CHAPTER i
LITERATURE REVIEW

Skin whitening agents have been widely used to either lighten skin (individuals
who wish to change or modify their skin color) or depigment skin (treatment for abnormal
skin hyperpigmentation such as melasma, freckles and actinic lentigines). There are

several routes by which melanogenesis ¢

) be slowed down. Perhaps the best way is
to reduce the amount of UV light _ 1 / . If people cannot stay out of the
sun, they should attempt to use, su'é’ UV radiation stimulates the

generation of tyrosinase an

.several ways to reduce the
development of adaptive bout means of reducing
pigmentation is the redu an be accomplished by
activity of tyrosinase, or

preventing the uptake of tyrogf et nelar Farmeco, 1998).

Due to the growingglobal demand for skin whitenir@ products, it is apparent
that not only the e gu m r factors, such as
safety and mildneﬁu ?ﬁﬁ FEJ VT\TLE of the ingredients
and formulations S an increasin aﬁj I en; 2001).
Hydroqum(ﬁ ﬁ’j jg ﬁlﬁfj iﬂxgjj n for some
individuals. More importantly, it has been shown to cause exogenous ochronosis (a
serious cytotoxic side effect) and cytotoxic effect on melanocytes thus is highly toxic to
the skin (Hemsworth 1973: Farmeco, 1998). Natural compounds show very promising
and better alternative as a skin whitening ingredient since they have relatively fewer side

effects (Lee et al., 1997; Kim and Lee, 1998). Several natural compounds being

reported in the literature are as follows: Kojic acid, azelaic acid, the plant extracts of



Chaenomeles speciosa, Dryopteris crassirhizoma, Gastrodia ellata, Glycyrrhiza glabra
(licorice extract), Morus alba, Myristica fragrans, Rheum palmatum, Sophora japonica,
Areca catechu, Broussonetia kazinoki (paper mulberry), Rheum officinale, Uvae ursi
(arbutin), Arfocarpus incisus, A. gomezianus (Haadnun) and A. lakoocha (Mahaad). All
of the above natural compounds have been shown in vitro to have a mushroom
tyrosinase inhibitory activity (Matsuda et al., 1994; lida et al., 1995; Lee and Kim, 1995;
Masuda et al., 1996; Lee et al., 1997; Jang et al., 1997; Lee and Choi, 1999; Lee, Kang
and Han, 1997; Kim and bLee, 1998; Likhltwntayaruid et al., 2000). Furthermore, such

If/ Eaper mulberry and A. incisus have

the d 's suitability for use in skin

@imizu et al.,1998; Zhai and

extracts as licorice extract, Morus
already been tested in vivo t
whitening products (Jang et 2

Maibach, 2001; Zuidhoff an

Artocarpus lako h has been found in the
north and northeast of T , _ . eous extract of the heartwood of

Artocarpus lakoocha. It en reporied tha main component is 2,4,3',5'-

et al. (1978) found 2,4,3',5'-t rauysﬁﬁxys ilbene‘ih 51 and 70 percent yield of Puag-
Haad. Recently, Sritularak et —é]'.t«{:fﬁ%)} or yrted-a potent inhibitory effect of the

DOPA as a substrate.ﬁ

tetrahydroxystilbene (oxyregyeratrol) showed that the compound had a concentration

exhibited of SO%ﬁ %BC%) Wﬂ ﬂ.ﬁ \Wﬂﬂﬂﬁles higher than kojic

acid and 12.9 fithes higher than ?orartocarpetm the active component of A

o NPT T INH AT = ™

IC,, value for 2,4,3" 5-tetrahydroxystilbene was in agreement with Shin et al. (1998) and

ve constituent, 2,4,3',5'-

Kim et al. (2002), who reported the value of 1.0 and 1.2 pM, respectively.

Tiptabainkarn (1967) found that 2,4,3',5'-tetrahydroxystilbene (Figure 1), the
active compound of Puag-Haad (phenolic stilbene), possessed oxidation tendency. To

achieve the Puag-Haad stability, we can simply protect it from light or additive



antioxidants. Therefore, the possibility to develop formulation of Puag-Haad as a new

whitening cosmetic product is very high. ‘
Colors and skin colors

Melanocytes are components of the melanin pigmentary system, which when
fully developed is made up of melanocytes distributed in various sites: the eye (retinal

pigment epithelium, uveal tract); the ear (in the stria vascularis); the central nervous
system (in the leptomeninges); the _ w es; the hair (in the hair matrix); and
in the skin (at the dermal-epidens 5 erface)a asionally in the dermis. In the

malpighian layer of the epi

(Fitzpatrick et al., 1993).

