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ABSTRACT
Medicinal plants have been identified and used as primary sources in prevention
and treatment of pulmonary diseases (mainly obstructive pulmonary diseases) from ancient
times due to various pharmacological activities. In this review, the stimulatory effects of
extracts, some fractions and constituents of medicinal plants on β2-adrenoceptors which
could be used as possible therapeutic agents in the future were reviewed.
Various databases including; Medline, PubMed, ScienceDirect, Scopus, and Google
Scholar were searched using stimulatory effect, β2-adrenoceptors, possible mechanism,
tracheal smooth muscle (TSM), medicinal plants and their constituents as keywords from
1985 to 2017.
All studied plants including; Nigella sativa, Rosa damascena, Thymus vulgaris, Carum copticom,
Carum carvi, Zataria multiflora, Crocus sativus, Cuminum cyminum, Liomnia acidissima, Portulaca
oleraceae, Satureja hortensis, Ephedra sinica and Achillea millefolium showed relaxant effect on
tracheal smooth muscle with a stimulatory effect on β2-adrenoceptors mechanism.
The studied plants and their constituents could be of therapeutic value in clinical practice
as a bronchodilatory drug by β2-adrenoceptors stimulatory mechanism for treatment of
obstructive pulmonary diseases.
Keywords: β2-adrenoceptors; Medicinal plant; Possible mechanism; Stimulatory effect;
Tracheal smooth muscle
INTRODUCTION
Obstructive lung disease, including asthma,1
bronchiectasis, bronchitis2 and chronic obstructive
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pulmonary disease (COPD)3 have been specified by
thickening of the airway walls, inﬁltration of
inﬂammatory cells4,5, enhanced smooth muscle mass6
and
mucus
secretion,
epithelial
shedding,7,8
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hypertrophy and hyperplasia of airway smooth muscle,
and inflammation of the airways.9 Common
medications
in
asthma
treatment
include
bronchodilators and anti-inflammatory drugs. Quickrelief medicines or bronchodilators include short-acting
inhaled β2-agonists10 and anticholinergic11, while longterm control medicines or anti-inflammatory drugs
consist of antileukotrienes,12 cromolyn sodium,13
inhaled corticosteroids,14 long-acting inhaled β2agonists,15
methylxanthines,16
and
oral
17
corticosteroids .
Bronchodilators are a type of remedy used to treat
asthma and COPD by dilation the bronchi and
bronchioles, reducing resistance of the airways and
enhancing airflow to the lungs.19 Bronchodilators may
be endogenous that arise naturally within the body;
nitric oxide (NO) is the endogenous neurotransmitter of
bronchodilator nerves that produced in different parts
of the body, including endothelial and epithelial cells,
nerves, airway smooth muscle, and inflammatory
cells.20
The most important type of bronchodilator
medications that applied for reliving treatment of
obstructive pulmonary disease is β2-agonists that
stimulated β2-adrenoceptors in tracheal smooth muscles
(TSM).15 β adrenergic receptors are a member of the
seven trans membrane family of receptors. Following
β2-adrenoceptor activation, second messenger cyclic
adenosine monophosphate (cAMP) produced in the
lung, which lead to decrease in calcium concentrations
within cells, activate protein kinase A and myosin
light-chain phosphatase, inactivate myosin light-chain
kinase, open large conductance calcium-activated
potassium channels and therefore produce smooth
muscle relaxation and bronchodilation21 (Figure 1).
Herbal medicines are the major source of health
care for the world’s population. Plants have a wide
variety of secondary metabolites, such as flavonoids,
alkaloids, trepenoids and coumarins, which have
therapeutic properties. In the recent years, interest in
drugs of plant origin has been progressively increased.
In developing countries 80% of the population relies
mainly on herbal medicine in primary medical
problems.22
The relaxant effect of different medicinal plants
such
as
Rosmarinus
ofﬁcinalis,23
Hydrastis
24
Canadensis,
Ferula assa-foetida,25 Foeniculum
vulgare,26 Sarcoco ccasaligna,27 Pimpinella anisum,28
Achillea wilhelmsii 29 and Syzygium cumini 30 on

