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Abstract

Melanogenesis is a highly complex process regulated by multiple signaling pathways that control
melanin synthesis in melanocytes and its subsequent transfer to keratinocytes. This process is further
influenced by an intricate network of interactions among various skin cell populations, including
inflammatory cells, which release paracrine factors in response to internal and external stimuli, such
as UV radiation. The aim of this study was to evaluate effectiveness a new cosmetic formulation Skin
Glow Complex designed for the topical treatment of skin dyschromia. We investigated the potential
benefits of the formulation in two major resident skin cell types, keratinocytes and fibroblasts
subjected to UV irradiation. Additionally, its effects were tested in 3D human melanocyte spheroid
model, that better mimics the skin's environment. Treatment with the new formulation prevented
UV-induced reactive oxygen species (ROS) formation in keratinocytes. In dermal fibroblasts, the
formulation decreased the expression of matrix metalloproteinases while simultaneously promoting
cell proliferation and collagen synthesis. Finally, results obtained from the melanocyte spheroid
model confirmed the formulation’s ability to reduce melanin production, reinforcing its potential use
in the treatment of skin dyschromia. Overall, these findings indicate that the new product represents
a promising natural option to support skin repair and counteract aging and UV-induced damage.
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1. Introduction

Melanogenesis is the process by which melanocytes synthesize melanin within specialized
organelles known as melanosomes and represents a fundamental defense mechanism against
ultraviolet (UV) induced damage [1]. This process synthesizes two types of melanin: eumelanin and
pheomelanin, which protect the skin from damaging UV radiation [1]. Melanocytes are neural crest
derived cells located in the basal layer of the epidermis and functionally interact with keratinocytes
through paracrine signaling, regulating pigment production and transfer [2]. Differences in skin
pigmentation among individuals are not determined by melanocyte number, which remains
relatively constant, but rather by melanosome characteristics, the type of melanin produced, and its
distribution within keratinocytes. Disruptions in these processes may lead to pigmentary disorders
influenced by both intrinsic factors, such as genetics and hormonal regulation, and extrinsic factors,
particularly UV exposure [1].

Solar radiation includes UVA, UVB, and UVC wavelengths; however, only UVA and UVB can
reach the Earth’s surface. UVA radiation penetrates deeply into the dermis, inducing oxidative stress
and degradation of structural fibers, thereby contributing to photoaging and immediate, transient
pigmentation. In contrast, UVB radiation primarily affects the epidermis, where it stimulates
melanogenesis, causes erythema and DNA damage, and plays a key role in skin carcinogenesis.
Excessive or prolonged exposure to UV radiation is therefore a major risk factor for the development
of pigmentary alterations [3].
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The term dyschromia refers to alterations in normal skin pigmentation and may present as
hypopigmentation or hyperpigmentation [4]. Hypopigmented conditions are characterized by a
partial or complete reduction in melanin production. Hyperpigmentation, more commonly acquired,
may be localized or diffuse and generally results from increased melanin synthesis or abnormal
pigment distribution. Major contributing factors include UV exposure, chronic inflammation,
mechanical irritation, and hormonal stimulation [4].

