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Abstract Background: Asthma is the most prevalent chronic inflammatory ailment, which has

major communal health implications for both adults and children worldwide. Flavokawain is a

chalcones present in kawa plant extracts. They have anti-inflammatory, antioxidant, anti-cancer,

antimicrobial, and other activities.

Methods: In the present investigation, the potential of flavokawain on the IL-4-induced 16HBE

cell line and the ovalbumin (OVA)-induced mouse model was analyzed.

Results: The findings revealed that the IL-4-induced 16HBE cell line treated with flavokawain

reduced cell apoptosis and increased cell proliferation. The NLRP3 inflammasome activity was sup-

pressed by flavokawain. The level of immune cells was increased in the asthmatic mice, which was

effectively reduced by the treatment with flavokawain. IgE, eotaxin, TNF-a and TXB levels were

decreased by the flavokawain treatment in the asthmatic mice. Imbalances in Th1 and Th2 cytoki-

nes were effectively modulated by the flavokawain treatment in the asthmatic mice. The balance

between the Th1 cytokines (IL-12 and IFN-c) and the Th2 cytokines (IL-4, IL-5, IL-6, and IL-

13) was maintained by flavokawain. The histopathology study of lungs revealed that the thickness
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of the airway membrane and inflammatory cell infiltration was reduced by the flavokawain, which

indicates the decrease in inflammation.

Conclusion: These findings recommend that flavokawain can be used as a potent candidate to

treat asthma in the future.

� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Asthma is the most prevalent and highly complex inflammatory airway

disease, which affects both young people and adolescents. The major

characteristics of asthma are inflammation, edema, airflow obstruc-

tion, airway narrowing, and mucus hypersecretion. (Dharmage et al.,

2019) The prevalence of asthma is notably increased in children,

whereas the morbidity and mortality rates are high in adolescents.

(Stern et al., 2020) The risk factors for the development of asthma

are microbial infections, abnormalities in toll-like receptors (TLR)

response, interferon response, and respiratory tract epithelial func-

tions. (Christou et al., 2019) Inflammatory cells such as T cells, eosino-

phils, and neutrophils are closely associated with the immunological

and inflammatory reactions in response to allergens in asthma.

(Hamid and Tulic, 2009).

In terms of treatment, the currently existing therapies mainly target

the symptoms and fail to provide long-term benefits. Apart from sev-

eral improvements in the medical field, the gold standard treatments

for asthma still lack. The currently prescribed medications are also

often reported to have numerous side effects such as damaging the

renal, hepatic, cardiovascular, digestive, and immune systems.

(Garcı́a-Menaya et al., 2019) Hence, the need for the development of

new therapeutic strategies in order to overcome the treatment compli-

cations and achieve successful management of asthma without side

effects is highly demanded.
Graphical representation of m
In recent times, researchers have shifted their research interests to

the naturally sourced bioactive compounds for the successful manage-

ment of several inflammatory diseases. The most prevalent flavonoid/

isoflavonoid compound found in vegetables and fruits is chalcones. (Li

et al., 2019).

The chalcone compound has already been reported to show several

biological and pharmacological activities. (Abdullah et al., 2014 Jun;

Nazar et al., 2015; Hameed et al., 2016 Apr) Flavokawain A, B, and

C, which make up 0.46 percent, 0.015 percent, and 0.012 percent of

kava extracts, are chalcones. It was already reported that the chalcones

had immense pharmacological activities such as anti-inflammation,

antioxidant, antiulcer, antiprotozoal, and antibacterial properties. (Zi

et al., 2005).

Previous studies have revealed that flavokawain protects against

lung injury and sepsis in mice, (Luo et al., 2021) antifibrotic and

antioxidant activities, (Hseu et al., 2019) antitumor effects against gas-

tric cancer, (Hseu et al., 2020) prostate cancer, (Wang et al., 2020) lung

cancer, (Li et al., 2020; Phang et al., 2021) and colon cancer. (Jiao

et al., 2018) However, the anti-asthmatic activity of flavokawain was

not scientifically studied yet. Hence, here were intended to investigate

the beneficial properties of flavokawain against the allergic asthma in

an interleukin (IL)-4-activated airway bronchial cell lines (in vitro)

and murine model of asthma (in vivo) through the regulation of

NLRP3 inflammasome pathway (Fig. 1).
ode of action of flavokawain A.
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2. Materials and methodology

2.1. Chemicals

Aluminium hydroxide, ovalbumin, flavokawain A (Fig. 2), and
other chemicals were obtained from Sigma Aldrich, USA. The

assay kits for biochemical assays were procured from Thermo
Fisher Scientific, USA.

