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In order to study the effects of Spirulina, Arthrospira platensis, two cell lines of A549 and HFF were treated with
the concentration of IC50 for 24 h. MTT analysis showed that the highest decrease in viability of cells happened
at the concentration of 500 pg/ml. The necrosis, releases of LDH, produced DCFH, and Lipid peroxidation were
higher in the cancer cell lines in comparison to normal cells. Results showed that the extract affected the cell
cycle of the A549 cell line. Also, the algal extract had concentration-dependent antioxidant activity. Also, the
production of malonyl dialdehyde was significantly higher in treated cells and there was a significant rela-
tionship between produced MDA and ROS. Results showed that A. platensis extract had a remarkable effect on the
lung cancer cell cycle and arrest the cell cycle in phase Gg; so the cells didn’t enter phase M and the proliferation
of cancer cells prevented. Furthermore, according to the higher production of ROS and MDA in treated A549
cancer cell lines, it could be concluded that this algal extract could be considered as a natural product with

anticancer activity against lung cancer cells.

1. Introduction

Lung cancer is one of the most common cancers in the world which
possesses the third most common cancer among men and the fourth
common cancer among women [1]. All the human tumors have
non-activating mutations in genes whose productions act in all cell cycle
checkpoints naturally in order to impede the continuation of the cell
cycle when it goes wrong or there is a destroyed DNA [2].

Some molecules which control the primary incidences of the cell
cycle vastly include cyclin D and kinases dependent on cyclin D (CDKs)
[3]. Lung cancer divided into two main groups of small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC). NSCLC includes more
than 85% of lung cancers [4].

Oxidative stress is caused by a lack of balance in the body’s redox
status in which free radicals increase and it leads to tissue damages. The
free radicals are mainly divided into two forms, reactive oxygen species
(ROS) and reactive nitrogen species (RNS). In the cancer cells, an in-
crease in the level of ROS is the result of metabolic activity, mitochon-
dria malfunction, peroxisome activity, an increase of signaling through
the mediation of the receptor, activation of oncogenes, and increased
activation in oxidase, cyclooxygenase, lipoxygenase, and thymidine
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phosphorylase [1].

Antioxidants are generally compounds which control the damage
ability activity of reactive oxygen varieties effectively or hinder them.
Today antioxidants are acquired through herbs and spices naturally, so
their antioxidant properties are analyzed vastly [5].

Spirulina, Arthrospira platensis is a well-known blue-green alga and is
a rich source of biological products including antioxidants and granules
compounds (phycocyanin, chlorophyll, myxoxanthophyll, beta-
carotene, zeaxanthin and xanthophyll), vitamins, proteins, minerals,
and various kinds of necessary amino acids [3].

Usage of extracts and medicinal herbs for treating cancers has been
noticed so much, and it seems that they are appropriate substitutions for
chemical medications. Therefore, the present study has been conducted
to investigate the anti-cancer effects of Spirulina blue-green algae
extract on the human lung cancer A549 cell line.

2. Experimental
2.1. Algal extract

In order to achieve an algal extraction, a maceration (marinating)
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method was used. 1 Kg of Arthrospira platensis was purchased from the
Noor Daru Co. Iran and dried in a cool dry place (away from sunlight).
Then 500 g of it were ground and riddled. 250 ml distilled water was
added to 100 g of algal powder and then it was placed in a shaker with
40°-50 °C temperature for 24 h. After filtration, 250 ml of distilled water
was poured on the residue again. All the acquired materials were placed
into a swinging vaporizer [1]. Dark tar-like sediment was gained. Then
the required concentrations (125, 250, 500, 1000, 2000, 4000 pg/ml) of
the extract were prepared by solving the sediment in the culture media
without serum and filtered through a 0.22 pm pore Millipore filter [1].

