Annals of Phytomedicine 7(2): 38-45, 2018
DOI: 10.21276/ap.2018.7.2.5; Print ISSN : 2278-9839 and Online ISSN : 2393-9885

Ann. Phytomed.,
7(2):38-45 (2018)

H

Original article

Promising anticancer activity of lavender (Lavandula angustifolia Mill.)
essential oil through induction of both apoptosis and necrosis

Sevgi Gezici
Department of Molecular Biology and Genetics, University of Kilis 7Aralik, 79000, Kilis, Turkey

Received September 19, 2018: Revised November 12, 2018: Accepted November 18, 2018: Published online December 30, 2018

Abstract

In the current study, potential anticancer and antiproliferative activity of EOs from lavender
(Lavandula angustifolia Mill.) were determined against A549, H1299, C6 cancer cells and non-
tumorous HUVEC cells through induction of both apoptosis and necrosis. Furthermore, the
differentiations of the cancer prevention activities of the EOs distilled from first and second year’s
harvest of the lavender growing under traditional system and plastic mulch were investigated using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), trypan blue, neutral red uptake
assays as well as lactate dehydrogenase (LDH) assay. The EOs exhibited remarkable anticancer and
antiproliferative activity against all treated cancer cells, in a dose and time dependent manner.
They exerted significantly decreases the cell growth in cancer cells, and also observed higher
toxicity towards C6 glioma cells than the A549 and H1299 lung cells. In case of growing conditions
of the EOs, higher anticancer and antiproliferative activity were observed under growing plastic
mulch as compared to that of traditional system. Furthermore, first year’s harvest of the lavender
growing under plastic mulch seem to be possessed stronger cytotoxic effect than that of the second
year’s harvest. Besides, the lysosomal and LDH activity of the EOs were found to be highly in
correlation with anticancer activity, and seem to be decreased obviously depending the year. It may
be concluded that data obtained from the presented research demonstrates lavender EOs could have
possible usage for cancer treatment as an alternative anticancer agent.
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Adaszynska et al., 2013; Nikolic et al., 2014; Carrasco et al., 2016;
Shokri et al., 2017). Furthermore, it has potential uses
predominantly in the treatment of central nervous system disorders,
cardiovascular and respiratory infections, and chronic diseases
(Dobetsberger and Buchbauer, 2011; Koulivand et al., 2013;
Prusinowska and Emigielski, 2014; Wotman et al., 2017).

1. Introduction

Lavender (Lavandula angustifolia Mill., Lamiaceae) is a plant
species that is native to the Mediterranean, Middle Eastern
countries, and the Arabian Peninsula. Nowadays, it is cultivated
worldwide, which is a result of essential oil (EO) of its flowers has
a wide range of pharmacological properties (Basch et al., 2004;

Denner, 2009; Hassiotis et al., 2014; Nadalin et al., 2014). Lavender has complex chemical compositions, especially rich in

lipophilic components (essential oil) and hydrophilic components
(phenolic compounds, anthocyanins, phytosterols, tannins, flavone
glycosides, etc.) (An et al., 2001; Shellie et al., 2002; Yang et al.,
2010; Rajeshwari et al., 2014). It was determined that EO from the
flowers of lavender obtained by stem distillation or
hydrodistillation, contains more than 300 biologically active chemical
compounds and components including linalyl acetate, linalool,

Lavender oil has been used in the field of medicine for herbal
treatment purposes since the past. In recent years, it has been
widely used in aromatherapy, cosmetics, perfumes, shampoo,
detergents, massage oil, food processing, and tea, apart from its
uses in medicine as a source of drugs (Lis Balchin and Hart, 1999;
Dobetsherger and Buchbauer, 2011; Djilani and Dicko, 2012; Lesage-

Meessen et al., 2015).

