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Purpose: Colorectal cancer (CRC) remains a leading cause of cancer-related
mortality worldwide. Actinidia chinensis Planch Root extracts (acRoots), a
traditional Chinese medicine (TCM), possess recognized anticancer properties,
but their efficacy and mechanism in Colorectal cancer are not fully understood.
This study investigates the role of acRoots in suppressing Colorectal cancer
progression, with a specific focus on its potential to induce ferroptosis, a form of
iron-dependent cell death.

Methods: The anti-tumor effects of acRoots were evaluated in human Colorectal
cancer cell lines (HCT-15, CW-2) using Cell Counting Kit-8 (CCK-8), colony
formation, wound healing, and Transwell assays. Cell death was analyzed by
Annexin V-FITC/PI flow cytometry. Mechanisms were probed by measuring
reactive oxygen species (ROS), glutathione (GSH) levels, malondialdehyde
(MDA) levels, and performing gqRT-PCR and Western blot for ferroptosis-
related markers (SLC7A11, GPX4, p53). The ferroptosis inhibitor Ferrostatin-1
(Fer-1) was used in rescue experiments. The in vivo antitumor efficacy was
assessed in HCT-15 xenograft models in nude mice treated orally with
acRoots (150 mg/kg/day) for 14 days.

Results: The acRoots significantly and dose-dependently inhibits the viability,
proliferation, migration, and invasion of colorectal cancer cells. Concurrently,
acRoots effectively induces ferroptosis in these cells, characterized by
intracellular reactive oxygen species (ROS) accumulation, glutathione (GSH)
depletion, and a significant increase in the lipid peroxidation product
malondialdehyde (MDA). These ferroptosis-related phenotypes can be
reversed by the ferroptosis-specific inhibitor Ferrostatin-1  (Fer-1).
Mechanistically, acRoots upregulates the expression of the tumor suppressor
gene p53, subsequently downregulating the expression levels of key ferroptosis
regulators SLC7A11 and GPX4. Furthermore, pretreatment with Fer-1 effectively
reverses acRoots-induced cytotoxicity and ROS accumulation. In an HCT-15
xenograft mouse model, oral administration of acRoots (150 mg/kg/day)
significantly inhibited tumor growth, reduced intratumoral GSH levels, and no
obvious toxicity was observed.

Conclusion: Our findings demonstrate that acRoots exerts potent anti-
Colorectal cancer effects by inhibiting malignant phenotypes and inducing
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ferroptosis. This ferroptosis is mediated, at least in part, through the p53-dependent
downregulation of the SLC7A11/GPX4 axis. These results position acRoots as a
promising therapeutic candidate and a novel natural ferroptosis inducer for
Colorectal cancer treatment, warranting further clinical investigation.
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1 Introduction

Colorectal cancer represents a major global health challenge.
According to the latest estimates from the International Agency for
Research on Cancer (IARC), there were over 1.9 million new cases
and approximately 904,000 deaths from Colorectal cancer in 2022,
accounting for nearly one-tenth of the global cancer burden (Bray
etal., 2024). Colorectal cancer currently ranks third in incidence and
second in mortality among all malignancies worldwide (Bray et al.,
2024). Alarmingly, projections indicate that the global incidence of
Colorectal cancer is poised to more than double by 2035 (Hossain
et al., 2022), underscoring an urgent need for efficient therapeutic
strategies.

The current treatment for Colorectal cancer encompasses
surgery, radiotherapy, chemotherapy, targeted therapy, and
2021).
chemotherapeutic agents, such as 5-fluorouracil, tegafur-uracil,

immunotherapy  (Kanani et al, Conventional
and S-1, remain cornerstone treatments (Garcia-Alfonso et al.,
2021). However, their efficacy is often hampered by severe side
effects and systemic toxicity, including myelosuppression,
gastrointestinal disturbances, and fatigue (Garcia-Alfonso et al,
2021; Shinji et al.,, 2022). Consequently, the pursuit of alternative
anticancer agents with enhanced efficacy and reduced adverse effects
remains a paramount objective in oncology research.

In this context, TCM has garnered increasing attention for its
potential in cancer management, offering unique advantages such as
multi-target effects, low toxicity, and the ability to mitigate
chemotherapy-induced side effects and inhibit metastasis (Zou
et al, 2024). Notably, TCM has shown particular promise in
treating  digestive  diseases—especially =~ Colorectal  cancer.
Accumulating clinical and preclinical evidence supports its value
in Colorectal cancer therapy: TCM formulations can reshape the
anti-tumor microenvironment by regulating gut microbiota
homeostasis and intestinal mucosal barrier function (Huang G.
et al., 2022), while TCM-derived compounds often synergize with
chemotherapeutics by targeting key signaling pathways involved in
Colorectal cancer cell proliferation and survival (Xia et al., 2022).
Actinidia chinensis Planch Root extracts (acRoots) are a prominent
TCM with documented anticancer properties. Our previous

phytochemical analysis of acRoots indicates that it contains a

Abbreviations: acRoots, Actinidia chinensis Planch Root extracts; CRC,
Colorectal cancer; CCK-8, Cell Counting Kit-8; DPP4, Dipeptidyl
peptidase-4; EMT, Epithelial-Mesenchymal Transition; FBS, Fetal bovine
serum; Fer-1, Ferrostatin-1; GAPDH, Glyceraldehyde-3-phosphate
dehydrogenase; GPX4, glutathione peroxidase 4; GSH, glutathione; IARC,
International Agency for Research on Cancer; MDA, malondialdehyde; p53,
tumor protein 53; PBS, phosphate-buffered saline; ROS, Reactive oxygen
species; SDS-PAGE, sodium dodecyl sulphate-polyacrylamide gel
electrophoresis; SLC7A11, Solute Carrier Family 7 Member 11; TCM,
traditional Chinese medicine; UFT, tegafur-uracil.
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variety of bioactive components, which may collectively
contribute to its pharmacological activity, including phenolics,
flavonoids, terpenoids, and other compounds (Qiu et al., 2023).
Notably, some of these constituents, such as chlorogenic acid and
swertiamarin, have been independently reported to exert anti-cancer
effects through mechanisms such as inducing apoptosis and
arresting the cell cycle (Perkasa et al, 2025; Gao et al, 2020).
The complex combination of these bioactive molecules in
acRoots likely forms the material basis for the multi-target anti-
cancer properties explored in this study. A growing body of evidence
from in vitro and in vivo studies demonstrates that acRoots can
inhibit proliferation and induce apoptosis in a variety of cancer cells,
including those from gastric, leukemia, colon, liver, and lung cancers
(Huo etal., 2013; Cheng et al., 2015; Song et al., 2014; Lv et al., 2018).
Furthermore, the ethanol extract of acRoots has been shown to
suppress tumor angiogenesis and significantly impede tumor
growth in colon cancer models (Hu et al, 2021; Yuan et al,
2021). Huanggin Decoction is a well-known traditional formula.
It contains key botanicals such as Scutellaria baicalensis (Huanggqin),
Coptis chinensis (Huanglian), and Gardenia jasminoides (Zhizi).
These components have documented anti- Colorectal cancer
activities. The decoction has shown notable clinical efficacy as an
adjuvant therapy for colon cancer (Chen et al, 2018), and a
synergistic combination of acRoots and Scutellaria baicalensis has
demonstrated effectiveness against Colorectal cancer (Huang
J. et al., 2022). Despite these promising observations, the precise
molecular mechanisms underpinning the anti-Colorectal cancer
activity of acRoots warrant further in-depth investigation. Despite
these promising observations, the precise molecular mechanisms
underpinning the anti-Colorectal cancer activity of acRoots
remain unknown.

