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ABSTRACT

An antioxidant is a compound that inhibits or daldlye oxidation of substrates even if the compasipdesent in a
significantly lower concentration than the oxidizeabstrate. Antioxidants that scavenge reactive exygpecies
(ROS) and reactive nitrogen species (RNS) may bmajbr importance in preventing the onset and/oe th
progression of oxidative pathologies and providetection to foods. Antioxidant secondary metabslitem in
vitro cultures include three classes: Polyphendiatfiocyanins, Flavonoids, Flavone, Lithospermidsdprenoids
(carotenoidLycopene, monoterpene, Xantophylls),eDtstructures:Tocopherols (vit E), Betalanins: Kieon
A ,Vitamin B6 ,Ascorbate , Reduced glutathione.eByide dismutase(SOD),Catalase ,Selenium ,Marsgaria
this paper, structure and the list of some medignants with these compounds were reviewed.

Keywords: Medicinal plant, free radical, polyphenol, tocopfieGuperoxide dismutas

INTRODUCTION

Oxygen is absolutely necessary for the life proegse particular cell respiration. However, thetabelism of
oxygen may generate reactive elements called &ieals, in particular the superoxide ion (O2-) trelhydroxyl
ion (OH-). There is a growing body of evidencegrsaiing that free radicals play an importanote in the
development of tissue damage and pathologieahts in living organisms . Free radicals damBgi,
essential cellular proteins and membrane lipigsdIperoxidation), which may lead to cell deatH. [It means that
we named free radical to an unbound compoundr@e) haveing one or more unpaired electrons.

Oxidative stress is mediated by reactive oxygemrisgg ROS) which are generated during the normaledoerrant
cellular metabolism that utilizes molecular g&p. The imbalance between production of ROS 0GR, H202,
OH, ROO and the capacity of the normal detoxificasgstems in favour of the oxidants leads to okidatstress,
which itself leads to cellular damage causedhleyinteraction of ROS with cellular constituentsidative stress is
involved in many acute and chronic diseases inodiancer, cardiovascular troubles and neurodegtve
diseases. The balance between antioxidationszit@tions is believed to be critical in maintaigia healthy
biological system [2]. Lipid peroxidation of fatadifatty acids in foods results not only in thgiogage but is also
a source of peroxyl and hydroxyl radicals that associated with carcinogenesis, mutagenesis amdy 48].
Therefore, antioxidants that scavenge reactivgemyspecies (ROS) and reactive nitrogen specieS) Ry be
of major importance in preventing the onset antlierprogression of oxidative pathologies and meprotection
to foods. It has been reported that there is aarge/relationship between the antioxidative statt@irrence of
human diseases .

The use of plant cell and tissue culture methodolagl a means of producing medicinal metabolitesehémng
history.
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Cultured plant cells synthesize, accumulate andestoms exude many classes of metabolites. Medicinal
compounds are of particular interest and much efias been devoted to obtaining some of the mdateaand
precious therapeutics. Numerous alkaloids, saporarslenolides, anthraquinones, polyphenols anmbtess have
been reported from in vitro cultures and revieweslesal times [4]. Many health-related propertiesduding
anticancer, antiviral, antimicrobial, anti-inflamroat activities, antioxidant properties, effectsaapillary fragility,

and an ability to inhibit human platelet aggregatitave been ascribed to phenolics [5]. The etiolofgeveral
degenerative and aging-related diseases has lteibntad to oxidative stress, and numerous stutliave been
undertaken to search for the most effective ardiaxis [6].

What do we call an antioxidant?

An antioxidant is a compound that inhibits or gsléhe oxidation of substrates even if the compaamtesent in a
significantly lower concentration than the oxidizathstrate. The scavenging of reactive oxygen spdB©S) is
one of possible mechanism of action.Others inclirdeprevention of ROS formation by metal bindingeazyme
inhibition. Chain breaking antioxidants prevent da@ by interfering with the free radical propagat@ascades.
The antioxidant compounds can be recycledhim cell or are irreversibly damaged, but theidation products
are less harmful or can be further converted tontess substances [7]. At the cellular and orgarsvel the
antioxidant protection is provided by numerous eney and endogenous small molecular weight an@otgdsuch
as ascorbic acid, uric acid, glutathione, tocoplseemd several others. Many compounds contairoddant
activity in addition to their specialized physigloal function, and their importance as antioxidant vivo is
sometimes ambiguous [8]. The antioxidant activitplant secondary metabolites has been widely Bskaal in,in
vitro systems and involves several of the above merdiamechanisms of action.

