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ABSTRACT
Aim: This study was designed to compare the curative effects of 
Pinelliae Rhizoma  (RPT) and Pinelliae Rhizoma Praeparatum cum 
Alumine  (QPT) on ovalbumin  (OVA)‑induced allergic asthma in 
rats. Materials and Methods: Asthmatic rats were prepared by 
intraperitoneal injection and inhalation of OVA, and RPT and QPT 
at the doses of 120 and 240  mg/kg/day were administered orally for 
consecutive 7 days. Then, histopathological changes of the lung tissues 
were examined; levels of interleukin (IL)‑4 and interferon (IFN)‑γ in the 
bronchoalveolar lavage fluids  (BALFs) and immunoglobulin  (Ig) E in 
the serum were measured by enzyme‑linked immunosorbent assay; 
eosinophils  (EOS) in BALFs were also determined. Furthermore, the 
expressions of mucin 5AC  (MUC5AC) and AQP‑5 in the lung tissues 
were determined by quantitative real‑time fluorogenic polymerase chain 
reaction and western blot assays. Besides, high‑performance liquid 
chromatography‑LTQ‑Orbitrap‑Elite‑MS analysis was applied to compare 
the constituent’s difference between the RPT and QPT. Results: The 
present results revealed that both the RPT and QPT have the potential 
curative effects for treating OVA‑induced asthma in rats via inhibiting 
inflammatory reactions  (suppressing EOS influx, IgE secretion, and 
release of IL‑4 whereas increasing the release of IFN‑γ) and modulating 
the mRNA and protein expressions of MUC5AC and AQP‑5. In addition, 
our results also evidenced that QPT exhibited a better curative effect 
on allergic asthmatic rats compared to RPT. Conclusion: Our results 
are beneficial for confirming the traditional Chinese medicinal theory of 
“QPT is good at removing dampness to reduce phlegm.”
Key words: Allergic asthma, comparative research, Pinelliae Rhizoma, 
Pinelliae Rhizoma Praeparatum cum Alumine

SUMMARY
•  Anti‑asthmatic effects of Pinelliae Rhizoma Praeparatum cum Alumine (QPT)

on allergic asthma in rats was first reported
• Anti‑asthmatic effects of the QPT and Pinelliae Rhizoma  (RPT) were

compared
•  Constituents between the QPT and RPT were compared
•  The molecular mechanisms of the effects of QPT and RPT were studied.

Abbreviations used: BALF: Bronchoalveolar lavage fluid; 
ELISA: Enzyme‑linked immunosorbent assay; EOS: Eosinophils; 
IFN: Interferon; IL: Interleukin; OVA: Ovalbumin; qRT‑PCR: Quantitative 
real‑time fluorogenic polymerase chain reaction; QPT: Rhizoma Pinelliae 
Praeparatum cum Alumine; RIPA: Radioimmunoprecipitation assay; 
RPT: Pinelliae Rhizoma; SDS‑PAGE: Sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis; TCM: Traditional Chinese 
medicine.
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INTRODUCTION
Pinellia ternata  (Thunb.) Breit, belonging to the Araceae family, is a 
commonly used medicinal herbaceous plant mainly distributed in 
Eastern Asia.[1] The tuber of P. ternata is a known Chinese herbal 
medicine with the functions of removing dampness‑phlegm, and 
downbear counterflow, and check vomiting and is commonly used 
to treat cough, vomiting, infection, and inflammatory disorders in 
China for thousand years.[2,3] Increasing phytochemical evidence has 
uncovered that the main chemical compositions of the tuber of P. ternata 
are alkaloids, cerebrosides, fatty acids, phenylpropanoids lectins, and 
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polysaccharides.[4‑6] In addition, currently, pharmacological findings 
have revealed that this herbal medicine possesses various activities 
including antiemetic, anti‑tussive, sedative, and anti‑inflammatory 
and antitumor, antimicrobial, antifungal, antiviral, and anticonvulsant 
effect.[3,7,8] Besides, nowadays, it is also reported that this herbal medicine 
also has some potential toxicities such as mucosal irritation, reproductive 
toxicity, and hepatotoxicity.[9,10]

