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Introduction: Melanocytes are engaged in synthesis, transport, and release of pigments at 
the epidermal-melanin units in response to the finely regulated melanogenic pathway. 
A multifaceted combination of both intrinsic and extrinsic factors – from endocrine and 
paracrine dynamics to exogenous stimuli such as sunlight and xenobiotics – modulates 
expression and activity of proteins involved in pigmentation, including the rate-limiting 
enzyme tyrosinase. As well as playing critical physiological functions comprising skin 
photoprotection, melanins define hair and skin pigmentation which in turn have impacted 
considerably to human social communication since time immemorial. Additionally, numer-
ous skin diseases based on pigmentation alterations can have serious public influence. While 
several melanogenesis inhibitors are already available, the number of melanin activators and 
tyrosinase stimulators as drug-like agents is still limited.
Methods: To explore the biological effects of an Annurca Apple-based nutraceutical pre-
paration (AMS) on melanin production, experiments in cellular models of human skin were 
performed. Both primary cultures and co-cultures of epidermal melanocytes (HEMa) and 
follicular keratinocytes (HHFK) were used.
Results: We show that AMS, by now branded for its cutaneous beneficial effects, induces in 
total biocompatibility a significant promelanogenic effect in human primary melanocytes. In 
line, we found melanin cytosolic accumulation consistent with tyrosinase up-regulation.
Conclusion: Disposal of skin pigmenting agents would be attractive for the treatment of 
hypopigmentation disorders, to postpone skin photoaging or simply for fashion, so that 
discovery and development of melanogenesis stimulators, especially from natural sources, 
is nowadays a dynamic area of research.
Keywords: melanins, skin pigmentation, tyrosinase, skin pigmenting agents, natural 
bioactive molecules

Introduction
According to the latest evidence, melanin consists of an insoluble high molecular- 
weight polymer involving 5,6-dihydroxyindole (DHI), produced through 
a complex pathway starting from tyrosine. In turn, based on several factors both 
endogenous and exogenous, hydroxyindole monomer units can occur in diverse 
redox status as well as hydrated molecular forms.1–4 The result is a rather intricate 
biopolymer, exhibiting a variety of biological properties.2,5,6 Indeed, melanin is 
currently a standard name used to indicate a family of dark pigments endowed 
with several biological functions, comprising mainly skin and hair pigmentation. 
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Their molecular structure is well matched to block bioci-
dal ultraviolet (UV) radiation and to adsorb visible light.7 

Colour variation and distribution in human skin and hair 
reflect the type and amount of produced melanins.8 

Moreover, by their selective binding, cutaneous pigment 
can provide for detoxification of chemicals, toxins, and 
heavy metals from the body.2 The functional meaning of 
melanins is intimately connected with the metabolic 
activity of neurocrest-derived dendritic cells, ie, melano-
cytes, endowed with definite melanogenetic compart-
ments identified in turn as melanosomes.9,10 In the basal 
layers of epidermis, melanic pigments are produced in 
melanin-epidermal functional units, where melanocytes 
are associated with undifferentiated keratinocytes, which 
can acquire granules of mature melanin by cytocrine 
secretion in a dendritic-based process.11 Besides in skin 
and hair follicles, in human melanocytes are found in 
eyes, inner ear, bones, nervous and cardiovascular sys-
tems, and even in adipose tissues.2 There are two types of 
melanic pigmentation in humans: the constitutional one, 
genetically determined in the absence of sunlight expo-
sure or other influences, and the optional one, induced by 
sunlight exposure (tan). Concerning the constitutional 
pigmentation, as well as being regulated by hormones 
and nervous system, other intrinsic factors may have 
a significant impact on melanin production, such as eth-
nicity and age, but also inflammation and a variety of 
pathophysiological conditions.1,12–14 Intrinsic factors 
include several molecules and cytokines resulting from 
surrounding keratinocytes and dermal fibroblasts, but 
also from endocrine, neural and inflammatory cells 
which are in turn responsive to hormones.15 In this con-
text, based on recent evidence, skin response to such an 
intricate combination of stimulatory factors is believed to 
be mediated by a cutaneous neuroendocrine system16,17 

