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ARTICLE INFO ABSTRACT

Keywords: Piper nigrum (Piperaceae) is commonly used as a spice and traditional medicine in many countries. P. nigrum has
Piper nigrum been reported to have anti-oxidant, anti-bacterial, anti-tumor, anti-mutagenic, anti-diabetic, and anti-in-
Allergic asthma flammatory properties. However, the effect of P. nigrum on allergic asthma has not been known. This study
Mast cells investigated the effect of P. nigrum ethanol extracts (PNE) on airway inflammation in asthmatic mice model. In
i:; E}eli the ovalbumin (OVA)-induced allergic asthma model, we analysed the number of inflammatory cells and cy-

tokines production in bronchoalveolar lavage fluid (BALF) and lung tissue; histological structure; as well as the
total immunoglobulin (Ig)E, anti-OVA IgE, anti-OVA IgG; and histamine levels in serum. The oral administration
(200 mg/kg) of PNE reduced the accumulation of inflammatory cells (eosinophils, neutrophils in BALF and mast
cells in lung tissue); regulated the balance of the cytokines production of Thl, Th2, Th17 and Treg cells, spe-
cifically, inhibited the expressions of GATA3, IL-4, IL-6, IL-1f3, RORyt, IL-17A, TNF-a and increased the secre-
tions of IL-10, INF-y in BALF and lung homogenate. Moreover, PNE suppressed the levels of total IgE, anti-OVA
IgE, anti-OVA IgG; and histamine release in serum. The histological analysis showed that the fibrosis and in-
filtration of inflammatory cells were also ameliorated in PNE treated mice. On the other hand, PNE inhibited the
allergic responses via inactivation of rat peritoneal mast cells degranulation. These results suggest that PNE has
therapeutic potential for treating allergic asthma through inhibiting Th2/Th17 responses and mast cells acti-
vation.

Anti-OVA specific IgE

1. Introduction

Allergic asthma has become an important public health problem
globally. It is estimated that asthma affects 334 million people world-
wide today and occurs in people of all ages. Asthma arise as a result of
interaction between multiple genetic and environmental factors [1].
Pathologically, patients are found to have bronchial mucosal thickening
by edema, bronchial wall remodeling, mucus overproduction, and eo-
sinophil infiltration [2]. Recent advances in understanding the patho-
genesis of allergic asthma have identified a complex interplay between
T helper (Th) effector cells, recruited inflammatory eosinophils, local
IgE-activated mast cells, and released inflammatory cytokines and
chemokines, as well as mediators of airway spasm and hyper-reactivity

[1,3-6]. Inhaled corticosteroids are currently the most effective drugs
available for the treatment of asthma [7,8]. However, long-term use of
inhaled steroids is often accompanied by undesirable adverse effects,
particularly when high doses are used [9].

Piper nigrum, also known as black pepper, is a perennial woody
evergreen climber native to South India that can grow to a height of
50-60 cm. It is an aromatic plant very well known for its antioxidant,
antimicrobial, carminative, and antiseptic properties [10]. It has been
used traditionally for the relief of pain, atrophic arthritis, apathy, in-
fluenza, and febricity, and as a nerve tonic, antibacterial agent, sti-
mulant, digestive, antitoxin, and anti-inflammatory [11]. The essential
oil of P. nigrum has been found to possess multiple applications in the
food and pharmacological industries, perfumery, cosmetics and home
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remedies [12]. A major alkaloid component from P. nigrum is piperine.
Black pepper and piperine have been reported to enhance anti-in-
flammatory properties. Anti-inflammatory activities of P. nigrum have
been demonstrated in rat models of carrageenan-induced rat paw
edema, cotton pellet-induced granuloma, and a croton oil-induced
granuloma pouch [13]. Piperine has anti-inflammatory effects on IL 1f3-
stimulated fibroblast-like synoviocytes in rat arthritis models [14], and
inhibiting the production of prostaglandin E2 and nitric oxide in
RAW264.7 cells [15]. Piperine showed an anti-inflammatory effect in S.
aureus-induced endometritis via inhibiting the expression of TLR-2 and
TLR-4 and the activation of the NFkB and MAPKs pathways, thereby
preventing the excessive secretion of proinflammatory factors (TNF-a,
IL-1f3, and IL6) and increasing the secretion of an anti-inflammatory
factor (IL-10) in mice models [16]. Nevertheless, anti-asthmatic effects
of P. nigrum have been currently unclear. This study aims to investigate
the effects of P. nigrum ethanol extract (PNE) on OVA-induced asthma
mouse model.

