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Summary

OBJECTIVE: Black seed oil (BSO) is widely used as a tra-
ditional medicine for asthma and other inflammatory dis-
eases. The aim of this study is to evaluate the effects of
BSO on ovalbumin (OVA) induced acute lung remodelling
in E3 inbred rats.

METHOD:Rats were divided into three groups; Con-
trol, OVA and BSO. The rats were intraperitoneally sensit-
ised and challenged intranasally with OVA and treated in-
traperitoneally with pure BSO for seven days. The collagen
deposition and other pathological alteration were determ-
ined by Masson’s trichrome, PAS and HE staining. Activ-
ity of arginase, ornithine decarboxylase (ODC) and proline
level was determined by spectrophotometry, and polyam-
ine by HPLC. The mRNA expression of arginase І, en-
dothelin1 (Edn1), matrix metallopeptidase 3 (MMP3) and
growth factors was determined by real time RT-PCR.

RESULTS: Massive inflammation and characteristics
of lung remodelling including collagen deposition, goblet
cell hyperplasia and proline level were observed in the
lungs of OVA exposed rats. Administration of BSO in the
OVA exposed rats suppressed the inflammatory cells infilt-
ration, goblet cell hyperplasia and collagen deposition. The
activity of total arginase and ODC; proline and polyamine
level was decreased in the lung homogenate of BSO treated
rats. Furthermore, BSO abrogated the mRNA expression
of Edn1, MMP3, transforming growth factor beta (TGF-β),
fibroblast growth factor 2 (FGF2) and vascular epidermal
growth factor (VEGF) in the lungs of OVA challenged rats.

CONCLUSION: Administration of BSO significantly
reduced the level of allergen induced lung remodelling.
The effect of BSO on lung remodelling is probably me-
diated by the inhibition of arginase pathways and the ex-
pression of Edn1, MMP3 and growth factors. Our findings

suggest that BSO might have useful implications in the
treatment and future research into allergen-induced lung re-
modelling.
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Introduction

Allergic asthma is an immune driven inflammatory disease
that is associated with the development of various struc-
tural alterations in airway wall and smooth muscles of
blood vessels in lung tissues, collectively termed lung re-
modelling. Acute lung remodelling is the initial stage of
structural changes, caused by the deposition of different
types of collagen around airways and blood vessels, goblet
cell hyperplasia and cell proliferation in the lung tissues
[1–3]. Presently, gluco-corticosteroids are the most com-
mon and effective anti inflammatory medicines being used
for the treatment of mild to moderate persistent asthma.
However, their use also raises concerns over side effects
and compliance issues [4]. Therefore, new medicines are
needed. These should be safe, specific and robust. Cur-
rently, many herbal medicines are available for the medic-
ation of various illnesses and the list is steadily growing.
Among natural products, the seeds and oil of Nigella sativa
have attracted the interest of medical scientists [5]. Nigella
sativa belongs to the Ranunculaceae family, which is an
annual herbaceous plant with black seeds. The black seeds
of Nigella Sativa have been used as a spice and a food
preservative in different countries. Emerging studies have
demonstrated that black seed oil (BSO) and its different
components, such as thymoquinone, manifest anti-inflam-
matory, anti-tumour, immune stimulatory and healing prop-
erties [6, 7]. In addition, oral administration of BSO can
decrease the disease scores in patients with allergic rhinitis,
bronchial asthma and atopic eczema [8].

In a previous study we found that BSO ameliorates al-
lergic airway inflammation by inhibiting T-cell prolifera-
tion in the spleen [9] and others have observed that it can
modify leukotriene synthesis and inhibit histamine release
[10]. Previously, it was suggested that pure BSO may in-
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hibit the allergen induced airway inflammation [9] and we
hypothesised that it might be able to attenuate the acute
lung remodelling in an asthma rat model. Therefore, we
used ovalbumin (OVA) to induce asthma in rats to order to
investigate the effects of black seed oil on lung remodelling
in acute asthmatic conditions.

