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Fisetin alleviates sepsis-induced multiple organ dysfunction
in mice via inhibiting p38 MAPK/MK2 signaling
Hai-feng Zhang1, Hai-bo Zhang2, Xue-ping Wu1, Ya-ling Guo1, Wei-dong Cheng1 and Feng Qian1,2,3

Sepsis-induced multiple organ dysfunction and inflammatory response are life-threatening symptoms without effective treatment.
Fisetin, a dietary flavonoid extracted from berries and family Fabaceae, has displayed neuroprotective and anti-oxidant activities. In
this study we investigated whether fisetin exerted a protective effect against sepsis-induced multiple organ dysfunction in mouse
cecum ligation and puncture (CLP) model. The mice were injected with fisetin (10 mg/kg, ip) 0.5 h prior to CLP, and sacrificed 18 h
after CLP. We found that fisetin administration significantly alleviated CLP-induced lung, liver and kidney injury, as well as the
expression levels of interleukin (IL)-6, tumor necrosis factor (TNF)-α and IL-1β in bronchoalveolar lavage fluid (BALF). In
lipopolysaccharide (LPS)-treated mouse bone marrow-derived macrophages (BMDMs), application of fisetin (3–10 μM) dose-
dependently inhibited the expression levels of IL-6, TNF-α, IL-1β, and inducible nitric oxide synthase (iNOS). Furthermore, fisetin
dose-dependently inhibited the phosphorylation of p38 MAPK, MK2, and transforming growth factor-β-activated kinase (TAK) 1 via
attenuating the interaction between TAK1 and TAK-binding proteins (TAB) 1. These results demonstrate that fisetin is a promising
agent for protecting against sepsis-induced inflammatory response and organ injury via inhibiting macrophage activation.
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INTRODUCTION
Sepsis involves systemic inflammation with multiple organ
dysfunction that causes high morbidity and mortality in clinical
patients [1]. Generally, a considerable proportion of patients in
intensive care units (ICUs) are affected by sepsis [2–4]. Although
medical applications for treating septic infection have been
improved, the mortality of patients is still higher than 25% and
reaches 40%–50% in cases of septic shock [5, 6]. Therefore,
developing promising drug candidates with specific and effective
therapies is an important topic for patients with sepsis and septic
symptoms.
The acute inflammatory response is one of the causes of the

high mortality in patients with sepsis [7]. An overactivated
inflammatory response with dysregulated expression of inflam-
matory factors during the early stage of sepsis has been regarded
as the leading cause of dysfunction of multiple organs, including
lung, liver, and kidney injury [7, 8]. Proinflammatory cytokines,
such as interleukin (IL)-6, tumor necrosis factor (TNF)-α, and IL-1β,
and nitric oxide (NO) directly induce tissue injury and initiate
neutrophil infiltration. Therefore, inhibiting the inflammatory
response during sepsis can prevent or reduce organ injury [9, 10].
The innate immune system has a significant effect on

inflammation and sepsis-induced organ injury. As an important
component of innate immunity, macrophages are critical for

mediating the inflammatory response and are also involved in the
regulation of sepsis [11]. Inflammatory factors produced by
macrophages, including IL-1β, IL-6, and TNF-α, directly induce
organ injury and participate in regulating homeostasis through
phagocytosis and erythropoiesis [12–14].
The identification of pathogen-associated molecular patterns

