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ABSTRACT

Objective: To evaluate the bronchodilatory mechanism of Astragalus sarcocolla (ASE) extract on tracheal smooth muscles of rabbits.
Study Design: In-vitro experimental study.

Place and Duration of the Study: The animal house of CMH Lahore Medical College, Lahore, and Institute of Dentistry, NUMS, from
October 2022 to May 2023.

Methodology: Six rabbits were randomly divided into four groups. After euthanising the rabbit, the trachea was carefully dissected out
and stabilised in Kreb’s Henseleit solution for 30 minutes and then, stimulated by acetylcholine (Ach) 1um, under mimicked physiological
conditions. Group | served as the control group with tracheal smooth muscles stabilised with 1g tension. In Group Il (positive control),
tracheal smooth muscles were stimulated by potassium chloride (KCI) (80 mM and 25 mM, respectively) to get maximum tracheal
smooth muscle contractions. Later, the tissue was exposed to theophylline with three molar concentrations 0.2, 0.4, 0.6, and 0.8 mM,
and cumulative dose response curves were formed. In Group Ill (ASE group), tracheal smooth muscles were stimulated by KCI (80 mM
and 25 mM) and was exposed to increasing concentration of ASE. In group IV, tissue was stimulated by KCI (25 mM) and glibenclamide
(3 uM), later exposed to increasing concentration of ASE to confirm the bronchodilatory mechanism. The change in isometric contraction
of the tissue was recorded using the force displacement transducer connected to a PowerLab data acquisition system. Concentration
response curves were drawn, and median effective concentrations (EC50 values) and percentage inhibition were calculated. Non-linear
regression was applied for the analysis of the concentration-response curves.

Results: ASE inhibited the KCl-induced low potassium (25 mM) contractions (EC50 = 0.38 mg/ml, 95% CI: 0.04 - 0.38, n = 6). It only
partially inhibited the high potassium-induced contractions in tracheal smooth muscles. Pretreatment with glibenclamide showed a right-
ward shift of the dose-response curve. Theophylline and ASE significantly reduced the low K* induced smooth muscle contractions in
comparison to the control group (p <0.001, each).

Conclusion: Astragalus sarcocolla extract produced bronchodilator effects through the activation of ATP sensitive potassium channels in
isolated rabbit trachea.
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curves.

How to cite this article: Siddiqui WA, Qayyum M, Qureshi AQ, Khalid M, Zaffar S, Bilal R. The Bronchodilator Potential of Astragalus

sarcocolla: An in vitro Experiment. J Coll Physicians Surg Pak 2024; 34(01):58-62.

INTRODUCTION

Asthmais a chronic allergic respiratory disease of all age groups
andisamajorhealth problem, affectingaround 334 millionindivi-
duals in the world. It is a life-threatening respiratory disease
starting from minor to severe symptoms leading to 262 million
deaths in 2019." It exerts a great load on hospitals and their
management, thereby considerably increasing the economic
burden.
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Asthma is characterised by recurrent episodic wheezing,
breathlessness, and bouts of cough often leading to severe symp-
toms like tachypnoea cyanosis and respiratory failure.” The
complexity of the development of asthma is due to multiple
factors including genetics, environment, and immunological.
Viralinfections, allergens, airpollution, andstresshave beendocu-
mented to trigger asthma followed by inflammation and constric-
tion of the airways.’ Asthma is characterised by persistent inflam-
mation in the airways, which causes chemotaxis of inflammatory
cells and goblet cells hyperplasia leading to excessive mucus
production. Blockage of small airways with thick mucus, collagen
deposition underneath the alveolar basement membrane, hyper-
trophy of smooth muscles of the bronchioles, oedema in the
airways, release of histamine and other inflammatory mediators
by basophils, and the mast cells, all contribute to the pathology of
asthma.’
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Astragalus sarcocolla (ASE) is a traditional herb used for the
treatment of multiple ailments. It is commonly known as
milkvetch in English and Anzarut in Urdu language. The plant
grows abundantly in Iran, Pakistan, India, and China. Astragalus
species has a high content of antioxidant flavonoids and
polysaccharides.’ Traditionally, it had been used for treatment
of flu, common cold, intestinal colic, visual impairment, acne
vulgaris, urolithiasis, immune-related disorders like rheumatoid
arthritis, digestive problems, and respiratory ailments.** Previ-
ously, antispasmodic effect of this herb had been reported to
mediate through opening the potassium channels (KCO) in ileal
smooth muscleinrabbits.™

