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Abstract
Objectives To investigate the therapeutic effect of Bicalutamide, an androgen receptor antagonist on the onset and develop-
ment of allergic rhinitis in an animal model.
Methods 40 male BALB/c mice were randomly divided into five groups (eight mice per group). Aluminum hydroxide 
powder was used as an adjuvant, combined with Ovalbumin (OVA) to establish the mouse model of allergic rhinitis via 
ultrasonic nebulization of OVA to stimulate the nasal cavity. Mice in Bica#1 group were intraperitoneally injected with 
0.02 mg Bicalutamide/0.5 ml of normal saline daily for 7 consecutive days; mice in Bica#2 group were administered 0.02 mg 
Bicalutamide/0.5 ml of normal saline via intraperitoneal injection for 5 consecutive days, and then the same amount of 
normal saline was injected intraperitoneally for 2 consecutive days. Enzyme-linked immunosorbent assay was adopted to 
detect the serological levels of IgE, IL-4, and IL-6 production. Eosinophil infiltration was observed under microscope after 
hematoxylin and eosin staining of nasal mucosa. Quantitative PCR and Western blot were employed for determination of 
histamine receptors mRNA expression and PI3K/PKB associated protein levels, respectively.
Results Histological analysis shown that allergic lesion was induced after OVA sensitization. Intraperitoneal injection with 
0.02 mg Bicalutamide daily for 7 consecutive days significantly reduced the allergic lesion; however, mice injected with 
the same amount of normal saline at the same time demonstrated no allergic rhinitis symptoms. In addition, there was a 
significant reduction in eosinophils number in Bicalutamide treated mice (n = 8) compared to the OVA group (n = 8) (OVA: 
19.6 ± 5.3 vs. Bica#1: 7.7 ± 0.8 vs. Bica#2: 9.4 ± 1.2, both p < 0.01). Furthermore, ELISA results revealed that the serological 
levels of IgE (OVA: 17.3 ± 1.7 µg/ml vs. Bica#1: 9.2 ± 0.6 vs. Bica#2: 10.4 ± 2.3, both p < 0.05), IL-4 (OVA: 164.3 ± 5.1 pg/
ml vs. Bica#1: 110.2 ± 3.1 vs. Bica#2: 115.3 ± 4.1, both p < 0.05) and IL-6 (OVA: 167.3 ± 3.7 pg/ml vs. Bica#1: 117.5 ± 6.5 
vs. Bica#2: 114.8 ± 2.4, both p < 0.05) were significantly decreased after two different dosage of Bicalutamide treatment. 
Similarly, histamine receptors in mast cells were significantly reduced after two different dosage of Bicalutamide treatment. 
More importantly, p-PKB protein was notably reduced after two different dosage of Bicalutamide treatment compared to the 
OVA group, mTOR protein levels were also down regulated after two different dosage of Bicalutamide treatment.
Conclusions Our data demonstrated that androgen receptor antagonist Bicalutamide can significantly alleviate allergic rhi-
nitis lesion in the animal model. PI3K/PKB activity in mast cells was suppressed after Bicalutamide injection. Our results 
provide important implication in allergic rhinitis prevention and treatment.
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Introduction

Allergic rhinitis is a common and frequently-occurring 
disease in clinical practice. Because of its complex patho-
genesis, the clinical treatment effect is not satisfactory. 
Mast cells are the main receptor cells in the pathogen-
esis of allergic rhinitis [1]. They cause early symptoms of 
allergic rhinitis by secreting substances, such as histamine, 
bradykinin, protease and arachidonic acid derivatives, and 
stimulate and trigger other symptoms of allergic rhinitis 
[2]. Granulocytes involved in late response increased. 
Activated mast cells secrete numerous cytokines, both 
preformed and newly synthesized, that modulate T- and 
B-cell function, amplify early and late manifestations of 
inflammatory responses, and lead to changes in tissue 
structure [3]. Therefore, elucidating the mechanisms that 
regulate activation, apoptosis and their aggregation into 
tissues in mast cells is of great significance for under-
standing the pathogenesis of allergic rhinitis and provid-
ing targets for novel drug treatments. In the past decade, 
there has been intensive research into the regulation of 
multiple biological functions by signaling in mast cells, 
and the pathogenesis of mast cell-related diseases. Phos-
phatidylinositol 3-kinase/protein kinase B (PI3K–PKB), 
including upstream regulatory molecules, downstream 
targets, antagonists of various receptors, and inhibition 
of intracellular signaling factors, etc., these may become 
potential therapeutic drugs for allergic diseases [4, 5].

