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Ultraviolet (UV) radiation-induced oxidative stress is a major risk factor for the development of melanoma, highlighting
the need for treatments that prevent UV skin damage from the sun. While antioxidants reduce oxidative stress and promote
cell regeneration, the regenerative potential of the antioxidant astaxanthin is unknown. This study investigated the effects of
astaxanthin on regeneration of planaria exposed to UV radiation-induced oxidative stress. Three groups of planaria were studied:
a UV-exposed group treated with astaxanthin (150uM), a UV-only group in spring water, and a non-irradiated control group
in spring water. There were 10 planaria per group and the experiment was replicated three times. UV groups were exposed
to UV-A light for 1 hour daily for 7 days. Following amputation below the head, planaria were observed for photoreceptor
regeneration, normalized blastema growth area and blastema growth rate. One-Way ANOVA showed that there was a statistically
significant difference in regeneration of photoreceptors (p=0.005), blastema growth area (p=0.0004) and blastema growth rate
(p=0.0004) among the groups. In post-hoc Tukey analysis, the UV+astaxanthin group had significantly faster blastema growth
rate (0.10+0.01 vs. 0.08+0.03 1/day, p=0.02), earlier photoreceptor emergence (4.30+£0.74 vs. 5.20£0.77 days, p=0.046),
and greater blastema growth (0.81-0.06 vs. 0.70+0.08 mm?, p=0.004) compared to the UV-only group. Findings suggest
that astaxanthin may promote regeneration in UV-irradiated planaria, which warrants further research into its potential use for

prevention of UV radiation-induced skin damage.
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Introduction

According to the American Cancer Society, it is projected that
there will be 104,960 new cases of melanoma resulting in
8,430 deaths from this aggressive form of skin cancer in the
United States in 2025 Although relatively rare, melanoma
accounts for the majority of deaths from all skin cancers. A
major risk factor for developing melanoma is excessive ex-
posure to ultraviolet (UV) radiation from the sun and tan-
ning beds?. UV radiation leads to damage of skin cells by
inducing oxidative stress, which leads to mutations in DNA
and cell damage”. Due to melanoma’s high mortality and its
link to UV-induced oxidative stress, there is an urgent need to
find potential interventions that protect against such damage.
Antioxidants such as astaxanthin are compounds that prevent
cell damage caused by free radicals, therefore leading to de-
creased oxidative stress*. Astaxanthin has shown promise in
reducing oxidative stress, making it a candidate for further in-
vestigation in melanoma prevention. Planaria flatworms are
excellent organisms to study whether astaxanthin affects UV
radiation-induced cell damage due to their regenerative prop-
erties. There is a significant gap in the present literature as as-
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taxanthin has not been previously tested to reduce UV-induced
oxidative stress and aid in regeneration of planaria. There-
fore, using planaria as a model organism may further help the
understanding of how astaxanthin may mitigate the negative
effects of UV radiation, potentially leading to prevention of
melanoma and life-saving treatments.

Melanoma is a result of DNA damage, leading to the rapid
cell growth and abnormal division of melanocytes in the skin
cells of the epidermis®. Melanocytes are cells in the epidermis
that produce melanin, the substance that gives skin its color
and protects the skin from UV radiation®. Although melanin
protects skin by absorbing UV radiation, excessive UV ex-
posure still results in DNA damage®. UV radiation directly
leads to damage of DNA by forming dimers of the nucleotide
base thymine”. When UV-A radiation (365 nm) in particular
interacts with skin cells, it activates unstable reactive oxygen
species (ROS) such as superoxide, hydrogen peroxide and hy-
droxyl radicals®. ROS stimulate oxidative stress, defined as
the imbalance of ROS and antioxidants in the system, and
cause oxidative damage to the DNA, proteins, and lipids in

melanocytes by disrupting their cell membranes®.