2.2. Cell culture

The human Caucasian non-small-cell lung adenocarcinoma A549 cell
line and human foreskin fibroblast (HFF) were obtained from the Pas-
teur Institute, Iran, and cultured in a small flask (25 square centimeters)
which was filled with the appropriate culture media according to cell
culture conditions brochure from the Pasteur Institute, Iran. In order to
see whether there was any kind of viruses or bacterial contaminations, a
molecular observation was performed through PCR (The commercially
available kit: CinnaGen, Iran), but all the results were negative. Cells
were cultured in DMEM contained 10% fetal bovine serum (FBS) in
sterile flasks and incubated at 37 °C and humidified atmosphere of 95%
air and 5% CO». Culture media was renewed every 2-3 days and cells
were passaged once, after one week [7].

2.3. MTT cytotoxicity assay

MTT assay method is based on the fact that metabolically active cells
can reduce the MTT by the mitochondrial enzyme succinate dehydro-
genase to form insoluble purple formazan crystals that are solubilized
subsequently, and thus one can measure the metabolic activity of cells
by spectrophotometry. The cytotoxic activity of A. platensis extract was
assessed in A549 and HFF cell lines. The cells were plated in 96-well
plates (1 x 10° cells per well) in triplicate and incubated overnight at
37 °C. After 24 h, the Spirulina extracts were added from a stock diluted
to concentrations of 0, 1, 10, 50, 100, 500, 1000 pg/pl. The negative
control consisted of the cell suspension without any treatment of their
respective culture medium supplemented with 1% FBS. The cells were
then incubated for 24 h. Following incubation, 15 ml of the MTT la-
beling reagent was added to each well and incubated in a humidified
atmosphere at 37 °C for 4 h. Following incubation, 100 ml of the solu-
bilizing reagent, sodium dodecyl sulfate (10%) was added to each well
and mixed gently for 1 h at room temperature. The absorbance of each
well was measured at 570 nm using a spectrophotometer (BioTek
ELx808 microplate reader) and the percent of viability was calculated;
furthermore, the mean extract concentration that was cytotoxic to 50%
of the studied cells (IC50) was calculated for further experiments.

2.4. Analyzing the level of extract antioxidant activity

In order to analyze the antioxidant activity of the algal extract
through 2, 2-diphenyl-1-picrylhydrazyl (DPPH), Brand-Williams et al.
[6], method was conducted. DPPH is a stable radical with maximum
attraction at 517 nm, so 1.5 ml of various concentrations of the extract
(125, 250, 500, 1000, 2000, 4000 pg/ml) with 1.5 ml of 0.004% of
DPPH was mixed and placed in a dark place at the room temperature.
The absorption of the mixtures was read by spectrophotometer (Uviline
9300, Secomam) at 517 nm wavelength with methanol blank.

The radical control percent of DPPH was calculated according to the
following formula:

(A-B)
A

Scavenging activity(%) = x 100

A: Blank methanol absorption.
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B: Sample absorption.
2.5. Treatment of cells with A. platensis extract

Two experimental groups were determined for each cell line: extract-
treated and control (without extract). In extract-treated groups, the cells
were treated with IC50 aqueous extract of A. platensis (129.5 pg/ml and
366.4 pg/ml for A549 and HFF cell lines respectively) for 24 h [8]. Each
cell line had its control group. All experimental groups were studied in a
triplicate manner (three wells in the 96-well plate per experiment).

2.6. Study the cell cycle through flow-cytometry

In order to prepare the cells for Flow-cytometric analysis, cells were
trypsinized and centrifuged (239xg, 10 min), then the cells were fixed
with 70% ice-cold ethanol. PI/RNase (1 pl of Triton x100, 20 pl of
Ribonuclease Enzyme and 20 pl of propidium iodide) staining was
performed directly before the flow cytometric analysis. The PI fluores-
cence intensity of individual nuclei was determined and at least 10,000
events were measured within an acquisition rate>60 events/second.
The cell cycle analyses were performed with the use of software WIN-
MDI software version 2.9 [9].