(PMAPs) by pattern recognition receptors can lead to the
transformation of extracellular stimuli into intracellular signals
[15–17]. Toll-like receptors (TLRs) are major receptors on macro-
phages that combine with internal pathological mediators to
respond to excess pathogenic stimulation [17]. For example,
lipopolysaccharide (LPS), an endotoxin from gram-negative
bacteria, binds to TLR4, resulting in the excessive production of
proinflammatory factors, such as NO and TNF-α [18]. LPS is a
primary stimulus that activates macrophages and has been
commonly used in the study of sepsis pathogenesis. After
challenge with LPS, transforming growth factor-β-activated kinase
(TAK) is activated upon binding with TAK-binding proteins (TAB),
resulting in the promotion of the nuclear translocation
and activation of nuclear factor kappa B (NF-κB) and mitogen-
activated protein kinase (MAPK) signaling pathways [19–21].
Therefore, interference of these signaling pathways may inhibit
macrophage activation and reduce the inflammatory response
during sepsis.
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Fisetin, a dietary flavonoid extracted from fruits, such as berries,
and members of the Fabaceae family [22], is well known for its
neuroprotective, antioxidant and anticancer effects manifesting
through a complex signaling networks [23–25]. In the prevention
of an inflammatory response, fisetin attenuates IL-1β-mediated
epithelial cell injury and decreases the expression of cytokines IL-6
and TNF-α and chemokines [26]. In addition, fisetin protects
against sepsis-induced multiple organ failure by inhibiting
macrophage activation.
In the present study, the protective role of fisetin in aseptic

model of mice subjected to cecal ligation and puncture (CLP) was
determined. Fisetin significantly reduced the expression of
inflammatory cytokines and ameliorated sepsis-induced multiple
organ failure by attenuating lung, liver, and kidney injury in vivo.
In addition, fisetin inhibited the production of IL-1β, IL-6, and TNF-
α and suppressed TAK1/p38MAPK/MK2 signaling pathways. Our
study revealed the anti-inflammatory effect of fisetin, indicating
that fisetin is a promising agent for preventing sepsis-induced
organ injury.

MATERIALS AND METHODS
Materials and reagents
Fisetin (C15H10O6, MW 286.24) was purchased from Target Mol Co.,
Ltd. (Shanghai, China), and its purity was greater than 98%, as
confirmed by HPLC. Fisetin was dissolved in DMSO and stored at
−20 °C. LPS (Cat. no. L4391) and DMSO (Cat. no. D2650) were
obtained from Sigma (St Louis, MO, USA). Dulbecco’s modified
Eagle’s medium (DMEM, Cat. no. 88284), antibiotics (100 units/mL
penicillin and 0.1 mg/mL streptomycin, Cat. no. 10131027), 0.25%
trypsin (Cat. no. 25200056) and fetal bovine serum (FBS, Cat. no.
16140071) were purchased from Life Technologies (Grand Island,
NY, USA). The ReverTra Ace qPCR TR kit (Cat. no. FSQ-101) and
THUNDERBIRD SYBR qPCR Mix (Cat. QPS-201B) were purchased
from Toyobo (Osaka, Japan). Recombinant murine macrophage
colony-stimulating factor (M-CSF) was obtained from PeproTech
(Rocky Hill, NJ, Cat. no. 315–02). A BCA protein assay kit (Cat. no.
P00125) and RIPA lysis buffer (Cat. P0013K) were purchased from
Beyotime Biotechnology (Shanghai, China). Western blotting
antibodies, including anti-p-p38 MAPK (Cat. no. 4511), anti-p38
MAPK (Cat. 8690), anti-p-MK2 (Cat. no. 3041), anti-MK2 (Cat. no.
3042), anti-β-actin (Cat. no. 4970), anti-p-TAK1 (Cat. no. 9339), anti-
TAK1 (Cat. no. 5206), anti-Flag-Tag (Cat. no. 14793) and anti-Myc-
Tag (Cat. no. 2276) antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Antibodies to detect inducible
nitric oxide synthase (iNOS) were obtained from Santa Cruz
Biotechnology (California, USA, Cat. no. sc-7271). Alanine amino-
transferase (ALT, Cat. no. C009–2), aspartate aminotransferase
(AST, Cat. no. C010–2), blood urea nitrogen (BUN, Cat. no. C013–2)
and serum creatinine detection kits (Cat. no. C011–2) were
purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). Fluorescein isothiocyanate (FITC)-conjugated
anti-mouse Gr-1 (Ly-6G) antibody (Cat. no. RM3001) and the
enhanced chemiluminescence (ECL) kit (Cat. no. 35050) were
obtained from eBioscience by Thermo Fisher Scientific (Grand
Island, NY, USA). Enzyme-linked immunosorbent assay (ELISA) kits
for mouse IL-1β (Cat. no. MLB00C), IL-6 (Cat. no. D6050) and TNF-α
(Cat. no. MTA00B) were purchased from R&D Systems (Minnea-
polis, MN, USA). Other chemical reagents were purchased from
Sigma unless stated otherwise.

