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Abstract: Excess of melanin synthesis which is primarily caused because of the increase in the tyrosinase activity in melanocyte results
in hyperpigmentation. For the pigmentation tyrosine inhibition is a crucial step; to achieve this a number of compounds of different classes
have been screened and various research groups have studied their inhibition strength. Some of the potent inhibitors found by various
researchers worldwide are Hydroquinone, Arbutin, Deoxyarbutin, Kojic acid, Tranexamic acid, Vitamin C, Azelaic acid, Tretinoin, n-
butyl resorcinol etc. The use of these potential inhibitors along with their concentrations in some of the cosmetic products have been

reported.
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1. Introduction

Topical products that promise to improve the appearance of
the skin are known as cosmetics [1-5]. The 1938 Drug and
Cosmetics Act made a clear distinction between "drugs" and
"cosmetics." According to this document, utilizing ingredients
or raw materials in cosmetic products for "cleaning,
beautifying and promoting the attractiveness" or "altering the
appearance" without a government agency's clearance is
allowed; nevertheless, such product(s) may make therapeutic
claims. According to Kilgman, who first used the term
"cosmeceuticals," it should refer to a product that appears to
improve skin tone, texture, and appearance while costing
significantly less than a prescription medication [6]. Because
of this, the cosmeceutical industry has grown significantly in
the last several decades due to consumer desire for
multipurpose  skincare products. This demonstrates
unequivocally how cosmeceuticals bridge the gap between
dermatology and skincare (cosmetics). Cosmeceuticals are
basically an amalgam of cosmetics and pharmaceutical. They
offer physiologically active compounds that help to rejuvenate
the skin and have the opposite impact of aging. These untested
goods which are considered medications are based on the
research on few active compounds. In the cosmetic industry
their formulations, mode of action, therapeutic application and
synergistic use have produced a niche with notable growth.
Cosmetics are used for a variety of conditions and target
different parts of the body. One such condition of skin is
hyperpigmentation [7], where high melanin production takes
place in the skin. Hyperpigmentation may occur due to age
spots or melasma or post inflammatory reasons. In fact,
sometimes some health condition or some medication may
also need to hyperpigmentation. This most common skin
condition can affect all skin types.

1) Age spots sunspots or liver spots: These spots turn skin
brown tan and they appear on the area with over exposure
of UV rays of sun. Usually, they appear on elderly or
those with extended UV/sun exposure. Most commonly,
these are observed on the hands, face and sun exposed
areas of the body.

2) Melasma: This condition is also called the mask of
pregnancy. In this condition large patches of dark spots
are observed. Women with medium to darker skin tone
and or who are pregnant or taken by birth tablets suffer
from this. These spots are often observed on forehead,
face and stomach.

3) Post inflammatory patches: They are the patches of
pigmented skin usually seen after an inflammatory skin
condition like acne etc. They have no specific location on
the body.

Hyperpigmentation is usually harmless but due to aesthetic
reasons people prefer to remove it. It can be removed by
various topical treatment with skin lightening creams like use
of Vitamin C, Hydroquinone or its derivatives deoxyarbutin,
a- and B-arbutin, glycolic acid peels, retinoids like tretinoin,
niacinamide, soy or some home remedies like applying aloe
vera, licorice extract, green tea etc [8-12]. All these chemicals
primarily work by inhibiting the rate limiting enzyme
tyrosinase of melanin production [12].

Tyrosinase is a multipurpose metalloenzyme that contains
dinuclear copper ions and functions as a rate limiting enzyme
in the melanin production process [13]. Additionally,
tyrosinase is instrumental for the excess melanin production
as well as the undesirable browning of fruits and vegetables
[8]. Consequently, tyrosinase inhibitors are crucial tool for
treating enzymatic fruit and fungal browning as well as
hypopigmentary diseases in mammals. As of now several
efficient inhibitors have been found and created for use in food
bioprocessing agriculture medical and cosmetic product sector
as well as environmental sector. However, only a small
number of chemicals are known to function as safe and
effective tyrosinase inhibitor.

2. Enzyme Action

Tyrosinases from different plant and animal sources have
been isolated and purified, and some of them have been
sequenced also. However, among the different sources of
tyrosinases, mushroom tyrosinase has a high similarity and
homology with that of human tyrosinase. Tyrosinase
catalyzes a sequence of oxidative events involving the amino
acid tyrosine (1) result in the formation of melanin. In the
biosynthesis pathway of melanin in melanocytes, tyrosinase
catalyzes three distinct reactions: Hydroxylation of tyrosine
to L-Dopa, oxidation of L-Dopa to dopaquinone, and
oxidation of 5,6-dihydroxyindole-2-carboxylic acid to
Eumelanin [12] (Scheme I). Eumelanin is primarily made up
of oligomers of 5,6-dihydroxyindole (DHI) and 5,6-
dihydroxyindole-2-carboxylic acid (DHICA).
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Scheme I: Production of Melanin

The X-ray crystallography of tyrosine [13] suggests that the
active site has empty region surrounded by six histidine
residues connected by copper ions, imparting flexibility to the
enzyme. The substrate binding pocket in the enzyme’s active
site can orient according to the position of the substrate [14].
While signaling pathways regulate the expression of the
enzymes involved in the melanin synthesis melanosome count
help in understanding the regulation of melanin generation at
the cellular level [15].

