb.csic.es/
tools/venny/) to obtain the potential targets for FLCWK
against colitis.

2.3.3. Protein-Protein Interaction (PPI) Network Construction.
In order to clarify the interaction of therapeutic target genes
and identify the central gene, the potential targets for
FLCWK against colitis were imported into the STRING
platform (https://string-db.org/) to obtain the PPI network.
The species was set as homosapiens, and the parameter was
set to the highest confidence (0.900). Then, the Cytoscape
3.10.1 software (https://cytoscape.org/) was used to visualize
the PPI network structure and to analyze the topological
characteristics.

2.3.4. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Enrichment Analysis. The potential
targets for FLCWK against colitis were imported into the
DAVID database (https://david.ncifcrf.gov/). Then, GO
analysis was performed to demonstrate the roles of the
potential targets in the biological process (BP), cell com-
position (CC), and molecular function (MF) of colitis.
KEGG analysis was conducted to relate the targets to sig-
naling pathways. The species was set to homosapiens.

2.3.5. Network Construction. The potential targets for
FLCWK against colitis and pathways enriched by KEGG
analysis were taken into the Cytoscape 3.10.1 software to
construct a compound-target-pathway-disease network.

3. Results and Discussion

3.1. Analysis of the FLCWK Capsule Chemical Components.
Based on the UPLC-Q-Exactive Orbitrap MS conditions of
“2.2.2”, 115 compounds in the FLCWK capsule were
identified under the positive and negative ion modes,

including 37 flavonoids, 15 terpenes, 10 fatty acid and de-
rivatives, 9 glycosides, 8 carbohydrates, 7 phenylpropanoids,
5 alkaloids, 5 amino acids, 4 phenols, 4 carboxylic acid and
derivatives, four organic acids and derivatives, 3 nucleotides
and derivatives, and four others. The total ion chromato-
grams of the FLCWK capsule are shown in Figure 1. The
compound lists are shown in Table 1. The top 7 kinds of
compounds with the highest content were flavonoids
(54.7%), carbohydrates (22.1%), terpenes (9.3%), alkaloids
(3.5%), glycosides (2.8%), phenylpropanoids (1.7%), and
phenols (0.4%). Based on the content and anticolitis effects
according to reference, flavonoids, terpenes, alkaloids, gly-
cosides, phenylpropanoids, and phenols were chosen to
explain their identifications in detail by the following il-
lustrative examples.

3.1.1. Identification of Flavonoids. Thirty seven flavonoids
were identified in the FLCWK capsule, including kaempferol
3-sophoroside-7-glucosid (33), catechin (37), afzelechi (41),
epicatechin (43), manghaslin (44), butin-7-O-B-D-
glucopyranoside (50), mauritianin (51), quercetin 3-O-
neohesperidoside (54), myricetin 3-O-rutinoside (55), rutin
(56), and so on. For example, compound 56 had the pre-
cursor ion [M + H]" at m/z 611.1596, indicating the formula
of Cy7H30016. Its MS/MS spectrum shows the ions resulting
from the loss of rhamnose at m/z 465.1023 [M + H-
CeH1004)" and of glucose-rhamnose at m/z
303.0495 [M +H—C6H1004—C6H1005]+ (Flgure 2(3)) By
comparison with reference compounds, compound 56 was
assigned as rutin.

3.1.2. Identification of Terpenes. Fifteen terpenes were
identified in the FLCWK capsule, including geniposidic acid
(26), mussaenosidic acid (27), 8-epi-loganic acid-6'-O-beta-
D-glucoside (28), asperulosidic acid (31), and so on.
Compound 31 showed the deprotonated molecule [M - H]~
at m/z 431.1192, indicating the formula of C;gH,40,,. The
fragment ion m/z 269.0666 ([M — H-C¢H;,05] ) was formed
by [M-H]™ removing a molecule of glucose. The fragment
ion m/z 165.0563 ([M—H-C6H1005'H20'C02'C2H20]7)
was generated by eliminating H,O, CO,, and C,H,0 from
m/z 269.0666 in succession (Figure 2(b)). The proposed
fragmentation pathway of compound 31 was in accordance
with the reference compound of asperulosidic acid.

