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Effects of Angelicin on Ovalbumin (OVA)-Induced Airway
Inflammation in a Mouse Model of Asthma
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Abstract—Angelicin, a furocoumarin found in Psoralea corylifolia L. fruit, has been reported to have
anti-inflammatory activity. The purpose of this study was to determine the protective effects of angelicin
on allergic asthma induced by ovalbumin (OVA) in mice. Mice were sensitized to OVA (on days 0 and
14) and challenged with OVA three times (on days 21 to 23). Angelicin (2.5, 5, 10 mg/kg) was given
intraperitoneally 1 h before OVA treatment after the initial OVA sensitization. The production of IL-4,
IL-5, and IL-13 in BALF and IgE in the serum were measured by ELISA. Lung histological changes
were detected by using hematoxylin and eosin (H&E) stain. The results showed that angelicin signif-
icantly inhibited inflammatory cells infiltration into the lungs. Histological studies showed that angelicin
significantly attenuated OVA-induced lung injury. Meanwhile, treatment of angelicin dose-dependently
inhibited OVA-induced the production of IL-4, IL-5, and IL-13 in BALF and IgE in the serum.
Furthermore, angelicin was found to inhibit airway hyperresponsiveness and NF-kB activation. In
conclusion, our results suggested that angelicin inhibited allergic airway inflammation and
hyperresponsiveness by inhibiting NF-kB activation.
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INTRODUCTION

Allergic asthma is an inflammatory disease of the
airways which is characterized by chronic inflamma-
tion of the airways, bronchial hyperreactivity, inflam-
matory cells infiltration, and reversible airway ob-
struction [1]. Animal models and clinical studies in
humans suggested that T helper type 2 lymphocytes
played critical roles in the pathogenesis of allergic
asthma by producing cytokines IL-4, IL-5, and IL-13

[2, 3]. These cytokines lead to the release of IgE and
inflammatory cells infiltration [4]. The inflammatory
cells release a various of chemical mediators which
lead to the development of bronchial hyperreactivity
[5]. Furthermore, the release of IgE has been identi-
fied as the important mediator that lead to the patho-
genesis of allergic asthma [6]. Therefore, inhibition of
these cytokines might be a potential therapeutic strat-
egy for the treatment of allergic asthma.

Angelicin, a furocoumarin found in Psoralea

corylifolia L. fruit, has been reported to have antimicrobial

and antitumor effects [7]. Recently, angelicin has been

reported to have anti-inflammatory effect. Angelicin has

been shown to inhibit inflammatory cytokines TNF-α, IL-
6, and IL-1β production in LPS-stimulated RAW264.7

cells [8]. Angelicin also inhibited LPS-induced NO pro-

duction in LPS-stimulated macrophages [9]. In addition,

angelicin has been reported to have protective effects

against LPS-induced acute lung injury in mice [8].
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However, whether angelicin have protective effects against

allergic asthma remain unclear. Ovalbumin (OVA)-induced

asthma demonstrates many features of airway allergy and

allergic asthma that are similar to the human conditions

[10]. Therefore, in this study, we investigate the protective

effects and mechanism of angelicin on OVA-induced asth-

ma in mice.

MATERIALS AND METHODS

Reagents

Angelicin (purity >98 %) was purchased from the
National Institutes for Food and Drug Control (Beijing,
China). Dimethyl sulfoxide (DMSO),MTT, and OVAwere
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Mouse IL-4, IL-5, and IL-13 ELISA kits were
purchased from eBioscience (USA). Mouse IgE ELISA
kit was obtained from R&D Systems (Minneapolis, MN).
Antibodies against NF-kB, IkBα, and β-actin were pur-
chased from Cell Signaling Technology (Beverly, MA,
USA). All other chemicals were of reagent grade.

Animals

Female BALB/c mice, 18 to 22 g, were purchased
from the Center of Experimental Animals of Liaoning
Medical College (Liaoning, China). The mice were accus-
tomed to the environment for 7 days. The mice were
housed in an animal facility with the temperature of 23 ±
2 °C. The mice were received food and water ad libitum.
All animal experiments were performed in accordancewith
the Health’s Guide for the Care and Use of Laboratory
Animals published by the US National Institute of Health.

Experimental Design and Grouping

Sixty mice were randomly divided into six groups:
control group, OVA group, OVA + angelicin (2.5, 5,
10 mg/kg) group, OVA + DEX group. The mice were
sensitized with 20 μg OVA adsorbed in 200 μl PBS with
1 mg aluminum hydroxide by intraperitoneal injection at
days 0 and 14. Then the mice were received 100 μg OVA
adsorbed in 20 μl PBS by intranasal inhalations at days 21,
22, and 23 once a day. Angelicin (2.5, 5, 10 mg/kg) was
given intraperitoneally 1 h before OVA treatment after the
initial OVA sensitization. The mice were sacrificed 24 h
after the last challenge.

