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Abstract

Ethnopharmacological relevance: The Qi-Qin-Hu-Chang Formula (QQHCF) is a tradi-
tional Chinese medicine prescription that is clinically used at the Affiliated Hospital of
Nanjing University of Chinese Medicine for the treatment of colitis-associated colorec-
tal cancer (CAC).

Aim of the study: To evaluate the potential therapeutic effects of QQHCF on a CAC
mouse model and investigate its underlying mechanisms using network pharmacology
and experimental validation.

Materials and methods: The active components and potential targets of QQHCF were
obtained from Traditional Chinese Medicine Systems Pharmacology (TCMSP) and
herb-ingredient-targets gene network were constructed by Cytoscape 3.9.2. Target
genes of CAC were obtained from GeneCards, Online Mendelian Inheritance in Man,
and DrugBank database. The drug disease target protein-protein interaction (PPI) net-
work was constructed and the core targets were visualized and identified using Cyto-
scape. The Metascape database was used for GO and KEGG enrichment analysis.
UHPLC-MS/MS was used to further identify the active compounds in QQHCEF. Subse-
quently, the therapeutic effects and potential mechanism of QQHCEF against CAC were
investigated in AOM/DSS-induced CAC mouse in vivo, and HT-29 and HCT116 cells
in vitro. Finally, interactions between JNK, p38, and active ingredients were assessed
by molecular docking.

Results: A total of 176 active compounds, 273 potential therapeutic targets, and 2460
CAC-related target genes were obtained. The number of common targets between
QQHCEF and CAC were 165. KEGG pathway analysis indicated that the MAPK signal-
ing pathway was closely associated with CAC, which may be the potential mechanism
of QQHCF against CAC. Network pharmacology and UHPLC-MS/MS analyses
showed that the active compounds of QQHCEF included quercetin, kaempferol, luteolin,
wogonin, oxymatrine, lupanine, and baicalin. Animal experiments demonstrated that
QQHCF reduced tumor load, number, and size in AOM/DSS-treated mice, and induced

apoptosis in colon tissue. In vitro experiments further showed that QQHCF induced
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apoptosis and inhibited cell viability, migration, and invasion in HCT116 and HT-29
cells. Notably, QQHCF activated the JINK/p38 MAPK signaling pathway both in vivo
and in vitro. Molecular docking analysis revealed an ability for the main components
of QQHCF and JNK/p38 to bind.

Conclusion: The present study demonstrated that QQHCF could ameliorate AOM/DSS-
induced CAC in mice by activating the INK/p38 MAPK signaling pathway. These re-
sults have important implications for the development of effective treatment strategies
for CAC.

Keywords: Qi-Qin-Hu-Chang Formula, Colitis associated colorectal cancer, Network

pharmacology, apoptosis, INK/p38 MAPK signaling pathway

Introduction

Colorectal cancer (CRC) is a commonly occurring cancer and is the second highest
cause of cancer-related deaths globally (Baidoun et al., 2021). Inflammatory bowel dis-
ease (IBD) is a significant contributing factor to the development of colorectal cancer
(Bocchetti et al., 2021). IBD creates a chronic inflammatory environment that is not
natural and supports the development of cancer. In contrast to sporadic CRC, colitis-
associated colorectal cancer (CAC) follows the 'inflammation-dysplasia-carcinoma'
pathway, which leads to a sequence of genetic changes (Shah and Itzkowitz, 2022).
There is currently no specific medical treatment for CAC. The available evidence sug-
gests that chemoprevention therapy with 5-aminosalicylic acid, folic acid, statins, and
anti-TNF drugs can contribute to reducing the risk of CAC (Li, W. et al., 2022). How-
ever, there is still a lack of sufficient clinical trials to fully demonstrate their effective-
ness in the chemoprevention of colorectal cancer.

Traditional Chinese Medicine (TCM) has the characteristics of affecting multiple
targets, and having few side effects with a high curative effect (Wang et al., 2021).
Studies have shown that various TCM treatments possess effective anti-tumor proper-
ties that are involved in various aspects of cancer treatment, including promoting apop-

tosis, inhibiting angiogenesis, and inhibiting proliferation, migration, and invasion
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(Zhang et al., 2017). The results of this study indicate that TCM could be a promising
therapeutic option for the prevention and treatment of cancer. In the TCM theoretical
system, the etiology of CAC is deficiency of the vital-qi and the disorder of immune
functions. Qi-Qin-Hu-Chang Formula (QQHCEF, Patent number CN202211655092.8),
is derived from Qing-Chang-Hua-Shi granule, Buqi Yunpi Decoction and Xiangshen
Pill with modifications by Professor Shen. QQHCEF has been utilized for the treatment
of CAC at the Affiliated Hospital of Nanjing University of Chinese Medicine (Shen et
al.). QQHCF is composed of 11 Chinese medicine (Table 1) : Astragalus mongholicus
Bunge [Legume, Astragali Radix, AR], Atractylodes macrocephala Koidz. [ Asteraceae,
Atractylodis Macrocephalae Rhizoma, AMR], Coix lacryma-jobi L. [Gramineae, Coi-
cis Semen, CS], Poria cocos (Schw.)Wolf [Polyporaceae, Porix Cocos, PC], Sophora
flavescens Aiton [Legume, Sophorae Flavescentis Radix, SFR], Scutellaria baicalensis
Georgi [Labiatae, Scutellariae Radix, SR], Patrinia scabiosifolia Link [Valerianaceae,
Herba Patriniae, HP], Scleromitrion diffusum (Willd.) R.J.Wang [Rubiaceae Juss,
Spreading Hedyotis Herb, SH], Dolomiaea costus (Falc.) Kasana & A.K.Pandey
[Asteraceae, Aucklandiae Radix, ARs], Sanguisorba officinalis L. [Rosaceae Juss, San-
guisorbae Radix, SRs], Glycyrrhiza glabra L. [Legume, Glycyrrhizae Radix et Rhi-

zoma, GC]. The plant name has been verified with MPNS (http://mpns.kew.org).