The raw tuber of P. ternata is named Pinelliae Rhizoma (RPT) in Chinese 
Pharmacopoeia.[2] Furthermore, the RPT is commonly processed with 
adjuvant materials to decreasing toxicity and increasing efficiency 
before clinical application, and Rhizoma Pinelliae Praeparatum 
cum Alumine  (QPT) is one of the processed products of RPT with 
alumen.[2,11,12] Previous researches indicated that the RPT possesses 
good curative effects against ovalbumin (OVA)‑induced allergic asthma 
in rats;[7,13] however, so far, experimental evidence for curative effect 
of QPT on allergic asthma is still lacking. Importantly, in traditional 
Chinese medicinal (TCM) theory, allergic asthma is a common typical 
damp‑phlegm syndrome,[14] and the QPT is commonly considered to 
be “good at removing dampness to reduce phlegm,” compared to other 
processed products of RPT.[15] Consequently, in the present study, we 
aimed to compare the curative effect of RPT and QPT on OVA‑induced 
allergic asthma in rats.

MATERIALS AND METHODS
Plant materials and extracts preparation
The RPT and QPT were purchased from the Neautus Chinese Herbal 
Pieces Ltd. Co.  (Chengdu, China) and were identified by Prof. Min 
Li  (Department of Pharmacognosy, School of Pharmacy, Chengdu 
University of Traditional Chinese Medicine, Chengdu, China). 
The voucher specimen of the RPT and QPT was deposited at our 
laboratory (No. 20160813‑1# and 20160813‑2#, respectively).
The RPT and QPT were powdered and subsequently extracted by 
decocting with water. Then, the extracts were filtered and concentrated 
in vacuum under 60°C, and the dried residues were treated as the extracts 
of RPT and QPT, respectively, and the extraction yields of RPT and QPT 
were all calculated as approximately 20%–22.4%.

Animals
Experimental groups consisted of SD rats  (200  ±  20  g), which 
were purchased from the Dashuo Experimental Animal Center 
(Chengdu, China). They were housed at 21°C ± 1°C under a 12‑h light/
dark cycle and had free access to standard pellet diet (Purina chow) and 
tap water. All animal treatments were performed strictly in accordance 
with the International Ethical Guidelines and the National Institutes 
of Health Guide concerning the Care and Use of Laboratory Animals. 
The experiments were carried out with the approval of the Animal 
Experimentation Ethics Committee of Chengdu University of Traditional 
Chinese Medicine.

Chemicals
OVA and aluminum hydroxide were obtained from the Sigma‑Aldrich 
(St. Louis, MO, USA). Commercially enzyme‑linked immunosorbent 
assay  (ELISA) kits for immunoglobulin  (Ig) E, interleukin  (IL)‑4, and 
interferon  (IFN)‑γ were purchased from ExCell Bio Co.  (Shanghai, 
China). PVDF membrane was purchased from Millipore Biotech 
(MA, USA). The primary antibodies for mucin 5AC  (MUC5AC), 
AQP‑5, and β‑actin were purchased from GeneTex Inc.  (Irvine, CA, 
USA). Radioimmunoprecipitation assay  (RIPA) lysis buffer, BCA 
protein assay kit, QuickBlock™ blocking buffer, Beyo ECL Star, and 
HRP‑conjugated anti‑rabbit/mouse secondary antibody were purchased 

from the Beyotime Institute of Biotechnology (Haimen, China). Trizol 
reagents were purchased from the Invitrogen Co. (Carlsbad, CA, USA). 
SYBR Green PCR kits and reverse transcription kit were purchased from 
the Thermo Fisher Scientific (Shanghai, China). All other chemicals used 
in this study were of analytical reagent grade.