PI3K–PKB is a family of intracellular signaling pro-
teins. The catalytic activity of the catalytic subunit in the 
PI3K holoenzyme is critical for mast cell activation, dif-
ferentiation, survival and homeostasis. It also plays an 
important role in the acute increase in mast cell activation 
and vascular permeability in IgE-induced early allergic 
responses [6, 7]. Our previous animal studies [8] also 
found that large doses of α-tocopherol can inhibit the onset 
of allergic rhinitis through the PI3K–PKB pathway. There-
fore, PI3K/PKB pathway can be potential target candidate 
in treatment of allergic inflammation. It further revealed 
that inhibition of cell migration by Akt/PKB was medi-
ated by Glycogen Synthase Kinase-3β (GSK-3β) [9]. In the 
study of drug resistance in the treatment of prostate cancer, 
it was found that there is reciprocal feedback regulation of 
PI3K and androgen receptor signaling [10]. The feedback 
inhibition of the androgen receptor can inhibit PI3K path-
way, i.e., blockade of the androgen receptor leads to down 
regulation of AKT phosphorylation and thus suppression 
of the PI3K pathway [11, 12]. Bicalutamide is a nonsteroi-
dal androgen receptor antagonist that inhibits the androgen 
receptor [11]. Therefore, we speculate that Bicalutamide 
can alleviate the occurrence and development of allergic 
rhinitis via suppressing PI3K/PKB activity.

Materials and methods

Experimental equipments and reagents

Ultra-micro spectrophotometer (BD-1000), electronic bal-
ance scale (Mettler ME104), low-temperature high-speed 
benchtop centrifuge (Thermo Heraeus fresco 17), micro-
sampler gun (Thermo Finnpipette), Light Cycler TM 
PCR (Roche), Electric thermostatic water bath (Shanghai 
Jinghong Experimental Equipment Co., Ltd.), microtome 
(Leica CM1950), IL-4, IL-6 and IgE kits (R&D Systems), 
ovalbumin, OVA (Sigma-Aldrich), aluminum adjuvant 
(Sigma-Aldrich), dexamethasone tablets (Sinepharm Phar-
maceutical, Shanghai), Bicalutamide Tablets (Shanghai 
Zhaohui Pharmaceutical).

Experimental animal of allergic rhinitis

Forty BALB/c mice, male, 7–8 weeks, all weighing about 
20 g, were purchased from Shanghai Slack Laboratory 
Animal Co., Ltd. These mice were randomly divided into 
five groups (eight mice/group). Group A. Control group, 
B. Allergic rhinitis group, C. Dexamethasone group, D. 
Bicalutamide treatment group #1, E. Bicalutamide treatment 
group #2. Experimental mouse model of allergic rhinitis was 
established as previously reported [13], aluminum hydroxide 
powder was used as an adjuvant, combined with OVA to 
establish the mouse model of allergic rhinitis via ultrasonic 
nebulization of OVA to stimulate the nasal cavity. One-hun-
dred µg of OVA and 2 mg of aluminum hydroxide powder 
were dissolved and evenly mixed in 1 ml of normal saline. 
OVA–saline suspension were injected intraperitoneally into 
the mice in groups B, C, D and E every other day. Group A 
was intraperitoneally injected with the same amount of nor-
mal saline at the same timepoint. Local challenge from the 
22nd day: 20 ml of 1% OVA saline was used for ultrasonic 
atomization, once a day, for 15 min each time, and the treat-
ment continued for 1 week. Mice in group A were nebulized 
with equal volume of normal saline at the same time. All 
animal experiments in this study followed the guidelines for 
Institutional Animal Care at Zhangjiagang Hospital affiliated 
to Soochow University. The animal protocol was approved 
(#20200717).