In addition, exogenous stimuli other than UV radiation 
can influence melanogenesis, including xenobiotics 
which can impact either directly or indirectly on melanin 
synthesis and accumulation, largely by controlling 
expression and activity of proteins engaged in 
pigmentation.15,18 Just in recent years, melanin stimula-
tors from natural and synthetic sources - to be hypothe-
tically developed as skin pigmentation agents – have 
been the subject of intense investigations.19–21 Cosmetic 
tan stimulators with different mechanisms of action are 
already available to the market and widely used, but they 
give rise to subjective darkening complexion effects and 
not always they are fully examined products. Various 

side-effects have been in fact ascribed to these active 
cosmetic ingredients.22 Since ever skin and hair pigmen-
tation have impacted considerably to human overall phy-
sical appearance and to social/sexual communication, so 
that melanin-browning reactions are today highlights for 
both cosmetic and pharmaceutical industries. Several 
bioactive molecules of natural or synthetic origin, as 
well as mixtures such as plant extracts, are exploited 
therapeutically for numerous skin disorders involving 
depigmentation, from the most trivial cases to the most 
devastating ones such as vitiligo.20,23 Furthermore, stu-
dies are also ongoing to develop plant-derived materials 
to stimulate promelanogenic effects for UV-induced skin 
damage protection.24 Indeed, due to their plenty of 
sources and safety, traditional herbs, plants, and fruits 
are broadly exploited for the treatment of skin hypopig-
mentation. In this frame, we recently proved by preclini-
cal investigations that an Annurca Apple-based 
nutraceutical preparation (AMS) – rich in natural poly-
phenols relating to the wider class of bioflavonoids – acts 
on definite skin cells by considerably stimulating the 
production of cytokeratins.25,26 In line, clinical studies 
demonstrated that oral consumption of AMS as dietary 
supplement is endowed with a considerable hair- 
inductive activity (trichogenicity), promptly improving 
hair and skin quality.26 Interestingly, throughout trials, 
many patients have experienced surprising hair re- 
pigmentation effects. Related biological effects had 
already been observed and reported in former clinical 
trials aimed at the evaluation of the beneficial effects of 
AMS on lipid metabolism.27,28 Not by chance, it has been 
described that some polyphenols are able to stimulate 
melanogenesis in in vitro models by different molecular 
mechanisms.21,29,30 Therefore, based on this evidence 
and considering the propensity of the AMS polyphenolic 
nutraceutical to exert biological effects at the skin level, 
here we have undertaken a study to deepen its effects on 
the production and accumulation of melanic pigments, 
performed by using primary in vitro models of human 
skin. For advanced preclinical investigations, melano-
cytes were ad hoc selected as directly engaged in melanin 
biogenesis, alone or together with epidermal (follicular) 
keratinocytes to establish the so-called melanin- 
epidermal functional units. For this reason, keratino-
cytes/melanocytes primary co-culture models, replicating 
cell–cell interaction and crosstalk in the human skin, 
were additionally set up to better uncover the effects of 
the nutraceutical formulation in skin pigmentation.
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Materials and Methods
Apple Collection
Annurca apple fruits (M. pumila Miller cv Annurca) come 
from Valle di Maddaloni (Caserta, Italy). Once collected in 
October (green peel), they were reddened for about 
a month by means of the typical treatment, and then used 
as described below after careful analysis.25

Preparation of Annurca-Based 
Nutraceutical Formulation (AnnurMetS, 
AMS)
Annurca apples were subjected to a water extraction proce-
dure. After filtration and centrifugation, the total aqueous 
extract has been concentrated and finally spray-dried in mix-
ture with maltodextrins, achieving a fine powder termed 
AnnurMetS (AMS) and branded as AnnurtriComplex®.25 

The supplement, formulated by the Department of Pharmacy, 
University of Naples “Federico II” (Naples, Italy), is produced 
on large-scale by MB-Med Company (Turin, Italy).

Primary Human Epidermal Melanocytes 
(HEMa)
To explore AMS effects in preclinic, targeted experiments 
in vitro were conceived in primary cellular models of human 
skin. These cellular models derive directly from human 
biopsies acquired from specific skin regions (typically occi-
pital and temporal areas of the head). In particular, primary 
cultures of human epidermal melanocytes (normal human 
epidermal melanocytes HEMa) engaged in melanin produc-
tion, purchased from ATCC (ATCC®, PCS-200-013TM, 
Manassas, VA, USA), were obtained by specific protocols 
performed on biological samples deriving from surgical pro-
cedures (human scalp biopsies, ATCC® PCS-200-013, Batch 
63285932), carried out on a 40-year-old Caucasian white 
female donor. Once set up the culture, HEMa were grown 
in Dermal Cell Basal Medium (ATCC® PCS-200-030™) 
complemented with Adult Melanocyte Growth Kit (ATCC 
PCS-200-042TM), according to ATCC recommendations, in 
a humidified 5% carbon dioxide atmosphere at 37°C. For this 
research, primary melanocytes between passages 3 and 6 
were employed.

