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Abstract

Skin whitening, also known as skin lightening or skin bleaching, is utilizing chemical compounds to lighten or even out the skin’s
colour by lowering the skin’s melanin concentration. The biosynthetic process of melanogenesis and the related main regulatory
signaling pathways are summarized in this paper. It also addresses the efficacy of natural skin-whitening treatments based on their
mode of action on melanogenesis and their compound classification. The review’s goal is to provide useful information and create
awareness on the effects of bleaching cream.
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1. Introduction

Empirical research regularly shows that individuals in less developed nations view light or ”white” complexion
as more desirable or superior, particularly among women [1]. Skin whitening, also known as skin lightening or skin
bleaching, is the process of utilizing chemical compounds to lighten the skin’s colour by lowering the skin’s melanin
concentration. Several compounds have been proven useful in skin whitening, whereas others are toxic or have safety
concerns. Mercury compounds, for example, have been linked to neurological and kidney issues [2]. In the past
several years, multinational corporations have heavily marketed the idea that lighter skin leads to more prosperity.
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As a result, dangerous skin bleaching has become a public health crisis, according to the World Health Organization
(WHO) [3]. In response, the East African Legislative Assembly (EALA) recently passed a resolution recommending
a regional ban on cosmetics containing hydroquinone, a skin-bleaching agent, a ban that looks likely to pass. Several
countries, including Ghana, Rwanda, South Africa, and Sudan, have also banned bleaching cosmetics recently [4].

Despite these warnings and bans, the skin-whitening industry has experienced phenomenal growth in parts of
Asia and Africa in recent years. Skin lightening products are unbelievably popular in Nigeria. The World Health
Organization (WHO) published a report in 2011 estimating that 77 % of Nigerian women use skin-lightening products
regularly [5]. This is compared to 59 % in Togo, 35 % in South Africa, and 27 % in Senegal [5]. Bleaching products
are reportedly African women’s fourth most sought-after household item, alongside essentials like soap, milk, and tea
[6]. In many Asian cultures, lighter skin tones have traditionally been associated with youth and beauty. Investment in
skin-whitening products is expanding yearly, fueled by Asian markets, particularly those in China, India, and Japan.

Skin colour is controlled by various intrinsic and extrinsic factors, including skin types and genetic background, as
well as the amount of sunshine exposure and pollution [7]. The number of melanosomes and the extent to which they
are dispersed in the skin affect skin colour. Pigmentation can protect the skin from serious ultraviolet injury under
certain physiological conditions. Excessive melanin production, on the other hand, can cause various aesthetic issues,
including melasma, ephelides pigmentation, and post-inflammatory hyperpigmentation [8]. Traditional pharmaco-
logical drugs, such as corticosteroids, hydroquinone, and aminomercuric chloride, lighten skin tone by inhibiting or
interfering with melanocyte development or melanogenesis. Prickling sensations, contact dermatitis, irritation, high
toxicity, and sensitivity are all common side effects of most, if not all, drugs, as mentioned earlier. As a result,
cosmetic corporations and research institutions have recently focused on developing innovative whitening treatments
that selectively suppress tyrosinase (TYR) activity to diminish hyperpigmentation while avoiding cytotoxicity in nor-
mal, healthy melanocytes. As a result, the cosmetic and medical industries are paying close attention to natural skin
whitening substances [9].

2. Types of natural skin whitening compounds

Tyrosinase inhibition is the most popular target for skin-lightening actions, and some of the most often used
inhibitors are listed below [10].

2.1. Quinone-related Compounds

For over 40 years, hydroquinone (1, 4-dihydroxybenzene) has been the gold standard for treating hyperpigmen-
tation. Tea, wheat, fruits, beer, and coffee contain this chemical. Hydroquinone interacts with tyrosinase by binding
histidines at the enzyme’s active site, causing skin pigmentation to fade. In addition, hydroquinone causes reactive
oxygen species to form, and quinones cause oxidative damage to membrane lipids and proteins like tyrosinase. Hydro-
quinone is also hypothesized to decrease pigmentation by depleting glutathione, reducing DNA and RNA production
while degrading melanosomes and causing melanocyte damage. However, hydroquinone’s heyday appears to be over.
This powerful skin-lightening drug can cause permanent melanocyte loss due to oxidative damage to membrane lipids,
resulting in irreversible loss of inherited skin colour. Furthermore, it was discovered that this chemical is swiftly car-
ried from the epidermis into the vascular system and is detoxified into inert compounds in the liver. Hydroquinone
has been banned by the European Committee [11] because of the possibility of long-term adverse effects such as
irreversible depigmentation and exogenous ochronosis.

