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Oxidative stress accelerates skin aging, and dietary supplementation with antioxidants
may alleviate it. Morphological analysis of the residual skin surface components (RSSCs)
allows detecting age-related changes in corneocyte desquamation, microbial presence, and
lipid droplet size. We hypothesized that continuous ingestion of carotenoid antioxidant
astaxanthin (4 mg/d) for 4 weeks could influence RSCC morphology and evaluated RSSC
samples taken from middle-aged subjects before and after this dietary intervention. The
study included 31 volunteers (17 men and 14 women) over the age of 40. RSSC samples were
collected from the surface of the facial skin at the beginning (day 0) and end (day 29) of the
study. In addition, blood samples were taken on days 0, 15, and 29 for measuring plasma
levels of malondialdehyde that allowed assessing systemic oxidative stress. The results
demonstrated that plasma malondialdehyde consistently decreased during astaxanthin
consumption (by 11.2% on day 15 and by 21.7% on day 29). The analysis of RSSC samples has
revealed significantly decreased levels of corneocyte desquamation (P = .0075) and
microbial presence (P = .0367) at the end of the study. These phenomena as well as a
significant (P = .0214) increase in lipid droplet size were more strongly manifested among
obese (body mass index >30 kg/m2) subjects. All described RSSC changes correspond to a
shift toward characteristics of skin associated with a younger age. The results confirm our
hypothesis by demonstrating that continuous astaxanthin consumption produces a strong
antioxidant effect resulting in facial skin rejuvenation which is especially pronounced in
obese subjects.
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1. Introduction

Carotenoids constitute a large group of natural pigments that are
present at high concentrations in plants, algae, and microorgan-
isms [1-3]. It isnowwell established that these substancespossess
strong antioxidant and anti-inflammatory properties [1-3]. Carot-
enoids consumed with food were repeatedly proven to mitigate
deteriorating effects of oxidative stress, nitrogen stress, and
chronic inflammation, thus providing health-protecting and
antiaging effects [1-6].

Astaxanthin (3,3′-dihydroxy-beta, beta-carotene-4,4′-
dione) is a xanthophyll carotenoid produced by algae,
bacteria, and fungi [7,8]. In the context of human nutrition,
it is consumed with sea food, such as salmon, trout, crab,
lobster, and shrimp [7,8], where it is predominantly present in
the form of astaxanthin monoesters or diesters that may be
hydrolyzed in the small intestine to facilitate absorption [9]. It
is also evident that astaxanthin acts exclusively as a potent
antioxidant, scavenging free radicals and other oxidants and,
unlike some other carotenoids, never displaying pro-oxidant
features [10,11]. Owing to these properties, it efficiently
protects the lipid bilayer of cell membranes from
peroxidation-caused damage [7,8,12]. In addition, astaxanthin
exerts immunostimulatory action [13,14] and inhibits down-
stream inflammatory responses, thus producing beneficial
anti-inflammatory effects [15,16]. Given the existence of
abundant evidence supporting health-promoting properties of
astaxanthin, it had been approved as a nutraceutical by the US
Food and Drug Administration since 1999 [17]. The chlorophyte
alga Haematococcus pluvialis accumulates the highest levels of
astaxanthin in nature and currently serves the main natural
source of this marine carotenoid used in the industrial produc-
tion of health-promoting food supplements [17,18].

Human skin can be regarded as a major target of the
beneficial antioxidant action of astaxanthin [19,20]. This is
important because the development of new treatments
allowing to prevent or even reverse skin aging has become
an area of active exploration. Indeed, skin aging and
associated cosmetic problems are currently recognized as a
global challenge [21] directly related to rapidly increasing life
expectancy all over the world [22].

The skin, especially its epidermal component, forms the
protective barrier defending the human body from environ-
mental factors, and the stratum corneum (SC), the outermost
layer of the epidermis, is responsible for the key barrier
functions [23]. Human SC consists of up to 20 layers of
terminally differentiated corneocytes embedded in a lipid
matrix [23], and it is remarkable that facial skin is character-
ized by a considerably thinner SC with only 7-11 layers of
corneocytes [24]. In addition, a thin layer of a semiliquid
substance known as the “acid mantle” (due to its mildly acidic
pH) covers the surface of the SC. It is now established that this
substance presents a mixture of lipids produced by the
sebaceous glands and epidermal cells, desquamated
corneocytes, and sweat; therefore, it was proposed to define
it as “residual skin surface components” (RSSCs) [25].

