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Abstract: Ulcerative colitis (UC) is a form of non-specific inflammatory bowel disease characterized by complex pathological
mechanisms that remain incompletely understood, posing challenges for effective treatment. Pyroptosis, a form of inflammatory cell
death mediated by the Gasdermin D protein family, occurs primarily through the classical caspase-1 pathway, the non-classical
caspase-4, 5, and 11 pathways, and alternative pathways. Dysregulated activation of pyroptosis signaling has been implicated in the
progression of UC, indicating that targeted inhibition of pyroptosis may serve as a therapeutic strategy. Food-derived compounds have
demonstrated promise in modulating key pyroptosis-related targets, thereby providing potential therapeutic benefits for UC. This
review examines the classical, non-classical, and alternative pathways of pyroptosis and their roles in UC pathogenesis and treatment.
Additionally, the effects and mechanisms of action of natural compounds in targeting programmed cell death are discussed, with the
aim of informing future therapeutic strategies and contributing to the development of new pharmacological interventions for UC.
Keywords: food-derived compounds, inflammation, mechanism, pyroptosis, UC

Introduction

Ulcerative colitis (UC) is a chronic, relapsing, and nonspecific inflammatory bowel disease (IBD) that primarily affects
the colon and rectum." It has been predominantly observed in industrialized Western countries; however, with the rapid
industrialization of emerging nations such as China, India, and those in Latin America, both the incidence and
hospitalization rates of UC have risen significantly in these regions.'? By 2023, the global prevalence of UC is estimated
to have reached approximately 5 million people worldwide.'

Epidemiological studies indicate substantial geographic variation in UC incidence. Figure 1 depicts the estimated
incidence rates of UC (per 100,000 person-years) from 1990-2016 across different regions: North America (8.8 in the
United States to 23.14 in Canada), Eastern Europe (0.97 in Romania to 11.9 in Hungary), Northern Europe (1.7 in
Estonia to 57.9 in the Faroe Islands), Southern Europe (3.3 in Croatia to 11.47 in Spain), Western Europe (1.9 in France
to 17.2 in the Netherlands), East Asia (0.42 in China to 4.6 in South Korea), South Asia (0.69 in Sri Lanka to 6.02 in
India), West Asia (0.42 in China to 4.6 in South Korea), South America (0.19—6.76 in Brazil and 7.33—17.7 in Australia),
and Oceania (3.29 in Algeria).3

Ulcerative colitis (UC) currently does not have a single definitive test for diagnosis; it is based on symptoms, physical
examination, laboratory tests, and endoscopic evaluation. Endoscopy (such as colonoscopy) and tissue biopsy are key to
diagnosing UC. Current treatment options for UC vary depending on the severity of the condition and have limited
effectiveness. Patients with mild to moderate UC often use 5-aminosalicylic acid (such as mesalamine); if ineffective,
they may need to use oral corticosteroids (like budesonide or prednisone). Patients with moderate to severe UC can opt
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Figure | The global prevalence and incidence rates of ulcerative colitis.

for monoclonal antibody therapies or oral small molecule drugs. For severe UC patients whose medical treatments are
ineffective or who experience complications, partial or total colectomy may be necessary.*

The understanding of the pathophysiology of ulcerative colitis (UC) is incomplete. Current treatments for UC remain
suboptimal, with varying efficacy depending on disease severity and extent of colonic involvement. This highlights the
urgent need for new therapeutic strategies.

Pyroptosis is a form of inflammatory cell death mediated by the gasdermin D (GSDMD) protein family. This process
is primarily executed through the caspase-1 pathway (the classical pathway) and the caspase-4/5/11 pathways (the non-
classical pathways), as well as via the caspase-3/8-mediated pyroptosis pathway and granzyme-mediated pyroptosis
pathway.” Emerging evidence indicates that pyroptosis plays a critical role in the pathogenesis of UC. The over-
expression of APOL1 activates the NLRP3/caspase-1/GSDMD pyroptosis pathway, promoting the release of chemokine
CXCL1 and exacerbating UC severity.” Additionally, several regulatory molecules such as IncRNA MEG3, miR-141-3p,
and SLC6ALI are also involved in influencing UC progression by modulating pyroptosis.®™

In recent years, natural compounds have increasingly been used to treat various diseases, some demonstrating
potential as therapeutic agents for UC. These compounds exert anti-inflammatory effects partly by regulating pro-
grammed cell death (PCD) pathways including pyroptosis. Thus, food-based bioactive compounds represent a promising
important complementary or alternative treatment option for UC.'*!!

Bioactive compounds found naturally in fruits, vegetables, grains, seeds, and spices have long been an important
resource in drug discovery and development. Numerous studies have explored dietary components’ roles in managing
UC, emphasizing their potential therapeutic effects while also noting that oral bioavailability is a critical factor for
applying food-derived compounds since it determines how much can be absorbed and utilized within the body. This
review comprehensively summarizes recent advances concerning food-sourced compounds used in interventions against
UC while particularly focusing on their inhibitory effects on pyroptosis. Furthermore, it systematically outlines food-
derived compounds that inhibit pyroptosis in UC while providing deep insights into their mechanisms of action. The
review also discusses challenges affecting these food-derived compounds’ clinical applications—including
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bioavailability, targeting precision, and stability—summarizing recent advancements in structural modification and
targeted delivery strategies while exploring their potential applications in treating colitis.

The objective of this review is to serve as a valuable resource for researchers, clinicians, and the pharmaceutical
industry by facilitating the identification of novel pyroptosis inhibitors for UC management. The potential of these food-
derived compounds to modulate pyroptosis contribute to improved disease outcomes and enhance the development of
future disease-modifying therapies, ultimately improving the quality of life for patients with UC.

Primary Pyroptosis Mechanisms and Their Role in Dextran Sulfate Sodium
(DSS)-Induced Colitis

Pyroptosis and Its Primary Mechanism
The following sections provide a detailed examination of the molecular mechanisms and signaling pathways involved in
pyroptosis.

Classical Pyroptosis Pathway

The classical pathway of pyroptosis (caspase-1 dependent pathway) is primarily mediated by caspase-1. Under normal
circumstances, caspase-1 exists in an inactive precursor form (pro-caspase-1) in the cytoplasm, and its activation is
regulated by the classical inflammasome pathway. When microbial pathogens, viruses, or endogenous danger signals are
detected, intracellular pattern recognition receptors (PRRs) recognize pathogen-associated molecular patterns (PAMPs)
and damage-associated molecular patterns (DAMPs), triggering the assembly of inflammasomes that include NLRP3,
AIM2, NLRP1, PYRIN, and NLRC4.'>'*

Inflammasomes are multiprotein complexes composed of PRRs, adaptor proteins, and ASC proteins containing
CARD domains to recruit caspases such as pro-caspase-1. Among them, the NLRP3 inflammasome is the most
extensively studied type; it consists of Nod-like receptor protein 3 (NLRP3), apoptosis-associated speck-like protein
containing a CARD domain (ASC), and effector protein caspase-1. After recruitment, pro-caspase-1 undergoes auto-
catalytic cleavage to form dimers that further assemble into tetramers to ultimately produce active caspase-1.>'%!3

Activated caspase-1 cleaves GSDMD to generate active GSDMD-N fragments. These fragments bind to the
phospholipid bilayer of cell membranes to form transmembrane pores, leading to membrane rupture and cell death

while releasing pro-inflammatory cytokines such as IL-18 that further exacerbate inflammatory responses.'®'’

Non-Classical Pyroptosis Pathway

In the non-classical pyroptosis pathway, human caspase-4/5 and mouse caspase-11 can directly bind to lipopolysacchar-
ide (LPS) through their N-terminal CARD domains and become activated. Once activated, these caspases cleave
GSDMD, releasing its N-terminal pore-forming domain (PFD), which then aggregates and translocates to the cell
membrane to form pores, leading to cell membrane rupture and content release, ultimately triggering pyroptosis.'®
Moreover, the cleavage of GSDMD mediated by caspase-4/5 and caspase-11 also induces potassium ion (K") efflux,
activating the NLRP3 inflammasome and completing its assembly while activating the classic pathway.'® In addition,
Caspase-11 activated by LPS can also activate P2X7 receptors on the cell membrane via a pannexin-1/ATP/P2X7
signaling axis, resulting in ATP-induced K" efflux that further activates the NLRP3 inflammasome and thus triggers the

classical NLRP3/caspase-1 pathway.zo*23

Caspase-3/8-Mediated Pyroptosis Pathway

An increasing amount of evidence suggests that apoptosis-related Caspase-3/8 is involved in pyroptotic cell death
pathways.'>**%> In caspase-3 mediated pyroptosis, caspase-3 specifically cleaves GSDME to produce an N-terminal
fragment, which forms membrane pores and leads to cell swelling and lysis. The expression level of GSDME is a key
factor determining whether caspase-3 activation results in apoptosis or pyroptosis. When GSDME is abundantly
expressed, cells are more likely to undergo pyroptosis rather than apoptosis under internal and external stimuli.?®
Moreover, during Yersinia infection, the effector protein YopJ can inactivate TAK1 or IkB kinase, leading to caspase-
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8-mediated cleavage of GSDMD and subsequently inducing pyroptosis.>’*® Additionally, when mouse macrophages are
co-stimulated with LPS and the TAK1 inhibitor (5Z)-7-Oxozeaenol, the activation of caspase-8 also triggers pyroptosis.28

Granzyme-Mediated Pyroptosis Pathway
Granzyme-mediated pyroptosis involves two key enzymes: Granzyme A (GZMA) and Granzyme B (GZMB). GZMA-
mediated pyroptosis is mediated through the cleavage of GSDMB and pore-forming activity.” GZMB induces apoptosis
and pyroptosis mainly by activating caspase signaling pathways. Granzyme B released by chimeric antigen receptor
T cells (CAR-T cells) activates caspase-3 in target cells, initiating the caspase-3/GSDME-mediated pyroptosis pathway.*
Further studies have shown that GZMB can directly cleave GSDME, leading to pyroptosis.*®

The granzyme-mediated pyroptosis pathway is a critical mechanism for cytotoxic lymphocytes to eliminate target
cells, providing new insights into cytotoxic lymphocyte-mediated clearance of target cells and potentially holding
significant implications for cancer immunotherapy.

The Role of Pyroptosis in DSS-Induced Colitis

The Role of NLRP3 Inflammasome Activation, IL-13 and IL-18 in Colitis

In the DSS-induced colitis model, the analysis of pyroptosis markers showed expected changes in IL-1p and caspase-1
levels. Further studies indicated that Gal2/13 expression was upregulated in mouse colon, along with increased
expression of endoplasmic reticulum stress-related markers. The simultaneous activation of caspase-1 and IL-1 supports
the involvement of pyroptosis, suggesting that pyroptosis in DSS-induced colitis may be mediated through the Gal2/13
signaling pathway and endoplasmic reticulum stress.>’ Additionally, research by Tak et al demonstrated that the
administration of VX-765 (a caspase-1 inhibitor) effectively blocked GSDMD-mediated pyroptosis and alleviated DSS-
induced ulcerative colitis in mice.*?

Current research suggests that the NLRP3 inflammasome plays a critical role in maintaining intestinal homeostasis
and promoting inflammatory responses. In NLRP3 gene knockout mice, DSS-induced colitis was reduced, alongside
a decrease in pro-inflammatory cytokine production within colon tissues. These findings indicate that the NLRP3
inflammasome is an important contributor to the pathogenesis of DSS-induced colitis.*> Pharmacological inhibition
experiments using MCC950 as a specific NLRP3 inhibitor have been shown to alleviate acute colitis induced by DSS in
mice, further supporting the significant role of the NLRP3 inflammasome in colorectal disease development.>* Moreover,
studies have found that IL-1p primarily facilitates inflammatory responses.’**> While IL-18 exhibits dual roles in DSS-
induced colitis; it shows anti-inflammatory characteristics during early stages but promotes inflammation at later

s‘[agfzs.3(”37

The Role of GSDM Proteins in DSS-Induced Colitis

The gasdermin (GSDM) protein family is involved in DSS-induced colitis through various mechanisms, including
mediating pyroptosis, regulating inflammatory responses, maintaining the integrity of the gut barrier, and potentially
playing physiological roles unrelated to pyroptosis. GSDMD is the main effector molecule of pyroptosis: its pore
formation leads to cell lytic death while also serving as a secretion pathway for pro-inflammatory cytokines.***’
These cytokines are associated with several inflammatory diseases,’® and their contribution to disease pathogenesis
revolves around promoting the release of IL-1 family members. In DSS-induced colitis models, activated GSDMD is
closely related to intestinal inflammation. In macrophages, GSDMD suppresses colitis by regulating cGAS-mediated
inflammation. Within macrophages, GSDMD acts as a negative regulator that controls cGAS-dependent inflammation,
thereby preventing colitis. Moreover, pharmacological inhibition of cGAS has been found to reverse colon symptoms in
mice lacking GSDMD.*' Additionally, increased expression of GSDMD has been linked to structural dysfunction
induced by DSS; it regulates intestinal homeostasis by promoting mucus secretion from goblet cells and facilitating
mucous layer formation.*> Furthermore, in healthy small intestine tissue, GSDM expression does not trigger significant
pyroptotic or inflammatory responses, indicating that GSDM proteins may have an intrinsic physiological function in
maintaining intestinal homeostasis independent of pyroptosis.*> However, there is controversy regarding the important
role of epithelial cells or immunogenic GSDMD in gut inflammation. Bulek et al used an acute DSS-induced colitis
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model to demonstrate that small extracellular vesicles containing IL-1p were released from intestinal epithelial cells
(IECs) through the chaperone protein GSDMD-FL,* while another group observed the release of IL-18, which promoted
colitis development in vivo by driving standard cell loss.** In another mouse model, caspase 8 was found to promote
inflammation in the cecum by inducing GSDMD-dependent death of intestinal epithelial cells; this study suggested a role
for GSDMD-mediated pyroptosis in cecal inflammation.*> Overall, these data strongly support the concept that activation
of GSDMD in IECs mediates gut inflammation.

