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ABSTRACT The incidence of respiratory diseases, such as asthma, has substantially increased in recent times owing to

environmental changes, such as air pollution. Induction of a chronic inflammatory response begins with production of

biologically active mediators from the airway epithelium, which attracts and recruits inflammatory cells into the lung airway.

In our previous study, we confirmed that Lactobacillus casei HY2782 and Bifidobacterium animalis spp. lactis HY8002 could

improve lung inflammation in the COPD animal model. In this study, we investigated the effect of the HY2782 complex

against airway hyperresponsiveness by using an ovalbumin (OVA)-induced animal model. An orally administered HY2782

complex on OVA-induced allergic asthma in a BALB/c mouse model was used. The present results showed that the HY2782

complex suppressed total immunoglobulin E in serum and bronchoalveolar lavage fluid (BALF). The cytokine production

profile in BALF and serum revealed that the HY2782 complex showed reduced levels of Th2 cytokines among immune

factors released due to the elevated allergic response. Levels of inflammatory mediators in BALF, MCP-1, MIP-2, and CXCL-

9 were decreased by oral administration of the HY2782 complex. Lower numbers of eosinophils and neutrophils in BALF

suggested that inflammation was ameliorated by the HY2782 complex. Histological observation of lung sections also showed

infiltration of fewer cells. From results, we suggested that the HY2782 complex effectively responds to improvement of the

immune response and airway hypersensitivity reaction because of the anti-inflammatory effect of the Pueraria lobata root

extract and antioxidant effect of HY2782.

KEYWORDS: � airway hyperresponsiveness � Lactobacillus casei HY2782 � OVA � Pueraria lobata

INTRODUCTION

The incidence of allergic diseases is rising worldwide,
with various factors such as air pollution, climate, and

airborne allergens causing allergic diseases. In recent times,
the abundance of air pollutants such as particulate matter,
NO2, and ozone in the atmosphere is known to cause allergic
respiratory diseases, including asthma and rhinitis.1 Among
them, asthma is one of the typical, chronic respiratory dis-
eases caused by mucus hypersecretion, airway inflamma-
tion, and airway hyperresponsiveness (AHR).2

The use of natural products for treatment of physiological
disorders, especially in typical chronic diseases such as
asthma, has been widely reported through ethnopharmaco-
logical studies.3 Through continuous research on asthma, as
many as 40% of people with allergic diseases have used
natural products, such as garlic,4 ginkgo leaves,5 and omega-
3,6 as alternative medicines. Kudzu (Pueraria lobata) has

been traditionally used as a medicinal food for treating
cardiovascular diseases and is mainly administered in
powder and oil forms. In addition, kudzu is commonly used
for treating hypertension, coronary artery disease, myocar-
dial damage, and heart failure.7 Recently, it has been re-
vealed that Pueraria root has various pharmacological
properties8 that are closely related to its various active
compounds. Of these compounds, isoflavonoid compounds,
including daidzin, genistin, and puerarin, exhibit many bi-
ological activities, such as antioxidant, antitumor, anti-
inflammatory, and estrogenic activities.9–13 Recent studies
have reported that isoflavone compounds isolated from
kudzu can effectively suppress allergic responses in an ex-
perimental asthma model.14 These studies were based, ini-
tially, on the traditional uses of natural products, which drew
the attention of pharmaceutical companies due to their easy
and economical use, allowing companies to perform many
studies that evaluated their therapeutic activities, toxicity,
and safety. However, there are no studies on the preventive
effect of Kudzu root extract against ovalbumin (OVA)-
induced AHR.

Several studies have concluded that probiotics may pre-
vent or reduce asthma in animals. Lactobacillus rhamnosus
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Lcr35 is beneficial in management of allergic diseases and
has the potential to prevent asthma.15 Feleszko et al. dem-
onstrated that both Bifidobacterium lactis Bb-12 and L.
rhamnosus GG decrease AHR.16 Forsythe et al. suggested
that asthma can be prevented by Lactobacillus reuteri, but
not by Lactobacillus salivarius.17 However, the beneficial
effects depend on the probiotic strain and dose, and evidence
was obtained mainly in murine models. However, there have
been no reports on studies using a combination of probiotics
and natural products. Therefore, we investigated the efficacy
of a combined mixture of a dietary natural product with
probiotic strains on the incidence and duration of AHR in
mice. The probiotic strains used are related to strains pre-
viously suggested to have antirespiratory inflammation
benefits in mice.

