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Although Alisma orientale, an ethnic herb, has been prescribed for treating various diseases in Asian traditional medicine,
experimental evidence to support its therapeutic effects is lacking. Here, we sought to determine whether A. orientale has a
therapeutic effect on acute lung injury (ALI). Ethanol extract of the tuber of A. orientale (EEAO) was prepared and fingerprinted
by HPLC for its constituents. Mice received an intraperitoneal (i.p.) injection of lipopolysaccharide (LPS) for the induction of ALI.
At 2 h after LPS treatment, mice received an intratracheal (i.t.) spraying of various amounts of EEAO to the lung. Bioluminescence
imaging of transgenic NF-𝜅B/luciferase reportermice shows that i.t. EEAOposttreatment suppressed lung inflammation. In similar
experiments with C57BL/6 mice, EEAO posttreatment significantly improved lung inflammation, as assessed by H&E staining of
lung sections, counting of neutrophils in bronchoalveolar lavage fluid, and semiquantitative RT-PCR analyses of proinflammatory
cytokines and Nrf2-dependent genes in the inflamed lungs. Furthermore, EEAO posttreatment enhanced the survival of mice that
received a lethal dose of LPS. Together, our results provide evidence that A. orientale has a therapeutic effect on ALI induced by
sepsis.

1. Introduction

Acute lung injury (ALI) is an inflammatory lung disease
clinically characterized by severe hypoxemia, diffused neu-
trophilic infiltration to the lung, and abnormal lung compli-
ance [1]. ALI is most often seen as part of a systemic inflam-
matory process, particularly systemic sepsis [2, 3]. Despite
significant advances in antimicrobial therapy and supportive
care to improve the survival of ALI patients, themortality rate

among ALI patients remains high, approximately 40% [4–6],
and there is no effective therapeutics to treat ALI. Therefore,
it is imperative to develop an effective measure against the
disease.

Lipopolysaccharide (LPS), released from the outer mem-
brane of Gram-negative bacteria, has been known as a
major factor contributing to the development of ALI [7, 8].
This is because LPS causes production of proinflammatory
cytokines, including tumor necrosis factor-𝛼 (TNF-𝛼) and
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Interleukin-1𝛽 (IL-1𝛽), that play a key role in progressing
ALI [9]. In addition, LPS induces production of reactive
oxygen species (ROS) that inflict collateral damage to tissue,
exacerbating inflammation [10]. To cope with deleterious
ROS, cells activate nuclear factor-E2-related factor 2 (Nrf2)
[11] to express proteins that scavenge ROS, such asNAD(P)H:
quinine oxidoreductase-1 (NQO-1), heme oxygenase-1 (HO-
1), and glutamyl cysteine ligase catalytic units (GCLC) [12–
14]. Recent studies have shown that Nrf2 also plays an
essential role in protecting against acute pulmonary injury,
smoke-induced emphysema, and asthma [15–17]. Thus, it is
possible that Nrf2 is an excellent therapeutic target for the
treatment of those inflammatory lung diseases including ALI
[18, 19].

Alisma orientale Juzepzuk has been used as an herbal
medicine for the treatment of a variety of disorders [20].
Experimental evidence suggests that A. orientale has anti-
bacterial [21], anti-inflammatory [22–25], and antioxidative
effects [26]. In addition, it was reported that A. orientale
suppresses lung inflammation in an LPS-induced ALI mouse
model [27]. However, experimental evidence to support its
therapeutic effects is still scarce because those studies merely
documented a preventive, but not a therapeutic, effect of
A. orientale. Therefore, in this study, we sought to examine
a therapeutic effect of A. orientale on ALI. For the study,
we set up a new animal model, in which mice received an
intraperitoneal (i.p.) injection of LPS for the induction ofALI.
At 2 h after LPS injection, we administered ethanol extract of
the tuber ofA. orientale (EEAO)directly to the inflamed lungs
by using microsprayer via intratracheal (i.t.) route and then
determined the effect of A. orientale on lung inflammation
incurred byALI.We found that EEAOposttreatment reduced
hallmarks in the lungs of ALI mice. In addition, EEAO
posttreatment increased the survival of mice that received a
lethal dose of LPS. Thus, our results show that EEAO had
a therapeutic effect on ALI, suggesting that EEAO can be
developed as a therapeutic, or a complementary, measure
against ALI.

2. Materials and Methods

2.1. Preparation of Ethanol Extract of Alisma orientale (EEAO).
Dried tubers of A. orientale Juzepzuk were purchased from
OmniHerb Corporation (Yeongcheon, Gyeonbuk, Korea), a
licensed herb company, and identified by Professor K. T.
Ha (School of Korean Medicine, Pusan National University,
Yangsan, Republic of Korea). The voucher specimen (num-
ber: pnukh003) is kept in the herbarium stock room of
the School of Korean Medicine, Pusan National University.
The specimen was ground into powder, 200 g of which was
added to 1,000mL of 80% (v/v) aqueous ethanol at 60∘C
for 8 hours. After passing through 0.2 𝜇m filter, resultant
extract was concentrated and lyophilized to yield 36 g of
powder. Appropriate amounts of the powder were dissolved
in phosphate buffered saline (PBS) prior to experiment.

