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ABSTRACT 
 
Colorectal cancer (CRC) is a leading cause of cancer-related illness and death around the world. This situation calls for 
new treatment strategies that go beyond traditional chemotherapy and targeted therapies. Research shows that plant-based 
compounds and traditional Chinese medicine (TCM) can be effective in managing CRC. Phytochemicals like curcumin, 
berberine, resveratrol, and fangchinoline have anti-tumor effects through various pathways. They can induce cell death, 
regulate cell recycling, activate ferroptosis, change metabolism, affect gut bacteria, and suppress epithelial-mesenchymal 
transition (EMT). Additionally, TCM formulas such as Qingjie Fuzheng Decoction, Yiqi Huayu Jiedu Decoction, and 
Astragalus-Curcuma combinations also show significant promise. They work by targeting immune responses, the 
interactions between gut bacteria and the immune system, and important signaling pathways like PI3K/AKT/mTOR and 
Notch to inhibit tumor growth, liver spread, and cancer stemness. Together, these findings highlight the potential of plant-
based treatments and TCM as valuable options for preventing and treating CRC. Future clinical trials and deeper 
understanding will be important for incorporating these natural methods into modern cancer care. 
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INTRODUCTION 
Colorectal cancer (CRC) is one of the most common 
malignancies of the gastrointestinal tract and ranks as the 
second leading cause of cancer-related deaths globally [1]. 
Recent epidemiological evidence highlights that unhealthy 
eating patterns along with a sedentary lifestyle marked by 
minimal physical activity are major contributors to the 
rising annual incidence of CRC, thereby posing a severe 
threat to public health [2]. In contrast, developed nations 
have witnessed a reduction in CRC cases, largely due to 
widespread screening programs and continuous 
improvements in diagnostic technologies. The prognosis of 
CRC varies with disease stage: while patients diagnosed at 
stage I have a 5-year survival rate of nearly 90%, this falls 
to 72% in locally advanced cases and drops drastically to 
about 14% in metastatic disease [3]. 
Current clinical management strategies for CRC include 
surgery, radiotherapy, targeted biologics, and 
immunotherapy, each with notable limitations. For instance, 
endoscopic procedures are largely confined to early, non-

metastatic lesions, and radiation therapy often leads to 
complications such as gastrointestinal disturbances and 
bone marrow suppression. Similarly, only a limited subset 
of patients benefits from targeted therapies, and these 
treatments may also cause unintended side effects [4,5]. 
Metabolic reprogramming is a key feature of CRC, as tumor 
cells compete for nutrients to grow and survive in a 
constantly changing environment. Oncogenes, tumor 
suppressor genes, and epigenetic changes all play a role in 
this adaptive metabolic shift. Metabolic reprogramming is 
a major area of interest in understanding the 
pathophysiology of CRC, as sporadic benign adenomas 
develop to malignant CRC due to changes in glucose, lipid, 
and amino acid metabolism [6].  Epigenetic remodelling 
and metabolic reprogramming are bidirectional regulatory 
pathways found in numerous malignancies, including CRC. 
Metabolic signalling and abnormal metabolite 
accumulation can lead to epigenetic changes, affecting gene 
expression and enzyme activity. Epigenetic changes and 
tumor metabolism play a key role in the development of 
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CRC. The metabolome-epigenome connection is crucial for 
regulating cellular states and tumor heterogeneity. 
Colorectal cancer (CRC) develops through a complex, 
stepwise process involving genetic mutations, epigenetic 
modifications, and interactions within the tumour 
microenvironment [7]. The transformation of normal 
colonic epithelium into malignancy primarily occurs via 
three well-recognized molecular routes: chromosomal 
instability (CIN), microsatellite instability (MSI), and the 
CpG island methylator phenotype (CIMP). CIN, the 
predominant pathway, is marked by aneuploidy and 
alterations in key genes such as APC, KRAS, and TP53. 
MSI arises from deficiencies in DNA mismatch repair 
mechanisms and is commonly linked to BRAF mutations in 
sporadic cases. CIMP, on the other hand, is characterized by 
extensive promoter hypermethylation that silences tumour 
suppressor genes [8,9]. Phytomedicines have recently 
received increased interest as possible agents against CRC, 
either as standalone therapy or in combination with other 
treatments. According to research findings, phytomedicines 
work through a variety of mechanisms, including immune 
response modulation (via CD4+/CD8+ T cells, dendritic 
cells, Th17 cells, and regulatory T cells), gut microbiota 
regulation, targeting colorectal cancer stem cells, 
influencing macrophage polarization, altering glycolysis 
and ferroptosis pathways, affecting extracellular vesicle 
signalling, and protecting mitochondrial function [10] . 
They also control inflammation, oxidative stress, and 
autophagy. The purpose of this review is to address 
phytomedicines' therapeutic potential and underlying 
mechanisms in CRC, with a focus on promising prospects 
for future drug development [11]. 
 