Therefore, the aim of this study was to explore the syn-
ergistic effect of combinations of P. lobata root extract and
Lactobacillus casei HY2782 (HY2782 complex) against
AHR, using an OVA-induced animal model. Furthermore,
we investigated the mechanism of anti-inflammatory actions
of Lactobacillus and Pueraria by measuring the expression
levels of inflammation-related cytokines.

MATERIALS AND METHODS

Reagents and equipment

OVA (A5503; Sigma Aldrich, St. Louis, MO, USA), L.
casei HY2782 (Korea Yakult Co., Ltd., Seoul, Korea),
mouse interleukin (IL)-4 Quantikine enzyme-linked immu-
nosorbent assay (ELISA) kit (M4000B; R&D Systems,
Minneapolis, MN, USA), mouse IL-5 Quantikine ELISA kit
(M5000; R&D Systems), mouse IL-13 ELISA kit
(BMS6015; Invitrogen, Waltham, MA, USA), mouse im-
munoglobulin E (IgE) ELISA kit (88-50460-88; Invitrogen),
mouse leukotriene C4 (LTC4) ELISA kit (MBS731784;
MyBioSource, San Diego CA, USA), mouse asymmetric
dimethylarginine (ADMA) ELISA kit (MBS705936;
MyBioSource), Easy-spin� RNA kit (17221; iNtRON
Biotechnology, Gyeonggi-do, Korea), Lysing Matrix D
(6913-500; MP Biomedicals, Santa Ana, CA, USA),
FastPrep-24� (MP Biomedicals), Omniscript� RT Kit
(205113; Qiagen, Hilden, Germany), Gene Expression
Master Mix (4639016; Applied Biosystems, Foster City,
CA, USA), and QuantStudio� 6 Flex Real-Time Instrument
(Thermo Fisher Scientific, Waltham, MA, USA) were used
for the experiments.

Preparation of P. lobata root extract

P. lobata root (PR) was purchased from Humanherb Co.
Ltd. (Daegu, Korea). Dried PR was mixed by weight with
water at a ratio of 1:10 and extracted under high tempera-
ture. After extraction for 6 h, the extract was filtered. The
filtrate was concentrated to 13.3 Brix and made into powder
using a freeze dryer. The prepared P. lobata root extract
(PRE) was stored at -20�C until use.

Preparation of L. casei HY2782

The precultured HY2782 was inoculated in a sterilized
medium and cultured in a fermenter. After incubation, the
concentrated cells were mixed with a cryoprotectant at a
ratio of 1:1. The HY2782 was made into a powder using
a freeze dryer, and the number of bacteria was measured
by a dilution plate method. The prepared HY2782 was
stored at -20�C until use.

In vivo assay

Female BALB/c mice, aged 6 weeks, were purchased
from DooYeol Biotech (Seoul, Korea) and divided into
groups of 10 mice each: the phosphate-buffered saline
(PBS)-sensitized and -challenged control group (PBS),
OVA-sensitized and -challenged group (OVA), 0.5 mg/kg
dexamethasone-treated OVA group (Dex), HY2782 (1 · 108

CFU/day mouse)-fed OVA group (HY2782), and combi-
nation of HY2782 (1 · 108 CFU/day mouse) and PRE
(10 mg/kg)-fed OVA group (HY2782 complex). Tested
samples were from all groups that were fed by diet. All
groups, except the PBS group, were sensitized with 200 lL
of 1% aluminum hydroxide [Al(OH)3] containing 100 lg
OVA on days 0 and 12. The PBS group was sensitized with
200 lL of PBS containing 1% Al(OH)3. On days 18 and 19,
the PBS and other groups were challenged with 50 lL of
PBS or the same dose of OVA (50 lg/mouse). After 20 days,
mice were sacrificed and the bronchoalveolar lavage fluid
(BALF), blood, and lungs were extracted. The obtained
organs and blood were stored at -70�C until cytokine and
gene expression analyses. The experimental procedures
were approved by the Ethics Review Committee of the
Korea Yakult Company Limited R&D Center, Korea [AEC-
2019-00066-Y(2)].

Analysis of immune cell population of BALF

The bronchial sections of sacrificed mice were cut in half
vertically. A feeding needle for oral administration was in-
serted, and 1 mL of PBS was added and collected again. The
collected BALF was centrifuged, and the supernatant was
used for cytokine analysis. The pellet was resuspended in
100 lL of PBS and used for the immune cell population.
Resuspended cells were analyzed using the Mindray BC-
5000 Vet. The number of cells was expressed as · 103

cells/mL.

