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Abstract. Asthma is a complex disorder characterized by chronic inflammation of the airways. We
aimed to investigate the role of Atractylenolide III (ATL III) in ovalbumin (OVA)-induced mouse
asthma. Asthma was induced to BALB/c mice by sensitization with intraperitoneal injection of OVA,
followed by treatment with ATL III. Pathological changes in lung tissue were examined by hema-
toxylin/eosin and sirius red staining. The levels of inflammation- and oxidative stress-related factors
in the bronchoalveolar lavage fluid (BALF) were monitored using kits. Additionally, the contents of
inflammatory cells including macrophages, lymphocytes, eosinophils and neutrophils in BALF were
counted. The expression of signal transducer and activator of transcription 3 (STAT3) was tested
using Western blotting and immunohistochemistry assay. Results revealed that ATL IIT markedly
attenuated OVA-induced pathological injury of lung tissues in mice. Furthermore, ATLIII controlled
the cytokines production and balanced the oxidative stress condition, which was exhibited by the
reduced levels of inflammation- and oxidative stress-related factors. Moreover, mice in ATL III-treated
groups presented less inflammatory cells in BALF and ATL III largely inhibited STAT3 expression in
lung tissues. Taken together, ATL IIT alleviates inflammation, oxidative stress and is associated with

changes in pulmonary functions in a mouse asthma model through inhibiting STAT3.
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Introduction

Asthma is a chronic inflammatory disease characterized by
mucus hypersecretion, airway hyperresponsiveness and air-
way wall remodeling that results in variable airway obstruc-
tion in susceptible individuals (Edwan et al. 2004; Dogan et
al. 2020). It is estimated that asthma causes about 250,000
premature deaths annually, and that more than 300 million
people are affected by it globally every year according to the
World Health Organization (WHO). And this number is
expected to rise to 400 million by 2025 (Beharry et al. 2015;
Loftus and Wise 2016). It is crucial to develop a standard
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therapy for asthma, as it is a leading cause of disability, poor
quality of life and increased cost of public disease manage-
ment (Corrado et al. 2013; Loftus and Wise 2015).
Dysfunction of immune cells plays a crucial role in the
progression of asthma. A growing body of literature has
shown that imbalances in T helper 1 (Th1)/Th2 and Th17/
Treg may be the core pathogenesis of allergic asthma (Ji et
al. 2014; Liang et al. 2017). Th1 cells release cytokines such
as interferon-y (IFN-y), interleukin (IL)-10, IL-12. Th2 cells
release IL-4, IL-5 and IL-13, leading to the accumulation of
eosinophils (EOS) in the lungs of asthmatic patients, which
is essential for the development of asthma (Foster et al.
2001). Inflammatory immune cells, including neutrophils
(NEU), macrophages (MAC), lymphocytes (LYM) and
EOS, increase the levels of reactive oxygen species (ROS)
to exacerbate inflammation and injury in lung tissue (de
Groot et al. 2019). Several signaling pathways have been
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described to be engaged in asthma physiopathology. The
signal transducer and activator of transcription (STAT) are
a family of cytokine and growth factor-inducible transcrip-
tion factors that are critical in immune and inflammatory
responses, which can be activated under inflammation
condition (Hodge et al. 2005). Accumulating evidence
shows that the expression of STAT3 is activated in oval-
bumin (OVA)-induced allergic inflammatory response,
which plays a significant role in the development of asthma
(Huang et al. 2018). Cytokines from Th2 cells driven by
STAT?3 are believed to play an active role in establishing the
chronic inflammation of asthma (Lim et al. 2015). Studies
have proven that suppression of STAT3 gene expression
is a therapeutic approach to asthma treatment (Simeone-
Penney et al. 2007; Nikolskii et al. 2019).

