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ABSTRACT

Ethnopharmacological relevanc&here are report regarding therapeutic effeat@fbum cepa

L. (A. cepa in Iranian traditional medicine and the plant lsd®wed anti-inflammatory, anti-
allergic, anti- hyperglycemic, antioxidant, anthcar, anti-hypertension, anti-
hypercholesterolemia and anti-asthmatic activitiggrevious studies.

Aim of the studyin this study, the contribution @& adrenergic, muscarinic and histamine (H1)
receptors, calcium and potassium channels, ando@ypyienase pathway in the relaxant effect of
A. cepaextract on tracheal smooth muscle (TSM) was asdess

Materials and MethodsTSM was contracted by KCI (60 mM) or methachol{a® uM) for 5
min and cumulative concentrationsAf cepaextract (2, 4, 8, 16, 32 and 64 mg/ml) were added
to organ bath every 5 minutes. Theophylline (0.2, 0.6 and 0.8 mM) as positive control, and
saline (1 ml) as negative control were also exachiimenon-incubated tissues. The relaxant
effect of A. cepaextract was examined on non-incubated and incubated TSl pvbpranolol,
chlorpheniramine, diltiazem, atropine, glibenclaenahd indomethacin.

Results A. cepashowed concentration-dependent relaxant effectsnom-incubated TSM
contracted by KCI (60 mM) or methacholine (i®), (P < 0.01 to p < 0.001). There was no
significant difference in the relaxant effects Af cepabetween non-incubated and incubated
tissues with glibenclamide, atropine, chlorphenirmand indomethacin. The plant extract
showed significant lower relaxant effects in incigloth TSM with propranolol and diltiazem
compared to non-incubated tissues. EC50 valueA.afepaextract in incubated TSM with
propranolol and diltiazem were significantly lovtkan non-incubated tissues (p < 0.001 and p <
0.05, respectively). The relaxant effects of deéferconcentrations of the extractAafcepawere
not significantly different with those of theophgk. The concentrations &. cepaextract and
theophylline were significant correlated with thestaxant effects (p < 0.05 to p < 0.001). In
incubated TSM with propranolol and diltiazem, camtcation ratio minus one (CR-1) values was
positive (2.65 £ 0.63 and 1.28 + 0.43 respectively)

Conclusion The A. cepaextract showed relatively potent relaxant effect on TSMickhwas
comparable to the effect of theophylline. The rssshowed thap2-adrenergic stimulatory
and/or calcium channel blockade are the possiblehamesms for the relaxant effects of the
plant.

Keywords: Allium cepa smooth muscle; trachea; relaxant effegR-adrenergic receptor;
calcium channel.



1. Introduction

Asthma is a common chronic inflammation diseasectvheéads to considerable morbidity
worldwide every year. Airway hyperresponsiven@ss,eased mucosa secretion, smooth muscle
hyperplasia, infiltration of inflammatory cells,eathe main characteristics of asthma (Barnes,
2003; Nauta et al., 2008). Airway inflammation @mska and Pawliczak, 2013) and airway
constriction (Nauta et al., 2008; Zar and Levinl20 are the main characteristic features of
asthma. Therefore, treatment of asthma such indluelgucation to self-care of patients,
management of asthma symptoms and drug therapyorsgaand difficult processes in medical
field (Zar and Levin, 2012). Treatment of asthmeuted on reduction of lung inflammation and
prevention of airway smooth muscle constriction gblaet al., 2004). Therefore, two types of
drug are used for treatment of asthma includinggmve drug to reduce lung inflammation and
relieving drug to reduce airway constriction (Ramel Schmidt, 2001). With regard to adverse
effects of currently used asthma drugs and alsaltisence of their full therapeutic efficacy, new
anti-asthmatic drugs need to be developed (Mullagg}).

Allium cepal. (A. cepa belong to the Liliaceae family which grows allesvthe world.
Onion mostly cultivated in China, India, United 8& Russia, Turkey, and Iran (Slimestad et
al., 2007). A. cepashowed various pharmacological activities suchra®xidant, antimicrobial,
anti-hyperglycemic, antidiabetic, anti-inflammatdiM.Manasa, 2014) and immunomodulatory
(Marefati et al., 2018) effects. Previous studie® ahowed preventive effects on the tracheal
responsiveness and lung inflammation (Ghorani ¢t28118) forA. cepaextract in sensitized
rats.