2. DRUGS FOR COLO RECTAL CANCER  
2.1 Plant Extracts and Phytochemicals in CRC 
Therapy: 
 
Lentinan (LNT) is a water-soluble polysaccharide extracted 
from Lentinus edodes (Berk.) sing., known for its potent 
immune-enhancing properties. Mao et al. found that LNT 
could promote the maturation of DCs and polarize tumor-
associated macrophages to the anti-tumorigenic M1 
phenotype (CD11b+CD80+) in the CT26 CRC tumor 
model. Huang and colleagues also found that LNT 
suppressed [12,13].  
Th17 cells, a subset of CD4+ T cells that produce 
interleukin-17, are considered protumorigenic immune 
cells in CRC. Curcumae longae Rhizoma, the root of 
Curcuma longa L., has been utilized as a dietary supplement 
for thousands of years. It is also used to treat metabolic 
problems and cancer. Curcumae Longae Rhizoma primarily 
consists of curcuminoids, with curcumin being the active 
element. Wan et al. discovered that a surfactant-formulated 
curcumin suppressed SW480 cell proliferation by boosting 
cyclin B1-induced apoptosis and causing cell cycle arrest. 
It reduced Th17 cell development, reducing intestinal 
inflammation [14]. 
Periploca sepium periplosides, derived from the dried root 
of Periploca sepium Bunge (P. sepium), are used to treat 

rheumatoid arthritis, dyspepsia, and stomach-aches. Lin et 
al. found that Periploca sepium periplosides improved gut 
microbiota structure and suppressed colitis and CAC by 
inhibiting pathogenic Th17 cells in DSS-induced acute 
colitis and DSS + AOM-induced CAC models (C57BL/6) 
[15]. 
Ginseng fruit (Panax ginseng C.A. Meyer), including both 
berries and seeds, is known for its immune-boosting 
benefits. Wang et colleagues. discovered that ginseng berry 
concentrates strongly suppressed Th17 cell development, 
modulating the Th17/Treg balance in adaptive immunity. 
Future study will explore this mechanism using CRC 
animal models. Plant-derived chemical substances, such as 
dihydroartemisinin, have been proven to suppress CRC by 
targeting Th17 cells [16,17]. 
Rubiginosin B is derived from Rhododendron 
brachypodum. Geng et al. discovered that rubiginosin B 
inhibited TGFβ-induced CD4+Foxp3+ Treg cell 
development, improving the immune system's ability to 
detect and eliminate tumor cells by modulating the 
calcineurin-NFAT pathway in CT26 and MC38 xenograft 
tumor models [18]. 
Cyasterone is derived from Ajuga decumbens Thunb 
(Labiatae) or Cyathula officinalis. CRC with mutations in 
the BRAFV600E gene is highly malignant and has a poor 
prognosis. Cyasterone treatment in a BRAFV600E-mutant 
mouse model of CRC increased gut microbiota variety and 
beneficial bacteria abundance, including Prevotellaceae, 
Muribaculaceae, and Ruminococcaceae. The study found 
that cyasterone affects the quantity of beneficial bacteria, 
although its effectiveness in BRAFV600E-mutant CRC 
was not explored. The relevance of these probiotics remains 
unknown [19]. 
Berberine, a chemical produced from Coptis chinensis, may 
inhibit CRC via decreasing the Hedgehog pathway and 
influencing gut microbiota in mice. 5-fluorouracil has been 
found to decrease the α-diversity of the microbial 
community in CRC mice.  Berberine reduces intestinal flora 
variety in mice with CRC, according to various research. 
Research indicates that berberine does not affect the variety 
of the intestinal microbiota in animals with CRC. Some 
research suggests that berberine can improve the diversity 
of the gut microbiota in animals with CRC [20-30]. 
Vitexin (apigenin-8-C-glucoside), found in plants such as 
Crataegus pinnatifida and Vigna radiata, inhibits colitis-
associated colorectal cancer (CAC) in AOM/DSS-induced 
mice by regulating macrophage polarization. It induces M1 
polarization in tumor tissues to increase anti-tumor 
inflammation, while suppressing M1 activity in nearby 
normal tissues to prevent carcinogenesis. Tang et al. 
discovered that vitexin targets the vitamin D receptor 
(VDR) and modulates macrophage polarization via the 
VDR/PBLD pathway, inhibiting the progression from 
chronic colitis to CRC. Similarly, Jiedu Xiaozheng Yin, a 
multi-herb combination, slows CRC growth by boosting 
M1 and suppressing M2 polarization via the TLR4 pathway 
[31-34]. 
Dictamnine, a derivative of Dictamnus dasycarpus Turcz., 
inhibits CRC growth in DLD-1 xenograft mice by 
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triggering ferroptosis and decreasing M2 macrophage 
polarization via MAPK pathway modulation. Similarly, 
hydroxy genkwanin, macelignan, Jianpi Jiedu decoction, 
emodin, curcumin, 23-hydroxybetulinic acid, and 
cucurbitacin B inhibit M2 polarization, leading to their anti-
proliferative and anti-metastatic actions on CRC [35-42]. 
Rhus chinensis Mill., a traditional medicinal herb used in 
China, India, and Japan, has powerful anticancer properties. 
Wang et al. found that its triterpenoids (TER) block 
glycolysis in SW620 and HCT116 CRC cells by decreasing 
glucose uptake, lactate generation, and downregulating 
genes such GLUT1, LDHA, and PKM2 [95]. TER 
suppresses glutaminolysis [96] while increasing glycolytic 
gene expression in CD8⁺ T cells, boosting immunological 
recognition and decreasing CRC tumor development [43-
45]. 
Atractylenolide I, isolated from Atractylodis 
Macrocephalae Rhizoma, has significant anti-CRC action. 
Wang et al. demonstrated that it affects the Warburg effect 
and stemness by inhibiting the AKT/mTOR pathway, 
resulting in death and decreased invasion in COLO205, 
HCT116 cells, and HCT116 xenograft models [46]. 
Similarly, Ma et al. found that atractylenolide I induce 
apoptosis and inhibits glycolysis in HCT116 and SW480 
cells via the JAK2/STAT3 pathway, supporting its 
therapeutic potential [47]. 
Saponin monomer 13 (DT-13), isolated from Liriopes 
Radix, has significant anti-inflammatory and anti-tumor 
properties [98-101]. In CRC, DT-13 inhibits GLUT1-
mediated glycolysis in HCT-15 and HT-29 cells, as well as 
in HCT-15 orthotopic xenograft models, and lowers 
spontaneous adenomas in APC^min mice by regulating the 
AMPK/mTOR system. Interestingly, a lower dose (1.25 
mg/kg) had stronger antitumor activity than a higher dose 
(2.5 mg/kg), presumably due to variations in absorption, 
metabolism, or target selectivity. Further research on its 
pharmacokinetics, pharmacodynamics, and toxicity is 
required. Other botanical drugs, such as diosgenin, 
epigallocatechin-3-gallate, kaempferol, curcumol, naringin, 
cannabidiol, and Quxie capsule, also slow CRC growth by 
controlling glycolysis [48-58]. 
Ferroptosis, an iron-dependent form of cell death 
characterized by lipid peroxide accumulation, ROS rise, 
mitochondrial shrinkage, and membrane rupture, has 
emerged as a viable CRC treatment option, albeit clinical 
trials are still in their early phases. Ginsenoside Rh3 
(GRh3), a microbial metabolite of ginsenoside Rg5, 
produces ferroptosis by inhibiting SLC7A11 and activating 
the Stat3/p53/NRF2 pathway, as well as inducing 
gasdermin D-dependent pyroptosis in HT29 and HCT116 
cells in xenograft models. Importantly, GRh3 exhibits no 
substantial toxicity in hepatic, renal, or normal colorectal 
cells. Similarly, Lu et al. demonstrated that solanine, the 
main alkaloid of Solanum nigrum L., causes ferroptotic 
death in HCT116 and SW480 cells via the 
ALOX12B/ADCY4 axis [59-64]. 
Curcumin, the primary bioactive compound of Curcumae 
longae Rhizoma, induces ferroptosis via a variety of 
mechanisms, including JNK pathway regulation, inhibition 