2.2. Cell culture and treatment procedure

The human bronchial epithelial cell line (16HBE) was collected
from the American Type Culture Collection (ATCC), USA,
and grown on RPMI-1640 medium enriched with 10% FBS,

100 mg/mL of streptomycin, and 100 mg/mL of penicillin. After
reaching the 80% of confluency, the cells were trypsinized and
used for the additional assays. The 16 HBE cells were grouped

into four groups: control, 100 ng/mL of IL-4-activated cells,
IL-4 (100 ng/mL) + flavokawain (100 mM) treated cells, and
100 mM of flavokawain alone treated cells.

2.3. Cell growth measurement

The growth levels of control and treated 16 HBE cells were

measured by the 5-bromo-2-deoxyuridine (BrdU) technique.
Cells were loaded onto the 96-well plates with growth media
comprising 100 ng/mL of IL-4 with or without flavokawain
(100 mM). After 48 h, wells were loaded with 10 mL of BrdU

(1 mg/mL) and incubated for 4 hr. Then added BrdU antibody
for 1 hr. Then the cells were cleansed thrice with chilled buf-
fered saline. After that, 200 mL of substrate solution were

loaded into wells and incubated for 25 mins before adding
H2SO4. Finally, the absorbance was measured by utilizing a
spectrophotometer at 490 nm. The relative cell proliferation

rates were calculated using the obtained absorbance value.
Three duplicate wells were used to test each group.

2.4. TUNEL assay

The level of apoptotic cell death in the control and treated 16
HBE cells was estimated using the TUNEL assay. The 16 HBE
cells were cultured for 24 hr and treated with 100 ng/mL of IL-4

with or without flavokawain. The cells were counterstained
using DAPI fluorescent dye to perform the cell count. The
images of the apoptotic cells were obtained by utilizing a fluo-

rescence microscope. The total number of DAPI-stained cells
and TUNEL-positive cells was evaluated. TUNEL-positive/
DAPI-stained cells were used to reflect the total % of apop-

totic cells. The experiments were carried out thrice and the
average was calculated.
Fig. 2 Chemical structure of flavokawain A.
2.5. Estimation of NLRP3 inflammasome activity

The expression levels of cleaved caspases-1, NLRP3, and ASC
in the control and treated 16 HBE cell lysates were determined
by utilizing commercial ELISA assay kits based on the given

protocols by the manufacturer (Thermofisher Scientific, USA).

2.6. Experimental animals and treatment groups

The 5–6-week-old BALB/c mice were procured and utilized in

the current study. They were maintained at controlled labora-
tory conditions with a 24 �C temperature and alternative 12
hrs of light and dark cycles. All the animal studies were per-

formed as per the institutional animal ethical committee-
approved guidelines. All mice were separated into five groups
with 6 in each (n = 6). Group I was considered to be the con-

trol group. Group II was intraperitoneally administered with
10 mg/kg of ovalbumin (OVA) along with 1 mg/kg of alu-
minium hydroxide on the 0th and 5th days to induce asthma.

In group III animals, asthma was induced by OVA administra-
tion and treated with 25 mg/kg b.wt of flavokawain for 21 days.
In group IV animals, asthma was induced by OVA administra-
tion and treated with 50 mg/kg b.wt of flavokawain for 21 days.

Group V animals were treated with the standard drug
dexamethasone.

2.7. Determination of inflammatory cell counts

Blood samples were obtained from the experimental mice in a
heparinized tube and then processed for the determination of

inflammatory cell counts. The blood samples were then cen-
trifuged at 4 �C for 10 mins at 500g. The obtained pellets were
rinsed with 0.5 mL of buffered saline and used for the differen-

tial count. An automated cell counter was utilized to count the
inflammatory cell counts. Using conventional morphologic
determinants, aliquots of the cells were mounted on slides
and labeled with Field’s dye to detect eosinophils, macro-

phages, lymphocytes, and neutrophils.

