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Abstract. This study evaluated the anti-inflammatory effect of epicatechin (EC) on acute lung 
injury (ALI) induced by lipopolysaccharide (LPS) of tracheal installation in BALB/c mice. It was 
observed that EC could alleviate not only the histopathological changes but also decrease the 
wet/dry weight (W/D) ratio of lung tissues. It also suppressed the release of IL-1β, IL-6, and TNF-α 
in serum, bronchoalveolar lavage fluid (BALF), and lung tissues, respectively. A quantitative real-
time PCR-based study further indicated that EC also inhibited the levels of inducible nitric oxide 
synthase (iNOS) and cyclooxygenase-2 (COX-2) mRNA in lung tissues. In addition, the Western 
blot report suggested that EC was closely involved in the inhibition of phosphorylation of ERK, 
JNK, p38, p65, and IκB in mitogen-activated protein kinases (MAPK) and nuclear factor-κB 
(NF-κB) signaling pathway. These results provide an experimental and theoretical basis for treating 
pulmonary inflammation by EC.
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Introduction

Acute lung injury (ALI) is a  form of severe respiratory 
disease. The characteristic symptoms of ALI are severe 
hypoxemia, dyspnea with infiltrated neutrophils, disruption 
of the endothelium, and alveolar injury in the pulmonary. 
This results in an uncontrolled inflammatory response, 
diffused interstitial pulmonary and noncardiogenic lung 
edema along with the increased release of inflammatory 
mediators, increased oxidative stress due to the release of 
reactive oxygen species, and neutrophil accumulation (Tan 
et al. 2018; Wang BQ et al. 2019; Ji et al. 2021). Further, the 
transmigration of neutrophils and endothelial cells promotes 
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 the production of tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and interleukin-6 (IL-6) (Huang et 
al. 2017). Also, the activated neutrophils are attracted by 
the proinflammatory cytokines. Moreover, the neutrophils 
bursting and continuous releasing of proinflammatory 
cytokines are aggravated the overall cellular inflammatory 
response of the pulmonary system (Tang et al. 2018; Du et 
al. 2021).

Lipopolysaccharide (LPS) is an effective proinflammatory 
agent tested in induced murine ALI, a  suitable lung 
inflammatory model, as it shares many common features 
with human ALI, which is caused due to sepsis (Wang 
BQ et al. 2019). LPS not only promotes the release of 
inflammatory mediators but also reduces superoxide 
dismutase (SOD) activity in lung tissues (Zhang et al. 
2019). In addition, the gene expressions of nitric oxide 
kinase (iNOS), cyclooxygenase-2 (COX-2), and TNF-α 
are increased, and the inflammatory signaling pathways, 
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including MAPK, NF-κB, and Notch pathway, are activated 
after LPS induced (Hsieh et al. 2017). Since dietary 
flavonoids (isoflavone, flavonols, and catechins) have 
remarkable anti-inflammatory properties, researchers 
began to study their characteristics and underlying 
molecular mechanisms.

The MAPK and NF-κB signaling pathways are activated 
by extracellular stimuli and are related to ALI (Chen et al. 
2020). At present, extracellular regulatory protein kinases 
(ERK), including ERK 1 and  2, p38 mitogen-activated 
protein kinase (p38 MAPK), and c-Jun amino acid kinases 
(c-Jun N-terminal kinase, JNK) have been reported 
clearly as regulators of the MAPK pathway in mammals 
(Xu et al. 2018). Phosphorylation of ERK, p38, and JNK 
has significantly increased after LPS-stimulation in ALI 
conditions (Li KK et al. 2018). Similarly, the NF-κB pathway 
is also known to mediate various biological events in ALI 
in different organisms. Overall, regulation of inflammatory 
mechanisms requires integration and coordination of 
biological processes in each pathway.

In recent years, studies have shown that flavonoids 
effectively regulate the ALI. (-)-Epicatechin (EC) is one 
such flavonoid with a polyhydroxy structure that is naturally 
present in plants. It is widely distributed in fruits and 
vegetables with high concentrations, especially in apples, 
tea, leguminous plants, and medicinal plants (Fang et 
al. 2016; Li Y et al. 2018; Dudek and Day 2019; Qu et al. 
2020a). Furthermore, EC is known as one of the bioactive 
components related to human nutrition and health, having 
multiple roles in promoting immunomodulation, anti-tumor 
effects, anti-inflammatory effects, protecting neuro-and 
cardiovascular systems, accelerating metabolism and other 
bioactivities (Xu et al. 2017; Leyva-Soto et al. 2021; Yang et 
al. 2021). To date, the molecular mechanism behind the anti-
inflammatory property of EC is not yet clearly understood. 
Also, it remains unknown on the regulation of MAPK and 
NF-κB pathways by EC for the inhibition of inflammation 
in ALI mice.

Therefore, in this study, the various concentrations of EC 
(10, 20, 40 mg/kg) were employed to pre-treat the BALB/c 
mice and then evaluate its effect on mice with ALI. The 
findings of this study can further be used to evaluate the 
underlying ameliorated mechanism of anti-ALI property 
of EC in vivo and therefore provide a theoretical basis for 
related research and medical application.

Materials and Methods

Reagents

(-)-Epicatechin (HPLC > 98%), lipopolysaccharide (from 
Escherichia coli 055:B5) were obtained from Solarbio, Inc. 

