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This study investigated the expectorant effects of immature Asian pear extract (IAP; Pyrus pyrifolia Nakai) on subacute pulmonary
injuries in Balb/c mice induced by particulate matter with a diameter of approximately 2.5 ym (PM, 5). IAP was administered at
three doses, namely, 400, 200, and 100 mg/kg. The body weight and weight gain changes, lung weights, lung and body surface gross
inspections, tracheal secretions, and substance P and ACh content in lung tissue homogenate were observed one day after the
tenth IAP administration. The mRNA expression of the genes related to mucus production and lung histopathology was
compared with that of the negative and positive controls. Favorable pulmonary protective effects on PM, s-induced subacute
pulmonary injuries, mucus overproduction, and respiratory acidosis were observed in groups treated with IAP at all three doses,
possibly through potent anti-inflammatory and mucolytic expectorant activities mediated by the increase in the content of lung
substances P and ACh and the downregulation of lung MUC5AC and MUC5B mRNA expression in a dose-dependent manner.
The results of this study show that an appropriate oral administration of IAP has sufficient pulmonary protective effects and can be
used as a candidate for the development of functional food ingredients.

1. Introduction Asian countries. Beijing, the capital of China, has a partic-
ularly high incidence of respiratory diseases caused by PM
The rapid increase in particulate matter (PM), an air pol- [1-3]. A large amount of PM, in the form of yellow dust, is

lutant, has led to the emergence of various respiratory  generated in Northwest China in the spring, on the Loess
diseases in Korea, China, and Japan, as well as in other East Plateau, and in the deserts of Inner Mongolia, which
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combines with automobile exhaust and coal gas to form
a more severe form of PM as it passes through the inland
industrial areas of China [4]. Since the 2008 Beijing
Olympics, Beijing has drawn attention as one of the area
most seriously affected by PM worldwide, and measures to
reduce air pollution have been undertaken [5]. When
measured on the ground, the majority of PM consisted of
PM with a diameter of approximately 2.5 ym (PM,s) and
contained mineral dust including organic and inorganic
contaminants [6].

Inhalation of PM causes serious lung damage and secondary
heart damage and triggers allergic inflammation, the most
frequent and serious cause of asthma [7]. Asthma is the most
representative noncollective inflammatory airway disease caused
by air pollution [1-3, 8]. According to WHO [9], the prevalence
of asthma reached nearly 235 million cases worldwide in 2017. In
addition, the accumulation of PM increases oxidative stress in
the epithelial cells of the airway and lung tissues, leading to local
tissue damage and inflammatory responses [5, 10]. More than
70% of inhaled PM accumulates in the lower trachea, and
approximately 22% reaches the alveoli [10]. Accumulated PM
affects epithelial cells in the airway and lung tissue, causing local
tissue damage and inflammatory responses because of oxidative
stress [5, 10]. The initiation of an inflammatory response is
marked by an increase in inflammatory mediators and proin-
flammatory cytokines [11]. Reactive oxygen species (ROS),
catalase (CAT), heme oxygenase-1 (HO-1), superoxide dis-
mutase (SOD), and glutathione peroxidase (GPX) [12] are
factors influencing oxidative stress.

Coughing (sneezing) is defined as a spurt reflex following
the obstruction of the epiglottis that is related to sound
characteristics [13]. Cough can cause various respiratory
disorders, and chronic cough is known to reduce the pa-
tients’ quality of life, necessitating prompt and proper
treatment [14]. Bronchoconstriction is one of the main
causes of coughing. It provokes rapidly adapting receptors
(RARs) intrapulmonary, which regulate cough induction by
increasing cough sensitivity [15]. The activation of the early
adaptation receptors in the lung induces bronchocon-
striction and the secretion of mucus through the para-
sympathetic reflexes [16]. Cough is subdivided into
nonmucus-secreting (dry) or mucus-secreting (thoracic
and wet recurrent) cough [16]. Antitussives are effective
against dry cough; however, they are not effective against wet
recurrent cough unless accompanied by expectorant action
[17]. The inflammatory response also participates in the
induction of several respiratory diseases, including cough
[18, 19]. Drugs exhibiting concurrent expectorant, anti-
inflammatory, and antitussive effects can be used effec-
tively in various respiratory disorders, especially bronchial
asthma, cough, and respiratory inflammatory diseases
caused by toxic environmental substances [20-25]. Expec-
torants have been used in the treatment of various re-
spiratory systems as they promote mucous secretion in the
body, relieve clumped sputum, and act as an airway lubri-
cant [26, 27]. Its effect has been evaluated based on mucus
secretion using various methods. The most commonly used
method is the pH-sensitive phenol red tracheal secretion
measurement method [20].
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The metabolite of bromhexine ambroxol[2-amino-3,5-
dibromo-N-(trans-4-hydroxycyclohexyl)benzylamine]  is
a representative expectorant that dissolves sputum by
promoting respiratory secretion [28, 29]. It has been pre-
scribed clinically for several respiratory diseases for more
than 40 years. Ambroxol has a secretotropic mucolytic ac-
tion in addition to the antioxidant, anti-inflammatory,
antiviral, and antibacterial activities of ambroxol hydro-
chloride (AM) [29, 30]. However, the use of this drug in
patients with gastric ulcers and pregnant women is strictly
controlled [31]. In this study, according to the results of drug
efficacy evaluation in various previous lung injury models
[22-25, 29], the AM (250 mg/kg) oral administered group
was selected as the control drug group.

Respiratory disorders caused by PM are a growing
concern; thus, the development of drugs for prevention or
treatment of the respiratory damage due to PM has been
undertaken [2, 3]. Physiologically active substances derived
from natural products have excellent anti-inflammatory and
antioxidant activities and relatively fewer side effects [32].
Therefore, there has been increased interest in the devel-
opment of respiration protective drugs using natural
products in PM, s-induced lung injury models [1-3, 12].
Among these, pears (Pyrus spp.) are well-known as com-
monly consumed fruits worldwide [33]. Pears can be con-
sumed in the form of beverages, purees, jellies, or jams;
however, they are mostly consumed as fresh fruit [34].
Unlike other fruits, such as apples, grapes, and tangerines,
pears do not have a unique color and scent; therefore, studies
on the chemical substances or biological activities in pears
are relatively rare [35]. Based on updated research on the
chemical substances present in P. pyrifolia Nakai, the most
common oriental pear cultivated in Korea, caffeoyl tri-
terpenes [36], a phenylpropanoid malate derivative [37], and
other phenolic compounds, such as flavonoids, have been
found as major active compounds [37-40]. The content of
chlorogenic acid, caffeic acid, arbutin, phenolic compounds,
malaxinic acid, flavonoids, and antioxidants, which are
major compounds in pears, decreases with maturation [41].
Thus, the antioxidant activity and amount of phenolic
compounds in immature pears are significantly higher than
in mature pears [35]. Immature fruits are removed imme-
diately after flowering through fruit thinning to harvest
high-quality mature fruits [38], a process in which only one
of the seven or eight clusters of fruit is left intact; the
remaining are discarded [42]. Considering the mature pear
production in Korea [43], the number of unprocessed im-
mature pears is estimated to be approximately 15,000 tons
per year [35], with most of these pears being completely
discarded [35]. Therefore, it is beneficial to separate active
components of immature embryos for the development of
functional food materials [35].

