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Abstract. Gu‑Ben‑Fang‑Xiao‑Tang (GBFXT) is a traditional 
Chinese medicine formula consisting of 11 medicinal plants, 
which has been used in the treatment of asthma. The present 
study aimed to determine the protective effects and the under-
lying mechanisms of GBFXT on ovalbumin (OVA)‑induced 
allergic inflammation in a mouse model of allergic asthma. A 
total of 50 mice were randomly assigned to the following five 
experimental groups: Normal, model, montelukast (2.6 mg/kg), 
12 g/kg GBFXT and 36 g/kg GBFXT groups. Airway respon-
siveness was measured using the forced oscillation technique, 
while differential cell count in the bronchoalveolar lavage fluid 
(BALF) was measured by Wright‑Giemsa staining. Histological 
assessment was performed by hematoxylin and eosin staining, 
while BALF levels of Th17/Treg cytokines were measured by 
enzyme‑linked immunosorbent assay, and the proportions of 
Th17 and Treg cells were evaluated by flow cytometry. The 
results showed that GBFXT suppressed airway hyperrespon-
siveness during methacholine‑induced constriction, reduced 
the percentage of leukocytes and eosinophils, and resulted 
in decreased absolute neutrophil infiltration in lung tissue. In 
addition, GBFXT treatment significantly decreased the IL‑17A 
cytokine level and increased the IL‑10 cytokine level in the 
BALF. Furthermore, GBFXT significantly suppressed Th17 

cells and increased Treg cells in asthmatic mice. In conclusion, 
the current results demonstrated that GBFXT may effectively 
inhibit the progression of airway inflammation in allergic 
asthma, partially by modulating the Th17/Treg cell balance.

Introduction

Allergic asthma is a chronic respiratory disease that is char-
acterized by obstruction of airflow as a response to certain 
triggers, airway hyperresponsiveness and increased airway 
inflammation. The chronic inflammation is associated with 
airway hyperresponsiveness resulting in recurrent episodes 
of coughing, chest tightness, breathlessness and wheezing, 
particularly in the early morning or at night (1). Allergic asthma 
has become one of the most common public health problems 
worldwide due to its rapidly increasing prevalence (2).

Allergen‑specific CD4+ T  cells are considered to be 
significantly involved in the development of asthma (3). In 
addition, the balance between the T‑helper 1 (Th1) and Th2 
cells responses are central to the pathogenesis of allergic 
asthma  (4). Synthesis of increased levels of interleukin 
(IL)‑4, IL‑5 and IL‑13 by Th2 cells results in the production 
of allergen‑specific immunoglobulin (Ig)E and the release 
of mediators from mast cells. By contrast, Th1 cells secrete 
interferon (IFN)‑γ, thus suppressing Th2 immune responses. 
IFN‑γ is also involved in IgG2a class switching. However, in 
recent years, it was recognized that Th1/Th2 imbalance does 
not entirely explain the etiology of asthma, since the reversal 
of Th1/Th2 imbalance does not fully control asthmatic symp-
toms in humans (5). 

Th17 cells and regulatory T (Treg) cells have been previ-
ously described as two T cell population subsets that are distinct 
from Th1 and Th2. Th17 cells serve a crucial role in the induc-
tion of autoimmune tissue injuries and chronic inflammation 
through the production of various cytokines, including IL‑6, 
IL‑17 and tumor necrosis factor (TNF)‑α (6). By contrast, 
Treg cells are involved in the anti‑inflammatory process 
and maintain tolerance to self‑components by producing 
anti‑inflammatory cytokines, such as transforming growth 
factor (TGF)‑β and IL‑10 (7). Imbalances of Th17/Treg cells 
have been identified in patients with allergic asthma, and were 
shown to be associated with moderate to severe asthma (8,9). 
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This suggested that the balance between Th17 and Treg cells 
may be important in the development of autoimmune diseases, 
such as asthma (5).