The constituents oA. cepainclude flavonoids, organosulfur, and phenol shibwaeti-allergic
(Roldan et al., 2008), anti-inflammatory, antioxitlactivities (Lee and Jung, 2016) and smooth
muscle relaxant effects (Capasso et al., 2009;03askt al., 2011). Anti-asthmatic effects/Aof
cepaextract and its constituent, quercetin, were evatla a murine model of asthma (Oliveira
et al., 2015)A.cepahas many traditional and long history of medics¢ (Kumar et al., 2010).
The effect ofA.cepaon respiratory diseases were indicated in andfantan traditional medical
books (Aghili Shirazi, 1992; Ansarishirazi, 1993n&mi et al., 2010).The effects Af cepaand
its constituents on respiratory and allergic diseassuch as inhibitory effect on
bronchoconstriction were shown (Bornet et al., 200&orld Health Organization (WHO)
recommends the use & cepaextract for the treatment of diseases such asnmmcolds,
coughs, asthma, bronchitis and allergic diseasen@{et al., 2010).

Therefore, in the present study the relaxant eféécA. cepaextract on tracheal smooth
muscle and its possible mechanisms were examined.

2. Methods and materials
2.1. Preparation of the extract

A. ceptawas bought from a market in Mashhad, Iran in J20&8 and identified by Mr
Joharchi, Faculty of Agriculture, Ferdowsi Univéysiof Mashhad, Mashhad, Iran and a
specimen was deposited in the herbarium of Faafitigriculture (Vucher sp. No. E1028-



FUMH). A. cepawas peeled and its juice was prepared using a id@agar (Iran) fruit juice
producer. The extract was condensed by evaporasiog a rotary evaporator at 60—70°C.

2.2.  Characterization of the extractffcepta

HPLC fingerprint of the extract oA. ceptawas performed using a Shimadzu (LC-2030).
Detection wavelengths was set exactly at 254 nnh &elution software was utilized for
instrument control, data collection and data prsices The column used was an Technochroma,
BRISA LC C18 (0.46 x 25, pm). A gradient elution (methanol and water) witflcav rate of

1 ml/min was applied for this analysis. Injectimolume for sample and standard solutions was
20 ul (Fig. 1).
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Fig. 1. HPLC finger print of the extract &. ceptaat 254 nm (40 mg/ml)

2.1  Animals and experimental groups

Forty seven male Wistar rats (weight, 200-250) werstandard condition including; 22+2
°C temperature, 12h light/dark cycles and free s&d¢e standard diet and tap water. The were
kept in the Animal House, School of Medicine, MamsthhUniversity of Medical Sciences,
Mashhad, Iran. approved by the Ethics Committe®ashhad University of Medical Sciences
(#961800). All experiments on animals were donewting to National Laws regarding the use
care of laboratory animals. The study was performeadne groups of rat (Table 1).

Table 1. Different experimental groups of the present study

Conditior Incubating agel Mechanism n
Nor-incubatec n==t
tissues
KCI (60 mM) Atropine (1uM ) Muscarinic receptor inhibitic n==¢
Incubated tissues Indomethacin (1M ) Cyclooxygenase inhibitic n==.t
Chlorphenamine (kM) Histamine(H1) receptor inhibitic n==&
Nor-incubatec n=7
Methacholine  tissues
(10 uMm) Diltiazem (5uM ) Calcium channel blockir n=¢
Incubated tissues Glibenclamide (JuM ) Potassium channel open n==.t




Propranolol (1uM ) B,-adrenoceptor stimulati n=¢

2.2  Tissue preparation

The chest rats were opened after their scarifinadiod tracheal ring containing 2-3 cartilage
was prepared (Boskabady et al., 2010) and mounted(10 ml) organ bath containing Krebs-
Henseliet (NaCl 120, KCI 4.72, KH2PO4 1.2, MgSO42TH).5, CaCl2-2H20 2.5, NaHCO3 25
and Dextrose 11 in mM unit). The tissues were adraiith 95%02 + 5% CO2 and kept inC87
under isometric tension of 1g for 45 min for tisaggiilibration while washed every per 15 min
(Boskabady et al.,, 2010). An isometric transduddi 0202, AD Instruments, Australia)
connected to a power lab system (Power Lab 8/3MLAD Instruments, Australia) was used
for recording of responses.

