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Abstract

Artemisia herba-alba Asso. is a shrub commonly encountered in Morocco. It is
used in traditional medicine for treating intestinal disorders. The essential oil
extracted from the plant’s aerial parts reversibly relaxed the spontaneous tonus
of the rabbit jejunum in a reversible concentration dependent manner with an
IC5o value of 97.33 + 2.59 ng/ml and reversed the tonic contraction of rat
jejunum induced by 75 mM KCI and 10™° M carbachol with I1Cs; values of 115.5
+ 3.05 and 119.4 £ 20.86 ng/ml, respectively. The pre-treatment of the latter
isolated intestine with this essential oil produced a dose-dependent shift of the
Ca'™ and CCh dose-response curve to the right, with suppression of the
maximal effect, similar to the non-competitive antagonist effect on muscarinic
receptors and calcium channel, respectively.
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Introduction

The genus Artemisia, included in the family Asteraceae, comprises a variable number of
species (from 200 to over 400, depending on the authors) found throughout the northern
half of the world [1]. Artemisia herba-alba Asso., a medicinal and aromatic dwarf shrub, is
commonly grown in Mediterranean basin [2]. In Morocco, this plant grows in very vast
steppes. It is used extensively in traditional medicine to treat helminthiasis, diabetes
mellitus and other conditions such as jaundice [3]. Also, the antihyperglycaemic [4],
antimicrobial [5], antioxidant, antispasmodic, anti-venom, nematicidal, anthelmintic, anti-
leishmanial, neurological, pesticidal and antibiotic resistant inhibitor activities of this plant
have previously been reported [6]. Moreover, the aqueous extract significantly increased
gastrointestinal transit time and the reaction time to thermal stimuli [7]. Furthermore, the
species of this genus are widely used in the pharmaceutics, cosmetics and food industry.
Artemisia caerulescens has analgesic, antipyretic and anti-inflammatory actions [8].
Artemisia capillaris dilates blood vessels [9], and other species of Artemisia have
antimicrobial and antimalarial activities [10, 11].

Medicinal plants in Morocco [12—-14] and also in the world [15, 16] are widely used in the
treatment of digestive disorders. In this research we have studied the effect of the aerial-
part essential oil of Artemisia herba-alba Asso. (EOAH) on contraction of isolated rabbit
and rat jejunums in vitro to examine their potential relaxant activity.

Results and Discussion

The analysis of essential oil obtained from the aerial part of Artemisia herba-alba Asso.
revealed the presence of 34 identified compounds contributing to 86.2% of the oil. The
essential oil contains as main constituents: 30.6 % (w/v) of chrysanthenone, 24.4% of
camphor, 4.5 % of camphene, 4.3 % of filifolone, 3 % of 1,8-cineol, 2.7 % of 3-thujone, 2.4
of a-thujone and 2 % of a-pinene [17]. It has been reported that the chemical composition
of EOAH found abundantly in the Mediterranean basin varies according to the genetic
characteristics [5] and climatic, seasonal, geographical and geological differences where
the plant is collected. Analysis of oil samples from Morocco has established the existence
of at least seven chemotypes of the so-called armoise oil [18—-20]. Other different
chemotypes were found in oil samples from Mediterranean basin countries. [2, 21-24].
Phytochemical investigations have proven that this genus is rich in sesquiterpenes and
monoterpenes [25, 26].

Because of its traditional use as an antispasmodic remedy, the EOAH was tested for its
possible spasmolytic effect on isolated rabbit and rat jejunum preparations.