In addition, we know that CD4+ T helper cells, one subgroup of
lymphocytes, have an essential role in the immune system. T helper
cells can differentiate into one of several subclasses, including Thl,
Th2, Th17 and Treg which produce different cytokines and chemokines
to promote a specific type of immune response [17,18,19]. Th1 induced
by intracellular pathogens secrete predominantly interferon (IFN)-y.
Th2 cells are involved in host defence against extracellular pathogens
and produce interleukin (IL) IL-1pB, IL-4, IL-5, IL-6 as a result of the
action of GATA3 and STAT6 transcription factors [20]. Th17 cells are
characterized by their production of IL-17. Retinoid-related orphan
receptor yt (RORyt) are required for Th17 cell differentiation [21].
Regulatory T cell (Treg) can inhibit various effector lymphocytes, in-
cluding Th2, and Th17 [22]. Mast cells are associated with allergic
diseases including allergic, asthma and autoimmune diseases [23]. Mast
cells contain numerous granules including histamine, inflammatory
cytokines, prostaglandins, and leukotrienes. Mast cells degranulation
can be elicited by the basic secretagogues [24]. Compound 48/80 can
increase the intracellular calcium content, which leads to histamine
release from mast cells [25]. Compound 48/80 also causes a rapid re-
lease of inflammatory substances only from connective tissue-type mast
cells, specifically rat peritoneal mast cells (RPMCs) [26]. In present
study, we determined the effect of P. nigrum on allergic mechanisms via
balance regulation of cytokine productions in differentiation T helper
cells; specifically; Thl (IFN-y), Treg (IL-10), Th2 (transcription factor
GATA3, IL-1B, IL-4, IL-6), Th17 (transcription factor RORyt, IL-17A)
and TNF-q, also via prevention of rat peritoneal mast cells degranula-
tion in in vitro study.

2. Materials and methods
2.1. Animals

Female BALB/c mice (6 weeks old) were purchased from the
Damool Science (Dae-jeon, Korea). All procedures of this study were in
accordance with the guidelines of the Institutional Animal Care and Use
Committee of the Chonbuk National University Medical School (CBN
2013-0011) and were approved by the National Institutes of Health.

2.2. Asthmatic model establishment and treatment

Female BALB/c mice were divided into four groups (n = 6 each
group), including control group (negative control, saline sensitization/
challenge), OVA group (positive control, OVA sensitization/challenge),
PNE group (OVA sensitization/challenge + 200 mg/kg PNE oral treat-
ment) and Dex group (OVA sensitization/challenge + 2.5 mg/kg
Dexamethasone oral treatment).

An OVA-induced asthma mouse model was established as described
in Fig. 1. Briefly, mice were sensitized on day 1 with an intraperitoneal
injection of 200 pL saline along with 50 pg OVA (Grade V, Sigma, St.
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Louis, MO, USA) and 1 mg aluminum hydroxide (Thermo Scientific,
Rockford, MD, USA). On day 14, mice were sensitized 200 pL saline
containing 50 ug OVA without aluminum hydroxide. After sensitiza-
tion, on days 27, 28 and 29, mice received an airway challenge with
OVA (5%, w/v, in saline) for 20 min using an ultrasonic nebulizer (NE-
U17, Omron Co., Tokyo, Japan). Mice in the control group were sen-
sitized and challenged with saline. On days 15-26, mice in the treat-
ment groups were orally administered once daily with PNE and Dex at
dose 200 mg/kg and 2.5 mg/kg, respectively; control group and OVA
group were given saline. Mice were sacrificed 24h after the last OVA
challenge.

2.3. Preparation of the PNE

PNE was provided by research grants from the Korea Food Research
Institute and managed with specimen number (KFRI-SL-1105). Black
pepper was purchased from a rural market (Gyeonggi-do, Korea). The
extract was prepared using a soxhlet flux extractor. Briefly, the black
pepper was incubated in 70% ethanol at 65 °C for two periods of 3h
each. The 70% ethanol extract was filtered using filter paper (Whatman
No. 4), before the extract was concentrated by rotary evaporator (IKA
RV10, USA) and dried in a freeze dryer. The dried black pepper extract
(PNE) was stored at 4 °C until used. DMSO, widely used as a solvent for
drugs testing in asthma. The previous study showed that 10% DMSO
had no significant mobilization of eosinophils and neutrophils into the
lungs, also no antioxidative effects in an allergic asthma mouse model
when compared to saline-instilled mice [27]. Thus, 0.1% concentration
of DMSO used as a solvent of PNE in our study. For asthmatic mice
model treatment, PNE (200mg/kg) was dissolved in 0.1% di-
methylsulfoxide (DMSO) (Sigma, France) in saline and was prepared
fresh daily before each treatment. For in vitro test, PNE dose-depen-
dently (0.1, 1 and 10 mg/mL) was dissolved in saline.