tracheal smooth muscle has been shown.31 The possible
mechanisms have been suggested for the relaxant
effects of medicinal plants on tracheal smooth muscles,
including stimulation of ß2-adrenergic receptors,32
inhibition of histamine (H1) receptors,33 calcium
channel-blocking effect,34 potassium channel-opening
effect,35 inhibitory effect on muscarinic receptors 34 and
methylxanthine activity.36
Different
studies
showed
β2-adrenoceptors
stimulatory effect of various medicinal plants as the
main mechanism of their tracheal smooth muscle
relaxant effect. In this review, the stimulatory effects of
the extracts, some fractions and constituents of the
medicinal plants on β2-adrenoceptors on tracheal
smooth muscle were reviewed.
MATERIALS AND METHODS
Online literature searches were performed using
Medline, PubMed, ScienceDirect, Scopus, and Google
Scholar websites from 1985 to 2017 to identify studies
about the effects of medicinal plants on β2adrenoceptors. The keywords used for searching were;
medicinal plant, herbal medicine, β2-adrenoceptors
receptors, relaxant effect, tracheal smooth muscle, β2adrenoceptor competitive antagonists, propranolol, β2adrenoceptor agonists, isoprenaline and possible
mechanism. A total of 55 articles were identified by
two authors separately, the search results were checked
and 41 eligible articles were included in this review.
Abstracts or unpublished articles and non-English
language articles were excluded from study.
Methods
for
Examining
β2-Adrenoceptor
Stimulatory Effect of Medicinal Plants
The stimulatory effects of medicinal plant on β2adrenoceptors are usually examined by three general
methods.
1) Examining the relaxant effects of medicinal plants,
their fractions and constituents in non-incubated and
incubated
tracheal smooth muscle with a
pharmacological β2-competitive antagonist such as
propranolol. In this method, reduced relaxant response
in incubated tissues with β2-competitive antagonist will
indicate a possible β2-adrenoceptor stimulatory effect.
In some studies using this method, the effect of only
one concentration of the extracts, fractions or
constituents was examined. However, in other studies,
the effect of the few concentrations were evaluated,
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which the effective concentration inducing 50% of
maximum response (EC50) was also determined (Figure
2).
2) Performing concentration-response curve to
histamine or methacholine in the presence and absence
of the extracts, fractions or constituents of medicinal
plants in non-incubated and incubated tracheal smooth
muscle with a pharmacological β2-adrenoceptors
antagonist such as propranolol. The increased
maximum response and EC50 as well as parallel shift in
the concentration-response curve in the incubated
tissues
with
pharmacological
β2-adrenoceptors
antagonist will suggest a β2-adrenoceptors stimulatory
effect (Figure 3).
3) Performing concentration-response curve to a
pharmacological β2-adrenoceptors agonist such as
isoprenaline in the present and the absence of the
extracts of medicinal plants and their fractions or
constituents. In this method, the shift of cumulative
concentration-response curves to the left and reducing
EC50 isoprenaline in the presence of the extracts,
fractions or constituents will show their stimulatory
effect on β2-adrenoceptors. In this method, repeating
concentration-response curve to a β2-agonist in the
presence of a β2-competitive antagonist will increase
the clarity which will shift the agonist response curve

to the right (Figure 4). This method is the most precise
pharmacological method for evaluation of the
stimulatory effect of an agent on β2-adrenoceptors.
RESULTS
Effects of medicinal plants on β2-adrenoceptors of
tracheal smooth muscles by a competitive β2antagonist
The possible stimulatory effect of various extracts,
fractions and constituents of several medicinal plants
were examined by assessment of their relaxant effect
on non-incubated and incubated tissues with a
pharmacological
β2-adrenoceptors
competitive
antagonist. The relaxant effects of hydro-alcoholic
extract of Achillea wilhelmsii were examined by their
relaxant effects on pre-contracted tracheal chains of
guinea pig by KCl or methacholine, under two different
conditions, non-incubated and incubated tissues with
propranolol. There was no significant difference in the
relaxant effect between non-incubated and incubated
tissues contracted by methacholine. The results showed
a potent relaxant effect of the extract from Achillea
wilhelmsii on tracheal chains which was not due to the
stimulatory effect of β2-adrenergic receptors.35

Figure 1. Schematic representation of the sites of phosphorylation for protein kinase A (PKA). The combined effect of
phosphorylation at these sites leads to tracheal smooth muscle relaxation. MLCK=myosin light chain kinase;
PLC=phospholipase C; IP3=inositol trisphosphate; PIP2=inositol bisphosphate; G=guanosine nucleotide binding protein;
AC= adenylate cyclase.

3/ Iran J Allergy Asthma Immunol,
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)

F. Shakeri, et al.

Figure 2. Evaluation of the stimulatory effect of medicinal plants on β2-adrenoceptors by examining of the relaxant effect of
an agent on tracheal smooth muscle in non-incubated and incubated tissues with a β2-adrenoceptors competitive antagonist
such as propranolol (a). A reduction in the relaxant effect in incubated tissue with β2-adrenoceptors competitive antagonist
will suggest a β2-adrenoceptors stimulatory effect (a). In some studies, the effect of only one concentration of the agent is
evaluated by this method (a). However, in other studies, the effect of few concentrations of the studied agent have been
studied (b and c), and the concentration relaxant effect of the agent was performed (c) and EC50 is calculated (c).

Figure 3. Examining the stimulatory effect of medicinal plants on β2-adrenoceptors by performing concentration-response
curve to histamine or methacholine in the presence and absence of the extracts, fractions or constituents of medicinal plants
in non-incubated (a) and incubated (b) tracheal smooth muscles with a pharmacological β2-adrenoceptors antagonist such as
propranolol. The increased maximum response and EC50 as well as parallel shift in the concentration-response curve in the
incubated tissues with pharmacological β2-adrenoceptors antagonist (b) will suggest a β2-adrenoceptors stimulatory effect.
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Figure 4. Examining the stimulatory effect of medicinal plants on β2-adrenoceptors by performing concentration-response
curve to a pharmacological β2-adrenoceptors agonist such as isoprenaline in the present and the absence of the extracts of
medicinal plants and their fractions or constituents. In this method, the shift of cumulative concentration-response curves to
the left and reducing EC50 agonist in the presence of the extracts, fractions or constituents will show their stimulatory effect
on β2-adrenoceptors. In addition, repeating concentration-response curve to a β2-agonist in the presence of a β2-competitive
antagonist will increase the clarity, which will shift the agonist response curve to the right.