Experimental protocol
A total of 60 SD rats were randomly divided into six groups (n = 10), 
including normal group, model group (allergic asthma model rats), and 
two RPT and two QPT treatment groups. The experimental protocol was 
performed according to the previous reports with some modifications,[16] 
and the experimental schematic diagram was shown in Figure 1. Briefly, 
rats in model, RPT, and QPT groups were immunized by intraperitoneal 
injection with the mixture of 50 mg OVA and 1 mg aluminum hydroxide 
on the 1st  and 7th  day. Subsequently, from the 14th to 21st day, rats in 
model, RPT, and QPT groups were challenged with 1% OVA normal 
saline solution for 30 min using an ultrasonic nebulizer (OMRON Co., 
Tokyo, Japan). Doses of the RPT and QPT were determined based on the 
common used clinical doses and water extraction yields of the RPT and 
QPT (the commonly used clinical doses of RPT and QPT are ranging 
from 6.0 to 15.0 g/person/day, crude herb medicine equivalent,[17] and 
the water extraction yields of RPT and QPT are approximately 20%–
22.4%). Consequently, the doses of 120 and 240  mg/kg/day for RPT 
and QPT were selected, and RPT and QPT were administered orally 
from the 14th  to 21st days. After 24 h of the final drug administration, 
rats were sacrificed, and the blood samples, bronchoalveolar lavage 
fluids (BALFs), and lung tissues were also collected and stored at −70°C 
for further analysis.

Eosnophils cell counting in bronchoalveolar lavage 
fluids
BALFs were centrifuged at 4°C for 5 min with a speed of 1500 rpm, and 
subsequently, the supernatants of the BALFs were collected and stored 
at  −80°C. Furthermore, the cell precipitate smears were prepared and 
then fixed with formalin, and Wright‑Giemsa staining was subsequently 
performed, and the eosinophils (EOS) counting was performed under an 
optical microscope (Nikon TS2, Tokyo, Japan).

Histopathological examinations
Histopathological examinations were carried out referring to the previous 
reported methods with some modifications.[18] Briefly, lung tissues were 
fixed in 10% paraformaldehyde for 24  h, which were subsequently 
embedded in paraffin, sectioned at 5 μm, deparaffinized, and stained with 
hematoxylin‑eosin. Finally, histopathological changes of lung tissues were 
examined under an optical microscope (Nikon TS2, Tokyo, Japan).

Enzyme-linked immunosorbent assay assays
Serum samples were prepared by centrifuging for 15 min at 5000 rpm. 
Subsequently, the serum samples and BALF supernatants mentioned 

Figure  1: Schematic diagram for preparation of OVA-induced allergic 
asthma model rats. i.p.: Intraperitoneal injection; inh.: Inhalation; 
OVA: Ovalbumin
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and total proteins  (35 μg) were separated by 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis  (SDS‑PAGE) and then 
transferred to PVDF membrane. Subsequently, the protein blotted on 
PVDF membrane was probed with primary antibodies of MUC5AC 
and AQP‑5, respectively. After that, the PVDF membrane was 
incubated with HPR‑conjugated secondary antibodies. Finally, the 
target protein bands were visualized by chemiluminescence method, 
and β‑actin was used as the internal reference to normalize for protein 
loading.

High-performance liquid 
chromatography-LTQ-Orbitrap-Elite-MS analysis
An UltiMate 3000 system equipped with LTQ Orbitrap Elite mass 
spectrometer (Thermo Technologies, USA) was used for the separation 
and identification of constituents in RPT and QPT. The separation 
was performed on a CAPCELL PAK MG II S5 C18 chromatographic 
column (5 μm, 250 mm × 4.6 mm, i.d.) with the column temperature 
set at 30°C. A  linear gradient elution of A  (acetonitrile) and B 
(pure water) was used with the gradient procedure as follows: 
0–15 min, 99.9% B (v/v); 15–20 min, 99.9%–95% B (v/v); 20–30 min, 
95% B  (v/v); 30–50  min, 95%–85% B  (v/v); 50–60  min, 85%–75% 
B (v/v). The flow rate was 1.0 mL/min, and the injection volume was 
10 μL. DAD was on, and the target wavelength was simultaneously 
set at 265 nm. For the mass analysis, the acquisition parameters for 
positive ion mode were: ion spray voltage 3.5 kV, capillary temperature 
400°C, mass scan range, m/z 100–1000. All the data were analyzed by 
Chemstation software.