Lavender oil is suggested to possess a variety of pharmacological
activities ranging from antineoplastic to anti-inflammatory,
antioxidant, antibacterial, antifungal, antiseptic, antiviral,
antidepressive, sedative and immune stimulating effects (Cavanagh
and Wilkinson, 2002; Atsumi and Tonosaki, 2007; Yang et al., 2010;
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lavandulyl acetate, lavandulol, a-terpineol, B-caryophyllene, cis-
B-ocimene, camphor, and ketones, of which, linalyl acetate and
linalool are identified as the major components of the lavender oil.
EOs from lavender are characterized by the presence of terpenes
and terpenoids, which are particularly responsible for its biological
and pharmacological properties (Umezu et al., 2006; Dupuy et al.,
2014; Prusinowska and Emigielski, 2014; Carrasco et al., 2016;
Coelho et al., 2017). Additionally, the qualitative and quantitative
composition of whole lavender oil can vary significantly depending
on genotype, growing location, climatic conditions, and
morphological characteristics (Cavanagh and Wilkinson, 2002;
Emigielski et al., 2013; Lesage-Meessen et al., 2015; Fahim et al.,
2017).



Although, there has been a recent increase in the popularity of
plant based natural products as potential therapeutic agents for the
modern alternative and complementary medicine, to the best of our
knowledge, limited researches have been performed, comprehensive
analysis on the cancer prevention activities of the essential oils of
lavender (Prashar et al., 2004; Nikolie et al., 2014; Udupa
Nayanabhirama, 2016; Majeed, 2017). Further, anticancer and
antiproliferative potentials of the lavender EOs in point of growing
conditions and harvest year of lavender have not been previously
reported elsewhere. As far as our literature survey could ascertain,
data presented here could be assumed as the first report for the
literature.

The present study aimed to demonstrate potential anticancer and
antiproliferative activities of EOs, distilled from L. angustifolia
through induction of both apoptosis and necrosis. For evaluation
the anticancer activities of the lavender EOs, different assays were
conducted against three cancer cell lines: A549 (human lung
carcinoma), H1299 (non-small lung cancer), C6 (glioma), and non-
tumorous HUVEC cells; MTT assay for measurement of the cell
proliferation, trypan blue exclusion assay to determine the
antiproliferative properties, neutral red uptake assay for evaluation
lysosomal activities of the cells, and lactate dehydrogenase activity
assay to detection of necrosis in the cultured cells. Additionally,
the current study was aimed to compare in vitro apoptosis and
necrosis induction potentials of EOs distilled from first and second
year’s harvest of the lavender growing under traditional system and
plastic mulch.

2. Materials and Methods
2.1 Plant material

Lavender (Lavandula angustifolia Mill.), growing under traditional
system and plastic mulch, was harvested from first and second
year’s products during the blooming season from Kilis, Turkey,
dried under shade and kept at laboratory conditions at room
temperature (25°C) with no direct light until the extraction.

2.2 Extraction of EOs

The dried flowers of L. angustifolia were used for extraction of
EOs. The flower samples (100 g for each growing condition) were
extracted separately by hydrodistillation using a Clevenger
Apparatus for 4 h at 100 + 5°C, and the extracted oils were dried
over anhydrous Na,SO,, then the pure essential oils were obtained
and stored at 4°C for further analysis.

2.3 Cell lines and culture

A549 (lung carcinoma), H1299 (non-small cell lung cancer), C6
(glioma) and non-tumorous HUVEC (human umbilical vein
endothelial cells) cell lines, obtained from the American Type Culture
Collection (ATCC, USA) were used for evaluation of the potential
anticancer and antiproliferative effects of the lavender EOs. The
lung cancer cells (A549 and H1299) were cultured on Roswell Park
Memorial Institute Medium (RPMI, Thermo Fisher Scientific),
supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco®),
1% antibiotics (100 U/ml penicillin and 100 pg/ml streptomycin) in
the flasks at 37°C in a humidified CO, (5%) incubator. HUVEC and
C6 cells were grown in Dulbecco’s modified Eagle medium (DMEM):
Ham’s F12 nutrient medium (1:1) (Thermo Fisher Scientific) with
the same additives. All the experiments were run in triplicates using
A549, H1299, C6 and HUVEC cells from passage 24 or less than.
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2.4 Anticancer activity assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was performed for evaluation cytotoxic properties
of the lavender EOs as described by Mosmann (1983) with minor
modifications, and all the conditions were same as described in our
previous research (Gezici et al., 2017). Briefly, densities of 5 x 10°
cells were seeded in 200 pl medium into 96-well plates for 24 h and
after seeding, the lavender EOs with concentrations from 6.25pug/ml
to 100 pg/ml were added all wells, and doxorubicin used as a standard
cytotoxic agent with different concentrations 0,01-1 pg/ml, and
then all the wells incubated at 37°C for 48 h. After incubation, the
medium was discarded and 50 pl/well of MTT (Sigma-Aldrich)
solution (5 mg/ml) was added into each well and incubated for 4 h
at 37°C. The medium-containing MTT was discarded and 200 pl of
dimethyl sulfoxide (DMSO, Sigma-Aldrich) was added for both lysis
the cells and solubilization formazone. Then, the absorbance was
measured at 570 nm with a Thermo Lab systems 408 multiskan
multiplate spectrophotometer. The dose response curve was used
to generate the IC,; (ug/ml) values for each cell line as the
concentration of drug needed to produce 50% inhibition of cell
growth.

