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Chronic airway inflammation is a hallmark of asthma, which is an immune-based disease. We evaluated the
ability of saucerneol D, a tetrahydrofuran-type sesquilignan isolated from Saururus chinensis, to regulate
airway inflammation in an ovalbumin (OVA)-induced airway inflammation model. Furthermore, we
determined whether heme oxygenase (HO)-1 was required for the protective activity of saucerneol D. The
airways of OVA-sensitized mice exposed to an OVA challenge developed eosinophilia and mucus
hypersecretion and exhibited increased cytokine levels. Mice were administered saucerneol D orally at
doses of 20 and 40 mg/kg once daily on days 26–30. Saucerneol D administered orally significantly inhibited
the number of OVA-induced inflammatory cells and the production of immunoglobulin E as well as Th2-type
cytokines. Histopathology studies revealed a marked decrease in lung inflammation and goblet cell
hyperplasia after saucerneol D treatment. In addition, saucerneol D induced HO-1 and led to a marked
decrease in OVA-induced reactive oxygen species and malondialdehyde and an increase in superoxide
dismutase and glutathione in lung tissues. These antioxidant effects were correlated with HO-1 induction. In
our experiments, saucerneol D treatment reduced airway inflammation and suppressed oxidative stress in an
OVA-induced asthma model.
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1. Introduction

Chronic inflammation is recognized as a central component of the
pathophysiology of asthma. Invading inflammatory cells in lung tissue
release a wide variety of mediators and cytokines that contribute to the
clinical characteristic of asthma [1]. Bronchial asthma is a chronic
inflammatory disease of the airways characterized by airway eosinophilia
and goblet cell hyperplasia with mucus hypersecretion to inhaled
allergens and nonspecific stimuli [2,3]. The inflammatory process in
asthma is dominated by T helper-2 (Th2) cells, which produce interleukin
(IL)-4, IL-5, and IL-13 [4]. In particular, eotaxin, IL-4, IL-5, and IL-13,which
are produced by Th2 cells, are all related to inflammatory changes in the
airway via the activation of eosinophils and the production of immuno-
globulin E (IgE) by B cells [5–7]. Recently, heme oxygenase (HO)-1 was
shown to be induced in the airways of patients with asthma and chronic
obstructive pulmonary disease (COPD) [8,9].Moreover, overexpression of
HO-1decreases airway inflammationandmucus secretion in rodents [10],
suggesting that HO-1 plays a critical role in protecting the host during
airway inflammation. The induction of HO-1 expression by various stress
stimuli, such as lipopolysaccharides and oxidants, is thought to be an
adaptive mechanism that protects cells from oxidative injury [11].
Oxidative stress plays an important role in the pathogenesis of most
airway diseases, particularlywhen inflammation is prominent [12]. There
is increasing evidence that inflammation, which is characteristic of
asthma, results in increased oxidative stress in the airways [13]. Reactive
oxygen species (ROS) can be generated either endogenously bymetabolic
reactions, such as from mitochondrial electron transport during respira-
tion or during activation of circulating inflammatory cells or phagocytes,
or exogenously from air pollutants or cigarette smoke. As a result,
increased levels of ROS have been shown to affect the extracellular
environment, impacting on a variety of physiological processes [14,15].
Eosinophils, alveolar macrophages, and neutrophils from asthmatic
patients produce more ROS than do those from normal subjects [16,17].
The overproduction of ROS or depression of protective mechanisms also
results in bronchial hyperreactivity, which is characteristic of asthma
[18,19]. It is proposed that ROS produced by phagocytes that have been
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Fig. 1. Chemical structure of saucerneol D.
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recruited to sites of inflammation is a major cause of the cell and tissue
damage associated with many chronic inflammatory lung diseases,
including asthma and COPD [20–24]. Although it is considered as one of
the most important protective mechanisms against superoxide-anion-
mediated injury, superoxide dismutase (SOD) activity produces an
oxidant—hydrogen peroxide (H2O2). Alterations in the level of these
enzymes have been detected in asthmatic patients [25–27]. Malondialde-
hyde (MDA), a major product of lipid peroxidation (LP), is generally used
as the indicator of oxidative stress [21]. Cell membrane homeostasis is
destroyed by the increased production of LP. Damaged and dysfunctional
membranes cause loss of calciumandof other transport systems, suchas a
reduction in intercellular gap junction communication [28]. Proteins such
as SOD and glutathione (GSH) are major enzymes in the antioxidative
defense system.

