5 47 % 5 10 ) i Tl B Vol. 47 No. 10
2026 4 5 H Science and Technology of Food Industry May 2026

HIIH, T2, BREtE, %. Craterellus cornucopioides (JRWIWNE ) K 3 UM ISR 45 1 28 I3 13 X 45 24 BR22 R0 70 TSR R L 7E
ML [0]. B TR, 2026, 47(10): 425-437. doi: 10.13386/).issn1002-0306.2025040175

XIA Juanjuan, WANG Xin, XU Ruixiang, et al. Craterellus cornucopioides Water Extracts Attenuate Colitis and Explore Underlying
Mechanisms via Network Pharmacology and Molecular Docking[J]. Science and Technology of Food Industry, 2026, 47(10): 425—437.
(in Chinese with English abstract). doi: 10.13386/.issn1002-0306.2025040175

Craterellus cornucopioides ( JRBIW\E )
TKIRBIB RS 1 R 3l it P 45 2 B
AR R DL

BiRE, T £, EER,MIa, 0 B H &, fNE
Gy EHRFHFR, LHEHS 330004)

Ny

W E: B8 KA RARI Craterellus cornucopioides (& | o\H ) K34 (Craterellus cornucopioides water
extracts, CCWE) *f X £ 5 % 22 % % (ulcerative colitis, UC) AR ER . ik & F = A R
(trinitrobenzene sulfonic acid, TNBS) #F KA FHELBE (UC) A, @3 BN KIATEL, EREDL
# (disease activity index, DAI) F5A=4E 408 7% A#5-17 22 (hematoxylin-eosin, HE) # & kP mEH15. 4
M 4E W 40 P B i A AL B8 (myeloperoxidase, MPO) #PME ., — &AL R (NO) . A A4 LEE (superoxide
dismutase, SOD) # M. A =& (malondialdehyde, MDA) #=42 X f9f. B -F (IL-18. TNF-a. IL-6) K-F, #F4
CCWE * UC #7897 % R o KR A& HIFiHik CCWE 43t UC 89 F R4, fe EA=lsh, KRG K4t4n LE A
BATF A AEIAE, VAR B LY Rk sl tE AL, 45 TNBS 469 DAL R4 23 & T84 (P<0.05) . 5
TNBS #2481k, CCWE £ % [£ 1K DAL %> (P<0.05) H# X & R WAL R FHif. ssh, 5 TNBSAAIL,
CCWE it £ # & 4K 7 MPO. NO. MDA. IL-18. TNF-a 4= IL-6 K-F (P<0.01) , R 2 ¥4 % T SOD K-F
(P<0.01) o Bif M % 25325 70 CCWE 677 UC 8948 fe ) STAT3. SRC. MAPK3. PIK3R1 4= AKT1. 1F
JAL%) @ 36 HIF-1. relaxin #= PI3K/Akt 12 5 i % ., CCWE &% UC 89 £ % i 4 4 illudin T. #% % (quercetin) .
4-2HK A FAH AR T FEE LB A (4-hydroxy-4-isopropenylcyclohexanemethanol acetate) T BR-4- £ AX-5-T Hi
B% (4-oxo-hex-5-enyl acetate) . craterellins B, 74288 (ferulic acid) . craterellins A, "B (caffeic acid) . 4-&
R -1,6-— % — C# B (4-oxohex-1,6-diyl diacetate) A=[aFk k& & M (Cilludin M) . & Far#4 &2 9,
CCWE 8y Mmoo 5 X EAH SR B Rt RIFEEFA N, LPMEF I CR-4-AR-5-CHBEL T HRIF
Ay 3F 3 4o 4 CCWE 89 & B o o0 Mt i & Ao T BR -4- AR -5-T M B5 T 8 9 & 46 STAT3. SRC. MAPK3.
PIK3R1 #= AKT1 & & ki, & ##F HIF-1. relaxin A= PI3K/Akt i@ %7497 Hm e 4m £ (UC) .
X$&17): Craterellus cornucopioides ( F RO\ ) KR, R RH, L K, MK HEF 5F
xF P
RESHZES:RIS11 TRRFRIRED: A X E4B:1002-0306(2026)10-0425-13 AP ERE
DOI: 10.13386/j.issn1002-0306.2025040175

Craterellus cornucopioides Water Extracts Attenuate Colitis
and Explore Underlying Mechanisms via Network
Pharmacology and Molecular Docking

