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airway resistance; Objective: To investigate the effects of corilagin on inflammation and collagen deposition in
AMPK pathway; ovalbumin (OVA)-induced asthma mouse model and uncover the mechanism.
asthma; Methods: We constructed a mouse model of OVA-induced asthma. Enzyme-linked-

collagen deposition; immunosorbent serologic assays were conducted to detect the effects of corilagin on cyto-
ovalbumin (OVA) kines and Immunoglobulin E (IgE) production. Hematoxylin and eosin staining was used to show

pathological features in lung tissues. Masson trichrome assay was used to examine collagen
deposition. In addition, the lung function was detected by mouse lung function apparatus.
Immunoblot was used to confirm the mechanism.

Results: Corilagin alleviates OVA-induced cytokine and IgE production. In addition, corilagin
alleviates OVA-induced pathological changes and collagen deposition in lung tissues. Corilagin
also suppressed airway resistance and lung function in mice. Mechanically, corilagin activated
the adenosine monophosphate-activated protein kinase (AMPK) pathway in lung tissues.
Conclusion: Corilagin attenuates airway inflammation and collagen deposition in OVA-induced
asthmatic mice via AMPK pathway.

© 2023 Codon Publications. Published by Codon Publications.

Introduction lung function, worsen airway damage, and impose psycho-

logical burden. Airway inflammation is considered as the
Asthma is a heterogeneous disease featured by inflamma- essence of asthma.® Anti-inflammatory therapy and bron-
tion and hyperresponsiveness.' It affects 1-18% of the global chiectasis are the main treatments for asthma.* However,
population. The clinical manifestations of asthma usually inhaled corticosteroids may aggravate airway remodeling

begin in childhood.? Repeated asthmatic attacks can impair and epithelial damage in patients with asthma. Patients in
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remission of clinical asthma may have no clinical manifes-
tations but still have pathological features of inflammation
and remodeling. Relieving airway inflammation, mucus
secretion, and collagen deposition are effective means
to intervene asthma.> Therefore, it is crucial to develop
effective therapeutic drugs for treating asthma.

Corilagin, a natural polyphenol tannic acid compound,
is the main active ingredient of medicinal plants, such as
caryophyllum, geranium, etc.® Recent pharmacological
studies have shown that corilagin has a variety of biolog-
ical activities, such as antioxidant and anti-inflammatory
properties.” For example, corilagin prevents inflammation
by inhibiting oligomerization domain-like receptor family
pyrin domain-containing 3 (NLRP3) inflammasome activa-
tion and pyroptosis.® Treatment with corilagin significantly
reduced inflammatory cell infiltration, production of pro-
inflammatory cytokines, and oxidative stress in lung tissue
with acute lung injury.’ Corilagin alleviates oxidative stress
and apoptosis through the adenosine monophosphate-
activated protein kinase-deacetylase sirtuin 1 (AMPK/
SIRT1)-autophagy pathway, thereby alleviating intestinal
ischemia/reperfusion injury.' In addition, corilagin also has
anti-allergic effects, which inhibit mast cell release medi-
ators and reduce serum concentrations of immunoglobulin
E, thereby improving skin allergies. However, the role of
corilagin in asthma remains unclear.

In this study, we intended to investigate the effect of
corilagin on asthma and reveal its mechanism. We con-
structed a mouse model of ovalbumin (OVA)-induced
asthma, and results showed that corilagin attenuated air-
way inflammation and collagen deposition in OVA-induced
asthmatic mice.

Materials and Methods
Mouse allergic model construction

Male BALB/c mice (aged 8-10 weeks) were purchased
from Shanghai Jiesijie Laboratory Animal Co. Ltd. (China).
Ethical approval for the present research was obtained
from the Ethics Committee of the Affiliated Changzhou No.
2 People’s Hospital of Nanjing Medical University (Approval
2022 KY118-01). Post-experiment, the mice were sacri-
ficed by cervical dislocation, and the lack of heartbeat
confirmed death of animals. The mice were monitored
once a day before the beginning of experiment and twice
a day until the end of the experiment. The animals were
randomly divided into the following four groups (n = 6):
(1) control, (2) OVA, (3) OVA+corilagin (20 mg/kg), and
(4) OVA+corilagin (40 mg/kg). Briefly, the mice were sen-
sitized with 40-ug OVA (Sigma, Hertfordshire, UK) in phos-
phate-buffered saline solution (PBS) on day 0, 7, and 14.
For corilagin treatment, the mice were administrated with
0.2-mL corilagin at 20 or 40 mg/kg every day for 14 days by
gavage. The model was constructed according to the previ-
ous study.’ Mice in the control group were given with equal
amount of PBS per day by gavage.