Among acquired hyperpigmentary disorders, melasma is a chronic and recurrent condition that
predominantly affects women and is exacerbated by sun exposure, typically involving the facial
region [5-8]. Its pathogenesis is multifactorial and not yet fully understood [7, 8]. Another common
condition is post-inflammatory hyperpigmentation, which develops following cutaneous
inflammation or trauma and tends to be more persistent in darker skin phototypes [9-11]. In these
cases, melanin accumulation may be confined to the epidermis or deposited within the dermis
because of basement membrane damage [12]. Up to date, many efforts have been made to apply
several technologies, such as exosomes used, to the development of novel therapeutic strategies to
achieve skin regeneration and repair [13]. Exosomes are nanosized extracellular vesicles (100-150 nm)
that carry lipids, proteins, and nucleic acids, including growth factors and cytokines, and play a
crucial role in intercellular communication [14]. They exhibit high stability, safety even at high doses,
and the ability to penetrate the stratum corneum, making them particularly suitable for
dermatological applications [15]. Among natural sources of exosomes, bovine colostrum represents
an abundant and easily accessible reservoir with high isolation yields. Colostrum-derived exosomes
contain elevated levels of growth factors (such as TGF-p, IGF, and FGF) and immunomodulatory
cytokines, which synergistically contribute to skin regeneration processes [15-17]. The objective of
this research was to evaluate the efficacy of a novel formulation, Skin Glow Complex (SGC),
containing exosomes, growth factors, and cytokines purified from bovine colostrum, on different
human skin cell lines, including keratinocytes, fibroblasts, and melanocytes. Given the central role of
these cell types in maintaining skin structure, function, and pigmentation, we aimed to investigate
the biological effects of SGC on key cellular processes involved in skin homeostasis and regeneration.
Specifically, the study assessed the ability of SGC to modulate cellular responses associated with
photoinduced damage, extracellular matrix remodeling, oxidative stress, and melanogenesis. By
evaluating its effects in both conventional in wvitro models and advanced three-dimensional
melanocyte spheroid systems that more closely recapitulate the physiological skin
microenvironment, this work seeks to provide mechanistic insight into the potential of colostrum-
derived bioactive components as a cell-free, multi-target therapeutic strategy for skin regeneration
and functional improvement.

2. Materials and Methods

For our research we purchased a novel product called Skin Glow Complex 100+ (SGC100+)
contains exosomes purified from bovine colostrum passively loaded with growth factors and
cytokines purified from bovine colostrum. In particular, this product includes 20 billion exosomes
and 200 mg of growth factors. The product contains also hyaluronic acid and niacinamide.

2.1. Propagation and maintenance of cells

Normal adult human dermal fibroblasts (HDFa) (ThermoFisher Scientific) were cultured in
Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% FBS, streptomycin (0.3 mg mL-
1) and penicillin (50 IU mL), and GlutaMAX (1 mM) using 75 cm? polystyrene culture flasks. Cells
were maintained in a humidified environment (37 °C and 5% COz2) and split every 2-3 days depending
on cell confluence. Normal adult primary human epidermal keratinocytes (HEKa) (Invitrogen) were
maintained in a humidified incubator with 5% CO: at 37°C in Epilife Medium according to the
manufacturer's instructions and split every 2-3 days depending on cell confluence. The cells to be
irradiated with UV-C were washed with PBS and then irradiated with UV-C for the necessary time
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using a UV-C lamp. Immediately after UV-C irradiation, the cells were cultured in their respective
media.

2.2. UV-C Irradiation and Cell Proliferation Assay

Fibroblasts and Keratinocytes were harvested by using a trypsin-EDTA solution, counted with
a hemocytometer and plated in 96-well plates (5x10° cells/well). The following day, the cells were
irradiated with 4.5 mJ/cm? of UV-C and cells were treated with SGC100+ at three different
concentrations (0.1%, 0.5% and 1%) and incubated for 24 hours in a humidified environment (37 °C
and 5% COz). At the end of the treatment, MTT solution (1 mg/mL) was added to each well and cells
were incubated for 2 hours in a humidified environment (37 °C and 5% CO2). Epoch Microplate
Spectrophotometer (Bio Tek Instruments) was used to read the absorbance at 569 nm. Values were
normalized with respect to control untreated cells and were expressed as the percent variation of cell
proliferation assay.

2.3. Collagen Production

In HDFa cells, collagen synthesis was determined over 7 days in the presence or absence of
SGC100+ at three different concentrations (0.1%, 0.5% and 1%). Secreted C-terminal propeptide of
collagen type I (CICP) was measured in culture supernatant using an enzyme immunoassay kit
(Metra Biosystem), according to the manufacturer’s instructions. The collagen synthesis was
measured at 405 nm with Epoch Microplate Spectrophotometer (Bio Tek Instruments). Experiments
were performed in duplicate.