KRS EHEA: 2025-04-15
HEWH: AR HIHERFTENARA (GII2200951) ;i EHRFHATACHERALTRA (XI-S202477) ;x4 W E2HELEHBET AR
(2023A0392) .,
{EERIN: B4R (2000-) , 4, BEAF5C A, BF5 75 @ 2547, E-mail: xiajuanjuan@jxutcm.edu.cn.,
*BIEIEE: A4 (1986-) , 4, W, 81304%, BFA T #): F 25 %17, E-mail: liujing860828@163.com.
KA (1991-) , B, AH, 307, AF 7075 @) 425 T4 5 %4, E-mail: 1991023 1@jxutcm.edu.cn.
AFHE (1976—) , 4, 14, 4%, #1587 @ P 25 S iR, E-mail: smilefxm@163.com


https://doi.org/10.13386/j.issn1002-0306.2025040175
https://doi.org/10.13386/j.issn1002-0306.2025040175
https://doi.org/10.13386/j.issn1002-0306.2025040175
mailto:xiajuanjuan@jxutcm.edu.cn
mailto:liujing860828@163.com
mailto:19910231@jxutcm.edu.cn
mailto:smilefxm@163.com

- 426 -

B Tl B

XIA Juanjuan, WANG Xin, XU Ruixiang, XIA Ziwei, ZHONG Weihong, LIU Jing*,
XIAO Xiong", FU Xiaomei’

(School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China)

Abstract: Objective: The protective effects of Craterellus cornucopioides water extracts (CCWE) on rat model of UC were
investigated in this study. Methods: Trinitrobenzene sulfonic acid (TNBS) was used to induce an ulcerative colitis (UC)
model in rats. Pathological injury was assessed by monitoring body weight changes, disease activity index (DAI) scores,
and hematoxylin-eosin (HE) staining of colonic tissues. The levels of myeloperoxidase (MPO) activity, nitric oxide (NO),
superoxide dismutase (SOD) activity, malondialdehyde (MDA), and pro-inflammatory cytokines (IL-1f5, TNF-a, IL-6) in
colon tissues were examined to evaluate the therapeutic effects of CCWE on UC. Network pharmacology was employed to
screen active ingredients, targets, and pathways of CCWE against UC, followed by molecular docking validation of key
interactions to elucidate its material basis and mechanism of action. Results: The DAI score of the TNBS group was
significantly higher than that of the control group (P<0.05). Compared with the TNBS group, CCWE significantly reduced
the DAI score (P<0.05) and improved macroscopic and histological damage. In addition, compared with the TNBS group,
CCWE also significantly decreased the levels of MPO, NO, MDA, IL-18, TNF-a and IL-6 (P<0.01), while significantly
increasing the level of SOD (P<0.01). The core targets of CCWE in treating UC were predicted to be STAT3, SRC,
MAPK3, PIK3R1 and AKTI1 by network pharmacology. The mechanisms of action encompass the HIF-1, relaxin, and
PI3K/Akt signaling pathway. The main components of CCWE for treating UC might be illudin T, quercetin, 4-hydroxy-4-
isopropenylcyclohexanemethanol acetate, 4-oxo-hex-5-enyl acetate, craterellins B, ferulic acid, craterellins A, caffeic acid,
4-oxohex-1,6-diyl diacetate, and illudin M. Molecular docking results indicate that the active components of CCWE exhibit
good binding affinity with these five core targets, with quercetin and 4-oxo-hex-5-enyl acetate showing the most significant
docking scores. Conclusion: The active ingredients in CCWE, quercetin and 4-oxo-5-hexenyl acetate, modulate the
expression of proteins including STAT3, SRC, MAPK3, PIK3R1 and AKT]I, ultimately activating the HIF-1, relaxin, and
PI3K/Akt signaling pathways to treat ulcerative colitis.

Key words: Craterellus cornucopioides water extracts; edible fungus; colitis; network pharmacology; molecular docking
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Inflammatory bowel disease (IBD) is primarily
categorized into two types: Ulcerative colitis ( UC)
and Crohn's disease (CD). The main characteristic of
IBD is
colon" 2. Clinical data indicates that UC elevates the
cumulative CRC risk by 18%~20%, while CD increas-
es it by up to 8% following a 30-years duration of the

inflammation in the small intestine and

diseasel!. Currently, the therapeutic options for UC in-
clude 5-ASA drugs, immunosuppressants, corticos-
teroids, cell therapy, and surgical intervention. Howev-
er, therapeutic approaches often present significant ad-
verse effects and limited tolerability. They are unsuit-
able for prolonged use™°l. Consequently, there is a
pressing and urgent need to explore innovative ad-
junct therapies.

The pathogenesis of UC is considered to be
caused by combination of factors, involving the intesti-
nal epithelial barrier dysfunction, deregulated im-
mune and inflammatory reactions to the gut microbio-
ta and genetic susceptibility'®. So far, increasing evi-
dence suggests that imbalanced redox status and over-
production of proinflammatory cytokines play essen-
tial role in the pathogenesis and progression of
UC"®. During the initial stages of intestinal inflamma-
tion, excessive ROS production leads to oxidative

