CHAPTER 1

INTRODUCTION

1. Background and Rationale

Regardless the protective role of melanin against the deleterious effects

of ultraviolet radiation, its ovemm@r lead to the development of melasma ',

which is cosmetically 1mpa1ra\' éan affected individual. There are
various factors and co@ddﬂon t, known to induce melasma.

i€ \hw g. anti-epileptic and oral

contraceptives), changes. dus regnancy and genetic factor.”

Therefore, understandi e 5" 1y «\nelanin synthesis could be

Included in this list 1s

lanocytes, which are dendritic

tyrosinase is regula the transcri gulator known as microphthalmia-
associated transcription; fa ssion “and molecular activity of
MITF is known to be r?ulated by three pathways The first pathway, leading to an

increase in tthﬁJl!}l%ﬂf gjw E}'ﬁﬂlﬂ ﬁe activation of protein

Kinase A (PKA'ya.nd cAMP responsg element—bmdmg (CREB) transcnptlon factor. In
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cascade ind degraded resulting in transcription inhibition of tyrosinase. In the third

pathway, binding of MITF to the tyrosinase promoter is enhanced through the
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activation of glycogen synthase kinase 3Beta (GSK3p).
Although, the formation of melasma can be reduced cosmetically by
hydroquinone or glycolic acids found in the skin care products, these active ingredients

x : . : . . (4,810
could induce some side effects, such as an allergic reaction or skin burning.



‘Mounting evidence suggests that the extracts from euphorbiaceous plant could provide
an alternative mean to treat melasma. i Therefore, in the present study, the crude
extracts from two members of Euphorbiaceae family found predominantly in Thailand
namely Mallotus spodocarpus and Excoecaria bicolor have been screened by using
mushroom tyrosinase assay and melanocyte cell culture system for tyrosinase

inhibitory effect and their cytotoxicity, respectively.

2. Research Questions

. toxicity as determined by

) \\ say, respectively

Whether the crude oxi ,a 1 {allotus spodocarpus and Excoecaria

bicolor influence signaling cascades involved in MITF-regulated tyrosinase expression
. Y
using RT-PCR and weﬂ : ' m
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2. To examine and compare cytotoxic effect of the plant extracts in

cultured of melanocytes using MTT cytotoxic/proliferation assay.

3. To examine the effect of the plant extracts on mRNA expression of

tyrosinase and microphthalmia-associated transcription factor by RT-PCR.



4. To examine the effects of the plant extracts on molecular signaling

involving in the tyrosinase expression using western blot analysis.

4. Hypothesis

The crude extracts from Mallotus spodocarpus and Excoecaria bicolor

could posses tyrosinase inhibitory property and could inhibit tyrosinase expression in

5. Keywords

6. Expected Benefits & A

1. To establisk e.model for the screening of plant

extracts that could ; it metano ,x:'J
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2. To chﬂcterize molecular targets of plant extracts in the signaling
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CHAPTER II

REVIEW LITERATURES

Melanocytes and Skin Melanin

Melanocytes are pigment cells of the skin. They are derived from neural

#//t migrate to and situate on the basal

is. Th . differentiate and acquire a number

4

crest cells. During the develop

layer between the dermis

(13, 14)

of dendritic processes ounding keratinocytes.

Mature melanocytes s ough the enzymatic oxidation
of the amino acid tyr ogenesis (Figure 1). These
melanin pigments pr : :‘ ion due to their ability to absorb
ability to scavenge oxidative
free radicals, which are"th, ghg, _f iﬁl / important role in the initiation and

naturally useful, under certain

spots,  post-inflammatory

(1,9

déred as a threat .

