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Abstract

Dysregulation of melanin synthesis contributes to the development of dark spots and uneven skin
tone. Beyond being an aesthetic concern, this condition is frequently associated with psychological
distress and a reduced quality of life across all ethnicities. This multicenter clinical trial evaluated the
lightening efficacy of a natural complex of polyphenols from olive and licorice extracts in a
multiethnic population (Caucasian and Asian). Efficacy was assessed through instrumental
measurements, including spot pigmentation intensity, dark spot surface area, skin radiance, and
advanced glycation end-products (AGEs), as well as dermatological evaluations (lightening effect
and skin complexion evenness) and self-assessment questionnaires. The trial duration was 8 weeks
and involved 66 subjects with dark spots, who were randomly assigned to either the active treatment
group (SSG) or the placebo group (PLA). After 8 weeks of product use, the intensity of melanin
staining within the dark spot and the surface area of dark spots in the SSG group decreased by 18.9%
and 19.9%, respectively. Additionally, skin radiance increased by 21.2%. Instrumental variations
were corroborated by the dermatologist clinical analysis and aligned with participant self-perception.
Our findings clearly demonstrate the efficacy of the oral intake of a natural complex of polyphenols
from olive and licorice extracts in improving skin complexion in Caucasian and Asian subjects.

Keywords: skin radiance; skin complexion; polyphenols; licorice; olive oil; clinical trial

1. Introduction

Skin pigmentation is a common condition triggered by both internal (genetics) and external (sun
exposure and medications) factors that impact on skin color [1,2]. Skin color primarily depends on
the amount and localization of cutaneous pigments, with melanin being the most important in the
epidermis, hemoglobin in the dermis, and carotenoids in adipocytes and the stratum corneum. The
perception of skin color is then determined by the complex interplay between absorption, scattering,
and reflection of incident light along with the structural and optical properties of the skin [3,4].

Dysregulation of melanin production leads to hyperpigmentation, manifesting as skin
imperfections commonly referred to as “dark spots”. This condition results from dermatological
conditions (e.g., melasma, chloasma), sun exposure, age, genetics, epigenetics, and skin injuries (e.g.,
inflammation, acne) [5-7]. Sun exposure is the most common cause of hyperpigmentation, as it
significantly stimulates melanin production. Notably, several studies have demonstrated the efficacy
of daily photoprotection in reducing and preventing the appearance of dark spots [8-10]. Excess
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melanin accumulation and its abnormal distribution in the skin are also hallmark features of skin
aging and post-inflammatory hyperpigmentation (PIH) [7,11].

Skin appearance plays a fundamental role in self-perception, social interactions, and cultural
beauty ideals. Among various dermatological concerns, hyperpigmentation and dark spots are
widely recognized as a primary aesthetic issue, particularly in Asian populations, where an even,
luminous complexion is highly valued [12]. The appearance of dark spots is not merely an aesthetic
concern but also carries a psychological burden, affecting quality of life, overall well-being, and social
functioning. It can evoke negative emotions such as shame and embarrassment, further impacting
individuals” mental health and confidence [13-15].

Traditional treatments for skin lightening primarily rely on topical depigmenting ingredients
(e.g., hydroquinone, kojic acid, vitamin C), dermatological procedures (e.g., chemical peels, laser
therapy) and oral medications, however, these interventions may be associated with irritation, side
effects, and limited long-term efficacy [1]. In recent years, there has been a growing interest in oral
food supplements as a complementary approach to skin lightening and pigmentation control [16].
Certain bioactive compounds, including antioxidants, polyphenols, vitamins, and botanical extracts,
have been shown to modulate melanogenesis, oxidative stress, and inflammation, thereby
influencing skin pigmentation from within [17-20]. Among botanical extracts, licorice is widely used
as a commercial skin lightening agent in modern cosmetic formulations [21]. One of its key active
compounds responsible for skin lightening is glabridin, a phytoconstituent derived from the
Glycyrrhiza glabra. Glabridin is the primary component of the hydrophobic fraction of licorice extract
and is recognized for its depigmenting properties based on tyrosinase activity inhibition [22-24].
However, a recent study by Nerya et al. demonstrated that the inhibitory effect of licorice extract on
tyrosinase activity was greater than expected based on its glabridin content alone. Interestingly, the
authors found that two polyphenols (glabrene and isoliquiritigenin) contained in the extract were
effective in inhibiting both mono- and diphenolase tyrosinase activities [25]. Two recent clinical trials
have demonstrated the efficacy of olive extracts in improving skin hyperpigmentation [26,27].
Moreover, it was demonstrated a synergistic effect between glabridin and antioxidants in inhibiting
tyrosinase activity [28].