The isolated rabbit jejunum preparations had spontaneous contractions when they were
mounted in the tissue bath under 1 g tension. Exposure of the preparations from 0O to
200 ng/ml of the essential oil reduced the average amplitude of the spontaneous
contractions to 100 % of control with an 1Cso value of 97.33 £ 2.59 ng/ml. This effect was
reversible as the tissue regained its spontaneous activity after washing the tissue a couple
times with the fresh bathing fluid. Verapamil used as a reference drug showed a total
inhibition at 1 uM.
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The contraction of smooth muscle is dependent on an increase in the concentration of
cytosolic Ca*™. The latter may come either from the extracellular medium or from the
sarcoplasmic reticulum [27]. In the case of the increase in the concentration of K* above
30 mM in the extracellular medium, a depolarization of the membrane occurs, and
consequently the voltage-operated Ca'" channels (VOCCs) open and make Ca'™
penetrate into cytoplasm [28]. Agents that inhibit contraction induced by KCI should
somehow inhibit the entry of Ca™ ions or otherwise inhibit the intercellular contraction
mechanism [29]. To confirm the interaction of EOAH with voltage dependent Ca™ channel,
the tissue was pre-treated with high potassium (75mM). This latter produced a sustained
tonic contraction, which was maintained during the course of experiments. EOAH in a
concentration-dependent manner (50-200 ng/ml) inhibited the rat jejunum contractions
induced by 75 mM KCI with an ICsp value of 115.5 + 3.05 ng/ml. With 200 ng/ml bath
concentration EOAH abolished the response to KCI. (Figure 1). Therefore, inhibition of the
contraction of rat jejunum by the EOAH reflects the limited entry of Ca™* through VOCCs. It
is quite possible that one or more components of EOAH block these channels. This
hypothesis was strengthened when pre-treatment of the tissue with the plant essential oil
caused a concentration dependent rightward shift in the concentration-response curves of
CaCl, (Figure 2). Furthermore, Verapamil also reduced the maximal response in curves
induced by CaCl, (Table 1). These Organic calcium channel antagonists inhibit more
markedly the entry of calcium through the L-VOCC:s.
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Fig. 1. Relaxant effect of essential oil of Artemisia herba-alba on K* (75mM) induced
contractions.

Carbachol produced sub-maximal contractions at 10°® M. EOAH in a concentration-
dependent manner (50-300 ng/ml) inhibited the rat jejunum contractions induced by CCh
with an I1Cso value of 119.4 + 20.86 ng/ml (Figure 3). Similar effects were obtained with
papaverine, a non specific smooth muscle relaxant, on the dose response curves induced
by CCh (Table 1). Carbachol, a cholinomemetic drug, interacts with muscarinic receptors
on intestinal smooth muscle cell membrane [30]. The main muscarinic cholinergic receptor
subtypes in the gastrointestinal tract are M2 and M3. Both are coupled to G-proteins but
exert different intracellular effects. M2 acts predominantly via inhibition of the enzyme
adenylate cyclase and, hence, decreases the levels of cCAMP in the cell while M3 causes
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activation of phospholipase C and subsequent hydrolysis of phosphatidyl inositol
biphosphate (PIP2) into inositol triphosphate (IP3) and diacylglycerol (DAG) [31]. The IP3
interacts with reticulum receptor and releases the stored reliculum calcium in the
cytoplasm. Non-competitive antagonists of muscarinic receptors antagonised the response
to Ach by antagonising the muscarinic receptors and, therefore, with altering the maximum
response they shift Ach concentration—response curve to the right [32]. The same result
was obtained with our oil (Figure 4). We can propose the hypothesis that a component (or
more) of EOAH exerts a non-competitive antagonist effect on muscarinic receptors.

Tab.1l. ECsoand maximum effect values obtained from the cumulative dose-response
curves to CCh and CaCl; in rat jejunum in the presence and absence of the
essential oil of Artemisia herba-alba.

Antagonist CCh CacCl,
ECso (M) Emax £ S.E.M ECso (M) Emax £ S.E.M
Control 2.81x107° 100 4.27x107° 100
EOAH (ng/ml)
50 1.99x107° 100 £ 5.32 6.55x1073 64.5+18.8
100 1.66x107° 59.1+7.72  8.16x10°  59.1+7.72
200 2.64x10°  42.3+4.35* 1.15x1072 42.3 £ 4.35*
Papaverine (10° M)  3.68x10™° 32.8 + 2.06** - -
Verapamil (107° M) — 1.13x1072 46.6 + 4.2%*

Number of experiments n = 6, * P < 0.05, ** P < 0.01 statistically significant difference from control
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Inhibition of both CCh and CaCl,-induced contraction may indicate that the spasmolytic
compound included in the EOAH is not a specific receptor antagonist.
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Fig. 3. Relaxant effect of essential oil of Artemisia herba-alba on Carbachol (107° M)
induced contractions.

