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Abstract
Background: In traditional medicine, asafoetida obtained from the roots of different Ferula assafoetida (F. asafoetida) is used for various 
therapeutic purposes such as whooping cough, pneumonia and bronchitis in children, as well as asthma.
Objectives: In this study, the effect of asafoetida on muscarinic receptors of tracheal smooth muscle, as one possible mechanism 
responsible for the relaxant effect seen for the plant, was evaluated.
Materials and Methods: The effects of three cumulative concentrations of aqueous extract of F. asafoetida (2.5, 5 and 10 mg/mL), 10 nM 
atropine, and saline on muscarinic receptors were tested in tracheal smooth muscle samples by performing cumulative concentration 
response curve to methacholine (a muscarinic receptor agonist) and assessing the shift in concentration response curves due to different 
concentrations of the extract and atropine.
Results: The EC50 obtained in the presence of higher concentration of the extract muscle was significantly higher compared to saline 
(P < 0.01). The maximum responses to methacholine in the presence of higher concentration of the extract (10 mg/mL) was significantly 
lower than that of saline (P < 0.05). The values of CR-1, obtained in the presence of all concentrations of the extract, were significantly lower 
compared to atropine in the experimental group (P < 0.01 to P < 0.001).
Conclusions: These results showed an inhibitory effect for the extract of asafetida on muscarinic receptors of tracheal smooth muscle.
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1. Background
The inhibitory effect of several herbal medicines was 

shown on muscarinic receptors of tracheal smooth mus-
cle. Carum copticum (1) and Crocus sativus (2) showed non-
parallel rightward shift in methacholine concentration 
response curves, and maximum effect to methacholine in 
the presence of the plant was not achieved, which caused 
non-competitive antagonistic effect of this plant on musca-
rinic receptors. However, Nigella sativa (3), Zataria multiflora 
(4) and Achillea millefolium (5) showed competitive antago-
nistic effects on muscarinic receptors by parallel rightward 
shift in methacholine concentration curves, and achieve-
ment of maximum repose to methacholine in the presence 
of the extracts of the above mentioned plants.

Asafoetida (Ferula assafoetida) is an oleo-gum-resin ob-
tained from the exudates of the living underground rhi-
zome or taproots of the plant. Asafoetida belongs to the 
family Apiaceae and is often considered to be the main 
source of asafoetida, although other Ferula species also 

contain asafetida. The oleo-gum-resin asafoetida is called 
“Anghouzeh”, “Khorakoma” and “Anguzakoma” in Iran (6). 
Asafoetida has been used as a spice and a traditional medi-
cine for centuries. It is used as a flavoring spice in a variety 
of foods in some countries, particularly in India and Nepal. 
In addition, it is believed that asafoetida has aphrodisiac, di-
uretic and sedative properties (7). It is also used in folk medi-
cine for the treatment of different diseases, such as asthma, 
epilepsy, stomachache, flatulence, intestinal parasites, and 
influenza (8-10). Pharmacological studies have also shown 
the antioxidant (11), antiviral (11), antifungal (12), cancer che-
mopreventive (13), anti-diabetic (14), antispasmodic (15) and 
hypotensive (15) activities of this oleo-gum-resin.

One of the most important traditional uses of asafoetida 
is for the treatment of asthma (respiratory diseases) (7). In 
Indian folk medicine, asafoetida is traditionally used as 
a useful symptomatic treatment for angina pectoris and 
asthma (16). In Ayurveda, asafoetida is used for the treat-
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ment of whooping cough, pneumonia and bronchitis in 
children (17). The dried gum is taken for whooping cough 
in Afghanistan and Fiji (18). It was used as a culinary spice 
and as a replacement for silphion cyrenaicum in ancient 
Rome. Dried asafoetida is also medicinally used for whoop-
ing cough, asthma, bronchitis and tuberculosis (19).

Different parts of the plant include; gum fraction (25%, 
including glucose, galactose, l-arabinose, rhamnose and 
glucuronic acid), resin (40 - 64%, which contains ferulic 
acid esters), free ferulic acid (1.3%), coumarin derivatives 
(e.g. umbelliferone), volatile oils (3 - 17%) including sulfur-
containing compounds, and various monoterpenes (20). 
Terpenyl oxy coumarins are synthesized by some Ferula 
species, including F. asafoetida. With regards to the effect 
of asafetida on asthma, it could be effective in asthma 
treatment as preventive or relieving mechanisms or 
both. In fact the relaxant effect of F. asafoetida was shown 
previously on tracheal smooth muscle, which may indi-
cate a bronchodilatory effect (21).

