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Plants of the Lavandula genus have been widely used in folk and traditional medicine. The aim of this
study was to evaluate the qualitative and quantitative chemical composition of the essential oil of the
aerial parts of Lavandula atriplicifolia (EOAPLA) grown in Saudi Arabia and its potential cytotoxicity to
cancer cell lines. The essential oil was characterized and quantified by GC–MS and GC-FID. The potential
cytotoxicity of the essential oil was evaluated against colorectal (LoVo) and hepatocellular (HepG2) car-
cinoma cell lines by using the MTT and lactate dehydrogenase (LDH) cytotoxicity assays. A total of 36
compounds were identified that constituted 92.3% of the total oil. The chemotype of the species was
dominated by C-10 massoia lactone (46.65%) as the major compound followed by oxygenated monoter-
penes (28.43%). This is the first report to describe the presence of the rare compound massoia lactone in
the essential oils from Lavandula species. The data revealed that EOAPLA inhibited the growth of LoVo and
HepG2 cells in a dose-dependent manner. Treatment with 10 lg/mL EOAPLA for 2 days resulted in sig-
nificant damage to LoVo cells in comparison with the control. In contrast to the control cells, the LoVo
cells showed morphological alterations such as cytoplasmic condensation, shrinkage, and the formation
of debris. Moreover, EOAPLA treatment induced apoptosis in LoVo cells since it increased the expression
of caspase 3/7. The cytotoxic and anti-proliferative properties of EOAPLA make it a good candidate for
treatment of various cancers.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

It is well known that aromatic plants offer considerable benefits
to human nutrition and health owing to their high content of
bioactive compounds (Djenane et al., 2012; Costa et al., 2015). In
particular, plants of the Lavandula genus, which include 39 species
and belong to the family Lamiaceae, have been widely used in folk
and traditional medicine (Cavanagh and Wilkinson, 2002; Denner,
2009). Several studies have shown that the species of this genus
contain a considerable number of bioactive constituents, such as
monoterpenes (Ulubelen et al., 1988), sesquiterpenes, diterpenes
(Politi et al., 2002), triterpenes (Topcu et al., 2001), polyphenols
(Areias et al., 2000; Upson et al., 2000) and coumarins (Shimizu
et al., 1990). These components of lavender essential oil have been
shown to possess useful biological properties and pharmacological
activities, such as cytotoxicity (Nikolic et al., 2014) antiseptic, anti-
inflammatory, and analgesic properties, antioxidant activity
(Chrysargyris et al., 2016), antimicrobial and antifungal activities
(Özcan et al., 2018; Nikolic et al., 2014; Chrysargyris et al., 2016),
and have been used in the food, cosmetics, and perfume industries
(Wells et al., 2018; Wilkinson et al., 2003; Ciobanu et al., 2012).

Owing to the extensive and important pharmaceutical and
cosmetic applications of the Lavandula species cited above, the
global production of lavender oil has reached 200 tons/year. Three

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2019.11.045&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2019.11.045
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hharrath@ksu.edu.sa
https://doi.org/10.1016/j.jksus.2019.11.045
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


M.H. Oueslati et al. / Journal of King Saud University – Science 32 (2020) 1476–1481 1477
particular Lavandula species are principally cultivated to produce
essential oils: L. angustifolia (fine lavender), L. latifolia (spike laven-
der), and the sterile hybrid L. intermedia (lavandin). However, to
the best of our knowledge, very limited information on the essen-
tial oil of L. atriplicifolia and its biological properties is available
(Upson et al., 2000). This species is a woody, perennial, bushy,
weak-stemmed, aromatic shrub of approximately 30–100 cm. It
is native to Saudi Arabia and the Republic of Yemen and grows
on dry rocky areas above 2500 m. Thus, in order to extend our con-
tribution to the study of the aromatic flora of Saudi Arabia and
their biological activities, this work focuses on: 1) the determina-
tion of the qualitative and quantitative chemical composition of
the essential oil of the aerial parts of L. atriplicifolia (EOAPLA) and
2) the evaluation of its cytotoxic activity against colorectal (LoVo)
and hepatocellular (HepG2) carcinoma cell lines by using the MTT
and lactate dehydrogenase (LDH) assays.
2. Methods

