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Acute lung injury (ALI) is an inflammatory disease with high mortality, but therapeutics against it is unavailable. Recently, we
elaborated a formula, named Chung-pae (CP), that comprises four ethnic herbs commonly prescribed against various respiratory
diseases inAsian traditionalmedicine. CP is being administered in aerosol to relieve various respiratory symptoms of patients in our
clinic. Here, we sought to examine whether CP has a therapeutic effect on ALI and to uncover the mechanism behind it. Reporter
assays show thatCP suppressed the transcriptional activity of proinflammatoryNF-𝜅B and activated that of anti-inflammatoryNrf2.
Similarly, CP suppressed the expression ofNF-𝜅Bdependent, proinflammatory cytokines and induced that ofNrf2 dependent genes
in RAW264.7. An aerosol intratracheal administration of CP effectively reduced neutrophilic infiltration and the expression of pro-
inflammatory cytokines, hallmarks of ALI, in the lungs of mice that received a prior intraperitoneal injection of lipopolysaccharide.
The intratracheal CP administration concomitantly enhanced the expression of Nrf2 dependent genes in the lung. Therefore, our
results evidenced a therapeutic effect of CP on ALI, in which differential regulation of the two key inflammatory factors, NF-𝜅B
and Nrf2, was involved. We propose that CP can be a new therapeutic formula against ALI.

1. Introduction

Acute lung injury (ALI) is a severe inflammatory disease with
substantial morbidity and mortality in human. Hallmarks of
ALI include neutrophilic infiltration to the lung parenchyma,
abnormal lung compliance, and impaired gas exchange [1–
3]. While systemic inflammation by bacterial infection is
the major cause of ALI, severe multiple trauma, aspiration
pneumonia, and complications of mechanical ventilation
often lead to ALI [1]. Despite extensive studies and clinical
trials, therapeutic measures against the disease have been
elusive [4].

Lipopolysaccharide (LPS), a cell wall component of
Gram-negative bacteria, is known as a major activator of
inflammatory response that leads to ALI. It binds to TLR4 to
activate NF-𝜅B, which largely accounts for the production of
proinflammatory cytokines including tumor necrosis factor-
𝛼 (TNF-𝛼) and interleukin (IL)-1, -6, -8, -10, -12, and -15
families [5]. These cytokines contribute to recruiting neu-
trophils to the lungs, where neutrophils clear up infectious
agents. Since NF-𝜅B is also found to be chronically active
in many other inflammatory diseases such as inflammatory
bowel disease, arthritis, and gastritis [5], therapeutics strate-
gies have been focused on attenuating NF-𝜅B activity and
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Table 1: Composition of Chung-pae.

Scientific name Weight (g)
Ephedrae Herba 2
Pogostemonis (Agastachis) Herba 2
Caryophylli Flos 1
Zingiberis Rhizoma Crudus 1
Total 6

the production of Proinflammatory cytokines, which turns
out to be ineffective [6]. On the other hand, accumulating
evidence suggests that Nrf2 plays an essential role in protect-
ing against various inflammatory diseases, including acute
pulmonary injury, smoke-induced emphysema, and asthma
[7–9]. Although Nrf2 is emerging as a potential therapeutic
target for inflammatory diseases [9, 10], no effective thera-
peutics against ALI is available yet.

Several herbal medicinal formulas have been prescribed
for the treatment of various lung diseases in Asian traditional
medicine [11]. Therefore, it is possible that these formulas are
a resource for the development of a new therapeutic measure
against deadly respiratory diseases. Popular herbal formulas
against respiratory diseases include Ma-Huang Tang that has
been used against cough with rigor, Junghangshichae-tang
against cough with phlegm and nausea, Gwackhyangjungki-
san against cold with nausea and abdominal pain, and Kyeji-
tang against cold with headache and fever [11]. Although each
herbal formula is typically composed of several herbs, it con-
tains a key herb that accounts for the efficacy of a formula. For
instance, Ephedrae Herba is the key ingredient of Ma-Huang
Tang; Caryophylli Flos is the key herb in Junghangshichae-
tang; and Pogostemonis (Agastachis) Herba and Zingiberis
RhizomaCrudus are key herbs inGwackhyangjungki-san and
Kyeji-tang, respectively. In the hope of obtaining a herbal
medicine effective on a broad spectrum of respiratory dis-
eases, we formulated a new herbal medicine, named Chung-
pae (CP), that is, composed of these key herbs contained in
the four formulas. CP is being used as a complementarymea-
sure in the respiratory clinic at Kyung-HeeOrientalMedicine
Hospital, Seoul, Korea, to relieve the symptoms of patients
with dyspnea and cough. Although it seemed that CP helps
improve the symptoms, experimental evidence supporting its
effect is scarce. Here, we sought to examine whether CP has
a therapeutic effect on respiratory diseases and, if it does,
how CP exerts its effect. To this end, we used an LPS-induced
ALI mouse model. Since CP is being administered in aerosol
to the patients, we delivered CP in aerosol to the lung and
determined the effect of CP on ALI in mice. To obtain an
insight on the underlying mechanism, we tested whether
CP affects the activities of Proinflammatory factor NF-𝜅B
and/or anti-inflammatory factor Nrf2. Our findings show
that aerosol delivery of CP to the lung effectively reduced
the hallmarks of ALI, which was appeared to be associated
with suppression of Proinflammatory factor, NF-𝜅B, and
activation of anti-inflammatory factor, Nrf2.