In this study, we aimed to evaluate the skin lightening efficacy and the safety of use of a
commercially available active ingredient, SelectSIEVE® Glitter (ROELMI HPC, Origgio, VA, Italy).
This ingredient is composed of a synergistic blend of natural polyphenols derived from olive (Olea
europaea L.) and bioactive compounds extracted from licorice (Glycyrrhiza glabra L.). Both olive and
licorice are well-documented in the scientific literature for their antioxidant, anti-inflammatory, and
depigmenting properties, making them promising candidates for hyperpigmentation and uneven
skin tone [29-31]. The skin lightening effect was assessed both in vitro and in vivo on humans. In
vitro we evaluated the melanin synthesis by a human melanoma MNT-1 cell line, while in vivo we
assessed the melanin staining within the dark spot and the surface area of dark spots. The effect of
the test items on blood pressure was evaluated both in vitro and in vivo on humans. The in vitro
assessment focused on the inhibition of the 113-hydroxysteroid dehydrogenase type 2 (HSD1132)
enzyme. Inhibition of this enzyme may contribute to elevated blood pressure due to increased cortisol
availability and activity at mineralocorticoid receptors [33]. Blood pressure was also monitored in
humans during the clinical trial.

2. Materials and Methods
2.1. In Vitro study

2.1.1. Inhibition of HSD11p Type 2 Enzyme

The inhibition of the HSD11 type 2 enzyme was measured indirectly by the cortisol level in the
reaction mixture. Briefly, 0.04 mg SelectSIEVE® Glitter and 2 mg/ml of a benchmark titrated in 2%
(w/w) glycyrrhizic acid (Nature Med, Castrovillari, CS, Italy) licorice extract were added to the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2228.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 July 2025 d0i:10.20944/preprints202507.2228.v1

3 of 14

reaction mixture containing 10 ng/ml HSD11p type 2 enzyme, 0.2 mM NADP+* and 1800 pg/ml cortisol
(ThermoFisher Scientific, Monza, MB, Italy) in a PBS solution (ThermoFisher Scientific, Monza, MB,
Italy) at pH 7.4 and at 37 °C. The level of cortisol was measured after 4 hours using an ELISA kit
(ThermoFisher Scientific, Monza, MB, Italy), according to the manufacturer’s protocol. The reaction
mixture without any test item served as the negative control.

2.1.2. Melanin Synthesis Inhibition

Human melanoma MNT-1 cells were purchased from ATCC (Manassas, VA, USA) and cultured
in DMEM-high glucose containing 20% fetal bovine serum, 10% of AIM-V medium, 0.1 mM non-
essential amino acids in the standard condition (37 °C and 5% CQO) for 24 hours within a 6-well plate.
After the incubation period, the culture medium was replaced with fresh medium containing non-
cytotoxic concentrations of licorice extract (LC extr., 0.1 mg/mL), olive extract (OL extr., 0.1 mg/mL),
and the test ingredient at two concentrations (SSG, 0.1 mg/mL and 0.5 mg/mL). The cells were then
incubated for 72 hours. The test ingredient (SelectSIEVE®Glitter, ROELMI HPC, Origgio, VA, Italy)
was a commercially available blend of natural olive (Olea Europaea L.) and licorice (Glycyrrhiza glabra
L.) extracts, standardized to contain at least 4% (w/w) polyphenols (> 4%, w/w). Hydroquinone (Hyd,
5 ug/ml) and DMEM culture medium served as the positive and negative controls (CTR-),
respectively. After the incubation period, melanin production was assessed spectrophotometrically
at 405 nm, while protein content was quantified using the Bradford assay [34].

