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ABSTRACT

Long-term exposure to ultraviolet light can cause chronic inflammation
that can damage collagen and increase sunburn cells known as photoaging.
There is a prevalence of up to 69% in female students in Jakarta aged
18–21 years who experience aging of the skin due to not using sunscreen.
One of the signs of photoaging measured in this study is sunburn cells. This
study wants to prove that the addition of astaxanthin 0.5% contained in
SPF 50 sunscreen can inhibit the increase in sunburn cells in mice induced
by ultraviolet B-light. Sunscreen also has protection limits, for example,
SPF 30 has 97% protection, which means there is still 3% of radiation
entering the skin so there is still a small portion that can cause free radicals.
Additional ingredients are needed so that sunscreen can optimally protect
the skin. An experimental study with a post-test-only design was used in this
study comparing rats given SPF 50 sunscreen containing no astaxanthin
(P1) and rats given SPF 50 sunscreen containing 0.5% astaxanthin (P2) to
assess the inhibition of increased sunburn cells. 36 rats (Rattus Norvegicus)
were divided into 2 groups and then shaved and exposed to UVB light with
a total of 3100 mJ for 5 weeks. After the last exposure in the fifth week,
skin tissue was taken fixed and stained using Hematoxylin Eosin to count
sunburn cells. Sunburn Cells in group P1 had a value of 0.47 ± 0.27 cells
per high power field (hpf), and group P2 had a value of 0.16 ± 0.18 cells per
hpf. According to the Mann-Whitney test, there is a significant difference
in the number of sunburn cells between groups (p < 0.05). From the results
of this study, it can be concluded that astaxanthin 0.5% added to SPF 50
sunscreen products can inhibit the increase in sunburn cells.
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1. Introduction

Aging is the process of decline and even cessation of
organ function. Factors causing the aging process consist
of unhealthy lifestyles, reduced hormones and lack of
antioxidants. With the concept of Anti-Aging Medicine
aging can be prevented, treated and restored to its original
state [1]. Research in Jakarta in 2016 found that female stu-
dents aged 18–21 years experienced premature skin aging.
About 69% of the respondents who did not use sunscreen
experienced skin aging. There is a relationship between the
use of sunscreen and skin aging [2]. The use of sunscreen is
one of the efforts to inhibit skin aging. Long-term exposure
to ultraviolet light can cause chronic inflammation that
can damage collagen and other skin matrices known as

photoaging, which can cause cancer. Skin exposed to the
sun continuously will cause sunburn and keratinocytes that
experience apoptosis (sunburn cells).

Sunscreen products have a Sun Protection Factor (SPF)
value which serves to protect the skin from ultraviolet B
radiation and recently added with Protection Guide of
UVA (PA) which provides protection against ultraviolet A
radiation. The higher the concentration of SPF and PA the
product becomes more protective against ultraviolet A and
B radiation. However, sunscreen ingredients oxybenzone
and octinoxate have recently been reported to cause health
problems such as endocrine disorders and photoallergies
and pollute the environment, especially water [3]. Daily use
of sunscreen can prevent photoaging [4].
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Astaxanthin is a ketocarotenoid class antioxidant that
has a red-orange colour which is synthesised by microal-
gae, in this case by Haematococcus pluvialis. In its
pharmacological effects, astaxanthin is found to provide
protection against cell damage and chronic inflammatory
diseases, anti-aging effects on the skin, anticancer activity
and suppress the peroxidation process in cell membranes
[5]. Astaxanthin 0.5% contained in sunscreen is the latest
product that can be a breakthrough to protect the skin
longer than ordinary sunscreen [6]. Astaxanthin can pre-
vent cell damage, reduce inflammation in the skin and
prevent wrinkles, thinning of the skin and decreased skin
elasticity due to ultraviolet rays. It is expected that this
product can provide longer and better protection in pro-
tecting the skin when exposed to sunlight because the
astaxanthin content can prevent the incidence of sunburn
and sunburn cells compared to ordinary sunscreen.

2. Materials and Methods

This study compares SPF 50 sunscreen that does not
contain astaxanthin (P1) and SPF 50 sunscreen containing
0.5% astaxanthin (P2) in inhibiting the increase in sunburn
cells and decreases in collagen fibres. 36 male Wistar rats
divided into 2 groups were shaved in the dorsal region with
a size of 3 × 3 cm2 and then exposed to UVB. After the last
exposure in the fifth week, skin tissue was taken fixed and
stained using Hematoxylin Eosin to count sunburn cells.