Cecal ligation and puncture-induced sepsis model
Cecal ligation and puncture (CLP) was used to induce murine
sepsis. Male C57BL/6 mice (6–8 weeks old) with an average weight
of 20–25 g were purchased from SLAC Animal Company
(Shanghai, China) and maintained in 12-h light and 12-h dark
cycles with free access to food and water. The mice were
randomly separated into 3 groups (n= 6 per group): (1) sham

group; (2) CLP+ vehicle (DMSO, 1 μL/g); and (3) CLP+ fisetin (10
mg/kg, dissolved in 1 μL/g DMSO). Briefly, the mice were
anesthetized by pentobarbital sodium. Then, a midline laparotomy
was performed, and the cecum was exteriorized and ligated distal
to the ileocecal valve (without causing intestinal obstruction). The
cecum was perforated using a 20-gauge needle and squeezed
gently to extrude a small amount of fecal contents from the
punctured cecum. The cecum was then returned to the peritoneal
cavity, and the incision was closed using two layers of sutures. In
the sham group, animals were anesthetized, and the cecum was
exteriorized without ligation or puncture. In the CLP+ vehicle
group, the animals were intraperitoneally injected with vehicle
0.5 h before the CLP procedure was performed. In the CLP+
fisetin group, the animals were intraperitoneally injected with
fisetin 0.5 h before the CLP procedure was performed. All animals
were sacrificed 18 h after the CLP procedure. Lung tissues, kidney
tissues, liver tissue, bronchoalveolar lavage fluid (BALF), and blood
were collected for further analysis. All experimental procedures
mentioned in this study were approved by the Animal Care Use
Committee of Bengbu Medical College. The animal experiments
were performed in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Myeloperoxidase (MPO) activity assay
MPO activity was measured to evaluate tissue neutrophil
accumulation. The lung tissues and liver tissues were homo-
genized and suspended in 0.5% hexadecyltrimethylammonium
bromide (HTAB) buffer. The mixture was centrifuged and treated
with a freeze-thaw procedure. The protein concentration of the
supernatant was determined using a BCA protein quantitation kit.
The MPO activity was measured by monitoring the change in
absorbance at 655 nm 5min after 3,3′,5,5′-tetramethylbenzidine
(TMB) and H2O2 were added to the tissue samples.

Pulmonary histological evaluation
The mice were sacrificed after the CLP procedure and treatment
with fisetin. Part of the pulmonary tissue samples were fixed with
4% paraformaldehyde for 48 h, dehydrated in graded alcohol,
embedded in paraffin wax, and stained with hematoxylin-eosin for
histomorphometric assessment. The histological sections were
photographed using light microscopy.

Neutrophil aggregation assay
The red blood cells in the BALF were lysed using lysis buffer and
then centrifuged. The remaining cells in the BALF were washed
slightly, resuspended in PBS and counted. The neutrophils were
labeled with anti-mouse Ly-6G (Gr-1)-FITC antibody for 30 min at
4 °C. The samples were measured by a FACSCanto flow cytometer
(Becton Dickinson). The data were analyzed using FlowJo 7.6 (Tree
Star, Ashland OR, USA) software.

Assessment of liver and kidney functions
Blood samples were collected through a cardiac puncture and
centrifuged at 1000 × g for 5 min to separate serum. Serum
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
blood urea nitrogen (BUN), and creatinine were measured with
detection kits according to the manufacturers’ instructions
(Nanjing Jiancheng Bioengineering Institute).

