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Abstract
Studies have shown that algae and seaweed have cytotoxic activity. This study was aimed
to determine the cytotoxic activity of Spirulina platensis and Ulva compressa Linn.
extracts against cancer cell lines. The cytotoxic activity of the extract was carried out
using the MTT ((3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) method.
Results showed that the ethanol extract and methanol extract of Spirulina platensis have
no cytotoxic effect against HeLa, WiDr, MCF7 and T47D cells. Water extract of Spirulina
platensis had no cytotoxic activity on T47D and Vero cells. Water extracts of Spirulina
platensis increase MCF7 cell growth. Phycocyanin powder also stimulates MCF7 cell
growth. Ethanol extract of Ulva compressa Linn. exhibited potentially cytotoxic activity
against MCF7 and moderate cytotoxic against WiDR cells with IC50 values are 31.86 μg/
mL and 104.93 μg/mL, respectively. It can be concluded that extract of Spirulina platensis
has no potential to be developed for cancer therapy. Ulva compressa Linn has the
potential to be developed as an anti-cancer. Further research for study the mechanism of
anticancer of Ulva compressa Linn on MCF7 was needed.

1. Introduction
Cancer is still the main cause of death in the world.
In Indonesia, the prevalence of cancer showed an
increase from 1.4 per thousand population in 2013 to
1.79 per thousand population in 2018. The highest rate
was in the Yogyakarta with 4.86 per 1000 population,
followed by West Sumatra 2.47 79 per 1000 population
and Gorontalo 2.44 per 1000 population. The high cost
of chemotherapy, side effects and success treatment
encourage efforts to find alternative medicines/
treatments from natural ingredients for cancer. One effort
that can be taken is to explore the natural product, such
as algae. Spirulina platensis is one type of algae that has
received much attention because of the nutritional
component and source of bioactive for therapy
(Smiezeck et al., 2017).
The high nutritional content and therapeutic effects
of Spirulina lead the use of Spirulina as a food
supplement (Hosseini et al., 2013). Many studies
indicated that Spirulina contains high concentrations of
primary and secondary metabolites that are beneficial for
health. Spirulina contains protein (55-70% dry weight),
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fat, minerals, vitamins, pigments such as chlorophyll, Bcarotene, C-Phycocianin and allophycocyanin, omega 3
and omega 6 (Habib et al., 2008; Lordan et al., 2011).
Several studies indicated that Spirulina or its extract
could prevent or inhibit cancer growth (Hirahashi et al.,
2002; Subashini et al., 2004). Spirulina is also known to
have antibacterial activity and inhibits the replication of
the Herpes simplex virus and HIV (Ayehunie et al.,
1998; Ozdemir et al., 2004; El-Sheekh et al., 2014).
Spirulina platensis have antioxidant, anti-inflamatory
and immunomodulator activity (Bashandy et al., 2016;
Wu et al., 2016).

Ulva compressa is also known to have cytotoxic
activity against HeLa cells and Vero cells.
Dichloromethane extract of Ulva compressa has
cytotoxic activity against HeLa cells with IC50 values of
17.8 μg/mL and 28.1 μg/mL against Vero cells. The
methanol fraction has cytotoxic activity against HeLa
cells with an IC50 value of 45.5 µg/mL (Barreto et al.,
2012).
In this study, the cytotoxic activity of Spirulina
platensis extract and Ulva compressa extract on several
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cancer cell lines; Henrietta Lacks (HeLa), a human colon
carcinoma cell (WiDr), ahuman breast cancer cell line
(T47D) and Michigan Cancer Foundation-7 (MCF-7)
cells were determined. Cytotoxic activity of samples was
done using MTT assay.
2. Materials and methods
2.1 Sample materials
Spirulina platensis was produced by CV Neo Algae
Sukoharjo Jawa Tengah Indonesia. Ulva compressa
Linn. was obtained from Krakal Beach, Gunung Kidul,
Yogyakarta and the identification of the algae was
conducted by Abdul Razak Chasani S.Si., M.Si as a
biologist in Plant Systematics Laboratory of the Faculty
of Biology, Gadjah Mada University based on its
morphology. The voucher specimen number is No 0933/
S.Tb./XII/2016.
Phycocyanin powder obtained from
PT Pico Biru Tekno, Bandung, Indonesia.
2.2 Aqueous extraction
Dried Spirulina platensis were blend into fine
powder followed by extraction using sterile water
(Czerwonkaa et al., 2018). Fifty grams of dried Spirulina
platensis powder were suspended in 500 mL of sterile
water (Bratachem) and extracted on shaker incubator
(New Brunswick) for 24 hrs at room temperature (30°C).
Then, the supernatant was separated by centrifugation
(10 mins, 4000 x g, RT), filtered through Whitman
paper, and lyophilized using a Freeze Dryer (Christ,
Alpha 1-2 Ldplus). Dried water extract was stored at 4°
C. The stock solution (10 mg/mL) was prepared directly
before use by dissolving dried water extract in the cell
culture medium.
2.3 Non-agueous extraction
Five hundred grams of Spirulina platensis powder
were macerated in 5 L 96% ethanol and methanol for 3
days and occasionally stirred. Ulva compressa were
macerated in 96% ethanol. The maceration is filtered
through Whitman paper, then concentrated using rotary

