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Albiflorin alleviates ovalbumin (OVA)-induced
pulmonary inflammation in asthmatic mice
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Abstract: In the present study, the effects of albiflorin (ALB) on the pulmonary inflammation induced by ovalbu-
min (OVA) in an asthmatic mouse model were investigated. Airway hyperreactivity (AHR) in asthmatic mice was
detected using the acetylcholine stimulation test. Eosinophilia cells in the serum of asthmatic mice were counted.
Hematoxylin and eosin (H&E) staining was used to observe pathological changes in lung tissue. Inflammatory cyto-
kines, including interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-a were detected in bronchoalveolar lavage
fluid (BALF) and lung tissue using enzyme-linked immunosorbent assay (ELISA). Western blotting was used to detect
the mitogen-activated protein kinase/nuclear factor kappa B (MAPK/NF-kB) signaling pathway in the lungs of asth-
matic mice. The results from the present study indicated that ALB dramatically suppressed the expression of inflam-
matory cytokines including IL-1p, IL-6, and TNF-«, and inflammatory cells. In addition, ALB significantly decreased
malondialdehyde (MDA) content as well as increased superoxide dismutase (SOD) activity. ALB also alleviated AHR
in asthmatic mice and improved pathological changes in the lungs. In addition, ALB inhibited the MAPK/NF-kB sig-
naling pathway in the lungs of the asthmatic mice. Thus, ALB appears to inhibit lung inflammation in asthmatic mice
via regulation of the MAPK/NF-kB signaling pathway.
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Introduction

Bronchial asthma (also referred to as asthma)
is a chronic inflammatory disease of the air-
ways that can seriously affect human health
[4]. Currently, there are approximately 100 mil-
lion asthmatic patients in the world; the preva-
lence rate continues to increase by 50% every
decade [2]. Approximately 250,000 die from
asthma, typically before the age of 15 years [3].
In western and developing countries, patients
with severe asthma only account for 5-10% of
all asthma patients; however, all asthma cases
require treatment, which results in a significant
economic burden worldwide [4]. Due to the in-
dustrialization progress and adoption of west-
ernized lifestyles in China, the prevalence rate
of asthma continues to rise, especially among
children [5]. The prevalence rate of asthma
in China has increased by approximately 1.5%
in recent years, corresponding to more than
10,000 asthma additional patients every year
[6]. Therefore, continuing research on the pa-
thogenesis of asthma, as well as implementa-

tion of reasonable and effective measures for
prevention and control of the disease, is impor-
tant. Asthma is a chronic inflammatory disease
of the airways involving various cells, including
inflammatory and structural cells such as eos-
inophils, mast cells, lymphocytes, neutrophils,
smooth muscle cells, airway epithelial cells,
and various cell components [7]. The patho-
genesis of asthma involves the interaction of
genetic and environmental factors, as well as
neuroendocrine and immune mechanisms [8].
Thus, the pathogenesis is complex, and is char-
acterized by airway inflammation and hyperre-
sponsiveness; and airway weight plastic is the
main pathophysiological feature [9]. Chronic in-
flammation of the airway induces airway hyper-
responsiveness and a wide variety of reversible
airflow restrictions, resulting in decreased lung
function [10, 11]. Moreover, repeated inflam-
mation eventually leads to structural changes
of the airways, including airway remodeling,
repair of airway punctum epithelial injury, gob-
let cell proliferation and metaplasia, bronchial
gland hyperplasia, subepithelial basement me-
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mbrane thickening, collagen deposition, smoo-
th muscle layer hyperplasia and hypertrophy,
neovascularization, and infiltration of inflam-
matory cells around the airways [12-14]. Airway
remodeling also leads to airway hyperrespon-
siveness. According to the pathological char-
acteristics of chronic inflammation due to asth-
ma, an anti-inflammatory strategy is the most
important method for asthma treatment [15,
16]. Glucocorticoid (GC), which is the most ef-
fective anti-inflammatory drug, has become the
treatment of choice for airway inflammation in
cases of asthma [17, 18]. However, due to the
many side effects associated with long-term
use of GC, the search for new and effective
anti-inflammatory drugs, to replace or be used
in conjunction with GC for the treatment of as-
thma, is the current focus of anti-inflammatory
drug research.

The monoterpene glycosides, albiflorin (ALB)
and paeoniflorin (PF), are major constituents of
P. alba Radix [19] and reportedly exert many
pharmacological activities, including antioxi-
dant and anti-inflammatory effects [20-22].
However, research on the effects of ALB in
asthma remains limited. In the present study,
the effects of ALB in ovalbumin (OVA)-induced
mouse model of asthma were investigated.

