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Abstract

Polydatin (PD), a monocrystalline compound isolated from the root and rhi-

zome of Polygonum cuspidatum, is widely used in inhibiting the inflammatory

response and oxidative stress. PD has an anti‐inflammatory effect on colitis

mice; however, information regulating the mechanism by which maintains the

intestinal epithelium barrier is currently scarce. Here, we assessed the anti‐
inflammatory and antioxidant of PD in lipopolysaccharide (LPS)‐induced
macrophages in vitro, and explored its effects on inhibiting intestinal in-

flammation and maintaining the intestinal epithelium barrier in dextran so-

dium sulfate (DSS)‐induced colitis mice. Results showed that PD reduced the

level of proinflammatory cytokines and enzymes, including tumor necrosis

factor‐α, interleukin‐4 (IL‐4), IL‐6, cyclooxygenase‐2, and inducible nitric

oxide synthase, in LPS‐induced macrophages, and improved the expression

level of IL‐10. PD maintained the expression of tight junction proteins in

medium (LPS‐induced macrophages medium)‐induced MCEC cells. Ad-

ditionally, PD inhibited the phosphorylation of nuclear factor‐κB (NF‐κB),
p65, extracellular signal‐regulated kinase‐1/2, c‐Jun N‐terminal kinase, and

p38 signaling pathways in LPS‐induced macrophages and facilitated the
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phosphorylation of AKT and the nuclear translocation of Nrf2, improving the

expression of HO‐1 and NQO1. Furthermore, PD ameliorated the intestinal

inflammatory response and improved the dysfunction of the colon epithelium

barrier in DSS‐induced colitis mice. Taken together, our results indicated that

PD inhibited inflammation and oxidative stress, maintained the intestinal

epithelium barrier, and the protective role of PD was associated with the NF‐
κB p65, itogen‐activated protein kinases, and AKT/Nrf2/HO‐1/NQO1 signal-

ing pathway.
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1 | INTRODUCTION

The mammalian gut is a highly immune‐active ecosystem
that is the site of digestion, absorption, and assimilation of
nutrients. It harbors commensal microorganisms, while ex-
cluding or eliminating ingested pathogens. Disruption of the
intestinal immune system balance leads to conditions, such
as inflammatory bowel diseases (IBDs) and gastrointestinal
infections.1 IBDs are typically classified as either Ulcerative
colitis or Crohn's disease2 and are generally characterized by
chronic, progressive, and relapsing inflammation which is
associated with the dysregulation of intestinal mucosal im-
mune system and commensal ecosystem.3 Thus far, the
etiopathogenesis underlying the disease remains in-
completely understood; however, genetic predisposition,
immune response, environmental triggers, and the gut mi-
crobiome may implicate the morbidity of IBDs.4 IBDs began
to emerge in Western countries during the middle of the
20th century; however, it has become a global disease since
entry into the 21st century.5 Although monoclonal anti-
bodies, including antitumor necrosis factor (anti‐TNF), and
interleukin‐12 (IL‐12)/IL‐23 antibody, have been used to
treat patients with IBDs and have achieved beneficial func-
tions in most patients, some individuals remain un-
responsive or lose response to therapies over time.6

Therefore, the exploration of new drugs to treat IBDs
remains necessary.

Over time, there have been considerable therapeutic
advances in the treatment for IBDs. These include traditional
general anti‐inflammatory and anti‐immunosuppressive
drugs, such as 5‐aminosalicylates, corticosteroids, and thio-
purines, biologic therapies, such as anti‐TNF‐α and anti‐IL‐
12/23 antibody, and integrin to reduce inflammatory cells
\migration.7 In recent years, some small molecules that in-
hibit the Janus kinase (JAK) signaling pathway have been
used clinically.8 Recently developed drugs have been suc-
cessful in the treatment of IBDs, and an increasing number
of new drugs are on the horizon. All approaches face a

common challenge—complete mucosal healing, the coveted
therapy target of prognosis.9 However, most of the present
therapies focus on anti‐inflammatory and no treatments
currently wholly focus on complete resolution in IBDs.7