This study investigated the expectorant activity of im-
mature Asian pear extract (IAP) using a PM, s-induced
mouse lung injury model [1-3], a representative PM-
induced respiratory disorder experimental animal model,
to develop functional food materials or natural drugs that
can effectively improve respiratory functions. The repre-
sentative sputum samples were compared with those of the
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oral administration group, which received 250 mg/kg of AM,
a soluble expectorant [22-25, 29], as a control.

2. Materials and Methods

2.1. Test Material. The IAP (immature Asian pear; Pyrus
pyrifolia Nakai) extract was supplied from Bioport Korea
Inc. (Yangsan-si, Korea). The light brown powder of IAP
extract can be mixed in distilled water to make a solution
(40 mg/mL). The solutions were stored at —20°C until further
use. A part of the IAP extract powder (IAP2022BPK01) was
listed as a sample in the herbarium of the Medical Research
Center for Herbal Convergence on Liver Disease, Daegu
Haany University (Gyeongsan, Korea). AM was purchased
from Sigma-Aldrich (St. Louis, MO, USA) and used as the
control drug [29].

2.2. Administration of the Test Substance. Prior to the ad-
ministration, the IAP solutions were prepared by dissolving
the extract with distilled water and making various con-
centrations (40, 20, and 10 mg/mL). Subsequently, the so-
lutions were administered orally once daily using a metal
sonde attached to a 1 mL syringe at a dose of 10 mL/kg (400,
200, and 100 mg/kg) for 10 days. In the same way, distilled
water was used for preparing the AM solution (25 mg/mL),
and a dose of 10 mL/kg (250 mg/kg) was administered orally
once daily for 10days. To ensure the same handling for
PM, 5 control and normal vehicles, the sterile distilled water
was only administered orally along with the vehicle in the
control group. The AM concentration of 250 mg/kg was
chosen according to previous studies [22-25, 29].

2.3. High-Performance Liquid Chromatography Analyses.
The amount of arbutin in the IAP extract was analyzed using
the 1200 series Agilent HPLC (Agilent Technologies, Inc.,
Santa Clara, CA, USA), G1314B detector (Agilent Tech-
nologies, Inc.), and C18 column (4.6 mm x 250 mm, 5 ym;
Capcell Pak column; Osaka Soda Co. Ltd., Osaka, Japan).
Standard arbutin (Alfa Aesar; Massachusetts, USA) and IAP
extract were diluted in the mobile phase solvent consisting of
10mM KH,PO, and acetonitrile in a ratio of 98.9:1.1. A
0.45-ym membrane filter was used to filtrate the mobile
phase before use. During analysis, the arbutin was analyzed
at 280 nm, and the column was maintained at 30°C. A 10 yL
sample was injected at a flow rate of 0.8 mL/min, and the
results were quantitatively analyzed.

2.4. Experimental Animals. Seventy-two SPF/VAF inbred
Balb/c male mice (Orient Bio, Seungnam, Korea) were ac-
climated for 10 days. Ten mice were grouped into each of the
six groups based on their body weight (average weight:
normal vehicle control group, 21.38 £+ 1.06 g; PM, s-induced
lung damage experimental group, 21.39+0.97 g) one day
before the first intranasal injection of PM, 5 and the start of
test substance administration. The experiment was con-
ducted after receiving approval from the Daegu Haany
University Animal Experiment Ethics Committee (Approval

No. DHU2022-097). All experimental animals fasted for 18 h
before starting the administration of the test substance and
on the final day of necropsy. Water was provided ad libitum
during that time. For an inflammatory mouse model (in-
flammation, asthma, bronchiectasis, etc.), an IAP dose of
200 mg/kg was administered. Doses of 400 and 100 mg/kg
were selected as high and low doses, respectively, at
a common ratio of 2.

2.5. Experimental Groups. Six groups were included in the
current study. Mice were sacrificed at the end of each
experiment.

Group 1 (intact control): oral administration of 10 mL/
kg of distilled water with intranasal instillation of
0.1 ml/kg of saline

Group 2 (PM, 5 control): oral administration of 10 mL/
kg of distilled water with intranasal instillation of 1 mg/
kg of PM, 5

Group 3 (AM250): oral administration of 250 mg/kg of
AM with intranasal instillation of 1 mg/kg of PM, 5

Group 4 (IAP400): oral administration of 400 mg/kg of
IAP with intranasal instillation of 1 mg/kg of PM, 5

Group 5 (IAP200): oral administration of 200 mg/kg of
IAP with intranasal instillation of 1 mg/kg of PM, 5

Group 6 (IAP100): oral administration of 100 mg/kg of
IAP with intranasal instillation of 1 mg/kg of PM, 5

2.6. Induction of Lung Damage. PM,s was diluted in
physiological saline to 10 mg/mL, following the previous
studies [1-3, 25]. Subacute lung injury was induced via the
intranasal instillation of this suspension at a dose of 0.1 mL/
kg (1 mg/kg) twice at a 48 h interval (Day 0 and Day 2). The
intranasal instillation was performed 1h before the oral
administration of the test substance. In group 1, the same
amount of vehicle (physiological saline) was instilled in-
tranasally instead of the PM,, 5 suspension to ensure the same
handling, restraint, and administration stress. Sonication
was performed using an ultrasonicator (Branson, St. Louis,
MO, USA) for 30 min before intranasal injection to prevent
excessive aggregation of PM, 5 in the suspension.

2.7. Measurement of Tracheal Secretion. Tracheal secretion
was measured as described in the previous studies
[20, 22-25]. Twenty-four hours after the tenth adminis-
tration of IAP or AM, 10 mL/kg of 5% pH-sensitive phenol
red (Junsei Chemical Co. Ltd., Tokyo, Japan) solution (w/v)
dissolved in physiological saline was administered in-
traperitoneally. After 30 min, a rodent inhalation anesthesia
apparatus (Surgivet, Waukesha, WI, USA) and a rodent
ventilator (Harvard Apparatus, Cambridge, UK) under 3%
isoflurane, 70% N,O, and 28.5% O, mixed gas inhalation
anesthesia were used to visually observe the degree of
redness on the body surface. The body surface was photo-
graphed using a FinePix S700 camera (Fujifilm, Tokyo, Ja-
pan). The trachea (from thyroid cartilage to the tracheal



bifurcation) was excised, immersed in 1 mL of physiological
saline, and sonicated using 5210 Branson Ultrasonics (St.
Louis, MO, USA) for 15min to prepare a tracheal lavage
solution. Subsequently, 1 mL of NaHCOj3 solution (5%, w/v;
Sigma-Aldrich, St. Louis, MO, USA) was added, and the
optical density was read using a Sunrise microplate reader
(Tecan, Miannedorf, Switzerland) at 546 nm.

2.8. Extraction of Lung Tissue. The entire lungs of each test
animal were removed, the tracheas were resected, and an
automatic scale (Precisa Instrument, Dietikon, Switzerland)
was used to measure the weight 24.5h following the tenth
dose of the test substance and 30min after a single in-
traperitoneal administration of phenol red. For RT-PCR and
P and ACh content analyses, three right lung lobes (upper,
middle, and lower) were used, while for histopathological
observation and gross lesions, the left lobe of the lung
was used.

