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Abstract. Allergic rhinitis (AR) is a chronic allergic airway 
disease that has become a significant global public health 
issue. Sinomenine (SN), a natural phytochemical found 
in Sinomenium  acutum, showed anti‑inflammatory and 
immunosuppressive effect in previous studies. In order to 
explore the role of SN in the treatment of AR, mice were 
sensitized and challenged by ovalbumin (OVA) to establish an 
AR mouse model. SN was administered to AR mice orally, and 
compared with dexamethasone treatment as a positive control. 
Nasal symptoms and histopathological changes were used to 
evaluate the effect of SN treatment in the AR mice model. 
In addition, the levels of anti‑OVA specific IgE and various 
cytokines in the serum were measured by enzyme‑linked 
immunosorbent assay, while the levels of transforming growth 
factor‑β (TGF‑β) in the mucosa were also detected by western 
blot analysis and reverse transcription‑quantitative polymerase 
chain reaction. AR mice that received SN treatment had 
reduced symptom scores and milder eosinophil infiltration. 
The serum levels of anti‑OVA specific IgE and interleukin‑4 
significantly decreased following SN treatment. Furthermore, 
TGF‑β expression levels in the serum and nasal mucosa tissue 
in AR mice increased when compared with those in AR mice 
without treatment. In conclusion, SN treatment alleviated the 
symptoms of AR in mice and had an immunosuppressive effect 
on AR, which may result from the upregulation of TGF‑β.

Introduction

Allergic rhinitis (AR) is a chronic, reversible allergic airway 
disease that has become a significant global public health 
concern and >500 million people around the world are 

estimated to currently be suffering with AR (1). Symptoms of 
AR include rhinorrhoea, nasal obstruction, nasal itching and 
sneezing, and it is often associated with ocular symptoms. 
Impairment of quality‑of‑life is observed in the majority of 
patients. They may suffer from sleep disorders and emotional 
problems, and experience impairments in completing activi-
ties and proper social functioning.

AR is a Type I allergic disease caused by an immuno-
globulin E (IgE)‑mediated adaptive immune response. IgE 
production results from complex interactions between B cells, 
T cells, mast cells and basophils, and involves the presence 
of interleukin (IL)‑4, IL‑13 and IL‑18 cytokines, as well as 
a physical interaction between T and B‑cells by a number of 
surface and adhesion molecules (2). T‑helper 2 (Th2) cells (3) 
and a downregulation of T‑regulatory cell responses (4‑6) drive 
the synthesis of IgE and the recruitment, maturation, survival 
and effector function of accessory cells, such as eosinophils, 
basophils and mast cells. The influx of eosinophils and Th2 
cells, producing IL‑4, IL‑5 and IL‑13, is the main feature of 
AR (7).

Chinese traditional herbal medicines have long been used 
to maintain the immune balance and to treat various allergic 
diseases, such as allergic rhinitis (8‑11), asthma (12) and atopic 
dermatitis (13). Biminne is the first herbal preparation to be 
clinically tested for AR internationally. It has anti‑allergic and 
anti‑inflammatory effects not only through its ability to restrain 
inflammatory cells degranulation and antagonistic inflamma-
tory medium, but it can also reduce and remove serum IgE 
levels (8). Herbal formulas in traditional Chinese medicine 
referred to as Yu‑ping‑feng‑san (9), Bu‑zhong‑yi‑qi‑tang (10) 
and Xin‑yi‑san (11) are also considered to be effective medi-
cines for allergic rhinitis treatment. There is little research 
focus on the isolation of herbal in allergic rhinitis. Sinomenine 
(SN) was first isolated from Sinomenium  acutum in the 
1920's (14), and since then a vast number of pharmacological 
and clinical studies have been performed in China and Japan, 
demonstrating that the pure alkaloid extract of SN possesses 
anti‑inflammatory and immune‑regulatory properties (14,15). 
Therefore, it is hypothesized that SN may be capable of 
immune‑modulatory effects on the allergic inflammation of the 
airways. The aim of the present study was to evaluate whether 
SN had an effect on inflammation of the nasal mucosa, as well 
as on the immune response in an AR mouse model.
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Materials and methods

