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  Abstract : Arthrospira platensis has been reported to contain a variety of substances such as 
phycocyanin, β-carotene, vitamin E and other carotenoids. In this study, zebrafish were treated with 
indoor cultivation spirulina ethanol extracts(ICAE) to determine toxicity(coagulation rate, hatching 
rate, heart rate). We used the DCFH-DA staining method to detect the effect of reactive oxygen 
species(ROS) generation on lipopolysaccharide(LPS)-induced zebrafish embryos ROS various 
concentrations(0.01, 0.05, 0.1, 0.5mg/ml) of ICAE. Cell toxicity was measured by WST-1 assay on 
RAW 264.7 macrophage cell line. Also, measured the inhibitory effect of nitric oxide(NO) and 
prostaglandin E₂(PGE₂) production in RAW264.7 macrophages induced by LPS at various 
concentrations of ICAE. The results of embryo coagulation rate, hatching rate, heart rate of zebrafish 
at various(0.01, 0.05, 0.1mg/ml) of ICAE was no toxicity. The ICAE treated group had an inhibitory 
effect on NO and PGE₂ production compared and decreased with concentration. The results of this 
study ethanol extract of Arthrospira platensis has an anti-inflammatory effect and suggest that is 
worthy of use cosmetics for skin protection.

Keywords : Arthrospira platensis, zebrafish, anti-inflammation, toxicity, DCFH-DA, reactive oxygen 
species, nitric oxide, prostaglandin E₂

1. INTRODUCTION

  Recently, as people have an interest in 
skincare has increased, research on skincare 
materials focusing on existing anti- 
inflammatory mechanisms has diversified. Skin 
is an organ that has barrier function to 
prevent infiltration of external infectious 
substances including various pathogens that    
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keep moisture in the epidermis, dermis and 
subcutaneous tissue[1]. The skin also has a 
chemical barrier function and is maintained by 
antibacterial peptides in the stratum 
corneum[2]. Antimicrobial peptides secreted 
from the skin perform a primary defense 
function, increased by infection or 
inflammatory reactions[3,4]. The exogenous 
factor that affects the skin most is the 
infiltration of infectious agents.
  Inflammation is a complex biological 
response of harmful stimuli, such as pathogens 
and  irritants.  When  inflammatory  reactions
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occur, cause pain, heat, itching, swelling, and 
redness, etc symptoms[5]. Aslo, inflammation is 
a protective response to skin damage caused 
by external invasion or tissue infection. 
However, if this reaction occurs excessively, it 
damages normal tissues and causes 
inflammatory diseases[6]. When inflammatory 
reactions occur, the stimulation of 
lipopolysaccharide(LPS) produces inflammatory 
mediator such as nitric oxide(NO) and 
prostaglandin E₂(PGE₂) inflammatory factors 
are produced by the expression of inducible 
nitric oxide synthase(iNOS) and 
cyclooxygenase-2(COX-2)[7,8].
  Arthrospira platensis is one of the oldest 
algae on Earth and is used as a functional 
food for humans such as chlorophyll in fresh 
water[9,10]. Arthrospira platensis consists of 
60-70% protein, 6-9% lipid, 15-20% 
carbohydrate, various vitamin, mineral and 
fiber content[11]. The physiological activity of 
Arthrospira platensis has been reported to 
improve anti-inflammatory effect[12], 
anti-allergic substances that inhibit histamine 
and TNF-α secretion[13], immunomodulatory 
effects[14]. It has also been reported to have a 
positive effect on skin elasticity, pigmentation 
and fine wrinkle improvement when used as a 
newly developed material in cosmetics[15].
  The purpose of this study was to investigate 
the anti-inflammatory effects of ethanol 
extracts of Arthrospira platensis and to 
evaluate the possibility of using an alternative 
animal zebrafish model for natural functional 
cosmetic raw materials.