Chemical classes of antioxidant secondary metabolitesfrom in vitro cultures:

1. Polyphenols

It is ironic from a tissue culturist point of viewolyphenols in plants derive mainly from the &hik acid
pathway through aromatic carboxylic acids cinnamicbenzoic. Most of them possess antioxidant pitmse
albeit to varying degrees. The physiological besaditthe plant phenolics have been attributed &ir thotential
role in inhibiting lipid peroxidation, modulatingelt signal transduction pathways and inducing apsipt[9].From
pharmacological and therapeutic points of view, silioxidant properties of polyphenols, such ag fradical
scavenging and inhibition of lipid peroxidationeahe most crucial . In addition, they have beewved to be
efficient in the treatment of various cancerous lesioihthe stomach, colon, rectum esophagus and [i/@}.
Tropical plants are generally tolerant of high disvof environmental stress induced by ultravicdeliation thereby
explaining the high levels of phenolic compoundemaemic plant species [11]. Several of theskmics have
already been reported in the traditional pharmae@pagainst a wide range of disorders includingnohitis,
diabetes, asthma and inflammatory diseases . Soteeninplant species of the family Rubiaceae; ssdfeanelia
buxifolia, Myonima nitens Myonima obovataand of the family ofMyrtaceae; Eugenia elliptica Eugenia
orbiculata, Eugenia tinifolia Monimiastrum acutisepalum, Syzygium commersordydiym venosum, Syzygium
glomeratum(traditional use of migraine treatment) have aritiart activities beacuse of their phenolic compound
and proantocyanidine and flavonoid contents. Theseindemic plants from tHRubiaceaeand Myrtaceaefamily
could be potential sources of dietary polyphenalitioxidant compounds that may have potential beniefihealth
and disease management.

Some medicinal plants likEBhapsia garganicaf Apiaceagamily, ArtemisiacampestrissndAnthemis arvensiand
Artemisia herba halbaof Asteraceaefamily, Artemisia arboresen®f Asteraceae (Compositaeaid Oudneya
africana of Brassicaceae (Cruciferaceam)d Juniperus oxycedrusf Cupressacea@and Globularia alypumof
Globulariaceaeand Teucriumpolium of Lamiaceae (Labiataegnd Ruta montaneof Rutaceae andhymelaea
hirsute of Thymeleaceae are commonly used in Algerian [spuedicine. Among these plants the highest total
phenolic levels have been detected fnthemis arvensis, “ Artemisia campestri§ and “ Globularia alypum”,

and the lowest in Artemisia arboresens and “Ruta montand. It has been noted that amount of total phenoli
compounds irAseteracea®arieties is higher than the other families [10].

The antioxidant activity of phenolics is mainly detheir redox properties which make them ackeadsicing agents,
hydrogen donors, and singlet oxygen quenchers. alsymay have a metallic chelating potential. Tiaelitional
uses of some plants in Iranian society and thédél fghenolic contents, which varied between 2.1¢ 203 mg of
GAE/g dw. The highest concentration of total phasolvas observed in leaves dfl. officinalis, followed by
leaves olL. officinalis, flowers of S. lavandulifoliumand roots o¥. officinalis. The flowers ofA. kurdicahad the
lowest phenolics concentration. This plants anian society had traditional uses and they usseifls of A.
Kurdica for inflammation and cough [12] and roots f officinalis for depression [13],also flowers ofS.
Lavandulifolium[14] and leaves of. officinalis and M.officinalisfor their sedative and antiviral effects [13].The
high polyphenol compounds were found in epidermisAtbe vera. Only 20 of about 360 Aloe species
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demonstrated antioxidant properties and only 2efit are widely used, i.8loe barbadensis Milj also calledAloe
vera L. Aloes arborescenMill [15].The interest in the Mediterranean diet orgged from findings about low
cardiovascular diseases mortality in southern Egyrpprticularly for coronary heart disease is higlrthermore, a
recent study shows that epidemiological data ctbin the past decades also suggest a lower immdef certain
other diseases, including for example cancer, iditderanean populations. Latter observations Heeen linked to
health-beneficial effects of the Mediterranean diediated by specific food components, in particplalyphenols
and unsaturated fatty acids [16]. Some of thellddaditeranean wild plants foods have high polygiien
concentration i.eCichorium intybud.. and Sonchus oleraceus. from Asteraceadamily andPapaver rhoeas.
from Papaveraceagl?].