Antioxidants have the potential to prevent and fight against
the damage caused by oxidative stress that leads to melanoma.
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Antioxidants are compounds that prevent cell damage from
ROS molecules by scavenging and donating an electron,
thereby making the molecule stable and reducing the amount
of oxidative stress in the body'Y. Antioxidants are known to
have beneficial effects on stem cells and can aid in regener-
ation of skin and tissue'l. Astaxanthin (C4Hs,0s), a natu-
rally occurring carotenoid found in algae and yeast, is most
commonly used as a nutritional supplement. Carotenoids are
potent antioxidants that efficiently protect cells against oxida-
tive damage by acting as an electron donor to free radicals. In
addition to having anti-inflammatory properties, astaxanthin
plays a vital role in protecting the skin against UV radiation-
induced oxidative damage. Astaxanthin inhibits apoptosis and
reduces ROS production caused by UV radiation, therefore
protecting the skin cells. Astaxanthin also accumulates in the
dermis layer of the skin and absorbs UV rays, protecting the
skin from the sun’s rays. These qualities make astaxanthin an
ideal compound to research UV radiation-induced oxidative
damage, as it may positively affect stem cell regeneration of
the skin that has been damaged%.

Planaria, flatworms classified in the phylum Platy-
helminthes, are an effective model to study the effects of an-
tioxidants on regeneration of UV-damaged cells because pla-
naria have the ability to regenerate. Planaria, like humans,
contain an outside layer of epidermis. The planarian epider-
mal layer contains similar characteristics to the human skin
and is the first site of protection between the planaria and
the environment. Planaria’s importance in scientific experi-
mentation lies in their unique ability to regenerate damaged
tissue and organs using their stem cells, called neoblasts?.
Neoblasts are pluripotent stem cells that are the source of
new cells during planarian regeneration, allowing planaria to
produce and divide into all adult cell types when tissue is
missing or damaged'®. Wound-induced bursts of ROS act
as critical signals initiating the regenerative process, and dis-
rupting early ROS signaling impairs brain formation in pla-
naria®. Regenerated tissue that comes from a planarian is
called blastema. The stages of planarian regeneration are
wound healing, blastema development, growth and differen-
tiationl®. The epidermis of the planaria turns over every 4.5
days and is regenerated by neoblasts in the skin''Z. If a com-
pound such as astaxanthin is effective in remediating UV-
induced oxidative stress and increasing regeneration of the
planarian epidermal layer, then it may be effective in reme-
diating UV-induced oxidative stress in the human epidermal
layer. Therefore, planaria were an ideal model organism to
test the antioxidant effects of astaxanthin on regeneration of
cells damaged by UV light.

Studies in the literature have shown that astaxanthin reduces
oxidative stress and has the potential to have beneficial ef-
fects on the planarian regeneration process. Lin et al (2024),
worked with Caenorhabditis elegans and highlighted astaxan-

thin’s protective effects when exposed to UV-B-induced ir-
radiation'®, C. elegans were exposed to UV-B light irradi-
ation of 200 mJ/cm? for 4 days and after 4 days given 25,
50, and 100 uM concentrations of astaxanthin. C. elegans
exposed to UV radiation solely (5.6740.23) experienced a
lower mean lifespan than the other groups that were given as-
taxanthin supplementation. Astaxanthin supplementation of
50 uM (7.76%0.33) showed the highest lifespan followed by
the 25 um group (6.68+0.28) and then the 100 uM group
(6.1840.28). Life was prolonged about 15.70% when C. el-
egans were given astaxanthin supplementation. The groups
given supplementation of astaxanthin showed 5 less ROS in-
tensity units than the sole UV-B irradiation group signaling
that supplementation of astaxanthin decreased ROS in C. el-
egans’®. This study exemplified how astaxanthin can protect
against the damage caused by UV-B-induced oxidative stress,
but the study did not address how astaxanthin affects regener-
ation.

In another study, Li et al. (2020) examined astaxanthin sup-
plementation for UV-induced photoaging in hairless mice. Ex-
perimental groups included mice with UV exposure only, mice
with UV exposure followed by astaxanthin supplementation
and a control group. Mice were exposed to UV radiation for 8
weeks using a UV lamp at 1 MED intensity. Results showed
UV-induced mice had an increase in skin wrinkles by 60%
compared to the control group. The experimental group ex-
perienced a 50% decrease in skin wrinkles compared to the
UV-induced only mice groups. Astaxanthin-treated mice had
approximately 45 uM of thinner epidermis tissue (less dam-
age) compared to the mice than were irradiated with UV only.
Epidermal thickening from UV-induced oxidative stress ex-
posure was decreased by astaxanthin supplementation with
groups showing 80 pm thickness of epidermal tissue, being
lower than the control group (125 pm). The astaxanthin group
had a lower epidermis tissue thickness by about 35uM to the
control group!®. This study exemplified how astaxanthin can
remediate the effects of UV irradiation in mice epidermis lay-
ers, however, there is a gap in the literature as astaxanthin has
not been tested on UV-A induced planarian oxidative stress.