2.5 Antiproliferative activity assay

Antiproliferative activities of the lavender EOs were evaluated against
the A549, H1299 and C6, and HUVEC cell lines using trypan blue
exclusion method described by Strober (2001) previously. Stock
solutions of the EOs were prepared in DMSO and used at 6.25,
12.5, 25, 50 and 100 ug/ml concentrations from each EO, and
afterwards incubated at 37°C for 24, 48, and 72 h. At the end of the
every 24 h incubation period, 100 pl of cells were collected for
counting and added 1ml of 0.05% trypsin-EDTA, and then washed
with phosphate buffer saline (PBS, Sigma-Aldrich, USA). Finally,
the collected cells were harvested for 10 min at 1000 rpm using a
centrifuge (Thermo Fisher Scientific). After removing the
supernatant, 20 pl of 0.4% trypan blue solution was added to cell
pellet (1:1 dilution of the cell suspension). The cell viability was
determined microscopically (Nicon, Japan), and the viable cells
were counted by an automated cell counter Cedex XS Analyzer.

2.6 Lysosomal activity assay

In order to determine lysosomal activity of the cells treated with
the lavender EOs, neutral red uptake assay (NR) was used as
previously reported with minor modifications (Repetto et al., 2008).
Briefly, the cells were seeded into 96-well culture plates and
incubated for 24 h at 37°C in a humidified CO, (5%) incubator.
When the cells reached at least 50% confluence, they treated with
0, 5, 10, 50 and 100 pg/ml concentrations of the lavender EOs,
before incubation at 37°C for 24, 48, and 72 h. At the end of the
incubation periods, they washed with cold PBS at three times, they
were then re-incubated with the medium containing 200 pl NR
solutions at least 2 h at 25°C. After NR incubation, the cells were
subsequently washed with acetic acid and ethanol (1:50) solution,
and then fixed with CaCl, and formaldehyde (2:1) solution for 2 min
to remove the NR dye in each well. Finally, the plates were read at
540 nm using a microplate spectrophotometer system (Thermo
Lab systems 408 Multiskan).
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2.7 Lactate dehydrogenase (LDH) activity assay

The release of the enzyme lactate dehydrogenase (LDH) activity
assay was performed for detection of necrosis in the cultured cells
described by Al-Qubaisi et al. (2011) previously. The cells (a density
of 2 x 10* cells/well) were seeded in 96-well plates with 100 ul
fresh culture medium and incubated at 37°C for 18 h. And then,
they were treated with 0, 5, 10, 50 and 100 pg/ml concentrations of
the lavender EOs, as used in the MTT assay and incubated for 24,
48 and 72 h, respectively. For determination of the potential LDH
concentration, 40 pl of culture supernatant was collected from each
well and transferred to a new plate, and then 40 pl of 6% triton X-
100 was added to all well. Before measure the absorbance, 100 pul of
buffer 1 (0.1 M potassium phosphate buffer containing 4.6 mM
pyruvic acid, pH 7.5) and 100 ul of buffer 1l (0.1 M potassium
phosphate buffer containing 0.4 mg/ml reduced B-NADH, pH 7.5)
were added to each well containing the culture medium, and mixed
by gentle tapping. Additionally, the same protocol was performed
for untreated cell lysate as LDH positive control to evaluate total
LDH/U well activity. All the plates were incubated at room
temperature about 30 min in the dark; afterwards they were read at
wavelength 340 nm using an ELISA microplate spectrophotometer
system (Thermo Lab systems 408 Multiskan). The percentage of
LDH release in medium was calculated and compared to total LDH
in cell lysate in the same well, of the followed equation:

[(Mean OD from treated LDH activity — mean OD from untreated
LDH activity) / (mean OD from maximum LDH release activity —
mean OD from untreated LDH activity)] x 100.