Herbal medicine as anti-asthmatic agents in respiratory
diseases has gained increasing interest due to its potential
benefits and minimal side-effects as compared to synthetic
agents. However, their use in smooth muscles of lung has not
been explored. With this rationale, this study was designed to
investigate the in-vitro bronchodilatory effect of Astragalus
sarcocolla on isolated rabbit trachea smooth muscle strips.

METHODOLOGY

This experimental study was carried out in CMH Lahore Medical
College and Institute of Dentistry, from October 2022 to May
2023. An ethical approval was obtained from the Ethics Review
Committee of CMH Lahore Medical College and Institute of
Dentistry, Lahore, before the commencement of the study (ERC
number: 708/ERC/CMH/LMC).

Locally purchased adult rabbits, of both genders, weighing
between 1-1.5 kg were used as the sample. The animals were
placed in allocated rabbit cages in the animal housing facility of
CMH Lahore Medical College and Institute of Dentistry, Lahore.
The housing conditions were maintained at a range of 23-25°C,
with humidity levels of 60 + 4%. The rabbits had 12-hour
light-dark cycle maintained. They had access to water and were
provided with diet and libitum. Rabbits were allocated to
different groups by simple random sampling, through the lottery
method.! Sample size was calculated with the standard WHO
formula, using mean difference values from the reference study.
ltwas calculated to be sixanimals pergroup.”

The plant resin of the Astragalus sarcocolla was acquired from a
local herbarium market of Lahore, Pakistan, furtheridentified by
a Pharmacognosy expert of the Punjab University and was
marked as voucher specimen no. 421 for further reference. The
resin was then pounded into a powdered form. The extraction
process was performed using the cold extraction (maceration)
method. For this purpose, 1000 g of resin was placed in absolute
ethanol and allowed to soak for the duration of 72 hours at room
temperature.” Afterwards, filtration was carried out on the
macerated plant, and the resulting liquid was filtered addition-
ally with the help of a Buchner funnel vacuum filtration, using
Whatman filter paperno.1. The filtrate obtained was evaporated
to remove the solvent using a rotary evaporator model N-1000
under reduced pressure. The evaporation process was carried
out at 104°F temperature. Subsequently, the residual material
was dried in an oven until it reached a paste-like consistency.

Finally, the resulting paste was refrigerated at 12 degrees in an
airtight container until needed. The extract was stored in a cool
dryplace."

After euthanising the rabbit through lethal injection of =100
mg/kg of Pentobarbital,” the trachea was carefully dissected out.
A tracheal strip, consisting of a central part of smooth muscle
between 2-3 cartilage rings was obtained. This tracheal strip was
then suspended in a tissue bath (Radnoti 159920-X1/C; Radnoti
Llc, Covina, CA) constituting Kreb's Henseleit mixture. The solu-
tion was carbogenated, with a combination of O,and CO, ata ratio
0f 19:1. The tissue bath was maintained at a temperature of 37°C
to maintain the physiological conditions. The tracheal tissue was
left to equilibrate for 45 minutes under a traction of one gram.
Duringthisequilibration period, thetissue was allowed to adjustto
the experimental conditions. The change inisometric contraction
ofthetissuewasthenrecordedusingtheforcedisplacementtrans-
ducer (Model: MLT 0402) which was connected to a PowerLab
system, that allowed accurate measurementand recording of the
contraction force of the tissue (Model: PL26T04) data acquisition
system (AD Instruments, Sydney, Australia). Concentration
response curves were drawn, median effective concentrations
(EC50values) and percentageinhibition were calculated.™

