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Aromatic and medicinal plants have been traditionally used since antiquity to fight against
illnesses. Recently, several researches have focused on the pharmacological properties and
various bioactivities of natural products are extracted from medicinal plants, including the
properties of antibacterial, antitumor and antioxidant activities. The products of medicinal
plants are the secondary metabolites belonging to different compound classes such as essential
oils, polyphenols, flavonoids and other phytochemical classes. In Morocco, medicinal
plants are the major source of bioactive compounds and the majority of them are used in
phytotherapy. The biological potential of various Moroccan medicinal plants attracts a lot of
interest in the literature. They include antibacterial, antioxidant and antitumor investigations. In
this context, this work aims at discussing antibacterial, antitumor and antioxidant properties of
Moroccan medicinal plants.
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1. Introduction
Plants have been used since a long time to fight against diseases[1].
However, with the discovery of antibiotics, the man has dropped
the use of vegetable drugs. Today, these antibiotics have been
proven to have remarkable side effects and microorganisms have
developed mechanisms allowing them to resist against these
molecules[2-4]. Furthermore, complex diseases such as cancer
tend to counterbalance the synthetic drugs effects, sometimes
causing multi-drugs resistant[5]. Amongst the most offending risk
factors involved in the genesis and the spread of these diseases is
the oxidant stress[6]. This process is balanced under physiological
conditions by antioxidant systems of the body. The fight against
infectious diseases and cancer is a continuing concern within the
medicinal field. Hence, it is necessary to screen molecules that have
an absolute specificity, a maximum efficiency and a supportable
security.
*Corresponding author: Abdelhakim Bouyahya, Biochemistry-Immunology
Laboratory, Department of Biology, Faculty of Sciences, Mohammed V University,
Rabat, Morocco.
Tel: +21201350878
E-mail: boyahyaa-90@hotmail.fr
The journal implements double-blind peer review practiced by specially invited
international editorial board members.

In developing countries and elsewhere in Morocco, phytotherapy
is an alternative way of medicine since antiquity [7,8] . The
valuation of herbal drugs of medicinal plants may need several
ethnopharmacological surveys of numerous species traditionally
used by people[9-12]. Furthermore, several species traditionally used
have been tested and showed the capacity to inhibit several bacterial
strains which cause infectious diseases (sometimes multi-drugs
resistant bacterial strains), tumor cell lines from human body and
reduce free radicals. However, these studies are sometimes ineffective
and fail to therapeutically target applications due to difficulty in
finding or detected toxicity. In Morocco, recent studies on medicinal
plants have taken global attention. In effect, large accumulated
works have demonstrated several potentials of medicinal plants used
in numerous traditional, complementary and alternate treatments
to fight against diseases. These properties are due to a variety of
secondary metabolites present in medicinal plants such as tannins[13],
terpenoids[14], alkaloids[15] and flavonoids[16-18].
Extracts and essential oils from Moroccan medicinal plants showed
several potential properties including antibacterial [16,17,19, 20-23],
antioxidant[17,19,24,25], antitumor[26-31] and antiviral activities[23,32,33].
These biological activities are almost correlated with chemical
compounds of used extract or essential oil[34,35]. This work is to
present a synthesis of conducted ethnopharmacological studies on
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Moroccan medicinal plants for their antibacterial, antioxidant and
antitumor properties.

