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ABSTRACT

Phytochemical and anti-tyrosinase studies were performed on the stems
of Anaxagorea luzonensis A. Gray, collected from a forest area in Petchaburee
Province, Thailand. The hexane, dichloromethane and ethyl acetate extracts were
found to be active against mushroom tyrosinase with percent inhibition at 0.909
mg/ml of 28.56 %, 58.27 % and 86.76 %, respectively. Results also confirmed the
antioxidant activities of these extracts as shown by the 1Csy values of 162.7, 10.60
and 3.33 pg/ml, respectively. Bioassay-guided fractionation of these extracts was
carried out by chromatographic methods. Phytochemical investigation of these
extracts resulted in the isolation and identification of five compounds; the three
xanthones were found to be 1,6-dihydroxy-5-methoxy-4,5-dihydro-4,45-
trimethyl-furano-(2,3:3,4)-xanthone (A), 2-deprenyl-rheediaxanthone B (B) and
1,3,6-trihydroxy-5-methoxyxanthone(C) and the two flavonols were identified as
kaempferol (D) and quercetin (E). Their structures were established by
spectroscopic methods (UV, IR, MS, *H-NMR and *C-NMR). This is the first
report on the anti-tyrosinase activity of the A. luzonensis, compounds A (ICs 1.18
mM) and B (ICsp 1.35 mM), while compound D (kaempferol) and E (quercetin),
are known anti-tyrosinase agents. These compounds exhibited scavenging activity
toward DPPH radical with ICs, values of 5.56 (A), 7.62 (B), 6.94 (D) and 5.30 (E)
MM. However, compound C was found to be inactive against mushroom tyrosinase
and to have little free radical scavenging activity.

The results of this study demonstrated the potential of A.luzonensis as
tyrosinase inhibitory and antioxidant agents for applications in the pharmaceutical
and cosmeceutical fields.

KEY WORD ANAXAGOREA LUZONENSIS A. GRAY, XANTHONES,
FLAVONOIDS, ANTITYROSINASE, FREE RADICAL
SCAVENGING ACTIVITY
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CHAPTER |
INTRODUCTION

Tyrosinase is known to be a key enzyme in melanin biosynthesis, involved
in determining the color of mammalian skin and hair. The enzyme is responsible for
melanization in animals and browning in plants and fungi. The color of mammalian
skin and hair is determined by a number of factors, the most important of which is the
degree and distribution of melanin pigmentation. Melanin is the main component for
the darkening of the skin (1). It is secreted by melanocyte cells distributed in the basal
layer of the epidermis. The role of melanin is to protect the skin from ultraviolet (UV)
damage by absorbing UV sunlight and removing reactive oxygen species (ROS).
Various dermatological disorders result in the accumulation of an excessive level of
epidermal pigmentation. These hyperpigmented lentigenes include melasma, age spots
and sites of actinic damage (2). Skin is an important component of body image and has
immense psychological importance for both women and men, so skin pigmentation
can be a source of significant emotional distress in individuals (3). Most of the women
in some specific countries, especially in Asia, want to have white skin. To satisfy this
desire many cosmetics have been developed for melanogenesis inhibition. Tyrosinase
is the key enzyme in the synthesis of melanin and intervenes in several intermediate
stages of pigment formation (4, 5). Tyrosinase inhibition is the most common
approach to achieve skin hypopigmentation as this enzyme catalyses the rate-limiting
step of pigmentation (7, 10). Tyrosinase catalyses both the hydroxylation reaction that
converts tyrosine into 3-(3,4-dihydroxyphenyl)-l-alanine (DOPA) and the oxidation
reaction that converts DOPA into dopaquinone, which further led to the
polymerization of brown pigments (8). Therefore, the use of tyrosinase inhibitors such
as kojic acid and hydroquinone has become increasingly important in the cosmetic
industry because of their anti-pigmenting effects. Despite the extensive research on

lightening agents, the existing agents have several limitations in terms of high toxicity,
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low stability, poor skin-penetration and insufficient activity (9). So alternatives to
them are being sought, including naturally occurring compounds.

A random screening of various plant extracts for anti-tyrosinase activity
revealed that the ethanolic extract of the Anaxagorea luzonensis A. Gray
(Annonaceae) inhibited more than 80% of activity of mushroom tyrosinase. A
literature survey of the phytochemistry of this plant indicates the presence of several
xanthones and flavonoids with antioxidant activity. Flavonoids are reported to possess
a wide range of biological activities. So far, there has been no report on the anti-
tyrosinase activity of A.luzonensis (SciFinder, Accessed since November, 2007).
Therefore, it is of interest to study A.luzonensis as a model for anti-tyrosinase agent.

The present study was designed to search for anti-tyrosinase compounds
and to confirm the anti-oxidant activity of this plant. Crude extracts were separated by
chromatographic means and thin layer chromatographic technique was developed for
rapid tyrosinase inhibitor detection. The anti-tyrosinase and free radical scavenging
activities were calculated in terms of % inhibition and comparison was made between
different fractions. The structure identification of isolated chemical constituents was

performed using spectroscopic techniques.
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OBJECTIVES

1. To study the chemical profile and the anti-tyrosinase and free radical scavenging
activities of Anaxagorea luzonensis.

2. To isolate compounds from active fraction (s) of A. luzonensis.

3. To identify chemical structures of the isolated compounds.

4. To study their anti-tyrosinase and free radical scavenging activities.
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CHAPTERII
LITERATURE REVIEW

2.1 Melanogenesisin humans

2.1.1 Meanin-formation and distribution in the skin (9)

Melanogenesis is the process of human skin pigment formation. The
differences that can be seen in skin coloration depends greatly on the skin pigment.
Synthesis and distribution of melanin in the skin and hair bulbs are cause of visible
pigmentation in mammals. The site of formation and distribution of pigmentation in
the epidermis is demonstrated in Figure 1. Melanin is secreted by melanocyte cells
distributed in the basal layer of the dermis. Melanins play an important role in the
absorption of free radicals generated within the cytoplasm and in shielding the host
cells from various types of ionizing radiations, including UV light. Melanins are
categorized into two basic types. eumelanins, which are brown or black, and
pheomelanins, which are red or yellow. In mammals, mixtures of both types are
typically found. Interestingly, pheomelanin has the ability to produce free radicals in
response to UV radiation. Since free radicals can inflict cell injury, pheomelanin may
actually contribute to intensifying UV-induced skin damage rather than protecting the
skin.

After the completion of melanogenesis, melanin pigments formed are
stored within the melanosomes located in the cytoplasm of melanocytes. There
melanosomes are transferred upward to the keratinocytes through the dendrites of
melanocytes. The distribution of the amounts and types of melanin in the keratinocytes

determines the various shades of skin and hair colors (Figure 1).
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Figure 1 Outline of mammalian skin indicating three main layers epidermis, dermis
and sub-cutaneous, visible pigmentation results from the synthesis and distribution of

melanin in the melanocytes in the epidermal layer of the skin (9)

2.1.2 Tyrosinase

Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme that catalyzes
two distinct reactions of melanin synthesis, which is widely distributed in plants and
animals, and is involved in the formation of melanin pigments (10-12). Of catalyzes
the hydroxylation of tyrosine by monophenolase action and the oxidation of 3,4-
dihydroxyphenylalanine (L-DOPA) to o-dopaquinone by diphenolase action.
However, if L-DOPA is an active cofactor, its formation as an intermediate during o-
dopaguinone production is still controversial. o-dopaquinone is unstable in agueous
solution and rapidly suffers a non-enzymatic cyclization to leukodopachrome, which is
further oxidized non enzymatically by another molecule of o-dopaguinone to yield
dopachrome and one molecule of regenerated L-DOPA (13-15).

In the food industry, tyrosinase is a very important enzyme in controlling
the quality and economics of fruits and vegetables (16-18). Tyrosinase catalyzes the
oxidation of phenolic compounds to the corresponding quinones and is responsible for
the enzymatic browning of fruits and vegetables. In addition to the undesirable color
and flavor, the quinone compounds produced in the browning reaction may

irreversibly react with the amino and sulfhydryl groups of proteins. The quinone-
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protein reaction decreases the digestibility of the protein and the bioavailability of
essential amino acids, including lysine and cysteine. Therefore, development of high-

performance tyrosinase inhibitors is much needed in the agricultural and food fields.

2.1.2.1 Biochemical characteristics and reaction mechanism
of tyrosinase

In higher plants and fungi, tyrosinases exist in immature, mature
latent and active isoforms (19, 20). However, bio-chemical characterization of the
kinetics and relationship between the isoforms is not yet complete. The active site of
tyrosinase consists of two copper atoms and three states. Structural models for the
active site of these three forms of tyrosinase have been proposed (19-22).

Figure 2 A mode of the structure of tyrosinase enzyme, crystallographic structure
(23) of a Sreptomyces derived tyrosinase in complex with aso called "caddie protein”.
(from http//en.wikipedia.org/wiki/Tyrosinase)

The two copper atoms within the active site of tyrosinase
enzymes interact with dioxygen to form a highly reactive chemica intermediate that
then oxidizes the substrate (24-25). In al models only the tyrosinase molecule is

shown (Figure 2), copper atoms are shown in green and the molecular surface is
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shown in red. In models D and E, the amino acid histidine is shown as a blue line
representation. From model E it can be clearly seen that each copper atom within the
active site is indeed complexed with three histidine residues, forming a type 3 copper
center. It can also be seen from models C and D that the active site for this protein sits

within a pillus formed on the molecular surface of the molecule.

Classification and properties of tyrosinase

The most well studied multi-copper oxygenase is tyrosinase,
which contains a coupled binuclear copper active site. Tyrosinase catalyzes both the o-
hydroxylation of monophenols and the two-electron oxidation of o-diphenols to o-
guinones. The second reaction is much faster than the first; thus, the hydroxylation of
tyrosine to L-DOPA is considered to be the rate-determining step. Labelling studies
demonstrated that the oxygen incorporated into the phenolic substrate derives from
molecular O, (26). The two electrons required to reduce the second oxygen atom to
H,0 are supplied by the substrate.

The best-characterized tyrosinases are derived from
Sreptomyces glausescens, the fungi Neurospora crassa and Agaricus bisporus. 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 anima sources, but few of them have been well
characterized. Unlike the fungal tyrosinase, human tyrosinase is a membrane-bound
glycoprotein (13% carbohydrate) (27). Many of these enzymes have been sequenced,
including ones from N. crassa and humans (28-30). A variety of mutations in the
human tyrosinase gene has been correlated with the pigment deficiency of
oculocutaneous abinism (31). This nearly ubiquitous enzyme has been adapted to
serve diverse physiologica roles in different organisms (32-33). In fungi and
vertebrates, tyrosinase catalyzes the initial step in the formation of the pigment
melanin from tyrosine. In plants, the physiological substrates are a variety of
phenolics. Tyrosinase oxidizes them in the browning pathway observed when tissues
are injured; however, the function of this reaction is not clear. One possible role is the
protection of wounds from pathogens or insects. In the latter, tyrosinase is thought to

be involved in wound healing and possibly sclerotization of the cuticle.
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Structure of the active center of tyrosinase

Chemica and spectroscopic studies of tyrosinase have
demonstrated that the geometric and electronic structures of the binuclear copper
active site of this enzyme are extremely similar to those found in hemocyanins (34-
36). While it is unfortunate that there is no crystal structure presently available for any
tyrosinases, much insight into their active site and contribution of the active site to
reactivity can be obtained from correlations to hemocyanins, of which crystal
structures exist for both the deoxy and oxy forms of the active sites (21, 37, 38).

In the formation of melanin pigments, three types of tyrosinase
(met, oxy and deoxytyrosinases) with different binuclear copper structures of the
active site areinvolved (39-41).

Mettyrosinase, the resting form of tyrosinase, contains two
tetragona Cu (I1) 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 (I1) ions of mettyrosinase triggers
the lack of an electron paramagnetic resonance (EPR) signal, which requires a
superexchange pathway associated with a bridging ligand (42). This species can be
converted by addition of peroxide to oxytyrosinase, which in turn decays back to
mettyrosinase when the peroxideislost. The resting form of tyrosinaseis found to be a
mixture of 85% met and 15% oxy forms.

Oxytyrosinase also can be produced by the two-electron
reduction of deoxytyrosinase, followed by the reversible binding of dioxygen (21, 43)
which reacts with monophenol as well as o-diphenol substrate. The exogenous oxygen
molecule is bound as peroxide and bridges the two copper centers. Peroxide bound in
this mode confers a distinct O, — Cu (I1) charge transfer spectrum which can be
correlated to the optical features of the oxy form of tyrosinase and includes an
extremely intense absorption band at 350 nm and CD band at 325 nm (40, 44).

Deoxytyrosinase, an analogue of deoxyhemocyanin, has a
bicuprous structure [(Cu (I)-Cu (I)]. These three copper states in the active site of
tyrosinase led to a structura model being proposed for the reaction mechanism
involved in the o-hydroxylation of monophenols and oxidation of the resulting o-

diphenols, which is based on an associative ligand substitution at the active site of
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tyrosinase. Figure 3 shows the interrelationship between these three froms of

tyrosinase.

N\Cu Cu

7! "\

N deoxy N \
\Cu/ \ /N \CLI/O\CLI/
/n\o/ 11\N HmHz / N, 71\ .

met oxy

Figure 3 Interrelation of the three function states of tyrosinase

M echanism of tyrosinase action

The above considerations have led to the molecular mechanism
for the monophenolase and diphenolase activity of tyrosinase. The mechanism for the
monophenolase activity of tyrosinase has been widely studied (40, 48, 49) based on
three forms of the enzyme. In the monophenolase cycle, the monophenol can react
only with the oxy form and binds to the axia position of one of the coppers of this oxy
form. Rearrangement through a trigonal bipyramidal intermediate leads to o-
hydroxylation of monophenol by the bound peroxide (Figure 4). This generates a
coordinated o-diphenol, which is oxidized to the o-quinone, resulting in a deoxy form
ready for further dioxygen binding.
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Figure 4 Cataytic cycles of the hydroxylation of monophenol and oxidation of o-

diphenol to o-quinone by tyrosinase (43).

The o-diphenol can react with the met form present to give the
coordinated o-diphenol in the monophenolase cycle.

In the diphenolase cycle, both the oxy and met forms react with
o-diphenoal, oxidizing it to the o-quinone. However, monophenol can compete with o-
diphenol for binding to the met form site, inhibiting its reduction. Comparing the
kinetic constants for monophenolic versus o-diphenolic substrates, bulky substituents
on the ring dramatically reduce monophenolase activity but not diphenolase activity
(40). This suggests that while monophenolic substrates require the axial to equatorial
arrangement for o-hydroxylation, o-diphenolic substrates need not undergo
rearrangement at the copper site for smple electron transfer.

Kinetic studies of the steady state of the pathway show the
lower catalytic efficiency of tyrosinase on monophenols than on o-diphenols (41, 50,
51). Monophenolase activity is typically characterized by a lag time (48, 49, 52, 53)
which is dependent on factors such as substrate and enzyme concentrations, and
presence of a hydrogen donor (15). In the kinetic studies, lag time is the time required
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for the resting met form to be drawn into the active deoxy form by the reducing agent,
arising via action of the small amounts of the oxy form that usualy accompany the
met form. In the presence of reducing agents known as cofactors, especialy o-
diphenol derivatives such as L-DOPA and (+)-catechin, tyrosinase is activated and the
lag time is shortened or abolished as shown in Figure 5 (44,52,53). L-DOPA at avery

low concentration is the most effective reducing agent for eliminating lag time.
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Figure 5 Hydroxylation of tyrosine by monophenolase action of mushroom
tyrosinase in the absence (a) and presence (b) of L-DOPA (44). The increase of the
absorbance at 475 nm is due to the formation of dopachrome by the hydroxylation of
tyrosine.

2.1.2.2 Pathway of melanin biosynthesisin mammalians

Mammalian melanocytes can produce two types of melanin:
eumelanin, which is black or brown and pheomelanin which is red or yellow in color
(54, 55). Switching between these two types of melanins in follicular melanocytes
eicits a temporary shift from eumelanogenesis to pheomelanogenesis, which is
responsible for the wild-type agouti pigment of murine hair color (56). For many
decades, melanosomal proteins that regulate melanin biosynthesis have been studied

and characterized, especially those required for eumelanogenesis (57).
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Figure6 Biosynthetic pathway of melanin (46, 58).

The pathway of eumelanogenesis may be divided into two
phases, one proxima and the other distal (Figure 6) (46, 58). The proxima phase
consists of the enzymatic oxidation of tyrosine or L-DOPA to its corresponding o-
dopaquinone catalyzed by tyrosinase. This nascent o-dopaguinone can undergo two
different types of reactions: intramolecular 1, 4-addition to the benzene ring or a water
addition reaction. The amino group of an o-dopaguinone side chain first undergoes an
intramolecular 1, 4-addition to the benzene ring, which causes its cyclization into
leukodopachrome, as shown in the above Figure. This intermediate is quickly oxidized
to dopachrome by another o-dopaguinone, which is reduced back L-DOPA (43, 46,
47).

The second reaction occurs with cyclizable and noncyclizable
guinones and consists of a water addition to the benzene ring, which leads to the
formation of a three-hydroxylated phenol, 2,4,5-trihydroxyphenylalanine (TOPA),
which is chemically oxidized to p-topaguinone by another o-dopaquinone (43, 59).
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This p-topaguinone evolves through a series of slow reactions to dopachrome, which
isthe final product of the proximal phase.

The distal phase is represented by chemica and enzymatic
reactions which occur after dopachrome formation and lead to the synthesis of
eumelanins (Figure 6) This phase starts with the slow chemical decarboxylation of
dopachrome to 5,6-dihydroxyindole (DHI) and its subsequent oxidation to indole-5,6-
guinone. As an alternative to this chemical evolution in the distal phase, dopachrome
may be enzymatically transformed into 5,6-dihydroxyindole- 2-carboxylic acid
(DHICA) by dopachrome tautomerase (60, 61). DHICA is further oxidized by a redox
reaction with o-dopaguinone to form indole-5,6- quinone carboxylic acid, which can
exist in three tautomeric forms, including the quinone-imine and the corresponding
highly reactive quinone-methide (62, 63). Properties of DHI-derived and DHICA-
derived melanins differ from each other in that the former are black and flocculent,
while the latter are yellowish-brown and finely dispersed (60).