2.4. Bronchoalveolar lavage fluid collection and cell count

Mice were sacrificed one day after the final challenge. BALF was
collected by flushing 1mL of ice-cold PBS into the trachea and with-
drawn through the cannula. BALF was centrifuged at 1000 RPM/min
for 10 min at 4°C. The supernatant was stored at —70 °C for ELISA
analysis. The cell pellets were resuspended in 0.7 mL PBS and the total
cell numbers were counted in a hemocytometer.

To determine differential cell counts, 150 uL. of BALF was cen-
trifuged onto slides using a cytospin device (Hanil Science Industrial,
Korea) (1000 rpm, 10 min, 4°C). Diff-Quik Staining reagent (1-5-1
Wakinohama-Kaigandori, Chuo-Ku, Kobe, Japan) was used for the cell
staining according to the protocols from the manufacturer.

2.5. Histological examination of lung tissues

After BALF was obtained, the middle lobe of the lung was removed
and fixed in 10% (v/v) neutral buffered formalin. Tissues were em-
bedded in paraffin, sectioned at 4 um thickness. The lung tissues were
stained with Hematoxylin and Eosin (H&E) (Sigma, St. Louis, MO),
Congo Red (Sigma, St. Louis, MO), Toluidine Blue (Sigma, St. Louis,
MO), Periodic Acid-Schiff (PAS) (Sigma, St. Louis, MO) and Masson
Trichrome (Sigma, St. Louis, MO) to assess structure of the lung, in-
flammatory cell infiltration, mast cell infiltration, mucus production
and collagen deposition, respectively.

H & E staining of lung tissues was observed under a light microscope
for histopathological examination. Lung injury was quantified ac-
cording to the methods provided by Bello et al. [28]. Each slide was
evaluated by two separate investigators. A total of 300 alveoli were
counted on each slide at x400 magnification. The lung was assessed for
alveolar congestion, alveolar hemorrhage, intra-alveolar fibrin and
intra-alveolar infiltrates of cells. The injury score was calculated ac-
cording to the formula: injury score = [(alveolar hemorrhage points/
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Fig. 1. Protocol for allergic asthma mouse model and treatment with PNE. Mice were sensitized on days 1 and 14, and challenged on days 27, 28 and 29 by OVA. Mice in control group
were sensitized and challenged by saline. Mice in the PNE or Dex treatment group were administered orally once a day at 200 mg/kg PNE or 2.5 mg/kg Dex for 12 days.

No. of fields) + 2 X (alveolar infiltrate points/No. of fields) + 3 x (fi-
brin points/No. of fields) + (alveolar septal congestion/No. of fields)]/
total number of alveoli counted.

2.6. Measurement of the differentiation helper T cells productions in BALF
and lung homogenate

Lung tissue was homogenized (Omni Prep Rotor Stator Generator,
Omni International, USA) and centrifuged to obtain supernatant. The
BALF was centrifuged to collected the supernatant. The concentration
of Thl production (INF-y), Treg production (IL-10), Th2 productions
(GATAS3, IL-1p, IL-4, IL-6), Th17 productions (RORyt, IL-17A) and TNF-
a were examined by using ELISA (R & D Systems Inc. USA) according to
the protocols from the manufacturer.

2.7. Measurement of the total IgE, anti-OVA-specific IgE, anti-OVA-specific
IgG; and histamine release in serum

Blood was collected 24h after the last challenge from mice and
serum was obtained by centrifugation (1000 rpm, 10 min, 4°C) and
stored at —70 °C. The levels of total immunoglobulin E (IgE), anti-OVA-
specific IgE, anti-OVA-specific IgG; and histamine were quantified
using ELISA kits (R&D Systems Inc. USA) according to the manu-
facturers’ instruction.

