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Abstract. Cytotoxic effects of essential oils extracted from Dunaliella salina on SH-SY5Y human
neuroblastoma cells were investigated in this study. GC-MS analysis was used for determination of
the composition of essential oils found in Dunaliella salina extract. All experimented concentrations
of Dunaliella salina extract on SH-SY5Y human neuroblastoma cells were significantly more cytotoxic
than the tested concentrations of the extract on ECV304 human endothelial cells used as a control.
Fifthy compounds were detected in GC-MS analysis of the extract, and five major compounds were
predominantly found as follows: octadecanoic acid, methyl ester (27.43%); hexadecanoic acid, methyl
ester (Cas) methyl palmitate (24.82%); 9,12,15-octadecatrienoic acid, ethyl ester, (Z,Z,Z)- (7.39%);
octadecanoic acid (5.03%), pentadecanoic acid (3.60%). The cytotoxic activity of Dunaliella salina
extract on SH-SY5Y human neuroblastoma cells might be due to high concentrations of octadecanoic
acid and hexadecanoic acid. Furthermore, results indicate that the extract demonstrates some prolif-
erative effect on ECV304 cells in a dose-dependent manner between 0.25 and 5 pg/ml. These results
suggest that Dunaliella salina may have anticancer potential against human neuroblastoma cells.
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Introduction

Neuroblastoma is a tumor that appears in childhood with
high incidence and mortality rate. It is one of the most com-
mon malignant tumors of infants, besides being responsible
for the majority of pediatric cancers (Gonzalez-Nunez et
al. 2014). Neuroprotective effects of various anticancer
compounds such as wheat germ peptide, arctigenin have
been reported previously (Cheng et al. 2014; Li et al. 2014).
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Protective, antioxidant, antimutagenic, antitumoral, anti-
inflammatory, anticoagulant and antiviral activities of vari-
ous algae have been also reported (Kotake-Nara et al. 2005;
Miadokova et al. 2005; Ishikawa et al. 2008; Gamal-Eldeen et
al. 2009; Miadokova et al. 2010; Zandi et al. 2010; Bechelli et
al. 2011; Machana et al. 2012). However, drug potentials of
algae species against neuroblastoma cells are being investi-
gated, the information about the anticancer and/or selective
cytotoxic effects of algae compounds on neuroblastoma cells
is limited.

Dunaliella salina (Chlorophyta, Chlorophyceae) is a uni-
cellular wall-less biflagellate green alga. It has been shown
that the potential of biotechnological use of Chlorophyceae
family members is becoming more important especially
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in the field of sustainable and recyclable, clean energy
production (Li et al. 2011). For this reason, large-scale
production processes have been successfully optimized in
both open and closed production systems, particularly for
Dunaliella, Spirullina, Chlorella, Scenedesmus algae species
(Rastogi and Incharoensakdi 2013; Zemke et al. 2013; Fu et
al. 2014).Therefore, it is hypothesized that the production
of potential drug molecules from algae species via using
already well-optimized large-scale production systems is
highly possible.

In this study, Dunaliella salina green algae is assessed
for its anticancer drug potential for targeting malignant
neuroblastoma cells. Cytotoxicity assay was applied to SH-
SY5Y neuroblastoma cells and examined in comparison with
ECV304 as the control. The composition of essential oils
obtained from Dunaliella salina extract was characterized
by using gas chromatography-mass spectrometry (GC-MS)
analysis.

Materials and Methods

Mammalian cell cultures

SH-SY5Y cells were subjected to analyze cytotoxic potential
of Dunaliella salina extract. ECV304 human umbilical vein
endothelial cell line was used as a control. Because ECV304
cell line presents many features of endothelial cells (Suda
et al. 2001), we used it as a non-cancerous cellular model.
Both cell lines were purchased from American Type Culture
Collection (ATTC).

DMEM medium (HyClone, 16777-133) supplemented
with 10% fetal bovine serum (HyClone, SH3007003HI), 1%
penicillin-streptomycin, 1% L-glutamine solution and 0.1%
MEM non essential amino acids solution (100x) were used in
cell culture experiments and all incubations were performed
in a humidified atmosphere containing 5% CO, at 37°C. 96-
well plate, polystyrene cell culture flasks (Greiner Inc.) were
used for viability assays and cell cultures, respectively. For
experimental procedure, SH-SY5Y and ECV304 cells were
detached by 0.5% Trypsin-EDTA solution (Sigma, T3924),
washed with PBS twice and resuspended in DMEM at 5 x
10° cells/ml density.

