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Evaluation of Antispasmodic Effect of Arcapillin on Smooth 
Muscles of Rats
Lubna F. Abu-Niaaj1,*, Ibrahim Katampe1, Shtaywy S. Abdalla2

INTRODUCTION
Artemisia monosperma (Delile) is among the 
Artemisia species used in traditional medicine 
mainly for the treatment of gastrointestinal and 
liver disorders,1 diabetes,2 inflammation, and fever.3 
It is also known to relieve menstruation pain and 
to induce labor.4-7 An air-dried powdered drug 
of the plant exhibited antispasmodic activity in 
the treatment of colic or in conditions associated 
with arterial hypertension.1 Different extracts of A. 
monosperma exhibited a wide spectrum of biological 
actions such as muscle relaxation,6-8 antidiabetic,1,8 
and antimicrobial activities.9-14 Bioactive 
compounds isolated from Artemisia species 
showed antispasmodic,15,16 antihypertensive,17 
antimicrobial,12,13 insect repellents,18-20 antitumor 
and anti-inflammatory activities.21-23 Arcapillin 
was first identified from A. capillaris24 and it 
was reported an antihepatotoxic.25-27 There is no 
study yet to highlight the effects of arcapillin on 
vertebrate muscles. This study aims to evaluate the 
effect of arcapillin on the contractile activity of rat 
smooth muscles.

MATERIALS AND METHODS

Isolation of Arcapillin
Arcapillin was isolated from the methanol extract 
of Artemisia monosperma (Delile). A description of 

the protocol used for the isolation of this flavone and 
the methodologies for its identification is detailed in 
Abu-Niaaj and Katampe 2018.28 

Animals and preparations of smooth 
muscle tissues 

Male and female virgin rats (150-250 g) were used to 
obtain ileum, trachea, pulmonary artery and urinary 
bladder. Animals were housed at standard conditions 
with adequate access to food and water. The research 
was conducted in accordance with the internationally 
accepted guidelines for Laboratory Animal Care and 
Use (NIH publication number 85-23; revised 1985). 
The selected organs were obtained immediately 
after euthanizing the animal and were placed in 
an oxygenated Physiological Salt Solution (PSS) at 
37℃ ± 0.5 to be cleaned gently from surrounding 
connective tissue. The ileum was flushed twice with 
PSS to remove contents then cut into 1-2 cm long 
pieces. The urinary bladder was cut from the neck 
region and from the distal end to allow insertion of 
a polyethylene tube into its lumen. The organ was 
flushed with aerated PSS and pieces of 3-5 mm were 
obtained from the middle region. The trachea and 
pulmonary artery were cut into 3-5 mm rings after 
inserting fine polyethylene tubing into the lumen 
to avoid injury during surgical manipulation. For 
each set of experiment, two tissue pieces were used; 
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one piece was treated with increasing cumulative concentrations of 
arcapillin while the other piece was control treated with NaOH solution 
as it was used to dissolve arcapillin. Each tissue piece was individually 
mounted in glass tissue bath filled with warm PSS at 37℃, continuously 
aerated with 95% O2:5% CO2. The piece of tissue was tied at one end 
by a thread to a glass hook fixed at the bottom of the tissue bath, while 
the other end of the tissue was tied by a long thread connected to the 
transducer connected to the oscillography. Appropriate tensions were 
applied on tissues; 2.5 g on ileum and urinary bladder, and a tension 
of 3.5 g was applied on the pulmonary artery and tracheal rings. The 
isometric contraction of muscle preparations was recorded using 
force transducers (UF1) connected to a Palmer Bioscience (England) 
oscillography. 

Preparation of solutions

Arcapillin solution

Arcapillin stock solution was prepared by dissolving the entire quantity 
(180 mg) isolated from A.monosperma28 in 0.1 N NaOH (3 ml) and the 
volume was completed to 10 ml using PSS. The solution was refrigerated 
in a dark bottle to avoid photooxidation and/or degradation. Working 
solutions were prepared shortly before use and warmed to 37℃ in a 
water bath before added to tissues. 

Physiological salt solution (PSS)
Fresh PSS buffer was prepared prior to the experiment by dissolving 
salt ingredients in distilled water to obtain (mM): NaCl 118; KCl 4.7; 
CaCl2 2.5; MgCl2 0.5; NaH2PO4 1.0; NaHCO3 25.0; glucose 11.1. The 
pH was adjusted to 7.4 and the buffer was continuously aerated with 
95% O2:5% CO2. The temperature was maintained at 37℃ in a water 
bath before use. 