PD is isolated from the Polygonum cuspidatum, a mem-
ber of the Polygonaceae family that is widely used as food-
stuffs and medicine in Asian.10 PD has different biological
effects in a variety of diseases, including cancer,11 ischemia‐
reperfusion injury,12 acute kidney injury,13 nonalcoholic
steatohepatitis,14 ethanol‐induced liver injury,15 Parkinson's
disease,16 and atherosclerosis.17 The versatile compound also
shows potential functions as an antioxidant,18 anti‐
inflammatory,19 and in the improvement of apoptosis.20

Although PD has a potential protective role in dextran
sodium sulfate (DSS)‐induced mice,21 information regarding
the maintenance of epithelial barrier of intestine in IBD is
currently lacking. Therefore, in this study, we aimed to ex-
plore the effects of PD on the intestinal inflammation and
intestinal epithelial barrier integrity in DSS‐induced mice.

2 | MATERIALS AND METHODS

2.1 | Animal model

In this study, we utilized 6‐to‐8‐week‐old C57BL/6 mice.
All mice were obtained from the Laboratory Animal
Center of Shanxi Provincial People's Hospital and housed
at 22–23°C with a 12/12 h light/dark cycle and ad libitum
access to food and water. All mice were divided into four
groups and each group contain 14 mice: sham group; PD
group, wherein PD was dissolved in sterile saline and
administered via oral gavage once a day lasting for
11 days; DSS group, wherein DSS (5%, weight/volume,
g/ml) was administered via drinking water for 6 days;
DSS + PD group, PD was administered as a pretreatment
for 5 days before before DSS treatment and finally for a
further 6 days, followed by DSS treatment for 6 days.
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All experiments were approved by Shanxi Provincial People's
Hospital Institutional Animal Care and Use Committee.

2.2 | Disease activity index

Weight loss, stool characteristics, and fecal occult blood
were recorded during the progression of the DSS‐induced
mouse IBD model. The disease activity index (DAI) was
calculated based on the scoring system as previously
described.22

2.3 | Hematoxylin and eosin (H&E)
staining

The colon tissues of the experimental mice were collected
and washed with cold phosphate‐buffered saline (PBS).
The colonic segments were fixed using 4% paraf-
ormaldehyde, embedded in paraffin, and sectioned into
3 μM. The paraffin sections of colon tissue were per-
formed with hematoxylin and eosin (H&E). The scoring
system for total damage score was referenced from our
previous study.23

2.4 | Immunofluorescence and
immunochemistry

Cell immunofluorescence: cells were fixed using 4%
paraformaldehyde for 10 min, and washed with cold
PBS. Cells were incubated with 0.1% Triton X‐100 in
PBS for 15 min and washed with cold PBS. Cells were
incubated with 5% bovine serum albumin in PBS for
1 h at room temperature (about 25°C). The primary
antibodies against nuclear factor kappa‐B p65 (NF‐κB
p65) and nuclear factor erythroid 2‐related factor 2
(Nrf2) (ABclonal) diluted to 1:500 were used to in-
cubate the cells at 4°C overnight and washed with
cold PBS. Next, cells were incubated with secondary
antibodies (Thermo Fisher Scientific) (1:500) at room
temperature for 1 h, followed by washing with cold
PBS. Cells were staining with 4′,6‐diamidino‐2‐
phenylindole for 5 min. Images were acquired using
a Zeiss LSM 710 NLO Multiphoton microscope (Carl
Zeiss).

Immunohistochemistry: immunohistochemistry was
performed as our previous study.24 Primary antibodies
zona occludens 1 (ZO‐1) (1:500; Proteintech), occludin
(1:500; Abclonal), claudin 1 (1:500; Abclonal), mucin 2
(MUC2) (1:500; Proteintech), and mucin 3A (MUC3A)
(1:500; Boster) were used to incubate the slides at 4°C
overnight.