Chinese herbal compounds consist of four types of drugs: Sovereign, Minister,
Assistant, and Courier. The Sovereign medicine serves as the primary therapeutic agent,
while the Minister, Assistant, and Courier herbs provide supportive therapeutic effects.
In QQHCEF, AR is the Sovereign herb. AR has the action of Invigorating Q1i, removing
edema, expelling pus and promoting granulation, and its pharmacological activities in-
clude immune regulation, cardiovascular protection, and anticancer effects (Liu et al.,
2021b; Su et al., 2021; Yang et al., 2020). AMR, HP, SH are the ‘Minister drugs’. AMR
strengthens Pi and induces diuresis. HP eliminates carbuncles and Clears Heat Toxins.
SH promotes diuresis, Clears Heat and inhibits cancer. AMR, HP, and SH can suppress
cell proliferation and induce apoptosis in cancer cells (Han et al., 2020; Huang et al.,

2019; Yu et al., 2016). PC, CS, SFR, SR, and SRs are the Assistant herbs. PC and CS
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can enhance the functioning of the Pi and remove Dampness. Similarly, SFR and SR
are effective in eliminating Heat and Dampness from the body. Moreover, SRs are re-
nowned for their ability to cool the blood, promote hemostasis, and facilitate the healing
of sores. ARs and GC are the Courier herbs. ARs is used to regulate the flow of Qi and
relieve pain, while GC is known to Invigorate the Pi, replenish Qi, and coordinate the
effects of the above drugs. Both Assistant herbs and Courier herbs demonstrate anti-
tumor activity (Jiang and Fan, 2020; Jo et al., 2020; Kong et al., 2021; Lee et al., 2021,
Panetal., 2023; Song et al., 2022; Zhang et al., 2019). Although QQHCEF is a commonly
used treatment for CAC in clinical settings, the efficacy and underlying mechanisms of
its action remains unknown and requires further investigation.

In this research, we explored the active compounds, possible targets, and molecu-
lar mechanisms of QQHCEF in treating CAC using network pharmacology, experimental
validation, and molecular docking. We further validated our findings in both CRC cells

and in a CAC mouse model.

Materials and Methods

Network pharmacology investigation of QQHCEF against CAC
QQHCEF herbal compounds and compound targets
The active ingredients and target proteins of QQHCF were acquired from Tradi-

tional Chinese Medicine Systems Pharmacology Database (TCMSP, https://old.tcmsp-
e.com/tcmsp.php), setting the parameters of oral bioavailability (OB)=30% and drug-
likeness (DL)=0.18. The target proteins’ gene names were then searched in the Uniport

database (https://www.uniprot.org/). Cytoscape 3.9.2 was used to create the herb-active

ingredient-intersecting target network (Duan et al., 2023).

Retrieval of CAC-associated genes

Genes associated with CAC disease were retrieved from GeneCards
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(https://www.genecards.org/), OMIM (https://www.omim.org/), and Drug Bank data-
base (https://go.drugbank.com/). In these databases, genes associated with CAC were
found by searching “colitis associated colorectal cancer”, with "Homo sapiens" selected

as the species.

Construction of protein-protein interaction (PPI) network and selection of key targets
Draw Venn Diagram (https://bioinformatics.psb.ugent.be/webtools/Venn/) was
used to visualize the intersecting targets between QQHCF and CAC.. Intersecting tar-
gets were then imported into STRING 11.5 with a required minimum network interac-
tion score of 0.9. The PPI network was visualized and assessed with Cytoscape 3.9.2
(Ji et al., 2021). Analysis of network topology parameters of targets, including degree
(DC), betweenness centrality (BC), and closeness centrality (CC), was performed using
CytoNCA tools in Cytoscape software (Wang et al., 2023). The hub targets of QQHCF
were selected according to the degree values that were greater than their respective
medians (DC>39, BC>35.7, CC>0.56). PPI networks were filtered using the MCODE
plugin in Cytoscape using a variety of cut-off values: degree=2, k-core=2, node score-

0.2, and max depth=100 (Wang et al., 2022).

GO and KEGG enrichment analysis of the intersecting targets

The Metascape database (https:/metascape.org/) was used for GO (Gene Ontology)
enrichment and KEGG (Kyoto Encyclopedia of Gene and Genomes) signaling pathway
analysis of the main targets of QQHCF and CAC (Sun et al., 2023). The top 21 results
were imported and visualized on a bioinformatics platform (http://www.bioinformat-
ics.com.cn/) to analyze signaling pathways related to key molecular biological pro-

cesses and key targets (Li, X. et al., 2022).

Molecular docking verification
Four core compounds from the QQHCF were selected through the TCMSP of the

top four compounds with degree values in the PPI network for molecular docking. Mol2
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molecular structure formats of QQHCEF active compounds were obtained from TCMSP,
imported into AutoDockTools 1.5.7 for processing, and saved in pdbqt format. The 3D
structure of JNK and p38 were downloaded from the PDB protein database
(https://www.rcsb.org). In Pymol, the water and organic matter molecules were re-
placed by hydrogen in the visualized target protein,, imported into AutoDockTools 1.5.7
for designation as a receptor, and saved as a pdbqt file (Seeliger and de Groot, 2010).
AutoDockTools 1.5.7 was used for molecular docking, and the results were visualized

by Pymol and LigPlus (Ye et al., 2021).

Preparation and quality control of QQHCF

The herbs in QQHCF were obtained from Jiangsu Province Hospital of TCM
(Nanjing, China). The herbs were mixed (157 g total), 10-times (w/v) of distilled water
was added, and the entire mixture was boiled for 40 min at 100 °C(Hu et al., 2021). The
first decoction was strained and the herbs were decocted again using the same steps.
The decoctions were combined and centrifuged at 4 °C for 10 min. The supernatant was
collected and concentrated to 66 mL for QQHCF-H group and 132 mL for QQHCF-L
group using a rotary evaporator. The decoction was filtered through a 0.22 um filter for
use in cellular experiments (Hu et al., 2022).

The UHPLC-MS/MS analysis of QQHCF was performed on a SHIMADZU-LC30

UHPLC system equipped with an ACQUITY UPLC® HSS T3 column (2.1x100 mm,

1.8 um, Waters, Milford, MA, USA) and a Thermo Scientific mass spectrometer. The
sample injection volume was 4 pL, and the column was heated to 40 °C under a flow
rate of 0.3 mL/min. The chromatography mobile phases were composed of A: 0.1%
formic acid in water and B: 100% acetonitrile (ACN). The gradient elution procedure
is as follows: 0-2 min, 0% B; 2-6 min, 0-48% B; 6-10 min, 48-100% B; 10-12 min 100%
B; 12-12.1 min 100-0% B; 12.1-15 min, 0% B. Molecules separated by UPLC were
analyzed by QE Plus mass spectrometry (Thermo Scientific). Both positive and nega-
tive-modes were applied during electrospray ionization (ESI). The ESI source condi-

tions were as follows: Spray voltage: 3.8 kV (+) and 3.2 kV (-); Sheath Gas: 30+; Aux

6
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Gas: 5(%); Probe Heater Temp: 350(%); S-lens RF level: 50. Raw data was analyzed
using MSDIAL software for peak detection, retention time correction, and peak area

extraction. Identification of compound structures were provided by Shanghai BIOPRO-

FILE Biotechnology Co., Ltd.

