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Abstract. Inflammatory bowel disease (IBD) is a chronic, 
idiopathic inflammatory disease of the small and/or large 
intestine. Endothelial expression of inflammatory mediators, 
including cytokines and adhesion molecules, serves a critical 
role in the initiation and progression of IBD. The dietary 
flavonoid, kaempferol, has been reported to inhibit expres-
sion of inflammatory mediators; however, the underlying 
mechanisms require further investigation. In the present 
study, a novel molecular mechanism of kaempferol against 
IBD was identified. The potential anti‑inflammatory effect of 
kaempferol in a cellular model of intestinal inflammation was 
assessed using lipopolysaccharide (LPS)‑induced rat intestinal 
microvascular endothelial cells (RIMVECs), and an under-
lying key molecular mechanism was identified. RIMVECs 
were pretreated with kaempferol of various concentrations 
(12.5, 25 and 50 µM) followed by LPS (10 µg/ml) stimula-
tion. ELISA was used to examine the protein levels of tumor 
necrosis factor‑α (TNF‑α), interleukin‑1β (IL‑1β), IL‑6, 
intercellular adhesion molecule-1 (ICAM‑1) and vascular cell 
adhesion molecule-1 (VCAM‑1) in the supernatant. Protein 
expression levels of Toll‑like receptor  4  (TLR4), nuclear 
factor‑κB (NF‑κB) p65, inhibitor of NF‑κB, mitogen‑activated 
protein kinase p38 and signal transducer and activator of 
transcription (STAT) in cells were measured by western blot-
ting. Kaempferol significantly reduced the overproduction of 
TNF‑α, IL‑1β, interleukin‑6, ICAM‑1 and VCAM‑1 induced 
by LPS, indicating the negative regulation of kaempferol in 

TLR4, NF‑κB and STAT signaling underlying intestinal 
inflammation. The present results provide support for the 
potential use of kaempferol as an effective therapeutic agent 
for IBD treatment.

Introduction

Inflammatory bowel disease (IBD) primarily comprises 
two principal conditions, Crohn's disease and ulcerative 
colitis (UC), characterized by chronic gastrointestinal inflam-
mation with alternating periods of relapse and remission (1). A 
variety of inflammatory mediators are involved in the patho-
genesis of IBD, including tumor necrosis factor‑α (TNF‑α), 
interleukin‑1β (IL‑1β), IL‑6 and intercellular adhesion 
molecule-1 (ICAM‑1) (2). Excessive inflammatory mediators 
may lead to edema, ulceration and carcinogenesis of colon 
tissue (2,3). Therefore, effective regulation of the secretion of 
inflammatory factors is essential for IBD treatment.

The etiology of IBD is not yet completely understood; it is 
believed that a complex interaction among genetic, immuno-
logical, metabolic, vascular, microbial and social factors leads 
to dysregulated and persistent inflammation (4). The current 
therapies for IBD rely highly on the use of immune suppressive 
drugs, including 5‑aminosalicylic acid and corticosteroids (5). 
However, a number of patients either do not respond to these 
agents or demonstrate significant adverse effects (5). There is 
an urgent need to develop novel and effective anti‑inflamma-
tory substances with minimal side effects. Dietary flavonoids 
have been demonstrated to effectively and mildly regulate 
expression of inflammatory cytokines, alleviate the necrosis 
of colon tissue and relieve clinical symptoms in patients with 
IBD (6,7).

Kaempferol (3,5,7‑trihydroxy‑2‑(4‑hydroxyphenyl)‑ 
4H‑1‑benzopyran‑4‑one), a flavonoid widely distributed in fruits, 
vegetables and plant‑based foods, has been reported to possess 
anti‑inflammatory, anti‑diabetic, anti‑hypertensive, anti‑depres-
sant and anti‑ulcerative properties by acting on various cellular 
pathways (8‑10). A previous study demonstrated that kaempferol 
had the most effective anti‑inflammatory activities among eight 
polyphenols in a lipopolysaccharide (LPS)‑induced Raw 264.7 
cell model  (11). In vivo studies additionally suggested that 
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kaempferol exerts a distinct anti‑inflammatory effect on dextran 
sulfate sodium‑induced UC in mice (12). However, to the best of 
our knowledge, there are no studies at present that have focused 
on the role keampferol serves in LPS‑induced intestinal micro-
vascular endothelial cells. Intestinal microvascular endothelial 
cells, the primary components of the intestinal capillaries, have 
been demonstrated to be one of the most important secretory and 
immune cells in the process of inflammation, which is closely 
associated with the occurrence and progression of IBD (12,13).

