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ABSTRACT

Introduction: Melanin, derived from tyros-
ine, plays a pivotal role in skin pigmentation
through melanogenesis. Disruptions in this
process lead to hyperpigmentation, a condition
affecting skin tone and quality of life. Current
treatments, including chemical peels, have limi-
tations, highlighting the need for novel solu-
tions. Here, we present an innovative peeling
system, comprising a masque and moisturizer,
formulated with a novel blend of acids, includ-
ing azelaic acid (AZA) and tranexamic acid
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(TXA), alongside known brightening and pen-
etration-enhancing agents for a comprehensive
solution to target hyperpigmentation.
Methods: In vitro studies assessed the ability
of the novel moisturizer to inhibit ultraviolet-A
(UVA)-induced melanin accumulation in human
melanocytes. In a single-center, controlled study,
we assessed the efficacy of the peeling system in
33 healthy female participants aged 30-55 years
with moderate-to-severe hyperpigmentation
over a 6-week treatment period. Skin condition
was assessed using clinical photography, 3D skin
topography, and clinical expert evaluation (CEE)
at baseline and 6 weeks post-treatment. Partici-
pants completed a self-evaluation questionnaire
at 6 weeks post-treatment.

Results: In vitro findings demonstrated a con-
centration-dependent inhibition of melanin
accumulation by the novel moisturizer. In vivo,
significant reductions in dark spot number, area,
and perimeter were observed at week 6, along
with improvements in skin homogeneity, con-
trast, and brightness. Skin tone and roughness
parameters also improved significantly from
baseline. These findings were supported by self-
evaluation findings and improvements in CEE
parameters.

Conclusion: These data provide evidence for
the efficacy of the innovative peeling system
in reducing the appearance of hyperpigmenta-
tion over a 6-week treatment regimen in females
with healthy skin and moderate-to-severe
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hyperpigmentation. The inclusion of AZA and
TXA within the peeling system, along with
active brightening and penetration-enhancing
ingredients, may have synergistically facilitated
the observed improvements. This multifaceted
approach may address hyperpigmentation at the
source, contributing to overall improvements in
the appearance of the skin.

Keywords: Azelaic acid; Hyperpigmentation;
Melanogenesis; Tranexamic acid

Key Summary Points

Why carry out this study?

The extended treatment duration of commer-
cially available topical applications for hyper-
pigmentation often causes adverse effects
that limit their clinical utility, emphasizing
the need for novel therapeutic options.

The aim of the study was to evaluate the
efficacy of an innovative peeling system in
reducing hyperpigmentation through both
in vitro and in vivo research.

What was learned from the study?

The novel moisturizer demonstrated a
concentration-dependent inhibition of
ultraviolet-A-induced melanin accumula-
tion in human melanocytes, as shown in the
in vitro study.

The in vivo findings revealed that the inno-
vative peeling system effectively reduced
the appearance of hyperpigmentation and
improved skin brightness, tone, and texture
with a favorable safety and tolerability pro-
file.

Azelaic acid and tranexamic acid, combined
with other active ingredients in the innova-
tive peeling system, such as retinol, niacina-
mide, 4-hexylresorcinol, and ethoxydiglycol,
may enhance skin brightness, tone, and
texture through their synergistic action.

INTRODUCTION

Melanin plays a pivotal role in skin pigmen-
tation through melanogenesis [1], initiated
by the activation of melanocytes in response
to stimuli, particularly ultraviolet (UV) radia-
tion [2]. Regulated by tyrosinase, melanogen-
esis involves the conversion of tyrosine into
melanin precursors leading to the formation
of mature melanin within melanosomes. These
melanosomes are transferred from melanocytes
to neighboring keratinocytes, influencing skin
pigmentation, coloration, and tone [2]. Addi-
tionally, UV radiation triggers plasminogen
activator synthesis, enhancing plasmin activ-
ity in keratinocytes, which promotes melanin
synthesis and fibroblast growth factor release,
leading to melanocyte proliferation [3]. Mela-
nin in keratinocytes provides photoprotection
and helps scavenge free radicals and reactive
oxygen species, constituting a system central
for maintaining skin health [1, 2, 4].

Disruptions in melanogenesis can lead to
hyperpigmentation [1, 2, 4], such as sunspots,
melasma, and post-inflammatory hyperpig-
mentation, which manifest as dark spots on
the skin [5-7] and can substantially affect an
individual’s quality of life [8, 9]. Efforts to
address hyperpigmentation have driven inno-
vation in the cosmetic industry, yielding vari-
ous treatments [1]—topical, oral, and proce-
dural—tailored to target different aspects of its
pathogenesis [10].