Primary Human Epidermal Follicular 
Keratinocytes (HHFK)
Epidermal follicular keratinocytes (Human Hair Follicular 
Keratinocytes, HHFK), participating in hair biogenesis, have 

been acquired from ScienCell (ScienCellTM Research 
Laboratories, Carlsbad, CA, USA). Cultures were obtained 
through definite dissection and dissociation approaches next 
to surgical procedures (human scalp biopsies, ScienCell® # 
2440, TAN Record # 944) on appropriately donor selected 
based on precise phenotypic requirements (Caucasian race, 
male gender, age 55 years). HHFK cells were cultured in 
Keratinocyte Medium (KM, ScienCell® Cat. No. 2101) sup-
plemented with 1% of keratinocyte growth supplement (KGS, 
ScienCell® Cat. No. 2152) and 1% of penicillin/streptomycin 
solution (P/S, ScienCell® Cat. No. 0503). According to 
ScienCell recommendations, cultures were maintained in 
a humidified 5% carbon dioxide atmosphere at 37°C.

Co-Cultures of Human Hair Follicular 
Keratinocytes and Epidermal Melanocytes
Co-cultures have been set up to study the interactions con-
cerning different cell types. Two-dimensional (2D) direct co- 
culture method in cell culture plates – helpful to investigate 
connections requiring direct contact (juxtacrine) and/or 
based on diffusion of soluble factors (paracrine) – has here 
been applied.25 In particular, for co-culture, HHFK cells were 
trypsinized and mixed with HEMa cells (also previously 
trypsinized) at 1:1 cell density ratio. The mixed cells (1 × 
106 cells) were immediately plated in 100 × 20 mm Petri 
culture dish (Corning Incorporated, Falcon®, NY, USA) and 
allowed to growth for 48 h.

Bioscreens in vitro
Preclinic bioscreens were accomplished to study AMS bioac-
tivity in human epidermal melanocytes (HEMa), in hair 
follicular epidermal keratinocytes (HHFK cells), and in cell 
co-culture system (HEMa and HHFK). Cell viability and 
proliferation were estimated after time- and concentration- 
dependent incubations with the nutraceutical formulation (up 
to 96 h with concentrations ranging from 0.5 to 3 mg/mL). 
The experimental methodology was based on the evaluation 
of a “Cell survival index,” resulting from the combination of 
cell viability with cell count, producing a more reliable 
benchmark of cellular responses in vitro.31 For this purpose, 
HEMa, HHFK and co-cultures were seeded in 96-microwell 
culture plates at a density of 104 cells/well. After 24 h of 
growth, the culture medium was supplanted with new med-
ium and cells were then incubated for 24, 48, 72 and 96 
h with various concentrations of AMS. Cell viability was 
estimated using the MTT assay protocol, based on the redox 
ability of living mitochondria to convert the yellow 
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3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 
bromide (MTT, Sigma-Aldrich, St. Louis, MO, USA) into 
insoluble purple formazan by mitochondrial dehydrogenase 
activity. Cell number was analysed by the TC20 automated 
cell counter (Bio-Rad, Hercules, CA, USA), providing an 
accurate and reproducible total count of cells and a live/dead 
ratio in one step by a specific dye (trypan blue, Bio-Rad, 
Hercules, CA, USA) exclusion assay, as described by us.31 

Total counts and live/dead ratio from random cellular sam-
ples were subjected to comparisons with manual haemocyt-
ometers in control experiments.

Cytomorphological Analysis
HEMa, HHFK and co-culture systems (HEMa and HHFK) 
were cultured on 60 mm culture dishes by seeding 5 × 105 

cells. At sub confluence, cells were treated with 3 mg/mL of 
AMS for 96 h (endpoint) in the same experimental condi-
tions illustrated for bioscreens. After incubation, cultures 
were analyzed by a phase-contrast microscope to monitor 
any cytomorphological changes (Leizt Labovert inverted 
microscope, Leica Microsystems, Wetzlar, Germany). 200 
× total magnification microphotographs (20 × objective and 
10 × eyepiece) were obtained by a standard VCR camera 
(Nikon Corporation, Tokyo, Japan).25

