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Abstract

Achillea millefolium L. is cultivated in Iran and widely used in traditional medicine for gastrointestinal disorders. The aim of this study was to
determine the effect of hydroalcoholic extract of A. millefolium on the contraction and relaxation of isolated ileum in rat. In this experimental study, aerial
parts of A. millefolium were extracted by maceration in ethanol 70% for 72h. Terminal portion of ileum in 100 male Wistar rats was dissected and its
contractions were recorded isotonically in an organ bath containing Tyrode solution (37 ºC, pH 7.4) under one gram tension. Acetylcholine (1mM) and
KCl (60mM) were used to create isotonic contractions. Propranolol and Nω-Nitro-L-arginine methylester hydrochloride (L-NAME) were used to
investigate the mechanisms of action prior to giving the extract to the relevant groups. Data were compared by ANOVA and Turkey's post hoc test.. The
results showed that the ileum contraction was induced by KCl and acetylcholine induced contraction was significantly reduced by A. millefolium extract.
The cumulative concentrations of A. millefolium relaxed the KCl and acetylcholine induced contractions (n=14, p<0.001). The inhibitory effect of extract
on contraction induced by KCl and acetylcholine was not significantly affected neither by propranolol (1μM) nor by L-NAME (100 μM). There was no 
significant difference in the rate of relaxation by propranolol and L-NAME between the two groups. In conclusion, A. millefolium can inhibit contraction
of smooth muscle of ileum in rat, and it can be used for eliminating intestinal spasms. These results suggest that the relaxatory effect of A. millefolium on

ileum contractions can be due to the blockade of voltage dependent calcium channels. In addition, the β-adrenoceptors, cholinergic receptors and nitric

oxide production are not powerful actors in inhibitory effect of A. millefolium. So, the nitric oxide and adrenergic systems may also be involved in the

antispasmodic effect of A. millefolium.
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Introduction

A common functional disorder of the intestine that affects many people is irritable bowel syndrome (IBS). The factors inducing IBS are not
known. Patients suffer from IBS episodes with alternating constipation and diarrhea. Abdominal pain and cramps are among the most common symptoms
of IBS. Nowadays, many people have resorted to the use of natural medicines for the treatment of intestinal disorders.

Medicinal plants have been used for more than 2000 years. Increasing attention has been paid to herbal products because of their capability and
cheaper cost in recent years (World et al., 2002, Uprety et al., 2012). One of the common natural medicines used for the treatment of IBS is peppermint oil
(Hills, and Aaronson, 1991) which has a spasmolytic effect. There are various herbal medicines traditionally used for intestinal disorders and diarrhea
(Sadraei et al., 2003). A famous characteristic of these medicinal plants is their spasmolytic activity. Therefore, the selection of the most effective herbs in
this field is of particular interest.

Achillea millefolium L. (Asteraceae) grows wildly in Asia, Europe, North Africa, and North America. Its different types have been used by local
people as folk or traditional medicinal plants. Bumadaran is a known name for several species of Achillea in Iran. It is cultivated in Iran and widely used in
traditional medicine for gastrointestinal disorders (Nemeth and Bernath, 2008).

Several effects such as antibacterial (Candan et al., 2003, Stojanovic et al., 2005), anti-inflammatory (Benedek et al., 2007), antihypertensive and
antihyperlipidemia (Asgary et al., 2000), and antitumor (Tozyo et al., 1994, Csupor-Loffler et al., 2009) have been reported for Achillea. Also, effects on
the gastrointestinal tract such as antiulcer (Cavalcanti et al., 2006), antispasmotic (Lemmens-Gruber et al., 2006, Yaeesh et al., 2006, Karamenderes and
Apaydin, 2003), antibacterial (Helicobacter pylori) (Mahady et al., 2005), choleretic (Benedek et al., 2006), and hepatoprotective (Lemmens-Gruber et al.,
2006) have been reported. Flavonoids, alkaloids (achilleine), cineol, borneol, α and β pinen, camphor, caryophllene, thujene, rutin, monoterpenoids and 
sesquiterpenoids (Dokhani et al., 2005, Afsharypuor et al., 1996, Gherase et al., 2003, Javidian K et al., 2004) are among its chemical compounds.

Propranolol is a non-selective beta-adrenergic receptor blocking agent (Dobarro et al., 2013). It has no other autonomic nervous system activity.
Propranolol is a competitive antagonist which specifically competes with beta-adrenergic receptor stimulating agents for available beta-receptor sites
(Pereira-Leite et al., 2013).
NG-nitro-L-arginine methyl ester (L-NAME) is a non-selective inhibitor of nitric oxide synthesis (NOS) (Zhao et al., 2013). In this study, we investigated
the effect of hydroalcoholic extract of floriated shoot of A. millefolium on the smooth muscle relaxation of isolated ileum in rats to find out their
antispasmodic activity possibility.
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Materials and Methods
Plant material

Aerial parts of A. millefolium were collected from plants in Tangesayad, Caharmahal va Bakhtiari province (Iran). The plant was identified by
the staff of Medical Plants Research Center of Shahrekord University of Medical Sciences, (Iran). A voucher specimen was deposited at herbarium of the
Medical Plants Research Center (voucher No. 304).