Coniraction (%)

100
a0

a0

7o
=1
=0
40
30
20

10

——Contral
—0—50 ngfml
——100 ngsml
—— 200 ngtml e

-8 7.5 7 5 5 5,5 5

Conceniration CCh (Jog M)

Fig. 4. Cumulative log concentration-response curves (£S.E.M, Student’s t-test; n = 6)
for CCh in the presence and absence of the essential oil of Artemisia herba-

alba.

Furthermore, since we deal directly with the total essential oil, there may be more than one
relaxant effect compound involved. As components of EOAH are hydrophobic, they can
easily cross the membrane and act directly on the internal pathways involved in the
relaxation of smooth muscle cells.
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One or more components of EOAH could act on the plasma membrane, the muscarinic
receptors, the VOCCs or one step of intracellular pathways that contribute to the
contraction of smooth muscle cells. This spasmolytic activity of EOAH may be due to the
presence of camphor, terpinene [33], 1,8-cineol [34], a- and B-pinene [35], which have
been reported to be smooth muscle relaxants. However, the presence of other spasmolytic
compound(s) cannot be excluded.

In Morocco, Artemisia is mainly used as an infusion. It would be interesting to know the
amount of essential oils contained in this infusion. To our knowledge there is no published
article on this subject. There most likely would be less essential oils than the amount
directly extracted from the plant, as this has been the case for other plants. For example,
comparison of the total essential oil of Rosmarinus officinalis yield quantified by
hydrodistillation of the infusion (0.36% v/w) with the essential oil yield of the leaves (1.84%
viw) revealed that only 19.6% of the initial oil could be extracted by infusion [36]. This
study showed remarkable differences between the relative proportions of chemical classes
in the two types of extraction of rosemary isolated essential oils.

In conclusion, this study showed that Artemisia herba-alba essential oil possesses a
significant inhibition effect on jejunum contractions. It is possible that other hydrophilic
constituents in the Artemisia herba-alba infusion can relax the jejunum. Therefore, it
seems to be a useful herbal medicine for the treatment of gastrointestinal spasms.
However, further studies need to investigate its potential effects on other smooth muscle
and any undesirable effects on other organs.

Experimental

Solutions and Drugs

The solutions used had the following composition:
Normal Krebs-Henseleit Buffer (KHB) solution composed of (mM) NaCl, 118; KCI,
4.7; CaCly, 2.5; MgSOy, 1.2; NaHCO3, 25; KH,PO,, 1.2 and glucose 10.

High K* KHB (75mM); NaCl, 48; KCI, 75; CaCl,, 2.5; MgSQ,, 1.2; NaHCOs, 25;
KH2PO4, 1.2 and glucose 10.

Calcium-free high K*; KHB (75mM); NaCl, 48; KCI, 75; CaCl,, 0.0; MgSQO,, 1.2;
NaHCOs3;, 25; KH,PO,, 1.2 and glucose 10.

Calcium-free KHB; NaCl, 121.7; KCI, 4.7; CaCl,, 0.0; MgSQ,, 1.2; NaHCO3, 25;
KH2PO4, 1.2 and glucose 10.
All these solutions were made up in distilled water, and the pH was adjusted to 7.4.

The following drugs were used for the experiments: carbamylcholine chloride (carbachol,
CCh) and verapamil hydrochloride were purchased from Sigma, papaverine hydrochloride
from Fluka and dimethyl sulfoxide (DMSO) was purchased from Prolabo.