UV Source and Irradiation
Monolayers of HEMa or HEMa-HHFK co-cultures main-
tained as described above were irradiated with UV-B 
radiation using a Philips TL 20W/12 lamp (5.4 W/m2), 
endowed with a wide emission spectrum ranging from 275 
to 375 nm but emitting mainly between 290 and 320 nm 
with an optimum at 310 nm. It emits 61% of its radiant 
energy in the UVB region of 290–320 nm, 6.1% in the low 
UVB range (280–290 nm), some (0.3–0.5%) UVC below 
280 nm (Philips, Eindhoven, The Netherlands). Before UV 
irradiation, cells were washed and covered with phos-
phate-buffered saline (PBS). The intensity of irradiation, 
measured with a UV meter (Spectrolyne mod., Spectronics 
Corp., Westbury, NY, USA) was 0.8 mW/cm2 for UVB.32 

For each irradiation session, cell monolayers received the 
non-cytotoxic 40 mJ/cm2 dose of UVB.33

DHI Autoxidation and Melanin Formation 
by Spectrophotometric Assay
Time-dependent assays and progress curves were carried out 
using a 6 mg/100 mL DHI solution in 0.1 M phosphate buffer 
at pH 7.0. When appropriate, 0.6 mg/100 mL of apple extract 

or quercetin were added to the mixture. Autoxidation of DHI 
was allowed to run at standard conditions and spectra were 
recorded at time interval of 60 minutes up to 24 hours and at 
48 hours by using a JASCO V 730 diode array spectro-
photometer (JASCO International Co. Ltd., Tokyo, Japan)

Cellular Total Melanin Content Assay
Total melanin levels were investigated according to the 
modified methods of Hosoi et al (1985).34 The quantitative 
determination of the intracellular content of melanins was 
performed via a spectrophotometric method after cell pel-
let lysis procedures and pigment isolation and purification. 
To generate calibration curves and to allow for an accurate 
quantitative analysis, a human synthetic melanin commer-
cially available was used (Sigma-Aldrich, St. Louis, MO, 
USA). HEMa cells and co-culture with HHFK cells were 
cultured at 1×106 cells/dish. After 24 h, cells were incu-
bated with different concentrations of AMS (1, 2 and 
3 mg/mL) for 24 h or UV-B irradiated. After PBS wash-
ing, cells were harvested by trypsinization. The cell pellets 
were solubilized in 100 μL of 1N NaOH at 37°C for 30 
min. Standard solutions of melanin were incubated in 
parallel. Absorbance of samples was spectroscopically 
recorded at 450 nm and results were normalized based 
on the total cell number.

Preparation of Cell Extracts and 
Tyrosinase Expression by 
Immunodetection
HEMa, HHFK and co-cultures were cultured in standard 
plastic 60 mm culture dishes by plating 5 × 105 cells. 
Behind reaching the subconfluence, cells were incubated 
with AMS as described above. After treatments, cells were 
washed and collected by scraping with PBS containing 1 
mM EDTA and low-speed centrifugation. Cell pellets were 
then lysed at 4°C for 30 min in a buffer containing 20 mM 
Tris–HCl, pH 7.4, 150 mM NaCl, 5 mM EDTA, 5% (v/v) 
glycerol, 10 mM NP-40 and protease inhibitor tablets 
(Roche Molecular Systems, Risch, Switzerland).35 The 
supernatant fraction was obtained by centrifugation at 
15,000 × g for 10 min at 4°C and then stored at − 80°C. 
Protein concentration was determined by the Bio-Rad pro-
tein assay (Bio-Rad, Hercules, CA, USA). To study pro-
tein expression by Western blot analysis, precise protein 
quantities (50 μg) from cellular extracts were subjected to 
electrophoresis on 10% SDS-PAGE and electrotransfer on 
0.2 µm nitrocellulose membranes (Trans-Blot® TurboTM, 
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Transfer Pack, Bio-Rad, Hercules, CA, USA) by means of 
a Bio-Rad Transblot (Bio-Rad, Hercules, CA, USA). After 
reversible staining with Ponceau-S solution for protein 
visualization, membranes were blocked in milk buffer at 
room temperature (1 × PBS, 5–10 g/100 mL nonfat dry 
milk, 0.2% g/100 mL Tween-20). For tyrosinase immuno-
detection, membranes were incubated at 4°C overnight 
with 1:250 monoclonal tyrosinase antibody (Invitrogen, 
Thermo Fisher Scientific, Waltham, MA, USA). A goat 
anti-mouse IgG+IgM (Jackson ImmunoResearch 
Laboratories, West Grove, PA, USA) 1:5000 was utilized 
as secondary antibody. The resulting immunocomplexes, 
highlighted by the ECL chemiluminescence procedure 
(ClarityTM Western ECL Substrate, Bio-Rad, Hercules, 
CA, USA), were examined by an imaging system 
(ChemiDoc Imaging System, Bio-Rad, Hercules, CA, 
USA).36 The GAPDH antibody (Sigma-Aldrich, 
St. Louis, MO, USA) was selected as housekeeping gene 
to control the results.

