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Abstract. Acute lung injury (ALI) is characterized by
neutrophilic infiltration, uncontrolled oxidative stress and
inflammatory processes. Despite various therapeutic regimes
having been performed, there remains no effective phar-
macotherapy available to treat ALI. Halofuginone (HF), a
ketone isolated from Dichroa febrifuga, exhibits significant
anti-inflammatory and antifibrotic effects. Dexamethasone
(DEX), a synthetic glucocorticoid, has been routinely used
as an adjuvant therapy in treating inflammatory diseases,
including ALI. The present study aimed to investigate the
effects of the combination of HF and DEX in the treatment
of ALI. The present results suggested that the simultaneous
administration of HF and DEX markedly decreased the
level of pro-inflammatory cytokines and increased the level
of anti-inflammatory cytokines, as assessed by western blot
analysis. In addition, HF and DEX effectively decreased
nuclear factor-kB activity via suppressing the phosphoryla-
tion of P65 in lipopolysaccharide (LPS)-induced human
pulmonary alveolar epithelial cells (HPAEpiC) and lung
tissues extracted from ALI rats, as determined by immuno-
fluorescence. Furthermore, in vivo experiments demonstrated
that the combination of HF and DEX in LPS-induced ALI
rats defended against lung fibrosis, perivascular inflammation,
congestion and edema of pulmonary alveoli, as assessed by
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histopathological analysis, TUNEL staining and immunohis-
tochemistry assay. Taken together, the present study indicated
the synergistic effect of HF and DEX on LPS-induced ALI
in HPAEpiC cells and a rat model. These results offer a novel
therapeutic approach for the treatment of ALI.

Introduction

The histopathological features of acute lung injury (ALI)
include alveolar leukocyte infiltration, lung edema, hyaline
membrane formation, increased alveolar wall thickness and
hemorrhage (1). A wide arrange of diseases can cause ALI,
including pneumonia, sepsis and acute pancreatitis (2). Studies
have shown that Gram-negative bacterial infection may be
crucial in the development of ALI (3). Several natural products
have been examined in experimental models and have been
shown to inhibit multiple inflammatory pathways associated
with ALI (4,5), however, the morbidity and mortality rates
remain high (6). Therefore, the development of effective drugs
or strategies to treat ALI is urgently required.

Halofuginone [HF, 7-bromo-6-chloro-3-[3-(3-hydroxy-
2-piperidinyl)-2-oxopropyl] is a low-molecular-weight
plant-derived alkaloid extracted from Dichroa febrifuga.
Previous studies have demonstrated that HF exhibits antifibrotic
activity (7) and offers therapeutic promise in animal models of
fibrotic disease (8). Other studies have indicated that HF has a
beneficial effect in regulating the immune response (9). In addi-
tion, HF can reduce the productions of some pro-inflammatory
cytokines, including tumor necrosis factor-o. (TNF-a) (10) and
interleukin (IL)-17 (11), in inflammatory diseases.

Dexamethasone (DEX) is a potent, long-lasting synthetic
glucocorticoid that possesses potent anti-inflammatory prop-
erties. According to previous reports, DEX can inactivate the
nuclear factor-xB (NF-«kB) pathway (12) and inhibit the expres-
sion of IL-17 (13), IL-1a (14) and IL-23 (15). For this reason,
DEX is widely used to treat various inflammatory diseases,
including rheumatoid arthritis (16), asthma (17) and ALI (18).
According to previous reports, a combination of DEX with
other drugs exerted superior effects on mitigating ALI (19,20).
Therefore, the present study aimed to examine the synergistic
effect of DEX and HF in the treatment of ALI.
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The NF-«xB pathway can activate an inflammatory cascade
and lead to the upregulation of several pro-inflammatory cyto-
kines, including TNF-o and IL-1 (21). According to published
reports, the NF-xB pathway is involved in the pathogenesis
of ALI (22-24). In addition, during the pathological process
of ALI, various pro-inflammatory cytokines are activated,
particularly IL-17 (25) and IL-23 (26). This evidence demon-
strates that NF-xB and the inflammatory cytokines are major
targets for ALI therapy.

In the present study, the effect of DEX and HF on
LPS-induced ALI and the underlying molecular mechanisms
were examined in vitro and in vivo. Lipopolysaccharide
(LPS)-induced type II alveolar epithelial cells (HPAEpiC
cells) and ALI rats were treated with DEX, HF or their
mixture respectively. The results demonstrated that there was
a synergistic effect of HF and DEX on LPS-induced ALI in
HPAEDpIC cells and the rat model.

