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Abstract: For several years, leishmaniasis was considered serious problem health of the Moroccan
population. The used treatments against leishmaniasis are mostly expensive and present intolerable side
effects. Furthermore, the search for antileishmanial bioactive compounds is urgent. Today, some studies
started in Morocco, the evaluation of antileishmanial effects of natural products, in particular, bioactive
compounds extracted from Moroccan medicinal plants. This work aims to explain the general
epidemiological situation on the leishmaniasis in Morocco and to present all data about the
antileishmanial properties of Moroccan medicinal plants. Several ethnopharmacological studies showed
the use of Moroccan medicinal plants against leishmaniasis. The biological test showed that these plants
showed cytotoxicity against Leishmania species, such as Leishmania major, Leishmania infantum, and
Leishmania tropica. Moreover, mechanism insights of the main compound of tested medicinal plants
showed specifically targeted pathways such as apoptosis action, topoisomerase inhibition, and
respiratory chain perturbation.
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1. Introduction

Leishmaniasis is a parasitic vector disease caused by protozoa of the genus Leishmania.
This disease has a significant impact in developing countries and a high mortality rate in
Mediterranean areas, Africa, Latin America, and Asia [1]. This disease affects 12 million
people in 98 countries [2,3]. The disease currently threatens about 350 million around the
world. The current treatment by chemical drugs has several limitations such as toxic side
effects, high cost, relapse, and the development of resistance [4,5], and requires long-term
treatment [6]. Thus, an investment in drug development against parasitic diseases is a risky
affair. In this context, the World Health Organization (WHO) has targeted research using plants
to treat leishmaniasis [7]. Therefore, the research of new bioactive compounds with
antileishmanial activity is necessary for the control and prevention of leishmaniasis [8]. In this
context, certain studies reported that natural resources with effective antileishmanial activity
might present a valuable source for the therapeutic control of leishmaniasis in humans. In
Morocco, several works have shown the antileishmanial properties of natural resources [9]. In
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this review, we have reported all the Moroccan medicinal plants tested for antileishmanial
effects, their traditional use, and the mechanisms of action involved.

2. Overviews on Leishmaniasis

Leishmaniasis is a parasitic disease of the monocyte-macrophage system whose
pathogen is a flagellated protozoan of the genus Leishmania. This is a zoonosis transmitted
from vertebrate to vertebrate by a hematophagous midge, the sandfly [10,11]. Only the female
is hematophagous, his flight is silent and short-range, and his sting is painful but leaves no
trace. It stings both man and animals, and she needs blood for the development of her eggs.
Their lodging is constituted by the crevices of walls and burrows where they gorge themselves
on micro-mammals (rodents, primates, marsupials, etc.) that may constitute the reservoir for
some species of Leishmania.

Leishmaniasis includes visceral forms, localized cutaneous, diffuse cutaneous, and
mucocutaneous forms. This multiplicity of clinical pictures results from a wide range of species
and variation in the immune response of the infected host. The description of the first species
of Leishmania was made by Laveran and Mesnil in 1903, and since, the number of species
described has steadily increased. It is a parasite of vast geographical distribution found in Asia,
Africa, South, and Central America and Europe, especially around the Mediterranean basin.
Different species infect more than 15 million people, and there are two million new cases each
year [12]. There are no effective vaccines yet to prevent the disease [13], and attempts to control
the vector have so far been unsuccessful. This parasite presents during its cycle two distinct
evolutionary stages; the amastigote stage, without flagella, is intramacrophagic and found in
vertebrate hosts, including man and the promastigote stage, mobile thanks to its flagellum, is
found in the intestine of sandflies and in culture media.

Its life cycle is indirect because parasite development occurs in two successive hosts;
the definitive host is man, dog or animals (wild and domestic) and the intermediate host by the
vector: the female sandfly. Leishmaniasis is transmitted to humans through the bite of infected
female sandflies [10]. At the definitive host, the amastigote forms multiply in the cells of the
reticuloendothelial system [14]. The host cell eventually explodes, releasing parasites that
immediately enter new cells.