However, current treatments for hyperpig-
mentation often provide limited and tem-
porary results. Topical products often cause
adverse effects such as skin irritation, scar-
ring, and erythema, limiting their clinical util-
ity [11]. Moreover, their extended treatment
duration, lasting several months to years, may
result in poor patient compliance, emphasiz-
ing the need for novel therapeutic options [11].
Alternatively, chemical peels utilize hydroxy
acids to remove damaged skin cells through
chemoexfoliation, which stimulates epidermal
growth, collagen remodeling, and a more uni-
form melanin distribution [12, 13]. However,
they do not directly inhibit melanogenesis [13,
14] and are often used as an initial treatment or
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in combination with other therapies to achieve
comprehensive results.

Recognizing the multifaceted nature of hyper-
pigmentation and the limitations of current treat-
ments, an innovative peeling system comprising
a masque and moisturizer has been formulated.
The system integrates the benefits of traditional
chemoexfoliation with targeted ingredients, using
lower concentrations of acids than typically used
in chemical peels [13], over a 6-week treatment
period. This approach aims to ensure a smooth
transition from clinic to at-home care, aligning
with the emerging consensus favoring combina-
tion therapies for enhanced efficacy in hyperpig-
mentation treatment [15].

The masque and moisturizer combine a novel
blend of acids, including azelaic acid (AZA) and
tranexamic acid (TXA), along with brighten-
ing ingredients like retinol and niacinamide, all
known for their role in reducing melanogenesis
[3, 15-18]. Additionally, the moisturizer contains
4-hexylresorcinol (4-HR), a tyrosinase inhibitor
recognized for its skin-brightening properties
and ability to enhance skin tone, reduce hyper-
pigmentation, and improve the appearance of
photoaged skin [19-23]. It is also formulated with
ethoxydiglycol, which facilitates the absorption of
active ingredients [24]. We hypothesize that topi-
cal application of the innovative peeling system
will provide a comprehensive solution for effec-
tively reducing the appearance of dark spots while
enhancing skin brightness, tone, and texture.

Here, we present findings from a research pro-
gram evaluating the efficacy of the innovative
peeling system for reducing hyperpigmentation.
We investigated the in vitro inhibitory proper-
ties of the novel moisturizer on melanin biosyn-
thesis and analyzed its effect on melanin levels.
Furthermore, we examined the clinical efficacy of
the masque and moisturizer forming the inno-
vative peeling system over 6 weeks in healthy
female participants with moderate-to-severe
hyperpigmentation.

METHODS
In Vitro Methods
Study Period

The study was conducted from March 2023 to
August 2023 at Servei Central de Suport a la
Investigacié Experimental Universitat Valencia,
Valencia, Spain, according to the general condi-
tions of the center established for research stud-
ies involving human cell lines.

Cell Viability Assay

Cell viability was assessed using the MTT reduc-
tion assay to evaluate the cytotoxicity of the
moisturizer on normal human epidermal mel-
anocytes M2. Cells were exposed to various con-
centrations of the moisturizer (0.0003, 0.001,
0.003, 0.01, 0.03, 0.1, 0.3, or 1% v/v) for 5 days,
with daily medium changes. Controls included
the pre-treatment status of cells to assess the
cytotoxic, cytostatic, and proliferative effects of
the tested sample (Control Oh), untreated cells
(Control), and empty wells filled with product
dilutions to control for non-specific MTT reduc-
tion. After incubation, absorbance was measured
at 570 nm to assess cell viability. Full details of
the cell viability assay are provided in the Sup-
plementary Material.

Melanin Content Quantification

Melanin accumulation was quantified follow-
ing daily sequential ultraviolet-A (UVA) expo-
sure, which was delivered in three steps: 20 min
on day 1, 30 min on day 2, and 40 min on day
3, delivering a total dose of 16 J/cm?. During
this period, cells were incubated with treatment
at sub-cytotoxic concentrations of 0.001% and
0.0001%, with daily medium changes. After the
3 days of UVA irradiation, fresh medium was
added, and the cells were incubated for an addi-
tional 2 days to allow for melanin accumula-
tion in the UVA-exposed cells. Control groups
included untreated cells with no additional com-
ponents (Control) and untreated cells exposed
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to daily UVA irradiation (Control+UVA). Mela-
nin content was then extracted and quantified
by measuring absorbance at 405 nm. The full
procedure for melanin quantification is provided
in the Supplementary Material.