Anthocyanins

Many anthocyanin like flavonoid polyphenols frequgstudied for in vitro production are anthocyanirRigments
are useful products because their accumulationeasily be visually evaluated. Moreover, their bemed health
promoting properties as well as their growing intpnce as bioactive and natural food colorants eafdilly
increases their attractiveness for plant bioteatmoAnalogously to other polyphenols, more royglated
compounds express larger free radical scavengipgodly, whereas methylation of the glycosylatiom @dso
reduce the ability to scavenge free radicals,buthenother hand enhances the stability of the nubdeln several
species listed below the level of anthocyaninsitrovequals or exceeds the natural sources and tinetiabolic
profile is more useful. Thus, even if anthocyanires @ot so expensive, the ability to obtain prodweith useful
structural and functional properties may becomenenucally feasible [18]. Anthocyanins are obtairfedim in
vitro cultures of Prunus sp[19], Daucus carotf20], Glehnia litoralis [21], V. pahalag[22],lpomaea batatas
Fragaria ananassd23], Vitis Vinifera, Rudbeckia hirtg24] andAjuga reptang25] and others.Interestingly, two
species ofCatharanthus roseuand Camptotheca acuminataised medicinally due to their anticancer alkalpid
produce significant amounts of anthocyanins more 260 ug/g fresh weight in cell cultures [26]. Gnroseusp-
coumaroyl glucosides of highly methoxylated malridr hirsutidin predominated, unlike in field groflowers. In
C. acuminataa rare cyanidin galactoside accounted for over @B%ll anthocyanins. I#juga reptansflower-
derived cell cultures the anthocyanin compositicaswltered from delphinidin-based in flowers towastienger
antioxidants - di-acylated cyanidin glycosides [2bhis observed simplification and alteration of thetabolic
profile, when compared to natural conditions, isidgp for in-vitro produced anthocyanins. In the extensively
studiedl. batatas in the tissue cultures induced from storage rol¢saccumulation of anthocyanins can even
exceed the tubers by several times.Other examplescently reported antioxidant activities iofvitro cultured,
polyphenol-rich plants includin@urcuma longamass propagation where significant and clone degperdPPH
scavenging was noted [27].

Flavonoids

The most powerful of the flavonoids are the flavaratsl their oligomeric forms called condensed tasiron
proanthocyanidins, flavones and flavonols and an#mnog. Some isoflavones are also known as
antioxidants.Among other groups of antioxidant pblgnols there are phenolic acids (caffeic acidvdéxies),
lignans, hydrolysable tannins (gallotannins andagiénnins), stilbenes, and xanthones. Their plogical
functions in plants are versatile and have beerwad recently [27].Phenolic acids occur in plantfree form as
glycosides and can be integrated into larger mdédscin an ester form. They are common as depsides t
intermolecular ester of two or more units composédhe same or different phenolic acids such adeiaf
coumaric, ferulic, gallic, and syringic. Flavonoi@dse a group of natural benzo-c-pyran derivatived are
ubiquitous in photosynthesising cells.They occuaglycones, glycosides and methylated derivatii@spending
on the degree of oxidation of the central pyrag,rifiey can be subdivided into several classesawbfloids and
flavonoid-related compounds flavones, flavonols, flamas, isoflavones, flavans, flavanols, and anthocyanin

The pyran ring can be opened (chalcones) and iigeycinto a furan ring (aurones).Several flavonoidsre been
reported to quench active oxygen species and inimhiitro oxidation of low-density lipoproteins and therefor
reduce thrombotic tendency. Flavonoids may ithibicloxygenase and thereby modulate metabolism of
arachidonic acid and attenuate inflammation. Natilmaonoids may ffer an alternative to protect lipids from
oxidation in foods. Some of these flavonoids hawenishown to inhibit lipid oxidation in meats, fishand lard.

Flavonoids are one of the largest groups of seagnaetabolites based on a common structure andasgss of
flavonoid include flavonols, flavones (apigenin antediin), isoflavonoids,flavanons, flavanols(kaempfegol
myricetin & quercetin), proanthocyanidins (catechjnand anthocyanidins . Chemically they possesfcyclic

phenylbenzopyran (with the exception of chalcorsg)cture but biosynthetically come from phenylaienand
malonyl-CoA in the phenylpropanoid pathway.
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Flavone:(apigenin & luteolin):

Antioxidant properties of flavones depend on therbydation pattern.

Flavone C-glycosides are of particular interestaose of their limited occurrence in plants andythave

important therapeutic properties, including thevention of cardiovascular disorders related tidative stress. In
tissue cultures oPassiflora quadrangulariseveral C-glycosylated flavones such as isoorignfilentin, vitexin

and isovitexin have been induced in varied amotand, their antioxidant activity determined by DPBs$ay[29].
Also we can see flavonoids in the shoot cultureg\de&misia judaicaand in callus ofstevia rebaudianaflavonols

and flavones are iRetroselinum sativurtoo.

Oligomeric proanthocyanidins (also known as conddntannins) are considered to be the most powerful
antioxidants of all the flavonoids owing to theirusture (procyanidin B1). They are responsibletfar antioxidant
activity of wines, teas and fruits as well as opplar nutraceuticals made from grape seeds or lpamk. The
thorough genomic and metabolic engineering stutie® been recently initiated, too [30].

