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Abstract: Asthma is a serious global health problem characterised by airway inflammation, airway epithelial wall 
shedding, enhanced mucus production, increased IgE levels and airway hyperresponsiveness. The pathophysiology 
of asthma is mediated by Th2 cells which produce Th2 cytokines like interleukin-4, interleukin-5, interleukin-13 
and interleukin-9. The differentiation of Th2 cells is induced by the transcription factor GATA3 which is activated 
by pSTAT6 via IL-4 signalling. To investigate the anti-asthmatic potential of Boswellic acid, as well as the underlying 
mechanism involved, we studied its anti-asthmatic potential in a murine model of asthma. In this study, BALB/c 
mice were systemically sensitized by ovalbumin (OVA) followed by aerosol allergen challenges. We investigated the 
effect of Boswellic acid on airway hyperresponsiveness, inflammatory cell infiltration, Th2 cytokine and OVA-specific 
IgE production in a mouse model of asthma. We found that Boswellic acid treated groups suppressed allergic airway 
inflammation, AHR, OVA-specific IgE and Th2 cytokines secretion. It also suppressed the expression of pSTAT6 and 
GATA3 in a dose dependent manner. Our data suggest that the mechanism by which Boswellic acid effectively treats 
asthma is based on reductions of Th2 cytokines via inhibition of pSTAT6 and GATA-3 expression.
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Introduction

Asthma is a chronic inflammatory airway dis-
ease affecting over 300 million people world-
wide with an expected increase of a further 
100 million by 2025 [1, 2]. Asthma is a major 
cause of disability, health resource utilization 
and poor quality of life for those who are affect-
ed. It is the most common chronic disease 
among children and young adults, particularly 
because of its early onset (one out of four indi-
viduals in the general population develops 
asthma before the age of 40 years) [3]. The 
pathogenesis of asthma is the result of chronic 
allergic inflammation accompanied by progres-
sive airway dysfunction. The pathophysiology of 
asthma is mediated by Th2 cells which mainly 
produce Th2 cytokines like interleukin-4 (IL-4), 
IL-5 and IL-13 [4]. These cytokines initiate a 
cascade, which recruits inflammatory cells into 
the lungs causing airway epithelial wall shed-
ding, airway inflammation, increased mucus 

production and airway hyperresponsiveness. 
So, inhibition of Th2 effector cytokines would 
serve to treat disease [5]. GATA-3 is a member 
of zinc finger transcription factor family [6]. It 
plays the most important role in regulating Th2 
differentiation and works as a transcription fac-
tor for Th2 cytokine genes, particularly for IL-4, 
IL-5 and IL-13. Activation of signal transducer 
and activator of transcription-6 (STAT6) through 
Interleukin-4 signalling causes dimerization 
and phosphorylation of STAT6 to pSTAT6 which 
enters the nucleus and induces GATA-binding 
protein-3 (GATA3) mRNA expression, ultimately 
resulting in Th2 cell differentiation [7].

Boswellia serrata is a type of deciduous tree 
grows naturally in Indian subcontinent. For cen-
turies, the gum resin of Boswellia serrata has 
been used for the treatment of various inflam-
matory diseases including arthritis [8, 9]. The 
pentacyclic triterpenic acids, named boswellic 
acids, present in the gum resin of B. serrata are 
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the main constituents responsible for its anti-
inflammatory property [10]. Suppression of leu-
kotriene synthesis by inhibiting 5-lipoxygenase 
(5-LOX) is considered the main mechanism 
underlying their anti-inflammatory effect. Bos- 
wellic acids (BAs) are specific and non-redox 
inhibitors of 5-lipoxygenase, and they do not 
affect 12-lipoxygenase and cyclooxygenase 
(COX) activities [9-11]. Among the known BAs, 
3-O-acetyl-11-keto-b-boswellic acid (AKBA) pos- 
sesses the most potent inhibitory activity on 
5-LOX [9, 12]. A significant number of studies 
support that Boswellia extract (BE) is beneficial 
in patients suffering from various diseases 
such as bronchial asthma, Crohn’s disease, 
and arthritis [13-15]. In this study we evaluated 
the effect of Boswellic acid on airway inflamma-
tion in a murine model of asthma.

