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Abstract. The present study aimed to investigate the effect 
of picfeltarraenin IA (IA) on respiratory inflammation by 
analyzing its effect on interleukin (IL)‑8 and prostaglandin E2 
(PGE2) production. The expression of cyclooxygenase 2 
(COX2) in human pulmonary adenocarcinoma epithelial 
A549 cells in culture was also examined. Human pulmonary 
epithelial A549 cells and the human monocytic leukemia 
THP‑1 cell line were used in the current study. Cell viability 
was measured using a methylthiazol tetrazolium assay. The 
production of IL‑8 and PGE2 was investigated using an 
enzyme‑linked immunosorbent assay. The expression of 
COX2 and nuclear factor‑κB (NF‑κB)‑p65 was examined 
using western blot analysis. Treatment with lipopolysaccha-
ride (LPS; 10 µg/ml) resulted in the increased production of 
IL‑8 and PGE2, and the increased expression of COX2 in 
the A549 cells. Furthermore, IA (0.1‑10 µmol/l) significantly 
inhibited PGE2 production and COX2 expression in cells with 
LPS‑induced IL‑8, in a concentration‑dependent manner. 
The results suggested that IA downregulates LPS‑induced 
COX2 expression, and inhibits IL‑8 and PGE2 production 
in pulmonary epithelial cells. Additionally, IA was observed 
to suppress the expression of COX2 in THP‑1 cells, and also 
to regulate the expression of COX2 via the NF‑κB pathway 
in the A549 cells, but not in the THP‑1 cells. These results 
indicate that IA regulates LPS‑induced cytokine release in 
A549 cells via the NF‑κB pathway.

Introduction

Picfeltarraenin IA (IA) is extracted from the plant 
Picria  fel‑terrae Lour and has been used in traditional 
Chinese medicine as an acetylcholinesterase inhibitor (1). 
However, little is understood of the mechanisms underlying 
the beneficial properties of IA that are exploited today in the 
treatment of respiratory diseases.

Inflammation is a defense mechanism that arises to 
remove injurious stimuli. However, prolonged inflamma-
tion may lead to various disorders, including respiratory 
diseases  (2). Due to anti‑inflammatory agents serving as 
potential therapeutics of inflammatory respiratory disorders, 
the potential anti‑inflammatory effects of IA warrant inves-
tigation.

The initial tissue that meets inhaled allergens is the respi-
ratory epithelium, which has the ability to release mediators 
and cytokines (3). As a primary interface between the lungs 
and pathogens, epithelial cells lining the airways and alveoli 
provide a physicochemical barrier, responding to inhaled 
irritants by releasing various inflammatory mediators (4).

A number of proinflammatory cytokines and chemo-
kines, consisting of interleukin (IL)‑1, IL‑6, IL‑8, eotaxin, 
granulocyte‑macrophage colony-stimulating factor, macro-
phage‑inflammatory protein, and regulate on activation, 
normal T‑cell expressed and secreted, as well as anti‑inflam-
matory mediators, including prostaglandin E2 (PGE2) and 
nitric oxide (NO), are all synthesized by respiratory epithelial 
cells. The aforementioned cytokines and chemokines regu-
late inflammation by altering cell recruitment, activation and 
survival (5). It has been previously reported that the activation 
of respiratory epithelial cells is associated with respiratory 
disorders, including asthma, chronic obstructive pulmonary 
disease and cystic fibrosis, and also with respiratory infec-
tions. Respiratory epithelial cell stimulation via the use of 
inflammatory mediators results in the increased expression 
and secretion of a number of cytokines with proinflammatory 
functions (6). Of the chemical mediators that are secreted by 
the epithelial cells, prostaglandins serve an important role in 
the inflammatory processes of the respiratory system. Pros-
taglandins are synthesized from arachidonic acid through a 
reaction that is catalyzed by cyclooxygenase (COX). COX2, 
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an isoform of COX, is an inducible enzyme and is expressed 
in response to inflammatory cytokines or lipopolysaccharide 
(LPS), the primary component that forms the outer membrane 
of gram‑negative bacteria (7). Increased COX2 expression and 
PGE2 production has been observed to result from inflam-
matory respiratory diseases. When tracheal and pulmonary 
epithelial cells are induced to express COX2, they predomi-
nantly release PGE2 (8).

