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ABSTRACT

The skin is a very susceptible target organ to ultraviolet radiation (UVR). UVR
is believed to contribute to skin problems including melasma, possibly, by generating
reactive oxygen species (ROS) and depleting endogenous antioxidant defenses,
thereby leading to oxidative stress. UVR-induced oxidative stress in skin is postulated
to play a crucial role in melanogenesis by aggravating tyrosinase activities and
melanin contents. Therefore, the roles of exogenous antioxidants found in medicinal
plants in the inhibition of UV-dependent oxidative stress involved in melanogenesis
are intensively studied in order to develop effective depigmentating agents. Alpinia
galanga (A. galanga) and Curcuma aromatica (C. aromatica) possessing antioxidant
activities have traditionally been used in skin problems. Hence, this study
investigated the antioxidant properties and phenolic contents of A. galanga and C.
aromatica extracts using TLC-DPPH (Thin layer chromatography-1,1-diphenyl-2-
picrylhydrazyl) and folin assay. In addition, melanoma cell culture model was
performed to study their roles in inhibiting cellular melanogenesis induced by UVR
to assess cell cytotoxicity by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reduction assay, intracellular oxidative stress or ROS formation by
dichlorofluorescein diacetate (DCF-DA) assay, activities of antioxidant enzymes
including catalase (CAT) and glutathione peroxidase (GPx), contents of cellular
glutathione(GSH).

A. galanga and C. aromatica extracts were shown to inhibit UVR-dependent
induction of tyrosinase activity and melanin content in G361 cells. In addition, both
extracts were able to decrease UVR-induced cytotoxicity and oxidative stress of G361
cells. In studying the effects of plant extracts on antioxidant defenses, C. aromatica
extract was able to protect against depletion of antioxidant enzyme (both CAT and
GPx) activities and GSH contents caused by UVR. However, A. galanga extract did
not significantly prevent a decrease in CAT activities, although its ability to inhibit
UVR-induced reduction of GPx activities was higher than that of C. aromatica
extract. This study concludes that improving antioxidant defense systems could be a
mechanism by which both extracts-derived antioxidant phenolics provide inhibitory
effects on UVA-dependent cellular melanogenesis.

KEY WORDS: ULTRAVIOLET RADIATION/ OXIDATIVE STRESS/
REACTIVE OXYGEN SPECIES / MELANOGENESIS/
Alpinia galanga/ Curcuma aromatica/ ANTIOXIDANT DEFENSE
165pp.
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CHAPTER I
INTRODUCTION

Skin is the largest organ of the body and forms the critical barrier protecting the
body against the exterior environment. Ultraviolet radiation (UVR) is likely the most
frequently encountered stress causing oxidative stress, an imbalance between reactive
oxygen species and antioxidant defenses. Oxidative stress causing harmful effect on
skin is postulated to play a crucial role in several skin pathogenesis including melasma
(1-9).

Melasma, one of the most common skin problems, is an acquired skin
hyperpigmentation or melanogenesis caused by an increased amount of melanin and
tyrosinase is a key enzyme in modulating melanin production (10-13). Melanocytes
thus are central to pathology of this skin disorder. Although melasma can affect all
people, Asian and Hispanic females are most commonly affected (14). While the exact
cause of melasma is unknown, both genetic and environmental factors are play a role
in its development. Of the many etiology factors associated with melasma,
environmental factors especially UVR is believed to be a major factor contributed to
melanogenesis(14-16).

Many studies showed that UVR from the sun could provide potentially harmful
effects on the skin. UVR reaching us on earth comprises mostly Ultraviolet A (UVA)
90-99 % and Ultraviolet B (UVB) 1-10 % (17). UVA penetrates deep into the dermis
and epidermis of the skin. UVR can reach the depth of melanocytes higher in the UVA
region than in UVB (18). UVR is a potent inducer of oxidants including superoxide
radical(O,*"), hydrogen peroxide (H,O;) and hydroxyl radical(OH®) (5,19-20). To
protect cells from oxidative damage, the skin is thus equipped with a network of
complex antioxidant defense system (19-21).
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The skin antioxidant defense system consists of a network of enzymatic and
non-enzymatic antioxidants. Among enzymatic antioxidants, glutathione peroxidase,
catalase and superoxide dismutase play a pivotal role (20-22). When there is an
imbalance between antioxidant defense system and oxidants produced from UVR,
oxidative stress could occur, as shown by a decrease in the level of antioxidants and
inactivation of antioxidant enzyme (23-28). Since UVR-mediated oxidative stress is
suggested to be involved in melanogenesis and endogenous antioxidants may not be
sufficient to protect skin cells, there is a need to develop potentially exogenous
antioxidants to promote antioxidant defense against oxidative stress capable of
damaging skin cells.

In recent years the roles of herbal compounds such as phenolics, flavonoids, and
high molecular weight polyphenols have been widely studied as beneficial protective
agents of skin damage induced by UV irradiation (29-45). Several studies showed that
phenolic compounds, major components of several herbs, possessed antioxidant
properties responsible for their pharmacological activity. Traditionally, plants in
Zingiberaceae family including Alpinia galanga (A. galanga) and Curcuma aromatica
(C. aromatica) have been used in skin problem. The plants of Zingiberaceae family
were previously shown to yield powerful antioxidant activity in several in vitro studies
(46-47). While there is no gold standard, adverse side effects from depigmentating
agents and recurrences are common (15,48-50). Hence developing therapeutic agents
to effectively treat melasma is a challenge. Therefore, the role of antioxidant in the
inhibition of UVR-dependent oxidative stress involved in melanogenesis are
intensively explored. In addition, the potential herbs, as an important source of
antioxidant phenolics need to be developed as effective depigmentating agents in the
treatment of melasma.

The aim of this study is therefore to examine the roles of herbal extracts
containing phenolic antioxidants in inhibiting melanogenesis induced by

ultraviolet radiation using melanoma cell culture model.
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CHAPTER I
OBJECTIVES

1. To study the antioxidant activities and the presence of phenolic compounds in the
ethanol extracts of Alpinia galanga Sw. and Curcuma aromatica Salisb.

2. To elucidate the roles of the above plant extracts in the inhibition of cellular
melanogenesis induced by UVR using different test systems in melanoma cell culture

studying;

Cytoprotective effects

The activities of antioxidant enzymes and contents of GSH

Tyrosinase enzyme activities

Melanin contents
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CHAPTER 111
LITERATURE REVIEW

3.1 Pathology and pathogenesis of melasma

Melasma is an acquired skin hyperpigmentation. Lesions are irregular
hypermelanosis characterized by light to dark brown macules and patches.
Although melasma can affect all people, Asian and Hispanic female are most
commonly affected (14). Melasma is classified both clinically and histologically.
There are three clinical patterns of malasma:central facial pattern (most common),
malar pattern and mandibular pattern (14-16). Histologically, melasma can be divided
into 4 types based on Wood’s light examination (Table 3.1): epidermal type with
increased melanin in the epidermis, dermal type with melanin in the dermis, a mixed
epidermal-dermal, and an indeterminate type found in type V and VI skin.

In comparison to normal skin, melasma lesional skin was found to contain an
increased amount of melanin pigmentation in the epidermis (epidermal type), dermis
(dermal type), or both (mixed type). in contrast to melanocytes of normal skin (14-16).

3.1.1 Structure and pigmentation of skin

The skin is the largest and the first line of defense organs from exterior
environment. Skin is constantly exposed to pro-oxidant environmental stresses from a
wide array of sources, including exposure to solar UVR. Acute or chronic exposure of
the skin to UVR results in the development of inflammation, oxidative stress, and
DNA damage leading to several skin disorders, including hyperpigmentation,
photoaging or premature aging of the skin, and melanoma and nonmelanoma skin

cancers (1-9).
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Type Normal light Wood’s light Histology
Melanin deposition is
. ) Enhancement of color | found in the basal and
Epidermal Light brown
contrast suprabasal layers of
epidermis.
‘ Melanin deposition is
Ashen/Bluish | No enhancement of . ‘
Dermal found in the superficial
gray color contrast ) )
and middermis
Enhancement of color ' S
‘ Melanin deposition is
] contrast in some ) ) ]
Mixed Deep brown . . found in the epidermis
areas, while not in '
and dermis
others
Wood’s light | Ashen gray or | Not evident under Melanin deposition is
not apparent unrecognized Wood’s light found in the dermis

Skin can be divided into three layers: the outer epidermis, the middle dermis,
and the inner subcutaneous. The dermis contains a complex extracellular matrix
comprising many types of collagen, fibroblasts, and a range of supporting structures.
The hypodermis (subcutaneous fat) spreads all over the body as a fibrofatty layer, with
the exception of the eyelids and of the male genital region. The cells manufacture and
store lipids in large quantities and bundles of collagen fibers weave between
aggregates of fat cells providing flexible linkages between the underlying structures
and the superficial skin layers. The epidermis consists of layers made of stratified
epithelium which composed predominantly of keratinocytes. Keratinocytes within the
basal layer proliferate and differentiate as they move through the stratum spinosum
and granulosum to form the dead but chemically non inert stratum corneum (Figure

3.1). The outer layers are dead and cornified. The process of living cells moving

upward and changing to dead cells is known as keratinization. The total turnover time,
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Figure 3.1 The layers of the skin.
from the basal layer to shedding, averages 28 days in healthy skin. In addition
to the keratinocytes, an estimated 10% of the cellular component of the epidermis is
composed of neural crest—derived melanocytes and Langerhans cells.

Melanocytes, derived from neuroectoderm, are oval and have a smooth
cytoplasmic membrane and a round nucleus. In human, melanocytic development
begins with the migration of melanoblast neural crest during embryogenesis to reach
the basal layer of the epidermis. Melanocytes are dendritic cells with dendrites
extending outward from the cell body. The dendritic processes of differentiated
melanocytes are interspersed between neighbouring keratinocytes. The melanogenic
pathway in melanocytes occurs within a discrete cytoplasmic compartment,
melanosome. Melanocytes synthesize melanin in melanosome before passing the
melanosomes to surrounding keratinocytes (Figure 3.2).

The formation of the melanosome has been divided into 4 stages (Figure 3.3).
Stage I melanosomes contain a few filaments with a characteristic periodic banding
and the enzyme tyrosinase in an inactive form; stage II melanosomes are oval with
numerous filaments organized into a lamellar structure in which melanin is not
present; Stage III melanosomes are partially filled with melanin; and Stage IV
melanosomes are completely filled with melanin (51). Contact between dendrites of
melanocytes and keratinocytes is important for transfer of melanin-containing
melanosomes. Melanocyte will contact with keratinocytes, call “epidermal melanin
unit”’. The human epidermal melanin unit is composed of melanocytes and
keratinocytes in a 1:40 ratio. Histology of melanocyte in normal skin as shown in

(Figure 3.4).
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Figure 3.3 The formation of the melanosome (51).
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Figure 3.4 Histology of melanocyte in normal skin (52).
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The basic structural unit of melanins is usually represented by covalently linked
indoles. Structure of melanin shown as a region of 4’-7 linked substituted indoles
indicating the high degree of conjugation of such domains (Figure 3.5). Carboxylic
acid groups are attached to the C2 and the 5,6 functionalities are shown (top to
bottom) as carbonyls in the orthoquinone form, deprotonated hydroxyls in the
catecholic form, and an equilibrium form of linked semiquinones. The three major
functions are indicated as electronic reactions, which render the polymer a potential
free radical generator or scavenger, photon absorption and cation binding through the
carboxyl groups. Some cationic binding also may involve the deprotonated hydroxyl
groups or semiquinones.

The critical step in melanin biogenesis is the oxidation of tyrosine by the enzyme
tyrosinase. In vertebrates this enzyme is active only in specialized organanelles in
retinal pigment epithellum and melanocytes. In mammals melanin is formed as
intracellular granules. Melanin granules are transferred from melanocytes to epithellal
cells and form the predominant pigment of hair and epidermis (53). Steps of

mammalian melanogenesis are shown in Table 3.2.

Conjugated polymer
PHOTON ABSORPTION

oA D
ortho-quinone decarhoxylated
ELECTRON ACCEPTOR / indele moiety

o]

“o_
hydroquinone 2-carboxyl indole
ELECTRON DONOR moieties

-
> CATION BINDING

semigquinones
DONOR or
ACCEPTOR

Figure 3.5 Structure of melanin (53).



Kannika Jaemsak Literature Review / 10

Melanin is a nitrogenous polymer produced and concentrated in melanosome
within melanocytes located in the basal layer of the skin. Depending on skin type,
melanocytes produce varying ratios of eumelanin or pheomelanin systhesis by
tyrosinase. In the skin, tyrosinase can be regarded as an important system for
elimination reactive oxygen species. It has been established that this enzyme is able to
utilize superoxide radical to produce melanin and an increase in melanin production
associated with an enhancement in tyrosinase activities was found in melanocytes
during exposure to UV (54). As human have approximately the same numbers of
melanocytes in the skin, differences in color are due primarily to the ratio of
eumelanin to pheomelanin, their distribution in keratinocytes, degree of melanocyte
activity, and environmental factors such as solar irradiation that stimulates melanin

production (55).

Table 3.2 Steps of mammalian melanogenesis (56).

Step I Melanoblast migrate from the neural crest

Step 1I Melanoblast differentiates to melanocyte. Clonal population of skin

by melanocytes

Step 111 Melanosome matrix formation

Step IV Melanogenic genes such as tyrosinase, tyrosinase related proteins
and melanosomal matrix components are induced tyrosinase and

related melanogenic proteins are synthesized

Step V Posttranslational processing and glycosylation of tyrosinase.
Step VI Fusion of vesicles to form melanosomes and initiation of
melanogenesis
Step VII Control of tyrosinase activities
Step VIII Control of the activities of tyrosinase related protein
Step IX Post tyrosinase modification of biosynthesis
Step X Modification of melanin
Step XI Melanosome transfer to keratinocytes

Step XII Melanosome degradation

Step XIII Melanin removal with loss of cornified cell
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Melanin is an irregular tight-absorbing polymer derived from the oxidation of
tyrosine. Melanin is one of the most widely distributed pigments and is found in
bacteria, fungi, plants and animals. It is the major pigment present in the surface
structures of vertebrates (53). It is a heterogeneous polyphenol-like biopolymer with a
complex structure and color varying from yellow to black. 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. Various dermatological disorders
result in the accumulation of an excessive level of epidermal pigmentation. These
hyperpigmented include melasma, age spots and sites of actinic damage.

Melanin synthesis results in the generation of hydrogen peroxide that, if
inappropriately processed, can lead to the generation of hydroxyl radicals and other
reactive oxygen species. The synthesis of melanin intermediates through tyrosinase
involves the production of cytotoxic free radicals (12,18,20). The photoprotective
properties of pigment melanin and its precursors in cultured melanocytes and
melanoma cells have been the subject of many studied. This situation is complex
because the composition as well as the quantity of melanin in the skin is of importance
for photoprotection or photosensitization. Two types of melanin are considered to
make up the mixed melanosomal melanin polymer.

3.1.2 Melanogenesis pathway and tyrosinase enzyme

The intracellular pathway for melanogenesis has been well
characterized. First, L-tyrosine is hydroxylated to form dihydroxyphenylalanine (L-
DOPA).Subsequently, L-DOPA is oxidized to L-dopaquinone which 1is either
processed into eumelanin or pheomelanin. When thiols are absent, eumelanin is
produced. Cysteine reacts with quinine intermediates, diverting melanin pigment
synthesis from eumelanin (brown/black) to pheomelanin (red/yellow). In the absence
of thiol compounds dopaquinone is immediately converted to dopachrome.

Otherwise, dopachrome tautomerase also known as tyrosinase-related protein-
2 (Trp2/DCT) can convert dopachrome into a more stable intermediate called
5, 6- dihydroxyindole-2-carboxylic acid (DHICA). Spontaneous decarboxylation of
dopachrome can also occur, leading to 5,6-dihydroxy indole(DHI). Tyrosinase-related
protein-1(Trpl) and tyrosinase catalyse the conversion of DHICA to indolequinone

5,6-quinone-2-carboxylic acid a carboxylated indolequinone (Figure 3.6).
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Figure 3.6 Biosynthetic pathway of melanin synthesis (57).

To regulate melanin synthesis, cells are equipped with melanogenic enzymes
such as tyrosinase(TYR), tyrosinase-related protein 1 (TRP-1) and tyrosinase-related
protein 2 (TRP-2). Gene and protein structures of tyrosinase, TRYP1 and TRYP2 are
shown in figure 3.7. TYR, TYRP-1 and TYRP-2 contain an N-terminal signal
sequence, an epidermal growth factor (EGF) repeat and other conserved cystein
residues that may be involved in protein-protein interactions, two metal binding
domain that serve as the catalytic site, and a C-terminal transmembrane domain with a
short cytoplasmic tail. These proteins share a common tertiary structure, have the
potential to associate in a higher order melanosomal protein complex and contribute to
the stability of complex formation. TYR to be encoded by five exons, TYRP-1 protein
by eight exons and TYRP-2 by eight exons (11). Among those enzymes, tyrosinase is

known to play a pivotal role in modulating melanin production.
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Figure 3.7 Gene and protein structures of tyrosinase, TRYP1 and TRYP2 (58).
N and C are the amino and carboxy protein terminus,
respectively; Cy-rich, cysteinerich segments; Cu, Cu binding domains;
t, transmebrane segment.

In the gene structure, numbers represent exons.

Human tyrosinase is a bifunctional, copper-dependent glycoprotein composed of
548 amino acids with a molecular mass of 62.6 kilodalton (kDa). Tyrosinase catalyses
conversion steps in the biosynthetic pathway for melanin pigment synthesis.
Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme that catalyzes two distinct
reactions of melanin synthesis: the hydroxylation of tyrosine by monophenolase action
and the oxidation of 3,4-dihydroxyphenylalanine (L-DOPA) to 0-dopaquinone by
diphenolase action. The first catalytic function of tyrosinase, the hydroxylation of
tyrosine to dihydroxyphenylalanine (DOPA), is the rate-limiting step for
melanogenesis. Accordingly, melanin production has been suggested to be primarily

controlled by the expression and activation of tyrosinase (10-13,53).
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Synthesis of tyrosinase occurs on the ribosomes of the rough endoplasmic
reticulum (RER). Nascent tyrosinase is transported to the golgi complex, where
asparagines-linked glycosylation of tyrosinase is completed before exported into the
melanosomes. At the golgi complex, glycosylation is essential for the normal structure
and function of tyrosinase (56).

Tyrosinase has been divided into three domains: an inner domain that resides
inside the melanosomes, a transmembrane domain and a cytoplasmic domain that
extends into the cytoplasm of melanocytes (Figure 3.8). Over 90% of the tyrosinase
copper binding site is localized to the inner domain. The inner domain has been
shown to contain virtually all of the catalytic activity resulting in melanin formation
exclusively in the melanosome. The transmembrane and cytoplasmic domains of
tyrosinase consist of short amino acid sequences residing in the melanocyte cytoplasm.
The cytoplasmic domain is critical for its melanogenic function and the cellular
trafficking of tyrosinase. The cytoplasmic domain facilitates transport from the RER

through the golgi complex to the melanosome (56).

COOH

L -
'-‘hl|li"'.