Melanosomes areiig nizZed: al organelles that contain melanin
inside a unit membrane an it Qf . 5 A tous and/or microvesicular
matrix. In melanosomes o " 1 extremely dense, virtually
insoluble polymer of high mol always attached to the structural
protein.  In theory, mammallan- ‘Wmm_ nts have one of two chemical

compositions: (1) eum ‘amn a brow i 'e._;r".- ............ . onversion of the amino
j le . However, which one of
the intermediates v%/ ne) combines with
cysteine (or glutam'ij Ejom E’Em Wgojﬂ‘joe yellow pigment,
pheomela ve /-? ﬁ quinone is
accomplish ﬁs.r] gﬁﬁ%mmﬁgjda e, IE[A]e gJ: Many

melanins appear to be mixtures of pheomelanic and eumelanic monomers. The ratio of

acid, tyrosine, to an al or (2) pheomelanin, a

yellow —reddish, alkali-sol pigment derived from tyrosin

the monomers varies among different samples of melanin (Riley, 1977; Prota, 1996).

Each epidermal melanocyte secretes melanosomes into a finite number of
neighboring keratinocytes (approximately 36): this partnership of a melanocyte and a
neighboring group of keratinocytes is called an epidermal melanin unit (Figure 2). After

melanosomes have been transferred to keratinocytes of the epidermal, they are



surrounded by a membrane, becoming secondary lysosomes. In white skin, the
melanosomes are relatively small and form groups within the secondary lysosomes.

This is now called a melanosome complex.

Melanin pigmentation of human skin is divided into two components: constitutive
and facultative skin colors (Fitzpatrick et al., 1993; Tabibian, 2000). Constitutive skin
color is the amount of cutaneous melanin pigmentation generated according to cellular

genetic programs, without any direct effect by radiation of solar origin. It is the level of

pigmentation acquired in those part ody habitually shielded from light
Facultative (inducible) skin color@: an e_short-lived immediate tanning (IT)
and delayed tanning (DT) reaectio generally elicited by direct

exposure of the skin to UVR ([ i0.“Because hy, sigmentation of the skin tends to
be discontinued, facultative G is.feve 2. The h perpigmentation induced
by endocrine changes durig v s disease is another type of
facultative color change.” Altg in enddcrine ‘balan: an significantly affect the
response of human skin to'U ‘ humans, then, arise from
the complex relationship be g ""~ le he genetic potential of the

epidermal melanin unit, the ba ’ of melanin metabolism (Figure 3).
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Figure 2 The epidermal melanin unit. Diagram summarizing major in the early
development of melanocyte, their subsequent differentiation, and their interaction

throughout life.
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Table 1 The responses of melanocytes and the induction of melanogenesis after

exposure to sunlight

Melanocyte response Immediate tan Delayed tan
and melanogenesis (UVA and visible light) (UVA and UVB)
Sunlight UVA (320-400 nm), much less UVB  UVB (290-320 nm), less by
UVA (320-400 nm)
Onset Instantaneous, during exposure; Gradual, beginning at 48
Fades immediately to 72 h; lasts for weeks
Melanogenesis '
Melanocyte Numerical increase by
multiple exposures
Melanin Synthesis of new melanin
Tyrosinase ""-..- N Markedly increased
activity
Melanosome QeW SyRthesis \ ew synthesis; increase in
” / \ transfer to keratinocytes
The types of skin"according'to Fiizpatriek' classification (Fitzpatrick, 1993) are
shown in table 2. Zuidhoif a sbergen 3 )01) suggested that we should measure
melanin content using the Meékarieter MX 1 _ jrskin Re assification. The Mexameter
is designed to measure skin color §patifically: e res the erythema and melanin

content by a light reflection method:: ange from 400 to 700. Range

indications: ===@0 &=
Vf
I Celtic type (vem

only): 400 — 470

 cucfl PSR IYIE N

Il Mixed typé (blond-brown hair, brown eyes, ||ttle bit darker skln 420-510
K W“‘EWNW‘I TR