From the 22nd day, mice in group C were given 0.2 mg 
dexamethasone /0.5 ml of normal saline every day. Mice 
in group D were intraperitoneally injected with 0.02 mg 
Bicalutamide/0.5 ml of normal saline daily for 7 consecutive 
days; mice in group E were administered 0.02 mg Bicalu-
tamide/0.5 ml of normal saline via intraperitoneal injection 
for 5 consecutive days, and then the same amount of normal 
saline was injected intraperitoneally for 2 consecutive days; 
mice in groups A and B were intraperitoneally injected with 
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the same amount of normal saline at the same time, and 
the mice were observed the allergic rhinitis symptoms for 7 
consecutive days.

Collection of peripheral serum and nasal mucosa

After the last ultrasonic atomization and drug intervention 
at the end of the fourth week, mice in each group were anes-
thetized by intraperitoneal injection of 10% chloral hydrate. 
The nasal cavity specimens of mice were collected, placed 
into 10% formaldehyde solution for fixation after dissection, 
and then decalcified with 20% EDTA, embedded, and sliced   
to collect nasal mucosal tissue.

Cytokine detection

The experiment used double antibody one-step sandwich 
enzyme-linked immunosorbent assay (ELISA). To the 
coated microwells pre-coated with mouse IL-4, IL-6 and IgE 
antibodies, add the sample, standard, standard, and horserad-
ish peroxidase-labeled detection antibody in sequence, and 
incubate and thoroughly washing. Use the substrate TMB to 
develop color, TMB is converted to blue under the catalysis 
of peroxidase, and converted to final yellow under the action 
of acid, and a stop solution is added. The optical density 
(OD) value was measured at 450 nm, the concentrations of 
IL-4, IL-6 and IgE were proportional to the OD value, and 
the standard curve was drawn to obtain the concentrations 
of IL-4, IL-6 and IgE in the samples.

Staining of nasal mucosa and nasal mucosa 
eosinophils

Hematoxylin–Eosin (HE) staining: sections of nasal mucosa 
tissue were stained with HE, and the number of eosinophils 
in the nasal mucosa of mice in different groups was observed 
under a microscope.

Count the number of eosinophils in 5 fields of view under 
a microscope at high magnification (× 400) for each nasal 
mucosa specimen, and take the average value.

Quantitative real‑time PCR

Trizol LS (Invitrogen) solution was used for lysis of nasal 
mucosa, followed by RNAqueous™ Total RNA Isolation 
Kit (Thermo Fisher). The total RNA extracted was then 
measured by UV spectrophotometer, and D260/280 and 
D260/230 were calculated. Total RNA was subjected to 
RNA reverse transcription reaction using Promega reverse 
transcription kit in the following reaction system. 5xBuffer 
5.0 µL, random primers 0.5 µL, total RNA 8.5 µL, 10 mM 
dNTP (Promega) 2.0 µL, RNase inhibitor (Promega) 0.5 
µL, M-MLV (Promega) 1.0 µL to total volume to 20 µL, 

and after mixing, incubated at 42 °C for 60 min; then 
incubated at 85 °C for 10 min to inactivate reverse tran-
scriptase. The real-time quantitative PCR reaction system 
is as follows: 5.0 µL of cDNA, 0.5 µL of forward primer 
and 0.5 µL of reverse primer, 10 µL of 2xSYBR GreenPCR 
MasterMix, 4.0 µL of ddH2O, and a total volume of 20 
µL. The reaction conditions are as follows: 95 °C, 5 min; 
95 °C for 15 S, 60 °C for 15 S, 72 °C for 30 S, a total of 40 
cycles on Light Cycler TM PCR (Roche). The expression 
level of mRNA was calculated with  2−ΔΔCt.