Saururus chinensis (Saururaceae) is used widely as a traditional
medicine for the treatment of edema, jaundice, gonorrhea, pneumonia,
and several inflammatory diseases [29]. Previous chemical studies of
S. chinensis reported the presence of a large number of lignans [30],
flavonoids, anthraquinones, and furanoditerpenes [31,32]. Herbal medi-
cine is one of themain lines of complementary and alternative therapy of
bronchial asthma, as it is the third most popular choice of adults and
children suffering from bronchial asthma [33]. Previous investigations of
saucerneol D revealed its anti-inflammatory activity in HeLa cells
transfected with an NF-κB reporter [34]. However, there are no in vivo
studies of the antiasthmatic properties of saucerneol D. Despite the wide
variety of steroid and nonsteroid medications employed, all anti-
inflammatory or antiasthma drugs available currently cause undesired,
and possibly serious, side effects. Thus, development of new and more
powerful drugs is required. Therefore, in this study, we evaluated a
bronchial asthmamodel to examine the ability of saucerneol D to control
Th2-type cytokines, IgE, oxidative stress, eosinophil infiltration, and other
factors that play important roles in allergic inflammation. We hypothe-
sized that saucerneol D would have an antiasthmatic effect on airway
inflammation in a murine model of allergic asthma.
Fig. 2. Mouse model of airway inflammation an
2. Materials and methods

2.1. Extraction and isolation of saucerneol D

Fresh S. chinensis (Saururaceae) was washed three times with tap
water to remove salts, epiphytes, and sand and was stored at −20 °C.
Frozen samples were lyophilized and homogenized in a grinder before
extraction. Saucerneol Dwas isolated from the ethyl acetate extract of the
roots of S. chinensis. The chemical structure of the isolated compoundwas
established as saucerneol D (Fig. 1). The compound was obtained as an
amorphous powder: mp, 71–72 °C; [α]D25, −75.7° (c 0.65, CHCl3); 1H-
and 13C-NMR data were consistent with values from the literature [34];
FABMS m/z, 536 [M]+. The purity of this compound was above 99.5%,
based on HPLC analysis.

2.2. Animals

Specific 7-week-old, pathogen-free, inbred female BALB/c mice
screened routinely serologically for relevant respiratory pathogens
were purchased from Daehan Biolink Co. Ltd. (Seoul, Korea). Mice
were maintained in an animal facility under standard laboratory
conditions for 1 week prior to the performance of experiments, and
were provided water and standard chow ad libitum. All experimental
procedures were performed in accordancewith the NIH Guidelines for
the Care and Use of Laboratory Animals and animal handling followed
the dictates of the National Animal Welfare Law of Korea.

2.3. Sensitization and airway challenge

The mice were divided into four groups and airway inflammation
was induced by ovalbumin (OVA) (grade III; Sigma–Aldrich, USA) in
three groups using the method described by Oh and colleagues [35].
Briefly, mice were immunized via intraperitoneal injection of 20 μg
chicken OVA and 2 mg aluminum hydroxide in 200 μL PBS buffer (pH
7.4) on days 0 and 14. Mice were exposed to a 1% (w/v in PBS) OVA
solution for 20 minusing anultrasonic nebulizer (NE-U12;OmronCorp.,
Tokyo, Japan) on days 28, 29, and 30 after the initial sensitization.
Saucerneol D (20 or 40 mg/kg) was administered orally once daily on
days 28–30. Negative and positive control micewere treated orally with
PBS and dexamethasone (Dex; 3 mg/kg), respectively, once daily on
days 28–30. Animalswere sacrificed 48 h after the last challenge (i.e., on
day 32) to characterize the suppressive effects of saucerneol D. A
schematic diagram of the treatment schedule is shown in Fig. 2.
d effects of treatment with saucerneol D.
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Fig. 3. Effects of saucerneol D on the recruitment of inflammatory cells to
bronchoalveolar lavage fluid (BALF) of mice 48 h after the final OVA challenge. Cells
were isolated by centrifugation and stained with Diff-Quik® Stain reagent. Cell
numbers were determined by counting within at least five squares of a hemocytometer
using a light microscope. Dead cells, which were stained with trypan blue, were
excluded from the total cell counts. NC, negative control (PBS only); OVA, OVA-sensitized/-
challengedmice;Dex,dexamethasone(3 mg/kg)+OVA-sensitized/-challengedmice; SD-20,
saucerneol D (20 mg/kg)+OVA-sensitized/-challenged mice; SD-40, saucerneol
D (40 mg/kg)+OVA-sensitized/-challenged mice. Saucerneol D or dexamethasone
treatment was performed 1 h before challenge. *Significantly different from NC,
Pb0.05; #significantly different from OVA, Pb0.05.
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2.4. Inflammatory cell counts in bronchoalveolar lavage fluid (BALF)