Figure 3.8 Tyrosinase compartmentalization in the melanosome (56).
Key: NH;: Amino terminal of tyrosinase, COOH: Carboxyl terminal

of tyrosinase, Cu(I):Copper atoms found at the active site.
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3.1.3 Treatment of melasma

Several therapeutic agents to treat melasma have been widely studied and
developed. Although management of melasma is a challenge as there is no gold
standard treatment and recurrences are common (15, 48-50). Various types of
topical treatments are presently available as the following;

Sunscreens

Sunscreens are agents that physically or chemically block the penetration of UV
light into the skin. Products providing against both UVB and UVA are called full or
broad spectrum sunscreens. When used as directed, a sunscreen rated SPF 15 is
usually adequate for most skin types. They may also increase the possibility of
irritation and contact allergy because they contain multiple sunscreen agents in higher
concentrations.

Hydroquinone

Hydroquinone inhibits melanogenesis. It is likely that hydroquinone interrupts
one or more steps in the tyrosine-tyrosinase pathway of melanin synthesis.
Hydroquinone is available as a 2% cream and a 4% cream. Hydroquinone produces
variable depigmentation results. Prolonged use of hydroquinone, especially of high
concentration, may cause a paradoxical hyperpigmentation.

Topical tretinoin

Topical 0. 1 % tretinoin was found to be effective in the treatment of facial
melasma but may take up to 24 weeks for clinical improvement (applied once at
night). The mechanism of action of tretinoin lightening melasma is poorly understood,
although the reduction in epidermal melanin, correlates with clinical improvement.
Topical tretinoin may cause transient stinging. It produces some erythema and peeling.
Photosensitivity may occur. Tretinoin is applied as a cream, gel or alcoholic solution,
usually containing 0.01% to 0.1%.

Topical steroids

The more potent the topical steroids used, the more pronounced the
depigmentation. For example, 0.025% fluocinolone acetonide and 0.1 %
betamethasone valerate gives more pronounced effect than 0.1% triamcinolone
acetonide or 0. 1 % dexamethasone. Their mechanism of action in depigmentation has

not been adequately explained. The general effect of steroids on many cell systems is
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antimetabolic. Steroids are cytotoxic or at least cytostatic to the epidermis; they
decrease epidermal turnover and eventually produce atrophy. Caution is necessary
when using potent flourinated corticosteroids for prolonged periods on the face, as
telangiectasia, atrophy, or acne rosacea can develop. The use of topical steroids as a
single agent to treat melasma is therefore not encouraged.

Hydroquinone in combination

It was noticed that hydroquinone itself was not sufficiently efficacious to
accomplish lightening in some hyperpigmentary disorders. Topical hydrophilic
ointment containing 5% hydroquinone, 0.1% dexamethasone and 0.1% tretinoin was
more effective and depigments melasma more rapidly than does topical hydroquinone
alone.

Glycolic acid

Glycolic acid (an alpha hydroxyacid or AHA) is used as a chemical peel
(chemabrasion). Treatment involves a series of peels in progressive concentrations.
For better results, it has been recommended that AHA chemabrasion be accompanied
by the use of hydroquinone and sunscreens. AHAs cause transient, mild stinging. In
higher concentrations for peeling, erythema which lasts for a few days may develop.
Scarring, hyperpigmentation and hypopigmentation are possible reactions. Experience
of the therapeutic potential of AHAs in melasma treatment is still evolving.

Azelaic acid

Azelaic acid has been shown to be effective in melasma. A possible explanation
for the efficacy of azelaic acid in melasma is related to its selective effects on
hyperactive melanocytes. Azelaic acid inhibits the activities of tyrosinase and other
oxidoreductases as well as mitochondrial respiratory enyzmes and restores the
hypermelanotic response to normal. The most commonly reported adverse symptoms
with azelaic acid were transient stinging and itching.

Many of the most popular depigmentating agents in use today exhibit toxicity to
melanocytes and are known to produce adverse side effects. The ideal treatment for
melasma should allow depigmentation without bleaching of normal skin as well as
should not be sensitizing or irritating and be cosmetically acceptable. Whichever
modality is selected, proper skin protection from the sun is absolutely necessary for

good results.
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3.2 Effect of ultraviolet irradiation on skin

Epidermal melanocytes and even other epidermal and dermal cells may be
targets of Ultraviolet irradiation (UVR), but melanocytes as the cells capable of
synthesizing melanin themselves seem to be the first candidates for being the major
target (59). The activation and differentiation of melanocytes can be induced directly
by UVR or indirectly through their interaction with surrounding UV-irradiated
keratinocytes (46). UV can generate acute and long-term effects on the skin. Example
of UV-induced acute cytotoxicity include DNA damage and apoptosis, exemplified by
the generation of sunburn keratinocytes, erythema, immune suppression and increased
pigmentation. The long-term effects of UV on the skin are for example, photoaging
and skin cancers, including melanoma (1-2, 5-6, 9, 60-64).

UV light region occurs between 100—400 nm. According to the International
Commission on Illumination, UVR is divided into three categories depending on
wavelength — UVC (200-280 nm), UVB (280-320 nm) and UVA (320 — 400 nm).
UVR reaching us on earth comprises mostly UVA (90-99%) and UVB (1-10%). UVC
has the highest energy and is the most biologically damaging region of UVR. The
ozone layer efficiently absorbs UV radiation up to about 310 nm and it thus consumes
all UVC and most of UVB (95 %). However, UVA is not absorbed at all (17).

When human skin is exposed to UVR, approximately, 5% of the UVR is
reflected from the surface of the stratum corneum and 10% is scattered in the
epidermis. The remaining UVR is absorbed by other molecules such as DNA, protein.
These UVR-absorbing molecules are called chromophores. DNA absorbed UVR
maximally at wavelengths from 245-290 nm. DNA is not capable of absorbing UVR at
wavelengths longer than 320 nm, but the longer wavelengths can cause damage to
genetic material by reacting with other chromophores, which transfer the energy
further towards the DNA, a process call photosensitization (1). UVB absorbed within
the epidermis and upper dermis causes erythema and sunburn. It is generally agreed
that non-melanoma skin cancer is primarily elicited by UVB. UVA is a major
component of sunlight that penetrates deep into the epidermis and dermis of the skin.
Epidermiological studies indicate a relationship between high dose of UVA exposure

and increased risk of melanoma in humans (65-68).
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UVR can be both beneficial and harmful to normal human skin (Figure 3.9). The
beneficial effects comprise killing pathogens on the skin, inducing vitamin D synthesis
and treating certain skin diseases such as psoriasis vulgaris. The harmful effects
include immune suppression and DNA damage (9). Excessive exposure of skin to
UVR can result in acute and chronic damage. Exposure of UVR induces various
dermal changes, including tanning, skin aging, and skin cancer. Up to 50% of UVA
can reach the depth of melanocytes and the dermal compartments, whereas only 14%
of UVB reaches the lower epidermis. Additionally, it has been estimated that the total
photon energy delivered into the lower epidermis and upper dermis is 100 fold higher
in the UVA than in UVB (20). UVA penetrates deeper than UVB through the
epidermal layers of human skin to the basal layer and the underlying dermis, it can
readily reach the melanocytes residing on the epidermal-dermal junction, and possibly
lead to oxidative DNA damage and mutagenesis (18). In addition, UVA component
of solar radiation may induce lipid peroxidation, which can subsequently stimulate
the migration of important immune-mediating skin resident cells from the epidermis,
thereby leading to skin immune suppression. Furthermore, only 40% of cytotoxic

effects from sunlight (290-434 nm) was due to the UVB component (69).

Killing of pathogens Inducing Treating disorders
on the skin vitamin D symthesis | |such as psoriasis vulgaris

S
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Figure 3.9 Summary of the effects of UVR on skin (9).
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UVR induces damage of skin cells via two different mechanisms. Firstly, UV
photons directly absorbed by cellular chromophores can lead to photo-induced
reactions. This kind of injury is typical for DNA bases. Secondly, sensitizers can
indirectly through photosensitization processes absorb UV light. Although ROS are
widely known as mediators of UV photodamage, the exact mechanism of their
generation in UV-irradiated skin is poorly understood. However, photosensitization
by endogenous non-DNA chromophores of skin appears to be a key mechanism of
UVR derived ROS production in human skin.

Photosensitization occurs as a consequence of photon absorption by endogenous
non-DNA chromophores responsible for solar light-driven ROS production. The
photoexcited state, most often the triplet state of the sensitizer, is the key photoreactive
intermediate and exerts skin photodamage by direct reaction with substrate molecules
including DNA bases (type I photosensitization) or molecular oxygen (typell
photosensitization) leading to ROS formation as shown in simplified form in figure
3.10. Photon absorption by sensitizer chromophores in the electronic ground state (S)
induces formation of photo excited states (S*). These can directly interact with
substrate molecules (R), such as DNA bases (type I reaction) or activate molecular
oxygen by electron or energy transfer reactions (type II reactions). Superoxide radical
anions formed by type I or II mechanisms can then give rise to H>O, formation by
spontaneous dismutation. Hence, oxidative stress may play an important role in
melanogenesis as it is involved in DNA damage (20). The effect UVR on cellular

biomolecules are shown in figure 3.11.
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Figure 3.10 Formation of ROS and organic free radicals by photosensitization

reactions type I and type II (17,20).
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3.2.1 UVR generates reactive oxygen species (ROS)

3.2.1.1 Free radicals and reactive oxygen species

A free radical is an any chemical species that has an odd number of electrons,
because it contains one more unpaired electrons, that is an electron that occupies an
atomic or molecular orbital by itself. An unpaired electron can be formed by the loss
of a single electron from a non-radical, or by the gain of a single electron by the non-
radical. They are often highly reactive and have short half-life. They can easily be
formed when a covalent bond is broken if one electron from each of the pair shared
remains with each atom. Nomenclature of reactive species as shown in table 3.3.

Oxygen free radicals are products of normal cellular metabolism. ROS is playing
a dual role as both harmful and beneficial species to living systems. Beneficial effects
of ROS occur at low/moderate concentrations and involve physiological roles in
cellular responses to noxia, as for example in defence against infectious agents and in
the function of a number of cellular signalling systems. One further beneficial example
of ROS at low/moderate concentrations is the induction of a mitogenic response.The
harmful effect of free radicals causing potential biological damage is termed oxidative
stress and nitrosative stress. This occurs in biological systems when there is an
overproduction of ROS or deficiency of enzymatic and non-enzymatic antioxidants.
The excess ROS can damage cellular lipids, proteins, or DNA inhibiting their normal
function. Oxidative stress has been implicated in a number of human diseases. The
balance between beneficial and harmful effects of free radicals is a very important
aspect of living organisms and is achieved by mechanisms called “redox regulation”.
The process of “redox regulation” protects living organisms from various oxidative
stresses and maintains “redox homeostasis” by controlling the redox status in vivo (21,
70-71). ROS can thus play a very important physiological role as secondary
messengers (22).

Oxidative stress results from imbalance between the levels of antioxidants (AOX)
and reactive oxygen species (ROS). Cells are normally able to balance the production
of oxidants and antioxidants to maintain redox equilibrium. Oxidative stress occurs
when this equilibrium is upset by excess levels of ROS, or depletion of antioxidant

defenses (Figure 3.12).
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Table 3.3 Nomenclature of reactive species (72).

Type Reactive species
Superoxide, O,"” Hydroxyl, OH*
Hydroperoxyl, HO,* Peroxyl, RO’
Alkoxyl, RO* Carbonate, CO;""
Reactive oxygen species | a0 dioxide, CO,*~ Ozone O;
(ROS)

Hydrogen peroxide, H,0,  Singlet oxygen (O,A g)
Hypobromous acid, HOBr  Peroxynitrous acid, ONOOH
Hypochlorous acid, HOClI  Peroxynitrite, ONOO™
Organic peroxides, ROOH

Chloramines
Reactive chlorine Chlorine gas (Cl,)
species (RCS) Atomic chlorine, CI°

Hypochlorous acid, HOCI
Nitryl (nitronium) chloride, NO,Cl

Nitric oxide, NO*
Nitrogen dioxide, NO,"
Nitrosyl cation, NO"
Nitroxyl anion, NO~

Nitrous acid, HNO,
Reactive nitrogen

species (RNS)

Dinitrogen trioxide, N,O;
Dinitrogen tetroxide, N,O4
Peroxynitrite, ONOO™

Alkyl peroxynitrites, ROONO
Peroxynitrous acid, ONOOH
Nitryl (nitronium) chloride, NO,Cl
Nitronium (nitryl) cation, NO,"
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Figure 3.12 An imbalance between production of ROS and antioxidant defence is

proposed to lead to oxidative stress (73).
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Figure 3.13 Major sources of free radicals in the body and the consequences of free

radical damage (74).

ROS can be produced from both endogenous and exogenous substances as shown
in figure 3.13. Singlet oxygen'O,, superoxide radical (0,"") and hydroxyl radical
(OH") are predominant cellular free radical. Hydrogen peroxide (H,0,), although not
itselves radical containing molecules is referred as reactive oxygen species (ROS).
Potential endogenous sources include mitochondria, cytochrome P450 metabolism,
peroxisomes, and inflammatory cell activation (22).

ROS are formed through a variety of events and pathways. It has been estimated

that one human cell is exposed to approximately 1.x10° oxidative hits a day from
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hydroxyl radicals and other such reactive species (22). The electron transport system
in the mitochondrial is a major source that generate ROS.

A fraction of the oxygen is incompletely reduced by one-electron transfer (mostly
via ubisemiquinone) to generate ROS and free radicals, which are usually disposed of
by the coordinated function of antioxidant enzymes. If defected, they may cause
oxidative damage and mutation of mtDNA molecules that are attached. mtDNA
damage can lead to increase in ROS generation. Moreover, UV irradiation was
reported to induce large-scale deletions of mtDNA in human skin and in cultured
human skin fibroblast. ROS and free radicals generated by UVR may induce the
occurrence and accumulation of mtDNA mutations in cells (75).

3.2.1.2 UVR and reactive oxygen species (ROS)

UV-driven ROS production has been demonstrated in cultured human skin cells,
skin homogenates and intact murine and human skin (20, 76-77). Exposure of skin to
UV light presents a potent oxidative stress, a condition when there is an imbalance of
ROS and antioxidant defenses. Exterior oxidative stress as well as imbalanced
production of oxidants such as O,", OH®, H,0O, and '0, can eventually lead to skin
pathogenesis (5,19-20,78).

Cellular damage via an excited photosensitizer may occur by two major pathways
often called Type I and Type II. The mechanisms are dependent on the chemical
properties of photosenzitizers. Human skin is an abundant source of numerous
chromophores with strong particularly in the UVA (Figure 3.14) (20). Type 1
mechanisms involve one electron transfer through a direct interaction between an
excited photosensitizer and other biomolecules, resulting in free radical formation.
This mechanism does not require oxygen for the induction of molecule damage. The
Type II mechanism involves energy transfer from an excited sensitizer to molecular
oxygen that leads to production of reactive oxygen species (ROS). Mostly singlet
oxygen, an excited state of oxygen, which is a very powerful oxidant with relatively

long lifetime, is generated (Figure 3.15) (17).
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Figure 3.14 UV A-photosensitizers with possible involvement in skin photodamage
(20). Selected examples: 1. protoporphyrin IX, 2. (Z,Z)-bilirubin,

3. 5,6-dihydroxyindole-2-carboxylate,

4. 5-S-cysteinyldihydroxyphenylalanine, 5. trichochrome C,

6. eumelanin, 7. pheomelanin, 8. riboflavin, 9. 6-carboxypterin,

10. N’-formylkynurenine, , 11. pentosidine, 12. vesperlysine A
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Figure 3.15 Excited states of non - DNA chromophores and UVA - induced
DNA damage. Direct UVB absorption by DNA bases induces
Cyclobutane pyrimidine dimers ( CPD ) from pyrimidine residues
(P) and formation of pyrimidine ( 64 ) pyrimidone dimers [(6—4)PD].
UVA directly induces photoisomerization of (64 )PDs to Dewar
isomers. Photoexcited states of sensitizers (S*) are involved in UVA
induced DNA base photodimerization. (dT =dT ), particularly at

deoxythymidine residues(dT) after triplet energy transfer from sensitizer
to dT sites.Oxidative base damage can occur as a consequence of single
electron transfer with formation of base radical cations (dGe+) and
sensitizer radical anions(S+—). Most frequently, UV A-induced oxidative
DNA damage occurs by sensitizer-induced formation of 'O, and other
ROS, that directly or after metal ion catalyzed decay oxidize DNA bases,
especially guanine residues (dG) with formation of 8-ox0-7,8-dihydro-2-
deoxyguanosine (8-o0x0-dG) (20).
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Both UVA and UVB induce photo-oxidative stress in skin. Structure of DNA
damage including DNA base photodimers and DNA oxidative base damage as shown
in figure 3.16 and 3.17. However, in contrast to the formation of mutagenic pyrimidine
base photoproducts as a consequence of direct absorption of UVB by skin cell DNA,
UVA results in little photoexcitation of DNA directly and generation of reactive
oxygen species (ROS) seems to be the key mechanism of UVA. UVA causes DNA
damage primarily by the generation of ROS that result in single-strand breaks in DNA
and in DNA-protein crosslink (20).

UVA induced formation of ROS such as singlet oxygen and superoxide ion
promotes biological damage in exposed tissues (79-81). Many mechanism likely
contribute to ROS formation during UVR of skin, such as UV-enhanced electron
leakage from the mitochondria respiratory chain and UV-induced remodeling of
plasma membrane lipid rafts. However, photosensitization by endogenous non-DNA
chromophores of skin appears to be a key mechanism of light-driven ROS production
in human skin. Photoexcited states of endogenous skin sensitizer chromophores are
rapidly emerging as key intermediates of skin photooxidative damage operating
upstream of ROS formation. Exposure of human skin to solar UVA radiation induces
the formation of photoexcited states (S*) of endogenous skin chromophores (S). Some
photoexcited chromophores act as toxic photosensitizers by direct chemical interaction
with cellular target molecules or by interaction with oxygen leading to the formation
of ROS. Energy transfer from S* to molecular oxygen induces the formation of
photoexcited oxygen ('0,), being both a ROS and a photoexcited state species.
Molecular damage inflicted by ROS and S* on cellular targets in skin, leading to
mutagenesis and altered signal transduction, contribute ultimately to photodamage of

skin (Figure 3.18).
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Figure 3.16 Structure of the major UV- induced DNA base photodimer (12).
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The primary intermediates of Type II reactions, mediated by singlet oxygen, are
endoperoxides generated by cycloadition reaction of the imidazole ring with singlet
oxygen. The major decomposition product of these endoperoxides is 8-0xo-dG.
Modified bases, particularly 8-oxo-dG, are produced more frequently than single-
strand breaks or DNA-protein crosslinks by UVA. 8-0xo-dG is a characteristic
mutagenic lesion, which generates GC — TA transversion by pairing with an adenine
instead of a cytosine during replication. The guanine bases are the most susceptible to
oxidation via both Type I and Type II mechanisms. Adenine is the second, followed
by approximately equal reactions for thymine and cytosine (17).

DNA in mitochondria may also be altered by UV-induced oxidative stress. As
DNA repair is less efficient in mitochondria compared to nuclei, mutations accumulate
at a relative rapid rate. Identified mutations are deletions, which can be mediated by
UVA-induced '0,. These mutations may alter the cells capacity to carry out oxidative
phosphorylation (17). While significant knowledge of the DNA repair mechanisms in
nuclear DNA exists, much less is known about the repair systems in the mitochondria.
However, compared with nuclear DNA repair mechanisms, DNA repair capacity in
the mitochondrion appears to be rather low. The impaired repair capacity may lead to
mitochondrial dysfunction and the onset of skin pathogenesis (22).

