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Abstract. The aim of the present study was to determine 
whether oral supplementation with a fermented papaya 
preparation (FPP‑treated group) or an antioxidant cocktail (anti-
oxidant‑control group, composed of 10 mg trans‑resveratrol, 
60 µg selenium, 10 mg vitamin E and 50 mg vitamin C) was 
able to improve the skin antioxidant capacity and the expres-
sion of key skin genes, while promoting skin antiaging effects. 
The study enrolled 60 healthy non‑smoker males and females 
aged 40‑65 years, all of whom showed clinical signs of skin 
aging. The subjects were randomly divided into two matched 
groups, and were administered FPP or antioxidant treatment 
of a 4.5 g/day sachet sublingually twice a day for 90 days in a 
double‑blind fashion. The parameters investigated were: Skin 
surface, brown spots, skin evenness, skin moisturization, elas-
ticity (face), redox balance, nitric oxide (NO) concentration, 
and the expression levels of key genes (outer forearm sample). 
As compared with the baseline (day 0) and antioxidant‑control 
values, FPP‑treated subjects showed a significant improvement 
in skin evenness, moisturization and elasticity. The two treat-
ments improved the MDA and SOD skin concentrations, but 
only the FPP‑treated group showed a higher SOD level and 
a significant NO increase, along with significant upregula-
tion of acquaporin‑3 and downregulation of the potentially 
pro‑aging/carcinogenetic cyclophilin‑A and CD147 genes 
(P<0.05). Progerin was unaffected in both treatment groups. 

In conclusion, these findings suggest that orally‑administered 
FPP showed a consistent biological and gene‑regulatory 
improvement in the skin, as was also demonstrated in previous 
experimental and clinical trials testing other tissues, while 
common oral antioxidants had only a minor effect.

Introduction

Aging is associated with a wide range of impairments of the 
regulatory systems, particularly systems that are associated with 
surveillance and defence mechanisms (1). The skin, as the body's 
largest organ, follows an oxidant/antioxidant defense path and 
abnormalities leading to photoaging, chronoaging and inflam-
mation are mediated by reactive oxygen species (ROS) (2). The 
true biological impact of the direct topical administration of a 
wide variety of natural and synthetic compounds on skin health 
remains unclear (3). Considering that the hydrophobic nature of 
the upper layer of the skin is the stratum corneum, specific oral 
phytonutrients have been proven to improve certain clinical 
aspects of skin health (4‑6). Although the skin possesses a 
multifaceted antioxidant defense structure, unbalanced and 
enduring exposure to ultraviolet (UV) radiation can over-
whelm the dermal antioxidant capability, resulting in oxidative 
damage that may lead to skin immune system dysregulation, 
premature aging and development of skin cancer (7). Chronic 
sun exposure results in photoaged skin (8), characterized by 
the premature occurrence of aging signs on the skin, which 
displays distinct morphological changes of the epidermal and 
dermal compartments, the pigmentary system and the vascula-
ture (9,10). These changes are also accompanied by an increased 
skin cancer occurrence (11). Furthermore, changes of intrinsic 
aging have to be considered, and these are typically observed in 
chronically sun‑protected areas where aging is mainly attrib-
uted to intrinsic factors, including genetics and changes in the 
endocrine environment, reflecting the degradation processes of 
the entire organism (12). Previous in vitro data obtained from 
human epithelial skin cells have shown that studies on this type 
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of tissue may provide useful information when investigating 
the same embryologic‑derived tissues, such as tissues from the 
central nervous system (13). More recently, a study has reported 
that a resveratrol‑procyanidin‑based nutraceutical was able to 
exert a beneficial skin antiaging effect (14). However, the study 
only partially addressed skin clinicobiochemical evaluation 
and did not assess gene expression.