In order to further investigate the beneficial effect of 
kaempferol and the possible mechanisms involved in the 
intestinal inflammation process, LPS‑stimulated rat intes-
tinal microvascular endothelial cells (RIMVECs) were used 
to establish a cell model of IBD. It was demonstrated that 
kaempferol may alleviate LPS‑induced inflammatory media-
tors, including TNF‑α, IL‑1β, IL‑6, ICAM‑1 and vascular cell 
adhesion molecule-1 (VCAM‑1), by suppressing the activation 
of toll‑like receptor 4 (TLR4), signal transducer and activator 
of transcription (STAT) and nuclear factor‑κB (NF‑κB).

Materials and methods

Reagents and antibodies. Kaempferol (purity ≥98%) was 
purchased from the National Institutes for Food and Drug 
Control (Beijing, China). Kaempferol was dissolved in 
dimethyl sulfoxide (DMSO); the final concentration of 
DMSO was <0.1% (v/v) when kaempferol was added to the 
experimental cells. Cell culture reagents, namely Dulbecco's 
modified Eagle's medium (DMEM) and fetal bovine serum 
(FBS) were obtained from Gibco (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Endothelial cell growth supple-
ment (ECGS) was purchased from EMD Millipore (Billerica, 
MA, USA). LPS (Escherichia coli 055:B5) was provided by 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). The 
Cell Counting Kit‑8 (CCK‑8) was purchased from Dojindo 
Molecular Technologies, Inc. (Kumamoto, Japan). Rat TNF‑α 
(cat. no. DY510), IL‑1β (cat. no. DY501), IL‑6 (cat. no. DY506), 
ICAM‑1 (cat. no. DY583) and VCAM‑1 (cat. no. DY809) ELISA 
kits were obtained from R&D Systems, Inc. (Minneapolis, MN, 
USA). Antibodies for TLR4 (cat. no. ab22048), phosphorylated 
(p)‑inhibitor of κB (I‑κB) (cat. no. ab133462) and p‑NF‑κB p65 
(cat. no. ab28856) were purchased from Abcam (Cambridge, 
UK). Antibodies for p‑p38 (cat. no. 4511) mitogen‑activated 
protein kinase (MAPK) and p‑STAT (cat.  no.  9145) were 
obtained from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). The antibody against β‑actin (cat. no. AC006) was 
purchased from ABclonal Biotech Co., Ltd. (Wuhan, China).

Cell culture and treatment. RIMVECs were isolated and 
cultured, as described previously (14,15). A total of six neonatal 
rats at 1‑day‑old (gender undetermined; weight, 5‑8 g) were 
purchased from the Academy of the Military Medical Sciences 
(Beijing, China). The present study was approved by the China 
Agriculture University Institutional Animal Care and Use 
Committee (approval no. CAU20160031201). RIMVECs were 
maintained with DMEM containing 15% (v/v) FBS, 0.5% (w/v) 
ECGS, and 1% (v/v) penicillin‑streptomycin mixed solution. 
All cells were incubated at 37˚C in a humidified incubator with 
5% CO2. Cells were starved in serum‑free medium for 12 h 
prior to each experiment.

Cell viability assay. Cell viability was measured with a CCK‑8 
assay. RIMVECs were seeded at a density of 1x104 cells/well 
in 96‑well plates for 24 h. Subsequently, the cells were treated 
with 100 µl of kaempferol at different concentrations (200, 10
0, 50, 25, 12.5 and 6.25 µM) for 12 h. Following treatment, the 
medium was removed, and cells were cultured in 100 µl fresh 
DMEM containing 10% CCK‑8 solution at 37˚C for 2 h. Cell 
viability was determined by measuring the absorbance with a 
microplate reader (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) at 450 nm. 