2.8. Compound 48/80-induced rat peritoneal mast cells (RPMCs)
degranulation

RPMCs were isolated as previously described [29] and purified by
using a Percoll density gradient as described in detail elsewhere [30].
Purified RPMCs (1 x 10° cells/mL) were resuspended in HEPES Tyrode
buffer (136 mM NaCl, 5 mM KCl, 2nM CaCl,, 11 mM NaHCO3, 0.6 mM
NaH,POy,, 2.75 mM MgCl,, 5.4 mM HEPES, 1.0 mg/mL BSA, 1.0 mg/mL
glucose, 0.1 mg/mL heparin, pH 7.4). RPMCs (1 X 10° cells/200uL)
were preincubated with 25 pul PNE (10, 1, 0.1 mg/mL) or saline for
10 min at 37 °C and then incubated with 25 pl compound 48/80 (5 ng/
mL) or saline for 15 min. After incubation, the RPMCs were observed
under microscope to photograph and analysis the percentage (%) of
mast cells degranulation.

2.9. Statistical analysis

The results were performed by using Graph Pad Prism 5 (La Jolla,
CA, USA). Data were expressed as means * SEM. The differences
among the groups were analyzed with one-way ANOVAs followed by
Tukey’s test. Statistical significance was considered at P < 0.05.

3. Results
3.1. PNE reduced the recruitment of inflammatory cells in BALF

To examinate the effect of PNE on the airway inflammation, the
number of total cell and differential inflammatory cells in BALF were
measured. The number of total cell and eosinophils in BALF of OVA-
challenged mice were significantly elevated compared with the control
mice. By contrast, PNE treatment (200 mg/kg) significantly reduced the
increase of these cells in BALF when compared to OVA group
(P < 0.001). Although the neutrophils and macrophages number
showed tendency to decrease in the PNE group, there was no statisti-
cally significant difference (P > 0.05) (Fig. 2A). The Diff-Quick stain
showed the present of differential inflammation cells in BALF and black
arrows indicated as eosinophils and neutrophils infiltration. The eosi-
nophils and neutrophils numbers were clearly decreased in BALF of
PNE-treated mice (Fig. 2B).

3.2. PNE reduced histopathological changes in lung tissue

For the mice in the asthmatic group, the bronchus showed sig-
nificantly changes compared with the control mice, specifically, H& E
staining indicated that the airway epithelium was edema and the
smooth muscle layer was thickened (Fig. 3B1). However, for the PNE
(200 mg/kg) treatment group, airway epithelium and smooth muscles
were thinner than those in the asthmatic mice (Fig. 3C1). Congo red
staining indicated that asthmatic mice showed the infiltration of eosi-
nophils in peribronchial and alveolar septal regions (Fig. 3B2). How-
ever, treatment with PNE considerable decreased the eosinophils in-
filtration compared with the asthmatic mice (Fig. 3C2). Mucus
overproduction in the asthmatic mice was observed as a violet color in
the bronchial airways compared with the control group (Fig. 3B3). In
contrast, administration of PNE significantly suppressed the mucus
hypersecretion in lung tissue compared with that observed in the
asthmatic group (Fig. 3C3). Masson trichrome staining showed that
PNE-treated mice were inhibited collagen deposition in peribronchial
and perivascular (Fig. 3C4) when compared with the asthmatic mice
(Fig. 3B4). Toluidine blue staining indicated mast cells infiltration in
the lung tissue which was observed as dark blue color. The mast cells
number were higher in asthmatic mice (Fig. 3B5) compared to PNE-
treated mice (Fig. 3C5). The histopathological changes on asthmatic
mice model also attenuated by treatment with Dex (Fig. 3D1-D5). In
addition, the category for lung injury examination including alveolar
congestion, alveolar hemorrhage, intra-alveolar fibrin and intra-al-
veolar infiltrates were also assessed for quantifying lung injury. The
higher the histological score, the greater severity of the injury. Histo-
logical score was markedly increased in OVA group and decreased in
PNE and Dex treatment (Fig.3E).
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Fig. 2. PNE reduced the number of differential cells and total cells in BALF (A) and inhibited the recruitment of inflammatory cells in BALF (B). Control group: saline challenge. OVA
group: OVA challenge. PNE: OVA challenge, PNE treatment (200 mg/kg). Dex: OVA challenge, Dexamethasone treatment (2.5 mg/kg). (A) The values represent the mean + S.E.M of
three independent experiments (n = 6/group). Significant differences at “""P < 0.001 compared with the Control group. **#P < 0.01 compared with the OVA-induced group.
+***p < 0.001 and P < 0.05 compared with the PNE group. (B) BALF was collected 24h after the last OVA challenge, the cell were isolated by cytospin and stained with Diff-Quick.