2. MATERIALS AND METHODS

2.1. Materials

  Lipopolysaccharide(LPS), WST-1(Water 
soluble tetrazolium salt-1) assay kit, 
2‘,7’-dichlorofluorescein diacetate(DCFH-DA), 
Griess reagent were purchased from 
Sigma-Aldrich(St. Louis, MO, USA). Sea salt 
water was purchased from Genomic-Design 

(Bioengineering Company, Deajeon, Korea). 
Dulbecco’s modified Eagle's medium (DMEM), 
Phosphate-buffered saline(PBS), 10% fetal 
bovine serum (FBS), 1% penicillin-streptomycin, 
and trypsin-ethylenediaminetetraacetic acid 
were purchased from Gibco(Grand Island, NY, 
USA). PGE₂ assay kit was purchased from 
Amersham pharmacia (Biotech Co., USA).

2.2. Extraction method

  Arthrospira platensis was cultured in a 20L 
transparent water tank using an LED lamp. 
Washed with purified water, dried at 40℃ for 
24 hours, pulverized using a pulverizer having 
an opening diameter of 100μm, and 
lyophilized. 95% ethanol (Estrad, Korea) was 
added and the mixture was extracted by 
stirring at room temperature for 24 hours. The 
extract was filtered through a vacuum filter 
and concentrated under reduced pressure 
(EYELA N-1110, EYELA, Korea). 

2.3. Zebrafish maintenance

  Adult zebrafish were obtained 8 fish were 
kept in a 3L recirculating tank system using 
local tap water(pH 7.2~7.6). Zebrafish were 
maintained at 28.5℃ with a 14h light : 10h 
dark cycle and fed 3 times a day with live 
Artemia. The embryos were collected from 
natural spawning within 30min, induced in the 
morning by turning on the light. Embryos 
were maintained at a density of 50~70 
embryos per in a Petri dish containing media 
as previously reported. 

2.4. Toxicity measurement of ICAE in 

     zebrafish embryo and larvae

  6hpf(hour-post-fertilization) zebrafish 
embryos were seeded at 10 embryos/well in 
24-well plate and treated with various 
concentrations(0.01, 0.05, 0.1, 0.5, 1mg/ml) of 
ICAE for 72h. Coagulation rate and hatching 
rate were measured by zebrafish embryos 
toxicity. 3dpf(day-post-fertilization) zebrafish 
larvae were seeded at 5 larvae/well in 24-well 
plate and treated with various concentrations 
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(0.01, 0.05, 0.1, 0.5, 1mg/ml) of ICAE for 
90min. After incubation, the heartbeat of 
zebrafish larvae after treated ICAE. Heart rate 
was measured by zebrafish larvae toxicity. 
  
2.5. Measurement of LPS-induced ROS 

     production in zebrafish

  6h post-fertilization(6hpf) embryos were 
transferred into 24-well plate and treated with 
various concentration(0.01, 0.05, 0.1, 
0.5mg/ml) of ICAE. Then the embryos were 
stimulated with LPS(10µg/ml) and incubated 
for 3dpf. After incubation, 3dpf zebrafish 
larvae were treated with DCFH-DA(20µg/ml) 
and for 1h at the incubator. 1h later, the 
larvae were rinsed in embryo medium(sea salt 
water) before visualization. Stained larvae were 
observed with a fluorescence microscope 
(AM4115T-GFBW, Dino-Lite, Taipei) and 
determined by Image J(Image J 1.51j8, Wayne 
Rasband NIH, USA) program[16,17]. 
  
2.6. Cell culture

  Murine RAW 264.7 macrophages were 
obtained from the Korean Cell Line 
Bank(Seoul, Korea). RAW 264.7 macrophages 
were cultured at DMEM supplemented with 
10% FBS, 1% penicillin-streptomycin in 5% 
CO2 37℃ incubator(MCL-20A, BioBiz, 
Korea).

2.7. Cell viability assay

  Cell toxicity was measured by WST-1 assay 
kit(DOJEN Bio, Korea) on RAW 264.7 
macrophages cell line. Cells were seeded in 
96-well plates at a density of 1×104cells/ml. 
After 24h, the cells were treated with various 
concentration(0.01, 0.05, 0.1, 0.5, 1mg/ml) of 
ICAE for 24h at 37℃. After incubation, the 
WST-1 solution was added to each well and 
incubated for 50min at 37℃. The optical 
density was then read at 450nm using a 
microplate reader to determine the cell 
viability. 

