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Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcerative colitis
(UQ), is a chronic inflammatory condition affecting the gastrointestinal tract. The global incid-
ence and prevalence of IBD continue to increase. While multiple clinical treatments exist, con-
ventional therapies frequently present limitations and adverse effects. Natural polysacchar-
ides (PSs) have emerged as a significant focus of research interest due to their therapeutic po-
tential and applications in functional foods and health products. This review synthesizes cur-
rent understanding of IBD pathophysiology and the mechanisms by which natural PSs
counter IBD, including their capacity to restore immune homeostasis and intestinal barrier
function, modulate gut microbiota and metabolites, reduce oxidative stress, and address ir-
regularities in autophagy and endoplasmic reticulum stress (ERS). The review examines the
structure-activity relationships of PSs demonstrating anti-IBD effects and identifies prom-
ising therapeutic products. The discussion encompasses pharmacokinetics, safety evalu-
ations, and clinical applications of these compounds. This comprehensive review establishes a
theoretical foundation for developing natural PS-based therapeutic approaches for IBD man-

agement.

1. Introduction

The intestine serves a critical function in nutrient absorption
and waste elimination. Major intestinal disorders associated with
inflammation include inflammatory bowel disease (IBD) and irrit-
able bowel syndrome (IBS). IBD, a chronic and recurring
gastrointestinal inflammatory condition characterized by immun-
ological dysfunction ', has multiple contributing factors, and ap-
proximately 20% of affected individuals may subsequently devel-
op colon cancer *. The two primary forms of IBD, ulcerative colit-
is (UC) and Crohn'’s disease (CD), manifest through symptoms in-
cluding weight loss, mucopurulent bloody stools, diarrhea, and
abdominal pain (Fig. 1). Epidemiological studies indicate that IBD
affects approximately 0.5% of populations in Europe and the
United States, where incidence rates have stabilized; however,
IBD cases continue to rise substantially in developing regions,
particularly in East Asia and South America *. This worldwide in-
crease in IBD prevalence creates significant challenges for health-
care systems globally.

Polysaccharide (PS) is a naturally occurring polymeric com-
pound consisting of more than 20 sugar units formed through

* Corresponding author.
E-mail addresses: sqtong@zjut.edu.cn (S. Tong); zjtemLgy@163.com (G. Lv);
chensuhong@aliyun.com (S. Chen)
® These authors contributed equally to this work.

https://doi.org/10.1016/S1875-5364(26)61076-X

condensation and dehydration reactions between monosacchar-
ides, establishing glycosidic bonds *. As shown in Table S1, PSs
occur extensively in nature, present in higher plants, algae, fungi,
and animals °. Along with lipids, proteins, and nucleic acids, PSs
constitute fundamental biological macromolecules essential for
maintaining diverse biological functions. Research has demon-
strated multiple biological benefits of PSs, including immune sys-
tem regulation °, anti-aging properties ’, and gastrointestinal pro-
tection °. The abundant sources, stability, absence of drug resist-
ance, cost-effectiveness, and additional beneficial characteristics
of PSs render them promising candidates for pharmaceutical de-
velopment °.

While the precise etiology of IBD remains undetermined, re-
search indicates that immune dysregulation, gut microbiota and
metabolite imbalances, autophagy impairment, oxidative stress,
endoplasmic reticulum stress (ERS), intestinal epithelial barrier
disruption, and genetic predisposition all contribute to IBD on-
set '’. Current clinical management of IBD primarily relies on im-
munosuppressants, glucocorticosteroids, and aminosalicylic acid
derivatives; however, these treatments frequently cause substan-
tial side effects and may trigger serious adverse reactions, with
limited efficacy and high relapse rates > . Given these therapeut-
ic limitations, natural products have emerged as promising al-
ternative approaches for IBD management.

This review aims to establish a foundation and direction for
future research on developing novel IBD medications utilizing

Copyright © 2026, China Pharmaceutical University. Published by Elsevier B.V. All rights are reserved.
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Fig. 1 Graphical representation of the two primary IBD types. CD lesions are disco!
colon and rectum and might impact the entire colon.

PSs as primary therapeutic agents by examining and analyzing
the advantages and limitations of natural PSs in IBD therapy.

2. Pathogenesis of IBD

As illustrated in Fig. 2, multiple factors contribute to IBD
pathophysiology. This paper examines the classical mechanisms
of IBD, including intestinal barrier impairment, immune system
dysfunction, intestinal flora disruption, oxidative stress, dysregu-
lated autophagy, ERS, and genetic susceptibility. Additionally,
non-classical mechanisms are addressed, such as increased form-
ation of neutrophil extracellular traps (NETs), exosomal interven-
tions, iron death, and altered expression of cell adhesion mo-
lecules (CEACAMs).

CEACAMs

Fig. 2 Pathogenesis of IBD. NETs: neutrophil extracellular traps; CEACAMs: cell
adhesion molecules.

2.1. Damaged intestinal barrier

The intestinal barrier functions as a critical defense against
external infections entering the body, comprising chemical,
mechanical, immunological, and biological barriers 2,

The mechanical barrier consists of intestinal epithelial cells
(IECs) and tight junctions (TJs) between them. TJs function as es-
sential regulators of paracellular permeability and direct targets
and modulators of various signaling pathways. Their composi-
tion includes occludin, claudins, ZO-1, junctional adhesion mo-
lecules (JAM), and the cytoskeleton ". IECs complete their renew-
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Ulcerative colitis (UC)
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ntinuous and may involve the entire GI tract; UC lesions tend to appear in the sigmoid

al every 4-5 days, with stem cells in the intestinal crypts continu-
ously proliferating to replace lost cells. As depicted in Fig. 3, un-
der pathological conditions, IEC turnover becomes disrupted, T]J
expression becomes irregular, intestinal epithelial barrier integ-
rity decreases, and permeability increases. Consequently, IBD
may develop when macromolecules such as proteins and patho-
gens penetrate the compromised mechanical barrier and invade
the lamina propria .

[ .
® — Metabolite of flora
—> Intestinal flora

Gut lumen

IgA
Mucus * ®, ¢

e  —>Mucin

L Lt u T m A T i}
| o
ICEs o#ll.-.-o-ol Ep EpEgEgN oEeED
Goblet cell
1]

«
IENy . IL121L27 ¢ '€ PRR @ Neutrophil
TNF «— @9
-bet
IL-1 g STAT-4 ThO @ Beells
s DCs
IL-6 /\
IL-4
L . IL-10
. 13 Ty e !
Lamina propria : B
@ Mecells
JAK/STATS ol
TLR4/NF-xB .
PI3K/AKT/mTOR Inflammation

Fig. 3 Mechanisms of IBD development due to impaired intestinal barrier. B cells:
B lymphocytes; M cells: macrophages; DCs: dendritic cells; IgA: immunoglobulin
A; PRR: pattern recognition receptor; ThO: helper T cells; RORyt: vitamin A acid-
related orphan receptor yt.

The mucus layer, adhering tightly to IECs and positioned
between luminal microorganisms and the intestinal epithelium,
constitutes the chemical barrier. It primarily comprises immuno-
globulin A (IgA), anti-microbial peptides (AMPs), and mucin
(MUC), secreted by goblet cells (GCs). The chemical barrier en-
hances the physical barrier formed by cells and their intercon-
necting TJs 7. MUC2 represents the primary component of the
double-layered mucus system protecting IECs from bacteria . As
shown in Fig. 3, during initial inflammation, pathogen invasion
disrupts intestinal crypts, reduces GCs with altered phenotypes
(abnormal MUC post-translational modification, decreased MUC2
glycosylation), and diminishes MUCs, leading to further deterior-
ation of the intestinal mucus layer ". This results in increased in-
filtration of intestinal luminal microbial components contacting
the colon epithelium, thereby exacerbating IBD *"**,

2.2. Immune system disorders

IBD primarily results from an imbalance in the gut immune
system, involving both innate and adaptive immune responses.
As illustrated in Fig. 3, innate immune cells serve as the body’s

firstline of defense against pathogens. These cells express pat-
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tern recognition receptors (PRRs), including toll-like receptors
(TLRs) and NOD-like receptors (NLRs), which recognize patho-
gen-associated molecular patterns (PAMPs) and damage-associ-
ated molecular patterns (DAMPs), triggering the release of cy-
tokines and chemokines that initiate inflammation *’. The devel-
opment of IBD has been associated with the activation of DCs, M1
macrophages, T lymphocytes, and B lymphocytes in the intestin-
al mucosal lymphoid tissue (GALT) and lamina propria, leading to
TJ] damage, epithelial cell apoptosis, and compromised intestinal
barrier integrity. Neutrophils contribute to prolonged intestinal
inflammation by disrupting epithelial barrier function and releas-
ing inflammatory mediators **. Although intestinal endocrine IgA
(SIgA), IgE, IgG, IgM, and other antibodies typically aggregate in-
testinal luminal bacteria, reduce bacterial adhesion, prevent bac-
terial translocation, enhance intestinal mucus secretion, acceler-
ate mucus layer migration, and decrease pathogenic bacterial col-
onization ", IBD conditions increase the probability of bacterial
adhesion and translocation **

Adaptive immunity exhibits high selectivity, with various
helper T (Th)-cell subpopulations maintained through controlled
polarized production of cytokines or effector cytokines *°. The
Th1/Th2 balance maintains intestinal immune homeostasis
through mutual cytokine-mediated regulation. Th1 cells produce
IBD. APS reduced inflammatory cytokines [interferon (IFN)-y],
inhibiting Th2 cell proliferation, while Th2 cells secrete inter-
leukin (IL)-4, counteracting Th1 cell differentiation *” **. Th17,
considered a major pathogenic factor in IBD, secretes IL-17,
which binds to the IL-17 receptor, activates nuclear factor kB (NF-
¥B), and promotes pro-inflammatory factor production *’. Elev-
ated levels of Th17 cells and IL-17 are present in the inflammat-
ory intestinal mucosa of CD and UC patients *. Research has re-
vealed significantly higher levels of PU.1IL-9Th9 cells in the
colonic lamina propria *' and increased IL-9 mRNA expression '
in IBD patients. Tregs produce IL-10, which suppresses immune
responses *’ and promotes Treg proliferation through signal tran-
sducer and activator of transcription 3 (STAT3) activation ** %,
Transforming growth factor 8 (TGF-f), another crucial Treg se-
cretion, activates intracellular mediators SMAD3 and SMAD4 to
suppress pro-inflammatory responses **. UC associates with Th-2
cells, characterized by normal IFN-g levels and elevated IL-4, IL-
5, and IL-13, while CD presents as a Th-1-dominant inflammat-
ory condition, induced by IL-12 producing substantial IFN-g and

Chinese Journal of Natural Medicines 24 (2026) 45-58

tumor necrosis factor (TNF) *°.

As depicted in Figs. 3 and 5, multiple signaling pathways af-
fecting normal intestinal function, including TLR4/MyD88/NF-
kB, Janus kinase (JAK)/STATS, nuclear factor erythroid 2-related
factor 2 (Nrf2)/PPAR-y/SIRT1, phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT)/mammalian target of rapamycin
(mTOR), mitogen-activated protein kinase (MAPK), Wnt, Notch,

36-40

and Hippo, may contribute to IBD development
2.3. Disorders of intestinal flora

Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria
constitute the majority of the intestinal flora. More than 90% of
the intestinal flora in healthy adults comprises primarily Firmi-
cutes and Bacteroides *'. Research has demonstrated that indi-
viduals with UC exhibit dysregulated intestinal flora, character-
ized by altered host-microbe interactions, reduced biodiversity,
abnormal composition, and modified spatial distribution *°. Stud-
ies indicate that Lactobacillus, Fungus, Enterococcus faecalis, Bi-
fidobacterium, and Escherichia coli are potential pathogenic mi-
croorganisms associated with IBD **. Several mechanisms expl-
ain the impact of intestinal flora dysregulation in IBD: first, deo-
xyribonucleic acid (DNA) methylation reprogramming upregulat-
es colitis-related gene expression (e.g., FRA1, AP1, and FOSL2) **;
second, microbial metabolite dysregulation affects intestinal bar-
rier function and immune homeostasis **; third, dysregulation of
intestinal innate lymphocytes ILC3 and ILC1 increases pro-in-
flammatory cytokines IFN-y, IL-17, and IL-22 **; fourth, adaptive
immunity dysregulation manifests through increased pro-inflam-
matory Th17 cells, which produce IL-17 and IL-22 cytokines, and
decreased anti-inflammatory Treg cells, which produce IL-10 and
TGF-B.

Short-chain fatty acids (SCFAs), tryptophan (TRP) metabol-
ites, and bile acids (BA) represent three crucial intestinal bacteri-
al metabolites *. As illustrated in Fig. 4, SCFAs, including acetic
acid, propionic acid, and butyric acid, enhance gut microbiota
harmony by reducing intestinal pH, thus inhibiting pathogenic
microbe proliferation while promoting beneficial bacteria gro-
wth ¥, Butyrate undergoes p-oxidation to generate adenosine tri-
phosphate (ATP), providing energy for the electron transport
chain and tricarboxylic acid cycle (TCA cycle), while regulating T]
protein expression "> **. As depicted in Fig. 4, TRP influences gut
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Fig. 4 Effect of gut microbial metabolites on intestinal remission. T]s: tight junctions; BA: bile acids; TRP: tryptophan; BAR: bile acid activation receptor; SP: intestinal chro-
maffin cell’s serotonin pathway; IP: microbial-mediated indole pathway; IDO1: indole amine 2,3-dioxygenase 1; PXR: pregnane X receptor; FXR: farnesol X receptor; VDR:

vitamin D receptor; GPBAR1: G protein-coupled bile acid receptor 1.
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function through three distinct metabolic pathways: the seroton-
in pathway in enterochromaffin cells, the microbially mediated
indole pathway, and the kynurenine pathway (KP), with KP ac-
counting for approximately 90% of catabolism reactions “’. Most
indole metabolites and kynurenine (Kyn) bind to the aryl hydro-
carbon receptor (AhR), which modulates IL-22 and IL-10 produc-
tion, regulating Tregs and Teffs differentiation and activity *’, the-
reby alleviating colitis and preventing colorectal cancer. How-
ever, the serotonin system promotes colorectal cancer cell prolif-
eration and metastasis °'. IBD patients demonstrate elevated Kyn
and Kyn/TRP ratios, indicating enhanced KP activity in TRP
metabolism **. Additionally, IBD patients frequently experience
BA malabsorption *’, exhibiting higher conjugated BA levels and
reduced secondary BA concentrations **. Intestinal inflammation
negatively regulates BA-activated receptor (BAR) expression and
function, resulting from either BA or BAR dysregulation *****,
Furthermore, BA demonstrates anti-colitis effects through modu-
lation of NLRP3 inflammasome activation ** .

2.4. Oxidative stress

As shown in Fig. 5, elevated reactive oxygen species (ROS)
levels induce oxidative stress and intensify intestinal inflamma-
tion by damaging the intestinal mucosa through various mechan-
isms, including lipid peroxidation, protein denaturation, DNA
damage, activation of relevant signaling pathways, intestinal bac-
terial invasion, epithelial cell apoptosis, and increased inflammat-
ory mediator release (e.g., cytokines and chemokines) **°'.

One of the primary symptoms of IBD in animal models was
an elevation in ROS in the colonic mucosa; the ROS level demon-
strated strong correlation with disease severity and alterations in
biomarkers, including glutathione (GSH), active aldehyde, and su-
peroxide dismutase (SOD) ** **. As shown in Fig. 5, polymorpho-
nuclear neutrophils (PMNs) and macrophages are activated by in-
vasive pathogens to produce inflammatory factors and other pro-
oxidative stress mediators; these mediators generate ROS, which
not only severely damage IECs but also stimulate leukocytes

(primarily PMNs) to enhance detrimental immune responses **.

2.5. Autophagy dysregulation

Autophagy is a biological process wherein cells utilize mem-
brane vesicles to perform lysosomal degradation of misfolded or
over-accumulated proteins and damaged organelles in the cyto-
plasm °>*, By targeting the degradation of the claudin-2 protein,
autophagy can enhance the effectiveness of the intestinal epitheli-

//\/‘r—w

Gut microorganism

]
éj\R/OS :%
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al TJ barrier and reduce paracellular leakage while maintaining
the intestinal barrier’s normal function *’.

Research has demonstrated a significant association between
aberrant autophagy and immune response disorders, inflammat-
ory response imbalances, and injury to the intestinal mucosa .
The autophagy-associated gene (ATG) is essential for intestinal
homeostasis, and ATG16L1, IRGM, and NOD2 are among the genes
most susceptible to IBD *°. Cong’s investigation revealed that the
autophagy inducer Torkinib (pp242) may ameliorate intestinal
barrier damage induced by TNF-a through triggering autophagy,
although abnormalities in autophagy genes could cause harm to
the intestinal barrier ". The severity of celiac disease increases
substantially in IBD mice due to the loss of ATG16L1, resulting in
altered macrophage function and an imbalance between pro- and
anti-inflammatory factors .

