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Apoptotic effects of phenolic extract from spirulina platensis on
esophagus cancer cell line SK-GT-4
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Due to their strong antioxidant qualities and their notable impact in
like

attracted

the prevention of numerous oxidative stress-related disorders

cancer, phenolic extract from Spirulina platensis has

increasing attention. Phenolic compounds were extracted from
spirulina platensis by using an ultrasonic-assisted extraction method.
(0.21%

extract

The yield of Phenolic extract by this method was w/w).
Additionally,
identified using the HPLC technique. The findings indicated that the
extract contained a number of important compounds, including vanillic
Then,

fluorescent microscope, the Acridine-orange-Ethidium bromide (AaO/

phenolic  components for phenolic were

acid, gallic acid, Ferulic acid, cinnamic acid. using a
EtBr) double labelling was utilized to identify the alterations in nuclear
morphology during apoptosis. SK-GT-4 cells were exposed to phenolic
extract for 72 hours. The findings demonstrated that treatment with
the extract causes somewhat more apoptosis in treated cells than in
untreated cells.
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INTRODUCTION

Cancer is a category of diseases characterized by
unchecked cell development and the spread of aberrant
cells, which results in a mass of cells known as a neoplasm
or tumour. If the spread is unchecked, this condition
could ultimately result in death [1]. One characteristic of
cancer is the quick development of aberrant cells that
expand outside of their normal borders, infiltrate other
body components, and eventually move to other organs.
This process is known as metastasis. The main reason for
dying from cancer is widespread metastases [2].
Oesophageal cancer is also one of the main causes of
cancer-related death globally [3, 4]. It is a tumour that
develops in the oesophageal lining. Adenocarcinoma is a
type of cancer that develops in the cells responsible for
producing and secreting mucus and other fluids [5].
Phenolic extracts play an important role in preventing
cancer, simple phenols, flavonoids, lignins and lignans,
tannins, xanthones, and coumarins are among the
phenolic chemicals identified from algal sources [6].
These phenolic compounds have been shown to have
strong anti-cancer properties as well as to be effective
against a number of other disorders that are oxidative
stress-related [7]. Numerous investigations have shown
that dietary phenols' protective benefits on health are
caused by their anti-inflammatory and antioxidant
properties [8]. The main mechanism by which phenolic
compounds have anti-carcinogenic effects is their
capacity to induce cell cycle arrest and inhibit oncogenic
cell

angiogenesis, and apoptosis. Other mechanisms include
glog pop

signalling  cascades  regulating proliferation,
modulating ROS levels, promoting tumour suppressor
proteins like p53, and enhancing the capacity to
differentiate and transform into normal cells. According
to, Spirulina platensis phenolic compounds exhibit
anticancer action against the human fibroblast normal
cell line HepG,, but have no effect on normal human

fibroblasts [9].

compounds, or polyphenols interact with enzymes and

Furthermore, flavonoids, phenolic
proteins in a number of biological processes that either
render them toxic to cells or prevent cell growth [10, 11].
The improvement of the efficiency of standard chemo

and radio therapeutic treatment regimens and the
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prevention of resistance to these therapies are additional
major effects of phenolic compounds that warrant
further research [12]. The ability of phenolic compounds
to actively act as free radical scavengers, reducing agents,
singlet oxygen quenchers, metal chelators, and hydrogen
donors has recently attracted research attention. This is
primarily due to the redox properties of their hydroxyl
groups and the structural relationship between different
functional groups in their structure [13]. The aim of this
research was to discover bioactive natural products from
Spirulina platensis in order to implement an alternative
strategy in the treatment of oesophageal malignancies
given that the active phenolic compound that was
extracted from Spirulina platensis has been documented
to have potential anticancer activity.

METHODS
Spirulina platensis

Spirulina platensis was purchased in powder form
ALIBAB Company and was stored in air tight packages

at room temperature in the dark prior to use.

Extraction of phenolic compounds

With slight modifications, the idea and method
established by Kredy et al. were used to the extraction
process. 500 mL of 70% ethanol were added to each
brown bottle containing 40 g of Spirulina platensis [14].
The mixture was placed in an ultrasonic bath, and then,
using a vacuum pump, was filtered through a Buchner
funnel using Whatman No. 1 filter paper. The filtrate
solution was then dried after being evaporated via a
rotary evaporator with reduced pressure at 40°C and
then dried. After that, the alcoholic extract is diluted in
30 ml of distilled water, and 50 ml of chloroform is
added to it in a separation funnel to separate it into two
layers (water and organic layer). This process is repeated
to add 50 ml of chloroform to the aqueous layer, and the
mixture is stirred for 48 hours on a magnetic stirrer. The
aqueous layer was separated when the mixture was
transferred to the separating funnel. The four-step
aqueous layer was then extracted using the same volume
of ethyl acetate while being stirred for 48 hours on a
magnetic stirrer. The mixture was then transferred to the
separating funnel for layer separation, producing two
layers (aqueous and ethyl acetate layer). The ethyl acetate
layer was then separated and dried to produce the
phenolic extract.

