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Studies of Anticancer Activity of Beta-carotene, Alpha-tocopherol and Ascorbic acid in SH-SY5Y
Neuroblastoma Cells

Ekrem DARENDELIOGLUY

ABSTRACT: Neuroblastoma (NB; SH-SY5Y cells) is important characteristic of the most widespread cancer
in children after leukaemia and brain cancer. Discovery of new treatment approaches are required for NB
disease. Epidemiological studies have demonstrated that different types of antioxidants are associated with
decreased cancer and neurodegenerative diseases. Fruits and vegetables have a plenty source of Beta-carotene
(BC), Alpha-tocopherol (vit E) and Ascorbic acid (vit C) that have potent free radicals scavenging actions and
inhibitory properties to biochemical oxidation. BC, vit E and vit C increase the intracellular reactive oxygen
species (ROS) generation and encourages cell apoptosis. It was found that these antioxidants resulted in an
increase in the malondialdehyde (MDA) (marker of lipid peroxidation; LPO) and ROS levels at high
concentration suggesting it behaves as a prooxidant in this study. The outcomes obviously indicated that studies
of SH-SY5Y with dose-dependent BC, vit E and vit C results in oxidative damage through an increase in ROS
and LPO generation and the expression of apoptotic marker caspase-3. These consequences find out additional
evidences that these antioxidants could be involved in the process of apoptosis for new therapy in NB cells.
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SH-SY5Y Noroblastom Hiicrelerinde Beta-karoten, Alfa-tokoferol ve Askorbik asidin Antikanser
Etkilerinin Arastirilmasi

OZET: Noroblastom (NB; SH-SYSY hiicreleri), 16semi ve beyin kanserinden sonra 6zellikle ¢ocuklarda en
yaygin goriilen kanser tiirii oldugu i¢in calisilmasi tercih edilmistic. NB icin yeni tedavi yaklasimlari
gerekmektedir. Bazi iilkelerde yapilan epidemiyolojik c¢alismalar, farkli tipte antioksidanlarin kanser ve
norodejeneratif hastaliklarin azalmasi ile iligkili oldugunu gostermektedir. Meyve ve sebzeler, biyokimyasal
oksidasyonu engelleyici etkileri ve serbest radikalleri yakalama 6zellikleri olan bol miktarda Beta-karoten (BC),
Alfa-tokoferol (vit E) ve Askorbik asit (vit C) igermektedir. BC, vit E ve vit C hiicre i¢i ROS olusumunu
arttirarak apoptozu tesvik edebilmektedir. Baz1 ¢aligmalarda belirtildigi ilizere bu antioksidanlarin yiiksek
konsantrasyonlarda, LPO ve ROS olusumunda bir artisa yol actigi ve prooksidan olarak davrandigi
gosterilmektedir. Bu ¢aligmanin sonucunda elde edilen veriler, BC, vit E ve vit C’nin SH-SY5Y NB hiicreleri
tizerindeki etkisi doza bagimli olarak ROS ve LPO {iretiminde bir artisa sebep olarak oksidatif hasara ve
devaminda apoptotik kaspaz-3 proteini ekspresyonunda artisa neden oldugunu agikca gostermektedir. Elde
edilen sonuglar, bu ¢alismada etkisi aragtirilan antioksidanlarin NB hiicreleri i¢in apoptoz siirecinde yeni tedavi
yaklasimlari agisindan degerlendirilebilecegini gostermektedir.
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INTRODUCTION

Neuroblastoma (NB) is the paediatric
tumour of the central nervous system (CNS) that
originates from the neural tissues. (Maris, 2010;
Ricciardi et al., 2017). NB is prevalently found
in infants and children, after leukaemia and brain
cancer. It is also used in neuroprotection
research to develop new approaches for the
therapy and prevention of CNS diseases
(Agholme et al., 2010; Koriyama et al., 2015).
NB is reported to be a biological and clinical
disease; therefore, medicinal strategies to NB
rely on the level of the disorders, age and
biological causes (Maris et al., 2007; Jiang et al.,
2011). In view of the aforementioned reasons,
research on investigating efficient and novel
class biochemical compounds and leads are
needed along with new treatment approaches for
NB.