Rosmarinic acid (RA):
Special attention should be paid to rosmarinic éRidl), a depside composed of two caffeic acid makes, found
in manyLamiaceaeandBoraginaceaespecies.

The antioxidant properties of rosmarinic acid ds® avell established. Several plants and varieghriiques have
been used for in vitro production of this compouriRosmarinic acid can accumulate in cell cultugesihounts
greater than those in intact plants. The suspangiultures producing rosmarinic acid wereegated from
Anchusa officinalig31], Eritrichum sericeury81], Lithospermum erythrorrhizofBoraginaceag (Yamamotoet
al., 2000), andColeusblumei(Petersert al, 1993),Lavandula vergd Georgiewet al, 2006a,b)Ocimum basilicum
(Kintzios et al, 2004),Salvia officinalis(Hippolyte et al.,1992),Zataria multiflora(Lamiaceag (Mohagheghzadeh
et al, 2004),Anthocerosagrestis(Vogelsanget al, 2006),Hyssopus officinaligMurakamiet al, 1998),Lavandula
officinalis (Kovacheveet al, 2006),Salvia officinalis(Grzegorczylket al, 2007). An interesting example is also the
production of rosmarinic acid of over 5% of celydnass inAnthoceros agresti§vogelsanget al, 2006). An
extremely high level of RA production was reportsdHippolyteet al (1992) inS. officinalisreaching 6.4 mg/l of
suspension culture, although the result has notaygg in any other reference. Depending on theiespethe yield
of rosmarinic acid from suspension cultures careeslc10% of cell mass and 6 g/l of medium. Anogystem
used for rosmarinic acid production are transformweds ofSalviamiltiorrhiza (Chenet al, 2001) ands. officinalis
(Grzegorczyket al, 2007).In the second species, the accumulaticnmuach higher reaching 4.5% of dry weight
and its antioxidant activity has been confirmed vgiétveral assays. Extracts from rosmarinic acidimctating
lavender cells also have superior radical scavengimmoperties (Kovachewvet al,2006). Even larger amounts
(over 7% dw) of rosmarinic acid accumulateddgrobacteriuntransformed callus dE. blumei(Baueret al, 2004).
Razzaque and Ellis (1977) report a yield of 8—1X¥osmarinic acid irC. blumeicell cultures.

Lithospermic B:

A closely related antioxidant is lithospermic cadB, a tetrameric depside, accumulating especiallythe
aforementioned hairy root cultures bf. officinalis and elicitedS. miltiorrhiza as well as inLithospermum
erythrorhizonsuspension cultures.

2. Isoprenoids:

__carotenoids (especialpscarotene):
_Lycopene:

__monoterpene:(e:gterpinene and limonene):
_Xantophylls:

Isoprenoids are produced in plant cells from istyiel pyrophosphate (IPP) and dimethylallyl pyroppbate
(DMAPP). These basic units are synthesized cgtoplasmic mevalonate or plastidic deoxyxylelpisosphate
pathways. BotlB-carotene and lycopene are recognized as dietaynapreventive agents, protecting against
cancerogenesis.

Crocin derived from saffron (stigmata Gfocus sativus has been confirmed as a powerful antioxidant[33],
stronger thano-tocopherol, and being a glycoside of an apocaditeacid, crocetin, it is water soluble. Whereas
other carotenoids are readily available from abuhdetural sources such as carrots or tomatoesetisaw by
means of microbial and fungal biotechnology.

Abietane diterpenes are present in maagniaceae medicinalants as well as in some gymnosperms.Carnogic aci
and carnosol, rosmanol and ferruginol are respt$ip the antioxidant activity of sag8dlvia sp) and rosemary
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(Rosmarinus officinaljsalong with the phenolic rosmarinic and salviao@lcids, but the organ distribution differs
between the two mentioned chemical classes. edewy the published tissue culture studiekamiaceaeaimed

at enhancing the rosmarinic acid production rathan at abietane diterpenoids. The tissue cultases source of
abietane diterpenes have been establishe® fafficinalis, S. officinalisand Salviasclaref34]. Light plays an
important role in stimulating the diterpene biawsis in vitro even though in natural conditionsyt can only be
found in the underground parts of plants.Vola#genoids responsible for fragrant properties ahpbrgans serve
as a multipurpose chemical defense weapon aghingal and bacterial pathogens as well as a mehieng
distance chemical communication e.g. attractindirgdbrs.The antioxidant properties of several merngenes,
such ag-terpinene and limonene have been reported. Thigesus that this group of compounds may receiveemor
attention although at present they are underestinas antioxidants.