Identification of phenolic compounds by
using the High Performance Liquid
Chromatography (HPLC) technique

581

In laboratories of the Ministry of Science and
Technology, phenols extracted from a Spirulina platensis
were identified using a method called HPLC (High-
Liquid
Individual phenolic components were quantified using
reversed-phase HPLC processing utilizing a SYKAMN
HPLC chromatographic apparatus equipped with a UV
detector, Chemstation, and a Zorbax Eclipse Plus-C18-
OSD. 25 cm, 4.6 mm column The column had a
temperature of 30°C. The gradient elution procedure

Performance column.

Chromatography)

was carried out as follows: initial 0 min-4 min, 40% B; 4
min-10 min, 50% B; and flow rate of 0.7 mL/min.
Eluents A (methanol) and B (1% formic acid in water
(v/v)) were used. 100 litres of samples and 100 litres of
standards were automatically injected using an auto
sampler. The 280 nm range was used to acquire the
spectra [15].

Cell line and culture

Esophagus cancer cell line SK-GT-4 was obtained from
the tissue culture laboratory in the College of Education
for Pure Sciences of Basra University. The cells were
cultured in RPMI-1640 medium containing 10% FBS,
100 V/ml of penicillin, and 100 pg/ml of streptomycin at
37°C in a humidified 5% CO2 incubator.

Acridine orange/ethidium bromide
(AO/EB) double staining method

According to, the Acridine Orange/Ethidium Bromide
double staining (AO/EB) assay was carried out [16]. The
esophageal cancer cell line SK-GT-4 was grown in 6-well
plates and incubated overnight. The cell suspension (3 x
10* cells/well) of cancer cell line SK-GT-4 were cultured
in 6-well plates and incubated overnight. After that, 36.5
g/ml of phenolic extract was added to the cells, and
incubated for 24 hr. Cells were harvested, washed in
Phosphate Buffer Saline (PBS), and stained with a dye
solution containing acridine orange and ethidium
bromide (1:1, 100 g/mL each). A clean microscope slide
was used for the stained cell solution (10 L), which was
viewed fluorescence

then immediately using a

microscope.

RESULTS

Algae extracts

As shown in Table, the weight of dry powder material of
Spirulina platensis was (40 g). The product of dry
powder phenolic extracts (0.084 g) (Table 1). Extraction
percentage of extract was calculated from equation as:



Extraction:

Tab. 1. Percentage of

Algae Weight (g)
extracts

phenolic extract (g)

Percentage (%)

Determination of Phenolic Compounds in
Phenolic Extract by HPLC Technique

In order to analyse phenolic compounds, High
Performance Liquid Chromatography (HPLC) is
combined with various detectors, such as Ultraviolet-

Visible (UV) and Photodiode Array Detector (PDA)
[17]. HPLC is a separation and characterization method
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Final weight of the dried extract
percentage(%) = x100
Initial weight of the powder

40
0.084

0.21

that has been widely accepted by many scientists. The
extract was examined to determine how many phenolic
chemicals were present. The retention time of each
component was compared to pure commercial standards
in order to identify it [18]. The figures explained that the
retention time of sample agrees with the standard
retention time of most contents in the extract, and the
tables showed the retention time of standards and the
phenolic compounds (Figures 1-6) (Tables 2-7).

FAgallic acid 10 ppm - Detactor 2

)

Fig. 1. HPLC of standard Gallic acid compound

voltage
— 33

Fivanillic acid 10 ppm - UPADZ - |

Fig. 2. HPLC of standard Vanillic acid compound
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Fig. 3. HPLC of standard Syringic acid compound
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Fig. 5. HPLC of standard Cinnamic acid compound
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I

FASAMPLE: Detoclor 2

]
(m]

Tab. 2. The retention time of standard
gallic acid compound

Tab. 3. The retention time of standard
vanillic acid compound

Tab. 4. The retention time of standard
syringic acid compound

Tab. 5. The retention time of standard
Ferulic acid compound

Tab. 6. The retention time of standard
cinnamic acid compound

Tab. 7. The concentration of | peak | Phenolic contents in the extract

phenolic  compounds in
phenolic extract of Spirulina 1

platensis
2

According to this study's findings and HPLC analysis,
Spirulina platensis phenolic extract contains several
important compounds, including gallic acid, Ferulic acid,

Fig. 6. HPLC of phenolic extract of Spirulina platensis

Peak

Peak

Peak

Peak

Peak

Gallic acid
Vanillic acid
Syringic acid
Ferulic acid

Cinnamic acid

cinnamic acid, syringic acid, and vanillic acid.