Animals. A total of 40  male BALB/c mice (5‑week‑old; 
16‑18 g) raised and maintained under specific pathogen‑free 
conditions were obtained from the Hubei Center for Disease 
Control and Prevention (Wuhan, China). All mice were main-
tained under standard conventional conditions: 12‑h light/dark 
cycle, temperature (18‑22˚C) and humidity (50‑60%), with food 
and water ad libitum. The animals were randomly divided into 
four groups: Normal group, AR group, SN group and dexa-
methasone (Dex) group and each group consisted of 10 mice. 
Corticosteroids such as dexamethasone, the most potent 
therapeutic agents used for allergic rhinitis, profoundly inhibit 
the activity of T cells largely through the inhibition of expres-
sion of various cytokines (1,16), thus we make it as a positive 
control. Mice in the AR, SN and Dex groups were sensitized 
by intraperitoneal injection with 500 µl phosphate‑buffered 
saline (PBS) containing 10 µg ovalbumin (OVA; grade V; 
Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) and 
1 mg aluminum hydroxide on days 0, 7 and 14. Mice in the AR, 
SN and Dex groups were subjected to intranasal challenge with 
20 µl PBS containing 500 µg OVA for 7 days, between days 21 
and 27 (17). Mice in the normal group were injected with PBS 
alone, and PBS was administered intranasally following the 
same schedule. Along with sensitization and challenge, selected 
groups of mice were administered 100 mg/kg SN (purity, 
≥98%) or 2 mg/kg Dex (purity, ≥98%; both Sigma‑Aldrich; 
Merck Millipore), which were dissolved in 200 µl PBS and 
orally administered daily 2 h before intranasal OVA challenge 
between days 21 and 27 (18). The experimental protocol is 
shown in more detail in Fig. 1. The protocols of the current 
study were approved by the Animal Ethics Committee of 
Renmin Hospital of Wuhan University (Wuhan, China).

Measurement of nasal symptoms and tissue preparation. At 
20 min after the final OVA/PBS challenge on day 27, four 
observers blinded to the study groups recorded the frequencies 
of nasal rubbing and sneezing in each group. After 24 h from 
the last challenge with OVA/PBS, mice were anesthetized with 
1‑2 ml diethyl ether (60‑29‑7; Sinopharm Chemical Reagent 
Co., Ltd., Shanghai, China) volatilized in a 2 liter seal pot. 
Blood was drawn blood from the eyeballs and mice were 
sacrificed quickly by cervical dislocation. The nasal mucosa 
of mice was rapidly collected once the mice were sacrificed 
using a small curette under a microscope meticulously and 
was immediately immersed in liquid nitrogen and stored until 
further use in reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) and western blot analyses.

Histopathological evaluation of nasal cavity. Nasal tissues 
were removed 24 h after the last challenge with OVA/PBS, fixed 
in 10% neutral buffered formalin and decalcified. The coronal 
nasal section (5 µm) was stained with hematoxylin and eosin, 
and the number of eosinophils was counted under a microscope 
at four random high‑power fields (HPFs) of the submucosal 
region of the nasal cavity at x400 magnification (19), then the 
mean was taken as the number of eosinophils in each group.

Enzyme‑linked immunosorbent assay (ELISA). Mice serum 
was obtained immediately after sacrifice, and stored at 

4˚C. Serum levels of anti‑OVA specific IgE (N509; R&D 
Systems, Inc., Minneapolis, MN, USA), interferon‑γ (IFN‑γ; 
BMS6027), IL‑4 (BMS613) and transforming growth factor‑β 
(TGF‑β; BMS608/4; eBioscience, Inc., San Diego, CA, USA) 
in the animals were measured using commercially available 
ELISA kits, according to the manufacturer's recommenda-
tions. The concentrations of anti‑OVA specific IgE, IFN‑γ, 
IL‑4 and TGF‑β were calculated from the equations obtained 
from standard curve plots for the standard solutions in the kits.