For both the melanin and protein content assay cells were washed once with PBS. Cells were
then lysed with 0.1 N NaOH at 60°C for 1 hour for melanin and with sterile water at 4 °C for the
protein content assay. Melanin and proteins were measured using a microplate reader (BioTek
Synergy LX Multimode Reader, Agilent Technologies, Inc., Santa Clara, CA, USA) at 405 and 595 nm,
respectively. Standard curves for the melanin and protein assay were created using melanin solutions
ranging from 10 to 200 pg/ml melanin and albumin solutions ranging from 4 to 30 ug/ml albumin,
respectively.

2.2. Clinical Study

2.2.1. Trial Design and Ethics

This was a multicentric, randomized (1:1), double-blind, placebo-controlled trial conducted at
Complife Italia facilities in San Martino Siccomario (Pavia, Italy), Nutratech (Rende, Italy) and
Complife Asia (Beijing, China), from April to September 2023. The trial consisted of a screening visit,
a baseline visit (W0), and two follow-up visits after 4 (W4) and 8 (W8) weeks of product use. All the
study outcomes were measured at each checkpoint.

This trial was conducted in compliance with the ethical principles outlined in the World Medical
Association’s (WMA) Declaration of Helsinki and its amendments. The study protocol
(H.E.HU.HV.NWHO00.060.41.00_NT0000092/23 Rev.01 by March 7th, 2023) and all associated trial
documents were reviewed and approved by the Comitato Etico Indipendente per le Indagini Cliniche Non
Farmacologiche (ref. No. 2023/02, approval date: March 9, 2023) and registered on ISRCTN registry
(ISRCTN12882379) [35].

Written informed consent (ICF) was obtained from all participants prior to the initiation of any
study-related procedures.

2.2.2. Participants and Compliance with Treatment

The trial enrolled healthy Caucasian and Asian male and female subjects, aged 25 to 65, with
dark spots due to aging, sun exposure, or post-inflammatory hyperpigmentation (PIH). Subject
recruitment was conducted as follows: Caucasian subjects were enrolled by Complife Italia (San
Martino Siccomario, PV, Italy); Asian subjects with darker skin phototypes (IV-V) were enrolled by
Nutratech (Rende, CS, Italy); and Chinese Asian subjects with lighter skin phototypes (III-IV) were
enrolled by Complife Asia (Xicheng District, Beijing, China). Exclusion criteria included acute or
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chronic conditions that could interfere with study outcomes, pose a risk to the participant, or be
deemed incompatible with study requirements by the Investigator; dermatological skin conditions
and medical histories that could interfere with study outcomes; pharmacological treatments
interfering with the study outcomes; allergies or sensitivities to cosmetic products, medications,
medical devices, or patches; breastfeeding; pregnancy, and unwillingness to adopt effective
contraceptive measures (for women of childbearing potential).

Throughout the study period, participants were instructed to maintain a daily journal to record
any significant changes in dietary habits, deviations from the prescribed product use, and the
occurrence of any adverse events. They were also advised to avoid sun exposure (natural or artificial)
and to refrain from using any facial cosmetic products or food supplements other than the base cream
and the food supplement provided by the investigation center.

Compliance with treatment was determined by counting the number of capsule packs returned
at weeks 4 and 8. A compliance rate of 80% or higher was required for participants to be considered
adherent to the protocol.

2.2.3. Interventions and Randomization

The test item was a food supplement formulated with SelectSIEVE®Glitter. The composition (per
capsule) of the active food supplement (5SG) was as follows: 200 mg SelectSIEVE®Glitter (Glycyrrhiza
Glabra and Olea Europea L. extracts), 200 mg maltodextrin, 2 mg magnesium stearate and 2 mg silica
dioxide. The placebo food supplement (PLA) composition per capsule contained: 2,25 mg charcoal,
435 mg maltodextrin, and 4 mg magnesium stearate. All the ingredients used in the food supplement
formula are safe for their use. Participants in both the active and control arms received one capsule
daily before breakfast.

