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Abstract: Colitis-associated colorectal cancer (CAC) is a highly prevalent malignancy of the digestive tract. The close association 
between ulcerative colitis (UC) and CAC makes inhibiting this carcinogenic transformation a critical preventive goal. Based on 
traditional Chinese medicine (TCM) theories of “dampness-heat stasis” and “latent pathogen-induced deficiency”, this review 
systematically explores the pathological process of ulcerative colitis associated carcinogenesis (UCAC) and its interpretation in 
TCM. We conducted a comprehensive literature search in CNKI and PubMed databases (2020–2025), systematically analyzing about 
79 relevant studies to summarize the clinical applications of TCM in preventing and treating UCAC progression, including oral and 
topical herbal therapies, as well as non-pharmacological interventions such as acupuncture. Furthermore, we elucidate the underlying 
mechanisms of TCM interventions in UCAC, with a focus on gut microbiota modulation and key inflammatory signaling pathways 
(eg, NF-κB, IL-6/JAK2/STAT3), offering new translational perspectives. The novelty of this review is twofold: firstly, it provides the 
first systematic synthesis of research progress on therapeutic methods, encompassing oral and topical herbal formulations as well as 
acupuncture, and molecular mechanisms of TCM for UCAC. Secondly, it advances the field by analyzing TCM theories through the 
lens of modern medicine, comparing TCM’s holistic approach with Western medicine’s targeted paradigm, and proposing an integrated 
“gut microbiota-metabolite-target” research framework. This framework aims to furnish a theoretical foundation for both the 
modernization of TCM and the development of combined therapeutic strategies that leverage the strengths of both medical systems. 
Keywords: traditional Chinese medicine, ulcerative colitis associated carcinogenesis, inflammation, tumor prevention, review

Introduction
Colitis-associated colorectal cancer (CAC) is a malignant tumor originating in the colon and ranks third globally in 
cancer incidence, accounting for approximately 10% of all cancer case.1 CAC has more than 50% of its new cases 
occurring in Asia, followed by Europe (27.9%), with China accounting for 26.8% of global cases, ranking first 
worldwide.2,3 The etiology of CAC is attributed to multifactorial, involving genetic predisposition, environmental 
influences, and abnormal immune responses. Notably, dysregulation between the proinflammatory activity of Th17 
cells and the immunosuppressive function of Treg cells (Treg) fosters chronic colitis. There is a well-established 
association between ulcerative colitis (UC) and CAC, with UC patients facing a 2–3 times higher incidence rate of 
CAC than the general population. The risk increases with disease duration, reaching an incidence of 16.9% in UC 
patients after 11 years.4 The progression of UC to CAC, also known as ulcerative colitis associated carcinogenesis 
(UCAC), is primarily driven by persistent local inflammatory response that disrupts the immune microenvironment and 
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alters the composition of the intestinal microbiota. First, chronic inflammation leads to excessive production of reactive 
oxygen species (ROS), which hyperactivates the signal transducer and activator of transcription 3 (STAT3)/nuclear factor 
kappa-B (NF-κB) pathway, which significantly elevates the risk of DNA damage and mutations in proto-oncogenes.5,6 

Second, the prolonged inflammation impairs the regulatory balance Th17 and Treg, weakening immune surveillance 
against tumor cells and facilitating cancer cell evasion.7 Third, chronic inflammation disrupts the balance of intestinal 
flora, characterized by an increase in pathogenic bacteria and a decrease in beneficial bacteria, altering metabolite profiles 
that compromise the integrity of the mucosal barrier. This shift alters metabolic profiles and damages the mucosal barrier, 
leading to sustained release of inflammatory mediators, exacerbating DNA damage, promoting cellular gene mutations, 
abnormal proliferation, and ultimately elevating the risk of cancer.8 In brief, the presence of inflammation increases the 
susceptibility of the intestine to dysplasia and malignant transformation. Hence, considerable attention is being directed 
toward the prevention and treatment of UCAC.

UCAC progresses through three stages: chronic enteritis, precancerous lesions, and malignant tumor formation. In the 
moderate or severe stage of UC, the treatment focuses on reducing excessive immune responses and blocking pro- 
inflammatory signaling pathways. Common medications for UC include anti-inflammatory drugs such as amino salicylic 
acid and glucocorticoids and immunomodulators like thalidomide. However, patients with moderate to severe UC often 
experience an inadequate response to treatment or drug intolerance.9 Thus, the immunosuppressants (eg, azathioprine, 
methotrexate) and biologic agents (eg, infliximab) are employed. Azathioprine is typically used for hormone-dependent UC 
patient, while methotrexate is prescribed for those who are ineffective or cannot tolerate azathioprine. Infliximab and JAK 
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inhibitors are typically used when other drugs fail, but their effectiveness, potential side effects, risk of resistance, and high 
costs limit their broader use.10 Surgery is the main option for precancerous lesions and CAC. Nevertheless, clinical data show 
that around 50% of patients develop metastases, with a five-year survival rate of just 14%. Even with adjuvant chemotherapy, 
more than 25% of cases experience recurrence.11 This reveals significant shortcomings in current treatment methods for long- 
term management of UC and CAC prevention, especially regarding chronic progression such as UCAC. In such contexts, 
applying TCM for holistic regulation and long-term treatment demonstrates considerable advantages.

Traditional Chinese medicine (TCM) possesses a long history in prevention and treatment of tumors and inflamma
tory diseases. The Huangdi Neijing, one of the earliest TCM classics, not only records the earliest descriptions of tumor- 
related conditions, such as “abdominal masses”, but also systematically elaborates theories of inflammation, including 
“pathogenic fire” and “pathogenic heat”, particularly in the Suwen-Zhizhen Yao Da Lun, thereby laying an important 
foundation for modern research.12 Contemporary studies further confirm TCM’s significant value in treating tumors and 
inflammation, including the improvement of clinical symptoms, alleviation of treatment side effects, inhibition of 
postoperative tumor metastasis, and enhancement of patients’ quality of life.13 Specifically, TCM helps reduce inflam
mation and fight cancer by repairing intestinal mucosa, balancing gut microbiota, and regulating immune function. This 
makes TCM a promising approach for managing colorectal diseases and preventing UCAC.14 Consequently, TCM 
practice offers new strategies for addressing chronic inflammation and preventing its progression to malignancy.

This review systematically analyzed approximately 79 relevant studies retrieved from CNKI and PubMed (2020–
2025), using core keywords such as “ulcerative colitis”, “colorectal cancer”, “colitis-associated carcinogenesis” and 
“signaling pathway”. It summarizes how TCM can be applied to prevent UCAC, highlighting TCM interventions 
including herbal compounds, prescriptions, and acupuncture, and exploring their mechanisms—particularly their effects 
on gut microbiota and molecular signaling pathways. Ultimately, the work seeks to provide new insights into using TCM 
to manage UCAC.

Basic Principles and Mechanism of TCM in UCAC
The clinical symptoms of UC, which include persistent or recurrent abdominal pain, diarrhea, and mucopurulent bloody 
stools, correspond to TCM symptoms of “intestinal obstruction (chang pi)” and “intestinal wind (chang feng)”.15 

According to TCM theory, the pathogenesis of inflammation-induced carcinogenesis, as seen in UC, is primarily 
attributed to a combination of damp-heat stasis (a condition of chronic inflammation and metabolic imbalance, often 
resulting from overeating, which leads to impaired digestion and immune dysfunction) and qi deficiency caused by latent 
pathogenic factors (a state where a subclinical pathological factor persists within the body due to a weakened immune 
and homeostatic system).16 Figure 1 illustrates the relationship between UCAC and these underlying TCM pathological 
mechanisms.