Epidemiological studies revealed that
Mediterranean district has remarkably decreased
death rate (Grosso et al., 2013). The
Mediterranean diet (MD) is shown to be linked
with reduced case of some diseases related to
cardiovascular system, cancer and
neurodegenerative disorders. The protective
effect was credited to antioxidant and
biologically active compound content of
vegetables and fruits (Renaud et al., 1995). MD
contains high intake of many of vegetables and
their products with high beta-carotene (BC),
alpha-tocopherol (vit E) and ascorbic acid (vit C)
content that have potent free radicals scavenging
activities (Byers and Perry, 1992). The role of
antioxidant molecules and enzymes is to tune of
the amount of reactive oxygen species that are
required in the redox regulation of the cell cycle
and of apoptosis (Kahl et al., 2004; Bayindir et
al., 2018; Temel et al., 2018).

BC is vitamin A precursor which is found
in fruits and vegetables (Lin et al., 2009).
Preceding in vivo and in vitro studies revealed
effective role of BC in decreasing the occurrence
rate of epithelial cell cancers that is responsible

for more than 90% of all cancer deaths
(Pastorino et al.,, 1987). High dietary
consumption of fruits and vegetables rich in BC
has been reported to be linked with decreased
risk of cancer at variety of organ sites,
particularly in the lung (Ziegler, 1989; Van
Poppel and Goldbohm, 1995). BC has also
shown to control cell viability and apoptosis in
numerous cancer cell lines that contain lung,
melanoma, colon and leukemia cancer cells lines
(Bogenmann, 1996; Hazuka et al., 1990; Palozza
et al., 2002; Palozza et al., 2003). In addition to
these, role of BC in reducing the incidence of
lung metastasis by B16F-10 melanoma cells has
also been reported (Pradeep and Kuttan, 2003).

Vit E is a lipid-soluble vitamin found in
various nutrients and has many physiologic
functions (Bjomeboe et al., 1990). Vit E may
prevent against cancer by several mechanisms
(Knekt et al., 1991). Similar to Vit C, Vit E is
reported to inhibit the formation of N-nitroso
compounds. Vit E also prevents reduction
against selenium (Horvath and Ip, 1983) and
prevents poly-unsaturated fatty acids in lipid
membranes from oxidative injury (Horrobin,
1991). Vit E has been reported as key lipid-
soluble radical scavenging antioxidant in cell
membranes (Burton et al., 1983; Pryor, 1991,
Kolankaya et al., 2002).

Vit C is the commonly found water soluble
anti-oxidant compound in mammals (Frei et al.,
1989). The role of Vit C as a nutrient in
preventing cancer was reported by numerous
mechanisms (Henson et al., 1991). In addition, it
was shown to involve in the production of
collagen and in inhibiting the reaction of N-
nitroso compound formation. Beneficial effects
of vit C and the carotenoids on immune system
were studied demonstrating their role in
decreasing cancer risk by inducing tumour
surveillance by the immune system (Bendich,
1989; Henson et al., 1991; Ringer et al., 1991).
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The focus of this study was to investigate
the anti-cancer effect of BC, vit C and vit E on
SH-SY5Y neuroblastoma cells in vitro and
reveal the anti-cancer mechanism of the
antioxidants. This was achieved by cell viability
test, ROS and LPO assays,
immunohistochemical staining and propidium
iodide experiments.

MATERIALS AND METHODS

Cell Culture

Human neuroblostoma cells SH-SY5Y
(ATCC® CRL-2266™) were cultured in
complete medium (DMEM) that include 10%
fetal bovine serum, 1% antibiotics mixture of
penicilin and streptomycin. SH-SY5Y at passage
4-8 were preferred in the research. The SH-
SY5Y was cultured in humidified incubator with
5% CO2 and controlled every other day. SH-
SY5Y were controlled for contamination using
commercially available mycoplasma Kit.

Experimental Grouping

Human SH-SY5Y cells were grouped into
four sets. In the first set (control group), the cells
were cultured in the presence of DMEM without
anti-oxidants. In BC group, cells were cultured
in the presence of BC (60 ug/ml) in DMEM for
24h. In third group, cells were cultured in the
presence of vit E (60 pg/ml) in DMEM for 24h.
In vit C group, cells were cultured in the
presence of vit C (60 pg/ml) in DMEM for 24h.

Cell Viability Assay

Water Soluble Tetrazolium-1 (WST-1)
assay kit was used to investigate the effects of
BC, vit E and vit C on SH-SY5Y human
neuroblostoma cells. Experiments were carried
out according to the procedure provided by the
supplier. Initially the cells were seeded in 96-
well plate. Subsequent to that, SH-SY5Y was
cultured with different doses of BC, vit E and vit
C between 15, 30 and 60 pg/ml. After that, 5 ul
of WST-1 component was added into each well.
Following that, the reaction mixture was

cultured for 4h and the absorbance of each well
was measured at 450 nm (reference: 630 nm) by
SpectraMax Plus 384 Microplate Reader.