Detection of PI3K/PKB pathway by western blot

Take out part of the nasopharyngeal tissue from the sac-
rificed mice, grind it with liquid nitrogen to fully rupture 
the cells, put the broken tissue into a glass mixer, add an 
appropriate amount of lysis buffer at 1 ml/1 mg, contain-
ing PMSF, and incubate on ice 30 min, then centrifuge 
at 4 °C for 5 min at 12,000 r/min, suck the supernatant, 
put it in a − 80 °C refrigerator for freezing and save for 
later use. Total tissue protein was quantified by Coomas-
sie brilliant blue. The tissue protein samples were mixed 
with 1/4 ratio the amount of 5xSDS loading buffer, boiled 
and denatured for about 6 min, 10% SDS–PAGE 115 V 
for electrophoresis, 210 mA constant current for 60 min, 
and wet transferred to nitrocellulose membrane (NC 
membrane, Invitrogen). After blocking with 5% nonfat 
milk powder in TBST buffer for 2 h at room tempera-
ture, the membranes were treated with anti-PKB (Cell 
signaling technology CST#9272), p-PKB monoclonal 
antibody(CST#4060), GSK3β(CST#9832), mTOR anti-
body (CST#2983) (1:500). The membrane was washed 3 
times with TBST, 10 min each time, and then incubated 
with goat anti-rabbit or mouse IgG conjugated with horse-
radish peroxidase (1:5000) at room temperature for 1 h. 
The membrane was washed with TBS 3 times, 10 min each 
time, and finally the luminescence kit ECL was used. The 
reaction was developed by exposure to X-film.

Statistical analysis

SPSS 22.0 software was used for data statistics, all data are 
expressed as Mean ± Standard deviation (X ± s). One-way 
ANOVA was used to compare data among multiple groups. 
When there was statistical significance, that is, p < 0.05, 
pair-wise comparison was performed and least significant 
difference (LSD) method was exceeded by the difference 
between two varietal means for a particular characteristic. 
Error bar values represent SEM. For comparison between 
two groups, Student’s two-tailed t test was used.
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Results

Bicalutamide inhibits allergic rhinitis in mouse 
model

Histological analysis shown that allergic lesion was 
induced after OVA sensitization (Fig. 1A). Intraperitoneal 
injection with 0.02 mg Bicalutamide daily for 7 consecu-
tive days significantly reduced the lesion of allergic rhi-
tinis (Fig. 1A); Another dosage of i.p. administration with 
0.02 mg Bicalutamide for 5 consecutive days, and then the 
same amount of normal saline was injected intraperito-
neally for 2 consecutive days, showing the allergic lesion 
was alleviated compared to OVA group (Fig. 1A). There 
was a notable reduction in inflammatory cells infiltration 
in cross sections in Bicalutamide treated mice compared 
to the OVA group. However, mice injected with the same 

amount of normal saline at the same time demonstrated 
no allergic rhinitis symptoms. Eosinophil counts in the 
nasal mucosa are shown in Fig.  1B. There was a sig-
nificant reduction in eosinophils in Bicalutamide treated 
mice (n = 8) compared to the OVA group (n = 8) (OVA: 
19.6 ± 5.3 vs. Bica#1: 7.7 ± 0.8 vs. Bica#2: 9.4 ± 1.2, both 
p < 0.01). The eosinophil number was significantly lower 
in Dex group compared to OVA group; there were no sig-
nificant changes of eosinophils between Dex group and 
Bica-1,-2 groups.

Bicalutamide inhibits serological levels of IgE, IL‑4 
and IL‑6

There was a significant increase in IgE, IL-4, and IL-6 pro-
duction in serum collected from OVA group versus that from 
control group (Fig. 2). However, different dosage treatment 
of Bicalutamide significantly suppressed the levels of IgE 

Fig. 1  Bicalutamide inhibits 
allergic rhinitis in mouse model. 
A Representative sections of 
the nasal mucosa tissue under 
hematoxylin and eosin staining 
microscope (× 400). n = 8 each 
group. Magnification: × 400. 
Data are representative of at 
least two independent experi-
ments. B Number of eosinophils 
in the nasal septal mucosa. n = 8 
each group. Data are representa-
tive of at least two independent 
experiments. **p < 0.01. Error 
bar values represent SEM. 
For comparison between two 
groups, Student’s two-tailed t 
test was used
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(OVA: 17.3 ± 1.7 µg/ml vs. Bica#1: 9.2 ± 0.6 vs. Bica#2: 
10.4 ± 2.3, both p < 0.05), IL-4 (OVA: 164.3 ± 5.1 pg/ml vs. 
Bica#1: 110.2 ± 3.1 vs. Bica#2: 115.3 ± 4.1, both p < 0.05) 
and IL-6 (OVA: 167.3 ± 3.7 pg/ml vs. Bica#1: 117.5 ± 6.5 
vs. Bica#2: 114.8 ± 2.4, both p < 0.05) production in serum 
compared with those in the OVA group (Fig. 2A–C).