TCM management of UCAC follows a holistic principle targeting both symptoms and root causes. In managing 
UCAC, the core therapeutic strategy is to “reinforce healthy qi to eliminate pathogenic factors”, adopting the combined 
strategy of “strengthening the spleen and transforming dampness”, “circulating blood and transforming stasis”, as well as 
“clearing heat and detoxifying”. Together, these actions collectively inhibit abnormal cell proliferation and modulate 
systemic inflammation (symptom control), while restoring the intestinal microenvironment and immune regulation (root 
cause treatment). For example, Dampness-Resolving and Toxin-Removing Decoction (composed of Pulsatillae Radix, 
Citri Reticulatae Pericarpium, Phellodendri Chinensis Cortex, Scutellariae Radix, Coptidis Rhizoma, Taraxaci Herba, 
Bletillae Rhizoma, Aucklandiae Radix, Corydalis Rhizoma, Fraxini Cortex, Dioscoreae Rhizoma and Glycyrrhizae Radix 
et Rhizoma) may remove heat, detox, strengthen the spleen and eliminate dampness simultaneously, showing its 
effectiveness in clinical studies, such as restoring the balance of intestinal flora and improving inflammatory 
symptoms.17 Similarly, the Fufang Kushen Injection, composed of Sophora Flavescens Radix, Poria Cocos, etc., has 
significantly improved CD4+, CD8+, and CD4+/CD8+values, when it was combined with chemotherapy, while also 
reducing the side effects of chemotherapy.18

To specifically address the core pathogenesis of damp-heat, both Qingre Qushi Recipe and Xilei Powder show their anti- 
inflammation effects and like the first-line drugs mesalamine in TCM clinics, based on the combined strategy of “remove heat 
and dampness, as well as strengthening spleen and qi”.19 On the other hand, to deal with the deficiency of vital energy affected by 
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latent pathogen, the Sijunzi decoction, is frequently used to strengthen the spleen and replenishing qi. It has been shown to 
promote intestinal mucosa repair in patients with UC.20 Finally, the Modified Gegen Qinlian Decoction (composed of Puerariae 
Lobatae Radix, Atractylodis Macrocephalae Rhizoma, Codonopsis Radix, Pulsatillae Radix, Coicis Semen, Poria, Angelicae 
Sinensis Radix, Dioscoreae Rhizoma, Coptidis Rhizoma, Phellodendri Chinensis Cort, Scutellariae Radix, Aucklandiae Radix, 
Notoginseng Radix et Rhizoma, Bletillae Rhizoma, Corydalis Rhizoma and Glycyrrhizae Radix et Rhizoma) is also used to dredge 
the meridians combined with acupuncture, and can significantly improve relief time for diarrhea, abdominal pain, mucous 
purulent stools of UC.21

Guided by the core pathogenesis of UCAC, characterized by “damp-heat stasis” and “latent pathogen-induced 
deficiency”, TCM clinical interventions focus on the principle of “reinforce healthy qi to eliminate pathogenic factors”. 
Integrated treatment modalities, including compound Chinese herbal formulations (oral/topical) and acupuncture, are 
employed to leverage multi-component, multi-target, and multi-effect mechanisms of herbal agents, as well as the neuro- 
immune regulatory effects of acupuncture. These strategies collectively exemplify the holistic approach and symptom– 
root dual-management principle of TCM.

Figure 1 The correspondence between the transformation mechanism of UCAC in the theory of modern pathology. 
Notes: The black circle denotes latent pathogenic qi, and the white circle signifies healthy qi. Disease progression: Healthy qi → Qi deficiency → Latent pathogen qi 
dominance; Pathology: Spleen-stomach dysfunction → Dampness-heat → Intestinal obstruction/Intestinal wind → Latent pathogens → Qi / blood stasis → Abdominal 
masses; The human body diagram corresponds to the three stages of health, UC, and CAC.
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TCM Application in Prevention and Treatment of UCAC
Oral Administration
The advantages of oral administration primarily lie in three forms: single herbal compounds with defined components 
and clear mechanisms, facilitating precise research and quality control, and targeting specific pathological processes; 
herbal formulas containing multiple components act synergistically at various targets, providing a holistic regulation of 
immune, inflammatory, and metabolic functions; while herbal extracts retain multiple active ingredients’ combined 
effects and, due to their simplified composition, are more amenable to mechanistic studies and quality control.

TCM Compound
TCM compounds are the primary form of clinical medicine and offer benefits in treating chronic diseases such as chronic 
inflammation and cancers. Among these, Shenbai Jiedu Formula is a notable TCM compound used in treating UCAC. 
Studies show this formula reverses G0/G1 cell cycle arrest in FHC cells, maintains cell cycle homeostasis and protects 
intestinal epithelial cells from UC.22 Animal studies show that high doses (42 g/kg) resulted in only a few low-grade 
tumors, suggesting protection against carcinogensis.23 Shaoyao Decoction, as a classic heat clearing prescription by Liu 
Wansu, restores the intestinal barrier, prevents mucosal injury due to inflammatory,24 and induces apoptosis in HT29 
colon cancer cells.25 Research on representative TCM compounds such as Shenbai Jiedu Formula and Shaoyao 
Decoction primarily involves animal experiments (Table 1). Evidence suggests that Shaoyao Decoction, in particular, 
effectively repairs inflammation-induced mucosal injury and inhibits CAC development. In clinical practice, TCM 
compounds are often combined with chemotherapy to improve efficacy and reduce side effects. For example, a study 
conducted by Shanxi University of TCM compared outcomes in 40 CAC patients, receiving chemotherapy with or 
without a modified Mume Pill. Outcomes were assessed using TCM syndrome scores, clinical efficacy, activities of daily 
living scores, tumor markers (carcinoembryonic antigen, carbohydrate Antigen 19–9), inflammatory cytokines (tumor 
necrosis factor-alpha (TNF-α), interleukin-6 (IL-6)), and adverse reaction rates (nausea/vomiting, myelosuppression, 
neurotoxicity, liver dysfunction). The combination therapy significantly improved clinical outcomes, reduced levels of 
tumor markers and inflammation, decreased adverse effects, and enhanced overall quality of life.26

TCM Extract
TCM extracts, obtained through modern extraction technologies, significantly enrich the active components of medicinal 
herbs, thereby enhancing both the efficacy and stability of pharmaceutical preparations. Compared to TCM compound, 
TCM extracts offer a clearer material basis and controllable quality standards. For example, the water extract of Phellinus 
Igniarius may improve the inflammatory cell infiltration of colinic mucosa and reduce the cytokine levels such as IL-6, 
IL-1β and TNF-α to relieve UCAC.41 Similarly, purple yam polyphenol extract, extracted from Dioscores species, 
exhibits comparable pharmacological effects to Phellinus Igniarius in reducing inflammation.42 TCM extracts offer 
several advantages in drug development, including higher concentration of therapeutic components and better-defined 
mechanisms of action. These features make TCM extracts a promising and flexible option for the prevention and 
treatment of UCAC.

Monomeric Compound
Monomeric compounds with defined chemical structures from herbal medicines are pivotal for elucidating structure– 
activity and dose–response relationships. They play a critical role in modulating inflammatory responses and improving 
the intestinal microenvironment during UCAC. Pharmacological effects and mechanisms of compounds from TCM 
against UCAC are detailed in Table 2. The structure–activity relationship analysis of representative compounds of each 
component type is shown in Figure 2.

Terpenoids, composed of isoprene units, include monoterpenes, sesquiterpenes, diterpenes, etc. Their planar poly
cyclic skeletons are crucial for binding to protein targets, while stereochemistry (cis/trans configuration), chiral center 
conformation, and hydrophobic group modifications significantly influence their anti-inflammatory and anti-tumor 
activities.69–71 The bioactivities of polysaccharides vary with monosaccharide composition, glycosidic linkage types, 
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Table 1 Animal Experimental Study of TCM Compound in Treating UCAC

Therapeutic Principle 
(TCM)

Prescription 
Name

Prescription Composition Therapeutic Effect Therapeutic Mechanism References

Heat-clearing and dampness- 
dispelling type

Huangqin Decoction Scutellariae Radix, Paeoniae Radix Alba, Glycyrrhizae Radix et Rhizo, 
Jujubae Fructus

Effective in reduce inflammatory 
response during that induction of 

inflammation as well as the initiation 
of proliferation and tumorigenesis

Through amino acids homeostasisand 
phosphatidylinositol 3-kinase (PI3K) /protein 

kinase B (Akt) / mammalian target of 
rapamycin (mTOR) pathway modulation

[27]

Qingre Huayu Jianpi 
Prescription

Scutellariae Radix, Rhapontici Radix, Atractylodis Macrocephalae 
Rhizoma, Glycyrrhizae Radix et Rhizo

Reversing the deterioration of 
colorectal adenoma and improving 

the structure of colorectal tissue and 
mucosal gland

Inhibit IL-17RA/ACT 1/NF-κB [28]

Baitouweng Decoction Pulsatillae Radix, Coptidis Rhizoma, Phellodendri Chinensis Cortex, 
Semen Fraxini

Inhibit chronic inflammatory reaction 
and promote the repair of intestinal 

epithelial cells

Regulate Th17 / Treg balance and restore 
intestinal epithelial barrier

[29]

Pien Tze Huang Moschus, Bovis Calculus, Notoginseng Radix et Rhizoma, etc. Improve the structure of colon tissue, 
inhibit the formation of intestinal 

tumors, and reduce chronic 
inflammatory reaction

Inhibit Wnt/β-catenin signaling pathway [30]

Shaoyao Decoction Paeoniae Radix Alba, Scutellariae Radix, Angelicae Sinensis Radix, 
Coptidis Rhizoma, Rhei Radix et Rhizoma, Cinnamomi Ramulus, 

Arecae Semen, Glycyrrhizae Radix et Rhizo

Reduce the damage of colonic 
mucosa and crypt structure, and 

reduce chronic inflammatory 
reaction.

