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Abstract: Objectives: Natural products commonly used
in traditional medicine, such as essential oils (EOs), are
attractive sources for the development of molecules with
anti-proliferative activities for future treatment of human
cancers, e.g., prostate and cervical cancer. In this study,
the chemical composition of the EO from Cymbopogon
nardus was characterized, as well as its antioxidative
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properties and anti-inflammatory and antiproliferative
activities on LNCaP cells derived from prostate cancer.

Methods: The chemical composition of the EO
was determined by GC/FID and GC/MS analyses. The
antioxidative properties were assessed using DPPH
radical scavenging assay and ABTS+e radical cation
decolorization assay, and the anti-inflammatory capacity
was determined by the inhibition of the lipoxygenase
activity. Antiproliferative activity was evaluated by MTT
assay.

Results: Collectively, our data show that the major
constituents of C. nardus EO are citronellal (33.06 %),
geraniol (28.40 %), nerol (10.94 %), elemol (5.25 %) and
delta-elemene (4.09 %). C. nardus EO shows modest
antioxidant and anti-inflammatory activity compared to
the standard galic acid. C. nardus EO exhibits the best
antiproliferative activity on the prostate cancer cell line
LNCaP with an IC50 of 58.0 + 7.9 pg/mL, acting through
the induction of the cell cycle arrest.

Conclusions: This study has determined that C.
nardus EO efficiently triggers cytotoxicity and pens a new
field of investigation regarding the putative use of this EO
in vivo.

Keywords: Cymbopogon nardus; essential oil; gas
chromatography; antioxidant; anti-inflammatory;
antiproliferative.

Background

Cancer continues to be a major public health problem
worldwide [1]. It is the second leading cause of morbidity,
globally, with about 8.8 million deaths in 2015 [2]. Cervical
cancer is the fourth most common cancer in women and
the fourth leading cause of cancer death in women [3].
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Prostate cancer is the second most common malignancy
in men worldwide, and its incidence is increasing. The
development of better strategies to prevent and to improve
access to care and treatment in developing countries is
mandatory. Interestingly, plants have been at the origin
of important anti-cancer molecules such as paclitaxel,
docetaxel, vinblastine, and vincristine [4-7]. Thus,
isolated molecules from plants remain a critical area in
the field of drug development.

Essential oils (EOs) are compounds extracted from
aromatic plants. Their volatile constituents have been
widely used for bactericidal purposes [8, 9], virucidal
[10], fungicidal [11], antiparasitical [12], insecticidal [13],
anticancer [14, 15], antioxidant [15], antidiabetic [16],
cardiovascular [17], and cosmetic and food applications
[18]. Aromatic grasses of the genus Cymbopogon (Poaceae
family) represent a unique group of plants that produce
a diverse composition of rich monoterpene EOs [19, 20].
These are of great value in flavor, fragrance, cosmetic,
and aromatherapy industries [19]. Ethnopharmacology
evidence shows that they possess a wide array of
properties that justifies their use in many fields such as
pest control, cosmetics or anti-inflammation agents [20].
These plants may also hold promise as potent anti-tumor
and chemopreventive drugs [20].

C. nardus is particularly known for its antioxidant,
anti-inflammatory, and antimicrobial properties [21-23].
The purpose of this work was to determine the chemical
composition, chemotype and to analyse the anti-radical
and anti-proliferative activity of the EO of C. nardus, used
in Burkina Faso (West Africa), for the potential treatment
of inflammatory and oxidative diseases.

Methods

Plant material and essential oil (EO) extraction

Leaves of C. nardus were collected in August 2017, at the
National Institute of Applied Sciences and Technologies
(IRSAT) in Ouagadougou, Burkina Faso. GPS location:
12°25’29.5”N  1°29’14.3"W  12.424853, -1.487297. Before
harvesting for extraction, the plant was identified by Dr.
Abdoulaye Seremé, Researcher in Plant Biology at IRSAT/
CNRST, and then identified and authenticated by Professor
Amadé Ouédraogo, Professor in Botany at University
Joseph KI-ZERBO of Ouagadougou. A specimen was
deposited in the herbarium of the Laboratory of Biology
and Plant Ecology of University Joseph KI-ZERBO publicly
accessible under ID: 17827 and sample number 6905.
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Fractions of fresh plant material (1 Kg) were submitted
to hydrodistillation using an alembic/Clevenger-type
apparatus for 3 h, as described previously [14]. EOs were
stored in airtight containers in a refrigerator at 4°C until
GC-FID and GC/MS analyses and biological tests. EOs were
diluted in hexane (1/30, v/v) for GC/FID analysis.

Chemical composition

Gas chromatography-flame ionization detector (GC/FID)
analysis

The composition of the EO was determined as
previously described [15]. Briefly, gas chromatography
of hexane diluted EO was performed on an Agilent gas
chromatograph model 6890 (Agilent, Palo Alto, Ca),
equipped with a 30m x 0.25 mm, 0.25 pm film thickness
column under a hydrogen flow, from 50°C (5 min) to 300°C
with an increasing temperature of 5°C/min. Samples
were injected in split mode, with injector and detector
temperatures at 280 and 300°C, respectively [14].