Materials and methods

Cell culture and treatment. The HPAEpiC human alveolar
epithelial cells were purchased from ScienCell Company
(Carlsbad, CA, USA; cat. no. 3200; https://www.sciencellon-
line.com/human-pulmonary-alveolar-epithelial-cells.html).
The cells were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at
37°C with 5% CO,. The cells were divided into five groups:
Control group: Normal HPAEPIC cells; LPS group: HPAEPiC
cells incubated with 0.5 pg/ml LPS for 12 h; LPS + DEX
group: DEX (100 nM) was administrated 12 h following LPS
treatment; LPS + HF group: HF (100 nM) was administrated
12 h following LPS treatment; LPS + DEX + HF group: HF
(100 nM) and DEX (100 nM) mixture was administrated 12 h
following LPS treatment. All cells were incubated at at 37°C
with 5% CO,.

Cell viability measurement. Cell viability was assessed using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
assay. The HPAEDpiC cells were seeded into 96-well plates at
5x10° cells/well and incubated in 5% CO, at 37°C for 12 h.
The culture medium was then replaced with fresh culture
medium containing different doses of HF or DEX at the final
concentration of 0, 1, 2, 5, 10, 20, 50, 100, 200, and 400 nM.
The surviving fractions were determined at 24 and 48 h.
Subsequently, the OD values were detected at 450 nm and
normalized to cells treated with normal medium.

Western blot assay. The HPAEpIC cells subjected to different
treatments for 24 h and the homogenized lung tissue samples
were prepared for the western blot assay. All samples were
lysed in RIPA lysis buffer containing 1% protease inhibitor.
In total, 20 pug protein was loaded in each lane. Proteins were
separated by 12% SDS-PAGE and transferred onto PVDF
(EMD Millipore, Billerica, MA, USA) membranes. The PVDF
membranes were then blocked with 5% nonfat milk and washed
with TBS with 5% Tween 20 at room temperature. Subsequently,
the samples were incubated with anti-TNF-a [1:1,000; cat.
no. 11948; Cell Signaling Technology, Inc. (CST)]; anti-IL-1p
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(1:1,000; cat. no. 12703; CST); anti-IL-17 (1:1,000; cat.
no. 13838; CST); anti-IL-23 (1:100; cat. no. ab45420; Abcam);
anti-IL-10 (1:1,000; cat. no. 12163; CST); anti-P65 (1:1,000; cat.
no. 8242; CST) and anti-GAPDH (1:10,000; cat. no. ab181602;
Abcam) primary antibodies overnight at 4°C. Following exten-
sive washing with TBST for three times, the membranes were
incubated with horseradish peroxidase-labeled goat anti-rabbit
secondary antibody (cat. no. ab6721; 1:2,000; Abcam) for 1.5
h at room temperature. The immunoreactive bands were visu-
alized using a ChemiDoc XRS imaging system and Quantity
One analysis software (version 1.42; Bio-Rad Laboratories,
Inc., Franklin Lakes, NJ, USA).

NF-kB nuclear translocation. The HPAEpiC cells on a cover
glass were washed with PBS and fixed in 4% paraformalde-
hyde. The fixed cells were then blocked with PBS containing
10% FBS for 30 min at room temperature. Subsequently, all
samples were incubated with primary antibody P65 (1:200; cat.
no. abl6502; Abcam) for 1 h at room temperature, followed by
incubation with a secondary antibody conjugated with FITC
(1:20,000; cat. no. ab6662; Abcam) for 30 min at room temper-
ature. The samples were mounted in medium containing DAPI
(Roche Diagnostics, Basel, Switzerland) for 5 min at room
temperature. The location of NF-kB was measured using a
laser scanning confocal microscope (magnification, x400;
Olympus Corporation, Tokyo, Japan).

