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Abstract

Intestinal spasms are violent contractions that occur in the intestine, which cause discomfort to people 
who have them. Medicinal plants are widely used in traditional Moroccan medicine to treat these problems, 
among these being Artemisia campestris L. This study aims to evaluate the relaxant and antispasmodic 
effects of an aqueous extract of this plant (ACAE). It was performed in vitro on isolated segments of both 
isolated rat and rabbit jejunum mounted in an organ bath and tension recordings made via an isotonic trans-
ducer. ACAE caused a myorelaxant effect on baseline rabbit jejunum contractions in a dose-dependent and 
reversible manner with an IC50 of 1.52 ± 0.12 mg/ml. This extract would not act via adrenergic receptors 
pathway. On the other hand, the extract caused a dose-dependent relaxation of the jejunum tone in rat jeje-
num segments pre-contracted with either Carbachol (CCh; 10−6 M) or high K+ (KCl 75 mM) with an IC50 = 
0.49 ± 0.02 mg/ml and 0.36 ± 0.02 mg/ml respectively. In the presence of different doses of the extract, the 
maximum response to CCh and CaCl2 was significantly reduced. This demonstrates that ACAE acts on both 
muscarinic receptors and voltage-dependent calcium channels. Thus, the plant extract acted on both mus-
carinic and nicotinic receptors and acts on the guanylate cyclase pathway, but not the nitric oxide pathway. 
These results indicate the mechanism by which Artemisia campestris L. acts as an effective antispasmodic 
agent in traditional Moroccan medicine.
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Introduction

Currently, traditional medicines are a very important therapeutic source, especially in developing coun-
tries. WHO estimates that 80% of their population use plant cures (1, 2). The Moroccan traditional pharma-
copeia is full of a multitude of herbal recipes to prevent, cure, relieve or improve human well-being (3). In 
Morocco, Artemisia campestris L. is a plant used traditionally for the treatment of diseases such as diabetes, 
obesity (4), cancer (5), hypertension (6), allergy, asthma, pathology of the digestive system (7), gastric ulcer 
(8), diarrhea (9) and also as an antispasmodic (10). This wide use is due to the diversity of phytoconstituents 
and several active ingredients (11). Artemisia campestris L. is rich in flavonoids, phenolic acids, coumarins, 
and fatty acids (12). Different pharmacological studies show that Artemisia campestris L. has antibacterial (13), 
antitumor (14), anti-inflammatory (15), antiplatelet, antihypertensive, and vasorelaxant effects (16, 17).

According to Fakchich and Elachouri (7), an Artemisia campestris aqueous extract (ACAE) has a high 
ICF (Informant Consensus Factor) value of 0.92, which means that this herb was traditionally strongly used to 
treat gastrointestinal problems. As there has been no previous study in this pharmacological effect of Artemisia 
campestris, we have chosen to study the antispasmodic and myorelaxant activity of ACAE on isolated seg-
ments of the rat and rabbit jejunum to elucidate the mechanism of action of ACAE in gastrointestinal disorders.

Material and Methods

We followed the previously described method used by Aziz et al. (18) and Makrane et al. (19).

Plant material
The aerial part of Artemisia campestris L. was collected from a desert area situated between Tendrara and 

Figuig in Morocco. The plant was identified by Professor Elachouri Mostafa from the Department of Biology. 
The voucher specimen HUMPOM-151 is kept in the herbarium of the Faculty of Sciences, Mohamed the First 
University, Oujda (Morocco).

Extract preparation
According to traditional usage, the ACAE was prepared by infusion of 30 g of the aerial part in 300 ml 

distilled water for 30 min. The ACAE was obtained after filtration and evaporation to dryness in vacuo (yield: 
19%). The extract was stored at −20 °C until use.

Pharmacological drugs
The following drugs were used: Carbamylcholine chloride (Carbachol, CCh), propranolol, yohimbine, 

prazosin, L-NAME, calcium chloride (CaCl2), and hexamethonium were purchased from Sigma Chemical Co. 
(Sigma-Aldrich, USA). Atropine was supplied by Research Biochemical Incorporated, USA and Verapamil 
by Tocris, USA. All chemicals used were of the analytical grade available and solubilized in distilled water.

Animals
The experimental animals used were male and female 6–8 week old Wistar rats (200–300 g) and 4 month 

old New Zealand rabbits (1.5–2 kg). All animals were kept in the animal house of the Faculty of Sciences 
(Oujda, Morocco) in an air-conditioned room with controlled lighting (12 h:12 h light-darkness cycle) and 
free access to food and water. Food was withdrawn 24 h before the experiment. All animals were cared for in 
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compliance with the internationally accepted Guide for the care and use of laboratory animals, published by 
the US National Institutes of Health (20).