of GPX4 and ferroptosis suppressor protein-1 (in 
combination with andrographis), PI3K/AKT/mTOR 
pathway suppression, and modulation of the p53-
SLC7A11-glutathione/GPX4 axis. It improves the 
anticancer activity of chemotherapeutics like 5-fluorouracil 
and natural medicines like andrographolide while posing 
minimal toxicity to healthy tissues. However, limited 
solubility and quick metabolism limit its therapeutic value. 
To address this, new delivery methods, including as 
nanocarriers and plant-derived extracellular vesicles, are 
being developed to improve curcumin's solubility, stability, 
and targeted distribution, thereby optimizing its therapeutic 
potential [65-68]. 
Tai et al. discovered that pennogenin 3-O-beta-
chacotrioside and polyphyllin VI from Paris polyphylla can 
inhibit the release of extracellular vesicles from 
Fusobacterium nucleatum, a bacterium found in CRC 
lesions and associated with CRC proliferation and 
metastasis. This inhibits the invasion of Caco-2 and HT-29 
cells [69]. 
Coptisine, an isoquinoline alkaloid isolated from Coptis 
chinensis Franch., has demonstrated significant antitumor 
activity. Han and colleagues found that coptisine 
significantly reduced cell survival and migration in HCT-
116 cells by compromising mitochondrial function, as 
revealed by a decrease in mitochondrial membrane 
potential (MMP) and increased reactive oxygen species 
(ROS) levels. Based on their findings, they postulated that 
coptisine promotes apoptosis in HCT-116 cells via 
activating mitochondrial-dependent apoptotic pathways. 
Furthermore, an examination of the visceral index and 
survival rates in animals treated with coptisine found no 
evidence of drug-related toxicity. Overall, our findings 
indicate that coptisine is a low-toxicity chemical with 
intriguing anticancer properties [70]. 
Tanshinone IIA, a natural substance isolated from Salvia 
miltiorrhiza Bunge, has been shown to have physiological 
effects on hepatic steatosis, insulin resistance, 
cardiovascular diseases, and malignancies. Excessive 
mitochondrial fission affects physiological function, 
resulting in decreased MMP, increased ROS levels, and 
mitochondria-mediated apoptosis. Tanshinone IIA inhibits 
SW837 cell growth and migration via activating the JNK-
Mff pathway, which regulates mitochondrial fission. Huo et 
al. found that Tanshinone IIA triggers IL2-mediated 
apoptosis in SW480 cells by activating INF2-mediated 
mitochondrial fission and stimulating the Mst1-Hippo 
signalling pathway [71-75]. 
Recent findings indicate that the combination of piperine 
with celecoxib (CXB) exerts a synergistic effect in 
colorectal cancer (CRC) therapy. This combination was 
shown to enhance mitochondrial-mediated apoptosis 
through elevated ROS generation, caspase activation, and 
upregulation of apoptotic proteins. Importantly, piperine 
with CXB markedly reduced the population of 
CD133+/CD44+ cancer stem cells (CSCs) and 
downregulated stemness-associated proteins, highlighting 
its potential role in targeting CSC-driven tumor 
progression. In vivo studies using the CT26 xenograft 
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BALB/c mouse model further supported these results, 
where the combination treatment significantly suppressed 
tumor growth compared to either agent alone. 
Mechanistically, piperine was found to synergize with CXB 
by inhibiting the Wnt/β-catenin signalling pathway and 
inducing mitochondrial-dependent apoptosis in HT-29 
cells. Multiple independent studies consistently confirm the 
role of piperine in regulating mitochondrial-mediated 
apoptosis, thereby reinforcing its promise as a potential 
adjuvant in CRC management [76-80]. 
Kanglaite injection is an extract of Coix lacryma-jobi 
(adlay) seed. Wang et colleagues. found that Kanglaite 
improved the sensitivity of CRC cells to Taxol by inhibiting 
NF-κB and increasing connexin 43 in a mouse model with 
subcutaneous tumors. Shi et al. proposed that Kanglaite 
inhibits EMT via inhibiting NF-κΒ in CRC cells in a mouse 
model of subcutaneous tumors using CT26 cells [81,82]. 
Evodiamine is an anti-tumor substance derived from 
Tetradium ruticarpum (A. Juss.) T. G. Hartley [182]. Sui et 
al. discovered that evodiamine inhibits ABCG2-mediated 
drug resistance by reducing NF-κB in HCT-116/L-OHP 
cells and a colorectal multidrug-resistant cancer xenograft 
model in nude mice.  Zhao et al. discovered that evodiamine 
inhibited migration and induced apoptosis in HCT-116 cells 
by inhibiting the JAK2/STAT3 pathway that triggers NF-
κB. Numerous studies indicate evodiamine's ability to 
regulate inflammation and prevent CRC. Scutellarin, a 
flavonoid from Scutellaria altissima L., suppresses the 
Hedgehog pathway and NF-κB-mediated inflammation in 
mice with AOM/DSS-induced CRC. Xu and colleagues 
found that scutellarin inhibited the Wnt/β-catenin signalling 
pathway, lowering blood TNF-α and IL-6 levels in mice, 
increasing Bax expression, and decreasing Bcl-2 levels in 
CAC tissues. These data indicate that scutellarin may 
reduce inflammation through several routes, potentially 
treating CAC [83-88]. 
Jujube (Ziziphus jujuba Mill.), a fruit from the Rhamnaceae 
family, has been used for decades to treat CRC. Ruan et al. 
discovered that bioactive triterpenes in jujube can prevent 
CRC by blocking the PI3K/AKT/NF-κB pathway. This 
investigation revealed several triterpenes that helped with 
future development attempts [89]. 
Pristimerin, a triterpenoid, originates from the Celastraceae 
and Hippocrateaceae families. Yousef et al. discovered that 
pristimerin inhibited CRC growth by blocking the NF-κB 
pathway in HCT-116 cells and a BALB/c nude mice model 
with HCT-116 xenografts. Kim and coworkers found that 
pristimerin reduces inflammation and cellular proliferation 
caused by AOM/DSS in colonic tissue. Pristimin increased 
apoptosis and influenced the AKT/FOXO3a signalling 
pathway [90-92]. 
Puerarin, an isoflavone found in Pueraria lobata (Willd.) 
Ohwi, has been shown to have strong anti-CRC activity. 
Puerarin's clinical efficacy is restricted by its low solubility 
and bioavailability. Deng et al. used emulsification/internal 
gelation to create colon-specific microspheres loaded with 
puerarin. These microspheres reduced carcinogenesis and 
metastasis in CRC by decreasing inflammation. More 