Despite substantial progress in asthma management,
new asthma interventions are still needed as contemporary
approaches have their limitations (Jones 1989; Sarver and
Murphy 2009). Atractylenolide IIT (ATL III), the major bio-
active component of Atractylodes macrocephala Koidz, has
been demonstrated to possess anti-oxidative, anti-bacterial,
anti-allergic response and anti-tumour properties (Zhang et
al. 2013; Zhao et al. 2015). It has been substantiated that this
sesquiterpene lactone relieves cerebral ischemic injury and
neuroinflammation through inhibition of JAK2/STAT3/
Drpl-dependent mitochondrial fission (Zhou et al. 2019).
In addition, compelling evidence indicates that ALT III
attenuates inflammation by restraining the activation of
NF-kB and reducing the secretion of TNF-a and IL-6 (Li et
al. 2007; Kang et al. 2011; Jiet al. 2016). In parallel, ALT III
is reported to inhibit the expression of STAT3 (Zhou et al.
2019). However, the effects of ALT III in asthma are not
yet documented. Based on the above research findings, the
current study aimed to investigate whether ALT III can
suppress the allergic inflammatory response in an OVA-
sensitized mouse asthma model through the inhibition of
STAT3 expression.

Materials and Methods

Animals

Fifty-four 12-week-old female BALB/c mice (18-22 g) were
purchased from the Model Animal Center of Nanjing Uni-
versity (Nanjing, China). Animals were maintained in SPF
level environment under a 12-h light/dark cycle at 21 + 3°C.
Mice had free access to water and regular diet. They were
housed for at least one week before the experimental per-
formance. The animal protocols used in this study were
approved by the Ethics Committee on Animal Experiments
of the First Affiliated Hospital of University of South China.
And all efforts were made to minimize the suffering of mice.

Establishment of OVA mice model and drug treatment

OVA-induced mouse model was developed in the above
mentioned BALB/c mice by adopting the previous proto-
col (Liang et al. 2017). Briefly, mice were immunized with
100 pg OVA (A5503, Grade V; Sigma-Aldrich, St. Louis,
MO, USA) emulsified in 1 mg aluminum hydroxide (Pierce
Chemical Co., Rockford, IL, USA) with a total volume of
0.2 ml on days 1, 7 and 14. From the day 15 to 22, mice were
treated with aerosolized OVA (5% OVA) using ultrasonic
nebulizer once daily consecutively. The mice were randomly
divided into six groups: Control, OVA, DXM (dexametha-
sone), Low, Middle and High. Mice in the Low, Middle
and High groups were respectively injected intravenously
with 0.1, 1 and 10 mg/kg ALT III (Sigma-Aldrich, St. Louis,
MO, USA) 1 h before OVA aerosol on days 15-22. At the
same time, mice in the DXM group were treated with the
equivalent DXM phosphate (Sigma, 10% solution in PBS)
by intragastric gavage. Mice in the Control group received
the equivalent aluminum hydroxide via intraperitoneal
injection and were exposed to a nebulized saline aerosol at
the same time points as the OVA-challenged mice. At the
end of the experiments, all animals were sacrificed by intra-
peritoneal injection with 200 mg/kg pentobarbital (Wuhan
Boster Biological Technology, Ltd., Wuhan, China). The
bronchoalveolar lavage fluid (BALF), blood samples and
lung tissues were collected for subsequent analysis. Each
experimental group included nine mice.

Histopathology examinations

Appropriate lungs tissues were conventionally fixed in 10%
formalin. In order to assess general morphology, paraffin-
embedded sections (4 pm) were stained with hematoxylin
and eosin (H&E). Subsequently, all the slide sections were
dehydrated with graded ethanol and xylene. The remaining
paraffin-embedded lung tissues were cut into 2 pm sections
and stained with sirius red to assess pathological changes.
A light microscope (Olympus Corp., Tokyo, Japan) was used
for evaluating the pathological changes of lung tissues by an
experienced pathologist unaware of the treatments.

Measurement of cytokines production in BALF and OVA-
specific immunoglobulin E (IgE) in serum

The trachea was exposed by midline surgical section under
anesthesia. Subsequently, 1 ml cold PBS was used to lavage
lungs and airways for three times. BALF (more than 90%)
was withdrawn and centrifuged (3000 rpm for 15 min at
4°C) to obtain the supernatant. The concentrations of pro-
inflammatory cytokines including IL-4, IL-5,1L-13 and anti-
inflammatory cytokines including IFN-y, IL-10 and IL-12
in BALF as well as the concentration of OVA-specific IgE in
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serum were tested by enzyme-linked immunosorbent assay
(ELISA) kits obtained from Shanghai Xitang Biotechnology
Co., Ltd. (Shanghai, China) according to the instructions of
the manufacturer.