The relaxant effects of four fractions of essential oil
from Carum copticum were examined on precontracted tracheal chains of guinea pig by KCl and
methacholine in non-incubated tissues and incubated
tissues with propranolol. The results suggested that the
relaxant effect of essential oil from Carum copticum is
mainly due to its fraction 2 (presumably carvacrol) and
to a lesser extent fraction 3. The relaxant effects of all
volumes of fractions were not significantly different
between incubated and non-incubated tissues. As a
result, their relaxant effects were not due to βadrenergic stimulatory effect.37
The bronchodilatory effects of three cumulative
volumes of carvacrol (Sigma Chemical Ltd, UK), one
of the constituents of Carum copticum, were examined
by their relaxant effects on tracheal chains of guinea
pigs pre-contracted by KCl and methacholine in two
different conditions, non-incubated tissues and
incubated tissues with propranolol. There was no
significant difference in the relaxant effects of most
volumes of carvacrol between non-incubated tissue and
incubated tissue with propranolol. The results indicated
that carvacrol has a potent relaxant effect on tracheal
chains of guinea pigs, which was not due to β2adrenergic stimulatory effect.38

The relaxant effects of four cumulative
concentrations of aqueous-ethanolic extract of Crocus
sativus were examined on guinea-pig tracheal chains.
The tracheal chains have been pre-contracted using 60
mM KCl in non-incubated tissues and tissues incubated
with 1 mM propranolol. The relaxant effects of most
concentrations of extract in incubated tissues with
propranolol were significantly lower than those of nonincubated tissues. The results suggested that the
relaxant effect of this plant could be due to β2adrenoceptor stimulatory effect.39
The relaxant effects of three cumulative
concentrations of crocin (Sigma Chemical Co, St
Louis, MO, USA), a constituent of Crocus sativus,
were examined on pre-contracted tracheal smooth
muscle by KCl in non-incubated or incubated with
propranolol. There was no significant difference in the
relaxant effects of crocin between non-incubated and
incubated tissues with propranolol. The results also
showed significant difference in EC50 values of crocin,
between non-incubated and incubated tissues with
propranolol. The higher EC50 value obtained in
incubated tissues with propranolol may indicate a
component of stimulatory effect of crocin on ß2adrenoreceptors.40

5/ Iran J Allergy Asthma Immunol,
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)

F. Shakeri, et al.
To evaluate the contribution of the β2-adrenergic
stimulatory effect of the macerated and aqueous
extracts of Cuminum cyminum, the effects of four
cumulative concentrations of these extracts on guinea
pig tracheal chains were examined in the presence of
propranolol. In propranolol-incubated tissues, the
extracts of Cuminum cyminum did not show any
significant relaxant effect on guinea pig tracheal chains.
Only two last concentrations of macerated extracts
showed non-significant relaxant effect on tracheal
chains. The relaxant effects of most concentrations of
both extracts in incubated tissues with propranolol were
significantly lower than those of non-incubated tissues.
The results showed a potent relaxant effect of Cuminum
cyminum which may be due to a stimulatory effect of
the plant on β2-adrenoceptors.41
The relaxant effects of four cumulative
concentrations of hydro-ethanolic extract of Curcuma
longa were studied on tracheal smooth muscle precontracted by methacholine or KCl in non-incubated or
incubated with propranolol. In tracheal smooth muscle
incubated with propranolol, extract showed significant
and concentration dependent relaxant effects. There
was no significant difference in the relaxant effects of
the Curcuma longa extract between non-incubated and
incubated tissues with propranolol. The authors suggest
that the relaxant effect of the extract was not due to its
effect on β-adrenergic stimulatory effect.42
The relaxant effects of the aqueous extract of
Ferula assafoetida were examined on tracheal smooth
muscle of guinea pig pre-contracted by methacholine in
non-incubated and incubated with propranolol. There
was no significant difference in the relaxant effects of
the extract between non-incubated and incubated
tissues with propranolol. The results showed a relaxant
effect for the asafetida extract on tracheal smooth
muscle, which was not due to β-adrenoceptors
stimulation.25
The relaxant effect of aqueous extract of Hypoxis
hemerocallidea corm (African potato) was examined
on spasmogen (histamine, carbachol and potassium)provoked contractions of guinea-pig isolated tracheal
smooth muscle preparations. The extract relaxed
spasmogen-induced contractions in a concentration
dependent manner. The relaxant effects of the extract
were not altered by bath-applied propranolol (3.0
µg/mL), which markedly inhibited or completely
abolished the relaxant effects of isoprenaline (0.1-5.0
µg/mL). It is unlikely that the aqueous extract of

