
FULL COMMUNICATION

Capsicum annuum L. Methanolic Extract Inhibits Ovalbumin-Induced Airway
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ABSTRACT The pepper fruit of Capsicum annuum L. is used as a food, spice, and topical medicine. Here, we investigated

the effect of a methanolic C. annuum L. extract (CAE) in a mouse model of ovalbumin-induced allergic airway inflammation.

Animals were treated with CAE by oral gavage before ovalbumin challenge. After ovalbumin challenge, airway respon-

siveness to methacholine, influx of inflammatory cells into the lung, cytokine levels in bronchoalveolar lavage fluid and lung,

nuclear factor-jB (NF-jB) activity in lungs, and lung histopathology were assessed. Oral treatment with CAE significantly

reduced the pathophysiological signs of allergic airway disease, including increased inflammatory cell recruitment to the

airways, airway hyperresponsiveness, and increased levels of T-helper type 2 cytokines. Reactive oxygen species were also

decreased in cells from bronchoalveolar lavage fluid. In addition, we found that administration of CAE attenuated ovalbumin-

induced increases in NF-jB activity in lungs. Collectively, these results suggest that CAE may be an effective oral treatment

for allergic airway inflammation by virtue of its antioxidant activity.
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INTRODUCTION

A sthma is characterized by chronic airway inflam-
mation, which may be involved in the pathogenesis of

the disease. Despite an inconclusive debate over whether the
enhanced oxidative stress observed in asthma subjects is the
result of inflammation or is a causative factor in the patho-
genesis of the disease, many recent reports have supported
the critical role of oxidative stress in the development of
various chronic immunologic diseases.1 In bronchial asthma,
oxidative stress aggravates airway inflammation by inducing
diverse pro-inflammatory mediators, enhancing airway hy-
perresponsiveness, stimulating bronchospasm, and increas-
ing mucin secretion.1,2

Pepper fruits of Capsicum annuum L. are widely used as
food and as a spice. Many previous studies have demon-
strated that peppers contain a wide array of phytochemicals,
mainly vitamins C, A, and E, as well as phenolic and ca-
rotenoid compounds with well-known antioxidant proper-
ties.3–5 Hot cultivars are rich in capsaicinoids (alkaloids
with pharmacological properties), giving the pepper fruit

its characteristic taste.6 Peppers are also a good source of
provitamin A carotenoids (b-carotene, a-carotene, and
b-cryptoxanthine) and oxygenated carotenoids or xantho-
phylls. These compounds have been shown to be effective
free radical scavengers and may be effective for preventing
various diseases associated with free radical oxidation, such
as cardiovascular disease, cancer, and neurological disor-
ders.5,7,8 Several previous studies have reported on the an-
tioxidant activity of C. annuum L. extract (CAE), but the
effects of CAE in allergic airway disease have not yet been
determined. In this study, we described the ability of CAE to
reduce asthmatic airway oxidative stress and airway inflam-
mation in an ovalbumin (OVA)-sensitized mouse model of
allergic airway disease.

MATERIALS AND METHODS

Preparation of CAE

This study was carried out on fruits of C. annuum L.
collected and verified by Dr. Manuel Sandoval (Center for
Research on Amazonian Natural Products, Loreto, Peru).
Voucher specimens have been deposited in the International
Biological Material Research Center at the Korea Research
Institute of Bioscience and Biotechnology, Daejeon, Korea.
Methanolic CAEs were prepared by exhaustively extracting
dried and powdered pepper fruits with methanol three times

Manuscript received 26 January 2011. Revision accepted 9 June 2011.

Address correspondence to: Kyung-Seop Ahn, Immune Modulator Research Center,
Korea Research Institute of Bioscience and Biotechnology, 685-2 Yangcheong-ri,
Ochang-eup, Cheongwon-gun, Chungbuk 363-883, Korea, E-mail: ksahn@kribb.re.kr

JOURNAL OF MEDICINAL FOOD
J Med Food 14 (10) 2011, 1–
# Mary Ann Liebert, Inc. and Korean Society of Food Science and Nutrition
DOI: 10.1089/jmf.2011.1609

1



at room temperature (yield, 15%). Concentrated, methanolic
CAEs were freshly dissolved in phosphate-buffered saline
before use.