research is needed to confirm the mechanism by which 
puerarin regulates inflammation and treats CRC [93-97]. 
Cryptotanshinone, a natural substance produced from 
Salvia miltiorrhiza Bunge, has been demonstrated to 
strongly inhibit the proliferation and growth of CRC. 
Cryptotanshinone inhibits Stat3, a recognized NF-κB 
activator, leading to death in CRC cells (Li et al., 1999). 
Zhang et al. discovered that cryptotanshinone inhibited 
inflammation and angiogenesis in CT26 cells and a CT26 
xenograft model using BALB/c mice, preventing CRC 
proliferation and metastasis. These data indicate that 
cryptotanshinone's influence on the inflammatory response 
is critical for treating CRC [98-101]. 
Zerumbone, a sesquiterpene produced from edible ginger 
(Zingiber zerumbet Smith), has been proven to reduce CRC 
through several pathways such as oxidative stress, gut 
microbiota, and inflammation. Memari et al. discovered 
that zerumbone increased ROS levels in HT-29 cells, 
leading to increased apoptosis and inhibited metastasis. 
Sithara et al. found that zerumbone causes apoptosis in 
SW480 cells by increasing ROS levels and lowering 
antioxidant levels [102-109]. 
Dihydroartemisinin (DHA), a derivative of Artemisia 
caruifolia Buch. -Ham. ex Roxb. and a widely used 
antimalarial drug, has demonstrated promising anticancer 
properties in colorectal cancer (CRC). Yu et al. reported that 
DHA enhanced the antitumour efficacy of oxaliplatin by 
modulating the PRDX2–ROS signalling pathway in 
HCT116 and RKO cells, as well as in HCT116 xenografts 
in nude mice. Similarly, Yao et al. observed that DHA 
sensitized 5-fluorouracil-resistant HCT116 TP53−/− cells 
by inducing ROS-mediated apoptosis. Despite these 
encouraging findings, further investigations across diverse 
cell lines and animal models are required to fully elucidate 
the mechanisms by which DHA regulates oxidative stress 
in CRC [110,111]. 
In parallel, dihydromyricetin (DHM), a flavonoid isolated 
from the leaves of Vitis heyneana Roem. et Schult., has also 
attracted attention for its anticancer potential. Wang et al. 
demonstrated that DHM reversed multidrug resistance 
mediated by MRP2 through inhibition of the NF-κB–Nrf2 
signalling pathway in HCT116 and HCT8 cells, and in a 
BALB/c xenograft model with NF-κB/p65-overexpressing 
HCT116/OXA cells. Furthermore, Zhang et al. suggested 
that semaphorin 4D plays a pivotal role in mediating the 
antioxidant and anti-inflammatory effects of DHM in colon 
cancer, thereby underscoring its multifaceted therapeutic 
potential [112-115]. 
Rhus coriaria (sumac), a member of the Anacardiaceae 
family, has recently been recognized for its potential role in 
colorectal cancer (CRC) therapy. Ali Eid et al. demonstrated 
that extracts of Rhus coriaria exerted notable anti-CRC 
activity by promoting proteolysis and inducing both 
autophagic and apoptotic cell death, as shown in HT-29 and 
Caco-2 cell models. Given that resistance to 5-fluorouracil 
(5-FU) remains a major limitation in CRC treatment, further 
studies by the same group revealed that Rhus coriaria 
inhibited viability, colony formation, and tumour growth in 
both HCT-116 wild-type and 5-FU-resistant (HCT-116-
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5FU-R) cells through the induction of autophagy-mediated 
cell death. Collectively, these findings highlight Rhus 
coriaria as a promising natural source for the development 
of novel therapeutic strategies, particularly in overcoming 
chemoresistance in CRC [116-121]. 
Origanum majorana, an herbaceous plant native to southern 
Europe and the Mediterranean region, has shown promising 
anticancer potential in colorectal cancer (CRC). Ali Eid and 
colleagues reported that ethanolic extracts of O. majorana 
exhibited strong anti-proliferative effects in HT-29 and 
Caco-2 cells by inducing autophagy and apoptosis. In 
addition, the essential oil of O. majorana was found to 
activate p38 MAPK-mediated signalling, leading to 
autophagy, apoptosis, and caspase-dependent cleavage of 
P70S6K, ultimately suppressing cell viability and colony 
formation in HT-29 cells. These findings highlight O. 
majorana as a potential natural agent for CRC therapy 
through simultaneous modulation of multiple cell death 
pathways [122-124]. 
Dehydroevodiamine, a quinazoline alkaloid isolated from 
Tetradium ruticarpum (A. Juss.) T. G. Hartley has 
demonstrated notable anticancer effects in colorectal cancer 
(CRC). Seung-Heon Hong and colleagues reported that 
dehydroevodiamine reduced the viability of HCT116, 
CT26, SW480, and LoVo cells through the induction of 
caspase-dependent apoptosis and autophagy. Moreover, in 
an in vivo CT26 mouse model, dehydroevodiamine 
effectively suppressed lung metastasis by modulating 
epithelial–mesenchymal transition (EMT). These findings 
suggest that dehydroevodiamine exerts both anti-
proliferative and anti-metastatic activities, underscoring its 
therapeutic potential in CRC treatment [125,126]. 
Fangchinoline, an isoquinoline alkaloid derived from 
Stephania tetrandra S. Moore (Menispermaceae), has been 
shown to exert anticancer effects in colorectal cancer 
(CRC). Feng et al. demonstrated that fangchinoline induced 
apoptosis in HT-29 and HCT116 cells, as well as in an HT-
29 xenograft model, through the activation of the 
AMPK/mTOR/ULK1 signalling axis, thereby promoting 
autophagy-mediated cell death. These findings highlight 
fangchinoline as a promising candidate for CRC therapy by 
targeting metabolic and autophagic pathways [127]. 
Wogonin, a flavonoid isolated from Scutellaria baicalensis, 
has demonstrated anticancer potential in colorectal cancer 
(CRC). Studies have shown that wogonin suppresses the 
proliferation of SW620 and RKO cells and inhibits 
epithelial–mesenchymal transition (EMT) by 
downregulating AKT expression. Its antitumour efficacy 
has also been confirmed in SW620 and HCT-29 xenograft 
models in BALB/c nude mice; however, the precise 
contribution of EMT inhibition to its overall mechanism 
remains to be fully clarified [128]. 
Gentisic acid, a phenolic acid and a minor metabolite of 
salicylic acid, has also been explored for its anti-metastatic 
role in CRC. In an experimental lung metastasis model, 
where MC38 cells were intravenously injected into mice, 
Feng et al. demonstrated that gentisic acid significantly 
reduced metastatic burden by modulating GPR81-mediated 
DEPDC5 degradation. These findings suggest that both 

