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Tyrosinase is a copper-containing enzyme, which is widely distributed in microorganisms, animals and plants
and is a key enzyme in melanin biosynthesis, involved in determining the color of mammalian skin and hair.
In addition, unfavorable enzymatic browning of plant-derived foods by tyrosinase causes a decrease in nutri-
tional quality and economic loss of food products. The inadequacy of current conventional methods to prevent
tyrosinase action encourages researchers to seek new potent tyrosinase inhibitors for food and cosmetics.

This article presents a study on the importance of tyrosinase, biochemical characteristics, type of inhibitions,
activators from various natural sources with its clinical and industrial importance in recent prospects is
discussed in this paper. Copyright © 2007 John Wiley & Sons, Ltd.
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in humans Dopaquinone is converted by a series of
complex reactions involving cyclization and oxidative
polymerizations which finally result in the formation of
melanin (Raper, 1928; Olivares et al., 2001) as shown in
Fig. 2. The production of abnormal melanin pigmenta-
tion is a serious esthetic problem in human beings
(Priestly, 1998). It is particularly prevalent in middle-
aged and elderly individuals (Frenk, 1995). It is cos-
metically important and can greatly detract from both
appearance and quality of life, particularly in cultures
where a smooth integument is valued as a sign of health
or in cultures that are very beauty conscious (Briganti
et al., 2003). Exogenous causes, particularly, ultraviolet
light exposure, is a common factor in pigmentary
abnormalities such as melasma, solar lentigines and
ephelides (Maeda and Fukuda, 1991). Exposure to
certain drugs and chemicals as well as the existence of
certain disease states can result in hyperpigmentation.
Depigmenting agents commonly are prescribed to treat
disorders of hyperpigmentation (Kubo, 1988; Jang
et al., 1997).

In addition, tyrosinase is responsible for the undesired
enzymatic browning of fruits and vegetables (Martinez
and Whitaker, 1995), which makes the identification
of novel tyrosinase inhibitors extremely important.
However, besides this role in undesired browning, the
activity of tyrosinase is needed in other cases (raisins,
cocoa, fermented tea leaves) where it produces distinct
organoleptic properties.

In this article, a review is presented of several not-
able tyrosinase inhibitors from natural sources reported
in the literature for use in depigmentation or in dis-
orders of hyperpigmentation of skin. Some tyrosinase
agents, kojic acid, arbutin, catechins, hydroquinone (HQ)
and azelaic acid (Maeda and Fukuda, 1996; Katagiri
et al., 1998), are well known to most dermatologists

INTRODUCTION

Over the past 30 years the enzyme tyrosinase
(polyphenol oxidase, EC 1.14.18.1) has received
considerable attention as an indispensable tool in the
performance of studies on a wide range of topics. Since
the first biochemical investigations were carried out in
1895 on the mushroom Russula nigricans, the cut flesh
of which turned red and then black on exposure to air
(Bourquelot and Bertrand, 1895), a number of studies
have been made to find the culprit mainly responsible
for the color change, which is widely distributed through
the phylogenetic scale from lower to higher life forms
(van Gelder et al., 1997), although, in some cases, it is
not detectable due to endogenous inhibitors (Korner
and Pawelek, 1982).

This enzyme was later identified as tyrosinase,
the active site of which contains a binuclear copper
cluster in the common mushroom (Agaricus bisporus)
and in human malignant melanoma tyrosinase (Schoot-
Uiterkamp and Mason, 1973; Nishioka, 1978). In higher
plants and fungi, tyrosinases occur in various isoforms
such as immature, mature latent (Sánchez-Ferrer et al.,
1989, 1990) and active forms; however, the biochem-
ical description regarding the kinetic characterization
and relationship between these isoforms is yet to be
established.

Tyrosinase catalyses three different reactions in the
biosynthetic pathway of melanin in melanocytes: the
hydroxylation of tyrosine to L-DOPA and the oxida-
tion of the L-DOPA to Dopaquinone. Furthermore,
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Figure 1. The chemical structures of known depigmenting agents.

(Fig. 1). Others more recently have been discovered
and are reported in the present article. However, it is
inevitable that the coverage will be selective, but an
attempt will be made to deal with various aspects of
tyrosinase inhibitors including biochemical characteris-
tics, type of inhibitions, activators from various natural
sources and their clinical and agricultural importance
in recent prospects is discussed in this paper.

MELANIN FORMATION AND DISTRIBUTION
IN THE SKIN

Visible pigmentation in mammals results from the
synthesis and distribution of melanin in the skin and
hair bulbs (Seiberg et al., 2000; Schaffer and Bolognia,
2001). Melanins also play a crucial role in the absorp-
tion of free radicals generated within the cytoplasm
and in shielding the host from various types of ionizing
radiations, including UV light. Melanins can be of two
basic types: eumelanins, which are brown or black, and
phaeomelanins, which are red or yellow (Raper, 1928;
Olivares et al., 2001) and whose metabolic pathways
are illustrated in Fig. 2. In mammals, mixtures of both
types are typically found. Interestingly, phaeomelanin
has the capacity to produce free radicals in response to
UV radiation. Since free radicals can inflict cell injury,

phaeomelanin may actually contribute to intensifying
UV-induced skin damage rather than protecting the
skin (Seo et al., 2003).