2. Material and Methods

2.1. Preparation of the Water Extract of Chung-Pae. The
herbs composing of Chung-pae (CP), shown in Table 1, were
purchased from Kwang-Myoung-Dang herb store (Pusan,
Republic of Korea) and identified by Professor J. Y. Choi
(School of Korean Medicine, Pusan National University,
Yangsan, Republic of Korea). The voucher specimen (num-
ber: pnukh004) is kept in the herbarium stock room of the
School of Korean Medicine, Pusan National University. A
crude decoction ofCPwas obtained by boiling 60 g ofChung-
pae in 400mLdistilledwater for 2 hours followed by filtration
through 0.45 𝜇m filter. The resultant decoction was concen-
trated to 50mL by a low-pressure evaporator and underwent
freeze-drying processes to yield 6 g of powder. Appropriate
amount of the powder was dissolved in phosphate buffered
saline (PBS) prior to experiment.

2.2. Reagents and Antibodies. 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide, Sulforaphane, and E. coli
LPS (serotype 055 : B5) for animal study were from Sigma
Chemical Co. (St. Louis, MO, USA). TLR4-specific E. coli
LPS was purchased fromAlexis Biochemical (San Diego, CA,
USA).

2.3. Animals. Male C57BL/6 mice, inbred in a specific
pathogen-free (SPF) facility, were purchased from Samtaco
Bio Korea, Ltd. (Osan, Korea). Animals were housed in
certified, standard laboratory cages and fed with food and
water ad libitum prior to experiment.

2.4. ALIMouseModel and Intrapulmonary Delivery of Chung-
Pae. All experimental procedures followed the NIH of Korea
Guidelines for the Care and Use of Laboratory Animals, and
all the experiments were approved by the Institutional Ani-
mal Care and Use Committee of Pusan National University
(protocol number: PNU-2010-00028). Mice, anesthetized by
Zoletil (Virbac, Carros cedex, France), received a single dose
of 10mg/kg LPS or sterile saline via intraperitoneal (i.p.)
route. At 2 h after i.p. LPS, either PBS or CP (5 and 20mg/kg
body weight) in 25 𝜇L of PBS was loaded in MicroSprayer
Aerosolizer-Model IA-1C (Penn-Century, Wyndmoor, PA,
USA) and delivered in aerosol to the lung via intratracheal
(i.t.) under visual guidance. At 24 h after LPS treatment,
mice were euthanized by CO

2
gas. The trachea was exposed

through midline incision and cannulated with a sterile 24-
gauge intravascular catheter. Bilateral bronchoalveolar lavage
(BAL) was performed by two consecutive instillations of
1.0mL of PBS. Total cell numbers in BAL fluid were counted
with hemocytometer and then centrifuged by a cytospin and
stained for the differentiation of macrophages, lymphocytes,
or neutrophils by Hemacolor (Merck, Darmstadt, Germany).
Three hundred cells in total were counted, and one hundred
of the cells in each microscopic field were scored. The mean
number of cells per field was reported. For the analysis of
lung tissue, mice were perfused with saline and the whole
lung was inflated with fixatives. After paraffin embedding,
5 𝜇m sections were cut and placed on charged slides, and
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stained with hematoxylin and eosin (H&E) staining method.
Three separate H&E-stained sections were evaluated in 200x
microscopic magnifications per mouse.

2.5. Cell Culture. RAW 264.7 cells (American Type Culture
Collection, Rockville, MD, USA) were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing L-glutamine
(200mg/L) (Invitrogen; Carlsbad, CA, USA) supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (FBS) and
100U/mL penicillin and 100 𝜇g/mL streptomycin (Invitro-
gen; Carlsbad, CA, USA), and maintained in a humidified
incubator at 37∘C and 5% CO

2
prior to experiment.

