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Background: Evidence suggests that luteolin (LUT) may offer therapeutic
potential in treating ulcerative colitis (UC), though its specific pharmacological
mechanisms remain incompletely understood. This meta-analysis aims to assess
the pharmacological effects of LUT in UC animal models and investigate its
potential mechanisms of action.

Methods: A comprehensive search of five databases, namely, PubMed, Web of
Science, Embase, EBSCO, and ScienceDirect, was conducted to identify studies
investigating the effects of LUT on UC. The search, covering data up to March
2025, yielded 19 eligible studies involving a total of 327 animal subjects. The
outcomes were analyzed using the standard mean difference with a 95%
confidence interval in R (4.3.3) software.

Results: The meta-analysis revealed that LUT significantly ameliorated colon length,
reduced the disease activity index, alleviated body weight loss, and decreased
histological scores. Further mechanistic analysis indicated that LUT exerts its effects
through multiple mechanisms, including the reduction of pro-inflammatory cytokines,
elevation of anti-inflammatory cytokines, promotion of tight junction protein
expression, and improvement of oxidative stress-related indices. However, LUT
appears to have no significant impact on the a-diversity of the intestinal microbiota.

Conclusion: This study suggests that LUT may exert significant therapeutic
effects in UC animal models through antioxidant, anti-inflammatory,
immunomodulatory, and barrier-protective mechanisms. Further clinical
studies and translational research are essential to bridge the gap between
animal models and human applications.

Systematic Review Registration: https://inplasy.com/inplasy-2025-5-0055/,
identifier INPLASY202550055.

luteolin, ulcerative colitis, systematic review, meta analysis, animal model

1 Introduction

Ulcerative colitis (UC) is a chronic, recurrent intestinal inflammatory disease, and its
global burden has increased substantially over the past 3 decades, particularly in
industrialized countries (Agrawal and Jess, 2022). Immune-mediated inflammation is
widely acknowledged as a central factor in the development of UC (Le Berre et al,
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2023; Xv et al., 2024). The introduction of biologic agents targeting
key inflammatory factors such as interleukin-23 (IL-23) and tumor
necrosis factor-a (TNF-a) has improved the management of various
degrees of UC (D’Haens and van Deventer, 2021; Feagan et al.,
2016). However, around 40% of patients continue to experience
either primary or secondary non-response. Additionally, prolonged
use of these agents may raise the risk of infections and malignancies.
Although immune inflammation is a prominent feature of UC, we
must admit that UC is a pathological result driven by multiple
factors, including intestinal dysbiosis and mucosal barrier
disruption (Foppa et al., 2024; Mansouri et al.,, 2025). In light of
recent discoveries of natural products with promising clinical
potential, researchers are increasingly exploring natural
compounds with multi-target regulatory effects as complementary
therapeutic options for UC (Lu et al., 2025).

Luteolin (LUT), a flavonoid commonly present in medicinal
plants such as Chrysanthemum (Chrysanthemum morifolium)
and Honeysuckle (Lonicera japonica), displays various biological
effects, such as anti-inflammatory, immunomodulatory, and
intestinal microecology-improving effects (Xue et al., 2023; Li
B. et al.,, 2021). Emerging studies have found that applying LUT
can significantly alleviate experimental colitis. In further
mechanistic exploration, LUT has been shown to regulate
inflammation-related pathways (e.g., Nuclear Factor kappa-B
(NF-xB) signaling pathway), inhibiting pro-inflammatory
cytokines (Li B. et al., 2021; Li et al., 2023). It also promotes
the colonization of beneficial bacteria and enhances intestinal
epithelial integrity by upregulating the expression of tight
junction proteins, including zonula occludens-1 (ZO-1) (Yang
etal., 2025a). However, the current body of evidence is limited by
several key factors. Firstly, there is significant heterogeneity in
research protocols, including variations in animal dosage
(ranging from 10 to 100 mg/kg) (Li B.-L. et al, 2021;
Magadan-Corpas et al, 2024) and treatment duration
(spanning 4-41 days) (Li B.-L. et al,, 2021; Xie et al.,, 2022).
Additionally, a substantial translational gap exists, as current
studies are confined to experimental colitis models and lack
corresponding clinical investigations. Furthermore, systematic
evaluation is lacking, with no studies that quantitatively integrate
LUT’s overall effects on core UC outcomes, such as the disease
activity index (DAI) and histology.

Based on previous research, we hypothesize that LUT exerts
significant therapeutic effects on UC models through multi-target
mechanisms, but its efficacy requires thorough quantitative
integration and mechanistic clarification. This study, through a
rigorous literature screening and meta-analysis, offers the first
evidence-based integration of preclinical studies on LUT’s effects
in the treatment of UC. LUT is recognized as one of the pan-assay
interfering compounds (PAINS), which may yield false positive
results in in vitro experiments due to its PAINS properties (e.g.,
redox activity, nonspecific binding); therefore, only animal
experiments have been involved in this study (Bolz et al.,, 2021;
Magalhaes et al., 2021). It quantitatively evaluates LUT’s impact on
clinical indicators such as the DAI and colon length (CL) and
systematically summarizes its mechanisms. Subgroup analyses are
conducted to elucidate the therapeutic characteristics of LUT. The
findings aim to provide prioritized recommendations for the design
of future clinical trials.
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2 Methods

This manuscript follows the reporting guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Page et al.,, 2021). The study was
formally registered on INPLASY (https://inplasy.com/; registration
number: INPLASY202550055).

2.1 Literature search

To collect detailed information on preclinical animal studies
regarding the use of LUT for treating UC, we performed a literature
search across five databases: PubMed, Web of Science, Embase,
EBSCO, and ScienceDirect. The search was conducted until March
5, 2025. A comprehensive search strategy was implemented to
ensure thorough coverage of relevant literature. After consulting
with all authors, medical subject headings terms and free-text search
terms were combined to identify diseases and drug interventions,
“ulcerative “luteolin,” and “3',4',5,7-

including colitis,”

Tetrahydroxyflavone” (Supplementary Table S1).

2.2 Inclusion criteria

Every animal study assessing the efficacy of LUT in UC
treatment was considered for inclusion, regardless of the animal
species, modeling methods, sex, or sample size. The studies selected
met the following criteria: (Agrawal and Jess, 2022): published
research articles about animal studies; (Le Berre et al., 2023);
studies with independent intervention and model groups; (Xv
et al,, 2024); studies with any dose, route, method, and regimen
of administration; (D’Haens and van Deventer, 2021); intervention
group received only LUT treatment, while model group did not
receive any treatment or was treated with vehicle; (Feagan et al.,
2016); availability of experimental data.

