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ABSTRACT

Matrine, an alkaloid extracted from Sophora flavescens, has been shown in recent studies to inhibit colorectal cancer
(CRC) progression by regulating mitophagy pathway. This study aimed to investigate whether Matrine affects
proliferation of mouse CT26 colon cancer (CC) cells through p62/Parkin/PINK1 signaling axis. CT26 cells were treated
with matrine in various concentrations, and proteins related to proliferation, apoptosis, invasion, and epithelial-
mesenchymal transition (EMT) was detected. A CT26 tumor-bearing mouse model was fabricated, and mice were rolled
into model, positive control, and low-, medium-, and high-dose matrine groups. Tumor weight, inhibition rate, and
microvessel density (MVD) were compared, and the expression of EMT and p62/Parkin/PINK1 pathway proteins was
examined. Matrine concentration-dependently inhibited cell proliferation, invasion, and cloning, promoted apoptosis, up-
regulated E-cadherin, Parkin, and PINK1, and down-regulated N-cadherin, Vimentin, Snail, and p62. In the mouse
model, matrine significantly reduced tumor weight and MVD and regulated the expression of the aforementioned
proteins. Matrine exerts its anti-CC effects by activating p62/Parkin/PINK1-mediated mitophagy, which induces tumor
cell apoptosis and suppresses EMT and angiogenesis. A theoretical basis for understanding mechanism of matrine and its
clinical application in treating CC was provided.
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INTRODUCTION

Colon cancer (CC) is a main cause of cancer-related death (Benson et al., 2024). The main treatment methods
include surgical resection, supplemented by chemotherapy or radiotherapy. Nevertheless, chemotherapy resistance,
postoperative recurrence, and metastasis have seriously affected the clinical treatment effect and prognosis of patients
(Tie et al., 2022; Gurba et al., 2022). Therefore, finding effective strategies to inhibit CC tumor growth has become the
focus of research.

Matrine is an alkaloid extracted from Sophora flavescens, which has many pharmacological effects, such as
anti-inflammatory, anti-fibrosis, antibacterial, and cardioprotective properties (Sun et al., 2022b). In recent years,
numerous studies have confirmed its significant antitumor potential. Matrine can improve tumor microenvironment by
inhibiting the synthesis and release of inflammatory factors, and then play an anti-cancer role. For example, in breast
cancer, matrine can greatly inhibit tumor cell proliferation, block epithelial-mesenchymal transition (EMT), and promote
cell apoptosis (Ren et al., 2025). In the mice model of cervical cancer, matrine can inhibited the proliferation of cervical
cancer cells and induced autophagy by inhibiting the Akt/mTOR signaling pathway (Zhang et al., 2022). In addition,
matrine is reported to down-regulate the expression of p62 and inhibit the proliferation of A549 lung adenocarcinoma
cells (Du et al., 2020). Further studies noted that matrine induces mitochondrial dysfunction and activates PTEN-induced
kinase 1 (PINK1)/Parkin pathway, thereby regulating mitophagy and contributing to its antitumor effects (Lin et al.,
2022; Huang et al., 2025).

In colorectal cancer (CRC), studies also showed the therapeutic potential of matrine. Studies noted that matrine
can reduce oxidative stress and inflammatory reaction in colorectal cancer by activating Nrf2 pathway (Dong and Shang,
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2025). In addition, matrine down-regulates the expression of AGRIN and inhibits Wnt/B-catenin pathway, thus inhibiting
CRC cell activities and inducing apoptosis (Li et al., 2023). The role of PINK1/Parkin pathway in the occurrence of
tumors has attracted increasing attention. Autophagy receptor protein p62 recognizes ubiquitinated mitochondrial
damage markers through its PB1 domain, and cooperates with Parkin to remove damaged mitochondria. This pathway
maintains mitochondrial homeostasis and regulates the survival of colorectal cancer cells (Wang et al., 2024). It is worth
noting that imbalance of p62/Parkin/PINK1 pathway is closely related to the malignant progress of CC. This pathway
not only affects mitochondrial quality control, but also affects tumor invasion and metastasis by regulating EMT process
(Liu et al., 2024). Although matrine may interact with PINK1/Parkin pathway, it is not clear whether it plays an anti-
CRC role through p62/Parkin/PINK1 signal axis, and its specific molecular mechanism needs to be clarified.

