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The crude polysaccharides of Dendrobium findlayanum were extracted by ethanol 

precipitation and separated using DEAE Sepharose Fast Flow and Sepharose 6 Fast 

Flow chromatography to obtain DFP-NP and its purified fraction DFP-NP1. Structural 

characterization revealed that DFP-NP (12.3 kDa) primarily consisted of mannose, 

rhamnose, glucose, and galactose in a molar ratio of 11.61:0.68:84.78:2.93, with 

FT-IR spectra confirming typical polysaccharide functional groups. In vitro assays 

demonstrated that DFP-NP1 polysaccharides at concentrations of 5.0–20 μg/mL 

enhanced CAT and SOD activities and upregulated related gene expression in 

IPEC-J2 cells, while reducing TNF-α, IL-1β, and IL-6 secretion. They decreased 

expression levels of genes associated with the antioxidant signaling and cellular 

inflammatory pathways in IPEC-J2 cells. Therefore, D. findlayanum polysaccharides 

possess significant potential for application as a nutraceutical supplement to 

alleviate intestinal inflammation linked to oxidative stress, leveraging a dietary 

approach for health maintenance.
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1 Introduction

Dendrobium (D.), an epiphytic herb belonging to the Orchidaceae family, 76 species native 

to China with three-quarters demonstrating medicinal properties (1–4). Dendrobium exhibits 

multiple biological activities, including anti-fatigue, antioxidant, anti-in�ammatory, 

antibacterial, anti-tumor, anti-aging, anticoagulant, antihypertensive, blood sugar regulation, 

immune enhancement, and cognitive function modulation (5–7). As a traditional and valuable 

medicinal herb, Dendrobium contains multiple active ingredients, including alkaloids, 

sesquiterpenes, �avonoids, coumarins, benzyl benzoate, phenols, polysaccharides, and other 

compounds (8). Dendrobium polysaccharides, a primary active component of Dendrobium, 
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play a key role in its pharmacological action, especially in anti-

in�ammatory and immunomodulatory aspects with 

potential applications.

Polysaccharides are natural macromolecules formed by the 

condensation of several monosaccharides, which are widely found in 

nature (9). Dendrobium polysaccharides exhibit diverse biological 

activities, including antioxidant, anti-in�ammatory, anti-tumor, anti-

bacterial, and immune regulatory functions (10–13). �e activities of 

Dendrobium polysaccharides are signi�cantly in�uenced by species, 

molecular structure, extraction methods, and others (14–16). 

Variations in growing conditions and extraction techniques can alter 

polysaccharide composition and structure, subsequently in�uencing 

their biological activities (17–19). Polysaccharides obtained from 

D. candidum using ultrasonic extraction showed higher activity than 

water extraction (20); moreover, polysaccharides with di�erent 

molecular weights (MW) showed signi�cant di�erences in anti-tumor 

and anti-in�ammatory activities (21). �erefore, it is essential to 

investigate further the biological activities and mechanisms of 

Dendrobium polysaccharides for their medicinal development.

Currently, in�ammatory bowel disease (IBD), encompassing a 

range of chronic and recurring in�ammatory conditions of the 

digestive tract, has become a major global health concern, profoundly 

a�ecting the quality of life of patients (22). IBD, which includes 

Crohn’s disease and ulcerative colitis as its main types, has a complex 

etiology, which may involve a variety of factors such as dysregulation 

of the immune system, imbalance of intestinal microorganisms and 

the environment (23). Oxidative stress is intricately linked to IBD; it 

is both one of the potential triggers and an essential driving factor in 

the pathogenesis of IBD. Oxidative stress leads to an overproduction 

of reactive oxygen species (ROS), and the excess of ROS induces the 

secretion of large quantities of pro-in�ammatory factors by 

pro-in�ammatory cells (24, 25), and at the time of the onset of IBD, 

the patient’s immune tolerance to intestinal microorganisms decreases, 

resulting in an excessive in�ammatory response characterized by 

elevated levels of pro-in�ammatory factors such as IL-23, TNF-α, and 

IL-6 (26), this surge in pro-in�ammatory cytokines further damages 

the intestinal tract and intensi�es the in�ammation. Corticosteroids, 

immunosuppressants, and biologics are commonly employed in IBD 

treatment (27–29), but their long-term use can bring signi�cant side 

e�ects such as skin disorders, osteoporosis, and loss of appetite (27, 

30), there has been gradual attention to natural plant components as 

potential therapeutic options. It has been shown that the anti-

in�ammatory, immunomodulatory and antioxidant activities of 

Dendrobium polysaccharides can produce positive e�ects on 

alleviating IBD symptoms, which provides new research ideas for their 

application in IBD treatment (31, 32).

Research predominantly targets widely cultivated Dendrobium 

species like D. officinale, D. huoshanense, D. candidum, and D. nobile, 

despite the genus’s diversity (33–35). Research on other Dendrobium 

species is relatively limited. D. findlayanum is native to Yunnan’s 

mid-altitude forests (800–900 m) and Southeast Asia, whose enlarged 

internodes present a unique morphological advantage for 

polysaccharide accumulation. However, no systematic analysis exists 

regarding its polysaccharide pro�les or their therapeutic relevance to 

in�ammatory conditions, establishing this investigation as the �rst 

comprehensive exploration of D. findlayanum’s most abundant yet 

functionally unknown components (36). Five alkaloids extracted from 

the stem of D. findlayanum show inhibitory e�ects on the growth of 

tumor cells (37). However, its polysaccharides’ composition, structure 

and biological functions have yet to be thoroughly studied.

�is study pioneers the systematic characterization of 

D. findlayanum polysaccharides (DFP) through gradient ethanol 

precipitation and DEAE cellulose chromatography, elucidating their 

monosaccharide composition and glycosidic linkage patterns via GC–

MS and NMR. Using a porcine intestinal epithelial cell in�ammation 

model, we evaluated these polysaccharides’ potential anti-

in�ammatory and protective e�ects. �e results of the study show that 

D. findlayanum polysaccharides provide a good basis for practical 

applications and support the future development of D. findlayanum 

polysaccharide-based food supplement formulations or as adjunctive 

therapies for the treatment of intestinal disorders and other 

in�ammation-related diseases.

2 Materials and methods

2.1 Materials and reagents

D. findlayanum was collected from Mangshi, Dehong Prefecture, 

Yunnan Province, and identi�ed as D. findlayanum. �e samples 

underwent washing, and thermal treatment at 105 °C for 30 min, 

drying at 50 °C until a constant weight was achieved, crushing, sieving 

through a 60-mesh sieve, and were then stored in a dry environment 

for further use.

DEAE Sepharose Fast Flow and Sepharose 6 Fast Flow were 

obtained from Beijing RuiDaHengHui Science & Technology 

Development Co., Ltd., China. Enzyme-linked immunoassay (ELISA) 

kits were obtained from Shanghai Kexing Trading Co., Ltd., China. 

CCK-8 kits and 3,500 Da dialysis bags were from Solarbio, China. All 

analytical-grade reagents were supplied from Chengdu Chron 

Chemical Co., Ltd., China.

2.2 Isolation and purification of 
polysaccharides

Sixty grams of D. findlayanum powder was weighed and added 

to 95% alcohol solution and extracted for 2 h to remove the 

pigmentation. �is extraction was repeated four times. �e residue 

was dried in an oven at 50 °C a�er �ltering the solution. �e dried 

powder was extracted with distilled water (40 volumes) at 80 °C for 

2 h. �e �ltrates were concentrated to about 100 mL using a rotary 

evaporator at 50 °C and then dialyzed with a 3,500 Da MW cuto� 

dialysis bag. Following dialysis, anhydrous ethanol was added in a 

4:1 ratio, and the resulting precipitate was collected and lyophilized 

to yield the crude polysaccharides, referred to as DFP. A�er dialysis, 

anhydrous ethanol was added in a ratio of 4:1, and the mixture is 

allowed to precipitate at 4 °C for 24 h. �e precipitate is collected 

and freeze-dried (Foring Technology Development Ltd., China) to 

obtain crude polysaccharide, referred to as DFP. DFP was dissolved 

in deionized water and applied to a DEAE Sepharose Fast Flow anion 

exchange column. �e column was eluted with ultrapure water at a 

2 mL/min �ow rate to collect the neutral polysaccharides (called 

DFP-NP), collecting 10 mL fractions. Acidic polysaccharides were 

eluted with a gradient of sodium chloride solution at a concentration 

of 0–1.5 M. However, since the acidic sugars were less abundant, this 

https://doi.org/10.3389/fnut.2025.1740458
https://www.frontiersin.org/journals/nutrition


Chen et al. 10.3389/fnut.2025.1740458

Frontiers in Nutrition 03 frontiersin.org

study concentrated on neutral polysaccharides. �e samples were 

further puri�ed using a Sepharose 6 fast �ow column, eluting with 

ultrapure water at a �ow rate of 0.5 mL/min and collecting each 

2 mL fraction. �e puri�ed neutral polysaccharide was named 

DFP-NP1.

2.3 Determination of MW

Gel permeation chromatography (GPC) coupled with multi-angle 

scattering was used to determine the MW of the puri�ed 

polysaccharides. �e liquid phase system is U3000 (�ermo, United 

States) and the laser light scattering detector is DAWN HELEOS II 

(Wyatt technology, CA, United States). Five milligram polysaccharide 

sample was precisely weighed and dissolved in 1 mL of 0.1 mol/L 

sodium nitrate solution, yielding a 5 mg/mL polysaccharide solution. 

Poly (ethylene oxide) with a MW of 18.67 kDa was used as a standard 

and was utilized at a concentration of 5 mg/mL. �e system operated 

with an injection volume of 100 μL, eluted using a 0.9% (w/v) NaCl 

solution at 0.5 mL/min, and maintained at 30 °C.

2.4 Chemical composition and 
monosaccharide composition analysis

�e phenol-sulfuric acid method was employed to quantify the 

obtained reducing polysaccharides, the Folin-Phenol method to 

determine total phenols, and the Coomassie Brilliant Blue G-250 

method to quantify total protein. Monosaccharide composition was 

analyzed using PMP-HPLC, the mixture was heated to 70 °C for 1 h 

for derivatization, then cooled to room temperature and neutralized 

with 400 μL of 0.3 mol/L HCl. �e solution was combined with 0.5 mL 

of 3 M HCl and 0.5 mL of CHCl3, followed by centrifugation at 

3,000 rpm for 5 min. �is extraction process is repeated three times 

until the lower phase becomes colorless, and the solution is �ltered 

through a 0.22 μm microporous membrane. Monosaccharide 

standards are prepared, and the aqueous phase is retained as a control. 