2.3 Exclusion criteria

The following studies were excluded: (Agrawal and Jess, 2022):
clinical studies, in vitro experiments (in vitro experiments were
strictly excluded from this study considering that LUT is one of the
PAINS (Bolz et al., 2021; Magalhées et al., 2021)), reviews, and case
reports; (Le Berre et al., 2023); studies with significant data bias; (Xv
et al., 2024); duplicate publications; (D’Haens and van Deventer,
2021); studies with missing experimental data; (Feagan et al., 2016);
studies not reporting any of the primary outcomes prespecified in
our protocol.

2.4 Data extraction

The following data were extracted independently by two
authors: (Agrawal and Jess, 2022): the first author and the
publication year (if the same author appeared in multiple studies,
different letters (a, b) were used to distinguish them); (Le Berre et al.,
2023); animal species, sex, and sample size; (Xv et al, 2024);
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modeling method for UC in animals; (D’Haens and van Deventer,
2021); intervention measures, including the intervention period and
dosage for both the model and treatment groups; (Feagan et al.,
2016); outcome measures, including histological score (HSC), body
weight change (BWC), CL, DAL, IL-6, IL-1p, IL-17, IL-10, TNF-a,
ZO-1, occludin, myeloperoxidase (MPO), Superoxide dismutase
(SOD) and malondialdehyde (MDA). Notably, for primary
outcome HSC, all included studies used a standardized scoring
system damage, which
components, including the severity of inflammation, degree of

to assess tissue consists of five
inflammatory cell infiltration, epithelial damage, extent of lesions,
and edema score, each evaluated on a scale from 0 to 3 (Vukeli¢ et al.,
2020). For each animal’s colon section, the most representative area
of the lesion was selected for evaluation at 200x magnification. It
integrates the infiltration degree of inflammatory cells and the
damage of mucosal structure to make a systematic assessment of
intestinal inflammation is suitable for the evaluation of all colitis
models. In cases where the treatment group involved multiple
dosage levels, the highest dosage group was selected for meta-
analysis. For data presented in the figures, the original data were
initially obtained from the authors; otherwise, the graph data were

quantified using Origin software.

2.5 Quiality assessment

The risk of bias was independently evaluated by two authors
utilizing the 10-item Scale for the Assessment of Risk in Laboratory
Animal Experiments (SYRCLE) (Hooijmans et al, 2014). The
quality encompassed bias,
performance bias, detection bias, attrition bias, reporting bias,

assessment  criteria selection
and additional sources of bias. Any discrepancies during the
assessment process would be addressed by consultation with the

corresponding author.

2.6 Data analysis

The standardized mean difference (SMD) and 95% confidence
intervals (CIs) were calculated to assess the LUT’s effects on
outcomes, as all outcomes were continuous indices. A p-value of
0.05 was set as the significance threshold for comparing the LUT
intervention with the model groups. Heterogeneity was evaluated
using the I statistic. An I* statistic <50% indicated mild
heterogeneity, so we used the fixed-effect model to conduct the
meta-analysis. If I* >50%, the random-effects model was applied
because of significant heterogeneity. Subgroup analyses were
conducted to explore sources of heterogeneity. According to
different animal species, modeling methods, dosage levels, and
treatment duration of included studies, we divided them into
several subgroups and repeated the same analyses. For each
outcome, if the number of included studies exceeded 10, the
Egger test was employed to assess publication bias. A p-value of
less than 0.05 was considered indicative of significant publication
bias, which would be corrected using the trim-and-fill method. This
method identified the missing studies (those that would have been
published if there were no bias) and then imputed their effect sizes to
generate a more accurate estimate of the overall effect. The
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procedure adjusts the funnel plot and recalculates the pooled
effect size, providing a bias-corrected estimate. Sensitivity analysis
was conducted to evaluate the impact of each study on the overall
results. The above analyses were conducted using R (4.3.3) software.

3 Results
3.1 Literature search and screening

Following the search strategy, 998 English articles were obtained
through preliminary search, including 45 from PubMed, 116 from
Embase, 65 from Web of Science, 57 from EBSCO, and 715 from
ScienceDirect. After importing into EndNote software and removing
duplicates, 816 articles remained. Among the remaining articles,
797 were deleted after assessing the title, abstract, and full text.
Finally, 19 articles were included after full-text evaluation (Xue et al.,
2023; Li B. etal,, 2021; Li et al., 2023; Yang et al., 2025a; Li B.-L. et al,,
2021; Magadan-Corpas et al., 2024; Xie et al., 2022; Vukeli¢ et al.,
20205 Li et al, 2016; Liu et al,, 2025; Xie et al,, 2024; Yang et al,,
2025b; Liu et al., 2020; Suga et al., 2021; Tan et al., 2024; Bi et al,,
2024; Tan et al., 2022; Pan et al., 2025; Lu et al., 2023). The process of
literature search and screening was demonstrated in Figure 1. Most
of the encompassed studies were published in the past 5 years,
indicating that LUT is an emerging natural product with therapeutic
effects on UC and may have translational potential.

3.2 Features of the included studies

This study encompassed 19 articles involving 327 animals.
Within this combined cohort, 161 animals were allocated to the
intervention group while 166 animals were allocated to the model
group. The animal species used included 52 BALB/c mice (Yang
et al.,, 2025a; Yang et al., 2025b; Tan et al., 2024), 175 C57BL/6 mice
(Xue et al., 2023; Li B.-L. et al., 2021; Xie et al., 2022; Vukeli¢ et al.,
20205 Li et al., 2016; Liu et al., 2025; Xie et al., 2024; Suga et al., 2021;
Bi et al., 2024; Pan et al.,, 2025), 12 Sprague-Dawley rats (Lu et al.,
2023), 56 Wistar rats (Li B. et al., 2021; Li et al., 2023; Liu et al., 2020),
16 Fischer 344 rats (Magadan-Corpas et al., 2024), and 16 Kunming
mice (Tan et al,, 2022). In terms of sex specificity, 17 studies used
only male animals (Xue et al., 2023; Li B. et al,, 2021; Li et al., 2023;
Yang et al,, 2025a; Li B.-L. et al., 2021; Magadan-Corpas et al., 2024;
Xie et al., 2022; Vukelié¢ et al., 2020; Li et al., 2016; Xie et al., 2024;
Yang et al., 2025b; Liu et al., 2020; Suga et al., 2021; Tan et al., 2024;
Bi et al,, 2024; Tan et al.,, 2022; Lu et al.,, 2023), one study focused
exclusively on female animals (Pan et al., 2025), and one study failed
to specify the sex of animals (Vukeli¢ et al., 2020). The administered
doses of LUT ranged from 10 mg/kg to 100 mg/kg. The majority of
studies employed oral gavage for administration (Xue et al., 2023; Li
B. et al, 2021; Li et al., 2023; Yang et al., 2025a; Li B.-L. et al., 2021;
Xie et al., 2022; Vukeli¢ et al., 2020; Li et al., 2016; Liu et al., 2025; Xie
et al., 2024; Yang et al., 2025b; Liu et al,, 2020; Tan et al., 2024; Bi
et al., 2024; Tan et al,, 2022; Pan et al., 2025; Lu et al., 2023), one
study utilized intraperitoneal injection (Magaddn-Corpas et al.,
2024), and one study incorporated the treatment into the feed
(Suga et al., 2021). The intervention durations varied between
4 and 41 days, with ten studies

