CHAPTER II

LITERATURE REVIEW

A. Artocarpus lakoocha Roxb.

Artocarpus lakoocha Roxb. is a

\tropical tree belonging to the family Moraceae
and locally known as Ma-Haad ’{b is widely distributed in the northern,

northeastern and central part o ailan as in South and Southeast Asian

p 1S
o —
countries. ""

Ma-Haad is a large

rusty tomentum. Lea
(the young ones so glabrous, and shining above,

softly pubescent beneat ‘ ‘?l: A uncate or rounded; main nerves 6-12

Male flower: Sepals 2-3, tria oul neate, puberulous. Stamen 1; filament broad

below, tapering upward ) xserted, shortyubroad, 2-called. Female flowers:

Anthocarps comple ’_,. i Bt 5 cin diz pulate, smooth, velvety, yellow,
. Y £

edible. Seeds oblong, B s (Kartikar and Basu, 1980).

They are cultivated for medicinal use. The claimeéd efficacies in Thai traditional

RN - 4o (131 14 VI
Roots: ?1] pyfetic, intic; lleviation“of toxic symptoms and

treatment of urinary stones. &" =N o/

aow a ﬁﬁ&ﬂcﬁ %HIN\%TQ l’a}M,E‘a’t}a ﬂkin rash; chronic
gastrointgstinal ailfnents of cﬁildreh between the ages of 5 and 13 characterized by
marked malnutrition and usually associated with intestinal parasitism; round and tape
worm infestation; menstrual disorders; fainting; and any disorders or diseases which

cause cachexia, disorders of flatulence and tendomyopathy.
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Figure 1. Ar_fpcamus lakoocha Roxb. (Ma-Haad}i(;Iloshee et al., 2002)

wd .

Figure 2. Chemical structure of oxyresveratrol or 2, 4, 3", 5’-tetrahydroxystilbene
(Sritularuk, 1998)



Bark: as antipyretic

Pith: treatment of menstrual disorders; any disorders or disease which cause
cachexia; nephropathy; distension of abdomen due to peritonitis or paralytic ileus;
insomnia; malnutrition syndrome in children due to intestinal parasitism; splenomegaly;
eye irritation; dissipate hematoma; oropharyngeal symptom from gastroenteric disease;

dyspepsia caused by wind element; cramps; clouded mind; incontinent urination; as

'rf)erculosw analgesic and for increasing

extract of A. lakoocha heartwood,

antidiarrheal, anthelmintic, taenifi
appetite.
In Thai traditional

locally known as “Puag- aiithelmintic and antipruritic. The

and 70% Propylene glycol) f Oxyresverateg as,been reported to exert an anthelmintic

activity (Charoenlarp et al. 198% araj ., 1983) and exhibit good safety profile
-2 e )

in cytotoxicity test,.lhlllwses et al, j eff al., 1987). Moreover, the

pharmacokinetic pr
1990).

sen investigated (Tanunkat,

Recently, Sritulargk et al., (1998) geported a potent inhibitory effect of the

i 4 R B BT Gowe i i v

as a substrate. Further cort.lparlson of 1ts active constltuent 2, 4, 37, 5'-
tetrahy a concentration
causin d% t]:a ﬁlrt]ojm oiloﬁ"lmwm@ Ejlmes higher than
kojic acid (Sritularak, 1998; Sritularak et al., 1998). The ICsy value of oxyresveratrol was
in agreement with Shin et al. (1998) and Kim et al. (2002), who reported the value of 1.0
and 1.2 uM, respectively. Following, the in vitro study, the in vivo skin whitening

efficacy of the extract was evaluated in guinea pigs and human volunteers (Tengamnuay

etal., 2003). The result of the study clearly demonstrated that the heartwood extract of 4.



lakoocha could reduce melanin formation in both guinea pigs and humans. Comparing to
other tyrosinase inhibitors commonly used in commercial whitening products such as
kojic acid and licorice extract, the data were in agreement with the in vitro tyrosinase
inhibitory effect which showed that oxyresveratrol demonstrated the highest anti-
tyrosinase activity (Sritularak, 1998). Also, the anti-HIV and Herpes simplex virus
activity has recently been reported (Sritularak, 1998; Likhitwitayawuid et al., 2003).

( eartwood extract, however, its many other
ﬁdermatological applications are not

Despite the above findings about A, /ak

beneficial properties, especially

widely known or studied.

Puag-Haad

Puag-Haad ( % the heartwood of A. lakoocha
from 2,4, 3, 5’-tetrahydroxy ilbene, the major constituent
(Poopyrunchpo t l‘1_ - g , ara, 1992). Puag-Haad
usually appearﬂ Mﬂlﬁtﬂﬁm ;ﬂ-ﬁnjﬂ:ﬁcan be ground to give a
light yellow powder. It is prepared By boiling chips of 4. lakoocha'wood in water and
e s QI RAEN U SR O VRS GEbownpowiror
Puag-Hadd is separated. The precipitate is filtered and dried near the fire (Mongkolsuk, et
al., 1957).