The sandfly, which is the intermediate host, gets infected by pricking a sick man or
animal. It absorbs blood monocytes. In the digestive tract of the insect, the amastigote forms
are transformed into promastigote forms. After about a week and following suction efforts, the
sandfly injects the promastigote forms in the wound. The transformation into endocellular
amastigote forms (in mononuclear phagocytes) is carried out in a few minutes. Sandflies inject
the larva at the infectious stage, metacyclic promastigotes, during the blood meal. Metacyclic
promastigotes that reach the wound are phagocytosed by the macrophages of the dermis and
turn into amastigotes by losing their flagellum [10]. Amastigotes multiply and survive in
phagolysosomes of infected cells. They can spread through the blood and lymphatic system
and reach different tissues. The location of the parasite in the patient's various organs is directly
related to the tropism of Leishmania species. Vector transmission is the main mode of
contamination. There is also transmission by syringe exchange among drug addicts.
Transfusion and congenital transmissions remain exceptional.
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3. Leishmaniasis in Morocco

Unfortunately, Morocco is one of the countries infected with leishmaniasis, and the
disease is still major health problems posing a major threat to public health. Leishmaniases
have been known in Morocco for nearly a century; the first cases of cutaneous leishmaniasis
(CL) have been described since 1914 in the South [15]. Since the early 1970s, the situation of
leishmaniasis has become worrying in Morocco [16]. The eco-epidemiological studies have
revealed the simultaneous presence of three distinct noso-geographical forms that are
differentiated by their geographical distribution, their clinical-epidemiological aspect, their
causative agent as well as the vectors, and possible reservoirs [16].

After the launch of the National Program for the control of leishmaniasis carried out by
the Department of Epidemiology and Disease, the epidemiological situation of leishmaniasis
in all provinces and regions has enabled better monitoring [17]. A period of calm was noted
from 1998 to 2001, during which the number of cases did not exceed 550 cases. The year 2008
was marked by a significant increase in cases to reach 3000. This ascent continued to reach a
peak of 6444 cases in 2010. These epidemics triggered the application of a national plan of
response to stop this increase. The result of this plan resulted in a net decrease in cases in 2014
[18]. Unfortunately, from 2015 to 2016, a re-emergence of this form has been noticed in some
households such as Jerada, Ouarzazate, Tinghir, and Errachidia [19].

The CL experienced a major epidemic south of the Anti-Atlas in the province of Tata.
Subsequently, the disease spread to the provinces of Ouarzazate and Oujda [20]. Since the
disease began to affect several other provinces with an epidemic character in the South and
East of the country [21]. Nearly six provinces have been affected, namely the provinces of
Errachidia, Figuig, Jerada, Ouarzazate, Boulemane, Tinghir, and Zagora [21,22].

L. tropica covers an area of 400 square kilometers [23]. Over the years, several other
outbreaks have emerged, explaining the spatio-temporal extension of the disease in the country.
In 2001, an epidemic was triggered in the provinces of Moulay Yacoub and Chichaoua [24].
The distribution of the cutaneous leishmaniasis from 2000 to 2015 has been maintained in an
epidemic and constant manner in some provinces, such as Chichaoua, with an average of 342
cases/year [19,25].

Cutaneous leishmaniasis, caused by L. infantum, has previously generated sporadic
cases restricted to the provinces of Sidi Kacem and Taounate [21]. Molecular investigations
have also revealed the presence of an increasing number of infected cases in the provinces of
Ouazzane and Sidi Kacem [26,27]. Furthermore, visceral leishmaniasis (VL), also caused by L.
infantum, is endemic in northern and central Morocco. This parasite mainly affects children
under 5 years, with an estimated incidence of 140 cases per year [28].

