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Abstract: With the public’s growing interest in skin whitening, lightening ingredients only used
under dermatological supervision until recently, are more and more frequently incorporated into
cosmetic formulas. The active agents that lighten skin tone are either natural or synthetic substances,
and may act at various levels of melanogenesis. They are used to treat various skin pigmentation
disorders or simply to obtain a lighter skin tone as whiter skin may be synonymous of wealth,
health, youth, and/or beauty in different cultures. However, recent studies demonstrated the adverse
effects of some of these ingredients, leading to their interdiction or restricted use under the European
Directive and several other international regulations. After an overview of skin whitening practices
and the associated risks, this article provides insight into the mechanisms involved in melanin
synthesis and the biological assays available to attest the lightening activity of individual ingredients.
The legislation dealing with the use of skin lighteners is then discussed. As traditional depigmenting
agents such as hydroquinone and corticosteroids are of safety concern, the potential of natural extracts
has been investigated more and more; finally, a synthesis of three years of research in our laboratory
for such plant extracts will be given.
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1. Introduction

Skin whitening or lightening refers to the practice, deeply embedded in many ethnic groups [1],
of using natural or synthetic substances to lighten the skin tone or provide an even complexion by
reducing the melanin concentration in the skin [2]. The use of whitening agents can be driven by
medicinal necessity in the case of persons suffering from dermatological conditions linked to an
abnormal accumulation of melanin (e.g., melasma, senile lentigo, etc.) [3] or simply by culture-specific
beauty preferences. Numerous chemical substances have already been proven as effective skin
whiteners, and some even display beneficial side effects (antioxidants [4-7], antiproliferative
activity [8,9], protection of macromolecules such as collagen against UV radiation [4], etc.), but
others have recently raised safety concerns, leading to their ban in some countries. The search
for non-cytotoxic natural whitening compounds benefits from the fact that natural ingredients have
become more prevalent nowadays in cosmetic formulations due to consumers’ concern about synthetic
ingredients and the risks they may represent for human health [10]. In recent years, the quest for
fairness has led to the identification of a number of whiteners originating from various biological
sources that work as well as the synthetic ones, with few or no side effects [11-18]. However, there
is still a long way to go from the discovery of an active ingredient to its incorporation into cosmetics
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and its commercialization. In fact, ingredients’ cytotoxicity, insolubility, and instability, as well as
development costs, are some of the difficulties encountered when establishing a formulation [19].
In the present paper, the melanogenesis pathway as well as the diverse approaches to evaluate the
skin whitening activity of an ingredient are presented. The main whitening agents and their status
regarding the current legislation are then discussed. Finally, we report feedback from three years of
research in our laboratory for plant extracts presenting skin-whitening capacity.

1.1. Why Such a Practice?

Skin whitening has been practiced for several centuries by people from a variety of ethnic
backgrounds [1,2,17,20-22]. The particular enthusiasm for skin whitening agents originated in the
1960s, driven by the incidental discovery of the whitening action of hydroquinone on the black skins of
U.S. workers daily exposed to this agent in the rubber industry. From the 1980s onwards, a blooming
interest in skin-whitening cosmetics was observed: lighter complexion may be synonymous with
health, youth, and/or beauty in different cultures. This fondness, motivated by complex social, cultural,
and historical factors, has not slowed down since.

As already stated, this practice may be driven by dermatological needs. The therapeutic uses of
whitening agents include the treatment of hyperpigmentated skin zones to achieve a more uniform
appearance. People suffering from skin afflictions such as senile/solar lentigo (small pigmented spots
on the skin, varying in diameter from 1 mm up to a few centimeters) [23,24], or wishing to reduce
freckles (irregular clusters of melanin-containing cells) and birthmarks often resort to skin whitening.
Whitening agents are also often used to treat melasma (also known as chloasma), a skin discoloration
that can affect anyone, especially people with a genetic predisposition [25,26]. Most common in
pregnant women, it is suspected to be linked to the stimulation of melanin production by female sex
hormones when the skin is exposed to the sun [27]. Discoloration agents can also be used on scars,
especially on pigmented acne scars, to make the skin color more uniform; hence, these agents are used
by a large proportion of people.

On the contrary, vitiligo is a chronic skin condition characterized by portions of the skin losing
their pigment when skin pigment cells die or are unable to function [28,29]: the surrounding unaffected
skin may be lightened to match to the tone of the affected skin.

Nowadays, skin whitening is more often practiced for aesthetic ends and reaches dramatic
proportions among some British, American, Caribbean, African, and Asian communities: whiter/paler
skin tone is synonymous with youth, whereas darker skin is pejoratively associated with lower social
classes [30]. McDougall (2013) stated that “the global market for skin lighteners is projected to reach US
$19.8 billion by 2018, driven by the growing desire for light-colored skin among both men and women primarily
from the Asian, African and Middle East regions” [31].

Skin-whitening products are particularly popular in Asian countries (India, China, Japan,
and Korea). In fact, with a naturally higher skin hydration level, Asian skin is particularly prone to
suffer from hyperpigmentation or hypopigmentation disorders, and to display general unevenness of
skin tone with age rather than wrinkles. The wish to mimic Westerners also impels Asian people to
practice skin whitening.