Given that matrine can regulate the PINK1/Parkin pathway and influence tumor cell proliferation, apoptosis,
and EMT, along with its mechanisms of action in other cancer types. This study employed CT26 mouse CC cells to
clarify dose-dependent impacts of matrine on proliferation, invasion, apoptosis, and EMT through modulation of the
p62/Parkin/PINK1 pathway. A CT26 tumor-bearing mouse model was constructed to investigate effects of matrine on
tumor growth and angiogenesis. This study was to provide insights for determining the potential therapeutic targets of
CC and further clarify the potential mechanism of matrine’s anti-CC effect.

MATERIALS AND METHODS

In vitro cell experiment

Cells culturing and grouping: CT26 mouse CC cell line (Nanjing Kebai Biotechnology Co., Ltd., China) was seeded in
RPMI 1640 (+10%FBS and 1%penicillin-streptomycin) (Thermo Fisher, USA), cultured overnight for approximately 16
hours in a Heracell 150i GP humidified incubator (Thermo Fisher, USA) at 37°C with 5% CO,. Logarithmic growth
phase cells were seeded at 5x10° cells/well and cultured for 24 hours to allow adherence. Subsequently, medium was
replaced with RPMI 1640 medium containing 0.0, 0.5, 1.0, and 2.0 mg/mL matrine (Shanghai Ruichu Biotechnology
Co., Ltd., China) for an additional 48 hours of culture. The 0.0 mg/mL group was used as a solvent control group
(containing only equal volume of culture medium) to evaluate the basic effect of matrine solvent. All in vitro
experiments (proliferation, colony formation, invasion, apoptosis, and Western blot) utilized identical medium
composition and treatment duration to ensure methodological consistency. Each experiment was repeated three times,
and the results were averaged for statistical process.

Cell proliferation and viability assay: At 0, 24, 48, 72, and 96 hours post-treatment, 10 . CCK-8 reagent (Beyotime
Co., Ltd., China) was applied. After further incubation for 1 hour at 37°C, absorbance at 450 nm was measured
employing Multiskan FC microplate reader (Thermo Fisher, USA) to assess cell proliferation.

Colony formation assay: After 48 hour-treatment, cells from all groups (including the 0.0 mg/mL matrine control
group) were digested with trypsin and counted. Cells were seeded at 500 cells/well and cultured in complete medium
(+10% FBS and 1% penicillin-streptomycin) at 37°C and 5% CO_, with the medium replaced every 3 days for a total of
14 days. When visible cell colonies (defined as clusters of >50 cells) formed, the culture was terminated. After medium
discarding, cells were gently rinsed twice with pre-cooled PBS, fixed with 4% paraformaldehyde for 10 min at 25°C
(Sigma-Aldrich, USA). After the fixative was discarded, cells were stained with 0.5% crystal violet solution (Sigma-
Aldrich, USA) for 10 min at 25°C, then excess dye was gently rinsed off, and plates were air-dried. Colony number in
each well was observed and counted under an inverted microscope, with three replicate wells per experimental group,
and the average values were used for statistical analysis.

Transwell invasion assay: Matrigel matrix (Sigma-Aldrich, USA) was diluted with serum-free medium at a 1:8 volume
ratio, mixed thoroughly, and 50 uL was evenly applied to the bottom of the Transwell insert and solidified at 37°C for 2
h. After further culture of CT26 CRC cells from each group for 48 h, a single-cell suspension was prepared at 1x10°
cells/mL. 250 pL cell suspension was applied to the Matrigel-coated upper chamber, while 600 pL. complete medium
(10% FBS) was applied to lower chamber. After 48 h-incubation, inserts were removed, and non-invasive cells in upper
chamber were gently wiped off. The inserts were fixed with 4% paraformaldehyde for 15 min, stained with 0.5% crystal
violet for 10 min, rinsed with PBS, and air-dried at 25°C. Invaded cells were observed under a BioTek Neo2 multi-mode
microplate reader (Agilent Technologies, USA), and five random non-overlapping 200x fields were selected to count
cell number that had penetrated membrane. The average value was calculated as the number of invasive cells for each
sample.

