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Abstract

Purpose: To investigate the anti-asthmatic effect of Ping-Chuan Formula (PCF) in a mouse model, and
the associated molecular mechanisms.

Methods: Asthma mice were induced using ovalbumin (OVA), and PCF (600 mg/kg) was administered
to the mice for 4 weeks. Sections of lung tissues were examined microscopically. The expressions of
interleukins (ILs), interferon (IFN)-y, transforming growth factor (TGF)-3 were assayed, while lung tissue
expressions of Toll like receptor (TLR)-4, GATA binding protein (GATA)-3, Ox40 ligand (OX40L),
indoleamine 2,3-dioxygenase (IDO), and forkhead box P3 (Foxp3) determined. The T box expressed in
T cells (T-bet) was evaluated using western blotting. The expressions of MHC Il and co-stimulators (CD
11c, CD 80 and CD 86) of dendritic cells (DCs) were determined by flow cytometry.

Results: PCF decreased inflammation in lung, and also down-regulated IL-4, -6, -17 and TGF-B (p <
0.01), whereas IL-10 and IFN-y expressions were up-regulated (p < 0.01). Moreover, PCF decreased
the expressions of TLR-4, GATA-3 and OX40L in lung tissue, and promoted Foxp3, IDO and T-bet.
Besides, PCF decreased the levels of MHC Il and co-stimulators (CD 80 and CD 86) on the surface of
DCs.

Conclusion: PCF exerts anti-asthmatic effect in mice via inhibition of inflammation, and modulation of
MHC Il and co-stimulators on the surface of DCs. These findings suggest that PCF is a promising
candidate drug for treating asthma in humans.
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INTRODUCTION patients in the world suffer from asthma [3,4].

The currently used conventional drugs only
Asthma, an intractable airway inflammatory temporarily alleviate the asthma symptoms,
disease which seriously affects the quality of life  implying that radical cure of asthma is not yet
of lots of children and adults, is featured by feasible. Moreover, these drugs above often
excessive production of mucus in the lung airway  results in several adverse effects [3,4]. Thus,
[1,2]. Studies have shown that over 300 million
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there is need for development of more alternative
therapies for asthma.

Natural herbal medicines have been effectively
applied for the treatment of various diseases.
These herbs have low toxicity, and they are
reliable. Traditional Chinese medicines (TCMs)
are also recognized as promising resources used
for discovery of candidate drugs for the treatment
of immunological diseases [3,5]. Ping-Chuan-
Formula (PCF) was developed by Professor
Jianer Yu based on his clinical experience from
long-term treatment of asthma patients at the
Shanghai Municipal Hospital of Traditional
Chinese Medicine (SMHTCM). It is composed of
the Ephedra sinica Stapf, Peach kernel, Semen
armeniacae Amarae, Fructus perillae, Rainworm
and Semen raphani.

In an earlier study, ten major components of PCF
were identified using HPLC assay. These
components were baicalin, wogonin,
tabersonine, tanshinone IlA, etc [6]. Studies have
demonstrated that PCF is effective in the
treatment of asthma, although the associated
molecular mechanisms are still not clear [7,8]. In
this investigation, the anti-asthma effect of PCF
on ovalbumin (OVA) stimulated asthma mice,
and the likely mechanisms involved, were
investigated.

EXPERIMENTAL
Plant medicines and preparation of PCF

All plant medicines were acquired from the
Shanghai TCMs company, and the water
extracts of PCF was prepared by the pharmacy
department of SMHTCM.

Ethical approval

This research was carried out in line with the
international animal study guidelines [9], and the
study protocol received approval from the Animal
Ethics Committee of SMHTCM (no. 20180711-
am-01).