ELISA for BALF and serum cytokines

The secreted cytokines in BALF were analyzed using an
ELISA kit. To separate serum, blood from mice was left at
room temperature for 30 min and then centrifuged at 2000 g
for 10 min. Subsequent steps to detect IL-4, IL-5, IL-13,
IgE, ADMA, and LTC4 were performed according to the
ELISA kit instructions. The BALF was centrifuged at 3000
g for 10 min. Cytokine secretion from the supernatant of the
BALF was analyzed.
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Gene expression analysis of lung tissue

Total RNA was extracted using the easy-spin RNA kit.
The lung tissue, along with lysis buffer, was added to Matrix
D tubes and pulverized through the FastPrep-24 instrument.
After grinding the tissue, the Easy-spin RNA kit protocol
was followed. Total RNA was stored at -20�C until gene
expression analysis. The extracted RNA was reverse tran-
scribed into cDNA using an Omniscript RT Kit. cDNA was
amplified with Gene Expression Master Mix and a TaqMan
Probe in a QuantStudio 6 Flex Real-Time Instrument.
Table 1 shows the names and catalog numbers of the genes.

Preparation of lung tissue slides and measurement
of mucosal thickness

Lung tissues fixed in 10% formalin solution were used to
prepare hematoxylin and eosin-stained slides by KPC
(Gwangju-si, Korea). The thickness of the mucosa was
measured under an Olympus CK2 microscope (Tokyo, Ja-
pan) at 200 · magnification. The mucosal thickness was
analyzed with ImageJ software (National Institutes of
Health, Bethesda, MD, USA).

Statistical analysis

Data are shown as the mean – standard deviation of in-
dependent experiments. Statistical comparisons between
groups were performed using Student’s t-tests.

RESULTS

Increased cytokine and chemokine production
in an OVA-induced mouse model

Induction with OVA promoted production of inflamma-
tory factors in the respiratory tract. The secretion of IL-4, a
key cytokine in allergic inflammation, was increased to
98.92 – 13.67 pg/mL in the BALF in the OVA group,
whereas its levels were at 2.56 – 4.65 pg/mL in the PBS
group. Treatment with HY2782 and PRE decreased IL-4
levels to 59.05 – 11.33 pg/mL (HY2782) and
51.41 – 4.17 pg/mL (HY2782 complex) (Fig. 1A). The se-
cretion of IL-5 also showed the same pattern (Fig. 1B).

Secretion of IL-13, which was increased by OVA induction,
was decreased by dexamethasone treatment, but decrease in
secretion was not significant (P = .09). However, IL-13 se-
cretion was shown to decrease in the HY2782 (P < .05) and
HY2782 complex groups (P < .01, Fig. 1C).

Total IgE secretion increased to 116.14 – 10.91 ng/mL in
the BALF of OVA-induced mice, whereas its secretion level
was at 64.04 – 15.50 ng/mL in the PBS group. IgE levels
recovered to 72.54 – 11.51 ng/mL in the Dex group The
secreted IgE levels were decreased to 89.58 – 11.82 ng/mL
in the HY2782 group and to 53.07 – 10.00 ng/mL in the
HY2782 complex group. The most effective decrease in IgE
secretion was observed in the HY2782 complex group
(Fig. 2A) and this result was confirmed through analysis of
serum levels (Fig. 2B).

Asthma-related factors, such as IL-4, increased secretion
of leukotrienes in the respiratory mucosa. The secreted
LTC4 increased to 3.97 – 0.52 ng/mL in the OVA group,
while its levels were at 0.57 – 0.11 ng/mL in the PBS group.
LTC4 levels were reduced to 2.56 – 0.74 and
1.90 – 0.39 ng/mL in the HY2782 group and HY2782
complex group, respectively (Fig. 3A). Serum ADMA levels
decreased in the experimental group in the same manner as
observed for LTC4 (Fig. 3B).

Change in expression of antioxidant
and inflammatory genes in the lungs after HY2782
and PRE complex ingestion

Reactive oxygen species (ROS) induced by OVA in-
creases the levels of cytokines such as IL-4, IL-5, and IL-13.
Therefore, ROS needs to be regulated to control airway
inflammation caused by OVA exposure. Probiotics have
antioxidant effects, and inhibition of ROS by probiotics may
attenuate airway inflammation.

