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Background/Aims: Astragalin (kaempferol-3-O-β-D-glucoside) is a flavonoid isolated from the 
leaves of persimmon or Rosa agrestis. Astragalin exhibits various anti-inflammatory properties; 
however, little is known about its therapeutic potential for inflammatory bowel disease (IBD). This 
study aims to investigate the anti-inflammatory effect of astragalin via blockade of the nuclear 
factor κB (NF-κB) signaling pathway in human colonic epithelial cells and a murine colitis model. 
Methods: HCT-116 and HT-29 human colonic epithelial cells were pretreated with astragalin and 
stimulated with tumor necrosis factor-α (TNF-α). Cell viability was assessed by the MTS assay. 
Real-time reverse transcription polymerase chain reaction was used to analyze the messenger 
RNA expression of the inflammatory cytokines interleukin (IL)-6 and IL-8. The effect of astragalin 
on the NF-κB pathway was evaluated by Western blot analysis of inhibitor of NF-κB alpha (IκBα) 
phosphorylation/degradation and by electrophoretic mobility shift assay. Dextran sulfate sodium 
(DSS)-induced acute murine colitis model was used for in vivo experiments. 
Results: Astragalin strongly suppressed the expression of proinflammatory cytokines in human 
colonic epithelial cells in a dose-dependent manner. Western blot analysis showed that astragalin 
inhibited IκBα phosphorylation/degradation. Additionally, astragalin reduced the DNA binding ac-
tivity of NF-κB. Astragalin alleviated colon shortening and improved the pathologic scores in DSS-
induced acute murine colitis model. Furthermore, astragalin reduced the level of phosphorylated 
IκBα and decreased the production of the inflammatory cytokines IL-6, IL-8, and TNF-α in the 
DSS-treated colon mucosa. 
Conclusions: Astragalin exerted an anti-inflammatory effect through NF-κB pathway inhibition 
and attenuated murine colitis. Astragalin is thus a potential therapeutic agent for IBD. (Gut Liver 
2021;15:100-108)
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INTRODUCTION

Inflammatory bowel disease (IBD), which is repre-
sented by ulcerative colitis and Crohn’s disease, is a chronic 
inflammatory disorder involving gastrointestinal tract. 
Although the incidences of ulcerative colitis and Crohn’s 
disease have increased significantly in Asia in the past two 
decades, they are still the highest in the West.1 Although 
the pathogenesis of IBD is not clear, multiple factors such 

as genetic predisposition, host-microbial interaction, and 
immunologic imbalance are thought to contribute.2,3 The 
colonic microenvironment plays an important role, which 
includes inflammatory cells like neutrophils, monocytes, 
and T cells as well as cytokines and chemokines secreted 
by these cells.4 

Nuclear factor-κB (NF-κB) signaling pathway is one of 
the dominant signaling pathways involved in pathogenesis 
of IBD.5,6 There has been a report that NF-κB overexpres-
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sion and activation were observed in macrophages and 
intestinal epithelial cells obtained from inflamed intestinal 
tissues of IBD patients.7 Since NF-κB pathway brought 
about a proinflammatory cascade and promoted the pro-
duction of various proinflammatory cytokines, modula-
tion of this inflammatory pathway is important in these 
patients. 

Astragalin (kaempferol-3-O-β-D-glucoside), which is a 
natural flavonoid extracted from the leaves of Rosa agres-
tis or persimmon, has been used as a traditional Chinese 
prescription as it has shown anti-inflammatory and anti-
oxidant effect. There were several evidences that astragalin 
has an anti-inflammatory effect by blockage of NF-κB.8 
Previous study reported that astragalin suppressed the pro-
duction of nitric oxide, prostaglandin E2, and interleukin 
(IL)-6 in lipopolysaccharide (LPS)-activated RAW 264.7 
cells.9 It also have been reported that astragalin had inhibi-
tory effect of tumor necrosis factor-α (TNF-α) production 
in RAW 264.7 cells.10 By inactivation of NF-κB pathway, 
astragalin showed decreased production of TNF-α, IL-6, 
IL-1β in murine model of LPS-induced acute lung injury.11 
However, little is known on therapeutic potential of as-
tragalin for IBD. This study aimed to investigate the anti-
inflammatory effect of astragalin by blockade of NF-κB 
signaling pathway in human colonic epithelial cells and 
murine colitis model. 