2.2. Quantitative Chromatographic Analysis. To ensure the
consistency of the results with EEAO, we fingerprinted the

constituents of EEAO with high performance liquid chro-
matography (HPLC) by using Agilent 1200 Series LC System
(Agilent Technologies, CA,USA) equippedwith a quaternary
solvent delivery pump, a vacuum degasser, an autosam-
pler, a photodiode array detector, and Agilent ChemStation
software. Chromatographic separation was conducted using
an Eclipse XDB-C184.6 × 150mm, 5 𝜇m column (Agilent
Technologies, CA, USA), and isocratic elution with mobile
phase of acetonitrile/water (70/30). Injection volume was
10 𝜇Lwith the flow rate 1.0mL/min. Column temperaturewas
set at 35∘C. Concentrations were calculated by quantifying
peak areas at the detection wavelength of 210 nm. Authentic
standard of Alisol acetate B was purchased from Biopurify
Phytochemical Co. Ltd. (Chengdu, Sichuan, China). Stock
solution (10mg/mL methanol) was prepared and diluted
to appropriate concentration ranges to establish calibration
curves.The calibration curve was linear in the range of 31.25–
250𝜇g/mL. EEAO (40mg) dissolved in 10mL of methanol
was centrifuged at 1,000 rpm for 3min, and the super-
natant was filtered twice through 0.2 𝜇m filter before HPLC
analysis.

2.3. Animals. Wild type C57BL/6 and transgenic mice har-
boring a NF-𝜅B/luciferase reporter construct were purchased
from Jackson laboratory (BarHarbor,ME,USA). All themice
were inbred in a specific pathogen-free (SPF) facility at Pusan
National University, Yangsan, Republic of Korea. Animals
were housed in certified, standard laboratory cages and fed
with food and water ad libitum prior to experiment.

2.4. ALI Mouse Model and Survival Study. 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 Animal Care and Use
Committee of Pusan National University (protocol number:
PNU-2010-00028). Since sepsis is the major cause of ALI [2,
3], mice received an intraperitoneal (i.p.) LPS for the induc-
tion of septic lung inflammation. Mice were anesthetized by
Zoletil (Virbac, Carros cedex, France), and received a single
dose of 10mg LPS (Escherichia coli O55:B5 from Sigma, St.
Louis, MO, USA)/kg body weight or sterile saline via an
i.p. route. At 2 h after i.p. LPS administration, either PBS or
EEAO (3, 30, and 300mg/kg body weight) in 25 𝜇L of PBS
was loaded in a microsprayer (Model IA-1C, Penn-Century
Inc., PA, USA) and delivered in aerosol to the lung via trachea
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 the cells in BAL fluid were prepared by
a cytospin and stained for the differentiation of macrophages,
lymphocytes, or neutrophils by Hemacolor (Merck, Darm-
stadt, 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
collecting lung tissue, mice were perfused with saline and
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the whole lung was inflated with fixatives. After paraffin
embedding, 5 𝜇m sections were cut and placed on charged
slides and stained with hematoxylin and eosin (H&E)
staining method. Three separate H&E-stained sections were
evaluated in 100x microscopic magnifications per mouse.

For survival study, mice received a lethal dose of LPS: i.p.
injection of a mixture of LPS (30mg/kg body weight) and D-
(+)-galactosamine hydrochloride (500mg/kg body weight;
Sigma). At 2 h after i.p. injection of themixture of LPS andD-
(+)-galactosamine hydrochloride, mice received i.t. spraying
of 30mg/kg of EEAO. Viability of variously treated mice was
monitored for up to 5 days.

2.5. Bioluminescence. Mice were anesthetized with Zoletil
(Virbac) before imaging to immobilize them for the duration
of the integration time of photon counting (3min).Mice were
shaved over the chest and abdomen before imaging. Luciferin
(1mg/mouse in 100𝜇L isotonic saline) was administered by
i.p. injection, and mice were imaged in a supine position
with Optix MX3 bioimager and OptiView, an acquisition
program provided by the company (ART Inc., QC, Canada).
Based on our previously reported results [28], all biolumi-
nescence measurements were done 15min after i.p. injection
of luciferin. For the duration of photon counting, mice were
placed inside a light-tight box. Baseline photon counts were
obtained right after LPS challenge so that each mouse could
be used as its own control.