2.8. Measurement of NO production in 

     RAW 264.7 macrophages

  To determine the inhibitory properties of 
ICAE on LPS-induced NO production in 
RAW 264.7 cells. Cells were seeded in 96-well 
plates at a density of 1×10⁴cells/ml for 24h. 
After 24h at 37℃, the cells were stimulated 
with LPS(10µg/ml) for 1h and then pretreated 
with the indicated concentrations(0.01, 0.05, 
0.1, 0.5, 1mg/ml) of ICAE for 18h at 37℃ 
5% CO₂ incubator. After incubation, the 
levels of NO in the culture supernatants were 
loaded in a new 96-well plate and determined 
by Griess reagent(modified) assay[17]. Griess 
reagent assay was added to each well and 
incubated for 30min at 37℃. The optical 
density was then read at 540nm using a 
microplate reader to the measurement of NO 
production in RAW 264.7 macrophages[17].

2.9. Measurement of PGE2 production in 

     RAW 264.7 macrophages

  To determine the inhibitory properties of 
ICAE on LPS-induced PGE₂ production in 
RAW 264.7 cells by PGE₂ assay kit. Cells 
were seeded in 96-well plates at a density of 
1×10⁴cells/ml for 24h. After 24h at 37℃, 
the cells were stimulated with LPS(10µg/ml) 
for 1h and then pretreated with the indicated 
concentrations(0.01, 0.05, 0.1, 0.5, 1mg/ml) of 
ICAE for 18h at 37℃, 5% CO₂ incubator. 
After incubation, the levels of PGE₂ in the 
culture supernatants were seeded in a new 
96-well plate and determined by primary 
antibody solution PGE₂ conjugate was added 
to each well and incubated for 12h at 4℃. 
After washing 4 times with Washing buffer, 
substrate solution was added and reacted for 
20 minutes. After the reaction, the stop 
solution was added and the absorbance was 
measured at 450nm using a microplate reader 
to the measurement of PGE₂ production in 
RAW 264.7 macrophages[18]. 
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2.10. Statistical analysis

  All data are presented as the mean ± 
standard deviation(SD) of at least three 
replicates. Significant differences among the 
groups were determined by using the unpaired 
Student's t-test. A value of p < 0.05 was 
considered statistically significant.

3. RESULTS AND DISCUSSION

3.1. Toxicity of ICAE in zebrafish

  Zebrafish embryo treated with ICAE to 
determine the toxicity of the coagulation rate 
and hatching rate. The investigated results of 
embryo coagulation rate at various 
concentration(0.01, 0.05, 0.1, 0.5mg/ml) of 
ICAE was 0%. After incubation of the 
embryos for 24h and 48h, the toxicity of 
ICAE was showed at a concentration of 
1mg/ml(Fig. 1A). Zebrafish embryo hatching 
rate of 0.01, 0.05, 0.1mg/ml of ICAE was 
100%. After incubation for 48h, the hatching 
rate of the embryos at 1mg/ml concentration 
of ICAE was 0%(Fig. 1B). Zebrafish larvae 
were treated with ICAE to determine the heart 
rate toxicity. The heart rate of zebrafish larvae 
was 132.67, 127.33, 123.8times/1min at 0.01, 
0.05, 0.1mg/ml of ICAE. There was little 
difference and no toxicity compared with the 
control group(135.07times/1min). Partial 
toxicity at concentration 1mg/ml of ICAE was 
observed in zebrafish larvae(Fig. 1C). In 
Geffroy and Simon's studies, zebrafish egg 
production was lower, but the survival rate 
higher and no toxicity in the group fed 
Spirulina platensis[19]. This study also showed 
that no toxicity at a concentration lower than 
1mg/ml of ICAE was observed in zebrafish. 
Therefore, it is considered that ICAE does not 
significantly affect the coagulation rate, 
hatching rate, and heart rate at concentrations 
lower than 0.5mg/ml. This is a possibility that 
skin safety is considered to be excellent for 
cosmetic development.

A.

B.

C. 