involving long-term
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FIGURE 1
Flowchart of the literature search and screening process.

(=)
g .
= Records identified from Records removed before screening
g Databases (n =998 ) ——— | Duplicate records removed (n=182)
g
—
e
v
Records screened »| Records excluded (n=551)
(n=816) Reviews, Books, Conferences,
Clinical study
o v
E Reports for appraisal titles and Records excluded
g abstract (n = 265) ¥ Not ulcerative colitis (n=61)
Not luteolin (n =134)
Not in vivo experiment (n =49)
A
Full text assessment for Reports excluded
eligibility (n=21) Lack of individual luteolin group (n
I ”
§ Studies included in systematic
2 review (n=19)
-t
—

administration (lasting >14 days) (Xue et al., 2023; Li B. et al., 2021;
Lietal., 2023; Yang et al., 2025a; Xie et al., 2022; Xie et al., 2024; Yang
etal., 2025b; Suga et al., 2021; Bi et al., 2024; Lu et al., 2023) and nine
studies involving short-term administration (<14 days) (Li B.-L.
et al,, 2021; Magadan-Corpas et al., 2024; Vukeli¢ et al., 2020; Li
etal., 2016; Liu et al., 2025; Liu et al., 2020; Tan et al., 2024; Tan et al.,
2022; Pan et al., 2025). In this study, the experimental group received
LUT treatment, while the model group received a solvent or blank
control. For UC induction, two studies used 2,4,6-
Trinitrobenzenesulfonic acid (TNBS) (Liu et al,, 2020; Lu et al,
2023) enema, and 17 studies added dextran sulfate sodium (DSS) to
drinking water (Xue et al., 2023; Li B. et al., 2021; Li et al., 2023; Yang
et al,, 2025a; Li B.-L. et al.,, 2021; Magadan-Corpas et al., 2024; Xie
et al., 2022; Vukeli¢ et al., 2020; Li et al., 2016; Liu et al., 2025; Xie
et al., 2024; Yang et al., 2025b; Suga et al., 2021; Tan et al., 2024; Bi
et al,, 2024; Tan et al., 2022; Pan et al., 2025).

The literature included was compiled to assess the impact of
LUT on UC. Sixteen studies measured DAI, fifteen assessed CL,
eleven assessed BWC, and eleven performed histopathological
analysis. Regarding inflammatory biomarkers, four studies
reported IL-10 levels, two studies assessed IL-17 levels, three
studies evaluated C-reactive protein (CRP) levels, eight studies
assessed TNF-q, and seven studies measured IL-1{ levels and IL-
6 levels. Regarding oxidative stress-related indicators, five studies

measured MPO activity, three studies reported MDA levels, and four
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studies assessed SOD levels. Regarding mucosal barrier-related
indicators, five studies analyzed ZO-1 levels, and four studies
measured occludin levels. Additionally, five studies evaluated the
Chao index and Shannon index. Detailed information from the
encompassed studies was provided in Table 1.

3.3 Study quality

The quality of the studies was evaluated using a 10-item scale,
scoring from 3 to 6 points. The distribution of scores was as
follows. Of the 19 studies reviewed, 17 mentioned random
allocation of animals but did not provide details about the
specific randomization method used. The remaining four
studies did not report any form of randomization of the
animals. Housing conditions were identical in 14 studies,
whereas three studies did not report this. Three studies revealed
the existence of incomplete data, while 16 studies confirmed the
availability of complete data. No cases of selective reporting were
found. None provided precise details regarding the blinding of
participants and personnel. However, three studies reported
blinding of outcome assessors. Furthermore, none of the studies
reported allocation concealment. Finally, potential sources of bias
were not identified in any of the studies. The methodological
quality of the incorporated studies was detailed in Figure 2.
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TABLE 1 Basic characteristics of the included studies.