Statistical Analyses

Statistical analyses were performed with the
GraphPad Prism V9 software (Insightful Science
and Dotmatics, Boston, MA, USA). Data were
analyzed by one-way analysis of variance with
Dunnett’s multiple comparison test. All statis-
tical analyses employed a significance level of
p<0.05. For the MTT assay, data were normalized
versus the untreated control and are expressed
as a percentage (%). For melanin quantification,
both viability and melanin absorbance values
were normalized against UVA-exposed cells
(Control+UVA). Normalized data were repre-
sented in bar graphs as mean + standard error of
the mean (SEM).

In Vivo Methods

Ethical approval was granted by Dermaclaim Lab
S.L., Spain. The study adhered to the principles
of Good Clinical Practice and the Declaration of
Helsinki and its subsequent amendments. Prior
to enrollment in the study, written informed
consent was obtained from all participants for
the participation and for the publication and use
of all participants’ images.

Study Design

The single-center, controlled clinical study
was conducted between March and June 2023
at Dermaclaim Lab S.L., Valencia, Spain. The
study adhered to the principles of Good Clini-
cal Practice and the Declaration of Helsinki and
its subsequent amendments. The study was per-
formed following UNE-EN-ISO 9001/2015 Qual-
ity Management System guidelines (reference
code, EC-10984/22).

Study Population

Thirty-three females aged 30-55 years, with
non-sensitive skin of various types (normal,
combination, oily), and spanning Fitzpatrick
phototypes I-VI, provided informed consent
to participate in the study. All participants had
moderate-to-severe facial hyperpigmentation
spots, ranging from grades 2 to 4 according to
the Eiben-Nielson photonumeric scale [25]. Par-
ticipants undergoing medical treatments that
could interfere with the study, as well as those
who had received esthetic treatments on the face
within 3 months before the study commence-
ment, were excluded.

Procedure

The study was conducted for 6 weeks, with four
visits in total (Fig. 1).

One week before the first study visit, as part
of the 2-week washout period, participants were
instructed to follow a specific morning skincare
routine: cleansing, moisturizing, and applying
sunscreen to the face. Make-up could be applied
after 5 min, but no other creams or serums were
permitted. If make-up was applied, it had to be
removed before participants’ evening skin care
routine, which comprised cleansing and mois-
turizing the face. Participants arrived at the test
site and spent 15 min acclimating to the clinic
environment, where the temperature was main-
tained at 23+ 1 °C and the relative humidity at
45+10%, before baseline assessments. Follow-
ing this, a licensed esthetician applied the novel
masque evenly to the face, leaving it on for 3
h before rinsing it off with cold or lukewarm
water, avoiding rubbing the skin. A toner was
then applied and could be reapplied as needed
to alleviate sensations of tightness, dryness, or
itching. The following day, participants exclu-
sively used the toner on their face and were told
to avoid sun exposure. Participants visited the
test site on day 3, where their skin condition
was monitored for flaking and peeling by the
Clinical Project Manager of the research center
or by a qualified and experienced technician
under their supervision. For the 6 weeks post-
treatment, participants followed a skincare rou-
tine. In the mornings, they gently cleansed the
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Application of the
novel masque

[—

mornings, reapplied it as necessary during the day, and again at night

@ H For the 6 weeks following the masque application, participants applied the novel moisturizer in the

Screening and Clinical
washout period photography and
expert-graded skin
assessment at
baseline

Participants’ skin condition
was monitored for flaking
and/or peeling

Fig.1 Timeline and treatment schedule

skin and applied a toner (up until week 1). After
applying the toner at week 1 and directly after
cleansing from weeks 2 to 6, participants applied
the novel moisturizer, which could be reapplied
once more during the day if the skin felt very
dry or irritated. After applying the moisturizer,
participants were advised to wait a few minutes
before applying sunscreen to the face and at
least 5 min before applying make-up unless the
skin was irritated. In such cases, it was recom-
mended to avoid make-up entirely until the skin
recovered. For the nightly routine, participants
were instructed to remove make-up if applica-
ble, gently cleanse the face, and apply the novel
moisturizer.

Outcomes

Changes in skin condition and clinical photog-
raphy were assessed at baseline and week 6 by
the Clinical Project Manager or by the respon-
sible technician under their supervision, both
of whom were trained professionals experienced
in clinical evaluations. High-resolution macro-
scopic pictures of the skin were obtained using a
camera (Nikon D5600) installed in the HeadScan
Bench Light Face.