Black arrows indicated as eosinophils and neutrophils. Scale bar: 50 pm.

3.3. PNE regulated the balance of helper T cells responses in the BALF and
lung homogenate

We evaluated the balance of Th-related productions in BALF and
lung homogenate to investigate the effect of PNE on asthmatic mice. In
the OVA-induced mice; the levels of IL-1(3, IL-4, IL-6 cytokines, GATA3
transcription factor (Th2); IL-17A cytokine, RORyt transcription factor
(Th17) and TNF-a cytokine were significantly increased in both BALF
and lung homogenate, while IFN-y (Th1) did not change the level in
BALF and lung homogenate. IL-10 (Treg) even reduced in lung homo-
genate compared to control group. By contrast; PNE-treated mice re-
sulted in a markedly decrease the inflammatory productions as GATA3,
IL-1B, IL-4 (Th2); RORyt, IL-17A (Th17) and TNF-a. Except for IL-6
(Th2) cytokine only significantly decreased in BALF, there had a ten-
dence to decrease in lung tissue compared to the OVA group but no
statistically significant difference. Meanwhile, PNE treatment was ele-
vated IFN-y (Thl) and IL-10 (Treg) productions in BALF and lung
homogenate when compared with those in the OVA-induced mice
(Fig. 4).

3.4. PNE reduced the levels of IgE, anti-OVA specific IgE and anti-OVA
specific IgG; in serum

Because Th2 cytokines play important role on the allergic responses
via the regulation in IgE, anti-OVA specific IgE and anti-OVA specific
IgG; levels, we evaluated their expression in the serum. The level of
total IgE, anti-OVA specific IgE and anti-OVA specific IgG; were sig-
nificantly up-regulated in OVA-induced mice compared with those in
the control mice. However, PNE treatment (200 mg/kg) led to a de-
crease levels of total IgE, anti-OVA specific IgE and anti-OVA IgG; in
the serum compared with the OVA group (Fig. 5).

3.5. PNE inhibited mast cells infiltration into lung and histamine release into
serum

To examine the effects of PNE on the role of mast cells in allergic
mechanisms, we determined the expression of mast cells number in the
lung tissue and histamine release in serum of OVA-induced asthmatic
mice. Mast cells number significantly elevated in asthmatic mice and
markedly reduced with PNE and Dex treatment. It is well known that

activated mast cells can produce histamine. The percentage of mast
cells degranulation was significantly higher in asthmatic mice and
lower in PNE and Dex treatment. Accordingly, the histamine release in
serum also strongly increased in asthmatic mice and decreased in PNE
and Dex treatment (Fig. 6).

3.6. PNE prevented compound 48/80-induced RPMCs degranulation

To determine the direct effect of PNE on mast cells that mediated
allergic responses, we observed the degranulation of RPMCs under the
microscope. Fig. 7A showed that the normal RPMCs were oval, spindle,
or polygonal in shape and had many closely packed secretory granules.
When RPMCs were incubated with PNE (10, 1, 0.1 mg/mL) alone, there
were similar finding as seen in normal RPMCs. However, after stimu-
lation with compound 48/80 for 15 min, RPMCs were clearly showed
extensive degranulation processes and the presence of swelling, cyto-
plasmic vacuoles, and multiple granules extruding from the cells sur-
face. On the contrary, PNE treatment at doses of 10, 1, 0.1 mg/mL for
10 min prior to compound 48/80 stimulation were suppressed the de-
granulation and RPMCs morphology was similar to that of normal cells.
Fig. 7B showed that, in compound 48/80-treated RPMCs, the percen-
tage of mast cells degranulation significantly increased as compared to
control group. However, PNE dose-dependently (10, 1, 0.1 mg/mL)
significantly inhibited the compound 48/80-induced the mast cells
degranulation.