10.3389/fphar.2025.1639644

Study (year) Species (sex, n = Model method Lut group Model group Outcome index
Lut/model (administration,  (administration,
group, weight) drug dose, drug dose,
duration) duration)
Xue et al. (2023) | C57BL/6 mice (male, 8/8) = 3% DSS in the drinking water By gavage, 50 mg/kg, By gavage, 0.5% CMC- = @O®®
(7 days) 14 days Na, 14 days
Li B. et al. (2021) | Wistar rats (male, 10/10, | 3.5% DSS in the drinking water By gavage, 34.6 mg/kg, = By gavage, 0.9% sodium = @®®
200 + 20 g) (10 days) 14 days chloride, 14 days
Li et al. (2023) Wistar rats (male, 10/10, | 3.5% DSS in the drinking water By gavage, 34.6 mg/kg, = By gavage, normal [0]6]C)
200 + 20 g) (10 days) 14 days sodium chloride, 14 days
Yang et al. BALB/c mice (male,8/ 3% DSS in the drinking water By gavage, 25 mg/kg, By gavage, 0.5%CMC- (0]6]6]0]6I61VI6lICICICIW]
(2025a) 8,18-22 g) (7 days) 14 days Na,14 days
Li B.-L. et al. C57BL/6 mice (male, 8/8) = 4% DSS in the drinking water By gavage, 100 mg/kg, Not mention QO@®®
(2021) (7 days) 4 days
Magadén-Corpas Fischer 344 rats (male, 3% DSS in the drinking water Intraperitoneal, Intraperitoneal, PBS, ODOREO®M®®
et al. (2024) 8/8) (7 days) 10 mg/kg, 11 days 11 days
Xie et al. (2022) C57BL/6] mice (male, 12/ | 2 %DSS for the 5 days, sterile By gavage, Not mention [0]6]6]0]6]GI0ICICIE)
12, 21-22 g) distilled water for 4 days, continue | max20 mg/kg, 41 days
4 cycles
Vukeli¢ et al. C57BL/6 mice (male, 3% DSS in the drinking water By gavage, 100 mg/kg, Not mention @@
(2020) 6-8/6-8) (5-7 days) 5 days
Li et al. (2016) C57BL/6 mice (male, 6/6) = 3% DSS in the drinking water By gavage, 50 mg/kg, By gavage, 0.5% [0]6]I0]RE)
(7 days) 7 days carboxymethyl cellulose,
7 days
Liu et al. (2025) C57BL/6] mice (10/10, 2.5% DSS in the drinking water By gavage, 100 mg/kg, Not mention OOO®
23-25g) (7 days) 7 days
Xie et al. (2024) C57BL/6] mice (male, 12/ =~ 2% DSS in the drinking water for = By gavage, 10 mg/kg, By gavage, 0.5% CMC- Q@@ @®®
12, 20-22 g) 5 days, distilled water for 4 days,a | 31 days Na, 31 days
total of four rounds
Yang et al. BALB/c mice(male, 10/ 3% DSS in the drinking water By gavage,50 mg/kg, By gavage, 0.5% CMC-  OQ@®®GO®D®®®
(2025b) 10, 18-22 g) (7 days) 17 days Na, 17 days
Liu et al. (2020) Wistar rats (male, 8/8, Enema with 2.5% TNBS for 3 days = By gavage, 100 mg/kg, Not mention eOOOA@®
180-200 g 10 days
Suga et al. (2021) | C57BL/6N mice (male, 2.5% DSS in the drinking water By diet, 80 mg/kg, Not mention [6l6]6)
5/10) (7 days) 14 days
Tan et al. (2024) BALB/c mice (male, 8/8, = 3% DSS in the drinking By gavage, 100 mg/kg, Not mention [0]0]6]6]6ICIY)
16-20 g) water(10 days) 10 days
Bi et al. (2024) C57BL/6 mice (male, 3% DSS in the drinking By gavage, 5 mg/kg, Not mention (0]8]6]GCIY)
12/12) water(7 days) 14 days
Tan et al. (2022) Kunming mice (male, 3% DSS in the drinking By gavage, 20 mg/kg, Not mention [0]6]6]0I610I6I0IM)
NA/NA, 22-25 g) water(7 days) 7 days
Pan et al. (2025) C57BL/6] (mice, female, 3% DSS in the drinking By gavage, 17 mg/kg, Not mention [0]6]6]010I0IE)
4/4, 18-20 g) water(7 days) 5 days
Lu et al. (2023) Sprague Dawley rats Enema with 2.5% TNBS for By gavage,100 mg/kg, Physiological saline, [0]6]6]CIGI6IOlElE)
(male, 6/6, 180-220 g) 28 days 28 days

Notes: @BWC @DAI ®CL @HSC ®IL-10 ®IL-1p @IL-6 ®TNF-a @CRP @IL-17 @MPO @MDA ®SOD @Z0-1 ®occludin ®Chao @Shannon.

3.4 Results of the meta-analysis

3.4.1 Histopathology and clinical indices

random-effects model to combine the results of the effect of LUT
on HSC in UC models. The meta-analysis revealed that LUT
intervention significantly reduced the HSC of UC model animals

(SMD = —2.28, 95% CI [-3.06, —1.49], p < 0.001) (Figure 3A).
CL is an important indicator for assessing the severity of colonic

In 17 studies that analyzed the histopathological parameters of
colon tissue in mice, 11 measured HSC, involving a total of
inflammation in UC animal models. Fifteen studies investigated the
effect of LUT on CL in UC animals, involving 223 animals. Given the

132 animals. Significant heterogeneity was observed across
studies (I* = 59.10%, p = 0.007). Therefore, we employed a
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A B C
Xue L, et al.,2023 (9) unclear unclear unclear
Li B, et al.,2021a (10) unclear low unclear
Li B, et al.,2023 (11) unclear low unclear
Yang S, et al.,2025a(12) unclear low unclear
Li B, et al.,2021b (13) unclear unclear unclear
Magadan-Corpas P, et al.,2024 (14) unclear unclear unclear
Xie X, et al.,2022 (15) unclear low unclear
Vukeli¢ 1, et al.,2020 (19) unclear unclear unclear
LiY, etal.,2016 (21) unclear unclear unclear
Liu M, et al.,2025 (22) high low unclear
Xie X, et al.,2024 (23) unclear low unclear
Yang S, et al.,2025b (24) unclear low unclear
Liu D, et al., 2020 (25) unclear low unclear
Suga N, et al., 2021(26) unclear unclear unclear
Tan J, et al., 2024 (27) unclear low unclear
Bi X, et al., 2024 (28) high  unclear unclear
Tan C, et al., 2024 (29) unclear low unclear
Pan X, et al., 2025(30) unclear | low | unclear
Lu Z, et al., 2023(31) unclear low unclear

FIGURE 2

The methodological quality of included studies. A, Sequence generation

10.3389/fphar.2025.1639644

D E F G H 1 J Total
low unclear unclear unclear unclear | low low 3
low unclear ~ high  unclear unclear | low low 4
low unclear ~ high  unclear = high low low 4
low unclear unclear = low low low low 6

unclear unclear low unclear low low low 4
low unclear  high  unclear = low low low 4
low unclear unclear unclear = high low low 4
low unclear =~ high  unclear unclear | low low 3
low unclear low low low low low 6
low unclear = high  unclear unclear | low low 4
low unclear unclear unclear  high low low 4
low unclear unclear | low | unclear | low low 5
low unclear low unclear | low low low 6
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heterogeneity across studies, we used a random-effects model to
pool the effects. The meta-analysis indicated that LUT significantly
increased the CL in UC animals (SMD = 2.01, 95% CI [1.13, 2.88],
p < 0.001) (Figure 3B).

BWC reflects the overall nutritional status and can indirectly
indicate how intestinal inflammation impacts the general health of
UC animals. In the integrated cohort of 180 animals in 11 studies, we
used a random-effects model to combine the effects of ten studies.
The results demonstrated that LUT significantly improved the body
weight of UC animals, suggesting an improvement in general health.
However, significant heterogeneity was observed across studies
(SMD = 1.98, 95% CI [0.84, 3.13], p < 0.001) (Figure 3C).