Histamine receptors in mast cells were significantly 
reduced after Bicalutamide treatment

Histamine and its receptors (H1R–H4R) play a crucial 
and significant role in the development of various allergic 
diseases [2]. We further examined the histamine receptors 
expression in nasal mucosa tissues. Single-cell suspensions 
of the nasal mucosa tissues (1 ×  106) collected from OVA 
and Bicalutamide treated mice were lysed for total RNA 
extraction and quantitative PCR detection for histamine 
receptors mRNA expression (n = 8 for each group); the 
results demonstrated that mRNA levels of histamine recep-
tors including H1R, H2R, H3R, and H4R was significantly 
reduced after different dosage treatment with Bicalutamide 
compared to those in OVA group (Fig. 3A–D).

Bicalutamide suppressed PI3K–PKB activity

We further examined the protein level of PKB expression 
and PKB targets GSK3β and mTOR expression. Western-
blot demonstrated that p-PKB protein was reduced after 

Bicalutamide treated mice compared to the OVA group 
(Fig. 4), further mTOR protein levels were also down regu-
lated after Bicalutamide treatment. However, GSK3β was 
increased in both dosage treatment with Bicalutamide com-
pared to OVA group. PKB total protein was not significantly 
changed between groups (Fig. 4).

Discussion

The immune response of allergic rhinitis originates from 
secondary exposure to allergens, and the symptoms are 
divided into two stages: early response and late response. 
Regardless of the early or late stage, the response of effector 
cells such as mast cells and eosinophils and their products 
are the key factors in the entire immune response [14]. In 
this study, OVA and aluminum hydroxide were used as sen-
sitizers to replicate the mouse model of allergic rhinitis by 
intraperitoneal injection and ultrasonic nebulization, which 
is a relatively mature and reliable method. Histological 
analysis in our study shown that allergic lesion was induced 
after OVA sensitization (Fig. 1A). Intraperitoneal injection 
with 0.02 mg Bicalutamide daily for 7 consecutive days sig-
nificantly reduced the lesion of allergic rhitinis (Fig. 1A); 
Another dosage of i.p. administration with 0.02 mg Bicalu-
tamide for 5 consecutive days, and then the same amount 
of normal saline was injected intraperitoneally for 2 con-
secutive days, showing the allergic lesion was alleviated 

Fig. 2  Bicalutamide inhib-
its serological levels of IgE, 
IL-4 and IL-6. Comparison of 
serological levels of IgE, IL-4, 
and IL-6 production between 
groups. A IgE; B IL-4; C IL-6. 
*p < 0.05; **p < 0.01; Error 
bar values represent SEM. 
For comparison between two 
groups, Student’s two-tailed t 
test was used
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compared to OVA group (Fig. 1A). These data demonstrated 
that Bicalutamide treatment is similar to Dexamethasone 
effect in allergic rhinitis alleviation in animal model.

Allergic rhinitis is an allergic inflammation mainly infil-
trated by immune cells including eosinophils. Results in our 
study demonstrated that there was a notable reduction in 
inflammatory cells infiltration in cross sections in Bicaluta-
mide treated mice compared to the OVA group. However, 