Apoptosis detection: At 48 hour post-treatment, Annexin V-FITC/PI dual staining (reagents sourced from Shanghai
Fuyuan Biotechnology Co., Ltd., China) determined cell apoptosis, adhering strictly to supplier’s protocol. Briefly,
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adherent and floating cells from each treatment group were harvested, subjected to two PBS washes, and reconstituted in
ice-cold 1xBinding Buffer at 1x10° cells/mL. Aliquots (200 pL) of the suspension were transferred to sterile 5 mL flow
tubes, pelleted (1000 xg, 5 min, 25°C), to remove supernatant. Cell pellet was resuspended in 200 pL of chilled binding
buffer, and applied with Annexin V-FITC and PI (5 pL each). Following gentle vortexing, samples were shielded from
light for 15 min (25°C). After incubation, 300 uL Binding Buffer was immediately applied, and the samples were
analyzed within an hour. CytoFLEX flow cytometer (Beckman Coulter, USA) was utilized to collect 10,000 events per
sample, and FlowJo (version 10) was employed to analyze the apoptosis rate, including proportions of early and late
apoptotic cells.

Each group was compared with a control group (0.0 mg/mL matrine), which was cultured, treated, and analyzed
in parallel with the treatment groups to assess the specific effects.

Western blotting: At 48 h post-treatment, cells from each experimental group were harvested. RIPA lysis buffer
(Thermo Fisher, USA) extracted proteins, with subsequent quantification via the bicinchoninic acid method (Thermo
Fisher, USA). Denaturation was achieved by boiling the protein samples. For immunoblotting, 50 pg of denatured
protein per sample was resolved by SDS-PAGE and subsequently electrotransferred onto PVDF membranes (Thermo
Fisher, USA) to be blocked for 1 h at 25°C with 5% non-fat dry milk (Shanghai Biotium Biotechnology Co., Ltd.,
China), followed by TBST washing. Primary antibodies were incubated at 4°C overnight: rabbit monoclonal p62
(1:1000; Abcam, UK), mouse monoclonal Parkin (1:2000; Abcam, UK), rabbit monoclonal PINK1 (1:1000; Biorbyt,
UK), and mouse monoclonal GAPDH (1:10000; Abcam, UK). After additional washing with TBST, membrane was
treated with HRP-conjugated rabbit anti-mouse 1gG secondary antibody (1:10000; Abcam, UK) at 25°C for 1 h. After
chemiluminescent detection using enhanced chemiluminescence reagent (Thermo Fisher, USA), the membrane was
imaged, and protein band intensities were visualized employing ImageJ.

In vivo animal experiment

Animal and grouping: This study utilized fifty 6-8-week-old male BALB/c mice (20-22 g; Beijing Vital River Co.,
Ltd., China). Animals were maintained under specific-pathogen-free conditions (22+1°C, 55+5% humidity), and
received standard rodent diet and water. A standardized 12-h light/dark cycle was implemented throughout the
acclimatization and experimental periods. All procedures strictly adhered to the National Institutes of Health guidelines
and were approved by Ethics Committee of The First Hospital of Zhangjiakou. Model group (tumor-bearing mice,
administered an equal volume of saline by gavage) was taken as the negative control group to visualize the natural tumor
progression. The positive control group was treated with cyclophosphamide (CTX) to verify the model’s responsiveness
to antitumor treatment.

Mice were subjected to tumor modeling following seven days of adaptive feeding. The skin under the right
axilla of the mice was disinfected, and CT26 cells in logarithmic growth phase were inoculated at 5x108 cells/mL (200
pL). Seven days after successful modeling, mice were randomly rolled into model, positive, Low-dose matrine (LD-M),
Middle-dose matrine (MD-M), and High-dose matrine (HD-M) groups. Mice in model group were given gavage with
200 pL of saline. Positive group were given gavage with 25 mg/kg cyclophosphamide. LD-M, MD-M, and HD-M
groups were given gavage with 12.5, 25.0, and 50.0 mg/kg matrine, respectively. All groups were given gavage
continuously for 14 days.

Observation of mouse general condition: Mouse body weight in each group was measured after 14 days of gavage.
Mice were euthanized by cervical dislocation, and tumor tissues were separated, washed clean with saline, dried with
filter paper, and weighed. Tumor volume and tumor inhibition rate (TIR) (%) were calculated using equation (1) and (2),
respectively:

length+width
Tumor volume = (gi

iy )

TIR= Model groupayerage tumor weight—Treatment groupayerage tumor weight x 100% (2)

Model groupayerage tumor weight
Note: TIR reflects percentage decrease in tumor weight in treatment group versus model group, indicating inhibitory
effect of the drug on tumor growth.