2.4. Determination of MMP-2 Concentration

MMP-2 expression, constitutively secreted from fibroblasts, was determined with a
commercially available quantitative ELISA test (Amersham Pharmacia Biotech). All procedures were
performed according to the instructions of the manufacturer. Experiments were performed in
duplicate.

2.5. Scratch-Wound Assay

HDFa cells were seeded in six-well plates (2.5 x 10¢ cells/well) and grown to confluence. A scratch
was created using a sterile 1 mL pipette tip, and cells were washed with PBS to remove debris. Fresh
medium, with or without the tested product at 1%, was then added. Untreated cells served as the
control. Wound closure was monitored at 24 hours post-scratch.

2.6. ROS Estimation

Oxidative stress was measured by detecting intracellular ROS of HEKa. ROS was estimated by
2,7’ -dichlorofluorescein diacetate (Merck, Darmstadt, Germany), which reacts with intracellular
oxidative ROS and is converted to dichlorofluorescein (DCF). The cells were seeded at a density of
2.5 x10? cells/dish and treated with SGC100 at three different concentrations (0.1%, 0.5% and 1%)
overnight. As a positive control, the cells were pretreated with 100 uM hydrogen peroxide for 30 min.
The cells were irradiated with 0.7 mJ/cm? of UV-C, and after 6 hours, the cells were incubated with
DCEF-DA at a concentration of 50 uM for 30 min. The cells were washed once with PBS and observed
with a fluorescent microscope (Nikon, GeneTex). Images were acquired with the NIKON DS-Qi2
camera and analyzed with Image ] software (version 1.53).

2.73. D Cultivation of cell lines B16F10 and Treatment with SCG100

Murine melanoma cell lines B16F10 (ATCC) were cultured in Dulbecco’s Modified Eagle Media
(DMEM) supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin. According to [18] we used the hanging-drop method to generate melanocyte
aggregates (spheroids). Methylcellulose was added to the cell culture medium at a concentration of
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0.24% w/v to make a cell suspension containing an appropriate number of cells. An array of 25 uL
drops of culture medium containing 1,000 cells was made on the lid of the culture dish. Then the lid
was carefully flipped over and placed on the top of the 1x PBS-filled culture dish to minimize
evaporation of the drop. After 72 hours in a hanging-drop culture, each aggregate was collected and
transferred to each well of a ULA flat-bottom 96-well microplate (Corning). For experimental we used
human melanocytes (CELL Applications). Three different concentrations tested (0.1%, 0.5% and 1%)
of SGC100+ were diluted in a phenol red-free cell culture medium and was added to the cell culture
medium when melanocyte aggregates were transferred to the well plate from hanging-drops at 72
hours after the cell seeding. Spheroids were exposed to depigmenting agents for 96 hours.

2.8. Measurement of Melanin Content

The culture medium in the well plate was read directly by a plate reader. We used a standard
curve obtained from synthetic melanin (Sigma) dissolved in 1 N NH:OH, diluted in a culture
medium. The absorbance was averaged from three wells, and each experiment was performed in
triplicate. For comparison between samples, we used a depigmenting index (DI) as the percentage of
decreased melanin in treated samples to an untreated control:

Melanin Melanin,, .,

untreated

Melanin,,,q;0q

Depigmenting index (DI, %) = x 100

2.9. Statistical Analysis

The normality of the data was assessed using the Shapiro-Wilk test. After performing statistical
analysis, one-way analysis of variance (ANOVA) was used to identify statistically significant
differences among the various groups, followed by Tukey’s test for post-hoc analysis. The statistical
software Past4Project (version 4.03) was utilized and the value of p < 0.01 (*) was considered
statistically significant and p < 0.001 (**) was considered statistically highly significant. All data are
presented as mean + standard deviation (SD). Fluorescence intensity quantification of the acquired
images was performed using Image ] software (version 1.53).