2.6. ERS

Sustained exposure to dynamic microenvironments and com-
plex networks with abundant stimulatory effects predisposes
IECs to the accumulation of unfolding and misfolded proteins in
the ER and triggers unfolded protein response (UPR), also known
as ERS ". By reducing the quantity of unfolded proteins, enhan-
cing the production of molecular chaperone proteins, and in-
creasing the activity of the endoplasmic reticulum folding en-
zyme, UPR may mitigate ERS . Apoptotic pathways may be activ-
ated or internal homeostasis restored depending on the duration
and intensity of UPR ",

The UPR activates when the ER chaperone-binding immuno-
globulin (BiP) dissociates from the luminal structural domains of
the three UPR-initiating sensors on the ER membrane due to the
accumulation of unfolded/misfolded proteins under stress.
Through IEC apoptosis, mucosal barrier disruption, and pro-in-
flammatory response activation, excessive ERS and impaired UPR
signaling can trigger IBD ’°. Pathological examination in mice
with acute colitis induced by dextran sulfate sodium salt (DSS) re-
vealed decreased intestinal mucosal permeability, increased
crypt cell apoptosis, and severe intestinal mucosal damage, all
triggered by ERS ”°.

2.7. Genetic susceptibility
IBD risk demonstrates significant variation by race and ge-
netics. The disease was first identified in Western nations; it cur-

rently affects over 2 million individuals in North America, with
projections indicating 4 million cases by 2030 "', IBD has
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Fig. 5 Excess reactive oxygen species (ROS) exacerbate intestinal inflammation. GSH: glutathione; TJs: tight junctions between epithelial cells; LPO: lipid peroxide; DNAD:

DNA damage; M cells: macrophages.
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emerged in newly industrialized nations in recent decades due to
dietary modifications, and its prevalence is increasing globally.
The incidence and prevalence of IBD have risen markedly in
China over the past 20 years. For example, Taiwan, China experi-
enced an increase in CD and UC prevalence from 0.6 and 2.1 to
3.9 and 12.8 (per 100 000 individuals) between 2001 and 2015.
Additionally, UC and CD affected 24.5 and 18.6 persons per 100
000 in Hong Kong, China in 2014 ”°.

Approximately 240 loci account for 20%-25% of the genetic
factors associated with IBD, including CARD9, CD40, IL10, NCF4,
SLC9A3, STAT1, and STAT3 "°. Multiple studies have shown that
specific genetic factors, such as those related to autophagy (e.g.,
ATG16L1) 7, upstream signaling (e.g., NOD2 and IL22) "* ", and
chemokine (e.g., CCL2) *, may increase the likelihood of IBD oc-
currence.

2.8. Others

Beyond the previously described pathogenesis mechanisms,
IBD develops through alterations in non-classical factors includ-
ing enhanced formation of NETs *', exosomal interventions ** %,
iron death **, and modified expression of CEACAMs *°. NETs have
been implicated in IBD development through multiple mechan-
isms: increasing inflammatory mediators (including TNF-a, IL-1f3,
and IL-6), compromising intestinal epithelial barrier function,
promoting extracellular matrix (ECM) degradation, elevating pro-
tein hydrolysis activity, increasing thrombosis risk, and disrupt-
ing intestinal microbiota *" *. Exosomes derived from intestinal
immune cells, microbiota, and IECs facilitate IBD development by
mediating interactions among these components *. Additionally,
certain exosomes and their constituents show promise as poten-
tial diagnostic and therapeutic targets for IBD *. Iron death regu-
lation centers on diminished glutathione peroxidase 4 (GPX4)
activity, lipid peroxidation, disrupted iron metabolism, and GSH
depletion, which significantly contribute to inflammatory dis-
orders and colonic injury *. Enhanced CEACAM expression,
which recognizes pathogenic factors including adherent-invasive
Escherichia coli (AIEC), intensifies intestinal epithelial inflamma-
tion due to the inflammatory environment induced by IBD trig-
gers *,

3. Structure-activity relationship of natural PSs

PSs constitute macromolecular carbohydrates comprising
multiple monosaccharides (n > 10) connected through a- or -
glycosidic bonds. These essential biological macromolecules func-
tion as energy sources (such as starch and glycogen), structural
components (including cellulose and chitin), and biological pro-
cess regulators, particularly in cell recognition and signal trans-
duction. The biological activities of natural PSs correlate strongly
with their chemical structure, molecular weight, and higher-or-
der structure.

3.1. Chemical structure

PSs represent high-molecular-weight polymers constructed
from monosaccharides joined by glycosidic linkages, including
(1-3), (1-2), (1—4), and (1-6), in various a and S conforma-
tions *. The biological activities of PSs are substantially influ-
enced by their chemical structural characteristics, encompassing
branching degree, side chain length, monosaccharide composi-
tion, glycosidic linkages, and the quantity and position of func-
tional groups *.

The polysaccharide from Dendrobium officinale (DOPS),
primarily containing mannose (Man), glucose (Glc), and arabin-
ose (Ara), demonstrates efficacy in reducing fS-arrestinl and
NLRP3 inflammasome activation, restoring pro- and anti-inflam-
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matory factor balance, and ameliorating colon pathology in UC
animal models . SHPS-1, a heteropolysaccharide isolated from
Phellinus baumii fruiting bodies, possesses a 46-kDa molecular
weight and comprises Ara, Man, Glc, and galactose. Its structure
features a 1,3-linked S-D-glucopyranosyl backbone and 1,6-
linked a-D-galactopyranosyl residues, with arabinofuranose,
mannopyranose, and galactopyranose as oligosaccharide side
chains. SHPS-1 reduces STAT-1 phosphorylation and STAT-1 tar-
get gene expression, promotes tissue repair through pro- and anti-
inflammatory factor balance, and alleviates IBD %2 SUSP-4, an
acidic PS from Selaginella uncinata, consists of a primary chain
structure of —4)-a-D-GalAp-(1— and —6)-S-D-Galp-(1-, with a
branched chain of —5)-a-L-Araf-(1-. SUSP-4 modulates thiam-
ine metabolism by affecting Akkermansia and inhibiting macro-
phage activation, thereby controlling oxidative stress and inflam-
mation via NF-kB/Nrf2/C0X-2 *. Additionally, Eucommia ul-
moides polysaccharide (EUP-SeNP) improves intestinal barrier
and anti-oxidant capacity, modifies gut microbiota composition,
and inhibits the TLR4/NF-xB signaling pathway to mitigate DSS-
induced colitis Moreover, carboxymethyl polysaccharide
(CMP33) from Poria cocos demonstrates potential in reducing
colitis severity by decreasing pro-inflammatory cytokines while
enhancing anti-inflammatory cytokine production **

3.2. Molecular weight

Molecular weight significantly influences the biological func-
tions of PSs. High-molecular-weight PSs demonstrate more stable
structures, enhanced recognition by specific cell surface recept-
ors, and greater anti-inflammatory and immunomodulatory
activities *°. Studies show that low-molecular-weight sulfated
polysaccharides (LMW-ulvan) from seaweed mitigate IBD by re-
ducing inflammatory factors, enhancing T] protein expression,
and improving oxidative stress levels . Although low-molecular-
weight and short-chain S-glucans are generally considered biolo-
gically inactive, high-molecular-weight S-glucans demonstrate
significant immune response modulation °. Research comparing
oat B-glucans revealed that low-molecular-weight forms more ef-
fectively reduced inflammation markers and modulated chem-
okine and cytokine pathways, while high-molecular-weight forms
demonstrated superior inhibition of lymphocyte infiltration and
stronger anti-inflammatory effects in a rat model of 2,4,6-trin-
itrobenzenosulfinic acid (TNBS)-induced colitis **. Furthermore,
after isolation from Smilax china, both neutral PS SCLP1 (42.1
kDa) and acidic PS SCLP3-2 (16.8 kDa) substantially reduced NO,
IL-6, and TNF-a levels in lipopolysaccharides (LPS)-induced
RAW264.7 cells, with SCLP3-2 additionally inhibiting the Gal-
3/NLRP3 inflammasome/IL-1B pathway, thus alleviating UC .

3.3. Conformational feature

PSs demonstrate distinctive conformational structures in
their sugar chains, including spherical, helical, flexible, and rod-
like chains, among other complex arrangements. Essential con-
formational parameters, including z-average molar mass (Mz),
number-average molar mass (Mn), weight-average molar mass
(Mw), hydrodynamic radius (Rh, z), root mean square radius (Rg,
z), intrinsic viscosity ([n]), and specific conformation parameters
such as a, v, and p, are crucial for understanding their biological
activities *’. Peach gum PS (DPG2) exhibits conformational prop-
erties including Mw of 521 x 10° g:mol™, Mn of 3.15 x 10°
g'mol ™, Rg, z of 19.0 nm, and Rh, z of 16.1 nm, displaying a flex-
ible coil-like structure. DPG2 notably increased levels of NO, T-
SOD, and MPO, repaired oxidative damage in the colonic mucosa,
and decreased pro-inflammatory cytokine release, thereby ameli-
orating DSS-induced colitis in mice **’. Black jujube polysacchar-
ide (BJP-4), examined under atomic force microscopy (AFM),
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presents a spherical mass with molecular aggregation; under X-
ray diffraction (XRD), it shows both crystalline and amorphous
structures, and circular dichroism spectrum (CD) analysis indic-
ates the absence of a triple-helical structure. BJP-4 mediates the
MyD88/NF-kB/NLRP3 signaling pathway, maintains balanced
pro-inflammatory cytokine production, protects against oxidat-
ive stress, supports the intestinal barrier, restores gut microbi-
ota composition, and promotes SCFA synthesis, contributing to
its anti-colitic effects "',

4. Natural PS intervention in IBD

Natural PSs have attracted considerable attention globally
due to their extensive pharmacological activity and therapeutic
potential . As illustrated in Fig. 6, recent studies confirm that
natural PSs can repair damaged intestines, modulate immune re-
sponses, balance gut flora diversity and abundance, alleviate ox-
idative stress, and regulate autophagy and ERS to address IBD
pathogenesis "~ "%,

4.1. Natural PSs repair intestinal mechanical and chemical barriers

In patients with IBD, abnormal expression of T] proteins in-
creases mucosal permeability and compromised mucus function
disrupts the intestinal barrier (section 2.1). Research indicates
that natural PSs can restore T] protein expression and repair
mechanical barrier integrity in IBD.

Dimocarpus longan polysaccharide (LPIIa) decreases claudin-
2 expression while increasing Z0-1 expression in Caco-2 cells,
thus promoting intestinal health in IBD '** ', Chitosan (CS)
demonstrates protective effects on the intestinal barrier in UC
mice exposed to sodium glucan sulfate (DSS) through enhancing
T] proteins including MUC1, occludin, and ZO-1 while reducing
TNF-a '°°. PS GLP, derived from Ganoderma lucidum, substan-
tially elevates occludin levels in the rat ileum, reduces epithelial
permeability, and enhances the mechanical barrier function of
the intestinal mucosa '”’.

Research indicates that natural PSs effectively address GC re-
duction, mucus layer thinning, and MUC deficiency in IBD. Schis-
andra chinensis PSs minimize crypt structure and colon tissue
damage, promote mucus secretion, enhance GC density, increase
MUC2 expression, and strengthen the intestinal barrier '*. Kai’s
research demonstrates that PSs from Atractylodes macrocephala
enhance MUC (MUC1, MUC2) expression in DSS-damaged colon
tissues, facilitating mucus barrier restoration . MAP effectively
inhibits MUC1 expression, thereby reducing colitis-associated
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"%, Furthermore, jellyfish-sulfated PSs

strengthen the mucus layer, increase GC count, repair mucosal
damage, and enhance Tff3 and MUC2 expression in UC models,
contributing to intestinal barrier health.

carcinogenesis in mice

4.2. Natural PSs repair the immune barrier and regulate the im-
mune system

Natural PSs ameliorate intestinal damage in IBD by stimulat-
ing immune cell growth including M cells, DC cells, T cells, and B
cells and modulating the synthesis of pro-inflammatory proteins,
cytokines, and chemokines ''. Through signaling pathways in-
cluding MAPK, NF-xB, and TLR, natural PSs activate M cells to
regulate the release of pro- and anti-inflammatory cytokines,
thereby enhancing immune responses. Lentinan reduces pro-in-
flammatory cytokines such as IL-13 and CD30L, inhibits the
TLR4/NF-kB pathway, reduces inflammatory cell infiltration, and
alleviates inflammatory symptoms, suggesting potential thera-
peutic applications for colitis-related cancer and IBD '*. Dictyo-
phora indusiata polysaccharide (DIP) inhibits M1 macrophage ac-
tivation, enhances M2 macrophage polarization, increases IL-10
levels, and reduces IL-6, IL-18, IL-13, and TNF-a levels, collect-
ively alleviating colitis in mice . DC cells connect innate and
specific immunity '**, and natural PSs influence signaling path-
ways such as PRR, PI3K/AKT, MAPK, NF-xB, and Dectin-1/Syk on
DC cell surface to promote immune cell maturation, metabolism,
antigen uptake and presentation, T cell activation, and other es-
sential functions '°. Moreover, natural PSs maintain Th1/Th2
and Th17/Treg cell ratios, preventing excessive pro-inflammat-
ory responses °. For instance, Rehmannia glutinosa polysacchar-
ide (RGP) promotes DC maturation via TLR4, elevates IFN-y and T-
bet mRNA levels, increases Thl cell populations, and regulates
Th1/Th2 balance ‘. Astragalus mongholicus polysaccharide
(APS) decreases IL-17 levels and promotes Treg cells, ameliorat-

ing colitis symptoms in experimental models "

4.3. Natural PSs regulate intestinal flora and metabolites

Studies indicate that PSs can modify gut microbiota composi-
tion, optimizing microbial diversity, abundance, and balance in
the colon and cecum to benefit IBD . In colitis mice, GLP in-
creases Shannon and Chaol indices, demonstrating positive ef-
fects on the gut microbial community ''*. Rehmannia glutinosa PS
maintains intestinal flora balance by enhancing microbial di-
versity, decreasing harmful bacteria and protozoa, increasing
Firmicutes abundance, and promoting SCFAs '"’. PSs in Moringa
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oleifera leaves similarly improve gut flora by promoting SCFA-
producing bacteria and reducing pathogenic species "*’. In UC
mouse models, Atractylodes macrocephala polysaccharide (AMP)
restores disrupted intestinal flora, increases microbial richness,
enhances lactic acid bacteria, and reduces Actinobacillus, Akker-
mansia, Anaerobic bacteria, Bifidobacterium, Beauveria bassiana,
Parabacteroides, and Parabacteroides parvulus, while promoting
SCFAs '*'. Additionally, flaminella polysaccharide (FVP) stimu-
lates probiotic growth, inhibits pathogens, increases SCFA (par-
ticularly butyrate) production, and restores intestinal function,
thereby alleviating IBD symptoms """,

4.4. Natural PSs regulate oxidative stress

Patients with IBD frequently exhibit increased -effector
lymphocyte activity, infiltration of various immune cells *** >
and elevated levels of pro-inflammatory mediators, resulting in
chronic inflammation and excessive ROS production. ROS accu-
mulate in inflamed areas, causing cellular and molecular damage
that worsens tissue deterioration. ROS functions as signaling mo-
lecules involved in immune modulation within inflamed intestin-
al mucosa '**. Porphyra haitanensis polysaccharides (PHP) exhib-
it strong 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) and hy-
droxyl radical scavenging activity, suggesting their potent anti-
oxidant capacity helps restore the mucosal layer and cuprocyte
regeneration, strengthens TJs and adhesion junctions, and re-
duces mucosal damage '*’. Moreover, acute colitis may be effect-
ively treated with Dendrobium officinale PSs, as they decrease hy-
drogen peroxide-induced macrophage apoptosis, protect cell
morphology and structure from oxidative damage by H,0, treat-
ment "*°, downregulate the TNF-a signaling pathway, and activ-
ate the Nrf-2 signaling pathway '*’. Additionally, pectin oligosac-
charides (POS) regulate anti-oxidant and anti-inflammatory sig-
naling pathways, such as AMPK, Nrf2, and NF-«kB, which enhance
anti-oxidant biomarker levels and decrease oxidative biomarkers,
potentially inhibiting colon cancer "**.