Arbutin, a derivative of hydroquinone (hydroquinone-O-D-glucopyranoside) found in cranberries, blueberries,
wheat, and pears, is another extensively used quinone for skin whitening. Arbutin is an excellent treatment for hyper-
pigmentation problems that is less damaging to melanocytes than hydroquinone. Arbutin, like hydroquinone, inhibits
melanogenesis by binding tyrosinase competitively and reversibly without affecting tyrosinase RNA transcription.
The glycoside derivative of arbutin requires the glycosidic link to be cleaved before it can impact tyrosinase, resulting
in a lesser effect than its mother molecule, hydroquinone. Deoxyarbutin, a synthetically created arbutin derivative,
is an effective and safer skin-lightening agent. Inhibitory effects of hydroquinone, arbutin, and deoxyarbutin on ty-
rosinase activity showed that all three substances had similar inhibitory effects [12]. Arbutin and hydroquinone did
not influence the protein expression of tyrosinase, while deoxyarbutin affected the protein level. Deoxyarbutin also
showed less cytotoxicity in melanocytes than the other two quinones. In a 12-week human clinical experiment, topical
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Figure 1. Structures of hydroquinone, arbutin and deoxyarbutin [12]

deoxyarbutin treatment significantly reduced overall skin lightness and improved solar lentigines in a population of
light- and dark-skinned people, respectively. Structures of hydroquinone, arbutin, and deoxyarbutin would have been
inserted here in Figure 1.

Intriguingly, the mechanism for in vivo modulation of quinone-mediated stress, the antioxidant systems thiore-
doxin/thioredoxin reductase isoenzyme I/II and tetrahydrobiopterin can electrochemically reduce quinones inside the
epidermis, protecting the skin from quinones-containing topical treatments, according to the scientists [13]. However,
because fair-skinned people have low thioredoxin reductase/thioredoxin activity as well as low epidermal tetrahydro-
biopterin levels, it has been suggested that these people are more vulnerable to topical quinones. Hence, melanocyte
toxicity may be more evident in this group.

2.2. Skin-Lightening Activities Originating from Microorganisms

Other non-quinone-related drugs that inhibit tyrosinase, such as kojic acid, are also available (5-hydroxy-2-
hydroxymethyl-4H-pyran-4-one). Acetobacter, aspergillus, and penicillium species produce kojic acid, a naturally
occurring hydrophilic fungal metabolite. Kojic acid is thought to have activity by chelating copper atoms in the active
site of tyrosinase and preventing dopachrome tautomerization to 5, 6-dihydroxyindole-2-carboxylic acid. Despite its
popularity as a melasma therapy, kojic acid can induce contact dermatitis, hypersensitivity, and erythema [14].

The saturated dicarboxylic acid, azelaic acid (1,7-heptanedicarboxylic acid), is found naturally in wheat, rye,
and barley. It is a natural chemical made by the yeast strain Pityrosporum ovale. Acne, rosacea, skin pigmentation,
freckles, nevi, and senile lentigines are all treated with it. The chemical can bind amino and carboxyl groups and hence
operates as a competitive inhibitor by preventing tyrosine from interacting with the active site of tyrosinase. Azelaic
acid has been demonstrated to inhibit thioredoxin reductase in guinea pig and human skin, human keratinocytes,
melanocytes, melanoma cells, and murine melanoma cells, as well as purified enzymes from Escherichia coli, rat
liver, and human melanoma. As thioredoxin reductase, the creation of deoxyribonucleotides, and the substrate for
DNA synthesis in the S-phase of the cell cycle, could explain azelaic acid’s antiproliferative and cytotoxic effects
[15]. Structures of Kojic and Azelaic acid is shown in Figure 2.