Group | served as the control group in which tracheal smooth
muscles were stabilised in Kreb’s solution with 1g tension. Group I
was the positive control, in which tracheal smooth muscle was
stimulated by acetylcholine (Ach) 1um and then later with KCI 25
mM and 80 mM respectively to get maximum concentration
response curves. Theophylline with three molar concentrations
of 0.2 mM solutions was mixed in the organ bath after every
5 minutes for the formation of solution having 0.2, 0.4, 0.6,
and 0.8 mM concentrations, and cumulative dose response
curves were formed. In Group lll, the tracheal smooth muscles
were stimulated by acetylcholine (Ach) 1um, followed up by
low KCI (25 mM) and high KCI (80 mM), and then by increasing
concentration of ASE (0.04-2.50 mg/ml). In Group 1V, tracheal
smooth muscle was stimulated by acetylcholine (Ach) 1um,
KCI (25mM) and glibenclamide (3uM). Then, the tissue was
treated with increasing concentration of ASE.”

The data obtained from the experiment was presented as the
mean * standard error of the mean (SEM). The half maximal
responses of ASE (EC50 values) along with their 95% confidence
intervals (Cl) were also estimated. Concentrationresponse curves
were drawn using the non-linear regression analysis in the statis-
tical software GraphPad Prism version 5. The means between
groups was compared by using one-way analysis of variance
(ANOVA), and Tukey's multiple comparison test with post hoc
analysis was used to compare the groups. A p-value less than
0.05 was taken as statistically significant, indicating the differ-
ence betweenthegroups.

RESULTS

Astragalus sarcocolla (ASE) extract was able to relax the sus-
tained contractions caused by lowKCI (25 mM) induced consis-
tent contractions in smooth muscles of trachea in a dose-depen-
dent manner with an EC50 value 0f 0.38 £ 0.021 mg/ml (95% Cl:
0.04-0.38, n = 6), (Figure la and 2a). ASE was able to only
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partially relax the sustained contractions caused by high KCI(80
mM) induced sustained contractions in smooth muscles of
trachea, upto 26% only atvery high doses. The EC50 value could
not be calculated as there was not a 50% reduction in the
response (Figurelband2b). Theophylline, astandard bronchodi-
lator when tested against the sustained contraction caused by
elevatedK* (80 mM) and reduced K*(25 mM) concentrations, was
abletorelaxthe sustained contractions caused by low K*(25 mM)
insmooth musclesoftrachea (Figure 1c).

When smooth muscles were pretreated with a potassium
channel closing agent (glibenclamide 3 uM) for few minutes and
then stimulated with K* (25 mM) for continuous contractions of
smooth muscles, ASE was unable to relax the smooth muscles of
trachea at the concentrations that ASE reduced the contractions
whenstimulated withlow K* (25 mM) alone (Figure 2c).
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Figure 1: (a) Effect of Astragalus sarcocolla on low K* (25 mM) associated
contractions of the tracheal smooth muscles of rabbit (b) Effect of Astra-
galus sarcocolla on K* (80 mM) continuous contractions in tracheal
smooth muscles of rabbit (c) Effects of theophylline (0.2, 0.4,0.6,and 0.8
mM) concentrations on low K* (25 mM) stimulated contractions of
isolated trachealtissue preparations.
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Figure 2: (a) Effect of ASE (0.04-2.50 mg/ml) on tracheal smooth muscles
when stimulated with low K* (25 mM) (b) ASE (0.04-2.50 mg/ml) onK* (80
mM) inducing contractions of isolated rabbit tracheal tissue prepara-
tions (c) Effect of Astragalus sarcocolla on low K* (25 mM) stimulated
contractions plusglibenclamideontracheal smooth muscles of rabbit.
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Figure 3: Dose dependent percentage inhibition (mean + SEM) of ASE
(n=6)and theophylline (n = 6) onlow K* (25 mM) stimulated contraction
oftrachealsmooth muscle.