stress and the release of excessive pro-inflammatory

mediators, triggering an inflammatory response. Vice
versa, the activation of inflammatory cells could accel-
erate oxidative stress, which induces intestinal epithe-
lial barrier dysfunction. Therefore, the maintenance of
redox homeostasis and regulation of inflammatory cy-
tokines could be an effective approach against UCP).
To date, abundant reports have revealed that natu-
ral edible products serving as complementary and al-
ternative medicine (CAM) play an important role in
maintaining health and preventing diseases, particular-
ly for diseases caused by oxidative stress and inflam-
mation"° 2!, Craterellus cornucopioides, a member of
the Cantharellaceae family, is a globally distributed
edible fungus that is high in protein, essential amino
acids, dietary fiber, and vitamins, and low in fat and
cholesterol. It is a functional food with highernutrition-
al value than other plants. Because of its natural an-
tioxidant properties, it has excellent effects in prevent-
ing cardiovascular disease and also possesses anti-tu-
mor, anti-inflammatory and anti-bacterial proper-
ties!"’l. Previous literatures have indicated that both
the ethanolic and aqueous extracts of Craterellus cor-
nucopioides exhibit anti-inflammatory and antioxi-
dant activities!* '*). Meanwhile, a polysaccharide iso-
lated from Craterellus cornucopioides was obtained

which exhibited strong anti-oxidant and anti-inflamma-
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tory activities!'. Therefore, it is worthy to study
whether the crude water extract of Craterellus cornuco-
pioides (CCWE) have protective effect on UC. Net-
work pharmacology is a research paradigm integrat-
ing systems biology, bioinformatics, and polypharma-
cology, which predicts the targets of active ingredi-
ents and their regulatory pathways by constructing a
"drug-component-target-disease" multi-level interac-
tion network. Unlike the traditional single-target re-
search model, this method comprehensively analyzes
the synergistic effects of multiple components, tar-
gets, and pathways in natural products, and can more
comprehensively reveal the complex regulatorymecha-
nisms of drugs!'’'®!. This study explored the therapeu-
tic effect of orally administered CCWE on UC with a
TNBS-induced colitis model. Furthermore, theunderly-
ing mechanism of CCWE in treating UC were investi-
gated using network pharmacology and molecular
docking.

1 Materials and Methods

1.1 Materials and instrument

The dried fruiting bodies of Craterellus cornucopi-
oides were sourced from Yunnan Province in China.
2,4,6-trinitrobenzene sulfonic acid (TNBS) and all oth-
er chemical regents were of analysis grade and pur-
chased from Sigma-Aldrich Company (Germany).To
obtain subjects for the study, male Sprague Dawley
rats (200~220 g, approval number: SCXK2013-0004)
were purchased from Hunan Silaikejingda Experimen-
tal Animal Co., Ltd. All animals were housed in a con-
trolled environment (temperature range: 22~24 °C; hu-
midity: 40%~55%; 12-hour light/dark cycle). The ex-
perimental procedures were approved by the Jiangxi
University of Chinese Medicine.

UV-1800 ultraviolet-visible spectropho-tometer
was obtained from Japan Shimadzu; Varioskan LUX
multimode microplate reader, ULT-7150-9-V ultra-
low temperature freezer were purchased from Ther-
mo Fisher Scientific, USA.

1.2 Experimental method
1.2.1 Preparation process of aqueous extract of

Craterellus cornucopioides To eliminate lipids and
pigments, Craterellus cornucopioides powder was re-
fluxed in ethanol at 80 °C for 4 hours. Following this,
the residue was extracted three times with hot water
(at 90 °C), each extraction lasting for 2 hours. The ob-
tained supernatants were mixed and concentrated by

rotary evaporation to yield CCWE.

1.2.2 Animals experiments After adaptation, the

rats were randomly assigned to five groups. The
groups were categorized as the control group, the
TNBS-induced model group, the CCWE-treated
groups (50 and 100 mg/kg), and the positive drug
group receiving SASP at a dose of 500 mg/kg. Each
group contained 8 rats. The colitis induction model
was established using a previously reported method.
Briefly, TNBS was dissolved in 50% ethanol (v/v) to
prepare a solution. The prepared TNBS solution was
then injected into the colon through a silicone tube
(2 mm outer diameter) inserted 8 cm deep, and the ad-
ministered dose was 0.5 mL/kg!"”!. Rats were adminis-
tered saline using the same method in the control
group. To ensure that TNBS did not leak from the
colon, all rats were maintained in a head-down posi-
tion for five minutes. And then they were returned to
their cages. Once the model was successfully estab-
lished, the rats were gavaged once daily for 7 consecu-
tive days (1.0 mL per 100 g of body weight). The ani-
mals were euthanized and the colon was collected on
the 8th day. All colons were sectioned proportionally

and stored at -80 °C for subsequent analysis.