Materials and methods
Reagents

ALB was obtained from the National Institutes
for Food and Drug Control (Beijing, China).
Dexamethasone (Dex) was provided by Yi Feng
Drug Store (Nanjing, China). OVA (Escherichia
coli serotype 0111:B4, No. L-2630) was pro-
vided by Sigma-Aldrich (St. Louis, MO, USA).
Tumor necrosis factor (TNF)-«, interleukin (IL)-
6, and IL-1B enzyme-linked immunosorbent
assay (ELISA) kits were obtained from Nanjing
KeyGen Biotech. Co., Ltd. (Nanjing, China).
Malondialdehyde (MDA) and superoxide dis-
mutase (SOD) kits were bought from Shang-
hai Enzyme-linked Biotechnology Co., Ltd (Sh-
anghai, China). All antibodies were purchased
from Cell Signaling Technology (Danvers, MA,
USA).

Animals

Female BABL/C mice weighing 18-22 g were
purchased from Nanjing Qinglong Mountain
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Animal Breeding Co., Ltd (animal approval num-
ber: SCXK (Su) 2016-0008).

Experimental scheme

Sixty BALB/c mice were randomly divided into
five groups: control, OVA, OVA + dexametha-
sone (Dex, 2 mg/kg), OVA + ALB20 (ALB, 20
mg/kg), and OVA + ALB40 (ALB, 40 mg/kg).
Except for the control group, all mice were intra-
peritoneally and subcutaneously injected with
0.2 mL of sensitizing solution (0.2 mL contain-
ing 0.1 mL OVA and 0.1 mL sensitizing solution
with AL(OH), 0.02 mg) on days 1 and 7, respec-
tively [23]. On days 15 and 28, mice were ad-
ministered 2.5% OVA solution for 20 minutes
each day. In the control group, normal saline of
equal volume was used instead of sensitizing
solution for atomization. Mice in the OVA + Dex,
OVA + ALB20, and OVA + ALB40 groups were
administered Dex (2 mg/kg), ALB (20 mg/kg)
and ALB (40 mg/kg), respectively, 30 minutes
before atomization. Mice in the control and OVA
groups were administered the same amount of
normal saline.

Airway hyperreactivity test (AHR)

Awake mice were placed in a barometric vol-
ume recording room 48 h after the last OVA
booster immunization, and the average base-
line reading was recorded over a 3-min period.
Atomization was performed using acetylcholine
and the average reading was recorded over a
3-min period. According to the manufacturer’s
protocol, the enhanced pause (Penh) was cal-
culated as the airway contraction index, to re-
flect the extent of the increase in airway reac-
tivity.

Blood cytology

Blood was collected from the eye sockets of
mice 24 h after the last excitation. The blood
(20 pL) was added to 0.38 mL of counting solu-
tion and eosinophils were counted under an
optical microscope.

Determination of inflammatory factors in se-
rum and lung tissue

Lung tissue was homogenized in physiological
saline at 12,000 rpm and centrifuged at 4°C
for 10 min; the supernatant frozen at -80°C for
later use. The protein content was determined
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using the bicinchoninic acid (BCA) method.
TNF-¢, IL-6, and IL-13 were detected in serum
and lung tissue using ELISA kits.

Measurement of SOD and MDA

The oxidative enzyme activities of SOD and
MDA in lung tissues were measured by com-
mercialized kits.

Histopathological examination

After the mice were euthanized and the blood
collected, the lung tissues were fixed in 10%
neutral formalin solution overnight. Then, the
tissues were fixed and embedded in paraffin,
and cut into 4-mme-thick slices. Paraffin wax
was removed and sections were stained with
hematoxylin and eosin (H&E). Changes in lung
tissue were observed under an optical micros-
cope.

Immunohistochemistry

Immunohistochemistry staining was used to
detect the expression of p-P38 and p-NF-
KBp65 in the lung tissues. Briefly, the paraffin
sections of lungs were deparaffinized, rehydrat-
ed and incubated in 3% hydrogen peroxide
(H,0,). The sample was incubated with the cor-
responding primary antibody at 4°C overnight
after blocked with 3% BSA. Secondary antibody
and three antibodies for were incubated for 20
min at 37°C. Then, samples were stained with
DAB and restained with hematoxylin. After
dehydrated and dried, the sections were
observed under a light microscopy (200x)
(Nikon, Tokyo, Japan), and analyzed with Image
J software (National Institutes of Health,
Bethesda, MD, USA).