Materials and methods

Animal
E3 inbred rats were obtained from the Section of Medical
Inflammation Research, Lund University, Sweden. Male
and female rats, approximately 8 to 10 weeks old were
maintained in a pathogen free animal house with controlled
temperature (24 ± 2 oC), humidity (52 ± 10%) and continu-
ous air renovation environment. Ovalbumin (OVA) free
food and water were provided to the rats. All experiments
were approved by the Institutional Animal Ethics Commit-
tee of the University (Xi’an Jiaotong University).

Black seed oil (BSO)
We used 100% pure BSO obtained from Marhaba Labor-
atories, Pakistan. To assure the quality of BSO, endotoxin
effect was checked by using a Gel Clot TAL (Tachypleus
Amebocyte Lysate) kit with a sensitivity of 0.03 E.U/ml
and found to be free of endotoxin. A pilot experiment was
performed in rats to validate the standard dose of BSO and
to elicit the side effects. We maintained and determined the
dose of BSO as 4 ml/kg to be that with no adverse effects
and maximum tolerance.

Sensitisation and challenge with ovalbumin
Animals were divided randomly into three experimental
groups; Control, OVA and BSO group. Each group con-

Figure 1

BSO inhibited the recruitment of inflammatory cells in BAL fluid of
E3 rats. Rats were divided into 3 groups; Control (immunised and
challenged with PBS), OVA (immunised and challenged with OVA)
and BSO (immunised and challenged with PBS, and treated with
4 ml/kg of BSO groups). The results were expressed as the means
± S.E.M. for 10 rats in each group. *p <0.05 and **p <0.01, ***p
<0.001 were considered statistically significant differences between
the control group and OVA group or between the OVA group and
BSO group.

tained ten rats matched for age and sex. Animals in OVA
and BSO groups were sensitised by intraperitoneal injec-
tion of 1mg of OVA (Sigma–Aldrich, St. Louis, MO) emul-
sified in 50 mg aluminium hydroxide (AlumImject; Pierce
Biotechnology, Rockford, IL, USA) in a volume of 1ml
phosphate buffered saline (PBS) at the day 0. Two weeks
after the sensitisation, the rats were subjected to intranasal
challenge with OVA (1 mg/ml PBS) once daily for seven
days. The animals in the control group were sensitised and
challenged with PBS.

Treatment with black seed oil
After one hour of challenge with OVA, animals in the BSO
group received black seed oil intraperitoneally at a dose of
4 ml/kg body weight, once daily for seven days preceding
the first OVA challenge. The rats from the control and OVA
groups were injected with PBS. Twenty four hours after the
last challenge, all the animals were euthanized. The lungs
were removed and bronchoalveolar lavage fluid (BALF)
was collected using cold PBS and stored at –20 °C.

Inflammatory cells in bronchoalveolar lavage fluid
(BALF)
BALF was taken from the lungs of experimental rats and
the cells counted using a previously described method [9].

Histology
The lungs were infused with 10% neutral buffered formalin
and subjected to haematoxylin and eosin (HE), periodic

Figure 2

BSO suppressed the airway inflammation and goblet cell
hyperplasia. Lung tissue was collected from three groups of rats for
the determination of pathological changes. A and D represent lung
sections of control rats which do not show pathological changes. B
and E indicate lung sections of OVA challenged rats. (B) Infiltration
of inflammatory cell around the airways and (E) goblet cells
hyperplasia and mucous hyper secretion. C and F show sections
from OVA challenged and BSO treated rats. BSO treatment
inhibited the infiltration of inflammatory cells (C) and goblet cell
hyperplasia and mucous hyper secretion (F) in the lungs. In
representative histological images, lung tissues stained with HE (A,
B, C; magnification 400X) or PAS (D, E, F; magnification 400X).
The scoring data of pathological score (G) and percent of PAS
positive cells (H). Arrow indicated the infiltration of inflammatory
cells and goblet cells. Data shown as mean ± S.E.M. *P <0.05,
**P <0.01 and *** P <0.001 compared between two group.
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acid-Schiff (PAS) and Masson-trichome staining. Morpho-
logical alterations and inflammatory cell infiltration in the
airway were evaluated using a scoring method [9]. For the
quantification of PAS staining, at least three medium size
bronchioles were evaluated on each slide for PAS cells. The
results were expressed as the percentage of PAS positive
cells per bronchiole, which was determined from the num-
ber of PAS positive cells divided by the total number of epi-
thelial cells in each bronchiole by Image-Pro Plus 6 (Me-
dia Cybernetics, USA). Masson’s trichome staining was
performed to evaluate the collagen deposition in the lung
tissues of experimental rats using a previously described
method [11].

