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Abstract:
Background: Myrtus communis L. is an aromatic evergreen plant common in Morocco. In addition to its culi-
nary uses, it has been used medicinally as a disinfectant, an antiseptic or as a hypoglycemic agent. However,
its cytotoxic activity has not been well investigated so far. The current study describes the chemical composi-
tion, cytotoxic and antioxidant activities of Myrtus communis L essential oil obtained from different regions of
Morocco.
Methods: Myrtus communis essential oils were obtained by hydrodistillation, and analyzed by gas chromatog-
raphy coupled with mass spectrometry. Cytotoxic activity was evaluated in murine mastocytoma P815 and
MCF-7 breast cancer cells, using the MTT assay. In addition, DNA fragmentation was assessed by gel elec-
trophoresis. The antioxidant effect was determined by measuring bleaching of β-carotene with the linoleic acid
and the DPPH radical scavenging methods.
Results: GC-MS analysis showed high amounts of methyl eugenol (18.7%), α-terpineol (15.5%) and geranyl
acetate (11.64%) in essential oil from the Benslimane region. In contrast, essential oil from Ouazzane was par-
ticularly rich in 1,8-cineole (36.3%). The cytotoxicity results showed that MCF-7 cells were more sensitive than
P815 cells to the essential oils from Ouazzane and Benslimane regions with IC50 values of 4 and 6.25 µg/mL,
respectively. Moreover, this cytotoxicity was partly associated with DNA fragmentation, which is one of the
characteristics of apoptosis. The tested essential oils did not show strong antioxidant activity.
Conclusions: Myrtus communis L. essential oil exhibits a weak antioxidant effect, but induced remarkable cyto-
toxic activity by a mechanism related to apoptosis, suggesting a possible application of the bioactive compounds
as natural anticancer compounds.
Keywords: antioxidant, apoptosis, cytotoxicity, essential oil, Myrtus communis
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Introduction

Since ancient history, plants have been important as a source of medicines, flavors and in culinary applica-
tions [1, 2]. The World Health Organization states that more than 80% of the world’s population, notably in
developing countries, use traditional medicine for their primary healthcare. In Morocco, the use of medicinal
herbs represents a long history of human interactions with their environment. Traditionally used plant-based
medicines contain a wide range of molecules that have been used to treat different diseases, e.g. infections or
malaria [3, 4], and they continue to provide numerous opportunities for new drug discoveries.

Processing of these plants for medicinal uses mainly involves extraction of their essential oils (EOs). The
latter are considered to be high added value products, and show biological activities ranging from antioxi-
dant capacity to inhibition of tumour proliferation [5, 6]. Indeed, despite the significant advances of modern
medicine, there are downsides to conventional drug treatments including high incidence of severe side effects,
and development of drug resistance [7].

Abdelmajid Zyad is the corresponding author.
© 2019 Walter de Gruyter GmbH, Berlin/Boston.
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Myrtle (Myrtus communis L.) is among the most important medicinal and aromatic species from the Myr-
taceae family and it is widely distributed in the Mediterranean regions [8]. In Morocco, the genus Myrtus is
represented by one species, M. communis, which grows wild in Central and Northern Morocco in inland hills,
coastal areas and forests areas [9]. Until now, most research focused on its volatile components and its phenolic
compounds [10]. The chemical composition of EOs from different regions was described in the literature [11,
12]. Through profiling these oils, different chemotypes can be differentiated based on the amount of myrtenyl
acetate and the ratio of α-pinene to myrtenyl acetate or α-pinene to cineole [13]. Different parts of the M. com-
munis plant contain different compounds such as flavonoids, tannins, and phenolic acid compounds for which
antibacterial, antiviral, antifungal, anti-parasitic, and anti-inflammatory activities have been reported [14, 15].
However, few studies have demonstrated the antioxidant activity of myrtle leaf EO [16], while the cytotoxic
activity of this EO was not well described. Therefore, the main goal of this work was to investigate the chemical
profile, to evaluate the antioxidant properties and the cytotoxic activity of the EO obtained from M. commu-
nis against cancer cells. The results obtained from this study can help in the development of novel promising
therapeutic modalities for cancer.