Due to its polyphenolic structure, one study has been carried out to determine the

and its activities co

antioxidant property of oxyresveratrol and its derivatives from A. lakoocha
(Tiptabiankarn, 1967). The extract was evaluated in terms of its anti-rancidity in lard

using the active oxygen method and Wheerer method. It was found that oxyresveratrol



can increased the stability of lard by delaying rancidity and is considered to be an
effective antioxidant compared to Tenox II. Recently, the antioxidant and free radical
scavenging effects of oxyresveratrol have been reported (Lorenz et al.,, 2003). They
found that oxyresveratrol was a more potent scavenger of DPPH (2, 2-diphenyl-1-picryl-
hydrazyl) and nitric oxide radicals than resveratrol, a related substance well known for its
strong antioxidant activity. They thus suggested that it may have important therapeutic

applications such as in neuropathologie ere oxidative/nitrosative stress is involved.

Others have reported about t \ f oxyresveratrol on clyclooxygenase
(Shin et al., 1998b) and iver mi 3 i ase (Nimmanpisut et al., 1976).

However, little is still kno the many aspects-of the antioxidative/free radical

1 and development. It may be
defined as the sum of a lithe cang : | v\m\ the passage of time and lead
to functional impairmentgand death. An alternative definition might be a decreasing

ability to suwiﬁt%@e@,ﬂ@ wc@wﬂﬂﬂc‘émcmion to the defense

systems of the Bbdy, i.e., the ﬁnel* regulated mechanisms thatdontrol the internal

=
enviro W _ qﬁﬁmﬂﬂﬂr?ﬂﬂvfaﬁlﬂ of the immune
system. EV en the process of aging occurs, the changes in the bo y are expressed not

only in its functions but also in the anatomy.
Some of the better-known theories of biological aging, as well as selected relevant

theories of psychosocial aging, are describe d as below (Kenny. 1982; Saxon, 2002)



1.1 The genetic theory
The “genetic” theory has a variety of names, but the essential concept centers on

the belief that maximum life span is controlled by the genetic material, DNA and

therefore is fixed in time.

LLI.T Cellular aging as a programmed phenomenon (the program theory of aging)

This is one of the earliest o\ tic theories, proposed by Hayflick in 1961.
During embryonic developme “ # s undergo extensive and continuous
remodeling. This is broug ) &1 of some cells and the activation
of other cell lines controlled by=g&ic - ltis proposed that all cells, except the
germ cells and transformgd#€e beAr o 1 genes which are programmed to
switch off some cellular pFocesses fin a8 - on to produce in the tissue the
A i death are the ends of cellular
differentiation. This tH€oryfstate fthat the a mals is predetermined by a
genetic program, or a v 3 “and Moorhead, 1961; Kenny,
1982; Saxon, 2002).

1.1.2  The error theory
This theory isalso base tic infc on §ystems of the cell, DNA and
RNA. Itis proposed iy,-'g : 7 rne by these molecules into
enzyme and protein synﬂesns beca

gly subj@ to errors, thus leading to the

accumulation of inappropriate molecules that are unable to support the cell’s metabolism.
pp Pga b pp

This theory ha m ? ct that the life span of a
species is inveﬂ corrgit;? with tgmn etabolism. The aster rate of metabolism
affects te for biochemical
errors (g Iﬁﬁaﬁﬁﬁmmj m‘j ﬁ lt of errors that
occur and are transmitted at the cellular level. Research has not yet provided support for

this theory, and it is generally no longer accepted. However, it has stimulated a great deal
of research (Saxon, 2002).
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1.1.3 Repair failure

Errors in the transcription of DNA, such as may be caused by experimental
irradiation of the cell or by in vivo production of free radicals, can be corrected by repair
processes. Two lines of evidence support the notion that aging is rooted in this
mechanism: (1) the rate of DNA repair is related to the life span of the species, and (2) in
cultured human cells, the rate of repair decreases as the cells age. The consequence,

therefore, would again be the produ inappropriate molecules that are unable to

The genetic me e > DNA™nu ecule has a high degree of
redundancy. Less than 1%%f ihic information carried by the DNA is used by the cell, and
gene sequences are repeatg T I he molecule. The theory supposes that as

errors occur in gene synthesis 'Rly( of ¢orrect g res,is available to take over from the

ones damaged by error #Asjthe ce"% Sifthe oply ofiredundant (and correct) genes
becomes exhausted and ertdrs gﬁff 0 e mselves (Kenny, 1982).
.n.rf-i‘f'-w :

s

1.1.5 The “killer hoonwh 5

This theory invigkes' ary gland that depresses the

responsiveness of p f R hé. Two systems for which
adequate thyroid activiﬁap 3 ) are theammune and the cardiovascular
systems. Depression of thp ‘&erlpheral effects of the thyroid hormone by the pltu1tary

o (1130 111w AL 11 e

putative killer Qrmone appears to begln to be secreted at puberty, at which time it may

oL bRt b ok 71T L g

when started before puberty delays it, extends the life span and also delays the
appearance of this factor (Kenny, 1982).
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1.2 The environmental theory or free radical theory

The free radical theory, first proposed in the mid 1950s (Harman, 1956),
continues to provide the basis for much of the current research on aging. Free radicals are
proposed as a central agent in the changes seen with aging in the tissue, cellular, and
subcellular levels. These molecules are highly reactive and commonly have a brief half-

life. They are capable of attacking other molecules because they possess an extra electric

The free radical theory 3 i le most important concept in aging
- —
B uist, 1987; Jay and Berthon, 1998).