Age-related changes of skin start to rapidly accelerate after
the age of 30 [26] and involve gradual deterioration of
epidermal barrier function [27,28] that progresses alongside
visible manifestations that comprise the loss of elasticity,
dryness, wrinkling, atrophy, and laxity. It is believed that
these phenomena are driven by 2 main mechanisms acting in
combination: (a) intrinsic biological aging and (b) external
exposure-caused photoaging, which is especially important
for the face [21,29].

Dietary supplementation with carotenoids and, in particu-
lar, astaxanthin has repeatedly been demonstrated to produce
antiaging effects by restoring skin moisture and elasticity,
decreasingwrinkle formation, and improving epidermal barrier
integrity [19,30-32]. However, elucidation of mechanisms be-
hind these effects in human subjects is technically difficult
because invasive methods of skin sampling are unsuitable for
facial skin investigation. We addressed this problem by
developing a simple technique for noninvasive RSSC sampling
from the surface of the facial skin [33] and that could detect age-
related changes in its morphological characteristics in both
male [33] and female [34] subjects.

Presuming that continuous astaxanthin consumption results
in reducing systemic oxidative stress, we hypothesized that this
action could also alleviate aging-related changes on the surface
of the SC, thus affecting RSCC composition. For testing this
hypothesis, we aimed to comparatively evaluate RSSC morphol-
ogy in middle-aged subjects before and after consumption of
astaxanthin for 4 weeks. We also measured plasma levels of
malondialdehyde (MDA), a recognized biomarker of systemic
oxidative stress [35,36], for assessing systemic effects of
astaxanthin supplementation.
2. Methods and materials

2.1. Study design

This collaborative study was undertaken by Lycotec Ltd
(Cambridge, UK) and the Institute of Cardiology of the
Ministry of Health of the Russian Federation (Saratov, Russian
Federation). The enrollment of study participants was carried
out in Saratov from the existing pool of healthy volunteers.
Study protocol was approved by the local Ethics Committee
(FGBU SarNIIK 18.02.2014), guaranteeing that the study
conformed to the European Medicines Agency’s Guidelines for
Good Clinical Practice. All volunteers who agreed to participate
in the study were informed about the purpose of the study
and provided written informed consent.

The following inclusion criteria were applied to all
individuals who volunteered to take part in the study: (1)
only clinically healthy adult white men and women older
than 40 years were considered for recruitment; (2) all study
participants signed informed consent forms; (3) only non-
smokers or light/moderate smokers (≤10 cigarettes per day)
were enrolled; and (4) all study participants were willing and
able to comply with the protocol for the duration of the study.

The following exclusion criteria were applied: (1) unwill-
ingness to sign informed consent forms; (2) inability to
comply with the protocol for the duration of the study; (3)
the presence of a significant medical condition (diagnosed
cardiovascular or cerebrovascular disease, diabetes mellitus,
oncological conditions, etc) or a disorder affecting skin (such



Fig. 1 – Flowchart showing study design.
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as psoriasis, pronounced acne, and allergic skin conditions);
(4) ongoing drug treatment (especially hormonal therapy); (5)
excessive alcohol consumption (>35 UK units per week); (6)
simultaneous participation in other studies involving dietary
or pharmaceutical interventions; and (7) inability to tolerate
phlebotomy.

Study design is presented in Fig. 1. From 50 individuals
volunteering to take part in the study, 31 (17 male and 14 female
subjects, 40-80 years of age) were recruited as eligible. All study
participants initially had their bodymass index (BMI) determined
by measuring their body mass and height in the morning and
then calculating the index in kilograms per square meter.
Individuals with BMI less than 25 kg/m2 were classified as
subjects with normal weight, those with BMI in the range
between 25 kg/m2 and 30 kg/m2 were classified as overweight,
and BMI values greater than 30 kg/m2 indicated obesity.

All study participants received 4-mg daily doses of
astaxanthin (GA Astaxanthin capsules manufactured by
Lycotec Ltd, Cambridge, UK) taken with the main evening
meal for 4 weeks (from day 1 to day 28 of the study). This dose
corresponds to the highest daily amount of astaxanthin
approved by the European Food Safety Authority.