Experimental verification
Reagent and Instruments

Azoxymethane (AOM, A5486) was obtained from Sigma-Aldrich (St Louis, MO,
USA). Dextran sulfate sodium (DSS, MW: 36000-5000 Da) was purchased from MP
Biomedicals (California, USA). Fetal Bovine Serum (FBS, C04001), DMEM (C3110)
and RPMI-1640 (C3010) were obtained from VivaCell Biosciences (Shanghai, China).
The following primary antibodies were used: Bcl-XL (2764), Bcl-2 (3498), Bax (2772),
p38 (8690), p-p38 (9211), p-JINK (4668) provided by CST (Danvers, MA, USA).
Caspase-3/Cleaved Caspase-3 (WL02117) were obtained from Wanlei (Shenyang,
China). B-actin (66009-1-Ig), JNK (24164-1-AP) and the secondary antibodies HRP-
conjugated Affinipure Goat Anti-Mouse IgG (H+L) (20000312), and HRP-conjugated
Affinipure Goat Anti-Rabbit IgG (H+L) (20000455) were purchased from Proteintech
(Rosemont, USA). Hieff® gPCR SYBR green master mix (11201ES08) and Hifair® III
Ist Stand ¢cDNA Synthesis Super Mix (11141ES60) were bought from YEASEN
(Shanghai, China). Cell Counting Kit-8 (CCKS8) was purchased from Vazyme Biotech
(Nanjing, China). Transwell chambers (24-well plate, 8.0um) were purchased from
NEST (Wuxi, China). Standard OrganoGel with Phenol red was provided by Absin®
(Shanghai, China). BCA Protein Assay Kit (P0010), RIPA Lysis Buffer (Poo13B), Pro-
tease inhibitor cocktail (P1005) and Calcein/PI Cell Viability/Cytotoxicity assay kit
(C2015S) were provided by Beyotime Biotechnology (Shanghai, China). Enhanced
chemiluminescent (ECL) plus reagent kit was bought from Biosharp (Beijing, China).
TUNEL (G1501) and Ki67 staining kits (GB111141) were provided by Servicebio Bi-
otech (Wuhan, China).
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Animal experiments
Animals

Male C57BL/6 mice (6-8 weeks old) of SPF grade were purchased from Beijing
SiPeiFu Biotechnology Co., Ltd (Beijing, China) and housed under SPF conditions with
a 12-h dark/light cycle, food and water ad libitum during the experiment. All animal
experiments were approved by Nanjing University of Chinese Medicine’s Committee
for Ethics of Animal Experimentation and conducted strictly in accordance with their

Guidelines for Animal Experimentation.

Establishment of CAC model and QQHCEF treatment

After one week of acclimation, the mice were randomly divided into four groups:
Ctrl group, AOM/DSS group, QQHCF-H group (23.8 g/kg/day), QQHCF-L group
(11.9 g/kg/day). To induce CAC, mice were given a single intraperitoneal injection (i.p.)
of 10 mg/kg azoxymethane (AOM), followed by seven days of regular diet with free
access to water. Seven days later, mice were given 2% DSS for one week and then
distilled water for 14 days as a recovery period. This cycle was repeated three more
times for 11 weeks. QQHCF (11.9, 23.8 g/kg/day) was administered by oral gavage
once daily. In addition, mice in the Ctrl group and AOM/DSS group were given PBS

by oral gavage at an equal volume. A schedule of the experiment is shown in Fig. 6A.

H&E staining
Colon tissue was fixed in 4% paraformaldehyde, embedded with paraffin, and cut
into 5-um thick sections. The sections were placed on glass slides, stained with hema-

toxylin-eosin using standard procedures, and observed under an optical microscope.

Immunohistochemistry (IHC) and TUNEL assay

For IHC staining, tissue sections were deparaffinized and rehydrated. Antigen re-
trieval was performed, followed by blocking with BSA (5%, 1.5 h) and incubation with
primary antibodies Ki67 (1:1000, GB111141, Servicebio) at 4°C overnight. Next, slides



249  were incubated with secondary antibodies for 1 h and counterstained with hematoxylin
250  for 10 min to mark the nuclei. Samples were observed by a light microscope. To detect
251  apoptosis, a TUNEL assay was performed using the TUNEL assay kit (G1501) accord-
252  ing to the manufacturer’s protocol.

253

254  Cell culture

255 The human CRC cell lines HCT116 and HT-29 were provided by Nanjing Univer-
256  sity of Chinese Medicine. HCT116 were cultured in RPMI 1640 medium supplemented
257  with 10% FBS and 1% Pen-Strep solution and HT-29 were cultured in DMEM medium
258  supplemented with 10% FBS and 1% Pen-Strep solution. The two cell lines were cul-
259  tured in an incubator at 37 °C with 5% COx.

260

261  Cell viability assay

262 A total of 5x10° HCT116 and 1x10* HT-29 were seeded into 96-well plate at the
263  logarithmic phase and then treated with QQHCEF at concentrations of 0, 1.25, 2.5, 5, 7,
264 9 mg/mL at 37 °C for 24 h. After 24 h of treatment, add 10 pL. CCKS to each well and
265  incubated at 37°C for 1 h. The absorbance at 450 nm was then recorded using a micro-
266  plate reader.

267

268  Calcein/PI Cell Viability/Cytotoxicity assay

269 A total of 1x10* HT-29 were seeded into a 96-well plate and treated with QQHCF at
270  concentrations of 0, 5, 7, and 9 mg/mL. The treatment was carried out at 37 °C for 24
271 hours. After treatment, cells were detected using Calcein/PI assay kit in accordance with
272  the manufacturers protocols.

273

274  Wound healing assay

275 About 5x10° HT-29 cells were seeded in the 6-well plate. When cells reached 80-90%
276  confluency, cells were scraped perpendicular to the bottom of the well with a 200 pL

277  pipette tip and washed with PBS to remove floating cells. Different concentrations of
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QQHCEF (0, 5, 7, and 9 mg/mL) were added to serum-free medium in each well and
incubated at 37°C for 72 h. Images were captured at 0 h, 48 h, and 72 h by using a light
microscope with a magnification level of 100x. ImageJ was used for quantification and
the migration rate was calculated using the following formula: Wound healing area

(%)=(0 h scratch area-24 h scratch area)/0 h scratch area x100.

Transwell migration and invasion assay

Matrigel matrix was melted in a 4°C fridge overnight, and diluted in DMEM me-
dium at a ratio of 1:6. A total of 60 L. matrix was added to the upper Transwell chamber
insert and incubated at 37°C for 4 h. HT-29 was resuspended in serum-free medium and
added to the upper chamber. The lower chamber was loaded with DMEM containing
10% FBS and different concentrations of QQHCF (0, 5, 7, and 9 mg/mL). The cells
were treated for 24 h. The upper chamber was removed and washed by PBS once. 600
pL 4% paraformaldehyde was added to the lower chamber for cell fixation and stained
with 0.1% crystal violet solution for 15 min. The invading cells were observed by a
light microscope in five random fields at a magnification of 200x and manually quan-
tified using ImageJ software. The Transwell migration experiment followed the same
steps as the Transwell invasion assay, but Matrigel was used to precoat the upper cham-

bers.