The free radical concept icd as.an eny mental cause of aging as opposed

to the genetic cause. T lwo concepts is that the genetic
concept assumes a fixe \span, while the environmental
concept sees adverse‘agi produced damage to the cell

2.1 Skin

i is, dermis, and the
subcutaneous layer (F i@e 4).

The epidermis is gomposed of several gell layers about 0.1-0.3 mm thick. From

o s B A B4 AT, s e

stratum lucidumistratum granulosum and stratum basale (Figure 4&1 The principle cells

of the ﬂtlﬁﬁ a?tm (2)‘ ﬂﬂd&eﬁ fibrous protein
keratin, gtls rictional forces. e basal keratinocytes undergo cell

division. One of the newly-divided cells remains at the basal layer and others move

towards the outer epidermis, beginning the keratinization process. The horny cells are
created continuously, the oldest cells are shed from the outer surface of the skin but they
are replaced from below thereby maintaining the thickness of the horny layer. This type

of continuous replacement of the cell layer is call “turnover”. The turnover rate varies
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with the site and age, but it has been estimated to be approximately 26-28 days (Mitsui,
1997; Rongone, 1997). When the skin is penetrated by a foreign object or the honey
layer is damaged, the division of the cell in the basal layer increases in response causing
the turnover rate to increase thereby expelling the foreign object and promoting recovery.
In addition, repeated chemical or physical stimulation increases the thickness of the
horny layer. These responses protect the epidermis from external stimuli.

In addition to these keratinoc ¢ epidermis also contains melanocytes which
produce the pigment melanin. _\ langcytes Ee scattered between the basal cells at

in pigmentation, which is partially
| ——

protective against UV radiatie Ae : igment containing granules produced

within the melanocytes).afé_pfesent i clanocyte dendrites and are transferred to
surrounding keratinocytg i sy begins'with the oxidation of tyrosine by

the enzyme tyrosinase 4 ] ylalanine (dopa) within the

melanosomes. ontrol of tyrosinase, forms
dopaquinone, which upfergoes _ Tﬂ | ically mediated oxidation and
polymerization leading to ghe m";'aggng uct, i.e., either eumelanin (brown
or black) of phacomelani ‘“_ ﬁ igme Phaeomelanin is formed by the

addition of cysteine to dopaquin e : ermis also contains Langerhans cells which
—.":‘H-’:J"' = . . . . .
have immune resporisg functions as a p |ﬁ against invasion of foreign

...................
= = oM

Figure 4. Basic structure of the skin (Burton, 1997)
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The dermis is composed predominantly of collagen and elastin fibers which are
embedded in an interfibrillar gel of glycosaminoglycans. Collagen is the major
component and is secreted by fibroblasts which are the principal cells of the dermis. The
dermis is divided into the superficial papillary dermis which interlocks with the rate ridge
of the epidermis, and a deeper zone called the reticular dermis. The former is generally
the thinner, being composed of finer collagen and elastin fibers which allow the dermis to

mould to the contours of the ove

idermis in such a way that its interface

represents an exact mirror imaj face of the epidermis. The dermal

papillae which dovetail int: ermis have a rich blood supply and

contain many of the sensory.i e reticular dermis, on the other

hand, is relatively avasc ad elastin fibers are much thicker

than those in the papillagdesis 2 ot a denser. lattice meshwork, which depending
upon its degree of packing feat strength - ibility. This enables the skin to
adapt to the various mévergénts b dy and i addition, to resist mechanical damage.
There are profound regi® lure rendering it appropriate to
the local requirement — t

the back (Fenske and Lober

pints but very thick and tough on

many adipose cells‘lh amT c., The subcutaneous tissue

it -" d serves as an insulator of
heat loss. The loss dﬁthls pro

weight- bearmg and pressure-prone surfaces.jnd other injuries, as well as the risk of

e of A TENEAN
RTINS e o

1988; Gilchrest, 1991):

s esultsﬁ an increase in problems of

- The cells divide more slowly, and the inner layer of the skin (the dermis) starts

to thin.

- Fat cells beneath the dermis begin to atrophy.



14

- The underlying network of elastin and collagen fibers, which provides
scaffolding for the surface layers, loosens and unravels.

- Skin loses its elasticity. When pressed, it no longer springs back to its initial
position but instead sags and forms furrows.

- The sweat and oil secreting glands atrophy, depriving the skin of their protective
water lipid emulsions. The skin’s ability to retain moisture then diminishes and it

becomes dry and scaly.

- Brow lines (those betw nd crow’s feet (lines that radiate from

the corners of the eyes use of permanent small muscle

T ———
contractions. Habitual faci aiacteristic lines.
- Gravity exa iQn,, 'co 0 the formation of jowls and

drooping eyelids. (Eye Si ‘ MOve up as.aperson ages, possibly because

Some of the sKin c N g are natural and inevitable, and
: ‘Sometimes chronological aging.
More significant for mo le ar e A ing from external causes called
1) and the extrinsic aging overlap

during lifetime and both are mor _ ' esponsible for dysfunction of the skin’s natural

much of its elasticity, while
ary etw% the epidermis and the dermis
is flatted, and the dermis‘!tgs to wither (at@hy). The number of blood vessels in the

dermis begins ﬂf% E] ﬁ}h%aﬂ w ﬁ.@ﬂﬁﬂ ﬂ ‘Ej’ts color, and within the

skin there are f&wer hair follicles and fewer sweat glands. The collagen, elastin and
groun asonably stable
state. ﬁwjﬁﬁmmg mm his ﬁ;ﬂe aging but these
wrinkles will disappear easily on stretching (non-permanent wrinkle) (Gray, 2000).