Mucicarmine staining: deparaffinating the sections
with xylene and hydrating with different concentration
of ethanol and water. Mayer hematoxylin was used to
stain the sections for 10 min and rinse in running tap
water for 2 min. Sections were dipped into bluing reagent
for 30 s and rinsed in distilled water. Sections were
stained with mucicarmine solution for 20 min and rinsed
in tap water for 2 min followed by rinsing in distilled
water. Sections were stained with tartrazine solution for
1 min and rinsed in running tap water. Next, dehydration
in alcohol and transparency in xylene. Sealing the sec-
tions with synthetic resin.

2.5 | Cell culture

RAW264.7 cells, a murine macrophage cell line, was pur-
chased from BeNa Culture Collection, and cultured with
Dulbecco's modified Eagle's medium (DMEM)/HIGH
GLUCOSE (Hyclone) supplemented with 10% fetal bovine
serum (FBS) (Gibco) andmaintained at 37°C in a humidified
chamber of 5% CO2. MCEC cells, a mouse colon epithelial
cell line, was purchased from Bluefbio. The cells were cul-
tured with DMEM/HIGH GLUCOSE (Hyclone) supple-
mented with 10% FBS (Gibco) and maintained at 37°C in a
humidified chamber of 5% CO2.

2.6 | Cell viability assay

Cell counting kit‐8 (CCK‐8) was used to analysis the
effects of PD on the cell viability of RAW264.7 cells. Four
different concentrations of PD (100, 200, 300, 400 μM)
were used to treated the RAW264.7 cells. Twenty four
hours later, 10 μl of CCK‐8 (Saint‐Bio) was used to treat
for RAW264.7 cells for another one hour. Next, micro-
plate reader was used to measure the OD value of
RAW264.7 cells at 450 nm, each sample was analyzed in
quintuplicate (n= 5).

2.7 | Cell coculture

The cells were starved with FBS‐free DMEM/HIGH
GLUCOSE culture medium for 3 h. PD (400 μM) was
used to treat the cells for 1 h followed by treatment with
1 μg/ml LPS for 24 h. The supernatant was collected and
centrifuged at 12,000g for 10min. Next, collected the
medium supernatant and used to treat MCEC cells. After
24 h, the MCEC cells were collected and total RNA was
extracted, which was used to determine the expression of
tight junction proteins, including Claudin‐1, occludin,
and ZO‐1.
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3 | Reverse ‐transcription
polymerase chain reaction

Total RNA was extracted from RAW264.7 or MCEC cells
using RNAiso Plus (Takara), and 0.5 μg RNA was used to
generate complementary DNA using a commercial RT‐
PCR kit (Takara). Next, reverse‐transcription polymerase
chain reaction (RT‐PCR) was conducted using Hieff
qPCR SYBR Green Master Mix (No Rox) (Yeasen), each
sample was analyzed in triplicate. The sequences of pri-
mers used in this study are listed in Table 1.

3.1 | Western blot

Protein was extracted from RAW264.7 cells using radio im-
munoprecipitation lysis buffer (Solarbio, China), centrifuging
at 12,000g at 4°C for 15min, and collecting the suspension
liquid. The supernatant protein was quantified using a Pierce
BCA protein Assay Kit (Thermo Fisher Scientific). The detail
process referenced our previous study.23 Primary antibodies
against p38, extracellular signal‐regulated kinase 1/2 (ERK1/
2), c‐Jun N‐terminal kinase 1/2 (JNK1/2) and protein kinase
B (AKT) (Santa Cruz), phosphorylation c‐Jun N‐terminal
kinase 1/2 (p‐JNK1/2) (Cell Signaling Technology), phos-
phorylation protein kinase B (p‐AKT), p‐p38, phosphoryla-
tion extracellular signal‐regulated kinase 1/2 (p‐ERK1/2),
inducible nitric oxide synthase (iNOS), Cyclooxygenase 2
(COX‐2) and NADPH Quinone acceptor Oxidoreductase 1
(NQO1) (ABclonal), Nrf2 and heme oxygenase‐1
(HO‐1) were diluted to 1:2000 to incubate the poly-
vinylidene difluoride membrane (Proteintech). Antibody
against glyceraldehyde‐3‐phosphate dehydrogenase was di-
luted to 1:2000 (Absin). The secondary antibodies, goat
against rabbit and goat against mice (Absin) were diluted to