To standardize the cosmetic routine, participants were supplied with a base day cream
containing UV filters and formulated without any claimed efficacy. They were instructed to apply
the product according to their usual skincare habits, using it ad libitum. The estimated quantity for
each application was 1.54 g/day [36]. The ingredient list of the cream was as follows: aqua, ethylhexyl
methoxycinnamate, peg-6 stearate, ethylhexyl salicylate, butyl methoxydibenzoyl methane,
methylene bis-benzotriazolyl tetramethylbutylphenol (nano), octocrylene, triolein, glyceryl stearate,
glycol stearate, peg-32 stearate, glyceryl dioleate, cetyl palmitate, decyl glucoside, xanthan gum,
propylene glycol, hydroxyethyl acrylate/sodium acryloyldimethyl taurate copolymer, polyisobutene,
peg-7 trimethylolpropane coconut ether, disodium EDTA, ethylhexylglycerin, caprylyl glycol, o-
cymen-5-ol. All ingredients in the cosmetic products were included in the positive list of substances
authorized for cosmetic use. The formulation did not contain any ingredients listed in Annex II
(prohibited substances) of Regulation (EC) No 1223/2009 [37]. Ingredients in Annex III (restricted
substances), Annex V (preservatives), Annex V (preservatives), and Annex VI (UV filters) were used
within the concentration limits specified by the Regulation and had been assessed for safety by the
European Scientific Committee.

2.2.4. Outcomes

Both primary and secondary outcomes were assessed at baseline (W0) and after 4 (W4) and 8
(W8) weeks of product use. Clinical and instrumental measurements were taken under temperature
and humidity-controlled conditions (temperature 22 + 4 °C and relative humidity 50 + 10%). Prior to
each assessment, participants were allowed to acclimatize for 15-20 minutes.

2.2.4.1. Primary Outcomes

The primary outcomes of the trial included the evaluation of dark spot pigmentation and
surface, skin radiance, skin complexion evenness, and overall lightening efficacy.

The dark spots pigmentation and the skin radiance were measured by the
spectrophotometer/colorimeter CM 700D (Konica Minolta, Milan, Italy).
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The pigmentation of the dark spots was evaluated by the calculation of the individual typology
angle (ITA°) based on the L* (lightness) and b* (chroma) values measured inside the dark spot. ITA®
was calculated according to the following equation:

ITA® = [arctan((L* - 50)/b*)] x 180/x 1)

Skin radiance was assessed on the cheek area by measuring the 8° gloss parameter, which
quantifies the amount of light reflected from the skin surface, providing an objective evaluation of
skin brightness/radiance.

The surface of dark spots was measured using morphometric image analysis performed on
digital images captured with the VISIA®-CR system (Canfield Scientific Europe BV, Utrecht, The
Netherlands). The analysis employed a thresholding (segmentation) algorithm applied to RBX brown
images [38].

The improvement in skin complexion evenness and lightening efficacy was evaluated by a
dermatologist using a 4-point clinical scale: 1 No variation, 2 Slight improvement, 3 Moderate
improvement, and 4 Remarkable improvement. The assessment was performed on digital images
captured with the VISIA®-CR system (Canfield Scientific Europe BV, Utrecht, The Netherlands).

2.2.4.2. Secondary Outcomes

The secondary endpoints of the trial were the assessment of the advanced glycation end
products (AGEs) and the evaluation of product tolerability and self-assessment.

AGEs were measured by a non-invasive AGE Reader mu device (Diagnoptics Technologies B.V.,
Groningen, Netherlands) using ultraviolet light to excite autofluorescence correlated with AGEs level
in the skin [39,40]. The measurement was taken by placing the bare forearm (below the elbow) on top
of the AGE reader for 12 seconds. Evaluation of AGEs was carried out on 17 subjects, randomly
selected from each group.

Product tolerability was evaluated by the investigator through the assessment of any local or
systemic signs of intolerance (e.g., bloating, flatulence, nausea, mild abdominal discomforts, skin
itching or tingling, mild rash, etc.) or adverse effects (e.g., diarrhea, constipation, vomiting,
gastroesophageal reflux, urticaria, etc.). During all the study period, the subjects were asked to report
any signs of intolerance or adverse effects. Blood pressure was monitored due to the well-known
effects of licorice extract, particularly when it contains glycyrrhizin, on elevating blood pressure,
which can lead to hypertension when consumed in high doses or over prolonged periods.