2.3 Evaluation of smooth muscle relaxant effect

Tracheal smooth muscle (TSM) was contracted by §GImM), Sigma Chemical Ltd, UK)
or methacholine (10 M), Sigma Chemical Ltd, UK) for 5 min (Emami et &017). Then,
cumulative concentrations &f. cepaextract, (2, 4, 8, 16, 32 and 64 mg/ml), theophwgll{0.2,
0.4, 0.6 and 0.8 mM) as positive control, or sa(ihenl) as negative control were added to organ
bath every 5 min (Emami et al., 2017; Naghdi et2418).

The percentage of relaxation due to each concemirat A. cepaextract or theophylline in
appropriate to the maximum contraction due to KiOnhethacholine was platted agaiAstcepa
extract or theophylline concentrations to genermate€oncentration response curve in each
experiment.

The effective concentration &. cepaextract causing 50% of maximum relaxation effect
(EGs0) was calculated from concentration response casvdescribed previously (Emami et al.,
2017; Naghdi et al., 2018). In incubated groupffedént antagonists or channel blocker were
added to organ bath first followed by contractidri8M by methacholine or KCI after 10 min.
Then, the relaxantffect of A. cepaextract was exanimated as described for non-inedbat
groups. In incubated tissue which caused rightvgaiitt in concentration-response curve of the
relaxant effect of the plant, the concentrationorainus one (CR-1) was also calculated as
(ECsp in the incubated tissued/ ELin non-incubated tissues)-1. A schematic diagram f
examining the relaxant effect Af cepaextract was shown in Fig. 2.
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Fig. 2. (a), Protocol (time course) of the examining of thkaxant effect, (b), maximum contraction due
to contractile agent (i.e. 10 uM methacholine orn@®@ KCI, hl) and concentration-response relaxant
effect due to cumulative concentration (c)fofcepaextract, (h2, h3, h4 and h...), and (c), conceiomat
response curve of the relaxation effect®ofcepaand the method of measurement of EC50. Each tissue
was used for one or two experiments and it wasliboatied for at least 1 hr, while it was washedhwit
Krebs-Henseliet solution every 15 min before examgjnthe relaxant effect Relaxation response of
different concentrations of the extract or theophglwas calculated as follows; First concentratim? /

hl x 100, Second concentrations = h3 / %1100, Third concentrations = h4 / K1 100 and ...

concentrations = h... / 100

2.4 Statistical analysis

Data were expressed as mean + SEM. The resultsamatgzed using one-way analysis of
variance (ANOVA) followed by Tukey’s Multiple Compsaon test. InStat (GraphPad Software,
Inc, La Jolla, USA) software was used for stat@tianalysis. Statistical significance was

considered as P < 0.05.

3 Results

3.1 The relaxantféect ofA. cepa extracon TSM contracted by methacholine
3.1.1 Non-incubated tissues



In methacholine (10 uM)- induced contraction of TSM non-incubated condition, all
concentration of theophylline and the extract cdusencentration-dependent and significant
relaxant &ect (p < 0.01 for 2 mg/ml of the extract and p €0Q for other cases). The relaxant
effects of four concentrations of theophylline witiose of four higher concentrations of the
extract were not significantly different (Fig. 3a).
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Fig. 3. Concentration-response relaxant effects (mean +)S&Ma) the extract ofA. cepain non-
incubated TSM contracted by 10 uM methacholine (A)=1, 2, 3 4, 5 and 6 in X-axis represent six
concentration of the extract (2, 4, 8 and 16, 3@ &h mg/ml) and 3, 4, 5 and 6 represent theoplyllin
concentrations (0.2, 0.4, 0.6 and 0.8 mM) andr{blibated tissues with glibenclamideufll, n = 5). ***

p < 0.001 compared to the effect of saline (NSy « 0.05 compared to the effect of theophylline.
ANOVA with Tukey Kramer post-test was used for istital comparison.

3.1.2 Glibenclamide-incubated TSM

In incubated TSM with glibenclamide (M), the relaxant effect of all concentrations of th
extract was significantly higher than saline (p.801 for all cases). In addition, there was no
significant difference between the relaxant effeotsvarious concentrations of the extract
between incubated and non-incubated tissues (fBg. BGo values of the extract were not
significantly dfferenct in between incubated tissues with glibendlamnon-incubated TSM
(Fig. 4a).



* ok
20 - ‘[
5
15 - *
£ [
2
o
w10 -+
il -
0
Non-incubated Propranolol Glibenclamide Diltiazem
(b)
14 -
12 ]’
— 10 T
E .
= |
P oo :
_l‘;" |
2 6 :
-
.
+1 :
"
.
2 1 .
|
|
|
0 T T T
Non-incubated Atropine Indomethacin Chlorpheniramine

Fig. 4. EC50 values oA.cepaextract induced TSM relaxation in non-incubated artubated TSM with
various agents and contracted with methacholip@r(&Cl (b). *; P < 0.05, **; P < 0.01 compared to
non-incubated tissues. ANOVA with Tukey Kramer piestt was used for statistical comparison.