During pheomelanogenesis, the thiol group of sulfhydryl
compounds such as glutathione and cysteine nucleophilicaly attacks o-dopaguinone
made enzymatically by tyrosinase to produce cysteinyldopa or glutathionyldopa. This
thiol group can be added to different ring positions, although the 5-position is the
favored position. Subsequent cyclization and polymerization of cysteinyldopa or
glutathionyldopa in an uncharacterized series of reactions result in the production of
pheomelanins and trichochromes (55, 57). The interaction between the eumelanin and

pheomelanin compounds gives rise to a heterogeneous pool of mixed-type melanins.

2.1.3 Machanisms of skin depigmentation and their inhibitors

The processes of depigmentation involved in the production and the
transfer of pigment granules can be interfered with at various steps. The possible
modes of action of compounds which are considered as depigmenting agents have

been summarized (64). These compounds may:

- selectively destroy the melanocytes
- inhibit the formation of melanosomes and alter their structures
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- inhibit the biosynthesis of tyrosinase enzyme

- inhibit tyrosinase activity

- interfere with the transfer of melanosomes from melanocyte cells to
keratinocyte cells

2.1.3.1 SKkin depigmenting agents

Hydroquinone is one of the most effective depigmenting
agents. Its mode of action is trought to include the inhibition of the conversion of
tyrosine to melanin, degradation of melanocytes and inhibition of the DNA and RNA
synthesis of melanocyte.

Mer cury Compounds as depigmenting agents was in a form of
mercury salts such as mercuric oxide and mercurous chloride. The disadvantage of
mercuric chloride usually in liquid form is the release of hydrochloric acid which can
damage the epidermis. The inhibition mechanism of ammoniated mercury is to replace
the copper ions of the tyrosinase. This prevents the enzyme from functioning properly
in skin pigmentation.

Catechol and its derivatives are effective skin color reducing
compound but they are also cytotoxic to pigmented cell, their inhibition mechanism
being in the process of dopa oxidation.

Kojic acid is inhibition mechanism involves chelation of the
copper ions in the active sites of the enzyme tyrosi nase.

Vitamin C Derivatives are changed to y-ascorbic acid which is
the active form by the enzyme in the skin, ascorbic acid (5-10%) is a copper chelator,
anti-oxidant, and inhibits melanocyte proliferation (7, 71).

Niacinamide (5%), which is adso known as vitamin B-3,
reduces the transfer of melanosomes from melanocytes to keratinocytes or melanin
transfer (serine protease inhibitors)

Alpha hydroxy acids: Glycolic acids (6-12%) are a group of
organic carboxylic acids that have been popularized since they are considered to be
natural substances. The mechanism of action of AHASs is thought to be as an
exfloliating agent and thereby, removes epidermal keratinocytes (desquamation),
shortens the cell cycle and facilitates rapid pigment loss (71).
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Tablel Some Skin depigmenting agents and their possible modes of action of

compounds
Melanin synthetic -
pathway & related proc Inhibitors References
Before Tyrosinase - Tretinoin Briganti, 2003
melanin transcription via | - Dihydrolipoic acid
synthesis MITE - Lipoic acid Lin et al.,2002
- Resveratrol
- Ephedra sinica Kim et al.,2006
- Lepidium apetalum Choi et al.,2005
- Nardostachys chinensis Lee Set al.,2006
- Angelica gigantia Naly et al., 2007
(ethanolic extract)
- Betulin from Birch bark Muceniece et al, 2007
Tyrosinase - Cnidium officinale extract | LeeK et al.,2006
: - Crocusatin K from
gﬁﬂﬂ%ﬁ%i a Crocus sativus petals Li et al.,2004
- Piperlonguminine from
oa-MSH Piper longum fruits Kyeong-Soo et al.,
2006
- Rumex spp.(TyrostatTM) | Fytokem Products
- Senkyunolide A from
Ligusticumchuanxiong | LeeK et al.,2006
- Sophora angustifolia
root extract Tomonori,2000
After Inhibition of - Serine protease inhibitors | Seiberg et al, 2000 a,b
melanin melanosome
Synthegs transfer - Lectins & Minwalla et a.|,2001

neoglycoproteins
- Soybean/milk extracts
- Niacinamide

- Mandresy extract
(Buddlgja auxillaris leaf
Extract)

Briganti,2003
Hakozaki et al., 2002

Bayer's Serdex
Division

Acceleration of
tyrosinase
degradation

- 25-hydroxychol esterol
- Linoleic acid
- a-Linolenic acid

Ando et al., 2006

Skin turnover
accelerators

- Glycolic acid

- Lactic acid

- Madlic acid

- Sdlicylic acid

- Linoleic acid

- Liquiritin

- Retinoic acid

- Helix aspera Muller

- 4-S-Cystaminylphenol

Solano et al.,2006

Ando et al., 2006
Briganti, 2003
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2.1.4 Commonly used skin depigmentation agents
2.1.4.1 Hydroquinone

Hydroquinone has a variety of uses principally associated with
its action as a reducing agent which is soluble in water, it is a ubiquitous chemical
readily available in cosmetic and nonprescription forms for skin lightening. It is
considered one of the most effective inhibitors of melanogenesis in vitro and in vivo,
and is widely used for the treatment of melanosis and other hyperpigmentary
disorders. This phenolic compound has been successfully used as a skin-lightening
agent for the treatment of melasma, post-inflammatory hyperpigmentation and other
disorders of hyperpigmentation. Hydroquinone decreases tyrosinase activity by 90% at
the concentrate of 4% and causes reversible inhibition of cellular metabolism by
affecting both DNA and RNA synthesis.

Hydroguinone occurs naturally in many plants as well as in
coffee, tea, beer and wine. The cytotoxic effects of HQ are not limited to melanocytes,
although the dose required to inhibit cellular metabolism is much higher for
nonmelanotic cells than for melanocytes. Thus, HQ can be considered a potent

melanocyte cytotoxic agent with relatively high melanocyte specific cytotoxicity.

OH
OH
o)
OH
Hydroquinone Monobenzy! hydroguinone ( Benoquin; PBP)

The side effects of HQ include both acute and chronic effects.
Acute side effects are alergic and irritant contact dermatitis, nail discoloration, and
post inflammatory hyper-pigmentation. In 2006, the United States Food and Drug
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Administration (FAD) revoked its previous approva of hydroquinone and proposed a
ban on al over-the-counter preparations (65). The FDA stated that hydroquinone
cannot be ruled out as a potential carcinogen. This conclusion was reached based on
the extent of absorption in humans and the incidence of neoplasms in rats in severa
studies where adult rats were found to have increased rates of tumours, including
thyroid follicular cell hyperplasias, anisokaryosis, mononuclear cell leukemia,

hepatocellular adenomas and renal tubule cell ademonas .

2.1.4.2 Monobenzyl ether of hydroquinone

Like HQ, monobenzyl ether of hydroquinone (MBEH) belongs
to the phenol/catechol class of chemical agents. However, unlike HQ, MBEH amost
aways causes a nearly irreversible depigmentation of skin. Traces of MBEH have
been found in disinfectants, germicides, rubber covered dish trays, adhesive tape,
powdered rubber condoms and rubber aprons (66). MBEH should be used only to
eliminate residua areas of normally pigmented skin in patients with refractory and
generalized vitiligo. It has been suggested that the mechanism of depigmentation by
MBEH involves selective melanocytic destruction through free radical formation and

competitive inhibition of the tyrosinase enzyme system (67).

o)

Monobenzyl ether

The phenomenon of repigmentation occurred within a few
weeks of discontinuing successful depigmentation therapy with monobenzyl ether of
hydroguinone in a patient with extensive vitiligo. Patients undertaking depigmentation
therapy should be warned that this may occur, although the mechanism by which this

occurs is unknown (68).
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2.1.4.3 Hydroxyanisole

Many of the well-known depigmenting agents such as
hydroguinone and 4-hydroxyanisole are, in fact, melanocytotoxic chemicals which are
oxidized in melanocytes to produce highly toxic compounds such as quinines (69).
These cytotoxic compounds are responsible for the destruction of pigment cells,
resulting in skin depigmentation. However, cells are capable of protecting themselves
against cytotoxic agents by intracellular glutathione (GSH). This protection takes
place under the enzymatic action of the detoxification enzyme glutathione S
transferase (GST), which is responsible for the conjugation of toxic species to GSH.
The depigmenting effect of hydroquinone is shown to be potentiated by buthionine
sulfoximine (BSO) and cystamine as a result of their reducing intracellular GSH
levels. Additionally, BSO and cystamine are shown to inhibit the activity of GST. The
combination of al-trans-retinoic acid (tretinoin, TRA) with hydroquinone or 4-
hydroxyanisole is also known to produce synergistic skin depigmentation. This agent

was also shown to reduce the level of intracellular GSH in certain cells (69).

HO

~

o
4-hydroxyanisole

2.1.4.4 Arbutin

Arbutin is both an ether and a glycoside; a glycosylated
hydroquinone. It inhibits tyrosinase and thus prevents the formation of melanin.
Arbutin is therefore used as a skin-lightening agent. Arbutin is also found in wheat,
and is concentrated in pear skins. Arbutin (hydroquinone-O-beta-D-glucopyranoside)
is a natural product which was first isolated from the fresh fruit of the California
buckeye, Aesculus californica (70). At was later isolated from several the plant
sources, especially bearberry plant in the genus Arctostaphylos, i.e. Arctostaphylor
urva-ursi. Arbutin can inhibit the oxidation of L-DOPA cataysed by mushroom

tyrosinase, and is effective in the topica treatment of various cutaneous
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hyperpigmentations characterized by hyperactive melanocyte function. It can inhibit
melanin synthesis by inhibiting the tyrosinase activity. This appears to be due to the
inhibition of melanosomal tyrosinase activity rather than the suppression of this
enzyme's synthesis and expression. Arbutin inhibits the oxidation of L-tyrosine
(monophenolase activity) catalysed by mushroom tyrosinase (71) and it competes for
active binding sites in the enzyme tyrosinase without being oxidized. However,
arbutin itself was oxidized as a monophenol substrate at an extremely slow rate, and
the oxidation was accelerated as soon as catalytic amounts (0.01 mM) of 1-3,4-
dihydroxyphenylaanine (L-DOPA) became available as a cofactor (70).

HO
OH

OH

OH
Arbutin (4-Hydroxyphenyl-3-D-glucopyranoside)

2.2 Enzymatic browning of plant-derived foods

The enzymatic browning of plant-derived foods and beverages takes place
in the presence of oxygen when tyrosinase and their polyphenolic substrates are mixed
after brushing, peeling and crushing operations, which lead to rupture of cell structure
(72). The fundamental step in enzymatic browning is the transformation of an o-
diphenol such as L-DOPA to the corresponding o-quinone, which can undergo further
oxidation to brown melanin pigment (73, 74). O-Quinones are powerful electrophiles
which can suffer nucleophilic attack by water, other polyphenols, amino acids,
peptides and proteins, leading to Michael-type addition products (75-77). This
enzymatic browning can be prevented by trapping the o-dopaguinone intermediate

with cysteine or ascorbic acid (Figure 7) (7, 78).
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Figure 7. Inhibition of tyrosinase-catalyzed enzymatic browning by trapping the
dopaguinone intermediate with cysteine or ascorbic acid (10, 78)

Chlorogenic acid, the magjor phenolic compound of plant derived foods, is
also oxidized by tyrosinase to a highly reactive o-quinone intermediate which then
could interact with NH, groups of lysine, SCH3 groups of methionines and indole
rings of tryptophan in nucleophilic addition and in polymerization reactions, the so-
called browning and greening reactions. These transformations destroy essential amino
acids, impair digestibility and nutritional quality, and may also result in the formation

of toxic compounds (79, 80).

2.3 Natural inhibitorsof tyrosinase

Numerous plant derived compounds with anti-tyrosinase activity have been
isolated and characterized. These include phenylpropanoids, flavonoide, stilbenoide,
etc.

2.3.1 Plant polyphenolsasinhibitors (81)

Plant polyphenols are usually referred to as a diverse group of compounds
containing multiple phenolic functionalities. These compounds are produced as
secondary metabolites by most higher plants, in which they have numerous biological

activities.
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2.3.1.1 Flavonoids

Flavonoids are one of the most numerous and best-studied
groups of plant polyphenols, that is benzo-y-pyrone derivatives consisting of phenolic
and pyrane rings. Widely distributed in the leaves, seeds, bark and flowers of plants,
over 4000 flavonoids have been identified to date. In plants, these compounds afford
protection against UV radiation, pathogens and herbivores. They are also responsible
for the characteristic red and blue colors of flowers berries, and certain vegetables.

Flavonoids may be subdivided into six maor groups (flavanaols,
flavones, flavonols, flavanones, isoflavones and anthocyanidins), which differ in the
arrangements of the hydroxyl, methoxy and glycosidic side groups, and in the

conjugation between the A- and B-rings.

OH OH
, HO l o O
OH
OH 0

Flavanols
O OH
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)
X
OH

Isoflavones Anthocyanidins

Figure 8 Structures of different classes of flavonoids
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Some flavonoids, such as kaempferol, quercetin and morin,
show the inhibitory activity on tyrosinase, while others, e.g. catechin and rhamnetin,
act as cofactors or substrates of tyrosinase. A number of studies have been carried out
to identify and characterize inhibitors from natural sources and to establish the
relationship between their inhibitory activity and their structures (Table 3). It was
found that flavonoids containing an o-keto group show potent tyrosinase inhibitory
activity (82). This inhibition ability may be explained in terms of similarity between
the dihydroxyphenyl group in L-DOPA and the a.-keto group in flavonoids.

Some flavonols possessing a 3-hydroxy-4-keto moiety, such as
kaempferol and quercetin, competitively inhibit tyrosinase activity by their ability to
chelate the copper atoms in the active site, leading to irreversible inactivation of
tyrosinase. After chelation to tyrosinase, kaempferol and quercetin in the resulting
complex theoreticaly should lose their planar structure and should be somehow
twisted. This chelation behavior was verified by UV-visible measurement; the
characteristic bathochromic shifts in the spectra of kaempferol and quercetin were
observed by adding excess copper ions. This copper chelation mechanism is further
supported by observation of a noticeable spectral shift when kaempferol and quercetin
are incubated with tyrosinase. Interestingly, quercetin and kaempferol can chelate
copper in the met form of tyrosinase. This behavior differs from that of kojic acid,

which chelates via the oxy form (83).
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Table 2. Summary of tyrosinase inhibitory activity of compounds from natural

sources (81).

Compounds Type of inhibition | Cso(mM)

Flavanols

(-)-Epigallocatechin competitive® 0.035

(—)-Epicatechin gallate competitive® 0.017

(-)-Epigallocatechin competitive® 0.034
galate

Flavonols

Quercetin competitive® 0.070

K aempferol competitive® 0.230

Morin competitive® 2.320

Flavones

Luteolin noncompetitive’ 0.190

Luteoilin 7-O-glucoside noncompetitive” 0.500

| soflavans

Glabridin noncompetitive’ 0.004

Glabrene mixed-type® 7.600

Isoliquiritigenin mixed-type” 0.047

Other compounds

Kojic acid mixed-type” 0.014

Anisaldehyde noncompetitive® 0.320

Cuminaldehyde noncompetitive® 0.050

Cinnamaldehyde noncompetitive” 0.980

& Inhibition of monophenolase activity.
® Inhibition of diphenolase activity.
1 Cs0, concentration causing 50% inhibition of the enzyme activity
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In contrast to kaempferol and quercetin, 3-O-glycoside
derivatives (kaempferol 3-O-glucoside, kaempferol 3-O-sophoroside, quercetin 3-O-
glucoside and quercetin 3-O-rutinoside) did not exhibit inhibitory activity even at high
concentrations. This means that the free hydroxyl group at the C-3 position seems to
play an important role in eliciting the activity. As far as flavonols are concerned, it
seems that aglycones exhibit tyrosinase inhibitory activity but not their 3-glycoside
derivatives. However, athough this hydroxyl group somehow relates to the activity, it
may not be essential because severa flavones, such as luteolin and luteolin 7-O-
glucoside, which lack this 3-hydroxyl group still showed tyrosinase inhibitory activity
(83). Generaly, most competitive inhibitors closely resemble, at least in part if not all,
the structure of the substrate tyrosine and / or L-DOPA. Conclusions, based on this
concern, seem to imply that the molecule of kaempferol or quercetin fits loosaly into
the active site of tyrosinase and prevents entry of L-DOPA. On the other hand, a bulky
sugar moiety attached to the 3-hydroxyl group in the flavonols may hinder their
approach to the active site of tyrosinase. In contrast, the sugar moiety of flavone
glycosides such as luteolin 7-O-glucoside and buddlenoids did not disturb their
nearness to the active site for inhibition. The additional hydroxyl group at the 3'™-
position also somewhat affected the activity since quercetin exhibited slightly more
potent activity than the more lipophilic kaempferol.

Gallates, gallic acid and its esters, are widely used as additives
in food industries. Gallic acid, the parent compound of gallates, inhibits the oxidation
of L-DOPA catalyzed by tyrosinase. In addition, gallic acid itself seems to act as a
substrate, being oxidized prior to L-DOPA, which accelerates the oxidation of gallic
acid. The resulting o-quinones of galic acid may condense with one another through a
Michael-type addition, yielding a relatively stable quinol-quinone intermediate. It
appears that o-dopaguinone could act as a redox cycler, oxidizing gallic acid to the
corresponding o-quinone and being reduced back to L-DOPA. Various galic acid
derivatives have been isolated from green tea and Galla rhois. Some of them showed a
potent inhibitory effect against tyrosinase, indicating that the flavan-3-ol skeleton with
a galloyl moiety at the 3-position is an important structural requirement for optimum
inhibition of tyrosinase activity. It has been reported that the tyrosinase inhibitory

activity of aromatic carboxylic acids decreases through esterification, hydroxylation or
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methylation of the benzene ring. However, 1,2,34,6-penta-Ogalloyl-b-D-glucose

isolated from Gallarhois exhibited high tyrosinase inhibitory activity.

kaempf erol morin

OH o] OH

(-)-Epigallocatechin (-)-Epicatechin gallate

CHO O
HO.
OH
HO
OCH3 OH
anisaldehyde gallic acid

guercetin

OH

OH

OH
(-)-Epigallocatechin gallate

HO
OH

Glycolic acid

Figure 9 Structures of some of tyrosinase inhibitors from natural sources.
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Figure 9 Structures of some of tyrosinase inhibitors from natural sources (cont.)
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2.3.1.2 Xanthones (91)

Xanthones are natural constituents of plants in the familie
Bounetiaceae and Clusiaceae. Current reseach on xanthones they are beneficial in
many conditions including: allergies, infections (bacterial, fungus, virad),
inflammation, and skin disorder. Most xanthones also exhibit strong antioxidant
activity. Cudraxanthones (Figure 11) isolated from root bark of Cudrania tricuspidata,
which has been used as traditional medicine in Korea and China, especially
cudraxanthone M (furano prenylxanthone) showed potent anti-tyrosinase activity with
ICso value of 16.5 uM, and appeared to inhibit the polyphenol oxidase activity of
tyrosinase in an noncompetitive mode (K; = 1.6 uM) when L-tyrosine was used as a
substrate and kojic acid (ICsp value 14.6 uM) as a positive control. In an investigation
on constituent from root bark of Cudrania tricuspidata, it was found that xanthones
showed potent tyrosinase inhibitory and antioxidant activities. In this paper (Sang
Seok, 2007) three xanthones were isolated; these were cudraxanthone L,
cudraxanthone D and cudraxanthone M. Only Cudraxanthone M showed potent

tyrosinase inhibitory activity.