Materials and methods

Material plant

The aerial parts of M. communis were harvested in November 2014 from populations located in the Bensli-
mane and Ouzzane regions of Morocco. The plants were identified and stored as a voucher specimens “Herbier
FSTBM, LT0020” at the Sultan Moulay Slimane University. After collection, fresh leaves of M. cummunis were
shade dried during 2 weeks, at room temperature (25 °C).

Determination of EO composition

The dried M. communis powdered leaves (200 g each sample) were hydrodistilled for 4 h in Clevenger-type
apparatus to obtain the EOs. GC/MS analysis of EOs was carried out using an Agilent HP GC (6850) linked
to an Agilent HP MS detector (5973) operating in the EI mode. GC conditions were as follows: injector and
transfer line temperatures: 250 and 280 °C, respectively; column: DB-5MS fused silica capillary column (30 m
× 0.25 mm, film thickness 0.25 mm); oven temperature: from 60 °C, with an increase of 3 °C min-1, to 245 °C
(isothermal for 4 min); injection volume: 2 µL (hexane solution 0.5%) in split mode; carrier gas: helium at 1.3
mL min-1; mass spectra: ionizing recorded at voltage of 70 eV with a scan mass range of 35–250 m/z; Mass
unit conditions: ion source temperature: 230 °C. The identification of the EO components was performed using
Wiley, National Institute of Standards and Technology NIST 05 and Adams mass spectra databases [17].

Antioxidant activity

Radical scavenging activity assay

The antioxidant activity was carried out in a 96-well microtiter plate using (2,2-diphenyl-1-picrylhydrazyl
(DPPH). The essential oils and positive control (vitamin C) were diluted with methanol to prepare sample
concentrations equal to 400, 200, 100, 50, 25, 12.5, 6.25, and 3.125 µg of dried EO /mL solutions.  DPPH 150 µL
(0.004%) solution was added into each well of the 96-well plates followed by 8 µL of the essential oils solution.
DPPH 150 µL (0.004%) solution was added into each well of the 96-well plates followed by 8 µL of the essential
oils solution. Then, the plates were incubated at 37 °C for 30 min and absorbance was measured at 540 nm, using
ELISA 96-well microplate reader. The assays were performed in triplicate and scavenging activity percentage
was calculated by the following formula:

DPPH radicalscavenging (%) = ((𝐴𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒)/𝐴𝑏𝑙𝑎𝑛𝑘) × 100,

where Ablank is the absorbance of the control reaction (containing all reagents except the test EO), and Asample
is the absorbance in the presence of the test EO.
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β-carotene bleaching assay

EOs antioxidant activity was determined using the β-carotene-linoleic acid test as described by Miller et al.
(1971) [18]. The EOs were diluted in ethanol: water (1:1) to a concentration equivalent to 100 μg/mL. Vitamin
C (positive control) or butylated hydroxytoluene (BHT, standard) or water (blank) at the same concentration as
the EOs were added to 96-well microplates. Dissolved β-carotene (2.0 mg) in chloroform (1.0 mL) was added to
linoleic acid, Tween 80 emulsifier and chloroform. Under a flow of N2, chloroform was evaporated and samples
shaken vigorously for 30 min. The resulting emulsion (240 μL) was added to each well and the zero time optical
density was immediately measured at 470 nm using an ELISA 96-well microplate reader. This emulsion solution
was incubated for 2 h at 50 °C and the optical density was measured every 15 min.

Cell culture and cytotoxicity assay

The breast adenocarcinoma (MCF-7) and the murine mastocytoma cell lines were kindly donated by Dr Michel
Lepoivre, the laboratory of UMR CNRS 9198, Bât. 430, Paris-Saclay University, France. The cancer cell lines
were cultured at 37 °C in a humidified atmosphere containing 5% CO2 in modified Eagle’s medium (DMEM)
complimented with 10% heat inactivated fetal calf serum (Gibco BRL, Cergy Pontoise, France), 0.2% sodium
bicarbonate (Sigma) and 1% penicillin G- streptomycin.