Gene expression levels of NRF2, a representative oxida-
tive stress regulator, were significantly increased in the
OVA group (1.51 – 0.27) after ingestion of HY2782
(2.26 – 0.23, Fig. 4A). Another antioxidant gene, SOD-1,
showed the same pattern as NRF2 (Fig. 4D), while the ex-
pression levels of AHR increased after OVA exposure
(1.54 – 0.39), but decreased with HY2782 ingestion
(0.88 – 0.14, Fig. 4B). The CAT gene showed the same

Table 1. Gene Names and Symbols Used in Gene Expression Analysis

Gene symbol Gene name Catalog number Reference sequence

GAPDH Glyceraldehyde-3-phosphate dehydrogenase Mm99999915_g1 NM_021283.2
SOD-1 Superoxide dismutase 1 Mm01344233_g1 NM_011434.1
CAT Catalase Mm00437992_m1 NM_009804.2
MCP-1 Monocyte chemoattractant protein-1 Mm00441242_m1 NM_011333.3
MIP-2a Macrophage inflammatory protein 2-alpha Mm00436450_m1 NM_009140.2
AHR Aryl hydrocarbon receptor Mm00478932_m1 NM_013464.4
NQO1 NAD(P)H quinone oxidoreductase 1 Mm01253561_m1 NM_008706.5
NRF2 Nuclear factor erythroid 2-related factor 2 Mm00477784_m1 NM_010902.3
iNOS Inducible nitric oxide synthase Mm00440502_m1 NM_010927.3
COX-2 Cyclooxygenase-2 Mm00478374_m1 NM_011198.3
MUC5AC Mucin 5AC Mm01276718_m1 NM_010844.1
CXCL9 (MIG) Monokine induced by gamma interferon Mm00434946_m1 NM_008599.4
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results as AHR (Fig. 4C). The expression of NQO1 increased
in the OVA group (1.54 – 0.30, P < .05), but did not change
in the other groups (P > .05, Fig. 4E).

Gene expression of MCP-1, a key factor in regulation of
immune cell migration and infiltration, increased in the OVA
group (2.86 – 0.42). However, its expression significantly
decreased in the experimental groups (HY2782: 1.80 – 0.49,
HY2782 complex: 1.17 – 0.18, Fig. 5A). Gene expression
levels of MIP-2, which plays an important role in the che-

motactic effect of leukocytes and hematopoietic cells, were
also increased in the OVA group (2.45 – 0.32, Fig. 5B). In
addition, the gene expression levels of CXCL9 (MIG), an in-
flammatory chemokine that regulates immune cell migration,
differentiation, and activation, showed the same expression
pattern as that shown by MCP-1 and MIP-2 (Fig. 5C).

Expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) associated with mucosal in-
flammation increased in the OVA group, but decreased in

FIG. 1. Cytokine levels in BALF. BALF was collected and analyzed to determine IL-4, IL-5, and IL-13 secretion. (A) Increased secretion of IL-
4 by OVA exposure. (B) IL-5 secretion in BALF. (C) IL-13. Data are shown as the mean – SD. Significant differences are indicated as ###P < .001
when compared with the PBS group and *P < .05, **P < .01, and ***P < .001 when compared with the OVA group. PBS, normal mice; OVA,
OVA-exposed mice; Dex, dexamethasone-treated OVA group; HY2782, Lactobacillus HY2782-fed OVA group; HY2782 complex, HY2782 and
PRE-fed OVA group. BALF, bronchoalveolar lavage fluid; IL, interleukin; OVA, ovalbumin; PBS, phosphate-buffered saline; PRE, Pueraria
lobata root extract; SD, standard deviation.

FIG. 2. IgE secretion in BALF and serum. (A) IgE secretion in BALF. (B) Serum. Data are shown as the mean – SD. Significant differences are
indicated as ##P < .01 and ###P < .001 when compared with the PBS group and *P < .05, **P < .01, and ***P < .001 when compared with the OVA
group. PBS, normal mice; OVA, OVA-exposed mice; Dex, dexamethasone-treated OVA group; HY2782, Lactobacillus HY2782-fed OVA group;
HY2782 complex, HY2782 and PRE-fed OVA group. IgE, immunoglobulin E.
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FIG. 3. Chemotactic factors in serum and BALF (A) LTC4 in BALF. (B) Serum ADMA level. Increased ADMA by OVA decreased in the
experimental groups. Data are shown as the mean – SD. Significant differences are indicated as ###P < .001 when compared with the PBS group
and *P < .05, **P < .01, and ***P < .001 when compared with the OVA group. PBS, normal mice; OVA, OVA-exposed mice; Dex,
dexamethasone-treated OVA group; HY2782, Lactobacillus HY2782-fed OVA group; HY2782 complex, HY2782 and PRE-fed OVA group.
ADMA, asymmetric dimethylarginine; LTC4, leukotriene C4.

