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Abstract
Purpose: There is an urgent need to develop effective anti-pneumonia drugs. Phillygenin (PHI) is derived
from Forsythia suspense and possesses anti-in�ammation, anti-oxidant bioactivities. In the present study,
we aimed to evaluate the therapeutic potential of phillygenin (PHI) on lipopolysaccharide (LPS)-induced
acute pneumonia.

Methods: The molecular target of PHI was predicted by bioinformatic analysis. Hollow �ber-based ligand
�shing (HFLF) strategy and luciferase reporter assay were further used to identify the target of PHI. LPS-
induced acute pneumonia rat model and A549 cells model were used to evaluate PHI function. TNF-α
pathway and apoptosis associated proteins were detected by Western Blot, immuno�uorescence and
immunohistochemistry. Cell cycle and cytokines were determined by �ow cytometry.

Results: The bioinformatic analysis and luciferase reporter assay identi�ed that the target protein of PHI
was pregnane X receptor (PXR) PHI could directly bind to PXR protein and inhibit NF-κB P65 activity. PHI
signi�cantly decreased the expression of phosphorylated JNK, P38, Erk, P65 in acute pneumonia rat
model. PHI also declined the expression of Bax, Caspase-3 and Caspase-9 and repressed lung epithelial
cell apoptosis induced by LPS in vivo and in vitro. In addition, PHI inhibited in�ammation cytokines
production including TNF-α, IFN-γ, IL-6, IL-1β and IL-18.

Conclusions: PHI signi�cantly alleviated LPS-induced lung injury in vivo by exerting anti-in�ammatory
effects. This is the �rst study to demonstrate that PHI, a small molecule natural product, signi�cantly
alleviates LPS-induced acute pneumonia by binding to PXR. Thus, PHI can be a novel therapeutic agent
for pneumonia.

Introduction
Pneumonia, an acute lung parenchyma infection, is a major threat to public health. Globally, pneumonia
affects more than 150 million individuals every year and results in approximately 2 million deaths
(Prevention.). According to the World Health Organization (WHO), pneumonia is the leading cause of
death among children. Approximately one million children aged less than 5 years die of pneumonia,
which accounts for 16% of all pneumonia-related death cases[1]. The etiological agent for pneumonia is
the microbial pathogens that produce endotoxin[2]. Additionally, pneumonia is associated with aberrant
in�ammatory stimulations[3]. Pneumonia caused due to persistent gram-negative bacterial infection is
associated with high morbidity and mortality worldwide[4]. Lipopolysaccharide (LPS), the predominant
component of gram-negative bacterial cell wall, is reported to be a potent endotoxin and a crucial factor
that mediates in�ammation[5].

In vivo, LPS could signi�cantly induce TNFα production and result to exacerbation of in�ammation,
promote oxidative response, and involved in the pathogenesis of many diseases, including pneumonia[6].
While TNF-α generation enhances oxidative stress which subsequent activation of pro-in�ammatory and
pro-oxidative transcription factors nuclear factor kappa-B (NF-κB), the later involved in the activation of
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in�ammatory cytokines like, IL-6, IL-1β, etc[7, 8]. In another way, TNF-α mediated p38/MAPK, and caspase
signal pathway activations, which subsequently modulate cell apoptosis[9, 10]. All these cytokines and
transcription factors are involved in occurrence and development of pneumonia. Pregnane X receptor
(PXR), as a ligand-dependent transcription factor, is a member of the nuclear receptors superfamily. PXR
and retinoid X receptor alpha (RXRα) form heterodimers to regulate gene transcription, especially drug-
metabolizing enzyme CYP3A4[11, 12]. Additionally, PXR exerts anti-in�ammatory effect by suppressing
the activity of NF-κB or the expression of NF-κB target genes[13]. However, in pneumonia, it is still
unknown whether PXR can inhibit in�ammation by regulating NF-κB after being activated.