1:10,000. Membranes were visualized by Amersham Imager
600 (a gel imaging system form GE Co.) after using en-
hanced chemiluminescence (ECL kit; Applygen Inst. Bio-
tech). ImageJ software was used to numeralization the
western blot results.

3.2 | Statistical analysis

In this study, data showed as mean± SEM. GraphPad Prism
software version 7.00 was used for all statistical analysis.
Groups were compared by one‐way analysis of variance
followed by the least significant difference test (*p<0.05,
**p<0.01, ***p<0.001). Multiple comparison between the
groups was performed using Tukey's test for post hoc ana-
lysis. Three replicates were conducted for each group in this
study.

4 | RESULTS

4.1 | PD ameliorated weight loss, colon
length, DAI, and intestine damage in
DSS‐induced mice

To evaluate the potential protective role of PD in DSS‐
induced colitis mice, we observed their weight loss,
DAI, colon length and intestine damage. The weight
loss of the mice significantly increased 6 days after the
initiation of DSS intake, whereas PD alleviated this
tendency (Figure 1A). PD significantly increased the
colon length in DSS‐induced mice (Figure 1B). To
further evaluate the improvements of PD in DSS‐
induced mice, we performed H&E staining. We found
that DSS increased the damage score of mouse colons,

TABLE 1 The sequence of primers used for RT‐PCR

Gene Primer sequence

TNF‐α 5′‐CCCCAAAGGGATGAGAAGTTC‐3′ 5′‐CCTCCACTTGGTGGTTTGCT‐3′

IL‐6 5′‐CCAGAAACCGCTATGAAGTTCC‐3′ 5′‐GTTGGGAGTGGTATCCTCTGTGA‐3′

IL‐1β 5′‐GTTCCCATTAGACAACTGCACTACAG‐3′ 5′‐GTCGTTGCTTGGTTCTCCTTGTA‐3′

iNOS 5′‐GAACTGTAGCACAGCACAGGAAAT‐3′ 5′‐CGTACCGGATGAGCTGTGAAT‐3′

COX‐2 5′‐CAGTTTATGTTGTCTGTCCAGAGTTTC‐3′ 5′‐CCAGCACTTCACCCATCAGTT‐3′

β‐actin 5′‐GTCAGGTCATCACTATCGGCAAT‐3′ 5′‐AGAGGTCTTTACGGATGTCAACGT‐3′

ZO‐1 5′‐GACCTTGATTTGCATGACGA‐3′ 5′‐AGGACCGTGTAATGGCAGAC‐3′

Claudin‐1 5′‐AGGTCTGGCGACATTAGTGG‐3′ 5′‐CGTGGTGTTGGGTAAGAGGT‐3′

occludin 5′‐ACACTTGCTTGGGACAGAGG‐3′ 5′‐AAGGAAGCGATGAAGCAGAA‐3′

β‐actin 5′‐GTCAGGTCATCACTATCGGCAAT‐3′ 5′‐AGAGGTCTTTACGGATGTCAACGT‐3′

Abbreviation: RT‐PCR, reverse‐transcription polymerase chain reaction.
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whereas PD significantly decreased the damage score
(Figure 1C). The protective role of PD was also ob-
served in DAI in DSS‐induced mice (Figure 1D). DSS
treatment facilitated the infiltration of neutrophil of
the inflammatory area, whereas PD reduced the in-
filtration of neutrophil in DSS‐induced mice
(Figure 1E). All results indicated that PD has a pro-
tective effects in DSS‐induced mice.