1.2.3 Assessment of disease activity index (DAI)

The body weight of the rats was measured daily to cal-
culate the body weight change rate, whilesimultaneous-
ly monitoring the consistency of their feces and the
presence of rectal bleeding. DAI of the rats was as-
sessed based on criteria previously established in liter-
ature. DAI score=( A+B+C) /3%, A represented the
body weight change score, B represented the fecal
consistency score, and C represented the bloody stool

score.
1.2.4 Macroscopic and histological evaluation of col-

itis Macroscopic changes in the colon are one of the
main indicators for assessing the severity of colitis.
The macroscopic score of the colon was determined
based on criteria described in previous studies™®"). His-
tologic evaluation of the colon was also performed by
fixing approximately 0.5x0.5 cm?® of colon tissue in
4% formalin solution, which was then embedded in
paraffin and stained with hematoxylin-eosin (H&E)
before light microscopy. Sections were scored for the
degree, extent, and depth of inflammation and the
amount of glandular and epithelial damage as previous-

ly reported in the literature!*?.
1.2.5 Measurement of the levels of inflammatory cy-

tokines and MPO, SOD, MDA, NO in colon tissues
After collecting the colonic tissues, they were washed

and then homogenized using pre-cooled PBS. The ho-
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mogenate was centrifuged at 4 °C for 10 minutes. The
supernatant was collected, and the total protein concen-
tration was determined using the BCA method. The
concentrations of TNF-a, IL-6, and IL-15 were mea-
sured using their respective ELISA kits, while the lev-
els of MPO, SOD, MDA, and NO were assayed us-
ing corresponding kits. The entire experimental proce-
dure was carried out according to the instructions.
1.2.6 Network pharmacology study

1.2.6.1 Prediction of targets and screening of poten-

tial targets in CCWE The chemical composition of
CCWE reported in the literature was searched and ob-
tained™®?”). The SMILES codes for these compounds
were obtained from the PubChem database. These
SMILES codes were then input into the Swiss Target
Prediction and TCMSP databases to predict the poten-
tial targets of the active ingredients in Craterellus cor-
nucopioides. The keyword "ulcerative colitis" was
used as a search term to obtain the relevant targets for
this disease from OMIM, Gene Card, Drug Bank, and
TTD databases, respectively. Subsequently, a Venn di-
agram was drawn to obtain the potential intervention

targets of CCWE for the treatment of colitis.
1.2.6.2 Construction of protein—protein interaction

(PPI) network The above intersection targets were
input into a STRING database to construct a PPI net-
work. During this process, "Homo sapiens" was set as
the species, and a "highest confidence" threshold of
0.9 was established for minimum interactions to guar-
antee the PPI network's clarity. The relevant data files
were integrated into Cytoscape 3.9.1 for visualization
and analytical. In order to estimate the topological
characteristics of the network nodes, three parameters
including degree, betweenness centrality, and close-
ness centrality were used to predict protein-protein in-
teractions in this study.

1.2.6.3 GO and KEGG pathway enrichment analy-

sis GO and KEGG pathway enrichment analyses
were conducted using the DAVID platform (https://
david.nciferf.gov/). The top 10 enriched GO terms
and the top 20 enriched KEGG pathways were ob-
tained and presented as bubble and bar graphs, respec-
tively. These results explore the potential biological
functions and major signaling pathways of Craterel-
lus cornucopioides in the treatment of UC.

1.2.6.4 Active ingredient-target-disease pathway net-
work construction of CCWE The chemical composi-
tions of the screened active ingredients in CCWE, the

intersection target genes and the top 20 major path-

ways from the KEGG enrichment analysis were load-
ed into Cytoscape 3.9.1 software for visualization, re-
sulting in the construction of the ingredient-target-dis-

ease network.

1.2.7 Molecular docking The MOE software was
utilized to dock the active components screened from
the "active ingredient-target-pathway" network with
the core target proteins. The 3D structures of the tar-
get proteins were downloaded from the RCSB PDB
database ( http://www.rcsb.org/pdb) , while the 3D
chemical structures of the active ingredient were ob-
tained from the PubChem database or previous litera-
ture. The MOE software was employed to perform
molecular docking between the compounds and tar-
gets, and the binding energies were calculated.
Among them, a lower binding energy of the docking
conformation indicates a more stable docking.
1.3 Statistical analysis

The data are shown as means*standard devia-
tion (SD). For statistical analysis, one-way analysis of
variance was performed using SPSS version 21.0. A

statistical significance level of P<0.05 was set.
2 Results and analysis
2.1 Effect of CCWE on body weight and DAI score in

rats with colitis

The body weight was also significantly altered in
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Fig.1 Effect of SASP (500 mg/kg) and different doses
of CCWE (50, 100 mg/kg) on body weight (A)
and DALI scores (B) of rats with colitis
Note: Data are showed as the mean+SD. #P<0.05 vs. control
group, ##P<0.01 vs. control group, *P<0.05 vs. TNBS group,
**P<0.01 vs. TNBS group.
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the UC rat model. As shown in Fig.1A, the body
weight of the TNBS group was significantly lower
than the control group (P<0.01). Rats treated with
SASP and CCWE (50 mg/kg and 100 mg/kg) showed
significantly higher body weights compared to the
TNBS group (P<0.01). Thus, CCWE could alleviate
weight loss in rats with colitis. DAI scores reflected
the clinical manifestation of UC. As illustrated in
Fig.1B, the TNBS group exhibited a significantly high-
er DAI score than the control group (£<0.05). In con-
trast, rats treated with SASP and CCWE at doses of
50 mg/kg and 100 mg/kg showed significant reduc-
tion in DAI scores compared to the TNBS group
(P<0.05). Therefore, CCWE could ameliorate DAI
scores in colitis rats.
2.2 Effect of CCWE on macroscopic and histological
alterations in rats with colitis