The assay was done using three replicates. The dose response
curve was used to generate the IC, (ng/ml) values for each cell line
as the concentration of drug needed to produce 50% inhibition of
cell growth.

2.8 Statistical analysis

The data were represented as mean and standard deviation (Mean
+ SD) from at least three independent experiment, and three different
microplate wells were used for each concentration. Alinear regression
analysis was performed to calculate IC_ values. Differences between
groups were considered as significant when a p-value was set at
0.05, and very significant when a p-value was set at 0.01.

3. Results
3.1 Anticancer activity assay results

In order to determine cytotoxicity and anticancer activities of the
EOs of lavender, MTT assay was performed against A549 (lung
carcinoma), H1299 (non-small cell lung cancer), C6 (glioma) cancer
cells, and non-tumorous HUVEC (human umbilical vein endothelial
cells). In vitro dosage and time dependent cytotoxic effects of the
EOs are presented in Table 1 regarding of IC, values after 48 h
treatment period.

Table 1: Cytotoxic effects of lavender EOs against A549, H1299, C6 and HUVEC cell lines for 48 h

Concentrations of the Lavender EOs (ug/ml)
Cell lines Treatment
6,25 pg/ml 12,5 pg/ml 25 pg/ml 50 pg/mi 100 pg/mL
first year 167,516 + 0,047 158,028 + 0,031" 137,169 + 0,024~ 128,3 + 0,0582" 114,472 £0,035™
Traditional system
second year 125,881 +0,012" 130,209 + 0,044" 154,904 + 0,075 120,376 + 0,031 121,156 + 0,006
A549
first year 99,839 + 0,025 86,859 + 0,012" 80,850 + 0,009 81,736 + 0,029™ 66,551 + 0,027
Plastic mulch
second year 120,214 +0,006" 131,472 £ 0,049 149,540 + 0,029" 126,276 + 0,065 103,663 +0,042*
first year 106,396 + 0,154" 84,839 + 0,028 78,394 + 0,053™ 76,174 +0,126" 62,499 + 0,034
Traditional system
second year 121,042 +0,028" 128,604 + 0,001 120,982 + 0,104 126,013 £ 0,155 118,001 + 0,016*
H1299
first year 106,396 +0,104™ 84,839 + 0,028" 78,394 + 0,053 76,174 +0,126™ 58,499 + 0,034™
Plastic mulch
second year 125,683 +0,033" 131,185 +0,106" 129,450 + 0,026 104,744 £ 0,092~ 98,024 + 0,012
first year 141,334 +0,006" 101,984 + 0,085 108,785 +0,126™ 78,407 + 0,064" 55,213 + 0,026™
Traditional system
second year 145,527 + 0,012 134,478 £ 0,053 106,590 + 0,072* 92,058 + 0,068" 69,555 + 0,023
C6
first year 98.918 + 0,024 94,482 + 0,038 85,470 + 0,048" 52,594 +0,032™ 28,405 + 0,001
Plastic mulch
second year 108,619 +0,016" 80,285 + 0,001 76,613 + 0,026™ 69,295 + 0,101 41,735 40,041
first year 22,396 + 0,038 24,102 + 0,023 22,830+ 0,107 20,243 + 0,031 14,942 + 0,025
Traditional system
second year 38,096 + 0,105 31,986 + 0,108 30,004 + 0,053™ 19,128 + 0,004 20,306 + 0,124
HUVEC
first year 13,022 + 0,124 19,254 + 0,025 15,940 + 0,015 12,186 + 0,042 8,284 0,004
Plastic mulch
second year 24,908 + 0,029 24,014 + 0,108 17,685 + 0,002 18,144 + 0,104 12,605 + 0,036™
Doxorubicina 5,928 + 0,001 5,202 + 0,001 4,404 + 0,105 4,046 +0,012 3,72 +£0,002
DMSO (dimethyl sulfoxide) © 0 0 0 0 0

Values are expressed as IC.; + SD from three independent experiment (n=3).
“p value of <0.01 and "p value of <0.05

@ Doxorubicin, positive control.
®DMSO; dimethyl sulfoxide, negative control.