As a fundamental chemokine secreted by lung epithelial 
cells, IL‑8 serves a crucial function in the recruitment of 
inflammatory cells into the lung. The level of IL‑8 produced 
is observed to correlate with the severity of lung injury (9). 
Several studies have suggested that the overexpression of IL‑8 
is essential to the pathophysiological changes observed in 
chronic inflammatory lung disease (10,11). The level of IL‑8 
is reportedly a crucial prognostic factor for acute respiratory 
distress syndrome‑associated mortality (12). The regulation 
of the respiratory epithelial cell IL‑8 response is therefore 
necessary to prevent excessive inflammatory reactions that 
are injurious to the lung. In acute lung injury, IL‑8 production 
is reliant on gene products released during early inflamma-
tory stages  (13). In respiratory epithelial cells, the NF‑κB 
pathway is activated, resulting in the translocation of cells to 
the nucleus, where they bind and activate the IL‑8 promoter. 
Therefore, the NF‑κB pathway activates IL‑8 transcription. 
The maximal production of IL‑8 is dependent on cooperative 
interactions with the NF‑κB signaling pathways (14). Further-
more, NF‑κB is a ubiquitously expressed transcription factor 
family that regulates the expression of multiple genes that are 
involved in the inflammatory and immune responses, and also 
cellular proliferation (15).

In the present study, the effects of IA on COX2 expres-
sion, and IL‑8 and PGE2 production were investigated through 
the selective modulation of NF‑κB in the human pulmonary 
epithelial A549 cell line in vitro.

Materials and methods

Cell culture and chemicals. The human pulmonary adenocar-
cinoma epithelial A549 cell line and the human monocytic 
leukemia THP‑1 cell line were purchased from the American 
Type Culture Collection (Manassas, VA, USA). Each cell 
type was suspended in Dulbecco's modified Eagle's medium 
(Gibco; Thermo Fisher Scientific, Waltham, MA, USA) incor-
porated with 4 mmol/l L‑glutamine, 10% fetal bovine serum, 
100 U/ml penicillin and 100 µg/ml streptomycin. Growing on 
culture dishes, the cells were left until they achieved a subcon-
fluence of 80‑90%. Once this level had been reached, the cells 
were dissociated by treatment with 0.2% trypsin/0.02% ethyl-
enediamine tetraacetic acid for a total of 5 min, and were 
subsequently collected by centrifugation at 300 x g for 2 min. 
The cells were plated at 2x104 cells/cm2 on 24‑well plates, and 
were maintained for 48 h until they reached optimal conflu-
ence. Wu et al previously noted that A549 cells may respond 
to LPS when under serum‑free conditions (8). To reduce the 
effect of serum‑derived factors, the medium was replaced by a 
serum‑free culture medium. The experiments were conducted 
24 h later in the A549 cells. 

IA with a purity of >98% was purchased from Shanghai 
Tongtian Biotechnology Co., Ltd. (Shanghai, China). The IA 

was dissolved in dimethyl sulfoxide (DMSO) as a 100‑mmol/l 
solution for the treatment of the cells. LPS and pyrrolidine 
dithiocarbamate (PDTC) were obtained from Sigma‑Aldrich 
(St.  Louis, MO, USA). Polyclonal goat anti‑mouse COX2 
(cat. no. sc‑23984; 1:800) and polyclonal rabbit anti‑mouse NF‑κB 
p65 (cat. no. sc‑372; 1:200) antibodies were purchased from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Monoclonal 
mouse anti‑human glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) antibodies (cat. no. kc-5G4; 1:10,000) were obtained 
from Kangchen Biotech Co., Ltd. (Shanghai, China) and 
monoclonal mouse anti‑human toll‑like receptor 4 (TLR4) 
antibodies (cat. no. 14-9917-80; 1:100) were purchased from 
eBioscience, Inc. (San Diego, CA, USA).