FIG. 4. Antioxidant gene expression levels in the lung. (A) NRF2 increased in the OVA group, but increased further in the experimental groups.
(B) AHR increased in the OVA group, but decreased in the experimental groups. (C) Changes of antioxidant gene CAT expression level. (D) SOD-
1 expression level. (E) NQO-1 expression level. Data are shown as the mean – SD. Significant differences are indicated as #P < .05 and ##P < .01
when compared with the PBS group and **P < .01 when compared with the OVA group. PBS, normal mice; OVA, OVA-exposed mice; Dex,
dexamethasone-treated OVA group; HY2782, Lactobacillus HY2782-fed OVA group; HY2782 complex, HY2782 and PRE-fed OVA group.
AHR, aryl hydrocarbon receptor; NRF2, nuclear factor erythroid 2-related factor 2.
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FIG. 5. Changes in the chemotactic gene expression by HY2782 and PRE complex. (A) MCP-1 decreased in the HY2782+PRE group. (B) MIP-
2 expression level. (C) CXCL9 increased in the OVA group, but decreased in the experimental groups. Data are shown as the mean – SD.
Significant differences are indicated as ##P < .01 and ###P < .001 when compared with the PBS group and *P < .05, **P < .01, and ***P < .001
when compared with the OVA group. PBS, normal mice; OVA, OVA-exposed mice; Dex, dexamethasone-treated OVA group; HY2782,
Lactobacillus HY2782-fed OVA group; HY2782 complex, HY2782 and PRE-fed OVA group.

FIG. 6. Mucosal inflammation-related gene expression levels in the lung. (A) iNOS was increased in the OVA group. (B) COX-2 increased by
OVA decreased in the experimental groups. (C) Reduction of MUC5AC by HY2782 treatment. Data are shown as the mean – SD. Significant
differences are indicated as ##P < .01 and ###P < .001 when compared with the PBS group and *P < .05, **P < .01, and ***P < .001 when compared
with the OVA group. PBS, normal mice; OVA, OVA-exposed mice; Dex, dexamethasone-treated OVA group; HY2782, Lactobacillus HY2782-
fed OVA group; HY2782 complex, HY2782 and PRE-fed OVA group. COX-2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase.
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the other groups (Fig. 6A, B). Thus, the reduced secretion of
LTC4 in BALF was due to decreased expression of iNOS
and COX-2. The expression of the mucosal gene, MUC5AC,
significantly increased in the OVA group (2.38 – 0.38,
P < .001). HY2782 intake decreased the expression levels of
MUC5AC, but not significantly (1.82 – 0.31, P = .069).
However, PRE ingestion significantly reduced the expres-
sion of MUC5AC (1.31 – 0.36, P < .01, Fig. 6C).

Taken together, ROS and airway inflammation increased
by OVA were controlled by HY2782 and PRE treatment.
Therefore, HY2782 is a key factor in regulation of ROS
induced by OVA, and the complex with PRE could be ex-
cellent for inflammation control.

Changes in mouse immune cell composition
by OVA exposure

To confirm the anti-inflammatory effects of HY2782 and
PRE complex on lungs, mice were exposed to OVA, and
immune cells in the BALF were counted. Neutrophils,
lymphocytes, macrophages, and eosinophils in the BALF
significantly increased in the OVA group compared with the
PBS group. The number of neutrophils in the BALF was
105.50 – 22.18 · 103 cells/mL in the OVA group, and this
number significantly decreased to 68.75 – 15.82 · 103

cells/mL after HY2782 intake (P < .05). The number of
immune cells decreased to 64.33 – 15.00 · 103 cells/mL in
the HY2782 complex group (P < .01). Ingestion of PRE and
HY2782 complex was shown to reduce immune cell re-
cruitment in the respiratory tract (Fig. 7).

