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Summary

This preliminary study reports the whitening efficacy obtained in vivo by the contemporary topical
use of 3 cosmetic emulsions enriched with the designed nanoparticles and applied for a period of 6
months on the skin of 40 voluntary subjects, female and male, affected by hyperpigmentation in dif-
ferent skin areas.

Before the skin treatment, different Chitin Nanofibril-Hyaluronan (CN-HA) block copolymeric nano-
particles, entrapping known whitening agents, were controlled in vitro to verify their activity on the
melanogenetic process. It was controlled in vitro their antioxidant and anti-inflammatory activity
together with the possibility to interfere on melanin synthesis and melanosome transfer.

From the obtained results it has been shown that the combined activity of different whitening agents
entrapped into natural nanoparticles as carrier, gives as result an interesting depigmenting effective-
ness without any side effect.

A new study is in progress to confirm these data.
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Riassunto

Mediante questo studio preliminare si pone in evidenza I’attivita depigmentante ottenuta in vivo con
I'uso contemporaneo per 6 mesi di 3 emulsioni cosmetiche arricchite con nanoparticelle apposita-
mente formulate, applicate sulla cute affetta da aree iperpigmentate di 40 soggetti volontari di ambo
1 sessi.

Prima del trattamento in vivo, & stata verificata in vitro I’efficacia di block copolimeriche nanoparti-
celle di nanofibrille di chitina-acido ialuronico (CN-HA) incapsulate con diversi ingredienti depig-
mentanti inseriti nelle 3 emulsioni utilizzate. Di queste nanoparticelle ¢ stata verificata ’attivita
antiossidante ed antiinfiammatoria assieme alla capacita di ridurre la sintesi della melanina ed il suo
trasferimento ai cheratinociti attraverso i melanosomi.

L’attivita combinata di diversi ingredienti incapsulati nelle nanoparticelle ed inseriti in adatti veicoli
ha posto in evidenza sia I'interessante efficacia depigmentante delle 3 emulsioni cosmetiche che la
loro innocuita d’uso.

Durante i 6 mesi di trattamento non ¢ stato evidenziato alcun effetto collaterale.

Un nuovo studio dermatologico ¢ in corso per confermare i risultati ottenuti.
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INTRODUCTION

Epidermal melanin unit, composed of a melano-
cyte and associated clusters of keratinocytes, is
responsible for the colour variation of human skin
by the presence of melanin in melanosome.
Melanin, as bio polymer formed by the action of
the enzyme tyrosinase on tyrosine and levodopa,
has the principal function to provide the skin pro-
tection against the ultraviolet (UV) irradiation.
Tyrosinase is, therefore, the key enzyme involved
in the synthesis of melanin and, as a rate-limiting
enzyme, catalyzes different oxidative processes,
leading to the synthesis of DOPA (dihydroxyphe-
nylalanine), dopaquinone for further producing
eumelanin and pheomelanin (1-3).

Finally, melanosomes are the melanin carrier that,
synthesized in melanocytes, are transferred to
keratinocytes and transported to the epidermal
surface by means of the dendritic process (Fig. 1).

Fig. 1

However while the exposure of melanocytes to
UV radiation is of more critical importance,
environmental factors (temperature, hormones,
chemical reactions) play also an important role
in the synthesis of melanin. In conclusion the

visible skin colour arises essentially upon the
visual impact of the melanin units plus the
effects of UV light, hormones, and genetic pre-
disposition.

When function of this epidermal unit is altered,
many disorders can take place, giving rise to
hyperpigmentation phenomena, such as freckles,
ephelides, age spots or melasma. Possible
mechanisms of hyperpigmentation, promoted by
sun exposure through enzymatic reactions inclu-
de: (a) increased production of normal melano-
some, (b) possibly increased melanosome size,
(c) increased transfer of melanosomes to kerati-
nocytes, (d) increased survival of keratinocytes,
and (d) increased production of Reactive
Oxygen Species (ROS) and pro-inflammatory
cytokines.