Cell viability assay. Cells in the exponential growth phase 
were seeded in 96‑well culture plates (5,000 cells per well) 
and treated with various concentrations of LPS (1, 10 and 
100 µg/ml) and IA (0.1, 1, 10 and 100 µmol/l) for 6, 12 and 
24  h and 24  h, respectively. Following incubation, 20  µl 
methylthiazol‑tetrazolium (MTT) solution (5  mg/ml) was 
added to each well and the cells were incubated for a further 
4 h. The supernatant was then removed, and the resulting 
crystals were dissolved in DMSO. The absorbance of each 
well was measured using a VICTOR™X microplate reader 
(PerkinElmer Inc., Waltham, MA, USA) at 570 nm. The cell 
viability was calculated using the following formula: Cell 
viability (%) = (average absorbance of treated cells / average 
absorbance of control cells) x 100. A lactate dehydrogenase 
detection kit (Reckon Diagnostics Pvt. Ltd., Vadodara, India) 
was used to evaluate the lactate dehydrogenase released from 
the cells following treatment with the different concentrations 
of LPS and IA. The kit was used according to the manufac-
turer's protocols.

Western blot analysis. Following treatment with the test 
agents, the cells were washed twice in phosphate‑buffered 
saline and lysed in 400 µl lysis buffer [62.5 mmol/l Tris‑HCl 
(pH 6.8), 2% SDS, 10% glycerol, 0.01% bromophenol blue and 
5% 2‑mercaptoethanol]. Western blot analysis was performed 
as described previously (16). Following this, the protein was 
separated using electrophoresis on a 10% polyacrylamide gel 
at 200 V for 80 min. The protein was transferred to a polyvi-
nylidene fluoride membrane, which was subsequently blocked 
and incubated with a specific goat polyclonal antibody against 
COX2 (1:800), a specific rabbit polyclonal antibody against 
NF‑κB (1:200) and a specific mouse polyclonal antibody 
against GAPDH (1:10,000). Chemiluminescence was observed 
using an enhanced chemiluminescence kit (GE Healthcare Life 
Sciences, Chalfont, UK). Quantitative analysis of the western 
blotting was performed using AlphaEase FC software (version 
4.1.0; Alpha Innotech Corporation, San Leandro, CA, USA).

Enzyme‑linked immunosorbent assays (ELISAs) for IL‑8 and 
PGE2 production. Following treatment with the test agents, 
the cell culture medium was collected and the levels of IL‑8 
and PGE2 were measured using ELISAs; specifically, through 
the use of IL‑8 and PGE2 assay kits (R&D Systems Europe, 
Abingdon, UK), respectively. The assay was conducted by 
comparing the unlabeled IL‑8/PGE2 in the sample and the 
fixed amount of labeled IL‑8/PGE2.
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Statistical analysis. The data are expressed as the mean ± stan-
dard deviation of at least three independent experiments. To 
determine the differences between the groups, Tukey's all 
pairwise comparison was used. All statistical analyses were 
performed using SPSS 16.0 statistical software (SPSS, Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effect of LPS on A549 cell viability. To investigate the effect 
of LPS on the A549 cells, the cells were treated with 1, 10 and 
100 µg/ml LPS at 6, 12 and 24 h. Cell viability was observed 
using an MTT assay. The survival rate was ~80% after 6 h, 
60% after 12 h and 22% after 24 h with LPS 10 µg/ml treat-
ment (Fig. 1). The cell viability of the LPS-treated group was 
significantly decreased when compared with the untreated 

cells (P<0.05). These results suggest that the A549 cells were 
damaged by LPS in a dose‑ and time‑dependent manner.