2.1. Plant material

L. atriplicifolia were harvested in the flourishing season from
Elbaha, Saudi Arabia, in May 2015 and then was identified by Faraj
Al-Ghamdi. A plant reference specimen (no. 708) was deposited at
the Herbarium of the Faculty of Sciences, Northern Border Univer-
sity, Kingdom of Saudi Arabia.

2.2. Extraction of the essential oil

The fresh aerial parts of L. atriplicifolia (500 g) were hand cut
into small fragments and hydro-distilled in a Clevenger apparatus
for 4 h yielding yellowish oils (0.008% (v/w)). The obtained oils
were stored at 4 �C in a colored vial for further testing.

2.3. Oil composition analysis

The separation and identification of the different chemical com-
pounds of the EOAPLA was carried out by gas chromatography
(QP2010 Ultra, Shimadzu, Japan), coupled to a mass spectrometer,
Ion trap in electronic impact mode (EI) with ionization energy of
70 eV. The column used is non-polar (HP-5MS). The temperature
of the column is programmed from 40� to 280 �C. at a rate of 1.5
�C/min. The temperature of the injector is set at 240 �C and the
detector (ionization source) is 220 �C. The flow rate of the carrier
gas (helium) is set at 1 mL/min. The volume of the sample injected
is 1 lL of the oil diluted in hexane. The constituents of the oil
essential were identified by their retention indices (RI) calculated
from reference to a series of n-alkanes and comparing their mass
spectra with those listed in a type library (NIST-MS) and published
literature (Adams, 2017; Soskic et al., 2016).

2.4. Cytotoxicity assay

Human epithelial colorectal adenocarcinoma (LoVo cells) and
human epithelial hepatocellular carcinoma cells were grown in
DMEM (Gibco, USA) supplemented with 10% fetal calf serum
(FBS) and incubated at 37 �C and 5% CO2 humidified atmosphere
in an incubator (Shel lab CO2 Series, USA). The cytotoxicity was
evaluated by using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe
nyl-2H-terazolium bromide (MTT) reduction inhibition assay
[38]. Briefly, the cells were seeded on 24-well plates at a density
of 5 � 104 cells/well in 1 mL of fresh medium. After 24 h, the cells
were treated for 48 h with different concentrations (10, 25, 50, and
100 lg/mL) of the essential oil. Methanol (0.01%) treated cells were
used as controls. At the end of the incubation period, the medium
was aspirated, 100 lL MTT solution (0.5 mg/mL) was added to
fresh DMEM, and the cells incubated for 2 h. After incubation,
1 mL 0.01% acidified isopropanol was added to dissolve the formed
product and the samples were placed in a shaking incubator for 10
mins. Two hundred microliters of the blue dissolved formazan
crystals was transferred to a 96-well plate and measured at
570 nm by using a multi-scan plate reader (Thermo, China). The
control consistent of treating cells with methanol for the same
lengths of time. The cell viability was calculated using the follow-
ing formula: cell viability (%) = OD treated /OD control �100.

2.5. Lactate dehydrogenase (LDH) cytotoxicity assay

The cytotoxicity of LoVo cells was measured by using lactate
dehydrogenase (LDH) cytotoxicity assay kit (BioVision). This assay
measures the release of LDH enzyme from the cytoplasm of dam-
aged cells. The cells were cultured in 24-well plates and treated
with the LC50 of the active compound. Methanol (0.01%) treated
cells were used as control. After 48 h of treatment, 100 lL of the
supernatant was removed and incubated with 100 lL of the reac-
tion mixture. The blue formazan crystals were transferred to 96-
well plate and the absorbance was measured at 490 nm by using
multi-scan plate reader (Thermo, China).