) - ]

ere are’t es of meldni '%Ene its, the black or brown colored
eumelanins m@u}lrﬁlﬁ aﬂﬁﬂ :] ﬁe umelanins are derived
from t nﬁ ites o ﬁP i ) pTﬁeﬂeEjﬂTxﬁ’ dereived from
metabcaes oﬁ-aﬁemylﬁ)mﬂlelanms are more p oarotective than

pheomelanins, with photoprotection increasing in direct proportion to degree of

eumelanic skin pigmentation. The switch between eumelanin and pheomelanin
synthesis is regulated by a melanocyte-stimulating hormone (MSH), which acts via the
second messenger cAMP. Newly synthesized melanin pigments are stored within the
cytoplasmic vesicles, the melanosomes, before they are transported along melanocyte

dendritic processes to the surrounding keratinocytes, where they are stored."®"”
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hypermelanosis 96f sun-exposed argas It appears as symmetnc hyperpigmented
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cheeks, %e upper lip, the chin, and the forehead (Figure 2). Melasma has a
synonymous term, Chloasma (Greek word chloazéin, meaning, “To be green.”) used to
describe the occurrence of melasma during pregnancy. a® Exposure to sunlight is the
major factor causing melasma. UV radiation, particularly UV-A (320-700 nm) can
cause peroxidation of lipids in cellular membranes, leading to generation of free

. B g )
radicals, which in turn stimulate melanocytes to produce excess melanin.” Hormonal



influences may also play a role in some individuals. The mask of pregnancy is well
known to obstetric patients, but the exact mechanism by which pregnancy affects
melasma is unknown. It is believed that increased levels of estrogen, progesterone, and
melanocyte-stimulating hormone (MSH) during the third trimester of pregnancy may
be involved. ™' The treatment of melasma remains topical depigmenting agents.
Hydroquinone (HQ) is the most commonly used and has been the gold standard for

treatment of hyperpigmentation. It droxyphenolic stucture that inhibits
\ "4
tyrosinase, leading to the dec@ yrodu lanin. ©'*”® However, HQ could
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Figure 2. cwﬁu?kmeﬁaﬂ %ﬁ :L T4 rown or gray-brown

patches on the face. These patches ggne@ly appear o , forehead, upper lip,
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Tyrosinase-related protein family

Tyrosinase-related protein family (TRPs) is composed of tyrosinase
(Tyr), tyrosinase-related proteinl (TRP1) and tyrosinase-related protein2 (TRP2).

Tyrosinase (Tyr) is the important rate-limiting enzyme in melanin synthesis (encoded



by the Tyr/albino locus). It has a copper monophenol monooxygenases that catalyzes
the hydroxylation of monophenols and the oxidation of o-diphenols to o-quinols. This
enzyme, found in prokaryotes as well as in eukaryotes, is involved in the formation of
pigments such as melanins and other polyphenolic compounds. Tyrosinase binds two
copper ions, catalyzes the two initial steps of this process, hydroxylation of tyrosine to
3,4-dihydroxyphenylalanine (DOPA) and oxidation of DOPA to DOPA quinone and

(14, 18, 21-25)

5,6-dihydroxyindole (DHI) oxidation t ’7e -5,6-quinone.

Tyrosmasemuexgl ( known as Tyrpl and gp75) is
expressed specifically

ions in melanin synthesis within

activity. It is encoded by - jocus. rosinase-related protein 2 (TRP-2,

also is known as Dct and \tofr 'RP-2, encoded by the Dct/slaty

carboxylic acid (DHICA) fr. -1 and TRP-2 are involved in distal
t
step that control the type of mel’af;ﬂ ;
-

4-;em nt chromosomes, but they
|| . 1
share approximately /o amino acid 1dent1ty TRPs Have many similar structural

features, mclucﬂ; umwﬁwﬂﬁrﬂﬁegxm and a cysteine

rich epidermal gfiowth factor motif, each member of the tyrosinase protem family has a
i QAT IS BB 0 S B e
TRP-1 ald TRP-2 are localized in the melanosomal membrane and act within the
context of a series of reactions in the melanogenic pathway, suggesting an
evolutionary relationship. It has been proposed that tyrosinase protein family might
interact in a multi-enzyme complex (or metabolon), because each of them contains a
cysteine-rich epidermal growth factor motif thought to be involved in protein-protein

interactions. ©” Sequencing of TRPs has identified 10-bp sequence (GTCATGTGCT),



which is termed the M-box. The CATGTG motif is recognized by the basic helix-loop-

helix/leucine  zipper (bHLH-Lz) structure transcription factor known as

microphthalmia-associated transcription factor (MITF). MITF is thought to play an

: . . . . . .. (32-34,50)
important role in regulating the expression of tyrosinase protein family.