2.8. Determination of eotaxin and IgE level

The bronchoalveolar lavage fluid (BALF) obtained from the
experimental animals was centrifuged at 4 �C for 10 min at
1000g. After centrifugation, the supernatant was collected

and used for IgE and eotaxin estimations. The status of
eotaxin and IgE in the BALF of control and experimental mice
was analyzed using commercial ELISA assay kits. The assays
were done using the protocols recommended by the manufac-

turer (Thermofisher Scientific, USA). The tests were duplicated
and the average value was used.

2.9. Determination of inflammatory markers

The levels of inflammatory markers including IL-4, IL-5, IL-6,
IL-12, IL-13, and IFN-c in the BALF of control and experi-

mental mice were examined by using commercial ELISA assay
kits. The experimental assays were conducted based on the
protocols suggested by the manufacturer (Thermofisher Scien-

tific, USA).
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2.10. Determination of TNF-alpha and TXB2 levels

The status of TNF-alpha and TXB2 in the BALF of control
and experimental mice were analysed using commercial ELISA
assay kits based on the guidelines recommended by the manu-

facturer (Thermofisher Scientific, USA).

2.11. Histopathology studies

For histopathological analysis, the lungs were excised from

both control and experimental mice and fixed in 10% forma-
lin. Then dried in a series of graded ethanol, and then paraffin
embedded. The paraffinized lung tissues were sectioned into

thin slices at a thickness of 5 lm and stained with hematoxylin
and eosin. The stained slides were analyzed under an optical
microscope.

2.12. Statistical analysis

All data are reported as the mean ± SD of at least 3 replicates.

The statistical tool SPSS version 15.0 was used for all statisti-
cal analyses. A one-way ANOVA analysis was used to assess
the data, followed by a Bonferroni’s test. P <.05 was seen as
significant.

3. Results

3.1. Effect of flavokawain on cell proliferation and apoptosis

The effect of flavokawain on cell proliferation and apoptosis in

the 16HBE cells is shoed in Fig. 3. The IL-4-activated 16HBE
cells revealed decreased cell proliferation and elevated apopto-
sis when compared with the control cells. The IL-4-induced

16HBE cells treated with 100 mM of flavokawain showed
increased cell growth and reduced cell apoptosis compared to
the IL-4-alone-treated cells. There were no major changes

between the control group and the flavokawain alone-treated
group. The result revealed that flavokawain suppressed cell
apoptosis and boosted cell proliferation.
Fig. 3 Effect of flavokawain on the cell growth and apoptosis in the

proliferation and inhibited the apoptosis in IL-4-stimulated 16HBE cell

4 (100 ng/mL); IL-4 + Flavokawain: 16HBE cells treated with flavokaw

with flavokawain (100 mM) alone. The cell growth was determined by

*P <.01 vs control; #P <.05 vs IL-4 group.
3.2. Effect of flavokawain on caspase-1, ASC, and NLRP3
activity

The impacts of flavokawain on the expression of caspase-1,
ASC, and NLRP3 in the 16HBE cells was showed in Fig. 4.

The expression of caspase-1, ASC, and NLRP3 was upregu-
lated in the IL-4-induced 16-HBE cells when compared with
control cells. The caspase-1, ASC, and NLRP3 inflammasome
expressions were effectively downregulated in the 100 mM of

flavokawain-treated 16HBE cells. Flavokawain alone treated
16HBE cells and did not reveal major changes when compared
with control. The results revealed that the flavokawain treat-

ment is effective in regulating NLRP3, cleaved caspase-1,
and ASC protein expression.

3.3. Effect of flavokawain on inflammatory cell counts

The effect of flavokawain on the total leukocytes, eosinophils,
macrophages, lymphocytes, and neutrophils in the control and

experimental animals are revealed in Fig. 5. The OVA-induced
mice revealed a boosted level of total leukocytes, eosinophils,
macrophages, lymphocytes, and neutrophils when compared
with the control. Interestingly, treatment with 25 mg/kg and

50 mg/kg of flavokawain effectively reduced the total leuko-
cyte counts, eosinophils, macrophages, lymphocytes, and neu-
trophils in the OVA-induced mice. These findings showed the

potential of flavokawain to reduce inflammatory cell counts.

