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Abstract: Ulcerative colitis (UC) is a chronic inflammatory disease of the colon and rectum that has become an increasing global
health concern. Its pathogenesis is multifactorial, involving genetic susceptibility, environmental triggers, epithelial barrier dysfunc-
tion, gut microbiota imbalance, and immune dysregulation. Clinically, UC is characterized by bloody diarrhea, mucosal inflammation,
and a relapsing-remitting course, with diagnosis typically confirmed by clinical, endoscopic, histological, and laboratory findings.
Despite the increasing number of therapeutic options, including corticosteroids, immunosuppressants, and biologics, many patients still
experience suboptimal responses or adverse events, and some ultimately require colectomy. In this context, Traditional Chinese
Medicine (TCM) has attracted attention as a complementary approach due to its multi-target mechanisms and historical use in
gastrointestinal diseases. This review summarizes recent evidence on the application of TCM in UC, including its theoretical
foundations, active compounds, and modulation of key signaling pathways such as TLR4/NF-kB, NLRP3, JAK/STAT3, PI3K/Akt,
Notch, and AMPK/mTOR. Additionally, we highlight clinical data from randomized controlled trials (RCTs) evaluating TCM
formulas either as monotherapy or in combination with conventional treatments. Some studies report improvements in symptom
scores, inflammatory markers, and endoscopic healing when TCM is combined with agents like mesalazine. However, these findings
must be interpreted with caution. Most RCTs are single-center with small sample sizes, lack placebo control, and show considerable
heterogeneity in intervention protocols and outcome assessments, making quantitative comparisons to standard therapies, such as
remission rates or adverse event frequencies relative to mesalazine or biologics, being limited. Therefore, while TCM demonstrates
therapeutic potential in UC management, more rigorous evidence is needed to establish its comparative efficacy and safety. Future
studies should include large-scale, multicenter, placebo-controlled RCTs with standardized endpoints, and consider integrating TCM
syndrome differentiation with modern pathophysiological frameworks to enhance clinical relevance and translational value.
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Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease characterized by chronic relapsing inflammation of the colonic
mucosa, typically beginning in the rectum and extending proximally in a continuous manner. Its incidence has increased
globally over recent decades, posing a substantial burden on healthcare systems and patients’ quality of life."? The
pathogenesis of UC is multifactorial and involves a complex interplay between genetic predisposition, environmental triggers,
immune dysregulation, gut microbiota alterations, and epithelial barrier dysfunction, with current treatment strategies aiming
to induce and maintain clinical and endoscopic remission, using agents such as 5-aminosalicylic acid (5-ASA), corticoster-
oids, immunosuppressants, and biologics targeting cytokine pathways.> Despite these advances, a subset of patients remains
refractory to medical therapy and ultimately requires colectomy. Moreover, pharmacologic treatments may be associated with
adverse effects and economic burdens, underscoring the need for additional therapeutic strategies.
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Mesalazine is recognized as the primary treatment for mild-to-moderate UC, while topical and systemic corticosteroids
are used for recurrent cases. For moderate to severe manifestations of the disease, immunosuppressants and biologics are
used.* Despite these advancements, remission rates remain relatively low, ranging from 20% to 30% in inductive clinical
trials and from 30% to 60% in real-world settings.’ The direct and indirect costs associated with UC are estimated to be
between €12.5 billion and €29.1 billion annually in Europe, and between $2.1 billion and $14.9 billion in the United States.°
Consequently, a subset of patients requiring surgical intervention for drug-refractory conditions remains. Although total
proctectomy has the potential to resolve colonic inflammation, postoperative complications, particularly pouchitis and fecal
incontinence, are common. Thus, UC management continues to present challenges. Traditional Chinese Medicine (TCM)
has a long-standing history and extensive clinical applications in the treatment of UC, demonstrating certain levels of
efficacy and safety. Within the framework of TCM, UC is often classified as a manifestation of “spleen-kidney deficiency”
and “dampness-heat accumulation”.” These traditional diagnostic constructs are based on symptom patterns rather than
histopathological evidence, and their relevance to modern biomedical understanding remains a subject of translational
interest. Nonetheless, there are growing efforts to bridge these paradigms by correlating TCM concepts with underlying
biological mechanisms, such as immune imbalance, impaired mucosal integrity, and dysbiosis.

The use of TCM herbal compounds for UC is supported by empirical clinical practice and increasingly by
experimental studies demonstrating anti-inflammatory, immunomodulatory, antioxidant, and barrier-protective effects,
which are often mediated through modulation of signaling pathways, including TLR4/NF-xB, NLRP3 inflammasome,
JAK/STAT3, PI3K/Akt, and Notch.® However, the rationale for selecting specific herbal interventions is often grounded
in traditional use, with limited discussion of modern pharmacokinetic properties, optimal dosing strategies, or active
constituent standardization. Moreover, few studies have addressed the comparative efficacy of these botanicals against
standard-of-care therapies such as mesalazine or biologics. Existing meta-analyses suggest potential benefits of TCM
interventions in combination with conventional treatment but also highlight methodological heterogeneity, small sample
sizes, and insufficient data on long-term safety.’

Additionally, potential herb-drug interactions and the risk of hepatotoxicity associated with certain TCM formulations
warrant careful consideration. The lack of regulatory standardization, variability in plant sourcing and extraction
methods, and insufficient reporting of adverse events further complicate clinical translation. These issues highlight the
importance of evaluating TCM interventions not only based on traditional use but also in accordance with modern
pharmacological principles and clinical trial standards.

Based on these considerations, this review examines how TCM may contribute to the treatment of UC by summariz-
ing recent findings from molecular studies, experimental research, and clinical trials. The discussion aims to relate TCM
principles to known pathophysiological mechanisms of UC and to evaluate current evidence on efficacy and safety. In
doing so, we aim to clarify the relevance of TCM in UC management and highlight existing challenges, such as limited
pharmacokinetic data and regulatory variability, to guide future research.

Clinical Signs

In UC, the manifestation of symptoms typically occurs in a gradual manner and can persist for several weeks to months.
Following the initial period of morbidity, if therapeutic interventions prove ineffective, the disease trajectory is marked
by episodes of recurrent mucosal inflammation interspersed with periods of symptom remission.

Common clinical manifestations include diarrhea, hematochezia, and difficulties with defecation. The likelihood of
UC diagnosis is heightened in patients with a prolonged history of bloody diarrhea and nocturnal bowel movements. UC
is frequently associated with distal conditions, such as proctitis and proctocolitis, where patients may predominantly
experience rectal bleeding, tenesmus, and defecation challenges. Notably, paradoxical constipation may occur in up to
10% of individuals with rectal or left-sided colitis."’