Animals and treatment. HF was purchased from Sigma-Aldrich
(Merck KGaA). Specific-pathogen-free (SPF) Sprague-Dawley
male rats (weight, 200-220 g; age, 7 weeks) were obtained
from The Laboratory Animal Center of Yidu Central Hospital
Affiliated to Weifang Medical College (Qingzhou, China). All
rats were required to adapt to the environment for 7 days prior
to the experiments with a maintained temperature of 22°C and
a 12-h light/dark cycle at 60% humidity. The animals were
allowed free access to tap water and SPF fodder. The animal
protocols used in the present study were approved by the
Institutional Animal Ethics Committee and according to the
Guidelines of Laboratory Animal Care and Use Committee. A
total of 45 rats were randomly divided into five groups (n=9 per
group). Control group: Normal rats; LPS group: Rats received
an LPS (5 mg/kg) intratracheal injection to induce ALI; LPS +
DEX group: Rats were treated with DEX (5 mg/kg/d in PBS)
1 h following LPS treatment by intraperitoneal injection; LPS
+ HF group: Rats were treated with HF (0.1 mg/kg/d in PBS)
1 h following LPS treatment by intraperitoneal injection; LPS
+ DEX + HF group: HF (15 mg/kg/d) and DEX (0.1 mg/kg/d)
was simultaneously administrated 1 h following LPS treat-
ment. The treatment continued for 3 days. Subsequently, the
rats were anesthetized with an intraperitoneal injection of
pentobarbital sodium (30 mg/kg body weight). The lung tissues
were collected from the rats under anesthesia for subsequent
analyses. Following collection, the rats were sacrificed by
intraperitoneal injection of pentobarbital sodium (200 mg/kg
body weight).

Histopathological analysis. The lung tissues were collected
and washed with PBS following sacrifice of the rats. The tissues
were then fixed with 10% paraformaldehyde and embedded
in paraffin. The samples were cut into 4-um sections. Each



MOLECULAR MEDICINE REPORTS 21: 927-935, 2020 929

NH O r,N Br Halofuginone
N C16H17BrCIN303
. cl MW: 414.68
OH (o]
B c -~ 24h b
-e-24h Halofuginone Dexamethasone
1204 -=-48h 120 =+ 48h
__ 1004 __ 1004 9
IS = =
g 804 E 80+ %
§ 60 ] 60+ >
> > o
= 404 = 40- o
o o
204 20+
c T T T T L T T T T T 3 T T T T J T T T T T
0 1 2 5 10 20 50 100 200 400 0 1 2 5 10 20 50 100 200 400
Concentration (nM) Concentration (nM)

Figure 1. HF and DEX sustain the survival of HPAEpiC cells. (A) Structure of HF. (B) HPAEpiC cell viability was detected using an MTT assay. Cells were
treated with HF at different concentrations (0, 1,2, 5, 10, 20, 50, 100, 200, and 400 nM) for different durations (24 and 48 h). (C) HPAEpiC cell viability was
measured using an MTT assay. Cells were treated with DEX at different concentrations (0, 1, 2, 5, 10, 20, 50, 100, 200, and 400 nM) for different durations
(24 and 48 h). (D) HPAEpIC cells were divided into five groups. Control group: Normal HPAEPiC cells; LPS group: HPAEPIC cells incubated with 0.5 ug/ml
LPS for 12 h; LPS + DEX group: DEX (100 nM) administrated 12 h following LPS treatment; LPS + HF group: HF (100 nM) administrated 12 h following LPS
treatment; LPS + DEX + HF group: HF (100 nM) + DEX (100 nM) administrated 12 h following LPS treatment. Cell viability of HPAEpiC cells was measured
using an MTT assay. The experiments were repeated at least three times ("P<0.05 vs. HPAEpiC group; “P<0.05 vs. LPS group; “P<0.05 vs. LPS+DEX group).
HF, halofuginone; DEX, dexamethasone; LPS, lipopolysaccharide; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

section was stained with hematoxylin and eosin (H&E). The
histopathological features of ALI were assessed using light
microscopy (magnification, x400; Olympus Corporation).

Terminal-deoxynucleotidyl transferase mediated nick end
labeling (TUNEL) staining. According to the manufacturer's
protocol, the lung tissue sections were fixed in acetone and
slides were incubated with terminal deoxynucleotidyl trans-
ferase and detection buffer using the detection kit (Roche
Molecular Biochemicals, Indianapolis, IN, USA). The numbers
of TUNEL-positive nuclei were counted under a light micro-
scope (magnification, x400; Olympus Corporation).

