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Skin lightening is defined as "the practice of using chemicals or any other product with depigmenting potential in an
attempt to lighten skin tone or improve the complexion; these goals are achieved by decreasing the concentration
of melanin to achieve a reduction in the physiological pigmentation of the skin". Products used to achieve this
purpose are known as depigmenting, skin-lightening, skin-bleaching, skin-brightening or skin-evening agents. Skin-
whitening products containing highly toxic active ingredients (in particular mercury derivatives, hydroquinone and
corticosteroids) are easily found on the market; the use of these depigmenting agents can be followed by a variety
of adverse effects, with very serious and sometimes fatal complications, and is currently an emerging health

concern in many countries.

skin lighteners depigmenting agents mercury cosmetics health risks hydroquinone

topical corticosteroids

| 1. Introduction

Melanins are polymorphous and multifunctional biopolymers that include eumelanin and pheomelanin; their
synthesis in the skin, known as melanogenesis, occurs in melanocytes at the dermal-epidermal junction within
intracellular organelles called melanosomes. Melanosomes are transferred via dendrites to the cytoplasm of
surrounding keratinocytes, where they play a critical role in photoprotection. Melanogenesis is a complex process
that comprises both enzymatic and chemical reactions and involves several enzymes: phenylalanine hydroxylase,
tyrosinase (a glycosylated polyphenol oxidase containing copper), and tyrosine-related protein-1 (TRP-1) and TRP-
2 (or dopamine tautomerase) . Tyrosinase catalyses two distinct reactions in melanin biosynthesis: the
hydroxylation of L-tyrosine to L-DOPA (L-3,4-dihydroxy-phenylalanine) and then the oxidation of L-DOPA to
dopaquinone. Dopaquinone is highly reactive and, in the absence of thiol compounds, undergoes intramolecular
cyclization, eventually leading to eumelanin; in the presence of thiols, such as cysteine or glutathione, it is
converted to 5-S-cysteinyl DOPA or glutathionyl DOPA, eventually leading, through a complex series of reactions,
to pheomelanin @2, The pigments eumelanin (brown/black) and pheomelanin (red/yellow) both protect the skin

from UV damage, although pheomelanin can also function as a powerful UV photosensitiser 2.

After UVB exposure, melanogenesis is induced by a variety of factors (cyclobutane pyrimidine dimers, alpha-
melanocyte stimulating factor, stem cell factor, nitric oxide, adrenocorticotropic hormone or ACTH, endothelin-1)

through different signaling pathways [ DNA repair also stimulates melanin production 4. Melanin has a
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photoprotective effect by forming supranuclear caps in the cells of the human epidermis and thus reducing the
formation of DNA photoproducts due to exposure to ultraviolet radiation; in addition, this pigment can chelate metal

cations and exhibits antioxidant and radical-scavenging properties.

Skin lightening is defined as ‘the practice of using chemicals or any other product with depigmenting potential in an
attempt to lighten skin tone or improve the complexion; these goals are achieved by decreasing the concentration
of melanin to achieve a reduction in the physiological pigmentation of the skin’ . Products used to achieve this
purpose are known as depigmenting, skin-lightening, skin-bleaching, skin-brightening or skin-evening agents 8.
Several skin-lightening compounds have been developed and are now available for pharmaceutical and cosmetic
purposes. Therapeutic indications for skin-lightening agents are generally aimed at the management of
pigmentation disorders such as discolouration due to hormonal changes, melasma, age spots, senile/solar lentigo,
post-inflammatory hyperpigmentation, and pigmented acne scars, as they reduce the hyperpigmentation of specific
areas of the body and provide a more uniform skin colour. However, skin lightening is primarily a cosmetic
procedure whose function is not only to lighten dark areas of the skin but also to achieve a generally lighter tone,
particularly in countries where darker skin tones are prevalent and voluntary depigmentation meets the aesthetic
criterion of a lighter skin [,

Skin-lightening agents can operate through different mechanisms: the inhibition of tyrosinase transcription (e.qg.,
tretinoin, retinol), the inhibition of tyrosinase (e.g., hydroquinone, azelaic acid, resveratrol), the acceleration of
epidermal turnover (lactic acid, glycolic acid), the inhibition of melanosome transfer from melanocytes to
surrounding keratinocytes, anti-inflammatory action and scavenging of free radicals, all of which have tyrosinase
inhibition as their common goal B8, Many effective depigmenting compounds available today can only be used as
drugs (e.g., hydroquinone, retinoic acid) and should be restricted to use under dermatological supervision, while
others are permitted in cosmetic products (e.g., alpha-hydroxy acids, arbutin, retinol, ascorbic acid). The
development of new inhibitors of melanogenesis is of great importance in both the pharmaceutical and cosmetic
industries. These inhibitors can originate from different sources, such as chemical synthesis and the screening of
natural compounds and extracts (Ll In particular, the search for new whitening ingredients is driven by the demand
for natural products, and traditional herbal derivatives are currently being investigated, as they are generally
believed to be safer than synthetic compounds BRI The different mechanisms of depigmenting agents legally

authorised for medical and cosmetic purposes are summarised in Table 1.
Table 1. Mechanisms of action of legally authorised skin-lightening agents.