4.5. Natural PSs regulate autophagy dysregulation

Research increasingly demonstrates a connection between
autophagy dysfunction and IBD, where impaired autophagy con-
tributes to epithelial barrier disruption, aberrantimmune re-
sponses, and increased pro-inflammatory and chemokine release,
initiating inflammation '**'*’. PSs from Strongylocentrotus nudus
eggs (SEP) can regulate autophagy-related factors in IECs
through the CD36-PI3K/AKT pathway, decrease Th17/Treg cell
ratios and inflammatory factors, restore the intestinal barrier,
improve gut flora, and alleviate symptoms in UC mice "*". Pycno-
porus sanguineus polysaccharides (PPS) ameliorate IBD by upreg-
ulating proliferating cell nuclear antigen (PCNA), E-cadherin, ZO-
1, and autophagy markers (p62, LC3 I, and beclin-1), while down-
regulating Th2, Th17, and Treg cell ratios *>. The AhR, a key tran-
scription factor, plays a role in maintaining immune homeostasis
and inflammation balance in the intestinal barrier '*’. In colitis-af-
fected mice, APS activates AhR-dependent autophagy, increases
Becn1, occludin, and claudin-1 levels, reduces p62, promotes
LC3B-I to LC3B-II conversion, supports crypt cell proliferation,
repairs intestinal mucosa, and balances pro- and anti-inflammat-
ory cytokines '**,

4.6. Natural PSs regulate ERS

ERS plays a crucial role in IBD pathogenesis "*°, with ER func-
tion affected by various physiological and pathological changes,
particularly in DSS-induced colitis models *°. Natural PSs, being
safe and renewable biological resources, provide distinct advant-
ages for managing ERS, reducing IEC apoptosis, and restoring the
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intestinal barrier. Neutral PSs from Larix gmelinii roots (AG-40-I-
1) inhibit IRE1la-mediated splicing of XBP1 via the ERS pathway,
reduce H,0,-induced apoptosis and MDA levels, and increase
SOD activity in IEC-6 cells, effectively decreasing ROS produ-
ction . In clostridium-damaged IPEC-]2 cells, pectin PSs from
Lycium barbarum in Xinjiang (XLBP-I-I) reduce ERS and the UPR,
protecting IPEC-]2 cells from ERS-induced apoptosis '**. PSs from
Poria cocos, functioning through ERS inhibition, substantially re-
duce intestinal mucosal permeability, mitigate tissue injury and
inflammation, and enhance occludin and Z0O-1 expression in in-
testinal tissues, supporting barrier integrity .

5. Potential natural PS drugs with therapeutic effects in IBD

Natural PSs have attracted considerable attention as poten-
tial therapeutic agents for IBD. Despite showing substantial
promise in preclinical studies, their clinical applications remain
limited, primarily concentrating on their use with specialized car-
riers for treating colorectal diseases '*. This section examines
natural PSs and their derivatives-derived from plants, animals,
and microorganisms that demonstrate therapeutic potential for
IBD, establishing a foundation for future drug development.

5.1. Pectin

Pectin, a heterogeneous heteropolysaccharide, exists primar-
ily in the intercellular layer and adjacent cell walls of plants '*'.
Pectin exhibits multiple therapeutic effects, including GC stimula-
tion to produce MUC, thereby enhancing the mucous layer. It also
modulates TLR signaling pathways to reduce inflammation, pro-
motes SCFA production, maintains gut flora homeostasis, and en-
hances epithelial barrier integrity by increasing TJ levels **. Wu
et al. "** demonstrated that pectin from Rubus chingii and Lycium
barbarum ameliorates colitis by reducing tissue damage, enhan-
cing immune organ indices, inhibiting TNF-a, IL-17f, and IL-6
production, improving anti-oxidant status, and increasing SCFA
concentrations. Lemon-derived pectin has been shown to ameli-
orate colitis by enhancing fermentation products, while
galactosan-rich pectin influences anti-inflammatory cytokines
and intestinal barrier function. Lemon pectin containing abund-
ant arabinan side chains reduces IL-6 release.

Green plum pectin significantly enhances anti-oxidant en-
zymes including GSH, SOD, CAT, and GPx while reducing pro-in-
flammatory cytokines such as TNF-«, IL-6, and IFN-y, and upreg-
ulating anti-inflammatory IL-10 '**. It also alleviates intestinal in-
flammation in mice by increasing T] levels. Notably, low-ester
pectin demonstrates stronger anti-inflammatory effects
pared to high-fat pectin. Overall, pectin exhibits comprehensive
therapeutic benefits in IBD, including immune modulation, intest-
inal barrier repair, anti-inflammatory and anti-oxidant effects,
and maintenance of intestinal flora balance. However, additional
research is necessary to understand its specific mechanisms of
action and optimize clinical applications.

com-

5.2. Guar gum

Guar gum, although its high viscosity limits its use as a diet-
ary fiber, represents a promising water-soluble galactomannan
among dietary fibers. It functions as a thickening and binding
agent in food preparation and serves as an essential nutritional
supplement "> '*, Intestinal flora metabolizes guar gum into
SCFAs, which promote Bacteroides growth, maintain bacterial
homeostasis, and contribute to IBD prevention and treatment .
Partially hydrolyzed guar gum (PHGG) significantly reduces MPO
activity and promotes healing of colonic mucosa damage in COV-
ID mice. It also increases SCFA concentrations, thereby regulat-
ing gut microbiota diversity and abundance '*’. Additional stud-
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ies reveal that PHGG activates Rho and ERK1/2 kinases and
MAPK pathways, promoting actin polymerization in YAMC cells,
which supports wound healing in colonic epithelial cells. These
findings highlight guar gum'’s therapeutic potential for IBD treat-

5.3. Fructan

Fructan, commonly known as inulin, is a water-soluble PS
consisting of fructose molecules connected by f-1,2-glucoside
bonds '*’. Although minimally digested and absorbed in the stom-
ach and small intestine, fructan reaches the large intestine where
beneficial bacteria such as Lactobacillus and Bifidobacterium fer-
ment it. This fermentation process promotes gut flora prolifera-
tion, generates SCFAs, and suppresses harmful bacteria and
pathogens '*'. Studies show that inulin-type fructan from
Codonopsis pilosula (CP-A) inhibits mTOR/p70S6K signaling path-
way activation, thereby reducing colon damage, IL-8 and TNF-a
levels, and intercellular adhesion molecule expression. It concur-
rently increases IL-10 and TGF-B levels, thus ameliorating UC '**,
Burdock fructooligosaccharide (BFO) maintains intestinal barri-
er function by minimizing crypt deformation and enhancing GC
numbers. It also reduces inflammatory cytokine overexpression
and secretion (TNF-a, IL-1fB, IL-6, and MCP-1), inhibits MPO
activity, and eliminates excess ROS, effectively reducing intestin-
al inflammation '*°. Furthermore, inulin modulates intestinal
flora composition in IBD mice, preferentially supporting probiot-
ic Lactobacillus and Bifidobacterium growth while inhibiting
Proteobacteria proliferation **. Given its dual function in gut mi-
crobiota regulation and inflammation reduction, fructan serves as
an important natural supplement for IBD prevention and remis-
sion.

5.4. Algal PSs

Algal PSs encompass a diverse group of physiologically act-
ive dietary fibers extracted from marine algae "*°. Seaweed, rich
in dietary fiber, demonstrates effectiveness in modulating intest-
inal flora and alleviating colitis. Studies in acute colitis mouse
models reveal that PSs from macroalgae (MPF, DP-MPF) substan-
tially reduce colon MPO, NO, and MDA levels, increase anti-oxid-
ant enzyme levels (SOD and CAT), and decrease pro-inflammat-
ory cytokine levels "*°. Sodium alginate (SA), abundantin sea-
weed, is a natural polyanionic PS '*’ possessing advantageous

Natural polysaccharide

IBD mouse model
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properties for IBD therapy, including non-toxicity, high biocom-
patibility, and simple gel formation. SA facilitates intestinal mu-
cosal repair by enhancing T] protein expression, lowering blood
LPS and D-lactic acid (D-LA), and downregulating MAPK path-
way and TLR4 expression. Additionally, SA increases beneficial
gut bacteria (Lactobacillus, Roseobacteria, and Lachnospiraceae
NK4A136) while reducing pathogenic bacteria including Helico-
bacter pylori, Peptidococcus, and Tyzzerella **°. These character-
istics establish algal PSs as promising candidates for future thera-
peutic and functional nutritional applications.

5.5. Homologous PSs of medicine and food from Chinese herbal PSs

PSs extracted from Chinese herbal medicines that serve both
medicinal and edible purposes have attracted considerable atten-
tion due to their straightforward extraction process and diverse
pharmacological effects, including anti-oxidant, immunomodulat-
ory, and anti-viral properties. As illustrated in Fig. 7 and Table S2,
various PSs from traditional Chinese medicines demonstrate ef-
fectiveness in IBD prevention and treatment. APS decreases in-
flammatory cytokines (IFN-y, IL-6, TNF-a, IL-1f3, and IL-17A) and
ameliorates histological injury (inflammatory cell infiltration,
colon epithelial cup cell loss, intestinal crypt destruction, sporad-
ic colonic tissue ulcer) in colitis mice through Nrf2/HO-2 path-
way inhibition '*°. Arctium lappa polysaccharide (ALP-1) main-
tains balance between pro-inflammatory (IL-1p, IL-10 cytokines
while enhancing beneficial gut bacteria and inhibiting pathogenic
bacteria in colitis models '*’. Dendrobium officinale polysacchar-
ide (DOP) regulates hnRNPA2B1 to facilitate miR-433-3p loading
into intestinal small extracellular vesicles (SEV), increasing
miR-433-3p abundance, blocking MAPK signaling, and reducing
inflammatory cytokine production, thusimproving IBD symp-

161
toms .

5.6.CS

CS represents the sole naturally occurring positively charged
alkaline amino PS, obtained through the deacetylation of chi-
tin '*’, which occurs abundantly in insect cuticles, fungal cell
walls, and marine arthropod shells, particularly shrimp and
crabs. As the second most prevalent renewable biomass material
after cellulose, chitin’s annual production exceeds 10 billion tons,
offering advantages of cost-effectiveness, widespread availability,

and minimal biological toxicity '*. While traditionally utilized as
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a drug excipient and carrier material, recent investigations have
revealed CS’s therapeutic potential for IBD "> '**, Wang et al. '*
demonstrated that chitosan oligosaccharide (COS) effectively re-
stores MUC2 and occludin protein expression, enhances MUC2
secretion, and reduces mucus damage by mitigating intestinal
barrier disruption in IBD mice. Additionally, it reinforces intestin-
al TJs by increasing occludin protein secretion and OCLN gene
mRNA expression in Caco-2 cells, reducing submucosal edema
and inflammatory cell infiltration. Research '** has shown that CS
diminishes tissue damage in UC mouse models while beneficially
affecting intestinal flora and barrier function. CS inhibits TNF-a
expression while enhancing MUC1, occludin protein, ZO-1, and
other TJ proteins, thereby maintaining mucosal barrier integrity.
Given its remarkable capacity to restore intestinal barrier func-
tion and maintain gut flora balance, CS emerges as a promising
candidate for both functional food and health supplement applic-
ations in IBD prevention and treatment.

5.7. Hyaluronic acid (HA)

HA constitutes a non-sulfated glycosaminoglycan character-
ized by anionic properties. This macromolecular mucopolysac-
charide comprises alternating units of N-acetylglucosamine and D-
glucuronic acid '’. Following synthesis in the cytoplasm, HA
translocates to the cell surface, where it serves an essential func-
tion in vertebrates’ ECM '*. It demonstrates effective anti-oxid-
ant properties. Low-molecular-weight HA (< 450 kDa) induces
upregulation of matrix metalloproteinase genes, inflammatory
mediators, and angiogenic factors, while high-molecular-weight
HA (> 1450 kDa) inhibits cytophagocytosis '**. Hyaluronic acid-
bilirubin nanomaterials (HABN) demonstrate therapeutic poten-
tial for colitis through effective regulation of pro-inflammatory
cytokines (e.g., IL-1b, TNF-a, IL-6) and anti-inflammatory cy-
tokines (e.g., IL-10 and TGF-b). Furthermore, HABN restores ZO-1
and occludin-1 protein expression and mRNA levels in colitis
mouse models while enhancing intestinal flora richness and di-
versity. These findings indicate HA’s significant potential as a

therapeutic agent for IBD management ',

5.8. PSs from fungi and bacteria

Fungal PSs comprise active polymers derived from fungal
mycelium, fermentation broths, and fruiting bodies. These com-
pounds consist of more than ten monosaccharides connected via
glycosidic bonds and exhibit various biological functions, includ-
ing immune regulation and anti-oxidant effects '’’. HECP amelior-
ates colitis by inhibiting oxidative stress-related gene expression,
reducing MPO, NO, MDA, and T-SOD levels, and decreasing pro-
inflammatory cytokines including TNF-a, IL-6, and IL-1f3. HECP
additionally downregulates COX-2, iNOS, and phosphorylated NF-
KB p65, IkB-a, MAPK, and Akt, while restoring intestinal flora and
strengthening the intestinal barrier '". Lentinan '**, an extens-
ively studied fungal PS, alleviates colitis through disruption of the
TLR4/NF-xB signaling pathway, thereby reducing IL-13 and
CD30L expression, minimizing tissue damage, and maintaining
intestinal flora homeostasis. Moreover, bacterial PSs demon-
strate therapeutic potential for IBD. Probiotic-derived PSs, partic-
ularly from Lactobacillus, facilitate macrophage transition from
pro-inflammatory M1 to anti-inflammatory M2 phenotype. These
compounds inhibit NF-kB signaling, reduce inflamed bowel tis-
sue apoptosis, suppress IL-1f expression to decrease ROS pro-
duction and restore intestinal flora balance. In conclusion, fungal
and bacterial PSs show considerable promise in IBD treatment
through modulation of intestinal flora, inflammatory cytokines,
and oxidative stress levels, presenting a valuable avenue for
therapeutic development """,
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6. Natural PSs’ pharmacokinetic studies

The pharmacokinetic properties of natural PSs significantly
constrain their efficacy in drug delivery and patient compl-
iance ”*. These constraints primarily stem from their challenging
and unstable oral absorption (classified as Class III under the bio-
pharmaceutical classification system) and their hydrophilic and
uncharged nature, resulting in limited in vivo absorption and rap-
id clearance. Following metabolism by gut microbiota into oli-
gosaccharides, monosaccharides, and SCFAs, only a small frac-
tion (< 2%) of natural PSs is absorbed. These metabolites may
directly affect target organs to produce systemic pharmacologic-
al effects, while the majority remain in the intestine, providing
local therapeutic benefits. Most oral PSs derived from traditional
Chinese medicine demonstrate low bioavailability (< 5%) '”°.

Natural PSs’ charge, molecular weight, spatial conformation,
and monosaccharide content influence their pharmacokinetics '’
For instance, increased DA enhances CS’s interaction with the in-
testinal epithelium, thereby improving bioavailability '”°. Higher
Mw extends PSs’ circulation time and increases their accumula-
tion in the liver '’*, Positively charged PSs tend to accumulate in
the liver, while negatively charged or neutral macromolecular
PSs exhibit prolonged blood circulation times ‘. Additionally,
single-chain dextran experiences faster blood clearance than
triple-helix dextran under strongly alkaline and DMSO condit-
ions /“"”%, Notably, the bioavailability of natural PSs can be en-
hanced through transformation into nano drug delivery systems
(such as nanocrystals, liposomes, and nanoemulsions) '”’, chem-
ical and biochemical modification (such as phosphorylation,
carboxymethylation, and sulfation) '*’, and alternative adminis-
tration routes (such as subcutaneous, intramuscular, and in-
tranasal) '*" "%, among other methods.

7. Natural PSs’ safety evaluation

Safety evaluation represents a crucial process designed to
minimize risks associated with clinical drug use. This encom-
passes identifying toxic reactions through toxicology testing,
predicting potential adverse effects, establishing clinical monitor-
ing indicators, and determining clinical trial feasibility. Multiple
studies have confirmed the favorable safety profile of natural
PSs 1% 1%* GLP demonstrated excellent safety in toxicity assess-
ments. The acute oral maximum tolerated dose (MTD) in male
and female mice exceeded 42.56 g-kg™", which is 1290 times the
recommended human dosage. The bacterial reverse mutation
(Ames) test yielded negative results, indicating no mutagenic po-
tential. Additionally, a 30-day feeding study revealed no signific-
ant effects on clinical signs, hematologic parameters, bioche-
mical indices, or major organ coefficients. Histopathological ana-
lysis showed no observable pathological changes, toxic effects,
or adverse reactions, confirming that GLP is safe for use '*. Simil-
arly, APS demonstrated a high safety margin. The acute oral
MTD in male and female rats was greater than 15.0 g-kg™", which
is 300 times the recommended human daily intake, classifying
it as a non-toxic substance. The Ames test, mouse sperm aber-
ration assay, and bone marrow micronucleus test all produced
negative results, showing no evidence of mutagenicity. Further-
more, a 30-day feeding study indicated no significant adverse ef-
fects on clinical signs, organ indices, or blood biochemical para-
meters. These findings suggest that long-term administration of
APS is safe, with no apparent adverse reactions or toxic side ef-
fects '*.