Melanin forms through a series of oxidative reac-
tions involving the amino acid tyrosine in the presence
of the enzyme tyrosinase (Shi et al., 2002; Kobayashi
et al., 1995). The first step is the most critical because
the remainder of the reaction sequence can proceed
spontaneously at a physiological pH (Ruth et al., 2002).
Here, tyrosinase converts tyrosine to dihydroxyphenyla-
lanine (DOPA) and then to dopaquinone. Subsequently,
dopaquinone is converted to dopachrome through auto-
oxidation, and finally to dihydroxyindole or dihydro-
xyindole-2-carboxylic acid (DHICA) to form eumelanin
(brown-black pigment). The latter reaction occurs in
the presence of dopachrome tautomerase and DHICA
oxidase. In the presence of cysteine or glutathione,
dopaquinone is converted to cysteinyl DOPA or gluta-
thione DOPA. Subsequently, pheomelanin, a yellow-
red pigment, is formed (Raper, 1928; Kobayashi et al.,
1995; Borges et al., 2001), presented in simplified form
in Fig. 2.

Olivares et al. (2001) recently discovered that
mammalian melanogenesis is not regulated solely by
tyrosinase at the enzymatic level, and additional
melanogenic factors have been identified which can
modulate pigmentation in either a positive or negative
fashion.
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Figure 2. The Raper-Mason melanogenesis pathway in its classical form. Structural formulas are abbreviated as follows: DOPA:
L-3,4-dihydroxyphenylalanine; DOPAquinone: 4-(2-carboxy-2-aminoethyl)-1,2-benzoquinone; leucodopachrome: 2,3-dihydro-5,6-
dihydroxyindole-2 carboxylate; DOPAchrome: 2-carboxy-2,3-dihydroindole-5,6-quinone; DHICA: 5,6 dihydroxyindole-2-carboxylic acid;
DHI: 5,6-dihydroxyindole (Raper, 1928; Kobayashi et al., 1995; Olivares et al., 2001 melanogenesis pathway in its classical and
modified form).

BIOCHEMICAL CHARACTERISTICS OF
TYROSINASE

A number of research papers and reviews (Parvez
et al., 2006; Lee, 2002; Sánchez-Ferrer et al., 1995) have
already been published on the structural and kinetic
aspects of the enzyme tyrosinase; therefore, under this
section we will briefly discuss its biochemical character
in relation to substrate specificity, mechanism of tyro-
sinase action, and chemical and spectroscopic studies
of tyrosinase and reaction mechanism.

Classification and properties of tyrosinase

The most well studied multi-copper oxygenase is tyro-
sinase, which contains a coupled binuclear copper
active site. Tyrosinase catalyses both the o-hydroxylation
of monophenols and the two-electron oxidation of
o-diphenols to o-quinones. Thus the hydroxylation
of tyrosine to L-DOPA is considered to be a rate-
determining step. Labeling studies demonstrated that
the oxygen incorporated into the phenolic substrate
derives from molecular O2 (Mason et al., 1955). The
two electrons required to reduce the second oxgen atom
to H2O were supplied by the substrate.

The best-characterized tyrosinases are derived
from Streptomyces glausescens, the fungi Neurospora
crassa and Agaricus bisporus, as shown in Table 1. The

first two are monomeric proteins, while the last is a
tetramer with two different subunits, heavy and light.
Tyrosinases have been isolated and at least partially
purified from numerous plant and animal sources, but
few of them have been characterized. Many of these
enzymes have been sequenced, including those from
N. crassa and humans (Lerch, 1981; Kwon et al., 1987;
Kupper et al., 1989).

Substrate stereospecificity

The principal endogenous substrates of mushroom
tyrosinase are L-tyrosine, p-aminophenol, and its con-
densation product with Glutamate-glutaminyl-4-hydro-
xybenzene (GHB), all originating from the shikimate
pathway (Stüssi and Rast, 1981). According to Jimenez
and Garcia-Carmona (1996) it is possible to divide sub-
strates of tyrosinase into three groups, depending upon
the development of o-quinonic product: (i) o-Quinone
products are cyclizable and sustain intramolecular 1,4-
addition to the benzene ring.

(ii) o-Quinone products are uncyclizable but can un-
dergo a water addition (Dawson and Tarpley, 1951).

(iii) o-Quinone products are highly stable through
the reaction (Ros-Martinez et al., 1993). Tyrosinase
is able to use mono-, di- and trihydroxyphenols
as substrates but has greater affinity for dihydroxy-
phenols. Furthermore, it was also reported that
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from corrections to hemocyanins, of which crystal
structures exist for both the deoxy and oxy forms of
the active sites (Himmelwright et al., 1980; Volbeda
and Hol, 1989; Magnus et al., 1994). In the formation of
melanin pigments, three types of tyrosinase (metoxy
and deoxytyrosinases) with different binuclear copper
structure of the active site are involved (Wilcox et al.,
1985; Sánchez-Ferrer et al., 1995). Mettyrosinase, the
resting form of tyrosinase, contains two tetragonal
Cu(II) ions antiferromagnetically coupled through an
endogenous bridge, although hydroxide exogenous
ligands other than peroxide are bound to the copper
site. The antiferromagnetic coupling between the Cu(II)
ions of mettyrosinase triggers the lack of an electron
paramagnetic resonance (AEPR) signal, which requires
a super exchange pathway associated with a bridging
ligand (Himmelwright et al., 1980).

Oxytyrosinase also can be produced by the two-
electron reduction of deoxytyrosinase, followed by
the reversible binding of dioxygen (Himmelwright
et al., 1980), which reacts with monophenol as well as
o-diphenol substrate. Thus, its geometric and electronic
structures are key to understanding the hydroxylation
chemistry of tyrosinase. Oxytyrosinase consists of two
tetragonal Cu(II) atoms, each coordinated by two strong
equatorial and one weaker axil His ligands.