Cellular viability was performed using the (3- [4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide)
(MTT) assay [19]. The starting were harvested at the exponential growth phase (4.8 × 104 cells/mL for MCF7,
and 2 × 105 cells/mL for P815) were harvested, then washed with phosphate buffered saline (PBS) and seeded
in flat-bottomed 96-well microtiter plates. Next, the cells were treated with EOs dissolved in dimethyl sulfoxide
(DMSO) at the appropriate concentrations. Control cells were stimulated with DMSO at a final concentration
not exceeding 0.5% (v/v). After 48 h of incubation at 37 °C, 5% CO2 in a humidified atmosphere, 20 μL of MTT
(5 mg/mL in PBS) was added. After 4 h of incubation under these conditions, the generated formazan crystals
were dissolved with Hydrochloric acid: Isopropanol (24:1), then the optical density was measured at 540 and
630 nm using MultisKan EX apparatus. The cell inhibition was calculated using the following formula:

% inhibition = 100 × (1 − (OD/ODo) ,

where ODo and OD are the optical densities of negative control and M. communis EOs treated cells, respectively.
The cytotoxic activity of M. communis EOs against the two cancer cell lines was compared by calculating the
IC50 values (concentration leading to 50% of cell inhibition).

DNA fragmentation test

P815 cancer cells (approximately 106cells/mL) were incubated at 37 °C with 5% CO2 for 24 h with the M.
communis EOs harvested in different regions in Morocco. The concentrations used for this experiment are those
generating 50% cell lysis (i.e. IC50 corresponding concentrations). The treated cells were harvested and lysed by
the lysis buffer (10% sodium dodecyl sulfate (SDS), 100 mM Tris HCl, 5 M NaCl, 0.5 M EDTA, and 20 mg/mL
Proteinase K). After incubation for 3 h at 37 °C with constant agitation, cell digestion was completed. After
precipitation of DNA with isopropanol, the DNA was dissolved at 37 °C with constant agitation in 60 μL of 10
mM tris HCl pH 7.5, 0.1 M EDTA. Finally, 10 μL of the loading buffer (bromophenol blue, ficoll, glycerol, EDTA
and xylene cyanol) was added and DNA samples were separated for 4 h (30 mA, 50 V) by horizontal agarose
gel electrophoresis on a 1.8% agarose gel stained with ethidium bromide [20]. The gel was visualized on the
UV-transilluminator (310 nm). DNA obtained from cells cultured under serum starvation condition was used
as a positive control.

Statistical analysis

Data are expressed as the mean ± S.D of three independent experiments. The experiments were performed in
triplicates. The significance of differences was assessed using the Student’s paired t-test. A p-value less than
0.05 was considered significant. All statistical analyses were carried out using STATISTICA software  (TIBCO
Statistica™. Version 13.5.0 - 3307 Hillview Avenue. Palo Alto, CA 94304 USA).
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Results

Chemical profile of the EOs

The EO chemical composition was determined using GC-MS analysis. Twelve compounds were identified,
which accounted for 76.95% and 77.88% of the total of M. communis EOs from the Benslimane and Ouazzane
regions, respectively (Table 1). Both EOs contained a high concentration of monoterpene compounds. The main
constituents of M. communis EO from the Benslimane region were methyl eugenol (18.7%),α-terpineol (15.5%),
geranyl acetate (11.64%), myrtenyl acetate (8.82%), and 1,8-cineole (8.08%). In the EO of M. communis from the
Ouazzane region, high amounts of 1.8-cineole (36.37%), methyl-eugenol (9.43%), geranyl acetate (9.3%) and
myrtenyl acetate (7.13%) were detected as major constituents (Table 1). See chromatograms of both EOs as Sup-
plemental Material, Figure S1.

Table 1: Chemical composition of Benslimane and Ouazzane EO.