Proline determination
A previously described method was adopted to determine
the level of proline in homogenate of lungs [12].

Arginase activity
Total arginase activity was measured in lung homogenate
using a previously described method [13]. The level of
total protein in lung homogenate and mitochondria was de-
termined using a BCA kit (Jian Kang Yuan, biomedicine,
Zhu Hai China). The absorbance was measured at 562 nm
by ELISA reader (Thermo Electron Corporation, Finland).
One unit of the enzyme activity was defined as the amount
of enzyme that catalyzed the formation of 1 mmol of urea
per minute.

Activity of ornithine decarboxylase
The activity of ornithine decarboxylase (ODC) was meas-
ured in lung mitochondria as previously described [14].
The absorbance of the organic phase was measured at
426 nm against a reagent blank by ELISA reader (Thermo
Electron Corporation, Finland).

Isolation, derivatisation and chromophoric separation
of polyamines
The polyamines were isolated and derivatized from lung
homogenates [15]. High performance liquid chromato-
graphy (HPLC) was performed on a system containing two
solvent metering pumps (Shimadzu, model 20AT, Japan)
and programmed with a microprocessor controller (Shi-
madzu, model CBM-20A). The 90 µl of sample with 10 µl

internal standard (Hexanediamine) was injected into 20 µl
loop for loading into reverse phase C18 column (5 µm
particle diameter, 4.6 × 150 mm; Dikma, Technologies,
Beijing, China). The samples were eluted in column by us-
ing solvent (water: methanol) (v/v). For dansyl polyam-
ines, an excitation wavelength (365 nm) and emission
wavelength (510 nm) was used. The peak area and reten-
tion time were recorded by LC solution software (Shi-
madzu, Japan). Calibration was performed by external cal-
ibration with putrescine, spermine and spermidine standar-
ds.

Extraction of RNA and real time RT-PCR
Total RNA from lung tissue was isolated by using TRIZOL
and quantified by measuring the optical density (CECIL In-
strument, England). According to the manufacturer’s pro-
tocol (RevertAid™, Fermentas Life Sciences, International
INC, Canada), total cellular RNA was reverse transcribed
by reverse transcription (RT) PCR. Resulting cDNA was
amplified by real-time PCR with SYRB Premix Ex Tag
II (TaKaRa, Japan). By using the primers for genes such
as arginase І, Edn-1, MMP-3, TGF-β, FGF2 and VEGF,
real-time RT-PCR was performed at 95 °C for 10 seconds,
62 °C for 15 seconds, and 72 °C for 30 seconds. β-actin
was used as reference gene. Primer sequences and their an-
nealing temperatures are depicted in table 1.

Statistical analysis
All the data was expressed as Mean ± S.E.M. We analysed
the data using one way ANOVA followed by Bonferroni’s
post test. We used Graph pad Prism5 Demo to determine
the significant difference among groups. Differences were
considered statistically significant when the P value was
less than 0.05.

Results

BSO decreased inflammatory cell infiltration in BALF
A small number of total cells (80.40 ± 9.04 × 104 cells)
were found in BALF of control rats. A few number of eos-
inophils (1.21 ± .03 × 104 cells), macrophages (25.50 ±
3.99×104 cells) and lymphocytes (19.00 ± 4.51 × 104 cells)
were observed in the BALF of control rats sensitized and

Table 1: A list of primer sequences used for real time RT-PCR.

