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Abstract
Introduction: Microalgae are known for their bioactive compounds with potential 
applications as antimicrobial, antiaging, and anticancer activities. Spirulina platensis (S. 
platensis) is a filamentous and photosynthetic microorganism that has 25 kinds of vitamins 
and minerals that contain many compounds with biotic activity such as alkaloids, phenolic 
compounds, terpenoids, and saponins. Saponins are mainly present in plants; while there 
are few studies about their role in microalgae. This study aims to investigate the anticancer 
potential of extracted saponins from S. platensis.
Methods: Saponins were extracted; using distilled water and n-butanol. The total extracted 
saponin was dried and weighed. The cellular viability of HepG2, MCF-7, and MDA-
MB-123 cell lines was evaluated; using MTT assay after 24 h treatment with 0.02-2 mg/
ml of saponins extracted from S. platensis.  Morphology of cell lines was evaluated by 
invert microscopy.
Results: Total saponin extracted from S. platensis was estimated at 28±0.0005 mg/g dry 
wt. Thin-layer chromatography profiles showed four bands for saponins with Rf values of 
0.44, 0.48, 0.50, and 0.55. The cytotoxic activity after 24 h treatment with 0.02-2 mg/ml 
of saponins was a concentration-dependent manner. The highest toxicity of saponins with 
IC50=0.22 mg/ml was observed in MDA-MB-123 cells. In HepG2 and MCF-7 cells IC50 
value was obtained in 0.35 mg/ml and 0.4 mg/ml, respectively. 
Conclusions: This is the first report to evaluate the anticancer effects of saponins from 
S. platensis in liver and breast cancers. The result showed that saponins from Spirulina
decrease cancer cellular viability. Therefore, these compounds can be a candidate for
anticancer agents.
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Marine microalgae are new sources of a vast 
number of bioactive compounds that are applied 
in pharmaceutical agents [1]. A lot of bioactive 
compounds isolated from cyanobacteria made 
this group an exciting target for further researches 
[2]. Among cyanobacteria, Spirulina platensis (S. 

platensis) was well known as an edible blue-green, 
photosynthetic microalga with a filamentous shape 
and relatively simple requirements for growth. 
S. platensis includes many compounds such as
alkaloids, saponins, phenols, and flavonoids with
biological activities [3-7]. Saponins are secondary
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metabolites that are mainly found in plants. These 
components are usually characterized by the 
presence of asteroidal or triterpenoid aglycone and 
one or more sugar chains [8]. Saponins declare 
various biotic effects such as anticancer activity, 
immunoregulatory, antiviral, and antibacterial 
effects [8, 9]. Panax ginseng or Glycyrrhiza glabra 
are two plants that have been used for pharmaceutical 
purposes since ancient times because of their 
saponins. Steroidal saponins have been used for the 
production of steroidal hormones in pharmaceutical 
industries. Cytotoxic effect of saponins isolated from 
different parts of several plants such as Dioscorea 
colletti var, hypoglauca, Cimicifuga sp, Aesculus 
pavia. Solanum nigrum and Gordonia chrysandra 
were assessed on different cancer cell lines. In the 
majority of cases, cytotoxicity of isolated saponins 
was comparable with reference substance anticancer 
agents such as etoposide and paclitaxel [10]. There 
are some studies on saponins extracted from Chinese 
medicines. For example, Saikosaponin (one of the 
saponins isolated from Ginseng radix) has anti-
proliferation activity on MCF7, MDA-MB-231, 
and HepG2 cell lines. Dioscin is a steroid saponin 
that was isolated from various Chinese plants 
such as Dioscoreae rhizome and Paridis rhizome. 
Polyphyllin D that was isolated from Paridis rhizome 
has also shown cytotoxic effects on HepG2, MCF7, 
and MDA cell lines [9]. Three brominated triterpenes 
isolated from the red seaweed Laurencia viridis have 
displayed cytotoxic activity against some of cancer 
cell lines. Furthermore, five triterpenoids saponins 
were extracted from Japanese red alga Laurencia 
obtuse and and two same compounds were isolated 
from brown algae Kjellmaniella crassifolia with 
cytotoxic activity [11]. So, saponins are a promising 
approach for new anticancer agents, however, in S. 

platensis, saponins have been less considered. The 
aim of this study was the estimation of total saponin 
content and its cytotoxic effects on selected cell 
lines.   