Western blotting

Total protein was extracted from mouse colorectal tissue using RIPA buffer con-
taining 1% PMSF. Protein quantification was performed using the BCA protein assay
kit according to the manufacturer’s protocol. Proteins were then separated by 10-12%
SDS-PAGE, transferred to polyvinylidene difluoride membranes, blocked with 5%
skimmed milk in TBS for 1 h at room temperature, and incubated with the appropriate
primary antibodies (1:1000-1:2000 dilution) at 4°C overnight. The membranes were
then incubated with secondary antibodies for 1 h and protein bands were detected and

visualized using an ECL chromogenic substrate with a Chemiluminescence imaging

10
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system (Bio-Rad). The expression of protein was normalized to B-actin using ImageJ

software.

Real-time qRT-PCR

Total RNA was extracted from colon tissue by using Trizol reagent and reversely
transcribed into cDNA using Hifair® III 1st Strand cDNA Synthesis kits according to
manufacturer’s instructions. Real-time qPCR was carried out using Hieff® qPCR
SYBR green master mix with the LightCycler® 96 System (Roche, Basel, Switzerland).
B-actin was used as the housekeeping gene for all reactions and gene expression wascal-
culated using the ““Ct method = 2 (“Ct experimental — “Ct control) = 2"°“t, Primer

sequences are listed in Table 6.

Statistical analysis

All statistical analyses were performed on GraphPad Prism 9.0.0. Comparisons
between multiple groups were detected by one-way analysis of variance (ANOVA) tests,
and comparisons between two groups were detected by t-tests. Data is expressed as the

mean + S.E.M. Values of P <0.05 were considered statistically significant.

Results
Network pharmacology-based strategy for predicting potential targets of QQHCF
for treating CAC
Collection of QQHCEF targets and CAC targets

Active compounds in QQHCF were compiled from the TCMSP and screened ac-
cording to OB > 30% and DL > 0.18 conditions. A total of 176 active ingredients were
obtained (Supplementary Material 1). A total of 273 therapeutic target proteins associ-
ated with 176 QQHCF-derived compounds were identified and their gene names were
adjusted using the UniPort database (Supplementary Material 2). Cytoscape 3.9.2 was
then used to construct the herb-component-targets gene network. As shown in (Fig. 2C),

the surrounding circles represent different herbs and active compounds of QQHCEF, and
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the hexagons above and below represent the shared ingredients between the herbs. The
blue quadrangles in the middle indicate the targets. Node degree is a measure of the
number of edges attached to a node. The pharmaceutical ingredients with the highest
degree values were quercetin, kaempferol, luteolin, and wogonin.

A total of 2460 CAC-related targets were collected from the GeneCards, OMIM,
and DrugBank databases (Fig. 2A and Supplementary Material 3). The 165 overlapping
genes between QQHCEF targets and CAC targets were identified through a Venn dia-

gram (Fig. 2B and Supplementary Material 3).

PPI network analysis and core targets screening

To identify targets that have direct or indirect interactions, the 165 overlapping
genes were imported into the STRING database and a PPI network was constructed.
The PPI network consisted of 164 nodes and 3746 edges (Fig. 3A). Core targets were
identified based on their DC, BC, and CC values, and core and non-core target networks
were constructed (Fig. 3B). The top 14 targets, ranked by degree, were shown (Fig. 3C).
Table 2 shows the detailed information of the top 14 targets. Darker colors represent
higher degree values. In order to delve deeper into the sub-network identified by

MCODE, the targets were categorized into four distinct groups (Fig. 3D).

GO and KEGG enrichment analysis

To further investigate the function of QQHCF in CAC, we executed GO and
KEGG enrichment analysis of the 165 overlapping targets. The top 21 enriched GO
terms of molecular functions, cellular components, and biological processes are shown
in (Fig. 4B-D and Supplementary Material 4). Molecular functions include kinase bind-
ing, transcription factor binding, protein homodimerization activity, etc. The cellular
components include transcription regulatory complexes, membrane rafts, and mem-
brane microdomains. Finally, the biological processes include responses to hormones,
cellular responses to nitrogen compounds, and responses to peptides, among others.

The top 21 most abundant KEGG pathways are shown and seven of these pathways
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were found to be associated with the development of CAC. These include pathways in
cancer, PI3K-Akt and MAPK signaling pathway, MicroRNAs in cancer, and others (Fig.
4A and E and Table 3). Additionally, we observed that 32 targets were enriched in the
MAPK signaling pathway. The MAPK signaling system is crucial in cancer therapy as
it enables extracellular signals to regulate various cellular functions including prolifer-

ation, differentiation, migration, and apoptosis (Anjum et al., 2022).

Identification and prediction of active compounds in QQHCF

UHPLC-MS/MS was used to identify the active ingredients in QQHCEF. The rep-
resentative LC-MS total ion current chromatograms (TIC) obtained in positive (ESI+)
and negative ionization (ESI-) mode are shown (Fig. SA-B). Table 4 identifies and la-
bels the representative compounds of each herb in QQHCF, while Supplementary Ma-
terial 5 provides the chemical structure and extracted ion chromatography (EIC) results.
According to UHPLC-MS/MS analyses, Ammothamnine, Lupanine, and Baicalin were

the three most abundant ingredients.

QQHCEF alleviates AOM/DSS induced CAC in mice

To investigate the role of QQHCF in CAC, we used azoxymethane/dextran sodium
sulfate (AOM/DSS) to induce CAC in mice (Fig. 6A). During the first and two DSS
cycles, mice subjected to AOM/DSS treatment exhibited a greater loss of body weight
compared to the Ctrl group, while QQHCEF attenuated this body weight loss (Fig. 6B).
Compared with the AOM/DSS group, the QQHCEF group had significantly reduced sur-
vival rate and increased the colon length (Fig. 6C and E). Tumor load, number, and size
were increased in AOM/DSS treated mice, whereas the QQHCF group showed fewer
tumors and smaller tumor size per colon (Fig. 6D and F- H). Histological analysis of
colon tissue stained with H&E showed destruction of intestinal structures, multiple ad-
enomas and adenocarcinomas in the AOM/DSS group, which was not seen in QQHCF
groups (Fig. 7A). Taken together, these results confirmed that QQHCF exerted protec-

tive effects in a CAC mouse model.
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QQHCEF regulates cell proliferation and apoptosis in colon tumor tissue

Cancer is characterized by aberrant regulation of both proliferation and replicative
immortality, which leads to unchecked cell growth (Loftus et al., 2022). Regulating the
balance between cell proliferation and apoptosis is of utmost importance in the context
of cancer development, progression, and treatment. TUNEL staining was utilized to
determine cell apoptosis in colon tissue, while Ki67 immunochemistry staining was
used to determine cell proliferation. The results indicated that the number of TUNEL-
positive cells in the AOM/DSS group was significantly lower than that in the control
group. However, this was increased in the QQHCF treatment group (Fig. 7C).
AOM/DSS treatment increased the number of Ki67-positive cells, while the prolifera-
tion level was significantly decreased in QQHCF-treated mice (Fig. 7B).