Statistical analysis
Data are presented as mean  ±  standard deviations. Statistical 
comparisons were made by one‑way analysis of variance using SPSS 
software  version  18.0 (IBM Corporation, Chicago, IL, USA) followed 
by Dunnett multiple comparison test. P  < 0.05 was considered as the 
significance level.

above were used to carry out the ELISA assays, and the levels of IL‑4 and 
IFN‑γ in BALFs and IgE in the serum were determined by commercial 
ELISA assay kits following the corresponding manufacturer’s 
instructions. In addition, the serum was prepared from the collected 
blood by centrifugation at 4°C for 10 min (5000 rpm), and subsequently, 
the serum samples were used to determine the IgE levels using ELISA 
assays as mentioned above.

Real-time fluorogenic polymerase chain reaction 
assays
Total RNA of the lung tissues was extracted by using Trizol reagents and 
then was used for cDNA synthesis of MUC5AC, AQP‑5, and GAPDH by 
reverse transcription with quantitative real‑time fluorogenic polymerase 
chain reaction (qRT‑PCR, ABI‑7300, USA). All mRNA primers 
were designed by Premier 5.0 and synthesized by Sangon Biotech 
(Shanghai, China). Primers used for the real‑time PCR are shown in 
Table 1.

Western blot assay
Lung tissues were homogenated with RIPA lysis buffer using a glass 
homogenizer, and subsequently, the homogenates were centrifuged at 
4°C for 5  min with a speed of 10,000  rpm. Then, the supernatants 
were collected to afford the total proteins of the lung tissues. After 
determination of the protein concentration by BCA protein assay kits, 

Table 1: Primers used for the real-time polymerase chain reaction

Gene name Primer sequence Size
MUC5AC
F 5’‑ATCGTCTGTGTCCATCTC‑3’ 106 bp
R 5’‑GCTGCCATCTATCCAATC‑3’
AQP‑5F 5’‑CGCTGAACAACAACACAAC‑3’ 144 bp
R 5’‑CAGACAAGCCAATGGATAAGG‑3’
GAPDHF 5’‑GTCGGTGTGAACGGATTTG‑3’ 181 bp
R 5’‑TCCCATTCTCAGCCTTGAC‑3’

F: Forward primer; R: Reverse primer; MUC5AC: Mucin 5AC

Figure 2: Results of the histochemical examination of lung tissues (×200). RPT-L and RPT-H means the low and high doses of Pinelliae Rhizoma (120 and 
240 mg/kg/day); RQPT-L and QPT-H means the low and high doses of Rhizoma Pinelliae Praeparatum cum Alumine (120 and 240 mg/kg/day). Red arrows 
indicate the inflammatory cell infiltration; yellow arrows indicate the bronchial wall
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RESULTS
Results of the lung histopathological examinations 
in asthmatic rats
Results of the lung histopathological examinations are shown in Figure 2. 
For normal rats, no obvious pathological alterations were observed, and 
the bronchial wall tissues possess structural integrity with moderate 
airway wall thickness and no obvious evidence of inflammatory cell 
infiltration. After being induced by OVA, obvious pathological changes 
were found, and the bronchial walls were thickened and damaged, 
leading to a distorted and narrow bronchial airway. Besides, lots of 
inflammatory cells and obvious inflammatory cell infiltration were 
observed around the bronchial. Interestingly, compared to model rats, 
the aforementioned abnormal alterations were markedly alleviated by 
treatment with both the RPT (120 and 240 mg/kg/day) and QPT (120 
and 240  mg/kg/day). Importantly, the QPT seems to have the better 
ameliorative effects on the inflammatory cell infiltration and lung 
histopathological changes in asthmatic rats than that of RPT at both 
the low (120 mg/kg) and high (240 mg/kg) dosage.