2.6. Microculture Tetrazolium (MTT) Assay. MTT assay was
performed to evaluate the cytotoxicity of CP. RAW264.7 cells
(1.0× 104 cells/well) were treatedwithCP for 16 h,whereMTT
solution was added. After 4 h incubation in cell culture incu-
bator, formazan crystals formed in viable cells were dissolved
with DMSO, and the optical density (OD) of formazan was
measured at 540 nm with a microplate reader. Cell viability
was calculated as a percentage against the untreated. All
experiments were performed three times independently.

2.7. Reporter Constructs, Reporter Cell Line, and Luciferase
Assay. To estimate Nrf2 and NF-𝜅B transcriptional activ-
ity, we used reporter cell lines stably harboring an NQO-
1/luciferase reporter and NF-𝜅B/luciferase reporter con-
structs [6, 7]. Luciferase activity was measured by a luciferase
assay kit (Promega, Madison, WI, USA) per the manufac-
ture’s instruction and normalized by the amount of total
proteins of the cell extract.

2.8. Isolation of Total RNA from Cells and RT-PCR. Total
RNAwas isolated from right lung homogenateswith TRIZOL
reagent (GeneAll, Korea) according to the manufacturer’s
instructions. Two micrograms of total RNA were reverse-
transcribed by M-MLV reverse transcriptase (Promega).
Target mRNA was quantified by using end-point dilution
PCR, including three serial 1 to 5 dilutions (1 : 1, 1 : 5, 1 : 25,
and 1 : 125) of RT products for PCR amplification. The level
of GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
cDNA from each sample was used to normalize the samples
for differences in PCR efficiency. For PCR amplification,
TaqPCRx DNA polymerase (Invitrogen) and the manufac-
turer’s protocol were used. Resultant cDNA was amplified
by PCR with a set of specific primers. The forward and
the reverse primers for NQO-1 were 5-GCAGTGCTTTCC-
ATCACCAC-3 and 5-TGGAGTGTGCCCAATGCTAT-
3; the primers for HO-1 were 5-TGAAGGAGGCCACCA-
AGGAGG-3 and 5-AGAGGTCACCCAGGTAGCGGG-3;
the primers for GCLC were 5-CACTGCCAGAACACA-
GACCC-3 and 5-ATGGTCTGGCTGAGAAGCCT-3; the
primers for IL-1𝛽 were 5-GTGTCTTTCCCGTGGACCTT-
3 and 5-TCGTTGCTTGGTTCTCCTTG-3; the primers
for TNF-𝛼 were 5-CTACTCCTCAGAGCCCCCAG-3 and
5-AGGCAACCTGACCACTCTCC-3; and the primers
for GAPDH were 5-GGAGCCAAAAGGGTCATCAT-3
and 5-GTGATGGCATGGACTGTGGT-3. The reaction
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Figure 1: Cytotoxicity of Chung-pae. MTT assay was performed
to measure the cytotoxicity of CP by using RAW 264.7 cells. Cells
were treated with indicated amounts of CP for 16 hours prior to
MTT assay. Data represent the mean ± SEM of three independent
measurements. ∗𝑃 and ∗∗𝑃were less than 0.05 and 0.01, respectively,
compared to untreated, control group.

conditions were as follows: an initial denaturation at 95∘C
for 5min followed by 28 cycles of denaturation for 30 sec at
95∘C, annealing for 30 sec at 58∘C and extension for 40 sec
at 72∘C with a final extension for 7min at 72∘C. Amplicons
were separated in 1.5% agarose gels. GAPDH was used as
internal controls to evaluate relative expressions of TNF-𝛼,
IL-1𝛽, GCLC, HO-1, and NQO1. Relative expression of each
gene over GAPDHwas determined by densitometric analysis
software ImageJ (Wayne Rasband, Research Services Branch,
National Institute of Mental Health, Bethesda, MD, USA).
Reactions were separated in 1.2% agarose gels in 1 × TBE
buffer at 100V for 30min, stained with SYBR safe DNA gel
stain (Invitrogen) and visualized under LED light.

2.9. Statistical Analysis. To compare the results among
groups, one-way analysis of variance (ANOVA) tests with
Tukey’s post hoc test was used (with the assistance of InStat,
Graphpad Software, Inc., San Diego, CA) (𝑃 values < 0.05 are
considered significant). All experiments were performed at
least three times independently.

3. Results

3.1. The Water Extract of Chung-Pae Suppresses the Tran-
scriptional Activity of NF-𝜅B and the Expression of Proin-
flammatory Cytokines in RAW 264.7 Cells. For the study, we
prepared and used the water extract of CP. First, we tested
whether CP has any cellular toxicity. RAW 264.7 cells, a
murine macrophage-like cell line, were treated with various
amounts of CP, from 1 𝜇g/mL to 50𝜇g/mL. At 16 h after
treatments, MTT assay was performed. As shown in Figure 1,
CP showed a slight cytotoxicity within the range of 20𝜇g/mL
but a significant cytotoxicity at 50𝜇g/mL. However, MTT
assay at 12 h after treatments showed no cytotoxicity within
the range of 20𝜇g/mL, while 50𝜇g/mL of CP did a significant
cytotoxicity (data not shown). Therefore, we chose to use
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the amounts ranged from 5 𝜇g/mL to 20𝜇g/mL of CP in this
study.