Table 3. The inhibibtory effects of copounds 1-3 (1, cudraxanthone L, 2,

cudraxanthone D and 3, cudraxanthone M) on tyrosinase activities (91)

Compound [Cs0 (UM) Inhibition type
1 >100 NT*
2 >100 NT*
3 16.5 uncompetitive
Kojic acid 14.6 NT*

NT* : not tested
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Cudraxanthone L Cudraxanthone D

«y (2)

0 OH
HO
HO l 0 I 0

Cudraxanthone M

©)

Figure 10 Chemical structures of xanthones with anti-tyrosinase activity

2.3.2 Aldehydes and other compounds from higher plants (81)

A large number of aldehydes and other compounds were also isolated and
characterized as tyrosinase inhibitors, such as cinnaldehyde, (2E)-alkenals, 2-hydroxy-
4-methoxybenzaldehyde, anisaldehyde, cuminaldehyde and cumic acid. The aldehyde
group is known to react with biologically important nucleophilic groups, e.g.

sulfhydryl, amino and hydroxyl groups. Their tyrosinase inhibitory mechanism
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presumably comes from their ability to form a Schiff base with a primary amino group
in the enzyme. Interestingly, the addition of an electron-donating group at the para
position of benzaldehyde increases inhibitory activity, probably stabilizing the Schiff
base. For example, the inhibitory activity of anisaldehyde and cuminadehyde was
about 2.5- and 16-fold more potent than that of benzaldehyde, respectively. In addition
to stabilizing the binding site, the binding affinity of the hydrophobic electron-
donating groups such as methoxy and isopropyl to the enzyme also may be related to
the inhibitory effect.

0] CHO CHO
X H
CHs
Cinnamaldehyde Cuminaldehyde Anisaldehyde
(0] OH
(0]
H
9 \o OH
WJ\ ’
(2E)-akenas cumic acid 2-hydroxy-4-methoxybenzal dehyde

Figure 11 Structures of adehydes exhibiting anti-tyrosinase activity

Interestingly, (2E)-alkenals did not inhibit monophenolase
activity but inhibited the oxidation of L-DOPA by tyrosinase in a noncompetitive
manner. (2E)-Alkenals with a longer alkyl group may better associate with the
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hydrophobic protein pocket close to the binuclear active site. However, a cyclic «,f-
unsaturated aldehyde sesquiterpene, polygodial, did not inhibit the oxidation of L-
DOPA by tyrosinase. This compound is known to form a Schiff base, but its
hydrophobic decaline moiety may not associate well with the protein pocket in the

enzyme.

2.3.3 Fungal metabolites asinhibitors (81)

Besides higher plants, some compounds from fungal sources have also
been identified and reported for their inhibitory activity on tyrosinase. Azelaic acid
(1,7-heptanedicarboxylic acid) is a naturally occurring straight-chain, saturated
dicarboxylic acid which is produced by lipoperoxidation of free and esterified cis-
polyunsaturated fatty acids by a yeast, Pityrosporum ovale. This dicarboxylic acid has
a definite cytotoxic effect on malignant melanocytes of primary cutaneous melanoma,
though normal melanocytes appeared not to be affected. Azelaic acid acts as a rather
weak competitive inhibitor of tyrosinase in vitro, which may be a major cause of its

melanocytotoxicity.

1,7-heptanedicarboxylic acid

2.3.3.1 Kojicacid

Kojic acid (5-hydoxy-4-pyran-4-one-2-methyl) is a by-product
in the fermentation process of malting rice for use in the manufacturing of rice wine. It
is a tyrosinase inhibitor derived from various fungal species such as Aspergillus
Penicillium (84). It isagood chelator of transition metal ions and a good scavenger of
free radicals (85, 86). It inhibited the tyrosinases of various Aspergillus species, N.
crassa and mushrooms, as well as those of some plants and crustaceans by chelating
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copper at the active site (87-90). It aso acts as an antioxidant and prevents the
conversion of the o-quinone to DL-DOPA and dopamine to its corresponding melanin.
Melanocytes that are treated with kojic acid become nondendritic and have decreased
melanin content. Kojic acid aso acts as a free radical scavenger. It is used widely in
Asia both topically as a skin-lightening agent and was reported to have a high-
sensitizing potential and to potentialy cause irritant contact dermatitis. However, it is
useful in patients who cannot tolerate hydroquinone and it may be combined with a
topical corticosteroid to reduce irritation. Kojic acid aso inhibits the catecholase
activity of tyrosinase, which is the rate-limiting step in melanogenesis, Moreover,
kojic acid effectively inhibits the formation of pigmented products and oxygen uptake
when catecholamines such as DL-DOPA, norepinephrine and dopamine are oxidized
by tyrosinase, This means that kojic acid is able to reduce o-quinone to o-diphenol to
prevent the final pigment forming and be oxidized to a yellow product by chemical

interaction with o-quinone (91).

HO
/ 0
= OH
(o)
kojic acid
2.3.3.2 Yeast

Yeasts are eukaryotic micro-organisms classified in the
kingdom Fungi, with about 1,500 species currently described (92). The yeast
metallothioneins are ubiquitous cytosolic proteins, usually characterized by selective
binding of a large amount of heavy metal ions (Zn** , Cu?* and Cd** ) and high
cysteine content (93, 94). Neurospora crassa copper-metallothionein is a metal donor
for apotyrosinase. Metallothionein from Aspergillus niger is aso found to be an
inhibitor for a commercially purified mushroom tyrosinase, and exhibited a higher
inhibitory effect on the oxidation of catechin compared with that of chlorogenic acid
(95).
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Other fungal extracts such as agaritine and inhibitors (la and
Ib) from Agaricus species is aso isolated, purified and characterized (96, 97).
Agaritine,  B-N-(y-L(+)-glutamyl)-4-hydroxymethylphenyl-hydrazine, showed a
depigmenting effect that prevented melanin formation. The inhibition was
uncompetitive when L-DOPA was used as the substrate and partialy competitive
when tyrosine was used as the substrate (97). Taking into account that agaritine is very
abundant in Agaricus bisporus mushrooms, it might be suggested that agaritine could
play arole in vivo as endogenous regulator of mushroom tyrosinase activity and the

extent of o-quinone concentration formed.

HO/\Q\ " 0
)j\/\/U\OH

T
N

N-( -L(+)-glutamyl)-4-hydroxymethylphenyl-hydrazine

2.3.4 Plant Extracts
2.3.4.1 Licoriceextract —glabridin (9)

Licorice extract is obtained from the roots of Glycyrrhiza
glabra Linn. The depigmenting efficacy of glabridin has been shown by various
researchers to be greater than that of hydroquinone and the inhibitory effect of licorice
extract on tyrosinase activity has been noted to be higher than that of purified
glabridin.

Five different flavonoids were isolated from licorice and
characterized as new tyrosinase inhibitors for depigmenting agents. The isolated
flavonoids were identified as liquiritin, licuraside, isoliquiritin, liquiritigenin (from
Glycyrrhiza uralensis Fisch) and licochalcone A (from Glycyrrhiza inflate Bat) and all
were found to be competitive inhibitors. In contrast to the above flavonoids, no
inhibitory activity was observed for liquiritin, whereas liquiritigenin activated the

monophenolase activity as a cofactor. The inhibitory effect of licuraside, isoliquiritin
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and licochalcone A on diphenolase activity with L-DOPA as the substrate was much
lower than that with L-tyrosine and have great potential for use as depigmenting
agents.

Glabrene and isoliquiritigenin (2',4',4-trihydroxychalcone) in
the licorice extract can inhibit both mono- and diphenolase tyrosinase activities, and
these effects on tyrosinase activity were dose-dependent and correlated to their ability

to inhibit melanin formation in melanocytes.

Glabridin Glabrene
HO (0]
OH
/ OH
OH
GlyasperinC

Glycyrrhiza uralensis extract was examined by measuring the
inhibitory activity on tyrosinase and melanin synthesis and was shown to have no
detectable effect on their DNA synthesis. Glycyrrhisoflavone and glyasperin C were
identified as tyrosinase inhibitors for the first time. Glyasperin C showed a stronger
tyrosinase inhibitory activity than glabridin and a moderate inhibition of melanin

production, making it a promising candidate in the design of skin-whitening agents.
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2.3.4.2 Greentea(9)

Epidemiologicaly, it is well known that the consumption of
green tea may help to prevent cancers in humans and also to reduce severa free
radicals including peroxynitrite. Yang (1999) studied to assess the efficacy of the
inhibition of mushroom tyrosinase, ten kinds of traditional Korean teas were screened
for their tyrosinase inhibitory activity. Green tea is the strongest inhibitor, and its
major active constituents are (-)-epicatechin 3-O-gallate (ECG), (-)-galocatechin 3-O-
galate (GCG) and (-)- epigallocatechin 3-O-gallate (EGCG). All are catechins with a
gdlic acid group as an active moiety. The kinetic analysis of the inhibition of
tyrosinase revealed a competitive nature of GCG against L-tyrosine for the binding at

the active site the enzyme.

OH

HO

OH OH

OH
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2.3.4.3 Soy (9)

Natural soybeans contain small proteins, such as Bowman Birk
inhibitor (BBI) and soybean trypsin inhibitor (STI). These serine protease inhibitors
inhibit the protease-activated receptor-2 (PAR-2) pathway expressed on keratinocytes.
Interference with the PAR-2 pathway has been shown to induce depigmentation by
reducing the phagocytosis of melanosomes by keratinocytes, thus reducing melanin
transfer. This mechanism of action is different to that of hydroquinone, kojic acid or
glabridin. It is important to note that this depigmenting effect is available only with
fresh soymilk and not with pasteurized soymilk.

A number of attempts have been made by various researchers,
and total soy is now being incorporated into skin care products to improve mottled
hyperpigmentation and solar lentigines that frequently result from photodamage. In
addition, soy has been shown to lighten and slow the regrowth of unwanted facial
hair.There are many studies showing that fermented soy products containing the
isoflavones, daidzein and genistein, may function as weak phytoestrogens. A known
biotransformed compound, 6,7,4'-trihydroxyisoflavone, was identified as a potent
tyrosinase inhibitor, which has six times the anti-tyrosinase activity of kojic acid.
Currently, several manufacturers are producing facial and body care products that

contain total soy to even the skin tone.

2.3.4.4 Mangosteen pericarp extract (47)

Mangosteen (Garcinia mangostana Linn, Guittiferag) is a plant
mostly found in Asia, especially in Thailand. The pericarp of the fruits of this plant
has been used as a medicinal agent in Southeast Asia for the treatment of skin
infections and wounds, inflammation, and diarrhea. Its pericarp contains a variety of
xanthones, such as a-, -, y-mangostins which have remarkable biological activities.
The biological activities of xanthones isolated from mangosteen include antioxidant,
antitumoral, antibacterial, antiviral, antifungal, antiallergic, and anti-inflammatory
properties. The result of the MPC inhibit the tyrosinase enzyme at 1C50 = 134 ng/ml.
The MPC consisted of 1:1 mangosteen pericarp extract and PVP K30, thus, the
mangosteen pericarp extract itself inhibited the tyrosinase enzyme at 1C50 = 67 ng/ml.
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Owing to its the excellent antityrosinase activity, the mangosteen pericarp extract
might be used as anti-melasma agent. However, a large amount of a-mangostin was
found in the mangosteen pericarp extract, so, it is very possible that the antityrosinase
activity of the mangosteen pericarp extract might be from the a-mangostin.

alpha-mangostins
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In recent years, the popularity of skin whitening productsis on
the rise, especially in Asia and other parts of the world. With the ban imposed on the
use of hydrogquinone and kojic acid in cosmetics by many countries, the search is on
for new natural depigmentation agents.

Therefore, it is interesting to investigate new plant-based
compounds for use in the management of the production of skin pigments. There are
many plants that have been found to have anti-tyrosinase activity. Some of these plants
arelisted in the following Table.

Table 4 Plantswith Tyrosinase Inhibiting Activity

Plant Name References

Morus alba 124, 130
Glycyrrhyza glabra 129
Rheum officinale Baillon 125
Artocarpus incisus 123
Artocar pus gomezianus 114
Aloe vera 127
Olea europaea L. 115
Crocus sativus L. 121
Mondia whitei (Hook),

Rhus vulgaris Meikle, 115

lerocarya caffra Sond

Anacardiumoccidentale L.,
Buddleia coriacea Remy,
Gnaphalium cheiranthifolinm Lam, 113, 122, 126, 128
Scheekea princes (Mart.),
Heterotheca inuloides Cass
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inhibit the tryrosinase enzyme and examples of these are shown in Table 5

Table 5 Anti-tyrosinase compounds from plants

1. Phenylpropanoids

Compounds | Cso(MmM) Sources References
Ferulic acid 0.045 Authentic sample 57
4-Hydroxy-3-
methoxycinnamald 0.077 Authentic sample 57
ehyde
Curcumin 0.047 Authentic sample 115
Y akuchinone A 0.514 Alpinia oxyphylla 115
Y akuchinone B 0.057 Synthetic compound 115
Eugenol 0.923 Syzygium 115
aromaticum
Capsaicin 0.087 Authentic sample 115
2. Flavonoids
Compounds | Cso(mM) Sources References
Kaemferol 0.230 Crocus sativus L. 129, 115
Quercetin o070 | Heterothecainuloides 120, 128
yricarubra
Dihydromorin 0.025 Artocarpus incisus 123
Norartocarpanone 0.0018 Artocarpus incisus 123
Norartocarpitin 0.0144 Artocar pus gomezianus 106, 114
Kurarinone 0.0105 Sophora flavescens 132
(+)-Gallocatechin- : .
3-0-gallate 0.0173 Thea sinensisL. 131
Mulberanol 0.0011 Morus alba 130
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3. Stilbenoids
Compounds [Cso(mM) Sources References
Chlorophorin 0.26 Artocarpus incisus 123
4Prenyloxyl- 0.66 Artocarpus incisus 123
resveratrol
Artocarbene 2.45 Artocarpus incisus 123
Artocarpus 123
1.50 gomezianus 114
Oxyresveratrol 100 | A lakoocha 124
Morus alba 130
Resveratrol 14.4 Q[)tomggra%ss 106, 114
Resveratrol 4 -O-f-
D-(2"-O-gdloyl)- 6.71 Rheum officinale 125
glucopyranoside
4. Phenolic compounds
Compounds [Cso(mM) Sources References
Mondia whitei
2-Hydroxy-4- et
0.03 Rhus wulgaris 115
methoxybenzal dehyde Sleroc ar?/a caffra
5-[8(2),11(2),14- .
Penta-decatrienyl] 0.04 g‘:gﬁggr:gllém 129
resorcinol
5-[8(2),11(2)-pentade- Anacardium
catrienyl] resorcinol 0.05 occidentale 129
5-[8(2)- -
pentadecatrienyl] 00g | Anacardium 129
resorcinol
Agrimoniin 0.061 Buddleia coriacea 129
L-Mimosine 0.001 kneiurrfgipsgp' 51
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Compounds | Cso(MmM) Sources References
. Pseudostellaria
Pseudostellarin A 0.131 heterophylla 133
: Pseudostellaria
Pseudostellarin B 0.187 heterophylla 133
: Pseudostellaria
Pseudostellarin C 0.063 heterophylla 133
6. Aldehydes
Compounds [Cso(mM) Sources References
Cuminaldehyde 0.05 Cuminum cymonum 134
Anisaldehyde 0.32 Pimpinella anisum 134
7. Terpenoids
Compounds [Cso(mM) Source References
Cucurbitacin 1 0.18 Trichosanthes kirilowii 135
Cucurbitacin 2 6.7 Trichosanthes kirilowii 135
8. Coumarin
Compound [Cso(mM) Source References
Esculetin 43 Euphorbia lathyris L. 136
9. Chromones
Q%6lnhibition
Compounds (at 50 ppm) Source References
8-C-glucosyl-7-O- i Aloe barbadensis 127
methyl-(s)-al oesol Miller
|soaloeresin D 22% Aloe barbadensis 127
. Aloe barbadensis
Aloeresin E 44% Miller 127
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2.4 Antioxidant (98)

Antioxidants are a group of substances which, when present in low
concentration, in relation to oxidizable substrates, significantly inhibit or delay
oxidative processes, while often being oxidized themselves. The main characteristic of
an antioxidant is its ability to trap free radicals. Highly reactive free radicals and
oxygen species are present in biological system from awide variety of sources. These
free radicals may oxidize nucleic acids, proteins, lipids or DNA and can initiate
degenerative diseases. Antioxidant compounds like phenolic acids, polyphenols and
flavonoids scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and
thus inhibit the oxidative mechanisms that |ead to degenerative diseases.

The function of antioxidants consists of scavenging active radicas (R)
generated in different ways in higher organisms. Thus they prevent undesired chemical
decays in cells and the development of diseases like cancer, atherosclerosis,
inflammations, etc. The scavenging reaction of phenolic antioxidants can be illustrated
by Scheme 1.

Ar-OH+R — Ar-O" + R-H

Scheme 1 Reaction between phenolic antioxidants and active radicals

The parent antioxidant molecule transforms into a radical which has no
capacity for initiating unwanted chain radical processes. Consequently, this radical
takes part in trapping active radicals called “ second radical scavenging” (Scheme 2).

Ar-O+R — Ar-O-R
Scheme 2 Second radical scavenging reaction

The reaction mechanism of the first step is arguable; hence, various
alternatives are discussed in the literature: direct H-atom transfer, electron transfer
followed by proton transfer, sequential proton loss and electron transfer, etc.