MATERIALS AND METHODS

1. Cells and materials
The HCT-116 and HT-29 cells were purchased by the 

Korean Cell Line Bank (Seoul, Korea). Astragalin and LPS 
(Escherichia coli 0127:B8) were obtained from Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA). MTS kit was 
supplied by Promega (CellTiter 96Ⓡ Aqueous, Madison, 
WI, USA). Anti-inhibitor of NF-κB alpha (IκBα), anti-
phosphorylated IκBα antibodies were purchased from Cell 
Signaling (Danvers, MA, USA) and anti-β-actin and anti-
NF-κB p50 antibodies were supplied by Santa Cruz Bio-
technology (Santa Cruz, CA, USA). LightShift Chemilumi-
nescent EMSA Kit from Thermo Scientific Inc. (Rockford, 
IL, USA) was used for electrophoretic mobility shift assays 
(EMSAs).

2. Mice
The ethical approval of this study was granted by the 

Institutional Animal Care and Use Committee of Seoul 
National University, Seoul, Korea (IACUC number: SNU-
170012). All procedures involving animals were in accor-
dance with the Guide for the Care and Use of Laboratory 

Animals (NIH publication no. 80-23, revised in 1978).
Six-week-old C57BL/6 wild-type mice were purchased 

from Koatech (Pyeongtaek, Korea) and breed in specific 
pathogen free conditions. A standard liberal diet was pro-
vided and mice were grown under 12/12-hour day/night 
cycle till they became desired age (7 to 9 weeks) and body 
weight (19 to 22 g). Ventilated cages with 50%±5% relative 
humidity and 24°C±2°C temperature under specific patho-
gen free conditions were maintained for mice. 

3. Cell viability
The cell viability was assessed by MTS assay. The HCT-

116 and HT-29 cells were planted in 96-well plates and 
manipulated with various concentrations of astragalin for 
24 hours. Cells were incubated with MTS for 4 hours and 
then 150 μL of dimethyl sulfoxide (DMSO) was applied to 
solubilize formazan. Cell viability was measured as relative 
absorbance at 570 nm compared to control.

4. Real-time reverse transcription polymerase chain 
reaction
The expression of messenger RNA (mRNA) for IL-6, 

IL-8 and TNF-α were analyzed by using real-time reverse 
transcription polymerase chain reaction (RT-PCR). The 
HCT-116 and HT-29 cells were preconditioned with and 
without astragalin for 24 hours and stimulated with 10 
ng/mL of TNF-α for 30 minutes. Intracellular RNAs were 
extracted from HCT-116 and HT-29 cells using TRIzol 
(Gibco/BRL, Gaithersburg, MD, USA). The mRNAs of IL-
6, IL-8, TNF-α and β-actin were amplified by RT-PCR. 
Primers were constructed using Primer Express version 
2.0 (Applied Biosystems, Foster City, CA, USA). The fold 
changes of IL-6, IL-8, and TNF-α mRNA expression were 
compared to that of β-actin. 

5. Western blot
Cells were pretreated with and without astragalin, stim-

ulated by 10 ng/mL of TNF-α for 30 minutes. Change of 
phosphorylated IκBα and IκBα after treatment by TNF-α 
were evaluated by using anti-IκBα, anti-phosphorylated 
IκBα and anti-β-actin antibodies.12 Image Gauge version 
3.12 (Fuji Photo Film, Tokyo, Japan) and Luminescent Im-
age analyzer LAS 1000-plus (Fuji  Photo Film) were used 
to analyze the density of protein bands.13 The phosphoryla-
tion and degradation of IκBα were measured by compar-
ing density of the phosphorylated IκBα band to that of the 
IκBα band.

6. Electrophoretic mobility shift assay
Changes in the DNA binding activity of NF-κB were 

detected by using EMSA analysis.14 Pretreated cells with 



Gut and Liver, Vol. 15, No. 1, January 2021

102  www.gutnliver.org

and without astragalin were stimulated with TNF-α (10 
ng/mL) for 1 hour. A biotin labeled DNA oligonucleotide 
probe for NF-κB consensus site was added to nuclear ex-
tracts to measure DNA binding activity of NF-κB. Anti-
NF-κB p50 antibodies were used for a supershift assay. 
Bounded and unbounded DNA samples were loaded on 
to a 5% polyacrylamide gel and electrophoresis was done. 
We transferred separated DNAs to a nylon membrane, and 
detected target DNA labeled with biotin using chemilumi-
nescence.