A number of genes and associated proteins have recently 
emerged as relevant for skin health (15). Among them, aqua-
porin‑3 (AQP‑3) is expressed in keratinocytes and fibroblasts, 
and regulates water movement across the plasma membrane 
via diffusion through the lipid bilayer, as well as being involved 
in wound healing (16). The common upregulation of AQP‑3 
by antioxidants has been suggested to beneficially modulate 
this protein in order to maintain skin health, cell turnover 
and skin hydration (15). Cyclophilin A (CyPA), a member of 
the immunophilin family, has been recently found to play an 
important role in impairing skin DNA repair mechanisms (17), 
while also affecting systemic oxidative stress‑inflammatory 
response (18,19). The transmembrane glycoprotein CD147, a 
cell surface receptor of CyPA that belongs to the immuno-
globulin superfamily, plays a relevant role in CyPA‑mediated 
signal transmission and chemotactic activity (20). Finally, a 
recent study has suggested that UVA may induce progerin 
mRNA and protein expression in dermal fibroblasts as a novel 
mechanism of UV‑accelerated skin aging (21).

A fermented papaya preparation (FPP) has been shown to 
possess effective antioxidant properties in previous in vitro 
and in vivo studies (22‑24). Therefore, the aim of the current 
study was to determine whether nutraceutical treatment with 
a supplement composed of GMP‑ and ISO9001‑certified 
FPP was able to improve the skin antioxidant capacity and 
the expression of key skin genes, while promoting clinically 
evident skin antiaging effects.

Materials and methods

Ethics. All procedures were approved by an independent Ethical 
Committee for non‑pharmacological research  (ReGenera 
Research Group for Aging Intervention, Milan, Italy). Each 
subject recruited for the study was fully informed and treated 
in compliance with the guidelines of the Declaration of 
Helsinki. All skin samples were obtained under the written 
informed consent of the donors.

FPP. The FPP used in the present study was obtained from 
Carica  papaya  L. cultivated in Hawaii, following yeast 
fermenting for 10 months and batch-to-batch checking at the 
Osato Research Institute (Gifu, Japan). The final composition 
of FPP per 100 g is as follows: 90.7 g carbohydrates, 17 µg 
vitamin B6, 2 µg folic acid, 2.5 mg calcium, 16.9 mg potas-
sium, 240 µg niacin, 4.6 mg magnesium, 14 µg copper, 75 µg 
zinc, 16 mg arginine, 6 mg lysine, 5 mg hystidine, 11 mg 
phenylalanine, 9 mg tyrosine, 18 mg leucine, 9 mg isoleucine, 
5 mg methionine, 13 mg valine, 11 mg glycine, 8 mg proline, 
37 mg gluthamic acid, 11 mg serine, 8 mg treonine, 27 mg 
aspartic acid, and 2 mg triptophane.

Subjects and study design. The study enrolled 60 healthy 
non‑smoker males and females with an age of 40‑65 years, 

all of whom showed clinical signs of skin aging (including 
wrinkles, dull complexion and brown spots). The inclusion 
criteria were as follows: Caucasian ethnicity; Fitzpatrick skin 
type I‑III (25); dull complexion; normal body mass index; 
absence of current or prior skin diseases; compliance to 
abstain during study period from any topical application of 
compounds, with the exception of standard cleaning soap; and 
no know food intolerances.

All subjects were subjected to a 2‑week washout period, 
during which they discontinued all moisturizer use and substi-
tuted their body cleanser with a supplied mild body wash. The 
subjects were not taking any vitamin/mineral supplements or 
medication.

The healthy non‑smoker subjects were randomly 
recruited, divided into two groups matched based on their 
life‑style, alcohol use, body mass index and physical activity 
(kcal/week), and then were assigned to a study group (active or 
antioxidant‑control group; n=30 each), avoiding any significant 
differences between the groups. In the FPP‑treated group, the 
test product was administered as a 4.5 g sachet sublingually 
twice a day (total dose, 9.0 g per day), 1 h after breakfast and 
lunch, and then the subjects fasted for at least 30 min. In the 
antioxidant‑control group, a similar‑flavored sugar was admin-
istered along with antioxidants (10 mg trans‑resveratrol, 60 µg 
selenium, 10 mg vitamin E and 50 mg vitamin C) in the same 
manner as in the FPP-treated group. The subjects received 
administration for 90 days and the study was designed as 
double‑blinded. A dietary questionnaire was used, and habitual 
intake of macronutrient and micronutrient was also submitted 
using a 7‑day diet history model.