In Africa, voluntary depigmentation is performed for multiple reasons (aesthetic, sociological,
political, etc.) [32-34]. Hence, the intensive use of whitening agents constitutes a real public health
risk and can lead to severe pathologies including burns, acne, stretch marks, hypopigmentation, and
even cancer [23,35]. Furthermore, it is important to underline that those whitening treatments are
often very long-term ones, and their use over weeks or months produces results that are generally not
definite [23].
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1.2. Melanogenesis

1.2.1. Mechanism

Melanogenesis is the physiological process of producing melanin, the light-absorbing pigment
that is responsible for the human skin and hair coloration, together with three other biochromes [32].
The melanogenesis pathway was first elucidated by Raper in 1928 and later revised [36-39]. It takes
place in melanosomes, membrane-bound organelles located inside the melanocytes from the epidermis’
basal layer, also known as the stratum basale [19,40]. Melanocytes constitute the second most important
dermis’ cell lineage after keratinocytes themselves, representing 80% of the epidermis. Once the
melanin is produced, melanocytes transport the melanosomes that have lost their tyrosinase activity
along their dendrites to reach the neighboring keratinocytes [34,41]. The keratinocytes are dispersed
regularly and almost exclusively in the basal epidermis layer. The association of a melanocyte with
30—40 keratinocytes constitutes the epidermal unit where further reactions take place [42,43].

Melanin then accumulates in keratinocytes, where it ensures its photocarcinogenesis preventive
role [44]. In fact, this pigment’s biosynthesis plays a crucial role in skin protection by shielding it from
sunlight damage (UV radiation absorption) and ion accumulation, as well as by reactive oxygen species
(ROS) trapping [45-48]. Oxidative stress, a direct consequence of the environment (UV radiation,
pollution, etc.) and human lifestyle (cigarette smoking, etc.), is implied in skin pathogenesis and leads
to alterations in connective tissues and to the formation of lipid peroxides and ROS harmful to the
skin, hence leading to accelerated ageing [49-52].

Melanogenesis is a complex pathway (Figure 1) regulated by several enzymes including tyrosinase,
phenylalanine hydroxylase (PHA), and tyrosinase-related proteins (TRP-1 and TRP-2) [53]. Tyrosinase,
a glycosylated copper-containing polyphenol oxidase, is the key enzyme involved in the melanogenesis
pathway. Tyrosinase is mainly involved in the initial rate-limiting reactions in melanogenesis, e.g., the
hydroxylation of L-Tyrosine (monophenolase activity) to L-3,4-dihydroxy-phenylalanine (L-DOPA)
and its further oxidation (diphenolase activity) to give L-dopaquinone [54,55]. From L-dopaquinone
synthesis, the melanin biosynthesis diverges into two pathways [56,57]:

e If cysteine or gluthatione is present, L-dopaquinone interacts with the amino acid to form
cysteinyl-DOPA or glutathionyl-DOPA [11,58], subsequently converted and polymerized into
pheomelanins, the yellow to red pigments implied in ion trapping [59,60].

e Intheabsence of cysteine or gluthatione, one can observe the non-enzymatic cyclisation of L-DOPA
into leucoDOPAchrome. This compound is further oxidized into dopachrome, the precursor of
dihydroindole (DHI) and dihydroindole-2-carboxylic acid (DHICA), which leads through a series
of oxidation reactions to the synthesis of UV-protective and ROS-scavenger eumelanins, which
are brown or black pigments [11,60-62].

The quantity and relative amounts of eumelanin and pheomelanin are responsible for the
constitutive skin pigmentation [63]. Hence, the difference between lightly and darkly pigmented
individuals is due to the melanocytes’ level of activity, a hormonally controlled process, and leads to
six distinct skin phototypes, defined by the Fitzpatrick scale in 1975 [64,65]. People with darker skin
are consequently genetically programmed to constantly produce higher levels of melanin [66].

Melanogenesis alterations may be responsible for various skin disorders causing both aesthetic
problems and dermatological issues [55,67]. Hyperpigmentation phenomenon such as senile lentigo,
post-inflammatory melanoderma, melasma, pigmented freckles, and acne scars are characterized
by the darkening of a skin area caused by the overproduction of melanin. Relatively common and
usually harmless, hyperpigmentation is linked both to external (UV radiation, medicines such as
antibiotics, non-steroidal anti-inflammatory drugs, psychotropic drugs, pain killers, birth control pills,
etc.) and internal (hormones, inflammation, etc.) factors [23,68]. Hypopigmentation, on the contrary,
corresponds to the loss of skin color, caused by melanocyte or melanin depletion, or a decrease in the
amino acid L-Tyrosine used to produce melanin.
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Figure 1. The melanogenesis pathway (adapted from [14,53]).