Extraction method

Hydroalcoholic extract was obtained by the Maceration method. The crude A. millefolium was reduced to pieces of suitable size, mixed
thoroughly with the specified extracting solvent (ethanol 70%), and allowed to stand at room temperature in a closed container for an appropriate time
(72h) with frequent agitation until soluble matter was dissolved. The mixture was filtered, the insoluble material was washed with the same solvent used
for maceration, and the filtrates were combined and concentrated, usually under pressure reduced by the vacuum pump, to isolate the solvent from the
extraction by lower temperature (40°C) to the desired consistency (Rashidi et al., 2005, Moreno-Loaiza and Paz-Aliaga, 2010).

Experimental procedure

This experimental study was conducted using 84 male Wistar rats (weighing 185–250 g). The animals were kept in a 20-24°C temperature with a
12h light/dark cycle and fed with standard diet, and drinking water was made easily accessible for them. The rats were deprived of food 24h before the
experiment but they had free access to water. Animals were randomly assigned to six experimental groups: 1) KCl+saline; 2) KCl + A. millefolium; 3)
acetylcholine (Ach) + saline; 4) Ach + A. millefolium; 5) L-NAME + KCl + A. millefolium; and 6) propranolol + KCl + A. millefolium. All procedures
were in accordance with the guide for the care and use of laboratory animals adopted by Iran’s National Institute of Health and federation of Iranian
societies for experimental biology. This study was approved by the Ethics Committee of Shahrekord University of Medical Sciences, Sahrekord, Iran
(approval number 89-1-3) and the study was conducted in accordance with the Ethical and Practical Principles of Laboratory Animal guidelines.

Animals were anesthetized by ether and 1.5-2cm of ileum terminal portion was isolated in post laparatomy and placed in oxygenated Tyrode’s
solution (Pickering et al., 2009, Sadraei et al., 2011, Ince et al., 2011, Brankovic et al., 2011) of the following composition (mM): NaCl 136.9, KCl 2.68,
CaCl2 1.8, MgCl2 1.05, NaHCO3 11.9, NaH2PO4 0.42, and glucose 5.55. The ileum was mounted in a 10 ml organ bath containing Tyrode solution, which
was maintained at 37°C and constantly aerated with oxygen (pH=7.4). The tissues were subjected to a resting tension of one gram. The period of
adaptation was 60min and bath solutions were changed every 15 minutes. Isotonic contractions of tissue were recorded using isotonic transducer (Harvard
Isotonic Transducer, UK) and displayed on a Harvard Universal Oscillograph pen recorder device. At the end of adaptation period, smooth muscle of
ileum with KCl (60 mM) (Camilleri, 2001) or acetylcholine (1μM) ( Hasler and Owyang, 1999) was contracted. After reaching the plateau of contraction,
cumulative concentrations of extract (1.5 mg/mL) was added to the organ bath. The percentage change in contractile force was compared with the plateau
of contraction. The effects of concentrations of A. millefolium extracts on contraction induced by KCl and acetylcholine were measured. After 30min
incubation of the tissue with 1μM propranolol at concentration (Vanner et al., 1999) and 20min with 100 μM L-NAME at concentration (Hamm et al., 
1999) the previous steps were repeated. To investigate the role of extracellular calcium in the extracts, the tissues in calcium-free Tyrode’s solution
containing KCL concentration (120mM) were placed and the cumulative CaCl2 (0.225-3.6 mM) was added to the bathroom. After 5min presence of
extracts in different tissues with 2-4 mg/ml concentrations, the previous steps were repeated.

Statistical analysis

Mean and standard error of mean (SEM) values were calculated for each group of results and the significant difference between the means was
calculated by one way analysis of variance (ANOVA) and Turkey's post hoc test. Differences were considered statistically significant when P<0.05.

Results

In all experiments, the addition of KCl solution (60mM) and Acetylcholine (1mM) increased the initial sudden contraction in the ileum rapidly.
The contractions returned to the plateau state immediately. At this point, the contractions of the ileum were considered 100%. Adding the extracts to bath
tissue decreased KCl- and acetylcholine-induced contractions.