Skin parameters, including dark spots (total
number, area, perimeter, skin homogeneity,

Week 6

Clinical
photography and
expert-graded
skin assessment

and skin contrast), tone (CielL* for lightness,
CieA* for green-red, CieB* for blue-yellow in
the CIELAB color space, and Individual Typol-
ogy Angle), and brightness (specular brightness,
diffuse brightness, skin lightness, and global
brightness) were recorded from the region of
interest (ROI) on each side of the participant’s
face. ROIs were first defined at the starting time
for the chosen subject and then automatically
replicated in the same position across all images.
Notably, ROI sizes remained constant for reliable
quantifications across different kinetics times for
the same subject. FrameScan V4 software was
used to quantitatively analyze digital 2D pho-
tographic images for colorimetric and morpho-
logic characteristics.

Skin surface roughness of the nose-cheek area
on both sides of the face was evaluated using
the AEVA-HE V4 3D skin topography system,
a high-resolution 3D scanning sensor used for
measuring skin amplitude, roughness, and vol-
ume. Various parameters were analyzed to char-
acterize skin surface roughness, including Sa (the
average value of all height points), St (the maxi-
mum height deviation on the surface, peak to
peak), Sr (the ratio of the real developed area to
the apparent area), Sq (the standard deviation of
the height points), and Stm (the average of the
235 local peak-to-peak values).
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Dark spots, lack of radiance, and uneven skin
tone were subjectively assessed by clinical expert
evaluation (CEE). Dark spots were evaluated
according to the Scientific Assessment Scale of
Skin Quality, a 5-point ordinal scale (“O=no pig-
mentation” to “4=very severe pigmentation”)
for skin pigmentation [25]. Lack of radiance and
uneven skin tone were evaluated according to
the 10-point Modified Griffiths Scale (“O=none”
to “9=severe”)[26].

At the end of the treatment period, partici-
pants completed a questionnaire to evaluate
the subjective efficacy of the innovative peeling
system and their satisfaction with the treatment
according to a 5-point ordinal scale (“1=strongly
disagree” to “5=strongly agree”). The question-
naire was designed in collaboration with the
sponsor.

Safety was monitored throughout the study. A
visual examination of the experimental area was
conducted by the responsible technician before
and after treatment. Participants were instructed
to report any adverse events observed or sensa-
tions of discomfort experienced following the
use of the innovative peeling system to the tech-
nician overseeing the study.

Statistical Analyses

Statistical analyses were performed with the
GraphPad Prism V9 software (Insightful Science

150 A
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and Dotmatics, Boston, MA, USA). Analyses
included all participants who received treat-
ment and completed the study (per protocol),
and data were analyzed by applying the paired
Student’s t-test. Individual post-treatment values
for dark spots, skin brightness, tone, and suz-
face roughness were normalized against baseline
measurements for the entire group to account
for baseline variability among participants and
ensure accurate interpretation of treatment
effects. Results were expressed as a percentage
relative to baseline values and the mean +SEM
was calculated. To maintain the integrity of
subjective evaluations and avoid potential mis-
interpretation, CEE scores were not normal-
ized against baseline measurements and are
expressed as mean +SEM. All statistical analyses
employed a significance level of p<0.05, with
95% confidence intervals (Cls) reported where
available.

RESULTS

In Vitro Results

Cell Viability

Application of the novel moisturizer at 0.0003%

demonstrated a moderate cytostatic effect,
reducing cell viability by 15.2% compared

Proliferative

Hokkk
Hxkk

Cytostatic

Cell viability (%)
v
o

N Cytotoxic
.
*kkk *rkk g
T - § T 1

Oh

| £ T L]

Control Control 0.0003% 0.001% 0.003% 0.01% 0.03% 0.10%  0.30% 1%

Fig.2 Normalized cell viability levels in normal human epidermal melanocytes following application of a novel moisturizer

at varying concentrations. **p<0.01, ***p < 0.0001
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Fig.3 Normalized melanin levels in normal human epidermal melanocytes following application of a novel moisturizer at
0.0001% and 0.001% and UVA exposure. *p < 0.05, ***p < 0.0001. UVA ultraviolet-A

with control (- 26.0, — 4,4; p=0.0049) (Fig. 2).
Higher concentrations showed greater cyto-
static effects: 0.001% reduced viability by 53.6%
(-64.5,-42.7; p<0.0001) and 0.003% by 59.0%
(- 69.7, — 48.3; p<0.0001). Concentrations
between 0.01% and 0.3% exhibited high cyto-
toxicity, reducing cell viability by 88.0% (- 98.6,
- 77.4; p<0.0001) to — 100% (- 110.6, — 89.5;
p<0.0001). Based on these findings, concentra-
tions of 0.0001% and 0.001% were selected for
the melanin quantification assay. The 0.0001%
concentration was chosen for its potential to
exhibit a greater cytostatic effect compared with
0.0003%, while likely preserving cell viability
compared with the higher concentrations tested.
The 0.001% concentration was selected for its
demonstrated cytostatic effect and sufficient cell
viability compared with higher concentrations.