�e hydrolysate of polysaccharides and standards of di�erent 

concentrations are analyzed using high-performance liquid 

chromatography (Agilent, United States), employing a ZORBAX 

SB-C18 column (250 mm × 4.6 mm, 5 μm) for analysis, with a 

gradient elution of acetonitrile (A) and 0.05 mol/L phosphate bu�er 

(pH 6.7) (B).

2.5 FT-IR and NMR analyses

A 1 mg sample of dried DFP-NP1 was combined with potassium 

bromide, ground in an agate mortar, and pressed into transparent 

slices. An FT-IR spectrometer scanned these samples from 4,000 cm−1 

to 400 cm−1. DFP-NP1 was subjected to three cycles of dissolution in 

deuterium oxide (D2O, Sigma-Aldrich) followed by lyophilization to 

ensure complete deuterium exchange. �e NMR spectrometer (Bruker 

Avance III HD 800 MHz, Rheinstetten, Germany) was calibrated 

using 2,2,3,3-tetradeuterated-3-(trimethylsilyl) propionic acid sodium 

salt (TSP-d4) as internal reference. 1H, 13C, HSQC, and HMBC spectra 

were acquired at 60 °C (38, 39). Data processing was performed with 

MestReNova so�ware (v14.2, Mestrelab Research).

2.6 Determination of the anti-inflammatory 
activity of Dendrobium findlayanum 
polysaccharides

2.6.1 Cell culture
Frozen cells from the −80 °C refrigerator were quickly thawed. 

�e cells were transferred to a Petri dish containing 9 mL of complete 

medium, dispersed, and incubated at 37 °C, 5% CO2, and 90% relative 

humidity. When the cells were full, the cells were washed twice with 

4 mL of PBS bu�er, digested with 2 mL of PBS bu�er and 1 mL of 

Trypsin–EDTA (without phenol red) for 3 min, and then the digestion 

was stopped by adding 4 mL of DMEM medium. �e adherent cells 

were completely dislodged by pipetting. �e cytotoxic e�ects of 

DFP-NP1 from the size exclusion column and lipopolysaccharide 

(LPS; Sigma-Aldrich) on IPEC-J2 cells were evaluated through CCK-8 

assay (Dojindo, Japan) following 24-h exposure at concentrations 

ranging from 5 to 100 μg/mL. Cells were incubated with various 

concentrations of DFP-NP1 (5, 10, 20, 40, 80, and 100 μg/mL) in a 

96-well cell for 24 h. �en added CCK-8 reagent to detect viability.

2.6.2 The pro-inflammatory response in IPEC-J2 
cells triggered by lipopolysaccharide

�e cell was cultured for 24 h, then rinsed with 1 mL of PBS, and 

then DFP-NP1 solution was added and cultured for another 24 h. �e 

preventive experimental groups included the blank control group 

(medium only), model group (20 μg/mL LPS), and DFP-NP1 + LPS 

group (5, 10, 20 μg/mL DFP-NP1 and LPS).

�e cell suspension was distributed into 6-well plates, and 1 mL 

was added to each well. A�er 24 h of incubation, the cells were rinsed 

twice with 1 mL of PBS, and a complete medium containing 20 μg/mL 

LPS was added and incubated for 24 h. �e treatment experimental 

groups included: blank control group: medium only; model group: 

only 20 μg/mL LPS solution was added as the �nal concentration; 

DFP-NP1 + LPS group: 20 μg/mL LPS solution was added and 

incubated for 24 h. A�er 24 h of incubation, di�erent concentrations 

of DFP-NP1 solution (5, 10, 20 μg/mL) were added and incubated 

for 24 h.

Elisa assay: Determine the content of TNF-α, IL-1β, IL-6, SOD, 

CAT by referring to the kit instructions. RNA extraction: RNA was 

extracted by TRIzol method, which was used to detect the expression 

level of mRNA and the expression level of related pathway genes. �e 

primers are shown in the Supplementary Table S1.

3 Results and discussion

3.1 Isolation, purification, and MW 
determination of Dendrobium findlayanum 
polysaccharides

Anion exchange chromatography facilitates the separation of 

neutral and acidic polysaccharides, enabling preliminary isolation and 

puri�cation of polysaccharides (40). A neutral polysaccharide fraction 

(DFP-NP) was isolated from D. findlayanum, resulting in a single peak 

in the elution pro�le (Figure 1A). �e collected neutral sugar fraction 

was concentrated and lyophilised, then puri�ed using a Sepharose 6 

Fast Flow column. �e resulting puri�cation curve revealed a single, 

homogeneous component designated as DFP-NP1 (Figure 1B).

https://doi.org/10.3389/fnut.2025.1740458
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Gel permeation chromatography (GPC) is an e�ective technique 

for analysing high MW soluble organic compounds, including 

proteins and polysaccharides (41–43). However, the complex 

structure of polysaccharides and the presence of isomers o�en lead 

to insu�cient identi�cation when using chromatography alone (44). 

To address this limitation, GPC is frequently coupled with multi-

angle laser light scattering (MALLS) to comprehensively characterize 

high MW compounds (45–47).

In this study, we employed GPC-MALLS to determine the relative 

molecular mass of DFP-NP. �e results revealed that the weight-

average MW of DFP-NP was 12.3 kDa (Figure 1C). �e GPC 

chromatogram exhibited a single peak, indicating that the obtained 

D. findlayanum polysaccharide is homogeneous. It is worth noting 

that the molecular weight of DFP-NP was signi�cantly lower than that 

of common Dendrobium polysaccharides, such as those isolated from 

D. Huoshanense with molecular weights ranging from 22 to 8,090 

KDa, D. officinale polysaccharides with molecular weights o�en in the 

range of 130–952 KDa, and D. nobile polysaccharides with molecular 

weights o�en in the range of 11.4–710 KDa (34), and lower molecular 

weights may be correlated with their activities. �e low molecular 

weight of DFP-NP1 (12.3 kDa) enhances its immunomodulatory 

potential by increasing solubility and cellular uptake. However, no 

comparative activity data were detected in the current experiments, 

and subsequent experiments are needed to verify the e�ect of 

molecular weight on activity.

3.2 Chemical composition and 
monosaccharide analysis of Dendrobium 
findlayanum polysaccharides

Polysaccharide composition is essential in de�ning their physical, 

chemical, and biological characteristics (48, 49). We analyzed the 

content of total sugars, proteins, and polyphenols in crude 

polysaccharides (DFP), neutral polysaccharides (DFP-NP), and 

puri�ed neutral polysaccharides (DFP-NP1) extracted from 

D. findlayanum. �e polysaccharide content in DFP, DFP-NP, and 

DFP-NP1 was 39.7 ± 2.2%, 65.4 ± 1.7%, and 87.6 ± 4.7%, respectively. 

Protein content was 16.2 ± 3.2%, 5.7 ± 1.9%, and 2.3 ± 0.8%. 

Polyphenols also a�ect anti-in�ammatory activity (50), the polyphenol 

content of the three polysaccharides was examined and found to be 

relatively low at 1.4 ± 0.4%, 0.8 ± 0.2% and 0.5 ± 0.2%, respectively, 

which excludes the e�ect of more polyphenol content on the results of 

the experiment. Consistent with studies on other Dendrobium species 

such as D. officinale (51) and D. huoshanense (52) the monosaccharide 

composition of D. findlayanum polysaccharides primarily consisted 

FIGURE 1

Isolation and purification of polysaccharides from Dendrobium findlayanum. Wash elution curve of DFP-NP on DEAE Sepharose Fast Flow anion 

exchange column (A); Purification curve of DFP-NP1 on Sepharose 6 Fast Flow column (B); GPC chromatogram of DFP-NP polysaccharide (C).
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of glucose and mannose, accounting for 96.39% of the total content. 

Small amounts of galactose and rhamnose were also detected. �e 

molar ratio of glucose:mannose:galactose:rhamnose was 

84.78:11.61:2.93:0.68, with a glucose to mannose ratio of 7.3:1.

Di�erent monosaccharides contribute to various functional 

properties of polysaccharides; glucose and mannose in�uence 

prebiotic and immunomodulatory activities, while rhamnose a�ects 

antioxidant activity (53). �e high proportion of glucose and mannose 

observed in this study may contribute to the bioactivity of D. officinale 

polysaccharides, a �nding consistent with previous studies on 

D. huoshanense (54), D. chrysotoxum (55), and D. nobile (56).

3.3 Functional group analysis of 
Dendrobium findlayanum polysaccharides 
using FT-IR

�e functional groups potentially present in D. findlayanum 

polysaccharides were analyzed based on their infrared spectroscopy 

pro�le. As illustrated in Figure 2, DFP-NP exhibited an absorption 

peak at 3430 cm−1, characteristic of O-H and N-H stretching 

vibrations. �e absorption peak at 2923 cm−1 was attributed to C-H 

stretching vibrations. �ese two functional group regions are typical 

absorption peaks for polysaccharides (57).

C=O vibration at 1734 cm−1 and the absorption peaks of acetamido 

and C=O at 1644 cm−1 (58). �e region between 1,420 and 1,200 cm−1 

was associated with C-H bending vibrations (59, 60). �e peak at 

1,024 cm−1 was attributed to −CHO stretching vibrations, which are 

characteristic of pyranose ring structures (61, 62). �is observation 

suggests the presence of pyranose glycosidic bonds in DFP-NP.

Pyranosidic bonds play a crucial role in determining the 

structure and stability of polysaccharides and in in�uencing their 

biological activities (63). �e speci�c linkage patterns of 

pyranosidic bonds, such as 1 → 4 or 1 → 6 connections, have been 

shown to signi�cantly impact the molecular structure and stability 

of polysaccharides (64). Moreover, several studies have reported a 

potential correlation between pyranosidic bonds and the 

antioxidant properties of polysaccharides (65). Given the presence 

of pyramidic bonds in D. findlayanum polysaccharides, it can be 

postulated that these compounds may exhibit substantial biological 

activities. However, further investigation is necessary to elucidate 

the precise relationship between the pyranosidic bond 

con�guration and the speci�c biological functions of these  

polysaccharides.

3.4 Structural characterization of 
Dendrobium findlayanum polysaccharides 
using NMR spectroscopy

To further elucidate the chemical structure of DFP-NP1, nuclear 

magnetic resonance (NMR) analysis was conducted. �e 1H NMR 

spectrum revealed three signi�cant peaks in the δ 5.19–5.48 ppm 

region (Figure 3). At 5.18 ppm, 5.23 ppm, and 5.37 ppm, these 

anomeric proton signals indicated α-con�gurations for three residues. 