4. Discussion

It is well known that inflammatory responses may be prevented by
inhibiting excess production of cytokines from Th2, Th17 -cells.
Previous study showed that the Th2 cell responses associated with in-
flammation, including dominant IgG;, elevate serum IgE, increase Th2
cytokines, and eosinophils infiltration [31]. Thl and Th2 productions
have the interaction in the allergy responses. An imbalance between
Thl and Th2 cells leads to the clinical expression of allergic disease
[32]. On the other hand, Th17 cells have been associated with Th2-
predominant allergic diseases and showed to play proinflammatory
roles in the development of asthma and chronic inflammation [33,34].
Treg cell can inhibit Th2, and Th17 responses [22]. The Treg/Th17
imbalance has an important role in induction of inflammatory immune
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Fig. 3. PNE prevented histological changes of the lung tissue in OVA-induced asthma model. (A1-A5) Control group, (B1-B5) OVA group, (C1-C5) PNE group: OVA challenge, 200 mg/kg
PNE. (D1-D5) Dex group: OVA challenge, 2.5 mg/kg Dexamethasone. The sections were stained with H&E, Congo Red, PAS, Masson Trichrome and Toluidine Blue. White arrow
indicated the bronchial-wall thickness. Green arrow indicated eosinophils infiltration. Blue arrows indicated mucus hypersecretion (violet color in the bronchial airways). Yellow arrow
indicated as collagen fiber deposits (blue color in peribronchial and perivascular). The red circle indicated mast cells infiltration in the lung tissue. Scale bar: 100 pm. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. PNE improved the imbalance of the differentiation helper T cells responses in BALF and lung homogenate. The concentration of Th1 production (INF-y), Treg production (IL-10),
Th2 productions (GATA3, IL-1f, IL-4, IL-6), Th17 productions (RORyt, IL-17A) and TNF-a in BALF and lung homogenate were determined by ELISA kits. Control group: saline challenge.
OVA group: OVA challenge. PNE: OVA challenge, PNE treatment (200 mg/kg). Dex: OVA challenge, Dexamethasone treatment (2.5 mg/kg). The values represent the mean * S.E.M of
three independent experiments (n = 6/group). Significant differences at P < 0.001, “P < 0.01 and "P < 0.05 compared with the control group. **#P < 0.001, **P < 0.01 and

#P < 0.05 compared with the OVA-induced group.

diseases [35].

In present study, we investigated the anti-asthmatic activities of
PNE using OVA-induced asthma mice model. Allergic airway disease is
a complex condition characterized by increased amounts of systemic
IgE, elevated allergen-specific T helper 2 cells and their products,
airway hyperreactivity (AHR), and structural changes in the lung [36].
The inflammatory process may be divided into early- and late-phase

reactions. The early (immediate) response is usually mediated by mast
cell degranulation, whereas late phase is followed by neutrophil, eosi-
nophil, and lymphocyte migration to the inflammatory site [1].

Our data shown that OVA-induced mice elevated number of in-
flammatory cells; increased total IgE, anti-OVA specific IgE and anti-
OVA specific IgG; productions; imbalance of Thl/Th2, Treg/Th17 in
BALF and lung homogenate; mucus over production; eosinophil-rich
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Fig. 5. PNE reduced the levels of total IgE, anti-OVA specific IgE and anti-OVA specific IgG; in the serum. Control group: saline challenge. OVA group: OVA challenge. PNE: OVA
challenge, PNE treatment (200 mg/kg). Dex: OVA challenge, Dexamethasone treatment (2.5 mg/kg). The values represent the mean * S.E.M of three independent experiments (n = 6/
group). Significant differences at P < 0.01 and "P < 0.05 compared with the control group. **P < 0.01 and P < 0.05 compared with the OVA-induced group.

leukocyte infiltration. However, PNE treatment resulted in an elevation
the productions of Thl (INF-y), Treg (IL-10) and reduction the pro-
ductions of Th2 (GATAS3, IL-1j3, IL-4, IL-6), Th17 (RORyt, IL-17A) and
TNF-a as well as downregulation total IgE, anti-OVA specific IgE, anti-
OVA specific IgG; and histamine level in serum. The number of in-
flammatory cells infiltration in BALF, mucus hypersecretion was also
clearly inhibited. Accordingly, this implies that PNE have anti-in-
flammation and anti-asthmatic effects on OVA-induced airway in-
flammation in an asthma mice model.