Gu‑Ben‑Fang‑Xiao‑Tang (GBFXT) is a mixture based on 
an empirical traditional Chinese medicine (TCM) formula 
that comprises of 11 medicinal plants (Table I). GBFXT has 
been used to treat bronchial asthma for 30 years at the Jiangsu 
Provincial Hospital of Traditional Chinese Medicine, Nanjing, 
China (10,11). A randomized, multicenter, parallel controlled 
study revealed that GBFXT combined with acupoint appli-
cation had evident benefits for treating chronic asthmatic 
children (10). Furthermore, a previous animal study showed 
that GBFXT treatment was able to decrease the airway hyper-
responsiveness, reduce the number of inflammation cells in the 
bronchoalveolar lavage fluid (BALF), and reduce the ratio of 
eosinophil and neutrophil granulocytes in asthma mice at the 
remission stage (11), implying a therapeutic effect of GBFXT 
on asthma. However, the precise mechanisms of GBFXT in 
the treatment of asthma are not fully understood. Accordingly, 
the present study was designed in order to determine whether 
GBFXT exerts an anti‑inflammatory effect through the regu-
lation of Th17/Treg balance in an ovalbumin (OVA)‑induced 
murine asthma model.

Materials and methods

Reagents and animals. A total of 50 female BALB/c mice 
aged 6‑8 weeks and weighing 20‑22 g were purchased from 
Shanghai Laboratory Animal Center (Shanghai, China). The 
mice were maintained in a specific pathogen‑free room at the 
Animal Facilities of Taizhou University (Taizhou, China) at 
24˚C and 55‑65% humidity, under a 12‑h light/dark cycle with 
ad libitum access to standard chow and water. The experi-
mental procedures were approved by the Laboratory Animal 
Care Committee at the Medical College of Taizhou University. 
All animals received care according to the Guide for the 
Care and Use of Laboratory Animals (National Institutes of 
Health, Bethesda, MD, USA). OVA and methacholine (MCH) 
were obtained from Sigma‑Aldrich (St. Louis, MO, USA), 
aluminum hydroxide was purchased from Thermo Fisher 
Scientific, Inc. (Pierce Biotechnology; Rockford, IL, USA), 
and a Wright‑Giemsa staining kit was purchased from Nanjing 
Jiancheng Bioengineering Institute (Nanjing, China).

GBFXT preparation. GBFXT was supplied by the 
Pharmaceutical Preparation Section of Taizhou Municipal 
Hospital, and was prepared according to a traditional herbal 
formula, as listed in Table I. In brief, the chopped herbs were 
combined in the listed ratios and immerged in cold water for 
30 min, then boiled twice for 30 min. The poaching liquid was 
filtered and concentrated as a decoction of 2 g/ml, and stored 
at 4˚C prior to administration to mice.

Experimental protocol and administration of GBFXT. A 
mouse asthmatic model was established as described previ-
ously (12). The sensitization, challenge and treatment schedules 
are shown in Fig. 1. In brief, mice (with the exception of those 
in the normal control group) were sensitized by intraperitoneal 
injection of 10 µg OVA and 1 mg aluminum hydroxide. The 
mice were sensitized twice, on days 0 and 7. One week after the 

second sensitization, mice (except those in the normal control 
group) were anesthetized with 2% isoflurane (Sinopharm 
Chemical Reagent Co., Ltd., Shanghai, China) and intrana-
sally challenged with 100 µg OVA in 0.05 ml PBS once per 
day between days 14 and 21. Subsequently, mice were rechal-
lenged with 2.5% OVA‑PBS between days 22 and 28. In the 
GBFXT treatment groups (n=10/group), 12 or 36 g/kg GBFXT 
was administered orally once daily on days 22‑28. Mice in 
the normal control group (n=10) were sensitized with PBS and 
were treated with PBS on days 22‑28, whereas mice in the 
model control and in the positive control (termed montelukast 
group) groups (n=10/group) were treated orally with PBS and 
montelukast (2.6 mg/kg; Sigma‑Aldrich), respectively, once 
daily on days 22‑28. Animals were sacrificed by overdose with 
pentobarbital sodium (50 mg/kg) 48 h after the last challenge 
(on day 30) in order to characterize the effects of GBFXT.

Measurement of airway responsiveness. An AniRes 2005 
Lung Function System (Bestlab, Beijing, China) was used 
to determine the airway responsiveness at 48  h after the 
last OVA challenge using the forced oscillation technique, 
as previously described  (13). Prior to the measurement, 
the mice were anesthetized with intraperitoneal injection 
of 40  mg/kg pentobarbital sodium (Sinopharm Chemical 
Reagent Co., Ltd.). Subsequently, the trachea was surgically 
exposed and connected to a computer‑controlled ventilator via 
an intratracheal tube. The time ratio of expiration/inspiration 
was pre‑set at 1.5:1, while the respiratory rate was pre‑set at 
90/min. Mice were stabilized for 5 min, and then increasing 
concentrations of MCH aerosol (Sigma‑Aldrich) between 

Figure 1. Sensitization, challenge and treatment schedules, as performed in 
the present study.