Recently, a variety of herbal medicines have also been identi�ed as ligands of PXR and could active
PXR[14]. Astragalus injection and Astragalus granules could also signi�cantly transactivated CYP3A4
reporter gene luciferase activity in PXR-transfected LS174T cells[15]. Sophora �avescens was shown to
activate PXR in a concentration-dependent manner, which is widely used for treatmenting viral hepatitis,
cancer, viral myocarditis, gastrointestinal hemorrhage, and skin diseases[16]. Therefore accumulative
evidences have revealed the PXR–mediated herbal effect against multiple human diseases [17].
Phillygenin (PHI) is a small molecule natural product and a main active ingredient of Forsythia suspensa
(Thunb.), which is used in many traditional Chinese medicine prescriptions, e.g Bi-Yuan-Tong-Qiao
granule, Shuang-Huang-Lian oral liquid[18]. In the e�cacy of these prescriptions drugs, PHI plays
important roles due to possessing many pharmacological activities, such as anti-in�ammation, anti-
tumor, anti-oxidant and anti-hypertensive effects[18]. But the function mechanism of PHI is not fully
elucidated, especially the anti-in�ammatory mechanism still needs further study.

The bioinformatic analysis of Traditional Chinese Medicine (TCM) is widely used to explore the potential
molecular mechanisms of drugs used in TCM, which has enabled increased acceptance of the biological
e�cacy of TCM drugs. In this study, it is found that PHI could bind to PXR by bioinformatic analysis.
Additionally, the activated function of PHI on PXR was determined using luciferase reporter system. And
the effects of PHI on LPS-induced acute pneumonia rat model and LPS-treated cell model were evaluated
to explore the pharmacodynamic effects and potential mechanisms of PHI in acute pneumonia. PHI
could ameliorate LPS-induced acute pneumonia in vivo and in vitro by binding to PXR and inhibiting NF-
Κb.

Materials And Methods
Binding screening of Phillygenin and PXR

Target of phillygenin was predicted using the BATMAN-TCM online tool. It was showed that phillygenin
could bind to PXR (Fig 2A). To further determine relationship between Phillygenin and PXR, binding
screening assay was performed as previously described[19]. In brief, the hollow �ber-based ligand �shing
(HFLF) strategy was used to determine the binding between phillygenin and PXR. Hollow �ber
membranes with an inner diameter of 500 μm and a pore size of 0.2 μm were purchased from GE
Healthcare. PXR protein was injected into the lumen of hollow �bers treated with acetone, methanol, and
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ddH2O. Hollow �ber membranes �lled with proteins were sealed by heating and placed into phillygenin

extract (10 mg/ml), incubated in an ultrasonic bath at 37oC for 30 min. After washing with phosphate-
buffered saline (PBS), bound compounds formed in the lumen were dissociated with 30 μl of methanol.
The �uid was centrifuged at 10000×g for 10 min. Twenty microliters of supernatant was used for liquid
chromatography–mass spectrometry (LC-MS) analysis. The �ow chart is shown in Fig 2B.

Transient transfection and luciferase assays

A549 cells were used for luciferase assays. Recombinant pGL-3 plasmids containing CYP3A4 promoter
and pcDNA3.1 plasmid containing PXR cDNA were transiently co-transfected into A549 cells. After 48 h,
different concentrations of PHI were used to treat the transfected A549 cells for 16 h. Each treatment was
repeated three times. The cells were lysed, and luciferase activity was quanti�ed using the Dual-
Luciferase Reporter Assay System (Promega, WI, USA) according to the manufacturer's instructions.
Relative luciferase activities were shown by normalizing the �re�y luciferase activity to Renilla luciferase
activity. To evaluate whether PHI could inhibit NF-κB by PXR, NF-κB p65 activity was detected using NF-
κB (p65) transcription factor assay kit (Cayman Chemical, MI, USA). A549 cells were cultured in 24 well
plate and then transfected with siRNA against PXR. 24 hours later, the cells were treated with or without
PHI and LPS for 24 hours. According to the manufacture’s instruction, 10 μl of nuclear extracts were used
for detection.