In fact, the antioxidant efficiency is determined by the rate and the

conversion degree of these reactions and al experimentally determinable and
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theoretically computable descriptors of antioxidant/scavenging activity originate from
kinetics and conversion data. They can be divided into the following groups. (1)
indices estimating O—H bond strength—bond dissociation enthalpy (BDE) or structural
parameters-bond length, charge distributions etc.; (1) indices presenting molecular
electron-donation capacity—ionization potential or its theoretical analogue-HOMO
energy and (I11) indices showing the stability of the obtained phenoxyl radicals (Ar—
O")—spin distribution, C-O bond length in the radicals, etc.

Correlations between antioxidant activity and theoretically or

experimentally derived descriptors belonging to the types mentioned above are usually
obscured by the dependence of the antioxidant activity on additional factors such as
their permeability into the cells (lipophilicity), coordination ability, and resistance to
enzymatic degradation. Therefore, a preceeding analysis of correlation between the
main descriptors and scavenging activity is more meaningful.
The establishment of relations between basic descriptors and antioxidant/ scavenging
activity is aso hindered due to the different reaction mechanisms in operation. In polar
solvents, a more probabl e reaction mechanism is the two-step electron—proton transfer
rather than one-step hydrogen atom abstraction. In such a case the proper descriptor is
not the O—H BDE but the ionization potential (or HOMO energy) of the molecule.

2.4.1 Antioxidant activity of xanthones (102)

The catecholic xanthones with antioxidant activity was activity isolated
from Cudrania tricuspidata. Catecholic xanthones possessed potent free radical
scavenging activities. The catecholic xanthone, 1,3,7-trihydroxy-4-(1,1-dimethyl-2-
propenyl)-5,6-(2,2-dimethylchromeno)-xanthone (1), among the range of catecholic
xanthones, 6,7-dihydroxyl xanthones (3-8), exhibited a strong scavenging effect on
the DPPH radical. When one of the catecholic hydroxyl groups was protected as in
compounds 1 and 2, DPPH radical scavenging activity was markedly decreased
(ICs0 > 200 uM). DPPH activities were consistent with electrochemical response by
cyclic voltammetry, compounds (1, 2) which had the weak activities on DPPH,
exhibited both potent superoxide and hydroxyl radical scavenging activities. The
strong activity on the hydroxyl radical of compounds (1, 2) could be rationalized by
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their chelating effect with iron (Fe**) due to a redshift of their complex (structure

shown in Figurel?).
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Figure 12 Structures of xanthones shown to have antioxidant activity
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2.5 Annonaceous Plants (99)

The family Annonaceae is a large family comprising 130 genera and more
than 2,300 species (6). They occur in tropical and subtropical regions. They are woody
trees, shubs and vines. The leaves are entire, extipulate and pinnately veined. Flowers
can be numerous or solitary. The flowers are bisexua and astinomorphic, possessing 3
whorls of peranth with 3 segments in each whorl. The elongated floral axis also bears
many ellipticaly disposed stamens and several to many simple pistils. All of floral
parts are distinct. Sectioned seed reveal channels or partitions in the ruminate
endosperm. The pistils generaly remain distinct and develop into berry-like fruits but
sometimes they coal esce into aggregate fruits.

Annonaceous plants became important in pharmaceutic research because of
the antifungal, bacteriostatic, and especially cytostatic capability of some chemical
constituents of the leaves and bark.

The genus Anaxagorea

The genus Anaxagorea comprises approximately forty-three species widely
distributed mostly in Central and South America, a few in Asia, i.e. Sri Lanka,
Myanmar, Thailand, Indo-China, Borneo, Java, Sumatra and the Philippines. A typica

example of the plantsin thisgenusis A. javanica.

2.5.1 Anaxagorea javanica Blume. (i‘iT]Jju) (100)

Shrub or small tree 4-6 m hight. Leaves thinly coriaceous, eliptic or
elliptic-oblong, apex acute or acuminate, base slightly acute, glabrous, width 4-10 cm.,
length 10-26 cm., petiole length 5-22 mm. Flower(s) 1-4, terminal and extraaxillary,
fragrant; pedicels 1 cm; sepals 3, oblong, glabrous, petals 3, dliptic, glabrous; apex
acute, width 12-14 mm., length 14-16 mm, inner apex acute, greenish outside, white
inside. Fruits follicle, gradually narrowed into a stalk, carpels 4-8 clavate. Seed(s) 2,
black, shining (Sinclair, 1995).
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Anaxagorea javanica Blume var. tripetala Anaxagorea javanica Blume

Figure 13 Anaxagorea javanica Blume (Thai Journal of Phytopharmacy Vol.12 (1)
June.2005)

2.6 AnaxagorealuzonensisA. Gray

Thai Name : Kam — lang —wua - talerng (f1d9310a4 )
Family : Annonaceae
Description

Glabrous shrub. Leaves membranous oblong-elliptic-oblong acuminate,
base cuneate; nerves 7 to 8 cm pairs; 5 to 7 cm in long, wide; petioles 25 to 35 mm
long. Flowers 5 mm long; pedicles 25 mm long. Bracts amplexicaul. Sepals round

obtuse. Petals 6, elliptic-optuse white. Carpels cuneate clavate apiculate, 9 mm long,
follicular portion 4 mm long (101).
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Figure 14 Anaxagorea luzonensis A.Gray from Flora of Thailand
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Figure 15 Anaxagotrea luzonensisA. Gray

Kam-lang-wua-talerng has the botanical name of Anaxagorea luzonensis
A.Gray, in the family Annonaceae, and is atree indigenous to Thailand. Its heartwood
is available in pieces of varying size, consisting of reddish-brown heartwood to which
alittle of the whitish bark still adheres. The wood is hard but easily splits (103).

Distribution

A. luzonensis A.Gray occurs in Burma, Ceylon to Malay Archipelago,
Cambodia, India, Selangor, Indonesia, Laos, Philippines, Viet Nam. In Thailand A.
luzonensis is found mainly in the northern to soutuern regions of dry to moist
deciduous forests (101).
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Figure 16 Distribution of A.luzonensis A. Gray in Southeast Asia

Medicinal uses

The plant is used in traditional medicine as a blood tonic, stomachic,

antipyretic and for the treatment of muscular pain (103).

Chemical Constituents (103)

Literature survey of chemical constituents of A.luzonensis A.Gray revealed
the presence of the following compounds, 1,3,6-trihydroxy-5-methoxy-4-
prenylxanthone, 1,3,5-trihydroxy-6-methoxy-2-prenylxanthone, 1,3,5-trihydroxy-4-(3-
hydroxy-3-methylbutyl) xanthone, 1,3,6-trihydroxy-4-prenylxanthone,3,6-dihydroxy.
1,5-dimethoxyxanthone. 3,5,7,4'-tetrahydroxy-2'-methoxyflavone. 1,3,6-trihydroxy-5-
methoxy-4-prenylxanthone . 1,3,5-trihydroxy-6-methoxy-2-prenylxan-thone, 1,3,5-tri-
hydroxy-4-(3-hydroxy-3-methylbutyl) xanthone , 1,3,6-trihydroxy-4-prenylxanthone,
3,6-dihydroxy-1,5-dimethoxyxanthone , 3,7-dihydroxy-1-methoxy-6-O-f3.-D-glucopy-
ranosyl  xanthone, 5,6-dihydroxy-1-methoxy-3-O-..-D-glucopyranosylxanthone,
Flavonoids such as 3,5,7,4'-tetrahydroxy-2'-methoxy-flavone, biochanin A, chrysin ,

3-methylorobol, orobol, taxifolin, kaempferol and quercetin
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Figure 17 Structures of some compounds present in A.luzonensis A.Gray
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A random screening of various plant extracts for anti-tyrosinase activity
revealed that the ethanol extract of the stem A.luzonensis A.Gray (Annonaceae)
inhibited more than 80% of mushroom tyrosinase activity at the concentration of 0.909
mg/ml. A literature survey of the phytochemistry of this plant indicated the presence
of severa xanthones and flavonoids. Flavonoids are reported to possess a wide range
of biological activities.

So far, there has been no report on the anti-tyrosinase activity of
A.luzonensis A.Gray (SciFinder, Accessed since November, 2007). Therefore, it is of

interest to study A.luzonensis A.Gray as amodel for anti-tyrosinase agent.
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CHAPTERIIII
MATERIALSAND METHODS

Part | Phytochemistry

A. Materials

3.1 Plant materials

The stems of Anaxagorea luzonensis were collected from Khanjanaburee,

province, Thailand, in July 2006

3.2 Chemicalsused in thisstudy were asfollows:

3.2.1 Solvents

95% Ethanol, commercial grade (The Excise Department, Thailand)

Hexane, AR grade
Dichloromethane, AR grade
Ethyl acetate, AR grade
Methanol, AR grade

Formic acid

3.2.2 Chemicals
Qurecetin
Isoquercitrin
Rutin
chlorogenic acid
kojic acid
Ascorbic acid
DPPH

(Fisher, Apex chemicals Co, LTD)
(Fisher, Apex chemicals Co, LTD)
(Fisher, Apex chemicals Co, LTD)
(Fisher, Apex chemicals Co, LTD)
(Labscan Asiaco, LTD)

(Fluka, Switzerland)
(Sigma, Germany)

(Sigma, Germany)

(Sigma, Germany)
(Riedel-de Haén, Germany)
(Fluka, Switzerland)
(Fluka, Switzerland)
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3.2.3 Spraying reagents
NP-PEG (Natural products — Polyethylene glycol) (Fluka, Switzerland)
Anisaldehyde-sulfuric acid (Fluka, Switzerland)

3.3 Chromatography

3.3.1 Packing materials

Silica gel 60 for column chromatography ( particle size 0.063-0.200 mm.),
(Merck, Germany)

Silica gel 60 for column chromatography (particle size 0.040-0.063 mm.),
(Merck, Germany)

Sephadex LH20 (Fluka, Switzerland)

3.3.2 Chromatogr phic columns

Sintered glass with inner diameter of 10 cm and 13 ¢cm long (for quick
column, silicagel 400 g.)

Glass column with diameter of 4.5 cm and 45 cm long

Glass column with diameter of 2.5 cm and 45 cm long

Glass column with diameter of 1.5 cm and 35 cm long

3.3.3 Solvent systems

Hexane : ethyl acetate ( 0-100%, gradient system )
Dichloromethane : methanol (0-100%, gradient system)
Dichloromethane : ethyl acetate (0-100%, gradient system)

3.4 ldentification

Melting point apparatus, (Electrothermal 9100, Eng. Ltd.)
UV spectrophotometer, (Perkin-Elmer, Lambda35™ , USA)
FT-IR spectrometer (FTIR spectrum GX, Perkin elmer),

Department of Chemistry, Faculty of
Science, Mahidol University)



Fac. of Grad. Studies, Mahidol Univ.

NMR spectrometer,

M ass spectrometer,

3.5 Others

Water bath
Rotary evaporator

Ultrasonic bath
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(Bruker DRX 500), National Science and
Technology Development Agency
(NSTDA), Thailand Science Park.
(Bruker DRX 300), Department of
Chemistry, Faculty of Science, Mahidol
University)

(EI-MS, TOF-MS) Faculty of Science,
Mahidol University

(Optima WB-710M, Japan)
(Rotaevaporator R-200, BUCHI,
Switzerland)

(Elma Transsonic 460/H, Germany)

TLC Tank designed for TLC plate size 10 x 10 cm. and 15 x15 cm.

pH meter
Hot air oven

Soxhlet apparatus

B. Methods

(CAMAG, Germany)
(Precisa pH900, Switzerland)
(Mammert, Germany)

(VN Supply, Thailand)

The collected plant materials were cleaned, separated, chopped and dried in

aforced draught oven at atemperature of 60 °C. After that they were pulverized with a

Thomas WILEY laboratory mill to amoderately coarse powder.

3.1. Extraction of Anaxagorea luzonensisfor biological screening

Ten grams of the dried powdered drug were sonicated for 30 min three

times with 95% ethanol. The ethanol extracts were combined and filtered before being

evaporated on a water bath and the dried extracts were weighed and stored in tightly

closed containers at 10 °C.

3.1.1 Preparation of test solutions
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The dried extracts were dissolved in methanol to a final concentration of
10,000 pg/ml. This solution was again diluted to 5000, 2000, 1000, 500 and 100 pg/ml.
The diluted samples were then subjected to the assay for anti-tyrosinase and free radical
scavenging activities.

3.2 Extraction and isolation of compounds from the Anaxagorea luzonensis

The powdered drug (700 g.) was extracted consecutively with solvents of
increasing polarity, namely, hexane, dichloromethane, ethyl-acetate, and 95% ethanol
in a soxhlet apparatus (Figure 18). After the evaporation of solvents, each extract was
subjected to tyrosinase inhibitory test. The hexane, dichloromethane and ethyl acetate
extracts were further fractionated by chromatographic technique and each fraction was
assessed for its anti-tyrosinase activity.
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Dried powdered drugs (700 g)

Soxhlet apparatus
Hexane
Hexane extract Marc
(3519)

Dichloromethane

Dichloromethane extract Marc
(5.149)
Ethyl acetate
Ethyl acetate extract Marc
(82.98 g) 95% Ethanol

v v

95% Ethanol extract Marc
(22.94)

Figure 18 Extraction of A. luzonensis with solvents of increasing polarity in a

soxhlet apparatus.

3.2.1 Theisolation of compound from the hexane extract of
A.luzonensis

The hexane extracts were combined and reduced to dryness under reduced
pressure to yield a yellow residue (3.5068 g). Part of the hexane extract (3.12 g ) was
chromatographed over a silica gel column (silica gel No. 7729 10 g upper; No.7734
180 g lower; 4 cm diameter x 32 cm long) using mixtures of hexane/ethyl-acetate of
increasing polarity (3% ethyl-acetate 3000 ml ,4% ethyl acetate 500 ml, 5% ethyl
acetate 1500 ml and 10% ethyl acetate 3500 ml). Fractions were monitored by TLC
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on silica gel GF.s4 plates, developed with hexane-ethyl acetate- formic acid ( 30-10-
1.5), detected with NP-PEG and anisaldehyde spray reagent. Similar fractions were
combined to afford fractions H1 ( 200-600 ml, 683.3 mg), H2 (600-3500 ml, 315.9
mg), H3 (600 - 4250 ml, 50.8 mg ), H4 (4250 - 4650 ml, 368.6 mg ), H5 (4650 - 4850
ml, 4.1 mg ), H6 (4850 - 4950 ml, 15.8 mg ), H7 (4950-6510 ml, 32.1 mg), H8 (6510 -
7010 ml, 24.3 mg ), H9 (7010 - 8500 ml, 30.1 mg ). Each fraction was tested by TLC
technique for tyrosinase inhibitory activity. Further purification was carried out on
fraction H6.

Compound A (10.8 mg) was obtained from fraction H6, after washing with
cold hexane and further purified by recrystallization from hot hexane. The procedure

of isolation of compound A was shown in Figure 19.

Hexane extract
(3.509)

hexane/ethyl acetate of increasing polarity

oY vy v v v v vy

HL H2 H3 H4 H5 H6 H7 H8 H9

Woashed with cold hexane
Recrystallized from hot hexane

Compound A (10.8 mg)

Figure 19 Isolation of compound A from the hexane extract of A. luzonensis

3.2.2 The isolation of compounds from dichloromethane extract of A.
luzoneusis

The dichloromethane extract which exhibited moderate antityrosinase
activity against mushroom tyrosinase was selected for further investigation. A portion
of the extract (2 g) was dissolved in a small amount of methanol: dichloromethane and
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mixed with silicagel 60 (0.063 - 0.200 mm.). The mixture was evaporated on a Rotary
evaporator until the extract appeared as dry granules. The granules were placed on top
of asilicagel column (2.5 cm diameter x 10 cm long, silica gel 42.28 g). The column
was eluted with bi-gradient of increasing amounts of CH,Cl, (30-100%) in n-hexane
and ethyl acetate (0 - 100%) in CH.Cl..

Fractions of 20 ml each were collected and were profiled by thin-layer
chromatography (TLC) on silica gel GFus4, developed with dichloromethane —
methanol-formic acid ( 9:0.5:0.5). The TLC plates, were detected under UV 254, UV
366 and with NP-PEG spray reagent under UV 366 nm.

Fractions with similar profiles were combined and concentrated. This
resulted in a total of 13 fractions. Fractions 7 and 8 were selected for further
separation. Fraction f7 (413.2 mg) was dissolved in MeOH, filtered and then
rechromatographed on Sephadex LH-20 (2.0 cm diameter x 20 cm long). The column
was eluted with MeOH. The composition of each collecting fraction was examined by
TLC on silica gel GFus4 plates, developed with dichloromethane - methanol - formic
acid (9:0.5:0.5) and detected under UV 254, UV 366 and with NP-PEG spray reagent
under UV 366 nm . Similar fractions were combined to give fractions sep71-sep73,
and on standing fraction sep72 yielded yellow crystals, which upon cleaning with
ethyl-acetate-methanol and recrystallization gave compound B (39.7 mg).

The combined fraction fg (239.7 mg.) was further fractionated on another
Sephadex LH-20 column (2.0 cm diameter x 20 cm long) and eluted with methanal.
The composition of each collected fraction was examined by TLC and combined to
give three fractions. The combined fraction Sep 82 (138.7 mg) was further
fractionated on another silica gel column (silica gel No 9385 12g; 1.5 cm diameter x
20 cm long) and successively eluted with a stepwise bi-gradient of chloroform (30-
100%) in hexane and ethyl-acetate (0-50%) in chloroform. The eluent was collected
and examined by TLC and similar fractions were combined to give 4 fractions. The
combined fraction sf4 yielded yellowish precipitate, which upon recrystallization in
CHCl3: hexane (1:1) gave needle crystals of compound C (14.1 mg).