Fig. 1. Coagulation rate(A), Hatching rate(B) 
and Heart rate(C) were measured by 
zebrafish toxicity. embryos were 
seeded at 24-well plate and in order 
to measure with various concentrations 
of ICAE toxicity. The coagulation 
rate, hatching rate and heart rate of 
individual zebrafish were quantified, 
and  values represent the means ± 
SD of three independent experiments 
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Fig. 2. Intra zebrafish embryo anti-inflammatory activity of ICAE under various cultivation. Intra 
zebrafish embryo ROS levels generated by LPS induction was detected using a fluorometer 
microscope after staining with DCFH-DA(A and B). The fluorescence intensities of ROS 
levels in individual zebrafish were quantified, and values represent the means ± SD of 

three independent experiments performed in duplicate. ** : p < 0.01. 

performed in duplicate. * : p < 0.05, 
** : p < 0.01. 

3.2. ROS production in LPS-induced 

     zebrafish

  To investigate the protective effects of ICAE 
against LPS-induced ROS generation, 
DCFH-DA staining in zebrafish was 
visualized(Fig. 2). DCFH-DA crosses the cell 
membrane and forms DCFH in the cells. In 
the presence of ROS, DCF to generate 
fluorescence[20]. ICAE increased fluorescence 
intensity in a dose-dependent manner 
compared to negative control but decreased 
fluorescence intensity in a dose-dependent 
manner compared to LPS-induced positive 
control(Fig. 2A). The level of ROS was 
571.37% in LPS-induced zebrafish compared 

to normal control zebrafish. The amount of 
ROS in zebrafish treated with ICAE after LPS 
induction was 284.77% at a concentration of 
0.5mg/ml(Fig. 2B). In Hironobu Watanuki's 
studies has shown the anti-inflammatory 
effects of Spirulina platensis in Cyprinus 
carpio[21]. This study showed that Spirulina 
platensis in the zebrafish inflammatory reaction 
ROS production. Therefore, it was confirmed 
that as the concentration of ICAE increases, 
the amount of ROS produced decreases and 
an anti-inflammatory effect is obtained.

3.3 Cell viability 

  RAW 264.7 cells were treated with 0.01, 
0.05, 0.1, 0.5, and 1mg/ml of each sample, 
and cell viability was confirmed using WST-1 
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assay after 24 hours. In this study, the cell 
viability of ICAE were over 85% up at a 
concentration of 0.01mg/ml and 0.05mg/ml in 
RAW 264.7 cells. The cell viability of ICAE in 
RAW 264.7 cells was 68.01% at the 
concentration of 0.1mg/ml(Fig. 3). As a result, 
the cell viability was decreased as the 
concentration of ICAE increased. Hye-Jin 
Jang's studies confirmed the results of the 
RAW 264.7 cell viability rate of 85% or 
higher up to a concentration of 50 ㎍/mL of 
spirulina distilled water extract[14]. This study 
also showed that RAW 264.7 cell viability was 
maintained above 85% at the same 
concentration of the Arthrospira platensis 
ethanol extract. So it was concluded that 
ICAE did not significantly affect cell viability 
at concentrations lower than 0.05mg/ml.

Fig. 3. Cell viability was measured by a 
water-soluble tetrazolium salt-1 assay. 
RAW 264.7 macrophages cell were 
seeded at 96-well plates and treated 
with different concentration for 24h. 
The cell viability of RAW 264.7 
macrophages cells were quantified and 
values represent the means ± SD of 
three independent experiments 
performed in duplicate. ** : p < 0.01. 

3.4. NO production in RAW 264.7 

     macrophages

  To confirm the protective effects of ICAE 
against LPS-induced NO production in the 
RAW 264.7 macrophages Griess reagent assay. 

