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ABSTRACT

Background and Objectives: Spirulina platensis micro-algae have some effects on cellular procedures. The proliferative
potential of mesenchymal stem cells (MSCs) will be decreased after repetitive passage.

Materials and Methods: The stromal cells were isolated, and then proven by differentiating to adipogenesis and osteoblastic
lineage. The cell markers such as CD90 and CD105 were detected by flowcytometry. MSCs were treated with extract of S.
platensis in logarithmic concentrations. MTT and ATP assays were done to determine cell proliferation capacity. The antiox-
idant and antimicrobial properties of the extract were evaluated.

Results: The results obtained from differentiation confirm cells” potential for osteoblastic and adipoblastic differentiation.
Detection of CD90 and CD105 markers over 70% proved that the majority of cells are MSCs. Statistical analyzes revealed
a significant increase in MSCs proliferation in the concentration of 0.9 pl/ml S. platensis. DPPH assay demonstrated that the
extract could scavenge free radicals up to 57%. Additionally, the extract showed the inhibition zone up to 11 mm against a
different strain of bacteria by agar well diffusion assay.

Conclusion: Secreting nutritional elements, S. platensis extract can be used as an antioxidant, antimicrobial, and growth
agent for enhancing the proliferation of MSCs. Furthermore, the optimum concentration for cell treatment with S. platensis’s
extract was investigated.
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INTRODUCTION and blue-green. Among the applications of this algae

is its use as a supplement in agricultural industries

Spirulina is a green-blue microalga of the cyano-
bacterial family. This alga is mainly composed of
two species: Arthrospira platensis and Arthrospira
maxima. The microscopic appearance of Spirulina
platensis is in the form of long spiral threads, thin

(1). S. platensis comprises 51-71% protein that can
supply many essential amino acids for the body (2).
In addition, it has contained about 7% lipids which
are rich in gamma-linolenic acid (GLA) (3, 4) to pro-
duce alpha-linolenic acid (ALA), linoleic acid (LA),
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stearidonic acid (SDA), eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA) and arachidonic acid
(AA) (5-7). S. platensis contains vitamins such as
B1 (thiamine), B2 (riboflavin), B3 (nicotinamide),
B6 (pyridoxine), B9 (folic acid), vitamin C, vitamin
A and vitamin E (6, 7). Because of essential amino
acids and vitamins, S. platensis can be applied as a
supplement to cellular nutrition. Studies conducted
in 2016 demonstrated that probiotics could affect var-
ious cells in different ways (8). Harper et al. (2003),
studied the effect of Lactobacillus acidophilus on
angiogenesis and macrophage activity stimulation.
They depicted the effects of L. acidophilus on the
chemotactic activity of leukocytes in vitro and the
increase of fibroblasts in vivo, the proliferation of en-
dothelial and inflammatory cells (9). Li et al. (2005)
also assessed the impact of supernatant of a species
of probiotic bacteria -L. acidophilus- on embryonic
cells. The results obtained from this study showed
the proliferation of a wide range of cells (10). Stem
cells (SCs) are self-renewal cells that differentiate
into various cell lineages (11-13). These cells are
named Colony-forming fibroblastic cells, Mesen-
chymal Progenitor Cells, and Bone marrow Stromal
cells (14-16). Two types of pluripotent stem cells lo-
cated in the bone marrow are Hematopoietic Stem
Cells (HSCs) and Stromal Cells (17). Nowadays,
bone marrow mesenchymal stem cells (BMSCs)
are applied to treat various diseases (18). One of the
limitations of using primary cells is the limitation in
the number of cell passages. Because in successive
passages, the proliferative power of the cells is sig-
nificantly reduced and the cells will move towards
cell differentiation. Past studies have shown that cell
proliferation depends on the environment and that
extracellular signals can serve as a guide to cellular
fate (19). In the present study, spirulina microalgae
extract was used to evaluate the antioxidant and an-
tibacterial properties and to evaluate their effects on
the proliferation of mesenchymal stem cells isolated
from rat bone marrow.

