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ABSTRACT

Aims: Origanum majorana (Lamiaceae) is a herbaceous and perennial plant that is used in the
Moroccan traditional medicine for treating gastrointestinal disorders. The objectives of this study
were to confirm the antispasmodic and the myorelaxant activity of organic fractions of Origanum
majorana (OM) in rat and rabbit jejunum.

Place and Duration of Study: Laboratory of Physiology, Genetic and Ethnopharmacology, Faculty

*Corresponding author: E-mail: azizmo5@yahoo.fr;
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of Sciences, Mohamed the First University, between September 2013 and July 2014.
Methodology: The antispasmodic and the myorelaxant test evaluated in vitro on rat and rabbit
intestines mounted inside an isolated organ system with a temperature of 37°C, pH 7.4 and
continuous oxygenation

Results: The screening study showed those organic fractions of OM decreased the tone of
contraction induced by the Carbachol 10° M and the KCI 25 mM in the jejunum. The maximum
decrease was obtained by dichloromethane fraction of Origanum majorana (DFOM). DFOM
induced dose-dependent and reversible inhibition in intestine contraction of rabbit jejunum with 1Csy
= 0.162 £ 0.002 mg/ml without any alteration of this effect in the presence of adrenergic inhibitors.
Pretreatment of the tissue with this fraction (0.01-0.3 mg/ml) induced a dose-dependent shift of the
dose-response curve of Carbachol and CaCl, to the right. The pharmacological inhibitors such as
Atropine, L-NAME, Hexamethonium, Nifedipine and Methylene blue did not alter the relaxing effect
of DFOM.

Conclusion: The results study confirms the antispasmodic and the myorelaxant effect of OM
extract. Also, the results showed that adrenergic receptors, NO, guanylate cyclase or muscarinic
receptors pathways did not involve in relaxation induced by DFOM suggesting that it exerts an
antispasmodic effect on intestinal smooth muscle like a non-competitive antagonist towards the

voltage-dependent calcium channels.

Keywords: Antispasmodic;, myorelaxant; Origanum majorana; organic fractions; rabbit; rat; jejunum.

1. INTRODUCTION

Gastrointestinal problems are among the most
frequently encountered diseases in humans [1].
The intestinal functional disorders that are part of
these problems correspond to chronic digestive
symptoms that point to a dysfunction of the lower
part of the digestive tract, particularly the small
intestine and the colon, and that cannot be
explained by any organic abnormality [2]. They
are characterised by persistent or recurrent
incomprehensible pain in the abdomen [3].
These syndromes are frequently observed
worldwide and can affect between 15 and 20 %
of the population [4]. In Morocco, medicinal
plants occupy an important role in traditional
medicine, which is widely used in various fields
of health [5]. These plants are believed to be an
important source of new chemical substances
with potential therapeutic effects [6,7]. Several
medicinal plants are used for the treatment of
gastrointestinal diseases such as intestinal
cramps, diarrhoea and transit disorders. Among
these plants, we found Origanum majorana (OM)
belonging to the family of Lamiaceae. It is a
herbaceous plant, naturally perennial, stem
erect, reddish, covered with black hairs. The
leaves are opposite, greyish-green, oval-shaped,
with small white or mauve flowers, grouped in
tight groups in the axils of the leaves with two
spoon-shaped bracts [8]. This plant is locally
known as “Merdedich”, present in the forest and
mountainous regions of Morocco. It is widely
used in the treatment of digestive tract diseases
and given in colds, fevers, stomachaches and

headaches [5]. Different studies have
demonstrated its pharmacological properties
such as: antimicrobial [9,10,11,12], apoptotic,
anti-proliferative  [13]  anti-mutagenic  [14],
antioxidant [15,16,17], inhibition of blood platelet
adhesion, aggregation, [18] antithrombin,
antihyperglycemic [19] and antihyperlipidemic
[20]. This plant contains tannins, flavonoids,
hydroquinone phenolic terpenoids, phenolic
glycosides [21,22], coumarin [23], isocoumarin
[24,25], vitamin C, saponin, carbohydrates,
proteins, amino acids [8] and more than 20
compounds of essential oil [26].

The present study aimed to evaluate the
antispasmodic and the myorelaxant activity of
organic fractions from Origanum majorana on
rodents.

2. MATERIALS AND METHODS

2.1 Chemicals and Solutions
2.1.1 Chemicals

Carbamylcholine chloride (Carbachol, CCh),
propranolol, yohimbine, prazosin, nifedipine
purchased from Sigma chemical co, atropine
from Fluka, hexamethonium from Across
organics, L-NAME from Calbiochem, dimethyl
sulfoxide (DMSO) and methylene blue from
Sigma-Aldrich. All chemicals used were of the
analytical grade available and solubilised in
distiled water except nifedipine that has
dissolved in 10% DMSO. The vehicle used for



solubilization of drugs did not affect tissue
contractility in the control experiments.