Histopathologic Studies of Lung

Twenty-four hours after the last OVA treatment, the
lungs were collected and fixed with 10 % formaldehyde.
Then the lung tissues were dehydrated, embedded in par-
affin, and sliced. Then the sections were stained with
hematoxylin and eosin (H&E) for general morphology.

Collection of BALF and Cell Counting

Twenty-four hours after the last OVA treatment, the
mice were sacrificed and the BALF were obtained by
intratracheal instillation with 0.8 ml cold PBS. Then the
BALF samples were centrifuged and the supernatants were
used to analysis the levels of cytokines. The cell pellets
were suspended with PBS for cell counts. Neutrophils,
macrophages, eosinophils, and lymphocytes in BALFwere
stained with the Kwik-Diff staining set (Thermo).

ELISA Assay

The levels of the cytokines including IL-4, IL-5, and
IL-13 in the BALF and IgE in the serum were measured by
using ELISA kits according to the manufacturer’s
instructions.

Measurement of Airway Hyperresponsiveness

Twenty-four hours after the last OVA treatment, air-
way hyperresponsiveness (AHR) was measured using non-
invasive whole-body plethysmography (Buxco, Sharon,
CT) as described previously [11]. AHR was expressed as
an enhanced minute pause (Penh), a calculated value that
reflects pulmonary resistance. The results are expressed as
the percentage increase in Penh over the baseline following
challenge performed with each concentration of
methchacholine, where the baseline Penh (after PBS chal-
lenge) is expressed as 100 %.

Western Blot Analysis

Total proteins from lung tissues were extracted using
T-PER Tissue Protein Extraction Reagent Kit (Pierce,
USA) according to the manufacturer’s instructions. Equal
amounts (40 μg) of proteins were separated on 12 % SDS-
PAGE gel and transferred onto nitrocellulose membranes.
The membranes were blocked with blocking solutions
(5 % skim milk) for 2 h at room temperature. Then the
membranes probedwith primary antibodies: NF-kB, p-NF-
kB, IkBα, p-IkBα, and β-actin at 4 °C overnight. Finally,
the membranes were incubated with HRP-conjugated
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secondary antibody and developed using an enhanced
chemiluminescence kit (Thermo, USA).

Statistical Analysis

All values were presented as mean ± S.E.M. Signifi-
cant differences were evaluated by ANOVA followed by
Bonferroni post hoc multiple comparison test using the
SPSS software 18.0. P values of 0.05 or less were consid-
ered statistically significant.

RESULTS

Effects of Angelicin on Inflammatory Cell Count in the
BALF of OVA-Induced Asthma Model

Effects of angelicin on inflammatory cell count in the
BALF were measured in this study. As shown in Fig. 1,
OVA-challenged mice displayed significant increases in
the number of inflammatory cells (neutrophils, eosinophils,
macrophages, and lymphocytes) in BALF compared to the
normal control mice. However, treatment of angelicin or
DEX significantly inhibited OVA-induced inflammatory
cells infiltration in BALF (Fig. 1).

Angelicin Decreased the Levels of Th2 Cytokines in the
BALF

Th2 cytokines have been reported to play important
roles in the pathogenesis of asthma. In this study, the

production of IL-4, IL-5, and IL-13 in BALF were detect-
ed. The results showed that IL-4, IL-5, and IL-13 levels in
the BALF were elevated in OVA-challenged mice versus
the control mice. However, angelicin dose-dependently
suppressed OVA-induced IL-4, IL-5, and IL-13 production
(Fig. 2).

Angelicin Inhibited OVA-Specific IgE in the Serum of
OVA-Induced Asthma Model

The level of serum IgE was measured by ELISA in
this study. As shown in Fig. 3, the results showed that

Fig. 1. Effects of angelicin on OVA-induced inflammatory cell count in
the BALF. The values presented are the means ± SEM of three indepen-
dent experiments. #p < 0.05 vs. control group; *p < 0.05, **p < 0.01 vs.
OVA group.

Fig. 2. Effects of angelicin on OVA-induced IL-4, IL-5, and IL-13 pro-
ductions in BALF were detected by ELISA. The values presented are the
means ± SEM of three independent experiments. #p < 0.05 vs. control
group; *p < 0.05, **p < 0.01 vs. OVA group.
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serum IgE level in BALF was elevated in OVA-challenged
mice versus the control mice. However, angelicin dose-
dependently suppressed OVA-induced serum IgE
production.

Effects of Angelicin on OVA-Mediated Lung Histo-
pathologic Changes of OVA-Induced Asthma Model

The effects of angelicin on OVA-induced lung
histological changes were assessed by H&E staining.
The results showed that lung tissues from OVA group
were significantly damaged, including inflammatory

cell infiltration in the peribronchial and perivascular
areas and airway epithelial thickening. However, treat-
ment of angelicin marked ameliorated OVA-induced
lung injury (Fig. 4).