RT‑qPCR. Total RNA was prepared from the nasal mucosa of the 
mice using TRIzol reagent (N15596‑026, Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). Complementary 
DNA (cDNA) was synthesized from 2 µg total RNA using 
Superscript Reverse Transcriptase and oligo (dT) primers 
(K1629; Fermentas; Thermo Fisher Scientific, Inc.). For the 
analysis of TGF‑β and GAPDH levels, specifically‑designed 
primers and probes were purchased from Invitrogen (Thermo 
Fisher Scientific, Inc.). The mRNA expression of TGF‑β and 
GAPDH was determined by qPCR, through amplifying 25 ng 
cDNA in 50 µl 1X SYBR‑Green PCR Master Mix (DRR041A, 
Takara Biotechnology Co., Ltd., Dalian, China) containing 
200  nM primers. qPCR primers were as follows: TGF‑β 
forward, 5'‑AGG​GCT​ACC​ATG​CCA​ACT​TC‑3' and reverse, 
5'‑CCA​CGT​AGT​AGA​CGA​TGG​GC‑3'; and GAPDH forward, 
5'‑ACC​CAG​AAG​ACT​GTG​GAT​GG‑3' and reverse, 5'‑TGC​
TGT​AGC​CAA​ATT​CGT​TG‑3'. Experiments were performed 
in triplicate, using an ABI Prism 7500 Sequence Detection 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The average transcript levels of genes were then normalized 
to GAPDH. Negative controls (Master Mix containing untran-
scribed total RNA, or sample without any cDNA or RNA) 
were used in each experiment. Relative quantitation of TGF‑β 
mRNA expression was calculated as the fold increase in 
expression using the 2‑ΔΔCq method (20) and the housekeeping 
gene was GAPDH.

Western blot analysis. Proteins were obtained from the nasal 
mucosa of each group using lysis buffer (containing 0.5% Triton 
X‑100, 150 mM NaCl, 15 mM Tris (pH 7.4) 1 mM CaCl2 and 
1 mM MgCl2). The protein concentrations were determined 
using a BCA protein assay reagent (Thermo Fisher Scientific, 
Inc.). Samples (20  µl; 2.7  µg/ml) were separated by 12% 
SDS‑PAGE and transferred onto polyvinylidene difluoride 
membranes (EMD Millipore, Billerica, MA, USA). Next, the 
samples were immunoblotted with primary antibodies against 
TGF‑β (3711) and GAPDH (5174; Cell Signaling Technology, 
Inc., Danvers, MA, USA) at 4˚C overnight. Following washing 
with 1X TBST solution, membranes were immunoblotted 
with secondary antibodies (7074; Cell Signaling Technology, 
Inc.) at room temperature for 1 h. Proteins were subsequently 
detected with an enhanced chemiluminescence reagent 
(P0018; Beyotime Institute of Biotechnology, Shanghai, 
China) and transferred to X‑ray films. Finally, Quantity One 
software (version 4.6.2; Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) was used to quantify the results.

Statistical analysis. The results are presented as the 
mean ± standard error of the mean. A Mann‑Whitney U‑test 
was used to compare results between different groups. 
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Statistical analyses were performed by the SPSS statistical 
software (version 16.0; SPSS, Inc., Chicago, IL, USA). P‑values 
of <0.05 were considered as indicating statistically significant 
associations.

Results

Symptom scoring. The nasal rubbing and sneezing symptom 
scores in the AR group were significantly elevated when 
compared with those in the normal group. The frequencies 
were 8.6±1.2 and 5.8±1.7  times/20  min in the AR group, 
respectively. By contrast, the scores were significantly lower in 
the two treatment groups when compared with the untreated 
AR group (Nasal rubbing: AR vs. AR + SN, P=0.0218; AR vs. 
AR + Dex, P=0.0091; Sneezing: AR vs. AR + SN, P=0.0054; 
AR vs. AR + Dex, P=0.0055; P<0.05), and the SN treatment 
group showed no significant decrease in symptom incidence 
compared with the Dex treatment group (Fig. 2).