2.6. Total RNA Extraction and Semiquantitative RT-PCR.
Total RNA was isolated from right lung homogenates with
TRIZOL reagent (GeneAll, Korea) according to themanufac-
turer’s instructions. Twomicrograms of total RNAwas rever-
setranscribed by M-MLV reverse transcriptase (Promega).
Target mRNA quantity was determined 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 amplifi-
cation. The level of GAPDH (Glyceraldehyde-3-phosphate
dehydrogenase) cDNA from each sample was used to nor-
malize the samples for differences in PCR efficiency. For
PCR amplification, TaqPCRx DNA polymerase, Recombi-
nant (Invitrogen), and themanufacturer’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󸀠-GCAGTGCTTTCCATCACCAC-3󸀠 and 5󸀠-TGG-
AGTGTGCCCAATGCTAT-3󸀠, respectively; the primers for
HO-1 were 5󸀠-TGAAGGAGGCCACCAAGGAGG-3󸀠 and
5󸀠-AGAGGTCACCCAGGTAGCGGG-3󸀠, respectively; the
primers for GCLC were 5󸀠-CACTGCCAGAACACAGAC-
CC-3󸀠 and 5󸀠-ATGGTCTGGCTGAGAAGCCT-3󸀠, respec-
tively; the primers for COX-2 were 5󸀠-CCCAGAGCTCCT-
TTTCAACC-3󸀠 and 5󸀠-AATT-GGCACATTTCTTCCCC-
3󸀠, respectively; the primers for IL-1𝛽were 5󸀠-GTGTCTTTC-
CCGTGGACCTT-3󸀠 and 5󸀠-TCGTTGCTTGGTTCTCCT-
TG-3󸀠, respectively; the primers for TNF-𝛼 were 5󸀠-CTA-
CTCCTCAGAGCCCCCAG-3󸀠 and 5󸀠-AGGCAACCTGAC-
CACTCTCC-3󸀠, respectively; and the primers for GAPDH
were 5󸀠-GGAGCCAAAAGGGTCATCAT-3󸀠 and 5󸀠-GTG-
ATGGCATGGACTGTGGT-3󸀠, respectively. The reaction

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).
Reactionswere separated in 1.2% agarose gels in 1×TBEbuffer
at 100V for 30min, stained with SYBR safe DNA gel stain
(Invitrogen), and visualized under LED light.

2.7. Western Blot Analysis. Nuclear proteins were isolated
from the lung tissue ofmice byNE-PERnuclear extraction kit
and the manufacture’s protocol (Thermo Scientific, IL, USA).
The amounts of proteins were measured by Bradford (Bio-
Rad, Hercules, CA, USA). Equal amounts of proteins were
fractionated by SDS-PAGE and then transferred to PVDF
membrane (Bio-Rad). Blots were blocked for at least 1 h with
5% nonfat dry milk prior to incubation with appropriate
antibodies at 4∘C overnight. After incubation with secondary
antibodies conjugated with HRP for 1 h at room temperature,
specific bands of interest were revealed by chemilumines-
cence (SuperSignal West Femto, Thermo Scientific).

2.8. Statistical Analysis. Student’s 𝑡-test and one-way analysis
of variance (ANOVA) tests with Tukey’s post hoc test were
applied for comparison of the means, and Kaplan-Meier
estimate with log-rank test was used for survival analysis
(with PASW Statistics Data Editor v18 Korean, SPSS Inc.,
Chicago, IL, USA), and 𝑃 < 0.05 is considered statistically
significant. All of the experiment was performed at least three
times independently.

3. Results

3.1. EEAO Posttreatment Suppresses Bioluminescence in an
LPS-Induced ALI Mouse Model. Since previous studies have
suggested the anti-inflammatory effect of EEAO [22, 24, 26]
and documented a preventive effect of EEAO on neutrophilic
lung inflammation inmice [27], a hallmark of ALI, we sought
to examine the possibility that EEAO has a therapeutic effect
on ALI. First, we prepared EEAO and fingerprinted it, along
with alisol acetate B as an index component [29].The average
content of alisol acetate B in EEAO was 3.32 ± 0.01%, which
was estimated on the peak-area ratio with established cali-
bration curve (𝑛 = 3) (Figure 1). We used this fingerprint as
a reference for the quality control of EEAO. Next, we set up a
newmousemodel to examine the therapeutic effect of EEAO.
Most reports on the effects of herbal medicine have relied on
feeding mice with herbs prior to the onset of diseases. Since
prior feeding is to study preventive, rather than therapeutic,
effects of traditional herbal medicine [30], we first induced
septic lung inflammation via an i.p. administration of LPS
(10mg/kg) and 2 h later delivered various amounts of EEAO
directly to the lung by using a microsprayer. With this devise,
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Figure 1: Fingerprinting of EEAO. HPLC chromatogram of EEAO
was shown, where alisol acetate B, amajor compound ofA. orientale,
was identified at 210 nm (RT = about 14min). The content of alisol
acetate B in EEAO was calculated on the peak-area ratio with
established calibration curve.

we could deliver EEAO in fine aerosol directly to the lung by
bypassing the upper respiratory tract. We routinely delivered
EEAO to 75–80% of the lung (data not shown).

Using this system, we first determined whether EEAO
posttreatment suppresses lung inflammation. Since NF-𝜅B
regulates the expression of key proinflammatory cytokines
[31], we used transgenic NF-𝜅B reporter mice as a surrogate
for inflammatory response. Mice received an i.p. injection
of LPS (10mg/kg body weight) for the induction of ALI,
and then the treated mice were divided into two groups
(𝑛 = 5 per group). At 2 h after LPS treatment, one group
received sham and the other did EEAO (300mg/kg body
weight) by i.t. spraying.This dose was based on the previously
published study [27]. Bioluminescence from chest of the
mice was measured right after LPS treatment (0 h), which
was used as a baseline and then at 8, 16, and 24 h after i.p.
LPS treatment. As shown in Figure 2, bioluminescence was
progressively increased to reach a peak at 16 h after LPS
administration, suggesting that an i.p. injection of LPS results
in lung inflammation. In contrast, treatment of LPS-treated
mice with EEAO blunted bioluminescence, suggesting that
EEAO posttreatment suppresses lung inflammation.