Gas chromatography-mass spectrometry (GC/MS)
analysis

Mass spectrometry analyses have been reported previously
[15]. Briefly, an Agilent gas chromatograph model 7890
coupled to an Agilent MS model 5975 was used. Helium
was used with an average flow of 1.0 mL/min. The oven
temperature program was from 50°C (3.2 min) to 300°C
at 8°C/min, 5 min post-run at 300°C. The sample was
injected in split mode, injector and detector temperatures
at 250°C and 280°C, respectively [14]. The MS working in
electron impact mode at 70eV; electron multiplier, 1500
V; ion source temperature, 230°C; mass spectra data were
acquired in the scan mode in m/z range 33-450 [14].

Identification of components

The main compounds present in the EO of C. nardus
have been identified as previously described [15]. Using
compound standards to identify EO components would
have been the preferred state-of-the-art methodology,
however, due to technical and resource constraints [14],
we performed retention indices and comparisons using
the NIST library [24] or literature [25]. Component relative
percentages were calculated based on GC peak areas
without using correction factors [14].
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Cell cultures

LNCaP is an human prostate androgen-responsive
adenocarcinoma cell line with a low metastatic potential
derived from a lymph node metastasis [26]. HeLa cells are
derived from a human cervical cancer [27] and P69 cells are
immortalized non-cancerous epithelial cells from human
prostate (a kind gift from Dr. Frederic Bost, Inserm C3M,
Nice, France) [28, 29]. They were cultured and maintained
at 37°C and 5% CO,, in RPMI-1640 medium (Invitrogen)
supplemented with 10% fetal calf serum (FCS, Biowest,
Nuaillé, France), 1% penicillin and 1% streptomycin
(Invitrogen, Oslo, Norway).

Antioxidant activity
DPPH radical scavenging assay

DPPH (Sigma-Aldrich, L'Ile d’Abeau, France) radical
scavenging activity was measured as described by
Velasquez [30]. Briefly, the EO of C. nardus at 8.8 mg/
mL was first serially diluted in a 96-well plate. Then, 100
pL of each EO concentration was mixed with 100 pL of
DPPH (30 mg/L in methanol). After 30 min of incubation
in the dark, the absorbance was read at 517 nm using a
UV/Visible spectrophotometer. Gallic acid was used as a
control. The radical scavenging activity was expressed as
a percentage inhibition according to the formula:

. . . Absorbance Blank — Absorbance Sample
Radical scavenging capacity (%) = Ahsorbance Blank X 100

The concentrations were expressed in pg of extracts/ug of
DPPH by the formula:

c tration — Mass of EO
oncentration = &- oo
or
) Concentration of EO x Volume of EO
Concentration =

Concentration of DPPH x Volume of DPPH

The concentration of extract capable of scavenging 50% of
the DPPH radicals was then determined graphically.

ABTS+eradical cation decolorization assay

The spectrophotometric analysis of ABTS+e scavenging
activity was determined according to the method of Re et
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al. [31]. Briefly, the ABTS+e solution was prepared of by
dissolving 10 mg of ABTS+e in 2.6 ml of distilled water.
Then, 1.7212 mg of potassium persulfate was added, and
the mixture was kept in the dark at room temperature
for 12 h. The mixture was then diluted with ethanol in
order to obtain an absorbance of 0.70 + 0.02 to 734 nm.
In 96-well plates, 50 pl of ethanolic extract solution at an
initial concentration of 4.4 mg/mL was added to 200 pl of
freshly prepared ABTS+e solution. The same process was
carried out for gallic acid at an initial concentration of
1.25 mg/mL and used as a standard. The mixture made in
the 96-well plates was then incubated in the dark at room
temperature for 15 min, and the absorbance was read
at 734 nm against a standard curve of 5,7,8-tetramethyl-
2-carboxylic acid 6-hydroxy-2 (Trolox, Sigma-Aldrich)
using a spectrophotometer. The activity of the EO from
C. nardus on the radical cation ABTS+e was expressed
in micromolar Trolox equivalent per gram of EO (uM
TE/g) using the following formula: C = (cx D) / Ci. C, the
concentration of the EO from C. nardus in uM TE/g; c, the
concentration of the sample read; D, the dilution factor
and Ci, the concentration of the stock solution.