wogonin and gentisic acid may serve as promising natural 
agents with complementary mechanisms in CRC therapy, 
targeting proliferation, EMT, and metastatic progression 
[129,130]. 
Echinacoside, a naturally occurring polyphenolic 
compound, has been shown to inhibit colorectal cancer 
(CRC) liver metastasis by enhancing the abundance of 
butyrate-producing gut microbiota. This modulation of the 
gut microenvironment subsequently suppressed the 
PI3K/AKT signalling pathway and epithelial–
mesenchymal transition (EMT) in a mouse model of liver 
metastasis induced by intrasplenic injection. Similarly, 
macelignan, a lignan isolated from Myristica fragrans, 
demonstrated anti-metastatic effects by preventing 
macrophage M2 polarization via ROS-mediated inhibition 
of the PI3K/AKT pathway in a nude mouse model of CRC 
liver metastases. Another natural compound, brusatol, a 
quassinoid extracted from Bruceae fructus, was reported to 
suppress both proliferation and lung metastasis of HCT116, 
HT29, and SW480 cells. In BALB/c nude mice bearing 
HCT116 and HT29 xenografts, brusatol exerted its 
therapeutic effects by activating ARRDC4 and regulating 
the PI3K/YAP1/TAZ signalling pathway [131-133].  
Ji et al. discovered that resveratrol inhibited lung metastases 
of LoVo cells in a mouse tail vein injection model and liver 
metastases in a mouse orthotopic transplantation tumor 
model. Resveratrol prevented cell invasion by reducing 
EMT via the TGF-β1/Smads pathway, regulating Snail/E-
cadherin expression [134]. 
 
