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Abstract

The skin is the largest and most exposed organ of the human body, therefore subject to diseases
and alteration of its appearance. Among these alterations, the cutaneous hyperchromia may be
cited. Currently, the market offers numerous products with depigmenting action to the treatment
of such disorders. The aim of this work was to analyze depigmenting products commercialized in
establishments in the city of Bento Goncalves (RS, Brazil) and websites of cosmetic companies.
It was found 45 products with depigmenting action and, from these, 59 different active agents
were identified. The main active compounds found were kojic acid, arbutin, ascorbic acid,
hydroquinone and glycolic acid. Another observed data was that in 78% of the studied products
the active substances were being used in combination. The most used vehicles were also studied
as a reference to the use of sunscreen in the treatment of cutaneous hyperchromia. The present
work had identified in the market a variety of products with depigmentation action and, because
of this, it aims to serve as a reference to the healthcare professionals, especially at the prescribing
moment, looking for the best results, with regards to treatment efficiency and safety.
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1. INTRODUCTION

The skin is the largest organ of human body, being the most exposed and, therefore, the
most subjected to infections, diseases and appearance alterations (Tortora & Derrickson,
2012). The skin acts as a body protection cover, controlling body fluids lost and avoiding the
penetration of strange and noxious substances in the organism (Baron & Skazik, 2010).

Melanocytes are cells found in the epidermis responsible for melanin production, process
known as melanogenesis. Melanin is a heterogeneous biopolymer responsible for skin, hair
and eyes pigmentation. Furthermore, melanin is also responsible for photoprotection,
diffracting or reflecting ultraviolet radiation (Costin & Hearing, 2007).
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Melanogenesis is regulated by the enzyme tyrosinase, synthesized in the rough
endoplasmic reticulum of the melanocyte, and then transferred to its Golgi complex.
The enzyme tyrosinase oxidizes tyrosine to dihydroxyphenylalanine (DOPA) and this one
oxidizes to dopaquinone in which these chemical reactions occur in melanosomes. When
melanosomes are filled with pigment, melanocytes transfer the melanosomes to
keratinocytes where they are metabolized. The presence or absence of cysteine determines
feomelanin (yellow/red pigment) or eumelanin (brown/black pigment) formation (Miot et al.,
2007). Figure 1 shows a scheme of melanin synthesis.
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Figure 1: Melanogenesis representative scheme. DOPA (dihydroxyphenylalanine);
DHI (dihydroxyindole); DHICA (2 carboxilic acid dihydroxyindole); TRP (tyrosinase-related protein)
(Videira et al., 2013).

Melanogenesis is a process that can suffer interferences by different factors, such as
genetic, hormonal and physical (ultraviolet radiation) factors. In addition, the use of facial and
body moisturizers, beautification or cutaneous medical treatments may also influence this
process (Costin & Hearing, 2007). Among the aforementioned factors, the skin exposure to
ultraviolet radiation can cause hyperpigmentation disorders, photoaging, suntan and
photocarcinogenesis (Costin & Hearing, 2007).

The disorganized melanin production may lead to possible dyschromia, which contributes
to cutaneous hypo- or hyper- pigmentations, which characteristics differ between each other,
considering the appearance, treatment and/or visual aspects (Brenner & Hearing, 2009).
Hyperpigmentation, also called hyperchromia, results of the excess of melanin production
and pigment accumulation, resulting in areas where the skin will have a darker shade. It
usually occurs with higher frequency than hypopigmentation, known as hypochromia
(deficiency in melanin production) (Marques et al., 2011). Melasma and postinflammatory
hyperpigmentation are examples of the cutaneous hyperchromia. The melasma is related to
hormonal changes and manifests, use of oral contraceptives, a combination of other triggers
such as sun exposure, genetic factors including skin type, and other unknown factors (Gold &
Biron, 2011).

Several substances are currently used for hyperchromia treatment, and may be used
alone or in combination with other substances. Examples are: hydroquinone, arbutin
(natural b-glycoside of hydroquinone) or arbutin-rich plant extracts. Depigmenting or skin
whitening agents act by different mechanisms and are available in the market in several
presentation forms, such as gels, lotions, etc (Marques et al., 2011; Gold & Biron 2011).
The most common mechanism of depigmenting agents is to reduce or inhibit the enzyme
tyrosinase, thereby diminishing melanin synthesis (Balbinot & Agnes, 2012).

Based on what has been already presented, the goal of this study was to perform a
research on drugstores in the city of Bento Gongalves (RS, Brazil) and on websites of cosmetic
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products, in order to identify which are the main depigmenting agents used on products with
bleaching action available on the market.