V' Bark sklneﬁo 550

VI Black skin: 520 — 700

\ﬁage readings (for melanin
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Table 2 Skin types | - VI according to Fitzpatrick classification

Skin type  Sunburn and Tanning History* Example

| Always burns easily; never tans  People most often with fair skin, blue eyes.
Freckles; unexposed skin is white
Il Always burns easily; tans People most often with fair skin, red or
minimally blond hair, blue hazel, or even brown eyes;

nexposed skin is white

I Burns moderately; tans erage white person; unexposed

VI Burns minimal

well (moderate:

\ Rarely burns, tan proftusely=—— yns-skinned person (e.g., Amerindians
~ (dark brown)

VI Never burns; deer ented  Blac frifan and American Negros,

unexposed simls black

* Based on first BOﬁ Wﬁﬁ ﬁ g ﬁg(wﬁﬁeason Or NO SUN exposure

Biosynthesis and‘uegulatmg factors ‘n melanin p ‘gmentatlon

AT AIDIUIIALANLIAH rocoe

which are relevant to melanin synthesis, to symbiotic interactions with keratinocytes of
the skin as a fully integrated system (Fitzpatrick et al., 1993). The key events in these

processes include the following (Figure 4):
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1. Migration of the melanoblasts from the neural crest.

Differentiation of the melanoblasts to form epidermal melanocytes.
Formation of structural proteins in stage | melanosomes.
Formation of the enzyme tyrosinase in the Golgi complex.

Transport of tyrosinase from the Golgi complex to stage | melanosomes.

@ L1 & W D

Assembly of tyrosinase and structural protein in the formation of stage Il
melanosomes within melanocytes.

7. Melanization of melanosomes, tof stage IlI-IV melanosomes.

8. Movement of stage IV r e perikaryon to the dendritic

processes of the melanocyt nd incorporation within the

—
plex, aggregated particles

keratinocytes, either as sin
(i.e., “melanosome compl
9. Degradation

10. Removal of me floss of stratum corneum.

The above process AN0SO \ and their melanization may

be viewed as a “cascade” e b};\ iternal regulatory controls that

s 7 3 .
emerge as the melanosomes become o pursue their fate. This process

i

Tyrosinase

The enzyme resporpip_lhe for the ox.iqgion involved in melanogenesis is

tyrosinase. At Ieﬂ%?ﬁm%%fﬁeﬁzﬂag}ﬂm gnized and minor

differences in activi%] exist but the gengral propertiegare broadly idq\}'cal. They are
widespreaQnWﬁ%acaanﬂg?mhgd_‘%qup&}a@ E’;anism. In
vertebrates the enzymé is synthesized only iﬁ specialized cells (melanocytes) and is
active only in specialized cytoplasmic organelles (melanosemes) (Riley, 1977; Nichita et

al., 1999).

Tyrosinase is rate limiting, essential enzyme in the biosynthesis of the skin
pigment melanin (Ferrer et al., 1995). It converts tyrosine to DOPA, and then

DOPAquinone, which is cyclized and further oxidized to give rise to eumelanin. If
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DOPAquinone encounters cysteine, pheomelanin is formed via cysteinylDOPA (Figure 5)
(Fitzpatrick et al., 1993). The rate limiting steps in melanogenesis are the oxidation of
tyrosine and DOPA. The quantity of melanin synthesized is thus proportional to the

amount of tyrosinase activity present in the cell.
The action mechanism of the whitening agents

The following types of whitening ingredients can be described, each having a

1. Cutoff UV: Sunscreen age
T—
2. Scanvenges free radicals; . g-eff

3. Stimulates melanin elimi 4 keratinocy Placental protein, Azelaic

acid

4. Direct reduce melanin [ : tes):. The most known active
ingredient based on this me . droquinone is still one of the
most popular ingredients use ibits the conversion of DOPA to
melanin by inhibiting the tyrosin ed mechanisms are inhibition

of DNA and RNA synthesis, degdfs
melanocytes (Zhai and Mgibach, 2001). It f gd to cause serious side

effects if applied over leag over itileads to permanent de-

pigmentation, and as a remt of tat, it eS photosenmvity of the skin. For that

reason hydroquinone is banfle@for use in_cosriietic products in most of the countries
gds

and/ or permitted &yﬂlﬂegcmﬂj;wﬁn g.ltiafmlﬁtions (Zuidhoff and

Rijsbergen, 2001).