Immunohistochemical staining: Excised tumor specimens from all experimental groups underwent immediate fixation
in 4% paraformaldehyde (Sigma-Aldrich, USA) for 24 h at ambient temperature. Following fixation, a sequential ethanol
dehydration series was implemented, made transparent with xylene (Sigma-Aldrich, USA), embedded in paraffin, and
sectioned, which were dewaxed in xylene, rehydrated through graded ethanol, and immersed in 3% hydrogen peroxide
(Sigma-Aldrich, USA) at 25°C for 10 min, and rinsed with PBS. Sections were incubated with primary antibody against
CD34 (Abcam, UK) at 25°C for 30 min, rinsed with PBS. Sections were then stained with diaminobenzidine (Sigma-
Aldrich, USA) for 5 min and rinsed with water, then counterstained with hematoxylin (Sigma-Aldrich, USA) for 1 min
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and rinsed. After dehydration with graded ethanol and making transparent with xylene, sections were mounted and
observed under a microscope. Microvessel density (MVD) was quantified using the Weidner method. First, the sections
were systematically scanned at 40x magnification to identify three “hot spot” areas with the highest MVD. Then, for
each hot spot, the magnification was switched to 200x (0.785 mm?/field) to count CD34-positive endothelial cells or cell
clusters (excluding vessels with a lumen diameter >50 um, vessels with a distinct muscular layer, and vessels at the
tissue edges or in tissue gaps). Five non-overlapping fields were randomly selected in each hot spot and counted under
double-blind conditions (by two independent pathologists; discrepancies >15% were resolved by a third evaluator). The
average count of the five fields in each hot spot was calculated, and the overall average of the three hot spot averages
was taken as the MVD for that section, as shown in equation (3):

Z I\Imic
MVD :TXOJSS(/mmZ) 3)

S N | o
Where represents the number of microvessels in each field.

Western blotting: Tumor tissues from each group were ground in liquid nitrogen, and 1:10 (w/v) pre-chilled
radioimmunoprecipitation assay lysis buffer (+1%proteinase inhibitor cocktail) (Thermo Fisher, USA) was added to
extract total protein. The samples were then homogenized using an IKA T10 homogenizer (IKA, Germany) at 10,000
rpm in an ice bath for 3 intervals (10 seconds each with a 30-second rest between intervals). Samples were centrifuged at
12,000 g for 15 min at 4°C after incubation on ice, to collect supernatant. BCA quantified protein concentration, adjusted
to 2 pg/ul, and then mixed with 5xLoading Buffer (containing B-mercaptoethanol) in a 4:1 ratio. The samples were
denatured by heating at 95°C for 5 min in a metal bath (Thermo Fisher, USA). Protein from each sample (40 pg) was
loaded into each well, followed by electrophoresis on a 12%SDS-PAGE gel (Bio-Rad, USA) and transfer to PVDF
membrane. Primary antibodies for p62, Parkin, PINK1, and GAPDH were consistent with those used in the in vitro
experiments. Membrane was incubated with HRP-conjugated secondary antibody (1:10,000; Abcam, UK) for 1 h at
25°C, and underwent ECL detection (Thermo Fisher, USA). Imaging was performed employing Bio-Rad ChemiDoc MP
system (USA), and quantitative analysis was conducted employing ImageJ (NIH, USA). The experiment was repeated
thrice.

Statistical methods: Data were denoted as x+s and analyzed employing SPSS 26.0. All data were tested for normality
via Shapiro-Wilk test and for homogeneity of variances via Levene’s test. If the assumptions for parametric tests were
met, one-way ANOVA with LSD post hoc comparison was applied; otherwise, non-parametric Kruskal-Wallis test was
adopted. The significance level was P<0.05.

Authors' Contributions: Nanyang Li and Feng Wang designed experiments; Chunmei Li and Xuejun Zhang analyzed
data; Lian Li, Jingjing Liang and Fenggiang Wang collected samples; Chunmei Li and Xuejun Zhang performed
experiments; Nanyang Li and Feng Wang wrote the manuscript. All authors agreed to publish this article.