3.1.3. Identification of Alkaloids. Five alkaloids were iden-
tified in the FLCWK capsule, including stachydrine (12), 6-
methylnicotinamide (19), 4,12-dimethyl-14,19-dioxa-17-
azaheptacyclo[10.7.2.22, 5.02, 7.08, 18.08, 21.013, 17]
tricosane-4,20-diol (57), songoramine (74), and pellitorine
(110). Compound 19 showed the precursor ion [M + H]" at
m/z 137.0708, indicating the formula of C;HgN,O. The
fragment ion m/z 94.0655 ([M + H-CONH] ") was generated
by eliminating CONH from the precursor ion (Figure 2(c)).
By comparison with the fragmentation pathway of the
reference compound, compound 19 was assigned as 6-
methylnicotinamide.
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FiGURe 1: Total ion chromatogram (TIC) of the FLCWK capsule with positive (a) and negative (b) electrospray ionization (ESI).

3.1.4. Identification of Glycosides. Nine glycosides were
identified in the FLCWK capsule, including 4-O-beta-glu-
copyranosyl-cis-coumaric acid (29), trans-ferulic acid-4-
beta-glucoside (34), syringin (36), 2-[4,5-dihydroxy-2-
(hydroxymethyl)-6-[(5-methyl-2-propan-2-yl-2H-furan-5-
yl)oxy]oxan-3-yl]oxy-6-(hydroxymethyl)oxane-3,4,5-triol
(39), roseoside (42), and so on. Compound 42 showed the
precursor ion [M + FA-H]™ at m/z 431.1922 and [M - H] ™ at
m/z 385.1848, indicating the molecular formula of
Ci9H300g. The fragment ion m/z 223.1345 ([M-H-
CeH1005] ") was formed by [M-H]™ removing a molecule of
glucose (Figure 2(d)). By comparison with the fragmentation
pathway of the reference compound, compound 42 was
assigned as roseoside.

3.1.5. Identification of Phenylpropanoids. Seven phenyl-
propanoids were identified in the FLCWK capsule, including
oxyresveratrol 2-O-beta-D-glucopyranoside (40), lyonir-
esinol 9'-O-glucoside (53), L-3-phenyllactic acid (71),
syringaresinol  (88), 2-methoxycinnamaldehyde (94),
p-hydroxyphenethyl trans-ferulate (97), and desmethox-
yyangonin (101). Compound 101 showed the precursor ion
[M +H]" at m/z 229.0855, indicating the molecular formula
of C14H,03. As shown in Figure 2(e), the fragment ion m/z
141.0697 ([M+H-CH;0-C,HO,]") was generated by
eliminating CH;0 and C,HO, from the precursor ion. The
fragment ion m/z 131.0491 ([M + H-CsH0,]") was formed

by [M + H]" removing CsH¢O, (Figure 2(e)). By comparison
with the fragmentation pathway of the reference compound,
compound 101 was assigned as desmethoxyyangonin.

3.1.6. Identification of Phenols. Four phenols were identified
in the FLCWK capsule, including gallic acid (23), proto-
catechuic acid (25), isovanillic acid (46), and ellagic acid
(67). Compound 25 showed a deprotonated molecule
[M-H] peak at m/z 153.0195, indicating the molecular
formula of C;HsO,. The deprotonated molecule lost a CO,
moiety to form a fragment jon [M-H-CO,]” at m/z
109.0296. Then, it was dehydrated to form the [M — H-CO,-
H,O]™ fragment ion of m/z 91.0301. The fragmentation
pathways of compound 25 are shown in Figure 2(f).
Compound 25 was identified as protocatechuic acid by
comparing its MS/MS fragmentation pattern and retention
time of the reference standard.