mice injected with the same amount of normal saline at 
the same time demonstrated no allergic rhinitis symptoms. 
Eosinophil counts in the nasal mucosa are shown in Fig. 1B. 
There was a significant reduction in eosinophils in Bicalu-
tamide treated mice compared to the OVA group. Allergen-
specific T helper 2 (Th2) cells and elevated serum IgE are 
typical manifestations of allergic rhinitis, and the signifi-
cantly elevated levels of IL-4 and IL-6 also indicate that two 
cytokines play an important role in the disease process of 
allergic rhinitis [14]. The pathology of allergic rhinitis shows 
the accumulation and increase of mast cells, dendritic cells, 
macrophages, etc. in the superficial nasal mucosa, as well as 
the levels of inflammatory factors such as IL-4, IL-6, IL-8, 
and IgE were increased. Allergens can induce a Th2-related 
immune response in a subset of CD4 + T cells, secrete 
inflammatory factors, such as IL-4, IL-5, and IL-13, and 
mediate the occurrence of humoral immunity [15]. There is 
evidence that T cell-mediated Th2 cytokines including IL-4, 
IL-5, and IL-13 are elevated in patients with allergic rhinitis, 
and can regulate eosinophil growth and differentiation [16]. 
Results in our study shown there was a significant increase in 
IgE, IL-4, and IL-6 production in serum collected from OVA 
group versus that from control group (Fig. 2). However, 
different dosage treatment of Bicalutamide significantly 
suppressed the levels of IgE, IL-4, and IL-6 production in 
serum compared to those in the OVA group (Fig. 2A–C). 
One of the most well-known mast cell activation pathways 
is the high-affinity IgE receptor (FcεRI), which degranu-
lates mast cells and releases intracellular mediators. When 

Fig. 3  Quantitative PCR detec-
tion for histamine receptors 
mRNA expression. A H1R; 
B H2R; C H3R; D H4R. 
*p < 0.05; **p < 0.01; Error 
bar values represent SEM. 
For comparison between two 
groups, Student’s two-tailed t 
test was used

Fig. 4  Western-blot to detect protein levels of p-PKB, PKB, GSK3b 
and mTOR. GAPDH protein was selected as loading control
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this process is uncontrolled and enhanced, it can lead to 
an allergic inflammatory response. The mucosal epithelial 
cells of the nasal cavity also have the function of antigen-
presenting cells. The surface of these cells expresses the IgE 
receptors FcεRI and FcεRII, and can synthesize and release 
a variety of cytokines and inflammatory mediators during 
allergic reactions, including eosinophil chemokines, mast 
cell secreting cytokines, intercellular adhesion molecule 1 
(ICAM1), IL-6, IL-8, Tumour necrosis factor α (TNFα) and 
vascular endothelial growth factor (VEGF). Therefore, treat-
ments potentially targeting these pathways can be considered 
as novel methods to control the development of allergic rhi-
nitis. Similar treatments such as dexamethasone are often 
used for the treatment of allergic rhinitis by intranasal, oral 
or intravenous routes. The application of Bicalutamide in the 
intervention study of allergic rhinitis has not been reported 
before. Therefore, the differential dosage treatment of Bical-
utamide in the current study is insightful to potential clinical 
use in allergic rhinitis.

Activation of PI3K channels often occurs in the following 
situations: activation of growth factor receptors or PIK3CA 
for core coding of PI3KAalpha, through loss-of-function 
phosphatase and deletion of the tensin homolog on chro-
mosome 10 (PTEN), through protein kinase B (PKB/Akt) 
up regulation, or damage to the spinal sclerosis complex 
TSC1/2. When PI3K is activated, such as phosphorylation 
or activation of AKT, it localizes to the cell membrane. Acti-
vated AKT has many functions, such as activation of CREB, 
inhibition of p27, localization of FOXO in the cytoplasm, 
activation of PtdIns-3 ps [4] and mTOR, which can affect 
the transcription of p70 or 4EBP1. A number of factors 
are now known to enhance PI3K/AKT channels, including 
EGF, Shh, IGF-1, insulin and calmodulin. Meanwhile, this 
channel is also antagonized by various factors, including 
PTEN [17], GSK3β and HB9 [5]. Previous animal studies 
[8] also found that large doses of α-tocopherol can inhibit 
the onset of allergic rhinitis through the PI3K–PKB path-
way. In the current study, we found that p-PKB protein was 
reduced after Bicalutamide treatment compared to the OVA 
group (Fig. 4), further mTOR protein levels were also down 
regulated after Bicalutamide treatment. However, GSK3β 
was increased in both dosage treatment with Bicalutamide 
compared to OVA group. PKB total protein was not sig-
nificantly changed between groups (Fig. 4). PI3K pathway 
regulate the expression of histamine H4 receptors in mast 
cells and thus can regulate the release of cytokines, such 
as TNF-α and IL-8, while the release of TNF-α and IL-8 is 
inhibited by inhibitors of PI3K signaling, suggesting that 
H4 receptors can regulate the release of TNF-α and IL-8 
in human cells through PI3K signaling [8]. In addition, in 
the study of prostate cancer, it was also found that the over-
expression of microRNAs (miRNAs) directly responded to 
the overactive PI3K pathway, reduced the expression level 