3.2.2 UVR and oxidative stress-induced melanogenesis

Exposure to UVR is associated with significant long-term deleterious effects such
as skin cancer. A well recognized short-term consequence of UVR is increased skin
pigmentation. In human, a major stimulus for facultative pigmentation is UVR. A
putative melanocytic mutagen, UVR is the most potent stimulant for growth and
differentiation of melanocytes. UVR induced skin pigmentation involves an increase
in the melanocyte number as well as a stimulation of melanin neosynthesis and
melanocyte dendricity (83). The activation and differentiation of melanocytes can be
induced directly by UVR or indirectly through their interaction with surrounding UV-
irradiated keratinocytes. UVR can act directly on melanocytes to induce
melanogenesis. UV has been found to increase tyrosinase activities and expression.
Clinical and histological changes occurring during tanning responses in humans have
been extensively studied, but the mechanisms by which solar radiation stimulates

melanogenesis are poorly understood.
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However, if the ROS load reaches a critical concentration, subsequently
overwhelming the antioxidative defense, oxidative or, if mediated by UV irradiation,
photooxidative damage to all cellular components including DNA, proteins, and
membranes, eventually occurs (84). There is some evidence that melanization is
increased in relation to oxidative stress(85), and hyper-pigmentation seems to be
associated with inflammatory responses. Localized hyper-pigmentation is a sign of
abnormal pigment cell function (e.g. malignant melanoma). The fact that most
melanomas exhibit a high degree of pigmentation has encouraged to the study of
melanogenic pathway (86-89).

Addition, a new concept suggest that DNA damage and DNA repair play relevant
roles in the UV-induced melanogenic response of melanocytes. It has also been
reported that DNA damage enhance melanogenesis (90-93). Oxygen radicals also
cause lipid peroxidation that can result in membrane and protein damage. Compared to
UVB, UVA is about 1000 times more effective in the production of an immediate
tanning effect which is caused by darkening of the melanin in the epidermis (17).
However, it has been suggested that intracellular glutathione plays an important role in
the inhibition of melanogenesis in cultured melanoma cells by dampening the action of
tyrosinase (94).

Melanin production is the main known function of normal melanocytes of the
epidermis. Identification of the genes involved in melanin formation and how they
may be influenced by exposure of melanocytic cells to UVR should provide a
molecular understanding of the processes of skin photoprotection. There is also the
possibility that there may be protective effects or the production of mutagenic
photoproducts, depending on the type of melanin produced. It has been established
that melanins and their precursors have a photosensitizing action on DNA and
generate radicals after exposure to UV light

While the exact cause of melasma is unknown, both genetic and environmental
factors play a role in the development of this condition. Multiple factors have been
postulated to involve in the etiology and pathogenesis of melasma include pregnancy,
oral contraceptives, genetics, sun exposure, cosmetics and race. Of the many etiology
factors associated with melasma, sunlight exposure appears to be the most significant

and excessive reactive oxygen species is believed to be involved in melasma.
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UVR causes the generation of ROS and therefore cell membrane lipid
peroxidation and disintegratrity of the cellular functions of the skin as well as the
depletion or direct damage of the antioxidant system in the skin tissue. Exterior
oxidative stress and interior imbalanced production of oxidants can eventually lead to
skin pathogenesis. The redox state of the skin is regulated by the balance between a
variety of antioxidant enzymes, low molecular-weight antioxidants, and oxidants (19-
22). It has also been reported that irradiation with UVA produces a decrease in the
level of antioxidants, inactivation of antioxidant enzymes, and an increase in the
marker of lipid peroxidation in skin homogenates (95). In addition to solar stimulated
irradiation modulates gene expression and activities of antioxidant enzymes in
cultured human dermal fibroblasts (23). The possible role of UV-produced free

radicals in melanogenesis are shown in figure 3.19.
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Figure 3.19 The possible role of UV-produced free radicals in melanogenesis.
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3.2.3 The effect of UVR on cellular antioxidants

ROS are found in virtually all intracellular organelles or compartments as a
consequence of normal metabolic activity. Each organelle or compartment has
potential targets for oxidative damage, as well as mechanisms for the elimination of
excess ROS accumulation. To minimize the damaging effects of ROS, aerobic
organisms evolved both non-enzymatic and enzymatic antioxidant defenses are shown
in figure 3.20.

Exposure to free radicals from a variety of sources has led organisms to develop a
series of defence mechanisms. Defence mechanisms against free radical-induced
oxidative stress involve: (i) preventative mechanisms, (ii) repair mechanisms, (iii)
physical defences, and (iv) antioxidant defences. Enzymatic antioxidant defences
include SOD, GPx, CAT. Non-enzymatic antioxidants are represented by ascorbic
acid (Vitamin C), a-tocopherol (Vitamin E), glutathione (GSH), carotenoids,
flavonoids, and other antioxidants. Under normal conditions, there is a balance
between both the activities and the intracellular levels of these antioxidants. This

balance is essential for the survival of organisms and their health.
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Figure 3.20 Subcellular location of endogenous antioxidants.
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Various pathways for the management of oxidative stress by antioxidants are
shown in figure 3.21 Reaction 1: superoxide is dismutated by the superoxide
dismutase (SOD) to hydrogen peroxide. Reaction 2: hydrogen peroxide is most
efficiently scavenged by the enzyme glutathione peroxidase (GPx) which requires
GSH as the electron donor. Reaction 3: the oxidised glutathione (GSSG) is reduced
back to GSH by the enzyme glutathione reductase (Gred) which uses NADPH as the
electron donor. Reaction 4: some transition metals (e.g. Fe2', Cu” and others) can
breakdown hydrogen peroxide to the reactive hydroxyl radical (Fenton reaction).
Reaction 5: the hydroxyl radical can abstract an electron from polyunsaturated fatty
acid (LH) to give rise to a carbon-centred lipid radical (L"). Reaction 6: the lipid
radical (L") can further interact with molecular oxygen to give a lipid peroxyl radical
(LOO"). Reaction 7: the lipid peroxyl radical (LOO") is reduced within the membrane
by the reduced form of vitamin E (T-OH) resulting in the formation of a lipid
hydroperoxide and a radical of Vitamin E (T-O"). Reaction 8: the regeneration of
Vitamin E by Vitamin C: the Vitamin E radical (T-O") is reduced back to Vitamin E
(T-OH) by ascorbic acid (the physiological form of ascorbate is ascorbate monoanion,
AscH-) leaving behind the ascorbyl radical (Asc™). Reaction 9: the regeneration of
Vitamin E by GSH: the oxidised Vitamin E radical (T-O") is reduced by GSH.
Reaction 10: The oxidized glutathione (GSSG) and the ascorbyl radical (Asc™) are
reduced back to GSH and ascorbate monoanion, AscH , respectively, by the
dihydrolipoic acid (DHLA) which is itself converted to a-lipoic acid (ALA). Reaction
11: the regeneration of DHLA from ALA using NADPH. Reaction 12: lipid
hydroperoxides can break down into aldehydes, such as the strong oxidant 4-
hydroxynonenal. Reaction 13: 4-hydroxynonenal is rendered into an innocuous
glutathiyl adduct (GST: glutathione S-transferase). Reaction 14: lipid hydroperoxides
are reduced to alcohols and dioxygen by GPx using GSH as the electron donor (21,
22).

The skin is constantly exposed to environmental sources of ROS such as UVR,
ozone and air pollution. To protect from oxidative damage, the skin is equipped with a
network of complex antioxidant defense system. The skin antioxidant system consists

of a network of enzymatic and non-enzymatic antioxidants.
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Figure 3.21 The various pathways of antioxidants in the management of oxidative

stress (22).
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3.2.3.1 Non-enzymatic antioxidant

3.2.3.1.1 Glutathione (GSH)

GSH is well known as a biological antioxidant and acts as a quencher of
oxidative stress in human cells. L-glutathione, synthesized by the actions of y-
glutamylcysteine synthetase and glutathione synthetase, is a biological active sulfur
amino acid tripeptide of L-cysteine, L-glutamate and glycine (Figure 3.22). GSH acts
as a major cellular antioxidant maintaining the intracellular redox balance. Its

scavenging properties toward oxidants are due to its sulphydryl groups.
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Figure 3.22 Structures of reduced (GSH) and oxidised (GSSG) glutathione (22).

Glutathione is highly abundant in the cytosol (I-11 mM), nucleus (3—15 mM),
and mitochondria (5-11 mM) and is the major soluble antioxidant in these cell
compartments. The reduced form of glutathione is GSH, glutathione, and the oxidised
form is GSSG, glutathione disulphide. Too high a concentration of GSSG may damage
many enzymes oxidatively (21, 22).

The main protective roles of glutathione against oxidative stress are: that (i)
glutathione is a cofactor of several detoxifying enzymes against oxidative stress, e.g.
glutathione peroxidase (GPx), glutathionetransferase and others; (i1)) GSH participates
in amino acid transport through the plasma membrane; (iii) GSH scavenges hydroxyl
radical and singlet oxygen directly, detoxifying hydrogen peroxide and lipid peroxides
by the catalytic action of glutathione peroxidase; (iv) glutathione is able to regenerate

the most important antioxidants, vitamins C and E back to their active forms;
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glutathione can reduce the tocopherol radical of vitamin E directly, or indirectly, via
reduction of semidehydroascorbate to ascorbate as shown in figure 3.21 (22).

Glutathione depletion-induced chromosomal DNA fragmentation associated with
apoptosis and necrosis. Mitochondria plays an important role in apoptosis and necrosis
under GSH depletion (96-97).

GSH is also involved in regulation of melanin synthesis are shown in figure
3.23&3.24 (46). UVR reduced the levels of GSH. That leads to lessens the inhibition
of tyrosinase activities and increase the synthesis of melanin. Several studies indicate

that glutathione depletion may have effect to melanogenesis (86-89, 98-99).
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Figure 3.23 Effect of GSH on tyrosinase activities
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Figure 3.24 UV-tyrosinase interaction

3.2.3.1.2 Vitamin C

Vitamin C (ascorbic acid) found in cytosolic, mitochondrial and nuclear aqueous

compartments is a very important free radical scavenger. It can exert a synergistic

effect with other antioxidants (e.g. GSH, a-tocopherol). Vitamin C cooperates with

vitamin E to regenerate a-tocopherol from a-tocopherol radicals in membranes and

lipoproteins. Its concentration typically is = 1-10 mM intracellular fluids and =~ 20-150

UM in human plasma.

Ascorbic acid has two ionisable hydroxyl groups and therefore is a di-acid

(AscH,). At physiological pH, 99.9% of Vitamin C is present as AscH , and only very

small proportions as AscH; (0.05%) and Asc, (0.004%). The antioxidant chemistry of
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Figure 3.25 Various forms of vitamin C and its reaction with radicals(R") (22).

vitamin C is thus the chemistry of AscH . AscH has a unique 2,3-enediol moiety in
the five member rings, which has a strong electron donating ability and reacts with
radicals to produce the resonance stabilised tricarbonyl ascorbate free radical (AscH)
(Figure 3.25).

3.2.3.1.3 Vitamin E

Vitamin E (a-Tocopherol) is a fat-soluble vitamin that tends to concentrate in the
cell membrane. o-Tocopherol, is a highly effective antioxidant found in the
lipoproteins and cell membranes. Structure of a-tocopherol is shown in figure 3.26.
The o -tocopherol and ascorbic acid function together in a cyclic-type of process.
During the antioxidant reaction, a -tocopherol is converted to an a -tocopherol radical
by the donation of a labile hydrogen to a lipid peroxyl (ROO‘) and alkoxyl
radical(RO").a-Tocopherol scavenges lipid LOO® through a transfer of hydrogen atom
to give the tocoperoxyl radical (aTO®). The a -tocopherol radical can thus be reduced

to the original a -tocopherol form by ascorbic acid (Figure 3.27).

R

Figure 3.26 Structure of a-tocopherol. (R;, R, = CHj3)
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Fig 3.27 Interacting network of nonenzymic antioxidant (100).

When a ROS attacks membrane structure, it can be reduced by a-tocopherol that,
in turn, can be regenerated by ubiquinol or ascorbic acid. Reduced ascorbic acid can
be regenerate by GSH that, in turn, can be reduced by nicotinamide adenine
dinucleotide phosphate reduced (NAD[P]H) pool. RO, reduced reactive oxygen free
radical; RO reactive oxygen free radical (100).

3.2.3.2 Enzymatic antioxidants

Among enzymatic antioxidants, glutathione peroxidase(GPx), catalase(CAT) and
superoxide dismutase(SOD) play a pivotal role. It has been reported solar stimulated
irradiation initially decrease glutathione peroxidase, superoxide dismutase and catalase
(33).

3.2.3.2.1 Glutathione peroxidase (GPx) (EC 1.11.1.19)

Glutathione peroxidase is a tetramer of four identical subunits, with a molecular
weight of 84,000. GPx was first described as an enzyme that protects hemoglobin
from oxidative degradation in red blood cells. GPx is intracellularly located in the
cytosol and mitochondrial matrix. GPx is a selenoenzyme containing selenocystein
amino acid residue in the active site of each monomer that participates in the actual

mechanism of the enzyme. Lack of selenium leads to a deficiency in GPx activities
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and consequently decreased ability to oxidize glutathione and adequately catabolize
H,O, (101).

GPx is capable of reducing hydrogen peroxides as well as lipid peroxide
(LOOH). The glutathione cycle metabolizes H,O, by using reduced glutathione as a
substrate for H,O, in a reaction catalyzed by GPx producing oxidized glutathione and
HO0.

2GSH + H,0, — GSSG + H,O
or 2GSH + ROOH — GSSG + ROH

The regeneration of GSH from oxidized form, GSSG is achieved by an enzyme
called glutathione reductase(GR), using NADPH as a reducing agent. Significantly,
GPx competes with CAT for H,O, as a substrate and is the major source of protection
against low levels of oxidative stress (22).

GSSG + NADPH + H'— 2GSH + NADP"

3.2.3.2.2 Superoxide dismutase (SOD) (EC1.15.1.1)

SOD is a metalloenzyme which catalyzes the dismutation of O," to H,O, and O,
in the following reaction:

20, +2H" ———— H,0,+ O,

Superoxide dismutase exists in several isoforms, differing in the nature of the
active metal centre and amino acid constituency, as well as their number of subunits,
cofactors and other features. In humans, there are three forms of SOD identified:
cytosolic Cu/Zn-SOD (16kDa), mitochondrial MnSOD (96 kDa), and extracellular-
SOD (EC-SOD).

Cu, Zn-SOD is composed of two identical subunits (homodimer). Cu, Zn-SOD
specifically catalyzes the dismutation of the superoxide anion to oxygen and water.
Each subunit contains as the active site, a dinuclear metal cluster constituted by copper
and zinc ions. Enzyme activities is relatively independent of pH in the range of 5-9.5.

Mn-SOD is a homotetramer (96 kDa) containing one manganese atom per
subunit. Mn-SOD 1is one of the most effective antioxidant enzymes that has anti-
tumour activity. A set of studies on different cell lines has confirmed that

overexpression of Mn-SOD leads to tumour growth retardation.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pharmacology) / 43

EC-SOD is a secretory, tetrameric, copper and zinc containing glycoprotein, with
a high affinity for certain glycosaminoglycans such as heparin and heparin sulphate.
Its regulation in mammalian tissues occurs primarily in a manner coordinated by
cytokines, rather than as a response of individual cells to oxidants (22).

3.2.3.2.3 Catalase (CAT) (EC 1.11.1.6)

CAT is a tetrameric haem-enzyme consisting of four identical tetrahedrally
arranged subunits of 60 kDa and containing four ferriprotoportophyrin groups per
molecule with 240 kDa molecular mass. It contains one molecule of nicotinamide
adeninedinucleotide phosphate (NADPH) to help stabilize the enzyme. It catalyzes
H,0, to form H,0 and O; in the following reaction:

2H,Op — H,0+ O,

Catalase is located in a cell organelle called the peroxisomes, to a limited extent

in mitochondria and other intracellular organelles. Catalase has one of the highest

turnover rates for all enzymes: one molecule of catalase can convert ~6 million

molecules of hydrogen peroxide (22). It is well documented that the catalase activities
is lower after an acute dose of UVA. This has been demonstrated in mouse skin, as
well as in human skin fibroblasts and keratinocytes. Chronic UVA exposure
suppressed the catalase activities in hairless mouse skin, whereas acute or chronic
UVB irradiation had no effect on the catalase activities in mice (25).

SOD, CAT, GPX and GSH within cells remove O," and H,0, before they
further react with other species or metal catalysis to generate more reactive species

(Figure 3.28).
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Figure 3.28 Diagrammatic representation of relationship between cellular

antioxidants (102).

3.3 Antioxidants as inhibitor of UV- induced melanogenesis: the effects of Thai
medicinal plants

Polyphenolics are diverse group of compounds that are composed of an aromatic
benzene ring substituted with hydroxyl groups, including their functional derivatives.
Polyphenolics are ubiquitous secondary metabolites of the plant kingdom. The plant
phenolic compounds such as flavonoids, tannins and phenolic acids, are widely
distributed in various vegetables and fruits and show many physiological and
pharmacological functions. Many studies have shown that natural polyphenolic
compounds in plants could inhibit lipid oxidation induced by free radicals and protect
photooxidation (103).

Several studies have shown the phenolic compounds to act as scavengers of O,"",
'0,, OH", and lipid peroxyl radicals. In a structure-dependent manner, phenolic
compounds are capable of scavenging ROS and chelating transition metal ions such as

iron and copper, which play vital roles in the initiation of free radical reactions.
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The free radical scavenging and antioxidant activities of phenolics are dependent
upon the arrangement of functional groups about the nuclear structure. Both the
number and configuration of H-donating hydroxyl groups are the main structural
features influencing the antioxidant capacity of phenolics Figure 3.29 (a). In line with
literature data the present study corroborates with the view that the following
structural features of flavonoid are important for antioxidant and free radical
scavenging activities: (A) an 0-diphenolic group (in ring B), (B) a 2-3 double bond
conjugated with 4-oxo function and (C) hydroxyl groups in positions 3 and 5 (Figure
3.29 (b) (103).

13 B
J:;LH OH O
HOT{-’J\“M’O‘M i no 'm"’ O A
lo- ~ _—
S OH \LA
(H O
flavonaol oxidized flavonol
(a)

I OH

(b)

Figure 3.29 (a) and (b) Structural groups and antioxidant capacity.
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In recent years naturally occurring herbal compounds such as phenolic acids,
flavonoids, and high molecular weight polyphenols have gained considerable attention

as beneficial protective agents of skin damage induced by UV irradiation (Table 3.4).

Table 3.4 Evidence of phenolic compounds as protective agents against skin damage

induced by UVR.

Phenolic compounds Action Reference
o Protective effect on the cleavage of DNA | Ahsan H. et al.,
Curcuminoids ‘ -
by hydroxyl radicals (1999)
Protect against free radical damage caused | Gali-Muhtasib
Tannins by exposure to UV light by reducing H,O, HU, et al.,
production (1999) *°
Inhibit  propagation of the lipid
Caffeic and peroxidative chain reaction and to react | Saija A. etal.,
ferulic acids with nitrogen oxides (1999) °!
Green tea polyphenol | Restore the UV-induced decrease in GSH ‘
Katiyar S.K.