Standard Retention time (min) Area
Gallic acid 2453 476.079
Standard Retention time (min) Area
Vanillic acid 3.82 318.876
Standard Retention time (min) Area
Syringic acid 3.464 675.603
Standard Retention time (min) Area
Ferulic acid 3.037 2159.052
Standard Retention time (min) Area
Cinnamic acid 6.573 139.672

Retention time (min)
2.4
3.817
3.57
3.143

6.653

Area Conc. of phenolic compounds (ng/ gm)
46074.82 52.9
28121.595 14.58
8342.55 12.5
6239.002 74.5
3920.33 36.9

Study of apoptosis using Acridine Orange
and Ethidium Bromide AO/EB double
staining method

By using fluorescence microscopy to identify contracted

nuclei that were doubly stained with acridine orange and
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cthidium bromide, apoptosis was identified in this work.
Acridine orange/ethidium bromide dye can be used to
distinguish between apoptosis, necrosis, and living cells.
Apoptotic cells now have a yellow-orange shape instead
of the green colour of living, healthy cells. Red is the
colour of necrotic cells [19]. While EB is exclusively
taken up by dead cells and displays red fluorescence after
DNA intercalating, AO penetrates both living and dead
cells and emits green fluorescence [20]. It should be
remembered that healthy cells contain intact cell
membranes, evenly green nuclei, and chromatin.
Additionally, necrotic cells have red nuclei with damaged
cell membranes, while apoptotic cells have orange nuclei
with condensed chromatin [21].

Through the use of the AO/EB stain and phenolic
extract, the current investigation demonstrated the
presence of apoptosis in cancer cells SK-GT-4. The cells
were separated into four groups: necrotic cells (uniformly
orange-stained cell nuclei), late apoptotic cells (bright
green nuclei with condensed or fragmented chromatin),
living cells (normal green nucleus), and early apoptotic
cells (bright green nuclei with condensed or fragmented
chromatin). Figure illustrates how untreated cancer cells

appear green when stained with AO/EB and cannot see
any of apoptosis processes (Figure 7). The majority of the
phenolic extract-treated cells were stained with EB stain,
which glows orange under a fluorescence microscope as
seen in (Figure 8). The EB stain can now penetrate
within the cells because of the disruption to the cells'
membranes, which suggests that the cells have reached a
late stage of apoptosis [22]. These findings confirmed
that the phenolic extract treatment caused the
esophageal cancer cell line SK-GT-4 to undergo
apoptosis induction. According to some research, phenol
extracts may encourage the death of cancer cells by
triggering the release of cytochrome ¢ from the
mitochondria and the activation of caspases 3, 8, and 9,
while also suppressing the expression of Bcl-2 and Bcl-
XL through altering NF-«B signalling [23]. On the other
hand, by lowering the mitochondrial membrane
potential, various phenolic acids found in the phenolic
extract, including gallic acid, Ferulic acid, cinnamic acid,
syringic acid, and vanillic acid, cause apoptosis and
increase lactate dehydrogenase levels. Additionally, these
substances cause DNA breakage in cell lines of breast,
lung, liver, and prostate cancers [24].

Fig. 7. Fluorescent Microscope of SK-GT-4 Cell Line of untreated. The cell healthy (white arrow) (40X)

Fig. 8. Fluorescent Microscope of SK-GT-4 Cell Line with IC50 of phenolic extract of Spirulina platensis for 72hr. The cell death (white
arrow), the remains of dead cells (green arrow), the fragmentation of nucleus (blue arrow) and the late stage of apoptosis (yellow arrow)
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CONCLUSION

The study's findings demonstrated that Spirulina
platensis's phenolic extract increased the amount of
intracellular free radicals, which resulted in DNA
damage and caused the cancer cells SK-GT-4 to undergo
apoptosis. Phenolic acids, which are present in the
extract, are assumed to be the cause of this action. These
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findings demonstrate that, in the cell line of esophageal
cancer, phenolic extract is a potent inhibitor of cell
proliferation through apoptotic effects.
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