The infiltration of eosinophils into the airway is a characteristic of
asthma, and increased numbers of these cells have been found in BALF.
The proinflammatory mediators derived from eosinophils are major
contributors to the inflammation observed in asthma, which includes
airway epithelial cell loss and damage, airway dysfunction, and mucus
hypersecretion [37]. In addition, mucus hypersecretion, an important
feature of asthma, is induced by eosinophils and mast cells products
[38]. We found that oral treatment of PNE significantly decreased the
number of eosinophil and neutrophil in BALF. The results of histo-
pathological examination was also paralleled the cell count in BALF.
Histopathological has been shown that PNE treatment markedly sup-
pressed the infiltration of inflammation cells and mucus over produc-
tion of goblet cells in lung tissues. Furthermore, scoring lung injury in
control mice showed that the alveolar structure was delicate and clear.
In the contrast, the alveolar congestion, alveolar hemorrhage, intra-
alveolar fibrin and intra-alveolar inflammatory cells were observed in
OVA group with high values of histological score. After PNE treatment,
the score of lung injury was markedly reduced, indicating lung injury
was significantly attenuated.

An imbalance between Th1 and Th2 responses lead to excessive Th1l
cells or Th2 cells activation. Allergic diseases are characterized by a
predominant Th2 response [39]. Previous studies have shown that
modulation of Th1/Th2 cytokines can inhibit airway inflammation in
OVA-induced mice [40,41]. Among the cytokines released from Thl,
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Th2 cells, IFN-y has been reported to inhibit the synthesis of IgE and the
differentiation of precursor cells to Th2 cells, increased levels of IFN-y
have been used to explain the anti-allergic effects of therapeutic agents
[42]. TFN-y also play an important inhibitory role on recruitment of
eosinophils to the lung [43]. On the other hand, IL-6 has emerged as an
important regulator of effector CD4 T cell fate, promoting IL-4 pro-
duction during Th2 differentiation, inhibiting Th1 differentiation [44].
Our data showed that the OVA induced mice was higher Th2 produc-
tions (transcription factor GATA3, IL-4, IL-6) and lower Thl cytokine
levels (INF-y) compared with those in the control group. In the contrast,
PNE treatment downregulated Th2 productions (IL-6 in BALF; GATAS3,
IL-4 in BALF and lung tissue) and upregulated Th1l cytokine (IFN-y) in
both BALF and lung homogenate compared with OVA group, demon-
strating the effect of PNE on the balance of Th1l/Th2, therefore,
showing the anti-allergic effects of PNE.

In addition, an approach to suppress Th17 cell differentiation and
regulate Treg/Th17 imbalances could be an effective treatment for
chronic inflammatory diseases [35]. IL-10 is an inhibitory cytokine of
inflammation and revealed to be produced by Thl and Tregs [45,46].
Because of its immunosuppressive properties in vitro and in animal
models, IL-10 has been suggested as a potential therapy of allergic in-
flammation and asthma [47]. Our data showed that IL-10 from BALF
and lung homogenate significantly increased, meanwhile, transcription
factor RORyt and IL-17A was decreased, indicating the effect of PNE on
the regulation T cells and Th17. These findings suggest that PNE could
attenuate the development of allergic inflammation via regulating the
balance of Treg/Th17 cytokines.

The levels of IL-6 in serum have been found to be elevated in a
number of inflammatory diseases. IL-6 has long been considered a
general marker of inflammation together with TNF-a and IL-1f, two
other classical inflammatory cytokines [48]. IL-6 and TNF-a directly or
indirectly play important roles in the recruitment and activation of
inflammatory cells [49,50]. TNF-a is a chemotactic cytokine for
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Fig. 6. PNE inhibited mast cells infiltration in lung tissue and the histamine level in serum. Control group: saline challenge. OVA group: OVA challenge. PNE: OVA challenge, PNE
treatment (200 mg/kg). Dex: OVA challenge, Dexamethasone treatment (2.5mg/kg). The values represent the mean + S.E.M of three independent experiments (n = 6/group).
Significant differences at “"P < 0.01 and "P < 0.05 compared with the control group. *#P < 0.01 and *P < 0.05 compared with the OVA-induced group.
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Fig. 7. PNE prevented compound (C) 48/80-induced rat peritoneal mast cells (RPMCs) degranulation. RPMCs (1 x 10° cells/200 uL) were pretreated with 25 ul PNE (10, 1, 0.1 mg/mL)
or saline for 10 min at 37 °C and then incubated with 25 pl C48/80 (5 ug/mL) or saline for 15 min. PNE dose-dependently inhibited the C48/80-induced RPMCs degranulation. (A)
Inverted light microscopy of RPMCs, bar = 10um. (B) Percentage (%) of RPMCs degranulation. The values represent the mean * S.E.M of three independent experiments (n = 6/group).
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granulocytes including eosinophils and neutrophils [51]. Furthermore,
in vivo and in vitro assays have demonstrated that IL-1f3 can alter airway
function by inducing cellular infiltrate, airway eosinophilia, mucus
hyperplasia, airway wall thickening, fibrosis, collagen synthesis, IgE
synthesis, and enlargement of distal air spaces [52-55]. In support of
these results, our findings showed that TNF-a, IL-6 and IL-1B were
found to increase in BALF and lung homogenate in the OVA-induced
mice. Meanwhile, PNE treatment led to a decreased of TNF-a, IL-6 and
IL-1f3 levels in the BALF and lung homogenate when compared to those
in the OVA group. Therefore, it is possible that the inhibition of airway
wall thickening, mucus hypersecretion, collagen deposition, and in-
flammatory cells infiltration, especially, eosinophil result from reduc-
tion of TNF-a, IL-1f3 and IL-6 after oral treatment of PNE.