RESULTS

Matrine affects proliferation, invasion, and apoptosis of mouse CC cells: Cell proliferation activity is shown in Fig.
1A. With prolonged culture time, the proliferation activity of CT26 CRC cells treated with matrine gradually decreased.
Compared with the solvent control group (0.0 mg/mL), the cell proliferation viability in 0.5, 1.0, and 2.0 mg/mL matrine
groups showed a concentration-dependent decline. Meanwhile, formed colony number (Fig. 1B), invasive cell number
(Figs. 1C, D), and the apoptosis rate (Figs. 1F, G) were all significantly increased. Considerable differences existed
among the various matrine treatment groups (P<0.05).



Lietal.,

A B
100 { #e—@—=—=—m
¢ ° Siils'd
80 h
~ = .
80 ~m-00mg/mL T g vma
3 0.5 mg/mL
10
DY bt L
(&) 24 48 72 096
Time/n
c200
g 150
g 100 *
-
o 50 ey
0
0.0 0.5 1.0 2.0
Matrine/mg-mL!
O5mglml.
x:-v 2

'ﬁaﬁ’m%,,w

.uof?'o o"a

2.0 mg/mL
N L I8 (3 ».~‘. } L}
& ,7 e h:'c:t'r‘l:"
O | AR ) "0 e
f-"‘.v, ¢ .' "r’-s
,.‘.'v' ?:,“ \ SR T
Jw"..) ,’,‘3. & .& e ‘
Y Y ot - WA
‘o‘ '&':t b /4 %h'
F
t 0.0 mg/mL
L/
" ‘
b ™ (A
= | ™

Piies AL S vmw—v
n' w' w' ot

0.0 mg/mL

1.0 mglmL

Invasion celis

Annexin V-FITC

120

20
60
30

(=]

120

90

60

30

J. Anim. Plant Sci., 36 (4) 2026

0.5 mg/mL

2.0 mg/mL

T

THA

0o 05 10 20
Matrine/mg-mL '

“HA
M
& e
00 05 1.0 20

Matrine/mg-mL '

Fig. 1. Matrine affects proliferation, clonal formation, invasion, and apoptosis of colon cancer cells in CT26 mice.

A: cell proliferation activity (absorbance at 450 nm) detected by CCK-8 method; B: representative image
of cell clone formation experiment (crystal violet staining); C: statistical analysis of the number of clones
formed; D: representative image of Transwell invasion experiment (showing transmembrane cells,
stained with crystal violet, 100x); E: statistics of transmembrane cell number in transwell chamber; F:
flow cytometry-detected apoptosis; G: apoptosis rate statistical analysis. "P<0.05 vs. 0.0mg/mL; #P<0.05
vs. 0.5mg/mL; AP<0.05 vs. 1.0mg/mL.
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Influence of matrine on EMT in mouse CC cells: EMT-related protein levels were detected in vitro (Fig. 2A-E).
Compared with the solvent control group (0.0 mg/mL), E-cadherin relative protein level in the matrine-treated groups
gradually increased with concentration, while N-cadherin, Vimentin, and Snail levels decreased in a dose-dependent
manner. Differences among the treatment groups were drastic (P<0.05).
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Fig. 2. Matrine impacts expression of EMT-related proteins in mouse CT26 CC cells (Western blot analysis). A:
representative Western blot bands of EMT-related proteins; B: E-cadherin; C: N-cadherin; D: Vimentin;
E: Snail. "P<0.05 vs. 0.0mg/mL; #P<0.05 vs. 0.5mg/mL; AP<0.05 vs. 1.0mg/mL.

Impact of matrine on p62/Parkin/PINK1 pathway-related protein relative expression level in CT26 mouse CC
cells: The expression levels of proteins associated with the p62/Parkin/PINK1 pathway were assessed in vitro (Fig. 3A-
D). The outcomes demonstrated that as the concentration of matrine (0.0-2.0 mg/mL) increased, relative protein levels of
Parkin and PINK1 in CT26 cells gradually rose, while the expression level of p62 correspondingly decreased. Dramatic
differences existed between each concentration treatment group and solvent control group, as well as between adjacent
concentration treatment groups (P<0.05).
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Fig.3. Impact of matrine on expression of p62/Parkin/PINK1 pathway-related proteins in mouse CT26 CC cells
(Western blot analysis). A: representative Western blot bands of p62, Parkin, and PINK1 proteins; B:
p62; C: Parkin; D: PINKL1. "P<0.05 vs. 0.0mg/mL; #P<0.05 vs. 0.5mg/mL; AP<0.05 vs. 1.0mg/mL.