(Beijing, China). Dexamethasone (Dex) was purchased 
from Meilun Biotechnology, Inc. (Dalian, China). 
Colorimetric sandwich ELISA kits were purchased from 
Proteintech Group, Inc. (Chicago, USA). The p-JNK, 
p-ERK, p-p38, p-p65, and p-IκB antibodies were obtained 
in Cell Signaling Technology (Beverly, MA, USA) and 
JNK, ERK, p38, p65, IκB, β-actin, and HRP-conjugated 
Affinipure goat anti-rabbit IgG(H+L) antibodies were 
bought in Proteintech Group, Inc. (Chicago, USA). BCA 
protein assay kit was received from Takara Biotechnology 
Inc. (Japan), TRIzol and qPCR RT kit were obtained from 
Magen, Inc. (Guang Zhou, China).

Animals

Animal care and procedures were performed as per the 
guidance of the animal management committee from the 
“Guiding Opinions on Treating Experimental Animals” 
provided by the Ministry of Science and Technology of 
China, 2006, and approved by Ethics Committee. Healthy 
male BALB/c mice (The license number, SCXK (Yunnan) 
K2015-0002) of about 20–30 g (n = 72) with proper SPF-level 
were obtained in Kunming Medical University (Kunming, 
China). They were housed at a  temperature of 23 ± 1°C 
and humidity of 50 ± 5%, with a 12-h day/night cycle and 
a certified standard for diet and water for seven continuous 
days. The mice were randomly divided into six groups 
(12  mice per group) and intraperitoneally (i.p.) injected 
with saline, EC (10, 20, 40 mg/kg), or dexamethasone 
(5 mg/kg) for three consecutive days and then anesthetized 
after intratracheal instillation with LPS (10 mg/kg, 50 ml 
per mouse) or sterile saline into the lungs for 6  h, after 
which they were sacrificed. Rabelo’s method was referenced 
intratracheal instillation of the LPS to establish ALI model, 
among this, 2.5 ml ultrapure water was used to dissolve 10 
mg LPS (Rabelo et al. 2018).

Bronchoalveolar lavage fluid (BALF) collection and analysis

Normal saline (0.5 ml) was used to lavage the lungs three 
times, cells isolated from BALF were centrifuged at 4°C, and 
the supernatants were analyzed by ELISA (Wang X  et al. 
2019). The recovery rate was about 80% monitored.

Histopathological analysis

The right lower lobe lung tissues were taken and treated 
with 4% paraformaldehyde for 24 h until dehydration and 
transparency. The tissues were then embedded in paraffin, 
sectioned, and stained using hematoxylin and eosin (H&E), 
and mounted. The histopathological changes in the lung 
tissues were identified using a  light microscope. Further, 
alveolar congestion, hemorrhage, neutrophil infiltration or 
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Table 1. Target gene primer sequence

Primer

iNOS
Forward 5’-GGGTGGGAGGGGTCGTAATGT-3’
Reverse 5’-GGGAATCTTGGAGCGAGTTGT-3’

COX-2
Forward 5’-CAAGCACAATAGATGCACAAGAAG-3’
Reverse 5’-ATATAGAATGCGTAGAGAGGGGAG-3’

GADPH
Forward 5’-AAGAAGGTGGTGAAGCAGG-3’
Reverse 5’-GAAGGTGGAAGAGTGGGAGT-3’

aggregation in alveolar cavity or blood vessel wall, alveolar 
wall thickening and/or hyaline membrane formation were 
four indicators used to assess the degree of lung tissue 
damage by referring the Wolthuis’s methods (Wolthuis et 
al. 2009).

The W/D ratio of lungs

The right upper lobe lung tissue of the slaughtered mice 
was taken, blotted using a filter paper to remove water and 
blood from the surface, mass determined (wet weight), 
and then dried at 60°C for 72 h using a drying oven and 
weighed (dry weight). The tissue edema of the lungs was 
assessed by calculating the wet/dry weight (W/D) ratio 
(Chu et al. 2018).

Determination of TNF-α, IL-6, and IL-1β

The contents of IL-1β, IL-6, and TNF-α in serum, BALF and 
lung tissues of mice were detected by using a colorimetric 
sandwich ELISA kit based on the manufacturer’s instructions, 
respectively.

qPCR analysis

Frozen lungs were homogenized to isolate the total RNA 
with TRIzol reagent (Xu et al. 2021). Step One Plus reverse 
transcription was employed to prepare cDNA and was 
amplified by a qPCR assay using the primer sets shown in 
Table 1. Reaction condition: 50°C 2 min, 95°C 2 min, 95°C 
15 s, 60°C 32 s read the plate, 40 cycles; analysis of melting 
curve at 60–95°C temperature. The levels of iNOS, COX-2 
were detected.

Western blot assay

The lung tissues were homogenized and lysed using RIPA 
lysis buffer containing protease inhibitors. Homogenate 
was centrifuged at 15,000 ×  g  for 15  min, and protein 
concentration was tested by Takara Biotechnology protein 
assay kit. The blotting assay was performed following 
the method described by Guo et al. (2019). Briefly, the 

protein sample was loaded onto a 10% SDS-PAGE gel and 
later transferred onto PVDF membranes. The membranes 
were then blocked for 2 h with 5% (w/v) non-fat milk, and 
incubated with primary antibody (containing antibodies 
for ERK 1:1000, P38 1:1000, JNK 1:2000, p-P38 1:1000, 
p-ERK 1:1000, p-JNK 1:2000, p65 1:1000, p-p65 1:2000, 
IκB 1:1000, p-IκB 1:1000 and β-actin 1:2000 prepared in 
non-fat milk) at 4°C for 48 h. Followed by this, they were 
incubated with secondary antibodies (HRP-conjugated, 
1:5000) at 4°C for 2  h. Then, the expression of these 
proteins will be examined.