Measurement of cytokines and adhesion protein. TNF‑α, 
IL‑1β, IL‑6, ICAM‑1, and VCAM‑1 protein expression levels 
in culture supernatant were measured by ELISA, according to 
the manufacturer's protocol. RIMVECs were seeded in 12‑well 
plates (1x105 cells/well). At 90% confluency, the cells were 
washed with PBS prior to the addition of medium with different 
concentrations of kaempferol (50, 25 and 12.5 µM). After 3 h, 
cells were washed once with PBS and subsequently stimulated 
with 10 µg/ml LPS (1 ml/well) for 6 h (TNF‑α, IL‑1β and IL‑6) 
or 12 h (ICAM‑1 and VCAM‑1) prior to the collection of the 
supernatant and measurement of inflammatory factors.

Western blot analysis. At the end of the incubation period, 
cells were lysed in radioimmunoprecipitation lysis buffer 
(2% SDS; 10% glycerol; 62.5 mM Tris‑HCl buffer; pH 6.8) 
on ice. Protein concentrations were determined using a 
bicinchoninic acid protein assay kit (Beyotime Institute of 
Biotechnology, Haimen, China). Samples with equal quanti-
ties of total protein (20 µg) were loaded and separated by 
10% SDS‑PAGE and transferred to nitrocellulose membranes 
(Pierce; Thermo Fisher Scientific, Inc.). The membranes 
were blocked in 5% bovine serum albumin (Gibco; Thermo 
Fisher Scientific, Inc.) for 1 h at room temperature, and were 
immunoblotted with the specific primary antibodies against 
TLR4 (1:800), p‑NF‑κB p65 (1:1,000), p‑I‑κB (1:1,000), p‑p38 
(1:800), p‑STAT (1:800) and β‑actin (1:2,000) overnight at 4˚C. 
Membranes were subsequently incubated with horseradish 
peroxidase‑conjugated secondary antibody (1:10,000; Cell 
Signaling Technology, Inc.; cat. no. SC3901) for 1 h at room 
temperature. Subsequently, the blots were visualized with 
an enhanced chemiluminescence immunoblotting detection 
system (Beyotime Institute of Biotechnology) and quantified 
using ImageJ (v1.51; National Institutes of Health, Bethesda, 
MD, USA).

Statistical analysis. Data are expressed as mean ± standard devi-
ation, and analyzed by one‑way analysis of variance followed 
by Student‑Newman‑Keuls test for multiple comparisons. 
All analyses were performed by GraphPad Prism 7 software 
(GraphPad Software Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Viability of RIMVECs treated with kaempferol. The chemical 
structure of kaempferol is presented in Fig. 1A. The cytotoxicity 
of kaempferol was assessed using the CCK‑8 assay. As demon-
strated in Fig. 1B, a high concentration of kaempferol (200 µM) 
significantly decreased cell viability (P<0.01); whereas, 
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treatment with concentrations between 6.25  and  100  µM 
kaempferol exhibited no effect on cell viability. These results 
suggest that kaempferol is non‑cytotoxic to RIMVECs within 
the concentrations of 3.125 and 100 µM. According to the 
results, concentrations of 12.5, 25 and 50 µM kaempferol were 
selected for subsequent experimentation.

Kaempferol decreases TNF‑α, IL‑1β and IL‑6 upregulation 
induced by LPS. Pretreatment for 3 h with kaempferol at 
different concentrations (12.5, 25 and 50 µM) was followed 
by treatment with LPS (10 µg/ml) stimulation for 6 h. As 
presented in Fig. 2, LPS stimulation significantly increased the 
secretion of inflammatory mediators above basal expression 
levels (Fig. 2A, TNF‑α, 2.61‑fold; Fig. 2B, IL‑1β, 2.36‑fold; 
Fig. 2C, IL‑6, 4.25‑fold; P<0.01). Pretreatment with kaemp-
ferol at all concentrations resulted in significant decreases in 
the concentrations of TNF‑α, IL‑1β and IL‑6 compared with 
the LPS‑model group (P<0.01).