Although GSDMB shows some characteristics that distinguish it from other family members, recent studies indicate
that GZMA derived from lymphocytes mediates the proteolytic activation of GSDMB in human intestinal epithelial cell
lines.*® It has been found that GSDMB levels are elevated in patients with IBD,*” and polymorphisms in GSDMB are
associated with several chronic inflammatory diseases, including IBD.*®

In recent years, significant progress has been made in the role of GSDME in both tumor and non-tumor diseases. In
2023, Hu et al provided a detailed summary of GSDME’s potential in early detection, diagnosis, prognosis, and treatment
of tumors,*’ Remarkable advancements have also been achieved regarding non-tumor diseases, particularly inflammatory
bowel disease. Xu et al found an increasing trend of the transmembrane protein CD147 in the mucosa of patients with
IBD. CD147 treatment significantly enhanced the expression of GSDMD and GSDME proteins, activating pyroptosis to
exacerbate intestinal inflammation. This suggests that GSDME-mediated pyroptosis may be related to the pathogenesis of
IBD.*° Recently, research by Tan et al indicated that GSDME-mediated pyroptosis accelerates intestinal inflammation
and impacts the pathogenesis of Crohn’s disease (CD), showing a significant presence of GSDME-N in the inflamed
colonic mucosa of patients with active CD. Furthermore, due to its release of HMGBI1—a pro-inflammatory factor in
intestinal epithelial cells—GSDME-mediated pyroptosis promoted mucosal inflammation in mice with colitis induced by
2,4,6-trinitrobenzenesulfonic acid.’' In this same mouse model, researchers also discovered that TNF stimulation triggers
caspase-3 mediated cleavage leading to GSDME-mediated explosive cell death under IRF1 control in IECs.>

In summary, the pyroptosis markers NLRP3 inflammasome activation, IL-1p and IL-18, GSDMB, GSDMD, and
GSDME all showed expected changes in patients with colitis and in mouse models of colitis. This suggests that
pyroptosis plays a role in the pathogenesis of colitis. Monitoring pyroptosis markers during subsequent treatment of DSS-
induced colitis with dietary compounds provides a theoretical basis for exploring the mechanisms of these dietary
compounds in treating DSS-induced colitis.

The Effect and Mechanism of Food-Derived Compounds in Intervening
DSS-Induced Colitis by Inhibiting Pyroptosis

An increasing body of experimental evidence indicates that certain food-derived compounds can mitigate DSS-induced
colitis by inhibiting pyroptosis (Table 1 and Figure 2). The molecular structures of these food-derived compounds are
depicted in Figure 3, while their dietary sources are depicted in Figure 4. The effects and mechanisms by which these
compounds modulate DSS-induced colitis through pyroptosis inhibition are summarized in Table 1 and Figure 5, and are
discussed in detail below.

| -Acetoxy-Vanillic Acid Ester
1’-Acetoxy-vanillic acid ester (ACA) is found not only in rhizomes but also in the seeds of Alpinia galanga and Alpinia
zerumbet, plants traditionally used as spices and medicinal herbs in Southeast Asia. ACA has been reported to exhibit
various pharmacological properties, including anticancer, anti-obesity, antidiabetic, anti-inflammatory, and neuroprotec-
tive effects.®

A recent study by Sok et al explored the effects of ACA in mouse bone marrow-derived macrophages and human
THP-1 monocytes. The findings demonstrated that ACA inhibits the activation of the NLRP3 inflammasome and
caspase-1, as well as the production of IL-1P. Additionally, ACA suppresses the effects of NLRP3 agonists, such as
nigericin, monosodium urate (MSU) crystals, and ATP, by preventing the aggregation of the apoptosis-associated speck-
like protein containing ASC and the caspase-1-mediated cleavage of GSDMD, a key effector of pyroptosis.
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Table | Food-Derived Compounds Target Pyroptosis Signaling Pathway Against DSS-Induced Colitis via Anti-Pyroptosis

mouse

Food- Derived Resource Model Dosage Biological Markers Mechanisms and Effects References
Compounds
1"-Acetoxychavicol Tropical ginger Mouse bmms, mouse J774 2.5 uM- 10 uM Ox-mtDNA|; NLRP3 |; Caspase-||; ASC|; Gasdermin D|; Inhibit pyroptosis Sok SPM et al*?
acetate (ACA) Alpinia species and PMA, human THP-I| for IL-1B)

macrophages; DSS-induced 30 min; 100 ppm

ulcerative colitis model in for 10 days

colitis model in mouse

days

SODI1; Occludin and zonula occluden | (ZO-1) proteint;
NLRP3, ASC, cleaved caspase-1 (c-Caspl), and N-terminal
GSDMD; IL-1B and IL-18]

barrier injury; attenuates inflammatory
pyroptosis

Apple polyphenols Apple DSS-induced ulcerative 125, 500 mg/kg/d BCL-2 proteint; NLRP3, ASC, Caspase-1/11, and GSDND Inhibit apoptosis and pyroptosis; alleviate Liu et al**
extract (APE) colitis model in mouse for 21 days proteins|; Cox-2 mRNA[; Psd-95 mRNA1®; ZO-1 and neuroinflammation and synaptic damage;
Occludin proteint; MUC-2 and TTF3 proteint Improve the integrity of the intestinal
barrier and enhancethe function of goblet
cells.
Atranorin Lichen family DSS-induced ulcerative 100 uM, 50 uM NLRP3|; Caspase-1|; IL-1f and IL-18] Inhibit inflammation, improve barrier Wang et al*®
colitis model in mouse and 25 pM for function and target ACS to inhibit
30 min; pyroptosis
100 or 50 mg/kg/
d for 7 days
Betaine Sugar beets DSS-induced ulcerative 600 mg/kg/d for 7 | MDA, MPO, NOS, and COX2|; GSH, NRF2, CAT, and Anti-oxidative stress; repair tight junction Chen et al*®

Demethoxycurcumin
(BUR)

Curcuma longa

DSS-induced intestinal
inflammatory model in
C57BL/6

200 or 400 mg/
kg/d for 14 days

DAl scores|; MPO|; Occludin and zonula occluden | (ZO-
1) proteint; Bax and caspase 3 mRNA|; Bcl2 mRNAT;
NLRP3, ASC, caspase—I, cleaved caspase |, GSDMD and IL-
I1B{; beneficial bacteriat

Enhance intestinal barrier function; reduce
apoptosis; inhibiting NLRP3 inflammasome
activation and pyroptosis and regulae the
gut microbiota

Zhang et al®’

(such as bitter
orange, Citrus
aurantium L).

BMDMs; DSS-induced
ulcerative colitis model in
mouse

and 48 h; 300 mg/
kg/d for 7 days

pyroptosis

Ginsenoside Rbl Panax ginseng MODE-K and Caco-2; DSS- 10, 20, and 40pM IL-6, TNF-q, IL-1p, and ROS|; HO-1, NQOI, Nrf2 and Repair intestinal barrier integrity; anti- Li et al*®
C. A. Meyer induced ulcerative colitis for 24 h; 10, 20, Keap-1]; PIP2, IP3, and DAG|; PLCy21; protein and mRNA oxidative stress; anti-inflammation; inhibit
model in mouse 40 mg/kg/d for 7 levels of NLRP3, Caspase-1, IL-1pB, pro-Caspase- |, pro-IL-1B, | pyroptosis
days and ASC|; Claudin-1 and ZO-11
Ginsenoside Rg3 (Gin | Ginseng Mouse BMDMs and CECs; 5 mg/mL Gin Rg3 | ASC, GSDMD-N, NLRP3 and pro-Caspase-1; IL-1B and IL- | Repair intestinal barrier integrity; inhibit Liu et al*’
Rg3) DSS-induced ulcerative for | h;10 mg/kg/ 18]; TUNEL staining showed cell apoptosis|; Claudin-1, apoptosis; anti-inflammation; inhibit
colitis model in mouse day for 7 days mucin-1, E-cadherin, and Occludint pyroptosis
Hydroxy safflower THP-1 cells; DSS-induced 40, 80, and NLRP3, p17 fragment of IL-If, p20 fragment of active Regulate dysbiosis; anti-inflammation; inhibit | Chen et al®®
yellow A (HSYA) ulcerative colitis model in 160uM for 5h; 30 | caspase-I, and GSDMD-N/; IL-1pB, IL-6, TNF-q, and IL-18|; | pyroptosis
mouse and 60mg/kg/day NLRP3, GSDMD-N, caspase-| p20, IL-1p precursor, and IL-
for 7 days 1B}; HKI|; occludin and claudin-11
Narirutin Citrus genus THP-1 macrophages and 30-500 uM for 24 | NLRP3 and IL-1B]; NF-xB, MAPK, PI3K and AKT|; ACS| Target NLRP3-ASC interaction to inhibit Ri et al®'
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Parthenolide (PTL) Tanacetum BMDMs, THP-1 cells or 2.5, 5, and 10uM mtROS and lysosomal damage|; caspase-1 and the Anti-inflammation; inhibit NLRP3 Liu et al®?
parthenium U937 cells; DSS-induced for 45min; 50 mg/ | maturation of IL-1B|; interaction between NLRP3 and inflammasome activation and pyroptosis
ulcerative colitis model in kg/d for 7 days NEK7|; interaction between NLRP3 and ASC|; cleavage of
mice GSDMD|
Polysaccharides Garlic DSS-induced ulcerative 150 or 300 mg/ MPO, DAQO, iNOS, and COX2|; ZOlI, occludin and MUC21; | Anti-oxidative stress; anti-inflammation; Zhan et al®?

from garlic (PSG)

colitis model and liver injury
in mouse

kg/d for 7 days

LPS, IL-1B, IL-18, NLRP3, gasdermin D, caspase-1, ASC,
TLR4, MyD88, NF-kB, and phosphorylated NF-kB|; ROS,
MDA, Keap-I, 8-OHDG, and phosphorylated H2AX;
GPX4, SOD2, HOI, NQOI, and Nrf21

inhibit pyroptosis

Pterostilbene
(PTE) Derivatives
D20

Blueberries and
grapes

DSS-induced ulcerative
colitis model in mouse

30 or 60 mg/kg/d
for 7 days

IL-1Band NLRP3|

Inhibit pyroptosis

Zhang et al**

Pterostilbene (PTE)
Derivatives D22

Blueberries and
grapes

DSS-induced ulcerative
colitis model in mouse

30 or 60 mg/kg/d
for 7 days

IL-1Band NLRP3|

Inhibit pyroptosis

Ruan et al®®

L. cubeba leaf extract
(MLE)

Lauraceae family
and the Litsea
genus

DSS-induced ulcerative
colitis model in mouse

20, 40 and 80 mg/
kg/d for 7 days

mtROS, ACS, NLRP3, IL-1B precursor, or TNF-a

Inhibit pyroptosis

Wong et al®®

B-sitosterol (SIT)

Fruits,
vegetables, nuts,
seeds, soybean

Caco-2 cell; DSS-induced
ulcerative colitis model in
rat

16, 32, and 64 g/
mL for 24h; 50,
100, 200 mg/kg/d

TNF-0, IL-1B, and IL-18]; Caspase-1, Cleaved-Caspase-I,
NLRP3, GSDMD, and GSDMD-N|; ZO-1 and occludin?t

Repair intestinal barrier integrity; anti-
inflammation; inhibit pyroptosis

Zhang et al®’

oil, and for 14 days

cottonseed oil
Pelargonidin- Flowers, DSS-induced ulcerative 10, 25 mg/kg/d IL-6, NLRP3, ASC, cleaved-Caspase-1, TNF-a, N-GSDMS, Inhibit pyroptosis; Enhance the structural Chen et al®®
3-galactoside (Pg3gal) | vegetables, and colitis model in mouse for 10days and cleaved-IL-1b proteins|; Proteobacteria and integrity of the gut microbiota

fruits, such as
purple sweet
potatoes

Deferribacteres| and Firmicutes, Bacteroidetes, and
Verrucomicrobia?.