Recently, ferroptosis has emerged as a compelling frontier in
cancer biology and therapy. This novel form of regulated cell death is
distinct from apoptosis and is characterized by iron-dependent
accumulation of lethal lipid hydroperoxides (Dixon et al., 2012;
Stockwell et al., 2017). The core defense system against ferroptosis
revolves around GSH and glutathione peroxidase 4 (GPX4), which
work in concert to reduce lipid peroxides to non-toxic alcohols
(Ursini and Maiorino, 2020). The solute carrier family 7 member 11
(SLC7A11), a key metabolite of the cystine/glutamate antiporter
system Xc-, is critical for the synthesis of GSH, and its inhibition is a
recognized mechanism for inducing ferroptosis (Koppula et al.,
2021). Notably, several agents, including Tagitinin C, Cetuximab,
and Elesclomol, have been shown to trigger ferroptosis in Colorectal
cancer cells (Wei et al.,, 2021; Yang et al.,, 2021; Gao et al., 2021),
highlighting its therapeutic relevance. Intriguingly, network
pharmacology screening suggests that acRoots may interact with
multiple functional targets for colon cancer treatment, with a
notable association with the tumor protein p53. p53, a master
tumor suppressor, can induce ferroptosis by transcriptionally
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repressing SLC7A11, thereby disrupting the cellular redox balance
(Xie et al., 2017).

However, the specific role of acRoots in modulating ferroptosis
and the potential involvement of the p53/SLC7A11 axis in Colorectal
cancer remain entirely unexplored. Therefore, this study aims to
systematically investigate whether acRoots suppresses Colorectal
cancer by inducing ferroptosis and to elucidate the underlying
molecular mechanism, with a specific focus on the role of p53 and
its downstream targets, SLC7A11 and GPX4.

2 Materials and methods

2.1 Preparation and chemical
characterization of acRoots

The preparation process of the acRoots used in this study was
consistent with that described in our team’s previously published
research on anti-hepatocellular carcinoma activity (Qiu et al., 2023),
ensuring comparability of the pharmacologically active substance
basis across different studies. The complete preparation procedure
and chemical characterization information are as follows.

2.1.1 Plant material source and extraction process

The herbal material used was the dried root of Actinidia
chinensis Planch. The specific extraction procedure was as
follows: 100 g of the dried crude drug was weighed, soaked in
300 mL of purified water, and then subjected to reflux decoction for
45 min. The decoction was filtered, and the filtrate was concentrated
in a 60 °C water bath to a final volume of 50 mL, yielding an aqueous
extract with a herb-to-extract concentration ratio of 2:1 (w/v,
meaning 1 mL of the concentrate is equivalent to 2 g of crude
drug). This concentrate was frozen at —80 °C for 24 h and then
lyophilized using a Martin Christ freeze dryer (Osterode, Germany).
The resulting dried powder was stored in a desiccator at room
temperature for subsequent use.

The acRoots used in this study were consistent with those
reported in our team’s previously published anti-hepatocellular
carcinoma research (Qiu et al., 2023) in terms of raw material
batch, preparation process, and chemical characterization. That
study had already performed systematic chemical composition
identification on the same batch of acRoots using UPLC-Triple-
TOF/MS technology (main components are listed in Supplementary
Table S1; Supplementary Figure S1), thus ensuring the reliability of
the pharmacologically active substance basis in this experiment.

2.1.2 Chemical composition analysis

As this study focuses on the preliminary exploration of
pharmacological mechanisms, the chemical composition of
acRoots was analyzed using Ultra-Performance Liquid
Chromatography coupled with Triple Quadrupole Time-of-Flight
Mass Spectrometry (UPLC-Triple-TOF/MS). This high-resolution
technique has been successfully applied for the qualitative and
relative quantitative analysis of the same batch of acRoots in our
previous work (Qiu et al., 2023).

The main chemical components identified in acRoots are listed
in Supplementary Table S1. A total of 24 compounds were identified,

belonging to categories such as flavonoids, terpenoids, organic acids,
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phenols, glycosides, coumarins, and phenylpropanoids. Their
combined relative peak area accounts for 15.08% of the total
The  UPLC-Triple-TOF/MS
chromatogram of acRoots is provided in Supplementary Figure

detected  peaks. base  peak
S1, which visually presents the chromatographic separation

profile of its chemical constituents.

2.2 Preparation of acRoots extract

One hundred grams of dried acRoots were extracted with 300 mL
of pure water by refluxing for 45 min. The resulting decoction was
filtered, and the filtrate was concentrated to a final volume of 50 mL
using a water bath at 60 °C, yielding a concentrated solution with a
concentration of 2 g/mL. An aliquot of this solution was frozen
at =80 °C for 24 h and then lyophilized using a Martin Christ
freeze dryer (Osterode, Germany) to obtain a dry powder. For cell
culture experiments, the powder was reconstituted in distilled water to
create a 100 mg/mL stock solution, which was stored at 4 °C. Working
concentrations were prepared by diluting the stock solution in the
complete cell culture medium immediately before use.

2.3 Cell culture

Human Colorectal cancer cell lines HCT-15 and CW-2 (iCell
Bioscience Inc., Shanghai, China) were cultured in RPMI-1640
Ltd.),
supplemented with 10% FBS (Nanjing BioChannel Biotechnology
Co., Ltd.). All cells were maintained at 37 °C in a humidified
incubator with 5% CO,.

medium  (Nanjing BioChannel Biotechnology Co.,

2.4 Cell viability assay

Cell viability was assessed using the CCK-8 (MedChemExpress)
(Ishiyama et al.,, 1996). Cells were seeded in 96-well plates at a
density of 5 x 10” cells per well. After 24 and 48 h of treatment with
acRoots, 10 pL of CCK-8 solution was added to each well. Following
a 2-h incubation at 37 °C, the absorbance at 450 nm was measured
using a microplate reader (Thermo Fisher Scientific, United States).

2.5 Colony formation assay

Cells were seeded into 6-well plates at a low density of 200 cells
per well. After 24 h of attachment, they were treated with various
concentrations of acRoots for 24 h. The medium was then replaced
with a drug-free medium, and the cells were cultured for an
additional 2 weeks. The resulting colonies were fixed with
methanol, stained with 0.05% crystal violet, and counted
(Franken et al., 2006).

2.6 Wound healing assay
Cells were seeded into 6-well plates and grown to confluence. A

linear wound was created in the cell monolayer using a 200 pL sterile
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pipette tip. After washing to remove detached cells, the cells were
treated with various concentrations of acRoots solution. Images of
the wound area were captured at 0 h and 19 h post-scratching using a
microscope, and the migration rate was calculated (Liang
et al., 2007).

2.7 Cell death analysis by flow cytometry

The rate of cell death was determined using an Annexin
V-FITC/PI apoptosis detection kit (Rieger et al., 2011). Briefly,
HCT-15 and CW-2 cells were treated with acRoots for 24 h,
harvested, and washed with phosphate-buffered saline (PBS). The
cells were then resuspended in 300 pL of binding buffer and stained
with Annexin V-FITC and propidium iodide (PI) for 20 min at
room temperature in the dark. The stained cells were analyzed
immediately using a BD FACSCalibur flow cytometer (BD
Biosciences, United States).

2.8 RNA extraction and quantitative Real-
Time PCR (qRT-PCR)

Total RNA was extracted from cells using Trizol reagent
(Invitrogen, United States) according to the manufacturer’s
instructions. cDNA was synthesized from 1 pg of total RNA
using a reverse transcription kit. qRT-PCR was performed using
SYBR Green Master Mix (ABclonal Technology Co., Ltd.) on a
LightCycler 480 IT Real-Time PCR System (Roche, Switzerland). The
relative mRNA expression levels were calculated using the 2744
method (Livak and Schmittgen, 2001), with Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as the internal control. The
primer sequences used are listed in Supplementary Table S2.

2.9 Transwell invasion assay

Cell invasion was assessed using 24-well Transwell chambers
(Beijing Lanjieko Technology Co., Ltd.) coated with Matrigel. The
assay was performed as previously described (Justus et al., 2023).
After treatment with acRoots solution for 24 h, 5 x 10* cells in
serum-free medium were seeded into the upper chamber. The lower
chamber was filled with 1,640 medium containing 10% FBS as a
chemoattractant. After 24 h of incubation, the non-invading cells on
the upper surface of the membrane were removed with a cotton
swab. The cells that had invaded through the Matrigel to the lower
surface were fixed with methanol, stained with 0.1% crystal violet,
and counted under a microscope.