Anti-inflammatory capacity

Lipoxygenase (EC 1.13.11.12) type I-B inhibiting activity
was assayed spectrophotometrically as described by
Lyckander and Malterud [32] with minor modifications.
Briefly, the EO from C. nardus was initially diluted in the
96-well plate. Then, 100 pl of a solution of 15-lipoxygenase
(200 U/ml) prepared in borate buffer (0.2 M, pH 9.0) was
mixed with 25 pL of EO from C. nardus also prepared in
borate buffer at different concentrations at 0.083 mg/
mL than at 2.2 mg/mL and incubated for 3 min at 25°C. A
negative control without EO and a blank without enzyme
were made. The reaction was initiated by the addition of
125 pL of a solution of linoleic acid substrate (234 pM) and
the variation of the velocity was monitored at 234 nm for
3 min. The percentage of inhibition was calculated using
the following formula:

E-S
I%=TX1OO

Where E is the activity of the enzyme without inhibitor
(negative control), and S is the activity in the presence of
the extract.
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Antiproliferative activity

3[4,5-dimethylthiazol-2-yl]-diphenyltetrazolium bromide
((MTT, Sigma-Aldrich) assay was used to measure cell
survival. Briefly, 50,000 cells/mL were seeded for 24 h in
96-well plates. After 24 h EO from C. nardus was added.
After 72 h incubation, the number of living cells was
measured as described [14, 15] using a microplate reader
type Bio-Rad 11885 at 490 nm. Cisplatin was used as a
reference compound and dissolved in dimethyl sulfoxide
(DMSO). Data are the results of three independent
experiments for each cell line performed in octuplet.

Flow cytometry analysis

LNCaP and HeLa cells were seeded at a concentration of
3x10° in 6-well plates and treated with either 220 pg/mL
or 110 pg/mL of C. nardus EO for 72 h at 37°C. After the
treatment, cells were harvested with trypsin, centrifuged
and fixed with paraformaldehyde (4 %) for 15 min at room
temperature, and then washed with PBS. 10° cells were
prepared in suspension, centrifuged, and the supernatant
removed. Then, 0.2 ml of FxCycle™ PI/RNase staining
solution (Invitrogen, OR) was added to each tube and
mixed well. Samples were incubated for 30 min at room
temperature, protected from light, and analyzed by FACS
using excitation at 488 nm; emissions were collected
using a 585/42 bandpass filter.

Statistical analysis

In vitro experiments were performed in triplicate, each
data point represents the average of at least three
independent experiments. All data are presented as mean
+ standard deviation. The data were analyzed by analysis
of variance followed by the Turkey multiple comparison
test. The analysis was performed using XLSTAT 7.1
software. A p value of < 0.05 was used as a criterion for
statistical significance.

Results

The results of the analysis of the EO C. nardus leaves
(Table 1 and Figure 1) showed that this plant contained 43
compounds, including two not identified in the literature.
Among them, the five most significant compounds were:
citronellal (33.06%), geraniol (28.40%), nerol (10.94%),
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elemol (5.25%) and delta-elemene (4.09%) (Figure 1 and
2).

The EO of C. nardus exhibited an antioxidant activity
0f 102.19 + 4.2 pg extract/pg DPPH compared to 0.11 + 0.04
pg for gallic acid (p < 0.05) (Table 2). The percentage of
inhibition of DPPH radicals by the EO of C. nardusincreased
with concentration (Figure 3). In fact, at a concentration of
4.58 ug/mL of the C. nardus EO, a percentage of inhibition
of DPPH radicals was 6.72% and 62.14% at 146.66 pg/mL
(Figure 3). The antioxidant activity by the ABTS+e method,
the EO has an activity of 0.009 + 0.0004 uM TE/g against
2.66 + 0.31 uM TE/g for the gallic acid (Table 2). The results
of inhibition of lipoxygenase by the EO are shown in Table
2. At a concentration of 0.083 mg/mL, the EO showed
an inhibition of 0.5 + 0.9% compared to 59.64 + 2.12% of
the gallic acid used as standard (p < 0.05). Moreover, for
a concentration of 2.2 mg/mL of the EO of C. nardus, an
inhibition of 25 + 3% was obtained (Table 2)

The results of the C. nardus EO tested on LNCaP, HelLa,
and P69 cells are shown in Table 3. An IC, was calculated
from the dose-response curves (Figure 4) 58.0 + 7.9 ug/mL,
142 + 6 pg/mL and 100.9 + 3.2 pg/mL (p < 0.05), respectively.
Cisplatin presented IC,, values of 4.4 + 0.5, 7.8 £ 1.3, 11.4
1.2 (p <0.05) on HeLa, LNCaP and P69 cells, respectively
(Table 3). Figure 5 highlights the action of C. nardus EO
on LNCaP prostate cancer cell morphology. Moreover, the
cell cycle activity of the LNCaP cells was evaluated after C.
nardus EO treatment (Figure 6).