Intracellular ROS Detection

The amount of ROS generated by BC, vit
E and vit C was measured by 2.7-
dichlorodihydrofluorescin  diacetate (DCFH-
DA). The SH-SY5Y was cultured as explained
in experimental grouping. Approximately, 10°
cells were cultured with 2 uM DCFH-DA at 37°
C for 1h. Fluorescence intensities were measured
by spectrofluorometer using exitation and
emmission wavelengths of 485 nm and 525 nm
respectively.

Lipid Peroxidation Assay

The SH-SY5Y was cultured as explained
in experimental grouping. Following that, LPO
assay was carried out as described: SH-SY5Y
was cultured and centrifuged at 2500 rpm. After
that, the cells were mixed with 70% w/v
trichloroacetic acid and 1 mL of thiobarbituric
acid (0.8% wi/v). Later, the mixture was
incubated at 95 °C for 30 min. Following
incubating in ice for 5 min, the mixture was
centrifuged at 15000 rpm for 10 min. The
absorbance was measured at 532 nm in 96-well
plate by SpectraMax Plus 384 Microplate
Reader. Malondialdehyde (MDA) bis was used
for standard graph preparation. The levels of
MDA for each sample were calculated and
expressed as uM (Smith et al., 1982).

Propidium lodide Staining for Apoptosis

Cells were cultured and harvested in 96-
well plate. Later, cells were -cultured as
described in experimental grouping. Then, cells
were washed with PBS twice. Propidium iodide
was added to each well and cells were imaged by
inverted  microscope  with  fluorescence
attachment (Olympus, JAPAN).
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Evaluation of Apoptosis
Immunohistochemical Method

Cells were cultured and harvested as
explained in experimental grouping.
Immunohistochemical method was performed
according to the procedures supplied by
UltraVision LP Large Volume Detection System
HRP Polymer kit, hydrogen peroxide block and
DAP substrate kit (Thermo Scientific, USA) and
mouse monoclonal caspase-3 pll antibody
(diluted at 1:500; Santa Cruz Biotechnology,
USA).

Using

Statistical Analysis

All of the experiments carried out during
the research were repeated three times. The
results were statistically analysed by GraphPad
Prism 5.0 and were assessed by one-way
ANOVA Newman-Keuls Post-Hoc Test; p<0.05
was considered as significant.

120+
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RESULTS AND DISCUSSION

Cell Viability

The effects of three different antioxidants
in SH-SY5Y human neuroblostoma cells were
investigated by cytotoxicity assay. The viability
of BC, vit E and vit C on SH-SY5Y cell line was
studied by WST-1 assay. The results of
representative experiments are shown (Figure 1).
In general, all antioxidants tested within this
study decreased cell viability at concentrations
of 60 pg/ml when compared to control cells. As
demonstrated in figure 1, high antioxidants
levels significantly decreased the viability of
SH-SY5Y (p<0.01). These observations indicate
that BC, vit E and vit C are effective for killing
the cancer cells.

E3x Cont

E3 15 pg/ml
B 30 ug/ml
[ 60 pg/ml

Figure 1. The effect of BC, vit E, vit C on SH-SY5Y cell line. Cell viability (%) was investigated by
WST-1 assay. The data were expressed by mean = SEM (n > 3). ***p < 0.01 Cont vs all antioxidants

Intracellular ROS and LPO Analysis

To determine whether these antioxidants
could effect ROS production, a well-known ROS
assay was preferred. The results demonstrated
that as indicated in figure 2A, ROS production
increased in comparison with non-treated
neuroblastoma cancer cells (p<0.05). The most
abundant lipid peroxide is malondialdehyde
(MDA). LPO assay was used to evaluate
oxidative stress through calculating the amount

of MDA. The results demonstrated a dose
dependent increase in MDA generation. As
given in figure 2B, the data suggested significant
differences (p<0.01) in MDA generation at 60
pug/ml compared to the control. Overall, BC, vit
E and vit C increased amount of ROS and LPO
and this could result in an increase in oxidative
stress and apoptosis in dose dependent manner in
neuroblastoma cells.
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Figure 2. The effect of BC, vit E, vit C on ROS (A) generation and LPO levels (B) in SH-SY5Y cell
line. Cells were exposed to antioxidants. Data were presented by mean £ SEM (n = 3)

Apoptotic Staining

Apoptotic staining of cellular nuclei was
carried out by propidium iodide as a cell death
marker. The apoptotic cells are characterized by
the typical nuclear modifications. In apoptotic
stages, the nuclei of the cells was shrunk.
Apoptotic cells are less coloured as well as
shown in (Figure 3).
Caspase 3 Staining