Analysis of inflammatory cells in BALF

The collected BALF was centrifuged at 3000 rpm for 15 min
and the cell pellet was re-suspended in 100 pl of PBS at 4°C.
The total number of cells was determined with a hemocy-
tometer. The cell smears were prepared by cytocentrifuga-
tion (Cytospin 3; Thermo Scientific, Pittsburgh, PA, USA)
and visualized using a Diff-Quik staining kit (Sysmex Co.,
Kobe, Japan). At least 200 cells per slide were counted under
alight microscope, inflammatory cells including MAC, LYM,
EOS and NEU were identified and counted according to the
morphological criteria and staining features.

Measurement of oxidative stress-associated factors

The specimens of partial fresh lung tissues were collected
from mice and immediately homogenized (10%, w/v) in
cold normal saline. The homogenate was centrifuged at 3000
rpm for 10 min, followed by collection of the supernatant for
assessment. ROS generation in homogenate was evaluated
using the dichlorodihydrofluorescein diacetate (DCFH-DA)
probe as described previously (Kalyanaraman et al. 2012).
Additionally, the levels of malondialdehyde (MDA), lactate
dehydrogenase (LDH), glutathione (GSH), superoxide dis-
mutase (SOD) and catalase (CAT) were detected by the col-
orimetric method in accordance with the operating manual.
Above mentioned assay kits were the products of Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).

Immunohistochemistry assay

The paraffin-embedded lung tissues were cut into 4-pum
thick sections, followed by deparaffinization and rehydra-
tion. These sections were incubated with 3% H,0, and then
blocked with normal goat serum. Afterwards, the slides
were incubated with primary antibodies targeting STAT3
(1:1000; Cell Signaling Technology; Boston, MA, USA).
The sections were subsequently covered with a secondary
peroxidase-conjugated antibody, followed by staining with
diaminobenzidine staining (DAB; Beyotime, Shanghai,
China) solution and counterstaining with hematoxylin.
The slides were photographed under an optical microscope
(Olympus Corp., Tokyo, Japan).

Western blot analysis

Total protein was isolated from the lung tissues on ice
using radioimmunoprecipitation assay (RIPA) lysis buffer

(Beyotime, Shanghai, China). Protein concentration in
each group was determined using a bicinchoninic acid
(BCA) kit (Beyotime, Shanghai, China). Samples compris-
ing 50 pg of protein were electrophoresed in a denatur-
ing 10% sodium dodecyl sulfate-polyacrylamide gel and
then transferred to a polyvinylidene difluoride (PVDF)
membrane. After soakage with 5% skim milk, these
membranes were incubated with primary antibodies at
a 1/1000 dilution (Cell Signaling Technology; Boston,
MA, USA). The bands were washed three times in Tris-
buffered saline containing 0.1% Tween 20 (TBS-T) and
then incubated with a 1/2000 dilution of HRP-conjugated
anti-rabbit IgG (Cell Signaling Technology; Boston, MA,
USA). Following incubation with secondary antibodies
(Santa Cruz Biotechnology, CA, USA), the bands were
visualized with an Odyssey Infrared Imaging Scanner (LI-
COR Biosciences). The intensity of bands was quantified
by using Image-] software (NIH, MA, USA). GAPDH was
used as an internal control.

Statistical analysis

Data were presented as mean + standard deviation (SD),
and analyzed using Prism software (GraphPad Inc., San
Diego, CA, USA). Student’s t-test was used to compare the
significant differences between every two groups. One-way
analysis of variance (ANOVA) followed by Tukey’s test was
utilized to compare multiple groups. p < 0.05 was considered
statistically significant.