Isolated tissue experiments
Animals were anesthetized with light ethyl ether inhalation, the abdominal cavity opened and 2 cm jeju-

num segments removed and maintained during the tests in aerated normal Krebs-Henseleit buffer (KHB) solu-
tion with the following composition (in mM): NaCl 118, KCl 4.7, CaCl2 2.5, MgSO4 1.2, NaHCO3 25, KH2PO4 
1.2 and glucose 10. The KHB solution was maintained at a temperature of 37 °C and a pH of 7.4 maintained 
with continuous bubbling with a mixture of 95% O2, 5% CO2 for 1 h to maintain the physiological conditions of 
the animal. Each piece of jejunum was mounted in an isolated organ bath (10 ml). The physiological fluid was 
changed every 15 min to equilibrate the organ before adding the plant extracts or other drugs. For all experi-
ments, the effects of each dose were recorded for at least 7 to 8 min. The graph tracing related to the contrac-
tile response of the intestine was recorded using the PROTOWIN Panlab software and an isotonic transducer 
(TRO015 / Panlab) connected to a force amplifier (ISO510A / Panlab).

Myorelaxant activity in isolated rabbit jejunum segments
After stabilizing the baseline contractions (7 min) of rabbit jejunal smooth muscle segments, cumula-

tive doses (0.1–3 mg/ml) of ACAE were added to the isolated organ chamber. We also tested the effect of this 
extract in the presence of three adrenergic receptor antagonists (Prazosin, propranolol and yohimbine) at a 
concentration of (5.0 × 10−5 M) for each of them in the chamber.

Antispasmodic effect of Artemisia campestris L. extract on rat jejunum segments 
via calcium channel blocking

To evaluate the antispasmodic activity, we pre-contracted jejunal smooth muscle segments with KCl 
75 mM after stabilization, and then added cumulative doses of ACAE to the isolated organ bath for final 
concentrations of between 0.1 to 1 mg/ml. To confirm the effect of ACAE on calcium channels, without stop-
ping the recording, normal KHB was replaced by calcium-free Krebs solution with the following composi-
tion (in mM): (NaCl 121.7, KCl 4.7, CaCl2 0, MgSO4 1.2, NaHCO3 25, KH2PO4 1.2 and glucose 10 and EDTA 
(0.1 mM) to remove calcium from the tissues for 10 min, then replaced with KHB rich in potassium and with-
out calcium (in mM); NaCl 48, KCl 75, CaCl2 0, MgSO4 1.2, NaHCO3 25, KH2PO4, 1.2 and glucose 10. After 
stabilization, increasing and cumulative doses of CaCl2 from 0.1 to 10 mM were added to the control. We fol-
lowed the same protocol for the rest of the tests except that the ACAE were added before CaCl2.

Anti-cholinergic effect of Artemisia campestris L. extract on rat jejunum segments
To study anticholinergic activity, we pre-contracted jejunal smooth muscle segments with CCh (10−6 M). 

After stabilization, cumulative doses of ACAE were added to the isolated organ bath for final concentrations 
of between 0.1 and 1 mg/ml. To confirm the effect of our plant on cholinergic receptors, we added in the organ 
bath cumulative, increasing doses of CCh (3.10−8 M - 3.10−5 M) in both the absence and presence of ACAE. 
To better understand the mechanism of action of the extract, tissues were pre-incubated for 20 min in either 
atropine (10−6 M) or hexamethonium (10−4 M), then the tissues were contracted, and the concentration of the 
extract that induced the maximum relaxation (1 mg/ml) was added.
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The relaxant effect of Artemisia campestris L. extract on the NO/cGMP pathway
To analyze the effect of the plant extract on the nitric oxide (NO) and guanylate cyclase pathway (GC), we 

have pre-incubated the jejunum segments for 20 min in either L-NAME (10−4 M) or methylene blue (10−5 M). 
Following contraction of the tissues with a KCl rich medium, the concentration of the extract that induced the 
maximum effect (1 mg/ml) was added.

Statistical analysis of the results
The results were expressed as the mean ± S.E.M. Moreover, the difference between the groups was calcu-

lated with a one-way analysis of variance (ANOVA) using GraphPad Prism 5 for windows, followed by a post 
hoc Tukey test. The difference was considered to be significant when P is less than 5%.

Results

Myorelaxant activity on isolated segments of rabbit jejunum
ACAE has inhibited basal contractions of rabbit jejunum segments in a dose-dependent manner with an 

IC50 = 1.52 ± 0.12 mg/ml. The difference between the control and the 3 mg/ml dose is statistically extremely 
significant (P≤0.001) (Fig. 1B). When rinsing with normal KHB was performed, contractions have been found 
to resume normally after a few minutes, showing that ACAE has a reversible effect (Fig. 1A).

In the presence of a combination of three adrenergic blocking agents, Propranolol (5.10−5 M), Prazosin 
(5.10−5 M), and Yohimbine (5.10−5 M), ACAE (3 mg/ml) caused an inhibition of the contraction of the smooth 
muscle of the rabbit jejunum segments. This inhibition is comparable to that obtained with the extract alone 
without inhibitors.