Potential relaxant effects of asafoetida and F. asafoetida 
seed’s essential oil (FAFSEO) on isolated ileum was also 
demonstrated (10, 22), which could be due to the inhibi-
tory effect of the plant on muscarinic receptors.

2. Objectives
The present study aimed to investigate the effects of the 

asafoetida on muscarinic receptors of tracheal smooth 
muscle, as one possible mechanism of its relaxant effect.

3. Materials and Methods

3.1. Plant and Extraction
Ferula asafoetida was purchase from the local market of 

Mashhad. A voucher specimen number was kept in record 
(Herbarium number; 293-0606-2) at the Department of 
Pharmacognosy, Faculty of Pharmacy, Mashhad University 
of Medical Sciences. The aqueous extract of the oleo-gum-
resin was prepared as follows: the powdered dried gum (10 
g) was soaked in distilled water (50 mL) and boiled for five 
minutes, allowing the decoction to stand for 30 minutes, 
followed by filtering through paper filter. The concentra-
tion of asafoetida in the stock solution was 250 mg/mL. 
Concentrations of the aqueous extract are expressed as 
total amount of dried gum used in preparing the extract.

3.2. Animals
Guinea pigs of both sexes (600 - 800 g) were purchased from 

Razi Institute, Mashhad, Iran, and were used in this study. Ani-
mals were kept in a temperature-controlled room with access 
to standard food and water ad libitum and were maintained at 
22 ± 2°C on a 12-hour light/dark cycle during the study period. 
Experiments were performed in compliance with the guide-
lines of the Institute of Laboratory Animal Resources, Com-
mission of Life Sciences (23). This study was approved by the 
Ethical Committee of Mashhad University of Medical Sciences.

3.3. Tissue Preparation
Tracheas were removed after animals were sacrificed by 

a blow on their necks. Each trachea was cut into 8 - 10 ring 
shaped pieces. Each piece containing two to three carti-
laginous rings, which was cut open opposite the tracheal 
muscle, and sutured together to form a tracheal chain 
(24). The tissue was suspended in a 10 mL organ bath (or-
gan bath 61300, Bio Science Palmer-Washington, Sheer-
ness, Kent U.K.) containing Krebs-Henseleit solution (25).

The Krebs solution was maintained at 37°C and gassed 
with 95% O2 and 5% CO2. The tissue was suspended under 
isometric tension of 1 g and allowed to equilibrate for at 
least one hour, while it was washed with Krebs solution 
every 15 minutes.

Tracheal smooth muscle contractions were measured 
using an isotonic transducer (MLT0202, AD instruments, 
Australia), which was connected to a power lab system 
(power lab 8/30, ML870, AD instruments, Australia).

3.4. Protocols
Tissues were exposed to a test solution including; 10 nM 

atropine maleate (Sigma Chemical Ltd UK, Catalogue No. 
C4915) as the positive and saline as the negative control, as 
well as three concentrations of aqueous-ethanolic extract of 
F. asafoetida (2.5, 5 and 10 mg/mL) for 10 minutes (n = 6 for 
each group). Cumulative concentrations of methacholine 
hydrochloride (Sigma chemical Ltd, UK) were added to an 
organ bath to obtain a concentration-response curve in each 
experiment (26). The consecutive concentrations of metha-
choline were added every two minutes (range 0.1 - 1000 µM), 
and the percentage of contraction due to each concentration 
in proportion to the maximum contraction of methacholine 
was plotted against log concentration of methacholine.

The effective concentration of methacholine causing 50% 
of maximum response (EC50) in each experiment was mea-
sured using the log concentration-response curve of the cor-
responding experiment (26). The maximum responses to 
methacholine and slope of the methacholine-response curve 
of each experiment were also measured. In experiments with 
parallel shift in methacholine-response curve, the concen-
tration-ratio minus one (CR-1) as an index of the competitive 
antagonism effect was calculated by the following equation:

(1) CR−1= EC 50obtained in the presence of effective solutions
EC 50obtained in the presence of saline − 1

The tissue had one hour of rest between each of the two 
experiments while being washed every 15 minutes with 
Krebs solution.

3.5. Statistical Analysis
All data were expressed as mean ± standard error of the 

mean (SEM) (n = 6 for each group). The data obtained in 
the presence of the extract and atropine were compared 
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with those of saline. The results of CR-1 values obtained in 
the presence of the extract were also compared to those 
of atropine using paired t-test. The data of three concen-
trations of the extract were compared using One-way 
Analysis of Variance (ANOVA) with Tukey-Kramer multi-
ple pot test. Significance was accepted at P < 0.05.