Acute weight loss is prevalent in pediatric populations; however, linear growth is often preserved, in contrast to
Crohn’s disease, which typically impairs linear growth.'' Approximately 15% of patients present with severe UC at
onset, which can be accompanied by systemic symptoms such as fever, weight loss, tachycardia, nausea, and vomiting.'
Although toxic megacolon can develop initially, it is more frequently observed during disease recurrence. Clinically,

5812 https: International Journal of General Medicine 2025:18



Huang et al

toxic megacolon is characterized by severe UC symptoms'? and abdominal radiographic findings indicative of a dilated
colon. This condition represents a surgical emergency owing to the associated risks of perforation and sepsis.
Approximately 30% of individuals diagnosed with UC exhibit extra-intestinal manifestations (EIMs)."> Among these,
arthritis is the most prevalent, occurring in 21% of the patients. This form of arthritis may be classified as either axial or
peripheral, affecting both small and large joints. The severity and prevalence of arthritis and arthralgia are frequently
associated with the activity level of bowel diseases.'* EIMs can affect various organ systems, including the hepatobiliary
system (eg, primary sclerosing cholangitis and autoimmune hepatitis), ocular system (eg, uveitis and epithelial scler-
oderma), oral cavity (eg, canker sores), integumentary system (eg, erythema nodosum, impetigo, and psoriasis), and
hematological system (eg, thrombosis).'”> Primary sclerosing cholangitis is observed more frequently in male patients,
those with extensive lesions, and pediatric populations.'®!” Furthermore, patients with UC who present with dermato-
logical manifestations are typically younger and predominantly female at the time of diagnosis.'® Erythema nodosum is
generally associated with the activity of luminal disease, whereas pyoderma gangrenosum tends to follow an independent

14,19

clinical course (See Figure 1).

Diagnosis

In the evaluation of UC, clinicians must establish a comprehensive differential diagnosis. A thorough medical history
should be obtained, encompassing inquiries regarding travel history, medication use, including antibiotics and nonster-
oidal anti-inflammatory drugs (NSAIDs), tobacco exposure, and recent hospitalizations.” The prevalence of Clostridium
difficile infection (CDI) in patients with UC is significantly elevated, being three to four times greater than that observed
in individuals with Crohn’s disease and eight times higher than that in the general population.’®?! CDI can present with
symptoms that mimic those of UC, which may contribute to an increased rate of misdiagnoses. In cases where CDI is
identified, appropriate treatment should be administered; however, management of UC should continue, particularly if the
symptoms persist. Clinicians should consider Campylobacter infections in patients with a history of travel.
Cytomegalovirus (CMV) infection is another important consideration, especially in immunocompromised
individuals.”> While latent CMV is found with similar frequency in patients with and without inflammatory bowel
disease (IBD),” recent or reactivated CMV is more prevalent among those with IBD.?* Notably, up to one-third of
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Figure | Clinical manifestations of UC.
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patients with acute steroid-refractory UC may develop CMV infection.”> The diagnosis of CMV infection should be
confirmed through endoscopy and biopsy,?' using techniques such as hematoxylin and eosin staining, immunohisto-
chemistry, or tissue polymerase chain reaction.”>

When evaluating patients exhibiting symptoms of UC, it is essential to consider additional conditions such as
malignancy, bleeding hemorrhoids, rectal prolapse, vasculitis, and irritable bowel syndrome.'* In younger patients, the
presence of ischemic colitis should prompt consideration of factors such as coagulopathy, medication usage, and lack of
vigorous physical activity.?°

Patients diagnosed with UC should undergo a comprehensive physical examination to evaluate extraintestinal
manifestations associated with the condition. The presence of pallor may serve as an indicator of anemia.”” Facial
examination should be conducted to assess scleral abnormalities, episcleritis, and ulcerations of the oral mucosa. Patients
with colitis may present with a normal abdominal examination or tenderness localized to the left side. Significant
tenderness may be observed in cases of fulminant disease or toxic megacolon. A perianal examination may reveal
findings indicative of Crohn’s, such as skin tags or anorectal stenosis. Additionally, a hand examination may uncover
digital spasms. Skin examination may identify lesions, such as erythema nodosum or pyoderma gangrenosum, typically
located on the lower extremities. Furthermore, joint examinations may reveal signs of arthritis.

Preliminary laboratory assessments should encompass a comprehensive blood count, electrolyte levels, blood urea
nitrogen, creatinine, liver function evaluations, iron studies, vitamin D concentrations, C-reactive protein (CRP), erythrocyte
sedimentation rate, albumin levels, and stool analyses for microbial infections, with a particular emphasis on Clostridium
difficile.’” The presence of hypoalbuminemia (defined as albumin levels below 3.5 g/dL) at the time of ulcerative colitis
diagnosis is correlated with an increased probability of requiring corticosteroids, thiopurines, or anti-TNF therapies.”®

Laboratory indicators have been investigated as potential markers for assessing the disease activity and severity.
Notably, serum CRP levels and erythrocyte sedimentation rates can remain within normal ranges in patients with severe
uc.? Furthermore, as an acute-phase reactant, CRP is not exclusively indicative of intestinal inflammation; it is also
relevant in the context of systemic inflammatory diseases. In the case of UC, CRP demonstrates a combined sensitivity
of 0.49 and a specificity of 0.92.%'

Colonoscopy is considered to be a fundamental method for the diagnosis of UC. However, the exclusive use of
endoscopy to differentiate IBD from non-IBD colitis presents certain limitations, necessitating additional clinical and
histological information to enhance the diagnostic accuracy. It is recommended that an ileocolonoscopy be conducted,
with a minimum of two biopsies’> obtained from each inflamed region. In instances of severe disease, the risk of
perforation during ileocolonoscopy is elevated; therefore, sigmoidoscopy accompanied by biopsy may suffice.*

Navaneethan et al**

evaluated perforation incidents among patients with IBD and reported 19 cases of perforation
among 5295 colonoscopies. Their findings indicate a significant association between severe disease observed during
endoscopy and the occurrence of intestinal perforation in patients with IBD.