Various protocols for the diagnosis of Leishmania have been used in Morocco, but the
most used diagnosis is direct microscopy for searching for amastigote forms [29]. Sometimes,
the confirmation of these cases is at the national reference laboratory using the molecular test,
ITS1 PCR-RFLP method of the ribosomal DNA [30-32]. While other research applied the
antibody detection methods such as immunochromatographic dipstick test (ICT), ELISA, IFAT
with high sensitivity and specificity for ICT [33], and antigen detection assay test RDT for CL
has also been developed [34]. Early diagnosis and prompt treatment may heal and prevent the
development of stigmatizing lesions and scars [29].
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In Morocco, entomological surveys showed the existence of specific vectors for each
species. Effectively, Phlebotomus papatasi, Phlebotomus sergenti, and Phlebotomus
longicuspis are the vectors of L. major [20], L. tropica [20], and L. infantum [35], respectively.

Table 1. Traditional use of Moroccan medicinal plants with antileishmanial activities.

Species Vernacular Used part Medicinal indications
names
Origanum compactum | Za’tar Flowering | - Stomach disorders and febrifuge [38]
Benth. top - Inflammation [44]
Lamiaceae - Heart and intestinal pains [45]
- Digestive problems, cardiovascular disorders, and
respiratory problems [49]
Lavandula stoechas L. | Halhal Flowering - Digestive disorders [38]
Lamiaceae top - Rheumatism and asthma [44]
- Rheumatism and digestive disorders [45]
- Used as a diuretic [51]
Mentha pulegium L. Fliyou Flowering - Stomach disorders, cooling and respiratory diseases
Lamiaceae top such as influenza, colds, and bronchitis [38]
- Hypertension, diabetes, and cardiac disease [43]
- Cold, respiratory canals [45]
- Respiratory problems [49]
- Cooling and flu [50]
- Cough and chest problems [55]
Salvia officinalis L. Salmia Leaf - Hypoglycemia [38,47]
Lamiaceae - Hypertension and cardiac disease [43]
- Asthma and inflammation [46]
- Chill, rheumatism, and cough [45]
- Diabetes [49]
- Fever and stomach pains [50]
Rosmarinus officinalis | Azir Leaf - Stomach disorders and cooling [38]
L. - Hypertension, diabetes, and cardiac disease [43]
Lamiaceae - Allergy, asthma, cancer, infections, and immune system
depression [44]
- Intestinal parasites and rheumatism [45]
- Diabetes [49]
- Stomach pains [50]
- Pyelonephritis and cystitis[51]
Myrtus communis Rihan Leaf - Fall protection [38]
Myrtaceae - Cardiac weakness and digestive system [41]
- Immunological diseases [44]
Arbutus unedo L. Senou Leaf - Diabetes [38]
Ericaceae - Kidney diseases [45]
Cistus crispus L. Ouekir Leaf - Skin wounds [38]
Cistaceae
Centaurium Korsatlhaya Flowering - Skin diseases [38]
erythraea Rafn. top - Digestive system and kidney diseases [45]
Gentianaceae
Pistacia lentiscus L. Drou Leaf - Digestive diseases and evil eye [45]
Anacardiaceae
Salvia verbenaca Hiyyata Leaf - Wounds and abscesses [47]
Lamiaceae
Berberishispanica Arris Stem bark - Cancer, Eczema, and Psoriasis [44]
Berberidaceae
Lavandula dentata Khzama Flowers - Hypertension, diabetes, and cardiac disease [42]
Lamiaceae - cough, gastrointestinal disorders, and neurological
conditions [50]
Cistus salviifolius Tarahla Leaf - Cutaneous leishmaniasis[53]
Cistaceae
Crataegus oxyacantha | Saarourchaik Leaf - Hypertension and cardiac disease [42]
Rosaceae
Ephedraaltissima ladlenda Tige - Abortion [46]

Ephedraceae
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Additionally, the Ministry of Health launched action plans, in partnership with other
sectors, whose objectives were to identify 75% of the estimated cases of cutaneous
leishmaniasis by 2021, to eliminate mortality related to VL by 2021, and eliminate the disease
in the country by 2030 [36].