2. MATERIALS AND METHODS

The search for products with depigmenting action was carried out in pharmacies and
drugstores in the city of Bento Gongalves, RS, Brazil, where 14 establishments were visited.
The search for the products were also carried out on the internet, on websites of national and
international brands of cosmetics. Data search was performed on Lilacs, Medline, Pubmed,
Scielo, and others databases. The keywords applied were: depigmenting, hyperchromia, kojic
acid, arbutin, ascorbic acid, hydroquinone and glycolic acid. Priority was given to the use of
articles published between the years 2010 and 2018 however; older articles were also used
due to their consecrated information.

This study was characterized by being an exploratory descriptive research and for data
collection, it was used the software Excel 14.4.5.

3. RESULTS

Altogether 45 products were found presenting depigmenting action and may or may not
have combined functions. There were 45 products evaluated, in which 8 of them were
classified as drugs. The others 37 remained products were evaluated and classified as
cosmetics.

Composition analysis of depigmenting products were evaluated in this study and it allowed
to evidence the presence of 59 different active substances. Among them, the most recurrent
active substances found are listed in Table 1.

Table 1. Majority of active substances described on researched products labels.

Depigmenting actives (INCI name) Frequency (%)
Kojic acid 23.8
Arbutin 18.0
Ascorbic acid 13.7
Hydroquinone 11.9
Glycolic acid 11.9

The combination of two or more active substances with depigmenting action was verified in
78% of the studied products and, only 22% presented an isolated active substance (Figure 2).

Actives Association (%)

® one active ® two actives substances ® three active substances

Figure 2: Percentage of active substances associated or not in the consulted products.

Rev Ciénc Farm Basica Apl. 2020;41:e643

3/11



Profile of depigmenting cosmetics and dermatological products on the market

Considering that products performance may be related to the vehicle in which the active
substance is incorporated, it was also analyzed the most frequent vehicles among the studied
products. According to Figure 3, it is possible to observe that creams were the most used
vehicles (58%) followed by cream gel, serum and hydrophilic gel.

Vehicles

B Cream Gel-Cream ® Serum H Gel

Figure 3: Percentage of used vehicles on studied products.

By analyzing the contained information in studied products’ labels, it was possible to
identify among the 45 found products, that 71% had additional functions related in the label.
This includes anti-aging (20% of the products) and sunscreen protection factor (26% of the
products) indication.

4. DISCUSSION

The information of evaluated products was analyzed from the labels and are discussed
hereinafter.

4.1 Regulatory aspects

There were 45 products evaluated, in which 8 of them were classified as drugs. This observation
was possible due to secondary packaging label analysis, such as MS (MS: Ministério da Saude -
Health Ministry) registration number, whose numeration begins with the digit “1”. According to
National Health Surveillance Agency (Agéncia Nacional de Vigilancia Sanitaria - ANVISA), drug
registration numbers are composed of the abbreviation MS followed by thirteen digits and the
first digit is the one that will classify the product, e.g., 1.2700.0002.001-9 for drugs,
2.1888.0006.001-7 for cosmetics and 6.2109.0008.001-1 for food products. The remaining digits
refer to the enterprise operation authorization - AFE (five first digits), product (four next digits) and
product presentation (three next digits) and verification code (last digit) (Brasil, 2010).

The others 37 remained products were evaluated and classified as cosmetics by the label
observing with the MS registration number beginning with the digit “2” or the MS abbreviation
followed by RDC 343/2005, current legislation in the research'’s period (Brasil, 2005b).

RDC 67, from October 8™, 2007, defines drug as a pharmaceutical product, obtained for
prophylactic, curative, palliative or diagnostic purposes (Brasil, 2007). On the other hand,
according to RDC 211, from July 14™, 2005, cosmetics are intended for skin, nails and hair's
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protection or beautification (Brasil, 2005a). Therefore, drugs can modify the skin physiology
and require studies to prove their efficacy and safety, while cosmetics acts on skin surface not
causing physiology modifications.

RDC 7, from February 10%, 2015, classifies cosmetics as grade 1 or 2 products. According
to the resolution, depigmenting cosmetics are classified as grade 2 products being necessary
to establish safety and efficacy’s evidences, as well as product information about care and use
(Brasil, 2015).