Animal experimental protocols

Fifty-two mice (ranging from 18g to 22 g) were
bought from the Shanghai Animal Center. There
are four groups designed in the experiments,
with 13 mice per group: normal group, model
group, positive drug (dexamethasone, Dex)
treatment group, and PCF treatment groups (600
mg/kg/day). Mice were immunized with OVA
(50mg, Sigma-Aldrich, USA) and aluminum
hydroxide (2mg) on days 1 and 14 (i.p.).
Subsequently, using the ultrasonic nebulizer,

from day 21 to day 28, the mice were treated
with 5 % OVA solution for a 40 min. Dex and
PCF were administered orally from day 28 to day
56 at doses of 1.5 and 600 mg/kg/day. Then, 24
h after the treatment, 10 mice from each group
were killed by breaking the neck, and
bronchoalveolar lavage fluids (BALFs) and lung
samples were sampled and kept at -60 °C. In
addition, the remaining 3 mice in each group
were used for preparation of dendritic cells
(DCs).

Histochemical assays

Paraformaldehyde (10%) fixation was performed
for the lung tissue for 1 day, then the tissue was
carried out with paraffin embedding, and
subsequently sliced into 5-uym. Thereafter,
hematoxylin & eosin staining was carried out and
finally pathological changes were analyzed using
an optical microscope, and photographed.

Enzyme-linked immunosorbent assay (ELISA)

Levels of IL-4, IL-6, IL-10, IL-17, IFN-y and TGF-
B in BALFs were quantified using their respective
commercial ELISA kits (Bioswamp Co.,
Shanghai, China) in line with the manufacturer’s
instructions.

Western blotting determination

Total proteins of the lung tissues were prepared
by homogenizing in lysis buffer. Then, 35-ug
samples of total proteins were separated using
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and transferred to PVDF
membrane. Thereafter, the PVDF membrane
was probed overnight at 4°C with primary
antibodies for toll like receptor (TLR)-4,
indoleamine 2,3-dioxygenase (IDO) and Ox40
ligand (OX40L) (Santa Cruz Biotech, Delaware
Ave Santa Cruz, USA), GATA-3, Foxp3, T-bet
and GAPDH (Abcam Co., Cambridge, UK).
Then, the PVDF membrane was incubated with
secondary antibodies for 1 h at 25°C. Lastly, the
target bands were visualized through
chemiluminescence, with GAPDH as the internal
reference.

Preparation of DCs and cell culture

Bone-marrow-derived dendritic cells (DCs) were
prepared from the femur and tibia of BALB/c
mice bone marrow according to a previously
reported procedure [10]. Suspensions of bone
marrow cells (BMCs) were centrifuged, and the
BMCs were cultured in RPMI-1640 medium
containing 10 % FBS. Thereafter, the cells were
plated in culture flask at 37 °C (3 x 10° cells/mL)
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(5 % COz). In addition, GM-CSF (20 ng/mL) and
IL-4 (10 ng/mL) were supplemented to each
culture flask on the 18!, 3" and 6™ days of culture.
The DCs were harvested on the 9" day of
culture.

Flow cytometry

The DCs were harvested and stained with anti-
MHCII FITC, anti- CD11c FITC (eBioscience Co.,
Kunshan, China), anti- CD80 FITC and anti-
CD86 FITC (BD Pharmingen, Franklin Lakes, NJ,
USA). Subsequently, the DCs were analyzed
using flow cytometry (BD Bioscience, USA).

Real-time PCR

Total RNA was prepared from the harvested DCs
through Trizol reagent. The total RNA was
reverse-transcribed to cDNA and subjected to
reverse transcription using quantitative real-time
PCR machine (ABI-7300, USA). The sequences
of the mRNA primers used for the real-time PCR
are indicated on Table 1. Reverse transcription
was done following the manufacturer's
introduction.

Statistical processing

Results are exhibited as mean #* standard
deviations. Statistical differences were done by
one-way analysis of variance and Dunnet-t
multiple comparison analysis; p < 0.05 were
taken as indicative of statistical significance.