3.2. EEAO Posttreatment Ameliorates Neutrophilic Lung
Inflammation in LPS-Induced ALI Mice. Next, since EEAO
posttreatment suppressed lung inflammation, we examined
whether EEAO posttreatment has a therapeutic effect on
ALI. To this end, we performed similar experiments with
C57BL/6 mice (Figure 3). Mice received an i.p. injection of
PBS ((a) and (c)) or LPS ((b), (d), (e), and (f)). At 2 h after
the treatments, each group of mice (𝑛 = 5) received an i.t.
spraying of PBS ((a) and (b)) or different amounts of EEAO
((c), (d), (e), and (f)). At 24 h after LPS treatment, the mice
were euthanized for the analysis of lung inflammation. Lung
histological analyses show that while PBS (a) or 300mg/kg of
EEAO (c) did not cause lung inflammation, LPS treatment (b)
induced cellular infiltration and hyaline change in the lung.
However, treatment of LPS-injected mice with increasing
amounts of EEAO reduced the degrees of lung inflammation
((d), (e), and (f)).

To confirm the anti-inflammatory effect of EEAO, we
performed bronchoalveolar lavage (BAL) of mice treated
as in Figure 3, and counted cells in BAL fluid. As shown
in Figure 4(a), LPS treatment increased the number of
infiltrates in the lung (2nd column), which was decreased
by EEAO posttreatment in a dose dependent manner (4th
to 6th columns). Similarly, LPS increased the number of
neutrophils infiltrated to the lung, which was decreased
by EEAO posttreatment (compare 2nd with 4th to 6th
columns in Figure 4(b)). It is notable that the effects by
30mg/kg body weight of EEAO were similar to those by
300mg/kg body weight of EEAO, suggesting that the dose of
30mg/kg body weight of EEAO is sufficient to suppress lung
inflammation.

Since inflammation accompanies the production of
proinflammatory cytokines, we examined whether the de-
crease of inflammatory cell infiltration is associated with de-
creased production of proinflammatory cytokines in the lung.
The lungs of mice treated as in Figure 3 were harvested, from
which total RNA was extracted for semiquantitative RT-PCR
analysis of proinflammatory genes, such as IL-1𝛽 and TNF-𝛼.
As shown in Figure 5, LPS induced robust expressions of IL-
1𝛽 and TNF-𝛼 (2nd lanes), which were decreased by EEAO
posttreatments (lanes 4, 5, and 6). Since A. orientale has an
antioxidant effect [26] and activates Nrf2 [27], we examined
whether EEAO posttreatment enhances Nrf2 activation in
the lung by western blotting of nuclear Nrf2. As shown in
Figure 6(a), EEAO posttreatment enhanced Nrf2 activation.
Similarly, we examined by Semiquantitative RT-PCR of the
lungs whether EEAO posttreatment enhances the expression
of Nrf2 dependent antioxidant genes in the lung. As shown
in Figure 6(b), EEAOposttreatment enhanced the expression
of Nrf2 dependent genes, such as NQO-1, HO-1, and GCLC
(compare 2nd lanes with 4th, 5th, and 6th lanes). Together,
these results suggest that EEAO has a therapeutic effect on
lung inflammation in ALI mice.

3.3. EEAO Posttreatment Improves the Survival of ALI Mice.
Since sepsis is the major cause of ALI [2, 3], we examined
whether EEAO posttreatment protects mice from succumb-
ing to death due to sepsis. Mice (𝑛 = 20 per group) were i.p.
injected with a lethal dose of LPS (30mg/kg body weight)
along with D-(+)-galactosamine hydrochloride (500mg/kg
body weight) [32]. At 2 h after LPS injection, mice received
an i.t. spraying of EEAO (30mg/kg) to the lung and were
monitored every 6 h for 2 days. As shown in Figure 6, the
mortality of mice treated with LPS reached 80% within 12 h
and 90% within 48 h. On the other hand, the mortality of
septic mice that received an EEAO posttreatment was only
10% within 12 h, 40% within 24 h, and 50% within 48 h
(𝑃 < 0.05, compared to LPS-treated mice), suggesting that
EEAO offers a survival advantage to LPS-induced septic
mice, see Figure 7. The mortality of all the groups remained
unchanged after 2nd day up to 5th day (data not shown).
Meanwhile, no mortality was observed among mice treated
with PBS or EEAO see Figure 7. Together, our results suggest
that EEAO has a therapeutic effect on ALI induced by
epsis.
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Figure 2: EEAO posttreatment suppresses bioluminescence in an LPS-induced ALI mouse model. Prior to i.t. spraying of EEAO (300mg/kg
body weight), NF-𝜅B reporter mice (𝑛 = 5 per group) received an i.p. injection of LPS (10mg/kg body weight). At 2 h after LPS treatment,
the reporter mice received an i.t. EEAO spraying to the lung. Baseline photon counts were obtained right after LPS challenge so that each
mouse could be used as its own control (0 h). Bioluminescence was measured at the indicated time points after LPS injection following an
i.p. luciferin injection. Shown are representative bioluminescence images of the chest of the reporter mice.