Next, we evaluated the expression of core regulators of the intrinsic pathway of
apoptosis, including Bel-XL, Bel-2, Bax and caspase-3 through qPCR and western blot-
ting (Pefia-Blanco and Garcia-Séez, 2018). As shown in (Fig. 8A-B), the mRNA ex-
pression levels of Bcl-XL and Bcel-2 were significantly increased in AOM/DSS group.
However, after QQHCF treatment, these levels were dramatically reduced. Moreover,
compared with the AOM/DSS group, the mRNA expression levels of Bax and p-
caspase-3 were significantly increased in the QQHCF group (Fig. 8C-D). Similar re-
sults were confirmed by western blotting (Fig. 8E-I). Thus, the results indicated that
QQHCEF has the potential to inhibit tumor growth by promoting tumor cell apoptosis

and suppressing cell proliferation.

QQHCEF treatment activates the JNK/p38 MAPK pathway in vivo

Environmental and genotoxic stresses have been shown to activate p38 and JNK
MAPK pathways. These two proteins are known to play crucial roles in cancer devel-
opment and therapy, as they regulate cell proliferation, apoptosis, and differentiation
(Wagner and Nebreda, 2009). Activation of the INK/p38 MAPK signaling pathway has

been shown to inhibit cell proliferation and promote apoptosis. (Peluso et al., 2019).
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KEGG analysis enrichment results showed that the MAPK pathway is one of the most
significantly enriched pathways, therefore, the effect of QQHCF on the MAPK signal-
ing pathway was examined. Western blotting results of colon tumor tissue indicated that
QQHCEF treatment increased the phosphorylation of JNK and p38 proteins but did not
affect JNK and p38 expression in CAC mice (Fig.9 A-B). Taken together, these results
suggest that QQHCF may affect apoptosis through the JINK/p38 MAPK signaling path-

way.

QQHCEF inhibits cell viability of CRC cells

To investigate the effect of QQHCF on the proliferation of CRC cell lines, we
conducted CCK-8 assays. Briefly, HCT116 and HT-29 cells were incubated with vari-
ous concentrations of QQHCEF (0, 1.25, 2.5, 5, 7, 9 mg/mL) for 24 h and CCK-8 assays
were performed. As shown in (Fig. 10A-B), QQHCEF inhibited the proliferation of
HCT116 and HT-29 cells in a dose-dependent manner. The ICso values for QQHCF on
HCT116 and HT29 cells were 2.37 mg/mL and 6.11 mg/mL, respectively, after 24 h of
exposure. For subsequent analyses, we chose 1.25, 2.5, and 5 mg/mL QQHCF concen-
trations for HCT116 cells and 5, 7, and 9 mg/mL QQHCF concentrations for HT-29
cells. The results suggest that QQHCF has a noteworthy impact on inhibiting the growth
of CRC cell lines (HCT116 and HT-29) in vitro. Furthermore, QQHCF exhibited no
signs of toxicity in NCM460 cells (Fig. S1A).

QQHCEF induces apoptosis in CRC cells

To investigate the effects of QQHCF on cell proliferation, HT-29 and HCT116
cells were exposed to varying concentrations of QQHCEF (1, 2, and 5 mg/mL for HT-29
cells and 5, 7, and 9 mg/mL for HCT116 cells) for a duration of 24 h. Following expo-
sure, RNA and protein was extracted from the cells and analyzed using qPCR and west-
ern blotting. The results suggested that the expression levels of Bcl-XL and Bcl-2 were

decreased after treatment with QQHCEF, whereas the expression level of p-caspase-3
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was increased after treatment (Fig. 10C-D and Fig. S1B). The Calcein/PI assay demon-
strated similar results (Fig. 11B). These findings strongly suggest that QQHCEF is capa-
ble of inducing apoptosis in HCT116 and HT-29 cells.

QQHCEF represses the migration and invasion of CRC cells

Cancer is characterized by altered tissue mechanics and metabolism, which not
only affect invasion but also migration (Zanotelli et al., 2021). The objective of this
study was to investigate the impact of QQHCF on the migration and invasion capabili-
ties of CRC cell lines. The migration capacities of CRC cells were assessed using both
scratch wound assay and Transwell chamber assays. Results showed that QQHCEF sig-
nificantly suppressed cell migration in a dose-dependent manner. After being treated
with QQHCEF for 24 h, the number of HT29 cells migrating to the lower chamber was
inhibited by 25%, 53%, and 68% at concentrations of 5, 7, and 9 mg/mL, respectively.
Moreover, wound-healing assays showed the same results (Fig. 10E-F and Fig. S1C).

The invasion capacity of CRC cells was measured using a Transwell chamber as-
say. The results in (Fig. 11A) demonstrate that QQHCF inhibits the invasion of CRC
cells in a dose-dependent manner. Treatment of HT29 cells with 5, 7, and 9 mg/mL of
QQHCEF for 24 h resulted in a decrease in the number of cells invading the lower cham-
ber by 39%, 53%, and 65%, respectively. The results obtained at the concentration of
1.25 and 2.5 mg/mL also exhibited similar outcomes (Fig. S2). Taken together, our
study reveals that QQHCF exhibits suppressive effects on the migration and invasion

of HT29 cells.

QQHCEF activates the JNK/p38 MAPK pathway in vitro

As previously described, activation of the JINK/p38 MAPK pathway has been
shown to accelerate cell apoptosis and inhibit cell proliferation (Ren et al., 2021).
Therefore, the status of JNK/p38 MAPK pathway proteins in QQHCF treated HT29
cells was assessed by western blotting. Our findings indicate that the expression of p-

JNK and p-p38 were significantly increased in HT-29 after being treated with QQHCF
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for 24 h (Fig. 9C-D). This was consistent with the results of the in vivo study.

Predicting active compounds of QQHCEF in the JNK/p38 MAPK signaling path-
way

According to the PPI network results, four compounds with the highest degree of
quercetin, kaempferol, luteolin, and wogonin were identified and simulated molecular
docking with JNK and p38 proteins. In general, the stability of the binding confor-
mation increases as the binding energy between the ligand and receptor decreases (Liu
et al., 2021a). After analyzing the molecular docking results of JNK and p38, it was
found that wogonin had the highest docking score and the lowest C-DOCKER energy
(-6.72 kcal/mol). These four compounds bind well to JNK and p38 proteins, suggesting
that they may be crucial in the treatment of CAC. The molecular docking results are

shown in Fig. 12, Fig S3 and Table 5.