Statistical analysis

All experiments were repeated thrice and the statistical 
analysis was done by using SPSS 18.0 (International Busi-
ness Machines Corporation, NY, USA) and GraphPad 
Prism 5 (GraphPad, San Diego, CA, USA). Data were ex-
pressed as mean ± standard deviation (SD). The bands were 
documented and band intensity quantified using ImageJ 
software (National Institute of Health, Bethesda, Maryland, 
USA). One-way analysis of variance (ANOVA) and repeated 
ANOVA with post hoc were employed to determine the 
differences among experimental groups. The p value < 0.05 
and p value < 0.01 were regarded as significant (# p < 0.05 
and ## p < 0.01 vs. Control group; * p < 0.05 and ** p < 0.01 
vs. LPS group).

Results

Histopathological changes alleviated due to EC pretreatment

Effects of EC on LPS-induced left lung lobe tissues in mice 
showed several histopathological changes in Figure 1. Mice 

Table 2. EC improved pulmonary edema in LPS-induced ALI mice

Group W/D
Control 3.447 ± 1.09
LPS 6.970 ± 0.41#

LPS+EC10 5.053 ± 0.75*

LPS+EC20 4.143 ± 0.25*

LPS+EC40 4.046 ± 0.10*

LPS+Dex 3.563 ± 0.82*

ALI, acute lung injury; EC, epicatechin; W/D, wet/dry ratio of lung 
tissue; Control, control group (treated by sterile saline); LPS, acute 
lung injury model group (treated by 10 mg/kg lipopolysaccharide); 
LPS+EC10, the mice treated by 10 mg/kg LPS and 10 mg/kg epi-
catechin; LPS+EC20, the mice treated by 10 mg/kg LPS and 20 mg/
kg EC; LPS+EC40, the mice treated by 10 mg/kg LPS and 40 mg/
kg EC; LPS+Dex, the mice treated by 10 mg/kg LPS and 5 mg/kg 
dexamethasone. # p < 0.05 vs. Control group, * p < 0.05 vs. LPS group.
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concentrations of 10, 20, and 40 mg/kg (i.e., subsequent 
addition of LPS) showed the pulmonary W/D ratio to be 
5.05 ± 0.75, 4.14 ± 0.25, 4.05 ± 0.10 (p < 0.05), respectively, 
while the ratio value in the Dex-treated group to be 3.56 ± 
0.82 (Table 2).

Effect of EC on inflammatory cytokine levels in ALI mice

Colorimetric sandwich ELISA kit detection of TNF-α, 
IL-1β, and IL-6 in serum, BALF, and lung tissues in 
LPS-stimulated mice showed that TNF-α was drastically 
up-regulated (56.7 ± 1.5 pg/ml) in serum, BALF (430 ± 
68 pg/ml) and lung tissues (885 ± 1.5 pg/ml) (p < 0.01). 
Also, the IL-1β significantly increased in serum (67.9 ± 
0.65 pg/ml), BALF (279 ± 6.3 pg/ml) and lung tissue (745 ± 
5.0 pg/ml); IL-6 was significantly increased in serum (1116 
± 28.4 pg/ml), BALF (767 ± 2.2 pg/ml) and lung tissues 

Figure 1. Histopathological assessment of lung tissue. A. Hema-
toxylin-eosin staining of lung tissue. Images are representative of 
6 experiments, magnification ×100. The arrows were presented 
the characteristic of acute lung injury. B. The score of lung injury 
assessment. Control, control group (treated by sterile saline); LPS, 
acute lung injury model group (treated by 10 mg/kg lipopoly-
saccharide); LPS+EC10, the mice treated by 10 mg/kg LPS and 
10 mg/kg epicatechin; LPS+EC20, the mice treated by 10 mg/kg 
LPS and 20 mg/kg EC; LPS+EC40, the mice treated by 10 mg/kg 
LPS and 40 mg/kg EC; LPS+Dex, the mice treated by 10 mg/kg 
LPS and 5 mg/kg dexamethasone. ## p < 0.01 vs. Control group; 
* p < 0.05 vs. LPS group.

treated with LPS alone showed neutrophil infiltration 
into the pulmonary vessel, edema of interstitial space, 
thickening of the alveolar wall, and alveolar epithelial 
cell damage in the lung tissue, along with inflammation 
indicative of ALI with a higher lung injury score (13.3 ± 
0.58) by comparing the Control group (p < 0.05). These 
pathological processes were found to be alleviated in 
samples subjected to different concentrations (10, 20, and 
40 mg/kg) of EC in mice. Compared with the LPS group, the 
lung injury score obviously decreased in a dose-dependent 
manner (p < 0.05).

Effect of EC on pulmonary W/D ratio

The effects of EC on pulmonary W/D ratio demonstrated 
that pretreatment of EC resulted in decreased W/D in 
a  dose-dependent manner. Mice pre-treated with EC at 



303Epicatechin influence on inflammatory

A

B

C

A B

(1415 ± 2.5 pg/ml). Contrary to the above findings that 
the TNF-α was induced by LPS could be inhibited when 
pre-treated with different concentrations of EC, maximum 
at 40 mg/kg, the levels could be prominently decreased 
in serum (31.6 ± 1.2 pg/ml), BALF (259 ± 1.2 pg/ml) and 
lung tissue (767 ± 12 pg/ml) (p < 0.01). Similarly, when the 
mice tissues were pre-treated with 40 mg/kg EC, the levels 
of IL-1β production were decreased in serum (31.5 ± 2.1 
pg/ml), BALF (88.4 ± 1.4 pg/ml), and lung tissues (617 ± 
7.7 pg/ml). The levels of IL-6 were significantly decreased 
in serum (399 ± 1.1 pg/ml), BALF (250 ± 0.70 pg/ml), and 
lung tissues (1217 ± 53 pg/ml), and these indicators were 

also drastically down-regulated in Dex-treated groups in 
Figure 2.