MATERIALS AND METHODS

Preparation of Spirulina platensis. Indonesian
Spirulina platensis was obtained from the Science
and Technology Park of Qeshm Island, Iran. It was
cultured in Zarrouks and Conway medium. In short,
samples were gently washed in the seawater, rinsed
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off in distilled water, and dried with a paper layer.
After that, it was frozen at -20°C and then was lyo-
philized for storing. For later assessments, the dried
substrate was then mechanically powdered in a mor-
tar containing a silica gel desiccator at room tempera-
ture away from light (20).

Spirulina cultivation. 50 ml of cultured S. plat-
ensis at the middle of the logarithmic growth phase
and 2 ml sterile seawater enriched with Conway
nutrient solutions (21) were poured in a borosilicate
flask. Then they were incubated at room temperature
for 30 minutes. All samples were divided into four
groups, and the groups were exposed to a fluorescent
lamp under 300 umol photons m2s* from the bottom
at 12:12: dark-bright cycles. The average temperature
was 23 = 1°C for bright and 20 + 1°C for dark periods.
The salinity of medium was about 32%. Daily growth
rate was measured by a microscopic cell counter.
Daily culture pH was adjusted, too. The culture was
concentrated by centrifugation at 7000 g at 15°C for
ten minimums (at least once). After the final centrif-
ugation, the cells were washed with free nitrogen
and phosphorus by synthetic seawater. The degree
of salinity to remove excess nitrogen from the medi-
um was about 15%. The supernatant was thoroughly
mixed, and then the number of cells was recounted to
determine the percentage of dead cells. The cell mass
was frozen at -20°C and then was lyophilized, and
finally was stored at desiccator at room temperature
away from light until further assessments (22).

Diphenyl-1-picrylhydrazine radical scavenging
activity. This parameter was measured by the Zhang
method with slight modification (23). First, 100 pl of
extract at different concentrations were mixed with
100 pl of 0.16 mM DPPH solution. The samples were
vortexed for one minute and were incubated in the
dark for 30 minutes. Then their absorption was mea-
sured at 517 nm wavelength by a microplate reader
(Polarstar Omega, Ottenberg, Germany). The radical
scavenging capacity was calculated using the follow-
ing equation (23) (1):

S -« -S

control sample  blank

Inhibition (%) = ( ) x100 (1)

control

Where the S is the absorbance of DPPH with-
out sample, the S is the absorbance of the extract

sample
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and DPPH solution, and the S _ | is the absorbance of

the samples without DPPH solution.

In vitro antibacterial activity (Agar bioassay).
The antibacterial activity of different concentrations
of microalgae extracts against Gram-negative and
Gram-positive bacterium (Escherichia coli PTCC
No: 1533, Salmonella typhimurium PTCC No: 1609,
Bacillus subtilis PTCC No: 1156, Staphylococcus au-
reus PTCC No: 1917 obtained from Iranian research
organization for science and technology, Tehran, Iran)
was calculated by agar well diffusion assay. 25 ml of
the mixture of adjusted medium with Muller Hinton
Agar (MHA) was poured into Petri dishes. They were
kept at 27°C for 30 minutes to solidify. Each plate was
marked for the organisms inoculated. With the help
of a sterile borer, the plates were punched separately,
and a well with a diameter of 6 mm was created. After
adding 100 ml of microalgae extract to each well, the
plates were incubated at 37°C overnight. The zone of
inhibitions was calculated in millimeters. The result
was repeated three times (24).