Analysis of inflammatory cytokines in
bronchoalveolar lavage fluid and serum

Bronchoalveolar lavage fluid (BALF) was collected after the
ligation of the left bronchial tubes. Then the mice were
instilled twice with PBS in right lungs. BALF was centri-
fuged to obtain supernatant for further cytokine analysis.
Pellets were collected for inflammatory cell assessment.

Immunoglobulin (IgE) in serum was monitored accord-
ing to the manual (ZY545Hu011; HZb Science, USA).

Hematoxylin and eosin staining and lung
histopathology

The left lung tissues were fixed in 4% paraformaldehyde
(PFA) overnight and embedded in paraffin. Then, tissues
were cut into sections and stained with hematoxylin and
eosin (H&E). Lung histopathology was evaluated: 0 (no
inflammatory cells), grade 1 (rarely little inflammatory
cells), grade 2 (bronchi were surrounded by one layer of
inflammatory cells), grade 3 (bronchi were surrounded
by two to four layers of inflammatory cells), and grade 4
(most bronchi were surrounded by more than four layers of
inflammatory cells).

Masson trichrome staining

Collagen deposition in airways and lung parenchyma was
detected by Masson trichrome staining with Masson stain-
ing kit (G1340; Solarbio Life Sciences, Beijing, China).

Western blotting analysis

The lung tissue proteins were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and the total proteins were transferred onto poly-
vinylidene fluoride (PVDF) membranes (24937; Millipore
Sigma, MA, USA). The membranes were then blocked with
5% skimmed milk and incubated with primary antibodies
against smooth muscle alpha-actin («-SMA; Cat# ab7817,
1:1000; Abcam, Cambridge, UK), AMPK (Cat# ab2047,
1:1000), phosphorylated AMPK (p-AMPK; Cat# ab133448,
1:1000), matrix metallopeptidase 9 (MMP9) (Cat# ab76003,
1:2000), and B-actin (Cat# ab8226, 1:3000) at 4°C over-
night. The membranes were incubated with secondary
antibodies for 1 h. Each blot was then visualized using
enhanced chemiluminescence (ECL) kit (GE, SA).

Airway hyperresponsiveness assessment

After last OVA administration for 24 h, airway hyper-
responsiveness (AHR) was evaluated by forced oscillation
technique. The trachea was exposed and inserted with a
catheter and connected to a Master Screen (MS)-10S pul-
monary function detector (Jaeger Co. Hanover, Germany).
Airway responsiveness was quantified by the level of
inhaled methacholine chloride ranging from 3.125 to
25 mg/mL.
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Statistical analysis

Data were analyzed using the GraphPad 8.0 software
(GraphPad Software Inc., La Jolla, CA, USA). Error bars
represent mean + SD. One-way ANOVA followed by Tukey’s
post hoc test was used for multiple comparisons. P < 0.05
was considered statistically significant. Each experiment
was repeated thrice.

Results

Corilagin attenuates airway inflammation and IgE
production

To study the effect of corilagin on inflammation-related
factors, including interleukin 4 (IL-4), IL-5, IL-13, and IgE
in BALF, asthma model was established and BALF was
collected. The levels of factors were measured using
enzyme-linked-immunosorbent serologic assay (ELISA). The
number of total inflammatory cells, eosinophils and neutro-
phils, were enriched in OVA group (Figures 1a and 1b), and
these cells were dramatically reduced in corilagin-treated
mice. Similarly, the levels of all four factors were elevated
in the OVA group. Treatment of corilagin at 20 and 40 mg/
kg significantly decreased the levels of IL-4, IL-5, IL-13, and
IgE (Figures 1c-1f). Therefore, corilagin attenuates airway
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inflammation and IgE production in the OVA-induced mouse
lungs.