4. Medicinal use of Moroccan medicinal plants with antileishmanial effects

In Morocco, the population still uses medicinal plants to treat a number of diseases such
as diabetes, cancer, cardiovascular diseases, bacterial, and parasitic infections, including
leishmaniasis. Indeed, several works carried out in different Moroccan regions and dating back
to the '70s have reported the traditional use of medicinal plants [9, 37-58].

Amongst all used medicinal plants to fight against leishmaniasis, sixteen have been
tested in Morocco against leishmaniasis; these plants are divided into 9 families (Lamiaceae,
Myrtaceae, Ericaceae, Cistaceae, Gentianaceae, Anacardiaceae, Berberidaceae, Rosaceae,
and Ephedraceae) (Table 1). The traditional use of these plants shows significant variability
depending on the plant used, the region, and the pathology treated. Plants of the family
Lamiaceae, namely (Origanum compactum Benth., Lavandula stoechas L., Mentha pulegium
L., Salvia officinalis L., Rosmarinus officinalis L., Salvia verbenaca, Lavandula dentate) are
the most used in traditional medicine. This use is certainly justified by the presence of high
dose of secondary metabolite in these plants, especially because they express volatile
substances or essential oils (EO) which have long shown enormous pharmacological
properties, their use is often done by flowering tops and leaves, this is explained by the fact
that these plants are the place of photosynthesis and therefore the presence of bioactive
substances. Among these plants tested against leishmaniasis, the majority of them are
traditionally used against leishmania. Indeed, Rosmarinus officinalis L., Berberis hispanica,
Lavandula dentata, Cistus salviifolius, and Crataegus oxyacantha are used in the region of Fez
[53] to fight cutaneous leishmania. In addition, several plants of the Lamiaceae family are also
used against cutaneous Leishmania in the Tafilalt region [46].

5. Antileishmanial activities of Moroccan medicinal plants

Given the epidemiological situation of Leishmaniasis in Morocco and the resistance
developed is aimed at drugs used, it is urgent to screen candidate molecules to alternatives of
these medications. In this sense, medicinal plants are a reservoir of natural molecules with
interesting biological activities. The secondary metabolites show interesting antileishmanial
effects. However, in Morocco, the search for natural antileishmanial molecules has only
recently been discussed in our laboratory. This activity was performed by organic extracts and
volatile compounds.

5.1. Antileishmanial activity of extracts.

Several Moroccan medicinal plant extracts were tested against leishmania species
(Table 2). These species include Myrtus communis, Salvia officinalis, Arbutus unedo,
Origanum compactum, Cistus crispus, Centaurium erythraea, Berberis hispanica, Lavandula
dentata, Cistus salviifolius, Crataegus oxyacantha, and Ephedra altissimoa (Table 2).
Bouyahya et al. [62] have shown that organic extracts of Myrtus communis, Arbutus unedo,
Origanum compactum, and Cistus crispus exhibited important antileishmanial activity. Indeed,
methanol, hexan, and ethanol extract of Myrtus communis inhibited the growth of Leishmania
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infantum, Leishmania tropica, and Leishmania major. Moreover, Arbutus unedo methanolic,
ethanolic, and hexane extracts showed remarkable leishmanicidal effects, in particularly
hexane extract against Leishmania tropica (1Cs0=79.57+2.66 pg/mL) and Leishmania infantum
(1C50=64.05x1.44 pg/mL). Cistus crispus extracts have also demonstrated interested in vitro
antileishmanial effects, especially hexane extract that showed important leishmanicidal effects;
Leishmania major (1Cs0=47.29+2.25 pg/mL), Leishmania tropica (1C50=96.82+2.88 ug/mL),
and Leishmania infantum (1Cs0=82.39+2.11 pg/mL). In another study, Bouyahya et al. [62]
demonstrated Centaurium erythraea extracts against Leishmania tropica, L. major, and L.
infantum. In this study, hexane extracts showed important antileishmanial activity against L.
major (1Cs0=64.52+2.2 pg/mL) and L. tropica (1Cs0=37.2+1.62 pg/mL) [62].

Table 2. Antileishmanial effects of organic extracts isolated from Moroccan medicinal plants.