Cytotoxicity assay

The cytotoxic effects of Dunaliella salina extract on SH-SY5Y
human neuroblastoma and on ECV304 human endothelial
cells were measured via MTT (3-(4,5-dimethylthiazol-2yl)-
2,5-diphenyl tetrazolium bromide) (Sigma, M-5655) assay
(Atasever et al. 2010; Pirildar et al. 2010; Svobodova et al.
2012). Cells were suspended at 1x10° cells/ml in DMEM
medium supplemented with 10% fetal bovine serum, 1%

penicillin-streptomycin, 1% L-glutamine solution and 0.1%
MEM non essential amino acids solution (100x) at 37°C in
a humidified atmosphere containing 5% CO,.

Stock solutions of the Dunaliella salina extract were
prepared in dimethylsulfoxide (DMSO; Sigma D 5879),
10 mg/ml. The following final aqueous concentrations were
prepared by serial dilutions of the stock solution: 4000, 500,
50, 5, 2.5 pug/ml. This suspension (90 ul) of the cells was
then dispensed into 96-well round-bottom plates contain-
ing 10 pl of the dilutions of the algae extracts. Thus, final
concentrations of compounds were 400, 50, 5, 0.5, 0.25 pug/ml,
respectively. Medium (10 pl) instead of algae extract was
used as a positive control, and medium without cells and
the extract was solely used as negative controls for optical
density (OD) measurements. After 48 hours of incubation,
10 ul freshly prepared MTT (5 mg/ml) solution in phosphate
buffer saline (PBS) was added to each well and the plates
were incubated 3 h at 37°C. Then the supernatants were
removed from all wells and 100 pl of sodium dodecyl sulfate
(SDS, pH 5.5) containing isopropyl alcohol was added to
the wells in order to dissolve the formazan crystals formed
by reduction of MTT in living cells. Then microplates were
left in the dark room overnight. Optical density of each well
was measured with 570 nm test wavelenght and a 655 nm
reference wavelenght on an Bio-Rad Benchmark Microplate
Reader (Philadelphia, USA). Cytotoxic index (CI) was cal-
culated with the formula:

Cytotoxic index = 1 - [OD (treated wells) / OD (control
wells)] x 100%

The cytotoxicity assay was repeated six times for each
concentration of the extracts.

Algae culture and extraction protocols

Dunaliella salina (UTEX Collection No: LB1644, Texas,
USA) was grown in 2x Erdschreiber’s medium. The medium
contained 3 liters of filtered and pasteurized supplemented
seawater, P-IV metal solution (36 ml/3 1), NaNO3 10 ml/3 ],
Na,HPO4 x 7H,0 (10 ml/3 1), autoclaved and filtered soil-
water: GR+ medium (150 ml/3 1), vitamin B12 (3 ml/3 ).
Instructions for preparing the culture medium is retrieved
from the University of Texas at Austin (UTEX) culture collec-
tion of algae (http://www.sbs.utexas.edu/utex/mediaDetail.
aspx?medialD=166). Dunaliella salina was first extracted
using pure methanol. The obtained methanol extract were
evaporated by a rotavapor. The methanol extract was further
dissolved in DMSO using an ultrasonic bath, and filtered just
before the cytotoxicity assays.

Gas chromatography-mass spectrometry (GC-MS) analysis

Essential oils were analyzed using a Shimadzu gas chroma-
tograph (QP5050, NY, USA), equipped with a Rtx®-5MS col-
umn (30 m x 0.25 mm ID, 0.10 pm film thickness). Nitrogen
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was used as a carrier gas (average flow rate, 1 ml/min). Oven
temperature program was as follows: 110°C (2 min) to 200°C
(10°C/min), then to 300°C (5°C/min), post run (9 min) at
300°C. Injector and detector (FID, Quadrupole(MS)) tem-
perature was 250°C and 280°C, respectively. The MS working
in electron impact mode at 70 eV; ion source temperature
200°C; mass spectra data were acquired in the scan mode in
m/z range 45-450 (Paul et al. 2006).

Identification of components

Oil constituents were identified by using National Institute
Standard and Technology (NIST) library (http://www.nist.
gov/srd/nistla.cfm). Component relative percentages were
calculated based on GC peak areas without using correc-
tion factors.

Statistical analysis

Statistical analysis was performed using Statistical Pack-
age for the Social Sciences (SPSS) software. Results were
expressed as the mean + standard deviation (SD). Statistical
differences were assessed by Student’s unpaired t-test, with
p < 0.05 as statistically significant.

