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Abstract

Intrinsic and extrinsic skin aging alter skin structure and function, while hydrating prod-
ucts and regenerative therapies such as platelet-rich plasma (PRP) support the restoration
of skin homeostasis and clinical appearance. This in vivo study aimed to evaluate whether
a combination of a hydrating cream and PRP improves skin texture. Three groups of partic-
ipants were treated over 90 days with hydrating cream, intradermal PRP, and hydrating
cream enriched with PRP (HC-PRP). The evaluation was conducted by dermoanalysis
at each 30 days with two main indices, moisture and texture, and six complementary
indices, oil, complexion, 3D, pigment, phlogosis, and pores. The best texture outcomes
were observed in the HC-PRP group, which showed a significant improvement over time
and better results than the cream alone (significant after Bonferroni correction). For the
moisture index, the hydrating cream alone gave the largest increase, consistent with its
primary action, although HC-PRP was also associated with a moderate increase. These
exploratory results point to a potential benefit of the HC-PRP combination for skin texture
and offer a starting point for future research. Further randomized studies on larger samples
are required to validate these observations and to establish the contribution of PRP.

Keywords: platelet-rich plasma; moisturizing agents; skin care; anti-aging; senescence;
skin integrity
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is largely retained by the natural moisturizing factor (NMF) consisting of hygroscopic
molecules derived by the breakdown of filaggrin (as pyrrolidone carboxylic acid, urocanic
acid, lactic acid, urea, glycerol) [4]. The amount of filaggrin in the skin is a determinant
of proper moistness. Mutations in the gene encoding its precursor (pro-filaggrin) are
associated with skin disorders characterized by dry skin [5,6]. Additionally, aquaporins,
particularly aquaporin-3 (AQP3), are membrane proteins that facilitate the transport of
water and glycerol between keratinocytes, contributing to intracellular hydration and
maintaining osmotic balance, while intercellular lipids form a barrier that limits water
loss [7-9]. In the dermis, glycosaminoglycans such as hyaluronic acid play a key role
providing turgor and supporting diffusion of nutrients and signaling molecules [10,11].

Over the course of life, the whole body undergoes an aging process. For skin, due to
endogenous factors (genetics, metabolism) and exogenous factors (lifestyle, environment
exposure), several molecular and structural changes impair the hydration system. There is
a decline in lipid synthesis, especially ceramides, leading to disrupted lamellar organization
and increased TEWL. Filaggrin expression decreases, reducing NMF content and thus the
water-binding capacity of the stratum corneum. Moreover, hyaluronic acid levels diminish
and aquaporin expression becomes less efficient, further compromising water transport
and retention [12-14].

Disruption of these molecular mechanisms, allow easier penetration of pathogens,
irritants, and allergens, increasing the risk of infections, inflammation, hypersensitivity
and impairing wound healing. Adequate hydration is essential not only for aesthetic
appearance, but also for preserving the skin’s defensive and regenerative functions. The
World Health Organization (WHO) emphasizes the importance of awareness, early in-
tervention, and access to appropriate dermatological care, considering skin diseases as a
public health priority [15].

Skin texture is an important indicator of skin appearance and reflects the microto-
pography of the skin surface, including roughness, pore visibility, fine lines, and surface
uniformity. Changes in skin texture are commonly associated with intrinsic aging, photoag-
ing, and impaired skin barrier function. Advances in non-invasive imaging technologies
have enabled objective assessment of skin texture [16,17]. Skin hydration is closely linked
to skin texture. Adequate water content within the stratum corneum contributes to a
smoother and more uniform skin surface, whereas dehydration and barrier dysfunction
increase TEWL, leading to textural irregularities. Indirect assessments of changes in skin
texture can be made by measuring hydration [18].

The application of moisturizing products directly targets skin’s hydration deficits
through three main mechanisms: occlusion (hydrophobic film that reduces TEWL),
humectancy (attract and bind water from the atmosphere and deeper skin layers) and
emollience (restore the intercellular matrix and improve the barrier function) [19-21].

In recent years, platelet-rich plasma (PRP) has emerged as a promising regenerative
approach in dermatology and aesthetic medicine [22]. PRP is an autologous concentration
of platelets containing numerous growth factors, including platelet-derived growth factor
(PDGE), transforming growth factor-p (TGF-), vascular endothelial growth factor (VEGF),
and epidermal growth factor (EGF). These bioactive molecules stimulate fibroblast prolifer-
ation and extracellular matrix remodeling, promoting the synthesis of collagen, elastin, and
hyaluronic acid [23,24]. Clinical studies have shown measurable improvements in texture
parameters following PRP treatment, suggesting its role in dermal remodeling and surface
refinement. These effects are primarily attributed to increased collagen synthesis and fi-
broblast activation, which enhance skin structural integrity and surface smoothness [25,26].

The topical use of platelet concentrates in cosmetic products remains largely under-
investigated, whereas intradermal PRP has been widely studied. This knowledge gap
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provided the rationale for the current study. Although the high-molecular-weight compo-
nents of PRP are unlikely to penetrate into the dermis when applied topically, they may
exert superficial effects at the level of the stratum corneum, and a contribution to the skin
microenvironment has been suggested [27]. Rather than addressing the mechanism of
action, the present study focused on whether a topical formulation enriched with PRP
produces an improvement in skin texture. Accordingly, the aim of this preliminary study
was to determine whether a hydrating cream enriched with PRP (HC-PRP) is more effec-
tive than the hydrating cream (HC) or intradermal PRP alone in improving skin texture,
assessed as the primary outcome, with additional indices, including the moisture index,
assessed as secondary outcomes.