The macroscopic changes were observed in
Fig.2A. The TNBS group displayed sever edematous
changes, hemorrhagic, ulcerated and necrotic in the
colonic mucosa. And the SASP and CCWE (50, 100
mg/kg) groups relieved the symptoms in the colonic
tissue. The macroscopic scores were also shown in
Fig.2B. The TNBS group exhibited a significantly
higher macroscopic score than the control group
(3.43+0.53 vs. 0.14+0.38, P<0.01). In addition, admin-
istration of SASP and CCWE at doses of 50 mg/kg
and 100 mg/kg respectively, resulted in a notable re-
duction in the scores compared to the TNBS group
(P<0.01).

The same phenomenon was found in the histologi-
cal changes. According to Fig.3A, the colonic tissue
of TNBS group showed the goblet cells and epitheli-

um disappeared, deformed or disappeared crypt and
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Fig.2 Effect of SASP (500 mg/kg) and different doses
of CCWE (50, 100 mg/kg) on modifications in colonic
macroscopic morphology (A) and macroscopic score (B)
Note: (a) control group; (b) TNBS group; (c¢) SASP group;
(d) CCWE treatment group, 50 mg/kg; (¢) CCWE treatment
group, 100 mg/kg. Data are showed as the mean+SD. ##P<0.01
vs. control group, **P<0.01 vs. TNBS group.
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diffuse inflammatory cell infiltration. However, treat-
ment with SASP and CCWE (50, 100 mg/kg) groups
partially recovered the crypt architecture and reduced
inflammatory cell infiltration in colonic tissue. The
histological scores for both SASP and CCWE treat-
ments at doses of 50 mg/kg and 100 mg/kg were no-

tably lower than those of the TNBS group (Fig.3B,
P<0.01).
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Fig.3 Effect of SASP (500 mg/kg) and different doses of CCWE (50, 100 mg/kg) on colonic histological changes (A)
and histological score (B)

Note: (a) control group, (b) TNBS group, (c) SASP group, (d) CCWE treatment group, 50 mg/kg, (¢) CCWE treatment group, 100 mg/
kg. Data are showed as the mean+SD. ##P<0.01 vs. control group, **P<0.01 vs. TNBS group. H&E straining, magnification 100x%.
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2.3 Effect of CCWE on the MPO, SOD, MDA and NO
levels in rats with colitis

Meanwhile, the levels of MPO, SOD, MDA, and
NO were measured to evaluate the degree of oxida-
tive stress. MPO is a major marker of the degree of
neutrophil infiltration in tissues. TNBS group caused

significantly increased in the colonic MPO (P<0.01)
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Fig.4 Effect of SASP (500 mg/kg) and different doses
of CCWE (50, 100 mg/kg) on antioxidant index
Note: (A) MPO; (B) SOD; (C) MDA; (D) NO. Data are showed
as the meantSD. ##P<0.01 vs. control group, *P<0.05 vs.
TNBS group, **P <0.01 vs. TNBS group.

compared to the control group. Administration of both
SASP and CCWE at dosages of 50 mg/kg and 100
mg/kg markedly suppressed MPO activity in colon
(P<0.01, Fig.4A). The data showed that colonic SOD
activity in the TNBS group was significantly reduced
compared to the control group (P<0.01). The colonic
SOD activity was increased to 42.71+7.94 U/mg,
33.34+6.54 U/mg and 50.30+9.42 U/mg (P<0.01,
Fig.4B) with SASP and CCWE at different dose
(50 mg/kg and 100 mg/kg).

Higher tissue levels of MDA, NO were also
found in TNBS group compared to the control group
(P<0.01). The MDA and NO levels was decreased to
24.47+3.61 nmol/mg, 29.76+4.84 nmol/mg, 21.29+
2.37 nmol/mg and 9.38+1.79 pumol/g, 12.25+2.18
umol/g, 10.04%+1.97 pmol/g after treatment with
SASP and CCWE (50 mg/kg and 100 mg/kg) (Fig.4C~
Fig.4D), respectively. These results indicated that
CCWE could reduce the oxidative stress in TNBS-in-
duced colitis of rats.