Mice were sacrificed with an overdose (50 mg/kg) of pentobarbital
48 h after thefinal challenge and tracheostomywas performed. After the
instillation of ice-cold PBS (0.6 mL) into the lungs, BALF was obtained
using three aspirations (total volumeof 1.8 mL)via tracheal cannulation.
BALF was centrifuged and the supernatant fractions were collected and
stored at −70 °C. The total number of inflammatory cells was assessed
by counting cells in at least five squares of a hemocytometer after
exclusion of dead cells via trypan blue staining. BALF (100 μL) was
pipetted onto a slide and centrifuged (200×g, 4 °C, 10 min) to fix cells
using a cytospin machine (Hanil Science Industrial, Seoul, Korea). Cell
pellets were suspended in 0.5 mL PBS, and 100 μL of each solution was
spun onto a slide. After slides were dried, cells were fixed and stained
using Diff-Quik® Staining reagent (B4132-1A; Dade Behring Inc.,
Deerfield, IL), according to the manufacturer's instructions.
2.5. Measurement of total and OVA-specific IgE levels in BALF

BALF was collected via centrifugation (3000 rpm, 10 min) and
stored at −70 °C. Total and OVA-specific IgE levels were measured
using an enzyme-linked immunosorbent assay (ELISA). Microtiter
plates were coated with 100 μL/well IgE (10 μg/mL; Serotec, Oxford,
UK) in PBS–Tween 20. Antibodies in the serum were detected using
isotype-specific secondary antibodies (anti-mouse IgE; Serotec). After
washing four times, 200 μL Lo-phenylene diamine dihydrochloride
(Sigma, St Louis, MO)was added to eachwell. The platewas incubated
for 10 min in the dark and absorbance was measured at 450 nm. Total
and OVA-specific IgE concentrations were calculated from a standard
curve generated using 250 ng/mL recombinant IgE (Serotec).
Fig. 4. Effects of saucerneol D on cytokine and chemokine levels in the BALF. BALF was
collected frommice48 hafter the lastOVAchallenge. Individual sampleswere analyzedusing
ELISA. (A) IL-4; (B) IL-13; (C) eotaxin. NC, negative control (PBS only); OVA, OVA-sensitized/-
challengedmice;Dex,dexamethasone(3 mg/kg)+OVA-sensitized/-challengedmice; SD-20,
saucerneol D (20 mg/kg)+OVA-sensitized/-challenged mice; SD-40, saucerneol
D (40 mg/kg)+OVA-sensitized/-challenged mice. Saucerneol D or dexamethasone
treatment was performed 1 h before challenge. *Significantly different from NC,
Pb0.05; #significantly different from OVA, Pb0.05.
2.6. Measurement of cytokine and chemokine levels in BALF

Cytokine and chemokine (eotaxin) levels in theBALFweremeasured
using ELISA. The BALF concentrations of IL-4, IL-13, and eotaxin were
measured using ELISA kits, according to themanufacturer's instructions
(BioSource International, Camarillo, CA).
2.7. Western blotting