3. Observation Items

3.1. Body Weight. The body weight measurement was done
every day before PM, s administration until sacrifice using
an electronic balance. To minimize the deviation in weight,
all the animals fasted overnight on the day before and the last
day of administration.

3.2. Body Surface Observation and Measurement of Tracheal
Secretion and Lung Weight. A single intraperitoneal in-
jection of a pH-sensitive dye and phenol red (5%; Junsei
Chemical Co. Ltd., Tokyo, Japan) solution dissolved in saline
(w/v) at a concentration of 10 mL/kg was administered 24 h
after the last administration of the test substance and 30 min
after the injection of phenol red solution to measure the
tracheal secretion. Gross image acquisition was performed
using the FinePix S700 camera (Fujifilm, Tokyo, Japan) to
observe the body surface redness under anesthesia with 2-3%
isoflurane (Hana Pharm. Co., Hwasung, Korea) in a mixture
of 70% N,O and 28.5% O,. A rodent inhalation anesthesia
apparatus (Surgivet, Waukesha, WI, USA) and rodent
ventilator (Harvard Apparatus, Cambridge, UK) were used
to induce and maintain anesthesia. Subsequently, the in-
tensity of the redness on individual body surfaces on the
acquired gross digital images was measured using the iSo-
lution FL ver 9.1 image analyzer (IMT i-solution Inc.,
Burnaby, BC, Canada) and calculated as a percentage (%) of
the intact control.

The trachea, from the thyroid cartilage to the main-stem
bronchi, was removed. Following ultrasonication for 15 min
using an ultrasonicator (Model 5210, Branson Ultrasonics,
Danbury, CT, USA), 1 mL of NaHCOj; solution (5%, w/v)
was added to normal saline, and the optical density of the
prepared TLF was measured at 546 nm using a microplate
reader (Model Sunrise, Tecan, Minnedorf, Switzerland) as
described previously [20] with some modifications. The
lungs were separated under inhalational anesthesia after
tracheal dissection, and the weights of the individual lungs
were analyzed using the XB320M balance (Precisa
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Instrument, Dietikon, Switzerland). The body weight to
relative weight was also calculated.

3.3. Lung Gross Necropsy Findings (the Ratio of the Congested
to Healed Area, %). Ligations with 3-0 nylon (3-0 sterilized
nylon thread, NB 324, AILEE, Pusan, Korea) were per-
formed on the left secondary bronchus after weighing the
separated lung. The upper, middle, and lower lobes of the
right lung were used for substance P and ACh content and
RT-PCR analyses. The left lobes were used for gross and
histopathological inspections in the current experiment.
Gross inspections were performed using a commercial
digital camera (FinePix S700; Fujifilm, Tokyo, Japan).
Subsequently, the congestional regions (%) in the individual
left-lung lobes on the gross digital images were measured
using a computer-based automated image analyzer (iSo-
lution FL ver 9.1, IMT i-solution Inc., Burnaby, BC, Canada).

3.4. Substance P and Ach Content Assay in the Lung. The lung
tissues of the upper, middle, and lower lobes of the right
lungs were homogenized using a bead beater (Taco™Pre,
GeneResearch Biotechnology Corp., Taichung, Taiwan) and
an ultrasonic cell disruptor (Madell Technology Corp.,
Ontario, CA, USA) in an equal volume of normal saline and
stored at —150°C using an ultradeep freezer (Sanyo, Tokyo,
Japan) until analysis. The lung tissue homogenates were
centrifuged at 12,500 rpm for 30 min at 4°C using a cry-
ocentrifuge (Gyrozen, Daejeon, Korea), and the supernatant
substance P and ACh contents were measured using mouse
substance P (Mybiosource, San Diego, CA, USA) and ACh
(Mybiosource, San Diego, CA, USA) ELISA kits according to
the manufacturer’s protocol. The optical density was mea-
sured at 450 nm using a microplate reader.

3.5. mRNA Expression in the Lung Tissue (Real-Time RT-
PCR). mRNA expression of the genes involved in mucus
production, MUC5AC (Muc5ac) and MUC5B (Muc5b), was
measured using RT-PCR as described in previous studies
[25, 44, 45]. RNA was extracted using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The samples were treated
with recombinant DNase I (DNA-free; DNA-free DNA
Removal kit; Thermo Fisher Scientific Inc., Rockford, IL,
USA) to prevent contamination with DNA, and RNA was
reverse-transcribed using the High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific Inc., Rockford,
IL, USA) according to the manufacturer’s instructions. The
PCR primers include CCACTTTCTCCTTCTCCACACC
and GGTTGTCGATGCAGCCTTGCTT (GenBank Acces-
sion no. NM_010844), CTGAAGACCTGTCGGAACCCAA
and GCCACACACTTCATCTGGTCCT (GenBank Acces-
sion no. NM_028801), and CATTGCTGACAGGATGCA
GAAGG and TGCTGGAAGGTGGACAGTGAGG (Gen-
Bank Accession no. NM_007393) for MUC5AC, MUC5B,
and f-actin gene, respectively. The analysis was performed
using the Real-Time System (Bio-Rad, Hercules, CA, USA).
The following thermal conditions were applied according to
the manufacturer’s suggestion: 50°C for 2 min (activation),
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95°C for 10 min (pre-soak), 95°C for 15 sec (denaturation),
60°C for 1 min (annealing), 95°C for 15 sec, 60°C for 15 sec,
and 95°C for 15sec (melting curve). The data were nor-
malized to fB-actin (Actb) mRNA expression using the
comparative threshold cycle method [46]. All QPCR primer
pairs were obtained from OriGene Technologies
(Rockville, MD).

3.6. Histopathological and Histoimmunological Changes in the
Lungs. The left lobe of the lung was fixed in 10% neutral
buffered formalin for 24 h and embedded in paraffin blocks.
Tissue slides were prepared from the fixed tissue using an
automatic tissue cutter (RM2255; Leica Biosystems, Nus-
sloch, Germany). After H&E staining of tissue slides, the
mean ASA (%/mm?) reflected the pulmonary functions” gas
exchange capacities [22-25, 47, 48]. The mean alveolar septal
thickness (pm), the number of inflammatory cells in the
alveolar regions (cells/ymm?), and the number of PAS-
positive mucus-producing cells in the secondary bronchus
[22-25, 47-49] were calculated for general histomorpho-
metrical analysis using a computer-assisted image analysis
program and camera system. The histological fields observed
in this inspection were selected as the upper regions of the
secondary bronchus, with 10 histological lung fields in
each group.

A separate tissue slide was subjected to avidin-biotin-
peroxidase complex (ABC)-based immunohistochemical
staining to measure the caspase-3 and COX-2 levels using the
vectastain elite ABC kit (Vector Lab., Burlingame, CA, USA)
and examined with a computer-assisted automated image
analyzer. The endogenous peroxidase activity was analyzed
using a peroxidase substrate kit (Vector Lab., Burlingame, CA,
USA) according to the manufacturer’ instruction. After
heating-based epitope retrieval (95-100°C) in 10mM citrate
buffer (pH 6.0), the nonspecific binding of immunoglobulin
was blocked by incubation in the normal horse serum blocking
solution for 1h in a humidity chamber [25, 50, 51].