Discussion

Chemical composition: EOs are a mix of complex
molecules [33], are natural, complex, volatile, and odorous
molecules synthesized by the secretory cells of aromatic
plants [34]. The EO extracted from C. nardus leaves by
hydrodistillation, determined that citronellal (33.06%),
geraniol (28.40%), nerol (10.94%) and elemol (5.25%) is
the chemotype of C. nardus. This chemotype was similar
to those described by De Toledo et al. [21], and Aguiar et al.
[35], and noticeably different from those of Wei and Wee
[36] that identified 22 compounds, with citronellal being
the primary compound (29.6%); Kandimalla et al. [37]
reported a total of 95 compounds, citral, 2,6-octadienal-,
3,7-dimethyl-, geranyl acetate, citronellal, geraniol, and
citronellol being the most abundant. This difference could
be explained by several factors, including genetic factors,
age of the plant, season of harvest or plant environment
[38, 39]. Besides, our EO contains more monoterpene
alcohols (40.77%), followed by monoterpene aldehydes
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Table 1: Chemical composition of essential oils of Cymbopogon nardus.

DE GRUYTER

Compounds Retention time  Percentage (%) Compounds Retention time  Percentage (%)
(min) (min)

o-Thujene 11.64 0.06 o-Copaene 26.07 0.05
a-Pinene 11.92 0.08 B-Elemene 26.21 0.22
Sabinene 13.38 0.31 B-Bourbonene 26.32 0.07
B-Pinene 13.57 0.09 6-Elemene 26.43 4.09
3-Octanone 13.78 0.06 B-Caryophyllene 27.30 0.12
Myrcene 13.93 0.12 B-Copaene 27.54 0.04
0-3-Carene 14.66 0.01 (2)-Beta-Farnesene 27.92 0.04
o-Terpinene 14.96 0.02 a-Humulene 28.24 0.13
Para-Cymene 15.24 0.10 y-Muurolene 28.66 0.19
Limonene 15.40 2.69 Germacrene-D 28.88 1.79
B-Phellandrene 15.47 0.06 Iso-Butanoate de Néryle 29.17 0.06
Eucalyptol 15.51 0.13 o-Muurolene 29.24 0.52
y-Terpinene 16.39 0.09 y-Cadinene 29.64 0.42
Terpinolene 17.31 0.07 6-Cadinene 29.72 1.64
Linalol 17.78 0.50 Elemol 30.52 5.25
Isopulegol 19.50 0.55 Unknown MW 222 31.24 1.34
Citronellal 19.56 33.06 Unknown MW 220 33.06 0.31
o-Terpineol 20.12 0.04 Total 98.05
o-Terpineol 20.90 0.04 Monoterpene hydrocarbons 3.69
Nerol 21.80 10.94 Monoterpene alcohols 40.77
Neral 22.11 0.26 Monoterpene aldehydes 33.32
Geraniol 22.57 28.40 Monoterpene ketones 0.06
Cis-Acetate de Pinocarveyle  22.97 0.37 Monoterpene ethers 3.94
Acetate de Citronellyle 25.16 1.47 Sesquiterpene hydrocarbon 9.38
Eugenol 25.39 0.30 Sesquiterpene alcohols 5.25
Acetate de Geranyle 25.94 1.96 Others* 1.65

*, value consists mainly of unidentified compounds with a molecular weight (MW) of 222 (1.34%) and 220 (0.31%)

(33.32%). The content of hydrocarbon sesquiterpene
(9.38%), sesquiterpene alcohols (5.25%), monoterpene
ethers (3.94%), monoterpene hydrocarbons (3.69%) and
monoterpene ketones (0.06%) are respectively lower.
Antioxidant activity: Plants are generally a potential
source of antioxidant molecules. Several studies have
highlighted the strong antioxidant potential of EOs from
medicinal plants used in Burkina Faso [14, 15]. The EO from
C. nardus has demonstrated antioxidant activity against
both DPPH and ABTS+e cation radicals. The activity

of gallic acid used as a standard is however greater. In
addition, we identified antioxidant activity. Other studies
showed that the EO from C. nardus has antioxidant activity
[22], which could be explained by its high content of
monoterpene alcohol (40.77%). Indeed, geraniol [40] is a
significant monoterpene in the EO we studied. Compared
to gallic acid used as standard, it should be noted that the
activity of the EO from C. nardus is however, lower.
Anti-inflammatory capacity: Inhibition of
lipoxygenase by the EO is concentration-dependent. At
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Figure 1: Chromatograms of the essential oil Cymbopogon nardus with its major compounds identified.

low concentration (0.083 mg/mL), there was virtually no
é inhibition (0.5 + 0.9%), while at a higher concentration
Monoterpene hydrocarbon (2.2 mg/mL) a 25 + 3% inhibition was noted. This anti-
Lim;:e R) inflammatory activity could be explained by its high
citronellal content (33.06%). Previous studies have
Monoterpene aldehydes )\/\/L/\O showed such activity by f:itronellal [41]. These r(D:S}llts
Citronellal corroborate those of Kandimalla et al. [37]. In addition,
several studies have shown anti-inflammatory activity of
. monoterpenes aldehydes; however the specificity of each
-

Monoterpene alcohols OH compound within this group could contribute to increase
| or decrease activity [42].