Kaempferol partially suppresses LPS‑induced ICAM‑1 
and VCAM‑1 overproduction. As presented in Fig. 3, LPS 
stimulation significantly increased the secretion of inflam-
matory mediators above the basal expression levels (Fig. 3A, 
ICAM‑1, 2.04‑fold; Fig.  3B, VCAM‑1, 3.67‑fold; P<0.01). 
Although no significant reduction in ICAM‑1 and VCAM‑1 
secretion was observed in the 12.5 µM kaempferol group, 
significant decreases in ICAM‑1 and VCAM‑1 concentra-
tion were observed in the 50 and 25 µM kaempferol groups 
compared with the LPS‑treated group (P<0.05).

Kaempferol inhibits LPS‑induced NF‑κB p65 and I‑κB 
phosphorylation. The NF‑κB pathway serves a critical role 
in the secretion of cytokines  (10). The anti‑inflammatory 
effect of kaempferol may be associated with the prevention 

of NF‑κB activation. As presented in Fig.  4, there was a 
significant increase in the phosphorylation of the p65 subunit 
(p‑NF‑κB p65/NF‑κB p65 ratio) and I‑κB (p‑I‑κB/I‑κB) in 
the model group compared with the control group (P<0.01). 
However, pretreatment with three different concentrations of 
kaempferol significantly decreased the LPS‑induced increased 
p‑NF‑κB p65/β‑actin ratio (P<0.01). As for I‑κB, although 
12.5 and 25 µM kaempferol was not able to decrease the phos-
phorylation of I‑κB induced by LPS, treatment with 50 µM 
kaempferol significantly decreased the p‑I‑κB level (P<0.01).

Kaempferol inhibits LPS‑induced TLR4 overexpression. 
Activation of the TLR4 signaling pathway may directly lead 
to the activation of NF‑κB to regulate the production of 
cytokines (9,10). The present results demonstrated that LPS 
significantly upregulated TLR4 expression (Fig. 5; P<0.01). 
Pretreatment with different concentrations of kaempferol 

Figure 2. Kaempferol inhibits cytokine production induced by LPS in rat 
intestinal microvascular endothelial cells. Cells were treated with three 
different concentrations of kaempferol (50, 25 and 12.5 µM) for 3 h and 
subsequently stimulated with LPS (10 µg/ml). After 6 h, (A) TNF‑α, (B) IL‑1β 
and (C) IL‑6 protein secretion in the culture supernatant was quantified using 
an ELISA kit. Data are presented as the mean ± standard deviation. n=4. 
##P<0.01 vs. control cells; **P<0.01 vs. cells stimulated with LPS. LPS, lipo-
polysaccharide; TNF‑α, tumor necrosis factor‑α; IL, interleukin.

Figure 1. Effects of kaempferol on cell viability of rat intestinal microvas-
cular endothelial cells. (A) Chemical structure of kaempferol. (B) Cells were 
incubated with different concentrations of kaempferol (200, 100, 50, 25, 
12.5 and 6.25 µM) for 12 h. Cell viability was determined by a Cell Counting 
Kit‑8 assay. Data are presented as the mean ± standard deviation. n=6. 
**P<0.01 vs. control cells. OD, optical density. 
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significantly inhibited the LPS‑induced overexpression of 
TLR4 (Fig. 5; P<0.01).

Kaempferol does not affect LPS‑induced p38 MAPK phos‑
phorylation. The p38 MAPK signaling pathway additionally 
serves an important role in inflammatory response. In response 
to LPS, the level of p‑p38 was significantly upregulated in the 
model group compared with the control group (Fig. 6; P<0.01). 
Compared with the model group, kaempferol at 50 µM did not 
affect the expression level of p‑p38.