2.2.4.3. Self-Assessment Questionnaire

At both Week 4 (W4) and Week 8 (WS8), participants completed a self-assessment questionnaire
designed to evaluate their perception of the product’s efficacy and tolerability. The questionnaire
included items related to improvements in skin complexion and texture, as well as overall product
tolerability. Depending on the question, participants responded using either a four-point Likert scale

o

(“completely agree,” “agree,” “disagree,” or “completely disagree”) or a binary choice (“Yes” or
“No”). For analysis, the responses “completely agree” and “agree,” as well as “Yes,” were grouped

and considered as positive feedback.

2.5. Randomization and Blinding

Participants were randomly assigned in a 1:1 ratio to receive either the active food supplement
(5SG) or the placebo product (PLA). Randomization was performed using a computer-generated
(PASS 11, version 11.0.8, PASS, LLC, Kaysville, UT, USA) randomization sequence using the “Efron’s
biased coin” algorithm to ensure balanced allocation across groups.

The randomization sequence was concealed using sealed, opaque, and sequentially numbered
envelopes to ensure allocation concealment. Each intervention (SSG or PLA) was pre-labeled
according to the randomization sequence. To maintain blinding, both the investigational product and
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the placebo were identical in appearance, taste, packaging, and labeling. Study investigators,
participants, and all personnel involved in outcome assessment remained blinded to treatment
allocation throughout the trial. The randomization list was securely stored and remained inaccessible
to study personnel until after database lock, unless emergency unblinding was warranted due to a
serious adverse event.

2.6. Statistical Analysis

2.6.1. In Vitro Studies

The percentage of melanin synthesis and the percentage of the inhibition of the HSD11f type 2
enzyme were calculated according to equation (2) and (3), respectively.

(melanin/protein) sample

(melanln/prOteln)negative control

% melanin synthesis = x 100 (2)

COrtlsOInegative control — CortISOISample

% HSD11 inhibition = x 100 3)

C()rtiSOlnegative control

The raw data used in the equation were the mean value of each triplicate measurement for both
the melanin and protein content. Both intragroup and intergroup analysis were performed with the
t test of Student using a Microsoft® Excel® (Microsoft, Redmond, WA, USA) datasheet (Microsoft 365
Apps for business, version 2403, build 17425.20176).

2.6.2. Clinical Study: Sample Size and Statistical Analysis

The sample size was determined based on prior similar studies, which provided the baseline
average value, and the variability of the primary endpoint required for power analysis. Based on this
information, a sample size of 25 subjects per group was determined to be sufficient to detect
statistically significant differences with a power of 80% at a significance level of 0.05. The sample size
analysis was conducted using PASS 11 statistical software (version 11.0.8; PASS, LLC, Kaysville, UT,
USA). To account for potential dropouts or exclusions, an additional eight subjects were included.

All data were initially assessed for normality to determine the appropriate statistical approach.
When data met the assumptions of normality, repeated measures analysis of variance (RM-ANOVA)
was applied to evaluate differences between conditions or time points. For datasets that did not
follow a normal distribution, the non-parametric Friedman test was used as an alternative to RM-
ANOVA. Post hoc comparisons were conducted using the Tukey—Kramer test to account for multiple
comparisons while controlling the family-wise error rate. Intragroup statistical analysis was
performed on the raw data, whereas intergroup comparisons were conducted using percentage
variation from baseline. All statistical analyses were performed using NCSS 10 software (version
10.0.7; NCSS, LLC, Kaysville, UT, USA), and statistical significance was set at p <0.05.

3. Results
3.1. In Vitro Study

3.1.1. Inhibition of HSD11p Type 2 Enzyme

Four hours after the enzymatic reaction began, cortisol concentrations were as follows: 1209.86
+20.16 pg/ml in the negative control, 1467.56 + 19.65 pg/ml in the benchmark sample, and 1229.36 +
7.21 pg/ml in the SSG reaction mixture (Figure 1a). The cortisol concentration in the SSG reaction
mixture was not significantly different from that of the negative control (p > 0.05), whereas the
benchmark product significantly inhibited the enzymatic reaction by 21.3% (p < 0.001 vs. both the
negative control and SSG reaction mixture).
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Figure 1. (a) Effect of the test items on HSD11{ Type 2 Enzyme. (b) Effect of the test items on melanin produced
by MNT-1 cells. Data are means + SD from three independent experiments. ** p < 0.01, and *** p < 0.001 vs.
negative control. # p <0.001 vs. benchmark.