To address this gap, this study aimed to examine the ef-
fects of astaxanthin on regeneration of planaria exposed to UV
radiation-induced oxidative stress. The alternate hypothesis
was that exposure to astaxanthin after UV irradiation would
be associated with a different photoreceptor regeneration, to-
tal blastema growth area, and blastema growth rate in planaria.
The null hypothesis was that exposure to astaxanthin after UV
irradiation would be associated with the same regeneration.
This research addressed a significant gap in the literature by
examining the potential of astaxanthin to reduce UV-induced
oxidative stress and promote regeneration in planaria, a model
organism for studying regeneration. While previous studies
have studied the effect of astaxanthin on lifespan and pho-
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toaging in different animal models, none have explored re-
generation in planaria exposed to UV radiation. The study
may contribute to the development of treatments that mitigate
damage caused by UV-induced oxidative stress and promote
regeneration of cells, potentially preventing diseases such as
melanoma.

Methodology

The independent variable of the experiment was the antiox-
idant astaxanthin. The dependent variables were planarian
photoreceptor regeneration time (days), normalized blastema
growth area (mm?), and blastema growth rate (1/day). UV-
A light was used to induce oxidative stress in the epidermis
of planaria. There were three groups in the experiment: 1)
UV-exposed group treated with astaxanthin (UV+AST group),
2) UV-only group in spring water (UV group), and 3) non-
irradiated control group in spring water (Control group). Im-
mediately after amputation (Day 1), planaria were placed in
petri dishes containing either spring water (Control and UV
groups) or 150 uM astaxanthin solution (UV+AST group).
The UV+AST group and UV group received 1 hour of UV-
A irradiation (365 nm, 15 W, 10 inches above dishes) on
Days 1-7 during regeneration. The control group received
no UV exposure. Astaxanthin treatment for the UV+AST
group was continuous throughout the 7-day regeneration pe-
riod; fresh solution was replaced every 2-3 days. Measure-
ments of photoreceptor formation, normalized blastema area,
and blastema growth rate were taken on regeneration days
4-7, when blastema visibility peaks“Y. Housing conditions,
diet, and water temperature variables were kept constant. All
groups followed identical schedules and handling. Compar-
isons were made among the experimental and control groups.
There were 10 planaria per group and the experiment was
replicated three times. There was no randomization of pla-
naria to the groups.

Planaria (Girardia tigrina)

Planaria (Giradia tigrina) were acquired from Ward’s Science.
Planaria were moved individually from the shipping container
to a plastic container filled with spring water (Poland Spring)
using a pipette. Approximately 10 ml of spring water was used
for maintenance. Spring water was maintained at room tem-
perature. The container was loosely covered with the lid and
was stored in a dimly lit area in a cabinet. The spring water
was changed by preparing another container filled with fresh
spring water. Planaria were then transferred to the clean water
container using a pipette. The process was repeated every 2-3
days, or more frequently if needed!,

Planaria in the storage containers were fed with a pellet of
egg yolk once a week. Prior to feeding, the health of the pla-

naria was observed by looking at moving planaria without der-
mal lesions. Planaria on the sides of the container were guided
to the bottom of the container to ensure that all had a chance to
eat. The egg yolk was placed on the bottom of the container,
ensuring that it stuck to the bottom. Planaria were allowed to
feed for approximately 30 minutes. Feeding was halted for
5 days prior to experimentation. To prevent bacterial growth,
the water underwent a triple cleanse after every feeding“!.

Amputation

Prior to amputation, planaria were placed on a cool plate from
the refrigerator for 3-4 minutes to immobilize them. The re-
frigerator was set at 5-6°C. Planaria were amputated imme-
diately below the head and above the pharynx with a scalpel
visualized with a dissecting microscope (Fig. 1). Immedi-
ately after amputation, healthy planaria were placed in each
of the petri dishes using a pipette with the final concentrations
of either astaxanthin or spring water. Planarians of about uni-
form length were chosen (8mm), however all blastema mea-
surements were normalized at the end to ensure data wasn’t
skewed.