Results

SH-SY5Y human neuroblastoma cells were used to assess
cytotoxic effects of Dunaliella salina, and ECV304 human en-
dothelial cells were used as a control. SH-SY5Y and ECV304
cells were incubated with different concentrations (400, 50,
5,0.5,0.25 pug/ml) of Dunaliella salina extract. The cytotoxic
effect of Dunaliella salina extract on SH-SY5Y human neu-
roblastoma and on ECV304 human endothelial cells were
measured by using MTT colorimetric assay. Figure 1 shows
the cytotoxic activity of the Dunaliella salina extract against
SH-SY5Y human neuroblastoma and ECV304 human en-
dothelial cells. A significant cytotoxic effect of Dunaliella
salina extract against SH-SY5Y human neuroblastoma cell
was demonstrated at all concentrations besides there is not
any significant effect on ECV304 human endothelial cells
(p <0.05). At the concentration level of 400 pg/ml, Dunaliella
salina extract showed about 43% of cytotoxic activity against
SH-SY5Y cells, whereas 50 pg/ml concentation of the extract
was lower (34% of cytotoxicity) (Table 1). Cytotoxicity as-
says imply that the Dunaliella salina extract are cytotoxic for
SH-SY5Y human neuroblastoma cells in a dose-dependent
manner, but not for ECV304 cells. Especially, the extract
has clearly different effects on malignant neuroblastoma
and non-cancerous cells in a dose-dependent manner. The
same dose (400 pg/ml) of Dunaliella salina extract showed
minimal toxicity for non-cancerous endothelial cell line
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Figure 1. The cytotoxic activity of the Dunaliella salina extract
against SH-SY5Y human neuroblastoma cells and ECV304 human
endothelial cells. The cytotoxicity assay was repeated six times for
each concentration of the extracts. It was found the significant cy-
totoxic effect of Dunaliella salina extract against SH-SY5Y human
neuroblastoma cell (p < 0.05).

ECV304. This result indicates that one or a few chemical
constituents of Dunaliella salina extract has/have highly
selective cytotoxic effects on SH-SY5Y cells. With this cy-
totoxic properties, the chemical constituents of Dunaliella
salina extract may have anti-cancer drug potential against
SH-SY5Y human neuroblastoma cells.

Furthermore, results indicate that the extract may
have some proliferative effect on ECV304 cells in a dose-
dependent manner between 0.25 and 5 pg/ml. Considering
the endothelial tissue damage contributed to pathogenesis
of some diseases which have high morbidity and mortality

Table 1. Cytotoxicity index (CI) of Dunaliella salina extract on
SH-SY5Y and ECV304 cell lines

Cell line D. salina extract CI
(p/ml) (%)
400 433 +5.08
50 34.36 £12.46
SH-SY5Y 5 17.43 £5.47
0.5 10.73 + 6.87
0.25 2.99 + 15. 64
400 24.83 £ 6.91
50 13.79 £ 6.80
ECV304 5 -2.82 +£0.22
0.5 -7.95+2.23
0.25 -15.65 £ 1.67




204

Atasever-Arslan et al.

CH.
/\/\/\/\/\/\/\)J\ 3
H,C O/

3

Hexadecanoic acid, methyl ester (CAS) Methyl palmitate

[¢]
HOJJ\/\/\'/\/\/\/\/\/\GH

Octadecanoic acid

He® MVW
3
o CH

Octadecanoic acid, methyl ester

OH
HSCW(

(o]

3

3

Pentadecanoic acid

ﬁo

HaC HC

9, 12, 15- Octadecanoic acid, ethyl ester, (Z,Z,2)-

Figure 2. Chemical structures of the major compounds found in
the analyzed essential oils.

rate, as diabetic micro-vasculopathies, atherosclerosis and
hypertension, this proliferating effect on ECV304 cells might
be as important as the cytotoxic effect to SH-SY5Y cells.
GC-MS analysis allowed determining the composition of
the essential oils of Dunaliella salina extract. Table 2 shows
percentage composition of essential oils of the extract. A total
of 50 compounds were identified in the extract. Five major
compounds were identified as follows: octadecanoic acid,
methyl ester (27.43%), hexadecanoic acid, methyl ester (Cas)
methyl palmitate (24.82%), 9,12,15-octadecatrienoic acid,
ethyl ester, (Z,Z,2)- (7.39%), octadecanoic acid (5.03%),
pentadecanoic acid (3.60%). Figure 2 shows the chemical
structures of the major compounds found in algae extracts.
The following compounds were detected in also signifi-
cant amounts (above 1%): acetic acid, [(phenylmethoxy)
imino]-, trimethylsilyl ester (3.08%), hexadecanoic acid,
2-hydroxy-1-(hydroxymethyl) ethyl ester (2.11%), phytol

(1.81%), methyl eicosa-5,8,11,14,17-pentaenoate (1.79%),
9,12-octadecadienoic acid (Z,Z)- (1.62%), N-methyl-N-
(methyl-D3) aminoheptane (1.62%), oxiranemethanol (Cas)
glycidol (1.57%), hexanoic acid, heptadecyl ester (1.57%).
These results demonstrate that extraction of Dunaliella salina
generates various fatty acids which may have a cytotoxic
effects on neuroblastoma cells.