3.1.2. Melanin Synthesis

All the tested items decreased the melanin synthesis when compared to the negative control
(Figure 1b). SSG at 0.1 mg/ml concentration reduced (p < 0.01) melanin synthesis to 71.5 + 2.5%,
corresponding to a 28.5% inhibition, while at 0.5 mg/ml concentration further decreased (p < 0.01)
melanin synthesis to 63.6 + 4.1%, showing the highest inhibition among tested ingredients at 36.4%.
Even if not statistically significant (p > 0.05), these results indicate a dose-dependent inhibitory trend
of SS5G on melanogenesis. Treatment with 0.1 mg/ml LC extract resulted in 77.0 + 2.3% melanin
synthesis, achieving a 23.0% inhibition (p < 0.01). The OL extract at 0.1 mg/ml showed a melanin
synthesis level of 78.1 + 4.5%, corresponding to a 21.9% inhibition (p <0.01). Its effect was comparable
with the LC extract effect. Hydroquinone at 5 ug/ml exhibited inhibitory (p < 0.01) activity with
melanin synthesis at 65.1 + 2.6%, translating to a 34.9% inhibition. Even if not statistically significant
(p > 0.05), a trend toward a synergistic effect was noted for the SSG when compared to each single
extract. The inhibitory effect of all the tested ingredients was comparable with the hydroquinone
effect.

3.2. Participant Characteristics, Tolerability, and Compliance with Treatment

A total of 74 subjects were screened for eligibility. Of these, 6 did not meet the inclusion criteria
and 2 declined to participate. As a result, 66 subjects (n = 66) were successfully randomized into two
groups, with 33 participants allocated to each group. The study population included 22 Caucasian
subjects enrolled by Complife Italia (San Martino Siccomario, PV, Italy), 12 Asian subjects with darker
skin phototypes (IV-V) enrolled by Nutratech (Rende, CS, Italy), and 32 Chinese Asian subjects with
lighter skin phototypes (III-IV) enrolled by Complife Asia (Xicheng District, Beijing, China). The
study dataset (per-protocol population) included 64 subjects, as two participants in the PLA group
withdrew at Day 28 due to personal reasons unrelated to product use. A detailed overview of
participant flow is provided in Figure 2.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. CONSORT flow-chart diagram of the participant.

No significant differences between groups were observed at baseline for any of the outcomes,
confirming successful randomization and baseline homogeneity across the two groups (Table 1).

Both the active and placebo products were well tolerated throughout the study period. No
adverse events, side effects, or unexpected skin reactions were reported by participants or observed
by clinical investigators at any point during the intervention. This absence of negative outcomes
highlights the favorable safety profile of both formulations when used under the prescribed
conditions. At both Week 4 (W4) and Week 8 (W8), 100% of participants in both groups confirmed
overall tolerability of the products. These findings support the good safety profile of both the active
and placebo formulations under the study conditions. In addition, no significant changes in blood
pressure were observed in response to product intake (Table S1).

Compliance with treatment was high in both groups (95.1% in the PLA group and 97.1% in the
SSG group).

Table 1. Baseline and demographic characteristics.

Placebo Active Units  p value
Age 425+2.4 49.2+21 Years 0.0671
Sex

Female 90.9% (30) 87.9% (29) % (no.) n.a.
Male 9.1% (3) 12.1% (4) % (no.) n.a.
Blood pressure
Systolic 124.7 +2.41 126.9 +2.32 mmHg  0.5134
Diastolic 82.5+1.18 80.3+1.25 mmHg  0.2106

Skin radiance 10.61 +£0.52 10.12 £ 0.52 a.u. 0.2923
Individual typology Angle (ITA®) 16.33 +1.21 16.21+1.13 ° 0.9567
Dark spots surface 40.98 +2.82 42.42 +2.53 a.u. 0.7083
AGEs! 227 +0.18 1.89 +0.10 a.u. 0.0545

Continuous data are expressed as mean + SEM; categorical data are expressed as counts and percentages. !