Antispasmodic effect of Artemisia campestris L. extract on rat jejunum segments 
via calcium channel blocking

ACAE caused a dose-dependent relaxation of the jejunum segments of the rat pre-contracted by KCl 
75 mM with an IC50 = 0.36 ± 0.02 mg/ml and a total relaxation at 1 mg/ml, which was highly significant com-
pared to the control (Fig. 2). In the presence of different doses of the extract (0.1, 0.3, 1 mg/ml), the maximum 
response to the increasing cumulative amount of CaCl2 was significantly reduced while shifting the dose-
response curves of contraction to the right and down (Fig. 3). Verapamil (10−6 M), which is an antagonist of 
L-type calcium channel blocker, had a comparable effect to that of 1 mg/ml of ACAE (data not shown).

Anti-cholinergic effect of Artemisia campestris L. on rat jejunum segments
The concentration of 0.3 mg/ml of ACAE caused a significant decrease (P<0.01) in the tone of rat jejunum 

segments induced by carbachol 10−6 M, while the addition of 1 mg/ml caused a total decrease of tone with an 
IC50 = 0.48 ± 0.02 mg/ml (Fig. 4). In the presence of different doses of the extract, the contractile response to 
CCh significantly reduced and shifted the dose-response curves of contraction to the right and down. At a dose 
of 1 mg/ml, the ACAE showed total inhibition of the contraction of the jejunum segments (Fig. 5).

The relaxant effect of ACAE on a KCl-induced contraction in the presence of muscarinic (atropine) and 
nicotinic (hexamethonium) inhibitors was significantly reduced by 51.16% and 78.88% respectively, compared 
to the effect of the extract in the absence of these inhibitors (Fig. 6). Atropine and hexamethonium did not have 
a significant inhibitory effect on KCl-induced contraction.
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The relaxant effect Artemisia campestris L. extract on the NO/cGMP pathway
The effect of ACAE on rat jejunum segments pre-incubated with L-NAME and contracted with CCh was 

weakly reduced by 14.65% (not significant) compared to the control. When the intestine was pre-incubated 
with methylene blue, the effect of the extract was reduced significantly by 28.82% (Fig. 7). L-NAME did not 
affect the CCh-induced contraction of rat jejunum segments, but methylene blue inhibited the contraction in-
duced by CCh by 50% (data not shown).

Discussion

Spontaneous phasic contractions of the longitudinal and circular muscle layers of the intestine result from 
a cyclical depolarization/repolarization cycle, known as electrical slow waves, which result from the intrinsic 
pacemaker activity of Interstitial cells of Cajal (ICC) which are electrically coupled to smooth muscle cells. 
These waves of depolarization activate voltage-dependent calcium channels in the smooth muscle cells and 

Fig. 1.	 Original tracing (A) and histogram (B) showing the effect of increasing doses of ACAE on the 
amplitude of spontaneous contractions of segments of the rabbit jejunum. The reduction of tone is 
not significant (NS) until 1 mg/ml (**P≤0.01) and 3 mg/ml (***P≤0.001) (mean ± S.E.M. n=5).
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rhythmical mechanical contractions are generated (21). The basic spontaneous contractions of the rabbit jeju-
num are larger and easier to evaluate than those of the rat jejunum. For this reason, we chose to test the effect 
of ACAE on this jejunum. ACAE caused a decrease in the amplitude and tone of spontaneous contractions of 
the smooth muscle in segments of the rabbit jejunum. The dose of 3 mg/ml gave a total inhibition of this con-
traction. After a double wash with a physiological solution, the tone and amplitude of these basic contractions 
was restored. Therefore, addition of ACAE had a myorelaxant effect on base contractions of segments of the 
rabbit jejunum in a dose-dependent and reversible manner. It could be acting either directly on smooth muscle 
cells and/or on ICC.

The autonomic nervous system acts via the release of norepinephrine and adrenaline to inhibit intestinal 
contractions (22–24) by the attachment of these neurotransmitters to the adrenergic receptors, all coupled 
to trimeric G proteins (25). We wanted to determine if ACAE acts via α and β adrenergic receptors. For that 
purpose, we added three adrenergic inhibitors simultaneously to the organ bath: yohimbine, prazosin, and 
propranolol, antagonists of α1, α2, and β adrenergic receptors respectively. In the presence of these inhibitors, 
adrenaline did not affect basal contractions, and the relaxant effect of ACAE was identical to that obtained in 

Fig. 2.	 Original tracing (A) and histogram (B) showing the effect of ACAE on the contractions of seg-
ments of the rat jejunum induced by 75 mM KCl. The difference is statistically significant to the 
control (KCl 75 mM) at 0.3 and 1 mg/ml (***P≤0.001; mean ± S.E.M. n=6). NS: Not Significant.
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their absence. This suggests that the effect of the plant extract did not operate through the adrenergic receptor 
pathway.