Animals

Female BALB/c mice, 6–8 weeks of age (Daehan Biolink
Co., Seoul, Korea), were used in compliance with protocols
approved by the Institutional Animal Care and Use Com-
mittee of the Korea Research Institute of Bioscience and
Biotechnology.

Experimental protocol

Specific-pathogen-free female BALB/c mice were sensi-
tized by intraperitoneal injection of 20 lg of OVA (catalog
number A5503, Sigma-Aldrich, St. Louis, MO, USA),
emulsified in 2 mg of aluminum hydroxide (Sigma-Aldrich)
in 200 lL, on days 1 and 14. The mice underwent aerosol
challenges for 20 minutes with 1% OVA in saline using an
ultrasonic nebulizer (model NE-U12, Omron Corp., Tokyo,
Japan) on days 28, 29, and 30 after initial sensitiza-
tion.9,10 One hour before each challenge, one group of asth-
ma-induced mice was treated with saline, a second group was
treated with 3 mg/kg dexamethasone (Sigma-Aldrich), a third
group was treated with 10 mg/kg CAE, and a fourth group was
treated with 30 mg/kg CAE. Mice in the control group were
sensitized and challenged with saline without drug treatment.
Saline, dexamethasone, and CAE were administered by oral
gavage. Airway hyperresponsiveness was measured 24 hours
after the last challenge, and mice were sacrificed 48 hours
after the last challenge for harvest of bronchoalveolar lavage
(BAL) fluid, serum, and lungs.

Measurement of airway responsiveness

Airway responsiveness to methacholine (Sigma-Aldrich)
was measured indirectly using single-chamber, whole-body
plethysmography (Allmedicus, Seoul).9–12 Conscious mice
were challenged with aerosolized saline and increasing con-
centrations of methacholine (6.25–50 mg/mL) for 3 minutes;
following each challenge, enhanced pause values were cal-
culated for 3 minutes.

Inflammatory cell counts in BAL fluid

BAL was performed as described previously.13,14 BAL
fluid was obtained from mice anesthetized with 50 mg/kg
pentobarbital (Hanlim Pharm. Co. Ltd., Seoul) by lavaging
lungs with saline delivered via a tracheal cannula. BAL fluid
was deposited onto Cytospin slides and stained with Diff-
Quik (Dade Behring Inc., Deerfield, IL, USA). Differential
cell counts were performed by two independent investigators.

Measurement of intracellular reactive oxygen species

After BAL fluid cells was washed with phosphate-
buffered saline, oxidative stress was assessed by incubating
BAL cells for 10 minutes at 37�C with 10 lM 20,70-
dichlorofluorescein diacetate (Sigma-Aldrich). Intracellular

reactive oxygen species (ROS) activity was determined by
measuring fluorescence at excitation of 488 nm and emis-
sion of 525 nm with a spectrofluorometer (Perkin-Elmer
Ltd., Beaconsfield, UK).

Measurement of total immunoglobulin E
and OVA-specific immunoglobulin E in serum

Serum levels of total and OVA-specific immunoglobulin
E (IgE) were measured by enzyme-linked immunosorbent
assay as described previously.9 In brief, microtiter plates were
coated with 100 lL per well of IgE (2 lg/mL) (Serotec, Ox-
ford, UK) in phosphate-buffered saline containing Tween-20.
Antibodies in BAL fluid were detected using isotype-specific
secondary antibodies (anti-mouse IgE, Serotec). After four
washes, 200 lL of o-phenylenediamine dihydrochloride
(Sigma-Aldrich) was added to each well. The plate was in-
cubated for 10 minutes in the dark, and absorbance was
measured at 450 nm. Total and OVA-specific IgE concen-
trations were calculated from a standard curve generated from
a 250 ng/mL solution of recombinant IgE (Serotec).