Pectic
polysaccharides (PPs)

Devil peppers

DSS-induced ulcerative
colitis model in mouse

100 mg/kg/d for 7
days

Cleaved Caspase-|, IL-1B, and TNF-a

Inhibit pyroptosis

Cheng et al**
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Figure 2 The molecular mechanism of pyroptosis. Created in BioRender. Jinwei, Z. (2025) https://BioRender.com/wkglabb.
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Figure 4 Food sources of food-derived compounds that fight dss induced colitis by anti-pyroptosis.

Further mechanistic analyses revealed that ACA prevents the generation of mitochondrial reactive oxygen species
(ROS) and the release of oxidized mitochondrial DNA, both of which serve as triggers for NLRP3 inflammasome
activation. Moreover, ACA suppresses NLRP3 inflammasome activation in in vivo models, as evidenced by reduced
caspase-1 activation in MSU crystal-induced peritonitis and DSS-induced colitis mouse models.>®

Apple Polyphenol Extract
Apple polyphenol extract (APE), derived from Fuji apples, has been reported to confer various health benefits, including
anti-inflammatory, antioxidant, and anticancer properties.””

A study by Liu et al demonstrated that APE significantly ameliorated DSS-induced acute UC. The underlying
mechanisms involved the inhibition of intestinal epithelial cell (IEC) apoptosis and suppression of the caspase-1/11-
dependent pyroptosis pathway in IECs. This was evidenced by an increase in B-cell lymphoma 2 protein levels and
a reduction in the expression of NLRP3, GSDMD, ASC, and caspase-1/11 proteins.

Additionally, APE alleviated neuroinflammation and synaptic damage associated with acute UC, as indicated by
a reduction in Cox-2 mRNA expression in the hypothalamus and an increase in Psd-95 mRNA expression, while Gfap
mRNA levels in the hippocampus were decreased. APE also contributed to the preservation of intestinal barrier integrity,
as demonstrated by the upregulation of tight junction proteins zonula occludens-1 (ZO-1) and occludin. Furthermore, it
enhanced goblet cell function, as reflected by the increased expression of mucin-2 and transcription factor 3 proteins.>*

Atranorin

Lichens are symbiotic organisms composed of fungi and autotrophic photosynthetic species, capable of surviving in
a wide range of environmental conditions, including extreme environments. Atranorin (C;9H;30g. ATR) is a secondary
metabolite with an ester structure derived from the Lichinaceae family. It has been demonstrated in previous studies that
ATR showcases various biological activities, particularly anti-inflammatory properties.”"’> Additionally, ATR alleviates
carrageenan-induced paw edema.”® Acute and chronic toxicity assessments in rats have further confirmed its in vivo
safety.”
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Figure 5 Molecular mechanisms of food-derived compounds against DSS-induced colitis via anti-pyroptosis. Created in BioRender. Jinwei, Z. (2025) https:/BioRender.com/29in6lh.

Dysregulated activation of the NLRP3 inflammasome is closely associated with the pathogenesis of various
inflammatory diseases, and to date, no small-molecule inhibitors specifically targeting the NLRP3 inflammasome have
been approved for clinical use. Wang et al investigated the pharmacological effects of ATR using disease models driven
by NLRP3 inflammasome activation. According to experimental findings, ATR effectively inhibits NLRP3 inflamma-
some activation in macrophages and dendritic cells. Mechanistically, ATR suppresses the aggregation of ASC protein by
directly binding to it, thereby reducing cytokine secretion and pyroptotic cell death associated with NLRP3 activation.>

In LPS-induced acute inflammation model, ATR reduced serum levels of IL-1B and IL-18. Furthermore, in MSU
crystal-induced gouty arthritis model, ATR lowered IL-1f levels in the ankle joint. More importantly, ATR suppressed
NLRP3 inflammasome activation and improved epithelial barrier dysfunction and intestinal inflammation in a DSS-

induced UC mouse model.”®

Betaine
Betaine (BET) is a widely available nutritional supplement primarily found in beets.”* As a key methyl donor involved in
methylation processes, BET plays a key role in various physiological functions.”>’®

Chen et al explored the effects of BET in a DSS-induced acute severe ulcerative colitis model. The findings indicated
that BET administration resulted in improvements in the Disease Activity Index (DAI), mitigation of weight loss,
recovery from splenomegaly, and restoration of colon length, along with the alleviation of colonic mucosal damage.**-°
BET demonstrated significant antioxidant properties, as evidenced by reductions in oxidative stress markers, includ-

ing malondialdehyde, myeloperoxidase, nitric oxide synthase, and COX2. Concurrently, an upregulation of antioxidant

11676 ‘== Journal of Inflammation Research 2025:18


https://BioRender.com/29in6lh

Zhao et al

proteins such as glutathione, nuclear factor erythroid 2-related factor 2 (NRF2), catalase, and superoxide dismutase 1 was
observed.”®

Primarily, BET prevents colitis-associated pyroptosis, primarily through the inhibition of the NLRP3 inflammasome
complex. This was associated with the downregulation of N-terminal GSDMD expression and a reduction in the release
of pyroptosis-related inflammatory mediators.>®

Curcumin and Demethoxycurcumin

Curcumin (CUR) is a polyphenolic compound derived from Curcuma longa (turmeric). Studies demonstrated that CUR
mitigates DSS-induced colitis by inhibiting NLRP3 inflammasome activation and downregulating IL-1B levels.”’” In
a doxorubicin-induced mouse model, CUR suppressed NLRP3-mediated pyroptosis while enhancing innate immune
responses.’® However, despite its potent anti-inflammatory properties, the clinical application of CUR is limited due to its
poor absorption and low bioavailability.

Demethoxycurcumin (BUR), a CUR derivative, exhibits superior pharmacological properties and bioavailability
compared to CUR.” Recently, BUR has garnered significant attention due to its improved absorption and enhanced
therapeutic potential. %!

In a DSS-induced colitis mouse model, BUR administration led to a reduction in weight loss, histopathological tissue
damage, and epithelial cell apoptosis associated with DSS exposure. BUR significantly improved intestinal barrier
integrity and attenuated the inflammatory response. Furthermore, BUR reinforced its role in suppressing NLRP3
inflammasome activation and pyroptosis.’’

Additionally, BUR exerted modulatory effects on gut microbiota composition. Supplementation with BUR increased
the relative abundance of beneficial bacteria, including lactobacillus and bifidobacterium, and demonstrated a significant
negative correlation with pro-inflammatory biomarkers.>’

Overall, BUR alleviates DSS-induced colitis primarily through multiple mechanisms, including enhancing intestinal
barrier function, reducing epithelial apoptosis, inhibiting NLRP3 inflammasome activation, and modulating gut micro-
biota dysbiosis.>’

Ginsenoside Rbl

Ginseng, an herbaceous plant of the Araliaceae family, has increasingly been recognized for its potential as a functional
food and an effective adjunctive therapeutic agent. It has been seen in prior studies that various natural ginseng saponins
exhibit regulatory effects on UC. Among them, ginsenoside Rbl (GRbl1) has revealed therapeutic potential in colitis
through multiple signaling pathways. For instance, GRb1 has been indicated to exert protective effects by targeting the
pregnane X receptor/nuclear factor-kappa B (NF-kB) signaling pathway.*> Additionally, recent findings indicate that
GRDI activates the Hrdl signaling pathway in intestinal epithelial cells, thereby reducing endoplasmic reticulum stress
and lowering the risk of colitis in murine models.**

The therapeutic effects of GRbl on UC have been further explored in both in vivo and in vitro models. Li et al
examined the effects of GRb1 using a DSS-induced colitis mouse model and intestinal epithelial cell lines (MODE-K and
Caco-2). The results demonstrated that GRb1 significantly reduced the levels of tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and IL-1B in both in vitro and in vivo models. Additionally, GRb1 exhibited antioxidant properties
by decreasing ROS production and directly targeting Nrf2 to activate the Nrf2HO-1/Keap! signaling pathway, thereby
preventing NLRP3 inflammasome activation.>®

Furthermore, GRb1 regulated the calcium-related phosphatidylinositol 4,5-bisphosphate (PIP2) signaling pathway by
inhibiting inflammasome activation and calcium ion influx, thereby suppressing pyroptosis. In in vivo experiments, GRb1
administration was associated with an increase in colonic length, reduced histopathological damage, restoration of
intestinal barrier integrity, and modulation of the inflammatory response.>®

In summary, GRb1 exerts therapeutic effects on UC in both in vivo and in vitro models by regulating the Nrf2/PIP2/
NLRP3 pathway. These findings indicate that targeting Nrf2 with GRb1 may represent a promising therapeutic strategy
for UC management.”®
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Ginsenoside Rg3
Ginsenoside Rg3 (GRg3), a bioactive compound derived from ginseng, modulates immune function and suppresses
inflammatory responses.®*** The key role of gut microbiota has been highlighted in the transformation and absorption of
ginsenosides within the intestine in recent studies.** Unlike other ginsenosides such as Rd and Rk, GRg3 is a metabolic
product of gut microbiota conversion and is readily absorbed, enhancing its bioavailability.*®

The immunomodulatory effects of GRg3 in a UC model has been explored in a recent study, where its impact on
NLRP3 inflammasome activation through a combination of in vitro cell-based experiments and in vivo animal studies
was examined. In in vitro experiments, GRg3 counteracted the increased protein expression levels of apoptosis-
associated speck-like protein containing ASC, GSDMD-N, NLRP3, and caspase-1 induced by LPS and ATP stimulation.
Additionally, GRg3 downregulated IL-1 and IL-18 expression and reduced the number of caspase-1 and propidium
iodide double-positive cells. Moreover, GRg3 alleviated cell swelling, membrane pore formation, nuclear condensation,
and vesicle formation associated with LPS + ATP treatment while promoting apoptosis.®®

In the DSS-induced UC mouse model, GRg3 treatment reversed the severity of colitis induced by DSS exposure.
Notably, GRg3 restored the expression levels of tight junction and mucosal barrier proteins, including claudin-1, mucin-
1, E-cadherin, and occludin, which were downregulated following DSS administration. Furthermore, GRg3 counteracted
the DSS-induced increase in ASC, GSDMD-N, NLRP3, pro-caspase-1, and cleaved caspase-1 protein expression, as well
as the elevated levels of IL-1p and IL-18. GRg3 also reduced the number of caspase-1 and PI double-positive cells.>”

Collectively, findings from both in vitro and in vivo experiments suggest that GRg3 mitigates inflammation by
inhibiting NLRP3 inflammasome activation, highlighting its potential as a therapeutic agent for ulcerative colitis.””

Hydroxy Safflower Yellow A

Safflower (Carthamus tinctorius L.) is a multipurpose crop valued for its seeds, which are rich in oleic acid and linoleic
acid and serve as a source of high-quality edible oil. Additionally, its flowers are commonly used for food flavoring and
as a source of orange-red dyes.®”*® Hydroxy safflower yellow A (HSYA), a chalcone glycoside, is the primary water-
soluble bioactive compound extracted from safflower. A Phase II double-blind clinical trial demonstrated that intravenous
infusion of HSYA at doses of 50 or 70 mg/day was effective in treating blood stasis syndrome and acute ischemic stroke,
with a favorable safety and tolerability profile.®® Prior studies highlighted the potent anti-inflammatory and antioxidant
properties of HSYA.*>*° Additionally, HSYA inhibits NLRP3 inflammasome activation in myocardial injury, and recent
findings suggest its therapeutic potential in UC through modulation of the TLR4/NF-kB pathway.”