In any way, type and amount of melanin synthe-
sized by the melanocyte, and the distribution
pattern in the surrounding of this cell determines
the actual colour of the skin both in physiologi-
cal and pathological conditions.

Preventive methods such as sun avoidance or
control, and sunscreen use, attempt to reduce the
UV contribution to the hyperpigmentation
appearance. Whitening or bleaching agents are
implemented for the elimination of dark spots
ameliorating the skin lightening tone.

MARKET OF WHITENING
PRODUCTS

For the Asian culture bright and white skin is
considered at the base of the female beauty, and
consequently all the products active in elimina-
ting or slowing down the uneven pigmentation,
such as age spots, post inflammatory hyperpig-
mentation, or melasma, represent the first pro-
duct to buy together with antiaging cosmetics.
As a consequence, the global market for skin
whitening and/or brightening products in Asia
Pacific has today a year turnover of US$ 13 bil-
lions with a expected increase of 13% per year

59



1-2_art_Morgani 22/07/14 07:58 Pagina 60

Skin Lightening Efficacy of New Formulations Enhanced by Chitin Nanoparticles Delivery System...

until 2020 (Euromonitor Data 2013). However,
all the brightening agents are used by European,
Hispanic and Americans also, while in EU and
USA these products are principally used to redu-
ce age spots, freckles and acne scars.

In China and in all the Asia Pacific area they are
used not only for slowing down hyperpigmenta-
tion, but also to lightening the skin colour daily.
However, being hyperpigmentation an often
cause of psychosocial distress worldwide (4),
multiple interventions are available to whitening
the skin, such as chemical peels, lasers, physical
methods and naturally whitening cosmetics.
The latter category continue to represent the
mainstay of approach for either lighten skin or
treat abnormal hyperpigmentation, such as mela-
sma or age spots because of their simplicity of
using and economical convenience (5-8).

Whitening agents

To address problems presented by skin hyper-
pigmentation, whitening agents are commonly
used to formulate cosmetic products including,
arbutin, kojic acid, ascorbic acid and its derivati-
ves, together with many other different com-
pounds isolated from plant such as liquorice, fla-
vonoids and polyphenols. In any way it is to
underline that consumers are looking for white-
ning cosmetics active not only in the long term,
but having also a fast and immediate effect,
when applied on the skin.

To obtain such result it is necessary to use bota-
nical or chemical agents really effective embed-
ded into the right vehicle with a delivery capaci-
ty scientifically proved. It is to remember, in
fact, the four R’s Skin delivery rules: to deliver
the Right chemical to the Right site in the skin at
the Right concentration for the corRect period of
time (9).

For all these reasons our purpose has been to
design a new vehicle having the fundamental
characteristics to delivery the whitening ingre-
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dients selected at level of melanocyte and mela-
nosome.

AIMS

At this purpose, the aim of the study was to
design whitening cosmetic nanoemulsions by
the use of known active ingredients entrapped by
the block co-polymeric nanoparticles CN-HA, as
active carrier. This innovative and natural vehi-
cle has been obtained by the gelation method and
the use of the electronegative Chitin Nanofibrils
(CN) together with the electronegative
Hyaluronan (HA), according to our previous
experiences (10-12).

The formulations have been designed to act at
different levels: (a) to inhibit the melanin synthe-
sis, (b) to slow down the transfer and distribution
of melanosomes to keratinocytes, (c) to absorb
part of UVA/UVB rays, (f) to reduce the darke-
ning process, (d) to neutralize ROS in excess, (e)
to control the inflammatory process, to trigger
the melanin synthesis.