Comprehensive analysis of 1H, 13C, and HSQC spectra allowed the 

assignment of residue G (δ 5.18/96.8 ppm, 5.23/95.0 ppm) to →4)-α-

Manp and residue A (δ 5.37/102.9 ppm) to →4)-α-Glcp-(1→. 

According to previously reports, the central peak at δ 4.94 also 

represented an α-con�guration, corresponding to →4,6)-α-

Glcp-(1 → (labeled as C). �e signal observed at δ 5.15/100.9 ppm 

(residue B) was tentatively assigned to Glcp-(1→ (42, 66).

�e 1H spectrum also showed signals in the δ 4.53–4.97 ppm 

range, indicating the presence of β-con�gurations in 

DFP-NP. Corresponding 13C signals at δ 101.5–105.1 ppm and HSQC 

analysis led to the assignment of residue D as →4)-β-Manp-(1 → and 

residue H as →4)-β-Glcp-(1→ (67–69). As shown in Table 1, residue 

E exhibited similar chemical shi�s for H1/C1, H3/C3, and H5/C5 to 

residue D, with identical H4/C4 and H6/C6 shi�s, suggesting 

a → 4)-β-Manp-(1 → structure. �e H2/C2 chemical shi� di�erence 

compared to residue D indicated a possible 2-O-Ac substitution. 

HSQC and HMBC spectra revealed O-Ac (O-CO-CH3) signals at δ 

2.20/23.1 (176.0), 2.19/23.1 (176.2), 2.16/23.1 (175.8), and 2.11/23.1 

(175.5), leading to the assignment of residue E as →4)-2-O-Ac-β-

Manp-(1→ (12, 70). Similarly, residue F was identi�ed as →4)-3-O-Ac-

β-Manp-(1→, with O-Ac at C3. Detailed information is summarized 

in Table 1.

3.5 Anti-inflammatory activity of 
Dendrobium findlayanum polysaccharides

�e CCK-8 assay assessed the survival of IPEC-J2 cells a�er 

exposure to di�erent concentrations of LPS and DFP-NP1 for 24 h. 

LPS at concentrations of 0, 1, 2.5, 5, 10, and 20 μg/mL had no cytotoxic 

e�ect on IPEC-J2 cells, which is consistent with the sub-toxicity 

concentrations of LPS-induced in�ammation in IPEC-J2 cells 

reported in previous studies (71). Consequently, an LPS concentration 

of 20 μg/mL was chosen to induce cellular in�ammation in subsequent 

experiments. DFP-NP1 treatments at concentrations of 0, 5, 10, 20, 40, 

80, and 100 μg/mL did not adversely a�ect IPEC-J2 cell viability. 

Notably, within the 0–20 μg/mL range, DFP-NP1 exhibited a dose-

dependent increase in IPEC-J2 cell viability, with maximal viability 

observed at 20 μg/mL (Figure 4A). Based on these �ndings, 

polysaccharide supplementation was categorized into three groups: 

FIGURE 2

FT-IR spectrum of DFP-NP.
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FIGURE 3

Structural characterisation of Dendrobium findlayanum polysaccharides (DFP-NP1): (A) 1H-NMR, (B) 13C-NMR and (C) HSQC spectra of DFP-NP.
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20 μg/mL DFP-NP1 group, 10 μg/mL DFP-NP1 group, and 5 μg/mL 

DFP-NP1 group.

3.5.1 Preventive e�ects of Dendrobium 
findlayanum polysaccharides on LPS-induced 
inflammation in IPEC-J2 cells

LPS induces pro-in�ammatory factor secretion and oxidative 

stress, leading to increased ROS levels. Excessive ROS can compromise 

cellular structure and function (72, 73). �e polysaccharides used in 

this experiment have been puri�ed by ethanol precipitation, ion 

exchange chromatography and size exclusion chromatography, which 

have su�ciently reduced the LPS content to exclude the in�uence of 

LPS on the experimental results. To explore the preventive e�ects of 

D. findlayanum polysaccharides on LPS-induced in�ammation, 

IPEC-J2 cells were pre-treated with di�erent concentrations of 

DFP-NP1 prior to LPS exposure. �e e�cacy of di�erent DFP-NP1 

concentrations in preventing IPEC-J2 cell in�ammation was evaluated 

by analysing oxidative stress levels and the expression of relevant 

in�ammatory marker genes. �e results showed that cell viability was 

signi�cantly reduced in the LPS-induced model compared to the 

control group (p < 0.001), suggesting that in�ammation impairs the 

structure and function of cells. Cell viability was increased in the 

DFP-NP1 prevention group compared to the model. Notably, 5 μg/mL 

DFP-NP1 signi�cantly increased cell viability (p < 0.01), whereas 

10 μg/mL DFP-NP1 resulted in a more pronounced increase 

(p < 0.001) (Figure 4B). A dose-dependent relationship was observed, 

with cell viability progressively increasing with increasing DFP-NP1 

concentration, and the dose-dependent protective e�ect of DFP-NP1 

may be directly related to its polysaccharide properties, with the low 

molecular weight property (12.3 kDa) potentially enhancing its 

transmembrane permeability to more e�ciently neutralize ROS or 

block in�ammatory signaling (74). �ese �ndings suggest that 

D. findlayanum polysaccharides attenuate LPS-induced cellular 

damage and enhance IPEC-J2 cell viability.

SOD (p < 0.01) and CAT (p < 0.05) activities were signi�cantly 

reduced in the LPS-induced IPEC-J2 cell model (Figure 5A), 

indicating that the in�ammatory response triggers oxidative stress and 

impairs cellular antioxidant capacity. �e model exhibited signi�cantly 

elevated levels of IL-1β, IL-6, and TNF-α (p < 0.01), indicating a 

pronounced in�ammatory response (Figure 5B).

In the 5, 10 μg/mL DFP-NP1 prevention groups, TNF-α levels 

were not clearly di�erent from the models; however, at a 

TABLE 1 Chemical shift assignment of DFP-NP (δ, ppm).

Residues H1/C1 H2/C2 H3/C3 H4/C4 H5/C5 H6/C6

A →4)-α-Glcp-(1→ 5.37/102.9 3.64/74.6 3.97/76.1 3.64/80.6 3.85/74.3 3.93, 3.77/63.6

B Glcp-(1→ 5.15/100.9 3.59/74.8 3.70/76.1 3.44/72.8 3.81/74.4 3.93, 3.77/63.6

C →4,6)-α-Glcp-(1→ 4.94/101.7 3.64/74.6 3.69/76.1 3.60/81.4 3.77/74.8 3.90, 3.94/70.5

D →4)-β-Manp-(1→ 4.71/103.1 4.11/72.5 3.94/72.9 3.84/80.0 3.59/77.9 3.92, 3.77/63.5

E →4)-2-O-Ac-β-Manp-(1→ * 4.97/101.5 5.48/74.7 4.02/73.3 3.84/80.0 3.61/77.9 3.92, 3.77/63.5

F →4)-3-O-Ac-β-Manp-(1→ * 4.76/102.9 4.18/71.2 5.09/76.6

5.05/76.4

3.81/79.4 3.59/77.9 3.92, 3.77/63.5

G →4)-α-Manp 5.23/95.0

5.18/96.8

3.58/n.d. n.d. n.d. n.d. n.d.

H →4)-β-Glcp-(1→ 4.53/105.1 3.37/76.12 3.63/71.6 3.81/79.3 n.d. 3.93, 3.77/63.6

*O-Ac (O-CO-CH3) was observed at δ 2.20/23.1 (176.0), 2.19/23.1 (176.2), 2.16/23.1 (175.8), 2.11/23.1 (175.5) in HSQC and HMBC spectra; n.d.: Not assigned.

FIGURE 4

Cytotoxicity test. The e�ects of LPS and DFP-NP1 on cell viability (A); E�ect of LPS on cell viability after treatment with di�erent concentrations of DFP-

NP1 (B). (n = 5) (* vs control; # vs model; ns represents no significant di�erence).
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concentration of 20 mg/mL, TNF-α levels were signi�cantly 

decreased (p < 0.01). About IL-1β, it was signi�cantly reduced in the 

10 mg/mL DFP-NP1 (p < 0.05) and even more so in the 20 mg/mL 

(p < 0.01). In the 10 mg/mL DFP-NP1, IL-1β levels were signi�cantly 

decreased and even more signi�cantly in the 20 mg/mL (p < 0.01). 

For IL-6, there was no signi�cant di�erence in the 5 μg/mL DFP-NP1, 

but the 5, 10 μg/mL DFP-NP1 clearly reduced IL-6 levels (p < 0.01), 

and IL-6 reached the lowest level at the highest concentration 

(p < 0.001).

High-temperature water can accelerate the di�usion rate of 

polysaccharides, thus improving the extraction e�ciency (75). 

Polysaccharides are dispersed polymers that form intermolecular 

hydrogen bonds in aqueous solutions, and the addition of ethanol to 

polysaccharides solutions can lead to dehydration of polysaccharides 

FIGURE 5

E�ects of DFP-NP1 on the contents of CAT and SOD in IPEC-J2 cells (A); E�ects of DFP-NP1 on the contents of TNF-α, IL-1β, IL-6 in IPEC-J2 cells (B); E�ect 

of DFP-NP1 on the expression of CAT, SOD, GXP-1, TNF-α, IL-1β, IL-6 (C). (n = 5) (* vs control; # vs model; ns represents no significant di�erence).
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(76), producing a white precipitate. Alcohol precipitation of 

polysaccharides with di�erent concentrations of ethanol results in 

di�erences in the resulting polysaccharides’ size, structure, and activity 

(77–79). Precipitation of polysaccharides from Cordyceps militaris using 

di�erent ethanol concentrations showed that lower ethanol 

concentrations resulted in higher MW, while higher ethanol 

concentrations led to a reduction in the MW of the polysaccharides 

(80). In this study, polysaccharides were alcohol precipitated using a 

polysaccharide solution: ethanol feed ratio of 1:4, and polysaccharides 

with a heavy average MW of 12.3 kDa were obtained, which was lower 

compared to D. officinale (81), D. nobile (82), D. denneanum (83) which 

were alcohol precipitated using the same ethanol concentration, and 

smaller MW may be the reason for the higher activity of DFP-NP (84, 

85). From the results of 3.3, DFP-NP showed acetylation modi�cation, 

which is more common in D. polysaccharides, and acetylation can 

change the structure of polysaccharides by exposing more groups, 

which may increase the antioxidant and immunomodulatory activities 

of polysaccharides (86).