Anti-cleaved caspase-3 antibody (Cell Signaling Tech-
nology Inc., Beverly, MA, USA) and anti-COX-2 (murine)
polyclonal antibody (Cayman Chemical., Ann Arbor, MIJ,
USA) were used in this study. Primary antisera were in-
cubated overnight at 4°C in a humidity chamber and then
incubated with biotinylated universal secondary antibodies
and ABC reagents for 1 h at room temperature in a humidity
chamber. Lastly, the sections were reacted with the perox-
idase substrate kit for 3 min at room temperature. All sec-
tions were rinsed in 0.01 M phosphate-buffered saline (PBS)
three times between each step. In this study, cells with more
than 20% immunoreactivity and a high density of cleaved
caspase-3 and COX-2 were considered positive. The number
of cleaved caspase-3 and COX-2-immunolabeled cells lo-
cated in the restricted view field of the lung parenchyma,
around the alveolar septum, and secondary bronchus mu-
cosa regions (cells/mm?) was measured using a computer-
based automated image analyzer and histological camera
system, as described in previous reports [25, 50, 51]. The
histopathologist was blinded to the group distribution
during the analysis.

3.7. Statistics. All values are expressed as the mean-
+ standard deviation (n=10). The significance between
the groups was verified (p <0.05) with one-way analysis
of variance (ANOVA) using the SPSS program (Release
18.0, SPSS Inc., Chicago, IL, USA). Variance homoge-
neity was assessed using the Leven test. The significance
(p<0.05) was verified using Tukey’s honest significant
difference (THSD) test if no significant difference was
observed. The significance (p <0.05) was verified using
Dunnett’s T3 (DT3) test [52] if a significant deviation
was observed.

4. Results

4.1. Arbutin Content in the IAP Extract. The HPLC analysis
of the IAP extract used in this study showed that arbutin was
detected at a concentration of 8.60 mg/g in the IAP extract
(Figure 1).

4.2. Changes in Body Weight. Compared with that in group
1, no significant changes in body weight or weight gain were
observed in any of the PM, s-induced lung injury experi-
mental groups. No significant changes in body weight and
weight gain were observed in groups 3, 4, 5, or 6 compared
with those in group 2 (Table 1 and Figure 2).

4.3. Changes in Tracheal pH-Sensitive Phenol Red Secretion.
A significant (p < 0.01) increase in the OD value and phenol
red secretion of TLF was observed in group 2 compared with
those in group 1. A significant (p <0.01) increase in the
tracheal phenol red secretion was observed in a dose-
dependent manner in groups 4, 5, and 6. In particular,
group 5 showed a greater increase in the OD value of TLF
and phenol red secretion compared with those in group 3
(Figure 3).

4.4. Changes Observed on the Body Surface via the Naked Eye
Observation. A significant (p <0.01) decrease in the body
surface redness, which indicates respiratory acidosis (de-
crease in pH) caused by an increase in the carbon dioxide
saturation due to dyspnea [25, 53-55], was observed in
group 2 compared with that in group 1. However, compared
with that in group 2, a significant (p <0.01) increase in the
body surface redness was observed in a dose-dependent
manner in groups 4, 5, and 6. In particular, group 5
exhibited activity in the reduction of PM, s-induced body
surface redness comparable with that of group 3 (Figure 4
and Figure 5).

4.5. Lung Macroscopic Necropsy Findings and Changes in
Weight. Lung enlargement with significant local congestion
and a significant (p <0.01) increase in the gross congestion
area and absolute and relative lung weights were observed in
group 2 compared with those in group 1. However, marked
reductions in gross congestion in the lungs and absolute and
relative weights were observed in a dose-dependent manner
in groups 4, 5, and 6 compared with those of group 2. In
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F1GURE 1: Profile arbutin: (a) standard and (b) immature Asian pear extract.

particular, group 5 exhibited activity similar to that of group
3 in suppressing PM,s-induced pulmonary congestion,
enlargement, and an increase in absolute and relative weight
(Table 2 and Figure 6).

4.6. Changes in Substance P and ACh Content in Lung Tissue.
A significant (p<0.01) increase in substance P and Ach
content in the lung tissue was observed in group 2
compared with that in group 1. A significant (p <0.01 or
P <0.05) increase in substance P and ACh content in lung
tissue was observed in a dose-dependent manner in
groups 4, 5, and 6 compared with that in group 2. In
particular, group 5 showed an increase in substance P and
ACh content in lung tissue comparable with that of group
3 (Figure 7).

4.7. Changes in MUC5AC and MUC5B mRNA Expression
Related to Mucus Production in Lung Tissue. A significant
(p <0.01) increase in the expression of MUC5AC and MUC5B
mRNA related to mucus production in the lung tissue was
observed in group 2 compared with that in group 1. However,
a significant (p <0.01) decrease in MUC5AC and MUC5B
mRNA expression in the lung tissue was observed in a dose-
dependent manner in groups 4, 5, and 6 compared with that in
group 2. In particular, group 5 inhibited the increase in
MUC5AC and MUC5B mRNA expression related to mucus
production to a similar extent as group 3 (Figure 8).

4.8. Histopathological Changes in the Lungs. Marked fleshy
lesions (thickening of the alveolar septum due to infiltration
of inflammatory cells, thickening of the secondary bronchial
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TaBLE 1: Body weight gains in intact or PM, s-treated pulmonary injured mice.

Body weights (g) at periods

24h after last Body

Groups IniFia.l test article* . Last 10.th test 10 test article weight gains [B-A]
administration [A] article administration .. . .
administration [B]
Controls
Intact vehicle 18.85+0.84 22.55+1.02 20.34+0.78 1.49+0.43
PM, 5 19.24+0.72 22.72+0.75 20.76 £0.92 1.52+0.63
Reference-AM
250 mg/kg 18.93+0.82 22.79+0.73 20.54+0.71 1.61 +£0.63
Test substance-IAP
400 mg/kg 18.89+1.23 22.92+1.70 20.46 +1.47 1.57 +0.47
200 mg/kg 18.94 +0.67 22.71+0.69 20.49 £ 0.60 1.55+0.55
100 mg/kg 18.90 +0.91 22.39+0.95 20.43+1.25 1.53+0.61

Values are expressed mean + SD of 10 mice; PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian pear (fruit of
Pyrus pyrifolia Nakai cv. Shingo) extract; *all animals were overnight fasted (about 18 h; water was not restricted).
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Days after initial test substance administration

—@- Intact vehicle control mice
-O- PM, control mice

¥ AM 250 mg/kg administered PM, , treated mice
—/— TAP 400 mg/kg administered PM, , treated mice
—m— [AP 200 mg/kg administered PM, , treated mice
—1- IAP 100 mg/kg administered PM, , treated mice

FIGURE 2: Body weights changes in Intact or PM, s-treated pulmonary injured mice. Values are expressed mean+SD of 10 mice;
PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian pear (fruit of Pyrus pyrifolia Nakai cv.
Shingo) extract. Test substances-IAP and reference-AM were orally administered, once a day for 10 days, respectively. Subacute pulmonary
injuries were induced by intranasal instillation of PM, 5 suspensions, twice 48 h-interval at day 0 and day 2, at a dose level of 1 mg/kg,
respectively; day -1 means 1 day before initial test article administration; day 10 means the day of sacrifice, 24 h after last 10" test article
administration; all animals were overnight fasted before initial test article administration and sacrifice ().