(-)-epigallocatechin-3-

level and afforded protection to the

etal., (2001)*

gallate antioxidant enzyme GPX
‘ Protect skin antioxidant systems, GPx,
Quercetin o )

GR, CAT and SOD activities, against | Inal M.E. et al.,

UVA irradiating damage (2001) **
o ' ‘ Bonina F et al.,

Capparis spinosa Reduce UVB-induced skin erythema "

(2002)
Stop lipid peroxidation by quenching the Ozkur MK,

Ginkgo biloba

peroxyl radical

etal., (2002)°°

Antioxidant complex
containing carotenoid:
(Lycopene, B carotene,

a-tocopherol)

Improve any parameters of the epidermal

defense against UV-induced cell damage

Cesarini J.P,

etal., (2003)°°
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Table 3.4 Evidence of phenolic compounds as protective agents against skin damage

induced by UVR. (Continued)

Phenolic compounds Action Reference
Protect epidermal cells against UV-
induced damage by = modulating Jeon S.E et al.,
(+)-Catechin antioxidant enzyme activities and prevent (2003)°’

keratinocyte apoptosis.

Protect ultraviolet apoptosis in HaCaT

Dhanalakshmil S,

Silibinin . .
human immortalized keratinocytes. etal., (2004)
Inhibit UV-radiation-induced oxidative | Mantenaa S.K.

Grape seed stress and activation of MAPK and NF-xB | and Katiyar S.K,
proanthocyanidins | gjengaling in human epidermal (20006)
keratinocytes.
Inhibit UV-light-induced plasmid DNA
o . Russo A, et al.,
Genistin damage and cell growth in human 40
(2006)

melanoma cells.

Prunella vulgaris

and rosmarinic acid

Exhibit ability to reduce the UVA-caused
decrease in a cell viability and suppress

UVA-induced ROS production.

Psotova, J., et al.,
(2006)*!

Inhibit of the photosensitized lipid | Hinneburg, I., et
Buckwheat herb o o "
peroxidation of linolic acid. al., (2006)
Protects human HaCaT keratinocytes and
o _ Afaq, F.etal.,,

Delphinidin mouse skin against UVB-mediated (2007)®

oxidative stress and apoptosis.
o Anti-apoptotic and anti-oxidant effect on Lee, E.R. etal.,

Eriodictyol . o ‘ "
UV-induced apoptosis in keratinocytes. (2007)
Prevents UVB-induced cyclooxygenase 2
expression: coupled mRNA stabilization | Tong, X. et al.,

Apigenin

and translational inhibition.

(2007)*
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(b) Curcuma aromatica

Figure 3.30 (a) and (b) Pictures of Alpinia galanga and Curcuma aromatica.

Due to biochemical processes occurring in the body, it is normal for free radicals
to be present in the body at all times, however when the free radicals increase to an
abnormal level the danger begins. Antioxidants are substances with free radical chain
reaction breaking properties. Among the numerous antioxidants available, flavonoids
are naturally occurring phenolic compounds in plants. The antioxidative effect of
flavonoids had long been recognized. They are known to inhibit lipid peroxidation, to
scavenge free radicals and active oxygen, to chelate iron ions and to inactivate
lipoxygenase. The extracts from various species of Zingiberaceae family showed
moderate to good antioxidant properties. It has been interested in Zingiberaceae family
species as these could be new source of natural antioxidants because most of these
wild rhizomes are used as traditional medicines and spices by the local people. It is
known that several species from Zingiberaceae displayed strong antioxidant properties
(46-47).

The Zingiberaceae is among the plant families widely distributed throughout the
tropics in Southeast Asia. Alpinia galanga and Curcuma aromatica, in particular, have
traditionally been used in skin problems. Screening of rhizomes extracts of
Zingiberaceae extracts showed their strong antioxidant activities comparable with or
higher than that of a-tocopherol (47). By using sulfur free radical reactivity with
curcumin as a reference indicator, the addition of the supernatant from crude extracts

to the reaction mixture significantly decreased the depletion of curcumin (104). Hence,
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antioxidant properties as the biological activities of potential medicinal plants in the
inhibition of oxidative stress-induced skin damage should be investigated.

Galangal, also called galanga, galingale, galangale, and calangall, is a pungent
aromatic rhizome produced in eastern Asia. There are two different species of
galangal: one is the so-called lesser or smaller galangal (Alpinia officinarum Hance
Farw.), a perennial herb native to China, with pyramidal racemes of rose-veined white
flowers; the other is the so-called greater galangal [Alpinia galanga (L.) Swartz. or
Languas galanga (L.) Stuntz], a stemless perennial herb of southeastern Asia with
fragrant short-lived, largely white flowers (105).

Alpinia galanga (A. galanga) is widely cultivated in China, India, and Southeast
Asian countries such as Thailand, Indonesia, and the Philippines. The rhizomes of this
plant are extensively used as spice or ginger substitutes for flavoring foods, and also
used in traditional medicine for several purposes, such as stomachic, carminative,
antiflatulent, antifungal, gastroprotective, antiallergic and anti-itching (105-107).
Phenylpropanoids are major components in A. galanga. Phenylpropanoids including
I’'S-1° Acetoxychavicol  acetate, 1’S-1’-acetoxyeugenol  acetate, 1’S-
I’hydroxychavicol acetate, trans-p-hydroxycinnamaldehyde, trans-p-coumaryl
alcohol, trans-p-hydroxycinnamyl acetate, and trans-p-coumaryl diacetate were found

from the rhizomes of A. galanga SWARTZ (106).

OAc OAc OAc OH
OCH;
aco™ | Aco™ I HOY ] N
CHO

1'S-1-acetoxychavicol acetate 1'S-1'-acetoxyeugenol acetate 1'S-1-hydroxychavicol acetate trans-p-hydroxycinnamaldehyde

OH OH OAc OAc
OCH;
= . = |
CH,OH CH;OAc CH,0Ac
trans-p-coumaryl alcohol trans-p-hydroxycinnamyl acetate #rans-p-coumaryl diacetate eugenol acetate

Figure 3.31 Chemical structures of phenylpropanoids from A. galangal (106).
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The rhizome of A. galanga contains up to 1.5% essential oil (1, 8 cineol, a-
pinene, eugenol, camphor, methyl cinnamate and sesquiterpenes). In dried galangal,
the essential oil has quantitatively different composition from the fresh one. Where as
a-pinene, 1, 8-cineol, a-bergamotene, trans-f-farnesene and [B-bisabolene seem to
contribute to the taste of the fresh galangal equally, the dried rhizome shows galangal
variation in aroma components (cineol and farnesene, mostly). The resin causing the
pungent taste consists of several diarylheptanoids and phenylalkanones. Furthermore,
the rhizome has starch in high contents (108-111).

Extracts of the rhizome of A. galanga have been assessed for free radical
scavenging activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and
cytotoxic activity against MCF-7 (breast adenocarcinoma) and LS174T (colon
adenocarcinoma) cell lines (112). In raw beef, galangal extract at 10% (w/w) was as
effective as a-tocopherol at 0.10% (w/w) and butylated hydroxytoluene (BHT) at
0.02% (w/w) in inhibiting/minimising lipid oxidation. However, cooked beef treated
with galangal extract or antioxidants had lower a values and total microbial counts
than the control. Thus galangal extract may be a possible natural antioxidant source for
meat and meat products (113). In minced beef, added galangal extract improved
oxidative stability. Galangal extract at higher concentrations of 0.05% and 0.10%
(w/w) were also found to extend the shelf-life of minced beef. Addition of a-
tocopherol (0.02%, w/w) to galangal extract (0.05%, w/w) were observed to increase
the oxidative but not the microbial stability of minced beef during the storage of 7
days (114). Oxygen-derived free radicals and lipid peroxidation are associated with
gastrointestinal lesions, and antioxidants prevent the lesions by various ulcerogens. A.
galanga showed significant increase in the GSH level in the rats gastric mucosa (106).
The free radical scavenging and tyrosinase inhibition activities of Lesser Galanga was
investigated. Lesser Galanga gave the free radical scavenging activity with % the
residual rate of absorbance (%RRA) of about 76.70% comparable to a-tocopheral and
ascorbic acid which were 2.7% and 18% respectively and the tyrosinase inhibition
activities of about 44.8% of the control while kojic acid was 100% of the control

(115).
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Figure 3.32 Chemical structures of curcuminoids (125).

Acute (24 h) and chronic (90 days) oral toxicity studies on the ethanolic extracts
of the rhizomes of A. galanga was carried out in mice. Acute dosages were 0.5, 1.0,
and 3 g/kg body weight while the chronic dosage was 100 mg/kg/day. All external
morphological, hematological, and spermatogenic changes, in addition to body weight
and vital organ weights were recorded. During this investigation no significant
mortality as compared to the controls was observed. Hematological studies revealed a
significant rise in the RBC level, but a significant fall in the WBC and RBC levels of
A. galanga treated animals (116).

Several frequently used herbal drugs are derived from the Curcuma species of the
family, Zingiberaceae. Curcuma species are medicinal herbs with various
pharmacological activities including antioxidative, anticarcinogenic, antiinflamatory
and hypocholesterolemic activities (117-124). They have a characteristic yellow color
and contain curcuminoids which are natural antioxidants. Curcuma species has a
characteristic dark yellow color, and it has been found to be a rich source of phenolic
compounds. Curcuminoids contain three major yellow pigments; curcumin (diferuloyl
methane), demethoxycurcumin (p-hydroxycinnamoyl, feruloylmethane), and bis-
demethoxycurcumin  (di-p-hydroxycinnamoylmethane). Chemical structures of
curcuminoids are shown in figure 3.32. Curcumin, which is the major constituent of
curcuminoids, is reported to be a natural antioxidant with inhibition effects for
cytotoxicity and cancer. Curcumin has been reported to scavenge superoxide anions,

nitric oxide radical and hydroxyl radical (117-124). Curcumin inhibit hydrogen
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peroxide induced cell damage in NG108-15 cells (118). Curcuma longa has been
intensively studied. Pharmacological studies of other Curcuma species were very few,
because botanical origins of Curcuma could not be easily identified due to similarity
of morphology, and variety of naming derived from used parts and producing areas
(116).

The rhizomes and roots of Curcuma (C. aromatica) are commonly used as
traditional drugs. The rhizome of Curcuma aromatica Salisb (C. aromatica) has no
value as a spice but it used in cosmetic formulation and medicines. It is used as a
stomachic carminative, chloretic, ,analgesic, sedative, hepatitis, menstrual disorder,
epilepsy, skin disorder and also used for treatment of cervical cancer. This plant is
well known as the source of monoterpenoids, sesquiterpenoids and curcuminoids that
have been reported to possess antimicrobial, antifungal, antioxidant and antitumor
activities (116-122). C. aromatica showed regulatory effect on nitric oxide (NO)
levels using sodium nitroprusside as a NO donor by exhibiting a dose-dependent NO
scavenging activity in vitro (126). Additionally, curcuminoids found in curcuma
species were more active than a-tocopheral (Vitamin E) as potent inhibitors of lipid
peroxidation  (127). Antioxidant activities of demethoxycurcumin and
bisdemethoxycurcumin have been reported in the model systems of hydroxyl radical
induced DNA damage, DPPH radical scavenging activity and recently in lipid
peroxidation (125). Antioxidant property of curcumin acts against the free radicals and
thereby reducing the cancer incidences. Curcumin activity is comparable to ascorbic
acid, a-tocopherol, and SOD. Very small concentration (100 mg/ml) of curcumin was
found to be as effective as butylated hydroxyl anisole (BHA), a potent antioxidant.
Antioxidant studies performed with curcuminoids and tetrahydrocurcuminoids showed
that they prevent free radical formation and scavenge free radicals already presented in
biological system (115). The ethanol-extracted C. aromatica did not cause dermal
irritation when applied to human skin. No adverse effects on human volunteers were

observed 2 months after application (128).
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As mentioned above, many of the most popular depigmentating agents in use
today exhibit toxicity to melanocytes and are known to produce adverse side effects.
The ideal treatment for melasma should allow depigmentation without bleaching of
normal skin as well as should not be sensitizing or irritating and be cosmetically
acceptable. Hence A. galanga and C. aromatica were interested in studying the

antioxidant effects in inhibition melanogenesis using melanoma cell culture model.
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Figure 3.33 Strategy planed for a study on the antioxidant effects of Alpinia galanga

and Curcuma aromatica rhizome extracts on the inhibition of UV-induced cellular

melanogenesis.
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CHAPTER IV
MATERIALS AND METHODS

4.1 Chemicals, Materials and Instruments
Chemicals and reagents used were of the highest quality available and were
purchased from Sigma, Aldrich (USA and Germany), Bio-rad (Germany), BDH
Chemical Company (Gillingham, Dorset, UK) or Merck (Darmstadt, Germany)
with the following exceptions; streptomycin from General drug house (Thailand),

Trypsin 250 from Difco Laboratories and Tyrosinase from Fluka (Germany).

G361 cell line from American Type Culture Collection (ATCC, Rockville, Md,
USA) and CC2511 were a kind gift from Assoc. Prof. Parkpoom Tengamnuay,
Faculty of Pharmaceutical Sciences, Chulalongkorn University. Dulbecco’s
modified Eagle medium (DMEM) was obtained from Gibco (USA) or Invitrogen
(NY, USA).

Tissue culture plates and flasks were from Corning (USA).

Reagents and materials used with thin layer chromatography (TLC) analysis
were from Merck (Darmstadt, Germany). TLC plate imaging to identify the
fingerprints of the herbal extracts were performed by TLC combined with video
scanning TLC [Camag Video Documentation System connected with Reprostar 3
transilluminator cabinet and used under Video Store 2 (version 2.23) and Video
Scan TLC/HPTLC evaluation software (version 1.01.00) (Camag, Muttenz,
Switzerland)].

Spectrofluorometric =~ measurements ~ were carried out using a

spectrofluorometer Synergy TM from Biotek (Vermont, USA).
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4.1.1 Chemicals

- Albumin from bovine serum (BSA) (Sigma, USA)

- Bio-Rad protein assay (Bio-Rad, Germany)

- Catalase from bovine liver (Sigma, USA)

- Diethylenetriaminepentaacetic acid
[[(HOOCCH;),NCH,CH,],NCH,COOH], MW 393.35 (Sigma
Aldrich, Germany)

- 3,4-Dihydroxy-L-phenylalanine [CoH;;NO4], MW 197.19
(Sigma, USA)

- Diphenylboric acid 2-aminoethyl ester [(C¢Hs),BOCH,CH,NH;], MW
225.09 (Sigma, USA)

- 2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl(DPPH) [C;sH2N5Og¢]
MW 394.32,(Sigma, USA)

- Dimethyl sulfoxide [(CH3),SO], MW 78.13 (Sigma, USA)

- Dulbecco’s modified Eagle’s media (DMEM) (GIBCO, USA)

- Ethylenediaminetetraacetic acid disodium salt
dihydrate [C;oH14N2NayOg - 2H,0], MW 372.24 (Sigma Aldrich,
Germany)

- Fast Blue B Salt [C14H2N4O,Cl; - ZnCl,], MW 475.47 (Sigma-
Aldrich, Germany)

- Formaldehyde solution [HCHO], MW 30.03 (Sigma, USA)

- Glutathione Peroxidase from bovine erythrocytes (Sigma, USA)

- L-Glutathione reduced
[Ho,NCH(CO,H)CH,CH,CONHCH(CH,SH)CONHCH,CO,H],
MW 307.32 (Sigma-Aldrich, Germany)

- Glutathione reductase (Sigma, USA)

- Hydrochloric acid [HCI], MW 36.46 (Sigma, USA)

- Hydrogen peroxide 30 % (w/w) in H,O [H,0,], MW 34.01 (Merck,
Germany)

- Hypoxanthine [CsH4N4O], MW 136.11(Sigma, USA)

- Leupeptin (Sigma, USA)

- Melanin (Sigma, USA)
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Methanol [CH3;0H], MW 32.04, (Merck, Germany)

B-Nicotinamide adenine dinucleotide phosphate, reduced form
MW 833.4 (Sigma, USA)

Nitrotetrazolium Blue chloride [C40H30N19Og - 2C1], MW 817.64

(Sigma-Aldrich, Germany)

Penicillin G (General drug house, Thailand)

Pepstatin A (Isovaleryl-Val-Val-Sta-Ala-Sta) [C34Hg3NsOg], MW
685.9 (Sigma, USA)

PMSF (phenylmethylsulfonyl fluoride) [C;H7FO,S], MW 174.2
(Sigma, USA)

Phthaldialdehyde [CsHO,], MW 134.13 (Sigma-Aldrich, Germany)

Potassium hydroxide [KOH], MW 56.11 (BDH,UK)

Potassium periodate [KIO4], MW 230 (Sigma-Aldrich, Germany)

Potassium phosphate monobasic [KH,PO4], MW 136.09 (Sigma-
Aldrich, Germany)

Purpald [C;H¢NeS], MW 146.17 (Aldrich, USA)

Sodium hydroxide [NaOH], MW 40.00 (Merck, Germany)

Streptomycin (General drug house, Thailand)

Superoxide Dismutase From Bovine Liver MW 32,000 (Sigma, USA)
Tert-butyl hydroperoxide solution [(CH3);COOH], MW 90.12(Aldrich, USA)
Trichloroacetic acid [Cl;CCOOH], MW 163.39(Sigma-Aldrich,
Germany )

Triton X-100 (t-octylphenoxy polyethoxyethanol) (Sigma, USA)
TRIS hydrochloride [NH,C(CH,OH); - HCI], MW 157.60 (Sigma,
USA)

Trypsin 250 (Difco Laboratories)

Tyrosinase (Fluka, Germany)

Xanthine Oxidase from microbial source (Sigma, USA)



Kannika Jaemsak Materials and Methods / 58

4.1.2 Materials
- Autopipet matrix cellmatell (Matrix Technologies corporation, USA)
- 25-cm” cell culture flasks (Corning, USA)
- 75-cm? cell culture flasks (Corning, USA)
- 24-well cell culture cluster; Flat bottom (Corning, USA)
- 96 well cell culture cluster; Flat bottom (Corning, USA)
- Centrifuge tube 50 ml (Corning, USA)
- Disposable syringe (Nipro, Thailand)
- Hemacytometer (Reichert scientific instruments, USA)
- Hypodermic needle (Nipro, Thailand)
- Syringe filter; Minisart (Sartorius, Germany)
- TLC aluminium sheets; Silica gel 60F;s4 (Merck, Germany)
- Whatman filter paper (Whatman, England)
4.1.3 Instruments
- CAMAG Reprostar3(Camag, Switzerland)
- CO; incubator; MCO-20AIC (Sunyo, Japan)
- Dermalight Ultral (Hoenle, Germany)
- Inverted Microscope CKX41SF (Olympus Optical Co. Ltd., Japan)
- Linomat5 (Camag, Switzerland)
- Lyovac lyofilizer (Cologne, Germany)
- Refrigerated centrifuge BR3.11 (Jouan, USA)
- Rotary evaporator; Rotavapor R110 (Buchi, Switzerland)
- Spectrofluorometer; Synergy HT (Bio-Tek®, USA)
- Thermo shaker (Biosan, Latvia)
- TLC plate heater III (Camag, Switzerland)
- TLC tank (Camag, Switzerland)
- Vortex-2 genie (Scientific industries, USA)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Pharmacology) / 59

4.2 Methods

4.2.1. Quanlitative study of plant extracts

4.2.1.1 Preparation of the plant extracts

The dried rhizomes piece of A. galanga and C. aromatica were obtained from
Ms. Chaisri and Dr. Laohapand, Siriraj Ayurved Applied Thai Traditional Medicine
Clinic, Center of Applied Thai Traditional Medicine, Siriraj Hospital Medical School,
Mahidol University. The dried rhizome pieces were extracted as previously described.
The dried rhizome pieces were macerated in 90% ethanol at room temperature for 72
hours. Each extract was passed through Whatman filter paper 110 mm (Whatman,
England). The filtrate obtained was concentrated by evaporation under reduced
pressure in rotatory evaporator under reduced pressure (Rotavapor R110, BUCHI,
Switzerland) and then lyophilized (Lyovac lyofilizer, Cologne, Germany) to dryness
for further analysis. Extracts isolated were kept at —80 "C until testing.

