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ABSTRACT 
Asthma is a chronic inflammatory disorder of the airways. The available treatment options have major 
limitations owing to low efficacy, associated adverse events and compliance issues. Therefore, the health 
burden of bronchial asthma is increasing globally at an alarming rate, providing a strong impetus for the 
development of new therapeutics. Onosma bracteatum (O. bracteatum) is known traditionally in Ayurveda 
to possess anti-asthmatic activity. Hence, the present investigation was undertaken to evaluate the effect 
of aerial parts of O. bracteatum on bronchial hyperreactivity by various in vivo and in vitro experimental 
models. Experimental models studied were total and differential cell estimation in bronchoalveolar lavage 
fluid (BALF), estimation of histamine release from lungs, in vitro studies on tracheal strip and histopa-
thological studies of egg albumin-sensitized guinea pigs. Treatment with ethanolic extract of O. bractea-
tum (5 mg/kg, p.o., for 15 days) significantly decreased the total and differential leukocyte count in bron-
choalveolar lavage fluid (BALF), and also blocked histamine release from chopped lung tissues of sensi-
tized guinea pigs. Ethanolic extract of O. bracteatum (5 mg/kg, p.o., for 15 days) prevented the potentia-
tion of the responses of histamine and acetylcholine which resulted in a significant decrease in pD2 value 
of histamine and acetylcholine in guinea pig tracheal strip. Histopathological changes induced by egg al-
bumin were also significantly reduced by the treatment with ethanolic extract of O. bracteatum (5 mg/kg, 
p.o., for 15 days). These results suggest that O. bracteatum decreases bronchial hyperresponsiveness by 
decreasing the infiltration of inflammatory mediators like eosinophils, neutrophils in BALF, inhibiting his-
tamine release from lungs of sensitized guinea pigs and by decreasing airway inflammation. 

Keywords: Bronchial hyperreactivity, Bronchospasm, Inflammatory mediators, Onosma bracteatum, Boraginaceae  

Asthma is a chronic disease characterized by in-
flammation of the airways that is central to the airway 
dysfunction. Typically, the airway wall is infiltrated by 
a variety of inflammatory cells such as eosinophils, 
mast cells, and CD4+ T lymphocytes that release a 
plethora of mediators ultimately causing the symptoms 
and the histopathology of asthma. Bronchial hyperre-
sponsiveness (BHR) is also a characteristic feature of 
most asthmatics which correlates with the severity of 
the disease; although it’s precise mechanism remains 
unclear.  

The prevalence and severity of allergic asthma have 
been steadily increasing over the past 20 years together 
with the number of reported cases of fatal asthma, and it 
affects up to 10% of the population of most developed 
countries [ 1, 2]. The disease statistics clearly necessitates 
the increasing need for drugs targeting the mechanisms 

involved in eosinophil and neutrophil activation and 
accumulation, for the management of asthma. Glucocor-
ticosteroids are the only drugs currently available that 
effectively reduce airway inflammation in asthma [ 3].  

As a result there is high prevalence of usage of com-
plementary and alternative medicines for treatment of 
this disease [ 4]. Ayurveda, an ancient system of Indian 
medicine, has recommended several drugs from indige-
nous plant sources for the treatment of bronchial asthma 
and allergic disorders [ 5]. One such plant is O. bractea-
tum, Wall (Family Boraginaceae, commonly known as 
Gaozaban, Gojihva) which has been reported to be used 
in the treatment of asthma and bronchitis [ 6,  7]. Aerial 
parts of O. bracteatum are prescribed by many Ay-
urvedic practitioners in bronchial asthmatic patients. 
However, no scientific studies are so far carried out to 
investigate the antiasthmatic activity of O. bracteatum. 
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The present study hence was undertaken to investigate 
the pharmacological activity of O. bracteatum using 
various invivo and invitro methods.  