mucosa, and increased PAS-positive mucus-producing cells)
were observed in group 2. A significant (p < 0.01) increase in
the average alveolar septal and secondary bronchial mucosal
thickness, the number of infiltrating inflammatory cells
around the alveoli, the number of PAS-positive mucus-
producing cells in the secondary bronchial mucosa, and

the associated decrease in ASA were observed in group 2
compared with those in group 1. However, a significant
(p <0.01) increase in ASA, mean alveolar septum thickness,
and a decrease in the number of infiltrating inflammatory
cells around the alveoli were observed in groups 4, 5, and 6
compared with that in group 2. In particular, group 5
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FiGURE 3: Trachea pH-sensitive phenol red secretions in intact or PM, s-treated pulmonary injured mice. Values are expressed mean + SD of
10 mice; PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian pear (fruit of Pyrus pyrifolia
Nakai cv. Shingo) extract; TLF = trachea lavage fluid; OD = optical density; DT3 = Dunnett’s T3; “p < 0.01 as compared with intact vehicle
control by DT3 test; "p < 0.01 as compared with PM, 5 control by DT3 test.

exhibited suppression of PM, s-induced alveolar septum
thickening and inflammatory cell infiltration and reduction
of ASA to an extent comparable with that of group 3. In
addition, as part of the expectorant activity [220, 2-25],
a significant (p < 0.01) increase in the mean thickness of the
secondary bronchial mucosa and a number of PAS-positive
mucus-producing cells was also observed in groups 4, 5, and
6 compared with those in group 2 in a dose-dependent
manner. In particular, group 5 showed an increase in sec-
ondary bronchial mucosal thickness and the number of
PAS-positive mucus-producing cells comparable with that
of group 3 (Table 3 and Figure 9).

4.9. Immunohistochemical Changes in the Lungs. A signifi-
cant (p <0.01) increase in the number of cleaved caspase-3
associated with apoptosis and COX-2 immune response cells
associated with inflammation was observed in the alveolar
septum and secondary bronchial mucosa in group 2 compared
with that in group 1. However, there was a significant (p < 0.01,
P <0.05) decrease in the number of cleaved caspase-3 and
COX-2 immunoreactive cells around the alveolar septum and
secondary bronchial mucosa in groups 4, 5, and 6 compared
with that in group 2 in a dose-dependent manner. In particular,
group 5 exhibited consistent inhibition of PM, s-induced
apoptosis-related cleaved caspase-3 and inflammation-related
COX-2 immune response cells in the alveolar septum and
secondary bronchial mucosa comparable with that of group 3
(Table 4 and Figure 10).

5. Discussion

Due to the possibility of PM-induced damage to various
organs, including the respiratory and cardiovascular systems
[56, 57] and associated increases in mortality [58, 59], great
attention has been focused on the harmful effects of PM.
Among them, PM, 5 is the greatest source of concern for
public health [60]. The incidence of arteriosclerosis,

respiratory diseases, and lung cancer increases significantly
with exposure to high concentrations of PM, 5 present in the
air [8, 61-63]. Compared with PM, which is a form of dust
approximately 10 ym in diameter, PM, s can evade innate
immunity due to its relatively smaller size; therefore, PM, 5
can reach the deep respiratory tract, bronchi, and alveoli
with greater ease, thereby, resulting in severe toxicity.
Various toxic substances present in PM, s, such as endo-
toxins, polycyclic aromatic hydrocarbons, sulfates, and
heavy metals, can also cause serious problems [64]. With the
increase in the incidence of respiratory disorders caused by
PM, there is a growing need to develop a treatment method
for the treatment or prevention of PM-induced respiratory
damage. In line with these needs, a PM,s-induced lung
injury Balb/c mouse model has been established, which
exhibits conditions similar to those in PM-induced re-
spiratory diseases in humans [2, 3, 25, 64]. The development
of respiratory protection drugs using natural products in
PM, s-induced lung injury models has gained popularity
[1-3], as bioactive substances derived from natural products
have relatively fewer side effects and excellent anti-
inflammatory and antioxidant activities [32].

Pears (Pyrus spp.) are one of the most commonly
consumed fruits worldwide [33]. The content of major active
ingredients, such as arbutin, chlorogenic acid, malaxinic
acid, total caffeic acid, total flavonoids, total phenolic
compounds, and antioxidant activity decreases with matu-
ration [41]. Thus, the content of phenolic compounds in
immature pears and their related antioxidant activity are
significantly higher than those in mature pears [35].
Therefore, the potential for separating physiologically active
components from immature embryos and developing
functional food materials is very high [35].

Therefore, in this study, the dose-dependent expectorant
activity of IAP was evaluated using a PM, s-induced mouse
lung injury model [1-3, 25], a representative PM-induced
respiratory disorder experimental animal model, for de-
veloping functional food materials or natural drugs that are
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FIGURE 4: Representative skin surface gross images, taken from Intact or PM, s-treated pulmonary injured mice. (a) Intact vehicle control
(distilled water orally administered mice with saline intranasal instillation); (b) PM, 5 control (distilled water orally administered mice with
PM, s intranasal instillation); (¢) AM250 (250 mg/kg of AM orally administered mice with PM, s intranasal instillation); (d) IAP200
(200 mg/kg of IAP orally administered mice with PM, 5 intranasal instillation); (e) IAP100 (100 mg/kg of IAP orally administered mice with
PM, 5 intranasal instillation); (f) IAP50 (50 mg/kg of IAP orally administered mice with PM, 5 intranasal instillation); PM, s = diesel
particulate matter NIST 1650b; AM =ambroxol hydrochloride; IAP =immature Asian pear (fruit of Pyrus pyrifolia Nakai cv. Shingo)
extract; scale bars =12.00 mm.
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FIGURE 5: Body surface redness in intact or PM,s-treated pulmonary injured mice. Values are expressed mean+SD of 10 mice;
PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian pear (fruit of Pyrus pyrifolia Nakai cv.
Shingo) extract; THSD = Tukey’s honest significant difference; *p < 0.01 as compared with intact vehicle control by THSD test; °p < 0.01 as
compared with PM, 5 control by THSD test.

TaBLE 2: Lung weights and goss inspections in intact or PM, s-treated pulmonary injured mice.

Lung weights

Congestional regions (%)-gross

Groups Items (unit) findings
Absolute (g) Relative (%)
Controls
Intact vehicle 0.117 £0.004 0.574 +0.025 1.67 +1.50

PM, 5 0.189 +0.020°
Reference-AM
250 mg/kg 0.152 +0.008™

Test substance-IAP

400 mg/kg 0.137 +0.010°
200 mg/kg 0.152 +0.008*
100 mg/kg 0.160 + 0.005*

0.913 £0.107° 57.58 +11.20°

0.741 + 0.035% 24.73 +11.43%°

14.50 + 4.42°°
24.82 +10.38%
34.96 +10.23%

0.671 + 0.048%°
0.743 +0.033%
0.784 +0.058*

Values are expressed mean + SD of 10 mice; PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian pear (fruit of
Pyrus pyrifolia Nakai cv. Shingo) extract; DT3 = Dunnett’s T3; *p < 0.01 as compared with intact vehicle control by DT3 test; °p <0.01 and °p < 0.05 as

compared with PM, 5 control by DT3 test.

more effective in improving respiratory function. For the
experimental results, a representative sample of sputum was
compared with that of group 3 [22-25, 29].