Hypoxis hemerocallidea
stimulates
the
β243
adrenoceptors.
The contribution of β2-adrenergic stimulatory effect
of macerated and soxhlet extracts of (pulp) of Liomnia
acidissimain and their relaxant actions has been
examined. The effects of these extracts were examined
on pre-contracted tracheal chains by 60 mM KCl, 10
µM methacholine in non-incubated condition and
propranolol (1 µM) incubated tissues contracted by 10
µM methacholine. The relaxant effects of all
concentrations of the macerated and soxhlet extracts on
propranolol incubated tissues were significantly higher
than those of non-incubated tissues. Since the plant
showed a potent relaxant effect which was completely
blocked in incubated tissues with propranolol, the
inhibitory effect of the plant on β-adrenoceptors is most
probable with these results.44
The relaxant effects of essential oil, aqueous and
ethanol extracts of Pimpinella anisum were examined
on pre-contracted tracheal smooth muscle of the guinea
pig by methacholine in two different conditions, nonincubated and incubated tissues with propranolol.
There was no significant difference in the relaxant
effects of the extract between non-incubated and
incubated tissues. The results showed that the relaxant
effect of this plant was not due to the stimulatory effect
of β2-adrenergic receptors.28
The relaxant effects of five cumulative
concentrations of boiled and aqueous extracts of
Portulaca oleracea were examined by their relaxant
effects in tracheal chains of guinea pig pre-contracted
with KCl and methacholine under two different
conditions, non-incubated and incubated tissues with
propranolol. The relaxant effects of most
concentrations of both extracts from Portulaca
oleracea obtained in incubated tissues were nonsignificantly greater than those of non-incubated
tissues. These findings showed the absence of βadrenergic stimulatory property of the plant extracts.36
The relaxant effects of four cumulative
concentrations of ethanolic extract and essential oils of
Rosa damascena on tracheal chains of guinea pigs were
examined by 60 mM KCl and 10 μM methacholine in
two different conditions, non-incubated and incubated
tissues with 1 µM propranolol. In incubated tissues
with propranolol, ethanolic extract and essential oil of
Rosa damascene did not show any significant relaxant
effect compared to the effect of saline. The effects of
most concentrations of ethanolic extract and essential
Iran J Allergy Asthma Immunol, / 6
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oils in incubated tissues with propranolol were
statistically lower than in those of non-incubated
tissues. The results showed that the most probable
mechanism responsible for the relaxant effect of Rosa
damascena was a stimulatory effect on β2adrenoceptors.45
The relaxant properties of six cumulative
concentrations of hydro-ethanolic extract of Satureja
hortensis on tracheal chains of guinea pigs were
examined. Tracheal chains were contracted by 10 µM
methacholine or 60 mM KCl and relaxant effect of the
plant in two different conditions (non-incubated and
incubated tissues with 1 µM propranolol) were
evaluated. In incubated tissues with propranolol,
Satureja hortensis did not show any significant relaxant
effect compared to the effect of saline. The relaxant
effects of most concentrations of extract in nonincubated tissues were statistically greater than those of
incubated tissues. These findings suggested a probable
β2-adrenergic stimulatory property of the plant extract
that may contribute to its relaxant effect on tracheal
chins of guinea pig.46
The relaxant effects of macerated and aqueous
extracts of Thymus vulgaris were examined on precontracted tracheal chains of guinea-pig (60 mM KCl
and 10 µM methacholine) in non-incubated tissues and
incubated tissues with 1 µM propranolol. In incubated
tissues with propranolol, the extracts of Thymus
vulgaris did not show any significant relaxant effect
compared to the effect of saline. The relaxant effects of
most concentrations of both extracts in non-incubated
tissues were statistically greater than those of incubated
tissues with propranolol. The results suggested that the
relaxant effect of this plant could be due to β2adrenoceptor stimulatory effect.47
In Table 1, the stimulatory effect of the extracts and
constituents of medicinal plants on β2-adrenoceptors in
tracheal smooth muscle by examining their relaxant
effect on non-incubated and incubated tissues with a
competitive β2-antagonist are summarized.
Effects of Medicinal Plants on β2-Adrenoceptors
Incubated TSM with Propranolol on ConcentrationResponse Curve to Histamine and Methacholine
The stimulatory effect of three concentrations of
Achillea millefolium aqueous-ethanolic extract on β2adrenoceptors in tracheal smooth muscle was tested by
performing cumulative concentration-response curves
of methacholine induced contraction in non-incubated