The DAI score summarizes the stool consistency, presence of rectal
bleeding, and body weight, serving as a key indicator of intestinal
inflammation. The meta-analysis of 16 studies involving 259 animals
revealed that LUT intervention significantly reduced the DAI score in
UC animals, highlighting its potential to alleviate intestinal inflammation
(SMD = -1.68, 95% CI [-2.41, =0.96], p < 0.001) (Figure 3D).
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3.4.2 Inflammatory biomarkers

IL-17, IL-6, IL-1[3, TNF-a, CRP, and IL-10 are major
biomarkers of inflammation. At least two studies included in
our analysis reported these markers. IL-1f, IL-6, and TNF-a are
primary pro-inflammatory mediators, while IL-10 is a common
anti-inflammatory factor. CRP, a liver-synthesized acute-phase
reactant, indicates systemic inflammation. Based on a random-
effects meta-analysis, LUT significantly decreased the levels of
IL-17 (n =2, SMD = -2.12,95% CI [-4.03,-0.21], I* = 61.5%, p =
0.03), IL-6 (n = 7, SMD = —3.32, 95% CI [-5.83, —0.82], I? =
78.1%, p = 0.009), IL-1p (n = 7, SMD = -2.9, 95% CI
[-4.35, —1.45], I* = 73.8%, p < 0.001), TNF-a (n = 8,
SMD = -2.90, 95% CI [-3.90, —1.89], 1> = 59.4%, p < 0.001),
and CRP (n =3, SMD = —5.53,95% CI [-7.76, —3.30], I* = 52.6%,
p < 0.001), while increasing the level of IL-10 (n = 4, SMD =
5.27,95% CI [0.96, 9.58], I* = 83.9%, p =0.017) (Figures 4A-F).
These results demonstrate the anti-inflammatory effects of
LUT in UC.
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FIGURE 3

Forest plots showing results of histological and primary outcomes. (A) Histological score (HSC). (B) Colon length (CL). (C) Body weight change
(BWC). (D) Disease activity index (DAI). The blue squares and horizontal lines represent the standardized mean difference (SMD) and 95% confidence
intervals (Cls); the red diamond denotes the pooled effect.
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FIGURE 4

Forest plots showing results of inflammatory biomarkers. (A) Interleukin (IL)-17. (B) IL-6. (C) IL-1B. (D) Tumor necrosis factor (TNF)-a. (E) C-reactive
protein (CRP). (F) IL-10. The blue squares and horizontal lines represent the standardized mean difference (SMD) and 95% confidence intervals (Cls); the
red diamond denotes the pooled effect.

3.4.3 Intestinal barrier-related parameters 5A,B). These results suggest that LUT may help restore the
Tight junctions contribute to the paracellular barrier, compromised intestinal epithelial barrier function in UC.

regulating the selective passage of substances and maintaining

the integrity of intestinal barrier. Critical tight junction proteins, ~ 3.4.4 Oxidative stress-related parameters

Z0-1 and occludin, are indicative of the integrity of this barrier. Oxidative stress arises when the production of reactive oxygen
The results indicated that intervention with LUT significantly  species (ROS) exceeds the capacity of antioxidant defenses, leading to
increased occludin levels in the UC animal model (n =4, SMD = cell and tissue damage. Within this state, MDA (a byproduct of lipid
2.14, 95% CI [0.18, 4.10], I* = 63.0%, p = 0.032), while also  peroxidation), SOD (a key enzyme responsible for scavenging
showing a potential improvement effect on ZO-1 levels (n = 5,  superoxide radicals), and MPO (a pro-oxidative enzyme derived
SMD = 5.00, 95% CI [-0.16, 10.16], 1> = 92.1%, p = 0.057) (Figures  from neutrophils) serve as important biomarkers for oxidative
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FIGURE 5

Forest plots showing results of intestinal barrier-related parameters. (A) occludin. (B) Zonula occludens-1 (ZO-1). The blue squares and horizontal
lines represent the standardized mean difference (SMD) and 95% confidence intervals (Cls); the red diamond denotes the pooled effect.

damage, antioxidant defense, and pro-oxidant activity, respectively. We
assessed the intervention effects of LUT on these three proteins to
evaluate its role in UC-associated oxidative stress. The meta-analysis
results showed that LUT effectively upregulated SOD levels (n = 4,
SMD = 6.37,95% CI [1.71, 11.02], I = 87.4%, p = 0.007) and decreased
MDA levels (n = 3, SMD = —5.77, 95% CI [-8.84, =2.71], I* = 72.8%, p <
0.001), but did not seem to affect MPO levels (n = 5, SMD = —0.62, 95%
CI [-1.92, 0.67], I* = 79.1%, p = 0.345) (Figures 6A-C). Collectively,
these results demonstrate LUT’s ability to mitigate oxidative stress.

3.4.5 Intestinal microbiota-related parameters

Chao index and Shannon index are commonly used a-diversity
indices to measure the diversity of gut microbiota(GM). a-diversity
reflects the within-sample diversity, encompassing both species richness
(the number of species, as emphasized by Chao) and evenness (the
relative abundance distribution, as captured by Shannon). They are key
indicators of ecosystem stability and resilience, with lower values often
correlating with disease severity and progression in UC. Unfortunately,
according to the meta-analysis results, LUT had limited effects on the
Chao index (n = 5, SMD = 0.03, 95% CI [-0.43, 0.48], I* = 26.6%, p =
0.914) and Shannon index (n = 5, SMD = 0.49, 95% CI [-0.12, 1.10], I =
50.5%, p = 0.117) (Figures 7A,B).

3.5 Publication bias

Potential publication bias was detected using funnel plots and
Egger’s test in the main outcomes. The results indicated that the

Frontiers in Pharmacology

effect sizes of HSC, BWC, CL, and DAI studies were largely outside
the funnel plot range, suggesting asymmetry (Figures 8A-D).
Egger’s test revealed potential publication bias for HSC (p =
0.02), BWC (p < 0.001), CL (p < 0.001), and DAI (p < 0.001).
To assess the impact of publication bias on the primary outcomes
(HSC, BWC, CL, and DAI), we applied the trim-and-fill method.
The results demonstrated that after correcting for publication bias
with the addition of virtual studies, the effects of LUT on the primary
outcomes remained robust (Supplementary Figure SI).