2.10 Measurement of intracellular ROS

Intracellular ROS levels were detected using the fluorescent
probe DCFH-DA (Beyotime, China) (Wang and Joseph, 1999).
After treatment with acRoots, cells were incubated with 10 uM
DCFH-DA at 37 °C for 20 min in the dark. Subsequently, the cells
were washed three times with serum-free medium to remove excess
probe. The fluorescence intensity, indicative of ROS levels, was
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immediately observed and captured using a fluorescence
microscope (Nikon, Japan).

2.11 GSH assay

Intrac249ellular GSH levels were measured using a GSH assay
kit (Beyotime, China) following the manufacturer’s protocol
(Rahman et al, 2006). Briefly, treated cells were collected and
lysed. After centrifugation at 12,000 x g for 10 min at 4 °C, the
supernatant was collected. The protein concentration of the
supernatant was determined using a BCA protein assay kit. An
aliquot of the supernatant was then mixed with the assay reagents,
and the absorbance was measured at 412 nm. The GSH content was
normalized to the total protein concentration and expressed relative
to the control group.

2.12 MDA assay

Intracellular malondialdehyde (MDA) levels were measured
using the Elabscience MDA colorimetric assay kit (Elabscience,
China), following the manufacturer’s instructions. In brief,
treated cells were collected and homogenized in the Kkit-
provided extraction reagent. After centrifugation at 10,000 X
g for 10 min at 4 °C, the supernatant was collected. The total
protein concentration of the supernatant was determined using a
BCA protein assay kit. An aliquot of the supernatant was mixed
with freshly prepared working solution and incubated at 100 °C
for 40 min. After cooling to room temperature, the mixture was
centrifuged at 1,078 ¢ for 10 min, and the absorbance of the
supernatant was measured at 532 nm. The MDA content was
normalized to the total protein concentration and expressed as a
percentage relative to the control group.

2.13 Western blot analysis

Cells were lysed in RIPA buffer (Beyotime, China) containing a
protease inhibitor cocktail. The lysates were centrifuged at 12,000 x
g for 15 min at 4 °C, and the protein concentration in the
supernatant was determined using a BCA kit. Equal amounts of
protein (20-30 pg) were separated by SDS-PAGE and transferred
onto PVDF membranes (Millipore, United States). The membranes
were blocked with 5% non-fat milk for 2 h at room temperature and
then incubated overnight at 4 °C with primary antibodies against
p53, SLC7A11, GPX4, and GAPDH (all from Proteintech Group,
United States). After washing, the membranes were incubated with
HRP-conjugated secondary antibodies for 2 h at room temperature.
bands
chemiluminescence (ECL)

enhanced
band

Protein were  visualized using an

detection system, and the

intensities were quantified using ImageJ software.

2.14 In Vivo xenograft mouse model

All animal experiments were approved by the Animal
Experimentation Ethics Committee of Hangzhou City University
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https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1724983

Ma et al.

(Approval No. 23007) and conducted in accordance with the
institutional guidelines for the care and use of laboratory animals.

Female BALB/c nude mice (8 weeks old) were purchased from
Shanghai Slake Laboratory Animal Co., Ltd. HCT-15 cells (1 x 107)
suspended in 100 pL of PBS were subcutaneously injected into the
right flank of each mouse. When the tumor volume reached
approximately 100 mm’, the mice were randomly divided into
two groups (n = 6 per group): the control group (administered
vehicle) and the acRoots-treated group (administered 150 mg/kg/
day via oral gavage). Treatments continued for 14 consecutive days.
Body weight and tumor dimensions were measured every 2 days.
Tumor volume was calculated using the formula: Volume =
(Length x Width?)/2. At the end of the experiment, the mice
were euthanized, and the tumors were excised and weighed. A
portion of each tumor was snap-frozen for GSH analysis.

2.15 Statistical analysis

All in vitro experiments were performed independently at least
three times. Data are presented as the mean + standard deviation
(SD). Statistical analyses were performed using GraphPad Prism
software (version 9.3.0). Differences between two groups were
analyzed using Student’s t-test, and differences among multiple
groups were analyzed by one-way analysis of variance (ANOVA).
A p-value of less than 0.05 was considered statistically significant.

3 Results

We conducted a systematic analysis of the chemical composition
of acRoots. Based on previous research, a total of 24 major chemical
components were identified from acRoots using ultra-high-
performance liquid chromatography coupled with triple
quadrupole time-of-flight mass spectrometry (UPLC-Triple-TOF/
MS) (Qiu et al,, 2023). These components belong to categories such
as flavonoids, terpenoids, organic acids, phenols, glycosides,
coumarins, and phenylpropanoids, collectively accounting for
15.08% of the total relative peak area. Further screening based on
oral bioavailability (OB > 30%), drug-likeness (DL > 0.18), and
supporting literature led to the identification of 12 core active
compounds, including: procyanidin C1, D-catechin, procyanidin
dimer B2, hesperidin, chlorogenic acid, 9,12,13-trihydroxy-10-
9(5),12(8),13(S)-

trihydroxyoctadeca-10(E),15(Z)-dienoic acid, isochlorogenic acid

trans-octadecenoic acid, citric acid,
C, swertiamarin, loganic acid, and fraxetin (Jia et al., 2020; Sung
et al,, 2013; Villota et al., 2022; Wang et al., 2022; Kim et al., 2023;
Chouchkov et al., 1987; Bae et al., 2020), Among these, fraxetin,
D-catechin, procyanidin dimer B2, loganic acid, and chlorogenic
acid were present at relatively higher levels, while the remaining
compounds showed moderate relative contents. It should be noted
that the exact mass proportions of individual compounds have not
been determined; their relative abundance was established based on
chromatographic peak area ratios.

Having established the methodology for preparing and
characterizing acRoots, we next sought to systematically evaluate
its anti-Colorectal cancer efficacy and mechanism of action.

Accordingly, we first determined its effects on fundamental
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cancer cell behaviors (proliferation, death, migration, and
invasion) before focusing on the induction of ferroptosis and the
role of the p53/SLC7A11/GPX4 axis. The in vitro findings were
subsequently corroborated in an in vivo setting. The results of this

investigation are summarized below.

3.1 acRoots suppresses viability,
proliferation, and induces cell death in
colorectal cancer cells

To evaluate the cytotoxic effect of acRoots on Colorectal cancer
cells, a preliminary experiment was first conducted: HCT-15 and
CW-2 cells were treated with a concentration gradient of acRoots
ranging from 0 to 1,600 pg/mL. After 24 and 48 h of incubation, cell
viability was measured using the CCK-8 assay, and dose-response
curves were plotted. The results showed that acRoots significantly
inhibited the viability of both Colorectal cancer cell lines in a dose-
dependent manner (Figures 1A,B), indicating that its cytotoxicity
exhibits clear concentration dependence.

Based on the dose-response curve, four concentrations—O0, 200,
400, and 800 pg/mL—were selected for subsequent mechanistic
studies. This gradient covers the full range of effects from no obvious
inhibition to significant suppression of cell viability, making it
suitable for analyzing the relationship between dose and effect in
mechanistic exploration. Furthermore, after 24-h treatment with
acRoots, distinct morphological changes were observed in the
Colorectal cancer cells, including cytoplasmic
vacuolization (Figure 1C).

We next evaluated the impact of acRoots on long-term
proliferative capacity using a colony formation assay. As shown
in Figures 1D-F, acRoots treatment markedly inhibited the colony-
forming ability of HCT-15 and CW-2 cells in a dose-
dependent manner.

To further investigate cell death induction, we performed
Annexin V-FITC/PI

Compared to the control, acRoots treatment resulted in a

staining followed by flow cytometry.

significant increase in the proportion of dead cells (Figures
1G-I). Collectively, these results demonstrate that acRoots exerts
potent toxic effects on human Colorectal cancer cells, suppressing
proliferation and inducing cell death in a dose-dependent manner.