2. Antibacterial activity
Morocco presents a key reservoir for phytochemical prospecting
and drug discovery. Bacterial infection is among the most commonly
encountered diseases worldwide [36,37]. Because of developed
resistance by bacteria against antibiotics, these infectious diseases
continue to cause morbidity and mortality worldwide[38,39].
The antibacterial activity of organic extracts and essential oils
from Moroccan medicinal plants was revealed through a quantitative
screening using methods such as the disk diffusion method[22,40] and
well diffusion methods[16,17,19]. The results are expressed in terms
of the inhibition zones which allow access to quantitative inhibition
values of extracts against bacterial strains. However, the potential
application of these products requires entering qualitative results
to determine effective concentrations such as minimum inhibitory
concentration ( MIC ) and minimum bactericidal concentration
(MBC) to promote them in several applications such as therapeutic
use[22,17]. On the other hand, molecular targets of these products are
determined using some technological materials such as transmission
electron microscopy and flow cytometry[20,21].
The antibacterial activity of Moroccan medicinal plants has been
extensively studied using various experimental approaches. Table
1 summarizes the essential works carried out on the antibacterial
effects of extracts and essential oils from Moroccan medicinal
and aromatic plants. Talbaoui et al. tested the effects of essential
oils from six Moroccan aromatic plants to inhibit the growth of
Streptococcus D, Enterococcus faecalis (E. faecalis), Escherichia
coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae)[22].
The results have shown a significant variability which is mainly
due to the differences in chemical composition of essential oils
tested. Authors have showed that bactericidal activities of these
essential oils against bacterial strains tested appear mainly related
to disturbing the bacterial membrane structure and these results are
similar with standard used antibiotics (penicillin-streptomycin).
In another earlier study, Bouhdid et al. revealed the potential
antibacterial activity of Origanum compactum (O. compactum)
(Lamiaceae family) essential oils against several isolated pathogenic
strains. Indeed, this essential oil showed a bactericidal inhibition
capacity at a concentration of 0.007 8% against Staphylococcus
aureus (S. aureus)[19]. This bactericidal effect is certainly due to the
presence in the oregano essential oil of some phenolic molecules
such as thymol and carvacrol. Both of these compounds are largely
recognized for their antibacterial action by several mechanisms[41].
Indeed, O. compactum essential oil has been tested for this mode
of action against two bacterial strains S. aureus and Pseudomonas
aeruginosa (P. aeruginosa)[20]. The mechanism of action is related
to the capacity of O. compactum essential oil to induce leakage of
intracellular sodium and alteration of membrane potential. These
alterations in bacteria homeostasis lead to some modifications
such as an increase in the membrane permeability and a loss in the
respiratory and enzymatic activities. These changes lead to cell
death[20]. These mechanisms are also mentioned using Cinnamomum
verum essential oil against the same bacterial strains (S. aureus and
P. aeruginosa)[21].

Essential oil of Thymus capitatus (T. capitatus), Origanum
elongatum and Mentha suaveolens have been tested for their
antibacterial activity against Salmonella, E. coli O157:H7 and
Listeria monocytogenes (L. monocytogenes). T. capitatus essential
oil revealed an antibacterial effect against Salmonella and L.
monocytogenes at MIC 0.062 5%[22], while the other two essential
oils demonstrated a moderate antibacterial activity. These results
are explained by the wealth of T. capitatus essential oil by several
phenolic molecules that are shown to be widely capable of inhibiting
bacterial cells.
Medicinal plant extracts also possess antibacterial activity
which is controlled by their several phenolic compounds such as
flavonoids, coumarins and tannins. A preliminary screening of
ethanolic extracts of five medicinal plants [(Cistus monspeliensis,
Cistus albidus, Lavandula stoechas, Ajuga iva and Daphne gnidium
(D. gnidium)] from northwest of Morocco against two bacterial
strains (S. aureus and E. coli), the agar well diffusion test has been
conducted. The obtained results were promoted and correlated with
phenolic contents[16]. In another study, the antibacterial effect of
Arbutus unedo (A. unedo) leaf extracts (n-hexane, ethyl acetate,
methanolic and ethanolic extracts) to inhibit L. monocytogenes, E.
coli, S. aureus and P. aeruginosa has been evaluated[17]. The results
were promoted with an inhibition zone which of 41.00 ± 0.67 mm
produced by ethanolic extract against L. monocytogenes. On the
other hand, Ficus carica (F. carica ) (medicinal and nutrient species
that is largely used in Moroccan traditional medicine) has also
been tested in an experimental assay for their biological properties.
Indeed, in Morocco, aqueous extract of F. carica was tested against
S. epidermidis by Al Askari et al. and the MIC was very low (MIC =
25 μg/mL)[42]. The antibacterial effects of extracts and essential oils
from aromatic plants certainly depend on several factors. Indeed,
nature of studied strain, used plant, extract type, extraction solvent,
used method and chemical composition of extracts influenced the
parameters of the results.