3.6 Exploring sources of heterogeneity

Due to heterogeneity, we used subgroup analyses to explore potential
sources. We integrated subgroup analysis, sensitivity analysis, and meta-
regression to explore the sources of heterogeneity. First, we conducted
subgroup analyses based on factors such as animal type, intervention
duration, modeling method, and dose of administration. Subgroup
analysis did not reveal any sources of heterogeneity for HSC results
(Supplementary Table S2). Variations in species and modeling methods
could explain the heterogeneity in DAI results, with the mouse subgroup
(I* = 40.3%) and the 2.5% DSS subgroup (I* = 0%) showing significantly
reduced heterogeneity (Supplementary Table S3). Similarly, modeling
methods may also account for the heterogeneity in CL results, with the
2% DSS subgroup showing significantly reduced heterogeneity (I* = 0%)
(Supplementary Table S4). For BWC, treatment duration was a
significant source of heterogeneity, with the subgroup of treatment
durations shorter than 14 days showing significantly reduced
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FIGURE 6
Forest plots showing results of oxidative stress-related parameters. (A) Supe

roxide dismutase (SOD). (B) Malondialdehyde (MDA). (C)

Myeloperoxidase (MPO). The blue squares and horizontal lines represent the standardized mean difference (SMD) and 95% confidence intervals (Cls); the

red diamond denotes the pooled effect.

heterogeneity (I> = 0%) (Supplementary Table S5). We then conducted
univariate meta-regression to explore whether publication year was a
source of heterogeneity. We found that publication year could not
explain the heterogeneity in any of the main outcomes (Figure 9).
Lastly, we performed a sensitivity analysis to test if the results were
robust. After sequentially removing each study, we found that the effects
of the rest of the studies remained within the 95% CI range of the total
effect, confirming the reliability of the results (Figures 10A-D).

4 Discussion
4.1 Summary of evidence

Our study suggested that LUT may alleviate inflammation and
improve the function of the intestinal barrier in UC animal models,
showing promise as a potential therapy for UC. Specifically, we
found that LUT can increase the levels of CL, IL-10, occludin, and
SOD and improve the loss of body weight. Meanwhile, we observed
reductions in HSC, DAI, IL-14, IL-6, IL-17, TNF-a, CRP, and MDA
levels. Furthermore, subgroup analysis, sensitivity analysis, and

Frontiers in Pharmacology 09

meta-regression were conducted to investigate the sources of
heterogeneity from six dimensions: publication year, animal type,
modeling method, treatment duration, treatment dosage, and the
presence of single outlier studies. The heterogeneity of DAI was
from differences in animal species and modeling methods, while the
heterogeneity in CL was due to variations in the modeling approach,
and BWC variability could be related to treatment duration. The
sensitivity analysis showed that no individual study had a substantial
impact on the overall effect size, indicating that heterogeneity was
not caused by any outlier study’s bias. Finally, all indicators
exhibited publication bias, and the trim-and-fill method results
robust even after

indicated that the outcomes remained

correcting for this bias.

4.2 Mechanism overview

4.2.1 Synergistic effect of anti-oxidative stress and
anti-inflammation

The literature reviewed indicates that LUT exerts inhibitory
effects on various inflammatory factors, including TNF-q, IL-1p, IL-
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Forest plots showing intestinal microbiota-related parameters. (A) Chao index. (B) Shannon index. The blue squares and horizontal lines represent
the standardized mean difference (SMD) and 95% confidence intervals (Cls); the red diamond denotes the pooled effect.

6, and IL-17, reducing their protein and mRNA expression levels
(Xue et al., 2023; Yang et al.,, 2025a; Li et al., 2016). Furthermore,
LUT has been shown to mitigate the level of CRP, which is an
important biomarker in the context of UC (Yang et al,, 2025a). In
UC, inflammation pathways and pro-inflammatory cytokines are
significantly disrupted (Voelker, 2024). The activation of immune
cells, including macrophages, T helper 1(Thl1), and Th17 cells,
triggers the release of various pro-inflammatory cytokines, such
as TNF-a, IL-1B, and IL-6 (Geremia et al., 2014). TNF-a, a key driver
of intestinal inflammation, triggers a series of cellular processes that
activate death signals and mitogen-activated protein kinase (MAPK)
pathways, thereby enhancing the cytotoxic function of immune cells
(Zhang et al., 2024). IL-1p, in conjunction with TNF-a and IL-6, can
disrupt the intestinal barrier and promote immune cell activation,
leading to sustained inflammation (Nakase et al., 2022). IL-17, a
Th17-related cytokine, is closely related to the clinical severity of UC
patients (Alexander et al,, 2022). The regulatory effects of LUT on
these key inflammatory factors confirm its therapeutic potential in
UC. Some studies have additionally elucidated the molecular
mechanisms by which LUT inhibits the release of inflammatory
factors. NF-kB and proliferator-activated receptor gamma (PPAR-
y) play a role in numerous inflammation-related diseases, including
UC (Althagafy et al., 2023). The included studies demonstrate that
LUT treatment significantly restores NF-«B levels while elevating
the suppressed PPAR-y levels in the UC animal models (Liu et al.,
2020). LUT was further found to antagonize the phosphorylation of
IKKa/p and the activation of the NF-«xB signaling pathway in
macrophages and to inhibit C-C motif chemokine 2-induced
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macrophage  chemotaxis, thereby

inflammatory pathways (Xue et al, 2023). In addition to

inhibiting ~ downstream

inhibiting macrophage-related inflammation, LUT was also
believed to suppress the expression of the MAPK pathway in
thereby the of 5-
hydroxytryptamine and promoting the restoration of intestinal

mast  cells, reducing production
homeostasis (Suga et al., 2021).

Oxidative stress is an important factor in promoting intestinal
inflammation. ROS can activate inflammatory signaling pathways
like NF-xB and MAPK pathways, which in turn stimulate the release
of inflammatory mediators, contributing to dysfunction or necrosis
of intestinal epithelial cells (Ca et al., 2025). MDA, the end product
of lipid peroxidation, is commonly used to indicate oxidative
damage (Ma et al., 2023). MPO promotes the production of ROS
and chlorinated derivatives and is closely related to inflammatory
response and oxidative stress. SOD is an important endogenous
antioxidant that can effectively remove ROS and thus prevent
oxidative damage (McCord and Edeas, 2005). The included
studies showed that LUT treatment reversed the changes in these
indicators in UC animal models, indicating that LUT may inhibit
oxidative stress in UC (Li et al., 2016). Nucleus erythroid-related
factor 2 (Nrf2), a transcription factor sensitive to redox changes,
resists oxidative stress by regulating the transcription of a series of
detoxification and antioxidant enzymes, and can antagonize the
development of intestinal inflammation in UC (Bryan et al., 2013).
Li et al. demonstrated that the antioxidant activity of LUT may be
mediated by the activation of the Nrf2/HO-1 signaling pathway (Li
et al., 2016). Previous studies have shown that excessive nitric oxide
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Funnel plots showing the result of publication bias. (A) Histological score (HSC). (B) Body weight change (BWC). (C) Colon length (CL). (D) Disease
activity index (DAI). Each dot represents an individual study; the vertical dashed line indicates the pooled standardized mean difference (SMD), and the
diagonal lines depict the 95% confidence intervals (Cls). Symmetrical distribution around the pooled effect suggests minimal publication bias; any

asymmetry may indicate potential bias.