2.6.1. Assessment of reactive oxygen species (ROS)

The basis of the ROS assay was based on the conversion rate of DCFH-
DA (2', 7'-Dichloro-dihydro-fluorescin Diacetate) into a fluorescent
form. The method was based on the manufacturer’s kit (Abcam). DCFH-
DA was diluted with its own buffer according to the kit instructions. For
each category, two test and control samples are required. In both test
and control samples, the cells were well pipetaged after trypsinization
and washed with PBS, and centrifuged at 1200 rpm for 5 min. Then the
supernatant solution was discarded and was added to 0.5 ml DCFH-DA
buffer then ROS was measured by flow cytometry (BD FACSCalibur)
[10].

2.7. Evaluation of membrane lipid peroxidation

To determine the level of membrane lipid peroxidation, the amount
of malonyl dialdehyde as the final product of membrane lipid peroxi-
dation was determined according to the [11], for this purpose 500 x 10°
cells were counted from each cell line and centrifuged in two microtubes
(test and control). The supernatant was discarded, and then 1.5 ml of
10% trichloroacetic acid was added to the cells in order to precipitate
the proteins. After centrifugation, 0.5% thiobarbituric acid was added to
the supernatant and placed at 100 °C for 30 min. The MDA level was
measured by measuring the absorbance at 532 nm wavelength through
spectrophotometry (BioTek ELx808 microplate reader).

2.8. Analysis of necrosis and apoptosis using flow-cytometry

In order to evaluate the necrosis and apoptosis rates of studied cells,
the flow-cytometry method conducted based on the fact that in necrosis,
the cell membrane has been damaged in contrast with apoptotic cells,
which this difference could be used alongside DNA-dyes to distinguish
between these two groups. For evaluation of the necrosis and apoptosis
rates in algal extract-treated cells, cells were trypsinized, centrifuged at
1200 g, washed with 5 ml PB, and centrifuged again, 1 ml of buffer
added to the cells, pipetaged, 5 pl of annexin v added, and incubated in
dark for 15 min. Finally, 4 pl of propidium iodide added and the cells
evaluated by flow-cytometry [12]. Results of the flow-cytometer then
analyzed using WIN-MDI software.

2.9. Production of LDH

In order to measure the production of LDH, the German Society of
Clinical Chemistry and Biochemistry (DGKC) method was followed
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using the PARS AZMOON kit (Iran). In this method, the enzyme activity
is determined according to the change in NADH concentration:

Pyruvate + NADH < """ Lactate + NAD + H*

Lactate dehydrogenase is oxidized by NADH activity. In the process,
the reduction of NAD to NADH is directly proportional which can be
measured by the photometric method [13].

2.10. Analyzing the data

The statistical analysis of the data was performed through the one-
way ANOVA and it was followed by the Tukey test; the correlation be-
tween amounts was determined using Pearson’s test, all statistical an-
alyses was performed through SPSS software version 19. The charts were
drawn by Graph Pad Prism 5. All presented data is provided as mean +
SD.

3. Results

Results of the MTT analysis showed that the 24 h IC50 concentration
of S. platensis extract for treated cell lines of HFF and A549 was 366.4
pg/ml and 129.5 pg/ml, respectively. Results showed that the viability
of A549 cells had a reverse relation to the concentration of the algal
extract, which means with the increase in extract concentration, the
viability of A549 cells was decreased. On the other hand, a decrease in
viability of HFF cells after treatment with algal extract at the concen-
trations of 1 and 10 pg/ml was not significant (Fig. 1).

Results of the effects of A. platensis showed that at a concentration of
500 pg/ml viability of A549 cells was significantly decreased compared
to HFF cells (Fig. 1). Results also showed that the proliferation of A549
and HFF cells after 24 h of treatment with A. platensis extract was
inhibited especially at concentrations of 500 and 1000 pg/ml (Fig. 2). It
seems that with the increase in the concentration of the extract, the
proliferation rate of the A549 decreased compare to the control group.
In HFF cells, only at the 1000 pg/ml concentration, the proliferation rate
was significantly decreased.