4.2 | PD maintained proper intestinal
epithelial barrier integrity in DSS‐
induced mice

To further evaluate the protective role of PD on IBDs,
the intestinal epithelial barrier was measured during
the experiments. Immunohistochemistry results
showed that DSS decreased the expression of

FIGURE 1 PD ameliorated weight loss, colon length, DAI, and intestine damage in DSS‐induced mice. (A) The weight loss (the
initiation weight of mice—the weight of DSS treated for 6 days' mice) of PD or DSS treated mice (the mice number is 14, n= 14). (B) Colon
length of PD or DSS treated mice (n= 14). (C) H&E staining analysis the damage score of PD or DSS treatment mice, magnification is ×20
(n≥ 4). (D) DAI of PD or DSS treatment mice (n= 14). (E) Immunohistochemistry analysis the expression of MPO l, which representative
the amount of neutrophil, black arrow mark the protein, magnification is ×20 (n≥ 4). DAI, disease activity index; DSS, dextran sodium
sulfate; H&E, hematoxylin and eosin; PD, polydatin. *p< 0.05, **p< 0.01
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claudin‐1, occludin and ZO‐1, whereas PD improved
the expression of claudin‐1, occludin and ZO‐1 in
colon tissue (Figure 2A‐C). Our results revealed that
DSS treatment decreased the secretion of MUC2 and
the expression of MUC3A in the inflamed area of
colon tissue; however, supplementation with PD
markedly improved the amounts of MUC2 and
MUC3A (Figure 2D,E). Substantial reduction of mu-
cus in the colon 6 days after DSS intake, was also
observed, and PD improved mucus in the colon tissue
(Figure 2F). Taken together, our results revealed that
DSS destroyed the intestinal epithelial barrier,
whereas PD had a protective role on intestinal epi-
thelial barrier integrity in DSS‐induced mice by
maintaining the expression of the tight junction pro-
teins, MUC2, MUC3A, and mucus.

4.3 | PD suppressed LPS‐induced
inflammation of macrophages

Cell viability assay showed that 100, 200, 300, and
400 μM of PD had no effect on cell viability, thus, 400 μM
of PD was used to explore the anti‐inflammatory effects
in LPS‐induced macrophages (Figure 3A). The results
showed that LPS significantly increased the secretion of
proinflammatory mediators TNF‐α, IL‐6, and IL‐4,
whereas pretreatment with PD decreased the secretion
of Pro‐inflammatory mediators (Figure 4B‐D). PD in-
creased the secretion of IL‐10 in LPS‐induced macro-
phages (Figure 4E). LPS significantly increased the
expression of iNOS and COX‐2, while supplementation
with PD decreased the level of proinflammatory enzymes
(Figure 4F‐H). All findings indicated that supplementa-
tion with PD inhibited the inflammatory response in
LPS‐induced macrophages.

4.4 | PD maintained intestinal
epithelial barrier integrity by inhibiting
the secretion of inflammatory cytokines

In our previous study, we had showed that the in-
hibition of proinflammatory mediator secretion is
contributes to maintain proper expression of tight
junction proteins in epithelial cells.23 In this study,
the RT‐PCR results showed that the medium of LPS‐
induced macrophages significantly decreased the
level of ZO‐1, occludin and claudin‐1 messenger RNA
in MCEC cells, while supplementation with PD im-
proved the expression of these tight junction proteins
(Figure 4A‐C). The results indicated that the protec-
tive function of PD on the intestinal epithelial barrier

is associated with the inhibition of the inflammatory
response.