4.2 Active substances

According the dates showed in the Table 1, Kojic acid, Arbutin, Ascorbic acid, Hydroquinone,
Glycolic acid were the substances that most appreciated in the evaluated products;

4.2.1 Kojic acid

It was found kojic acid (5-hydroxy-2-hydroxymethyl-4H-pyran-4-one) in 14 products. It is an
antimicrobial substance produced by fungi and bacteria such as Acetobacter, Aspergillus and
Penicillium species. Kojic acid is a potent and non-cytotoxic depigmenting agent generally used
at concentrations between 1 to 3%. It acts inhibiting tyrosinase by ions chelation and,
consequently, inhibiting melanogenesis (Monteiro et al., 2013). The Scientific Committee on
Consumer Products concluded that the use of kojic acid at a maximum concentration of 1.0%
in skin care formulations poses a risk to the health of the consumer (Scientific Committee on
Consumer Products, 2008). For safety reasons, kojic acid is banned in cosmetic products in
certain countries such as Japan, Korea, and Switzerland (Gold & Biron, 2011).

The advantage of using kojic acid is due to the softness on the skin, since it does not cause
skin irritation nor photo sensibility, so it can be used during daytime. It is easily incorporated
into formulations, although it presents some instability due to oxidation becoming gradually
yellow or brown in oxygen presence. This degradation may be avoided by the addition of
chelators and antioxidants (Gonchoroski & Corréa, 2005).

Apart from the whitening action on the skin, it is also known to have photo protective,
anti-inflammatory and analgesic actions. It is usually used combined with other
depigmenting agents, e.g. glycolic acid (Costa et al., 2012). Kojic acid secondary effects are
erythema, skin sensitization and contact dermatitis however, Monteiro et al. (2013)
presented that any of the evaluated patients on their study exhibited the cited effects,
only one patient reported a burning sensation.

4.2.2 Arbutin

Arbutin is a depigmenting agent derived from hydroquinone and naturally occurs in some
plant families, such as Lamiaceae, Ericaceae and Rosaceae. It competitively inhibits tyrosinase
by cupper atom interaction at the enzyme’s center, being capable of suppressing melanin
biosynthesis. It was reported in the literature safety tests on use of this active substance for
cosmetic preparation, however, there have been studies using animals that have revealed
toxic effects at hepatic, renal and carcinogenic level (Costaetal., 2010; Lopes, 2015;
Uchida et al., 2014). Among the studied products, 10 presented arbutin as active substance.

4.2.3 Ascorbic acid

Ascorbic acid, also known as vitamin C, was found in 8 products. It is one of the oldest active
substances with depigmenting function. It was originally obtained from citric fruits such as
orange, lemon and acerola. Its action’s mechanism blocks tyrosinase and keeps melanin in
reduced and bleached form besides its tonic and restructuring skin action. It also inhibits free
radical formation, stimulating collagen and fibroblasts synthesis, preventing aging signs.
Ascorbic acid has low stability in topical formulations and emulsions water phase in addition
to skin penetration difficulty, which may limit its use (Neves, 2013).
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The National Health Surveillance Agency (ANVISA) provided in 2001, and later updated in
2004, the Technical Opinion n° 3, which guides about acid ascorbic use in cosmetics. This
Technical Opinion was elaborated considering the active substance use increasing for the
purpose of whitening, antioxidant and collagen synthesis stimulant. Cosmetic products
containing ascorbic acid and its derivatives are now classified as grade 2 and their safety and
efficacy to use in humans must be proven (Brasil, 2001).

4.2.4 Hydroquinone

Hydroquinone is a phenolic derivative in the form of colorless or white crystals, with a sweet
taste, incompatible with alkalis, ferric salts and oxidizing agents. Considered reference as
depigmenting agent, it is the most prescribed active substance by dermatologists to the
treatment of hyperpigmentations (Frasson & Canssi, 2009; Gaedtke, 2011).

Depigmentation with hydroquinone is not immediate because its mechanism mainly
interferes in melanin production, inhibiting enzyme tyrosinase activity and causing
melanocyte cytotoxicity. Because it is a water-soluble substance, it is easily incorporated into
formulations, although, it rapidly oxidizes when in contact with air becoming brown. Its usual
concentration in formulations is from 2% to 10% and its effectiveness is proportional to its
concentration. It can cause skin irritation and photosensitization in all concentrations
(Frasson & Canssi, 2009; Gaedtke, 2011).

If used in doses up to 300 mg/kg is not toxic for fetal formation, however this drug is
classified as category C by the Food and Drug Administration (FDA), and as grade 2 according
to ANVISA. Thus, products containing hydroquinone should be used properly and carefully
(Brasil, 2015; Reszko et al., 2009).