Figure 1. Effect of ethanol extract of Spirulina platensis on
cancer cell lines.
eISSN: 2550-2166

evaporator (Heidolph) and water bath to obtain a thick
extract.

2.4 Cytotoxic test
HeLa, WiDr, MCF7, T47D and Vero cells were
obtained from Parasitology Laboratory, Faculty of
Medicine, Universitas Gadjah Mada, Indonesia. The 1.0
x 104 cells/well were seeded into 96-well plate and
incubated at 37°C, incubator (5% CO2) for 24 hrs. Cells
were treated with various concentration of Spirulina
platensis and Ulva compressa extract (31.25; 62.5; 125;
250; 500 µg/mL). The treated cells were incubated in an
incubator (5% CO2) for 24 hrs at 37oC. Cells were
washed with Phosphate Buffer Saline (PBS), then added
with 0.5 mg/mL MTT (3-(4,5-dimetylthiazol-2-yl)-2,5diphenyltetrazolium bromide), incubated for 4 hours at
37°C. Cells were added with regent stopper sodium
dodecyl sufate ((SDS) reagent (10%) in HCl 0.01 M),
incubated overnight at 28°C (Handayani et al., 2017).
2.5 Statistical analysis
The data obtained was used to calculate the
percentage of the viable cells using the following
equation:

Furthermore, to calculate the IC50, a linear regression
equation between the concentration of extract and
percent of viable cells was formulated (CCRC, 2009).
3. Results and discussion
Cytotoxic activity of Spirulina platensis extract on
HeLa, WiDr, MCF7 and T47 cells are shown in Figures
1 and 2. At the highest concentration tested (500 µgmL),
ethanol extract inhibited the growth of HeLa, WiDr,
MCF7 and T47D cells by 27.32%, 7.97%, 8.04% and
32.72%, respectively (Table 1). At the highest
concentration tested (500 µg/mL), methanol extract did
not show any inhibition of HeLa and WiDr cells. In

Figure 2. Effect of methanol extract of Spirulina platensis on
cancer cells line.
© 2020 The Authors. Published by Rynnye Lyan Resources
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T47D
84.232±1.997
80.655±0.576
72.116±0.427
69.837±2.038
67.280±6.727

Table 2. Effect of methanol extract of Spirulina platensis on cancer cell lines.
% Cell viability (X±SD)
Concentration (µg/mL)
HeLa
WiDr
MCF7
31.25
81.901±2.417
94.27±0.41
117.522±9.56
62.5
82.132±6.140
101.06±1.65
103.301±17.79
125
91.668±6.235
95.21±1.38
96.598±15.46
250
104.049±7.393
100.11±4.75
96.160±4.27
500
105.664±5.183
104.98±5.39
93.779±5.65

T47D
84.174±2.068
85.588±3.568
79.414±1.164
69.828±2.200
54.405±8.961

MCF7 cells were only able to inhibit growth by 6.33%,
while in T47D cells were able to inhibit by 45.6% (Table
2). From the data obtained, the IC50 value could not be
calculated. The results of the Spirulina platensis ethanol
extract are in line with previous research which indicated
that the ethanol extract of Spirulina platensis has low
cytotoxic activity on MDA-MB-231 breast cancer cells
with an IC50 value of 700.28 μg/mL (Mekjaruskul et al.,
2016).
The water extract was tested against T47D, MCF7
breast cancer cells and Vero cells. Results showed that
the water extract also did not have cytotoxic activity. In
this study, we found an interesting phenomenon. It was
seen in MCF7 cells treated with water extracts.
Increasing concentration of the water extract causes an
increase in the percentage of living cells (Figure 3).
MCF7 cells are cells that have estrogen receptors. From
these results, we suspected that the water extract of
Spirulina platensis was estrogenic material, then it would
induce the growth of MCF7 cancer cells. These results
were different from previous studies conducted on a
commercial product water extract in China on A459 lung
cancer cells. The results of the study mentioned that
Spirulina water extract significantly decreased the