Results of the eosinophils counting and 
enzyme-linked immunosorbent assay assays
As can be seen from Figure 3, results of the EOS counting revealed that 
after being challenged with OVA, the EOS count in BALFs was sharply 
increased compared to normal rats  (P  <  0.05). However, both RPT 
(120 and 240 mg/kg/day, P < 0.05 and P < 0.01, respectively) and QPT 
(120 and 240 mg/kg/day, P < 0.01 and P < 0.01, respectively) treatments 
could effectively reduce the EOS count in BALFs compared to the model rats. 
Interestingly, our results also indicated that the QPT has better inhibitory 
effects against the EOS increase in BALFs of asthmatic rats than that of 
RPT at all the same testing doses in the present experiment (P < 0.05).
Furthermore, the present results exhibited the levels of IgE in serum 
and IL‑4 in BALFs [Figure 3] of asthmatic rats. Similar with the results 

of EOS counting, after being induced by OVA, the levels of IgE and 
IL‑4 of the asthmatic rats were markedly increased compared to the 
normal rats  (P  <  0.01 and P  <  0.01, respectively). Furthermore, both 
the RPT (120 and 240 mg/k, P < 0.01 and P < 0.01, respectively) and 
QPT (120 mg/kg and 240 mg/kg, P < 0.01 and P < 0.01, respectively) 
treatments significantly attenuated the levels of IgE and IL‑4 of the 
asthmatic rats compared to the model rats. Importantly, the QPT also 
showed the better suppressive effects on the levels of Ig E and IL‑4 
in asthmatic rats than that of RPT at all the same testing doses in the 
present experiment (P < 0.05 and P < 0.01, respectively).
Besides, the ELISA results of IFN‑γ in BALFs showed that in 
allergic asthmatic rats, the IFN‑γ level was obviously decreased by 
OVA challenge compared to the normal rats  (P  <  0.01). However, 
treatments of RPT  (120 and 240  mg/k, P  <  0.05 and P  <  0.01, 
respectively) and QPT (120 and 240 mg/kg, P < 0.01, respectively) 
significantly increased the levels of IFN‑γ level in BALFs of the 
asthmatic rats compared to the model rats. Importantly, the QPT 
showed better‑enhanced effects on the IFN‑γ level in BALFs in 
asthmatic rats than that of RPT at all the same testing doses in the 
present experiment (P < 0.05).

Results of the expressions of mucin 5AC and AQP-5 
in lung tissues
As shown in Figure 4, the results of mRNA expressions of MUC5AC and 
AQP‑5 by qRT‑PCR were shown. Our present results showed that after 
being challenged by OVA, the mRNA expressions of MUC5AC were 
significantly upregulated  (P  <  0.01) whereas the mRNA expressions 
of AQP‑5 were markedly downregulated (P < 0.01) in the lung tissues 
of asthmatic rats compared to the normal rats. On the contrary, RPT 
(120 and 240  mg/kg/day, P  <  0.05 and P  <  0.01, respectively) and 
QPT  (120 and 240  mg/kg/day, P  <  0.01 and P  <  0.01, respectively) 
treatments significantly decreased the mRNA expressions of MUC5AC 
whereas increased the mRNA expressions of AQP‑5 in lung tissues 
of the asthmatic rats compared to the model rats. Importantly and 

Figure 3: Results of the EOS counting and ELISA assays of IgE, IL-4 and IFN-γ. Data were expressed as mean ± standard deviation (n = 10), *P < 0.05, **P < 0.01, 
vs. model; #P < 0.05, versus RPT. RPT: Pinelliae Rhizoma; EOS: Eosinophils; IFN: Interferon; IL: Interleukin; Ig: Immunoglobulin; Enzyme-linked immunosorbent 
assay
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interestingly, the QPT showed the better regulative effects on the 
mRNA expressions of MUC5AC and AQP‑5 in lung tissues of asthmatic 
rats than that of RPT at all the same testing doses in the present 
experiment (P < 0.05). Furthermore, the mRNA expressions of the two 
genes were evidenced and confirmed by the similar results of western 
blot assays which described in Figure 5.