Next, we tested the possibility that CP exerts its effect
by regulating NF-𝜅B activity, given that NF-𝜅B regulates
expressions of Proinflammatory cytokines and chemokines
including TNF-𝛼, IL-1, 6, 8, 10, 12, 15, and MIP-1𝛼 [5]. To
determine whether CP affects the transcriptional activity of
NF-𝜅B, we took a RAW 264.7 cell line that stably harbors
an NF-𝜅B-luciferase reporter construct [12] and treated it
with different amounts of CP for 16 h, and subsequently
treated with LPS (0.1 𝜇g/mL). At 8 h after LPS treatment,
total cell lysate was prepared for luciferase assay. As shown
in Figure 2(a), 10 𝜇g/mL or 20𝜇g/mL of CP significantly
reduced luciferase activity driven by activated NF-𝜅B, sug-
gesting that CP suppresses the transcriptional activity of
NF-𝜅B. To determine whether decrease of NF-𝜅B activity
results in reduced expression of NF-𝜅B dependent genes,
we performed similar experiments with RAW 264.7 cells
and analyzed the expression of Proinflammatory cytokines
governed by NF-𝜅B. As shown in Figure 2(b), expressions of
IL-1𝛽 and TNF-𝛼 were similarly decreased by CP treatment.
These results indicate that CP suppresses NF-𝜅B activity,
contributing to suppression of inflammatory gene expression.

3.2. CP Activates the Transcriptional Activity of Nrf2 and
Induces Expression of Nrf2-Dependent Genes in RAW 264.7
Cells. Accumulating evidence suggest that Nrf2 is a mas-
ter anti-inflammatory factor that prevents from acute lung
inflammation [8, 13, 14]. Therefore, we tested the possibility
that CP affects Nrf2 activity, contributing to the effect of
CP. We used an Nrf2-luciferase reporter cell line derived
from RAW 264.7 cells [15] and treated it with increasing
amounts of CP (1, 5, 10, 20𝜇g/mL). At 16 h after treatment,
total cell lysate was prepared for luciferase assay. As shown in
Figure 3(a), similar to treatment with sulforaphane (5𝜇M), a
well-documentedNrf2 activator [16], CP treatment increased
the luciferase activity in a dose dependentmanner, suggesting
that CP activates the transcriptional activity ofNrf2. To deter-
mine whether activation of Nrf2 results in the expression of
Nrf2 dependent genes, we performed similar experiments to
determine whether CP treatment induces the expression of
Nrf2 dependent genes. RAW 264.7 cells were treated with
CP as described above, and total RNA of the treated cells
was extracted for semiquantitative RT-PCRanalyses ofNQO-
1, HO-1, and GCLC (Figure 3(b)), prototypical Nrf2 target
genes [17, 18]. As shown in Figure 3(b), CP treatment induced
the expression of Nrf2 dependent genes. Combined with CP
suppressing NF-𝜅B, these results suggest that CP exert an
anti-inflammatory function by both suppressing NF-𝜅B and
activating Nrf2.

3.3. Intratracheal Delivery of CP Ameliorates Neutrophilic
Infiltration to the Lung in an LPS-Induced ALI Mouse Model.
Since our results show that CP activated Nrf2, a key tran-
scription factor that has been known to protect from acute
lung injury (ALI) [14], we testedwhether CPhas a therapeutic
effect on ALI. To this end, we set up an LPS-induced
ALI mouse model. Mice received an i.p. LPS (10mg/kg

body weight) for the induction of lung inflammation. At 2 h
after LPS injection, various amounts of CPwere administered
to the lungs of LPS-treated mice. Given that daily dose of CP
to patients is 5mg/kg body weight and that our results indi-
cated that CPwas effective in activatingNrf2 from 5 𝜇g/mL to
20𝜇g/mL (Figure 3), we tested two different doses: 5mg/kg,
equivalent to the dose for patients, and 20mg/kg of CP. Since
CP is being prescribed in a form of inhalant, CP was loaded
in a microsprayer and delivered in aerosol to the lung via
trachea. At 24 h after LPS treatment, mice were euthanized,
and the lungs were harvested for the analysis of the effect
of CP on neutrophilic infiltration to the lung. As shown in
Figure 4(a), H&E staining of lung sections shows that while
controls received sham or CP (20mg/kg) (𝑛 = 5/group) only
maintained alveolar structure intact (top two panels), LPS-
injected mice developed a characteristic lung structure due
to inflammation (1st panel in the bottom). However, i.t. CP
administration, either 5mg/kg or 20mg/kg, ameliorated the
inflammatory lung structure (bottom 2 panels from left).