Effect of EC on iNOS and COX-2 mRNA level

The levels of iNOS and COX-2 mRNA were found to be 
up-regulated in the LPS-stimulated group by 77.6% and 
60.2% more than Control groups. However, iNOS levels 
were significantly decreased to 31.3%, 45.1%, and 46.4% 
in 10, 20, and 40 mg/kg of pre-treated EC, respectively, 
compared to the LPS group (p < 0.05). Further, pretreatment 
with EC could also inhibit the level of COX-2 mRNA from 

Figure 2. EC downregulated TNF-α, IL-1β and IL-6 of mice in serum (A), in bronchoalveolar lavage fluid (BALF; B) and in lung tissue 
(C). ## p < 0.01 vs. Control group; * p < 0.05, ** p < 0.01 vs. LPS group. For abbreviations, see Fig. 1.

Figure 3. Effects of EC on iNOS mRNA 
expression (A) and COX-2 mRNA 
expression (B). # p < 0.05, ## p < 0.01 vs. 
Control group; * p < 0.05, ** p < 0.01 vs. 
LPS group. For abbreviations, see Fig. 1.
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66.2% to 85.8%. Similarly, the Dex at 5 mg/kg concentration 
suppressed the levels of iNOS and COX-2 mRNA by 71.1% 
and 64.0%, compared with the LPS group. No significant 
changes in iNOS and COX-2 levels could be seen between 
the Control and EC groups (40 mg/kg) groups (Fig. 3).

Effect of EC on MAPK and NF-κB signaling pathway

Examination of EC-mediated inhibition of inflammation by 
modulation of MAPK and NF-κB signaling pathway in LPS-
induced ALI of mice by testing for p38, ERK, JNK, p-p38, 
p-ERK, p-JNK, p65, p-p65, IκB, and p-IκB expressions. The 
results showed the LPS stimulation could significantly enhance 
phosphorylated expression of p38, ERK, and JNK in mice lung 
tissues, compared to the Control group. Furthermore, p-p38, 
p-ERK, and p-JNK could be inhibited by EC and Dex pretreat-
ments in a dose-dependent manner (Fig. 4). In addition, the 
LPS stimulation was also shown to increase the phosphoryl-
ated expression of p65 and IκB in mice lung tissues compared 

with the Control group (Fig. 5). Unexpectedly, the expression 
of p-p65 and p-IκB were seen in the Control group, which 
might have been due to the defense mechanism of the immune 
system by itself. Interestingly, the LPS-induced expression of 
p-p65 and p-IκB could also be significantly inhibited by EC 
and Dex pretreatments in a dose-dependent manner.

Discussion

(-)-Epicatechin is one flavonoid that recently received 
attention as an anti-inflammation compound (Qu et al. 
2020b). There are very few reports describing the mechanism 
of the anti-ALI by EC in vivo. In the present study, the effects 
of EC on LPS-induced ALI in mice and its underlying anti-
inflammatory mechanism were evaluated.

ALI is characterized by intensive diffuse inflammation, 
tissue damage, and increased microvascular permeability, 
which leads to multi-organ dysfunction and a high mortality 

Figure 5. A. NF-κB phosphorylation signaling protein express in lungs of mice measured by Western blot assay. B. The quantitative 
analysis. # p < 0.05 vs. Control group; * p < 0.051 vs. LPS group. For abbreviations, see Fig. 1.

Figure 4. A. MAPK phosphorylation signaling protein express in lungs of mice measured by Western blot assay. B. The quantitative 
analysis. # p < 0.05 vs. Control group; * p < 0.05 vs. LPS group. For abbreviations, see Fig. 1.
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rate (Hu et al. 2019). Although studies show a  suitable 
mechanical ventilation technology, it might cause secondary 
damage and, therefore, could be ineffective (Popat et al. 
2018). There is few effective ways to manage the ALI issue. 
In this study, thus, an intratracheal instillation method 
was employed to establish the ALI model, and the effects 
of different concentrations of EC and Dex pretreatments 
were evaluated on it. The aim is to provide an idea for the 
regulation of ALI. As ALI developed, the tissue integrity 
and functional characteristics were imbalanced along with 
the endothelial and epithelial cell injury, the release of 
proinflammatory cytokines, as well as infiltration of a large 
number of neutrophil cells. Finally, pulmonary edema and 
increased W/D ratio were observed (Li et al. 2021; Zhang 
et al. 2021). The current study was detected that the LPS 
caused inflammatory responses in mice lung tissue, including 
neutrophil infiltration, diffusion of interstitial tissues, and 
pulmonary edema, with a higher score (Fig. 1). However, the 
mice pre-treated with EC have presented a drop in scores 
and W/D values of pulmonary in a dose-dependent manner 
(Fig. 1B and Table 2).