Lung tissue was homogenized in lysis buffer containing protease
inhibitors (50 mM Tris–HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.5%
NP-40, 0.1% SDS, 1 mM EGTA, 100 μg/mL PMSF, 10 μg/mL pepstatin A,
and 100 μM Na3VO3). Homogenates were centrifuged at 12,000×g for
25 min at 48 °C and the concentration of proteins in the supernatant
fractionswas determined using the Bradford reagent (Bio-Rad, Hercules,
CA). Equal amounts of protein (25 μg)were subjected to 10% SDS–PAGE.
Separated proteins were transferred to PVDF membranes (Amersham
Biosciences, Piscataway, NJ) after electrophoresis at 100 V for 90 min.
Membranes were blocked with 5% nonfat dry milk dissolved in TBST
buffer (10 mM Tris–HCl (pH 7.5), 150 mM NaCl, 0.1% Tween-20)
overnight at 4 °C and incubated with mouse anti-HO-1 and anti-actin
antibodies (1:1000 dilution; Abcam Inc., Cambridge, MA) overnight at
4 °C. After removal of the primary antibody, membranes were washed
three times with TBST buffer at room temperature and were incubated
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further with a horseradish peroxidase-conjugated secondary antibody
(1:2,000 dilution; Santa Cruz Biotechnology, Santa Cruz, CA) for 1 h at
room temperature. Subsequently, membranes were rewashed with
TBST buffer and immunoreactive bands were visualized using ECL
reagent (Amersham Biosciences). Densitometric values of the bands
were determined using Bio-RadGel Doc 2000gel documentation system
(Bio-Rad, Hercules, CA) and statistically analyzed.
2.8. Lung tissue histopathology

After BALF was obtained, lung tissue was fixed in 10% (v/v)
neutral-buffered formalin for 24 h at 4 °C. Tissues were embedded in
paraffin, sectioned at 4 μm thickness, and stained with H&E solution
(hematoxylin, Sigma MHS-16, and eosin, Sigma HT110-1-32) and
periodic acid-Schiff (PAS) (IMEB Inc., San Marcos, CA), to assess
mucus production. Tissues were then mounted and cover slipped
using Dakomountingmedium (Dakocytomation, Glostrup, Denmark).
Fig. 5. Effects of saucerneol D on the recruitment of leukocytes andmucus production in lung tissu
Lung tissues were fixed, sectioned at 4 μm thickness, and stained with H&E solution (A) and perio
mice; Dex, dexamethasone (3 mg/kg)+OVA-sensitized/-challenged mice; SD-20, saucerneol D
sensitized/-challenged mice. Saucerneol D or dexamethasone treatment was performed 1 h befor
2.9. 2′,7′-Dichlorofluorescein (DCF) fluorescence assay

Induction of oxidative stress was monitored using 2′,7′-dichloro-
fluorescein diacetate (DCF-DA, Molecular Probes, Eugene, OR), which
is converted into the highly fluorescent DCF by cellular peroxides
including hydrogen peroxide. In brief, lung tissue was washed with
PBS and next treated with 25 μM DCF-DA for 10 min at 37 °C. To
measure intracellular ROS activity, fluorescence was determined at
488 nm excitation and 525 nm emission using a fluorescence plate
reader (Perkin–Elmer, Waltham, MA).
2.10. Measurement of glutathione peroxidase (GSH), malondialdehyde
(MDA), and superoxide dismutase (SOD) levels in lung tissue

The homogenates of lung tissues were centrifuged at 12,000×g
(4 °C) for 20 min to collect supernatants for determination of GSH,
SOD, MDA concentrations. GSH , MDA, and SOD activity was assayed
e.Histological examination of lung tissues was performed 48 h after the final OVA challenge.
dic acid-Schiff (PAS) (B). NC, negative control (PBS only); OVA, OVA-sensitized/-challenged
(20mg/kg)+OVA-sensitized/-challenged mice; SD-40, saucerneol D (40mg/kg)+OVA-

e challenge. Scale bars: A, 20 μm; B, 40 μm.
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Fig. 6. Effects of saucerneol D on the levels of total and OVA-specific IgE in the BALF.
BALF was collected from mice 48 h after the final OVA challenge. Each sample was
analyzed using ELISA. (A) Total IgE level. (B) OVA-specific IgE level. NC, negative control
(PBS only); OVA, OVA-sensitized/-challenged mice; Dex, dexamethasone (3 mg/kg)+OVA-
sensitized/-challenged mice; SD-20, saucerneol D (20mg/kg)+OVA-sensitized/-challenged
mice; SD-40, saucerneol D (40mg/kg)+OVA-sensitized/-challenged mice. Saucerneol D or
dexamethasone treatment was performed 1 h before challenge. *Significantly different from
NC, Pb0.05; #significantly different from OVA, Pb0.05.