Antiproliferative activity: Antiproliferative activity
was studied to evaluate the putative antitumor properties

Voot o 0 of the EO from C. nardus on LNCaP and HeLa cells. Our
onoterpene ethers
/K/VK/\OJK results show for the first time that the EO inhibits the

Acetate Geranyle

Nerol Geraniol

proliferation of both LNCaP and HeLa cancer cells.
Antiproliferative activity was also discovered using non-
cancerous P69 epithelial cells. The antiproliferative
activity of the EO from C. nardus was dependent on
Elemol concentration for both cancer cells and non-cancer cells
(Figure 4). Determination of the IC,, showed that LNCaP
cells are more sensitive than HeLa cells (58.0 + 7.9 pg/mL

Sesquiterpene alcohols

Figure 2: Chemical structures of the major compounds found in the
analyzed Cymbopogon nardus essential oil.
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Figure 3: Percent inhibition of the DPPH radicals of Cymbopogon nardus essential oil as a function of concentration.

Table 2: Antioxidant and anti-inflammatory activity of C. nardus essential oil and gallique acid.

Essential oil (EO) and Antioxidant activity Anti-inflammatory activity
standard DPPH (IC, ; ABTS (uMET/g) % Inhibition of LOX
g EO/pg DPPH)
C. nardus EO 102.19 £ 4.2 0.009 £ 0.0004 0.5+0.95
25+ 3f
Gallique acid 0.11 £ 0.04%** 2.66 £ 0,31%** 59.64 + 2.12%%%S

DPPH, (2,2-diphenyl-1-picrylhydrazyl); ABTS (2,20-azinobis-[3-ethylbenzothiazoline-6-sulfonic acid]); values are expressed as mean values
+ SD; n = 3 independent experiments in quadruplicate for the measurement of antioxidant activity; DPPH activities is expressed as 1C50 (ug
EO/pg DPPH) and ABTS activities are given in pmol Throlox equivalent/g of C. nardus EO. Anti-inflammatory activity, values are expressed as
mean values + SD; n = 3 experiments in quadruplicate for the anti-inflammatory activity is expressed as percent inhibition of lipoxygenase
(LOX); 3, percent inhibition of lipoxygenase at 0.083 mg/mL; £, percent inhibition of lipoxygenase at 2.2 mg/mL; ***, (p < 0.05) values

significantly different comparatively to gallique acid.

Table 3: 1C50 (ug/mL) of essential oil of C. nardus tested on LNCaP
human prostate cancer cell lines, HeLa human cervical cancer cell
lines and P69 non-cancerous human prostate epithelial cell lines.

1C50 (pg/mL)
Cell lines EO of C. nardus Cisplatin
Hela 142 £ 6.0* 4.4 + 0,5%**E
LNCaP 58.0 + 7.9%** 7.8+ 1.3%*
P69 100.9 + 3.2** 11.4%1.2%

Values are expressed as mean values + standard deviation; n =3
independent experiments in sextuplicate; *, p < 0.05 ; **, p < 0.05;
*** p < 0.05 values significantly different comparatively for each
column; EO, essential oil

vs. 142 + 6 pg/mL, respectively). The fact that the EO alters
the cell proliferation is probably due to its high level of
monoterpene alcohol (40.77%) of which geraniol (28.40%)
and nerol (10.94%), as well to a significant amount of
monoterpene aldehyde (33.32%) including citronellal
(33.06%). The alcohol monoterpenes are known for
their anticancer potential. Antiproliferative activities of
citronellal [43] and geraniol [44, 45] have already been
reported. This could also explain the cytotoxicity observed
using the P69 cells [46]. The most significant effect was
observed in the LNCaP cells, we further analyzed the role
of the EO from C. nardus on the cell morphology (Figure 5)
and cell cycle (Figure 6) by cytometry.
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Figure 4: Dose-dependent anti-proliferative activity of Cymbopogon nardus essential oil. HeLa, LNCaP and P69 cells were treated for 72 h.
Experiments were performed three times in sextuplicate.

110 pg/mL of C. nardus EO LNCaP cell

0 pg/mL of C. nardus EO on LNCaP cell

220 pg/mL of C. nardus EO LNCaP cell

Figure 5: Action of C. nardus essential oil on the morphology of LNCaP cells.
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Figure 6: Effect of C. nardus essential oil on prostate cancer LNCaP cell cycle. Values are expressed as mean values + standard deviation;
n =3 independent experiments in triplicate; *, p < 0.05; **, p < 0.05; ***, p < 0.05 values significantly different compared to vehicle; EO,

essential oil.

Cisplatin, a compound used in cancer chemotherapy,
was used as a reference compound, and exhibited
superior activity to that of C. nardus EO on both HelLa
and LNCaP cancer cells and on immortalized P69 prostate
cells. Cisplatin is a pure compound, unlike EOs, which
consist of a mixture of various molecules. However, the
P69 cells are immortalized and this could, in part, justify
the toxicity of the EO and cisplatin on these cells.