Isolation and culture of rat bone marrow-de-
rived mesenchymal stem cells. The rat bone mar-
row mesenchymal stem cells (rBMSCs) were isolated
by the flushing method by slight modifications (25).
Briefly, a six-week-old rat with approximately 300 gr
weight was purchased from Pasteur Institute of Iran,
Tehran. Asphyxiation was done by CO, compliance
under ethical consideration protocols. The Femur and
tibia bones have dissented and muscle tissue wholly
removed. Both sides of the bone were cut, and the
low-glucose Dulbecco’s Modified Eagle’s Medium
(DMEM) plus 10% fetal bovine serum (FBS), 1%
penicillin/streptomycin, nystatin and amphotericin
B, and 1% non-essential amino acids (all from Gib-
co, Carlsbad, CA) were flushed inside the bone to
the extraction of stromal bone marrow cells. Finally,
the cells were passed through a 70 mm filter (sigma,
Z240060, US). The cell viability was determined by
trypan blue staining.

In the next step, 25 x 10° cells in a petri dish con-
taining DMEM listed in the above paragraph were
placed under standard conditions such as 5% CO, at
37°C for 3 hours. Then non-attached cells were re-
moved by exchanging the medium. After 8 hours, the
medium was replaced again, and this circle was re-
peated every 8 hours for 72 hours. The attached cells
were washed with phosphate-buffered saline (PBS),
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and the medium was replaced every three days. After
21 days, the cells’ confluency was reached 80-70%.
After that, the cells were disaggregated by 25 mM
EDTA 1% trypsin for 2 minutes at 37°C. After the
neutralization of trypsin, the cells were seeded in 25
cm? flasks (26, 27).

Differentiation to osteoblasts and adipocytes.
Before treating S. platensis, the cells were cultured
and osteogenic and adipogenic differentiation media
for 14 days (28). These cells were as control and treat-
ed differently from S. platensis culture. In the second
passage, 5 x 10* cell/ml was incubated in a six-well
plate with DMEM and 10% FBS to determine the cell
potential to differentiate into the bone lineage. The
cells were confluence after one week, and the medium
was replaced with osteogenic differentiation media.
This medium consisted of DMEM, 50 pg/ml ascorbic
acid 2-phosphate, 10 nM dexamethasone, and 10 mM
B-glycerol phosphate (all obtained from Gibco, Unit-
ed Stat). Plates were incubated at 37°C with 5% CQ
for 21 days, and the medium was replaced every three
days. The cells were fixed with 10% formalin for 10
minutes and stained with Alizarin Red for 20 minutes
at room temperature. Finally, they were observed un-
der an optical microscope and took photos (8, 26, 29).
For evaluation of adipocyte differentiation, 5 x
10* cells/ml in the second passage were seeded with
DMEM, 50 pg/ml indomethacin, and 100 nM dexa-
methasone in 6 well plates. The cells were cultured at
37°C with 5% CO, for 21 days, and the medium was
replaced every three days (30). The cells were stained
with 5% Oil Red for 20 minutes to determine adipo-
cyte differentiation and then observed with an optical
microscope and took photos (8, 31).

Immunophenotypic analysis. For further char-
acterization, cell surface markers phenotyping was
performed for MSCs at second passages. Cell-surface
markers were labeled with anti-human antibodies
such as CD90 and CD105-fluorescein isothiocyanate
(FITC) (Beckman Coulter, Fullerton, CA). Rat iso-
type antibodies performed as control (Becton Dick-
inson; Beckman Coulter) (28, 32).

Cell proliferation evaluation. Cell viability was
investigated by mitochondrial reactive, named 3- (4,
5-dimethylthiazol-2-yl) -2, 5-diphenyl tetrazolium
bromide (MTT assay). The mechanism of this meth-
od is the ability to live cells to convert tetrazolium to
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formazan (33). The MTT assay was performed by a
procedure described in the previous study with slight
modifications (25). Briefly, 1 x 10* cells were treated in
96 wells microplate selected with a different logarith-
mic concentration of S. platensis (0, 0.1, 0.3, 0.9, 3, 9,
and 30 ul of S. platensis per 1 ml DMEM) under stan-
dard conditions for 14 days. In parallel, DMEM spir-
ulina-free medium was applied as the control group.
The medium was replaced every three days. After a
predetermined incubation time, the medium was re-
placed with 15% MTT solution (Atocel, Austria) on
PBS (5mg /ml PBS) and then was incubated at 37°C
for 2 hours. The wells solution was replaced by Di-
methyl sulfoxide (DMSO) (cell-culture grade, Sigma,
D2650, US) solution inside a dark chamber and was
shaken for 15 minutes. The plate reader measured the
optical density (OD) at 570 nm wavelength and 640
nm as reference. The standard curve calculated the
number of viable cells. The data obtained from each
sample were normalized with those in the negative
control, where the control sample’s cell viability was
considered 100%.