2.3. Flavonoid-like Agents

Flavonoids are plant polyphenols found in leaves, bark, and flowers. There are over 4000 flavonoids documented
so far. They are said to have anti-inflammatory, antiviral, antioxidant, and anticarcinogenic qualities, among other
things. The ability of flavonoids to chelate metals at the active site of metalloenzymes and their ability to scavenge
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Figure 2. Structures of kojic acid and azelaic acid [15]

Figure 3. Effects of bleaching cream on human skin[17]

reactive oxygen species (ROS) may be the fundamental mechanism behind their pigment-reducing impact. Aloesin,
hydroxystilbene derivates, and licorice extracts are among the flavonoids commonly employed in skin-lightening
products. Aloesin not only inhibits tyrosinase competitively but also the activities of tyrosine hydroxylase (TH)
and dihydroxyphenylalanine (DOPA) oxidase. The hydroxystilbene chemicals, such as resveratrol, are some of the
most effective pigment-lightening flavonoid subclasses. Red wine contains resveratrol, which has been demonstrated
to lower tyrosinase activity and microphthalmia-associated transcription factor (MITF) expression in B16 murine
melanoma cells. Licorice, notably glabiridin, the primary constituent in the hydrophobic portion of licorice extract,
is another flavonoid. In B16 murine melanoma cells, this component has been demonstrated to suppress tyrosinase
activity.

There are, however, some concerns about using flavonoids in skin-lightening products because some flavonoids
are known to enhance melanogenesis. The citrus flavonoid naringenin, which has been demonstrated to enhance
melanogenesis and the production of melanogenic enzymes, is a notable illustration of this contradiction. Another
example is quercetin, which stimulated melanogenesis in a reconstructed three-dimensional human epidermal model,
with significantly enhanced melanin concentration and tyrosinase expression. Taxifolin and luteolin, two antagonistic
flavonoids, have efficiently blocked tyrosinase-catalyzed oxidation of L-dihydroxyphenylalanine in cell-free extracts
and living cells, lowering melanogenesis. They found a stimulatory effect on tyrosinase protein levels, even though
overall pigmentation was reduced. Further research is needed to determine why flavonoids provide contradictory
responses [16].

Most of these inhibiting agents have shown some side effects, which led to damaging the epidermal layer of the
skin. Figure 3 describes the effect of bleaching skin.

3. Melanogenesis

Melanin is primarily produced by melanocytes, found in the epidermis, the skin’s outermost layer, which also
controls skin colour in humans. Melanin is made largely in melanosomes, which are specialized organelles found in
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Figure 4. Chart flow of the signaling pathways associated with skin melanogenesis [20]

melanocytes. Melanogenesis is a complex process involving a series of enzymatic and chemical processes within the
melanosomes that results in the creation of two types of melanin: eumelanin and pheomelanin [18]. Pheomelanin is a
soluble polymer with bright red-yellow colour and contains sulphur, whereas eumelanin is an insoluble polymer with a
dark brown-black colour. The conjugation of cysteine or glutathione produces eumelanin and pheomelanin. A review
of the signaling pathways linked with skin melanogenesis is shown in (Figure 4) to help understand how whitening
agents work. The first step in the pigmentation process is the oxidation of L-tyrosine to L-dopaquinone (DQ) in the
presence of the rate-limiting enzyme TYR. The resultant quinone undergoes intramolecular cyclization and oxidation
after DQ production, and it acts as a substrate for the synthesis of eumelanin and pheomelanin. The rate-limiting stage
in the melanogenesis process is the hydroxylation of L-tyrosine to create L-3, 4-dihydroxyphenylalanine (L-DOPA),
which is mediated by TYR [19]. Figure 4 describes the flow chart of melanogenesis.