Quantitative RT-PCR

RNA was extracted using TRIzol reagent (Taka-
ra, Tokyo, Japan) according to the manufactur-
er's instructions. cDNA was synthesized via
first-strand cDNA synthesis with a PrimeScript
RT reagent Kit (Takara, Tokyo, Japan). RT-PCR
was performed using the CFX 96 g-PCR sys-
tem (Bio-Rad, California, USA). A SYBR Green
RT-PCR Kit (Takara, Tokyo, Japan) was used
for quantitative RT-PCR analyses. All reactions
were performed in a 20 yl reaction volume in
triplicate. The relative expression levels of tar-
get genes were normalized against the level of
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GAPDH. The following primers were used for
RT-PCR: P38 forward: 5-TGACCCTTATGACCAG-
TCCTTT-3’; reverse: 5-GTCAGGCTCTTCCACTC-
ATCTAT-3’; NF-kBp65 forward: 5-AGCGCGGG-
GACTATGACTT-3’; reverse: 5-GCCCGGTTATCA-
AAAATCGGAT-3’; GAPDH forward: 5-AGGTCG-
GTGTGAACGGATTTG-3’; reverse: 5-TGTAGACC-
ATGTAGTTGAGGTCA-3'.

Western blot analysis

Lungs were homogenized and lysed in ex-
traction buffer for 15 min and centrifuged at
12,000 g at low temperature for 15 min. The
supernatant was removed and loaded into a
new centrifuge tube. The Enhanced BCA Protein
Concentration Assay Kit (PO009; Beyotime,
Shanghai, China) was used to detect the pro-
tein concentration. Approximately 30 ug of pro-
tein was separated using 10% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gels and then electrotransferred
to poly (vinylidene fluoride) (PVDF) membranes.
Next, the membranes were blocked with 5%
bovine serum albumin (BSA) for 1.5 h at 37°C,
followed by incubation with the primary anti-
bodies overnight at 4°C. Membranes were incu-
bated with peroxidase-conjugated secondary
antibody for 1 h at room temperature and then
visualized with the Tanon 5200 chemilumines-
cence imaging system (Tanon Science & Tech-
nology Co. Ltd., Shanghai, China). The amounts
of the target proteins were analyzed using
ImagelJ analysis software (NIH, Bethesda, MD,
USA) and normalized to the control. Results
were obtained from three independent experi-
ments.

Statistical analysis

All experimental results are expressed as me-
ans + standard deviation, and one-way ANOVA
followed by Tukey-Kramer multiple compari-
sons were performed using GraphPad Prism
statistical software (GraphPad Software Inc.,
La Jolla, CA, USA). A P-value < 0.05 was consid-
ered statistically significant.

Results
Effects of ALB on AHR in asthmatic mice

As shown in Figure 1, the Penh in all groups
was increased compared with the control gro-
up. However, the addition of ALB and Dex sig-
nificantly reduced the Penh in asthmatic mice.
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Figure 1. Effects of albiflorin (ALB) on airway hyper-
reactivity (AHR) in asthmatic mice. Airway hyperre-
activity (AHR) in asthmatic mice was detected using
the acetylcholine stimulation test after 28 days of
the indicated treatment. The values are presented
as means + standard deviation. #P < 0.01 and *P <
0.05 versus control group, **P < 0.01 and "P < 0.05
versus OVA group.
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Figure 2. Effects of ALB on the number of eosinophils
in the blood of asthmatic mice. The eosinophils were
counted under an optical microscope after 28 days
of the indicated treatment. The values are presented
as means + standard deviation. #P < 0.01 and *P <
0.05 versus control group, P < 0.01 and *P < 0.05
versus OVA group.

Effects of ALB on the number of eosinophils in
blood

The eosinophils in the blood of asthmatic mice
were significantly increased compared with the
control group. The eosinophils in the OVA + Dex,
OVA + ALB20, and OVA + ALB40 groups were
significantly decreased compared with the OVA
group (Figure 2).
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Effects of ALB on inflammatory cytokines in
serum of asthmatic mice

The serum levels of TNF-a, IL-6, and IL-1B in
asthmatic mice were significantly increased.
The serum levels of TNF-a, IL-6, and IL-1B in
OVA + Dex, OVA + ALB20, and OVA + ALB40
groups were significantly decreased compared
with the OVA group (Figure 3).