Skin moisturization. A skin capacitance instrument (Nova 
Dermal Phase Meter 9003; Nova Technology Corporation, 
Portsmouth, NH, USA) was used to measure skin moisturiza-
tion. Using this corneometer, data were obtained by integrating 
measurements at different frequencies of the applied current at 
preselected frequencies up to 1 MHz. Capacitance values were 
calculated from the phase delay of the signal. The standard 
probe had two concentric brass ring electrodes separated by a 
1‑mm isolator, and there was direct Galvanic contact between 
the electrodes and the skin. The final values are provided in 
arbitrary units (26).

Measurements were performed at five different sites on the 
cheeks. The arithmetic mean for each volunteer and time point 
were calculated. 

Skin elasticity. Facial (malar area) skin elasticity was calcu-
lated through a non‑invasive suction skin elasticity device 
(Cutometer dual MPA 580; Courage and Khazaka Electronic 
GmbH, Cologne, Germany). This device generated a graph 
by measuring skin extensibility (Ue), delayed distension (Uv), 
final deformation  (Uf), immediate retraction  (Ur), total 
recovery (Ua) and residual deformation at the end of measuring 
cycle (R). Using an optical measuring probe, this device derives 
the aforementioned measurements through the principle of 
suction skin‑fold elongation (27). A 2‑mm measuring probe 
applied a constant suction of 350 mbar for 18 sec followed by a 
2‑sec relaxation interval, and this was repeated twice. 

Out of the measured R  parameters retrieved by the 
Cutometer, the values of R2, R5 and R6 were examined. 
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R2 represents the gross‑elasticity of the skin, including the 
viscous deformation, and it is expressed by the ratio of skin 
deformation over the ultimate distension (Ua/Uf) (28). Values 
closer to 1 represented higher elastic properties of the skin. R5, 
which is calculated by immediate retraction (Ur) / skin exten-
sibility (Ue), is associated with the net skin elasticity without 
the interference of viscous deformation (5,8). Similarly, values 
close to 1 were associated with increased elastic properties of 
the skin. The ratio of Ur/Ue is the most significant parameter 
for assessing skin aging, since it mirrors the elastic recovery, 
which is known to decline with aging  (29), subsequent to 
deformation and independently from the skin thickness. By 
contrast, the factor R6 is the most reliable index of epidermal 
and dermal water content (27), representing the role of visco-
elasticity and viscous deformation components against the 
elastic deformation of the skin due to the increased interstitial 
fluid through the fibrous mesh (28). R6 is represented by the 
ratio of viscoelasticity over skin extensibility (Uv/Ue).

Skin surface and brown spot intensity. The skin surface prop-
erties (including wrinkle depth and roughness) and the brown 
spot intensity were assessed using standardized digital photo-
graphs captured with the Visia‑CR imaging system (Canfield 
Scientific, Inc., Fairfield, NJ, USA). This is a multi‑spectral 
imaging device that uses a specialized software detecting and 
analyzing dark spots directly on the captured photographs (30). 
The analysis allows the assessment of the color intensity and 
the size of specific dark spots, as well as the assessment of the 
overall face complexion (skin evenness). Evenness in skin color 
and texture was identified based on gradations in skin color 
compared with the surrounding skin tone. The skin evenness 
evaluation was performed by an expert evaluator at specified 
study intervals. The evaluator assessed each facial parameter 
using a modified 100 mm visual analog scale (VAS) expressing 
the perception of unevenness, with lower scores indicating a 
more even and less aged skin appearance (31). The evaluator 
selected a location on the VAS that corresponded with the 
perception of the subject's skin in relation to the labelled vertical 
positions on the scale. The distance between the mark recorded 
and the left origin of the line was subsequently measured in 
millimeters to allow for the assignment of a numerical score for 
the extent and/or severity of the evaluated parameter.