7. DSS-induced acute murine colitis model
Seven-week-old wild-type C57BL/6 mice, approxi-

mately 20 g in weight, were used for the acute murine 
colitis model. Dextran sulfate sodium (DSS) of 4% was 
used to induce colitis. After body weight check, 24 mice 
were randomly allocated into four groups (control, vehicle, 
astragalin 2 mg/kg, and astragalin 5 mg/kg). Filtered water 
was supplied for 7 days for the control group. The vehicle 
group administered DMSO for 7 days. Astragalin was dis-
solved in the same volume of DMSO and received by oral 
gavage once daily over 7 days in astragalin group. The ve-
hicle group and astragalin group received drinking water 
mixed with 4% DSS during 5 days after prior administra-
tion of DMSO or astragalin for 2 days.12,14,15 We checked 
the body weight daily and sacrificed all mice on day 8. 
After sacrifice, entire colon was extracted and colon length 
was measured. The colon was dissected into two pieces 
representative for proximal and distal colon and incised 
longitudinally.

Hematoxylin and eosin staining was done for formalin-
fixed paraffin-embedded slides. The severity of inflamma-
tion was scored by a pathologist who was blinded to the 
details of study. We measured the extent of crypt damage 
and inflammation by a score (score from 1 to 4) for the in-

volved area and calculated the sum as a histologic score.16

IκBα phosphorylation was evaluated using immuno-
histochemical staining to figure out the protective effect of 
astragalin in the colon. Intensity of immunoreactivity for 
phospho-IKBα immunohistochemistry was evaluated ac-
cording to a 0 to 4+ scale for each slide. The scoring system 
for overall intensity of the staining reaction was measured 
accordingly: 0 revealed no immunoreactivity, no positive 
cells; 1+ revealed weak immunoreactivity, less than 10% 
cells with positivity; 2+ revealed mild immunoreactiv-
ity,10%–30% cells with positivity; 3+ revealed moderate 
immunoreactivity, 31%–60% cells with positivity; and 4+ 
revealed strong immunoreactivity, 61%–100% cells with 
positivity. The total percentage of cells with positivity (0 
through 4+) was documented for each case.15

The expression of mRNA for IL-6, IL-8 and TNF-α 
in mice colon tissue were analyzed using real-time RT-
PCR. Total RNAs were extracted from tissue samples. The 
mRNA of IL-6, IL-8, TNF-α and β-actin were amplified 
by real-time RT-PCR. Primers were constructed by Primer 
Express version 2.0 (Applied Biosystems). The fold changes 
of IL-6, IL-8, and TNF-α mRNA expression were com-
pared to that of β-actin. 

8. Statistical analysis
Data are presented as mean±standard deviation. Graph-

Pad Prism software version 5.0 (GraphPad, La Jolla, CA, 
USA) was used for statistical analysis. For the analysis of 
continuous variables, an independent t-test or one-way 
analysis of variance was used. Repeated measured analysis 
of variance was performed to compare body weight chang-
es among the groups. Pairwise comparison was conducted 
using Tukey’s post hoc analysis. p-values <0.05 were con-
sidered statistically significant.
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Fig. 1.Fig. 1. Effect of astragalin on the growth of colonic epithelial cells. (A) HCT-116 and (B) HT-29 cells were treated with astragalin at different con-
centrations (0, 20, 40, 60, 80, and 100 μM) for 24 hours, and cell viability was evaluated by an MTS assay.
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RESULTS

1. Astragalin inhibits colon cell proliferation
MTS assay was performed to evaluate the effects of as-

tragalin on colonic epithelial cell proliferation. The growth 
of HCT-116 and HT-29 cells was significantly prohibited 
dose-dependently (Fig. 1).