In extrinsic aging, the skin has a different texture; it looks dry, rough and coarse.
It may appear thicker. It loses elasticity due to hypertrophy of the elastin tissue and

changes in collagen fibers. The skin presents as a deep wrinkle which does not disappear

on stretching (permanent wrinkle) (Gray, 2000). Extrinsic aging is due to outside factors
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that have affected the skin. Reactive oxygen species (ROS) such as free radicals are
considered to be the most active agents in this aging (Jay and Berthon, 1998). ROS
initiate lipid peroxidation, oxidation changes of proteins and DNA and other disturbing
mechanisms (Billek, 1996). The sources of these free radicals can be endogenous such as
those associated with metabolic reactions (oxidation reaction in mitochondria with
disruption of electron transport, excessive phagocytosis, activation of arachidonic acid

metabolism) and exogenous due to UV ation, pesticides, air pollution, antitumoral

drugs and unhealthy lifestyles as summai dgure 5 (Jay, 1998).
From Figure 5, oxidatiy cstress le & changes in both the cellular and
! f T——

extracellular systems as ase in the endogenous defense system. The body
naturally protects agai al " choriea) or enzymatic detoxification
mechanisms. Neverthe ive ca \\\v\;\\\ e systems decreases during the
extrinsic aging. Many e ympoun \\ zymes, antioxidants (including
some vitamins and ‘ lic 1 .\n., including some flavonoids and

tannins from plants) c protection by limiting oxidation

reaction (Jay, 1998).

Exogenous factors P AT ‘ﬂ I Endogenous factors
= » +

-Uv ) ; = Oxidation reaction

- Pollutions | il ssive phagocytosis

- Drugs il — -~ detivation of arachidonic acid
- Pesticides = abolism

3 oo i

¢a 1l o
AueFmEnineIns
R RARATI U VREARE

— Glycosaminoglycans, — decrease cell growth
—» Elastin — DNA damage

Figure S. Free radicals formation and its deleterious effects
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C. Free Radicals and Oxidation Reaction
1. Oxidation mechanism

Oxygen is the most prevalent element on earth and constitutes a large amount in
the atmosphere as oxygen molecule (O,). It plays a pivotal role for all aerobic organisms
by generating energy and activates enzymes for normal body metabolic functions.

Oxygen is relatively non-reactive. However, during respiration at a cellular level, some

oxygen molecules are converted into %fre > as a consequence of oxidation.
Oxidation is the chemieal 0Ces part of the normal metabolism in
which oxygen adds to and Withdra on-based molecules resulting in

loss of electrons from a{ » ed, th n is useful for the synthesis of

nucleic acids, hormo

(ROS) are evolved as

ion, reactive oxygen species

2. Free radicals

Free radicals ar  gencrally stable in the ground state.

An atom is considered t ron in the outermost shell has a

complimentary electron that8pins‘in-ihe oppesite/direction. By definition, a free radical is
any atom (e.g. oxygen, nitrogen) with at least one unpaired electron in the outermost
shell, and is capablé,);ﬂ" dependent existence. A free r adical is easily formed when a

2C : remains with each newly
formed atom (Karlssonﬂl 997). C, OXygen cemered free radicals contain two
unpaired electrons in thé euter shell. When free radicals steal an electron from a

surounding B D SAES A BRI BN in s lce. 1 e

newly formed rédical then looks to ?tum to its ground state by sajlmg electrons with
R AT E0 A Y

Aq\y free radical involving oxygen can be refe toasa reactlve oxygen species
(ROS) or a reactive nitrogen species (RNS) if nitrogen is involved. The types of radicals
are shown in Table 1 (Halliwell, 1997). Besides the free radicals, there are other species
that are non-radical in nature but also very reactive such as singlet oxygen. Thus, the free
radicals and the non-radicals are often collectively called reactive oxygen or reactive

nitrogen species (ROS or RNS). These species are unstable, highly reactive molecules
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and capable of reacting with each other or with other molecules to equilibrate its charge
and to form more or less reactive molecules. It is believed that free radicals are one of

the causes of many diseases.

Table 1. Reactive oxygen and nitrogen species

Radicals Nonradicals

Reactive oxygen species (ROS)
Superoxide, O; ’, rogen peroxide, H,0,
Hydroxyl, HO: § %gcn, '0,
Peroxyl, RO, - _ J us acid, HOCI
Hydroperoxyl, HO, / ‘

Reactive nitrogen speci

\ Petoxyhittite, ONOO "
Nitric oxide, NO '*\;\\\ d, HNO,
Nitrogen dioxide,

Y,

In biological systems o fadic al re usly produced in the body as the
result of the norma

‘ \ itochondria, phagocytes, and

inflammation and enzyme ctm.ﬁ’-ﬁ!éx _environmental stimuli such as toxic
# T '

, 0201

substances, microbial attac n, cigarette smoke, or intensive exercise

are other sources of free radicals £ e and Farnworth, 2001).
Reactive oxygen sp w;«' concern and interlink with
| ",,,— ‘\ . .
oxidative stress. Oxidativ production of ROS, leading to an

improper balance be ‘ I- the formation and the destructi u of free radicals in organisms.