Activate adenosine 5’- monophosphate- 
activated protein kinase /NF-κB / HIF-1α 

Pathway

[31]

Huoxiang Zhengqi Atractylodis Rhizoma, Citri Reticulatae Pericarpium, Magnoliae 
Officinalis Cortex, Angelicae Dahuricae Radix, Poria, Arecae 
Pericarpium, Pinelliae Rhizoma, Glycyrrhizae Radix et Rhizo, 

Patchouli oil, Perilla leaf oil

Inhibit the occurrence and 
deterioration of tumors, and reduce 
chronic inflammation and oxidative 

stress.

Regulate nuclear factor erythroid 2-related 
factor 2/NF-κB / NOD-like receptor 

thermal protein domain associated protein 3 
(NLRP3) signaling

[32]

Fuzheng Buxu Sanjie type Anchang Yuyang 
Decoction

Astragali Radix, Sonchi Herba, Atractylodis Rhizoma, Coicis Semen, 
Coptidis Rhizoma, Scutellariae Radix, Dolomiaea costus (Falc). 

Kasana & A.K.Pandey, Arecae Semen, Sanguisorbae Radix, Bletillae 
Rhizoma, Angelicae Sinensis Radix, Paeoniae Radix Alba, 

Saposhnikoviae Radix, Glycyrrhizae Radix et Rhizo

Inhibit the occurrence of adenoma 
and tumor-related lesions

Regulate peroxisome proliferator-activated 
receptors (PPAR) signaling pathway

[33]

Pai Nong powder Citri Reticulatae Pericarpium, Paeoniae Radix Rubra, Platycodonis 
Radix

Improve colon injury and reverse 
pathological changes

Inhibit Wnt signaling pathway [34]

Coix seed patrinia 
powder

Coicis Semen, Thlaspi Herba, Aconti Radix Lateralis Praeparata Inhibition of chronic inflammatory 
response

Regulate NF-κB signaling pathway [35]

Banxia Xiexin 
Decoction

Pineiliae Rhizoma, Scutellariae Radix,Coptidis Rhizoma Recens, 
Curcumae Longae Rhizoma, Ginseng Radix et Rhizoma, Jujubae 

Fructus, Glycyrrhizae Radix et Rhizo

Reduce tumor proliferation, reduce 
chronic inflammatory response

Regulate Wnt/β-catenin pathway [36]

Qingjie Fuzheng 
Granules

Oldenlandia Andia Diffusae Herba, Scutellariae Radix, Hordimi 
Fructus, Astragali Radix

Remodeling the immune 
microenvironment and inhibiting the 
occurrence and development of colon 

cancer

Regulate toll-like receptor 4 (TLR4) and IL-4R- 
mediated macrophage polarization

[37]

Combination type (clearing 
heat and eliminating dampness 
+ strengthening body 
resistance and tonifying 
deficiency)

TongXie-Yao-Fang Paeoniae Radix Alba, Atractylodis Rhizoma, Saposhnikoviae Radix, 
Citri Reticulatae Pericarpium

Inhibition of tumorigenesis, inhibition 
of colonic inflammation

Induce mitophagy in colonic epithelial cells [38]

Jiedu Xiaozheng Yin Oldenlandia Andia Diffusae Herba, Prunellae Spica, Cremastrae 
Pseudobulbus Pleiones Pseudobul, Sophorae Flavescentis Radix

Improve the pathological changes of 
the colon tissue, remodel the immune 

microenvironment,

Stimulate macrophage polarization to the 
M1 phenotype through the TLR4 pathway

[39]

Liushen pill Bufonis Venenum, Borneolum Syntheticum, Bovis Calculus, Moschus, 
Margarita, Realgar

Inhibition of the development and 
progression of colitis-related tumors

Regulate TLR4 Expression [40]
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Table 2 Pharmacological Effects and Mechanisms of Compounds from TCM Against UCAC

Type of 
compound

Name of 
Compound

Source Medicinal Materials (Indications) Therapeutic Effect Pharmacological Mechanism References

Terpenoids Madecassic acid Centella asiatica (L). Urb. (clear heat and promote 
diuresis)

Alleviate the symptoms related to UCAC and reduce 
the occurrence of tumor

Block the recruitment of myeloid-derived suppressor cells 
via the inhibition of IL-17 expression in γδT17 cells

[43]

Glycyrrhizic acid Glycyrrhiza uralensis Fisch., Glycyrrhiza inflata Bat., 
Glycyrrhiza glabra L. (tonify qi and detoxify)

Improves colonic inflammation, reduces 
tumorigenicity, and inhibits the formation of 
neutrophil extracellular traps

Reduce neutrophil extracellular trap formation by 
inhibiting peptidyl arginine deiminase 4

[44]

Panax notoginseng 
saponin

Panax notoginseng (Burk) F. H. Chen (activate blood 
and 
resolve stasis)

Reduce colonic inflammation and prevent colitis- 
associated colon cancer

Inhibit indoleamine-2,3-dioxygenase 1 (IDO1) mediated 
immune regulation

[45]

Astragaloside IV Astragalus membranaceus (Fisch). Bge. var. 
Mongholicus (Bge). (nourish blood and drain the 
pus)

Reduce DNA damage caused by intestinal 
inflammation, prevent intestinal mucosal damage and 
reduce the number of tumors

Activate PPARγ signaling [46]

Triptolide Tripterygium wilfordii Hook. f. (detoxify) Reduce tumor incidence, improve tumor immune 
microenvironment, and enhance anti-tumor immune 
response

Influence the recruitment and polarization of tumor- 
associated macrophages by suppressing the sphingosine 
kinases / sphingosine-1-phosphate signaling pathway

[47]

Dihydroartemisinin Artemisia annua L.(clear heat) Improve tumor immune microenvironment and 
reduce chronic inflammation in the early stage, and 
inhibit tumor growth in the late stage.

Inhibit TLR4 Signaling / Enhanced Cell Cycle Arrest and 
Apoptosis in Tumor Cells

[48]

Polysaccharide Polysaccharides of 
D. officinale

Dendrobium officinale Kimura et Migo (tonify five 
Zang organs)

Inhibition of colon tumorigenesis, regulation of 
immune microenvironment, and reduction of 
inflammatory response

Inhibit intestinal inflammation by conversion to short- 
chain fatty acids (SCFAs)

[49]

Albuca Bracteata 
Polysaccharides

Ornithogalum caudatum Jacq. (clear heat and 
detoxify)

Increase the relative abundance of beneficial bacteria 
in mice and increase the level of short-chain fatty 
acids.