Authors Species Used part Extracts Leishmania Key results

[59] Myrtus communis L. | Leaves Methanol extract L. major | Important inhibition
promastigotes
L. tropica | 1Cs0=481.16+5.45 pg/mL
promastigotes
L. infantum | 1Cs50=303.21+5.72 pg/mL
promastigotes
Ethanol extract L. major | Important inhibition
promastigotes
L. tropica | Important inhibition
promastigotes
L. infantum | 1Cs0=117.45+3.55 pg/mL
promastigotes
Hexane extract L. major | 1Cs0=342.25+6.32 pg/mL
promastigotes
L. tropica | 1C50=321.63+6.85 pg/mL
promastigotes
L. infantum | Important inhibition
promastigotes
[60] Salvia clandestina Aerial part Hexane extract L. major | 1Cs0=155.43 pg/mL
promastigotes
L. tropica | 1Cso=148.23 pg/mL
promastigotes
L. infantum | ICso= 14.11 pg/mL
promastigotes
Dichloromethane L. major | 1Cso=24.56 pg/mL
Extract promastigotes
L. tropica | 1Cso=33.77 ng/mL
promastigotes
L. infantum | ICso=31.57 pg/mL
promastigotes
Methanol extract L. major | 1Cs0>1000 pg/mL
promastigotes
L. tropica | 1Cso=850.76 ng/mL
promastigotes
L. infantum | 1Cs0>1000 pg/mL
promastigotes

[61] Salvia officinalis L. Leaves Hexane extract L. major | Important inhibition
promastigotes
Ethanol extract L. major | Important inhibition
promastigotes
Methanol extract L. major | Important inhibition
promastigotes
[59] Arbutus unedo L. Leaves Methanol extract L. major | 1Cs0=283.83+4.96 pg/mL

promastigotes
L. tropica | 1Cs0=103.74+3.22 pg/mL
promastigotes
L. infantum | 1C5=150.23+3.21 pg/mL
promastigotes
Ethanol extract L. major | Important inhibition
promastigotes
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Authors Species Used part Extracts Leishmania Key results
L. tropica | Important inhibition
promastigotes
L. infantum | 1Cs50=172.72+3.56 pug/mL
promastigotes
Hexane extract L. major | 1Cs0=182.34+4.25 pg/mL
promastigotes
L. tropica | 1Cs0=79.57+2.66 pg/mL
promastigotes
L. infantum | 1Cs50=64.05%1.44 pg/mL
promastigotes
[59] Origanum Flowering Methanol extract L. major | Important inhibition
compactum Benth. stems promastigotes
L. tropica | Important inhibition
promastigotes
L. infantum | Important inhibition
promastigotes
Ethanol extract L. major | Important inhibition
promastigotes
L. tropica | Important inhibition
promastigotes
L. infantum | 1C50=474.67+4.77 pg/mL
promastigotes
Hexane extract L. major | 1Cs0=482.16+1.55 pg/mL
promastigotes
L. tropica | 1Cs0=289.68+4.15 pg/mL
promastigotes
L. infantum | 1Cs50=275.94+5.76 pg/mL
promastigotes
[59] Cistus crispus L. Leaves Methanol extract L. major | 1Cs0=84.29+2.05 pg/mL
promastigotes
L. tropica | 1Cs0=163.81+3.75 pg/mL
promastigotes
L. infantum | 1Cs5=132.18+3.06 pg/mL
promastigotes
Ethanol extract L. major | 1Cs0=291.73+3.33 pug/mL
promastigotes
L. tropica | Important inhibition
promastigotes
L. infantum | 1C5=183.26+4.38 pg/mL
promastigotes
Hexane extract L. major | 1Cs0=47.29+2.25 pg/mL
promastigotes
L. tropica | 1Cs0=96.82+2.88 pug/mL
promastigotes
L. infantum | 1Cs=82.39+2.11 pg/mL
promastigotes
[62] Centaurium Flowering Methanol extract L. major | 1Cs0=126.16+3.29 pg/mL
erythraea Rafin. stems promastigotes
L. tropica | 1Cs0=247.24+2.59 pg/mL
promastigotes
L. infantum | 1C50=124.82+1.75 pg/mL
promastigotes
Ethanol extract L. major | Important inhibition
promastigotes
L. tropica | Important inhibition
promastigotes
L. infantum | 1C5=373.18+2.23 pug/mL
promastigotes
Hexane extract L. major | 1Cs0=64.52+2.2 pug/mL
promastigotes
L. tropica | 1Cs0=37.2+1.62 pg/mL
promastigotes
L. infantum | 1C5=125.04+1.93 pg/mL
promastigotes
[53] Berberis hispanica Roots Methanolic L. tropica | 1Cs0=520.59+13.69 pg/mL
extracts promastigotes
L. major | 1Cs0=526.41+4.50 pg/mL
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Authors Species Used part Extracts Leishmania Key results
L. infantum | 1C50=394.40+3.02 pg/mL
promastigotse
Lavandula dentata Leaves Methanolic L. tropica | 1C50=553.54+7.63 pg/mL
extracts promastigotes
L. major | 1Cs0=596.70+3.85 pg/mL
promastigotes
L. infantum | 1C50=596.52+12.54 pg/mL
promastigotes
Cistus salviifolius Roots Methanolic L. tropica | 1Cs0=541.22+14.51 pg/mL
extracts promastigotes
L. major | 1Cs0=499.50+7.65 pg/mL
promastigotes
L. infantum | 1Cs0=477.75+2.26 pg/mL
promastigotes
Crataegus Leaves Methanolic L. tropica | 1Cs0=546.31+7.73 pg/mL
oxyacantha extracts promastigotes
L. major | 1Cs=609.8+15.1 pg/mL
promastigotes
L. infantum | 1Cs50=428.51+11.75 pg/mL
promastigotes
Ephedra altissima Roots Methanolic L. tropica | 1Cs50=540.11+12.49 pg/mL
extracts promastigotes
L. major | 1Cs0=490.84+3.15 pg/mL
promastigotes
L. infantum | 1Cs50=535.22+4.39 pg/mL
promastigotes