Measurement of T-helper type 2 cytokines in BAL fluid

Levels of T-helper type 2 (Th2) cytokines interleukin
(IL)-4, IL-5, and IL-13 in BAL fluid were measured using an
enzyme-linked immunosorbent assay kit (BioSource Inter-
national, Camarillo, CA, USA) according to the manufac-
turer’s instructions.

Western blot analysis

Both nuclear and cytoplasmic extracts from mouse lung
were prepared with an NE-PER� nuclear and cytoplasmic
extraction reagent kit (Pierce, Rockford, IL, USA) accord-
ing to the manufacturer’s instructions. Nuclear and cyto-
plasmic fractions were resolved on 10% sodium dodecyl
sulfate–polyacrylamide gel electrophoresis and transferred
to a polyvinylidene difluoride membrane (Amersham Life
Sciences, Piscataway, NJ, USA). The blots were blocked
with 5% fat-free dry milk in phosphate-buffered saline
containing 0.1% Tween-20 for 1 hour at room temperature.
Nuclear factor-jB (NF-jB) p65 protein was detected with
an anti-p65 antibody (Cell Signaling Technology, Beverly,
MA, USA) as previously described.10 Horseradish peroxi-
dase–conjugated secondary antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) was used as a secondary
antibody. The transferred proteins were visualized with an
enhanced chemiluminescence detection kit (Amersham
Pharmacia Biotech, Uppsala, Sweden). Densitometric band
values were determined using UN-SCAN-IT Gel� image
analysis software (Silk Scientific, Orem, UT, USA) and
statistically analyzed.

Histological analysis

Lungs were fixed with 4% paraformaldehyde prior to
embedding in paraffin. Sections (4 lm thick) were stained
with hematoxylin and eosin to assess inflammatory cell in-
filtration. Peribronchial and perivascular inflammation was
evaluated using a semiquantitative scoring system with a
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grading scale ranging from 0 (no inflammatory cells) to 3
(very severe inflammation).10,11 Samples were scored in a
blinded fashion. Goblet cell hyperplasia was assessed by pe-
riodic acid–Schiff (PAS) staining. Mucus levels in the airway
were quantified by counting PAS-positive and PAS-negative
epithelial cells in each bronchiole, as described previous-
ly.9,12,14 Results were expressed as the percentage of PAS-
positive cells per bronchiole, calculated as the number of
PAS-positive epithelial cells per bronchiole divided by the
total number of epithelial cells in each bronchiole.

Measurement of Th2 cytokine production

Spleens were removed from naive BALB/c mice under
aseptic conditions and homogenized in RPMI 1640 medium.
The suspensions were then treated with 0.1 M Tris HCl (pH
7.2) containing 8 g/L Tris ammonium chloride to lyse red
blood cells and centrifuged at 200 g for 5 minutes at 4�C.
Cell pellets were then washed three times in RPMI 1640
medium and resuspended in complete RPMI 1640 medium
(containing 2 mM l-glutamine, 1% penicillin–streptomycin,
1 mM sodium pyruvate, 15 mM HEPES, 10% fetal bovine
serum, and 55 lM b-mercaptoethanol). Splenocytes in
complete RPMI 1640 medium were dispensed into 96-well
plates and incubated with different concentrations of CAE
(1, 10, 30, or 100 lg/mL) in the presence of 10 lg/mL
concanavalin A (Con A) (Sigma-Aldrich) at 37�C in a hu-
midified 5% CO2 incubator. After 72 hours of incubation,
supernatant fractions were collected, and productions of Th2
cytokines were quantified with commercial mouse IL-4, IL-
5, and IL-13 enzyme-linked immunosorbent assay kits
(BioSource International, Camarillo, CA, USA), according
to the manufacturer’s instructions.