Materials and methods 

Experimental animal

Female BALB/c mice (5 weeks old) were taken 
from the animal house of the Liaocheng 
People’s Hospital which was maintained under 
the controlled conditions, temperature (24 ± 
2°C), relative humidity (60 ± 10%) and photope-
riod (12 h light/dark cycle) respectively. The 
room was well ventilated (> 10 air changes/h) 
with fresh air, as per the CPCSEA (Committee 
for the Purpose of Control and Supervision on 
Experiments on Animals) guidelines. Animals 
were fed on standard pellet diet and sterilized 
water was provided ad libitum. Seven day accli-
matized animals were used for pre-clinical 
studies. Permission was sought from the ethics 
committee of the Liaocheng People’s Hospital 
for animal experimentation.

Reagents

Chicken egg albumin (OVA, grade V), aluminium 
hydroxide gel (alum) and Dexamethsone, acetyl-
β-methylcholine chloride (methacholine) and 
protease inhibitor cocktail and Boswellic acid 
were purchased from Sigma-Aldrich (St. Louis, 
MO). All other chemicals or reagents were com-
mercially obtained and of the highest quality.

Segregation of animals and dosing schedule 

Mice were segregated into six groups and after 
acclimatization; each group was named accord-
ing to sensitization/challenge/treatment: group 
1: SHAM/PBS/Veh (normal controls), group 2: 
OVA/OVA/Veh (OVA controls, OVA sensitised 
and OVA challenged), group 3: OVA/OVA/DEXA 
(OVA sensitized, OVA challenged, and Dexa- 
methasone treated, 0.75 mg/kg), groups 4-6 
OVA/OVA/Boswellic acid (OVA sensitized, OVA 
challenged, and Boswellic acid treated, 0.1, 1 
and 10 mg/kg)  The test compounds and the 
Dexamethasone were administered orally, once 
daily from day 19 to day 23 [16] (Figure 1). PBS 
was used as a vehicle.

Sensitization, airway OVA challenging and 
treatment

The animals were sensitized intraperitoneally 
with 40 µg of OVA plus 2.6 mg of aluminum 
hydroxide in 200 µl of PBS on days 0 and 7. 
Mice were then challenged from days 19 to 23 
(5 min per day) with 5% OVA in PBS (OVA groups) 
or PBS (Sham/PBS/Veh) as described previ-
ously with some modifications [17]. Mice were 
administered with the test drug and DEXA, 

Figure 1. Experimental protocol for the induction of allergic asthma. Five wk-old female BALB/c were grouped, sen-
sitized, and challenged, as described in materials and methods.
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once a day from days 19 to 23. Mice were sac-
rificed on day 24 and bronchoalveolar lavage 
was performed to evaluate lung eosinophilia.

Evaluation of airway hyper responsiveness

Airway hyperresponsiveness (AHR), in the form 
of airway resistance was estimated in anesthe-
tized mice by using the FlexiVent system (SYNOL 
High-Tech, Beijing, China), which uses a com-
puter-controlled mouse ventilator and inte-
grates with respiratory mechanics, as described 
previously [18]. Final results were expressed as 
airway resistance with increasing concentra-
tions of methacholine (0, 2, 4, 8, 12, 16 mg/
ml).

Bronchoalveolar lavage fluid (BALF) collection

After mice were bled and sacrificed following 
anesthesia with ether, BALF was collected for 
differential cell counting and measurement of 
cytokines. It was carried out by cannulating the 
upper part of the trachea and lavaging by three 
times with 0.5 mL of PBS containing 0.05 mM 
EDTA [7] The BALF was centrifuged at 4000 g 
at 4°C for 3 min, and the cells were separated 
from the fluid. The supernatant was stored at 
-70°C until use. The cells were re-suspended in 
PBS containing 0.05 mM EDTA, and the total 
number was determined with the use of a 
hemocytometer. The differential BAL cells were 
counted by microscopy after cytospin prepara-
tions and Giemsa staining (Giemsa stain modi-
fied, Sigma).