1.2.2. Multidirectional Approaches to Modulating Skin Pigmentation

Any of these melanogenesis steps, whether chemically or enzymatically catalyzed, can be
inhibited. Several approaches have been used to find chemicals that inhibit the catalytic activity
of tyrosinase and disrupt the synthesis and release of melanin. One can distinguish true tyrosinase
inhibitors that reversibly bind to the enzyme, from tyrosinase inactivators, e.g., compounds forming
covalent bonds with the enzyme, thus leading to its irreversible inactivation [11]. Hence, tyrosinase
inhibition (by tyrosinase blockers) is still the most common strategy adopted to achieve skin whitening,
but agents acting upstream or downstream also exist [53,69-71]:

e inhibitors of tyrosinase mRNA transcription [11,69,71],

e modulators of tyrosinase glycosylation and maturation or acceleration of its degradation [11],

e inhibitors of the «-MSH (x-melanocyte-stimulating hormone)/cAMP (cyclic adenosine
monophosphate)-dependent signaling pathway and the subsequent x-MSH-induced melanin
production [53],

e modulators of the mitogen-activated protein kinases (MAPK) signaling pathway [53],

e modulators of the Wnt signaling pathway [53],

e inhibitors of the NO (nitric oxide) signaling pathway [53],

e regulators/inhibitors of MITF (microphthalmia-associated transcription factor) involved in the
regulation of the development of many cell lineages including melanocytes [19,72],

e regulators of the formation and transfer of melanosomes [11,73],

e  ATP7A (also known as Menkes’ protein or MNK) trafficking inhibitors [53],

e down-regulators of MC1R (melanocortin 1 receptor) activity [19],

e inducers of autophagy, a cellular degradation process that affects skin color by regulation of
melanin degradation in normal human epidermal keratinocytes [74].

The most successful whitening treatments stake on synergy and usually combine two or more
complementary modes of action [19].

1.2.3. Testing the Whitening Potential of a Given Substance

The whitening potency of a given substance or extract may be assessed by several methodologies
ranging from in vitro experiments to in vivo and clinical studies. All these procedures have their own
advantages and disadvantages, and may sometimes lead to false positives and false negatives:
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e  in vitro assays constitute the first method to rapidly identify individual components or potentially
active extracts. They are used to evaluate the tyrosinase or TRP-2 inhibition potency of single
molecules or natural extracts.

In vitro screening is usually performed using mushroom tyrosinase, generally purified from
Agaricus bisporus (cheap and easily available) according to a protocol adapted from methods
described earlier [75-77]; extrapolation to humans might be difficult. Only a few bioassays
were actually performed using monomeric human tyrosinase, which is hard to purify as it
is membrane-bound rather than cytosolic like its tetrameric mushroom counterpart [78]; also
commercially available, it is seldom used as it remains quite expensive. However, the use of
mammalian tyrosinase should be considered rather than the mushroom one for in vitro assays, as
the inhibitors” affinity for the mammalian one is generally lower than for the mushroom one [79].
Hence, numerous “false positives,” e.g., extracts or single molecules that are active inhibitors
of mushroom tyrosinase but are inefficient once in contact with mammalian tyrosinase, might
be avoided [23,80]. Recently, some studies were nevertheless performed using crude extracts of
human melanocytes as the enzyme source [11].

Tyrosinase activity is determined spectrophotometrically: the increase in absorption due to the
DOPAchrome formation is recorded at 475-480 nm as a function of time. High-throughput
screening can be performed using in vitro protocols at a reasonable cost as the assays can be
realized in 96-well plates and the procedure can be totally automated. The results are either
expressed as inhibition percentages or as inhibition concentration (ICs), in comparison with a
positive control, generally kojic acid, but also Glycyrrhiza glabra or Morus alba extracts. The notion
of “Relative Inhibitory Activity” (RA) has been introduced recently to facilitate the direct
comparison of inhibitors described in various studies. RA is obtained by dividing the ICsg
of the positive control by that of the inhibitor of interest [11].

The DOPAchrome tautomerase, also known as tyrosinase-related protein 2 (TRP-2), presents
a cellular distribution in the melanocytes quite similar to tyrosinase [81]. This enzyme is strongly
involved in the regulation of the eumelanin synthesis, a late step in melanogenesis [82]. Some
inhibitors have already been identified, e.g., N-(3,5-dimethylphenyl)-3-methoxybenzamide [83]
and Neolitsea aciculata extract [84]. Further identification of TRP-2 inhibitors appears to be crucial,
and a bioassay consisting of spectrophotometrical monitoring at 308 nm of the absorbance increase
due to the TRP-2 controlled tautomerization of DOPAchrome to DHICA as a function of time has
been developed [85].

e incellulo and ex vivo assays: The whitening potency of a substance of interest can be appraised by
the spectrophotometrical monitoring of the intracellular tyrosinase activity or of the intracellular
melanin production after cell extraction. Several protocols have been developed depending on the
cell lineage employed, the culture conditions, and the method employed to evaluate the inhibition
activity [86-88].

The evaluation of cellular MITF expression enables the identification of whitening substances that
do not, or only at a very low level, display tyrosinase activity [69,89].