LPS-induced acute pneumonia rat model

Thirty-six male Sprague Dawley (SD) rats (Rattus norvegicus) aged 8-10 weeks with an average weight of
220-250 g were purchased from Vital River Laboratory (Vital River Laboratory Animal Technology, Beijing,
China). The animals were housed at the Center for New Drug Safety Evaluation, Lunan Pharmaceutical
(Lunan Pharmaceutical Group Co., Ltd., Linyi, China). The experimental protocols were approved by the
Animal Ethics Committee of Lunan Pharmaceutical Group Co. Ltd. The animals were randomly divided
into the following 3 groups (n=12): control (vehicle treatment), LPS (LPS treatment), and PHI (LPS+PHI
treatment) group. The LPS and PHI groups were intranasally administered with LPS (20 mg/kg
bodyweight). Next, the animals were intragastrically administered with vehicle or PHI (1.3 mg/kg
bodyweight; three times a day) continuously for 7 days. According to the drug instruction and the
conversion of human body surface area into rat body surface area, the dosage of rat is 1.3 mg/kg. At the
end of experiment, the bronchoalveolar �uid (BALF), blood samples and lung tissue were collected from
all animals.

Staining

The pathological changes in the lung tissue were evaluated by hematoxylin and eosin (H&E) staining and
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining as described
previously[20]. Brie�y, the lung tissues of rats were �xed in 4% paraformaldehyde buffer overnight and
embedded in para�n. The para�n-embedded tissue was cut into 2 μm sections. The sections were
subjected to H&E and TUNEL staining.
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The expression levels of target proteins predicted by bioinformatic and network pharmacology analyses
were validated by immunohistochemical (IHC) staining. The expression levels of tumor necrosis factor
(TNF)-α signaling pathway-related proteins were evaluated (Supplementary Materials and Methods).

Immuno�uorescence and western blotting

To investigate the expression levels of TNF-α signaling pathway-related protein, such as phosphorylated
JNK, P38, ERK, P65, Bax, Bcl-2, caspase-3, and caspase-9, different treatment groups of A549 cells were
subjected to immuno�uorescence and western blotting analyses (Supplementary Materials and
Methods).

Flow cytometry and ELISA

The BALF and serum samples were obtained from all experimental animals. The levels of in�ammatory
factors in the BALF and serum samples were detected by �ow cytometry and ELISA.

To determine the levels of cytokines, the rat BALF sample was �ltered to obtain single-cell suspensions
and washed with 10 mL of Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with 10%
fetal bovine serum (FBS). After incubated with red blood cell lysis buffer (0.01 M KHCO3, 0.15 M NH4Cl,
and 0.1 M EDTA-Na2, pH 7.4), the cells were resuspended in RPMI-1640 medium and counted. Next, the
cells (5×106 cells/well) were cultured in 6-well plates and incubated with phorbol 12-myristate 13-acetate
(PMA; 50 ng/mL), ionomycin (100 ng/mL), and Brefeldin A (BFA; 10 μg/mL) for 6 h at 37°C. The cells
were harvested and detected using �ow cytometry (Supplementary Materials and Methods)..

The respective ELISA kits were used to detect serum levels of TNF-α, IFN-γ, IL-1β, IL-6, and IL-18 in rats
following the manufacturer’s instructions (Supplementary Materials and Methods).

Cell culture and cell inhibition, viability assays

The human lung adenocarcinoma epithelial-like cell line A549 (#TCHu150) was obtained from China
Center For Type Culture Collection (CCTCC, Wuhan University, Wuhan, Hubei province, China) and cultured
as previously described[21].

Cell proliferation was analyzed by using the CellTiter 96®Aqueous Non-radioactive Cell proliferation Kits
(#TB169, Promega Corporation, Madison, WI, USA.), following the manufacturer’s instructions. The half-
maximal effective concentration (EC50) of PHI was calculated in the Graphpad Prism 5.0 software.

The effect of PHI on LPS-induced apoptosis of A549 cells was determined by �ow cytometry using the
Annexin V-FITC/propidium iodide (PI) apoptosis detection kit (BD Biosciences, San Jose, CA).