2.1. Ultraviolet Radiation

Rats were exposed to ultraviolet B-light using a lamp
for 5 weeks with a total exposure dose of 3100 mJ/cm2.
Exposure was increased in stages starting at 100 mJ in
the first week, 200 mJ in the second and third weeks and
400 mJ in the fourth and fifth weeks.

2.2. Histopathological Examination

The rats were shaved in the dorsal area of 3 × 3 cm using
a shaver until clean. The UV lamp was set with a spectral
between 311 nm and the distance of the UV lamp to the
skin of the rat’s back was maintained at a distance of 20 cm.
Application of sunscreen as much as 0.2 grams 1x spread
30 minutes before irradiation and irradiation treatment
of 100 mJ/cm2 for 3x (Monday, Wednesday, Friday) in
the first week. Application of sunscreen as much as 0.2
grams 1x dab 30 minutes before irradiation and irradiation
treatment of 200 mJ/cm2 for 3x (Monday, Wednesday,
Friday) in the second and third weeks. Application of
sunscreen as much as 0.2 grams 1x dab 30 minutes before
irradiation and irradiation treatment of 400 mJ/cm2 for 3x
(Monday, Wednesday, Friday) in the fourth and fifth weeks
[7]. Food and water consumption were recorded daily. At
the end of the experiment in week 5, the rats were killed
by injecting Ketamine and then cervical dislocation. Then
the skin was fixed with 10% phosphate-buffered saline
Formalin for 24 hours. Then stained with Hematoxylin-
Eosin staining. Hematoxylin-Eosin staining by observing
with 400x magnification in 5 fields of view, observations
and calculations were made by shifting the preparation
from left to right then photographed and averaged. Count
and record each result and then test with SPSS version 25.

3. Results and Discussion

Table I shows that there is a significant difference in the
number of sunburn cells in the sunscreen without astaxan-
thin (P1) and sunscreen with astaxanthin (P2) groups (p <

0.001). The mean of sunburn cells in the P1 group was 0.47
cells per high power field and P2 was 0.16 cells per high
power field in Fig. 1. Sunburn cells are shown in Fig. 2,
where there are more in group P1 than P2. The P2 group
did not appear to have sunburn cells.

3.1. Effect of Addition of Astaxanthin 0.5% in SPF 50
Sunscreen and Number of Sunburn Cells

Continuous exposure of the skin to the sun results
in sunburn, apoptotic keratinocytes (sunburn cells), and
inflammation-induced collagen depletion. Sunburn cells
can be identified in the epidermis as cells whose homo-
geneous shiny eosinophilic cytoplasm and hyperchromatic
condensed picnotic cell nuclei are easily seen in histological
skin stained with Hematoxylin Eosin stain using light
microscopy [8]. Inflammation due to prolonged exposure
to sunlight causes vasodilatation of skin blood vessels and
gives rise to typical erythema (sunburn). Within an hour
after exposure, mast cells release serotonin, histamine,
TNF and other cytokines. Within 2 hours after exposure,
skin cell damage in the epidermis is visible, with both
keratinocytes and Langerhans cells undergoing apoptosis

TABLE I: Mean Difference in the Number of Sunburn
Cells Between Groups Given Sunscreen Without

Astaxanthin and Sunscreen with Astaxanthin

Variable Groups n Mean
(cells/hpf)

SD p

Sunburn
cells

P1 18 0.47 −0.36 0.00
P2 18 0.16

0

0.1

0.2

0.3

0.4

0.5

P1 P2

Mean of Sunburn Cells

0.16

0.47

Fig. 1. Mean of sunburn cells.

P1 P2

Fig. 2. Histological features of the epidermis of rat skin after
treatment (Hematoxylin eosin staining, magnification 400x). The
green arrow indicates sunburn cells are more visible in group P1

than P2.
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as a result of DNA damage. Sunburn cells are keratinocytes
that undergo apoptosis after prolonged exposure to ultra-
violet B-light that damages DNA and chromophores. The
process of cell death starts from exposure to ultraviolet
light which forms Reactive Oxygen Species (ROS), acti-
vates the p53 tumour suppressor and caspase 3 which
stimulates apoptosis in cells. If these keratinocytes are
programmed to undergo faster cell death, normal skin
homeostasis is disrupted [9].