Xantophyll:

Plants that have Xanthophylls akéarsdenia glabra(of Family Asclepiadacege Mentha arvensigof Family
Labiatag, Ocimum americanum(of Family Labiatagd, Ocimum basilicum O. gratissimum Orthosiphon
grandiflorus (of Family Labiatag, Oenanthe StoloniferaCentella asiatica(of Family Umbellifera§ Mentha
arvensiscontained the high amount of total xanthophyllamthese plants.all of this plants culture in Tdrad as
edible plants and they have had traditionaly usebthiailand for e.g used from leavesMéntha arvensisor treated
of antipyretic, Relieve headache and from leaveMafsdenia glabrafor Digestive tonic, restorative, antipyretic
and fromOcimum americanurfor Carminative, relieve cold and fro@ Gratissimunfor Expectorant, carminative,
relieve stomach ache and flatulence @rthosiphon grandiflorugor Uretic and fromOenanthe stoloniferdor
Digestive tonic, expectorant, relieve flatulenced iom Centella asiaticdor Poultice for wound, scar or ulcer [35].

3. Other structures:
Tocopherols(vit E),Betalanins,Kinobeon A,VitamiB,Bscorbate,Reduced glutathione,Superoxide
dismutase(SOD),Catalase,Selenium,Manganese

Tocopherol(Vit E):

Tocopherols, widely used in human nutrition as mita E and in food conservation, are powerful fradical
scavengers and protect plant cells against oxieladamage in a lipophilic environment [36].VitaminpEotects
lipids from the cell membrane bilayer from attack tree radicals. Plants are the primary source atunal
tocopherols isolated from vegetable oils or mai@éyos.Their biosynthesis integrates the aromatimaacids
(shikimic acid) and plastidic isoprenoid deoxyxXgke phosphate (pentose) pathways. The first pgtheraate the
aromatic (phenolic) head while the second gives t@s the hydrophobic tail of a tocochromanol slaief37].
Further, tocopherols were also known to protedti$ipand other membrane components by physicallychieg
and chemically reacting with O2 in chloroplastsisiprotecting the structure and function of P&{T.ocopherol is
the most active form of vitamin E, while the extian from plant oils usually yields a mixture pfy, 8 anda-
tocopherols and tocotrienols-Tocopherols (vitamin E) are lipophilic antioxidargynthesized by all plants[3&}
Tocopherol, found in green parts of plants, scagenpid peroxy radicals through the concertedomctf other
antioxidants. a-Tocopherols interact with the polyunsaturated agngups of lipids, stabilize membranes, and
scavenge and quench various reactive oxygen spéRi®S) and lipid soluble by products of oxidativieess.
Singlet oxygen quenching by tocopherols is higifficient, and it is estimated that a singl¢ocopherol molecule
can neutralize up to 120 singlet oxygen molecutegtro before being degraded. Because of thaomlanol ring
structure, tocopherols are capable of donatingiagles electron to form the resonance stabilizedbpheroxyl
radical.a-tocopherols scavenge lipid peroxy radicals andtydetocopheroxyl radical that can be recycled hack
the correspondingi-tocopherol by reacting with ascorbate or othericardants. a-Tocopherols scavenge and
guench various ROS and Lipid oxidation productgbisize membranes, and modulate signal transduction
Antioxidants includingz-tocopherol and ascorbic acid have been reportatttease following triazole treatment in
tomato, and these may have a role in protecting bnenes from oxidative damage, thus contributinghiling
tolerance . Triazole increases the levels of amants and antioxidant enzymes in wheat.Therefbeget is a
demand for alternative sources of puréocopherol from plant tissues. Various culturetsys of Helianthus
annuus(sunflower) have been established for this purp@gnnema inodoruralso contained the highest amount
of vitamin E this plant used in Thailand as Antieyglycemia (the part of use are their leaves).A@ngpt has been
also made to select the most efficient genotypeaakEhCorylus avellang for the production of tocopherols in
bioreactors [39].

Betalain:

The betalains are one of the most important nattwddrants and are also one of the earliest natoklrants
developed for use in food systems. Betalains atervemluble nitrogen-containing pigments, which syathesised
from the amino acid tyrosine into two structuralogps: the red-violet betacyanins and the yellowigea
betaxanthins. Betalamic acid, whose structure ésemted in Fig.5a, is the chromophore common thettlain

3972
Scholars Research Library



Seyedeh F Mousavi et al Annals of Biological Research, 2012, 3 (8):3968-3977

pigments. The nature of the betalamic acid aduite&sidue determines the pigment classificationedaclyanin or
betaxanthin.Betalains are food colourant and Coleunne of the most important attributes of foods many
naturally coloured foods, such as fruit products, submitted to colour losses during processingiring the use
of colourants to restore their colour. Nature pietua variety of compounds adequate for food cmigusuch as
the water-soluble anthocyanins, betalains, and icécracid, as well as the oil soluble carotenoidd ahlorophylls
[40]. This pigments functionally replace anthocymniin 13 taxons grouped i€aryophyllales (previously
Centrospermae) order, such as the famili€enopodiaceae, Amaranthaceae, Portulacaceae, Ceata
Phytolaccaceaeand others. These nitrogen containing comgsualthough widely used as non-toxic food
colorants, remain understudied in terms of theiioaidant potential [41].