**kp <0.001, in comparison with the effect of theophylline with normal
saline.

The relaxing effect of ASE on low K* (25 mM) stimulated tracheal
smooth muscle contractions was compared with theophylline.
Theophylline significantly reduced the low K* induced smooth
muscle contractions (0.3 +0.04) (p <0.001) in comparisonto the
control group. ASE also significantly reduced (p <0.001) the
smooth muscle contractions at 0.4 mg/ml, as compared to the
controlgroup (Figure 3).

DISCUSSION

To evaluate the bronchodilator effect of ASE in vitro, extract
was used tocounterthe contractionsinduced by high potassium
(K*) concentrations (80 mM) and low potassium (K*) concentra-
tions (25 mM). It has been documented that persistent contrac-
tions induced by elevated potassium concentrations are
primarily mediated by voltage-gated calcium (Ca’*) channels,
which are activated by membrane depolarisation.”® Another
mechanism involves the association of depolarisation with the
discharge of sarcoplasmic calcium release channels.” In this
investigation, ASE demonstrated minimal inhibitory effects on
contractions triggered by high levels of K+, implying that its
spasmolytic impact was likely mediated through an alterna-
tive mechanism. However, when tested against contractions
induced by low K+ levels, ASE displayed almost complete inhi-
bition (88%). Agents that selectively relax contractions caused
by K* concentrations below 25 mM are considered potassium
channelopeners.”

Only a few studies have evaluated the in-vitro effects of ASE.
However, several other plants have also been shown to possess
bronchodilatory effects. Wahid et al. reported bronchodilatory
effect of Cucumis sativus seeds against high K-induced contrac-
tions.”* This differs from the present result since ASE signifi-
cantly reduced the smooth muscle contractions against low K-
induced contractions only. Similarly, another study docu-
mented that the smooth muscle relaxant effect of Dryopteris
ramose was mediated through calcium channel blockade, as
evident by inhibition of contractions against high KCI, whereas
the current study had elucidated the potassium channel
opening activity of ASE.”

With glibenclamide, a specific blocker of ATP-dependent K+
channels, ASE was unable to effectively bring any change
suggesting that the spasmolytic effect on tracheal smooth
muscles, leading to bronchodilation, may be mediated through
the activation of ATP-dependent K+ proteins. In comparison,
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theophylline, a phosphodiesterase inhibitor, was also tested for
its bronchodilator effect. It exhibited inhibitory effects on both
reducedandhighK+ causing contractionsatverylowdoses, indi-
cating its ability to activate ATP-dependent K+ channels. Theo-
phylline acts as a functional antagonist and inhibits the contrac-
tile response to various spasmogens.” The bronchodilatory
action of ASE, on reduced K+ causing contractions was signifi-
cant when compared to the control group and was also
comparable to that of theophylline. However, theophylline
demonstrated superiority at lower doses, while ASE exhibited a
relaxanteffectathigherdosescomparedtotheophylline.

Potassium channel opening plays a crucial role in smooth
muscle relaxation. The opening of potassium channels leads
to an efflux of potassium ions from the smooth muscle cell,
resulting in hyperpolarisation.** Hyperpolarisation is a state
where the membrane potential becomes more negative, moving
further away from the threshold for excitation. This inhibits the
generation and propagation of action potentials, reducing the
contractile activity of the smooth muscle.” The observed spas-
molytic effect on tracheal smooth muscles, mediated through
potassium channel activation, supports the potential use of ASE
asafutureanti-asthmamedication.

This study had a few limitations. The authors could not use
different types of blockers against low K+ induced contractions
including 4-aminopyridineand TEAwhich are used toidentify the
differenttypesof potassium channelsinvolved.

CONCLUSION

The bronchodilator effect of Astragalus sarcocolla extract is
mediated through the activation of ATP-sensitive potassium
channels. Additional research is advised to observe the poten-
tial benefitsof ASEinhumans.
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