5.2. Antileishmanial activity of Essential oils.

Volatile compounds of medicinal plants demonstrated remarkable anti-leishmanial
activities. In Morocco, the anti-leishmanial activity of volatile compounds of some medicinal
plants was evaluated. Table 3 summarizes all tested essential oils against Leishmania species.
Essential oils of Origanum compactum, Pistacia lentiscus, Mentha pulegium, Rosmarinus
officinalis, and Lavandula stoechas were tested against L. major, L. infantum, and L. tropica
[63-66]. Volatile compounds extracted from flowering stems of Lavandula stoechas inhibited
L. major (1C50=0.9+0.45 pg/mL) and L. infantum (ICs0=7%0.54 pg/mL importantly). This
activity was attributed to Camphor and Fenchone, main major compounds of L. stoechas
essential oil [66]. In another study, essential oils of Rosmarinus officinalis and Mentha
pulegium showed important leishmanicidal action. Indeed, M. pulegium essential oil inhibited
L. major at 1Cs0=1.3+0.45 pg/mL and R. officinalis essential oils inhibited Leishmania
infantum at 1Cs0=1.2+0.36 pg/mL [65]. The variability between antileishmanial activities of
different essential oils is certainly due to the difference in bioactive compounds containing in
these oils. On the other, these volatile compounds could be explored to identified
antileishmanial drugs in Morocco.

Table 3. Antileishmanial effects of essential oils isolated from Moroccan medicinal plants.