STUDY DESIGN

Due to the observation that chronic UV exposu-
re and hyperpigmented skin present an alteration
at different levels of the melanogenetic process
together with an unusual synthesis of epidermal
free fatty acids and triglycerides, and a slow
down of skin hydration, which play important
roles in epidermal barrier homeostasis (13-15),
these parameters were controlled by in vitro and
in vivo studies. Moreover, it was controlled the
fibroblast and keratinocyte activity, which seem
to be up-regulated and associated with an increa-
sed production of reactive oxygen species (ROS)
and skin pro-inflammatory cytokines (16).

Selection of actives and vehicle

After the selection of the active ingredients to be
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used as whitening agents, they were bonded to
CN-HA nanoparticles and encapsulated by the
use of our technology, previously described (17).
Successively the activity of the different block
copolymeric nanoparticles was verified in vitro
on keratinocytes cultures and emulsified with
the nanoemulsion designed to control in vivo the
whitening effectiveness of the final formulation.

The nanosfructured vehicle

The nanostructured vehicle, organized as a
nanoemulsion, was prepared by phase inversion
temperature and high-pressure homogenisation
method, according to our previous study (17). It
is characterized by a dispersion of nano scale
droplets (~10-500nm) fundamental to obtain a
controlled delivery of the block copolymeric
nanoparticles entrapping the selected whitening
ingredients and to improve their bioavailability
and bioefficacy (18).

Similar to liposomes, these nanoparticles sup-
port the skin penetration of the active ingredients
entrapped into the block polymeric nanoparti-
cles, increasing their concentration in the skin
and allowing their effective transport at level of

the different skin layers (19). Moreover, depen-
ding to the electrical charges covering their sur-
face they can penetrate through the skin layers
(when positively charges) or remain on the sur-
face of the Stratum a Corneum (SC) (when nega-
tively charges) (Fig. 2) (20).

Block polymeric nanoparticles
enfrapping whitening and UV
profective ingredients

6 different CN-HA block polymeric nanoparti-
cles were prepared entrapping different active
ingredients such as: methoxydibenzoyl methane
+ titanium dioxide + silica + alumina as UV fil-
ters; ascorbyl phosphate + Phyllantus emblica,
ascorbyl tetraisopalmitate and ascorbyl phospha-
te as antioxidants and anti-inflammatory ingre-
dients; compounds inhibiting the melanin syn-
thesis at level of tyrosinase as undecylenoyl phe-
nylalanine and arbutin; and compound slowing
down transfer and distribution of melanin to
keratinocytes as diacetyl boldine.
Nanoparticles entrapping the sun screening
agents were negatively charges, while all the
other were positively charged.

Fig. 2 Skin penetrability of nanoparticles depends on their size, superficial charge and type and/or polymer used.
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MATERIALS

All the block copolymeric nanoparticles such as:
Chitin-Hyaluronan nanoparticles (CN-HA vehi-
cle); CN-HA- diacetyl boldine; CN-HA-arbutine
and undecylenoyl phenylalanine;
CN-HA-methoxydibenzoylmethane-titanium-
dioxide-silica-alumina; CN-HA-Sodium ascor-
byl phosphate and Phyllantus emblica; CN-HA-
ascorbyl tetraisopalmitate and CN-HA-ascorbyl
phosphate were supplied by MAVI sud, Aprilia
(LT) Italy;

Sodium ascorbyl phosphate was supplied by Res
Pharma (MI);

Diacetyl boldine (lumiskin) was supplied by
Sederma (France);

Undecylenoyl phenylalanine (sepiwhite MSH)
was supplied by Seppic MD);
Methoxydibenzoylmethane was supplied by
Merck (Germany).