Microscopic examination should be conducted by a pathologist with specialized knowledge in Gastroenterology.?' In
UC, histological alterations are confined to the mucosal layer and typically exhibit a consistent pattern without
discontinuities. Unlike infectious colitis, colonic tissue affected by UC demonstrates both acute and chronic inflamma-
tory characteristics, including basal plasmacytosis, distortion of crypt architecture, Paneth cell metaplasia, pyloric gland
metaplasia, and increased intralaminal cellularity.** The presence of a singular feature indicative of chronic inflammation
is insufficient for the definitive diagnosis of UC; however, there are no established criteria delineating the requisite
number of features necessary for such a diagnosis.*> Histiocytosis may represent the earliest histological change
associated with UC, observed in approximately one-third of patients within two weeks of the onset of symptoms. In
contrast, only 20% of the patients exhibited stable crypt distortion during the initial two weeks, complicating the
differentiation between early UC and infectious colitis (See Figure 2).

Pathophysiology

The existing literature predominantly focuses on comparing the pathophysiological mechanisms of UC with those of Crohn’s
disease; however, significant distinctions between the two conditions remain. The morbidity mechanisms associated with UC are
closely linked to defects in colonic epithelial cells, mucosal barrier, and epithelial barrier. Notably, the expression of peroxisome
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proliferator-activated receptor gamma (PPAR-y), which serves as a negative regulator of NF-kB-dependent inflammation, is
diminished in colonic cells derived from UC patients, indicating a potential causal relationship.**>® In response to this, novel
5-aminosalicylic acid (5-ASA) analogs®’ are currently under development that exhibit enhanced PPAR-y agonistic activity.
Furthermore, an autoantibody targeting myosin associated with colon cells®® has been identified in UC; however, there is
insufficient conclusive evidence to categorize UC as an autoantibody-mediated disorder. Reports have also indicated defects in
colon-associated XBP1 expression®” in patients with UC. Alterations in trefoil factors, a family of proteins derived from stellate
cells that are produced in response to mucosal injury and play a role in maintaining mucosal barrier integrity, have been
documented in individuals with ulcerative colitis.***' The hypothesis that impaired barrier function is a primary contributor to the
disease is supported by observations of depleted colonic goblet cells and a compromised osmotic mucus barrier in patients with
active ulcerative colitis.** Additionally, dysbiosis has been observed in patients with ulcerative colitis, albeit to a lesser degree
than in those with Crohn’s.** Specifically, patients with ulcerative colitis exhibit reduced microbial biodiversity, a decrease in the
proportion of Firmicutes, and an increase in the proportions of Gammaproteobacteria and Enterobacteriaceae.** Moreover, an
increase in sulfite-reducing Trigonoproteus® has been noted in the colons of patients with UC. Nonetheless, the question of
whether dysbiosis is a causative factor or consequence of mucosal inflammation remains unresolved.

Dysregulated innate and adaptive immune responses to microbial antigens in individuals with UC are well docu-
mented. Patients diagnosed with UC exhibit an increased accumulation of neutrophils and deployment of chromatin-
based extracellular traps at sites of mucosal injury within the colon, which contribute to the persistence of inflammation
by enhancing the production of tumor necrosis factor (TNF) and interleukin-1f (IL-1B).***" Dendritic cells, which
function as antigen-presenting cells alongside macrophages, play a crucial role in mediating immune tolerance to external
stimuli and guiding T cell differentiation to elicit adaptive immune responses. However, in the context of an inflamed
colon, a specific subset of dendritic cells is redirected to produce pro-inflammatory cytokines, resulting in diminished
tolerance and a reduced capacity to generate regulatory T cells.**°

Atypical responses of effector T helper (Th) cells and imbalances in T regulatory cells lead to the dysregulated production
of several critical cytokines, thereby shifting the therapeutic focus of UC towards anti-cytokine agents. The cytokines involved
include TNF, interferon-gamma, IL-5, IL-6, IL-13, IL-17, IL-21, and IL-22, all of which have been implicated in the
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pathophysiology of UC through various mechanisms.’' Although the role of IL-22 in maintaining intestinal barrier integrity
remains debatable, the presence of IL-22 regulatory transcripts in colonic biopsies from patients with UC has been associated
with resistance to anti-p40 therapy, which targets the combined action of IL-12 and IL-23.%% Furthermore, IL-23, which
regulates 1L-22, has emerged as a specific target for a variety of clinically developed pharmacological agents, and its
pathogenic role in UC and other immune-mediated disorders is becoming increasingly apparent.>®

Humoral immune responses remain relatively under-explored. A recent investigation into the molecular and pheno-
typic attributes of intestinal and circulating B cells identified significant disruptions, characterized by a reduction in both
diversity and maturity.>*

The gastrointestinal microbiota has been associated with UC.>> Investigations of surgical specimens analyzing the
intestinal wall in relation to the microbiota have demonstrated a decrease in the symbiotic bacteria belonging to the
Bacteroides and Proprietary phyla among patients diagnosed with UC.** Additionally, research has indicated a reduction
in butyrate-producing species, specifically Roseburia hominis and Faecalibacterium prausnitzii, which are classified
within the phylum Intrinsic.’® The restoration of healthy microbiota through fecal microbiota transplantation has been
shown to be advantageous and has been implemented with moderate success in the management of UC. Nonetheless, the
observed response rates were comparable to those associated with existing treatment modalities.’’

The expression levels of Toll-like receptor 2 (TLR2) and TLR4 are elevated in the colonic cells and lamina propria of
individuals with active UC; however, the relationship between mucosal inflammation and the increased expression of these
receptors remains ambiguous, as it is uncertain whether inflammation is a causative factor or a resultant effect.”®* Furthermore,
activated neutrophils are more prevalent in both the bloodstream and colonic tissues of patients with active UC than in healthy
controls.”” Dendritic cells (DCs) derived from patients with UC exhibit increased expression of costimulatory molecules,
suggesting that they may act as primary responders when the integrity of the mucosal barrier is compromised.**

Innate lymphoid cells (ILCs) play a pivotal role in the pathophysiology of IBD.®' Furthermore, ILCs obtained from
individuals with active UC exhibit elevated expression levels of key cytokines, transcription factors, and cytokine
receptors associated with ILC3.%?