Results of the high-performance liquid 
chromatography-LTQ-Orbitrap-Elite-MS analysis
To compare the chemical compositions difference 
between the RPT and QPT, high‑performance liquid 
chromatography (HPLC)‑LTQ‑Orbitrap‑Elite‑MS analysis was performed 
in our present study. From our present results  [Figure 6 and Table 2], 
over 20 peaks were detected within 60 min in the HPLC chromatogram 
of RPT and QPT [Figure 6], among which 10 compounds were identified 
or deduced based on their positive ion mass spectra according to their 
precursor ions ([M + H]+) data [Table 2] after comparison with literature 
data.[3,19,20] The 10 compounds were uridine (peak 2), tyrosine (peak 3), 
cyclo‑(leucine‑tyrosine)  (peak 5), uracil  (peak 6), adenine  (peak 7), 

inosine (peak 8), vernine (peak 9), 5‑hydroxymethylfurfural (peak 10), 
tryptophan (peak 11), and adenosine (peak 12). In addition, as shown in 

Table 2: Chemical constituent’s analysis of Rhizoma Pinelliae Praeparatum 
cum Alumine and Pinelliae Rhizoma by high-performance liquid 
chromatography-LTQ Orbitrap Elite-MS

n tR (min) [M+H+]/(m/z) Molecular formula Identification
1 6.39 217.1290 Unknown Unknown
2 7.05 245.0761 C9H12N2O6 Uridine
3 8.87 182.0806 C9H11NO3 Tyrosine
4 11.22 175.1184 Unknown Unknown
5 13.33 276.1434 C15H20O3N2 Cyclo‑(leucine‑tyrosine)
6 15.05 113.0341 C4H4N2O2 Uracil
7 23.82 136.0614 C6H5N5 Adenine
8 24.77 269.0874 C10H12N4O5 Inosine
9 25.32 284.0982 C10H13N5O5 Vernine
10 26.49 127.0385 C6H6O3 5‑hydroxymethylfurfural
11 31.53 205.0945 C11H12N2O2 Tryptophan
12 34.22 268.1034 C10H13N5O4 Adenosine
13 58.58 565.1532 Unknown Unknown

Figure 4: Results of the qRT-PCR assays. Data were expressed as mean ± standard deviation (n = 10), *P < 0.05, **P < 0.01, vs. model; #P < 0.05, versus RPT. 
RPT: Pinelliae Rhizoma; qRT-PCR: Quantitative real-time fluorogenic polymerase chain reaction

Figure 5: Results of the western blot assays. Data were expressed as mean ± standard deviation (n = 10), *P < 0.05, **P < 0.01, vs. model; #P < 0.05, versus 
RPT. RPT: Pinelliae Rhizoma
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our present results, compared to the HPLC chromatogram of RPT, most 
of the constituents’ contents of QPT obvious reduced, such as the peak 
1  (unknown), peak 2  (uridine), peak 3  (tyrosine), peak 4  (unknown), 
peak 5  (cyclo‑(leucine‑tyrosine)), peak 6  (uracil), peak 8  (adenine), 
peak 9 (vernine), peak 11 (tryptophan), peak 12 (adenosine), and peak 
13 (unknown); in particular, peak 8 (adenine) cannot be detected in the 
HPLC chromatogram of QPT. On the contrary, the peak 7  (Vernine) 
contents in HPLC chromatogram of QPT increased compared to the 
RPT, and peak 10 (5‑hydroxymethylfurfural) in HPLC chromatogram of 
QPT is a new processed constituent compared to RPT.