The major advantages of betalains as dietary adtoks are their bioavailability, which is greathan most
flavonoids, and their superior stability in companigo anthocyanins .Red beetroBefa vulgari$ is a rich natural
source of betalains (mainly betanin) and is alsolgact of metabolic in vitro studies on their binthesis.

The production of beetroot pigments has been paddrusing a variety of techniques such as cellensgpns and
transformed roots in bioreactors and show beetsrpossessed high antiradical effect and antioxidatitity,
representing a new class of dietary cationizecaitants.Red beet betalains from hairy roots haaentshown to
be efficient free radical scavengers.

Indole glucosinolates are a tryptophane contaigiyip from the diverse class of thioglycoside commts typical

to the Brassicaceadn the family of AmaranthaceagexceptAmaranthus tricoloy there are a great number of
different betalains in this family there are redigt betacyanins and yellow betaxanthins.The feibledknown
sources of betalains are red and yellow beetrotda(Beulgaris L. ssp. vulgaris), coloured Swissard Beta
vulgaris L. ssp. Cicla), grain or leafy amaranthnfaranthus sp and cactus fruits, such as those of Opuntia and
Hylocereus genera [42]. Fruit pulps of Hylocereacti contain high concentrations of betacya(irz3—0.39%),
both nonacylated and acylated, and (in contrast Wéetroots) contain no detectable betaxanthinsth®rother
hand, Opuntia fruits cover a broad colouring ranigem bright yellow to red-violet, depending botm ¢he
betacyanifetaxathin ratio and their absolute concentratéBisEtintzing etal.,(2005)reported broad ranges of
betacyanin(0.001-0.059%)and betaxanthin(0.003—@®&antents in dferent Opuntia clones[40]. Preliminary data
revealed that there were marked differences irpgidtant activity among several betalains (betaamaranthine,
and vulgaxanthin | and I1).

Antioxidant activity of the tested betalains dexsed in the following order:

simple gomphrenins > acylated gomphrenins > dopabgtaxanthin > (S)tryptophan-betaxanthin > 3-
methoxytyramine-betaxanthin > betanin/isobetanin

> celosianins > iresinins > amaranthine/isoamaiaatf#4].

Kinobeon A:

A red-colored compound isolated fromffsawer Carthamus tinctorius)cell cultures uniquely combines the
quinoid aromatic character with several conjugatedble bonds [45] and has not been found in nasafflowers,
other plants, animals or microorganisms we canddtnnder specific conditions. Slawer is a valuable plant used
as an edible fat, as a Chinese medicine, in cosmetind in foodsfis as a colorant. It has therefore been
demonstrated as being a remarkably strong antiokidénobeon A efficiently quenches various reactxggen
species, inhibits lipid peroxidation and suppadtte survival of mammalian cells during oxidativeess.

Vitamin B6:

Vitamin B6, the collective name given to pyridogjrpyridoxamine, pyridoxal and their phosphoryladedvatives,
is an essential cofactor for numerous enzymaticti@as. It is most notable for its contribution amino acid
biosynthesis where it serves as a cofactor forymes involved in decarboxylation, transaminatioeamination,
racemization and trans-sulfuration reactions. @foee Vitamin B6, an essential cofactor in enzymadiactions,
has only recently been linked to cellular oxidatsteess. The vitamin B6 pathway is poorly chandmte in
plants.Vitamin B6 biosynthesis has been thorougttigracterized in Escherichia coli and involves andeo
pathway that produces pyridoxine 50-phosphate ab agea salvage pathway that interconverts betwiben
different vitamers.Recently documented that plaftagi, archaebacteria, and most eubacteria usistaad de
novo biosynthetic pathwayinvolving two genes, PDXd#DX2, that have no homology to the E. coli dem
biosynthetic genes pdxA and pdxJ.All three vitanmgtewed significant quenching abilities at the cotedions
tested. Pyridoxal showed the strongest quenchitigtsc

Ascorbate: (vitamin C)
Ascorbate is one of the most extensively studigmbaidants and has been detected in
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the majority of plant cell types, organelles andpst. Ascorbate is synthesized in the mitoch@ndmd is
transported to the other cell components throughoton-electrochemical gradient or through fadiithdiffusion.
Further, ascorbic acid also has been implicatetegulation of cell elongation.Two functions of vitan C are:
Quenches O2 in cytosol & Recycles vitamin E afteaptures free radicals.