Table I. Ratio of the components in Gu‑Ben‑Fang‑Xiao‑Tang.

Component	 Quantity (g)

Radix Astragali preparata	 15
Ginseng radix	 10
Largehead Atractylodes rhizome	 10
Glabrous greenbrier rhizome	 10
Calcined oyster shells	 15
Periostracum cicadae	 6
Pericarpium citri reticulatae	 6
Sileris radix	 3
Flos magnoliae	 6
Schisandra chinensis (Turcz.) bail	 6
Radix Glycyrrhizae 	 3
Total quantity	 90
 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  12:  1428-1434,  20161430

6.25 and 50 mg/ml were administered for 20 sec. Lung airway 
resistance (RL) values were recorded by the system following 
the MCH administration. Subsequent to each MCH dose, data 
were continuously collected for 3 min and maximum values 
of RL were recorded to determine changes in murine airway 
function.

Collection of BALF. Following sacrifice, tracheotomy was 
performed and 0.4 ml cold PBS was instilled into the lung. 
Next, the BALF was collected by three successive aspirations 
(total volume, 1.2 ml) via tracheal cannulation. This procedure 
recovered ~90% of the infused fluid. BALF was centrifuged 
at 250 x g at 4˚C for 5 min, and the total number of cells in 
BALF was counted using a hemocytometer. Subsequently, 
100 µl BALF was placed on a slide and centrifuged at 200 x g 
at 4˚C for 10 min using a cell cytospin machine, after which 
the slides were dried, cells were fixed with 10% formaldehyde 
and stained using the Wright‑Giemsa staining kit, according to 
the manufacturer's instructions. A total of 200 cells/slide were 
randomly selected to calculate the percentage of eosinophils, 
neutrophils, lymphocytes and macrophages in the sample under 
the microscope. The supernatants of BALF were collected by 
centrifugation at 250 x g for 5 min at 4˚C for ELISAs. 

Histological assessment of lung tissue. Lung tissues were 
detached from the, fixed in 10% formalin, embedded in paraffin 
and cut into 4‑µm sections with a microtome (RM2255; Leica 
Biosystems, Nussloch, Germany). Next, the tissue samples 
were placed on glass sides and deparaffinized. The sections 
were then stained with hematoxylin‑eosin and examined 
under a light microscope. The degree of cell infiltration in the 
airway was scored in a double‑blind screen by two indepen-
dent investigators. As previously described (14), the degree of 
perivascular and peribronchial inflammation was evaluated 
using scores of 0‑3, as follows: 0, little or no detectable inflam-
mation; 1, occasional cuffing with inflammatory cells; 2, the 
majority of vessels or bronchi were surrounded by a thin layer 
of inflammatory cells (1‑5 cells); and 3, the majority of vessels 
or bronchi were surrounded by a thick layer of inflammatory 
cells (>5 cells).

Flow cytometric analysis. The spleen from each sacrificed 
mouse was removed, and splenocytes were prepared by gently 
crushing the tissues with a glass slide to release the cells. Cell 
preparations were filtered to remove debris and washed twice 
in phosphate‑buffered saline (PBS), prior to resuspending 
in complete RPMI‑1640 medium (Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA). For Th17‑cell staining, the 
splenocytes were stimulated for 5 h with PMA (50 ng/ml; 
Sigma‑Aldrich) and ionomycin (500 ng/ml; Sigma‑Aldrich) in 
the presence of brefeldin A (10 µg/ml; Bioscience, Inc., San 
Diego, CA, USA). Next, the cells were harvested, washed and 
stained with fluorescein isothiocyanate (FITC)‑conjugated 
rat anti‑mouse CD4 (1:500; cat. no. 553046) and allophy-
cocyanin‑conjugated hamster anti‑mouse CD3 (1:600; cat. 
no. 553066) monoclonal antibodies (BD Biosciences, San Jose, 
CA, USA), in the presence of FcR‑Block (eBioscience, Inc., 
San Diego, CA, USA) at 4˚C for 30 min. After washing with 
PBS, cells were fixed using CytoFix/CytoPerm buffer (BD 
Biosciences), according to the manufacturer's instructions, and 