4.2.1.2 Thin layer chromatography (TLC) analysis

TLC combined with video scanning was performed to analyse herbal extracts as
described (Lee et al., 2005). Stock solutions containing 100 mg/ml of each extract and
10 mg/ml of curcuminoids were prepared in 80% ethanol. A drop (1 ) of each
extract and phenolic compounds was loaded on TLC plate and developed in a solvent

system to the distance of 90 mm (TLC; silica gel 60 F254, Merck)

Solvent systems used were as the followings:

System 1 chloroform: ethanol: glacial acetic acid = 47.5:25:0.5
System 2 toluene : ethyl acetate =46.5:3.5

Absorbent: TLC silica gel plate (60 F 254, 10 cm x 10 cm)
Spray reagent: Fast blue salt reagent (FBS)

0.5 g fast blue salt B is dissolved in 100 ml water. The plate is sprayed with 6 — 8
ml, dried and inspected in visible light.

To confirm the presence of phenolic, TLC was additionally sprayed with specific
reagents (FBS). TLC plate imaging to identify the fingerprints of the herbal extracts
were perform by TLC combined with video scanning TLC [Camag Video
Documentation System connected with Reprostar 3 transilluminator cabinet and used

under Video Store 2 (version 2.23) and Video Scan TLC/HPTLC evaluation software
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(version 1.01.00) (Camag, Switzerland)]. The retardation factor (Rf value) and relative
retardation factor (rRF value) are used to characterize and compare components of

each herbal extracts.

Retardation factor (Rs value) = distance from origin to component spot

distance from origin to solvent front

Relative retardation factor (rRF value) = Ryof component

R¢ of marker

Following the guidelines for bioequivalence (BE) assessment, coding that a

standard BE range for basic pharmacokinetic parameters of 0.8—1.25 (80%-125%) and

the percent coefficients of variation (%CV) of less than 15% for the assay precision
have been generally accepted. This study applied such guidelines using rRf values as a

parameter for qualitative analysis of the plant extracts(129,130).
4.2.2. Determination of total phenolics

The content of total phenolics was determined by using the Folin-Ciocalteau
method. Under alkaline conditions, phenolics are oxidised by the Folin-Ciocalteau
reagent containing a mixture of phosphotungstic acid (H3PW;04) and
phosphomolybdic acid (H;PMo0;,049). The reagent becomes partly reduced producing
the complex molybden-tungstic blue.

The amount of total phenolics in extracts was determined according to the Folin-
Ciocalteu procedure (Singleton and Rossi, 1965). Samples 200pl were added into test
tubes; 1.0 mL of Folin-Ciocalteu’s reagent and 0.8 mL of sodium carbonate (7.5%)
were added. The tubes were mixed and incubate at room temperature allowed to stand
for 30 min. Absorption at 765 nm was measured by spectrophotometer. Determination

of total phenolic using gallic acid as reference phenolic.
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4.2.3 Free radical scavenging activity assay

In detecting free radical scavenging activities of the phenolic compounds of the
plant extracts, DPPH (1,1-diphenyl-2-picrylhydrazyl) is a stable free radial with violet
color. If DPPH radical are scavenged, violet color will be changed to yellow. This

assay uses this character to study free radical scavenging activity of herbs tested.

DPFH
Q.0 .0
T, " = N
v hiH
i ._._._._-_.% \
OuN 2 . NO,, % QN NO,,
antioxidant
NOE‘ NOZ
violet vellow

Figure 4.1 DPPH scavenging

Free radical scavenging activity of the herbal extracts were studied by DPPH
radical scavenging activity. Samples in ethanol (100 pl) was added to a solution of
DPPH radical in ethanol (0.2mM, 100 pl) in a 96 well plate. The absorbance at 520
nm was determined at 0 and 30 min.

The scavenging activity of samples was estimated by measuring the absorption of
the mixture, which reflects the amount of DPPH radical remaining in the solution. The
scavenging activity was calculated by comparing the absorbance of each sample with
that of a blank containing only DPPH and the solvent. L-ascorbic acid was used as a

reference.

% scavenging activity = WXIOO%

Ac = absorbance of control at 0 min
Ao = absorbance of sample at 0 min

Asp = absorbance of sample at 30 min
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4.2.4 Antityrosinase activity

Table 4.1 Preparation of reagents for antityrosinase activity assay

Tyrosinase
20 mM Test
solution Methanol
phosphate buffer _ sample
(480 units/ml)
A (control) 120 pl 40 pl - 20 pul
B (blank of control) 160 ul - - 20 pul
C (test sample) 120 pl 40 pl 20 ul -
D (blank of test sample) 160 pl - 20 ul -

Reagents for antityrosinase activity assay were prepared using 20mM phosphate
buffer pH 6.8 (NaH,PO4.H,0O 0.2839 g and Na,HPO, 0.1320 g in HPLC-grade water
200 ml adjust to pH 6.8), 0.85 mM L-DOPA in 20mM phosphate buffer, tyrosinase
solution 480 units/ml in 20mM phosphate buffer, test sample in methanol.

Set up the following reactions in a 96 well plate (per well). Incubate at 25°C 10
min. Initiate the reactions by adding 20 pl of L-DOPA solution to each well using a

multichannel pipettor and incubate at 25°C 5 min. Measuring absorbance at 470 nm.

A-B)-(C-D
% tyrosinase inhibition =( (,Z\—(B) )x100

4.2.5 Cell culture

4.2.5.1 Cell culture

The human fibroblast cells (CC2511) are cultured in flask with fibroblast growth
medium containing 15% fetal bovine serum (FBS), 100 unit/ml penicillin G, 100
pg/ml streptomycin and grown at 37 'C in a humidified atmosphere, in the presence of
5% CO,. The growth of cells are inspected by using an inverted phase-contrast
microscope and fed with the culture medium every 2-3 days until confluence.

The human melanoma cells (G 361) are cultured in flasks with Dulbeco
Modified Eagle’s medium (DMEM) containing 15% fetal bovine serum (FBS), 100
unit/ml penicillin G, 100 pg/ml streptomycin and grown at 37 ‘C in a humidified

atmosphere, in the presence of 5% CO,. The growth of cells are inspected by using an
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inverted phase-contrast microscope and fed with the culture medium every 2-3 days
until confluence.

Cells were cultured in 75 cm® flasks until reaching 80% confluency then
harvested. Cells were counted and careful mixing of the cell suspension was needed to
ensure uniform plating in the microwells (siphon the cells up and down with a pipette).
Cells were plated and left overnight for attachment before the indicated treatments.

Upon different assays used, G361 cells were seeded at 2 x 10° cells/well in a 24-
well plate (1 ml/well) and 2 x 10° cells/well in a 96-well plate (200 ul/well) and
CC2511 cells were seeded at 5x 10 cells/well in a 96-well plate (200 pl/well).

4.25.2 MTT assay

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay, first
described by Mosmann in 1983, is a colorimetric assay system that based on the ability
of a mitochondrial dehydrogenase enzyme from viable cells to cleave the tetrazolium
rings of the pale yellow MTT and form a dark blue formazan crystals. The amount of
color produced is directly proportional to the number of viable cells. The yellow
tetrazolium MTT 1is reduced by dehydrogenase enzymes from active cells, to generate
reducing equivalents such as NADH. The resulting intracellular purple formazan can be
solubilized by detergent. Solubilisation of the cells by the addition of a detergent such as
DMSO results in the liberation of the crystals which are solubilized and quantified by
spectrophotometry.

Mitochondrial succinic
dehydrogenase

MAD MNADH

—

ETR-reduced ETR

=S %

MTT Formazan

o2

Figure 4.2 Cellular metabolism resulting in the conversion of MTT to formazan.
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Human melanoma cells (G361) were cultured on 96 well plates and treated 30
min with different concentrations (0 to 62.5 pg/ml) of the plant extracts for 24h or 30
min and then washing with PBS. PBS is added in each well 200 pl and exposed to
UVA (64 J/cm?). After irradiation, MTT is added in each well (0.2 mg/ml final
concentrations). The plates are incubated at 37 'C in a 5% CO, atmosphere for 1 hour
and then washed with 200 pl of PBS. 200 pl of DMSO is added for each well. The
plates are shaken for 5-10 min. The optical density is measured at 595 nm by
spectrophotometer. The average absorbance of the control wells is regard as 100% and

the percentage of cell viability in each well is calculated (% of control).

4.2.5.3 Tyrosinase activity

Human melanoma cells (G361) were cultured on 24 well plates and treated 30
min with different concentrations (0 to 62.5 ug/ml) of the plant extracts for 30 min and
then washing with PBS. PBS is added in each well 750 ul and exposed to UVA (8
J/em?). After irradiation, each well was added cold extracted buffer 100 ul and gentle
shaking for 30 sec. Collect cell lysate in microtube. Lysates are kept on ice and
enzyme assays are carried out immediately. If not assayed on the same day, freeze the
sample was frozen at -80°C. Then 90 ul of each lysate was placed in a well of a 96-
well plate. 10 ul of 20mM L-DOPA was added. After incubation at 37 °C, absorbance
was measured at at 475 nm for 1 h by spectrophotometric methods. The tyrosinase
activity were calculated by comparing with standard curves produced by the same

methods using known concentrations of tyrosinase activity (2034U/mg).

0.59

Absorbance 475 nm (0.D.)

0.04 T T T T T T T T 1
0 100 200 300 400 500 600 T00 800 900

tyrosinase activity (unit/ml)

Figure 4.3 Standard curve of tyrosinase activity.
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4.2.5.4 Melanin contents

Human melanoma cells (G361) were cultured on 24 well plates and treated 30
min with different concentrations (0 to 62.5 ug/ml) of the plant extracts and then
washing with PBS. PBS is added in each well 750 pl and exposed to UVA (16 J/cm?).
each well was added 1 N NaOH 300 pl and incubation at room temperature 10 min.
Collect cell lysate in microtube. Lysates were kept on ice and melanin contents or
protein assay were carried out immediately. If not assayed on the same day, freeze the
sample at -80°C. 200 ul of each lysate was placed in a 96-well plate. Absorbance was
measured at 475 nm by spectrophotometric methods. Standard curve of synthetic

melanin (0-250 pg/ml) were prepared.
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Figure 4.4 Standard curve of melanin content.

4.2.5.5 Cellular antioxidants

4.2.5.5.1 Antioxidant enzyme activities

Human melanoma cells (G361) were cultured on 24 well plates and treated 30
min with different concentrations (0 to 62.5 ug/ml) of the plant extracts and then
washing with PBS. PBS is added in each well 750 pl and exposed to UVA (8 J/cm?).
After irradiation, each well was added cold extracted buffer 100 pul and gentle shaking
for 30 sec. Collect cell lysate in microtube. Lysates were kept on ice and enzyme
assays or protein assay were carried out immediately. If not assayed on the same day,

freeze the sample at -80°C. All 96-well plate assays were carried out on a plate reader.
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4.2.5.5.1.1 Glutathione peroxidase (GPx)

Glutathione peroxidase(GPx) catalyzes the reduction of hydroperoxides,
including hydrogen peroxides, by reduced glutathione and functions to protect the cell
from oxidative damage. Glutathione peroxidase assay measures GPx activity indirectly
by a coupled reaction with glutathione reductase(GR). Oxidized glutathione (GSSQ),
produced upon reduction of hydroperoxide by GPx, is recycled to its reduced state by
GR and NADPH. The oxidation of NADPH to NADP" is accompanied by a decrease

in absorbance at 340 nm.

R-0-0-H+2GSH —** 3R-0-H +GSSG +H,0

GSSG + NADPH + H* —S* 5 2GSH + NADP*

Reagents for GPx assay were prepared using assay buffer (50 mM Tris-HCI and 5
mM EDTA in HPLC-grade water adjust to pH 7.6), glutathione reductase (provided at
a concentration of 0.025 unit/ul), the mixtures of glutathione and B-NADPH (assay
buffer, yields Glutathione and  -NADPH concentrations of 100 mM and 10 mM,
respectively, and were used within 4 hours), tert-hydroperoxide (provided at 5 mM in
assay buffer). Make a reaction mixture by mixing together. (glutathione reductase 110
ul , reconstituted GSH + B-NADPH 110 pl, assay buffer 880 ul and were used within
4 hours)

Set up the following reactions in a 96 well plate (per well) containing assay
buffer 140 pl, reaction mixture 20 ul and GPx or sample 20 pl. Initiate the reactions
by quickly adding 20 pl of tert-butyl hydroperoxide solution to each well using a
mutichannel pipettor. Immediately begin measuring absorbance at 340 nm every 30
seconds or 1 minute over a 10-15 minute period.The rate of decrease of absorbance at
340 nm in the background was subtracted from that of the samples or standard to
obtain the net rate of decrease of absorbance at 340 nm for the calculation of GPx
activity in samples.

Calculate the GPx activity in the samples from the following equations (where Y

is the volume of the sample):
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AA,,, / min X0.2m|
0.003794M " Yml

GlutathionePeroxidaseActivity = xSampleDilution

= nmole/min/ml = Units/ml

4.2.5.5.1.2 Catalase (CAT)

Catalase(CAT) is an antioxidant enzyme. CAT is involved in the detoxification of
hydrogen peroxide (H,0,), a reactive oxygen species (ROS). This enzyme catalyzes
the conversion of H,O, to molecular oxygen and water (catalytic activity). CAT also
demonstrates peroxidatic activity, in which low molecular weight alcohols can serve

as electron donors, while aliphatic alcohols serve as specific substrates for CAT.

Catalase

(Catalytic Activity) 2H,0, ———~—0,+2H,0

(Peroxidatic activity) H,O, + AH, —Cawlae A4+ 2H ,0

Catalase assay utilizes the peroxidatic function of CAT for determination of
enzyme activity. The method is based on the reaction of the enzyme with methanol in
the presence of an optimal concentration of H,O,. The formaldehyde produced is
measured spectrophotometrically with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole
(purpald) as the chromogen. Purpald specifically forms a bicyclic heterocycle with
aldehydes, which upon oxidation changes form colorless to a purple color.

Reagents for CAT assay were prepared using assay buffer (100 mM monobasic
potassium phosphate, pH 7.0 in HPLC-grade water, stored at 4 °C and were used in
two months),sample buffer (25 mM monobasic potassium phosphate, pH 7.5,
containing ImM EDTA), CAT (positive control), CAT samples (stored at 4 °C and
used in two months), formaldehyde standard (I mM formaldehyde stock solution in
sample buffer), potassium hydroxide (10 M potassium hydroxide solution in cold
HPLC-grade water), hydrogen peroxide (the stock contains 30% solution of hydrogen
peroxide. Dilute 40 pl of hydrogen peroxide with 9.96 ml of HPLC-grade water and
were used in two hours), purpald (34.2 mM of 4-amino-3-hydrazino-5-mercapto-
1,2,4-triazole (Purpald) in 0.5 M hydrochloric acid.) and potassium periodate (65.2
mM potassium periodate in 0.5 M potassium hydroxide).
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Formaldehyde standards (final concentration 0-120 uM) were made by dilution
with sample buffer to obtain a 1 mM formaldehyde stock solution as described in

Table 4.2.(dilution 1:1)

Table 4.2 Preparation of formaldehyde standards.

Add solution .
Formaldehyde Sample buffer | Final concentration
Tube from
stock (ul) ‘ (ul) (uM formaldehyde)*
previous tube
1 1000 - - 120
2 - 500 500 60
3 - 500 500 30
4 - 500 500 15
5 - 500 500 7.5
6 - 500 500 3.7
7 - - 1000 0

* Final formaldehyde concentration in the 170 pl reaction.

Add 100 pl of assay buffer, 30 ul of methanol, and 20 pl of standard, CAT or
sample to well. Initiate reactions by adding 20 pl of hydrogen peroxide to all the wells.
Cover the plate with the plate cover and incubate on a shaker for 20 minutes at room
temperature. Add 30 pl of potassium hydroxide to each well to terminate the reaction
and then add 30 pl of purpald to each well. Cover the plate with the plate cover and
incubate on a shaker for 10 minutes at room temperature. Add 10 pl of potassium
periodate to each well. Cover the plate with the plate cover and incubate 5 minutes at
room temperature on a shaker. Read the absorbance at 540 nm using a plate reader.

Add the amount of substances to each well as described in table 4.3.
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Formaldehyde Positive Control Sample Wells

Standard Wells (ul) Wells (ul) (ud)
Assay buffer 100 100 100
Methanol 30 30 30
Standard 20 - -
Catalase - 20 -
Sample - - 20
H,0, 20 20 20
KOH 30 30 30
Purpald 30 30 30
Potassium periodate 10 10 10

Calculate the formaldehyde concentration of the samples using the equation

obtained from the linear regression of the standard curve substituting corrected

absorbance values for each sample.

Formaldehyde (uM) = [

Sample absorbance — yint ercept

slope

X0.17 ml
0.02 ml

Calculate the catalase activity of the sample using the following equation. One

unit is defined as the amount of enzyme that will cause the formation of 1.0 nmol of

formaldehyde per minute at 25 °C.

CAT Activity =

uM of sample

20 min.

x Sample dilution = nmol/min/ml
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Figure 4.5 Standard curve of formaldehyde.
4.2.5.5.2 Cellular glutathione contents in melanoma exposed to UV
In healthy cells, the glutathione acts as antioxidant by constantly removing ROS.
GSH assay is based on the specificity of the reaction between GSH and the fluorescent
probe, which can determine GSH levels (Figure 4.6). GSH content was assayed using
a modified method of Hissin and Hilf (1976), using the fluorescent reagent O-
phthalaldehyde (OPA), which reacts specifically with GSH at pH 8.

. CHO e ez
AN N.z#9 = HOOC N
HOOC | —_— H
H + - .
HS CHO /L
S .-‘:-l‘\..N

GSH OPA Glutathione 1somdole adduct

Figure 4.6 The reaction of GSH with OPA.