Statistical analysis

Data are expressed as mean – SE values. SPSS version
12.0 software (SPSS, Inc., Chicago, IL, USA) was used for
statistical analyses. Differences between groups were de-
termined by one-way analysis of variance. A value of P < .05
was considered statistically significant.

RESULTS

Effect of CAE on airway responsiveness

OVA sensitization and airway allergen challenges sig-
nificantly enhanced airway hyperresponsiveness compared
with control mice at methacholine concentration of 25–
50 mg/mL. These increases in airway hyperresponsiveness
were significantly suppressed in a dose-dependent manner
by CAE. Treatment with 30 mg/kg CAE once daily was
more potent than treatment with dexamethasone at any
concentration of methacholine (Fig. 1).

Effect of CAE on infiltration of eosinophils
and other leukocytes into BAL fluid

To obtain evidence for inflammatory cell infiltration into
lung tissue, we counted the number of total cells, lym-

phocytes, neutrophils, and eosinophils in BAL fluid in
microscopic images. Infiltrated cells were increased sig-
nificantly in OVA-sensitized and challenged mice com-
pared with control mice (Fig. 2). The increases in the
numbers of total cells, lymphocytes, neutrophils, and

FIG. 1. C. annuum L. extract (CAE) treatment attenuates devel-
opment of airway hyperresponsiveness in ovalbumin (OVA)-sensi-
tized and challenged mice. Airway responsiveness was measured 24
hours after the last challenge in control mice (SAL + SAL), OVA-
sensitized and challenged mice treated with saline (OVA + SAL),
OVA-sensitized and challenged mice treated with 3 mg/kg dexa-
methasone (OVA + Dex), and OVA-sensitized and challenged mice
treated with CAE at 10 mg/kg (OVA + CAE10) or 30 mg/kg
(OVA + CAE30). Enhanced pause (Penh) values were obtained in
response to increasing doses of methacholine. Data are mean – SE
values. + P < .05 versus SAL + SAL; *P < .05 versus OVA + SAL.

FIG. 2. CAE reduces inflammatory cell infiltration in bronchoalveolar
lavage fluid of OVA-sensitized and challenged mice. The numbers of total
cells and differential cellular components of bronchoalveolar lavage fluid
were determined in SAL + SAL, OVA + SAL, OVA + Dex, OVA +
CAE10, and OVA + CAE30 mice 48 hours after the last challenge. Dif-
ferential cell counts were performed in five different random locations to
identify neutrophils, lymphocytes, and eosinophils. Data are mean – SE
values. +P < .05 versus SAL + SAL; *P < .05 versus OVA + SAL.
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eosinophils were significantly reduced by oral adminis-
tration of CAE. The inhibitory effect of CAE on the
numbers of total cells, lymphocytes, neutrophils, and eo-
sinophils in BAL fluid was greater at 30 mg/kg than at
10 mg/kg. The number of eosinophils infiltrating BAL fluid
was significantly reduced in OVA-sensitized and chal-
lenged mice treated with 10 mg of CAE (95.92 – 7.43 ·
103) or 30 mg/kg of CAE (86.07 – 10.11 · 103) compared
with OVA-sensitized and challenged mice (330.55 –
58.22 · 103).

Effect of CAE on ROS levels in BAL fluid cells

Recent evidence implicates oxidative stress as an im-
portant factor in aggravating lung diseases such as
asthma and chronic obstructive pulmonary disease. OVA
sensitization and challenge increased ROS levels in BAL
fluid cells 2.18-fold compared with those in control mice.
ROS levels were reduced by 55.08% in BAL fluid cells
from OVA-sensitized and challenged mice treated with
30 mg/kg CAE compared with those from OVA-sensitized
and challenged mice that received no drug treatment
(Fig. 3).