Authors Species Used part Main Leishmania Key Results
compounds
[63] Origanum Aerial part at | Carvacrol, L. major | 1Cs0=0.26+0.09 pg/mL
compactum vegetative stage | thymol, promastigotes
Benth. y-terpenine, L. infantum | 1Cs=0.12+0.06 pg/mL
p-cymene promastigotes
L. tropica | 1Cs0=0.35+0.03 pg/mL
promastigotes
Flowering stems | Carvacrol,  y- | L. major | 1Cs0=0.13+0.05 pg/mL
at flowering | terpenine, promastigotes
stage p-cymene L. infantum | 1Cs=0.02+0.004 pg/mL
promastigotes
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Authors Species Used part Main Leishmania Key Results
compounds
L. tropica | 1C50=0.22+0.05 pg/mL
promastigotes
Aerial part at | Thymol, v- | L major | 1Cs0=0.17+0.02 pg/mL
post-flowering terpenine, promastigotes
stage p-cymene L. infantum | 1Cs=0.04+0.01 pg/mL
promastigotes
L. tropica | 1Cs0=0.72+0.02 pg/mL
promastigotes
[64] Pistacia lentiscus | Leaves Myrcene L. major | 1Cs0=17.52+1.26 pg/mL
L. a-pinene promastigotes
L. infantum | 1Cs0=11.28+1.63 pg/mL
promastigotes
L. tropica | 1Cs0=23.5+3.38 pg/mL
promastigotes
Fruits Limonene L. major | 1Cs0=21.42+2.92 pg/mL
a-pinene promastigotes
L. infantum | 1C50=08+0.83 pg/mL
promastigotes
L. tropica | 1Cs50=26.2+3.54 pg/mL
promastigotes
[65] Mentha pulegium | Leaves Menthone L. major | 1Cs0=1.3+0.45 pg/mL
L. Pulegone promastigotes
L. infantum | 1Cs0=2+0.83 pg/mL
promastigotes
L. tropica | 1Cs0=2.2+0.25 pg/mL
promastigotes
Rosmarinus Leaves a-pinene L. major | 1Cs0=2.6+0.64 pg/mL
officinalis L. 1,8-Cineole promastigotes
Borneol L. infantum | 1Cs0=1.2+0.36 pug/mL
promastigotes
L. tropica | 1Cs0=3.5+£0.83 pg/mL
promastigotes
[66] Lavandula Flowering stems | Camphor L. major | 1Cs0=0.9£0.45 pg/mL
stoechas L. Fenchone promastigotes
L. infantum | ICs0=7+0.54 pug/mL
promastigotes
L. tropica | Important inhibition
promastigotes

6. Leishmanicidal mechanism insights of Medicinal plants bioactive compounds

Since then, the pharmaceutical industry has implemented antileishmanial molecules
such as amphotericin B and pentamidine for L. brasiliensis [67]. Amarogentin for L. donovani
[68] and Anophonin for L. major [69]. During this time, these molecules have shown
undesirable and toxic effects, and they have many disadvantages [70]. For this reason, the
screening of new natural molecules such as from medicinal plants is an effective and possible
approach, a new hope of treating this much-neglected disease at the moment. In Morocco, a
number of bioactive molecules present in antileishmanial medicinal plants have revealed
leishmanicidal effects. Several studies (Table 4) have described the activity effects of bioactive
molecules against leishmania.

Table 4. Leishmanicidal mechanism insights of Medicinal plants bioactive compounds.