Gene name FP/RP* Sequence(5`-3`) Size (bp) Tm °C

FP CTATCGGCAATGAGCGGTTCCβ-actin

RP TGTGTTGGCATAGAGGTCTTTACG

146 60

FP AGTGTGGTGCTGGGTGGAGArginase І

RP GCGGAGTGTTGATGTCAGTGTG

118 60

FP TTGCTCCTGCTCCTCCTTGATGEdn1

RP TCCCTTGGTCTGTGGTCTTTGTG

214 54

FP GATGATGATGAACGATGGACAGATGMMP3

RP GCTACACATTGGTAAGGTCTCAGG

120 54

FP GGACTACTACGCCAAAGAAGTGF-β

RP TCAAAAGACAGCCACTCAGG

294 60

FP TCGCACACACTCCCTTGATGGFGF2

RP TCGCACACACTCCCTTGATGG

219 63

FP CAATGATGAAGCCCTGGAGTGCVEGF

RP GCGGATCTTGGACAAACAAATGC

287 63

*FP, forward primer; RP, reverse primer
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challenged with PBS. Administration of OVA for 7 days
elicited a massive recruitment of total cell numbers (140.20
± 13.23 × 104 cells), and eosinophils (15.71 ± 2.16 × 104

cells), macrophages (60.20 ± 5.22 × 104 cells) and lympho-
cytes (32.53 × 4.23 × 104 cells) in the BALF, indicating the
presence of a significant proportion of inflammatory cells.
Intraperitoneal treatment of BSO (4ml/kg) significantly de-
creased the total cells (92.36 ± 6.77 × 104 cells) and differ-
ential number of eosinophils (6.83 ± 1.14 × 104 cells), mac-
rophages (33.40 ± 3.9 × 104 cells) and lymphocytes (24.34
± 3.23 x 104 cells) in the BALF of rats sensitised and chal-
lenged with OVA (fig. 1). The data indicated that BSO de-
creases the inflammatory cell infiltration in the airways.

BSO suppressed the airway inflammation and goblet
cell hyperplasia
The effect of BSO on rats sensitised and challenged with
OVA was determined through HE, where we observed his-
tological changes (fig. 2). Massive recruitment of inflam-
matory cells around the airway was observed in the lungs
of OVA group rats (fig. 2B) and the same effect was ob-
served in the alveolar spaces and perivascular areas (not
shown in data). No obvious pathological abnormalities
were found in the lungs of the control rats (fig. 2A). In-

Figure 3

BSO attenuated the collagen deposition and proline level. The lung
tissue from experimental rats was stained by Masson’s trichome
method. A, D and G represent lung sections of control rats,
showing normal level of collagen. B, E and H show lung sections of
OVA challenged rats, indicating deposition of collagen around
airways, blood vessels and alveolar wall. C, F and I show sections
from OVA challenged and BSO treated rats. BSO administration
decreased the collagen deposition in the lung. In the representative
histological images, A, B and C indicate parenchymal interstitium in
alveolar area, D, E and F peribronchial and G, H and I perivascular
connective tissues. In all figures, magnification is 400X.
The score for collagen deposition and proline level in the lung
homogenate is shown in J and K respectively. Arrows show
thickening of alveolar septae and deposition of collagen around the
bronchus and blood vessels. Data shown as mean ± S.E.M. *P
<0.05, **P <0.01 and *** P <0.001 compared between two group.

traperitoneal administration of pure BSO suppressed the in-
flammation in the lungs of OVA exposed rats by decreas-
ing the inflammatory cell infiltration in the airways, alveoli
and perivascular areas (fig. 2C). The histological score for
inflammatory cell infiltration was significantly decreased
in the lungs of OVA exposed rats after BSO treatment (fig.
2G). We calculated the percentage of positive goblet cells
from bronchioles in the lung tissues of experimental rats
using PAS staining (fig. 2D-F). In the lungs of OVA group
we found 41.90 ± 4.00 percent positive PAS cells (goblet
cells) leading to goblet cell hyperplasia and mucous hyper
secretion, which was a significant increased as compared
to control (17.90 ± 3.54%). BSO treatment significantly re-
duced the percentage of positive goblet cells to 25.80 ±
2.94% in the lungs of rats exposed to OVA (fig. 2H).