Effects of ALB on inflammatory cytokines in
the lungs of asthmatic mice

The levels of TNF-¢, IL-6, and IL-1 in the lungs
of asthmatic mice were significantly increased.
The levels of TNF-a, IL-6, and IL-13 in OVA +
Dex, OVA + ALB20, and OVA + ALB40 groups
were significantly decreased compared with
the OVA group (Figure 4).

Effects of ALB on MDA and SOD activities in
the lungs of asthmatic mice

The lung tissue levels of MDA were significant-
ly increased in the lungs of asthmatic mice
accompany with a decrease level of SOD. In
comparison with the asthma group, the levels
of MDA in ALB and Dex groups were significant
decreased while the activity of SOD decreased
(Figure 5).

Effects of ALB on pathological changes in the
lungs of asthmatic mice

Light microscopy revealed that the lung tissue
morphology in the control group was generally
normal. In the OVA group, the alveolar capillar-
ies were hyperemic and dilated, and the pul-
monary interstitium and alveolar septum were
significantly widened; moreover, inflammatory
edema and a large number of infiltrated in-
flammatory cells were observed. In the OVA +
ALB20, OVA + ALB40, and OVA + Dex groups,
the above changes were significantly alleviat-
ed, with only slight hyperemia and dilation of
the alveolar capillaries, low-level infiltration of
inflammatory cells, and marginal widening of
the local focal pulmonary septum (Figure 6).

Effects of ALB on the mitogen-activated pro-
tein kinase/nuclear factor kappa B (MAPK/
NF-kB) signaling pathway in the lungs of asth-
matic mice

The expression of MAPK/NF-kB pathway-relat-
ed mRNA and protein was measured to explore
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Figure 3. Effects of ALB on inflammatory cytokines in the serum of asthmatic mice. Levels of serum of inflammatory
cytokines were measured after 28 days of the indicated treatment. The values are presented as means + standard
deviation. #P < 0.01 and #P < 0.05 versus control group, **P < 0.01 and "P < 0.05 versus OVA group.
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Figure 4. Effects of ALB on inflammatory cytokines in the lungs of asthmatic mice. Levels of serum of inflammatory
cytokines were measured after 28 days of the indicated treatment. The values are presented as means + standard
deviation. #P < 0.01 and #P < 0.05 versus control group, “"P < 0.01 and P < 0.05 versus OVA group.

treatment group (Figure 7A).
Meanwhile, compared with
the control group, the expres-
sion levels of p-JNK, p-ERK,
p-P38, p-NF-kBP65, and p-
IkBax were upregulated in the
OVA group. ALB (20 and 40
mg/kg) decreased the expre-
ssion of p-JNK, p-ERK, p-P38,
p-NF-kBP65, and p-IkBax in
the lungs of asthmatic mice
(Figure 7B). Imnmunohistoche-
mistry analysis (Figure 7C)
suggested the up-regulation
of p-P38 and p-NF-kBp65 in
the lungs of asthma group
mice. ALB or Dex administration decreased the
expression of p-P38 and p-NF-kBp65. These
results suggested that ALB-medicated protec-
tion against asthma involves with the MAPK/
NF-kB pathways.
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Figure 5. Effects of ALB on inflammatory cytokines in the lungs of asthmatic
mice. Levels of serum of inflammatory cytokines were measured after 28
days of the indicated treatment. The values are presented as means #* stan-
dard deviation. #P < 0.01 and #P < 0.05 versus control group, “"P < 0.01 and
*P < 0.05 versus OVA group.

the underlying mechanism of inhibitory effect
of ALB on asthma. The mRNA expression of
P38 and NF-kB was significantly increased in
the asthmic mice compared with the control
group, as well as a markedly reduced in the ALB
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Discussion

Bronchial asthma is a chronic inflammatory dis-
ease of the airways involving many inflamma-
tory cells (e.g., eosinophils, mast cells, T lym-
phocytes, and neutrophils) and airway struc-
tural cells (airway epithelial cells, smooth mus-
cle cells, and fibroblasts), as well as various
cytokines [24, 25]. Asthma is a condition char-
acterized by chronic airway inflammation. GC is
currently the most effective anti-inflammatory
drug for the treatment of asthma [26] and
mainly reduces the activation of T lymphocytes
by inhibiting the production of cytokines, thus
reducing airway inflammation [27, 28]. However,
the symptoms in asthma patients cannot be
completely eliminated.