Microphthalmia-associated transcription factor

Mlcrophthalml !/%qn factor is a transcription factor

that plays a critical role Mrendan cell types, including neural

—

crest-derived mélanocyte

and optic cup-derived retinal

pigment epithelium (RP

which is transactivated by Wﬂl faetors PAX3, SOX10, and LER-3. %

terminus of MITF-M :I ain M) ; 7 cid residues, is encoded by
the melanocyte specific e§on 1 (exon1M). Otherw1se the unique N-terminus of MITF-

A, MITF-B, Mﬁ‘r!ﬂ mw&] Eﬂé}@ Wﬂ@:ﬁfggmn of 83 amino acid

residues (domalﬂJBlb) (Figure 3). All isoforms wﬁ the extended %r_ymo termini share
o i} LAV FENEHA NG B FIGE e
melanocﬁes and melanoma cells as a key regulator for melanocyte differentiation.
The MITF gene contains multiple promoters, which give rise to unique 5’ exons,
subsequently spliced on to a common downstream coding region. The expression and
activity of MITF is regulated by the cAMP signal transduction pathway. b

Human MITF can transactivate the tyrosinase promoter primarily

through the tyrosinase distal element (positions-1861 to -1842) containing a CATGTG



motif, which is sufficient for directing melanocytespecific transcription of the human

tyrosinase gene. Recently, MITF gene has been proposed as a candidate gene
responsible for Waardenburg syndrome type 2, which is a dominantly inherited
syndrome characterized by sensorineural hearing loss and pigmentary disturbances and

4 (42, 49-56)
Tietz syndrome.
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Figure 3. Structures of tHé-N crop@la-assoclated Transcription Factor

isoforms. Shown ar:i the scHerhatxc repre&énﬂm'n of MFF -M and other isoforms,

Y i

including MITF-A, MITF<B \1l ]F isoforms differ at

their N-termini but sha{j the entire carboxyl portion. Doj;r_hin Bla and domain B1b of

bHLH-LZ stru u. 'Qe,-qlﬂ Eelnnj aﬂ;ﬂaﬂd 2
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Exposure to UV radiation can stimulate melanocytes directly increase

MITF-B are eﬁded by“exen 1B. The trﬂdﬁtlonal activation domain (AE), the

number of melanocytes in the basal layer of the epidermis, increase size and number of
melanosomes, increase production of melanin in melanosomes, increase dendricity of
melanocytes, increase transport of melanosomes, from melanocytes to keratinocytes,
where they are deposited over the nuclei, increase proliferation of keratinocytes, and

thickening of the epidermis and stratum corneum.” Indlrectly, exposure to UV
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radiation can stimulate melanocytes through the release of keratinocyte-derived factors

such as interleukins, prostaglandins, endothelins, interferons, agouti signal protein and

19 4-MSH is the most widely

alpha melanocyte-stimulating hormone (a-MSH).
studied physiological agent because it provokes dramatic changes in melanocyte
proliferation and morphology, as well as inducing melanin synthesis. 0—-MSH binds to

a melanocortin receptor (MC1R) present on melanocytes and activates, via a G-protein

coupled mechanism, the cAMP si sduction pathway, resulting in the
stimulation of melanogen : % tyrosinase activity and gene

&kting agents such as forskolin,

utyl-methylxanthine can mimic

. (s8)
expression.  Therefore

Increase at least three pathways. In the
first signaling pathway, d CREB transcription factor
leading to an increase in € ‘_“ ] Aé a result, MITF binds to and
activates the tyrosinase promq,t_g}_‘I_;F;,s lanogenesis (Figure 4). The second