stained with phycoerythrin (PE)‑conjugated rat anti‑mouse 
IL‑17A monoclonal antibody (1:300; cat. no.  559502; BD 
Biosciences) at 4˚C for 30 min. For Treg‑cell staining, the 
splenocytes were initially stained with FITC‑conjugated 
rat anti‑mouse CD4 (1:400; cat. no.  11‑0042‑81; eBiosci-
ence, Inc.) and PE‑conjugated rat anti‑mouse CD25 (1:800; 
cat. no.  12‑0251‑81) monoclonal antibodies (eBioscience, 
Inc.) at 4˚C for 30 min. Intracellular staining for FoxP3 was 
performed by using a FoxP3 staining kit (eBioscience, Inc.). 
Isotype controls were treated to enable correct compensation 
and to confirm antibody specificity. Data were acquired on a 
FACS Calibur flow cytometer (BD Bioscience) and analyzed 
using FlowJo software, version 7.6 (FlowJo LLC, Ashland, 
OR, USA).

ELISA. BALF cell‑free supernatants (50 µl) were collected by 
centrifugation at 250 x g for 5 min at 4˚C. The concentrations 
of IL‑17A and IL‑10 in the BALF were measured using ELISA 
kits (cat. nos. 88‑7371‑22 and 88‑7105‑22, respectively; eBio-
science, Inc.), according to the manufacturer's instructions. All 
assays were performed in triplicate. The concentration of each 
protein was calculated from the standard curve.

Statistical analysis. Data were analyzed using a two‑tailed 
Student's t‑test and the Graphpad Prism version 5 software 
(GraphPad Software, Inc., La Jolla, CA, USA). The results are 
expressed as the mean ± standard deviation, and differences 
with a P<0.05 were regarded as statistically significant.

Results

Effect of GBFXT on airway hyperresponsiveness. Fig.  2 
shows the airway hyperresponsiveness, as recorded during 
MCH‑induced constriction. The results indicated that the 
RL value of the OVA‑challenged group (model group) was 
significantly higher compared with that of the normal group 
(P<0.05) when using concentrations of 6.25‑50 mg/ml MCH. 
However, mice sensitized and challenged with OVA, followed 
by treatment with different doses of GBFXT, exhibited a 

Figure 2. Effect of GBFXT on airway hyperresponsiveness in response to 
methacholine. Values represent the means ± standard deviation of 10 mice. 
*P<0.05, **P<0.01 vs. the model group. GBFXT, Gu‑Ben‑Fang‑Xiao‑Tang; 
RL, lung airway resistance.
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reduced mean RL values upon exposure to 6.25‑50 mg/ml 
MCH when compared with the RJ values in the model group. 
In addition, positive control mice administered montelukast 
(2.6 mg/kg) showed markedly decreased RL values compared 
with the model group, which were similar to the values 
achieved using GBFXT (P<0.05). These results suggest that 
GBFXT suppresses airway hyperresponsiveness during 
MCH‑induced constriction.

Effect of GBFXT on OVA‑induced eosinophilia in BALF. 
Alterations in the total cell levels in the BALF were then 
investigated in order to determine the effect of GBFXT 
treatment on asthma. Suppression of eosinophilia following 
GBFXT treatment in OVA‑challenged mice was estimated 
by counting the percentage of eosinophils and other cells 
present in the BALF at 48 h after the last challenge. As shown 
in Table II, OVA induced a marked influx of leukocyte and 
eosinophil levels in the BALF in OVA‑challenged mice. By 
contrast, OVA‑sensitized and ‑challenged mice treated with 
GBFXT displayed a significantly reduced proportion of leuko-
cytes (P<0.05) and eosinophils (P<0.05), while a significant 
decrease in absolute neutrophils was observed compared with 
the model group upon asthma induction (P<0.01). These results 
suggest that GBFXT reduces the percentage of leukocytes and 

eosinophils, and decreases absolute neutrophil infiltration, in 
BALF.

Effect of GBFXT on OVA‑induced eosinophilia in lung tissue. 
As shown in Fig. 3, a significant infiltration of inflammatory 
cells into the peribronchial and perivascular connective tissues 
was observed in OVA‑induced asthmatic lung tissues when 

  A

  B

Figure 3. Effect of GBFXT on inflammatory cell infiltration in the lung tissue of mice. (A) Representative hematoxylin‑eosin stained lung sections (magnification, 
x200); and (B) inflammation scores in the various groups. Total lung inflammation was defined as the mean of the peribronchial and perivascular inflammation 
scores. Values represent the mean ± standard deviation of 10 mice. *P<0.05, **P<0.01 and ***P<0.001 vs. model group. GBFXT, Gu‑Ben‑Fang‑Xiao‑Tang.