4. Discussion

In this study, we examined whether the tuber of A. orientale
has a therapeutic effect onALI. ALI is a leading cause of death
in human, with approximately 40% mortality [4–6]. Despite
extensive clinical trials, there is no effective therapeutics to
treat ALI, and antimicrobial therapy and supportive care to
improve the survival of ALI patients are essential regimens
for the patients [6, 33]. Therefore, it is imperative to develop
an effectivemeasure against the disease. Since Gram-negative
bacterial infections are known as the main cause of ALI [3]
and LPS is known as a key molecule that elicits inflammatory
reaction [7, 34, 35], we used LPS to induceALI inmice. To test
the therapeutic effect of the tuber ofA. orientale, we delivered
ethanol extract of the tuber ofA. orientale (EEAO) directly to
the inflamed lungs of mice that received prior i.p. LPS. We
found that EEAO suppressed lung inflammation incurred by
ALI in mice and gave a survival advantage to the mice. Our
findings provide evidence that EEAO has a therapeutic effect

on ALI, suggesting that it can be developed as a therapeutic
measure against ALI.

A. orientale is an ethnic herb that has been prescribed for a
variety of diseases including oliguria, edema, gonorrhea with
turbid urine, leukorrhea, diarrhea, and dizziness [20]. Recent
studies show that it is also effective in renal lithiasis [36, 37],
hypertension [38], hepatitis B [39], and nonalcoholic fatty
liver disease [40]. In addition, anti-inflammatory [22–24, 41],
antioxidative [26], and antibacterical effects of the tuber of
A. orientale [21] have been reported. Although A. orientale
has not frequently been prescribed for lung diseases, EEAO
pretreatment was reported to suppress lung inflammation
in an LPS-induced ALI mouse model. Despite experimental
evidence for the various functions of A. orientale, these
studies address mainly a preventive, but not a therapeutic,
effect of the herb. Our study was designed to address a
therapeutic effect of the herb on ALI. In our study, similar
to the previous report, EEAO posttreatment of ALI mice
was effective in suppressing neutrophilic lung infiltration,
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Figure 3: Effects of EEAO posttreatment on lung histology in ALI mice. C57BL/6 mice received an i.p. injection of PBS ((a) and (c)) or
LPS ((b), (d), (e), and (f)). At 2 h after the injection, mice received an i.t. spraying of various amounts of EEAO, 300mg/kg (c), 3mg/kg (d),
30mg/kg (e), and 300mg/kg (f), or PBS ((a) and (b)) (𝑛 = 5 per group). At 24 h after LPS treatment, the lungs of mice were perfused, and
lung sections of differentially treated mice were stained with hematoxilin and eosin (H&E) for histological examination (magnification 100x).
Shown are representatives of at least five different areas of a lung.

a hallmark of ALI, and mitigating inflammatory lung histol-
ogy, suggesting a therapeutic effect of EEAO on ALI.

EEAO posttreatment also reduced the production of
proinflammatory cytokines, TNF-𝛼, and IL-1𝛽. Since these
cytokines contribute to neutrophilic infiltration to the lung
and development of ALI [9], it is likely that the therapeutic
effect of EEAO was associated with reduced production
of proinflammatory cytokines. This result was consistent
with previously published results demonstrating that EEAO
suppresses NF-𝜅B activity and the expression of proin-
flammatory cytokines, such as TNF-𝛼 and IL-1𝛽, whose
expressions are governed by NF-𝜅B [27]. In addition, EEAO
posttreatment enhanced the expression of Nrf2 dependent
antioxidant genes, such as NQO-1, HO-1, and GCLC. Nrf2
is a transcription factor that plays a key role in protecting

various inflammatory diseases including ALI [18, 42–44].
Since A. orientale has antioxidant effect [26], activates Nrf2,
and induces the expression ofNrf2-dependent genes [27], it is
also likely that enhanced expression of Nrf2-dependent genes
is attributed to the therapeutic effect of EEAO. Together,
these results suggest that the therapeutic effect of EEAO is
associated with differential regulation of at least two key
inflammatory factors, NF-𝜅B and Nrf2.