24  Effect of CCWE on the pro-inflammatory

cytokines in rats with colitis

According to Fig.5, the TNBS group exhibited a
significant elevation in the levels of TNF-a, IL-14 and
IL-6 in comparison to the control group (P<0.01).
SASP and CCWE (50 mg/kg and 100 mg/kg) signifi-
cantly decreased the levels of TNF-a, IL-14 and IL-6
(P<0.01). These results indicated that CCWE sup-
pressed the production of inflammatory cytokines in
rats with colitis.
2.5 Potential active ingredients and targets of CCWE

According to the previous literature reports, a to-
tal of 29 chemical components of CCWE were re-
trieved from the literature. The target information was
obtained through Swiss Target Prediction and TCM-
SP databases, and a total of 397 target genes were ob-
tained after removing duplicates. The "active ingredi-
ent-target" network of CCWE was built using Cy-
toscape 3.9.1 (Fig. 6).
2.6 Colitis-related targets

Disease targets were searched using the key-
word "ulcerative colitis" in OMIM, GeneCard, Drug-
Bank and TTD databases, and the disease genes col-
lected from each database were summarized. A total
of 1268 colitis targets were obtained. The potential tar-
gets of CCWE were intersected with the targets of ul-
cerative colitis, yielding 150 intersection targets, and
a Venn diagram was subsequently constructed to visu-

ally represent this overlap (Fig.7).
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Fig.5 Effect of SASP (500 mg/kg) and different doses of
CCWE (50, 100 mg/kg) on pro-inflammatory cytokines

Note: (A) TNF-a, (B) IL-18, (C) IL-6. Data are showed as the
mean+SD. ##P<0.01 vs. control group, **P<0.01 vs. TNBS

group.
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2.7 PPI network

The drug and disease intersection targets were

imported into the STRING database to construct a PPI
network, as shown in Fig.8. This network comprises
150 nodes and 648 edges. The between centrality,
closeness centrality, and degree values for these tar-
gets were obtained by utilizing the Cytoscape func-
tion within the software. The top 5 targets were select-
ed as key targets for further research, namely STATS3,
SRC, MAPK3, PIK3R1 and AKT1. The main parame-

ters of these targets were presented in Table 1.

Table 1 Key targets
No. Target degree Betweenness centrality Closeness centrality
1 STAT3 92 2297.604 0.53586495
2 SRC 78 1255.6414 0.50396824
3 MAPK3 74 1255.6116 0.48288974
4 PIK3R1 70 434.24405 0.4738806
5 AKTI 66 1313.3086 0.48473284
6 PTPN11 60 234.87926 0.45519713
7 PIK3CA 60 196.53142 0.45519713
8  HSP90AAI1 60 1089.8737 0.4774436
9 RELA 58 647.37024 0.4810606
10  CTNNBI 52 692.9213 0.4618182

2.8 Results of GO enrichment and KEGG pathway

enrichment analysis

The common targets between drugs and diseases
were analyzed through GO and KEGG pathway enrich-
ment analyses. The GO enrichment results are catego-
rized into three parts: Biological process (BP), cellu-
lar component (CC), and molecular function (MF).
This included 345 biological processes, 40 cellular
components, and 90 molecular functions were identi-
fied based on P<0.01. The top 10 items from each cat-
egory were visualized and presented in Fig.9(A).
The primary BP involved negative regulation of apop-
totic process, protein phosphorylation, and positive
regulation of gene expression. CC were primarily asso-

ciated with the cytoplasm, plasma membrane and MF
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KEGG pathway enrichment analysis yielded 152 path-
ways at P<0.01. The top 20 pathways, including the
HIF-1 signaling pathway, relaxin signaling pathway,
PI3K-Akt signaling pathway, etc., were presented in

Fig.9 (B).
2.9 Active ingredient-target-disease pathway network

construction of CCWE
The information on drugs, active components,

possible targets, and pathways was integrated into Cy-
toscape 3.9.1 to build a network linking CCWE's ac-
tive ingredients to their targets and disease pathways
(Fig.10). This network comprises 44 nodes and 150
interaction edges, indicating that CCWE exerts thera-
peutic effects on UC through multi-component, multi-
target, and multi-site approaches. The top 10 active in-
gredients screened according to the degree value were
illudin T, quercetin, 4-hydroxy-4-isopropenylcyclohex-
anemethanol acetate, 4-oxo-hex-5-enyl acetate, cra-
terellins B, ferulic acid, craterellins A, caffeic acid, 4-
oxohex-1,6-diyl diacetate and illudin M. It is hypothe-

sized that these components are the core components

AGE-RAGE signaling pathway in diabetic complications {
Pathways in canoer-l!
RPN NN
Qb Q@ 6@ Q@
SN

Fig.9 Active component-target network

of Craterellus cornucopioides for the treatment of

UcC.
2.10 Molecular docking
As shown in Table 2, based on the findings from

network pharmacology, the 10 selected core compo-
nents were subjected to docking validation with the
top 5 corresponding targets (STAT3, SRC, MAPK3,
PIK3R1 and AKT1) in the PPI network. Among
these, a binding energy of <—5 kcal/mol indicated a

strong binding affinity. The results indicated that
quercetin exhibits good binding capability with
STAT3, SRC, MAPK3 and AKT1, while 4-oxohex-