Deoxytyrosinase, an analog of deoxyhemocyanin, has
a bicuprous structure Cu(I)-Cu(I). From the crystal
structure of deoxy Panulirus interruptus hemocyanin,
no protein residue in the vicinity of the copper site
can bridge; thus, the bridging ligand must be hydroxide
from water, and a similar situation is likely the case
for mettyrosinase. These three copper states in the
active site of tyrosinase led to a structural model being

among the monohydroxyphenols (p-cresol and
tyrosine), dihydroxyphenols (catechol, L-DOPA,
D-DOPA, catechin and chlorogenic acid) and
trihydroxyphenols (pyrogallol), catechol showed
maximum activity, indicating that the enzyme is
most active with catechol as a substrate (Zhang
et al., 1999). The stereospecificity of monophenolase
and diphenolase activity of mushroom tyrosinase
with several enantiomorphs (D-, L- and DL-tyrosine,
methyltyrosine, dopa, methyldopa and isoprenaline)
of monophenols and o-diphenols was assayed by
Espin et al. (1998). The lower Km value observed
for L-isomers than for D-isomers indicated stereo-
specificity in the affinity of tyrosinase toward its
substrates. They further elucidated that the phe-
nolic compounds containing electron-withdrawing
groups are poor substrates for tyrosinase compared
with the electron-donating groups. Moreover,
affinity properties (1/Km) and catalytic power (Vmax/
Km) of tyrosinase increase with a decrease in the
size of the side chain in the aromatic ring of its
substrates.

Chemical and spectroscopic studies of tyrosinase

Chemical and spectroscopic studies of tyrosinase have
demonstrated that the geometric and electronic struc-
tures of the binuclear copper active site of this enzyme
are extremely similar to those found in hemocyanins
(Hepp et al., 1979; Himmelwright et al., 1980). While
there is no crystal structure presently available for any
tyrosinases, much insight into their active site and con-
tribution of the active site to reactivity can be obtained

Table 1. Following are some depigmenting agents and their mushroom tyrosinase inhibition activities from natural sources

Inhibitor Source Botanical name Type of inhibition IC50 (mM) Reference

Arbutin Gvae grsi Arctostaphylos uva-ursi Competitive 0.04 Yagi et al., 1987
Uncompetitive

Aloesin Aloe vera Aloe barbadensis Noncompetitive 0.1 Yagi et al., 1987
Anacardic acid Anacardium occidentale Anacardium occidentale Competitive 0.0001 Kubo et al., 1994
Anisic acid Anise oil Pimpinella anisum Uncompetitive 0.68 Lee, 2002
Agaritine Agaricus bisporus Agaricus bisporus Uncompetitive 0.03 Espin et al., 1998
Anisaldehyde Anise oil Pimpinella anisum Noncompetitive 0.38 Lee, 2002
Cumic acid Cumin seed Cuminum cyminum Noncompetitive 0.26 Kubo and

Kinst-Hori, 1988
Cuminaldehyde Cumin seed Cuminum cyminum Noncompetitive 0.05 Kubo and

Kinst-Hori, 1988
p-Coumaric acid Ginseng Radix Panax ginseng Mixed 3.65 Lim et al., 1999
ECG Green tea Thea chinensis Competitive 0.035 No et al., 1999
EGCG Green tea Thea chinensis Competitive 0.034 No et al., 1999

Agaricus hortensis Madhosingh and
Ia Agaricus hortensis Competitive 0.03 Sundberg, 1974
3,4-Dihydroxycinnamic acid Pulsatilla cernua Pulsatilla cernua Noncompetitive 0.97 Lee, 2002
Oxyresveratrol Morus alba noncompetitive 0.001
Kaempferol Croci Stigma Crocus sativus Competitive 0.23 Kubo and

Kinst-Hori, 1999
Trans-cinnamaldehyde Cinnamomi Cortex Cinnamomum cassia Competitive 0.85 Lee et al., 2000
Ib Agaricus hortensis Noncompetitive 0.03 Madhosingh and

Sundberg, 1974
4-Hydroxy-3- Pulsatilla cernua Noncompetitive 0.97 Lee, 2002
methoxycinnamic acid
9-Hydroxy-4-methoxypsoraln Angelicae dahuricae Radix Angelica dahurica Noncompetitive 0.2 Piao et al., 2004
5-Hydroxymethyl -2-furfural Dictyophora indusiata Dictyophora indusiata Noncompetitive 0.98 Sharma et al., 2004
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proposed for the reaction mechanism involved in
the o-hydroxylation of monophenols and oxidation
of the resulting o-diphenols, which was based on an
associative ligand substitution at the active site of
tyrosinase.

Tyrosinase has three domains, of which the central
domain contains two copper binding sites. Six histidine
residues bind a pair of copper ions in the active site of
tyrosinase, which interact with both molecular oxgen
and its phenolic substrate (Jackman et al., 1991). The
location of cysteine also plays an important role in the
formation of disulfide linkages, which stabilize protein
structure. The number of cysteine residues varies from
one organism to another, human and mouse tyrosinases
have 17 cysteine residues and plants have 11, whereas
the C-terminal domain contains 1 cysteine residue.
Interestingly, N. crassa, A. bisporus and prokaryotic
tyrosinases contain 0 or 1 cysteine in the mature pro-
tein. In the mushroom tyrosinase sequence only two
cysteine residues are found in the C-terminal domain
(Van Gelder et al., 1997). To determine the accessibil-
ity of various ligands toward the binuclear copper
active site, a number of kinetic studies with several com-
pounds were carried out, and it was found that ligands
have a higher affinity for the active site compared with
smaller ones (Himmelwright et al., 1980).