The procedure for the extraction and isolation of compounds B and C was

shown in Figure 20.
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Powdered drug (700 g)

Soxhlet extraction

| | v |

Hexane Dichloromethane Ethyl-acetate Ethanol 95%
(3.5068 g) (5.1404 g) (82.7793 g) (22.9442 g)

Silicagel,(230-400 mesh); =10 x 2.5 cm
crude 2.0 g.
{ Hexane : CH,Cl, (30:70) >100% CH,Cl, added10%  100%EtOAc}

YooYy v vy v v v vy v vy

f_l f2 f3 f4 f5 fG f7 f8 f9 flO fll f12f13

413.2mg 239.7mg
Sephadex LH 20 Sephadex LH 20
MeOH 100% MeOH 100%
A 4 A 4 A 4 A 4 A 4 A 4
sep7l sepr2 sep’73 Sep81 Sep82 Sep83
(138.7 mg)
Recrystalization crude0.1g
Rechromatographed on
v Silicagel N0.9385
Compound B gradient hexane: CHCl3
(39.7mg)
A\ 4 A 4 A 4 A 4
sf1 sf2 sf3 sf4

Recrystallization
CHCls:Hexane ( 1:1)

A 4

Compound C
(14.1mgQ)

Figure 20 The procedure of extraction and isolation of compounds B and C from
the dichloromethane extract of A. luzonensis.
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3.2.3 Theisolation of compounds from ethyl acetate extract of A.
luzonensis

The ethyl acetate extract was further fractionated by chromatographic
technique and each fraction was assessed for its tyrosinase inhibitory activity. The
ethyl acetate extract (20.0 g.) was dissolved in a small amount of dichloromethane -
methanol and continuously mixed with silica gel 60 (230-400 mesh) on a water bath
until the extract appeared as dry granules. The granules were placed on top of asilica
gel quick column (20 cm diameter x 20 cm long; silica gel 200 g.) and eluted with
hexane - dichloromethane - ethyl acetate - methanol with increasing polarity (O - 100
%), 100 ml fractions were collected and monitored by thin-layer chromatography
(TLC) on silica gel GFys4 plates, developed with dichloromethane - ethyl acetate -
methanol - formic acid (25-1.5-1.5-1.5), detected under UV 254, UV 366 and with
NP-PEG spray reagent under UV 366 nm. Similar fractions were then combined to
give seven crude fractions A, B, C, D, E, F and G. Each fraction was tested for in vitro
anti-tyrosinase activity. Further purification was carried out on fraction D.

Fraction D (4.0 g) was rechromatographed on silica gel (No.7729) quick
column (10 cm diameter x 10 cm long; silicagel 50 g.). The column was eluted with a
stepwise gradient of dichloromethane - ethyl acetate (8:2, 7:3, 6:4, 5:5, 2:8 and 0:10).
Fifty milliliter fractions were collected and monitored by thin-layer chromatography
(TLC) on silica gel GF.s4 plates, developed with dichloromethane - ethyl acetate -
methanol - formic acid (25-1.5-1.5-1.5), detected under UV 254, UV 366 and with
NP-PEG spray reagent under UV 366 nm. Similar fractions were combined to give
crude fractions Qf1 (106.4 mg ), Qf2 (259.1mg ), Qf3 (607.8 mg ), Qf4 (1.6615 g )
and Qf5 (403.2 mg).

Fraction Qf2 (0.2591 g), after washing with methanol to remove the orange
color, gave a white precipitate which after washing with cold methanol and further
purified by recrytalizing with hot methanol, gave yellowish needles of compound C
(25.6 mg).

The orange residue was rechromatographed on Sephadex LH-20 (2.0 cm
diameter x 20 cm long). The column was eluted with MeOH. Ten milliliter fractions
were collected and analysed by TLC on silica ga GFys4 plates, developed with
dichloromethane—methanol-formic acid (9:0.5:0.5) and detected under UV 254, UV
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366 and with NP-PEG spray reagent under UV 366 nm and similar fractions were
combined to give fractions f,s1-f,s10. Fraction f,S9 yielded yellow precipitate, which
upon cleansing with dichloromethane-methanol to remove color contaminants and
recrystallizing gave compound D (2.5 mg).

Fraction Qf4 (1.6615 g ) was rechromatographed on silica gel (silica gel
N0.7729) quick column (10 cm diameter x 10 cm long; silicagel 50 g. ). The column
was eluted with hexane - ethyl acetate (75-25) in an isocratic manner. Fifty milliliter
fractions were collected and monitored by thin-layer chromatography (TLC) on silica
gel GF,s4 plates, developed with dichloromethane - ethyl acetate — methanol - formic
acid (25-1.5-1.5-1.5), detected under UV 254, UV 366 and with NP-PEG spray
reagent under UV 366 nm. Similar fractions were combined to give three crude
fractions, Qf4a, Qf4b and Qf4c.

Fraction Qf4b was dissolved in MeOH, filtered and then
rechromatographed on Sephadex LH-20 (2.0 cm diameter x 20 cm long). The column
was eluted with MeOH. The composition of each collected fraction was examined by
TLC on silica gel GF2s4 plates, developed with dichloromethane — methanol — formic
acid (9:0.5:0.5) and detected under UV 254, UV 366 and with NP-PEG spray reagent
under UV 366 nm and similar fractions were combined to give two fractions S-1 and
S-2. Fraction S-2 (412.7mg) yielded yellow precipitate, which upon cleansing with
dichloromethane — water — methanol to remove color contaminants and recrystallizing
in dichloromethane : methanol (8:2) gave Compound E (71.9 mg).

The procedure for the isolation of compounds C, D and E were shown in

Figure 21.
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EtOAc extract (10 g.)

Quick column chromatography
20x 20 cm.

Silicagel, (230-400 mesh, 200 g)
Hexane : CH,Cl, : ethyl-acetate : methanol

oo

B C D E F

CrudeD 4.0g
Silicagel, (N0.7729,50 g 10x 10 cm.)
CH,CI, : ethyl-acetate

v l v l

Qfl Qf2 Qf3 Qf4 Qf5
(0.2591 g) (1.66159)
Precipitate with methanol Rechromatography on quick column
Silicagd, (No.7729 , 50 g 10x 10 cm.)
| v V¥ isocratic hexane : ethyl-acetate ( 75:25)
l Qf4a Qfdb Qfdc
white pracipitate orange residue Sephadex LH 20column
l Recrystalllzed Sephadex LH 20
A 4 A 4
Compound C S1 S2
(25.6 mg). 34.4mg 412.7mg
lllllll‘ll Recrystallized
f2S1 f,52 £,53 f,84 f,S5 f,96 f,S7 f,58 f,99 f,510 il
Compound E
71.9 mg.
Compound D
25mg
Figure 21 Isolation of compounds C, D and E from the ethyl acetate extract of A.

luzonensis
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3.3 Structure Elucidation of Chemical Constituents

3.3.1 Mé€lting point
The melting points were determined on an Electrothermal melting point
apparatus (Electrothermal 9100).

3.3.2 Ultraviolet spectra (UV)
Ultraviolet spectra were recorded in methanol by UV spectrophotometry,
Perkin-Elmer, Lambda 35, USA at Faculty of Pharmacy, Mahidol University.

3.3.3Fourier Transform Infrared spectra (FT-IR)
Fourier Transform Infrared (FT-IR, Magna-IR" spectrometer 550 Nicolet)
spectrawere recorded at Faculty of Pharmacy and Science, Mahidol University.

3.3.4 Nuclear Magnetic Resonance (NMR)

'H-NMR, C-NMR spectra were recorded on a Bruker DRX 300 (300
MH) for compounds A, C, D and E. *H-NMR and **C-NMR spectra were recorded at
Faculty of Science, Mahidol University. Bruker DRX 500 (500 MH;), Nationd
Science and Technology Development Agency (NSTDA), Thailand Science Park of
compound B.

3.3.5 Electron Impact Mass Spectra (EI-M S)
Electron impact mass spectra were recorded at Faculty of Science, Mahidol

University.

3.3.6 TOF Mass Spectra (TOF-MYS)
Time-of-flight mass spectrometry were recorded at Faculty of Science,
Mahidol University.
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PART Il Assessment of in vitro tyrosinase inhibitory activity and free

radical scavenging activity

The assessment of in vitro tyrosinase inhibitory (Kubo and Kinst-Hori.
1998.) and free radical scavenging activity (Miliauskas, G, Venskutonis, 2004) of
crude extracts, fractions and pure compounds in this study was conducted at the

Central Laboratory, Faculty of Pharmacy, Mahidol University.

3.1 Material for in vitro tyrosinase inhibitory activity

3.1.1 Reagents

Disodium hydrogen orthophosphate dihydrate, AR grade
(NapHPO,4.2H,0) (APS Chemicals, Australia)

Sodium dihydrogen orthophosphate dihydrate, AR grade
(NaH,PO4.2H,0) (APS Chemicals, Australia)
Mushroom Tyrosinase (Sigma, USA)

L-Tyrosine (Sigma, USA)
3-(3,4-Dihydroxyphenyl)-L-alanine (Fluka, Switzerland)

Kojic acid (Riedel-de Haén, Germany)
Water,distilled (Central Laboratory Unit, Faculty of

Pharmacy, Mahidol University)
Tween 20, 80 (Namsiang, Thailand)

3.1.2 Equipments

96-well plates (Brand, Germany)
Autopipettes
10-100 pl (Boeco, Germany)
100-1000 pl (Brand, Germany)
8 channels 20-200 ul (Slamed, Germany)
Microplate reader (Molecular Devices Thermomax

Microplate Reader, USA)
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UV spectrophotometer, (Perkin-Elmer, Lambda 35™,
USA)

3.1.3 Methodsfor the assessment of tyrosinase inhibitory activity
3.1.3.1 Preparation of thetest solutions of isolated
compounds (104)

The stock solutions containing each of the isolated compounds
as well as kojic acid were first prepared by dissolving each compound in the 1:3
volume ratio mixture of Tween 20 and phosphate buffered saline solution pH 6.8. The
stock solution was diluted with phosphate buffer to give the optimum concentration

for the evaluation the 1Cso (mg/ml) of the compounds.

3.1.3.2 Preparation of thereaction mixture

50 mM Phosphate buffer pH 6.8
Fifty millimolar NapHPO,4.2H,O and 50 mM NaH,PO,4.2H,0
solutions were prepared in distilled water. Both solutions were then mixed until a pH
6.8 was reached.
Tween 80
Ten milliter of Tween 80 was diluted with distilled water and
made up to 100 ml to agive 10% (v/v) solution.
Sample solutions
Samples of plant extracts and kojic acid were prepared in
methanol to different concentrations.
Tyrosinase stock solution
The 2500 mg of mushroom tyrosinase were dissolved in 50 mM
phosphate buffer pH 6.8, to make 500 U/ml solution.
5mM Tyrosine solution
The solution was prepared by dissolving tyrosine powder with
50 mM Phosphate buffer pH 6.8 to the concentration of 5 mM.
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3.1.4 TLC screening assay for tyrosinaseinhibitory detection (105)

Tyrosinase stock solution of 500 U/ml was diluted to 250 U/ml using the
same phosphate buffer. L-tyrosine was dissolved in 50 mM phosphate buffer, pH 6.8
to give final concentration of 2 mM (9.8 mg in 25 ml, MW 181.19 g/mol). An exact
amount of each sample (2.0-5.0 ul) was spotted onto a stationary phase (silica gel 60
F.s4 plates) using an analytical syringe and the plate was developed with 25:2:2:1.5
(v/v) CH.CI; : EtOAc : Methanol : formic acid as a mobile phase. After allowing the
plate to dry at room temperature, the enzyme solution was sprayed over the entire
surface of the stationary phase. Immediately after that, L-tyrosine solution was
sprayed over the same area. After appropriate time intervals (5, 10, 15 and 20 min),

active components appeared as white spots against dark grey background.

3.1.5 Measurement of anti-tyrosinase activity (106)

Phosphate buffer pH 6.8 was added to each well in a 96-well plates,
followed by diluted Tween 80 solution, methanol with or without test sample, and
tyrosinase solution respectively. After pre-incubation of the reaction mixture at the
temperature of 37 "C for 10 minutes, L-tyrosine solution was added. Then the reaction
mixture was measured for its absorbance (A, B) a the wavelength of 490 nm. An
incubation at the temperature of 37'C was required for another 20 minutes. After
incubation, the reaction mixture was again measured for its absorbance (C, D) at the
same wavelength. The inhibition level was calculated as the percentage of tyrosinase
inhibition.

The summary of the composition of reaction mixture in well plate were as

follow.

3.1.5.1 Samplesof plant extracts

A (Control)
50 mM Phosphate buffer ( pH 6.8) 120
Tween 80 20

Solvent (methanol) 40
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Mushroom tyrosinase 20
L-tyrosine 20
B (Blank A)

50 mM Phosphate buffer (pH 6.8) 140
Tween 80 20 ul
Solvent (methanol ) 40
L-tyrosine 20
C (Sample)

50 mM Phosphate buffer ( pH 6.8) 120
Tween 80 20 ul
Sample 40 pl
Mushroom tyrosinase 20
L-tyrosine 20
D (Blank C)

50 mM Phosphate buffer ( pH 6.8) 140
Tween 80 20 ul
Sample 40
L-tyrosine 20

3.1.5.2 Isolated compoundsfrom A.luzonensis

A (Control)

50 mM Phosphate buffer (pH 6.8) 140
Solvent (methanol) 40
Mushroom tyrosinase 20

L-tyrosine 20
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B (Blank A)

50 mM Phosphate buffer (pH 6.8) 160
Solvent (methanol) 40
L-tyrosine 20
C (Sample)

50 mM Phosphate buffer (pH 6.8) 100
Sample 40 pl
Solvent (methanol) 40
Mushroom tyrosinase 20
L-tyrosine 20
D (Blank C)

50 mM Phosphate buffer (pH 6.8) 120
Solvent (methanol) 40 pl
Sample 40 pl
L-tyrosine 20

3.1.6 Evaluation of % tyrosinaseinhibition

The inhibition level was calculated using the following equation. Kojic

acid was used as a positive control.

% Inhibition = [(A-B) - (C-D)] x 100......... D
(A-B)
Where; A-B = The difference between the absorbance of test solution without

test sample after and before incubation
C-D = The difference between the absorbance of test solution with test

sample after and before incubation
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Percent inhibition of each sample was calculated using equation (1). For
the isolated compounds, the percent inhibition was plotted versus the concentrations
and the concentrations that inhibited tyrosinase activity by 50% were determined as
|C5o.

3.1.7 Statistical analysis

All the experiments were carried out in triplicate (n=3) and the data

expressed as mean of the three measurements + SD

3.2 Determination of freeradical scavenging activity
3.2.1 TLC screening assay for antioxidant activity (107)

The test samples were applied on a TLC plate and developed with suitable
developing solvents. After drying, the TLC plate was sprayed with 0.1% solution of
2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) in methanol. After 30 min, active components
appeared as yellow spots against purple background.

3.2.2 DPPH Free Radical Scavenging activity assay (108)
3.2.2.1 Preparation of 0.1 mM DPPH solution

The DPPH solution was freshly prepared by dissolving 3 mg of
DPPH in 50 ml of methanol. The solution was then sonicated for 10 min. The final
concentration was 1.52 x 104 M.

3.2.2.2 Preparation of the test sample solutions

The test sample solutions were prepared as methanolic solution
with initial concentration of 200 g /ml. Each stock solution was further diluted with
methanol until a suitable range of concentrations (ug/ml) was obtained including 100,
40, 20, 15, 10, 5, 2 and 1 pg/ml. The DPPH solution (1.0 ml) was added to each of the
test samples solution (1.0 ml) to make the tota volume of 2.0 ml. The fina

concentration was cal culated as shown below.
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Where,
CiV1=CyV;
C = Beginning concentration (ug/ml)
Vi = Beginning volume (ml)
C, = Final concentration (ug/ml)
Vs, = Final volume (ml)

3.2.2.3 Measurement of freeradical scavenging activity

The assay mixture contained 1 ml of 1.52 x 10* M of DPPH
radical solution and 1 ml of test sample solution. The mixture was shaken vigorously
and allowed to stand for 30 min at room temperature in the dark, the absorbent of the
mixture was measured at 517 nm using UV -vis spectrophotometer. M ethanol was used
as the control. The mixture of each concentration was prepared and measured in
triplicate.

In addition to the crude A.luzonensis methanol extracts, other
extracts and isolated compounds were also tested for DPPH scavenging activity, with
ascorbic acid as the positive control. The decrease in absorbance of the DPPH radical
(deep purple) after the addition of an antioxidant was used to determine the

antioxidant activity.

3.2.2.4 Calculation for the percentage of antioxidant activity

The percentage of antioxidant activity (%inhibition) was
calculated as follow

% Inhibition = (A control — A sample) X 100............... (2
A control
Where,
A control = The absorbance of the mixture containing 1ml of 0.1mM DPPH

radical solution and 1ml of methanol without the test sample

solution.
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A sample = The absorbance of the mixture containing 1ml of 0.1mM DPPH

radical solution and 1ml of the test sample solution.

Percent inhibition of each sample was calculated using equation
(2). The graph between the percentage of inhibitions and the concentrations were
plotted using Microsoft Excel. Each data point was a mean of three measurements
(n=3). The ICs, of each sample was then obtained from the linear equation. A lower
|Cso value indicates greater antioxidant activity.
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CHAPTER IV
RESULTSAND DISCUSSION

41 A Preliminary Phytochemical Investigation of A.luzonensis

extracts

A random screening of various plant extracts for the anti-tyrosinase activity
revealed that the ethanol extract of the Anaxagorea luzonensis inhibited more than
80% of mushroom tyrosinase activity. A literature survey of the phytochemistry of this
plant indicated the presence of several xanthones and flavonoids with antioxidant
activity (100, 109). Flavonoids are reported to possess a wide range of biological
activities. TLC chromatograms of extracts from A.luzonensis were shown to have
several colored bands when detected with NP/PEG reagent (under UV 366) reagent as
shown in Figure 22, indicating the presence of flavonoid-type compounds.

So far, there has been no report on the anti-tyrosinase activity of A.
luzonensis (SciFinder, Accessed since November, 2007). Therefore, it is of interest to

study A.luzonensis as amodel for anti-tyrosinase and antioxidant activities.