Muscarinic antagonists inhibit the contractions of the gastrointestinal tract induced by acetylcholine and 

Fig. 3.	 Original tracings (A, A’) and (B) the dose-response curves to CaCl2 in the presence (A’) and absence (A) of ACAE 
on segments of the rat jejunum.. The difference is statistically significant to the control (in the absence of ACAE) 
at higher concentrations of ACAE and Ca2+ (**P≤0.01; ***P≤0.001; mean ± S.E.M. n=5).
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other muscarinic agonists (such as CCh) mediated mainly via M2 and M3 receptors (26). These last are coupled 
to G-proteins, but the signal transduction varies. M3 receptors are predominant in the Interstitial cells of Cajal 
and are the primary mediator of contraction, while the contribution of the M2 receptors that are predominant 
in intestinal smooth muscle cells is less clear. The latter couple to pertussis toxin-sensitive G1/o proteins and 
modulate contraction, at least in part by inhibiting cyclic AMP (cAMP)-dependent relaxation and by regulat-
ing smooth muscle ion channel activity. M3 receptors couple preferentially to Gq/11 proteins which induce 
stimulation of phospholipase C (PLC) hydrolysis of phosphoinositides resulting in the formation of inositol 
1,4,5-trisphosphate (InsP3) and diacylglycerol (DAG). In turn, InsP3 releases Ca2+ from the sarcoplasmic re-
ticulum and DAG activates protein kinase C (PKC), leading to the phosphorylation of various proteins (27). 
Carbachol is a cholinergic agonist, which is a structural analog of acetylcholine and is not degraded by acetyl-
cholinesterase. It causes an increase in tone by acting on M2 and M3 muscarinic receptors (28). ACAE inhib-
ited the tone induced by CCh in a dose-dependent manner, and this inhibition was reduced in the presence of 
atropine, which is a specific inhibitor of muscarinic receptors. The extract could act on the pathways of these 
receptors. We suggest that the plant extract may contain components that have a cholinergic receptor blocking 
effect. This hypothesis was confirmed when the extract shifted the carbachol dose-response curve to the right 
and down, inhibiting the contractile response of intestinal smooth muscle at increasing doses of carbachol. 

Fig. 4.	 Original tracing (A) and histogram (B) showing the effect of ACAE on the contractions of seg-
ments of rat jejunum induced by CCh 10−6 M, The difference is statistically significant to the 
control at 0.3 and 1 mg/ml (**P≤0.01, ***P≤0.001; mean ± S.E.M. n=6). NS: Not Significant.
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Therefore, this inhibitory effect is similar to that of a non-competitive antagonist to the cholinergic receptors 
(19). The antagonist binds to the receptor at a site separate from the agonist-binding site (allosteric site) and 
results in conformational changes in the receptor with a decreased affinity of the receptor for its agonist.

Extrinsic and enteric nervous systems (myenteric plexus and submucosal plexus) innervate the gastroin-
testinal tract. These systems contain nicotinic acetylcholine receptors (nAChRs) which are ligand-gated ion 
channels (29). To check the effect of our plant extract on these cholinergic pathways, we used hexamethonium, 
an antagonist of neuronal nicotinic receptors (30). Hexamethonium significantly altered the relaxing effect 
of ACAE by 78.88%, which indicates that the extract acts via nicotinic receptors. However, ACAE could act 
either directly on muscarinic and nicotinic receptors or by the release of acetylcholine from postganglionic 
neurons.

Contraction of smooth muscle cells depends on intracellular calcium concentration, which is increased 
following the opening of the voltage-dependent calcium channels. Indeed, an extracellular Ca2+ flux passes to 
the intracellular medium (31). This causes the release of intracellular Ca2+ from the sarcoplasmic reticulum. 

Fig. 5.	 Original tracings (A, A’) and (B) the dose-response curves to CCh in the presence (A’) and absence 
(A) of ACAE on segments of the rat jejunum.. The difference is statistically significant to the con-
trol (in the absence of ACAE) at higher concentrations of CCh (*P≤0.05, **P≤0.01, ***P≤0.001; 
mean ± S.E.M. n=6).
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These channels open following depolarization of the membrane caused, in particular, by the increase of the 
concentration of K+ in the extracellular medium that occurs at the origin of a tonic contraction. To evaluate the 
effect of the ACAE on calcium channels, we pre-contracted the segments of rat jejunum with a medium rich 
in potassium (75 mM). ACAE reduced this contraction in a dose-dependent manner with the maximum relax-
ation at a dose of 1 mg/ml. This means that the ACAE has an effective blocking effect on calcium channels (32). 
According to Godfraind et al. (33), any substance that prevents these contractions (induced by the KCl rich 
medium) is considered to be an inhibitor of voltage-gated calcium channels. This hypothesis was reinforced by 
the fact that the extract at 0.1, 0.3, and 1 mg/ml shifted the dose-response curve of CaCl2 to the right and down 
by inhibiting the response to increasing doses of calcium, therefore, this inhibitory effect is similar to that of 