Cytokines measurement

Cytokine measurement was done from serum 
samples of animals. Levels of cytokines IL-5, 
IL-13 and IL-4 were determined by ELISA (Rand 
D Systems). The ELISAs were performed as per 
the manufacturer’s instruction.

Measurement of OVA-specific immunoglobulin 
E (IgE)

Each well of microtiter plate was coated with 5 
µg of OVA in 100 µl volume overnight at 4°C. 
After three washes, nonspecific sites were 
blocked with 0.5% Tween 20 in PBS. Mouse 
sera in duplicate were added to the Ag-coated 
wells, the plates were incubated, and bound IgE 
was detected with biotinylated anti-mouse IgE 
(BD Pharmingen). Streptavidin-peroxidase con-
jugates were added; the bound enzymes were 
detected by addition of tetramethylbenzidine 

substrate system (BD Pharmingen); and absor-
bances were read at 450 nm. Absorbances 
were converted to arbitrary units.

Western blot analysis

The lungs were homogenized in a homogenizing 
buffer (1% NP-40, 150 mM NaCl, 50 mM 
Hepes, PMSF, and complete protease/phos-
phatase inhibitor cocktail). Protein estimation 
of the samples was performed by Bradford 
method. For western blotting, 40-50 µg of the 
protein was denatured at 100°C for 5 minutes 
in Tris-Glycine SDS sample loading buffer. 
Protein samples were applied to SDS gels and 
resolved at 70V (300 mA) for 3 hours and then 
electro-transferred to polyvinylidene difluoride 
membrane (BioRad, Hercules, USA) in transfer 
buffer using BioRad Mini Transblot Electro- 
phoretic transfer Cell for 90-120 minutes at 
150 V. Membranes were blocked in 5% fat free 
dry milk/3% BSA dissolved in TBST for 2.5 
hours at room temperature. Anti-GATA3, anti-
pSTAT6 anti-STAT6 antibodies were used to 
determine expression of their corresponding 
proteins [19].

Histological examination

After BALF was obtained, the left lung was 
removed, fixed in 10% neutral buffered forma-
lin for 24 h, and then the specimens were dehy-
drated and embedded in paraffin in a standard 
manner. In order to carry out histological exami-
nation, 5 μm sections of fixed embedded tis-
sues were cut and stained with hematoxylin 
and eosin, according to routine laboratory pro-
cedure. Histological analyzes were performed 
by pathologists blinded to the treatment 
groups. For each mouse, five airway sections, 
distributed throughout the left lung, were ana-
lyzed use of a light microscope attached to an 
image-analysis system (Image-Pro Plus; Media 
Cybernetics, Minneapolis, MN, USA). The imag-
es were then cropped and corrected for bright-
ness and contrast, but otherwise were not 
manipulated [16].

Results

Boswellic acid decreases AHR in experimental 
asthma

The effect of Boswellic acid on AHR was evalu-
ated by measuring airway resistance in anaes-
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thetized mice by invasive whole-body plethys-
mography. No significant difference was found 
in baseline airway resistance among the six 
groups. The airway resistance generated by 
administration of Mch at doses from 0 to 16 
mg/ml increased significantly in the OVA group. 
However, control group, DEXA and Boswellic 
acid (0.1, 1 and 10 mg/kg) treated groups 
showed a sharp decrease in airway resistance 
(Figure 2), but the decrease was insignificant in 
0.1 mg/kg treated group.

Boswellic acid attenuates airway inflammation

Very few inflammatory cells were detected in 
control group. However, a significant increase in 
total cell number was exhibited in OVA-
sensitized and challenged animals, when com-
pared to the control mice. The effect of Boswellic 
acid on allergen-induced inflammatory cell infil-
tration was assessed in animals treated with 
three different doses of Boswellic acid. As 
shown in Table 1, Boswellic acid at 0.1, 1 and 
10 mg/kg suppressed allergen-induced inflam-
matory cell infiltration. However, in case of 0.1 
mg/kg treated group infiltration of inflammato-
ry cells was more than other treated groups of 
Boswellic acid. The anti-inflammatory effect of 
Boswellic acid was further demonstrated in the 
histological examination of hematoxylin-eosin 

stained sections (Figure 3). A marked affluence 
of inflammatory cells into the airway was 
observed in OVA-sensitized/challenged mice, 
but not in the PBS treated control mice. Mice 
treated with different doses of Boswellic acid 
showed a marked diminution in inflammatory 
cell infiltration into the airways.