Influence of matrine on tumor growth: In Fig. 4A, slight difference existed in body weight among groups (P>0.05).
However, tumor weight was reduced in the positive control group and the LD-M, MD-M, and HD-M groups versus
model group (P<0.05, Fig. 4B). Within the matrine treatment groups, tumor weight decreased with increasing dose,
while the tumor inhibition rate correspondingly increased (Fig. 4C). All treatment groups showed dramatic differences

(P<0.05).
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Fig.4. Evaluation of tumor growth in tumor-bearmg mice. A: mice weight; B. tumor weight; C: TIR calculated
based on tumor weight. "P<0.05 vs. model group; #P<0.05 vs. positive group; AP<0.05 vs. LD-M group; O

P<0.05 vs. MD-M group.

Effect of matrine on MVD in tumor tissues: Immunohistochemical staining of tumor tissues and evaluation of MVD
showed (Fig. 5A-B) that the tumor MVD in the positive control group and all matrine dose groups was inferior to model
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group (P<0.05). Furthermore, MVD in the matrine treatment groups exhibited a dose-dependent decreasing trend, and
the differences among the dose groups were great (P<0.05).

Fig.5. Influence of matrine on tumor tissue MVD in CT26 tumor bearing mice. A: representative image of tumor
tissue CD34 immunohistochemical staining (used for MVD counting, 400%); B: MVD statistical results.
“P<0.05 vs. model group; #P<0.05 vs. positive group; AP<0.05 vs. LD-M group; OP<0.05 vs. MD-M

group.

Effect of matrine on EMT: The expression of EMT-related proteins in tumor tissues is presented in Fig. 6A-E. E-
cadherin relative protein level was higher in positive control group and all matrine dose groups versus model group,
while N-cadherin, Vimentin, and Snail were lower (P<0.05). Within matrine treatment groups, E-cadherin levels
increased with the dose, while the levels of the other three proteins decreased accordingly, with drastic differences
observed among the groups (P<0.05).
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Fig.6. Impact of matrine on EMT-related protein levels in tumor tissues of CT26 tumor bearing mice (Western
blot analysis). A: representative Western blot bands of EMT related proteins; B: E-cadherin; C: N-
cadherin; D: Vimentin; E: Snail. "P<0.05 vs. model group; #P<0.05 vs. positive group; AP<0.05 vs. LD-M
group; OP<0.05 vs. MD-M group.
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Matrine affects p62/Parkin/PINK1 pathway-related protein levels in tumors: The evaluation of protein expression
related to the p62/Parkin/PINK1 pathway in tumor tissues is shown in Fig. 7A-D. p62 protein level was lower in positive
control group and all matrine dose groups versus model group, while Parkin and PINK1 protein levels were higher
(P<0.05). Within matrine treatment groups, p62 expression showed a dose-dependent downregulation, whereas Parkin
and PINK1 expression exhibited a dose-dependent upregulation. All differences among the treatment groups were
considerable (P<0.05).
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Fig.7. Matrine affects expression of p62/Parkin/PINK1 pathway-related proteins in tumor tissues of CT26 tumor
bearing mice (Western blot analysis). A: representative Western blot bands of p62, Parkin, and PINK1
proteins; B: p62; C: Parkin; D: PINKL1. "P<0.05 vs. model group; #P<0.05 vs. pesitive group; AP<0.05 vs.

LD-M group; OP<0.05 vs. MD-M group.

DISCUSSION

This study indicated that matrine inhibits proliferation, colony formation, and invasion ability of CT26 mouse
CRC cells in a concentration dependent manner. Matrine administration greatly reduced the tumor weight of tumor-
bearing mice and improved the tumor inhibition rate, showing a dose-dependent effect.

Matrine is an alkaloid extracted from Sophora flavescens, which has antiviral, immunomodulatory, and
anticancer activities (Chhabra and Mehan, 2023; Li et al., 2021; Sun et al., 2022). It is worth noting that besides directly
inhibiting the activity of tumor cells, the anticancer effect of matrine may involve multi-channel regulation. For example,
Du et al. (2023) found that matrine can inhibit the formation of vascular-like structures and induce apoptosis in CT26
cells. The results confirmed that matrine can dose dependently reduce microvascular density in tumor tissues, indicating
that anti angiogenesis is one of the mechanisms of its anti-tumor activity in vivo.