3.2 acRoots impairs the migratory and
invasive capacities of colorectal cancer cells

The anti-metastatic potential of acRoots was investigated
through wound healing and Transwell assays. In the wound
healing assay, control cells effectively migrated into the scratched
area within 24 h. In contrast, acRoots treatment led to a
inhibition of this
evidenced by a gradual reduction in wound closure (Figures 2D-F).

concentration-dependent migration, as
Similarly, the Transwell assay demonstrated that acRoots
significantly diminished the number of cells capable of invading
through the Matrigel-coated membrane (Figures 2A-C), indicating
a robust suppression of invasive potential.
Since the epithelial-mesenchymal transition (EMT) is a pivotal
driver of cancer cell migration and invasion, we examined the
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acRoots inhibits viability, proliferation, and induces cell death in Colorectal cancer cells. (A,B) Cell viability of HCT-15 and CW-2 cells treated with the
indicated concentrations of acRoots for 24 h and 48 h was assessed by CCK-8 assay. (C) Representative images showing morphological changes in
Colorectal cancer cells after 24 h of acRoots treatment. Scale bar: 10 pm. (D—F) Colony formation assays evaluating the long-term proliferative capacity of
HCT-15 and CW-2 cells after acRoots treatment. (G—I) Cell death was quantified by flow cytometry using Annexin V-FITC/PI staining after 24 h of
acRoots treatment. acRoots, Actinidia chinensis Planch Root extracts; CCK-8, Cell Counting Kit-8; Colorectal cancer, Colorectal cancer.

expression of key EMT markers. Western blot analysis revealed that
acRoots treatment downregulated the mesenchymal markers
N-cadherin and vimentin, while upregulating the epithelial
marker E-cadherin (Figures 2G-I). This suggests that acRoots
attenuates the migratory and invasive phenotypes of Colorectal
cancer cells, at least in part, by reversing the EMT process.

3.3 acRoots triggers ferroptosis in colorectal
cancer cells via ROS accumulation and
GSH depletion

Given the observed non-apoptotic morphological changes
and the established role of ferroptosis in cancer therapy, we
hypothesized that acRoots might induce this form of cell death.
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the
the

characterized by
of lipid-ROS when
antioxidant defense is compromised.

Using the DCFH-DA fluorescent probe, we found that acRoots
treatment induced a pronounced, dose-dependent increase in
intracellular ROS levels in both HCT-15 and CW-2 cells
(Figure 3A). Concomitantly, acRoots led to a significant
depletion of intracellular GSH, a key antioxidant that protects
against ferroptosis (Figures 3B,C). To further validate lipid
peroxidation—a core marker of ferroptosis—we detected the level

iron-dependent
GSH-dependent

Ferroptosis  is
accumulation

of its representative product, MDA, using the colorimetric assay kit.
The results showed that acRoots treatment induced a dose-
dependent increase in MDA levels in both HCT-15 and CW-2
cells, consistent with the trends observed for ROS accumulation and
GSH depletion (Figures 3H,I).
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acRoots suppresses the migratory and invasive capacities of Colorectal cancer cells by inhibiting EMT. (A—C) Transwell invasion assays showing the
number of invading Colorectal cancer cells after acRoots treatment. (D—F) Wound healing assays demonstrating the migratory capacity of Colorectal
cancer cells after acRoots treatment. (G—1) Western blot analysis of EMT markers (E-cadherin, N-cadherin, Vimentin) in Colorectal cancer cells treated
with acRoots. Colorectal cancer, Colorectal cancer; acRoots, Actinidia chinensis Planch Root extracts; EMT, Epithelial-Mesenchymal Transition.

To confirm the involvement of ferroptosis, we employed the
specific ferroptosis inhibitor, Fer-1. Pretreatment with Fer-1
significantly rescued acRoots-induced cytotoxicity (Figures 3D,E)
and restored the proliferative capacity of the cells (Figure 3F).
Accordingly, the elevated ROS levels induced by acRoots were
markedly attenuated by Fer-1 (Figure 3G). Notably, pretreatment
with Fer-1 also reversed the acRoots-induced accumulation of MDA
(Figures 3J,K), providing further evidence that acRoots triggers
ferroptosis rather than other forms of cell death. These rescue
experiments provide compelling evidence that ferroptosis is a
primary mechanism of acRoots-induced cell death in Colorectal
cancer. These rescue experiments provide compelling evidence that
ferroptosis is a primary mechanism of acRoots-induced cell death in
Colorectal cancer.

3.4 acRoots activates the p53 pathway to
suppress the SLC7A11/GPX4 axis

We next sought to elucidate the molecular pathway underlying
acRoots-induced ferroptosis. The SLC7A11/GPX4 axis is a central
regulatory node of ferroptosis. Western blot analysis demonstrated
that acRoots treatment significantly suppressed the protein
expression of both SLC7A11 and GPX4 (Figures 4A-C).
with  this, qRT-PCR revealed a

Consistent experiments
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concomitant decrease in the mRNA levels of SLC7A1l and
GPX4 (Figures 4D-G), indicating transcriptional regulation.

As the tumor suppressor p53 is a known transcriptional
repressor of SLC7All, we investigated its role. Strikingly,
acRoots treatment resulted in a substantial upregulation of
p53 protein levels in a dose-dependent manner (Figures 4H-]).
These results delineate a clear mechanistic pathway wherein acRoots
upregulates p53, which is implicated in the transcriptional
repression of SLC7A11 and its downstream target GPX4, thereby
disabling the cellular defense against lipid peroxidation and
committing the cells to ferroptosis.

3.5 acRoots suppresses tumor growth and
modulates tumor GSH levels in vivo

The antitumor efficacy of acRoots was further validated in a
HCT-15 xenograft mouse model. Mice were treated orally with
acRoots (150 mg/kg/day) or vehicle control for 14 days. The
administration of acRoots did not significantly affect the body
weight of the mice (Figure 5A), suggesting a favorable safety
profile at this dosage.

Notably, acRoots treatment resulted in a remarkable reduction
in both tumor weight and size compared to the control group
(Figures 5B,C), corroborating our in vitro findings. Furthermore,
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acRoots induces ferroptosis in Colorectal cancer cells. (A) Intracellular ROS levels were measured by DCFH-DA fluorescence in Colorectal cancer
cells treated with acRoots. (B,C) Intracellular GSH levels in acRoots-treated Colorectal cancer cells. (D,E) Cell viability was assessed by CCK-8 assay in
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pretreated with Fer-1 followed by acRoots. (G) Intracellular ROS levels in Colorectal cancer cells pretreated with Fer-1 followed by acRoots. (H,I)
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Intracellular MDA levels in acRoots-treated Colorectal cancer cells. (3,K) Intracellular MDA levels in acRoots-treated Colorectal cancer cells
pretreated with the ferroptosis inhibitor Fer-1 followed by acRoots. Data are presented as mean + SD; *, P < 0.05; **, P < 0.01; **, P < 0.001 vs. control
group. ROS, reactive oxygen species; CRC, Colorectal cancer; acRoots, Actinidia chinensis Planch Root extracts; GSH, glutathione; CCK-8, Cell Counting

Kit-8; Fer-1, Ferrostatin-1.
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acRoots induces ferroptosis through the p53/SLC7A11/GPX4 axis. (A—C) Western blot analysis of GPX4 and SLC7A11 protein expression in Colorectal
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Western blot analysis of p53 protein expression in Colorectal cancer cells

treated with acRoots. GPX4, glutathione peroxidase 4; SLC7A11, Solute Carrier Family 7 Member 11; Colorectal cancer, Colorectal cancer; acRoots,

Actinidia chinensis Planch Root extracts; p53, tumor protein 53.

analysis of tumor tissues revealed a significant decrease in GSH
content in the acRoots-treated group (Figure 5D), indicating that the
ferroptosis-related mechanism observed in vitro is also

operative in vivo.