Skin sampling. Following enrollment, the condition of all 
the subjects was initially stabilized for 30 min, in a climate‑ 
(22±2˚C) and humidity‑controlled (50±10%) room. Next, skin 
samples were collected using Corneofix® foils (Courage and 
Khazaka Electronic GmbH), and 3‑ml punch biopsies were 
obtained from the extensory side of the patient forearms. 
Samples were also collected after 90 days.

Gene expression studies. Genes recently highlighted (18‑20) 
as playing a relevant role in aging and oxidative protection 
(including AQP‑3, CyPA and CD147) along with an intrinsic 
aging‑associated gene (progerin) were investigated. Reverse 
transcription‑polymerase chain reaction (RT‑PCR) was used 
to determine their expression at 0 days and after 90 days.

RNA extraction and RT‑PCR analysis. Briefly, cells were lysed 
by Ambion lysis buffer (Ambion, Carlsbad, CA, USA) for 

20 min and the lysates were mixed with an equal volume of 
64% ethanol. The lysates were transferred to a mini‑column 
and centrifuged at 10,000 x g for 1 min. The column was then 
washed with 700 µl wash buffer 1 and twice with 500 µl wash 
buffer 2/3 (GenePharma Co., Ltd., Shanghai, China). Following 
incubation with 50 µl elution buffer (GenePharma Co., Ltd.), the 
resulting flow was retrieved and 50 µl elution buffer was added 
followed by centrifugation at 10,000 x g. Next, 1 µl DNAse I was 
added to 20 µl of RNA solution with suitable DNAse I buffer 
(GenePharma Co., Ltd.) and incubated at 37˚C for 2 h. The 
DNAse I was removed by adding DNAse removing reagent and 
the purified RNA was retrieved by centrifugation at 10,000 x g 
for 1 min. The quantity of total RNA was first assessed by 
measuring the optical density at 260 nm, and the quality of the 
total RNA was estimated using 1.5% agarose gel electropho-
resis. RT was performed in a 20‑ml reaction solution containing 
3 µg total RNA using the Revert cDNA Synthesis kit (Toyobo 
Biotech, Co., Ltd., Shanghai China). PCR was performed in a 
thermal cycler with preliminary denaturation at 94˚C for 5 min, 
followed by amplification for 30 cycles of denaturation at 94˚C 
for 40 sec, annealing at 65˚C for 1 min and extension at 72˚C 
for 1 min. Subsequently, 5 µl PCR product was separated by 
electrophoresis on a 1.5% agarose gel, and visualized using 
ethidium bromide staining under UV light. The primers used 
were as follows: AQP3 forward, 5'‑AGA​CAG​CCC​CTT​CAG​
GATTT‑3', and reverse, 5'‑TCC​CTT​GCC​CTG​AAT​ATCTG‑3'; 
CypA forward, 5'‑GTC​AAC​CCC​ACC​GTG​TTC​TTC‑3', and 
reverse, 5'‑TTT​CTG​CTG​TCT​TTG​GGA​CCTTG‑3'; CD147 
forward, 5'‑TCG​CGC​TGC​TGG​GCACC‑3', and reverse, 
5'‑TGGCGCTGTCATTCAAGGA‑3'; progerin forward, 
5'‑ACT​GCA​GCA​GCT​CGGGG‑3', and reverse, 5'‑GGC​TCT​
GGG​CTC​CTG​AGCC‑3'; and glyceraldehyde‑3‑phosphate 
dehydrogenase (GAPDH) forward, 5'‑ACC​ACA​GTC​CAT​GCC​
ATCAC‑3', and reverse, 5'‑TCC​ACC​ACC​CTG​TTG​CTGTA‑3'. 
The PCR products were subjected to electrophoresis on a 1.4% 
agarose gel using a Gel Doc 2000 fluorescence documentation 
system (Bio-Rad Laboratories Co., Ltd., Shanghai, China) and 
GeneScan analysis software (version 672; Applied Biosystems; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The 
mRNA level of each sample was normalized to that of the 
β-actin mRNA.