Skin Lightening Agents Mechanism of Action

Hydroquinone, Azelaic acid, Ellagic acid, Kojic acid, Mequinol, - ) o
) ) ) Inhibition of tyrosinase activity [&!
Arbutin, Flavonoids, Resveratrol, N-acetyl glucosamine

Alpha-hydroxy acids, salicylic acid Acceleration of epidermal turnover &
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Skin Lightening Agents Mechanism of Action

o Inhibition of tyrosinase transcription,
Retinoids ) L T
epidermal melanin dispersion 8l

o o Antioxidant action, acceleration of
Vitamin C, Vitamin E ) 9
epidermal turnover &

Niacinamide, Soy proteins, Linoleic acid Inhibition of melanosome transfer El&
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Several studies have evaluated mercury levels in popular skin-whitening products, demonstrating that these
cosmetics are an important exposure pathway to Hg and a threat to human health. For example, Peregrino et al.
B7 analysed 16 locally produced Mexican skin-whitening creams using cold vapour atomic absorption
spectrometry (CV-AAS). Mercury was detected in six of the 16 samples, in amounts ranging from 878 to 36,000
ppm. In a 2014 investigation, Hamann et al. (22 investigated 549 US skin-lightening cosmetics, both online and in
shops, using X-ray fluorescence spectrometry. Of the products tested, 6% contained mercury above 1000 ppm and
45% contained mercury above 10,000 ppm. Copan et al. 27 reported that mercury levels of artisanal lightening
creams from Mexico containing calomel ranged from 28,000 to 210,000 ppm. More recently, Ricketts et al. 22 used
X-ray fluorescence and cold vapour atomic absorption spectroscopy to assess mercury concentrations in 60
popular lightening cosmetics on the Jamaican market. Mercury concentrations ranged from 0.05 ppm to 17,547
ppm; six contained mercury above 1 ppm, the maximum allowable limit set by the US Food and Drug
Administration (FDA), and three were characterised by a particularly high mercury presence (17,547, 465.73 and
422.04 ppm respectively). Creams contained more mercury than soaps and lotions. On the other hand, a survey of
62 lightening creams and soaps on the Ghanaian market revealed that mercury levels in all samples tested ranged
from <0.001 to 0.327 + 0.062 ug/g and were therefore below FDA limits 38,

In conclusion, despite several restrictive regulations, skin-whitening preparations containing mercury continue to be
available on the global market, and without geographical limitations; the public continues to have access to these
products even in countries with stronger market surveillance, as they can be purchased online, in ethnic markets,
from abroad and even from flea markets. Furthermore, the results of these investigations indicate that the mercury
content of skin-whitening cosmetics is sometimes extremely high and poses a serious health threat, putting

consumers and their families at risk of poisoning.

Mercury is sometimes mentioned on the packaging and its concentration is occasionally indicated, but in many
cases, it is not even included among the ingredients, so consumers are not necessarily well informed by what is on
the label. For these reasons, doctors should be aware that mercury-containing skin-lightening cosmetics, although

illegal, are still available on the market, and that symptoms (dermatitis, weakness, myalgias, change of taste,
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paresthesias) of unclear cause could be related to mercury poisoning, even when patients claim not to use them
[29),

| 4. Hydroquinone

Hydroquinone is a water-soluble phenolic compound in the form of colourless or white crystals; it is a ubiquitous
molecule and is found in tea, coffee, beer, berries, propolis and some mushrooms. A natural derivative of
hydroquinone is a-arbutin, a glycoside in whose structure the hydroquinone is bound to a D-glucose molecule.
Arbutin had skin-lightening properties due to the inactivation of tyrosinase, and possesses antioxidant properties
that can contribute to its depigmenting action; Although there is the possibility that a small amount of hydroquinone
can be produced by cutaneous microorganisms or UV radiations when arbutin is applied to the skin, this molecule
has intrinsic depigmenting properties, that are not dependent on the release of hydroquinone. Hydroquinone’s use
for depigmenting purposes became widespread in the following decades and is currently utilised in managing
various hyperpigmentation disorders such as melasma, chloasma, freckles, age spots and post-inflammatory
hyperpigmentation caused by acne or trauma. Although hydroquinone has been the dermatological gold standard
for skin lightening for over 50 years, in recent times regulatory agencies in Japan, Europe and the United States
have questioned its safety. Considering the risks to human health associated with its application, hydroquinone has
been banned from cosmetics in Europe since 2001 and its use in skin-lightening cosmetic formulations is currently
illegal; cosmetics containing hydroquinone have also been banned in several other countries, such as the United

Kingdom, Australia and Japan.