Effect of IA on A549 cell viability. The effect of IA on the 
viability of the A549 cells was subsequently investigated. The 
cells were incubated with varying IA concentrations for a period 
of 12 h in a serum‑free medium. Cell viability was determined 
using an MTT reduction assay. As presented in Fig. 2, a concen-
tration of 100 µmol/l IA was observed to significantly decrease 
cellular MTT reduction (P<0.05), but did not exhibit any toxicity 
at ≤10 µmol/l. Additionally, IA was tested at 0.1‑10 µmol/l to 
determine whether it improved LPS‑induced cell inhibition. 
For this experiment, the A549 cells were treated with 10 µg/ml 
LPS in the presence or absence of IA at a concentration of 
0.1‑10 µmol/l. IA significantly increased cell growth in the pres-
ence of 10 µg/ml LPS (P<0.05). The results suggested that IA 
possesses the ability to attenuate the cell injury induced by LPS.

Effect of IA on LPS‑induced IL‑8 and PGE2 production in A549 
cells. LPS was used as an inflammatory agent in the subsequent 
experiment. To investigate the effect of IA on the production of 
LPS‑induced IL‑8 and PGE2 (a major COX product in A549 
cells), 0.1‑10 µmol/l IA was added concomitantly with 10 µg/ml 
LPS. The level of IL‑8 and PGE2 in the medium was quan-
titatively measured using an ELISA. As presented in Fig. 3, 
LPS significantly increased the amount of IL‑8 and PGE2. 

Figure 1. Effect of LPS on the viability of the A549 cells in culture. The 
cells were left untreated, or were treated with or 1, 10 and 100 µg/ml LPS for 
6, 12 or 24 h; cell viability was assessed using a methylthiazol‑tetrazolium 
reduction assay. All data are presented as the mean ± standard error of three 
separate observations. *P<0.05 vs. without LPS. LPS, lipopolysaccharide.

  A

  B

Figure 3. Effects of LPS, anti‑TLR4 neutralizing antibody and IA on IL‑8 and 
PGE2 production in the A549 cells. The cells were treated with 10 µg/ml LPS 
for 12 h. An anti‑TLR4 neutralizing antibody was added 1 h prior to the 
addition of LPS. IA (0.1, 1, or 10 µmol/l) was added concomitantly with LPS. 
Following treatment, the production of (A) IL‑8 and (B) PGE2 was analyzed 
using an enzyme‑linked immunosorbent assay. All data are presented as the 
mean ± standard error (n=4). *P<0.05 vs. LPS alone. PGE2, prostaglandin E2; 
IL‑8, interleukin‑8; LPS, lipopolysaccharide; TLR4, toll‑like receptor 4; IA, 
picfeltarraenin IA.

Figure 2. Effect of IA alone or the combination of IA and LPS on the viability 
of the A549 cells in culture. The cells were left untreated, or were treated 
with 0.1, 1, 10 or 100 µmol/l IA for 12 h. Cell viability was assessed using 
a methylthiazol‑tetrazolium reduction assay. All data are presented as the 
mean ±  standard error of three separate observations. *P<0.05 vs. LPS 
10 µg/ml group. **P<0.05 vs. untreated control. LPS, lipopolysaccharide; IA, 
picfeltarraenin IA.
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The LPS‑induced IL‑8 production was significantly reduced 
by nearly 31 and 50% by 1 and 10 µmol/l IA, respectively 
(P<0.05). PGE2 production was reduced significantly by nearly 

34 and 48% by 1 and 10 µmol/l IA (P<0.05), respectively. In 
addition, TLR4, the primary receptor for the recognition of LPS 
on the cell surface, was used as a positive control. LPS‑induced 
IL‑8 and PGE2 production in the A549 cells was abolished by 
the presence of a neutralizing antibody against TLR4 (20 µg/ml).