To further confirm that the cell death was
resulted from the induction of the apoptotic

Cont

cascade, cas-3 staining was performed for the
active form of cas-3. The results indicate the
presence of cas-3 positive represented by black
dots shown by arrows. This further demonstrates
that the effect of these antioxidants is through
apoptotic pathway. The expression levels of cas-
3 were also upregulated by BC, vit E and vit C.
These results provide further evidence that these
antioxidants could play an apoptotic role in
cancer cells.

vit E vit C

Figure 3. The effect of BC, vit E, vit C (60 pg/ml) compared to the control (0 ug/ml) on apoptosis

evidenced by propidium staining
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Cont

vit E vit C

Figure 4. The effect BC, vit E, vit C compared to the control on apoptosis related active cas-3 in SH-

SYS5Y

Neuroblastoma is important characteristic
of the most widespread cancer in children
(Maris, 2010; Agholme et al., 2010; Koriyama et
al., 2015; Ricciardi et al., 2017). Studies on
determination of efficient and novel class
compounds along with development of new
therapy approaches are required for the treatment
of the neuroblastoma cancer. Association of
different types of antioxidant molecules and
enzymes with reduced incidence of cancer and
neurodegenerative disorders are reported in
various studies (Byers and Perry, 1992; Bayindir
et al., 2018; Temel et al., 2018).

BC is shown to be linked with a decreased
risk several cancers including lung, colon and
leukaemia cancers controlling cell viability and
apoptosis (Palozza et al., 2002; Middha et al.,
2018; Khurana et al., 2018; Kavalappa et al.,
2019). In a study carried out by Cui and his
friends it was reported that BC can behave as
either antioxidant or prooxidant, reliant on the
redox potential of the organ or tissue in which it
acts (Cui et al., 2007). A series of research show
the role of BC on controlling intracellular redox
status and its effect on apoptotic pathways. The
carotenoids are shown to act as antioxidants at
low concentrations reducing amount of free
radical produced while, act as prooxidant at
relatively high concentrations (Cui et al., 2007).
In a study carried out by Cui et al., (2007), it was
reported that BC increases the ROS level which
has key role in the cell proliferation regulation

and apoptosis. One of the aims of this research
was investigating the effect of BC on ROS
generation and apoptosis in NB cells. The results
demonstrated that BC resulted in an alteration in
the LPO and ROS levels at high concentration
suggesting it acts as a prooxidant in this study.

The role of vit C in protecting and
suppression of carcinogenic compounds has
been well studied (Mazerand and Cock, 2019).
In addition to this effect, cancer preventing
effect of the vit C that is independent of this
mechanism was also reported. The studies
demonstrated that vit C has the capability to
reduce the rate of tumour development in mouse
skin cancer models (Shamberger, 1972). As
stated in Sinnberg (2014), high-dose vit C
destroys cancer cells both in vitro and in vivo.
This cytotoxic effect is resulted by the extra-
cellular generation of ROS leading to making
high dose vit C a prooxidative anticancer agent.
In this research the results supported this
information as high concentrations of vit C
increased ROS and LPO levels.

Vit E is reported to inhibit formation of
carcinogenic molecules in the stomach sharing
the same properties as Vit C (Abraham et al.,
2018). Pham-Huy et al., (2008) reported that
antioxidant properties of vit E is stemmed from
the prevention against LPO. The studies on Vit E
demonstrated its protective role against various
cancers including colon, prostate and breast

cancers. In this research the results supported
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this information as high concentrations of vit E
increased ROS and LPO generations.

Recent studies have suggested that dose-
dependent antioxidants molecules increase LPO
levels and oxidative stress and induces apoptosis
(Darendelioglu et al., 2016; Tartik et al., 2016).
ROS is associated with in loss of mitochondria
membranes potentials which are important for
opening the mitochondria  membranes
permeability transition pore (MPTP).
Subsequently, release of some key proapoptotic
proteins (cyt ¢) from the mitochondria trigger the
cas signalling pathway (Steed and Tyagi, 2011).
Activated cas-3 results in apoptosis (Tyagi et al.,
2005).

CONCLUSION

The anticancer effect of BC, vit C and vit
E on SH-SY5Y neuroblastoma cells were
evaluated within this study. This was carried out
by investigating the effect of these antioxidants
on cell viability, production of ROS and LPO
and their relationship with apoptosis. The results
conclude that treatment of SH-SY5Y
Neuroblastoma cells with the antioxidants
resulted in oxidative stress via an increase in
ROS level and cas-3 expression.
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