Reverse-transcription PCR
Total RNA was extracted from BMDMs or homogenized lung
tissues using TRIzol reagent (Invitrogen) and reverse-transcribed
to cDNA using a ReverTra Ace qPCR RT kit. The StepOnePlus
System (Thermo Fisher Scientific, Waltham, MA, USA) was used for
real-time PCR with THUNDERBIRD SYBR qPCR mix for the
quantification of the cDNA. The following gene-specific primers
were used: NGAL, forward 5′-CTCAGAACTTGATCCCT-GCC-3′ and
reverse 5′-TCCTTGAGGCCCAGAGACTT-3′; KIM-1, forward 5′-TGCT
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G-CTACTGCTCCTTGTG-3′ and reverse 5′-GGGCCACTGG TACTCATT
CT-3′; IL-6, forward 5′-CCACCAAGAACGATAGTCAA-3′ and reverse
5′-TTTCCACGATTTCCC-AGA-3′; TNF-α, forward 5′-TTCTCATTCCTG
CTTGTGG-3′ and reverse 5′-ACTTGGT-GGTTTGCTACG-3′; IL-1β,
forward 5′-CCAGCTTCAAATC TCACAGCAG-3′ and reverse 5′-CTTCT
TTGGGTATTGCTTGGGATC-3′; GAPDH, forward 5′-TGCGACTT-CAA
CAGCAACTC-3′ and reverse 5′-CTTGCTCAGTGTCCT TGCTG-3′.

Enzyme-linked immunosorbent assays (ELISAs)
ELISAs were used to measure the concentrations of the different
cytokines and chemokines. The concentrations of TNF-α, IL-1β,
and IL-6 in the supernatant from the BMDMs and BALF were
measured using ELISA kits according to the manufacturers’
instructions.

Cell isolation and culture
Murine bone marrow was collected from C57BL/6 mice and
cultured in DMEM with 10% FBS and 1% streptomycin-penicillin.
The cells were treated with 10 ng/mL M-CSF for 7 days to obtain
bone marrow-derived macrophages (BMDMs). HEK293T cells were
purchased from American Type Culture Collection (ATCC, Mana-
ssas, VA) and cultured in DMEM supplemented with 10% FBS and
1% streptomycin-penicillin. All the cells were maintained at 37 °C
in 5% CO2.

Quantitative determination of the nitrite levels
The Griess reagent was used to determine the nitrite levels.
BMDMs were treated with fisetin at 0, 3, 10, or 30 μM for 30min
followed by challenge with 100 ng/mL LPS for 12 h. The
cell culture supernatant was collected, and Griess reagent was
added. The nitric oxide (NO) levels were measured using a
microplate reader (Flex Station 3, Molecular Devices, USA) at a
wavelength of 540 nm.

Western blotting analysis
Western blot assays were performed to determine protein
expression. Whole-cell lysates were prepared using RIPA lysis
buffer. After boiling for 10 min, the proteins were separated
on 10% SDS–PAGE gels and transferred to 0.45 μM of NC
membranes. The membranes were blocked with 5% skim milk at
room temperature and probed with primary antibodies over-
night at 4 °C, followed by incubation with HRP-conjugated
secondary antibodies. The protein signals were detected using
an ECL kit. Quantitative analysis was accomplished with ImageJ
software (National Institute of Mental Health, Bethesda,
MD, USA).

Luciferase reporter assay
The relative NF-κB activity was analyzed using a luciferase reporter
assay. All plasmids were purchased from Shanghai HuaGene
biotech Co., Ltd. (Shanghai, China). HEK293T cells were plated on
24-well plates and transfected with 0.5 μg of NF-κB luciferase
reporter plasmid, 2.5 μg of vector DNA or plasmid DNA (TAK1/
TAB1) using 6 μg of polyethyleneimine (PEI) according to the
manufacturer’s instructions. Eighteen hours after transfection,
fisetin (0, 3, 10, or 30 μM) was added to the cells, and the relative
NF-κB activity was determined 6 h later.