Obtained depigmentation is reversible. Discontinuation of treatment may simply lead to
melanin synthesis again. The effect usually occurs after one month, and it should not last
longer than three months (Gaedtke, 2011). In recent years, use of hydroquinone has become
controversial, leading to its withdrawal from European and parts of Asian market (Food and
Drug Administration, 2006). The reason was the increasing ochronosis report numbers,
therefore, the mechanism of hydroquinone-induced ochronosis remains unknown
(Reszko et al., 2009). Among the researched products, 6 contained hydroquinone in their
formulation being three products used as unique active substance.

4.2.5 Glycolic acid

Glycolic acid was identified in 6 of the forty-five researched products. The substance is an
alpha-hydroxy acid extracted from sugar cane. It acts as chemical exfoliator promoting the
superficial cell renewal and dispersing melanin on epidermis basal layer thus, increasing
depigmenting agents skin penetration. It also improves the texture, tonus and skin tone
uniformity. It is usually used in concentration between 50 to 70%, promoting total
epidermolysis, keratinocytes separation and formation of new elastin and collagen fibers
(Balbinot & Agnes, 2012).

It was possible to emphasize, by analyzing the obtained results, among the major
frequency active substances, the kojic acid, arbutin, ascorbic acid and hydroquinone were the
ones that act inhibiting the tyrosinase enzyme. Meanwhile, glycolic acid promotes peeling and
stimulates new skin cells synthesis, therefore, reducing hyperpigmentation appearance
(Balbinot & Agnes, 2012).

The literature consulted presents other mechanisms of hyperchromia reduction. Among
them, itis possible to stand out the following examples (Gold & Biron, 2011; Hirokawa & Noda,
2008):

- melanocytes de-characterization or destruction, by antioxidants compounds, that will alter
metabolic reactions by oxygen depletion;

- interference in the biosynthesis of melanin and its precursors;

Rev Ciénc Farm Basica Apl. 2020;41:e643

6/11



Profile of depigmenting cosmetics and dermatological products on the market

- tyrosinase inhibition or inactivation;
- interference in the transport of melanin granules to keratinocytes;

- alteration (reduction) of brown melanin present in melanosomes (oxidized form) to a
lighter coloration (reduced form).

During this study, it was possible to identify other actives substances on researched
products. In addition, other ingredients acting by tyrosinase enzyme inhibition were found,
such as mandelic acid, phytic acid, and bearberry extract. Bearberry extract acts degrading
the existing skin melanin. Retinoic acid, also called vitamin A or tretinoin was found in 8% of
the studied products. This ingredient acts dispersing melanin granules inside keratinocytes,
interfering on melanosomes transfer and accelerating cellular renewal. Dioic acid, which was
found in one product, acts by reducing tyrosinase enzyme production mechanism (Cesario,
2015; Franco et al., 2012; Neves, 2013).

4.3 The combination of depigmenting actives

Depigmenting agents' combination may happen among active substances, which present
the same mechanisms, thus intensifying their actions, or among depigmenting agents with
differentiated mechanisms of action. Active substances combination aims for products
effectiveness, leading to greater chemical stability and faster and longer results to the patient.
It is important to emphasize that a special care is required, once each substance has its own
characteristics, and it is important to verify possible active combinations in order to maintain
physical-chemical characteristics and formulation stability related to therapeutic, toxicological
and microbiological aspects (Costa et al., 2010; Martins & Oliveira, 2015).

The most commonly active combination found (20% of the products) was glycolic acid with
actives substances that inhibit action of tyrosinase enzyme, for example kojic acid or
hydroquinone. Glycolic acid has exfoliating action reducing excessive pigmentation caused by
hypermelogenis in affected areas (Gonchorosk & Corréa, 2005; Gold & Biron, 2011). Its
association with kojic acid and hydroquinone makes these ingredients more potent due to
the capacity of glycolic acid to reduce the corneal layer and softens cellular cement increasing
skin permeation and optimizing the bleaching effect (Martins & Oliveira, 2015; Steiner et al.,
2009).

The present study also allowed to evidence depigmenting actives combined with exfoliating
agents. This observation may be related with the fact that exfoliators can reduce epidermis
thickness favoring other actives substances permeability. In addition, by mechanical action it
is possible to remove skin superficial pigmentations (Martins & Oliveira, 2015; Neves, 2013).

Another combination found was among hydroquinone, tretinoin and fluocinolone
acetonide. Fluocinolone is a corticosteroid classified as anti-inflammatory and tretinoin has
keratolytic activity. The association such ingredients was verified in 9% of researched
products. Studies have shown that hydroquinone and retinoic acid effect is optimized when
both are used in combination with corticosteroids such as fluocinolone, for example
(Cestari et al., 2007a; Chan et al., 2008; Cestari et al., 2007b; Grimes, 2007).