Mechanism of tyrosinase action

The mechanism of tyrosinase has been studied widely
based on three forms of the enzyme (Wilcox et al., 1985;
Sanjust et al., 2003).

Tyrosinase catalyses two distinct oxidation reactions
as shown in Fig. 3. In cycle I, tyrosinase accomplishes
the oxidation of monophenols by oxygen as it passes

through four enzyme states (Edeoxy, Eoxy, Eoxy-M and
Emet-D); in cycle II, o-diphenols are oxidized as the
enzyme passes through five enzyme states (Edeoxy, Eoxy,
Eoxy-D, Emet and Emet-D). The two cycles lead to the for-
mation of o-quinones, which spontaneously react with
each other to form oligomers (Sánchez-Ferrer et al.,
1995; Fenoll et al., 2001). A characteristic feature of tyro-
sinase is a typical lag time related to its monophenolase
activity. The hydroxylation of monohydroxyphenols by
tyrosinase is as follows: 2 monohydroxyphenols + O2 +
AH2 2 o-dihydroxyphenols + H2O + A, where AH2 =
reductant. Tyrosinase has two separate binding sites in
its active center, one for the substrate (monohydro-
xyphenol) and another for the reductant (o-dihydroxy-
phenol or exogenously added AH2) (Pomerantz and
Warner, 1967). When exogenous AH2 is not added,
the hydroxylation reaction is characterized by a lag
period, which is a dynamic equilibrium between the
enzymatic and chemical steps to obtain the steady state
with respect to the diphenol concentration (Sánchez-
Ferrer et al., 1995; Burton, 1994); to reach such a con-
centration, a small amount of enzyme must be present
in the oxy form (Ros-Martinez et al., 1993). The lag
period is an autocatalytic mechanism, which depends
on the elaboration of DOPA when tyrosinase acts on
tyrosine as the substrate (Cooksey et al., 1997). Exogen-
ous addition of the reductants (ascorbate, hydroxyla-
mine and hydroquinone) can also shorten the lag
period but less effectively than o-dihydroxyphenols
(Halliwell, 1977). Furthermore, the lag is dependent on
various factors such as substrate and enzyme concen-
tration, enzyme source, pH of the medium, presence of
a hydrogen donor such as L-DOPA or other catechols
and transition metal ions (Burton, 1994). The absence
of a lag period for diphenolase activity can be elabo-
rated by the binding and transformation of o-diphenols

Figure 3. Catalytic cycles for the (I) hydroxylation of monophenols (M) and (II) dehydrogenation of o-diphenols (D) to o-quinones by
tyrosinase.
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tyrosinase, resulting in the generation of quinones, has
led to the examination of this system as a possible
targeted antimelanoma therapeutic strategy in the case
of disseminated melanoma (Riely et al., 1975; Morgan
et al., 1981; Naish et al., 1988). Melanin biosynthesis can
be inhibited by avoiding UV exposure, the inhibition
of tyrosinase, the inhibition of melanocyte metabolism
and proliferation, or the removal of melanin with corneal
ablation (Seiberg et al., 2000). Standard topical treat-
ments for hyperpigmentation disorders such as mel-
asma and post-inflammatory hyperpigmentation include
bleaching with hydroquinones, antiinflammatory therapy
by retinoids and use of tyrosinase inhibitors. The prop-
erties of various tyrosinases are illustrated (Table 2).

INHIBITORS FROM NATURAL SOURCES

Plants are a rich source of bioactive chemicals, which
are mostly free from harmful side effects; there is an
ongoing effort to search for tyrosinase inhibitors from
them. A broad spectrum of compounds has been
obtained from the natural products and investigated
for mushroom tyrosinase inhibitory activity; these com-
pounds differ from one another in the potency and type
of inhibition imposed on the enzyme as represented
in Table 1.

Inhibitors from higher plants

A review of the literature indicates that inhibitors are
categorized into two main subgroups, namely, poly-
phenols and aldehydes and other derivatives.

Plant polyphenols. Polyphenols are a group of chemi-
cal compounds that are widely distributed in nature
and also known as vegetable tannins because they are
responsible for the colors of many flowers. Some of
them are complex compounds present in the bark, root,
and leaves of plants, whereas others are simple com-
pounds present in most fresh fruits, vegetables and
tea. Some potent tyrosinase inhibitory flavanoids such
as kaempferol (Kubo and Yokokawa, 1992; Kubo and
Kinst-Hori, 1999), quercetin (Kubo et al., 1994; Chen

Figure 4. Hydroxylation of tyrosine by monophenolase action
of mushroom tyrosinase in the absence (none) and presence
(b) of Galla rhois (0.25 mg/mL). The increase of the absorbance
at 490 nm is due to the formation of DOPAchrome by the
hydroxylation of tyrosine.

Table 2. Properties of various tyrosinase (Solomon et al., 1996)

Number of Molecular weight
Spectroscopy of oxy form

Source sub units of subunit (kDa) Absorption (nm) CD (nm)

Streptomyces glaucescens 1 30.9 345 345
Eubacteria 640 470

575
740

Neurospora crassa 1 46 345 345
(Fungi) 425 520

600 600
750

Agaricus bisporus 2 13.4 345 353
(Fungi; mushroom) 43 600
Beta vulgaris 40 345 a
(Plant; spinach-beet)
Human melanocyte 1 66.7 a a
(Animal)

into o-quinones by the Emet and Eoxy forms, which
are present in the activity of the resting tyrosinase
(Sánchez-Ferrer et al., 1995). Hydroxylation of tyrosine
by monophenolase action of mushroom tyrosinase
in the absence (none) and presence (b) of Galla rhois
(0.25 mg/mL). The increase of the absorbance at 490 nm
is due to the formation of dopachrome by the hydro-
xylation of tyrosine (Fig. 4).