3.1.3 Propranolol-incubated TSM

In incubated TSM with propranolol (M), all concentrations of the extract caused
significant relaxant effect (p < 0.001 for all cemtrations). However, the effect of 2, 4 and 16
mg/ml concentrations of the extract in incubatessues with propranolol were significantly
lower than those of non-incubated tissues (p<Od@ll cases, Fig. 5a). The Efralue ofA.
cepain tissue incubated with propranolol was signifttadower than non-incubated TSM
contracted by methacholine (p < 0.001, Fig.5a).

A rightward shift in concentration-response relgowtcurve of the extract was observed in
propranolol-incubated TSM compared to non-incubditesiies and the maximum response was
achieved. The (CR-1) value of the extract in incedd SM with propranolol was 2.65 + 0.63.
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Fig. 5. Concentration-response relaxant effects (mean + )S&Mhe extract ofA. cepaon 10 uM
methacholine-induced contraction of TSM in non-inaied (n = 7) and incubated tissues with
propranolol (1uM, n = 8), (a) and diltiazem (IM, n = 6), (b). ** P < 0.01, *** p < 0.001, compateo

the effect of saline (NS), +: p < 0.05, comparedhe effect of the extract on non-incubated tissues
ANOVA with Tukey Kramer post-test was used for istital comparison.

3.1.4 Diltiazem-incubated TSM

Various concentrations of the extract showed camnaBon dependent and significant
relaxant effects on tissues incubated with diltazgp < 0.001 for all cases), However, in
incubated TSM with diltiazem (1 M), two concenivas of the extract (4 and 8 mg/ml) showed
significantly lower relaxant effect compare to nanubated tissues (p < 0.05 for both cases, Fig.
5b). The EGy value ofA. cepain tissue incubated with diltiazem was significgridwer than
non-incubated TSM contracted by methacholine (p0%,0Fig. 4a).

A rightward shift in concentration-response rel@ottcurve of the extract was observed in
diltiazem-incubated TSM compared to non-incubaisgues and the maximum response was
achieved. In diltiazem incubated TSM, also conegittn-response curve of the extract shifted to
right, maximum response was achieving and (CR-Ljevaf the extract was1.28 + 0.43.

3.2 The relaxant #ect of A. cepaextract on TSM contracted by KCI
3.2.1 Non-incubated tissues



The relaxant effects of all concentrations of thedline andA. cepaextract in non-
incubated TSM and contracted by KCI (60 mM) wegn#icantly higher than the effect of
saline (P < 0.01 for 2 and 4 mg/ml of the extrard 8 < 0.001 for other cases, Fig. 5a). The
relaxant effects four higher concentrations of@Rract were not significantly different with
the effects of four concentrations of theophyll{fey. 6a).
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compared to the effect of saline (NS), +: p < &OBpared to the effect of the extract on non-intedba
tissues. ANOVA with Tukey Kramer post-test was uledstatistical comparison.

3.2.2 Atropine, chlorpheniramine and indomethacin-incedat SM

All concentrations ofA. cepaextract in incubated TSM with atropine, chlorplmamine and
indomethacin showed concentration dependent refaef@cts (p < 0.05 to p < 0.001). The
relaxant effects of different concentrations of theéract between incubated tissues with these
three drugs and non-incubated TSM were not sigmitiy different (Figs. 6b and 7). B§&values
of the extract were not significantly different Wween incubated tissues with atropine,
chlorpheniramine, indomethacin with that of nondbated condition (Fig. 4b).
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ANOVA with Tukey Kramer post-test was used for istital comparison.

3.3 The relaxant #&ect of A. cepaextract in non-incubated TSM contracted by metbhach
compared to tissues contracted by KClI

The relaxant effects of different concentrationsttd extract ofA. cepain non-incubated
TSM concentrated by methacholine (10 uM) and K@l i(@V) were not significantly different
(Fig. 8).
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Fig. 8. Concentration-response relaxant effects of theaektof A. cepain non-incubated tissues,

contracted with 10 uM methacholine (n = 7) and @mted with 60 mM KCI (n = 5). There was no
significant difference between the relaxant effetcthe plant on methacholine and KCI induced TSM
contraction. ANOVA with Tukey Kramer post-test wased for statistical comparison.