Component RTa (mn) RIb RIc EOs (%)
Benslimane Ouazzane

α-pinene 5.24 930 932 1.35 4.76
myrcene 6.67 987 988 0 0.39
1,8-cineole 8.13 1032 1026 8.08 36.37
α -terpinene 8.96 1056 1054 0 0.21
linalol 10.65 1104 1095 5.82 1.45
terpinen-4-ol 13.82 1181 1174 0.7 0.77
α -terpineol 14.57 1200 1186 15.5 6.96
geraniol 16.75 1252 1249 3.9 0.68
myrtenyl acetate 19.72 1322 1324 8.82 7.13
geranyl acetate 22.11 1378 1379 11.64 9.3
methyl eugenol 23.15 1403 1403 18.7 9.43
caryophyllene oxide 30.11 1577 1582 2.44 0.43
Total 76.95 77.88

aRetention Time.
bRetention indices calculated against n-alkanes on DB-5 MS column.
cRetention indices referred to in the literature.

Antioxidant activity

The antioxidant activity of EOs was assessed by both β-carotene-linoleic acid and DPPH assays. The results
are presented in Figure 1A and Figure 1B. In the DPPH test system (Figure 1A), the M. communis EO from
Ouazzane exhibited a similar antioxidant activity compared to EO of M. communis from Benslimane. This effect
was lower than the Vitamin C used as positive control. In the β-carotene bleaching system (Figure 1B), similar
results were obtained to the DPPH assay. In fact, M. communis EOs from the Benslimane region displayed a
very weak activity with an IC50=800 µg/mL of EO from Benslimane region (Figure 1B).

Figure 1: Antioxidant activity of M. communis EOs.

The antioxidant effect of tested EOs was compared with the synthetic antioxidant Vitamin C (VitC) using the
DPPH free radical scavenging assay (A) and the β-carotene–linoleic acid bleaching method (B). Data are the
mean ± SD of three different experiments performed in triplicates as described in Materials and Methods sec-
tion.

HEO (essential oil from the Ouazzane region), HEB (essential oil from the Benslimane region).
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Differential cytotoxic activity of M. communis EO

The cytotoxic effect of EOs of M. communis were tested against P815 and MCF-7 cancer cell lines using the
MTT assay. The percentage of viable cells after incubation with different concentrations of EO is shown in
Figure 2. Data show that the cytotoxic activity is dose dependent, as the incubation of cancer cells with higher
concentrations of EOs for 48 h significantly decreased the viability of these cell lines. The results show that
the cytotoxic effects of EO from M. communis against MCF-7 cells (Figure 2B) is more pronounced than the
cytotoxic effects towards P815 cells (Figure 2A). In addition, the cytotoxic effect of EO from M. communis from the
Ouazzane region was higher against both cell lines compared to the EOs from M. communis from the Benslimane
region (Figure 2A, Figure 2B). The IC50 was 4 µg/mL and 53.9 µg/mL for EOs from M. communis from Ouazzane
compared to EO from Benslimane (IC50=6.25 µg/mL and 260.0 µg/mL) towards MCF7 and P815, respectively.

Figure 2: Cytotoxic effect of essentials oils of Moroccan myrtle against P815 tumor cell P815 (A) and MCF-7 cell lines (B).
Cells were stimulated with increasing concentrations of M. communis EOs. After 48 h of incubation, cytotoxic activity was
calculated as described in the Materials and Methods. Data are represented as mean ± SD of three independent experi-
ments.
HEO: essential oil from the Ouazzane region; HEB: essential oil from the Benslimane region).

Apoptosis induction

DNA fragmentation was analyzed after treatment of P815 cancer cells with EOs from M. communis for 24 (Figure
3). The endonucleolytic DNA fragmentation was analyzed by agarose gel electrophoresis and revealed 180–200
bp DNA fragments characteristic for programmed cell death by apoptosis. From this result, we can conclude
that M. communis EO inhibits P815 cancer cell proliferation through induction of apoptosis.
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Figure 3: Agarose gel electrophoresis on showing the apoptotic fragmentation of the DNA in the P815 line.
Cells treated with IC50 concentrations of EOs (Ouazzane region IC50 = 53.9 µg/mL and Benslimane region IC50 = 260
µg/mL).
1: Positive Control; 2: Negative Control; 3: Molecular weight marker; 4: EO from the Ouazane region; 5: EO from the
Benslimane region.