MATERIALS AND METHODS 

Plant 

Aerial parts of O. bracteatum were obtained from 
commercial supplier of Ahmedabad. The plant was 
identified and authenticated by Dr. Minoo Parabia, 
Head and Professor, Department of Bioscience, Veer 
Narmad South Gujarat University, Surat, Gujarat. A 
voucher specimen of plant was deposited in the herbar-
ium of the Department of Bioscience, Veer Narmad 
South Gujarat University, Surat, Gujarat. 

Preparation of the plant extract 

The aerial parts reduced to coarse powder were 
macerated with ethanol for 48 hrs, filtered and filtrate 
was evaporated under reduced pressure to obtain dry 
extract. The extract was stored in cool and dry place and 
used for pharmacological evaluation. (ethanolic extrac-
tive value 1 %w/w). 

Animals 

Hartley strain guinea pigs (350-500 gm) of either 
sex housed in standard conditions of temperature (22 ± 
2° C), relative humidity (55 ± 5 %) and light (12 hrs 
light/dark cycles) were used. Guinea pigs were fed with 
green vegetables. Animal studies were approved by the 
Institutional Animal Ethics Committee (Protocol no. 
6012 passed on 19/12/2006) according to the regula-
tions of Committee for the Purpose of Control and Su-
pervision of Experiments on Animals (CPCSEA). 

Study design for assessment of bronchial hyperre-
activity 

Egg albumin sensitized guinea pigs were challenged 
by exposure to same antigenand following parameters 
were evaluated for assessment of bronchial hyperreac-
tivity: A) cell populations in BALF, B) histamine esti-
mation in the lung tissues, C) histopathological changes 
in lung tissue, D) potentiation of histamine and acetyl-
choline response in trachea. 

Sensitization, challenge protocols and treatment 

The animals were randomly divided into three 
groups of six animals each i.e. group-I (control), group-
II (sensitized), group-III (sensitized+treatment) for all 
above studies. The animals of group II and group III 
were sensitized with egg albumin (1 ml, 10% w/v, i.p.) 
in saline on the first day. The animals of group I re-
ceived 0.5% CMC for fifteen days. The animals of 
group III were dosed with ethanolic extract of O. brac-
teatum (5 mg/kg, p.o., for 15 days, once daily) sus-
pended in 0.5 % CMC. Fifteen days later, all animals 
were challenged with egg albumin (0.5 ml, 2% w/v) 
through saphenous vein. Animals exhibited labored 
breathing, lacrimation and coughing. Animals which did 
not respond were excluded from the study. After 3 hours 
of the challenge of the egg albumin or just prior to death 
of animals, which ever was earlier, the animals were 
anaesthetized with diazepam (8 mg/kg, i.p.) and keta-
mine (5 mg/kg, i.p.).  

A. Bronchoalveolar Cell Counts and Differentiation 
[ 8] 

The trachea was immediately cannulated after anaes-
thetization and the airways lavaged with saline at 25°C 
(two aliquots of 1 mL/100 g body weight). Bronchoal-
veolar cells were collected in two successive lavages 
using saline and recovered through a tracheal cannula. 
The bronchoalveolar lavage fluid (BALF) was stored on 
ice and total WBC cell counts were performed using an 
automated cell counter (Cell Dyn 3200SL). Dilutions of 
lavage fluid (1 in 10) were made in saline, and differen-
tial WBC were counted by light microscopy stained 
with Leishman’s stain. At least 200 cells were counted 
on each slide. Cells were differentiated using standard 
morphological criteria. All differential cell counts were 
performed blind and in randomized order at the end of 
the study.  

B. Study of histamine release from the lung tissues 
[ 9] 

The lungs of the guinea pigs were chopped into 
fragments. The chopped lung tissues were placed in 
tubes with 2 ml of ice cold calcium free Tyrodes solu-
tion and kept on ice until further used. 200 mg (wet 
weight) of lung tissues were incubated with 1.8 mM 
CaCl2 for 10 min. at 37° C. The lung tissues were fur-
ther incubated with 2 mg/ml egg albumin for 15 min. at 
37° C. After 15 min., the reaction was stopped by filtra-
tion through nylon mesh (100 µm). Histamine in the 
solution was measured spectroflourometrically by using 
o-phthalaldehyde as a substrate (Shimadzu Spectropho-
toflourometer RF 5401) [ 10]. 