Discussion

CAC is a serious complication that arises from chronic inflammation of the colon.
It is a major cause of mortality and a leading cause for colectomy. Studies conducted
on Asian-Pacific populations have shown a higher prevalence of CAC as compared to
western industrialized populations (Shah and Itzkowitz, 2022). This has led to extensive
research in identifying the contributing factors, prevention, and treatment of CAC over
the past few decades. Apart from endoscopy surveillance and chemoprevention, the
standard treatment for CAC involves proctocolectomy with ileoanal anastomosis. Re-
cent studies suggest that the preventive effect of 5-ASA and thiopurine on CAC may
be diminished in cases of severe inflammation, and in some cases, these medications
may even contribute to carcinogenesis instead of preventing it (Hsiao et al., 2022).

Research has shown that TCM offers distinct advantages in the treatment of cancer.
TCM has the potential to enhance short-term treatment outcomes, mitigate the toxic
side effects of conventional cancer treatment, improve quality of life, and ultimately

prolong life expectancy (Yuan et al., 2019). As a result, TCM has become an integral
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component of cancer prevention and anti-tumor therapy. According to TCM theory, the
Pi is an essential organ of the human body, which is a primary source of ‘Qi’ and blood.
Its functions not only include providing nutrients for the activities of the human body
and maintaining normal metabolism, but also playing a crucial role in immune function.
In TCM, the pathogenesis of CAC can be attributed to the deficiencies of the Pi and
lack of Q1 (Shang et al., 2023). This deficiency causes Dampness and Heat to accumu-
late in the colon, which damages it and leads to the development of colon ulcers. Over
time, this can progress to cancer. QQHCF can strengthen the Pi and benefit Qi in the
body.

Uncontrolled cell proliferation, resistance to apoptosis, invasion, and metastasis
are the main features of cancer. Proliferation and apoptosis are particularly important,
and research on anticancer therapy mainly focuses on the methods of inducing cancer
cell apoptosis and inhibiting cancer cell proliferation (Vaghari-Tabari et al., 2021). Net-
work pharmacology is a widely-applied approach to discovering the complex pharma-
cological mechanisms of TCM in treating complex diseases. In this study, we investi-
gated the anticancer mechanism of QQHCEF using a network pharmacology approach
and verified the results through in vitro and in vivo experiments. In this study, we iden-
tified 165 potential anti-CAC targets of QQHCF using network pharmacology. The tar-
gets were screened based on three topological parameters: BC, CC, and DC, and 14
main targets were ultimately identified. These targets include TP53, TNFF, IL6,
MAPK3, CASP3, STST3, MYC, EGFR, HIF1A, AKTA, ESR1, VEGFA, ILIp, and
PTGS2, which are primarily associated with cancer, inflammation, and apoptosis. In
addition, genes involved in apoptosis include BAX, CASP3, BCL2, CASPS, CASP9,
CASP7, and BCL2L1. The CAC mouse model was established using AOM/DSS and
treatment was QQHCEF.

In vivo experiments demonstrated that QQHCEF significantly reduces tumor bur-
den, number, and size in CAC mice. To investigate the mechanism of QQHCF attenu-
ating CAC in mice, we detected the effects of QQHCEF on the proliferation and apopto-

sis of colon cancer cells. The study revealed that QQHCF treatment led to a reduction
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in the number of cells positive for Ki67 and an increase in the number of cells positive
for TUNEL. Additionally, the expression levels of apoptosis related genes Bcl-XL, Bel-
2, Bax and Caspase-3 were examined.

The results demonstrated that QQHCEF treatment significantly reduced the expres-
sion levels of Bel-XL and Bcel-2 while increasing the expression levels of Bax and p-
caspase-3 in colon tissue. Similar results were obtained from in vifro experiments.
QQHCEF was found to inhibit cell proliferation and downregulate the expression levels
of Bcel-XL and Bcl-2 in HCT116 and HT-29 cells. Tumor metastasis is closely linked
with cell migration and invasion (Duff and Long, 2017), and QQHCF was observed to
inhibit these processes in HT-29 cells. These findings suggest that QQHCF may have
protective effects on CAC mice by influencing cell apoptosis and proliferation.

To investigate the mechanism of QQHCF in CAC, we conducted KEGG and GO
enrichment analysis. The results of KEGG pathway analysis revealed that seven path-
ways were linked to CAC development, including the pathway in cancer, PI3K-Akt and
MAPK signaling pathway, MicroRNAs in cancer, and others. Notably, we observed
that 32 targets were enriched in the MAPK signaling pathway. The MAPK pathway
plays a key role in the regulation of cellular processes such as cell proliferation, differ-
entiation, and stress response, and is critical in cancer development. This pathway en-
compasses seven MAPK cascades, namely ERK1/2, JNK1/2/3, p38, ERKS, ERK3/4,
ERK?7/8, and NLK (Park and Baek, 2022). JNK activation has been shown to induce
the mitochondrial apoptotic pathway and act as a tumor suppressor. This is due to Bcl-
2-associated cell death and phosphorylation of JNK by Bim agonists. Bcl-2 and Bcl-
XL induces the release of cytochrome c and activates caspases 3 and 9, leading to apop-
tosis (Hammouda et al., 2020). Activation of the p38 signaling cascade leads to cell
cycle arrest through downregulation of G1/S or G2/M cell cycle activators (Bulavin
and Fornace, 2004). Our study revealed that QQHCF increased the phosphorylation of
JNK and p38 proteins in AOM/DSS induced CAC mice and CRC cells, indicating that

it can activate the INK/p38 MAPK signaling pathway both in vivo and in vitro.
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In this research, we utilized network pharmacology and UHPLC-MS/MS to iden-
tify potential effective compounds in QQHCEF for treating CAC. Based on network
pharmacology and UHPLC-MS/MS analysis, QQHCF contains numerous pharmaceu-
tical components such as quercetin, kaempferol, luteolin, wogonin, oxymatrine, lupa-
nine, and baicalin. Quercetin is a flavonol, a polyphenolic flavonoid that has various
pharmacological effects, such as anti-cancer, anti-inflammatory, and anti-bacterial ef-
fects. Studies have shown that quercetin can induce colon cancer cell apoptosis. In ad-
dition, kaempferol, luteolin, wogonin, oxymatrine, lupanine, and baicalin have also
been shown to have anti-cancer properties (Choi et al., 2018; Kong et al., 2021; Liang
et al., 2023; Nibret et al., 2021; Yoo et al., 2022; You et al., 2022). The molecules un-
derwent a docking process, which revealed their ability to bind with JNK and p38. As
a result, QQHCF improves CAC in mice by utilizing multiple compounds that work
together.