Corilagin alleviates OVA-induced pathological
changes in lung tissues

Since corilagin improved inflammatory response, we inves-
tigated the role of corilagin in attenuation of lung tissue
injury. H&E staining was conducted to analyze patholog-
ical damage after OVA stimulation. Lung tissues in the
OVA group displayed disordered lung tissue structure, sig-
nificantly thickened alveolar wall, and the infiltration of
inflammatory cells around the bronchi. However, corilagin
treatment significantly improved these alterations accom-
panied by the reduced histological assessment score
(Figure 2).

Corragine alleviates OVA-induced collagen
deposition in lung tissues

Masson staining was conducted, and as shown in Figure 3a,
almost no collagen deposition was observed in lung tissues
of mice in the control group, while the collagen deposi-
tion was dramatically enriched in the OVA group. Corilagin
treatment significantly attenuated collagen deposition
staining in both 20- and 40-mg/kg groups (Figure 3a).
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Figure 1

Corilagin attenuates airway inflammation and IgE production. (a and b) Total inflammatory cells, eosinophils and

neutrophils, in the control, OVA, OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg) groups. (c-f) Levels of IL-4, IL-5, IL-13,
and IgE in the control, OVA, OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg) groups. *P < 0.05.
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OVA+Corilagin (20mg/kg) Moreover, the expressions of a-SMA and MMP9 were signifi-
Vo, cantly elevated in the OVA group, while administration of

corilagin markedly alleviated the expression of these pro-

teins in a dose-dependent manner (Figures 3b and 3c).

Control

D o

Corilagin suppresses airway resistance and lung
function in OVA-induced mice

The lung function of mice was examined to assess the role
of corilagin. OVA induction reduced the values of both
peak expiratory flow (PEF) and forced expiratory volume
in 0.4 s-forced vital capacity (FEV0.4/FVC) ratio. However,
20- or 40-mg/kg corilagin promoted PEF and FEV0.4-FVC
ratio in OVA-induced asthmatic mice (Figures 4a-4c). In
addition, OVA induced accelerated respiratory rate, while
corilagin could restore respiratory rate nearly to a normal

2 P H Control level (Figure_4d). The;e results sgggested that corilagin
0 4 B OVA §uppre§sed airway resistance and improved lung function
8 B OVA+Corilagin (20mgkg) " OVA-nduced mice.

1 OVA+Corilagin (40mg/kg) o ) ) )

3 Corilagin activates AMPK pathway in lung tissues

Corilagin is known to alleviate oxidative stress and apop-
tosis through the AMPK/SIRT1-autophagy pathway, thereby
alleviating intestinal ischemia/reperfusion injury. However,
it remains to be verified whether corilagin affects MAPK

Figure 2 Corilagin alleviates OVA-induced pathological
changes in lung tissues. H&E staining in the control, OVA,
OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg)
groups. *P < 0.05.
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Figure 3 Corragine alleviates OVA-induced collagen deposition in lung tissues. (a) Masson staining in the control, OVA,
OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg) groups. (b-c) Level of a-SMA and MMP9 in the control, OVA, OVA+corilagin
(20 mg/kg), and OVA+corilagin (40 mg/kg) groups. *P < 0.05.
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Figure 4 Corilagin suppresses airway resistance and lung functioning in OVA-induced mice. (a) Airway resistance in the control,
OVA, OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg) groups. (b-d) PEF, FEV0.4/FVC ratio and respiratory rate in the
control, OVA, OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg) groups. *P < 0.05.
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Figure 5 Corilagin activated AMPK pathway in lung tissues.
The expression of p-AMPK and AMPK in the control, OVA,
OVA+corilagin (20 mg/kg), and OVA+corilagin (40 mg/kg)
groups. *P < 0.05.

pathway in OVA-induced asthma. We noticed that OVA
induction suppressed the expression levels of p-AMPK.
Corilagin treatment significantly increased p-AMPK levels
(Figure 5). These data indicated that corilagin activated
the AMPK pathway in lung tissues.