Human melanoma cells (G361) were cultured on 24 well plates and treated 30
min with different concentrations (0 to 62.5 ug/ml) of the plant extracts and then
washing with PBS. PBS is added in each well 750 pl and exposed to UVA (8 J/cm?).
After irradiation, each well was added 100 pl ice cold TCA (6.5% trichloroacetic acid)
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and the plates were left on ice for 10 min collect cell lysate to detected GSH contents
and then added 100 pl extract buffer for each well to determination protein. Collect
cell lysate in microtube. Lysates were kept on ice and GSH contents or protein assay
were carried out immediately. If not assayed on the same day, freeze the sample at -
80°C.

GSH content assay, white 96-well plates were used; 10 pl of standard or
sample, 175 ul of phosphate/EDTA buffer (5.45 ml of 1 M NaOH with 500 ml of 13.6
g KH,POy4, 1.86 g EDTA in 900 ml H,O, pH 8.0 with 1 M NaOH) and 15 pl of o-
phthaldialdehyde (OPA) solution (Img/ml in MeOH) were added, respectively. The
plates were left in the dark for 25 mins and fluorescence was measured at 350 nm
excitation and 420 nm emission using a spectrofluorimeter. The GSH levels were
calculated by comparing with standard curves produced by the same methods using
known concentrations of GSH.

Reagents for GSH assay were prepared using buffer 1(13.6 g KH,PO4 and 1.86
g EDTA in 900 ml water then adjust to pH 8.0 with 1 M NaOH), buffer 2 (500 ml
Buffer 1 and added 5.45 ml NaOH (1M)), OPA (fresh 10 mg OPA in 10 ml methanol)
and TCA (6.5% TCA in water) Preparation GSH standard to 32 nmol/ml GSH stock
solution by diluted with 6.5% TCA.

10000+

RFU

w L
0 5 10 15 20 25 30 35
GSH(nmol/ml)

Figure 4.7 Standard curve of GSH.
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4.2.5.6 Dichlorofluorescein Diacetate Assay

The generation processes of reactive oxygen species can be monitored by using
the fluorescence methods. 2', 7'-Dichlorofluorescein diacetate (DCFH-DA), a stable
and non-fluorescent dye, is widely used to measure oxidative stress in cells. The
conversion of the nonfluorescent DCFH-DA to the highly fluoresecent compound
2°,7’-dichlorfluorescein (DCF") happens in several steps. First, DCFH-DA, readily
crosses cell membranes and then undergoes deacetylated by intracellular esterases to
yield the dichlorofluorescein (DCFH). The probe DCFH trapped within the cells is
susceptible to ROS-mediated oxidation to DCF (Fig.4.10). The fluorescence intensity
is directly proportional to the level of DCF formed intracellularly.

DCFH was stored protected from the light. Sample preparation and experiments
were performed in the dark. Human melanoma cells (G361) were cultured on 24 well
plates and treated 30 minute with different concentrations (0 to 62.5 ug/ml) of the
plant extracts. And then medium was removed and washed twice with PBS. The cells
were preincubated for 45 min at 37 °C in DMEM (serum free) containing 10 pM
DCFH-DA ( from a stock solution of 0.05 M DCFH-DA in DMSO ). After the

preincubation, medium was removed and washed twice with PBS. PBS 750 ul was
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Figure 4.8 The interaction of fluorescent probe with cell and oxidants (72).
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added to each well. Cells were then exposed to UVA (16 J/cm?). The fluorescence
intensity was monitored at an interval of 0.5 min for a total period of 20 min with
excitation wavelength 485 nm and emission wavelength 530 nm by plate reader. As a
positive control, 50 ul H,O, was added to induce an increase in DCF fluorescence.
The net increase in DCF fluorescence was calculated by taking the difference between
the values before and after exposure to UVA. Graphs were plotted on relative
fluorescence unit (RFU) with different concentrations of test compounds.

4.2.5.7 Procedure of protein assay

The Bio-Rad protein assay kit was used. This assay is based on the method of
Bradford. Addition of an acidic dye, Coomassie Brillient Blue G-250 dye to protein
solution. The binding of Coomassie Brillient Blue G-250 to protein causes a blue color
which is soluble in water. The optical density is measured at 595 nm by
spectrophotometer.

Reagents for protein assay were prepared using stock BSA solution (1mg/ml) by
dissolving 0.02 g of BSA in 20 ml of distilled water, aliquot the solution into 10
separate tubes (1ml/tube) and kept frozen at -20 °C. Prepare bovine serum albumuin
for standard protein at various concentrations (0, 5, 10, 20, 40, 80, 160, 320, 640
pg/ml).10 pl standard protein and sample were added to each well of 96 well plate.
Bradford reagent was diluted (1:4) with distilled water. Add 190 pl of bradford
reagent(diluted) in each well and measured the absorbance at 595 nm and calculation

for value of protein in each sample from standard curve fit.
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Figure 4.9 Standard curve of protein assay.
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CHAPTER V
RESULTS

5.1 Identification of antioxidant activity, the presence of phenolic and
antityrosinase activities of the plant extracts

5.1.1 Thin layer chromatography

TLC was a common method for herbal analysis and used for plant extract
standardization. The standardization of plant extract was mainly intended to obtain a
characteristic fingerprint of a specific plant that represents the presence of a particular
quality defining chemical constituents. The advantages of using TLC to construct the
fingerprints are its simplicity, versatility, specificity and simple preparation.The
fingerprint and parameters of quality assessment of A. galanga and C. aromatica
extracts using the thin layer chromatography (TLC) technique.
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Table 5.1 Solvent system of mobile phase to detect phenolic components.

Solvent Standard / Sample Mobile phase Spray
system Substance concentration Solvent Volume | reagent
1.Curcuminoids 10 mg/ ml 1.Chloroform | 47.5 ml cBS
1 2.Curcuma aromatica | 100 mg/ ml | 2. Ethanol 2.5 ml

3.Alpinia galanga 100 mg/ ml | 3. Aceticacid | 0.5ml

1.Curcuminoids 10 mg/ mi 1. Toluene 46.5 mi FBS
2 2.Curcuma aromatica | 100 mg/ ml | 2. Ethyl 3.5 mi

3.Alpinia galanga 100 mg/ ml | acetate

Screening of component in C. aromatica , Curcuminoid and A. galanga. Band
were detected by UV 254, 366 nm or visible (FBS for detection). In identifying
fingerprints of phenolic compounds of the crude extracts of A. galanga and C.
aromatica by using FBS as a spray reagent for detection. TLC analysis of the extracts

showed the presence of phenolics.
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UV 254 UV 366 Visible
I I |
Band 1 2 3 Band 1 2 3 Band 1 2 3

Figure 5.1 Phenolic screening (solvent system 1): Bands were detecteds by UV 254
nm, UV 366 nm and FBS spray. (band1: C. aromatica, band 2: Curcuminoid, band 3:

A. galanga)
UV 254 UV 366 Visible
Band 1 2 3 Band 1 2 3 Band 1 2 3

Figure 5.2 Phenolic screening (solvent system 2): Bands were detecteds by UV 254
nm, UV 366 nm and FBS spray. (band1: C. aromatica, band 2: Curcuminoid, band 3:
A. galanga)
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Table 5.2 Ry and rRF value of Curcuma aromatica and curcuminoids in solvent

systeml (Lot.1).

Lotl
rRF
Band identified R¢

M1l | M2
1 0.31 | 0.44 | 0.38
2 0.72 | 1.01 | 0.89
3 0.83 | 1.17 | 1.02
4 0.88 | 1.24 | 1.09
5) 093 | 131 | 1.15

M1(Curcuminoids) | 0.71 | 1.00 -
M2(Curcuminoids) | 0.81 - 1.00

Curcuma aromatica

7

24 £g

4

1oz 12 170 204 238 2

o

Curcuminoids

24 6g 10z 13& 170 Z04

o

Figure 5.3 Densitometer analysis of Curcuma aromatica and curcuminoids in

solvent systeml (Lot.1).
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Table 5.3 R and rRF value of Curcuma aromatica and curcuminoids in solvent
systeml (Lot.2).

Lot 2
rRF
Band identified Rt

M1l | M2
1 0.27 | 0.38 | 0.33
2 0.65 | 0.92 | 0.80
3 0.79 | 1.11 | 0.98
4 0.87 | 1.23 | 1.07
5} 091 | 128 | 1.12

M1(Curcuminoids) | 0.71 | 1.00 -
M2(Curcuminoids) | 0.81 - 1.00

Curcuma aromatica Curcuminoids

10z 136 170 Z04 238 Z72
24 6g 10z 13& 170 Z04

34 63

o

Q

Figure 5.4 Densitometer analysis of Curcuma aromatica and curcuminoids in

solvent systeml (Lot.2).
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Table 5.4 Ry and rRF value of Curcuma aromatica and curcuminoids in solvent

system1 (Lot.3).

Lot3
rRF
Band identified R¢

M1l | M2
1 0.32 | 0.43 | 0.39
2 0.73 | 0.97 | 0.89
3 0.82 | 1.09 | 1.00
4 0.87 | 1.16 | 1.06
5 091 | 121|111

M1(Curcuminoids) | 0.71 | 1.00 -
M2(Curcuminoids) | 0.81 - 1.00

Curcuma aromatica Curcuminoids

Z04 38 zZ7:2

34 68 1oz 138 170

o

24 3] 102 126 170 Z04

i}

Figure 5.5 Densitometer analysis of Curcuma aromatica and curcuminoids in

solvent system1 (Lot.3).
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Table 5.5 Rfand rRF value of Curcuma aromatica 3 lots detected by FBS staining in
solvent system 1.

Band Lots
i - Rt/ rRF mean Accepted %
identified 1 2 3 range cV

Ry 0311027 | 032 | 030+0015 | 0.24-0.38 | 8.82
1.band1 | rRF(M1) | 0.44 | 0.38 | 043 | 041+0.017 | 0.33-052 | 7.71

rRF (M2) | 0.38 | 0.33 | 0.39 | 0.37+0.018 | 0.30-0.46 | 8.77

Ry 0.72 1 0.65 | 0.73 | 0.70+0.025 | 0.56-0.88 | 6.23
2.band 2 | rRF(M1) | 1.01 | 0.92 | 0.97 | 097 +0.029 | 0.77-1.21 | 4.66

rRF (M2) | 0.89 | 0.80 | 0.89 | 0.86+0.029 | 0.69-1.08 | 6.04

Ry 083 1079 | 082 | 0g1+0012 | 065-1.02 | 2.56
3.band 3 | rRF(M1) | 1.17 | 111 | 1.09 | 113+0.023 | 0.90-1.41 | 3.71

rRF (M2) | 1.02 | 0.98 | 1.00 | 100+ 0.014 | 0.80-1.25 | 2.00

Ry 0.88 | 0.87 | 0.87 | 0.87+0.003 | 0.70-1.09 | 0.66
4.band4 | rRF(M1) | 1.24 | 123 | 1.16 | 121 +0.024 | 0.97-1.51 | 3.60

rRF (M2) | 1.09 | 1.07 | 1.06 | 107 +0.007 | 0.86-1.34 | 1.42

R 093 | 091|091 | 0.92+0.007 | 0.73-1.15 | 1.26
5.band5 | rRF(M1) | 1.31 | 128 | 1.21 | 127+0.029 | 1.01-1.59 | 4.05

rRF(M2) | 1.15 | 1.12 | 1.11 | 113+0.011 | 0.90-1.41 | 1.85
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Table 5.6 Ry and rRF value of Curcuma aromatica and curcuminoids in solvent

system2 (Lot.1).

Lot1l
rRF
Band identified Ry

M1 M2
1 0.04 | 0.80 | 0.40
2 0.07 | 140 | 0.70
3 0.10 | 2.00 | 1.00
4 0.64 | 12.80 | 6.40

M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00

Curcuma aromatica

Z04 E38 EZ7E

68 10z 138 170

Curcuminoids

34

i}
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Figure 5.6 Densitometer analysis of Curcuma aromatica and curcuminoids in solvent

system?2 (Lot.1).
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Table 5.7 Rs and rRF value of Curcuma aromatica and curcuminoids in solvent
system2 (Lot.2).

Lot 2
rRF
Band identified R+
M1 M2
1 0.04 | 0.80 | 0.40
2 0.08 | 1.60 | 0.80
3 0.11 | 220 | 1.10
4 0.64 | 12.80 | 6.40
M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00
Curcuma aromatica Curcuminoids
- -5 S
| E o E o
| F -
| T E | F 5
S — E 2 E 2
|
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o
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Figure 5.7 Densitometer analysis of Curcuma aromatica and curcuminoids in

solvent system2 (Lot.2).
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Table 5.8 R and rRF value of Curcuma aromatica and curcuminoids in solvent
system?2 (Lot.3).

Lot 3
rRF
Band identified Rs

M1 | M2
1 0.04 | 0.80 | 0.40
2 0.08 | 1.60 | 0.80
3 0.11 | 2.20 | 1.10
4 0.63 | 12.60 | 6.30

M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00

Curcuma aromatica Curcuminoids
T == R - A LA
\ ‘\{Eg | =
| - | "
[ —— S L |
---------------- F ‘1. | £
| ., ' | E .
| - | - fik
E . | | : Rtz
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Figure 5.8 Densitometer analysis of Curcuma aromatica and curcuminoids in

solvent system2 (Lot.3).
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Table 5.9 Rfand rRF value of Curcuma aromatica 3 lots detected by FBS staining in

solvent system 2.

Band Lots
_ N R:/ rRF mean Accepted %
identified 1 2 3 range CvVv
Ry 0.04 | 0.04 | 0.04 | 004+0000 | 0.03-0.05 0
1.band1 | rRF(M1) | 0.80 | 0.80 | 0.80 | 0,08 +0.000 0.64 - 1.00 0
rRF(M2) | 040 | 040 | 040 | 040+0.000 | 0.32-0.50 0
Ry 0.07 | 0.08 | 0.08 | 0os+0003 | 0.06-010 |7.53
2.band 2 | rRF(M1) | 1.40 | 1.60 | 1.60 | 153 +0.067 123-192 |753
rRF(M2) | 0.70 | 0.80 | 0.80 | 0.77+0.033 | 0.61-0.96 |7.53
Ry 010 | 0.11 | 0.11 | 011+0003 | 0.09-0.13 |5.41
3.band 3 | rRF(M1) | 200 | 220 | 220 | 213 +0.067 171-267 |5.41
rRF(M2) | 1.00 | 1.10 | 110 | 107+0.033 | 0.85-1.33 |[5.41
Ry 0.64 | 0.64 | 063 | 064+0003 | 051-0.80 |0.91
4.band 4 | rRF (M1) | 12.80 | 12.80 | 12.60 | 1273+ 0.067 | 10.19 - 15.92 | 0.91
rRF(M2) | 6.40 | 640 | 630 | 37+0033 | 509-7.96 |[0.91
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Table 5.10 R and rRF value of Alpinia galanga and curcuminoids in solvent system1

(Lot.1).

Lotl
rRF

Band identified Rs
M1l | M2
1 059 | 0.83 | 0.73
2 0.80 | 1.13 | 0.99
M1(Curcuminoids) | 0.71 | 1.00 -
M2(Curcuminoids) | 0.81 - 1.00

Alpinia galanga

170 204 Z38 272

102 136

34 3]

o

Curcuminoids

a

Figure 5.9 Densitometer analysis of Alpinia galanga and curcuminoids in solvent

system1 (Lot.1).
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Table 5.11 R; and rRF value of Alpinia galanga and curcuminoids in solvent system1
(Lot.2).

Lot 2
rRF
Band identified R
M1 M2
1 059 | 0.83 | 0.73
2 0.79 | 1.11 | 0.98

M1(Curcuminoids) | 0.71 | 1.00 -

M2(Curcuminoids) | 0.81 - 1.00

Alpinia galanga Curcuminoids

|
z72

70 Z04 E38 ETE

1

24 £g 10z 126 170 Z04 238

34 &8 loz 138

a
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Figure 5.10 Densitometer analysis of Alpinia galanga and curcuminoids in solvent
system1 (Lot.2).



Kannika Jaemsak

Results / 88

Table 5.12 R and rRF value of Alpinia galanga and curcuminoids in solvent system1

(Lot.3).

Lot 3
rRF

Band identified R¢
M1 M2
1 0.61 | 0.86 | 0.75
2 0.80 | 1.13 | 0.99
M1(Curcuminoids) | 0.71 | 1.00 -
M2(Curcuminoids) | 0.81 - 1.00

Alpinia galanga
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Figure 5.11 Densitometer analysis of Alpinia galanga and curcuminoids in solvent

system1 (Lot.3).
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Table 5.13 R¢and rRF value of Alpinia galanga 3 lots detected by FBS staining in
solvent system 1.

Band Lots
i - Rt/ rRF mean Accepted %
identified 1 2 3 range cvV
Ry 059 | 059 | 0.61 | 0g0+0.007 | 0.48-0.75 |1.94

1.band1 | rRF(M1) | 0.83 | 0.83 | 0.86 | 0.84+0.010 | 0.67-1.05 |2.06

rRF(M2) | 0.73 | 0.73 | 0.75 | 0.74+0.007 | 059-0.92 |1.57

Ry 0.80 | 0.79 | 080 | 0.80+0.003 | 0.64-1.00 |0.72
2.band2 | rRF(M1) | 1.13 | 1.11 | 113 | 112 +0.007 | 0.90-1.40 |1.03

rRF(M2) | 0.99 | 0.98 | 0.99 | 099+0.003 | 0.79-1.23 | 0.59
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Table 5.14 Rt and rRF value of Alpinia galanga and curcuminoids in solvent

system2 (Lot.1).

Lot1l
Band identified Ry RF

M1 M2
1 0.05 | 1.00 | 0.50
2 0.11 | 220 | 1.10
3 0.19 | 3.80 | 1.90
4 0.25 | 5.00 | 2.50
5 0.40 | 8.00 | 4.00
6 0.58 | 11.60 | 5.80

M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00

Alpinia galanga

170 204 238 E7E

1] 102 136

Curcuminoids

IR LR AR LR RN LR LR LR LN R RN R
(3] 10z 12& 170 204 238 272

|
24

Q

Figure 5.12 Densitometer analysis of Alpinia galanga and curcuminoids in solvent

system?2 (Lot.1).
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Table 5.15 R; and rRF value of Alpinia galanga and curcuminoids in solvent system?2
(Lot.2).

Lot 2
rRF
Band identified Rs

M1 | M2
1 0.05 | 1.00 | 0.50
2 0.10 | 2.00 | 1.00
3 0.18 | 3.60 | 1.80
4 0.24 | 480 | 240
5) 0.37 | 740 | 3.70
6 0.56 | 11.20 | 5.60

M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00

Alpinia galanga Curcuminoids

170 z04 £33 ETE

&2 10z 13& 170 E04 238 Z72

34 &8 102 136

|
24
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|

Figure 5.13 Densitometer analysis of Alpinia galanga and curcuminoids in solvent
system?2 (Lot.2).
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Table 5.16 R and rRF value of Alpinia galanga and curcuminoids in solvent system?2

(Lot.3).

Lot 3
rRF
Band identified Rs

M1 | M2
1 0.05 | 1.00 | 0.50
2 0.10 | 2.00 | 1.00
3 0.18 | 3.60 | 1.80
4 0.26 | 5.20 | 2.60
5) 0.37 | 740 | 3.70
6 0.56 | 11.20 | 5.60

M1(Curcuminoids) | 0.05 | 1.00 -
M2(Curcuminoids) | 0.10 - 1.00

Alpinia galanga Curcuminoids

13 102 136 170 Z04 238 E72

34

a

Figure 5.14 Densitometer analysis of Alpinia galanga and curcuminoids in solvent

system?2 (Lot.3).
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Table 5.17 R¢ and rRF value of Alpinia galanga 3 lots detected by FBS staining in

solvent system 2.