Cytokines belonging to a low molecular weight protein su-
perfamily are involved in regulating inflammatory responses 
(Zhang et al. 2017). Proinflammatory cytokines play a crucial 
role in the development of early inflammatory diseases and 
are released by macrophages (Zhao et al. 2019). ALI causes 
release of TNF-α, IL-1β, IL-4, IL-6, IL-10, and other cy-
tokine mediators. Elevated proinflammatory cytokines can 
be observed in almost all patients with inflammation (Lee 
et al. 2020; Park et al. 2020). Among them, TNF-α is a key 
pleiotropic cytokine that can induce inflammatory reactions 
through high particle concentration (Szondy and Pallai 2017). 
Mononuclear cells and macrophages release many cytokines 
by the inflammatory response, which accumulated results in 
excessive systemic inflammation and releases IL-6 (Norelli 
et al. 2018). Moreover, it was seen that increasing IL-6 levels 
in the serum of ALI patients were predicted with increased 
mortality in a clinical trial (Chen et al. 2019). IL-1β is a cy-
tokine produced by endothelial cells and fibroblasts that bind 
to the immunoglobulin superfamily and are closely related 
to inflammation regulation (Shukla et al. 2018). TNF-α, Il-
1β, and IL-6 induced agglutination of vascular endothelial 
cells eventually result in the enrichment of leukocytes into 
the inflammatory site and amplifies the inflammation pro-
cess. Accordingly, the levels of TNF-α, IL-1β, and IL-6 were 
detected and produced at least l0.2 times higher in BALB/c 
mice after 6 h of LPS treatment than in the control group. All 
concentrations of epicatechin inhibited these proinflamma-
tory factors. However, the levels of TNF-α, IL-1β, and IL-6 in 
EC pretreatment groups were reduced in a dose-independent 
manner, especially at 40 mg/kg concentration with values 
closest to control one (Fig. 2). Observations of the current 
study were consistent with the earlier reports, which indicated 

regulation of flavonoid extracts from the medicinal plants 
Antirhea borbonica, Doratoxylon apetalum and Gouania 
mauritiana (Marimoutou et al. 2015). Vilar et al. (2016) also 
revealed that extracts of Anacardium occidentale L. Bark, 
which contains EC 11.6 mg/g could decrease the expression 
of TNF-α, IL-6, and Il-1β to inhibit the other inflammatory 
process in female Swiss albino mice.

Higher expression and activation of alveolar macrophages 
produce two products: iNOS and COX-2, which further 
produce nitric oxide (NO) and prostaglandin E2 (PGE2), 
respectively (Lee et al. 2019; Prakash et al. 2019). The reac-
tion due to excessive NO and superoxide forms peroxynitrite 
that directly damages capillary endothelial cell wall and lung 
epithelial cells and eventually causes ALI (Gao et al. 2018; 
Sun et al. 2018). In this study, we found that the levels of 
iNOS and COX-2 mRNA were significantly increased after 
LPS-induced, and their levels are showed concentration-
dependent decrease (Fig. 3). The levels of iNOS and COX-2 
in our study were in line with the previous findings on the 
effect of flavonoid extracts of Quercus gilva Blume in RAW 
264.7 murine macrophage cells, also related to the suppres-
sion of iNOS and COX-2 levels (Youn et al. 2017). High levels 
of these genes will activate inflammation pathways (MAPK 
and NF-κB pathway) and damage tissues.

MAPK and NF-κB signaling pathways, including ERK, 
p38, JNK, p65, and IκB, have played a vital regulatory role in 
attenuating inflammatory responses in the in vitro experiment 
(Cao et al. 2019; Du et al. 2021). LPS-induced inflammation 
can activate its phosphorylated proteins with increased ERK, 
p38, JNK, p65, and IκB (Hu et al. 2019; He et al. 2021). In 
the MAPK family, the release of proinflammatory cytokines 
could be promoted by protein kinases such as ERK, p38, and 
JNK. The accumulation of small G proteins in the Ras family 
stimulates upstream proteins to activate the ERK pathway 
(Wang et al. 2020). In addition, p38 is also seen to be activated 
by LPS and G+ bacterial cell wall components (Guo et al. 2018). 
Research indicates that the MAPK signaling pathway regulates 
the processes of ALI and participates in the production of 
proinflammatory cytokines (Li et al. 2020). The same trends 
were also found in the NF-κB signaling pathway. In our study, 
the activation of MAPK and NF-κB signal pathways in lung 
tissues was monitored by Western blot, and the results showed 
that EC could significantly inhibit the phosphorylation ex-
pression of ERK, p38, JNK, p65, and IκB (Figs. 4 and 5). The 
findings showed EC could attenuate LPS-induced activation 
of MAPK and NF-κB signaling pathway in LPS-induced ALI 
of BALB/c mice.

Conclusion

In conclusion, this study demonstrated that EC plays a regu-
latory role in LPS-induced mice. Compared to the LPS group, 
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the inflammatory neutrophil infiltration was significantly al-
leviated the TNF-α, IL-6, and IL-1β in serum, BALF, and lung 
tissue homogenate of mice after EC pretreatment. Further, 
the results of qPCR and Western blot revealed that EC could 
inhibit iNOS, COX-2 mRNA levels, and phosphorylation 
expression of ERK, p38, JNK, p65, and IκB proteins.

Conflicts of interest. The authors declare no conflict of interest.

Acknowledgments. This study was financially supported by 
national natural science foundation of China (31560457).

Author contributions. All the authors listed below were involved 
in this work and they have approved the manuscript submission. 
ZL participated in the main experiment and edited the manuscript. 
XF participated in experiment design and statistical analysis. 
YF, CZ, QW and LF participated in the animal experiment, data 
collection. XS provided literature. ZH participated in experiment 
design. JF sponsored the research and was responsible for review 
and revision of manuscripts.