1,6-diyl diacetate displays good binding ability with
PIK3R1. Fig.11 illustrated the optimal schematic dia-
grams representing the best docking outcomes for
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Fig.10  Active component-target network
Table 2 Details on the molecules and their respective targets for molecular docking
Docking score (kcal/mol)
Key t: t PDB ID - -4 - 4-0x0-hex-5- i ic 4- -1.6-
oy targe illudin T quercetin 4-hydroxy-4-isopropenylcyclohe- 4-oxo-hex-3 craterellins B ferL}hc craterellins A caff.elc 4 ‘OXOI“IeX 1.6 illudin M
xanemethanol acetate enyl acetate acid acid  diyl diacetate
STAT3 6NJS —4.61 542 -5.01 -4.91 —4.47 —4.99 —4.39 -4.34 -5.01 -4.42
SRC 1FMK  —4.79 —6.14 —5.48 —4.87 —4.99 —5.47 -4.99 —4.97 —4.78 —4.70
MAPK3 3FHR —5.41 —6.82 —5.51 —5.44 —4.57 —5.82 —5.42 —5.49 —6.59 —5.41
PIK3R1 2XS6 —-5.29 —5.33 —5.59 —5.04 -5.19 —4.83 —5.34 —5.09 —5.41 —5.13
AKTI1 1UNQ —4.95 —5.08 —4.96 —4.61 —5.03 —4.66 -4.97 —4.75 =5.00 —4.91

Fig.11
Note: (A) STAT3-quercetin; (B) SRC-quercetin; (C) MAPK3-quercetin; (D) PIK3R 1-quercetin; (E) AKT1-quercetin.
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each of the targeted proteins. As visualized in the re-
sults, quercetin forms two hydrogen bonds with
STATS3 via the amino acid residues Asp-334 and Thr-
515, exhibiting a binding energy of —5.42 kcal/mol.
Quercetin established two hydrogen bonds with SRC
mediated by Asp-258 and Tyr-326, demonstrating a
binding energy of —6.14 kcal/mol. Quercetin formed a
single hydrogen bond with MAPK3 at Met-121, yield-
ing a binding energy of —6.82 kcal/mol. Quercetin in-
teracted with PIK3R1 through a hydrogen bond at
Glu-294, with a binding energy of —5.33 kcal/mol. Ad-
ditionally, quercetin engaged with AKT1 via van der
Waals forces, showing a binding energy of —5.08

kcal/mol.

3 Discussion

In this study, we investigated the effect of
CCWE on TNBS-induced colitis in rats. The TNBS-
induced colitis model was selected due to its similari-
ties to human colitis as observed in prior research®.
In this model, TNBS could elicit changes in DAI, and
damage the colonic tissue, which was proven by
macroscopic and histological indices. CCWE at differ-
ent doses significantly reduced the DAI and attenuat-
ed the macroscopic and histological damage induced
by TNBS. These findings indicated that CCWE exhib-
ited a protective effect in the TNBS-induced colitis
model.

Several studies confirmed that oxidative stress
was associated with the pathogenesis of UC. Under
normal circumstances, reactive oxygen species (ROS)
were controlled by antioxidant systems. Nevertheless,
excessive ROS production was due to oxidative stress
which aggravated the inflammatory response in the
progression of UC?* 3% Hence, several typical index-
es associated with oxidative stress were measured in
this study. SOD as a crucial antioxidant enzyme re-
duced the oxidative damage. MDA is the producer of
lipid peroxidation which is an indicator of oxidative
stress. Previous literature indicated that colonic MDA
levels were increased and SOD activity was de-
creased in both human and animal model, which was
also be observed in our study®' 3.
CCWE at different doses (50 mg/kg and 100 mg/kg)
notably reduced MDA levels and enhanced SOD activ-
ity. The results indicated that CCWE provided protec-

Administering

tive effects in UC probably linked to decreased oxida-
tive stress.

The MPO level in the colon serves as an indica-
tor of neutrophil infiltration in colonic tissue, en-

abling assessment of the colonic inflammation's severi-

ty. Meanwhile, NO was involved in the pathogenesis
of inflammation process which was synthesized by iN-
OS. It has been documented that excessive produc-
tion of NO could damage the colonic mucosa®* 3.
Therefore, NO serves as a significant indicator of in-
flammatory bowel disease as well. In our study, the
levels of MPO and NO in colon tissue were increased
in TNBS group consistent with previous literature.
The CCWE groups remarkably decreased colonic
MPO and NO levels, thereby suggesting an anti-in-
flammatory effect of the treatment. Many studies have
demonstrated the pathogenesis of UC was related to
the cytokine release imbalance. Excessive levels of
pro-inflammatory cytokines have been found in UC
patients and experimental animal models®®. There-
fore, targeting pro-inflammatory cytokines has been
used as a treatment for UC patients®”.. TNF-«, IL-15
and IL-6 were the critical indicators in the pathologi-
cal development of UC among the pro-inflammatory
cytokines. TNF-a was a pivotal target molecule in
UC, mediating diverse biological effects such as neu-
trophil recruitment to inflammatory sites and causing
edemal®® 31,

IL-1p could provoke neutrophil migration to in-
flamed colonic tissue*”, while IL-6 played a crucial
role in promoting T-cell survival and resistance to
apoptosis in the lamina propria of inflamed areas™'l.
IL-6 production returns to normal levels when intesti-
nal inflammation resolves. Our study showed that
CCWE significantly reduced the levels of TNF-a, IL-
14 and IL-6 in colon, suggesting a mechanism which
CCWE affects cytokine production and inhibit im-
mune inflammation.