3. Results and Discussion

3.1. Effects on fibroblasts

Fibroblasts play a key role in skin elasticity by regulating the dermal microenvironment [19]. To
evaluate the effect of SGC100+ on fibroblast growth, cells were treated with different concentrations
(0.1%, 0.5% and 1%) and subsequently exposed to UV-C irradiation (Fig. 1). In the absence of UV
exposure, the tested concentrations significantly increased cell proliferation (178.4%, 210.9%, and
327.7% for the 0.1%, 0.5%, and 1% concentrations, respectively) (Fig. 1). Even under UV irradiation,
cells treated with SGC100+ maintained good proliferative activity (147.6%, 179.4%, and 247.3% for
the 0.1%, 0.5%, and 1% concentrations, respectively) compared with the negative control, indicating
a protective effect of the product (Fig. 1). The expression of matrix metalloproteinase-2 (MMP2), an
enzyme involved in collagen and ECM degradation, was then analyzed (Fig. 2). Treatment with
SGC100+ significantly reduced MMP2 expression levels, particularly at the 1% concentration. An
increase in collagen production was also demonstrated in fibroblasts treated with SGC100+,
particularly at a 1% concentration, compared to untreated controls (Fig. 3). This further demonstrates
SGC100+ components protective activity. Finally, the wound-scratch assay showed enhanced
migratory capacity in HDFs treated with SGC100+ (Fig. 4), in agreement with previous studies
reporting a high content of proliferative and promigratory proteins in bovine colostrum [20]. Overall,
these results indicate that SGC100+ promotes fibroblast survival, collagen production, and ECM
reconstruction under UV-induced stress, thereby contributing to improved skin strength and
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elasticity. Dermal fibroblasts play a key role in maintaining the structural integrity of the skin, as they
regulate the synthesis and remodeling of the extracellular matrix, including collagen and elastin, and
dynamically respond to environmental stimuli such as UV radiation [19, 21]. The dose-dependent
increase in cell proliferation observed under basal conditions suggests that SGC100+ contains
bioactive components capable of directly stimulating fibroblast growth mechanisms. Moreover, the
ability of treated cells to maintain high proliferative activity even after UV-C exposure indicates a
potential cytoprotective effect of the product, likely mediated by a reduction in oxidative damage
and the activation of cellular survival pathways, attributable to the presence of various growth factors
and bioactive peptides. Bovine colostrum containing bioactive peptides that activate the nuclear
factor erytheroid-2-related factor 2 (Nrf2), a major regulator of redox balance, and plays a crucial role
in the antioxidant defense system. Studies show colostrum components activate Nrf2 to increase
antioxidant enzymes, protecting cells and tissues from damage, even suggesting therapeutic uses for
Nrf2-activating peptides from colostrum [22, 23]. Another relevant finding is the significant reduction
in MMP2 expression following treatment with SGC100+, particularly at the 1% concentration. It is
well established that UV irradiation induces the expression of matrix metalloproteinases (MMPs),
thereby accelerating collagen degradation and contributing to photoaging. Therefore, the
downregulation of MMP2 suggests a protective role of SGC100+ in preserving extracellular matrix
integrity and counteracting UV-induced degenerative processes [24]. The wound-scratch assay
results further demonstrate a significant increase in the migratory capacity of treated fibroblasts. Cell
migration is an essential process for tissue repair and skin regeneration and is often impaired under
conditions of oxidative stress and chronic inflammation [25]. The observed effect is consistent with
previous studies reporting that bovine colostrum contains high levels of pro-proliferative and pro-
migratory factors, such as IGF-1, TGF-f3, and lactoferrin, which are known to promote tissue
regeneration and wound healing [26]. Overall, these findings indicate that SGC100+ exerts a
significant positive effect on the viability and functionality of human dermal fibroblasts. Indeed, it
not only promotes fibroblast survival but also contributes to extracellular matrix reconstruction and
the maintenance of dermal homeostasis under UV-induced stress conditions.