Measured in a subpopulation of 17 subjects per group. n.a. not applicable.
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3.3. Primary Endpoints

At baseline, the individual typology angle (ITA®), inside the dark spot, was 16.33 + 1.21 in the
PLA group and 16.21 + 1.13 in the SSG group indicating a pigmented skin. In the SSG group, the ITA®
value statistically significantly increased by 11.8% (18.14 + 1.19; p < 0.001) at W4 and 18.9% (19.38 +
1.11; p < 0.001) at W8 (Figure 3a). The increase in ITA® is indicative of a lightening effect. In the PLA
group, a statistically significant increase in ITA®° of 8.1% (17.67 + 1.35; p < 0.001) was observed
exclusively at W8. The ITA® increase in the SSG group was significantly higher than in the PLA group
at both W4 and W8 (p < 0.01). This instrumental variation, indicating a lightening effect on the dark
spot, was corroborated by dermatologist assessments in the SSG group, with 54.5% of participants
showing improvement at Week 4 and 63.6% at Week 8 (Figure 3d).
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Figure 3. (a) Individual typology angle (ITA®). (b) Darks spots surface. (c¢) Skin radiance. (d) Lightening effect.
(e) Evenness of skin complexion. Intragroup statistical significance (vs. W0) is indicated within the bars using
the symbol *, while intergroup significance (SSG vs. PLA) is shown above the bars with the symbol #. Statistical
significance is denoted as follows: * p < 0.05, ## p <0.05, and ** p < 0.01.

In the SSG group, the surface area of dark spots decreased by 4.18 units (p < 0.05) at W4 and 8.45
units (p < 0.001) at W8, corresponding to reductions of 9.8% and 19.9%, respectively, compared to
baseline (Figure 3b). In the PLA group, the surface area of dark spots remained unchanged
throughout the study period (p > 0.05). At Week 8, the SSG group exhibited a significantly greater
reduction compared to the PLA group (p <0.01). In the SSG group, the reduction in dark spot surface
area was associated with a clinically observed improvement in skin complexion evenness in 63.6% of
participants at W4 and 84.8% at W8 (Figure 3e).

A statistically significant increase in skin radiance was observed in both the SSG and PLA groups
at W4 and W8 (Figure 3c). However, the magnitude of improvement was consistently greater in the
SSG group. At Week 4, skin radiance increased by 14.0% in the SSG group compared to 8.0% in the
PLA group (p > 0.05), suggesting a trend toward enhanced efficacy, although the difference was not
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statistically significant at this time point. By W8, the difference became statistically significant, with
the SSG group showing a 21.2% increase in radiance versus 12.7% in the PLA group (p < 0.01).

3.4. Secondary Endpoints

The baseline AGEs levels were 1.89 + 0.10 in the SSG group and 2.27 + 0.18 in the PLA group.
After 8 weeks of product use, the AGEs levels in the SSG group decreased by 10.6% (p < 0.001) while
they were unchanged in the PLA group (Table 2). Differences between SSG and PLA groups were
statistically significant (p < 0.05).

Table 2. Advanced glycation end products (AGEs). # p < 0.05 (SSG vs. PLA).

WO W8 AWS p value
PLA (n=17) 2.27+0.18 2.16£0.11 -2.1% 0.218
SSG (n=17) 1.89 +0.10 1.69 +0.10 -10.6% # 0.000

4. Discussion

Nutraceuticals claiming skin health benefits and improving its appearance are becoming
popular [41,42]. These products, often formulated with bioactive compounds such as antioxidants,
vitamins, minerals, and plant extracts, are promoted for their potential to improve skin hydration,
elasticity, brightness, and overall complexion. However, despite their growing presence in the
market, there is a relative scarcity of robust scientific evidence supporting many of these claims [41].