The degrees of suppression of cellular and neutrophilic
infiltration by 30mg/kg EEAO posttreatment were similar to
those by 300mg/kg EEAO (Figure 4). In addition, the effect
of 30mg/kg EEAO on lung histology was similar to that of
300mg/kg EEAO, and the two doses were similarly effective
in maintaining normal lung histology (Figure 2). However,
higher amount of EEAO was more effective in suppressing
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Figure 4: Effect of EEAO posttreatment on neutrophilic lung infiltration. Bronchoalveolar lavage (BAL) was performed to count infiltrates in
the lungs of C57BL/6mice. Mice were treated as in Figure 3. (a) FromBAL fluid, total cell number was determined by using a hemocytometer.
(b) The cells in BAL fluid were precipitated by a cytospin and differentially counted for neutrophils. Data represent the mean ± SEM of three
independent countings. ∗𝑃 was less than 0.01, and ∗∗𝑃 was less than 0.05, compared with LPS treated mice (post-ANOVA comparison with
Tukey’s post hoc test).
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Figure 5: Effect of EEAOposttreatment on expressions of proinflammatory cytokines in the lung. Total RNAwas extracted from the harvested
lungs, and expressions of IL-1𝛽 and TNF-𝛼 were analyzed by Semiquantitative RT-PCR. The intensity of each PCR band was measured by
densitometric analysis (ImageJ) and normalized to GAPDH intensity. ∗𝑃 was less than 0.01, compared to the LPS treated (post-ANOVA
comparison with Tukey’s post hoc test).
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Figure 6: Effect of EEAO posttreatment on Nrf2 activation and Nrf2 dependent genes in the lung. (a) Nuclear proteins were extracted from
the lungs of mice treated with LPS, in combination with increasing amounts of EEAO. The amounts of nuclear proteins were quantitated
and analyzed by western blotting of Nrf2. The membrane was stripped and reprobed with 𝛼-lamin A/C for ensuring an equal loading of
nuclear proteins. (b) Total RNA was extracted from the harvested lungs, and expressions of NQO-1, HO-1, and GCLC genes were analyzed
by Semiquantitative RT-PCR.The intensity of each PCR band was measured by densitometric analysis (ImageJ) and normalized to GAPDH
intensity. ∗𝑃 was less than 0.01, and ∗∗𝑃 was less than 0.05, compared with the LPS treated (post-ANOVA comparison with Tukey’s post hoc
test).

the expression of proinflammatory cytokines (Figure 5)
and in enhancing the expression of Nrf2-dependent genes
(Figure 6). While we did not understand this disparity, these
results may indicate that strong suppression of proinflam-
matory cytokine production or robust induction of Nrf2-
dependent gene expression is excessive, if not necessary, for
curbing lung inflammation. It may suggest that 30mg/kg
EEAO was sufficient to tip the scale for the suppression of
lung inflammation.

As indicated by the long history of EEAO prescribed in
Asian traditional medicine, EEAO did not show any adverse
effect on mice in this study. Rather, EEAO posttreatment
improved the survival of mice that received a lethal dose
of LPS. Given that ALI is an acute pulmonary disease

accompanied by vital organ failure, it is quite intriguing
that single i.t. spraying of EEAO, which is equivalent to
inhalation, was effective in improving the survival of the
mice. Although we did not test higher doses of EEAO for
the effect on survival, it is likely that a higher dose of EEAO
yielded better survival rate. Inhalation has an advantage over
oral administration. It allows rapid and substantial drug
absorption [30]. Thus, it can deliver efficacy with a small
quantity of drugs. Given that herbal medicine administered
via oral route usually takes some time to exert its effect even
with high doses, our results provide evidence that inhalation
of herbal medicine can be developed as an administration
route for increasing the rapidity and effectiveness of herbal
medicine.
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Figure 7: EEAO posttreatment increases the survival of septic mice.
Mice received an i.p. injection of LPS (30mg/kg body weight) and
D-(+)-galactosamine hydrochloride (500mg/kg), with or without
EEAO (30mg/kg) 2 h after the LPS treatment. Most septic mice
treated with LPS and galactosamine hydrochloride (solid triangle)
succumbed to death within 48 h (90%), while control mice that
were treated with EEAO (solid square) or PBS (solid circle) alone
all survived. On the other hand, septic mice that received EEAO
2 h after an i.p. injection of LPS and galactosamine hydrochloride
(solid diamond) showed an improved survival (60%within 24 h and
50% with in 48 h after LPS injection). 𝑁 was 20 per group, and the
result is represented by Kaplan-Meier survival curves (log-rank test,
∗

𝑃 < 0.05).

5. Conclusion

EEAO posttreatment of mice treated with LPS was highly
effective in suppressing lung inflammation. EEAO posttreat-
ment of septic mice, which received a lethal dose of LPS,
increased the survival of the mice. Thus, our results show
that EEAO has a therapeutic effect on ALI induced by
sepsis, suggesting the possibility that EEAO can be developed
as a therapeutic means to treat acute pulmonary diseases
such as ALI. In addition, our results suggest that it is
feasible that inhalation of herbal medicine is an effective new
administration route of herbal medicine.

Conflict of Interests

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

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 and 2011-
0014035 to Chang Woo Han).

References

[1] J. Agorreta, M. Garayoa, L. M. Montuenga, and J. J. Zulueta,
“Effects of acute hypoxia and lipopolysaccharide on nitric oxide
synthase-2 expression in acute lung injury,”American Journal of
Respiratory and Critical Care Medicine, vol. 168, no. 3, pp. 287–
296, 2003.