Statistical Analysis
The statistical analysis throughout experiments was 
accomplished by Graph-Pad Prism (Graph-Pad software 
Inc., San Diego, CA, USA). Experimental data were 
shown as mean values ± SEM.

Results
Bioscreen for AMS Biological Effects in 
Human Primary Melanocytes and 
Melanocytes/Keratinocytes Co-Cultures
We first assessed the effects of AMS nutraceutical pre-
paration on primary human melanocytes by setting up 
specific bioscreens at different concentrations (0.5–3 mg/ 
mL) and times (24, 48, 72, and 96 h) to analyse cellular 
responses in terms of growth and vitality. The results 
reported as “Cell survival index” in Figure 1A–D by con-
centration-effect curves show no significant variation com-
pared to untreated melanocytes cultured in the same 
experimental conditions. Therefore, the nutraceutical 
does not interfere with dynamic mechanisms underlying 
the regulation of cell proliferation. In addition, no decreas-
ing trend in cell survival is noted at higher concentrations 
and for longer times (72 h), an indication of safety in use 
and biocompatibility. The screen was extended to both 
follicular keratinocytes and co-culture systems of melano-
cytes and keratinocytes. These data are in line with our 
previous results in human preclinical models of skin, 

suggesting the preparation would be safe and free of side 
effects.25,26 A moderate increase in cell proliferation 
occurs just in melanocytes-keratinocytes co-cultures, here 
used to set up in vitro melanin-epidermal functional units. 
This effect is probably linked to a mutual stimulation of 
the two cell types during culture and treatments. In addi-
tion, we analysed cellular structure and morphology 
throughout bioscreens in vitro to monitor any significant 
changes. Following treatments, endpoints imaging by 
phase-contrast light microscopy were taken from single 
or mixed cell monolayers exposed for 48 and 96 h to 2 
and 3 mg/mL of AMS. Microphotographs in Figure 1E 
well support the AMS biocompatibility in all the experi-
mental conditions, by excluding interference with cell 
viability. Indeed, no cytomorphological alteration is 
detectable, nor hallmarks of suffering and/or activation of 
cell death pathways are visible after long incubation times 
and at the higher AMS concentrations.

AMS Significantly Increases the Total 
Melanin Content in in vitro Models
After having tested the biocompatibility of the nutraceutical 
supplement and its safety over a wide range of concentrations 
in preclinical models of human skin, we then investigated its 
biological effects on the biogenesis of melanic pigments in the 
same experimental conditions. We assessed the effects of 
AMS on the melanin production in primary cultures of 
human melanocytes (HEMa), and then in co-cultures with 
epidermal keratinocytes (HHFK) to reproduce an in vitro 
model reflecting interactions and crosstalk with the main 
skin cytotype. Next to in vitro treatments, the quantitative 
determination of the intracellular content of melanins was 
performed via a spectrophotometric method after cell lysis 
procedures, and pigment isolation and purification, as 
described in the experimental section. To generate calibration 
curves and to allow for an accurate quantitative analysis, 
a commercially available human synthetic melanin was used. 
As clearly shown in Figure 2A and B, melanocyte incubation 
with 0.5, 1, 2, and 3 mg/mL of AMS for 48 (a) and 96 h (b) 
resulted in a remarkable increase in melanin content. This 
effect was concentration-dependent and, evidently, time- 
dependent due to the accumulation of melanin granules in 
melanogenetic compartments. After 96 h of exposure to 
AMS at a concentration of 3 mg/mL, the total quantity of 
melanins resulted over 1.5-fold higher compared to that of 
control melanocytes. Interestingly, the reported AMS- 
dependent upsurge in melanin production and accumulation 
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was very similar to that observed after stimulation in vitro by 
melanogenetic UV-B radiation at the non-cytotoxic 40 mJ/cm2 

dose, as the main factor responsible for melanogenesis 
(approximately 2.5-fold increase at 96 h after stimulation 

compared to control melanocytes). In these experimental con-
ditions, no UV-dependent effects were detected on melano-
cytes proliferation. In addition, the promelanogenic effect and 
the resulting pigment accumulation following AMS treatment 