Astaxanthin

Astaxanthin liquid gel capsules were purchased from Ama-
zon. An electronic scale (Ohaus model SPX222) and grad-
uated cylinder were used to measure the astaxanthin liquid.
Each capsule contained 4 mg of pure astaxanthin. The gel cap-
sules were punctured with a sterile needle and contents were
collected using a micropipette. Using astaxanthin’s molecular
weight of approximately 596.84 g/mol, 4 mg of astaxanthin
were diluted in 10 ml of spring water in plastic petri dishes
to achieve a solution of 670 uM. To obtain the desired con-
centration of approximately 150 uM, the stock solution was
diluted in a 1:4 ratio with spring water. The total capsule vol-
ume was not used in calculations, as molarity was determined
solely on active astaxanthin and final bath volume. This con-
centration aligned with the other antioxidant studies on pla-
naria with concentrations around 150 uM“%. To ensure that
the astaxanthin concentration was safe for planaria, three pla-
naria were placed in astaxanthin and were observed daily for
one week. If any of the planaria died, the concentration of
the astaxanthin was lowered, and the experiment was repeated
until a safe concentration of astaxanthin was confirmed.

Ultraviolet Radiation Exposure

The experimental groups were exposed to 1 hour of UV-A ra-
diation in petri dishes without lids. The control group was
not exposed to UV light. UV-A radiation was sourced from a
15 watt UV-A bulb in a lightbox at approximately 365 nm, a
wavelength shown to cause photophobic responses in planaria,
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Fig. 1 A) Planaria pre-amputation. B) Planaria post-amputation (Photos by authors, 2025)

confirming its biological relevance to their sensory physiol-
ogy. It was placed at the same distance of 10 inches from the
planaria in petri dishes (Fig. 2). UV irradiance was confirmed
by using a UV light meter (Fig. 3). Planaria were returned to
their cabinet after exposure. This procedure was repeated for
seven days. The daily dose of irradiance was 2.20 J/cm?. Dis-
tance and dose values were consistent throughout. To ensure
that the duration of 1 hour was safe for planaria, three pla-
naria exposed to UV were observed daily for one week. Some
changes to the epidermal layer of the planaria were expected,
but if any of the planaria showed signs of being unhealthy (se-
vere dermal injury or decreased movement) or died, the UV
light exposure was lowered, and the experiment was repeated
until a safe time was confirmed. The lightbox was placed in an
area where others wouldn’t be exposed to potential leaks. The
lightbox was only operated when fully closed. To prevent eye
damage, UV-A certified glasses were worn during experimen-
tation??. The exposure schedule of 1 hour per day for 7 days
was selected based on prior planarian oxidative stress studies
that used multi-day UV exposure to induce damage without
lethality shorter exposures of less than 30 minutes have been
shown to produce minimal regenerative delay, whereas daily
repeated UV-A doses show chronic oxidative stress. This du-
ration thus represents a controlled yet relevant UV dosage for
assessing antioxidant protection@.

Regeneration Time of Photoreceptors

The time in days for the development of the photoreceptors
after amputation was measured. Photoreceptors are black dots
located inside pale round eyes that help the planaria to see
(Fig. 4). Planaria were observed daily for full restoration of
photoreceptor structures (i.e. bilateral pigmented cups visible)
under the dissecting microscope.

Normalized Total Blastema Growth Area

ImagelJ software was used to measure the area of regeneration
7 days after amputation in all groups. Individuals using Im-
agel] were not blinded to group. Day 7 of regeneration was

chosen as it is the point of peak blastema visibility. 1 cm
by 1 cm graph paper was used for scale. Using the software,

\

Fig. 2 UV-A 15 Watt Bulb setup 10 inches away from planaria.
(Photos by authors, 2025)

photographs were uploaded, and the images were calibrated to
scale (cm). The freehand selection tool was used to outline the
regenerated area. The measure function was used to quantify

the area (mm?) of regeneration. (Refer to Fig. 5.) Normalized
blastema growth was calculated via Equation 125.