Dermal redox balance and nitrogen oxide (NO) assessment. 
After the patients fasted overnight, the antioxidant capacity 
of the skin was assessed on the third and fourth skin strips 
(Corneofix® foils were used after discarding the first and 
second layers).

Determination of lipid peroxidation. The lipid peroxidation 
product was determined by measuring the malondialdehyde 
(MDA) content in tissue homogenates. Skin samples were 
immediately frozen to ‑70˚C until assayed for thiobarbituric 
acid reactive species (TBARS) formation. As an index of oxida-
tive stress, the formation of TBARS during an acid‑heating 
reaction was used. Briefly, the samples were mixed with 
1 ml trichloroacetic acid (10%) and 1 ml thiobarbituric acid 
(0.67%) and then heated in a boiling water bath for 15 min. The 
TBARS content was determined by measuring the absorbance 
at 535 nm, using 1,1,3,3‑tetramethoxypropane as an external 
standard. The results are expressed as malondialdehyde 
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equivalents per milligram of protein (Lowry assay), and values 
are expressed in units of nM/mg protein.

Superoxide dismutase (SOD) activity measurement. SOD 
production was evaluated using a lucigenin‑amplified chemi-
luminescence method. Skin samples were placed in Krebs 
buffer (Sigma‑Aldrich, St. Louis, MO, USA) at pH 7.40, for 
20 min. The samples were then transferred to a counting vial 
under light protection and immersed in a 5‑µM lucigenin solu-
tion (Sigma‑Aldrich) in Krebs buffer (total volume, 1.0 ml) 
mimicking tissue generation of superoxide. The emitted 
luminescence was calculated for 5 min in a Berthold Biolumat 
luminometer (Berthold Detection Systems GmbH, Pforzheim, 
Germany). Background signals from the buffer and lucigenin 
were subtracted from the tissue sample signals and the final 
value was normalized for dry weight. Chemiluminescence 
was measured directly and continuously for 5 min to obtain 
basal values. Data are expressed as counts per min per mg 
of dry tissue.

In vivo NO assessment. Following a thorough skin cleansing, 
a sterilized microdialysis probe was gently inserted into the 
forearm skin while carefully avoiding fluid exudation. Next, 
0.3 ml of 100 µM 4,4'‑sulfonyldianiline in sterile normal saline 
(pH 5.8‑6.0) was fed to a microdialysis tube and maintained 
for 20 min to allow for local absorption of NO. The total NOx

‑ 
concentration (NO2

‑ and NO3
‑) was calculated in the dialysate 

using the ozone phase chemiluminescence method (NOA280i; 
GE Analytical Instruments, Boulder, CO, USA), with a lowest 
sensitivity of 1.0 pM. A 5 µl sample of fresh dialysate was then 
reduced by a vanadium(III)/HCl solution. The resulting NO 
gas was reacted with ozone to generate a chemiluminescent 
reaction, and the nitrate calibration curve was set using graded 
concentrations of NaNO3 diluted in sterile nitrogen‑free 
water. The whole quantity of NO3 in each dialysate sample 
was measured by correlating the signal peaks through nitrate 
curve calibration. Triplicate measurements were performed. 
The presence of (NO2

‑) in the dialysate samples was equalled 
to the water basal level so that the final NOx concentration in 
the dialysate was expressed in µM units (32).

Intraobserver and interobserver variability. Intraobserver and 
interobserver variability for clinical testing were estimated 
by calculating the mean and 95% confidence interval (CI) of 
the arithmetic differences among three consecutive measure-
ments obtained by a single researcher on the same volunteer. 
Variability was expressed the mean ± 1.96 (which was the 
standard deviation value of the mean arithmetic difference), 
according to Bland and Altman (33). When the differences 
were normally distributed, 95% of the differences were within 
a range of SD of the mean difference = 1.96.