The skin lightening effect of topically applied licorice extract is well-documented and widely
recognized in the literature, primarily due to its active compounds such as glabridin, which inhibit
tyrosinase activity and melanin production [20,43,44]. However, despite its long-standing use in
topical formulations, there is currently a lack of scientific studies evaluating its efficacy when
administered orally. The potential systemic effects of licorice-derived compounds on skin
pigmentation, if any, remain unexplored. This gap in the literature highlights the need for well-
designed clinical trials to assess the potential skin benefits of oral licorice extract supplementation.

The present study demonstrates the efficacy of the tested oral formulation (SSG) in improving
multiple parameters related to skin pigmentation and overall appearance over an 8-week period. The
in vitro data clearly demonstrated the efficacy of the test product inhibiting the melanin synthesis,
giving insight into the mechanism of action. The significant increase in the Individual Typology
Angle (ITA®) observed in the SSG group, both at W4 and W8, indicates a pronounced skin lightening
effect within hyperpigmented areas. The decrease in skin pigmentation was further substantiated by
dermatologist assessments, with more than half of the participants in the SSG group exhibiting
noticeable clinical improvement as early as W4, increasing to nearly two-thirds by W8. This
alignment between instrumental and clinical evaluations supports the reliability of the observed
outcomes and suggests that the formulation’s effect is both measurable and perceivable.
Furthermore, the reduction in dark spot surface area in the SSG group provides additional evidence
of the product’s depigmenting properties. The absence of any improvement in the PLA group
highlights the potential role of the active ingredients in modulating melanogenic activity or
promoting skin turnover. Importantly, this reduction in hyperpigmented areas was paralleled by
improved skin evenness, reported in more than 80% of subjects by the end of the study.

Skin radiance, a multifactorial attribute linked to skin smoothness, light reflectance, and
hydration, also improved significantly in both groups. However, the greater and earlier enhancement
in the SSG group suggests a cumulative or synergistic benefit that may involve multiple pathways.
Although the initial difference between groups at Week 4 did not reach statistical significance, the
trend became clear and significant by Week 8, reinforcing the formulation’s potential in enhancing
overall skin luminosity.

Taken together, these findings indicate that the SelectSIEVE® Glitter is effective in improving
skin tone uniformity, reducing hyperpigmented areas, and enhancing radiance, parameters that are
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often associated with a more youthful and healthier skin appearance. The consistency of in vitro and
in vivo objective measurements and subjective assessments strengthens the validity of these results.

This study has several notable strengths but also some limitations. Firstly, it presents a well-
controlled, randomized, placebo-controlled design, which enhances the reliability of the findings and
reduces the risk of bias. The use of both instrumental measurements (e.g., ITA®, dark spot surface
area, and skin radiance) and clinical assessments by dermatologists provides a comprehensive
evaluation of treatment efficacy, combining objective data with perceptible, real-world outcomes.
Additionally, the inclusion of multiple skin-related endpoints allowed for a multidimensional
assessment of skin appearance and health. Another key strength is the multiethnic panel, allowing
the results to extend to a broader population. Despite these strengths, some limitations should be
acknowledged. First, the study sample size, while sufficient to detect statistically significant
differences, may limit the generalizability of the findings to broader populations with diverse skin
types or ethnic backgrounds. Second, although the study was multiethnic, black people were not
included.

5. Conclusions

The findings of this study demonstrate that oral supplementation with SelectSIEVE® Glitter
significantly improves key parameters associated with reduced dark spot appearance, enhanced skin
radiance, and improved complexion evenness.

These effects were observed as early as four weeks and became more pronounced by Week 8,
with results consistently superior to those of the placebo group. The combination of objective
instrumental measurements and supportive clinical assessments provides strong evidence for the
efficacy of this oral approach in addressing hyperpigmentation and promoting a more radiant, even-
toned complexion. These results support the potential of oral nutraceuticals as a complementary
strategy in cosmetic dermatology. Moreover, the efficacy of the product was not associated to
increased blood pressure that is typical of licorice.

To the best of our knowledge, this is the first clinical study to demonstrate the skin-lightening
efficacy of orally administered licorice and olive extract.
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AGEs Advanced Glycation End products
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PIH PostInflammatory Hyperpigmentation
PLA Placebo food supplement

RM-ANOVA  Repeated Measures Analysis of Variance
SSG Active food supplement

W4 Week 4

W8 Week 8

AGEs Advanced Glycation End products
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