C. Histopathological study 

To avoid possible traumatic damage due to BAL, 
histopathological assessment of inflammatory changes 
in lung tissue were made in separate animals. The lungs 
were removed intact from all the three groups and then 
fixed by slowly inflating with buffered formalin and 
subsequently embedded in paraffin. A transverse section 

Table 1. Effect of ethanolic extract of O. bracteatum on change in
histamine levels of lung due to egg albumin induced histamine release
in guinea pigs 

TREATMENT HISTAMINE LEVEL IN LUNGS 
(ng/g) 

Control 295+1.071 

Sensitized (SEN) 412.5+5.663* 

SEN+ O. bracteatum 310+1.044@** 

Values are mean ± SEM, n=6 in each group 
Significantly different from control group * p<0.001, **p<0.05
Significantly different from sensitized group @p<0.001 
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(2–4 μm thick) was cut from each sample and stained 
with haematoxylin and eosin. Histopathological assess-
ment (light microscopy) was performed blind on ran-
domized sections.  

D. Invitro studies on isolated guinea pig tracheal 
chain [ 11] 

Group I, II and III animals were stunned by a sharp 
blow on the head and sacrificed by cutting neck blood 
vessels. The trachea was rapidly dissected free of sur-
rounding tissues and placed in Petri dish containing 
oxygenated Krebs-Henseleit solution (NaCl, 114.0 mM; 
CaCl2, 2.5 mM; KCl, 4.7 mM; glucose, 11.7 mM; Na-
HCO3, 25 mM; MgCl2, 1.2 mM; KH2PO4, 1.2 mM). 
Tracheal strips were prepared by cutting the trachea 
spirally. Tracheal strip was suspended in organ tube 
containing Krebs-Henseleit solution at 37 ± 10C under a 
uniform tension of 1.5 g, continuously bubbled with 
95% O2 and 5% CO2. After an initial equilibration pe-
riod of 90 min., the responses of the trachea to hista-
mine and acetylcholine were recorded on a student 
physiograph (Bio Devices) using isotonic transducer.  

Statistical analysis 

 The results of various studies were expressed as 
mean ± SEM and analyzed statistically using one way 
ANOVA to find out the level of significance. Data were 
considered statistically significant at p < 0.05. 

RESULTS 

All guinea-pigs used in this study exhibited a 
marked reaction when challenged with antigen (egg 
albumin) characterized by acute dyspnoea. 

A. WBC cells recovered from BALF 

Total cells In sensitized guinea-pigs, the total num-
ber of cells (9500+483 cells/mL) (n=6) recovered in 
BALF was found to be significantly greater (p<0.001) 
as compared to controls (5500+330.7 cells/mL) (n=6). 
Treatment of sensitized guinea pigs with ethanolic ex-
tract of O. bracteatum (5 mg/kg, p.o., for 15 days) sig-
nificantly prevented (p<0.01) the rise in total cell num-
bers in the BALF (6783.3+489.5 cells/mL)(n=6). 

Eosinophils The number of eosinophils (269+32.15 
cells/mL) (n=6) recovered in BALF from sensitized 
guinea-pigs was found to be significantly greater 
(p<0.01) as compared to controls (148.2+16.29 
cells/mL) (n=6). Treatment of sensitized guinea pigs 
with ethanolic extract of O. bracteatum (5 mg/kg, p.o., 
for 15 days) was followed by a significant decrease 
(p<0.05) in the number of eosinophils in the BALF 
(192.2+10.04 cells/mL) (n=6). 