Elevated levels of immunoglobulin M (IgM), IgA, and nuclear IgG have been documented in individuals diagnosed
with inflammatory bowel disease. However, a disproportionate increase in IgG1 antibodies has been observed specifically
in patients with UC. The role of B cells in contributing to disease morbidity remains ambiguous, as it is uncertain
whether they are active participants in pathogenesis or merely reactive to disruptions in the intestinal barrier. Preliminary
findings indicate that UC may be characterized as a Th2 disorder, whereas Crohn’s appears to be associated with Th1
responses. Analysis of colonic lamina propria cells from patients with UC revealed the presence of Th2-polarized T cells
that produce IL-5.° Furthermore, the mRNA levels of IL-4 and IL-13 were significantly elevated in rectal biopsies from
UC patients compared to those from control subjects.®* IL-13, which is produced by nonclassical natural killer T cells,
plays a critical role in mediating epithelial cytotoxicity and barrier dysfunction in UC.%>¢¢

One study reported a novel subset of CD4-positive Th cells that are influenced by transcription factor PU.1, which
plays a role in the pathogenesis of UC.®” This finding contributes to the existing Th1/Th2 paradigm associated with
Crohn’s and UC. In the presence of cytokines, such as transforming growth factor-f and IL-4, ThO cells interact with
MHC class II antigen complexes, leading to the differentiation of Th9 cells. IL-9 produced by Th9 cells inhibits cellular
proliferation and tissue repair, thereby adversely affecting the integrity of the intestinal barrier. Furthermore, 1L-9 has
been observed to modestly and significantly elevate TNF-a levels.

Lastly, recent advances have highlighted the complex interplay between genetic susceptibility, environmental triggers,
immune responses, and intestinal microbiota in the pathogenesis of UC. Genome-wide association studies have identified
numerous UC-related loci, such as those involved in epithelial barrier integrity (eg, HNF4A, ECM1) and immune regulation
(eg, IL23R, NOD2), which predispose individuals to dysregulated mucosal immunity.®® Environmental factors, including diet,
antibiotic exposure, and smoking status, can influence host immunity and gut microbial composition, further modulating
disease risk.®” The intestinal microbiota plays a particularly central role, not only by shaping immune tolerance but also by
contributing to UC pathogenesis through mechanisms such as disruption of mucosal barrier function, production of pro-
inflammatory or anti-inflammatory metabolites, and alteration of mucosal immune signaling.*” Studies have shown that
reduced microbial diversity, decreased abundance of SCFA-producing bacteria (eg, Faecalibacterium prausnitzii),”® and
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increased pro-inflammatory species (eg, Escherichia coli) are characteristic of UC patients.”’' These microbial shifts can impair
epithelial tight junctions, promote Th17 cell differentiation, and trigger abnormal immune responses. Thus, understanding
these interconnected pathways offers a valuable framework for interpreting how Traditional Chinese Medicine may exert
therapeutic effects by restoring microbiota-host-immune equilibrium.

Pathophysiological Mechanisms of TCM in the Treatment of UC
UC is classified within the framework of TCM as a form of “chronic dysentery” and is associated with the “intestine”. The
pathophysiological mechanisms underlying UC are characterized by complex interactions across multiple systems and
levels. According to TCM, the fundamental cause of this condition is attributed to deficiencies in the spleen and kidney,
whereas the accumulation of dampness, heat, blood stasis, and toxins represents a more superficial manifestation. These
factors are interrelated and contribute to a pathological cascade involving qi stagnation, blood stasis, and fluid retention.”
Recent advancements in research have yielded significant insights into the signaling pathways implicated in UC.
Research has demonstrated that the excessive activation of inflammatory cells and the aberrant release of inflamma-
tory mediators are central to the pathogenesis of UC.”> TLR4, a member of the Toll-like receptor family, plays a crucial
role in the activation of the NF-kB signaling pathway, which subsequently promotes the expression of inflammatory
factors and triggers an inflammatory cascade via the MyD88-dependent pathway. In its inactive state, NF-kB binds to the
inhibitory protein, IkB, in the cytoplasm. This binding leads to the phosphorylation and degradation of IkB, facilitating
the activation of NF-«kB and enhancing the production and release of proinflammatory factors. TLR4 can initiate an
intracellular immune cascade by recognizing lipopolysaccharide (LPS) receptors, and therapeutic agents can ameliorate
the inflammatory response in UC by inhibiting the TLR4/NF-kB signaling pathway.”* Deoxyschisandrin, an active
component derived from Schisandra chinensis, has been shown to significantly alleviate the symptoms of colitis induced
by dextran sulfate sodium (DSS) in murine models. This is achieved by downregulating the levels of TLR4, MyD88, NF-
kB, malondialdehyde (MDA), calpain I, and Bax, while upregulating the levels of superoxide dismutase (SOD), catalase
(CAT), and Bcl-2 in colonic tissue. The underlying mechanism is associated with inhibition of the TLR4/NF-«B
signaling pathway, which reduces oxidative stress and mitigates the inflammatory response.”” Total glucosides of pacony
(TGP), an effective component of Paeonia lactiflora Pall., have been found in contemporary pharmacological studies to
significantly downregulate the expression of TLR4 and NF-kB in the colonic tissue of UC mice, while decreasing the

levels of MDA and myeloperoxidase (MPO) in the colon.”® Furthermore, Prakash et al’’

reported that varying doses of
loganic acid, an active component of Strychnos nux-vomica, alleviated oxidative stress and diminished inflammatory cell
infiltration in the affected areas of UC in rats by downregulating the expression of TLR4, NF-«xB, and inflammatory
factors while upregulating the expression of heme oxygenase-1 (HO-1), thereby delaying the progression of UC.

The NLRP3 signaling pathway represents a significant intracellular signal transduction mechanism, comprising
NLRP3, apoptosis-associated speck-like protein (ASC), and pro-caspase-1. Research has demonstrated a strong associa-
tion between NLRP3 and UC onset and progression. This pathway exacerbates intestinal inflammation and damage by
modulating the expression of proteins involved in inflammatory responses and apoptosis, thereby influencing the course
of UC.”® Apoptosis, a process of programmed cell death governed by inflammatory mediators, identifies caspase-1 as
a critical effector.”” The activation of NLRP3 leads to the downstream activation of caspase-1, facilitating the maturation
of pro-inflammatory cytokines, such as IL-1p and IL-18, and mediates apoptotic processes. Furthermore, NLRP3 can
modulate the inflammatory response by activating the NF-kB signaling pathway and upregulating inflammasome-
associated proteins. Various monomers derived from traditional Chinese medicine have been shown to influence the
expression of proteins related to the NLRP3 signaling pathway, thereby regulating inflammatory responses, inhibiting
apoptosis, and retarding the progression of UC. Oxymatrine, an alkaloid isolated from Sophora flavescens, was reported
by Sun et al*® to downregulate the protein and mRNA levels of IL-1pB, IL-18, NLRP3, and caspase-1, inhibit activation of
the NLRP3 signaling pathway, and slow the progression of UC. Additionally, matrine F has been observed to sustain
intestinal homeostasis in UC mouse models by modulating the phosphorylation of NF-kB p65 and the expression of
NLRP3 in colonic tissues, while reducing the production of inflammatory factors and reactive oxygen species (ROS).*!
Furthermore, studies have indicated that matrine F can enhance the expression of occludin and ZO-1 in the colon, thereby
improving the integrity of the mucosal barrier and exerting anti-inflammatory effects.®'