2.2 Traditional Chinese Medicine (TCM) Formulations 
in CRC Therapy: 
 
Qizhen decoction, a traditional Chinese medicinal mixture, 
has been effective in treating CRC [29]. In a mouse model 
of AOM/DSS-induced CRC, QZD paired with a PD-1 
inhibitor (InVivoMab) stimulated DC maturation, resulting 
in IL-12 release and activation of the JAK2/STAT4 
pathway. This increased the quantity of Akkermansia, 
leading to effector T-cell activation.  
TXYF is a traditional Chinese formula for treating digestive 
ailments. TXYF inhibits the hypothalamic-pituitary-adrenal 
axis and promotes DC maturation, reducing tumor growth 
in CRC mice under chronic restraint stress. The reaction 
was characterized by a rise in CD4+ T cells, CD4+/CD8+ T 
cells, and Th1 cells. 
Yi-Yi-Fu-Zi-Bai-Jiang-San (YYFZBJS) is a popular herbal 
remedy for gastrointestinal illnesses in China. A study on 
C57BL/6J ApcMin/+ mice found that YYFZBJS efficiently 
regulates gut flora, specifically Bacteroides fragilis and 
Lachnospiraceae. Additionally, administering feces from 
YYFZBJS-treated human volunteers to both conventional 
and germ-free mice significantly reduced intestinal tumor 
growth.  
Research suggests that the underlying mechanisms involve 
gut microbiota regulation, suppression of 
CD4+CD25+Foxp3+ Tregs, and reduced intestinal 
inflammation (41). Zhang et al. found that YYFZBJS 
inhibits tumor growth by increasing CD4+CD25+ Tregs. 
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Targeting HIF-1α induces immunosuppression in MC-38 
cells and AOM/DSS-induced CRC animals. 
Quxie pill, a natural medication, has been utilized to treat 
advanced CRC for many years. Chen et colleagues. 
discovered that the Quxie capsule reduced colorectal 
carcinogenesis in CRC mice and HCT26 and HCT116 cells 
by increasing Th17/Treg ratios and reducing Foxp3 
expression, a key modulator of Treg activity. Quxie pill may 
cause gastrointestinal discomfort or diarrhoea due to its 
herbal components, including Crotonis fructus, which 
stimulates bowel function [43]. The bad effects of Quxie 
capsules are typically modest and tolerable, and many CRC 
patients are ready to continue treatment. 
Huangqin decoction has been used to treat gastrointestinal 
complaints in China for many years. Zhu et al. found that 
Huangqin decoction reduced colitis and tumor volume, 
increased apoptosis, and inhibited the PI3K/AKT pathway 
in AOM/DSS-induced CRC mice, SW480, and HT-29 cells. 
This resulted in more Clostridium and higher feces butyric 
acid levels. Ji and colleagues found that Huangqin 
decoction increased the abundance of Lachnospiraceae, 
Firmicutes, Fusobacteria, and Clostridium while decreasing 
the abundance of Eggerthellales in a deoxycholic acid-
induced CRC mouse model. 
Xiaoyaosan has been used to treat depression in China for 
centuries. In a CRC xenograft mice model with depression, 
Xiaoyaosan reduced tumor growth and increased survival 
by controlling the amount of Bacteroides, Lactobacillus, 
Desulfovibrio, and Rikenellaceae. 
Shao et al. found that Xiao-Chai-Hu-Tang, a well-known 
TCM prescription, suppressed tumor growth in CRC 
patients and a subcutaneous tumor model in C57BL/6J 
(MC38 cells) under depression. This was achieved by 
modulating the gut microbiota-mediated 
TLR4/MyD88/NF-κB axis. 
This finding may provide hope for CRC patients suffering 
from depression. San-Wu-Huang-Qin decoction, a well-
known TCM prescription, inhibited tumor growth and 
strengthened the mucosal barrier in CRC mice via 
modulating gut microbiota, including Escherichia-Shigella, 
a lipopolysaccharide (LPS)-producing bacterium. 
Cheng et al. discovered that Xianlian Jiedu decoction, a 
popular TCM medicine, can decrease tumor growth in CRC 
mice. The Xianlian Jiedu decoction improved gut 
microbiota balance and boosted short-chain fatty acids, 
sphingolipids, and glycerophospholipids by reducing 
Turicibacter and Clostridium abundance. 
Nanfang Hospital in China has been using the modified 