8. Natural PSs’ clinical application

Natural PSs have demonstrated significant utility in clinical
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applications, particularly in wound healing and hemostatic
gels ', drug delivery vehicles ', and vaccine adjuvants .
However, their application as primary active ingredients in phar-
maceuticals and nutraceuticals remains limited. Lentinan, a PS
extracted from Lentinula edodes, functions as a biological re-
sponse modifier and immunostimulant available in tablet, cap-
sule, and injectable forms. It has received approval for treating
hepatitis, various cancers, and other diseases '*’. Additionally, it
exhibits anti-inflammatory effects in the intestine by interrupting
the activation of the TLR4/NF-kB pathway, thereby inhibiting in-
flammatory factor overexpression "', In 2015, the Chinese Food
and Drug Administration approved the “polysaccharidum of Por-
ia cocos oral solution” for treating hepatitis, certain malignancies,
and other illnesses '*°. Studies have shown that Poria cocos PS can
restore cellular T] damage by inhibiting the NF-kB pathway, up-
regulating occludin and Z0-3 expression, and delivering signific-
ant preventive and therapeutic effects for gastrointestinal ill-
nesses '*. In addition to suppressing the JAK2/STAT1/NLPR3 in-
flammatory vesicle signaling pathway, which reduces colon tis-
sue cytokine levels and enhances the body’s anti-oxidant capa-
city to improve IBD "**, Panax ginseng PS injections serve as com-
mon complementary therapies for cancer .

9. Conclusion

This review provides a theoretical foundation for developing
PS-based functional foods and health products and their applica-
tion in IBD treatment. The review began by summarizing
IBD pathogenesis and examining the structural-activity relation-
ship of natural PSs. Subsequently, it explored natural PSs’ mech-
anisms for treating IBD. Finally, it highlighted examples of natur-
al PSs with anti-IBD activity, alongside an evaluation of their
pharmacokinetics, safety, and clinical application. Natural PSs
demonstrate substantial potential for advancement in IBD treat-
ment.

Despite compelling evidence supporting the anti-IBD proper-
ties of natural PSs, their development into therapeutic drugs re-
mains limited. This limitation stems from several challenges:
first, their gradual and mild action obscures their holistic and
synergistic therapeutic properties '’*; second, their unfavorable
pharmacokinetic properties adversely affect their efficacy and
clinical patient compliance; third, the extraction and purification
production process requires significant time and resources 173,
fourth, the absence of accurate and reliable quantitative analysis
methods, combined with their structural characteristics and large
molecular weights, complicates standardization. Research into
the therapeutic effects of natural PSs on IBD remains in its early
stages, with limited available data. To address these challenges,
additional studies are necessary. Specifically, further cellular, an-
imal, and clinical experiments should investigate their mechan-
isms of action. Moreover, extensive clinical trials are crucial to
validate their therapeutic efficacy.

Funding

This research was supported by the National Natural Science
Foundation of China (Nos. 82003977, 82274134 and 82274139),
the National Key Research and Development Plan (No.
2017YFC1702200), the Key Research and Development Program
of Zhejiang Province (No. 2020C04020), and the Science and
Technology Program of Zhejiang Province (No. 2025C02183).

Supporting information

Supporting information for this work can be obtained by con-
tacting the corresponding authors via E-mail.

54

Chinese Journal of Natural Medicines 24 (2026) 45-58

Conflicts of interest

The authors declare that they have no known competing fin-
ancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Acknowledgement

Thanks to the following websites for graphic materials:
https://www.figdraw.com/#/; https://image.baidu.com/. Tha-
nks to the following websites for full botanical plant names (ital-
ics): http://mpns.kew.org; www.worldfloraonline.org.

References

1 Guan Q. A comprehensive review and update on the pathogenesis of
inflammatory bowel disease. ] Immunol Res. 2019;2019:7247238. https://
doi.org/10.1155/2019/7247238.

2 Yang W, Zhao P, Li X, et al. The potential roles of natural plant
polysaccharides in inflammatory bowel disease: a review. Carbohydr Polym.
2022;277:118821. https://doi.org/10.1016/j.carbpol.2021.118821.

3 He Q, Li]D. Progress in epidemiologic study of inflammatory bowel disease.
J Pract Med. 2019;35(18):2962-2966. https://doi.org/10.3969 /].issn.1006-
5725.2019.18.029.

4 Tian MM, Liu Q. Research progress of natural polysaccharides in
immunomodulatory activity. Yunnan J Tradit Chin Med . 2018;39(8):80-82.
https://doi.org/10.16254/j.cnki.53-1120/1r.2018.08.036.

5 Zhao Y, Yan B, Wang Z, et al. Natural polysaccharides with
immunomodulatory activities. Mini Rev Med Chem. 2020;20(2):96-106.
https://doi.org/10.2174/1389557519666190913151632.

6 Wang TT, Chen TX, Xiao JY, et al. Advances in chemical structure and
pharmacological activity of Ganoderma lucidum polysaccharides. Edible
Fungi China. 2022;41(1):7-16. https://doi.org/10.13629/j.cnki.53-1054.
2022.01.002.

7 LiX, Zhang XY, Yang SP, et al. Progress in the study of the mechanism of
Chinese herbal polysaccharides’ anti-aging effects. Chin | Exp Tradit Med
Formulae.  2022;28(4):271-282.  https://doi.org/10.13422 /j.cnki.syfjx.
20220438.

8 Han X, Luo R, Ye N, et al. Research progress on natural fS-glucan in
intestinal diseases. Int | Biol Macromol. 2022;219:1244-1260. https://doi.
org/10.1016/j.ijbiomac.2022.08.173.

9 Yu W, Zeng D, Xiong Y, et al. Health benefits of functional plant
polysaccharides in metabolic syndrome: an overview. | Funct Foods.
2022;95:105154. https://doi.org/10.1016/j.jff.2022.105154.

10 Kanwal S, Joseph TP, Aliya S, et al. Attenuation of DSS induced colitis by
Dictyophora indusiata polysaccharide (DIP) via modulation of gut
microbiota and inflammatory related signaling pathways. J Funct Foods.
2020;64:103641. https://doi.org/10.1016/j.jff.2019.103641.

11 Duan L, Cheng S, Li L, et al. Natural anti-inflammatory compounds as drug
candidates for inflammatory bowel disease. Front Pharmacol. 2021;12:
684486. https://doi.org/10.3389/fphar.2021.684486.

12 Tan YR, Shen SY, Shen HQ, et al. The role of endoplasmic reticulum stress in
regulation of intestinal barrier and inflammatory bowel disease. Exp Cell
Res. 2023;424(1):113472. https://doi.org/10.1016/j.yexcr.2023.113472.

13 WangY], Li QM, Zha XQ, et al. Intervention and potential mechanism of non-
starch polysaccharides from natural resources on ulcerative colitis: a
review. Int | Biol Macromol. 2022;210:545-564. https://doi.org/10.1016/j.
ijbiomac.2022.04.208.

14 Hu DJ, Zhang YF, Li BY, et al. Research progress on polysaccharides from
medicine and food homology materials in functional foods. Chin ] Nat Med.
2025;23(9):1025-1035. https://doi.org/10.1016/S1875-5364(25)60829-6.

15 Sun YZ, Wang XN, Xin GZ, et al. Progress on the mechanism of action of
natural polysaccharides to improve ulcerative colitis. /] Tradit Chin Med.
2022;50(5):92-100. https://doi.org/10.19664 /j.cnki.1002-2392.220116.

16 LiJ, Jiang CM. The role of intestinal flora and its metabolites in the intestinal
barrier of inflammatory bowel disease. China Modern Doctor. 2022;60(22):
89-92. https://doi.org/10.3969/j.issn.1673-9701.2022.22.89.

17 Xie X, Geng C, Li X, et al. Roles of gastrointestinal polypeptides in intestinal
barrier regulation. Peptides. 2022;151:170753. https://doi.org/10.1016/j.
peptides.2022.170753.

18 LiuY, YuZ, Zhu L, et al. Orchestration of MUC2: the key regulatory target of
gut barrier and homeostasis: a review. Int J Biol Macromol. 2023;236:
123862. https://doi.org/10.1016/j.ijbiomac.2023.123862.

19 Hou X, Meng H, Xue ], et al. Progress of research on the pathogenesis of
inflammatory bowel disease. Chin | Comp Med. 2023;33(9):138-148. https:/
/doi.org/10.3969/j.issn.1671-7856.2023.09.016.

20 Van Der PS, Jabbar KS, Birchenough G, et al. Structural weakening of the
colonic mucus barrier is an early event in ulcerative colitis pathogenesis.
Gut. 2019;68(12):2142-2151. https://doi.org/10.1136/gutjnl-2018-
317571.

21 Parikh K, Antanaviciute A, Fawkner-Corbett D, et al. Colonic epithelial cell
diversity in health and inflammatory bowel disease. Nature. 2019;567


https://www.figdraw.com/#/
https://image.baidu.com/
http://mpns.kew.org
http://www.worldfloraonline.org
https://doi.org/10.1155/2019/7247238
https://doi.org/10.1155/2019/7247238
https://doi.org/10.1155/2019/7247238
https://doi.org/10.1016/j.carbpol.2021.118821
https://doi.org/10.1016/j.carbpol.2021.118821
https://doi.org/10.3969/j.issn.1006-5725.2019.18.029
https://doi.org/10.3969/j.issn.1006-5725.2019.18.029
https://doi.org/10.3969/j.issn.1006-5725.2019.18.029
https://doi.org/10.3969/j.issn.1006-5725.2019.18.029
https://doi.org/10.16254/j.cnki.53-1120/r.2018.08.036
https://doi.org/10.16254/j.cnki.53-1120/r.2018.08.036
https://doi.org/10.16254/j.cnki.53-1120/r.2018.08.036
https://doi.org/10.2174/1389557519666190913151632
https://doi.org/10.13629/j.cnki.53-1054.2022.01.002
https://doi.org/10.13629/j.cnki.53-1054.2022.01.002
https://doi.org/10.13629/j.cnki.53-1054.2022.01.002
https://doi.org/10.13629/j.cnki.53-1054.2022.01.002
https://doi.org/10.13629/j.cnki.53-1054.2022.01.002
https://doi.org/10.13422/j.cnki.syfjx.20220438
https://doi.org/10.13422/j.cnki.syfjx.20220438
https://doi.org/10.13422/j.cnki.syfjx.20220438
https://doi.org/10.1016/j.ijbiomac.2022.08.173
https://doi.org/10.1016/j.ijbiomac.2022.08.173
https://doi.org/10.1016/j.ijbiomac.2022.08.173
https://doi.org/10.1016/j.jff.2022.105154
https://doi.org/10.1016/j.jff.2022.105154
https://doi.org/10.1016/j.jff.2019.103641
https://doi.org/10.1016/j.jff.2019.103641
https://doi.org/10.3389/fphar.2021.684486
https://doi.org/10.3389/fphar.2021.684486
https://doi.org/10.1016/j.yexcr.2023.113472
https://doi.org/10.1016/j.yexcr.2023.113472
https://doi.org/10.1016/j.ijbiomac.2022.04.208
https://doi.org/10.1016/j.ijbiomac.2022.04.208
https://doi.org/10.1016/j.ijbiomac.2022.04.208
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.1016/S1875-5364(25)60829-6
https://doi.org/10.19664/j.cnki.1002-2392.220116
https://doi.org/10.19664/j.cnki.1002-2392.220116
https://doi.org/10.19664/j.cnki.1002-2392.220116
https://doi.org/10.19664/j.cnki.1002-2392.220116
https://doi.org/10.3969/j.issn.1673-9701.2022.22.89
https://doi.org/10.3969/j.issn.1673-9701.2022.22.89
https://doi.org/10.3969/j.issn.1673-9701.2022.22.89
https://doi.org/10.3969/j.issn.1673-9701.2022.22.89
https://doi.org/10.1016/j.peptides.2022.170753
https://doi.org/10.1016/j.peptides.2022.170753
https://doi.org/10.1016/j.peptides.2022.170753
https://doi.org/10.1016/j.ijbiomac.2023.123862
https://doi.org/10.1016/j.ijbiomac.2023.123862
https://doi.org/10.3969/j.issn.1671-7856.2023.09.016
https://doi.org/10.3969/j.issn.1671-7856.2023.09.016
https://doi.org/10.3969/j.issn.1671-7856.2023.09.016
https://doi.org/10.3969/j.issn.1671-7856.2023.09.016
https://doi.org/10.3969/j.issn.1671-7856.2023.09.016
https://doi.org/10.1136/gutjnl-2018-317571
https://doi.org/10.1136/gutjnl-2018-317571
https://doi.org/10.1136/gutjnl-2018-317571
https://doi.org/10.1136/gutjnl-2018-317571
https://doi.org/10.1136/gutjnl-2018-317571
https://doi.org/10.1136/gutjnl-2018-317571

Y. Shao et al.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

(7746):49-55. https://doi.org/10.1038/s41586-019-0992-y.

Bankole E, Read E, Curtis MA, et al. The relationship between mucins and
ulcerative colitis: a systematic review. J Clin Med. 2021;10(9):1935. https://
doi.org/10.3390/jcm10091935.

Gomez-Bris R, Saez A, Herrero-Fernandez B, et al. CD4 T-cell subsets and
the pathophysiology of inflammatory bowel disease. Int ] Mol Sci. 2023;24
(3):2696. https://doi.org/10.3390/ijms24032696.

De Souza HS, Fiocchi C. Immunopathogenesis of IBD: current state of the art.
Nat Rev Gastroenterol Hepatol. 2016;13(1):13-27. https://doi.org/10.1038/
nrgastro.2015.186.

Li ZX, Xu CM, Luo YL, et al. Progress of rhubarb on intestinal barrier
protection in severe acute pancreatitis. | Emerg Tradit Chin Med. 2020;29
(4):732-734. https://doi.org/10.3969/].issn.1004-745X.2020.04.049.
Bharti S, Bharti M. The business of T cell subsets and cytokines in the
immunopathogenesis of inflammatory bowel disease. Cureus. 2022;14(7):
€27290. https://doi.org/10.7759/cureus.27290.

Zhou L, Chong MM, Littman DR. Plasticity of CD4" T cell lineage
differentiation. Immunity. 2009;30(5):646-655. https://doi.org/10.1016/].
immuni.2009.05.001.

Huang Y, Chen Z. Inflammatory bowel disease related innate immunity and
adaptive immunity. Am J Transl Res. 2016;8(6):2490-2497. https://doi.org/
10.1155/2016/5817426.

Ahluwalia B, Moraes L, Magnusson MK, et al. Immunopathogenesis of
inflammatory bowel disease and mechanisms of biological therapies. Scand
] Gastroenterol. 2018;53(4):379-389. https://doi.org/10.1080/00365521.
2018.1447597.

Kobayashi T, Okamoto S, Hisamatsu T, et al. IL23 differentially regulates
the Th1/Th17 balance in ulcerative colitis and Crohn’s disease. Gut. 2008;
57(12):1682-1689. https://doi.org/10.1136/gut.2007.135053.

Gerlach K, Hwang Y, Nikolaev A, et al. TH9 cells that express the
transcription factor PU. 1 drive T cell-mediated colitis via IL-9 receptor
signaling in intestinal epithelial cells. Nat Immunol. 2014;15(7):676-686.
https://doi.org/10.1038/ni.2920.

Schmidt A, Oberle N, Krammer PH. Molecular mechanisms of treg-mediated
T cell suppression. Front Immunol. 2012;3:51. https://doi.org/10.3389/
fimmu.2012.00051.

Mittal SK, Cho K], Ishido S, et al. Interleukin 10 (IL-10)-mediated
immunosuppression: MARCH-I induction regulates antigen presentation by
macrophages but not dendritic cells. J Biol Chem. 2015;290(45):27158-
27167. https://doi.org/10.1074/jbc.M115.682708.

Park JH, Peyrin-Biroulet L, Eisenhut M, et al. IBD immunopathogenesis: a
comprehensive review of inflammatory molecules. Autoimmun Rev. 2017;
16(4):416-426. https://doi.org/10.1016/j.autrev.2017.02.013.

Barnig C, Bezema T, Calder PC, et al. Activation of resolution pathways to
prevent and fight chronic inflammation: lessons from asthma and
inflammatory bowel disease. Front Immunol. 2019;10:1699. https://doi.org
/10.3389/fimmu.2019.01699.

Chen S, Zhang Y, Niu X, et al. Coral-derived endophytic fungal product,
butyrolactone-I, alleviates Lps induced intestinal epithelial cell
inflammatory response through TLR4/NF-kB and MAPK signaling
pathways: an in vitro and in vivo studies. Front Nutr. 2021;8:748118. https:
//doi.org/10.3389/fnut.2021.748118.

Althagafy HS, Ali FEM, Hassanein EHM, et al. Canagliflozin ameliorates
ulcerative colitis via regulation of TLR4/MAPK/NF-kB and Nrf2/PPAR-y/
SIRT1 signaling pathways. Eur /] Pharmacol. 2023;960:176166. https://doi.
org/10.1016/j.ejphar.2023.176166.

Zhang T, Zhao L, Xu M, et al. Moringin alleviates DSS-induced ulcerative
colitis in mice by regulating Nrf2/NF-xB pathway and PI3K/AKT/mTOR
pathway. Int Immunopharmacol. 2024;134:112241. https://doi.org/10.
1016/j.intimp.2024.112241.