Statistical analyses. Statistical analyses were performed using 
Prism 5 software (GraphPad Software, Inc., San Diego, CA, 
USA). Data are expressed as the mean of three independent 
experiments, and were analyzed by Student's t‑test and analysis 
of variance (ANOVA). In addition, ANOVA with Dunnett's test 
was used to compare VAS scores for clinical grading of facial 
skin attributes or, more specifically, to compare differences 
between the values at baseline (day 0) and after 90 days of 

observation. Genes expression level comparisons were tested 
by Kruskal‑Wallis t‑test, and the correlation analysis was 
assessed with Spearman's rho method. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Skin moisturization. Antioxidant cocktail supplementation 
was not found to affect skin moisturization. By contrast, FPP 
supplementation resulted in a significant improvement in skin 
moisturization after 90 days (~95% increase; P<0.04; Fig. 1).

Skin elasticity. As compared to the baseline value, the 
FPP‑treated group showed a non‑significant increase in the 
R2 values at 90 days of observation (P<0.063; Fig. 2A). By 
contrast, the values obtained from the antioxidant‑treated group 
at 90 days were unchanged compared with the baseline control 
values. Notably, the control values detected after 90 days of 
observation for R6 (Uv/Ue) were significantly lower compared 
with those obtained in the FPP‑treated group (P<0.05). For 
factor  R5, no significant changes occurred, regardless of 
the treatment employed (Fig. 2B). However, the FPP‑treated 
group showed a non‑significant increase at 90 days compared 
with the baseline value (P>0.05). Furthermore, FPP supple-
mentation maintained for 90 days resulted in a statistically 
significant increase in the R6 values when compared with the 
baseline value (P<0.01) and with the antioxidant‑control group 
(P<0.05; Fig. 2C).

Skin surface and brown spot intensity. The majority of 
the parameters tested, including roughness, wrinkle depth 
and darkness of brown spots, did not show a statistical 
significant change for the two treatment employed (data not 
shown). However, the overall evenness (color variation in 
the skin tone) was evaluated as significantly improved in the 
FPP‑treated group (P<0.05), but not in the antioxidant‑control 
group (Fig. 3).

Skin gene expression experiments. Gene expression experi-
ments demonstrated that, as compared with the baseline and 
90‑day values observed in the antioxidant‑control group, AQP3 
expression was significantly upregulated after 90 days of FPP 

Figure 1. Skin moisturization. *P<0.05 vs. baseline value and §P<0.05 vs. 
antioxidant‑control. Dotted columns, treated with FPP; white columns, 
treated with an antioxidant‑control; FPP, fermented papaya preparation.
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administration, whereas CyPA and CD147 expression levels 
were significantly downregulated (P<0.05; Figs. 4 and 5). By 
contrast, the antioxidant‑supplemented group did not show 
a significant downregulation in the levels of CD147, after 
90 days of treatment (P>0.05 vs. baseline value). Progerin 
gene expression was unaffected by the two treatments, 
although a trend towards decreased expression was noted 
in the FPP‑supplemented group (P<0.068, non‑significant 
change; Fig. 5).

Dermal redox balance and NO assessment. The two treat-
ments were found to significantly decrease the MDA level in 
the tissue, as compared with the baseline values (P<0.05). In 
addition, there was no significant difference between the two 
different treatment groups (Fig. 6A). A significant increase in 
the SOD level was also noted after 90 days (P<0.01 vs. baseline 
values). However, FPP treatment enabled a more signifi-
cant increase in the SOD tissue concentration (P<0.05 vs. 

antioxidant-control group; Fig. 6B). In addition, only FPP 
showed a statistically significant increase in local NO produc-
tion (P<0.05 vs. baseline value and vs. antioxidant‑control 
group; Fig. 7).