Also the minor compounds were identified (under 1%,
see Table 2).

Discussion

Neuroblastoma is one of the most common childhood neo-
plasms originating from neural crest progenitor cells of the
sympathetic nervous system (Gu et al. 2014). In our study,
SH-SY5Y human neuroblastoma cells were used to assess
cytotoxic effects of Dunaliella salina extract.

The protective effects of Dunaliella salina against fibro-
sarcoma cells were already reported (Raja et al. 2007). As
far as we know, there is not any published report describing
antitumoral effects of Dunaliella salina against neuroblas-
toma cells yet. We first demonstrated the cytotoxic effects
of Dunaliella salina extracts on malignant neuroblastoma
cells in this study.

Five major compounds of Dunaliella salina were identi-
fied as octadecanoic acid, methyl ester (27.43%), hexade-
canoic acid, methyl ester (Cas) methyl palmitate (24.82%),
9,12,15-octadecatrienoic acid, ethyl ester, (Z,Z,Z)-(7.39%),
octadecanoic acid (5.03%), pentadecanoic acid (3.60%).
Palmitic acid, or in other words hexadecanoic acid, is the
most common fatty acid (saturated) found in animals, plants
and microorganisms (Fattore and Fanelli 2013), and proven
similarly on neuroblastoma cells. Pareira and colleagues
previously showed the apoptotic effect of palmitic acid from
Marthasterias glacialis L. extract against SH-SY5Y cells. The
major compound of Dunaliella salina extract is also palmitic
acid (Pereira et al. 2013).

Octadecanoic acid detected as one the major compounds
found in extracts of the algae is a saturated fatty acid with
an 18-carbon chain and also defined as stearic acid. On the
other hand, Hagen and colleagues found that octadecanoic
acid (steraic acid) has proliferative effects on prostatic cancer
cells (Hagen et al. 2013). These results imply to be a antago-
nistic relationship between palmitic acid and octadecanoic
acid. Only palmitic acid is shown to cause more cytotoxicity
against SH-SY5Y cells. In another study it was shown that
steraic acid stimulated Akt-dependent activation of NF-«xB
(Subbaramaiah et al. 2013). However, Khan and colleagues
demonstrated that steraic acid, as an ester derivative, inhibits
the growth of human breast cancer cells (Khan et al. 2013).
Cytotoxicicity of steraic acid might show differences depend-
ing on the properties of cancerous cells. Therefore synergistic
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Table 2. Chemical composition (in %) of essential oils of Dunaliella salina