ATP assay. For this assay, rBMSCs at the density
of 5 x 10* cells were seeded in 96 wells microplate,
and then different concentrations of algae extract
were added. After 24 hours, based on the manufac-
ture’s protocol, ATP concentration was calculated by
Cell Titer Glo® Luminescence assay. The medium of
each well was replaced by a mixed solution of 100
ul of fresh culture medium and 100 pl of Cell Titer
Glo. The cells were placed on an orbital shaker for 10
minutes to lyse. ATP concentrations were calculated
using a standard curve of various concentrations of
ATP solutions (34).

Statistical analysis. The growth care was drawn,
and then OD obtained from the MTT assay was con-
verted to the number of viable cells. The data were
expressed as means + SD and statistically analyzed
by the ANOVA comparison method. A P-value <0.05
was considered as the level of significance.

RESULTS

The differentiation potential of isolated MSCs to
osteogenic and adipogenic lineages. The cells isolat-
ed from rat bone marrow in passage two are shown in
Fig. 1A. Also, Alizarin Red S and QOil Red O staining
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evaluated the differentiation potential of cells after
treating with osteogenic and adipogenic Spirulina-free
defined media. Calcium deposition is a parameter for
demonstrating cell differentiation to osteocytes (Fig.
IB). The picture taken from Oil Red O staining de-
picted cells in round shape with the adipose- vacuole,
differentiated adipocytes (Fig. 1C). This can be as a
method to prove that the cells are MSCs in the ma-
jority.

MSCs marker approvement. The cells isolated
from bone marrow were assessed to have MSCs sur-
face CD markers as CD90 and CD105. These markers
are specific for mesenchymal stem cells. The results
demonstrate that most cultured cells have express-spe-
cific markers on their surface (72.6% for CD90 and
77.1% for CD105) (Fig. 2). High expression of these
markers can be approved for being the majority of
MSCs in the culture.

Antioxidant activity based on DPPH assays. Since
DPPH assay is one of the most effective and widely
used methods to evaluate the extract’s ability as a hy-
drogen donor or free radical scavenger, this method
was used to assess the antioxidant activity of spirulina
platensis. Fig. 3 shows a dose-response curve of the
antioxidant activity of the extract. As the concentra-
tion of the extract increases, the antioxidant activity
increases. This amount reaches its highest value at
1000 pg/ml (57% inhibition) for extract. All samples
show the DPPH radical scavenging activity. The data
were also compared with ascorbic acid as a standard
antioxidant. The results showed that the extract has
a proton-donating ability and the absorption of free
radicals of the extract is less than ascorbic acid. The
results of this study are consistent with other studies
(35, 36).

Antibacterial properties. The antibacterial activ-
ity of spirulina platensis was investigated against
two species of gram-positive bacteria (Staphylococ-
cus aureus and Bacillus subtilis) and two species of
gram-negative bacteria (Escherichia coli and Salmo-
nella typhimurium). For this purpose, the different
concentration of the extract was provided from 1 to 10
mg/ml. Doxycycline (30 pg/ml) was used as a positive
control.