The ROS compri&ﬂolepules with en-centered radicals such as superoxide
anion (0, "), fﬂ(ul &!hg M mm ‘lﬂimhjrogen peroxide (H,0,)
and sinélet 0X ;{n éOd etc. ¢ o L7
NINANTIINE N E
(aq) Superoxide anion (O, ")
Superoxide anion is the most common intracellular radical. The superoxide

anion is created from molecular oxygen by the addition of an electron as shown below:

0, + e ——> 05
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It lacks the ability to penetrate lipid membranes and is therefore enclosed in the

compartment where it was produced. The protonated form of superoxide anion,

hydroperoxyl radical HO; , is somewhat more reactive than superoxide anion itself. HO,

should be able to cross membrane as easily as H,0,, so HO, could conceivably produce

damage. The formation of superoxide takes place spontaneously, especially of the inner

mitochondrial membrane with the respiration chain. Superoxide is also produced

idase activated in ischemia-reperfusion.
se and cycloxygenase. Superoxide

idation, cellular toxicity and single

uted 10 O, could be due to its metal-

( S tv '
catalyzed interaction with #5C yduce AC \

is involved with several damage 'S S as lipi¢
owever, superoxide anion radical life
span depends on the prese /e super \ [, tase (SOD), which catalyzes it

to H,0, and molecula iy and Bertho 1, 199 \ ordberg and Arner, 2001; Cho,

% W) ;
Hydroxyl radieal and toxic oxygen species. Due to
its strong reactivity w 1‘ biomolecules, hydroxyl radicaliis probably capable of doing
more damage to biologicalesystems than a ther ROS. It can react with molecules

which are able ﬂgu &le@trw sﬂnﬂe yWs&Lé%ﬂnﬁoacids, nucleic acids or

membrane phosﬂ\olipids. Hydroxyl radical hash.a large destnmj.ve and mutagenic
potentiﬂ%@aﬁﬂﬁ Mawﬁq (ﬂtﬂt&]&:}iafﬁmbmnes which
lead to miembrane disorganization. As the membrane plays a major role in cellular
functions, the effects can be cellular destruction or a wrong transmission of messages
inside the cell.

Hydroxyl radical is produced by many mechanisms such as radiolysis of water,

superoxide-driven Fenton reaction (Haber-Weiss) and metal-catalyzed decomposition of
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hydrogen peroxide (Fenton reaction), etc. (Fenton, 1984; Jay and Berthon, 1998;
Nordberg and Arner, 2001).

(c) Hydrogen peroxide (H,0,)
Hydrogen peroxide is not a free radical but is nonetheless highly important much

because of its ability to penetrate biological membrane (Halliwell, 1997). It plays a

radical forming role as an intermedi

production of more reactive ROS molecules

including hypochlorous acid (E ' on of myeloperoxidase, an enzyme
present in the phagosom Ast importantly, the formation of

——

hydroxyl radical via oxidati sition metals may cause the so-

called heterolysis of H,& efos ! s'a splitiof the molecule into a regular
HO- ion, and a hydroxylregfradigal (7O, ), The irc luced reaction of H,0, is called
Fenton-reaction: it has b€en €mpigi ; : ribec N, 2 most potent oxidative mixture
already toward the end -1894; Dombi, 2000). Hydrogen
peroxide can be generated b _ /gen or by enzymatic dismutaion of
superoxide anion by SOD. Hydroge 25 roX , is removed (decomposed) by at least three

antioxidant enzyme glutathione peroxidase, and

peroxiredoxins (Jay and Berthen,- ‘and Arner, 2001).

(d) Singlet oxygs

Singlet oxygen“is obtained by several procesgs such as the irradiation of
“normal” oxy i L) f. t Sensii orption of energy from
photo-excited Euﬁgmlamﬁmﬂnne itiser, such as flavins,
tryptophan, tyrosine, quinine, orphyﬁn, NADH, NADPH, and nucfeétide, etc., is excited
by a p@oaﬁ aaﬁﬂt%amu m:-gl’tg cwé&\l\ai@s%loton-excited. A

new reac?ive species is formed, i.e., singlet oxygen, which is not a radical: there are no
unpaired electrons. It can react with chromophores and attack the photosensitiser itself,

which leads to a photodynamic effect. Singlet oxygen reacts with several compounds

containing carbon-carbon bond such as polyunsaturated fatty acids in membranes to form

lipid peroxidation. Production of 'O, has been shown to cause lipid peroxidation in
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human dermal fibroblasts, collagen cross-linking, and matrix metalloproteinase
production in human dermal fibroblast (Scharffetter, 1997; Fuchs, 1998; Jay and Berthon,
1998; McVean, Stickland, and Liebler, 1999).

Indeed, free radicals are parts of the immune system which intercepts the
challenge of invaders like microbes and viruses, but in certain condition they tend to
attack the body by altering the cell membranes, tamper with DNA, and accumulate

oxidized LDL which lead to coronary isease and in worst case may lead to cancer

and cell death. Although regulat body defense systems, an increase in
@icals formation.
Normally, aerobic organistiis are proiected.from oxidative stress induced by free

radicals and non-radicals by an“artay/ of de ‘» e systeéms. As summarized in Table 2,

various kinds of antioxi : fifferen ay an important role in these
defense mechanisms. Thefredeitive antioxidants 1g n the first defense line suppress
the formation of free icals ¢ := five gen species.  The radical scavenging
and inhibit chain initiation and/or

break the chain propagatiof. epair ¢ ,j: Jmes s \ s phospholipases, protease, DNA

repair enzymes and transferases act as the thi ine of defense (Noguchi and Niki, 1999).