Compounds rt D. salina
Ethane, 1-Chloro-1-Fluoro-(Cas) 1-Chloro-1-Fluoroethane 2417 0.16
(S)-Isopropyl Lactate 3.500 0.24
N-Methyl-N-(Methyl-D3) Aminoheptane 3.554 1.62
Acetic Acid, [(Phenylmethoxy)Imino]-, Trimethylsilyl Ester 3.747 3.08
Acetic Acid, Hydroxy-, Methyl Ester (Cas) Methyl Glycolate 3.875 0.41
Oxiranemethanol (Cas) Glycidol 3.924 1.57
Propanoic Acid, 2-Hydroxy-, Methyl Ester (Cas) Methyl Lactate 3.958 0.79
1-Tetradecene 10.018 0.18
Phenol, 2,4-Bis(1,1-Dimethylethyl)- (Cas) 2,4-Di-Tert-Butylphenol 10.308 0.24
Phenol, 2,4-Bis(1,1-Dimethylethyl)- (Cas) 2,4-Di-Tert-Butylphenol 11.125 0.92
Di(Butoxyethyl) Adipate 11.427 0.47
1-Hexadecene (Cas) Cetene 11.711 0.20
Propanoic Acid, 2-Methyl-,1-(1,1-Dimethylethyl)-2-Methyl-1,3-Propanediyl Ester (Cas) 11.845 0.17
Tetradecanoic Acid, Methyl Ester (Cas) Methyl Myristate 12.739 0.42
Heneicosanoic Acid, Methyl Ester 13.208 0.17
9-Octadecenoic Acid (Z)- (Cas) Oleic Acid 13.566 0.95
Z,E-3,13-Octadecadien-1-0l 13.875 0.24
Methyl Eicosa-5,8,11,14,17-Pentaenoate 13.941 1.79
3,6-Octadecadienoic Acid, Methyl Ester (Cas) Methyl 3,6-Octadecadienoate 14.029 0.61
Hexadecanoic Acid, Methyl Ester (Cas) Methyl Palmitate 14.168 24.82
Pentadecanoic Acid 14.409 3.60
Heneicosanoic Acid, Methyl Ester 14.861 0.24
10-Heptadecen-8-Ynoic Acid, Methyl Ester, (E)- 15.325 0.71
9,12-Octadecadienoic Acid (Z,Z)- 15.433 1.62
9,12,15-Octadecatrienoic Acid, Ethyl Ester, (Z,Z,Z)- 15.502 7.39
Phytol 15.585 1.81
Octadecanoic Acid, Methyl Ester 15.654 27.43
Cyclopentane, 1-Pentyl-2-Propyl- (Cas) 15.717 0.26
Octadecanoic Acid 15.964 5.03
Octadecanamide 16.201 0.56
9-Hexadecenoic Acid, Methyl Ester, (Z)- (Cas) Methyl Palmitoleate 16.441 0.86
Hexadecanoic Acid, 2-Hydroxy-1,3-Propanediyl Ester(Cas)Glyceroll,3-Dihexadecanoate 17.115 0.75
Eicosanoic Acid, Methyl Ester (Cas) Arachidic Acid Methyl Ester 17.310 0.51
9-Octadecenamide, (Z)- (Cas) Oleoamide 17.679 0.70
Tetradecanamide 17.827 0.72
1,3,5-Trisilacyclohexane (Cas) Cyclocarbosilane 18.405 0.55
Hexanoic Acid, Heptadecyl Ester 18.499 1.18
Octadecanoic Acid,2-Hydroxy-1,3-Propanediyl Ester(Cas)Glycerol-1,3-DiOctadecanoate 18.569 0.59
Hexadecanoic Acid, 2-Hydroxy-1-(Hydroxymethyl)Ethyl Ester 18.655 2.11
Docosanoic Acid, Methyl Ester 18.708 0.40
Octadecanoic Acid, 2,3-Dihydroxypropyl Ester 19.008 0.27
Tetracontane 19.138 0.50
18.Alpha.-Olean-3.Beta.-Ol, Acetate 19.243 0.23
1,3,5-Trisilacyclohexane (Cas) Cyclocarbosilane 19.740 0.15
Nonacosane 19.820 0.87
Hexadecanoic Acid, 2-Hydroxy-1-(Hydroxymethyl) Ethyl Ester 20.058 0.40
Tetracontane 20.534 0.50
2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-Hexamethyl-, (All-E)- 20.889 0.37
Tetracontane 21.327 0.34
Dotriacontane (Cas) N-Dotriacontane 22.229 0.28

rt, retention time (min).
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or antagonistic relationship between palmitic acid and steraic
acid should be investigated. Palmitic acid/steraic acid ratios
of Dunaliella salina might be at optimal level for neuroblas-
toma cells. Ethyl esters, which are also defined as ethanolic
esters, and pentadecanoic acid, which is a saturated fatty acid,
have been found in algae extracts of Hypnea flagelliformis.
The antimicrobial effects of Hypnea flagelliformis have been
similarly reported previously (Jassbi et al. 2013). Also anti-
cancer effects of pentadecanoic acid were shown by various
studies (Budczies et al. 2012; Zeng et al. 2012).

All of these major fatty acids found in algae extracts have
not been previously reported for Dunaliella salina green
alga. Results suggest that Dunaliella salina extract clearly
shows selective cytotoxic potential. One of the advantages
of our findings is that effects of the extract requires no iso-
lation step for its individual chemical substituents. On the
other hand, proliferative effects of the extract were shown
against ECV304 cells. Only the highest concentration of the
extract showed cytotoxic effect against SH-SY5Y cells. This
cytotoxic activity might be due to the high concentrations
of octadecanoic acid, hexadecanoic acid and other fatty
acid compounds. Our results show that Dunaliella salina
possessed anticancer potential for malignant neuroblastoma
cells. In vivo studies should be considered to explain cyto-
toxicity mechanisms and anti-tumoral effects of Dunaliella
salina extract. Detailed studies are in progress for the deter-
mination of possible underneath mechanisms of cytotoxic
effects of chemical substituents identified in this study and
biological potentials of Dunaliella salina extract.
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