Decrease oxidative stress and increase the abundance of 
beneficial bacteria, such as Ackermann, and SCFAs by 
regulating the STAT3 pathway

[50]

Ganoderma 
lucidum 
polysaccharide

Ganoderma lucidum (Leyss. ex Fr). Karst., 
Ganoderma sinense Zhao, Xu et Zhang (replenish qi 
and strengthen body)

Improved microbiota dysregulation, increased 
production of short-chain fatty acids, and improved 
intestinal barrier function

Increase SCFA production and inhibit TLR4/MyD88 / NF- 
κB and MAPK signaling cascades

[51]

Glycosides Gastrodin Gastrodia elata Bl. (unblock collaterals) Alleviate various CAC-related symptoms in mice Interrupt TLR4 / MD2 / NF-κB signaling transduction [52]

Asperuloside In many types of plants of Rubiaceae Juss. Reduces the conversion of the epithelial phenotype 
to the motor mesenchymal phenotype in epithelial- 
mesenchymal transition (EMT) cells while decreasing 
the levels of EMT markers

Regulate vitamin D receptor / Smad3 pathway to inhibit 
epithelial-mesenchymal transition

[53]

Paeoniflorin Paeonia lactiflora Pall. (eliminate dampness and 
tonify deficiency)

Improve the survival rate and reduce the occurrence 
and deterioration of colon tumors

Regulate IL-6/TAT3 signaling pathway [54]

Phenylpropanoids Rosmarinic acid In some herbs of Lamiaceae Reduce the inflammatory reaction of colon and 
reduce the occurrence of tumor

Regulate TLR4-mediated NF-κB-STAT3 axis [55]

Lignans Schisandrin B Schisandra chinensis (Turcz). Baill. (supplement qi) Inhibit the occurrence and deterioration of tumors, 
and inhibit the cell proliferation and metastasis of 
colon cancer cells

Through sirtuin 1 Linked SMAD specific E3 ubiquitin 
protein ligase 2 Signaling

[56]

Arctigenin Arctium lappa L. (dissipate masses and detoxify) Inhibit the transformation of chronic inflammation to 
cancer, regulate cell metabolism and kill tumor cells

Disrupt NLRP3 inflammasome assembly in colonic 
macrophages via downregulating fatty acid oxidation

[57]

Flavonoids Scutellarin Scutellaria baicalensis Georgi (clear heat and 
dampness)

Inhibition of chronic inflammation, delay of cancer 
cell proliferation and migration, and induction of 
tumor cell apoptosis

Inhibit Wnt/β-catenin signaling cascade [58]

(Continued)
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Table 2 (Continued). 

Type of 
compound

Name of 
Compound

Source Medicinal Materials (Indications) Therapeutic Effect Pharmacological Mechanism References

Quercetin In medicinal plants such as Sophora japonica L. Inhibit chronic inflammation, hinder the proliferation 
of tumor cells, induce apoptosis of tumor cells, and 
reduce tissue damage

Regulate IL-6 / STAT3 signaling pathway [59]

Gentianopsis 
paludosa xanthone

Gentianopsis paludosa (Hook. f). Ma (clear heat and 
promote diuresis)

Inhibit that evolution of UC intestinal fibrosis to 
colitis-associated colon cancer

Promote the expression of transforming growth factor-β 
and p-Smad2/3, interfere and regulate the expression of 
EMT factors Ecad, Bcatenin mRNA and Snail

[60]

Alkaloids Berberine In medicinal plants such as Coptis chinensis Franch. 
and Phellodendron chinense Schneid.

Improve chronic inflammatory response and regulate 
the relative abundance of intestinal flora species

Regulate the JNK / STAT3 and β-catenin pathways, 
increase the ratio of Firmicutes / Bacteroides and decrease 
the abundance of cancer-associated bacteria such as 
Bacteroides, Escherichia, and Ackermann

[61]

Evodiamine Euodia rutaecarpa (Juss). Benth., Euodia rutaecarpa 
(Juss). Benth. var. bodinieri (Dode) Huang, Euodia 
rutaecarpa (Juss). Benth. var. officinalis (Dode) 
Huang (strengthen the spleen)

Effectively relieve intestinal inflammation and inhibit 
canceration

Regulate bacterial enrichment and signaling pathways such 
as Wnt, Hippo, and IL-17 signaling pathways through 
regulation of SCFAs

[62]

Quinones Tanshinone IIA Salvia miltiorrhiza Bge. (circulate blood and 
transform stasis)

Reduce the intestinal permeability of mice, reduce 
intestinal inflammation.

Inhibit NF-κB signaling pathway [63]

Emodin In the roots and rhizomes of numerous Chinese 
medicinal herbs such as Rheum palmatum L.

Reduce chronic inflammatory response and reduce 
the risk of cancer

Reduce tumor growth and progression by inhibiting 
myeloid-driven inflammation, myeloid-derived suppressor 
cell recruitment, and restoring T-cell recruitment

[64]

Other classes Gamabufotalin Bufo gargarizans Cantor, Bufo Melanostictus 
Schneider (detoxify)

Inhibition of cancer cell activity Inhibit STAT3 [65]

Atractylenolide I Atractylodes macrocephala Koidz. (eliminate 
dampness and promote diuresis)

Reduce the activity of cancer cells, induce apoptosis, 
and inhibit the occurrence of colon tumors

Inhibit NLRP3 inflammasome activation by inhibition of 
Drp1-mediated mitochondrial fission

[66]

Panaxynol Panax quinquefolium L. (invigorate qi) Restore intestinal barrier function Reduce the presence and activity of colonic macrophages [67]

Paeonol Paeonia suffruticosa Andr. (clear heat) Reduce the occurrence and deterioration of tumors, 
and reduce chronic inflammatory reaction

Regulate STAT-3/NF-κB /ICAM -1 signaling pathway [68]

https://doi.org/10.2147/D
D

D
T.S574142                                                                                                                                                                                                                                                                                                                                                                                                                                       

D
rug D

esign, D
evelopm

ent and Therapy 2026:20 
8 G

u et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 2 Structure–activity relationship diagram of representative compounds of each component type. 
Notes: The red frame region is the core basic pharmacodynamic structure, the brown frame region is the specific pharmacodynamic structure, and the yellow frame region is the 
structure affecting absorption and metabolism. 2(a): red frame region provides a rigid hydrophobic skeleton structure, which is conducive to the compound embedding in the 
hydrophobic site of the protein; brown frame region increases the hydrophobic volume of the molecular end, which is conducive to the stable binding of the compound to the 
protein; yellow frame affects the solubility and bioavailability of drugs; 2(b): red frame region engages the protein target through an electrophilic center created by its fused-ring 
system; brown frame contributes to binding by forming a specific hydrogen-bond network via its oxygen atoms acting as hydrogen-bond acceptors; 2(c) red frame region provides 
a hydrophobic plane structure, which is conducive to embedding the hydrophobic structure of the protein; brown frame region simulates the natural substrate of a specific enzyme 
to play a competitive inhibitory effect; yellow frame affects the solubility and bioavailability of drugs; 2(d) red frame region forms a hydrophobic contact surface, which provides 
hydrogen bond sites and triggers ROS generation; brown frame region fixes the conformation of the γ-lactone ring through covalent bonds to form a stable protein-binding region; 
yellow frame affect the solubility, stability and bioavailability of the compound; 2(e) red frame region forms a rigid planar structure, which is embedded in the hydrophobic structure 
of the protein target through hydrophobic interaction and π-π bond stacking; brown frame improves the key structures of binding stability and binding specificity to the target by 
affecting the steric hindrance and electron distribution of the stereostructure; 2(f) red frame region provides a rigid planar hydrophobic skeleton, which is embedded in the 
hydrophobic structure of the protein target through hydrophobic interaction and π-π bond stacking, while the conjugated system can enhance the antioxidant effect; brown frame 
affect the binding affinity of compounds to protein targets through hydrophobic effects and steric hindrance; 2(g) red frame region behalf that the planarity of the conjugated 
structure is conducive to the embedding of DNA double helix base pairs between tumor cells; brown frame region behalf that multiple phenolic hydroxyl groups provide hydrogen 
bond binding sites for protein binding, which is conducive to the stable combination of compounds and targets. The acidic properties of phenolic hydroxyl groups can chelate metal 
ions and reduce the generation of harmful free radicals; yellow frame affects solubility, targeting and bioavailability; 2(h) red frame region behalf that isoquinoline and dioxane of 
berberine form a positively charged planar structure, which can be inserted into the double helix structure of tumor cell DNA or competitively bind to specific gene fragments to 
inhibit the proliferation of cancer cells; brown frame enhances the hydrophobic interaction and van der Waals force between the compound and DNA and protein, and increases 
the stability of the compound binding to the target; 2(i) red frame region behalf that the active hydrogen atoms of the catechol structure can be combined with free radicals to play 
an antioxidant role; brown frame behalf that the connection structure formed by ester group and unsaturated double bond makes the molecular stereo structure relatively flexible 
and can be combined with different targets.
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three-dimensional structure, and molecular weight. Polysaccharides featuring β-(1→3) and (1→6) glycosidic bonds, such 
as those from Ganoderma lucidum, are particularly important for anti-inflammatory and anti-tumor effects. Acetyl group 
modifications also significantly impact activity; for example, acetylation can enhance the activity of Dendrobium 
polysaccharides, whereas excessive acetylation may disrupt the triple-helix structure of Ganoderma lucidum polysac
charides and reduce their efficacy.70,72,73 The anti-inflammatory and anti-tumor activities of glycosides are determined by 
the aglycone type, sugar-chain structure, glycosidic bond type, and chemical modifications. Key factors include whether 
the aglycone possesses a planar structure facilitating intercalation into protein targets and its capacity to form hydrogen 
bonds.74,75 The bioactivity of phenylpropanoids and their derivatives (eg, phenolic acids) is determined by the combina
tion of their phenylpropane (C6-C3) skeleton and functional groups such as phenolic hydroxyls. The electron- 
withdrawing capacity, number, and position of these functional groups are critical factors that influence the system’s 
electron distribution, leading to structural stability and antioxidant activity. Additionally, the conjugated double-bond 
system in the side chain (eg, the acrylic acid structure) serves as a key electron carrier and reactive site. Lignans, as 
dimeric phenylpropanoid derivatives, possess more complex structures. Their activity primarily depends on the overall 
three-dimensional shape and rigidity, dictated by the dimerization pattern and stereochemistry. This structural framework 
is crucial for their role as topoisomerase inhibitors or for high-affinity binding to specific protein pockets (eg, Keap1). 
The anti-inflammatory and anti-cancer activities of flavonoids primarily depend on the planar structure formed by their 
benzo-γ-pyrone/pyridone nucleus. Activity is further modulated by structural variations of the nucleus and the presence 
or absence of a C2-C3 double bond, among other factors.76 Alkaloids, as an important class of nitrogen-containing 
natural products, often combine a rigid planar structure with basic characteristics. Their anti-inflammatory and anti-tumor 
activities are affected by the skeletal structure, stereochemistry, functional groups, and variations in the heterocyclic 
system.77 Anthraquinones feature a coplanar tri-cyclic aromatic structure as their core pharmacophore. The hydrophobic 
interactions and receptor affinity generated by their side chains are key determinants of their potency.78