Khoramjoo SM, Kazemifard N, Baradaran GS, et al. Overview of three
proliferation pathways (Wnt, Notch, and Hippo) in intestine and immune
system and their role in inflammatory bowel diseases (IBDs). Front Med
(Lausanne). 2022;9:865131. https://doi.org/10.3389 /fmed.2022.865131.
Zhu Z, Liao L, Gao M, et al. Garlic-derived exosome-like nanovesicles
alleviate dextran sulphate sodium-induced mouse colitis via the TLR4/
MyD88/NF-kB pathway and gut microbiota modulation. Food Funct. 2023;
14(16):7520-7534. https://doi.org/10.1039/D3F001094E.

Lloyd-Price ], Arze C, Ananthakrishnan AN, et al. Multi-omics of the gut
microbial ecosystem in inflammatory bowel diseases. Nature. 2019;569
(7758):655-662. https://doi.org/10.1038/s41586-019-1237-9.

Niu W, Yang F, Fu Z, et al. The role of enteric dysbacteriosis and modulation
of gut microbiota in the treatment of inflammatory bowel disease. Microb
Pathog. 2022;165:105381. https://doi.org/10.1016/j.micpath.2021.
105381.

Ansari I, Raddatz G, Gutekunst ], et al. The microbiota programs DNA met-
hylation to control intestinal homeostasis and inflammation. Nat Microbiol.
2020;5(4):610-619. https://doi.org/10.1038/s41564-019-0659-3.

Kelly CJ, Zheng L, Campbell EL, et al. Crosstalk between microbiota-derived
short-chain fatty acids and intestinal epithelial HIF augments tissue barrier
function. Cell Host Microbe. 2015;17(5):662-671. https://doi.org/10.1016/].
chom.2015.03.005.

Zeng B, Shi S, Ashworth G, et al. ILC3 function as a double-edged sword in
inflammatory bowel diseases. Cell Death Dis. 2019;10(4):315. https://doi.
org/10.1038/s41419-019-1540-2.

Skelly AN, Sato Y, Kearney S, et al. Mining the microbiota for microbial and

55

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Chinese Journal of Natural Medicines 24 (2026) 45-58

metabolite-based immunotherapies. Nat Rev Immunol. 2019;19(5):305-323.
https://doi.org/10.1038/s41577-019-0144-5.

Guo C, Wang Y, Zhang S, et al. Crataegus pinnatifida polysaccharide
alleviates colitis via modulation of gut microbiota and SCFAs metabolism.
Int ] Biol Macromol. 2021;181:357-368. https://doi.org/10.1016/j.ijbiomac.
2021.03.137.

Deleu S, Machiels K, Raes ], et al. Short chain fatty acids and its producing
organisms: an overlooked therapy for IBD? EBioMedicine. 2021;66:103293.
https://doi.org/10.1016/j.ebiom.2021.103293.

Ding X, Bin P, Wu W, et al. Tryptophan metabolism, regulatory T cells, and
inflammatory bowel disease: a mini review. Mediators Inflamm. 2020;2020:
9706140. https://doi.org/10.1155/2020/9706140.

Mascanfroni ID, Takenaka MC, Yeste A, et al. Metabolic control of type 1
regulatory T cell differentiation by AHR and HIF1l-a. Nat Med. 2015;
21(6):638-646. https://doi.org/10.1038/nm.3868.

Ala M. Tryptophan metabolites modulate inflammatory bowel disease and
colorectal cancer by affecting immune system. Int Rev Immunol. 2022;41(3):
326-345. https://doi.org/10.1080/08830185.2021.1954638.

Sofia MA, Ciodba MA, Meckel K, et al. Tryptophan metabolism through the
kynurenine pathway is associated with endoscopic inflammation in
ulcerative colitis. Inflamm Bowel Dis. 2018;24(7):1471-1480. https://doi.
org/10.1093/ibd/izy103.

Fiorucci S, Carino A, Baldoni M, et al. Bile acid signaling in inflammatory
bowel diseases. Dig Dis Sci. 2021;66(3):674-693. https://doi.org/10.1007/
s10620-020-06715-3.

Yang M, Gu Y, Li L, et al. Bile acid-gut microbiota axis in inflammatory
bowel disease: from bench to bedside. Nutrients. 2021;13(9):3143. https://
doi.org/10.3390/nu13093143.

Staudinger JL, Goodwin B, Jones SA, et al. The nuclear receptor PXR is a
lithocholic acid sensor that protects against liver toxicity. Proc Natl Acad Sci
USA.2001;98(6):3369-3374. https://doi.org/10.1073 /pnas.051551698.
Makishima M, Lu TT, Xie W, et al. Vitamin D receptor as an intestinal bile
acid sensor. Science. 2002;296(5571):1313-1316. https://doi.org/10.1126/
science.1070477.

Nagahashi M, Takabe K, Liu R, et al. Conjugated bile acid-activated S1P
receptor 2 is a key regulator of sphingosine kinase 2 and hepatic gene
expression. Hepatology. 2015;61(4):1216-1226. https://doi.org/10.1002/
hep.27592.

Guo C, Xie S, Chi Z, et al. Bile acids control inflammation and metabolic
disorder through inhibition of NLRP3 inflammasome. Immunity. 2016;
45(4):802-816. https://doi.org/10.1016/j.immuni.2016.09.008.

Zhao S, Gong Z, Du X, et al. Deoxycholic acid-mediated sphingosine-1-
phosphate receptor 2 signaling exacerbates DSS-induced colitis through
promoting cathepsin B release. ] Immunol Res. 2018;2018:2481418. https:/
/doi.org/10.1155/2018/2481418.

Liu M, Rao H, Liu J, et al. The histone methyltransferase SETD2 modulates
oxidative stress to attenuate experimental colitis. Redox Biol. 2021;43:
102004. https://doi.org/10.1016/j.redox.2021.102004.

Tian T, Wang Z, Zhang ]. Pathomechanisms of oxidative stress in
inflammatory bowel disease and potential antioxidant therapies. Oxid Med
Cell Longev. 2017;2017:4535194. https://doi.org/10.1155/2017/4535194.
Rodrigues JJI, VasconceLos JKG, Xavier L, et al. Antioxidant therapy in
inflammatory bowel disease: a systematic review and a meta-analysis of
randomized clinical trials. Pharmaceuticals (Basel). 2023;16(10):1444.
https://doi.org/10.3390/ph16101444.

Hu S, Zhao M, Li W, et al. Preclinical evidence for quercetin against
inflammatory bowel disease: a meta-analysis and systematic review.
Inflammopharmacology. 2022;30(6):2035-2050. https://doi.org/10.1007/
s10787-022-01079-8.

Zhou GX, Liu ZJ. Potential roles of neutrophils in regulating intestinal
mucosal inflammation of inflammatory bowel disease. ] Dig Dis. 2017;18(9):
495-503. https://doi.org/10.1111/1751-2980.12540.

Galluzzi L, Baehrecke EH, Ballabio A, et al. Molecular definitions of
autophagy and related processes. EMBO J. 2017;36(13):1811-1836. https:/
/doi.org/10.15252/embj.201796697.

Reggiori F, Ungermann C. Autophagosome maturation and fusion. / Mol Biol.
2017;429(4):486-496. https://doi.org/10.1016/j.jmb.2017.01.002.
Foerster EG, Mukherjee T, Cabral-Fernandes L, et al. How autophagy
controls the intestinal epithelial barrier. Autophagy. 2022;18(1):86-103.
https://doi.org/10.1080/15548627.2021.1909406.

Fan Q, Zheng X, Wang S, et al. Autophagy abnormality in inflammatory
bowel disease and the progress of Chinese medicine intervention research.
Chin ] Clin Pharmacol Ther. 2019;24(4):471-480. https://doi.org/10.12092
/jissn.1009-2501.2019.04.017.

Huang SN, Li FF, Jin D. Progress on the mechanism of autophagy in
inflammatory bowel disease. Cell Mol Immunol. 2022;38(6):559-564. https:
//doi.org/10.1038/s41423-021-00774-9.

Zhang C, Wang JZ, Shen YJ. Effect of autophagy inducer pp242 on tumor
necrosis factor-a-induced intestinal barrier damage. Gastroenterology.
2017;22(6):337-340.  https://doi.org/10.3969/j.issn.1008-7125.2017.06.
003.

Zhang H, Zheng L, Mcgovern DP, et al. Myeloid ATG16L1 facilitates host-
bacteria interactions in maintaining intestinal homeostasis. | Immunol.
2017;198(5):2133-2146. https://doi.org/10.4049 /jimmunol.1601293.

Luo K, Cao SS. Endoplasmic reticulum stress in intestinal epithelial cell
function and inflammatory bowel disease. Gastroenterol Res Pract.


https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.1038/s41586-019-0992-y
https://doi.org/10.3390/jcm10091935
https://doi.org/10.3390/jcm10091935
https://doi.org/10.3390/jcm10091935
https://doi.org/10.3390/ijms24032696
https://doi.org/10.3390/ijms24032696
https://doi.org/10.1038/nrgastro.2015.186
https://doi.org/10.1038/nrgastro.2015.186
https://doi.org/10.1038/nrgastro.2015.186
https://doi.org/10.3969/j.issn.1004-745X.2020.04.049
https://doi.org/10.3969/j.issn.1004-745X.2020.04.049
https://doi.org/10.3969/j.issn.1004-745X.2020.04.049
https://doi.org/10.3969/j.issn.1004-745X.2020.04.049
https://doi.org/10.7759/cureus.27290
https://doi.org/10.7759/cureus.27290
https://doi.org/10.1016/j.immuni.2009.05.001
https://doi.org/10.1016/j.immuni.2009.05.001
https://doi.org/10.1016/j.immuni.2009.05.001
https://doi.org/10.1155/2016/5817426
https://doi.org/10.1155/2016/5817426
https://doi.org/10.1155/2016/5817426
https://doi.org/10.1080/00365521.2018.1447597
https://doi.org/10.1080/00365521.2018.1447597
https://doi.org/10.1080/00365521.2018.1447597
https://doi.org/10.1136/gut.2007.135053
https://doi.org/10.1136/gut.2007.135053
https://doi.org/10.1038/ni.2920
https://doi.org/10.3389/fimmu.2012.00051
https://doi.org/10.3389/fimmu.2012.00051
https://doi.org/10.3389/fimmu.2012.00051
https://doi.org/10.1074/jbc.M115.682708
https://doi.org/10.1074/jbc.M115.682708
https://doi.org/10.1016/j.autrev.2017.02.013
https://doi.org/10.1016/j.autrev.2017.02.013
https://doi.org/10.3389/fimmu.2019.01699
https://doi.org/10.3389/fimmu.2019.01699
https://doi.org/10.3389/fimmu.2019.01699
https://doi.org/10.3389/fnut.2021.748118
https://doi.org/10.3389/fnut.2021.748118
https://doi.org/10.3389/fnut.2021.748118
https://doi.org/10.1016/j.ejphar.2023.176166
https://doi.org/10.1016/j.ejphar.2023.176166
https://doi.org/10.1016/j.ejphar.2023.176166
https://doi.org/10.1016/j.intimp.2024.112241
https://doi.org/10.1016/j.intimp.2024.112241
https://doi.org/10.1016/j.intimp.2024.112241
https://doi.org/10.3389/fmed.2022.865131
https://doi.org/10.3389/fmed.2022.865131
https://doi.org/10.1039/D3FO01094E
https://doi.org/10.1039/D3FO01094E
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1016/j.micpath.2021.105381
https://doi.org/10.1016/j.micpath.2021.105381
https://doi.org/10.1016/j.micpath.2021.105381
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1038/s41564-019-0659-3
https://doi.org/10.1016/j.chom.2015.03.005
https://doi.org/10.1016/j.chom.2015.03.005
https://doi.org/10.1016/j.chom.2015.03.005
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1016/j.ijbiomac.2021.03.137
https://doi.org/10.1016/j.ijbiomac.2021.03.137
https://doi.org/10.1016/j.ijbiomac.2021.03.137
https://doi.org/10.1016/j.ebiom.2021.103293
https://doi.org/10.1155/2020/9706140
https://doi.org/10.1155/2020/9706140
https://doi.org/10.1038/nm.3868
https://doi.org/10.1038/nm.3868
https://doi.org/10.1080/08830185.2021.1954638
https://doi.org/10.1080/08830185.2021.1954638
https://doi.org/10.1093/ibd/izy103
https://doi.org/10.1093/ibd/izy103
https://doi.org/10.1093/ibd/izy103
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.1007/s10620-020-06715-3
https://doi.org/10.3390/nu13093143
https://doi.org/10.3390/nu13093143
https://doi.org/10.3390/nu13093143
https://doi.org/10.1073/pnas.051551698
https://doi.org/10.1073/pnas.051551698
https://doi.org/10.1126/science.1070477
https://doi.org/10.1126/science.1070477
https://doi.org/10.1126/science.1070477
https://doi.org/10.1002/hep.27592
https://doi.org/10.1002/hep.27592
https://doi.org/10.1002/hep.27592
https://doi.org/10.1016/j.immuni.2016.09.008
https://doi.org/10.1016/j.immuni.2016.09.008
https://doi.org/10.1155/2018/2481418
https://doi.org/10.1155/2018/2481418
https://doi.org/10.1155/2018/2481418
https://doi.org/10.1016/j.redox.2021.102004
https://doi.org/10.1016/j.redox.2021.102004
https://doi.org/10.1155/2017/4535194
https://doi.org/10.1155/2017/4535194
https://doi.org/10.3390/ph16101444
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1007/s10787-022-01079-8
https://doi.org/10.1111/1751-2980.12540
https://doi.org/10.1111/1751-2980.12540
https://doi.org/10.1111/1751-2980.12540
https://doi.org/10.1111/1751-2980.12540
https://doi.org/10.15252/embj.201796697
https://doi.org/10.15252/embj.201796697
https://doi.org/10.15252/embj.201796697
https://doi.org/10.1016/j.jmb.2017.01.002
https://doi.org/10.1016/j.jmb.2017.01.002
https://doi.org/10.1080/15548627.2021.1909406
https://doi.org/10.12092/j.issn.1009-2501.2019.04.017
https://doi.org/10.12092/j.issn.1009-2501.2019.04.017
https://doi.org/10.12092/j.issn.1009-2501.2019.04.017
https://doi.org/10.12092/j.issn.1009-2501.2019.04.017
https://doi.org/10.12092/j.issn.1009-2501.2019.04.017
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.1038/s41423-021-00774-9
https://doi.org/10.3969/j.issn.1008-7125.2017.06.003
https://doi.org/10.3969/j.issn.1008-7125.2017.06.003
https://doi.org/10.3969/j.issn.1008-7125.2017.06.003
https://doi.org/10.3969/j.issn.1008-7125.2017.06.003
https://doi.org/10.3969/j.issn.1008-7125.2017.06.003
https://doi.org/10.4049/jimmunol.1601293
https://doi.org/10.4049/jimmunol.1601293

Y. Shao et al.

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

2015;2015:328791. https://doi.org/10.1155/2015/328791.

Wang Q, Li Z, Liu K, et al. Activation of the G protein-coupled estrogen
receptor prevented the development of acute colitis by protecting the crypt
cell. ] Pharmacol Exp Ther. 2021;376(2):281-293. https://doi.org/10.1124/
jpet.120.000216.

Windsor JW, Kaplan GG. Evolving epidemiology of IBD. Curr Gastroenterol
Rep. 2019;21(8):40. https://doi.org/10.1007 /s11894-019-0705-6.

Mak WY, Zhao M, Ng SC, et al. The epidemiology of inflammatory bowel
disease: east meets west. | Gastroenterol Hepatol. 2020;35(3):380-389.
https://doi.org/10.1111/jgh.14872.

Jans D, Cleynen 1. The genetics of non-monogenic IBD. Hum Genet. 2023;142
(5):669-682. https://doi.org/10.1007 /s00439-023-02521-9.

Chen SL, Li CM, Li W, et al. How autophagy, a potential therapeutic target,
regulates intestinal inflammation. Front Immunol. 2023;14:1087677. https:
//doi.org/10.3389/fimmu.2023.1087677.

Barkhodari A, Lee KE, Shen M, et al. Inflammatory bowel disease: focus on
enteropathic arthritis and therapy. Rheumatol Immunol Res. 2022;3(2):69-
76. https://doi.org/10.2478 /rir-2022-0012.

Keir M, Yi Y, Lu T, et al. The role of IL-22 in intestinal health and disease. J
Exp Med. 2020;217(3):e20192195. https://doi.org/10.1084 /jem.20192195.
Mackos AR, Galley JD, Eubank TD, et al. Social stress-enhanced severity of
Citrobacter rodentium-induced colitis is CCL2-dependent and attenuated by
probiotic Lactobacillus reuteri. Mucosal Immunol. 2016;9(2):515-526. https:
//doi.org/10.1038/mi.2015.81.

Dos Santos RA, Viana GCS, De Macedo BM, et al. Neutrophil extracellular
traps in inflammatory bowel diseases: implications in pathogenesis and
therapeutic targets. Pharmacol Res. 2021;171:105779. https://doi.org/10.
1016/j.phrs.2021.105779.

Wang X, Zhou G, Zhou W, et al. Exosomes as a new delivery vehicle in
inflammatory bowel disease. Pharmaceutics. 2021;13(10):1644. https://doi.
org/10.3390/pharmaceutics13101644.