TYROSINASE INHIBITORS

Melanin plays a crucial protective role against skin
photocarcinogenesis; however, the production of
abnormal melanin pigmentation is a serious esthetic
problem in human beings (Priestley, 1993). Further-
more, tyrosinase inhibitors may be clinically used for
the treatment of some skin disorders associated with
melanin hyperpigmentation and are also important
in cosmetics for skin whitening effects (Maeda and
Fukuda, 1991; Seiberg et al., 2000), so there is a need to
identify the compounds that inhibit mushroom tyro-
sinase activity. A number of tyrosinase inhibitors from
natural sources (Table 1) that inhibited monophenolase,
diphenolase, or both, have been identified.

Certain substituted phenols have a depigmenting
action due to their ability to act as substrates for
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and Kubo, 2002), kurarinone, and kushnol F have been
isolated from various plants.

A lot of work has been done by Kubo et al. (2000)
to identify and characterize inhibitors from natural
sources and to establish the relationship between their
inhibitory activity and structure. According to them,
all flavanoids inhibit the enzyme due to their ability
to chelate copper in the active site. However, this con-
dition is applicable only if the 3-hydroxy group is free.
They further elucidated that the 3-hydroxy group is not
an essential requirement for inhibition as other types
of flavonoids such as luteolin 4′-O-glucoside and luteolin
7-O-glucoside, lacking this 3-hydroxy group, still showed
inhibitory activity (Kubo et al., 1995). Recently, Badria
and el Gayyar (2001) found that flavonoids containing
a keto group possess potent tyrosinase inhibitory activ-
ity. This may be explained in terms of the similarity
between the dihydroxyphenyl group in L-DOPA and
the keto group in flavonoids. The results of this study
revealed a new type of tyrosinase inhibitor of natural
origin. Application of these compounds will further be
examined for the treatment of hyperpigmentation.
Another important compound of this group is gallic
acid, which occurs as multiple esters with D-glucose,
and their esters are widely used as additives in food
industries. Various gallic acid derivatives have been
isolated from green tea (No et al., 1999) and Galla rhois
(Kim et al., 1998; Parvez et al., 2006), and some of them
were identified as strong tyrosinase inhibitors. Studies
indicate that the flavon-3-ol skeleton with a galloyl
moiety at the 3-position is an important structural
requirement for optimum inhibition of tyrosinase
activity. It is interesting to note that 1,2,3,4,6-Penta-
O-galloyl-d-glucose (PGG), the active compound
isolated from G. rhois (Kim et al., 1998), has a potent
tyrosinase inhibitory activity, although this is not con-
sistent with previous reports that the tyrosinase inhibi-
tory strength of aromatic carboxylic acids decreases with
the esterification, hydroxylation or methylation of the
benzene ring (Menon et al., 1990; Kermasha et al., 1993).
However, gallic acid and its short alkyl (<C10) chain
esters were oxidized by tyrosinase as substrates, yield-
ing yellow oxidation products, but the long alkyl (>C10)
chain esters inhibited the enzyme without producing
pigmented products, indicating that the carbon chain
length is related to their tyrosinase inhibitory activity.
In other words, the gallates with increasing hydro-
phobicity of the molecules become more resistant to
being oxidized by the enzyme due to disruption of the
tertiary structure of the enzyme (Kubo et al., 2003). In
various other bioactive constituents such as cardol
derivatives (Kubo et al., 1994), addition of a hydroxy
group increased, whereas addition of a methyl group
decreased the inhibitory activity, and also the unsatu-
rated alkyl side chain exhibited stronger inhibition
compared with the saturated one. It was observed
that p-coumaric acid (Lim et al., 1999) inhibited both
monophenolase and diphenolase activities and a polar
hydroxy group at the para position increased the
monophenolase inhibitory activity, whereas it decreased
diphenolase inhibitory activity. Strong tyrosinase inhibi-
tory activity was reported by oxyresveratrol (Shin et al.,
1998), due to the presence of a maximum number of
hydroxy groups in the ring. However, a clear explana-
tion regarding their inhibitory activity and structure
criteria is lacking.