2.2. Sample collection and preparation

Blood samples were collected by phlebotomy from all study
participants immediately before initiation of the dietary
intervention (day 0) and after 2 weeks (day 15) and 4 weeks
(day 29) of astaxanthin consumption. All blood collections
were performed in the morning after night fast. The plasma
was separated by centrifugation, aliquoted, and stored at −
80°C until use.
For RSSC sample collection, all participants of the study
were requested to avoid facial hygienic manipulations for 24
hours before material collection, which was carried out in the
morning. These samples were collected only before initiation
of astaxanthin supplementation (day 0) and at the end of the
study (day 29). RSSC sample collection and preparation were
performed according to previously described procedures
[33,34]. Briefly, RSSC samples were collected using polyester
swabs from the surface of the facial skin (the sides of the
nose). During the procedure, 2 samples were taken (1 swab per
side). Each collected sample was placed on the surface of a
microscope slide. A second microscope slide was pressed
against the surface of the first one to produce a pair of
identical smears, which did not require fixation. All slides
with collected samples (ie, 4 slides per study participant per
time point) were coded to provide sample anonymity for
blinded analysis. All collected samples were sent to the
laboratory of Lycotec Ltd for further processing and eventual
microscopic examination.

2.3. MDA determination in plasma samples

To assess the degree of oxidative stress in the plasma
samples, thiobarbituric acid reactive substances assay kit
(Cayman Chemical, MC, USA) was applied for MDA concen-
tration determination. Assays were performed as previously
reported [37], according to the instructions provided with the
thiobarbituric acid reactive substances kit. MDA concentra-
tions were assessed by colorimetry using Multiscan FC plate
reader (Thermo Fisher Scientific Oy, Vantaa, Finland) as
optical density at 532 nm. MDA standard provided with the
kit was used for preparing standard dilution series for assay
calibration.

The initial processing of MDA assay results included
calibration curve generation and transformation of the absor-
bance values to MDA concentrations. These calculations were
done using Skanit Software for Multiscan FC (AmsterChem,
Amsterdam, Netherlands).

2.4. Morphological analysis of RSSC samples

Formorphological analysis of RSSC samples, one slide of the first
pair was stained with hematoxylin and eosin to identify any
cells or cell remnants. The second slide was stained using Oil
Red O (Lipid Stain, ab150678; Abcam, Cambridge, UK) for lipid
visualization and lipid droplet size evaluation. One slide from
the other pair was stained with crystal violet solution (Gram
staining) to assess the level of microorganism presence. The
remaining slides were kept unstained for possible future use.

All stained smearswere examinedmicroscopically byahighly
experienced cytopathologist. Microscopy was performed using
Olympus BX41 laboratorymicroscope (Olympus, Tokyo, Japan) at
×1000 magnification. The analysis included examining 40 fields
of view within 1 smear. Dark field microscopy was applied for
lipid crystal visualization. Photomicrographs were prepared
using Olympus DP71 camera.

The analysis of typical structural elements of the RSSC
comprised lipid droplet size measurement, counting charac-
teristic lipid crystals and desquamated corneocytes, and
evaluation of bacterial presence as previously described



Table 1 –MDA concentration changes during continuous astaxanthin consumption in the whole study and subgroups of
volunteers with different body composition (defined by BMI)

Measured parameters All subjects BMI-defined subgroups

Normal weight Overweight Obese

No. of subjects (M/F) 31 (17/14) 5 (3/2) 8 (7/1) 18 (7/11)
Age (y) 61.45 ± 2.22 65.00 ± 4.76 53.75 ± 3.93 63.89 ± 3.05
BMI (kg/cm2) 30.39 ± 0.93 23.14 ± 0.67 28.41 ± 0.41 33.28 ± 1.04
MDA concentration (μmol/L) on:
Day 0 0.304a,b ± 0.014 0.256d ± 0.021 0.318e,f ± 0.025 0.312h,i ± 0.021
Day 15 0.270a,c ± 0.013 0.241 ± 0.020 0.282e,g ± 0.024 0.272h,j ± 0.019
Day 29 0.238b,c ± 0.010 0.205d ± 0.006 0.247f,g ± 0.024 0.243i,j ± 0.014

Values are expressed as means ± SEM.
The different superscript letters (a-c; d; e-f; h-j) within columns indicate significant differences (P < .05) in MDA concentrations when pairwise
comparisons between time points were calculated using paired t test.
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[33,34]. Briefly, lipid droplet size was assessed as the diameter
of round droplets or long axis of oval droplets quantified using
Cell^B imaging software (Digital Imaging Solutions, Olympus,
Japan). Results of these measurements were summarized and
expressed as average droplet size for each subject/time point.
Likewise, counts of lipid crystals and desquamated
corneocytes (averages per microscope field) were recorded
for each subject/time point. The amount of bacteria per
microscope field was assessed using our 5-grade Bacterial
Presence Assessment Scale, expressing minimal amount of
bacteria per microscope field as 1 and heavy bacterial
presence as 5. This scale is described in detail in our previous
article [33]. All samples used for microscopic examinations
were anonymized to assure blind analysis.