HDFa-Cell viability

400
i
350
100
i
250 Wi
200 *x ] o
i
150
100
n
a
10% FBS 10% FBS 0.1% 560100+ 0.1% SGC100+ 0.5% SGCIO0F 0.5% SO+ 1% 5SGCI0D0F 1% SGC10M
Uv-Crested Un-Ctreated Uv-Ctreated Uv-Ctreated

Figure 1. HDFa cells survival at 24 h following treatment with and without UV-C exposure at three different
concentrations of SGC100+ (0.1%, 0.5%, and 1%). Asterisks indicate the level of statistical highly significance
compared to control samples (p <0.001). Error bars represent the standard deviation of the mean (the experiment

was repeated twice).
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Quantification of proenzyme MMP-2 (ng/mL) in HDFa cells
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Figure 2. Graphical representation of proenzyme MMP-2 production in HDFa cells. Data are presented as mean
+ SEM. Vertical bars represent the standard error of the mean. Asterisks denote the level of statistical highly

significance (p < 0.001).
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Figure 3. Graphical representation of collagen production in HDFa cells. Data are plotted as mean + SEM.
Standard deviations were represented by vertical bars. Asterisks denote the degree of significance between
results: * p <0.01, ** p <0.001.
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Figure 4. Scratch assay on human fibroblasts treated with SGC100+ at three different concentrations for 24 hours.
Untreated cells were used as the control (NC). Asterisks denote the degree of significance between treated and
untreated samples (p < 0.001). Error bars represent the standard deviation of the mean (the experiment was

repeated two times).
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3.2. Effects on keratinocytes.

The proliferation of primary human keratinocytes (HEKa) was evaluated by MTT assay 24 hours
after UV-C irradiation (4.5 mJ/cm?) and treatment with SGC100 at different concentrations (0.1%,
0.5%, and 1%). UV-C irradiation caused a significant reduction in cell viability compared to non-
irradiated control cells, confirming the cytotoxic effect of UV-induced stress (Fig. 5). Treatment with
SGC100 showed a dose-dependent effect on cell proliferation. In particular, the 1% concentration
resulted in a significant increase in cell viability compared with irradiated and with untreated control
cells. Lower concentrations (0.1% and 0.5%) showed a weaker protective effect, but still an increase
in proliferation compared with irradiated untreated cells (Fig. 5). Overall, these data indicate that
SGC100 can counteract the UV-C-induced reduction in cell growth, with the maximum effect
observed at the 1% concentration. Intracellular oxidative stress was evaluated using the DCF-DA
assay in HEKa keratinocytes irradiated with UV-C (0.7 mJ/cm?). UV-C irradiation induced a marked
increase in DCF fluorescence, indicative of elevated production of reactive oxygen species (ROS),
similarly to the positive control treated with hydrogen peroxide (Fig. 6). Pre-treatment with SGC100
reduced intracellular ROS accumulation in a dose-dependent manner. In particular, the 1%
concentration showed a marked reduction in DCF fluorescence, suggesting effective antioxidant
activity and high cellular protection against UV-C—induced oxidative stress (Fig. 6). Exposure to
ultraviolet radiation represents one of the major stress factors for the skin, capable of impairing
keratinocyte viability through the induction of cellular damage, oxidative stress, and alterations in
proliferative mechanisms. In this study, UV-C irradiation caused a significant reduction in
keratinocyte viability, confirming the high cytotoxicity of this type of radiation, which is widely
documented in the literature for its ability to induce direct DNA damage and increase the production
of reactive oxygen species (ROS) [27, 28]. Treatment with SGC100 showed a clear dose-dependent
protective effect on cell proliferation, with a significant recovery of viability particularly at the 1%
concentration. The efficacy of SGC100+ is attributable to the synergistic action of bioactive molecules
present in bovine colostrum, including growth factors, immunoglobulins, lactoferrin, and
antioxidant peptides. The protective and regenerative effects of these biomolecules against UV-
induced damage have been scientifically demonstrated, particularly in terms of reducing oxidative
stress, enhancing DNA repair mechanisms, and promoting keratinocyte survival [29-32].