Neutrophils A significant increase (p<0.001) in the 
neutrophil numbers (7073+464.7 cells/mL) (n=6) was 
observed in the BALF from antigen-challenged guinea 
pigs, as compared with controls (3416.7+366.8 
cells/mL) (n=6). Treatment of sensitized guinea pigs 
with ethanolic extract of O. bracteatum (5 mg/kg, p.o., 

  

 
Fig 1. Light micrographs of bronchiolar tissue from guinea pigs of the different experimental groups. A- Control 
group, B- Sensitized group and C- Sensitized + treated group (Magnification 40X) 
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for 15 days) significantly inhibited the increase in 
(p<0.01) neutrophil numbers in the BALF 
(4398.3+568.9 cells/mL) (n=6). 

Monocytes The total number of monocytes recov-
ered in BALF from sensitized guinea-pigs was 
161+22.58 cells/mL (n=6), which was found to be sig-
nificantly greater (p<0.05) as compared to controls 
(95.8+17.14 cells/mL) (n=6). Ethanolic extract of O. 
bracteatum (5 mg/kg, p.o., for 15 days) significantly 
inhibited (p<0.05) monocytes numbers in the BALF 
(103.5+12.11 cells/mL) (n=6). 

Lymphocytes In sensitized guinea-pigs, the number 
of lymphocytes in BALF was 2030.8+56.3 cells/mL 
(n=6), which was significantly greater (p<0.01) as 
compared to control (1746+39.9 cells/mL) (n=6). There 
was no significant change in lymphocyte numbers 
(1999+151.7 cells/mL) (n=6) in the BALF recovered 
from sensitized guinea pigs treated with ethanolic ex-
tract of O. bracteatum (5 mg/kg, p.o., for 15 days). 

B. Effect on antigen induced histamine release 
from lung tissue of guinea pigs  

There was highly significant (p<0.001) increase in 
the histamine release in the lungs of sensitized group as 
compared to control group. Treatment with ethanolic 
extract of O. bracteatum (5 mg/kg, p.o., for 15 days) 
produced a highly significant (p<0.001) decrease in the 
release of histamine as compared to sensitized group 
(Table 1). 

C. Lung histology 

Histopathological examination of control animals 
revealed no significant abnormalities (fig 1A). There 

was a low grade eosinophilia in some sections, but this 
was not associated with pathological changes. In sensi-
tized animals, there was perivascular and peribronchio-
lar eosinophilia after challenge. This suggests a net 
movement of these cells from the vascular to the bron-
chiolar compartment. The presence of eosinophils in the 
bronchiolar area showed anatomical correlation with 
tissue oedema, epithelial cell hypertrophy, damage and 
airway lumen plugging by mucus and cells, and focal 
loss of integrity of the smooth muscle layer. The lumen 
size was reduced drastically (fig 1B). It is evident that 
treatment with O. bracteatum prevented the tissue oe-
dema, epithelial cell hypertrophy, damage and airway 
lumen plugging thereby decreasing inflammation and 
bronchoconstriction which leads to normal lumen size 
(fig 1C). 

D. Invitro studies on isolated guinea pig trachea 

The responses to histamine and acetylcholine were 
found to be significantly potentiated in guinea pig tra-
cheal strip in animals sensitized with egg albumin com-
pared to control group. There was a leftward shift of 
dose response curve and the pD2 values of histamine 
and acetylcholine in tracheal strip (3.21, 3.36) in sensi-
tized group were significantly greater than the pD2 val-
ues of histamine and acetylcholine in tracheal strip 
(2.36, 3.21) obtained from the control group. (Fig 2 and 
3). Treatment with ethanolic extract of O. bracteatum (5 
mg/kg, p.o., for 15 days) prevented the potentiation of 
the responses to histamine and acetylcholine. A right-
ward shift of dose response curve of histamine and ace-
tylcholine was observed with a significant decrease in 
pD2 value of histamine and acetylcholine in guinea pig 
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Fig 2. Effect of ethanolic extract of O. bracteatum on histamine induced contractions in tracheal strip preparation of 
guinea pigs 
Each point represents Mean + SEM of 6 experiments 
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tracheal strip (1.52, 2.29) in O. bracteatum treated ani-
mals as compared to sensitized group. (Fig 2 and 3). 