International Journal of General Medicine 2025:18 heeps: 5817



Huang et al

The JAK/STAT3 signaling pathway represents a critical intracellular transduction mechanism for JAK and STAT
cytokines, which are essential for the regulation of gene transcription. This pathway plays a significant role in various
biological processes, including immune regulation, inflammatory responses, cell proliferation, and apoptosis.**** Upon
stimulation of T lymphocytes, the conformation of the corresponding receptors on the T cell surface undergo alterations,
leading to the activation of intracellular protein tyrosine kinases. This activation facilitates the translocation of signals to the
nucleus via STAT proteins, thereby initiating an immune response. As a well-established inflammatory pathway, aberrant
activation of the JAK2/STAT3 pathway is closely associated with the progression of UC and other inflammatory diseases.>*
IL-6 levels have been positively correlated with the development of UC.®® IL-6 interacts with its receptor to activate JAK2,
which in turn promotes the phosphorylation of STAT3, mediates NF-kB expression, and regulates the release of inflammatory
mediators.*® Furthermore, activation of the JAK-STATS5 signaling pathway can lead to the expression of the downstream target
gene, Bal-2, which promotes T cell apoptosis and exacerbates intestinal inflammation.

Triptolide, the principal active compound derived from Tripterygium wilfordii, exhibits anti-inflammatory and immuno-
suppressive properties. ZT01, a novel derivative of triptolide, has been shown to mitigate the toxicity associated with triptolide
while preserving its pharmacological efficacy.®” Research indicates that ZTO1 downregulates the expression of STATI,
STAT3, JAKI, and JAK?2 in intestinal tissues by inhibiting JAK/STAT signaling, resulting in reduced inflammation and
restoration of crypt structure in UC rat models.®® Scutellaria polysaccharide, a major chemical constituent of Scutellaria
baicalensis Georgi, has been pharmacologically demonstrated to modulate the IL-23/IL-17 inflammatory axis by down-
regulating JAK2 and STAT3 expression in the colonic tissues of UC mice, thereby diminishing the recruitment of inflamma-
tory factors, such as IL-6, IL-17, and IL-23, and alleviating UC symptoms.* Atractylenolide III has also been shown to treat
UC” by modulating the JAK2/STAT3 signaling pathway and reducing intestinal injury in murine models. Additionally,
studies have indicated that curculigoside, the primary active component of Curculigo orchioides, can downregulate the
expression of JAK1, JAK3, STAT3, TNF-a, IL-1p, and IL-6, thereby inhibiting the inflammatory response mediated by the
JAK/STAT signaling pathway and alleviating symptoms of DSS-induced UC in rat models.”!

The PI3K/Akt signaling pathway primarily comprises phosphoinositide 3-kinase (PI3K) and Akt. Dysregulated
activation of this pathway has been implicated in the pathophysiology of UC, contributing to inflammation, cellular
proliferation, and apoptosis. PI3K activates Akt by generating phosphatidylinositol triphosphate (PIP3), which subse-
quently interacts with phosphoinositide-dependent protein kinase 1 (PDK1) and Akt. Akt serves as a pivotal component
in cellular signaling, modulating processes such as inflammation, apoptosis, and proliferation®*> by phosphorylating
various downstream target proteins, including mTOR, FOXO transcription factors, glycogen synthase kinase 3 (GSK3),
members of the Bel-2 family, and NF-kB. Furthermore, aberrant activation of the PI3K/Akt signaling pathway has been
shown to augment the expression and secretion of pro-inflammatory cytokines, including TNF-a, IL-1p, and IL-6.%*

Rhein, the principal bioactive compound derived from rhubarb, exhibits anti-inflammatory, antioxidant, and anti-
fibrotic properties. Research conducted by Dong et al®> demonstrated that rhein significantly inhibits the expression of
PI3K, Akt, mTOR, TNF-a, IL-1pB, and IL-6 in colon tissue, both in vitro and in vivo, thereby suggesting that rhein
alleviates symptoms and intestinal inflammation in UC models by inhibiting the PI3K/Akt/mTOR pathway.

Paeoniflorin,”® the primary active constituent of Paeonia lactiflora Pall, possesses antitumor, anti-inflammatory,
antioxidant, and immunomodulatory effects. Investigations have indicated that paeoniflorin can ameliorate pathological
alterations in UC models by downregulating the expression of Aktl, Bcl-2, mTOR, PI3K, and inflammatory mediators,
thereby inhibiting the PI3K/Akt/mTOR signaling pathway and exerting protective effects against UC."’

Additionally, Astragalus polysaccharide, an active component of Astragalus membranaceus, has been shown by Zhao et al’®
to inhibit the PI3K/Akt signaling pathway, leading to the downregulation of PI3K and Akt expression, which contributes to its
anti-UC effects.

The Notch signaling pathway, which encompasses DNA-binding proteins, Notch receptors, and Notch ligands, is
integral to the regulation of intestinal stem cell differentiation and proliferation, maintenance of intestinal epithelial
homeostasis, and preservation of antimicrobial function in intestinal epithelial cells.”” The morbidity associated with UC
is linked to dysfunction of the Notch signaling pathway and the inflammatory microenvironment. Upon activation of
Notch, the intracellular domain of Notch (NICD) translocates to the nucleus, where it initiates transcriptional activation
of the Notch target gene hair/division enhancer (Hes1). This process represses the expression of the transcription factors
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Atohl and Mathl1, resulting in an increase in intestinal epithelial cell populations. Concurrently, Notch signaling inhibits
the differentiation of stellate cells and the expression of mucin 2 (MUC2), which compromises the mucus barrier and
disrupts the intestinal epithelial barrier, thereby exacerbating UC.'"® Furthermore, Notch serves as a critical upstream
regulator of the non-classical NF-kB activation pathway. Following macrophage activation, the expression of Notch-1 is
upregulated, which facilitates the phosphorylation of the IxB kinase o/f complex, promotes NF-kB activation, and leads
to the overproduction of pro-inflammatory cytokines.'®!