3. Antioxidant activity
The oxidation of cells leads to the onset of several diseases
including Parkinson, Alzheimer, diabetes and cancer [47-50] .
Various types of reactive species are powerful oxidizing agents
and damage several biomolecules such as DNA[51]. In effect, any
increasing of reactive species formation induces the development
of malignancy[52-54]. On the other hand, oxidative stress is a key
initiator element in the genesis of some chronic diseases[51,55].
The reactive species are continuously generated in almost all
aerobic cells, when the necessity of intracellular and extracellular
antioxidant system mechanisms is to scavenge these reactive species.
By definition, an antioxidant is a molecule which significantly delays
or prevents oxidation of another molecule. Oxidizable substrates are
the oxidative molecules present in all living cells such as DNA, RNA,
proteins, lipids, and carbohydrates[56].
The physiological and metabolic processes generate oxidant
molecules and free radicals in human body. This later has to produce
some defensive antioxidant including natural enzymes such as
glutathione peroxidase, superoxide dismutase and catalase[57], and non
enzymatic antioxidants (vitamins, carotenoids, polyphenols, etc.)[58].
The World Health Organization estimated that 80% of earth’s
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Table 1
Antibacterial activity of some Moroccan medicinal plants.
Species (families)

Part used

D. gnidium
Leaves
(Thymelaeaceae)
Ajuga iva (Lamiaceae) Leaves
Lavandula stoechas
(Lamiaceae)
Cistus albidus
(Cistaceae)
Cistus monspeliensis
(Cistaceae)
Lavandula multifida
(Lamiaceae)
O. compactum
(Lamiaceae)
A. herba alba
(Lamiaceae)
Ocimum basilicum
(Lamiaceae)
Mentha viridis
(Lamiaceae)
Rosmarinus officinalis
(Lamiaceae)
Lavandula officinalis
(Lamiaceae)
Mentha piperita
(Lamiaceae)
F. carica (Moraceae)

Extract or
essential oil
Ethanolic
extract

Major components

Method used (strains tested)

Effects

ND

Ager well diffusion assay
(E. coli and S. aureus)

Essentail oil

Carvacrol

Agar well diffusion assay (S. aureus)

Inhibition diameters against E. coli and S. aureus [16]
were respectively ɸ = 11mm and ɸ = 15 mm
Inhibition diameters against E. coli and S. aureus
were respectively ɸ = 17,5 mm and 21 mm
Inhibition diameters against E. coli and S. aureus
were respectively ɸ = 8 mm and ɸ = 11mm
Inhibition diameters against E. coli and S. aureus
were respectively ɸ = 9 mm and ɸ = 17 mm
Inhibition diameters against E. coli and E. aureus
were respectively ɸ = 9 mm and ɸ = 16 mm
MIC = 1% (v/v)
[43]
MBC = 2% (v/v)
MIC = MBC = 0.007 8% (v/v)
[19]

Flowering top
Aerial part
Leaves
Flowers

Flowering top Essentail oil
Aerial part

Essential oil

Aerial part
Aerial part
Aerial part
Aerial part
Aerial part
Leaves

Aqueous
extracts

Mentha suaveolens
(Lamiaceae)

Leaves

Essential oil

Origanum elongatum
(Lamiaceae)
T. capitatus
(Lamiaceae)
Paronychia argentea
(caryophyllaceae)
Spergularia marginata
(Caryophyllaceae)
A. unedo (Ericaceae)

Leaves and
flowering tops
Leaves and
flowering tops)
Aerial part
Saponins

Thymol and carvacrol Agar well diffusion assay and
macrodilution assay (S. aureus)
Eucalyptol,camphor Disk diffusion method and
and chrysanthenone microtitration technique (E. coli,
Streptococcus D, E. faecalis and K.
Eucalyptol and
methyltrans-cinnamate pneumoniae)