2. Materials and Methods
2.1. Study Design

The present study is a prospective, interventional, three-arm in vivo analysis designed
to investigate the comparative efficacy in terms of skin texture for topical hydrating cream,
PRP, and their combination. All participants were evaluated by a dermatologist before
being included in the study to certificate eligibility.

Eligible participants were self-assigned to one of three treatment groups (non-
randomized study): 1. topical hydrating cream therapy, 2. intradermal PRP therapy,
and 3. topical combined therapy (HC-PRP). The primary outcome was evaluation of skin
texture and the secondary outcomes were evaluation of other parameters characterizing
the skin (moisture, sebum level, 3D, complexion, phlogosis).

Participants’ eligibility for the study was determined based on the following inclusion
criteria: 1. over 18 years; 2. present signs of skin aging (including fine lines and wrinkles,
decreased elasticity, uneven skin texture and mild-to-moderate photoaging, assessed by
dermatologist); 3. willingness to provide informed consent; and 4. ability to follow-up
assessments; and exclusion criteria: 1. active skin disorders (eczema, acne exacerbations or
infections); 2. dermatological treatments in the last six months (home skincare exfoliating
products, daily moisturizing routine, use of sunscreen); 3. had previously undergone
any facial aesthetic procedures (e.g., laser treatments, microneedling, injectable treatments
such as fillers or botulinum toxin); 4. systemic medications affecting skin physiology; and
5. inability to comply with study procedures.

The study was conducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice guidelines. This study was approved by the Ethics
Committee of the University of Medicine and Pharmacy of Craiova, number 72/2021.
Written informed consent, which also covered the publication of the study data, was
obtained from all participants prior to inclusion in the study. In this study, adherence to
Good Clinical Practice refers to the ethical conduct of the study, including ethics committee
approval, written informed consent, and standardized data collection and handling, and
not to a randomized controlled design.

The study included 40 participants who self-identify as women, residing in Romania,
aged over 18 years (average age for each group was around 45 years, with seven participants
over the age of 50). The participants self-selected their treatment group based on preference,
particularly considering the invasive nature of intradermal PRP injection. The groups were
formed as follows: first group included 20 participants who a received hydrating cream
and applied topically on facial skin once daily, in the evening, after washing and cleansing;
second group (as active comparator group) included five participants who received PRP
as intradermal facial administration; and the third group included 15 participants who
received HC-PRP, applied topically to the facial skin once daily, in the evening, after
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washing and cleansing. Skin assessments were performed at baseline (before treatment)
and monthly thereafter for three consecutive months (at 30, 60 and 90 days).

2.2. Study Materials

The hydrating cream was a standardized, hypoallergenic and non-comedogenic cream
commercially available on the market in Romania. The main properties are intense hydra-
tion and skin relief, effects imprinted by active ingredients such as humectants (thermal
water, glycerin, sodium hyaluronate, pentylene glycol, 1,2-hexanediol, betaine, methyl
gluceth-20), emollients and occlusive agents (dimethicone, caprylic triglyceride, squalene,
triethylhexanoin, isocetyl stearoyl stearate, Cucurbita pepo seed oil). Other components
with technical roles are emulsifiers (polyglyceryl-10 myristate, C12-20 alkyl glucoside,
C14-22 alcohols), texture enhancers (carbomer, acrylates, dimethyl silane), pH correctors
(citric acid, potassium hydroxide, sodium citrate), and others (BHT, fragrance).

Participants performed the skin cleansing procedure using water and mild soap
prior to the application of the study products. No additional cleansing was performed
immediately before skin measurements. Participants were instructed to avoid using other
cosmetic products during the study.

Platelet-rich plasma (PRP) was prepared according to the following protocol: 7 mL of
venous blood was collected from each participant into a vacutainer tube and centrifuged
using an XC 3000 Spinplus PRF/PRP centrifuge (Jiangdong Instruments, Shanghai, China)
at 3000 rpm for 10 min at room temperature. Following centrifugation, the blood separated
into two layers: a lower layer consisting of red blood cells (sediment) and an upper layer
consisting of platelet-rich plasma (supernatant). The resulting plasma was collected and
used for the study.

For the participants in the second group PRP was intradermally administered using
a 30G needle. The area was pretreated with anesthetic cream (5 g of lidocaine/prilocaine
cream 25 mg/g), applied topically at least 30 min before procedure. Intradermal plasma
administration was performed for each participant three times at an interval of 30 days.

For the participants in the third group, the PRP was obtained in the same condi-
tions, each had a monthly collection of 7 mL of venous blood on the day of the evalua-
tion. The plasma was divided equally, immediately after centrifugation into 30 syringes
(0.1 mL/syringe) and frozen to —20 °C. The syringes were kept in the freezer. An extem-
poraneous topical formulation of HC-PRP was prepared by gently mixing 1 g of cream
with 0.1 mL of thawed autologous PRP until a visually homogeneous semi-solid disper-
sion was achieved. The product was prepared in single-use aliquots immediately prior to
application to ensure consistency and minimize potential degradation or phase separation.
The formulation was applied topically to the face by each participant every evening over a
period of three months.