Kaempferol inhibits LPS‑induced STAT phosphorylation. The 
STAT pathway is another important inflammatory signaling 
pathway. As demonstrated in Fig. 7, cells subjected to LPS 
exhibited significantly increased STAT phosphorylation 
compared with the control group (P<0.01). By contrast, signifi-
cant downregulation STAT phosphorylation was observed in 
the 50 µM kaempferol treatment group compared with the 
model group (P<0.01).

Discussion

IBD is a chronic inflammatory disease of intestinal mucosa 
and submucosa, characterized by disruption of the intestinal 
epithelial barrier, increased production of inflammatory 
mediators and excessive tissue injury (16). Intestinal microvas-
cular endothelial cells, the primary components of intestinal 

capillaries, have been demonstrated to be one of the most 
important secretory and immune cells in IBD (13). Intestinal 
microvascular endothelial cells produce and respond to inflam-
matory mediators (17,18). As demonstrated in previous studies, 
in response to LPS stimulation, RIMVECs express the inflam-
matory cytokines, TNF‑α, IL‑1β and IL‑6, the chemokine 
IL‑8, the adhesion molecule ICAM‑1 and other inflammatory 
mediators, including nitric oxide and endothelin‑1 (14,19,20). 
Considering that LPS is a principal pro‑inflammatory factor in 
the progression of IBD (21), LPS‑stimulated RIMVECs were 
selected as a cellular model of intestinal inflammation.

Inflammatory mediators, including cytokines, adhe-
sion proteins and chemokines, have an important role in 

Figure 3. Kaempferol inhibits the production of adhesion protein induced by 
LPS in RIMVECs. RIMVECs were treated with three different concentra-
tions of kaempferol (50, 25 and 12.5 µM) for 3 h and subsequently stimulated 
with LPS (10 µg/ml). After 12 h, (A) ICAM‑1 and (B) VCAM‑1 expression 
level in the culture supernatant was quantified with an ELISA kit. Data from 
individual experiments are presented as the mean ± standard deviation. n=4. 
##P<0.01 vs. control cells; *P<0.05, **P<0.01 vs. cells stimulated with LPS. 
RIMVECs, rat intestinal microvascular endothelial cells; ICAM‑1, intercel-
lular adhesion molecule 1; LPS, lipopolysaccharide; VCAM‑1, vascular cell 
adhesion molecule 1.

Figure 4. Kaempferol inhibits activation of NF‑κB induced by LPS in rat 
intestinal microvascular endothelial cells. Cells were treated with various 
concentrations (50, 25 and 12.5 µM) of kaempferol for 3 h followed by treat-
ment with LPS (10 µg/ml). (A) After 3 h, p‑NF‑κB p65, NF‑κB p65, p‑I‑κB and 
I‑κB protein expression levels were analyzed by western blotting. (B) p‑NF‑κB 
p65/NF‑κB and (C) p‑I‑κB/I‑κB ratios were determined by densitometry. Data 
are presented as the mean ± standard deviation. n=3. ##P<0.01 vs. control cells; 
**P<0.01 vs. cells stimulated by LPS. p‑, phosphorylated; NF‑κB, nuclear 
factor‑κB; I‑κB, inhibitor of κB; LPS, lipopolysaccharide.
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the pathogenesis of IBD. TNF‑α is the earliest and primary 
endogenous mediator in the inflammatory process. It has a 
pro‑inflammatory effect through an increased production of 

IL‑1β, IL‑6, adhesion molecules and pro‑coagulant factors (17). 
Furthermore, TNF‑α is an initiation factor of acute immune 
responses, cytotoxicity and apoptosis, but can also inhibit 
apoptosis (2,22). In the present study, it was demonstrated that 
kaempferol was able to protect RIMVECs from LPS‑induced 
overexpression of three inflammatory mediators, TNF‑α, 
IL‑1β and IL‑6. Therefore, the results of the present suggested 
that the inhibition of inflammatory cytokines may contribute 
to the protective effects of kaempferol in IBD.