Chen L, Ou Q, Kou X. Extracellular vesicles and their indispensable roles in
pathogenesis and treatment of inflammatory bowel disease: a
comprehensive review. Life Sci. 2023;327:121830. https://doi.org/10.1016
/j1fs.2023.121830.

Wu Y, Ran L, Yang Y, et al. Deferasirox alleviates DSS-induced ulcerative
colitis in mice by inhibiting ferroptosis and improving intestinal microbiota.
Life Sci. 2023;314:121312. https://doi.org/10.1016/j.1fs.2022.121312.
Saiz-Gonzalo G, Hanrahan N, Rossini V, et al. Regulation of CEACAM family
members by IBD-associated triggers in intestinal epithelial cells, their
correlation to inflammation and relevance to IBD pathogenesis. Front
Immunol. 2021;12:655960. https://doi.org/10.3389/fimmu.2021.655960.
Drury B, Hardisty G, Gray RD, et al. Neutrophil extracellular traps in
inflammatory bowel disease: pathogenic mechanisms and clinical
translation. Cell Mol Gastroenterol Hepatol. 2021;12(1):321-333. https://
doi.org/10.1016/j.jcmgh.2021.03.002.

Zhang H, Wang L, Li C, et al. Exosome-induced regulation in inflammatory
bowel disease. Front Immunol. 2019;10:1464. https://doi.org/10.3389/
fimmu.2019.01464.

Li DF, Yang MF, Xu J, et al. Extracellular vesicles: the next generation
theranostic nanomedicine for inflammatory bowel disease. Int |
Nanomedicine. 2022;17:3893-3911. https://doi.org/10.2147 /[]N.S370784.
Chen Q, Peng LF, Xu R, et al. Research progress of ferroptosis in ulcerative
colitis. Acta Acad Med Sin. 2024;46(4):619-624. https://doi.org/10.3881/].
issn.1000-503X.15918.

Huang Y, Chen H, Zhang K, et al. Extraction, purification, structural
characterization, and gut microbiota relationship of polysaccharides: a
review. Int | Biol Macromol. 2022;213:967-986. https://doi.org/10.1016/].
ijbiomac.2022.06.049.

Liang J, Chen S, Chen J, et al. Therapeutic roles of polysaccharides from
Dendrobium Officinaleon colitis and its underlying mechanisms. Carbohydr
Polym. 2018;185:159-168. https://doi.org/10.1016/j.carbpol.2018.01.013.
Sun Y, Huo ], Zhong S, et al. Chemical structure and anti-inflammatory
activity of a branched polysaccharide isolated from Phellinus baumii.
Carbohydr Polym. 2021;268:118214. https://doi.org/10.1016/j.carbpol.
2021.118214.

Hui H, Wang Z, Zhao X, et al. Gut microbiome-based thiamine metabolism
contributes to the protective effect of one acidic polysaccharide from
Selaginella uncinata (Desv.) Spring against inflammatory bowel disease. J
Pharm Anal. 2024;14(2):177-195. https://doi.org/10.1016/j.jpha.2023.08.
003.

Ye R, Guo Q, Huang ], et al. Eucommia ulmoides polysaccharide modified
nano-selenium effectively alleviated DSS-induced colitis through enhancing

intestinal mucosal barrier function and antioxidant capacity. |
Nanobiotechnol. 2023;21(1):222. https://doi.org/10.1186/s12951-023-
01965-5.

Liu X, Yu X, Xu X, et al. The protective effects of Poria cocos-derived
polysaccharide CMP33 against IBD in mice and its molecular mechanism.
Food Funct. 2018;9(11):5936-5949. https://doi.org/10.1039/C8FO01604F.
Chen ], Gao Y, Zhang Y, et al. Research progress in the treatment of
inflammatory bowel disease with natural polysaccharides and related
structure-activity relationships. Food Funct. 2024;15(11):5680-5702. https:
//doi.org/10.1039/D3F004919A.

Li Y, Ye H, Wang T, et al. Characterization of low molecular weight sulfate
ulva polysaccharide and its protective effect against IBD in mice. Mar Drugs.
2020;18(10):578. https://doi.org/10.3390/md18100578.

56

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

Chinese Journal of Natural Medicines 24 (2026) 45-58

Zyla E, Dziendzikowska K, Gajewska M, et al. Beneficial effects of oat -
glucan dietary supplementation in colitis depend on its molecular weight.
Molecules. 2019;24(19):3522. https://doi.org/10.3390/molecules2419
3522.

Pan X. Extraction and purification of sarsaparilla polysaccharides,
structural characterization and mechanism of its antiulcerative colitis
activity. Huazhong Univ Sci Technol. 2022:1-185. https://doi.org/10.27157
/d.cnki.ghzku.2022.001179.

Wei C, Yao L, Zhang Y, et al. Structural characterization of peach gum
polysaccharide and its effects on the regulation of DSS-induced acute colitis.
Int ] Biol Macromol. 2023;225:1224-1234. https://doi.org/10.1016/j.
ijbiomac.2022.11.183.

Chuang L. Isolation, purification and structural characterization of black
jujube polysaccharide and its anti-inflammatory activity. Shandong Agric
Univ. 2024:1-73. https://doi.org/10.27277 /d.cnki.gsdnu.2023.000746.

You S, Liu X, Xu G, et al. Identification of bioactive polysaccharide from
Pseudostellaria heterophylla with its anti-inflammatory effects. J Funct
Foods. 2021;78:104354. https://doi.org/10.1016/j.jff.2021.104354.

Zhang R, Yuan S, Ye ], et al. Polysaccharide from Flammuliana velutipes
improves colitis via regulation of colonic microbial dysbiosis and
inflammatory responses. Int | Biol Macromol. 2020;149:1252-1261. https:/
/doi.org/10.1016/j.ijbiomac.2020.02.044.

Ren Y, Geng Y, Du Y, et al. Polysaccharide of Hericium erinaceus attenuates
colitis in C57BL/6 mice via regulation of oxidative stress, inflammation-
related signaling pathways and modulating the composition of the gut
microbiota. J Nutr Biochem. 2018;57:67-76. https://doi.org/10.1016/j.
jnutbio.2018.03.005.

Bai Y, Jia X, Huang F, et al. Structural elucidation, anti-inflammatory activity
and intestinal barrier protection of longan pulp polysaccharide LPlla.
Carbohydr Polym. 2020;246:116532. https://doi.org/10.1016/j.carbpol.
2020.116532.

Wang ], Zhang C, Guo C, et al. Chitosan ameliorates DSS-induced ulcerative
colitis mice by enhancing intestinal barrier function and improving
microflora. Int | Mol Sci. 2019;20(22):5746. https://doi.org/10.3390/
ijms20225746.

Jin M, Zhu Y, Shao D, et al. Effects of polysaccharide from mycelia of
Ganoderma lucidum on intestinal barrier functions of rats. Int ]| Biol
Macromol. 2017;94(Pt A):1-9. https://doi.org/10.1016/j.ijbiomac.2016.10.
084.

Guo X, Liu L, Zhao W, et al. The protective effect of Schisandra chinensis
(Turcz.) Baill. polysaccharide on DSS-induced ulcerative colitis in mice via
the modulation of gut microbiota and inhibition of NF-xB activation. J Sci
Food Agric. 2024;104(1):196-206. https://doi.org/10.1002 /jsfa.12905.
Kuang LX. Preparation, structural characterization and modulation of DSS-
induced intestinal mucosal barrier damage by Atractylodes macrocephala
polysaccharides. Zhejiang Univ. 2022:1-113. https://doi.org/10.27461/d.
cnki.gzjdx.2021.001808.

Sun Y, Fan L, Mian W, et al. Modified apple polysaccharide influences MUC-
1 expression to prevent ICR mice from colitis-associated carcinogenesis. Int
J Biol Macromol. 2018;120(Pt B):1387-1395. https://doi.org/10.1016/j.
ijbiomac.2018.08.150.

Yu Y, Shen M, Song Q, et al. Biological activities and pharmaceutical
applications of polysaccharide from natural resources: a review. Carbohydr
Polym. 2018;183:91-101. https://doi.org/10.1016/j.carbpol.2017.12.009.
Liu Y, Zhao ], Zhao Y, et al. Therapeutic effects of lentinan on inflammatory
bowel disease and colitis-associated cancer. J Cell Mol Med. 2019;23(2):750-
760. https://doi.org/10.1111/jcmm.13897.

Wang Y, Ji X, Yan M, et al. Protective effect and mechanism of
polysaccharide from Dictyophora indusiata on dextran sodium sulfate-
induced colitis in C57BL/6 mice. Int ] Biol Macromol. 2019;140:973-984.
https://doi.org/10.1016/j.ijbiomac.2019.08.198.

Xie Z, Jiang N, Lin M, et al. The mechanisms of polysaccharides from tonic
Chinese herbal medicine on the enhancement immune function: a review.
Molecules. 2023;28(21):7345. https://doi.org/10.3390/molecules2821
7345.

Xiong H, Han X, Cai L, et al. Natural polysaccharides exert anti-tumor effects
as dendritic cell immune enhancers. Front Oncol. 2023;13:1274048. https:/
/doi.org/10.3389 /fonc.2023.1274048.

Xu L, Kwak M, Zhang W, et al. Rehmannia glutinosa polysaccharide induces
toll-like receptor 4 dependent spleen dendritic cell maturation and anti-
cancer immunity. Oncoimmunology. 2017;6(7):e1325981. https://doi.org/
10.1080/2162402X.2017.1325981.

Zhao HM, Wang Y, Huang XY, et al. Astragalus polysaccharide attenuates rat
experimental colitis by inducing regulatory T cells in intestinal Peyer’s
patches. World ] Gastroenterol. 2016;22(11):3175-3185. https://doi.org/10.
3748/wjg.v22.i11.3175.

Lu SY, Liu Y, Tang S, et al. Gracilaria lemaneiformis polysaccharides
alleviate colitis by modulating the gut microbiota and intestinal barrier in
mice. Food Chem X. 2022;13:100197. https://doi.org/10.1016/j.fochx.2021.
100197.

Lv H, Jia H, Cai W, et al. Rehmannia glutinosa polysaccharides attenuates
colitis via reshaping gut microbiota and short-chain fatty acid production. J
Sci Food Agric. 2023;103(8):3926-3938. https://doi.org/10.1002/jsfa.
12326.

Wang F, Bao YF, Si J], et al. The beneficial effects of a polysaccharide from
Moringa oleifera leaf on gut microecology in mice. / Med Food. 2019;


https://doi.org/10.1155/2015/328791
https://doi.org/10.1155/2015/328791
https://doi.org/10.1124/jpet.120.000216
https://doi.org/10.1124/jpet.120.000216
https://doi.org/10.1124/jpet.120.000216
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1111/jgh.14872
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.1007/s00439-023-02521-9
https://doi.org/10.3389/fimmu.2023.1087677
https://doi.org/10.3389/fimmu.2023.1087677
https://doi.org/10.3389/fimmu.2023.1087677
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.2478/rir-2022-0012
https://doi.org/10.1084/jem.20192195
https://doi.org/10.1084/jem.20192195
https://doi.org/10.1038/mi.2015.81
https://doi.org/10.1038/mi.2015.81
https://doi.org/10.1038/mi.2015.81
https://doi.org/10.1016/j.phrs.2021.105779
https://doi.org/10.1016/j.phrs.2021.105779
https://doi.org/10.1016/j.phrs.2021.105779
https://doi.org/10.3390/pharmaceutics13101644
https://doi.org/10.3390/pharmaceutics13101644
https://doi.org/10.3390/pharmaceutics13101644
https://doi.org/10.1016/j.lfs.2023.121830
https://doi.org/10.1016/j.lfs.2023.121830
https://doi.org/10.1016/j.lfs.2023.121830
https://doi.org/10.1016/j.lfs.2022.121312
https://doi.org/10.1016/j.lfs.2022.121312
https://doi.org/10.3389/fimmu.2021.655960
https://doi.org/10.3389/fimmu.2021.655960
https://doi.org/10.1016/j.jcmgh.2021.03.002
https://doi.org/10.1016/j.jcmgh.2021.03.002
https://doi.org/10.1016/j.jcmgh.2021.03.002
https://doi.org/10.3389/fimmu.2019.01464
https://doi.org/10.3389/fimmu.2019.01464
https://doi.org/10.3389/fimmu.2019.01464
https://doi.org/10.2147/IJN.S370784
https://doi.org/10.2147/IJN.S370784
https://doi.org/10.3881/j.issn.1000-503X.15918
https://doi.org/10.3881/j.issn.1000-503X.15918
https://doi.org/10.3881/j.issn.1000-503X.15918
https://doi.org/10.3881/j.issn.1000-503X.15918
https://doi.org/10.3881/j.issn.1000-503X.15918
https://doi.org/10.1016/j.ijbiomac.2022.06.049
https://doi.org/10.1016/j.ijbiomac.2022.06.049
https://doi.org/10.1016/j.ijbiomac.2022.06.049
https://doi.org/10.1016/j.carbpol.2018.01.013
https://doi.org/10.1016/j.carbpol.2018.01.013
https://doi.org/10.1016/j.carbpol.2021.118214
https://doi.org/10.1016/j.carbpol.2021.118214
https://doi.org/10.1016/j.carbpol.2021.118214
https://doi.org/10.1016/j.jpha.2023.08.003
https://doi.org/10.1016/j.jpha.2023.08.003
https://doi.org/10.1016/j.jpha.2023.08.003
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1186/s12951-023-01965-5
https://doi.org/10.1039/C8FO01604F
https://doi.org/10.1039/C8FO01604F
https://doi.org/10.1039/D3FO04919A
https://doi.org/10.1039/D3FO04919A
https://doi.org/10.1039/D3FO04919A
https://doi.org/10.3390/md18100578
https://doi.org/10.3390/md18100578
https://doi.org/10.3390/molecules24193522
https://doi.org/10.3390/molecules24193522
https://doi.org/10.3390/molecules24193522
https://doi.org/10.27157/d.cnki.ghzku.2022.001179
https://doi.org/10.27157/d.cnki.ghzku.2022.001179
https://doi.org/10.27157/d.cnki.ghzku.2022.001179
https://doi.org/10.1016/j.ijbiomac.2022.11.183
https://doi.org/10.1016/j.ijbiomac.2022.11.183
https://doi.org/10.1016/j.ijbiomac.2022.11.183
https://doi.org/10.27277/d.cnki.gsdnu.2023.000746
https://doi.org/10.27277/d.cnki.gsdnu.2023.000746
https://doi.org/10.1016/j.jff.2021.104354
https://doi.org/10.1016/j.jff.2021.104354
https://doi.org/10.1016/j.ijbiomac.2020.02.044
https://doi.org/10.1016/j.ijbiomac.2020.02.044
https://doi.org/10.1016/j.ijbiomac.2020.02.044
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.carbpol.2020.116532
https://doi.org/10.1016/j.carbpol.2020.116532
https://doi.org/10.1016/j.carbpol.2020.116532
https://doi.org/10.3390/ijms20225746
https://doi.org/10.3390/ijms20225746
https://doi.org/10.3390/ijms20225746
https://doi.org/10.1016/j.ijbiomac.2016.10.084
https://doi.org/10.1016/j.ijbiomac.2016.10.084
https://doi.org/10.1016/j.ijbiomac.2016.10.084
https://doi.org/10.1002/jsfa.12905
https://doi.org/10.1002/jsfa.12905
https://doi.org/10.27461/d.cnki.gzjdx.2021.001808
https://doi.org/10.27461/d.cnki.gzjdx.2021.001808
https://doi.org/10.27461/d.cnki.gzjdx.2021.001808
https://doi.org/10.1016/j.ijbiomac.2018.08.150
https://doi.org/10.1016/j.ijbiomac.2018.08.150
https://doi.org/10.1016/j.ijbiomac.2018.08.150
https://doi.org/10.1016/j.carbpol.2017.12.009
https://doi.org/10.1016/j.carbpol.2017.12.009
https://doi.org/10.1111/jcmm.13897
https://doi.org/10.1111/jcmm.13897
https://doi.org/10.1016/j.ijbiomac.2019.08.198
https://doi.org/10.3390/molecules28217345
https://doi.org/10.3390/molecules28217345
https://doi.org/10.3390/molecules28217345
https://doi.org/10.3389/fonc.2023.1274048
https://doi.org/10.3389/fonc.2023.1274048
https://doi.org/10.3389/fonc.2023.1274048
https://doi.org/10.1080/2162402X.2017.1325981
https://doi.org/10.1080/2162402X.2017.1325981
https://doi.org/10.1080/2162402X.2017.1325981
https://doi.org/10.3748/wjg.v22.i11.3175
https://doi.org/10.3748/wjg.v22.i11.3175
https://doi.org/10.3748/wjg.v22.i11.3175
https://doi.org/10.1016/j.fochx.2021.100197
https://doi.org/10.1016/j.fochx.2021.100197
https://doi.org/10.1016/j.fochx.2021.100197
https://doi.org/10.1002/jsfa.12326
https://doi.org/10.1002/jsfa.12326
https://doi.org/10.1002/jsfa.12326

Y. Shao et al.

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

139

140

141

142

143

22(9):907-918. https://doi.org/10.1089/jmf.2018.4382.