Effect against K. pneumoniae at a MIC = MBC = [22]
2.5% (v/v)
Effect against K. pneumoniae and E. coli at a
MIC = MBC = 5% (v/v)
Pulegone
Effect against all tested strains at a MIC = MBC
= 2.5% (v/v)
Eucalyptol, camphor
Effect against K. pneumoniae and E. coli at a
and α-pinene
MIC = MBC = 5% (v/v)
Linalyl acetate
Effect against K. pneumoniae at a MIC = MBC =
5% (v/v)
Linalyl acetate and
Effect against Streptococcus D, E. faecalis and
K. pneumoniae at a MIC = MBC = 2.5% (v/v)
linalool
ND
Disk diffusion method and microtitration ɸ = 21 mm; MIC = 25 μg/mL
[42]
technique (S. epidermidis)
Piperitenone oxide,
isopulegol and
limonene
p-Cymene, γ-terpinene,
thymol and carvacrol
Carvacrol

Agar well diffusion method and
microtitration technique (Salmonella
sp., E. coli O157:H7 and L.
monocytogenes)

ND

Disk diffusion method microdilution
technique (C. albicans)

Roots

Saponins

Leaves

Ethanol, methanol, ND
ethyl acetate and
n-hexane extracts

Lavandula coronopifolia
(Lamiaceae)
Rubus ulmifolius
(Rosaceae)
Cistus crispus
(Cistaceae)
Anvillea radiata
(Asteraceae)
Pistacia atlantica
(Anacardiaceae)
O. compactum
(Lamiaceae)

Stem, leaves
and flowers
Stem and
leaves
Stem, leaves
and flowers
Stem, leaves
and flowers
Leaves

Aqueous extract ND

Cinnamomum verum
(Lamiaceae)
A. herba alba
(Lamiaceae)

Bark

Mentha pulegium
(Lamiaceae)

Flowers,
leaves and
stems

Flowering top Essential oil

Essential oil

Flowers, leaves Essential oil
and stems
Essential oil

Ref.

ND

Effect against Salmonella and E. coli at a MIC = [23]
0.5% (v/v)
Effect against Salmonella at a MIC = 0.5% (v/v)
Effect against Salmonella and L. monocytogenes
at a MIC = 0.062 5% (v/v)
Effect against C. albicans at a MIC = 8 mg/mL

[44]

Effect against C. albicans at a MIC = 4 mg/mL
Agar well diffusion method and
microtitration technique (E. coli, S. aureus,
L. monocytogenes and P. aeruginosa)
Disk diffusion method and
macrodilution technique (Clavibacter
michiganensis subsp. mchiganensis)

Thymol and carvacrol MIC values were determined by
microtitration technique and the mode
of action potassium leakage test, flow
cytometry analysis and transmission
electron microscopy observation (S.
aureus and P. aeruginosa)
α-Thujone
Agar disc method and macro-broth
α
dilution technique (E. coli, S. aureus,
P. aeruginosa, Enterobacter cloacae,
Pseudomonas pyocyanique and
Enterococcus faecium)
Pulegone

Inhibition diameters of n-hexane and methanol
extract against L. monocytogenes are respectively
ɸ = 40 mm and ɸ = 41 mm.
MIC = 6.250 mg/mL
MBC = 12.250 mg/mL
MIC = 3.125 mg/mL
MBC = 6.250 mg/mL
MIC = 6.250 mg/mL
MBC = 25.000 mg/mL
MIC = 3.125 mg/mL
MBC = 25.000 mg/mL
MIC = 3.125 mg/mL
MBC = 12.550 mg/mL
Induction of cell death by increasing in the
membrane permeability and a loss in the
respiratory and enzymatic activities

[17]

All bacterial strains were inhibited at
concentrations ranging from 1.25 μL/mL to
5 μL/mL. All bacterial strains were killed at
concentrations ranging from 1.25 μL/mL to 10
μL/mL