Results

ATL III treatment improved lung histological condition in
asthma model mice

To assess the therapeutic effects of ATL III on OVA-induced
lung injury, firstly the body weight and lung weight were
determined, respectively. As presented in Figure 1A and B,
OVA-stimulation dramatically decreased the body weight
but increased the lung weight compared with the Control
group. After treatment with ATL III, the body weight was
significantly elevated in a dose-dependent manner, accom-
panied by a marked decline in lung weight. Subsequently,
H&E and sirius red staining were executed for determin-
ing the pathological changes of lung tissues. As presented
in Figure 1C, lung tissues in the Control group exhibited
normal histology with no significant occurrence of inflam-
matory cells in peribronchial space. There was an increase in
eosinophils infiltration in peribronchiolar and perivascular
space and the erosion in peribronchiolar region in the lung
tissues of OVA-sensitized and challenged mice compared
with the Control group.
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In addition, ATL III exhibited significantly reduced infil-
tration of inflammatory cells in a dose-dependent manner
in contrast with the OVA group, representing the protective
effect of ATL III. The high dose of ATL III presented the
similar effects in the DXM group. Moreover, the sirius red
staining was routinely used for determination of collagen
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Figure 1. ATL III treatment sig-
nificantly improved lung histological
condition in asthma model mice. The
body weight (A) and lung weight (B)
of mice in each group were recorded.
Mice in the Low, Middle and High
groups were respectively injected in-
travenously with 0.1, 1 and 10 mg/kg
ALTIIL ** p < 0.01, ** p < 0.001 vs.
Control group; * p < 0.05, p < 0.01,
###% p < 0.001 vs. OVA group. C. The
changes of lung tissue pathobiology
were determined using hematoxylin
and eosin staining. ATL III, Atrac-
tylenolide III; DXM, dexamethasone;
OVA, ovalbumin.

deposition. Figure 2 shows that a large amount of collagen
deposition appeared around the bronchioles after OVA chal-
lenge, while ATL III and DXM markedly inhibited this OVA-
induced collagen deposition. These findings provided a clue
that ATL III treatment significantly decreased peribronchial
inflammatory cell infiltration and collagen deposition.

Figure 2. ATL III treatment notably
improved lung histological condition
in OVA-induced mice. Pathological
changes of lung tissue were stained
with sirius red staining. For abbrevia-
tions, see Fig. 1.
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ATL III alleviated inflammatory responses in allergic
asthmatic mice

To study the effects of ATL IIT on inflammation induced by
OVA, the levels of inflammation-associated cytokines were
detected using ELISA Kkits. As observable from Figure 3,
OVA stimulation led to great decrease in the contents of
IFN-y, IL-10 and IL-12 in BALF, which were key anti-
inflammatory cytokines during asthma. However, the levels
of above-mentioned factors displayed significant increase
in a dose-dependent manner after ATL III treatment. The
DXM-treated group presented the same effects with the
ATL III intervention groups. Additionally, a significantly
decreased content of pro-inflammatory factors including
IL-4,1L-5 and IL-13 in the BALF was observed compared to
the OVA group, which were however not statistically differ-
ent than the DXM group. These observations revealed that
ATL III could balance the inflammatory cytokine level in
the body, suggesting a beneficial effect of ATL III on OVA-
induced inflammation.

ATL III treatment changed the differential cells in BALF

Subsequently, the number of MAC, LYM, EOS and NEU
were identified and counted according to the morphological
criteria and staining features. As shown in Figure 4, OVA
sensitization and challenge noticeably elevated the total
number of cells in the BALF with a prevalent increase in the
levels of MAC, LYM, EOS and NEU in BALF compared with
the Control group. However, treatment with ATL IIT notably
reduced the total number of cells and above-mentioned cells
in BALF in a dose-dependent manner. Consistently, DXM
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intervention displayed the same trends on the number of
MAC, LYM, EOS and NEU as the ATL III-treated groups.
The detailed phenotyping of immune cells reveals that the
normal body immune response is not disturbed by ATL IIT
treatment.

ATL III inhibited the level of serum OVA-specific IgE in
OVA-immunized asthmatic mice

High levels of serum OVA-specific IgE antibodies are as-
sociated with the development of OVA-induced asthma
model. Therefore, the level of OVA-specific IgE in serum,
if measured, can be a marker for determining effective
sensitization and treatments. In our study, OVA-specific
IgE was not reported in control mice, whereas we observed
a significant increase in serum OVA-specific IgE levels in
OVA-immunized and challenged mice (Fig. 4). However,
we did not notice any significant differences in the serum
OVA-specific IgE level between ATL III- and DXM-treated
groups. These data further signify the therapeutic role of
ATL III in asthma management.

ATL III attenuated oxidative stress in allergic asthmatic
mice

The effects of ATLIII on oxidative stress were determined in
allergic asthmatic mice. As presented in Figure 5, the levels of
ROS, MDA and LDH were remarkably elevated in the OVA
group compared to the Control group. ATL III treatment
significantly reduced the levels of above-mentioned oxida-
tive stress-related markers in a dose-dependently manner.
Moreover, the content of GSH and the activities of SOD and
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Figure 3. ATL III alleviated inflammatory responses in allergic asthmatic mice. The contents of IFN-y, IL-10, IL-12, IL-4, IL-5 and IL-13
in BALF were detected using ELISA Kits, respectively. *** p < 0.001 vs. Control group; * p < 0.05,  p < 0.01, ** p < 0.001 vs. OVA group.
IFN-y, interferon-y; IL-10, interleukin-10; BALE bronchoalveolar lavage fluid. For more abbreviations, see Fig. 1.