Histology of nasal mucosa and eosinophil infiltration. 
Histological images of the nasal tissue of each group are 
shown in Fig.  3. These images demonstrated decreased 
eosinophil infiltration and decreased epithelial layer disrup-
tion in the SN and Dex treatment groups when compared with 
the AR group (Fig. 3). The eosinophil count per HPF in the 
AR group was 31.5±4.9, which was significantly higher from 
that of the normal group (2.8±0.9 eosinophils/HPF; P<0.05). 
The eosinophil counts per HPF in the SN treatment group and 
Dex treatment group were 18.5±4.5 and 20.3±5.7, respectively 
(Fig. 4); thus, the number of eosinophils was significantly 
reduced in the two treatment groups (P<0.05) when compared 
with the AR group. These results indicate that the SN and Dex 
treatments decreased the eosinophil migration in the nasal 
mucosa, but there was no significant difference between them 
(P>0.05).

Serum levels of OVA‑specific IgE and cytokines. In order to 
evaluate the effects of the SN treatment on AR, the serum 
levels of OVA‑specific IgE and various cytokines were 
detected by ELISA. The results indicated that OVA‑specific 
IgE levels significantly decreased in the two treatment groups 
when compared with those in the AR group (P<0.05; Fig. 5). 

The SN treatment group demonstrated a significant decrease 
(P<0.05) in the Th2 cytokine IL‑4 level in comparison with 
the level in the AR group, which was consistent with the 
observed symptom scores and histological observations. 
Similarly, the Th1 cytokine IFN‑γ was also significantly 
reduced (P<0.05) in the two treatment groups (Fig.  5). 
Furthermore, treatment with SN resulted in enhancement of 
the production of TGF‑β in the mouse serum (Fig. 6A).

Expression of TGF‑β in the nasal mucosa. The level of TGF‑β 
transcriptional activity was evaluated in the nasal mucosa 
of each group by RT‑qPCR (Fig. 6B). The mRNA expres-
sion levels of TGF‑β were significantly increased in the SN 
treatment group when compared with the AR group (P<0.05). 
Furthermore, the protein levels of TGF‑β in the nasal mucosa 
were also significantly elevated in the SN treatment group, 
as determined by western blot analysis (Fig. 6C and D). The 
expression of TGF‑β in the Dex group exhibited almost the 
same change when compared to the AR group.

Discussion

The majority of the clinical symptoms of AR, including 
rhinorrhea, nasal itching, sneezing and nasal congestion, cause 
significant discomfort to patients (21). AR is considered to result 
from an IgE‑mediated allergy associated with a nasal inflam-
mation of variable intensity (1). Cells, mediators, cytokines, 
chemokines, neuropeptides, as well as adhesion molecules and 
cells (2‑7,22‑25), are all considered to cooperate in a complex 
network, provoking specific symptoms and nonspecific nasal 
hyperreactivity. IgE production is induced following complex 
interactions between B‑cells, T‑cells, mast cells and basophils, 
and involves the presence IL‑4, IL‑13 and IL‑18 cytokines 
and a physical interaction between T and B‑cells by various 
surface and adhesion molecules (2). Eosinophils numbers are 
increased and activated in the nasal mucosa of patients with 
symptomatic allergic  (22). Various mediators are released 
in nasal secretions, such as CysLT (23), ECP (24) and hista-
mine (25). CD4+ lymphocytes with a Th2 phenotype serve an 
important role in the development of AR, and the suppression 
of Th2 lymphocytes may be a potential therapeutic target for 
the treatment of AR.

Figure 1. Experimental protocol of the present study. Mice were sensitized with OVA and aluminum hydroxide on days 0, 7 and 14. All groups except for the 
normal group received intranasal OVA between days 21 and 27. Selected groups of mice were also treated with intraperitoneal injection of the SN or Dex at 
2 h before intranasal OVA challenge. OVA, ovalbumin; AR, allergic rhinitis; SN, sinomenine; Dex, dexamethasone.
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Various Chinese traditional medicine formulas have been 
used for the treatment of allergic diseases for thousands of 
years. The search for appropriate natural products may provide 
further treatment options for allergic diseases to the currently 
used drugs. In vitro studies have demonstrated that SN is able 
to inhibit lymphocyte proliferation and antibody production 

by B cells, as well as to potently reduce the production of 
inflammatory factors by macrophages (26‑28). SN also inhibits 
the antigen‑presenting capacity of bone marrow‑derived 
DCs with the decrease of IL‑12, TNF‑α and IL‑1β produc-
tion (29). In addition, SN affects the production of several 
allergic mediators, including IL‑6, PGD2, LTC4, β‑Hex and 
COX‑2 protein (30). In vitro experiments by Shu et al (31). 
revealed that the immunosuppressive activity elicited by 
SN in CD4+ primary lymphocytes was largely attributed to 
caspase‑3‑dependent apoptosis These findings indicate that 
SN has the potential for use in the treatment of allergies.