In the topical treatment groups, one fingertip of cream was applied to each of four
predefined facial regions (the forehead, the right cheek, the left cheek and the chin) and
then distributed evenly across the entire face with a gentle massage until fully absorbed.

2.3. Data Acquisition

The data were collected by scanning the face skin of each participant at the beginning
of the study, after 30 days, 60 days and 90 days of therapy using the IntuiSkin dermo-
analyzer (Rowe, Bucharest, Romania). The imaging system is based on a 1/3.25 inch
Complementary Metal-Oxide Semiconductor (CMOS) sensor, this type of sensor being
effectively used in modern imaging systems [28-30]. The device was operated under room
temperature (15-25 °C) and relative humidity 40-60%, having a maximum resolution of
1600 x 1200 pixels and a magnification factor of up to 50x. Considering potential variations
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in ambient temperature, participants underwent a 15 min acclimatization period prior
to measurements. The sensor was placed on the skin of the participants, at facial level,
being able to provide, by its internal integrated software (Multi Skin Analysis System),
digital images of the skin and eight indices: moisture, oil, texture, complexion, 3D, pigment,
phlogosis and pores. The results were stored for each participant and allowed for the
monitoring of changes before and after treatment.

For standardization purposes, measurements were performed exclusively on the right
cheek at all study visits. The cheek region was selected as a representative facial site due
to its accessibility and relatively homogeneous skin characteristics, thereby minimizing
inter-site variability [31].

2.4. Data Analysis

Results are presented as mean values per group and standard deviation.

The texture index was chosen for statistical analysis because it reflects the combined
influence of multiple skin characteristics, including hydration, sebum level, and surface
irregularities, thus providing a comprehensive indicator of overall skin condition [16]. The
other indices were considered exploratory outcomes. These parameters were assessed
descriptively without formal statistical analysis.

The analyzed numerical data were not normally distributed; therefore, non-parametric
tests were used for comparisons; Mann-Whitney—-Wilcoxon test for two groups (com-
parisons between treatments at the same time of assessment) and Friedman test (for
three or more paired groups; comparisons for the same type of treatment between
reevaluation times) [32].

Because of the baseline imbalance, between-group comparisons at the follow-up time
points were performed using analysis of covariance (ANCOVA) with the baseline value as
a covariate; effect sizes were reported as partial eta-squared and as baseline-adjusted mean
differences with 95% confidence intervals.

Effect sizes (Kendall’s W for Friedman test, r for Mann—-Whitney /Wilcoxon tests, and
baseline-adjusted mean differences with 95% confidence intervals for ANCOVA) were
calculated and reported to complement p-values. Multiple comparisons were adjusted
using the Bonferroni correction.

The statistics were performed using IBM SPSS Statistics software version 26.0. (IBM
Corp., Armonk, NY, USA). Microsoft Excel version 2019 (Microsoft Corporation, Redmond,
WA, USA) was additionally used for the calculation of the Mann-Whitney—Wilcoxon effect
size. The chosen level of significance was set at 0.05 (p < 0.05) for all analyses.

3. Results
3.1. Texture Analysis

Overall skin texture was estimated by texture index of IntuiSkin apparatus, with the
results presented in Figure 1. Texture index reflects skin surface roughness; lower values
correspond to a smoother and more even skin surface. Regarding the group treated with
hydrating cream, the average texture index increased constantly from 2.33 to 3.64 (56.62%).
A decrease in the texture index for participants treated with PRP was noticed, falling from
a value of 3.39 after the first administration to a value of 2.84 after the last administration
(17.62%). This represented a downward trend with fluctuations. The best results were
observed for the third group; HC-PRP showed a constant decrease in the texture index.
After 30 days, a decrease of 13.64% was registered, and at the end of the study the index
decreased to 32.71%.
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Figure 1. Texture index values (HC = hydrating cream group; PRP = platelet-rich plasma group;
HC-PRP = hydrating cream enriched with platelet-rich plasma group).

In the HC group, a highly significant change in the texture index was observed
across the four time points (Friedman test, p < 0.0001; Kendall’s W = 0.40, a medium effect),
reflecting a progressive increase in the mean texture index and suggesting that the hydrating
cream alone did not improve skin texture. In the PRP group, no statistically significant
change was observed over time (p = 0.2407; Kendall’s W = 0.28); although the texture index
improved slightly, this non-significant result most likely reflects a type II error, given the
small sample size (N = 5) and the consequently limited statistical power. In the HC-PRP
group, a statistically significant change was observed (p = 0.0002; Kendall’'s W =043, a
medium effect), corresponding to a progressive decrease in the mean texture index. The
two significant changes remained significant after Bonferroni correction (Table 1).

Table 1. Within-group change in skin texture index over time (Friedman test).