4.5 | The effects of PD on NF‐κB p65,
AKT/NF‐κB/NQO‐2/HO‐1, and MAPKs
signaling pathways

The phosphorylation and nuclear translocation of the
NF‐κB p65 signaling pathway are associated with an
inflammatory response. Therefore, we measured the
effects of PD on the phosphorylation and nuclear
translocation of NF‐κB p65 signaling pathway. Results
showed that LPS sharply increased the phosphoryla-
tion and accelerated the nuclear translocation of the
NF‐κB p65 signaling pathway, while PD blocked its
phosphorylation and inhibited its nuclear transloca-
tion (Figure 5A,B). Oxidative stress is often observed
in the inflamed intestinal mucosa and deeper layers of
the intestinal wall in IBD.25 Nrf2 is the most im-
portant transcription factor that against oxidative
stress and plays a crucial role in antioxidants and
relieve inflammation.26 In response to oxidative stress
Nrf2 initiates an antioxidant response by activating
the expression of NQO‐1 and HO‐1. The activation of
Nrf2/NQO‐1 redox pathway significantly reduce the
inflammation in DSS‐induced mice.27 Therefore, we
next evaluated the effects of PD on Nrf2/NQO‐1/HO‐1
in RAW264.7 macrophages. Our results showed that
PD accelerated the nuclear translocation of Nrf2
(Figure 5C), and PD treatment improved the expres-
sion of Nrf2 (Figure 5D). PD treatment increased the
expression of NQO‐1 and HO‐1 (Figure 5D). The up-
regulation of Nrf2 depend on the activation of AKT
and the inactivation GSK‐3β.28 Therefore, we de-
termined the variation of AKT after treatment with
PD and found that it significantly increased the
phosphorylation of the AKT signaling pathway in
macrophages (Figure 5D). The results showed that PD
may provide an antioxidant effect in RAW264.7
macrophages. Mitogen‐activated protein kinase
(MAPK) signaling pathways can be activated in re-
sponse to a diverse array of stimulating factors, such
as LPS, subsequently regulate cell inflammation.
Therefore, MAPK can be used for the targets for de-
velopment of novel anti‐inflammatory drugs.29 In this
study, we also determined the effects of PD on MAPK
signaling pathway in LPS‐induced macrophages.
Results showed that LPS sharply accelerated the phos-
phorylation of the ERK1/2, JNK1/2 and p38 signaling
pathways (Figure 5E), whereas supplementation using PD
inhibited the phosphorylation of ERK1/2, JNK1/2, and p38
(Figure 5E) signaling pathways.
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FIGURE 2 PD maintained proper intestinal epithelial barrier in DSS‐induced mice. (A–C) Immunohistochemistry analysis the
expression of Claudin‐1, Occludin and ZO‐1 of colon tissue from DSS and PD treatment mice, black arrow mark the protein (n≥ 4).
(D, E) Immunohistochemistry analysis the expression of MUC2 and MUC3A in colon tissue from DSS and PD treatment mice, black arrow
mark the protein (n≥ 4). (F) Mucicarmine staining analysis the mucus in DSS and PD treatment mice colon tissue, magnification is ×20,
black arrow mark the mucus (n≥ 4). DSS, dextran sodium sulfate; PD, polydatin
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FIGURE 3 PD suppressed the inflammatory response in LPS‐induced macrophages. (A) Cell counting kit‐8 (CCK‐8) analyzed the
effects of PD (100, 200, 300, and 400 μM) on the viability of RAW264.7 cells (the number of repetition is 5, n= 5). (B–E) RAW264.7 cells were
treated using PD for 1 h followed by treatment with LPS (1 μg/ml) for 6 h. The level of (B) TNF‐α, (C) IL‐6, (D) IL‐4, (E) IL‐10 protein was
determined by ELISA (n= 3). (F–H) RAW246.7 cells were treated using PD for 1 h followed by stimulating using LPS for 12 h, the protein
was used to analyses the expression of iNOS and COX‐2 by Western blot (n= 3). COX‐2, cyclooxygenase‐2; ELISA, enzyme‐linked
immunosorbent assay; IL, interleukin; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; PD, polydatin; TNF, tumor necrosis
factor. *p< 0.05, **p< 0.01, and ***p< 0.001