Measured Blastema (mm?)

1
(Original Planarian Width)? )

Normalized Blastema Growth =

Normalized Blastema Growth Rate

Normalized blastema areas from days 4-7 were measured.
Blastema areas were plotted on graphs in order to obtain aver-
age slopes. Slopes were averaged in order to find normalized
blastema growth rate (1/day) from days 4-7, the main days of
regeneration.

Statistical Analysis

Means and standard deviations were calculated for photore-
ceptor regeneration time, normalized blastema growth area
and blastema growth rate. Bar graphs using error bars were
created using Microsoft Excel to help determine outliers and
to visually compare the dependent variables between the
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Fig. 3 UV light meter confirming UV-A irradiation of 610
W W /em? (Photos by authors, 2025)

groups. Error bars visually signified standard deviation. One-
way ANOVA was used to compare the means of the three dif-
ferent groups for individual level data. Post-hoc Tukey tests
were used to determine where the differences lay between
groups. Data were analyzed with IBM SPSS v.28.

Results

Regeneration Time of Photoreceptors

Photoreceptor emergence times (mean-=standard deviation)
were 4.1341.12 days for the control group, 5.20£0.77 days
for the UV group, and 4.531+0.74 days for the UV+AST group

Fig. 4 Anatomy of eyes and photoreceptors in planaria (Photo by
authors, 2025)

(Fig. 6). One-Way ANOVA demonstrated that the mean re-
generation days of control, UV-only, and UV+AST were sig-
nificantly different across groups, F=6.12, Eta squared=0.23
CI 0.03-0.39, df=2, p=0.005. Using post-hoc Tukey tests, the
UV+AST group had a shorter regeneration time for photore-
ceptor emergence compared to the UV-only group (p=0.04,
mean difference -0.8 CI -1.57-0.03). The UV-only group
had impaired regeneration, as evidenced by a 1.07 day de-
lay in photoreceptor regeneration compared to the control
group. Treatment with astaxanthin mitigated these negative
effects. Photoreceptor regeneration was 0.67 days faster in the
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Fig. 5 Use of the Imagel freehand tool to obtain blastema growth
(Photo by authors, 2025)

UV+AST compared to the UV-only group.

Emergence of Photoreceptors in Planaria
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e

Trial 1 Trial 2 Trial 3

Total Mean

@Control BUV BAST+UV

Fig. 6 The effect of astaxanthin on the UV-irradiated planarian
emergence of photoreceptors. (control, UV, astaxanthin + UV).
There were 10 planaria per group and the experiment was replicated
three times. Error bars = =1 SD. Asterisks (*) denote significance in
comparison to the control group. * signals p-value <0.05, ** signals
p-value <0.01. (Graph by authors, 2025)

Normalized Blastema Growth Area

Normalized blastema growth area (meanzstandard deviation)
was 0.84=40.12 mm? for the control group, 0.700+0.08 mm?
days for the UV group, and 0.81+0.06 mm? for the UV+AST
group (Fig. 7). One-Way ANOVA revealed that the mean to-
tal blastema area for the control group, UV-only group, and
UV+AST group were significantly different across groups,
F=9.87, df=2, Eta squared=0.32 (0.9-0.49) ,p;0.001. Using
post-hoc Tukey tests, the UV-A+AST group had greater nor-
malized blastema area compared to the UV-only group (mean
difference 0.11 CI 0.03-0.19, p=0.004). The UV-only group
had 17.9% lower blastema growth area compared to the con-
trol group, suggesting that UV exposure impaired regenera-
tion. Treatment with astaxanthin mitigated these negative ef-

fects. Blastema growth was 17.3% more in the UV+AST com-
pared to the UV-only group.