Figure 1 Preclinical bioscreen to estimate cellular response to AMS treatment. “Cell survival index” for HEMa, HHFK and HEMa-HHFK co-culture systems following 24 
(A), 48 (B), 72 (C) and 96 h (D) of treatment with the indicated concentrations (0.5÷3 mg/mL) of AMS supplement. Results are expressed in line graphs as percentage of 
untreated control cells and are reported as mean of four independent experiments ± SEM (n = 20). ***p<0.001 vs control (untreated cells); **p<0.01 vs control (untreated 
cells). (E) Microphotographs by phase-contrast light microscopy at a 100 × magnification (10 × objective and a 10 × eyepiece) of HHFK and HEMa cell monolayers, and 
HEMa-HHFK co-cultures for cytomorphological changes analysis at end-points (96 h) after incubation with 3 mg/mL of AMS nutraceutical, as indicated. The shown images 
are representative of four independent experiments.
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were considerably more intense when melanocytes were in co- 
culture with keratinocytes. Indeed, in the latter case total 
quantities of melanin almost 2-fold higher than those of con-
trol cells were detected. Overall, both in pure primary mela-
nocyte cultures and in co-culture systems, the nutraceutical 
supplement triggers an important promelanogenic effect.

AMS Upregulates Tyrosinase Expression 
in Human Melanocytes
Considering the promelanogenic effects of the nutraceutical 
preparation observed in human melanocytes, we subsequently 
analysed the expression of tyrosinase, the main regulatory 

enzyme along the biosynthetic pathway of melanins. Under 
the same experimental conditions described above, immuno-
detection presented in Figure 3A and B underscores 
a significant increase in cytosolic levels of tyrosinase after 
incubation with AMS. In line with previous results, this 
increase is found in both pure and mixed cultures and it is 
dose- and time-dependent. Therefore, tyrosinase up-regulation 
appears to be a consequence of the incubation in vitro with the 
nutraceutical preparation. Exposure to UV-B light of the same 
melanocytes was used as a positive control, considered the 
main factor underlying the increase in the expression and 
activity of the tyrosinase enzyme.

Figure 2 Total melanin content assay in HEMa cells and HEMa-HHFK co-cultures by spectrophotometric assay following 48 (A) and 96 h (B) of incubation in vitro with the 
indicated concentrations of AMS (0.5÷3 mg/mL), or after UVB irradiation under controlled conditions (40 mJ/cm2), as described in the experimental section. Results are 
normalized based on cell count. ***p<0.001 vs control (untreated cells); *p<0.01 vs control (untreated cells).

Figure 3 Tyrosinase (Tyr) expression study by immunodetection analysis in HEMa and HEMa-HHFK co-cultures incubated for 48 (A) and 96 h (B) with different 
concentrations of AMS supplement (0.5, 1, 2, and 3 mg/mL) or irradiated by UVB under controlled conditions. Membranes were incubated with 1:250 monoclonal tyrosinase 
antibody. Images are representative of four independent experiments and are cropped from original blots, as explicit by using clear delineation with dividing lines and white 
space (original acquisitions for Western blot experiments are shown in Figure S1). The anti-GAPDH antibody was used to standardize the amounts of proteins in each lane.
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AMS Directly Promotes DHI 
Autoxidation and Melanin Formation
Finally, based on pigment accumulation in melanocytes fol-
lowing incubation in vitro with AMS, we investigated in test 
tube the possible impact of the nutraceutical formulation on 
the chemical paths leading to melanin pigments by means of 
ad hoc spectrophotometric assays. The oxidative path from 
tyrosine to melanin involves several steps and two typical 
chromophoric phases. The early one, named dopachrome, is 
associated to the oxidation of the cyclic DOPA derivative and 
is described by the characteristic absorption band at 475 nm. 
The later chromophoric phase, named melanochrome, fea-
tures a much broader absorption at 560 nm which rapidly 
evolves into the typical featureless monotone UV-vis profile 
of melanin pigments and is associated to the oxidative poly-
merization of DHI. The melanochrome formation was fol-
lowed in the progress of DHI autoxidation, up to 24 
h reaction course, in presence of AMS, quercetin (here used 
as antioxidant) and without additives as blank. The choice of 
investigating the DHI to melanochrome conversion allowed 
to focus on the impact of the nutraceutical formulation at the 
level of the spontaneous chemical steps of melanin forma-
tion, reducing the participation of extracts-enzyme interac-
tions which could have occurred monitoring the in vivo 
whole tyrosinase catalysed melanogenesis. Figure 4 collects 
the UV-vis profile evolution after DHI autoxidation alone 
and in presence of AMS and quercetin. Absorption profiles 
of autoxidation carried out in presence of 0.6 mg/100 mL of 
AMS (inset a) clearly witness an increased contribution of 
the chromophoric phase at late reaction times if compared to 
the blank. Moreover, as expected, the presence of quercetin 
(0.6 mg/100 mL), known to possess antioxidant properties, 
has the effect to slow down the oxidation progress, as wit-
nessed by the lower absorption intensity observed in the 
visible region (inset c) with respect to the blank at the same 
reaction times.