Aldehyde and other derivatives. A large number of
aldehydes and other derivatives were also isolated and
characterized as tyrosinase inhibitors such as trans-
cinnamaldehyde (Lee et al., 2000), (2E)-alkenals (Kubo
and Kinst-Hori, 1999), 2-hydroxy-4-methoxybenzalde-
hyde (Kubo and Kinst-Hori, 1999), anisaldehyde (Kubo
and Kinst-Hori, 1998), cuminaldehyde and cumic acid
(Kubo and Kinst-Hori, 1988), and 3,4-dihydroxycin-
namic acid and 4-hydroxy-3-methoxycinnamic acid (Lee,
2002). As the aldehyde group is known to react with
biologically important nucleophilic groups such as
sulfhydryl, amino and hydroxy groups, it has been pro-
posed that its inhibitory effect is due to the formation
of a Schiff base with the primary amino group of the
enzyme. Comparison of the inhibitory activities of vari-
ous aldehydes and closely related compounds such as
cinnamic acid, anisic acid, cumic acid and benzoic acid
proved cuminaldehyde to be the strongest inhibitor
(Kubo and Kinst-Hori, 1988). It is interesting to note
that electron-donating groups (isopropyl and methoxy)
at the para position in cuminaldehyde provide stability
to the Schiff base at the active site of the enzyme
through inductive effect. In the case of (2E)-alkenals
the hydrophobic alkyl chain length from the hydrophilic
enal group seems to be related to their inhibitory
potency, which may be due to better association of the
longer alkyl chain with the hydrophobic protein pocket
close to the binuclear copper site (Tanford, 1980; Wilcox
et al., 1985; Conrad et al., 1994). Except for 2-hydroxy-
4-methoxybenzaldehyde, the above-indicated aromatic
aldehydes were described as noncompetitive tyrosinase
inhibitors by Kubo and Kinst-Hori (1999, 1998, 1988).
However, a contradictory statement regarding the mode
of inhibition of the aldehydes was recently reported
by Jimenez et al. (2001), according to which all of the
4-substituted benzaldehyde derivatives behave as com-
petitive inhibitors of L-DOPA oxidation. In the case of
acid derivatives, the mechanism of inhibition involves
the formation of a copper–carboxylic acid complex
at the binuclear copper site of the enzyme (Jimenez
et al., 2001); further substitution of a phenolic group at
the para position increased the extent of inhibition
(Wilcox et al., 1985).

Most of the above inhibitory studies were made on
the basis of IC50 values, a constant to determine extent
of inhibition, which indicates the inhibitor concentra-
tion required for 50% inhibition. However, it is not a
valid parameter for some kinds of tyrosinase inhibitors
(Jiménez et al., 1997) and also is related to only diphe-
nolase activity. Therefore, more reliable kinetic para-
meters are required to evaluate both the mono- and
diphenolase activities of tyrosinase.

Inhibitors from fungi

Besides higher plants, some compounds from fungal
sources have also been identified and reported for their
inhibitory activity toward tyrosinase (Schallreuter and
Wood, 1990).

Azelaic acid (1,7-heptanedicarboxylic acid) is a natu-
rally occurring straight chain, saturated dicarboxylic
acid which is produced by yeast, Pityrosporum ovale.
Azelaic acid has a definite cytotoxic effect on malig-
nant melanocytes of primary cutaneous melanoma,
though normal melanocytes appeared not to be affected
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(Schallreuter and Wood, 1990). Kojic acid (5-hydroxy-
2-(hydroxymethyl)-gamma-pyrone), a fungal metabolite
produced by many species of Aspergillus niger and
penicillium (Parrish et al., 1966), is a good chelator of
transition metal ions and a good scavenger of free radi-
cals (Wiley et al., 1942; Niwa and Akamatsu, 1991). The
yeast metallothioneins are ubiquitous cytosolic proteins,
usually characterized by selective binding of a large amount
of heavy metal ions and a high cysteine content and
Neurospora crassa copper-metallothionein was reported
as a metal donor for apotyrosinase (Lerch, 1981).

Madhosingh and Sundberg (1974) isolated, purified
and characterized two inhibitors from mushroom
Agaricus hortensis. Inhibitor Ia inhibited the enzyme
competitively, whereas Ib noncompetitively inhibited
the enzyme, as revealed by the Lineweaver-Burk plots.
Metallothionein from Aspergillus niger (Goetghebeur
and Kermasha, 1996) has strong avidity to chelate cop-
per at the active site of mushroom tyrosinase, thereby
acting as a strong inhibitor.

APPLICATION OF TYROSINASE INHIBITORS

Agriculture and food industry

Browning in fruits and vegetables is of great concern to
growers and the food industry as it impairs the organo-
leptic properties of the product. The rate of enzymatic
browning depends on the concentration of active tyro-
sinase and phenolic compounds, oxygen availability,
pH and temperature conditions in the tissue (Martinez
and Whitaker, 1995). Thus, it is necessary to identify
various methods to stop enzymatic browning caused by
tyrosinase. The current conventional techniques to avoid
browning include the use of autoclave and blanching
methods to inactivate tyrosinase, but these processes
cause important weight and nutrient losses in the
product (Konanayakam and Sastry, 1988). Another
alternative approach is the use of microwave energy,
but it also suffers from the main disadvantage that a
temperature gradient is generated within the sample
(Decareau, 1985), which causes enzyme in-activation
in overheated regions only and in colder regions the
enzyme may not be completely inactivated; moreover,
it causes internal water vaporization with associated
damage to the mushroom texture (Rodriguez-Lopez,
1991). The application of a combined microwave–hot
water treatment is slightly better in terms of final
product quality (Devece et al., 1999). In any case,
microwave blanching is not very successful in the food
industry except for some isolated applications. Various
chemicals such as halide salts, aromatic carboxylic
acids (Rouet-Mayer and Philippon, 1986) and other
compounds with reducing properties such as sulfite
(Sayavecra-Soto and Montgomery, 1986), citric acid,
ascorbic acid and its derivatives (Santerre et al., 1988;
Hsu et al., 1988), and thiol compounds such as cysteine
(Dudley and Hotchkiss, 1989) are known to inhibit
tyrosinase. The effect of ascorbic acid, sodium bisulfate
and other reducing agents on tyrosinase has been
controversial over the years (Golan-Goldhirsch and
Whitaker, 1984); moreover, the use of sulfites is be-
coming more and more restricted due to potential health
hazards (Taylor and Bush, 1986). Presently, the use of

4-hexylresorcinol is considered to be safe in the food
industry and is quite effective in prevention of shrimp
melanosis (Iyengar et al., 1991; McEvily et al., 1991)
and for browning control in fresh and dried fruit slices
(Frankos et al., 1991). However, as safety is of prime
concern for an inhibitor to be used in the food indus-
try, there is a constant search for better inhibitors from
natural sources as they are largely free of any harmful
side effects. Many of the inhibitors described in this
review are flavor condiments and are listed as food
flavor ingredients in Fenaroli’s Handbook of Flavor
Ingredients (Burdock, 1995), which makes their use
favorable in food industries.