As illustrated in Table 1, spirulina extract in all con-
centrations has shown effective antibacterial activity
in a dose-dependent manner. This phenomenon was

http://ijm.tums.ac.ir
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50 jim

Fig. 1. Microscopic appearance of cells isolated from rat’s bone marrow. (A) the primary cells were cultured, and after the
second passage, the photo was taken from confluent cells. The cells are spindle and fuzzy in shape and expanded to attach to
the surface of the poly styrene culture flask. (B) the cells were differentiated to osteogenic lineage in defined media and then
were stained by Alizarin Red. Calcium deposition appears in red on the surface. (C) the isolated cells were differentiated to
adipocytes in adipogenic medium and then were stained by Oil Red. The adipocytes appear approximately round in shape with

a large vacuole that is visible in red.
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Fig. 2. MSCs derived from rat bone marrow expressed both mesenchymal-specific markers. As illustrated, 72.6% of cells
expressed CD90 (B), and 77.1% expressed CD105 (C). Cell-surface markers were labeled with CD90 and CD105-fluorescein
isothiocyanate (FITC) anti-human antibodies. Rat isotype antibodies performed as negative control (A).

m Spirulina

W Ascorbic
Acid

DPPH Scavenging Activity (%)

100 250 500 750 1000
Extract Concentration( ug/ml)

Fig. 3. DPPH-radical scavenging activity of Spirulina ex-
tract compared with ascorbic acid. Data presented as mean
+ standard deviation (n = 3) (* Significant difference,
p <0.05). There is an increase in both Spirulina and Ascorbic
Acid DPPH-scavenging activity in dose-dependent manner.
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in agreement with Ozdemir et al. (37). The inhibition
zone ranged from 6 to 11 mm, and the most suscepti-
ble bacteria were Escherichia coli and Salmonella ty-
phimurium, with the highest inhibition zone. Accord-
ing to the results, spirulina extract has been influential
on both types of gram-positive and gram-negative
bacteria.

Cell proliferation. The viability of MSCs was evalu-
ated by applying the MTT assay after 14 days of treat-
ment with various concentrations of S. platensis. The
results (Fig. 4) demonstrated that the first concentra-
tion (0.1 pl/ml) increased cell proliferation. The num-
ber of viable cells was increased in low concentrations
(up to 0.3 pl/ml). In a concentration of 0.9 ul/ml, a sig-
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Table 1. Antibacterial activity of spirulina extract

Strain. Name of Zone of inhibition at various concentrations of the extract (mm) Positive control
No. Microorganism 1 mg/ml 2 mg/ml 4 mg/ml 8 mg/ml 10 mg/ml Doxycycline
1 Bacillus subtilis 6 7 6 7 7 25
2 Staphylococcus aureus 6 7 8 8 9 30
3 Escherichia coli 7 9 10 1 10 31
4 Salmonella typhimurium 7 7 8 8 7 27
%k %k
| p——— cells during 14 days. The extracts at concentrations
15000 of 9 pl/ml caused a slight decrease in cell viability.
z T T - Concentrations of 30 pl/ml, meanwhile, significantly
2 i I O I B O B I = T reduced cell viability by 37%. On the other hand, cell
& 9000 viability increased at a concentration of 0.1 pl/ml, 0.3
% 60004 pl/ml, and 0.9 pl/ml during the experimental period
> a000d- (Fig. 5).
0

01 03 09 3 9 30 Control
concentrations (pl/ml)

Fig. 4. The MTT assay to evaluate the cell proliferation. 1
x 10* cells were cultured for 14 days in logarithmic concen-
trations (0.1 - 30 pl/ml). The number of cells has increased
in range concentration from 1.0 pl/ml to 9 pl/ml. In contrast,
in the concentration of 30 pl/ml, the number of viable cells
decreased against control. The optimum concentration to
proliferation was 0.9 pl/ml. Optical density was measured,
and the number of cells was obtained by growth carve nor-
malization. The means and SEM were calculated to ANOVA
statistical analysis (the criterion of signification: P-Value <
0.05).

nificant increase can be observed against the control
group. In a concentration of 3 ul/ml, the increased be-
havior of cells was similar to low concentrations (0.1
wl/ml and 0.3 pl/ml). In concentration 9 ul/ml, viable
cells are approximately equal to the control group. In
contrast to other groups, in concentration 30, the num-
ber of cells was dropped. The results illustrated that in
concentrations higher than 0.9 ul/ml, the proliferation
rate was decreased. In general, although the cells in-
creased slightly in some groups, the optimum concen-
tration to promote MSCs proliferation was 0.9 ul/ml.