Flow-cytometry results showed that after treatment of cells with
A. platensis extract, the viability of cells was 51.7% and 55.23% for HFF
and A549 cells respectively (Viability of cells in the control group,
without algal extract, was 96.06% and 95.6% for HFF and A549,
respectively) (Fig. 3). Results showed that the incidence of apoptosis was
increased and the algal extract caused cell death in treated cells through
triggering apoptosis. Apoptotic cells of control groups (without algal
extract) were 2.47% and 1.35% for HFF and A549 cells respectively.
After the treatment of cells with A. platensis extract for 24 h, the
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Fig. 1. Effects of A. platensis extract on A549 and HFF cells, at concentration of
500 pg/ml the viability of A549 cells was significantly decreased compare to
HFF cells, (p < 0.001: **¥).
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Fig. 2. Comparison of Proliferation rate in A549 and HFF cells after treatment
with multiple concentrations of A. platensis (p < 0.05: *; p < 0.01: **; p <
0.0001: ****),

apoptotic cells measured as 2.03% and 2.79% for HFF and A549 cells
respectively. On the other hand, necrotic cells of the control group
(without algal extract) were measured as 0.63% and 2.444% for HFF and
A549 cells but after treatment with algal extract, the necrotic cells of
experimental groups measured as 3.85% and 17.93% for HFF and A549
cells respectively, which showed an increase in the incidence of necrosis
too. Generally, the necrosis was higher in the cancer cell line of A549
and apoptosis was dominant in normal cells of HFF (Fig. 3).

The results showed that the A. platensis extract antioxidant activity
was dependent on concentration so that the control percentage of DPPH
radical from 22.51% in 125 pg/ml concentration will increase to 79.96%
in 4000 pg/ml density. No significant differences between experimental
concentrations observed, except for the first lowest concentration of
125 pg/ml to the next higher concentration of 500 pg/ml (Fig. 5). Re-
sults of the flow-cytometry analysis (Fig. 4) showed that in the control
group, the presence of cells in different phases of the cell cycle was as
follows: G1>Gy>S for the A549 cell line; and G;>G2>S for the HFF cell
line. Also, results showed that the presence of cells in different phases of
the cell cycle for the algal extract-treated groups were as follows:
Go>G1>S for the A549 cell line and G1>G3>S for the HFF cell line.

The percentage of cells in each cell cycle phase is shown in Fig. 4. As
clear in Fig. 4 the presence of cells in phase G; was decreased for both
A549 and HFF cell lines in control and treated groups, and the per-
centage of cells in Phases S and G was increased for both A549 and HFF
cell lines in control and treated groups.

Statistical analysis showed that the decreased mean number of cells
in the A549 cell line (%) between the control and treated group was
significant (p < 0.05) (Fig. 2). Results also showed that the increase in
the mean number of A549 cells in the Go phase was significantly
different between control and treated groups (p < 0.05), the same value
for HFF cells was not significantly different (Fig. 4).

Conducting flow-cytometry on experimental groups showed that the
amount of DCFH as an indicator for ROS production in A549 cells was
higher than the HFF cells (Fig. 5). Statistical analysis showed that there
was a significant difference (p < 0.01) in the amount of ROS produced in
the algal extract-treated cells compared to the control group. Results of
the measurement of the lipid peroxidation showed that the production
of malonyl dialdehyde was significantly higher in algal extract-treated
cells compare to the control group. Results also showed that the lipid
peroxidation was higher in A549 cells compared to the HFF cells (Fig. 5).

In the present study, the Pearson correlation was used to investigate
the relationship between MDA and ROS. According to Table 1, the
correlation coefficient between the MDA and ROS variables was signif-
icant (p < 0.05). In other words, there was a significant relationship
between produced MDA and ROS.
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Fig. 3. Type and measure of cell death in HFF cells (A) and A549 cells (B) horizontal axis showing fluorescent of Annexin and vertical axis showing Propidium Iodide
staining. Comparison of amount and type of cell death in A549 and HFF cells treated with algal extract and control group (C) (p < 0.05: *). (Q1: Necrotic cells; Q2:
cells at final stages of apoptosis; Q3: cells at beginning of apoptosis; Q4: healthy cells).