Our results revealed from the assay demonstrated that lavender
EOs exhibited strong anticancer and cytotoxic activity against all
treated cancer cells, and decreased the cell growth by increasing cell
death in cancer cells significantly, as figured out in Figure 1. In case
of anticancer activities, the EOs of lavender showed the highest
growth inhibitory effects towards C6 glioma cell line (IC = 28,405
+ 0,001 to 69,555 + 0,023 pg/ml), followed by H1299 and A549
lung cancer cell lines (IC,, values between 58,499 + 0,034 to 121,156
£ 0,006 pg/ml). In addition, the IC,; values of lavender EOs obtained
from the cancer cells were compared to non-tumorous HUVEC cells
in a dose and time dependently (Table 1, Figure 1).
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As shown in Figure 1, growing conditions and harvest year of
lavender highly affect the anticancer potentials of the EOs. Regarding
of growing conditions of lavender, EOs distilled from growing under
plastic mulch showed higher anticancer potential with IC; values
in range of 28,405 £ 0,001 to 103,663 = 0,042 pg/ml than the EOs
distilled from growing under traditional system with IC_ values in
range of 55,213 + 0,026 to 121,156 + 0,006 pg/ml (100 pg/ml
concentration, 48 h) towards all the tested cancer cell lines. As for
the harvesting year of lavender, first year’s harvest of the lavender
growing under plastic mulch possessed stronger cytotoxic effect
than that of the second year’s harvest ranging IC,; values between
28,405 +0,001t0 66,551 £ 0,027 pg/ml at 100 pg/ml concentration
for 48 h (Table 1, Figure 1).
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Figure 1: Inhibition effect of lavender EOs under growing traditional system and plastic mulch.

3.2 Antiproliferative activity assay results

Trypan blue assay was assessed to determine antiproliferative effects
of the lavender EOs by cell counting after 24, 48 and 72 h treatment
with different doses. According to antiproliferative assay, the EOs
of lavender exerted remarkable decreasing in the cell viability even
at the lowest concentration (5 pg/ml). Furthermore, increase in the
concentration and exposure time of the EOs resulted in decrease of
the cell viability in malignant cells but not in non-malignant HUVEC
cells. Results of survival (%) percentage of A549, H1299 and C6
cancer cells, comparing the non-tumorous HUVEC cells after 48 h
treatment with the EOs are shown in Figure 2.

Cell viability (%)

! .
0

Traditionalsystem  Traditional system
(first year) (second year)

Plastic mulch
(first year)

Plastic mulch
(secondyear)

mAS49 mHI299 (6 =HUVEC

Figure 2: Cell viability (%) of A549, H1299 and C6 cancer cells after
48h treatment with 100 pg/ml concentration of the EOs.
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“Values are expressed as Mean + SD from three independent experiment
(n = 3). HUVEC cells were used as control and set as 100%.

As supported by cytotoxicity assay, results of trypan blue assay
showed that cell growth and viability in cancer cell lines were
inhibited by the EOs depending on growing conditions and harvest
year of lavender. On the other hand, EOs distilled from growing
under plastic mulch indicated significant reduction in cell growth of
all the cancer cell lines even at the lowest concentration (5 pg/ml),
as compared to that of growing under traditional system. As can be
seen from Figure 2, it was observed that first year’s harvest of the

lavender growing under plastic mulch or traditional system caused
much more inhibitory effects in the cell viability of the tested
cancer cells than the second year’s harvest of the lavender
(Figure 2).

3.3 Lysosomal activity assay results

Lysosomal activities of the lavender EOs were observed in a time
(for 24 h, 48 h, and 72 h) and dose dependent manner (0, 5, 10, 50
and 100 pg/ml) against the A549, H1299 and C6 cancer cells, and
the results for 48 h treatment were shown in Figure 3 for each
treated cell line.
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Figure 3: Lysosomal activity (%) of A549, H1299 and C6 cancer cells after 48 h treatment.
*Values are expressed Mean + SD from three independent experiment (n = 3). The dose of 0 pg/ml was used as control and set as 100%.