In summary, the core foundation for a pharmacologically active compound typically includes a rigid planar structure 
and the ability to form hydrogen bonds. The number, property, position, and linkage patterns of substituents are critical 
factors that modulate the potency and selectivity of its activity.

Topical Administration
In fact, the oral bioavailability of many active ingredients is limited, mainly due to the hepatic first-pass effect.79 

Therefore, topical administration routes, including TCM enema, acupoint application, ear acupoint bean pressing and 
TCM atomization inhalation, have been clinically adopted to overcome this limitation and reduced systemic side effects. 
TCM enema allows for direct absorption through the intestinal mucosa, making it suitable for patients with lesions in the 
colon or rectum. Acupoint application involves applying medication to specific acupoints, combining the dual therapeutic 
effects of the drug and acupoint stimulation, and is suitable for patients requiring systemic regulation. Ear acupoint bean 
involves continuous gentle stimulation by pressing specific acupoints on the auricle, commonly used as an adjunctive 
therapy. TCM nebulization is administered via inhalation through the respiratory tract into circulation, suitable for drugs 
with low oral bioavailability or significant gastrointestinal irritation that require systemic efficacy.

TCM Enema
As a rectal dosage form, TCM enema allows direct drug absorption through intestinal mucosa, significantly reduces the 
first-pass effect and improves bioavailability. Clinical studies have shown that combining conventional Western medical 
injections with TCM retention enema therapy yields better outcomes than Western medicine alone.80 For instance, Yuxian 
Fang, composed of Sanguisorbae Radix, Portulacae Herba, Coicis Semen, Fraxini Cortex, Pulsatillae Radix, 
Phellodendri Chinensis Cortex, Agrimoniae Herba and Bletillae Rhizoma, a TCM formula with functions such as 
clearing heat, eliminating dampness, astringing and promoting tissue regeneration, has demonstrated efficacy in repairing 
intestinal mucosal damage when administered via enema.81 The TCM formulations selected for enema use typically 
focus on clearing heat and detoxifying, which can play a key role in relieving UC symptoms and preventing its 
progression to malignancy.
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Acupoint Application
Acupoint application involves the application of TCM preparations or its pharmaceutical derivatives to one or more 
specific acupoints. The approach combines the therapeutic effects of both the medicinal substances and the targeted 
acupoints. Additionally, it can reduce hepatic first-pass effect and minimize gastrointestinal irritation. Commonly selected 
accupoints which include ST25 (Tianshu, invigorating spleen and regulating stomach)82 and RN08 (Shenque, regulating 
qi and blood)83 are often used as main acupoints, combined with individualized acupoints and drugs (such as Wumei Pill) 
to treat UC. Studies have shown that acupoint patching therapy can significantly alleviate ulcer formation, reduce 
inflammation, and enhance immune function. It is particularly effective for patients diagnosed with both cold and heat 
syndromes under TCM theory, showing notable advantages in reducing the risk of UCAC.84

Ear Acupoint Bean Pressing
Ear acupoint bean pressing involves attaching medicinal beans or magnetic beads to specific auricular acupoints using 
adhesive tape, followed by gentle stimulation of these points. This method is simple to perform, non-invasive and well 
accepted by patients. When combined with TCM enema therapy, it has been shown to significantly alleviate the clinical 
symptoms of UC such as bloody stool.85 Moreover, its combination with mesalamine enteric-coated tablets has 
demonstrated better therapeutic outcomes compared to treatment with Western medicine alone.86

TCM Atomization Inhalation
TCM atomization inhalation therapy involves converting liquid herbal medicine into fine aerosol particles through 
ultrasonic wave, allowing patients to inhale the medicine through the respiratory tract for therapeutic purposes.87 This 
method is characterized by a small required dose, rapid absorption and direct delivery to the target site of disease. 
Zanthoxylum bungeanum essential oil, extracted from the traditional pungent herb Zanthoxylum bungeanum, can over
come the limitations of traditional oral administration when delivered via aerosol inhalation.88 After being absorbed into 
bloodstream, it has been shown to inhibit the expression of IL-6 in colon tissue, thereby delaying the progression of 
UCAC.

Acupuncture and Moxibustion
Acupuncture and moxibustion exerts its therapeutic effects by stimulating specific acupoints to mobilize the body’s self- 
regulatory systems. This approach avoids the chemical residues and metabolic toxicity associated with pharmaceuticals, 
offering a high safety profile for long-term use. Compared to drug therapy, its advantages include fewer side effects and 
the promotion of visceral functional recovery. However, its effects manifest more slowly. Consequently, it is often used in 
combination with pharmacological treatment. Commonly used acupoints, locations, and indications are shown in 
Figure 3.

ST25 (Tianshu), as the Front-Mu point of the large intestine, has been demonstrated to modulate inflammatory 
cytokines such as IL-6, IL-10, and TNF-α, thereby suppressing UCAC.89 It acts synergistically with ST37 (Shangjuxu), 
the Lower He-Sea point of the large intestine, to regulate gastrointestinal function.90 Furthermore, the combination of 
ST25 and ST36 (Zusanli) is frequently used in clinical practice. Based on the TCM principle of fortifying the spleen and 
harmonizing stomach qi, electroacupuncture stimulation at these two points has been confirmed to alleviate intestinal 
inflammatory injury and promote mucosal repair.91

Moxibustion involves stimulating specific acupoints with heat generated by burning mugwort (Artemisia vulgaris). It 
exerts warming and tonifying effects, particularly on spleen Yang, making it especially suitable for UC patients with 
spleen deficiency during the remission phase. It can also inhibit inflammation-driven colonic tumor growth. Key 
acupoints for moxibustion include: ST25, RN12 (Zhongwan), RN08 (Shenque), RN04 (Guanyuan), ST36, RN06 
(Qihai), ST37, BL20 (Pishu), and BL25 (Dachangshu).92 Studies show that bilateral moxibustion at ST25 significantly 
reduces ROS levels in colonic tissue, mitigating oxidative stress damage.93 Additionally, combined moxibustion at ST25 
and RN06 effectively suppresses the β-catenin and GSK-3β signaling pathways, inhibiting the occurrence of colitis- 
associated carcinogenesis and reducing tumor incidence.94
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Mechanisms of TCM in Treating Colitis-Associated Carcinogenesis
Regulation of Gut Microbiota
The human gut harbors diverse microbial communities that play crucial roles in modulating the immune system, 
synthesizing nutrients, and regulating various host physiological processes.95,96 During the fermentation and breakdown 
of intestinal contents, gut microbes produce a range of small-molecule metabolites, such as SCFAs. These metabolites act 
as key signaling molecules that interact with immune cells to exert immunomodulatory effects and stimulate neuro
transmitter release from the central nervous system, thereby facilitating gut–brain axis communication. Thus, the balance 
or dysbiosis of the gut microbiota is a critical factor in both the development and treatment of UCAC.97,98