HEKa-Cell viability
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Figure 5. HEKa cells survival at 24 h following treatment with and without UV-C exposure at three different
concentrations of SGC100+ (0.1%, 0.5%, and 1%). Asterisks indicate the level of statistical highly significance
compared to control samples (p <0.001). Error bars represent the standard deviation of the mean (the experiment

was repeated twice).
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Figure 6. Measured of intracellular ROS in HEKa. Asterisks denote the degree of significance between treated
and untreated samples (negative control) (p < 0.001). Error bars represent the standard deviation of the mean

(the experiment was repeated two times).

3.3. Effects on 3D melanocyte spheroids

Murine B16F10 melanoma cells are commonly used as a model to study melanogenesis [18, 31,
33]. However, in two-dimensional (2D) cultures, these cells progressively lose their ability to produce
melanin with continued passaging, making a pre-treatment with a-MSH necessary to induce
pigmentation [18, 31]. a-MSH stimulates melanogenesis by increasing intracellular cAMP levels but
may also alter cellular status, for example by inhibiting cell proliferation [18, 31]. To overcome these
limitations, a three-dimensional (3D) culture model of B16 cells was developed using the hanging-
drop method, which allows the spontaneous formation of cellular aggregates [18]. In this system,
cells autonomously produce melanin without the need for a-MSH treatment [18]. After transferring
the aggregates to ultralow attachment 96-well plates, melanin production and secretion progressively
increase over time and are easily detectable by the naked eye in the culture medium. This makes the
3D model particularly suitable for non-invasive, high-throughput measurements of extracellular
melanin. Using this system, the effects of different concentrations of SGC100+ on melanogenesis were
evaluated. Treatment with 1% SGC100+ significantly reduced melanin production after UV
stimulation (Fig. 7). Moreover, SGC100+ demonstrated a protective effect against UV-induced
damage by limiting the increase in melanin typically observed following irradiation (Fig. 7). 3D
cultures of B16 cells represent a more physiologically relevant model than 2D cultures, as they do not
require exogenous stimuli for melanin production and allow effective evaluation of the anti-
melanogenic and photoprotective activities of novel treatments such as SGC100+.
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Measurement of extracellular melanin content (ug/well)
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Figure 7. Spontaneous melanin production in 3D cultures of melanocytes without the addition of melanin-
synthesizing hormones. Asterisks denote the degree of significance between results: * p <0.01, ** p <0.001. Error

bars represent the standard deviation of the mean (the experiment was repeated two times).

Melanin plays a central role in skin photoprotection by absorbing and dissipating ultraviolet
(UV) radiation and limiting UV-induced oxidative stress. It is synthesized within melanocytes
through a complex and tightly regulated process known as melanogenesis, which occurs in
specialized organelles called melanosomes and involves key enzymes such as tyrosinase (TYR),
tyrosinase-related protein 1 (TRP-1), and TRP-2/dopachrome tautomerase (DCT) [34, 35]. At the
molecular level, UV exposure stimulates melanogenesis primarily through activation of the
melanocortin 1 receptor (MCIR) expressed on melanocytes. Binding of a-melanocyte-stimulating
hormone (a-MSH) to MCIR triggers adenylate cyclase activation, resulting in increased intracellular
cyclic AMP (cAMP) levels. This, in turn, activates protein kinase A (PKA), leading to phosphorylation
of the transcription factor CREB and subsequent upregulation of microphthalmia-associated
transcription factor (MITF), the master regulator of melanocyte differentiation and melanin synthesis
[36-38]. Although melanin is essential for protecting the skin against UV damage, excessive or
dysregulated melanin production can lead to hyperpigmentation disorders, including melasma and
post-inflammatory hyperpigmentation [39]. In this context, three-dimensional (3D) melanocyte or
melanoma culture models represent a more physiologically relevant system compared to
conventional two-dimensional (2D) cultures, thanks to the absence of exogenous a-MSH stimulation.
From a molecular perspective, compounds capable of reducing UV-induced melanogenesis may act
through multiple mechanisms, including modulation of cAMP signaling, downregulation of MITF
expression, inhibition of tyrosinase activity, or attenuation of oxidative stress via antioxidant effects
[40, 41]. In this regard, several studies have demonstrated that bioactive components present in
colostrum can modulate the molecular pathways controlling pigmentation in vitro. Specifically,
bovine colostrum extracts have been shown to reduce melanin production in a-MSH-stimulated B16
melanoma cells by regulating the MC1R-cAMP/CREB/MITF signaling axis, leading to decreased
expression of key melanogenic enzymes such as tyrosinase and TRP-1.