In order to further investigate the mechanism of
CCWE efficacy in the treatment of UC, this study
used network pharmacology to explore the mecha-
nism and active ingredients of CCWE. According to
KEGG pathway analysis, the main pathways en-
riched of CCWE in treating UC include the HIF-1 sig-
naling pathway, relaxin signaling pathway, PI3K-Akt
signaling pathway, etc. Studies showed that patients
with UC often suffer from hypercoagulation of blood,
leading to thrombosis of local blood vessels in the in-
testinal tract, which further exacerbates intestinal mu-
cosal ischemia and hypoxia®?!. HIF-1, a transcription
factor that is widely present in the body under hypox-
ic conditions, plays a key role in maintaininghomeosta-
sis of the internal environment. It has been recog-
nized as playing an important role in improving hypox-

ic conditions. It can induce the expression of VEGF
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and EPO genes, thereby promoting angiogenesis and
erythropoiesis while inhibiting cell apoptosis. There-
fore, the HIF-1 signaling pathway is believed to partic-
ipate in the inflammatory regulation process in UCH?!,
The relaxin signaling pathway is currently believed to
be related to tissue dysfunction caused by tissue fibro-
sis. Studies have shown that intestinal fibrosis occurs
in patients with UC. Recent studies have found that
the drug treats UC by interfering with the relaxin sig-
naling pathway in the intestinal epithelium, thereby
exerting an antifibrotic effect™¥. The PI3K-Akt signal-
ing pathway is also an important intracellular signal
transduction pathway that participates in regulating
various biological processes such as cell growth,
metabolism, survival, and proliferation. As one of the
major upstream pathways of NF-xB, which is closely
related to inflammation®, inhibiting the PI3K/Akt
signaling pathway may also contribute to alleviating
UCH9), Therefore, it can be hypothesized that the thera-
peutic effect of CCWE on UC may be achieved
through multiple targets and pathways.

This study also predicted the core components of
CCWE for the treatment of UC. The top ten com-
pounds based on the degree value of CCWE were il-
ludin T, quercetin, 4-hydroxy-4-isopropenylcyclohex-
anemethanol acetate, 4-oxo-hex-5-enyl acetate, cra-
terellins B, ferulic acid, craterellins A, caffeic acid, 4-
oxohex-1, 6-diyl diacetate, and illudin M. Previous lit-
erature studies have shown that quercetin can protect
and improve intestinal mucosal barrier function by
regulating the composition of intestinal flora, mucos-
al layer thickness, intestinal epithelial cells, and the
tight junctions (TJs) proteins™’. Additionally, it in-
hibits the expression of pro-inflammatory factors such
as IL-17, TNF-a, and IL-6, while increasing the ex-
pression of IL-10, which exhibits therapeutic effects
on UCH Additionally, research has also found that
ferulic acid can inhibit inflammatory damage to en-
dothelial cells in ulcerative colitis or alleviate TNF-a-
induced damage to human intestinal microvascular en-
dothelial cells by inhibiting the TXNIP/NLRP3 signal-
ing pathway'). Ferulic acid can also inhibit inflamma-
tory damage to endothelial cells in UC by inhibiting
the TXNIP/NLRP3 signaling pathway. Furthermore,
caffeic acid has also been found to effectively allevi-
ate DSS-induced ulcerative colitis by enhancing the
body's defenses against oxidative stress and inflamma-
tory responses®”. To explore the regulatory mecha-

nisms of these components, molecular docking was

utilized in this study to dock ten main components
with the top five targets. It was surprising that
quercetin exhibited strong binding capabilities with
the core targets STAT3, SRC, MAPK3 and AKTI,
while 4-oxo0-hex-5-enyl acetate showed good binding
ability with PIK3R1. This finding indicated that
quercetin and 4-oxo-hex-5-enyl acetate are likely the
primary bioactive compounds in CCWE for treating
UC. They may regulate the HIF-1 signaling pathway,
relaxin signaling pathway, and PI3K-Akt by binding
to these key targets, ultimately achieving the therapeu-
tic effect on UC. However, further experimental vali-
dation could be required to elucidate the specific regu-

latory mechanisms.

4 Conclusion

In summary, the results indicated that CCWE
had an ameliorative effect on UC. Additionally, the
network pharmacology method and molecular dock-
ing method were used to elucidate the mechanism and
material basis of CCWE for the treatment of UC,
which provided a basis for further exploration of the
therapeutic mechanism of CCWE for the treatment of
UC. However, the therapeutic mechanisms underly-
ing CCWE's efficacy against UC remain to be elucidat-
ed.

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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