DISCUSSION
Similar with other allergic diseases, asthma, a complex chronic airway 
inflammatory disorder, markedly affects life quality of patient and 
may result in substantial medical care expenditures.[21] Furthermore, 
asthma is a common disease affecting millions of children and adults 
with an increasing prevalence in the world, and therefore, allergic 
asthma has become a public health issue worldwide.[16,21] Nowadays, 
although great improvements have been achieved in diagnosis and 
treatment of asthma, it remains approximate 15% asthma patients 
which cannot be satisfactory treated by currently available drugs, such 
as glucocorticoid inhalation.[22] Thus, it is currently urgent required 
for finding more new alternative therapies for asthma treatment. 
Plants are the primary sources of food and drugs, and it is currently 
reported that over  50% of the currently drugs are closely correlated 
to the natural plant‑derived compounds/extracts.[23‑25] In addition, 
in Chinese folk medicine, herbal medicines have been applied for 
centuries to cure various difficult miscellaneous diseases, including 
allergic disorders.[25,26] Consequently, herbal medicine is one of the 
feasible approaches to treat allergic asthma. In the present study, our 
results revealed that both the RPT and QPT have potential curative 
effects on OVA‑induced allergic asthma in rats.
The allergic asthma is a chronic airway inflammatory disease and is 
featured by EOS infiltration and structural remodeling in airway, 
and previous findings have suggested that inhibition of the airway 
inflammatory reactions could be beneficial for ameliorating the 
symptoms of allergic asthma.[7,27] In addition, increasing evidence has 
also revealed that EOS is a main effector cell of allergic asthma which 
is commonly considered as a major biomarker for allergic asthma in 

clinical.[28] It is interesting our present results showed that both the 
RPT and QPT treatments could alleviate the inflammatory reactions 
in lung tissues and decrease the EOS in BALFs of asthmatic rats. The 
unbalance of type‑1 T‑helper  (Th1)/type‑2 T‑helper  (Th2) cell and 
overreleased Th2  cells are commonly considered as the important 
reason for the development of asthma.[16,29] Our present results 
showed that both the RPT and QPT treatments could decrease Th2 
cytokine of IL‑4 whereas increased Th1 cytokine of IFN‑γ, suggesting 
that both RPT and QPT treatments could modulate the balance of 
Th1/Th2  cells. IgE is generally considered to be a crucial factor for 
the pathogenesis of allergic disorders including asthma and allergic 
rhinitis, and it is also recognized as an important target for treating 
allergic asthma.[7,26] The present results revealed both the RPT and 
QPT treatments could decrease IgE in serum of allergic asthmatic rats. 
In recent years, increasing studies have revealed that the abnormal 
expressions of MUC5AC and aquaporins in lung tissues have closely 
related to the airway hypersecretion diseases, such as allergic asthma; 
in addition, there is commonly a negative correlation between the two 
genes/proteins.[1,7,30] In our present work, we found that treatments 
of RPT and QPT significantly decreased the mRNA and protein 
expressions of MUC5AC whereas increased the mRNA and protein 
expressions of AQP‑5 in lung tissues of the asthmatic rats.
In the traditional medicinal system of China, the QPT, a known 
and frequently‑used TCM, is one of the main components in many 
decoctions for treating dampness‑phlegm symptoms (including cough 
and asthma), such as Er‑chen decoction, Xiao‑qing‑long decoction, 
and Ding‑chuan decoction.[3,4] Interestingly, the QPT is generally 
considered to be good at removing dampness‑phlegm compared to 
RPT.[29,31] However, no definite available animal evidence has confirmed 
this issue mentioned above. Importantly, in the present work, our 
results demonstrated that the QPT exhibited the better curative effects 
on OVA‑induced allergic asthma in rats at all the same testing dosage. 
Thus, our present result is a potential evidence for demonstrating the 
issue that the QPT is good at removing dampness‑phlegm compared 
to RPT, which would be beneficial for illumination of the processing 
mechanism of RPT.

CONCLUSION
Both the RPT and QPT have potential curative effects for treating 
OVA‑induced asthma in rats via inhibition of inflammatory reactions 
and modulation of MUC5AC and AQP‑5. Furthermore, our results 
also evidenced that QPT exhibited the better curative effects on allergic 
asthmatic rats compared to the RPT, which could be beneficial for 
confirming the TCM theory of QPT is good at removing dampness to 
reduce phlegm.”
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