In the ascorbate-glutathione cycle, two molecufegscorbic acid are utilized by APX to reducgdzto water with
concomitant generation of monodehydroascorddtmodehydro-ascorbate is a radical with a shoettiine and
can disproportionate into dehydroascorbate andriiscacid. The electron donor is usually NADPH aadialyzed

by monodehydroascorbate reductase or ferredoximaber—water cycle in the chloroplasts. In plantszghe most
important reducing substrate forb® removal is ascorbic acid. A direct protective rfde ascorbic acid has also
been demonstrated in rice. The partial protectigairest damage from flooding conditions in rice wesvgled by
the prior addition of ascorbic acid. Ascorbic a@dd\) is an important antioxidant, which reacts ooty with H,O,,

but also with @, OH and lipid hydroperoxidases. AA is water séduénd also has an additional role in protecting
or regenerating oxidized carotenoids or tocophegdB$ Ascorbate (vitamin C) occurs in all plaigsues, usually
being higher in photosynthetic cells and meristéamsl some fruits)[38].

In a search beatwean edible plants of Thailand,esptants have high level of Vit QvWlacropanax dispermus
(Family Araliaceag, Dregea volubilis(Family Asclepiadacede Gymnema inodorunfFamily Asclepiadacede
Marsdeniaglabra (Family Asclepiadacege Telosma minofFamily Asclepiadacege Cucurbita moschatéFamily
Cucurbitaceap Acacia pennatgFamily Leguminosag CaesalpiniamimosoidegFamily Leguminosae), Cassia
siamea(Family Leguminosakg Leucaena leucocephal{&amily Leguminosae These plants have traditionaly used:
Macropanax dispermussed for treatment of Digestive tonidtegea volubilisused ), Gymnema inodorurased for
Antihyperglycemia,Marsdeniaglabra used for Digestive tonic, restorative, antipyrefi@losma minowused for
Restorative, detoxicantCucurbita moschataused for Carminative, expectorarfcacia pennataused for
Carminative, relieve flatulenc&aesalpiniamimosoidesised for Digestive tonicCassia siameased for Laxative,
haemagogic, uretic ariceucaena leucocephalesed for Relieve diarrhea[35].

Phenols and vitaminC determining as only the hyhlitmpantioxidant components.

Reduced glutathione:

Glutathione is a tripeptider{glutamyl cysteinylglycine), which has been detdot&tually in all cell compartments
such as cytosol, chloroplasts, endoplasmic retiouluacuoles, and mitochondria.This reactivity alomigh the
relative stability and high water solubility of GSidakes it an ideal biochemical to protect plantsireg stress
including oxidative stress,heavy metals and cegamgenous and endogenous organic chemicals.Ganatkakes
part in the control of KD, levels. The change in the ratio of its reducedH{® oxidized (GSSG) form during the
degradation of KD, is important in certain redox signaling pathwalyshas been suggested that the GSH/GSSG
ratio, indicative of the cellular redox balance,ynie involved in ROS perception. Reduced glutathi@®SH) acts

as an antioxidant and is involved directly in teduction of most active oxygen radicals generatedtd stress[38].

Catalase (CAT):

Among the antioxidant enzymes, catalases (Hydrqoeoxide oxidoreductase) are ubiquitous heme engzytheet
are found in aerobic organisms, ranging from b#tey higher plants and animals. Functionally, les@s are
related to peroxidases; both promotgOhl oxidation by mechanisms that involve ferryl imediates . However,
catalases differ from peroxidases, with the exoepdf chloroperoxidase and myeloperoxidase, it thay have
the ability to utilize HO, as both an electron acceptor and donor that yeltisproportionate reaction. Due to this
catalytic activity, the catalases are believedeadnvolved in the protective destruction o£CH that is generated in
respiring cells. This enzyme catalyzes the decaitipa of HO, to O, and HO and thus provides protection
against the toxic effects of the oxygen radicalkade extract ofGarnoderma luciduna medicinally potent
mushroom, profoundly increased the catalase gepegsion and enzyme activities in mouse liversesgtresults
suggest that methyllinoleate that is producedGlycidumstimulates the catalase expression at the trantigeri
level [47].