The characteristics of the RSSC assessed per subject/time
point thus comprised lipid droplet size, numbers of desqua-
mated corneocytes and lipid crystals, and bacterial presence
estimates (using Bacterial Presence Assessment Scale).

2.5. Statistical analyses

Data handling and statistical analyses of the results were
carried out using IBM SPSS 19.0 statistical package (IBM Inc,
Armonk, NY, USA). All quantitative results were calculated for
the whole study population as well as for male and female
subjects separately. Separate result assessments were also
carried out for subgroups of subjects defined according to
their BMI (normal weight, overweight, and obese).

Results of all quantitative measurements (or counting)
were compared between the time points of the study. For
MDA analysis, comparisons were made between days 0, 15,
and 29. For RSSC assessment, only initial and final time points
(ie, days 0 and 29) were compared. Descriptive statistics were
used. Means, standard deviations, standard errors of the
means (SEMs), medians, and range values as well as 95%
confidence intervals were determined. Paired t test (2-sided P
values calculated) was applied to determine statistical signif-
icance for the differences between time points. t test for
independent means was used for comparing BMI-defined
subgroups. Scatter diagrams were used for presenting indi-
vidual results for all measurements in the RSSC assessment.
Line chart was used for presenting MDA concentration
dynamics during the study.
The minimum sample size for detecting quantitative
changes of the RSSC components in a longitudinal (“before-
after”) study was estimated at 27 based on a minimal
difference of 15% between time points with a type I error
α = .5 and power = 0.8 (type II error β = .2) [38].
3. Results

3.1. General characteristics of study participants

The main criterion for volunteer recruitment in this study
was agemore than 40, when aging-related changes of the skin
become clearly manifested, and the recruited volunteer group
was relatively diverse in terms of age range (40-80), with the
mean age 61.45 ± 2.22. It should also be noted that BMI
determination indicated that the majority of study partici-
pants (18 subjects or 58%) could be classified as obese. Obesity
was especially common among female volunteers (11 sub-
jects or 79%). Table 1 demonstrates that only 5 study
participants had normal weight, whereas 8 subjects were
classified as overweight. The “overweight” subgroup had 7 male
volunteers andonly 1 female, andmeanage in this subgroupwas
considerably lower (only 53.8 ± 3.93). The main purpose of the
study was, however, unlikely to be affected by diversity within
subgroups because dynamic changes of each parameter within
each volunteer during astaxanthin consumption period did not
appear to be either age or sex dependent.

3.2. Oxidative stress assessment by measuring MDA
concentrations

Fig. 2 presents summary results on MDA concentration mea-
surements at different time points of the study. It is evident that
MDA levels steadily (almost linearly) decreased during
astaxanthin consumption period, and comparisons between
time points done using paired t test convincingly confirmed
that MDA concentration values differed between days 0, 15, and
29 of the studywith high significance (Table 1).WhenMDA levels
ondays 15 and 29were expressed as percentage of the initial (day
0) measurement, the amount of the MDA detectable on day 15
was 88.8% of the initial, and this value further decreased to 78.3%
at the end of the study (day 29).



Fig. 2 – MDA levels at 3 time points during the study (means
and ±SEM).
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It should be stressed that MDA concentration decrease
was consistently observed regardless of body composition
type (Table 1); however, absolute MDA levels tended to be
lower in individuals with normal weight. Nevertheless, the
difference between the subgroups did not reach statistical
significance, which was not surprising given the small
number of volunteers with normal weight.

3.3. RSSC analysis: lipid droplet size

Lipid droplets present in the collected RSSC samples could be
easily identified by Oil Red O staining (Fig. 3) and measured
during microscopy using Cell^B imaging software. Fig. 4A
demonstrates results of lipid droplet size measurements
Fig. 3 – Photomicrograph demonstrating the presence of lipid
droplets in the collected RSSC material (lipid droplets are
shown by arrows). Oil Red O staining.
before astaxanthin intake initiation (day 0) and at the end of
the study (day 29). Despite some variability of the results, it
appeared that there was a relatively weak trend to increasing
lipid droplet size at the end of the study. The difference
between the 2 time points tested using paired t test, however,
has not reached statistical significance (P = .0683). The results
also showed that there was no sex-dependent difference in
lipid droplet size. Separate analysis of subgroups with
different body composition revealed no statistically signifi-
cant effect of astaxanthin in volunteers with normal weight
or overweight individuals, whereas in the subgroup of obese
subjects, a statistically significant (P = .0214) increase of lipid
droplet size was detected.