3.4 Correlations of the relaxant effect &f cepaand theophylline with their concentrations

The relaxant effect of theophylline amdl cepain non-incubated TSM contracted by
methacholine (10 uM) and KCI (60 mM) were signifitg correlate with their concentrations (P
< 0.001 and P < 0.05 for methacholine and KCI imduaontraction, respectively for
theophylline P < 0.001 for both casesfofcepg, (Table 2). There were significant correlations
between the relaxant effect Af cepaand its concentration in incubated TSM by all agearid
contracted by either methacholine or KCI (P < 0.@ify1all cases, Table 2).

Table 2. Correlations between the relaxant effect Aaf cepaand theophylline with their
concentrations

Contractile Studied agents Conditions R P Value
agents
Non-Inc 0.784 P <0.001
A. cepa Atropine-Inc 0.872 P <0.001
KCI Indomethacin-Inc 0.867 P <0.001
Chlorpheniramine-Inc  0.667 P <0.001
Theophylline Non-Inc 0.817 P <0.001
Non-Inc 0.573 P <0.001
Diltiazem-Inc 0.814 P <0.001
Glibenclamide-Inc 0.706 P <0.001
A. cepa Propranolol-Inc 0.738 P <0.001
Methacholine Theophylline Non-Inc 0.320 P <0.05

Data were presented as mean + SEM



4 Discussion

The results showed potent and concentration depémdiaxant effect ofA. cepaextract in
non-incubated TSM contracted by KCI and methackoltomparable to the effect of
theophylline. There was no significant differenadveen the relaxant effect 8f cepaextract
on non-incubated TSM contracted by methacholine E@l. There were also significant
correlations betwee’\. cepaextract concentrations and their relaxant effecte relaxant
effect of A. cepaextract on rat ileum (Naseri et al., 2008b) andséscular smooth muscle and
hypotensive properties (Naseri et al., 2008a)

as well as the effect of the plant on smooth nausohtraction in a murine model of asthma
(Oliveira et al., 2015) were previously demonstlat€he relaxant effect of quercetin a major
constituent of A. cepa on rat tracheal smooth muscle (Capasso et al.9)2@hd its
bronchodilatory effect in experimental allergichast (Joskova et al., 2011) were also reported.
The relaxant effect oA. cepaon methacholine-induced TSM contraction in noniated
tissues may indicate the effect of the plant owiaad channels anfi2 adrenoceptors. On KCI-
induced contraction of non-incubated tissues dls® relaxant effect of the plant may show the
effect of A. cepaextract on muscarinic receptors, cyclooxygenaséwsyt or histamine
receptors. However, these mechanisms are non-gpand should be evaluated more precisely
using specific receptor antagonists and channekbls.

Therefore, in order to evaluate the contributionpefreceptor stimulating effect on the
relaxant effect ofA. cepaextract, the effect of the extract on incubated T®Nh propranolol
and contracted by methacholine was studied (Lineleal., 1993). The results of this group
showed lower relaxant effect of the plant compacedon-incubated tissues. The f®@alue of
the extract obtained in incubated tissues with rmoplol was also significantly lower than non-
incubated tissues. These results indicated a sttonyl effect of the extract o&. cepaon B,.
receptor which could contribute on the relaxaneetfbf the plant on TSM.

Rightward shift of concentration-response relaxatourve of the extract, achieving the
maximum relaxation response and positive (CR-1¢nbated TSM with propranolol as another
pharmacological principle evidence for the stimoitateffect of the extract o2 adrenoceptors.

To study the effect oA. cepaon calcium channels and the role of this mechanisitine
relaxant effect of the plant, its relaxant effecdswstudied on TSM incubated with diltiazem
(Miyahara et al., 1993). The results showed sigaiftly lower relaxant effects of two
concentrations of. cepa(4 and 8 mg/ml) in incubated tissues with diltiazeampared to non-
incubated TSM. The Ef values ofA. cepain incubated tissues with diltiazem were also
significantly lower than non-incubated TSM witht@irem. Lower relaxant effect of the plant
and its EGo indicated a calcium channel blocking effect foe filant which perhaps contribute
to its relaxant effect on TSM.

Incubation of TSM with diltiazem also caused rigatd shift in concentration-response
relaxation curve of the extract and achievemenhefmaximum relaxation response and positive



(CR-1) value which are further pharmacological ewices for the inhibitory effect of the extract
on calcium channels.