Fig. 6.	 Original tracings (A, B) and histogram (C) showing the effects of ACAE (1 mg/ml) on contractions 
of segments of the rat jejunum pre-incubated with hexamethonium (HEX) 10−4 M (A) and atropine 
(ATR) 10−6 M (B) for 20 min and then pre-contracted by 75 mM KCl. In C, ACAE-induced relax-
ation was significantly inhibited by ATR or HEX (***P<0.001; mean ± S.E.M. n=6).
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a non-competitive antagonist to the voltage-dependent calcium channels (19). These findings are reinforced 
when we used verapamil, which is an antagonist of L-type voltage calcium channel blocker, which had an effect 
comparable to that of 1 mg/ml of ACAE.

NO-GC is expressed in several cell types in the gastrointestinal tract, such as smooth muscle cells and 
Cajal interstitial cells (34). NO diffuses into smooth muscle cells and will bind to guanylate cyclase to increase 
the intracellular concentration of cyclic guanosine monophosphate (cGMP). The cGMP will in turn activate a 
protein kinase G-I (PKG-I). PKG-mediated phosphorylation may cause activation of K+ channels and hyperpo-
larization; inhibition of L-type Ca2+ channels and Ca2+ influx; increased Ca2+ efflux through activation of the 

Fig. 7.	 Original tracings (A, B) and histogram (C) showing the effects of ACAE (1 mg/ml) on contractions 
of segments of the rat jejunum pre-incubated with L-NAME 10−4 M (A), methylene blue (MB) 10−5 
M (B), for 20 min. Then pre-contracted by CCh 10−6 M. In C, ACAE-induced relaxation was sig-
nificantly inhibited by MB but not by L-NAME (NS: Not Significant, ***P<0.001; mean ± S.E.M. 
n=6).
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Na+/Ca2+ exchanger; Ca2+ sequestration through SERCA activation; reduction of Ca2+ mobilization through 
the inhibition of the sarcoplasmic reticulum IP3 receptor or the phospholipase C-dependent formation of IP3; 
or activation of the MLC phosphatase. The latter may be achieved directly via phosphorylation of the smooth 
muscle cells phosphatase or indirectly via inhibition of the inactivating RhoA pathway, ultimately resulting in 
dephosphorylation of the constricting smooth muscle cells (35, 36). The effect of ACAE on rat jejunum seg-
ments pre-incubated with L-NAME (NOS inhibitor) (37) and contracted with CCh was weakly reduced (not 
significantly) compared to the control. When the intestine was pre-incubated with methylene blue (a GC inhibi-
tor) (38), the effect of the extract was reduced significantly. We can suggest that our extract had no effect on the 
formation of NO, but could act on the guanylate cyclase pathway by decreasing the intracellular calcium level 
of smooth muscle cells by interfering with one of the pathways of the effect of PKG cited above.

Artemisia campestris L. contains flavonols and phenol acids, as well as chlorogenic acid, 3,4-dicaf-
feoylquinic acid (chlorogenic acid A), 3, 5-dicaffeoylquinic acid (chlorogenic acid B), 4,5-dicaffeoylquinic acid 
(chlorogenic acid C) (12, 16). These molecules are the phytochemical basis for the spasmolytic activity (39). 
Therefore, it may be that one or more of these molecules found in this plant could act alone or synergistically 
on one of the pathways we have tested.

Artemisia campestris L. extract has been shown to cause myorelaxant and antispasmodic activities medi-
ated predominantly through nicotinic, rather than muscarinic receptors. The extract could also act as an L-type 
voltage calcium channel blocker. It had less effect on the guanylate cyclase pathway. These results explain 
the pharmacological basis behind the use of this plant in Moroccan traditional medicine as an antispasmodic 
intestinal agent.

Funding

This work was funded by the budget allocated to research at Mohammed the First University by the Min-
istry of National Education, Vocational Training, Higher Education and Scientific Research.

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgment

Mustapha Badraoui, Karim Ramdaoui, and Mohammed Joudar are acknowledged for technical support and ani-

mal breeding.