Figure 5. Skin gene expression of CD147 and progerin. *P<0.05 vs. baseline 
and §P<0.05 vs. antioxidant‑control. Dotted columns, treated with FPP; white 
columns, treated with antioxidant‑control; FPP, fermented papaya preparation.

Figure 4. Skin gene expression of AQP‑3 and CyPA. *P<0.05 vs. baseline 
and §P<0.05 vs. antioxidant‑control. Dotted columns, treated with FPP; white 
columns, treated with an antioxidant‑control; FPP, fermented papaya prepa-
ration; AQP‑3, aquaporin‑3; .CyPA, cyclophilin A.

Figure 2. Skin elasticity parameters. (A) R2 (Ua/Uf); (B) R5 (Ur/Ue); (C) R6 
(Uv/Ue). *P<0.01 vs. baseline, and §P<0.05 vs. antioxidant‑control. Dotted 
columns, treated with FPP; white columns, treated with an antioxidant‑con-
trol; FPP, fermented papaya preparation.

  A

  B

  C

Figure 3. Skin surface evenness, determined based on the VAS score. The score 
was interpreted as a perception of unevenness, thus a lower score indicated 
higher evenness. *P<0.05 vs. baseline and §P<0.05 vs. antioxidant‑control. 
Dotted columns, treated with FPP; white columns, treated with an antioxi-
dant‑control; VAS, visual analog scale; FPP, fermented papaya preparation.
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Discussion

Aging is a complex process that underlies multiple factors, with 
the involvement of heritable and several environmental effects. 
In particular, aging is influenced by large‑scale epigenomic 
expression changes; however, the ways of modulating such func-
tional variations in order to achieve health benefits in humans 
require further investigation. Skin cells are constantly exposed 
to ROS and oxidative stress from exogenous and endogenous 
sources (34‑36). In addition, the skin is naturally endowed with 
a variety of low molecular weight antioxidants and antioxidant 
enzymes with ROS‑scavenging activity, forming an elaborate 
inducible/adaptive redox system (37). This system consists of 
enzymatic antioxidants, including SOD, glutathione peroxidase 
and catalase, as well as of non‑enzymatic antioxidants, such 
as vitamin C, vitamin E isoforms, ubiquinol, glutathione and 
uric acid. These antioxidants act together with other factors, 
such as ascorbate, carotenoids and sulfhydrils, to regulate 
the redox system. However, this antioxidant machinery is not 
fully efficient; this becomes more evident during the process 
of aging, in which an uncontrolled oxidative damage to the 
proinflammatory cytokines occurs, which is also the basis 
of carcinogenesis transformation (38). Certain abnormalities 
observed in photoaging can be also found in chronoaging, and 
these include the loss of dermal collagen that is observed at a 
lesser extent in chronoaging. However, this also suggests that 

tissue injuries initially triggered by environmental factors, such 
as sun exposure, may indeed accelerate intrinsic aging mecha-
nisms and help to accumulate oxidized/degraded proteins (39). 

From a macroscopic viewpoint, the present study demon-
strated that, unlike the antioxidant‑control treatment, the FPP 
nutraceutical resulted in a significant improvement in the skin 
moisturization and elasticity, and namely in its viscous elastic 
component. This finding is notable and can be tentatively linked 
to the significant upregulation of AQP‑3 expression that was 
exerted only by this specific fermented nutraceutical. To add 
more relevance to these findings, it is worth mentioning that 
Cao et al (40) have demonstrated that UV may induce AQP3 
downregulation in human skin keratinocytes and this is also 
likely to occur in vivo. Notably, a recent study (41) suggested 
that resveratrol treatment downregulated the expression of 
AQP‑3, at least in specific experimental set‑ups, indicating 
that this treatment may be more suitable for hyperplastic skin 
disorders, rather than for the overall skin health.