Melanin Quantification

The sequential irradiation steps of UVA light,
reaching a final dose of 16 J/cm?, resulted in a
significant 99.7% increase in the normalized
pigment content in normal human epidermal
melanocytes compared with control (68.4,
131.1; p<0.0001). This confirmed the effective
pro-melanogenic stimulus of the UVA irradiation
protocol.

Co-exposure of cells to UVA and 0.0001%
moisturizer demonstrated a significant pre-
vention of UVA-induced melanin accumula-
tion, resulting in a 23.0% reduction compared
with control cells exposed to UVA (3.2, 42.§;
p=0.0206) (Fig. 3). A decrease in melanin levels
by 13.8% was observed following treatment with
0.001% moisturizer compared with control cells
exposed to UVA; however, this difference did not
reach statistical significance (p=0.2117).

In Vivo Results

Of the 33 participants enrolled in the study,
30 were included in the per-protocol analyses.
Two participants were excluded for not attend-
ing the baseline visit after pre-treatment. One
participant discontinued the study on day 7
due to progressively worsening itching, sting-
ing, desquamation, and purpled inflammation
on the face. Symptoms were monitored by a
dermatologist and resolved completely after
10 days of stopping treatment and initiat-
ing recovery with a dermatologically recom-
mended moisturizer.

Demographic details of participants are
given in Table 1.
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Table 1 Characteristics of the participants at baseline

Characteristic Participants
(N=30)
Female, 7 (%) 30 (100)
Age
Mean (SD) 443 (7.3)
Range 29-56
Race, 7 (%)
White 16 (53.3)
Latin 14 (47.6)
Skin type (sensitivity), 7 (%)
Normal 30 (100)
Sensitive 0
Skin type (sebum levels), 2 (%)
Dry 13 (43.3)
Normal 17 (57.7)
Skin phototype (Fitzpatrick), 7 (%)
11 (white) 10 (33.3)
III (light brown) 13 (43.3)
IV (moderate brown) 7(233)

SD standard deviation

Dark Spot Evaluation Using FrameScan

Software

After 6 weeks of topical treatment, there was
a significant reduction in the total num-
ber (- 9.7% [- 15.1, — 4.3]; p=0.0010), area
(-14.4% [-22.8, - 5.9]; p=0.0016), and perim-
eter (- 3.5% [- 6.7, - 0.4]; p=0.0292) of dark
spots compared with baseline (Fig. 4). A signifi-
cant improvement in skin homogeneity (9.8%
[1.3, 18.4]; p=0.0253) and reduction in skin
contrast (- 9.2% [- 10.5, - 7.9]; p=0.0001) were
observed at week 6 compared with baseline.

Specular and Global Brightness Evaluation
Using FrameScan Software

A significant increase in specular brightness
(28.6% [13.8, 43.4]; p=0.0005) was observed,
along with a significant reduction in diffuse
brightness (35.1% [- 53.3, — 16.9]; p=0.0005)
and skin lightness (2.5% [- 3.8, - 1.2]; p=0.0005)
at week 6 compared with baseline. Although
global brightness increased from baseline by
5.3%, it did not reach statistical significance at
week 6 (Fig. 5).

Skin Tone Evaluation Using FrameScan

Software

Significant increases in CieL* (5.2% [3.3, 7.0];
p<0.0001) and ITA® (2.3% [1.5, 3.1]; p<0.0001)
were observed at week 6 compared with base-
line (Fig. 6). A significant decrease in CieA*
(-3.9% [- 5.4, - 2.3]; p<0.0001) was noted at
week 6 compared with baseline, while the reduc-
tion in CieB* by 1.4% did not reach statistical
significance.

Surface Roughness Evaluation Using AEVA-HE
System

Significant reductions were observed in Stm, Sa,
Sr, and Sq parameters by — 14.1% (- 23.2, - 5.0;
p=0.0037), - 12.9% (- 20.5, - 5.3; p=0.0016),
-0.8% (- 1.3, - 0.3; p=0.0029), and - 13.0%
([~ 20.9, - 5.1]; p=0.0022), respectively, at week
6 compared with baseline (Fig. 7). A reduction of
11.1% was observed for the St parameter; how-
ever, this did not reach statistical significance
(p=0.0579).