2.1.2 Solutions

The solutions used in this study were: Normal
Krebs-Henseleit buffer (KHB) solution (in mM):
NaCl 118, KCI 4.7, CaCl, 2.5, MgSO, 1.2,
NaHCO; 25, KH,PO, 1.2 and glucose 10.
Calcium free high K" KHB ([K']= 76.2 mM); NaCl
48, KCI 75, CaCl, 0, MgSO, 1.2, NaHCO; 25,
KH,PO,4, 1.2 and glucose 10. Calcium-free KHB
(in mM); NaCl 121.7, KCI 4.7, CaCl, 0, MgSO,
1.2, NaHCO; 25, KH,PO, 1.2 and glucose 10. All
the components of these solutions were
purchased from Sigma-Aldrich, made up in
distilled water, and their pH was adjusted to 7.4.

2.2 Plant Material

The aerial parts of Origanum majorana were
brought back from the Errachidia region. It was
identified by Professor Fennane Mohammed,
from Scientific Institute in Rabat, Morocco and
registered under voucher number HUMPOMB83 at
the plant section of Herbarium Mohamed the
First University Oujda Morocco.

2.3 Preparation of the Organic Fractions

Extraction has obtained the organic fractions
from Origanum majorana (200 g) according to
the method described by Cechinel-Filho and
Yunes [27] using the Soxhlet system with
solvents of increasing polarity. All fractions were
filtered and dried using vacuum rotary
evaporator. Yield fractions are shown in the
following Table:

Table 1. Yield fractions from Origanum

majorana
Fractions Yields
Petroleum Ether 5,15 %
Dichloromethane 3,25 %
Ethyl Acetate 2,05 %
Methanol 20,60 %
Depleted Aqueous Extract 7,10 %

2.4 Animals

The experiments were performed on male and
female Wistar rats (200-300 g) and New Zealand
rabbits (1.5-2 kg). All animals were kept in an air-
conditioned room, controlled lighting (12 h: 12 h
light-darkness cycle) with free access to food and
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water, in the animal house of the department of
biology, Mohamed the First University Oujda
Morocco. Food was withdrawn 24 h before the
experiment. All procedures concerning animals
were carried out in an ethically proper way by
following guidelines as set by the World Health
Organization and conform to the European
Community guiding principles in the care and use
of animals (86/609/CEE, CE off J No.L358, 18
December 1986).

2.5Antispasmodic and Myorelaxant
Effect

Animals were sacrificed, and segments of the
jejunum (2 cm) were removed and stored during
the tests in the normal Krebs-Henseleit buffer
(KHB) oxygenated saline. Each piece was
mounted in a jejunum isolated organ bath vessel
(10 ml). The fragment was subjected to a tension
of 1 g and was connected to an isotonic
transducer (B. Brawn Messenger AG Type
362722 # 203). Spontaneous contractions were
recorded on a data logger (B. Brawn Messenger
AG 861 062 Type, No. 1696). The preparation
was incubated in the standard physiological KHB
solution maintained at a temperature of 37 °C
and pH 7.4 with continuous oxygenation for 30
min to have the same physiological conditions of
the animal. The physiological fluid is changed
every 15 min to balance the jejunum before
adding plant extracts or other drugs. For all
experiments, the effects of each dose are
recorded for at least 7-8 min [28].

A secondary concentration responses curves
were obtained by addition of increasing levels of
the extract. The antispasmodic effect of these
fractions against Carbachol (CCh) at 10°® M and
KCI at 25 mM has been studied on the rat
jejunum. The most active fraction,
dichloromethane, was studied in more detail. The
myorelaxant effect of dichloromethane fraction of
Origanum majorana (DFOM) (0.01-0.3 mg/ml)
was tested on the spontaneous contractions of
rabbit jejunum and in the presence of adrenergic
inhibitors (yohimbine, prazosin, and propranolol
at 5 x 10° M). Dose-response curves of
Carbachol (CCh) were done for the rat’s jejunum.
CCh doses (3.10° M to 3.10° M) were
cumulatively added to the bath in the absence
and in the presence of DFOM after 10 min of
contact with 0.01, 0.1 and 0.3 mg/ml. For the
CaCl, test, the jejunum was allowed to stabilize
in normal KHB solution and was then replaced
with a Calcium-free KHB and EDTA (0.1 mM) to



remove calcium from the tissues. This solution
was replaced with Calcium free high K* KHB.
Following an incubation period of 10 min and
after the confirmation of no spontaneous
contractions of jejunum, CaCl, was added
cumulatively (0.3 to 10 mM), every 5 min, to
obtain control concentration-response curves of
CaCl,. The concentration-response curves were
repeated following 10 min incubation with the
DFOM (0.01-0.3 mg/ml).