Effect of IA on COX2 expression. To examine the sensitivity 
of A549 cells to LPS, the cells were incubated with LPS at 
a concentration of 10 µg/ml for 12 h. COX2 expression was 
analyzed using western blot analysis with anti‑COX2 anti-
bodies. As presented in Fig. 4, the expression of COX2 was 
significantly increased by treatment with LPS. The expression 
of COX2, induced by LPS, in the A549 cells was suppressed 
by the presence of a neutralizing antibody against TLR4, 
indicating that the response is mediated by TLR4 activation. 
Furthermore, LPS‑induced COX2 expression was significantly 
inhibited by the presence of 10 µmol/l IA (P<0.05) and was 
inhibited overall by IA in a concentration‑dependent manner. 
To observe whether the aforementioned effect of IA was 
specific to the A549 cells, the human monocytic THP‑1 cell 
line was also analyzed. As presented in Fig. 4, the expression 
of COX2 in the THP‑1 cells was substantially increased by 
treatment with LPS. The LPS‑induced COX2 expression in the 
THP‑1 cells was also inhibited by 1 and 10 µmol/l IA.

IA inhibits COX2 production through the NF‑κB pathway. 
Expanding on previous studies that have reported NF‑κB acti-
vation as a key signaling mechanism of LPS‑induced COX2 
expression in A549 and RAW 264.7 cells (17), the molecular 
basis for IA inhibition of NF‑κB‑mediated inflammatory 
cytokine production was investigated. Upon IA treatment, 
the LPS‑induced NF‑κB was suppressed in the A549 cells 
(P<0.05), but not in the THP‑1 cells (Fig. 5A). To confirm the 
inhibition of COX2 production by the NF‑κB pathway, the 
effect of IA treatment on LPS‑induced COX2 in the A549 
cells in the presence or absence of PDTC (a specific inhibitor 
of NF‑κB) was assessed. Fig. 5B demonstrates that IA inhib-
ited LPS‑induced COX2 production. Furthermore, PDTC 
(50 µmol/l) reversed IA‑suppressed COX2 production in the 
A549 cells. Therefore, it can be concluded that IA suppresses 
COX2 production via the NF‑κB pathway.

Discussion

IA was isolated and characterized from the whole plant of 
Picria fel‑terrae Lour (18). However, the mechanism of IA 
is not well understood. The present study is the first of its 
type to investigate the immunoregulatory functions of IA on 
LPS‑induced COX2, IL‑8 and PGE2 responses in lung epithe-
lial cells. Additionally, the study also established that the 
immunoregulatory effects of IA on LPS‑induced epithelial 
cell responses are mediated partially by NF‑κB inhibition.

The key finding of the current study was that IA signifi-
cantly inhibited LPS‑induced COX‑2 expression, and IL‑8 
and PGE2 production in human pulmonary adenocarcinoma 
epithelial A549 cells. As the increased expression of COX2, 
and the production of IL‑8 and PGE2 are indicated to serve 
an important role in airway inflammatory mechanisms, the 
inhibitory effect of IA may therefore facilitate the treatment of 
respiratory diseases.