(NO) may induce oxidative stress and tissue necrosis (Kohli et al.,
2022). LUT intervention can also inhibit the formation of overactive
inducible nitric oxide synthase in UC models, thereby limiting NO
formation to alleviate oxidative stress (Li et al., 2016).

4.2.2 Repair of intestinal epithelial barrier

The intestinal epithelium serves as a physiological barrier,
providing mechanical, chemical, biological, and immune
protection, and is a key structure for maintaining intestinal
homeostasis (Maloy and Powrie, 2011). The intestinal epithelium
forms a selective barrier through tight junction proteins, such as ZO-
1, occludin, and claudin-1, to prevent the penetration of intestinal
contents (such as pathogens and toxins) (Li et al., 2022). Mucins
such as Mucl, Muc2, and antimicrobial peptides have immune
regulatory effects and help maintain barrier function (Johansson
and Hansson, 2016). Meta-analysis of integrated cohorts showed
that LUT can enhance tight junction proteins and mucin levels,
exhibiting a good effect on protecting the mucosal barrier (Xue et al.,
2023; Yang et al., 2025a; Liu et al., 2025).

Li et al. discovered that the role of LUT in protecting the
epithelial barrier may be related to the signal transducer and
activator of transcription 3 (STAT3) signaling pathway (Li B.-L.

et al.,, 2021). Studies have shown that constitutive activation of the
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STATS3 signaling pathway leads to decreased tight junction protein
expression (Akiyama et al., 2015), and inhibition of STAT3 activity
significantly enhances intestinal mucosal barrier function (Yun
et al, 2017). Recent studies have shown that Src homology
region 2 domain-containing phosphatase 1(SHP-1) is involved in
regulating intestinal mucosal barrier function (Fan et al, 2015).
Additionally, SHP-1 can negatively regulate the activation of
STAT3 by mediating Janus kinase 2 (JAK2) (Ding et al., 2021).
Li et al. found that LUT can reduce the phosphorylation of
STAT3 by upregulating SHP-1 (Li B.-L. et al,, 2021). In addition,
LUT can also restore the mucosal barrier by enhancing the
expression of tight junction proteins and reducing the synergistic
attack of oxidative stress and inflammation on the intestinal
epithelium (Xue et al., 2023).

4.2.3 Regulation of GM

Previous evidence indicates that GM is the culprit for initiating
colonic inflammation, disrupting the mucosal barrier, and recruiting
proinflammatory cells to infiltrate the mucosa in the early stages
(Lopez-Cauce et al, 2022). Regulating the GM helps restore
intestinal immune homeostasis and relieve colonic inflammation
(Luo et al., 2019). However, the integration analysis of a-diversity, as
a holistic index, showed no evident changes in this study. Notably, a-
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diversity represents a broad measure and may be less sensitive to
specific, functionally relevant shifts in microbial composition or
community structure. The lack of change in a-diversity suggests that
the overall richness and evenness of species within the gut
community may not be the primary factor influenced by LUT in
the context of UC remission. Crucially, alterations in the relative
abundance of key bacterial taxa are frequently more indicative of
functional changes and disease activity in UC than a-diversity alone.
At the phylum level, the study by Tan et al. found that LUT
intervention led to an increased proportion of Bacteroidetes,
while the proportions of Firmicutes and Proteobacteria decreased
(Tan et al,, 2024). Specifically, LUT enhances the abundance of
beneficial bacteria that generate short-chain fatty acids (SCFAs) and
reduces the colonization of harmful bacteria. SCFAs primarily
include acetate, propionate, and butyrate. LUT can increase the
abundance of butyrate-producing strains like Butyricicoccus,
Ruminococcaceae, Lachnospiraceae, and Schizospiraceae (Tan
et al., 2024). Butyrate is crucial for preserving intestinal barrier
integrity and exhibiting anti-inflammatory effects by regulating the
differentiation of Treg cells and limiting neutrophil inflammation
(Fu et al,, 2013; Li G. et al,, 2021). Bi et al. also reported that LUT
intervention increased the content of SCFAs in the feces of UC mice
(Bi et al, 2024). Clostridium and Roseburia, belonging to
Lachnospiraceae, can improve UC by regulating bile acids and
promoting the differentiation of Treg cells (Lu et al, 2025).
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Ruminococcaceae, on the other hand, can reduce the secretion of
inflammatory cytokines by activating the nod-like receptor protein
3(54). Other studies have reported that LUT alters the p-diversity of
the intestinal flora in UC animal models and reduces the
colonization of harmful bacterial genera such as Streptococcus,
Staphylococcus, Escherichia, and Shigella (Yang et al, 2025a;
Magadan-Corpas et al., 2024; Tan et al., 2024). Streptococcus and
Staphylococcus are closely associated with opportunistic infections in
UC patients (Quaglio et al., 2022). Adherent-invasive Escherichia
coli and Shigella can interact with intestinal epithelial cells and
immune cells, which results in the disruption of the intestinal barrier
and the stimulation of pro-inflammatory cytokine production (Li
et al., 2025). However, Bi et al. found that LUT treatment did not
change composition compared to the model
group. Therefore, the regulatory effect of LUT on the GM still
needs further study (Bi et al., 2024).