CEE According to Scientific Assessment Scale
of Skin Quality and Modified Griffiths Scale

CEE revealed significant reductions in the
appearance of dark spots (2.8 vs 2.3; p<0.0001),
lack of radiance (6.8 vs 4.9; p<0.0001), and une-
ven skin tone (5.9 vs 5.4; p=0.0024) at week 6
compared with baseline (Fig. 8).

Representative visual examples of differences
in skin outcomes following treatment with the
innovative peeling system after 6 weeks can be
found in Fig. 9.
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Mean change from baseline (%)

Total number Area

Perimeter
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. Week 6

109.8
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Skin homogeneity Skin contrast

Fig.4 Dark spot parameter mean change from baseline following 6 weeks of treatment with the innovative peeling system.

*<0.05,p <0.01,***p < 0.001, ***» < 0.0001

140 1

120 A

Mean change from baseline (%)

Lightness Specular brightness

. Baseline
. Week 6

Diffuse brightness Global brightness

Fig.5 Skin brightness mean change from baseline following 6 weeks of treatment with the innovative peeling system.

**p<0.001

Self-Evaluation Questionnaire

Seventy-seven percent of participants (23/30)
reported irritation, burning, or stinging while
the masque was on and while using the moistur-
izer (Fig. 10). Similar experiences were reported
for experiencing flaking and/or peeling, and
tingling, itching, or flushing sensations. After
more than a week of using the moisturizer, 40%

(12/30) of participants experienced little to no
irritation, burning, or stinging.

At week 6, participants reported smoother
(70%, 21/30) and brighter skin (80%, 24/30),
diminished appearance of uneven pigmentation
(67%, 20/30), and an improvement in the over-
all appearance of their skin (77%, 23/30). Over
half of the participants (57%, 17/30) reported
that the system provided transformative results.
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Fig. 6 Skin tone parameters mean change from baseline
following 6 weeks of treatment with the innovative peeling
system. ***p <0.0001. CieL* lightness component of the

DISCUSSION

Here, we describe in vitro evidence supporting
the efficacy of the novel moisturizer in prevent-
ing UVA-associated increases in melanin. We
also present in vivo evidence supporting the
efficacy of the innovative peeling system for
significantly reducing the appearance of dark
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S
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T
3
o
£
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£
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20 A

0 || L

Stm st

Fig.7 Skin roughness parameters mean change from base-
line following 6 weeks of treatment with the innovative
peeling system. **p <0.01, ***p <0.0001. Sz average value
of all height points, $# maximum height deviation on the

ok

|||| Ii{%

CieB* ITA

. Baseline
. Week 6

CIELAB color space, Cied* green-red component of the
CIELAB color space, CieB* blue—yellow component of the
CIELAB color space, 174, individual typology angle

spots and enhancing skin brightness, tone, and
texture over 6 weeks. Given the negative impact
of pigmentary disorders on health-related qual-
ity of life [27], the significant reduction in the
appearance of dark spots and improvements
in brightness, tone, and texture, along with
a favorable safety and tolerability profile, are
encouraging. Notably, over half of participants
reported transformative results, with smoother,

** ok

. Baseline
. Week 6

sq sr

surface, peak to peak, Stz average of the 25 local peak-to-
peak values, Sq standard deviation of the height points, Sr

ratio of the real developed area to the apparent area
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brighter skin and reduced pigmentation by week
6.

Hyperpigmentation disorders can result from
abnormal melanocyte proliferation and hyper-
activity, contributing to the increased produc-
tion and accumulation of melanin [28, 29]. AZA
suppresses melanocyte stimulation by inhibit-
ing tyrosinase, the enzyme crucial for mel-
anogenesis, and exhibiting selective toxicity
toward hyperactive melanocytes [11, 16]. This
targeted action reduces melanin production
specifically in areas with abnormal pigmenta-
tion, while sparing normal melanocytes and
therefore maintaining normal skin pigmenta-
tion. This selectivity may be associated with
an increased permeability of hyperactive mel-
anocyte cell membranes compared with normal
melanocytes, making them more susceptible to
AZA [30]. However, increased permeability may
heighten the susceptibility of hyperactive mel-
anocytes to cytotoxicity when exposed to high
AZA concentrations, as observed in the in vitro
study. The low solubility of AZA and poor skin
penetrability often require higher topical doses
(15-20%) to effectively reduce hyperpigmen-
tation, which can lead to side effects like skin
irritation and dryness [11]. This emphasizes
the importance of using lower concentrations
of AZA to minimize side effects. The lower AZA