With increasing experl éntal, clinicaly and epidemiological evidence which
/JJ 1j ;-l: '} -

shows the involvemeént o in diseases, cancer, and aging, the

role of antioxidants hiseceived ncreasing a ‘ 4
ﬂ j
ﬂﬂﬁl'ﬂ 'VlEWﬁWEl'mi
q W']ﬁNﬂ'iﬂJ URIAINYIAY
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Table 2. Defense systems in vivo against oxidative damage

1. Preventive antioxidants: suppress the formation of free radicals
(a) Non-radical decomposition of hydroperoxides and hydrogen peroxide
Catalase Decomposition of hydrogen peroxide
Glutathione peroxidase Decomposition of hydrogen peroxide
and free fatty acid hydroperoxides

Phospholipid hydroperoxide ecomposition of phospholipid hydroper

glutathione peroxidase

Peroxidase ition of hydrogen peroxide and
' wydigperoxides
Glutathione D-trapsi , D J"-\-.’I- ion of lipid hydroperoxides

(b) Sequestration of i
Transferrin, lactof: f &
Haptoglobin 4 ?\\\}\ tion of hemoglobin
; % \ heme

Ceruloplasmin, albumin “Sgque \ of copper

of iron

Hemopexin

Superoxide dismutase (S O “ : oportionation of superoxide

Carotenoids, vit inglct oxygen

i ;f bit chain initiation and

Hydrophilic: Vitamin g uric acid, bilirub'w)albumin

Einophilic: ﬂaﬁﬂlﬁ}l% ﬁﬁWﬂﬂﬂ i

3. Repair enzymgs: repair the damage nd reconstitute membranes

Lipase, protease

2. Radical-scavengi tf

break chain propag@

* Lipid p idati hain propagation,

and chain termination.
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D. Antioxidant Mechanisms

An antioxidant is any substance that when present at low concentrations
compared to those of an oxidizable substrate significantly delays or prevents oxidation of
that substrate (Halliwell and Gutteridge, 1995). The term “oxidizable substrate” include
almost everything found in living cells, including proteins, lipids, carbohydrates, and

DNA. On the other hand, antioxidants are molecules that interact with the “free radicals”

thereby neutralizing them, which rotecting normal tissue and DNA from
¥ : g
potential damage. Because ‘ ﬁing potential of reactive oxygen
species, cells depend on de&ns me 'ﬁ,ms to effectively neutralize or
metabolize these toxic..i K \ : 'gniﬁcant free radical-induced
injury. Fortunately, t \{*\ own antioxidants to neutralize
“free radicals” (Cho, 2002). 8 Ly, th \ of antioxidants involve in three
different ways as previo % : ) reventive antioxidant which
ys as p s p

reduces the rate of initiati am-breaking antioxidant which
interacts rapidly with t after cha AGL n is initiated, and converted to the

stable free radicals and ifihi thqp propa igation phase, (3) repair compounds to their

original state or degrade th E:ﬁ.l ompounds (apoptosis) where enzymes
reaction are also mvolved (B _QW

convenient summar v

More recently, one has provided a
free radical damage and
Sorokin, 2000).

antioxidant mechanisi/:

F

ﬁical damage

RN IEABIIRLIAY

Figure 6. Diminishing radical-induced cell damage; a = radical formation prevention;

b

b = radical scavenging; ¢ = repair of radical-induced damage
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In a biological system, a complex antioxidant defense system normally exists to
protect its cellular system against the injurious effects and the cellular damages caused by
free radical production. Cells possess enzymatic and non-enzymatic internal defense
systems for protection against ROS, and consequently prevent cellular damages. For
instance, enzymatic antioxidants comprise certain enzymes such as superoxide dismutase
(SOD), catalase, glutathione peroxidase, glutathione reductase whereas non-enzymatic

antioxidants are antioxidant vitamins\ , vitamin E) and some trace elements like

zinc, copper and selenium. x \
The first line of 3 i -‘@xide radicals are the superoxide

dismutase enzymes (SO ! 7 duetion of superoxide radical to H,0,.

N\

‘ tation is also toxic, it can be
] .S 5

TR
removed by enzyme ¢ : x* f*‘\t \ essary for the cell survival.

0, te Yo H,0; > HO+O0,
Glutathione pero N~ | Catalase
[aadoons . < 2N
Generally, the body’s natu n "i‘r : tsystems can effectively neutralize the
radicals or oxidized products up to a certain limit. Hox vever; massive oxidative stress and

L)
aging induced by an+ “species (ROS) can lead to a

disruption of cellular l functions. Under these circumﬂnces, there is an imbalance

between oxidants and anfioxidants necessitatirig the addition of exogenous antioxidants.
et PP W QTR 3 e ) £ . vtamins,, .,
U

carotene and flavonoids have played @n important gale. Moreover, gonsiderable attention

1ss bome TN 3 DS U H R AR WIS s v e

their antidxidant activities have been identified (Cho, 2002).