702 J.-Y. Jung et al. / International Immunopharmacology 11 (2011) 698–705
according to the manufacturer's instructions (Cayman, Michigan, CA).
GSH based on the reaction between glutathione remaining after the
action of GSH that absorbsmaximally at 412 nmby a spectrophotometer.
SOD activity was determined using the modified method of NADH–
phenazinemethosulphate–nitroblue tetrazolium formazan inhibition re-
action, which was measured spectrophometrically at 560. MDA was
measuredas theproductionof lipidperoxide (LPO),which in combination
with thiobarbituric acid (TBA) forms pink chromogen compound whose
absorbance at 530 nm was recorded.

2.11. Image capture and statistical analysis

Photomicrographs were obtained using a Photometric Quantix
digital camera running a Windows program, and montages were
assembled using Adobe Photoshop 7.0. Images were cropped and
corrected for brightness and contrast, but were not manipulated
otherwise. Data were expressed as the mean±standard deviation.
Statistical comparisons were performed using one-way analysis of
variance, with significance set at Pb0.05.

3. Results

3.1. Effects of saucerneol D on OVA-induced eosinophilia in BALF

To evaluate the suppression of inflammatory cells by saucerneol D in
OVA-challenged mice, we counted the number of cells that were
recruited to the BALF. The number of eosinophils, neutrophils,
lymphocytes, macrophages, and total cells in the BALF was increased
significantly at 48 h after the OV challenge comparedwith their number
in PBS-challenged mice. Oral administration of saucerneol D at doses of
20 and 40 mg/kg 1 h before OVA challenge inhibited eosinophils,
neutrophils, lymphocytes, macrophages, and total cells significantly
comparedwith OVA-inducedmice that were not exposed to saucerneol
D. In addition, the decrease in the number of infiltrated leukocytes was
due mainly to the decrease in the levels of infiltrated macrophages and
eosinophils. These results suggest that saucerneol D has an inhibitory
effect on lung inflammation in our asthma model. A positive control
showed a similar decrease in the number of cells in the BALF after
administration of 40 mg/kg of saucerneol D (Fig. 3).

3.2. Effects of saucerneol D on the levels of cytokines and chemokines in
the BALF

To determine whether saucerneol D influenced cytokine and
chemokine secretion in the BALF, the levels of IL-4, IL-13, and eotaxin
in this fluid were measured using ELISA 48 h after the final challenge.
As shown in Fig. 4, OVA challenge triggered a significant increase in
cytokine levels in the BALF compared with those observed in control
group. The increase in the level of cytokines in OVA-induced mice
treated with saucerneol D was suppressed significantly compared
with the OVA-induced group. Our results demonstrate clearly that
saucerneol D reduces IL-4, IL-13, and eotaxin concentrations in the
BALF of asthmatic mice.

3.3. Effects of saucerneol D on airway goblet cell hyperplasia and mucus
production in lung tissue

As saucerneol D inhibited inflammatory cell recruitment into the
BALF, we examined its antiasthmatic effects. Lung tissues were
collected 48 h after the final OVA challenge. We observed a marked
infiltration of inflammatory cells into perivascular and peribronchial
connective tissues of OVA-induced asthmatic lungs compared with
normal tissue. Moreover, the majority of leukocytes were eosinophils.
The NC group and the Dex control mice displayed no changes in
inflammatory cell infiltration. Eosinophilia in OVA-induced mice
treated with saucerneol D was significantly attenuated compared
with that observed in OVA-induced mice (Fig. 5A).

Mucus hypersecretion is a characteristic of airway remodeling.
Goblet cells containingmucus were increased in OVA-induced mice. To
determinewhether saucerneol D suppressed themucus overproduction
caused by goblet cell hyperplasia, we stained lung sections with PAS.
Mucus overproduction was observed clearly as a violet color in the
bronchial airways of OVA-challenged mice compared with the NC
group. In contrast, the mucus stain was diminished markedly in OVA-
sensitized and -challengedmice treatedwith saucerneol D (Fig. 5B). Our
data confirm that saucerneol D significantly reduces goblet cell
hyperplasia and the mucus hypersecretion resulting from the airway
remodeling process.

