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INTRODUCTION 

Astaxanthin (ASX), recently, has been acknowledged as 

one of the most effective antioxidants. Utilizing the two 

polar groups at both ends and the non-polar center in the 

structure, ASX easily attaches to the cell or organelle 

membrane. Hence, ASX is able to protect cells from the 

react with both exogenous and endogenous oxidative 

radicals. Currently, ASX was consumed orally as a form 

of nutrient, however, its application on cosmetic field has 

been neglected.
[1,2]

 For skin rejuvenation and protection 

against harmful environmental factors, ASX is 

commonly absorbed through oral route. Skin is largest 

organ, which main function is preventing the damage 

from environemtal agents, such as dust and bacteria. One 

of the most skin-damaging element is ultraviolet light 

(UV) emitted from the Sun. Depends on the wavelength, 

UV can be subdivied into three subtypes: UVA (320-400 

nm), UVB (280-320 nm), and UVC (200-280 nm).
[3]

 The 

skin damaged by UV produces ROS within its cell, thus 

destroying many dermal major molecules, such as 

collagen and elastin. These modification leads to the 

senescence or apoptosis inducing in the main skin cells 

like fibroblast and epithelium.
[3-5]

 Hence, UV ray 

contacted skin becomes dark and dry, possesses cracks. 

ASX and other antioxidants have been applied to protect 

skin from UV light.
[6,7]

 In this research, ASX was used to 

protect fibroblast against the effect of H2O2, which is a 

strong oxygen species. Aftermath, we aimed to assess the 

protective ability of ASX product in topical skincare 

product. 

 

MATERIALS AND METHODS 

Extraction of astaxanthin 

Astaxanthin was extracted according to Sarada (2006) 

with some modifications.
[8]

 Astaxanthin-contained 

Haematococcus pluvialis was freeze-drying and stored in 

-20
o
C before use. Freeze-dried algae were unfreezed, 

treated by HCl 2M for 2 min, ground into powder. The 

ground agal biomass was mixed with the Sacha Inchi oil, 

the mixture was kept heating and stirred for 60 min. The 

suspension was centrifuged by 3,000 rpm for 10 min to 

obtain supernatant. These steps were repeated until algal 

biomass turned white. ASX concentration was evaluated 

by HPLC.
[9]

 

 

In vitro cytotoxicity assay 

Fibroblast cell was cultured from human skin (hF). hFs 

were seeded on 96-well plate at the density of 5×10
3
 

cells/well. After 24 hours, the medium was replaced by 

new medium contained ASX extracted from the algae 
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ABSTRACT 

Astaxanthin (ASX) is one of the powerful antioxidants, which has been highly effective against oxidative species. 

However, the use of this natural pigment in topical skincare products in the protection of skin from oxidative stress 

has yet to understand thoroughly. This study concerns the assessment of ASX on protecting human dermal 

fibroblast (hF) against H2O2. ASX was extracted from Haematococcus pluvialis using Sacha Inchi oil (eASX) and 

concentration determined by HPLC was 240.6 ± 21.11 µg/ml. hF was pre-treated with eASX (0.1 and 0.5 µg/ml) 

or commercial astaxanthin (comASX) for 24 hours before being senescence induced by incubating with 175 µM 

H2O2 for 90 minutes. In comparison to the control group, ASX groups showed the smaller cell nucleus area and 

lower senescence β-galactosidase (SA b-gal) expression. The cell nucleus area of hF in control group, eASX 

groups with the concentration of 0.1 and 0.5 µg/ml and comASX group were 305.5 ± 29.5µm², 281.8 ± 31.2 µm, 

276.5 ± 38.1 µm² and 270.6 ± 26.9 µm², respectively. The percentage of SA b-gal-expressed hF in these groups 

was 58.9 ± 3.5%, 31.6 ± 4.6%, 29.4 ± 2.1% and 28.2 ± 3.9%, respectively. In conclusion, eASX has been shown 

to have the protection effective on hF against the senescence effect of H2O2. 
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(eASX) (0, 0.1, 0.5 µg/ml) or commercial astaxanthin 

(comASX) (5 wells/group). After 1 day, cytotoxicity was 

evaluated by WST-1 assay.
[10]

 

 

In vitro evaluation of protective ability of ASX against 

H2O2-induced oxidative stress 

H2O2-induced oxidative stress in fibroblast was 

performed according to Yokoyama (2013) with some 

modifications.
[11]

 hFs were seeded on 96-wells plate at 

the density of 10×10
3
 cells/well. After 1 day, cells were 

pretreated with eASX (0, 0.1, 0.5 μg/ml) or comASX 

(0.5 μg/ml) for 1 day. Next day, these cells were 

challenged by 175 µM H2O2 dissolved in DMEM/F12 

5% FBS for 90 minutes. Then, the medium was changed 

by culture medium (DMEM/F12 10% FBS). After 4 

days, cell viability, morphology, nucleus area and 

senescence-associated b-galactosidase (SA b-gal) 

expression were determined by cell counting, Giemsa 

stain and senescence staining kit.  