Other solutions
The stock and working solutions of L-phenylephrine hydrochloride 
(Tokyo, Kasei, TCI) were prepared using saline. Papaverine 
hydrochloride solutions were prepared using distilled water. All stock 
solutions were refrigerated immediately after preparation. Promptly 
before use, working solutions were prepared and warmed in a water 
bath to 37℃.

Protocol for experimentation on tissues 
Tissues were allowed to equilibrate in tissue baths for 60 min in 
oxygenated PSS buffer at 37℃ ± 0.5, except for the urinary bladder 
which was allowed to equilibrate for 45 min. The buffer was changed 
every 15 min to wash out metabolites. After equilibration, pulmonary 
artery rings were precontracted with 10-5 M L-phenylephrine and 
allowed to equilibrate for 25-30 min before establishment of the 
concentration-effect curve of arcapillin. Control tissues were treated 
with NaOH using the same concentration used to dissolve arcapillin. 
The concentration-effect curve for the treated tissue with arcapillin was 
established by adding eight cumulative concentrations of half log units 
increase in the range of [10-7 M-3×10-4 M]. After addition of the highest 
concentration, the ileum and pulmonary artery rings were subjected to 
10-3 M papaverine to induce maximum relaxation which was expressed 
as 100% tissue relaxation. The relaxation induced by arcapillin was 
then calculated as a percentage in reference to the maximum relaxation 
caused by papaverine. 

Statistical analysis 

Data are presented as mean ± standard error of the mean (SEM). t-test 
was calculated for paired samples to compare the control samples to 
those treated with arcapillin and differences were considered significant 
when P < 0.05. The value of the half maximum effective concentration 

(EC50) of arcapillin on ileum and pulmonary artery were visually fitted 
from experimental plots as shown in Figure 3.

RESULTS

Identification of Arcapillin
Arcapillin, a 2',4',5-trihydroxy-5',6,7–trimethoxyflavone, was identified 
for the first time from A. monosperma.28  It was characterized using TLC, 
MS, NMR, and UV chemical fingerprinting methods. The 1H-NMR 
and MS are shown in Figure 1. 

Physiological effect of Arcapillin on rat smooth muscles

Arcapillin in the range of 10-7 M-3×10-4 M caused a concentration-
dependent relaxation of the tone and phasic contraction of the ileal 
segments. This inhibition was reversible within one minute upon 
washing the tissue with PSS (Figures 2A and 3A). Arcapillin caused 
a tone relaxation of L-phenylephrine-precontracted pulmonary artery 
rings in a concentration-dependent manner (Figures 2B and 3B). 
Compared to the maximum relaxation caused by 10-3 M papaverine, 
the induced inhibition induced by highest concentration (10-4 M) of 
arcapillin was 65.6% ± 6.4 (P < 0.05) on ileum, and 70.9% ± 4.9 (P < 
0.02) on pulmonary artery (Table 1). The calculated EC50 of arcapillin 
from the experimental plots in Figure 3 were (2.8 ± 0.6) 10-5 M on 
the ileum and (5.8 ± 0.6)10-5 M on the pulmonary artery. The urinary 
bladder showed a slight increase of the phasic contractions at higher 
concentrations (3×10-5 to 3×10-4 M); however, no effect was observed at 
the low concentrations (10-7 to 10-5 M) (Figure 2C). Arcapillin showed 
no effect on the contractile tone of the tracheal rings (data not shown).

DISCUSSION
Flavonoids are bioactive compounds with a wide spectrum of 
biological activities including their effects on smooth muscles.8,15,16,29,30 
Artemisia monosperma is a good source of flavonoids and is reputed 
in folk medicine in the Middle East for the relief of abdominal 
illness, inflammation and for inducing labor. Several flavonoids 
isolated from A. monosperma were reported to induce relaxation of 
different rat smooth muscles.15-16 We reported the first-time isolation 
of arcapillin from A.monosperm.28 This study aim was to evaluate 
the pharmacological effects of this flavone on vertebrate smooth 
muscle which has not yet reported in the literature. Our data show a 
disparity of effects on isolated rat smooth muscles of different organs 
upon being treated with arcapillin. There was a significant inhibition 
of the contractile activity of ileum and pulmonary artery but a slight 
increase in the contraction of urinary bladder at a concentration 
higher than 3×10-5 M. There was no effect observed on the tone of 
tracheal muscles. The difference in arcapillin effects on rat smooth 
muscles might be due to the diverse properties of these muscles in 
different organs or maybe caused by different mechanisms of action. 
Flavonoids were reported as blockers for ion channels including those 
for calcium and potassium.30-33 They also act as inhibitors of selective 
enzymes including cyclic AMP phosphodiesterase.34-36 Arcapillin was 
reported as an inhibitor of α-glucosidase, and as a protein tyrosine 
phosphatase 1B.37,38 Tyrosine kinase inhibitors reduce the amplitudes 
of contractions of intact smooth muscle stimulated by muscarinic or 



714 Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019

Abu-Niaaj, et al.: Antispasmodic Effect of Arcapillin

Figure 1: 1H-Nuclear magnetic resonance (a) and Mass spectroscopy (b) of Arcapillin.