Under the conditions of this experiment, no significant
changes in body weight and the body weight gain were
observed in any of the PM, s-induced lung injury experi-
mental groups compared with those in group 1. No sig-
nificant changes in body weight and the weight gain were
observed in groups 3, 4, 5, and 6 compared with those in
group 2. Thus, it can be concluded that, similar to group 1,
groups 3, 4, 5, and 6 showed weight changes within the
weight gain range of BALB/c mice [52, 65] of the same age.

Expectorants promote mucous secretion in the body,
relieve clumped sputum, act as lubricants against airway
irritants, and are used in the treatment of various respiratory
systems [26]. The expectorant effect has been evaluated
based on mucus secretion using various methods, among
which the pH-sensitive phenol red tracheal secretion
measurement method is the most commonly used
[20, 22-25]. This experiment revealed a significant increase

in phenol red secretion in TLF in group 2 compared with
that in group 1. In addition, a significant increase in organ
phenol red secretion was also observed in a dose-dependent
manner in groups 4, 5, and 6 compared with that in group 2.
In particular, group 5 exhibited an increase in phenol red
secretion in TLF that was comparable with that of group 3.

Phenol red is a representative pH-sensitive dye that
reacts with alkalis at high pH. During the reaction, it changes
color from yellow to red; therefore, it has been used as
a pH indicator in various organisms [53, 55]. In individuals
with respiratory disorders, the concentration of carbon
dioxide increases, and the formation of carbonic acid causes
respiratory acidosis, resulting in a drop in pH [25, 66-68].
The results of this experiment showed that body surface
redness was significantly reduced in group 2 compared with
that in group 1 after intraperitoneal administration of
phenol red in group 2, indicating respiratory acidosis due to
respiratory failure caused by PM, s. In contrast, a significant
increase in body surface redness was observed in a dose-
dependent manner in groups 4, 5, and 6 compared with that
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FIGURE 6: Representative gross lungleft lobe images, taken from Intact or PM, s-treated pulmonary injured mice. (a) = Intact vehicle control
(distilled water orally administered mice with saline intranasal instillation); (b) = PM, 5 control (distilled water orally administered mice
with PM, s intranasal instillation); (c) = AM250 (250 mg/kg of AM orally administered mice with PM, s intranasal instillation); (d) = IAP200
(200 mg/kg of IAP orally administered mice with PM, 5 intranasal instillation); (e) = IAP100 (100 mg/kg of IAP orally administered mice
with PM, 5 intranasal instillation); (f) =TAP50 (50 mg/kg of IAP orally administered mice with PM, 5 intranasal instillation); PM, s = diesel
particulate matter NIST 1650b; AM =ambroxol hydrochloride; IAP = immature Asian pear (fruit of Pyrus pyrifolia Nakai cv. Shingo)

extract; arrows indicated congestional regions; scale bars = 6.00 mm.
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FIGURE 7: Lung substance P and ACh contents in intact or PM; 5-
treated pulmonary injured mice. Values are expressed mean + SD
of 10 mice; PM,s;=diesel particulate matter NIST 1650b;
AM =ambroxol hydrochloride; IAP =immature Asian pear (fruit
of Pyrus pyrifolia Nakai cv. Shingo) extract; ACh =acetylcholine;
DT3=Dunnett’s T3; *p<0.01 as compared with intact vehicle
control by DT3 test; *p < 0.01 and €p < 0.05 as compared with PM, 5
control by DT3 test.

in group 2. In particular, group 5 exhibited an inhibitory
effect on body surface redness caused by PM, 5 comparable
with that of group 3. These results provide clear evidence
that oral administration of 400, 200, and 100 mg/kg of IAP
can inhibit PM, s respiratory acidosis in a dose-dependent
manner through mucolytic expectorant activity. Moreover,
the efficacy of 200 mg/kg of IAP is comparable with that of
250 mg/kg of AM.

The mucus present on the surface of the respiratory
system plays a crucial role in defense against various in-
fectious agents and foreign substances. Mucin is a glyco-
protein component of mucus [69, 70]. The amount and
viscosity of mucus in the respiratory system are directly
related to the cleansing action of the microcilia. The presence
of alarge amount of mucus with high viscosity indicates that

mRNA expressions (Relative to
intact control/B-actin mRNA)

0
Intact PM2.5 AM 400 200 100
Controls 250 IAP (mg/kg)
(mg/kg)
H MUC5AC
[ MUCS5B

FiGure 8: Lung MUC5AC and MUC5B mRNA expressions in
intact or PM,s-treated pulmonary injured mice. Values are
expressed mean + SD of 10 mice; PM, 5 = diesel particulate matter
NIST 1650b; AM =ambroxol hydrochloride; IAP =immature
Asian pear (fruit of Pyrus pyrifolia Nakai cv. Shingo) extract;
MUC = mucin; DT3 =Dunnett’s T3; *p<0.01 as compared with
intact vehicle control by DT3 test; °p <0.01 as compared with
PM, 5 control by DT3 test.

the cleaning action of the respiratory system via microciliary
movement is impaired [59]. MUC5AC and MUC5B are the
most common macromolecular substances that constitute
the mucus secreted in the respiratory tract [25, 69, 70].
Changes in the expression of MUC5AC and MUCS5B are
induced in various respiratory diseases [71-73]. In partic-
ular, PM, s, which promotes mucus production by in-
creasing the expression of MUC5AC and MUC5B mRNA,
forms high-viscosity sputum [25, 69, 70]. In contrast,
glandular fluid secretion in the respiratory system is mainly
regulated through innervation [74]. Stimulation/excitation
of the vagus nervous system results in the local secretion of
ACh and large amounts of glandular fluid [75]. Substance P
is a representative glandular fluid secretion-promoting
factor in the respiratory system [76-78]. The secretion of
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TaBLE 3: General histomorphometrical analysis of lung-left lobe tissue in intact or PM, s-treated pulmonary injured mice.
Items (unit)
Groups 2, Mean alveolar septal Mean thickness of SB Mean IF cell PAS-positive cells on
Mean ASA (%/mm~) thickness (;m) (um) numbers infiltrated in the SB (cells/mm?)
H # AR (cells/mm?)
Controls
Intact vehicle 84.38 +10.03 7.12+1.99 16.21+2.19 42.00 +14.91 20.80+4.24
PM, 5 29.87 +10.46" 42.52+5.51° 22.51+1.42° 806.80 + 110.36° 35.00 + 4.14°
Reference-AM
250 mg/kg 61.11 +7.40° 26.51 +5.15° 30.15 +2.90° 298.00 + 104.86° 78.60 +15.86°
Test substance-IAP
400 mg/kg 69.89 +7.67° 20.44 +6.66° 36.37 +4.66° 166.10 +59.15% 96.80 +17.99
200 mg/kg 61.34+10.01°° 26.52 +4.76° 30.49 +3.86° 297.40 +102.48° 78.30 + 10.65%
100 mg/kg 52.70 + 6.39°° 32.06 +2.43° 27.38 +1.46% 407.90 + 101.56° 61.20 + 14.24%