In conclusion, polysaccharides from D. findlayanum restored the 

normal secretion levels of TNF-α, IL-1β and IL-6 in LPS-damaged 

IPEC-J2 cells, and various aspects in�uenced this favorable 

therapeutic e�ect.

�e mRNA expression of CAT, SOD, and GXP1 was detected to 

elucidate the molecular regulation of the antioxidant system by 

D. findlayanum polysaccharides during the in�ammatory response in 

IPEC-J2 cells (Figure 5C). �e models (LPS-stimulated) signi�cantly 

reduced gene expression of CAT, SOD, and GXP1 (p < 0.01), 

suggesting that oxidative stress leads to decreased expression of 

antioxidant enzymes and diminished antioxidant capacity. �is was 

improved by DFP-NP1 treatment, where CAT and SOD reached their 

highest expression at 20 mg/mL DFP-NP1 (p < 0.01, p < 0.001) and 

GXP1 was signi�cantly increased only at 20 mg/mL DFP-NP1 

(p < 0.001). �e �ndings indicate that D. findlayanum polysaccharides 

enhance antioxidant enzyme gene expression, thereby exerting 

antioxidant e�ects.

�e expression of TNF-α, IL-1β, and IL-6 was also examined and 

the trends were consistent with the physiological content analysis. 

TNF-α was signi�cantly upregulated in the model (p < 0.01) and IL-1β 

and IL-6 were highly upregulated (p < 0.001). In contrast, DFP-NP1 

treatment notably reduced cytokine expression, with 20 mg/mL 

DFP-NP1 leading to more pronounced decreases.

LPS can increase the permeability of intestinal epithelial cells and 

disrupt the epithelial barrier, which is prone to induce colitis due to 

bacterial infection (87). LPS disrupts the cellular barrier, causing 

intestinal dysfunction by producing pro-in�ammatory factors. Bletilla 

striata polysaccharides, when applied at various concentrations to 

LPS-induced IEC-18 cell in�ammation models, were found to inhibit 

the production of pro-in�ammatory cytokines IL-6 and TNF-α (88). 

A study on Dendrobium found that D. officinale polysaccharides 

inhibited the proliferative activity of IL-22 induced hyperproliferative 

keratinocytes and treated LPS-induced in�ammation (89). Also, in a 

model of in�ammation resulting from LPS damage to IPEC-J2 cells, 

pretreatment with 100 mg/L Astragali Radix polysaccharides for 4 h 

signi�cantly improved cell viability and boosted the activities of SOD 

and CAT enzymes, along with increasing the levels of IL-6, IL-8, and 

TNF-α (90). In the present study, pretreatment of IPEC-J2 with 5, 10, 

and 20 μg/mL DFP-NP1 followed by modeling with LPS achieved a 

better preventive e�ect by lower polysaccharides concentration, 

reducing the content and expression levels of TNF-α, IL-1β, and IL-6.

3.5.2 Therapeutic e�ect of Dendrobium 
findlayanum polysaccharides on LPS-induced 
inflammation in IPEC-J2 cells

To assess the potential therapeutic e�ect of D. findlayanum 

polysaccharides on LPS-induced in�ammation model, an in�ammation 

model was �rst created using LPS on IPEC-J2 cells and then treated by 

D. findlayanum polysaccharides, followed by assessing the oxidative stress 

levels and expression of relevant in�ammatory factors.

Compared with the control group, LPS treatment signi�cantly 

increased the intracellular oxidative stress level and TNF-α, IL-1β, and 

IL-6 protein content (p < 0.001), and D. findlayanum polysaccharides 

treatment signi�cantly reduced the content of these three 

in�ammatory factors, and the inhibitory e�ect was more pronounced 

with the increase of the concentration (Figure 6B); it is noteworthy 

that 20 μg/mL DFP-NP1 restored the SOD and CAT protein contents 

above the control level (p < 0.001, Figure 6A), suggesting its potential 

to repair oxidative damage. Similar phenomena have been reported in 

polysaccharide studies of other species of the genus Dendrobium (91), 

which may be related to acetylation modi�cations shared by 

Dendrobium polysaccharides, acetylation enhances polysaccharide 

bioactivity (e.g., antioxidant and anti-in�ammatory e�ects) by 

increasing solubility and exposing reactive groups (e.g., hydroxyls), 

thereby improving interactions with cellular targets (92).

�ese �ndings were corroborated by q-PCR results, which showed 

that CAT, SOD, and GXP-1 expression levels increased with rising 

polysaccharide concentrations (Figure 6C). �is suggests that 

D. findlayanum polysaccharides possess potent antioxidant properties, 

capable of counteracting oxidative stress by upregulating the 

expression of CAT, SOD, and GXP-1. To further elucidate the 

expression levels of in�ammatory factors in IPEC-J2 cells following 

DFP-NP1 treatment, q-PCR was employed to quantitatively detect 

TNF-α, IL-1β, and IL-6. TNF-α (p < 0.05), IL-1β (p < 0.01) and IL-6 

(p < 0.001) expression levels were signi�cantly higher in the models 

than in the controls, indicating an in�ammatory response in IPEC-J2 

cells. DFP-NP1 at both 10 mg/mL DFP-NP1 and 20 mg/mL DFP-NP1 

markedly decreased TNF-α and IL-1β gene expression, suggesting that 

D. findlayanum polysaccharides could help reduce in�ammation-

related damage by downregulating these pro-in�ammatory markers.

DFP-NP1 restores the activity of antioxidant enzymes and inhibits 

the expression of pro-in�ammatory factors in a dose-dependent 

manner, and its e�ects are closely related to molecular weight and 

structural modi�cations. However, its speci�c targets (e.g., whether it 

directly inhibits NF-κB or activates the Nrf2 pathway) still need to be 

further veri�ed.

3.5.3 Dendrobium findlayanum polysaccharides 
exert antioxidant e�ects by inhibiting release and 
activating the Nrf2/HO-1/NQO1 pathway

�e KEAP1/Nrf2-ARE pathway is a key antioxidant signaling 

mechanism that promotes the transcription of antioxidant genes, the 

KEAP1/Nrf2-ARE activates transcription of antioxidant genes by 

binding the ARE in the nucleus, mainly through the separation and 

translocation of Nrf2 from the repressor protein KEAP1 (93).

In order to clarify the mechanism of modulation of antioxidant 

activity of polysaccharides from D. findlayanum on IPEC-J2 

in�ammatory cells, we examined the expression levels of genes in the 

KEAP1, Nrf2, NQO1, and HO-1 pathways, which are the upstream 

regulatory pathways of SOD1, GXP1, and CAT. �e results are 

presented in Figure 7.
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KEAP1 was signi�cantly up-regulated (p < 0.01) and Nrf2 and its 

downstream e�ectors NQO1 and HO-1 were signi�cantly down-

regulated (p < 0.01) in the model compared to the control group, a 

phenomenon that suggests that LPS inhibits the activation of the 

antioxidant pathway by enhancing the ubiquitination degradation of 

Nrf2 by KEAP1, leading to the accumulation of intracellular oxidative 

stress (94). Compared to models, D. findlayanum polysaccharide 

signi�cantly inhibited KEAP1 expression at 5 mg/mL DFP-NP1 

(p < 0.05), and further inhibited it 10 mg/mL DFP-NP1 and 20 mg/

mL DFP-NP1 (p < 0.01, p < 0.001); Nrf2 expression was signi�cantly 

upregulated at 20 mg/mL DFP-NP1 (p < 0.001), and NQO1 was 

signi�cantly upregulated at 10 mg/mL DFP-NP1 and 20 mg/mL 

DFP-NP1 (p < 0.01, p < 0.001); notably, HO-1 was more sensitive to 

DFP-NP1 and was already signi�cantly activated at 5 μg/mL 

(p < 0.05), suggesting that HO-1 may be a preferentially regulated 

target in this pathway.

FIGURE 6

E�ects of DFP-NP1 on CAT and SOD contents in IPEC-J2 inflammatory cells (A); E�ect of DFP-NP1 on TNF-α, IL-1β and IL-6 contents in IPEC-J2 

inflammatory cells (B); E�ect of DFP-NP1 on CAT, SOD, GXP-1, TNF-α, IL-1β, and IL-6 expression in IPEC-J2 inflammatory (C). (n = 5) (* vs control; # vs 

model; ns represents no significant di�erence).
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In summary, the model demonstrated upregulation of KEAP1 and 

downregulation of Nrf2, NQO1, and HO-1 genes, inducing cellular 

in�ammatory responses. DFP-NP1 reduced KEAP1 gene expression 

compared to the model while increasing Nrf2, NQO1, and HO-1 gene 

expression. �e activating e�ect of DFP-NP1 on the Nrf2/HO-

1/NQO1 pathway is related to its unique structural features, and the 

acetylation modi�cation of DFP-NP1 (→4)-2-O-Ac-β-Manp-(1→) 

may be responsible for its better antioxidant activity, the modi�cation 

of Ganoderma applanatum polysaccharides by acetylation modulates 

the Nrf2/Keap1-TLR4/NFκB-Bax/Bcl-2 signaling pathway network, 

thereby attenuating oxidative stress and subsequent in�ammatory 

responses (95).

3.5.4 Dendrobium findlayanum polysaccharides 
exert anti-inflammatory e�ects through 
activation of the TLR4/NF-κB pathway

Excessive oxidative stress may lead to activation of NF-κB through 

TLR4 signaling, resulting in a sustained and intense in�ammatory 

response (96). Toll-like receptor 4 (TLR4) is a crucial receptor that 

recognizes polysaccharides, initiating an intracellular signaling 

cascade that produces pro-in�ammatory factors by receptor cells (97). 

It has been shown that polysaccharides from Fructus mori and 

Echinacea purpurea activate TLR4/NF-κB signaling pathways, thereby 

mitigating LPS-induced in�ammatory responses (98, 99).

To elucidate the mechanism by which D. findlayanum 

polysaccharides regulate the anti-in�ammatory activity of IPEC-J2 

in�ammatory cells, we analyzed the expression levels of genes in the 

upstream regulatory pathways of TLR4 and NF-κB signaling pathways 

(Figure 8).

LPS triggers the downstream NF-κB signaling pathway through 

activation of the TLR4 receptor, which drives the expression of 

pro-in�ammatory factors (TNF-α, IL-1β, IL-6), a phenomenon that has 

been demonstrated in both Echinacea polysaccharides (99) and 

Polygonatum polysaccharides (100). To elucidate the mechanism by 

which D. findlayanum polysaccharides modulate the anti-in�ammatory 

activity of IPEC-J2 in�ammatory cells as the TLR4/NF-κB pathway, we 

examined the expression levels of TLR4 and NF-κB genes (Figure 8).