RSK (ribosomal S6 -l ¢) phosphor d promote its degradation leading

to trancriptional 1nh1b1t10‘n of tyrosinase exgll';assmn and melanogenesis. This pathway

s beers thouﬂ %ﬂ QdW%%nﬁm%aﬁxﬁmesswe production of

melanin. In the%st pathway, cAMP-will inhibit &osphatldyhnoswl 3-kinase (PI3K)
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serine 238 increases its binding to the tyrosinase promotor, leading to stimulation of

5 . (5, 6,47)
tyrosinase expression.
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Figure 4. Model

melanogenesis. Elevati : \ eads to PKA activation and
stimulation of MITF tr ion of tyrosinase expression
cAMP, independently of ‘-Raf, MEKK, ERK, and Rsk-1
cascade. Phosphorylation T erine 73 serine 409 by ERK and Rsk-1,
respectively, promotes its degm@j@,ﬂ 1stif iting.a retrocontrol mechanism that
prevents an excess Vz---_-,m ally, cAMP, via a PKA-

independent mechaniq-j; anﬂ promotes an activation of

GSK3p. GSK3p, by phqugc‘)rylating MITFd serine 298, increases its binding to the

it bbb ydn SINBIAY Finse cprssion.
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The Euphorbiaceae are mostly monoecious herbs, shrubs, and trees,
sometimes succulent and cactus-like, comprising one of the largest families of plants

with 300 genera and 7,500 species that are further characterized by the frequent

(59)

occurrence of milky sap. In ancient Thai medicine, the plants in this family had
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. . . (60)
been used as antidote, anticancer, and anthelmentic agent. ~~ Moreover, recent reports

have suggested Ehphorbiaceous plants have a diverse range of application (See Table 1)

Table 1. Euphorbiaceous plants and their diverse range of application. This table
shows the scientific name, the distribution of the plants, parts of plants that have been

used for research on their pharmacological actions.

4 |

R '
Scientific name Distl ‘ﬁa% Actions Ref.

opical known= : Anti-metastasis 61
\ b

Jatropha curcas

Bridelia ferruginea %f j Antimicrobial 62
|

Trewia polycarpa : ‘ 7

Alchornaea cordifolia

Mallotus Spodocapus
Mallotus oppsitifolium Anti-inflammatory | 63-69
Croton celtidifolius VAV -
Euphorbia royleana sical. | Unkriow
Croton cajuca% 2zon . 7 n ,

Mallotus philippinens@- ’ Iﬂ Anti-allergenic 70

Jatropha multifida o, India g Root Antibacterial 71

T membmmal 72
RTINS TINIREY,, | 7

Mallotus spodocarpus is in Euphorbiaceae family. It distributes in
Thailand and Vietnam. It is found in ecological system that have along sunny waysides,
in mixed forest, deciduous forest, bamboo forest; soil reported a few times as
limestone. It can be called in native names such as; Phaya rak dieo (Eastern); Ta khe

khum wang (Phetchaburi); Tao tua mia (Chai Nat). a5t
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Excoecaria bicolor (Hasshk) is also in Euphorbiaceae family. It has two
varieties. It distributes in Thailand, Myanmar, Malaysia, Peninsula, S.China, Indochina
and perhaps Taiwan. It can be grown in ecological system that is the evergreen forest,
mixed or deciduous forest or scrub, secondary forest, often by streams; scattered to
locally common; soil: sandstone. Altitude: sea level to 1520 m. It can be called in alter
names such as; Tatum kai Tatum nok, (Prachuap Khiri Khan); Krabue chet tua, Lin

krabue khao (Central, Chanthaburi) I ﬁlets can be used in pregnant women and

used in detoxify the pmsonous@

e
Maliotus pmnon&mn

Figure 5. Botani picture of Ma ”f".? and Excoecaria bicolor
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