[21]

[45]

[20]

[46]

ND: Not determined; Ref.: References; A. herba alba: Artemisia herba alba; C. albicans: Candida albicans.

inhabitants use traditional medicine such as plant drugs and their
major molecules for the treatments against diseases[59], and these
plant products can serve as antioxidants and prevent diseases
genesis. Furthermore, some studies showed there is a positive

correlation between the decrease of incidence of human diseases
and the dietary intake of antioxidant-rich foods[60,61]. On the other
hand, the synthetic antioxidants widely used for food preservation
are implicated in carcinogenesis[62]. This situation imposes a search
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on natural antioxidant to be carried out. In this way, medicinal
and aromatic plants present a real source to screening antioxidant
molecules. The evaluation of antioxidant properties needs to focus
on some experimental techniques to identify the efficacy of extracts
or molecules.
In Morocco, several searches have focused on the evaluation of
antioxidant properties of products extracted from medicinal and
aromatic plants. Table 2 summarizes some studies that proved
the antioxidant effects of plant extracts and essential oils. It is
generally seen that this effect is strongly correlated with the phenolic
compounds in tested extracts and essential oils. Several assays such
as 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity, trolox

equivalent antioxidant capacity, ferric reducing antioxidant power
and oxygen radical absorbance capacity are used to estimate these
antioxidant effects.
Recently, ethyl acetate, petroleum ether and ethanolic extracts of
Pennisetum glaucum have been tested for their antioxidant activities
by trolox equivalent antioxidant capacity, DPPH and ferric reducing
antioxidant power assays[25]. Results showed a significant variability
between plant extracts and the experimental method used. In another
study, Bouyahya et al. demonstrated the antioxidant effect of ethyl
acetate, ethanol, methanol and n-hexane extracts of A. unedo, and
n-hexane extract showed the highest capacity to reduce DPPH radical
(IC50 = 73.73 μg/mL)[17]. This activity has been correlated with

Table 2
Antioxidant activity of some Moroccan medicinal plants.
Species (families)

Parts used Extracts

Effects

Ref.

Pennisetum glaucum
(Poaceae)

Seeds

All extracts have shown an
antioxidant effect

[25]

Myrtus communis
(Myrtaceae)

Leaves and
fruits

Methanol extract showed an
important antioxidant activity

[24]

O. compactum Benth
(Lamiaceae)

Flowering
top

A. unedo (Ericaceae)

Leaves

Mesembryanthemum
nodiflorum (Aizoaceae)
Eugenia caryophyllus
(Myrtaceae)
Thymus satureioides
(Lamiaceae)
Ricinus communis
(Euphorbiaceae)
A. herba alba
(Lamiaceae)
Myrtus communis
(Myrtaceae)
Rosmarinus officinalis
(Lamiaceae)
Mentha puleguim
(Lamiaceae)
O. compactum
(Lamiaceae)
Eucalyptus camaldulensis
(Myrtaceae)
Lippia citriodora
(Verbenaceae)
Cedrus atlantica
(Pinaceae)
Paronychia argentea
(Caryophylaceae)

Spergularia marginata
(Caryophylaceae)

Aerial part
Leaves
Aerial part
Leaves
Leaves
Leaves
Leaves
Leaves
Leaves
Leaves
Leaves
Leaves
Aerial part

Roots

Major
Methods used
components
Petroleum ether, ethyl ND
DPPH radical scavenging capacity
acetate and ethanol
assay, trolox equivalent antioxidant
extracts
capacity and ferric reducing
antioxidant power
Methanol, ethanol, ethyl ND
DPPH radical scavenging capacity,
acetate and aqueous
reducing power and β-carotene
linoleic acid assay
extracts
Essential oil
Thymol and Reducing power assay
carvacrol
DPPH radical scavenging capacity
assay
Ethanol extract
ND
DPPH radical scavenging capacity
assay
Methanol extract
Ethyl acetate extract
n-hexane extract
Dichloromethane
ND
DPPH radical scavenging capacity
extract
assay
Essential oil
ND
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
ND
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Essential oil
DPPH radical scavenging capacity
assay
Saponins
DPPH radical scavenging capacity
assay
ß-Carotene linoleic acid bleaching
Reducing power assay
Saponins
DPPH radical scavenging capacity
assay
β-Carotene linoleic acid assay
Reducing power assay

ND: Not determined; IC50: Antioxidant capacity; Ref.: References.