Effect of CAE on total IgE and OVA-specific
IgE levels in serum

Serum IgE and OVA-specific IgE levels, which were
barely detectable in control mice, were significantly in-
creased by OVA sensitization and challenges. Treatment
with CAE reduced serum IgE to levels similar to dexa-
methasone treatment; however, there was no significant
difference compared with those in OVA-sensitized and
challenged mice. OVA-specific IgE levels in serum were
significantly reduced by CAE treatment (Fig. 4).

Effect of CAE on Th2 cytokines

The levels of IL-4, IL-5, and IL-13 in BAL fluid were
significantly increased in OVA-sensitized and challenged
mice compared with those in control mice. Treatment with
CAE significantly attenuated the increase in IL-4, IL-5,
and IL-13 levels in BAL fluid compared with OVA-sen-
sitized and challenged mice (Fig. 5A). Level of Th2 cy-
tokines (IL-4, IL-5, and IL-13) were significantly
increased following Con A stimulation of spleen cells
from naive BALB/c mice. Con A–induced levels of IL-4,

FIG. 3. CAE reduces oxidative stress in bronchoalveolar lavage
fluid cells of OVA-sensitized and challenged mice. Reactive oxygen
species levels in bronchoalveolar lavage fluid cells were measured
with 20,70-dichlorofluorescein (DCF) fluorescence in SAL + SAL,
OVA + SAL, OVA + Dex, OVA + CAE10, and OVA + CAE30 mice.
Data are mean – SE values. + P < .05 versus SAL + SAL; *P < .05
versus OVA + SAL.

FIG. 4. CAE treatment did not significantly reduce serum levels of total immunoglobulin E (IgE); however, levels of OVA-specific IgE in serum
were significantly reduced in OVA-sensitized and challenged mice. (A) Levels of total IgE in serum were analyzed by enzyme-linked immu-
nosorbent assay in SAL + SAL, OVA + SAL, OVA + Dex, OVA + CAE10, and OVA + CAE30 mice. (B) Levels of OVA-specific IgE in serum
were also analyzed in the same manner. OVA-specific IgE levels in serum were significantly reduced, whereas serum levels of total IgE fell
slightly following CAE treatment. Data are mean – SE values. + P < 0.05 versus SAL + SAL; *P < 0.05 versus OVA + SAL.
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IL-5, and IL-13 were also significantly decreased in spleen
cell cultures treated CAE. Treatment with CAE resulted in
dose-dependent decrease of Th2 cytokines, with a maxi-
mum effect at 100 lg/mL treatment compared with control
values (Fig. 5B).

Effect of CAE on translocation of NF-jB p65 protein
in lung tissues of OVA-sensitized and challenged mice

Western blot analyses revealed that the levels of NF-jB
p65 protein in nuclear extracts from lung tissues were in-
creased at 48 hours after OVA inhalation compared with the
levels in control mice administered saline (Fig. 6). The
OVA-induced increase in NF-jB p65 protein levels in nu-

clear protein extracts after inhalation was significantly atten-
uated by administration of CAE. In contrast, the levels of NF-
jB p65 protein in cytosolic protein fractions from lung tissue
were decreased after OVA inhalation compared with the levels
in control mice (Fig. 6). NF-jB p65 protein levels in cytosolic
fractions were substantially increased by administration of
CAE. However, no significant changes were observed in
OVA-sensitized and challenged mice treated with CAE.

Effect of CAE on pathological changes and airway
mucus production in OVA-induced asthma

Histological analyses revealed typical pathological fea-
tures of asthma in the OVA-sensitized and challenged

FIG. 5. CAE treatment significantly reduces the levels of T-helper type 2 (Th2) cytokines in bronchoalveolar lavage fluid and attenuates
cytokine production from concanavalin A (Con A)–stimulated splenocytes. (A) Interleukin (IL)-4, IL-5, and IL-13 levels in bronchoalveolar
lavage fluid were analyzed by enzyme immunoassay in SAL + SAL, OVA + SAL, OVA + Dex, OVA + CAE10, and OVA + CAE30 mice. (B)
Splenocytes treated with CAE produced significantly less IL-4, IL-5, and IL-13 in response to Con A. Data are mean – SE values. + P < .05 versus
SAL + SAL; *P < .05 versus OVA + SAL.