Aloesin A, an active compound derived from aloe, has been shown to protect the mucosal barrier by inhibiting the
Notch signaling pathway, resulting in the decreased expression of Notchl, Hesl, TNF-a, IL-1p, and IL-6 in murine
models of UC, while simultaneously enhancing the expression of ATOHI, MUC2, IL-10, ZO-1, and Occludin. This
modulation reduces inflammation and mitigates the progression of UC.'"® Additionally, 6-shogaol, an alkylphenolic
compound extracted from Zingiber officinale, regulates the Notch pathway and facilitates the repair of damaged colonic
mucosa'® by upregulating Math-1 protein expression and downregulating Notch-1 and Hes-1 protein levels.
Sinomenine, derived from Caulis Sinomenii,'®* has also been demonstrated to reduce the expression of Notchl and
Hesl in colon tissue, as well as inflammatory markers in serum, through the modulation of the Notch signaling axis,
thereby offering potential therapeutic benefits for the prevention and treatment of UC (See Figure 3).

Cross-Talk and Coordination Among Signaling Pathways Regulated by

TCM in UC

The signaling pathways involved in the pathogenesis of UC, including NF-kB, JAK/STAT3, NLRP3, PI3K/Akt and
Notch, have been shown to not function independently but instead form an interconnected regulatory network, which
orchestrates key biological processes such as mucosal inflammation, epithelial barrier function, and immune
regulation.'® Among these, the NF-kB and JAK/STAT3 pathways have been shown to be closely linked through IL-
6-mediated positive feedback: activation of STAT3 enhances NF-kB nuclear translocation, which further promotes 1L-6
transcription, creating an amplification loop that perpetuates inflammation.'® Similarly, the PI3K/Akt signaling can
activate NF-kB by phosphorylating kB kinase (IKK), and Akt can also regulate downstream mTOR and STAT3
pathways, thereby influencing both inflammation and epithelial repair.'®” The NLRP3 inflammasome, another key pro-
inflammatory mediator, is activated downstream of NF-kB and is modulated by inputs from PI3K/Akt and JAK/STAT3

signaling, illustrating the extent of cross-regulation within this network.'®®

) — S

. TTLR4,NF-KB,NLRP3 (Pro- \

e M inﬂammatory) I
"‘§'\9'ja|mg Pathway l,PPAR-v (anti-inﬂammatory‘),,.f"'

| activate
: J
¢ i
) TNF-aIL- _‘2‘.”

" 1B,IL-6 @

immune response

Microbial community
changes
Microbial imbalance (increase
in harmful bacteria)

Release inflammatory
factors

Ulcerative colitis

Figure 3 Pathophysiological mechanism of ulcerative colitis (UC). Green arrows indicate the activation or upregulation of pro-inflammatory pathways (TLR4, NF-«B,
NLRP3) and downstream cytokines (TNF-a, IL-1pB, IL-6). Red arrows represent the downregulation of the anti-inflammatory factor PPAR-y. These changes lead to immune
activation and gut microbiota dysbiosis, contributing to intestinal inflammation in UC.
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Several TCM formulations may also exert coordinated effects on these interrelated pathways. For instance, Gegen
Qinlian Decoction has been shown to simultaneously inhibit NF-xB and JAK2/STAT3 signaling in DSS-induced colitis
models, resulting in reduced expression of IL-6, TNF-a, and IL-1p, as well as improved epithelial barrier integrity.'®’
Similarly, Bawei Xileisan and Shenling Baizhu Powder downregulate NF-kB and NLRP3 activation, while enhancing
Treg differentiation through PI3K/Akt-mTOR modulation, highlighting their potential to restore immune balance.'"°

Collectively, these interconnected signaling pathways highlight the importance of examining TCM-based treatment
for UC from a systems biology perspective. Future research should focus on elucidating the hierarchical organization and
regulatory interactions among these pathways, and on determining how specific herbs or multi-component TCM

prescriptions modulate this network to exert comprehensive and sustained therapeutic effects.

Treatment of UC with TCM

Gao et al'!!

conducted a randomized controlled trial (RCT) to investigate the impact of the Kangyan Xiaozhong Pill on
the intestinal mucosal barrier and intestinal microecology in patients diagnosed with UC of the large intestine damp-heat
type. The study involved 92 participants who were randomly assigned to either a control group or a treatment group, with
46 individuals in each cohort. Both groups received standard symptomatic treatment. The control group was administered
mesalazine enteric-coated tablets, while the treatment group received anti-inflammatory and swelling pills in addition to
the control treatment. The duration of the intervention was six weeks. The researchers assessed and compared the
efficacy, clinical signs and symptoms scores, intestinal mucosal barrier function, intestinal microecology, inflammatory
markers, and adverse reactions between the two groups before and after the six-week treatment period. The findings
indicated that Kangyan Xiaozhong Pill effectively reduced inflammation in UC patients with the large intestine damp-
heat type and enhanced the intestinal mucosal barrier and microecology, subsequently leading to symptom improvement,
increased efficacy, and a favorable safety profile.

Gao et al''?

conducted an RCT to evaluate the impact of the Anchang Jianpi Zhixie Decoction on endoscopic efficacy,
inflammatory markers, and recurrence rates in patients with UC. The study involved 120 patients with UC who were
randomly assigned to two equal groups. The control group received mesalazine, while the experimental group was
administered a self-prepared Anchang Jianpi Zhixie Decoction in addition to mesalazine. Following a continuous treatment
period of two months, various outcomes were assessed, including symptom efficacy, endoscopic efficacy, TCM syndrome
scores, Mayo Endoscopy Score (MES), Ulcerative Colitis Endoscopy Severity Index (UCEIS), Ulcerative Colitis Luminal
Inflammatory Load Severity Score (DUBLIN), levels of inflammatory markers (specifically TNF-a, IL-6, and CRP),
recurrence rates, and adverse reactions. The findings indicated that the Anchang Jianpi Zhixie Decoction demonstrated
a significant therapeutic effect in UC patients, as evidenced by a marked reduction in endoscopic scores, improvement in
clinical signs and symptoms, a decrease in inflammatory marker levels, and an absence of notable adverse effects.