[2] L. B. Ware and M. A. Matthay, “The acute respiratory distress
syndrome,” The New England Journal of Medicine, vol. 342, no.
18, pp. 1334–1349, 2000.

[3] A. M. Fein and M. G. Calalang-Colucci, “Acute lung injury and
acute respiratory distress syndrome in sepsis and septic shock,”
Critical Care Clinics, vol. 16, no. 2, pp. 289–317, 2000.

[4] R. Blank and L. M. Napolitano, “Epidemiology of ARDS and
ALI,” Critical Care Clinics, vol. 27, no. 3, pp. 439–458, 2011.

[5] M. A. Matthay, G. A. Zimmerman, C. Esmon et al., “Future
research directions in acute lung injury: summary of a National
Heart, Lung, and Blood Institute Working Group,” American
Journal of Respiratory and Critical Care Medicine, vol. 167, no.
7, pp. 1027–1035, 2003.

[6] G. D. Rubenfeld, E. Caldwell, E. Peabody et al., “Incidence and
outcomes of acute lung injury,” The New England Journal of
Medicine, vol. 353, no. 16, pp. 1685–1693, 2005.

[7] K. L. Brigham and B. Meyrick, “Endotoxin and lung injury,”
American Review of Respiratory Disease, vol. 133, no. 5, pp. 913–
927, 1986.

[8] T.-H. Kim, H. J. Yoon, C. M. Lim, E.-K. Kim, M. J. Kim, and Y.
Koh, “The role of endogenous histamine on the pathogenesis of
the lipopolysaccharide (LPS)-induced, acute lung injury: a pilot
study,” Inflammation, vol. 29, no. 2-3, pp. 72–80, 2005.

[9] M. Bhatia and S. Moochhala, “Role of inflammatory mediators
in the pathophysiology of acute respiratory distress syndrome,”
Journal of Pathology, vol. 202, no. 2, pp. 145–156, 2004.

[10] J. D. Lang, P. J.McArdle, P. J. O’Reilly, and S.Matalon, “Oxidant-
antioxidant balance in acute lung injury,” Chest, vol. 122, no. 6,
supplement, pp. 314S–320S, 2002.

[11] 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.

[12] T. Nguyen, P. Nioi, and C. B. Pickett, “The Nrf2-antioxidant
response element signaling pathway and its activation by
oxidative stress,” Journal of Biological Chemistry, vol. 284, no.
20, pp. 13291–13295, 2009.

[13] W. Li, T. O. Khor, C. Xu et al., “Activation of Nrf2-antioxidant
signaling attenuates NF𝜅B-inflammatory response and elicits
apoptosis,” Biochemical Pharmacology, vol. 76, no. 11, pp. 1485–
1489, 2008.

[14] Z. Sun, S. Zhang, J. Y. Chan, and D. D. Zhang, “Keap1 controls
postinduction repression of the Nrf2-mediated antioxidant
response by escorting nuclear export of Nrf2,” Molecular and
Cellular Biology, vol. 27, no. 18, pp. 6334–6349, 2007.

[15] 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.

[16] 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.

[17] R. K. Thimmulappa, H. Lee, T. Rangasamy et al., “Nrf2 is a
critical regulator of the innate immune response and survival



10 Evidence-Based Complementary and Alternative Medicine

during experimental sepsis,” Journal of Clinical Investigation,
vol. 116, no. 4, pp. 984–995, 2006.

[18] 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.

[19] 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.

[20] I. Barstad, A. Sorteberg, andM. S.Mesquita, “Present and future
offshore wind power potential in northern Europe based on
downscaled global climate runs with adjusted SST and sea ice
cover,” Renewable Energy, vol. 44, pp. 398–405, 2012.

[21] H. G. Jin, Q. Jin, A. Ryun Kim et al., “A new triterpenoid
from Alisma orientale and their antibacterial effect,” Archives of
Pharmacal Research, vol. 35, no. 11, pp. 1919–1926, 2012.

[22] Y. Dai, B. Hang, Z. Huang, and P. Li, “Anti-inflammatory
activities and effect of rhizoma Alismatis on immune system,”
China Journal of ChineseMateriaMedica, vol. 16, no. 10, pp. 622–
625, 1991.

[23] M. Kubo, “Studies on alismatis rhizoma. I. Anti-allergic effects
of methanol extract and six terpene components from alismatis
rhizoma (dried rhizome of Alisma orientale),” Biological and
Pharmaceutical Bulletin, vol. 20, no. 5, pp. 511–516, 1997.

[24] J. H. Lee, O. S. Kwon, H. G. Jin, E. R. Woo, Y. S. Kim, and H. P.
Kim :, “The rhizomes of Alisma orientale and alisol derivatives
inhibit allergic response and experimental atopic dermatitis,”
Biological&Pharmaceutical Bulletin, vol. 35, no. 9, pp. 1581–1587,
2012.