142 Zhang et al.
MAC L™ EOS
1.07 Kk 1.5 2.0 e =3 Control
= = = = OVA
& £ £ = £ 15 = DXM
o
< 061 g 10 # 2 ”» - Low
3 2 g k4 i g 1.0, = Middl
-g 0.4 #H# ### .:E) .g s iddle
g 3 05 3 =1 High
E £ 0.5
< 0.24 = =
S 3 3
0.0 0.0 0.0
NEU IgE
2.5 5001 e
—_ *dkk
E 20 400-
e '—g #a#
E 1.5 . £ 3004
#i# E
£ 10 w 200+ it
2 =)
3 05 100 piiia i
o
0.0 0-

Figure 4. ATL III treatment changed the differential cells in BALF and the contents of OVA-specific IgE in OVA-immunized asthmatic mice.
The number of MAC, LYM, EOS, NEU in BALF and the concentration of OVA-specific IgE in serum was evaluated. *** p < 0.001 vs. Control
group; * p < 0.05,* p < 0.01, ** p < 0.001 vs. OVA group. MAC, macrophage; LYM, lymphocyte; EOS, eosinophil; NEU, neutrophil; BALE,
bronchoalveolar lavage fluid. For more abbreviations, see Fig. 1.

CAT were notably decreased in the OVA-induced model
mice compared with those in the Control group (Fig. 5).
However, ATL IIl intervention exerted a marked restoration
effect on the levels of GSH, SOD and CAT dose-dependently,
which displayed the same effects with DXM. These findings
indicated that ATL III attenuates oxidative stress in allergic
asthmatic mice.
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ATL III inhibited the expression of STAT3 in mouse airway
tissues

To investigate the mechanisms of ATL III functioning
in allergic asthmatic mice, the expression of STAT3 was
examined using Western blot analysis. Results of Figure
6A revealed that OVA stimulation significantly upregu-
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Figure 5. ATL III attenuated oxidative stress in OVA-induced mice. The levels of ROS, MDA, LDH, GSH, SOD and CAT were examined
using commercially available kits. *** p < 0.001 vs. Control group; * p < 0.05, * p < 0.01, *** p < 0.001 vs. OVA group. ROS, reactive
oxygen species; MDA, malondialdehyde; LDH, lactate dehydrogenase; GSH, glutathione; SOD, superoxide dismutase; CAT, catalase.
For more abbreviations, see Fig. 1.
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Figure 6. ATL III inhibited the expression of STAT3 in mouse airway tissues. The expression of STAT3 was detected using Western blot

analysis (A) and immunohistochemistry assay (B). *** p < 0.001 vs. Control group;
and activator of transcription 3. For more abbreviations, see Fig. 1.

lated the expression of STAT3 compared with the untreated
Control group, whilst ATL III treatment downregulated it
in a dose-dependent manner without statistical difference
when compared with the DXM group. And the results of im-
munohistochemistry assay exhibited in Figure 6B displayed
the same variation as the Western blot analysis. These data
proved our hypothesis that ATL IIT could suppress the STAT3
expression in OVA-induced mice model.

Discussion

Asthma is a chronic respiratory illness caused by inflam-
mation and narrowing of tiny airways, with occasional or
persistent symptoms, including shortness of breath, cough-
ing, chest pain and wheezing (Wilson et al. 2012; Loftus and
Wise 2016). The present study demonstrated that ATL III
suppresses STAT3 expression and controls the inflammation
and oxidative stress in OVA-induced mouse model.
Inflammation plays a key role in asthma, thus control-
ling the inflammation is the best strategy for treating
asthma (Barnig et al. 2019). IL-4, IL-5 and IL-13 belong
to Th2 cytokines, which contribute to the occurrence and
progression of asthma (Hambly and Nair 2014; Parulekar
et al. 2018). The role of IL-4 has been recognized in the
development of allergic inflammation (Xia et al. 2018).
Reports have demonstrated previously enhanced levels of
IL-4 in BALF and increased expression of IL-4 mRNA in
BAL cells in patients with allergic inflammation (Robinson
etal. 1992, 1993; Walker et al. 1992). In the mouse models,
IL-4 has been reported to be critical for the development of
allergic airway inflammation (Brusselle et al. 1994, 1995).