4 Discussion

Our study demonstrates that acRoots, a TCM, exerts potent
anti-tumor effects against Colorectal cancer both in vitro and in vivo.
We provide compelling evidence that the primary mechanism
underlying this activity is the induction of ferroptosis, a form of
regulated cell death driven by iron-dependent lipid peroxidation.
Crucially, we delineate the molecular pathway through which
acRoots acts: it upregulates the tumor suppressor p53, leading to
the subsequent transcriptional and translational downregulation of
the key ferroptosis regulators SLC7A11 and GPX4. This work not
only confirms the anti-Colorectal cancer potential of acRoots but
also makes it as a novel natural inducer of ferroptosis, offering a
good perspective on its therapeutic application. It should be noted
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that the relationship between the effective concentration in vitro
(800 pg/mL) and potential safety in humans requires careful
consideration of the differences between experimental conditions
and the physiological in vivo environment. A significant gap
between in vitro and in vivo/clinical doses is common in
preclinical research, primarily due to fundamental differences in
the setting of action: in vitro, the compound acts directly on cells,
whereas in vivo administration involves complex pharmacokinetic
processes such as absorption, distribution, metabolism, and
excretion, which significantly influence the actual exposure
concentration at the target site (Shan et al.,, 2016).

Notably, our in vivo results demonstrate that in an HCT-15
xenograft mouse model, a dose of acRoots far lower than the in vitro
concentration (150 mg/kg/day, oral gavage) significantly inhibited
tumor growth without observable apparent toxicity (Figure 5A).
These findings better reflect the potential therapeutic window and
safety profile of acRoots, as they incorporate the complete
pharmacokinetic process and tissue distribution effects.

It is important to emphasize that this study represents preclinical
mechanistic exploration. The selection of an 800 pug/mL dose in vitro
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acRoots suppresses tumor growth and depletes GSH in a mouse xenograft model. (A) Body weights of mice during the 14-day treatment with
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tissues from the control and acRoots-treated groups. GSH, glutathione; acRoots, Actinidia chinensis Planch Root extracts.

was primarily aimed at elucidating its anti-Colorectal cancer
mechanism of action and does not directly correspond to a
clinical dosing regimen. Determining the human equivalent dose
will require further systematic pharmacokinetic and toxicological
studies, including measuring plasma concentration-time profiles in
animal models, investigating tissue distribution characteristics, and
assessing long-term safety. Such work will lay the necessary
foundation for rationally designing dosing regimens in future
clinical trials.

The cytotoxic, anti-proliferative, anti-migratory, and anti-
invasive effects of acRoots observed in our study (Figures 1, 2)
are consistent with its reported efficacy in other malignancies, such
as gastric and liver cancer (Gao et al., 2020; Fang et al., 2019). While
our initial Annexin V/PI staining indicated acRoots-induced cell
death (Figures 1G-I), the subsequent rescue experiments with Fer-1,
a specific ferroptosis inhibitor, fundamentally shifted our
understanding. The fact that Fer-1 significantly reversed the
cytotoxic effects and ROS accumulation (Figures 3D-G) strongly
suggests that ferroptosis, not apoptosis, is the predominant mode of
cell death triggered by acRoots in Colorectal cancer cells. This
distinction is critical, as it highlights a unique mechanism that
may help overcome apoptosis resistance, a common challenge in
cancer therapy.

The core of our mechanistic discovery lies in the acRoots-p53-
SLC7A11/GPX4 axis. The observed depletion of GSH and
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accumulation of ROS (Figures 3A-C) are hallmark biochemical
events of ferroptosis. Concurrently, using the MDA colorimetric
assay kit, we found that the content of the lipid peroxidation product
MDA was significantly increased in a dose-dependent manner
following acRoots treatment (Figures 3H,I). This increase could
be reversed by the ferroptosis inhibitor Fer-1 (Figures 3J,K), a
process directly linked to the function of the system Xc~
transporter SLC7A11 and the peroxidase GPX4 (21). Our data
clearly show that acRoots suppresses both the mRNA and
protein expression of SLC7A11 and GPX4 (Figures 4A-G). This
inhibition disrupts cellular antioxidant defense, permitting the lethal
accumulation of lipid peroxides. Furthermore, we identified that this
suppression is mediated through the significant upregulation of p53
(Figures 4H-J). This finding aligns with the established role of
nuclear p53 in repressing SLC7AIl transcription, thereby
sensitizing cells to ferroptosis (Xie et al., 2017). Therefore, our
study elucidates a coherent pathway: acRoots — p53 T —
SLC7A11/GPX4|— GSH depletion/ROS accumulation/MDA
elevation— FerroptosisT — SLC7A11/GPX4 | — GSH depletion/
ROS accumulation/MDA elevation— Ferroptosis.

The multi-target nature of TCM extracts suggests that the
ferroptosis-inducing effect of acRoots is likely attributable to a
constellation of its active metabolites. Previous phytochemical
analysis of acRoots identified several metabolites, such as fraxin and
chlorogenic acid (Qiu et al, 2023). Intriguingly, chlorogenic acid-
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derived materials have been reported to exhibit GSH oxidase-like
activity and promote ferroptosis (Yao et al, 2022), while fraxin is
known to modulate GSH levels (Li et al, 2019). We therefore
hypothesize that the collective action of these and other
unidentified metabolites in acRoots concurrently targets the
intracellular redox homeostasis, culminating in a robust ferroptotic
response. This synergistic multi-metabolite action warrants further
investigation to pinpoint the most critical bioactive molecules.

Looking forward, the potential of acRoots in clinical application
may be maximized through combination strategies. Previous studies
have shown that isolated metabolites from acRoots, like ACPS-R and
ursolic acid, can enhance the efficacy of conventional
chemotherapeutics like 5-FU (Shan et al., 2016; Lin, 1988). Building
on this, a key future direction will be to explore the synergy between
acRoots and standard Colorectal cancer treatments (e.g., 5-FU,
oxaliplatin, or targeted therapies). Such combinations could
potentially lower the required doses of cytotoxic chemotherapeutics,
reduce side effects, and overcome drug resistance by activating a
complementary cell death pathway. Notably, in addition to the
combination of traditional chemotherapy and herbal medicine, the
potential value of GLP-1 receptor agonists in Colorectal cancer
treatment has gradually gained attention in recent years. Studies
indicate that GLP-1 receptor agonists can significantly influence the
biological behavior of Colorectal cancer cells—including inhibiting
proliferation, inducing cell cycle arrest, and reducing invasion and
metastasis—by modulating the PI3K/AKT/mTOR signaling pathway
(Tong et al,, 2022). The PI3K/AKT/mTOR pathway intersects with the
p53/SLC7A11/GPX4 axis examined in this study, both of which are
involved in regulating cellular redox balance, proliferation, and death.

Future research could explore the potential of combining
acRoots with GLP-1 receptor agonists. On one hand, acRoots
exerts antitumor effects by inducing ferroptosis; on the other
hand, GLP-1 receptor agonists suppress malignant phenotypes of
cancer cells through regulation of the PI3K/AKT/mTOR pathway.
The two may complement each other mechanistically to enhance
anti-Colorectal cancer efficacy, offering a novel combination
strategy for clinical treatment.