BSO attenuated the collagen deposition and proline
level
To determine the acute lung remodelling, collagen depos-
ition in lung tissue was examined using Masson’s trichome
staining. As shown in fig. 3, high collagen deposition was
found in parenchymal interstitium of alveolar areas,
peribronchial and perivascular connective tissues of OVA
group as compared to control.

Moreover, low proline level (0.25 ± 0.01 µmol/g of
lung tissues) was found in lung homogenate of PBS sensit-
ised and challenged rats. However, a significantly high pro-
line level (0.36 ± 0.04 µmol/g of lung tissues) in homogen-
ate lung tissues of OVA-sensitised and challenged rats was
observed (fig. 3K). The results showed that the score for
collagen deposition in lung tissues and proline level (0.25
± 0.03 µmol/g of lung tissues) was remarkably attenuated
after intraperitoneal treatment of BSO.

Figure 4

Black seed oil diminished the mRNA expression and activity of
arginase. The mRNA expression of arginase І was determined by
real time RT-PCR in the lung of experimental rats whereas β-actin
gene was amplified as reference (A). Total arginase activity was
determined by photometry method in the lung homogenate of lung
(B). This experiment used 10 rats for each group. Data shown as
mean ± S.E.M. * P <0.05, ** P <0.01, *** P <0.001 compared
between two groups.
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Expression of arginase І, activity of arginase, ODC and
the level of polyamine abolished with BSO treatment
To further investigate whether the arginase pathway also
related to the BSO induced protective effect for acute stage
of lung remodelling in the OVA induced asthma rat model,
we measured the mRNA expression of arginase І in the
lung of experimental rats by real time RT-PCR. As shown
in Fig. 4A, real time RT-PCR provided a quantitative meas-
ure of arginase І mRNA expression in the lungs of exper-
imental rats. The mRNA expression of arginase І predom-
inantly increased in the lungs of OVA group compared
with control. By comparison, intraperitoneal treatment with
BSO significantly decreased the arginase mRNA expres-
sion in OVA-induced rats. We also measured the activity of
total arginase in the lung homogenate of experimental rats.
Increased activity of total arginase (0.585 ± 0.051 U/mg
protein) in the lung homogenate of OVA challenged rats
was observed as compared to control rats (0.375 ± 0.019 U/
mg protein) (fig. 4B). Total arginase activity in the lung ho-
mogenate of rats exposed to OVA was significantly sup-
pressed by the BSO treatment (0.374 ± 0.0573 U/mg pro-
tein).

To test whether the suppressive effect of BSO on OVA
exposed animals leads to polyamine production, the effects
of BSO on OVA exposed ODC activity and polyamine con-
centration were examined in the lung homogenate of the
experimental rats. As shown in fig. 5A-B, the activity of
ODC and the level of polyamine especially of spermine
were significantly increased (ODC: 2.50 ± 0.67 U/mg pro-
tein, Spermine: 0.05 ± 0.01 µmol/L) in the lung of OVA
group rats as compared to control (ODC: 0.69 ± 0.13 U/mg
protein, Spermine: 0.02 ± 0.003 µmol/L). However, treat-
ment of BSO decreased the ODC activity (0.93±0.21 U/mg
protein) and spremine level (0.024 ± 0.0031 µmol/L).

Black seed oil abrogated the mRNA expression of
Endothelin1, MMP3 and growth factors
To determine the molecular basis of acute lung remodelling
in the OVA induced rat model, we examined the mRNA ex-
pression of EdnІ, MMP3, TGF-β, FGF2 and VEGF by real
time RT-PCR. As shown in fig. 6A-E, the mRNA expres-
sion of EdnІ, MMP3, TGF-β, FGF2 and VEGF in the lungs
of rats challenged with OVA was remarkably increased as
compared with control rats. By comparison, intraperitoneal
administration of BSO normalised the mRNA expression
in the lungs of OVA exposed rats.