Immunohistochemistry assay for IL-17. The lung tissue
sections underwent exposure to 3% hydrogen peroxide
following dewaxing, hydration and antigen retrieval. The
tissue sections were then incubated with anti-IL-17 primary
antibodies (1:200; cat. no. ab79056; Abcam) overnight at 4°C.
The following day, biotin-labeled secondary antibody (1:250;
cat. no. ab6658; Abcam) was added and incubated for 1 h at
room temperature. The clay bank granules were observed
under light microscopy.

Cytokine ELISA assay. The rats were anesthetized with an intra-
peritoneal injection of pentobarbital sodium (30 mg/kg body
weight) prior to cervical dislocation, following which blood
was taken from the lung tissue sections. Following centrifuga-
tion at 3,000 x g for 15 min at 4°C, serum was collected for the
measurement of cytokine concentrations of IL-13 (Invitrogen;
Thermo Fisher Scientific, Inc.), IL-23, TNF-a (PeproTech,
Inc, Rocky Hill, NJ, USA), and IL-10 (eBioscience; Thermo
Fisher Scientific, Inc.) using ELISA kits, following the manu-
facturer's protocol, at 450 nm. Determinations were performed

in duplicate in three independent experiments. The results are
expressed as pg/ml.

Statistical analysis. Values are expressed as the mean + stan-
dard deviation. Comparisons between means were performed
using one-way analysis of variance followed by Tukey's post
hoc test using SPSS version17.0 (SPSS, Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference for all types of statistical test.

Results

HF and DEX sustain the survival of HPAEpiC cells. The
structure of HF is illustrated in Fig. 1A. An MTT assay was
used to determine the appropriate concentrations of HF and
DEX. The HPAEpiC cell lines were treated with HF or DEX
at different concentrations (0, 1, 2, 5, 10, 20, 50, 100, 200, and
400 nM), respectively. The results indicated that no significant
decrease was observed in the HPAEpiC cells treated with HF
or DEX concentrations <100 nm. However, cell viability was
markedly reduced at a concentration =100 nM (Fig. 1B and C).
Therefore, the concentration of 100 nM was selected for
HF and DEX for the following experiments to exclude cell
toxicity. The HPAEpiC cells were induced by LPS and treated
with HF and DEX separately or together, the results showed
that LPS reduced cell survival compared with the control
group. However, the LPS-induced decrease in cell viability
was elevated following treatment with HF or DEZ. Increased
cell survival was observed in the HF + DEX group compared
with that in the DEX group (Fig. 1D).

HF and DEX weaken LPS-induced inflammatory response.
To investigate the impact of HF and DEX on the inflammatory
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Figure 2. HF and DEX weaken the LPS-induced inflammatory response. (A) Expression levels of inflammatory cytokines (TNF-a, IL-1f3, IL-17, IL-23 and
IL-10) were detected using western blot analysis. GAPDH was the endogenous reference. Histograms showing the expression levels of (B) TNF-a, (C) IL-1f,
(D) IL-17, (E) IL-23 and (F) IL-10 in HPAEpiC cells according to the results of western blot analysis. The experiments were repeated at least three times, and
data are presented as the mean + standard deviation ("P<0.05 vs. HPAEpiC group; "P<0.05 vs. LPS group; “P<0.05 vs. LPS+DEX group). HF, halofuginone;
DEX, dexamethasone; LPS, lipopolysaccharide; TNF-a, tumor necrosis factor-a; IL, interleukin.

response, typical inflammatory cytokines were detected in the
non-LPS or LPS-induced HPAEpiC cell lines. The western
blot assays demonstrated that the expression levels of TNF-a.,
IL-1pB, IL-17 and IL-23 were markedly increased, whereas
that of IL-10 was markedly decreased, in the LPS-induced
HPAEDiC cells compared with the normal HPAEpiC cells.
In addition, the expression levels of TNF-a, IL-1p, IL-17,
IL-23 were reduced, whereas that of IL-10 was elevated, in
the LPS-induced cells treated with DEX or HF compared with
the LPS-induced cells. Furthermore, the expression levels of
TNF-a, IL-18, IL-17 and IL-23 were suppressed, whereas that
of IL-10 was upregulated, in the LPS-induced cells treated
with DEX + HF, compared with those treated with DEX alone
(Fig. 2A-F). These results indicated that the combination of
HF and DEX can weaken the LPS-induced inflammatory
response more than either HF or DEX used alone.