Co-Immunoprecipitation (Co-IP)
HEK293T cells were plated on 6-well plates and transfected with
different plasmids (Flag-TAK1 and Myc-TAB1), which were
purchased from Shanghai HuaGene biotech Co., Ltd. (Shanghai,
China) using polyethyleneimine (PEI). Forty-two hours after
transfection, 10 μM fisetin was added. After incubation for another
8 h, the HEK293T cells were lysed with cold RIPA lysis buffer. The
cell lysates were incubated with specific antibodies overnight, and
protein G beads were subsequently added. After washing, the co-
IP samples were analyzed by immunoblotting.

Statistical analysis
Data are presented as the means ± SEM. One-way ANOVA,
followed by Student’s t-test, was used to compare the data
among multiple groups. Statistical analysis was performed and
histograms were generated using Prism software (ver. 6.2;
GraphPad, San Diego, CA). P < 0.05 was considered a significant
difference.

RESULTS
Fisetin ameliorates CLP-induced acute lung injury
To determine the effects of fisetin on sepsis-induced acute lung
injury, a mouse CLP model was established, and the fisetin
treatment procedures are shown in Fig. 1a. CLP-induced lung
injury in the mice was determined by histological analysis. CLP-
induced pathologic reorganization in lung lobes was observed,
which also presented with severe alveolar-capillary structure
damage and inflammatory cell infiltration based on H&E staining.
Compared with effects in the CLP group, the collapse of alveolar
spaces and the infiltration of inflammatory cells were largely
ameliorated in the mice treated with fisetin (Fig. 1b). To determine
whether fisetin attenuated pulmonary neutrophil infiltration, we
measured the proportion of neutrophils in the BALF from the CLP
mice (Fig. 1c). The infiltrative neutrophils were largely reduced in
the mice treated with fisetin compared with those in the CLP
group (Fig. 1d). An MPO analysis was also performed to examine
neutrophil infiltration into the lung tissue. As expected, MPO
activity was markedly attenuated after treatment with fisetin
(Fig. 1e). Consistent with the data presented above, the wet-to-dry
ratio of the lung tissue was elevated after CLP and was found to
be reduced in the fisetin group (Fig. 1f). The concentration of total
proteins in the BALF was increased in the CLP group but
decreased in the fisetin group (Fig. 1g). These results indicate
that fisetin mitigated the CLP-induced inflammatory response and
acute lung injury.

Fisetin alleviates CLP-induced liver and kidney injury
The levels of ALT and AST in serum are important indexes for
evaluating the degree of liver injury induced by CLP. The values of
ALT and AST increased approximately fivefold in the mice that
subjected to the CLP operation. However, the levels of ALT and
AST were remarkably reduced in the fisetin group (Fig. 2a, b). In
addition, liver tissues were homogenized, and MPO analysis was
performed. MPO activity was enhanced after the CLP procedure
and was lower in the fisetin group (Fig. 2c). As typical markers of
kidney injury, the expression of BUN and creatinine in serum, were
measured. The results indicated that the levels of BUN and
creatinine in serum were remarkably increased after the CLP
operation, but the finding was reversed in the fisetin group
(Fig. 2d, e). Furthermore, changes in the mRNA levels of neutrophil
gelatinase-associated lipocalin (NGAL) and kidney injury molecule-
1 (KIM-1) showed a relatively consistent trend of fisetin inhibiting
their expression (Fig. 2f, g). Therefore, the results suggest that
fisetin alleviated CLP-induced liver and kidney injury.

Fisetin attenuates inflammatory cytokine production in vivo
To determine the effects of fisetin on inflammation, we measured
the protein levels of proinflammatory cytokines IL-6, TNF-α, and IL-
1β in the BALF by using ELISAs (Fig. 3a–c). Mice subjected to the
CLP operation expressed high levels of these proinflammatory
cytokines. However, the levels were significantly reduced after
fisetin treatment. These results suggest fisetin attenuated
inflammatory cytokine production in the CLP model.