Formulations designed

Formulation A': Aqua (Water), Prunus Dulcis
(Sweet Almond Oil), Dimethicone, Sodium
Ascorbyl Phosphate, Olea Europaea (Olive Oil),
Glycerin, Cyclotetrasiloxano,
Ascorbiltetraisopalmitate, Lecithin, Palmitic
Acid, Methoxydibenzoylmethane, C12-16
Alcohols, Phyllantus emblica Fruit Extract,
Chitin (Nano-Fibrils), Glyceryl Stearate, PEG-
100 Stearate, Cyclopentasiloxano,
Phenoxyethanol, Xanthan Gum, Tocopheryl
Acetate, Bisabolol, Imidazolidinyl Urea, Cetyl
Alcohol, Titanium Dioxide, PEG-8, Silica,
Alumina, Potassium Azelaoyl Diglicinate, PEG-
75 Stearate, Methylparaben, Ceteth-20,
Tocopherol,  Steareth-20,  Propylparaben,
Disodium EDTA, Ascorbyl Palmitate, Citric
Acid, Ascorbic Acid.

Formulation B*: Aqua (Water), Prunus Dulcis

(Almond Oil), Dimethicone, Olea Europaea
(Olive Oil), Caprylic/Capric Triglyceride,
Glycerin, Lecithin, Palmitic Acid, C12-16
Alcohols, Butyl Methoxydibenzoylmethane,
Glyceryl Stearate, PEG-100 Stearate, Xanthan
Gum, Phenoxyethanol, Benzyl PCA, Cetyl
Alcohol, Titanium Dioxide, Silica, Alumina,
PEG-75 Stearate, Ceteth-20, Sodium Ascorbyl
Phosphate, Steareth-20, Sodium Hyaluronate,
Chitin (Nano-Fibrils), Diacetyl Boldine.
Formulation C*: Aqua (Water), Prunus Dulcis
(Almond Oil), Dimethicone, Olea Europaea
(Olive  Oil), Glycerin, Undecylenoyl
Phenylalanine, Lecithin, Palmitic Acid, C12-16
Alcohols, Arbutin, Glyceryl Stearate, PEG-100
Stearate, Xanthan Gum, Phenoxyethanol,
Benzyl PCA, Cetyl Alcohol, PEG-75 Stearate,
Ceteth-20, Sodium Hyaluronate, Steareth-20,
Sodium Ascorbyl Phosphate, Chitin (Nano-
Fibrils).

In vitro studies

Melanin and tyrosinase inhibitory
activity

Melanin and tyrosinase activity was measured
on B16 murine melanoma cells in DMEM cultu-
res supplemented with 10% calf serum. B16
melanocytes were seeded in culture medium
incubated at 37 °C with CO2 at 5%.

After three days, the cell culture medium was
exchanged to medium containing 10ng of kojic
acid (reference substances), control (without
ingredient), CN-HA nanoparticles (vehicle),
CN-HA entrapping respectively diacetyl boldi-
ne, undecylenoyl phenylalanine+arbutine, ascor-
byl phosphate + Phyllanthus emblica, and ascor-
byl tetraisopalmitate (active) at the same con-
centrations.

After 3 days of incubation at 37 °C with CO2 at
5%, the cells were washed and divided in two

! Trade name: Acromos forte, Mavi, Italy.
2 Trade name: TS Spotless Day, Mavi, Italy.
* Trade name: TS Spotless Night, Mavi, Italy.
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groups. In one group the cell number was deter-
mined by counting in a haemocytometer cham-
ber, in the other the DL-DOPA was added, and
incubation was continued for other 2 hours at the
same conditions.

On the first group melanin content was measu-
red, while on the second group the tyrosinase
activity was controlled all both by the Bradford’s
method, measuring the optical density at 475 nm
(21).

The obtained results, assayed as DOPA oxidase
activity and determined in triplicate is reported
on figures 3 and 4

Dendrite length

According to Krishnanoorthy et al. (22), treated
and untreated melanocytes were examined by

microscopy to determine the cellular dendrites’
mean length. Results are shown on Tab I.

Antioxidant and antiinflammatory
activity

Melanin synthesis is an oxygen-dependent pro-
cess that acts as a potential Source of ROS Inside
pigment-forming cells, CN-HA-ascorbyl pho-
sphate, and ascorbyl phosphate + Phyllanthus
emblica not only protect cell from external oxi-
dative injury for its antioxidant and anti-inflam-
matory properties, but also inhibits the melanin
synthesis, contributing to the whitening activity
of the formulations.