Our research findings indicate that QQHCF had a protective effect against CAC
in a mouse model and can trigger apoptosis in CRC cells. This effect may be attributed
to the activation of the JINK/p38 MAPK pathway. However, there are still some issues
to be resolved. First, more research needs to be done on its main bioactive constituents.
Second, the anti-CAC mechanism of QQHCF involves multiple pharmacological ef-
fects. Several important targets and pathways have been identified in our experiments,
but further pharmacological studies are needed to elucidate these complex mechanisms.
Nevertheless, these findings provide a further pharmacological basis for the treatment

of CAC with QQHCEF and the development of QQHCEF as a novel treatment for CAC.

Conclusions

In conclusion, our study results show that QQHCF can ameliorate AOM/DSS in-
duced CAC mice and promote apoptosis in HT29 and HCT116 cells through activating
the INK/p38 MAPK signaling pathway. Additionally, in vitro experiments show that
QQHCEF inhibits the migration and invasion of HT29 cells. Our study provides a novel

approach and mechanism for the treatment of CAC.
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Figure legend

Fig.1. Flowchart of this study.
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Fig.2. Targets related to CAC and active ingredient-targets of QQHCEF. (A) The Venn
diagram of CAC therapeutic targets. (B) Venn diagram of CAC targets and QQHCF
targets. (C) Herb-ingredient-targets gene network. The surrounding circles represent
the different herbs and active compounds of QQHCEF. The hexagons above and below
represent the shared ingredients between the herbs. The blue quadrangles in the middle
represent the targets.

Fig.3. The PPI network of QQHCEF’s targets for the treatment of CAC. (A) Topology
screening process for PPI networks. The 27 core targets were obtained by screening
165 common targets through DC, BC, and CC. (B) The core and non-core target net-
works. (C) Top 14 core targets. Darker color represents higher degree value. (D) PPI
network based on cluster analysis using the MCODE plug-in.

Fig.4. GO and KEGG enrichment analysis of 165 common targets. (A) KEGG pathway
analysis. (B) Molecular function category. (C) Cellular component category. (D) Bio-
logical process category. (E) Sankey diagram for KEGG signaling pathway analysis.
The rectangular nodes on the left represent treatment targets. The rectangular nodes on
the right represent KEGG pathways. The lines represent the properties of targets and
pathways.

Fig.5. Identification of active compounds in QQHCF using UHPLC-MS/MS. (A)
QQHCF in ESI" mode. (B) QQHCF in ESI' mode.

Fig.6. QQHCEF alleviates AOM/DSS induced CAC in mice. (A) Schematic overview
of the AOM/DSS model of colitis-associated colorectal cancer (CAC). (B) Percent body
weight change. (C) Percent survival rate. (D) Representative colon images of CAC
mice. (E) Colon lengths. (F) Tumor size distribution. (G) Number of tumors in colon
tissue. (H) Tumor load in colon tissue. All data are shown in mean + SEM (*p<0.05,
**p<0.01, ***p<0.001).

Fig.7. QQHCEF alleviates pathological changes of AOM/DSS-induced CAC mice. (A)
Representative H&E staining of colon tissue. (B) Immunochemistry staining for Ki67
in colon tissue. (C) Immunofluorescence staining for TUNEL in colon tissue.

Fig.8. Effects of QQHCEF on the colon tissue of the AOM/DSS-induced CAC mice by
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determination of pro-apoptosis (Bax and Caspase-3), and anti-apoptosis markers (Bcl-
XL and Bcl-2). (A-D) mRNA quantification of apoptosis markers using real-time qRT-
PCR. (E-I) Determination of protein production of apoptosis markers using western
blot analysis. All data are shown as mean = SEM (*p<0.05, **p<0.01, ***p<0.001).
Fig.9. QQHCF treatment activated the INK/p38 MAPK pathway in vivo and vitro. (A-
B) The total (JNK and p38) and phosphorylated (p-JNK and p-p38) INK/p38 MAPK
pathway proteins in colon tissue were detected by western blotting. (C-D) The total
(JNK and p38) and phosphorylated (p-JNK and p-p38) INK/p38 MAPK pathway pro-
teins in HT-29 cells were detected by western blotting. All data are shown as mean +
SEM (*p<0.05, **p<0.01, ***p<0.001).

Fig.10. QQHCEF inhibits the cell viability and migration in HCT116 and HT-29 cells,
and also induces apoptosis in these cells. (A-B) CCK8 assays of HCT116 and HT-29
cells after treatment with QQHCF. (C) mRNA quantification of apoptosis markers us-
ing real-time qRT-PCR. (D) Determination of protein production of apoptosis markers
using western blot analysis. (E) Wound healing assays of HT-29 cells after treatment
with QQHCF (magnification=40x). (F) Quantitative histogram of the results of wound
healing assays. All data are shown as mean £ SEM (*p<0.05, **p<0.01, ***p<0.001).
Fig.11. QQHCEF repressed the invasion and induces apoptosis in CRC cells. (A)
Transwell invasion assay of HT-29 cells after treatment with QQHCF (magnifica-
tion=100x). (B) Calcein/PI assay of HT-29 cells after treatment with QQHCF (magni-
fication=400x). All data are shown as mean = SEM (*p<0.05, **p<0.01, ***p<0.001).
Fig.12. Molecular docking results of main chemical components and JNK. (A) Quer-
cetin-JNK. (B) Kaempterol-JNK. (C) luteolin-JNK. (D) wogonin-JNK.

Fig.13. Schematic diagram of QQHCF ameliorating colitis-associated colorectal cancer

by activating the JNK/p38 MAPK pathway (By Figdraw).

Abbreviations: QQHCF, Qi-Qin-Hu-Chang Formula; CAC, colitis associated colorec-

tal cancer; TCMSP, Traditional Chinese Medicine Systems Pharmacology; GO, gene
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ontology; KEGG, kyoto encyclopedia of gene and genomes; PPI, protein-protein inter-
action; CRC, colorectal cancer; IBD, inflammatory bowel disease; TCM, Traditional
Chinese Medicine; OB, oral bioavailability; DL, drug-likeness; OMIM, Online Men-
delian Inheritance in Man; BC, betweenness centrality; CC, closeness centrality; DC,
degree; CAN, acetonitrile; AOM, azoxymethane; DSS, dextran sulfate sodium; TIC,
total ion chromatograms; EIC, extracted ion chromatography; AR, Astragali Radix;
AMR, Atractylodis Macrocephalae Rhizoma; CS, Coicis Semen; PC, Porix Cocos; SFR,
Sophorae Flavescentis Radix; SR, Scutellariae Radix; HP, Herba Patriniae; SH, Spread-
ing Hedyotis Herb; ARs, Aucklandiae Radix; SRs, Sanguisorbae Radix; GC, Glycyr-

rhizae Radix et Rhizoma.
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Detailed information of herbs in QQHC.