Modulating Microbial Abundance and Diversity
UCAC patients show marked dysbiosis, with reduced bacterial diversity and enriched pathogens (eg, Bacteroides fragilis, 
Candida).99 Harmful metabolites (eg, hydrogen sulfide, colibactin) promote DNA damage, immune evasion, and 
chemotherapy resistance.100,101 Thus, an effective strategy of TCM to suppress UCAC is modulating microbial abun
dance and diversity, thereby restoring a balanced microbiota. Firstly, macromolecular compounds from Chinese herbal 
medicine (eg, polysaccharides) serve as “food” for beneficial bacteria in the gut. Their fermentation produces SCFAs, 
which lower the intestinal pH, thereby inhibiting the growth of many harmful bacteria. For instance, Ganoderma lucidum 
polysaccharides, extracted from its spores or fruiting bodies, elevate Bifidobacterium and Lactobacillus abundance in 
CAC mouse models, mitigating inflammation and tumor susceptibility.51 Secondly, TCM compound extracts, through 

Figure 3 Common acupoints, locations and main treatments of acupuncture and moxibustion in UCAC therapy. 
Notes: The dimensions in the diagram are measured in cun, with 1 cun equalling 1 cm. Red dots indicate primary acupuncture points for moxibustion, while blue dots 
denote primary points for both acupuncture and moxibustion. RN12 (Zhongwan) is located on the anterior median line of the upper abdomen, 4 cun above the belly button; 
RN08 (Shenque) is located at the centre of the navel, with the small intestine lying deep beneath; ST25 (Tianshu) is located 2 cun lateral to the navel on either side; RN06 
(Qihai) is located on the anterior midline of the lower abdomen, 1.5 cun below the navel; RN04 (Guanyuan) is located on the anterior midline of the lower abdomen, 3 cun 
below the navel; ST36 (Zusanli) is located on the lateral aspect of the lower leg, 3 cun below the depression beneath the knee; ST37 (Shangjuxu) is located on the lateral 
aspect of the lower leg, 6 cun below the depression beneath the knee; BL20 (Pishu) is located 1.5 cun lateral to the spinous process of the eleventh thoracic vertebra on the 
back; BL25 (Dachangshu) is located 1.5 cun lateral to the spinous process of the fourth lumbar vertebra.
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multi-component and multi-target synergistic actions, establish a beneficial host-microbe feedback loop to enhance 
barrier function and reduce inflammation. For example, the Man Kuining formula, designed to tonify qi, detoxify, and 
improving blood circulation, enriches the beneficial Akkermansia in UC mice, restoring microbial equilibrium and 
promoting mucosal repair.102

Regulation of Gut Microbiota Metabolites
The gut microbiota modulates intestinal immune responses by producing diverse metabolites, thereby establishing 
dynamic immune homeostasis. The analysis on how TCM treats ulcerative colitis (UCAC) by regulating the metabolic 
products of intestinal microorganisms is as follows (Figure 4 and Table 3).

SCFAs are primarily generated by gut microbiota through the fermentation of undigested fibers and resistant starch. 
Notably, butyrate, an SCFA produced by genera within the Firmicutes phylum (eg Faecalibacterium, Anaerostipes), 
plays a central role in maintaining intestinal homeostasis (Table 3).103 For instance, astragalus polysaccharides alleviate 
UC by increasing SCFA production and rebalancing Th17/Treg populations.107

Tryptophan is an essential amino acid. The gut microbiota can consume a portion of tryptophan and metabolize it 
primarily through kynurenine (Kyn), serotonin, and indole pathways, generating various catabolites influenced by 

Figure 4 Schematic diagram of TCM regulating gut microbiota metabolites for the treatment of UCAC. 
Notes: Green Star 1: Ganoderma lucidum polysaccharide can increase short-chain fatty acid production and ameliorate AOM/DSS-induced microbiota dysbiosis;51 green 
Star 2: Astragalus polysaccharides can increase short-chain fatty acid production;107 green Star 3: Ginseng polysaccharides have the potential for reducing IDO activity and 
decreasing Kyn/Trp ratio;108 brown Star 5: Kuijiekang regulates intestinal FXR and affects bile acidmetabolism;109 brown Star 6: Huanglian Jiedu Decoction promotes the 
production of primary bile acids.110
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microbial metabolism (Table 3).104,105,111 For example, ginseng polysaccharides can reduce IDO1 activity and Kyn 
production while modulating Treg levels, thereby slowing UCAC progression.108

Secondary bile acids (SBAs) (eg DCA and LCA) are microbial metabolites derived from the biotransformation of 
host-synthesized primary bile acids in the colon. SBAs exhibit dual roles, including anti-inflammatory effects via 
farnesoid X receptor (FXR)/Tregs and pro-inflammatory effects under dysbiosis (Table 3).106 For instance, Kuijiekang, 
composed of Poria, Atractylodis Macrocephalae Rhizoma, Citri Reticulatae Pericarpium, Paeoniae Radix Alba, 
Sanguisorbae Radix, Saposhnikoviae Radix and Notoginseng Radix et Rhizoma, has been shown to activate the intestinal 
FXR pathway to modulate bile acid metabolism and alleviate inflammation.109 Alternatively, Huanglian Jiedu Decoction, 
composed of Coptidis Rhizoma, Scutellariae Radix, Phellodendri Chinensis Cortex and Gardeniae Fructus, acts through 
multi-metabolic pathways, which modulates carbohydrate, amino acid, and fatty acid metabolism, promotes primary bile 
acid synthesis, and stimulates the proliferation of Clostridium species in the conversion of primary bile acids into SBAs. 
This process collectively establishes a positive feedback loop to restore overall metabolic balance.110

Molecular Mechanisms
The pharmacological mechanisms of TCM in treating UCAC mainly involve anti-inflammation, immune regulation, and 
inhibition of tumor cell activity and proliferation. Key pathways include NF-κB, IL-6/Janus kinase 2 (JAK2)/STAT3, 
Wnt/β-Catenin, and PI3K/Akt /mTOR signaling pathways.

NF-κB Signaling Pathway
TCM formulations and active constituents exert therapeutic effects by targeting critical nodes within the NF-κB pathway 
(Figure 5), such as the acetylation process of p65 and the phosphorylation of IκB kinase (IKK)-α/β.112,113 For instance, 
berberine—an alkaloid monomer—possesses a unique planar tetracyclic structure that allows it to intercalate into and 
bind specific functional domains of the p65 protein. This interaction inhibits p65 acetylation, ultimately suppressing the 
transcriptional activity of NF-κB and resulting in a targeted anti-inflammatory effect.114,115 Scutellaria barbata poly
saccharide, a high-molecular-weight polysaccharide, contains specific carbohydrate chains that are likely recognized by 
pattern recognition receptors on immune cells. This recognition leads to upstream modulation of the IKK-IκB-NF-κB 
signaling cascade, markedly reversing the phosphorylation levels of key proteins and broadly suppressing the inflam
matory response.116 Shenling Baizhu Powder, via the synergistic actions of its multiple bioactive components, inhibits the 
activation of IKK kinase. This inhibition blocks the phosphorylation and degradation of IκBα, effectively preventing NF- 
κB nuclear translocation and the transcription of inflammatory genes, thereby alleviating symptoms of IBD.117

Table 3 Mechanisms of Gut Microbiota Metabolites in UCAC

Metabolite 
Class

Key 
Effector 

Molecules

Target / Pathway Immune / Cellular Effect References

SCFAs Butyrate Aryl hydrocarbon receptor 
(AhR) (Activate), GPCRS 

(Activate)

Upregulate anti-inflammatory IL-10; suppress pro-inflammatory cytokines and 
Th1 / Th17 cells. Promote Treg differentiation.

[103]

Tryptophan 
Metabolites

Indole and 
its 

derivatives

AhR (Activate) (Healthy State) Promote epithelial repair, maintain barrier integrity, modulate 
immune cell function.