Although the two nutraceuticals used in the current study 
did not show any overt effect on the wrinkle and age spots 
intensity, it was interesting to observe that FPP resulted in a 
significant improvement in skin complexion (based on the skin 
evenness, as evaluated by an expert investigator who was blinded 
to the treatment). This clinical finding may be associated with 
the obtained data of higher hydrated derma and possibly also 
due to the higher concentration of NO. As a matter of fact, this 
unique NO‑modulating effect of FPP was demonstrated in an 
experimental model established by Collard and Roy (42), while 
a recent study by our group investigated the cardiovascular 
benefits of FPP in healthy subjects (43). The two treatments 
seen in the present study enabled a significant improvement of 
the redox balance, and this may help counteract the increased 
MDA and decreased SOD levels that were observed in skin 
injury caused by UV and intrinsic aging (39). However, unlike 
the antioxidant‑control treatment, FPP exerted a significant 
downregulating action on the gene expression levels of 
CyPA and CD147. CyPA has been previously shown to be 
overexpressed in several cancer cell lines (44). In addition, 
Han et al (17) recently provided convincing data in support of 
the oncogenic role of CyPA in skin tumorigenesis, including 
squamous and basal cell carcinomas, which are essentially 
caused by UV damage. The transmembrane glycoprotein 
CD147 has been found to play a similar role, since it is strictly 

Figure 7. Skin NO concentration. *P<0.05  vs. baseline and §P<0.05 vs. 
antioxidant‑control. Dotted columns, treated with FPP; white columns, 
treated with an antioxidant‑control; FPP, fermented papaya preparation.

Figure 6. Skin redox balance of (A) MDA and (B) SOD. *P<0.05 vs. baseline; #P<0.05 vs. antioxidant‑control and P<0.01 vs. baseline. Dotted columns, treated 
with FPP; white columns, treated with an antioxidant‑control; FPP, fermented papaya preparation; MDA, malondialdehyde; SOD, superoxide dismutase.
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connected to CyPA (45,46), and therefore the CyPA‑CD147 
complex is suggested to be a novel therapeutic target  (47). 
Thus, the aforementioned data provide further evidence that a 
systemic redox‑modulating approach (with FPP supplementa-
tion in the case of the present study) is certainly noteworthy. 
In recent years, a number of studies have investigated the 
brain‑skin connection (48,49), providing new insights from 
the understanding and interventional perspective viewpoints. 
Furthermore, a recent study reported that CyPA/CD147 modu-
lation via the extracellular regulated protein kinase signaling 
pathway may play a relevant role in the brain physiopathology 
of dementia (50). In fact, at a neurobiology center in Italy, a 
study has demonstrated a significant improvement in Parkinson 
patients using FPP, both biochemically and clinically (51). In 
particular, among several parameters, a significant decrease 
was observed in 8-hydroxy-2'-deoxyguanosine, which is know 
to increase also in the skin of Parkinson patients (52).

Progerin can also be induced by UV, and its accumulation 
is known to be involved in the process of DNA repair and 
signaling during cellular injury (53). In the present study, none 
of the supplemental interventions affected the progerin gene 
expression. It is hypothesized that this fundamental biological 
parameter may require a longer treatment period in order 
to show a response, but also that oxidative stress‑associated 
factors are only part of a larger epigenomic environment to be 
advocated for its modulation.

Although investigations involving dietary and frequently 
high intake of a single antioxidant or vitamin may be highly 
flawed due to the interactive nature of antioxidants in vivo, 
large‑scale nutrition and nutraceutical intervention studies can 
aid the validation of nutrigenomic‑dermagenomic strategies 
for specific genes within an overall integrative health medical 
approach. Nonetheless, the findings of the present study find-
ings have demonstrated that FPP possesses a distinct profile 
among food supplements and functional foods by effectively 
acting at a biochemical/epigenomic skin level. Furthermore, 
the importance of well‑designed topical formulations for skin 
protection maintains its utmost importance and opens new 
avenues of treatment (54,55).

In conclusion, based on the present findings, orally admin-
istered FPP appears to result in a consistent biological and 
gene regulatory improvement in the skin, while common oral 
antioxidants had only a minor effect.
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