According to results of lysosomal activity assay, first year’s harvest
of the lavender growing under plastic mulch had stronger effects on
lysosomal activity than the growing under traditional system, which
is consistent with anticancer and antiproliferative assay results.
Additionally, increasing EOs exposure time and dose resulted in
increasing the lysosomal functions and membrane permeability in
the cancer cells, which is again compliant with anticancer and
antiproliferative assay results.

43

3.4 Lactate dehydrogenase (LDH) activity assay results

The release of LDH from the A549, H1299 and C6 cancer cells was
measured after treatment with 0, 5, 10, 50 and 100 pg/ml
concentrations of lavender EOs. The leakage of LDH was shown in
Table 2 regarding of IC,; values in a time dependent manner for 24,
48, and 72 h treatment period. Non-tumorous HUVEC cells were
used as control and doxorubicin used as standard cytotoxic agent
(Table 2).

Table 2: Comparison of IC_; (ng/ml) values obtained from LDH release assay for A549, H1299, and

C6 cancer cell lines

Cancer Cellsa
Lavender EOs Hours
A549 H1299 C6
24h 27,04 +1,13~ 28,02 + 0,02* 24,04 + 0,18
Traditional system (first year) 48 h 45,02 +0,05™ 41,34 £0,22" 25,94 £ 0,04
72h 64,07 + 0,08* 48,12 + 1,04* 34,08 + 1,05
24h 30,06 + 0,15 31,83+0,21" 27,12 +0,02*
Traditional system (second year) 48 h 38,85 + 0,03 46,95 + 0,03 35,06 £ 0,03
72h 67,02 +0,12" 55,46 + 1,01 45,16 + 0,12*
24h 29,06 + 0,64* 21,09 + 0,08 14,10 £ 1,02
Plastic mulch (first year) 48 h 38,07 £1,64" 30,25 £ 0,12 18,96 + 1,09*
72h 43,01 +£1,04™ 35,09 +0,06™ 26,06 + 1,04
24h 40,11 +£1,02~ 38,75+ 1,14* 21,96 +1,18*
Plastic mulch (second year) 48 h 40,85 + 1,03 43,69 +£0,16* 23,88 + 1,06™
72h 54,14 + 1,08~ 48,03 + 1,03~ 42,08 + 1,02*
Doxorubicin b 5,48 £0,01 3,64 +0,02 3,12+0,01

aThe cells (a density of 2 x 10* cells/well) were seeded for each treatment, and values are expressed as Mean + SD from three independent
experiments. ® Doxorubicin, positive control. **p value of <0.01 and *p value of <0.05.

As summarized in the Table 2, the IC  values for treated cancer
cells were calculated as compared to non-tumor HUVEC cells in a
time dependent manner. In this assay, a significant increasing was
observed in the IC_; value from LDH by depending the time for all
the EOs, as supported by IC,; values determined from cytotoxicity
assay. The EOs distilled from growing under plastic mulch were
found to have high LDH activity with IC; values in range of 14,10
+ 1,02 to 54, 14 £ 1,08 pg/ml, whereas, the EOs distilled from
growing under traditional system found moderate LDH activity
with IC values in range of 24,04 + 0,18 to 67,02 + 0,12 ug/ml

(Table 2).

In addition to LDH release activity differences as depending on the
growing conditions, the differences of LDH release activity of the
EOs were presented depending on types of cancer cell line in a time
dependent manner. As presented in Table 2, the EOs distilled from
lavender growing under plastic mulch showed the highest LDH
release effects against C6 glioma cell line (IC, = 14,10 £1,02 ng/
mL, for 24 h), whilst the lowest LDH release effects were observed
against A549 adenocarcinoma cell line (IC,= 54,14 + 1,08 pg/ml,
for 72 h). Moreover, it was determined that fist year’s harvest of
the lavender growing under plastic mulch lead to higher LDH leakage
activity on cancer cells as compared to that of second year’s harvest
of the lavender growing under traditional system (Table 2).

4. Discussion

Cancer has become a growing health problem around the world
with the high numbers of cases and deaths. Meanwhile, it is predicted
that it will be more critical health problem in both developed and
developing countries for the next years (Siegel et al., 2018). More
recently, the researchers have mainly focused on examining the use
of plant-derived natural products with less or no side effects for
prevention and treatment in the cancer cases, since an increase in
the incidences of drug resistance and side effects of drugs used for
cancer therapy. A recent increase in the popularity of plant-derived
natural products has increased interest in their essential oils as a
potential herbal therapy (Cragg and Newman, 2005; Jinukuti and
Giri, 2015; Manoharachary and Nagaraju, 2016; Belkhodja et al.,
2017; Gezici and Sekeroglu, 2017; Karik et al., 2018).