3.2. Network Pharmacology

3.2.1. Screening of Active Ingredients and Potential Targets of
the FLCWK Capsule. The active constituents of the FLCWK
capsule, characterized by favorable drug-like and pharma-
cokinetic properties, were identified utilizing the Swis-
sADME platform. Compounds that did not fully meet the
predefined criteria were also included if their pharmaco-
logical activity was substantiated by literature evidence.
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FIGURE 2: MS/MS spectra and proposed cleavage pathways of rutin (Compound 56) (a), asperulosidic acid (Compound 31) (b),
6-methylnicotinamide (Compound 19) (c), roseoside (Compound 42) (d), desmethoxyyangonin (Compound 101) (e), and protocatechuic
acid (Compound 25) (f).
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FIGURE 3: Venn diagram of targets of the FLCWK capsule and colitis.
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After removing compounds without targets and duplicate
potential targets, 46 active ingredients were successfully
screened, and their 551 potential targets were predicted by
the SwissTargetPrediction platform. More than half of these
ingredients are flavonoids, which aligns with the previous
literature indicating that the active ingredients of FLCWK
contain no less than 12% flavonoids by weight [22]. Ex-
perimental pharmacological studies have confirmed that
these flavonoids, such as apigenin, quercetin, and quercitrin,
exhibit anticolitis effects by suppressing inflammatory me-
diators [23]. Morin has been shown to alleviate DSS-induced
ulcerative colitis in mice through the inhibition of

inflammation and modulation of intestinal microbiota [24].
Alpinetin is associated with a dose-dependent reduction in
intestinal inflammation and oxidative stress, and it also
regulates the expression of tight junctions between cells in
ulcerative colitis mice [25]. In addition to flavonoids, the
remaining active ingredients include terpenes, phenyl-
propanoids, phenols, and alkaloids. These compounds are
also crucial components of FLCWK, and experimental
pharmacological studies have demonstrated that they exhibit
a wide range of anti-inflammatory biological activities
[26-28]. The information on the active ingredients of the
FLCWK capsule is shown in Table 2.
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3.2.2. Colitis Target Prediction and Intersection With Targets
of the FLCWK Capsule. 1135 and 6086 colitis-related targets
were collected from the DisGeNET and GeneCards data-
bases, respectively. After combining the results and re-
moving duplicates, 6381 target genes were obtained. 352
potential targets for FLCWK against colitis were obtained
after intersecting the targets of the FLCWK active in-
gredients and the colitis-related targets by the Venny soft-
ware (Figure 3).

3.2.3. PPI Network Construction. Three hundred and fifty-
two potential targets for FLCWK against colitis were
imported into the STRING database to get PPI information.
After removing disconnected targets, a PPI network with
259 nodes and 1066 edges was constructed by the Cytoscape
software (Figure 4). In the PPI network, each target was
represented by a node, and the interactions between the
targets were represented by the edges linking the nodes. A
node degree value indicates the number of connections of
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each node, and the larger a node’s degree is, the more it
interacts with others. The top 10 targets according to their
degree value were TP53 (degree=49), SRC (degree =44),
PIK3R1 (degree=41), PIK3CA (degree=40), HSP90AA1
(degree =39), STAT3 (degree =38), PIK3CB (degree =38),
PIK3CD (degree=37), AKTIl (degree=36), and EGFR
(degree=32). These may be the key targets when the
FLCWK capsule treats colitis.