The cell cycle is closely linked to tumorigenesis.
Irregular cell cycle regulation and the resultant
uncontrolled cell growth that occurs as a consequence are
common characteristics for most tumors [47]. Morphology
of LNCaP cells were drastically modified, and this was due
to the arrest of the cell cycle at the G2/M phase in a dose-
dependent manner.

Conclusion

C. nardus is commonly used in traditional medicine alone
or in combination with other medicinal plants for the
management of various diseases, mainly microbial and
oxidative stress-related diseases in Burkina Faso, West
Africa. Herein, we show that the EO of this plant has
antioxidant properties through the inhibition of DPPH

radicals and radical cation ABTS+e, anti-inflammatory
inhibition of lipoxygenase and for the first time
demonstrated anti-proliferative activity on various cell
lines derived from prostate (LNCaP and P69) or cervix
(HeLa). These data highlight the need for more in vitro
research to identify the compound(s) responsible for these
effects as well as the use of animal models to establish the
pharmacokinetics and toxicity profiles of this EO, and to
further quantify its putative anti-tumor effect.

Acknowledgments: We sincerely thank Dr. Frédéric Bost
(Inserm C3M, Nice, France) for kindly gifting the P69 cell
line.

Authors’ contributions: BB, JS and JML designed the
research; BB and GF performed chemical synthesis;
and BB, AYC, and BMN performed the experiments and
analyzed the data. BB, AYC, FD, SB, JS and JML wrote
the manuscript. All authors read and approved the final
manuscript.

Funding: Part of this study was supported from
Ambassade de France au Burkina Faso (Grant Stage SSHN
n°948600C) and Ministére de ’Enseignement Supérieur,
de la Recherche Scientifique et de I'Innovation (MESRSI)



DE GRUYTER

of Burkina Faso for BB, Région Auvergne-Rhoéne Alpes,
Fond Européen de Développement Régional (FEDER), Plan
National de Recherche sur les Perturbateurs Endocriniens
(13-MRES-PNRPE-1-CVS043), and Plan-Cancer 2016 for SB
and JMAL. The funders had no role in the study design,
data collection or analysis, decision to publish, or in the
preparation of the manuscript.

Conflict of interest: Authors state no conflict of interest

Reference

1. GLOBOCAN. Worldwide: IARC CancerBase No. 11 [Internet]. Lyon,
France: Int Agency Res Cancer 2013 2012-14. 2018.

2. Aubry P, Gaiizére B. Les cancers dans les pays en développement.
Médecine Trop. 2018;eee:1-7.

3. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer ) Clin. 2018 Nov;68(6):394—424.

4. Hanauske AR, Depenbrock H, Shirvani D, Rastetter ). Effects
of the microtubule-disturbing agents docetaxel (Taxotere),
vinblastine and vincristine on epidermal growth factor-receptor
binding of human breast cancer cell lines in vitro. Eur ] Cancer.
1994;30A(11 30A):1688-94.

5. Spencer CM, Faulds D. Paclitaxel. A review of its
pharmacodynamic and pharmacokinetic properties and
therapeutic potential in the treatment of cancer. Drugs. 1994
Nov;48(5):794—-847.

6. Plosker GL, Hurst M. Paclitaxel: a pharmacoeconomic review of
its use in non-small cell lung cancer. Pharmacoeconomics.
2001;19(11):1111-34.

7. Ghaemmaghami M, Jett JR. New agents in the treatment of small
cell lung cancer. Chest. 1998 Jan;113(1 Suppl):865-91S.

8. Li ZH, Cai M, Liu YS, Sun PL, Luo SL. Antibacterial Activity
and Mechanisms of Essential Oil from Citrus medica L. var.
sarcodactylis. Mol Basel Switz; 2019. p. 24.

9. Rda ), Del Valle P, de Arriaga D, Fernandez-Alvarez L, Garcia-
Armesto MR. Combination of Carvacrol and Thymol:
Antimicrobial Activity Against Staphylococcus aureus and
Antioxidant Activity. Foodborne Pathog Dis. 2019
Sep;16(9):622-9.

10. Schnitzler P. Essential Oils for the Treatment of Herpes Simplex
Virus Infections. Chemotherapy. 2019;64(1):1-7.

11. Alves M, Gongalves M), Zuzarte M, Alves-Silva JM, Cavaleiro C,
Cruz MT, et al. Unveiling the Antifungal Potential of Two Iberian
Thyme Essential Qils: Effect on C. albicans Germ Tube and
Preformed Biofilms. Front Pharmacol. 2019 May;10:446.

12. Gutiérrez Y1, Scull R, Villa A, Satyal P, Cos P, Monzote L, et
al. Chemical Composition, Antimicrobial and Antiparasitic
Screening of the Essential Oil from Phania matricarioides
(Spreng.). Griseb. Mol Basel Switz; 2019. p. 24.