Cultures of melanocytes may be used to assess the whitening properties of single molecules
or natural extracts as they closely mimic physiologic conditions. They enable the study of the
global effect of such agents on the melanin synthesis in melanocytes. However, melanocytes are
difficult to maintain in culture. Hence this method, being complex and expensive, is usually not
appropriate to confirm the activity of compounds the whitening activity of which was already
assessed in vitro.

Cultures of B16 melanoma cells, models for human skin cancers, are frequently used for the
study of whitening potency [78]. However, one should bear in mind that cancerous cell lines
display, owing to their nature, several abnormal functions and subsequently do not accurately
mimic reality.
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Co-cultures of melanocytes and keratinocytes even more narrowly reproduce the in vivo situation
and enable us to have a closer look at the interaction between both types of cells in the melanization
epidermal unit and at the melanosomes transfer [90]. However, these systems are expensive and
their implementation is difficult.

Skin explants sampled from volunteers or stemming from surgical waste, as well as commercially
available skin equivalent models (SEM) constituted of human epidermal cells, may be preferred
for in vitro systems for testing skin whitening substances [88,91,92].

e  invivo assays and clinical trials: Mammalian skin is generally preferred to evaluate the efficacy
and innocuousness of a given substance [93]: several animal models, more reliable than in vitro
tests, have been used, e.g., the mouse [92,94], the zebrafish [94-96], the guinea pig [97,98], and the
Yucatan swine [99,100]. The zebrafish presents several advantages, including easy maintenance
and handling of the animals, short generation times, and high efficiency of drug penetration
through the skin [96,101,102]. Relatively small, easily maintained, and displaying rather short
generation times, mice are used to more closely approximate human reactions as their skin
is more comparable to human skin than that of zebrafish [102]. Shaved mice present even
higher drug penetration compared to non-shaved ones [102]. In contrast to mice, the epidermis
of guinea pigs displays a moderate number of melanocytes and melanosomes distributed in
a similar way to human skin [103]. Given the close morphologic and functional similarities
between pig and human skins (similar epidermis thickness, similar epidermal cells turnover
time, etc.), the effectiveness of depigmenting agents was also often evaluated in Yucatan miniature
swine [99,100,104-106]. More complete studies taking into account the quantification of melanin
production, the evaluation of the expression of cellular factors and tyrosinase, etc., may thus be
undertaken in such robust integrative experimental models. It is important to remember that
experimentation on animals to test cosmetic ingredients and finished cosmetics has been banned
in the EU as well as in numerous countries throughout the world [23]. On the contrary, animal
experimentation is still practiced by the pharmaceutical industry: dermatological whitening
agents delivered only under medical prescription are tested for safety, efficacy, and liability on
animal models before they are considered for widespread human use.

Finally, the whitening activity of a given substance may be appraised by clinical trials.
Depigmentation of already existing hyperpigmented spots (such as freckles and lentigos) or of UV- or
exogenous x-MSH-induced hyperpigmentated areas may be evaluated visually by experts using color
charts such as the Munsell one [107] or measured with cutaneous colorimeters [108,109]. Results in
both cases depend on the nature and size of the analyzed skin zone; furthermore, after the visual
observation, being by nature quite subjective, one can only recommend the simultaneous use of both
methods [23,110].

1.3. Traditional Whitening Products

Several chemicals have been shown to achieve pigmentation clearance and have been frequently
used in whitening cosmetics. Whitening products may act both upstream and downstream of the
melanin synthesis, but the majority interfere directly with one of the melanogenesis reactions (Table 1).
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Table 1. Chemical structures and modes of action of the main skin-whitening substances traditionally used in whitening cosmetics.

7 of 24

Substance Chemical Structures (Examples) Mechanisms of Action & Usages References
CHj CH; OH
HsC  CHj ‘ NN S}
CHj
tretinoin

- interfere with melanosomes transfer;
- increase keratinocytes turnover;

. 2,111-113
Retinoids - inhibit tyrosinase transcription; [ 1
- used to treat melasma
isoretinoin
“CL
OH
hydroquinone - used to treat hypermelanoses;
Hydroquinone and OH - used alone or in combination with tretinoin to prevent sun- or hormone-induced [19,23]
ethers derivatives /©/ melasma; !
@A o - authorized in cosmetics until 2001
monobenzyl ether of hydroquinone
Hg—Cl
/ [¢]
Cl
Mercury salts mercury (II) chloride - compete with copper in the tyrosinase’s active site; [114]
/Hg—NH2 - inhibit the production of L-dopaquinone