DISCUSSION 

The concomitant presence of infiltrating eosinophils 
and T lymphocytes in the bronchi of asthmatics plays a 
major role in the development of airway inflammation 
and in the accompanying bronchial hyperreactivity [ 12-
 15] which may result from their common pathway of 
adherence to endothelial cells. Indeed, eosinophils bind 
to activated endothelial cells by adhering to vascular 
cell adhesion molecule– 1 (VCAM-1) [ 16], a ligand also 
involved in lymphocyte adherence to endothelium [ 17]. 
Furthermore, adhesion of eosinophils and lymphocytes 
to VCAM-1 is mediated by the binding of very late ac-
tivation antigen-4 on their surface [ 16,  18], which un-
derlines the selectivity of the mechanisms involved in 
their migration into inflamed tissues. Upon reaching the 
airways, eosinophils can release a variety of cationic 
proteins, such as EPO (eosinophil peroxidase) and MBP 
(major basic protein) that are responsible for injury and 
shedding of airway epithelium [ 19- 21]. Disruption of 
the epithelium leads to the exposure of the underlying 
mucosal structures and sensory nerve endings to aller-
gen and irritants, contributing to the developing of non-
specific bronchial hyperreactivity. Moreover, it is also 
well-established that there are increased eosinophil 
numbers in the airways of patients with ongoing asthma, 
even those with mild disease [ 22], whilst autopsy and 
biopsy studies have revealed a characteristic eosinophil 
infiltration of the airway mucosa [ 23]. In the present 
study, sensitization using egg albumin (1 ml, 10%w/v, 
i.p.) and then second exposure to same antigen i.e. egg 
albumin (0.5 ml, 2% w/v) through saphenous vein 

causes acute anaphylactic shock resembling the acute 
asthmatic attack resulting in the release of various me-
diators and cellular infiltration. Antigen challenge re-
sulted in a twofold increase in the number of eosino-
phils in BALF. This was accompanied by intense eosi-
nophil infiltration in the bronchopulmonary tissue, eosi-
nophil migration, accumulation and degranulation in the 
guinea pig lung as evident from histopathology which is 
in consistence with reports in the human asthmatic lung. 
The present findings show that in antigen challenged 
animals, treatment with O. bracteatum significantly in-
hibited antigen-induced bronchial hyperreactivity by 
preventing the increase in total leucocyte counts (TLC), 
eosinophil counts. Airway hyper responsiveness after 
antigen challenge is supported by the inflammatory pa-
thology suggesting the involvement of other mediators 
in pathogenesis of asthma. As in human asthma, leukot-
rienes are also implicated in the induction of antigen-
induced airway hyperresponsiveness in the guinea-pig. 
Neutrophil numbers have also been reported to increase 
in bronchial lavage fluid [ 25,  26] in asthmatics, but neu-
trophilia is generally of shorter duration than eosino-
philia [ 24,  25,  27]. This finding fits well with the cur-
rent observation that pretreatment of the sensitized ani-
mals with O. bracteatum resulted in a significant inhibi-
tion of antigen-induced bronchial hyperreactivity by 
decreasing neutrophil counts. The predominant cells in 
BALF recovered from unchallenged guinea-pigs were 
those of the monocyte. The numbers of these cells were 
increased after challenge [ 28]. In this context, it is worth 
noting that, treatment of the sensitized animals with O. 
bracteatum produced a significant decrease in monocyte 
count. Although an influx of lymphocytes does not ap-
pear to be a consistent feature of airway inflammation in 
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Fig 3: Effect of ethanolic extract of O. bracteatum on acetylcholine induced contractions in tracheal strip preparation 
of guinea pigs 
Each point represents Mean + SEM of 6 experiments 
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this model, it remains possible that antigen specific T-
lymphocytes resident in the airway wall become acti-
vated as a result of antigen challenge. Thus, T-cells 
may, by secreting interleukin-4 (IL-4), IL-5 and other 
proinflammatory cytokines, contribute to the orchestra-
tion of the ensuing allergic reaction. In line with this 
notion, the present findings show that treatment of the 
sensitized animals with O. bracteatum produced a non-
significant decrease in lymphocyte count as compared 
to sensitized animals. In conclusion, the results of this 
study demonstrate that, in guinea-pig airways, antigen 
challenge induced eosinophil, neutrophil and monocyte 
infiltration and activation is similar to that reported in 
human asthmatics. Changes in the number of lympho-
cytes did not correlate directly with structural changes. 
This indicates that protective effect of O. bracteatum is 
by preventing the release of several pre-formed media-
tors, thereby preventing the direct damage of airway 
epithelium which in turn prevents airway hyperrespon-
siveness. 