3.4. Effects of saucerneol D on total and OVA-specific IgE levels

Total andOVA-specific IgE levels in the BALFwere increasedmarkedly
in OVA-inducedmice comparedwith the levels detected in the NC group.
Saucerneol D pretreatment led to a significant reduction in the levels of
total and OVA-specific IgE, in a dose-dependent manner (Fig. 6).

3.5. Effects of saucerneol D on OVA-induced ROS, MDA, SOD, and GSH
levels in lung tissue

Preadministration of saucerneol D led to a significant decrease in the
generation of ROS and in the level ofMDA in lung tissue. In addition, the
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levels of oxidative stressmarkers, such as SOD and GSH,were increased
markedly in OVA-challenged mice, as shown in Fig. 7.

3.6. Effects of saucerneol D on HO-1 expression

Next, we investigated whether saucerneol D upregulated the
expression of HO-1 as part of themechanism underlying its protective
effect against OVA-induced lung inflammation. To determine whether
the inhibitory effects of saucerneol D on airway inflammation were
related to HO-1 induction, its expression was assessed using ELISA,
Western blotting, and immunohistochemical analyses. As shown in
Fig. 8A, saucerneol D treatment led to increased HO-1 activity in lung
tissue. The induction of HO-1 activity was similar after treatment with
saucerneol D at 20 and 40 mg/kg.

Compared with OVA-challenged mice, saucerneol D induced HO-1
activity at doses of 20 and 40 mg/kg. Consistent with this increase in
activity, HO-1 protein levels were increased markedly in saucerneol
D-treated mice (Fig. 8B). However, treatment with saucerneol D (20
or 40 mg/kg) led to a higher level of expression of HO-1.

4. Discussion

The present study used an OVA-induced model of allergic airway
inflammation to demonstrate that ROS production was increased in
lung tissues and that the administration of saucerneol D significantly
attenuated ROS generation, MDA activity, Th2 cytokine expression,
and bronchial inflammatory cell infiltration and increased SOD and
GSH levels in OVA-challenged mice.