ANN | MA

FL3-A =} FLz-A

b

[I\\ e | H
{ 1k | l \ 1
s “. ['f‘ I‘( | & w/

\ b
| Wt BEI
[ A

(G | |

/ “"\A,.».vnw’am»:w«._\ "

i e
St At st

3 4549
B8 HFF

Ratio to Control

cell cycle phase

Fig. 4. Diagram (A) shows the accumulation of the cancer cells control group of the A549 in various phases of cell cycle and Diagram (B) shows the accumulation of
the normal cells control group of the HFF in various phases of the cell cycle and Diagram (C) shows the accumulation of cancer cells treatment group A549 in various
phases of the cell cycle. Diagram (D) shows the accumulation of the treatment group HFF cells in various phases of the cell cycle. Diagram (E) shows the presence of
cells in each phase of the cell cycle compared to the control group. Two cell lines were compared.

Results also showed that the releasing rate of LDH by cells was
increased in both cell lines of A549 and HFF cells after treatment with
the algal extract. In fact, the releases of LDH by A549 were significantly
higher compared to the HFF cell line which showed the difference in cell
death type between the cancer cell line and normal cells. Releases of
LDH were 1.33 and 2.29 times higher than the control group in HFF and
A549 algal extract-treated cells respectively (Fig. 5).

4. Discussion

Blue-green algae (Cyanobacteria) have been extensively described as
potential sources for the protection of the human respiratory system [14,
15]. Previous studies demonstrated that Spirulina contains some com-
ponents with anticancer activity against lung carcinoma cells [16].
Therefore, the present study investigates the anti-cancer effects of
A. platensis extract on human lung cancer cell line A549 along with
human foreskin fibroblasts HFF.

In the present study, A. platensis antioxidant activity was observed.
Results showed that the A. platensis antioxidant activity in absorbing the
free radical (DPPH) will increase through increasing the concentration
of the algal extract. The best concentration which can be used as an
effective antioxidant with minimum toxicity determined as 500 pg/ml.
Safari et al. [17] observed the antioxidant properties of a green algae
Chaetomorpha sp. And a brown algae Colpomenia sp. The results showed
that the green algae had higher antioxidant activity and higher ab-
sorption of radicals compared to the brown species. Gunes et al. [18],

also observed the effects of A. platensis extract and antioxidant activity in
skin cream in order to amend the skin after a surgery and they reported
that the maximum antioxidant activity and the treatment of the extract
were in the range of 0.001%-1%.

In another research conducted by Al-Qahtani and Al-Binobead [3]
regarding the antioxidant effects and anti-hepatotoxic Spirulina against
the toxicity caused by p-galactosamine in rats showed that the animals
were treated by a feeding diet containing Spirulina with 6% and 9%
concentrations. The extract with a 9% concentration was more effective
to protect them against liver damages caused by toxicity. According to
the results of the present and previous studies, it could be concluded that
the antioxidant activity of A. platensis increased with an increase in
concentration.

Results of the present study showed that A. platensis affects the
human lung cancer cell line A549 by increasing the production of ROS
and peroxidation of membrane lipids compare to the control group and
the normal HFF cells. Alishahi et al. [19] observed the effects of astax-
anthin of Donalila salina on cell membrane lipid peroxidation and
declared it reduced lipid peroxidation. According to another study by
Kim et al. [20], Spirulina can increase the activity of glutathione
peroxidase and glutathione reductase enzymes in the liver, thereby
reducing the damage caused by oxidative stress.