of target genes to a certain extent, and inhibited the down-
stream regulators of the PI3K–PKB pathway. It can lead to 
increased expression of miRNA target genes [18]. GSK-3β 
functions in diverse cellular processes that have been impli-
cated in a range of human pathologies, including allergic 
asthma [19]. GSK3β-related expansion of Treg cells was one 
potential mechanism that Broncho-Vaxom attenuates allergic 
airway inflammation in an animal model [20]. Molecularly 
GSK-3β has been shown to activate the downstream compo-
nents of the PI3K/AKT/mTOR signalling cascade by phos-
phorylating AKT, RICTOR, TSC1 and 2, PTEN and IRS1 
and 2 [21]. Results in our study shown increased levels of 
GSK3β after the treatment with Bicalutamide compared to 
OVA group, indicating that GSK-3β was activated under 
Bicalutamide treatment. Further investigation is required for 
exploring the immunological mechanism by Bicalutamide 
in treating allergic rhinitis.

The role of histamine and histamine receptors are demon-
strated in mast cell-mediated allergy and inflammation [2]. 
As the most studied mast cell meson, histamine is formed 
in the Golgi by histidine decarbonation and stored in mast 
cell granules and basophils. When mast cells are exposed 
to a specific antigen, histamine is released in a calcium-
dependent degranulation manner. Histamine levels in nasal 
secretions increased in a bimodal pattern lasting approxi-
mately 1 min immediately after nasal allergen challenge and 
between 3 and 11 h. These responses occur in its recipient 
cells and peripheral blood leukocytes, including eosinophils, 
neutrophils, CD4 + T cells, basophils and mast cells. It is 
now believed that there are three classical histamine receptor 
subtypes (H1, H2, H3) and a new subtype, H4. These hista-
mine-induced allergic disease symptoms are mainly caused 
by the interaction between H1 receptors. H2 receptors are 
involved in the production of gastric acid and to some extent 
in the symptomatic response of the respiratory tract. H3 
receptors have been implicated in controlling both hista-
mine production and release from nerve tissue. Although 
the clinical role of the H4 receptor has not been established, 
it appears to overlap in structure and function with the H3 
receptor. Recent studies have shown that the expression of 
histamine H4 receptors in mast cells can regulate the release 
of proinflammatory cytokines and chemokines, such as the 
colony cell stimulating factor TNF-α and the interleukin 
IL-8. The release of TNF-α and IL-8 was inhibited by inhibi-
tors of PI3K, ERK and Ca2 + -Calcineurin–NFAT signal-
ing pathway, while the release of pro-inflammatory factors 
and chemokines was inhibited by P38 signaling pathway. 
Furthermore, activation of H4R triggers the phosphoryla-
tion of ERK, p38 and AKT in mast cells. Results in our 
current study demonstrated that the mRNA levels of hista-
mine receptors including H1R, H2R, H3R, and H4R were 
significantly reduced after different dosage treatment with 
Bicalutamide compared to those in OVA group (Fig. 3A–D). 
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Further study is required to explore the mechanism that 
Bicalutamide inhibited histamine receptors, thus could reg-
ulate the release of TNF-α and IL-8 in mast cells through 
PI3K, Ca2 + –Calcineurin–NFAT and MAPKs signaling 
pathways.

Conclusions

Bicalutamide, a non-steroidal androgen receptor antago-
nist, demonstrated a therapeutic role in allergic rhinitis in 
an animal model, further our results indicated activation of 
PI3K–PKB cascade was significantly blocked by Bicaluta-
mide, which can shown as a new direction on clinical drug 
prevention and treatment of allergic rhinitis. Some adverse 
effects by Bicalutamide, including hot flashes, breast swell-
ing, nausea, vomiting, and trouble sleeping, need to be con-
sidered before clinic use in allergic rhinitis.
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