AR I NN INYNAY

5.1 Suppressive type: Only a few active ingredients are currently known to have
tyrosinase formation suppression abilities. The best known active is kojic acid (gamma-
pyron compound). Kojic acid, acting directly on the activity of the enzyme, includes a
number of copper-chelation agents and suppressing the tautomerization from
DOPAchrome to DHICA, it also act as reducing agents on melanin intermediates, thus

blocking the oxidation chain reaction at various points from tyrosine and DOPA to
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Figure 5 Melanin-bisynthesis pathwayssin melanocytes
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melanin (Figure 5). Kojic acid proved to be the most useful one for cosmetic
applications. Its depigmenting properties have been extensively studied by Kose©
(Japan), where the product was first commercialized. According to Zhai and Maibach
(2001), kojic acid, a fungal metabolic product, is increasingly being used as a skin
whitening agent in skin care products marketed in Japan since 1988. It was first
isolated from Aspergillus in 1907. Kojic acid is used in concentrations ranging from 1 -
4% (Tibibian, 2000).

5.2 Non-suppressive type: Skin whiteping ingredients that can inhibit the activity

of tyrosinase are in general highly. seluble in v /heir mechanism is based on an

&hus reducing its activity. In
T—

most cases the ingredient gurces, such as bearberry

(arbutin) leaves, licorice its (ascorbic acid). The
tyrosinase inhibitors menti
power. The disadvantag
instability in formulations (in
Licorice extract
nt in licorice extract. Licorice
extract is extracted from the Glycy 7

-
e -

cosmetic preparations (ﬁ;kota,, Nishio, K 19 ablain, (2000) showed that

UVB-induced pigmetationsa

glabridin.
srens (UEINUNTNYIN T
B I M1 7)Y W 1T

Farnsworth and Bunyapraphatsara, 1992). Puag-Haad usually appeared in the market
as a brown lump. It was prepared by boiling chips of heartwood of Arfocarpus lakoocha
in water and the aqueous extract was concentrated by gentle heat. On cooling a yellow-
brown powder of the Puag-Haad was separated. The precipitate was filtered and dried
near the fire (Mongolsuk, 1975). A. lakoocha is not common in evergreen forest in the

Penisular, southeastern and southwestern parts of Thailand. They are cultivated for
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medicinal uses. The claimed efficacies in Thai traditional textbooks are as follows

(Farnsworth and Bunyapraphatsara).

Roots: as an antipyretic, anthelmintic; for alleviation of toxic symptoms and
treatment of urinary stones

Wood: as antiflatulence carminative and laxative; treatment of skin rash, chronic
gastrointestinal ailments of children between the ages of 5 and 13 characterized by

marked malnutrition and usually associated with intestinal parasitism, round worm

Bark: as antipyretic

Pith: treatment of me ' ‘ \ ers or disease which cause
cachexia, nephropathy, distgn abdome \ \ ntonms or paralytic ileus,
insomnia, malnutrition syndr i il sTela \ parasmsm splenomegaly,

eye irritation, dissipate h om gastroenteric disease,
LN
| o,

dyspepsia caused by wi incontinent urination; as

ent
:'.};‘Q-F "‘

antidiarrheal, anthelmintic, tdeni geug&f{' " ulosis, 2 algesic and for increasing
appeﬁte i"r—d"—u‘u 4'.-! e

To develop effectlve mgredlents mcludmg skin whiteners, reliable

evaluation methodﬁ ﬁﬂtﬁg WEJ“ mwm;ﬂ?emm tests should

be used to deterniine whitener effectlveness such as the enzyme cell-culture and
WA nm UNIINYINY

1.ﬁzyme method (Tyrosinase inhibitory activity): Tyrosinase, commonly taken
from mushrooms, is added to its substrate tyrosine or DOPA, with or without skin
whiteners. The agent’s inhibitory activity is then evaluated by measuring the melanin
intermediates by absorbance. Radioactive substrates can also be used (Masamoto et
al., 1980; Masuda et al., 1996).

1.2 Cell-culture method: skin whitening agents are added to a culture medium to

evaluate their inhibitory effect on melanogenesis in either mouse B-16 melanoma cells or
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human melanocytes. This method allows detection of not only any inhibitory effect on
the enzyme activity of tyrosinase, but also on any processes not related to tyroéinase,
such as the inhibition of synthesis of the sugar side chain or the transfer of enzymes
between organelles (Maeda and Fukuda, 1991).