Group N p p Bonferroni Kendall's W
HC 20 <0.0001 <0.0001 0.40
PRP 5 0.2407 0.7221 0.28

HC-PRP 15 0.0002 0.0006 0.43

HC = hydrating cream group; HC-PRP = hydrating cream enriched with platelet-rich plasma group; N = number
of participants; Kendall’s W = effect size for the Friedman test: 0.1 < W < 0.3 (small), 0.3 < W < 0.5 (moderate)
and W > 0.5 (large).

Between-group comparisons (Mann-Whitney-Wilcoxon test, Table 2) showed that, at
baseline, the HC and HC-PRP groups differed in their texture index (p = 0.0108), although
this difference did not remain significant after Bonferroni correction. At the follow-up
time points, the HC-PRP group showed a progressively lower texture index than the HC
group, the difference becoming statistically significant after Bonferroni correction at 60 days
(p =0.0324, r = 0.51, a large effect) and at 90 days (p < 0.0001, r = 0.76, a large effect). No
other between-group comparison remained significant after correction; in particular, none
of the comparisons involving the PRP group reached significance, consistent with its small
sample size. The effect sizes for the HC vs. HC-PRP comparison increased over time
(r=0.36,0.51 and 0.76 at 30, 60 and 90 days, respectively), indicating a widening difference
between the two groups.
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Table 2. Skin texture index by group and between-group comparisons at each time point (Mann-
Whitney-Wilcoxon test).

. HC PRP HC-PRP
Period (Mean + SD)  (Mean + SD)  (Mean -+ SD) HC vs. PRP HC vs. HC-PRP PRP vs. HC-PRP
p=0.0173 p =0.0108 p =0.8660
initial 2.33 £0.80 3.17 £ 0.63 3.13+0.79 Bonferroni = 0.2076 ~ Bonferroni = 0.1296  Bonferroni = 1.0000
r=048 r=043 r=0.05
p=09215 p =0.0329 p = 0.0806
30 days 3.24 £0.96 3.39 £0.84 2.70 £0.51 Bonferroni =1.0000  Bonferroni = 0.3948  Bonferroni = 0.9672
r=0.03 r=0.36 r=0.40
p=0.1294 p = 0.0027 p=0.8614
60 days 3.38 £ 1.06 2.53 £ 0.94 2.18 £0.90 Bonferroni =1.0000  Bonferroni = 0.0324  Bonferroni = 1.0000
r=0.31 r=0.51 r=0.05
p=0.1636 p < 0.0001 p=0.0328
90 days 3.64 £0.93 2.84 +0.61 2.10 £0.39 Bonferroni = 1.0000 Bonferroni < 0.0001 Bonferroni = 0.3936
r=0.28 r=0.76 r=048

HC = hydrating cream group; HC-PRP = hydrating cream enriched with platelet-rich plasma group; SD = standard
deviation; p = uncorrected Mann-Whitney-Wilcoxon p-value; p Bonferroni = p value corrected for the 12 between-
group comparisons, r = effect size: 0.1 < r < 0.3 (small), 0.3 < r < 0.5 (moderate) and r > 0.5 (large). Comparisons
in bold are significant after Bonferroni correction (Bonferroni p < 0.05).

After adjusting for the baseline value (ANCOVA), the HC-PRP group had a signif-
icantly lower texture index than the HC group at all three follow-up time points, with
the adjusted mean difference increasing over time (+0.76 at 30 days, +1.29 at 60 days and
+1.73 at 90 days; all significant after Bonferroni correction). At 90 days, the PRP group
also showed a significantly lower adjusted index than the HC group (+1.01, p = 0.0438
after Bonferroni correction); however, given the small size of this group (n = 5), this result
should be regarded as exploratory. Because these differences persisted (and increased) after
adjusting for the baseline value, they cannot be attributed to the baseline imbalance or to
regression to the mean (Table 3). As the two creams differed only by the addition of PRP,
this difference is consistent with a contribution of PRP, although unmeasured differences
between the non-randomized groups cannot be excluded.

Table 3. Between-group comparisons adjusted for the baseline value (ANCOVA).

Adjusted Mean Difference *

Period Comparison ©95% CI) P p (Bonferroni)
30 days HC vs. PRP 0.08 (—0.77,0.93) 0.8527 1.0000
30 days HC vs. HC-PRP 0.76 (0.15, 1.37) 0.0157 0.0471
30 days PRP vs. HC-PRP 0.68 (—0.14, 1.51) 0.1015 0.3045
60 days HC vs. PRP 0.94 (—0.14, 2.02) 0.0857 0.2571
60 days HC vs. HC-PRP 1.29 (0.51, 2.06) 0.0018 0.0054
60 days PRP vs. HC-PRP 0.35 (—0.70, 1.40) 0.5027 1.0000
90 days HC vs. PRP 1.01 (0.21, 1.81) 0.0146 0.0438
90 days HC vs. HC-PRP 1.73 (1.16, 2.30) <0.0001 <0.0001
90 days PRP vs. HC-PRP 0.72 (—0.05, 1.50) 0.0670 0.2010

HC = hydrating cream group; HC-PRP = hydrating cream enriched with platelet-rich plasma group;
CI = confidence interval; p (Bonferroni) = p value corrected for the three pairwise comparisons at each time
point; comparisons in bold are significant after Bonferroni correction (Bonferroni p < 0.05). * ANCOVA was
adjusted for the baseline texture value. The adjusted mean difference is the first group minus the second group at
the mean baseline value; a positive value indicates a higher (less smooth) texture index in the first group.