and incubated tissues with propranolol. The EC50
obtained in the presence of various concentrations of
the extract were significantly in incubated tissues
compared to non-incubated tissues. These results
suggested the stimulatory effect of this plant on β2adrenoreceptors.48
The stimulatory effect of essential oil and aqueous
extract of Bunium persicum on β2-adrenoceptors in
tracheal smooth muscle was tested by performing
cumulative concentration-response curves of histamine
induced contraction in non-incubated and incubated
tissues with propranolol. The results demonstrated
that the slope of histamine-response curves obtained in
the presence of essential oil and aqueous extract,
and maximum response in the presence of aqueous
extract as well as EC50 obtained the presence of
essential oil in incubated tissues were significantly
higher than those of non-incubated tissues. These
ﬁndings suggested a stimulatory effect of essential oil
and aqueous extract of Bunium persicum on ß2adrenergic receptors.49
To evaluate the contribution of the β2-adrenergic
stimulatory effects of the essential oil and ethanol
extract of Carum copticum, the effects of these extracts
were examined by performing the cumulative log
concentration-response curves of histamine induced
contraction on guinea pig tracheal chains in nonincubated and incubated tissues with propranolol. The
results indicated that in the presence of essential oil,
only in incubated tissues with propranolol histamine–
response achieved the maximum response in the
presence of ethanol extract which suggest a β2adrenergic stimulatory effect of essential oil and
ethanol extract of this plant.50
The effects of three concentrations of safranal
(Sigma Chemical Co, St Louis, MO, USA), one
constituent of Crocus sativus on tracheal smooth
muscle of guinea pigs were examined by performing
cumulative concentration-response curves of histamine
induced contraction in two different conditions, nonincubated tissues and incubated tissues with
propranolol. The maximum responses and the slope of
histamine-response curves obtained in the presence of
two higher concentrations of safranal and EC50
obtained in the presence of all concentrations of
safranal were significantly higher in incubated tissues
compared to non-incubated tissues. These results
suggested the stimulatory effect of safranal on β2adrenoreceptors.51
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Table 1. The stimulatory effect of the extracts and constituents of medicinal plants on β2-adrenoceptors in tracheal smooth
muscle by examining their relaxant effect on non-incubated and incubated tissues with a competitive β2-antagonist
Plant
Achillea wilhelmsii
Carum copticum

Ext./Cons.
HEE

Conc.
2,4, 6 and 8 mg/mL

Four fractions
of EO

0.1, 0.2 and 0.4 mL
0.04, 0.08 and 0.12
mL
0.02, 0.04, and 0.08
mL
0.15, 0.3, 0.45, and
0.60 g%
30, 60, and 120
μg/mL

Carvacrol
Crocus sativus

HEE

Crocus sativus

Crocin

Cuminum cyminum

Ferula asafoetida

AE

0.25, 0.5, 0.75 and
1.0 g%
6.25, 12.5, 25, 50
mg/mL
2, 5 and 10 mg/mL

Hypoxis hemerocallidea

AE

25-400 mg/mL

ME
Soxhlet extract

0.5, 0.75, and 1.0
g%

Curcuma longa

Liomnia acidissima

AE
ME
HEE

Response
No difference between non-incubated
and incubated tissues
No difference between non-incubated
and incubated tissues

Decreased relaxant effect in
propranolol-incubated tissue
No difference between non-incubated
and incubated tissues, Increased EC50
value in propranolol-incubated tissue
Decreased relaxant effect of both
extracts in propranolol-incubated tissue
No difference between non-incubated
and incubated tissues
No difference between non-incubated
and incubated tissues
No change in the relaxant effect of
extract in presence of propranolol.
Increased relaxant effect of both
extracts in propranolol-incubated tissue

β2-Stimulatory
−

Ref.

−

37

−

38

+

39

+

40

+

41

−

42

−

25

−

43

−

44

35

28
0.02 mL
No difference between non-incubated
−
0.6 mL
and incubated tissues
0.1 mL
36
Portulaca oleracea
0.25, 0.5, 0.75, 1.0
A non-significant difference between
−
and 1.25 w/v
non-incubated and incubated tissues
45
Rosa damascene
0.25, 0.5, 0.75, and
Decreased relaxant effect of both
+
1.0 vol.%
extracts in propranolol-incubated tissue
EE
0.25, 0.5, 0.75, and
+
1.0 g%
46
Satureja hortensis
HEE
0.15, 0.3, 0.45, 0.6,
Decreased relaxant effect of extract in
+
0.75 and 0.9 g%
propranolol-incubated tissue
47
Thymus vulgaris
AE
0.25, 0.5, 0.75 and
Decreased relaxant effect of extract in
+
ME
1.0 g%
propranolol-incubated tissue
Relaxant effect examination on KCl or methacholine induced contraction in non-incubated and incubated tissues with propranolol.
Abbreviations: Ext.: Extract, Cons.: Constituents, Conc.: Concentration AE.: Aqueous extract, BE: Boiled extract, EE: Ethanolic extract,
ME.: Macerated extract, EO: Essential oil, HEE: Hydro-ethanolic extract, +: Stimulatory effect, −: non-stimulatory effect