3.2.4. GO and KEGG Enrichment Analysis. GO and KEGG
pathways (p < 0.05) were considered significantly enriched. A
total of 1042 significantly enriched GO entries were obtained
from the DAVID database, including 763 BP, 86 CC, and
193 MF. For visual analysis, the results of GO and KEGG were
drawn into bar and bubble charts using a bioinformatics
analysis platform (https://www.bioinformatics.com.cn/). As
shown in Figure 5(a), 5(b), 5(c), 5(d) and Tables $2-S3, the top
20 GO entries and KEGG pathways were chosen according to
the p value and counts of hit genes. BP mainly involves
protein phosphorylation, response to xenobiotic stimulus,
regulation of the apoptotic process, inflammatory response,
and so on. CC mainly involves the plasma membrane, re-
ceptor complex, cytosol, membrane raft, cytoplasm, and so
on. MF mainly involves ATP binding, protein kinase activity,
RNA polymerase II transcription factor activity, ligand-
activated sequence-specific DNA binding, and so on. Path-
ogenesis of colitis is always regulated through protein
phosphorylation [29]. Furthermore, when the intestinal
mucosa is exposed to xenobiotic stimuli, it may produce
aberrant responses, resulting in significant inflammation and
intestinal damage, such as colitis [30]. Excessive apoptosis of
intestinal epithelial cells can lead to epithelial dysfunction and
gut microbiology imbalance, which also play an important
role in the pathogenesis and progression of colitis [31]. The
results of GO suggested that FLCWK may play a role in
anticolitis treatment by regulating the abovementioned bi-
ological processes via effecting ATP binding, protein kinase,
RNA polymerase, and DNA binding. In the KEGG analysis,
a total of 164 pathways were enriched, including pathways in
cancer, EGFR tyrosine kinase inhibitor resistance, AGE-
RAGE, PI3K-Akt, MAPK signaling pathway, and so on. The
top 20 pathways were taken to construct the compound-
target-pathway-disease network for further analysis of the
anticolitis mechanism of the FLCWK capsule.

3.2.5. Network Construction. The compound-target-path-
way-disease network was constructed and analyzed by
Cytoscape. As shown in Figure 6, active ingredients and their
corresponding targets were represented by nodes, and each
ingredient was linked to its target genes with edges. Using
the Network Analyzer in the Cytoscape software, the to-
pological parameters of the network were calculated. Among
the topological parameters, the degree, which refers to the
number of edges associated with a node, was selected as
a measure of node importance. According to the results of
the topological analysis, 4',5-dihydroxyflavone, pinostrobin,
naringenin chalcone, apigenin, morin, and alpinetin were

Journal of Analytical Methods in Chemistry

TaBLe 3: Top 10 important compounds of the com-
pound-target-pathway-disease network.

No. Compound Degree
FL39 4',5-Dihydroxyflavone 79
FL45 Pinostrobin 76
FL33 Naringenin chalcone 75
FL34 Apigenin 75
FL30 Morin 74
FL36 Alpinetin 74

(58,108,13R,14R,15S,17R)-15-hydroxy-17-[(Z,2R)-
7-hydroxy-6-methylhept-5-en-2-yl]-
FL28 4,4,10,13,14-pentamethyl-1, 72
2,5,6,12,15,16,17-octahydrocyclopenta[a]phenanthren-3-one