The collected data were used to obtain an exploratory fitted curve describing facial
skin texture index as a function of age (Figure 2). The observed texture index values ranged
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from 0.05 to 5. The fitted line indicated that a texture index of about 4 corresponds to an
age of approximately 70 years. At baseline, texture analysis identified values above 4 in
many participants under the age of 60.

Texture index as function of age
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v 5 R2=09639  ©
g 4 >
= e
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0 10 20 30 40 50 60 70 80 90
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Figure 2. Exploratory fitted curve of facial skin texture index as a function of age. The regression line
is used as an illustrative reference only and not as a validated predictor of biological age.

At baseline, participants treated with PRP and HC-PRP showed a mean texture index
that, when projected onto the exploratory age—texture curve (used as an illustrative refer-
ence) corresponded to a level typically observed around the age of 60 years, even though
their mean chronological age was about 45 years. After 90 days of therapy, the mean texture
index of both groups improved, shifting toward levels corresponding to approximately
57 years in the PRP group and 50 years in the HC-PRP group.

Dynamic dermoanalyzer captures during the study for a participant (46 years) from
the HC-PRP group are shown in Figure 3.
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thinner furrows
red (linear fine lines)
marke
descuamation marked
(visible scaling) descuamation
(visible scaling)
. reduce(;l uniform surface
(1-':'1'5; 8“13]11'1?’ (improved
er relief) smoothness)
descuamation
(residual
scaling)

Figure 3. Dermoanalyzer captures for a participant from the third group (HC-PRP), showing skin at
the start of the study with a texture index of 4.35, corresponding to >70 years age (a); skin capture
at 30 days, texture index of 2.87, corresponding to approximately 60 years age (b); skin at 60 days,
texture index of 2.70, corresponding to 55 years age, reduction in irregularities and wrinkles (c); skin
at the end of the study, texture index of 2.28, corresponding to approximately 50 years, and gained
uniformity (d).
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3.2. Epidermal Hydration

The results of moisture index, which evaluate the epidermal hydration level, are
shown in Figure 4. This index indicates the relative water content of the stratum corneum;
higher values reflect improved skin hydration. The group of participants treated with the
hydrating cream showed the best results: starting with an initial moisture index of 2.69, it
continuously increased at each 30 day interval and reached a value of 4.14 after 90 days,
representing an overall increase of 53.96%. Although the PRP-treated group showed an
initial increase in the moisture index after 30 days, a decrease from baseline was observed
by the end of the study. For the third group, treated with HC-PRP, an increase in the
moisture index of 4.02% was observed compared to its initial value.

Variation of moisture index

x
T 6.00
g 7
g 5.00
2
2 4.00
S
= 3.00 { I {
2.00
1.00
0.00
HC PRP HC-PRP
initial ™30 days m60days M 90 days
Figure 4. Moisture index variation over study period (HC = hydrating cream group; PRP = platelet-
rich plasma group; HC-PRP = hydrating cream enriched with platelet-rich plasma group).
Notable results for moisture were observed for a 47-year-old participant from the first
group, for whom the index reached a value above the group mean from the first 60 days.
Dermoanalyzer captures are presented in Figure 5.
marked
descuamation
(visible scaling)
ac_cenmaticfl ' descuamation
micro-reli ~ (residual scaling)
network "o
(dehydration
lines)
surface
plumping

Figure 5. Dermoanalyzer captions for a participant from the first group. Face at the beginning of the
study with a moisture index value of 2.74; (a) skin after 30 days with improvement in surface irregularities
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and a moisture index of 3.83; (b) face after 60 days with blurred wrinkles, moisture value of 4.62;
(c) and the skin at the end of the study, rendering the brightness of the complexion, with a moisture
index of 4.65 (d).

The experimental data were used to generate an exploratory fitted curve describing
facial skin hydration (moisture index) as a function of age. This is represented by a
downward curve, starting from the value of 6.9 for the age of 20 years, decreasing to the
value of 2.9 at the age of 70 years (Figure 6).

Moisture index as function of age

x
9
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g’ .
» o e,
5 6 ®-..
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4 @ .., 0.,
y =-0.0754x +8.1205 e,
3 e.
Rz=0.9841 °
2
1
0
0 10 20 30 40 50 60 70 80
Age (years)

Figure 6. Exploratory fitted curve of facial skin moisture index as a function of age. The regression
line is used as an illustrative reference only and not as a validated predictor of biological age.

When the measured values were projected onto the fitted age-moisture curve
(Figure 6)—used here only as an illustrative reference and not as a validated predictor
of biological age—the first group (hydrating cream) showed a marked improvement in
hydration, shifting from a baseline moisture level typically observed around the age of
70 years toward a level corresponding to approximately 55 years. The third group (HC-
PRP) showed a more moderate shift (from a level corresponding to approximately 67 years
toward approximately 65 years).

3.3. Complementary Indices

In addition to the main parameters, a set of complementary indices was evaluated
to achieve a more comprehensive characterization of the skin. Oil index measures sebum
levels on the skin surface; higher values indicate increased skin oiliness; these results are
shown in Figure 7. The index values remained relatively constant throughout the study
period for all groups.