Our results indicated that lavender EOs distilled from growing under
traditional system and plastic mulch had significant anticancer and
antiproliferative effects even at the lowest concentration and
minimum exposure time. It was observed that the cell growth and
viability in cancer cell lines were inhibited by the EOs depending
on growing conditions and harvest year of lavender. On the other
hand, first year’s harvest of the lavender growing under plastic
mulch or traditional system caused much more inhibitory effects in
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the cell viability of the A549, H1299 and C6 cancer cells than the
second year’s harvest of the lavender. Our findings were consistent
with previously studies, which were performed to reveal the
variations in constituents of lavender EOs derived from growing
location, different cultivars, climatic conditions, and other
characteristics. The cell proliferation and growth inhibitory effects
of the EOs may be due to the fact that rich constituent of terpenes
and terpenoids such as linalool, linalyl acetate, cineole, a-ocimene,
lavandulol, terpinen-4-ol and camphor (Cavanagh and Wilkinson,
2002; Koulivand et al., 2013; Coelho et al., 2017; Shokri et al.,
2017).

In the light of antiproliferative assay results, when the cells were
exposed to lavender significantly, inhibition was observed in the
cell growth in a time and dose dependently. Whilst, the data
produced from this assay points to the cell growth inhibitory effects
of the EOs on exposed compared to cells that were not exposed to
the EOs. On this basis, that might be a positive factor in order to
suggest lavender EOs could offer additional benefit for its use in the
management of decreasing the amount of cancer cells.

Thus, in addition to anticancer and antiproliferative assays,
lysosomal activity assay was performed to analyze lysosomes
activities of the cells that the dye can diffuse cellular membrane and
accumulate in the lysosomes. When the cells were treated with NR,
the dye penetrates the cell membrane and accumulates intracellularly
in the lysosomes that leads to change in sensitivity of lysosomal
membrane irreversibly. Therefore, it is possible to evaluate the
number of viable cells response to the EOs, which is the basis of NR
assay. Based on our results, it can be clearly concluded that the EOs
significantly accelerate reducing uptake of NR into the cell membrane,
due to presence of rich bioactive compounds, particularly linalool,
linalyl acetate, and limonene as reported previously (Dupuy et al.,
2014; Prusinowska and Emigielski, 2014; Lesage-Meessen et al.,
2015; Carrasco et al., 2016).

It is noteworthy that combination of anticancer, antiproliferative
and LDH activities of the EOs are known to be associated with
fighting cancer efficiently. On this basis, the EOs were also tested
whether possess lactate dehydrogenase activity or not. LDH is a
cytoplasmic enzyme that plays role in the conversion of pyruvate
to lactate, this enzyme releases from the necrotic cell membranes
when the cell membrane is damaged. Although, apoptosis and
necrosis are two major metabolic processes observed in disease
pathologies; necrosis is considered as a passive and accidental form
of cell death causes the release of intracellular contents into
extracellular milieu (Chan et al., 2013). Therefore, measuring the
activity of LDH enzyme gives information about the percentage of
dead and necrotic cells, as observed in our study.

5. Conclusion

Overall, these results demonstrated that lavender EOs have
significantly anticancer and antiproliferative activities against the
cancer cell lines through induction of both apoptosis and necrosis
in a time and dose dependent manner, even at lower concentration
and minimum exposure time. Although, there is considerable
evidence and information about pharmacological properties of
lavender EOs; there has been no study so far comparing anticancer
potentials of EOs distilled from first and year’s harvest of the
lavender growing under traditional system and plastic mulch. As
far as our literature survey, the results presented in this research

could be the first report, which was conducted for investigation of
in vitro anticancer and antiproliferative activities of the lavender
EOs along with potential lysosomal and lactate dehydrogenase
releasing. However, these results obtained from the presented
research could be useful to support the possible usage of the EOs
distilled from lavender as a promising anticancer agent in cancer
treatment, further in vivo studies should be performed to ascertain
of the mechanisms underlying the remarkable anticancer effects of
lavender EOs.
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