The pharmacological inhibitors; L-NAME (10™* M),
methylene blue (10° M), atropine (10° M) and
hexamethonium (10 M) were incubated for 20
min, after that, the rat jejunum was pre-
contracted by KCI 25 mM and challenged by
DFOM (0,3 mg/ml). The same protocol was
applied for the nifedipine (10° M), except the
smooth muscle was pre-contracted by the CCh
(10° M).

2.6 Statistical Analysis

Pharmacological responses are shown as mean
values * standard error of the mean (SEM) for
separate experiments using tissues from 6
animals. Student's t-test performed the difference

between extracts and controls (mean
comparisons) and the determination of
significance level. Differences are

considered statistically significant when the
probability value P < 0.05. The 50% inhibitory
concentration (ICs,) was determined using linear
regression.

3. RESULTS

The organic fractions from Origanum majorana
have reduced the maximum tone induced by
CCh 10°® M (Fig.1) and KCl 25 mM (Fig.2)
on the rat jejunum with the ICsy represented in
Table 2.

According to these results, we note that the
dichloromethane fraction gave the most
significant effect compared to the other fractions,
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then for the study of the mechanism of action we
focused on this fraction.

DFOM inhibited spontaneous contractions of
rabbit jejunum by reversible and dose-dependent
manner with an 1Csq = 0,162 + 0,002 mg/ml (Fig.
3). Decreases in amplitude were accompanied
by a reduced tone of contractions. Even in the
presence of adrenergic blockers, Propranolol
(5.10° M), Prazosin (5.10° M) and Yohimbin
(5.10° M), the DFOM still induced a complete
inhibition of the contraction of smooth muscle
fibres of the rabbit jejunum. This inhibition was
comparable to that obtained with the fraction
alone without inhibitors.

The effect of CCh and CaCl, dose-response in
the presence and absence of DFOM was also
studied on rat jejunum. The extract showed a
significant inhibitory effect from 0.01 mg/ml on
the maximum induced by CCh or CaCl, while
shifting the dose-response curves of contraction
to the right. At a dose 0.3 mg/ml, the fraction
showed a total inhibition of the contraction of the
jejunum (Fig. 4).

The DFOM has decreased the percentage of
contraction of rat intestinal smooth muscle pre-
incubated with L-NAME, methylene blue,
atropine and hexamethonium by 97.4%, 96.49%,
95.45% and 116.6% respectively. The difference
between the control and each test is hugely
significant, but the difference between the
relaxation induced by DFOM without incubation
with one of these inhibitors and that obtained
after incubation is statistically not significant
(Fig. 5A).

The DFOM has also decreased the percentage
of contraction of the rat jejunum preincubated
with nifedipine and pre-contracted with CCh by
94.29%. The difference between the control and
the test is hugely significant, but the difference
between the relaxation induced by DFOM without
incubation with nifedipine and that obtained after
incubation is statistically no significant (Fig. 5B).

Table 2. Comparison of relaxation induced by the five organic fractions using their ICs

Fractions IC50 (mg/ml)

CCh10° M KCI 25 mM
Dichloromethane 0,107 £ 0,006 0,112 + 0,006
Petroleum ether 0,149 + 0,005 0,122 + 0,007
Ethyl acetate 0,670 + 0,091 0,833 £ 0,153
Methanol 1,679 + 0,202 7,808 + 3,743
Depleted aqueous extract 1,874 £ 0,117 17,343 + 2,176
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Fig. 1. Effect of the petroleum ether (A), dichloromethane (B), ethyl acetate (C), methanol (D)
and depleted aqueous extract (E) fractions of Origanum majorana on rat jejunum pre-
contracted by CCh 10°Mm
Test drugs: Significant from normal control,* P < 0.05; ** P < 0.01;

*** P < 0.001 Mean + S.E.M = Mean values +

Standard error utilizing six experiments
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Fig. 2. Effect of the petroleum ether (A), dichloromethane (B), ethyl acetate (C), methanol (D)
and depleted aqueous extract (E) fractions of Origanum majorana on rat jejunum pre-
contracted by KCI 25 mM
Test drugs: Significant from normal control, * P < 0.05; ** P < 0.01; *** P < 0.001 and NS: No Significant. Mean +
S.E.M = Mean values * Standard error by means of six experiments
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Mean £ S.E.M = Mean values * Standard error by means of six experiments.

4. DISCUSSION

In this study, we investigated the antispasmodic
activity of organic fractions (petroleum ether,
dichloromethane, ethyl acetate, methanol and
depleted aqueous extract) from Origanum
majorana. All these fractions showed marked
antispasmodic business, but the most important
is the dichloromethane fraction. It is for this
reason that we have continued the research on
the mechanism of action on this fraction.