Cl
ammoniated mercury
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Table 1. Cont.
Substance Chemical Structures (Examples) Mechanisms of Action & Usages References
0, O .~ - blocks the monophenolase activity;
Arbutin ' T oH - decreases melanin content with little cytotoxicity evidence;
(hydroquinone-B-D-glucoside) HO HO oH - occurs naturally in Morus, Arctostaphylos, Vaccinus, Pyrus and Lathyrus species; [115,116]
yareq & : - exists in two isomers: the «- one, offering higher stability over the [3- one, is the
OH preferred form for skin lightening
OH
= o - chelates copper ions, essential cofactors for tyrosinase activity;
Kojic acid i - 1ITh1b1ts the polymerization of DHI fmd DHICA; [117-119]
= - highly unstable upon exposure to air or sunlight;
- usually replaced in cosmetic formulations by its dipalmitate stable derivative
OH
o
HO
Azelaic acid - 1r.1h1b1ts the tyr0§1nase activity; [2,23,120]
o - displays cytotoxic effect on human melanocytes
4
CH,
. - sometimes combined with other agents like vitamin C to increase its absorption,
Glutathione or with antioxidants like vitamin E [121]
NH O
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Table 1. Cont.
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Substance Chemical Structures (Examples) Mechanisms of Action & Usages References
HO
: 0
HO 0
— - accelerate epidermal turnover;
HO oH - ascorbic acid notably reduces L-dopaquinone back to DOPA;

vitamin C - ascorbic acid interacts with copper in the tyrosinase’s active site;

oy - highly unstable in aqueous medias, ascorbic acid is usually encapsulated or
Vitamins Ho | cHy o CH replaced in cosmetic formulations by derivatives such as MgAP; [2,19,122-126]
He o : - - magnesium ascorbyl phosphate (MgAP) affects, in a reversible manner, the

CHy melanocytes morphology, which lose their dendritic structure, hence impairing

vitamin E the melanocytes-keratinocytes contacts and reducing the melanin transfer;

i - niacinamide interferes with melanosomes transfer from melanocytes to
N\O)%”Z keratinocytes and possesses antioxidant activity
=
niacinamide = vitamin B3
0
-
OH
: glycolic acid - accelerate epidermal turnover;
Alpha hydrogy ac‘lds o] - remove unhealthy or abnormal layers of superficial skin cells (desquamation); [127-129]
(AHAs or fruit acids) - . o
HO - facilitate the dermal penetration of other whitening agents
CHs
HO
lactic acid
Corticosteroids - modulate the activation of MC1R [32]

betamethasone 17-valerate
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1.4. Current Regulations

However, over the last decade, some of these whitening agents have proven to be toxic or to
have questionable safety profiles over long-term exposure. Depending on the type of substance
applied and the method of application, adverse reactions ranging from dermatological complications
(for example, burning, itching, or ochronosis), face lesions, stretch marks, excessive body odor, steroid
addiction, and periorbital hyperchromia to chronic kidney disease have been reported [23,129-133].
Hypopigmentation resulting from the use of whitening agents leaves the skin sensitive and more prone
to UV-induced damage, and, in the long term, to melanoma. Increasingly facing the phenomenon of
these voluntary practices and the subsequent health risks to which users have exposed themselves,
Afssaps (Agence Francaise de Sécurité Sanitaire des Produits de Santé, France) and the DGCCRF
(Direction Générale de la Concurrence, de la Consommation et de la Répression des Fraudes,
France) formed a national campaign to control these products” market in 2009 and in 2010 [134].
A list of non-conforming or dangerous skin-whitening products was subsequently established [135].
Most recently, a decision emanated from the ANSM (Agence Nationale de Sécurité du Médicament,
France) to suspend the commercial launch of injectable whitening products (for intradermal,
subcutaneous, intramuscular, or intravenous injection) sold on the Internet under various names [136].
A similar measure was already taken by the FDA (Food Drug Administration) in 2015 [137], as such
products can contain harmful substances such as glutathione or EGF (Epidermal Growth Factor).

Due to their assessed adverse effects, some of these substances have been banned recently by the
EU Cosmetic Regulation 1223 /2009 [32,138] applied in the European Economic Area (EEA), i.e., all
28 EU Member States plus Iceland, Liechtenstein, and Norway:.

The presence of retinoids in cosmetics can lead to burning, tingling, dryness, exfoliation,
and desquamation. In 2015, the ANSM contra-indicated their use during pregnancy because of their
strong teratogenic potency [139]. In addition, the presence of retinoic acid and its salts in cosmetics has
been prohibited in EU countries [138].

The use of hydroquinone has lately been banned in all European countries because of concerns
regarding its possible association with carcinogenesis [138]. Several other countries have limited the
amount of hydroquinone allowed in cosmetic products. Its glycosylated counterpart, 3-arbutin, may
under some environmental conditions, carry similar cancer risks [140]: in fact, in acidic conditions,
this substance easily hydrolyzes into hydroquinone. However, the SCCS (Scientific Committee on
Consumer Safety) consider the occurrence of 3-arbutin in a concentration up to 7% in face creams as
safe, provided that the concentration of hydroquinone in the cosmetics remains below 1 ppm [141].

Mercury-containing products are hazardous and have been banned in most countries (since 1976 in
Europe and since 1990 in the USA): accumulation of this heavy metal may lead to chronic complications
including mercurialentis, photophobia, irritability, muscle weakness, and nephrotoxicity [32,133,142-145].
Mercury poisoning is also observed in newborns as the metal is easily conveyed via the placenta and
breastmilk [146,147]. Furthermore, long-term application of mercurial derivatives has adverse effects
such as mercury accumulation darkening the skin and nails. However, the use of some mercury salts
as preservatives (thiomersal, phenylmercury salts) is still authorized.