Total Normalized Blastema Growth

Ak

Blastema Area (mm2)

Trial 1 Trial 2 Trial 3

Total Mean

@Control mUV gAST+UV

Fig. 7 The effect of astaxanthin on the UV-irradiated planarian total
normalized blastema growth area (control, UV, UV+AST). There
were 10 planaria per group and the experiment was replicated three
times. Error bars = =1 SD. Asterisks (*) denote significance in
comparison to the control group. * signals p-value <0.05, ** signals
p-value <0.01. (Graph by authors, 2025)

Normalized Blastema Growth Rate

Normalized blastema growth rate (mean4standard deviation)
was 0.15+0.03 1/day for the control group, 0.08+0.02 1/day
for the UV group, and 0.104+0.011/day for the UV+AST
group (Fig. 8). One-Way ANOVA revealed that the mean
blastema growth rate for control group, UV-only group, and
UV+AST group were significantly different across groups,
F=8.1, df=2, Eta squared=0.28 CI 0.6-0.45 ,p=0.001. Post-hoc
tests showed that the UV+AST group had a significantly faster
growth rate than the UV-only group (mean difference 0.5 CI
0.02-0.08, p = 0.02). The UV-only group had a 47% slower
blastema growth rate compared to the control group. Treat-
ment with astaxanthin mitigated these negative effects. The
blastema growth rate was 26% faster in the UV+AST group
compared to the UV-only group. The slope of the growth rate
over 4 days is shown in Fig. 8 (A-C). The UV-only group had
a lower slope of growth rate compared to the AST+UV and
control groups (Fig. 9).

Discussion

UV exposure significantly impaired planarian regeneration,
evidenced by delayed photoreceptor formation, reduced
blastema size, and slower regeneration rate. Notably, astax-
anthin supplementation partially mitigated these effects across
all measured parameters, showing clear improvement relative
to the UV-only group but not a full return to control levels.
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Fig. 8 A) Slopes of normalized blastema area over days 4-7 (control). B) Slopes of normalized blastema area over days 4-7 (UV-only). C)
Slope of normalized blastema area over days 4-7 (UV+AST). There were 10 planaria per group and the experiment was replicated three times.

(Graph by authors, 2025)

For instance, blastema growth rate in the UV + AST group in-
creased by 26% compared to UV-only but remained approx-
imately one-third below control. This partial rescue signals a
protective, rather than completely restorative, antioxidant ef-
fect. The hypothesis is supported that astaxanthins antioxi-
dant properties protect against UV-induced oxidative damage.
These data rejected the null hypothesis that astaxanthin has no
effect on regeneration in planaria exposed to UV light. Al-
though direct ROS studies were not performed in this exper-
iment, results of this study suggest that astaxanthin may re-
duce oxidative stress through its antioxidant properties, hence
promoting tissue regeneration. These findings reinforce the
potential role of astaxanthin in promoting tissue repair under
oxidative stress.

The impaired regeneration observed in UV-exposed pla-
naria is speculated to be mediated by oxidative stress (Fig.
6). UV-A radiation generates ROS, including superoxide, hy-
drogen peroxide, and hydroxyl radicals, that damage cellu-

lar DNA, proteins, and lipids. These results are in contrast
with the findings of Kalafati¢ et al. (2006), who reported
that planaria exposed to UV light exhibited skin lesions, be-
havior changes, and slower motility, but had similar regen-
eration times as controls23. This difference in regeneration
may be explained by the longer UV light exposure time in
the present study (1 hour) compared to 20-30 minutes in the
study by Kalafati¢ et al. The longer UV exposure time in
this study could have caused more cell damage, leading to im-
paired regeneration, while the shorter times used in the study
by Kalafati¢ et al. may not have been enough to impact regen-
eration. The methods of regeneration measurement were also
not clearly outlined in study by Kalafati¢ et al, which makes
comparisons between studies difficult3.

Astaxanthin effectively reversed UV-induced deficits, likely
due to its potent antioxidant activity and membrane-stabilizing
effects. The finding that astaxanthin promotes regeneration
in planaria exposed to UV light was expected and was sim-
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Total Blastema Growth Rate
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Fig. 9 The effect of AST on the UV-irradiated planarian blastema
growth rate (control, UV, UV+AST). There were 10 planaria per
group and the experiment was replicated three times. Error bars =
+1 SD. Asterisks (*) denote significance in comparison to the
control group. * signals p-value <0.05, ** signals p-value <0.01.
(Graph by authors, 2025)

ilar to previous studies demonstrating the beneficial effects
of antioxidants on tissue repair. A study from Tsarkova et
al. (2023) found that the antioxidant tameron protected stem
cells from oxidative stress damage, leading to improved re-
generation in planaria®?. Another study by Ermakov et al.
(2021) demonstrated that the antioxidant N-acetylcysteine led
to greater blastema growth rate in planaria®’.