Discussion

Chemical analysis showed a predominance of monoterpenes as components in EOs from M. communis as shown
in Table 1. These results are in agreement with other findings reporting the presence of myrtenyl acetate as one
of the main constitutions of M. communis EO, in association with α-pinene and 1,8-cineole [21]. However, differ-
ent ratios of these compounds were observed in the chemical profiles of EOs derived from different Moroccan
regions. This variability in the chemical composition of myrtle extracts could be due to many factors such as
the method of extraction and preservation, the soil, the climate and the harvest time [2]. Genetic factors [22]
and the vegetative cycle [23] might play also an important role in the EO chemical composition, and thus affect
the concentrations of the main constituents.

The antioxidant effect of M. communis EOs from both regions, compared to ascorbic acid as a reference was
carried out by two complementary assay systems, the β-carotene–linoleic acid bleaching and DPPH free radical
scavenging tests (Figure 3A and Figure 3B). We report that the EOs from two Moroccan regions showed little
antioxidant activity compared to ascorbic acid.

These findings are not in agreement with those of others who showed a powerful antioxidant effect of tested
EOs [24, 25]. This may be due to the high concentration in oxygenated and hydrocarbon monoterpenes present
in those EOs [5]. In our experiments, the EOs exhibited weak antioxidant activity as measured by reduction of
DPPH free radicals and preventing the linoleic acid oxidation. Such results could be related to the low amounts
or the absence of phenolic compounds present in the oil. A weak antioxidant activity was reported by other
authors and they concluded that it was due to the low phenol and flavonoid content of the plant [26]. Fur-
thermore, the presence of methyl eugenol in the EOs from our samples might be also responsible for the weak
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antioxidant effect observed in this work. As reported by Joshi et al 2013, methyl eugenol has been shown to pos-
sess a much weaker antioxidant activity, due to delocalized electron(s) or proton(s) of methyl eugenol [27]. In
the same study, the authors also reported that the presence of the eugenol, epi-cubebol, epi-α-cadinol, cubebol
cineol-1,8, 10-epi-cubebol, 1,10-di-epi-cubenol and, α-terpineol in the EOs oil composition could instigate the 
weak antioxidant activity [27] .

The studied EOs demonstrated a significant dose dependent cytotoxic effect against the tumor cell lines.
Our results are in agreement with other reports demonstrating that at 100 μg/mL concentration, M. communis
EO exhibited an 81.4% inhibition of breast cancer cells, while at a concentration of 200 μg/mL the inhibition
was 95.2% and 67% for breast and prostate tumor cell lines, respectively [28]. Our study corroborates these
observations and adds that the same inhibition of cell viability is not obtained when the P815 cell line is used as
a target. Interestingly, we reported here that MCF-7 cells were more sensitive than P815 cells to the essential oils
from the Ouazzane and Benslimane regions. Taken together, our results underline a selective cytotoxic effect
of M. communis EO against cancer cells. Thus, we can suggest that the differential cytotoxic activity of these
EOs is associated not only with their chemical composition profile, but also to the type of cancer cell lines. In
order to understand the molecular pathways related with the observed cytotoxic effect of M. communis, a DNA
fragmentation assay was performed using the P815 cancer cells. Our result demonstrated that this cytotoxicity
is partly associated with DNA fragmentation induction, characteristic of apoptotic death (Figure 3).

There are numerous research studies regarding the occurrence of apoptosis in the extracts of plants from
the Myrtaceae family, including the plant M. communis, and their different compounds [27].

Our finding is in accordance with previous studies showing apoptosis induction in different tumor cell
lines by M. communis EO [15, 29]. Myrtucommulone (derived from M. communis leaves) was shown to increase
the activity of caspases 3 and 9, and to releasenucleosomes into the cytosol and cytochrome c from mitochon-
dria, causing cleavage of Poly ADP-Ribose Polymerase (PARP) and DNA fragmentation related to cell death by
apoptosis [29].

Conclusions

In conclusion, M. communis EO exhibited weak antioxidant effect and showed significant cytotoxic activity in
different cell types by a mechanism related to apoptosis Hence M. communis EO may be considered as a source
for potential anticancer agents. It would be interesting to investigate the role that different molecules of the EO
play in the effect showed here, to determine which of them could have potential anti-cancer activities, either
alone or in combination.
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