3.1. Mechanism of Action of Tyroxinase Activities Inhibition

The presence of melanin pigment in the skin is reduced using skin whitening treatments. There are various
probable methods of action to accomplish this. Tyrosinase activity is inhibited by the skin whitening agent [21],
which inhibits the catalytic action of tyrosinase. The antimelanogenic agent inhibits the expression or activation of
tyrosinase, causing less tyrosinase to be produced or preventing tyrosinase from being activated to its functional state,
preventing the transfer of melanosomes to keratinocytes and thus directly eliminating existing melanin and melanocyte
scavenges intermediate components of melanin formation.
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Figure 5. Inhibition process of tyroxinase [22]

3.2. Inhibition of Tyroxinase

Microphthalmia-associated transcription factor (MITF) is a master transcription factor that regulates the produc-
tion of TYR, TRP1 and TRP2, MART1, PMEL17, and a slew of other melanocyte-related proteins. Down-regulation
of MITF reduces melanogenesis and is one of the mechanisms by which some skin whitening treatments work. The
expression of MITF is influenced by various signaling pathways and genetic alterations [22]. Several skin whitening
drugs, including tyrosinase inhibitors, have been discovered to promote an increase in the expression of tyrosinase,
which would boost melanin synthesis on its own. The action of quinone and tyrosinase shows that quinone tends to
bind the active site of tyrosinase causing the malfunctioning activity of the tyrosinase. Figure 5 describes the Inhibi-
tion process of tyroxinase by hydroquinone which tends to bind at the active sites of tyrosinase thus forming ligand –
receptor complex that functions differently from tyrosinase which tends to lead in depigmentation of the skin.

3.3. MC1R Receptor and cAMP

The melanocortin 1 receptor (MC1R) is a G-protein coupled transmembrane receptor found in melanocytes. The
melanogenesis regulator MC1R is an important target. The MC1R antagonist raises the ratio of eumelanin to pheome-
lanin and enhances total melanin production. The MC1R and cAMP signaling pathway begins with the activation
of MC1R, which causes the activation of adenylyl cyclase (AC), which produces cyclic adenosine monophosphate
(cAMP), which activates protein kinase A (PKA), which activates cAMP response element-binding protein (CREB)
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through protein phosphorylation, which upregulates MITF, of which CREB is. Endogenous agonists of MC1R include
alpha-melanocyte-stimulating hormone (α-MSH), beta-melanocyte stimulating hormone (β-MSH), and adrenocorti-
cotropic hormone. The only endogenous antagonist of MC1R appears to be the Agouti signaling protein (ASIP). The
peptides afamelanotide and melanotan II have been designed as synthetic MC1R agonists. Red hair, white skin, and
an increased risk of skin cancer are all linked to MC1R gene mutations, which are at least largely responsible [23].

3.4. Transfer of Melanosomes

Melanocytes are found in the basal layer of the skin’s epidermis, and dendrites from these melanocytes reach
keratinocytes. When the number of keratinocytes in the epidermis is minimal, melanosomes and the melanin they
contain are transferred from melanocytes to keratinocytes. Keratinocytes carry melanosomes as they progress toward
the surface. Keratinocytes play a role in skin pigmentation by storing melanin produced by melanocytes and stimulat-
ing melanogenesis via chemical signals sent to melanocytes. The transfer of melanosomes to keratinocytes requires
skin colour to be apparent. Some skin whitening treatments work by preventing this transfer from happening [24].
The protease-activated receptor 2 (PAR2) is a G-protein coupled transmembrane receptor expressed in keratinocytes
and implicated in melanocyte transfer. PAR2 agonists limit the transfer of melanosomes and whiten the skin, whereas
PAR2 antagonists have the reverse effect [25]. Some chemicals are known to damage melanocytes, and this method
of action is frequently utilized to remove the remaining pigmentation in vitiligo instances [26, 27].

4. Conclusion

The quest to acquire beauty through fairness has resulted in enhancing skin colour by applying chemicals that
contain bleaching agents. These bleaching agents tend to inhibit the production of melanin. This article reviewed
several important lightening agents reported in literature for use in skin-lightening products. From the literature
reviewed, a derivative of Arbutin – deoxyarbutin showed to be more effective and safer skin lightening agent. An
extra study is needed to find alternatives to the existing bleaching agents that could not cause much damage to the
skin.
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