Despite the compelling evidence, our study has several limitations.
First, the necessity of p53 in acRoots-induced ferroptosis, while
strongly suggested by our data, requires direct validation in p53-
deficient or p53-mutated Colorectal cancer cell models. Second, the
precise bioactive metabolite(s) within acRoots responsible for
activating the p53 pathway remain to be isolated and identified.
Third, our in vivo validation was conducted using a single cell line
xenograft model; the efficacy of acRoots across different Colorectal
cancer subtypes with varying genetic backgrounds needs further
exploration. Fourth, although our data strongly suggest a close
association between p53 activation and acRoots-induced ferroptosis,
functional loss-of-function validation using p53 inhibitors or p53-
knockout cell models has not been conducted. Therefore, the
conclusion that “p53 is involved in mediating acRoots-induced
ferroptosis” remains based on strong correlative evidence rather
than direct proof of p53’s necessity. Furthermore, although in vivo
experiments demonstrated that acRoots reduces intratumoral GSH
levels and exerts antitumor effects, this study did not evaluate the
expression and localization of p53, SLC7A11, and GPX4 in tumor
tissues through immunohistochemical (IHC) or immunofluorescence
(IF) staining. Consequently, direct morphological evidence of the

Frontiers in Pharmacology

11

10.3389/fphar.2026.1724983

regulatory role of this pathway in vivo is lacking. To address this
limitation, subsequent research will incorporate THC/IF staining
techniques to clarify the expression and spatial distribution of key
molecules within the p53/SLC7A11/GPX4 axis in tumor tissues.
Subsequent research will employ genetically modified cell models
(e.g., p53-knockout cells) and p53 inhibitors to directly determine
whether p53 is essential for acRoots-induced ferroptosis. Fifth, we
recognize the present study used UPLC-Triple-TOF/MS high-
resolution mass spectrometry. This technique systematically
identified the major chemical components in acRoots. It provided
critical information, including chromatographic retention times,
accurate mass values, and fragment ions. These data establish an
important basis for understanding the material composition of the
extract. However, relying on a single analytical method has limitations.
Its comprehensiveness for full chemical characterization remains
constrained. To meet the requirements for future standardized drug
development, subsequent research will integrate multiple orthogonal
analytical techniques (e.g.,, HPLC-UV, HPLC-ELSD) to establish a
more complete chemical fingerprint profile. This will enable a
systematic evaluation of batch-to-batch consistency and quality
controllability, thereby providing more robust and comprehensive
pharmaceutical data to support the translational development of
this extract toward clinical application. Future clinical trials must
also carefully evaluate the pharmacokinetics, safety, and optimal
dosing of acRoots in diverse patient populations to fully assess its
translational potential.

In conclusion, our findings establish that acRoots is an effective
ferroptosis inducer in Colorectal cancer. By unveiling the pivotal
role of the p53-SLC7A11/GPX4 signaling axis in this process, we
provide a solid mechanistic foundation for its anti-tumor activity,
though the necessity of p53 requires further validation with
functional experiments. These insights not only enrich our
understanding of this TCM but also advocate for its continued
development as a promising therapeutic agent or adjuvant for
Colorectal cancer treatment.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by Ethics Committee of
Hangzhou City University. The study was conducted in
accordance with the local legislation and institutional requirements.

Author contributions

CM: Formal Analysis, Writing - review and editing,
Writing - original draft, Data curation, Funding acquisition,
Methodology. RC: Data
curation, Methodology, Visualization, Software, Writing — review

Visualization, ~Conceptualization,

and editing, Conceptualization, Writing - original draft. HW:
Methodology, Data curation, Conceptualization, Writing - review

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1724983

Ma et al.

and editing, Writing - original draft, Visualization. KQ:
Methodology, Data curation, Writing - original draft. QX:
Writing - original draft, Data curation, Methodology. SY:
Writing - original draft, Data curation, Methodology. JW: Data
curation, Writing - original draft, Methodology. ZC: Data curation,
Methodology, Writing - original draft. WC: Methodology, Data
curation, Writing - original draft. JL: Writing - original draft,
Software, Writing - review and editing, Methodology. SD:
Software, Conceptualization, Writing - review and editing,

Methodology, Writing - original draft.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This study was supported by the
Medicine and Health Science and Technology Plan Projects in
Zhejiang Province (No. 2022KY1081 and No.2023KY1045), and
Science Foundation of LiHuili Hospital (N0.2022FZ002).

Acknowledgements

The authors acknowledge funding by the Medicine and Health
Science and Technology Plan Projects in Zhejiang Province (No.
2022KY1081 and No0.2023KY1045), and Science Foundation of
LiHuili Hospital (No.2022FZ002).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Bae, J., Kumazoe, M., Murata, K., Fujimura, Y., and Tachibana, H. (2020). Procyanidin
C1 inhibits melanoma cell growth by activating 67-kDa laminin receptor signaling. Mol.
Nutr. Food Res. 64 (7), €1900986. doi:10.1002/mnfr.201900986

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I, et al.
(2024). Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: A Cancer J. Clin. 74 (3), 229-263. doi:10.
3322/caac.21834

Chen, D., Zhao, J., and Cong, W. (2018). Chinese herbal medicines facilitate the
control of chemotherapy-induced side effects in colorectal cancer: progress and
perspective. Front. Pharmacol. 9, 1442. doi:10.3389/fphar.2018.01442

Cheng, Q. L., Li, H. L., Huang, Z. Q., Chen, Y. J,, and Liu, T. S. (2015). 2f, 3p, 23-
trihydroxy-urs-12-ene-28-olic acid (TUA) isolated from Actinidia chinensis radix
inhibits NCI-H460 cell proliferation by decreasing NF-kB expression. Chemico-
Biological Interact. 240, 1-11. doi:10.1016/.cbi.2015.06.038

Chouchkov, C,, Lazarov, N., and Ichev, K. (1987). Localization of newly synthesized protein
precursors of basement membrane in the embryonic central nervous system as revealed by
radioautography. Acta histochem. 82 (2), 153-158. doi:10.1016/S0065-1281(87)80021-1

Dixon, S. J., Lemberg, K. M., Lamprecht, M. R,, Skouta, R., Zaitsev, E. M., Gleason, C.
E., etal. (2012). Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell 149
(5), 1060-1072. doi:10.1016/j.cell.2012.03.042

Fang, T., Fang, Y., Xu, X., He, M, Zhao, Z., Huang, P., et al. (2019). Actinidia chinensis
planch root extract attenuates proliferation and metastasis of hepatocellular carcinoma
by inhibiting epithelial-mesenchymal transition. J. Ethnopharmacol. 231, 474-485.
doi:10.1016/}.jep.2018.11.014

Franken, N. A., Rodermond, H. M., Stap, J., Haveman, J., and van Bree, C. (2006).
Clonogenic assay of cells in vitro. Nat. Protoc. 1 (5), 2315-2319. doi:10.1038/nprot.
2006.339

Frontiers in Pharmacology

12

10.3389/fphar.2026.1724983

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2026.1724983/
full#supplementary-material

SUPPLEMENTARY FIGURE S1
Base peak chromatogram of acRoots by UPLC-Triple-TOF/MS.

SUPPLEMENTARY TABLE S1
Main Chemical Constituents of acRoots.

SUPPLEMENTARY TABLE S2
The PCR primers. GPX4, glutathione peroxidase 4; GAPDH, Glyceraldehyde-
3-phosphate dehydrogenase; SLC7A11, Solute Carrier Family 7 Member 11.

Gao, Z,, Deng, G., Li, Y., Huang, H., Sun, X,, Shi, H., et al. (2020). Actinidia chinensis
planch prevents proliferation and migration of gastric cancer associated with apoptosis,
ferroptosis activation and mesenchymal phenotype suppression. Biomed. Pharmacother.
126, 110092. doi:10.1016/j.biopha.2020.110092

Gao, W., Huang, Z., Duan, J., Nice, E. C,, Lin, J., and Huang, C. (2021). Elesclomol
induces copper-dependent ferroptosis in colorectal cancer cells via degradation of
ATP7A. Mol. Oncol. 15 (12), 3527-3544. doi:10.1002/1878-0261.13079

Garcia-Alfonso, P., Muiioz Martin, A. J., Ortega Mordn, L., Soto Alsar, J., Torres
Pérez-Solero, G., Blanco Codesido, M., et al. (2021). Oral drugs in the treatment of
metastatic colorectal cancer. Ther. Adv. Med. Oncol. 13, 17588359211009001. doi:10.
1177/17588359211009001

Hossain, M. S., Karuniawati, H., Jairoun, A. A., Urbi, Z., Ooi, J., John, A., et al. (2022).
Colorectal cancer: a review of carcinogenesis, global epidemiology, current challenges, risk
factors, preventive and treatment strategies. Cancers 14 (7), 1732. doi:10.3390/cancers14071732