The jejunum of rabbit was used to study the
spontaneous basal contractions because their
amplitude was easier to evaluate than the rat
jejunum. The present data showed that the
DFOM exercised a concentration-dependent

reversible inhibitory effect on the smooth muscle.
As envisaged we fosxund that adrenaline inhibits
the rabbit intestinal spontaneous contractions by
beta receptor effect (actin a and B adrenergic
receptors) [29]. The blocking of adrenergic
receptors, a; by the prazosin, a, by the
yohimbine and {3 by the propranolol, showed that
adrenaline did not have any effect on the
contractions (data not shown); while the
dichloromethane fraction at the concentration of
0.3 mg/ml previously shown to produce a clear
myorelaxant effect caused the inhibition of these
contractions.he results suggest that these effects
were not mediated through the adrenergic
receptors. Similar results have been found with
other plants such as Cravetta crassipes [30] and
Cistus ladaniferus [31].
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Fig. 5. Effect of the dichloromethane fraction of Origanum majorana (0.3 mg/ml) on
contractions of the rat jejunum pre -incubated with hexamethonium10™ M, methylene blue 10°
M, atropine 10"° M and L-NAME 10 M for 20 min, and then pre-contracted by KCI 25 mM (A) or

pre-incubated with nlfedlpme10 M, and then pre-contracted by CCh 10°M (B)

Test drugs: significant from normal control,

#p <0.01; *** P < 0.001 and NS: No Significant (*** compared to the

control and ##, NS compared to the fraction without inhibitors). Mean + S.E.M = Mean values * Standard error
using six experiments

The DFOM also caused a dose-dependent
relaxation of rat jejunum tone pre -contracted by
KCl 25 mM and Carbachol 10°® M; which is a
structural analogue of acetylcholine; it has the
advantage to be not degraded in the
physiological environment [32,33]. In the
presence of different doses of this fraction, the
maximum response to CaCl, and CCh was
significantly reduced, with shifting the dose-
response curves to the right. So this inhibitory
effect is similar to that of a non-competitive
antagonist towards the voltage-dependent
calcium channels and the muscarinic receptors,
respectively [34,35].

Among the substances that contract intestinal
smooth muscle is acetylcholine. This latter acts

either on the muscarinic receptors M, or M;
[36,37] by decreasing the level of intracellular
cAMP (inhibition of the adenylate cyclase
enzyme) and by activation of PLC (increase in
production of inositol triphosphate (IP3) and
diacylglycerol (DAG)) respectively [38,39,40]. To
evaluate if the DFOM acts via the cholinergic
receptor pathway, we used the hexamethonium;
nicotinic cholinergic antagonist [41], and the
atropine; an antagonist of the muscarinic
cholinergic receptor [42]. These results showed
us that DFOM does not act on cholinergic
receptors.

Nifedipine selectively inhibits, at very low
concentrations, the entry of calcium ions into the
voltage-gated L-type channels [43,44]. The use



of the DFOM in the presence of this substance
showed that it does not affect the voltage-gated
L-type channels.

We wanted to evaluate if the relaxation effect of
our extract passes through the NO and guanylate
cyclase pathways. The use of pharmacological
inhibitors such as L-NAME, an inhibitor of
nitrogen monoxide (NO) [45] and methylene
blue, an inhibitor of guanylate cyclase pathway
[46] did not show any alteration in the effect of
DFOM which gave an effect comparable to that
obtained without the presence of these inhibitors.
So DFOM did not act on these metabolic
pathways.

The antispasmodic effect is concentrated in the
organic fractions, and more predominantly in the
nonpolar fractions of this plant. They are rich in
lipids and essential oils which contains various
compounds of the families of monoterpenols
(terpinene-4-ol (22.85 %), (E)-sabinene hydride
(15.94 %), etc.), monoterpenes (gamma-
terpinene (12.60 %), sabinene (7.65 %), etc.),
sesquiterpenes (beta-caryophyllene (2.49 %),
bicyclogermacrene (1.22 %)) and terpene esters
(linalyl acetate (1.70 %)) [47,48]. Among these
compounds, we find the terpinenes [49],
terpineols [50], limonene and linalool [51] known
by their antispasmodic activity.

5. CONCLUSION

The antispasmodic effect of DFOM is similar to
that of a non-competitive antagonist towards the
voltage dependent calcium channels. This
relaxation effect did not act on adrenergic
receptors, NO, guanylate cyclase and the
muscarinic receptors pathways. These results
confirm favorably the use of marjoram in
Moroccan  traditional medicine as an
antispasmodic intestinal agent.
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