The result of ICAE at various 
concentration(0.01, 0.05, 0.1mg/ml) decreased 
NO production compared to the control group 
only treated with LPS. The level of NO 
production was 0.147 in LPS-induced RAW 
264.7 cells compared to control RAW 264.7 
cells. The amount of NO production in RAW 
264.7 cells treated with ICAE after LPS 
induction was 0.078 at a concentration of 
0.05mg/ml(Fig. 4). LPS-induced NO 
production is increased because of low cell 
viability of ICAE at 0.1mg/ml in RAW 264.7 
cells(Fig. 4). It's toxic at high concentrations 
of ICAE ethanol extract, NO production 
increase was confirmed. In Hyo Jin Kim's 
studies confirmed the results of the RAW 
264.7 cell suppressing NO production a 
concentration of 100 ㎍/mL of Spirulina 
Fermentation extract[22]. This study also 
showed the RAW 264.7 cells suppressing NO 
production at the same concentration the 
Arthrospira platensis ethanol extract. At low 
concentrations of ICAE ethanol extract, the 
effect of suppressing NO production was 
confirmed and showed anti-inflammatory 
activity of ICAE.

Fig. 4. Protective effect of ICAE against LPS- 
induced NO production in the RAW 
264.7 macrophages by Griess reagent 
assay. The NO production in the 
RAW 264.7 cell was quantified, and 
values represent the means ± SD of 
three independent experiments 
performed in duplicate. ** : p < 0.01. 
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3.5. PGE₂reduction effect of ICAE

  ICAE confirmed the inhibitory effect of 
LPS-induced PGE₂ production in RAW 264.7 
macrophages by PGE₂ assay kit. The result of 
ICAE at various concentration(0.01, 0.05, 
0.1mg/ml) decreased PGE₂ production in a 
manner compared to the positive control group 
only treated with LPS. The level of PGE₂ 
production was 377.61pg/ml in LPS-induced 
RAW 264.7 cells compared to control RAW 
264.7 cells. The amount of PGE₂ production 
in RAW 264.7 cells treated with ICAE after 
LPS induction was 211.94pg/ml at a 
concentration of 0.05mg/ml(Fig. 5). In Mi 
Jeong Kim's studies, the results expression of 
iNOS and COX-2 at RAW 264.7 cell 
inflammatory reaction[23]. This study showed 
that in the RAW 264.7 cell inflammatory 
reaction PGE₂ production. As a result, it was 
possible to inhibit the production of NO and 
PGE₂ by LPS and show anti-inflammatory 
activity of ICAE. Confirmed the high possibility 
developed as a new cosmetic material.

Fig. 5. ICAE confirmed the inhibitory effect of 
LPS-induced PGE₂ production in 
RAW 264.7 macrophages by PGE₂ 
assay kit. The PGE₂ production in the 
RAW 264.7 cell was quantified, and 
values represent the means ± SD of 
three independent experiments 
performed in duplicate. ** : p < 0.01 

4. CONCLUSION

  In this study, the toxicity assessment of 
microalgae Arthrospira platensis ethanol extract 
and the efficacy of preventing anti- 
inflammatory with cell damage caused by LPS 
was studied to confirm the results. 
  This study was conducted to determine the 
toxicity of zebrafish models, RAW 264.7 cells 
using Arthrospira platensis ethanol extracts. 
Arthrospira platensis ethanol extracts are not 
toxic at concentrations of 0.01, 0.05, 0.1, 
0.5mg/ml in the zebrafish models by 
coagulation rate, hatching rate, and heart rate 
experiment. The ethanol extract of Arthrospira 
platensis is less toxic at concentrations of 0.01 
and 0.05mg/ml in RAW 264.7 cells.
  In addition, the anti-inflammatory activity 
of Arthrospira platensis ethanol extract was 
investigated through inflammatory responses in 
LPS-induced zebrafish models and RAW 264.7 
cells. In LPS-induced zebrafish, ROS 
production of Arthrospira platensis ethanol 
extract at various concentrations(0.01, 0.05, 
0.1, 0.5mg/ml) was reduced than the control 
group. The amount of ROS production by 
LPS was inhibition dependent on the extract 
concentration. In RAW 264.7 cells, the 
Arthrospira platensis ethanol extract was less 
toxic at a concentration of 0.01, 0.05, 
0.1mg/ml, and the amount of NO and PGE₂ 
induced by LPS were inhibition dependent on 
the extract concentration. 
  Therefore, this study shows that ethanol 
extract of Arthrospira platensis is considered to 
be excellent for cosmetic development. 
Anti-inflammatory effect is worthy to use as 
cosmetic raw material for skin protection.
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