Band Lots
_ N R:/ rRF mean Accepted %
identified 1 2 3 range CvV
Ry 0.05 | 0.05 | 0.05 | 0.05+0.000 | 004-006 | O
1.band1 | rRF(M1) | 1.00 | 1.00 | 1.00 1.00 + 0.000 0.80 - 1.25 0
rRF (M2) | 050 | 0.50 | 050 | 050+0.000 | 040-0.63 | 0
Ry 011 | 0.10 | 0.10 | 0.10+0.003 | 0.08-0.13 |5.59
2.band 2 | rRF(M1) | 2.20 | 2.00 | 2.00 2.07 + 0.067 165-258 |559
rRF(M2) | 110 | 1.00 | 1.00 | 103+0033 | 0.83-1.29 |5.59
Ry 019 | 0.18 | 0.18 | 0.18+0.033 | 0.15-0.23 |3.15
3.band 3 | rRF(M1) | 3.80 | 3.60 | 3.60 3.67 + 0.067 203-458 |3.15
rRF(M2) | 1.90 | 1.80 | 1.80 | 183+0.033 | 1.47-229 |3.15
Ry 025 | 0.24 | 0.26 | 025+0.006 | 0.20-0.31 | 4.00
4.band 4 | rRF (M1) | 5.00 | 480 | 5.20 5.00 + 0.115 4.00-6.25 | 4.00
rRF(M2) | 250 | 240 | 260 | 250+0.058 | 2.00-3.13 |4.00
Ry 0.40 | 0.37 | 0.37 | 0.38+0.010 | 0.30-0.48 |4.56
5.band5 | rRF(M1) | 8.00 | 7.40 | 7.40 7.60 + 0.200 6.08-950 | 456
rRF(M2) | 400 | 3.70 | 3.70 | 380+0.100 | 3.04-4.75 |4.56
Ry 0.58 | 0.56 | 0.56 | (.57+0.007 0.45-0.71 | 2.04
6. band 6 | rRF (M1) | 11.60 | 11.20 | 11.20 | 1733 + 0.133 340771' 204
rRF (M2) | 5.80 | 5.60 | 5.60 | 567+0.067 | 453-7.08 |2.04
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5.1.2 Determination of total phenolics

The total phenolic contents of A. galanga and C. aromatica extracts were
determined according to the Folin-Ciocalteau method (Waterman and Mole, 1994).
The phenolic contents were found to be a significantly greater in C. aromatica than A.
galanga, approximately 2.8 times, Gallic acid equivalence (GAE) was used to
compare phenolic contents of the extracts and was calculated from standard curve of
gallic acid (Figure 5.15).
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Figure 5.15 Determination of total phenolics contents in extracts of A. galanga and
C. aromatica by Folin-Ciocalteau method. Statistical significance was evaluated using
student’s unpaired t test. Results were measured spectophotometrically at 760 nm.
Results are expressed as Mean + SD of 3 experiments and reported at Gallic Acid
Equivalent, GAE.
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5.1.3 Free radical scavenging activity assay

The free radical scavenging activity of A. galanga and C. aromatica extracts
were assessed by 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay. The result in figure
5.16 demonstrates that A. galanga and C. aromatica extracts exerted hydrogen-
donating capacity and have radical scavenging activity in a concentration-dependent
manner. In addition, the free radical scavenging activity were greater in C. aromatica

than A. galanga extracts.
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Figure 5.16 The effect of A. galanga and C. aromatica extracts on free radical
scavenging activity. Free radical scavenging activity was measured
spectophotometrically at 520 nm. Results are expressed as Mean + SD of 3
experiments. Statistical significance was evaluated using student’s unpaired t test.

*P<0.05 when compared with each other.
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5.1.4 Antityrosinase activities

The effects of A. galanga and C. aromatica extracts in inhibition of tyrosinase
activities were determined according to dopachrome method. The data showed that
both extracts were able to inhibit tyrosinase enzyme activities in a concentration-
dependent manner and antityrosinase activities were markedly greater in C. aromatica

than A. galanga extracts (Figure 5.17).
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Figure 5.17 Inhibitory effect of A. galanga and C. aromatica extracts on tyrosinase
activities. Antityrosinase activities were measured spectophotometrically at 475 nm.
Results are expressed as Mean + SD of 3 experiments. Statistical significance was

evaluated using student’s unpaired t test. *P<0.05 when compared with the control.



Fac. of Grad. Studies, Mahidol Univ.

Thai medicinal Plants:
Alpinia galanga,
Curcuma aromatica

M.Sc. (Pharmacology) /103

Cell culture

A 4
treat Human fibroblast cells
> (CC2511)
............................... ) — Human melanoma cells
"""" S G361
Cytotoxicity: ( )
v MTT assay
Preparation of | e treat .
plant extract g
A\ 4 \ 4
Thin layer Free radical
chromatography scavenging
A4 v
Total phenolic Antityrosinase
content activity
v l v
Tyrosinase Antioxidants Intracellular
activity oxidative stress
P v
Cytotoxicity: | » Melanin content Antioxidant
MTT assay : enzymes activities

., Catalase

L, Glutathione peroxidase

A 4

Cellular glutathione
content




Kannika Jaemsak Results / 104

5.2 Cellular study of the effects A. galanga and C. aromatica extracts in inhibiting
UVR-induced melanogenesis.

5.2.1 Assessment of cell viability by MTT reduction assay

5.2.1.1 Cytotoxic effect on CC2511 and G361

In this study, | choosed CC2511 and G361 cells to study the cytotoxic effect of A.
galanga and C. aromatica. While | selected G361 melanoma cells to studied
melanogenesis pathway but normal skin cells to confirm cytotoxic effect of plant
extracts is important. CC2511, normal human fibroblast is represented a normal skin
cells for this study.

The cytotoxic effects of A. galanga and C. aromatic extracts were examined in
CC2511 and G361 cells. When cells were pre-incubated for 24 hr with various
concentration of A. galanga and C. aromatica extracts (0-500 pg/ml), the data showed
that both extracts were cytotoxic CC2511 cells at high concentrations, higher than
31.25 pug/ml for A. galanga extract and higher than 62.5 pg/ml for C. aromatica extract
(Figure 5.18).

A. galanga and C. aromatica extracts have cytotoxicity to G361 cells at high
concentrations, higher than 62.5 pg/ml for A. galanga extract and higher than 125

pg/ml for C. aromatica extract (Figure 5.19).
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Figure 5.18 Cytotoxicity of A. galanga and C. aromatica extracts on CC2511 cells.
CC2511 cells were pre-incubated with various concentrations of extracts for 24 hr.
The cell viability rate was determined by MTT reduction. Results are expressed as
Mean + sem of 9 experiments. Statistical significance was evaluated using student’s
unpaired t test. *P<0.05 when compared with the control (Cells in the absence of plant

extracts and UV exposed.).
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Figure 5.19 Cytotoxicity of A. galanga and C. aromatica extracts on G361 cells.
G361 cells were pre-incubated with various concentrations of extracts for 24 hr. The
cell viability rate was determined by MTT reduction. Results are expressed as Mean +
sem of 9 experiments. Statistical significance was evaluated using student’s unpaired t
test. *P<0.05 when compared with the control (Cells in the absence of plant extracts

and UV exposed.).
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5.2.1.2 Assessment of cell viability by MTT reduction assay on G361 cells
exposed to UVR.

The effect of UVA (0-64 J/cm?) on cell viability were determined by MTT assay.
All dose of UVA (1-64 J/cm?) was shown to provide cytytoxic effect on G361. Figure
5.20 showed that UVA was able to induce cells cytotoxicity in a dose-dependent

manner.
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Figure 5.20 Effect of dose of UVA on viability of G361 cells. G361 cells were
exposed with various dose of UVA. The cell viability rate was determined by MTT
reduction. Results are expressed as Mean + sem of 9 experiments. Statistical
significance was evaluated using analysis of variance. *P<0.05 when compared with

the control (Cells in the absence of UV exposed.).
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5.2.1.3 Effects of A. galanga and C. aromatica extracts on G361 and CC2511
cells exposed to UVR

UVA (64 J/cm?) was shown to provide cytytoxic effect on G361 and CC2511 cells.
However, pre-incubation of the cells with A. galanga and C. aromatica extracts for 30
min before UVR, both extracts were able to inhibit cells cytotoxicity.

Figure 5.21 showed that A. galanga and C. aromatica extracts have cytotoxicity to
CC2511 cells at high concentrations, higher than 125 pg/ml for A. galanga extract and
higher than 250 pg/ml for C. aromatica extract.

Figure 5.22 showed that A. galanga and C. aromatica extracts have cytotoxicity to
G361 cells at high concentrations, higher than 62.5 pg/ml for A. galanga extract and

higher than 125 pg/ml for C. aromatica extract.
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Figure 5.21 The effect of A. galanga and C. aromatica extracts on CC2511 cells
exposed with UVA. CC2511 cells were pre-incubated with various concentrations of
extracts for 30 min and exposed to UVA (64 J/cm?). The cell viability was determined
by MTT reduction. Results are expressed as Mean + sem of 9 experiments. Statistical
significance was evaluated using analysis of variance. *P<0.05 when compared with
the control (Cells exposed to UVA in the absence of plant extracts.) .
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Figure 5.22 The effect of A. galanga and C. aromatica extracts on G361 cells
exposed with UVA. G361 cells were pre-incubated with various concentrations of
extracts for 30 min and exposed to UVA (64 J/cm?). The cell viability was determined
by MTT reduction. Results are expressed as Mean + sem of 9 experiments. Statistical
significance was evaluated using analysis of variance. *P<0.05 when compared with

the control (Cells exposed to UVA in the absence of plant extracts.).
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5.2.2 Effect on tyrosinase activity

The effect of A. galanga and C. aromatica extracts on tyrosinase activity was
examined in G361 cells. Pre-incubation of the cells with A. galanga and C. aromatica
extracts for 30 min. The data showed that A. galanga extract at concentrations 1.9-
31.2 pg/ml and C. aromatica extract at all concentrations decreased tyrosinase
activity (Figure 5.23).

In studying the effects of the extracts on tyrosinase activity in cells exposed to
UVA at 8 J/cm? UVA was able to increase tyrosinase activity in G361 cells (Table
5.18, Figure 5.27). However, A. galanga extract at concentrations 3.9 - 62.5 pg/ml and
C. aromatica extract at all concentrations were able to inhibit induction of tyrosinase
activity (Figure 5.24).
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Figure 5.23 The effect of A. galanga and C. aromatica extracts on tyrosinase activity
in G361 cells. Cells were pre-treated with each plant extract for 30 min. Results are
expressed as Mean + sem of 9 experiments. Statistical significance was evaluated
using analysis of variance. *P<0.05 when compared with the control (Cells in the

absence of plant extracts and UV exposed.).
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Figure 5.24 The effect of A. galanga and C. aromatica extracts on tyrosinase activity

in G361 cells exposed with UVA. Cells were pre-treated with each plant extract for 30

min and exposed to UVA (8 J/icm?). Results are expressed as Mean + sem of 9

experiments. Statistical significance was evaluated using analysis of variance. *P<0.05

when compared with the control (Cells-exposed UVA in the absence of plant

extracts.).
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5.2.3 Effect on melanin contents

The effects of A. galanga and C. aromatica extracts on melanin contents were
examined in G361 cells. Without UVA exposed, pre-incubation of the cells with A.
galanga and C. aromatica extracts for 30 min. The data showed that melanin contents
were not significantly different in the cells treated with both plant extracts (Figure 5.25).

In studying the effects of the extracts on melanin contents in cells exposed to
UVA at 8 J/cm?, UVA was able to increase melanin content in G361 cells (Table 5.18,
Figure 5.27). Nevertheless A. galanga extract at concentrations of 15.6 — 31.2 pg/ml
and C. aromatica extract at all concentrations were capable to inhibit induction of

melanin contents (Figure 5.26).
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Figure 5.25 The effect of A. galanga and C. aromatica extracts on melanin contents in

G361 cells. Cells were pre-treated with each plant extract for 30 min. Melanin

contents were measured spectophotometrically at 475 nm and using synthetic melanin

as a standard. Results are expressed as Mean + sem of 3 experiments. Statistical

significance was evaluated using analysis of variance. *P<0.05 when compared with

the control (Cells in the absence of plant extracts and UV exposed.).
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Figure 5.26 The effect of A. galanga and C. aromatica extracts on melanin contents
in G361 cells exposed with UVA. Cells were pre-treated with each plant extract for 30
min and exposed to UVA (8 Jicm?). Melanin contents were measured
spectophotometrically at 475 nm and using synthetic melanin as a standard. Results
are expressed as Mean + sem of 9 experiments. Statistical significance was evaluated
using analysis of variance. *P<0.05 when compared with the control (Cells exposed to
UVA in the absence of plant extracts.).
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Table 5.18 The effects of UVA on tyrosinase activity and melanin content in G361
cells. The result is compared in % increase (8 J/cm? on tyrosinase activity and 16

Jlcm? on melanin content).

% increase
Tyrosinase activity Melanin content
35.98 % 32.68 %
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Figure 5.27 The effects of UVA on tyrosinase activity and melanin content in G361
cells. (8 J/cm? on tyrosinase activity and 16 J/cm? on melanin content) The tyrosinase
activity is expressed as units per pg of protein and melanin content is expressed as ng
per ug of protein. Results are expressed as Mean + sem of 9 experiments. Statistical
significance was evaluated using analysis of variance. P<0.05 when compared with

the control (Cells in the absence of plant extracts).
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5.2.4 Assessment of cellular antioxidants

5.2.4.1 Antioxidant enzyme activities

5.2.4.1.1 Glutathione peroxidase (GPx) activity

The effect of A. galanga and C. aromatica extracts on GPx activity was examined
in G361 cells. Pre-incubation of the cells with A. galanga and C. aromatica extracts for
30 min. The data showed that GPx activity was not significantly different in the cells
treated with both plant extracts (Figure 5.28).

In studying activities of GPX in G361 cells exposed to UVA at 8 Jlcm? UVR
caused a significant decrease in GPX activity in the cells (Table 5.20, Figure 5.32).
However, both extracts were able to inhibit UV-induced reduction of the enzyme
activity in a concentration-dependent manner (Table 5.19, Figure 5.29).
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Figure 5.28 The effect of A. galanga and C. aromatica extracts on GPx activity in
G361 cells. Cells were pre-treated with each plant extract for 30 min and GPx activity
was measured spectophotometrically at 340 nm. Results are expressed as Mean + sem
of 3 experiments. Statistical significance was evaluated using analysis of variance.
*P<0.05 when compared with the control (Cells in the absence of plant extracts and
UV exposed.).
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Table 5.19 ECs, values of herbal extracts on GPx activity in G361 cells exposed with

UVA. (8 J/lcm?). Values given are means (pg/ml) + sem.

Herbal extracts (Means) ECsp (ng/ml) + SEM p-value
A. galanga <19 <0.05
C. aromatica 4.3545 + 0.2954

<0.05
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Figure 5.29 The effect of A. galanga and C. aromatica extracts on GPx activity in
G361 cells exposed with UVA. Cells were pre-treated with each plant extract for 30
min and exposed to UVA (8 Jlcm?). GPx activity was measured
spectophotometrically at 340 nm. Results are expressed as Mean + sem of 9
experiments. Statistical significance was evaluated using analysis of variance.
*P<0.05 when compared with the control (Cells exposed to UVA in the absence of

plant extracts.
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5.2.4.1.2 Catalase (CAT) activity

The effect of A. galanga and C. aromatica extracts on CAT activity was
examined in G361 cells. Pre-incubation of the cells with A. galanga and C. aromatica
extracts for 30 min. The data showed that both extracts were able to increase the
enzyme activity in a concentration-dependent manner (Figure 5.30).

In studying of the effects of the extracts on CAT activity in cells exposed to UVA
at 8 Jicm?, UVR could reduce CAT activity in the cells (Table5.20, Figure 5.32).
However, the extracts of C. aromatica at all concentrations, but not A. galanga
extracts were able to inhibit reduction of the enzyme activity in the cells exposed with
UVA (Figure 5.31).
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Figure 5.30 The effect of A. galanga and C. aromatica extracts on CAT activity in

G361 cells. Cells were pre-treated with each plant extract for 30 min and CAT activity

was measured spectophotometrically at 540 nm. Results are expressed as Mean + sem

of 9 experiments. Statistical significance was evaluated using analysis of variance.

*P<0.05 when compared with the control (Cells in the absence of plant extracts and

UV exposed.).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pharmacology) /127

A.
15+
= == C. aromatica
£ —a— 4. galanga
=
S
2 104 {
£
'—o‘ %*
z 5+
z
H
-
«
&) . .
0 y . r r . : . Concentration
0 1.9 39 7.8 156 31.2 62.5 (png/ml)
uv - + o+ o+ o+ + o+ 4+
compound - - + + + + o+ +
1504
:
E
S 100+
=]
s
£ =% (. aromatica
2
2 504 —a— A. galanga
=
«
o
0 y v . ' . . ' Concentration
0 1.9 39 78 156 31.2 625 (ng/ml)
uv -+ + o+ o+ + o+ +
compound - - + 4+ +  + o+ +

Figure 5.31 The effect of A. galanga and C. aromatica extracts on CAT activity in
G361 cells exposed with UVA. Cells were pre-treated with each plant extract for 30
min and exposed to UVA (8 Jcm?. CAT activity was measured
spectophotometrically at 540 nm. Results are expressed as Mean + sem of 9
experiments. Statistical significance was evaluated using analysis of variance. *P<0.05
when compared with the control (Cells exposed to UVA in the absence of plant

extracts).
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Table 5.20 The effects of UVA on CAT and GPx activities in G361 cells (8 J/cm?).
The result is compared in % decrease of enzyme activity.

% decrease of enzyme activity
CAT GPx
50.74 % 33.10 %
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Figure 5.32 The effects of UVA on CAT and GPx activities in G361 cells (8 J/cm?).
The GPx activity is expressed as average enzyme m units per pug of protein and CAT
activity is expressed as average enzyme mmol per min per g of protein. Results are
expressed as Mean + sem of 9 experiments. Statistical significance was evaluated
using analysis of variance. *P<0.05 when compared with the control (Cells-exposed

UVA in the absence of plant extracts.).
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5.2.4.2 Cellular glutathione contents

The effect of A. galanga and C. aromatica extracts on glutathione contents was
examined in G361 cells. Pre-incubation of the cells with A. galanga and C. aromatica
extracts for 24 h. A. galanga and C. aromatica extracts at concentration 1.9-31.2
pg/ml increased intracellular GSH contents (Figure 5.33).