2.6. Light microscopy

After 2 days of treatment, the structural changes and morphol-
ogy of LoVo cells were observed with an inverted phase contrast
microscope and the images were captured using a MC 170 HD
camera (Leica, Germany).

2.7. Caspase-3/7 detection

LoVo cells were treated with the essential oil of L. atriplicifolia
for 48 h in 24-well plates. Cells were stained with Cell Event
Caspase-3/7 Green Detection Reagent (Life Technologies, Waltham,
MA, USA) according to manufacturer procedure for 30 min at 37 �C
in the dark and images were captured using fluorescence micro-
scope equipped with a digital camera (EVOS, USA).

2.8. Statistical analysis

We used two-tailed Student’s t-test for comparison (GraphPad).
The results were expressed as mean ± standard deviation. p < 0.05
was considered statistically significant when compared to control.

3. Results

3.1. Essential oil composition

In this study, hydro-distillation of L. atriplicifolia aerial parts
grown in Saudi Arabia afforded light yellowish oils with a pleasant
fragrance. GC–MS analysis of the oils identified 36 different chem-
ical constituents, which represented 92.3% of the total oils from L.
atriplicifolia aerial parts. The identified chemical components are
reported in Table 1 relating to their order of elution on HP-5MS
non-polar column along with the percentage composition of each
components and its retention index (RI). Table 2 brings together
the various chemical classes in the essential oils of L. atriplicifolia.

The major compound identified from the aerial part was mas-
soia lactone (46.65%) (Fig. 1). Five additional lactones were also
detected at low yields, d-nonalactone (0.35%), d-decalactone
(0.67%), c-undecalactone (1.2%), 5-ethenyldihydro-5 methyl-2
(3H)-furanone (1.56%), and 5,5-dimethyl-2(5H)-furanone (1.06%).
The EOAPLA is moderately rich in oxygenated monoterpenes



Table 1
Constituents of the essential oil from the aerial parts of L. atriplicifolia (RI: retention index; MS: Mass spectroscopy).

Compound RI Relative amount (%) Identification

1 5,5-dimethyl-2(5H)-Furanone 952 1.06 RI, MS
2 2,4-Heptadienal 1009 0.04 RI, MS
3 2-Acetyl-5-methylfuran 1037 0.12 RI, MS
4 5-Ethenyldihydro-5 methyl-2(3H)-Furanone 1041 1.56 RI, MS
5 Artemisia ketone 1064 0.11 RI MS
6 Trans-Linalool oxide (furanoid) 1076 4.56 RI MS
7 Linalool 1100 5.62 RI MS
8 3,7-Dimethyl-1,5,7-Octatrien-3-ol-hotrienol 1106 0.37 RI MS
9 Camphor 1145 5.60 RI MS
10 neroloxide 1151 3.50 RI MS
11 Ethyl benzoate 1170 0.10 RI MS
12 Epoxy linalool 1183 3.83 RIMS
13 Butanoic acid 3-hexenyl ester 1186 0.15 RI MS
14 a-Terpineol 1187 0.42 RI MS
15 Myrtanal 1197 0.23 RI MS
16 Verbenone 1205 2.52 RI MS
17 Pinocarvyl acetate 1287 0.35 RI MS
18 p-mentha-1,8-dien-7-ol 1302 0.37 RI MS
19 4-Acetylanisole 1345 2.15 RI MS
20 b-Damascenone 1388 0.10 RI MS
21 d-Nonalactone 1404 0.35 RI MS
22 b-Caryophyllene 1417 1.91 RI MS
23 d-Decalactone 1495 0.67 RIMS
24 C-10 massoia lactone 1501 46.45 RI MS
25 c-Undecalactone 1573 1.20 RI MS
26 Caryophyllene oxide 1589 3.27 RI MS
27 Humulene epoxide 1606 0.26 RI MS
28 Methyl jasmonate 1644 0.20 RI MS
29 Τ-Cadinol 1679 0.26 RI MS

30 Phytane 1809 0.06 RI MS
31 Hexanoic acid, undec-2-enyl ester 1858 0.41 RI MS
32 Hexadecanoic acid, methyl ester 1928 0.22 RI MS
33 Palmitic acid 1957 0.26 RI MS
34 Oleic acid methyl ester 2103 0.44 RI MS
35 Methyl erucate 2473 0.23 RI MS
36 Squalene 2847 3.50 RI MS

Table 2
Chemical class distribution in the essential oils of L.
atriplicifolia.