IgE, which is a key target for the development of anti-asthma stra-
tegies, is one of the most important factors in the progression of allergic
reactions [56]. OVA-specific IgG in rat-sera, such as IgG; and IgG»,
increase on day 21 after OVA inhalation in asthmatic models induced
by OVA [57]. Anti-OVA IgG; directly binds with FcgRIIB on DCs during
allergic airway inflammation [58]. In present study, PNE treatment
significantly reduced the overexpression of serum total IgE, anti-OVA

P < 0.001 compared with the control group. **#P < 0.001, **P < 0.01 and P < 0.05 compared with the C48/80 group.

specific IgE and anti-OVA specific IgG; in OVA-induced mice model,
showing the effect of PNE on the inhibition development of allergic
reactions. This finding is also consistent with the upregulation of Thl
(IFN-y), Treg (IL-10) cytokines and the downregulation of Th2 (GATAS3,
IL-1B, IL-4, IL-6) and Th17 (RORyt, IL-17A) productions in BALF and
lung homogenate.

All the mast cell-mediated inflammatory reactions are characterized
by an accumulation of mast cell in the inflammatory sites [25]. In this
study, the high infiltration of mast cells degranulation number was
observed in peribronchial and other sites of lung tissue in asthmatic
mice, meanwhile, PNE significantly reduced the mast cells accumula-
tion as well as mast cells degranulation. Histamine, a major component
of mast cell granules, exerts many effects related to the immediate-
phase of allergic inflammation such as tissue edema, contraction of
bronchial and smooth muscle, and increased mucus production [59].
We have been observed above features which were appeared in asth-
matic mice and improved in PNE treatment along with the decrease of
histamine level. Thus, these results showed that the decrease of hista-
mine level maybe contributed to inhibit allergic symptoms. Histo-
pathological features also shown that PNE treatment markedly reduced
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the infiltration of mast cells in lung tissues, consistent with the decrease
of histamine levels in serum. Therefore, these results provide the evi-
dence for the anti-allergic effects of PNE via inhibition of mast cells
degranulation which prevent the histamine release.

To investigate whether PNE mediated on mast cell allergic re-
sponses. We examinated the inhibition of PNE on mast cell activation in
vitro and the degranulation of RPMCs was observed. These results de-
monstrated that compound 48/80-induced RPMC degranulation was
markedly attenuated by the PNE in the allergic response. Our study
provide evidence that PNE have a strong effect in the prevention or
treatment of mast cell degranulation, that led to may have suppresses
the mast cell-mediated production release. The significant decrease of
histamine level in PNE-treated asthmatic mice was correlated to these
results, suggesting that PNE could reduce histamine release which is an
essential production of allergic symptoms via inhibiting mast cell de-
granulation in allergic immune response.

In conclusion, the oral administration of PNE significantly inhibited
airway inflammation in OVA-induced mouse model by reducing in-
flammation cells such as eosinophil, neutrophil, goblet cells, mast cells;
decreasing of mucus hypersecretion; ameliorating collagen deposition
in lung tissue; regulating the balance of Th1/Th2 cytokines and Treg/
Th17 cytokines; attenuating expression of serum total IgE, anti-OVA
IgE, anti-OVA IgG; and histamine levels. Moreover, PNE inhibited the
allergic responses via inactivation of mast cells degranulation. The re-
sults obtained in this study suggest that PNE may be provide a pro-
mising strategy for immunotherapy such as allergic asthma treatment.
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