METHODS
S. platensis was obtained from Algae culture 
collection of food biotechnology research institute, 
ABRII, Tabriz, Iran. After a microscopic evaluation 
(Figure 1), it was grown in Zarrouk medium [12, 
13]. Zarrouk medium is composed of various 
compounds (Table 1). Each of the salts needed to 
make the Zarrouk medium was purchased from 
Merck company.
Table 1: Ingredients of Zarrouk Medium

Zarrouk Medium Composition

NaNO3 g/L 2.5

K2SO4 g/L 1.0

NaCl g/L 1.0

MgSO4-7H2O g/L 0.2

CaC12-2H2O g/L 0.04

FeSO4-7H2O g/L 0.01

EDTA g/L 0.08

NaHCO3 g/L 16.8

A5 micronutrient I ml

A5 Micronutrient Composition, g/L

H3 BO3 2.860

MnC12 -4 H2O 1.800

ZnSO4 -7 H2O 0.220

Cu2 SO4 0.080

(NH4) 6 Mo7 O24-4H2O 0.020

Vitamin B12 10-6×5

Figure 1:  Light Microscopic Observation of S. platensis
A) Magnification X10; B) Magnification X40; C) Magnification X100
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S. platensis was first cultured in 250-ml glass 
Erlenmeyer flasks in pH10 at 30±2°C with the 
illumination of 4 K.lux light intensity in batch 
culture system [12, 13]. In the next step, mature 
cultures were inoculated in polyethylene containers 
to increase the production of biomass. The harvested 
biomass of Spirulina was dried; using the freeze 
drier method and was stored at 2-4°C.

Extraction of Saponins
Methanolic extract of 5 g of S. platensis biomass 
in 30 ml methanol 99% was extracted and dried at 
40°C. To obtain saponins, 5ml of distilled water and 
5ml of waterlogged butanol were added to 0.05 g 
of dried methanolic extract. Saponins that were 
collected in the organic phase was separated and 
dried in the oven at 40°C [14]. To estimate total 
saponins, isolated saponins were weighted.

Thin-Layer Chromatography
To determine the purity of isolated saponins and 
optimization of the solvent system, thin-layer 
chromatography was used as a simple and inexpensive 
method. The isolated saponins from S. platensis were 
dissolved in dimethyl sulfoxide (DMSO) 10% and 20 
µl of solution were spotted on pre-coated silica gel 60 
F264 plates. As a solvent system, for the separation of 
saponins, a mixture of Ammonium: ethanol: n-butanol 
(7.5: 2.5: 10.5) (V: V: V) was used. Spots of saponins 
appeared after sprayed with 15% sulfuric acid solution 
and incubated in the oven at 110°C for 10 minutes. 
The plate was observed in UV light and the Retention 
factor (Rf) value of each spot was calculated by the 
following formula: Rf value= distance moved by the 
solvent / distance moved by the test solution [14, 15]. 
In this study, a mixture of saponin fractions was used 
for treatments.

Cell Culture and In Vitro Evaluation of Anti-
Proliferation Activity
HepG2 (from the liver), MCF-7, MDA-MB-123 
(from mammary gland/breast; derived from a 
metastatic site), and human dermal fibroblast (HDF) 
were purchased from Avicenna Research Institute. 
To evaluate the effect of saponins on normal cells, 
the HDF cell line was used as normal cells (control). 
Cell lines were cultured in RPMI-1640 medium 
(Gibco, USA); containing 10% fetal bovine serum 
(FBS) and Penicillin (100U/mL)/Streptomycin 
(100U/mL), (Gibco, USA) and were incubated with 
5% CO2 at 37°C [16]. After 48h, it was observed 