HF and DEX reduce NF-kB activity via suppressing the
phosphorylation of P65. To determine the mechanism under-
lying the effect of HF and DEX on the pro-inflammatory
responses of HPAEpIC cells, the expression level of P65 and
its phosphorylated form was measured by western blot analysis.
As shown in Fig. 3A and B, the level of p-P65/P65 was upregu-
lated in the LPS-induced HPAEpiC cells compared with that
in the normal HPAEpiC cells. In addition, the expression of
p-P65/P65 was reduced in the LPS-induced cells treated with
DEX or HF, compared with that in the LPS group. Furthermore,
the expression of p-P65/P65 was decreased in the LPS-induced
cells treated with DEX + HF compared with those treated with
DEX alone. To further validate this result, the subcellular local-
ization of P65 was investigated using the immunofluorescence
technique (Fig. 3C). The results indicated that the combination
of DEX + HF decreased the nuclear translocation of p65.
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Figure 3. HF and DEX reduce the activity of NF-B via suppressing the phosphorylation of P65. (A) Expression levels of P65 and p-P65 were measured by
western blot analysis. GAPDH was the endogenous reference. (B) Data summary and analysis of the expression of p-P65/P65 in cells according to the results
of western blot analysis. (C) Nuclear translocation of p65 was measured by immunofluorescence (magnification, x400). The experiments were repeated at least
three times, and data are presented as the mean + standard deviation ("P<0.05 vs. HPAEpiC group; *P<0.05 vs. LPS group; “P<0.05 vs. LPS+DEX group).
HF, halofuginone; DEX, dexamethasone; LPS, lipopolysaccharide; p-, phosphorylated.

HF and DEX alleviate acute lung injury in an LPS-induced
rat model. To observe the impact of HF and DEX on morpho-
logical changes of lung tissues, H&E staining was used. The
results showed that, in the rats suffering from LPS-induced
ALI with no treatment, minimal typical histomorphology of
the lung was observed. By contrast, in the LPS-induced ALI
rats treated with HF + DEX, the degree of perivascular inflam-
mation and neutrophil infiltration was significantly decreased,
compared with that in the LPS-induced ALI rats treated with
DEX or HF alone. Furthermore, the combination of the two
drugs reduced the congestion and edema of pulmonary alveoli,
thickness of the pulmonary septum and fibrosis compared
with the LPS-induced ALI rats treated with DEX or HF alone
(Fig. 4A). Apoptotic bodies in the lung tissue were examined
using a TUNEL assay. As shown in Fig. 4B and C, the numbers
of apoptotic bodies were increased in the LPS-induced lung
tissues compared with those in the normal lung tissues. In
addition, apoptotic numbers were reduced in the LPS-induced
lung tissues treated with DEX or HF compared with those in
LPS-induced lung tissues. Furthermore, the numbers of apop-
totic bodies were decreased in LPS-induced lung tissues treated
with DEX + HF compared with those in the LPS-induced lung

tissues treated with DEX alone (Fig. 4B and C). To confirm the
effect of DEX and HF on inflammatory factors in LPS-induced
lung tissues, immunohistochemical staining was used to
investigate the expression of IL-17. The results suggested
that the expression of IL-17 was markedly upregulated in the
LPS-induced lung tissues compared with that in normal lung
tissues. In addition, the expression of IL-17 was reduced in the
LPS-induced lung tissues treated with HF or DEX compared
with that in LPS-induced lung tissues. The expression level of
IL-17 was decreased in the LPS-induced lung tissues treated
with HF + DEX compared with that in LPS-induced lung
tissues treated with DEX alone (Fig. 4D and E). To identify
whether DEX and HF activated the NF-«B pathway, western
blot analysis was performed to measure the expression of P65
and its phosphorylated form in the lung tissues. The results
demonstrated that the expression of p-P65/P65 was markedly
increased in LPS-induced lung tissues compared with that in
normal lung tissues. In addition, the expression of p-P65/P65
was reduced in the LPS-induced lung tissues treated with
HF or DEX compared with that in LPS-induced lung tissues.
Furthermore, the expression level of p-P65/P65 was decreased
in the LPS-induced lung tissues treated with HF + DEX
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Figure 4. HF and DEX alleviate acute lung injury in an LPS-induced rat model. (A) H&E staining to examine the morphological changes of lung tissues
(magnification, x400). (B) Data summary and analysis of the number of apoptotic bodies according to the results of the TUNEL assay. (C) TUNEL assay used
to detect the number of apoptotic bodies (magnification, x400). (D) Expression of IL-17 was observed through an immunohistochemical assay. Magnification,
x400. (E) Histogram represents the percentage of IL-17-positive cells in lung tissue according to the results of immunohistochemical assay. (F) Expression
levels of P65 and p-P65 were evaluated through western blot analysis. GAPDH was used as an endogenous reference. (G) Histogram showing the expression
of p-P65/P65according to the results of western blot analysis. (H) Concentrations of TNF-a, IL-13, IL-23 and IL-10 were measured using an ELISA assay.
The experiments were repeated at least three times and data are presented as the mean + standard deviation ("P<0.05 vs. healthy control group; *P<0.05 vs.
LPS group; ¥P<0.05 vs. LPS+DEX group). HF, halofuginone; DEX, dexamethasone; LPS, lipopolysaccharide; IL-17, interleukin-17; TNF-a, tumor necrosis
factor-a; p-, phosphorylated; H&E, hematoxylin and eosin; TUNEL, terminal-deoxynucleotidyl transferase mediated nick end labeling.