Statistical analysis

The data were expressed as mean ± standard deviation (Mean ± S.D.). Statistical analyses of all data
were performed with SPSS 18.0 (IBM Corporation, USA). If the data passed the tests for normality and
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homogeneity of variance, the one-way ANOVA was selected for statistical analysis, otherwise, a
nonparametric test was applied. The difference was considered statistically signi�cant when the P-value
was less than 0.05.

Results
PHI could bind with PXR

To investigate the potential bioactivities of PHI, the target proteins of PHI were predicted using the
BATMAN-TCM online tool (http://bionet.ncpsb.org.cn/batman-tcm/). As shown in Fig. 1a, pregnane X
receptor is a pentical target protein of PHI. To further con�rm this, the hollow �ber-based ligand �shing
(HFLF) strategy was used to verify whether PXR could bind with PHI. The hollow �bers �lled with PXR
protein in order to obtain the ligand molecules. Then LC-MS was used to identify the ligand dissociated
from target-ligand complexes. The screening procedure was showed in Figure 2B left. The structure of
PHI was showed in Fig. 1b. Concentration of PHI was detected at different washing times ranging from 5
to 45 min after incubation, and the concentration peaked at 15 min, and reached a plateau at 30 min (Fig.
1b). The results indicated that PHI could bind with PXR.

PHI e�ciently inhibit NF-kB activity in vitro

Cytochrome P450-3A4 (CYP3A4) is highly sensitive to upstream modulation by PXR, so here we used a
dual-luciferase reporter containing pGL3-CYP3A4 promoter and pcDNA3.1-PXR to identify the bioactivity
of PHI. The result showed that PXR protein could promote the luciferase activity by binding to the
promoter of CYP3A4. In the presence of PHI, PXR further increased the luciferase activity in a dose-
dependent manner (Fig. 1c). Then we detected the effect of PHI on NF-κB activity in the presence or in the
absence of PXR. It was showed that PHI inhibited NF-κB p65 activity in the presence of PXR protein in a
dose-dependent manner signi�cantly, however, the inhibited function of PHI was abolished when PXR
was down regulate by speci�c siRNA (Fig. 1d). These results suggested that PHI could exert an inhibited
function on NF-κB by targeting PXR protein.

PHI ameliorated LPS-induced acute pneumonia in vivo

Although the bioinformatics analysis of microarray dataset (GSE110147) demonstrated that TNF-α
signaling pathway was potential target of pneumonia. And it was con�rmed that PHI could e�ciently
inhibit NFκB P65 promoter activity in the present of PXR. However, the actual effect of PHI in pneumonia
is still unknown. In the subsequent research, the effect of PHI on LPS-induced pneumonia was evaluated
using SD rats. The results of H&E and TUNEL staining of rat lung tissues demonstrated that PHI
signi�cantly alleviated LPS-induced tissue injury (Fig. 2a). Additionally, the expression levels of TNF-α
signal pathway-related proteins were detected by western blotting and IHC staining. The protein
expression levels of JNK, P38, ERK1/2, and NF-κB p65 in the LPS and PHI groups were similar to those in
the control group. However, the protein expression levels of phosphorylated JNK, P38, ERK1/2, and NF-κB
p65 in the PHI group were signi�cantly downregulated when compared to those in the LPS group. The
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expression level of Bax, cleaved caspase-3, and caspase-9 exhibited a similar pattern (Fig. 2b). The
results of western blotting analysis concurred with those of IHC assays (Fig. 2c). This suggested that the
TNF-α signaling pathway-related proteins are involved in LPS-induced acute pneumonia and that PHI
alleviated LPS-induced pneumonia by modulating the expression of these proteins.