To determine whether CP regulates neutrophilic infil-
tration, we performed bronchoalveolar lavage (BAL) and
counted the infiltrates in BAL fluid. As shown in Figures
4(b) and 4(c), while LPS administration increased the cel-
lular infiltration to the lung, in which neutrophils were
predominant (3rd columns from the left), both doses of CP
significantly reduced the number of neutrophils in the lung
(4th and 5th columns). Together, these results show that
CP posttreatment relieved neutrophilic lung inflammation
induced by LPS, suggesting that CP has a therapeutic effect
on ALI.

3.4. Intratracheal Delivery of CP Reduces the Expression
of Proinflammatory Cytokines and Activates That of Nrf2-
Dependent Genes in the Lung. Since our results with
macrophage implicatedCP in suppressingNF-𝜅B activity and
activating Nrf2, we tested whether the therapeutic effect of
CP on lung inflammation in ALI mice is associated with
suppressed NF-𝜅B and activated Nrf2. We treated mice as
described in Figure 4 and harvested the lungs of mice (𝑛 =
5/group). Total RNA in the lung was extracted, quantitated,
and analyzed by semiquantitative RT-PCR. As shown in
Figure 5(a), expressions of Proinflammatory cytokine genes,
such as TNF-𝛼 and IL-1𝛽, were decreased by i.t. CP admin-
istration. Meanwhile, expressions of Nrf2 dependent genes,
such as NQO-1, HO-1, and GCLC, were enhanced by i.t.
CP administration (Figure 5(b)). Both suppression of the
expression of Proinflammatory cytokines and enhancement
of Nrf2-dependent gene expression became apparent when
mice received a higher dose of CP. In any event, these results
suggest that the therapeutic effect of CP is associated with
suppression of NF-𝜅B and activation of Nrf2.

4. Discussion

In this study, we sought to obtain experimental evidence
that CP has a therapeutic effect on ALI and to unveil
underlying mechanisms for the effect. Since CP comprises
four herbs that have been reported to have anti-inflammatory
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Figure 2: Chung-pae suppresses NF-𝜅B transcriptional activity and NF-𝜅B dependent gene expression. (a) The transcriptional activity NF-
𝜅B was measured in an NF-𝜅B reporter cell line derived from RAW 264.7 cells. The cell line was pretreated with indicated amounts of CP for
16 h and then subsequently with TLR4 specific LPS (0.1 𝜇g/mL) for 8 h. Luciferase activity was normalized by the amount of total proteins in
cell lysate. Treatment with 5𝜇g/mL of CP was not statistically significant. ∗𝑃 was less than 0.05, compared to the LPS-treated. Data represent
the mean ± SEM of three independent experiments. (b) RAW 264.7 cells were treated with CP and LPS as in (a). Total RNA was extracted
and analyzed by semiquantitative RT-PCR for TNF-𝛼 and IL-1𝛽. The intensity of each PCR band was measured by densitometric analysis
(ImageJ), and the relative expression of each gene was calculated over GAPDH. ∗𝑃 was less than 0.05, compared to the LPS treated. Data are
presented as the mean ± SEM of 3 separate experiments.

activities in vitro, we hypothesized that the effect of CP on
respiratory symptoms is related to the anti-inflammatory
activities exerted by its constituents. Our results show that
CP suppressed neutrophilic infiltration to the lung and the

production of Proinflammatory cytokines, hallmarks of ALI,
in an LPS-induced ALI mouse model, which was associated
with suppression of Proinflammatory transcription factor
NF-𝜅B and activation of anti-inflammatory factor Nrf2.
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Figure 3: Chung-pae activates Nrf2 transcriptional activity and induces Nrf2 dependent genes. (a) An Nrf2 reporter cell line, derived from
RAW264.7 cells, was treated with SFN (5mM) or the indicated amounts of CP for 16 hours. Luciferase activity was normalized by the amount
of total proteins. Data are shown in the mean ± SEM of three independent measurements. ∗𝑃, ∗∗𝑃, and ∗∗∗𝑃 were less than 0.05, 0.01, and
0.001, respectively, compared to untreated control. (b) RAW 264.7 cells were treated with CP, similar to (a). Total RNA was analyzed by
semiquantitative RT-PCR for NQO-1, HO-1, and GCLC. The intensity of each PCR band was measured by densitometric analysis (ImageJ),
and relative expression of each gene was calculated over GAPDH. ∗𝑃 and ∗∗𝑃 were less than 0.05, compared to the untreated. Data are
presented as the mean ± SEM of 3 separate experiments.