4. Conclusions

In this study, we investigated the biological effects of Skin Glow Complex 100+ (SGC100+), a
novel formulation containing bovine colostrum derived exosomes enriched with growth factors and
cytokines, on key human skin cell types involved in skin structure, homeostasis, and pigmentation.
Our findings demonstrate that SGC100+ exerts a pronounced pro-regenerative effect on dermal
fibroblasts by promoting cell proliferation, enhancing collagen type I synthesis, reducing MMP-2
expression, and accelerating cell migration under both basal and UV-stressed conditions. These
effects suggest a significant role of SGC100+ in preserving extracellular matrix integrity and
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counteracting the molecular mechanisms underlying photoaging, which are largely driven by UV-
induced oxidative stress and matrix degradation [19,21,24]. The observed fibroblast responses are
consistent with the presence of colostrum-derived bioactive factors known to activate antioxidant
and cytoprotective pathways, including Nrf2 signaling, thereby reinforcing cellular resilience to
environmental stressors [22,23]. Similarly, SGC100+ showed a protective and restorative effect on
primary human keratinocytes exposed to UV-C radiation. Treatment significantly improved cell
viability and markedly reduced intracellular ROS accumulation in a dose-dependent manner. These
data highlight the antioxidant capacity of the formulation and its ability to mitigate UV-induced
oxidative damage, a key driver of epidermal dysfunction, inflammation, and premature aging [27-
32]. The combined stimulation of proliferation and reduction of oxidative stress underscores the
potential of SGC100+ to support epidermal renewal and barrier function. Importantly, the use of a
3D melanocyte spheroid model allowed the evaluation of melanogenesis in a physiologically relevant
system that does not require exogenous a-MSH stimulation. In this model, SGC100+ significantly
reduced melanin production under both basal and UV-stimulated conditions, indicating a direct
modulatory effect on melanocyte activity. Given the central role of UV-induced activation of the
MC1R-cAMP-CREB-MITF axis in melanogenesis [36-38], the observed depigmenting effect may
result from a combination of antioxidant activity and interference with key melanogenic signaling
pathways, as previously reported for bovine colostrum-derived bioactive compounds [38,39]. These
findings are particularly relevant in the context of acquired hyperpigmentation disorders, such as
melasma and post-inflammatory hyperpigmentation, where excessive or dysregulated melanin
production plays a pivotal pathogenic role [39]. Taken together, the results of this study support that
SGC100+ acts is capable of simultaneously enhancing skin regeneration, protecting against UV-
induced oxidative damage, remodeling the extracellular matrix, and modulating melanogenesis. The
integration of exosomes, growth factors, and cytokines from bovine colostrum appears to confer
synergistic biological effects across multiple skin compartments. Although further in vivo and clinical
studies are required to confirm these findings, the present data provide strong mechanistic evidence
supporting the potential application of SGC100+ in dermatological and cosmetic approaches aimed
at skin regeneration, photo-protection, and the management of pigmentary disorders.
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