FIG. 6. CAE treatment reduced the levels of nuclear factor-jB (NF-jB) p65 protein in lung tissues of OVA-sensitized and challenged mice.
NF-jB p65 protein levels were measured 48 hours after the last challenge. (A) NF-jB p65 protein levels were analyzed by western blotting in
nuclear (Nuc) and cytosolic (Cyt) extracts from lung tissues of SAL + SAL, OVA + SAL, OVA + Dex, OVA + CAE10, and OVA + CAE30 mice.
PARP, poly(ADP-ribose) polymerase. (B) Densitometric analyses are presented as the relative ratios of NF-jB p65 levels to b-actin levels. The
relative ratio of NF-jB in nuclear and cytosolic protein extracts from the lung tissues of mice in the SAL + SAL group is arbitrarily defined as
1. Data are mean – SE values. + P < .05 versus SAL + SAL; *P < .05 versus OVA + SAL.
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mice. Numerous inflammatory cells, including eosinophils,
had infiltrated around the bronchioles, and mucus and de-
bris had accumulated in the lumens of bronchioles (Fig. 7B
and G) compared with control mice (Fig. 7A). Mice treated
with CAE showed marked reductions in the infiltration of
inflammatory cells in the peribronchial region (Fig. 7K).
To ascertain effects on goblet cell hyperplasia and mucus
secretion, we performed PAS staining. The percentage of
airway epithelium that stained positively with PAS in
OVA-sensitized and challenged mice (Fig. 7G) was sig-
nificantly greater than that in control mice (Fig. 7F). Oral
administration of CAE to OVA-sensitized and challenged
mice significantly reduced the percentage of airway epi-
thelium staining positively with PAS and the amount of
debris in the airway lumens compared with that in OVA-
sensitized and challenged mice (Fig. 7L).

DISCUSSION

Previous studies have described a role for oxidative stress
in asthma. Patients with asthma exhibit increased production
of ROS, including superoxide anion (O2

- ), hydrogen per-

oxide, and hydroxyl radicals (OH - ).1 Inflammatory cells
recruited to the asthmatic airways may be a major contrib-
utor to the production of ROS. Activation of eosinophils,
neutrophils, monocytes, and macrophages by many causes,
including allergen exposure, can generate superoxide radi-
cal (O2

- ) via the membrane-associated NADPH-dependent
complex. Thereafter, dismutation of O2

- gives hydrogen
peroxide, which can interact with various intracellular
compounds to produce ROS.2,15 ROS are chemically very
active and can cause oxidative damage to cellular compo-
nents. It has been shown that ROS disturb the cellular redox
homeostasis and induce inflammatory signals that activate
transcription factors, such as NF-jB, leading to the ex-
pression of cytokines, chemokines, and other inflammatory
markers.16,17 Consistent with these findings, our results
showed that ROS generation in BAL cells, which mainly
consist of recruited inflammatory cells, was increased
significantly in our murine OVA-induced asthma model.
Administration of CAE significantly attenuated both ROS
production and inflammatory cell recruitment. Our results
also have shown that CAE down-regulated the activity of
the transcription factor, NF-jB. Protein levels of the p65

FIG. 7. CAE treatment reduces lung tissue eosinophilia and mucus secretion in OVA-sensitized and challenged mice. Lung tissue was stained
with (A–E) hematoxylin and eosin for tissue eosinophilia or (F–J) periodic acid–Schiff (PAS) for mucus production. (K) Inflammatory score and
(L) goblet cell hyperplasia were quantified in (A and F) SAL + SAL, (B and G) OVA + SAL, (C and H) OVA + Dex, (D and I) OVA + CAE10, and
(E and J) OVA + CAE30 mice. Data are mean – SE values. + P < .05 versus SAL + SAL; *P < .05 versus OVA + SAL.
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subunit of NF-jB in nuclear extracts were substantially
decreased in OVA-sensitized and challenged mice treated
with CAE, indicating that NF-jB activity was significantly
reduced.