Pimpinella anisum

EO
AE
EE
AE
BE
EO

The stimulatory effect of three concentrations of
Crocus sativus hydro-ethanolic extract on β2adrenoceptors in tracheal smooth muscle was tested by
performing cumulative concentration-response curves
of histamine induced contraction in non-incubated and

incubated tissues with propranolol. The results showed
the maximum responses, the slope of histamineresponse curves and EC50 obtained in the presence of
two higher concentrations of the extract were
significantly lower than in non-incubated tissues
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compared to incubated tissues. These ﬁndings
suggested probable β2-adrenergic stimulatory effect of
this extract.52
The effect of macerated extract of Nigella sativa
was tested by performing the cumulative log
concentration-response curves of histamine induced
contraction of isolated guinea pig tracheal chains with
non-incubated and incubated tissues with propranolol.
The results showed non-significant decrease in
maximum response to histamine and the slope of the
curves, between non-incubated and incubated tissues
with propranolol which suggested probable β2adrenergic inhibitory effect of this extract.33
Cumulative concentration-response curves of
methacholine induced contraction in non-incubated and
incubated tracheal smooth muscles with propranolol in
the presence of three concentrations of Portulaca
oleracea aqueous-ethanolic extract showed no
significant difference in the maximum response, EC50
and the slope of methacholine-response curves between
in non-incubated and incubated tissues. These results
showed the absence of stimulatory effect of this plant
on β2-adrenoreceptors.53
Cumulative concentration-response curves of
histamine induced contraction in non-incubated and
incubated tissues with propranolol in the presence of
three concentrations of Zataria multiflora hydroethanolic extract were also performed. The results
showed that the values of CR-1 obtained in the
presence of two lower concentrations of the extract
were significantly higher than in non-incubated tissues
compared to incubated tissues which suggested a
stimulatory effect of the plant on β2-adrenergic
receptors.54,55
The effect of Zataria multiflora hydro-ethanolic
extract was tested by performing the cumulative log
concentration-response curves of methacholine induced
contraction of isolated guinea pig tracheal smooth
muscle with non-incubated and incubated tissues with
propranolol. The maximum response obtained in the
presence of all concentrations of the extract, and the
slope of methacholine-response curves in the presence
of two higher concentrations of the extract as well as
EC50 obtained in the presence of high concentration
extract in incubated tissues were significantly higher
than non-incubated tissues. These ﬁndings suggested a
stimulatory effect of this plant on ß2-adrenergic
receptors.56
The effects of three concentrations of carvacrol

(Sigma Chemical Ltd UK), one constituent of Zataria
multiflora on tracheal smooth muscle of guinea pigs
were
examined
by
performing
cumulative
concentration-response curves of methacholine induced
contraction in non-incubated and incubated tissues with
propranolol. The results showed that the maximum
responses and the values of CR-1 obtained in the
presence of all concentrations of carvacrol and EC50
obtained in the presence of two higher concentrations
of carvacrol were significantly higher in incubated
tissues compared to non-incubated tissues. These
ﬁndings suggested a probable β2-adrenergic stimulatory
effect of carvacrol.57
The stimulatory effect of the extracts and
constituents of medicinal plants on β2-adrenoceptors in
tracheal smooth muscle by performing concentrationresponse curve to histamine and methacholine in nonincubated and incubated tissues with propranolol are
summarized in Table 2.
Effects of Medicinal Plants on β2-Adrenoceptors
Using Concentration-Response Curves to a β2Adrenergic Agonist
As mentioned, the stimulation of β2-adrenergic
receptors is one of the major mechanisms involving in
the relaxant effect of medicinal plants on tracheal
smooth muscle58. A well-known method for evaluation
of the plants stimulatory effects on β2-adrenoceptors in
airway smooth muscles is performing the
concentration-response curves to β2-adrenoceptor
agonist such as isoprenaline in the presence or absence
of medicinal plants, which is more scientific method
for this purpose. Leftward shift of β2-agonist
concentration-response curve indicates a stimulatory
effect of the plant on β2-adrenoceptors. Several studies
were used this method to evaluated stimulatory effects
of medicinal plants on β2-adrenergic receptors.
The possible mechanism of the relaxant effect of
three concentrations of Achillea millefolium hydroethanolic extract on tracheal smooth muscles was
determined by performing concentration-response
curves to isoprenaline in methacholine-contracted
tracheal smooth muscle in the presence of the extract,
propranolol and saline. Two high concentrations of
extract led to leftward shifts in isoprenaline curves and
also reduction of EC50 isoprenaline compared to saline
while the isoprenaline curve showed a clear rightward
shift in the presence of propranolol.
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Table 2. The stimulatory effect of the extracts and constituents of medicinal plants on β2-adrenoceptors in tracheal smooth
muscle by performing concentration-response curve to histamine and methacholine in non-incubated and incubated tissues
with propranolol
Plant
Achillea millefolium

Ext./Cons.
HEE

Bunium persicum

AE
EO

Carum copticum

EE
EO
Safranal

Conc.
0.2, 0.4 and 0.8
mg/mL
36.9% W/W
1.5% V/V
23% W/W
1.5% V/W
0.63, 1.25 and 2.5
μg/mL

Crocus sativus

Response
Increased EC50 value of methacholine in
propranolol-incubated tissue
Increased EC50 value, maximum response
and the slope of histamine-response curve
in propranolol-incubated tissue
Increased maximum response to histamine
in propranolol-incubated tissue
Increased EC50 value, maximum response
and the slope of histamine-response curve
in propranolol-incubated tissue

β2-Stimulatory
+

Ref.