Chinese name Latin name Part(s) used Amount(g)
Huangqi Astragalus mongholicus Bunge roots 15
Baizhu Atractylodes macrocephala Koidz. roots 10
Yiyiren Coix lacryma-jobi L. seed kernels 30
Fuling Poria cocos (Schw.)Wolf sclerotium 15
Kushen Sophora flavescens Aiton roots 10
Huanggin Scutellaria baicalensis Georgi roots 10
Baijiangcao Patrinia scabiosifolia Link roots and rhizomes 15
Baihuasheshecao Scleromitrion diffusum (Willd.) R.J.Wang whole grass 30
Muxiang Dolomiaea costus (Falc.) Kasana & A.K.Pandey  roots 6
Diyu Sanguisorba officinalis L. roots 10
Gancao Glycyrrhiza glabra L. roots and rhizomes 6

Table 2

Information of 14 core targets.
No. UniProt ID Gene symbol Protein name Degree
1 P31749 AKT1 RAC-alpha serine/threonine-protein kinase 134
2 P04637 TP53 Cellular tumor antigen p53 127
3 P01375 TNF Tumor necrosis factor 117
4 P05231 IL6 Interleukin-6 115
5 P15692 VEGF Vascular endothelial growth factor A 112
6 P42574 CASP3 Caspase-3 110
7 P01106 MYC Myc proto-oncogene protein 107
8 P01584 IL1B Interleukin-1 beta 104
9 P35354 PTGS2 Prostaglandin G/H synthase 2 103
10 P03372 ESR1 Estrogen receptor 103
11 P40763 STAT3 Signal transducer and activator of transcription3 101
12 Q16665 HIF1A Hypoxia-inducible factor 1-alpha 101
13 P00533 EGFR Epidermal growth factor receptor 100
14 Q16644 MAPK3 MAP kinase-activated protein kinase 3 99

Table 3

KEGG enrichment results.
ID Term Count P-Value
hsa05200 Pathways in cancer 72 6.05187E-82
hsa05417 Lipid and atherosclerosis 48 1.74647E-64
hsa05161 Hepatitis B 39 1.37049E-53
hsa04151 PI3K-Akt signaling pathway 39 1.80275E-39
hsa05163 Human cytomegalovirus infection 38 8.41732E-46
hsa05167 Kaposi sarcoma-associated herpesvirus infection 37 1.09519E-46
hsa04933 AGE-RAGE signaling pathway in diabetic complications 36 9.02987E-57
hsa05160 Hepatitis C 34 6.18453E-45
hsa05205 Proteoglycans in cancer 34 1.14407E-40
hsa05169 Epstein-Barr virus infection 32 1.33155E-37
hsa04010 MAPK signaling pathway 32 3.4209E-32
hsa05418 Fluid shear stress and atherosclerosis 31 2.05355E-41
hsa05166 Human T-cell leukemia virus 1 infection 31 1.19656E-34
hsa05165 Human papillomavirus infection 31 3.75572E-29
hsa05207 Chemical carcinogenesis - receptor activation 31 2.68429E-35
hsa05208 Chemical carcinogenesis - receptor activation 31 1.38374E-34
hsa05206 MicroRNAs in cancer 30 1.19043E-28
hsa05022 Pathways of neurodegeneration - multiple diseases 29 5.45384E-22
hsa05162 Measles 28 4.43686E-36
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hsa04218 Cellular senescence 28 1.46216E-34

Table 4

Chemical characterization of bioactive compounds in QQHC.
NO Name Formula Class RT(min) Intensity
(1)  Formononetin+- C16H1204 Isoflavonoids 10.14647 30104956928
(2)  Atractylenolide 111+ Ci5H2003 Sesquiterpene lactones 10.21618 1702038016
(3)  9-Oxononanoic Acid- CoH1603 Medium-chain fatty acids 9.901733 449050272
(4)  Poricoic Acid B+ C30H440s Triterpenoids 10.9162 334360512
(5)  Ammothamnine+ CisH24N202,  Matrine alkaloids 6.765983 3.45563E+11
(6) Baicalin+/- C21H1801 Flavonoid O-glycosides 8.773483 18628802560
(@)  Oleanolic Acid+ C3oH403 Triterpenoids 12.40875 79542048
Asperuloside- CisH102 Glycosyl compounds 7.353567 1056839552
©) Dehydrocostus Lactone+  CisH2002 Sesquiterpene lactones 11.12615 5934508032
Gallic Acid- C7/Hs0s Hydroxybenzoic acid 7.031367 2894515712

derivatives

)  Glycyrrhizin- Cs2He2016  Triterpene glycosides 9.718384 5782703104

Table 5

Details of targets and compounds for molecular docking.

Target Target (PDB ID) Target Structure Compound Affinity (kcal/mol)
JNK 3ELJ . quercetin -5.04
Kaempterol -4.94
luteolin -5.63
wogonin -5.81
P38 1R3C quercetin -4.63
Kaempterol -5.02
luteolin -5.62
wogonin -6.72
Table 6
Primer sequence.
Gene Primer Sequence (5’-37)
Mouse-B-actin F CTCATGAAGATCCTGACCGAG
R AGTCTAGAGCAACATAGCACAG
Human-GAPDH F GAGAAGGCTGGGGCTCATTT
R AGTGATGGCATGGACTGTGG
Human-Bcl-2 F GGGTGAACTGGGGGAGGATT
R CAGCCCAGACTCACATCACCAA
Human-Bcl-XL F TCCCCATGGCAGCAGTAAAG
R AGGTAAGTGGCCATCCAAGC
Human-Caspase-3 F GTCGATGCAGCAAACCTCAG
R CCACGGCAGGCCTGAATAAT




'\lIUUQC_U\:I'L

Mouse-Bcl-XL
Mouse-Bax

Mouse-Caspase-3

O MO mMZXoTAo-T

\C/a\CR RV CAVAATLITLC TR BV el B )

CTTCAGAGACAGCCAGGAGAAA
ATTCCCATGGCAGCAGTGAA
CCGCCAAAGGAGAAAAAGGC
GATCCAAGACCAGGGTGGC
CTTCCAGATGGTGAGCGAGG
GTCATCTCGCTCTGGTACGG
CACACACACAAAGCTGCTCC




Highlights

® We firstly conducted bioinformatic methods and animal experiments to
illuminate the anti-CAC mechanism of QQHCEF.

QQHCEF can ameliorate AOM/DSS-induced CAC mice.

QQHCEF can promote apoptosis in HT29 and HCT116 cells.

QQHCEF can inhibit the migration and invasion of HT29 cells.

QQHCEF can activate the JNK/p38 MAPK signaling pathway in vitro and vivo.

Our study provides a novel approach and mechanism for the treatment of

CAC.
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