In a study by Kim et al. [20], Spirulina reduces the damage caused by
oxidative stress, which is inconsistent with the results of the present
study. Research on the protective effects of Spirulina against
mycotoxin-induced toxicity showed that Spirulina significantly reduced
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Fig. 5. (A) Results of the extract antioxidant activity level of A. platensis in various concentrations: statistical analysis showed that there was no significant difference
between different concentrations except for the 125 pg/ml and 500 pg/ml. (B) The amount of DCFH produced in two experimental cell lines (A549 cells compared to
HFF cells). Control groups and treated with IC50 concentration of S. platensis extract at 24 h (P < 0/01). (C) The amount of malondialdehyde produced in A549 cells
compared to HFF cells treated with IC50 concentration of Spirulina extract at 24 h (p < 0.001). (D): Releases of LDH in HFF and A549 cells treated with algal extract in

compare to control group (without extract).

Table 1
Correlation test results for the research variables.

be claimed as anticancer algae. For instance, it’s been documented that
Spirulina extract had cytotoxic effects on HCT116 colon carcinoma and
HEPG2 hepatocellular carcinoma Zaid et al. [24], Kasumi-1 human

Variable name MDA ROS acute leukemia and K-562 chronic myelogenous leukemia Flores Her-

MDA Pearson 1.000 0.933 nandez and Khandual [25], and CM human chronic myelogenous Ramzi
Significant value 0.000 et al. [26] cell lines. The results of such studies also documented that the

ROS Pearson 0.933 1.000 effects of Spirulina significantly dependent on the origin of the cancer
Significant value 0.000

mycotoxin-induced oxidative stress by decreasing lipid peroxidation and
increasing glutathione [21].

In the study of Upasani et al. [21], Spirulina reduces
mycotoxin-induced oxidative stress by decreasing lipid peroxidation,
which is inconsistent with the results of the present study. In a study by
Connan et al. [22], it was observed that the production of reactive ox-
ygen species in alga is correlated with environmental stresses such as
high light intensity, heavy metals, high salt concentration, UV radiation,
and etc.

According to the analysis of the flow-cytometry results in both HFF
and A549 cell lines of control and treatment groups in the present study,
the control group cells were found in Gi, Ga, and S, in order of G;>G2>S;
And the algae extract effect on the A549 cells of the treatment group is in
a way that it decreases the power of cell propagation of the cancer cell in
phase G; from 55.65% to 36.87% and in phase G it has increased from
25.19% to 38.24%. Ping et al. [23] observed the capability of Spirulina
extract raw protein effect on skin fibroblast CCD-986SK cells. Results
showed that due to the proteins of such extract, it can cause an increase
in the cell density in phases S and Go.

Results of the present study showed A. platensis extract had anti-
proliferative activity against A549 cells, but HFF cells showed no sig-
nificant differences in control and algal extract treated groups. Previous
studies demonstrated that Spirulina has a cytotoxicity effect and could

cell lines.

Furthermore, the results of the present study showed that the pres-
ence of HFF cells in different stages of the cell cycle was not affected by
the A. platensis extract. This result is consistent with the previously
published studies showing that Spirulina has no effects on normal cells,
and even in some cases had protective effects on normal cells. For
example, it’s been clear that Spirulina sp. extract had protective effects
on mouse BV-2 normal microglial cells Chen et al. [27], normal 3T3
mouse fibroblasts Chu et al. [28], murine bone marrow Hayashi et al.
[29], and human stem cells Bachstetter et al. [30]. According to the
results of the present study along with the previous studies, it seems that
Spirulina extract has significant inhibitory effects on cancer cells and at
the same time protects the normal cells. Therefore, Spirulina could be a
potential and promising factor for possible treatments of cancer cells.

5. Conclusion

The results of the present study showed that Arthrospira platensis
extract had an antioxidant activity depending on the concentration. This
extract can have remarkable effects on the lung cancer cell cycle so that
it can stop the cells in phase Gj, consequently, the cells won’t enter
phase M and it stops the proliferation of the cancer cells.
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