ok
—

6 -

5 1 I

4 4

3

I

2

1 4

0 T

CEE score

concentrations in the peeling system, combined
with the ethoxydiglycol in the moisturizer, may
synergistically enhance AZA penetration and
efficacy, effectively reducing hyperpigmenta-
tion over 6 weeks while minimizing side effects.
This presents a promising solution for address-
ing hyperpigmentation at its source.

Recent attention has also been directed
toward TXA, recognized for its depigmentation
properties and its inhibitory effect on plasmin
synthesis [3]. TXA can be administered orally
or topically as monotherapy or adjuvant treat-
ment for hyperpigmentation disorders [18, 31].
Clinical studies have reported varying results,
with some showing significant improvement in
the appearance of melasma, while others find
no effect, particularly in individuals with darker
skin types [18, 31]. Notably, a comparative study
indicated similar efficacy between the topical
application of AZA cream and TXA solution in
treating acne-related post-inflammatory hyper-
pigmentation, with TXA having a significantly
better safety profile during the initial month of
treatment [31]. To our knowledge, this is the
first study assessing a formulation with both
AZA and TXA for reducing the appearance of
hyperpigmentation. The concentration-depend-
ent reduction in melanin accumulation with
the novel moisturizer in vitro aligns with the

I I

. Baseline

Week 6

Dark Spots Lack of radiance

Fig.8 CEE parameters at baseline and following 6 weeks
of treatment with the innovative peeling system. CEE
scores ranged from 0 to 4 for assessments of dark spots and

Uneven skin tone

from 0 to 9 for assessments of lack of radiance and skin
tone. *p <0.01, ***p <0.0001. CEE clinical expert evalua-
tion
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«Fig. 9 Representative parallel-polarized light clinical pho-
tographs of differences in skin outcomes at baseline (left)
versus following the innovative peeling system at week 6
(right). (i) An increase in skin luminosity, texture, and tone
is noted at week 6. (ii) An even skin tone and improved
overall skin luminosity are achieved. (iii) Notable lumi-
nosity improvements and even skin tone are present on
the cheeks and chin at week 6. Slight variations in light-
ing occurred, primarily due to minor differences in par-
ticipants’ expressions or positioning, which influenced how
the camera flash reflected on their faces

documented inhibitory effects of both AZA
and TXA on melanogenesis [15-18]. While not
directly correlated, the in vitro study provides
foundational insights into the mechanism of
melanin accumulation inhibition, while the
in vivo study demonstrates the clinical out-
comes over 6 weeks.

The inhibitory effects of AZA and TXA on
tyrosinase and plasmin synthesis, respectively,
are supported by the actions of retinol and
niacinamide, present in both the masque and
moisturizer, along with the 4-HR in the moistur-
izer. Retinol downregulates tyrosinase activity,
inhibiting melanin synthesis [32], and enhances
skin brightness through increased cell turnover
and texture through collagen synthesis [33].
Additionally, by slowing melanosome transfer
and exerting anti-inflammatory and antioxidant
effects, niacinamide reduces skin pigmentation
while promoting skin brightness and an even
skin tone [34]. Combinations of niacinamide
and 4-HR have been found to improve skin tone
and reduce the appearance of hyperpigmenta-
tion and the features of photoaging [19, 22],
likely due to niacinamide’s inhibition of mela-
nosome transfer and the anti-tyrosinase enzyme
activity of 4-HR [22]. Consequently, the diverse
actions of the peeling system’s active ingredients
may improve pigmentation and contribute to a
healthier, more radiant complexion, as seen in
significant changes in specular brightness, skin
tone, roughness, and CEEs, alongside a reduc-
tion in diffuse brightness. While the individual
benefits of AZA, TXA, retinol, niacinamide, and
4-HR are well documented, further research

into their synergistic effects could deepen
understanding of how these ingredients inter-
act to enhance melanin regulation. Compatra-
tive analyses of their individual and combined
effects on melanogenesis and overall skin health
may provide insights into their complementary
mechanisms, further strengthening the rationale
for their integration in the peeling system.