3.4. Effect of flavokawain on the IgE and eotaxin levels

The influence of flavokawain on the status of OVA-specific IgE
and eotaxin in the BALF of experimental mice are revealed in
Fig. 6. There was a significant increment in the eotaxin and IgE

status in the BALF of OVA-induced mice when compared
with control groups. Meanwhile, treatment with 25 mg/kg
and 50 mg/kg of flavokawain effectively depleted the levels
of eotaxin and IgE status in the asthmatic mice. This result

revealed the impact of flavokawain on the suppression of aller-
gic reactions in the asthma mice.
IL-4-induced 16HBE cells. Flavokawain effectively increased the

s. Control: control 16HBE cells; IL-4: 16HBE cells treated with IL-

ain (100 mM) IL-4 (100 ng/mL); Flavokawain: 16HBE cells treated

BrdU technique and apoptosis was investigated by TUNEL assay.



Fig. 4 Effect of flavokawain on the expression of NLRP3 inflammasome markers in the IL-4-induced 16HBE cells. Flavokawain treatment

effectively suppressed the NLRP3 inflammasome expression in the IL-4-stimulated 16HBE cells. The expression of caspase-1, ASC, and

NLRP3 was standardized to GAPDH. Control: control 16HBE cells; IL-4: 16HBE cells treated with IL-4 (100 ng/mL); IL-

4 + Flavokawain: 16HBE cells treated with flavokawain (100 mM) IL-4 (100 ng/mL); Flavokawain: 16HBE cells administered with

flavokawain (100 mM) alone. *P <.01 vs control; #P <.05 vs IL-4 group.

Fig. 5 Effect of flavokawain on the inflammatory cell counts in the experimental mice. Flavokawain remarkably reduced the inflammatory

cells in the asthma mice. The status of total leukocytes, eosinophils, macrophages, lymphocytes and neutrophils in BALF of experimental

mice were determined. *P <.01 vs control; #P <.05 vs OVA group. Control: normal mice; OVA: asthma-induced mice; Low: 25 mg/kg of

flavokawain treated asthmatic mice; High: 50 mg/kg of flavokawain treated asthmatic mice; Positive control: standard drug

dexamethasone treated asthmatic mice.
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Fig. 6 Effect of flavokawain on the IgE and eotaxin in the experimental mice. Flavokawain treatment reduced the IgE and eotaxin levels in

asthmatic mice. Level of eotaxin and OVA specific IgE from experimental mice were estimated. *P <.01 vs control; #P <.05 vs OVA

group. Control: normal mice; OVA: asthma-induced mice; Low: 25 mg/kg of flavokawain treated asthmatic mice; High: 50 mg/kg of

flavokawain treated asthmatic mice; Positive control: standard drug dexamethasone treated asthmatic mice.
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3.5. Effect of flavokawain on the inflammatory marker levels

The effect of flavokawain on the levels of inflammatory mark-
ers (IL-4, IL-5, IL-12, IL-13, IFN-c, and IL-6) in the BALF of
experimental mice was demonstrated in Fig. 7. The drastic

increment in the status of inflammatory markers in the
Fig. 7 Effect of flavokawain on the inflammatory cytokines level in the

pro-inflammatory markers (IL-4, IL-5, IL-6, IL-12, IL-13, IFN-c). Lev
of mice were measured by ELISA kits. *P <.01 vs control; #P <.05 v

Low: 25 mg/kg of flavokawain treated asthmatic mice; High: 50 mg/kg

drug dexamethasone treated asthmatic mice.
OVA-induced mice when compared with control. Interestingly,
25 mg/kg and 50 mg/kg of flavokawain appreciably reduced
these inflammatory marker levels in the OVA induced group.