HY2782 and PRE complex attenuate lung
inflammation in the OVA mouse model

We confirmed that more inflammation occurred in the
lung tissues of mice exposed to OVA. In contrast, feeding of
probiotics and PRE complex to mice relieved lung tissue
inflammation. In the PBS group, the lung mucosa was

18.57 – 3.65 lm thick, whereas in the OVA group, the
thickness increased to 44.06 – 3.62 lm (P < .001). Intake of
samples decreased mucosal thickness to 22.24 – 4.09 lm in
the HY2782 group (P < .001) and 23.35 – 2.42 lm in the
HY2782 complex group (P < .001, Fig. 8).

Taken together, the ROS induced by OVA increased
levels of asthma-related factors such as IL-4, IL-5, COX-2,
LTC4, and ADMA and induced lung inflammation along
with recruitment of immune cells. Ingestion of HY2782
increased the levels of antioxidant factors such as NRF2
for regulation of ROS in vivo. Increased NRF2 appeared to
reduce lung inflammation by increasing the levels of
antioxidant-related factors such as CAT and SOD, inhibiting
intracellular ROS production, and decreasing chemokine
and cytokine secretion, thereby inhibiting immune cell
infiltration.

DISCUSSION

Asthma is a complex and heterogeneous disease of the
airways that affects millions of people worldwide. Re-
spiratory allergens induce production of proinflammatory
cytokines from airway epithelial cells.18,19 Airway epithe-
lial cells activate Th2 cytokine production in mast cells.20

The functional roles of B cells in allergic airway inflam-
mation have been controversial, whereas their ability to
produce the IgE antibody is well established. When the B
cell encounters an allergen, it produces IgE and binds with
mast cells to activate degranulation21,22; subsequently,
various types of autacoids (such as histamine and leuko-
triene) are secreted to mediate allergens and inflammatory
reactions.23,24 In kudzu root extract, flavonoids such as
genistein, daidzin, daidzein, and puerarin are known as
representative functional ingredients.25 In immune hyper-
sensitivity reactions such as allergies, these flavonoids are
known to inhibit the release of histamine by suppressing
mast cell/basophil activation and degranulation of eosino-
phils.26 Utilizing a mouse model of allergic asthma, a

FIG. 7. Immune cell composition in
the BALF. The immune cell count was
increased by OVA exposure and was
decreased in experimental groups. Data
are shown as the mean – SD. Sig-
nificant differences are indicated as
###P < .001 when compared with the
PBS group and *P < .05, **P < .01, and
***P < .001 when compared with the
OVA group. PBS, normal mice; OVA,
OVA-exposed mice; Dex,
dexamethasone-treated OVA group;
HY2782, Lactobacillus HY2782-fed
OVA group; HY2782 complex,
HY2782 and PRE-fed OVA group.
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recent study indicated that puerarin treatment attenuated
OVA-induced airway inflammation by regulation of
eotaxin-3, which suggested its potential application in al-
lergic inflammation, although the detailed mechanism was
unknown.12 In this study, HY2782 probiotics have not been
shown to effectively lower IgE produced in excess by OVA
exposure in BALF and blood. On the other hand, the
HY2782 complex exhibited a more effective IgE reduction
effect than dexamethasone, the positive control (Fig. 2).
This suggested that the HY2782 complex will more ef-
fectively modulate immune hypersensitivity reactions than
will administration of just probiotics.

Th2 cells are thought to be the central immune cells that
regulate allergic airway inflammation in asthma.27,28 Th2
cells secrete IL-4, IL-5, and IL-13 and promote humoral
immune response and increase cytokine secretion during
allergic inflammatory reactions.29–31 Th2 cytokines play an
important role in amplifying the allergic inflammation in
asthma by activating eosinophil and inflammatory cell in-
filtration and mucus overproduction.32 In our study,
HY2782 complex treatment downregulated IL-4, IL-5, and
IL-13 levels in the BALF (Fig. 1) and also downregulated
MUC5AC mRNA expression (Fig. 3). These results suggest
that the HY2782 complex effectively decreases inflamma-
tion induced by OVA and inhibits mucus hypersecretion and
also improves allergic responses in BALF by reducing Th2
cytokine levels.