Cosmetic industry

Use of tyrosinase inhibitors is becoming increasingly
important in the cosmetic industry due to their skin-
whitening and preventive effects. A number of tyrosin-
ase inhibitors are reported from natural sources, but
only a few of them are used as skin-whitening agents,
primarily due to various safety concerns. For example,
linoleic acid, hinokitiol, kojic acid, arbutin, naturally
occurring hydroquinones, and catechols were reported
to inhibit enzyme activity but also exhibited side
effects (Maeda and Fukuda, 1991). Currently, arbutin
and aloesin are used in the cosmetic industry as whit-
ening agents because they show strong inhibition
toward the tyrosinase enzyme, which is responsible for
pigmentation in human beings. Arbutin, a hydroquinone
glycoside, and aloesin, a C-glycosylated chromone, were
isolated from the leaves of Gvae grsi and Aloe vera,
respectively, and studied for their inhibitory effects
(Kahn, 1995). Arbutin was reported to inhibit the
enzyme activity competitively (Kahn and Zakin, 1995),
whereas in another contrasting report Funayama et al.
(Parrish et al., 1966) suggested that two forms of arbutin
inhibited both tyrosinase activities from mushroom and
mouse melanoma noncompetitively and that arbutin
inhibited only the tyrosinase from mouse melanoma by
a mixed-type inhibition. In addition, Jin et al. (Wiley
et al., 1942) studied the effect of co-treatment of aloesin
and arbutin and found that both inhibit tyrosinase
activity in a synergistic manner by acting through dif-
ferent mechanisms; aloesin inhibits noncompetitively,
whereas arbutin inhibits competitively. Taken together
they inhibit melanin production synergistically by a
combined mechanism of noncompetitive and com-
petitive inhibitions. Thus, all of the above findings
indicate that it is beneficial to use aloesin and arbutin
as a mixture for the depigmentation effect because the
co-treatment cuts down the effective doses of these
agents for the same inhibitory effect on tyrosinase
activity and can reduce adverse side effects.

CLINICAL STUDIES

For many years tyrosinase has been studied for its use
in cosmetics, agriculture as well as in food industries.
Recently its application in medicinal industries has
gained popularity because of their preventive effect
on pigmentation and other skin disorders described
below.
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Marker of vitiligo

Vitiligo is an autoimmune disease, characterized by
hair hypopigmentation and total melanocyte depletion
in the basal layer of the epidermis. Tyrosinase is the
enzyme responsible for melanin production in normal
melanocytes and melanoma cells, and is known to be
an autoantigen in various autoimmune disorders.
Immunological studies of vitiligo showed the genera-
tion and presence of autoantibodies directed against
melanocyte antigens in patients’ sera. Using solid-phase
ELISA on mushroom tyrosinase, higher titers of IgG
anti-tyrosinase antibodies were found in patients with
diffused vitiligo compared with localized vitiligo. These
anti-tyrosinase autoantibodies from vitiligo patients’ sera
can be recovered by exploiting its affinity toward tyro-
sinase. These antibodies neither cross-react with other
autoantigens of different autoimmune disorders nor
block tyrosinase activity, which shows that they are not
reacting with the catalytic site of the enzyme. This
indicates that tyrosinase acts as an autoantigen and
serves as a marker for vitiligo (Baharav et al., 1996). In
an attempt to prevent melanocyte destruction, Zehtab
et al. (2001) administered tyrosinase from A. bisporus
orally in animal models, which resulted in a diminished
cell-mediated immune response. It was suggested that
this oral administration is closely linked to the suppres-
sion of cellular response to autoantigens (Kemp et al.,
1997). Therefore, it will be useful in longitudinal stud-
ies to determine the relationship between the clinical
features of vitiligo and tyrosinase antibody levels.

Prodrug therapy

Malignant melanoma continues to be a serious clinical
problem, with a high mortality rate among humans due
to the failure of melanoma cells to respond to cytotoxic
treatment in the form of radiation and chemotherapy.
Thus, metastatic melanoma continues to challenge
researchers to find a systemic treatment for cancer.
To develop such a treatment with a selective cytotoxic
response, interference with the biosynthetic pathway
which converts tyrosine into melanin (Prota et al., 1994)
by tyrosinase is necessary. This would allow selective
conversion of inactive prodrugs, modeled on tyrosine,
into cytotoxic drugs in melanoma cells. Such a selective
strategy toward the treatment of malignant melanoma
is called melanocyte-directed enzyme prodrug therapy
(MDEPT), which offers a highly selective drug deliv-
ery system (Jordan et al., 2001).