RESULTS

PCF ameliorated inflammatory reaction in
lung tissues

The results shown in Figure 1 indicated that in
the normal group, the integrity of the bronchial
wall tissues appeared normal and intact, and no
obvious pathological changes were seen.
However, in the model group, the bronchial walls
were thickened and injured. In particular, the
airway lumens were narrowed, with inflammatory
cell infiltration in the airway wall. Interestingly, in

Table 1: Primers used for the Real time PCR

the positive drug and PCF groups, the OVA-

induced pathological changes were markedly

ameliorated.
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Figure 1: Histochemical features of lung tissues
(magnification: x200). A - D represent normal, model,
positive and PCF groups. All drugs were administered
orally

PCF regulated cytokines expressions in
asthmatic mice

As shown in Figure 2, the results demonstrated
significant increases of IL-4, IL-6, IL-17 and TGF-
B (p < 0.01) in BALFs of model group, whereas
IFN-y and IL-10 levels were significantly
decreased in BALFs of model mice (p < 0.01).
Interestingly, treatment with PCF for 28 days
resulted in marked down- regulations of IL-4, IL-
6, IL-17 and TGF-B (p < 0.01), whereas IL-10
and IFN- y were up-regulated (p < 0.01, vs.
model mice).

PCF regulated TRL-4, GATA-3, OX40L, IDO,
Foxp3 and T-bet in asthmatic mice

As shown in Figure 3, compared with normal
mice, OVA stimulation increased the levels of
TLR-4, GATA-3 and OX40L in lung tissues,
whereas reduced the IDO, Foxp3 and T-bet.
Interestingly, compared with model mice, PCF
decreased the OVA-induced up-regulations in
expressions of TLR-4, GATA-3 and OX40L in
lung tissues, and increased the expressions of
IDO, Foxp3 and T-bet.

Gene name Primer sequence Size

IDO F 5' AAGGGCTTCTTCCTCGTCTC 3' 184 bp
R 5' CCACAAAGTCACGCATCCTC 3

OX40L F 5' ACCCTCCAATCCAAAGAC 3' 127 bp
R 5' TCGCACTTGATGACAACC 3'

GAPDH F 5' ATCACTGCCACCCAGAAG 3' 191bp
R 5' TCCACGACGGACACATTG 3'

F: Forward primer, R: Reverse primer
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Figure 2: Effect of PCF on cytokine expressions in
BALFs. All drugs were administered orally. Data are
expressed as mean + SD (n = 10), **p < 0.01,
compared to the model
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Figure 3: Effect of PCF on the expressions of TRL-4,
GATA-3, OX40L, IDO, Foxp3 and T-bet in lung tissues
of OVA-challenged mice. The protein expressions
were determined using western blot assays. All drugs
were administered orally

PCF regulated immunological functions in
DCs of asthmatic mice

The levels of CD11¢c, CD80, CD86 and MHC-II of
DCs in OVA-challenged mice were determined.
As shown in Figure 4-7, apart from CD11c
(Figure 4), the expressions of CD80 (Figure 5),
CD86 (Figure 6), MHC-II (Figure 7) of DCs were
up-regulated after OVA stimulation. However,
PCF could markedly down-regulate the
expressions of CD80, CD86 and MHC-II.