[25] H. Matsuda, T. Kageura, I. Toguchida, T. Murakami, A. Kishi,
and M. Yoshikawa, “Effects of sesquiterpenes and triterpenes
from the rhizome ofAlisma orientale on nitric oxide production
in lipopolysaccharide-activated macrophages: absolute stere-
ostructures of alismaketones-B 23-acetate and -C 23-acetate,”
Bioorganic and Medicinal Chemistry Letters, vol. 9, no. 21, pp.
3081–3086, 1999.

[26] C. W. Han, E. S. Kang, S. A. Ham, H. J. Woo, J. H. Lee, and
H. G. Seo :, “Antioxidative effects of Alisma orientale extract in
palmitate-induced cellular injury,” Pharmaceutical Biology, vol.
50, no. 10, pp. 1281–1288, 2012.

[27] C.W. Han,M. J. Kwun, K. H. Kim et al., “Ethanol extract of alis-
matis rhizoma reduces acute lung inflammation by suppressing
NF-𝜅B and activating Nrf2,” Journal of Ethnopharmacology, vol.
146, no. 1, pp. 402–410, 2013.

[28] R. T. Sadikot, H. Zeng, M. Joo et al., “Targeted immunomod-
ulation of the NF-𝜅B pathway in airway epithelium impacts
host defense against Pseudomonas aeruginosa,” Journal of
Immunology, vol. 176, no. 8, pp. 4923–4930, 2006.

[29] M. L. Sang, S. K. Jong, S. H. Gwi et al., “Quality evaluation
of alismatis rhizoma by high performance liquid chromatogra-
phy,”Archives of Pharmacal Research, vol. 27, no. 4, pp. 460–464,
2004.

[30] P. R. Byron and J. S. Patton, “Drug delivery via the respiratory
tract,” Journal of Aerosol Medicine, vol. 7, no. 1, pp. 49–75, 1994.

[31] W. Han, M. Joo, M. B. Everhart, J. W. Christman, F. E. Yull,
and T. S. Blackwell, “Myeloid cells control termination of lung
inflammation through the NF-𝜅B pathway,” American Journal
of Physiology, vol. 296, no. 3, pp. L320–L327, 2009.

[32] J. Y. Lee, Y. G. Lee, J. Lee et al., “Akt Cys-310-targeted inhibition
by hydroxylated benzene derivatives is tightly linked to their

immunosuppressive effects,” Journal of Biological Chemistry,
vol. 285, no. 13, pp. 9932–9948, 2010.

[33] C. S. Calfee and M. A. Matthay, “Nonventilatory treatments for
acute lung injury and ARDS,” Chest, vol. 131, no. 3, pp. 913–920,
2007.

[34] P. K. Gonzalez, J. Zhuang, S. R. Doctrow et al., “Role of oxidant
stress in the adult respiratory distress syndrome: evaluation of
a novel antioxidant strategy in a porcine model of endotoxin-
induced acute lung injury,” Shock, vol. 6, no. 6, supplement 1,
pp. S23–S26, 1996.

[35] D. Togbe, S. Schnyder-Candrian, B. Schnyder et al., “Toll-like
receptor and tumour necrosis factor dependent endotoxin-
induced acute lung injury,” International Journal of Experimen-
tal Pathology, vol. 88, no. 6, pp. 387–391, 2007.

[36] Z.-G. Cao, J.-H. Liu, A.M. Radman, J.-Z.Wu, C.-P. Ying, and S.-
W. Zhou, “An experimental study of effect of different extracts
ofAlisma orientalis on urinary calciumoxalate stones formation
in rats,” China Journal of Chinese Materia Medica, vol. 28, no. 11,
pp. 1072–1075, 2003.

[37] Z.-G. Cao, J.-H. Liu, S.-W. Zhou,W.Wu, C.-P. Yin, and J.-Z.Wu,
“The effects of the active constituents of Alisma orientalis on
renal stone formation and bikunin expression in rat urolithiasis
model,” Zhonghua Yi Xue Za Zhi, vol. 84, no. 15, pp. 1276–1279,
2004.

[38] B. Makino, M. Kobayashi, K. Kimura et al., “Local variation in
the content of angiotensin II and arginine vasopressin receptor
antagonistic terpenoids in the rhizomes of Alisma orientale,”
Planta Medica, vol. 68, no. 3, pp. 226–231, 2002.

[39] Z.-Y. Jiang, X.-M. Zhang, F.-X. Zhang et al., “A new triterpene
and anti-hepatitis B virus active compounds from Alisma
orientalis,” Planta Medica, vol. 72, no. 10, pp. 951–954, 2006.

[40] X. Hong, H. Tang, L. Wu, and A. Li, “Protective effects of the
Alisma orientalis extract on the experimental nonalcoholic fatty
liver disease,” Journal of Pharmacy and Pharmacology, vol. 58,
no. 10, pp. 1391–1398, 2006.

[41] H. Matsuda, N. Tomohiro, M. Yoshikawa, and M. Kubo, “Stud-
ies on alismatis rhizoma. II. Anti-complementary activities
of methanol extract and terpene components from alismatis
rhizoma (Dried rhizome of Alisma orientale),” Biological and
Pharmaceutical Bulletin, vol. 21, no. 12, pp. 1317–1321, 1998.

[42] 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.

[43] 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.

[44] 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.