Values are expressed as Mean + SD of 10 mice; PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP =immature Asian pear
(fruit of Pyrus pyrifolia Nakai cv. Shingo) extract; ASA = alveolar surface area; SB = secondary bronchus mucosa; IF = Inflammatory; AR =alveolar region;
PAS = periodic acid Schiff; THSD = Tukey’s honest significant difference; DT3 = Dunnett’s T3; *p < 0.01 as compared with intact vehicle control by THSD test;
bp <0.01 as compared with PM, 5 control by THSD test; “p < 0.01 as compared with intact vehicle control by DT3 test; Clp <0.01 as compared with PM, 5

control by DT3 test.

glandular fluid in the respiratory system is mainly regulated
by ACh and substance P [74, 75]. In contrast, substance P
also acts as a neurogenic inflammatory factor in the re-
spiratory system [79], and it is known that PM, 5 treatment
induces a significant increase in substance P as a neurogenic
inflammatory factor [25, 59, 80]. The treatment of PM, s-
induced damage is also associated with an increase in
vascular permeability [2, 3, 25], a part of an inflammatory
response, resulting in an increase in the ACh content as
a vasorelaxant factor [81]. However, vascular reactivity to
ACh is significantly reduced in mice with PM, s-induced
lung injury [25, 82].

As part of a prominent neurogenic inflammatory
response in lung tissue, the production of high-viscosity
mucus was induced by increased MUC5AC and MUC5B
mRNA expression [25, 69, 70] along with an increase in
the ACh and substance P content [25, 59, 80-82] in group
2 compared with that in group 1 in this study. Meanwhile,
as part of the mucolytic expectorant activity, significant
increases in the content of substances P and ACh, which
promote glandular fluid production [74, 75], and de-
creases in mucus production-related genes MUC5AC and
MUC5B mRNA [25, 69, 70], were observed in a dose-
dependent manner in groups 4, 5, and 6 compared with
those in group 2. In particular, group 5 exhibited in-
creased substance P and Ach content in lung tissue and
decreased mRNA expression of mucus production-related
genes MUC5AC and MUC5B compared with that in
group 3 in the PM, s-induced subacute lung injury Balb/c
mouse model. These results provide clear evidence that
oral administration of 400, 200, and 100 mg/kg of IAP
resulted in mucolytic expectorant activity in the PM, s-
induced lung injury in the Balb/c mouse model through
the promotion of glandular fluid production by increasing
the production of substances P and ACh and the reduction
of mucin through the reduction of MUC5AC and MUC5B
mRNA expression. The effects of 200 mg/kg of IAP were
comparable with those of 250 mg/kg of AM.

Lung weight, which is relative to body weight, has been
used as an important indicator for evaluating pulmonary
edema due to increased vascular leakage [25, 48, 83]. Similar
to the ovalbumin-induced asthma model [60, 84] that also
used mice with PM, s inhalation, vascular leakage was found
to increase through the weakening of the binding force of
vascular endothelial cells due to the inflammatory response,
resulting in pulmonary edema [2, 3, 25]. Intranasal injection
of PM, 5 results in lung enlargement with significant local
congestion. Pulmonary edema and significant increases in
the area of gross congestion and absolute and relative lung
weights were observed compared with those in group 1.
However, significant reductions in gross congestion in the
lungs and absolute and relative weights were observed in
a dose-dependent manner in groups 4, 5, and 6 compared
with those in group 2. In particular, group 5 exhibited
consistent suppression of PM, s-induced pulmonary con-
gestion; enlargement; and an increase in absolute and rel-
ative weight comparable with those of group 3. These results
provide reliable evidence that PM, s-induced pulmonary
edema is significantly suppressed in a dose-dependent
manner by the oral administration of 400, 200, and
100 mg/kg of IAP. The effects of 200 mg/kg of IAP were
comparable with those of 250 mg/kg of AM.

Histomorphometrically, ASA (%/mm?) has been used as
an indirect indicator of the gas exchange capacity of the
lungs. A decrease in ASA indicates a decrease in the gas
exchange surface area of the lung, that is, a decrease in lung
function. A decrease in ASA has been observed in various
lung diseases [22-25, 47, 48, 85, 86]. PAS staining is a tra-
ditional histochemical staining method that has been used to
specifically stain mucus-secreting cells. An increase in PAS
staining indicates an increase in the activity of mucus-
producing cells [87]. An increase in the number of PAS-
positive mucus-producing cells in the bronchial mucosa,
along with bronchial mucosal thickening, has an expectorant
effect histopathologically [20, 22-25]. Apoptosis is an im-
portant regulator of cell death.
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FIGURE 9: Representative general histopathological profiles of the lung-left lobe tissues, taken from intact or PM, s-treated pulmonary
injured mice. (a) Intact vehicle control (distilled water orally administered mice with saline intranasal instillation); (b) PM, 5 control
(distilled water orally administered mice with PM, 5 intranasal instillation); (c) AM250 (250 mg/kg of AM orally administered mice with
PM, s intranasal instillation); (d) IAP200 (200 mg/kg of IAP orally administered mice with PM, s intranasal instillation); (e) IAP100
(100 mg/kg of IAP orally administered mice with PM, 5 intranasal instillation); (f) IAP50 (50 mg/kg of IAP orally administered mice with
PM, 5 intranasal instillation); PM, s = diesel particulate matter NIST 1650b; AM =ambroxol hydrochloride; IAP =immature Asian pear
(fruit of Pyrus pyrifolia Nakai cv. Shingo) extract; ASA =alveolar surface area; PAS = periodic acid Schiff; sB =secondary bronchus;
pB =primary bronchiole; TA =terminal respiratory bronchiole-alveoli; arrows indicated PAS-positive mucus producing cells; scale
bars =200 ym.

Apoptotic cells are characterized by chromatin enrich-  apoptosis marker. Oxidative stress caused by PM, s induces
ment and the formation of apoptotic bodies [88, 89] by the = mitochondria-dependent apoptosis [92]. Therefore, the in-
activation of cleaved caspase-3 [90, 91], a representative  crease in cleaved caspase-3 in lung parenchymal cells
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TaBLE 4: Immunohistochemistrical stain-based histomorphometrical analysis of lung-left lobe tissue in intact or PM, s-treated pulmonary

injured mice.