compared with that in LPS-induced lung tissues treated with
DEX alone (Fig. 4F and G). Finally, the LPS-induced elevated
levels of TNF-a, IL-1p and IL-23 were decreased in the DEX-
or HF-treated cells. The decreased levels of TNF-a, IL-1p
and IL-23 and increased level of IL-10 were measured in the
DEX + HF group and compared with those in the cells treated
with DEX alone (Fig. 4H). These results suggested that the
combination of HF and DEX led to further alleviation of ALI
in the LPS-induced rat model.

Discussion

ALl is a clinical syndrome of severe lung failure. The compli-
cations of ALI include persistent respiratory failure, prolonged
dependence on mechanical ventilation, multi-organ dysfunc-
tion and mortality (27). Despite progress having been made
in drug exploration and understanding mechanisms, effec-
tive pharmacotherapy for ALI remains limited. Until now,
a number of studies have demonstrated that several extracts
from Chinese herbs can be of importance in treating ALI,
including Sarcandra glabra (28), wogonin (29), flos lonicerae

japonicae (30) and triptolide (31). These reports indicate the
potential of Chinese herbs in treating ALI.

HF, a nontoxic antiparasitic alkaloid derivative of
Dichroa febrifuga roots, has been widely used in the treat-
ment of multiple inflammatory diseases, including colitis (32),
autoimmune arthritis (9) and acute viral myocarditis (33).
However, the use of HF to treat ALI has not been reported.
DEX, a well-known anti-inflammatory agent, is also widely
applied to treat various inflammatory diseases. According to
published reports, DEX has been used to treat inflammatory
bowel disease (34), inflammatory airway disease (35), corneal
inflammation (36) and ALI (37). These studies suggest that
the combination of HF and DEX is a promising therapeutic
regime for the treatment of ALI.

Accumulated evidence has demonstrated that HF can affect
various inflammatory cytokines. For example, the administra-
tion of HF has been shown to result in marked decreases in
the levels of pro-inflammatory factors, including IL-6, TNF-a
and IL-1f (38). In addition, it has been reported that HF treat-
ment decreased IL-17A and improved features of chronic lung
allograft dysfunction in a mouse orthotopic lung transplant
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model (11). According to Carlson et al (39), pro-inflammatory
IL-23 responses can be selectively repressed by activation of
the HF-induced amino acid starvation response in mature
Th17 memory cells. DEX has been reported to affect multiple
inflammatory cytokines to reduce inflammatory responses.
It has been shown that stimulation of DEX with -glucans
markedly increased the secretion of IL-10 and phosphoryla-
tion of Syk, and decreased the production of 1L-12, IL-23 and
TNF-a (40). Furthermore, DEX was reported to suppress the
serum level of IL-17 in a bleomycin A5-induced rat model of
pulmonary fibrosis (13). Similarly, in the present study, HF or
DEX used alone reduced the expression of pro-inflammatory
cytokines (TNF-a, IL-1f, IL-17 and IL-23) and elevated the
expression of the anti-inflammatory IL-10 cytokine. The
combination of these two drugs led to a more marked decrease
in pro-inflammatory cytokine and increase in anti-inflamma-
tory cytokine expression.