Molecule Species Effects Reference | Chemical structure
Limonene Leishmania amazonensis | 1C50=252.0+49.0 mM | [71] GHs
promastigotes
Leishmania amazonensis | 1Cs0=147.0+46.0 mM | [71]
amastigotes A
Leishmania major | 1C5=354.0£33.0 mM | [71] RaeT et
promastigotes
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Molecule Species Effects Reference | Chemical structure
Leishmania brasiliensis | 1C5=185.0£19.0 mM | [71]
promastigotes
Leishmania chagasi | 1C5=201.0£17.0 mM | [71]
promastigotes
Thymol Leishmania  infantum | 1Cs50=194.3+3.9 [72]
promastigotes
Leishmania  infantum | 1C50=400.0£0 [72]
amastigotes
Leishmania  infantum | Antileishmanial [73]
promastigotes activity
Leishmania chagasi | 1Cs0=74.1 pg/mL [74]
promastigotes
Eugenol Leishmania  infantum | Antileishmanial [73] 74
chagasi  promastigote | activity
and amastigotes Qg
HO o —
Camphor L. aethiopica | MIC=0.0097 pL/mL [75] 0
promastigotes %
L. donovani amastegotes | ECs0=0.24 pL/mL [75]
L. infantum | 1Cs0=5.55+1.27 [76]
promastigotes pL/mL
L. major promastigotes 1C50=7.90£0.42 [76]
pL/mL
Carvacrol L. chagasi promastigotes | 1Cs0=54.8 pg/mL [73]
L. infantum | 1Cs0=7.35£1.78 [76]
promastigotes pg/mL
L. major promastigotes 1C50=9.15+0.12 [76]
pg/mL
B-Caryophyllene L. infantum | 1Cs0=1.06+0.37 [76]
promastigotes pg/mL
L. major promastigotes 1C50=1.33+0.52 [76]
pg/mL
a-pinene L. infantum | 1Cs0=17.60+0.88 [76]
promastigotes pg/mL
L. major promastigotes 1C50=19.80+0.23 [76]
pg/mL
1,8-cineole L. infantum | 1Cs0=53.40+0.98 [76]
promastigotes pg/mL _{//%/
L. major promastigotes 1C50=74.80+1.66 [76] \/ \
pg/mL
p-cymene L. infantum | 1Cs0=156.17+0.45 [76]
promastigotes pg/mL
L. major promastigotes 1C50=219.17+0.50 [76]

pg/mL

Arruda et al. (2009) demonstrated the activity of limonene against Leishmania species
in vitro and in vivo. This molecule has a leishmanicidal action on L. amazonensis promastigotes
and amastigotes, and was also effective against L. major, L. braziliensis, and L. chagasi
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promastigotes. In addition, the treatment with limonene allowed the reduction of the lesion and
a decrease in the parasite load [71]. Additionally, several studies tested the antileishmanial
activity for thymol in vitro, and in vivo, they show that this molecule is active against the
parasite. It decreased the parasite burden for L. panamensis [72], and it is the best inhibitor and
exhibited efficient leishmanicidal activity against L. infantum [73,74]. Another study shows
that eugenol possesses a better antileishmanial activity against promastigotes the L. infantum
and L. chagasi.

Moreover, the thymol has greater activity than the eugenol derivatives [73]. In another
work, the results revealed that camphor exhibited an important leishmanicidal activity against
amastigote forms of L. aethiopica with potent leishmanicidal activity against promastigotes of
L. donovani [75], it may still be an alternative treatment in the therapy of leishmaniasis because
of its activity against L. infantum and L. major [76]. Otherwise, carvacrol exhibited efficient
leishmanicidal activity on promastigotes of L. chagasi [74]. L. brasiliensis [77], L. infantum
and L. major [76], and its mechanism of action might involve alteration of the mitochondrial
membrane [76]. Essid et al. [76] demonstrated that p-cymene, 1,8-cineole, a-pinene, and
caryophyllene exhibited efficient leishmanicidal activity against a different type of Leishmania,
mostly on promastigotes of L. major and L. infantum [76]. Moreover, these molecules show
the different modes of action, such as inhibition of proliferation, inhibition of Leishmania
growth and mediation of apoptosis-like cell death, loss of mitochondrial membrane potential,
and cell-cycle arrest [78]. These results show the importance of the investigation of molecules
with therapeutic potential in the treatment of leishmaniasis.

7. Conclusions and perspectives

Leishmaniasis constitutes a dangerous parasitic disease that affects several African
countries, including Morocco. To fight against this microbial disease, the Moroccan population
uses medicinal plants as alternative treatments. Indeed, the used antileishmanial antibiotics
often have several side effects and are expensive. The tested Moroccan medicinal plants against
different species of Leishmania showed that the bioactive compounds contained in these plants
could be a valuable source for identifying new alternative drugs against leishmaniasis.
However, further investigations regarding the isolation of these compounds and their
preclinical in vivo exploration and eventually, clinical validation are necessary.
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