CP is a composite formula ofEphedraeHerba, Caryophylli
Flos, Pogostemonis (Agastachis) Herba, and Zingiberis Rhi-
zoma Crudus. In Asian traditional medicine, these herbs
have been mainly prescribed for respiratory diseases, except
Caryophylli Flos. For instance, Ephedrae Herba has been
known to be effective in reducing wheezing, asthma, and
edema; Pogostemonis (Agastachis) Herba is mainly used for
cold and nausea in summer; and Zingiberis Rhizoma Crudus

is mainly for common cold, nausea, and cough with phlegm
[19]. On the other hand, Caryophylli Flos has been tradition-
ally used for abdominal disorders including vomiting, hiccup,
pain, diarrhea, and lack of appetite [19]. However, recent
studies have shown that these herbs have multiple effects.
For instance, Ephedrae Herba has antiallergic, antiasthmatic,
anticoagulant, bronchodilator, smooth muscle relaxant, and
vasoconstrictor activities [20–22]; Pogostemonis (Agastachis)
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Figure 4: Aerosol intratracheal Chung-pae administration suppresses acute neutrophilic lung inflammation in LPS-induced ALI animal
model. (a) H&E stained lung sections of C57BL/6 mice. C57BL/6 mice received sham (top panels) or an i.p. injection of LPS (bottom panels).
At 2 h after the treatments, mice received 20mg/kg (top 2nd panel and bottom 3rd panel) or 5mg/kg (bottom 2nd panel) of CP in aerosol
via trachea. At 24 h after LPS administration, the lungs of mice were analyzed by histological examination. Data are representatives of at least
five different areas of a lung (200x magnifications). Total cells (b) and neutrophils and macrophages (c) in BAL fluid were scored. ∗𝑃 was less
than 0.05, compared to the mice treated with LPS only. Data are presented as the mean ± SEM of 5 mice per group.

Herba shows antiemetic, antiviral (influenza), antitumor,
and smooth muscle relaxant activities [20, 23]; Zingiberis
Rhizoma Crudus does analgesic, antibacterial, antiemetic,
antimutagenic, antiulcer, hepatoprotective, and smoothmus-
cle relaxant activities [20, 24–26]; and Caryophylli Flos
does analgesic, anticoagulant, antiulcer, and smooth muscle

relaxant activities [20, 27, 28]. Nevertheless, the fours herbs
have shown to have anti-inflammatory activity in common.

Although it is not fully understood how CP exerts its
anti-inflammatory activity, it appears that CP targets NF-
𝜅B. NF-𝜅B is a protein complex that promotes inflam-
mation by expressing Proinflammatory cytokines and is
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Figure 5: Aerosol intratracheal Chung-pae administration suppresses the expression of Proinflammatory cytokines and enhances the
expression ofNrf2-dependent genes in the lungs ofmice.Mice (𝑛 = 5/group) received 5mg/kg or 20mg/kg of CP 2 h after an i.p. LPS injection.
At 24 h after LPS injection, the lungs of variously treatedmice were harvested for semiquantitative RT-PCR analysis of Proinflammatory genes
(a). The intensity of each PCR band was measured by densitometric analysis (ImageJ), and relative expression of each gene was calculated
over GAPDH. ∗𝑃 was less than 0.05, compared to the mice treated with LPS only. (b) Similarly, the expression of Nrf2 dependent genes in
the lung was analyzed. Mice, treated with 20mg/kg of CP, increased the expression of Nrf2 dependent genes. Expressions of these genes were
enhanced by CP. ∗𝑃 was less than 0.05, compared to untreated control, and ∗∗𝑃 was less than 0.05, compared to the LPS treated.
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found ubiquitously in most cells including lung parenchymal
cells [29]. Aberrant NF-𝜅B activity has been known to
be associated with many inflammatory diseases including
inflammatory bowel disease [30], arthritis [31], sepsis [32],
gastritis [33], asthma [34], COPD [34], and atherosclerosis
[5]. In addition, the link between NF-𝜅B and inflamma-
tion in septic ALI has well been documented [35]. Thus,
regulation of NF-𝜅B activity has been regarded as a rea-
sonable therapeutic target for these inflammatory diseases.
Two constituents of CP, Ephedrae Herba and Zingiberis
Rhizoma Crudus, are known to suppress NF-𝜅B activity
in RAW 264.7 macrophages stimulated with LPS [36, 37],
and the other two constituents, Pogostemonis (Agastachis)
Herba and Caryophylli Flos, suppress cytokine production
in LPS-stimulated murine macrophages [38, 39]. Although
precise mechanisms, by which the herbs suppress NF-𝜅B,
remain unknown, it is presumable that CP, composed of
the four herbs, suppresses NF-𝜅B. Indeed, our results show
that CP suppressed NF-𝜅B activity and the production of
Proinflammatory cytokines driven by NF-𝜅B in RAW 264.7
cells and in the lung.