FIGURE 4 PD maintained intestinal epithelial barrier integrity by inhibiting the secretion of inflammatory cytokines. RAW264.7 cells
were stimulate using LPS (1 μg/ml) for 12 h, next, the culture medium was collected and centrifuged, and used to treat the MCEC cells for
12 h. RT‐PCR was performed to analyses the level of (A) Claudin‐1, (B) Occludin, and (C) ZO‐1 mRNA in MCEC cells (N= 3). LPS,
lipopolysaccharide; mRNA, messenger RNA; PD, polydatin; RT‐PCR, reverse transcription polymerase chain reaction. *p< 0.05, **p< 0.01,
and ***p< 0.001
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FIGURE 5 PD inhibited the phosphorylation and nuclear translocation of NF‐κB p65 signaling pathway. PD was used to treated
RAW264.7 cells for 1 h followed by stimulating using LPS (1 μg/ml) for 1 h. (A) Cell immunofluorescence was performed to evaluate nuclear
translocation of NF‐kB p65 signaling pathway, magnification is ×63 (n= 3). (B) After treatment with PD and LPS, Western blot was used to
determine the phosphorylation of NF‐κB p65 signaling pathway (n= 3). (C) RAW264.7 cells were treated using PD for 1 h followed by
stimulating using LPS (1 μg/ml) for 1 h. Cell immunofluorescence analyses the nuclear translocation of the Nrf2 signaling pathway,
magnification is ×63 (n= 3). (D) RAW264.7 cells were stimulated with PD (400 μM) for 0.5, 1, and 2 h. Total protein was extracted from PD
treated cells and used to determine the phosphorylation of AKT signaling pathway, and the expression level of Nrf2, HO‐1, and NQO‐1
(n= 3). (E) PD was used to treat RAW264.7 cells 1 h followed by treating using LPS (1 μg/ml) for 1 h. Protein was extracted from RAW264
cells and used to determine the phosphorylation of ERK1/2, JNK1/2, and p38 signaling pathway. PD treatment inhibited the
phosphorylation of ERK1/2, JNK1/2, and p38 signaling pathway (n= 3). ERK, extracellular signal‐regulated kinase; JNK, c‐Jun N‐terminal
kinase; LPS, lipopolysaccharide; NF‐κB, nuclear factor‐κB; PD, polydatin. *p< 0.05, **p< 0.01, and ***p< 0.001
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5 | DISCUSSION

UC is a complex and refractory intestinal inflammatory
disease that is characterized by long‐lasting mucosal in-
flammation, initiating in the rectum and extending to
proximally of colon in a continuous fashion.30 In UC, in-
flammation is restricted to the mucosal layer of the intestine,
resulting in ulceration and bloody diarrhea.31 As DSS‐
induced colitis mice exhibit similar clinical manifestations,
they are regarded one of the most successful and appropriate
colitis models, and are widely used to study the function of
new drugs, extracts, and single compounds and mechanistic
studies of colitis.32 Therefore, in the present study, we used
DSS‐induced colitis to explore the protective effects of PD,
and explored its mechanism in RAW264.7 macrophages.

In this study, the improvement effects of PD in DSS‐
induced mice were assessed by a series of indices, such as
weight loss, colon length, DAI, colitis score, mucin, and tight
junction protein deletion. The loss of body weight, short-
ening of the colon length, and increasing of DAI are classical
clinical symptoms that are widely used to reflect the severity
and prognosis of DSS‐induced colitis.33 Here, we found that
PD decreased weight loss, increased colon length, and de-
creased DAI in DSS‐induced colitis mice. PD reduced the
intestinal inflammatory response, as assessed by the histo-
logical score (H&E staining), and decreased the infiltration of
neutrophil in DSS‐induced mice colon tissue. UC is an in-
testinal barrier disease initially caused by the dysfunction of
epithelial cells or structural intestinal epithelial.34 The im-
paired intestinal epithelium barrier allows antigen, exotoxin,
and other exogenous substance to enter, which activate
macrophages, antigen‐presenting cells, natural killer cells
and neutrophils. Subsequently, the levels of the proin-
flammatory cytokines TNF, IL‐9, IL‐13, IL‐23, and IL‐36,
which are key cytokines that drive the inflammatory cas-
cade, increase, thereby leading to the chronicity of UC.
Furthermore, these proinflammatory cytokines alter the ex-
pression level of tight junction proteins, further leading to
impair the intestinal epithelium barrier and allowing more
exogenous substances to cross the epithelial barrier.31