Hu, W., Wu, C, Yuan, C,, Chen, M,, Jin, C., and Zheng, C. (2021). Ethanol extracted
from radix of Actinidia Chinensis inhibits human Colon tumor through inhibiting
notch-signaling pathway. J. Cancer 12 (3), 622-629. doi:10.7150/jca.51275

Huang, G., Yasir, M., Zheng, Y., and Khan, I. (2022). Prebiotic properties of jiaogulan
in the context of gut microbiome. Food Sci. Nutr. 10 (3), 731-739. doi:10.1002/fsn3.2701

Huang, J., Jiang, T., Kang, J., Xu, J., Dengzhang, Y., Zhao, Z., et al. (2022). Synergistic
effect of huangqin decoction combined treatment with Radix Actinidiae chinensis on
DSS and AOM-induced colorectal cancer. Front. Pharmacol. 13, 933070. doi:10.3389/
fphar.2022.933070

Huo, J., Qin, F.,, Cai, X, Ju, J., Hu, C., Wang, Z., et al. (2013). Chinese medicine
formula “Weikang Keli” induces autophagic cell death on human gastric cancer cell line
SGC-7901. Phytomedicine Int. ]. Phytotherapy Phytopharm. 20 (2), 159-165. doi:10.
1016/j.phymed.2012.10.001

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2026.1724983/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2026.1724983/full#supplementary-material
https://doi.org/10.1002/mnfr.201900986
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.3389/fphar.2018.01442
https://doi.org/10.1016/j.cbi.2015.06.038
https://doi.org/10.1016/S0065-1281(87)80021-1
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.jep.2018.11.014
https://doi.org/10.1038/nprot.2006.339
https://doi.org/10.1038/nprot.2006.339
https://doi.org/10.1016/j.biopha.2020.110092
https://doi.org/10.1002/1878-0261.13079
https://doi.org/10.1177/17588359211009001
https://doi.org/10.1177/17588359211009001
https://doi.org/10.3390/cancers14071732
https://doi.org/10.7150/jca.51275
https://doi.org/10.1002/fsn3.2701
https://doi.org/10.3389/fphar.2022.933070
https://doi.org/10.3389/fphar.2022.933070
https://doi.org/10.1016/j.phymed.2012.10.001
https://doi.org/10.1016/j.phymed.2012.10.001
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1724983

Ma et al.

Ishiyama, M., Tominaga, H., Shiga, M., Sasamoto, K., Ohkura, Y., and Ueno, K.
(1996). A combined assay of cell viability and in vitro cytotoxicity with a highly water-
soluble tetrazolium salt, neutral red and crystal violet. Biol. Pharm. Bull. 19 (11),
1518-1520. doi:10.1248/bpb.19.1518

Jia, C. Y., Li,]. Y., Hao, G. F., and Yang, G. F. (2020). A drug-likeness toolbox facilitates
ADMET study in drug discovery. Drug Discov. Today 25 (1), 248-258. doi:10.1016/j.
drudis.2019.10.014

Justus, C. R,, Marie, M. A, Sanderlin, E. J., and Yang, L. V. (2023). Transwell in vitro
cell migration and invasion assays. Methods Mol. Biol. 2644, 349-359. doi:10.1007/978-
1-0716-3052-5_22

Kanani, A, Veen, T,, and Sereide, K. (2021). Neoadjuvant immunotherapy in primary
and metastatic colorectal cancer. Br. J. Surg. 108 (12), 1417-1425. doi:10.1093/bjs/
znab342

Kim, N.Y,, Ha, I. ], Um, J. Y., Kumar, A. P., Sethi, G., and Ahn, K. S. (2023). Loganic
acid regulates the transition between epithelial and mesenchymal-like phenotypes by
alleviating MnSOD expression in hepatocellular carcinoma cells. Life Sci. 317, 121458.
doi:10.1016/j.1fs.2023.121458

Koppula, P., Zhuang, L., and Gan, B. (2021). Cystine transporter SLC7A11/xCT in
cancer: ferroptosis, nutrient dependency, and cancer therapy. Protein Cell 12 (8),
599-620. doi:10.1007/s13238-020-00789-5

Li, W., Li, W,, Zang, L,, Liu, F,, Yao, Q,, Zhao, J., et al. (2019). Fraxin ameliorates
lipopolysaccharide-induced acute lung injury in mice by inhibiting the NF-kB and
NLRP3 signalling pathways. Int. Immunopharmacol. 67, 1-12. doi:10.1016/j.intimp.
2018.12.003

Liang, C. C., Park, A. Y., and Guan, J. L. (2007). In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro. Nat. Protoc. 2 (2), 329-333.
doi:10.1038/nprot.2007.30

Lin, P. F. (1988). Antitumor effect of actinidia chinensis polysaccharide on murine
tumor. Zhonghua Zhong Liu Za Zhi 10 (6), 441-444.

Livak, K. J., and Schmittgen, T. D. (2001). Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods 25 (4),
402-408. doi:10.1006/meth.2001.1262

Lv, ], Wang, L., Shen, H., and Wang, X. (2018). Regulatory roles of OASL in lung
cancer cell sensitivity to Actinidia chinensis Planch root extract (acRoots). Cell Biol.
Toxicol. 34 (3), 207-218. doi:10.1007/s10565-018-9422-4

Perkasa, D. P., Darwin, D., Purwanti, T., Sanjaya, M. F., Indryati, S., and Sugoro, L.
(2025). Molecular docking and dynamic studies of chlorogenic acid isomers as
antagonists of p53 transcription factor for potential adjuvant radiotherapy. Asian
Pac ]. Cancer Prev. 26 (7), 2379-2387. doi:10.31557/APJCP.2025.26.7.2379

Qiu, K, Xia, Q., Chen, H,, Ye, Q., Mao, H., Tian, M.,, et al. (2023). Exploring the
anticancer potential of Actinidia chinensis Planch root extracts (acRoots) on
hepatocellular carcinoma: a molecular mechanism study. Heliyon 9 (11), e21851.
doi:10.1016/j.heliyon.2023.e21851

Rahman, I, Kode, A., and Biswas, S. K. (2006). Assay for quantitative determination of
glutathione and glutathione disulfide levels using enzymatic recycling method. Nat.
Protoc. 1 (6), 3159-3165. doi:10.1038/nprot.2006.378

Rieger, A. M., Nelson, K. L., Konowalchuk, J. D., and Barreda, D. R. (2011). Modified
annexin V/propidium iodide apoptosis assay for accurate assessment of cell death. J. Vis.
Exp. (50), 2597. doi:10.3791/2597

Shan, J. Z., Xuan, Y. Y., Zhang, Q., and Huang, J. J. (2016). Ursolic acid
sensitized colon cancer cells to chemotherapy under hypoxia by inhibiting
MDRI1 through HIF-la. J. Zhejiang Univ. Sci. B 17 (9), 672-682. doi:10.1631/
jzus.B1600266

Frontiers in Pharmacology

13

10.3389/fphar.2026.1724983

Shinji, S., Yamada, T., Matsuda, A., Sonoda, H., Ohta, R,, Iwai, T, et al. (2022). Recent
advances in the treatment of colorectal cancer: a review. J. Nippon. Med. Sch. 89 (3),
246-254. doi:10.1272/jnms. JNMS.2022_89-310

Song, W. Y., Xu, G. H,, and Zhang, G. J. (2014). Effect of Actinidia chinensis planch
polysaccharide on the growth and apoptosis, and p-p38 expression in human gastric
cancer SGC-7901 cells. Zhongguo Zhong Xi Yi Jie He Za Zhi 34 (3), 329-333.