Reductive potential comparable to [19]
that presented by ascorbic acid
Inhibition of 52.30% of DPPH at
1 000 µg/mL
IC50 = 280.50 µg/mL
[17]
IC50 = 95.25 µg/mL
IC50 = 276.15 µg/mL
IC50 = 73.73 µg/mL
Inhibition of 94.39% of DPPH at
2.5 mg/mL
IC50 = 0.008 1 μg/mL

[63]
[64]

IC50 = 6.64 µg/mL
IC50 = 227.31 ± 1.06 μg/mL
IC50 = 1118.50 ± 3.97 μg/mL
IC50 = 4 748.33 µg/mL
IC50 = 53.55 µg/mL

[65]

IC50 = 179.85 µg/mL
IC50 = 2.47 µg/mL
IC50 = 4.005 μg/mL
IC50 = 1 335.63 µg/mL
IC50 = 315.85 µg/mL
IC50 = 19.08 µg/mL
IC50 = 98.24 µg/mL
IC50 = 27.22 µg/mL
IC50 = 29.65 µg/mL
IC50 = 614.00 µg/mL
IC50 = 61.44 µg/mL

[54]
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the phenolic content of plant extracts. On the other hand, essential
oil from Moroccan aromatic plants have also been studied for their
antioxidant effects. The results are much correlated with phenol
compounds of chemical essential oils. Indeed, Bouhdid et al. tested the
antioxidant activity of O. compactum essential oil using ferric reducing
power, β-Carotene-linoleic acid and DPPH free radical scavenging
method. This essential oil showed a more significant effect than some
antioxidant standard such ascorbic acid and butylated hydroxytoluene
and these antioxidant activities vary according to the method used[19].
Pistacia lentiscus (P. lentiscus) has been used for a long time
by Moroccan populations to treat some illnesses. This plant is
important for its medicinal values. P. lentiscus aerial parts possess
stimulant and diuretic properties. Its resin is known as mastic resin
and P. lentiscus is called mastic tree[61,66]. This plant has a great
therapeutically value and has been used in several traditional systems
of medicine around the world[67] including the treatment of stomach
diseases[68].
The antioxidant effect of P. lentiscus essential oil has been studied

by DPPH scavenging test. Authors found that essential oil has a high
radical scavenging activity (IC50 = 23.79 μL/mL)[61]. This value is
significantly comparable with those found by P. lentiscus extracts
(IC50 = 11 µg/mL)[64]. Overall, the test exhibited an outstanding
ferric reducing power, a good scavenging of H 2O2 and a weak
inhibition of lipid peroxidation[69]. The antimutagenic property of
P. lentiscus phenolic extracts from fruits has been investigated and
showed a significant protection against induced mutation[69].

4. Antitumor activity
Cancer is a complex disease due to several etiologies. A cell loses
control of the division and becomes abnormal, this continues to
grow and forms a tumour that can often invade other tissues and
metastasizes different sites. Nowadays, some used treatments such
as chemotherapy and radiotherapy cause many other effects and
are very expensive[69]. Therefore, it is necessary to develop new
anticancer molecules. In this context, scientific exploration of the

Table 3
Antitumor activity of some Moroccan medicinal plants.
Species (families)
Part used
Mesembryanthemum Aerial part
nodiflorum
(Aizoaceae)
Senecio
leucanthemifolius
(Asteraceae)
R. monosperma
(Fabaceae)

Type of extract
Major components
Alkaloids,
ND
cyclohexane,
dichloromethane and
methanolic extracts
Root, stem, Essential oil
α-Hydroxy-p-cymen,
leaves and
carvacrol, nerol and
flowers
carveol
n-hexane extract
Leaves
Sparteine, L-methyl
cytosine, 17-ososparteine,
lupanine and anagyrine.