Discussion
In the last decade boosting promotion of bioactive nutra-
ceutical has underscored the importance of wellness, but 
also of a “nice look” simply for fashion or to postpone as 
much as possible the aging process. In this perspective, it 
is placed the continuous search for new natural products 
capable of acting at the skin level by improving and/or 
preserving our visual appearance. However, still nowadays 
numerous skin diseases based on pigmentation alterations 
can have serious social impacts, some of these being 

disconcerting and still without remedy such as 
vitiligo.37,38 Consequently, disposal of skin pigmenting 
agents with both drug- and cosmetic-like properties is an 
urgent need, so that the discovery and development of 
melanogenesis stimulators have become a very dynamic 
area of research for academic and medical institutions, and 
cosmetic industries.39,40 Several recognized melanin acti-
vators are of synthetic derivation, but many others origi-
nate from natural molecules, with plant kingdom as the 
main resource of compounds endowed with favourable 
bioactivities.19,20 In this framework, the number of mole-
cules effectively acting as melanogenesis stimulators is 
increasing but still limited.23,30 Contrariwise, several 
downregulators of melanogenesis endowed with a skin 
whitening/depigmenting action have been so far developed 
to treat hyperpigmentation disorders (eg, melasma and age 
spots).39 They act by interference with the melanogenesis 
process, mostly via tyrosinase inhibition, among 
others.40,41 Moving in this direction, here we show that 
a natural formulation (AMS) from Annurca Apple cultivar, 
autochthonous of Campania region (Southern Italy) and 
endowed with a special tropism for human skin, stimulates 
a significant promelanogenic effect in pigmented cells. 
Indeed, without the evidence of adverse biological 
responses in vitro, a significant increase in melanin cyto-
solic accumulation is detected when human melanocytes 
are incubated under controlled conditions with the nutra-
ceutical. Consistent with our findings, this effect is mainly 

Figure 4 UV-vis profiles of DHI (6 mg/100 mL pH 7.0) autoxidation (arrow 
denotes time progress, stars denote 24 h reaction time) along the process of 
melanin pigment formation. The broad maximum at around 600 nm denotes 
melanochrome formation. In the insets, the same process is monitored in presence 
of A) AMS formulation (0.6 mg/100 mL), C) quercetin (0.6 mg/100 mL) as an 
internal antioxidant control, and B) plot is the blank.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                  

Clinical, Cosmetic and Investigational Dermatology 2021:14 298

Ferraro et al                                                                                                                                                          Dovepress

http://www.dovepress.com
http://www.dovepress.com


due to an increased production of melanins in melano-
somes via the complex melanogenetic pathway, with 
a resulting significant pigment accumulation at the level 
of the melanocytes. Additionally, a direct action on the 
chemical pathway leading to mature melanin granules via 
autoxidation of molecular precursors present in pigmented 
cells, such as DHI, seems to be effective. Assumed the 
antioxidant properties exhibited by the AMS formulation 
and based on experiments performed with quercetin which 
counteracts the autoxidation process in test tube, this last 
observation suggests that AMS effects onto the DHI auto-
xidation have to be ascribed to factors other than those of 
redox nature.25,42 It may be speculated that, despite the 
likely presence of antioxidant components in the AMS 
formulation, prooxidant contribution at the level of DHI 
oxidative polymerization does operate producing an 
increase of detectable chromophoric phase due to melanin 
formation. According to our findings, some investigations 
have shown promelanogenic effect by molecules with 
polyphenolic structures.19,20 Indeed, some flavonoids 
from natural sources (eg, extracts of Salvia officinalis L.) 
can significantly increase melanin content, and further 
comprehensive studies revealed these natural compounds 
as capable of inducing expression and activity of the major 
melanogenetic proteins.20,23 As a downside, other poly-
phenols including flavonoids or stilbenoids, have shown to 
affect tyrosinase expression/activity.39–41 Overall, the rele-
vance of the promelanogenic effect prompted by AMS 
nutraceutical formulation can be underlined by the com-
parison with UV-induced melanin synthesis and accumula-
tion, the foremost factor responsible for melanogenesis as 
part of the photoprotective tanning response of human 
skin.43 It is well known, in fact, that irradiation with UV 
light noticeably stimulates both expression and activity of 
tyrosinase, involved in the rate-limiting step during mela-
nin production, ie, conversion of tyrosine in DOPA. 
Induction of melanin in UVB-exposed human melanocytes 
is largely mediated via the activation of the p38/MSK1/ 
CREB/MITF pathway.44,45 However, it can be triggered by 
a multiplicity of paracrine cytokines (eg, melanocyte- 
stimulating hormone (MSH), endothelin-1 (ET-1), and 
nitric oxide) through diverse signalling pathways conver-
ging on the activation of the microphthalmia-associated 
transcription factor (MITF), which regulates tyrosinase 
expression.14–18 Very recently, we have demonstrated that 
an oral consumption of 800 mg in two administration 
a day of AMS for two months induces considerable effects 
on hair follicles, promoting skin and hair trophism.25,26,46 