microbial

4.2.4 Regulation of cell metabolism

Cellular metabolism is often compromised to varying extents in
UC, and enhancing the recovery of cellular energy metabolism is a
key approach for repairing intestinal tissue damage (Liu et al., 2025).
Impaired energy metabolism due to mitochondrial dynamics
disorder is a core pathological feature of UC (Mancini et al,
2020). Disrupted mitochondrial fission can lead to excessive
mitochondrial thereby oxidative

fragmentation, impairing
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metabolism and consuming adenosine triphosphate (Westermann,
2012). Enhanced mitochondrial fission and reduced fusion were
observed in the colon of UC mice and lipopolysaccharide-induced
Caco-2 cells (Liu et al., 2025). LUT treatment significantly reversed
this mitochondrial dynamics disorder by regulating the miR-195-
5p/Notch signaling pathway and promoting healthy energy
metabolism in colon cells (Liu et al.,, 2025). Li et al. found that
LUT can improve the metabolic status of DSS-induced colitis rats,
and the differential metabolites after treatment are mainly enriched
in the D-glutamine metabolic pathway (Li et al., 2023). Research has
indicated that glutamine is involved in inflammatory responses,
oxidative stress, cellular protection, and intestinal barrier function
(Fillmann et al.,, 2007). Jeong et al. found that glutamine exhibits
anti-inflammatory effects and alleviates DSS-induced colitis by
negatively regulating the MAPK signaling pathway (Jeong et al.,
2018). Therefore, LUT may alleviate UC inflammation by regulating
D-glutamine metabolism.

4.2.5 Immune regulation

Immunodysregulation is a prominent feature of UC. During
active UC, immune cells, such as Th17 cells and macrophages,
significantly infiltrate the colonic tissues. In DSS-induced colitis,
LUT was reported to induce macrophage polarization toward the
M2 phenotype by inhibiting the expression of M1 marker genes and
Further
transcriptomic sequencing and experimental validation revealed

promoting the expression of M2 marker genes.
that the impact of LUT on macrophage polarization was
regulated through the AMPK-PPARYy signaling pathway (Yang
et al, 2025b). Another study found that ROS-responsive

nanoparticles used for oral administration of LUT inhibited
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inflammation and oxidative stress in colitis mice, improving
immune balance. This was characterized by an increase in Treg
and Th2 cell populations, and a reduction in Thl and Th17 cells
(Tan et al, 2022). The immune modulation promoted the
production of anti-inflammatory cytokines, which helped regulate
the
inflammation. Moreover, group 3 innate lymphoid cells (ILC3)

inflammatory microenvironment and resolve colonic
are also involved in gastrointestinal immune responses, which are
crucial for maintaining intestinal homeostasis (Aparicio-Domingo
et al, 2015). ILC3 can be categorized into NCR'ILC3 and
NCR'ILC3 based on the expression of the natural cytotoxicity
receptor (NCR) on their surface (Croft et al., 2022). The former
secretes a large amount of IL-22, while the latter secretes substantial
IL-17a. IL-22 is an important regulatory factor in maintaining
epithelial homeostasis and protecting the intestinal epithelial
barrier (Keir et al., 2020). Included studies have shown that LUT
increases the ratio of NCR*ILC3 and IL-22*ILC3, promoting mucin
secretion and enhancing the expression of ZO-1 and occludin,
thereby facilitating mucosal healing (Xie et al,, 2022; Xie et al,
2024). Furthermore, the modulation of ILC3 differentiation by LUT
occurs through the activation of the Notch signaling pathway, and
blocking the Notch pathway neutralizes the effects of LUT (Xie et al.,
2024). Figure 11 briefly summarizes the mechanism of LUT in
treating UC.

4.3 Advantages and limitations

Existing studies have demonstrated that LUT exerts an anti-
inflammatory impact on various animal models and can protect
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intestinal health. As far as we are aware, this study represents
the first systematic review and meta-analysis to explore the
pharmacological effects of LUT in UC animal models using
multiple metrics across different dimensions. The integrative
approach helps to reduce bias and allows for the quantitative
aggregation of data from multiple studies, increasing statistical
power and providing more precise estimates of the effect size. It
provides a rigorous and thorough understanding of the topic,
offering a reliable overview of the potential mechanisms of
action of LUT and supporting the translational potential of
LUT-enriched diets or treatments for UC management.
Notably, this review deliberately excludes in vitro study data,
a decision with key methodological implications. Compounds
like LUT, recognized as PAINS, can produce false positives due
to their non-specific binding or reactivity (Bolz et al., 2021).
Without thorough screening, such results may lead to
exaggerated claims about the pharmacological effects of
polyphenols. By omitting these studies,
potential PAINS interference and ensure that the included
evidence reflects LUT’s genuine biological effects in real
physiological contexts.

we eliminate

Frontiers in Pharmacology

14

Nevertheless, this study has several limitations: Firstly, the
studies included exhibit varying levels of quality. Key areas such
as allocation concealment and blinding of the experimenters were
often inadequately reported. Additionally, few studies described
specific randomization methods and blinding procedures during
outcome assessment. The existence of such biases could affect the
overall reliability of the results. In addition, even though we
performed statistical correction for publication bias using the
trim-and-fill method, we must acknowledge that the existence of
publication bias affected the precision of the results to some extent.
This bias toward publishing positive results may lead to an
overestimation of LUT’s therapeutic effects on UC. Therefore,
while we have highlighted the therapeutic potential of LUT,
caution is advised in interpreting these results, and additional
studies are necessary to validate these findings in a more
balanced context.

Secondly, although we applied pre-established subgroup
analyses and meta-regression, considering factors like animal
species and dosage, to reveal the sources of heterogeneity, the
origins of variability remain largely unaddressed in most studies.
This unexplained variation may stem from differences in
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experimental protocols and other detailed aspects of the studies
conducted in animal models.

Thirdly, despite previous research indicating that LUT regulates
GM, we have only performed a meta-analysis on the Chao index and
Shannon index, and a more in-depth analysis of related indices is
lacking. Furthermore, the limited number of studies included in the
meta-analysis prevents a precise assessment of LUT’s effect. Future
research should focus more on the regulatory effects of LUT on the GM.

Finally, while these preclinical findings strongly support LUT’s
multi-target potential, translating this promise to human UC
requires thorough clinical validation. Therefore, rigorously
designed human trials assessing LUT’s efficacy and safety,
alongside translational biomarker research to bridge mechanisms
from animal models to patients, should be prioritized to fully assess

its therapeutic potential in UC.

5 Conclusion

This study systematically evaluated the efficacy and potential
mechanisms of LUT in the treatment of UC based on animal models.
It suggested that LUT could alleviate the systemic manifestations
and pathological scores in UC models, potentially modulating
intestinal inflammation through multiple pathways. However,
these findings should be interpreted with caution due to the
presence of publication bias. Further clinical studies and
translational research are essential to bridge the gap between

animal models and human applications.
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