Other substances that are still authorized should be used cautiously. Oral intake of glutathione
has, for example, been reported to have dangerous effects when combined with other skin-whitening
agents such as hydroquinone. Care should also be taken after AHA treatment: the skin should be
neutralized after the application of AHA, as it might cause burning and erythema [19]. For this reason,
their concentration should not exceed 10% (m/m) in the finished product, with a final pH of the
formulation not lower than 3.5. Moreover, corticosteroid-containing creams, diverted from their prime
usage (e.g., anti-inflammatory), lead to severe adverse effects, ranging from irreversible stretch marks
and epidermal thinning to neuropathy and steroid addiction [2,148]. Furthermore, some research has
suggested that kojic acid may cause allergic contact dermatitis and skin irritation, and even cancer in
large doses [149]. However, the SCCS declared 1% kojic acid safe in cosmetics [141].
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Outside the EU, the severity of cosmetic regulations is quite heterogeneous, so these agents’ status
remains uncertain: they may have been banned in some countries, whereas their presence is still
authorized in skin-lightening cosmetic formulations in other countries. Those substances may also still
be used under strict dermatological supervision. Thus, the presence of hydroquinone, kojic acid,
or azelaic acid is totally prohibited in cosmetic formulations by Swiss legislation, whereas
hydroquinone is still authorized in the USA, where it is sold as an over-the-counter drug (concentration
of hydroquinone not exceeding 2%), and products containing (3-arbutin or plants that naturally
contain hydroquinone and 3-arbutin continue to remain available in European countries [132,150,151].
Moreover, numerous Asian and African countries have yet to legislate about the safety status of such
substances [23].

Hence the downward slide observed recently: the presence of illegal products (especially
hydroquinone, corticosteroids, and tretinoin) on the black market, and subsequent health issues
deriving from their use [32,148]. In fact, such products are usually manufactured abroad, where
their usage is still legal or where there is a juridical void concerning their use, and sold illegally
in the country. Consumers may also have bought them online, a generalized tendency leading to
self-medication and all its underlying dangers.

Considering this and the growing consumer interest in more natural cosmetics, one can observe
a boom in development over the last decade of natural hypopigmenting ingredients that have been
proven to be safe and effective supplements for the treatment of certain dermatological disorders
in humans.

2. Development of Natural Whitening Ingredients

2.1. State of the Art

The search for natural melanogenesis inhibitors in recent years has demonstrated that plant
extracts could be potential sources of new whitening ingredients as potent as synthetic whitening
agents but not associated with cytotoxicity or mutagenicity (Figure 2) [19,55,67,152]. Classification of
these whitening components, based on their structure and the mechanism by which they interfere with
melanogenesis, is difficult, notably because of their huge number, the fact that some of them act at
several levels, and the variety of tests used to assess their whitening potency [79].

OCH; O

Glabrene Artocarpanone Kuraridinol

Figure 2. Some natural whitening agents.

Nevertheless, one can distinguish families of compounds that are particularly active. Hence
a notable number of phenolic compounds have demonstrated good tyrosinase inhibition [11-15,153,154].
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Flavonols have been identified as competitive tyrosinase inhibitors thanks to their ability to chelate
the copper from the enzyme’s active site, leading to the enzyme’s irreversible inactivation [120,155];
however these compounds are still less active than kojic acid. Flavones, flavanones, and flavanols
are also weak inhibitors of tyrosinase activity [23]. Aloesin, a coumarin-type component isolated
from Aloe vera and reported to modulate melanogenesis, is frequently incorporated into topically
applied cosmetic formulations [156,157]. Anthraquinones from several natural sources display similar
or higher tyrosinase inhibition potencies compared to kojic acid [158,159].

Some botanic ingredients combining two or more classes of active molecules that work in
synergy have also been identified as potent tyrosinase inhibitors; the most frequently cited is
licorice (Glycyrrhiza glabra roots), which mainly contains isoflavonoids and chalcones as actives
components [77,160]. Origanum vulgare (whitening agent: origanoside, a glycosylated phenolic
compound) and Scutelleria baicalensis (whitening agent: baicalein, a flavone) extracts, as well as Morus
(containing chalcones and stilbenoids) and Citrus (containing flavones, flavanones, and flavanols)
species extracts also display interesting whitening properties [12,14,15,19,161-167]. It was proven that
oral intake for one year of pro-anthocyanidin-rich extract from grape seeds (Vitis vinifera) reduced
the hyperpigmentation of women suffering chloasma [43]. Benzaldehyde and benzoate derivatives
such as anisaldehyde, cuminaldehyde, and hydroxycinnamic acid derivatives have been identified as
potent tyrosinase inhibitors [168,169]. Similarly, some authors have demonstrated that triterpenoids
isolated from Amberboa ramose and Rhododendron collettianum are able to inhibit tyrosinase’s diphenolase
activity [170,171].

Some natural extracts interfering with melanosomes’ maturation and/or transfer have been
identified [119]: Glycine max [172], Achillea millefolium [173,174], and Ophiopogon japonicas [174].

Marine sources—algae, marine fungi, and bacteria—of tyrosinase inhibitors have also been
explored and led to the identification of some interesting trails [16,18,175].