Items/regions
Groups Caspase-3 immunolabeled cells COX-2 immunostained cells
AR region SB mucosa region AR region SB mucosa region

Controls

Intact vehicle 40.40+£12.89 11.20 £ 4.02 48.20+14.71 19.60 + 5.64

PM, 5 386.60 + 77.52° 274.60 + 64.49° 489.60 +114.10* 164.60 +27.11°
Reference-AM

250 mg/kg 147.20 +32.72° 74.40 +21.04™ 216.60 + 49.92%° 67.00 +20.25"

Test substance-IAP

400 mg/kg 95.60 + 16.43% 40.00+11.16" 113.40 + 26.70° 31.40 +12.37°
200 mg/kg 143.60 + 30.09" 74.20 +18.72% 215.20 + 40.76™ 69.40 + 21.48™
100 mg/kg 203.60 + 38.25° 185.40 + 10.83* 307.60 + 32.32°° 104.00 + 10.54°

Values are expressed mean + SD of 10 mice; cells/ mm?; PM, 5 = diesel particulate matter NIST 1650b; AM = ambroxol hydrochloride; IAP = immature Asian
pear (fruit of Pyrus pyrifolia Nakai cv. Shingo) extract; COX = cyclooxygenase; AR = alveolar septal; SB = secondary bronchus mucosa; DT3 = Dunnett’s T3;

2p<0.01 as compared with intact vehicle control by DT3 test; ®p <0.01 and “p < 0.05 as compared with PM, 5 control by DT3 test.

following exposure to PM, 5 indicates cell damage by apo-
ptosis [25, 70]. COX-2 is an important enzyme involved in
the synthesis of prostaglandin, a chemical mediator of in-
flammation, and is known to be involved in angiogenesis
and the progression of inflammation [93, 94]. Significant
increases in COX-2 occur during PM, s-induced lung injury
[25, 95, 96]. At present, the suppression of COX-2 immu-
noreactivity is used as an important index for evaluating
anti-inflammatory effects [97, 98]. Similar to the histo-
pathological results of drug efficacy experiments in the
previous PM, s-induced lung injury model [2, 3, 12, 25],
histopathologically significant sarcoma lesions (alveolar
septum thickening due to inflammatory cell infiltration,
secondary bronchial mucosal thickening, and PAS-positive
mucus-producing cells increase) were observed following
intranasal injection of 1 mg/kg PM, s in this study.

We observed a significant increase in the average
alveolar septal and secondary bronchial mucosal thick-
ness, the number of inflammatory cells infiltrating
around the alveoli, and the number of PAS-positive
mucus-producing cells in the secondary bronchial mu-
cosa. A decrease in ASA was associated with this. An
increased number of secondary bronchial mucosal
cleaved caspase-3 and COX-2 immunoreactive cells was
observed compared with that in group 1. However, at all
three doses of IAP (400, 200, and 100 mg/kg), significant
increases in ASA, mean alveolar septum thickness, and
the number of infiltrating inflammatory cells around the
alveoli and alveolar septum, as well as a decrease in the
number of secondary bronchial mucosal apoptosis-
related cleaved caspase-3 and inflammation-related
COX-2 immune response cells were observed in
a dose-dependent manner in groups 4, 5, and 6 compared
with those in group 2. In particular, group 5 exhibited
a reduction in PM, s-induced alveolar septal thickening
and inflammatory cell infiltration, and the associated

ASA and secondary bronchial mucosal cleaved caspase-3
and COX-2 immunoreactive cells were shown to inhibit
the increase in the number. These effects were compa-
rable with those of group 3. In addition, as part of the
expectorant activity [20, 22-25], significant increases in
the mean thickness of secondary bronchial mucosa and
the number of PAS-positive mucus-producing cells were
observed in groups 4, 5, and 6 compared with those in
group 2. In particular, secondary bronchial mucosal
thickness and the number of PAS-positive mucus-
producing cells increased in group 5 in a manner
comparable with that of group 3.

These results reliably indicate that oral administration of
IAP at doses of 400, 200, and 100 mg/kg inhibited PM, 5-
induced inflammatory lung damage in a dose-dependent
manner through expectorant and anti-inflammatory activ-
ities, which was comparable with the effects of an oral dose of
250 mg/kg of AM. Thus, oral administration of an appro-
priate dose of IAP is highly likely to be an effective re-
spiratory function-improving natural drug or health
functional food material in the future. However, this study
has certain limitations which need to be addressed in the
future studies. Further mechanistic investigations, such as
signaling pathway analysis or cellular studies, would provide
more detailed insights into how the pear extracts exert their
specific expectorant effects. While the in vitro and in vivo
experimental analyses in this study offer valuable insights,
they may not fully replicate the complexity of human re-
spiratory conditions. Therefore, caution should be exercised
when extrapolating the findings to clinical scenarios. Nev-
ertheless, this study focuses on the specific expectorant ef-
tects of the pear extracts and their potential implications in
addressing PM, s-induced respiratory issues; further re-
search should investigate the broader effects of the pear
extracts for other respiratory parameters, such as, lung
dysbiosis or lung barrier rainforcement.”
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Cleaved caspase-3 COX-2

AR regions SB regions AR regions SB regions

FIGURE 10: Representative immunohistochemistrical stain-based histopathological profiles of the lung-left lobe tissues, taken from intact or
PM, s-treated pulmonary injured mice. (a) Intact vehicle control (distilled water orally administered mice with saline intranasal instillation);
(b) PM, 5 control (distilled water orally administered mice with PM, 5 intranasal instillation); (c) AM250 (250 mg/kg of AM orally ad-
ministered mice with PM, s intranasal instillation); (d) IAP200 (200 mg/kg of IAP orally administered mice with PM, s intranasal in-
stillation); (e) IAP100 (100 mg/kg of IAP orally administered mice with PM, s intranasal instillation); (f) IAP50 (50 mg/kg of IAP orally
administered mice with PM, 5 intranasal instillation); PM, s =diesel particulate matter NIST 1650b; AM =ambroxol hydrochloride;
IAP = immature Asian pear (fruit of Pyrus pyrifolia Nakai cv. Shingo) extract; AR =alveolar septal; SB =secondary bronchus mucosa;
COX = cyclooxygenase; ABC =avidin-biotin-peroxidase complex; sB = secondary bronchus; TA = terminal respiratory bronchiole-alveoli;
arrows indicated immunoreactive cells; all ABC based immunohistochemistrical stain; scale bars =200 ym.
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6. Conclusion

The results of this experiment show that PM, s-induced in-
flammatory lung damage, increased sputum, associated re-
spiratory acidosis were significantly suppressed in a dose-
dependent manner by the administration of 400, 200, and
100 mg/kg of IAP, and the effects of IAP (200 mg/kg) ad-
ministration were comparable with those of 250 mg/kg of AM.
As part of the mucolytic expectorant activity, significant pH-
sensitivity, phenol red secretion in the trachea, substance P and
Ach content promoting glandular fluid production in lung
tissue, and an increase in the average thickness of secondary
bronchial mucosa were observed. The number of PAS-positive
mucus-producing cells increased and decreased in mucus-
production-related genes. MUC5AC and MUC5B mRNA
expression were also observed in all three doses of IAP ad-
ministration. Moreover, the effects were comparable with those
of 250 mg/kg of AM at a dose of 200 mg/kg. These results are
considered reliable evidence and indicate that oral adminis-
tration of 400, 200, and 100 mg/kg of IAP inhibits PM, 5-in-
duced inflammatory lung damage and increases sputum and
associated respiratory acidosis, along with anti-inflammatory
activity, through mucolytic expectorant activity through in-
creased production of substance P and ACh, and decreased
expression of MUC5AC and MUC5B mRNA in a dose-
dependent manner, as compared with the AM (250 mg/kg)
administered group. This study shows that oral administration
of an appropriate dose of IAP is highly likely to be an effective
natural drug or functional food material for improving re-
spiratory function in the future.
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