Nrf2 has been found abundantly in tissues and organs that
bear a high level of oxidative stress, such as lungs, liver, brain,
GI tract, kidney, spleen, heart, and muscles [40, 41]. Recent
studies have shown that Nrf2 is critical to fend the cytotoxic
effects of oxidative stress [42] and plays an important role
in regulating lung inflammation [40, 41]. These studies
suggest that Nrf2 is an emerging therapeutic target against
inflammatory diseases. Our results show that CP activated
Nrf2, activating the expression of Nrf2 dependent genes in
RAW 264.7 cells and in the lung. These results indicate that
CP activates Nrf2 and its regulatory genes, contributing to
anti-inflammatory function of CP.

Given our results that CP activated Nrf2, it is conceivable
that Nrf2 activated by CP suppresses NF-𝜅B, contributing
to the anti-inflammatory effect of CP. Supportive to this
notion, it has been reported that Nrf2 can directly suppress
the functions of NF-𝜅B and AP-1, resulting in reduced
expression of Proinflammatory cytokines elicited by LPS
[43, 44]. However, sulforaphane, a potent activator of Nrf2,
suppresses the expression of Proinflammatory cytokines by
preventing oligomerization of TLR4 triggered by LPS [45],
suggesting that Nrf2 may not directly suppress NF-𝜅B. In
addition, neither overexpression of Nrf2 nor activation of
Nrf2 by kaurenoic acid suppresses the expression of repre-
sentative Proinflammatory genes including IL-1𝛽 and TNF-𝛼
in RAW 264.7 cells [46]. Although strongly activating Nrf2,
the fruit hull of Gleditsia sinensis does not affect the function
of NF-𝜅B in RAW 264.7 cells [15]. Although these results
cannot exclude the possibility that CP suppresses NF-𝜅B via
Nrf2, the impact of Nrf2 on NF-𝜅B activity remains to be
elucidated. Nevertheless, our results suggest that CP has a
potent anti-inflammatory activity by both suppressingNF-𝜅B
and activating Nrf2.

As described above, there are a plethora of reports
suggesting that the four herbs composed of CP have
anti-inflammatory functions. However, these studies mostly
reported a preventive, rather than a therapeutic, effect of the
herbs, because, in most cases, the herbs were treated prior

to the onset of inflammatory response. In this study, unlike
those studies, we attempted to address whether CP has a
therapeutic effect on inflammatory lung disease. In addition,
since CP is in use as an inhalant in clinic, we would like to
retain a clinical relevancy by delivering CP in aerosol to the
lungs of mice. To this end, we first injected LPS to the mice
to induce ALI and thereby lung inflammation, and 2 h later
delivered CP in aerosol directly to the lung using a micro-
sprayer. According to our assessment, we routinely deliver CP
to more than 80% of the lung (data not shown). Our results
show that CP was highly effective in reducing neutrophilic
infiltration to the lung incurred by ALI, suggesting that CP
is a fast-acting therapeutics against acute lung inflammation,
such as ALI. In addition, CP posttreatment to ALI mice
suppressed the expression of Proinflammatory cytokines
in the lung, accompanied by increased expression of Nrf2
dependent genes, which was consistent with our results with
RAW 264.7 cells. Therefore, our results suggest that the
therapeutic effect of CP on ALI is at least in part attributed to
suppression of NF-𝜅B activity and activation of Nrf2 activity,
which may be served as an underlying mechanism for the
therapeutic effect of CP on ALI.

5. Conclusion

Here, we provide experimental evidence that CP had a
therapeutic effect on ALI by using mice, which was mediated
by differential regulation of the activities of NF-𝜅B and Nrf2.
Our findings suggest that CP can be a new therapeutic
formula against ALI. In addition, our study suggests the
possibility that inhalation of ethnic herbal medicine is an
administration route for the treatment of acutely developing
inflammatory lung diseases, such as ALI.

Conflict of Interests

The authors do not have a commercial or other association
that might have a conflict of interests.

Authors’ Contribution

Kyun Ha Kim and Do-Hyun Kim contributed equally to this
paper.

Acknowledgment

This research was supported by Basic Science Research
Program through theNational Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and
Technology (2012R1A1A2044346 to Myungsoo Joo).

References

[1] R. S. Irwin and J. M. Rippe, Irwin and Rippe’s Intensive Care
Medicine, Lippincott Williams & Wilkins, Philadelphia, Pa,
USA, 2003.