There are several proposed mechanisms by which astaxan-
thin may exert its antioxidant properties to improve planarian
regeneration. Although ROS was not studied in the present
study, it is postulated that astaxanthin scavenged ROS and in-
hibited their production, thus mitigating the negative effects
of UV exposure and allowing for greater proliferation of stem
cells (Fig. 10). With greater stem cell proliferation, regener-
ation would be accelerated. Astaxanthin’s chemical structure
with double bonds and terminal rings enables it to donate elec-
trons to unstable ROS, neutralizing them. Since it is fat solu-
ble, astaxanthin’s structure also protects the entire cell mem-
brane. Astaxanthin may also exert its antioxidant effects by
influencing key cell signaling pathways affected by oxidative
stress such as Wnt which plays a role in cellular differentiation
and MAPK which is involved in cell growth2?30,

Additionally, astaxanthin may protect mitochondria from
the effects of oxidative stress, which promotes longevity. In
general, astaxanthin has more potent antioxidant activity com-
pared to other well-known antioxidants such as Vitamin C,
Vitamin E and beta carotene>!. The study results showed that
there is potential for astaxanthin to decrease oxidative stress
from UV-A and may have broader implications for prevent-
ing UV damage to human skin and melanoma, which requires
further research.

There were some limitations of the study to consider. There

UV-A

Fig. 10 Proposed mechanism of antioxidant properties of
astaxanthin in radiation-induced oxidative stress (Figure by authors
using Bio Render, 2025)

was no control group of astaxanthin only treatment to deter-
mine baseline effects of astaxanthin on regeneration. Addi-
tionally, planaria were not randomized to the groups. While
effort was made to amputate the planarian just below the head
in a uniform manner, there may have been variations due to the
difficulty in precisely cutting the small organisms. This may
have led to variability in the starting amount of tissue among
planarians, making the regeneration process quicker in some
planarians. Similarly, although planaria used in the experi-
ment were chosen to be roughly around the same size, varia-
tion in the size of planaria could have introduced another po-
tential confounder as bigger planarians generally would have
more total tissue than smaller ones. However, the potential
bias of these variations was likely mitigated by assigning the
planaria across the different treatment groups. There may have
also been observer bias when measuring the planaria growth,
which was a limitation. To address this, blastema growth
rate was normalized using a formula to deny the bias. An-
other potential source of bias was the variability in health of
the planaria prior to the experiment. In order to address this,
the health of planaria was observed and those with decreased
movement were not included in the experiment. In addition,
there may have been some degradation of astaxanthin with ex-
posure to UV light, but the expected loss is estimated to be less
than 20%.

A further limitation was that this study did not utilize an
animal model of melanoma. There is currently no planarian
model of melanoma, but planaria are ideal invertebrate an-
imals for studying tissue regeneration. Finally, results may
not translate to humans, as human skin has different anatomy
and physiology compared to planarians. Further research us-
ing mammalian models is needed to validate the benefits of
astaxanthin under oxidative stressors and to explore molecu-
lar pathways involved in its antioxidant action. Nevertheless,
this study supports that astaxanthin may play a protective role
against UV-induced damage in regeneration of planaria. Un-
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derstanding regeneration in planaria may help provide insights
into human skin, potentially leading to future treatments for
melanoma.

Conclusion

In this study, planaria exposed to UV radiation showed im-
paired regeneration and the antioxidant astaxanthin mitigated
these negative effects. Overall, the study findings rejected the
null hypothesis, as expected. These results highlight the po-
tential for astaxanthin as a preventative therapy against skin
damage caused by UV light. While prior literature has shown
benefits of the antioxidant properties of astaxanthin for im-
proving lifespan and photoaging in other animal models, this
study uniquely addressed a gap in our understanding of astax-
anthin’s role in blastema growth in planaria exposed to UV
light. Although planaria are not a direct model of human
skin or melanoma, their regenerative properties make them an
ideal organism for studying tissue repair. If confirmed in clin-
ical trials in humans, astaxanthin could be a promising treat-
ment to protect skin from UV damage and reduce the risk of
melanoma.
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