Stockwell, B. R., Friedmann Angeli, J. P., Bayir, H., Bush, A. I, Conrad, M., Dixon, S.J.,
etal. (2017). Ferroptosis: a regulated cell death nexus linking metabolism, redox biology,
and disease. Cell 171 (2), 273-285. doi:10.1016/j.cell.2017.09.021

Sung, N. Y., Yang, M. S, Song, D. S., Kim, J. K,, Park, J. H,, Song, B. S., et al. (2013).
Procyanidin dimer B2-mediated IRAK-M induction negatively regulates TLR4 signaling
in macrophages. Biochem. Biophys. Res. Commun. 438 (1), 122-128. doi:10.1016/j.bbrc.
2013.07.038

Tong, G., Peng, T., Chen, Y., Sha, L., Dai, H., Xiang, Y., et al. (2022). Effects of GLP-1
receptor agonists on biological behavior of colorectal cancer cells by regulating PI3K/
AKT/mTOR signaling pathway. Front. Pharmacol. 13, 901559. doi:10.3389/fphar.2022.
901559

Ursini, F., and Maiorino, M. (2020). Lipid peroxidation and ferroptosis: the role of
GSH and GPx4. Free Radic. Biol. Med. 152, 175-185. d0i:10.1016/j.freeradbiomed.2020.
02.027

Villota, H., Santa-Gonzalez, G. A., Uribe, D., Henao, I. C., Arroyave-Ospina, J. C,,
Barrera-Causil, C. J., et al. (2022). Modulatory effect of chlorogenic acid and coffee
extracts on Wnt/B-Catenin pathway in colorectal cancer cells. Nutrients 14 (22), 4880.
doi:10.3390/nu14224880

Wang, H., and Joseph, J. A. (1999). Quantifying cellular oxidative stress by
dichlorofluorescein assay using microplate reader. Free Radic. Biol. Med. 27 (5-6),
612-616. doi:10.1016/s0891-5849(99)00107-0

Wang, X,, Yin, Y., Qian, W., Peng, C., Shen, S., Wang, T., et al. (2022). Citric acid of
ovarian cancer metabolite induces pyroptosis via the caspase-4/TXNIP-NLRP3-
GSDMD pathway in ovarian cancer. Faseb J. 36 (6), €22362. doi:10.1096/j.202101993RR

Wei, R, Zhao, Y., Wang, J., Yang, X., Li, S., Wang, Y., et al. (2021). Tagitinin C induces
ferroptosis through PERK-Nrf2-HO-1 signaling pathway in colorectal cancer cells. Int.
J. Biol. Sci. 17 (11), 2703-2717. doi:10.7150/ijbs.59404

Xia, W,, Liu, B., Tang, S., Yasir, M., and Khan, I. (2022). The science behind TCM and
gut microbiota interaction-their combinatorial approach holds promising therapeutic
applications. Front. Cell Infect. Microbiol. 12, 875513. doi:10.3389/fcimb.2022.875513

Xie, Y., Zhu, S., Song, X., Sun, X, Fan, Y., Liu, J., et al. (2017). The tumor suppressor
P53 limits ferroptosis by blocking DPP4 activity. Cell Rep. 20 (7), 1692-1704. doi:10.
1016/j.celrep.2017.07.055

Yang, J., Mo, J., Dai, ], Ye, C., Cen, W., Zheng, X, et al. (2021). Cetuximab promotes
RSL3-induced ferroptosis by suppressing the Nrf2/HO-1 signalling pathway in KRAS
mutant colorectal cancer. Cell Death and Dis. 12 (11), 1079. d0i:10.1038/s41419-021-
04367-3

Yao, L., Zhao, M. M,, Luo, Q. W,, Zhang, Y. C, Liu, T. T,, Yang, Z., et al. (2022).
Carbon quantum dots-based nanozyme from coffee induces cancer cell ferroptosis to

activate antitumor immunity. ACS Nano 16 (6), 9228-9239. doi:10.1021/acsnano.
2c01619

Yuan, C., Wu, C,, Xue, R, Jin, C., and Zheng, C. (2021). Suppression of human colon
tumor by EERAC through regulating Notch/DLL4/Hes pathway inhibiting angiogenesis
in vivo. J. Cancer 12 (19), 5914-5922. doi:10.7150/jca.61581

Zou, Y., Wang, S., Zhang, H., Gu, Y., Chen, H., Huang, Z., et al. (2024). The triangular
relationship between traditional Chinese medicines, intestinal flora, and colorectal
cancer. Med. Res. Rev. 44 (2), 539-567. d0i:10.1002/med.21989

frontiersin.org


https://doi.org/10.1248/bpb.19.1518
https://doi.org/10.1016/j.drudis.2019.10.014
https://doi.org/10.1016/j.drudis.2019.10.014
https://doi.org/10.1007/978-1-0716-3052-5_22
https://doi.org/10.1007/978-1-0716-3052-5_22
https://doi.org/10.1093/bjs/znab342
https://doi.org/10.1093/bjs/znab342
https://doi.org/10.1016/j.lfs.2023.121458
https://doi.org/10.1007/s13238-020-00789-5
https://doi.org/10.1016/j.intimp.2018.12.003
https://doi.org/10.1016/j.intimp.2018.12.003
https://doi.org/10.1038/nprot.2007.30
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/s10565-018-9422-4
https://doi.org/10.31557/APJCP.2025.26.7.2379
https://doi.org/10.1016/j.heliyon.2023.e21851
https://doi.org/10.1038/nprot.2006.378
https://doi.org/10.3791/2597
https://doi.org/10.1631/jzus.B1600266
https://doi.org/10.1631/jzus.B1600266
https://doi.org/10.1272/jnms.JNMS.2022_89-310
https://doi.org/10.1016/j.cell.2017.09.021
https://doi.org/10.1016/j.bbrc.2013.07.038
https://doi.org/10.1016/j.bbrc.2013.07.038
https://doi.org/10.3389/fphar.2022.901559
https://doi.org/10.3389/fphar.2022.901559
https://doi.org/10.1016/j.freeradbiomed.2020.02.027
https://doi.org/10.1016/j.freeradbiomed.2020.02.027
https://doi.org/10.3390/nu14224880
https://doi.org/10.1016/s0891-5849(99)00107-0
https://doi.org/10.1096/fj.202101993RR
https://doi.org/10.7150/ijbs.59404
https://doi.org/10.3389/fcimb.2022.875513
https://doi.org/10.1016/j.celrep.2017.07.055
https://doi.org/10.1016/j.celrep.2017.07.055
https://doi.org/10.1038/s41419-021-04367-3
https://doi.org/10.1038/s41419-021-04367-3
https://doi.org/10.1021/acsnano.2c01619
https://doi.org/10.1021/acsnano.2c01619
https://doi.org/10.7150/jca.61581
https://doi.org/10.1002/med.21989
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1724983

	Actinidia chinensis Planch Root extracts trigger ferroptosis in colorectal cancer via the p53/SLC7A11/GPX4 axis
	1 Introduction
	2 Materials and methods
	2.1 Preparation and chemical characterization of acRoots
	2.1.1 Plant material source and extraction process
	2.1.2 Chemical composition analysis

	2.2 Preparation of acRoots extract
	2.3 Cell culture
	2.4 Cell viability assay
	2.5 Colony formation assay
	2.6 Wound healing assay
	2.7 Cell death analysis by flow cytometry
	2.8 RNA extraction and quantitative Real-Time PCR (qRT-PCR)
	2.9 Transwell invasion assay
	2.10 Measurement of intracellular ROS
	2.11 GSH assay
	2.12 MDA assay
	2.13 Western blot analysis
	2.14 In Vivo xenograft mouse model
	2.15 Statistical analysis

	3 Results
	3.1 acRoots suppresses viability, proliferation, and induces cell death in colorectal cancer cells
	3.2 acRoots impairs the migratory and invasive capacities of colorectal cancer cells
	3.3 acRoots triggers ferroptosis in colorectal cancer cells via ROS accumulation and GSH depletion
	3.4 acRoots activates the p53 pathway to suppress the SLC7A11/GPX4 axis
	3.5 acRoots suppresses tumor growth and modulates tumor GSH levels in vivo

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