Figure 4. Effect of LPS and IA on COX2 expression in the A549 and THP-1 
cells. The cells were treated with 10 µg/ml LPS for 12 h. An anti-TLR4 neu-
tralizing antibody was added 1 h prior to adding LPS. IA (0.1, 1 or 10 µmol/l) 
was added concomitantly with LPS. Following treatment, COX2 expres-
sion was analyzed using western blot analysis. LPS, lipopolysaccharide; 
IA, picfeltarraenin IA; COX2, cyclooxygenase2; TLR, toll‑like receptor; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 5. IA inhibits COX2 production via NF-κB. (A) IA suppressed the 
expression of NF-κB p65. The A549 cells were incubated with LPS in the 
presence or absence of IA, and subsequently processed for western blot 
analysis using antibodies against NF-κB p65. (B) IA inhibited LPS-induced 
COX2 by NF-κB. The A549 cells were treated with IA with or without 
PDTC. The level of COX2 was assayed using western blot analysis. LPS, 
lipopolysaccharide; IA, picfeltarraenin IA; COX2, cyclooxygenase 2; TLR, 
toll‑like receptor; NF‑κB, nuclear factor‑κB; PDTC, pyrrolidine dithiocarba-
mate; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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In the present study, LPS was employed to induce cyto-
kine release in the A549 cells. The primary receptor for LPS 
is TLR4 (19), with its signaling requiring numerous acces-
sory proteins, including cluster of differentiation (CD)14 
and lymphocyte antigen 96 (20,21). It has been previously 
reported that A549 cells respond to LPS through TLR4 in 
the presence of 1% serum, but that in the absence of serum 
they are unresponsive to LPS due to the low expression of 
CD14 and TLR4 (22). In the present study, the A549 cells 
responded to LPS and the response was subsequently blocked 
by an anti‑TLR4 neutralizing antibody, therefore indicating 
that the A549 cell response is mediated by TLR4. The A549 
cell cultures were moved to a serum‑free medium 24 h prior 
to assays, however, serum influence may have remained in the 
cultures.

IL‑8 is a chemokine that possesses a wide spectrum of 
responsibilities, including chemotaxis, cell adhesion, reac-
tive oxygen species generation, angiogenesis promotion and 
azurophil granule release (23). Despite IL‑8 being commonly 
recognized as a neutrophil‑specific chemokine, it has also been 
indicated to modulate the function of a number of inflamma-
tory cells, including T and B lymphocytes, natural killer cells, 
basophils, monocytes and eosinophils. The proinflammatory 
and regulatory cytokine IL‑8 can be identified in lung inflam-
mation (24). In the present study, IA decreased LPS‑induced 
IL‑8 production in the A549 cells (Fig. 3A). PGE2 has been 
previously reported to activate IL‑8 gene expression in certain 
cell types. Prostaglandins, particularly PGE2 are produced 
in large quantities in osteoarthritic cartilage, and function 
as modulators of inflammation, inflammatory pain and 
tissue destruction (25). Prostaglandins are synthesized from 
arachidonic acid through the production of COX enzymes 
and prostaglandin synthases (26). The present study observed 
that IA also suppressed PGE2 production (Fig. 3B) and COX2 
expression (Fig. 4). These results suggest that IA has possible 
anti‑inflammatory effects.

A previous study (27) indicated that IA extracts suppressed 
the expression of COX2, the production of NO and PGE2, and 
the secretion of the proinflammatory cytokines IL‑6, IL‑8 
and tumor necrosis factor‑α in LPS‑mediated RAW264.7 
cells. Furthermore, these effects were demonstrated to be 
closely associated with the inhibition of the NF‑κB p50/p65 
subunits (27). Therefore, in the present study, the effect on 
LPS‑induced COX2 expression in THP‑1 cells in the presence 
of IA was observed (Fig. 4). It has been reported that NF‑κB 
is a key signaling mechanism in LPS‑induced COX2 expres-
sion (28). IA is likely to act on these common mechanisms, 
thus inducing COX2 expression in the A549 and THP‑1 
cells (Fig. 4).

The present study has demonstrated that IA can downreg-
ulate IL‑8 and PGE2 production and COX2 expression via the 
pulmonary epithelial cell line in response to LPS. The results 
indicated that the mechanism of this modulation was partially 
initiated by NF‑κB inhibition. Further understanding of the 
molecular mechanisms by which inflammation is regulated 
in the lungs is required to aid the production of effective 
therapeutics that may eventually treat inflammatory lung 
diseases. Having demonstrated the possible advantages of the 
anti‑inflammatory effects of IA for the treatment of respira-
tory disorders in the present study, future studies may decide 

to focus on the effects of IA using animal models of airway 
inflammation in vivo.
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