In IBD, activation of microvascular endothelial cells and 
adhesion of circulating immune cells is required for the initia-
tion and maintenance of inflammation (23). Pro‑inflammatory 
cytokines, including TNF‑α and IL‑1β, induce inflamma-
tory responses in the vascular endothelium, which results in 
enhanced expression of cell adhesion molecules, including 
ICAM‑1 and VCAM‑1 (2). Overexpression of adhesion mole-
cules in the intestinal endothelium may promote recruitment 
and adhesion of leukocytes, promoting the process of inflam-
matory response (9,24). In the present study, the beneficial 
effect of kaempferol was demonstrated in the altered produc-
tion of ICAM‑1 and VCAM‑1. The overexpression of ICAM‑1 
and VCAM‑1 is involved in inflammatory processes; however, 
are additionally closely associated with intestinal carcinogen-
esis, secondary to IBD (17,25). Therefore, the present results 
suggest that kaempferol may effectively reduce the expression 
of inflammatory mediators, against intestinal inflammation, 
and may reduce the risk of carcinogenesis in patients with IBD.

NF‑κB has an essential role in regulating the expression 
of inflammatory cytokines and adhesion molecules (26). Due 

Figure 7. Kaempferol decreases the phosphorylation of STAT induced by 
LPS in RIMVECs. RIMVECs were pretreated with kaempferol (50 µM) and 
subsequently stimulated with LPS (10 µg/ml) for 3 h. p‑STAT was measured 
by (A) western blotting and (B) densitometry analysis with β‑actin as the 
loading control. Data are presented as the mean ± standard deviation. n=3. 
##P<0.01 vs. control cells; *P<0.05 vs. cells stimulated by LPS. RIMVECs, rat 
intestinal microvascular endothelial cells; p‑, phosphorylated; STAT, signal 
transducer and activator of transcription; LPS, lipopolysaccharide.

Figure 6. Kaempferol does not affect the phosphorylation of p38 
mitogen‑activated protein kinase induced by LPS in RIMVECs. RIMVECs 
were pretreated with kaempferol (50 µM) and subsequently stimulated with 
LPS (10 µg/ml) for 3 h. p‑p38 expression was determined by (A) western blot-
ting and (B) densitometry analysis with β‑actin as the loading control. Data 
are presented as the mean ± standard deviation. n=3. ##P<0.01 vs. control 
cells. RIMVECs, rat intestinal microvascular endothelial cells; LPS, lipo-
polysaccharide; p‑, phosphorylated.

Figure 5. Kaempferol inhibits expression of TLR4 induced by LPS in 
RIMVECs. RIMVECs were pretreated with kaempferol (50 µM) and subse-
quently stimulated with LPS (10 µg/ml) for 3 h. TLR4 protein expression 
levels were determined by (A) western blotting and (B) densitometry analysis 
with β‑actin as the loading control were performed. Data are presented as the 
mean ± standard deviation. n=3. ##P<0.01 vs. control cells; **P<0.01 vs. cells 
stimulated by LPS. RIMVECs, rat intestinal microvascular endothelial cells; 
TLR4, toll‑like receptor 4; LPS, lipopolysaccharide. 
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to the pivotal role of NF‑κB in inflammation, the blockade of 
NF‑κB activity is considered to be associated with inhibition 
of the inflammatory signaling cascade  (27,28). Inhibition 
of NF‑κB activation is an effective strategy for preventing 
the progression of IBD in experimental animal models and 
preventing inflammatory cytokine production in patients with 
IBD (29). Under basal conditions, NF‑κB is sequestered in 
the cytoplasm by a family of inhibitory proteins known as 
inhibitors of NF‑κB (I‑κBs). Following stimulation with LPS, 
NF‑κB is activated, triggering expression of a series of inflam-
matory cytokine (28). In the present study, LPS increased the 
phosphorylation of NF‑κB p65 and I‑κB, which effectively 
indicates the activation level of NF‑κB. However, kaempferol 
significantly reduced the LPS‑induced activation of NF‑κB, 
suggesting that the anti‑inflammatory activities of kaempferol 
were due to the inhibitory effect on NF‑κB. The present study 
suggested a direct role of kaempferol in the prevention of 
LPS‑stimulated NF‑κB activation in RIMVECs.