References

Cao Y, Li F, Luo Y, Zhang L, Lu S, Xing R, Yan B, Zhang H, Hu 
W (2019): 20-Hydroxy-3-oxolupan-28-oic acid attenuates 
inflammatory responses by regulating PI3K-Akt and MAPKs 
signaling pathways in LPS-stimulated RAW264.7 macrophages. 
Molecules 24, 386

 https://doi.org/10.3390/molecules24030386
Chen Q, Liu J, Wang W, Liu S, Yang X, Chen M, Cheng L, Lu J, 

Guo T, Huang F (2019): Sini decoction ameliorates sepsis-
induced acute lung injury via regulating ACE2-Ang (1-7)-Mas 
axis and inhibiting the MAPK signaling pathway. Biomed. 
Pharmacother. 115, 108971

 https://doi.org/10.1016/j.biopha.2019.108971
Chen S, Su C, Huang-Liu R, Lee M, Chiang C, Chen W, Chen 

C, Wu S, Kuan Y (2020): Protective effect of nerolidol on 
lipopolysaccharide-induced acute lung injury through the 
inhibition of NF-κB activation by the reduction of p38 MAPK 
and JNK phosphorylation. J. Funct. Foods 69, 103943

 https://doi.org/10.1016/j.jff.2020.103943
Chu K, Fong Y, Wang D, Chen CF, Yeh DY (2018): Pretreatment of 

a matrix metalloproteases inhibitor and aprotinin attenuated 
the development of acute pancreatitis-induced lung injury in 
rat model. Immunobiology 223, 64-72

 https://doi.org/10.1016/j.imbio.2017.10.011
Huang C, Pan L, Lin F, Dai H, Fu R (2017): Monoclonal antibody 

against Toll-like receptor 4 attenuates ventilator-induced lung 
injury in rats by inhibiting MyD88- and NF-κB-dependent 
signaling. Int. J. Mol. Med. 39, 693-700

 https://doi.org/10.3892/ijmm.2017.2873
Du J, Wang G, Luo H, Liu N, Xie J (2021): JNK-IN-8 treatment 

alleviates lipopolysaccharide-induced acute lung injury via 
suppression of inflammation and oxidative stress regulated by 
JNK/NF-κB signaling. Mol. Med. Rep. 23, 150

 https://doi.org/10.3892/mmr.2020.11789

Dudek MK, Day GM (2019): Explaining crystallization preferences 
of two polyphenolic diastereoisomers by crystal structure 
prediction. Cryst. Eng. Comm. 21, 2067-2079

 https://doi.org/10.1039/C8CE01783B
Fang R, Redfern PS, Kirkup RD, Porter EA, Kite GC, Terry LA, 

Berry MJ, Simmonds MSJ (2017): Variation of theanine, 
phenolic, and methylxanthine compounds in 21 cultivars of 
Camellia sinensis harvested in different seasons. Food Chem. 
220, 517-526

 https://doi.org/10.1016/j.foodchem.2016.09.047
Gao X, Ho C, Li X, Lin X, Zhang Y, Chen Z, Li B (2018): 

Phytochemicals, anti-Inflammatory, anti-proliferative, and 
methylglyoxal trapping properties of Zijuan tea. J. Food Sci. 
83, 517-524

 https://doi.org/10.1111/1750-3841.14029
Guo H, Sun L, Ling S, Xu J (2018): Levistilide a ameliorates NLRP3 

expression Involving the Syk-p38/JNK pathway and peripheral 
obliterans in rats. Mediators Inflamm. 2018, 1-11

 https://doi.org/10.1155/2018/7304096
Guo T, Su Z, Wang Q, Hou W, Li J, Zhang L, Zhang J (2019): 

Vanillin protects lipopolysaccharide-induced acute lung injury 
by inhibiting ERK1/2, p38 and NF-κB pathway. Future Med. 
Chem. 11, 2081-2094

 https://doi.org/10.4155/fmc-2018-0432
He Q, Wang Y, Liu D, Zhang J, Wang J, Yang H (2021): Apelin-36 

protects against lipopolysaccharide-induced acute lung injury 
by inhibiting the ASK1/MAPK signaling pathway. Mol. Med. 
Rep. 23, 1164

 https://doi.org/10.3892/mmr.2020.11644
Hsieh Y, Deng J, Pan H, Liao J, Huang S, Huang G (2017): Sclareol 

ameliorate lipopolysaccharide-induced acute lung injury 
through inhibition of MAPK and induction of HO-1 signaling. 
Int. Immunopharmacol. 44, 16-25

 https://doi.org/10.1016/j.intimp.2016.12.026
Hu X, Liu S, Zhu J, Ni H (2019): Dachengqi decoction alleviates 

acute lung injury and inhibits inflammatory cytokines 
production through TLR4/NF‐κB signaling pathway in vivo 
and in vitro. J. Cell. Biochem. 120, 8956-8964

 https://doi.org/10.1002/jcb.27615
Ji C, Dai S, Liu H, Dong J, Liu C, Zuo J (2021): Polyphenols from 

Securidaca inappendiculata alleviated acute lung injury in rats 
by inhibiting oxidative stress sensitive pathways. Chin. Herb. 
Med. 13, 381-388

 https://doi.org/10.1016/j.chmed.2020.09.007
Lee B, Ha J, Shin H, Jeong S, Jeon D, Kim J, Park J, Kwon H, Jung 

K, Lee W, et al. (2020): Spiraea prunifolia var. simpliciflora 
attenuates oxidative stress and inflammatory responses in 
a  murine model of lipopolysaccharide-induced acute lung 
injury and TNF-α-stimulated NCI-H292 cells. Antioxidants 
9, 198

 https://doi.org/10.3390/antiox9030198
Lee SA, Lee SH, Kim JY, Lee WS (2019): Effects of glycyrrhizin 

on lipopolysaccharide-induced acute lung injury in a mouse 
model. J. Thorac. Dis. 11, 1287-1302

 https://doi.org/10.21037/jtd.2019.04.14
Leyva-Soto A, Alejandra Chavez-Santoscoy R, Porras O, Hidalgo-

Ledesma M, Serrano-Medina A, Alejandra Ramírez-Rodríguez 
A, Alejandra Castillo-Martinez N (2021): Epicatechin 