Fig.3
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Fig. 4
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Derma inflammation, induced by accumulation
of UV radiation, seems to be associated to the
increased melanogenesis of hyperpigmented
skin (16, 23).

The antioxidant activity was controlled on the
peroxidation of linoleic acid with formation of
malondialdehyde as final product by the method
previously described by our group and briefly
reported (24).

The pathological peroxidation of the linoleic acid
in the cell membrane produces, in fact, a pletho-
ra of primary peroxided compounds that lead to
many chronic diseases, causing phenomena of
skin hyperpigmentation also (25).

Thus, linoleic acid was dissolved in 1 ml of
methanol, dried under nitrogen and redissolved
in 2 ml of phosphate buffer. The samples added
with the CN-HA-ascorbyl phosphate +
Phyllantus emblica and ascorbyl phosphate
nanoparticles at the dose of 10ng/ml respectively,
were oxidated to malondialdehyde (MDA) by the

use of 10ul of AMVN for 15 min at 37 °C. MDA,
detected by a fluorimetric methodology, was
compared to the untreated control. The obtained
results in triplicate are reported on figure 5.

The antiinflammatory activity was verified con-
trolling the release of IL-8 on TNF-a stimulated
keratinocytes, according to the methodology,
briefly reported and previously described by our
group (24).

The CN-HA-ascorbyl phosphate + Phyllantus
emblica, CN-HA-ascorbyl phosphate, and CN-
HA-ascorbyl tetraisopalmitate nanoparticles
were introduced in fresh culture of keratinocytes
at the dose of 10ng/ml with TNF-alpha at 100
ng/ml. As control were used an untreated sample
and a positive sample with hydrocortisone at the
dose of 1 uM. After 24 hours of incubation at 37
°C and 5% of CO2, the quantity of IL-8 was eva-
luate D by ELISA on the superstant culture. The
obtained results in triplicate are shown on figure 6.

Fig.5
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Study Criteria in vivo

As preliminary study, 40 voluntary subjects
(male and female, of mean age 50+4), affected
by hyperpigmented phenomena in different skin
areas, were treated in the Beauty Academy
Impress Centre in Melaka. All the subjects were
treated into the Beauty Center, for a period of 6
months, by applying the in study whitening
emulsions on all the surface of the face, after a
previous application of cleansing and moisturi-
zing lotions, according to the following design:
the treatment into the Beauty Centre, organized
by this frequency: 4 times/month for the 1st
month; 3 times/month for month 2 and 3; 2
times/month for month 4 and 5; 1 time/month

for month 6 was controlled monthly by an expert
pharmacist.

During all the in study period the subjects have
applied at home the whitening cream A* on spot
area, morning and evening, and the whitening
cream B’ and C° on the entire skin surface, mor-
ning and evening respectively.

Naturally the application of the whitening emul-
sions was preceded by cleansing’ and moisturi-
zing® treatments of the entire face area. In addi-
tion, during the day they applied a Sun block
emulsion’ on face, arms, and legs before going
outside their abitative location.

Examples of the obtained results are reported on
figures 7 and 8 at the end of the first period’ tre-
atment (6 months).

Fig. 6

Trade name: Acromos forte, Mavi, Italy.
Trade name: TS Spotless Day, Mavi, Italy.
¢ Trade name: TS Spotless Night, Mavi, Italy.

7 Trade names: TS Gentle Whitening milk, followed by TS Skin Toner lotion. Mavi, Italy.

Trade name: MAVISAN 50+ cream, Mavi, Italy.

66

Trade names: TS Face Firming Serum, Idroskin C and Mavioil cream. Mavi, Italy.



1-2_art_Morgani 22/07/14 07:58 Pagina 67 §

P Morganti, R Del Ciotto, F. Carezzi, F Guarneri and Yip Jui Yeo

Fig. 7 Before (left) and After (right) the treatment.