PHI alleviated LPS-induced acute in�ammation in vivo

Acute in�ammation is reported to be the main cause of pneumonia. The anti-in�ammatory effect of PHI
was evaluated by measuring the levels of in�ammatory factors in the BALF and serum of rats by �ow
cytometry and ELISA. The expression levels of TNF-α (Fig. 3a), IFN-γ (Fig. 3b), and IL-18 (Fig. 3c) in the
BALF of LPS group were signi�cantly higher than those in the BALF of control group. Treatment with PHI
mitigated the LPS-induced enhanced expression level of these cytokines. The levels of these
in�ammatory factors in the serum exhibited a similar pattern as those in the BALF. Compared to the
control group, the LPS group exhibited upregulated expression levels of IL-1β and IL-6. However,
treatment with PHI mitigated the LPS-induced enhanced expression levels of IL-1β and IL-6 (Fig. 3d, e).
These results indicate that PHI can alleviate LPS-induced acute pneumonia by suppressing in�ammation.

PHI mitigated LPS-induced cell apoptosis in vitro by modulating the TNF-α signaling pathway

The results of in vivo experiments suggested that PHI is involved in mitigating LPS-induced dysregulation
of TNF-α pathway. However, the direct effects of PHI are still not well understood. The A549 cells were
pre-incubated with LPS (1 μg/mL) for 2 h and treated with various concentrations of PHI (10-3 to 106
μg/mL) for 24 h. Treatment with PHI dose-dependently mitigated the LPS-induced decreased cell
proliferation (EC50 value=14.66 μg/ml) (Fig. 4a). Subsequently, the effect of various durations (0, 6, 12,
and 24 h) of treatment with 20 mM PHI on the viability of A549 cells pre-stimulated with LPS (1 μg/mL)
for 2 h was evaluated. Treatment with PHI mitigated LPS-induced decreased cell viability in a treatment
duration-dependent pattern (Fig. 4b). LPS signi�cantly promoted A549 cell apoptosis (early apoptosis
rates of control and LPS groups were 3.31 and 37.03%, respectively), which was mitigated by PHI
treatment (10.59% early apoptosis rate) (Fig. 4c). Moreover, the proportion of LPS-treated cells in the
G0/G1 phase was higher than that of control and PHI-treated cells. The proportion of cells in the S phase
was similar among the three groups. However, the proportion of LPS-treated cells in the G2/M phase was
lower than that of control cells (31.85% in control cells vs 4.88% in LPS-treated cells). The proportion of
PHI-treated cells (21.23%) in the G2/M phase was higher than that of LPS-treated cells (4.88%) (Fig. 4d).
The effect of PHI treatment on the LPS-induced enhanced production of in�ammatory proteins in the
A549 cells was evaluated by immuno�uorescence staining and western blotting. The expression levels of
phosphorylated JNK, P38, ERK, P65, Bax, caspase 3, and caspase 9 in the LPS-treated cells were
upregulated when compared to those in the control cells. Treatment with PHI signi�cantly mitigated the
LPS-induced upregulated expression of these proteins. In contrast, the Bcl-2 protein levels were
dramatically inhibited after LPS-treatment but almost recovered to normal by PHI treatment (Fig. 5a). The
results of western blotting assay concurred with those of immuno�uorescence staining (Fig. 5b). These
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�ndings indicate that PHI directly inhibits A549 cell apoptosis induced by LPS through modulating the
expression of TNF-α signaling pathway-related protein.

Discussion
Various pro-in�ammatory factors, such as TNF-α, IL-1, and IL-6 are involved in modulating in�ammation
that initiates and drives acute pneumonia[22, 23]. In this study, the R-limma package was used to analyze
the expression pro�le of pneumonia-related genes via systematic statistical analysis. In total, 3,899
differentially expressed genes (including 1,066 upregulated and 2,833 downregulated) were identi�ed
between the pneumonia and non-pneumonia groups. Based on the screening criteria, 227 genes involved
in various signaling pathways were identi�ed. Of these, 28 differentially expressed genes were associated
with the TNF-α signaling pathway (Supplemental Fig. S1). TNF-α is reported to be involved in the
pathogenesis of pneumonia as it has various functions, such as promoting leukocyte accumulation, cell
proliferation at the injury site and inducing oxidative stress, cell apoptosis, necrosis, angiogenesis, and
tissue remodeling[24–26].