Figure 2: Typical traces showing effects of increasing concentrations of arcapillin on rat isolated tissues: (A) ileum, (B) 
Pulmonary artery, and (C) urinary bladder. 
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α-adrenergic agonists.39 It is possible that the relaxant effect of arcapillin 
on ileum and pulmonary artery is caused by the decreased cytosolic 
calcium concentration which subsequently affects calcium availability 
to the intracellular proteins, or might be due to the activation of 
potassium channels.30-34 It is also possible that the induced relaxation 
of ileum by arcapillin is due to the inhibition of the phosphodiesterase 
enzyme causing an elevation in the cellular cAMP; however, the 
increased contractility of the urinary bladder could be due to affecting 
the α-adrenergic receptors.33,34,39 Overall, the antispasmodic activity 
of arcapillin is moderate compared to other flavones which most 
likely caused by its structural configuration as a 2',4',5-trihydroxy-
5',6,7-trimethoxyflavone. It is known that the diversity of functional 
groups of flavonoids contributes to their variable biological activities 
and potency.40 Structural-activity studies show that the number and 
position of methyl and hydroxyl groups of flavonoids influence the 
strength of their bioactivity. Studies showed that methylated flavonoids 
at the 7-position with a free hydroxyl group at the 2´position are less 
effective as bioactive compounds.36 The absence of a hydroxyl group at 
position 3 in flavones showed a decreased antioxidant activity38. It was 
shown that the presence of more hydroxyl groups at the 3',4',5, and 7 
positions increased effectiveness of flavones in inhibiting the formation 
of advanced glycation end products.41,42  Flavones with more hydroxyl 
groups at 4',5′,6′,6 were reported to induce higher ex vivo relaxant effect 
on tracheal rat muscle.43  Furthermore, studies showed that flavones 
having free hydroxyl groups in the ortho positions at carbons 5 and 
7 of the A- ring were more potent bioactive than those lacking this 
configuration.44 Collectively, the structure of arcapillin may explain its 
moderate bioactivity in this study. The precise mechanism of action on 
muscles should be further investigated.  

CONCLUSION
This study demonstrates that arcapillin has a significant spasmolytic 
activity on the intestinal smooth muscles, which justifies the use 
of A. monosperma to relieve pain of gastrointestinal disorders. 
It is most likely that this flavone may be responsible in part of the 
pharmaceutical importance of Artemisia species which are rich in 
bioactive flavonoids.
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GRAPHICAL ABSTRACT

SUMMARY
• Arcapillin, 2',4',5-trihydroxy-5',6,7–trimethoxyflavone, was isolated for the first time from A. monosperma. It seems to 

contribute to the pharmaceutical importance of Artemisia species. 

• The effect of arcapillin on smooth muscles was evaluated over eight cumulative concentrations of half log units in the range 
of [10-7 M -3×10-4 M]. 

• Arcapillin showed a concentration-dependent inhibition of ileal smooth muscle contraction with an EC50 of 2.8×10-5 M.

• The highest concentration of arcapillin tested (3×10-4 M) on ileum induced ~65% relaxation compared to the maximum 
relaxation induced by papaverine. The induced inhibition was reversible within a minute upon washing off the flavone. 

• Arcapillin caused a relaxation of the tone of contraction of the pulmonary artery muscle with an EC50 of 5.8 ×10-5 M. The highest 
concentration tested (3×10-4 M) induced 70.9% relaxation compared to the maximum relaxation caused by papaverine. 

•  Arcapillin in a concentration of 3×10-5 M slightly increased the contraction of the smooth muscle of the urinary bladder. 

• Tracheal smooth muscles were not affected by all tested concentrations of arcapillin.

• The relaxation of ileum induced by arcapillin could be due to decreased availability of cytosolic calcium or due to an increased 
cAMP via inhibiting the phosphodiesterase enzyme. However, the contractile effect on the urinary bladder muscles could be 
due to inhibiting the α-adrenergic receptors.

• The precise mechanism of action of arcapillin on smooth muscles should be investigated.  
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