ATP assay assessment. To further verification of
the MTT assay, MSCs were evaluated by ATP assay in
considering proliferation. Microalgae extract in 0.1 pl/
ml, and 3 pl/ml concentration did not affect cell via-
bility, meaning they did not alter the number of viable
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DISCUSSION

Limited proliferative capacity of bone marrow
stromal cells (especially MSCs) can be an important
challenge in their applications in cell therapeutics.
The proliferation of these primary cells will be de-
creased after some passages. Depending on envi-
ronmental conditions, the cells tend to differentiate
into various lineages such as osteoblasts, adipocytes,
chondrocytes, etc. (38). Some previous studies had
been designed to propose methods to promote cell
proliferation. For instance, the supernatant of Lacto-
bacillus acidophilus has been impressive results on
bone marrow stromal cells (8). This study aims to

ATP Concentration {ng/pl)

bR oM N W oW B b

5 - 8 »m 8 » & &
*

.

o

v} 0.1 03 09 3 9 30

S.Platensis Concentration (pl/ml)

Fig. 5. ATP concentration expressed as mean + SEM for:
control (untreated sample = 0) and MSCs treated with six
concentrations of S. platnsis (0.1 pl/ml, 0.3 pl/ml, 0.9 pl/
ml, 3 pl/ml, 9 pl/ml,30 pl/ml) * P-Value < 0.05 significantly
different from the control.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

ROLE OF SPIRULINAPLATENSIS ON MESENCHYMAL STEM CELLS

find a method that significantly affects the prolifer-
ation of rat bone marrow mesenchymal stem cells.
To achieve the Ames of study, spirulina micro-algae
were used as culture supplements. MSCs were isolat-
ed from rat bone marrow and treated with a logarith-
mic concentration of S. platensis for 14 days, accord-
ing to the previous study (39). Various characteristics
of the cells were evaluated before and after treatment
to assessments of cell proliferation.

Spirulina contains many biomolecular components,
including carotenoids, vitamin E, phycocyanin, and
chlorophyll. These compounds have some abilities
for hydrogen donating, which reduces the DPPH rad-
icals (40). The results of the present study demon-
strated that spirulina microalgae have a desirable
antioxidant property. This property is dose-depen-
dent and can play an important role in protecting
cells against free radicals. Chu Van Lion (2010) re-
vealed that the protective effects of spirulina against
free radicals are through the inhibition of the cell
apoptotic pathways (35). In addition, the results of
this study conform to previous studies that imply the
mechanism of antioxidants on MSCs by regulation of
cyclin-dependent kinase (CDK) and CDK inhibitor
levels (41).

According to the published articles, the antibacte-
rial activity of spirulina extract is due to its chemical
compounds (42, 43). Park et al. showed that y-linoleic
acid in green seaweed Enteromorpha Linza induces
antibacterial activity (44). It has also been reported
that 1-Octadecene, 1-Heptadeceane in some plants
and algae have antioxidant, antibacterial, and anti-
cancer activity (45, 46). In this study, it was noticed
that increasing the concentration of spirulina in the
cell culture medium enhances the antibacterial prop-
erty. Active lipids are found in high concentrations in
Spirulina (47). Lampe et al. hypothesized that lipids
could penetrate the peptidoglycan of the cell wall and
reach the bacterial membrane, causing its disintegra-
tion (48). Mandit et al. also described the antibacte-
rial mechanism of fatty acids by altering cell mem-
brane permeability, interacting with cell membrane
proteins and lipids, and forming a layer around the
cell (49). On the other hand, regarding Alshuniaber
et al. study (2021), antibacterial activity is also re-
lated to the accumulation of phenolic compounds in
Spirulina (50). At low concentrations, phenols affect
the activity of energy production-related enzymes,
while at high concentrations, they lead to protein
denaturation (51). Therefore, spirulina extract is
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rich in biological compounds with antibacterial
properties.