[2] Y. G. Zhu, J. M. Qu, J. Zhang, H. N. Jiang, and J. F. Xu,
“Novel interventional approaches for ALI/ARDS: cell-based



10 Evidence-Based Complementary and Alternative Medicine

gene therapy,” Mediators of Inflammation, vol. 2011, Article ID
560194, 7 pages, 2011.

[3] J. Devaney, M. Contreras, and J. G. Laffey, “Clinical review:
gene-based therapies for ALI/ARDS: where are we now?”
Critical Care, vol. 15, no. 3, p. 224, 2011.

[4] L. B. Tolle and T. J. Standiford, “Danger-associated molecular
patterns (DAMPs) in acute lung injury,” The Journal of Pathol-
ogy, vol. 229, no. 2, pp. 145–156, 2013.

[5] C. Monaco, E. Andreakos, S. Kiriakidis et al., “Canonical path-
way of nuclear factor 𝜅B activation selectively regulates proin-
flammatory and prothrombotic responses in human atheroscle-
rosis,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 101, no. 15, pp. 5634–5639, 2004.

[6] A. P. Wheeler and G. R. Bernard, “Treating patients with severe
sepsis,”TheNew England Journal of Medicine, vol. 340, no. 3, pp.
207–214, 1999.

[7] T. Rangasamy, C. Y. Cho, R. K. Thimmulappa et al., “Genetic
ablation of Nrf2 enhances susceptibility to cigarette smoke-
induced emphysema in mice,” Journal of Clinical Investigation,
vol. 114, no. 9, pp. 1248–1259, 2004.

[8] T. Rangasamy, J. Guo, W. A. Mitzner et al., “Disruption of
Nrf2 enhances susceptibility to severe airway inflammation and
asthma in mice,” Journal of Experimental Medicine, vol. 202, no.
1, pp. 47–59, 2005.

[9] T. E. Sussan, T. Rangasamy, D. J. Blake et al., “Targeting Nrf2
with the triterpenoid CDDO-imidazolide attenuates cigarette
smoke-induced emphysema and cardiac dysfunction in mice,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 106, no. 1, pp. 250–255, 2009.

[10] A. Boutten, D. Goven, E. Artaud-Macari, J. Boczkowski, and
M. Bonay, “NRF2 targeting: a promising therapeutic strategy
in chronic obstructive pulmonary disease,” Trends in Molecular
Medicine, vol. 17, no. 7, pp. 363–371, 2011.

[11] J. K. Chen and T. T. Chen, Chinese Herbal Formulas and
Applications: Pharmacological Effects & Clinical Research, Art of
Medicine Press, City of Industry, Calif, USA, 2009.

[12] J. H. Lyu, K. H. Kim, H. W. Kim et al., “Dangkwisoo-san, an
herbal medicinal formula, ameliorates acute lung inflammation
via activation of Nrf2 and suppression of NF-𝜅B,” Journal of
Ethnopharmacology, vol. 140, no. 1, pp. 107–116, 2012.

[13] R. K. Thimmulappa, H. Lee, T. Rangasamy et al., “Nrf2 is a
critical regulator of the innate immune response and survival
during experimental sepsis,” Journal of Clinical Investigation,
vol. 116, no. 4, pp. 984–995, 2006.

[14] K. Chan and Y. W. Kan, “Nrf2 is essential for protection against
acute pulmonary injury in mice,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 96, no.
22, pp. 12731–12736, 1999.

[15] J. Y. Choi, M. J. Kwun, K. H. Kim et al., “Protective effect
of the fruit hull of Gleditsia sinensis on LPS-induced acute
lung injury is associated with Nrf2 activation,” Evidence-Based
Complementary and Alternative Medicine, vol. 2012, Article ID
974713, 11 pages, 2012.

[16] J. A. Johnson, D. A. Johnson, A. D. Kraft et al., “The Nrf2-
ARE pathway: an indicator and modulator of oxidative stress
in neurodegeneration,” Annals of the New York Academy of
Sciences, vol. 1147, pp. 61–69, 2008.

[17] R. Venugopal and A. K. Jaiswal, “Nrf1 and Nrf2 positively
and c-Fos and Fra1 negatively regulate the human antioxidant
response element-mediated expression of NAD(P)H:quinone
oxidoreductase1 gene,” Proceedings of the National Academy of

Sciences of the United States of America, vol. 93, no. 25, pp.
14960–14965, 1996.

[18] W. A. Solis, T. P. Dalton, M. Z. Dieter et al., “Glutamate-
cysteine ligase modifier subunit: mouse Gclm gene structure
and regulation by agents that cause oxidative stress,” Biochemi-
cal Pharmacology, vol. 63, no. 9, pp. 1739–1754, 2002.

[19] D. Bensky, S. Clavey, and E. Stöger, Chinese Herbal Medicine:
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