Figure 4. Effect of GBFXT on cytokine levels in BALF. Values represent 
the means ± standard deviation of 10 mice. *P<0.05 and **P<0.01 vs. model 
group. GBFXT, Gu‑Ben‑Fang‑Xiao‑Tang; BAFL, bronchoalveolar lavage 
fluid; IL, interleukin.

Table II. Total cell number and cellular composition in BALF of mice.

Group	 Total cells (x104/ml)	 Eosinophils (%)	 Neutrophils (%)	 Lymphocytes (%)	 Macrophages (%)

Normal	 71.3±12.3	 0.81±0.7	 21.1±7.4	 50.4±14.7	 26.3±5.7
Model	 135.0±30.7	 4.5±1.7	 31.8±6.7	 30.4±4.1	 34.2±5.1
Montelukast	 86.2±24.8a	 1.37±0.9b	 27.8±5.4	 33.4±8.3	 36.4±6.1
GBFXT (12 g/kg)	 95.1±23.1a	 3.4±1.4	 24.2±5.1b	 32.5±6.8	 36.9±6.8
GBFXT (36 g/kg)	 84.4±21.3a	 1.9±0.8a	 22.7±4.3b	 31.9±7.2	 38.1±7.3

Values are presented as the mean ± standard deviation of 10 mice. aP<0.05 and bP<0.01, vs. the model group. GBFXT, Gu‑Ben‑Fang‑Xiao‑Tang; 
BAFL, bronchoalveolar lavage fluid.
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compared with the normal lung tissue (P<0.01). Furthermore, 
the majority of leukocytes present were eosinophils. The normal 
group presented no alteration in the extent of inflammatory cell 
infiltration, and similar findings were observed in the monte-
lukast‑treated positive control mice. However, eosinophilia in 
OVA‑sensitized and ‑challenged mice treated with GBFXT was 
significantly attenuated compared with the level of eosinophils 
observed in OVA‑challenged mice, as shown in Fig. 3 (P<0.05 
and P<0.01, respectively). These results suggest that GBFXT 
inhibits inflammatory cell recruitment to lung tissues.

Effect of GBFXT on cytokine levels in BALF. As shown in 
Fig. 4, OVA challenging triggered a significant increase in 
IL‑17A expression levels in the BALF, compared with the 
levels in normal fluid (P<0.01). In OVA‑sensitized and ‑chal-
lenged mice treated with GBFXT, the increase in IL‑17A 
cytokine levels was significantly suppressed (P<0.05 and 
P<0.01, respectively), when compared with the levels observed 
in the asthmatic model group. Regarding IL‑10 expression, 
OVA challenging resulted in a significant reduction in the 
cytokine levels in the BALF (P<0.01), when compared with the 
levels in normal fluid. IL‑10 cytokine levels were significantly 
enhanced in mice with OVA‑induced asthma that were treated 
with GBFXT (P<0.05), when compared with the concentra-
tion detected in the model group. These results suggest that 

GBFXT treatment significantly decreases the IL‑17A cytokine 
levels and increases the IL‑10 cytokine levels in the BALF.

Effect of GBFXT on Th17 and Treg cells. In the present study, 
flow cytometric analysis was used to determine the effect of 
GBFXT on the proportion of Th17 and Treg cells. As shown 
in Fig. 5, the percentage of Th17 cells in the model group 
(5.54±2.04%) was significantly higher compared with that 
in the normal group (2.01±0.64%; P<0.01). In addition, the 
proportion of Th17 cells was significantly lower in the monte-
lukast (2.14±0.57%; P<0.01) and 36 g/kg GBFXT (3.61±1.34%; 
P<0.05) treatment groups compared with those in the model 
group. Furthermore, the proportion of Treg cells in the model 
group (1.67±0.87%) was significantly lower compared with 
that in the normal group (5.54±2.34%; P<0.01), while it was 
significantly higher in the montelukast (5.14±1.31%; P<0.05) 
and 36 g/kg GBFXT (3.29±1.07%; P<0.05) treatment groups, 
when compared with those in the model group. These results 
suggest that GBFXT significantly suppresses Th17 and 
increases Treg cell proportions in asthmatic mice.