Fisetin reduces the expression of proinflammatory cytokines in the
BMDMs
To determine the effects of fisetin on the LPS-induced inflamma-
tory response in vitro, BMDMs were pretreated with fisetin at 0, 3,
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Fig. 1 Fisetin ameliorates CLP-induced acute lung injury. Animals were intraperitoneally injected with 10 mg/kg fisetin 0.5 h before CLP
surgery. The mice were sacrificed, and BALF and lung tissues were collected 18 h after the CLP procedure. a A brief summary of the
procedures used in the animal experiments is shown. b H&E staining of lung tissues was performed (20×, upper and 40×, lower). c Flow
cytometry analysis of the neutrophil percentage in BALF. The FITC-positive cells were neutrophils. d Statistical analysis showing the neutrophil
percentage in a histogram. e MPO activity in lung tissue homogenates was measured. f Wet-to-dry ratios of lung tissues were measured.
g Total protein concentrations in BALF were tested. Results are expressed as the means ± SEM, n= 6 mice per group (*P < 0.05, **P < 0.01, and
***P < 0.001).
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10, or 30 μM for 30 min before stimulation with 100 ng/mL LPS for
12 h. The proinflammatory cytokine production was measured by
ELISAs. The levels of IL-6, TNF-α, and IL-1β in the supernatants of
the LPS group were dramatically increased compared with that of
the control group, while the levels of cytokine production were
reduced in the fisetin group in a dose-dependent manner
(Fig. 4a–c). These findings suggest that fisetin suppressed
inflammatory cytokine production in vitro.

Fisetin inhibits the expression of iNOS and NO production in the
BMDMs
To revaluate the effects of fisetin on LPS-induced inflammation
in vitro, the expression of iNOS was measured. As shown in Fig. 5,
iNOS was inhibited in the fisetin group in a dose-dependent
manner, compared with that of the LPS group in the BMDMs
(Fig. 5a, c). Furthermore, the generation of NO in the supernatant
was measured by the Griess reagent. The level of NO was

Fig. 2 Fisetin alleviates CLP-induced liver and kidney injury. Serum and liver and kidney tissues of the mice were collected. a ALT, b AST,
cMPO activity in the liver tissues, d BUN level, and e creatinine level in serum were detected. The changes in mRNA expression of NGAL (f) and
KIM-1 (g) in the kidney tissues were determined by RT-PCR. Results are expressed as the means ± SEM, n= 6 mice per group (*P < 0.05, **P <
0.01, and ***P < 0.001).

Fig. 3 Fisetin attenuates inflammatory cytokine production. The changes in cytokine expression of (a) IL-6, (b) TNF-α, and (c) IL-1β in BALF
were detected by ELISA. The results are expressed as the mean ± SEM, n= 6 mice per group (*P < 0.05, **P < 0.01, and ***P < 0.001).
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markedly induced by LPS and inhibited by fisetin in a dose-
dependent manner (Fig. 5c). These results indicate that fisetin
inhibited iNOS and NO expression.

Fisetin downregulates p38/MK2 signaling pathway in the BMDMs
The MAPK signaling pathway plays an important role in
macrophage activation and proinflammatory cytokine produc-
tion. Therefore, we determined whether fisetin ameliorated LPS-
induced macrophage activation by regulating the MAPK
signaling pathway. As shown in Fig. 6a, the phosphorylation of
p38 was increased after stimulation with LPS. The LPS-induced
phosphorylation of p38 MAPK was reduced by fisetin in a dose-
dependent manner (Fig. 6b). To explore the effect of fisetin on
the p38 MAPK signaling pathway, we measured the activity of

MK2, the downstream kinase of p38 MAPK. The phosphorylation
of MK2 was significantly downregulated by fisetin (Fig. 6c).
Altogether, fisetin exerted anti-inflammatory effects by down-
regulating the activation of the p38MAPK/MK2 signaling
pathway.