These findings revealed the potential of flavokawain in
decreasing the inflammatory marker levels in the OVA-
stimulated asthmatic mice.
experimental mice. Flavokawain treatment suppressed the levels of

els of IL-4, IL-5, IL-12, IL-13, IFN-c, and IL-6 in different group

s OVA group. Control: normal mice; OVA: asthma-induced mice;

of flavokawain treated asthmatic mice; Positive control: standard
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3.6. Effect of flavokawain on the TNF- a and TXB2 levels

The impact of flavokawain on the status of TNF- a and TXB2
in the BALF of experimental mice was revealed in Fig. 8. A
remarkable increase in the levels of TNF-a and TXB2 was

noted in the BALF of OVA-induced mice when compared with
the control. Interestingly, the treatment with 25 mg/kg and
Fig. 8 Effect of flavokawain on the TNF-a and TXB2 levels in the ex

TXB2 levels. The status of TNF-a and TXB2 status of different mice gr

vs OVA group. Control: normal mice; OVA: asthma-induced mice; Low

of flavokawain treated asthmatic mice; Positive control: standard drug

Fig. 9 Effect of flavokawain on the lung histopathology of experimen

membrane and inflammatory cell infiltrations in the lung tissues of as

optical microscope at 45 � magnification. Control: normal mice; OV

asthmatic mice; High: 50 mg/kg of flavokawain treated asthmatic mice

mice.
50 mg/kg of flavokawain effectively depleted the levels of
TNF-a and TXB2 in the OVA-induced mice.

3.7. Effect of flavokawain on the histoarchitecture of lung tissue

The effect of flavokawain on the lung tissue histology of con-
trol and experimental mice was showed in Fig. 9. In the lung
perimental mice. Flavokawain treatment reduced the TNF-a and

oups were measured by ELISA kits. *P <.01 vs control; #P <.05

: 25 mg/kg of flavokawain treated asthmatic mice; High: 50 mg/kg

dexamethasone treated asthmatic mice.

tal mice. Flavokawain treatment reduced the thickness of airway

thmatic mice. Photomicrograph of lung sections were taken using

A: asthma-induced mice; Low: 25 mg/kg of flavokawain treated

; Positive control: standard drug dexamethasone treated asthmatic
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histology of control mice (group I), normal lung histology was
observed. The lungs of asthma mice (group II) revealed
increased inflammatory cell infiltrations in the peribronchial

and perivascular regions and thickening of the airway epithe-
lium and mucous membranes. The treatment with 25 mg/kg
and 50 mg/kg of flavokawain (groups III and IV) exhibited

reduced thickness in the epithelial membranes and inflamma-
tory cell infiltrations. The standard drug dexamethasone trea-
ted asthma mice and also revealed decreased inflammatory cell

infiltrations and epithelial thickness. These results revealed the
potential of flavokawain to decrease the severity of allergic
asthma.
4. Discussion

Asthma is a recurring chronic airway inflammatory ailment

involving several immune and inflammatory regulators.
(Zhang et al., 2020) Asthma is characterized by mucus hyper-
secretion, airway hyperresponsiveness, airway inflammation,
and allergen-specific IgE secretion. Recently, the occurrence

of asthma has elevated because of the upsurges in internal
dust, environmental pollutants, and other allergens. (Zhao
and Wang, 2018) Presently, the major therapeutic strategy is

the utilization of glucocorticoids to reduce the symptoms of
asthma. Meanwhile, conventional anti-inflammatory drugs
could trigger several adverse effects and cause health complica-

tions. Hence, new treatment strategies to overcome these issues
were required with improved efficacy and safety. (Grayson
et al., 2018) In this work, in-vivo and in-vitro studies were
done to investigate the effectiveness of flavokawain against

the asthma model. The exact underlying molecular mecha-
nisms of asthma development have not been uncovered yet,
but airway inflammation is closely connected with the produc-

tion of neutrophils, IgE, inflammatory cytokines, and NLRP3,
which aggravate the asthmatic condition. (Dwyer et al., 2021)
The increased levels of inflammatory cytokines play a major

role in the pathophysiology of asthma. Following the release
of cytokines, the mast cells invade the smooth muscle cells
and attach to them. The stimulation of mast cells results in

the accumulation of inflammatory mediators that result in
bronchial hyperresponsiveness. (Wisnu Wardana and Rosyid,
2021).