In the present study, AR mice treated with SN or Dex 
had lower symptoms scores for nose rubbing and sneezing. 
Meanwhile, the infiltration of eosinophils, the proliferation of 
goblet cells and the loss of ciliated cells in the nasal epithelium 
are common histopathological changes of the nasal mucosa in 
AR mice (32). Subsequent to treatment with SN or Dex, the 
number of eosinophils was reduced when compared with that in 
the nasal mucosa of untreated AR mice. Thus, it can be concluded 
that SN treatment, as well as Dex treatment, decreased changes 
in the nasal mucosa and alleviated the symptoms in AR mice.

Figure 2. Systemic treatment with SN suppressed allergic symptoms. (A) Rubbing symptom score. (B) Sneezing symptom score. *P<0.05, vs. AR group.  
N, normal; AR, allergic rhinitis; SN, sinomenine; Dex, dexamethasone.

Figure 3. Histological analysis of nasal mucosa in the (A) normal, (B) AR, (C) AR+SN and (D) AR+Dex groups. Systemic treatment with SN suppressed the 
eosinophil infiltration in the nasal mucosa (magnification, x400). The normal group showed no inflammatory changes, while the nasal mucosa was infiltrated 
with eosinophils in the AR group (arrow). Eosinophilic infiltration was markedly reduced in the SN and Dex treatment groups. AR, allergic rhinitis; SN, 
sinomenine; Dex, dexamethasone.

Figure 4. Number of eosinophils in the nasal mucosa. The number of eosino-
phils was significantly reduced in the SN and Dex treatment group when 
compared with that in the AR group. *P<0.05 vs. the AR group. N, normal; 
AR, allergic rhinitis; SN, sinomenine; Dex, dexamethasone.
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OVA‑specific IgE and IL‑4 levels were found to increase in 
AR mice compared with those in the normal group. However, 
SN significantly inhibited the expression of OVA‑specific 
IgE and IL‑4 in AR mice in the current study experi-
ments. Similarly, Feng et al (18) observed that SN treatment 
suppressed the production of antibodies, including anti‑OVA 
IgG2a, IgG1 and IgE, as well as the secretion of cytokines, 
such as IFN‑γ and IL‑5. In addition, this previous study 
demonstrated that SN enhanced the secretion of TGF‑β (18). 
SN also serves an important role in the Th1/Th2 cell balance 
by regulating the expression levels of T‑bet and GATA‑3, 
which are the transcription factors of Th1 and Th2, respec-
tively (33). All these aforementioned results suggest that SN 
appears to have a suppressive effect on AR. The regulatory 
T cells (Tregs) have been shown to suppress Th1 and Th2 
responses in vitro (34‑36), and TGF‑β was considered to serve 
an important role in the development and differentiation of 
Tregs (37‑39). In the present study, treatment with SN was 
followed by an enhancement of TGF‑β secretion. Thus, the 
downregulation of Th2 responses and allergic symptom scores 
by SN treatment may be associated with the role of this Treg 
cytokine in these immune responses.

In conclusion, the present study demonstrated that SN had 
an inhibitory efficacy on AR, by alleviating the symptoms and 

inhibiting the expression of OVA‑specific IgE and Th2 cyto-
kines in OVA‑induced AR mice. SN treatment also reduced the 
eosinophil infiltration. These results may depend on the induc-
tion of the local and systemic TGF‑β expression, which is an 
important cytokine in Treg cells, by SN treatment. Therefore, 
the results suggest that SN may have a good potency in AR 
treatment.
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