 

RESULTS 

Astaxanthin extraction in plant solvent result 

After suspending H. pluvialis with Sacha Inchi oil, the 

solution became dark red, the biomass lost its color and 

turned transparent (Figure 1). Based on HPLC method, 

the concentration of ASX (eASX) in Sacha Inchi was 

240.6 ± 21.1 μg/ml (n=5) and ratio of free ASX was 

4.2%.  

 

 
Fig 1: Astaxanthin from H. pluvialis. A: ASX-induced algae. B: HPLC of astaxanthin solvent before 

saponification. C: after saponification. 

 

Result of cytotoxicity test in vitro 

hF cells were seeded on the wells and cultured in the 

medium contained eASX (0.1, 0.5 µg/ml) or comASX 

(0.5 µg/ml) or control medium (0 µg/ml) (n=3). After 1 

day, cell viability was determined by WST-1 assay. After 

1 day, hFs maintained their morphology with only a few 

rounded and detached cells (Figure 2). The result of 

WST-1 assay showed that OD value in eASX and com. 

ASX was as high as control (Table 1). 

   

 
Fig 2: Fibroblast cells after 1 day treatment with ASX. 
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The obtained results displayed that eASX with 

concentration from 0.1 - 0.5 µg/ml was non-toxic to 

fibroblasts. Therefore, ASX concentration of 0.1 µg/ml 

and 0.5 µg/ml was used in later experiments. 

 

Table 1: OD value from WST-1 assay. 

ASX concentration 0 µg/ml (control) 0.1 µg/ml (eASX) 0.5 µg/ml (eASX) 
0.5 µg/ml 

(com. ASX) 

OD value 0.35 ± 0.03 0.37 ± 0.02 0.38 ± 0.05 0.33 ± 0.03 

 

 
Fig 3: The column graph express OD value in cytotoxicity test. 

 

Result of in vitro evaluation of protection activity of 

ASX 

hF was pre-treated with ASX 0.1 – 0.5 µg/ml 1 day 

before being challenged with H2O2 175 µM for 90 min. 

In this experiment, cells were cultured in 5 groups: 

normal group (culture medium), H2O2 group (treated 

with H2O2), extracted ASX groups (pretreated with 

eASX 0.1 or 0.5 µg/ml and treated by H2O2) and 

commercial group (pretreated with comASX 0.5 µg/ml 

and treated by H2O2).  

 

Viability test showed that H2O2 induced cell death. After 

treatment, a lot of cells detached and suspened in 

medium. For the next 4 days, up to 50% of cells lost. 

Moreover, flat cells with large nucleus appeared and 

predominated in flasks (Figure 4, 5 and Table 3). In ASX 

groups (eASX and com.), cell viability was higher than 

H2O2 group, there were fewer large cells (about 28-32%). 

This result implied ASX could increase cell viability. 

 

Survial cells in these groups were stained with β-

galactosidase staining kit, which was used to detect β-

galactosidase in senescence cell. The results showed that 

cells in H2O2 group expressed more SA-b-gal than other 

groups. In ASX groups, the ratio of SA-b-gal expressed 

cells decreased (statistically different).  

 

Based on these results, we concluded that ASX protected 

fibroblast cells from oxidative stress of H2O2: cell 

viability was higher, less change in morphology and low 

SA-b-gal expression. 

 

 
Fig 4: Cell number in wells 4 days after treatment. 
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Fig 5: Giemsa stain of fibroblast cells 4 days after treatment. A: normal cells, B: H2O2 group, C: eASX 0.1 

µg/ml, D: eASX 0.5 µg/ml, E: comASX 0.5 µg/ml. 

 

Table 3: The result of nucleus area and ratio of SA b-gal-positive cells. 

Astaxanthin concentration 
Cell nucleus 

median (µm²) 

β-galactosidase 

expression 

Normal 255.0 ± 16.8 3.1 ± 0.5% 

H2O2 treatment 305.5 ± 29.5 58.9 ± 3.5% 

eASX 0.1 µg/ml 281.8 ± 31.2 31.6 ± 4.6% 

eASX 0.5 µg/ml 276.5 ± 38.1 29.4 ± 2.1% 

comASX 0.5 µg/ml 270.6 ± 26.9 28.2 ± 3.9% 

 

E 
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Fig 6: Results of SA-b-gal stain. A: normal cells, B: H2O2 group, C: eASX 0.1 µg/ml, D: eASX 0.5 µg/ml, E: 

comASX 0.5 µg/ml. 