Based on the results of the study, it was found that the
number of sunburn cells in the SPF 50 sunscreen group
without astaxanthin (P1) 0.47 ± 0.27 cells per hpf was
higher than the number of sunburn cells in the SPF 50
sunscreen group with 0.5% astaxanthin (P2) 0.16 ± 0.18
cells per hpf. In Ariana’s research, the average sunburn
cell was 36.5 ± 7.53 cells per hpf in the placebo group
that received ultraviolet B-light for 10 days with a total
irradiation dose of 250 mJ [10]. Melati’s research in the rats’
group without treatment obtained sunburn cells of 0.10
± 0.17 cells per hpf and the control group was applied a
placebo and then exposed to ultraviolet B-light for 12 days
in 4 weeks with a total exposure dose of 840 mJ obtained
sunburn cells with an average of 1.00 ± 0.63 cells per hpf
[11]. Astaxanthin 0.5% added to sunscreen is proven to
play a protective role against ultraviolet B rays because of
its antioxidant and scavenger properties to minimise DNA
damage. Astaxanthin produced naturally by H. pluvialis is
considered more bioactive than those produced through
fermentation or chemical synthesis. Studies have shown
that astaxanthin has a greater ROS scavenger capacity
than vitamin C or vitamin E. A topical cream containing
astaxanthin from krill reduces redness (erythema) by 60%
[12]. Rats that received ultraviolet B exposure for 10 days
with a total irradiation dose of 250 mJ obtained some
sunburn cells 36.5 ± 7.53 cells per hpf proving that small
doses of ultraviolet B-light cause the formation of sunburn
cells [10]. In this study with exposure to ultraviolet B light
of 3100 mJ for 15 days in 5 weeks, the number of sunburn
cells was 0.47 ± 0.27 cells per hpf in the SPF 50 sunscreen
group without astaxanthin and 0.16 ± 0.18 cells per hpf
in the SPF 50 sunscreen group with 0.5% astaxanthin. It
was concluded that the use of SPF 50 sunscreen can reduce
the number of sunburn cells compared to those who do
not use sunscreen and the addition of astaxanthin 0.5% in
sunscreen can reduce the number of sunburn cells up to
three times compared to SPF 50 sunscreen that does not
contain astaxanthin.

In research astaxanthin has a mechanism of action
that donates electrons and attracts unpaired electrons and
holds additional bonds to neutralise free radicals such as
Nitrogen, Sulfur, Carbon, and Oxygen species. In addition,
it also increases superoxide dismutase (SOD) and inter-
feron Gamma thereby increasing the anti-inflammatory
effect. In the skin, astaxanthin plays a role in mitochon-
drial protection and increases energy efficiency thereby
stimulating antioxidant effects [13]. Astaxanthins can
reduce dependence on chemical sunscreens and thus
reduce water pollution [14]. Sunscreen ingredients such as
octinoxate and oxybenzone are known to cause deposits
in water that can damage marine ecosystems such as coral
reef diversity [3].

The role of astaxanthin in protecting the skin against
ultraviolet light has been reported in vitro and in vivo.
Astaxanthin is reported to have direct antioxidant
activities such as increasing skin moisture, preventing
lipid peroxide production, upregulating ROS-producing
enzymes, xanthine oxidase and NADPH oxidase 4, pre-
venting decreased expression of endogenous antioxidant
enzymes such as superoxide dismutase and glutathione
peroxidase, anti-inflammatory effects by preventing
increased IL-1, IL-6, IL-8 and TNF alpha [15]. The
anti-inflammatory effect reported mechanism includes
multiple signalling pathways including phosphatidyli-
nositol 3-kinase/protein kinase B (PI3K/AKT), nuclear
factor erythroid 2-related factor 2 (Nrf2), nuclear factor
kappa B (NF-κB), extracellular signal-regulated kinase
1/2 (ERK1/2), c-Jun N-terminal kinase (JNK), p38
MAP kinase (p38 MAPK), and Janus kinase 2/signal
transducer and activator of transcription proteins-3
(JAK-2/STAT-3) [16].

Research also suggests astaxanthin can reduce fine
lines and wrinkles, improve skin elasticity, protect against
sun damage, and prevent age spots and hyperpigmenta-
tion. Astaxanthin is thought to function as an internal
sunscreen; as it reduces inflammation, and reduces UV
damage to skin cells [17].

Sunscreen is not an antioxidant, which means it can still
cause the impact of free radicals even though sunscreen
absorbs and then converts into heat energy out through the
skin on chemical (organic) materials and reflects ultravi-
olet rays on physical (inorganic) materials [18]. Sunscreen
also has protection limits, for example, SPF 30 has 97%
protection, which means that there is still 3% radiation
entering the skin so there is still a small portion that can
cause free radicals [19].

4. Conclusion

Based on the results of the study, the addition of astax-
anthin 0.5% in SPF 50 sunscreen inhibited the increase in
sunburn cells and inhibited the decrease in collagen fibres
in rats exposed to ultraviolet B-light.

This is because astaxanthin can act as an antioxidant
and enhance the role of sunscreen in protecting the skin
and preventing damage from exposure to ultraviolet B rays.
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