The complexion index and the 3D index were analyzed to provide a comprehensive
evaluation of skin appearance and structure, with the results illustrated in Figure 8. The
complexion index assesses overall skin tone and brightness; higher values correspond to a
more even and radiant appearance. The 3D index evaluates surface topography, including
fine lines and micro-relief; lower values reflect reduced roughness and smoother contours.
While the complexity index has no remarkable changes over the study period for the three
groups, in contrast, the 3D index showed the most important variability for the groups with
PRP. For the group with intradermal PRP the values decreased at the end of the study with
35.24% compared to initial value, and for the group with topic PRP, at 90 days, decreased
with 8.19% compared to the value at 60 days.
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Figure 7. Oil index values (HC = hydrating cream group; PRP = platelet-rich plasma group; HC-
PRP = hydrating cream enriched with platelet-rich plasma group).
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Figure 8. Complexion and 3D indices values (HC = hydrating cream group; PRP = platelet-rich
plasma group; HC-PRP = hydrating cream enriched with platelet-rich plasma group, C = complexion
index, 3D = 3D index).

Pigment index quantifies localized skin pigmentation or spots; lower values indicate
reduction in hyperpigmentation. Phlogosis index reflects local erythema or inflammation;
lower values correspond to reduced redness or irritation. The pores index estimates pore
visibility and size (a device-estimated score, not a direct value of pore size); lower values in-
dicate smaller and less visible pores. All these indices showed negligible variation between
groups, and between participants, remaining close to a baseline value of 1 (ex. 1-1.10),
suggesting no meaningful differences under the studied conditions.

4. Discussion

In this preliminary study, we evaluated whether enriching a hydrating cream with
PRP (HC-PRP) improves skin texture, comparing it with a hydrating cream alone (as a
principal comparator) and with intradermal PRP (as a secondary, exploratory comparator)
over a 90-day period.

The dermoanalysis yielded eight dermatological indices (moisture, texture, oil, com-
plexion, 3D, pigment, phlogosis, and pores) which were used for the subsequent compar-
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isons. Among these, texture (which describes the skin’s surface relief and is particularly
relevant in anti-aging studies [33]) and hydration [34] are the most extensively studied
skin characteristics. Their use in clinical and cosmetic trials is well established, as they are
highly sensitive to topical interventions and can be reliably quantified using non-invasive
techniques [35-37]. In our study, the indices assessing texture (texture index) and hydration
(moisture index) showed the most marked variations.

The hydrating cream acts mainly by optimizing the level of hydration as shown by the
moisture index, which increased by more than 50% after 90 days of daily use. The increase
in texture index may be secondary to this intensive hydration. Humectants attract water
into the corneocytes, causing them to swell unevenly, which can accentuate the surface
relief at the microscopic level. A study investigating the effect of hydration on corneocytes
(obtained by tape stripping from the forearm) revealed that they swell approximately
50% relative to their dry volume and become more elastic, although prolonged water
exposure disrupts the lipid lamellae [38,39]. In parallel, occlusive agents and emollients
form a superficial film that modifies the skin surface [40]. These effects are generally related
to a physical reorganization of the superficial layer rather than to structural changes in the
skin. The literature indicates that the moisturizing effect of topical hydrating formulations
typically extends to approximately 15 um into the stratum corneum [41]. This initial stage
of well-hydrated surface may create favorable conditions for the deeper skin layers to
stabilize their structural function. The progressive increase in hydration over the 90 days
of moisturizer use may reflect an extension of hydration to deeper layers; some studies
report increases in hydration in the viable epidermis after repeated applications [42,43].
The dissociation observed between improved hydration and a higher texture index in
the HC group may reflect the complex biophysical response of the stratum corneum to
topical moisturization. This finding contrasts with most published reports, in which
improved hydration is generally associated with reduced skin roughness [44,45]. Increased
water content can induce transient corneocyte swelling and altered light scattering or
surface roughness, which may negatively influence device-derived texture metrics despite
improved hydration status. These differences should be interpreted cautiously, as the
underlying biological processes cannot be determined from the present study design and
may involve multiple interacting factors. Further histological and ultrastructural studies
are needed to better elucidate the underlying mechanisms of the observed surface changes.

Skin lipids, comprising surface lipids such as sebum and barrier lipids such as ce-
ramides, cholesterol, and fatty acids, protect the skin and help maintain its hydration. The
oil index did not show notable variations in our study, suggesting that the interventions did
not alter surface lipids. Among ceramides, the 6-hydroxysphingosine/phytosphingosine
ratio is significantly correlated with surface texture and imbalances in this ratio have been
associated with a rough and flaky skin texture [46]. The cream used in our study was only a
basic moisturizer, containing occlusives, emollients, and humectants that act mainly on the
skin surface, whereas ceramide-containing products may act more deeply by supporting
skin repair. Such products not only enhance hydration but may also contribute to a more
complete and functional skin recovery over time [47,48], which may be important for
improving overall texture. Thus, in our study, the hydrating cream has proven to be more
effective at improving hydration than at repairing the skin or improving texture.