Shenlingbaizhu decoction (MSD), a traditional Chinese 
medicine formula, for cancer treatment for several years. 
Dai demonstrated that MSD effectively reduced tumors and 
CD133+ CSCs in CRC mouse tumor tissues. MSD 
decreased CRC cell pluripotency by reducing TGF-
β/Smad-induced epithelial-mesenchymal transition (EMT). 
Pien Tze Huang (PZH), a traditional Chinese medicine 
formula, has shown potential in targeting colorectal cancer 
(CRC) stem-like cells. It reduces the side population 
fraction and sphere-forming capacity of HT-29 cells [70]. 
Peng et al. reported that PZH suppresses CSC properties in 

SW480 cells via inhibition of the Notch1 pathway [71]. Cao 
et al. further demonstrated that PZH enhances T-cell-
mediated cytotoxicity by downregulating CSC markers in 
HCT15, HCT116, SW480, and patient-derived CRC 
organoids [72]. Additionally, phenethyl isothiocyanate from 
cruciferous vegetables inhibits CRC growth in HCT116 
cells and xenograft models by modulating inflammation-
linked tumor microenvironments.  
Exosomes are small, membrane-bound vesicles that 
originate from the fusion of multivesicular bodies with the 
plasma membrane and are subsequently released by cells. 
These vesicles carry nucleic acids, proteins, lipids, and 
other biomolecules, acting as carriers of intercellular 
communication. They interact with recipient cells through 
specific surface receptors, enabling the transfer of their 
molecular cargo. Growing evidence highlights the pivotal 
role of exosomal microRNAs in mediating communication 
between tumour cells and the surrounding tumour 
microenvironment. Regulating the levels of exosomes with 
bioactive components has emerged as a potential 
therapeutic strategy for colorectal cancer (CRC). JianPi 
JieDu Recipe (JPJDR), a traditional Chinese medicine 
formulation, has been widely applied in the management of 
gastrointestinal malignancies. Research by Ji et al. 
demonstrated that JPJDR inhibited CRC cell proliferation 
and migration by influencing ITGBL1-enriched 
extracellular vesicle–mediated activation of the TNFAIP3-
NF-κB pathway, thereby suppressing fibroblast activation. 
Similarly, the herbal medicine Paris polyphylla has been 
reported to exert multiple pharmacological activities, such 
as antifungal, antidiabetic, anti-inflammatory, antioxidant, 
and immunomodulatory effects, along with promising 
activity against digestive tract cancers. 
Yiqi Huayu Jiedu Decoction, a traditional Chinese medicine 
(TCM) formulation, has been reported to suppress liver 
metastasis in colorectal cancer (CRC). In a CRC liver 
metastasis mouse model, established by intrasplenic 
injection of CT26-GFP cells, this decoction was shown to 
enhance the activity of natural killer (NK) cells, thereby 
reducing metastatic progression. These findings suggest 
that Yiqi Huayu Jiedu Decoction may exert its therapeutic 
effects through modulation of the host immune response, 
highlighting its potential as an immunoregulatory strategy 
against CRC metastasis. 
Astragalus mongholicus Bunge combined with Curcuma 
aromatica Salisb. (AC), a traditional Chinese medicine 
(TCM) formulation, has been widely utilized in colorectal 
cancer (CRC) management. Tang et al. demonstrated that 
AC effectively suppressed CRC liver metastasis by 
regulating epithelial–mesenchymal transition (EMT) 
through modulation of the CXCL8/CXCR2 and 
PI3K/AKT/mTOR signalling pathways. These findings 
suggest that the AC combination exerts its therapeutic 
effects by simultaneously targeting metastatic signalling 
and EMT, highlighting its potential as a complementary 
strategy in CRC treatment. 
Yi Ai Fang, a TCM compound, affects the development of 
vasculogenic mimicry in CRC. Modulating HIF-1α and 
EMT in HCT-116 cells and a xenograft nude mice model. 
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These data indicate that Yi Ai Fang may have the ability to 
suppress tumor migration. 
 