4.2 Biological screening of A.luzonensis extracts

4.2.1 Biological screening of A.luzonensis extracts

The stems of Anaxagorea luzonensis were collected from Phetchabure
Province and extracted in a Soxhlet apparatus with the following solvents of

increasing polarity, i.e. hexane, dichloromethane, ethyl acetate and ethanol.
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(S1)

Figure 22 Thin-layer chromatogram of the crude extractsfrom A. luzonensis
(A) under UV short wavelength (254 nm.), (B) under UV long wavelength (366 nm.),
(C) NP/PEG under UV long wavelength (366 nm.) , by solvent system 1 (non-polar) and
2 (polar).
Track 1 = Hexane extract Track 3 = Ethyl acetate extract
Track 2 = Dichloromethane extract Track 4 = ethanol extract
Track 5= Reference compound ; Std 1, quercetin; Std 2, isoquercitrin,
Std 3, chlorogenic acid, Std 4, rutin
Absorbent : Silicagel GFys4
Solvent system : (S1) CHCI3; — EtOAc —MeOH- Formic acid ( 9-0.5-0.5-0.5)
(S2) EtOAC- H,O- Formicacid (8-1-1)
Detection : (A) UV 254, (B) UV 366, (C) NP/PEG ( under UV 366 )
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The assessment of in vitro anti-tyrosinase and antioxidant activities of
various extracts of A.luzonensis was shown in Table 6. The dichloromethane, ethyl
acetate and ethanol extracts exhibited an anti-tyrosinase activity with the percent
inhibition of 58.27%, 86.76% and 80.83 %, respectively, while the hexane extract
exhibited the lowest anti-tyrosinase activity of 28.56% at the same concentration
tested (0.909 mg/ml). However, these inhibitory activities were lower compared to the
standard whitening agent, kojic acid, and the ethanol extract of Artocarpus lakoocha
Roxb., which were used as positive controls (99.87 and 98.79 % inhibition,
respectively (Table 6)). The result aso confirmed the presence of free radical
scavenging activity of each extract as shown by the ICsy values of 10.60, 3.33, 5.51
pg/ml for dichloromethane, ethyl acetate and ethanol extracts, respectively, while the
hexane extract had low antioxidant activity with an 1Csy value of 162.70 ug/ml (Table
6).

Table6 Results of anti-tyrosinase and free radical scavenging activities of different

extracts from A.luzonensis with different solvents

% Inhibition of IC 50 DPPH
A. luzonensis Extracts tyrosinase inhibition

(0.909 mg/ml ) (ug/ml)
Hexane 28.56 £ 0.45 162.70 £ 5.37
Dichloromethane 58.27 £ 0.38 1060+ 1.44
Ethy acetate 86.76 + 0.55 3.33%£0.35
Ethanol 80.83+£0.74 5.51+0.35

Artocarpus lakoocha Roxb. extract 98.79 + 0.69 -

Kojic acid 99.87 + 0.65 -
Ascorbic acid - 520+ 0.36

Results are means of three measurements = SD (n =3x3). The Ethanol extract of
Artocarpus lakoocha Roxb, kojic acid and ascorbic acid were used as positive controls

for anti-tyrosinase and antioxidant activities, respectively.
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4.2.2 Biological screening of A.luzonensis extracts using TLC
techniques
4.2.2.1 Freeradical scavenging activity

The free radical scavenging activity test using TLC techniques
was adapted from Hostettman et al, 1997 (107) were detected using DPPH spraying
reagent. The DPPH free radical scavenging activity of each extract from A.luzonensis
using silica gel 60 F,s4 plates as an absorbent and CHCI;—EtOAc-MeOH—-+ormic acid
(9-0.5-0.5-0.5) as a devel oping solvent system was shown in Figure 23. When detected
by spraying with DPPH, after 30 min, active components appeared as yellowish white
gpots against purple background. Quercetin was used as a reference compound. The
hexane, dichloromethane and ethyl-acetate extracts showed potent antiradical effect
towards the stable radical DPPH as shown in Figure 23.

4.2.2.2 Anti-tyrosinase activity

For the TLC screening of tyrosinase inhibiting activity of
crude extracts of A.luzonensis, the method involved spraying the TLC plate containing
sample spots with tyrosinase and L-tyrosine solutions, successively. A positive result
could be visualized directly as white spots against a brownish-purple background
(105), using kojic acid as positive control. This method can be used as a quick
screening for tyrosinase inhibitor detection and a guiding procedure for the isolation of
tyrosinase inhibitors from natural products. The TLC (silica gel 60 Fs4 plates as an
absorbent) was developed using 25:2:2:1.5 (v/v) CH.Cl, : EtOAc : methanol : formic
acid as a mobile phase and this plate was then sprayed with tyrosinase and L-tyrosine
and visualized under white light. The hexane extract showed one positive white spot
with an Rf of 0.79 against the darker background, while the dichloromethane and ethyl

acetate extracts showed severa positive white spots (Figure 24).
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(A) (B) (©)
(D)

Track 1 = Hexane extract

Track 2 = Dichloromethane extract
Track 3 = Ethyl acetate extract
Track 4 = Ethanol extract

Track 5= Stdl, quercetin

Figure 23 Thin-layer chromatogram of the crude extracts from A.luzonensis, showing
spots with DPPH scavenging activity

Absorbent Silicagel GFzs4
Solvent system CHCI3—EtOAc—-MeOH- formic acid (9-0.5-0.5-0.5)
Detection (A) UV 254, (B) UV 366, (C) DPPH reagent at 30 min.

(D) DPPH 0.1% after 60 min
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(S1)

(A)

254 nm 366 nm NP/PEG (366 nm) enzyme tyrosinase/

(D)

L-tyrosine

(S2) (A) (B)
I

254 nm 366 nm enzyme tyrosinase/
L-tyrosine
Figure 24 Thin-layer chromatogram of the crude extracts from A. luzonensis sprayed
with enzyme tyrosinase and L-tyrosine

Solvent system : (S1) CH.CI;: EtOAc: Methanol : formic acid (25-2-2-1.5)
(S2) CHCI3: MeOH : Formic acid (9:0.5:0.5)

Detection : NP/PEG, tyrosinase enzyme and L-tyrosine ( white spots)

Track 1 = Hexane extract, Track 2 = Dichloromethane extract,

Track 3 = Ethyl acetate extract,  Track 4 = quercetin, Track 5= kojic acid

(A) under UV short wavelength (254 nm.), (B) under UV long wavelength (366 nm.),
(C) NP/PEG under UV long wavelength (366 nm.), (D) detected with enzyme tyrosinase
and L-tyrosine spraying reagents after 30 min.
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Table 7 Biological TLC screening for the DPPH scavenging t and anti-tyrosinase
activities of each extract from A. luzonensis.

A. luzonensisA. Gray DPPH scavenging Anti-tyrosinase
Extracts activity* activity*
Hexane ++ +
Dichloromethane +++ ++
Ethyl acetate +++ ++
Ethanol +++ -
Quercetin +++ +
Kojic acid - +++
* by observation
+++  Strong activity ++ Moderate activity

+ Weak activity

not tested

4.3 Isolation of chemical constituents from A.luzonensis

A sample of the powdered stems (700 g) was extracted consecutively with

solvents of increasing polarity, namely hexane, dichloromethane, ethyl acetate and

ethanol in a soxhlet apparatus. The extracts were dried under reduced pressure to yield

the dried residues as shown in Table 8. The TLC patterns of these extracts were shown

in Figure 22.
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Table 8 Results of the extraction of A.luzonensis with different solvents

Extraction . )
Plant solvent Weight () % Yield
Hexane 3.5068 0.500
Dichloromethane 5.1405 0.734
A.luzonensis
Ethyl acetate 82.9773 11.854
Ethanol 22.9442 3.278

The crude hexane, dichloromethane and ethyl acetate extracts were
subjected to test for their antityrosinase and antioxidant activities. The results of
assessment the antityrosinase and antioxidant activities of each extracts were shown in
Table 6. The hexane, dichloromethane, and ethyl-acetate extracts exhibited an anti-
tyrosinase activity with the percent inhibition of 28.56, 58.27, and 86.76%,
respectively and the antioxidant activity with the 1Csp values of 162.74, 10.60 and 3.33
png/ ml, respectively. Although the hexane extract had low antioxidant and anti-
tyrosinase activities, the result of the antityrosinase activity of the hexane extract using
TLC method showed one positive white spot against the darker background, while
dichloromethane and ethyl acetate extracts showed several positive white spots (Figure
24). The hexane, dichloromethane and ethyl acetate extracts showed potent antiradical
effect towards the stable radical DPPH as shown in Figure 23. Hence, these crude

extracts were selected for further chemical investigation.
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4.3.1 Separation and isolation of the active compounds from the

hexane, dichloromethane and ethyl acetate extracts of A. luzonensis.

The hexane extract (3.12 g) was chromatographed on silica gel 60 column
using mixtures of hexane/ ethyl acetate of increasing polarity. Fractions were
monitored by TLC on silica gel GF,s4 plates, developed with hexane-ethyl acetate -
formic acid ( 30-10-1.5), detected with NP-PEG and anisal-dehyde spray reagents.
Similar fractions were combined to afford fractions H1-H6. Each fraction was tested
for TLC technique for tyrosinase inhibitory detection. Compound A (10.8 mg) was
obtained from fraction H6 (15.8 mg), after washing with cold hexane and further
purified by recrystallization from hot hexane. The procedure of isolation of compound
A from the hexane extract was shown in Figure 19.

The dichloromethane extract (2 g) was further fractionated by
chromatographic technique, the column being eluted with bi-gradient of increasing
CHCl; (30-100%) in n-hexane and ethyl-acetate (0-100%) in CH,Cl,. Fractions were
collected and profiled by thin-layer chromatography (TLC) on silica gal GFysg,
developed with dichloromethane —methanol-formic acid ( 9:0.5:0.5). The TLC plates,
were detected under UV 254, UV 366 and with NP-PEG spray reagent under UV 366
nm. Thisresulted in atotal of 13 fractions (f7-f13). Fraction f7 (413.2 mg) showed the
major component on TLC with high yield. It was further rechromatographed on
Sephadex LH-20 column which was eluted with MeOH. Similar fractions were
combined to give fractions sep71-sep73, and on standing fraction sep72 yielded
yellow crystals, which upon cleaning with ethyl-acetate-methanol and recrystallization
with methanol gave compound B.

Fraction fg (239.7 mg) was further fractionated on another Sephadex LH-20
and eluted with methanol. The composition of each collected fraction was examined
by TLC and combined to give three fractions (Sep81-83). The combined fraction Sep
82 (138.7 mg) was further fractionated on another silica gel column and successively
eluted with a stepwise bi-gradient of chloroform in hexane and ethyl acetate in
chloroform. The eluent was collected and examined by TLC and similar fractions were
combined to give 4 fractions. The combined fraction sf4 yielded yellowish precipitate,
which upon recrystallization in CHCl3: hexane (1:1) gave needle crystals of compound
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C. The procedure for the isolation of compounds B and C from dichloromethane
extract were shown in Figure 20.

The ethyl acetate extract (20 g) was first separated by quick column
chromatography and eluted with hexane — dichloromethane — ethyl-acetate — methanol
with increasing polarity, the eluent being collected and monitored by thin-layer
chromatography (TLC) on silica gel GF,s4 plates, developed with dichloromethane —
ethyl-acetate — methanol - formic acid ( 25-1.5-1.5-1.5), detected under UV 254, UV
366 and with NP-PEG spray reagent under UV 366 nm. Similar fractions were then
combined to give seven fractions A, B, C, D, E, F and G. Fraction D (4.0 g) was
rechromatographed on silica gel 60 column and eluted with a stepwise gradient of
dichloromethane—ethyl acetate. Similar fractions were combined to give crude
fractions Qf1 —Qf5

Fraction Qf2 ( 259.1mg ), after washing with methanol to remove the
orange color, gave awhite precipitate which was further purified by recrytallizing with
methanol, to gave yellowish needles of compound C

The orange residue from fraction Qf2 was rechromatographed on Sephadex
LH-20 and eluted with MeOH. Similar fractions were combined to give fractions f,s1-
f,s10. Fraction f,s9 vyielded yellow precipitate, which upon cleansing with
dichloromethane-methanol to remove color and recrystallization gave compound D.

Fraction Qf4 (1.6615 g) was rechromatographed on silica gel quick column
and eluted with hexane—ethyl acetate (75-25) in an isocratic manner. Similar fractions
were combined to give three fractions, Qf4a, Qf4b and Qf4c. Fraction Qf4b was
rechromatographed on Sephadex LH-20 eluted with MeOH. Similar fractions were
combined to give two fractions S-1 and S-2. Fraction S-2 yielded yellow precipitate,
which upon cleansing with dichloromethane -water-methanol to remove the color
contaminants and recrystallizing in dichloromethane : methanol (8:2) gave compound
E.

The procedure for the isolation of compounds C, D and E from the ethyl
acetate extract were shown in Figure 21.

The thin-layer chromatograms of the isolated compounds A, B, C, D and E
from A.lusonensis extracts were shown in Figures 25 and 26. Compounds A, B, C, D

and E were then subjected to further study on its structure elucidation using UV, IR,
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MS and NMR and the compounds were tested for their anti-tyrosinase and antioxidant

capabilities.

Track 1 = Dichloromethane extract

Track 2 = Ethyl acetate extract

Track 3 = Compound B from CH,Cl, extract
Track 4 = Compound C from CH,Cl, extract
Track 5 = Compound C from EtOAc extract
Track 6 = Compound D from EtOAc extract
Track 7 = Compound E from EtOAc extract

Figure 25 Thindayer chromatograms of isolated compounds from the

dichloromethane and ethyl acetate extracts of A. luzonensis.

Adsorbent : Silicagel GFzs4
Solvent system : Chlorofrom : ethyl acetate : methanol : formic acid
(9-0.5-0.5-0.5)

Detector : UV 254, UV 366, NP-PEG (under UV 366)
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254 nm 366 nm NP/PEG (under 366 nm)
Figure 26 ThinHayer chromatograms of isolated compounds from the hexane

dichloromethane and ethyl acetate extracts of A.luzonensis.

Track 1 = A.luzonensis extract

Track 2 = Compound A from hexane extract
Track 3 = Compound B from CH,Cl, extract
Track 4 = Compound C from CH,Cl, extract
Track 5= Compound D from EtOAc extract

Adsorbent : Silicagel GF,s4 plate
Solvent system : Chlorofrom : ethyl acetate : methanol : formic acid
(9-0.5-0.5-0.5)

Detector : UV 254, UV 366, NP-PEG (under UV 366)
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4.4 Structureducidation

4.4.1 Compound A

1,6-dihydroxy-5-methoxy-4',4',5'-trimethylfurano-(2',3' :3,4)—xanthone

Compound A. Yellow crystals with the melting point of 221-223 °C. The
UV spectrum (Figure 27) in methanol of compound A exhibited absorptions at 242
and 318 nm. The FTIR spectrum in CHCI3 (Figure 28) indicated the vibrations of the
hydroxyl stretching (vow) a 3517.82 cm™, carbonyl stretching (ve-o) at 1650.54 cm™,
double bond of aromatic rings (ve=c) 1603.67 cm™, 1584.68 cm™. The molecular
formula of compound A was deduced as CigH130s (m/z =342) from the TOF-MS
(Figure 40), which showed the molecular ion [M- Na]* at 365.1072, and *C NMR
data.

The *H NMR spectra (Figures 29-31) revealed the presence of a chelated
hydroxyl (6 13.35), two aromatic protons (6 7.02 and 7.98 ,each, d, J 8.8 Hz, H-7, H-
8), methine protons ( 6 6.30 s, H-2; 6 4.56, dd, J 6.56, 13.1 Hz, H-5'); methyl protons
(6145, d,J6.6 Hz, H3-5"; 6 1.65, 1.35, H3-4", H3-4") and a methoxyl protons (6 4.10,
). The methoxy group was proved to be ortho-substituted by the chemical shift of C-5
(61.8 ppm).

The *C-NMR spectrum data of compound A afforded 18 lines as shown in
Figure 32, indicating a number of carbon atoms in the molecule. The resonance at
179.73 (C-9) indicated a carbonyl group (C=0), while the resonances at 6 166.08 (C-
1), 154.45 (C-6) were assigned to the quaternary carbons near hydroxyl groups. The
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resonances at ¢ 112.23 and ¢ 122.25 were assigned to the methine carbons at C-7, C-8
positions, respectively. The resonance at ¢ 61.8 (5-OCHj3) indicated the presence
methoxy group. Other carbon signals were assigned as presented in Table 9. The
carbon type was indicate by DEPT spectrum (Figure 34). The normal HMQC (Figure
34) assisted the proton assignment (Table 10).

The heteronuclear multiple bond correlation (HMBC) spectra of compound
A revealed the presence of C-H long-range correlations (Figures 35-39). The data of
HMBC were shown in Table 11.

The *H and **C chemical shifts of the compound A were assigned by
comparing with literature (109) as showed in Table 9. From the above data, it could
be concluded that the structure of compound A was 1,6 - dihydroxy - 5 - methoxy -
4'4'5' - trimethylfurano - (2',3' :3,4) — xanthone (109).