4. Results

4.1. Comparison of Methacholine Concentration-
Response Curves between Saline, Atropine and the 
Extract at Different Concentrations

The methacholine concentration response curves ob-
tained in the presence of two higher concentrations of the 
extract (5 and 10 mg/mL) and in the presence of atropine 
showed a right ward shift compared to saline (Figure 1).

4.2. Comparison of EC50 Values of Saline, Atropine 
and Extract

The values of EC50 obtained in the presence of atropine 
and highest concentration of the extract (10 mg/mL) 
were significantly higher than that of saline (P < 0.01). 
In addition, the value of EC50 obtained in the presence of 
the highest concentration of the extract (10 mg/mL) was 
significantly higher than that at low concentrations (2.5 
mg/mL), (P < 0.01, Figure 2).

4.3. Comparison of Maximum Response to Metha-
choline of Saline, Atropine and the Extract

Maximum response to methacholine obtained in the 
presence of the highest concentration of the extract was 
significantly lower than that of saline (P < 0.05, Table 1).

4.4. Comparison of the Slope of Methacholine Con-
centration Response Curves between Saline, Atro-
pine and the Extract at Different Concentrations

There was no significant difference in the slopes of 
methacholine concentration response curves between 
different experimental groups (Table 2).

4.5. Comparison of CR-1Values Between Saline, At-
ropine and Different Concentrations of the Extract

The values of CR-1 obtained in the presence of different 
concentrations of the extract were significantly lower 
than that of atropine (P < 0.01 to P < 0.001, Figure 3). In 
addition, the values of CR-1 obtained in the presence of 
the lowest concentration of the extract (2.5 mg/mL) and 
the medium concentration of the extract (5 mg/mL) were 
significantly lower than that of the highest concentra-
tion (10 mg/mL), (P < 0.01 for medium and P < 0.001 for 
the lowest concentration). The value of CR-1 obtained in 
the presence of the lowest concentration of the extract 
was also significantly lower than that of the medium con-

centration in the experimental group (P < 0.05, Figure 3).

4.6. The Correlation Between Different Concentra-
tions of the Extract and EC50 Values

There were significant positive correlations between 
concentrations of the extract and EC50 values in the ex-
perimental group (P < 0.01).

Figure 1. Cumulative Log Concentration-Response Curves (CCRC) of 
Methacholine
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CCRC of Methacholine-Induced Contraction of Guinea Pig Tracheal 
Smooth Muscle in the Presence of Saline, Three Concentrations of the Ex-
tract of Ferula asafoetida and 10 nM Atropine.

Figure 2. The Values of EC50 Obtained in the Presence of Atropine and 
Concentrations of the Extract
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for the difference in EC50 between extract 2.5 and 5 vs. 10, #: P < 0.05.
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Table 1. Maximum Response to Methacholine Obtained in the 
Presence of Different Concentrations of the Extract of Ferula 
asafoetida and 10 nM Atropine Relative to That of Saline (Per-
centage)

Groups Maximum response a

Saline 100.00 ± 0.00
Ferula extracts

2.5 mg/mL 97.00 ± 1.43
5 mg/mL 93.20 ± 2.26
10 mg/mL 80.20 ± 4.13 b

Atropine 96.00 ± 1.95
aData are presented as mean ± standard error of the mean (SEM) (n = 6).
bStatistical significance for the difference in the data between saline 
and other solutions, P < 0.05.

Table 2. Slope of Methacholine Response Curves Obtained in 
the Presence of Different Concentrations of Ferula asafoetida 
Extract, 10 nM Atropine and Saline

Groups Slope a,b

Saline 0.95.64 ± 0.008
Ferula

2.5 mg/mL 0.92.37 ± 0.015
5 mg/mL 0.94.52 ± 0.03
10 mg/mL 0.94.91 ± 0.01

Atropine 0.94.89 ± 0.02
aData are presented as mean ± SEM (n = 6).
bThere was no significant difference between the data of different 
solutions.

Figure 3. The Values of CR-1 Obtained in the Presence of Different Con-
centrations of the Extract
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The figure shows the values of CR-1 obtained in the presence of three con-
centrations of the extract of F. asafoetida, and 10 nM atropine (n = 6 for 
each group). Statistical significance for the difference in CR-1 between 
atropine and the extracts, +++: P < 0.001. Statistical significance for the 
difference in EC50 obtained at different concentrations of the extract; 2.5 
and 5 versus 10, ##: P < 0.01, ###: P < 0.001; 2.5 versus 5, ϕ: P < 0.0.