References

	 1.	 Bourhia M, Abdelaziz Shahat A, Mohammed Almarfadi O, Ali Naser F, Mostafa Abdelmageed W, Ait 
Haj Said A, El Gueddari F, Naamane A, Benbacer L, Khlil N. Ethnopharmacological survey of herbal 
remedies used for the treatment of cancer in the greater Casablanca-Morocco. Evid Based Complement 
Alternat Med. 2019; 2019: 1613457. [Medline]  [CrossRef]

	 2.	 WHO. Organización Mundial de la Salud Ginebra Estrategia de la OMS sobre medicina tradicional 
2002–2005. 2002.

http://www.ncbi.nlm.nih.gov/pubmed/31687035?dopt=Abstract
http://dx.doi.org/10.1155/2019/1613457


Artemisia campestris extract as an antispasmodic

— 47 — 

	 3.	 Lahsissene H, Kahouadji A. Ethnobotanical study of medicinal and aromatic plants in the Zaër region 
of Morocco. Phytotherapie. 2010; 8(4): 202–9.  [CrossRef]

	 4.	 Bnouham M, Hassane M, Abdelkhaleq L, Ziyyat A. Medicinal plants used in the treatment of diabetes 
in Morocco. Int J Diabetes Metab. 2002; 10: 33–50.

	 5.	 Djeridane A, Yousfi M, Nadjemi B, Vidal N, Lesgards JF, Stocker P. Screening of some Algerian me-
dicinal plants for the phenolic compounds and their antioxidant activity. Eur Food Res Technol. 2007; 
224(6): 801–9.  [CrossRef]

	 6.	 Boudjelal A, Henchiri C, Sari M, Sarri D, Hendel N, Benkhaled A, Ruberto G. Herbalists and wild 
medicinal plants in M’Sila (North Algeria): an ethnopharmacology survey. J Ethnopharmacol. 2013; 
148(2): 395–402. [Medline]  [CrossRef]

	 7.	 Jamila F, Mostafa E. Ethnobotanical survey of medicinal plants used by people in Oriental Morocco to 
manage various ailments. J Ethnopharmacol. 2014; 154(1): 76–87. [Medline]  [CrossRef]

	 8.	 Leporatti ML, Ghedira K. Comparative analysis of medicinal plants used in traditional medicine in 
Italy and Tunisia. J Ethnobiol Ethnomed. 2009; 5(1): 31. [Medline]  [CrossRef]

	 9.	 Sassi AB, Harzallah-Skhiri F, Aouni M. Investigation of some medicinal plants from Tunisia for anti-
microbial activities. Pharm Biol. 2007; 45: 421–8.  [CrossRef]

	10.	 Ouelbani R, Bensari S, Mouas TN, Khelifi D. Ethnobotanical investigations on plants used in folk 
medicine in the regions of Constantine and Mila (North-East of Algeria). J Ethnopharmacol. 2016; 194: 
196–218. [Medline]  [CrossRef]

	11.	 Nigam M, Atanassova M, Mishra AP, Pezzani R, Devkota HP, Plygun S, Salehi B. Bioactive compounds 
and health benefits of Artemisia species. Nat Prod Commun. 2019; 14(7): 1–17.

	12.	 Megdiche-Ksouri W, Trabelsi N, Mkadmini K, Bourgou S, Noumi A, Snoussi M, Barbria R, Tebourbi 
O, Ksouri R. Artemisia campestris phenolic compounds have antioxidant and antimicrobial activity. Ind 
Crops Prod. 2015; 63: 104–13.  [CrossRef]

	13.	 Naili MB, Alghazeer RO. Evaluation of antibacterial and antioxidant activities of Artemisia campestris 
(Astraceae) and Ziziphus lotus (Rhamnacea). Arab J Chem. 2010; 3: 79–84.  [CrossRef]

	14.	 Akrout A, Gonzalez LA, El Jani H, Madrid PC. Antioxidant and antitumor activities of Artemisia 
campestris and Thymelaea hirsuta from southern Tunisia. Food Chem Toxicol. 2011; 49(2): 342–7. 
[Medline]  [CrossRef]

	15.	 Ghlissi Z, Sayari N, Kallel R, Bougatef A, Sahnoun Z. Antioxidant, antibacterial, anti-inflammatory 
and wound healing effects of Artemisia campestris aqueous extract in rat. Biomed Pharmacother. 2016; 
84: 115–22. [Medline]  [CrossRef]

	16.	 Dib I, Tits M, Angenot L, Wauters JN, Assaidi A, Mekhfi H, Aziz M, Bnouham M, Legssyer A, Fred-
erich M, Ziyyat A. Antihypertensive and vasorelaxant effects of aqueous extract of Artemisia campes-
tris L. from Eastern Morocco. J Ethnopharmacol. 2017; 206(January): 224–35. [Medline]  [CrossRef]

	17.	 Dib I, Fauconnier ML, Sindic M, Belmekki F, Assaidi A, Berrabah M, Mekhfi H, Aziz M, Legssyer 
A, Bnouham M, Ziyyat A. Chemical composition, vasorelaxant, antioxidant and antiplatelet effects of 
essential oil of Artemisia campestris L. from Oriental Morocco. BMC Complement Altern Med. 2017; 
17(1): 82. [Medline]  [CrossRef]