According to literature reports, these effects are probably 
due to oligomeric procyanidins, contained in significant 
quantities within the nutraceutical formulation and con-
cerning to the broader class of bioflavonoids.47 In line 
with the tropism for skin, we now have shown this nutra-
ceutical as endowed with an additional significant stimu-
latory bioactivity on melanocytes demonstrated by 
selected bioscreens throughout preclinical evaluations, 
thereby enlightening the hair re-pigmentation experienced 
by patients during clinical trials for the evaluation of some 
of its biological properties.26–28 Concentrations used to 
perform study in vitro (0.5–3 mg/mL) arise from former 
experiments designed to clarify the effects of the nutra-
ceutical formulation on human cells.25,26 By high in vitro 
concentrations (up to 3 mg/mL), we have assessed the 
formulation for adverse cellular effects, thereby validating 
its full biocompatibility. Conversely, studies on melanins 
production have been carried out at lower concentrations 
in vitro to possibly envision the real concentrations at the 
site of action in vivo after an oral administration of 
800–1000 mg/day. Following this path, new pharmacoki-
netic experiments are underway by both models in vivo 
and clinical trials to monitor blood levels of the active 
ingredients, as well as concentrations at the sites of action. 
In this framework, very interesting is the data emerging 
from melanocytes-keratinocytes co-cultures model of 
human skin, where the presence of keratinocytes, like the 
physiological condition in vivo, further stimulates pigmen-
ted cells to produce melanins after treatment with AMS. 
Indeed, it is now believed that keratinocytes, the most 
abundant cell types of epidermis, are very sensitive to 
external stimuli. Under definite conditions (including UV 
light exposure), they can release several intrinsic factors, 
including melanogenic cytokines engaged in autocrine and 
paracrine signalling.17,18,43 Evidently, concurrent AMS- 
dependent stimulation of keratinocytes could promote sig-
nalling cascade mechanisms playing a role in the upregu-
lation of the melanogenic process, including expression of 
proteins involved in pigment production. Among these 
tyrosinase, a copper-containing 75 kDa glycoprotein, 
extensively controls the production of melanin.48 After 
its synthesis in the endoplasmic reticulum and processing 
in the Golgi, tyrosinase is transferred to melanosomes.49 

As in the case of UV light irradiation, our experimental 
data suggest that AMS biological effect on melanogenesis 
is accomplished by an up-regulation of tyrosinase expres-
sion. Nowadays evidence convincingly suggests that the 
stimulation of melanogenesis and of tyrosinase gene is 
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largely mediated via the activation of MITF, in the context 
of an extremely complex dynamic process controlled by 
several factors.50 In addition, the regulation of tyrosinase 
expression by AMS is influenced by the presence of ker-
atinocytes, reinforcing the concept of cellular crosstalk 
that underlies the existence of an intricate molecular con-
trol mechanism for melanogenesis.11,14,17,51 To better clar-
ify the molecular basis of AMS bioactivity on 
melanogenesis, targeted experiments are in progress by 
advanced preclinical models. Henceforth, to fully exploit 
the beneficial properties of this natural formulation, in- 
depth evidence will be required to shed light on precise 
mechanisms of actions and molecular targets. This would 
allow for further developments in the perspective of 
a novel drug-like agent for the care of skin disorders 
caused by hypopigmentation, as well as to counteract 
alterations by photoaging.
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