Fisetin suppresses NF-κB and p38 activity by targeting TAK1/TAB1
To determine how fisetin suppresses the p38 MAPK/
MK2 signaling pathway, we measured the activation of TAK1, a
signal transducer upstream of p38 MAPK and NF-κB. We first
researched whether fisetin inhibited the phosphorylation of
TAK1 in the BMDMs. LPS-induced phosphorylation of TAK1 was
reduced by fisetin in a dose-dependent manner (Fig. 7a, b). The
phosphorylation of TAK1 was regulated by the formation of
the TAK1-TAB1 complex. We then cotransfected HEK293T cells
with Flag-TAK1 and Myc-TAB1. As shown in Fig. 7c, d, fisetin
significantly inhibited the interaction between TAK1 and TAB1.
Furthermore, we cotransfected the NF-κB luciferase reporter
with TAK1/TAB1 plasmids into HEK293T cells. After the cells were
treated with 0, 3, 10, or 30 μM fisetin for 6 h, the luciferase
activity levels were measured. As shown in Fig. 7d, fisetin
effectively suppressed the activity of the NF-κB luciferase
reporter driven by TAK1/TAB1. These results suggest that fisetin
attenuates TAK1-mediated MAPK activation by interfering with
the interaction between TAK1 and TAB1.

DISCUSSION
Severe sepsis, including septic shock and sepsis-induced multi-
ple organ failure, is a major cause of death in ICUs. Acute lung
injury (ALI) and liver and kidney injury are the major organs
involved in sepsis-induced multiple organ failure. The patholo-
gical environment of sepsis-induced multiple organ failure is
often compromised by complex factors, such as inflammation,
damaged vascular endothelial injury, robust activation of
complements, and increased oxidative stress [27, 28]. Macro-
phages are important regulatory cells in the sepsis-related
inflammatory response because they produce proinflammatory
factors and mediators [29]. Macrophages are able to release
large numbers of inflammatory factors, such as IL-1β, TNF-α, and
IL-6, after CLP or LPS treatment [30, 31]. In addition, over-
activated inflammation causes acute systemic organ injuries
during the early stage of organ failure. For example, TNF-α
recruits inflammatory cells, leading to the release and accumu-
lation of proinflammatory cytokines and inducing necroptosis
because of a local auto amplification loop and solid organ failure
[32, 33]. Applying anti-TNF-α antibodies remarkably suppresses

Fig. 4 Fisetin decreased the expression of proinflammatory cytokines in the BMDMs. BMDMs were treated with fisetin at 0, 3, 10, or 30 μM
for 30min before stimulation with 100 ng/ml LPS for 12 h. The expressions of cytokines: a IL-6, b TNF-α, and c IL-1β in the supernatants of the
BMDMs, as detected by ELISAs. Results are expressed as the means ± SEM of three independent experiments (*P < 0.05, **P < 0.01, and ***P <
0.001).

Fig. 5 Fisetin inhibits the production of iNOS and NO in the
BMDMs. a The protein expression of iNOS and β-actin in the BMDMs
was determined by Western blotting. b Statistical analysis of iNOS
expression normalized to β-actin is shown in the histogram. c NO
production in the BMDMs was measured. The results are expressed
as the means ± SEM of three independent experiments (*P < 0.05
and ***P < 0.001).

Fisetin alleviates inflammation via p38 MAPK/MK2 signaling
HF Zhang et al.