Figure 3. Effect of water extract of Spirulina platensis on
WiDr and MCF7.
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percentage of living cells and proliferation of lung cancer
cells A459 by the mechanism of cell cycle inhibition in
the G1 phase and induction of apoptosis (Czerwonka et
al., 2018). Other research indicated that Spirulina
platensis filtrate which prepare using media for cell
exhibited cytotoxic activity in Caco-2 colon cancer cells
(Smieszek et al., 2016)
In this study, we also tested the phycocyanin powder
produced by PT Pico Biru Tekno. Phycocyanin is known
as an active compound from Spiruliana that has
antitumor activity (Li et al., 2015), antioxidant activity
(Patel et al., 2006) and induces apoptosis (Gantar et al.,
2012). This phycocyanin was tested for its cytotoxic
activity against MCF7 cells. The result showed that
phycocyanin powder did not have cytotoxic activity
against MCF7 cells, but instead stimulated the growth of
MCF7 cells (Figure 4). This result is the same as the
effect of Spirulina platensis water extract on MCF7
cells.
We also determine the cytotoxic effect of Ulva
compressa Linn. Results showed that the ethanol extract
of Ulva compressa Linn has potentially cytotoxic
activity against MCF7 with IC50 of 31.86 µg/mL and

Figure 4. Effect of Phycocyanin on MCF7 cells.
© 2020 The Authors. Published by Rynnye Lyan Resources
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Table 1. Effect of ethanol extract of Spirulina platensis on cancer cell lines.
% Cell viability (X±SD)
Concentration (µg/mL)
HeLa
WiDr
MCF7
31.25
111.547±3.907
99.20±5.67
114.014±2.89
62.5
98.627±17.898
97.81±2.94
103.990±1.13
125
94.859±3.356
95.63±3.54
96.912±6.24
250
82.978±5.018
93.68±0.76
94.907±11.57
500
72.673±1.384
92.03±6.31
91.963±2.50
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Table 3. Effect of ethanol extract of Ulva compressa Linn. on WiDr and MCF7 cells
% Viability ± SD
IC50 (µg/mL)
Concentration (µg/mL)
MCF7
WiDr
MCF7
WiDr
250
9.00±0.28
8.78±1.69
31.86
104.93
125
22.88±2.13
57.74±1.59
62.5
31.25

40.20±1.39
56.35±3.33

78.38±6.85
93.33±5.65

moderate cytotoxic activity against WiDr cells with IC50
value of 104.93 µg/mL, Figure 5 and Table 3). The
cytotoxic categories were based on Prayong et al. (2007).
Treatment using ethanol extracts cause morphological
changes in MCF7 cells and WiDr. Figure 1 shows that
the MCF7 cells before treated were oval shaped and
looked transparent while cells, after treated with extracts,
were seen to have changes in cell shape and darkness
(Figure 6).

which have the same genus with Ulva compressa, Ulva
fasciata Linn, contained phenol derivatives (Wikanta et
al., 2012), sesquiterpen (Lee et al., 2013) and
carotenoids which have anti-cancer activity (Baz et al.,
2014). The algae also exhibited antioxidant and antiinflammatory activity (Wikanta et al., 2012; Lee et al.,
2013; Baz et al., 2014). Research shows that hexane
fraction of green algae has cytotoxic activity against
T47D cells with IC50 values of 28.7 ppm and against
HeLa cells of 25.6 ppm (Marraskuranto et al., 2008).
The ethyl acetate fraction Ulva fasciata is able to induce
apoptosis in CaSki and MCF7 cells (Wikanta et al.,
2012). The ethanol extract of Ulva fasciata was able to
induce apoptosis of colon cancer cells in HCT 116 by
50% at a concentration of 200 µg/mL, through a
mechanism of decreased expression of Bcl-2, changes in
mitochondrial permeability and activation of caspase-9
and caspase-3 (Ryu et al., 2013).
4. Conclusion

Figure 5. Effect of ethanol extract of Ulva compressa Linn. on
WiDr and MCF7 cells

Spirulina platensis produced by CV Neo Algae has
no potential to be developed for cancer therapy. The use
of food supplements containing Spirulina platensis
produced by CV Neo Algae in breast cancer patients is
not recommended because it can induce the growth of
cancer cells. Ulva compressa has the potential cytotoxic
activity against MCF7 with IC50 of 31.86 µg/mL and
moderate cytotoxic activity against WiDr cells with IC50
value of 104.93 µg/mL. Further research for study the
mechanism of anticancer of Ulva compressa Linn on
MCF7 was needed.
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Figure 6. Morphology of MCF7 and WiDr cell before and
after treatment at 250 μg/mL of Ulva compressa Linn extract.
MCF7 cells before being treated (A) were oval shaped and
looked transparent while cells after treated (B) with extracts
were seen to have changes in cell shape and darkness. WiDr
cells before being treated (C) were round and clear while after
the ethanol extract treatment (D), the cells were irregular in
shape and dark in color.

Previous research showed that other green algae
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