IC50 = 1.158 µL/mL

[72]

MTT colorimetric assay (human
cervix cancer cell line: SiHa)

IC50 = 14.57 µg/mL

[28]

MTT colorimetric assay (HeLa)
MTT colorimetric assay (SiHa)

IC50 = 21.33 µg/mL
IC50 = 54 µg/mL

[27]

Leaves

R. monosperma
(Fabaceae)

Leaves

MTT colorimetric assay (HeLa)
MTT colorimetric assay (SiHa)

IC50 = 60 µg/mL
IC50 = 99 µg/mL

O. eriolepis
(Asteraceae)

Aerial part

MTT colorimetric assay (HeLa)
MTT colorimetric assay (SiHa)

IC50 = 112 µg/mL
IC50 = 96 µg/

R. monosperma
(Fabaceae)

Leaves

MTT colorimetric assay (HeLa)
MTT colorimetric assay (Jurkat
T lymphocyte: acute T cell
leukemia)
MTT colorimetric assay (human
tumor cell line: A549)
(Human tumor cell line: SMMC7721)
Crystal violet assay (ovarian
adenocarcinoma)
MTT colorimetric assay (Hep2,
HT29, RD, Vero and MDCK
tumor cell)
MTT colorimetric assay (MCF-7
cells breast cancer)
MTT colorimetric assay (LN-229:
epithelial glioblastoma)
MTT colorimetric assay (Jurkat
T lymphocyte: acute T cell
leukemia)
MTT colorimetric assay (SW620
colorectal denocarcinoma)
MTT colorimetric assay (SW480
colorectal adenocarcinoma)

IC50 = 94 µg/mL
IC50 = 34.44 µg/mL

[29]

IC50 = 198 µg/mL

[31]

α-Linoleic acid,
trimethylsilyl ester and
linoleicacidtrimethylsilyl
Aerial part Ethyl acetate extract ND
Hexane extract

Thymus broussonetii Aerial part Essential oil
(Lamiaceae)
Withania adpressa Leaves
Withanolides
(Solanaceae)
D. gnidium
(Thymelaeaceae)
I. viscosa
(Asteraceae)

ND: Not determined.

ND

Effects
Reference
IC50 of all extracts is more
[61]
or equal to 1 mg/mL

I. viscosa
(Asteraceae)

O. compactum
(Lamiaceae)

Methanolic extract

Method used (cell lines)
MTT colorometric assay (humain
breast adenocarcinoma cell line:
MCF7) and humain epitheloid
adenocarcinoma cell line: HeLa)
Crystal violet assay (human cervix
cancer cell line: HeLa)

Carvacrol
Withanolides

Root

Extract

ND

Leaves

Hexane fraction

ND

IC50 = 266 µg/mL
Significant
antiproliferative activity
Significant
antiproliferative activity
Significant
antiproliferative activity
IC50 = 7.52 ± 4.57 µg/mL
IC50 = 6.53 ± 1.42 µg/mL
IC50 = 5.9 ± 3.57 µg/mL
IC50 = 8.40 ± 3.31 µg/mL

[73]
[74]