In previous studies, the inhibitory effect Af cepaon calcium channels of ileum (Naseri et
al., 2008b) and vascular (Naseri et al., 2008a)asimmuscle contractions were demonstrated
which support the results of the present study.

To assess the effect & cepaon muscarinic (Lronards et al., 1992) and histan{iig,
(Popa, 1977)receptors, ATP-sensitive potassiumraianMiura et al., 1992) and arachidonic
acid metabolism (Slattery et al., 2001) pathways e role of this mechanism, the relaxant
effect of the plant was examined on tracheal smooitiscle incubated with atropine,
chlorpheniramine, glibenclamide and indomethacimeré was no any significant difference in
the relaxant effects of the plant between non-iatedb and incubated tissues with these drugs.
Therefore, the plant was not affected the aboveptecs, channels or pathways and these
mechanisms were not contributing in the relaxafgoefof the plant.

In the present study, the relatively potent reldedfect ofA. cepawas shown for first time.

In addition, the possible mechanisms responsibi¢hi® relaxant effect was also examined. The
results showed that the one mechanism respongblié relaxant effect of the plant is fig-
adrenergic receptors stimulatory effect which i® tmost effective bronchodilator drug
(Arunlakshana and Schild, 1959). In addition, tlesults also showed the calcium channel
blocking effect of the plant is contributed in iedaxant effect.

Based on pharmacological principles, a paralleft doi the right of the concentration-
response curve to an agent in the presence of petidive antagonist compared to the absence
of antagonist, indicates the effect of the studigdnt on this receptor (Arunlakshana and Schild,
1959). In addition, several studies on variousaettof medicinal plants and their constituents
have already been published using the same methddding the relaxant effect of hydro-
ethanolic extract oLavandula angustifolidlowers on TSM (Barnes, 1998). It is impossible to
evaluate all factors in a single study. Theref®®NA targeting on specific receptor for
addressing of the role of receptors-related siggalivolved in the extract is a limitation of the
present study which should be addressed in fustuelies.

The other possible mechanisms responsible forelaxant effect of the plant including the
activation of rectifying K channels, Cd-and voltage-activated *Kchannels and voltage-gated
channels, glucocorticoid receptor activation, iweshent of nitric oxide synthase,
stimulation/potencialization of soluble guanylylctgse, phosphodiesterase inhibition (Menezes
et al., 2018), and inhibition of non-adrenergic fohlinergic (NANC) system should be also
evaluated in further studies.

Generally, the results of this study showed a pgatdaxant effect oA. cepaon TSM which
may indicate a bronchodilator effect for the plantobstructive pulmonary diseases. The results
also suggested that the relaxant effect of thetpkmperhaps due tf,-adrenergic receptors
stimulatory and/or calcium channel blockade.

Although the relaxant effect of quercetin on raactreal smooth muscle was shown
previously (Emami et al., 2017)A. cepa contain rich in flavonols including quercetin,



kaempferol, tannins and organosulfur compoundsdikg propyl disulfide and diallyl disulfide
(Miean and Mohamed, 2001). Therefore, the reladdigicts of this plant may not be due to
guercetin alone and other flavonols may play a ke smooth muscle relaxation of the plant.
Moreover, as described in the methods and matesgason, in this studyA. cepawas peeled
and its juice was prepared fleshly which its quinceontent is 48-fold less than in the onion
peel as described previously (Goshev, 2008).

Previous studies also showed anti-oxidant, immurthr@aory (Marefati et al., 2018), and
anti-inflammatory effects on tracheal responsivenasd lung inflammation (Ghorani et al.,
2018) for A. cepaextract and its constituent quercetin on cytokineBammatory cells, and
smooth muscle contraction in animal models of astlf@liveira et al., 2015). Therefore, the
results of the present and previous studies magesighe therapeutic effect of the plant on
asthma as both relieving (bronchodilator) and pméve (anti-inflammatory) mechanisms. The
bronchodilatory effects o&. cepain obstructive pulmonary diseases also shouldxaenged in
clinical studies for evaluation of the possiblendal use of the plant.

5 Conclusion

The Results showed concentration dependent andtpelaxant effect foA. cepaextract on
TSM comparable to the effect of theophylline. There, the plant may be used as
bronchodilatory drug in obstructive pulmonary dsesm The results also suggest that the
relaxant effect of the plant is mediated Byadrenergic receptors stimulatory and calcium
channels inhibitory effects.
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