TLR4 expression was signi�cantly upregulated (p < 0.01) and 

NF-κB expression was signi�cantly increased (p < 0.001) in the model 

compared to the control. Compared to the model, 5 mg/mL DFP-NP1 

treatment did not signi�cantly alter TNF-α expression. On the 

contrary, 10 mg/mL DFP-NP1 treatment signi�cantly decreased 

TNF-α expression (p < 0.05), and 10 and 20 mg/mL DFP-NP1 

treatment further increased TNF-α expression (p < 0.01).

Collectively, these �ndings suggest that DFP-NP1 achieves anti-

in�ammatory e�ects at the transcriptional level by modulating the 

TLR4/NF-κB pathway. �e observed dose-dependent response 

suggests that higher concentrations of D. findlayanum polysaccharides 

are more e�ective in attenuating the in�ammatory response by down-

regulating important in�ammatory mediators, a mode of action that 

is highly consistent with those reported for other polysaccharides of 

the genus Dendrobium (101, 102). However, the use of LPS as an 

in�ammation inducer alone may only re�ect the regulatory role of the 

TLR4/NF-κB pathway, and it cannot be excluded whether 

FIGURE 7

E�ect of DFP-NP1 on genes related to oxidative stress pathway. (n = 5) (* vs control; # vs model; ns represents no significant di�erence).
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polysaccharides are e�ective on other in�ammatory pathways (e.g., 

the TNF-α/IL-1β-mediated JAK–STAT or MAPK pathways), and 

therefore subsequent in-depth studies are needed.

Polysaccharides can be used as a core ingredient in functional foods 

for the development of dietary supplements targeting intestinal health 

[irritable bowel syndrome, in�ammatory bowel disease (103)], and 

DFP-NP1 holds signi�cant potential as a candidate formulation for 

promoting intestinal health with high in vivo application prospects. 

Following oral administration, this substance may act locally within the 

gastrointestinal tract, directly strengthening the intestinal barrier and 

alleviating in�ammation through a dual-targeting mechanism. 

Furthermore, its polysaccharide properties suggest prebiotic potential, 

potentially promoting bene�cial metabolites like short-chain fatty acids 

through gut microbiota regulation. With its natural origin from 

Dendrobium orchids and established safety pro�le, DFP-NP1 emerges 

as an ideal candidate for developing functional foods and dietary 

supplements supporting intestinal health and managing 

gut in�ammation.

4 Conclusion

In this study, DFP-NP, a neutral polysaccharide with a molecular 

weight of 12.3 kDa, was isolated and puri�ed for the �rst time from 

D. findlayanum. �e polysaccharide was mainly composed of glucose 

(84.78%) and mannose (11.61%), and its structural features included: 

the presence of the →4)-α-Glcp-(1 → backbone and the 

Glcp-(1 → straight chain; the presence of special glycosidic bonds such 

as the acetylation-modi�ed →4)-2-O-Ac-β-Manp-(1 → and 

→4)-3-O-Ac-β-Manp-(1 → and other special glycosidic bonds; the 

higher-order conformation of the polysaccharide, which combines both 

α/β conformation and branching structure, was elucidated by NMR for 

the �rst time. Notably, DFP-NP exhibited dual biological activities of 

therapy and prevention in the LPS-induced in�ammation model of 

IPEC-J2 cells: DFP-NP alleviated oxidative stress via ROS scavenging 

and concurrently suppressed pro-in�ammatory factors (e.g., TNF-αand 

IL-6; p < 0.01). �ese results suggest DFP-NP is a compelling candidate 

for dietary strategies designed to support intestinal well-being and 

combat in�ammation through nutritional means.

Although the present study elucidated the structural 

characteristics and in vitro activity of DFP-NP, its speci�c target 

and molecular mechanism of action have not been clari�ed. 

Follow-up studies are needed to analyse the polysaccharide-

receptor interactions and establish a model of the conformational 

relationship between structural modi�cation and activity 

regulation, laying the foundation for developing D. findlayanum 

polysaccharides as a targeted functional food ingredient for gut 

health maintenance.

Data availability statement

�e original contributions presented in the study are included in 

the article/Supplementary material, further inquiries can be directed 

to the corresponding author/s.

Ethics statement

Ethical approval was not required for the studies on animals in 

accordance with the local legislation and institutional requirements 

because only commercially available established cell lines were used.

Author contributions

JC: Writing – review & editing. LL: Validation, Writing – original 

dra�. XM: Validation, Writing – original dra�. LW: Conceptualization, 

Data curation, Writing – review & editing. CZ: Conceptualization, 

Data curation, Writing – review & editing. YS: Investigation, Project 

administration, Writing – review & editing. YL: Investigation, Project 

administration, Writing – review & editing. RL: Investigation, Project 

administration, Writing – review & editing. YFZ: Formal analysis, 

Methodology, Writing  – review & editing. YZ: Supervision, 

FIGURE 8

E�ect of DFP-NP1 on anti-inflammatory pathway genes. (n = 5) (* vs control; # vs model; ns represents no significant di�erence).

https://doi.org/10.3389/fnut.2025.1740458
https://www.frontiersin.org/journals/nutrition


Chen et al. 10.3389/fnut.2025.1740458

Frontiers in Nutrition 13 frontiersin.org

Writing – review & editing. FL: Investigation, Project administration, 

Writing – review & editing. MT: Project administration, Resources, 

Writing – review & editing.

Funding

�e author(s) declared that �nancial support was received for this work 

and/or its publication. �is work was funded by Natural Science 

Foundation of Sichuan Province (Youth Fund Projects), grant number 

2023NSFSC1270, and the National Modern Agricultural Industrial 

Technology System, Sichuan Innovation Team Project, Genuine Traditional 

Chinese Medicine Innovation Team, grant number: SCCXTD-2025-19, 

and Yaan Science and Technology Bureau’s University-City Cooperative 

Science and Technology Project, grant number: 23CGZH0008, and Science 

and Technology Program of Sichuan Province, grant number: 

2023YFS0341, and Tian Mengliang Expert Workstation of Yunnan 

Province-Yunnan Provincial Science and Technology Talent and Platform 

Program, grant number: 202505AF350023.

Conflict of interest

�e author(s) declared that this work was conducted in the 

absence of any commercial or �nancial relationships that could be 

construed as a potential con�ict of interest.

Generative AI statement

�e author(s) declared that Generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside �gures in this 

article has been generated by Frontiers with the support of arti�cial 

intelligence and reasonable e�orts have been made to ensure accuracy, 

including review by the authors wherever possible. If you identify any 

issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 

and do not necessarily represent those of their a�liated organizations, 

or those of the publisher, the editors and the reviewers. Any 

product that may be evaluated in this article, or claim that may be 

made by its manufacturer, is not guaranteed or endorsed by 

the publisher.

Supplementary material

�e Supplementary material for this article can be found online 

at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1740458/

full#supplementary-material

References

 1. Leyser, O. �e control of shoot branching: an example of plant information 
processing. Plant Cell Environ. (2009) 32:694–703. doi: 10.1111/j.1365-3040.2009.01930.x

 2. Schmitz, G, and �eres, K. Shoot and in�orescence branching. Curr Opin Plant Biol. 
(2005) 8:506–11. doi: 10.1016/j.pbi.2005.07.010

 3. Bai, Y, Bao, Y, Wang, W, Sun, S, Yan, Y, and Pan, C. IR identi�cation of 42 medicinal 
Dendrobium species and their confounders. Guangdong Botanical Society Young 
Scholars Symposium and the Second Guangdong Graduate Student Symposium on 
Botany (2007) 67-69. Available online at: https://www.google.com/search?q=Conferen
ceArticle%2F5aa1cab0c095d72220951a0b&oq=ConferenceArticle%2F5aa1cab0c095d 
72220951a0b&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABiABBiiBDIKCAIQA 
BiABBiiBDIKCAMQABiABBiiBDIKCAQQABiABBiiBDIKCAUQABiiBBiJBTIGCAY
QRRg60gEHNDgzajBqN6gCCLACAfEFY1eZ7jrBZiI&sourceid=chrome&ie=U
TF-8#vhid=McKDxI54PLwBwM&vssid=_MvYzaZXQA5qcg8UP-PGr6Aw_43

 4. Liu, S, Xu, J, Liu, H, and Liu, Y. Study on the e�ect of growth hormone application 
in Dendrobium seedlings. Mod Agricult Sci Technol. (2013) 8:143–5. doi: 10.3969/j.
issn.1007-5739.2013.08.094

 5. Li, P, Li, L, and Wang, Y. Traditional uses, chemical compositions and 
pharmacological activities of Dendrobium: a review. J Ethnopharmacol. (2023) 
310:116382. doi: 10.1016/j.jep.2023.116382

 6. Ye, G, Zhang, J, Xu, X, Zeng, C, Ye, Q, and Wang, Z. Comparative analysis of water-
soluble polysaccharides from Dendrobium second love ' Tokimeki ' and Dendrobium nobile in 
structure, antioxidant, and anti-tumor activity in vitro. Int J Mol Sci. (2023) 24:24. doi: 10.3390/
ijms241210361

 7. Guo, D, Yang, L, Song, X, Mei, W, Chen, H, and Dai, H. Chemical constituents from 
aerial parts of Dendrobium hercoglossum (Orchidacae) and their biological activities. J 
Trop Subtrop Bot. (2023) 32:287–293. doi: 10.11926/jtsb.4736

 8. Zhao, J, Wang, Y, Jin, Y, and Jiang, C. Research advances in chemical constituents 
and pharmacological activities of Dendrobium plants. China J Chinese Mat Med. (2022) 
47:2358–72. doi: 10.19540/j.cnki.cjcmm.20220216.601

 9. Zhou, Y, Chen, X, Chen, T, and Chen, X. A review of the antibacterial activity and 
mechanisms of plant polysaccharides. Trends Food Sci Technol. (2022) 123:264–80. doi: 
10.1016/j.tifs.2022.03.020

 10. Shang, Z, Qin, D, Li, Q, Zha, X, Pan, L, Peng, D, et al. Dendrobium huoshanense stem 
polysaccharide ameliorates rheumatoid arthritis in mice via inhibition of in�ammatory 
signaling pathways. Carbohydr Polym. (2021) 258:117657. doi: 10.1016/j.carbpol.2021.117657