Several studies have investigated the activity of PRP combinations for skin rejuve-
nation. One study on a combination of hyaluronic acid and PRP revealed that facial
appearance and skin elasticity were significantly improved compared with either agent
used alone [49,50]. Another study evaluated the PRP-hyaluronic acid association on neck
skin, (PRP used as three monthly intradermal injection): PRP stimulates fibroblasts, colla-
gen production and extracellular matrix remodeling, while hyaluronic acid enhances this
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process by hydrating the tissue, leading to improvements in firmness, hydration, pigmen-
tation and sebum regulation [51]. In our study, by contrast, PRP was incorporated into a
topical hydrating cream containing sodium hyaluronate as one of its active ingredients;
these deep dermal mechanisms cannot be assumed for our formulation. The intradermal
administration route used for PRP in the second group limits our ability to isolate the con-
tribution of topical PRP within the combined formulation, a limitation further compounded
by the absence of a topical PRP control group, which would have allowed a more precise
attribution of its individual effect.

At the molecular level, when delivered into the tissue, PRP has been shown to increase
the synthesis of glycosaminoglycans, stimulate angiogenesis through VEGF-mediated
pathways [52,53], improve microcirculation (leading to improved skin radiance [54]), and
enhance keratinocyte proliferation and filaggrin expression [55,56], thereby supporting the
water-binding capacity of the stratum corneum. These findings suggest that PRP may act
as a regenerative approach targeting biological processes involved in skin hydration rather
than merely masking the signs of dehydration, as occurs with conventional hydrating
creams. However, these mechanisms were not directly investigated in the present study
and should therefore be considered hypothetical explanations for the observed improve-
ments. Moreover, the exact mechanism by which topically applied PRP may influence skin
parameters remains unclear. Given the molecular size of platelet-derived growth factors,
direct penetration through the intact stratum corneum is unlikely. The observed effects may
instead result from indirect mechanisms, including modulation of the superficial epidermal
environment, enhancement of hydration and barrier function by the formulation vehicle
(HC), or the generation of smaller peptides, through degradation of platelet-derived com-
ponents, as bioactive peptides derived from PRP have been shown to retain regenerative
activity in experimental models (in vitro) [57], although whether this occurs after topical
application remains to be demonstrated.

The intradermal PRP group did not show a marked improvement in texture index
and showed a decrease in hydration at the final time point. Given the small size of this
group (5 participants), these results are most likely affected by limited statistical power and
high inter-individual variability, and may also reflect the complex relationships between
dermal interventions and superficial hydration metrics. The response to PRP for skin
rejuvenation is heterogeneous [50], and even a randomized controlled trial reported no
significant benefit of intradermal PRP over saline for photoaged facial skin [25]. Texture and
hydration indices may not necessarily evolve in parallel following intradermal treatment.
These results should therefore be interpreted cautiously rather than as evidence against the
regenerative potential of PRP.

Regarding the relationship between age and PRP treatment, the literature reports
heterogeneous findings. Some studies suggest that younger fibroblasts exhibit a stronger
response to PRP, while reduced cellular responsiveness in older individuals may limit
regenerative outcomes [58]. In contrast, other reports have found that the effectiveness of
PRP in improving skin is not age dependent [59]. In the present study, the mean age of par-
ticipants was 46 years; over 90 days a significant improvement in skin texture was observed
in the HC-PRP group, with a similar but non-significant trend in the intradermal PRP
group. The age-index (moisture/texture) fitting analysis was performed for exploratory
purposes to visualize potential trends; it was not intended as a validated predictive model.

Several studies have focused on the topical administration of PRP, whose main ad-
vantage is that it is non-invasive and well-tolerated, avoiding the discomfort and risks
associated with intradermal injections. In a study on perioral wrinkles, topical PRP pro-
duced significant improvements in moisture, collagen fiber content, elasticity and both
satisfaction scales (patient assessment and surgeon lifting assessment) [60]. In another study,
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topical PRP applied after electroporation increased collagen type I expression and upregu-
lated collagen-related mRNA, indicating enhanced dermal regeneration [61]. Notably, this
effect was obtained with electroporation, a penetration-enhancing technique, rather than
with simple topical application. In our study, topical PRP associated with hydrating cream
significantly improved skin texture, although, in the absence of a penetration-enhancing
step, this effect was most likely superficial, consistent with the limited penetration of
high-molecular-weight components.

No treatment-related adverse events were reported or observed during the study
period. In the topical treatment groups (HC and HC-PRP), no local irritation, contact
dermatitis or allergic reactions were noted. In the intradermal PRP group, no injection-site
pain, ecchymosis, infection or granuloma formation was observed. As PRP is an autolo-
gous blood-derived product, the risk of immunogenic or allergic reactions is considered
low [62]. Moreover, current evidence on PRP-related adverse events derives largely from
isolated case reports, and higher-quality studies are needed to establish a causal relation-
ship between PRP and specific adverse events [63]. This is consistent with the safety profile
generally reported for PRP, whose autologous origin entails a minimal risk of immunogenic
or allergic reactions [62]. Nevertheless, given the relatively short follow-up (90 days) and
the small sample size, the long-term safety aspects discussed above could not be fully
assessed in the present study.