Angelicin Reduced OVA-Induced Airway
Hyperresponsiveness

The effects of angelicin onAHRweremeasured using
noninvasive whole-body plethysmography (Buxco, Sha-
ron, CT) in this study. As shown in Fig. 5, the Penh value
of OVA-challenged mice increased significantly than the
control group. Treatment of angelicin dose-dependently
inhibited Penh value induced by OVA (Fig. 5).

Effects of Angelicin onOVA-InducedNF-kBActivation

The effects of angelicin on OVA-induced NF-kB
activation were detected by western blot analysis in this
study. As shown in Fig. 6, OVA significantly induced NF-
kB activation. However, treatment of angelicin inhibited
OVA-induced NF-kB activation in a dose-dependent
manner.

DISCUSSION

Inthepresentstudy,weinvestigatedtheprotectiveeffects
of angelicinonOVA-inducedasthma.Our results showed that
angelicin hadprotective effects againstOVA-induced asthma.
Angelicin attenuated OVA-induced lung injury, airway
hyperresponsiveness, and the levels of OVA-specific IgE,

Fig. 3. Effects of angelicin on OVA-induced IgE production. The level of
IgE in the serum was measured by ELISA. The values presented are the
means ± SEM of three independent experiments. #p < 0.05 vs. control
group; *p < 0.05, **p < 0.01 vs. OVA group.

Fig. 4. Effects of angelicin on histopathological changes in lung tissues in OVA-induced asthma. Lungs tissues from each experimental group were
processed for histological evaluation. Representative histological changes of lung obtained from mice of different groups. a Control group, b OVA group, c
OVA +DEX group, dOVA + angelicin (2.5 mg/kg) group, eOVA + angelicin (5 mg/kg) group, fOVA+ angelicin (10 mg/kg) group (hematoxylin and eosin
staining, magnification 200×).
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IL-4, IL-5, and IL-13. Angelicin protected against OVA-
induced asthma by inhibiting NF-kB activation.

OVA-induced asthma is characterized by the infiltra-
tion of inflammatory cells (neutrophils, eosinophils, mac-
rophages, and lymphocytes) in the lung [12]. Studies
showed that the infiltration of inflammatory cells played
important roles in the pathogenesis of allergic asthma by
releasing cytotoxic granule proteins [13–15]. In this study,
our results showed that angelicin significantly inhibited
OVA-induced inflammatory cells infiltration. Furthermore,
histological analysis showed that angelicin attenuated
OVA-induced lung tissue injury, suggesting angelicin had
protective effects against OVA-induced asthma. Th2 cyto-
kines such as IL-4, IL-5, and IL-13 have been reported to
play critical roles in the induction of inflammatory cells
infiltration into the lungs [16, 17]. IL-4 causes B cell
maturation and synthesizes IgE [18, 19]. IL-5 plays a
critical role in the differentiation and recruitment of eosin-
ophils [20, 21]. IL-13 could induce asthma symptoms such
as airway inflammation and AHR [22–24]. Elevated IL-4,
IL-5, and IL-13 levels were observed in patients with

Fig. 5. Angelicin alleviated OVA-induced airway hyperresponsiveness.
The effects of angelicin on AHRwere measured using noninvasive whole-
body plethysmography (Buxco, Sharon, CT). The values presented are the
means ± SEM of three independent experiments. #p < 0.05 vs. control
group; *p < 0.05, **p < 0.01 vs. OVA group.

Fig. 6. Effects of angelicin on OVA-induced NF-kB activation. The expression of NF-kB and IkBα was detected by western blotting. The values presented
are the means ± SEM of three independent experiments. #p < 0.05 vs. control group; *p < 0.05, **p < 0.01 vs. OVA group.
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asthma [25, 26]. In this study, we found that angelicin
dose-dependently inhibited OVA-induced IL-4, IL-5, and
IL-13 production. In addition, OVA-induced IgE and AHR
were also attenuated by treatment of angelicin.

NF-kB, an essential transcription factor, has been
reported to play critical roles in the regulation of cytokines
production [27]. Under normal physiological conditions,
NF-kB is sequestered in the cytoplasm and linked to IkB
protein [28]. Once stimulated, IkB detaches from NF-kB
and NF-kB translocation into the nucleus to regulate in-
flammatory cytokine gene transcription [29]. Previous
studies showed that activation of NF-kB was involved in
allergic airway inflammation both in patients or animal
model of asthma [30]. To investigate the protective mech-
anism of angelicin against OVA-induced asthma, the ef-
fects of angelicin on OVA-induced NF-kB activation were
detected. The results showed that angelicin inhibited OVA-
induced NF-kB activation in a dose-dependent manner.

In conclusion, our results demonstrated that angelicin
had protective effects against OVA-induced asthma in
mice. Angelicin protected against OVA-induced asthma
by inhibiting NF-kB activation. These evidences suggested
that angelicin had a potential application to treat OVA-
induced asthma.
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