1.3 Tissue-culture method: This method is sometimes used to study the
interaction of melanocytes with their neighboring cells and tissues. Dissected mouse

follicles or guinea pig skin are commonly used (Masuda et al., 1996).

2. In vivo evaluations

Measuring skin color

According to Wiech
subjective process that is
The development of instr tive quantification of skin
color. Measurements are metic scientist such as the
Chromameter, the Mexamet ermaspectrometer.
The Chromameter s general-purpose industrial

instruments. Results are expre ing fa: the Commission Internationale de

I

darkness of skin. The Mexameter, Dermaspectrometer and Erythemameter have been

developed that arﬁo uﬁilzaewg]tw%}wmﬂ ﬁd erythema content

of skin by comparisan of reflected light of different wavelengths. The experience and
o T B T A TR e
instrument for a particﬁ;r study. | '

2.1 Preliminary screening tests: The classical method of measuring effect of
chemicals is to use black-skinned animals. Such as guinea pig, cat or mice which do
not pose very great problems in rearing, handling and testing (Hemsworth, 1973). It is
also generally agreed that the skin of the guinea pig has enough similarity to human skin
to make comparisons meaningful. Many of skin whitening agent’s early screening tests

were in fact carried out on black guinea pig and many agents were examined for their
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depigmenting effects on these animals. However, the interpretation of the results of
these tests was difficult since the degree of lightening could not be extrapolated to
humans. It was decided, therefore, to e\;aluate skin whitening agents first of all on black
guinea pig, then on black pig, and finally on a panel of humans. This was considered
necessary in order to ascertain the usefulness of guinea pigs as a screening technique
by correlating the results with those obtained on humans (Curry, 1974).

2.2 Effect on UV induced pigmentation: Following UV irradiation, pigmentation

ved backs of guinea pigs or the human
lp/éomameter or Mexameter) and

y start before or after the UV

changes on exposed areas of either the
forearm are assessed visually 0
histologically. Topical applic :
induced pigmentation has s

2.3 Clinical tests (Cii v \ ntrolle nical tests determine a skin
lightener’s efficacy to cur . Monitoring changes in

skin color after topical appligati { i Vi ted human skin. In some

(Lee and Kim, 1995).

Antioxidants

f he-Stability of physical and
chemical forms (Mithal, 19&). Their commonest role is in tlﬂ preservation of products
that are particularl susce;ftim to oxidation i | he formation of objectionable
degradation produﬁvl unﬂagnmﬂ.%rmﬂiﬂin be taken care of
by inclusion of soqr|ne additives known as antioxidants. The aftioxidants have
appreciablaawyf}oa)&m ;j;ueufm ;L}n&] llrm ﬁ)l&lﬂation they
compete for ﬂ affording protection to other oxygen sensitive compounds (Carter, 1975).
Antioxidants are categorized as 1) True antioxidants that function by treaking the free
radical chain.  They are effective against oxidation by atmospheric oxygen
(autooxidation), for example, 0.01 - 0.1% butylated hydroxyanisole (BHA), 0.005 - 0.15%
propyl gallate and 0.01 - 0.1% tocopherols (Boylan, Chowhan and Cooper, 1896;
Smolinske, 1992). 2) Reducing agents are not preferentially oxidized but act by



21

blocking an oxidative chain reaction, for example, 0.01 — 0.15% sodium metabisulfite
and 0.01 — 0.02% sodium sulfite (Carter, 1975). 3) Synergists, which generally have little
effect themselves but enhance the actio'n of true antioxidants either by removing pro-
oxidant metals or by regenerating the antioxidant by reduction. For example ethylene
diaminetetraacetic acid (EDTA) and calcium EDTA are chelating agents, they form
stable water soluble complexes (chelates) with alkaline earth and heavy metal ions. The
chelated form has few of the properties of the free ions, and for this reason chelating

agents are often described as “removing”iions from solution (also called sequestering).

The stability of the metal-ECTA con ) Jepends e metal ion involved and also on

the pH. Antioxidant synergists hawve | and in combination with true

antioxidants. Concentratio been employed (Boylan et

al., 1986). x ‘

X
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