1.00 _

0.8 - 242 nm

0.6 _

04 | 318 nm

0.2 _

0.00
I I I I

I
200.0 250 300 350 400 450
nm

Figure 27 UV spectrum of compound A in methanol
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Table 9 Comparison of *H, *C-NMR data of compound A with literature values

(109)
Chemical shift( 8) Chemical shift( 8)
Proton 75 MHZ*C-NMR 300 MHZ'H-NMR
Position Lit. Compound A Lit Compound A
(acetone-ds) (CDCl3) (acetone-ds) (CDCl3)
1 166.9 166.1
2 92.8 94.1 6.18, s, H-2 6.30, s, H-2
3 165.2 164.5
4 113.8 112.7
5 135.7 133.8
6 1575 1545
7 114.5 112.2 7.03,d,J86Hz |7.02,d,J88Hz
8 122.3 122.3 7.85,d,J86Hz |7.98,d J88Hz
9 180.7 179.7
4a 153.6 1524
4b 1514 1494
8a 114.9 1151
8b 103.6 103.3
4’ 44.5 43.6
5 91.6 90.6 4.60,9,J6.6Hz | 4.56, dd, J 6.6, 13.1
Hz
5"-CHs3 144 14.0 143, d, J6.6 Hz, | 1.45,d,J 6.6 Hz, 5"-
5"-Hs Hs
4"-CHs 25.8 25.6 1.65, s, 4"-Hs 1.65,s,4"-Hs
4"-CHs 21.7 214 1.35, s,4"-Hs 1.35,s,4"-Hs3
5-OCHs 61.8 61.8 4.02, s, 5-OCH3 4.10, s, 5-OCH3




Results and Discussion / 86

Wiyada Nooring

0°00S

€[DHD Ul ¥ punodwod jJo wnuoads Y14 8zainbi4
ds'yozpene )
-
0001 00S1 0002 000¢ 0°000¥
1 1 1 1
00
L9°€091 HW
! L
8977851 Hm“
\ | $§°059T L vl
g - 9]
P8 8STT | ‘m_
\ I 4
\ i R/
| 1
TV 6LET ‘mm
; C
] €°6L2T | -Ek
9T MN:H ,v Hmp.\ﬁmqﬁ Hmm
PT°90TT) ww.‘gm#\ i umw
/ / \ \ \HM.ME. 1 B
PZ°GI0T\ Pk Ty Loy
e b ) | 34
\ x B
\ L Hmm
| 8¢
N ) 09
, \ 26°8SHT L2
Sl : WW
\ \ B
\ \ \ 0L
| \ Y T€°6962 ENALE e
A\ -
A 851962 | o, “ -mh
\ / 67116 < s Hcm
| 3
\ A B
. Ne 61" 8EET HM
5 LE6E2T C
X om.,/NQ: wm
\ L6
99°186 I T L
L 001
[ ¢ W
201

1%



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Pharmaceutical Chemistry and Phytochemistry) / 87

oL'E J 2
gge :o
92°ceE 5 -
. e 5
26" vov [
ao‘tav% II = —= &%t T
w:asvf in — P92 €
10°6Ey —7 o EPES [
v2 16¥ <t r
29°129 I' :—m
e E
Q :
18'8221 O — —eeve | -
S6°65El r o
e - PR 0
1
9 bEr—" T r [a)
F @)
N [
E <
[ e}
N 2
] — 0000F [
g 1 =t [ o
176161 T %-;D FITHA £
u Q
58° 0012 N~ — o
2L S - 5
R g £
[ >
E fut
i O— =71 [o *8'
I P 8_
: a4
f =
r Pz
P 1
[ I
F 3
r N
F2 T
g =
L (@]
r o
L o™
r (@]
b AN
r (O]
r —
F =2
Foy =
F LL
ARG s — % - ] — w0 |



Wiyada Nooring Results and Discussion / 838

92°68E ——— _ Jj |
26°P0y ——— z g
& 569z £
20 Ly = s
vrizey — = II o j 7962 €
10°8EF — I' j _—  k©
v2 16y : % I
_ﬂl' L
I -
o
[
29129 — L
I _©
. (@]
()]
- (@]
0 =
-0 <
[ ©
C
L >
o
| o
e
Q
£ (@]
Lo ©
m
£
v =}
—
I3
x
i =
|w Z
1
” T
L “
N
H I
=
- S
™ F o
I
3 ey - 8
18°8221 j EOET'E = 9
=}
I j=)
| LL
96 65ET—~ _ g J:
ot i D —=
€9°6LEF— T —%\ e

ppm

74



Fac.of Grad. Studies, Mahidol Univ.

EV 9881

Tv'B16¥

58 00tg—u——
L9760t e—

PE GBI

€9 '98Ee——
Ep GBEE—

H-2

lo0]
I

e
0000}

cL00° ¥

Fovo'i

16407

8.0

M.Sc. (Pharmaceutical Chemistry and Phytochemistry) / 89

Figure31 300 MHz *H-NMR spectrum of compound A in CDCl3
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Table10 *C-NMR, DEPT 135 and n-HMQC data of compound A

Carbon
Position Compound A (8 °C) DEPT 135 n-HMQC

1 166.1 S

2 94.1 D 6.30 (H-2)

3 164.5 S

4 112.7 S

5 133.8 S

6 154.5 S

7 112.2 D 7.02 (H-7)

8 122.3 D 9.98 (H-8)

9 179.7 S

4a 152.4 S

4b 149.4 S

8a 115.1 S

8b 103.3 S

& 43.6 S

5 90.6 D 4.56 (H-5')
5"-CHs 14.0 Q 1.45 (5"-Hs)
4"-CHj 25.6 Q 1.65 (4"-Hs)
4"-CHj 214 Q 1.35 (4"-Hs)
5-OCH3 61.8 Q 4.10 (5-OCHs)
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Table1l *C-NMR and HMBC data of compound A

Carbon Compound A
Position (5 13C) HMBC (3°H)

1 166.1 6.30 (H-2), 13.32 (OH)
2 94.1 13.32(OH)
3 164.5 6.30 (H-2), 13.32 (OH)
4 112.7 6.30 ( H-2), 1.65 ( H3-4"), 1.35 ( Hz-4")
5 133.8 7.02 ( H-8), 4.10 (OCHs5)
6 154.5 7.02 (H-7), 7.98 ( H-8)
7 112.2
8 122.3
9 179.7 7.98 (H-8)
4a 1524
4b 149.4 7.98 ( H-8)
8a 115.1 7.02 (H-7)
8b 103.3 6.30 (H-2), 13.32 (OH)
& 43.6 1.65 ( Ha-4"), 1.43 ( H3-5"), 1.35 ( Hz-4")
5 90.6 1.65 ( Ha-4"), 1.43 ( H3-5"), 1.35 ( Hz-4")
5" 14.0
4" 25.6 1.35 ( Ha-4")
4" 21.4 1.65 ( Hz-4")

OCH3; 61.8
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4.4.2 Compound B.

2-deprenlyrheediaxanthone B

Compound B. Yellow crystals with a melting point of 211-213 °C. The UV
spectrum (Figure 41) in methanol of compound B exhibited absorptions at 252, 287
and 328 nm. The FTIR spectrum in chloroform (Figure 42) indicated the vibrations of
the hydroxyl stretching (vor) at 3434.68 cm, carbonyl stretching (ve-o) from 1654.70
t01609.39 cm™, double bond of aromatic rings (ve-c) 1559.65 cm™. The molecular
formula of compound B was deduced to be C15H160s from the *C NMR data. The *H
NMR spectra (Figure 43-44) reveaed the presences of a chelated hydroxyl (6 13.43),
two aromatic protons (6 6.95 and 7.58 ,each, d, J 8.73 Hz, H-7, H-8), methine protons
(0 6.13, s, H-2;6 4.55, dd, J, 6.57, 13.14 Hz, H-5"); methyl protons (6 1.40, d, J 6.56
Hz, H3-5"); 6 1.60, 1.35, H3-4", H3-4™).

The *C-NMR spectrum data of compound B afforded 18 lines as shown in
Figure 45, indicating the number of carbon atoms in the molecule. The resonance at 6
180.18 (C-9) indicated a carbonyl group (C=0), while the resonances at 6 165.84 (C-
1), 152.87 (C-6) were assigned to the quaternary carbons near hydroxyl groups. The
resonances at ¢ 112.88 and 6 116.58 were assigned to methine carbons at C-7, C-8
positions, respectively, the other carbons were assigned as presented in Table 12.

The carbon type was assisted by DEPT spectrum (Figure 46). The normal
HMQC (Figure 47) assisted the proton assignment (Table 13).

The 'H and **C chemica shifts of the compound B were assigned by
comparing with the literature (109) as shown in Table 12 .From the above data, H-
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NMR and *C-NMR spectral data of compound B were in good agreement with data

given for 2-deprenlyrheediaxanthone B (109).

Table 12 Comparison of *H, *C-NMR data of compound B with literature values

(109)
Chemica shift( 8) Chemica shift( 8)
Proton BC-NMR 'H-NMR
Position Lit. Compound B Lit. Compound B
(acetone-dg) | (acetone-de) (acetone-ds) (acetone-ds)
1 166.8 165.84
2 93.8 92.90 6.10,s, 1H 6.13,s, 1H
3 165.2 164.26
4 1134 112.29
5 133.7 132.63
6 152.6 152.87
7 1134 112.88 6.95,d,J88Hz |6.98,d,J8.73Hz
8 1175 116.58 7.58,dJ8.8Hz 7.60,d,J8.73Hz
9 181.1 180.18
4a 152.6 151.38
4b 1471 146.16
8a 114.9 114.00
8b 103.5 102.66
4 44.5 43.54
o) 91.6 90.72 4.35,q,J6.6 Hz, | 4.55,dd, J6.57,
1H 13.14 Hz, 1H
5" 14.5 13.53 1.36, d, J 6.6 Hz, | 1.40, d, J 6.57 Hz,
Hs-5" Hs-5"
4" 25.8 24.83 1.59, s, Hs-4" 1.60, s, Hs-4"
4" 214 20.38 1.29, Hs-4™ 1.31, s, Hs-4"
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Table13 **C-NMR, DEPT 135 and n-HMQC data of compound B

Carbon

Position Compound B ( 5 *C) DEPT 135 n-HMQC
1 165.84 S
2 92.90 D 6.13 (H-2)
3 164.26 S
4 112.29 S
5 132.63 S
6 152.87 S
7 112.88 D 6.98 (H-7)
8 116.58 D 7.60 (H-8)
9 180.18 S
4a 151.38 S
4b 146.16 S
8a 114.00 S
8b 102.66 S
4 43.54 S
5 90.72 D 4.55 (H-5'
5" 13.53 Q 1.40 (H3-5")
4 24.83 Q 1.60 (Hz-4")
4 20.38 Q 1.31 (Hs-4")
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4.4.3 Compound C

OCH, H

1,3,6-trihydroxy-5-methoxyxanthone

Compound C appeared as yellowish white needles with a melting point of
247-249 °C (with decomposition). Thin-layer chromatogram of this compound gave a
pae green spot with NP/PEG (under UV 366) reagent (Figures 25-26). The UV
spectrum in methanol of compound C exhibited absorptions at 243 and 317 nm
(Figure 48) corresponding to benzene with hydroxyl substitution (129). The FTIR
spectrum (Figure 49) revealed the stretching vibrations of the hydroxyl (vop) at 3411
cm® (broad), the methyl group (vens) at 2955 cm™?, the carbonyl stretching (ve-o) from
1651 to 1608 cm™, aromatic double bonds (ve=c) at 1449 cm™, ve o at 1213 to 1163
cm™, 1099 and 1068 cm'™.

The EIMS of compound C was determined as C14H100s, m/z 274 (Figure
50). The **C-NMR spectrum of compound C showed 13 carbon signals. Analysis of
3C-NMR spectrum (Figure 53) of this compound C (T able 11) suggested the presence
of one methyl carbon (§ 60.8) including carbonyl carbon (5 179.8). The *H-NMR
spectra (Figures 51-52) of compound C exhibited the presence of aromatic protons at &
6.98 and 7.75 ppm (each, 1H, d, J 8.8 Hz, H-7, H-8), two pairs of doublets at 6 6.21
and 6.45 ppm (each, 1H, d, J 2.1 Hz, H-2, H-4) and a methoxyl protons at 6 3.90 ppm.

The *H and **C chemica shifts of the compound C were assigned by
comparing the 6 with literature (110) as shown in Table 14. From the above data, it
could be concluded that the structure of compound C was 1,3,6-trihydroxy-5-
methoxyxanthone.
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OCH; H

1,3,6-trihydroxy-5-methoxyxanthone

Table 14 500 MHz *H-NMR and 125"*C-NMR data of compound C (in acetone—ds
+D,0) compared with literature values (110)

Chemical shift( d) Chemical shift( )
Carbons/ BC-NMR 'H-NMR
Proton Lit. Compound C Lit. Compound B
(DMSO-dg) | (acetone-ds) | (DMSO-dg) (acetone-ds)
1 162.9 163.15
2 98.2 98.14 6.28 6.21,1H,d,J2.12 Hz
3 165.5 165.51
4 94.2 94.24 6.53 6.45,1H,d ,J2.10 Hz
4a 157.1 156.60
5 1345 134.70
6 157.3 157.77
7 114.2 113.75 6.98 6.98, 1H,d J8.83 Hz
8 120.9 121.05 7.63 7.75,d,J8.84 Hz
8a 112.9 113.75
9 179.2 179.88
%9a 101.4 101.86
10a 150.5 150.76
5-OCHjs 60.8 60.82 3.85 3.90, (Hs, s,)
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4.4.4 Compound D

HO

O

H (6]
kaempferol

Compound D appeared as pale yellow-amorphous with a melting point of
276-278 °C. The TLC chromatogram of compound C was shown in Figure 26. After
spraying with NP/PEG and under UV 366 nm the band appeared from bluish to
greenish. Its UV spectrum in methanol (Figure 54) exhibited characteristic aromatic
absorption bands at 266 nm (Band 1), 366 nm (Band Il) indicating the free 3-OH of
flavonol. The FTIR spectrum in KBr (Figure 55) showed the vibrations of the
hydroxyl group (v on) a 3385.30 cm™* and 2924.25 cm™, carbonyl stretching (v c=o) at
1660.47-1615.84 cm™, v c-c 1522.98 cm™. The *C —NMR spectra data of the
compound D afforded 14 lines as shown in Figure 56, corresponding to a number of
carbon atoms in the molecule. The resonance at 6 175.83 indicated a carbonyl group
(C=0), while the resonances at 6 163.82 ,160.7 were assigned to the quaternary
carbons near to the hydroxyl groups, the downfield shifts at 6 137.26 and 135.54
indicating a 2,3 unsaturated flavonoid nucleus and the resonances at 6129.40
belonging to the equivalent methine carbons at C-2', C-6' positions. The assignment of
other carbons could be seen in Table 15. According to *H and **C-NMR spectral data
the molecular formula of compound D was deduced as C;5H120s.

The 'H-NMR spectra (Figures 57-58) of compound D displayed the
characteristic signals of the kaempferol nucleus (111), i.e., two doublets at 6 6.20 and
6.43 ppm (J 2.0 Hz), assigned to the H-6 and H-8 protons, respectively, A pair of AB
system of aromatic protons, assigned to H-3', H-5' and H-2', H-6', appeared at 6 6.92
and 8.03 ppm respectively, each as d with J 8.8 Hz. The *H and *C-NMR assignments
(Table 15) were accomplished by comparing the chemical shifts with the literature
(111).
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Table15 300 MHz *H-NMR, 75 MHz *C-NMR spectral data of compound D (in
DM SO-ds) compared with the literature (111)

Lit- Compound )
Carbons/ Lit.-Kaempferol Compound D
Kaempferol D N 1
Protons 183G 183G H H
C-2 146.80 137.26
C-3 135.65 135.54
C-4 175.90 175.83
12.47 (1H, brs-OH, | 12.46(1H, brs-OH,
C-5, 160.70 160.65 5-OH) 5-0H)
6.19 (1H,J 1.7 Hz, | 6.20(1H,d, J 2.0 Hz,
C-6 98.19 98.16 H-6) H-6)
C-7 163.88 163.82 10.16 (1H, 7-OH )
. 6.40 (1H, d, J 1.7 6.43(1H, d, J 2.0 Hz,
C-8 93.47 93.43 Hz, H-8) H-8)
C-9 156.16 156.16
C-10 103.04 103.00
C-1 121.66 121.63
P 8.07 (2H, d,J 85 8.03(2H, d, J8.84
C-2.6 129.50 129.40 Hz, H-2'6) Hz, H -2'6)
i 6.91 (2H,d,J 85 6.92 (2H, d, J 8.87
C-35 115.43 115.38 Hz, H-3.5) Hz, H-3.5)
c-4 159.18 159.11 9.42 (1H, 4'-OH)
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4.4.5 Compound E

Quercetin
(3,5,6,3,4'-pentahydroxyflavonol)

Compound E appeared as yellow needles with a melting point of 295-305
°C. The TLC chromatogram of compound D was shown in Figure 27. Its UV spectrum
in methanol (Figure 59.) exhibited characteristic aromatic absorption bands at 256 nm
(Band I), 375 nm (Band 1) indicating the free 3-OH flavonol. The FTIR spectrum in
KBr disc (Figure 60.) revealed the vibrations of the hydroxyl group (v on) at 3410.83
cm™ and 3295.77 cm™, carbonyl stretching (v c-0) a 1671.08, 1613.59 and 1522.98
cm™.

The **C-NMR spectral data of the compound D afforded 15 lines as shown
in Figures 65-66, indicating a number of carbon atoms in the molecule. The resonance
a & 175.93 indicated a carbonyl group (C=0), while the resonances at 6 161.09,
164.17 ppm were assigned to the quaternary carbons near hydroxyl groups. The
downfield shifts at 6 156.83 and 135.82 indicating a 2, 3 unsaturated flavonoid
nucleus. The resonances at 6 114.61, 114.84 and 122.75 were assigned to the methine
carbons at C-2', C-5' and C-6' positions, respectively. And the other carbons were
presented in Table 16. According to *H and **C-NMR spectral data the molecular
formula of compound E was deduced as Ci5H100;.

The *H-NMR spectrum (Figures 61-64) revealed that the proton resonances
in the region of 6.17-12.47 ppm. The resonance at 6 6.17 and 6.40 ppm (each, 1H, d, J
2.0 Hz, H-6, H-8), a pair of doublet signal were attributed to protons positions on the
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ring A. The resonance at 6 6.87 ppm belonged to the signal proton at H-5' (1H, d, J 8.5
Hz), while the resonances at 6 7.53 ppm (1H, dd, J 8.5, 2.2 Hz, H-6"), 67.66 ppm (1H,
d, J2.2 Hz, H-2).

The *H-NMR and **C-NMR assignment (Table 16) was accomplished by
comparing the chemical shifts with the literature (118). From the above data, it could
be concluded that the structure of compound E was 3,5,6,3',4'-pentahydroxyflavonol
(quercetin).
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Table16 500 MHz *H-NMR and 125"*C-NMR spectrum assignment of compound E
(in DM SO-ds) compared with the literature (118)

_ Compound E Lit. Compound D
Carbons | Lit. 12 1 1
13 C H H
/ Protons C ) _ _
(in DM SO-dg) (in DM SO-dg) (in DM SO-dg)

2 155.0 156.83

3 134.6 135.82

4 174.7 175.93

5 159.6 161.09

6 97.1 97.85 6.22(1H,d,J2.0H2 | 6.17(1H,d,J20
Hz, H-6)

7 162.8 164.17

8 92.2 93.03 6.44 (1H,d,J2.0H2 | 6.40(1H,d,J20
H2)

9 146.6 147.36

10 101.9 103.12

1 118.9 120.29

2 114.0 114.61 7.71(1H,d,J2.2H2) | 7.66 (1H,d,J2.2
Hz)

3 143.6 144.81

4’ 145.7 146.62

5 1145 114.84 6.92 (1H,d, J85Hz) |6.87(1H,d,J85
H2)

6' 120.9 122.75 7.57 (1H, dd, J 8.5, 753 (1H, dd, J

2.2H2) 85,2.2H2)
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4.5 The anti-tyrosinase and free radical scavenging activities of compounds

isolated from Anaxagorea luzonensis

Phytochemica investigation of Anaxagorea luzonensis resulted in the
isolation of five compounds. Compound A from the hexane extract and compounds B
and C from the dichloromethane extract were identified as xanthone derivatives, while
compounds D and E from the ethyl acetate extract were identified as the flavonoid
kaempferol and quercetin, respectively. The results of bioactivity test revealed that
compounds (A), (B), (D) and (E) had strong anti-tyrosinase activity compared to that of
kojic acid (ICsp 0.197 mM), awell known anti-tyrosinase agent. The results showed that
compounds A, B, D and E had 1Cs; values of 1.18, 1.35, 2.49 and 1.56 mM, respectively
(Table 17). Compounds A and E exhibited the strong scavenging activity toward DPPH
radical (ascorbic acid was used as positive control (ICso 3.2 pg/ml)) with 1Cs values of
5.56 (A), 7.62 (B), 6.94 (D) and 5.30 uM (E). Compound C was shown to be inactive
against mushroom tyrosinase and showed little antioxidative activity (T able 18).