Discussion

In the present study, the immunoregulatory effects and possible 
mechanism of GBFXT were investigated in a OVA‑induced 

  A

  B

Figure 5. Effect of GBFXT on Th17 and Treg cells. (A) Representative FACS flow cytometry profiles; and (B) percentages of Th17 cells and Treg cells in 
various groups. One representative of 10 mice in each group is shown in the FACS profiles. Values represent the mean ± standard deviation of 10 mice. 
*P<0.05 and **P<0.01, vs. model group. GBFXT, Gu‑Ben‑Fang‑Xiao‑Tang; FACS, fluorescence‑activated cell sorting; IL, interleukin; PE, phycoerythrin; FITC, 
fluorescein isothiocyanate; Foxp 3, forkhead box P3; APC, allophycocyanin; Th17, T helper 17; Treg, regulatory T.
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chronic allergic asthma murine model. The results showed that 
GBFXT treatment suppressed the airway hyperresponsiveness 
and eosinophil granulocyte infiltration, while it significantly 
decreased IL‑17A and increased IL‑10 cytokine levels. 
Furthermore, GBFXT treatment significantly suppressed the 
proportion of Th17 cells and increased the proportion of Tregs 
in asthmatic mice. Therefore, to the best of our knowledge, 
the present study demonstrated for the first time that GBFXT 
treatment may attenuate the airway inflammation in an asthma 
animal model by regulating the Th17/Treg balance.

Allergic disorders, such as asthma, represent a severe public 
health problem in children. The chronic nature of these diseases 
and the fear of known side effects of synthetic drugs result in 
numerous families seeking complementary and alternative medi-
cine (CAM) (15). The use of TCM is a major component of the 
CAM modality, and TCM formulas have been used for centuries 
for the treatment of asthma, with a number of successful cases 
previously reported (12,16,17). GBFXT, a formula designed 
following the TCM theories and clinical experience, has been 
used to treat asthmatic patients in China for three decades (10). 
Unlike the side effect occurring when using corticosteroids, 
GBFXT relieves asthmatic syndrome without total immune 
suppression, and also has an increased heightening effect to 
the immune function of mice (18). In support of the present 
study findings, a preclinical study performed by Yuan et al (11) 
reported that GBFXT treatment was able to decrease airway 
hyperresponsiveness, reduce BALF inflammation cell count, 
and the ratio of eosinophil and neutrophil granulocytes. In addi-
tion, GBFXT resulted in an increase was observed in the IFN‑γ 
level in the BALF and relieved the infiltration of inflammatory 
cells in the airway in asthmatic mice at the remission stage (11), 
implying a therapeutic effect of GBFXT on asthma.

Previous clinical studies have demonstrated that the propor-
tion of Th17 cells in the BALF, sputum and lung tissue, as well as 
the serum levels of IL‑17, in asthma patients were significantly 
increased compared with those in normal control patients, and 
were positively associated with the severity of asthma symp-
toms (8,19‑21). In addition, certain studies using animal asthma 
models have also shown that Th17 cells and their cytokines, 
including IL‑17A and IL‑17F, are involved in antigen‑induced 
neutrophil recruitment, as well as in the enhancement of Th2 
cell‑mediated eosinophil recruitment into the airways (22,23). 
In human allergy patients, Treg cell numbers decrease in the 
peripheral blood and BALF, and cannot suppress the cell 
proliferation and cytokine production of allergen‑stimulated 
CD4+ T cells  (24‑26). Furthermore, several murine studies 
have demonstrated that the induction of Treg cell function 
reverses the airway hyperresponsiveness and protects against 
experimentally‑induced asthma (27,28). In the current study, the 
results of flow cytometric analysis revealed that OVA challenge 
was able to significant increase the proportion of Th17 cells and 
decrease the proportion of Treg cells, resulting in imbalance of 
the Th17/Treg cell ratio; this suggests that the Th17/Treg imbal-
ance serves an important role in the pathogenesis of asthma. 
Finally, administration of GBFXT significantly suppressed 
Th17 cells and increased Treg cells in mice with OVA‑induced 
asthma, and attenuate the airway inflammation.

In conclusion, the present study demonstrated a novel 
mechanism of GBFXT in the treatment of asthma. The 
current findings suggest that GBFXT may effectively inhibit 

the progression of airway inflammation in allergic asthma. 
The anti‑inflammatory effects of GBFXT may be mediated 
partially by modulation of the Th17/Treg balance.
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