Role in cancer

Contradictory results are available regarding the role
of tyrosinase in cancer, as some papers suggest a tumor-
suppressing effect of mushroom tyrosinase, whereas
others predict a possible role in mutagenicity. Vogel
et al. (1977) reported that a stable phenol-L-glutaminyl-
4-hydroxybenzene (GHB), is oxidized by tyrosinase
to a quinone and a second oxidation product, which
together suppress mitochondrial energy production and
synthesis of nucleic acids and proteins. Incubation of
cultured murine L1210 leukemia and B-16 melanoma
cells with purified quinone blocked tumor growth in

mice, but when these cells were incubated in the pres-
ence of GHB, tumor suppression was observed only
in B-16 melanoma cells and not in L1210 leukemia
cells due to the absence of the enzyme tyrosinase. This
result indicates that the cytotoxic effect of GHB is
dependent on the presence of tyrosinase. The antitumor
effect of L-glutamic acid and p-hydroxyanilide on
B-16 melanoma was studied in vivo. In the presence of
mushroom tyrosinase it inhibited DNA polymerase
activity and its 3,4-dihydroxy derivative inhibited
thymine, whereas the 2,5-dihydroxy derivative inhib-
ited uracil and leucine incorporation into nucleic
acid and proteins of melanoma cells (Wick et al.,
1980). However, other results indicate a negative effect
of the mushroom tyrosinase on cancer treatment.
Papaparaskeva-Petrides et al. (1993) found that tyro-
sinase is responsible for enhancing the mutagenicity
of mushroom extract due to production of phenolic
and quinoid compounds. Moreover, this mutagenic re-
sponse was inhibited by catalase, superoxide dismutase,
glutathione and dimethyl sulfoxide, which indicates the
role of phenolic and quinoid compounds in the genera-
tion of reactive oxygen species. The contribution of the
mushroom tyrosinase pathway to the mutagenicity or
carcinogenicity of hydrazines in animals remains to be
elucidated.

Role of antioxidant

In living beings the uncontrolled production of free
radicals leads to many diseases such as cancer, athero-
sclerosis and rheumatoid arthritis as well as degenera-
tive processes related to aging (Halliwell and Gutteridge,
1984). However, the presence of antioxidants in the
diet helps to reduce oxidative damage. Since ancient
times the mushroom has been used as an essential com-
ponent of the diet, so a number of studies have been
made to investigate its antioxidant potential. Recently,
Shi et al. (2002) have reported that the cold-water
extracts of A. bisporus prevented H2O2-induced oxidative
damage to cellular DNA but were unable to identify
the nature of the protective mechanism. Later they were
able to correlate the genoprotective effect of A. bisporus
with a heat labile protein (FII-1), identified as tyro-
sinase, and the nature of the genoprotective activity
of tyrosinase was found to be dependent upon the
hydroxylation of tyrosine to L-DOPA and subsequent
oxidation of L-DOPA to dopaquinone (Gerritsen
et al., 1994). This is quite interesting because L-DOPA
is normally linked with toxic pro-oxidant properties
as it produces highly unstable electrophilic DOPA-
(semi)quinones. On redox cycling these quinones pro-
duce harmful oxy radicals, peroxides, semiquinones
and quinones (Cohen, 1985), which are responsible for
antitumor activity and neurotoxic damage in Parkinson’s
disease (based on treatment with L-DOPA). Further-
more, it was also found that the generation of oxygen
free radicals, produced from L-DOPA in the presence
of Cu(II), is related to strand breakage of DNA under
in vitro conditions (Husain and Hadi, 1995). However,
the exact mechanism of the genoprotective effect of
the L-DOPA oxidation product generated by tyrosinase
is not completely understood. Besides having pro-
oxidant activity, L-DOPA also stimulates a cellular anti-
oxidant defense mechanism under certain conditions.
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At low concentrations it increased intracellular con-
centrations of the antioxidant glutathione, thereby
enhancing the free radical scavenging capacity of the
brain cells (Han et al., 1996).

CONCLUSIONS

Browning of plant-derived foods and beverages occurs
due to enzymatic oxidation of phenols by tyrosinases,
which can cause the destruction of essential amino
acids, the impairment of digestibility and nutritional
quality, and the formation of toxic compounds. This
unfavorable browning has been of great concern, and it
is necessary to search for potent tyrosinase inhibitors.
Besides being used in the treatment of some dermato-
logical disorders associated with melanin hyperpigmen-
tation, tyrosinase inhibitors have found an important
role in the cosmetic and pharmaceutical industries for
their skin-whitening effect and depigmentation after
sunburn. However, only a few antityrosinase inhibitors
are commercially available. Furthermore, they provide
some cause for concern, e.g. high toxicity toward cells,
and low stability, resulting in their limited application.
More concrete studies of human tyrosinase from natu-
ral sources and their clinical studies are required. The
compounds extracted from natural sources are increas-
ing and can protect the skin against exogenous or
endogenous harmful agents, and help to remedy many

skin conditions. The discovery and characterization of
new tyrosinase inhibitors are useful for their potential
application in improving food quality, and preventing
pigmentation disorders in humans.

The depigmenting agents continue to be the subjects
of extensive research due to their easy availability and
vast clinical results. Researchers in this field have sought
actively to identify better depigmenting agents during
the past three decades. To achieve this goal, different
types of compounds from nature have been investigated.
However, more concrete studies with a human clinical
point of view are required.

Another important clinical application of tyrosinase
is its role in the treatment of vitiligo, since the enzyme
acts as a marker of this disease. A number of studies
have been conducted on animal models, but still more
research has to be done to cure vitiligo in humans.
However, much more research on tyrosinase inhibitors
is needed to confirm their structure and activity, and
to improve their safety and effectiveness in various
applications.

Further development in the biochemical understand-
ing of kinetic characterization and relationships between
various isoforms of depigmentation agents is needed.
Also needed is the x-ray crystallographic structure of
tyrosine, which can shed more light on the action mecha-
nism of tyrosinase. This will be helpful in in vitro
mutagenesis studies including antisense RNA techniques
and gene silencing, which will help to decrease the pro-
duction of tyrosinase in vivo.
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