Plant material

The fresh plant of Artemisia herba-alba Asso (Asteraceae) was collected locally during the
flowering time (in May 2008) from North east area of Morocco; the botanical identification
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was done by Professor B. Haloui at the department of Biology, Faculty of Sciences,
University Mohammed the First, Oujda, Morocco. A voucher specimen (N° 43130) was
previously deposited in Scientific Institute of Rabat.

Preparation and analysis of essential oil

The dried aerial parts of Artemisia herba-alba were submitted to hydrodistillation for 4 h
using a Clevenger-type apparatus. Gas chromatographic analyses were carried out using
a Perkin Elmer Clarus 600 fast GC apparatus equipped with a single injector and two
flame ionization detectors (FID). Sample oil was analyzed with a Perkin Elmer TurboMass
detector, directly coupled to a Perkin Elmer Autosystem XL. The essential oil of Artemisia
herba-alba (AHEQO) contains as main constituents: 30.6 % (w/v) of chrysanthenone, 24.4%
of camphor, 4.5 % of camphene, 4.3 % of filifolone, 3 % of 1,8-cineol, 2.7 % of B-thujone,
2.4 of a-thujone and 2 % of a-pinene [17].

Animals

New-Zealand rabbits (2—-2.5 kg) and Wistar rats (200-250 g), maintained under standard
condition at the animal house of the Department of Biology, Mohammed First University,
Oujda, Morocco, and fed with standard diet with water ad libitum were used for the
experiment. Animals were fasted overnight and had access to water ad libitum prior to
experimentation. All procedures concerning animals were carried out in an ethical manner
by following guidelines as set by the World Health Organization and conforming to the
European Community guiding principles in the care and use of animals (86/609/CEE, CE
Off J No. L358, 18 December 1986). Under these experimental conditions, the rat jejunum
behaves as a quiescent smooth muscle preparation and is considered more useful for
studying the contractile responses of agonists like carbachol or KCI rich medium, whereas,
rabbit jejunum exhibits spontaneous rhythmic contractions, allowing the relaxant
(spasmolytic) activity to be tested directly without the use of an agonist.

Spasmolytic study

A portion of rat and rabbit jejunums (2 cm) was removed and mounted in 10 ml organ
baths containing Krebs-Henseleit buffer (KHB). The bath solution was maintained at 37°C,
pH 7.4 and gassed continuously with air bubbling. A 60 min equilibration period was
allowed during which the physiological solution was changed every 15 min. EOAH was
dissolved with the vehicle DMSO (1%) and added to the organ bath.

Effect of EOAH on spontaneous contractions of isolated rabbit jejunum

The spasmolytic activity of the plant material was studied by using isolated rabbit jejunum
preparations, the segments were suspended to the organ bath containing KHB solution.
After stabilization of smooth muscle spontaneous contractions of rabbit jejunum, the
cumulative doses of EOAH (50-200 ng/ml) were added to the organ bath.

Relaxant effect on K" and CCh induced contractions of rat jejunum

The rat jejunum was contracted with K* (KCl 75 mM) or carbachol (CCh, 10™®M) to a
maintained tone. At this point the essential oil was added to the bath.
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Inhibition of dose-response to Carbachol

Cumulative dose-response curves for carbachol (CCh) were obtained for the tissues
according to the method of Van Rossum [37]. After a stabilization period of 60 min, CCh
(10®-10" M) was added to the organ bath, and different doses of the EOAH were added
to the bath 5 min before commencing the dose response curve of the agonist.

Inhibition of dose-response to CaCl;

After an initial incubation period of 60 min in normal KHB’s solution, the nutrient solution
was replaced by calcium-free KHB during 15 min, then replaced by calcium-free
hyperpotassic medium (K* 75 mM). Cumulative dose-response curves to CaCl, (0.1, 0.3,
1, 3, 10 mM) were obtained in the presence of different doses of essential oil.

Statistics

The results are expressed as means + S.E.M. The statistical significance of data was
analyzed using Student’s t—test, P<0.05 was considered as significant. The 50% inhibitory
concentration (ICsp) was determined by linear regression method.
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