307Epicatechin influence on inflammatory

and quercetin exhibit in vitro antioxidant effect, improve 
biochemical parameters related to metabolic syndrome, and 
decrease cellular genotoxicity in humans. Food Res. Int. 142, 
110101

 https://doi.org/10.1016/j.foodres.2020.110101
Li KK, Shen SS, Deng X, Shiu HT, Siu WS, Leung PC, Ko CH, 

Cheng BH (2018): Dihydrofisetin exerts its anti-inflammatory 
effects associated with suppressing ERK/p38 MAPK and heme 
oxygenase-1 activation in lipopolysaccharide-stimulated RAW 
264.7 macrophages and carrageenan-induced mice paw edema. 
Int. Immunopharmacol. 54, 366-374

 https://doi.org/10.1016/j.intimp.2017.11.034
Li R, Zou X, Huang H, Yu Y, Zhang H, Liu P, Pan S, Ouyang Y, Shang 

Y (2020): HMGB1/PI3K/Akt/mTOR signaling participates in 
the pathological process of acute lung injury by regulating the 
maturation and function of dendritic cells. Front. Immunol. 
11, 1104

 https://doi.org/10.3389/fimmu.2020.01104
Li Y, Li L, Lund MN, Li B, Hu Y, Zhang X (2018): Reduction 

of Nε-(carboxymethyl) lysine by (-)-epicatechin and 
(-)-epigallocatechin gallate: The involvement of a possible 
trapping mechanism by catechin quinones. Food Chem. 266, 
427-434

 https://doi.org/10.1016/j.foodchem.2018.06.009
Li Y, Wang N, Ma Z, Wang Y, Yuan Y, Zhong Z, Hong Y, Zhao 

M (2021): Lipoxin A4 protects against paraquat-induced 
acute lung injury by inhibiting the TLR4/MyD88-mediated 
activation of the NF-κB and PI3K/AKT pathways. Int. J. Mol. 
Med. 47, 1-13

 https://doi.org/10.3892/ijmm.2021.4919
Marimoutou M, Le Sage F, Smadja J, Lefebvre D Hellencourt C, 

Gonthier M, Robert-Da Silva C (2015): Antioxidant polyphe-
nol-rich extracts from the medicinal plants Antirhea borbonica, 
Doratoxylon apetalum and Gouania mauritiana protect 3T3-L1 
preadipocytes against H2O2, TNF-α and LPS inflammatory 
mediators by regulating the expression of superoxide dismutase 
and NF-κB genes. J. Inflamm. 12, 10

 https://doi.org/10.1186/s12950-015-0055-6
Norelli M, Camisa B, Barbiera G, Falcone L, Purevdorj A, Genua 

M, Sanvito F, Ponzoni M, Doglioni C, Cristofori P, et al. (2018): 
Monocyte-derived IL-1 and IL-6 are differentially required for 
cytokine-release syndrome and neurotoxicity due to CAR T 
cells. Nat. Med. 24, 739-748

 https://doi.org/10.1038/s41591-018-0036-4
Park K, Chung E, Choi Y, Jang H, Kim J, Kim G (2020): Oral 

administration of Ulmus davidiana extract suppresses 
interleukin-1β expression in LPS-induced immune responses 
and lung injury. Genes Genomics 42, 87-95

 https://doi.org/10.1007/s13258-019-00883-x
Popat C, Ruthirago D, Shehabeldin M, Yang S, Nugent K (2018): 

Outcomes in patients with acute stroke requiring mechanical 
ventilation: Predictors of mortality and successful extubation. 
Am. J. Med. Sci. 356, 3-9

 https://doi.org/10.1016/j.amjms.2018.03.013
Prakash M, Basavaraj BV, Murthy KNC (2019): Biological functions 

of epicatechin: Plant cell to human cell health. J. Funct. Foods 
52, 14-24

 https://doi.org/10.1016/j.jff.2018.10.021

Qu Z, Liu A, Li P, Liu C, Xiao W, Huang J, Liu Z, Zhang S (2020): 
Advances in physiological functions and mechanisms of 
(-)-epicatechin. Crit. Rev. Food Sci. Nutr. 2, 211-233

 https://doi.org/10.1080/10408398.2020.1723057
Rabelo MAE, Lucinda LMF, Reboredo MM, Da Fonseca LMC, 

Reis FF, Fazza TF, Brega DR, de Paoli F, de Souza Da Fonseca 
A, Pinheiro BV (2018): Acute aung injury in response to 
intratracheal instillation of lipopolysaccharide in an animal 
model of emphysema induced by elastase. Inflammation 41, 
174-182

 https://doi.org/10.1007/s10753-017-0675-5
Shukla V, Barnhouse V, Ackerman WE, Summerfield TL, Powell 

HM, Leight JL, Kniss DA, Ghadiali SN (2018): Cellular 
mechanics of primary human cervical fibroblasts: Influence of 
progesterone and a pro-inflammatory cytokine. Ann. Biomed. 
Eng. 46, 197-207

 https://doi.org/10.1007/s10439-017-1935-0
Sun L, Zhang H, Gu C, Guo S, Li G, Lian R, Yao Y, Zhang G (2018): 

Protective effect of acacetin on sepsis-induced acute lung injury 
via its anti-inflammatory and antioxidative activity. Arch. 
Pharm. Res. 41, 1199-1210

 https://doi.org/10.1007/s12272-017-0991-1
Szondy Z, Pallai A (2017): Transmembrane TNF-alpha reverse 

signaling leading to TGF-beta production is selectively 
activated by TNF targeting molecules: Therapeutic implications. 
Pharmacol. Res. 115, 124-132

 https://doi.org/10.1016/j.phrs.2016.11.025
Tan W, Chen L, Wang YX, Hu LS, Xiong W, You S, Yao SL (2019): 