2. Astragalin inhibits the production of inflammatory 
cytokines in TNF-α-stimulated HCT-116 and HT-29 
cells 
To investigate anti-inflammatory effect of astragalin, 

mRNA expressions for IL-6, IL-8, and TNF-α were ana-
lyzed using RT-PCR. Preconditioning with astragalin 
markedly reduced TNF-α-induced IL-6 mRNA expression 
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Fig. 2.Fig. 2. Effect of astragalin on the messenger RNA (mRNA) expression of inflammatory cytokines in colonic epithelial cells. HCT-116 and HT-29 
cells were pretreated with astragalin at different concentrations (0, 10, and 50 μM) and stimulated with 10 ng/mL tumor necrosis factor α (TNF-α) 
for 30 minutes. Reverse transcription polymerase chain reaction was performed to detect the mRNA expression levels of interleukin-6 (IL-6) and 
IL-8. (A) IL-6 in HCT-116 and (B) HT-29 cells. (C) IL-8 in HCT-116 and (D) HT-29 cells. (E) TNF-α in HCT-116 and (F) HT-29 cells. *p<0.05 compared 
with TNF-α alone.
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in HCT-116 and HT-29 cells (Fig. 2A and B). IL-8 mRNA 
levels were significantly down-regulated by astragalin pre-
treatment in both HCT-116 and HT-29 cells (Fig. 2C and 
D). The mRNA expression of TNF-α is also reduced by the 
treatment of astragalin (Fig. 2E and F).

3. Astragalin suppressed IκBα phosphorylation in 
TNF-α-stimulated HCT-116 and HT-29 cells 
The levels of phosphorylated and non-phosphorylated 

forms of IκBα were estimated by Western blot analysis. 
When stimulated by TNF-α, the phosphorylated IκBα 
markedly increased and IκBα decreased in HCT-116 and 
HT-29 cells. However, the pretreatment with astragalin 
suppressed the phosphorylation and degradation of IκBα 
in dose-dependent manner (Fig. 3).

4. Astragalin reduces DNA binding activity of NF-κB 
in HCT-116 cells 
EMSA was performed to detect the changes in the DNA 

binding activity of NF-κB. Strong DNA binding activity 
was observed in the nuclear extract of HCT-116 cells after 
TNF-α stimulation, however, this activity was markedly 
prohibited after astragalin pretreatment (Fig. 4).

5. Astragalin attenuates experimental colitis in DSS-
induced acute murine colitis model
The mice in the vehicle group showed the most severe 

body weight loss, whereas the control group showed high-
er body weight compared with vehicle group. Astragalin 
showed tendency of reduced body weight loss, albeit sta-
tistically insignificant (Fig. 5A). Mice in the vehicle group 
showed shortened colon length, whereas the oral treatment 
with astragalin improved colon shortening (Fig. 5B). On 
histologic exam, oral administration of astragalin induced 
a significant improvement of colonic inflammation com-
pared with vehicle groups (Fig. 5C and E).

6. Astragalin attenuated the amount of phosphory-
lated IκBα in DSS-induced acute murine colitis model 
In vehicle group, cells in destroyed epithelium and 

lamina propria of colon tissues showed strong staining of 
phosphorylated IκBα. Oral administration of astragalin 
ameliorated IκBα phosphorylation in colon tissue (Fig. 5D 
and F).

7. Astragalin inhibits the production of inflammatory 
cytokines in DSS-induced acute murine colitis model
To investigate anti-inflammatory effect of astragalin in 

DSS-induced acute murine colitis model, mRNA expres-
sions for IL-6, IL-8 and TNF-α were analyzed using RT-
PCR. After treatment with astragalin, mRNA expression of 
IL-6, IL-8 and TNF-α in mice colonic extracts were mark-
edly reduced dose-dependently (Fig. 6).