Inflammatory cells and cytokines (IL-5, IL-14, and IL-4)

are closely connected with the progression of asthma. An
upsurge in the inflammatory cells is related to the production
of various mediators, including leukotrienes, prostaglandins,

and other inflammatory mediators, including TNF-a and IL-
3, which are released by the eosinophils and mast cells. (Hu
et al., 2021) Here, our findings proved that the OVA-induced

mice revealed increased levels of leucocytes, eosinophils,
macrophages, lymphocytes, and neutrophils when compared
with control. Interestingly, the treatment with flavokawain
effectively decreased the inflammatory cell counts in the

OVA mice. These findings proved that flavokawain is effective
in reducing the immune response in allergic asthma mice.

Apoptosis is an imperative cell death mechanism that is

vital for the regulation of tissue homeostasis. (de Boer et al.,
2008) The apoptosis in the epithelial cells during the develop-
ment of acute asthma can lead to increased epithelial mem-

brane permeability. (Zhu et al., 2020) Here, it was observed
that IL-4-activated 16HBE cells exhibited elevated cell apopto-
sis and reduced cell proliferation. This indicates that IL-4
causes inflammation that leads to cell death. (Theofani et al.,
2019) Interestingly, when the IL-4-activated 16HBE cells were

treated with flavokawain, the cell proliferation level was aug-
mented and apoptotic cell death declined. Flavokawain did
not affect the viability of 16HBE cells, which indicates the

non-toxic property of flavokawain.
The hyperactivation of the NLRP3 inflammasome occurs

during asthma development in response to excessive inflamma-

tion. (Hosseinian et al., 2015) Inflammation is considered one
of the key symptoms of airway diseases, including asthma. The
NLRP3 inflammasome has a major contribution to the inflam-
mation process. (Tsuchiya et al., 2019) Apoptosis and pyropto-

sis are two types of programmed cell death that are regulated
by caspases, a family of cysteine proteases. IL-1b converting
enzyme, cleaved caspase-1, can induce both pyroptosis and

apoptosis in cells, and it is activated by the inflammasome.
(Swanson et al., 2019) ASC is a protein that is crucially
involved in assembling the inflammasome. (Kelley et al.,

2019) NLRP3 is a tripartite protein that consists of three
domains. NLRP3 protein (sensor), ASC (adaptor), and
caspase-1 (effector) assemble to form NLRP3 inflammasome.

(Yang et al., 2019) The NLRP3 inflammasome is a protein
complex that promotes the secretion of the cytokines IL-1
and IL-18 and causes an cell death. NLRP3 inflammasome is
vital for host immune defense against microorganisms but it

is related to pathogenesis mechanisms when hyperactivated.
(Yii et al., 2019) In the present investigation, there was an
increased expression of ASC, cleaved caspases-1, and NLRP3

protein in the IL-4 activated 16 HBE cells indicating the ele-
vated level of NLRP3 inflammasome expression which con-
tributes to inflammation. Flavokawain significantly

suppressed NLRP3 expression, caspases-1, and ASC in IL-4-
stimulated 16HBE cells, suggesting that flavokawain can deac-
tivate NLRP3 and restrict inflammation.

In T2 high asthma, eosinophils play a crucial role as a
inflammatory cells. Blood eosinophil level is a basic biomarker
that relates to sputum eosinophilia and increased blood eosi-
nophils have been proven to predict the further exacerbation

of disease. (de Groot et al., 2019) Macrophages are considered
to be the primary defense system against pathogens. Lung
macrophages have been associated with the commencement

and development of asthmatic lung inflammation. (Peebles
and Aronica, 2019) Antigen-specific IgE synthesis by B lym-
phocytes characterises an allergic reaction to an inhaled anti-

gen are participated in the accumulation of cytokines. B and
T lymphocytes are involved in activation cells responsible for
inflammation reaction. (Radermecker et al., 2018) Neutrophils
are the most prevalent immune cell and are recruited to the

lungs during the asthmatic condition. (Reichard and
Asosingh, 2019) In the OVA-induced mice, the total number
of leukocytes is elevated indicating the asthmatic condition.

The OVA-induced mice administered with the flavokawain
exhibited decrement in the leukocytes. The status of neu-
trophils, macrophages, lymphocytes, and eosinophils are

upregulated in OVA-stimulated mice and downregulated in
the flavokawain administered OVA mice, which suggest the
anti-inflammatory properties of flavokawain.