TLRs are pattern recognition receptors that ‘sense’ 
microbes and alert the immune system through activation 
of transcription factors (including NF‑κB) and the secre-
tion of inflammatory mediators  (9). TLR4 is the specific 
ligand of LPS, serving an important role in inflammatory 
disease, including IBD. Activation of TLR4 may lead to 
phosphorylation of MAPKs, IκB kinases and NF‑κB, even-
tually contributing to the expression of pro‑inflammatory 
cytokines (30,31). Compared with the significantly increased 
expression of TLR4 in LPS‑treated RIMVECs, the admin-
istration of kaempferol significantly reduces the TLR4 
expression in LPS‑treated cells. This suggests that kaempferol 
may represent a novel strategy to limit the TLR4‑mediated 
inflammatory process.

The MAPK signaling pathways, including extracellular 
signal‑regulated kinase 1 and 2, c‑jun N‑terminal kinase and 
p38, are closely associated with the expression of inflamma-
tory mediators and oxidative damage (32). Previous studies 
demonstrated that MAPKs are highly activated and mediate 
pro‑inflammatory cytokines, including TNF‑α, IL‑1β and 
IL‑6 in the colon tissue of an IBD mice model and patients 
with IBD (33,34). Kaempferol was demonstrated to suppress 
the expression of the LPS‑induced MAPK pathway in 
the human monocytic cell line THP‑1  (35), in addition to 
suppressing the production of cyclooxygenase‑2 (COX‑2), 
prostaglandin E2 and matrix metalloproteinases (MMPs) via 
MAPK in IL‑1β‑induced rheumatoid arthritis synovial fibro-
blasts (36). Additionally, kaempferol treatment of the human 
synovial sarcoma cell line, SW982 cells, significantly inhib-
ited IL‑1β‑induced p38 MAPK phosphorylation, which were 
involved in the production of IL‑6, IL‑8, MMP and COX‑2 (37). 
However, the role of kaempferol in IBD‑associated cells has 
rarely been studied. In the present study, it was identified that 
kaempferol did not demonstrate any detectable influence on 
the phosphorylation of p38 in LPS‑stimulated RIMVECs. The 
present results suggest that the anti‑inflammatory effect of 
kaempferol is not dependent on the p38 MAPK pathway.

The STAT pathway is another crucial signaling cascade 
involved in IBD. It is well documented that the STAT pathway 
is not only associated with the inflammatory process in IBD; 
however, is additionally associated with further serious condi-
tions, including colorectal cancer development (38,39). Recent 

studies demonstrated that luteolin, a naturally occurring 
flavonoid, inhibited the Janus kinase (JAK)/STAT pathway 
in cytokine‑induced HT‑29 cells, a human epithelial cell 
line (39). Curcumin, a natural phenol, suppressed inflamma-
tion of TNBS‑induced colitis in mice via STAT signaling (40). 
Although it was demonstrated that kaempferol attenuates 
inflammation by suppressing the STAT pathway in human 
airway epithelial cells (41), to the best of our knowledge, no 
study has focused on the effect of kaempferol on the JAK/STAT 
pathway in IBD‑associated cells. The results of the present 
suggest that STAT may be associated with the suppressive 
effects of kaempferol against the production of inflammatory 
mediators in LPS‑stimulated RIMVECs.

In conclusion, it was demonstrated that kaempferol 
significantly inhibits the LPS‑induced expression of the inflam-
matory mediators TNF‑α, IL‑1β, IL‑6, ICAM‑1 and VCAM‑1 
by inhibiting TLR4, NF‑κB and STAT signaling, but not by 
activating p38 MAPK signaling in RIMVECs. The present 
results provide novel insight for the inflammatory effect of 
kaempferol in endothelial cells. It suggests that kaempferol 
may be an effective therapeutic agent for treatment of IBD, and 
that fruits and herbs rich in kaempferol may be incorporated 
into potential health care products for patients with IBD.
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