PCF regulated TRL-4, GATA-3, OX40L, IDO,
Foxp3 and T-bet of asthmatic mice

The results in Figure 8 show that after stimulation
with OVA, the expressions of OX40L in DCs
were up-regulated, whereas the mRNA and
protein expressions of IDO were down-regulated.
However, compared with model mice, PCF
treatment decreased the expressions of OX40L
in DCs, and increased the mRNA and protein
expressions of IDO.
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Figure 4: Effect of PCF on the expressions of CD11c
on the surface of DCs in OVA-challenged mice, as
measured using flow cytometry. A-D represented the
Normal, Model, Positive and PCF treatment groups
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Figure 5: Effect of PCF on the expressions of CD80
on the surface of DCs in OVA-challenged mice, as
measured using flow cytometry. A-D represented the
Normal, Model, Positive and PCF treatment groups
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Figure 6: Effect of PCF on the expressions of CD86
on the surface of DCs in OVA-challenged mice, as
measured using flow cytometry. A-D represented the
Normal, Model, Positive and PCF treatment groups
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Figure 7: Effect of PCF on the expressions of MHC-II
on the surface of DCs in OVA-challenged mice, as
measured using flow cytometry. A-D represented the
Normal, Model, Positive and PCF treatment groups
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Figure 8: Effect of PCF on the mRNA (A) and protein
(B) expressions of OX40L and IDO in DCs of OVA-
challenged mice. **p < 0.01, compared to the model

DISCUSSION

Animal experiments are essential in the study of
the pathologies of diseases to enhance the
discovery of effective candidate drugs for treating
diseases [11]. The OVA-induced asthma is a
widely used experimental animal model for
investigating the pathological mechanisms of
asthma, and for screening candidate drugs for
asthma [3,12]. In the present research, OVA-
induced allergic asthma in mouse was
successfully prepared. It is known that airway
inflammation exhibits key roles in pathogenesis
of asthma.

Previous investigations revealed that asthma
symptoms can be effectively alleviated or
controlled through inhibition of airway
inflammatory reactions [13,14]. The results of

histopathological examination revealed PCF
suppressed inflammatory reactions in lung
tissues of OVA-induced asthma mice. In addition,
PCF reduced inflammatory cytokines in BALFs,
whereas it increased the levels of anti-
inflammatory cytokines i.e., IFN- y and IL-10.
Clinical researchers have reported high levels of
IL-17 and TGF-B in serum/BALFs of asthma
patients [15,16]. It is known that IL-17, an early
inflammatory cytokine, activates TGF-f, resulting
in airway inflammation, and even airway
remodeling [15-17]. In the present study, PCF
decreased IL-7 and TGF-B in BALFs of OVA-
induced asthma mice. Thus, PCF exerts
inhibitory potential on inflammatory reactions in
lung tissues of asthma patients.

Studies have revealed that toll like receptor
(TLR) 4 plays important role in inflammatory
reactions [18,19]. The relative amounts of GATA-
3, OX40L and T-bet influence the balance in
Th1/Th2 cytokine ratio. Indeed, GATA-3 and
OX40L activate the production of Th2 cytokines,
and T-bet usually triggers the production of Th1
cytokines [20,21]. Increased GATA-3 could
moderate the Th1/Th2 [20,21]. In addition, it has
been reported that increase of IDO and Foxp3
could alleviate asthma patients’ symptoms
[22,23].

In the present study, MXDT moderated balance
in Th1/Th2 cytokine ratio via regulation of TRL-4,
GATA-3, OX40L, IDO and Foxp3, as well as T-
bet. Dendritic cells (DCs) are important in innate
and acquired immune responses to allergens.
They initiate a complex process characterized by
increased levels of MHC Il and co-stimulators
such as CD11c, CD40, CD80 and CD86,
resulting in imbalance in Th1/Th2 cytokine ratio
and enhancement of asthma [14,24,25]. Previous
investigations have revealed that decreases in
the levels of MHC Il and co-stimulators on the
surface of DCs could be beneficial for decreasing
pro-inflammatory cytokines and alleviating
asthma symptoms [14,24,25]. The findings
showed PCF effectively reduced MHC II, CD80
and CD86 in DCs.

CONCLUSION

The findings of this study indicate that PCF
exerts anti-asthmatic effects in OVA-induced
asthma mice, most likely through molecular
mechanisms involving inhibition of inflammatory
reactions, and modulation of the expressions of
MHC 1l and co-stimulators on the surface of DCs.
Thus, the findings suggest that PCF is a
promising candidate drug for the management of
asthma.
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