Constituents Aerial part

Terpenoids –
Monoterpenes hydrocarbon –
Sesquiterpenes hydrocarbon 1.42
Oxygenated monoterpenes 28.43
Oxygenated sesquiterpenes 4.03
Lactones 47.47
Furans 2.74
Acids 0.26
Esters 2.10
Hydrocarbons 3.56
Others 2.29
Total 92.30

1478 M.H. Oueslati et al. / Journal of King Saud University – Science 32 (2020) 1476–1481
(28.43%), including linalool (5.62%), camphor (5.60%), trans-linalool
oxide (4.56%), epoxy linalool (3.83%), neroloxide (3.5%), and ver-
benone (2.95%). Additionally, sesquiterpene hydrocarbons and
oxygenated sesquiterpenes were identified at low percentages.
3.2. Cytotoxic activity

The MTT assay was used to evaluate the potential cytotoxicity
of EOAPLA against two different cancer cell lines. The cytotoxicity
was recorded as LC50 (lg/mL), which represents the concentration
that kills or inhibits 50% of the cells (Fig. 2). The data revealed that
EOAPLA had the potential to inhibit the growth of LoVo and HepG2
cells in a dose-dependent manner. In comparison, the percentage
survival of LoVo cells treated with EOAPLA was revealed to be
lower than that of HepG2 cells. The LC50 values of the EOAPLA in
LoVo and HepG2 cells were 7 lg/mL and 10 lg/mL, respectively.
Furthermore, we assessed the cytotoxic effect of EOAPLA on LoVo
cells using the LDH release assay. Again, 10 lg/mL EOAPLA resulted
in a significant damage to LoVo cells in comparison with the con-
trol after 48 h of treatment (Fig. 3). Moreover, after 2 days of treat-
ment, LoVo cancer cells were detached from the surface of the
plate and showed morphological alterations under an inverted
microscope, in particular cytoplasmic condensation, shrinkage,
and debris formation (Fig. 4). However, the control cells main-
tained their original morphological characteristics and remained
attached to the surface of the plate. As shown in Fig. 5, cells incu-
bated with the caspase-3/7 detection reagent for apoptosis detec-
tion showed bright fluorescent nuclei in the LoVo cells treated
with IC50 of the essential oil of L. atriplicifolia. In contrast, the con-
trol group showed very low fluorescence signal as caspase-3/7 was
not activated.
4. Discussion

It has been noted many studies on the properties and character-
istics of essential oils of the economic important lavender species,
including L. angustifolia, L. intermedia, and L. latifolia, are highly
species-specific (Lesage-Meessen et al., 2015). Indeed, terpenes
are the largest class of volatile compounds found in the essential
oils from lavender species (Lesage-Meessen et al., 2015; Bakkali
et al., 2008) and monoterpenes represent the most abundant com-
ponent of lavender essential oil (Chrysargyris et al., 2016). The
most abundant compound identified in EOAPLA was massoia lac-
tone (46.65%), which reflects the importance of the studied species



Fig. 1. GC–MS chromatogram of essential oil composition of L. atriplicifolia.

Fig. 2. Cytotoxicity of EOAPLA on LoVo and HepG2 cancer cell lines. Values are
means of three experiments. Mean ± S.D values of three independent experiments. *
< 0.05 indicates significance when compared to the control).