 11. Wang, J, Luo, J, Zha, X, and Feng, B. Comparison of antitumor activities of 
di�erent polysaccharide fractions from the stems of Dendrobium nobile Lindl. Carbohydr 
Polym. (2010) 79:114–8. doi: 10.1016/j.carbpol.2009.07.032

 12. Wang, K, Yang, C, Yan, S, Wang, H, Cao, X, and Cheng, Y. Dendrobium hancockii 
polysaccharides, structure characterization, modi�cation, antioxidant and antibacterial 
activity. Ind Crop Prod. (2022) 188:115565. doi: 10.1016/j.indcrop.2022.115565

 13. Xu, L, Zeng, X, Liu, Y, Wu, Z, Zheng, X, and Zhang, X. Inhibitory e�ect of 
Dendrobium officinale polysaccharide on oxidative damage of glial cells in aging mice 
by regulating gut microbiota. Int J Biol Macromol. (2023) 247:125787. doi: 10.1016/j.
ijbiomac.2023.125787

 14. Liu, T, Ren, Q, Wang, S, Gao, J, Shen, C, Zhang, S, et al. Chemical modi�cation of 
polysaccharides: a review of synthetic approaches, biological activity and the 
structure-activity relationship. Molecules. (2023) 28:6073. doi: 10.3390/
molecules28166073

 15. Tang, Z, and Huang, G. Extraction, structure, and activity of polysaccharide from 
Radix astragali. Biomed Pharmacother. (2022) 150:113015. doi: 10.1016/j.
biopha.2022.113015

 16. Huang, J, Ding, J, Zhu, H, and Li, Y. Comparison between three di�erent origins 
of Dendrobium officinale polysaccharides and their initial pharmacological activity 
evaluations. Sci Technol Food Ind. (2022) 43:71–8. doi: 10.13386/j.
issn1002-0306.2021050262

 17. Hu, T, Wu, P, Zhan, J, Wang, W, Shen, J, Ho, CT, et al. In�uencing factors on the 
physicochemical characteristics of tea polysaccharides. Molecules. (2021) 26:3457. doi: 
10.3390/molecules26113457

 18. Hu, L, Liang, Z, Wang, Y, Wei, G, and Huang, YC. Identi�cation of C-glycosyl 
�avones and O-glycosyl �avones in �ve Dendrobium species by high-performance liquid 
chromatography coupled with electrospray ionization multi-stage tandem MS. Rapid 
Commun Mass Spectr. (2022) 36:e9158. doi: 10.1002/rcm.9158

 19. Hou, T, Qiao, J, Wang, Q, Li, H, Guo, H, Zhang, H, et al. Extraction optimization 
and antioxidant activity of polysaccharides from Dendrobium candidum under di�erent 
cultivation. China Food Addit. (2023) 34:164–71. doi: 10.19804/j.
issn1006-2513.2023.01.019

 20. Fan, Y, Ma, J, Wang, G, Li, X, Liu, Y, Xu, E, et al. Ultrasonic extraction, structural 
modi�cation and gastric mucosal cells protective activity of a polysaccharide from 
Dendrobium denneanum. Arab J Chem. (2023) 16:105033. doi: 10.1016/j.arabjc.2023.105033

 21. Tao, S, Ren, Z, Yang, Z, Duan, S, Wan, Z, Huang, J, et al. E�ects of  
di�erent molecular weight polysaccharides from Dendrobium officinale Kimura & Migo on 
human colorectal Cancer and transcriptome analysis of di�erentially expressed genes. Front 
Pharmacol. (2021) 12:704486. doi: 10.3389/fphar.2021.704486

 22. Ashton, JJ, and Beattie, RM. In�ammatory bowel disease: recent developments. 
Arch Dis Child. (2024) 109:370–6. doi: 10.1136/archdischild-2023-325668

https://doi.org/10.3389/fnut.2025.1740458
https://www.frontiersin.org/journals/nutrition
https://doi.org/10.1136/archdischild-2023-325668


Chen et al. 10.3389/fnut.2025.1740458

Frontiers in Nutrition 14 frontiersin.org

 23. Ahmed, I, Roy, BC, Khan, SA, Septer, S, and Umar, S. Microbiome, metabolome 
and in�ammatory bowel disease. Microorganisms. (2016) 4:20. doi: 10.3390/
microorganisms4020020

 24. Liu, P, Li, Y, Wang, R, Ren, F, and Wang, X. Oxidative stress and antioxidant 
nanotherapeutic approaches for in�ammatory bowel disease. Biomedicine. (2021) 10:85. 
doi: 10.3390/biomedicines10010085

 25. Stavely, R, Ott, LC, Rashidi, N, Sakkal, S, and Nurgali, K. �e oxidative stress and 
nervous distress connection in gastrointestinal disorders. Biomolecules. (2023) 13:13. 
doi: 10.3390/biom13111586

 26. Li, S, Zhang, F, and Zhang, Q. Pathological features-based targeted delivery 
strategies in IBD therapy: a mini review. Biomed Pharmacother. (2022) 151:113079. doi: 
10.1016/j.biopha.2022.113079

 27. Lee, J, Lemons, N, Lorenze, A, Chowdhary, TS, Zinn, Z, and Gayam, S. Management of 
cutaneous side e�ects of in�ammatory bowel disease therapy: a dermatologic viewpoint. J 
Gastroenterol Hepatol. (2021) 36:3278–85. doi: 10.1111/jgh.15570

 28. Luo, H, Cao, G, Luo, C, Tan, D, Vong, CT, Xu, Y, et al. Emerging pharmacotherapy 
for in�ammatory bowel diseases. Pharmacol Res. (2022) 178:106146. doi: 10.1016/j.
phrs.2022.106146

 29. Marotto, D, Atzeni, F, Ardizzone, S, Monteleone, G, Giorgi, V, and Sarzi-Puttini, P. 
Extra-intestinal manifestations of in�ammatory bowel diseases. Pharmacol Res. (2020) 
161:105206. doi: 10.1016/j.phrs.2020.105206

 30. Chen, F, Liu, Q, Xiong, Y, and Xu, L. Current strategies and potential prospects of 
nanomedicine-mediated therapy in in�ammatory bowel disease. Int J Nanomedicine. 
(2021) 16:4225–37. doi: 10.2147/IJN.S310952

 31. Liu, H, Liang, J, Zhong, Y, Xiao, G, E�erth, T, Georgiev, MI, et al. Dendrobium 
officinale polysaccharide alleviates intestinal in�ammation by promoting small 
extracellular vesicle packaging of miR-433-3p. J Agric Food Chem. (2021) 69:13510–23. 
doi: 10.1021/acs.jafc.1c05134

 32. Wang, YJ, Wang, HY, Li, QM, Zha, XQ, and Luo, JP. Dendrobium fimbriatum 
polysaccharide ameliorates DSS-induced intestinal mucosal injury by IL-22-regulated 
intestinal stem cell regeneration. Int J Biol Macromol. (2023) 230:123199. doi: 10.1016/j.
ijbiomac.2023.123199

 33. Chen, J, Wang, L, Liang, H, Jin, X, Wan, J, Liu, F, et al. Overexpression of DoUGP 
enhanced biomass and stress tolerance by promoting polysaccharide accumulation in 
Dendrobium officinale. Front Plant Sci. (2020) 11:533767. doi: 10.3389/fpls.2020.533767

 34. Yue, H, Zeng, H, and Ding, K. A review of isolation methods, structure features 
and bioactivities of polysaccharides from Dendrobium species. Chin J Nat Med. (2020) 
18:1–27. doi: 10.1016/S1875-5364(20)30001-7

 35. Zhou, S, Liu, G, Zhou, M, Yang, S, Qiao, Y, Wang, P, et al. Progress in research on 
polysaccharides from Dendrobium plants. Food Sci. (2018) 39:316–22. doi: 10.7506/
spkx1002-6630-201821047

 36. Hu, X, Zeng, Y, Ao, F, and Guan, Y. E�ect of di�erent substrates on the growth and 
physiology of two species of Dendrobium. Artif Intell Sci Eng. (2019) 44:29–35. doi: 
10.13718/j.cnki.xsxb.2019.11.005

 37. Yang, D. Chemical constituents of three Dendrobium plants and their activities. 
Yunnan University. (2015), 142.

 38. Fu, Y, Peng, X, Zhang, C, Jiang, Q, Li, C, Paulsen, BS, et al. Salvia miltiorrhiza 
polysaccharide and its related metabolite 5-methoxyin- dole-3-carboxaldehyde 
ameliorate experimental colitis by regulating Nrf2 / Keap1 signaling pathway. Carbohydr 
Polym. (2023) 306:120626. doi: 10.1016/j.carbpol.2023.120626

 39. Zhang, C, Zou, Y, Zou, Y, Jize, X, Li, C, Fu, Y, et al. Ultrasonic-assisted extraction 
of polysaccharide from Paeoniae Radix alba: extraction optimization, structural 
characterization and antioxidant mechanism in vitro. Int J Biol Macromol. (2024) 
268:131816. doi: 10.1016/j.ijbiomac.2024.131816

 40. Shi, L. Bioactivities, isolation and puri�cation methods of polysaccharides from natural 
products: a review. Int J Biol Macromol. (2016) 92:37–48. doi: 10.1016/j.ijbiomac.2016.06.100

 41. Sahinkaya, E, Yurtsever, A, and Çınar, Ö. Treatment of textile industry wastewater 
using dynamic membrane bioreactor: impact of intermittent aeration on process 
performance. Sep Purif Technol. (2017) 174:445–54. doi: 10.1016/j.seppur.2016.10.049

 42. Wang, L, Wang, L, Wen, C, Wang, N, Yan, C, Shen, C, et al. Chitosan and chitosan 
oligosaccharide in�uence digestibility of whey protein isolate through electrostatic interaction. 
Int J Biol Macromol. (2022) 222:1443–52. doi: 10.1016/j.ijbiomac.2022.09.258

 43. Yu, X, Li, L, Zhang, J, Shen, Z, Zhu, C, Wang, P, et al. Structural analysis of 
macromolecular Levan produced by Bacillus megaterium GJT321 based on enzymatic 
method. Int J Biol Macromol. (2016) 93:1080–9. doi: 10.1016/j.ijbiomac.2016.09.086

 44. Jiang, Q, Wang, Y, Li, H, and Chen, DDY. Combining online size exclusion 
chromatography and electrospray ionization mass spectrometry to characterize plant 
polysaccharides. Carbohydr Polym. (2020) 246:116591. doi: 10.1016/j.carbpol.2020.116591