Vitamin C (l-ascorbic acid)
Vitamin C has long been known to be essential for the protection against scurvy
in humans. The ascorbic activity of vitamin C lies in the role of ascorbic acid (the

reduced form of vitamin C), which is known as an essential cofactor in hydroxylation
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reactions involved in the biosynthesis of stable cross-linked collagen. This and other
metabolic functions of ascorbate depend on its strong reducing potential, and its structure
is shown in Figure 7. The same property makes this vitamin an excellent antioxidant,
capable of scavenging a wide variety of different oxidants. For example, ascorbate has
been shown to effectively scavenge superoxide, hydrogen peroxide, hyperchloric acid,
aqueous peroxyl radicals, and singlet oxygen and seems to have a protective effect for
sig (Sies and Stahl, 1995; Giacosa and Filiberi,

its W&ction, ascorbate undergoes a two-

ed form of vitamin C). Although
————
iy hydrolyzed to 1-2, 3-diketogulonic

many kinds of cancer and carcinogg

acid, it can be reduce of cells or thiols such as

homocysteine. Therefo droascorbic acid are biologically

active forms of vitamin s intera synergistically with membrane-

bound and lipoprotei #t .r- pheral, i.el, a readily reduce a —tocopherol

Alpha-tocopherol is the '

e

tand the most active form of vitamin E. It

hain breaking antioxidant in

human plasma and \LDL x-‘\g re is shown in Figure 7.

Moreover, it serves asEe pre ' ation.Q\d modulating the metabolism

of the arachidonic acid cgsgde initiated byql_i‘poxygenase and/or cycloxygenase, and an

increased intaﬂouiﬂmq% &}ﬂn%aﬂﬁ Haaﬂdﬁase prevention and, on

current hypothesjs; it could be protective against cancers where N-nitroso compounds are

implic ﬁﬁrﬁﬁrﬂjwﬁma-ﬂﬂd’facﬁ-emls, are either
present ery low ‘concentrations or not detectable at all. Judging by their rate of

reaction with peroxyl radicals, the antioxidant activity decreases in the order of
a > >y >4, in analogy with the biological potencies of these different forms of
vitamin E. Bowrey, Ingold, and Stocker (1992) point out recently that tocopherol might
be come a prooxidant via the so-called tocopherol mediated peroxidation, « -

tocopheroxyl radical, in LDL particles in the absence of other endogenous antioxidants
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such as vitamin C and uniquinol-10 (Sies and Stahl, 1995; Giacosa and Filiberi, 1996;
Jacob and Burri, 1996; Punchard and Kelly, 1996).

Trolox®
It is a water-soluble form of a -tocopherol with the hydrophobic side-chain
replaced by a hydrophilic <COOH group. Its structure is shown in Figure 7. It is a good

scavenger of peroxyl and alkoxyl radi a Trolox® radical that can be scavenged

by ascorbate. Trolox® is co for experimentation especially in an

Jé—

aqueous system.

In addition to th ge of synthetic antioxidants

are available such as th to prevent copper-catalyzed
er industry to prevent UV-
t food lipid against oxidative
t sterilization, or sterilization by
ionizing radiation. Several : e long been used in biology and
food technology such as butyl
(BHT) and propyl g M

-
a chain-breaking actioh.

usole (BHA), butylated hydroxytoluene

also have properties other than

~ Fo "'f oxidants have metal ion-
complexing ability, espﬁall . : adja@nt —OH group. However, the

chain-breaking action is lPredommant in pe&}udlzmg lipid systems, causing phenolic

antioxidants to ﬁu} %ﬁ ﬁ%ﬁ%ﬂ ‘i

Several prgducts o EIplant orlgm like some flavonoids and polyphenols have chain-
breakin tin, kaempferol
and cafﬁrﬁ“jﬁgﬁlmﬁ-ﬁwjj nﬂgcﬂeﬂ d catechin, also
have metal -binding capacity.
EGCG

EGCG or (-)-Epigallocatechin gallate is the main polyphenolic component of

catechins in green tea with a vast range of activity and is the major catechin present in the
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green tea extract. Its structure is shown in Figure 7. EGCG has been represented as a
powerful radical scavenger, as investigated by many in vivo and in vitro techniques
(Hatano et al., 1989; Yoshida et al., 1989; Nanjo et al., 1996; Agarwal, 2000; Katiyar and
Elmets, 2001; Nakagawa and Yokozawa, 2002; Geetha et al.,, 2004; Hsu, 2005).
Moreover, EGCG is an excellent antioxidant agent against lipid peroxidation and it is
functional as antioxidant at relatively low concentrations. While at higher concentrations

or under some condition used, EGCG

Pine bark extract / 1

Pine bark extract i rk of Pinus maritime (French

maritime pine) or Pinus ‘pine bark extract are known to
be the mixture of procyani nthoey? -1 henol, and phenolic acid (such

as caffeic, ferulic, and - dcids “minor Constituents (Grimm, Schafer

and Hogger, 2004). : omponents, are biopolymer
comprising catechin or epi in me rying chain lengths. When the
number of connected catechi efe - to both chins and epicatedchins) is 10 or

less they are called oligomers an‘ oligomeric proanthocyanidins (OPCs).