5. Discussion
In previous studies, the relaxant effect of F. asafoetida 

on tracheal smooth muscle were indicated (21, 27). The 
possible mechanisms responsible for the relaxant effect 
on smooth muscle that have been reported for F. asafoe-
tida include an inhibitory effect on muscarinic receptors 
(28). Therefore, in the present study, the inhibitory effect 
of the extract of this plant on muscarinic receptors of 
guinea pig tracheal smooth muscle was examined to elu-
cidate the contribution of muscarinic blocking effect in 
this muscle relaxant mechanism. The classical and phar-
macological method to test the competitive antagonistic 
effect of an agent such as Ferula assafoetida on a receptor 
type (e.g. muscarinic receptors) is performing a concen-
tration response curve of that receptor agonis in the pres-
ence of the studied agent and a known competitive an-
tagonist (e.g. atropine), and evaluate the right ward shift 
of the concentration response curve in the presence of 
the agonist compared to the curve obtained in the pres-
ence of a neuter agent (e.g. saline) (21). To the best of our 
knowledge the classical and pharmacological inhibitory 
effect as described above has not been studied for Ferula 
assafoetida. Therefore, in the present study the inhibitory 
effect of Ferula assafoetida on muscarinic receptor of tra-
cheal smooth muscle was examined.

A small parallel rightward shift occurred in the metha-
choline log concentration-response curve in the pres-
ence of the medium concentration of F. asafoetida, yet 
a considerable rightward shift in the presence of the 
highest concentration and a larger shift in the presence 
of atropine were obtained. These findings may suggest 
the possible competitive antagonistic effect of the plant 
at muscarinic receptors of guinea pig trachea smooth 
muscle (28). The EC50 obtained in the presence of the 
highest concentration of the plant and atropine were sig-
nificantly higher than that of saline, The similar values of 
EC50 obtained in the presence of the highest concentra-
tion of the plant and atropine, may confirm the inhibi-
tory effects of higher concentration of the extract at mus-
carinic receptors. However, the values of CR-1 obtained 
in the presence of different concentrations of the plant 
was smaller than atropine, indicating lower competitive 
antagonism for the plant compared to atropine at the ex-
amined concentrations. In addition, maximum contrac-
tion effect to methacholine obtained in the presence of 
high plant concentration was lower than that of saline. 
These findings suggest a competitive antagonistic effect 
for the plant at muscarinic receptors of tracheal smooth 
muscle. However, the absence of maximum responses to 
methacholine in the presence of high concentration of 
the extract indicated a functional antagonistic effect for 
the extract in this study (28).

The effect of F. asafoetida was concentration dependent 
and there were significant positive correlations between 
the values of EC50 and plant concentrations. These find-
ings also confirm the concentration dependent effect of 
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the plant and therefore a specific competitive antago-
nism on muscarinic receptors.

The results of our previous studies also showed a potent 
relaxant effect for the extract of F. asafoetida on tracheal 
smooth contracted by methacholine yet a very weak re-
laxant effect from KCl-induced contraction, which sug-
gests the muscarinic inhibitory effect of the plant and 
supports the current findings (27). The constituents of F. 
asafoetida include thymol (10%) (29), which did not show 
any relaxant effect on tracheal smooth muscle (1), ambel-
liprenin (less than 1%), which showed significantly lower 
relaxant effect compared to the plant extract (27) and car-
vacrol, which showed a potent relaxant effect on tracheal 
smooth muscle (30). The inhibitory effect of carvacrol on 
muscarinic receptors of tracheal smooth muscle was also 
observed previously (31). Therefore, carvacrol could con-
tribute to the observed relaxant and inhibitory effect on 
muscarinic receptors of F. asafoetida gum extract. How-
ever, the effect of ambelliprenin on muscarinic receptors 
should be examined by further studies.

Acetylcholine and methacholine cause tonic contrac-
tions of smooth muscles. The activation of muscarinic re-
ceptors of tracheal smooth muscle leads to an increased 
frequency of action potential and depolarization, which 
results in muscle contraction (32). The acetylcholine (or 
methacholine) induces contraction, mediated via M3 
subtype of muscarinic receptor. However, a muscarinic 
receptor competitive agent binds to the receptor and pre-
vents the agonist from binding and causes post-receptor 
activity leading to response (21). Therefore, the results of 
the present study suggest that F. asafoetida or its constitu-
ents my bind to muscarinic receptor of tracheal smooth 
muscle and prevent the binding of methacholine to this 
receptor, which leads to rightward shift of the methacho-
line concentration curve.

In conclusion, these results suggested the competitive 
antagonistic effect of F. asafoetida at muscarinic receptors.
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