In airway epithelial cells, NF-κB activation plays pivotal roles during the early induction of in�ammatory
responses to bacteria, including generation of pro-in�ammatory cytokines and anti-microbial peptide
production[27, 28]. TNF-α signaling pathway and NF-κB pathway have close biological relationship. The
two can regulate each other e�ciently[29]. Several in�ammatory mediators, such as bacterium-derived
LPS may stimulate TNF-α production[30]. TNF-α then activates multiple pathways and promotes the
expression of various proteins, including NF-κB, ERK, JNK, P38, Bax, and Caspase-3/9, which contribute
to the pathogenesis of pneumonia[31–33]. MAPK and NF-κB signaling pathways play an important role
in many physiological functions of TNF-α mediated pneumonia. In one way, mediate in�ammatory
response. In epithelial cells, the receptor binding TNFα subsequently activated NF-κB, the later translocate
into nucleus, binds to and activates in�ammatory cytokines promoter, such as IL-6 and IL-1β[34]. In most
cases, for these cytokines production, only NF-κB regulation is not su�cient which requires activated
JNK, ERK, and the p38 MAPK pathways[35]. In respiratory epithelial cells, the JNK and ERK arms of the
MAPK pathway, along with NF-κB, activate in�ammatory cytokine transcriptions. Accumulated
in�ammatory cytokines subsequently resulted to cell apoptosis, the other way of MAPK and NF-κB
mediated pathology of pneumonia[36]. As we known, the most common way of cell death is apoptosis,
which is an active death or cell suicide to response in�ammatory stimulation[37]. However, the
relationship between apoptosis and pneumonia is complicated due to there are two types of AECs
(alveolar epithelial cells), which type I facilitate to apoptosis onset in�ammatory injury occurred, and in
case, triggered type II proliferation or promoting the remaining type I cells to differentiate into AECs I
during the tissue repair process[38]. However, repetitive cycles of “injury-repair” �nally consequence of
recruited �broblast accumulating in the injured tissue and developing �brosis[39]. In pneumonia, previous
studies demonstrated that TNF-α promotes epithelial cells apoptosis of injured lung tissue by activating
caspases and promoting the release of reactive oxygen species (ROS), cytochrome c, and Bax[40, 41].
The Caspases (caspase-3 and/or caspase-9) mediated the process of epithelial cells apoptosis is
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regulated by MAPK and NF-κB[36]. PHI, as an anti-in�ammation natural small molecule product, could
bind to PXR protein and further inhibit NF-κB P65 activity (Fig. 1).

In this study, PHI was administered to LPS-treated SD rats and A549 cells. Treatment with PHI
signi�cantly alleviated LPS-induced lung injury and upregulated the expression levels of TNF-α signaling
pathway-related proteins, such as phosphorylated JNK, P38, ERK1/2, NF-κBp65, Bax, caspase-3, and
caspase-9 (Fig. 2). TNF-α-induced in�ammatory factors, such as IFN-γ, IL-18, IL-1β, and IL-6 are reported
to play a critical role in the pathogenesis of pneumonia[22, 42]. Levels of in�ammatory factors in the
BALF and serum of rats were detected by �ow cytometry and ELISA. Treatment with PHI alleviated LPS-
induced acute pneumonia by suppressing in�ammation (Fig. 3). In vivo, PHI effectively mitigated LPS-
induced cell apoptosis and increased A549 cell proliferation (Fig. 4) by regulating the expression of TNF-α
signaling pathway-related proteins, such as p-JNK, p-P38, p-ERK, p-p65, Bax, caspase-3, and caspase-9
(Fig. 5).

PHI is a lignan component extracted from Forsythiae Fructus. Pharmacological studies have shown that
PHI has the effects of anti-in�ammatory[43, 44], liver protection[45], anti-oxidant and anti-tumor[46, 47].
PHI was contained in many prescription of Traditional Chinese Medicine, such as Bi-Yuan-Tong-Qiao
granule (BYTQG) that is a mixture of 14 medical herbs, has a long history of usage for treating upper
respiratory tract infection. However, the application of TCM medicinal formulations, such as BYTQG is
limited in the western world. This is mainly because TCM is based on a complicated theory of yin-yang
and �ve elements, which is in contrast to the precise treatment theories of modern medicine[48]. To
improve the global acceptance of TCM, bioinformatics tools have been developed to analyze the TCM
medicinal herbs. In the research, PHI was found to be a primary component in BYTQG by UPLC/MS
analysis and be associated with the TNF-α signaling pathway (supplemental Fig. S2), which is a potential
mechanism for treating sinusitis and a new clinical application for pneumonia.