+

49

+

50

+

51

48

52
Increased EC50 value, maximum response
+
and the slope of histamine-response curve
in propranolol-incubated tissue
33
Nigella sativa
ME
18% W/W
Decreased maximum response and the
−
slope of histamine-response curve in
propranolol-incubated tissue
53
Portulaca oleracea
HEE
0.25, 0.50 and 1.00
No significant difference between in non−
mg/mL
incubated and incubated tissues
54, 55
Zataria multiflora
HEE
2.5, 5 and 10μg/mL
Decreased the value of CR-1 in
+
propranolol-incubated tissue
56
HEE
0.5, 1 and 2μg/mL
Increased EC50 value, maximum response
+
and the slope of methacholine-response
curve in propranolol-incubated tissue
57
Carvacrol
0.1, 0.2
Increased EC50 value, maximum response
+
and 0.4 mg/mL
and the value of CR-1 of methacholineresponse curve in propranolol-incubated
tissue
Abbreviations: Ext: Extract, Cons.: Constituents, Conc.: Concentration AE: Aqueous extract, EE: Ethanolic extract, ME: Macerated
extract, EO: Essential oil, HEE: Hydro-ethanolic extract, EC50: Effective concentration causing 50% of maximum response, CR-1:
concentration ratio minus one, +: Stimulatory effect, −: non-stimulatory effect

HEE

0.025, 0.05 and 0.1
g%

Therefore, the extract of Achillea millefolium
showed small stimulatory effect on β2-adrenergic
receptors.59
In a study, the stimulatory effect of macerated,
aqueous and ethanolic extract, and essential oil of
Carum copticum on β2-adrenoreceptors of guinea pig
tracheal smooth muscle was also examined. Performing
of concentration-response curves of isoprenaline in the
presence of extracts, essential oil, saline and
propranolol indicated that the only ethanol extract of
Carum copticum led to leftward shifts in isoprenaline

curves. Therefore, ethanolic extract of Carum copticum
showed a clear stimulatory effect on β2-adrenergic
receptors.60 In a clinical study, the bronchodilatory
effect of 0.125 and 0.25 mL/kg of 10 g% boiled extract
of Carum copticum in airways of asthmatic patients
was also shown.61 According to previous studies,
various mechanisms for the bronchodilator effect of
this plant have been proposed. However, the possible
mechanism for the bronchodilatory effect of this plant
on the small airways is stimulation of β2adrenoreceptors due to the high density of these
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receptors in small airways.62
The stimulatory effect of hydro-ethanolic extract
of Crocus sativus and one of its constituents, safranal,
on β2-adrenoceptors in tracheal smooth muscle was
tested by performing cumulative concentrationresponse curves of isoprenaline-induced relaxation on
pre-contracted
smooth
muscle.
The
results
demonstrated leftward shifts in isoprenaline curves in
the presence of the extract, safranal but rightward
shift of isoprenaline curve in the presence of
propranolol. In addition, as decrease in EC 50
isoprenaline was also observed in the presence of
Crocus sativus extract and safranal. These results
pharmacologically indicate the stimulatory effect for
the plant extract and safranal on β 2-adrenoreceptors.63
Ephedrine is one of the constituents of Ephedra
sinica (also known as Chinese ephedra). The relaxant
effect of ephedrine on the tracheal smooth muscles of
guinea pigs through β 2-adrenoreceptors stimulating
mechanism was investigated. For this purpose,
concentration-response curves for isoprenaline in
tracheal tissue were drawn. These findings
demonstrated a rightward shift of the concentrationresponse curves for isoprenaline in the presence of the
ephedrine, which indicates the small inhibitory effect
of ephedrine on β2-adrenoceptors and suggests that
other mechanisms may involve in the relaxant effect
of ephedrine.64
Similarity to investigate the possible mechanism
of the relaxant effect of optical isomers of ephedrine
in guinea pig tracheal smooth muscle, the l-ephedrine
concentration-response curve in the presence of
propranolol was performed. The results showed a
rightward shift of the l-ephedrine concentrationresponse curve for propranolol. Therefore, these
findings may suggest that l-ephedrine-induced
relaxation of the guinea pig trachea is mediated by β2adrenoceptors.65
Boskabady et al demonstrated the stimulatory
effect of the aqueous and macerated extracts of
Nigella sativa on β2-adrenoreceptors tracheal smooth
muscle of guinea-pigs. Concentration-response curves
to isoprenaline in tracheal smooth muscle indicated
leftward shifts in the presence of the both extracts.
The results showed a clear stimulatory effect on β 2adrenoreceptors for the aqueous extract of this plant
while macerated extracts of Nigella sativa indicate a
possible stimulatory effect on β 2-adrenoreceptors.66
Another study was shown that hydro-ethanolic