3. Tyrosine inhibitors and their mode of action

In addition to the mechanism of inhibition, enzyme kinetic
studies and inhibitor screening to compute the inhibitors
inhibitory strength is important. The inhibitor strength is
represented by IC50 value, i.e., the concentration of the
inhibitor at which 50% of the target is inhibited. In order to
compare the inhibitory strength of defect inhibitors a positive
control can be employed for this purpose however the IC50
values might not be comparable because of the different
assays used. A number of compounds like Hydroquinone
(HQ) (2) and its derivative a-arbutin (3), B-arbutin (4) and
deoxyarbutin (5), Kojic acid (6), Azelaic acid (7), n-Butyl
resorcinol (9), Tretinoin (10), Ascorbic acid, Tranexamic acid
and even class of compounds Thiazoles, flavones, Chalcones,
Retinoids, Stilbenes have been studied and screened as a new
Tyrosinase inhibitor [16].
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Hydroquinone 4% [17] has long been a well-established
topical first line treatment when used alone or in combination

with tretinoin or tropical steroids, also known as ‘triple
cream’. However, due to the concern about its side effect and
a possible risk of cancer from its metabolites, HQ has been
discontinued in many countries and replaced by potentially
safer alternatives [19-20]. Arbutin which is glycosylated
hydroquinone, has been proven to be an alternative to HQ.
Slow hydrolysis of Arbutin to HQ by skin microflora
Staphylococcus epidermidis and staphylococcus aureus have
been reported [21]. Compared to arbutin, the hydrolyzed
hydroquinone exhibits stronger tyrosinase inhibition and 1,1-
diphenyl-2-picrylhydrazyl radical scavenging action. These
results imply that the antioxidant action of hydroquinone may
enhance the skin lightening effect of arbutin in the presence
of normal skin microflora.

a- Arbutin

Deoxyarbutin
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Scheme I1: Geometry optimized
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important inhibitors of tyrosinase

Concentrations found in different

Ascorbic acid (Vitamin C)

Chemical Mode of inhibition . . .
cosmetical available in the market.
Hydroquinone Competitive inhibition by inhibiting sulthydryl group in Tyrosinase 4% [22]
Arbutin Reduces Tyrosinase activity Up to 3 % [23-24]
Kojic acid Inhibition of Tyrosinase Kinase production 1-4% [25-26]
Tranexamic acid Inhibits melanocytes down regulates mast cells, Inhibits plasmin 3% [27]
Tretinoin Inhibition of .transcriptioq of DNA to m-RNA thereby s.topping 0.01-0.1% .
production of Tyrosinase (before melanin synthesis) Mostly recommended by dermatologist.
Azelaic acid Reversible inhibition of Tyrosinase 1-10 % [28]
Acts reducing agent; causes reduction of o-dopaquinone to Not more than 20% [29] most of the

dihydroxyphenyl alanine (DOPA) products available in market have 10%.

Inhibition of transcription of DNA to m-RNA thereby stopping
production of Tyrosinase (before melanin synthesis); enhances

: _10

Retinol Epidermal Cell turnover thereby reducing the duration of contact 0.25-1%[30]
between keratinocytes and melanocytes

n-Butyl resorcinol Inhibitor of TRP-1 0.3% [31-32]

Mann et al [33] recently examined how humans and
mushroom tyrosine are inhibition by HQ, Arbutin and Kojic
acid. In their study they reported that Arbutin and
Hydroquinone inhibit human tyrosinase weakly as compared
to Kojic acid. Thiamidol however showed strong inhibition
for human tyrosinase as compare to Mushroom inhibitor.
Among the different forms of Arbutin, deoxyarbutin have
been found to have better inhibition properties as compared
to o- and B-arbutin. Seemal R Desai [34] reported that no
single therapy is a complete solution for hyperpigmentation.
First line of approach is topical application of the combination
of three (hydroquinone, topical retinoids and topical steroids).
Topicals like arbutin, Kojic acid, azelaic acid, arbutin etc.
Some of combinations which are currently available in the
market are Arbutin + hyaluronic acid, Arbutin + Niacinamide,
Kojic acid +arbutin+ niacinamide, Tranexamic acid +
Niacinamide + hyaluronic acid. All the combinations show
depigmentation if applied for a period for 4-8 weeks.

4. Conclusions

Tropical therapies/ treatments that use a multitherapy
approach can help people with hyperpigmentation.
Compounds like hydroquinone and arbutin, Kojic acid, n-
butyl resorcinol, tretinoin, Azelaic acid, Tranexamic acid,
Ascorbic acid, Retinols which have shown potential
tyrosinase inhibition, and have now been used in cosmetic
products. Undoubtedly, cosmeceuticals are effective in
treating various skin problems because of their key
ingredients. They are easily accessible and less expensive
than prescription products. But most of them are not regulated
and many of the constituents lack clinical data addressing
their safety and efficacy. So before beginning a
dermatologist’s consultation is essential, as many intrinsic
factors of the individual like gender, age, metabolism,
genetics, lifestyle play role.
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