Feng W, Liu ], Tan Y, et al. Polysaccharides from Atractylodes macrocephala
Koidz. ameliorate ulcerative colitis via extensive modification of gut
microbiota and host metabolism. Food Res Int. 2020;138:109704. https://
doi.org/10.1016/j.foodres.2020.109704.

Naito Y, Takagi T, Yoshikawa T. Molecular fingerprints of neutrophil-
dependent oxidative stress in inflammatory bowel disease. ] Gastroenterol.
2007;42(10):787-798. https://doi.org/10.1007 /s00535-007-2096-y.
Bourgonje AR, Feelisch M, Faber KN, et al. Oxidative stress and redox-
modulating therapeutics in inflammatory bowel disease. Trends Mol Med.
2020;26(11):1034-1046. https://doi.org/10.1016/j.molmed.2020.06.006.
Sahoo DK, Heilmann RM, Paital B, et al. Oxidative stress, hormones, and
effects of natural antioxidants on intestinal inflammation in inflammatory
bowel disease. Front Endocrinol (Lausanne). 2023;14:1217165. https://doi.
org/10.3389/fendo0.2023.1217165.

Cheong KL, Liu K, Chen W, et al. Recent progress in Porphyra haitanensis
polysaccharides: extraction, purification, structural insights, and their
impact on gastrointestinal health and oxidative stress management. Food
Chem X.2024;22:101414. https://doi.org/10.1016/j.fochx.2024.101414.
Huang K, Li Y, Tao S, et al. Purification, characterization and biological
activity of polysaccharides from Dendrobium officinale. Molecules. 2016;21
(6):788. https://doi.org/10.3390/molecules21060788.

Wu W, Lin Y, Farag MA, et al. Dendrobium as a new natural source of
bioactive for the prevention and treatment of digestive tract diseases: a
comprehensive review with future perspectives. Phytomedicine. 2023;114:
154784. https://doi.org/10.1016/j.phymed.2023.154784.

Tan H, Chen W, Liu Q, et al. Pectin oligosaccharides ameliorate colon cancer
by regulating oxidative stress- and inflammation-activated signaling
pathways. Front Immunol. 2018;9:1504. https://doi.org/10.3389/fimmu.
2018.01504.

Liu C, Wang |, Yang Y, et al. Ginsenoside Rd ameliorates colitis by inducing
p62-driven mitophagy-mediated NLRP3 inflammasome inactivation in mice.
Biochem Pharmacol. 2018;155:366-379. https://doi.org/10.1016/j.bcp.
2018.07.010.

Kabat AM, Harrison 0], Riffelmacher T, et al. The autophagy gene Atg16/1
differentially regulates Treg and TH2 cells to control intestinal
inflammation. eLife. 2016;5:e12444. https://doi.org/10.7554 /eLife.12444.
Zhou M, Zhi ], Zhi ], et al. Polysaccharide from Strongylocentrotus nudus
eggs regulates intestinal epithelial autophagy through CD36/PI3K-Akt
pathway to ameliorate inflammatory bowel disease. Int | Biol Macromol.
2023;244:125373. https://doi.org/10.1016/j.ijbiomac.2023.125373.

Li M, Luo T, Huang Y, et al. Polysaccharide from Pycnoporus sanguineus
ameliorates dextran sulfate sodium-induced colitis via helper T cells
repertoire modulation and autophagy suppression. Phytother Res. 2020;34
(10):2649-2664. https://doi.org/10.1002/ptr.6695.

Dong F, Hao F, Murray IA, et al. Intestinal microbiota-derived tryptophan
metabolites are predictive of Ah receptor activity. Gut Microbes. 2020;12(1):
1-24. https://doi.org/10.1080/19490976.2020.1766777.

Ying Y, Song LY, Pang WL, et al. Astragalus polysaccharide protects
experimental colitis through an aryl hydrocarbon receptor-dependent
autophagy mechanism. Br | Pharmacol. 2024;181(5):681-697. https://doi.
org/10.1111/bph.16229.

Rees WD, Stahl M, Jacobson K, et al. Enteroids derived from inflammatory
bowel disease patients display dysregulated endoplasmic reticulum stress
pathways, leading to differential inflammatory responses and dendritic cell
maturation.  Crohns Colitis. 2020;14(7):948-961. https://doi.org/10.1093/
ecco-jcc/jjz194.

Yin S, Li L, Tao Y, et al. The inhibitory effect of artesunate on excessive
endoplasmic reticulum stress alleviates experimental colitis in mice. Front
Pharmacol. 2021;12:629798. https://doi.org/10.3389 /fphar.2021.629798.
Zhang S, Wang S, Fan YY, et al. Preparation of a new resource food-
arabinogalactan and its protective effect against enterotoxicity in IEC-6
cells by inhibiting endoplasmic reticulum stress. Int | Biol Macromol.
2023;249:126124. https://doi.org/10.1016/j.ijbiomac.2023.126124.
Huang C, Yao R, Zhu Z, et al. A pectic polysaccharide from water decoction
of Xinjiang Lycium barbarum fruit protects against intestinal endoplasmic
reticulum stress. Int J Biol Macromol. 2019;130:508-514. https://doi.org/
10.1016/j.ijbiomac.2019.02.157.

Wen A, Zaige X, Yang B, et al. Effects of Poria cocos polysaccharides on
intestinal barrier function impairment and inflammatory response in type 2
diabetic mice based on endoplasmic reticulum stress-autophagy pathway.
Chin ] Pathophysiol. 2022;38(5):829-838. https://doi.org/10.3969/j.issn.
1000-4718.2022.05.007.

Corrie L, Gulati M, Awasthi A, et al. Harnessing the dual role of
polysaccharides in treating gastrointestinal diseases: as therapeutics and
polymers for drug delivery. Chem Biol Interact. 2022;368:110238. https://
doi.org/10.1016/j.cbi.2022.110238.

Juan S, Le Y, Qi L, et al. Advances in the study of natural pectin. Chin Hemp
Sci.  2023;45(4):183-192. https://doi.org/10.16213/j.cnki.scjas.2023.04.
005.

Donadio JLS, Fabi JP, Sztein MB, et al. Dietary fiber pectin: challenges and
potential anti-inflammatory benefits for preterms and newborns. Front
Nutr.2023;10:1286138. https://doi.org/10.3389/fnut.2023.1286138.

Wu D, Chen S, Ye X, et al. Protective effects of six different pectic
polysaccharides on DSS-induced IBD in mice. Food Hydrocoll. 2022;127:
107471. https://doi.org/10.1016/j.foodhyd.2022.107471.

57

144

145

146

147

148

149

150

151

152

153

154

155

157

158

159

160

161

162

163

164

165

166

167

168

Chinese Journal of Natural Medicines 24 (2026) 45-58

He JL. Characterization of the extraction of green plum pectin and its
protective effect against intestinal inflammation. Nanjing Univ Financ Econ.
2022, https://doi.org/10.27705/d.cnki.gnjcj.2022.000290.

Fan GN. Characterization of partially hydrolyzed guar gum and its
application prospects in enteral nutrition. / Food Saf. 2020;30:142-145.
https://doi.org/10.16043 /j.cnki.cfs.2020.30.104.

Zhou TX, Wang HL, Han Q, et al. Progress of guar gum and its derivatives.
Cereals Oils. 2023;36(11):1-5. https://doi.org/10.16429/j.1009-7848.2023.
11.001.

Carlson |, Gould T, Slavin J. In vitro analysis of partially hydrolyzed guar
gum fermentation on identified gut microbiota. Anaerobe. 2016;42:60-66.
https://doi.org/10.1016/j.anaerobe.2016.08.006.

Takagi T, Naito Y, Higashimura Y, et al. Partially hydrolysed guar gum
ameliorates murine intestinal inflammation in association with modulating
luminal microbiota and SCFA. Br | Nutr. 2016;116(7):1199-1205. https://
doi.org/10.1017/S0007114516003068.

Horii Y, Uchiyama K, Toyokawa Y, et al. Partially hydrolyzed guar gum
enhances colonic epithelial wound healing via activation of RhoA and
ERK1/2. Food Funct. 2016;7(7):3176-3183. https://doi.org/10.1039/
C6F000177G.

Ting ST, Jie ZM, Feng LT, et al. Advances in the study of inulin in higher
plants. Strait Pharm J. 2019;31(11):1-5. https://doi.org/10.13728/j.1673-
6427.2019.11.001.

Liu ZL, Li KW, Wang ]B, et al. Physicochemical properties, physiological
efficacy of oligofructose and its application. China Food Addit. 2016;10:211-
215. https://doi.org/10.3969/j.issn.1006-2513.2016.10.033.

Zhou ], Wang |, Li D, et al. An inulin-type fructan CP-A from Codonopsis
pilosula alleviates TNBS-induced ulcerative colitis based on serum-
untargeted metabolomics. Am ] Physiol Gastrointest Liver Physiol. 2024;326
(3):G216-227. https://doi.org/10.1152 /ajpgi.00214.2023.

Ma Q, Zhang X, Xu X, et al. Long-term oral administration of burdock
fructooligosaccharide alleviates DSS-induced colitis in mice by mediating
anti-inflammatory effects and protection of intestinal barrier function.
Immun Inflamm Dis. 2023;11(11):e1092. https://doi.org/10.1002/iid3.
1092.

Wu RL, Liu T, Wang Z, et al. Regulatory effects of chrysanthemum powder
on the intestinal flora of mice with inflammatory bowel disease. Mod Food
Sci Technol. 2020;36(12):13-21. https://doi.org/10.13982/j.mfst.1673-
9078.2020.12.0598.

Li XM, Ji CF, Ji YB. Study on sulfated seaweed polysaccharide and its
biological activity. ] Harbin Univ Commerce (Nat Sci Ed). 2017;33(1):11-14.
https://doi.org/10.19492 /j.cnki.1672-0946.2017.01.004.

Ahmad T, Ishaq M, Karpiniec S, et al. Oral Macrocystis pyrifera fucoidan
administration exhibits anti-inflammatory and antioxidant properties and
improves DSS-induced colitis in C57BL/6] mice. Pharmaceutics. 2022;14
(11):3067. https://doi.org/10.3390/pharmaceutics14113067.

Ye Z, Li SC, Li M, et al. Advances in the preparation of sodium alginate
microspheres. Biochemistry. 2021;7(1):131-133. https://doi.org/10.12203
/j-biochem.202109002.

Huang J, Huang J, Li Y, et al. Sodium alginate modulates immunity,
intestinal mucosal barrier function, and gut microbiota in
cyclophosphamide-induced immunosuppressed BALB/c mice. ] Agric Food
Chem. 2021;69(25):7064-7073. https://doi.org/10.1021 /acs.jafc.1c02294.
Chen Y, Wang J, Li ], et al. Astragalus polysaccharide prevents ferroptosis in
a murine model of experimental colitis and human Caco-2 cells via
inhibiting NRF2/HO-1 pathway. Eur ] Pharmacol. 2021;911:174518. https:/
/doi.org/10.1016/j.ejphar.2021.174518.

Wang Y, Zhang N, Kan ], et al. Structural characterization of water-soluble
polysaccharide from Arctium lappa and its effects on colitis mice. Carbohydr
Polym. 2019;213:89-99. https://doi.org/10.1016/j.carbpol.2019.02.090.
Liu H, Liang ], Zhong Y, et al. Dendrobium officinale polysaccharide
alleviates intestinal inflammation by promoting small extracellular vesicle
packaging of miR-433-3p. J Agric Food Chem. 2021;69(45):13510-13523.
https://doi.org/10.1021/acs.jafc.1c05134.

Liu J, Wang J, Li S, et al. Progress in the study of structure and function of
chitosan and its application in agriculture. J Packaging. 2023;15(4):21-28.
https://doi.org/10.19554/j.cnki.1001-3563.2023.04.003.

Hadji H, Bouchemal K. Advances in the treatment of inflammatory bowel
disease: focus on polysaccharide nanoparticulate drug delivery systems.
Adv Drug Deliv Rev. 2022;181:114101. https://doi.org/10.1016/j.addr.
2021.114101.

Chen SQ, Song YQ, Wang C, et al. Chitosan-modified lipid nanodrug delivery
system for the targeted and responsive treatment of ulcerative colitis.
Carbohydr Polym. 2020;230:115613. https://doi.org/10.1016/j.carbpol.
2019.115613.

Wang Y, Wen R, Liu D, et al. Exploring effects of chitosan oligosaccharides
on the DSS-induced intestinal barrier impairment in vitro and in vivo.
Molecules. 2021;26(8):2199. https://doi.org/10.3390/molecules26082199.
Wang ], Zhang C, Guo C, et al. Chitosan ameliorates DSS-induced ulcerative
colitis mice by enhancing intestinal barrier function and improving
microflora. Int | Mol Sci. 2019;20(22):5678. https://doi.org/10.3390/
ijms20225678.

LiJS, Gan QY, Zhu LY, et al. Progress of hyaluronic acid for wound dressing.
Chem Fibre Text Technol. 2022;51(7):18-21. https://doi.org/10.19507/j.
cnki.1673-0356.2022.07.006.