 45. Hu, B, Han, L, Kong, H, Nishinari, K, Phillips, GO, Yang, J, et al. Preparation and 
emulsifying properties of trace elements forti�ed gum arabic. Food Hydrocoll. (2019) 
88:43–9. doi: 10.1016/j.foodhyd.2018.09.027

 46. Nwokocha, LM, and Williams, PA. Rheological characterization of the 
galactomannan from Leucaena leucocephala seed. Carbohydr Polym. (2012) 90:833–8. 
doi: 10.1016/j.carbpol.2012.06.008

 47. Zhang, H, Chen, J, Li, J, Yan, L, Li, S, Ye, X, et al. Extraction and characterization 
of RG-I enriched pectic polysaccharides from mandarin Citrus peel. Food Hydrocoll. 
(2018) 79:579–86. doi: 10.1016/j.foodhyd.2017.12.002

 48. Wang, Z, Zhou, X, Shu, Z, Zheng, Y, Hu, X, Zhang, P, et al. Regulation strategy, 
bioactivity, and physical property of plant and microbial polysaccharides based on 
molecular weight. Int J Biol Macromol. (2023) 244:125360. doi: 10.1016/j.
ijbiomac.2023.125360

 49. Yang, Z, Zeng, Y, Hu, Y, Zhou, T, Li, J, He, L, et al. Comparison of chemical 
property and in vitro digestion behavior of polysaccharides from Auricularia polytricha 
mycelium and fruit body. Food Chem. (2023) 17:100570. doi: 10.1016/j.
fochx.2023.100570

 50. Wang, Z, Wang, L, Huang, H, Li, Q, Wang, X, Sun, Q, et al. In vitro antioxidant 
analysis of �avonoids extracted from Artemisia argyi stem and their anti-in�ammatory 
activity in lipopolysaccharide-stimulated RAW 264.7 macrophages. Food Chem. (2023) 
407:135198. doi: 10.1016/j.foodchem.2022.135198

 51. Ye, G, Li, J, Zhang, J, Liu, H, Ye, Q, and Wang, Z. Structural characterization and 
antitumor activity of a polysaccharide from Dendrobium wardianum. Carbohydr Polym. 
(2021) 269:118253. doi: 10.1016/j.carbpol.2021.118253

 52. Wei, Y, Wang, L, Wang, D, Wang, D, Wen, C, Han, B, et al. Characterization and 
anti-tumor activity of a polysaccharide isolated from Dendrobium officinale grown in 
the Huoshan County. Chin Med. (2018) 13:47. doi: 10.1186/s13020-018-0205-x

 53. Wang, Z, Zheng, Y, Lai, Z, Hu, X, Wang, L, Wang, X, et al. E�ect of monosaccharide 
composition and proportion on the bioactivity of polysaccharides: a review. Int J Biol 
Macromol. (2024) 254:127955. doi: 10.1016/j.ijbiomac.2023.127955

 54. Tian, CC, Zha, XQ, Pan, LH, and Luo, JP. Structural characterization and 
antioxidant activity of a low-molecular polysaccharide from Dendrobium huoshanense. 
Fitoterapia. (2013) 91:247–55. doi: 10.1016/j.�tote.2013.09.018

 55. Wang, JH, Zha, XQ, Luo, JP, and Yang, XF. An acetylated galactomannoglucan 
from the stems of Dendrobium nobile Lindl. Carbohydr Res. (2010) 345:1023–7. doi: 
10.1016/j.carres.2010.03.005

 56. Fan, Y, He, X, Zhou, S, Luo, A, He, T, and Chun, Z. Composition analysis and 
antioxidant activity of polysaccharide from Dendrobium denneanum. Int J Biol 
Macromol. (2009) 45:169–73. doi: 10.1016/j.ijbiomac.2009.04.019

 57. Wu, F, Zhang, Y, Liu, W, Zhu, N, Chen, J, and Sun, Z. Comparison of torre�ed and 
lyophilized Dendrobii officinalis caulis (Tiepishihu) by Fourier transform infrared 
spectroscopy and two-dimensional correlation spectroscopy. J Mol Struct. (2020) 
1204:127554. doi: 10.1016/j.molstruc.2019.127554

 58. Chen, ND, Chen, NF, Li, J, Cao, CY, Wang, JM, and Huang, HP. Similarity 
evaluation of di�erent origins and species of dendrobiums by GC-MS and FTIR analysis 
of polysaccharides. Int J Anal Chem. (2015) 2015:713410. doi: 10.1155/2015/713410

 59. Chen, L, Long, R, Huang, G, and Huang, H. Extraction and antioxidant activities 
in vivo of pumpkin polysaccharide. Ind Crop Prod. (2020) 146:112199. doi: 10.1016/j.
indcrop.2020.112199

 60. Song, Y, Han, A, Park, S, Cho, C, Rhee, Y, and Hong, H. E�ect of enzyme-assisted 
extraction on the physicochemical properties and bioactive potential of lotus leaf 
polysaccharides. Int J Biol Macromol. (2020) 153:169–79. doi: 10.1016/j.
ijbiomac.2020.02.252

 61. Wang, H, Wang, N, Ma, L, Pei, D, Di, D, and Liu, J. Polysaccharides from di�erent 
cultivars of wol�erry: physicochemical characteristics and protection against oxidative 
stress. Ind Crop Prod. (2023) 197:116548. doi: 10.1016/j.indcrop.2023.116548

 62. Zhang, J, Chen, M, Wen, C, Zhou, J, Gu, J, Duan, Y, et al. Structural characterization 
and immunostimulatory activity of a novel polysaccharide isolated with subcritical 
water from Sagittaria sagittifolia L. Int J Biol Macromol. (2019) 133:11–20. doi: 10.1016/j.
ijbiomac.2019.04.077

 63. Tahmouzi, S, and Salek, NM. New infertility therapy e�ects of polysaccharides 
from Althaea officinalis leaf with emphasis on characterization, antioxidant and anti-
pathogenic activity. Int J Biol Macromol. (2020) 145:777–87. doi: 10.1016/j.
ijbiomac.2019.12.224

 64. Peesapati, S, and Roy, D. Control of anomericity and glycosidic linkage on the 
mechanics of polysaccharides. J Chem Sci (Bangalore). (2023) 135:135. doi: 10.1007/
s12039-023-02141-w

 65. Chen, N, Hu, M, Jiang, T, Xiao, P, and Duan, J. Insights into the molecular 
mechanisms, structure-activity relationships and application prospects of 
polysaccharides by regulating Nrf2-mediated antioxidant response. Carbohydr Polym. 
(2024) 333:122003. doi: 10.1016/j.carbpol.2024.122003

 66. Shi, X, Li, O, Yin, J, and Nie, S. Structure identi�cation of α-glucans from 
Dictyophora echinovolvata by methylation and 1D/2D NMR spectroscopy. Food Chem. 
(2019) 271:338–44. doi: 10.1016/j.foodchem.2018.07.160

 67. Liu, J, Yu, L, Wang, C, Zhang, Y, Xi, H, Si, J, et al. Preparation, structural features 
and in vitro immunostimulatory activity of a glucomannan from fresh Dendrobium 
catenatum stems. Front Nutr. (2021) 8:823803. doi: 10.3389/fnut.2021.823803

 68. Zhang, H, Zhang, N, Xiong, Z, Wang, G, Xia, Y, Lai, P, et al. Structural 
characterization and rheological properties of β-D-glucan from hull-less barley 
(Hordeum vulgare L. var. nudum hook. F.). Phytochemistry. (2018) 155:155–63. doi: 
10.1016/j.phytochem.2018.08.004

https://doi.org/10.3389/fnut.2025.1740458
https://www.frontiersin.org/journals/nutrition
https://doi.org/10.1016/j.phytochem.2018.08.004


Chen et al. 10.3389/fnut.2025.1740458

Frontiers in Nutrition 15 frontiersin.org

 69. Zhang, X, Bi, C, Shi, H, and Li, X. Structural studies of a mannoglucan from 
Cremastra appendiculata (Orchidaceae) by chemical and enzymatic methods. Carbohydr 
Polym. (2021) 272:118524. doi: 10.1016/j.carbpol.2021.118524

 70. Kuang, MT, Li, JY, Yang, XB, Yang, L, Xu, JY, Yan, S, et al. Structural characterization 
and hypoglycemic e�ect via stimulating glucagon-like peptide-1 secretion of two 
polysaccharides from Dendrobium officinale. Carbohydr Polym. (2020) 241:116326. doi: 
10.1016/j.carbpol.2020.116326

 71. Zou, Y, Li, C, Fu, Y, Jiang, Q, Peng, X, Li, L, et al. �e comparison of preliminary 
structure and intestinal anti-in�ammatory and anti-oxidative activities of 
polysaccharides from di�erent root parts of Angelica sinensis (Oliv.) Diels. J 
Ethnopharmacol. (2022) 295:115446. doi: 10.1016/j.jep.2022.115446

 72. Lee, S, Seok, BG, Lee, SJ, and Chung, SW. Inhibition of mitoNEET attenuates LPS-
induced in�ammation and oxidative stress. Cell Death Dis. (2022) 13:127. doi: 10.1038/
s41419-022-04586-2

 73. Skibska, B, Goraca, A, Skibska, A, and Stanczak, A. E�ect of alpha-lipoic acid on 
rat ventricles and atria under LPS-induced oxidative stress. Antioxidants (Basel, 
Switzerland). (2022) 11:734. doi: 10.3390/antiox11040734

 74. Zheng, Q, Chen, J, Yuan, Y, Zhang, X, Zhai, Y, Zhang, Y, et al. Structural 
characterization of a low-molecular-weight polysaccharide from plumula Nelumbinis 
and evaluation of its antioxidant and anti-in�ammatory activity. Food Biosci. (2023) 
56:103235. doi: 10.1016/j.�io.2023.103235

 75. He, L, Yan, X, Liang, J, Li, S, He, H, Xiong, Q, et al. Comparison of di�erent 
extraction methods for polysaccharides from Dendrobium officinale stem. Carbohydr 
Polym. (2018) 198:101–8. doi: 10.1016/j.carbpol.2018.06.073

 76. Wang, S, Zhao, L, Li, Q, Liu, C, Han, J, Zhu, L, et al. Rheological properties and 
chain conformation of soy hull water-soluble polysaccharide fractions obtained by 
gradient alcohol precipitation. Food Hydrocoll. (2019) 91:34–9. doi: 10.1016/j.
foodhyd.2018.12.054

 77. Yu, J, Long, Y, Chi, J, Dai, K, Jia, X, and Ji, H. E�ects of ethanol concentrations on 
primary structural and bioactive characteristics of Dendrobium officinale 
polysaccharides. Nutrients. (2024) 16:897. doi: 10.3390/nu16060897