Fig. 3. Lactate Dehydrogenase release from LoVo cells treated with EOAPLA after
48 h of treatment. The number of cells used for treatment was 5 � 104. * means
significant. Mean ± S.D values of three independent experiments. * < 0.05 indicates
significance when compared to the control.
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L. atriplicifolia as an interesting source of lactone production with a
relatively good yield in comparison to the other known lavender
species. Lactones are essential oil components that are rarely found
in the plant kingdom (Knudsen et al., 2006; Barros et al., 2014). In
nature, massoia lactone was identified by Abe (1937) for the first
time in the essential oil of the bark of Cryptocarya massoy and sub-
sequently found in other plants at low yields, such as Polianthes
tuberosa, Achillea fragrantissima, and Cyathea cunninghamii (Cavill
et al., 1968; Rali et al., 2007). Lavender lactone is attributable for
the floral scents of Lavandula vera (Timmer et al., 1975), whereas
d-decalactone is attributable for the fruity odors of several Prunus
species (Tamura et al., 2005).

It is interesting to note that the variability in the chemical com-
position of terpenoid compounds of many essential oils results
from many factors, such as environmental conditions (climatic
and geographical) and genetics of the plant (Zheljazkov et al.,
2013). Šoskic and co-workers compared the chemical composition
of lavender aerial part essential oils collected from different areas
in Serbia and Montenegro (Budva, Rovinj, and Podgorica) and
found that oxygenated monoterpenes were the most abundant
compounds in the different groups studied (Soskic et al., 2016).
Moreover, they noted a significant difference in oxygenated
monoterpene content between the samples from Budva (71.74%),
Rovinj (91.79%), and Podgorica (87.63%). However, our chemical
analysis of L. atriplicifolia revealed that oxygenated monoterpenes
represented the second most abundant compound (28.43%). The
natural terpenes found in lavender oil may have protective effects
against a number of pathologies (Aquilano et al., 2008), including



Fig. 4. Effect of EOAPLA on LoVo cancer cells when observed at 20� using phase contrast microscope. (A) Control (Methanol) cells; (B) treated cells (10 mg/mL). We can see the
rounding and detachment of cells and cytoplasmic shrinkage (white arrows).

A B

Fig. 5. Detection of caspase 3/7 activity by fluorescence microscopy in LoVo cancer cells after treatment with the essential oil of L. atriplicifolia. A: control group B: Treated
group.
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lipid peroxidation and dementia (Yang et al., 2010; Hancianu et al.,
2013), anti-inflammatory activity (Peana et al., 2002), and anti-
apoptotic activity (Hancianu et al., 2013).

At the pharmaceutical level, massoia lactone has been demon-
strated to play an important role in the regulation of bacterial vir-
ulence genes (Smith et al., 2002) and exhibits antimicrobial actions
against bacterial species, especially Candida albicans, Pseudomonas
aeruginosa, and Staphylococcus aureus (Hertiani et al., 2016). It also
induces concentration-dependent inflammatory activity, exerting
an anti-inflammatory effect at a low concentration and proinflam-
matory action at a high concentration (Cooley et al., 2008). In the
present study, the leakage of LDH into the culture medium was
an indication of cell death that resulted from irreversible damage
to the cell membrane or lysis (Korzeniewski and Callewaert,
1983). Moreover, EOAPLA treatment induced apoptosis in LoVo
cells since it increased the expression of caspase 3/7 as shown in
Fig. 5. Thus, EOAPLA, decreased the viability and growth of HepG2
and LoVo cells in a dose-dependent manner at a low concentration.
This result was in agreement with those reported in previous stud-
ies in which lactones inhibited cell proliferation and function
(Chhabra et al., 2003; Ritchie et al., 2003). Thus, the cytotoxic
and anti-proliferative properties of EOAPLA make it a good candi-
date for treatment of various cancers.
5. Conclusions

The present study demonstrated the cytoplasmic condensation
and shrinkage of LoVo cancer cells after 2 days of treatment with
EOAPLA, which suggested the induction of apoptotic cell death.
We believe that massoia lactone was the major component respon-
sible for the induction of apoptosis in the cancer cells tested.
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