Due to the important role of eosinophils and
macrophages in bronchial asthma, histopatho-
logical observation of external weak blood and
lung tissue [29], whether GC can reduce the
increase of eosinophils, and infiltration thereof
into bronchial lung tissue seen during asthma,
is an important indicator of the inflammatory
effect of drugs on bronchial lung tissue in asth-
ma patients [30]. The results of the present
study showed that eosinophils in the OVA gro-
up were increased compared with the control
group. The addition of ALB (20 and 40 mg/kg),
and Dex (2 mg/kg) decreased eosinophils in
the serum of asthmatic mice.

Clinically, bronchial asthma is characterized by
airway hyperresponsiveness, reversible airway
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Figure 6. Effects of ALB on MDA
and SOD in the lungs of asthmatic
mice. The activities of MDA and
SOD in the lungs were measured
after 28 days of the indicated treat-
ment. The values are presented as
means * standard deviation. #P <
0.01 and #P < 0.05 versus control
group, P < 0.01 and *P < 0.05
versus OVA group.

obstruction, and allergic airway inflammation
[31]. Asthma causes many inflammatory pro-
cesses and produces several inflammatory
cytokines, such as TNF-a, IL-6, and IL-1B [32].
TNF-a is produced by monocytes, and is in-
volved in inflammation and immune regulation
[33]. IL-1B is considered an important cytokine
involved in tissue destruction and edema [34].
IL-6 has various immunoregulatory functions
and can enhance the immune response [35].
Compared with our control group, OVA increa-
sed TNF-q, IL-6, and IL-1B3 levels in bronchoal-
veolar lavage fluid (BALF) and lung, while ALB
and Dex reduced those levels in asthmatic
mice. Moreover, in this study, OVA increased
the levels of MDA, while ALB and Dex reduced
the activities of MDA. Meanwhile, the decreased
activity of SOD was detected in the asthma
group, and ALB significantly increased the level
of SOD.

In several studies, MAPK/NF-kB was shown to
be an important signaling pathway in asthma
attacks [36]. MAPK/NF-kB participates in air-
way inflammation, airway remodeling, apopto-
sis, and the proliferation of asthma [37]. At
rest, NF-kB binds to NF-kB inhibitor protein
(IkBa), becomes inactive, and resides in the
cytoplasm. Many inflammatory stimuli lead to
NF-kB activation and induce the expression of
various growth factors, cytokines, chemokines,
and transcription factors [38], which play an
important role in the body’s inflammatory and
immune responses, cell growth and develop-

Am J Transl Res 2019;11(12):7300-7309
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Figure 7. Effects of ALB on the mitogen-activated protein kinase/nuclear factor kappa B (MAPK/NF-kB) signaling
pathway in the lungs of asthmatic mice. Expression of indicated mRNA (A) and proteins (B) involved in MAPK/NF-«kB
signaling pathways. GAPDH was used as an internal control. Comparisons of protein expression among indicated
treatment groups are shown. (C) Immunohistochemical staining of lung tissues from indicated treatment groups il-
lustrated presence localization of p-P38 and p-NF-kBP65. The values are presented as means + standard deviation.
#P < 0.01 and #P < 0.05 versus control group, P < 0.01 and *P < 0.05 versus OVA group.
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ment, cell apoptosis, and participate in the
onset and development of bronchial inflamma-
tion [39]. MAPKs a group of serine-threonine
protein kinases activated by different extracel-
lular stimuli, such as cytokines, neurotransmit-
ters, hormones, and cell stress, as well as cell
adhesion [40], play an important role in the
inflammatory response [41]. In previous stud-
ies, MAPK activation was associated with the
onset of asthma inflammation, and played an
important role in the disease [42]. In the pres-
ent study, the expression levels of p-JNK,
p-ERK, p-P38, p-NF-kBP65, and p-lkBa were
upregulated in the OVA group compared with
the control group. ALB (20 and 40 mg/kg) de-
creased the expression of p-JNK, p-ERK, p-P38,
p-NF-kBP65, and p-lkBa in the lungs of asth-
matic mice.

The above experimental results showed that
ALB can inhibit eosinophils in weak blood out-
side of the context of the mouse model of asth-
ma, as well as inflammatory cytokines in BALF
and lung in the mouse asthma model. In addi-
tion, ALB can inhibit activation of the MAPK/
NF-kB signaling pathway. In summary, ALB im-
proved lung inflammation in the mouse model
of asthma and thus is a potential therapeutic
reagent for asthma. Whether MAPK/NF-kB is
the only signaling pathway that regulates the
expression of inflammatory factors should be
further investigated.
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