In summary, we demonstrated that pregnane X receptor is a target of phillygenin and the latter can
effectively inhibit the activity of NF-κB. Especially in A549 cell model and animal model, PHI displays a
protective role in pneumonia. PHI inhibited in�ammation cytokines production and repressed lung
epithelial cells apoptosis. To the best of our knowledge, this is the �rst study to evaluate the inhibitory
effect of PHI on TNF-α signaling pathway and demonstrate that PHI alleviates LPS-induced acute
pneumonia. Thus, PHI can be a potential novel therapeutic agent.
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Figure 1

PHI could bind with PXR protein. (a) Predicted target of PHI is pregnane X receptor (PXR) using the
BATMAN-TCM online tool. (b) Schematic illustration of HFLF combined with LC–MS methodology (left).
The structure of PHI and the PHI concentration vs. washing time profiles of PHI in HFLF assay (right). (c)
PHI increased the binding of PXR to CYP3A4 promoter in vitro. (d) PHI inhibited NFkB p65 activity in the
presence of PXR protein in a dose-dependent manner.
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Figure 2

PHI alleviated lipopolysaccharide (LPS)-induced acute pneumonia in vivo. Sprague Dawley rats were
stimulated with LPS in the presence or absence of PHI. The rat lung tissues were subjected to
hematoxylin and eosin (H&E) staining and terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) staining (a). The protein expression levels of tumor necrosis factor (TNF)-α signal pathway-
related proteins were detected by western blotting (b) and immunohistochemistry (c). The results are
presented as bars (left) and curves (right). Bar=100 μm. Data are expressed as mean ± standard
deviation. n= 10. *P<0.05.
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Figure 3

PHI alleviated lipopolysaccharide (LPS)-induced acute in�ammation in vivo. The levels of tumor necrosis
factor (TNF)-α (a), interferon (IFN)-γ (b), and interleukin (IL)-18 (c) in the bronchoalveolar �uid (BALF) of
rats were detected by �ow cytometry. The levels of TNF-α, IFN-γ, IL-1β, IL-6, and IL-18 in the serum (d) and
BALF (e) were detected by enzyme-linked immunosorbent assay (ELISA). Experiments were performed in
triplicates. Data are expressed as mean ± standard deviation. *P<0.05.
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Figure 4

PHI mitigated lipopolysaccharide (LPS)-induced cell apoptosis by modulating the tumor necrosis factor
(TNF)-α signaling pathway in vitro. (a) The A549 cells were pre-stimulated with LPS (1 μg/mL) for 2 h.
Next, the A549 cells were treated with various concentrations of PHI (10-3 to 106 μg/ml; based on
phillygenin concentration) for 24 h. The cell proliferation rates were analyzed. (b) The viability of A549
cells incubated with 20 nM PHI for 6, 12, and 24 h. The effect of 20 μg/ml PHI treatment for 24 h on cell
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apoptosis (c) and cell cycle (d) was determined by �ow cytometry. Experiments were performed in
triplicates for each group. Data are expressed as mean ± standard deviation. *P<0.05.

Figure 5

PHI modulates the tumor necrosis factor (TNF)-α signaling pathway in vitro. The A549 cells were
stimulated with lipopolysaccharide (LPS) in the presence or absence of PHI (20 μg/ml). The protein
expression levels of p-JNK, p-P38, p-ERK1/2, p-P65, Bax, Bcl-2, caspase-3, and caspase-9 were detected
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by immuno�uorescence (a) and western blotting (b). Bar=20 μm. Data are expressed as mean ± standard
deviation. *P<0.05
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