Discussion

In our study we investigated the hypothesis that pure black
seed oil (BSO) of Nigella sativa significantly attenuated
lung remodelling induced by repetitive allergen challenge
in E3 rats. We also showed potential BSO effects that abate
allergen induced collagen deposition in the lungs of OVA
exposed rats through inhibiting arginase pathways, expres-
sion of growth factor (TGF-β, FGF2 and VEGF), Edn1 and
MMP3.

Collagen, as type І, ІІ, ІІІ and ІV, is located in extra-
cellular matrix of connective tissues and is used as a ma-
jor fibrous and structural protein in animals [2]. We found
high intensity of collagen deposition in the alveolar par-

enchymal interstitium, peribronchial and perivascular con-
nective tissues of the lungs of asthmatic rats. This is con-
sistent with previous observations that found an increase
level of total collagen, collagen I, procollagen I, III and
α-smooth muscle actin in the lungs of both mice and rats
after OVA exposure for few days [16–18]. Proline plays a
prime role in collagen biosynthesis and the level of pro-
line positively correlated with collagen level [19]. We ob-
served high proline levels in the lungs of OVA exposed rats

Figure 5

Black seed oil decreased the ODC activity and polyamine
production. A, represents the activity of ODC in the lung
homogenate of experimental rats. Polyamines such as putrescine
(Put), spermidine (Spd) and spermine (Spm) isolated from lung of
experimental rats (B). The dansyl derivatives of polyamines were
determined by HPLC method. Data shown as mean ± S.E.M for 10
rats each group. * P <0.05 compared between two groups.

Figure 6

Black seed oil abrogated the mRNA expression of Edn1 and MMP3
and growth factors in the lungs. Total RNA was extracted from the
lung of experimental rats and used in real time RT-PCR to
determine mRNA expression of Edn1, MMP3 and growth factors,
while β-actin was used as the reference gene. Relative mRNA
expression of Edn-І (A), MMP3 (B), TGF-β (C), FGF2 (D) and
VEGF (E) was expressed as mean ± S.E.M. *P <0.05, **P <0.01
and *** P <0.001 by comparing two groups.
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compared to control. Arginase is a key enzyme (arginase
pathways) in the urea cycle for the production of proline
and polyamine. L-proline, a well known precursor of col-
lagen, is synthesized from L-ornithine in a two-step reac-
tion, while ODC initiates the synthesis of polyamines that
could be involved in the proliferation of structural cells in
the lung tissues [20]. Our studies demonstrated that BSO
reduced the downstream products of arginase pathways
such as polyamine and proline by inhibition of arginase
and ultimately reduced collagen deposition. The upregu-
lation of arginase in cultured airway fibroblasts indicates
a possible role of the enzyme in the collagen synthesis
and cell proliferation that leads to lung remodelling. In-
creased levels of polyamines have been observed in mouse
lungs after allergen challenge and in serum of asthmatic
patients [21–23]. Polyamines can stimulate cell prolifera-
tion and structural alteration by promoting histone acetyl-
transferase activity, resulting in chromatin hyperacetylation
[24]. High levels of polyamine was found in human pul-
monary artery smooth muscle cells (hPASMC) exposed to
oxygen [25]. Our HPLC analysis revealed that polyamines,
especially spermine, are strongly increased in the lung of
OVA exposed rats. Moreover the activity of ODC also in-
creased in the lung homogenate of asthmatic E3 rats. It has
been reported that the high expression of arginase I and
ODC mRNA expression increased in the epithelium, fibro-
blast and smooth muscle bundles of smoking asthmatics
[26]. During in vivo and in vitro study, the production of
polyamine especially spermine as the result of upregula-
tion of arginase I promoted axonal regeneration in the CNS
after the injury [27]. Thus, to inhibit allergen-induced ar-
ginase expression as well as its activity, BSO might play
a significant role in attenuation of lung remodelling during
asthma.