extract of Portulaca oleracea affects betaadrenoceptors of guinea pig tracheal smooth muscle.
For this purpose, concentration-response curve to
isoprenaline was obtained in the presence of three
concentrations
of
hydro-ethanolic
extract,
propranolol, and saline. The results indicated leftward
shift of concentration-response curves to isoprenaline
in the presence of the extract, while the curve of
propranolol showed a rightward shift compared to
isoprenaline curves. EC 50 isopernaline in the presence
of the extract was also decreased. These results
showed a stimulatory effect of this plant on β 2adrenoceptors.67
Zataria multiflora Boiss and its constituent,
carvacrol (Fluka, Italy, Catalogue no. C4915, purity
75%), also showed the stimulatory effects on β2adrenoceptors of the guinea pig trachea. To examine
the stimulatory effect of β 2-adrenoceptors, cumulative
log concentration-response curves to isoprenaline in
the presence of extracts, carvacrol and propranolol
were performed. The results showed the leftward
shifts in isoprenaline curves in the presence of the
hydro-ethanolic extract (0.5, 1, and 2μg/mL) and
carvacrol as well as decrease of EC 50 isoprenaline
value while, curve of propranolol showed a rightward
shift. Therefore, the results suggest the stimulatory
effect for the plant extract and carvacrol on β 2adrenoreceptors.68 Moreover, the effect of three
concentrations (0.05, 0.1 and 0.2 mg/mL) of Zataria
multiflora hydro-ethanolic extract on β 2-adrenoceptors
in tracheal smooth muscles were also evaluated by
similar method as described above. The results
showed the stimulatory effect of this plant on β2adrenoceptors of the tracheal smooth muscles of
guinea pigs.61 In another study, the stimulatory effect
of Zataria multiflora on β2-adrenergic receptors on
guinea pig tracheal smooth muscle was also
suggested.56
The stimulatory effect of the extracts and
constituents of medicinal plants on β 2-adrenoceptors
in tracheal smooth muscle by performing cumulative
log concentration-response curves to isoprenaline are
summarized in Table 3.
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Table 3. The stimulatory effect of the extracts and constituents of medicinal plants on β2-adrenoceptors in tracheal smooth
muscle by performing cumulative log concentration-response curves to isoprenaline
Plant
Achillea
millefolium
Carum copticum

Crocus sativus
Ephedra sinica
Nigella sativa
Portulaca
oleracea
Zataria multiflora

Ext./Cons.
HEE

Conc.
0.2, 0.4, and 0.8 mg/mL

AE, EE, ME,
EO

AE 27% W/W
EE 23% W/W
ME 25% W/W
EO 1.5% W/V
0.1
and 0.2 g%
1.25 and 2.5µg
100 μmol/l
10% W/W
0.06, 0.12 and 0.25
mg/mL
0.5, 1, and 2μg/mL
0.1, 0.2, and 0.4 μg/mL
0.05, 0.1 and 0.2
mg/mL

HEE
Safranal
Ephedrine
AE, ME
HEE
HEE
Carvacrol
HEE

Response
Leftward shifts in Isop. curves,
Reduction of EC50
Leftward shifts in Isop. curves

β2-Stimulatory
+

Ref.

+

32

Leftward shifts in Isop. curves,
Reduction of EC50
Rightward shifts in Isop. curves
Leftward shifts in Isop. curves
Leftward shifts in Isop. curves,
Reduction of EC50
Leftward shifts in Isop. curves,
Reduction of EC50
Leftward shifts in Isop. curves,
Reduction of EC50

+

63

±
+
+

64

+

68

+

69

59

66
67

Cumulative log concentration-response curve (CLCRC) of Isop. of guinea pig tracheal chain was performed in presence of the
various extracts of medicinal plants and constituents, propranolol and saline. Abbreviations: Ext.: Extract, Cons.: Constituents,
Conc.: Concentration, AE: Aqueous extract, EE: Ethanolic extract, ME: Macerated extract, EO: Essential oil, HEE: Hydro-ethanolic
extract, Isop: Isoprenaline, EC50: Effective concentration causing 50% of maximum response. +: Stimulatory effect, ±: Small
stimulatory effect.

Figure 5. Current knowledge about the effect of natural products (mainly medicinal plants and their constituents) on
respiratory disease and suggested further studies.
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CONCLUSION
Beta2-adrenoceptors stimulatory drugs are one of
the most important bronchodilatory drugs which used
to relieve bronchoconstriction in pulmonary obstructive
disease mainly asthma. The knowledge regarding the
use of medicinal plants in obstructive pulmonary
disease has been poor yet. Therefore, the stimulatory
effect of medicinal plants on β2-adrenoceptors which
could be pointed to use of medicinal plant with this
property as bronchodilatory drugs were reviewed. This
review showed the relaxant effect of medicinal plants,
their fractions and constituents on tracheal smooth
muscle, which indicated their bronchodilatory effect by
β2-adrenoceptors stimulatory mechanism. As a result,
the tracheal relaxant effect of Achillea millefolium,
Carum copticom, Carumcarvi, Crocus sativus,
Cuminum cyminum, Ephedra sinica, Liomnia
acidissima, Nigella sativa, Portulaca oleraceae, Rosa
damascena, Satureja hortensis, Thymus vulgaris, and
Zataria multiflora, some of their fractions and
constituents may be mediated via β2-adrenoceptors
stimulation.
Therefore, the extracts and essential oil of the above
medicinal plant, their fractions and constituents would
be of therapeutic potential on obstructive pulmonary
diseases as bronchodilator or relieving drugs by this
mechanism. However, further clinical and experimental
studies were required to demonstrate the clinical
applications of the mentioned medicinal plants, their
fractions and constituents on pulmonary obstructive
diseases such as asthma more clearly.
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