FL29 Quercetin 72
FL32 3-O-Methylquercetin 72
FL35 Kaempferol 72

among the top 10 important compounds, suggesting sig-
nificant anticolitis effects (Table 3). The top 10 core protein
targets (Table 4), including EGFR, AKT1, PIK3R1, PIK3CB,
MAPKI, IGF1R, and MET, were partially consistent with the
results of PPI analysis. Pathways in cancer, MAPK, and
PI3K-Akt signaling pathways were among the 10 important
pathways in this network (Table 5). These compounds may
primarily bind to these core targets to regulate relevant
pathways, thereby inhibiting the development of colitis.
Colitis is characterized by chronic relapsing in-
flammation with intestinal epithelial injury and immune
homeostasis disruption [32]. The MAPK signaling pathway
is a classical inflammatory signaling pathway, while the
PI3K-Akt signaling pathway can activate NF-kB and in-
crease proinflammatory cytokine production (e.g., IL-6, IL-
1B, and TNF-a), playing a critical role in colitis pathogenesis
[33-35]. Network pharmacology results showed that the
compounds of the FLCWK capsule interact with key targets
in the MAPK and PI3K-Akt signaling pathways. For ex-
ample, pinostrobin binds to critical MAPK pathway genes
(SRC, FGFR1, and MAPKAPK2) and interacts with key
targets in the PI3K-AKT signaling cascade (PIK3CA,
PIK3CB, PIK3CD, PIK3CG, MTOR, and AKT1). The pre-
vious literature reported that pinostrobin attenuates
azoxymethane-induced bowel inflammation in rats [36].
Thus, pinostrobin may alleviate bowel inflammation by
inhibiting the MAPK and PI3K-AKT signaling pathways.
Apigenin interacts with key MAPK signaling cascade targets
(EGFR, SRC, and PIK3R1) and binds to critical PI3K-AKT
pathway genes (PIK3R1, AKT1, and GSK3B). These findings
are consistent with the previous literature demonstrating
that apigenin downregulates inflammatory cytokine ex-
pression by modulating the MAPK pathway and inhibits the
PI3K-AKT pathway, supporting its anti-inflammatory po-
tential [37]. Morin interacts with crucial MAPK pathway
genes (SRC and MAPK) and pivotal PI3K-AKT signaling
cascade targets (PIK3R1, PIK3CG, and GSK3B). This is
consistent with previous research showing that morin in-
tervention mitigates ulcerative colitis severity in mice by
suppressing the MAPK pathways [24]. Alpinetin interacts
with a crucial MAPK pathway gene (MAPKAPK2) and key
PI3K-AKT pathway targets (PIK3CD, PIK3CB, PIK3CG,
PIK3CA, and MTOR). Previous studies indicated that
alpinetin improves the disease activity index, colonic
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TaBLE 4: Top 10 targets of the compound-target-pathway-disease
network.

No. Target Degree
1 EGFR 30

2 CA2 29

3 CA4 29

4 AKT1 28

5 AKRI1B1 27

6 PIK3R1 26

7 MAPK1 23

8 PIK3CB 22

9 IGFIR 22
10 MET 22
TABLE 5: Top 10 pathways of the com-
pound-target-pathway-disease network.

No. Pathway Degree
hsa05200 Pathways in cancer 91
hsa04151 PI3K-Akt signaling pathway 58
hsa04010 MAPK signaling pathway 52
hsa05417 Lipid and atherosclerosis 49
hsa05205 Proteoglycans in cancer 43
hsa05208 Chemical carcinogene.sis—reactiw oxygen 43

species
hsa04014 Ras signaling pathway 43
hsa05167 Kaposi sarcoma.l-asso'ciated herpesvirus 4l
infection

hsa05207 Chemical carcinogenesis—receptor activation 41
hsa05161 Hepatitis B 38

shortening, histological scores, and myeloperoxidase activity
in mice with ulcerative colitis [25]. Therefore, alpinetin may
inhibit colitis via the PI3K-AKT and MAPK signaling
pathways. In conclusion, interaction with key targets in the
MAPK and PI3K-Akt signaling pathways may be one of the
mechanisms by which the FLCWK capsule attenuates the
inflammatory response in colitis.

4. Conclusions

In this study, an integrated approach combining UHPLC-Q-
Exactive Orbitrap MS and network pharmacology analysis
was adopted to explore the potential active ingredients and
anticolitis mechanisms of the FLCWK capsule. 115 com-
pounds in the FLCWK capsule were identified. According to
the results of the compound-target-pathway-disease net-
work, the anticolitis effect of the FLCWK capsule is mainly
attributed to 46 active ingredients such as 4',5-dihydroxy-
flavone, pinostrobin, naringenin chalcone, apigenin, and
morin, which act on 352 core protein targets, such as EGFR,
AKT]1, PIK3R1, PIK3CB, and MAPK]1, thereby modulating
relevant pathways, such as MAPK and PI3K-Akt signaling
pathways. In conclusion, the integrated approach provided
valuable insights into the potential active ingredients and
anticolitis mechanisms of the FLCWK capsule. Based on the
current findings, further confirmation through in vitro and
in vivo experiments in subsequent studies is required to
establish a reliable foundation for its clinical application.
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