Edn1 is a potent bronchoconstrictor and a profibrotic
agent. It is strongly expressed in the epithelium of airways
during mild and severe asthma. Edn1 is associated with
eosinophilic rather than neutrophilic airways inflammation.
It plays an important role in the pathogenesis of airway
disease by stimulating collagen deposition and decreasing
collagen degradation [28]. In bronchial epithelium a posit-
ive correlation was found between the increased Edn1 syn-
thesis and airway smooth muscles in refractory asthmatics
[29, 30]. Our data showed that mRNA expression of Ed-
n1 and MMP3 significantly increased in the lungs of OVA
challenged rats. The MMPs such as MMP3, MMP9 and
MMP13 have relevance to the acute and chronic structur-
al airway changes in asthma. Stromelysin 1(MMP3) is in-
volved in the development of inflammatory acute lung in-
jury and associated with activation of MMP7 and MMP9
[31, 32]. Stromelysin 1 is an extracellular endopeptidase of
vertebrate tissues and is homologous with interstitial col-
lagenase. It activates procollagenase after digesting pro-
teoglycan, fibronectin and collagen. These proteinases can
be generated by structural and inflammatory cells, and have
the ability to degrade the proteoglycans and thus poten-
tially enhance lung fibrosis and smooth muscle prolifera-
tion through their ability to release and activate latent mat-
rix bound growth factors [33]. High mRNA expression of
MMP3 has been reported in the human myometrium dur-
ing pregnancy and labour and in human uterine smooth

muscle cells (SMCs). Recent studies have shown that cy-
tokine stimulation increases MMP3 level in lung fibroblast
[34], which can lead to cell invasion [35]. Thus, the ability
of BSO to inhibit allergen-induced mRNA expression of
Edn-1 as well as MMP3 expression might play a significant
role in reducing lung remodelling in asthmatic rats.

Cytokines, chemokines and growth factors such as
TGF-β, FGF2 and VEGF are released from inflammatory
and structural cells in the lung. They are considered to
play a pivotal role in the development of lung remodelling,
fibrosis and pulmonary hypertension by increasing the col-
lagen deposition, cell proliferation and mucous hyper se-
cretion [36]. Our work showed that BSO reduced the level
of peribronchial inflammatory cells as well as goblet cell
hyperplasia. Interestingly, TGF-ß is a potent profibrotic
growth factor that directly or indirectly stimulates the
fibroblasts to produce collagen, fibronectin and pro-
teoglycan during pulmonary fibrosis. The role of TGF-β
increases the expression of arginase I and II in primary
mouse fibroblasts, demonstrating its interplay role between
collagen production and activity of arginase enzyme. The
basic fibroblast growth factor (FGF2) and VEGF promote
the proliferation of endothelial cells, fibroblasts, and also
enhance the goblet cell hyperplasia, angiogenesis and col-
lagen deposition in the lung of asthmatics. The VEGF is an
important mediator of vascular remodelling, extra-vascu-
lar remodelling and pulmonary inflammation that has been
shown in the VEGF lung transgenic mice [37–39]. BSO
significantly reduced lung remodelling by attenuating the
mRNA expression of growth factors such as TGF-β, FGF2
and VEGF in the lung of asthmatic rats.

Conclusion

In summary, our study demonstrates that BSO can atten-
uate the allergen-induced pathological changes of lung re-
modelling by decreasing collagen deposition, arginase
pathways, expression of TGF-β 1, FGF2 and VEGF and
End1 as well as MMP3 in the lungs of asthmatic rats. These
findings strongly suggest that BSO might be useful in the
treatment of lung remodelling in asthmatic patients in fu-
ture. Nevertheless, further study is required to explore the
potential clinical usefulness of pure BSO for lung remodel-
ling during asthma as well as to determine the potent com-
pounds in the mixture of BSO that play an effective role in
reducing the structural and functional alteration in allergic
asthmatics.
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