Boswellic acid suppresses Th2 cytokine re-
lease

Measurement of Th2 cytokines like IL-4 (Figure 
4A), IL-5 (Figure 4B) and IL-13 (Figure 4C) was 
done from the serum collected from the mice. 
Mice treated with the test compound Boswellic 
acid showed no significant change in cytokine 
release when compared to the control at doses 
0.1, 1 and 10 mg/kg.

Boswellic acid reduces OVA specific IgE levels

OVA specific IgE levels were elevated in the OVA 
group as compared to the control group (Figure 
5). Treatment with Boswellic acid (0.1, 1.0, 10 
mg/kg) showed no significant change in OVA 
specific IgE levels as compared to control 
group. 

Boswellic acid attenuated the expression of 
pSTAT6 and GATA-3, in lung

Expression of pSTAT6 and GATA-3 in lung 
homogenates were measured in control, OVA 
control, Dexa treated and Boswellic acid treat-
ed mice. No expression of pSTAT6 and GATA-3 
was observed in control mice. However, maxi-
mum expression of pSTAT6 and GATA-3 was 
observed in OVA control mice indicating maxi-
mum Th2 cell differentiation in this group. In 
case of Boswellic acid treated groups decrease 
expression of pSTAT6 and GATA-3 was observed 
indicating. The decrease in expression by 
Boswellic acid was dose dependent with almost 
no expression in 10 mg/kg treated group 
(Figure 6). 

Statistical analysis

Groups were analysed using one-way analysis 
of variance followed by Dunnett’s multiple com-
parison tests to examine differences between 
OVA-challenged PBS treated and Boswellic acid 
and DEXA treated groups. Differences were 
considered significant at P < 0.05. Data are 
presented as mean ± SEM for each group.

Figure 2. Measurement of Airway hyperresponsive-
ness (AHR). Boswellic acid administration reduces 
airway hyperresponsiveness in mice as measured 
by a methacholine dose responsive cure for airway 
resistance. Data is represented as mean ± SEM. *de-
notes < 0.05 vs sham **denote P < 0.01 vs sham 
(Student’s t test). 
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Discussion

In the present study, we have assessed the 
effects of Boswellic acid on allergen-induced 
airway inflammation and immune response in 
acute experimental asthma. We found that 
administration of Boswellic acid markedly 
reduced Th2 cytokines, OVA specific IgE, sup-
pressed airway inflammatory cells infiltration 
induced by allergens, resulting in decreased 
number of eosinophils and total inflammatory 

cells in BALF. Lung histology validated Boswellic 
acid effect on airway inflammation. These find-
ings suggested that Boswellic acid is an anti-
asthmatic agent and appears beneficial for the 
treatment of allergic asthma.

It is widely accepted that T cells play an impor-
tant role in the injurious lung immune respons-
es associated with asthma. CD4+ Th cells can 
be divided into Th1 and Th2 groups functionally 
based on the various kinds of cytokine they pro-

Table 1. Effect of Boswellic acid on total cell count and differential cell count

TCC (X 104/ml)
Differential count (In percentage)

Macro Mono Eosino Neutro
SHAM/PBS/VEH 4.1 ± 1.2 39.2 ± 3.1 44.3 ± 5.4 1.1 ± 0.11 1 ± 0.2
OVA/OVA/VEH 54.2 ± 4.5 10.4 ± 2.1 12.8 ± 3.4 58.3 ± 5.8 21.2 ± 3.2
BA-0.1 mg/kg 38.3 ± 8.7 16.1 ± 4.1 19.8 ± 4.3 29.4 ± 5.3 16.1 ± 3.3
BA-1 mg/kg 13.5 ± 2.3 25.3 ± 5.4 29.1 ± 5.5 8.3 ± 2.2 10.9 ± 2.5
BA-10 mg/kg 10.4 ± 4.5 41.3 ± 4.6 38.1 ± 5.5 2.1 ± 0.1 2.3 ± 0.5
OVA/OVA/DEXA 10.1 ± 1 23.4 ± 4.2 39.7 ± 3.8 11.3 ± 8 11.5 ± 3.4
Data is represented as mean ± SEM.