Traditional drugs, biologic therapies, and recently emergent
small molecular inhibitors all directly inhibit the in-
flammatory response. Therefore, inhibition of the intestinal
inflammatory response is a critical therapy for UC. Our
previous study indicated that the inhibition of proin-
flammatory cytokines in macrophages maintains the ex-
pression level of tight junction proteins.23 In the present
study, we found that PD suppressed inflammation in DSS‐
induced mice and maintained the expression of tight junc-
tion proteins, mucin proteins, and mucus.

The augmented production of proinflammatory cy-
tokines, such as TNF‐α, IL‐1β, IL‐6, IL‐18, and
interferon‐γ, was observed in colon of DSS‐induced

mice.35 proinflammatory cytokines accelerate the patho-
genesis of IBD by impairing the intestinal epithelium
barrier and facilitating the inflammatory response. LPS is
a cell‐associated glycolipid from the Gram‐negative bac-
teria that activates innate immune cells and promotes the
expression of proinflammatory cytokines by stimulating
signaling through toll‐like receptor 4.36 In this study, we
found that PD significantly inhibited the expression of
TNF‐α, IL‐4, and IL‐6 in LPS‐induced macrophages, and
increased the expression of IL‐10. The reduction of
proinflammatory cytokines helped maintain the epithelial
barrier. PD increased the expression of ZO‐1, claudin‐1, and
occludin in medium (LPS‐induced macrophages medium)‐
induced MCEC cells. Taken together, our results showed
that PD inhibited the inflammatory response and provided a
protective role in maintain intestinal epithelium barrier
integrity.

MAPKs contains three major protein kinases, in-
cluding the ERK, JAKs, and p38 MAPKs. MAPKs as-
sociate with various transcription factors in IBD.
NF‐κB is a well‐studied transcription factor of MAPK
downstream signaling. P38 MAPK promote the
phosphorylation of NF‐κB p65 through mitogen‐ and
stress‐activated kinase 1.37 NF‐κB is also implicated in
patients with IBD patients and colitis mice, and pro-
motes the secretion of pro‐inflammatory cytokines,
such as TNF‐α, IL‐1, IL‐2, IL‐6, IL‐8, and IL‐12.38

In this study, we found that LPS significantly
improved the nuclear translocation and the phos-
phorylation of NF‐κB p65, promote the phosphoryla-
tion of Erk1/2, JNK1/2, and p38 signaling pathway,
whereas PD significantly reduced the tendency.

In IBD, oxidative stress observed in the inflamed area
of mucosa and the deeper layers of the intestinal wall.25

Nrf2 is the most important transcription factor which
against oxidative stress and plays a crucial role in anti-
oxidants and relieve inflammation.26 After oxidative
stress, Nrf2 escapes from Keap 1 and translocates into the
nucleus to activate antioxidant enzymes, including HO‐1,
NQO‐1, glutathione peroxidase and glutamate‐cysteine
ligase.39 In this study, PD promoted the nuclear tran-
scription of Nrf2, and increased the expression of Nrf2,
HO‐1, and NQO‐1. It is indicated that PD have anti-
oxidant effects in DSS‐induced mice, which is in ac-
cordance with the results of previous study.21

6 | CONCLUSION

In summary, our results indicated that PD maintains the
epithelial barrier by inhibiting intestinal inflammation,
and the mechanism of the anti‐inflammatory effects is
likely through the inhibition of MAPKs, the NF‐κB
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inflammation signaling pathway, and the AKT/Nrf2/HO‐
1/NQO1 mediated antioxidant signaling pathway.
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