	18.	 Aziz M, Karim A, El Ouariachi M, Bouyanzer A, Amrani S, Mekhfi H, Ziyyat A, Melhaoui A, Bnou-
ham M, Legssyer A. Relaxant effect of essential oil of Artemisia herba-alba Asso. on rodent jejunum 
contractions. Sci Pharm. 2012; 80(2): 457–67. [Medline]  [CrossRef]

	19.	 Makrane H, Aziz M, Mekhfi H, Ziyyat A, Bnouham M, Legssyer A, Gressier B, Eto B. Antispasmodic 
and myorelaxant activity of organic fractions from Origanum majorana L. on intestinal smooth muscle 
of rodents. European J Med Plants. 2018; 23(2): 1–11.  [CrossRef]

	20.	 Guide NIH. Care and Use of Laboratory Animals. 8th ed. (National Research Council (US) Committee 
for the Update of the Guide for the Care and Use of Laboratory Animals). Washington DC: National 

http://dx.doi.org/10.1007/s10298-010-0569-2
http://dx.doi.org/10.1007/s00217-006-0361-6
http://www.ncbi.nlm.nih.gov/pubmed/23643544?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2013.03.082
http://www.ncbi.nlm.nih.gov/pubmed/24685583?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2014.03.016
http://www.ncbi.nlm.nih.gov/pubmed/19857257?dopt=Abstract
http://dx.doi.org/10.1186/1746-4269-5-31
http://dx.doi.org/10.1080/13880200701215406
http://www.ncbi.nlm.nih.gov/pubmed/27592312?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2016.08.016
http://dx.doi.org/10.1016/j.indcrop.2014.10.029
http://dx.doi.org/10.1016/j.arabjc.2010.02.002
http://www.ncbi.nlm.nih.gov/pubmed/21075159?dopt=Abstract
http://dx.doi.org/10.1016/j.fct.2010.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27643553?dopt=Abstract
http://dx.doi.org/10.1016/j.biopha.2016.09.018
http://www.ncbi.nlm.nih.gov/pubmed/28578165?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2017.05.036
http://www.ncbi.nlm.nih.gov/pubmed/28143473?dopt=Abstract
http://dx.doi.org/10.1186/s12906-017-1598-2
http://www.ncbi.nlm.nih.gov/pubmed/22896830?dopt=Abstract
http://dx.doi.org/10.3797/scipharm.1106-13
http://dx.doi.org/10.9734/EJMP/2018/41075


M. Marghich and others

— 48 — 

Academies Press (US); 2011. 218p.

	21.	 Sanders KM. Spontaneous elctrical activity and rhythmicity in gastrointestinal smooth muscles. Adv 
Exp Med Biol. 2019; 1124(3): 3–46. [Medline]  [CrossRef]

	22.	 Coletto E, Dolan JS, Pritchard S, Gant A, Hikima A, Jackson MJ, Benham CD, Chaudhuri KR, Rose 
S, Jenner P, Iravani MM. Contractile dysfunction and nitrergic dysregulation in small intestine of a 
primate model of Parkinson’s disease. NPJ Parkinsons Dis. 2019; 5: 10. [Medline]  [CrossRef]

	23.	 Ibeh RC, Ikechukwu GC, Ijioma SN, Nwankwo CI, Singh AK, Samani MA, Onoja SO, Aloh GS. Anti-
spasmolytic and anti-diarrheal activities of Newbouldia laevis, Cola nitida and Acanthus montanus 
extracts on gastrointestinal muscles. J Pharmacol Toxicol. 2019; 14(1): 1–8.  [CrossRef]

	24.	 Axelsson J, Bueding E, Bulbring E. The inhibitory action of adrenaline on intestinal smooth muscle in 
relation to its action on phosphorylase activity. J Physiol. 1961; 156: 357–74. [Medline]  [CrossRef]

	25.	 Bowman WC, Hall MT. Inhibition of rabbit intestine mediated by α- and β-adrenoceptors. Br J Pharma-
col. 1970; 38(2): 399–415. [Medline]  [CrossRef]

	26.	 Broadley KJ, Kelly DR. Muscarinic receptor agonists and antagonists. Molecules. 2001; 6(3): 142–93.  
[CrossRef]

	27.	 Tanahashi Y, Komori S, Matsuyama H, Kitazawa T, Unno T. Functions of muscarinic receptor subtypes 
in gastrointestinal smooth muscle: a review of studies with receptor-knockout mice. Int J Mol Sci. 2021; 
22(2): E926. [Medline]  [CrossRef]

	28.	 Ehlert FJ. Contractile role of M2 and M3 muscarinic receptors in gastrointestinal, airway and urinary 
bladder smooth muscle. Life Sci. 2003; 74(2-3): 355–66. [Medline]  [CrossRef]

	29.	 Rueda Ruzafa L, Cedillo JL, Hone AJ. Nicotinic acetylcholine receptor involvement in inflammatory 
bowel disease and interactions with gut microbiota. Int J Environ Res Public Health. 2021; 18(3): 1–19. 
[Medline]  [CrossRef]