Chen et al further explored the mechanisms underlying the protective effects of HSYA in UC. Their findings indicated
that HSYA reduced IL-1B, TNF-a, and IL-6 levels while suppressing NLRP3/GSDMD-mediated pyroptosis in macro-
phages stimulated by LPS and ATP. Metabolomic analysis revealed that HSYA prevented the upregulation of hexokinase
1 (HK1) expression induced by LPS/ATP stimulation. Further validation using HK1 shRNA transfection confirmed that
HSYA inhibited NLRP3/GSDMD-mediated pyroptosis by downregulating HK1 expression.®

In vivo experiments demonstrated that HSYA significantly alleviated DSS-induced UC symptoms and decreased the
secretion of pro-inflammatory cytokines, including IL-1B, IL-6, TNF-0, and IL-18. Moreover, HSYA effectively
suppressed the HK1/NLRP3/GSDMD-mediated pyroptotic response, further supporting its potential as a therapeutic
agent for UC.%°

Narirutin

Chenpi refers to the dried, mature peel of citrus fruits, particularly from Citrus aurantium L. and its cultivated varieties. It
has a long history of use in traditional medicine, where it is commonly used to alleviate symptoms such as colds,
indigestion, coughing, and excessive phlegm.”’ Among the bioactive compounds present in citrus peels, flavonoids—
particularly narirutin—constitute a major class of phenolic compounds.”” NR exhibits multiple biological activities,
including antioxidant and anti-allergic properties.”>***

A study conducted by Ri et al in 2022 investigated the effects of NR on NLRP3-mediated inflammatory responses in

both in vitro and in vivo models, identifying its potential mechanisms of action. The findings indicated that NR reduced
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IL-1PB levels and inhibited pyroptosis in macrophages stimulated with LPS and ATP. These effects were closely
associated with the suppression of NF-kB, MAPK, and PI3K/AKT signaling pathways.®'

Additionally, NR inhibited the assembly of the NLRP3 inflammasome by preventing the interaction between NLRP3
and apoptosis-associated speck-like protein containing ASC. In vivo experiments demonstrated that oral administration
of NR (300 mg/kg) alleviated inflammatory symptoms in mouse models of peritonitis and colitis. These results indicate
that NR exerts its anti-inflammatory effects by inhibiting NLRP3 inflammasome activation, blocking its pre-activation
process, and suppressing the NLRP3-ASC interaction.®!

Parthenolide

Parthenolide (PTL) is a natural sesquiterpene lactone originally extracted from Tanacetum parthenium (feverfew).
According to research, PTL exhibits anti-inflammatory properties and has been traditionally used in the management
of inflammatory conditions such as fever, psoriasis, and atherosclerosis.”>°” Furthermore, PTL inhibits inflammation by
suppressing NF-kB activity, a key regulator of inflammatory mediators and effector molecules.”®"’

From research conducted by Juliana et al, it can be seen that PTL inhibits the ATPase activity of NLRP3 in mouse
bone marrow cells.”®* Additionally, Liu et al found that PTL prevents the production of mitochondrial reactive oxygen
species (mtROS) and lysosomal damage induced by Nigella sativa. PTL inhibits NLRP3 inflammasome activation
through multiple mechanisms, including the suppression of potassium ion efflux, reduction of mtROS production, and
prevention of NLRP3 inflammasome complex formation. The proper assembly of the NLRP3 inflammasome is essential
for caspase-1 activation and the subsequent maturation of IL-1p.%

Moreover, PTL modulates the interaction between NLRP3 and NEK7, which plays an important role in the initial
steps of NLRP3 inflammasome activation. Additionally, PTL inhibits the oligomerization of NLRP3 and prevents its
interaction with apoptosis-associated speck-like protein containing ASC. Experimental results further indicated that PTL
reduces caspase-1 activation induced by nigella sativa, thereby inhibiting GSDMD cleavage and the subsequent release

of high-mobility group box 1.°

Polysaccharides from Garlic

Garlic (Allium sativum L.) is a widely consumed natural food with both culinary and medicinal properties. It has been
used for thousands of years as a seasoning and in traditional Chinese medicine for the treatment of various conditions,
including diabetes, obesity, hypertension, as well as kidney and liver disorders.'® Polysaccharides, which are abundant
in nature, are characterized by their multi-target biological activities and relatively low toxicity, making them promising
therapeutic agents.'®!

From a recent study, it can be seen that garlic-derived polysaccharides (PSG) significantly ameliorated DSS-induced
IBD in mice. PSG administration improved key indicators of disease severity, including weight loss, DAI, colon length,
and histopathological changes in colonic tissue. Additionally, PSG effectively reduced colonic inflammation markers and
enhanced intestinal barrier integrity in colonic epithelial cells of IBD-affected mice.®®

Furthermore, PSG exhibited protective effects against DSS-induced secondary liver injury, as evidenced by improve-
ments in liver morphology, liver index, liver function, and histopathological changes. Mechanistic investigations revealed
that PSG attenuated systemic inflammation and pyroptosis by reducing the expression levels of LPS, IL-1B, IL-18,
NLRP3, GSDMD, caspase-1, apoptosis-associated speck-like protein containing ASC, TLR4, myeloid differentiation
primary response 88, NF-kB, and phosphorylated NF-xB in the liver. Simultaneously, PSG increased IL-10 levels,
indicating its role in modulating inflammation and pyroptosis.®®

These findings indicate that PSG may serve as a potential therapeutic agent for IBD, particularly in cases associated
with secondary liver injury.63

Pterostilbene Derivatives
Pterostilbene (PTE) is a polyphenolic compound found in various plant sources, including blueberries and grapes. From
studies, its diverse biological activities, including antioxidant, anti-apoptotic, and anticancer properties have become

evident, 02104
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PTE has been identified through recent research as a potential modulator of the NLRP3 inflammasome through high-
throughput screening models.'® Notably, Ruan et al designed and synthesized a series of novel para-methylstilbene
derivatives (D1-D43) and systematically screened their anti-inflammatory activity by evaluating their inhibitory effects
on LPS/nicotinamide-induced IL-1p production and pyroptosis. Through structure-activity relationship analysis, com-
pound 1-((E)-4-(2-ethoxyethoxy)styrene)-3,5-dimethoxy-2-((E)-2-nitrovinyl)benzene (D22) was identified as the most
potent low-toxicity compound with significant inhibitory efficacy. Preliminary mechanistic studies indicate that com-
pound D22 may directly target the NLRP3 protein, thereby influencing the assembly and activation of the NLRP3
inflammasome. Experimental findings demonstrated that D22 exerted strong anti-inflammatory effects and had
a significant therapeutic impact in a DSS-induced acute colitis mouse model.®’

According to a study by Zhang et al the resveratrol derivative D20 may also target the NLRP3 protein and modulate
the assembly and activation of the NLRP3 inflammasome. In in vivo anti-inflammatory assessments, compound D20

exhibited substantial therapeutic efficacy in the DSS-induced acute colitis mouse model.**

Litsea. Cubeba Leaf Extract

The bay tree (Lour)., a member of the Lauraceae family, is a traditional seasoning and medicinal plant used by the
indigenous people of Taiwan. The fruit is the most commonly used part of the plant and has been reported to exhibit
a range of bioactive properties. The essential oil extracted from bay tree fruit has been shown to inhibit the growth of
drug-resistant Staphylococcus aureus and Acinetobacter baumannii.'®'°” Additionally, it suppresses the expression of
TNF-a and IL-12 in bone marrow-derived dendritic cells stimulated by bacterial endotoxins such as LPS, and reduces
contact hypersensitivity reactions in mice.'®® A novel diterpenoid compound, cubelin, isolated from the methanol extract
of bay tree fruit, has demonstrated pro-apoptotic activity in HeLa cells.'®® Furthermore, citral, the primary component of
bay tree essential oil, reduces kidney inflammation and improves focal segmental glomerulosclerosis and lupus nephritis
in murine models.'' %!

Wong et al further investigated the inhibitory effects of L. cubeba leaf extract (MLE) on NLRP3 inflammasome
activation. Their findings demonstrated that MLE suppresses macrophage pyroptosis by reducing caspase-1 activation
and IL-1B secretion in macrophages, as well as inhibiting the release of NLRP3 and apoptosis-associated speck-like
protein containing ASC. Mechanistically, MLE maintained mitochondrial integrity by reducing mtROS production and
preventing the release of mtDNA into the cytoplasm. However, in LPS-activated macrophages, MLE did not reduce the
expression levels of NLRP3, IL-1B precursor, or TNF-a, indicating that its inhibitory effects primarily target the
activation phase of the NLRP3 inflammasome rather than the initial LPS-induced priming signals.®®

Moreover, oral administration of MLE effectively alleviated DSS-induced colitis in a mouse model. Notably, daily
treatment with MLE at doses of 1 and 2 g/kg for seven consecutive days did not result in significant side effects. These
findings indicate that L. cubeba leaf extract has the potential to be developed as a nutritional supplement for the

prevention and management of diseases associated with NLRP3 inflammasome activation.®®

B-Sitosterol
B-Sitosterol is a major plant sterol commonly found in fruits, vegetables, nuts, seeds, soybean oil, and cottonseed oil. In
vitro and in vivo studies have provided substantial evidence of the diverse biological activities of SIT, highlighting its
potential as a therapeutic agent for various diseases.''? From experimental studies, its anti-inflammatory properties have
been demonstrated, indicating that SIT serves as a safe supplementary pharmaceutical treatment for experimental
colitis.'"> 7 Notably, long-term use of SIT has been experimentally revealed to be non-cytotoxic.''®!!°

To further elucidate the role of SIT in UC and its potential anti-pyroptotic mechanisms, Zhang et al conducted in vivo
and in vitro studies. From their findings, it was evident that SIT treatment alleviated the severity of DSS-induced UC and
reduced the production of TNF-a, IL-1B, and IL-18. Mechanistically, SIT inhibited the expression of pyroptosis-related
proteins in colonic tissues and Caco-2 cells by promoting the formation of autophagosomes and facilitating their fusion
with lysosomes.®’

Further analysis revealed that SIT enhanced the expression of tight junction proteins, including ZO-1 and occludin,
thereby improving colon barrier integrity. These experimental findings indicate that SIT exerts protective and therapeutic
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effects against DSS-induced colonic damage by inhibiting NLRP3/caspase-1/GSDMD-mediated pyroptosis and the
associated inflammatory response.®’

Pelargonidin-3-Galactoside
Anthocyanins are widely distributed among various plant species, including flowers, vegetables, and fruits. As potent
antioxidants, anthocyanins effectively neutralize free radicals, thereby mitigating tissue damage. Additionally, they
modulate immune responses and suppress inflammatory cascades, reducing the progression of inflammation.'2%'?

According to studies, pelargonidin-3-galactoside (Pg3gal), an anthocyanin derived from purple sweet potatoes, exerts
protective effects in DSS-induced colitis in a murine model. Pg3gal treatment significantly ameliorated colonic short-
ening, improved colonic tissue morphology, and reduced the expression levels of interleukin IL-6, IL-1p, and TNF-a in
colonic tissue.®®

Furthermore, Pg3gal modulated DSS-induced gut microbiota dysbiosis, as indicated by a reduction in Proteobacteria
and Deferribacteres, along with an increase in Firmicutes, Bacteroidetes, and Verrucomicrobia.®®

In summary, Pg3gal alleviates DSS-induced UC by inhibiting pyroptosis in intestinal epithelial cells and enhancing
gut microbiota homeostasis, thereby contributing to intestinal structural integrity.®®

Pectic Polysaccharides

Rauvolfia spp., commonly referred to as devil peppers, are a group of evergreen shrubs and trees.'* Pectic polysacchar-
ides (PPs) derived from Rauvolfia callus (rauvolfian) have been reported to exhibit anti-inflammatory properties and have
revealed potential therapeutic effects in IBD, particularly in improving UC in murine models.'**

Studies have demonstrated that PPs extracted from Rauvolfia cultures confer protective effects against DSS-induced
colitis in mice. PP treatment reduced intestinal inflammation and microvilli swelling. Additionally, it attenuated
pyroptotic cell death in intestinal tissue, as evidenced by the inhibition of cleaved caspase-1, IL-1B, and TNF-a
production.*?

The above experimental research indicates that various food-derived compounds have great potential in the treatment
of colitis by regulating pyroptosis, but there are still many challenges in clinical application. Among these, bioavailability
is one of the most important issues, as many natural compounds exhibit poor absorption and rapid metabolism, which can
significantly reduce their therapeutic effects. Furthermore, the content or clinical efficacy of natural products varies
depending on the plant’s origin and the processing methods used for different parts of the plant. Natural products may
also lead to adverse reactions or interact with prescription medications, posing additional problems that need to be
addressed for clinical translation. Current research reports show promising prospects for strategies like nanoparticle
formulations and liposomal delivery regarding the bioavailability of natural compounds; thus, employing these strategies
could significantly enhance the clinical development potential of natural products. Additionally, establishing strict quality
control measures and standardized extraction protocols is crucial to ensuring the safety and efficacy of natural products in
treating colitis.

Application of Structural Modification and Targeted Delivery Strategies of

Natural Compounds in the Treatment of Colitis

Food-derived compounds are considered to have great potential in the treatment of colitis due to their rich biological
activity and low toxicity. However, the bioavailability, targeting ability, and stability of these compounds often limit their
clinical application. In recent years, the emergence of structural modification and targeted delivery strategies has
provided new ideas for addressing these issues (as shown in Table 2).