The pathogenesis of asthma is associated with increased infiltration
of inflammatory cells and excessive mucus secretion into the airway
[36]. OVA-induced asthma is recognized as a disease that results from
Fig. 7. Effects of saucerneol D on MDA, ROS, SOD, and GSH levels in lung tissue. Lung tissues
using ELISA. Enzymatic activity of (A) MDA, (B) ROS, (C) SOD, and (D) GSH in lung ti
dexamethasone (3 mg/kg)+OVA-sensitized/-challenged mice; SD-20, saucerneol D (20
sensitized/-challenged mice. Saucerneol D treatment was performed 1 h before challenge. *
chronic airway inflammation characteristically associated with the
infiltration of lymphocytes, eosinophils, macrophages, and neutrophils
into the bronchial lumen. Eosinophils are markers of allergic airway
inflammation in asthma and play a central role in the pathogenesis of
this disease [37–39]. Before investigating such effects in detail, using
saucerneol D at 20 and 40 mg/kg, we made a preliminary study of the
effects of saucerneol D (given at 10, 20, 40, and 80 mg/kg) on serum IgE
levels, to ascertain an optimal dosage (data not shown). Doses of both 20
and 40mg/kgweremost effective. In the OVA-inducedmodel of allergic
asthma, saucerneol D resulted in a significant decrease in the number of
eosinophils and macrophage counts in the BALF. Moreover, histopath-
ological analysis revealed that saucerneol D treatment suppressed the
infiltration of inflammatory cells and the hyperplasia of goblet cells.
Manyclinical studies also documented a correlationbetweenpulmonary
eosinophilia and asthma, as well as a correlation with the level of
eosinophils in the BALF [40]. Thus, the suppression of pulmonary
eosinophilia by saucerneol D could be explained by the inhibition of the
differentiation and migration of eosinophils. The current consensus
regarding the etiology of allergic asthma is that it is an aberrant Th2-type
response to environmental allergens characterized by overproduction of
IL-4, IL-5, and IL-13, which are critical for the maintenance of ongoing
IgE-mediated eosinophilic inflammation [38]. IL-4 is the Th2 cytokine
that is most important for the induction of isotype switching to IgE in B
lymphocytes [41]. IL-13 can also regulate the recruitment of eosinophils
to the airways, via its various effects on epithelial and smooth-muscle
cells [42].We showed here that administration of saucerneol D opposed
the effects ofOVAchallengeon IL-4, IL-13, andeotaxin, reducingboth the
levels of secreted cytokines and chemokines in the BALF. These results
indicate that saucerneol D provides relief against airway inflammation
by reducing the levels of Th2 cytokines, suchas IL-4 and IL-13. Consistent
with the reduction of the levels of these cytokines, the recruitment of
were collected from mice 48 h after the final OVA challenge. Each sample was analyzed
ssue. NC, negative control (PBS only); OVA, OVA-sensitized/-challenged mice; Dex,
mg/kg)+OVA-sensitized/-challenged mice; SD-40, saucerneol D (40 mg/kg)+OVA-
Significantly different from NC, Pb0.05; #significantly different from OVA, Pb0.05.
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Fig. 8. Effects of saucerneol D on HO-1 activity and protein level. Lung tissues were collected
frommice 48 hafter thefinalOVAchallenge. Each samplewas analyzedusingELISA,Western
blotting, and immunohistochemistry. (A) The level of expression of the HO-1 protein in the
lung was determined usingWestern blotting analysis after OVA challenge in the presence or
absence of AD. The level of HO-1 proteinwas normalized to that ofβ-actin. (B) Quantification
of band intensities of HO-1. Three independent experiments were determined by
densitometry. (C) Enzymatic activity of HO-1 in lung tissue. NC, negative control (PBS
only); OVA, OVA-sensitized/-challenged mice; Dex, dexamethasone (3 mg/kg)+OVA-
sensitized/-challenged mice; SD-20, saucerneol D (20mg/kg)+OVA-sensitized/-challenged
mice; SD-40, saucerneol D (40mg/kg)+OVA-sensitized/-challenged mice. Saucerneol D
treatment was performed 1 h before challenge. *Significantly different from NC, Pb0.05;
#significantly different from OVA, Pb0.05.
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inflammatory cells, especially of eosinophils and macrophages, was
suppressed markedly in the BALF after saucerneol D treatment.

Oxidative stress due to oxidant–antioxidant imbalance and to
environmental oxidants is an important component of inflammation
and respiratory diseases. The lungs are endowed with a battery of
endogenous agents called antioxidants. GSH is the main enzyme of
the enzymatic antioxidant defense system that is responsible for the
protection against the increase in the production of ROS [43]. The level
of MDA is a measure of LP and its measurement provides an estimate
of free radical activity [44]. SOD is present essentially in every cell of
the body and plays an important role in protecting cells and tissues
against oxidative stress. In the present study, saucerneol D attenuated
ROS and MDA levels in an OVA-induced airway inflammation murine
model. Our findings demonstrated that saucerneol D inhibits the OVA-
induced reduction of SOD and GSH levels in a dose-dependent
manner, suggesting that the protective effect of saucerneol D is
related to its reduction of oxidative stress. HO-1 is induced in a mouse
model of asthma; conversely, its deficiency leads to an increase in
chronic inflammation and leukocyte recruitment [45,46]. This
interpretation is also consistent with the observation that HO-1
overexpression reduces ocular inflammation by downregulating
proinflammatory cytokines [47]. Based on these previous reports,
we examined whether HO-1 induction played a role in the saucerneol
D-mediated attenuation of airway inflammation.

In conclusion,our results indicatedclearly that saucerneolD treatment
reduces the accumulation of eosinophils and other inflammatory cells
(neutrophils, lymphocytes, and macrophages) in the BALF and lung
tissues of an OVA-induced murine asthma model; that IgE, chemokine
(eotaxin), IL-4, and IL-13 levels were upregulated; and that saucerneol D
reduced significantly the severity of airway inflammation and the
accompanying oxidative stress. Furthermore, our data provided evidence
that the induction of HO-1 by saucerneol D may be responsible for the
protective effects of this agent against airway inflammation and that it
may be a promising candidate in herbal medicine for the treatment of
asthma.
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