e b 2 N

When the number oﬁ'ﬁxlnactﬁd catec ¢ term condensed tannins is

: g luding luecoanthocyanin,
anthocyanidin and still @wr. A

as an active free-radical gscavenger and an&ijnﬂammatory activity (Guo, Zhao, and

Packer, 1999; Iﬂkﬂlngmawl‘ﬂa’ﬂ)@ and has been used in

food supplementary products in order to help promote blood circulation, retina

malfunjﬂﬂﬁjﬁﬁtﬂtimﬁﬁiﬁ;ﬂﬂﬁﬂonly ingestsed

fruits and vegetables, in plant derived substances from grapes and berries, and in

ies,E has demonstrated a potential

beverages such as green and black tea and red wine (Packer, 1999). Pine bark extract
used in this study was obtained from China and according to the quality control
certificate from the manufacturer, it was claimed to have an amount of the active

compounds, total proanthocyanidins, of 96.88%, which is considered to be of high purity.
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E. Measurement of Antioxidant Activity

The antioxidant activity of the test samples can be evaluated with different tests
for different mechanisms. Many strategies have been developed and well established to
evaluate the antioxidant activities of the test samples in terms of (1) detecting the free
radicals to investigate the antioxidant’s ability to inhibit/suppress free radical formation,

(2) investigating the antioxidant’s ability to scavenge free radicals and (3) studying its
’ ulted from free radicals.

7 n_spin resonance, fluorescence and
res&nanﬁspectroscopy is a well known

method to measure the fregsadicals directly in e ion with spin trapping agents such

ability to prevent or reduce oxidative ¢
Free radicals can be

chemiluminescence.

as dimethylpyrrolidine-] drophilic compound and traps

free radicals in an aqug technique also has limited

ce probe, dichlorofluorescein
deacetate is used and the ox g s in the liv IIs can be visualized.

Many different e - veloped for the determination
of antioxidant activity. ds are typically based on the

generation of a radical specigs monitoring its disappearance upon addition of

an antioxidant. The extent of dth IS proportional to the amount of the added
_ o 2 _
antioxidant and thus it§ frée radical scaven; ail be determined. Most of the

peaiance of the challenged free

-ﬂdical, 2, 2’-azinobis (3-
ethylbenzenthiazo ine-6-s!’l]ﬂb‘:ﬁ radical (ABTS * 2-diphenyl-1-picrylhydrazyl

+ﬁi:ndZ
adicat o) She IS TN LA b, ot

extent of decreas%l| in oxidation with the help of chemicals and instruments with adequate

i@ T PTG Y B4 Rlmecornnn
but need®o have an ability to screen for the radical scavenging activity of the test
samples.

For the oxidative damage, DNA damage and lipid peroxidation was always used
as a model. Especially for lipid peroxidation test, a direct test of antioxidant activity

ability toward lipid is examined whether a substance inhibits peroxidation of artificial

lipid system such as lipoprotein, tissue homogenates, fatty acid/ester emulsion,
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liposomes, food systems or biological systems such as erythrocytes, lipoproteins, tissue

homogenates or microsomes (Halliwell et al., 1995; Halliwell, 1997).

F. Stability of Cosmetic Preparations and Role of Antioxidants

The stability of a cosmetic product may refer to both the physical and chemical

stability (Mithal, 1980). The most common goal is to preserve the products that are

particularly susceptible to oxidation Wwhich scauses the formation of objectionable

_ Many active components in
cosmetic preparations are claimed-tg ha,\p n@ effect through their antioxidant

activities on the skin. co ds are phytochemicals and plant extracts.
Their chemical structure \_O‘!\L lypheniols in nature. However, these

substances are also fation, ¢ ‘i ccially from the atmospheric oxygen.
Fortunately, this aspect ~ Care v inclusion of appropriate synthetic
antioxidants. These additi 1efi b providing protection for other
oxygen sensitive comp ';_ that are the active components of

the products (Carter, 197

In general, the antnoxndangfns'T as/a i let stabilizer can be categorized into:

1. True antipx#dants (by breaking the fr ce radis Al chain). They are effective
against oxidation by-atmosy 7 o) For example, 0.01-0.1%
butylated hydroxyanisﬂ (BHA), 0.005-0:15% propy gﬂte and 0.01-0.1% tocopherol
(Boylan, Chowhan and Caoper, 1896; Smolinske, 1992).

5 Redlﬂgu%]s ’ﬂ % ﬂ%ﬁew &V}ﬂzﬁbut act by blocking an

oxidative chain féaction. For exampls, 0.01-0. 15% sodium metabls&jlte and 0.01-0.02%
~rRWIRIN T A ’]’} VEa g

3.4Synergists; these antioxidants generally have little effect by themselves but
enhance the action of the true antioxidants either by removing pro-oxidant metals or by
regenerating the antioxidant by reduction. For example, ethylene diaminetetraacetic acid
(EDTA) and calcium. EDTA is a chelating agent. It forms stable water-soluble
complexes (chelates) with alkaline earth and heavy metal ions. The chelated form has

few of the properties of the free ions, and for this reason chelating agents are often
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described as “removing” ions from solution (also called sequestering). The stability of
the metal-EDTA complex depends on the metal ion involved and also on the pH.
Antioxidant synergists have been used both alone and in combination with true
antioxidants. Concentrations in the range of 0.005-0.1% have been employed (Boylan et
al., 1986).

AULINENINYINS
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