Th2 cytokines are also known to play an essential role in
the pathogenesis of the allergic airway inflammation, and
NF-jB is a critical transcription factor for Th2 cell differ-
entiation.15 IL-4, IL-5, and IL-13 can be produced by vari-
ous lung resident cells, such as bronchial epithelial cells,
tissue mast cells, and alveolar macrophages, as well as in-
flammatory cells, such as lymphocytes and eosinophils. Our
results show that CAE significantly reduced the levels of
IL-4, IL-5, and IL-13 in BAL fluids from OVA-sensitized
and challenged mice. Similar findings were observed in Con
A–stimulated splenocytes. These data show that the anti-
inflammatory effect of CAE is at least in part mediated
through a suppressive action on T lymphocytes. Therefore,
the observed decreased IL-4, IL-5, and IL-13 levels in BAL
fluid from CAE-treated mice may be due to inhibition of
NF-jB activation in the infiltrated airway inflammatory
cells. Elevated serum IgE levels are a hallmark of the Th2
immune response. IgE plays a significant role in the re-
cruitment of eosinophils to the lungs of OVA-sensitized and
challenged mice.18 Our results showed that serum IgE levels
were reduced by CAE treatment without significance.
However, levels of OVA-specific IgE were significantly
reduced by CAE treatment in OVA-sensitized and chal-
lenged mice.

It is believed that inflammation play a critical role in
development of airway hyperresponsiveness.19 It has been
established that IL-5 is important in some animal models
and almost certainly participates in the events leading to the
eosinophilic inflammation and airway hyperresponsiveness
in asthma. In addition, there is a close relationship among
eosinophils, IL-4, IL-5, and IL-13 in the mechanism regu-
lating airway hyperresponsiveness in the asthmatic lung.19

Moreover, IgE-mediated mast cell activation may contribute
to airway hyperresponsiveness by producing a wide array of
inflammatory mediators and cytokines.20 Thus the observed
reduction of airway hyperresponsiveness by CAE may be
associated with the reduction in Th2 cytokine production,
tissue eosinophilia, and serum OVA-specific IgE level.

IL-4, IL-5, and IL-13 contribute to goblet cell hyper-
plasia and inflammatory cell infiltration into the airway.21

Our findings showed that CAE prevented inflammatory
cell infiltration into the airway as shown by a significant
decrease in total cell counts and eosinophil and lympho-
cyte counts in BAL fluid and in tissue eosinophila in lung
sections. We have also demonstrated a reduction in air-
way mucus production in CAE-treated mice. Selective
ablation of NF-jB function in airway epithelium has
been shown to reduce OVA-induced airway inflammation
and mucus production in OVA-sensitized and challenged
mice.22

Our results are in agreement with a previous study that
reported that capsaicin was effective against oxidative
stress by countering the depletion of antioxidant mole-
cules and antioxidant enzymes.15,23 It is well documented

that capsaicin, a main component of capsaicinoids in chili
peppers (C. annuum L.) with potential anti-inflammatory
and anti-tumor properties, also suppressed 12-O-tetra-
decanoylphorbol 13-acetate–induced activation of NF-jB
in mouse skin,24 in human promyelocytic leukemia HL-60
cells,25 and human myeloid ML-1a cells.26

On the basis of these observations, we have concluded that
the inhibitory effect of CAE on oxidative stress in our murine
model of allergic asthma was likely due, at least in part, to
blocking the translocation of NF-jB into nuclei. We also
found that treatment with CAE significantly attenuated major
characteristics of allergic asthma, including airway hyperre-
sponsiveness, airway inflammation, and elevated levels of
Th2 cytokines in BAL fluid and lung tissues. Hence, these
results indicate that CAE may provide a useful therapeutic
approach for the treatment of allergic airway disease.
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