Structural Modification Strategies

Structural modification enhances the stability and bioavailability of natural compounds by changing their chemical
structure. Common methods include: (1) Nanoparticle Formulation: Nanotechnology can encapsulate natural compounds
in nanoparticles, improving their stability and prolonging release time. For example, in recent years, nanoliposome

Journal of Inflammation Research 2025:18 hetps: 11681



Zhao et al

Table 2 Structural Modification and Targeted Delivery Strategies of Food-Derived Compounds

Compound Modification/Delivery Mechanism Effect References
Strategy
Curcumin Chemical derivatization Absorption and Anti-inflammatory capability?; [58,82,83]
Bioavailability 1 intestinal barrier integrity
Polyphenols Encapsulated in nanoliposomes Bioavailability Absorption rate in the intestines? [125]
Anthocyanin Polymeric nanoparticle Drug release timef Anti-inflammatory effects in colitis [126]
encapsulation modelst
Garlic polysaccharides Encapsulated in liposomes Drug concentration Efficacy of drugs in a colitis modelt [127]

encapsulation technology has been widely used to enhance the bioavailability and intestinal absorption of polyphenolic
compounds. By encapsulating polyphenolic compounds in nanoliposomes, significant improvements can be made in their
solubility, stability, and absorption rate in the intestines.'?® (2) Chemical Derivatization: Introducing new functional
groups through chemical reactions can improve the solubility and stability of compounds. For instance, after structural
modification of curcumin, its intestinal barrier integrity and anti-inflammatory capabilities are significantly

enhanced.”” !

Targeted Delivery Strategies

Targeted delivery systems can precisely deliver drugs to inflamed areas, reducing systemic side effects. Common targeted
delivery systems include: (D) Liposomes: Liposomes are a widely used targeted delivery system that can encapsulate
drugs within a phospholipid bilayer, thereby increasing their concentration at the inflamed site. For example, Garlic
Polysaccharide (GSP) has significant anti-inflammatory and immunomodulatory effects but exhibits poor stability in the
gastrointestinal tract and low bioavailability. In recent years, liposome encapsulation technology has substantially
improved the stability and drug concentration of garlic polysaccharides, thereby enhancing their efficacy in colitis
models.'*> (2) Polymer Nanoparticles: Polymer nanoparticles can control the release rate of drugs and prolong their
action time at the inflammation site. For instance, anthocyanins are a class of natural polyphenolic compounds with
strong antioxidant and anti-inflammatory activities; however, they have low bioavailability in vivo and are easily
degraded by gastrointestinal environments. Recently, polymer nanoparticle encapsulation technology has significantly
improved the stability and bioavailability of anthocyanins while extending drug release time and enhancing their anti-
inflammatory effects in colitis models.'?’

Despite the promising results of structural modification and targeted delivery strategies in animal models, several
challenges remain for their translation to clinical applications. For instance, the long-term safety of nano-formulations
requires further evaluation, and there needs to be more in-depth research into the toxicity and metabolic products of
chemical derivatization. Additionally, issues related to the biocompatibility and immunogenicity of targeted delivery
systems also need to be addressed. Future research should focus on overcoming these challenges to advance the clinical
application of these strategies.

Conclusion
Pyroptosis is a recently identified form of PCD that contributes to the loss of intestinal epithelial cells through both the
classical caspase-1 pathway and the non-classical caspase-4/5/11 pathways. This process plays a key role in the
pathogenesis of UC, serving as one of its key pathological mechanisms. Targeting pyroptosis represents a promising
therapeutic strategy for UC. In recent years, food-derived bioactive compounds have gained increasing attention due to
their minimal toxicity, positioning them as potential candidates for UC management.

This review provides a comprehensive overview of the main mechanisms underlying pyroptosis, as well as the role of
pyroptosis in DSS-induced colitis. Particular emphasis is placed on food-derived compounds and extracts that modulate
pyroptosis in UC, detailing their mechanisms of action and molecular targets. By highlighting these findings, the
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objective of this review is to offer new perspectives and directions for the therapeutic application of food-derived
bioactive compounds in UC treatment.

Furthermore, the effects of various food-derived compounds and extracts in inhibiting pyroptosis and mitigating UC
pathology have been discussed. Notably, these compounds not only suppress pyroptosis but also exert additional benefits,
including immune regulation, maintenance of gut microbiota homeostasis, and preservation of intestinal barrier integrity
through tight junction stabilization. The inhibition of pyroptosis in UC may also act synergistically with other therapeutic
targets to enhance treatment efficacy.

Although food-derived compounds and extracts exhibit significant potential in UC management by inhibiting
pyroptosis, further research is necessary before their clinical application. Several key challenges remain to be addressed
in future studies:

Understanding the interplay between PCD pathways in UC: While pyroptosis has been recognized as a key
contributor to UC progression, other forms of regulated cell death, such as apoptosis, autophagy, ferroptosis, and
necroptosis, also play essential roles. However, there is limited research on how food-derived compounds or extracts
modulate multiple PCD pathways simultaneously to influence UC pathogenesis.

Expanding research beyond preclinical models: Current studies on the inhibition of pyroptosis in UC by food-derived
compounds are largely confined to animal and cellular models. There remains a significant gap in clinical trial data,
posing a challenge for translating these findings into clinical applications.

Addressing these gaps will be crucial in advancing food-derived bioactive compounds as viable therapeutic inter-
ventions for UC. Further investigation is needed to elucidate their precise mechanisms of action and to validate their
efficacy and safety in human studies.

To address these challenges, future research should integrate bioinformatics and network pharmacology to further
investigate the role and mechanisms of novel food-derived compounds in UC management. A key focus should be
identifying compounds capable of modulating multiple forms of programmed cell death, thereby providing a more
comprehensive approach to UC intervention.

Of note, in this study, we explored the potential therapeutic effects of food-derived compounds on colitis in animal
models, particularly their effectiveness in inhibiting pyroptosis. However, translating these promising preclinical findings
into clinical applications still faces many challenges, especially regarding key factors such as bioavailability, toxicity, and
dose-response relationships. First of all, bioavailability is one of the key factors that influence the therapeutic effects of
food-derived compounds. Many bioactive compounds show good activity in in vitro experiments, but their bioavailability
is often low when applied in vivo due to digestive processes in the gastrointestinal tract, degradation by metabolic
enzymes, and the impact of gut microbiota.'*® Furthermore, the issue of toxicity cannot be overlooked. For instance,
some glycation compounds have shown a certain level of toxicity in animal experiments, particularly at high dosages
affecting kidney and liver function.'*® Therefore, a comprehensive toxicological assessment of these compounds is
necessary before clinical applications. Furthermore, research on the dose-response relationship is relatively insufficient.
Most current studies focus on animal models and lack dosage optimization studies specifically targeting humans. Due to
physiological and metabolic differences between humans and animals, directly extrapolating animal study results to
humans may introduce significant deviations. In addition, different individuals may react significantly differently to the
same compound, further complicating the determination of effective dosages.'*” Finally, the lack of clinical trial data is
another significant barrier to advancing these compounds into clinical application. Although many food-derived com-
pounds have demonstrated potential therapeutic effects in vitro and in animal models, these effects are often difficult to
reproduce in human clinical trials. This may result from a combination of factors such as low bioavailability, inadequate
dosing, or individual differences.'*

In summary, although food-derived compounds that regulate pyroptosis show great potential in the treatment of
colitis, significant work is still needed in areas such as bioavailability enhancement, toxicity assessment, dosage
optimization, and clinical trial design to successfully apply them in clinical settings. Future research should focus on
these issues to ensure that these compounds can be used safely and effectively for the treatment of colitis.
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Abbreviations

UC, ulcerative colitis; GSDMD, gasdermin D; PCD, programmed cell death; IBD, inflammatory bowel disease; 5-ASA,
5-aminosalicylic acid; APOLI, apolipoprotein L1; NLRP3, pyrin domain containing protein 3; chemokine CXCL1,
chemokine (C-X-C motif) ligand 1; MEG3, maternally expressed gene 3; SLC6A1, solute carrier family 6 member 1;
Caspase, cysteine-dependent aspartic protease family; PRRs, pattern recognition receptors; PAMPs, pathogen-associated
molecular patterns; DAMPs, damage-associated molecular patterns; ASC, apoptosis-associated speck-like protein;
CARD, N-terminal caspase recruitment domain; PYD, pyrin domain; LPS, lipopolysaccharide; ATP, adenosine tripho-
sphate; Panx-1, pannexin-1; TAK1, TGF-B-activated kinase 1; IKK, I«B kinase; GZMA, granzyme A; GZMB, granzyme
B; DSS, dextran sulphate sodium; Gal2/13, asgepproto-oncogenes; IREla, inositol-requiring enzyme lo; ATF6,
recombinant activating transcription factor 6; p-PERK, phospho-pancreatic endoplasmic reticulumkinase; ROS, reactive
oxygen species; ACA, 1’-acetoxy-vanillic acid ester; MSU, monosodium urate; APE, apple polyphenol extract; IEC,
intestinal epithelial cell; ZO-1, zonula occludens-; ATR, atranori; CUR, curcumin; DAI, disease activity index; MDA,
malondialdehyde; MPO, myeloperoxidase; NOS, nitricoxidesynthase; COX2, cyclooxygenase-2; GSH, glutathione;
NRF2, nuclear factor erythroid 2-related factor 2; CAT, catalase; SODI1, superoxide dismutase 1; BUR, demethoxycur-
cumin; GRbI, ginsenoside Rb; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; PIP2, phosphatidylinositol
4,5-bisphosphate; GRg3, ginsenoside Rg3; HSYA, hydroxy safflower yellow A; HKI, hexokinase 1; NR, narirutin;
BMDMs, bone marrow-derived macrophages; PTL, parthenolide; mtROS, mitochondrial ROS; PSG, polysaccharides
from garlic; PTE, pterostilbene; MLE, L. cubeba leaf extract; SIT, B-sitosterol; Pg3gal, pelargonidin-3-galactoside; PPs,
pectic polysaccharides.

Data Sharing Statement

The datasets used or analysed during the current study are available from the corresponding author on reasonable request.

Funding
This research was supported by Science and Technology Development Plan Project of Jilin Province, China
(No0.20240601022RC).

Disclosure
The authors declare no competing interests.

References

1. Gao H, Cao M, Yao Y, et al. Dysregulated microbiota-driven gasdermin D activation promotes colitis development by mediating IL-18 release.
Front Immunol. 2021;12:750841. doi:10.3389/fimmu.2021.750841
2. Dinarello CA. Overview of the IL-1 family in innate inflammation and acquired immunity. /mmunol Rev. 2018;281(1):8-27. doi:10.1111/
imr.12621
3. Ma C, Yang D, Wang B, et al. Gasdermin D in macrophages restrains colitis by controlling cGAS-mediated inflammation. Sci 4dv. 2020;6(21):
eaaz6717. doi:10.1126/sciadv.aaz6717
4. Zhang J, Yu Q, Jiang D, et al. Epithelial Gasdermin D shapes the host-microbial interface by driving mucus layer formation. Sci Immunol.
2022;7(68):eabk2092. doi:10.1126/sciimmunol.abk2092
5. Zhou Z, He H, Wang K, et al. Granzyme A from cytotoxic lymphocytes cleaves GSDMB to trigger pyroptosis in target cells. Science. 2020;368
(6494). doi:10.1126/science.aaz7548
6. Rana N, Privitera G, Kondolf HC, et al. GSDMB is increased in IBD and regulates epithelial restitution/repair independent of pyroptosis. Cell.
2022;185(2):283-298.¢17. doi:10.1016/j.cell.2021.12.024
7. Chao KL, Kulakova L, Herzberg O. Gene polymorphism linked to increased asthma and IBD risk alters gasdermin-B structure, a sulfatide and
phosphoinositide binding protein. Proc Natl Acad Sci U S A. 2017;114(7):E1128—e1137. doi:10.1073/pnas.1616783114
8. HuY, Liu Y, Zong L, et al. The multifaceted roles of GSDME-mediated pyroptosis in cancer: therapeutic strategies and persisting obstacles.
Cell Death Dis. 2023;14(12):836. doi:10.1038/s41419-023-06382-y
9. Xu Z, Liu R, Huang L, et al. CD147 aggravated inflammatory bowel disease by triggering NF- kB-mediated pyroptosis. Biomed Res Int.
2020;2020(1):5341247. doi:10.1155/2020/5341247
10. Tan G, Huang C, Chen J, et al. Gasdermin-E-mediated pyroptosis participates in the pathogenesis of Crohn’s disease by promoting intestinal
inflammation. Cell Rep. 2021;35(11):109265. doi:10.1016/j.celrep.2021.109265
11. Kerur N, Fukuda S, Banerjee D, et al. cGAS drives noncanonical-inflammasome activation in age-related macular degeneration. Nat Med.
2018;24(1):50-61. doi:10.1038/nm.4450

11684 ‘= Journal of Inflammation Research 2025:18


https://doi.org/10.3389/fimmu.2021.750841
https://doi.org/10.1111/imr.12621
https://doi.org/10.1111/imr.12621
https://doi.org/10.1126/sciadv.aaz6717
https://doi.org/10.1126/sciimmunol.abk2092
https://doi.org/10.1126/science.aaz7548
https://doi.org/10.1016/j.cell.2021.12.024
https://doi.org/10.1073/pnas.1616783114
https://doi.org/10.1038/s41419-023-06382-y
https://doi.org/10.1155/2020/5341247
https://doi.org/10.1016/j.celrep.2021.109265
https://doi.org/10.1038/nm.4450

Zhao et al

12.