Cao et al''?

conducted an RCT to evaluate the efficacy and underlying mechanisms of Shenling Baizhu Powder in the
treatment of UC. The study involved 106 patients with UC exhibiting symptoms of spleen deficiency and dampness
accumulation, who were randomly assigned to either a control group or an observation group, with 53 participants in each
group. The control group received mesalazine enteric-coated tablets, whereas the observation group was administered
Shenling Baizhu Powder in conjunction with mesalazine enteric-coated tablets. Both the groups underwent treatment for
12 weeks. The therapeutic outcomes were statistically analyzed, with assessments including TCM syndrome scores, modified
Mayo scores, Geboes index, and quality of life metrics recorded before and after treatment. Additionally, serum inflammatory
markers and Th17/Treg cell balance were evaluated before and after the intervention. These findings indicated that Shenling
Baizhu Powder demonstrated significant efficacy in treating UC characterized by spleen deficiency and dampness accumula-
tion syndrome. The proposed mechanism of action appears to involve the inhibition of pro-inflammatory cytokines such as IL-
6, IL-17, and TNF-a, along with an increase in the release of anti-inflammatory cytokines IL-10 and TGF-f, thereby
contributing to the regulation of the Th17/Treg cell balance (See Figure 4).

Although numerous clinical studies have investigated the therapeutic effects of TCM in UC, most are single-center
and small-sample RCTs. While such studies provide important preliminary evidence, their limited sample sizes and lack
of multicenter design may reduce generalizability and increase the risk of sampling bias. To date, high-quality, large-
scale multicenter RCTs evaluating the efficacy and safety of TCM interventions in UC remain scarce. Furthermore,
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systematic reviews and meta-analyses integrating existing data are also limited. Therefore, future research should
prioritize the design and implementation of rigorously conducted multicenter trials, along with comprehensive evidence
synthesis approaches, to enhance the reliability and clinical applicability of TCM-based treatments for UC.

TCM Combined Therapy for UC

Chen et al''* conducted an RCT to evaluate the clinical efficacy of a modified version of the Gegen Qinlian Decoction in
conjunction with acupuncture for patients diagnosed with UC exhibiting large intestine damp-heat syndrome. The study
involved 120 participants who were randomly assigned to either a control group or an observation group, with 60
individuals in each cohort. The control group received treatment with Bifid Triple Viable Capsules and Mesalazine
Sustained Release Granules, while the observation group was administered the modified Gegen Qinlian Decoction
alongside acupuncture, building upon the treatment provided to the control group, over a duration of one month. Various
outcomes were assessed, including clinical efficacy, symptom remission time, TCM syndrome scores, the Geboes index,
lesion activity index, Baron score, inflammatory markers (IL-6, IL-8, TNF-a), immune function indicators (IgA, IgG,
IgM), Inflammatory Bowel Disease Questionnaire (IBDQ) scores, and recurrence rates. The findings indicated that the
combination of Jiawei Gegen Qinlian Decoction and acupuncture significantly enhanced the clinical manifestations and
symptoms in UC patients with large intestine damp-heat syndrome, facilitated disease recovery, improved immune
function and quality of life, and decreased recurrence rate.

Fan et al''® conducted an RCT to evaluate the efficacy of Zhuquan salt moxibustion in conjunction with Jianpi Yuchang
Decoction for the treatment of UC characterized by spleen and stomach deficiency, as well as its impact on cytokine levels. The
study involved 120 patients diagnosed with UC attributed to spleen-stomach deficiency who were randomly assigned to one of
three groups, with 40 participants in each group. The control group received standard treatment; the Chinese medicine group
received standard treatment along with Jianpi Yuchang Decoction; and the comprehensive treatment group received standard
treatment, bamboo ring salt moxibustion, and Jianpi Yuchang Decoction. All groups underwent treatment for a duration of four
weeks, after which clinical efficacy, TCM syndrome scores, and cytokine levels were compared. The results indicated that the
total effective rate in the comprehensive treatment group surpassed that of both the Chinese medicine group and the control
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group; the Chinese medicine group also demonstrated a higher effective rate than the control group (P < 0.05). Furthermore, post-
treatment TCM syndrome scores were significantly lower across all groups than pre-treatment scores, with the comprehensive
treatment group exhibiting the lowest scores, followed by the Chinese medicine group, and then the control group (P < 0.05).
Additionally, the levels of TNF-o and IL-6 in all groups decreased after treatment compared to baseline levels, with the
comprehensive treatment group showing lower levels than both the Chinese medicine and control groups, and the Chinese
medicine group also exhibited lower levels than the control group (P < 0.05). Conversely, IL-10 levels increased in all groups
post-treatment, with the comprehensive treatment group having higher levels than the Chinese medicine and control groups, and
the Chinese medicine group also showed higher levels than the control group (P < 0.05). The findings of this study suggest that
the combination of bamboo ring salt moxibustion and Jianpi Yuchang Decoction is an effective treatment for UC patients with
spleen-stomach weakness, as it appears to modulate cytokine levels and enhance the clinical symptoms.

Ye et al''® conducted an RCT to investigate the clinical efficacy of external acupuncture utilizing the lifting and
thrusting technique in conjunction with the oral administration of Tongxie Decoction for patients diagnosed with damp-
heat UC. The study involved 81 participants with UC, who were randomly assigned to either a control group (n = 40) or
an observation group (n = 41). The control group received oral mesalazine, while the observation group was treated with
both the Tongxie Decoction and acupuncture. The treatment duration for both the groups was four weeks. The
researchers compared the clinical efficacy, visual analog scale (VAS) scores, inflammatory bowel disease brief health
scale (SHS) scores, ulcerative colitis Mayo scores (Mayo), intestinal mucosal barrier function indices, inflammatory
markers, and adverse reactions before and after treatment between the two groups. The findings indicated that the
combination of external acupuncture using the lifting and thrusting method and oral administration of Tongxie Decoction
significantly benefited patients with UC characterized by damp-heat accumulation. This approach is associated with
reduced pain, enhanced intestinal mucosal barrier function, and diminished inflammatory responses, demonstrating

a favorable safety profile and considerable clinical applicability (Figure 5).

Practical Considerations for Clinical Integration of TCM Treatment

To facilitate the integration of TCM into clinical practice for UC, it is important to consider treatment strategies tailored
to different disease stages and severities. In the active stage, where inflammation and symptoms such as abdominal pain,
diarrhea, and hematochezia are prominent, TCM interventions often focus on resolving heat, dampness, and pathogenic
factors. For example, modified Gegen Qinlian Decoction has been shown to reduce inflammatory cytokines such as IL-6,
IL-8, and TNF-o in patients with large intestine damp-heat syndrome.''” Similarly, the combination of Tongxie
Decoction with acupuncture was reported to alleviate active-stage symptoms and improve mucosal barrier function in
patients with internal damp-heat accumulation.''® For patients with moderate to severe disease activity, integrated
approaches such as Jianpi Yuchang Decoction combined with salt moxibustion demonstrated superior clinical efficacy
in reducing inflammatory markers and improving symptom scores compared to oral TCM alone.""’