However, at the moment only a few of these interesting molecules or ingredients have been
incorporated into skin-whitening formulations due to a lack of in vivo assays and especially clinical
trials to attest to their efficacy and safety [4,11].

2.2. Lab Reality: Our Experience

A systematic screening of plant extracts was undertaken in our laboratory over a three-year
period to evaluate their whitening activity for potential application in cosmetology. Such a large-scale
assessment proved to be a frustrating task as only a few extracts actually present promising activity.

The inhibitory effect of a total of 350 plant extracts was assessed on mushroom tyrosinase
activity by enzymatic assays, using either L-Tyrosine or L-DOPA. The sample’s final concentration per
well—100 ng/mL—was chosen after a thorough literature survey. Essential oils (EOs) and hydrosols
obtained by distillation on one hand and solvent extracts (hexane, ethyl acetate, ethanol, etc.) on the
other hand were assayed for their inhibition potency on both the mono- (Figure 3) and diphenolase
(data not shown) activities of mushroom tyrosinase. Samples were analyzed in triplicate in 96-well
plates and reference standard solutions of kojic acid were used to verify the effectiveness of the tests.
The kojic acid inhibition systematically ranged from 91% to 99% in the assays when the monophenolase
activity was tested and from 68% to 85% when the diphenolase activity was tested. In total, 36.2% of
the solvent extracts tested presented some whitening activity (regardless of the tyrosinase inhibition
intensity). Among the six extracts presenting inhibition higher than 80%, three were obtained using
ethyl acetate and two were obtained using ethanol (Figure 2). These observations might be explained by
the fact that polar solvents, and notably ethanol, are appropriate for polyphenol and flavonoid-potent
tyrosinase inhibitor extraction from plant matrices. The sixth was obtained from the same plant as one
of the active ethyl acetate extracts, using hexane. However, it should be pointed out that hexane is
not compatible with cosmetic use and its usage for the extraction of cosmetic ingredients may even be
banned as residual traces might be present in the finished product. For any further development of
such an ingredient to take place, the extraction procedure will have to be redesigned.
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Figure 3. Proportions of samples (%) tested in triplicate and presenting whitening activity (++++: 80%
< tyrosinase inhibition < 100%; +++: 60% < inhibition < 80%; ++: 40% < inhibition < 60%; +: 20% <
inhibition < 40%; positive control = kojic acid).

By comparison, even fewer EOs/hydrosols (1.8%) display some whitening potency (no inhibition
higher than 20%). This might be due to the compounds present in these types of extracts (mainly
mono- and sesquiterpenes). This observation already shows through the literature survey: compared
to solvent extracts, only a few studies report the tyrosinase inhibition and/or anti-melanogenic effects
of such extracts or of individual EOs’ constituents [87,166,176-181]. Single components, mainly acting
as alternative substrates to L-Tyrosine and L-DOPA (eugenol, thymol, etc.), have been proven to be
quite effective [177]. Nevertheless, the overall composition of the EO influences its bioactivity via
synergism/antagonism and might be the reason for such poor screening results. Those results might
also be linked to the fact that the numerous molecules constituting these EOs might be more or less
soluble in DMSO.

2.3. Further Development of a Cosmetic Ingredient

Notwithstanding, it is important to keep in mind that such a screening constitutes only the
first step in the development of a whitening ingredient dedicated to cosmetic or dermatological
formulations. In fact, the further development and use of such a natural whitening ingredient is
still a long-term undertaking as “roughly only 5 in every 100 genetic resources identified as being
potentially of interest will ever end up in cosmetic and personal care formulas as they also have to
pass all the efficacy, quality and safety tests right throughout the development chain” [182].

In fact, once the bioactivity of an extract is assessed, the isolation and structural characterization
of the active constituents are of great interest. Hence, molecules modulating the metabolism
of pigmentation have to be targeted and identified using either semi-preparative HPLC or flash
chromatography fractionation, associated with further activity evaluation in 96-well plates. The initial
goal of such an experimental procedure is to bring out the most active fractions in order to correlate
their bioactivities to the molecules or families of molecules they are made of. The proper isolation of
those molecules of interest can occur in a second time.

One should also keep in mind that such a high-throughput screening is performed using
mushroom tyrosinase. As already stated, human tyrosinase is hard to purify and quite expensive but
the hits identified previously should be retested using such an enzyme or at least using crude extracts
of human melanocytes as the enzyme source in order to confirm that the activity is transposable
to humans.
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The clinical efficacy of the single molecule or the extract’s fraction of interest has then to be
assessed, and its efficacy and safety need to be validated. Its toxicological innocuousness has to be
evaluated as well. Tests can be performed on artificial skin, but skin cell viability tests, e.g., cytotoxicity
assays, are usually performed on human keratinocytes or melanocytes [183-185]. Skin irritancy testing
is usually performed on human keratinocytes [186]; human repeat insult patch testing (HRIPT, repeated
applications of products on the skin, under an occlusive patch, in healthy adult volunteers) has also
been developed to assess the dermal irritation or sensitization potency of a molecule. In vivo toxicity
assays can be performed in zebrafish or mice [187].