MTT assay was performed to investigate the ef-
fects of S. platensis on proliferation. As a result, the
proliferation of cells had been increased by S. plat-
ensis treatment, especially in 0.9 ul/ml concentration
compared with the control group. Cell proliferation
at this concentration was significantly higher than in
vitro culture in standard condition (DMEM medium
and 10% FBS) in previous studies (52). ATP assay
indicated that at concentrations of 0.3 pl/ml and 0.9
pl/ml, the level of ATP increased significantly, indi-
cating an enhancement in MSCs’ proliferation. It is
well known that an increase in the intracellular level
of ATP is directly related to an enhancement in the
cell’s metabolism, leading to increased cell prolifer-
ation (53). Both MTT and ATP assays confirm that
there are not cell toxicity in extract up to 30 pul/ml
on MSCs, and conversely, it can be cause to increase
in proliferative activity of these cells. This is despite
the fact that in past studies, the proliferation of MSCs
has consistently been one of the problems research-
ers faced, and the proliferation of these cells drops
significantly after several passages (54). The S. plat-
ensis concentrations more than 0.9 ul/ml are a duo to
decreasing medium amounts to stabilize cell culture
conditions. It can be a limitation to measurements of
exact effects of S. platensis on MSCs in high con-
centrations. Therefore, the results achieved from
this study depicted that the optimum concentration
in vitro of S. platensis to treat of MSCs is 0.9 ul/ml,
and further concentrations of S. platensis could not
be recommended. These results correspond to some
extent to a previous study about Lactobacillus aci-
dophilus supernatant published in 2016 (8). However,
according to the diagram in Fig. 4, with rising con-
centrations, the number of living cells declines with
a lower slope than predicted. It’s probably due to the
high levels of nutrients in S. platensis extract. None-
theless, this issue should be studied in detail in the
further survey.

Some previous research assessed the effects of Spi-
rulina on various cells (35, 55, 56). The release of
inflammatory cytokines leads to the production of
reactive oxygen species and reduced superoxide dis-
mutase activity. TNF-alpha can be mentioned among
these inflammatory factors (57). These processes
lead to senescence in cells. Due to the presence of
C-phycocyanin in spirulina, the apoptosis would be
inhibited by downregulating p53, p21, and p27. Fur-
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thermore, spirulina can suppress apoptosis by reduc-
ing the expression of Bax. This protein inhibits the
mitochondrial pathway of apoptosis, and as a result,
the production of cytochrome C will be decreased
(58). These studies have emphasized the importance
of Spirulina as a nutritional element, antioxidant, and
antibacterial activity that can be a compound reason
for cell proliferation. The increased proliferation of
mesenchymal stem cells in vitro can lead to improved
therapeutic approaches (35). Overall, comparing the
effect of some proteins and organic biomolecules
secreted from Spirulina is recommended for future
study. Then, determining the impact of which cate-
gories of nutrients in this algae can be expressed as
an important issue.

CONCLUSION

The weak proliferative potential of mesenchymal
stem cells isolated from bone marrow can be caused
some limitations in the cell manipulations. This
study confirms that cells treated with various con-
centrations of S. platensis significantly increased the
proliferation of MSCs concerning nutrient, antioxi-
dant, and antibacterial activity. The best results will
be achieved by purifying secretory proteins from the
algae and treating the cells in the optimum concen-
tration.
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