	30.	 Bektas N, Nemutlu D, Cam M, Okcay Y, Eken H, Arslan R. Review: the nicotinic modulation of pain. 
Pak J Pharm Sci. 2020; 33(1): 229–39. [Medline]

	31.	 Karaki H, Weiss GB. Calcium channels in smooth muscle. Gastroenterology. 1984; 87(4): 960–70. 
[Medline]  [CrossRef]

	32.	 Ifran H, Janbaz KH. Ethnopharmacological basis for anti-spasmodic, antidiarrheal and antiemetic ac-
tivities of Ceratonia siliqua pods. Bangladesh J Pharmacol. 2017; 12: 384–92.  [CrossRef]

	33.	 Godfraind T, Miller R, Wibo M. Calcium antagonism and calcium entry blockade. Pharmacol Rev. 
1986; 38(4): 321–416. [Medline]

	34.	 Beck K, Friebe A, Voussen B. Nitrergic signaling via interstitial cells of Cajal and smooth muscle cells 
influences circular smooth muscle contractility in murine colon. Neurogastroenterol Motil. 2018; 30(6): 
1–12. [Medline]  [CrossRef]

	35.	 Toda N, Herman AG. Gastrointestinal function regulation by nitrergic efferent nerves. Pharmacol Rev. 
2005; 57(3): 315–38. [Medline]  [CrossRef]

	36.	 Arshad N, Visweswariah SS. The multiple and enigmatic roles of guanylyl cyclase C in intestinal ho-
meostasis. FEBS Lett. 2012; 586(18): 2835–40. [Medline]  [CrossRef]

	37.	 Tsuchiya T, Kishimoto J, Koyama J, Ozawa T. Modulatory effect of L-NAME, a specific nitric oxide 
synthase (NOS) inhibitor, on stress-induced changes in plasma adrenocorticotropic hormone (ACTH) 
and corticosterone levels in rats: physiological significance of stress-induced NOS activation in hypo-
thalamic-pituitary-adrenal axis. Brain Res. 1997; 776(1-2): 68–74. [Medline]  [CrossRef]

	38.	 Gruetter CA, Kadowitz PJ, Ignarro LJ. Methylene blue inhibits coronary arterial relaxation and guanyl-
ate cyclase activation by nitroglycerin, sodium nitrite, and amyl nitrite. Can J Physiol Pharmacol. 1981; 
59(2): 150–6. [Medline]  [CrossRef]

	39.	 Trute A, Gross J, Mutschler E, Nahrstedt A. In vitro antispasmodic compounds of the dry extract ob-
tained from Hedera helix. Planta Med. 1997; 63(2): 125–9. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/31183821?dopt=Abstract
http://dx.doi.org/10.1007/978-981-13-5895-1_1
http://www.ncbi.nlm.nih.gov/pubmed/31231674?dopt=Abstract
http://dx.doi.org/10.1038/s41531-019-0081-9
http://dx.doi.org/10.3923/jpt.2019.1.8
http://www.ncbi.nlm.nih.gov/pubmed/13685349?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1961.sp006681
http://www.ncbi.nlm.nih.gov/pubmed/4392102?dopt=Abstract
http://dx.doi.org/10.1111/j.1476-5381.1970.tb08528.x
http://dx.doi.org/10.3390/60300142
http://www.ncbi.nlm.nih.gov/pubmed/33477687?dopt=Abstract
http://dx.doi.org/10.3390/ijms22020926
http://www.ncbi.nlm.nih.gov/pubmed/14607264?dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2003.09.023
http://www.ncbi.nlm.nih.gov/pubmed/33572734?dopt=Abstract
http://dx.doi.org/10.3390/ijerph18031189
http://www.ncbi.nlm.nih.gov/pubmed/32122853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6088352?dopt=Abstract
http://dx.doi.org/10.1016/0016-5085(84)90096-9
http://dx.doi.org/10.3329/bjp.v12i4.33218
http://www.ncbi.nlm.nih.gov/pubmed/2432624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/29377328?dopt=Abstract
http://dx.doi.org/10.1111/nmo.13300
http://www.ncbi.nlm.nih.gov/pubmed/16109838?dopt=Abstract
http://dx.doi.org/10.1124/pr.57.3.4
http://www.ncbi.nlm.nih.gov/pubmed/22819815?dopt=Abstract
http://dx.doi.org/10.1016/j.febslet.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/9439797?dopt=Abstract
http://dx.doi.org/10.1016/S0006-8993(97)00942-6
http://www.ncbi.nlm.nih.gov/pubmed/6112057?dopt=Abstract
http://dx.doi.org/10.1139/y81-025
http://www.ncbi.nlm.nih.gov/pubmed/9140224?dopt=Abstract
http://dx.doi.org/10.1055/s-2006-957627