[75]
[30]
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biological activity of natural products from medicinal plants is a
promoter solution[70].
Medicinal plants are a good source of bioactive molecules that
have several agonist and/or antagonist effects against almost all
cellular targeting pathways. Therefore, these molecules are a
very specific strategy for limiting and/or inhibiting the growth
of cancer cell lines. In Morocco, several studies (some of them
in our laboratory) have been conducted and suggested the
potential antitumor activity of medicinal plants[5,27-30,71]. Table
3 summarizes the essential works that have been carried out on
antitumor effects against tumor cell lines representing different
cancers in Moroccan human body.
Senecio leucanthemifolius essential oil has been tested against
HeLa (human cervix uteri cancerous cellular line) using crystal
violet assay [72]. This essential oil showed a cytotoxic activity
against this cell line with an IC50 = 1.158 µL/mL. This effect can be
attributed to four major compounds (α-Hydroxy-p-cyme, carvacrol,
nerol and carveol) present in this essential oil. Mezzoug et al. tested
the essential oil of O. compactum for its mutagenicity inhibitory
and proved a promoter result[76]. The inhibition is correlated with
the presence of carvacrol as a major compound. In another study,
Chaouki et al. studied the cytotoxic activity of chloroform, ethyl
acetate, n-hexane and methanolic extracts from O. compactum
against A549 and SMMC-7721 tumor cell lines using MTT assay.
They showed a cytotoxic capacity of ethyl acetate extract against
A549 at IC50 = 198 ± 12 μg/mL and SMMC-7721 at IC50 = 266 ± 14
μg/mL[31].
In our laboratory, antitumor activities of medicinal plants have been
studied by several researchers. Indeed, Merghoub et al. screened the
cytotoxic effects of methanolic extracts from Retama monosperma (R.
monosperma), Inula viscosa (I. viscosa), Berberis hispanica, Ormenis
eriolepis (O. eriolepis), Ormenis mixta, Rhamnus lycioides and Urginea
maritima against Hela and SiHa cell lines. I. viscosa methanolic extract
showed a cytotoxic capacity IC50 = 54 and IC50 = 60 μg/mL against
SiHa and Hela cell line respectively. While, O. eriolepis methanolic
extract showed a cytotoxic capacity IC50 = 94 and IC50 = 96 μg/mL
against SiHa and Hela cell lines respectively[27]. On the other hand,
Belayachi et al. screened the cytotoxic effect of hexane, methanol, ethyl
acetate and dichloromethane extracts from I. viscosa, R. monosperma,
O. eriolepis and Marrubium vulgare[30]. All extracts inhibited the
growth of the majority of the tested tumor cell lines. However, hexane
extract showed cytotoxic effects at low concentrations (IC50 = 5.9 ±
3.57 µg/mL against LN229 epithelial glioblastoma). The mechanisms
of action of natural products such as extracts and EO are related to
the modification of several signalization pathways, induced stress in
tumor cell, modification of membrane potential, arrest of cell cycle and
induced apoptosis[77,78]. Furthermore, Merghoub et al. have studied
cytotoxic and pro-apoptotic actions of dichloromethane fractions and
n-hexane extracts from I. viscosa against SiHa and HeLa cell lines[5].
The authors have demonstrated that the dichloromethane and hexane
extracts of I. viscosa have inhibited the growth of HeLa and SiHa cells
in a dose-dependent manner. I. viscosa n-hexane and dichloromethane
extracts are also exhibited and anti-telomerase effect and induced
shortening of telomere. Another mechanism is related to the capacity of
I. viscosa dichloromethane and n-hexane extracts to induce cell death
via apoptosis pathway. This evidence is revealed dosage of annexin-V
and caspase-3 activities[5].

5. Conclusion
Morocco is rich in medicinal and aromatic plants that possess high
therapeutic values. These plants showed several properties around
different areas. Medicinal plant products evaluated are generally
employed by traditional medicine to treat and prevent against
several complications as bacterial infection and cancer. Essential oil,
flavonoids and other secondary metabolites are found in the major
tested medicinal plants. The valorization of Moroccan medicinal
plants is actually done in different pharmacological ways. However,
this valorization cannot be perfect although some real therapeutic
applications already exist. This review presented a comprehensive
view about antibacterial, antioxidant and antitumor properties of
Moroccan medicinal plants. However, the research is very limited in
some areas and further study on phytochemicals and their mode of
actions revealing pharmacological effects are required to understand
their traditional uses. In addition, the majority of pharmacological
studies were conducted using crude and poorly other solvent extracts.
In such case more bioactive compounds should be identified through
bioassay guided isolation. More clinical studies on the toxicity of
extracts from different parts and the isolated compounds from these
plants need to be assessed to ensure the safe application in modern
medicines.
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