The ingredient, once elaborated, may still be unstable, may display offensive color and/or
odor unacceptable in skin care products, or may not be compatible with the developed cosmetic
formulations [10,19]. Other parameters such as cutaneous absorption and penetration of the agents
should also be considered.

Another major pitfall in the development of such whitening ingredients is the question of sourcing
and all the underlying economic and legislative issues. A plant has to be accessible in quantities that
allow a reasonable price and are in accord with current legislation, notably the Nagoya protocol
requiring, among other things, the sustainable use of biodiversity resources [188].

3. Materials and Methods

All the chemicals were obtained from Sigma-Aldrich (St. Quentin Fallavier, France) unless
otherwise stated. Untreated 96-well plates were obtained from Thermo Nunc (Illkirch, France).
The extracts (EOs, hydrosols, and solvent extracts) tested for whitening activity were obtained using
several protocols and, as only preliminary results are presented, those protocols are not detailed in the
present paper. During incubation, the 96-well plates were sealed with adhesive films (Greiner Bio-One,
Les Ulis, France). Samples for biological activity testing were prepared in 1.5-mL Eppendorf tubes,
appropriate for the use of the automated pipetting system epMotion® 5075 (Eppendorf, Montesson,
France). Absorbance measurements were performed using a microplate reader (Spectramax Plus 384,
Molecular Devices, Wokingham, Berkshire, UK). Data were acquired with the SoftMaxPro software
(Molecular Devices, Wokingham, Berkshire, UK) and inhibition percentages were calculated with the
Prism software (GraphPad Software, La Jolla, California, USA). The results are presented as inhibition
percentages (%), calculated as follows:

1% = [(OD control — OD sample)/OD control] x 100 (with OD stating for optical density).

Similarly, all OD values were corrected with the blank measurement corresponding to the
absorbance of the sample before addition of the substrate, unless otherwise stated.

The assays were performed in 96-well plates as follows: 150 pL of a solution of mushroom
tyrosinase prepared at a concentration of 171.66 U/mL in phosphate buffer (100 mM pH = 6.8) are
distributed in each well (final enzyme concentration per well: 100 U/mL), together with 7.5 uL of
samples diluted at a concentration of 3.433 mg/mL in DMSO (final sample concentration per well:
100 pg/mL). Kojic acid (3.433 mM in DMSO) was used as the positive control; DMSO alone was used
as the negative control (OD control).

The plate is filmed and incubated at RT for 20 min. Then, 100 uL of a solution of L-Tyrosine 1 mM
in phosphate buffer (pH = 6.8; final L-Tyrosine concentration per well: 0.388 mM) were distributed in
each well. After 20 min of incubation, OD reading was performed at 480 nm to assess the percentage
of inhibition.

4. Conclusions

Lightening /whitening cosmetics are largely represented in the global cosmetics landscape.
Mainly used to alleviate hyperpigmentation problems in Europe and North America, they are mostly
popular in Africa and Asia for cosmetic purposes. This quest for whiter skin can lead to major health
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issues, largely due to the use in high concentrations of very aggressive compounds, some of which have
been progressively banned by the European Cosmetic Regulations. Regarding the adverse effects of
many of those traditional whitening products, consumers await safer and more effective preparations
for lightening and/or depigmenting skin.

Persistent research into skin lightening has recently led to the identification of a number of whitening
agents originating from biological sources (plants, fungus, bacteria, and algae) [11-16,18,175,189].
From our own results, it appears clear that some plant extracts are able to inhibit melanogenesis
at least in vitro, hence suggesting their whitening potential as single ingredients. However, the
bioactivity of many of these compounds/botanic extracts (either cited in the literature or identified in
our laboratory) has yet to be screened via in vivo assays and their efficacy and adverse effects need to
be established through clinical trials before a cosmetic formulation can be considered [19]. The success
of whitening treatments may lie in the combination of two or more active ingredients that may be
eventually effective at different levels of melanogenesis to achieve a synergistic effect [2].

Natale et al. (2016) have recently proved that estrogen and progesterone reciprocally regulate
melanin synthesis via membrane-bound receptors such as G protein-coupled estrogen receptor (GPER),
and as progestin and adipoQ receptor 7 (PAQR?), discovered on melanocytes [190]. Those receptors
are activated or inhibited by progesterone or estrogen to lighten or darken the skin, respectively: future
pigmentation controling cosmetics could capitalize on this concept.

The effectiveness of physical approaches to lightening the skin tone, including liquid nitrogen
cryotherapy, laser surgery, and superficial dermabrasion, has also been investigated in recent years,
prompted by the drawbacks of the chemical agents discussed previously [191-195]. One can
hence imagine that therapies combining chemical and physical approaches, producing a synergetic
hypopigmenting effect, might offer new opportunities in the search for skin tone control.

Finally, it must be concluded that given the underlying recognized or yet-to-be proven safety
issues linked to the use of whitening agents, prevention, e.g., the use of sunscreen products, is still the
most effective and universal weapon to prevent hyperpigmentation [2].
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