1353

Acta Pharmacologica Sinica (2020) 41:1348 – 1356



inflammation and increases the survival rate of patients with
severe sepsis [34]. Macrophages also have the ability to produce
NO by inducing the expression of iNOS in response to LPS
challenge [35]. iNOS-knockout mice showed decreased mortality
in late sepsis, and selective iNOS inhibition alleviated sepsis-
induced acute kidney injury [36]. Here, we found that
the expression of IL-1β, TNF-α, and IL-6 was significantly
reduced by fisetin pretreatment of the CLP-subjected mice
and LPS-challenged BMDMs. Furthermore, the production of
iNOS and NO was also decreased after fisetin treatment. These
effects of fisetin on macrophages indicate that fisetin is a
promising agent to suppress macrophage activation and protect
against sepsis.
Inhibition of TLR4 and TLR4-mediated signaling has been

regarded as a method for controlling sepsis [37]. TAK1 and TAB1
play important roles in the TLR4-mediated inflammatory
response [38]. The formation of the TAK1-TAB1 complex is
necessary for autophosphorylation-induced TAK1 activation
[38, 39]. Therefore, inhibiting the interaction between TAK1
and TAB1 is regarded as a potential approach to modulate
activated TLR4 signaling and suppress subsequent inflammatory
responses. Several studies have applied this theory in control-
ling inflammatory diseases and screening new compounds to
mitigate inflammation. For example, both stercurensin and
curcumin metabolism inhibit NF-κB-dependent inflammation by
attenuating the formation of the TAK1-TAB1 complex [40, 41].
Although the suppressive effect of fisetin in TNF-α-induced TAK1
activation has been previously reported, no direct evidence has
explained its role in the interaction between TAK1 and TAB1
[42]. Our findings showed that fisetin reduced the interaction
between TAK1 and TAB1 and suppressed LPS-induced TAK1
activation, suggesting an inhibitory effect of the fisetin on the
TLR4-mediated signaling pathway. The inhibitory potential of

fisetin on the TAK1-TAB1 complex needs to be explored further
through research.
In addition to NF-κB signaling, MAPK also serves as a significant

regulator in LPS-induced inflammation. Activation of MAPK is
closely associated with the increased production of various
chemokines and cytokines, which promotes the inflammatory
response [43]. In addition, as a downstream effector of p38
MAPK, MK2 plays a critical role in determining cell fate in the
inflammatory response to infection [44]. MK2 deficiency sup-
pressed the release of inflammatory mediators in macrophages
and protected mice from sepsis-induced ALI. In addition,
pharmacological inhibition of p38 MAPK alleviated inflammation
in ALI [45, 46]. An increasing number of studies of compounds
show modulation of inflammatory processes via the MAPK
signaling pathway. For instance, indirubin suppressed the MAPK
signaling pathway in LPS-induced inflammation, in which ERK and
p38 MAPK were attenuated [47]. Our study suggests that the anti-
inflammatory effects of fisetin result from the inhibition of the p38
MAPK/MK2 signaling pathway.
Recent studies have revealed the diverse applications of fisetin.

The potential role of fisetin in gastric cancer has been demon-
strated in mitochondria-driven cell death [25]. Fisetin protected
rats from aging-induced oxidative stress and neurodegeneration
by activating the PI3K-Akt signaling pathway [48, 49]. In addition
to performing the anti-inflammatory activity of fisetin in vivo and
in vitro, our study confirms the protective role of fisetin in sepsis-
induced multiple organ failure, which results from inhibiting the
binding of TAK1 and TAB1.
In conclusion, our study demonstrated that fisetin prevented

severe injuries in multiple organs by suppressing the inflammatory
response in a murine CLP model. We also found that fisetin
inhibited the phosphorylation of p38 MAPK/MK2 by suppressing
the interaction between TAK1 and TAB1. These findings confirm

Fig. 6 Fisetin downregulates the p38 MAPK/MK2 signaling pathway in the BMDMs. a The protein expression levels of p-p38 MAPK, p38-
MAPK, p-MK2, MK2, and β-actin were evaluated by Western blotting. Statistical analysis of (b) p-p38 and (c) p-MK2, as shown in the histograms.
The results are expressed as the means ± SEM of three independent experiments (*P < 0.05, **P < 0.01, and ***P < 0.001).
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the anti-sepsis and anti-inflammation role for fisetin, suggesting it
a potential reagent in sepsis management.
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