by an inverted microscope and it was shown that 
80% of the flask has been filled. The cells were then 
treated by trypsin and centrifuged in 1500 rpm for 
5 minutes at 2-8°C. The pellet of each cell line was 
distributed in a 96-well plate at the cell density of 
approximately 1×104 cells/well and was maintained 
for 24h to make sure that the cells were stuck to the 
plate [7]. The cells were treated with a serial dilution 
of isolated saponins (0.02-2) mg/ml for 24h and 
were then incubated at 37°C in the CO2 incubator. 
At the end of the incubation, 100µL of MTT solution 
(0.5mg/ml) was added to each well. The plate was 
incubated for 3 to 4h. Following incubation, most of 
the solution in each well was discarded and 100 µL 
of DMSO was added to each well and the solution 
was pipetted thoroughly. The adsorb of each well 
was read; using a microplate ELISA reader (Bio Tek 
-USA) at the wavelength of 570 nm [7].
Evaluation of Morphological Changes in Cells
The morphology and viability of different cancer 
cells were observed by an inverted microscope 
(CetiInverso TC-100) with a magnification of 40× 
after 24 h of incubation with 0.02-2 mg/ml of the 
saponins extracts from S. platensis.

Statistical Analysis
Data obtained from MTT assay for the evaluation of 
the effect of different concentrations of saponin on 
cellular viability was analyzed with Minitab version 
16; using one-way ANOVA followed by Tukey tests. 
P˂0.05 was deliberated as statistically significant.

RESULTS
Microscopic Observation of S. platensis
Microscopic observations indicated that the strain 
obtained from the ABRII institute was completely 
pure with no microbial contamination (Figure 1). 

Total Saponin Content
Isolated saponins of the inorganic phase of a mixture 
of distilled water and waterlogged n-butanol from 
S. platensis were dried at 40°C and weighed. Total 
saponins content was estimated at 28±0.0005 mg/g 
dry wt of S. platensis.

Thin-Layer Chromatography
 As shown in Figure 2, four different spots of the 
isolated saponins from S. platensis were appeared 
on pre-coated silica gel 60 F264 plates with UV 
treatment after being sprayed with 15% sulfuric acid 
solution (Rf values: 0.44, 0.48, 0.50, 0.55).
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Table 2: IC50 Values Obtained for Isolated Saponins From S. platensis on HepG2, MCF7, and MDA Cells (n=3) a, b

Cell line HepG2 MCF-7 MDA-MB-231 HDF Control (DMSO 1%)

IC50 Value of Total Saponins, mg/ml 0.350±0.055 0.400±0.036 0.220±0.038 2.6±0.1 –––––
a Values are mean±SD.
b DMSO 1% was used as solvent and control that had no cytotoxicity effect on different cell lines.

Figure 2:  The TLC Profile of Isolated Saponins From S. platensis With 
UV treatment After Being Sprayed With Sulfuric Acid Solution 15%

Antiproliferation Activity of Saponins, Isolated 
From S. platensis on HepG2, MCF7, and MDA 
Cell Lines
The proliferation activity of HepG2, MCF7, and 
MDA cell lines was inhibited by being treated with 
different concentrations (0.02-2 mg/ml) of isolated 
saponins from S. platensis. The anti-proliferation 
activity was a concentration-dependent manner. 
Comparison of the mean cellular viability of 
treated cells in three cell lines showed a significant 
difference between MDA cells and two other cell 
lines (HepG2 and MCf7) in 0.05 to 1 mg/ml of 
treated concentration and there was not a significant 
difference between HepG2 cells and MCF7 cells 
in the same treated concentration (Figure 3D). The 
dose-dependent effect of saponins isolated from 
Spirulina on cellular viability of MDA, MCF7, 