13.

14.
15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.

Wei X, Xie F, Zhou X, et al. Role of pyroptosis in inflammation and cancer. Cell Mol Immunol. 2022;19(9):971-992. doi:10.1038/541423-022-
00905-x

Yu P, Zhang X, Liu N, et al. Pyroptosis: mechanisms and diseases. Signal Transduct Target Ther. 2021;6(1):128. doi:10.1038/s41392-021-
00507-5

Burdette BE, Esparza AN, Zhu H, et al. Gasdermin D in pyroptosis. Acta Pharm Sin B. 2021;11(9):2768-2782. doi:10.1016/j.apsb.2021.02.006
Jin C, Flavell RA. Molecular mechanism of NLRP3 inflammasome activation. J Clin Immunol. 2010;30(5):628—-631. doi:10.1007/s10875-010-
9440-3

. Liu X, Zhang Z, Ruan J, et al. Inflammasome-activated gasdermin D causes pyroptosis by forming membrane pores. Nature. 2016;535

(7610):153-158. doi:10.1038/nature18629

Broz P, Pelegrin P, Shao F. The gasdermins, a protein family executing cell death and inflammation. Nat Rev Immunol. 2020;20(3):143-157.
doi:10.1038/s41577-019-0228-2

Aglietti RA, Estevez A, Gupta A, et al. GsdmD p30 elicited by caspase-11 during pyroptosis forms pores in membranes. Proc Natl Acad Sci
US A.2016;113(28):7858-7863. doi:10.1073/pnas.1607769113

Sborgi L, Rithl S, Mulvihill E, et al. GSDMD membrane pore formation constitutes the mechanism of pyroptotic cell death. EMBO j. 2016;35
(16):1766—-1778. doi:10.15252/embj.201694696

Baker PJ, Boucher D, Bierschenk D, et al. NLRP3 inflammasome activation downstream of cytoplasmic LPS recognition by both caspase-4 and
caspase-5. Eur J Immunol. 2015;45(10):2918-2926. doi:10.1002/¢ji.201545655

Riihl S, Broz P. Caspase-11 activates a canonical NLRP3 inflammasome by promoting K(+) efflux. Eur J Immunol. 2015;45(10):2927-2936.
doi:10.1002/¢ji.201545772

Schmid-Burgk JL, Gaidt MM, Schmidt T, et al. Caspase-4 mediates non-canonical activation of the NLRP3 inflammasome in human myeloid
cells. Eur J Immunol. 2015;45(10):2911-2917. doi:10.1002/¢ji.201545523

Yang D, He Y, Mufioz-Planillo R, et al. Caspase-11 requires the pannexin-1 channel and the purinergic P2X7 pore to mediate pyroptosis and
endotoxic shock. Immunity. 2015;43(5):923-932. doi:10.1016/j.immuni.2015.10.009

Jiang M, Qi L, Li L, et al. Caspase-8: a key protein of cross-talk signal way in “PANoptosis” in cancer. Int J Cancer. 2021;149(7):1408-1420.
doi:10.1002/ijc.33698

Ketelut-Carneiro N, Fitzgerald KA. Apoptosis, pyroptosis, and necroptosis-oh my! The many ways a cell can die. J Mol Biol. 2022;434
(4):167378. doi:10.1016/j.jmb.2021.167378

Rogers C, Fernandes-Alnemri T, Mayes L, et al. Cleavage of DFNAS by caspase-3 during apoptosis mediates progression to secondary necrotic/
pyroptotic cell death. Nat Commun. 2017;8(1):14128. doi:10.1038/ncomms14128

Orning P, Weng D, Starheim K, et al. Pathogen blockade of TAKI triggers caspase-8-dependent cleavage of gasdermin D and cell death.
Science. 2018;362(6418):1064—1069. doi:10.1126/science.aau2818

Sarhan J, Liu BC, Muendlein HI, et al. Caspase-8 induces cleavage of gasdermin D to elicit pyroptosis during Yersinia infection. Proc Natl
Acad Sci U S A. 2018;115(46):E10888—e10897. doi:10.1073/pnas.1809548115

Liu Y, Fang Y, Chen X, et al. Gasdermin E-mediated target cell pyroptosis by CAR T cells triggers cytokine release syndrome. Sci Immunol.
2020;5(43). doi:10.1126/sciimmunol.aax7969

Zhang Z, Zhang Y, Xia S, et al. Gasdermin E suppresses tumour growth by activating anti-tumour immunity. Nature. 2020;579(7799):415-420.
doi:10.1038/s41586-020-2071-9

Tak J, An Q, Lee SG, et al. Gal2 and endoplasmic reticulum stress-mediated pyroptosis in a single cycle of dextran sulfate-induced mouse
colitis. Sci Rep. 2024;14(1):6335. doi:10.1038/541598-024-56685-z

Ma ZR, Li Z-L, Zhang N, et al. Inhibition of GSDMD-mediated pyroptosis triggered by Trichinella spiralis intervention contributes to the
alleviation of DSS-induced ulcerative colitis in mice. Parasit Vectors. 2023;16(1):280. doi:10.1186/s13071-023-05857-3

Perera AP, Fernando R, Shinde T, et al. MCC950, a specific small molecule inhibitor of NLRP3 inflammasome attenuates colonic inflammation
in spontaneous colitis mice. Sci Rep. 2018;8(1):8618. doi:10.1038/s41598-018-26775-w

Cheng C, Hu J, Li Y, et al. Qing-Chang-Hua-Shi granule ameliorates DSS-induced colitis by activating NLRP6 signaling and regulating Th17/
Treg balance. Phytomedicine. 2022;107:154452. doi:10.1016/j.phymed.2022.154452

Deng Q, Chen H, Liu Y, et al. Psychological stress promotes neutrophil infiltration in colon tissue through adrenergic signaling in DSS-induced
colitis model. Brain Behav Immun. 2016;57:243-254. doi:10.1016/j.bbi.2016.04.017

Pu Z, Che Y, Zhang W, et al. Dual roles of IL-18 in colitis through regulation of the function and quantity of goblet cells. Int J Mol Med.
2019;43(6):2291-2302. doi:10.3892/ijmm.2019.4156

Ratsimandresy RA, Indramohan M, Dorfleutner A, et al. The AIM2 inflammasome is a central regulator of intestinal homeostasis through the
IL-18/IL-22/STAT3 pathway. Cell Mol Immunol. 2017;14(1):127-142. doi:10.1038/cmi.2016.35

Zhang X, Yuan Z, Wu J, et al. An orally-administered nanotherapeutics with carbon monoxide supplying for inflammatory bowel disease
therapy by scavenging oxidative stress and restoring gut immune homeostasis. ACS Nano. 2023;17(21):21116-21133. doi:10.1021/
acsnano.3c04819

Le Berre C, Honap S, Peyrin-Biroulet L. Ulcerative colitis. Lancet. 2023;402(10401):571-584. doi:10.1016/S0140-6736(23)00966-2

Buie MJ, Quan J, Windsor JW, et al. Global hospitalization trends for crohn’s disease and ulcerative colitis in the 21st century: a systematic
review with temporal analyses. Clin Gastroenterol Hepatol. 2023;21(9):2211-2221. doi:10.1016/j.cgh.2022.06.030

Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic review of
population-based studies. Lancet. 2017;390(10114):2769-2778. doi:10.1016/S0140-6736(17)32448-0

Voelker R. What Is Ulcerative Colitis? JAMA. 2024;331(8):716. doi:10.1001/jama.2023.23814

Cheng T, Chen XY, Wang LD, Yuan W, Miao XP. Rauvolfian pectic polysaccharide alleviates gut inflammation and alters microbiota diversity
in colitis. J Biol Regul Homeost Agents. 2023;37(7):3529-3540.

Bulek K, Zhao J, Liao Y, et al. Epithelial-derived gasdermin D mediates nonlytic IL-1f release during experimental colitis. J Clin Invest.
2020;130(8):4218-4234. doi:10.1172/JCI138103

Liu Y, Pan R, Ouyang Y, et al. Pyroptosis in health and disease: mechanisms, regulation and clinical perspective. Signal Transduct Target Ther.
2024;9(1):245. doi:10.1038/s41392-024-01958-2

Journal of Inflammation Research 2025:18 hetps: 11685


https://doi.org/10.1038/s41423-022-00905-x
https://doi.org/10.1038/s41423-022-00905-x
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1016/j.apsb.2021.02.006
https://doi.org/10.1007/s10875-010-9440-3
https://doi.org/10.1007/s10875-010-9440-3
https://doi.org/10.1038/nature18629
https://doi.org/10.1038/s41577-019-0228-2
https://doi.org/10.1073/pnas.1607769113
https://doi.org/10.15252/embj.201694696
https://doi.org/10.1002/eji.201545655
https://doi.org/10.1002/eji.201545772
https://doi.org/10.1002/eji.201545523
https://doi.org/10.1016/j.immuni.2015.10.009
https://doi.org/10.1002/ijc.33698
https://doi.org/10.1016/j.jmb.2021.167378
https://doi.org/10.1038/ncomms14128
https://doi.org/10.1126/science.aau2818
https://doi.org/10.1073/pnas.1809548115
https://doi.org/10.1126/sciimmunol.aax7969
https://doi.org/10.1038/s41586-020-2071-9
https://doi.org/10.1038/s41598-024-56685-z
https://doi.org/10.1186/s13071-023-05857-3
https://doi.org/10.1038/s41598-018-26775-w
https://doi.org/10.1016/j.phymed.2022.154452
https://doi.org/10.1016/j.bbi.2016.04.017
https://doi.org/10.3892/ijmm.2019.4156
https://doi.org/10.1038/cmi.2016.35
https://doi.org/10.1021/acsnano.3c04819
https://doi.org/10.1021/acsnano.3c04819
https://doi.org/10.1016/S0140-6736(23)00966-2
https://doi.org/10.1016/j.cgh.2022.06.030
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1001/jama.2023.23814
https://doi.org/10.1172/JCI138103
https://doi.org/10.1038/s41392-024-01958-2

Zhao et al

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Zhang X, Chen Y, Yu S, et al. Correction to: inhibition of C3a/C3aR axis in diverse stages of ulcerative colitis affected the prognosis of UC by
modulating the pyroptosis and expression of Caspase-11. Inflammation. 2021;44(3):1203-1204. doi:10.1007/s10753-020-01380-0

Zhu F, Li S, Gu Q, et al. APOLI induces pyroptosis of fibroblasts through NLRP3/Caspase-1/GSDMD signaling pathway in ulcerative colitis.
J Inflamm Res. 2023;16:6385-6396. doi:10.2147/JIR.S437875

Wang Y, Wang N, Cui L, et al. Long non-coding RNA MEG3 alleviated ulcerative colitis through upregulating miR-98-5p-sponged IL-10.
Inflammation. 2021;44(3):1049-1059. doi:10.1007/s10753-020-01400-z

Yan R, Liang X, Hu J. miR-141-3p alleviates ulcerative colitis by targeting SUGT1 to inhibit colonic epithelial cell pyroptosis. Autoimmunity.
2023;56(1):2220988. doi:10.1080/08916934.2023.2220988

Gu Q, Xia H, Song Y-Q, et al. SLC6A14 promotes ulcerative colitis progression by facilitating NLRP3 inflammasome-mediated pyroptosis.
World J Gastroenterol. 2023;30(3):252-267. doi:10.3748/wjg.v30.i3.252

Huang Y, Wu Q, Li S, et al. Harnessing nature’s pharmacy: investigating natural compounds as novel therapeutics for ulcerative colitis. Front
Pharmacol. 2024;15:1394124. doi:10.3389/fphar.2024.1394124

Chen B, Dong X, Zhang JL, et al. Natural compounds target programmed cell death (PCD) signaling mechanism to treat ulcerative colitis: a
review. Front Pharmacol. 2024;15:1333657. doi:10.3389/fphar.2024.1333657

Sok SPM, Ori D, Wada A, et al. 1’-Acetoxychavicol acetate inhibits NLRP3-dependent inflammasome activation via mitochondrial ROS
suppression. /nt Immunol. 2021;33(7):373-386. doi:10.1093/intimm/dxab016

Liu F, Wang X, Cui Y, et al. Apple polyphenols extract (APE) alleviated dextran sulfate sodium induced acute ulcerative colitis and
accompanying neuroinflammation via inhibition of apoptosis and pyroptosis. Foods. 2021;10(11):2711. doi:10.3390/foods10112711

Wang HY, Lin X, Huang -G-G, et al. Atranorin inhibits NLRP3 inflammasome activation by targeting ASC and protects NLRP3
inflammasome-driven diseases. Acta Pharmacol Sin. 2023;44(8):1687-1700. doi:10.1038/s41401-023-01054-1

Chen L, Liu D, Mao M, et al. Betaine ameliorates acute sever ulcerative colitis by inhibiting oxidative stress induced inflammatory pyroptosis.
Mol Nutr Food Res. 2022;66(22):¢2200341. doi:10.1002/mnfr.202200341

Zhang J, Li Q, Zhang X, et al. Bisdemethoxycurcumin alleviates dextran sodium sulfate-induced colitis via inhibiting NLRP3 inflammasome
activation and modulating the gut microbiota in mice. Antioxidants. 2022;11(10):1994. doi:10.3390/antiox11101994

Li S, Yuan R, Fan Q, et al. Ginsenoside Rbl exerts therapeutic effects on ulcerative colitis through regulating the Nrf2/PIP2/NLRP3
inflammasome signaling pathway. J Functional Foods. 2023;102:105475. doi:10.1016/j.jf£.2023.105475

Liu D, Tian Q, Liu K, et al. Ginsenoside Rg3 ameliorates DSS-induced colitis by inhibiting NLRP3 inflammasome activation and regulating
microbial homeostasis. J Agric Food Chem. 2023;71(7):3472-3483.