Zhao Y, Chen LP, Xie BP. Application of hyaluronic acid in drug discovery. J


https://doi.org/10.1089/jmf.2018.4382
https://doi.org/10.1089/jmf.2018.4382
https://doi.org/10.1016/j.foodres.2020.109704
https://doi.org/10.1016/j.foodres.2020.109704
https://doi.org/10.1016/j.foodres.2020.109704
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1007/s00535-007-2096-y
https://doi.org/10.1016/j.molmed.2020.06.006
https://doi.org/10.1016/j.molmed.2020.06.006
https://doi.org/10.3389/fendo.2023.1217165
https://doi.org/10.3389/fendo.2023.1217165
https://doi.org/10.3389/fendo.2023.1217165
https://doi.org/10.1016/j.fochx.2024.101414
https://doi.org/10.1016/j.fochx.2024.101414
https://doi.org/10.3390/molecules21060788
https://doi.org/10.3390/molecules21060788
https://doi.org/10.1016/j.phymed.2023.154784
https://doi.org/10.1016/j.phymed.2023.154784
https://doi.org/10.3389/fimmu.2018.01504
https://doi.org/10.3389/fimmu.2018.01504
https://doi.org/10.3389/fimmu.2018.01504
https://doi.org/10.1016/j.bcp.2018.07.010
https://doi.org/10.1016/j.bcp.2018.07.010
https://doi.org/10.1016/j.bcp.2018.07.010
https://doi.org/10.7554/eLife.12444
https://doi.org/10.7554/eLife.12444
https://doi.org/10.1016/j.ijbiomac.2023.125373
https://doi.org/10.1016/j.ijbiomac.2023.125373
https://doi.org/10.1002/ptr.6695
https://doi.org/10.1002/ptr.6695
https://doi.org/10.1080/19490976.2020.1766777
https://doi.org/10.1080/19490976.2020.1766777
https://doi.org/10.1111/bph.16229
https://doi.org/10.1111/bph.16229
https://doi.org/10.1111/bph.16229
https://doi.org/10.1093/ecco-jcc/jjz194
https://doi.org/10.1093/ecco-jcc/jjz194
https://doi.org/10.1093/ecco-jcc/jjz194
https://doi.org/10.1093/ecco-jcc/jjz194
https://doi.org/10.1093/ecco-jcc/jjz194
https://doi.org/10.3389/fphar.2021.629798
https://doi.org/10.3389/fphar.2021.629798
https://doi.org/10.1016/j.ijbiomac.2023.126124
https://doi.org/10.1016/j.ijbiomac.2023.126124
https://doi.org/10.1016/j.ijbiomac.2019.02.157
https://doi.org/10.1016/j.ijbiomac.2019.02.157
https://doi.org/10.1016/j.ijbiomac.2019.02.157
https://doi.org/10.3969/j.issn.1000-4718.2022.05.007
https://doi.org/10.3969/j.issn.1000-4718.2022.05.007
https://doi.org/10.3969/j.issn.1000-4718.2022.05.007
https://doi.org/10.3969/j.issn.1000-4718.2022.05.007
https://doi.org/10.3969/j.issn.1000-4718.2022.05.007
https://doi.org/10.1016/j.cbi.2022.110238
https://doi.org/10.1016/j.cbi.2022.110238
https://doi.org/10.1016/j.cbi.2022.110238
https://doi.org/10.16213/j.cnki.scjas.2023.04.005
https://doi.org/10.16213/j.cnki.scjas.2023.04.005
https://doi.org/10.16213/j.cnki.scjas.2023.04.005
https://doi.org/10.3389/fnut.2023.1286138
https://doi.org/10.3389/fnut.2023.1286138
https://doi.org/10.1016/j.foodhyd.2022.107471
https://doi.org/10.1016/j.foodhyd.2022.107471
https://doi.org/10.27705/d.cnki.gnjcj.2022.000290
https://doi.org/10.27705/d.cnki.gnjcj.2022.000290
https://doi.org/10.16043/j.cnki.cfs.2020.30.104
https://doi.org/10.16429/j.1009-7848.2023.11.001
https://doi.org/10.16429/j.1009-7848.2023.11.001
https://doi.org/10.16429/j.1009-7848.2023.11.001
https://doi.org/10.16429/j.1009-7848.2023.11.001
https://doi.org/10.16429/j.1009-7848.2023.11.001
https://doi.org/10.1016/j.anaerobe.2016.08.006
https://doi.org/10.1017/S0007114516003068
https://doi.org/10.1017/S0007114516003068
https://doi.org/10.1017/S0007114516003068
https://doi.org/10.1039/C6FO00177G
https://doi.org/10.1039/C6FO00177G
https://doi.org/10.1039/C6FO00177G
https://doi.org/10.13728/j.1673-6427.2019.11.001
https://doi.org/10.13728/j.1673-6427.2019.11.001
https://doi.org/10.13728/j.1673-6427.2019.11.001
https://doi.org/10.13728/j.1673-6427.2019.11.001
https://doi.org/10.3969/j.issn.1006-2513.2016.10.033
https://doi.org/10.3969/j.issn.1006-2513.2016.10.033
https://doi.org/10.3969/j.issn.1006-2513.2016.10.033
https://doi.org/10.3969/j.issn.1006-2513.2016.10.033
https://doi.org/10.1152/ajpgi.00214.2023
https://doi.org/10.1152/ajpgi.00214.2023
https://doi.org/10.1002/iid3.1092
https://doi.org/10.1002/iid3.1092
https://doi.org/10.1002/iid3.1092
https://doi.org/10.13982/j.mfst.1673-9078.2020.12.0598
https://doi.org/10.13982/j.mfst.1673-9078.2020.12.0598
https://doi.org/10.13982/j.mfst.1673-9078.2020.12.0598
https://doi.org/10.13982/j.mfst.1673-9078.2020.12.0598
https://doi.org/10.19492/j.cnki.1672-0946.2017.01.004
https://doi.org/10.19492/j.cnki.1672-0946.2017.01.004
https://doi.org/10.19492/j.cnki.1672-0946.2017.01.004
https://doi.org/10.3390/pharmaceutics14113067
https://doi.org/10.3390/pharmaceutics14113067
https://doi.org/10.12203/j.biochem.202109002
https://doi.org/10.12203/j.biochem.202109002
https://doi.org/10.12203/j.biochem.202109002
https://doi.org/10.1021/acs.jafc.1c02294
https://doi.org/10.1021/acs.jafc.1c02294
https://doi.org/10.1016/j.ejphar.2021.174518
https://doi.org/10.1016/j.ejphar.2021.174518
https://doi.org/10.1016/j.ejphar.2021.174518
https://doi.org/10.1016/j.carbpol.2019.02.090
https://doi.org/10.1016/j.carbpol.2019.02.090
https://doi.org/10.1021/acs.jafc.1c05134
https://doi.org/10.19554/j.cnki.1001-3563.2023.04.003
https://doi.org/10.19554/j.cnki.1001-3563.2023.04.003
https://doi.org/10.19554/j.cnki.1001-3563.2023.04.003
https://doi.org/10.1016/j.addr.2021.114101
https://doi.org/10.1016/j.addr.2021.114101
https://doi.org/10.1016/j.addr.2021.114101
https://doi.org/10.1016/j.carbpol.2019.115613
https://doi.org/10.1016/j.carbpol.2019.115613
https://doi.org/10.1016/j.carbpol.2019.115613
https://doi.org/10.3390/molecules26082199
https://doi.org/10.3390/molecules26082199
https://doi.org/10.3390/ijms20225678
https://doi.org/10.3390/ijms20225678
https://doi.org/10.3390/ijms20225678
https://doi.org/10.19507/j.cnki.1673-0356.2022.07.006
https://doi.org/10.19507/j.cnki.1673-0356.2022.07.006
https://doi.org/10.19507/j.cnki.1673-0356.2022.07.006
https://doi.org/10.19507/j.cnki.1673-0356.2022.07.006
https://doi.org/10.19507/j.cnki.1673-0356.2022.07.006

Y. Shao et al.

169

170

171

172

173

174

175

176

177

178

179

180

181

182

Gannan Med Univ. 2021;41(12):1277-1281. https://doi.org/10.3969 /j.issn.
1001-5779.2021.12.017.

Lee Y, Sugihara K, Gillilland MG, et al. Hyaluronic acid-bilirubin
nanomedicine for targeted modulation of dysregulated intestinal barrier,
microbiome and immune responses in colitis. Nat Mater. 2020;19(1):118-
126. https://doi.org/10.1038/s41563-019-0462-9.

Yu T, Lian X]. Advances in the mechanism of anti-tumor effects of
polysaccharides from medicinal fungi. Contemp Med Ser. 2020;18(3):27-29.
https://doi.org/10.3969/j.issn.2095-7629.2020.03.016.

Hua H, Pan C, Chen X, et al. Probiotic lactic acid bacteria alleviate pediatric
IBD and remodel gut microbiota by modulating macrophage polarization
and suppressing epithelial apoptosis. Front Microbiol. 2023;14:1168924.
https://doi.org/10.3389/fmicb.2023.1168924.

Li Z, Wang L, Lin X, et al. Drug delivery for bioactive polysaccharides to
improve their drug-like properties and curative efficacy. Drug Deliv. 2017;
24(sup1):70-80. https://doi.org/10.1080/10717544.2017.1310747.

Ye D, Zhao Q, Ding D, et al. Preclinical pharmacokinetics-related
pharmacological effects of orally administered polysaccharides from
traditional Chinese medicines: a review. Int | Biol Macromol. 2023;252:
126484. https://doi.org/10.1016/j.ijbiomac.2023.126484.

Zheng Z, Pan X, Xu J, et al. Advances in tracking of polysaccharides in vivo:
labeling strategies, potential factors and applications based on
pharmacokinetic characteristics. Int J Biol Macromol. 2020;163:1403-1420.
https://doi.org/10.1016/j.ijbiomac.2020.07.210.

Wijesekara T, Xu B. New insights into sources, bioavailability, health-
promoting effects, and applications of chitin and chitosan. J Agric Food
Chem. 2024;72(31):17138-17152. https://doi.org/10.1021/acs.jafc.
4c02162.

Zhang X, Zhang L, Xu X. Morphologies and conformation transition of
lentinan in aqueous NaOH solution. Biopolymers. 2004;75(2):187-195.
https://doi.org/10.1002/bip.20112.

Miura NN, Ohno N, Adachi Y, et al. Comparison of the blood clearance of
triple- and single-helical schizophyllan in mice. Biol Pharm Bull. 1995;18(1):
185-189. https://doi.org/10.1248/bpb.18.185.

Xu S, Ping Z, Xu X, et al. Changes in shape and size of the stiff branched g-
glucan in dimethlysulfoxide/water solutions. Carbohydr Polym. 2016;138:
86-93. https://doi.org/10.1016/j.carbpol.2015.11.049.

Zheng Y, Xie Q, Wang H, et al. Recent advances in plant polysaccharide-
mediated nano drug delivery systems. Int ] Biol Macromol. 2020;165(Pt B):
2668-2683. https://doi.org/10.1016/j.ijbiomac.2020.08.193.

Zeng Y, Xiang Y, Sheng R, et al. Polysaccharide-based nanomedicines for
cancer immunotherapy: a review. Bioact Mater. 2021;6(10):3358-3382.
https://doi.org/10.1016/j.bioactmat.2021.05.015.

Gu P, Zhang Y, Cai G, et al. Administration routes of polyethylenimine-
coated PLGA nanoparticles encapsulating Angelica sinensis polysaccharide
vaccine delivery system affect immune responses. Mol Pharm. 2021;18(6):
2274-2284. https://doi.org/10.1021/acs.molpharmaceut.1c00090.

Hwang ], Zhang W, Dhananjay Y, et al. Astragalus membranaceus
polysaccharides potentiate the growth-inhibitory activity of immune

58

183

184

185

186

187

188

189

190

191

192

193

194

195

Chinese Journal of Natural Medicines 24 (2026) 45-58

checkpoint inhibitors against pulmonary metastatic melanoma in mice. Int J
Biol Macromol. 2021;182:1292-1300. https://doi.org/10.1016/j.ijbiomac.
2021.05.073.

Song H, Chen F, Cao Y, et al. Innovative applications of pectin in lipid
management: mechanisms, modifications, synergies, nanocarrier systems,
and safety considerations. J Agric Food Chem. 2024;72(37):20261-20272.
https://doi.org/10.1021/acs.jafc.4c06586.

Tao A, Zhang Y, Gan Z, et al. Isolation, structural features, and bioactivities
of polysaccharides from Panax notoginseng: a review. Int | Biol Macromol.
2024;280(Pt 1):135765. https://doi.org/10.1016/j.ijbiomac.2024.135765.
Wang L, Li F, Zhang HW, et al. Inmunomodulatory function and safety
evaluation of Ganoderma lucidum polysaccharide-containing compound
preparation. Sci Technol Food Ind. 2024;45(21):1-20. https://doi.org/10.
13386/j.issn1002-0306.2023100046.

Zhao R, Ni R, He J, et al. Safety study of Astragalus polysaccharide. / Food Sci.
2009;30(19):309-313. https://doi.org/10.13386/j.issn1002-0306.2009.19.
082.

Hou S, Liu Y, Feng F, et al. Polysaccharide-peptide cryogels for multidrug-
resistant-bacteria infected wound healing and hemostasis. Adv Healthc
Mater. 2020;9(3):e1901041. https://doi.org/10.1002/adhm.201901041.
Hachim D, Zhao ], Bhankharia ], et al. Polysaccharide-polyplex nanofilm
coatings enhance nanoneedle-based gene delivery and transfection
efficiency. Small. 2022;18(36):e2202303. https://doi.org/10.1002/smll.
202202303.

Wan X, Yin Y, Zhou C, et al. Polysaccharides derived from Chinese medicinal
herbs: a promising choice of vaccine adjuvants. Carbohydr Polym. 2022;276:
118739. https://doi.org/10.1016/j.carbpol.2021.118739.

Zhang M, Zhang Y, Zhang L, et al. Mushroom polysaccharide lentinan for
treating different types of cancers: a review of 12 years clinical studies in
China. Prog Mol Biol Transl Sci. 2019;163:297-328. https://doi.org/10.1016
/bs.pmbts.2019.03.005.

Zhao YL. Study on the therapeutic role of mushroom polysaccharides in
inflammatory bowel disease-inflammatory cancer transformation. Nankai
Univ. 2016:1-63.

Li X, He Y, Zeng P, et al. Molecular basis for Poria cocos mushroom
polysaccharide used as an antitumour drug in China. J Cell Mol Med. 2019;
23(1):4-20. https://doi.org/10.1111/jcmm.13564.

Zhong Y, Wang Z, Zhang L. Progress of natural small molecules protecting
intestinal epithelial tight junction barrier in inflammatory bowel disease.
Chin Pharmacol Bull. 2023;39(12):2205-2210. https://doi.org/10.12360/
CPB202312001.

Wang ]. Protective effects of ginseng polysaccharides on DSS-induced
inflammatory bowel disease in mice. Jilin Univ. 2023. https://doi.org/10.
27162 /d.cnki.gjlin.2022.003272.

Zhao Q, Bai L, Zhu D, et al. Clinical efficacy and potential mechanism of
ginseng polysaccharides in the treatment of non-small cell lung cancer
based on meta-analysis associated with network pharmacology. Heliyon.
2024;10(6):e27152. https://doi.org/10.1016/j.heliyon.2024.e27152.


https://doi.org/10.3969/j.issn.1001-5779.2021.12.017
https://doi.org/10.3969/j.issn.1001-5779.2021.12.017
https://doi.org/10.3969/j.issn.1001-5779.2021.12.017
https://doi.org/10.3969/j.issn.1001-5779.2021.12.017
https://doi.org/10.3969/j.issn.1001-5779.2021.12.017
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.1038/s41563-019-0462-9
https://doi.org/10.3969/j.issn.2095-7629.2020.03.016
https://doi.org/10.3969/j.issn.2095-7629.2020.03.016
https://doi.org/10.3969/j.issn.2095-7629.2020.03.016
https://doi.org/10.3389/fmicb.2023.1168924
https://doi.org/10.1080/10717544.2017.1310747
https://doi.org/10.1080/10717544.2017.1310747
https://doi.org/10.1016/j.ijbiomac.2023.126484
https://doi.org/10.1016/j.ijbiomac.2023.126484
https://doi.org/10.1016/j.ijbiomac.2020.07.210
https://doi.org/10.1021/acs.jafc.4c02162
https://doi.org/10.1021/acs.jafc.4c02162
https://doi.org/10.1021/acs.jafc.4c02162
https://doi.org/10.1002/bip.20112
https://doi.org/10.1248/bpb.18.185
https://doi.org/10.1248/bpb.18.185
https://doi.org/10.1016/j.carbpol.2015.11.049
https://doi.org/10.1016/j.carbpol.2015.11.049
https://doi.org/10.1016/j.ijbiomac.2020.08.193
https://doi.org/10.1016/j.ijbiomac.2020.08.193
https://doi.org/10.1016/j.bioactmat.2021.05.015
https://doi.org/10.1021/acs.molpharmaceut.1c00090
https://doi.org/10.1021/acs.molpharmaceut.1c00090
https://doi.org/10.1016/j.ijbiomac.2021.05.073
https://doi.org/10.1016/j.ijbiomac.2021.05.073
https://doi.org/10.1016/j.ijbiomac.2021.05.073
https://doi.org/10.1021/acs.jafc.4c06586
https://doi.org/10.1016/j.ijbiomac.2024.135765
https://doi.org/10.1016/j.ijbiomac.2024.135765
https://doi.org/10.13386/j.issn1002-0306.2023100046
https://doi.org/10.13386/j.issn1002-0306.2023100046
https://doi.org/10.13386/j.issn1002-0306.2023100046
https://doi.org/10.13386/j.issn1002-0306.2023100046
https://doi.org/10.13386/j.issn1002-0306.2023100046
https://doi.org/10.13386/j.issn1002-0306.2009.19.082
https://doi.org/10.13386/j.issn1002-0306.2009.19.082
https://doi.org/10.13386/j.issn1002-0306.2009.19.082
https://doi.org/10.13386/j.issn1002-0306.2009.19.082
https://doi.org/10.13386/j.issn1002-0306.2009.19.082
https://doi.org/10.1002/adhm.201901041
https://doi.org/10.1002/adhm.201901041
https://doi.org/10.1002/smll.202202303
https://doi.org/10.1002/smll.202202303
https://doi.org/10.1002/smll.202202303
https://doi.org/10.1016/j.carbpol.2021.118739
https://doi.org/10.1016/j.carbpol.2021.118739
https://doi.org/10.1016/bs.pmbts.2019.03.005
https://doi.org/10.1016/bs.pmbts.2019.03.005
https://doi.org/10.1016/bs.pmbts.2019.03.005
https://doi.org/10.1111/jcmm.13564
https://doi.org/10.1111/jcmm.13564
https://doi.org/10.12360/CPB202312001
https://doi.org/10.12360/CPB202312001
https://doi.org/10.12360/CPB202312001
https://doi.org/10.27162/d.cnki.gjlin.2022.003272
https://doi.org/10.27162/d.cnki.gjlin.2022.003272
https://doi.org/10.27162/d.cnki.gjlin.2022.003272
https://doi.org/10.1016/j.heliyon.2024.e27152
https://doi.org/10.1016/j.heliyon.2024.e27152

	1 Introduction
	2 Pathogenesis of IBD
	2.1 Damaged intestinal barrier
	2.2 Immune system disorders
	2.3 Disorders of intestinal flora
	2.4 Oxidative stress
	2.5 Autophagy dysregulation
	2.6 ERS
	2.7 Genetic susceptibility
	2.8 Others

	3 Structure-activity relationship of natural PSs
	3.1 Chemical structure
	3.2 Molecular weight
	3.3 Conformational feature

	4 Natural PS intervention in IBD
	4.1 Natural PSs repair intestinal mechanical and chemical barriers
	4.2 Natural PSs repair the immune barrier and regulate the immune system
	4.3 Natural PSs regulate intestinal flora and metabolites
	4.4 Natural PSs regulate oxidative stress
	4.5 Natural PSs regulate autophagy dysregulation
	4.6 Natural PSs regulate ERS

	5 Potential natural PS drugs with therapeutic effects in IBD
	5.1 Pectin
	5.2 Guar gum
	5.3 Fructan
	5.4 Algal PSs
	5.5 Homologous PSs of medicine and food from Chinese herbal PSs
	5.6 CS
	5.7 Hyaluronic acid (HA)
	5.8 PSs from fungi and bacteria

	6 Natural PSs’ pharmacokinetic studies
	7 Natural PSs’ safety evaluation
	8 Natural PSs’ clinical application
	9 Conclusion
	Funding
	Supporting information
	Conflicts of interest
	Acknowledgement
	References