Figure 3. (A) Boswellic acid treatment 
significantly reduced airway cellular in-
filtration as detected by Haematoxylin & 
Eosin staining of lung sections (B), and 
measurement of inflammation score.
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duce. The different patterns of T cell differenti-
ation generate the different inflammatory effec-
tors, and those inflammatory effectors are cor-
related with the extent and type of damage 
observed in airway [20, 21]. Under normal 
physiologic conditions, the ratio of Th1 to Th2 
cells maintains a suitable level. Once the bal-
ance between Th1 and Th2 is broken, diseases 
will occur. The two major Th-specific transcrip-
tion factors, T-bet and GATA-3, regulating the 
expression of cytokine genes are characteris-
tics of Th1 or Th2, and play crucial roles in Th 
cell differentiation [22-24]. The Th2 cell differ-

Figure 4. The effect of test compounds on 
Th2 cytokine release: IL-4 (A), IL-5 (B) and 
IL-13 (C). The level of IL-4, IL-5, and IL-13 
in BAL fluid were quantified by sandwich 
ELISA and expressed as picogram per 
milliliter. Data is represented as mean 
± SEM. *denotes P < 0.05 vs sham and 
**denote P < 0.01 vs  sham (Student’s 
t test).

Figure 5. Effect of Boswellic acid on OVA specific IgE 
release. Data is represented as mean ± SEM. *de-

notes P < 0.05 vs. sham and **denote P < 0.01 vs. 
sham (Student’s t test).
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entiation is induced by Interleukin 4 (IL-4). 
Binding of IL-4 to its receptor leads to phos-
phorylation of signal transducer and activator 
of transcription protein 6 (STAT6), a Th2-cell 
transcription factor, through the Jak/STAT cas-
cade. The phosphorylated STAT6 forms a 
homodimer and translocates into the nucleus 
where it binds to specific DNA sequences and 
activates transcription of cytokine responsive 
genes especially GATA3, which is the master 
regulator of Th2 cell differentiation [25-27]. 
GATA3 activates the transcription of IL-5 and 
IL-13 genes by directly binding to their promot-
ers [28]. This transcription factor is also 
involved in remodeling of chromatin structure 
and opening of IL-4 locus [29].

In the present study, no significant difference 
was found in baseline airway resistance among 
the six groups. The airway resistance generat-
ed by administration of Mch at doses from 30 
to 270 μg/kg increased significantly in the OVA 
group and Boswellic acid (0.1 mg/kg) treated 
group. However, control group, DEXA and 
Boswellic acid (1 and 10 mg/kg) treated groups 
showed a sharp decrease in airway resistance. 
Boswellic acid also showed a significant sup-
pression of Th2 cytokine release and airway 
eosinophilia. As most of the characteristic fea-
tures of asthma like AHR, airway eosinophilia, 
mucus hypersecretion, IgE switching are an 
outcome of Th2 cells and these cells are dif-

ferentiated and developed via STAT6 pathway, 
we evaluated the effect of Boswellic acid on 
STAT6 phosphorylation and GATA3 expression. 
It was observed that Boswellic acid upregulate 
the expression pSTAT6 and GATA3. The 
decrease in the expression of these two tran-
scription factors corroborated with the 
decrease in release of cytokines airway eosino-
philia or airway inflammation. So, we can postu-
late that Boswellic acid attenuates the asthma 
features in a mouse model of asthma via STAT6 
inhibition. Overall, Boswellic acid is promising 
to be a beneficial medication for the treatment 
of asthma by ameliorating allergic responses.
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