Table 17 Tyrosinase inhibition activity of compoundsisolated from A .luzonensis

Compounds of Anti-tyrosinase activity

Aluzonensis A.Gray |Cso(mg/ml) |Cso(mM)
A 0.405+ 0.04 1.18+0.12
B 0.444 + 0.09 1.35+0.27

Inactive at conc. 0.91 : .
C inactive
mg/ml
D (kaempferal) 0.717+£0.03 249+0.11
E (quercetin) 0471+ 0.24 156+ 0.79
Kojic acid 0.028 + 0.002 0.197 + 0.014

Results were means of three measurements + SD (n =3x3). Kojic acid was used as

apositive control.
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Table 18 Freeradical scavenging activity of compounds isolated from A. luzonensis

Compounds of Freeradical scavenging activity
A.luzonensis A.Gray |Cso(mg/ml) |Cso(UM)
A 0.0019+0.0005 5.56 + 1.46
B 0.0025+0.0009 7.62+2.74
C 0.1041+0.0006 379.93+2.19
D (kaempferol) 0.0020+0.0005 6.94+1.74
E (quercetin) 0.0016+0.0005 5.30+ 1.66
Ascorbic acid 0.0032+0.0002 18.18+1.14

Results were means of three measurements + SD (n =3x3). Ascorbic acid was used as

positive control

The structure elucidation of the isolated compounds from A luzonensis was
accomplished by spectroscopic methods, i.e. UV, IR, MS and NMR spectroscopy. The

isolated compounds were identified as follow:

Compound A = 1,6-dihydroxy-5-methoxy-4,5-dihydro-4 4,5 -trimethyl-furano(2 ,3:
3,4)-xanthone which was the 5-methyl ether derivative of compound B. It was first
discovered in Hypericum roeperanum (109) and was shown to have antifungal

activity.

Compound B = 2-deprenyl-rheediaxanthone B (1,5,6-trihydroxy-4 ,5-dihydro-4 4,5
-trimethylfurano-(2,3:3,4)-xanthone). This compound was found in Hypericum
roeperanum (109) and H.japonicum (112) and aso showed antifungal activity.

Compound C = 1,3,6-trihydroxy-5-methoxyxanthone. This compound was isolated
from the heartwood of A. luzonensis (103), as well as Canscora decussate (110) in the

family Gentianaceae.
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Compound D = kaempferal (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-
benzopyran-4-one).

Kaempferol was found in the leaves of Brassica juncea L (111), Crocus
sativus L. (115), Foeniculum vulgare and F. dulce (116), in Heterotheca inuloides
(117) and other plants. This compound was shown to have antioxidant and anti-

tyrosinase activities.

Compound E = quercetin (3,3,4',5,7-pentahydroxyflavone)

Quercetin has been reported to be found in the leaves of Zanthoxylum
piperitum(118), red onion ( Allium cepa (119)), Foeniculum vulgare and F. dulce
(116), in Heterotheca inuloides(117), Myrica rubra (120) as well as in other plant
sources. This compound was shown to possess anti-inflammatory, antioxidant and

anti-tyrosinase activities.

The results of the in vitro anti-tyrosinase activity from the present study
suggested that the ethyl acetate and ethanolic extracts of A.luzonensis possessed
relatively high activity against musroom tyrosinase (> 80% inhibition, Table 6), while
the dichloromethane and hexane extracts showed lower activity (58% and 28 %
respectively). The hexane extract exhibited the lowest in vitro anti-tyrosinase activity
(28.56%), but TLC technique showed one active spot against mushroom tyrosinase.
Chromatographic separation of this extract, yielded one active compound, compound
A, which was a xanthone. The dichloromethane extract afforded two more xanthones
derivatives namely compound B and C. Compound B was found to be active against
mushroom tyrosinase while compound C was inactive. The ethyl acetate extract, was
fractionated using both silica gel and sephadex LH 20 columns to yield large amount
of the active compound which was later identified as quercetin. As flavonoids are
known to potentiate the activity of anti-tyrosinase agents, it is feasible that they may
act synergistically. Summary of the anti-tyrosianse activity of the different extracts

and isolated compounds from A.luzonensis was shown in Table 19.



Wiyada Nooring Results and Discussion / 140

Table 19 Summary of the anti-tyrosianse activity of the different extracts and

isolation compounds from A.luzonensis

_ % Inhibition Isolated
A. luzonensis A m.p. IC 50
(at 0.909 | compounds | Ri™
Extracts _ (°C) (mM)
mg/ml) (yield/mg)
Hexane 28.56 + 0.45 A (10.8) 0.79 | 221-223 | 1.18+0.12

B (39.7) 058 | 211-213 | 1.35+0.27
Dichloromethane 58.27 + 0.38

C(141) 0.49 | 247-249 inactive

C (25.6) 0.49 | 247-249 Inactive

Ethy-acetate 86.76 £ 0.55 D (2.5) 045 | 276-278 | 249+ 0.11

E (71.9) 0.28 | 298-307 | 1.56+0.79

Ethanol 80.83+ 0.74 Bl - - -
A) TLC system = CHClj3: EtOAc: MeOH : formic acid ( 9: 0.5:0.5:0.5)

In all, three xanthones (compounds A, B and C) and two flavonols
(compounds D and E) were obtained from the stems of A.luzonensis. This is the first
time that the study on the anti-tyrosinase activity from A. luzonensis, had been carried
out. It is also the first report of the anti-tyrosinase activity of the two trimethly-
furanoxanthones (compounds A and B) isolated for the first time from A. luzonensis.
Compound D (kaempferol) and E (quercetin) have already been reported to have anti-
tyrosinase activity. Of the five compounds isolated during the course of this study,
compound A was the most active, with an ICsp of 1.18 mM, followed by compound B
(2.35 mM), compound E (quercetin, 1.56 mM) and compound D (kaempferol, 2.49
mM), while compound C was found to be inactive.

From the results of free radical scavenging study, compound A was shown
to be the most active with 1Cs, of 5.56 uM, followed by compound E (quercetin ), D
(kaempferol) and B at 5.30, 6.94 and 7.62 UM, respectively, while compound C was
found to be virtually inactive (1Csp vaue of 379.93 uM). However, these compounds
were found to have only about one tenth the activity of kojic acid, a compound

presently used in the cosmetic industry.
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Table 20 Summary of the physical properties and anti-tyrosinase activity of

compounds isolated from A.luzonensis

Antityrosianse
Compound Sttructure M.W. m.p. (°C) activity
IC 5 (mM)

A O O 342 | 221223 | 118+0.12

328 211-213 1.35+0.27

o8]

5 I

-

[}

0,
T

(o]

D HO o
K aempferol O | 286 276-278 249+ 011

C ) O O ) 274 247-249 Inactive

- ' e 302 | 298-307 | 156+0.79

Quercetin " @ ‘
C

Kojic acid /\E’;K 142 0.197 + 0.014
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From previous reports, a number of flavonoids was found to exhibit the
anti-tyrosinase activity, with some flavonols acting as copper chelators (117).
Quercetin and kaempferol were found to inhibit the oxidation of L-DOPA catalyzed
by mushroom tyrosinase. A portion of the structure (3-hydroxy-4-keto moiety) in
kaempferol and quercetin, as shown in the bold line, is clearly analogous to kojic acid
(ICs0 = 0.197 mM), a potent tyrosinase inhibitor. The inhibition exerted by kojic acid
is well established to come from its ability to chelate the copper atoms in the active
sites of the enzyme (117). Kaempferol (ICso = 2.49 mM) and quercetin (ICso = 1.56
mM) have been suggested to inhibit tyrosianse activity by the chelation of copper
active sites of the enzyme (115, 117). Extensive studies of the chemical structures of
kojic acid kaempferol and quercetin revealed the structure similarity, especially the 3-
hydroxy-4-keto moiety which is the important substructure to react with the copper
ions of the tyrosinase. In contrast to quercetin, its 3-o-glycosides, isoquercitrin and
rutin, were found to behaves as neither inhibitors nor substrate and hence the hydroxyl
group at 3-position is likely to relate to the activity. Compound A (ICsp = 1.18 mM)
and B (ICsp = 1.35 mM) had stronger anti-tyrosinase activity against mushroom
tyrosinase than quercetin and kaempferol. The inhibition mechanism of the two
compounds was also unclear, however the active groups of these compounds are
thought to be hydroxyl group as well as the substituted furan ring (2, 3-dihydro-2,3,3-
trimethylfuran moiety) which help to increase their inhibition capacity on mushroom
tyrosinase. Cudraxanthone M, another furanoxanthone previously isolated from root
bark of Cudrania tricuspidata (Bounetiaceae and Clusiaceae) was aso reported to
possess antityrosinase activity with 1Cso value of 16.5 uM, and appeared to inhibit the
polyphenol oxidase activity of tyrosinase in an noncompetitive mode (K; = 1.6 uM)
when L-tyrosine was used as a substrate and kojic acid (ICso vaue 14.6 uM) as a
positive control (91).

Moreover, this study revealed good biologica activities of A.luzonensis
which was shown to contain several constituents of the xanthone and flavonoid
groups. Various biological activities, i.e. tyrosinase inhibitory and antioxidant
activities are worthy of further study. For example, the browning process in most

foods has two components. enzymatic and non-enzymatic oxidation. Hence, potent
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antioxidant and tyrosinase inhibitory activity of xanthones and flavonols may render
them excellent antibrowning agents. Flavonols are a rare example of tyrosinase
inhibitors with antioxidant activity. As safety is of prime concern for an inhibitor to be
used in the food industry, there is a constant search for better inhibitors from natural
sources as they are largely free of any harmful side effects. Furthermore, the extracts
from A.luzonensis with tyrosinase inhibitory and antioxidant effects may be of interest
to the cosmetic and medicina industries due to their preventive effects on
pigmentation and free-radical disorders.

HO
OH

OH HO

HO OH

L-tyrosine kojic acid gallic acid

OH

quercetin
OH
(-)-Epicatechin gallate

Figure 67 Flavonoids compounds as substrates for tyrosinase and some of the
anti-tyrosinase compounds.
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Figure 67 Flavonoids compounds as substrates for tyrosinase and some of the anti-

tyrosinase compounds (cont.)
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CHAPTER YV
CONCLUSION

A random screening of various plant extracts for the anti-tyrosinase activity
revealed that the ethanol extract of the Anaxagorea luzonensis A. Gray (Annonaceae)
inhibited more than 80% of the mushroom tyrosinase activity. A literature survey of
the phytochemistry of this plant indicated the presence of several flavonoids and
xanthones with antioxidant activity. Flavonoids are reported to possess a wide range of
biological activities.

So far, there has been no report on the anti-tyrosinase activity of
A.luzonensis (SciFinder, Accessed since November, 2007). Therefore, it was of
interest to study A.luzonensis as a model for anti tyrosinase and antioxidant agents.
The present study was designed to determine the anti tyrosinase and free radical
scavenging activities of this plant and to search for active compounds. Crude extracts
were fractionated by bioassay-guided chromatographic separation techniques. The
anti-tyrosinase and free radical scavenging activities were calculated in terms of %
inhibition and comparison was made between different fractions. The structure
identification of isolated chemical constituents was performed using spectroscopic
techniques. Results from this study are summarized as follows:

5.1. The hexane, dichloromethane and ethyl-acetate extracts of
A.luzonensis exhibited an anti tyrosinase activity with the percent inhibition of 28.56,
58.27, and 86.76 %, respectively and 1Cs of 162.70, 10.60, 3.33 pg/ml for free radical
scavenging activity, respectively.

5.2. Using bioassay-guided chromatographic separation techniques and
spectroscopic techniques, five compounds could be purified, and four bioactive
constituents were identified as quercetin, kaempferol, 2-deprenyl-rheediaxanthone B,
1,6-dihydroxy-5-methoxy-4 5 -dihydro-4 ,4 5 -trimethyl-furano-(2,3:3,4)-xanthone

while one, 1,3,6-trihydroxy-5-methoxyxanthone was inactive.
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5.3. The four bioactive compounds, quercetin, kaempferol, 2-deprenyl-
rheediaxanthone B and 1,6-dihydroxy-5-methoxy-4,5-dihydro-4,4 5 -trimethyl-
furano-(2,3:3,4)-xanthone isolated from A.luzonensis. were investigated for their anti-
tyrosinase in comparison with kojic acid and free radical scavenging activities in
comparison with ascorbic acid and all four compounds exhibited anti-tyrosinase and
free radical scavenging activities with the following affinity: kojic acid (ICsp 0.197
mM), 1,6-dihydroxy-5-methoxy-4,5 -dihydro-4 ,4 5 -trimethyl-furano-(2,3:3,4)
xanthone (ICsp 1.18 mM), > 2-deprenyl-rheediaxanthone B (ICsp 1.35 mM), >
guercetin (ICso 1.56 mM), > kaempferol (ICsp 2.49 mM), an 1Csy of free radical
scavenging activity: 5.56, 7.62, 5.30 and 6.94 uM, respectively.

5.4. Results from this present study revealed that the extracts from
A.luzonensis, has a high potentia for further development as a tyrosianse inhibitor
with free radical scavenging activity for the application in the pharmaceutical and

cosmeceutica fields.
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APPENDI X

1. Deter mination of Tyrosinase activity

SIGMA QUALITY CONTROL TEST PROCEDURE
(Revised : 10/21/98)

Enzymatic Assay of Tyrosinase

Polyphenol Oxidase Activity
(EC 1.14.18.1)

Principle

L-DOPA + O, + Ascorbic acid ﬂ» O-Benzoquinone + H,O + Dehydro-

Ascorbic acid
Abbreviations used :
TYR = Tyrosinase
L-DOPA = L-3,4-Dihydroxyphenylaanine
Condition: T =25°C, pH 6.8, Agsnm Light path =1 cm
Method: Continuous Spectrophotometric Rate Determination
Reagent:
A 50 mM Potassium Phosphate Buffer, pH 6.8 at 25 °C

(Prepare 100 ml in deionized water using potassium phosphate,
Monobasic, Anhydrous, Prod. No. P-5379. Adjust to pH 6.8 at
25 °C with 1M NaOH)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pharmaceutical Chemistry and Phytochemistry / 161

B 5.0 mM L-3,4-Dihydroxyphenylaanine (L-DOPA)
(Prepare 10 ml in reagent A using L- L-3,4-Dihydroxyphenyl-
alanine, Prod. No. D-9628.)

C 2.1 mM Ascorbic acid solution
(Prepare 10 ml in reagent A using L-ascorbic Acid, sodium
salt, Prod. No. A-7631.)

D 0.065 mM Ethylenediaminetetra acetic acid (EDTA)
(Prepare 10 ml in reagent A using Ethylenediaminetetra acetic
acid, disodium, dehydrate salt, stock No. ED2SS.)

E Tyrosinase enzyme solution (PPO)
(Immediately before use, prepare a solution containing 500-
1000 u/ml Tyrosinase in reagent A.)

Procedure:

Pipette (in milliliters) the following reagents into suitable quartz cuvettes:

Test Blank
Reagent A (Buffer) 2.60 2.80
Reagent B (L-DOPA) 0.10 0.10
Reagent C (Ascorbic acid) 0.10 -
Reagent D (EDTA) 0.10 0.10

Mix by inversion and equilibrate to 25 °C. Monitor the Agss nm until
constant, using a suitably thermostatted spectrophotometer. Then add:

Reagent E (TYR) 0.10 -

Immediately mix by inversion and record the decrease in Azs nm for

approximately 5 minutes.
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Obtain the A Azgsnm / minute using the maximum linear rate for both the
Test and Blank.

Calculation:

A Aogsnm IminTest - A Aoesnm / min Blank) (df)

Units'mg Enzyme =
(0.002)(0.2)

0.001 = The change in A Aggsnm / Min per unit of polyphenol oxidase in a
3.0 ml reaction mixture at pH 6.5 at 25 °C

0.1 =Volume (in milliliter) of enzyme used

units/ml enzyme

Units/mg solid =
mg solid /ml enzyme
units/ml enzyme
Units/mg protein =
mg solid /ml enzyme
Unit definition:

One unit is equal to a Azgs nm Of 0.001 per min at pH 6.5 at 25 °C in 3 ml
reaction mix containing L-DOPA and L-ascorbic acid.

Final assay concentration:
In a 2.92 ml reaction mix, the final concentrations are 50 mM potassium
phosphate, 0.17 mM L-3,4-dihydroxyphenylalanine, 0.072 mM ascorbic acid, 0.002

mM ethylenediaminetetra acetic acid, and 50-100 units of tyrosinase.

Notes:
1. All products and stock numbers, unless otherwise indicated are Sigma

product and stock number.
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Sigmawarrants that the above procedure information is currently utilized at
Sigma and that Sigma products conform to the information in Sigma publications.
Purchaser must determine the suitability of the information and products for its
particular use. Upon purchase of Sigma products, see reverse side of invoice or
packing dslip for additional terms and conditions of sale.
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2. Spectral of compound A, B, C,D and E.
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Quercetin=1H

Automation directory:

Pulse Bequence: sipul

Solvent: DHSO

Teap, 25.0 C / 2000 K
Operator: 1iquids
INCVA=500 “nmrsoo”

Relax. delay 3.000 sec
Pulse 30.0 degrees

heq. time 7048 sec

idth 8083.2 Ha

& repetitions

DBSERVE Wi, 500, 1622487 MHz
DATA PROCESSING

Line broadening 0.2 He

FT size 65536

Total time § nin, 50 sec

J J \J Mo A A | S N
T T T T T T T ¥ T T
13 12 1 10 9 8 7 ] 5 4 k) 2 1 ppa

Fig. 500 *H-NMR spectrum of compound E in DMSO-ds
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