Superoxide dismutase (SOD):

The determinant role of superoxide dismutase (S@)e antioxidant defense systems has been knimea $968.
The powerful natural antioxidant enzyme superoxienutase (SOD) acts at the very source of thenategiction
resulting in reactive types of oxygen and therefooastitutes the first and one of the main linkstrod defense
process against free radicals. It is well knowat Buperoxide ion (£ is the starting point in the chain production
of free radicals. At this early stage, superoxidmiitase inactivates the superoxide ion by transfay it into
hydrogen peroxide (#D,). The latter is then quickly catabolised by cataland peroxidases into dioxygen)@nd
water (HO).
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SOD therefore seems to be the key enzyme in theatalefense against free radicals. [1]

Manganese:

Manganese is an element of great importance inifdaecycle of plants and animals. For example, layg an
essential role as an activator of various enzymatitems such as isoenzymes of superoxide dismj4t@ke Also
manganese is an activator of several manganes logtaymes, including arginase, pyruvate carboxylase
glutamine synthetase and one form of superoxidmutimse (SOD). Therefor it is necessary for noramtiloxidant
defenses. In animals, manganese protects hearthoitdrial lipids against peroxidation. Also mamgsiis often
considered to be one of the least toxic of traeeneht when consumed and also in animals, excessofanese
may inhibit iron absorption and result in iron-aéfincy anemia.

Selenium:

The effects of a selenium-supplemented diet onatiteoxidant enzyme activity of superoxide dismutéS@D),
catalase (CAT), and glutathione peroxidase (GPX)miany animals. Selenium is an essential constitoén
antioxidant enzymes especially glutathione persédand some other selenoproteins that participateaiious
physiological activities and protects the cell iagathe deleterious effects of free radicals. €untr evidence
indicates that selenium is involved in a wide arodyphysiological functions and pathological cdmdis which
include normal thyroid functioning, enhancing imreufunction, arcinogenesis, cardiovascular diseasede
reproduction and in the prevention of pre-eclamp$ia Selenium (Se), an essential trace elemestevalved from
its toxic properties after a series of researches the past several decades. Deficiency of saterproduced
experimentally in animals resulted in abnormalitissch as defective growth,Hepatic necrosis, myaahrd
degeneration and muscular dystrophy in sheepgecattiickens and horses. In humans, it is well geized that
selenium plays a crucial role in various physiotagjiprocesses and its altered level has a dirgeadtmon health
leading to the development of disease.Seleniumesaential component of the antioxidant enzyme G$H-P
functions as an antioxidant scavengingdtland by reducing lipid hydro peroxides to their seduent less reactive
end products.

Although previous studies have reported about e tmanifestations of excess selenium intake atistence of
selenium deficiency in some pathophysiological d¢mas, the emerging evidence reflects the imparaof

selenium as an effective medical therapy in a wigtay of conditions in association with other axitiants such as
vitamin E. Plant foods are the major sources ofrgam in most countries throughout the world. Theoant of

selenium present in the plant material depends tberconcentration of selenium in the soil of thegion as it
varies by region. Low amount of selenium and dietzlenium deficiency has been reported in seterdeficient

regions of China and Russia. Animals that eatngrar plants that were grown in selenium rich kae higher
levels of selenium in their muscle.

Methods used for assessment of antioxidant pregserti

In most cases the antioxidant power of many seagnuatabolites is so well established, that reaktmonitoring
of activity during the culture seems to be redund&n the other hand, the enormous variability agnon
antioxidants, and their complex structure—activitglationships suggest that antioxidant and angrotfiological
activities should be paid more attention duringeggch. There are a number of simple, slightly ncoraplex, and
quite sophisticated methods for antioxidant tesfaig.

The antioxidant testing can reveal various mechasisf action, depending on features of the pasicaksay.
Simple methods include free radical scavenging wib of colored, artificial stable free radicalshsas 2,2 &
prime;-azinobis-(3-ethylbenzothiazoline- 6-sulf@)atABTS used in the TEAC assay — Trolox equivalant
tioxidant capacity) and DPPH & z.rad; (1,1-dipheBypicrylhydrazyl free radical) [49], as well aasition metal
reduction that can be monitored by colorimetry. Thetal-based methods include the reduction of daons:
FRAP- (ferric reducing ability of plasma) and ferthiocyanate assays, or molybdenum ion, phosphdsdehum
(P-Mo) assay .

Several assays based on a substrate degradatibitigmhare available which can be used to find whether the
tested compound can really protect biomoleculesnfroxidative damage. Polyunsaturated lipids, praetein
components of nucleic acids, cellular membranesrasomal fractions from different organs can sexsemodel
systems to be protected.

The degradation products are monitored by specttophetry (thiobarbituric reactive substances — TEAR
carotene bleaching), fluorescence (ORAC assay -exfggen radical absorption capacity) or chromatogyd@a7].
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