### p <0.001 vs. OVA group. STAT3, signal transducer

Depletion of IL-4 or IL-13 using monoclonal antibodies is
proven to be beneficial in asthma treatment (Hambly and
Nair 2014). Moreover, mounting evidence has supported
that IL-5 plays an important part in maturation and differ-
entiation of EOS and B cells (Takatsu 2011). Differentiating
B cells into plasma cells that secrete IgE is a complicated
cascade of events in which cytokines are considered es-
sential, suggesting the synthesis of IgE may rely largely on
these cells (Yssel et al. 1998; Froidure et al. 2016; Matucci
et al. 2018). IL-4 and IL-13 both induce the synthesis of
IgE while IFN-gamma and IL-12 block it. Existing study
has shown that ATL III decreased NLRP3 inflammasome
activation and Th1/Th2 imbalances in models of asthma
(Zhu et al. 2020). Our results showed that Th2 cytokines,
including IL-4, IL-5 and IL-13, were conspicuously re-
duced after the treatment with ATL III. Similarly, ATL III
markedly reduced the level of OVA-specific IgE in a dose-
dependent manner. Therefore, as a naturally occurring
compound, ATL IIT targets the Th2 cytokines in a beneficial
way, which represents a new therapeutic approach to the
treatment of asthma.

A growing body of literature has shown that the imbal-
ance between the reducing and oxidizing systems favor
a more oxidative state present in asthma (Mishra et al.
2018). Endogenous and exogenous ROS, MDA, LDH and
GSH play a significant role in the airway inflammation and
are determinants of asthma severity (Erzurum 2016). MDA
concentration is one of the most frequently used indicators
of lipid peroxidation of the membranes that results from
oxidative damage, suggesting an acute asthmatic attack
(Ozaras et al. 2000). Given the present data, the concentra-
tion of MDA was remarkably elevated in the OVA group
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compared with the Control group, whereas ATL I1I-treated
group showed a reduction in MDA level without being
statistically different than the DXM group. Asthma is also
associated with decreased antioxidant defenses, such as
SOD and GSH (Combhair and Erzurum 2010). Imbalanced
SOD and CAT antioxidant defense is a primary event in the
pathophysiology of asthma (Combhair et al. 2005; Qu et al.
2017). Our results show that OVA sensitization diminished
SOD and CAT activities in mice, whilst ATL III increased it
in a dose-dependent manner. Through the above findings
we proved that ATL III can balance the oxidative stress in
asthmatic condition and reverse the signs and symptoms
of asthma.

Previous studies have shown that STAT3 plays a role in the
pathogenesis of asthma (Paul et al. 2009). STAT3 drives the
development of Th17 cells and cytokine production by Th2
and Th17 cells, which contributes to asthma (Redhu et al.
2013). Notably, epithelial STAT3 was recognized as a critical
regulator of allergen-induced inflammation in a mouse mod-
el of asthma (Borish 2016). Similarly, it has been reported
that ATL III plays a significant role in the downregulation
of STAT3 expression (Zhou et al. 2019). The present study
proved that selective pulmonary epithelial STAT3 blocked
by ATL III could prevent asthma in OVA-induced mouse
model. Next, we examined the different cytokines driven
by STAT3, which are responsible for the pathophysiology of
asthma. In this study, DXM was used for the positive control
group, which is considered to be a standard treatment for
acute asthma (Cao et al. 2007; Shefrin and Goldman 2009).
Our results showed that ATL III when administered in
high dose, inhibited the STAT3 and showed no statistical
difference than DXM group. Therefore, our results suggest
a therapeutic role of ATLIIT in asthma management through
inhibition of STAT3 expression.

Conclusion

To sum up, the present study demonstrated that ATL III
suppresses STAT3 expression and controls the inflamma-
tion and oxidative stress in OVA-induced mouse model.
Our finding provides a strong preclinical assessment based
on the therapeutic role of ATL III in the management of
allergic asthma. However, more studies on ATL III are
needed and shall be beneficial to the demonstration of the
duration of this effect.
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