13. Wang Y, Zhang LT, Feng YX, Guo SS, Pang X, Zhang D, et al.
Insecticidal and repellent efficacy against stored-product
insects of oxygenated monoterpenes and 2-dodecanone of the

B. Bayala et al: Chemical composition, antioxidant, anti-inflammatory and antiproliferative activities ... === 95

essential oil from Zanthoxylum planispinum var. dintanensis.
Environ Sci Pollut Res Int. 2019 Aug;26(24):24988-97.

14. Bayala B, Bassole IH, Maqdasy S, Baron S, Simpore J, Lobaccaro
JA. Cymbopogon citratus and Cymbopogon giganteus essential
oils have cytotoxic effects on tumor cell cultures. Identification
of citral as a new putative anti-proliferative molecule.
Biochimie. 2018 Oct;153:162-70.

15. Bayala B, Bassole |H, Gnoula C, Nebie R, Yonli A, Morel L, et al.
Chemical composition, antioxidant, anti-inflammatory and
anti-proliferative activities of essential oils of plants from
Burkina Faso. PLoS One. 2014 Mar;9(3):€92122.

16. Ibrahim FA, Usman LA, Akolade JO, Idowu OA, Abdulazeez AT,
Amuzat AO. Antidiabetic Potentials of Citrus aurantifolia Leaf
Essential Oil. Drug Res (Stuttg). 2019 Apr;69(4):201-6.

17. lokawa K, Kohzuki M, Sone T, Ebihara S. Effect of olfactory
stimulation with essential oils on cardiovascular reactivity
during the moving beans task in stroke patients with anxiety.
Complement Ther Med. 2018 Feb;36:20-4.

18. Sharma R, Rao R, Kumar S, Mahant S, Khatkar S. Therapeutic
potential of Citronella Essential Oil: a review. Curr Drug Discov
Technol. 2018.

19. Meena S, Kumar SR, Venkata Rao DK, Dwivedi V, Shilpashree
HB, Rastogi S, et al. De Novo Sequencing and Analysis of
Lemongrass Transcriptome Provide First Insights into the
Essential Oil Biosynthesis of Aromatic Grasses. Front Plant Sci.
2016 Jul;7:1129.

20. Avoseh O, Oyedeji O, Rungqu P, Nkeh-Chungag B, Oyedeji A.
Cymbopogon species; ethnopharmacology, phytochemistry
and the pharmacological importance. Molecules. 2015
Apr;20(5):7438-53.

21. De Toledo LG, Ramos MA, Spésito L, Castilho EM, Pavan FR,
Lopes EO, et al. Essential Oil of Cymbopogon nardus (L.)
Rendle: A Strategy to Combat Fungal Infections Caused by
Candida Species. Int ] Mol Sci. 2016 Aug;17(8):17.

22. Kacaniova M, Terentjeva M, Vukovic N, Puchalski C,
Roychoudhury S, Kunova S, et al. The antioxidant
and antimicrobial activity of essential oils
against Pseudomonas spp. isolated from fish. Saudi Pharm J.
2017 Dec;25(8):1108-16.

23. Pontes EK, Melo HM, Nogueira JW, Firmino NC, de Carvalho MG,
Catunda Jlnior FE, et al. Antibiofilm activity of the essential oil
of citronella (Cymbopogon nardus) and its major component,
geraniol, on the bacterial biofilms of Staphylococcus aureus.
Food Sci Biotechnol. 2018 Oct;28(3):633-9.

24. Stein S, Mirokhin D, Tchekhovskoi D, Mallard G. The NIST Mass
Spectral Search Program for the NIST/EPA/NIH Mass Spectra
Library, Standard Reference Data Program of the National
Institute of Standards and Technology. Gaithersburg, MD, USA:
Addict Abingdon Engl; 2002.

25. Adams RP. Identification of Essential Oil Components by Gas
Chromatography/mass Spectrometry. Carol Stream, IL, USA:
Allured Publishing; 2007. p. 804.

26. Horoszewicz JS, Leong SS, Kawinski E, Karr JP, Rosenthal H, Chu
TM, et al. LNCaP model of human prostatic carcinoma. Cancer
Res. 1983 Apr;43(4):1809-18.

27. C BJ; C B). Hela (for Henrietta Lacks). Science. 1974
Jun;184(4143):1268.

28. Ben Sahra |, Laurent K, Giuliano S, Larbret F, Ponzio G, Gounon
P, et al. Targeting cancer cell metabolism: the combination
of metformin and 2-deoxyglucose induces p53-dependent



96 —— B.Bayala et al: Chemical composition, antioxidant, anti-inflammatory and antiproliferative activities ..

apoptosis in prostate cancer cells. Cancer Res. 2010
Mar;70(6):2465-75.