 

DISCUSSIONS AND CONCLUSIONS 

ASX is one of the most effective antioxidants recently. 

The presence of two polar groups at both ends and the 

non-polar center, ASX easily attaches to the cell or 

organelle membrane such as mitochondrial, nucleus 

membrane.
[12]

 Thus, ASX protects cells from the impact 

of oxidative radicals created inside or outside of the cell. 

Currently, ASX was employed as many forms of 

nutrient, research focus on cosmetic application has been 

neglected.
[1,2]

 In this research, ASX was extracted in the 

plant oil solvent as it would be applied to be a 

component of skin-applied cosmetic. Sacha Inchi oil 

contains various factors, such as vitamin E (8.99 ± 0.16 

mg/100g), a-linolenic (50,8%) and linoleic (33,4%) 

acids, which make it suitable for skin moisturing.
[13,14]

 

Since the aim of the product is skin-applied, biological 

aspects, including effects of ASX on fibroblast and the 

protection ability of ASX against harmful elements like 

oxidative radicals (in vitro), need to be detemined. In 

Haematococcus pluvialis, ASX exists on free (5%), 

monoester (70%) and diester (25%) form.
[15]

 Today, the 

price of ASX is still considered high (1000 – 2000 

USD/kg). One of the major causes is the cost of de-

esterification process, which de-esterifies ester form and 

produces free astaxanthin. In order to reduce the 

production cost, in this research, astanxanthin was used 

in crude form and its acitivity was compared to 

commercial free ASX (Sigma). Results of extraction and 

de-esterification showed solvent contained ASX in both 

form: free and ester and free ASX accounted for 4.2% of 

total ASX. This solution was used for later experiments.  

 

Fibroblast is the main cell of dermis of skin. In the 

dermis layer, fibroblasts proliferate and synthesize 

proteins like collagen and elastin to maintain the function 

and mechanic property of skin. When a wound appears, 

the surrounding fibroblasts migrate to the section, 

proliferate and construct a new skin region.
[16]

 The sun 

UV-light is one of the most harmful environmental 

factors. When being exposed to UV, skin produces ROS, 

which destroys protein like collagen and elastin, and 

fibroblast.
[17]

 ROS reduces cell viability and causes 

premature of cell senescences. Thus, the quantity and 

quality of proteins in the skin reduce significantly, which 

leads to the signs of senescence on skin, such as thinner 

layer, lacking elasticity and wrinkles.
[18]

 In cytotoxicity 

test, fibroblast was incubated in culture medium 

containing ASX (eASX 0.1, 0.5 μg/ml or comASX 0.5 
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μg/ml), in comparison to the cells in control medium. If 

ASX was toxic to skin, the amount of cell would reduce 

gradually in time and OD value in WST-1 assay would 

decrease. The obtained outcome confirmed that both 

eASX and comASX were non-toxic to fibroblast. In this 

research, the stress inducing factor used in vitro on 

fibroblasts was H2O2. H2O2 is one of oxidizing agents 

created by the effect of UV on skin. Moreove, H2O2 is a 

strong oxidative stress frequently used in many anti-

aging researches on skin. H2O2 affects the cells, which 

leads to cell death, or the appearance of many senescence 

signs, such as expansion of cell morphology and nucleus 

area, expression of SA b-gal (gold standard marker for 

cell senescence).
[19,20]

 The results showed that H2O2 

triggered cell death (50% cells died at day four after 

treatment), flattened survival cells, increased nucleus 

area 20% and rised ratio of SA b-gal-positive cells to 

nearly 60%. The cell protection characteristic of ASX 

was tested on fibroblast against the oxidative stress of 

H2O2. The cells were cultured with the media contained 

ASX for 24 hours before treating with H2O2. The results 

showed that ASX-pretreated cells resisted harmful 

effects of H2O2. Compared to H2O2 group, ASX-

pretreated cells had higher viability, smaller nucleus area 

and the lower number of SA b-gal-positive cells. There 

was no statistical difference between ASX groups in 

these aspects (eASX 0.1, 0.5 and comASX 0.5 μg/ml). 

To be concluded, eASX (4.2% and 95.8% in free and 

ester form) had protective ability as high as comASX 

(over 97% in free form) and eASX 0.1-0.5 μg/ml was 

suitable to be utilized in topical skincare products.    

 

CONCLUSION 

The experiment was conducted with the purpose of 

evaluating the effect of ASX in skin-applying cosmetic 

product. The results showed that ASX 0.1-0.5 μg/ml was 

non-toxic, protected cell from H2O2 in vitro. 
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