Fig. 8 Before (left) and After (right) the treatment.
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Statistical analysis

The results are expressed as mean +SD from at
least three independent experiments. Statistical
evaluations were performed with GraphPad
Prism4 (Graph Pad Software Inc, San Diego,
California. USA).

All statistical evaluations were conducted as
two-tailed analysis at a minimum of a 95% con-
fidence interval (p<0.05) using a repeated mea-
sures ANOVA and a Tukey post-test to determi-
ne statistically significant differences in the
results.

RESULTS AND DISCUSSION

Also if the skin depigmentation of most common
signs of photoaging and melasma remain a chal-
lenge for both dermatologists and beauticians,
the combination of different whitening agents
used by different formulations with a unique glo-
bal treatment has shown to provide an
interesting whitening effect.

The in vitro obtained results are probably due to
the different mechanisms of action the active
ingredients have shown. Helped in their effecti-
veness by the use of the innovative carrier com-
posed by two natural polymers, Chitin
Nanofibrils and Hyaluronic acid combined to
form block copolymeric nanoparticles positively
or negatively charged on their surface, the active
ingredients selected have shown to act at diffe-
rent levels of the melanogenetic process.

The probable synergistic activity among the dif-
ferent CN-HA nanoparticles entrapping respecti-
vely diacetyl boldine, arbutine/undecynoil phe-
nylalanine, ascorbyl phosphate + Phyllantus
emblica or ascorbyltetraisopalmitate to form the
cosmetic formulations, gave the possibility to
decrease the melanogenesis process probably
acting both at level of maturation and transfer of
melanosomes, as reported on figure 3, and
through a decrease of melanin synthesis slowing
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down the tyrosinase activity, as reported on figu-
re 4.

As evident from the results, the different parti-
cles show different effectiveness on melanin
synthesis and tyrosinase activity always higher
compared to the kojik acid effectiveness. It is
interesting to underline that the real effective-
ness of the selected ingredients has been confir-
med by the different dendrites length which,
reducing the melanin transfer to keratinocytes,
significantly influence the skin pigmentation, as
shown on table I.

On the other hand, the antioxidant capacity of
CN-HA nanoparticles entrapping ascorbyl pho-
sphate + Phyllantus emblica, ascorbyl phospha-
te and ascorbyltetraisopalmitate respectively,
have shown the intensive activity these nanopar-
ticles have to decrease the excessive production
of ROS, also modulating the release of the cyto-
kine IL-8, necessary to reduce the inflammatory
process, often present at level of hyperpigmen-
ted skin, as shown in figures 5 and 6.

These in vitro results have been confirmed by
the preliminary in vivo study, where large hyper-
pigmented skin areas have been sensibly redu-
ced, as clearly shown on the subject reported on
figures 7 and 8. No side effects to any subject
have been found during the 6 month treatment.
The same whitening formulations to control
their possible side effects for long period of time
were evaluated by another study in progress at
one Dermatological Department, where TEWL,
skin hydration, skin pH, erythema, oedema, and
skin blood flow have been measured, according
to Fluhr et all methodology (26).

The first obtained data seem to confirm these
preliminary results (Unpublished Data. Work in
progress).

CONCLUSION

Further studies are in progress to better elucida-
te the possible mechanism of action and the best
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dosage treatment periods for these new formula-
tions, based on the innovative use of the CN-HA
block copolymeric nanoparticles as carrier for
whitening agents, as well as to investigate the
true role they may have to modulate the different
manifestations inducing the skin hyperpigmen-
ted phenomena.

However, the possibility to block the chain reac-
tions in different cellular points of the malanoge-
nesis pathway by the use of the bionanotechno-
logy seems the best way for trying to solve the
difficult problem of an altered pigmentation
without having any side effects.

This is one of the challenges of MAVI
Nanoscience Center.
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