29. Liu X, Chen Q, Yan J, Wang Y, Zhu C, Chen C, et al. MiRNA-296-3p-
ICAM-1 axis promotes metastasis of prostate cancer by possible
enhancing survival of natural killer cell-resistant circulating
tumour cells. Cell Death Dis. 2013 Nov;4(11):e928.

30. Velazquez E, Tournier HA, Mordujovich de Buschiazzo P,
Saavedra G, Schinella GR. Antioxidant activity of Paraguayan
plant extracts. Fitoterapia. 2003 Feb;74(1-2):91-7.

31. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-

Evans C. Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radic Biol Med. 1999
May;26(9-10):1231-7.

32. Lyckander IM, Malterud KE. Lipophilic flavonoids from
Orthosiphon spicatus prevent oxidative inactivation of
15-lipoxygenase. Prostaglandins Leukot Essent Fatty Acids.
1996 Apr;54(4):239-46.

33. Bayala B, Bassole IH, Scifo R, Gnoula C, Morel L, Lobaccaro JM,
et al. Anticancer activity of essential oils and their chemical
components - a review. Am J Cancer Res. 2014 Nov;4(6):591—
607.

34. Duquénois P, Anton R. [Search for derivatives of anthracene in 2
African Cassia: Cassia nigricans Vahl et Cassia podocarpa Guill.
et Perr]. Ann Pharm Fr. 1968 Sep-0ct;26(9):607-14.

35. Aguiar RW, Ootani MA, Ascencio SD, Ferreira TP, Dos Santos
MM, dos Santos GR. Fumigant antifungal activity of Corymbia
citriodora and Cymbopogon nardus essential oils and
citronellal against three fungal species. ScientificWorldJournal.
2014 )Jan;2014:492138.

36. Wei LS, Wee W. Chemical composition and antimicrobial activity
of Cymbopogon nardus citronella essential oil against systemic
bacteria of aquatic animals. Iran ] Microbiol. 2013 Jun;5(2):147-
52.

37. Kandimalla R, Kalita S, Choudhury B, Dash S, Kalita K, Kotoky J.
Chemical Composition and Anti-Candidiasis Mediated Wound
Healing Property of Cymbopogon nardus Essential Oil on
Chronic Diabetic Wounds. Front Pharmacol. 2016 Jun;7:198.

38. Gratani L. Plant Phenotypic Plasticity in Response to
Environmental Factors. Adv Bot. 2014;2014:1-17.

39. Letort V, Mahe P, Cournéde PH, de Reffye P, Courtois B.
Quantitative genetics and functional-structural plant growth
models: simulation of quantitative trait loci detection for model
parameters and application to potential yield optimization. Ann
Bot. 2008 May;101(8):1243-54.

40. Pavan B, Dalpiaz A, Marani L, Beggiato S, Ferraro L, Canistro
D, et al. Geraniol Pharmacokinetics, Bioavailability and Its
Multiple Effects on the Liver Antioxidant and Xenobiotic-
Metabolizing Enzymes. Front Pharmacol. 2018 Jan;9:18.

41, Lu JX, Guo C, Ou WS, Jing Y, Niu HF, Song P, et al. Citronellal
prevents endothelial dysfunction and atherosclerosis in rats. )
Cell Biochem. 2019 Mar;120(3):3790-800.

42. Lucas L, Russell A, Keast R. Molecular mechanisms of
inflammation. Anti-inflammatory benefits of virgin olive oil
and the phenolic compound oleocanthal. Curr Pharm Des.
2011;17(8):754—68.

43. Maf3berg D, Simon A, Haussinger D, Keitel V, Gisselmann
G, Conrad H, et al. Monoterpene (-)-citronellal affects
hepatocarcinoma cell signaling via an olfactory receptor. Arch
Biochem Biophys. 2015 Jan;566:100-9.

DE GRUYTER

44. Kim SH, Park EJ, Lee CR, Chun JN, Cho NH, Kim IG, et al. Geraniol
induces cooperative interaction of apoptosis and autophagy to
elicit cell death in PC-3 prostate cancer cells. Int ) Oncol. 2012
May;40(5):1683-90.

45. Qi F, Yan Q, Zheng Z, Liu ), Chen Y, Zhang G. Geraniol and geranyl
acetate induce potent anticancer effects in colon cancer Colo-
205 cells by inducing apoptosis, DNA damage and cell cycle
arrest. ) BUON. 2018 Mar-Apr;23(2):346-52.

46.Zhang Z, Xie Y, Wang Y, Lin Z, Wang L, Li G. Toxicities of
monoterpenes against housefly, Musca domestica L. (Diptera:
muscidae). Environ Sci Pollut Res Int. 2017 Nov;24(31):24708—
13.

47.Wen L, Liu L, Wen L, Yu T, Wei F. Artesunate promotes G2/M cell
cycle arrest in MCF7 breast cancer cells through ATM activation.
Breast Cancer. 2018 Nov;25(6):681-6.