Figure 3:  Cellular Viability in Cancer Cell Lines
A) MCF-7; B) MDA-MB-123; C) HepG2; D) Compare between three cancer cells; after being treated with 0.02-2 mg/ml of isolated saponins from S. 
platensis
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and HepG2 cell lines was analyzed by one- way 
ANOVA. Tukey test indicated that in 0.02 and 
0.2 mg/ml of treated concentration, there was no 
significant difference between treated cells with 
saponins and untreated cells in none of the cell lines. 
Statistical analysis indicated a significant difference 
between different concentrations (0.05 to 1 mg/ml) 
of treated and untreated cells in HepG2 and MCF7 
cells. A high concentration of saponins (1 mg/ml) 
decreased the cellular viability whereas 0.05 mg/
ml and lower concentrations of saponins had no 
significant effect on tumor cell growth inhibition. In 
addition, there was a significant difference between 
different concentrations (0.05 to 0.4 mg/ml) of 
treated and untreated cells in MDA cells. There 
was no significant difference between the results 
of treatment with 0.4 to 2 mg/ml of saponins in 
MDA cells and the results of treatment with 1 and 
2 mg/ml of saponins in HepG2 and MCF7 cells 
(P˂0.05).  In grouping information analysis using 
Tukey test, R2 values were 97.42, 92.15, and 93.89 
in MDA, MCF7, and HepG2 cell lines, respectively. 
The cellular viability after treatment with saponins 
from Spirulina was compared in HepG2, MCF7, 
and MDA cells (Figure 3). Cellular viability in the 

HDF cell line in a similar concentration of isolated 
saponins was evaluated and the IC50 value was 
calculated (2.6±0.1 mg/ml).
The IC50 value (concentration inhibitory maximal) 
of each cell line was calculated after treatment; 
using the following formula: rate of cells viability% 
= (OD570 of treated cells/OD570 of control 
cells)×100 (Table 2).

Evaluation of Morphological Changes in Cancer 
Cells
Microscopic observation of each cell line showed 
that the cells were deformed after treatment with 
saponins at IC50 concentration compared to 
untreated cells. In HepG2 and MCF7 cell lines, the 
cells displayed characteristic features and changed 
into a spherical shape. Decomposed and bursting 
cells were observed in MDA cells (Figure 4). At 
higher concentrations (1 and 2 mg/ml) modified cells 
were detached from the flask surface and floated in 
the medium.

DISCUSSION
S. platensis is an edible, multicellular blue-green 
microalga with a spiral form that can grow well 

Figure 4:  A1) Morphological Changes of Cell Lines After 24h Treatment With Isolated Saponins From S. platensis; A2) HepG2 Cells Treated With 0.3 
mg/ml of Saponins; B1) MDA Cells; B2) MDA Cells Treated With 0.2 mg/ml of Saponins; C1) MCF-7 Cells; C2) MCF-7 Cells Treated With 0.4 mg/
ml of Saponins 

A1    B1    C1
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in seawater and freshwater. It has a long history 
of safe human consumption [5]. The microalgae 
were widely studied for bioactive compounds 
such as alkaloids, phenols, terpenoids, antioxidant, 
anticancer, and antimicrobial activities [5, 13, 17]. 
Saponins are essential compounds with substantial 
biological activities such as anti-angiogenesis, 
antiproliferation, anticancer, and anti-metastasis 
characteristics. Saponins can reduce cell growth 
and inhibit DNA synthesis that can induce apoptosis 
of cancer cells by activation of caspase 2, caspase 
3, and caspase 8 [9]. Wang et al., have reported 
the cytotoxicity of saponins through the cellular 
internalization and localization in lysosomes; leading 
to cell death [18]. Saponins have been highly studied 
in plants and macroalgae but there are fewer studies 
of saponins and their biological activities in S. 
platensis. In our study, saponins treatment of MCF7 
and HepG2 cell lines led to spherical shapes but 
splitting was observed in MDA cells. The lysis of the 
cells in HepG2 and MCF7 cell lines was detected in 
the high concentration of saponins. It was suggested 
that saponins have the ability to induce apoptosis in 
treating cancer cell lines [19]. Our results showed 
morphological changes in all of the selected cell 
lines. These observed changes can induce apoptosis 
in HepG2, MDA, and MCF7 cell lines. 
The presence of saponins in S. platensis was approved 
in some experiments [3, 5, 20, 21] but there is no 
report about the saponin content of this microalga 
and its activity. In our study, total obtained saponin 
content was 28±0.0005 mg/g dry wt of S. platensis 
which is equivalent to 2.8% dry wt.  Total saponin 
content in the Spirogyra sp, one of filamentous 
freshwater green algae, was determined 2.5 mg/g, 
which is much less than Spirulina [22]. Kanan et al., 
have reported one spot of isolated saponins from S. 
platensis with an Rf value of 0.65; using the solvent 
system with a mixture of chloroform: glacial acetic 
acid:  methanol:  water (64:34:12:8) [23]. In the 
current study, four spots of isolated saponins were 
observed in TLC testes with Rf values of (0.44, 
0.48, 0.50, 0.55); using a solvent system with a 
mixture of ammonium: ethanol: n-butanol (7.5: 2.5: 
10.5). Contrary to the previous study, the presence 
of different types of saponins was indicated in S. 
platensis.  MCF-7 and HepG2 cell lines showed 
similar results in antiproliferation activity in similar 
concentrations of saponins. After 24h treatment, 
IC50 values of the cell lines was 0.350±0.055 mg/ml 
and 0.400±0.036 mg/ml, respectively. However,IC50 