Chen J, Pan M, Wang J, et al. Hydroxysafflor yellow A protects against colitis in mice by suppressing pyroptosis via inhibiting HK1/NLRP3/
GSDMD and modulating gut microbiota. Toxicol Appl Pharmacol. 2023;467:116494. doi:10.1016/j.taap.2023.116494

Ri MH, Li MY, Xing Y, et al. Narirutin exerts anti-inflammatory activity by inhibiting NLRP3 inflammasome activation in macrophages.
Phytother Res. 2023;37(4):1293-1308. doi:10.1002/ptr.7686

Liu L, Feng L, Gao J, et al. Parthenolide targets NLRP3 to treat inflammasome-related diseases. Int Immunopharmacol. 2023;119:110229.
doi:10.1016/j.intimp.2023.110229

Zhan X, Peng W, Wang Z, et al. Polysaccharides from garlic protect against liver injury in DSS-induced inflammatory bowel disease of mice via
suppressing pyroptosis and oxidative damage. Oxid Med Cell Longev. 2022;2022(1):2042163. doi:10.1155/2022/2042163

Zhang X, Li B, Liu X, et al. Synthesis and anti-inflammatory bowel disease activity of pterostilbene derivatives. Chem Biodivers. 2024;21(11):
€202401081. doi:10.1002/cbdv.202401081

Ruan B, Rong M, Ming Z, et al. Discovery of pterostilbene analogs as novel NLRP3 inflammasome inhibitors for potential treatment of
DSS-induced colitis in mice. Bioorg Chem. 2023;133:106429. doi:10.1016/j.bioorg.2023.106429

Wong WT, Wu C-H, Li L-H, et al. The leaves of the seasoning plant Litsea cubeba inhibit the NLRP3 inflammasome and ameliorate dextran
sulfate sodium-induced colitis in mice. Front Nutr. 2022;9:871325. do0i:10.3389/fnut.2022.871325

Zhang D, Ge F, Ji J, et al. B-sitosterol alleviates dextran sulfate sodium-induced experimental colitis via inhibition of NLRP3/Caspase-1/
GSDMD-mediated pyroptosis. Front Pharmacol. 2023;14:1218477. doi:10.3389/fphar.2023.1218477

Chen J, Jiang F, Xu N, et al. Anthocyanin extracted from purple sweet potato alleviates dextran sulfate sodium-induced colitis in mice by
suppressing pyroptosis and altering intestinal flora structure. J Med Food. 2024;27(2):110-122. doi:10.1089/jmf.2023.K.0247

Kojima-Yuasa A, Matsui-Yuasa I. Pharmacological effects of 1’-acetoxychavicol acetate, a major constituent in the rhizomes of alpinia galanga
and alpinia conchigera. J Med Food. 2020;23(5):465-475. doi:10.1089/jmf.2019.4490

Lin ST, Tu S-H, Yang P-S, et al. Apple polyphenol phloretin inhibits colorectal cancer cell growth via inhibition of the type 2 glucose
transporter and activation of p53-mediated signaling. J Agric Food Chem. 2016;64(36):6826—6837. doi:10.1021/acs.jafc.6b02861

Mendili M, Khadhri A, Mediouni-Ben Jemaa J, et al. Anti-inflammatory potential of compounds isolated from tunisian lichens species. Chem
Biodivers. 2022;19(8):¢202200134. doi:10.1002/cbdv.202200134

Bugni TS, Andjelic CD, Pole AR, et al. Biologically active components of a Papua New Guinea analgesic and anti-inflammatory lichen
preparation. Fitoterapia. 2009;80(5):270-273. doi:10.1016/j.fitote.2009.03.003

Marcelia G,Adriano A,Mairim R, et al. Anti-inflammatory and toxicity studies of atranorin extracted from Cladina kalbii Ahti in rodents. Braz J
Pharm Sci. 2011;47(4):861-872. doi:10.1590/S1984-82502011000400024

Drobny A, Meloh H, Wichtershduser E, et al. Betaine-rich sugar beet molasses protects from homocysteine-induced reduction of survival in
Caenorhabditis elegans. Eur J Nutr. 2020;59(2):779-786. doi:10.1007/s00394-019-01944-3

Yang Y, Jiang W, Yang S, et al. Transgenerational inheritance of betaine-induced epigenetic alterations in estrogen-responsive IGF-2/IGFBP2
genes in rat hippocampus. Mol Nutr Food Res. 2020;64(8):¢1900823. doi:10.1002/mnfr.201900823

Liu Q, Lin B, Tao Y. Improved methylation in E. coli via an efficient methyl supply system driven by betaine. Metab Eng. 2022;72:46-55.
doi:10.1016/j.ymben.2022.02.004

Gong Z, Zhao S, Zhou J, et al. Curcumin alleviates DSS-induced colitis via inhibiting NLRP3 inflammsome activation and IL-1 production.
Mol Immunol. 2018;104:11-19. doi:10.1016/j.molimm.2018.09.004

Yu W, Qin X, Zhang Y, et al. Curcumin suppresses doxorubicin-induced cardiomyocyte pyroptosis via a PI3K/Akt/mTOR-dependent manner.
Cardiovasc Diagn Ther. 2020;10(4):752-769. doi:10.21037/cdt-19-707

11686 ‘== Journal of Inflammation Research 2025:18


https://doi.org/10.1007/s10753-020-01380-0
https://doi.org/10.2147/JIR.S437875
https://doi.org/10.1007/s10753-020-01400-z
https://doi.org/10.1080/08916934.2023.2220988
https://doi.org/10.3748/wjg.v30.i3.252
https://doi.org/10.3389/fphar.2024.1394124
https://doi.org/10.3389/fphar.2024.1333657
https://doi.org/10.1093/intimm/dxab016
https://doi.org/10.3390/foods10112711
https://doi.org/10.1038/s41401-023-01054-1
https://doi.org/10.1002/mnfr.202200341
https://doi.org/10.3390/antiox11101994
https://doi.org/10.1016/j.jff.2023.105475
https://doi.org/10.1016/j.taap.2023.116494
https://doi.org/10.1002/ptr.7686
https://doi.org/10.1016/j.intimp.2023.110229
https://doi.org/10.1155/2022/2042163
https://doi.org/10.1002/cbdv.202401081
https://doi.org/10.1016/j.bioorg.2023.106429
https://doi.org/10.3389/fnut.2022.871325
https://doi.org/10.3389/fphar.2023.1218477
https://doi.org/10.1089/jmf.2023.K.0247
https://doi.org/10.1089/jmf.2019.4490
https://doi.org/10.1021/acs.jafc.6b02861
https://doi.org/10.1002/cbdv.202200134
https://doi.org/10.1016/j.fitote.2009.03.003
https://doi.org/10.1590/S1984-82502011000400024
https://doi.org/10.1007/s00394-019-01944-3
https://doi.org/10.1002/mnfr.201900823
https://doi.org/10.1016/j.ymben.2022.02.004
https://doi.org/10.1016/j.molimm.2018.09.004
https://doi.org/10.21037/cdt-19-707

Zhao et al

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.
105.

106.

107.

108.

109.

110.

Goel A, Kunnumakkara AB, Aggarwal BB. Curcumin as “Curecumin”: from kitchen to clinic. Biochem Pharmacol. 2008;75(4):787-809.
doi:10.1016/j.bcp.2007.08.016

Basile V, Ferrari E, Lazzari S, et al. Curcumin derivatives: molecular basis of their anti-cancer activity. Biochem Pharmacol. 2009;78
(10):1305-1315. doi:10.1016/j.bcp.2009.06.105

Li X, Huo C, Xiao Y, et al. Bisdemethoxycurcumin protection of cardiomyocyte mainly depends on Nrf2/HO-1 activation mediated by the
PI3K/AKT pathway. Chem Res Toxicol. 2019;32(9):1871-1879. doi:10.1021/acs.chemrestox.9b00222

Zhang J, Cao L, Wang H, et al. Ginsenosides regulate PXR/NF-kB signaling and attenuate dextran sulfate sodium-induced colitis. Drug Metab
Dispos. 2015;43(8):1181-1189. doi:10.1124/dmd.115.063800

Dong JY, Xia K-J, Liang W, et al. Ginsenoside Rb1 alleviates colitis in mice via activation of endoplasmic reticulum-resident E3 ubiquitin
ligase Hrd1 signaling pathway. Acta Pharmacol Sin. 2021;42(9):1461-1471. doi:10.1038/s41401-020-00561-9

Luo H, Vong CT, Chen H, et al. Naturally occurring anti-cancer compounds: shining from Chinese herbal medicine. Chin Med. 2019;14:48.
doi:10.1186/513020-019-0270-9

Jia L, Zhao Y, Liang XJ. Current evaluation of the millennium phytomedicine- ginseng (II): collected chemical entities, modern pharmacology,
and clinical applications emanated from traditional Chinese medicine. Curr Med Chem. 2009;16(22):2924-2942. doi:10.2174/
092986709788803204

Li J, Zhang Y, Fan A, et al. Pharmacokinetics and bioavailability study of ginsenoside Rkl in rat by liquid chromatography/electrospray
ionization tandem mass spectrometry. Biomed Chromatogr. 2019;33(9):¢4580. doi:10.1002/bmc.4580

Hussain MI, Lyra DA, Farooq M, Nikoloudakis N, Khalid N. Salt and drought stresses in safflower: a review. Agron Sustainable Dev. 2015;36
(1):4.

Khalid N, Khan RS, Hussain MI, et al. A comprehensive characterisation of safflower oil for its potential applications as a bioactive food
ingredient - A review. Trends Food Sci Technol. 2017;66:176—186. doi:10.1016/j.tifs.2017.06.009

Hu ZC, Xie Z-J, Tang Q, et al. Hydroxysafflor yellow A (HSYA) targets the NF-kB and MAPK pathways and ameliorates the development of
osteoarthritis. Food Funct. 2018;9(8):4443-4456. doi:10.1039/C8FO00732B

Luo M, Huang J-C, Yang Z-Q, et al. Hydroxysaftlor yellow A exerts beneficial effects by restoring hormone secretion and alleviating oxidative
stress in polycystic ovary syndrome mice. Exp Physiol. 2020;105(2):282-292. doi:10.1113/EP088147

Chen XM, Tait AR, Kitts DD. Flavonoid composition of Orange peel and its association with antioxidant and anti-inflammatory activities. Food
Chem. 2017;218:15-21. doi:10.1016/j.foodchem.2016.09.016

M’hiri N, Ioannou I, Ghoul M, et al. Phytochemical characteristics of citrus peel and effect of conventional and nonconventional processing on
phenolic compounds: a review. Food Rev Int. 2017;33(6):587-619. doi:10.1080/87559129.2016.1196489

Friedrich M, Pohin M, Powrie F. Cytokine networks in the pathophysiology of inflammatory bowel disease. Immunity. 2019;50(4):992—1006.
doi:10.1016/j.immuni.2019.03.017

Ha SK, Park H-Y, Eom H, et al. Narirutin fraction from citrus peels attenuates LPS-stimulated inflammatory response through inhibition of NF-
kB and MAPKs activation. Food Chem Toxicol. 2012;50(10):3498-3504. doi:10.1016/;.fct.2012.07.007

Mathema VB, Koh Y-S, Thakuri BC, et al. Parthenolide, a sesquiterpene lactone, expresses multiple anti-cancer and anti-inflammatory
activities. Inflammation. 2012;35(2):560-565. doi:10.1007/s10753-011-9346-0

Wang M, Li Q. Parthenolide could become a promising and stable drug with anti-inflammatory effects. Nat Prod Res. 2015;29(12):1092—1101.
doi:10.1080/14786419.2014.981541