This study has limitations. While the inno-
vative peeling system demonstrated improve-
ments in skin parameters over 6 weeks, its
long-term efficacy and safety remain unad-
dressed, which is particularly significant for
hyperpigmentation treatments that often
require extended use to maintain results [32].
The single-center design and limited sample
size of the study reduce its statistical power.
Larger, multi-center, randomized controlled
trials or case—-control studies, with more diverse
samples, including participants from varied
racial and ethnic backgrounds, are necessary
to enhance the generalizability of findings and
provide broader insights into the long-term effi-
cacy and safety of the innovative peeling system
across different skin types and tones. Further-
more, factors such as sebum, skin sensitivity,
and Fitzpatrick skin type should be considered
in future studies to provide more personalized
insights and tailored treatment recommenda-
tions. Comparative studies using a split-face
design could help to clarify the system’s distinct
effects compared with conventional treatments,
while blinded study designs would reduce bias
in subjective assessments. Additionally, the cur-
rent in vitro study may not fully reflect in vivo
outcomes because of factors such as skin barrier
function, metabolism, microenvironment, and
individual skin types, which can all affect how
ingredients perform on the skin. External vari-
ables such as temperature and pH may further
modulate in vivo efficacy [35]. Given the signifi-
cant role of ultraviolet-B (UVB) in hyperpigmen-
tation [36], investigating the combined effects
of UVA and UVB using melanocyte—keratinocyte
co-cultures to mimic in vivo conditions could
provide further insights into the restorative
effects of the moisturizer.

A\ Adis



1222

Dermatol Ther (Heidelb) (2025) 15:1209-1225

THE SYSTEM PROVIDED TRANSFORMATIVE RESULTS

THE SYSTEM HELPED TO RENEW MY SKIN

THE SYSTEM RESURFACED MY SKIN

| HAVE RECEIVED COMPLIMENTS FROM OTHERS ON HOW EVEN MY SKIN LOOKS

NO OTHER PRODUCT HAS BEEN ABLE TO REDUCE MY DARK SPOTS LIKE THIS SYSTEM

MY SKIN HAS NEVER LOOKED AS EVEN TONED AS IT DID AFTER THE CONCLUSION OF
THE SYSTEM

I NOTICED AN IMPROVEMENT IN THE OVERALL APPEARANCE OF MY SKIN AFTER THE
CONCLUSION OF THE SYSTEM

MY SKIN FELT HYDRATED AFTER APPLYING THE MOISTURIZER

| EXPERIENCED LITTLE TO NO SENSATION (TINGLING, ITCHING, FLUSHING) AFTER
USING THE MOISTURIZER FOR MORE THAN A WEEK

| EXPERIENCED IRRITATION (BURNING/STINGING) WHILE USING THE MOISTURIZER

| EXPERIENCED A SENSATION (TINGLING, ITCHING, FLUSHING) WHILE USING THE
MOISTURIZER

THE MASQUE WAS EASY TO REMOVE

MY SKIN FELT TIGHT AFTER REMOVING THE MASQUE

| EXPERIENCED A SENSATION (TINGLING, ITCHING) WHILE THE MASQUE WAS ON

| EXPERIENCED IRRITATION (BURNING/STINGING) WHILE THE MASQUE WAS ON

| EXPERIENCED FLAKING AND/OR PEELING

MY FINE LINES AND WRINKLES APPEAR TO BE REDUCED

MY DARK SPOTS FADED

MY UNEVEN PIGMENTATION DIMINISHED

MY SKIN LOOKS SMOOTHER

MY SKIN FEELS SMOOTHER

MY SKIN LOOKS MORE EVEN TONED

MY SKIN LOOKS BRIGHTER

m Strongly Disagree

m Disagree M Neither Disagree nor Agree W Agree M Strongly Agree
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Fig. 10 Sclf-evaluation questionnaire outcomes following 6 weeks of treatment with the innovative peeling system

CONCLUSIONS

The study introduces an innovative peeling
system designed to target hyperpigmentation
at the cellular level by combining a synergistic
blend of acids and brightening and penetration-
enhancing ingredients for a comprehensive solu-
tion. The in vitro study demonstrated concen-
tration-dependent cytostatic effects of the novel
moisturizer, with promising inhibitory effects
on UVA-induced melanin accumulation. The
in vivo findings support the efficacy of the inno-
vative peeling system for visibly improving skin
pigmentation, brightness, tone, and texture with

a favorable safety and tolerability profile over 6
weeks. While further research is warranted, this
study provides valuable insights into the poten-
tial of the innovative peeling system for treat-
ing moderate-to-severe hyperpigmentation and
improving overall skin health.
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