2.3 Plant–Probiotic Synergy and Microbiota-Mediated 
Chemoprevention in Colorectal Cancer: 
 
Increasing data suggests that the alteration of the gut 
microbiota is pivotal in colorectal carcinogenesis. Probiotic 
microorganisms, notably species of Lactobacillus and 
Bifidobacterium, have been demonstrated to inhibit the 
activity of pro-carcinogenic bacterial enzymes such as β-
glucuronidase, β-glucosidase, and nitro reductase, hence 
restricting carcinogen reactivation inside the colon [73,74]. 
Moreover, microbial metabolites, particularly short-chain 
fatty acids (SCFAs) like butyrate, modulate epithelial cell 
proliferation, trigger apoptosis, and inhibit pro-
inflammatory signalling pathways such as NF-κB and 
Wnt/β-catenin, which play essential roles in colorectal 
tumor progression [75,76]. These results endorse 
microbiota-targeted approaches as a significant element of 
colorectal cancer chemoprevention. 
 
Kefir, a multi-strain fermented dairy product comprising 
lactic acid bacteria and yeasts, has exhibited antioxidant, 
anti-inflammatory, and anti-tumor characteristics in 
experimental models. Research indicates that kefir 
supplementation diminishes oxidative stress, regulates 
immunological responses, and inhibits tumorigenesis in 
chemically caused cancer models [77,78]. Kefiran and other 
bioactive exopolysaccharides in it help its 
immunomodulatory and anti-proliferative activities even 
more [78]. Kefir offers a complex microbial consortium that 
can more effectively regulate intestinal homeostasis than 
single-strain probiotics. 
 
Much research has looked at phytochemicals or probiotics 
separately in colorectal cancer models, but there isn't much 
in vivo evidence about how they work together. Bioactive 
components from plants, like flavonoids, anthocyanins, and 
triterpenoids, can help probiotics live longer and work 
better. Probiotics, on the other hand, can help 
phytochemicals become more available by changing them 
into different forms through enzymes [76,79]. 
Consequently, the amalgamation of plant extracts with 
probiotic matrices, such as kefir, constitutes a 
mechanistically sound approach to concurrently address 
oxidative stress, inflammation, microbial carcinogen 
activation, and carcinogenic signalling pathways. This 
integrative strategy enhances the biological feasibility of 
multi-target chemo preventive strategies in colorectal 
carcinogenesis [80]. 
 
CONCLUSION  
Colorectal cancer (CRC) remains a major global health 
challenge, with high incidence, recurrence, and mortality 
rates despite advances in conventional therapeutic 
strategies. Increasing evidence demonstrates that plant-
derived phytochemicals and Traditional Chinese Medicine 
(TCM) exert significant anti-cancer effects through diverse 

mechanisms, including the induction of apoptosis, 
modulation of autophagy, suppression of epithelial–
mesenchymal transition (EMT), regulation of 
PI3K/AKT/mTOR and related signalling pathways, and 
reprogramming of the tumor microenvironment. Both 
single compounds and multi-herb formulations have shown 
promising efficacy in preclinical studies and, in some cases, 
clinical applications, highlighting their potential role as 
complementary or integrative approaches in CRC 
management. However, challenges such as poor 
bioavailability, lack of standardization, herb–drug 
interactions, and limited large-scale clinical validation 
remain barriers to translation into mainstream oncology. 
Addressing these gaps through advanced delivery systems, 
rigorous pharmacological evaluation, and well-designed 
clinical trials will be crucial for realizing the full therapeutic 
potential of herbal medicines. Ultimately, integrating 
evidence-based phytotherapy and TCM with modern 
oncological practices may offer a safer, more effective, and 
holistic strategy for the prevention and treatment of 
colorectal cancer. 
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