In the remission stage, therapeutic goals shift toward stabilizing the disease, maintaining mucosal healing, and
preventing relapse. Shenling Baizhu Powder has been used in this context, particularly for patients with spleen deficiency
and dampness accumulation, by modulating the Th17/Treg balance and enhancing anti-inflammatory cytokine
expression.'?’ These findings suggest its potential as a maintenance therapy. However, most available studies are of
short duration and lack stage-specific comparisons, limiting broader clinical translation.

Regarding disease severity, patients with mild to moderate UC generally respond well to oral TCM formulations,
either as monotherapy or as adjuncts to standard treatments. In contrast, those with severe disease may require
a combined regimen incorporating TCM and conventional agents such as mesalazine or immunosuppressants to achieve
symptom control and mucosal repair.”'?! Despite promising results, there remains a lack of standardized treatment
algorithms that stratify TCM usage by disease phase or severity. Therefore, future studies should aim to develop
evidence-based, stage-specific protocols that integrate TCM syndrome differentiation with modern severity indices,
such as the Mayo score and UCEIS, to improve individualized treatment planning.
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approach achieves synergistic anti-inflammatory effects and promotes intestinal barrier repair.

Innovative Mechanisms and Emerging Research Directions in TCM

Treatment of Ulcerative Colitis

Recent advances in TCM research have identified various innovative mechanisms that offer new perspectives on UC
treatment, complementing traditional theories with modern biomedical insights. One notable direction involves the
regulation of ferroptosis, a form of iron-dependent programmed cell death characterized by lipid peroxidation. Studies
have demonstrated that TCM monomers such as curculigoside can upregulate GPX4 expression, enhance intracellular
glutathione synthesis, and reduce malondialdehyde (MDA) and reactive oxygen species (ROS) accumulation, thereby
suppressing ferroptosis in DSS-induced colitis models.'** Similarly, curcumin, a bioactive compound from Curcuma
longa, has been shown to inhibit ferroptosis and oxidative stress, leading to the attenuation of colonic injury.'?* Classical
herbal formulations also contribute to ferroptosis inhibition; for example, Shaoyao Gancao Tang decreases iron deposi-
tion and GSH consumption while reducing MDA levels, primarily through GPX4-mediated pathways.'*?

In parallel, the gut microbiota and its metabolites have emerged as critical mediators of TCM’s therapeutic effects in
UC. Metabolomic profiling of TCM-treated models has revealed altered levels of uric acid and other key metabolites
following administration of Shaoyao Decoction, with significant changes observed in both proximal and distal colonic
tissues.'>* Additionally, several herbal prescriptions have been reported to normalize gut dysbiosis by reducing the
Firmicutes/Bacteroidetes ratio and increasing beneficial taxa such as Lactobacillus, thereby enhancing short-chain fatty
acid production, preserving epithelial integrity, and reducing inflammation.'*

Another emerging focus is the modulation of the gut-brain axis, wherein TCM interventions exert neuroimmune regulatory
effects. Herbal treatments targeting serotonin (5-HT) signaling have shown promise in alleviating both gastrointestinal
symptoms and mood disturbances associated with UC.'?> Moreover, acupuncture and moxibustion at specific acupoints,
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including ST36 (“Zusanli”) and ST25 (“Tianshu”), have been shown to activate the cholinergic anti-inflammatory pathway
and reduce intestinal cytokine production, indicating that neuromodulation contributes to their efficacy.

Beyond single mechanisms, TCM compounds are capable of regulating multiple types of programmed cell death
(PCD), including apoptosis, autophagy, necroptosis, and pyroptosis. For instance, curcumin not only inhibits ferroptosis
but also modulates autophagic processes by downregulating Atgl2, Beclin-1, and LC3II expression in colonic epithelial

12
cells,'?®

thereby simultaneously influencing multiple PCD pathways for a broader and potentially more effective
approach to disease control than conventional single-target drugs.

Importantly, the integration of artificial intelligence (AI) and network pharmacology is accelerating the identification
of novel TCM targets in UC. Wu et al employed machine learning to construct a compound-target-pathway network
based on metabolomic data of Shaoyao Decoction, identifying key molecular targets such as STAT3, IL-1B, IL-6, AKTI,
and ICAM1, and confirming high-affinity interactions with active metabolites including quercetin, baicalin, kaempferol,
and wogonin.'?’” Furthermore, multi-omics integration, including genomics, proteomics, and spatial transcriptomics, is
enabling comprehensive analyses of the biological effects of TCM compounds, offering unprecedented insights into their
mechanisms of action.'*®

Building on these advances, these advances reflect a broader trend in TCM research toward the integration of high-
throughput technologies and data-driven methodologies, contributing to a more refined and scientifically grounded

approach to UC management.

Conclusion

While current therapies for UC, including biologics and small-molecule inhibitors, have improved disease control, issues such
as high cost, limited accessibility, and long-term safety concerns remain. In this regard, TCM, with its multi-target and multi-
pathway regulatory properties, offers a potential complementary approach. Numerous experimental and clinical studies have
shown that TCM can reduce inflammation, regulate immunity, and protect the intestinal barrier by modulating pathways such
as NF-xB, JAK/STAT3, PI3K/Akt, and NLRP3. However, the clinical translation of TCM is limited by the lack of direct
comparisons with standard therapies and insufficient data on pharmacokinetics, toxicity, and long-term safety. Few studies
have evaluated how TCM compares to biologics or small molecules in terms of efficacy, cost, and accessibility. Furthermore,
most clinical trials remain small, single-center studies without standardized endpoints.

To strengthen the role of TCM in modern UC management, future research could adopt a more rigorous and
translational framework, such as designing multicenter randomized controlled trials that directly compare TCM inter-
ventions with standard therapies such as biologics and small-molecule inhibitors. In addition to efficacy endpoints, future
studies could incorporate dose-finding protocols, pharmacodynamic assessments, and long-term safety monitoring. The
integration of biomarker-based patient stratification, such as inflammatory profiles, microbiota composition and genetic
susceptibility, could improve the precision of TCM application. Furthermore, aligning TCM syndrome differentiation
with internationally accepted disease classification systems may enhance its clinical relevance. To elucidate the molecular
basis of TCM efficacy, network pharmacology, high-throughput screening, and multi-omics approaches could also be
applied. Together, these strategies may provide a more comprehensive understanding of TCM mechanisms and support
its safe and evidence-based inclusion in contemporary treatment strategies for UC.
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