Protectin DX exhibits protective effects in mouse model of 
lipopolysaccharide-induced acute lung injury. Chin. Med. J. 
131, 1167-1173

 https://doi.org/10.4103/0366-6999.227618
Tang X, Zhao H, Jiang W, Zhang S, Guo S, Gao X, Yang P, Shi L, 

Liu L (2018): Pharmacokinetics and pharmacodynamics of 
citrus peel extract in lipopolysaccharide-induced acute lung 
injury combined with Pinelliae Rhizoma Praeparatum. Food 
Funct. 9, 5880-5890

 https://doi.org/10.1039/C8FO01337C
Vilar M, de Souza G, Vilar D, Leite J, Raffin F, Barbosa-Filho 

J, Nogueira F, Rodrigues-Mascarenhas S, Moura T (2016): 
Assessment of phenolic compounds and anti-inflammatory 
activity of ethyl acetate phase of Anacardium occidentale L. 
Bark. Molecules 21, 1087

 https://doi.org/10.3390/molecules21081087
Wang BQ, Shi M, Zhang JP, Wu X, Chang MJ, Chen ZH, Shen HH, 

Song YL, Zhou J, Bai CX (2019): Knockdown of TFPI-anchored 
endothelial cells exacerbates lipopolysaccharide-induced acute 
lung injury via NF-κB signaling pathway. Shock 51, 235-246

 https://doi.org/10.1097/SHK.0000000000001120
Wang X, He P, Yi S, Wang C (2019): Thearubigin regulates the pro-

duction of Nrf2 and alleviates LPS-induced acute lung injury 
in neonatal rats. 3 Biotech. 9, 451

 https://doi.org/10.1007/s13205-019-1986-z
Wang Y, Huang C, Bian E, Lei T, Lv X, Li J (2020): NLRC5 negatively 

regulates inflammatory responses in LPS-induced acute lung 
injury through NF-κB and p38 MAPK signal pathways. Toxicol. 
Appl. Pharmacol. 403, 115150

 https://doi.org/10.1016/j.taap.2020.115150



308 Li et al.

Wolthuis EK, Goda APV, Juffermans NP, Schultz MJ (2009): 
Mechanical ventilation using non-injurious ventilation settings 
causes lung injury in the absence of pre-existing lung injury in 
healthy mice. Crit. Care 13, 1-11

 https://doi.org/10.1186/cc7688
Xu C, Luo Y, Ntim M, Quan W, Li Z, Xu Q, Jiang L, Zhang J, Shang 

D, Li L, et al. (2021): Effect of emodin on long non‐coding RNA-
mRNA networks in rats with severe acute pancreatitis‐induced 
acute lung injury. J. Cell. Mol. Med. 25, 1851-1866

 https://doi.org/10.1111/jcmm.15525
Xu JL, Shin J, Park S, Kang S, Jeong S, Moon J, Choi Y (2017): 

Differences in the metabolic profiles and antioxidant activities 
of wild and cultivated black soybeans evaluated by correlation 
analysis. Food Res. Int. 100, 166-174

 https://doi.org/10.1016/j.foodres.2017.08.026
Xu Z, Chen L, Min J, Wang Q, Zhang C, Xiang LF (2018): CCN1/

Cyr61 stimulates melanogenesis through integrin α6β1, p38 
MAPK and ERK1/2 signaling pathways in human epidermal 
melanocytes. J. Investig. Dermatol. 138, 1825-1833

 https://doi.org/10.1016/j.jid.2018.02.029
Yang H, Su W, Hua J, Wang C, Wang C (2021): Investigation of 

non-volatile substances in the Haihong fruit wine and their 
lipid-lowering effect. Food Biosci. 39, 100836

 https://doi.org/10.1016/j.fbio.2020.100836
Youn SH, Kwon JH, Yin J, Tam LT, Ahn HS, Myung SC, Lee MW 

(2017): Anti-Inflammatory and Anti-Urolithiasis Effects of 

polyphenolic compounds from Quercus gilva Blume. Molecules 
22, 1121

 https://doi.org/10.3390/molecules22071121
Zhang C, Ning D, Pan J, Chen C, Gao C, Ding Z, Jiang F, Li M 

(2021): Anti-inflammatory effect fraction of bletilla striata and 
its protective effect on LPS-induced acute lung injury. Mediators 
Inflamm. 2021, 1-16

 https://doi.org/10.1155/2021/7393029
Zhang H, Wu M, Guo D, Wan C, Chan S (2017): Gui-ling-gao 

inhibits concanavalin a-induced inflammation by suppressing 
the expressions of iNOS and proinflammatory cytokines in mice 
isolated splenocytes. J. Food Biochem. 41, e12367

 https://doi.org/10.1111/jfbc.12367
Zhang S, Wang P, Zhang J, Wang W, Yao L, Gu C, Efferth T, Fu 

Y (2019): 2’O-galloylhyperin attenuates LPS-induced acute 
lung injury via up-regulation antioxidation and inhibition of 
inflammatory responses in vivo. Chem. Biol. Interact. 304, 20-27

 https://doi.org/10.1016/j.cbi.2019.02.029
Zhao S, Zhong Y, Fu X, Wang Y, Ye P, Cai J, Liu Y, Sun J, Mei 

Z, Jiang Y, Liu J (2019): H3K4 methylation regulates LPS-
induced proinflammatory cytokine expression and release in 
macrophages. Shock 51, 401-406

 https://doi.org/10.1097/SHK.0000000000001141 

Received: December 16, 2021
Final version accepted: May 3, 2022