Chemokines also play an important role in inducing in-
flammatory cells into the lesion site. MCP-1 is a CC che-
mokine that selectively induces immune cells, including
monocytes, lymphocytes, and basophils. In asthma, a dis-
turbed hemostatic balance is one of the important factors for
perpetuation of allergic inflammation.13,14 In our study,
HY2782 complex treatment downregulated expression of
MCP-1, MIP-2, and CXCL9 mRNA in serum (Fig. 5). This
result suggests that the HY2782 complex helps to suppress
the hypersensitivity reaction by alleviating the inflammatory
response.

In respiratory hypersensitivity reactions, leukotriene
plays a role in relaxing the smooth muscle of the nasal
mucosa and promotes the movement of eosinophils in blood
and bronchial lavage of asthmatic patients.33 Therefore,
leukotriene modulators have been used as asthma treatments
in many studies. ADMA is an endogenous NOS inhibitor
that competes with l-arginine for binding to NOS. It has
been suggested that ADMA contributes to inflammation,
collagen deposition, nitrosative stress, and lung function in
murine models.34 In this study, the HY2782 complex
showed the effect of reducing the respiratory inflammatory
response by increasing the expression of iNOS and COX-2
genes in the acute inflammatory response induced by OVA
and thus reduced the concentration of ADMA in serum. In
addition, it showed an effect of reducing the expression of
COX-2, which is involved in the inflammatory response. In

FIG. 8. Effect of HY2782 and HY2782+PRE on histology of lung tissue in the OVA mouse model. Female BALB/c mice were challenged with
OVA intranasal administration. (A) Lung was stained with H&E (200 · magnification). (B) Mucosal thickness was measured using ImageJ
software. Data are shown as the mean – SD. Significant differences are indicated as ###P < .001 when compared with the PBS group and
***P < .001 when compared with the OVA group. PBS, normal mice; OVA, OVA-exposed mice; Dex, dexamethasone-treated OVA group;
HY2782, Lactobacillus HY2782-fed OVA group; HY2782 complex, HY2782 and PRE-fed OVA group.
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addition, it was confirmed that the expression of MUC5AC
and LTC4 was also decreased in BALF. These results are
assumed to indicate that the HY2782 complex can effec-
tively respond to immune hypersensitivity reactions in the
bronchus and trachea.

Probiotics are emerging as a safe and natural strategy for
allergy prevention and treatment. However, clinical, pro-
biotic intervention studies have so far yielded conflicting
results. Administration of probiotics in mice has been ex-
plored for preventing or reducing the development of the
hallmarks of allergic diseases in animal studies. To gain
insight into the probiotic- and allergy-associated mecha-
nisms responsible for the observed effects, researchers an-
alyzed several parameters, such as allergen-specific
antibody production35; Th1, Th2, and Treg cytokine levels
in the airways and lymph nodes35–37; effector and regulatory
T cell population counts35,37; and airway function.38–41

It is known that most people with respiratory hyperre-
sponsiveness such as asthma are very susceptible to oxida-
tive stress caused by ROS production compared with
healthy individuals.42 AhR is a ligand-activated transcrip-
tion factor, and after ligation of dioxins to AhR, the receptor
translocates from the cytosol to the nucleus. AhR ligands are
also concentrated in bronchial epithelial cells, suggesting
that the respiratory system is sensitive to AhR ligands.2

In this study, the HY2782 complex-treated mice showed a
decrease in the expression of AhR, one of the main indica-
tors for confirming a respiratory hypersensitivity reaction,
which is judged as a reduction effect by HY2782 as well as
an antioxidant effect.

In our previous study, we confirmed that L. casei HY2782
improves lung inflammation in the COPD animal model.43

Consequently, it was hypothesized that HY2782 might ex-
hibit anti-AHR effects in vivo. In the current study, we
demonstrated that the HY2782 complex treatment improves
AHR, using an acute asthma-induced animal model. Al-
though the mouse model of asthma does not completely
reproduce human diseases, the known allergic pulmonary
inflammation and immunological information of AHR can
be applied to humans, so the OVA-induced asthma mouse
model is used. This study also confirmed that the HY2782
complex relieves airway hypersensitivity and helps improve
airway inflammation through strong antioxidant activity.

In conclusion, through this study, we confirm that the
HY2782 complex effectively improves the immune re-
sponse and airway hypersensitivity reaction by the anti-
inflammatory effect of the P. lobata root extract and
antioxidant effect of HY2782. In this study, we provide
in vivo data for development of effective and new thera-
peutic agents for AHR treatment. However, further studies
are required to elucidate its detailed mechanism of action.
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