Discussion

Asthma is a common respiratory disease, and its pathogen-
esis, closely related to genetic, neurological, and immuno-
logic factors, as well as airway inflammation, is considered
as the essence of asthma." Chronic airway inflammation is
the result of the interaction of various inflammatory cells,
inflammatory mediators, and cytokines. Other mechanisms

of persistent airflow obstruction in asthma include airway
remodeling.” The early manifestations of the disease are
mild and mostly occur in winter, and are relieved after
spring warming. The course of the disease is slow, which
initially is not noticed by patients. However, with prog-
ress of the disease to advanced stage, it is complicated
by obstructive emphysema and the lung functioning is
impaired."

Physical exercise training is one of the rehabilitation
strategies with anti-inflammatory effects and may become
a good plan of action for treating airway inflammation.” If
the bronchitis in is stable and does not cause discomfort
to the patient, then moderate running at this stage could
improve the heart and lung functioning and immunity, and
enhance physical fitness, which is beneficial for ameliorat-
ing asthma.

Notably, the thickening of type 1 collagen deposition
in the airway sub-epithelium is one of the main features of
airway remodeling in patients with asthma, and reversing
the process of airway remodeling could also be one of the
mechanisms of asthma therapy.” Therefore, suppressing
inflammation and deposition of collagen were the effec-
tive means to combat asthma.' Increased airway resistance
and reduced lung function are also important features of
asthma.® Herein, we revealed that corilagin attenuates
airway inflammation and collagen deposition in an OVA-
induced asthmatic mice model.

Corilagin has been reported to have effects on several
cardiovascular diseases (CVDs), including hypertension, ath-
erosclerosis, stroke, congestive heart failure, and ischemic
cardiomyopathy.'® Moreover, it has antioxidant, anti-tumor,
and anti-virus effects.”"® Corilagin inhibited the activation of
oligomerization domain-like receptor family pyrin domain-con-
taining 3 (NLRP3) inflammasome and pyroptosis via the reac-
tive oxygen species-thioredoxin-interacting protein-NLRP3
(ROS/TXNIP/NLRP3) axis to suppress inflammation. Corilagin
could alleviate liver fibrosis via restraining indoleamine
2,3-dioxygenase-1 (IDO1)-mediated macrophage repolariza-
tion.” In addition, corilagin could attenuate BV2 microglial
activation and inflammation by regulating toll-like receptor 2
(TLR2)-mediated endoplasmic reticulum (ER) stress.'®
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Similarly, we also revealed effects of corilagin on
inflammation in asthmatic mice. Consistently, another
study indicated that corilagin ameliorated inflammation
of macrophages in atherosclerosis via toll-like receptor 4-
nuclear factor kappa B-mitogen-activated protein kinase
(TLR4-NFkB/MAPK) axis. However, we here indicated that
corilagin mediated AMPK pathway and therefore sup-
pressed inflammation in asthmatic mice. Furthermore,
corilagin alleviated intestinal ischemia/reperfusion injury
(IRI) via relieving oxidative stress and apoptosis via AMPK/
Sirt1-autophagy axis. Next, we must clarify whether
corilagin alleviated asthma via suppressing apoptosis.

Herein, we also revealed that corilagin alleviated asthma
via the AMPK pathway.® AMPK is a key serine/threonine pro-
tein kinase for maintaining cellular energy homeostasis. It
exerts NF-«B inhibitory activity through phosphorylation of
its downstream target proteins, thereby blocking the pro-
cess of inflammatory response and alleviating asthma man-
ifestations.”® AMPK consists of a catalytic subunit and two
regulatory subunits, which mainly regulate cellular energy
metabolism. Emerging evidence supports that AMPK acts
as a “metabolic brake” on energy-expenditure processes
that drive inflammation and fibrosis.?® Study indicated that
activation of AMPK pathway could alleviate asthma. Recent
studies have shown that activated AMPK regulate energy
metabolism homeostasis at both global and cellular levels.
At the same time, this signaling pathway can also affect cell
migration, and regulate cell differentiation and develop-
ment. Several related genes, such as MMP series proteins
and SMA, are affected by this signaling pathway.'8%°

However, some limitations were observed to this study,
such as lack of detailed molecular mechanism analysis.
Next, we should carefully analyze the downstream pro-
teins of corilagin that inhibit progression of asthma through
AMPK, which can be analyzed and identified by multi-omics
(different omic groups) methods.

Conclusion

We revealed that corilagin attenuated airway inflammation
and collagen deposition in OVA-induced asthmatic mice by
regulating AMPK signaling pathway.
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