 78. Liu, G, Zhong, Y, Chen, B, Wang, X, Zhang, Y, and Qiao, Y. Antioxidant and hypoglycemic 
activities in vitro of rice bran polysaccharides with di�erent ethanol precipitation treatment. 
Storage Process. (2023) 23:29–36. doi: 10.3969/j.issn.1009-6221.2023.03.005

 79. Zhang, X, Zhang, H, Liu, X, and Wang, Z. E�ects of ethanol concentrations on primary 
structural and bioactive characteristics of Dendrobium officinale polysaccharides. Food 
Fermentat Indust. (2024) 50:1–10. doi: 10.13995/j.cnki.11-1802/ts.039541

 80. Dai, K, Wang, R, Mu, L, Ji, H, and Liu, A. Structural characteristics and anti-tumor 
activity of alcohol-precipitated polysaccharides from cordyceps militaris under di�erent 
ethanol concentrations. Int J Biol Macromol. (2024) 278:134784. doi: 10.1016/j.
ijbiomac.2024.134784

 81. He, T, Huang, Y, Yang, L, Liu, T, Gong, W, Wang, X, et al. Structural characterization 
and immunomodulating activity of polysaccharide from Dendrobium officinale. Int J Biol 
Macromol. (2016) 83:34–41. doi: 10.1016/j.ijbiomac.2015.11.038

 82. Zhang, Y, Wang, H, Guo, Q, Wang, J, and Cui, SW. Structural characterization and 
conformational properties of a polysaccharide isolated from Dendrobium nobile Lindl. 
Food Hydrocoll. (2020) 98:104904. doi: 10.1016/j.foodhyd.2019.01.044

 83. Luo, A, Ge, Z, Fan, Y, Luo, A, Chun, Z, and He, X. In vitro and in vivo antioxidant 
activity of a water-soluble polysaccharide from Dendrobium denneanum. Molecules. 
(2011) 16:1579–92. doi: 10.3390/molecules16021579

 84. Chen, H, Shi, X, Cen, L, Zhang, L, Dai, Y, Qiu, S, et al. E�ect of yeast fermentation 
on the physicochemical properties and bioactivities of polysaccharides of Dendrobium 
officinale. Foods. (2023) 12:12. doi: 10.3390/foods12010150

 85. Li, S, Zhao, Z, He, Z, Yang, J, Feng, Y, Xu, Y, et al. E�ect of structural features on 
the antitumor activity of plant and microbial polysaccharides: a review. Food Biosci. 
(2024) 61:104648. doi: 10.1016/j.�io.2024.104648

 86. Li, H, Wang, Y, Zhao, P, Guo, L, Huang, L, Li, X, et al. Naturally and chemically 
acetylated polysaccharides: structural characteristics, synthesis, activities, and 
applications in the delivery system: a review. Carbohydr Polym. (2023) 313:120746. doi: 
10.1016/j.carbpol.2023.120746

 87. Bein, A, Zilbershtein, A, Golosovsky, M, Davidov, D, and Schwartz, B. LPS induces 
hyper-permeability of intestinal epithelial cells. J Cell Physiol. (2017) 232:381–90. doi: 
10.1002/jcp.25435

 88. Luo, L, Liu, Y, Cai, X, Wang, Y, Xue, J, Zhang, J, et al. Bletilla striata polysaccharides 
ameliorates lipopolysaccharide-induced injury in intestinal epithelial cells. Saudi J 
Gastroenterol. (2019) 25:302. doi: 10.4103/sjg.SJG_520_18

 89. Zeng, B, Yan, Y, Zhang, Y, Wang, C, Huang, W, Zhong, X, et al. Dendrobium 
officinale polysaccharide (DOP) inhibits cell hyperproliferation, in�ammation and 
oxidative stress to improve keratinocyte psoriasis-like state. Adv Med Sci. (2024) 
69:167–75. doi: 10.1016/j.advms.2024.03.005

 90. Cui, H, Ji, L, Zhu, Y, and Li, W. Astragalus polysaccharides alleviate 
lipopolysaccharide-induced oxidative stress and in�ammation in IPEC-J2 cells. J Henan 
Norm Univ (Nat Sci Ed). (2022) 50:101–6. doi: 10.16366/j.cnki.1000-2367.2022.04.014

 91. Zhang, M, Xu, L, Chen, L, Wu, H, Jia, L, and Zhu, H. Dendrobium officinale 
polysaccharides as a natural functional component for acetic-acid-induced gastric ulcers 
in rats. Molecules. (2024) 29:29. doi: 10.3390/molecules29040880

 92. Nie, W, Tong, X, Pung, C, Li, J, Ye, H, and Huang, X. Insights into the relationship 
between the acetylation of Dendrobium officinale polysaccharides and the ability to 
promote sIgA secretion. Int J Biol Macromol. (2025) 304:140764. doi: 10.1016/j.
ijbiomac.2025.140764

 93. Sahoo, DK, Heilmann, RM, Paital, B, Patel, A, Yadav, VK, Wong, D, et al. Oxidative 
stress, hormones, and e�ects of natural antioxidants on intestinal in�ammation in 
in�ammatory bowel disease. Front Endocrinol (Lausanne). (2023) 14:1217165. doi: 
10.3389/fendo.2023.1217165

 94. Shakya, A, Liu, P, Godek, J, Mckee, NW, Dodson, M, Anandhan, A, et al. �e 
NRF2-p97-NRF2 negative feedback loop. Redox Biol. (2023) 65:102839. doi: 10.1016/j.
redox.2023.102839

 95. Zhang, Y, Li, X, Xu, S, Li, J, Shi, L, Wang, Z, et al. �e acetylation of Ganoderma 
applanatum polysaccharides on ameliorating T2DM-induced hepatic and colonic 
injuries by modulating the Nrf2/keap1-TLR4/NFκB-Bax/Bcl-2pathways. Int J Biol 
Macromol. (2025) 294:140055. doi: 10.1016/j.ijbiomac.2025.140055

 96. Xu, S, Kang, Z, Li, K, Li, X, Zhang, Y, and Gao, XJ. Selenium de�ciency causes Iron 
death and in�ammatory injury through oxidative stress in the mice gastric mucosa. Biol 
Trace Elem Res. (2024) 202:1150–63. doi: 10.1007/s12011-023-03754-5

 97. Zhao, M, Hou, J, Zheng, S, Ma, X, Fu, X, Hu, S, et al. <article-title 
update="added">Peucedanum praeruptorum Dunn polysaccharides regulate 
macrophage in�ammatory response through TLR2/TLR4-mediated MAPK and NF-κB 
pathways. Biomed Pharmacother. (2022) 152:113258. doi: 10.1016/j.biopha.2022.113258

 98. Chen, X, Wu, J, Fu, X, Wang, P, and Chen, C. Fructus mori polysaccharide alleviates 
diabetic symptoms by regulating intestinal microbiota and intestinal barrier against 
TLR4/NF-κB pathway. Int J Biol Macromol. (2023) 249:126038. doi: 10.1016/j.
ijbiomac.2023.126038

 99. Zhang, H, Lang, W, Wang, S, Li, B, Li, G, and Shi, Q. Echinacea polysaccharide 
alleviates LPS-induced lung injury via inhibiting in�ammation, apoptosis and activation 
of the TLR4/NF-κB signal pathway. Int Immunopharmacol. (2020) 88:106974. doi: 
10.1016/j.intimp.2020.106974

 100. Zhou, W, Hong, J, Liu, T, Li, M, Jin, H, and Wang, X. Polygonatum polysaccharide 
regulates macrophage polarization and improves LPS-induced acute lung injury through 
TLR4-MAPK/NF-κB pathway. Can Respir J. (2022) 2022:1–11. doi: 
10.1155/2022/2686992

 101. Chen, H, Shi, X, Zhang, L, Yao, L, Cen, L, Li, L, et al. Ultrasonic extraction 
process of polysaccharides from Dendrobium nobile Lindl.: optimization, 
physicochemical properties and anti-in�ammatory activity. Foods. (2022) 11:11. doi: 
10.3390/foods11192957

 102. Piao, X, Feng, M, Zhao, W, Wu, Z, Zhang, W, Hou, H, et al. Dendrocandin U from 
Dendrobium officinale kimura et Migo inhibits M1 polarization in alveolar macrophage 
by suppressing NF-κB signaling pathway. Chem Biodivers. (2023) 20:e202300999. doi: 
10.1002/cbdv.202300999

 103. Wang, Z, Wang, L, Yu, X, Wang, X, Zheng, Y, Hu, X, et al. E�ect of polysaccharide 
addition on food physical properties: a review. Food Chem. (2024) 431:137099. doi: 
10.1016/j.foodchem.2023.137099

https://doi.org/10.3389/fnut.2025.1740458
https://www.frontiersin.org/journals/nutrition
https://doi.org/10.1016/j.foodchem.2023.137099

	Isolation, purification, and characterization of polysaccharides from Dendrobium findlayanum : biological activities and potential therapeutic applications
	1 Introduction
	2 Materials and methods
	2.1 Materials and reagents
	2.2 Isolation and purification of polysaccharides
	2.3 Determination of MW
	2.4 Chemical composition and monosaccharide composition analysis
	2.5 FT-IR and NMR analyses
	2.6 Determination of the anti-inflammatory activity of Dendrobium findlayanum polysaccharides
	2.6.1 Cell culture
	2.6.2 The pro-inflammatory response in IPEC-J2 cells triggered by lipopolysaccharide

	3 Results and discussion
	3.1 Isolation, purification, and MW determination of Dendrobium findlayanum polysaccharides
	3.2 Chemical composition and monosaccharide analysis of Dendrobium findlayanum polysaccharides
	3.3 Functional group analysis of Dendrobium findlayanum polysaccharides using FT-IR
	3.4 Structural characterization of Dendrobium findlayanum polysaccharides using NMR spectroscopy
	3.5 Anti-inflammatory activity of Dendrobium findlayanum polysaccharides
	3.5.1 Preventive effects of Dendrobium findlayanum polysaccharides on LPS-induced inflammation in IPEC-J2 cells
	3.5.2 Therapeutic effect of Dendrobium findlayanum polysaccharides on LPS-induced inflammation in IPEC-J2 cells
	3.5.3 Dendrobium findlayanum polysaccharides exert antioxidant effects by inhibiting release and activating the Nrf2/HO-1/NQO1 pathway
	3.5.4 Dendrobium findlayanum polysaccharides exert anti-inflammatory effects through activation of the TLR4/NF-κB pathway

	4 Conclusion

	 References