Figure 1: The recorded samples taken from the ileum of rats Response to (A) added acetylcholine, (B) KCl (left arrow) or saline (right arrow), (C) KCl +
extracts and (D) acetylcholine (left arrow) + extract (right arrow)
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According to Figure 2, significant differences between groups Ach + saline with KCl + saline were seen (P<0.01). Acetylcholine caused more contraction
of ileum compared to KCl. Significant difference was observed between groups Ach + saline, KCl + A. millefolium, L-NAME + KCl + A. millefolium, and
propranolol + KCl + A. millefolium (P <0.05). In the acetylcholine group, contraction rate was higher compared to those of others.
According to Figure 3 antispasmodic effect of A. millefolium extract was greater than those of the other groups (P<0.001).

Figure 2: Effect of A. millefolium on ileum contractions of rats in different groups
Values are expressed as mean ± S.E.M. (n = 14). **p < 0.01 as compared to kcl+Sal group; #p<0.05 as compared to kcl+Sal group; $p<0.05 as compared to
Ach +Sal group; (One-way ANOVA followed by Tukey’s test) Sal= saline, AML= A. millefolium L., Ach= acetylcholine, L-Na= L-NAME, Pro=
propranolol
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Figure 3: Effect of A. millefolium on ileum relaxation of rats in different groups
Values are expressed as mean ± S.E.M. (n = 14). ***p < 0.001 as compared to all other groups; ###p<0.001 as compared to Ach +Sal group;
$$$p<0.001as compared to Ach +Sal and kcl + Sal groups; &&& p<0.001 as compared to Ach +Sal, kcl + Sal and Ach+ A. millefolium groups (one-way
ANOVA followed by Tukey’s test) Sal= saline, AML= A. millefolium L., Ach= acetylcholine, L-Na= L-NAME, Pro= propranolol.

Discussion

The purpose of this study was to investigate the pharmacological effects of A. millefolium on rat ileum contractions. As obtained in the results,
the alcoholic extract of A. millefolium reduced KCl and Acetylcholine-induced contraction of ileum. Smooth muscle membrane contains more voltage-
dependent calcium channels compared to skeletal muscle, but much less voltage-dependent sodium channels. Therefore, calcium ions flow into fiber
through slow calcium-sodium channels thanks to KCl effect is responsible for the contraction (Ratz et al., 2005). Substances that inhibit KCl-induced
contraction of the smooth muscle are referred to as voltage-dependent calcium channel blockers (Berridge, 2008). Acetylcholine causes the contraction
through the effect on the receptors of muscarinic M4, decrease in cAMP (Cyclic adenosine monophosphate), increase in potassium, the activation of
muscarinic M3 receptors and calcium channels, increase in intracellular calcium, or by affecting nicotinic receptor and opening the ion channels and
depolarization (Nausch et al., 2010, Wright and Huddart, 2002). The inhibitory effects of A. millefolium extract stimulated by KCl and acetylcholine are
not fully reversible. These effects only decline and will not be completely eliminated through washing or replacing the tissue. The relative decline of the
effects of extract after washing the tissue is probably attributable to the removal of extract from surface receptors that were reversibly bound to extract.
Also, the results of long term ileum contraction by KCl and acetylcholine without using extracts revealed that ileum can stay contracted in long term with
no decline in contractile force. These results indicated that the observed decrease in contractile force was due to the performance of extract rather than
muscle fatigue. Since the nitric oxide synthase inhibitor drug that is normally responsible for the production of nitric oxide in the body could not block the
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antispasmodic effects of the extract, the extract could not act by affecting the body's levels of nitric oxide. Also, contractile effect is not completely
inhibited with the presence of propranolol that is an inhibitor of adrenergic system. So, the extract can affect through adrenergic as well as nitric oxide
receptors. Increasing the intracellular calcium and potassium is the controlling factor of tension of gastrointestinal smooth muscle (Wells et al., 2008). So,
the existence of extract may have been inhibiting the normal function of calcium and potassium, through which the present extract could have inhibited the
contraction.

Apigenin flavonoid has been reportedly present in the extract (Yaeesh et al., 2006) and can take part in an antispasmodic activity (Takzare et al.,
2011). As a result, antispasmodic effects observed in the present work could be attributed to the apigenin flavonoid of A. millefolium. However, more
research is needed in this regard. By methods such as immunohistochemistry and binding, the precise mechanisms of A. millefolium antispasmodic effects
could be more clarified. Decrease in small intestinal contractions could suggest that A. millefolium may be helpful in the treatment of diarrhea predominant
irritable bowel syndrome (IBS).

Conclusion

A. millefolium can inhibit contraction of smooth muscle of ileum in rat, and it can be used for eliminating intestinal spasms. These results suggest

that the relaxatory effect of A. millefolium on ileum contractions can be due to the blockade of voltage dependent calcium channels. In addition, the β-

adrenoceptors, cholinergic receptors and nitric oxide production are not powerful actors in inhibitory effect of A. millefolium. So, the nitric oxide and

adrenergic systems may also be involved in the antispasmodic effect of A. millefolium.
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