3.4. RSSC analysis: corneocyte desquamation

Evaluation of corneocyte desquamation in samples taken before
astaxanthin consumption (day 0) and after 4 weeks of
astaxanthin intake (day 29) has revealed a clear trend that is
evident from Fig. 4B. Corneocyte desquamation levels at the end
of the study were clearly reduced in most volunteers. This
phenomenonwas convincingly confirmed by paired t test, which
has revealed a highly significant difference (P = .0075). In some
volunteers, the difference in desquamation levelswas easy to see
during microscopic analysis (Fig. 5A and B). When BMI-defined
subgroupswere assessed separately, the outcome of paired t test
was statistically significant only for obese individuals (P = .0473).
No sex-related difference was revealed.

3.5. RSSC analysis: lipid crystals

Although crystal structures could be identified in RSSC
samples from the majority of volunteers, it was not possible
to detect any clear trend associated with astaxanthin con-
sumption. Distributions of lipid crystal numbers at the
beginning and end of the study are presented in Fig. 4C.
Neither BMI nor volunteer sex affected lipid crystal numbers.

3.6. RSSC analysis: microbial presence

The analysis of the microbial presence in RSSC samples was
conducted using our previously described [33] semiquantita-
tive scale. The obtained results are presented in Fig. 4D. We
could find a statistically significant (P = .0367) decrease of this
parameter at the end of the study for the whole volunteer
group. In addition, a statistically significant (P = .0312) de-
crease in microbial presence was detected among obese
volunteers. No sex-related differences could be found.
4. Discussion

The use of dietary supplements for preventing skin aging and
rendering skin youthful appearance is a fast-growing area of
investigation that may lead to the development of new
“nutricosmetic” products [39]. As astaxanthin is regarded as
one of the most potent antioxidants exerting antiaging effects
on skin [19,30-32], we were especially interested in detecting
these effects at the level of RSSCs noninvasively collected

image of Fig. 2
image of Fig. 3


Fig. 4 – Scatter diagrams showing individual result distribution (white symbols, female volunteers; gray symbols, male
volunteers). A, Lipid droplet size as individual average values. B, Desquamated corneocyte counts as individual average counts
per microscope field (**P = .0075; comparison using paired t test.). C, Lipid crystal counts as individual average counts per
microscope field. D, Microbial presence individual average estimates per microscope field according to our Bacterial Presence
Assessment Scale [24] (*P = .0367).
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from facial skin surface. Our previous work allowed conclud-
ing that RSSC samples taken from older individuals are
characterized by more pronounced corneocyte desquama-
tion, increased bacterial presence, and the accumulation of
smaller lipid droplets [33,34]. In this study, we investigated
effects of dietary supplementation with a moderate dose of
astaxanthin that provides a stable elevation of its level in the
plasma [40] (see also [41] that reviews interventions of this
type) and could demonstrate evident effects of this carotenoid
on both general oxidative stress reduction and the RSSC
characteristics. Indeed, astaxanthin consumption for 4 weeks
resulted in a progressive significant decrease of MDA concen-
tration in the plasma and appeared to inhibit corneocyte
desquamation and decrease microbial presence by the end of
the study. The latter RSSC-related phenomena can be
interpreted as signs of a reversal of age-associated skin

image of Fig. 4


Fig. 5 – Photomicrographs of desquamated corneocytes
observed in the same volunteer in the beginning of the study
(A) and on day 29 (B). Hematoxylin and eosin staining.
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changes because enhanced corneocyte desquamation and
more pronounced microbial presence in the RSSC were
previously shown to characterize facial skin of older individ-
uals [33,34].

The association of aging with elevated MDA levels is a
well-proven fact repeatedly described by other authors [42-
44]. Moreover, it is evident that dietary interventions involv-
ing antioxidants [45-47] and even positive lifestyle changes
[48] can result in MDA decline. At the same time, relatively
little was known so far about possible effects of astaxanthin
on MDA concentration in the plasma of human subjects.
Although astaxanthin was demonstrated to induce MDA
decrease in several experimental studies [49-51], only one
Korean group could demonstrate this effect in humans [52-54]
before the present study.