An important limitation regarding effectiveness is that quantitative assessment of
platelet-derived growth factors and their stability over the study period was not performed;
therefore, variability in the bioactive content of PRP and potential degradation during
storage cannot be excluded. PRP can be stored for 1-3 months at —20 °C to —80 °C; however,
key growth factors (including PDGF, TGF-3, and VEGF) are sensitive to handling and to
repeated freeze-thaw cycles [64-66]. Accordingly, in our study PRP was stored at —20 °C
(as single-use aliquots) and was subjected to a single freeze-thaw cycle. In addition, the
HC-PRP was prepared extemporaneously to minimize the possible degradation. Evidence
from a previous study indicates that a PRP-based topical product remained stable at 4 °C
over a period of 90 days [61]. Nevertheless, the stability of PRP after incorporation into the
cream was not assessed and remains an important topic for future investigation.

The current study has several additional limitations. The sample size was small, par-
ticularly in the intradermal PRP group (n = 5), reflecting patient preference for non-invasive
treatments, which limited the statistical power of the between-group comparisons. The
lack of randomization introduces an important potential for selection bias. Generalizabil-
ity is further limited by the single-center design and the inclusion of only self-defined
female participants, since population-specific demographic and environmental factors can
influence skin characteristics. The use of a single device for evaluating skin parameters
hinders the comparisons with other technologies. Regarding measurement, the use of a
single device prevented comparison with results obtained using other technologies; studies
comparing devices based on different measurement principles (e.g., electrical capacitance
and high-frequency conductance) have highlighted the value of combining multiple assess-
ment methods [67]. Although measurements were performed under standardized indoor
conditions, minor variations in environmental temperature across study visits cannot be ex-
cluded and may have influenced the skin biophysical parameters. Despite these limitations,
the study provides a valuable preliminary basis for evaluating the potential of HC-PRP.

Regarding the HC and HC-PRP groups, both received the same hydrating base; the
two formulations differing only by the addition of PRP. In the HC group, the moisture
index improved, whereas a corresponding improvement in skin texture was not observed,
with the texture index increasing over time. It should be noted, however, that the HC
group started from the most favorable (lowest) baseline texture index of the three groups;
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consequently, this increase may reflect, at least in part, regression to the mean and natu-
ral variability within a small, non-randomized group, rather than a genuine deleterious
effect of the hydrating cream itself. In contrast, regression to the mean cannot account for
the improvement observed in the HC-PRP group. This group started from a higher (less
favorable) baseline value and its texture index nevertheless decreased below the overall
mean (in the opposite direction to that expected from regression to the mean). Moreover,
because the groups differed at baseline, the between-group comparison was based on
ANCOVA adjusted for the baseline value, and the difference in favor of HC-PRP persisted
and even increased after this adjustment, whereas regression to the mean would be ex-
pected to attenuate it. These two observations are therefore complementary rather than
contradictory: regression to the mean may contribute to the within-group trajectory of
the HC group, while the adjusted between-group comparison supports a real difference
between the HC-PRP and HC formulations. This may indicate an additional contribution
of PRP-derived bioactive factors. A comparable role of topical PRP has been suggested by
a vehicle-controlled study in which PRP incorporated into a cosmetic base was associated
with histologic and collagen-related changes in facial skin [61], although the study used
electroporation to enhance penetration unlike the plain topical application as in our study.
However, because in our study the groups were not randomized, unmeasured differences
between the self-selected groups cannot be excluded, and the specific contribution of PRP
cannot be confirmed within the present design. These findings should therefore be regarded
as preliminary and hypothesis-generating, requiring confirmation in larger, balanced and
randomized studies.

Dermatological analysis with the dermoanalyzer is limited to superficial skin parame-
ters and does not allow assessment of the deeper dermal processes needed for a complete
understanding of the histological changes. However, this highlights the value of comple-
mentary investigations that could provide insight into tissue architecture and biological
mechanisms involved. Future studies could also investigate how long the observed benefits
on texture persist after treatment and explore the use of HC-PRP in various skin conditions.

5. Conclusions

In conclusion, the hydrating cream alone was associated with an improvement in the
moisture index, whereas a corresponding improvement in skin texture was not observed in
this group. In contrast, the PRP-enriched cream (HC-PRP) was associated with a progressive
improvement in skin texture and yielded better texture outcomes than the cream alone.
Although HC and HC-PRP differ only by the addition of PRP, the findings should be
interpreted as exploratory, as the analysis was conducted on non-randomized groups. They
indicate a favorable effect of the HC-PRP topical combination on skin texture and provide a
basis for further investigation. Additional studies on larger samples are needed to confirm
these results and to better define the role of PRP in topical formulation.
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Abbreviations

The following abbreviations are used in this manuscript:

AQP3 Aquaporin-3
CMOS Complementary Metal-Oxide Semiconductor

EGF Epidermal Growth Factor

HC Hydrating Cream

HC-PRP  Hydrating Cream Enriched with Platelet-Rich Plasma
NMF Natural Moisturizing Factor

PDGF Platelet-Derived Growth Factor

PRP Platelet-Rich Plasma

TEWL Trans-epidermal Water Loss

TGF-b Transforming Growth Factor beta
VEGF Vascular Endothelial Growth Factor
WHO World Health Organization
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