Triple combination regimen is more effective first-line treatment for melasma than mono-
therapies with a bleaching agent acting alone (Godse, 2009; Shankar etal., 2014). The
combination of hydroquinone, retinoic acid and a topical steroid in concentrations of 5%, 0.1%
and 0.1%, respectively, is capable of enhance the efficacy of each active substance, shortening
the duration of therapy and reducing the risk of adverse effects (Torok et al., 2005). Tretinoin, or
retinoic acid, prevents hydroquinone oxidation and favors epidermal penetration while the
steroid reduces skin irritation caused by the other two active substances. The steroid also
suppresses biosynthetic and secretory functions of melanocytes, leading to an early response
in melasma (Godse, 2009; Shankar et al., 2014).

The US Food and Drug Administration have approved the combination of 4%
hydroquinone, 0.05% tretinoin and 0.01% fluocinolone acetonide for the treatment of
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melasma (Torok et al., 2005; Torok, 2006). The safety and efficacy of the combination was
assured to be superior to 12 weeks not causing skin atrophy or severe adverse effects
(Shankar et al., 2014).

4.4 Formulations vehicles

Regarding the use of emulsified vehicles under cream form, the observed preference by
the manufacturers may be attributed to the easy incorporation of active substances into this
system, mainly due to biphasic structure (hydrophilic/ lipophilic), better dissolved ingredients
distribution in droplets of internal phase and spreadabillity on skin surface (Estanqueiro et al.,
2016; Montenegro et al., 2015).

Creams are emulsified systems of semisolid consistency, composed by two phases: one
lipophilic and another hydrophilic, being each phase dispersed into another by action of an
emulsifier. Emulsions allow hydrophilic or lipophilic substances incorporation, are stable
formulations in a wide pH range and are easy to apply. Hydrophilic gels are aqueous systems
that present limitations on lipophilic active substances incorporation. It is a system suitable
for greasy skins and has stability over a wide pH range and easy application (Brasil, 2005c).

Considered as a relatively new semisolid form, gel-creams are oil-in-water systems
containing a polymeric solution as thickened aqueous external phase (Rosa et al., 2016). Gel-
creams have arisen as an alternative in order to diminish the amount of lipids in the
formulation in the presence of lipophilic active substances and when patient exhibits greasy
skin.

Serum was another kind of vehicle found in this research. This vehicle presents superior
fluidity than the other vehicles found and thus it stands out for providing a faster skin
penetration. Moreover, this vehicle is usually used for treating eyes area and in addition, the
hyperchromias, the active substances combination may lead to expression lines attenuation.

4.5 Label information

4.5.1 Anti-aging action

Cutaneous hyperchromia may be related to the advancement of patient's age, as well as
genetic, hormonal and sun exposure factors. Thus, it is useful to combine with depigmenting
agents, anti-aging active substances in order to make possible hyperchromia treatment and
preventing signs of aging. The anti-aging agents found were hyaluronic acid, retinaldehyde,
vitamin E and several plant extracts presenting antioxidant action (Neves, 2013).

4.5.2 Sunscreen

Ultraviolet (UV) radiation has a very significant effect on the appearance of cutaneous
hyperchromia. It happens because UVA rays oxidize and darken the colorless melanin
precursors and UVB rays multiply active melanocytes and stimulate melanin synthesis.
Patients undergoing hyperchromia treatment must be advised to protect their skin from the
sun with extreme caution by using high protection sunscreens (> SPF 30) in order to obtain
the expected treatment result. In addition, during the use of products with depigmenting
action, the skin becomes more sensitive and can suffer damage by solar radiation. This is
considered a strong reason to use sunscreen throughout treatment. During summer, it is
usual that patients undergoing hyperchromia treatment, and who have used depigmenting
agents during winter, present resections (Neves, 2013; Silva, 2013).

By means of the above mentioned, it can be concluded that there are several formulations
with depigmenting agents currently on the market. The researched products presented,
mainly, the combination of active substances with depigmenting action through the
synergism of different mechanisms. The use of active substances consecrated by
depigmenting action and the absence of new depigmenting substances with such purpose
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was also observed. In addition, in order to achieve the best results, it is essential the patient's
guidance by healthcare professionals to provide the necessary care, especially concerning
about sun exposure, during the use of cosmetics or medication with depigmenting action.
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