Stratum corneum of the skin is one of many targets of the
MDA, especially in the context of photo-oxidative stress [55],
which certainly contributes to photoaging process and is
clearly associated with hyperproliferation of keratinocytes
followed by their enhanced desquamation [33,34,56]. It is
assumed that oxidative protein damage increases protein
degradation [29], thus facilitating desquamation of terminally
differentiated corneocytes. This assumption is corroborated
by observations of increased MDA levels in patients with
psoriasis, a skin condition characterized by excessive epider-
mal proliferation and desquamation combined with dermal
inflammation [57]. The outcome of our study indicates that
continuous consumption of astaxanthin for only 4 weeks
results in a clear decrease of plasma MDA. It is apparent that
this change reflects general antioxidant effect of astaxanthin.
Oxidative damage in the skin is likely to decrease in parallel,
which may entail declining keratinocyte desquamation.
Molecular mechanisms of the latter phenomenon are not
entirely clear; however, it is experimentally proven that
astaxanthin is accumulated in the skin [58,59]. Komatsu et al
[59] have recently shown that astaxanthin suppresses prote-
ase inhibitor expression in the SC of mice, thus stimulating
proteolysis of filaggrin leading to the production of natural
moisturizing factors that prevent corneocyte desquamation
(see [60] for review on molecular aspects of desquamation).
Further investigations are needed for proving the existence of
this mechanism in humans.

It was shown in our previous study [33] that the presence of
bacteria on the surface of the facial skin of older subjects was
higher compared with the young ones. This most probably
corresponds to age-related impairment of the immune system
[61] that leads to mild inflammatory changes in the skin, thus
creating favorable conditions for microbial growth. Decreasing
microbial presence following astaxanthin consumption is con-
sistent with the immunostimulatory [13,14] and anti-
inflammatory [15,16] effects of this carotenoid.

We must admit that this study had limitations. There was
no separate control (placebo) group, but by using the
longitudinal (“before-after”) design, we assured that the initial
(presupplementation) point of the study served as an internal
control for postintervention measurements done in each
study participant. In addition, a relatively small size of our
study prevented us from appropriately comparing BMI-
defined subgroups of subjects. Nevertheless, the results
suggest that astaxanthin effects appeared to be more pro-
nounced among individuals classified as obese. In this largest
subgroup, we could observe not only significantly decreasing
levels of MDA, corneocyte desquamation, and microbial
presence but also a significant increase in the size of lipid
droplets present in the RSSC, which also corresponds to
previously identified characteristics of younger skin [33,34].
The latter observation may not be easy to interpret, but it is
known that the amount of lipids on the surface of the
epidermis declines with age [62,63], and the presence of
lipophilic antioxidants normally found in sebum declines in
parallel [62]. The trend to the enlargement of lipid droplets
observed in obese volunteers in our study may reflect the
antioxidant activity of the carotenoid that protects lipids in
the sebum from peroxidation. It can be assumed that
peroxidation-caused lipid damage and cross-linking result in an
increased sebum viscosity. Therefore, the observed enlargement
of lipid droplets is likely to be associated with viscosity reduction
and could be interpreted as a sign of astaxanthin-induced
reversal of age-related changes in the skin.

Although we need to be very cautious with conclusions
because of the small size of “normal” and “overweight”
subgroups in our study, it should be noted that correlations
between higher BMI and increased oxidative stress and MDA
were earlier detected by other investigators in postmeno-
pausal women [64,65]. It appears to be logical to assume that
obese individuals with high levels of oxidative stress may
demonstrate a stronger response to the antioxidant effect of
astaxanthin; however, making a firm conclusion on a stronger

image of Fig. 5
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skin-rejuvenating effect of astaxanthin in obese individuals may
not be safe without performing larger confirmatory studies.

In our previous investigations of the RSSCs, we observed
age-dependent changes in the presence of lipid crystals
[33,34], but no significant effect of astaxanthin on these
structures, which are most probably related to the sebum
[66], could be detected in this study.

It can be concluded that by demonstrating that continuous
consumption of astaxanthin for only 4 weeks resulted in RSSC
changes consistent with the reversal of aging process, we
have successfully confirmed our hypothesis, which can thus
be accepted. The results also demonstrate that morphological
investigation of the RSSCs is a useful tool for assessing skin-
targeting effects of dietary factors. Although we strongly
believe that these findings are very useful for developing new
approaches to skin aging prevention, larger studies are
needed for further characterizing the described phenomena.
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