Kiuchi H, Takao T, Yamamoto K, et al. Sesquiterpene lactone parthenolide ameliorates bladder inflammation and bladder overactivity in
cyclophosphamide induced rat cystitis model by inhibiting nuclear factor-kappaB phosphorylation. J Urol. 2009;181(5):2339-2348.
doi:10.1016/j.juro.2009.01.015

Zhang Y, Feng W, Peng X, et al. Parthenolide alleviates peritoneal fibrosis by inhibiting inflammation via the NF-kB/ TGF-/Smad signaling
axis. Lab Invest. 2022;102(12):1346-1354. doi:10.1038/s41374-022-00834-3

Juliana C, Fernandes-Alnemri T, Wu J, et al. Anti-inflammatory compounds parthenolide and Bay 11-7082 are direct inhibitors of the
inflammasome. J Biol Chem. 2010;285(13):9792-9802. doi:10.1074/jbc.M109.082305

Naji KM, Al-Shaibani ES, Alhadi FA, et al. Hepatoprotective and antioxidant effects of single clove garlic against CCl(4)-induced hepatic
damage in rabbits. BMC Complement Altern Med. 2017;17(1):411. doi:10.1186/s12906-017-1916-8

Wang W, Zhao B, Zhang Z, et al. Natural polysaccharides and their derivatives targeting the tumor microenvironment: a review. Int J Biol
Macromol. 2024;268(Pt 2). doi:10.1016/j.ijbiomac.2024.131789

Hseu YC, Vudhya Gowrisankar Y, Wang L-W, et al. The in vitro and in vivo depigmenting activity of pterostilbene through induction of
autophagy in melanocytes and inhibition of UVA-irradiated o-MSH in keratinocytes via Nrf2-mediated antioxidant pathways. Redox Biol.
2021;44:102007. doi:10.1016/j.redox.2021.102007

Bhakkiyalakshmi E, Shalini D, Sekar TV, et al. Therapeutic potential of pterostilbene against pancreatic beta-cell apoptosis mediated through
Nrf2. Br J Pharmacol. 2014;171(7):1747-1757. doi:10.1111/bph.12577

Chen RJ, Kuo HC, Cheng LH, et al. Apoptotic and nonapoptotic activities of pterostilbene against cancer. Int J Mol Sci. 2018;19(1):287.
Chen LZ, Zhang XX, Liu MM, et al. Discovery of novel pterostilbene-based derivatives as potent and orally active NLRP3 inflammasome
inhibitors with inflammatory activity for colitis. J Med Chem. 2021;64(18):13633-13657. doi:10.1021/acs.jmedchem.1c01007

Yang Y, Chen Y, Zhang G, et al. Transcriptomic analysis of staphylococcus aureus under the stress condition caused by litsea cubeba
L. essential oil via RNA sequencing. Front Microbiol. 2020;11:1693. doi:10.3389/fmicb.2020.01693

Yang Y, Hao K, Jiang M, et al. Transcriptomic analysis of drug-resistance acinetobacter baumannii under the stress condition caused by litsea
cubeba L. essential oil via RNA sequencing. Genes. 2021;12(7):1003. doi:10.3390/genes12071003

Chen HC, Chang WT, Hseu YC, et al. Immunosuppressive effect of litsea cubeba L. essential oil on dendritic cell and contact hypersensitivity
responses. Int J Mol Sci. 2016;17(8):1319.

Trisonthi P, Sato A, Nishiwaki H, et al. A new diterpene from Litsea cubeba fruits: structure elucidation and capability to induce apoptosis in
HeLa cells. Molecules. 2014;19(5):6838—6850. doi:10.3390/molecules19056838

Yang SM, Hua K-F, Lin Y-C, et al. Citral is renoprotective for focal segmental glomerulosclerosis by inhibiting oxidative stress and apoptosis
and activating Nrf2 pathway in mice. PLoS One. 2013;8(9):¢74871. doi:10.1371/journal.pone.0074871

Journal of Inflammation Research 2025:18 hetps: 11687


https://doi.org/10.1016/j.bcp.2007.08.016
https://doi.org/10.1016/j.bcp.2009.06.105
https://doi.org/10.1021/acs.chemrestox.9b00222
https://doi.org/10.1124/dmd.115.063800
https://doi.org/10.1038/s41401-020-00561-9
https://doi.org/10.1186/s13020-019-0270-9
https://doi.org/10.2174/092986709788803204
https://doi.org/10.2174/092986709788803204
https://doi.org/10.1002/bmc.4580
https://doi.org/10.1016/j.tifs.2017.06.009
https://doi.org/10.1039/C8FO00732B
https://doi.org/10.1113/EP088147
https://doi.org/10.1016/j.foodchem.2016.09.016
https://doi.org/10.1080/87559129.2016.1196489
https://doi.org/10.1016/j.immuni.2019.03.017
https://doi.org/10.1016/j.fct.2012.07.007
https://doi.org/10.1007/s10753-011-9346-0
https://doi.org/10.1080/14786419.2014.981541
https://doi.org/10.1016/j.juro.2009.01.015
https://doi.org/10.1038/s41374-022-00834-3
https://doi.org/10.1074/jbc.M109.082305
https://doi.org/10.1186/s12906-017-1916-8
https://doi.org/10.1016/j.ijbiomac.2024.131789
https://doi.org/10.1016/j.redox.2021.102007
https://doi.org/10.1111/bph.12577
https://doi.org/10.1021/acs.jmedchem.1c01007
https://doi.org/10.3389/fmicb.2020.01693
https://doi.org/10.3390/genes12071003
https://doi.org/10.3390/molecules19056838
https://doi.org/10.1371/journal.pone.0074871

Zhao et al

111. Ka SM, Lin J-C, Lin T-J, et al. Citral alleviates an accelerated and severe lupus nephritis model by inhibiting the activation signal of NLRP3
inflammasome and enhancing Nrf2 activation. Arthritis Res Ther. 2015;17(1):331. doi:10.1186/s13075-015-0844-6

112. Babu S, Jayaraman S. An update on p-sitosterol: a potential herbal nutraceutical for diabetic management. Biomed Pharmacother.
2020;131:110702. doi:10.1016/j.biopha.2020.110702

113. Lee IA, Kim EJ, Kim DH. Inhibitory effect of B-sitosterol on TNBS-induced colitis in mice. Planta Med. 2012;78(9):896-898. doi:10.1055/
5-0031-1298486

114. Aldini R, Micucci M, Cevenini M, et al. Antiinflammatory effect of phytosterols in experimental murine colitis model: prevention, induction,
remission study. PLoS One. 2014;9(9):e108112. doi:10.1371/journal.pone.0108112

115. Bin Sayeed MS, Karim S, Sharmin T, et al. Critical analysis on characterization, systemic effect, and therapeutic potential of beta-sitosterol: a
plant-derived orphan phytosterol. Medicines. 2016;3(4):29. doi:10.3390/medicines3040029

116. Feng S, Dai Z, Liu A, et al. B-Sitosterol and stigmasterol ameliorate dextran sulfate sodium-induced colitis in mice fed a high fat Western-style
diet. Food Funct. 2017;8(11):4179-4186. doi:10.1039/C7FO00375G

117. Ding K, Tan -Y-Y, Ding Y, et al. B-Sitosterol improves experimental colitis in mice with a target against pathogenic bacteria. J Cell Biochem.
2019;120(4):5687-5694. doi:10.1002/jcb.27853

118. Paniagua-Pérez R, Madrigal-Bujaidar E, Reyes-Cadena S, et al. Genotoxic and cytotoxic studies of beta-sitosterol and pteropodine in mouse.
J Biomed Biotechnol. 2005;2005(3):242—247. doi:10.1155/JBB.2005.242

119. Feng S, Belwal T, Li L, et al. Phytosterols and their derivatives: potential health-promoting uses against lipid metabolism and associated
diseases, mechanism, and safety issues. Compr Rev Food Sci Food Saf. 2020;19(4):1243-1267. doi:10.1111/1541-4337.12560

120. Tomas M, Toydemir G, Boyacioglu D, et al. Processing black mulberry into jam: effects on antioxidant potential and in vitro bioaccessibility.
J Sci Food Agric. 2017;97(10):3106-3113. doi:10.1002/jsfa.8152

121. Speciale A, Bashllari R, Muscara C, et al. Anti-inflammatory activity of an in vitro digested anthocyanin-rich extract on intestinal epithelial
cells exposed to TNF-a. Molecules. 2022;27(17):5368. doi:10.3390/molecules27175368

122. Zhao JG, Yan Q-Q, Lu L-Z, et al. In vivo antioxidant, hypoglycemic, and anti-tumor activities of anthocyanin extracts from purple sweet potato.
Nutr Res Pract. 2013;7(5):359-365. doi:10.4162/nrp.2013.7.5.359

123. Mukherjee E, Gantait S, Kundu S, et al. Biotechnological interventions on the genus Rauvolfia: recent trends and imminent prospects. Appl
Microbiol Biotechnol. 2019;103(18):7325-7354. doi:10.1007/s00253-019-10035-6

124. Popov SV, Vinter VG, Patova OA, et al. Chemical characterization and anti-inflammatory effect of rauvolfian, a pectic polysaccharide of
Rauvolfia callus. Biochemistry. 2007;72(7):778-784. doi:10.1134/s0006297907070139

125. Shao X, Li J, Shao Q, et al. Water-soluble garlic polysaccharide (WSGP) improves ulcerative colitis by modulating the intestinal barrier and
intestinal flora metabolites. Sci Rep. 2024;14(1):21504. doi:10.1038/s41598-024-72797-y

126. Hellwig M, Diel P, Eisenbrand G, et al. Dietary glycation compounds - implications for human health. Crit Rev Toxicol. 2024;54(8):485-617.
doi:10.1080/10408444.2024.2362985

127. Li S, Wu B, Fu W, Reddivari L. The anti-inflammatory effects of dietary anthocyanins against ulcerative Colitis. Int J Mol Sci. 2019;20
(10):2588.

128. Rein MJ, Renouf M, Cruz-Hernandez C, et al. Bioavailability of bioactive food compounds: a challenging journey to bioefficacy. Br J Clin
Pharmacol. 2013;75(3):588-602. doi:10.1111/.1365-2125.2012.04425 .x

129. Paller CJ, Denmeade SR, Carducci MA. Challenges of conducting clinical trials of natural products to combat cancer. Clin Adv Hematol Oncol.
2016;14(6):447-455.

Journal of Inflammation Research Dovepress

Taylor & Francis Group

Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

11688 I X in O

Journal of Inflammation Research 2025:18


https://doi.org/10.1186/s13075-015-0844-6
https://doi.org/10.1016/j.biopha.2020.110702
https://doi.org/10.1055/s-0031-1298486
https://doi.org/10.1055/s-0031-1298486
https://doi.org/10.1371/journal.pone.0108112
https://doi.org/10.3390/medicines3040029
https://doi.org/10.1039/C7FO00375G
https://doi.org/10.1002/jcb.27853
https://doi.org/10.1155/JBB.2005.242
https://doi.org/10.1111/1541-4337.12560
https://doi.org/10.1002/jsfa.8152
https://doi.org/10.3390/molecules27175368
https://doi.org/10.4162/nrp.2013.7.5.359
https://doi.org/10.1007/s00253-019-10035-6
https://doi.org/10.1134/s0006297907070139
https://doi.org/10.1038/s41598-024-72797-y
https://doi.org/10.1080/10408444.2024.2362985
https://doi.org/10.1111/j.1365-2125.2012.04425.x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Primary Pyroptosis Mechanisms and Their Role in Dextran Sulfate Sodium (DSS)-Induced Colitis
	Pyroptosis and Its Primary Mechanism
	Classical Pyroptosis Pathway
	Non-Classical Pyroptosis Pathway
	Caspase-3/8-Mediated Pyroptosis Pathway
	Granzyme-Mediated Pyroptosis Pathway

	The Role of Pyroptosis in DSS-Induced Colitis
	The Role of NLRP3 Inflammasome Activation, IL-1β and IL-18 in Colitis
	The Role of GSDM Proteins in DSS-Induced Colitis


	The Effect and Mechanism of Food-Derived Compounds in Intervening DSS-Induced Colitis by Inhibiting Pyroptosis
	1-Acetoxy-Vanillic Acid Ester
	Apple Polyphenol Extract
	Atranorin
	Betaine
	Curcumin and Demethoxycurcumin
	Ginsenoside Rb1
	Ginsenoside Rg3
	Hydroxy Safflower Yellow A
	Narirutin
	Parthenolide
	Polysaccharides from Garlic
	Pterostilbene Derivatives
	Litsea. Cubeba Leaf Extract
	β-Sitosterol
	Pelargonidin-3-Galactoside
	Pectic Polysaccharides

	Application of Structural Modification and Targeted Delivery Strategies of Natural Compounds in the Treatment of Colitis
	Structural Modification Strategies
	Targeted Delivery Strategies

	Conclusion
	Abbreviations
	Data Sharing Statement
	Funding
	Disclosure