[104]

Kyn IDO1 (Result of Upregulation), 
Effector T-cell function (Inhibit)

(Dysbiosis State) Immunosuppression; promote tumor immune evasion and 
migration.

[105]

SBAs Isoallolca, 
isoDCA

mitoROS-FOXP3 (Activate), 
DCs (Suppress), FXR (Activate)

(Healthy State) Promote Treg differentiation and suppress DC 
immunostimulation, expand peripheral Tregs. FXR synergizes to maintain anti- 

inflammatory DC phenotype.

[106]

LCA, DCA NF-κB pathway (Activate), 
NLRP3 Inflammasome (Activate)

(Dysbiosis State) Promote pro-inflammatory signaling, disrupt intestinal barrier.

https://doi.org/10.2147/DDDT.S574142                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 14

Gu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



IL-6 / JAK2/STAT3 Signaling Pathway
Targeting the IL-6/STAT3 pathway (Figure 5) effectively inhibits UCAC progression by remodeling the immune 
microenvironment and blocking inflammation-driven carcinogenesis.123,124 For instance, lentinan, a β-glucan, is recog
nized by pattern recognition receptors (eg, Dectin-1) on immune cells due to its specific macromolecular polysaccharide 
structure. By modulating immune cell function, it significantly reduces serum levels of IL-6 and downstream pro- 
inflammatory cytokines IL-1β and IL-18 in CAC mouse models. This reduction diminishes the initial signal for STAT3 
pathway activation, thereby remodeling the immune microenvironment and blocking the inflammation-driven carcino
genesis process.118 Similarly, active components in Gehua Jiechang Decoction—such as flavonoids (whose planar 
structures and phenolic hydroxyl groups enable competitive inhibition of ATP binding) and saponins (whose triterpenoid 
or steroidal structures may facilitate direct interaction with the JAK2 protein)—act synergistically. They directly or 
indirectly inhibit JAK2 kinase phosphorylation, block STAT3 activation and nuclear translocation, suppress the tran
scription of a suite of pro-oncogenic genes, and ultimately delay the progression from colitis to cancer.119 Notably, 
STAT3 synergizes with NF-κB via p65 acetylation to sustain pro-inflammatory signaling.125 This crosstalk exacerbates 
tumor-associated inflammation and cancer cell proliferation.

Wnt/β-Catenin Signaling Pathway
TCM formulations exert anti-UCAC effects by targeting key nodes of the Wnt/β-catenin pathway (Figure 5).126,127 For 
example, flavonoids and triterpenoid saponins in Compound Tenglizi Decoction utilize their phenolic hydroxyl and 
steroidal structures to directly or indirectly disrupt β-catenin stability or its formation of a transcriptional complex with 
TCF/LEF. This downregulates the expression of downstream pro-oncogenic proteins such as c-Myc and cyclin D1, 
ultimately inhibiting colorectal tumor growth.121 Alkaloids and glycosides in Yu Kui Ning Enema employ their specific 

Figure 5 Schematic diagram of key targets in the four main signaling pathways of TCM treatment for UCAC. 
Notes: Green boxes indicate NF-κB pathway-related targets (Inflammation-related); blue boxes denote IL-6/JAK2/STAT3 pathway-related targets (Immune regulation 
related); gray boxes represent Wnt/β-catenin pathway-related targets (Proliferation-related); yellow boxes show PI3K/Akt/mTOR pathway-related targets (Survival and 
growth related); yellow circles indicate phosphorylation sites; Berberine reduces the acetylation of NF-κB subunit p65, leading to the inhibition of NF-κB translocation and 
transcriptional activity;114 Scutellaria barbata polysaccharide regulates the IKK-IκB-NF-κB signaling cascade;116 Shenling Baizhu Powder inhibits the degradation of IκBα;117 

Lentinan reduces the level of IL-6;118 Gehua Jiechang Decoction inhibits JAK2 kinase phosphorylation to block STAT3 activation and nuclear translocation;119 Yu Kui Ning 
inhibits the level of GSK-3β to accelerate β-catenin phosphorylation and degradation;120 Compound Tenglizi Decoction disrupts the formation of a transcriptional complex with 
TCF/LEF;121 Shendai Qingchang Decoction reduces PI3K protein expression;122 Huangqin decoction inhibits Akt kinase activity.27
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chemical structures to inhibit the activity of upstream kinases like Akt or interfere with the stable interaction between Akt 
and GSK-3β. This relieves the inhibition on GSK-3β, restoring its kinase activity, accelerating β-catenin phosphorylation 
and degradation, suppressing aberrant Wnt/β-catenin signaling, and thereby ameliorating colitis.120

PI3K / Akt / mTOR Signaling Pathway
In the context of chronic inflammation, persistent activation of the maintains PI3K/Akt/mTOR (Figure 5) contributes to 
the uncontrolled survival and proliferation of tumor cells, accelerating the UCAC. Therefore, TCM formulations can 
intervene in the UCAC process by targeting multiple nodes of this pathway, such as suppressing PI3K transcription or 
inhibiting Akt phosphorylation.128–130 For example, flavonoids (eg, baicalin) in Huangqin decoction possess phenolic 
hydroxyl groups and planar structures that enable them to directly or indirectly inhibit Akt kinase activity, reducing its 
phosphorylation level. This relieves the suppression of apoptosis and promotes cancer cell death.27 Components such as 
saponins and alkaloids in Shendai Qingchang Decoction may regulate specific transcription factors (Saponins, with sugar 
chains and sapogenins, are amphiphilic and can bind to hydrophobic pockets of proteins, affecting cell and nuclear 
membrane permeability. Alkaloids, containing nitrogenous heterocyclic structures and often carrying a positive charge, 
readily interact with the phosphate backbone of DNA or negatively charged regions of proteins). This interaction 
interferes with the transcriptional process of the PI3K gene, reduces PI3K protein expression, and consequently 
attenuates the signaling intensity of the PI3K/Akt /mTOR pathway.122 Electroacupuncture stimulation at acupoints 
such as Zusanli (ST36) activates the body’s neuro-endocrine-immune regulatory network, eliciting broad biological 
effects. It downregulates multiple PI3K/AKT pathways-related genes, holistically suppressing the hyperactivation of this 
pathway at the transcriptional level, thereby alleviating intestinal inflammation. This provides a non-pharmacological 
physical intervention strategy for the prevention and treatment of UCAC, embodying the holistic theory of TCM.128

Other Relevant Pathways
The TLR4/MyD88/NF-κB, PPAR-γ, and NLRP3/Caspasee-1 pathways collectively constitute an inflammatory regulatory 
network in the intestine. When the intestinal barrier is compromised, pathogens or their components (eg, LPS) emerge as 
danger signals (PAMPs/DAMPs) and are first recognized by TLR4 on immune cell membranes. This immediately 
triggers the TLR4/MyD88 / NF-κB pathway, ultimately leading to the activation and nuclear translocation of the 
transcription factor NF-κB. The “priming signal” provided by NF-κB (eg, synthesis of NLRP3 components), combined 
with other stimuli (eg, ROS, K+ efflux, mitochondrial damage, often induced by TLR4 activation or tissue injury), co- 
stimulates the assembly of NLRP3, ASC, and pro-caspase-1 into a large protein complex—the NLRP3 inflammasome. 
Conversely, PPAR-γ antagonistically inhibits the progression of these pro-inflammatory pathways.131–133 TCM can 
intervene in UCAC by targeting key nodes across these different pathways. For instance, Curdlan polysaccharide, 
Sanhuang Xiexin Decoction, and oxymatrine (whose nitrogenous heterocyclic structure allows it to bind specific regions 
of the TLR4 receptor and interfere with MyD88 adaptor function) can modulate the expression of key proteins in the 
TLR4/MyD88/NF-κB pathway, such as TLR4, MyD88, and NF-κB.134–136 Ginsenoside Rg1 (whose steroidal sapogenin 
structure acts as a ligand to bind and activate the PPAR-γ receptor) and components of Huangqi Jianzhong Decoction can 
upregulate PPAR-γ expression, inhibit inflammatory stress and apoptosis, thereby protecting the colonic mucosa. In 
contrast, the activated NLRP3 inflammasome exacerbates inflammation and cell death by forming pores in the cellular 
and mitochondrial membranes, leading to swelling and cytokine release.137,138 Coptidis rhizoma and Scutellaria 
baicalensis in Banxia Xiexin Decoction are rich in flavonoids (eg, baicalin) and alkaloids (eg, berberine). The planar 
polycyclic structures and phenolic hydroxyl groups of these components enable them to inhibit the assembly of the 
NLRP3 inflammasome and the activation of Caspase-1.139 Furthermore, electroacupuncture combined with an intestinal- 
disease formula facilitates multi-dimensional “neuro-immune-epithelial” regulation. It initiates a systemic anti- 
inflammatory immune response through neural modulation, inhibits NLRP3 inflammasome proteins, reduces intestinal 
permeability in rats, and repairs the mucosal barrier.140
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Conclusion and Perspectives
CAC remains a highly prevalent and lethal malignancy. Current standard therapies are often hampered by drug resistance, 
significant side effects, and high costs. In contrast, TCM guided by the principle of “disease prevention”, has the 
advantages like multi-target effects and low toxicity during the critical stage of colitis progressing to cancer. Based on 
TCM theory, this review systematically explains the pathogenesis and transformation process of UC turning into CAC 
and reviews therapies including oral administration (such as active ingredients like evodiamine and ginsenoside Rg1), 
external enemas, and acupuncture. It also summarizes related mechanistic studies, showing that TCM primarily inhibits 
inflammation-to-cancer transition by regulating gut microbiota and their metabolites, and by suppressing inflammation- 
related signaling pathways such as NF-κB and IL-6/JAK2/STAT3, demonstrating promising potential for prevention and 
treatment.