In studying the effects of the extracts on GSH content in cells exposed to UVA at
8 Jlem®, UVA was able to decrease the contents of GSH in melanoma cells
(Table5.21, Figure 5.35). However both extracts at concentration 1.9-15.6 pg/ml could
protect GSH depletion from UVR. Nevertheless, a decrease in GSH content was found
in cells pre-incubated with A. galanga extract at concentration 62.5 pg/ml (Figure
5.34).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pharmacology) /131

A
35+ :
—%— . aromatica
= 304 —— . galanga
‘S
S 254
=
=3
¥ 204
S 15
&
- 104
7
C 5
0 Concentration
hd ¥ L) L L) ¥ L] L
0 1.9 39 7.8 156 31.2 625 (pg/ml)
uv - - - - - - -
compound - + + + + + +
B.
300+ - .
=% (. qromatica
250+ —ir— 4. galanga
g
= 200+
=1
o
S 150+
)
= 100+
73]
o
504
0 . ' . r ' . . Concentration
0 1.9 3.9 7.8 156 31.2 625 (ug/ml)
uv - - - - - - -
compound - + + + + + +

Figure 5.33 The effect of A. galanga and C. aromatica extracts on intracellular GSH
contents in G361 cells. Cells were pre-treated with each plant extract for 24 h.
Intracellular GSH contents were measured using OPA probe reacting specifically with
GSH. The GSH content is expressed as pmole per ug of protein. Results are expressed
as Mean + sem of 9 experiments. Statistical significance was evaluated using analysis
of variance. *P<0.05 when compared with the control (Cells in the absence of plant

extracts and UV exposed.)
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Figure 5.34 The effect of A. galanga and C. aromatica extracts on intracellular GSH
contents in G361 cells exposed with UVA. Cells were pre-treated with each plant
extract for 30 min and exposed to UVA (8 J/icm?). Intracellular GSH contents were
measured using OPA probe reacting specifically with GSH. Results are expressed as
Mean + sem of 9 experiments. Statistical significance was evaluated using analysis of
variance. *P<0.05 when compared with the control (Cells exposed to UVA in the

absence of plant extracts )
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Table 5.21 The effects of UVA on GSH contents in G361 cells. The result is

compared in % decrease of GSH contents (8 J/cm?).

% decrease of GSH contents

35.31 %

GSH content (pmol per pg of protein)

12.5+

10.0+

5.0+

2.5+

0.0-

e
e
e
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Figure 5.35 The effects of UVA on GSH content in G361 cells (8 J/cm?). Results are

expressed as Mean + sem of 9 experiments. Statistical significance was evaluated

using analysis of variance. *P<0.05 when compared with the control (Cells-exposed

UVA in the absence of plant extracts).
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5.2.5 Effect on intracellular oxidative stress

The generation processes of reactive oxygen species in G361 cells, as assessed by
using DCF fluorescence intensity (excitation 485 nm/emission 530 nm).Cells were
pre-treated with each plant extract for 30 min. The data showed that both extracts
were able to decrease ROS production in a concentration-dependent manner (Figure
5.36).

In studying of the effects of the extracts on ROS production in cells exposed to
UVA at 16 J/lem? UVR could induce ROS production in the cells. The data showed
that both extracts were able to decrease ROS production in a concentration-dependent

manner in the cells exposed with UVA (Figure 5.37).
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Figure 5.36 The effects of A. galanga and C. aromatica extracts on the inhibition of
ROS in G361 cells. Cells were pre-treated with each plant extract for 30 min. Results
are expressed as Mean + sem of 9 experiments. Statistical significance was evaluated
using analysis of variance. *P<0.05 when compared with the control (Cells in the
absence of plant extracts and UV exposed.).
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Figure 5.37 The effects of A. galanga and C. aromatica extracts on the inhibition of
ROS in G361 cells exposed with UVA. Cells were pre-treated with each plant extract
for 30 min and exposed to UVA (16 J/cm?). Results are expressed as Mean + sem of 9
experiments. Statistical significance was evaluated using analysis of variance. *P<0.05
when compared with the control (Cells-exposed UVA in the absence of plant extracts).
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CHAPTER VI
DISCUSSION

Skin is the largest and first line of defense in protecting the internal organs from
various chemical and physical environment. UV is a major environmental factor which
affects the skin and leads to skin photodamage including melasma. Most of the solar
UV energy incident on the skin is from the UVA region (>95%) while the UVB
content of total solar UV on skin can be well below 2% (20). Compared to UVB, UVA
is about 1000 times more effective in the production of an immediate tanning effect
which is caused by darkening of the melanin in the epidermis (17). UVA can pass
through the epidermal layers of human skin to the basal layer and can readily reach the
melanocytes residing on the epidermal-dermal junction, and possibly lead to oxidative
DNA damage and mutagenesis (18). Several studies support a causative role of UVA
on skin photodamage by photooxidative mechanism mediated by ROS (17-20, 70-72,
131-132). H,O, has been identified as the primary mediator of UVA-induced
photosensitization of skin cells (20). Irradiation of melanocyte with UV results in
dose-dependent generation of H,O, (18). DCF fluorescence is an assay detecting
generalized oxidative stress and ROS formation (72).

The redox state of the skin is regulated by the balance between a variety of
endogenous antioxidants, and oxidants. Depletion of antioxidants or an increase in the
formation of ROS will alter the balance and make the skin more oxidative. Since UV -
mediated oxidative stress is believed to be involved in skin damage including
melanogenesis. it is of great interest to study and develop exogenous antioxidant to
promote antioxidant defense against oxidative stress capable of damaging skin cells.

Phenolic compounds are diverse group of compounds that are composed of an
aromatic benzene ring substituted with hydroxyl groups. There are widely distributed

in various vegetables and fruits and show many physiological and pharmacological
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functions including antioxidant properties. Polyphenols have been widely studied as
beneficial protective agents of skin damage induced by UVR. Traditionally, extracts of
plant in Zingiberaceae including C. aromatica and A. galanga gave high antioxidant

activities.

The identification of antioxidant activities, the presence and contents of phenolic
and antityrosinase activities of the plant extracts

Phenolic compounds, which may be responsible for the biological activity of C.
aromatica and A. galanga were identified by assessing their presence and contents
using TLC analysis and folin assay. In addition, both TLC-DPPH analysis and DPPH
assay indicated that both plant extracts-derived phenolics possessed free radical
scavenging activities. In agreement with previous report, both extracts appeared to
contain curcuminoid (115,117), a powerful antioxidant phenolic, although further
investigation using analytical methods (such as HPLC or LC-MS) with better accuracy
and precision is needed to evaluate whether it is the active constituent of the plant
extracts. Moreover, antioxidant and antityrosinase properties of the plant extracts
investigated were found to be greater in C. aromatica than A. galanga, which
contained less phenolic contents than C. aromatica.

The antioxidant capacity of phenolic compounds is determined by their structure,
in particular the ease with which a hydrogen atom from an aromatic hydroxyl group
can be donated to a free radical and the ability of an aromatic compound to support an
unpaired electron as the result of delocalization around the M-electron system to form
stable product (133,134). It was reported that some phenolic compounds including
flavonoids inhibited tyrosinase activity by active site chelation and other acted as
cofactor and/or substrate of tyrosinase. 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 in the active site, leading to irreversible inactivation
of tyrosinase. Gallic acid inhibits the oxidation of L-DOPA catalyzed by tyrosinase
and act as a substrate, being oxidized prior to L-DOPA, which accelerates the
oxidation of gallic acid. (48,135)

CAT activity increases depending on the structure of antioxidative flavonoids and

their derivatives. Combination of many factors such as the position of functional
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groups on the flavonoid structure and their interaction with CAT, including that of the
ferriprotoporphyrin group, also contribute to this effect. In particular, the substitutions
at C-3 in flavonoids are regarded to be important in terms of the antioxidative potency
against H,O, the enhancing effect on CAT activity, or binding of flavonoids to the
heme moiety or a protein region of CAT contributes to the enhancement of CAT
activity (136).

Before testing biological activities of the plant extracts in cell culture model,
qualitative studies of C. aromatica and A. galanga using TLC analysis were performed
to assure the stability of the phenolic compounds present in the plant extracts that they

would not change over time (about 1 year).

Cellular study of the effects of C. aromatica and A. galanga extracts in inhibiting
UVR-induced melanogenesis

In assessing the cytotoxicity of the plant extracts using MTT reduction and GSH
content assay after 24-h incubation, they were shown to be non-cytotoxic except at

high concentrations as shown in Table 6.1.

Table 6.1 Comparative effects of C. aromatica and A. galanga extracts on G361 cell

cytotoxicity using MTT reduction and intracellular GSH content assays.

Cytotoxic dose (pg/ml)
Assays C. aromatica A. galanga
MTT reduction 125 62.5
GSH content >62.5 >62.5

The role of H,0, in melanogenesis has not been clearly defined, with some
reports indicating it functions to enhance pigment formation by regulating level of
tyrosinase. The polymerization reactions involving quinonic melanogenic
intermediateds are spontaneous and lead to the H,O, formation of as a by product
during the tyrosinase-mediated conversion of tyrosine to dopaquinone. Tyrosinase
mediated diphenolase activity was enhanced by the endogenously generated H,O,

(later stages), and by at least one other reactive intermediate of oxygen (137,138). In
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addition, others also indicated that H,O, induced tyrosinase/DOPA oxidase activity
including induction of 60 and 55 kDA DOPA oxidased in melanoma cells since
exogenous agents that increase H,O, elevated tyrosinase, in reaction prevented by
CAT but not SOD (138).

A well-documented feature of isolated human melanoma cells is that their
antioxidant capacity is altered when compared with normal melanocytes. It was shown
previously in vitro that melanoma cells reveal a decreased CAT activity and low levels
of ubiquinone but a higher SOD activity and increased levels of vitamin E. In vitro,
human melanoma cells exhibit low levels of antioxidants such as ferritin and GSH but
are resistant to oxidative stress. Intracellular superoxide anion concentration is
markedly elevated in melanoma compared with melanocytes while H,O, concentration
in both cell types is similar (139).

UVR-induced skin pigmentation have a direct effect on melanocytes to cause
melanogenesis (83). In addition, it has been shown that the basal layer of the human
epidermis, where the melanocytes are situated, harbours more UVA than UVB.
Several studies had shown increased melanogenesis by UVA. However, melanin
synthesis may also under some conditions enhance induction of oxidative DNA
damage in melanocytes in vitro by UVA. Melanocytes or melanoma cells in culture
may be sensitized to UVA-induced oxidative DNA damage by stimulated melanin
synthesis (140).

The results in this thesis are in agreement with previous investigations showing
that UVA irradiation on G361 cells increased tyrosinase activities and melanin
synthesis (51,76). UVA was able to increase melanogenesis including induce ROS
lead to induction of higher tyrosinase level (141). In addition, it has been found that
UVA induced photochemical alteration in skin pigment by changed spectral range.
After UVA irradiation pheomelanin absorbance decreases both in the visible and the
UVA range. UVA induces significant photochemical alterations in the skin witnessed
by increased photoprotection in the visible spectral range and reduced protection in the
UVA range. The decrease of absorbance in the UV wavelength range following UVA
exposure offers a direct explanation on the lack of any UV photoprotection of UVA-
induced pigment (62). This study found that UVA (8 and 16 J/cm?) caused increase in

tyrosinase activities (=8 J/cm?) and melanin contents (=16 J/cm?). Hence, the UVA
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doses of 8 and 16 J/cm? were used to study the antioxidant effects of plant extracts on
inhibiting cellular melanogenesis. This study also showed that A. galanga and C.
aromatica extracts were able to inhibit induction of the tyrosinase activity and melanin
contents by UVR.

UVR-induced cellular oxidative stress and damage is proposed to play a
crucial role in melanogenesis as previously discussed. This study showed that UVA
could induce G361 cell damage and ROS production-induced intracellular oxidative
stress as detected by MTT reduction and DCF-DA assay, respectively. Only C.
aromatica was shown to inhibit UVA-dependent G361 cell damage and both C.
aromatica and A. galanga could protect cellular oxidative stress against UVA
exposure.

It has also been reported on the effect of UV on antioxidant enzyme activity.
However, activity of each antioxidant enzyme provides different responses in various
conditions including cell types and UV dose. Murine epidermal and dermal CAT
showed a marked drop in activity after acute UVA and UVB irradiation (133). In the
hairless mouse system, a single UV dose rapidly decreases the activities of catalase
and total SOD, but hardly affects GPx. Single exposure of fibroblast to UVA induces
SOD activity in a time and dose dependent manner. GPx activity in fibroblasts is
unaffected by UVA (23). Thus, decreased cutaneous catalase activity appears to be a
consistent finding regardless of the model system or spectrum and dose of UV
irradiation studied; while the effect of UV irradiation on SOD and GPx appears to
depend on the experimental system (23).

In order to study the roles of the plant extracts in the inhibition of cellular
melanogenesis induced by UVA, their effects on activity of endogenous antioxidant
enzymes, glutathione contents, melanin contents and tyrosinase activity in G361 cells
exposed to UVA were determined. In the study on the antioxidant enzyme activity,
UVR deteriorated both CAT and GPx activity in the cells and CAT activity was
reduced to a greater extent than that of GPx. It may be because GPx is recycled back
to the reduced form more rapidly that CAT. In addition, previous study reported that
CAT became a more important antioxidant defense at higher rates of the generation of
H,0,, a major oxidant associated with UVR (22, 26). Thus, CAT activity might be

considered as a very sensitive marker for the increased susceptibility of skin to
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external stimuli including an acute and high dose of UVA. In the antioxidant enzyme
defense system, SOD converts O," into H,O, and then CAT and GPx convert
intermediates into harmless product water. Therefore, CAT and GPx activities were
decreased as a results of scavenging ROS after UVR. CAT was probably inactivated
directly due to the destruction of the heme ring, which was the active site of the
enzyme (36) and because ROS created as a result of UVR destroyed the enzyme
indirectly (28). It is known that GPx has a higher affinity to H,O, than CAT. CAT has
extremely high maximum catalytic rates but low substrate affinities, since the reaction
requires the simultaneous access of two H,O, molecules to the active site (142).

In addition, it is important to study the UV effect on contents of cellular GSH
because it acts as a major cellular antioxidant maintaining the intracellular redox
balance and involves in regulation of melanin synthesis by inhibit tyrosinase activity.
Depletion of skin GSH by UVR might lead to the accumulation of H,O, as a result of
insufficient detoxification. The reaction leading to melanogenesis pigments are
enhanced by H,O, as well as by other forms of ROS. High levels of intracellular
thiols including GSH led to a low tyrosinase activity but a high GPx activity. Thus,
melanogenesis could be a mechanism compensating a deficit in GSH-dependent
antioxidant defences (143). GSH is very likely to be altered by the UVA-induced
oxidative stress such as ROS (144). In the same way as the response of antioxidant
enzyme activity to UV exposure, there was a significant depletion of GSH contents in
G361 cells exposed to UVA. Hence, UV exposure in this study caused an imbalance
of intracellular redox in G361 as shown by GSH depletion. This study showed that
UVA was able to decrease the contents of GSH in melanoma cells, although the plant
extracts increased intracellular GSH contents at low concentrations of herbal extracts.
In addition, there was a tendency in GSH content decrease when treating cells with
herbal extracts at concentrations up to 31.25 pg/ml. It has some evidence support that
GSH depletion may be lead to apoptosis at least by DNA fragmentation (96-97). In
addition, antioxidant compounds including phenolics or flavonoids capable of
scavenging free radicals often involve radical formation of the flavonoid itself. The
chemical properties of some antioxidants may also give them prooxidant properties
which can auto oxidize and products of auto-oxidation can possibly react with

otherwise reduce cellular concentrations of glutathione (145).
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This study as demonstrated in table 6.2 found that C. aromatica was able to
increase activity of both CAT, GPx and contents of GSH but A. galanga was able to
inhibit reduction of GPx activity and of GSH content but not CAT activities in the
G361 cells exposed with UVA. This could be due to different effect of each plant on
antioxidant defense systems responding to UV-induced oxidative stress. Thus,
combination of different antioxidant compounds may yield a greater benefit than using

single compound.

Table 6.2 Comparative effects of C. aromatica and A. galanga on the inhibition of
UVR-induced reduction of CAT and GPx activities and GSH contents in G361 cells.

C. aromatica A. galanga
GPx activities T T
CAT activities T -
GSH contents T T

This study aims to evaluate the roles of the plant extracts in the inhibition of
cellular melanogenesis induced by UVR, although it is also crucial to carry out
quantitative study of the plant extracts to ensure their quality, which is an important
contribution to the development of promising herbal compounds as therapeutic agents
in the future. Hence, further study is needed to conduct analytical methods e.g., HPLC
or LC-MS to identify a fingerprint profile and precise possible bioactive constituents
and their concentrations for quality control and potential compound synthesis.
Moreover, cellular and molecular mechanisms need further elucidation by studying the

signaling pathways involving in cellular antioxidant defense.
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CHAPTER VII
CONCLUSION

UVA indeed induced melanogenesis in G361 cells by elevating tyrosinase activities
and melanin contents. The ethanol extracts of A. galanga and C. aromatica rhizome
possessing phenolic compounds and antioxidant activities yielded abilities to inhibit
cellular melanogenesis caused by UVR. Both extracts could potentially provide
inhibitory effects on UV A-dependent cellular melanogenesis by several mechanisms
including inhibiting cell cytotoxicity and intracellular oxidative stress or ROS
formation as well as improving antioxidant defense systems. C. aromatica extract was
able to protect against UVR-induced depletion of antioxidant enzyme (both CAT and
GPx) activities and GSH contents. However, A. galanga inhibited UVR-induced
reduction of GPx activities but did not significantly prevent a decrease in CAT
activities. Therefore, A. galangal and C. aromatica extracts-derived antioxidant
phenolics could be further developed as effective depigmentating agents beneficial in

preventing UV-induced melanogenesis.
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Table 7.1 Summary table of the inhibitory effects of A. galanga and C. aromatica
extracts on UVA-induced cellular melanogenesis in association with antioxidant

defense system.

Assay Effective dose (ug/ml)

C. aromatica A. galanga
1. Cell viability 1.9-15.6 >62.5
2. Tyrosinase activities 1.9-62.5 3.9-625
3. Melanin contents 3.9-625 15.6-31.2
4. Intracellular oxidative stress 1.9-62.5 1.9-62.5
5. GSH contents 1.9-15.6 1.9-15.6
6. GPx activities 1.9-62.5 1.9-62.5
7. CAT activities 1.9-62.5 >62.5
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Figure 7.1 The photoprotective effect of A. galanga (AG) and C. aromatica (CA)
extracts against UV A-radiation-induced the oxidative stress.
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I. Phosphate buffer saline (PBS)

NaCl (MW 58.44; 138 mM) 8.065 g
KCl (MW 74.55; 2.7 mM) 0.200 g
Na,HPO4 (MW 142.0; 8 mM) 1.150 g
KH,POs (MW 136.1; 1.46 mM) 0.200 g

Il. Trypsin-EDTA
Trypsin 250 (Difco Laboratories) 500 mg
PBS solution 100 ml

EDTA (ethylene diamine tetra acetic acid disodium salt 197 mg
(C10H14N203Naz.2H20; MW 372.2; 5.3 mM)

I11. T-wash
ddH,O 50 ml
Tris base (50mM) 302.8 mg
EDTA (10mM) 186.1 mg
Triton X-100 (1%) (v/v) 500 ul

V. Extracted buffer

T-wash 20 ml
[Freeze] Stock PMSF (100 mg/ml in DMSO) 20 ul (100 pg/ml)
[Freeze] Stock Pepstatin A (1 mg/ml in DMSO) 20 pl (1 pg/ml)

[Freeze] Stock Leupeptin (1 mg/ml in water) 20 pl (1 pg/ml)
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