value of MDA-MB-231 was 0.220±0.038 mg/ml. 
Tukey tests showed that 1mg/ml of saponins can 
inhibit 85% of cell growth in MCF7 and HepG2 
cells. In the same concentration of saponins, 70% of 
cell growth inhibition was observed in MDA cells. 
Statistical analysis of MTT assay in MDA cells didn’t 
show a significant difference between 0.4 and 1 mg/
ml of saponins and 70% of cell growth inhibition 
was observed at 0.4 mg/ml. There are some reports 
about the cytotoxic effect of methanolic extract from 
S. platensis on cancer cell lines. Fayyad et al., have 
reported that methanolic extract has antiproliferative 
properties against MCF-7 and mice intestine 
carcinoma cell lines (L20B). The highest growth 
inhibition was observed in 25 mg/mL and 12.5 mg/
ml of methanolic extract against L20B (32.5%) and 
MCF7 (71.5%) [24]. However, there are no reports 
of antiproliferative effects of isolated saponins from 
S. platensis. Nevertheless, anticancer activities of 
isolated saponins from other algae, plants, and herbal 
medicines are reported. Saponins that were extracted 
from the marine red alga (Laurencia mariannensis) 
have shown cytotoxic activity against p-388 cell 
lines with an IC50 value of 0.6 mg/ml [11]. Bao et 
al., have extracted Sarsapogenin from Anemarrhena 
asphodelodes (Liliaceae) and evaluated the cytotoxic 
effect of this component on HepG2 cells. This 
extract has shown cytotoxic effects on HepG2 cells 
with an IC50 value of 42.4 µg/ml and 25 µg/ml after 
treatment for 48h and 72h, respectively. Saponins 
from Cimicifuga sp. were tested in MDA-MB-453 
and MCF-7 as two human breast cancer lines. The 
MCf-7 cell lines were found much more resistant 
to saponin treatment [10]. In our study, MCF-7 
and HepG2 cells were more resistant to treatment 
with saponins isolated from Spirulina, compared to 
MDA. In a study by alam et al, the cytotoxic effect 
of saponins extracted from Zanthoxylum armatum 
(Z. armatum) was evaluated at 100 µg/ml in MTT 
assays on MCF-7 and MDA-MB-468. Saponins 
of Z. armatum fruit showed growth inhibition by 
79.89% in MCF-7 and by 95% in MDA-MB-468. 
Saponins of Z. armatum caused growth inhibition in 
9.43% and 94.59% of MCF-7 and MDA-MB-468, 
respectively. Saponins of Z. armatum leaves showed 
growth inhibition by 49.08% in MCF-7 and 85.33% 
in MDA-MB-468 [19]. In our study, saponins 
isolated from S. platensis at a concentration of 100 
µg/ml has showed 20% and 31% growth inhibition 
in mcf-7 and MDA-MB-123, respectively. Isolated 
saponins from Spirulina have not shown a cytotoxic 
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effect on human dermal fibroblast (HDF) cell line 
because of its high IC50 value. 
Despite the importance of saponins, there are 
few studies about these compounds in Spirulina. 
Many studies demonstrated that saponins isolated 
from algae and plants can inhibit the proliferation 
of cancer cell lines. Our results showed the anti-
proliferation activity of Spirulina isolated saponin. 
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