However, current research on UCAC still faces significant limitations. Most studies rely on a single animal model, 
lack in-depth mechanisms, and TCM research is largely at the stage of empirical medicine, with the active ingredients, 
structure–activity relationships, and mechanism of action still not clearly defined. To translate the empirical promise of 
TCM into rigorous, mechanistic science, we propose the following three interconnected research directions as critical 
pathways forward.

Future Direction 1: Establishing Standardized Research Models and Evaluation Systems 
for UCAC
A variety of animal and cellular models are currently employed to study UCAC, including chemically induced models 
(eg, AOM/DSS), genetically modified mice (eg, IL-10 KO), organoids, and humanized mouse models.141 Each model has 
distinct advantages and limitations in simulating different stages of UCAC pathogenesis. However, the lack of standar
dization across studies, in terms of model selection, induction protocols, endpoint assessments, and microbiota/immune 
reconstitution methods, has led to inconsistent results and hindered comparability between studies. For instance, 
variations in DSS concentration, administration cycles, and animal backgrounds can significantly influence disease 
phenotypes and therapeutic responses, complicating the translation of preclinical findings.

Therefore, future efforts should prioritize establishing standardized, reproducible, and clinically relevant model 
systems for UCAC research. Firstly, consensus protocols for widely used models need to be developed in order to 
harmonize induction regimens, monitoring parameters, and histopathological scoring criteria. Secondly, by using 
genetically stable and well-characterized animal strains, the effects of different species, strains, and ages of animals 
on the UCAC model need to be compared to obtain appropriate experimental subjects, thereby reducing the differences 
between laboratories. In addition, a reference dataset needs to be created to integrate multi-omics profiles (metage
nomics, metabolomics, transcriptomics) from standardized models, enabling a systematic comparison of intervention 
effects across studies. The establishment of such standardized frameworks is a prerequisite for generating reliable and 
comparable preclinical data, which will form a solid foundation for the subsequent elucidation of mechanistic 
pathways.

Future Direction 2: Establishing a Holistic Mechanistic Research Framework Centered 
on “Microbiota-Metabolites-Target Pathways/Key Proteins”
Current research on the therapeutic mechanisms for UCAC primarily focuses on mitigating inflammation, restoring the 
mucosal barrier, and reestablishing gut microbiota homeostasis. However, existing studies on intestinal flora mainly 
examine the correlation between diseases and flora, with insufficient exploration of the relationships among intestinal 
flora, metabolites, and molecular signaling pathways. Emerging evidence suggests that active compounds from TCM, 
such as lentinan, can modulate the abundance of beneficial and pathogenic bacteria, thereby altering the production of 
key metabolites like SCFAs. These metabolites not only act locally on target cells to ameliorate the inflammatory milieu 
but also enter the systemic circulation, where they may directly or indirectly influence neurotransmitter release in the 
central nervous system. This hints at an integrated “microbiota-metabolite-immune/neuroregulation” mechanism. 
Nevertheless, this holistic pathway has not been experimentally validated in a connected manner, which limits the 
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rigorous scientific interpretation and application of the systemic therapeutic advantages demonstrated by TCM formula
tions and extracts in clinical practice.

Importantly, the “microbiota-metabolite-target” research framework centered on TCM, as elucidated in this review, 
provides a systemic perspective complementary to mainstream Western medicine for the prevention and treatment of 
UCAC. While Western medical strategies often focus on intervening in highly specific molecular targets (eg, single 
cytokines or kinases), TCM aims to systemically reshape the host’s intestinal microenvironment and metabolic network 
through multi-component synergistic effects, thereby disrupting the “inflammation-cancer” transformation process.

Future research should strive to empirically construct and validate this integrated “microbiota-metabolite-target 
pathway/key protein” framework by employing systems biology technologies such as metagenomics and metabolomics. 
This will not only elucidate the multi-target, holistic regulatory mechanisms of TCM in modern scientific terms but also 
potentially offer a new paradigm to transcend the limitations of traditional “single-target” intervention thinking. 
Ultimately, it will lay a solid scientific foundation for establishing comprehensive prevention and treatment strategies 
based on the complementary strengths of Chinese and Western medicine.

Future Direction 3: Integrating Standardized Extraction and Quality Control with 
Structure-Activity Relationship (SAR) Research in TCM
This review synthesizes SAR and mechanisms of action of various TCM components, such as terpenoids and flavonoids, 
in the treatment of UCAC. It preliminarily reveals the intrinsic links between structural features (eg, rigid planar 
frameworks) and their anti-inflammatory and anti-tumor activities. However, current SAR research faces 
a fundamental bottleneck: the lack of standardized, chemically defined TCM extracts and purified compounds. 
Variability in extraction methods, raw material sources, and compositional profiles directly affects the consistency of 
bioactivity data, thereby obscuring true structure-activity correlations and hindering mechanistic validation. Without 
rigorous quality control and chemical standardization, SAR studies risk generating irreproducible or misleading results, 
which limits the reliability of subsequent drug design, structural modification, and clinical translation.

Therefore, future research must tightly couple standardized extraction and quality control systems with advanced 
SAR exploration. It is necessary to establish a chemical standardized library of TCM extracts. Through the design of 
quality-by-design methods, the chemical profile can be linked to biological activity, promoting the SAR research of 
standardized fractions and compounds, developing biomarkers for quality and efficacy assessment, in order to achieve the 
modernization and scientificization of TCM.

Beyond preclinical standardization and mechanistic elucidation, bridging the gap to clinical validation is paramount. 
However, a systematic search of major clinical trial registries (ClinicalTrials.gov, ChiCTR, WHO-ICTRP) confirms the 
absence of interventional clinical trials specifically evaluating TCM for UCAC. Current clinical research on UCAC 
remains predominantly observational, centered on elucidating its pathogenesis and diagnostic markers. Conversely, 
clinical investigations of TCM or integrative therapies are almost exclusively focused on managing mild-to-moderate 
or active UC (eg, trials involving Kuijie Fang). Therefore, future research must prioritize two sequential goals: first, 
achieving a consensus on the pathogenesis and diagnostic criteria for UCAC; second, initiating long-term cohort studies 
to track cancer risk in UC patients undergoing TCM therapy. Ultimately, prospectively designed, prevention-focused 
trials in high-risk populations are indispensable for generating robust clinical evidence on TCM’s potential to mitigate 
UCAC, laying the foundation for a scientific and systematic evaluation of its efficacy.

In summary, this review provides a systematic evaluation of TCM’s theoretical, applied, and mechanistic landscape in 
UCAC. By pursuing the integrated research avenues outlined above—ranging from “standardized models” and “holistic 
mechanistic frameworks” to “chemistry-led quality control and SAR”—we can better elucidate TCM’s mechanisms in 
contemporary biomedical terms. This concerted effort will derive actionable insights from natural products and accelerate 
the translation of basic research into clinically validated TCM strategies and TCM-inspired drug development.
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