The epithelial cells and endothelial cells generate a chemo-
kine known as eotaxin. It is generally found at a very high con-
centration in the lung endothelium of asthmatic patients.
(Adeli et al., 2019) Eotaxin is a chemoattractant that is
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involved in eosinophil attraction. (Matucci et al., 2018) IgE
has the ability to cause exceedingly fast pathological reactions
and operate as an immune amplifier that is extraordinarily sen-

sitive. (Jackson et al., 2020) An increased level of IgE performs
critical functions in the pathology of asthma. (Zahedi et al.,
2021) In the study, it was observed that the OVA-induced mice

exhibited an elevated level of IgE and eotaxin, indicating the
pathology of asthma. The levels of eotaxin and IgE declined
in the OVA-induced mice treated with flavokawain in a

dose-based manner. This outcome demonstrates that fla-
vokawain can be a promising agent for treating asthma.

IL-4 and IL-13 are the cytokines generated by the mast cells
and Th2 cells in the blood. IL-4 and IL-13 participate in a vari-

ety of inflammatory processes, including asthma and atopic
inflammation. (Suzukawa et al., 2018) IL-12 is a protein
secreted by neutrophils and macrophages that plays a crucial

role in the Th1 inflammation process and is implicated in the
regulation of inflammation as well as anti-infection immune
responses. (Nagase et al., 2020) During allergic reactions, IL-

5 is secreted by Th2 cells and participates in eosinophil differ-
entiation. For allergic ailments, IL-5 has been proposed as a
therapeutic target. (Piao et al., 2021) IL-6 and IFN-c are

Th2 cytokines and Th1 cytokines, respectively. Inflammatory
cells are recruited and activated at the inflammatory site as a
result of IL-6 secretion. (Boonpiyathad et al., 2019) An ele-
vated IFN-c status causes inflammation in the airway and is

found in severe asthmatic conditions. (Lee et al., 2021) Dispro-
portion in Th1 (IFN- c and IL-12) and Th2 (IL-4, IL-13, IL-6,
and IL-5) cytokines could lead to asthma. (Boonpiyathad

et al., 2019) In this investigation, the status of Th-1 and Th-
2 cytokines is elevated in the OVA-induced mice, which indi-
cates the inflammatory condition of the airway. Treatment of

the OVA-induced mice with flavokawain in a dose-based man-
ner exhibited suppressed Th1 and Th2 cytokines, which sug-
gests that flavokawain altered the disproportion of Th1 and

Th2 cytokines and regulated the inflammatory responses in
the asthmatic mice.

TNF-a is a significant cytokine in the immune response
and also induces airway inflammation in asthma patients.

(Chen et al., 2021) COX-derived TXA2, a strong bronchial
smooth muscle spasmogen, is degraded non-enzymatically
to produce thromboxane B2 (TXB2). It was already

reported that TXB2 was significantly elevated in asthma
patients. (Elliot et al., 2018) The OVA-induced mice exhib-
ited a significantly elevated level of TNF-a and TXB2,

which revealed the asthmatic condition. It was observed that
the treatment with flavokawain suppressed TNF-a and
TXB2 in the BALF of OVA-induced mice, which indicates
a decrease in airway inflammation.

Asthma is characterized by an increased thickness of the
airway wall owing to inflammation and increased mucus accu-
mulation as a result of inflammatory cells infiltration into the

airway walls.[49] The histopathology of the OVA-induced lung
showed an increased thickness of the airway membrane, which
indicates the progression of asthma. The OVA-induced mice

treated with 25 mg/kg and 50 mg/kg of flavokawain exhibited
thinning of the airway wall and a reduction in inflammatory
cell infiltration, which suggests that flavokawain is involved

in the protection against the airway remodeling in the OVA-
induced mice.
5. Conclusion

Our findings suggest that treatment with flavokawain decreased cell

apoptosis and NLRP3 inflammasome activity in the IL-4-induced 16

HBE cell line. In an animal model, flavokawain treatment effectively

reduced the level of immune cells, IgE levels, eotaxin, and inflamma-

tory biomarkers in the OVA-induced mice. These findings revealed

that flavokawain can be used as a drug candidate in the future to treat

allergic asthma.
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