The NF-xB signaling pathway is a crucial pathway
which has been reported to be involved in the regulation of
pro-inflammatory mediator generation (41). A number of
studies have indicated that the NF-«kB signaling pathway
is activated in ALI (22,23,42). In previous studies, DEX
effectively decreased the activity of NF-xB P65 (40,43). In
addition, increasing evidence suggests that various mono-
mers of Chinese herbs can inactivate the NF-xB signaling
pathway to prevent the development of inflammatory diseases.
According to Xu et al (44), B-glucan-induced macrophage
activation can be suppressed by tetrandrine through inhibiting
signal transducer and activator of transcription 3, extracel-
lular signal-regulated kinase and NF-kB signaling pathways.
Others have reported that the activation of NF-kB can be
reduced by shikonin, leading to inhibited oxidized low-density
lipoprotein-induced monocyte adhesion in EA.hy926 endo-
thelial cells (45). A similar result was obtained in the present
study; treatment with DEX or HF alone reduced the activity of
NF-«B via suppressing the phosphorylation of P65. However,
the simultaneous application of these two drugs decreased
the phosphorylation of P65 more markedly than that with
HF or DEX alone. In addition, other signaling pathways have
been associated with LPS-induced lung injury. A study by
Li et al (46) demonstrated that apigenin C-glycosides inhibit
acute inflammation and apoptosis by suppressing activation
of the toll-like receptor 4/transient receptor potential cation
channel, subfamily C, member 6 signaling pathway in a
murine model of ALI. Cordycepin exerted a protective effect
on injuries in lung tissues via the nuclear factor, erythroid 2
like 2/heme oxygenase-1 pathway (47). The p38 mitogen-acti-
vated protein kinase signaling pathway was also shown to be
involved in the LPS-induced excessive inflammatory responses
in ALI (48). These pathways are to be examined in subsequent
investigations to examine the compounds effects.

Progressive fibroproliferative diseases include liver
cirrhosis, kidney fibrosis and pulmonary fibrosis. Pulmonary
fibrosis is a chronic, incurable clinical disease, the therapeutic
options for which are usually of limited success. Until now,
an increasing number of studies have demonstrated that HF
is vital in treating fibroproliferative diseases. According to
Liang et al (38), the oral administration of HF had a potent
effect against liver fibrosis by decreasing inflammation-medi-
ated liver damage and the deposition of collagen I. In addition,
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it has been shown that esophageal and hypopharyngeal
fibrosis can be safely prevented by HF (49). Nagler et al (50)
observed that HF was a potent inhibitor of bleomycin-induced
pulmonary fibrosis in vivo, and was suitable for use as a novel
therapeutic regimen for the treatment of this dysfunction.
In addition to this, DEX has also been reported to exhibit
its protective effect in certain fibroproliferative diseases.
Wang et al stated briefly that DEX defended against bleo-
mycin A5-induced pulmonary fibrosis through decreasing the
level of IL-17 in the serum of rats (13). A similar result was
obtained in the present study; HF used alone suppressed lung
fibrosis and the combination of DEX with HF enhance the
curative effect.

The ALI model can be induced by different reagents; a
rodent model of ALI can be induced by sulfur dioxide with
DEX to evaluate whether the inflammatory response and
lung fibrosis can be counteracted (51). According to a report
by Xu et al (52), an ALI model was induced by oleic acid to
measure the cell apoptotic pathway. The ALI model in the
present study was established by intratracheal injection of
LPS (5 mg/kg) in rats. According to a previous report, the
intratracheal instillation of LPS induced a robust pulmonary
pro-inflammatory response with endothelial barrier dysfunc-
tion (53). Dong et al (54) also used a rat model of ALI induced
by LPS and an LPS-induced cell model to investigate the
effect of carbon monoxide on ALI. As the present study
focused on the role of immune adjustment by HF and DEX,
LPS was selected to induce the ALI model. LPS-induced ALI
has also been associated with sepsis and acute respiratory
distress syndrome (55) in addition to the cecal ligation and
puncture model of sepsis (56). The synergistic effect of HF
and DEX on sepsis is to be investigated in our subsequent
investigations.

Based on the experimental results, the present study
suggested that HF enhanced the effect of DEX in sustaining
survival and LPS-induced inflammatory response of HPAEpiC
cells. The mechanism may be associated with inhibition of the
phosphorylation of NF-«kB. In addition, HF may assist DEX
in alleviating cell apoptosis and inflammatory responses in
the LPS-induced rat model. These findings progress current
understanding of the NFkB pathway associated with ALI
elicited by the combination of DEX and HF.
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