To further clarify the anticancer mechanism of matrine, effect of matrine on EMT was also analyzed in this
work. EMT is the key process of tumor metastasis, which can enhance the invasion and dryness of cells (Taki et al.,
2021; Manfioletti and Fedele, 2023). Matrine down-regulated N-cadherin, vimentin and Snail levels in CT26 cells and
tumor tissues in a dose-dependent manner, while up-regulated the expression of E- cadherin. Sang et al. reported the
similar finding in a breast cancer model, which suggested that the inhibition of EMT may be a common mechanism
underlying the broad-spectrum anticancer effects of matrine (Sang et al., 2025). E- cadherin is an adhesion molecule
between epithelial markers and epithelial cells, which maintains the integrity and polarity of epithelium (Yang et al.,
2023). E- cadherin, as an epithelial marker, is very necessary to maintain the adhesion of epithelial cells. Its low
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expression is a landmark event of EMT and can promote the migration of CC cells (Vazquez-Carretero et al., 2021). In
contrast, upregulation of N-cadherin and Vimentin, along with the activation of the transcription factor Snail, further
enhances tumor invasiveness (Skarkova et al., 2022; Aborisade et al., 2022).

In addition to regulating EMT and angiogenesis, this study is the first to find that matrine can also inhibit CRC
progression by influencing mitophagy through the p62/Parkin/PINK1 pathway. The p62/Parkin/PINK1 pathway acts as a
“molecular switch” in regulating cellular response to many stressors, and it primarily participates in the process of
mitophagy (Olszewska et al., 2022). Mitochondrial autophagy can selectively remove damaged mitochondria, thus
maintaining cell homeostasis, preventing oxidative stress, and reducing the accumulation of harmful substances (Zhang
et al., 2022). The expression of PINKL1 is generally lower in CRC tissue than in normal tissues (Arcos et al., 2025).
PINK1 recruits and activates Parkin, which ubiquitinates mitochondrial proteins such as VDAC1 and Mfnl1/2, thus
inducing mitochondrial autophagy (Quinn et al., 2020). p62 binds to the ubiquitinated substrate and bridges it to LC3-
positive autophagy for degradation (Thinwa et al., 2024). The imbalance of p62/Parkin/PINK1 pathway will damage
mitochondrial phagocytosis, resulting in the failure to clear the damaged mitochondria in time. This will lead to the
excessive production of ROSs and other harmful substances, which will affect the cancer occurrence and metastasis
(Mao et al., 2021; Miyazaki et al., 2022).

Matrine markedly inhibits p62 protein expression but promotes the protein expression of Parkin and PINKZ1.
However, the regulation of matrine on autophagy is complex and environmentally dependent. In some tumors, it
activates autophagy; In other tumors, such as pancreatic cancer with KRAS mutation, it inhibits autophagy by damaging
lysosomal function, thus inhibiting tumor growth (Cho et al., 2018). Lei et al. (2020) found that increased p62 levels in
CRC tissues are an independent prognostic factor for poor outcomes, which clinically supports the potential therapeutic
value of matrine-induced p62 downregulation observed in this study.

In summary, matrine inhibits CRC by directly inhibiting proliferation and anti-angiogenesis, reversing EMT,
and activating mitochondrial autophagy through p62/Parkin/PINK1 axis to induce apoptosis. These interrelated
mechanisms work together to form the basis of matrine’s anti-CRC effect, and provide a solid theoretical basis for its
development as a multi-target natural anti-tumor drug.

Conclusion: Matrine inhibited CT26 mouse CC cell proliferation and invasion while promote apoptosis, with
concentration-dependent characteristics. Matrine also inhibited tumor growth and angiogenesis in CC. Such effect was
mainly achieved by influencing E-cadherin, N-cadherin, Vimentin, and Snail protein to suppress the EMT in mouse CC
cells. Additionally, matrine mediated the p62/Parkin/PINK1 signaling pathway to affect mitochondrial autophagy,
thereby exerting its anti-CC effects. In conclusion, this work provides potential mechanisms underlying matrine’s anti-
CC activity and offer valuable information for finding novel therapeutic approaches for CC.
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