Histamine is released from guinea pig lungs during 
anaphylaxis by an allergic or nonallergic insult resulting 
in bronchoconstriction which can be attenuated by H1 
receptor antagonists [ 29,  30]. Histamine also stimulates 
sensitized afferent nerves and also activates eosinophils 

[ 31,  32]. Thus estimation of histamine levels in the lung 
tissue itself reveals the mediator release. The histamine 
levels which were increased due to sensitization with 
egg albumin were found to be significantly reduced in 
the O. bracteatum treated animals. This depicts that O. 
bracteatum inhibits the release of inflammatory media-
tor-histamine.  

The understanding of various processes involved in 
bronchial asthma such as inflammatory response can 
explain various histopathological alterations observed. 
In asthma, chronic inflammation leads to bronchocon-
striction. This leads to airway narrowing and decrease in 
the lumen size of the bronchioles [ 37]. This can be 
clearly seen by the histopathological studies of the lung 
tissue by observing the cross section of bronchi. In the 
present study, the sections of the lung tissues of animals 
sensitized with egg albumin depicted marked bronchitis 
and severe bronchoconstriction. Treatment with O. 
bracteatum prevented the inflammation and broncho-
constriction which leads to normal lumen size and nor-
mal lung cell architecture compared to sensitized group. 
These results suggest that O. bracteatum decreases 
bronchial hyperresponsiveness by decreasing the infil-
tration of inflammatory mediators like eosinophils, neu-
trophils in BALF, inhibiting histamine release from 
lungs of sensitized guinea pigs and by decreasing air-
way inflammation as evident from lung cytology.  

The presence of acetylcholine muscarinic receptors 
and histamine H1 sensitive excitatory receptors in air-
way smooth muscle of man and animals has been re-
ported [ 33- 36]. Antigen exposure potentiated the re-
sponses of histamine and acetylcholine. It was found 
that an increase in pD2 value of histamine and acetyl-
choline in the guinea pig tracheal chain preparation ob-
tained from animals sensitized with egg albumin indi-
cating hyperresponsiveness to histamine and acetylcho-

line. The treatment with O. bracteatum decreased the 
pD2 value which indicates that it prevents the hyperre-
sponsiveness to histamine and acetylcholine, hence re-
sulting in protective effects in bronchial asthma. 

Phytochemical screening of O. bracteatum indicates 
the presence of various chemical constituents like 
saponin glycosides, anthraquinone glycosides and phe-
nolic compounds. Glycosides are proposed to have an-
tiasthmatic activity through several mechanisms, which 
includes prevention of allergen induced bronchial ob-
struction, inhibition of histamine release from polymor-
phonuclear leucocytes, anti-inflammatory action, spas-
molytic activity by relaxation of smooth muscle( tra-
cheal muscle), nonspecific anti-spasmodic action in 
isolated tissues of guinea pig ileum, rabbit duodenum, 
frog rectus and rat stomach wherein contractions had 
been induced by the administration of spasmolytic 
agents, anti anaphylactic by decreasing cutaneous ana-
phylaxis and bronchodilator activity by protecting 
against histamine induced bronchospasm (38-40). Thus 
it can be concluded that glycosides present contribute to 
the effect of O. bracteatum on bronchial hyperreactivity 
in the animal experiments in the present study. All the 
above findings lend credence to the beneficial use of O. 
bracteatum in the treatment of bronchial asthma. 
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