Hydroquinone inhibits the activity of the tyrosinase enzyme by blocking the oxidation of tyrosine to DOPA and the
subsequent oxidation of DOPA, causing the cessation of melanin synthesis; hydroquinone treatment decreases the
number of melanised melanosomes and leads to the formation of abnormally melanised melanosomes, which
eventually die 2. Recently, Aspengren et al. ¥ demonstrated that tyrosinase is not the only cellular target of
hydroquinone, since this compound severely affects certain cytoskeletal structures (microtubules, actin filaments)
in cultured melanophores of Xenopus laevis in a dose-dependent manner. Depigmentation by hydroquinone is
reversible; after its suspension, melanin synthesis resumes 49, The use of skin-lightening products containing
hydroquinone can cause short- and medium-term effects, both acute and chronic. The most common acute
complication is irritant contact dermatitis 24, The most common complication induced by prolonged exposure to
hydroquinone is exogenous ochronosis, a localised hyperpigmentation of the skin with asymptomatic blue-black
and grey-brown macules with no systemic manifestations, histologically characterised by banana-shaped ochre
deposits and irregularly shaped collagen bundles in the dermis (142 Although the aetiology of this
hyperpigmentation is unknown, it has been suggested that hydroquinone may inhibit homogentisic acid oxidase in
the dermis, resulting in local accumulation of homogentisic acid which then polymerises to form ochronotic pigment
43l The carcinogenicity and genotoxicity of hydroquinone are so well established in rodents that an association
between long-term use of this compound as a skin brightener and squamous cell carcinoma in humans has been
suggested 44451481 However, regulatory authorities have concluded that there is insufficient data to classify

hydroquinone as a carcinogen. For example, the American Conference of Governmental Industrial Hygienists
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classified hydroquinone as ‘A3’, which means that it is recognised as carcinogenic in animals but the relevance for
humans is unknown (3. Similarly, the International Agency for Research on Cancer (IARC) has classified
hydroquinone in Group 3 (not classifiable as a human carcinogen); hydroquinone is not classifiable as a human
carcinogen, based on limited evidence in experimental animals and inadequate evidence in humans. In the EU,
hydroquinone is classified as Carc. Cat 2 H351 (suspected of causing cancer) and Muta. Cat 2 (suspected of
causing genetic defects) according to Regulation (EC) No 1272/2008 (CLP Regulation), Annex VI1 47,

| 5. Corticosteroids

Topical corticosteroids are among the most widely prescribed drugs in clinical dermatology; they are used in the
management of a wide range of medical conditions, due to their anti-inflammatory, antimitotic and
immunomodulatory actions 8. Abuse of topical corticosteroids, with the aim of achieving lighter skin, is a
widespread practice in many countries, such as India and sub-Saharan African states, especially among women (€
490154 The misuse of these products is facilitated by their availability as cheap over-the-counter (OTC) drugs
Bl They are used as skin brighteners due to their potent depigmenting action and anti-inflammatory effects;
clobetasol propionate, betamethasone dipropionate and fluocinonide (fluocinolone acetonide) are the most
commonly used agents (2 In order to exert their lightening action, corticosteroids are applied at high
concentrations and over a large area of the body for prolonged periods (from a few months to a few years); long-
term use and the conditions of application favour their dermal absorption 42, The cosmetic use of corticosteroids is
associated with a wide range of side effects, both dermatological and systemic. The mechanisms of corticosteroid-
induced skin depigmentation are not yet fully understood. Several explanations have been proposed, including a
direct cytotoxic effect, vasoconstriction, mechanical effects of oedema or an alteration in the regulation of
melanogenesis 22, Their lightening effect is initially thought to be mediated by local vasoconstriction, which gives
the impression of an immediate reduction in skin pigmentation 29: finally, corticosteroids lighten the skin by
inhibiting pro-opiomelanocortin (POMC), a protein synthesised in the anterior pituitary that produces, by proteolytic
cleavage, several biologically active peptides, including o-melanocyte-stimulating hormone (a-MSH), which
regulates melanocyte function B449 Skin complications include acne vulgaris, allergic contact dermatitis, skin
atrophy, hypertrichosis and telangiectasias. In addition, topical corticosteroids predispose to skin infections, such
as dermatophytosis, folliculitis, erysipelas, scabies and viral warts B4, Systemic adverse effects due to chronic
corticosteroid use include Cushing’s syndrome, diabetes mellitus, immunosuppression, hypertension, and
suppression of the hypothalamic-pituitary-adrenal axis with adrenal suppression, the latter being the most alarming

complication, as it can lead to death [34],
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