DISCUSSION

In the present study, we proved that astragalin shows 
anti-inflammatory effect through the NF-κB pathway inhi-
bition and attenuated murine colitis. When treated with as-
tragalin, the phosphorylation of IκBα decreased and deg-
radation of IκBα also lowered. Astragalin reduced DNA 
binding activity of NF-κB, and as a result, the expression 
of inflammatory cytokines decreased. We aimed to dem-
onstrate anti-inflammatory effect of astragalin in colonic 
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astragalin at different concentrations (0, 10, and 50 μM) and stimu-
lated with 10 ng/mL tumor necrosis factor α (TNF-α) for 30 minutes. 
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epithelial cell, because anti-inflammatory effect induced by 
NF-κB down regulation could be different depending on 
the cell types. The novel finding is that our study demon-
strated the anti-inflammatory effects of astragalin on hu-
man colonic epithelial cell for the first time. Furthermore, 
we showed that astragalin ameliorates experimental colitis 

by down regulation NF-κB pathway.
NF-κB pathway activation promoted the production of 

many proinflammatory cytokines and triggered a proin-
flammatory cascade. NF-κB pathway is a key pathway of 
IBD. NF-κB is bound by IκBα, which is an inhibitory mol-
ecule. When inflammatory cascade was triggered, phos-
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phorylation of IκBα increased, resulting in the increased 
degradation of IκBα. This promotes NF-κB being free to 
bind DNA, thus, DNA binding activity of NF-κB is en-
hanced in both intestinal epithelial cells and macrophages. 
Finally, the NF-κB-induced inflammatory cytokine pro-
duction promoted. Many established therapeutic agents, 
such as corticosteroids, 5-aminosalycilic acid, methotrex-
ate, and anti-TNF-α agents, exerted its effect through the 
inhibition of NF-κB pathway.17-20 

Astragalin has been investigated as an anti-inflammatory 
drug due to suppression of inflammatory cascade in vari-
ous cell lines, although the exact mechanisms of astragalin 
are lacking. In recent, potential relation between astragalin 
and NF-κB pathway has been revealed. Astragalin effi-
ciently inhibited inflammatory mediator such as TNF-α, 
IL-1β, and IL-6 and macrophage derived chemokine such 
as macrophage inflam matory protein-1α, monocyte che-
motactic protein-1 in macrophages.8 Astragalin showed 
its anti-inflammatory activity by protecting mice from 
lethal sepsis and defending mice against acute lung injury 
induced by LPS.11 In vivo studies using LPS-induced mas-
titis murine model also reported that astragalin attenuated 

inflammatory cell infiltration and expression of inflamma-
tory mediators.21,22 Another study proved that astragalin 
suppressed NF-κB on IL-1β-induced inflammation in 
chondrocytes.23 Several previous studies which showed 
anti-inflammatory effect of astragalin raised expecta-
tion for the possibility of anti-colitis effect of astragalin. 
Herein, we aimed to prove the anti-inflammatory effect of 
astragalin in colonic epithelial cell and experimental coli-
tis model, thus, to see the potential therapeutic effect for 
IBD through the modulation of inflammatory process. We 
proved that astragalin act as a potent inhibitor of NF-κB 
pathway in colonic epithelial cell. We also proved that as-
tragalin showed anti-colitic effect in murine colitis model. 
Considering these findings, astragalin showed a possibility 
of a therapeutic option for IBD. 

To apply these results from bench to clinics, further 
supporting studies are warranted. First, anti-inflammatory 
effect of astragalin could be further validated in vivo thera-
peutic models. We used DSS-induced acute murine colitis 
model7,16 and proved that astragalin was effective in pre-
venting acute colitis. Additional experiment using chronic 
colitis model of IL-10 –/– mice would be appropriate to 
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prove therapeutic effect of astragalin in vivo. IL-10 –/– 
mice revealed marked chronic colonic inflammation by 
the administration of nonsteroidal anti-inflammatory drug 
and widely used to discover the potential treatment effects 
of new drugs on chronic colitis.24 Second issue is a safety 
problem. Astragalin is a natural flavonoid that widely 
found in fruit and vegetables, and until now, no specific 
adverse effect or toxicity was reported. However, further 
experiments are mandatory to evaluate the safety accord-
ing to the dose and duration, because there are remaining 
concern about potential harmful effect. Although multiple 
therapeutic administrations of astragalin in variable dis-
eased status have been reported, further investigations are 
still needed to ultimately lead towards potent drug candi-
dates, for example, structural optimization to upgrade its 
absorption profiles, improve its chemical accessibility, and 
to synthesize more effective analogues.25

In conclusion, astragalin showed anti-inflammatory ef-
fect through the inhibition of NF-κB pathway and attenu-
ated murine colitis. Astragalin might be potential thera-
peutic agent for IBD.
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